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1. INTRODUCTION 

This is the repor·t for 1967-1968 of what was set up. to be a continuing 

project on statistical quality control but which has not been renewed for 

1968-1969. Of the five study objectives, two~ Quality Control Research 

in the Highway Field, and Applications to Highway Construction, have 

been accomplished and are sununarized in this report. 

In order to set the current interest in statistical quality control 

(SQC), relative to highway construction, in historical perspective, a 

brief his tory of early developments irt SQC is presented. 

For the individual who does not wish to spend time perusing the 

annotated bibliography, a digest of the pertinent activities with respect 

to highway construct:i.bn has been prepared. This digest has not been 

tied to the bibliography by citing the individual references because of 

time and -readability' consideration$.' 

A brief section expressing some thoughts on the management of SQC 

function has been included. The highway indus try, meaning states and 

contractors, stands to benefit from a careful examination of how SQC 

has been incorporated in the managerial structure over a wide range of 

companies, where it has become a vi tal part of the organization. 

The annotated bibliography is, ()f course, the principal component 

of this report. The introductory section to the bibli,ography outlines 

the nature of it, the coverage attetnpted, the organization of the bibli

ography and other detail. This should be read prior to delving into the 

bibliography itself. 

It is believed that some formal organization is desirable to add 

coherence to the effort presently being expended. In view of the in--
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formation contained in the his t(Jric;al se.ction; it is here recommended 

that serious consideration be given to affiliationwith the American 

Society for Quality Control. This is aviable organization which has 

·an aggressive educational program and so could be extremely helpful 

in putting together a suitable training program. It al'so supports 

publications which are highly regarded as disseminators of statistical 

quality control information. 
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2.. _A BRIEF HI$TOR~ OF SQC 

The produc~iotl of a quality product has· been the concern of indus-try 

since the. indus trial revolution. __ -During the Middle Ages the medieval_ 

guilds insisted on a long: <Pe tiod of apprenticesh~p and demo11strated 

ability before allowing use of such titles as master craftsman. Thus 

quality cdntrol has long been a concern of industry itself, of govern

mental agencies in a regulatory capacity, and of professional societies. 

Statistical quality control,- as distinct from quality contro~, is 

of much more recent origin. The first application of statistical quality 

control was made by Dr. Walter Shewhart of the Bell Telephone Laboratories 

during the 1920's. In 1924 he prepared a memorandum which included a 

sketch of a modern "control_ chart." l:n 1931 he published the· first book 

devoted to statistical quality control. His pioneering work was expanded 

by his associates (also with Bell Telephone), H. F. Dodge andJ:l. G. Romig, 

to- encompass sampling inspection;. and their Sanipling Inspection Tab~es 

are now we11 known throughout indt.istry. 

This new methodology was protnoted during the 1930's by the Amer-ican 

Society for Testing Materials, the American Standar<is Association and 

the American Society fot MechaniC:.al Engineers •- Production engineers, 

however, preferred to concentrate on improving technical method~ to the 

point of removing virtually all quality variations, and, at the same 

time, there were few. industrial personnel skilled in the requisite 

statistical methods. The net result then, for this decade, was that 

only a very few American industries seriously exploit·ed the techniques 
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of statistical quality control. 

World War II had a powerful impact upon the acceptance of statistical 

quality control in the United States. General Lester E. Simon is cited 

as one of those who recognized its power and aggressively promoted i~s use. 

The War Department, convinced of its utility,. took the lead· in ~romotit1g 

intensive short courses in statistical quality control; these were ftrst 

of 10 days duration but were soon condensed to 8 days. In the interval 

1943 to 1945 over 800 organizations from 35 states sent personnel to the 

33 short courses sponsored by the Office of Production Research and 

Development, of the· War Production Board. This educational effort 

stimulated its application to a great variety of industrial products; 

since that time this impetus has been sustained with the net resu.it 

that the areas of application have .continued to diversify. 

A natural next step was an organization of people with like·interests 

to actively promote the dissetnination of statistical quality control 

information. To this end the Society of Quality Control Engineers in 

Buffalo, jointly sponsored by the University of Buffalo, started the 

publication of Indus trial Quality Control in 1944. The Aillerican Society 

for Quality Control was formed in 1946 and assumed the publication of 

"Indus trial Quality Control" at that· time. This organization now has 

sections in all par.ts of the United States and in Japan and has a total 

membership of about 22,000 at the time of this writing. 

Interestingly enough, in 1932 statistical quality control was 

in traduced to British industry by Dr •. Shewhart, and it gained rapid 
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acceptance there during the 1930's when American industry was still 

dragging its collettive feet~ By 1937 it ~as being widely applied in 

the coal and coke, textile,- glass, building materials and ¢hemical 

industries. In 1945 the Royal Statistical Society formed an Industrial 

Applications Sections which functions much li'ke the American Society 

for Quality Control iti the United States. In 1952 the journal "Applied 

Statistics" was started under the sponsorship of the Royal Statistical 

Society, aimed ·at the dissemination of statistical applications in 

industry. 

From the United States and G:reat·Britain the methods and philosophies 

of statistical quality control have s,pread to other parts of the world .. 

It might be noted here that the emergence of Japan as a producer of 

high quality goods in electronics, optics; etc. has been, ·in no small 

part, due to their adoption and intensive_application of statistical· 

quality control methodologies. 

Other significant steps in the commuhication and promotional aspects 

of SQG was the joir1t spo11sorship of the journal Technometrics by the 

American Statistical Association and the American Society for Quality 
' ,. 

Cant rol; this j otirnal was started in 1959 ~ Technometrics is now 

considered to be the leading journal of statistics in the physical 

and engineering sciences. The publication of Industrial Quality Control 

was suspended in December, 1967. · It is being replaced by two journals 

under ASQC sponsorship~ The first, Quality Progress, began monthly 

publication in January, 1968, and its function is to inform the ASQC 

membership about Society affairs, and to convey news and material of 

interest to managerial, engineering and production people. The sec()nd, 
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Journal of Quality Technology, will be published four t:i,.mes· a year begin

ning in January, 1969. It will serve as "the outlet f'or articles o:n 

methods, applications an<f the. technological aspects of related discip-lines;" 

to quote Darlene C. Schmidt (Quality Progress·l(l0):.46....;48~· 1968). 

The American Society fo~ Quality Control presently is organized into. 

eight subject matter divisions.: These are Administrative Appli.cations', 

Aircraft and Missile, Automotive, Chetl1ical, Electronics, Food and Allied 

Indus tries, Reliability and Tex.tile and Needle Trades. Qndoubtedly more 

will be added as the necessity arises. 

This historical review, while in no sense complete, should be suf

ficient to point out that statistical quality control is a well established 

arm of the manufacturing industries. It is new to the highway co.nstruction 

industry true enough, but ideas for applications in .this qew area might 

well be stimulated by an acquaintance with what has already taken place 

in, seemingly, rton-relat.e~ industries. 
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3 ~ A SYNOPSIS_ OF. REP:ORTEI) HIGHWAY ACTIVItiE.S RELEVANT tO_ .SQC 

The.fact that; in the final product (in this case a unit of highway) 

there exists acknowledged variation, has emerged into the full light of 

day. This facing up to tl!e. facts has taken place in many other industries 

over the past 40 years (See SQC His tory Section). . The general concensus 

seelllS to be that the teatn assembled for the AASHO Road Test in Ottawa, 

Illinois, and which team included at least one experienced statistician, 

. -
Dr. Paul Irick, did a gr~at deal to bring about this confrontation. The 

team supervised the collection and ·statistical summarization of a very 

large volume of construction test data; which, when the specifications 

and the data were brought. together, clearly indicated that there were 

some striking inconsistencies. The· reader should not deduce from this 

that any criticism of past or present construction fs iinplied or intended, 

it is not. The hard facts are that specifications have traditionally 

been written without proper cognizance- of the variability of the process 

producing the sample or test observations. 

The basis for ,statistical quality control (SQC) in this or any other 

industry depeD;dS upon a thorough know.ledge of the sources of. variation 

affecting the product being subjected to control. The product has an 

inherent variability which is dependerit upon the underlying process, e.g., 

a natural material like limestone might be expected to have a much hig~er 

level ofvariability t~an portland cement, which.is the end product of 

a manufacturing process, albeit the fact that it is produced from a mix 

--
of natural materials. Sampling the material is a second source of 

variation which cannot be completely eliminated although it certainly 
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can be reduced by careful selection of the sampling method. Testing 

procedures, once· the sample has been obtained, are in turn subj~ct to 

variation due to such things as operator, weighing, measuring and 

instrument errors. 

The highway construction industry is now engaged in examining the 

variability picture for the spectrum of materials and processes.froin 

which a highway.is constructed. For clarity t~e activities will be 

treated under methodology, base materials, concrete, asphaltic concrete 

and miscellaneous topics. 

In methodology the one technique that is referred to most frequently 

is the case of portable nuclear devices for non-destrustively estimating 

the density andmoisture of a compacted layer. Some investigations have 

been carried out using similar devices for estimating asphalt content 

and for estimating density of a hot mix after a roller pass. With these 

it is possible to obtain an estimate within a matter of min:utes, this is 

in contrast to.the destructive and time consuming standard balloon test 

which requires an excavation, a volumeestimate,. removal of the material 

to the laboratory for moisture determination and, finally, provides a 

density estimate. The consensus from a number of states and foreign 

countries is that there is good agreement with st~dard tests, and no 

very cotnpellirrg reasons why the nuclear devices cannot be used as a 

routine sampling tool. A gyratory compactor has been developed which 

can be used to replace the more variable hand-compacted samples in a 

preliminary appraisal of material properties. Improved methods for 

hand sampling or automatic sampling of aggregates have reduced the 
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sampling variation. 

Some investigators have been stimulated to search for, or·make use 

of known, more fundamental tests to replace empirical ones. Various 

tests for the quality of aggregate materials, such as the freeze-thaw 

test; a test for fine aggregates,. are being examined·. The quality of 

asphalt is dependent in part on its viscosity, which can be measured at 

several temperatures and is usefui in forcasting its aging characterist.ics; 

this is a much more revealing test than- is penetration~ Estimation of 
' 
bi.tumeh content using optical density equipment after solvent extraction 

has been investigated. An acoustical test for_asphalt content has 

possibilities. The standard 28 day test for concrete strength adds to 

. I 

the data file but does not offer much scope for timely action to be 

taken in the event of unacceptable product. There appears to be some 

promising methods under development for accelerated tests which will 

produce strength estimates at the end o,f. 48 hours, and which display a 

reasonably high degree of correlation with the standard 28 day test. 

The construction of a. highway starts with a subbase or base, 

usually constructed from materials found in situ. Economics usually 

argue against shipping base materials over long distances, and this 

frequently would be the case if done, since many geographical regions 

are virtually devoid of aggregate deposit_s or workable rock formations 

at or near the surface. The use of lime or cement to stabilize or;iginal 

soil materials has been practiced for a long time; a recent study suggests 

that use of a mixing plarit of some sort will result in .a less variable 

product in terms of uniforrni ty of compaction, this is brought about by 

a more uniform mixing or blending of the stabilizing material throughout 
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the native material. 

SQC procedures have been applfed to compaction control b)i'the use 

of at least two approaches. In Virginia several highway contratts have 

been wri ttert whereby, aftet laboratory estima~es of the· degree of 'cbrri-: 

paction possible; the contractor·useshis equipment to produce a·cohtrol 

section on representative base material, and an ·acceptable density level 

is established by depa~tment personnel using nuclear gauging~·· Thus the 

contractor has a good estimate of the .compactive effort 'required, and 

the department is able to ascertain the mean coinpaction level and its 

variability based on a realistic ·(not small) number of s.imples. California_ 

has made use of nuclear gauging to perform acceptance sampling of completed 

compacted sections, using a pass..;.fail approach; e. g., a certain proportion 

of the samples must exhibit a degree of compaction at or above that 

specified in the contract before the section is accepted. 

Washington is constructing a uniforniity index for each ]ob based on 

a review of the test data. Such could be useful in an appraisal of 

contractor qualifications. On this same vein, Louisian~ has examined 

the compaction- variability within contracts and found rather clear-cut 

evidence of differences in variability between contractors. 

Concrete as a'surface course is used extensively. This has focussed 

attention on methods of achieving closer control of quality~ California 

has fol.llld that properties of plastic cement and of the aggregates are 

indicative of final quality. Texas has investigated the use of chemical 

admixes. In Washington it was found that the mixing time offers a 

measure of control since it is related to the final strength. 
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The weight of partially compacte'd concrete q.pparently gives a measure 

of workability.· Careful proportioning results in- a more predictable 

level of concrete quaiity. The ready--mix industry has found that con

siderable Uniformity of product can be assured through careful attention 

to batch weighing of ingredients, using automatic equipment, ~lending 

of the dry materials and then careful timing of the wet mixing period. 

In the ready-mix operationunsatisfactory l-oss can aris~ due to over

mixing while getting to, or waiting at, the job site. Thus careful 

estimates of required revolutions per minute enroute and of expected 

waiting times could reduce these loses. SQC has been applied to these 

and other related problems in Australia, Germany, the United Kingdom, 

Canada, and in the United States, with considerable ~uccess. 

The precast and prestress concrete industry could utilize SQC to 

improve its product. Such details as proper fit at time of assembly, 

quality of surface finish, more detailed drawings of forming detail, 

have been indicated as areas needing attention. 

In the production of asphaltic concrete, South Carolina has found 

the SQC app;roach, perhaps better called "process control" in this instance, 

to controlling the outgoing quality of a hot mik plant to be very promising. 

It gives a clear-cut operational procedure and avoids the arbitrary shut

downs that arise when a·sta:te inspector finds a sample out of the specified 

limits, as under the. more usual mode of operation. Several contracts have 

been completed under the plan and contractors are enthusiastic. Other 

studies have led to intproved thickness control although the matter of 

smoothness of the finished surface could be improved. Several large-
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scale studies have been conducted to obtain estima.tes of the various 
: .. ~~· 

statistical parameters, and their variances, associated~wit,h .the product. 

These are expected to be used as the basis fo~ .. SQC plans. . Louis,iana, .. 

the United Kingdom, Canada, Belgium, among others, are either usj.ng or 

promoting the use· of SQC procedures. 
' ' 

The steel used in bridges is usually produce<:I under a stri,ngent SQC 

program and the supplier can provide the p~rchaser with copies of his 

quality control records. A quality control approach to satisfq.ctory_ 

control of the fabrication process, particularly the acceptance o~ welqs, 

is heavily dependent upon proper qualification of the individual welder. 

Some United Kingdom and United States experiences have.been recorded. 

The preceding paragraphs. represent an attempt to indicate the 

scope of activity aimed at exercising a demonstrated_(in other ~ndustri~s) 

method of controlling variation in the hi~hway construction indus try, 

namely statistical quality control. To see that this is not an is.olated 

view the reader is referred to an article p_~bli .. shed almost two years ago. 1 

1States and Contractors Prepare for Statistical Quality Control 
in Highway Construction; Engineering News~Record January 12, 1967; 
pp. 28--32. 
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4. . ORGANIZING FOR THE SQC FUNCTION 

This topic may seem presumptive on two counts. The first in that · 

it tacitly assumes. that SQC will bec0me a reality in highway construction. 

Secondly it may seem to imply criticism of the present organization of 

highway departments. 

The future of SQC as a means· of coping with variation has been 

convincingly demonstrated in many other industries. The completed and 

current studies in highway construction and the; so far, isolated 

instances of actual application of SQC procedures clearly demonstrate 

that, first there i~ variation in every facet ofthe construction process, 

and, second that probability based means· of dealing with it can be devised. 

There is also the pressure currently. being ·exerted by the Bureau of Public 

Roads for the general adoption of the probabili~y based techniques of SQC 

as a means of ensuring a, specified level of quality in construction,· which 

can be uniformly ·applied nationwide. 

The problem a state highway department (or other similar political 

units) must face squarely is that ()f uniform application of the approved 

SQC procedures to all constructi?n projects throughout t;he state. The 

s&me contractor may have cbnstruction projects concurrently active in 

several highway districts and his quality costs to the state will be 

least if this uniformity is achieved. The present, sonietimes nearly 

autonomous, structure of highwaY, districts as exists in many states 

might make for difficulty in achieving this desired degree of uniformity. 

Generally it appears that, from an examination of effective organizatio 

in other indus tries, it is highly desirable· that SQC be represented in top 
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management, that is, in the state highway engineer's office. Such a 

unit would serve to keep ·the'_ state highway engineer informed as to 

the current s·tatus of quality achievement in all districts, and also 

serve as a basis for coordination and connntinication between states 

and/or other governmental agencies. It should be charged with organ{z~ 

ing and carrying out an effective and continuing s.tatewide training 

program-....;no small task in itself when one considers the number of 

personnel that have to be.reached. It should'serve as the clearing 

house for new techniques and applications in SQC; whether from the 

published literature, similar units in other states or enter-Prising 

and inventive personnel within the state highway department, to name 

only a few of the possible sources. This same unit should provide 

liason with the contractors so that the state speaks with one voice 

on SQC matters, such as explaining the acceptance procedures to be 

applied when bids are being sought, encouraging the contractors them

selves to-become active participants in SQC. The many industries now 

using SQC encourage, even insist that, their suppliers set up their own 

SQC programs. This might be a way of getting the state o·ut of the 

position of testing, monitoring the contractor's operation, and finally 

accepting the resultan~ product as is frequently the case at present. 

The highway districts would need to have qualified SQC personnel 

assigned to their units for operational purposes, but with their technical 

responsibility being to the central unit. This may seem opposed to present 

management practices but would appear to be necessary to ensure the requisite 

uniformity of application.· 
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Any state seriously considering managerial changes to acconnnodate 

this new function would be well advised to seek advice from industries 

located within its boutldaries, or near by, who are presently applying-

SQC. ·Also in almost every state in the U.S. there are one or more local 

chapters of· the American Society for Quality Control, whose members 

represent the managerial as well as the technical side of the SQC function. 

The chapters or individual chapter members repr-esent a reservoir of SQC 

competence that is readily approachable and eminently practical. 
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5 ~ ANNOTATED BIBLIOGMPHY 

The collection contained in this bibliography has b.eenbrought together 

from a variety of sources. An initial collection was obtained from an 

information retrieval run using the facilities of.th~ Highway Research 

Information Service, via a request placed' through the Texas Highway 

Department. A direct literature· search supplemented this, together 

withgleanings from a miscellaneous collection of reports and reference 

lists which was available. The files of the journal "Indus trial Quality 

Control'' yielded a wealth of related material. 

For the purpose of annotation a summary or abstract was used; many 

abstracts were available in the files of the Highway Research Abstracts; 

some publications require that the author(s) prepare an· abstract.· For 

those cases where nothing was available an abstract was prepared 

by the author· of this report, for all such cases the resultant abstracts 

are identified by the initials: JGD. Since relevant literature citations 

are an indication of the thoroughness of an investigation, the annotat:i.on 

concludes with the number of ci tatioiis given in the original publication, 

wherever this information was available.-

The annotated collection is listed under four appendix headings a$ 

follows: 

. (1) Statistical Quality Control Studies and Applications in all 

Areas of Highway Construction. 

(2) Listing of Current Research Projects Relative to Statistical 

Quality Control in Highway Construction. 

(3) Management of the Quality Control Function. 
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( 4) Some Techniques in .A.pp1icati·6n of Quality Control to Business 

and Industry. 

Section (l) requires no further comment, since it is obviously 

pertinent to tf1e project objective$. 

Section (2) arose as a result-of theHRIS information run, and.$erves: 

to display the near world-wide interest in statistical quality control 

which has developed among governmental agencies and within the construc.tion 

industry itself. The projects were sorted into domestic (United States)· 

and foreign; within the domestic they ~re listed in alphabetical order by_ 

states, within-the foreign they are listed in alphabetical order by country 

and chronologically within country, with the exception of Canada. For 

Canada the projects were liste.d ;alphabetically by province and chronologically 

within province. The original computer reports have been edited into a 

standard format giving project title; agency performing the investigation, 

and for the United States· projects, a state project number and a Bureau 

of Public Roads project number, one or.both as· appropriate; personnel. 

directing the investigation (where giyen); petiod iri calendar years 

-apparently covered by the investigation· (this information was often 

fragmentaryand/or ;i.ncomplete); obje¢tive(s) of the investigation; and 

listing of reports issued up to the time the project was P.laced in the 

information file. Other information, s1,1ch ~s funding, was eliminated 

since the records were quite inco:rnplete. No attempt was made to augment 

the HRIS run so this is, at best, only a partial collection. 

The attention in Section (3) is focussed on how industry has ap

proached the problems of effective management of the quality control 
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function. Since the manufacturing industrie_s have, _in· some cases, 

twenty or more years of experience it would be we.ll to examine how 

they have incorporated this activity into their management structure. 

This is done with the expectation that, in the very near future, there 

will be a rather general movement towards the~ad,option of statistical 

quality control procedures by the highway construction industry. This 

shift will undoubtedly require management changes to ensure that uniform 

procedures are applied to all'construction contracts. 

Major attention.by interested personnel is presently focusse<l on 

Section (1), the statistical quality control applications to highway 

construction. The purpose of Section (4) is to proffer a sampling of 

statistical quality control applic~tions in such areas as office management, 

personnel and other imaginative applications. which may prove equally rewarding. 

State highway departments are generally large enough to offer many op-

I 

portunities for such applications. 

Each section, except Section (2); has been organized in the following 

manner. The bibliography is arranged in alphabetical order by author so 

long as an author or investigator is indicated. · For those cases where 

this information is riot available they are ordered alphabetically by 

title key words and are so assembled at the end of the sect·ion. 
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APPENDIX 1 

STATISTICAL QUALITY CONTROL STUDIES 
AND APPLICATIONS IN ALL AREAS OF HIGHWAY CONSTRUCTION 
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1. Abdun....;Nur, $dward A. 
Product Control and Incentives 
Jour. of the Const. Div., Proc. ASCE 92 (C03): 25-40. 1966 · 
(Digest from Trans. ASCE 132: 537-538. 1967 .) 

Much criticism ha's been· directed toward the subject of quality 
control on construction :projects. Actually control has always existed, 
and was exercised by a cooperative day to day meeting of minds between 
the engineer representing the owner at the construction site, and the 
con tractor. A lot of it was a matter of jJJdgement, but it worked -:
witness the large number of projects that have been built and have 
served their purpose well over the years. 

The accelerated pace of construction and the mechanization and 
sophistication of. operations in the.last few years, has made such 
leisurely daily contact assessment of quality impractical; hence, much 
has to be relegated to inspectors and foremen. This has brought about 
the need for a means to measure the control of quality more objectively. 

Manufacturing industrial operations had to face this problem years 
ago and, fortunately for the construction industry, they have over the 
years deveioped workable approaches to this problem. Because today 
construction is nothing but an outdoor manufacturing industrial opera-
tion, the basic principles developed by industry can be modified and 
applied to quality control in construction. 

Basically, the fundamental principle underlying alr indus trial quality 
control is that variability is the law of life - nature abhors 
identities. And, it has been found over the years that the laws of 
probability provide a tool that can be used to predict quality levels 
through proper sampling plans and testing. 

From a practical standpoint, the normal probability curve.reasonably 
appr.oxim~tes the pattern of var~ability in constructiol) materials 
especially if each test is determined from an aver·age of two or 
three sa.mples or specimens. For any given material, the degree of control 
or variability deterttd.nes the shape of the normal probability curve 
that represents it. 

The lower the average level of quality that is needed to attain 
compliance the less it costs the producer or contractor. 

Here is where the proper approach and wording in a specification can 
use this phenomenon as an incentive for a producer or contractor 
to set up good controls of his operation. It then becomes a matter 
of economy as to how far to carry contrbl. Every refinement is justified 
as lop.g as the gain is more than the cost; however, it ceases to be 
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advantageous if the cost becomes higher thap the benefit. This 
is a self regulating matter that permits the degree of control to 
seek its own economic and advantageous level. When followed, it 
has been found to create a strQng inceutive in producers and 
contractors to set up their own quality control. 

Everyone gains by such an approach - the contractor by r~ducing 
his costs, the owner by obtaining a structure with .l·ower variability 
thus lowering maintenance costs, Eventually, some of the extra 
profit gained by the contractor is passed on to the owner as a 
result of the competitive bidding process. 

Some engineers have tried this approach and found it works nicely, 
and the contractors have found it advantageous to continue it on 
subsequent projects. Other engineers do not believe that the laws 
of probability can be used to predict quality, nor that incentives 
create powerful motivations for setting up quality control. The 
latter is an unfortunate situation, because from the experience 
of industry control through the probability approach results in 
savings in attaining a given quality level. Such.control is here 
to stay and will become more common, as neither the contractor nor 
the owner can ignore the ensuing advantages for long, now th'8.t these 
facts have been recognize.d in the field of construction. Using ~ 

incentives to spur the use of the probability approach to the control 
of quality is simply a smart thing to· do, in order to reap the 
benefits as fast as possible. 

2. Afferton, Kenneth C. 
A Statistical Study of Asphaltic-Concrete 
Highway Research Record 184: 13-24. 1967. 

A typical New Jersey State Department of Transportation Construc
tion project was selected to establish average values and variabi
lity parameters for asphaltic pavement material characteristics, 
such as asphal.t content and gradation., presently used as measures 
of quality. The effect of variations in material or the material 
production process, SCl,mpling, and field and laboratory testing on 
the measured variability parameters are discussed. A comparison 
is made between present field and laboratory testing·· to determine 
the possibility of reducing the number of tests normglly run on 
a construction project. The validity of the Department's present-· 
sampling and testing processes, and the adequacy of its present 
asphaltic-concrete specifications are studied" 

A FORTRAN computer program was used to perform the analysis. 

Findings indicate that for New Jersey, field testing alone cannot 
as yet supplant laboratory testing as the basis for final judgment on 
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material compliance. For the asphaltic content determi-nation, it 
was established that the Department's present sampling and laboratory 
testing processe~ are as valid (in uniformity) as those typical of 
the highway field today. It was found that in general the asp hal tic
concrete specifications, for the construction.project studied, dealt 
fairly with the material supplier allowing sufficiently for the 
natural variabilities encountered. However, a·few important exceptions 
were noted which occurred in the critical areas of the asphaltic~ 
concrete test. In these instances the specifications were found to 
be overly restrictive for the present capabilities of the.production, 
sampling, and testing processes. (4 citations) 

3. Amirikian, A. 
Dimensional Tolerances and Quality Control in WeldedSteel Construction 
Highway Research Record 85: 23-26. 1965. 

Recently the American Welding Society issued two regulations for 
welded construction one for buildings and the other for bridges. 
A brief discussion is given of the.pertinent clauses 'devised to 
provide an acceptable quality of workmanship and to specify the 
limits of dimensional deviation obtained in welded fabrication. 

4. Anday, M. C. and C. S. Hughes 
Compaction Control of Granular Base Course Materials.byUse of 

Nuclear D~vices and a Control Strip Technique 
HRA 36(12) : 102 .• December, 1966. 

In an attempt to overcome some of the problems encountered in the 
compaction control of granular base materials through conventional 
methods, Virginia has recently developed a new approach. A 
control strip is constructed by the contractor, a density. 
standard is established through nuclear moisture-density testing, 
and this standard is used as the basis for controlling the compaction 
of other section~ built with like tnater~al. The method has 
proven to be very satisfactory on three projects, and will be 
used on eight more that are now. ready for advertisement. 

5. Anderson, Arthur. R. 
Construction Tolerances for Concrete in Highway Structures 
HRA 33(12): 57. December, 1963. 

Construction tolerances for concrete now generally specified or 
recommended in various design standards are discussed. The rteed 
for new tolerance criteria, and a basic approach to tole·rancing 
as a function of design, are proposed, taking into account service 
requirements, structural integrity, and appearance of concrete construction. 
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6. Anderson, Arthur R. 
Quality Control for Precast Concrete Cortstruction 
Civil Engineering- ASCE 36 (3): 56~58. 1966~ 

Q1,1ality control in precast concrete construction requires that 
e-ach member he cast accurately to fit in its assigned position, 
and be adequately strong and attractive. Some precast structures 
have not measured up because of inadequate planning, failure df 
engineers to defin:i,tely.assign responsibility, and less~than--
needed quality of the finished stru~ture. Precast concrete construc
tion requires carefully detailed ground rules for genera1 contrac
tor, fabricator and erector. Few.eng:i.neers detail .this adeqttately; 
consequently what is everyone's business is no one's responsibility. 
To achieve quality in precasting, workers must have adeqt1ate technical 
support and enthusiastic directionby management. 

7. Baker, A. B. 
Deflection Beam Measurements in ,the Copperbelt District of Zambia 
Road· Research Laboratory {UK) LN (745). l2pp. 1965. 

A· turn-wheel loaded to 7000 lbs. was used to locate weak sections 
of road which looked sound. The results showed wide variability 
and a stat is ticai . technique for their analysis is· suggested. A 
method of interpretation, based on a Quality ·control System, is 
.given in an appendix and permits location of road sections which 
are significantly weaker than the average.. Further long-term 
obse.rvations of beam deflections and pavement performance will 
be necessary to provide a correlation between them. 

8. Barclay, H. W. 
The. First National Inventory of Automotive Materials, Parts and 

Components, Quality Control, Test and Inspection Operations 
Automotive Industries 135 (10): 71-86~ 1966. Automotive Industries 

136 (2) : 79-86. . 196 7. 

In 1960, studies wete first initiated to correlat~ the safety 
standards of the American Standards Association, the American 
Society for Testing and Materials, and the Society of Automotive 
Engineers. Continuing questionnaires have.been sent. The results 
of the studies are presented, with a discussion of their signifi
cance. The samples include both large and small firms interested 
in all phases of automobile, tire, component and petroleum pro
ducts manufactures. .Figures are given covering costs and manpower 
expenditures. A second series of articles show pictures of the 
testing processes. It is pointed out that cars embody safety design 
developed by the automotive industry, occasian·ally in excess of 
the standards required by governments, both federal or state. 
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9~ Beaton, J. L. 
Statistical Specifications. Analysis Phase of Quality·Control 

Study Raises Many Questions . 
California Highways and P·ublic Works 44 (9-:-10}: 42-45. 1965. 

The U. S. Bureau of Public Roads is co-operating with the authori-ties 
in California in a regional workshop study of quality cont_rol.; 
The purpose of this study is to make a statistical analysis of 
road material control tests and to develop statistical specifica
tions for control of construction. This report describes the
pro~edures followed in this s·tudy and observations made as a result 
of the statistical surveys and evaluation of statistical specifica
tions. 

10. Beaton, John L. · 
Statistical Quality Control in Highway Construction 
Jour. of the Construction Division, ASCE 94 (COl), Proc. Paper 

5708, pp • 1-15 •. 1968 (HRA 38 (7): 18. 1968). 

California•s experience in making a statistical study of its 
quality specifications for highway and bridge construction materials 
is described. Four years of research on sampling and testing of 
materials such as compacted embankment, plastic concrete, cement~ 
treated base, structural concrete aggregate, untreated base 
material and aggregate subbase material are beginning to·provide 
information concerning variations due to sampling, testing, and 
those inherent in the materials itself. Suggested in_place of 
tradi~ional methods is statistical quality control (SQC). The 
use .of SQC could shift the quality control responsibility to the 
contractor with the buyer basing his purchase on a statistically 
sourid end-point evaluation. Problems arising in the use of SQC 
may be met by training in the technology of statistical control, 
recognition of the fact that there is no need to supply statistical 
specifications to every construction_item, the establishmentof 
new specification li~ts, and a revision of. testing procedures. 

11. Beaton, J. L, G. B. Sherinan, R. 0. Walkins. 
A Statistical Analysis of·Percent of Cement in Cement Treated Base 
California .Division Highways Materials and Research Department 

M&R 631133-7, HPR. April, 196 7. 

A statistical analysis of the cement content of plant-mixed cement 
treated base is reported. Th.ree construction projects in different 
areas of California were sampled and the test results analyzed. 
It was concluded that the current requirement$ of the cement content 
are restrictive and are not being met, however, the compressive 
strength of the materials and, consequently, the quality of the 
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cement treated base is adequate. Revised cement...:..content control 
limits are proposed and a specific frequency of testing and use 
of control charts are reconnnended. 

12. Bicking, C •. A. 
The Sampling of Bulk Materials 
Materials Research and Standards 7 (3): 95-116. 1967. (HRA 37 (9): 

15. 1967.) 

The problems of sampling of bulk materials are tested in two p.arts: 
the physical aspects and the statistical aspects. Although many 
physical models are very good; statistics can cont:ribute to further 
improvement in the precision and economy of sampling. Bulk ma-terials 
and the common methods of handling and sampling them are described. 
The various statistical methods that have been used to control --
sampling, to experiment with ways of improving sampling, and to 
measure the variability of materials are illustrated using a'wide 
representation of .materials. 

13. Black, C. A. 
Method of Soil Analysis. Part 1. Physical and Mineralogical 

Properties Including Statistics of Measuring and Sampling 
Part 2. Chemical and\Microbiological Properties 

Monographs on Agronomy 9, Parts 1 & 2, _1572p. 1965. _-

This monograph, sponsored jointly by the American Society of Agronomy 
and the American Society for Testing and Materials, contains 113 
sections by various authors. Where possible, specific directions 
for measurements are given, basic principles are stated and comments 
are made on such matters as !:imitations, pitfalls and precision. 
Each section gives literature sources for further ·study; but the general 
aitn has been to produ,ce a treat-ise that is self..-sufficient. 

14. Bloem~ D. L. 
How to Get Good Concrete 
Civil Engineering ASCE 36 (3): 66-70. 1966. 

Concrete of reliably high quality is needed for adequate performance 
in structures. The producer of ready-mixed concrete must be held 
responsible to specifications for: :i,ngredients, properties of the 
fresh c,oncrete, properties of the hard-concrete, and enforcement. 
The control -of slump and batch proportions will provide a mixture 
that will achieve good appearance if properly placed, finished and 
cured. The guarantee of strength in terms of standard tests of 
the delivered product has become almost uniform for structure 
concrete. Real_variations in s·trength can be attribufed to differ
ences in the ingredients 'and differences in production conditions. 
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Variations in the cement source and production are discussed .. 
Ingredients, hatching, mixing and delivery should be regulated 
by statistical techniques applied to strength tests. Several 
control charts are presented. Strength t.ests .analyzed statistically 
are very useful for keeping track of concrete production control. 

15. Bozarth, Ferrell M. and William E. Grieb 
~ . . 

16. 

· Study of Mixing Performance of Large Central Plant Concrete Mixers 
HRA 35 (12): 57. December, 1965. 

Field tests of concrete produced by large central plant concrete 
mixers are reported for nearly 400 test batch-es from four different 
construction jobs. Samples were taken at both plant and roadway 
and were tested for slump, air content, unit weight of fresh concrete, 
coarse aggregate retained on the No. 4 sieve after washout, and 
28--'day compressive strength of molded 6- by 12-in. concrete cylinders. 
Except for one project, all test batches we're tra:QSported by non-
agitating hauling units to the roadway for sampling after the 
batch was put in .place. 

At the plant, three samples per test batch were taken by intercepting 
the concrete flow during the mixer discharge. Data indicate 
that all four mixers produce. good concrete· at mixing times under 
1 min if the plant achieves thorough blending (ribbon layering) 
of the aggregates during charging, including equally good parallel 
timing and uniformity in chargingof cement and water. Failure 
to achieve proper charging of these materials results in un-certain 
performance of anyof the mixers tested. Some of the tests yielded 
acceptable quality concrete (by most.criteria) at 30 sec of mixing 
time, whereas concrete of poor uniformity was obtained at 180 
sec of mixing time for one test series. 

Two, and in one case thr~e, roadway samples were taken from each 
test batch. Roadway samp-les do not show marginal qualitY concrete 
to b~ as inadequate as found by the plant tests. Specification 
test tolerances should recognize that variances between two sampl.es 
are different froin those amohg three samples. 

Tests were made over a wide range of mixing times with a constant 
amount of air-entraining agent added. This resulted in extensive 
gains in air content at the longer mixing times, particularly 
at 180 sec. s•trengths thus obtained were below that permitted 
by design requirements. 

Bozarth, F. M. 
Case Study of Influence of Imbalances in Charging of Cement and 

Water on Mixing Performance of Large Central Plant Concrete Mixers 
California Division Highways HPR-(1/3), State F-8-1, BPR 2722 234. 

May 1967. 
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Test objectives were to determine tolerable limits -of -deviati<?n 
from good blending of cement and water with the agg:regate ingredients· 
of the hatch during char gin~ _of the mixer. Blending appeared to 
be and was judged to be good for normal plant performance, but 
test results clearly demonstrated the appearance to be false. 
Results clearly confirmed the highly significant influence of 
blending the batch ingredients during charging of large (8 cubic 
yard) central plant mixers with horizontal drum axis and both end,s 
open. When blending of batch ingredients d1.1ring charging of 
the mixer was poor, the charging imbalances resulted in imbalanced 
distributions in mixed concrete, resulting in compressive strength 
imbalances that were in general proportional to the cement and/or 
water imbalances occurring in blending during charging. A quick 
and reliable method is needed for determining the uniformity of 
cement in plastic concrete, in order to effectively monitor the 

·degree of blending of batch ingredients during charging of the mixer 
and thus assure good quality control of the concrete produced. 
Improved central plant equipment capabilities are also needed 
for improved assurance of good control in the blending uniformity 
for cement and water during charging. 

17. Brakey, B. A. 
A Vacuum Extractor for Bituminous Mixes 
Materials Research and· Standards 5 (12) : 622"'"'629. 1965. 

Quality control tests of hot bituminous mixtures in ·the- field 
should be speeded up by this new method developed by Colorado 
Department of Highways. The vacuum extraction test procedure 
and apparatus have the following disadvantages: (1) more solvent 
is required than for the reflux method; but about the same as for 
the centrifuge' for the same test specimen size' {2) the methylene 
chloride must be stored in a cool place because-of its low boiling 
paint, and ( 3) hot bituminous mixtures must be cooled to 130F before 
testing. The advantages of this procedure are: (1) the 12-in.- · 
diameter filter is large enough for testing specimens w~ighing 
up to 3000 g. (2) the vacurim red-uces filtering· time to ,iess than 
15 min, (3) the filter is sealed to prevent significant loss of 
fines, and no correction need be made for such loss when doing 
routine control testing, (4) the use of diatomaceous silica speeds 
filtering on certain fine-grained mixtures, (5) eight tests or 
more, per shift, can be made with a single apparatus, (6) for 
mixtures containing less than 0.6 per cent moisture, no moisture 
test need be made, (7) it is at least as accurate as conventional 
methods, and (8) the cost per test is reasonable. The merit of 
the 20 vacuum extraction process has led to its adoption by the 
Colorado Department of Highways as one of three standard procedures. 

-27-



18. Brenner, R., G. R. Fisher; and W. W. Mosher 
Statistical Analysis of ·Accident Data as a Basis for Planning 

SeleCti V·e Enforcement Phase 1 I 

Presented at 46th Annual Meeting (HRA 36 (12}: 93. 1966) 

Quality control techniques were applied to the analysis of traffic 
accident information. The. underlying theory of control charts for. 
accident.data is presented. Several new theoretical conclusions 
relating to the statistical sensitivity of ac_cident control 
charts were formulated. These same control techniques were also 
adapted to operational decision-~aking processes. A generalized 
system of control chart computer programs, designed to reduce the 
reported statisticai techniques to operational practice, 
was developed and subsequently· applied to a sample of accident 
data. · Results suggest that for many accident data uses, a high 
alpha-error probability should be tolerated in order to rea.lize 
a low beta-error probability concomitant with operationally defined 
lengths of roadway, realistic control chart time periods, and 
reasonable sensitivity to changes in accident producing potential. 
Such control ·charts would rarely fail to detect a small cha.nge in 
accid~nt potential at the cost of having many of these change indi
cations be spurious. The principle is that for many accident 
data applications, it is appropriate to tolerate many false indi
cations of change in order to reduce the likelihood of fal.lirig to 
detect a real change. · . · · 

19. Brown, W. R. 
Nuclear Testing Correlated and Applied to Compaction Control in 

Colorado 
HRA 31 (11): 21-22 ~ , December, 1961. 

This paper describes the investigation made by the Colorado Department 
of Highways into the feasibility and practicality of using connnercia.lly 
available nuclear devices to perform moisture and density tests 
in the field on highway construct~ontnaterials. The correlation 
found between.nticlear and conventional methods is presented along 
with an explanation of the equipment and its basic functions. 
Electronic reliability is discussed and data concerning the amount 
of personnel irradiation while working in close contact with equipment 
containing isotopes of cesium and radium-heryllium are given. The · 
use of a nuclear device to control the compaction of embankment 
matetial on a. large project in western Colorado is described and 
acceptance of this new concept of.testing by field personnel is 
related. Preliminary information concerning an attempt to correlate 
three different nuclear devices with the conventional method of 
determining the densi·ty of a:spha1tic concrete surface courses is . 
also presented. 
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20. ·Brown, Wayne R. 
Development of Nuclear Density Tests for Hot Asphalt Pavement 
Highway Research Record 107: 25-36. 1966. 

Development of a nondestructive test method for density measure-
ments of hot asphalt concrete irt th~ field using portable nuclear 
instrumentation .is described. Also described are efforts to 
utilize existing nuclear density probes designed for testing soil 
to measure the compacted density of hot asphalt pavement. 

A prototype nuclear asphalt density probe was developed. After 
testing the prototype on test sections.with .densities fronillO to 
144 pcf, a production model asphal.t density probe was designed and 
built. Heat-resistant electronics allowed density tests to be 
performed onmaterial ranging in temperature from cold to 300 F. 
Source type and strength, as well as source-to-detector geometry, 
were optimized so that depth of penetration was restricted to 
approximately. l and 3/4 to 2 in., allowing testing of thin asphalt 
surface courses without base course influence. Comparison data 
and compaction growth curves fromvarious_roller patterns set in 
the field using the asphalt deqsity probe are included~ Test 
results were available with;i.n 2 1/2 min after each roller pass. 

21. Brumer, Milton and Frank Stahl 
Quality Control of Structtiral Steel 
HRA 37 (12): 71. December, 1967. 

The development of steel technology has placed increased importance 
on the role ·played by quality control in the successful achievement 
of modern structures. The current practices for attaining quality 
control are reviewed in their three distinct phases~ 

In the mill, the prod\lcer has .traditionally applied comprehensive 
controls on the metallurgy and manufacture of his product. Confor-
mance to s tand~rds is reliable. Development of a continuous . casting_ 
method promises the elimination of s·oaking pits and the elaborate 
checking required to. avoid mixed steels. · · 

Reliable inspeGtion in the fabricating shop is ideally achieved 
through the cooperative, yet independent, efforts of shop forces 
and the customer's inspectors •.. Except in the larger shops, quality 
of ins.pection is found lacking. The authors believe the owner must 
be convinced of the necessity of good off-site inspection. A 
negotiated contract wi:th a professional inspection agency, chosen 
noncompetitively on the basis of proved competence, is desirable. 
In addit:i,on to the traditional tasks, inspectors are now routinely 
required to perform and interpret ·non-destructive tes.ting. Dye
penetrant, magnetic particle, radiographic, and ultrasonic methods 
are discussed. Efforts at standardization of test criteria are 
encouraged. 
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The actual construction of. his designs shduld be inspected by the 
engineer himself; preenlinently qualified, he should be thoroughly 
empowered to do so. The.non.;..fashionable policy of engaging construction 
firms for on-site inspection is deplored. ·· 

22. Brtinarskii, . L .• 
,Treatment of the Results.of the Non--Destructive Testing of Concrete 
Beton I. Zhelezobeton (USSR) il (7): 42-43. 1965. 

Graphical methods of treating the results of non-destructive 
testing of concrete, developed in Poland are e:xplained. Formulae 
are proposed and the values of terms listed for the various concrete 

. ,qualities. 

-. 
23. Buth, E•, D. L. Ivey and T. J. Hirsch 

Correlation of Concrete Properties with Tests for ClayConterit 
of Aggregate 

Highway Research Record, No. 124: 1-17. 1966. 

The presence of clays in the fine aggregate used to make concrete 
is detrimental to the structural properties of the concrete. The 
Texas Highway Department currently uses the results of sand 
equivalent and loss by decahtation tests as a means of detecting 
such clay ,and controlling the quality of fine aggregate used in 
Portland concrete cement. As an al ternatl.ve to this, the sand 
equivalent test which separates the finer clay particles from the 

. coarser particles and compares them on a volume basis· may be used. 
These quality control tests were developed independently and the 
relationship hetween the numerical .results.of each test was not 
known. Since these two tests form independent bases for accepting 
or rejecting a material, the relationship between them is very 
important• This relationship was studied and concrete properties 
were correlated with these tests for clay cohtent. The study con~ 
eludes: (1) the .strength· of concrete is. reduced as the quantity 
of contaminant in the aggregate is increased, (2) the strength of 
concrete is decreased as the liquid limit of the contaminant 
increases, (3) shrinkage of the siliceous aggregate concrete is 
increased as the contaminant quantity increases, (4) shrinkage of 
the siliceous .aggregate concrete is increased as the liquid limit 
of the contaminant increases, (5) the dynamic modulus of elasticity 
of the concrete containing siliceous aggregate is decreased as the 
liquid limit of the corttaminant increases~ .. (6) the dynamic modulus 
of elasticity of concrete does not change significantly as the 
quantity of contaminant increases, (7) present Texas Highway Depart
ment specifications for concrete aggregate indirectly allow a 
15 percent reduction in 28.;...day compressive strength and a 25 percent 
reduction in a 7-day inoduius of >ruptu:c~~values, (8) some aggregates 
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meet present Texas Highway D~partment specif:i,cations by· the loss 
. by decaritation test while failing the .~r.equirements of the sarid 
equivalent ·test, (9) .a relationship exists between .los's by de-, 
cantation results, liquid limit of the~minus 200 mesh fraction~ 
and sand equivalent value, and (10) clay activity, as indicated 
by liquid limit, as well as the amount of the clay present in the 
aggregate, influence concrete strength. The sand equivalent .tes-t 
is a better indicator of a combination of activity' and amount· 
of contaminant, whereas the, loss by decantation test indicates· · 
only the amount. For this reason the sand equivalent test is a 
better indicator of the. quality of fipe aggregate for use in. 
concrete. Loss by decantation results should be combined with 
liquid limit determinations to evaluate.coarse aggregate • 

. 24. Carlton, Paul F. 
Application of Nuclear Soil Meters to Compaction Control for 

Airfi-eld Pavement Construction 
Amer. Soc. for Testing Materials. STP No. 293: 27-35. 196-1. 

(HRA32 (6): 2 .. 1962) •. 

Ten years of research have resulted in the,development of nuclear 
soil meters capable of. measuring the moisture content and density 
of-soils with:i,n the average accuracie$ required for engineered·con
struction. This paper describes the use of surface..-type nuclear 
soil meters for-. compaction control testing during the·. construction 
of new pavement facilities at Clinton Count:y Air· Force Base, Ohio~ 

This study was· ll1ade using engineeri11g inodels. of the P-21 :surface 
moisture probe and the P-22 surface density probe, manufacture·d 
by the Nuclear-Chicag~ Corp .. _ Both cohesive and granular soils 
were tested. On the basis .of use of the nuclear method at the 
Air Force Base it was concluded that the reliability of the nuclear 
method was comparable to that of cQnventional testing procedures , 
for compaction control, time requirements per testwere greatly· 
reduced, and radiatiQn hazard to operating persennel was negligible. 

25. Centolani, G. 
The New Bitum;inottS Pavement Manual 
Strade E. Traffico 13 (151): 7 PP·\ 1966. 

The new manual, presented by the Touring Club Italiano and the 
Unione Petrolifera. is briefly describe.d. Its eight chap·ters deal 
with (1) materials_,, (2) .bi~uminous mixtures, (3) the control· of 
bituminous mixtures, .(4) bituminous stab-ilization,. (5) mastic' asphalts, 
(6) surface treatments and penetration, (7) flexible pavement design, 
and (8) maintenance. 
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26 • Cordon, William A. and K. B. Subbayya 
Evaluation and Control of Goncrete Quality for the Highways of the 

United States 
HRA 29,(11): 53. December, 1959. 

This paper analyzes the uniformity of results of compressive strength 
tests from 92 highway projects from various states of the United 
States, Puerto Rico, and Hawaii, and flexural tests from 26 projects. 

·The significance ot ACI Standard 214-57 in evaluating test results 
and in the preparation of specifications based on concrete perfor
mance, is discussed. Present variations in specifications among 
the different highway departments are summarized and suggestions 
are made regarding desirability of uniform specifications for 
concrete quality. 

27. Covault, Donald 0. and Paul K. Howard 
Use of Neutron Activation and Neutron Backscatter to Determine 

Mineral Filler and Asphalt Content of Bituminous Co.ncrete 
HRA 33 (12) : 102. December, 1963. 

Many millions of dollars are spent each year by the construction 
industry for asphaltic concrete. This concrete is produced by 
a variety of concrete mixer designs. Uniformity of mixing is a 
good criterion by which to judge the quality of the bituminous 
mixture; In this research, mineral filler content of mortar, 

. fineness modulus of the aggregate, and stability indicate the . 
uniformity of the mixed concrete. With the exception of mineral 
filler content, all determinaticn1s of the physical characteristics 
of the concrete were made by conventional tests as specified by 
ASTM. . 

Mineral filler content of the mortar was determined by neutron 
activation analysis of Ca-49 produced in the calcium in the mineral 

.filler. 

28. Dantinrte, R. 
A Comparison of the Standards Adopted in Different Countries for 

the Testing of Stone Material Used in Road Making · 
Memoires DR C.E.R.E.S., Liege <Belgium) No~ 10: 3-20. 1965. 

Standards for testing stone material used in Belgium, France, 
the Netherlands, Federal Germany, Italy, Spain, Great Britain, the 
U.S.A. and Poland are examined. The tables are preceded by a pro
posed glossary on densities; and a vocabulary. They concern (1) 
coarse aggregates: terminology, samples, preliminary examinations, 
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chemical characteristics, cleanness, adhesion, physical characteris ..... 
tics, densities, grading, shape and aspects, behavior, mechanical 
resistance (compression, deflection, shock), f:riction, abrasion, 
polishing and hardness, (2) fine aggregates (sand) : terminology, -
samples, preliminary examinations, chemical characteristics, cleanness, 
grading (size}, physical characteristics (density, etc.) and (3) 
fine aggregates (fillers): terminology,- s-ampling and various tests. 
(1 citation) 

29. Dantinne, R. and P. Longueville 
A Critical Study of the Quality Testing of Stone Used in Road 

Construction 
Memoires DR C,E.R.E.S., Liege (Belgium) No. 10: 23-69. 1965. 

Test methods ;for determining the quality of stone used in highway 
construction are examined with a view to finding the simplest 
and most adaptable procedures for tests carried out in quarries 
or at construction sites. Tests on the ro.ck itself and on the crushed 

. material are considered. The study bears on· the main standardized 
methods of various cotlntries, and in each case references of the 
documents consulted are given. (60 citation~) 

30. David, J. H. 
Manual on Statistical Quality Control of Construction Tolerances 
Bureau of Research and Development, Alabama State Highway Department, 

63 p., May, 1964. 

During the 1964 construction season the Alabama State Highway 
Department will thoroughly study three construction projects. 
These studies are designed to implement-the inauguration of a 
statistical _approach to highway testing and sampling within the 
Alabama State Highway D~partment. 

The words "statistical analysis", "Quality Control~'·, "Construction 
Tolerances", and like expressions are foreign to most Constru.ction 
Engineering personnel within the Departme11t. This paper has been 
prepared .. within the Bureau of Research artd Development as an. advance 
warning of some of the things which will become: very familar to 
field Construction personnel within the next few years. 

This paper is not intended to be a textbook in Statistical 
Analysis and.no new or original work is includeQ.herein. It is 
intended, rather, to be a brief summary of information which is 
well known and is available in a variety of textbooks. (6 citations) 
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31. Davis, R:· L. 
·some Basic Considerations in the Application of Statistical Methods 

to Highway Problems 
Virginia· Highway Research Council Nat .. · Conf. Stat. Quality Cont. 

Methodology, 15 pp. May, 1966. 

Statistical distributions, chance causes, assignable-causes, 
specification intervals or limits, and the normal curve of 
distribution, basic concepts of statistical methods, were discussed 
and clarified. The following conclusions were reached: when only 
chance. causes are operating in a process; it is useless to try to 
reduce the variation through increased supervision. When assignable 
causes are present in amanufacturing_process; their elimination 
is of prime importance to the proper control of the process. (the 
elimination of assignable causes might be termed the essential feature 
of process quality control.) When only chance causes are present 
in a process, the pattern of process variation is stable, and the 
probability of the output of the manufacturing meeting any specifi
cation limits can be calculated. When assignable causes are 
present in a manufacturing process, such statistical parameters 
as the mean and the standard deviation of quality. measurements on 
the process output are of limited value and the interpretation of 
their significance in process control ·is difficult. · 

32.. Defoe, J. H. and R. C. Mainfort 

33. 

Compaction Control of a Major Construction Project with the Michig_an 
Nuclear Gauge 

Michigan Department State Highways HPR, R-61 State, BPR 4722 102 
September 1966. 

During. the 1965 ·field tests the Michigan combination-type nuclear 
moisture-density gauge proved to be a satisfactory means of embank
ment compaction control for all soil and aggregate materials tested~ 
The testing time using ;the nuclear gauge was about one-half that 
required with conventional methods. The conventional Rainhart 
check test indicated proper. job control with .the nuclear method. 
Normal job sampling procedures were compared wi.th statistically 
randotnsampling with prbtnising results. Furthe:r experimentation 
is planned.during 1966 operations on this project during which 
time more careful and complete evaluation of ·the statistical 
random sampling techniques will be performed. 

Derdeyn, Conrad J. and James F. Todd 
Acceptable Deviation in Density Control of Flexible Base 
Departmental Research Report No. 63-2. 15 p. · Texas Highway Depart-

ment, Austin-, Texas. July, 1963. 
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This report deals with three projects in District 14 for which 
frequency distribution curves and standard deviations were determined 
for density only. · W:i. th this infortna tion as a criterion, routine 
tests could be made on a job with similar parameters and those results 
compared with the characteristic range of deviation. In this. way, 
really significant va:~;iations in quality are filtered out and pin
pointed. 

Results are studied graphic~lly so that test results can be evaluated 
at the titne they are made. The recol;'d produced provides: a ready 
reference which eliminate~ the rieed for revi~wing stacks of test 
reports or lon~ tabulat;:ions of figures .. ln addition, it.is effective 
in illustra,ting to the l.a.yman the resultii achieved in the construction 
control 

An example of the application of this system is. given for construction 
control of bases. The normal frequency .distribution curve for this 
material and the arithmetic mean of the test results from which it 
was constructed are shown. A typical analysts is made and explained .. 
(5 citations) 

34. Dillard, J. H. . 
The Implications of Several Types of Statistical Specifications 
Virginia Research Council, :SBR, PB-173 410 41 p. July, 1966. 

(ASQC 24 (3): 192. September 1967.). 

Discusses var:Lous types of stat:Lstical specifications and the 
practical implications of the:it adoption. Presents considered spe
culations on some of the ramifications that might accrue!from 
selecting and adopting sta.tistical.techniques in highway 
construction. 

35. Dillon, P. 
Nuclear Moisture-Density Testing_ Methods 
Illinois ·Highway Engineer 18 {2); 1-2. 1966. 

Three nuclear gauges are.being used for determining soii compaction 
and moisture content ort construction projects in ~istrict 8 of 
the Illinois Division of Highways. The l)Uclear testing device is 
currently bein2 used ~:xclusively on moisture-.dertsity testing on 
several cortstruction projects on Interstate 70. The operation of 
the nuclear moisture detection is ba$ed upon the special nature 
of the interaction between fast neutrons and hydrogen. Hydrogen 
is exceptionally eff~ctive in slowing down fast neutrons 
through collisions, to speeds as.sociated with the random motion 
of a molecule or small compo:nent particle of a substance. The 
theory behind the nuclear method of determining soil density is 
based upon the absorption of gamma rays into the soil through 
the Compton scattering effect. The actual testing is fast and 
simpl~. Five minutes are required-three minutes for moisture 
determination and two minutes for density determination. Testing 
et;rors are minimized and quality coritrol is easily obtained using 
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these tests. A speedier completion of construction projects. 
result in economic benefits. 

36. Doyen, A. 
Consideration on the Quality Criteria of Bituminous Surfacings 
Bitumelnformations, Brussels (Belgium) No. 14: 31-50. 1965. 

The author quote.s Specification 108, which. has been applicable in 
Belgium since 1/10/62, and ·emphasises the importance of inspection 
after' completion, of contractors work. These criteria are based 
on a statistical framework and apply to the coefficient of transverse 
friction, un:i:formity, thickness, minimum binder content, apparent 
specific weight or index of voids, and the compression resistance 
of base course (coated material) aggregates, tested before and 
after completion of the base course. Research carried out at the 
Liege-Aix la.Chapelle ~otorway site is aimed at the improvement 
and completion of the above mentioned specification, and concerns 
permeability and stability tests on extracted samples, void indices, 
and surface characteristics (uniformity, riding quality and roughness). 
(3 citations) · 

37. Doyle, P. C. 
Yardstick for. Guidance ·in Evaluating Quality of Asphalt Cement 
Highway Research Record, No. 24: 164~181. 1963. 

Samples of paving mixtures produced at various plants· and using 
many.different asphalt cements fromdifferent crudes and refineries 
were tested by the laboratory. Low temperature ductility provides 
a method of measuring the future services behavior of asphalts 
and the pavements in which they are incorporated. An improved 
laboratory inethod provides a tool whereby the.simulation of the 
hot-mix pugmill operation on a laboratory basis can be duplicated. 
Thls procedure will allow an evaluation of the asphalt before it 
is plac:ed •. it was determined that.any pavingmixture which contains 
an asphalt which shows a ductility exceeding Scm should be free 
from cracking. (68 citations) · 

38. Dunn, K. H. and N. G. Gaudette 
Mixing Time Requirements for Bituminous Mixes as Determined by 

the Ross Count Method 
Highway Research Record, No. 117: · 1-22. 1966. 

Tests were performed to determine the practicality of using the 
Ross count method of measuring aggregate coating in establishing 
a minimum wet mixing time for bituminous-concrete mixtures. The 
resulting effects of reduced mixing times on the mixture. properties 
were measured by Marshall tests.· A preliminary study was.conducted 
in the laboratory before beginning field study which COilSfSted 
of Ross courtt and Marshall property tests on bituminous-concrete 
surface mixtures produced from six hot-mix batch.plants.· Crushed 
gravel aggregate was in four of the mixtures and crushed limestone 
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in the other two. An 85-100 p~netration gradeasphalt cement 
was used in all mixtures. Five samples were given wet mixing· time 
and at least three wet mixing times were used at each plant,. 
Duplicate Marshall specimens were formed in the field for each of 
three samples obtained for any given wet mixing time. It was 
found that .the Ross count method was a simple and practical 
procedure to use in the field with the reliability·of results 
dependent on the experience and care of the operator. Statistical 
evaluation of the test results indicate that the reliability of 
any one Ross count decreases as the mixing time decreases. 
Marsh.;1l~l test results indicate the ·mixture properties of all 
six mixtures were not significantly affected when the wetmixirtg 
time was reduced to permit 97 percent aggregate coating· .. · It is 
concludep. that the practical.approach offered by the Ross count 
method could be used to establish and control satisfactorily minimum 
mixing time requirements. (3 citations) 

39. Eager, W. L. 
Syniposi~m-Thickness Variation of Asphalt Concrete-Part 2-Importance 

of Riding Quality-EmphasiziQg Riding Control While Improving 
Thickness Control 

Assoc. Asphalt Paving Te.chnol. Proc., 33: 27-29, 45-53. 1964. 

Since the advent of ·procedures required for checking quality and 
quantity of materials on· federal-aid highway projects; closer . 
attention is being paid to actual thicknesses obtained, with toler
ances from design thicknesses being officially or unofficially accepted. 
This has resulted in closer thickness control, but not necessarily 
in increased smoothness. Improved equipment and procedures to be 
described in this symposium will suggest ppssibflities in this 
regard. 

40. Fairhurst, W. A. and A. Beveridge 
The Superstructure of the Tay Road Bridge 
Structural Engineering (UK) 43 (3): 75-.82. 1965. 

The paper describes the design, fabrication and erection of the 
welded steel box girders and concrete deck slab which form the com
posite sqperstructure of the bridge. The reasons for the various 
design features are stated. · Mention is made of the use of models 
for the design stage and the.results of a quarter-size model test 
to destruction are given. The welding procedure· is outlined and 
the method of erection of the girders is explained. The routine 
tests carried out to check the quality of materials and workmanship 
are enumerated. Various features of the superstructure are then 
described and the paper concludes with an :indention of possible 
developments in composite design references: fabrication and erection ' 
of the steelwork for the Tayroad bridges, W. A. Fairhurst, 
Civ. Engng, Lond., 1965; 60 704 , 358-9, 361, 363. 
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41.. Fletcher, Oren S .. 
Control and Acceptance· of Hot Mix Asphalt Pavements .by Statisti

cal Methods in South Carolina 
Paper at 13th Annual Convention,. National Asphalt Pavement Association 

Los Angeles, California 3 7 p. . February, 1968. 

The surface mix which was produced arid used on the I-85 project 
was very uniform in texture. The quality of the mix was very good 
and was equal to·. the quality which would have been obtained had 
we used routine quality control methods. According to our District 
Engineer under whose jurisdiction this work .. was conducted, the 
surfacing was the most satisfactory job that he had ever completed 
in his district. A grf:at deal of this credit can be attributed 
to the Contractor•s personnel for their excellent workmanship. 

Control and acceptance of asphaltic plant mixes by statistical 
methods has a promisingfuture. There will no doubt be problems 
to work out as additional experience is gained. A practical 
acceptance planwill be profitable to both the Contractor and the 
State. 

In the system-previously discussed, the pressure is taken off the 
Plant Inspector. He samples and tests the mix at random intervals 
and does not have to be overly concerned about stopping the plant 
when the mix is out of Specifications as is often done under routine 
job.· control., This system de-emphasizes the importance of. individual 
test results and places, the emphasis on. grouped ~ata. Another 
way to express it is to say that we look at the results of several 
tests instead ·of the result from one test. 

This system will stand up under audit. It will not be necessary 
to write a letter to explain why a few individual test results are 
out of the Specifications. When test results-are out of tolerance, 
the action to take is clearly defined. 

After Contractors have had an opportunity to gain experience with 
this syst·em, I believe that it will receive their endorsement • 
. With the de-emphasis placed on individual test· results, he will 
be able to operate his plant without unwarranted interruption. 
This will enable him to get a good day'$ production from which 
both he and the State will benefit financially .. 

42. Foster, Charles R. 
Quality Control of Asphalt Paveme11t 
Jour. of the Const. Div., Proc. ASCE 92 (C03): 41-49. 1966. 

In most industries, quality control testing· is done by the manufac
turer of the product and the purchaser does acceptance testing. 
In the paving industry the purchaser, usually-a governmental agency 
does both the quality control and acceptance testing. In addition, 
the purchaser usually uses specifications which detail the characteristics 
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of the aggregates and cements, how they. are to be mixed, hauled, 
and laid to such an extent that the purchaser is a substantial 
party in determining the satisfactoriness of the end-product~ 

. I . 

This practice has limited the incentive for contractors to develop 
quality control testing capabilities. _And probably of more serious 
concern, it has limited the incentive for contractors to produce 
consistent high quality of work because they must bid against all 
qualified bidders whose pre-qualification considerations are generally 
based on financial standing :rather than proven quality of product 
and excellence of workmanship. 

Two factors now operating provide a limited incentive_for contrac
tors to develop ~tiality control testing capabilities. Orte is the 
practice of some states to require the contractor, as a part of 
the contract, to provide an equippedlaboratory for use by the state 
forces. In the course of time, contractors use these laboratories 
in conducting tests on proposed materials for use in preparing 
bids. The other factor is the in-creased use of asphalt paveme,nt 
in private work such as shopping center parking lots. Contractors 
are finding it necessary to test their mix to assure themselves 
and the private purchaser as to its quality. 

The tests and inspection. procedures used to control construction 
of hot-mix asphalt pavetnent vary with different agencies but all 
agencies test the asphalt cement, the in~ividual aggregates, and 
the mixture. About- half the agencies test the completed pavement 
fot adequacy of compaction. Some of the. tests, such as Los Angeles 
abrasion of the aggregate, are conducted only in the initial 
phases of a job; others, such as penetration (hardness) of the 
asphalt cement~ are made on each shipment. Some tests_, such as 
gradation of the aggrega~es in the hot-bin, are made at ~ntervals 
during the day. The tests that arenecessary for any job are 
those lis ted in the specif:icatioris. A typical set is given in 
the paper. 

At the present no agency is using statistical procedures in estab
lishing the freql.lency or location of the samples. With tl:le h:i,.gh 
priority the Bureau of. Public Roads has_ as$igned to research on 
the developtnent of statistical quality control specifications, we 
can look forward to seeing these beirig put into effect in the not 
too distant future. 

Two items of automatic equipment have come on the mark~t in recent 
years which have contributed to improved quality and reduced the 
required amount of inspection and testirtg. Automatic equipment 
is available which will draw the proper amount (}f asphalt and aggre
gate from the hot ..... bins, dump tb'ese into the pugmill, mix them the 
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required time, and then dump the.mix. Sensors.are available to 
determine if the individual weights are within allowable tolerances 
and there are interlocks to shut down the operation if weights .are 
out of tol~rance. ·Equipment is also available ·to print the weights 
of each ingredient, the batch weight, ·and the· truck weight. 

The other piece of equipment is the automatic screed control. 
A sensor, attached to· the conventional paver, rides on a string 
line that is parallel to the desired surface. Autom~tic equipment 
operated by signals from the sensor tnake the nece$sal:y adjustments 
of tbe screed so that the finished surface ·conforms to the desired 
profile. A slope sensor contr~ls the transverse slope to assure 
proper crown. 

43. Fromm, H. J., W. A. Phang, and M. Noga 
The Incidence of Stripping and Cracking of Bituminous Pavements 

in Ontario 
Ontario Dept. Hwys. Jt. Hwy. Res. Prog. (Can) No. 109, 23 pp. 1965. 

A statistical sampling covering the entire province of Ontario· 
was conducted to determine the amoun't and extent of aggregate 
stripping in bituminous pavements. The type of stripping examined 
was that which starts at the pavement base and spreads slowly through
out the aggregate to weaken the entire structure. Stripping to 
some ·degree was evident 'in all areas examined.atid the incidence 
was more. than was expected. It was more extensive over primed granu
lar bases than uriprimed or old pavement bases. It was also more 
pronoutlced where granitic aggregates predominated. No correlation 
was found, howevet', between the asphalt source and the amount of 
strippinglt The frequency of random cracking·was £ound, in general, 
to correlate directly with the severity of stripping. All of the 
survey data obtained was analyzed statistically and conclusions 
were·made at a significant probability level. A procedure was also 
developed to assign a stripping rating to field survey samples. 
This rating describes .the degree to which stripping has progressed 
in a sample. (14 citations) 

44. Gartner, W., Jr. , and R. W. Lindley, Jr. 
Field Compaction Studies on Asphaltic.Concrete 
HRA 31 (11): 22. Decell1b"er; 1961. 

This paper presents the results obtained froth a project under
taken. to evaluate the. ·effect of varying the compactive effort of 
the intermediate rolli.ng on asphaltic concrete. Both pneumatic
tired and steel-wheel vibratory rollers were used on a total of 
26 test sections. 
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Results ~f the tests made with the pneumatic-tired intermedia:te 
roller indicated that maximum compacti.on is attained with-six 
coverages' and a slight tet).dency"cfor the material to decompact .with 
additional cove:rages was noted~ Results from the three sections 
in which no intermediat~ rolling was used showed that the ,average 
density attained_exceed~d minimum specification requirements •. 
When the intermediate rolling was omitted· but two extra coyerages 
of the final steel-wheel rolling were applied, the average density 
attained was nearly as great as ~he average maximum density attained 
with the optimum number of coverages .. 

The results of permeability t;:ests indi~ate no detrimental effect 
resulting from omission of the intermediate rolling. 

The results obtained with the vibratory compactor were inconsistent 
and due to the lack of replication no evaluation of these results 
was attempted. 

45. Ghosh, R. K., M. P. Dhir and M. R. Chatterjee 
Quality Control of Concrete and Its Economics forPaving Projects 
Indian Roads Congress Journal 29 (4): 573-601~ 1966. 

The various factors contributing_to the variability in the quali-ty 
of cement concrete on paving projects are d:Lscussed and suitable 
controls to reduce them are suggested. Reference is made to coarse 
and fine aggregate, hatching, mixing, compaction, curing and testing, 
while details of strength data and thei_r analyses are provided . 
. It is reconrrnended that both for road and airfield pavements the 
probability values of one in ten may be specified. · It 1s also 
recommended that with good quality control a coefficient of_ 
variation of 15 per cent may be assumed for the initial design of 
the concrete mix in the laboratory. (13 citations) 

46. Gillis, L. R. 
·Slip-Form P aving-2 
California Division Highways 44 (3--4): 68..,.75. 1965. 

In five years slip-form paving has become the most common technique 
used to construct concrete pavement, in California. The authors 
describe experience gained with the slip-form paver in operation. 
Advice is given on the controi of quality and uniformity of cpncrete, 
subgrade preparation, the use of vibration for_satisfactory concrete 
dent?ity, pavement smoothness, f:f_nishing, and joint construction. 

47. Glidden H. K. 
Asphalt Shoulder Methods for An Iowa Freeway 
Roads and Streets 108 (4): 74-145. 1965 .. 



Asphalt shoulders constru,cted against concrete pavements described~ 
The black top of the shoulder provides a colour contrast with 
the concrete pavement, and for this reason sh01aiders along asphalt 
pavements in Iowa are finished with white crushed limestone. 

·shoulders in Iowa .are designed to carry the heaviest wheei loads, 
and special attention is paid to compaC:tion and the quality of 
base course materials, to ·avoid subsidence and frost heave. The 
bituminous base for the project described had a Ihix of '70 percent 
crushed limestone passing 1 in. screen, 30 percent washed s·and 
passing No.4, and 4 to 5 percent of 120-150penetration asphalt. 
Shoulders on all interstate roads are provided with a 3/4-in. armour 
or rtimble coat, which serves to alarm and warn drivers who have 
drifted off the traffic lane. Quality control for asphalt shoulders 
was similar to that prescribed for asphai.t pavements.· Construction 
methods and equipment used are described. 

48. Goldbeck, A. T. and J. E. Gray 
A Method of Proportioning Concrete for Strength, Workability 

and Durability 
National Crushed Stone Association No. _11, 36 pp. 1965. 

A simple method of proportioning which willproduce.the desired 
quality of concrete, irrespective of type or grading of the aggre
gate, is described. It is considered to be easy to use, dependable 
and practical, an appendix is included on the method of-test for 
unit weight of aggregate. ' 

49. Graham, Malcolm D., William C. Burnett, and Jerome j. Thomas 
Realistic Job-Mix Formula Tolerances for Asphalt-Concrete 
Highway Research Record 184: 55-66. 1967. 

In 1960, the Department initiated a ~tudy to determine the uniformity 
_of asphalt-concrete top course mix to establish realistic 
·gradation control specifications. During the year~ between 1961 
and '!964 research crews visited 55 asphalt plants where they ob
tained 868 hot-bin samples and 682 mix samples. Data were processed 
and analyzed by electronic computer and froll1 the results it is 
concluded that the mix gradation (x, o) depends on the method of 
testing {i.e., hot-bin analysis or extraction test). Neither method 
is totally superior- to the other, but each complements the other. 
The hot~bin method is more meaningful when related to coarse aggregate 
than when related to fine aggregate, whereas the reverse is ·t-rue 
with the extraction test. 

Job-mix formula tolerances developed from this study are realistic 
and fair to both the producer and to the Dep-artment, and are now 
being used on a statewide basis. {19 citations) 
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50. Grant, N. T. 
Ready Mixed Concre.te (Part 1) Plant and Technical Control 
Structural Concrete (UK) 2 (7): 299-30S •. ·1965. 

Reference is made to outputs in Great Britain and types 
of plant used~ Some methods for determini'Qg quality of concret~ 
are .given and the application· to control is indicated. Variations 
in quality are discussed. Closer c.o-operation between users and 
producers would ensure that the best technical andeconomic:use 
is made of available material. (10 citations) 

51. Gray, Hamil ton 
Development of .Equipment and Methodology for Utilizing Nuclear 

Energy for Quality Control of Highway Materials 
Ohio State University :t Eng. Exp. Sta., Columbus, Ohio. Transportation 

Engineering Center Report No. 164-1, May 1961. 42 pp;. 
(HRA 32 ( 8) : 1. 1962) • 

This report sull11llarizes data previously presented in the form of 
17 progress reports on this proje~t. Certain of the data are 
repeated herein in order to facilitate comparisons·; however, it 
should be realized that the data herein are typical rather than 
comprehensive,. 

Th_e purpose of the project has been twofold.: (1) to ascertain 
the accuracy, reliability, and economy of employing nuclear 
radiations to provide control of construction through the measure
ment of density and moisture content; and (2) to investigate the 
feasibility of reducing the time required to .determine the umaximum" 
density of a soil prior to. its use in construction. 

Provided that field personnel are aware of potential sources of 
error and make reasonably frequent checks on. the operation of the 
equipment, the surface density and moisture probes can be used to 
control construction operations. It should be realized,. however, 
that the equipment has not yet been p.roven so reliable that it 
can be depended on to give accurate values of absolute density~ 
Consequently, it is recommended that it be used for comparative 
purposes only, and then only under close supervision of a well~quali
fied supervisor. 

In the interests of making the nuclear equipment more nearly self
sufficient and of establishing reliable calibrations involving 
absolute densities and moisture contents, it is_ st:rongly recommended 
that further "laboratory" studies similar to those heretofore 
reported on this project be conducted.. From these the feasibility 
of.making accurate determinations of absolute values may be assessed. 
If and when such accuracy can be attained with prope.r consistency, 
nuclear methods could entirely supercede the traditional ones. 
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A proposal for continued ulaboratory" inve$tigations has been 
submitted. 

An investigation of the usefulness of high-frequency impacts in 
producing soil compaction appears to hold sufficient promise to 
warrant support. The re~ults could lead to substantial reduction 
in the time required to establish the "moisture-density" characteris
tics of various soils. 

The effect of long-continued compactive efforts·on base courses 
is worth investigation, inasmuch as specification requirements 
ought to be based on a knowledge of such behavior. 

52. Gonzalez-Asenjo, Florencio . 
Concrete Pavements: Statistical Analysis of Four Years' Experience 
American Concrete Institute Journal 31 (6): 562-563. 1959. 

(HRA 20 (5) : 22. 1960) • 

Presents statistic~! analysis of tests carried out between 1950 
and 1953. Parameters were computed from 11,437 compression tests 
and 9,243 measurements of pavement thickness. Author compares 
means· and coefficients of variation with those computed· from tests · 
performed between 1943 and 1945 under differertt conditions of 
acceptance. The comparison shows a pronounced influence of control 
specifications on statistical parameters. Data are used to compute 
contractor's expected losses due to failure to meet specifications. 
For paper·' s purpose assumption of Gaussian distributions of strength 
and pavement thickness is satisfactory. Yet, author states chi-
squared tests show this assumption to be significantly in error. 
Indeed, even histograms on arithmetic plot differ visibly from 
Gaussian distributions, particularly in the range of small .strengths. 

53. Hanna, S .. J., J. F. McLaughlin and A. P. Lott 
Application of Statistical Quality Control Procedures to ~reduction 

of Highw'ay Pavement Concrete 
Highway Research Record, No. 160: 1-14. 1967. 

Data collection by ~ systematic procedure for the purpose of 
evaluating the variability present in the manufacture of Portland 
cement ·concrete for highway pavements was investigated. Data 
were analyzed to provide information concerning the magnitude of 
the variance components for the Bureau of Public Roads: Data 
systems, and to provide information and illustrate procedures for 
the establishment of a quality control program that could he us~d 
by the Indiana State Highway Connnission. (12 citations) 
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54. Hoover, J. M. and D. T. Davidson 
Evaluation of Laboratory and Construction Control Methods of 

an Experimental Stabilized Soil Base Road, Web~ter County, Iowa 
HRA 32 (11) : 55. December, 1962. 

This paper presents a portion of the results of an experimental 
stabilized soil road base program initiated by the Iowa State 
Highway Commission and the Webster County, Iowa, Engineers Office. 
The 8 .058-nd. long site chosen is typical of the Clarion-Nicollet
Webster soil association area materials found in hundreds of miles 
of farm to market roads in the north-central third of the State 
of Iowa~ 

The variable thickness base sections were constructed by using the 
in-place soil materials stabilized with type I portland cement, 
lime, lime-fly ash, and a combination of lime and portland cement. 
The surface course was a double bituminous armor coat using 3/8-in. 
crushed stone~ Conventional construction practices were used. 
Water for standard Proctor optimum moisture content was·applied 
through the spray bar of the milti-pass mixer. 

The experimental project was divided into two primary objectives: 
(a) evaluation of conventional construction procedures, ·existing 
construction'""inspection specifications and techniques, and 
recommendations for establishment and/or changes to each of these 
areas; and (b) evaluation of the constructed1llaterial by field 
and laboratory tests for determination of stability requirements 
in the development of design criteria for iow-cost stabilized soil 
base roads. This paper deals principally with the area of the 
first objective. Anevaluation of the construction techniques is 
presented .as well as gradation specifications preceding introduction 
of the stabilizing agent(s); use of lime as a pretreating agent 
for reduction of plasticity and increase of friability; comparison 

. of laboratory and field standard Proctor moisture-density relation
ships; in-place field density determinations using oil density 
and standard Pro.ctor penetrometer methods; and variation of uncon
fined compressive strength of 7-day moist cure specimens with 
variations in moisttire-density. 

55. Huculak, N. A. . 
Quality Control of Asphalt Pavement Construction 
Canadian Good Roads Association Proc. p. 238-250. 1964. 

Because of the limited information available in the field of quality 
control of asphait pavements, an intensive study was~ made of hundreds 
·of test results from actual paving projects to determine the actual 
variations which do occur in control tests. The mean values and 
standard deviation values were calculated and histograms showing 
variation were plotted for asphalt penetration, asphalt content, 
aggregate gradation, surface density, air voids, Marshall 
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stability and flow, asphalt surface thickness variation. The 
test results were compared to design values and specifications. 
The results indicate the percentage of test results which. can 
be expected to fall outside of_specification 'limits and indicate 
the usefulness of quality control charts in interpreting data. 
(4 citations) 

56. Humphres; H. W. and-J. W. Jasper 
A Critical Review of the Density Testing Program .. in Washington 
HRA 36 (12): 109.-110. December, 1967. 

In recent years, Washington has used "end product" specifications 
for compaction of embctnkments and has carried out extensive training 
programs regarding control of compa~tion and density testing. 
To review the adequacy of the testing program and to determine 
the effectiveness of the training programs, a study of density 
requirements and results was initiated in 1963 and continued in 
1964, requiring thereview of over 2'3,000 field density tests. 

A computet program based on statistical review of data was utilized 
to compute and plot curves which assisted in studying and evaluating 
the testing results for each project and district. A unifo~ity 
index was developed and used as a guide for comparing test results 
and determining what progress h.:id been obtained in the testi!lg _ 
program. 

The paper descrjbes the improvement throughout the state in density 
testing and control and summarizes the adva:ntages of the bias testing 
program over other prepared procedures. 

57. Hutchinsqn, B. G. 
The Statistical Basis of Quality Control Charts 
Canadian Good Roads Association Proc. p. 210--219. 1964. 

The statistical principies and assumptions that form the 
basis of quality control charts.t:tre reviewed and the procedure 
for constructing these control charts is illustrated with an example. 
Special_ emphasis is, placed on the processing of highway paving mater .... 
ials. The summary and conclusions ot the paper indicate the appli..;.. 
cation and limitations of the method in construction control 
and specification interpretation. (6 citations) 

58. Hveem, F. N. and T. W. Smith 
A Durability Test for Aggregates 
Highway Research Record, No. 62: 119 .... 136. 1964 • 
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A laboratory .quality control test has been developed to measure 
the mechanical durability of California aggregates in terms of. a 
durability index. · The degradation test was developed to measute 
the breakdown of aggregate that would occur during construction 
and under normal traffic. The equipment and procedures used are 
similar to those of the sand equivalent and cleanness value tests. 
The test results are correlated with the behavior of the aggregates 
in the field. 

59. · Ivey, D. L. and T. J. Hirsch 
Effects of Chemical Admixtures in Concrete and Mortar 
Texas Transportation Institute, Res. Rept. 70-3, 33 pp. March, 1967. 

This paper reports physical effects of chemical admixtures on 
concrete and cement mortars, compares the variability of mortar 
tests with the variations encountered in concrete tests, and shows 
the degr~e of correlation of these tests with tests on concrete. 
The data pres en ted provide a basis for utilizing a standard mortar 
for quality control tests of chemical admixtures. Most of the work 
is concentrated on compressive strength, shrinkage, and time of 
set. Also included a~e the results of durability tests on admixture 
concrete and a section on the .control of chemical admixture uniformity. 
A theoretical solution for restrained shrinkage crack spacing is 
developed and a comparison of this theory with limited test data 
is shown. 

60. Jahlstrom, I. 0. 
Review and Recommendations 
Highway Research Record, No. 85: 27-29. 1965. 

The speaker reviews the papers presented at the symposium on 
construction tolerances - structures. He discusses questions 
concerning inspection methods and tolerances for quality control. 
He concludes that we .do not have to sacrific·e quality to determine 
practical and reasonable limits or tolerances. 

61. Javor, T. 
Impulse Methods for Controlling the Construction Speed of 

Prestressed Concrete Bridg_es 
Amer. Concrete Inst. Journal !lroc. 64 (5): -240-243. 1967. 

The application is described of two nondestructive impulse 
methods, viz., the ultrasonic and the sonic hammer methods for 
checking the quality of concrete. The two methods are compared 
giving their advarttages and disadvantages especially in relation 
to speeding up the construction of prestressed concrete bridges. 
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62. Jorgensen; J. Frank and Robert 0. 
Compaction .,... Myth or Fact? 
Division of Highways, California. 

Watkins 

Santa Fe, N~w Mexico. June -16, 
44th Annual WASHO Conference, 
1965 . Paper pp -: 1--36 • 

This study statistically examined the dist-ribution of percertt 
relative compaction obtained with current compaction control 
procedures. The survey included three embankment projects, the 
soils of which varied from homogeneous to very non"7homogeneous mater...; 
ial. These projects represented approximately the best and worst 
construction conditions, based on soil type, that would normally 
be expec-ted in California. 

The study followed as closel'Y as practical the outline provided 
by the Bureau of Public Roads. Testing operations for each sampling 
location included· two in-place density determinations by the sand 
volume method,. and two maximum density determinations by the 
California impact method for each sand volume test. Fifty 
sampling locations were randomly selected on each project. Tes'ts 
were performed only on those portions of fill already accepted by 
the resident engineer~ 

An analysis-of percent relative compaction results for the three 
projects revealed ilverage values of 92.9, 90.5, and 93.6 
percent with standard deviations of 2.4, 3.1, and 5.5 percent, 
respectively. The greatest dispersion in_ results was found to 
exist for the, heterogeneous soils. Statistical results agreed 
very closely with previously published data. 

Factors contributing to the dispersion of percent relative com
paction were found to be the variation inherent in both the testing 
procedure and the soil and compaction process. As the soil becomes 
more non--homogeneous' the effects of variation within the soil 
and compaction process become more pronounced. This is reflected 
in the relative compaction distribution curves for the three projects. 

The discrepancy between construction control. test tesults and 
accurate statistical egtimates niay be partially explained by (1) 
the accepted procedure of re--tes ti!lg when a failure occurs, 'and 
(2) the bias introduced in control testing by non-random methods 
of selecting sampling locations. 

Finally, a partial review of problems expected to (>e encountered 
in the development and use of statistical specifications is 
presented. (8 citations) 
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63~ Kadiyali, L. R. 
Design and Laying of a Dense Bituminous Carpet Between Cuttack and 

Nirgundi 
Indian Roads Congress Journal 29 (3): 309-344. 1965. 

The design and laying of-a-dense bituminous carpet- using a 
semi-mopile hot-mix plant and a paver finisher is des-cribed. 
It deals with the measures undertaken to ens:ure quality control 
.of work. A comparison of the output with the machirt'ery and their 
rated capacity along with an analysis of the cost of the work based 
on actual data is also given. (5 citations) 

64. Kantey, B. A. and R. K. Morse 
A Modern Approach to Highway Materials Sampling -
Intl. Conf. Soil. Mech. and Fdn. Eng.Proc. 1: 55-58. 1966. 

Highway engineering, paJ::'ticularly in developing countries with 
inadequate staff, can .benefit considerably by making full use of 
all_available techniques. Two such techniques, air-photo inter
pretation applied to highway materials and statistical control of 
sampling and testing, have been used with success in South Af~ica. 
The authors describe the basic principles involved in the adoption 
of these tools and quote some examples to indicate the benefits 
that can be derived. (8 citations) 

65. Kellogg, Frederic Hartwell 
The Value of Statistical Control of Compaction 
Engineering Experiment Station, Bulletin No. 5. 14 p. University 

of Mississippi, University, Mississippi. April, 1963. 

A system of control of rolled earth fill is presented primarily 
from the viewpoint of the contractor. Tt permits selection- of 
proper equipment during the planning stage, and indicates contingencies; 
delays, or changed conditiqns in ample time for remedial action. 
The. fallacies inherent ·in normal specifications for compaction 
are indicated. Typical compaction patterns for three different 
compactors on two different projects are included. 

66. Kerr, B. T. and G. G. Henault 
Significance of Quality Control 
Canadian Good Roads Association Proc. p. 233-238. 1964. 

This paper describes the purposes of inspection and testing in 
highway construction, the general procedure for quality control, 
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_the value of inspection and testing, the nature of samples, the 
value of test results, specifications and effectiveness of job 
control. It is poin):ed out that good quality control of materials 
and construction operations is of benefit to the owner, the 
engineer, the contractor and the materials supplier. The need for 
realistic specifications is discussed together with-suggestions 
for achieving them. 

6 7. Keyser, J. H. and P. F. Wade 
Variability in the Testing and Production of Bituminous Mixtures 
Highway· Research Record, No. 24: 182-215. 1963. 

The production of bituminous mixtures is subject to variation 
attributed to two major sources related to (1) mixing, composition 
and the characteristics()£ the constituents, and (2) sampling and 
testing. A laboratory study and a field .investigation using 
statistical methods of ·two mixtures (surface and base) produced 
by two plants is reported by: (1) an analysis of the repeatibility 
of the Marshall stability and density tests and Rice's maximum 
density test, (2) an.analysis of the variations occurring within 
a well~controlled production process, (3) a discussion of the 
influence of unavoidable process variation on lilix design and the 
setting of specifications, and (4) a discussion of the use of sta
tistical control charts. (44 citations) 

68. Kirkham, R. H. 
Present Trends in Research on Concrete Road Construction at the 

Road Research Laboratory, England 
Australian Road Res. Board Proc. 2 (Part 2): 585-600. 1965. 

The use of concrete for roads includes investigations into the 
properties of concrete and methods of designing a concrete mix, 
methods of controlling concrete quality, the design of concrete 
roads and bases, the eff~ciency of plant and methods of construction, 
and the maintenance of concrete roads. The review suggests 
that improved methods of measuring the workability and the durability 
of concrete may lead to better methods of tnix design 
and suggests methods of mix ·:design and suggests methods of testing 
by which the quality control of concrete may be improved. Changes 
in the design of conven'tional concrete slabs for heavily_ trafficked 
rdads do not appear to be likely and new ideas are being considered 
such as prestressed concrete and continuously reinforced slabs. 
Continuously reinforced concrete bases have g;i.ven satisfactory 
performance for a number of years under a bituminous surfacing, 
and the amount of cracking in the surfacing has been less than that 
in the surfacing ·over smne lean concrete bases, the effect of 
the mix proportions on the performance of lean concrete bases is 
being investigated. E~periments to examine methods of obtaining 
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full compaction and good riding quality for conventional concrete 
slabs are described. The remaining problems are concerned with 
the compaction of lean concrete and. the provision .of a surface on 
a conc;rete slab which will have a high skidding resistance at 
high speed. Methods_ of repairing a spalled concrete surface are 
given~ (8 citations) 

69. Kjernsli, B. and I. Torblaa _ 
The Venema Asphalt-Faced Rock-Fill Dam 
Norwegian Geotechnical Institute Publ. No. 69: 1-15. 1966.-

The paper describes the design and construction of the Veneni.o 
darn, a dam with an impervious frontal facing of asphaltic concrete 
and a fill consisting of tunnel spoil. Compaction field tests on 
tunnel spoil were carried out and the compression of the rock fill 
was measured by means of cross arms installed in the fill. -A 
description of the construction of the dam and of the asphalting 
is given together with the results of quality control. The per
formance of the dam after one year in service is checked by 
measurements of the :s,eepage through the dam as well as of the . 
compression of the fill. (3 citations) - · 

70. Kraemer, P. 
On the Construction of Bituminous Road Surfacings 
Bitumen, Terre, Asphalte, Peche (Ger) 16 (4): 146-148. 1965. 

Also 16 (6): 255-2~6. 1965. _ · 

The rules for the construction of bituminous surfacings are discussed 
individually. They include protective surfacings, tar and asphalt 
macadam to TVBIT 2/56 specification, asphalt concrete and sand
asphalt as well as tarred concrete laid hot, to TVEIT 5/57, 
cast asphalt to TVBIT 6/60, acceptance testing, guarantees and 
payments_ to TVEIT 7/64. The paper ~ontains in the_ tabular material 
many hints. on the selection of chippings_, binders, methods of 
incorporating .the requirement of materials, as well as quality 
testing. A separate chapter is devoted -to renewal of surfacings 
on the federai motorways in cut and fill. 

71. Kuhn, S. H. 
Effects of Material Properties on Nuclear Density Measurements 
HRA 33 (12): 102. December, 1963. 

The paper describes laboratory and field investigations carried 
out to improve the practical application of the nuclear method 
in highway construction.· Various factors have been studied, 
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including the effects of density gradient, source energy, and par
ticularly soil type, on density measurements. 

Two methods are described for the possible eLimination of the 
effect of soil type in practical density mea~urements. In the first, 
direct transmission is used as an auxiliary test with backscatter 
measurements.. Results are given to illustrate the advantages of 
this method for determining the correct calibration curve for 
the backscatter method and also for the evaluation of any density 
gradient in the soil layer. 

In the second method introduction of a certain air gap between 
the surface probe and the soil surface is used to obtain a count 
ratio which, when plotted against density, gives a positive 
slope relationship independent of soil type for densities up to 
400 pcf. This method only employs the backscatter technique and 
is therefore completelynon-destructive. It is shown further 
how the air-gap method can be used for-effective density measure
ments on soil ·layers. Measurements af predetermined air gaps 
further permit continuous records of density to be obtained by 
using a suitable ratemeter. 

72. Kuhn, S. H. and R. W. Burton 
Statistical Control of Dry Density 
Reprint, Proceedings of the Fourth Regional Conference for Africa 

on Soil Mechanics and Foundation Engineering, Cape Town, South. 
African Council for Scientific and Industrial Research (Pre
toria, South Africa), CSIR reference no. RR85, 1967. 4 p. 

A simplified statistical approach for the control of dry density 
in road construction is presented. In the proposed sampling scheme 
a method is outlined whereby engineering decisions can be taken 
on the number of samples to be tested to satisfy various engineering 
requirements such as the error in test results and the desired · 
limits .of accuracy for a speci.fied probability. Decisions based 
on the sc1mpling scheme are also used_to define the requirements 
for the design, specification and control of dry density_ in a road 
layer. By comparing the average density obtained from the speci-· 
fied number of observations with the specification density, a 
reliable decision can be taken immediately on the acceptance or 
rejection of the compacted,layer. 

73. Laguros, J. 
Statistical Quality Control of Portland Cement Concrete Pavements 
Oklahoma University, Oklahoma Department of Highways, HPR, No. ·1483 

State No. 64-02-2 .. BPR 4601 293. July, 1967. 
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Three construction projects studied, each .built by a different 
contractor. The problem of quality control of port.l;and cement .con
crete pavements was divided irtto sampling, testing and control 
criteria for a specific pavement design. Sampling of aggr~:gates 
began at the stockpiles and th.e follow up system produced an 
excessive amount of sampling which was expensive and did not necessari
ly lead to identificatfon of variatl.ons in the product. The study 
discussed a need to-exercise more control at the system operation 
level than in the material. Some tests were found to be. antiquated 
and others cannot be used to pinpoint lack of compliance with 
specifications. Recommended rapid site tests as more meaningful 
than laboratory tests. Gradation of aggregate problems are recog
nized but do not seem to be plausible .answer t:o the problem-.· 
Recommended more research be done on processes to produce P. C .. 
concrete pavements. Report presents summary of analysis of 
variance for the several characteristics for each of three unidentified 
projects. 

74. Lefebvre, J. P. 
For a Statistical Control of Crusher Run Material for Dense Graded 

Mix 
Bull Liaison Labs Routiers (France) No. 11: 2.1~2.12. 1965. 

Improvements in the· quality of road materials can only be achieved·; 
by the use of statistical control methods. In the course of an 
acceptance control of 0-12.5 millimeter crusher-run material, the 
author has tried through statistical analysis to establish: 

(1) That there was a correlation between dry and wet sievings 
and that: the significant difference was small up to the 2 millimeter 
sieve, 

(2) That a good approximation of the samples' average grading curve 
could be obtained by mixing and then quartering through a .reducing 
sampler, 

( 3) That the size of the controlled mater:l.al unit being taken as 
a cubic meter, one coulq obtal.n its average grading with a good 
degree of approximation by taking 5 samples oL about 4 pounds 
each and determining their average grading, 

(4) That there is a correlation between the 2 millimeter dry 
sieving and the filler content (wet) and that a possibility of 
indirect control of the greatest variations of the fines content 
can be inferred. These conc).usions could lead to standards for 
a simple specification of (or acceptance) statistical control founded 
on the knowledge of a simplified grading (3 or 4 sieves) through dry 
sieving and on the creation of control cards. 

-53-



75. Lieder, Nathan 
Sampling Techniques' Applicable to the Collection of Economic Data 
Public Roads 30 (11): 246-249, 252-255. 1959. 

Sample survey techniques are used in many data-collecting phases 
of highway research. However, not all who inus t practice sampling 
have been trained in modern sampling theory. This a.rticle presents 
an account of the theory and its application which is directed 
primarily to those engaged in sampling for economic data. 

Included is a discussion of the basic concepts of sampling, and 
the advantages and disadvantages of several alternative sampling 
methods.· Proportional stratified sampling and optimum allocation 
among strata ate discussed. Criteria are offere·d for choosing 
between these 2 alternatives with sotne consideration given to cost 
factors. 

The author suggests one possible application of the theory and 
offers an illustration based on hypothetical data. 

76. Liu, T. K. and T. M. Thornburn 
Study of the Reproductibility of Att~rberg Limits 
Highway Research Record; No. 6 3: 22-30. 1964. 

The r·eproducibili ty of the Atterberg limit soil tests in highway 
engineering is questioned. A statistically controlled experiment 
was performed to investigate how well an operator can reproduce 
the Atterberg limits and the effects of an operator's experience 
on the test results. Two operators, one with considerable experience 
and the other with practically no experience, performed a series 
of liquid and plastic limit tests on three different soils. The 
statistical analysis of the test results revealed the following: 
(1) there are variations of small magnitude in the Atterberg limit 
values, (2) the experience of an operator does affect the variations 
of the Atterberg limit values, (3) the. plasticity index vall:les 
are most vari'able, and the liquid limit values are least 
variable with the plastic limit values occupying an intermediate 
position. The specific numerical values on which these general 
conclusions are based are discussed. A method based on quality 
control techniques is proposed for technician training in performing 
Atterberg limit tests • (6 citations) 

77. Lyman, R. J. 
Construction Tolerances-Prestressed Concrete 
HRA 33 (12) : 57. December, 196 3. 
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For introduction purposes, the factors involved in the development· 
of the tolerances section of the ·','Manual for Inspection of -Prestressed 
Concrete," which was the result of considerable study of an AASHO-
PCI Joint Committee, are briefly :discussed. The pros and cons of 
existing specifications regarding tolerances are obviously many 
and there is considerable latitude as to what is acceptable or 
unacceptable even when compared ·to tolerance limits. Certainly 
the reason and judgment of the i~spection force are factors in 
the application of tolerances. 

Recommendations regarding the desirability of modifying· existing 
tolerances resulting from cu:trerit developments in materials an·d 
construction methods and based·on contacts with prestressers, con
tractors, consultants, and various highway department bridge 
engineers, are presented. 

Tolerances are usually intended for use as a guide to indicate a 
reasonable standard of performance; specific job conditions rriay 
require separate tolerances, either closer or tnore liberal. 
Possibilities of establishing primary ranges of tolerance for 
unqualified acceptance of work and secondary ranges for qualified 
acceptance subject to correction by the-contractor or penalty t<? 
the contractor for noncritical departures from specified tolerances 
have been studied and results are presented. 

Additional research, particularly with-respect to camber, will 
be necessary to establish further appropriate tolerance values. 

78. Maclean, D. J. and W. A. Lewis 
British Practice in the Design and Specification of Cement...: 

Stabilized Bases and Subbases for Roads 
Highway Research Record, No.- 36: 56--76. 1963. 

Current British practice in the design and specification of soil
cement for use in t;he base or subbase for .roads is described. 
The composition of the material, the structural design of roads 
incorporating soil--cement, and the methods used to control the 
quality of the material in practice are presented. The Stiitability 
of a soil for stabilization is based ori requirements similar to 
those in the Uni.ted S.tates, good gra.ding, low plasticity of the 
fines, and freedom from deleterious cheini·cal consti ttients. The 
pedological classification of a soil profile is used to estimate 
the depth of soil unsuitable for stabilization, because of organic 
content. Measurements of the pH of a soil-cement paste 1 hour after 
mixing are used as a check ·on the presence of deleterious o,rganic 
matter. Soil-cement has been widely used since 1945 for the con
struction of housing estate roads and low-traffic rural roads. 
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Cement-stabilized materials have also been used for the· constr~ction 
of main. roads, in particular as the subbase of concrete and bituminous
surfaced roads. The quality control of soil-cement during con
struction is based largely on teE;ts to check the strength and 
state of compaction of the laid material. (17 citations) 

79. Mainfort, R. C. 
Michigan's Experience With Nuclear Gages For Measuring Soil Com

paction 
Michigan Dept. State Highways, Res. Rept. No. R-612, 21 pp. 

November, 1966. 

Michigan's research in nuclear methods for highway foundation 
compaction control is described from its inception in 1952 
through a major field expe·riment in 1955-66 during freeway con..;. 
struction. The equipment used is discussed as well as gage 
calibration procedures, training of inspection personnel, field 
testing procedures, and safety precautions. The nuclear method 
has proved suitable for field use, in which it saves time arid 
reduces operator fatigue. Speci~l studies, in addition to develop
ment of the Michigan combination density-moisture gage, are outlined, 
including evaluation of other equipment and use of statistical 
control methods. · 

80 • Mather , B • 
Partially Compacted Weight of Concrete as a Measure of Workability 
Amer. Concrete Inst. Journal & Proceedings 63 (4): 441-450. 1966. 

A study of the compacting-factor method of measuring workability 
of small-aggregate concrete (1 1/2 in.) indicated that: (A) the 
degree to which concrete heaps when a mold l.s' allowed to overfill 
from the discharge of a mixer reaches a maximum at an intermediate 
workability and decreases as the mixture ge.ts either drier or · 
wetter, and (B) the net, loose weight of co.ncrete in a mold after . 
strike off increases with increasing workability. The net, loose 
weight of.· concrete in a mold filled to overflowing and then struck 
off could form the basis for controlling workability, of mixtures, 
having a slump not greater than 3 in. Studies using mixtures with 
6-in. aggregate indicated that heaping weight, struck-off weight, 
and compa.cting factor increase with increased water content until 
the slump reaches from 1 1/2 to 3 in. and then they decrease. 
Routine determinations of heaping weight or struck-off loose 
weight might be used to detect batches of excessive or deficient 
water content which could be rejected before delivery to the forms. 
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81. McDonald E. B. and D·. Anderson 

82. 

Statistical Quality Control Study-Base Course 
South Dakota bepartment Highways BPR 4601 323 December· 1966. 

The purpose of the study was to .establish a basis for setting 
future specification limits from collection of data from material 
analysis, to make statistical analysis of typical soil aggregate 
base course and to apply statistically obtained limits on a tenta
tive basis in comparison with curren.t specifications. Randomized 
samples were taken from the base courses of three widely separated 
projects. Determinatiorts made for values of liquid limit; 
plasticity index and gradation on replicated samples. Statistical 
evaluation was made for variance of the material, sampling and 
testing. Acceptance limits of variation in the stated characteristics 
were tabulated. Normal distribution curves were shown for various 
sieve sizes and materials. The authors state that additional sampling 
and testing will be necessary to establish new acceptance linii ts 
as there seems to be considerable weakness between the statisti-
cally obtained· acceptance limits. and the existing specification 
limits. 

McDowell, Chester 
Density Control: 
HRA 36 (12): 110. 

Its Benefits and Complexities 
December, 1966. 

Texas employs the conpaction ratio (the ratio of the difference 
between roadway as compacted ·density (DA) and the loose dry weight 
of the soil (DL)· determined by the Texas method to the difference 
between the max: laboratory density (DD) ~nde: a comp~ctive e~fort 
of 30 ft-lb/cu 1n.). The. method results 1!1 h1gh dens1ty requ1re
ments for non-swelling soils and lower, more suitable densities 
for swelling soils. 

Soils and base materials are placed in three groups: uniform, 
nonuniform and erratic d~pending on the relation of their respective 
v·alues to the D A den~it!. Plots are made of the deviation from 
average DA vs pe~cent of average DA representing the three types 
of· material. Reasonable compaction ranges are established for each 
group for use as a basis for control. Design and construction 
recommendations have been prepared for different types of.soil 
and for some soils containing admixtures of stahliizing agents. 
Use is made of the Texas gyratory method·for erratic materials. 

Data have shown that increasing compactive effort from 4 to 30 
ft-lb/cu in. increased density of a sandy soil by 9 pcf and increased 
the shearing resistance from 19 to 30 psi (for 20 psi normal stress). 

The paper concludes that the compaction ratio method establishes 
the degree of density that is required and that is practical, 
that the results of high compactive effort tests are more nearly 
reproducible than those for lower effects, that density control 
of erratic materials is wishful thinking and that the Texas gyratory 
compactor offers good promise for measuring density properties. 
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83. Memmott, F. W. 
Origin-Destination Survey Quality Control Methods 
NY State DPW Subdiv. Transp. PJng. & Prog. pp 1-2. June 1966. 

A quality control program for the origin-destination surveys is 
designed to maintain the accuracy and completeness of the reported 
travel information. Controlling complete reporting is more diffi
cult because errors occur on the part of the interviewers and 
lack of communication within a household about trip making. 
Three levels of quality control are used: (!).telephone calls 
are made to households to check on the completeness of the infor
mation' (2) a thorough editing check of each form is' made by a trained 
editor, and·(3) interviewer performance records are kept on a weekly 
basis for analysis and possible corrective action. There is a 
temptation in travel surveys to increase the. sample size and · 
decrease the direct costs per sample. Sometimes this results in 
biased data. A fully dev~loped quality control procedure directed 
toward both the interviewer and interviewee more than compensates 
for the added cost per sample unit. · 

· . 84. Miller-Warden Associates 
Development of Guidelines for Practicaland Realistic Construction 

Specifications 
National Cooperative Highway Research Program Report 17. pp. 109. 

Highway Research Board, NAS-NRC 1216. 1965. 

A highway construction specification is a means to an end. Its 
mission is to provide the traveling public with an ad~quate and 
economical pavement on which vehicles can move easily and safely 
from point ·to point. A practical specification is one that is 
designed to insure adequate performance at minimum cost. A 
realistic specification is one that recognizes that there are 
variations in materials and construction which are inevitable 
and characteristic of the best construction possible today. The 

_purpose of this report is to present guidelines for the preparation 
of ·a complete specification meeting these requirements. 

Parts of specifications should be arranged in logical order in general 
conformance with Bureau of Public Roads Policy and Procedure 

.Memoranda 40-3.1, 40~3.1(1) and 40-3.2. Full decimal systems 
of numbering paragraphs should be used. Specifications should be 
of the 11 end result," "materials and methods," or "restricted 
performance" types , depending on . the conditions of acceptance. 
Only directions should be given, requirements should not be 
repeated, and the basis of acceptance or rejection should be 
clearly stated. Each statement should mean one thing only. The 
limits and tolerances established must be economically attainable, 
and acceptance plans should be designed, by use of the given methods, 
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to have a known risk of accepting material or construction not 
within these limits. Risks should he based on criticality of 
requirements for significant characteristics. 

To achieve maximum economy, specification requirements must be geared 
to pblicy and cost considerations.. To insure practicality, the given 
administrative and engineering guidelines should be consulted. 

Gradation requirements for aggregates and mixtures of-aggregates with 
other materials should be based on the control of size and quantity 
of voids, as determined by the given theoretical method, modified 
to include variations to be expected under normal construction 
conditions. Pavement smoothness requirements should be based -onboth 
the deviations from a straightedge, and their span, in accordance with 
slope .... variance criteria developed ~t the AASHO Road Test. Tolerances 
and penalties for deficiency of thickness. of pavement courses should be 
related to reduction in service life in terms of daily traffic. 
Theoretical loss of performance is twice the cost, on a fractional--inch 
basis, for flexible pavements and five times the cost for rigid pave
ments. 

In addition to being technically competent, accurate and complete, 
.specifications must be written as clearly and concisely as possible. 
The test should employ simple language, with contemporary usage and 
grammar, as suggested i.n the given editorial guidelines. (Extensive 
Bibliography) · 

85. Mills, W. H. and 0. S. FletcJler 
A System for Control and Acceptance of Bituminous Mixtt~res by 

Statistical Methods 
Highway Research Reco~d 184: 25-54. 1967. 

The discrepancy between emphasis on strict compliance with specifica
tions and knowledge that'variations are inherent in materials, 
construction, sampling and testirig was investigated by the South 
Carolina State Highway Department. Phase I included the development 
of random sampling procedures and statistical parameters on hot 
asphaltic mixtures. In Phase II the mixtures, as placed on the roadway, 
were investigated by sample survey techniques to verify the control 
procedures. A tentative system for process control and acceptance of 
bituminous mixtures was developed-from the data and experience in Phase 
I and Phase II and this system was ·tested at four locations in Phase III. 
The tentative system was further refined· as a result of this experience. 
Phase IV gives the details of the system as developed and a procedure 
for adjusting the unit price for lots of mixture which do not conform 
to the criteria. (10 citations) 

86. Minor, Carl E. 
Effects of Mixing Time, Batch Weights on Quality of Paving Concrete 
Pacific Builder and Engineer 65 (6): 92-94. 1959. 

(HRA 29 (9): 16-17. 1959). 
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Realizing that nu..x1ng time andbatch weight specifications were 
the vital factors in the production of concrete paving, it was 
decided at the request of the Bureau of Public Roads, to partici
pate in a cooperative study on an actual paving project. 

The studies were conducted on the inside or passing lanes of a new 
4-lane freeway through Olympia. The outer lanes had been paved 
previously arid were open to construction traffic .. 

Since the standard specifications require a 60-sec m1x1ng period 
and allow a 10 percent overioad of the mixer, and since there was 
no desire to either increase the mixing time or reduce the allowable 
overload, it was determined that the study would be limited to 
mixing times of 45 and 60 sec and overloads of 10 and 20 percent. 
A minimum mixirtg period of 45 sec was used instead of the 30-sec 
period suggested by the BPR because it was feared. that a 30-sec 
period was dangerously low, particularly since the concrete pavement 
was being placed on a portion of a freeway on the Interstate· 
System. Tests were performed on concrete mixed according to the 
following schedules: 
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Series 1---60-sec mixing time---10 percent overload 
Series 2---45-sec mixing ;time:..-..;..10 percent overload 
Series 3----,.60-sec mixing time-.;..-20 percent overload 
Series 4.;..~-45-sec mixing time---20 percent overload 

The data on uniformity of the fresh .concrete show no .advantage for 
the 60-sec mixing time over the 45,...see time. 

All of the data indicate without exception that the concrete was 
not harmed when the mixing time was reduced -from 60 to 45 sec. 
Not only were both compressive and flexural strengths higher at 
45 sec than at 60 sec for the same batch size, but, in addition, 
the coefficient of variation of the 12 individual tests in the 
case of the flexural strength ta's ts was much better at .45 sec than 
at.60 sec. For the compressive strength tests, however, the 
individual results on the 60-sec mix were slightly more uniform 
than the results on the 45-sec mix. 

While the data indicate a definite advantage strengtliwise to the 
45-sec mix, that conclusion cannot be accepted without further tests. 
It is ·felt, however, that the data justify the conclusion that 
mixing time of 50 sec is sufficient to provide uniformly high 
quality concrete; provided the mixer is in good repair arid an 
experienced operator is in charge. 

It was the observation that a mixirtg time of 50 sec is a practical 
minimum. The operator had d;ifficulty in reducing the time to 45 
$ec consistently and several batches that were to he mixed only 
45 sec were not sampled because the time ran up to 50 or 51 sec 
before the batch could be discharged. 
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87. 

Following is a summary of the compressive and flexural s-trength , 
results on each of the 4 series: 

Series 1 
Series 2 
Series 3 
Series 4 

PSI STRENGTH IN 28 DAYS 

Compressive 
4418 
4841 
4197 
.5124 

Mitchell, J. K., C. K. Shen and C. L• Monismith 
Behaviour of Stabilized Soils Under Repeated Loading. 

Background, Equipment, Preliminary Investigations, 
pression and Flexure Tests on Cement-Treated Silty 

Waterways Exp. Sta. Tech. Repts., Army C. E. Contract 
VII, 122 pp. December 1965. 

Flexural 
807 
926 
824 
848 

Report 1. 
Repeated Com
Clay. 
Report No. 3-145 

Current methods of pavement design using stabilized soils as 
components of the pavement structure generally base selection of 
both quality and thickness of those_materials on static tests 
such as the California bearing ratio (CBR) procedure. To validate 
such procedures, the objectives of these studies are to evaluate 
the behavior of stabilized soils under dynamic loading conditions 
and develop improved criteria for quality design and thickness 
selection within a more rational framework. More specifically 
the study is concerned with examination of soil stabilization 
requirements established by the Corps of Engineers for military 
roads and airfields in the theater of operations within this frame
work. Vicksburg silty clay and Vicksburg buckshot clay were 
selected for study. To date, most of the dynamic testing has 
been performed on the treated silty clay. In general the results 
obtained -thus far indicate that cement-treated soil designed to 
meet Corps criteria for CBR and compressive strength can withstand 
repeated compr~ssive and flexural stresses of the magnitude and 
number prescribed for different classes of military operations. 
However, more detailed inve,stigation of the influence of water 
content, mixing procedures, and method of compaction are required 
since the data obtained show that these variables significantly 
affect the strength and resilence characteristics of the cement
treated silty clay. (30 citations) 

88. Moss, John P. 
Progress Report on,the Establishment of Tolerances on Highway 

Constrtiction Specifications 
HRA 33 (12) : 56. December, 1963. 

Highway engineers and contractors are being criticized for deviations 
from specifications, even though in many instances there are sound 
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engineering justifications for permitting.the· deviations. This 
problem underscores the need for tolerance.onspecifications. 
This is a progress report on the establishment of these tolerances. 

89. Munro, G. E. 
Some Answers to Ready-Mix Problems 
Heavy Construction News (Canada) 9 (16): 4pp. April 1965. 

Failure to understand the relationships between air, water and 
slump can cause havoc with quality control. Factors such as temp
erature artd the number .of revolutions a truck mixes concrete 
will alter the consistency. Waiting to pour. on a job,· an obvious, 
but important fault is often the. cause of rejected batches. The 
article is a-series of tips that may aid a contrac:tor insupplying 
satisfactory ready~mixed concrete. 

90. Neaman, D. and J. G. Laguros 
Statistical Quality Control in Portland Cement Concrete Pavements 
Highway Research Record 184: 1-12. 1967. 

Quaiity control_ for portland cement concrete (pee) pavements and 
their component parts was statistically studied in a field project 
approximately 8 miles long. S~andard field tests on fresh concrete 
and standard laboratory tests on hardened concrete, coa,r$e and 
fine aggregate, and cement were run on an adequate number· of samples. 
Ninety7 five pavement. thickness measurements were taken, and 400 
concrete cylinders were tested. For all the other characteristics, 
such as slump, air content, gradation, durability, Los Angeles loss, 
sand equivalent, fineness, and percent passing No. 200 sieve, 200 
observatiorts were made. The typical statistical parameters, i.e., 

. testing, sampling and material variances, standard deviation and 
arithmetic mean, were calculated and frequency distribution curves 
drawn .. In nearly all cases, the arithmetic mean of the measured 
characteristic. complied well with the .specifications. Howeve.r, 
the relatively high values of standard deviation and of the testing 
variance should raise serious questions on the philosophy underlying 
the existing acceptance-rejection procedures in pee pavements. 
Upper and iower control limits, especially those based on average 
value, show conclusively that unfit material is sometimes accepted. 
Also, large values of the testing variance suggest that standard 
tests need some refinement, if not a complete modification, to reduce 
their inherent variance. (8 citations) 

91. Neuharth, E. 
Quality Control for Roadway Concrete 
Bauwirtschaft, Weisbaden (Germany) 19 Cl) : 13-14. 1965. 

Detailed commentary is presented on the provisional rules for 
the preparation and supply of roadway concrete, ed. 1961, accepted 
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and introduced by most of the Federal Lander for inspection purposes, 
as amplified by suggestions in the light of the experience,of 
quality control officials. Thus, the possibilities are examined· 
of revising the specification schedules and the actual cubic-meter 
weights specified and the enumerated testing equipment required 
by inspectors of works. In quality control (either by the Quality 
Protection Association, Transport Association for preliminary 
checking of works contracts for their members, or by authorized 
building materials establishments) a distinction is made between 
preliminary control of the.works specifications, first revision 
procedures and continuous works control. The forms to be used 
on site for sununarizing the specifications and the suitability 
tests of the different concrete grades, the works journal and the 
weighing instructions are illustrated by samples with examples 
of entries.. The same applied for the first testing program and 
the. continuous works control in regard to the test sheets with 
the concrete test results. (1 citation) 

92. Nicholas, J. H. 
Control Compliance and Specifications 
Queens Highway (UK) 31(2): 6-9. 1965. 

The control of the quality of bituminous road mixtures by the 
manufacturer, and the acceptance-testing of the material by the 
customer; both depend ori the analysis of samples of the material, 
the samples actually analysed being a very small proportion of the 
total material. Great care in taking the samples and in analysing 
them is absolutely essential if the results are to be of any use, 
but even with properly taken and analysed samples the interpretation 
of analysis results sho\.Ild be made with a due appreciation of 
the risks of all sampling techniques. The analysis--result of a 
single sample is meaningless and a succession of samples is needed 
to establish a pattern of the quality of the material. Complete 
(100 per cent) compliance of all the analysis results with the speci
fication is highly qnlikely unless the limi-ts of the specification· 
are set unrealistically wide and a statistical approach is·needed 
to enable sensible interpretation to be made of a series of results. 
The paper was prepared at the Road Research Laboratory. 

93. Oglio, E. R. and J. A. Zenewitz 
Variability in an Asphalt Concrete Mix 
Public Roads, U. S. Bureau Public Roads 34 (1): 5-12. 1966. 

The research reported in this article was conducted as part of 
the first phase in a broad program being undertaken by the Bureau 
of Public Roads to develop control and acceptance procedures, 
based on statistical quality control techniques, to all aspects 
of highway materials and construction. As the program is now 
constituted, the first phase calls for determination of two basic 
statistical parameters - the average and the standarddeviation -'
for the materials and structural elements now being used in good 
highway construction. In the work reported here, averages and 
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variations in temperature, asphalt·content, and aggre~ate gradation 
were determined in an asphalt concrete wearing course mix produced 
for a construction job. A statistical analysis was made to show 
the effect of test method,· sampling procedure, and material (Batch
to~batch) variation on the overall variations obtained. (8 citations) 

94. Orr, Charles I. 
Liaison Insures Quality Control for Vehicle Assembly Building 
Civil Engineering - ASCE 35 (10). 56--58. ~965. (Digest from Trans. 

ASCE 131: 778-774. 1966.) 

Some people think that "quality contro1" means ''inspection", 
but it mearts more than that. Preplanning, adequate supervision, 
and a competent work force are ·equally essential for ,the production 
of a quality product. 

Many are not in accord with the statement that appears all too often 
in quality control procedures, "Quality control representatives 
are to maintain the highest possible standards of quality in all 
fabrication and work being performed by the contractor~" Near 
perfection is not always economically feasible, and in many instances 
it is not necessary. The following statement in Military Specifi
cation MIL-Q-9858A is acceptable: "This specification requires 
the establishment of a quality control program by the contractor 
to assure compliance with the requirements. of the contract.'' 

Good judgment must be exercised in establishing quality controls 
consistent with the requirements of use. The function of the 
quality control representative is to enforce, in a reasonable 
manner, the criteria already established by the contract documents. 

As orders w-ere prepared for material for the huge Vehicle Assembly 
Building in Florida, conferences were held with the.Corps of Engineers 
and their consulting engineers to reach agreement on the interpre
tation of the desigt:t drawings and specifica,tions. A firm agreemeri.t 
relating to specific requirements at the beginning of the work 
was essential for maintaining the schedule, for mutual understand
ing of standards of quality in fabrication, and for economical 
fabrication. 

The submission and approval of shop drawings is one area of quality 
control. At this time, all differences of opinion regarding 
interpretation of drawings and specifications should be resolved. 
Quality of materials was controlled primarily by the submission 
of mill test reports without further physical and chemical test;s. 
Sonic testing was required on certain areas of plates and rolled 
shapes to detect any lamination that might exist. Fortunately, 
the sonic tests showed that laminations in the steel w-ere practi~ 
cally nonexistent. 
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Material was fabricated by the American Bridge Division of U. S. 
Steel Corporation in plants inwidely separated locations. Close· 
control ()Ver scheduling of operations and. methods of fabrication 
was required to produce a uniformly satisfactory product. 

Unfortunately' schedules could not always be adhered to. There 
were customer changes and problems greater than had been originally 
anticipated. Although it is generally desirable to give several 
weeks prior notice of schedules and changes-~ this is often impossible 
under an expedited schedule such as -that for the Vehicle ·Assembly 
Building. The customer's inspection must be geared to fit in with 
the fabrice3.tion, with minimum notice, in order to gain maximum 
quality control and minimum interference with the schedule. 

Many details of fabrication presented problems of quality control 
including the accuracy of layouts to maintain required tolerances. 
The layout and assembly of fittings on the heavy columns presented 
a particularly difficult control problem. · A device was developed 
that, in effect, projected theoretical center line of the member 
to the exterior faces, so that all fittings and connecting holes 
could be accurately located with reference to the projected line 
.on each face of the columns. 

About 800,000 lb of shop weld was deposited_ by automatic submerged 
arc equipment. The Corps used visual and magnetic particle in~ 
spection. Limited spot X-ray was used.by American Bridge. 
Written weld procedures were required and were prepared by the 
American Bridge Division, and subsequently approved by the Corps 
before the start of the work. · 

Because the supply of skilled operators was not adequate~ other 
operators had to be trained and qualified. However, the fact that 
a welder could pass a qualification test was no assurance that 
he could make a first-quality production weld. Supervisory personnel 
were therefore faced with the task of turning out a large volume 
of ~or~, as well as training the less experienced -operators .. 

To maintain uniform quality control over the blasting and painting 
operation, a central paint shop was established at Tampa, Fla. 
The specification for sandblasting listed the type and grade of 
sand to be used, artd required a near-white blast finish~ With 
the cooperation of the Corps of Engineers, the sandblasting opera
tion was adj_usted until an acceptable surface was obtained. 

Quality control during erection consisted primarily of maintaining 
the required geometry and the proper tension in the A-325 high
strength bolts. Over 1,000,000 bolts were installed and were spot 
tested in the usual manner as specified by code. The_ geometry 
was checked by frequent surveys. 
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The structural steel frame for the Vehicle Assembly Building. of 
Complex 39 has been erected and the remainder of the construction 
supported on the frame is p-roceeding rapidly •• . -The quality control 
procedures employed during ·fabrication and construction have produced 
satisfactory results. 

95. Pinto, C. D. and H. T. David 
Statistical Allocation of Soil,Specimens to. Eliminate Inaccuracies 

in Differential ~oldin.g Time 
Amer. Soc. Testing Matls. Proc. 64: 1068-1074. 1964. 

Compression tests of stabilized soils can be influenced by molding 
time differences when several specimens are molded from one batch. 
If the time lag has ·a linear influence on the strerigth of the 
specimens,. comparisons among test conditions are free of inaccuracies, 
due to molding time differences, when the average molding serial 
number is the same for each test condition. It is always possible 
to apply this rule to any experimentation. A pilot experiment with 
soil-cement mixtures showed that a randomselection of specimens 
can yield inaccurate.results, whereas the use of the systematic 
molding-time allocation is conducive to.accurate results. 
(2 citations) 

96. Ponteville, G. et P~ and S. Vallemont. 
Rapi.d Control of Bitumen Content and Application to a Fabrication 

Statistic Control 
Bull. de Laisondes Lab. Routieres, Ponts et Chaussees (58 Bd. 

Lefebvre, Paris, XV0
, France) (2): 1-12 (74). July-August. 1963. 

St. Quentin Laboratory has studied a method for rapid control of 
the bitumen content in coated materials. That method has been 
applied to a statistic control of coated materials fabrication. 

Th~ method principle consi_s ts of measuring after $tripping, the 
optical density of the solvent-bitumen solution with a spectro
photometer. 

Experimentation has consisted first to verify that the Lambert
Beer law fitted with hitumen-xylen solutions, then to draw an ad
justed graph; connecttngspectrophotometer deviations to the 
concentration of bitumen-xylen solutions. 

With the pro.posed testing method, 10 min are needed for one test; 
the error is not higher than 3 percent of bitumen weight. 
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Two trials of statistic control have' been conducted from these 
m~asures. The first one was a Wa1lprogressive, or sequential, 
control; it was proposed to conclude a good or poor s.etting of 
the hi tuminous mixing plant at a certa,in time o The second. one 
allowed to make sure of the correctness of the average setting . 
of the plant for a complete work day. 

9 7 o Preiss , K . 
Analysis and Improved Design of Gamma-Ray Backscattering Density 

Gages 
HRA 34 (12) : 76·. December, 1964. 

The nuclear reactions that gamma radiation· may undergo irt a 
material of medium atomic weight, such as soil, are discussed 
and related to the properties of backscattering density gages. 
Theoretical reasoning and experimental·evidence are presented 
to show that the effect of the chemical composition of the material 
may be eliminated when: (a) the detector "sees" material near.the 
source, and (b) photons. of energy below 0.1 Mev a·re not detected. 
This may be achieved with a scintillation counter and pulse -
selector or by placing iron filters in front of a Geiger-Muller 
tube. 

The geometry defined by (a) causes the peak in the calibration curve 
to move to a density sb high that count -rate becomes a unique 

.measure of density, rising over the entire range .of·density from 
0 to 160 pcf. Errors in the density reading due to the·statistics 
of nuclear counting and surface roughness are discussed~ 

9 8. Ralston , H. H. and M. C • An day • 
Nuclear Measurement of Soil Properties 
HRA 33 (12): 102-103. December, 1963. 

This study reports the results. of the investigation of three 
corn.merc1ally available· nuclear devices for the measurement . of soil 
density and moisture contents. The investigation was divided 
into three phases to properly evaluate the devices for their pro
posed use by the Virginia Department of Highways~ 

The first phase was an equipment_and geometry evaluation. This 
included precision testing of the device itself, depthand area 
of influence determinations, and evaluation of the effect of air 
voids under the probes. The second phase was an attempt to cali
brate the devices on representative subgrade and base course 
materials from construction projects in· Virginia. 
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The third phase was field testing of the devices on construction 
projects throughout the State. Here again both subgrade· .and base 
course materials were used. Densities and moisture contents 
obtained with the nuclear devices were compared with those obtained 
by conventional water. balloon methods. 

Miscellaneous coinments perta,iriing to maintenahce, reliabi~ity, 
and radiation safety are also included. 

99. Read, D. W. 
The Use of a Nuclear Meter for the Control of Moisture and Density 

in Pavement .Construction 
Australian Road Research Board Proc. Paper 464 ~- · 29 pp. September 1966. 

Three years experience with use of a nuclear meter for quality 
control of such elements as pavement construction and earthworks 
and for calibration of compaction equipment was described. 
Close correlation of results with those of other methods, which 
the meter has largely replaced, was illustrated by results from 
field construction. Operating procedures and. sources of errors 
were discussed in detail. 

100 • Redus , J. F. . 
Study of Natural Variations in Highway Materials 
Clark, Dietz·, Painter & Associates' Adm, CPR-11--1634, CPR-11.-1634 

PB 169 733, BPR 3721 024. 1965. 

The purpose of this study was to obtain and analyze data concerning 
the natural variations in pertinent qualities of soil, base, and 
flexible pavement materials with a view to establishing specification 
limits to be used in statistical quality control of highway construction. 

The data was obtained from the Corps of Engineers, from projects 
constructed for experimental purposes, as well as airfield construc
tion projects. The data analyzed include density and moisture 
content of subg:tades density, moisture content and gradation of 
bas.e courses and density and aggregate gradation of asphaltic 
concrete pavement. 

Statistical parameters were computed and a sample specification 
written for use in the control of compaction of subgrade soils. 

iOl. Rooke, w. 
Speedy Compact Concrete Pumping Units Produce Savings and a New 

Contractor 
Heavy Construction News (Canada) 11 (15): 6-8. 1967. 

Compact and mo~ile concrete pumping rigs are competitive in 
cost and speed - and often more easy to handle - than conventional 
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crane and bucket or truck and· buggy· combinations. Here are the 
benefits of pumping: (1) concrete placement tends to be a more 
steady, uninterrupted operation and is generally faster th~n 
conventional methods, (2) form pressures and wear are reduced. 
because cf eliminationof surges~ (3). concrete can be cast in 
locations otherwise completely inaccessible to crane or buggies, 
(4) costs are usually comparative with, or better than moving 
concrete by·other methods. Labor requirements are also reduced, 
(5) the quality control of the mix built right into the pump 
means better and stronger final product, (6) cranes are freed 
from bucket-swinging duty to be more productively deployed. 
Conveyor systems are often teamed up with pumps for long distance 
or high volume pours, and (7) the pipelines deliver the mix right 
to the final location, and in such a manner that other trades or 
operations are not interrupted during the pour. Bt£ggy runways are 
eliminated. 

102. Rusch, H •. · 
Statistical Quality Control of Concrete (In German) 
Materialprufung 6 (11): 387-394~ 1964. 

Current standard procedures for evaluating tests on concrete 
are criticized on statist'ical principles. It is more useful to 
test strength on the basis of the poorest 5 percent of the samples 
tested instead of the average quality of all samples, as the former 
criterion reveals the standard deviation. The average value is 
no guide to the strength of the eventual structure, which fails 
at the we·akest point. Selection of samples should be statistically 
random, there is no value in taking more than one sampl~ from 
eacl:t mix. Average strength may be satisfactorily ascertained from 
10 samples, but 30-50 samples are required to d~termine the standard 
devi~tion. This number may be reduced if additional data are 
availabie (e.g., results of identical tests carried out elsewhere). 

103. Russam, K. and A. B. Baker 
Deflection Beam Measurements on Roads in East and Central Africa 
Rhodesia .Institution Engineers Proc. 3 (3): 333~339. 

The deflection beam is a simple instrument for the measurement 
of the transient deflection of road surfaces under a dual wheel-load. 
The paper gives results of deflection measurements on roads in East 
and Central Africa and discusses the application of such measurements 
in the estimation of the strength and future performance of roads. 
Even on roads of nominally uniform construction the deflection measure
ments showed considerable variation. Quaiity control methods of. 
analysis were therefore used to determine the significance of the; 
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variations and to formulate a procedure for ro~d surveys witll. the 
deflection beam. Further work is required to obtain· deformation_. 
performance histories of typical roads in Africa. The authors 
are on the staff of the Road· Research Laboratory. (11 citations) 

104. Sanders, W. W. and W. H. Munse 
Study of Inspection Methods and Quality Control for Welded 

Highway Structures 
Highwa.y Research Record No. 110: 22-35. 1966. 

A survey was conducted in 1960 of all state highway departments 
to determine which inspection methods were used for the variotJs 
components and members of welded highway structures~ This study 
was updated in 1963 and a sunnnary is presented of the results of 
both surveys. The three categories of inspection methods are: 
destructive tests, proof tests; and nondestructive tests. The 
most widely used type of in~spection method is the nondestructive 
test which is divided into the following classifications: visual, 

·trepanning, radiography, dye penetrant, magnetic_ particle, and 
ultrasonic. These methods are discussed and suggestions 
made for development of welding inspection specifications. 
(14 citations) 

105. Schevenels, L. 
The.King Baudoin Motorway. The Quality·Control~ Preparation and 

Laying o£ Bituminous Bases and Stirfacings 
·Bitume Informations, Bruxelles No. 14: 17-30. 1965. 

The first part of the article describes the continuous and batch 
production (at two different sites)~ of bituminous bases, base-
courses and surfc;tcings. The two sites had different t:ypes of equip
ment (Barber Greene and Wibau) • The author outlines the problems 
of organization and supply, and compares the hourly output of the 
sites. The second part deals with te_sts and inspection of the coate_d> 
material. An ·inspection laboratory at each site is provided with 
a Rotarex centrifugal binder extractor. Four comparative ~nalyses 
are made of 1000 tons of material by the two site laboratories, 
a central reference lab oratory, and one other outside laboratory. 
The tests are aimed at: (1) determining any standard difference 
in the results of each laboratory, (2) obtaining knowledge of the 
fluctuations of the different constituents, and (3) comparing 
continuous and batch production. 

106. Schonfeld, R. 
Construction of a Full-Scale Road Experiment as Part of a Unit

Price Contract 
Canadian. Good Roads Association Proc. Ontario Dept. Hwys. , Downsview 

(Canada) Report RR 114, pp .. 406-424, December 1966-6 7. 
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An experimental pavement compr1s1ng 36 test sectionswas constructed, 
as part .of' a unit-price hi~hway contract, between May and September, 
1965. Special provif;)ions were introduced into the contract doclltilents 
dealing with the special construction sequences, tolerances, 
testing , and the control of traffic during construction. Construe .... 
tion control and contract.specifications are described and the de
gree of uniformity of materials, compaction,. moisture contents, 
layer thicknesses, etc., achieved within the·fr&mework of the 
contract is reported. The special provisions a:re mentioned in 
this·report and the degree of compliance, as measured by .a compre
hensive series of tests during comstruction, is described. It 
is concluded.that a generally acceptable standard, of control was 
achieved and the experimental. pavement wa.s constructed in a very 
short time. 

107. Schwartz, A. E., J.D. Autrim, J. H. Moore, and J.P.· Rostron 
Rapid Test Methods for Field Control of Construction 
Clemson University, NCHRP, No. 10-4, BPR 5720 002 1965. 

The overall objective of this research project, conducted as 
part of the national cooperative highway J."e:search pro grain, was 
to determine the state of the art in the'development, need, and use 
of rapid test methods for field control of construction. The 
areas in which the need for rapid tests and sampling is greatest 
have been determined, the present knowledge and state of develop
ment of various methods of meeting these needs has.been investigated; 
and those methods with greatest promise have been reconnnended for 
further development. · 

This research was initiated by conductinga literature search 
for information rel~ted to rapid test methods and to methods 
currently used for construction control. Specifications and test
ing manuals were obtained from nearly all state highway departments 
to assist in the study of current practice. A high percentage of 
these highway departments also responded to a co]1struction control 
questionnaire in which their engineers were-requested to outline 
and give priority to field test procedures which were most in 
need of rapid methods. To augment the information ·obtained from 
the literature search, testing manuals and s~pecifications, and 
questionnaires, visits were made to highway departments across the 
country to ObSerVe .their CUrl."ent practiceS for construction COntrol 
and to discuss the areas in need of rapid tests with both their 
field and research personnel. Also, several rese.:~.rch agencies 
were visited who were conducting projects related to the overall 
problem of quality control of highway construction. 

108. Scurr, K. R~ 

Construction Tolerance for Structures: The Problem and the Approach 
HRA 33 (12): 57. December, 1963. 
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Increased public and politi.caf interest in highway construction 
as a result of the Interstate Highway Programhas created an 
atmosphere in which inspectors and engineers are becoming more 
reluctant to 'exercise ·"engineering judgment" in acceptance or 
rejection of work. Under such conditions it becomes more impor
tant to develop a "statistical basis" or "tolerance curve" as 
specification controls, recognizing that laboratory precision 
cannot be economically o)ltained under job site conditions. 

109. Shah, S. C. 
Quality Control ·Analysis. Part 1. Asphaltic Concrete 
Research Report No. 15, 48 p. Louisiana Department of Highways, 

November, 1964. 

This is the first in a series of reports on the quality control 
analysis of highway construction materials. Subsequent parts will 
deal with the analysis of results of the physical characteristics 
of soils and concrete materials. 

This report deals with the statistical evaluation of results from 
several hot mix. plants to determine the pattern of variability 
with respect to bituminous hot mix: characteristics. 

Individual test results when subjected to frequency distribution 
indicated normal (Gatissian) distribution. Further analysis showed 
the overall variability of each characteristic for binder course 
mixes to be less than that for wearing course mixes. Also, the 
natural tolerances for bitumen content and aggregate graduation 
were outside the engineering (job mix) tolerances indicating a 
need for either a much closer control in plant operation and 
materials uniformity or a revision in engineering tolerances. 

For bitumen content, a standard deviation of 0.2% would be,normal 
and for 100% conformance a tolerance of 0.6% shouldbe specified 
if 3cr is consider~drealistic specificatipn limit. However, an_ 
allowable tolerance of 0.5% would cast off only 1% of the results. 
Fot aggregate graduation, if the inevitable variations due to 
crushing and sct~ening operation, changes in stockpile. and bin 
proportions, and sampling and testing are taken.into consideration, 
then the limits for the job mix tolerance should be: · 

± 9% for No. 4 and larger sieves 
± 7% for No. 10 sieve 
± 6% for No. 40 sieve 
± 5% for No. 80 sieve 
± 3% for No. 200 sieve 

The variability in the case of Marshall stability was considerably 
different for each plant. Furthermore, lack of uniformity was 
indicated as evidenced by considerable between-days variation . 
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If acceptance tolerances are to be written in the specifications, 
then the number of samples to be tested for a particular 
characteristic should be specified. For Marshall stability, eight 
random samples obtained f:t;:'om trucks re ... P. resenting a day's operation 

' . . . . 

should be tested. Furthermore, if the minimum specifications are 
to be niet 100 per cent of the time, then it is essential -that the 
process averq.ge be maintainedat 3cr above the minimum requirement~ 
or 3(190) = 570 lbs. above the absolute· minimum specifi.ed for. 
the type of mix. 

110. Shah, S. C. 
Quality Control Analysis. Pa,rt !I. Soil and Aggregate Base Course 
Louisiana Department Highways , Research Report No. 23, 40 PP• 

(HRA 37 (5): 8. July 1966.) 

Statistical evaluations of results from several construction projects 
were made to determine the basic pattern of variability with respect 
. to certain base course characteristics. On the ·basis of this 
variability, numerical limits have been established using statisti
cal quality control techniques. The analysis indicated. (1) that 
the frequency distribution of historical data for most of the 
characteristics tend to follow normal distributions, (2) that 
the variability for compaction and thickness is considerably 
different for different contractors, (3) that this variability 
for compaction is more pronounced for cement stabilized aggregate 
base; course' than for stabilized soil cement course, (4) furthermore, 
that for raw or unstabilized aggregate base course,· the variability 
is less than that for .stabilized base course. 

· 111. Shah, S. C. artd Verdi Adam 
Statistical Evaluation of Highway Materials Specifications 
HRA 37 (12): 72. December, 196 7. 

A statistical evaluation ~f some of the major highway materials 
sp~cifications is reported in this condensed version of the over~ 
all study on quality control analysis. The data fo:r analysis 
and evaluation were obtained from historical sources with a 
limited amount from research sources for asphaltic,;_concrete, base 
course, and concrete characteristics. The data were analyzed by 
computer and standard statistical procedures. 

The analysis indicated that (a) most of the historical data tend 
to follow normal distribution; (b) in general, there is considerable 
variation in production and construction control for different 
contractors; and (c) furthermore, there is a lack of compatibility 
between currently used specification limits and statistical 
parameters. 
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The report attempts to show how the variables sampling plan can 
be constructed and applied for lot acceptance. The use of control 
chartsfor·control and acceptance of· portland ce~ent and asphaltic
concrete is also demonstrated in the. report. Sonie recommendations 

.are made for implementation of the overall program of statistical 
specifications, including an educational: program, and selection 
of a number of jobs for field evaluation. 

112.. Sharkey, R. H. 
Contingency Checks of Land Use Survey Data 
Chicago Area Transporte1;tion Study Research News 1 (17) :. 4-8. 1957. 

A number of machine contingency checks were made of the data 
accumulated in the CATS LAND USE SURVEY. The checks were made on 
three categories, card accounting, internal consistency, and 
a real coverage. Methods used.for this checking operation are 
described. These checks are considered to be an essential exten
sion of the quality control program. 

113. Sh~rgold, F~ A. 
A Study of the Variability of Roadstones in Relation t()Sanipling 

Pr.ocedures 
The Quarry Managers' Journal 4 7 (1).: 3-8. 1963-

This article gives the results and conclusions from a study of 
the variability of roads tones, which was made with the object 
of devising a sampling procedure that would ensure that the samples 
of stone are representative of the material actually being produced 
at the time of sampling. Visits were paid to seven quarries and 
samples of lump stone were taken frotn a large number of points at 
the quarry face; samples of the finished aggregates were also 
taken from the output end of plants at intervals of time rang-
ing from one hour to several months. The samples were tested . 
by the British Standard methods for the dete-i:mination of the polished
stone coefficient, the 10% fines value (a measure .of resistance· 
to crushing) and the aggregate abrasion value. (4 citations) 

114. Sherman, G. B., lL 0. Watkins, and J. J. Folsom 
A Statistical Analysis of Concrete Aggregate Test Results· 
California Division Highways, HPR, BPR 4601 123, February 1967. 

The report describes a statistical study to determine the repro
ducibility of current test methods and feasibility of using 
statistical quality control procedures for portland cement concrete 
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aggregate. Three bridge projects were studied, test results on 
randomly selected samples were statistically ancllyzed for variances. 
The conclusion was that sand equivalent and cleanness tests were 
satisfactory for field control. Large variances of material and 
sieving operations indicate need for modification·of specifications. 
The report recommended the use of moving average based on the 
five most recent individual test results." The report contains 
valuable analysis of variance. data characteristic of material, 
sampling and testing procedure. 

115. Sherman, G. B., R. 0. Watkins, and B. G. Page 
A Statistical Analysis of Penetration Test Results for 85-100 Grade 

Paving Asphalt 
Materials and Research Department, Division of Highways, California 

Research Report No. M & R. 210338-1 May 1965. p. 1--31. · 

This report dealswith the present specifications, variation in 
test results, and control of testing procedures for 85-100 
grade paving asphalts. Test records on file for the 85~100 grade 
paving asphalts were evaluated. It was found that all but one 
percent of the results fell in a normal distribution w:ith a range 
of 78 to 106. It was concluded that this range represents 
reasonable control limits for acceptable material. A revised 
specification based on economic and statistical considerations 
which will allow the purchase of the material within this range 
is presented. lt was also found that, in this case, full 
adherence to the principles of statistics is not warranted. 

The need for:some system to indicate laboratory operational control 
is cited and a method for setting up a statistical control 
chart procedure is presented. 

116. Sherman, George B., Robert 0. Watkins and R. H. Prysock 
A Statistical Analysis of Embankment Compaction 
HRA 36. (12): 109. December, 1966. . 

This study statistically examined the distribution of·percent rela
tive compaction obtained with current compaction control procedures 
The survey included three embankment projects, the soils of which 
varied from homogeneous. to very heterogeneous material, thus approach
ing the most nearly uniform and most varied soil conditions that 
would normally be encountered in embankment construction in Cali
fornia. 

The study followed as closely as practical the outline provided 
by the U. S. l3ureau of Public Roads. Testing operations for each 
sampling location included two in place density determinations by 
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the sand volume method, and two maximum density determinations 
by the California impact method for each sand volume test. Fifty 
sampling locations were randomly selected. on each project. Tests 
were performed only on those portions of. fill already accepted by 
the resident engineer •. 

An analysis of percent relative compaction resuJt.s for the three 
projects revealed average values of 92.9, 90.5, and 93~6 percent 
with standard deviations of 2.4, 3.1, and 5.5 percent, respectively. 
The greatest dispersion in results was found to exist for the 
heterogeneous soils. The distribution curves of percent relative 
compaction for the projects studied were found to agree generally 
with the resuits reported by the Bureau of Reclamation and the AASHO 
Road Test. 

117. Shook, James F. 
Significance of Test Results Obtained FromRandom Samples 
Statistical Methods for Quality Control of Road and Paving Materials, 

ASTM Special Technical Pub. No. 362: 13...;.30. 1963. (HRA 35 (2): 
6. 1965.) 

Problems associated with applying test data obtained from random 
samples to highway specifications are discussed. Illustrations 
are given using data from the AASHO Road Test and other sources. 
Infrequent randomly chosen tests may be of little value, but routine 
quality control tests made frequently as material is produced and 
placed should provide adequate information for acceptance of materials. 
A statistical procedure for routine acceptance of material or highway 
work is introduced. · ·· · 

118. Simon, L. L. 
Reduction in the Cost of Concrete Pavement Through Quality Control 
Constructional Review (Australia) 38 (1}: 20-25. 1965. 

This paper deals with the reductionof the cost of concrete roads 
without loss of quality and durability. Theoretical consideration 
and analyses of tests (including the AASHO road test) , show that 
this is made possible by the use of unreinforced concrete of high 
flexural strength and low cement content, and by obtaining a high 
degree of uniformity through strict quality control. Details are 
given of the methods used and results obtained in Australia by the 
New South Wales brancJ;l of the Commonwealth Department of Works. 
In addition to a saving in overall cost a reduction in pavement 
thickness was achieyed without loss of performance. (13 citations) 

119. Smith, P. 
Concrete P a.ving Pract::i·ces In Ontario 
Ontario Dept. Hwys, Downsview (Canada) DHO Rept. No. RR116, 27 pp. 

October 1966 .. 
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In recent years the:r:-e has. been increasing interest. in building 
heavy duty cqncrete pavements in Canada. New designs have been 
introduced which involve the use of reinforcing steel in· the slabs, 
and load transfer devices at every joint. In addition, improved 
construction techniques, principally the use of long wheel-based 
finishing machines, have resulted in higher standards of initial 
pavement smoothness.. Performance to date suggests that such 
pavements will, with little maintenance, prove to be durable and 

·will retain an acceptable riding quality for many years. This 
report describes the concretepavement design ge11erally us~d in 
Ontario, discusses the manufacturing operations required and out
lines some of the salient points o~ construction, inspec_tion and 
quality control. In addition, developments such as preformed 
neoprene compression seals to give improved joint se.:iling, the use 
of central-mixed or ready-mixed concrete and improvements in 
equipment and techniques are also discussed. (15 citations) 

120 • Smith , P • 
Computer Evaluation of Concrete Quality 
Ontario Dept. Hwys, Downsview (Canada) DHO Rept. RR125, 25 pp. 

January 1967. 

Problems and pitfalls of present specifications and proced~res for 
control testing of concrete are discussed and it is suggested -

-that these are in need of review to_ place them on a sounder statistical 
basis using accelerated tests, especially-for concrete strength 
wherever possible. Modern methods of data processing, storage 
and retrieval are shown to offer potential for faster handling of 
information. New reporting systems have been established to feed 
concrete data to· a computer. The data ate then processed, stored, 
retrieved and evaluated ·as needed for the control of qtiality at 
the time_of construction,_the selection of concrete best suited 
to a particular structural design or for the study of performance. 
The short term benefit is in better control of concrete quality 
at the time of construction. The long term, and perhaps even more 
important' benefit, should be that the properties of concrete which 
influence performance can be identified and better specifications 
prepared for future work. (17 citations) 

121. Smith,. P.; and H. Tiede 
Earlier Determinatiort of Concrete Strength Potential 
Ontario Dept. Hwys, Downsview (Canada) (Pres.ented at· the 46th Annual 

Meeting HRA 36. (12) : 55. 1966.) 

Waiting 28 days to determine the compressive strength of concrete 
from normally cured cylinders may be inconvenient, embarrassing 
or disastrous depending on how the concrete has been used, how 
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deep it :ts now buried., . and the results obtained in relation to the 
strength anticipated •. · The purpose of this paper is . to advocate 
alleviation through accelerated strength testing. The paper reviews 
attempts over the last 40 years to find a satisfactory method of 
accelerating strength development so that an estimate of the 20-
day strength may be obtained within a day after the concrete is 
placed. Special attention is paid ·to procedures known to he in 
current use which are providing a worthwhile additional control 
on the quality of concrete. A new procedure under development 
by the authors is presented. Called autogeneous curing, it 
involves placing the cylinders in a well-insulated container which 
retains the heat of hydration of the cement sufficiently to provide 
acceleration of strength development. Relationships are presented 
between normal 28--day and the accelerated strengths for a number 
of variations on the basic procedure, including 22 hours or 46 
hours of autogeneous curing alone, of 22 hours of autogeneous curing 
followed by 24 hours of hot water curing, together with supporting 
data on temperature-time relationships fpr concretes with a variety 
of cements, cement factors, w/c ratios, and admixtures. Results 
indicate that an atitogeneous curing procedure has potential not 
only 'as an accelerated strength testing method, but may also be 
a means to greater uniformity in the handling, storage, and shipping 
of field cylinders. For the 48-hour test cycle, which includes 46 
hours of autogetieous curing, the relationship found between the 
~oi1llal 28-day strength · (R·

28
) and the ac~elerated strength (Ra) 

1s R28 = 1. 6 Ra + 500 • . . . From the :v1den?e pres en ted on 
acceJ..erated strength test1ng methods e1ther 1.n use or under 
investigation, it is concluded that there is a good possibility 
that the whole concept of 28-day strengths may be replaced sooner 
or later by an accelerated strength determination as the measure 
of the strength potential of concrete. The advantages that would 
then accrue demand that full evaluation of either existing procedures 
or research to develop a more· satisfactory one become a matter of 
prime concern.. 

122. Stephens, J. E. 
Reduction of Apparent Aggregate Variation Through Improved Sampling 
Connecticut University, School of Engineering, ReportJHR 66-i 

84 pp. May 1966. 

An improved method. of sampling aggregates in bulk is established. 
It is simple, economically feasible, and more consistent than 
those used in the past. The materials engineer is given a reliable 
measure of the material used and is permitted accurate design of 
mixes. The improved reliability of the samples will reduce the 
frequency of erroneous work stoppages and thus benefit the supplier. 
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The method is statistically oriented, based on the principle 
that extreme values are less probable in large samples. In principle, 
a truck load of material is the sample. Whether drawn {tom bins 
or loaded from stock piles, it will more nearly represent the bulk 
of the material. The frequency of sampling can be reduced, as 
statistically the frequency is interrelated with standard deviation. 
A .reduction in deviation will permit reduced sampling. It WflS 

necessary to determine the number of samples from a single truck 
required to give a high statistical confidence that the mean of 
the samples truly represents the truck load. Finally, in order 
to keep the volume of testing within bounds, the samples from one 
truck are combined into one sample which reduces the testing by 
mechanically averaging the individual samples. 

123. Stephenson, H. F. 
Testing for the B.S.I. Certification Mark Scheme on Group A. 

Street Lanterns Made to B~s. 1788. 
Public Lighting (UK) 31 (135): 214-224. 1966. 

This article describes the methods used to test street lanterns. 
. . 

At the present time the current B.S. 1788, and the code of practice 
C.P. 1004 give the basic specifications for the mechanical, electri
cal and thermal designs of street lanterns for group A. roads. 
The B .. S.I. certification mark or kite-mark, is awarded after an 
inspection of the existing quality control in the works and an inde
pendent.test on selected samples obtained on the open market. 
Photometric and environmental tests are carried out in the independent 
B.S.I. photometric and lighting equipment laboratory at Hemel Hemp
stead. Results have shown that most manufacturers succeed in 
meeting photometric requirements. In the rainproof tests, failures 
were due to mechanical design. This scheme is paid for by the 
manufacturer-there are some initiai approval costs and annual 
charges. The amount spread over the total lantern production 
lead to a figure per lantern of one to two percent of its selling 
cost. (6 citations) 

124. Stone, J. F., R. H. Shaw and D. Kirkham 
Statistical Parameters and Reproducibility of the Neutron Method 

of Measuring .Soil Moisture 
Proc., Soil Science Soc. America 24- (6): 435-438. 1960. (HRA 

32 (1): 8. 1962). 

Laboratory and field experiments were carried out to measure the 
intrinsic reproducibility of a neutron device previously reported. 
The degree of accuracy of results can be increased by taking a 
large enough count to provide a sufficiently small random counting 
error. The coefficients of variation for reproducibility in the 
field were of about the same magni.tude as for reproducibility in the 
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laboratory~ Field experiments were also carried out in which neutron 
measurements were compared with gravimetric sampling at the same 
location. Owing to limitations of bulk density determination 
there was poor agreement within locations but the over-all average 
difference in moisture was less than O.l.in. of water per 6-in. 
soil depth. In a set of plots where saniplinglocations were randomized, 
a comparison of the gravimetric and neutron methods of determining 
moisture showed that the use of seven gravimetric sites for each 
neutron site gave a comparable standard error of the mean. 

125~ Thomas, J. J., W. C. Dixon and W. H. Clark 
Asphalt Concrete Mixing Tiine 
New York Dept. Pub. Works , BU Phys. Res. Phys Res. Rept. RR 65-8, November 

1965. 

Irt 1963 the New York State Department of Public Works sponsored 
.a research project at Cornell University to determine whether the 
total mixing time of 60 seconds, then required by the specifications 
for asphalt concrete, could be shortened without affecting the 
quality of the mixes. If mixing time could be reduced lower costs 
would result from the increased production. Based on the results 
of 1963 and 1964 studies,. the department issued an addendum to the 
1962 specifications allowing a·reduction from the formerly specified 
minimurh of 15 seconds of dry mixing (from start of adding aggregates) 
followed by 45 seconds of wet mixing (from start of ad<ling asphalt). 
The addendem permits a reduction in total mixing time if specialized 
requirements are met: base course shall be~ dry mixed for at least 
the time necessary tp charge all aggregates and wet mixed until 90 
percent of coarse aggregates are fully coated or finish mixing tim~ 
exceeds 10 seconds, whichever is longer. Top and binder course 
shall be dry mixed for at least the time necessary to charge all 
aggregates or 10 seconds, whichever is longer. It shall then be 
wet mixed until 95 percent of coarse aggregates are fully coated 
or finish mixing time exceeds 10 seconds, whichever is.longer. 
In no case sha~l the cycle titne be so .short as to result in a. 
rate of production exceeding the operating capacities of the 
plant •. 

126. Thornburn, Thomas H. , and Wesley R •. Larsen 
A Statistical Study of Soil Sampling 
Jour. of the Soi1 tfechanics and Foundations Division, ASCE 85 (SM5}: 

1-13. 1959. (HRA 30 (4): 7. 1960}. 

This is a study undertaken to determine the number of samples need....: 
ed to obtain reasonable correlations be'tween pedologic soil types 
and their engineering properties. Data from 4 DeWitt County 
soils give a quantitative indication of the value of pedologic 
information in planning, designing, and constructing highways and 
airports in Illinois. 
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127. Todor, P. C. and William Gartner; Jr. 
Evaluation of Direct Transmission-Type Nuclear Density Gage for 

Measuring In-Place Densities of Soils 
Highw(ly Research·Record 107: 13-25. 1966. 

The direct transmission-type nuclear density gage has proved to 
be more accurate and faster than conventional methods. The use 
of the direct transmission principle seems to eliminate the necessity 
for several calibration curves. Density tests conducted by research 
personnel are usually made in areas where the contractor is having 
difficulty obtaining specified density. The nuclear equipment 
with its inherent· speed has provided a meal\S whereby the once time
consuming task of repeated density tests is considerably reduced. 
The equipment is also useful for setting up compaction equipment 
schedules and procedure. The amount of coverage required by a 
given type of compaction equipment to obtain specified density for 
art entire job can be determined quickly from one test section, 
provided extensive moisture or materi.al changes are not encountered. 
(3 citations) 

128. Trudeau, R. T. 
Quality Control In Autoroute Construction 
Canadian Good Roads Association Proc. P. 189-199. , October 1964. 

The quality control proc~dures employed. by theQuebec·Autoroute 
Authority in the construction of toll roads is described. The 
standards for materials and construction are indicated as well as 
allowable deviations. The application of quality control charts 
is illustrated •. These ·procedures are applied tp subgrade construc
tion, rigid pavement c.onstructioh, fle;xible pavement construction, 
concrete mixes, asphalt mixes, aggregate gradation. The Authority 
pays consultants a 1ump sum for quality control inspection which 
amounts to between 2 and 2.5 percent of the total value of the 
contract. 

129. Turnbull, W. J. 
Suggested Procedure Fo~ Incorporating Statistical Control of 

Compaction in Specifications. 
U. S. Army Engineer Waterways Experiment Station, Vicksburg, Mississippi. 

12 p. February, 1964. 

A discussion of the part played by field exploration and sampling, 
laboratory testing, design, specifications and evaluation of finished 
product upon the incorporation of statistical control.o£ compaction. 
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130. 
\ 

Turnbull, W. J., J. R. _Compton, and R. G. Ahlvin 
Quality Control of Compacted Earthwork 
Am. Soc. Civil Engr. J. Soil Mech. Div. 92 (SM 1) 93-103. 1966. 

Quality control of compacted earthwork is the complete process by 
which the satisfactory construction of an ea.rth structure is 
gained. There is a growing awareness of the random variation of 
pertinent soil properties in earthwork construction, such as water 
content and density, and considerable interest is being shown in 
the statistical evaluation of thes·e variables. Many earth structures 
have been constructed in a satisfactory manner without the use of 
statistical analyses, but because of uncontrolled random variation, 
there is an element of unrealism in past practice of setting absolute 
minitnum and maximum limits or both, on measured soil properties. 
Although statistical methods can be a valuable tool in evaluating 
earthwork compaction. quality, they do not provide a complete 
method for quality control. Typical variations of soil properties 
that have been e:xperienced.in sttccessfully constructed earth fills 
are presented. These variations are greater.than have been · 
thought acceptable by many engineers for satisfactory behavior 
of structures. 

131. Varma, Mail M. and George W. Reid 
Determination of Asphalt Contents in Asphaltic Pavement By Thermal 

Neutrons 
HRA 33 (12) : 103. Decetilber, 1963. 

The purpose of this research was to determine the feasibility of 
measuring the asphalt content of bituminous paving by the neutron 
bombardment-counting technique,. The correlation of neutron count 
and asphalt percentages depends primarily ori the chemical content 
of the asphalt. Because the chemistry of· asphalt is that of 
a variable mixture, it can be expected that data collected will 
fluctuate to some degree with changes_ in the asphalts tested. 

132. Volin, M. E. and Bart Park 
The Problems in Sampling Gravel Aggregate 
Cement Lime and Gravel: 339-348. October, 1965. 

A paper which was presented at the 49th Annual Convention of the 
tJ. S. National Sand and Gravel Association (25-28 January 1965). 
It examines problems inherent in the inspection sampling of gravel 
aggregate, theoretical considerations, sources of variation in 
gravel samples; suggests procedures for improving sampling reliabi
lity and answers questions concerning the customer's risk. 

133. Wahls, H. E. 
Current Specifications, Field Practices and Problems in Compaction 

For Highway Practices 
North Carolina State U:niversity 
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A current status of highway specifications and field practices 
for compaction of embankments, sub grades and granular bases is 
summarized. The information has been obtained from the published 
standard specifications of the 50 states and from an extensive inter
view program wi,th state highway engineers. Construction specifi:... 
cations and procedures for embankments, sub grades and granular 
bases are summarized and followed by discussions of the problems 
related to the practical application of the specifications to field 
construction. Quality control procedures and related problems 
also are discussed. The review indicates that the majority of . 
embankment g.nd subgrade compaction is accomplished by controlling 
lift thickness and moisture conditions.and by specifying minimum 
density requirements, usually as a percent of the maximum density 
determined from the AASHO T.-99 te-$t. The major problems are 
encountered in silts, very wet clays of high plasticity and expansive 
clays. Construction practices to overcome these problems are noted. 
Control problems noted include the time required for conventional 
field density measurements and the difficulty in estimating the 
proper AASHO T--99 maximum density for heterogeneous field materials. 
The role of statistical quality control techniques is discussed. · 
The relation of engineering judgment to statistical procedures is / 
presented. A summary of the major compaction problems as determined 
from interviews with many highway engineers is also included • 

. 134. Wahls, H. E., C. P. Fisher, and L. J. Langfelder 
The Compaction of Soil and Rock Materials for Highway Purposes 
North Carolina State University, CPR 11-0954, NCS-ERD-197-25, BPR 

3723 993. August 1966. 

The many factors related to the phenomenon' of soil and soil-aggregate 
compaction in the presence of moisture and the behavior of the· 
soil-moisture mass when subjected to stress are reviewed. The 
report provides a review of current knowledge of the equipment and 
processes that influence the compaction operation and the properties 
of the resultant mass both. in the laboratory and in the field. 
No .original research was done in this phase. The authors compiled 
and analyzed current state highway department compaction specifica-
tions and field practices, and r¢viewed compaction control pro
cedures. Methods were offered to determine the variability and 
control of quality of compacted masses by statistical quality control 
disciplines. On the basis of knowledge of the state of the art 
of soil compaction, the authors offer recotilmendations for current 
practices and specifications as well·as for future research. 

135. Walker, R. D. 
Identification of Aggregates Causing Poor Concrete Performance 

When Frozen (Interim Report) 
Highway Research Board NCHRP Reports 12: 1-4 7. 1965. 
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Improved quality tests for aggregates were developed from anq.lys.is 
of 32 different concretes containing coarse aggregates ranging 
from crushed trap rock and limestone to a variety of g_ravels 
from glacial artd non-glacial sources. Concrete specimens were 
fabricated and exposed to alternate cycles of· freezing and thawing 
while in water to observe destructive volume changes of the coarse 
aggregates. The specimens were measured for length, weight, and 
dynamic modulus at the end of specified numbers. of cycles. From 
the data obtained; an attempt was made to correlate durability . 
as measured by dynamic tnbduluswith certain characteristics of the 
temperature-length change curve. The slope of the length change~time 
curve of the deep-freeze specimens also correlated well with the 
durahility.factor. It was cortc.luded that the Whittemore strain 
gage· and a deep...;.freeze unit could be used as bc:tsit equipment for 
a quick preliminary evaluation of a coarse aggregate. 

136. Walters, lt. w. and T. H. Qureshi 
Nuclear Asphalt Content Determination at the Job Site and Discussion 
Highway Research Record, 117: 54-70. · 1966. 

Quick asphalt content determinations immediately after the asphalt 
surface course has been placed are necessary for quality control 
of the amount of asphalt cement in the hot: u1ix.. Modern hot 
plants capable of producing 200 tons or more per hour turn out 
significant quantities of asphalt concrete-between the time a 
sample to be tested for asphalt contertt is. obtained and the test 
results are reported. . 

Correlation with the reflux extraction tests and plant checks is 
reported·in this paper, as well as the procedure invoivedwhen 
using the neutron probe. Asphalts used were 85/100 and 120/150 
penetration grade from three different suppliers. Aggregates 
used came from six different sources.· Projects on which this new 
method was tried ranged in location over-a 200-mile area of south
eastern Colorado. 

Although this new method has not been adopted. as standard procedure 
in Colorado, it is being used as a quick field check on 
asphalt content in CDH District Two with good results. 

137. Warden, W. B.·, and L. D. Sandvig 
Tolerance and Variations of Highway Materials From Specification 

Limits 
Statistical Methods for Quality Control Of Road.and Paving Materials, 

ASTM Special Tech. Pub. No. 362: 31-43. 1963. (HRA 35 (2): 
11. 1965). 
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The application of statistical quality control techniques has. 
proved to be a valuable management tool in the control of highway 
materials. An enforceable specification must be realistic statis-
tically, ii1 the sense that the required tolerance limi t,s reasonably 
reflect the random.variation inherent in the material itself and 
the error of measurement (sampling and testing). In addition, each 
specification requirement should satisfy some useful engineering 
or control purpose. The comparison of the results of the analysis 
of actual test data with existing specification requirements can 
provide a measure of how well a specification is being met and can 
indicate the suitability and practicality of the required limits 
or tolerances. This paper discusses and illustrates methods of 
comparing specification limits with actual variation of .the properties 
of selected materials and mixtures as shown by the results of 
field and laboratory tests. The data used were obtained from the 
results of tests made in various·states on bituminous paving mix
tures, on asphalt cement and aggregate for flexible pavement, and 
on subbase material~ 

138. Warden Engineers, Incorporated 
·Study in the General Field of Quality Control Engineering 
HPS HPR-1(25), V...;..A, l4.Bureau of Public Roads (U.S.) 472 0003 

March 1965. 

/ 

This report describes current methods of control for various 
construction materials and applications of randqm sampling techniques 
for the use of these materials. 

Research areas for additional development were defined from limited 
studies in many areas rathe-r than exploring a few areas to their 
fullest extent and those studies included were: 

A. Instruction of state road department personnel in methods 
and applications of statistical analysis 

B. Asphalt penetration an_d viscosity control tests 
C. Bituminous mix materials control tests 
D. Evaluation of record test data 
E. Random samp"ring techniques 
F. Research problem testing areas recommended for additional 

study were: 

(1) Asphalt extraction testing, (2) Marshall stability m1x1ng 
temperatures, (3) comparative moisture determination methods, (4) 
moisture-density test repeatability, (5) Florida bearing value test, 
(6) nuclear density calibration curve development. 
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139. Warden-Engineers, Inc. 
Quality Control Engineering Procedures for State Road Department 

of Florida (A study in the general fie1dof-quality control 
engineering.) 

Raleigh, North Carolina. Final Report, September 129 pp. 1965. 

The_ objectives of the work performed under this Agreement were 
to Study the current procedures of the Department for control of 
the quality of materials and their application in construction, . 
to review and recommend applications of random sampling with respect 
to where and to what extent this· technique should be applied, 
and intensive indoctrination of Department personnel in the methods 
and application of statistical analysis. 

To accomplish these objectives most effectively, the work was 
directed towards the development of general plans-applicable to 
various Florida materials and to the instruction of Department 
personnel in· the application of these plans. -· To insure the broadest 
p<_:>ssible scope, limited studies were initiated in many areas 
rather than exploring a few. areas to the fullest extent. The 
statistical methods. used were selected with respect to their 
practicality :and usefulness in such applications as determining 
more realisti-c specification limits, in better control of quality 
of materials and construction, and :in locatirtg areas where testing 
frequency. could be teduced without jeopardizing quality. In 
order that these methods can be applied on a· continuing basis, 
this report has been prepared in such detail as to be in effect, 
a manuCll tor use in solving future pr·oblems. 

In fulfilling the primary objectives of the work, accomplishments 
iilcluded discovery of an areawhere material costs could be 
reduced, areas where current control techniques were in need of 
improvement (and where the indicated direction or method of improve
ment. was outlined) , and areas where control would be maintained 
after eliminating ineffective sampling pl!ocedtires. (9 citations) 

140. Warren, P. F. 
Ready Mixed Concrete (3) Some Practical Considerations 
Structural Concrete (Ul<) 2 (7): 315..;.319. Jan.-March, 1965. 

Advan.tages -and disadvantages are examined, with special reference 
to space, time, handlings, quality control, delays, size of receiving 
project, labour, ordering, winter working and costs. 
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141. Warris, Birger 
Sampling as Related to Statistical Treatment and Evaluation of 

Test Results 
Swedish Cement and Concrete Research Institute at the Royal Institute 

of Technology. Reprint 14. 1961. (In Swedish) (HRA 32 (6): 
2. ,1962). 

The purpose of this paper is to give a general outline of the application 
of statistics to concrete testing problems. 

In Part 1, Introduction, and Part 2, the elementary principles 
of statistical calGulations are summarized (mean, standard deviation, 
t-test, distribution function). In Part 3, these principles are 
applied to some present-day problems in concrete testing. Part 4, 
describes the methods of acceptance control; and the acceptance 
criteria for strength tests stated iri the Scandinavian standard 
regulations are discussed on the basis of these methods. Part 5 
deals mainly with the use of control charts for concrete properties . 
Part 6 deals with some aspects of sampling -- representativity, 
sample size and frequency of sampling. The principles are illustrated 
by practical examples. 

142. Weber, W. G. and R. E. Smith 
A Basic Study of the Nuclear Determination of Moistur.e and Density 
California Division Highways HPR, F-4-1, 74 BPR, (PB 172991) 

BPR 4722002. 1966. 

A laboratory project was designed to study factors affecting the 
results obtained by using nuclear gauges to determine soil moisture 
and density. Both backscatter and transmission type nuclear soil 
density gauges were studied. The study consisted of conducting 
readings on laboratory compacted soil samples, using six different 
soil types. Tests indicate that. the compacted·· soil samples had 
a soil density variation with a standard deviation of about two 
pounds per cubic foot. The density calibration curves obtained 
by nuclear methods indicate a standard deviation of 4 1/2 pounds 
per cubic foot for the backscatter, and 2 1/2 pounds per cubic 
foot for the transmission type gauges. By collimation of the source, 
the standard deviation or the backscatter type gauge calibration 
was reduced to 2 1/2 pounds per cubic foot. No effect of soil type 
upon the calibration curves was noted in this study. The effect 
of surface roughness was studied by use of regularly spaced 
grooves on the soil surface. The readings obtained with backscatter 
type gauges were ver;y sensitive to surface roughness while the 
transmission type gauges were only slightly affected by surface 
roughness. The volume of the soil affecting the nuclear readings 
was determined to be about 0.05 cubic foot for both the backscatter 
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and transmission type gauges. The moisture read~ngs were much 
less affected by t4e various items, such as surface roughness, 
than the density readings were. The standard deviation of the 
moisture readings was about one and one-half pounds of water 
per cqbic foot • 

143. Weber, W. G. , Jr. , and Travis W. -Bmi th 
Practical Application of the Area Concept to Compactio~ Control 

Using Nuclear Gages 
~RA 36 (12): 108. December 1966. 

The rate of placement of ea+thwork in highway construction has 
greatly expanded since World War It; however, the acceptance or 
rejection of this earthwork compaction has been based on prewar 
methods that are geared to lower production rates. The California 
Division of Highways has been developing a new test method for 
accepting or rejecting earthwork compaction. This method has three 
important facets:. (a) a modified statistical approach~ (b) the 
use of nuclear soil gages, and (c) an area concept. 

The statistical approach c6nsists of obtaining seve.ral in pla~e 
densities of the compacted earthwork in an area to be tested. The 
acceptance or rejection is based on the average relative compac
tion and the percentage falling below the required relative compac
tion value. The test sites are somewhat randomly· selected· in an 
area ready for testing. The area is passed or failed according 
to the test results. The density of the compacted materia-l is 
determined by use of nuclear soil moisture and density gages. This 
new test method was used experimentally on a project·during 1964 
and the results were satisfactory. After some modification of 
the test procedure it was used on several projects in the 1965 and 
1966 construction seasons. This compaction control concept:· 
was successful from both the state and contractor's points of view. 

144. Whiff in, A. C. 
The Use of Physics in the Design and Construction of Roads 
Institute Structural Engineers (UK) 17 (4): 105-115. 1966. 

Some of the physical methods developed by the Road Research 
Laboratory for the purposes of research into the quality of the 
materials used in road construction and the supporting power of 
the soil beneath roads are described. The topics discussed are: 
soil moisture, soil compaction, s'oil density and moisture content 
measurement, density of concrete, resonance tests,.ultrasonic 
tests and the rational design of roads. A brief mention is made 
of temperature measurement and weighing vehicles in motion. 
(21 citations) · 
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145~ Williamson, T .. G. and M .. w. Witczak 
Factors Influencing the Application of Nuclear Techniques to Soil 

Compaction Control · 
HRA 36 (12): 108. December, 1966. 

The use of nuclear backscatter moisture-density gages for soil 
compaction control has gained a great deal of favor during the 
past several years. However, before this t;ype of equipment 
can be applied to routin~ field control'· several factors influencing 
the operation of the gage must be investigated. 

Various techniques for expressing nuclear results were studied, 
and the results indicate that the use of count ratio at constant 
high voltage should be adopted. This technique, along with the 
use of standard calibration blocks, provides for reproducibility 
of results and accounts for aging to some exten.t. . 'rhese factors 
are especially important from the standpoint of recalibrating the 
gages. 

Results of tests p~rformed on various materials and calibration 
blocks of different Chemical composition indicate that material 
composition has a major effect on the development of calibration 
curves for the density gages.. This was not found to be true for 
the moisture gages. Soil pH as an indication of soil type was 
investigated, and calibrgttion curves based on this parameter were 
developed. The effect of grain size distribution resulted in a 
different calibration curve for coarse-grairted verstis fine.;,.grained 
soils. 

Along with typical calibration curves, guidelines for field appli
cation were. developed. A statistical decision ·.theory based on a 
t-test was also developed to aid in making a ·decision involving 1 

the validity of using a given calibration curve. 

146. Willi4mson, T. G. and E .. J. Yoder 
An Investigation of Compaction Variability for Selected Highway 

Projects in Ihdiana 
Purdue & Ind. State f{wy. Comm. JHRP No. 5, 107 pp,BPR 4601 163. 

March 196 7. . . 

Cm:npaction control of subbase and subgrade elements as used in 
rigid pavements were studied to gather data to determine what 
level of compaction was achieved using the present.standards of 
inspectipn and enforcement and to develop a statistical quality 
control program from these data. To insure that a realistic 
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estimate of the true level of compaction· and its associated varia
bility was being obtained, approximately one hundred field density 
tests were performed on each of the six selected projects. 
Maximum density values for the field density:tests were obtained 
to compute the pe.rcent compaction values. Results obtained indicated 
that the overall level of compaction was lower than specified. _ 
Also, the overall variability in compaction was relatively -large 
indicating a condi ~ion of nonuniform compaction. The data showed 
that more uniform compaction was obtained on the subbase elements -
than ·on the sub grades showing an effect of material type. The 
factor of operator_variance in performing the field tests was 
more pronounced for the subgrade elements. The compaction data 
were used to develop a typical statistical quality control program. 
The main problem was to insure that the tests are properly 
performed, that·the location chosen is truly representative, and 
that the results obtained are enforced. (21 citations) 

14 7. Winni toy, W. E. . 
Development of Asphalt Specifications 
Technical Report 2, 49 pp, Saskatchewan Dept. H-wys, Re-gina (Canada) 

May, i966. 

Factors affecting or influencing the development of penetration 
and iiquid asphalt specifications are discussed. Three main factors 
are crude source or type method of refining, and performance of 
asphalt in a pavement. Evaluation of tests to identify desirable 
or undesirable characteristics of asphalts is. dis cussed~ In 
discussion of the more common tests,- the statistical variability 
and desirable _limits of the tests are discu8sed. In conclusion, 
some thoughts on the control of quality of asphalts are ex:press~d. 

148. Wischers, G. 
Development of Ready-Mixed Concrete in Germany 
Beton~Herstellung-Verwendung ·(Germany) 15 Ci) : 291-299. 1965. 

The development of :truck-inixed concrete in Germany started in 
1953 with two factories, in Cologne and Stuttgart. At the 
end of 1964 more tha·n 500 such factories produced about 13 million 
cubic metres of truck-mixed concrete for this purpose more than 
10% of the West German cement production was used. The factories 
for truck-mixed concrete can be subdivided into three groups: 
large factories producing more than 40. cti.m. per hour, 1lledium
sizedworks with 20 to 40 cu.m. per hour, and small works (stations) 
havirtg a capacity of 10 to 15 cu.m. per hour. Large factories 
having in some cases more than 100 cu.m. per hour were cons.tructed 
only at the commencement of this development in the large tqwns and 
concentrated areas: their total ntnnber may be. about 100. 
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The stiffer concrete is expediently transported iri dumper trucks 
but which, however, necessitates a stationary mixer. Truck-:mixers 
are approved for concrete of all three consistency ranges: more 
than 80% of truck-mixed concrete is transported by these mixers. 
More than. half of the truck-mixed concrete. falls to. the concrete 
grades B 225, .but B 160 and B 300 are also delivered to a wide 
extent. More than 50% of such ready-m:Lxed .~oncrete is demanded. 
in the consistency K 2 (plastic). With very few exceptions, the 
subdivision into three consistency ranges is quite adequate in 
practice. Truck-mixed concrete mus.t be controlled for ·quality in 
accordance With the provisional regulations introduced by the prin
cipal supervisory authorities. In addition to one's own supervision 
a control (surveillance) by expert, neutral agencies is laid down 
(an officially approved material testing institute or quality 
protection group). (13 citations) 

149. Worona, V. and W. Gunderman 
Field Evaluation of Nuclear d/M Gages Used in Compaction Control 

of Embankments 
HRA 33 (12): 103. December, 1963. 

This study was designed to evaluate nuclear moisture-density gages 
under actual field conditions. ·Many reports have been submitted 
on this technique but the data have been limited by either quantity 
of samples or by quality of personnel. Tests performed directly 
under supervision of. professors or research engineers will yield 
more reliable data:than those performed by average construction 
inspectors in the field. Because these gages wouldbe used in 
.the field by field inspectors, it was felt that they should be 
evaluated under these conditions. 

A preliminary evaluation of one Nuclear-Chicago d/M system showed 
favorable results, hence in the following construction season a 
more extensive study was conducted with eleven additional nuclear 
gages . .A complete d/M system was assigned to each of Pennsylvania's 
engineering districts and used on varied construction and soil types. 
These gages were used in the field.for one full year and the results 
were compared to the sand cone method for determining soil dertsity 
and the oven drying anci speedy moisture method of determining 
moisture content. 

. . 

Test results were submitted to the central laboratory, where the 
information was compiled and tabulated by computers, isolating 
variables that affect correlation of nuclear to sand cone results. 
These variables are soil type, soil gradation, construction type 
(embankment, soil-cement, subbase, etc.) , and different d/M sys terns. 
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Standard deviations were computed for series of grouped tests to 
determine the repeatability of both methods. of measuring moisture 
and densities of construction materials. 

150. Worthington, Samuell Thomas, _Jr. 
Control of S.oil Compaction by Density Measurements 
Report to Graduate School, Southern Methodist University as part_ 

of M .. Sc_.• requirements • . PP. 1--41. 1963. 

The degree of soil compaction is presently being determined by density 
measurements. There are several different density-instruments 
available. The sand cone and balloon volumeter are being replaced with 
nuclear instruments. Thenuclear instrtmlents are more convenient since 
they can be placed directly on the surface of the compacted material 
arid the readings taken almost instantaneously.. The sand cone and balloon 
volutneter require the digging of a hole in the material so that the volume 
can be measured and a time consuming process of drying out the material 
taken from the hole. 

All density and moisture instruments, whether nuclear or otherwise, 
should he calibrated for the particular material they are to test. 
On nuclear instruments, constant checks should be made on the accuracy 
of the instruments themselves. 

There is an inherent variability in all highway base and sub-base 
materials. This variability plus possible differences arising out 
of compaction· techniques and the density. 'tests themselves produce 
an irregular pattern of density results. The variable density 
determinations do not necessarily indicate that the densities are 
substandard • 

Inherent variability should be recognized and controlled by statis
tical sampling and analysis. The fact that many tests can he taken 
with the nuclear instruments in a relatively short period of time 
therefore indicates that nuclear instruments should be used with statis
tical sampling. _In· statistical analysis.,· a large number of samples 
produce a better estimate of the mean than does a small number. 
Accurately calibrated nuclear instruments can·ea.sily 
furnish density determinations in large quantities.. (4 citations) 

151. Zascuk, t. V. and E. F. Nefedova 
Quality Control of Asphaltic Concrete by Acoustic Methods 
Avtomobil Nye. Dorogi (USSR) No. 3: 8~10. _ 1966. · 

The authors describe the application, studied at the Dornii, 
of acoustic methods (measurement of speed of ultrasonic waves) . 
for the quality control of asphaltic concrete; at the point when 
this is used on the road or· aerodrome-control not possible using 
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traditional processes. A correlation has :been found experimentally 
between degree of compaction, speed of sound in the material and 
its temperature (proportionality between temperature on the one 
hand and the hyperbolic tangent of a multiple of the 4th power 
of the speed of propagation on the other, very little information 
being given on how to obtain the constant coefficients). This 
correlation enables indirect and immediate measurements of compac-
tion .to be made with a preGision of 1%. Transformation of ex'peri
mental data is made easier by a compact battery operated transistorised 
computer, ·which can be .placed in the compacting workshop and which 
can form a. link in the automation of the operation. This has 
showri in particular a maximum energy of compaction for asphaltic 
concretes (except for the finest). Beyond this point, there is 
fragmentation of the grains of the mineral structure which decreases 
the ultrasonic propagation speed and this in turn modifies the 
structural mechanical properties. (10 citations) 

152. A Guide to the Structural Design of Flexible and Rigid Paveme:pts 
in Canada 

Canadian Good Roads Association 65 pp. 

This document suggests methods for the structural design 
of conventional flexible and rigid pavements for roads with rural 
cross-sections which will, within 10 years after construction,. 
have annual average daily traffic volumes per lane of 1,000 or 

·more vehicles including 10 percent or more trucks and buses. The 
design procedures are based upon the results of a 7-year program 
of research on the performance of thousands of sections of pavement 
of various designs on ·the primary highways in all provinces 
of Canada, supplemented with data from other sources such as the 
AASHO road test. The flex.ible pavement design procedure is based 
on limiting values of pavement surface Benkelman Beam rebound. 
The rigid pavement design recommendations are based upon designs 
which are currently being used with success in Canada. The guide 
contains standard procedures formeasuring Benkelman Beam rebound, 
for estimating the strength of a section of flexible pavement and 
for determining the presertt performance rating. Examples of design 
and construction control are given. In the guide, equal att·ention 
is given to construction control. Evidence indicates that the 
uniformity of construction is the primary variable controlling 
pavement performance. (10 citations) 

153. ASTM Manual on Quality Control of Materials 
ASTM Committee E-11, American Society for Testing Materials, 

Special Technical Publication 15-C, 133 p. January; 1951. 
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Bearing in mind that no rules can be laid down to which no 
exceptions can be found, the connnitteebelieves that if 
the recommendations below are fo~low:ed, the presentations tvill 
contain the essential 'information for a major-ity of the uses made 
of A~S~T~M. data. 

Recommendations for Presentation of Data.-Given a set of n obser
vations of.a single variable obtained under the same essential con
ditions: 

1. Present as a nun~mum, the average, the standard deviation, 
and the number of observations. Alway$ state the number of 
observations. 

2. ·If the number of observations is large and if it is desired 
to give information regarding the shape of the distribution, 
present' also the value of the skewness k, or present ·a grouped 
frequency distribution.· 

3. If the data were not obtained tinder controlled conditions and 
it is desired to give information regarding the extreme 
observed effects of assignable causes, present the values of 
the maximum and minimum observations in addition to the average; . 
the standard deviation, and the number of observations. 

4. Present as inuch evidence as possible that the data were obtained 
under controlled conditions .. 

5. Present relevant information on precisely (a) the field within 
which the measurements are supposed to hold and (b) the condi
tions under which they were made. 

(9 citations) 

154 .. · Bituminous Concrete Surface Course Aggregates 
Wisconsin State Highway Commission HPR .... l (2), No. R-843, No.9 

Bureau of Public Roads (US) 4721112 66 December·l965. 

Analyses were made of the aggregate gradation and asphalt content 
variability in hot bituminous concrete surface mixtures consistent 
tvith those guide principles set forth by the BPR task force.on 
quality control. A summary of statistical data was included 
for the arithmetic mean material, sampling and testing variance, 
overall variance and overall standard deviation .. {Sigma) 'of each 
sieye. si.ze and asphalt content used (on each project) in each 
mixture. 

155. Guide for Sampling Inspection 
Quality and Assurance Handbook, H53, 56 p., June 30, 1965. Office 

of the Assistant Secretary of Defense, Department of Defense, 
Washington, D. C. 20301. 
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This is a guide for sampling inspection. It discusses some of 
the basic principles of sampling inspection •. The purpose of 
this handbook is threefold: 
a. to describe basic sampling procedures. 
b. to_explain the basic principles under1)1ing·saniplirig inspection, 

and 
c. to demonstrate how the sampling plans established by applicable 

military standards, handbooks and related documents are used 
iri arrivingat appropriate inspection and quality assurance 
decisions. 

This handbook may be useful to quality managers, engineers , 
specification writers, inspectors, and others who are concerned 
with sampling inspection problems. It discusses some of the basic 
principles of sampling inspection and provides the framework 
necessary for proper application to sampling inspection. A.mpl:i.-

·fication of MIL;_STD.;...lQ5 is provided in Section 2 of the handbook. 
Also a bibliography is furnished as Appendix A. 

This handbook has been specifically prepared for use by inspection 
personnel responsible for inspection decisions of an operational 
nature. It may be used as a guide in establishing procedures 
for determining conformance of operations, data inventory· control.) 
etc., to prescribed q·uality· standards. (9 citations)·· · 

156. Introduction to Statistical Methods for Quali.ty Control of Concrete 
Cement & Concrete Association Adv. Notes No. 8, 9 pp. May, 1965. 

This note gives statistical methods of use in assessing the results 
of various control tests used in the concrete industiy. Particular 
reference is made to cube test results. 

. -

157. Materials and Construction (The ASSHO Road Test. Report 2) 
Highway Research Board Special Report 61B. National_ Academy 

of· Sciences National Research Council, Publication 951. 
Washington; D. C., 1962. 

This report, while giving an outline of the: overall project, . 
concentrates upon the more statistical aspects of the data collected. 
Summaries are given in terms of means; bar graphs, and cumulative 
frequency curves, to name a few. , It is indicated that the original 
mass of data collected is available if the reader wishes to pursue 
a particular problem in depth. 

The several chapters have as their subject matter the following 
maj-or topics: (1) Embankment specifications --~procedures, 
summaries of data· on material and construction control-and the 
characteristics as constructed. (2) Subbase for flexible and· 
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rigid paveme,nts -- the s-and-gravel mulch used is characterized 
as a·materiai with control. and test data summarized. (3) Base· 
course -- consisted primarily of crushed stone, although several· 
other base materials were investigated; gradation, moisture, com
paction, .density; thickness were the principal characteristics 
studied, the special base material considered was· a prepared gravel
sand mix alone, and stabilized with asphalt and with cement. 
(4) Surfacing with flexible pavement used a limestone coarse aggre
gate, a coarse sand, a fine sand and a limestone dust. filler,. 
these were mixed with asphalt. to required specifications; records 
on asphalt extracted, compactive effort, compaction a~hieved, · 
thickness of surfacing also form a part of the construction 
record. (5) Surfacing with rigid pavement _..;.. was with reinforced 
and non-reinforced portland cement concrete; the material 
and construction specifications are summarized as well as infor
mation pertaining to construction control. Slump, air content, 
flexural and compressive str:engths, 14-day cylinder strengths 

· and pavement thicknesses were collected on the concrete surfacings. 
(6) a variety of bridge structures were constructed and many con
struction measurements assembled. (7) Methodological descriptions 
are included such as sampling· for compaction control, measuring 
maximum by den.sity, a cooperative materials testing program, . 
BPR tests, and stress and static yields on structural steels. 

158. Procedures for Using Statistical Methods for Process Control and 
Acceptance of Bituminous Mixtures 

South Carolina State Hig~way Department HPR-1 (2), 518.Bureau of 
Public Roads 4721·293 66, February 1966. · 

This study on ways and means of application of statistical methods 
for process control and acceptance of hot-mix bituminous mixtures 
was prompted by the fact that the South Carolina State Highway Depart
ment bad put strong emphasis on strict compliance wl.th specifi-
cation control while realizing that variations. are inherent in 
materials, construction procedures; sampiing and testing. . Phase I 
developed statistical quality control procedures for process · 
cpntrol and acceptability from actual projects employing hot-mix 
asphaltic paving materials. Phase· II inves tiga.ted the completed 
components to verify the procedures. Phase III prepared a tenta-
tive !3YStem of process control and acceptance of mixtures and 
testing ()f four projects at different locations. Phase IV used 
the data and experience gained in the preceding parts of this 
study. to develop a system for process control and acceptance of 
asphaltic mixtures and a procedure for adjusting the unit price 
for unacceptable lots of material. Model specifications, employing 
statistical concepts, were presertted. 
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159. Quality Assurance Through Process Contro~ and Acceptance Sampling 
Bureau of Public Roads (US). 79 pp. April 1967. 

Quality assurance for highways irtclude proper ordering of the 
things necessary to perform the services and .assurance that what 
was ordered will be received. The specific characteristics that 
must be controlled and their quantitative level or uniformity 
of dimensions or performance are investigated. .Because of the 
volume, speed, legai and financiaJ requirements.of highway con.;
struction,_improved quality assurance methods areneeded. 
Statistical definitions and concepts needed for application in 
specification writing are given. 

160. Quality Control 
Idaho Department of Highways, Research Project No •. 11, 3.4 pp·, 

May 196 7. (HRA 37 (10) :. ,16. October 1967). 

The purpose of this quality control study was to make a realistic 
appraisal, using statistical methods, of acceptance specifications 
for crushed mineral aggregate. Samples -from two sources were 
tested for their sampling variance, testing variance, and material 
vari~nce. A direct relationship was found b.etween the sampling· 
variance and sampling method. ·Samples obtained by means of ah 
automatic sampling device produced lower sampling variances than 
samples obtained manually. Sampling variances als;o showed more 
uniformity when an automatic sampling device was used. The splitting 
me thad used and ~he testing variance also showed a direct relation
ship. Samples which were cross-split (split twice and opposite 
quarters combined) showed a lower testing variance than samples 
which were split· only once. 

161. Quality Control Analysis, Part 2, Soil and Aggregate Base Course 
Louisiana Department Highways, HPR-1 (3), 63-lG, Bureau of Public 

Roads (US). 4721183 66 

An attempt has been made to detennine the extent of variability 
of soil and aggregate base course characteristics using data collected 
from compl~ted project- fiies. On the basis. of this variahili ty, 
numerical limits have been _established using statistical quali'ty 
control technique. The his tori cal data. tend to fol.low the normal 
distribution.· Unstabilized aggregate base course .has :less variability 
than stabilized base courses and the Sigmas are considerably different 
for different contractors. 

162. Quality Control Analysis, Part 3, Concrete and Concrete Aggregates 
Louisiana Department Highways, Research & Development Section, 

HPR 1 ( 4) , 63~ lG Bureau of Public Roads (US) 4 7211.83 66 September 1966. 
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This is the third and last report on the quality control analysis 
of highway construction materials. It deals with the statistical 
evaluation of data from several construction projects to determine 
variability· of slump and of aggregates. The ·analysis indicated 
(1) t:hat the. frequency distribution of most qf the data te'nd to 
follow the normal distribution, (2) that there is considerable 
variation in concrete production from batch to batch, ( 3) that for. 
fine aggregate, the stockpile component of variance contributes 
more to the overall variance than samples within stockpile- component, 
and (4) that in the case of coarse aggregates the sample within 
stockpile components show larger variance than between stockpile 
components. The study revealed how con ttol charts can be used 
for control and acceptance of P .C. concrete. The report includes 
an analysis of thickness of pavement and analysis of bi.tuminous 
hot mix density and discharge temperature. 

163. Quality Control Techniques 
Highway Conference on Research and Development of Quality 
· Control and Acceptance Specifications. Volume 1, 504 pages. 

April 5-T, 1965.. Bureau of Public Roads, U. S ~ Department 
of Commerce 

This volume col1tains some 43 presentations made to the conference, 
not.all are directly addressed to the title but it does represent 
the opinions and thoughts of people intimately connected with high- . 
way construction, both from the standpoint of the contractor and 
of the state highway officials who have to take final action regard;_ 
ing the final product produced. This is a· good place to start for an 
overall view of the magnitude of the quality control problem in highway 
construction. JGD 

164. Quality Controlled Concrete 
Civil Engineering and Public Works Review 53 (626): 907-908. 1958. 

(HRA 28 (10): 5-6. 1958). 

On(! of the main.difficulties in the production of concrete is 
the iarge number of variables, which may give rise to large 
differences in the strength and other charac<teristics of the end 
product from day to day or even from batch to batch. The aim of 
Quality Control is to reduce the variations as far as possible, 
and not necessarily, as many people assume, to produce concrete 
of specially high strength. 

As the other important characteristics of concrete (permeability, 
resistance to weathering) vary, by and large, directly with the 
crushing strength, it is the normal practice to judge concrete 
by.its 28-day crushing strength. The immediate target of control 
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is to produce a mate~ial the strength of which will vary from 
the average by only a reasonable percentage----say 25 to 30 percen~ 
up or down. It is not unconnnon for uncontrolled concrete to 
vary by more than 50 percent up or down. 

The two principal innovations whi~h are usually considered. as 
a part of quality control are weight hatching and vibration. 
Quality can actually be controlled without using either: technique 
but control is simplified and cheapened by both. Themain-advantages 

.·of quality control are (1) more uniformity in strength, better 
appearance and improvements in other desirable qualities; (2) 
less poor work which has to be made good; (3) either savings of 
cement, or better workability, or both; and (4) possible additional 
cement savings due to more. accurate hatching, as many contractors 
suspect that even with nominal mixes such as 1:2:4 by volume, much 
extra cement is used in error. 

First it must be assumed that the design of the structure 
requires that the strength of the concrete should not fall below 
a certain value at 28 days, usually 3,000 psi for normal rein;... 
forced concrete. It should be noted, however, that an absolute 
minimum strength cannot be guaranteed as there is always a 
chance of a low result occasionally, and if the average is not to 
be unnecessarily high, up to one ~est in about 20 to 25 must be 
allowed for below the minimum asked for. 

The main factor influencing the strength is the ratio of water to 
cement usually measured by weight, and referred to as the water
cement ratio. Poor control on the site would iead to large 
variations in the water--cement ratio; with, consequent variations 
in the strength of the concrete about its average value. The 
larger the variations, the higher the average _has to be raised 
to keep the lower var;iations above the minimum required. . That· is 
to say, poor control necessitates a.high average strengthand 
therefore, a low average water-cement ratio, and this in turn 
means either a drier mix or a mix richer in cem~nt. 

Conversely, good control allows a lower average strength and a 
high average water cement ratio, the effect on the mix being 
either to improve the workability or ·enable a leaner mix to be used 

. . . 

Thus the idea that quality control necessarily means a very dry 
concrete is wrong; in fact it could lead to costs being reduced 
through a more workable concrete. Generally, quality control 
should enable a workable mix to be adopted with a saving of cement 
as well. 
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When toUse Quality Control 

1. In all cases where a water-retaining structure is required, 
or where the structure will be exposed to weathering. . 
2. Where the minimum strength required is 4,000 psi or greater, 
quality control could be expected to be financially advantageous. 
provided the quantity of concrete required a 10/7 or larger mixer. 
3. Where the minimum strength required is: 3,000 psi it is more 
difficult to decide for reasons mentioned, and because the size 
of the job, rate of output, and type of work all vary from job 
to job and are so interwoven that it is impracticable to generalize. 
However; it is doubtful if quality control could be justified on 
short term economic grounds alone for jobs of less than 2,000 cu 
yd of concrete with weekly outputs of less than 150 cu yd. Many 
jobs, of course, have b-asements which would justify quality con
trol, whereas the superstructure ~auld not, and in such cases, it 
might pay to continue the measures adopted in the basement. 
4. On any job of any size the contractor should consider the 
advantages to be gained from improving the hatching and mix design. 
Much cement is lost through poor hatching and much cutting out and 
making good due to faulty mix proportions. Output is also lost 
through hatches deficient in all materials. 

165. Road Research Needs in Canada: 1965. 
Canadian Good Roads Assoc. Tech. Bull. No. ·~ 7, 10 pp. May 1965 .. 

This document defines the principal road research needs and their 
relative . priori-ties in Cariada in 1965 • Of the 44 probl~ms included 
in the list of road research needs, the. highest priority. was 
given to the following: (1) deterioration of bridge decks and 
superstructures by deicin·g chemicals, (2) statistical quality 
control procedures for construction, (3) causes, effects and con
trol of transverse and longitudinal cracks in bituminous pavements, 
(4) determination of the significant properties of bitumens artd 
the development of tests for their measurement, (5) structural design 
of flexible pavements for low traffic volume roads, (6) determina
tion of the necessary and reasonable assumptions for planning 
transportatiort systems, (7) relationship of geometric design 
features of roads to accident rates, and (8) passing s]ght distance 
requirements. The needs were defined to encourage road research 
organizations throughout Canada to undertake intensive investiga
tions of these problems. 

166. Some Sugg.~stions for Preventing Concrete Surface Blemishes 
Cortcrete Construction 12 (3): 82-84~ 1967. 
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While concrete mix design and quality -control remain important, 
blemish...;,preventing factors, the appearance of a GOncrete surface 
may be improved by careful attention to formwork detail.. Probable 
causes of surface blemishes are reviewed and recormnendations 
made for the prevention of surface blemishes. 

16 7. Statistical P~rameters Research Project...;.Quali-ty Control Study on 
Asphalt Pavement Research Proje(!t 

Colorado Department Highways, Planning and Rese.arch Division, 
HPR, BPR-1407, State-4 Bureau of Public: Roads (US) 4772004 

67. July 1967. 

This report sumtnarizes :t:he statistical parameters calculated 
from the results of labo.ratory tests. upon 2-00 samples obtained 
over a 12,600 foot section (4,297 tons) of the intermediate 
course of a typical 3 course asphalt pavement. The samples consisted 
of two ~riginal pair$ of 6 inch cores and two duplicate pairs, 
taken at. 50 randomly selected sites. Tests were run in the central 
l"aboratory for thickness, conventional density, asphalt content, 

-graduation; nuc:Lear density and air void content. A statistical 
analysis of variance was run upon _the test data to obtain the test-/ 
ing, sampling, material and total variance components. Standard, 
deviation, mean_, median, mode, and range were also calculated. 
Sieve analyses on extracted aggregates were run in accordance 
with the MSHO T-30 test method. Analysi-s of varian·ce was run 
on extracted aggregated data to study the relation between the 
percent passing the No. 4 sieve and the corresponding asphalt 
content of sample cores taken from the 50 test sites. It was 
estimated that a 1% variation in the minus 4 aggregatewill 
result in a corresponding 0.1% variation in asphalt content. -
Standard deviations calculated for all sizes of aggregates from 
minus 4 to minus 200 showed that the state tolerances for these 
sized are very clos.e to the theoretical valu.es. 

168. Statistical Quality Control 
Nebraska Department Roads, Materials & tests Div, Project F-56(20) 

64.:..4 Bureau of Public Roq.ds (US) 4721263 66 .. 

This project was Type 1, Special, an.~sphaltic concrete surfacing-
3 inches thfck and 24 feet. wide with a total length of 12 miles. 
A continuous batch plant was employed using crushed sand-gravel 
and crushed limestone rock with the asphalt at a design value 
of 4.9%. Random samples were obtained to determine temperature, 
thickness and .density in the field, and to determine values of 
stability, graduation, voids and -asphalt content. in the laboratory. 
Field and laboratory data sheets are presented. Statistical 
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parameters include standard deviation, variance due to material 
sampling and testing, and the overall coefficient of variation. 
These parameters disclose any weakness of uniformity of mate-rial, . 
sampling or testing for the project. The data will supplement the 
Public Roads reservoir of similar data for use .in future speci;ficat~ons 
and cqnstruction control. The state offers no conclUsions or 

. recommendations at this time on this type of construction.·· 

16,9. Statistical Quality Control F-145 (21) 
Nebraska Department Roads 64-4, Bureau of Public Roads (US) 4721263 67, 

April 1967. 

This was conducted Type 1 Special (A) asphaltic concrete surliace 
course 3 inches thick and 24 ft. wide for a distan·ce of 7. 4 miles • 
A continuous batch plant was employed to prepare the crushed 
limes tone - sand ~ asphalt mixture. The mixture was placed 
with a Barber-Greene paver with . an automatic leveler.. This is 
the 3rd project of this type of construction and the data of all 
three will be correlated for averages, sigmas and variances of 
gradation, asphalt content • density,. thicknes·s and stability from . 
randomly select~d -samples and measurements. The statistical 
parameters disclose non-uniformity of material sampling or 
testing procedures, thus designating areas needing corrective 
measures to produce uniformity of final pavement material. No 
conclusions or recommendations are offered at this time, perhaps 
the final report on the whole study will offer recommendations. 

170. StatisticalQuality Control in Highway Construction 
Engineering News Record 178 (2): 28-32. 1967. 

Statistical quality control (SQC) is a probability-based method 
of developing and ~nforcing specifications. Specifications based 
on SQC consider the normal variations of test results, the inherent 
deviations of the material or processes and the ran~om errors of 
sampling and testing.. Highway specifications fall into· three 
categories: 100% compliance within certain limits, acceptance 
based on engineering judgment, and substantial compliance within 
definite limits~ The burden of judgment still rests on the . 
engineer. The Bureau of Public Roads formed a task force to study 
the feasibility of applying SQt techniques to highway construction 
and to devise research plans. Several states are investigating 
test procedures and variations in construction material and methods. 
All states agree that SQC would increase substantially the cost 
of some tests if present procedureS are used. Compaction control 
specifications by nuclear measurements are used in several states 
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with good results. Step-by-step testin,g p:rocedtires using st~t"isti
cal concepts were develop.ed to write specifications- A drawing: 
of statisticallybased accept'ance specifications is presented~ 

171. Statistical Quality ControlofBituminous Plant Mix Surface Construction 
Montana State High~ay Commission 4722002, 7913 PA-7 •. Bureau of 

Public Roads (US) 4720003 65. 

The project was performed to: (1) determine .. "~;;he optimum position· 
in the production process from which to p:rocure samples for accepted 
t·esting of the materia1, and (2) to obtain information with which 
to revise specifications concerning acceptance testing of bituminous 
pavements. 

The report contains statistical information concerning samples of 
a Type 3 plant mix'obtained randomly from.three (3) positions in 
the-process: (1) the ·truck bed (2) the screw of the-paver and 
( 3) the finished mat. 

Statistical information conce_rning random samples taken from the 
truck bed at two other projects are also reported. 

Recommended specifications for the statistical quality control of 
the material are presented. 

. , 

. . . . . -

172. Statistical Quality Control Report on Dat~ Obtained by Random 
Sampling Type 1 Special Asphaltic Concrete Surface Course 

Nebraska Department Roads 64-4, Bureau of Public Roads (US) 
4 721333 66. March 1966. 

Asphaltic concrete 3 in. thick, 24 ft.wide,6.8 miles long was 
laid in a surface course, north of Union Corner, .Nebraska. 
Material was prepare'd in a continuous batch plant t1Sing crushed 
limestone with crushed sand,_ asphaltic content 5.1 percent. (design). 
Random sampling ·was performed to obtain data on .temperature, 
thickness and density in the field. Laboratory tests on stability, 
gradation; asphalt corttent artd voids were performed. Data 
sheet copies as well as the compilation of. the- statistical 
parameters for material characteristics ~re includeq. · The statis~ 
tical parameters include standard deviation, variance due to 
material,· sampling and testing, and overall coefficient of varia
tion. They will disclose any weakness of uniformity of materials, 
sampling or testing procedures. 

173. Stone and Ready Mix Supplied the Modern Way 
Constructioneer pp. 34-38, June 27, 1966. 
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The Buffalo Crushed Stone -Go. operations in supplying stone and 
ready.;._mix are reviewed. Automation and recordation techniques 
plus testing facilities insure complete quality control. · Constant 
checks are made on each product lirte and everything, except the 
cement and asphalt, which are furnished from outside sources, 
is tested. An IBM computer which handles production scheduling, 
billing and other detail work also helps operations. 

174. The Statistical Approach to Quality Control in Highway Construction 
· Bureau of Public Roads (US) 43 pp. April 1965. 

Quanitative values of statistical parameters for highway materials 
and processes are needed to apply statistical concepts .to quality 
control in highway construction. Background information.is given 
concerning the development of an overall plan for application of 
the statistical approach. The relatively large amount of sampling 
and testing required to establish the significant parameters 
involved will not be required when specifications are based on 
statistical concepts. The methods of application of statistical 
principles to.specific control problems in highway construction 
have not, as yet, been selected. 

175. Winnipeg Tests Rust Inhibitor 
Engineering and Contract Record (Canada) 79 (4): 41 pp. 1966. 

Metropoli_tan Winnipeg is testing a new rust inhibitorto give 
protection against salt damage to cars during the winter. A 
chemical is sprayed on the salt during mining operations. As 
the salt melts.ice, the slush splashes onto cars and the steel 
surface reacts with the chemical to· form a protective oxide 
coating. The treatment increases the cost of s'alt by four dollars 
per ton, but is reputed to give 85% protection. Manitoba is 
also testing an infrared spectrophoto'tt?-eter to check on quality 
and pavetne11;t performance of the prpvince 's highways •. · 
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APPENDIX 2 

LISTING OF CURRENT RESEARCH PROJECTS RELATIVE 

TO STATISTICAL QUAL!TY CONTROL IN 

HIGHWAY CONSTRUCTION 
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1. Title: Quality Control of Construction by Statistical Tolerances. 
Agency: Bureau of Research and Development, Alabama State Highway 

Department. (930-024, BPR 4721103) 
Personnel: J. H. David 
Period: 1964-1967 
Objective: . 

To supplement regular sampling and testing procedures with a 
concurrent statistically designed sampling. and testing operation. 
To determine the variations in present construc.tion. 

2. Title: Study of Statistical Methods of Quality Control 
Agency: Materials and Research Department, California Division 

of Highways (14033) BPR 4721123) 
Personnel: R. 0. Watkins 
Period: 1964-1966 
Objective: 

To statistically measure the results of present construction 
practices and specifications, artd to consider the use of statistical 
methods of control in highway construction. The items studied include 
embankment compaction, base, subbase and concrete aggregate, plastic 
concrete, portland cement, galvanizing and p~ving asphalt. 

The study of the last four items involves a review of the data 
on file. The other items are being analyzed using the construction . 
sites for each item. 
Reports: (1) Watkins, R. o. and B. Page~ A Statistical Analysis of 
Penetration Test Results (85-100 Grade·. Paving Asphalt). 

(2) Jorgensen, J. F. and R. 0. Watkins. Compaction--
Myth or Fact. 

· (3). Sherman, G~ B., R. 0. Watkins, and R. H. Prysock 
A Statistical Analysis of Ell1bankment Compaction. 

3. Title: Quality Assurance Research 
Agency: California Division of Highways (F-1-3, BPR 4641413) 
Period: 1967~1969 
Objective: 

The use of forceful specifications based on the scientific 
estimates of quality requirements and performance capabilities 
of materials and structures is being developed and implemented. 
Methods of estimating performance based on. statistical principles 
are being improved. 

4. Title: Applications of Statistical Quality Control Methods 
Agency: Materials and Research Department, California Division 

of Highways (19-631146, HPR-1(4)) 
Personnel: G. B. Sherman and R. 0. Watkins 
Period: 1966 plus 
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Objective: 
Of this study will be t'o find a method of using statistical 

quality control methods to advantage in highway construction•' ·The 
project will be conducted in three phases: (1) Method Of controlling 
manufactured items such as cement and asphalts will be investigated, 
(2) The value and accuracy of the record sampling program will be 
studied, and (3} The use of statistical methods in contract control 
will be evaluated. 

5. Title: Investigation of Plastics for Use in Waters tops 
Agency: Materials and Research Department, California Division of 

Highways (19~636404, HPR-1(4)) 
Personnel: J •. R. Nordlin an.d J. R. Stoker 
Period: 1966 plus 
Objective: 

A number of failures have occurred in elastomeric compourids 
used for waters top . in bridge structures. Natural rubber, synthetic 

. rubbers, and polyvinyl chloride materials have a11 exhibited prob lenis. 
The objective of ~::J;'ds study is to determine the proper configuration 
of the waterstop and the proper material to be used for the application, 
and to· develop test. methoqs and specifications to control the quality 
of the product .• 

6. Title: Qtiality Control 
Agency: District of Columbia Department of Highways arid Tr.affic 

(BPR 4721133) . 
Personnel: N. G. Smith 
Period: 1964-1967 
Objectiv.e: · 

To establish quality control procedures and limits· for those 
construction materials manufactured by the contractor and used in 
co-nstruction. 

7. Title: Quality Control 
Agency: Miller.,-Warden Associat~s, Raleigh, N. C •. (for Florida State 

Road Department) (M-5--66, BPR 4601453) 
Period: 1966-1968. 
Objective: 

The applicati,on of statistical quality control procedures is 
being developed in the preparation of specifications. for mate'rials 
and construction pr6cedUres. 

8. Title: Statistical Approach to Quality Control 
Agency: Idaho Department of Highways 
Personnel: H. L. Day 
Period: 1964~1966 
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Objectives: 
Part I - Investigation of variations in aggregate gradations 

of.two sizes of base materials and of sand equivalent values of 
these materials. Two different sources of material are used. 

Part II - Investigation of variations in test values at 
refinery and a set.o£ 3 duplicates taken at 1/2 points of truck 
tanker at point of delivery. · · 

9. Title: Behavior of WeldedHighway Stru~tures 
Agency: Civil Engineering Department, University of Illinois. 

Urbana, Illinois (IHR-64, BPR 4613412) 
Personnel: W. H. Murise 
Period: 1960-1967. 
Objective: 

Welding and welded h~ghway structures are being studied in 
order that more economical highway structures may be constructed, 
and to make it possible to use welding more efficiently. Studies 
have ·been conducted in the following areas: (a) Fatigue Behavior 
of Welded Reinforcing Bars, (b) Inspection Methods and Quality 
Control for Welded Highway Structures, (c) Evaluation of Low
Alloy ·Steel 'for-- ·Hfghw§y· .Bridges;, . and,:· {d) Effect of Geometry on 
Fatigue Behavior of Welded Joints. · 
Reports: (1) Sanders, W. W. , Jr., R. J. Hoadley and W. H. Munse 
Fatigue Behavior of Welded Joints in Reinforcing Bars for Conctete. 
Welding Journal, December, 1961. 

(2) Sanders, W. W., Jr., A. T. Deracho and W. H. Munse. 
Effect of External Geometry on Fatigue Behavior of Welded Joints. 
Welding Journal 44 (2).. · February, 1965. 

(3) Walls; J. C~, W. W. Sanders, Jr., and W. H. Moose. 
Fatigue· Behavior of Butt-Welded Reinforcing Bars in Reinforced 
Concrete Beatns. Journal of American Concrete Institute Proc. 
62 (2) • February, 1965. 

(4) Study of Inspection Methods and Quality Control for 
Welded High't\fay Structures. Highway Research Board Record No. 110, 
1966. 

10. Title: Improved Quality Control inHighway Construction 

11. 

Agency: Bureau of Materials, Illinois Division of Highways (IHR-83) 
Period: 1964-1967 
Objective: 

To develop a practical system for the improved control of 
quality in highway construction by measuring the variations using 
statistical methods. 

Title: 
Agency: 
Period: 

Quality Control Applied to Highway Construction 
Purdue University (BPR 4601163) 
1962-1967. 

Objective: 
The quality levels of various materials and facets of highway 

construction are being ascertained. 
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12. Title: Development of a Laboratory Durability Test for Asphalt 
Agency: Engineering Experiment Station, Iowa State University 

(HR-124) 
Personnel: L. H. Csanyi 
Period: 1966-1967 
Objective: 

A relatively rapid laboratory test is being 4eveloped which 
will enable the design engineer to select an asphalt according to 
·quality and to make a correct estimate of .the service life of a 
selected asphalt when used in a specific paving mixture. 

13. Title: Quality Control Concepts and Their Application to B.ighway 
Specifications and Construction 

Agency: Kentucky Department of Highways (KYHPR-65-36, BPR 472117-3) 
Personnel: J. H. Havens and R. C. Deen 
Period: 1966 plus 1 

Objectives: 
(1) To compile pertinent test data fron1 acceptapce records, 
(2) To analysis the statistical validity of tolerances and 

liniits currently specified. 

14. Title: Quality Control Analysis 
Agency: Louisiana Department of Highways (63~2G, BPR 4721183) 
Personnel: S. C. Shah 
Period: 1963-1968. 
Ob j ectiV'e: . 

To revise currently usedhighway materials specifications 
on the basis of statistical findings using data collected from 
project files (historical). 
Reports: (1) Shah, s. C. Quality Control Analysis, Part I ...: 
Asphaltic Concrete. Louisiana Department of Highways, November, 
1964. (2) Shah, S. C., Quality Control Analysis, Part II-
Soil and Aggregate Base Cotirse. "Louisiana Department o{ Highways, 
July, 1966. 

(3) Shah, S. C. Quality Control Analysis, Part III -
Concrete and Concrete Aggregates. Louisiana Department of Highways, 
November, 1966. 

15. Title: Mixture Results Analysis by Process Control 
Agency: MaineState Highway Connnission (471, BPR 4601072) 
Period: 1967-1968 
Objective: 

The feasibility of adopting a method using statistical control 
charts as a means of determining control and accpetance for bituminous 
mixtures is being determined. 
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16. Title: Specification Writing,, Construction Control, Material 
Control and Quality Control by Statistical Method·s. . 

· Agency: Maryland State Highway Commission (AW65..;.74-46, BPR 4721 
203) 

Personnel: Parrish 
Period: 1964-1966 
Objective: 

To conduct investigations exploring the feasibility of the 
use of statistical methods in the control of materials and their 
application to highway construction. Present specifications and 
acceptance criteria will be_studied and compared with appropriate 
statistical plana. 

17. Title: Bituminous Pavement Research 
Agency: Massachusetts Institute of Technology (1(2l)R2-23) 
Period: 1962-1965 

' Objective: 
To determine service suitability of various materials and 

combinations th~reof in flexible layered pavements ·and to analyze 
stresses and strains in layered pavements under static and dynamic 
loads. Practical methods of qua.lity·control are being developed 
which will ensure safer, longer lasting and smoother riding pave
ments, together with economy of construction, reconstruction and 
maintenance. The effect of viscosity of asp,halt on the properties 
of compacted bituminous mixtures is being investigated. 
Reports: (1) Hagstrom, J. and R. E. Chambers. The Influence of 
Support Conditions on the Behavior o:f Elastic Plates. R65-10, May, 
1965. (2) Tons, E., R. E. Chambers a.nd M. A. Kamin, Layered 
pavement design method for Massachusetts. C. E. Dept.; Report R.64-
27, MIT, January, 1965. · 

(3) Bikerman, J. J. and J. P. Chen~ Effect of Water on 
Asphalt-rock Adhesive Joints. C. E. Dept. Report R65--08, MIT, 
March, 1965. 

(4) McGarry, F. J., Engineering Properties of Materials 
for Layered Bituminous Pavements Systems, Materials Research Labora~ 
tory, 1965 (?). 

18. Title: 
Agency: 
Period:. 

Bituminous Pavement 
Massachusetts Institute of Technology (BPR 4811 221) 
1963-1966 

Objective: 
Service suitability of materials for flexible layered systems 

is being det~rmined. An analysis of stresses and stra.ins under 
static and dynamic loads is being made and practical methods for 
quality control are being developed. 
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19. Title: HigJ1way Quality Control Program 
Agency: Research Laboratory Divisie>n, Michigan Department of: 

State Highways.- (63 G-12~, BPR 4721 213) 
Personnel: F. Copple, D. C. Church, 'C. A. Zapata 
Period: 1963-1966 
Objective: 

To delineate specific areas in the field of highway materials 
and construction where quality control, is pr~ctical and advantageous; 
and to devel()p suttable quality control programs in these flreas and 
write quality control methqds into existing materials and constru.c-
tion specifications. · · 
Reports: (1) McLaughlin, w. W.; Michigan's Quality Control Program •. 
Paper presented at 4th Annual Highway Conference, Michigan College 
of Mining and Technology, October, 1963. 

(2) McLaughlin, W. · W •, Highway Quality Control Program. 
Michigan. Paper presented at ASCE Construction Division and St. 
Louis Section Conference on Q~ality in Engineered ·const:ruc.tion, 
St. Louis, Missouri, June 16-18, 1965. 

20. Title: Development of Nuclear Methods for Quality Control of 
Highway Etnbankment Construction . . 

Agency: Michigan Department of Stat? Highways (61---E22, BPR 4722 003) 
Personnel: :R. (,"!. Mainfort, R. L. Felter 
Period:. 1964~1966 . 
Obj eetive: .. 

TQ determine the type and size of radioactive source most 
suited for measuring. soil properties to determine the most suitable 
geometry for instrument components, and to develop a statistical 
method for handl:ing data to obtain quality cont~ol o:( highway con
struction. ·The study will include nuclear device.modifi~ation to 
permit better adapt~tion of the nuclear method to highway engineer
ing. 

21. Title: ·nevelopment of Procedures for Process Inspection of 
Heavy MediaBenefication Plants for .Coarse Aggregate 

Agency: Michigan Technological University, Michigan Department 
of State Highways. (R-153, 65-827). 

Personnel: M. E. Volin and E • L. Michaels 
Period: 1965-1967 
Objective: 

Aggregate benefication process control is being developed and. 
demonstrated to assure a high quality product and to replace sampling 
inspection with occasiona! process inspection. HMS,plants w:ere 
observeq and laboratory tests were made to determine oper;ational 
variables and methods of measuring and controlling these_var:iables. 
A continuous pilot plant test (with process variables measured 
and controlled) will demonstrate those controls equivalent to 
process inspec.tion and quality control. 
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Reports: Michaels, :E: L~, and M. E. Volin.· Development of Pro
cedures for Process· Ins·pection of Heavy Media Benefication Plants 
for Coarse Aggregate~ . Michigan Technological· Univer-sity, August, 
1966. 

22. Title: Study of Practical Measurements of Aggregate Quality 
Agency: Institute of Mineral Research (for Michigan Department 

of State Highways). (BPR 4816 003) 
Period: 1967 
Objective: 

The possibility of developing a method of testing the quality_ 
of concrete aggregate, which can be applied to field procedures, 
is to be explored. 

23. Title: Nuclear Test Equipment Investigation 
Agency: Materials and Test Division, Nebraska bepartment.of 

Roads (64-5, BPR 4722 004) 
Personnel: W. J. Ramsey and D. I'· Inghram 
Period: 1964-1966 
Objective: 

To develop and use non-destructive testing techniques using 
various types of nuclear equipment for compaction quality control 
data for soils, bases and asphalt mixes. The investigation also 
includes the determination of asphalt content of asphalt concrete. 

24. Title: Statistical Quality Control 
Agency: Nebraska Deparbnent of Roads. (64-4, BPR 4721 :L63) 
Period: 1966 
Objective: 

To provide background data and experience as a basis for 
changing cu!rent specifications an~ method of inspection,. 
sampling and testing. 
Reports: Based up·drt dat~ obtained by random satnnlina of the 
asnha.ltic concretesurface course during construction and is~ued 
hy thP Division of Materials and TPsts. Nebraska Dep::trtmPnt of 
Roads for the follnwinP proiectR: 

'F-95t6), Enders- Wouneta, September, 1965; 
S-/55(4), Wisner- Bancroft, October, 1965; 
F-253(3). Minilen -West~ December, 1965; 
F-28t8), Union- Murray, March, 1966; 
F-56t20), York - Aurora~ .Tune- 1966. 
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25~ Title: Statistt<:al Approach to Quality Control 
Agency: New Jersey Stc:tte Highway Depa,rtment (7711, BPR 4721 283) 
Personnel: w ~ R,. 13ellis ~ R. A. ~ege, K. Affertan 
Period: 1964-1967 
Objective: 

To establish, by the use of statistical methods, the necessary 
sampling_ required to maintain adequate quality control of construc
tion. 

26. Title: Quality Control of Central Hix Concrete During Mixi11g 
and Transporting 

Agency: New York State D~partment of Public Works. (42-33Q., 
.BPR. 4723 004) 

Personnel: I. F. Rizzuto, W. P. Chamberlin and D. E. Gordinier 
Period: 1965-1966 
Objective: 

Th~departmen,t is evaluating its_ current specifications govern
ing the production of Central-Mix Concrete.- The study includes a 
literat\lre.summary and a review of cement practice to determine 
whether field studies are necessary to gather. additional related. 
information. 

27. Title: St.atistic~l Quality Control . . 
Agency: · N'or~h Dakota State Highway Department (2-67, BPR 4601 483) 
Peri6d: 1967-1968 
Objective: 

Variations in the contra"! parameters are being determined for 
quality contr_ol on asphaltic concr_ete construqtion and compacted 
embankments. 

28. Title: Statistical Quality Control 
Agency: Department· of Civil Engineering, North Dakota State. 

University 
Personnel: J. L. Jorgenson 
Period·: 1967 
Objective: 

Two areas of highway construct,iort are. being investigated .. to 
determine the variatiOtl. in the controlling parameters of each type 
of construction studied. The results will furnish a basis for 
determining the average quality level to be expected ·in normal 
construction and what variations can be tolerated. -The results 
should lead to a change in specifications. Field and laboratory 
tests of the materials used and the results obtained in construc
tion are being made. 
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29. Title: To Evaluate Existing Methods and/or·nevelop Improved 
Methods for the Measurement of Certe1in Properties of Concrete 

Agency: Building Research Laboratory, Engineering Experiment 
Station, Ohio State University. (6--6) 

Personnel: R. W. Bletzacker 
Period: 1963-1~65. 

Objective: 
Methods of securing pertinent information related to the m:tx1.ng, 

placing, and curing of concrete at the earliest desirable·· or feasible 
age are being provided. An early knowledge of su·ch information as 
air, water, and cement content will aid in better control of con
crete mixing and placing. Other factors relative to quality control 
are-being studied, and measurement techniques are to be developed, 
if deemed desirable. 

Several series of te·sts are performed to determine uniformity 
of mortar samples taken front the same concrete batch. One series 
concerned the variation of fines between samples while another con
cerned the variation in the water/fine ratio. A subsequent series 
will be perfotmed to determine the water/cement ratio, however, 
the tube separator wi 11 have to be modified for this purpose. 
Further experiments will determine the· consistency of test results 
from air meters, and several A. E. 55 meters were obtained for this 
purpose. The Pachometer tests and tests to determine the· loss of 
volume associated with water-alcohol mixtures were continued. 

30. Title: Statistical Analysis of Aggregate Size Distribution 
Agency: Engineering Experiment Station, Ohio State University 

(EES298) 
Personnel: K. Maj idzadeh 
Period: 1967 
Objective: 

Tqe size-distribution in the coarse aggregate used for asphaltic 
concrete and portland cement concrete is being studied. The variabili~y 
in the size distribution of the aggregates obtained from a selected · 
number of stockpiles is to be analyzed. Establishment is to be made 
of appropriate acceptance. and rejec tiort criteria; samp 1e size, and 
random sampling techniques, all based on· statistical concepts. Ap
propriate recoiilinendations for the appli~ation of, these analyses to 
the quality control of the aggregate will be made and suitable 
procedures for material acceptance'and the contract payment adopted. 

31. Title: Statistical Quality Control of Portland Cement Concrete 
-Pavements 

Agency: School of Civil Engineering, Oklahoma University (1483, 
BPR 4721293) 

Perso.nnel: J. G. Laguros 
Period: 1964-1967 
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32. 

Objective: 
Statistical evaluations for the establishment of limit quality 

criteria for use in the construction of Portland c~me.nt concre-te. 
pavement will be- carried out. The various_ constituent-s of Portland 
cement concrete are being sampied near the finished product-at the 
construction site and their specific properties de--termined .. - Field 
sampling, field testing and laboratory analyses wiil be carried: out. 

Title: 
Agency: 
Period: 

Mineral Aggregate Quality Control Research 
Oregon University 
1964-1965 -

Objective: 
Statisticai analysis of histo~ical samples on four .projects 

each incorporating 400 or more samples taken on a. generally con
tinuous basis and .of currentsamples_oii. o11,e large ~project taken 
randomly with dual ·samples divided for testing. 

/ 

33. · Title: An Inves.tigation of the Reliability of Prequalified Fillet 
Welding Procedures for Welded Steel ~ridges 

Agency: Oregon State Highway Department (20~15, BPR 4613434) 
Personnel: · D. S. Berger · 
Period: 1966 
Objective: 

To obtain information to test the validity of the assumptions 
presently being made in regar·d to prequalif~ed fillet welds. 

Fillet weld reliability in welded steel bridges is based on 
the assumption that prequalification of the welding procedure com
bined with careful visual shop inspection will consistently produce 
fillet welds of uniform good quality throughout the work. 

Collapse of'1the John" Day bridge near Ru~us;: Oregon, (:luring the 
December floods of 1964 has provided a source of full size welded 
steel bridge members which may be examined by both destructive 
and non-destructive means. These members consist of I, H. and 
Box sections which are· composed of various thickne:sses of ASTM A373 
and A441 steels as well as weldable, heat treated steel of 115,000 
to 135,000 psi ultimate strength andlOO;OOO psi yield strength. 

Due to the rapid ·increase in fabrication of welded steel ' 
bridges, it is of considerable urgency that advantage be taken of 
this unique opportunity to appraise the relia})ility of fillet weld 
quality control methods. Findings of such an investigation would 
serve both as a comprehensive study of the reliability of prequal
ified fi !let weld procedures as applied to_ this particular instance, 
and as an indication of the reliability which may be plac-ed on other 
similar work. _ 
Reports: (1) An Investigation of the Reliability of Prequalified 
Fillet WeldingProcedures for Welded Steel Briqges.- Bridge Division, 
Oregon State Highway Commission, September, 1966 • 
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34. Title: Nuclear Bituminous Concrete Research 

35. 

Agency-: Pennsy 1 vania Departmeh t of Highways. ( 64--15, BPR 4 722003) 
Personnel: V. Worona 
Period: 1964~1968 

Objective: 
A determination is to be made of the feasibility of using 

nuclear gages for construction quality control of density and 
asphalt content measurements of bituminous concrete mixes. 

Title: Quality Control of Asphaltic Concrete Mixes 
Agency: Puerto Rico Department of Public Works 
Period: 1964-1966 
Objective: 

To establish a statistical approach to the control of the 
quality of 'asphaltic concrate mixes. 

36. Title: Statistical Quality Control of Materials Study 
Agency: South Dakota Department of Highways (616, BPR 4721323) 
Personnel: E. B. McDonald and D. Anderson 
Period: 1964-1966 
Objective: 

A study is being conducted to develop a method of material 
analysis which will provide a more realistic approach for setting 
specification limits for control of materials production. 

37. Title: A Study of Vermiculite Concrete as a Shock-Isolating Material 
Agency: StructuralMechartics Research Laboratory, University of Texas 

(ENG-342393) 
Personnel: 'd. N. Thompson and E. Smith 
Period: 1962-1966. 
Objective: 

The purpose of this study was to develop· information from which· 
vermiculite concrete could be evaluated as a shock-isolating material. 
The study consisted of a literature survey, an explo-r::atory phase, an 
experimental phase, a cost analysis, . the development of two mix design 
methods, and the determination of field tests necessary for construction 
controls. In order to insure that homogeneous vermiculite concrete 
with preselected shock-isolq.ting characteristics could be continuously 
produced, investigations of parameters that affect the homogeneity, 
workability, dynamic compressive stress, maximl.llil strain, and quality 
control of vermiculite concrete had to be performed. This study 
provided substantial evidence that lightweight vermiculite concrete 
maintains reasonable shock-isolating characterisitcs for ages up to 
six months. It also provided evidence that lightweight vermiculite 
concrete might be designed such that concrete could be produced and 
adequately controlled with a wide range of dynamic compressive stresses 
and maximum strains. 
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Reports: ( 1) Thompson, J. Neils and Eugene Smith. 
Vermiculite Concrete as a Shock-Isolating Material. 
of Texas, October, 1963. 

38. _Title: Deleterious Materials in Concrete 

A Study of 
University 

Agency: Texas Transportation Institute (2~5-63-71, Bi>R 48161.53) 
Personriel:_ - D. L~ Ivey 
Period: 1963-1966 
Objective: 

This project is concerned primarily with aggregates and such_ 
ingredients in the aggregates that may have deleterious effects upon 
strength and durability of portland cement concrete. The quantitative 
effects upon durability of known deleterious materials will be determined 
so tolerable limits can be established .. An evaluatiop. of certain existing 
qua'lity control tests ·for detecting deleterious materials w~ll be made. 
Reports:· ( 1) Buth, E. , D. L. Ivey and T. J. Hirsch Correlation of 
Concrete Properties with Test for Clay Content of Aggregate. Texas 
Transportation Institute No. 71-1. 

39. Title: Statistical Quality Control 
Agency: Virginia Highway Research Council (BPR 4721333)_ 
Personnel: J. H. Di liard 
Period: 1964-1967 
Objective: 

An evaluation of the implications of statistical methodology 
for highway construction and material control is continuing. 
Reports: (1) Dillard, J. H. The Implications of Several Types 
of Statistical Specifications. July, 1966. 

40. Title: An Application of Statistics in the Quality Control of 
Steam Cured Concr.ete 

Agency: Virginia Highway Research Council (0284(Phase 4), BPR 4721333) 
Personnel: H. E. Brown 
Period: 1965 
Objective: 

The value and practicability of applying such statistical quality 
control procedures as regression analysis, control charting, variance 
analysis and principles of variation_ flow analysis are being determined 
as a means of measuri_ng and controlling the quality of s tean1 cured 
concrete. 
Reports: (1) Brown, H. E. An Application of Statistical Eval.uati:an 
Techniques for Quality Control of Steam Cured Concrete. Presented at 
National Conference on Statistical Quality Control l1ethodology in 
Hi&hway and Airfield Construction, CharlP.ttesville, Virginia, May, 1966. 
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41. Title: Field Study of Nuclear Device. on Bituminous Concrete 
Agency: Virginia Highway Research Cquncil (2762) 
Personr1el: c.· S. H1.1ghes 
Period: 1967 
Objective: 

.The purposes of the study were: (1) _to evaluate the use of 
a statistical quality control technique for field .. control of com..., 
paction, (2) to evaluate the use of a portable nuclear device as 
the test method used in the technique, and (3) to evaluate the 
practicality of using the technique and device in combination. 
The study was limited to the compaction of hi tuminous paving 
material on a single job. A control strip was constructed on 

· the roadway with the material to be used throughout the project, 
utilizing the same equipment and environment as the· remainder of 
the roadway. 
Reports: (1) Hughes, C. S. and H. H~ Ralston. Field Testing of a 
Nuclear Density Device on Bituminous Concrete. Proceedings, AAP'.l;, 
32, February, 1963. 

(~)Ralston, H. H. and M. C. ·Anday. Nuclear Measurement 
of Soil Properties. 43rd Annual Meeting of the Highway Research 
Board, January, 1964. · 

(3) Hughes, C. S. and 11. H. Ralston. Field Bilot Study 
with Nuclear Moist;:ure Density Guages. October, 1964. 

42. Title: Quality Control Study 
Agency: Washington Department of Highways. 
Personrtel: C. E. Minor 
Period: 1966 
Objective: 

To assess the variation of asphalt content and aggregate 
gradation in typical production of asphalt concrete. 

43. Title: Quality Assurance 
Agency: tJ.s .. Bureau of Public Roads (BPR 2601112) 
Personnel: T. F. McMahon 
P~tiod: 1961-1973. 
Objective: 

Realistic enforceable specifications are being developed based 
on scientific estimates of quality requirements and performance 
capabilities of materials and structures. Improved method of 
estimating conformance based on statistical principles are being 
developed. 

44. Title: Development of New and Rapid Methodsrfor Controlling the 
Quality of Highway Materials 

Agency: U.S. Bureau of Public Roads 
Period: 1964-1967 

-118-



Objective: 
New rapid and reliable test methods f9r quality control of 

materials are being developed. Non-destructive methods of testing 
fabricated highway components are being developed and evaluated. 

45. Title: Statistical Parameter Data Research. 

46. 

Agency: Philosophy Science (sponsored by U.S .. Bureau of Public Roads) 
Personnel: J. F. Redus 
Period: 1964 
Objective: 

This project is designed to obtain and analyze file data acquired 
by the Corps of Engineers in their construction and research projects 
pertaining to compacted highway construction ro..aterials, and to use the 
statistical parameters obtained in the analysis to write construction 
specifications on bases and embankments. Data has been obtained for 
soils and base materials, tabulated, punched on IBM cards and is being 
analyzed. Data for flexible pavements has been obtained and is in the 
process of being tabulated and punched. This project will enable the 
writing of specifications, in statistical form, concerned with den
sification of highway pavement base courses. 

Title: 
Agency: 
Period: 

AASHO Material Reference Library 
U ~s. National Bureau of Standards 
1965--1966 

Objective: 
Nationwide uniformity in testing equipment and test procedures 

will be promoted to improve the quality and economy of Federal-Aid 
highway construction. 

47. Title: Production Studies 
Agency: U.S. Bureau of Public Roads (BPR 2723204) 
Period: 1967 
Objective:· 

Equipment time utilization, procedures, and operating characteristics 
data are being developed, to foster improvement in economy and efficiency 
of construction, promote adoption and use of new developments,. and better 
train junior engineers in quality control and other construction methods 
and procedures. 

48. Title: Application of Statistical Quality Control in Pavement 
Construction 

Agency: Waterways Experiment Station, Army C.E. (U.S.) 
Personnel: W~ J. Turnbull, A. A. Maxwell and D. N. Brown 
Period: 1965 
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Objective: 
Application of statistical quality control methods to the 

interpretion of inspection test da,ta are being examined as to use 
in establishing compliance with job specifications. · Attempt is 
to be made to determine the variations in inspection test data 
(standard deviations) which represent normal or expected variations 
resulting from the most and least efficient construction procedures. 
A draft guide specification is to be prepared 'showing typical spec
ification requirements for statistical quality control of orte 
(probably density) or more specified quantities. Review of technical 
literature, participation in pertinent meetings and conferences, and 
knowing applications of·statistical quality control to construction 
of pavements are requirements. 

49. Title: Uniformity Control of Soil-Lime Mixtures 
Agency: Buenos Aires Prov. Highway Department, Argentina 
Personnel: R. A. Duarte and C. L. Ruiz 
Period: 1965 
ObJective: 

The pH method to determine the percentage of lime has been 
used as a means of rapid control. in situ of the uniformity of soil
lime mixtures. The method is exactly the one used for soil-cement 
mixtures. It consists of the determination of the lime in the mix 
by means of pH curves. 
Reports: (1) Study of the Control of Soil-Lfme Mixtures by the 
Potenciometric Method. Buenos Aires Prov. Highway Department, 
Argentina 

50. Title: Quality_ Control of Connnercial Limes 
Agency: Buenos Aires Prov. Highway Depar:tm~nt, Argentina 
Personnel: F. J. Felli and C. L. Ruiz 
Period: 1968. 
Objective: 

It is proposed to use new criteria to judge the quality of 
limes with regard to soil stabilization. Lime index is defined 
as the percentage of basic alkaline earth compounds; expressed 
as CaO or Ca(OH) 2 present or freed by hydrolysis, and being able 
to be neutralized by an acid solution under the. testing procedure. 
Reports: (1) Criteria of Quality and Basis of the Acquisition of 
Limes to be Used in Soil Stabilization. DVBA No. 48. June, 1965. 

51. Title: Quality Evalua.tion of Fillers 
Agency: Materials Testing and Tech. Investigation Laboratory, 

Buenos Aires Public Works Ministry, Argentina 
Personnel: H. Langard and H. A. Suarez 
Period: 1965 · 
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Objective: 
The existing tests to evaluate the quality of fillers for 

asphalt concrete do not furnish complete assurance of their behavior 
once they are subjected to actual traffic. This research will thoroughly 
investigate· several different kiri.ds of fillers with regard to chendcal 
composition, differential thermic properties, grading, shape of 
particles, and adherence to bitumens. Different asphalt concrete 
mixes a.re being made and their behavior co'rrelated to each type 
of filler. -

52. Title: Design of Viscometers for Bituminous Substances 
Agency: Highway-Engineering School, New South Wales University, 

Australia 
Personnel: W. H. Cogill and J. Dunlop 
Period: 1963-1967 
Objective: 

The design of viscometers is being studied with the object of 
developing apparatus suitable for control testing and for the study 
of changes in properties of bituminous materials during weathering •. 
Apparatus for use with bituminous emq.lsions is also under development. 
Optical and electronic methods of measurement are employed. 

53. Title: Quality Criteria arid Acceptance Tests for Asphaltic 
Concrete 

Agency: Service Des Researches Speciales, Contre Richerches 
Routieres, Belgium 

Personnel: J. Huet 
Period: 1964-1966. 
Objective: 

Quality criteria and acceptance tests are being formed for 
asphaltic concrete by measuring samples from surfacings. A failure 
test by diametral compression is being conducted on disks and perme
ability. Water r.esistance and adhesion to base courses tests will 
be conducted. _ 
Reports: (1) Huet, J. Resistance Mechanique en Compression 
Diametrale des Enrobes Hydrocarbones Fermes pourCouches de 
Revetements, Rapport de Recherche No. 135, Centre de Recherches 
Routie~es, Brussels, 1966. 

54. Title: Statistical Control.of Bituminous Mixtures 
Agency: Nationa Highway Department, Brazil 
Personnel: S. Birman 
Period: 1965 
Objective: 

Tolerance of the specifications for bituminous mixtures will 
be verified through statistical processes. Apparent density, 
Marshall stability, and fluency of the bituminous mixtures will 
be taken into consideration in the evaluation of the quality of 
the mixes. 
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55 •. Title: Production Quality Control - Soil Cement Base 
Agency: Alberta Department of Highways, Alberta Research Council, 
'_,;University of Alberta, Edmonton, Alberta, Canada 
Personnel: J. M. Dacyszyn and B. P. Shields 
Period: 1961-1965. 
Objective: 

Production quality of soil cement base construction is being 
evaluated by simultaneou? measurement of physical parameters on a 
production unit basis. Thes·e parameters include·. cement and water 
contents, per cent standard AASHO compaction, material .gradation, 
7-dci.y strength development. Gont·rol charts and limits are prepared 
as data becomes available on the project. General analysis of 
annual production on a project and material source -basis consists 
of compilation of control statistics for all parameters and cor
relation to design and field strength levels. Long term strength 
development.and pavement performance are being evaluated. 
Reports: (1) Unpublished Report, Highway Research Division, 
Alberta Research Council, Edmonton, Alberta, Canada, April, 1965. 

56. Title: Performance Evaluation of Cement-Stabilized Base Pavements 
Agency: Alberta Department of Highways, Alberta Research Council, 

University of Alberta, Edmonton; Alberta, Canada. 
Personnel: B. P. Shields 
Period: 1961-1965 
Objective: 

Unifor:m,- one thousand foot sections selected by ~xamination of 
construction quality-control data, coring and deflection tests, are 
examined seasonally and annually for strength development, sub-surface 
moisture and density changes, faulting, warping, rutting, and performance 
by both subjective measurements and by a Bureau of Public Roads' Rougho
meter and for bearing capacity changes by Benkelman Beam deflection tests. 
Each u.lliform section is replicated, and duplicate-observations are con
ducted simultaneously on conventional flexible pavements of equivalent 
design where they are available in the innnedia.te area. Several such 
section groups,- distributed over the main highway system, are·cur-
rently under observation. Additional sections are added seasonably 
as pavements-are constructed in other regions of the province. 
Reports: (1) Canadian Good Roads Association Proceedings, 1961. 

57. TLtle: Accelerated Concrete Strength Tests 
Agency: Research Branch, Ontario Department of Highways, Downs-

view, Ontario, Canada 
Personnel: P. Smith and B. Chojnacki 
Period: 1958-1965. 
Obj e.c ti ve: 

Concrete cylinders are placed in boiling water 20 minutes after 
the concrete has reached a pull out bond strength of 12 psi or a Proctor 
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needle penetration resistance ,of 3~500 psi. After the cylinders 
are placed in the water, it is brought to boiling in 2 hours. 
After 16 hours of curing in water the cylinders are removed from 
the boiling water and tested for compressive strength within one 
hour. Since the delayed time before the cylinders are placed irt 
boiling water is based on the d~g,ree of set of the concrete, 
variations due to differences in cements and admixtures are ac
commodated. For the materials- and variables tested, the relation.:.. 
ship of- accelerated (RA) to 28 day -(R28) compressive strength is 
R28 = (26160RA)(RA 11620)*. Recent work includes the evaluation 
of procedures using water at 100 degrees F and 140 degrees F. It 
was fonnd that- only \vi th the former could a delay period and hence 
overtime work be avoided. A different accelerating principle is 
being evaluated in which the heat of hydration is retained by 
placing the specimens inside well insulated containers for 48 hours. 
Preliminary results give a good relationship between accelerated
and 28 day strength. R28 = 1.6 RA 500*. Since the 28 day strength 
is an arbitrary measure of the quality ·of the concrete, a suitable 
accelerated curing procedure could offer a·more convenient and 
realistic way of ascertaining if the concrete will satisfy the 
purpose for which it was designed. 

[Editorial note: The formulas"·makked,;.* ·are both suspect as to 
correctness but are as reported in the original (computer 
report) seen.] 

Reports: (1) Smith, P. and B. Chojnacki. Accelerated Strength 
Testing of Concrete Cylinders. D.H.O~ Report No. 35 (ASTM Pro
ceedings 63: 1079-1101. 1963) 

(2) Tiede, T .. F. Quick Concrete Quality Control. A.P.E.O. 
Registration Thesis. 

58. Title: Concrete Mixer Efficiency Studies 
Agency: Research Branch, Ontario Departmen~ of Highways, Downs-

view, Ontario, Canada 
Personnel: P. Smith 
Period: 1961-1965 
Objective: 

An investigation of the efficienty of concrete m:rx1.ng has been 
undertaken to establish if the uniformity and quality of ready-mixed 
concrete is suitable for use in pavements and to specify mixing-times 
required for all classes of mixer. Samples of plastic concrete obtained 
from three points within a batch were tested for unit weight -of air 
free mortar, slump, air content, aggregate content, cement content, 
compressive strength, and temperature. Specification limits have 
been developed and applied in routine field concrete control pro
cedures. 
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Repor·ts: (l) Smith, P., and Hs A •. Vandusen. How Good is Your Mixer?-
A Study of the Mixing Efficiency and Performance of Ready Mix Concrete 
Trucks. D.H.O. Report No. 48, April, 1964. (See also Rroceedl:ngs · 
Of th~ :Ready-Mix Association, 5th Annual School of Concrete Technology, 
1964.) 

59. Title: · Factors Affecting the Life of Sur~ ace. TreatiD.ents: 
Agency: Ontario Department of Highways~ Downsview,· Ontario, Canada 
Personnel: A. Leslie · 
Period: 1962-1965 
Objective: 

Initial phase· of. this study consisted of evaluating the char
acteristics of several types of distributors.· The uniformity of 
distribution was studied by placing absorbent pads beneath the 
distributor bar and weighting them after the distributor has passed. 
The calibration stat ion has been bui 1 t to calibrate asphalt dis tribtitors 
to ensure more uniform application of·· the bituminous materials. 
Reports: (1) Leslie, A. Performance of Bituminous Distributors. 
Proceedings, 1964 Annual Convention of the Canadian Good Roads 
Association, 270 MacLaren Street, Ottawa, Ontario, Canada. 

60. Title: The Incidence of Stripping of Bituminous Pav~ments in Ontario 
Agency: Research Branch, Ontario Department of Highways, Downsview, 

Ontario, Canada 
Personne: H. J. Fromm 
Period: 1964-1966 
Objective: 

A statistical sample which covered the entire province of 
On.tario was selected to determine the amount and extent of aggregate 
stripping in bituminous pavements. The type of stripping examined 
was that which starts at the pavement base and spreads slowly through-
out th.e bi tuniinous concrete to weaken the entire structure. Stripping 
was more pr()nounced ·where granitic aggregat·es predominated. No co·r
relatiort was found between the asphalt source and ·the amount of stripping. 
The frequency o~ random cracking was found to correiate directly with the 
severity of stripping but was not found to correlate between stripping 
and other types of cracking. All of the survey data obtained was 
analyzed statistically and conclusions were made at a significant 
probability level. A procedure was also developed to assign a strip-
ping rating to field survey samples. This rating describes the degree 
to which stripping has progressed in the satt1ple. 
Reports: (1) Fromm, H. J. The Incidence of Stripping and Cracking 
in Bituminous Pavements in Ontario, D.H .. O. ·Report 109. (Presented 
at the 1965 Annual Convention of the Canadian Technical Asphalt 
Association.) · 
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61. Title: Statistical Quality Control 
Agency: Ontario Department of Highways~ Downs·~.riew, Ontario, Canada 
Personnel: R. ·Schonfeld 
Period: 1966-1967 
Objective: 

The variability of the degree of compaction, and of other char
acteristics of earth fills, sub-bases and bases was evaluated by means 
of a statistically planned test series. The test program used was that 
proposed for this· purpose by U.S.. Bureau of Public Roads {Research Guides, 
The Statistical Quality Control Task Force, April, 1965}. · The objective 
of the te~ts was to obtain statistical parameters for use in the·quality 
control of highway construction contracts in southern Ontario. The 
variability of per cent standard compaction reflected in the test series 
can be used in compaction control based on the acceptance of a degree 
of variability of 'earth fills and granular base courses found on contracts 
which have had an amount of inspection considered to be normal. Test 
procedures based on this concept are being elaborated. 

62. Title: The Production, Design, and Performance of Asphaltic Conc-rete 
Agency: Construction Engineering and Architectural Branch, Canadian 

Department of· Transport, Ottawa, Ontario, Canada. 
Personnel: G. Y. Sebastyan 
Period: 1964-1965 
Objective: 

This is a review of the current specifications of the federal 
and provincial highway departments in Canada for the procuring of 
the materials, production and construction control o:f flexible 
pavements. The project is part of the activities of the Subcommittee 
on Production, Design and Performance of Asphalt Pavements of the ' 
Canadian Good Roads Association. The production and design require
ments of the various specifications has been collected and analyzed 
and this phase of the study is completed •. · War~ is progressing on 
the sections dealing with quality and construction control· require
ments and a degree of compliance with the specifications required 
by the various agencies. l·t is proposed to extend· the study to 
include consideration of evaluation of asphalt wearing surface 

. petfonnance as carried out by the various agencies. 
Reports: (1) Report on Comparison of Pavement Construction Spec..,.. 
ifications for Sub-base, Base and Asphaltic Concrete Surface Courses. 
Engfneering Design Section, Department of Tr~nsport, September, 1965. 

63. Title: The Effects of Freezing and 1'hawing on the Durability of 
Asphaltic Concrete Mixes 

Agency: Queens University, Kingston, Ontario, Canada 
Personnel: C. D. Holmes and G. P. Luke 
Period: 1965 
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Objective: 
. The :objective of the project was to investigate the validity of 

the Freeze-Thaw Test as an indicator of durability. Durability is 
a complex term when applied to asphaltic concrete, and hence only 
the strength aspect is pursued in this s·tudy. Unconfined compres
sion tests on cylinders measuring 2.85 inches in diameter by 6 
inches high which were prepared by the static load double plunger 
method and three different aggregate gradations were studied. 
'rWo hundred and ten samples have been prepared. Sixty were 
subjected t-o the compression te~?ts shortly after the curing process 
to de'termine the basic characteristics of the material in each 
gradation and asphalt ~ontent. The remaining specimens have been 
saturated at 70 degrees F for four days and then subjected to the 
freeze-thaw cycles. Samples were tested in the unconfined compres.-. 
sion apparatus after one cycle, four cycles, eight cycles, sixteen 
cycles, and thirty-two cycles. Each cycie is 24 hours in 'length 
and the cylinders were dried and allowed to come to laboratory. 
temperature for 24 hours before testing. 

Relationships in the test data collected to date are somewhat 
obscured by statistical variation but generally_ those samples below 
optimum asphalt content showed an immediate increase in strength. 
These above and at optimum showed a steady decline in strength up 
to 8 cycles, but then increased subs.tantially after 16 cycles. 
Reports: Unpublished M. Sc. Thesis, G. P. Luke, Queens University, 

1966 •.. 

64. Title: Base Course Quality Control 
Agency: Service Des Sols et Materiaux, Quebec Department of Roads, 

Canada 
Personne 1: R. Robitaille and J. Normand 
Period: 1963-1966 
Objective: 

· Present practice utilizes proof-rolling to check pavement layer 
strength during construction. The interpretation of the proof-rolling 
results is based on opinion and the observed results are often difficult 
to interpret. Benkleman Be~m deflection and.rebound tests produce 
quantitative results which can be used as measures of the tliiiformity 
of construction. Measurements on the various layers ofdifferent 
types of pavement construction are underWay to evaluated the use of 
this device for this application and to develop s tand,ard techniques. 

65. Title: Moisture Density 'l'ests with Nuclear Means 
Agency: Materials-Research Section, Saskatchewan Department of Highways, 

Regina, Seskatchewan, Canada 
Personnel: R. W. Culley 
Period: 1962-1965 
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Objective: 
A program of carrying out routine moisture-density testing 

with small portable and larger vehicle mounted nuclear.radiation 
devices is being performed on subgrades, granular s·ubbases, 
stabilized granular base and asphaltic concrete surface courses. 
The units have been used on various projects throughout the province 
under various working conditions to deter;mine the feasibility of· 
adopting this method of qu~li ty control. ·Results to- date indicate 
that little testing quality would be lost if these methods were 
adopted as routine procedures. Complete evaluation is continuing. 
Reports: (1) Culley, R. W. Determination of Soil Densities and 
Moisture Contents by Nuclear Means in Saskatchewan. Proceedings 
of the Soils and Surfacing Group, Western Association of Canadian 
Highway Officials. 

(2) Culley, R. W. Compaction Control with Mobile Nuclear 
-Radiation Equipment • Proceedings of the 1965 Annual Meeting of the 
Canadian Good Roads Association. 

66. Title: Factors Which Det·ermine the Quality of Asphalt Concrete 
Surfacings 

Agency: State tnstitute of Technical-Research, Finland 
Personnel: J. M. I. Hyyppa 
Period: 1959-1967 
Objective: 
. Factors which determine the quality of asphalt concrete surfacings 
are studied. The stt1dy is divided into three parts: the first one 
deals with factors used in the assessment of the quality of asphalt 
concrete surfacings, volume,. weight,, voids content and Marshall-
s tabi li ty. The second part deals with raw materials, bl.nders·, and 
mineral aggregates, and the third part with the structural properties 
of the surfacing such as segregation, quality of joints, quantity 
of material and_evenness. A large number of external factors such 
as prevailing conditions, climate, michines and methods used influence 
the quality of the surfacing. 
Reports:· (1) Hyyppa, J .. M.~:r. . On Factors Which Decide· the Quality 
of Asphaltic Concrete Surfacings Based upon Experience Gained in 
Finland. The State Institute for Technical Research~ Publication 105, 
Helsinki, 1966. 

67. Title: ,The Application of Statistical Control Methods to Mass-
Produced Materials 

Agency: Technical Department, Colas Road Contracting.·company, ·France 
Personnel: Langumier, Pellion 
Period: 1965 
Objective: 

An investigation is being conducted into the application of 
stat is tical quality control methods for the manufacture of bi.tuminous 
road surfacing materials. 
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68. Titl~: Valuation of Accident Damage in City Streets 
Agency: Cologne Engineering Office, Germany 
Personnel: Ludke 
Period: 1960-1965 
Objective: . 

Official statistics give the number of accidents in cities only 
for the whole urban area. For this reason no investigations have 
been made of accident frequency on roa:d sections of different width 
in relation to the volume of traffic. The author presented accident 
dat~ for certain streets in Cologne at the International Road Congress 
in Rio de Janeiro. Based as they are on results from a single city; 
the figures are subject to chance errors, and in consequency do not 
permit generally valid conclusions. During the-present program; 
accident frequency data on major and secondary roads of ·about 25 
cities will be studied. The work is of special importance because 
of the lack of data on accidents· on. city streets in relation· to 
traffic volumes. 

69. Title: Investigations of Moisture Fluctuations in Road Bases 
Agency: Federal Insti.tute of Road Research, Germany 
Pers-onnel: H. Behe 
Period: 1962-1965 
Objective: 

The moisture content fluctuation in road bases and subbases is 
being recorded at various· depths and locations beneath the pavement, 
and in cuts and fills~ As the quality of pavements is largely 
dependerit upon the moisture content of underlying layers, it is· 
important to know the seasonal fluctuations in moisture content 
at various levels. Nuclear depth gages, capable of measuring to 
depths. 'of 20 meters, were employed in the study. Measurements 
were made year-round.at frequent intervals. 

70.. Title: Investigation on Quality Standards of Paving Materials 
Agency:· Public Works Research·rnstitute, Construction Ministry, 

Japan 
Personnel: 0. Kondo 
Period: 1966 
Objective: 

Quality standards of bituminous materials for highway use are 
being established. Asphaltic materials are sampled at paving work 
sites, sent to the laboratory, and physical and chemical properties 
tested. Relations between engineering and physical and chemical 
properties of asphaltic paving materials are sought to obtain informa
tion oil the quality requirements for highway paving asphaltic materials. 

71. Title: Quality Control of Construction Materials 
Agency: Engineering Institute, Structural Dynamics Section, 

National University of Mexico 
Personnel: 0. A. Rascon 
Period: 1965 
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Objective: 
Using Bayes Theorem, a probability dis~ribution is obtained for 

different materials. The distributions are chosen in advance taking 
into account the information on hand and the expected values of the 
parameters that characterize the material. The final distributions 
are expressed in terms of the nominal value of the material strength 
and will be used to establish specifications for quality control of 
con~truction materials. 

72. Title: Removal of Low Quality Particles From Gravel 
Agency: State Road Laboratory, Norway 
Personnel: A. Gronhaug 
Period! 1967 
Objective: 

· ·'the quality of gravel is being improved by a separation process 
which removes low quality particles. This method of separating gravel 
is taken from a Russian publication. The main part of the apparatus 
being investigated is a rotating steel-drum on which gravel is allowed 
to fall_, grains having shapes near to a cubic form, high elastic 
qualities and a high crushing strength are reflected off the drum in 
a direction against the direction of rotation. Elongated grains and 
grains having inferior strength and elastic qualities_are carried 
away on the drum in the direction of rotation. This was firs-t 
studied on the laboratory scale and a prototype machine has been 
built at a cost of 10,000 kr. Experimental studies will be carried 
out with this equipment. 
Reports: (1) Gronhaug, A. Fremstillirtg av Slitesterke Strinmaterialer 
fra Forekomster av Varierende Kvalitet: Sovjet-Samveldet Littetaturrefat, 
Statens Vaginstitut, Stockholm. Special Rapport 25, pp. 18-19, 1964 .. 

(2) Gronhaug, A. Fremstilling av Slitesterke Steinmaterialer 
fra Forekoms ter av Darligkvali tet, Veglaboratoriet Meddelser, NR 21, 
OSLO, pp. 16-22, 49-50, 1964. 

73. Title: Statistical Quality Control of Highway Construction· 
Agency: Construction Division, Public Works Ministry, Spain 
Personnel: Vicente F. Lozand, Vargas G. Carrillo, and J. A. Guitart 

y ·de Gregoria 
Period: 1965 
Objective: 

The standard specifications for highway construction are in~ 
sufficient to guarantee good quality in highway works. _New specifications 
based on statistical quality control techniques are being studied. · 

74. Title: Sampling Method for Determining Traffic Work (Daily Vehicle 
Miles) on Rural Roads 

Agency: Office of Swedish Council Road Safety Research, Stockholm 
Technical University, Sweden 

Personnel: S. Erlander 
Period: 1964 
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Objective: . . 
Art attempt is being made to develop a method of' deriving traffic 

activity or work in terms ·of vehicle miles from tra:f,fic count data. 
Data from routine spot ·volUt.ne counts is being used and a m~thod· .is 
being developed for projecting these data to ·refle.ct total activity 
in terms of vehicle miles by-breaking routes into segments. The 
statistics of the methqd of sampling and calculation will be studied. 

75. Title: Standards for Soil Stabilization 
Agency: Geotest Ag Berti, Switzerland 
Personnel: li. Eindler 
Period: 1964-1966 
Objective: 

Four.new standards 1for soil stabilization with lime, cement, 
bituminous binders and general information on soil stabilization 
including definitions, range of application, suitability and quality 
testing, payment and guarantee, and machine· data for carrying out 
the work are formulated. 
Reports: (1) Draft Standard, September, 1966. 

76. Title: Controlling the Quality of Concrete 
Agency: Road Research Laboratory, Ministry of Transport; London, 

United Kingdom 
Personnel: R. H. Kirkham ' 
Period: 1965 
Objective: 

It is proposed to develop further the existing methods of 
analyzing fresh con~rete, to improve their reliability and rapidity. 
It is also proposed, with other laboratories, to try to standardize 
methods for analyzing hardened concrete. Co-operative tests are pro
ceeding on early-strength tests of concrete ·using accelerated curing 
at elevated temperatures. It seems that the most satisfactory method 
uses moderate curing temperatures up. to, possibly, 48 hours.. It is 
proposed to e~amine whether tests at. two maturities would lead to 
improved :forecastirtg. The density of concrete cores cut from roads 
has been measu.red with the recently_ developed core scanner. I tl 
seetns likely that the test would be useful in detecting variations 
in density. 
Reports: (1) Kirkham, R. H. TheAnalysis of Fresh Concrete. 
Concrete Constr. Engng 44 (2}_: · 54-60. 1949 

77. Title: Quality Control of Bituminous Materials and .Construction. 
P ro·cedures 

Agency: Road Research Laboratory, Ministry of Transport, London, 
United Kingdom 

Personnel: D. H. Mathews, G. D. Goods all and R. Hardman 
Period: 1965 
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Objective: 
A scheme has been prepared for quality control and c.ompl.iance 

testing of rolled asphalt: w~aring7courses and is being.field tested. 
Sirni~ar schemes for other ·materfals are being develop~d. A 'study has 
been· started· of methods of . sampl:lng bituminous mixture$ at, the .laying 
site. The quality:....control aqd. compliance .t;e$ting tec-hniques will be 
developed and tested so that they can be used in specifi,cation:s, with 
particular aitention being paid to the problems of smaller jobs. The 
sampling research will continue until reliable methods are developed. 
Trials are being undertaken in S.c.O.tland _to .investi.gate the effe~ce·· of 
sampling procedure on the an'alyses" of rolled asphalt base course 
materials. The application of charts for the c_qntro_l of· bituminous 

·materials on a statistical basis is being studied -with, rolled asphalt 
·wearing course materials. The use of statistical bases w:ill be extended 
to otheJ:." bituminous surfacing mater;i.als. The possibility.ofi using 
radioactive: methods for measuring the. d.ensity and qinder- content of 
bituminous layers in a road. is being explored •. 

. .. 
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1. Adams, Clifford C. 
What is Total Quality Control? 
Industrial Quality Control 22 (7): 341-341~ 1966. 

Total Quality Control encompasses the following functions: engineering, 
procurement, planning, production, inspection, personnel, maintenance, 
accounting, sales, administrative and management. J.G.D. 

2. Bayer, Harmon S. 
Quality Control Programs should be Cost Reduction Programs 
Indus trial Quality Contra 1 17 ( 9): 4-8. 1961. 

Few developments in the science of inanagement require more sound 
definitions than the concept of the goal of a quality control program. 
Clearly, quality control programs cannot be considered effective unless 
they produce substantial cost savings for the organization. All too 
frequently this basic fact is not understood by those who administer 
these programs. Unfortunately,_ a large number of quality control 
managers still measure the effectiveness of their p;rograms by the 
number of reports and studies~· and the use of other questionable 
criteria. It is not surprising, therefore, that m,<;my of these 
systems are considered by management to be wasteftit. And as a 
result, the mortality rate of their managers is quite high~ 

It would perhaps be he1pful, therefore, to consider step-by
step methods that management can employ to ass tire that a quality 
control program is, in fact, doing its job--producing savings by 
reducing losses due topoor quality. 

3. Beach, N. F. 
Management and Quality Control 
Industrial Quality Control 22 (10): 503-505. i966~ 

The author-presents a challenging view of what function the quality 
control personnel in an organization may perform. A good team will 
see the need to review the necessity for changing specifications, 
will conduct continuous evaluation of the product, question if new 
measurement techniques are needed, _investigate the causes of and 
make recommendations for correction of defects, be a catalyst in 
the system and a force for overall improvement of the product. 
J.G.D. 

4. Belcher, D. W. 
Quality Control Withdut Conflict 
Industrial Quality Control 16 (8): 9-12. 1960. 
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Industrial psychology and sociology, in the social sciences, 
have investigated human aspects :which s.hould be borne in mind 
when implementing a quality control program •. · The size of group,. · 
degree of individual participation, knowledge of what happened, 
job integrity, are discussed in relation. to the S\ICC_ess of a 
quality control program. J.G.D. (18 citations)· 

5. Bicking, Charles A. 
Quality control as an Administrative Aid 
Industrial Quality Control 14 (11): 36-43. 1958. 

Stated in general terms, the use of statistical and graphic 
techniques·provides a method for reaching decisions and directing 
action to control costs. The further down the managerial ladder 
we go, the less organization tve .find for decision, action and cost 
control. We pay well for administrative ability and for the. statis"
tical information on which administrative ·decisions are founded. 
Through a quality control program, the same advantages are obtained 
down to the lowest supervisory level on a self-paying basis~- A 
highly respected administrative tool is extended in its scope and 
usefulness. Because it represents an extension of an essentially 
manage~ial function, it should be. directed from a policy-making 
level.. Since very ofteri in industry administrators arise from the 
ranks, the extension of the appreciation of the value in statistics 
will provide a means of training for administrative responsibilities. 
(2 ci tatl.ons). · 

6. Bicking, Charles A. 
The Team Approach In Quality Control Investigations 
Industrial Quality· Control 16 (5): 5-9. 1959. 

The use of the team approach to quality problems is propounded in 
this article. The success of this. approach depends upon the selec
tion of personnel who ate willing to cooper.g_te ·and work toward a 
common goal. Examples from the chemical and defense industries 
are cited. J.G.D. (6 citations) 

7. Bicking, Charles A. 
Quality Control as a System 
Industrial Quality Control 23 ( 11): 538-543. 196 7. 

This article discusses quality control ~ot as an organizational element 
of a company but as a functional subsystem within the larger industrial 
enterprise system. Analys'is of the various functions of quality control 
and flow diagrams of both paper-work and operations show that responsi
bility for many of the functions lies with departments other than the 
quality control group. The problems of managing such a group of func
tions as a system concept are also discussed. (8 citations) 
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8. Bingpam, Jr., Richard S~ 
Ten Minutes With Your Top Management 
Industrial Quaiity· Control 18 (4}: 5-.8. 1961. 

Some good advice is offered by th~ author when presenting qtialit~ 
control· principles and problems to management. J .G.D. 

9. Bourquin, James F • 
. Uses of total quality control in Top Management Dec:i.simi Making 
Industrial Quality Control 15 (8); 15-20. 1959. 

Cases have been shown of how manage-ment direction can be helped 
through effective use of quality control in the four major aspects 
of our work. These examples come from all the major portions of 
the total quality picture starting with design evaluations through 
processed arid pur·chased material controls, q-ua1i·ty audits. and the 
·sources of vital information throlJgh field service -reporting. 

In outlining quality contt:ol contributions to management, si tuat1ions 
have been used from Whirlpool activities. However, it is reasonable 
to assume that similar steps are being performed in some form by 
nearly all industry. Wherever manufacturing operations are carried 
out, an ever increasing amount of attention is being given to quality. 
This is accompanied _by steadily mounting pressures for better tech
niques, education, and controls. The growth beyond the level of 
merely pinpointing plans and long.,..range objectives, to a new posi
tion of vital force in management. direction, is a solid indicator 
of the quality function's ris:tng stature in today's industry. 

10. Brown, Dr. Charles S. 
What Management Expects of Quality Control in the Chemical Industry 
Industrial Quality Control 21 (3): 144-147. 1964~ 

The author issues a l>road challenge to the quality control group. 
They should assimilate usage dat;a, process control data, etc. 
and sumtnarize it so that it can.be a useful guide to the designer~ 
They should take the lead towards greater uniformity. Quality 
planning, not just tot:al inspection, should be the central theme, 
including design and usage. The quality group should be on the 
alert for situations wh~re more sophisticated treatment of data 
will reveal rtot only where the problem lies but what direction 
will lead to improvements. Careful consideration of the. statis
tical capabilities of an industry and their exploitation can lead 
to less rather than more _regulation. by government agencies. J .G.D. 
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11. Budne, Thomas A. 
SQC can.be.niade more effective 
1ndu~trial Quality Control 1,5 ·(6): 10-12. 1958. 

When the systematic! activity has removed the largest source of quality 
loss and the second largest and so on down the line, a point must fi-
nally be reached at which the reduction of the next. largest source of 
quality loss would rtolonger justify the exp'endi ture of QC dollars. 
If the major causes contributing to quality losses, as uncovered, are 
placed under a reliable system of operating or process control, and 
if specifications on operating conditions are written or. re-written 
to include the important discoveries, an economic quality level once 
attained can be maintained at relatively low QC costs .. 

A complete QC program, as mentioned above, must begin at the.earliest 
conception of the product:and follow through to the consumer. The 
science of quality control ts sufficiently advanced to supply equally 
effective programs in every key quality area. QC losses on new prod
ucts would be at a minimum if effe.ctive QC planning were brought in 
~t the ground floor. 

When the quality losses are high because of the absence of a complete 
and effect:ive QC system, management wilLnot disregard a program based 
on facts in dollars arid cents, but will support one which makes sense 
as well as dollar~. · 

This is the kind of program which must and can be sold to top manage-
ment. (3 citations) · 

12. Cannon, · Hon. Howard W. 
Quality Control 
Industrial Quality Control 19 (11): 7-9~ 1963. 

The role of quality control and reliability are placed in perspective 
with respect to global political consideratidns. There is no doubt 
but what the author recognizes the part played by these in military 
and space capabilities and its role in domes: tic production of goods. 
J.G.D. 

13. Chapel, Theron T. 
A Quality Philosophy 
Industrial Quality Control 19 (4): 10-12~ 1962. 

·The article is philosophical in nature, the major theme being that of 
using quality control procedures to effect product improvement. Test
ing is a necessary part but true qvality control involves not· only the 
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accumulation and analysis of t~st data but also the_taking of positiye 
action towards correcting the causes which bring about test.· failures. 
A careful quality audit is recommended to give management a compre
hensive picture, not only of the level of·quality but its cost and 
customer acceptance of the product. J .G •. D. 

14, Collins, William R. and Samuel S~ J~ Skolnik 
Quality Control -...;.· The Evolution of an Occupation 
Industrial Quality Control 18 (10): ·4 ..... 8. 1962. 

An account of how the widespread adopt'ion of quality ·control fun.ctions 
by government agencies has had an impact upon job classifications and 
manpower requirements. J .G. D. 

15. Cook, Lawrence E. 
The Quality Assurance Pre~Production Conference 
Industrial Quality Control 22 {8): 408-.4ll. 1966 •. 

This approach in inili tary contracts has been beneficial in smoothing 
the relation·s between the contractor and the government. Prior to 
work on a contract, the two parties select key people who meet for 
the purpose of ·carefully reviewing the ·terms of the contract, the 
responsibilities of each, insp~ction, quality control sp~cl.fications, 

· packaging, shipping and all the myri~d details which go to make up 
the fulfilment of a ml;l.tually satisfactory contract. J.G.D •• (10 <;:itat:ions) 

16. Cowan, A. F. 
Quality Control - I$ It a Management Service? 
Industrial Quality Control 14 (7): 12-14. 1958. 

Management is actually the customer of quality control but· the selling 
of the technique may be difficult .. The article suggests an effective 
approach to· se 11 the p roduc·t to management. J .. G. D. 

17. C:raig, c .. C. 
What is Quality Cont.rol? 
Industrial-Quality Control 15 (1): 5-/. 1958. 

Content of a speech by C. C. Craig, one of the pioneers in introdueing 
and selling quality control to industry~ J.G.D. · 

18. Crosby, Philip B. 
Quality Control from A. to Y 
Industrial Quality Control 20 (7): 4-16.. 1964. 
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The article discusses quality control from the following points of 
view: ( 1) what is it; (2) how .should you plan for it (since it 
doesn 1 t just happen); (3) how do you control v~ndors who a.re in 
the business of·'supplying you with raw material, components' etc.; 
(4) corrective action depends on feedback of information and seeing 
that proper action· is taken;_ (5) the organization of quality control 
involves people and their responsibilities. J.G.D. 

19. Cue, Dale A. 
Some Frustrations and Difficulties in Applying the Total Quality 

Con tro 1 Concept 
Industrial Quality Control 18 (10): 12~14. 1962. 

Adiscussion of what is required to achieve 'total quality control' 
which entails feed-back to new design, control of incoming material, 
control of the product, process studies, inspection and testing and 
innovation of new tests and equipment. The suggested criteria for 
reviewing these activities is recommended .to be that of "Does it 
add value?" to the product. J.G.D. 

20. Eidukonis, Edward R. and John L. Kidwell 
The Inspection Training Program 
Industrial Quality Control 23 (12): 622-628. 1967. 

Formal inspection training, in addition to the traditional methods 
of experience and guidance· training; is-essential for the development 
of ind.ividual skills so that industry can. keep pace with technological 
g-·rowth. Such training has been successfully employed for several 
years, and this . article des cri.bes. the techniques of developing such 
a program, with guidance as to how training should be conducted, and 
ho~ the greatest penefi ts can be achieved. ·.It also describes a ·train
ing program for Inspectors which· is intended to minimize what has long 
been accepte-d as "inevitable htiman error.'' (8 citations) · 

21. Enrick, Norbert Lloyd 
What A Quality Control Program Means to Management 
Industrial Quality Control, 19. (8): 21-23. 1963. 

The stated purpose of the paper is t.o describe what effective statis
tical quality control means and how it can bring about actual cash 
savings and improv~d salability of the product. One must look at 
the sources of quality, the important factors in installing a good 
program, provide management support, and how to use statistical aids 
effectively. J.G.D. (4 citations) 
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22. Epst~in, Herbert· B. 
The Conscience of a Company-
Industrial Quality Control 18 (11): 30-49. 1962. 

The company that contracts to supply a 'quality' product must develop 
a quality conscience throughout all aspects of its operation. J.G.D. 

23. Erhardt. C. C. 
Introducing Quality Control 
Industrial Quality Control 20 (11}: 10-13. 1964. 

The author adds his own flavor to that offered by reputable quality 
control teXt books, on how one goes about introdu~ing a quality 
control program. J.G.D• (6 citations) 

24. Erhardtj C. C. 
How: to Prepare a Quality Control Manual 
Industrial Quality Control ll (7): 349-352. 1965. 

In recent years much has been said and written. about quality control 
manuals. Almost everyone agrees that properly prepared writte-n pro
cedures are a very important part of a good qualitY control. system. 
In some governmentcontracts there is a ctearly defined stipulation 
for the contractor to maintain written procedures. Yet there still 
exists today much confusion as to what a quality control manual is, 
or is supposed to be, what the basic ingredients ·shoul~ be, a.,nd how 
much ground it should cover. This article, aimed· particularly at· 
groups preparing a mahual for thefirst time, will attempt to answer 
those questions by descr,ibing a practical approach to this problem. 
This article further presupposes that a quality control system. already 
exists but that the system has- never been formally documented in writing. 
It is inevitable; of course, that once the sys tern is t ransf6rmed :_to'· 
the written word, various weaknesses will 'come to light and changes 
will necessarily follow. (3 citations) 

25. Feigenbaum, Dr. A. V. 
The Professionai Work of the Quality Control Engineer 
Industrial Quality Control 14 (8): 5:...6. 1958. 

A discussion of what quality control engineering consists of, what 
has to be done to earn professional recognition. The ·thinkirig of · 
a committee written report i~ presented regarding es tab1ishing this 
activity on a professional basis. J .G.D. 

26. Feigenbaum, A. V. 
Professional Quality Control Engineering 
Industrial Quality Control 16 (5): 22-26. 1959. 
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A description 6f the role of the professional quality control engineer 
and how he has a important part to play in modern manufacturing of 
many comp 1 ex consumer i terns • J. G. D.: 

27. Feigenbaum, A. V. 
The Increasing Significance of Total Quality Control 
Industrial Quality Control 20 (4): 4-9. 1963. 

The presentation looks at Business General Management, Government, 
the Consumer and Academicians, Scientists~ Engineers and Mathema
ticians with respect to past growth and future developments in total 
quality control. J.G.D •. 

28.o Feigenbaum, A. V. and R. M. Berg 
Professional Engineering Status for the Quality Control Engineer? 
Industrial Quality Control 16 (4): 17-23. 1959. 

A report by the special 'comiliittee on professional development for 
ASQC. A program for action is set forth. J .G.D~ 

29. Gray, Leonard E. 
A Vendor Rating System For Material of Any_Complexity 
Industrial Quality Control 17 (3): 26-30. 1960. 

This is a description of a vendor-rating system developed and being 
used by a medium-sized' company whose products are small quanti ties 
of high~quali ty ,electronic and precision electro-mechani~al equip
ments made to military specifications and rigid company requirements~ 
Because it purchases, for use in production, not only simple stock 
items but also some complicated and expensive sub-assemblies with 
many characteristics to inspect, the company. needed a rating system 
that could be used fqr purchased units of any complexity. 

30. Graziano, Peter, P. 
Statistics aren•t Everything in Quality Control 
Indus trial Quality Control 18 (4): 24-25. 1961. 

The problems in quality control include defining the problem itself, 
to do this the author stresses the need for bringing together all 
the talent and all the facta to arrive at the definition of the 
problem. The successful quality control program is a result of 
salesmanship and the embroiling of personnel from other disciplines. 
J.G.D. 

31. Green, Albert 
The Legal Framework for Inspection Under Government Contracts 
Industrial Quality Controll7 (6): 5-8. 1960 
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The legal aspects are discussed in 1ayman terms replete with a number 
of examples. J .G.D. (24 citations) 

.32. Hill, David A. 
Commtmicating Quality Control Ideas 
Industrial Quality Control 16 (11): 21-24. 1960.-

A discussion·on how best to convey the ideas and operational features. 
of. a quality control program• Communication skills, persuasiveness, 
the apility to deal with people in the promotion of change, a li"stener, 
a team worker, these are menti~orted as a few of th;e qua:lifications 
necessary for the advancement of quality control within· an organization. 
J.G.D. (5 citations) 

33. Hofstead) Robert M. 
What Kind of P~ople? 
Industrial Quality Control 18:.(2): 37-38. 1961. 

Not everyone is qualified innately to be successful in the pro;fession 
of SQC. Personal attributes are required beyond mere training and 
experience just as is the case with other professional fields. 'Thought 
should be given to this situation in readiness for the future when 
formal education (e.g. QC Engineering) is available in our' universities. 
(2 citations) 

34. Hutter, R. G. 
Inspection· Manpower Planning 
Indus t.rial Quality: Co;ntrol 22 ( 10) :· SZ:l-523. 1966. 

The article lists eleven inspection evaluation factors which can be· 
utilized to plan manpower'nee4ed for quality assurance on a specific 
project. FoLlowing this approach :will indicate number of inspectors 
required based on a r~alistic look ~t the vari~us factors. J.G.D. 

35. Jacobson, Henry J. 
Quality Control Management of Sntall Business 
Industrial Quality Control 19 (9): 5-9. 1963 •. 

To summarize briefly, we know that most business failures are caused 
by poor management. Management. means people, and a poor inanager is 
one who does not take advantage of all 'the new scientific and proven 
methods available to·him. He' is onewho makes his decisions ori a 
guesstimate basis rather than a factual one. He does not keep abreast 
in his field. He has stopped learning and is now coasting. There are 
unfortunately too many people in this category and too many business 
failures to prove it. 
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Everything, then, is based on a manger's ability to read and to 
absorb. To learn from others and profit by their examples .. To 
accept what he can use at the moment arid to.file away, but not 
reject, ideas for· which he has no innnediate ·need. Management is 
not a game that we play for eight hou:r:s a day, five days a week. 
It is a challenge to our ability as individuals to do a continuously 
better job today than we did yesterday. · 

36. Juran, J. M. 
Cultural Patterns and Quality Control 
industrial Quality Control 14 (4): 8 .... 13. 1957. 

A discussion of the impact of a quality control program on. an 
organization. It meets with resistance sometimes-because of 
misapplication but often from underlying cultural patterns of 
the worker and the seemingly 'natural' resistance to change. 
Studies in the social sciences- have dealt with how best to in
troduce innovations. J.G.D. 

37. Juran, J. M. 
The Two Worlds of Quality Control 
Industrial Quality Control 21 (5): 238.;..244. 1964. 

The article discusses at length the two areas of planning.and control 
of quality, a management activity, and the execution of the broad 
quality plan, a technical activity. The dispersion of these two 
fnnctions oyer many human beings has resulted in many organizational 

.variations. The view presented is that quality is primarily a busi
ness problem and should be included in the upper levels of management, 
at the same time it is pointed out that many quality control personnel 
get so wrapped up in the technical side of-quality control that they 
lose sight of or neglect to prepare themselves to perform a management 
function. J.G.D. 

38. Kall, Harold L. 
The Attainment of Quality Discipline - A Case History 
Industrial Quality Control 2,1 (7): 346....;348. 1965. 

A good quality control manual is a must. Personnel must be enthusi
astic, willing and able to work.·closely'withproduction personnel-
not as policemen but to guide them in using suitable quality control 
aids so that they can be almost self-policing. Availability of 
specialists aids in the development o.f new testing procedures as 
needed. Effective comm~ication between production, customer, 
government inspector, etc. keeps everyone informed. J.G.D. 
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39. Karleback, Herman 
Human Relations ProblemS Encotmtered in Quality and Reliability Control 
Industrial Quality Control 18 (6):: 27-32. 1961. 

The problems encountered in quality control are class?d by -the author 
into organizational,- t_echnical and cultural. : The article deals in the 
main with the cultural aspects such as resistance to change, there is 
little doubt that introduction of quality control is going to involve 
changes. J. G.D. 

40. Law, Charles W. 
Standardization of Qtiali ty Assurance Practices in a Decentrali-zed 

Corporation 
Indust~ial Quality Control 21 (6): 295-297. 1964. 

This article describes one company's approach to ~oordinating quality 
assurance practices -in a decentraliz~d multiplant operation. 

A council,-made up of plant quality managers and middle management 
people from quality control operations, achieves its objectives 
through task groups drawn from line quality control personnel in 
various plants. This approach is somewhat unique in that decisions 
on corporate quality control operations are being created by people 
right on the line. -

Also described are some of the problems that were encountered and 
approaches that wer~ developed. 

41. Lieberman, William L. 
Some Non-Random Observations on the Organization and Administration 

of a Quality Control_ Program 
Industrial Quality Control 18 (7): 27-30. 1962. 

Whatever organizational position is assigned to the ·Quality Control 
Department, it must be remembered that the Quality Activity is 
essentially informative only. The production department is :still 
running the plant, and management_ is st~lL running the company even 
though a quality control department has been given specific respon
sibilities relating to production processes and product qualtiy. 
Quality information is a tool which can· be used to obtain more· ef
ficient over-all operation, but it mtist he recognized that in the 
final analysis respo'nsibility for t_he resoll,ltion o'f any quality 
problem lies w'i th those who create quality at th~ points of design 
and manufacture. -

.When all is said and done, the objective of al'l:y Quality Program is 
the continuing economic production of consistent product which meets 
both specification and customer requirem~nts. Any ·activity which 
truly furthers 'this objective may properly be called Quality Control. 
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42 • Lieberman, William L. 
Basic QC Procedure~ 
Industrial Quality Control 20 (6): 4-6. 1963. 

A framework for basic quality control is outlined and should help in 
understanding and applying the procedures. The reader is warned that 
quality control tnethods should always be directed toward informing 
design, production and top. 'Qlanagemerit by providing information which 
will assist in mair:ttaining or improving quality levels and reducing 
costs. J.G.D. (5 citations) 

43. Lobsinger, Dale L. 
Quality Corttrol ·and People 
Industrial Quality Control 17 (1): 13-15. 1960. 

The theme of the article is that, in dealing with people, some of the 
precepts of the quality control ·practicioner could be very useful in 
removing the causes of some of the 'excessive' behaviors .we encounter. 
J. G. D. 

44;. Marguglio, Benjamin W. 
Quality Systems Audit 
Industrial Quality Control 20 (1): 12~15. 1963. 

This article presents a history of the development, implementation 
and operation of a Quality Systems Audit Program~ Emphasis is given 
to the operational ground rules, techniques and tools of systems audit; 
the objections to audi't; the means by which they were overcome - in 
general, the initial failures and subsequent. successes of the program 
during its first three years. Audit is defined as: the independent 
evalu.;~tion of any operating criteria, which could directly or indirectly 
affect quality, to determine the adequacy of and conformance to this 
criteria with respect to contracttiral and mission quality requirements, 
quality controls and their etonotny. 

45. Masser, W. J. 
The Quality Manager and Quality Costs 
Industrial Quality Control 14 (4): 5-8. 1957. 

Quality costs arise from prevention (not letting defects o.ccur), 
from apprais~l (continuing evaluation of the outgoing product, and 
from failures (defective materials and products which don't meet 
the desired quality level). The article lists the activities 
chargeable under each o£ these three areas. These costs.may be 
used to measure quality performance, analysis of where quality 
money is spent, for progrannr.ing quali.fy improvements, and a tool 
for bud~et preparation. J.G.D. · 
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46. Miller, Robert S. 
Quality Control as a Service Department Responsibility 
Industrial Quality Control 18 .(8): 22-24. 1962 ~ 

The quality control program was designed so that a clearly defined 
method of feed-back from the company's service department was included 
as an integral part of it. Thus problems of warranty~ cus tamer dis
satisfaction, frequencies of specified failures are brought directly 
ba:ck into the design and manufacturing stage. J .G. D. 

4 7. Nixon, Frank 
Organization, Man and Reliability 
Industrial Quality Control 19 (2): 15-21~ 1962. 

A comparison of the American and British approaches to quality control 
in indus try. In quality _control and industrial management the American 
segment is years· ahead of the British, in reliability the gap is not 
so wide. A plea is made for retaining 'pride of workmanship' as a 
basis upon which to produce a quality product. J .G.D. (7 ·citations) 

48. Osinski, Ralph Von 
Build A Quality team 
Industrial Quality Control 17 (12): 16-17. 1961. 

The quality team approach is propounded in this article. The who, 
how and why are each touched on. J.G.D. 

49. Palmer, Barry A. 
The Procurement Specification as a Tool for Supplier Evaluation 
Industrial Quality Control 18 (6)_: 35-36. 1961. 

- . ' 

The au'thor proffers the view that a well written procurement specifi-
cation, including details of inspection plan,. test equipment, how 
discrepant material will be dealt with~ and the supplying of test 
data by the subcontractor, will be of material value in evaluation 
of subcontractors. Their reaction to the specification and their 
ability to perform under it will assist in evaluation. J.G.D. 

50. Palmer, Barry A. 
Quality Control Engineering 
Industrial Quality Control 20 (11): 17-19. 1964. 

The activities of the quality control. engineer are outlined and 
these are discussed in relation to_professional status. J.G.D. 
2 citations) 
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51. Pappas, Robert L. . 
Management's Dilemma 
Indu~tri~l Quality Control 16 (2): 11~13 •. 1959~ 

The discussion is addressed to the position of the quality control 
function iri a company, the need for capable personn~l, their train--

. ing, management's responsibility. J « G.D. 

52~ Paterson, E~ G. D. 
Quality Control Engineering in Product Evaluation 
Industrial Quality Control 16 (11): 11-20. 1960. 

The final in a series on professional development, sponsored by the 
ASQC Committee on Professional Development, it discusses mainly 
product: evaluation. The qua:lity control engineer, to be effective, 
must have considerable knowledge about the product; must develop 
quality rating schemes, be conversant with sound statistical prin
ciples- a mass of many parts,.not the least of these the ability to 
inspire and promote cooperative effort. J .G.D. (12 citations) 

53. Peck, George A. 
Management Looks At Quality Control 
Industrial. ·Quality Control 16 ( 11): 42-47. 1960. 

The management of quality control is an important part of its over
all effectiveness. This article reflects a company experience touch
ing on a wide range of topics: autome1tion, personnel, military pro
curement, training, management structure, operations research and 
the attitude ()£ management. J • G. D. 

54. Purcell, Warren R. 
Who Controls Quality • and How? 
lndustrial Quality Control 15 (4): ~8-21 •. 1958. 

The control of quality is pictured as a joint proposition. The 
following groups and how each functions: general management, 
accounting, research and development, design, planning, purchasing, 
production, production control, industrial engineering and sales, 
ar~ considered. J.G.D. 

55. Purcell, Warren R. 
Management 1 s Corner,_ The Internal Quality Control Consultant 
Industrial Quality Control 19 (4): 38--40. 1962~ 

The quality control consultant as a salaried employee, to function 
effectively, must gain the confidence of the management to whom 
he is responsible and also that of the management at his level and 
below, be.fore he can function effectively towards achieving the 
goal of improved quality. J .. G.D. 
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56. Purcell, Warren R. 
Satisfying Industrial Quality Control Training Needs 
Industrial Quality Control 23 (12}: 634-636. 1967. 

, A company's training program should be built from an analysis of the 
conrpany' s training needs.· The needs· shoul<;i be listed first, then the 
training sources selected·. Whether the leader of a particular phase 
of the training program should be an employee or an outside consultant 
is not in itself an important consideration, provided the one selected 
has the necessary .breadth and depth of knowledge in the specific subject, 
the ability to present the subject effectively, the proper environment 
for good training, and the ability to impart to others not only the 
required kn~wledge, but also the skills needed for its successful 

·application·. 

57. Raymo, Chester T. 
SQC vs. Intuitive Inspection 
Indus·trial Quality Control 17 (7): 8~10. 1961. 

Quality i~ not a matter of opinion but a result of objective methods 
of specifying and measuring, this is the theme expres$ed in the article. 

58. Reis, P. S. and S. I. Fahrertbruch 
Quality Audit - An Effective Management Tool 
Industrial Quality Control 22 (8): 402-407. 1966. 

The basic quality audit concept and the methods and co!_lsiderations by 
which it is used·as an effective management tool as required by Aerojet
General Corporate Policy is. specifically discussed. Details of the 
article include: (1) use of an impartial team of auditors who have 
no specific line responsibilfties; (2) development and distribution 
of audit reports; (3) methods which are used for weighting nonconfor
mancies detected during the audit; (4} practices employed to obtain 
corrective action for nonconformancies ·detected during the audit; 
(5) placement of the audit function in the, organization structure 
to ensure maximum effectiveness in operation with the related quality 
sys terns and training functions; (6) desired working relationship 
be.tween audit personnel and affected marlagerial personnel and the 
importance for managers to view the audit' effort as a support function 
rather than a disciplinary force; (7) the qualifications required by 
an individual to be selected as an auditor. The article concludes 
with an explanation of a quality audit and how it can be compared in 
need and principle to the more widely~. known accounting audit. 
(7 citations) 

59. Reynolds, E. A. 
Starting Improved Quality Control 
Industrial Quality Control 22 (7): 336-340. 1966. 
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The suggested pla,ce to start ·is to first find where. the larger problem 
areas are. This may be done by an examination of cost and accounting 
records if these are adequate, on the spot estimates. with the aid of 
plant personnel. Next a more detailed examination should be made to 
ascertain the. nature of the problem and then a plan devised for its 
cor-rection. Competent personnel should be trained or brought in, 
starti!lg with the quality manager. The program may be plant wide 
or started in a single department and then given perhaps two years 
to realize quality benefits ... measurable in terms of lower production 
cost$, fewer quality losses. J.G.D.. (5 citations) 

60. Rice, William B. 
Reliability anci StatistJcal Control 
Industrial Quality Conirol 18 (2)~ 10-11. 1961. 

The article endeavors to put quality control in perspective insofar 
as the system, within whfch it is being applied, is concerned. J .G.D. 

61. Riordan, John J. 
Quality Control Management in the Department of Defense 
Industrial Quality Control 16 (6): 11-13. 1959. 

The management structure of inspection and quality control in the 
Department of Defense is outlined. The operational principles are 
that this pertains to all material being supplied, that it is directed 
towards preventing the receip·t of defective material and to improve 
productivity and effect cost reductions, that collaboration with 
industry is more productive than duplicating the industry efforts, 
that final decisions rest tvith DOD regarding acceptability, and 
that the performance of products in service is the final measure 
of quality. The prime contractor and DOD form the chief links in 
the .chain. J .G.D. (12 citations) 

62. Schneider, Colonel J. G •. 
What Does the Air Force Expect of Contractors? 
Indus trial Qu.ali ty Control 15 (5) :· 12~14.. 1958. 

The Air Force lays down a quality control specification then offers 
various aids to the contractor in conforming to the specification. 
The position and effectiVeness of the quality control function is 
review~d before the contract is awarded and reconnnendations made for 
improvement. They use a vendor rating sys tern involving preaward surveys 
as well as post award evaluation of quality effectiveness. The result 
of this is that the contractor is encouraged to build in quality and 
reliability by consta~t surveillance, by him, of his production process. 
J .G. D .• 
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63. Schneider, J. G. 
Quality Planning- the Key to Pursuit_of Perfection 
Industrial Quality Control 24 (1): 4-6. T967. 

The content of this Edwards Medalist addTess gives sbme insight into 
the development of Military Quality Standards as contributed to through 
the activities of the author as a member of the Air Force ins_pection 
group. J .G.D. 

64. Schrock, Edward M. 
Management Bench ~arks for Quality Control 
Industrial Quality Control 16 (8): -4-8. 1960. 

Management often asks 'where should we start in quality control?' 
and this article recommends that they need to acquire some knowledge. 
The need for quality control is diagnosed·by analyzing the costs in 
terms of bad product, where it originates, etc. Decisions on the 
extent of the quality control function are discussed in terms of 
prescribing action, organization, promotion and appraisal. J.G.D. 
(5 citations) 

65. Shecter, Edwin S. 
The-First Doi> Conference on Quality and Reliability Management 
Industrial Quality Control 24 {5): 250-252. 1967. 

in August of 1966, the first Defense Conference on Quality and 
Reliability Management was held by the Department of Defense. More 
than 130 individuals from various. government agencies, including 
Department of Defense, National Aeronautics and Space Administration, 
Federal Aviation Agency, General Services Administrat'ion, and National 
Bureau of Standards participated in this e~tensive review. In addition 
to the participants, tJ;tere were more than lOO_guests from the Atomic. 
Energy Conunission, Food and Drug Administration, National Security 
Agency and Logistics Management institute. Nine panels developed 
166 reconttnendations for action. A number of the·more important ·of 
these recoininendations are discussed here. (2 citations) 

66. Simon, Leslie E. 
The Role of Quality Control as Moderator of Applied Science 
Industrial,Quality Control 17 (5): 9~14. 1960. 

A discourse on the ramifications of quality control in an organization, 
its duties, its management, its responsibilities in respect to other 
management units. J.G.D. 

67. Simon (Ret.), Major General Leslie E. and Charles A. Bicking 
Company Standards and Quality Control 
Industrial Quality Control 18 (9): 15-19.- 1962. 
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D~scribes the place of quality cont_rol in a manufatturing company 
and how its quality standards depend upon· attainable· specifications 
and how statistics is used. to arrive at these specifications. The 
position of quality .control in the organization relative to central 
staff level, technical branches, and in the manufacturing level, is 
discussed. ·Feed-back of performance information from the sales 
branch is 'emphasized. J .G. D. (6 citations) 

68 • Sin de 1 ar , F • J • 
Management Planning and Control for an Effective Quality Function 
Industr:Lai Quality Control i8 (3): 28-29. 1961. 

The management of the quality control function as a integral unit 
in the organization structure is 'described. J .G. D. 

69. Smiley, R. W. 
Government and the Inspec,tor 
Industrial QUalit~ Contrbl 20 (10): 4-7. 1964. 

Modern missile and space programs require hig~ ·reliability, but 
experience in mnay program.S has shown that to attain it advances 
are needed not so much in design as 'in inspection. These advances 
are not new inspection technology,, but incr~ased rigorousness of 
inspection• Part must come fromthe inspector~ but management 
also has to step up to its responsibilities •. 

70. Soule, Ralph T. 
Developing Quality Consciousness 
Industrial Quality Control 17 (11): 11-13. 1961. 

The stimula~ion of a quality attitude on the part of employees is 
the subject of this paper. The roles of direction (objectives), 
personal contact and selling, and use of advertising are stressed 
as the main roads to a successful development of the desired state 
of mind. J. G. D. 

71. Stawski, E. and J. Birecki 
Operationalism in QC 
Industrial Quality Control 17 (10): 20-22. 1961. 

The versatilitty and adaptability of the Defect Control System has 
supported its plant-wide application. The development of the system 
has also tnade it possible to instruct inspection pe,rsonnel more ef
fectively and to assign work loads more equally. It has established 
a higher degree of effective communication among all levels of inspec
tion and production personnel, resulting in improved quality perfor-
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mance. Through its simplicity, the sys.tem has gained ·complete plant 
acceptance, and the consequent mutual understanding has led to out
standing reductions in quality costs to the plant and to the corporation. 

72. Stroop, Vice Admiral Paul D. 
Quality Control ,Impact on Military Hardware 
Industrial Quality Control 21 (6): 298~304. 1964. 

To sum up, the huge losses associated with substandard and unreliable 
hardware are constantly brought to our attention. They represent an 
ever increasing burden - on our civilian economy and on our combat 
readiness. 

Although proven quality control t.echniques and methods abound, all 
too many government and industry units continue to pay lip service 
to the "Quality Control" cohcept. When these techniques, together 
with a determined management approach, are employed, quality and 
reliability goals are generally met or exceeded. 

In spite of automation and other technical advances made in the last 
decade, a major element ill. achieving our quality ...; reliability goals 
is to obtain the full contributionof all the people involved in the 
process. The industrial wbrld has become so complex that it is dif
ficult for the individual to recognize his personal responsibility 
for the end product. Every device available should be employed to 
focus attention on the contributionthat should he made by each 
employee - no matter what his particular job may be. ·He must be 
able to identify his own well:...being with the success _of the product. 
He must be persuaded to couple his own reputation to that of his 
employer. He must be made to feel morally obligated to do his best 
on his job for the good .of his comniunity and his country. 

73. Vinson, Arthur F. 
Responsibility to Management 
Industrial Quality Control 15 (5}: 14--16. 1958 .. 

The role of quality control management is examined to see what is 
in the future. Quality p.roduction must be achieved at the lowest 
possible cost. The advent of automation will require careful 
analysis of designs to evaluate their quali ty-abi li ty, much tighter 
specifications on incoming material will be needed. Close attention 
to the management of the quality control function and its costs will 
be required. J.G.D. 

74. Walworth. R. B. 
Relationship Between Procurement and Quality Control 
Industrial Quality q:mtrol 18 (1): 26-28. 1961. 
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The problems· of procurement interlaced with. quality control is 
discussed in the article. The. problems are viewed through the 
eyes of procurement by an author sy:mpathetic and understanding 
of quality control practices and objectives. · 

7 5. Wortham, A. W .. 
Management Development through Quality Control 
Industrial Quality Control 17 (12): 5-7. 1961. 

The role of the quality control man as a potential source for new 
management personnel is pointed .out. The opportunity must be re
cognized by the personnel involved since they are in a unique 
position to learn about" all facets of the business operation. J.G.D. 

/ 

76~ Ziegler, Manfred 
A Closed ·Loop Quality Trend Reporting System 
Industrial Quality Control 24 (3): 163-167 •. · 1967 •. 

The author describes the steps by which daily :inspection and test 
records and .. the weekly tab department·.· :reports are converted to 
me~nirigful-indexes for the Monthly. Quality Trend Reports for 
management. Alsodescribed are intermediate-reports used for. 
personnel evaluation and training and for the company's Product 
Excellence Program. 
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APPENDIX 4 

SOME TECHNIQUES AND APPLICATIONS OF QUALITY 

CONTROL IN BUSINESS AND INDUSTRY 
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1. . Altman~ lrving B. 
The New M:tL-STD-414 Sampling Inspection by Variables 
Industrial Quality Control 14 (4): 23--27. 1957. 

The new standard was-prepared to meet a growing need for the use 
of uniform sampling plans for inspection by variables· in Department 
of Defense operations. The variables sampling plans may be applied. 
in determining conforrhance of a single quality characteristic when 
it can be measured on a continuous scale and this measur.etnent· data 
is normally distributed. It is anticipated that the sampling pro
cedures incorporated in this standard will have particular appli
.cability for inspection and testing that is costly or destructive. 

2. Altman, Irving B.· 
. Progress in Department o:f' Defense Reliability Programs 
Industrial Quality Control 18. (9)! 10--15. 1962. 

The first part of the article summarizes the DoD program for de
veloping and publishing a compreh~nsive series of statistical 
sampling standards for application in qt!ality control and reli
ability testing. These applied mathematical procedures have been 
the fruits of a joint research program supported by _Department of 
Defense activities for the pasteleven years,· Many of these 
sampling procedures have been used extensively both in Government 
and industry not only in ·the United States but als·o in various 
countries abroad. 

The: second part discussed significant- developments and progress 
in DoD reliabi~ity programs as evidenced. by recent publications 
issued by the Oftice o·f the Secretary of Defense and· the Army, 
Navy, and Air Force activities. (31 citations) 

3. Auerbach, M. E.,.E. L. Bauer, and F. c. Nachod 
Spectrophotometer Wavelength ·Reliability 
l.ndustrial Quality Control 20 (11): 45-47. 1964. 

A study of calibration data on spectrophotometets displays the range 
of values that may arise among laboratories. Operator variations 
within laboratories were examined graphically.· J .G. D. (3 citations) 

4. Baker, Robert A. 
·Subjective Panel Testing 
Industrial Quality ,control 19 · (3): 22-28. 1962. 

Subjective measures are used when there ,is either no quantita:tive 
weasure· available or when the quantitatl.ve measure is extre111ely 
costly and time consurirlng. 'l'he article discusses the use of pane is, 
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their selection, training, size, motivation, fatigue £"actors, observer 
interactions. Statistical treatm:erttb.f s·uch 'data is qiscussed, .. methods 
of testl.ng and methods of scoring~ Some of.the basic ideas·expressed 
apply to other areas where subj~ctive panel evaluations are made as a 
meas.ure of custome-r satisfaction •. J. G.D. _(23 citations:) . 

5. Barker,· Capt., J~ A. 
Slicing the Pie 
Indus trial Quality Contra 1 18 ( 12): · 4-6. 1962. 

A dis-c'ussion of reliabi1i ty and the role of peopl.e in its achievement. 
J.G.D. (2 citations) 

6. Barter, K. E. 
Sample Sizes for an Acceptance Number of Zero 
Industrial Quality Control 24 (6): 322-324. 1967. 

If you are requited to accept or reject small ·isolated lots based 
upon ex:amination·of the smallest possible sample, this method'will 
be of interest to you. Upon specifying the desired probahil.i ty_ of· 
acceptance for a given number of defectives in a particular lot size.~ 
the required sample is easily obtained :as a .function of' two tabled 
factors. (2 citatidns) 

7. Bauer,· William C. 
A Simple Practical Method for Chart Controi 
Industrial Quality Control 16 (9): 12-13. 1960. 

Adescription is given of a simple control chatt which includes the 
specification limits as well as the usual control chart thus neces
sitating the use of only one chart. No calculations are required 
but sample_· range is evaluated thrpugh' use of a hull's eye, a rigid· 
circle whose radius is equal to the 'upper control limit for the 
range. J.G.D. · 

8. Bicking; Charles A. 
Statistical Aids to Decision Making . 
Industrial Quality Control 15 (2): 7-12 .. 1958. 

This article describes a direct application of probability cpncepts 
to management decisions. The basic principles used are similar to 
those applied in statistical qual:i,ty·contral· and design of experiment 
at operating and technical levels of business. A general pattern. of 
analyzing problems, described popularly as , Design for. Decision, has . 
been applied to real examples of -decision makirig' • 
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The aiJ:n is t6 combine careful estimates of costs and of returns with 
equally carefully estimated probabilities of the dccur:tence of various 
outcomes of alternative.courses of action~ When costs, returns and 
probabilities CJ,re combined, the value or desirability of the aiter
natives are eXpressed in ·quantitative terms.· A comparison of ·the 
desirabilities of the several possible courses of action enables 
the· manager to choose· the most favorable one. (2 citations) 

. . . 

9. Bicking, Charles A., Charles M. Bicking, Timothy A. Donovan, and 
Theodore,S. Sosnowski · ·· · 

Information Retrieval for Quality Control and Related Fields by 
SWIFT LASS and SWIFT StR . . 

Industrial Quality Control 24 (4): 212-217 ~ 1961 .. 

SWIFT LASS, an adaptation of the Key Word in. Context system o£ 
literature search~ng' employs a permuted alphabetical listing of 
selected signal words fi1om the titles of articles in periodicals. 
In addition, a code for field of application based on. the ASQC 
Literature. Classification System provides artothe.r ·strong clue fn 
searching for articles on Quality Control or other specialized 
subjects. Ten different infortnation categories are indexed. An 
exampie is given for articles· on the subJect of interlaboratory 
testing. · · ·. · 

SWIFT SIR, a s.imiiar system for retrieval of scientific infer;_ 
mation; adapted for finding .internal reports.or data files, employs 
an alpha.beticallisting of selected signalwords from the report 
titles. In addition, each i'tem is identified by field of appli
cation 1,1sihg a code broad epough to cover the rangEa of interests 
of the organization. Twelve other information items relating to 
each.report, including a sequence number, are identified by ail 
Glppropricite code. An example is given of an actual index of reports 
issued during a trial period. (5 citations) 

10. Bingha1,11, Jr. , R._ s. 
Practi~aL Aids - T.olerance Limits and Process Capability S'fudies 
Industrial Quality Control 19 (1): 36-40. 1962. 

This note e1llpha.sizes .the advantageous us~ of statistical tolerance 
limits as the final step in a process capability study. Latest tables 
using the range and .average range are illustrated. The actual con
fidence level of a statement of the type X± 3R/d2 is discussed. 
(6 citations} . 

11. Bingham, Jr., R. S. 
Quality Control Applications . in the Coated Abrasives Industry 

. Industrial Quality Control 19 (5): 5-12. ·1962. 
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The application of statistical quality control discussed ranges 
from the very simplest form of control chart to the-use of so.:.. 
phisticated experimental designs to study a_. complex process. 
The use of prod\lct variation to learn abput the production 
proe~ss and_ what it can tell the produc,tion worker with resp'e;ct to 
lmproveJrient of the product is-interestingly told. J.G.D. (9 citations) 

12. Bingham, Jr., RichardS. 
SQC Training for the Chemical Industry 
Industrial Quality Control 18 (10): 15-18. 1962. 

This article discusses what chemists and chemical engineers need 
to know about statistical quality control and other statistical 
methods, where they should seek these ideas, what types of train
ing should be of interest to them, kinds of problem ori~ntation 
they are apt_ to have, the pros and eons of undergraduate and post
graduate training, the possibilities of on-the-job training, what's 
being done- by interested societies ·:and what's missing~ With stich 
tremendous scope' it should be ~vi dent that this article aims to 
stimulctte dfscussion, not exhaust it. 

13. Brabant,- Edward M. 
Does Small Business Need QUALITY CONTROL? 
Indus~rial Quality Control 18 (12}: 6-10. 1962. 

An interesting account of the variety of production probl~ms in .. 1a 
small. business before the ins ta:llation of quality control. The 
author's conclusion is . 'yes f, small business can and indeed must 
use quality (!Ontrol to remain competitive. J.G.D. 

14. Breunig, H. Latham 
Some Uses of Statistical Control Charts in the Pharmaceutical Industry 
Industrial Quality Control 21 (2): 79..-86'. 1964. 

Statistical control charts instituted seven years ago iii. the Ana
lytical Chemical· Control Laboratorie-s of a full-..line ethical phar
maceutical hotise have proven extremely useful not only for routine 
quali~y con~rol in this and other areas, but :also in directing · 
attention t:o situations where proces.s .studies have led to better 
control_ of the. finished product. . Control charts have -proven to 
be a valuab"le tool. in dramat.izin;g the results of special s-tudies 
for management. (21 citations) 

15. Burrows, G. L. and C. Silber 
Tolerance Limits for Small Lots 
Industrial Quality Control 19 (8): 16-20. 1963-.. 
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The selection of an attributes sampling plan·which will provide the 
desired assurance, with a minimum sample size and in the face of less 
than perfect inspection classification, is augmented by the material 
in this article. Minimum sample sizes and operating curves are pre
sented for the cases of one-sided and two-sided imperfect inspection. 
J~GiD. (6 citations) 

16. Budd, Jr., Edward G. 
Quality in the Automotive Industry 
Industrial Quality Control 17 (12): 8-10. 1961. 

The author's opinion, as· expressed in this article, relative to the 
importance of quality control is summarized ih his' closing statement~ 

i
1The American Society for Quality Control and its members, by devel
oping and pvopagating the principles of quality control, is doing a 
great deal to help American industry meet the rigorous challenge of 
the newly re-established and re-equipped industrial n~tions of the 
world. It is helping to teach a fundamental t'ruth - that it is · 
cheaper to make a good article than a poor one.,, 

17. Cafaro, J. A. and il .. D.o Voegtleti 
The Measurement and Specification of Prod-uct 'Abilities 111 

Industrial Quality Control 18 (9): 20-26. 1962. 

The problem of evaluating customer satisfaction is discussed. A 
suggested outline-for quality administration and coordination is 
discussed under the aspects of quality maintenance and quality 
improvement and the steps required to achieve increased reliability 
an_d maintainability of the product. The necessity for id~ntifi
cation, measurement, specification, control, and imt>rovemetit of 
the product is stressed.. J.G.b. (3 citations) 

18. Cartin. T. J. 
Quality Capabili.'ty at less cost 
Iti<;lustrial Quality Controll8 (8): 14-16. 1962. 

A case: example describing how a statistical approach to a quality 
problem resulted in reduced costs for inspection and an improved 
product. The plan involves rapid feed-back of inspection informa
tion. J. G. D. 

19. Chateatmeuf, Robert 
Modern QC Pays Off in Woodwork 
Industrial Quality Control 17 (3): 19-25. 1960 
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The organization of stat is tical quality control in a -cabinet factory 
is traced, based on the principle of quality cost vs. production 
value. A plant-:-wide quality-consciousness w~s created first. Quantity 
of inspection was replaced by an ~mphasis on superior quality. Control 
charts were used and performance reported at all levels, with-resulting 
savings. 

20. Clark, c. R. and W. J. Zimmer 
Two Approaches to AOQ 
Industrial Quality Control 20 (7): 23-33. 1964. 

There are two distinctly different. approaches to the AOQ concept as 
applied to lot sampling. The difference in these approaches depends 
on the definition of the abscissa of the AOQ curve. The ahscissa 
can be regarded as either the exact fraction defective of lots sub
mitted for inspection or as the process ?lverage of lots submitted .. 
for inspection when each lot can be considered a random sample 
from a universe having a given £taction defective (the process 
average). Many authors are rather vague on this, dis,tinction and 
a few appear to be incorrect in theirinterpretations. This 
article discusses the differences between these approaches and 
their effect on the AOQ and derives equation,s for the AOQ for 
several different situations within each approach. (11· citations) 

21. Clifford, Paul C. 
Control Charts Without Calculations 
Industrial Quality _Control 15 (11): 40-44. 1959~ 

The usual control chart for variable~ requires a separate data sheet, 
a reasonable amount of arithmetic, and two e-harts-. The computation 
of control limits frequently requires the elimin~tion of some of the 
original data. And for shop personnel there is sti.ll confusion be
tween control limits and specification limits~ A method is presented 
in which individual measurements are plotted; thus eliminating the 
data sheet. Control limits are established. _by a process of measuring 
and counting. Such charts. lend themselves to a variety of applications, 
some of which are considered. In particular this procedure gives a 
simple comparison of P.rocess capabili,ty and process achievement. 
(8 citations) 

22. Cocca, 0. A. 
An International Standard for Attribute Sampling 
Industrial Quality Coritrol 21 (5): 249-253 1964. 

An examination of MIL-STD--105D in terms of how it bas been modified 
from 105C. The operational mechani,cs and needs of the user are 
discussed. This reflects the work of the American-British-Canadian 
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Worlrcing Team in the development o~ 1 an. international standard £or 
Sampling attributes. J .G.D. (7 c~,tatl.ons) . . · 

23. Cone., A. F. and H. F. Dodge 
A Cumulative-Results Plan for Small--Sample Inspection 
Industrial Quality Control 21 (1): 4-9. 1964. 

While application of the cumulative-results plan is not a panacea, 
it does furnish a Systema~ic and automatic method for attacking 
qualityproblems and for evaluating the effectiveness·of the solu
ti0ns ~nd actions designed.as corrective measures. In addition, a 
substantial improvement in the quality of accepted material has been 
realized without resorting to either increases in sample sizes or <~l 

attempts to screen good product from bad, both of which. are time
consuming and expensive operations. 

The Quality Assurance Agency has incorporated the inspection·sus
pension feature of the lot-by-lot cumulative-results plan into con-
tinuous sampling. Furthermore, a study is in progress to. determine 
whether cumulative results should be extended to all submitted 
material, with consi4;eration being g~ven to the possibility of 
employing reduced inspection for material that is verified as 
having been produced by a satisfactory process. 

The cumulative....;;:i:'esults plan presented herein as an addendum to 
the normal lot-by~lot acceptance procedures and criteria can be 
quite generally applied. This method should be especially advart .... 
tageous for application to standard inspection systems for per-

·cent defective (or defects p13.r hundred units) inspections in those 
situations where small sample sizes are necessary, as, for example, 
when destructive and/or costly tests are involved. (15 citations) 

24. Connell, Jr~; F:. .M. · 
Statistical QUality Control of Clerical Operations 
Industrial Quality Control 24 (3):: 154-162. 1967. 

Thi.s article describes. in sotne detail the quality control prqgram 
at).d procedures which.were developed to permf:t Blue Cross personnel 
to do abetter, more accurate and more effective job of processing 
Blue Cross insurance applications and claims. The benefits to the 
company and itnprovetnents in customer service are sunnnarized. 
(12 citations) · 

25. Craig, C. C. 
Performance Characteristics of Acceptance Sampling Plans for .In-Use 

Testing of Electric Meters 
industrial Quality Control 18 (3): 18-20. 1961. 
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The. paper describes the performance of a t:;amp1ing plan for electric 
meters. The operation of the plan is that a sample from a population 
of meters believed to have the same characteristics is drawn each 
year; these are tested, if the sample passes no further action,if 
it fails a 100% inspection and ractification program is gotten.under 
way. This is in c9ntrast to 100% inspection on a peri<?dic basis. 
( 1 ei tatioh) 

26. Danziger, L. 
Graphic Sampling Plans For Consumer Acceptance of Electronics 

Components 
Industrial Qualtty Control 21 (6): 312-317 .. - 1964. 

Sampling plans have previously been deriv~d for :testing a minimum 
mean· life with a guaranteed consumer protec<tion. These non-replace
ment plans are examined in a different light, expanded, graphed, and 
compared to replacement plans.- A table is derived· for quickly ap· .... 
proximating the operating, characteristic curve for any choice· of 
consumer-oriented plan, thus enab1in:g one to evaluate the. prote.ction 
that the p1ari affords the producer. ~11 of· the p1arts are. based on 
the assumption that the d-istribution of times-tc>-failure is exponential. 
(5 citations)_ 

27. DeBusk, Ralph E~ 
Experience in_Evolutionary Operationsat Tennessee Eastman Compariy 
Industrial_ Quality Control 19 (4): 15-21. 19~2. 

A .report. of exper~ence in using the evolutionary operation approach 
in studying the influences of diffe~ent factors on a production·pro
cess. . It was applied to fifteen or more, .different processes with 
the general experience that production was increased, the experimental 
costs were low compared to the savings produced, and the operating 
pers·onne 1 g.;1ined a much better understanding of the important op-. 
erational variables and why it: was important to follow the recc>mmended 
operating procedures. J.G.D. (6 citations) 

28. DiPo+o, E. _John . . . _ .·. 
Quality Attitudes ..,.. Turn Concepts into Be.nefits 
Industrial Quality Control 18 (11): 49--55. 1962 ~ 

A series of examples are given displaying how an effective quality 
control function in a company can contribute to the quality image 
of the organization. J.G.D. 
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29 . Diviney , , Thomas E. and Nasim A. David 
A Statistical Technique for Product Acceptance 
Industriai quality Control 18 (8):. 16-18. 1962. 

This article exemplifies the use of the Kolmogorov..:..Smirnoff test· 
d:J_ffentiating between ,acceptable and not .acceptable raw mat~;tial ;i!.l 
a manufacturing process . . J . · G •. D; . 

30. Diviney, Th~mas . E .•. arid Nasi.m A. David 
A-Graphical Application·of'Mili~ary Stan~ard 414 
Industrial-Quality :Control 19 (iO): 13-14. 1963. 

This article shows the kind of ·acceptance-rejection region one gets 
in two-limit acceptance sampling. As . a graphical approach, it 
provides a sarilpie method for ·an inspector· to dete_r:mine Lot Dis··- · 
position when tising MIL-BTD-414. 

31 . Eagle , E . L·. 
Reliability Sequential Testing 
Industrial Qu.ality C<?ntrol 20 (11}: 48-52. 1964. 

The author ·has fotind that the Reliability. Analysis Chart is a very 
useful tool for reliability testing Qf all' kinds of equipment.. Th.e 
advantages are: .. . 

1. Being sequential the data can be plotted on the chart as soon 
as :they come from the test, consequently test cost_s for very _ 
good or very poor equipment can be minimized by early termination 
because the chart will indicate a quick, decision. -· -

2. For equipment that is close to the. MTBF~requirement, where the 
test is apt to run on !~definitely before a d~sisiqn can be' 

. made' the procedure provides a means for terminating and decision
making after ten dr more <1>-units of time. 

3. Because the time axis of the chart if plotted in . nor-
malized 0-unfts ra.ther than a~tual operating .time; a ;
simgle chart can b'e used to analyze sever'al ~quipments at 
once even though they may have different MTBF requirements. 

32. Ennerson, .Jr .. , Fred -a~d ~.rk Manning,· 
Test Performance Charts 
Industrial Quality Contr0l;, 1:6 (3) : 8...;;9. 1959. 

The tes,t performance chart, is des¢ri'bed and its sj.mplicity is 
emphasized. The plot.ting is. simple er;_~ugh that i.i: can be kept up . 
to the minute and is instantly revealing of any adverse trends so 
corrections may be made promptly. J.G.D. 
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33. Enrick; Norbert L. 
VARIATIONS FLOW ANALYSIS for Process Improvement 
Industrial Qt1ality Control 19 (1): 23-29. 1962. 

Variations Flow Analysis :-is a techniqtie fdr evaluating the transfer 
of variations in stock, when the product ·from several machines .it 
one processin.g stage is fed ran,domly to the several machines of the 
succeeding stage. ·This article describes p,rocedures, based on 
modifications of range methods for analys'is of variance, which f1ave 
been found of value in a·1arge· number of applications. The 'me·thods 
are illustrated with examples from yarrt manufacture, but parallel 
applications in chemical processing and other industries are ap-
parent. (i5 citat.ion·s) · · · 

34. Ferrell~ Enoch B. 
A Median, Midrange Chart Using Run-~ize Subgroups 
Industrial Quality Control ~0 (10): 22-25. 1964. 

The properties of control charts are here applied to the situation 
where the observations are taken in ·serial brd~r and then the o'c
currence of rUiis tip and down is plotted. This offers- a device for: 
separating short-te'rtn ·from 'iong-term: trends. Some mathematical 
developmenfs are presented together with some results from. simu
lation studies. J .G.D. (2 citations) 

35. Finley, Arnold D. 
The Old Order Changeth . 
Industrial Quality Control 19 (6): 5-7. 1962.· 

A plea for reliability 'to become a fact of life in the tooling 
and machining indus try. .. J. G. D. 

36. Foster, Julie A. 
Kolmogorov-Smirnov Test For Goodness of Fit .•• what it is ••• how to apply it 
Industrial Quality Control 18 (7): 4-8. 1962. 

The Kolmogorov--s·mirnoff test is' a distribution-"free procedure. The 
only assumption necessary is that the distribution be .continuous. The 
test requires the fitting of the cumulative distribution for the data 
and for the hypothesized distribution and observing the point of 

· maximum difference between them. This maximum absolut'e diffe'rence 
is compared to tabulated values in testing for goodness of fit. The 
paper presents examples for the exponential and no~al di~tributions. 
J.G.D~ 

37. Freund, Richard A. 
Acceptance Control Charts 
Industrial Quality Control 14 (4): 13-23. 1957. 
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The acceptance control chart provides a means of establishing acceptance 
criteria that. can be used to control shifts i,n proce9s levels: It is 
useful whenever·· ther~. are sou:rces of varj.ability in addi.tion to' the 
·random, inherent variability that rni}st·b~ _ e'xpected to ~nte:r ip.to ·a 
production process and "1:hat. can be tolerated _wi,. thin certain bounds. 
The Acceptable Process Le-vel {APL) and. ReJectable Process Level (RPL) 
values, which are describ-ed in Acceptance Co~trol Chart procedures, 
provide specific information concerning the degree of p~ocess-level 
shifts that "tYill be tolerated before a process is. r~jec;ted as ,unsatis
factory. The Acceptance ControJ.Limit (ACL) is th.e.lin~.-tl:latserves 
as the acceptance criterion; an average plotting inside the Acceptance 
Control Limitindicates that ~he process is operating at an acceptable 
level, while an average plotting outside the 1imi t indic(ltes that the 
process is too far from stat.ldard to be acceptable and can b~ e:xp~cted 
to yield too high ~ perc€mta:ge .of unsatisfactory product. _In addition 
to these acceptance ftinctions~ this_technique maintains many of the 
control elements o£ tlie 'usual control chart procedures. · · 

Although only four examples have been included in the. description of 
this technique, the field of applications is felt to bevery great. 
The technique should be useful not only for any type of batch or 
small-lot production,· but· also for many of the "continuous'' processes 
where replenishment of chemicals Js made periodically, iaw p.1aterial 
from ·different batches· ···added, mechaniC:a1 adjustments made, etc. .In 
addition, this apprOach should prove quite practical .iJ.?. the analysis 
of interlaboratory or interplant studies ·in which som.e ·p.llow'ances 
usually must be made for different laboratory or plant pr;ocess~ 
levels. (6 citations) ' ' 

38. Freund, Richard A. 
Variables Control Chart 
Industrial Quality Control 16 (11): 35-41. 1960. 

Quality .control problems in the. chemical (and other) it:Idustries often 
require the use of techniques not common1y cited in the literature. 
One s.uch technique that should be of particular value for tl_le control 
of either batch...;.process or_ corl'tinuous-process operations is the. Ac:_ 
ceptance Control Chart. The Acceptanc.e Control system is_ des~g!led 
to provide action criteria that are based on consideration ot' the 
risks of accepting unsatisfactory processes as well as the risl<.s of 
rejecting acceptable ones. Recognition is given the fact that a 
certain amount of variation in process level often can be .tolerated 
in addition to the normal rqndpm variability, and that assignable 
causes producing level shifts tJithin sonie acceptable range should · 
not be flagged; as "out of control." In essence, the process control 
operation is related .to the· quality· requirements defined ·in· the 
specifications·. · . · · · 

.•' 
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. . \ . . 

A review of the fundamental assumptions of the Shewhart .sys tern is 
undertaken in order to contrast the purposes of the Shewhe1r1: Control 
Chart with those of the Acceptance Control Chart. ';['his review is 
followed by a description of the Acceptance Control sys.tem and a 
specific detailed example of its application. · (6 citations) 

39. Freund, Richard A. 
Graphical Process Control 
Industrial Quality Control 18 (7): J5-22. 1962. 

The purpose of this article is to consider some recent work in the 
area of control charts and to show the relationship of these newer· 
developments to the Shewhart Chart. The new charts to be ·discussed 
are the Cumulative Sum Chart, the Geometric Moving Average Chart, 
and the Acceptance Control Chart. (17 citations) 

40. Gause, G~ R~ 

The Quality Survey 
Indt.tstrial Quality Control 20 (7): 17-20. 1964. 

The quality survey is used to detect an:d identify the conditions 
which need to be corrected •.. It is, in the case reported, a co
operative activity by all segments involved in the ·produqt. Exp~rts 
are used in each area.to make the survey, and participate in preparing 
the reportof the survey. The formal organization and the setting 
aside of a specific amount of time for the survey is more productive 
than attempting to operate on the basis of daily or routine observations 
by these same experts. J.G.D. · 

41. Gilman, James R. 
Quality Reports. to Management 
Industrial Quality Control 19 (11): 15-17. 1963. 

Describes quality reports to management which give rattngs on each 
inspector each week, with the weekly ratings displayed in chart form 
for the year to date. J.G.D. 

42. Gilmore, Harold L. 
Vendor Quality Rating 
Industrial Quality Control 18 (8): 19-21., 1962. 

The formulation and use of a vendor rating scheme is described •. Each 
vendor rating was made dependent upon cur·rent information so. that changes 
in vendor quality would be readily apparent.· J .G.D. 
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43. Gilmore,, Harold L. 
Cost· Reduction and Con,trol in the Proposal Stage 
Industrial Quality Control 18 (10): 23-24. · 1962. 

A proposal specification is suggested which· would take a careful 
look at all facets of the ·item under consideration· ·and permit of 
realistic cost estimates·~ · J.G.D~ 

44. Gilmore, Harold L. 
Controlling. Inspection for Better. Quality and· Improved Reliability 
Industrial Quality control 19 (1): 7..:..9. 1962~ 

'i'he application of inspection perso.finel to· improve quality and 
reliability is . outlined. This was accomplished through use ()f a 
carefully prepared quality control manual-.and -the us·e of inspection 
detai 1 . cards. Possible defects a-re described, acceptable quality 
levels established and inspection' and test procedures standardized. 
A routine procedure for inspecting. and maintaining test equipment· 
was established. J.G.D. 

45. Gilmore, Harold L. and Laurent Paquin 
Vendor Rating For Missile Reliability 
Industrial Quality Control 20 ·(3): .13-16. 1963. · 

Many of you, T am sure, have' listened to: talks on quality control· 
techniques only to make the ob~servation. that the techniques dis
cussed do' not app~ar to be practical ,day-to-;-day tools. 

It is with this idea in mind' that l have presented this article. 
I feel that we can safely say that: thi-s vendor ·rating program 
really a~complishes i'ts purpose. 

To date the system has s.atisfied. its· intended function, i.e~, 
providing a means of evaluating and controlling vendors, and thus 
insuring that vendor supplied itemS will not degrade inherent missile 
reliability due to poor quality. ,Proof of this is the fact that Avco 
has satisfactorily demonstrated the contractual reliability requirements 
of its re-entry.vehicle on~ the Titan and Minuteman Missile Programs. 
In addition, this· system and the management repo-rt has been put to 
a great many other management uses some of which· have been pointed 
out earlier. . Both vendors· and AVCO purchasing personnel approve of 
the system and respond in a positive manfier to the recommended action 
resulting from the various analyses. This action in the area of 
procured material has definitely contributed towards the attainment 
of the· above .... tnentioned contractual . reliability requirements. 



Vendor rating is not offered as the answer to missile reliability. 
But when a product c·onsists of a high percentage of procured i te.ms, · 
the operational reliabilfty for the most part lies in the ·hands :·of 
the vendors. Unless they a:re properly controlled, rated and mon
itored inherent reliability will no doubt be degraded arid there 
wi 11 be no basis upon which to select those vendors cont;ributing 
most to the maintenance of system reliability. (10 citations) 

46. Ginsburg, H. and Shaffer, D. H. 
An Interpr~tation of Truncated Sequential Life Tests 
Industrial Quality Control 21 (4): 186-191. 1964. 

Sequential life....;t?st procedures possess an average _efficiency 
which is greater than that for non-$equential procedures. However,. 
life-test programs. must sometimes .be prematurely· terminat.ed. This 
article offers methods for ~.xtracting meaningful information from 
the test data already ohtaJned by the.time the test had to be-stopped. 
Approaches ·using· the likelihood function and prior knowledge are given. 
(6 citations) 

47. Greb, Donald J. 
Sequential Sampling Plans 
Industrial Quality Control 19 (11): 24-48. 1963. 

Sequential sampling hy attributes .is an excellent industrial inspection 
method •. Its use has. been- limited by the somewhat difficult calculations 
associatedwith setting up inspection~ This article presents· sixty plans 
with AOQL as the primary functional characteristic. These plans cover 
the range of normal·;usage and no calculations are necessary to use them~ 
The appendix covers the formulation of the plans and includes some hitherto 
unpublished theoretical aspects of sequential. sampling plans. (10 citations) 

48. Gumbel, E. J. 
A Simple Analysis of Fatigue Delta . 
IndustrialQuality Control 20 (11): 14--17. 1964. 

In a recent paper Alan Plait pub1;i.sl1ed elaborate tables of the Weibull 
distribution and gave_graphical method$ of-estimating the.parameters. 
The aim of this .article is to d~rive_an analogous graphical .procedure 
which disperses with the use of these tables and to show a _simple 
method for estimating the parameters which requires only a minimum 
of basic analysis. 

Our aim is to equip th.e engineeJ; in teres ted in the study ~of fatigue,, 
reliability and similar phenomena, with a quick and safe method which 
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has successfully been applied· for years. It tequires·only the use·of 
a probability paper .. The table necessa·ry for· the estimat:ion- of the 
parameters is given in the text.~ ·.The calculations· needed are con
ventional, namely the use of the mean and standard deviation. The 
method is applicable prov-ided that the niinimum life is zero. (4 
citations) . . · 

49. Hecht, Bernard 
The "SWAPn System of Quality·Itnptovement · 
Industrial Quality Control 18 (11):. 15.....;21. · 1962. 

A system of quality improvement in a company is described. The bas'ic 
premise is that by feed-back of informatfon on discrepancies a rapid 

.improvement in quality .cax1be achieved. The adoption of' the procedure 
depends on a careful indoctrination of management and all workers in._ 
valved it). the program will .need to be prepared psychologically to 
cooperate in t.he prog.ram since·· its success in part depend·s on this. 
J.G.D. 

50. Heereman,s, J. H. 
Determination of OptimaL In-Process Inspection Plans 
Industrial Quality Control 18 (12): 22-37. 1962. 

Describes the development of.an.in-process inspection plan taking 
into account costs of inspectio.n, cost of rework, 'S'ample size to 
give optimum plans under various conditions. J .G.D~ (4 ci tatiqns) · 

51. Hickey, Jr., William J • 
. An $XOO, 000 Saving by Sampling Paperwork · 

Industrial Quality Cnntrol 20 (12): 6-9. '1964. 

Ap. account of a sampling scheme applied ·to travel-vouchers· in the 
.u.s. Department of Agriculture. All vouchers were examined on -the 
one hand artd on the other a sample· of these were e~atnined. There· 
t•ta$ a considerable- savings by using a ·sample and p·aying out on the · 
low percentage ·(8. 6%) of vouchers that were not correct in contrast 
to complete -examinati-on. J •. G.D,.· 

52. Iii 11, David A. 
Quality Engineering Applied ·to Incoming Material 
Industrial Quality Cori.trol 16 .{:9}: · 1.]-29. 1960. 

The basis and reasons. for using· vendor ra.tings :as a means· of improving 
t:h~ quality picture is described ·an:d discussed at length. The article 
is. illustrated with a. series of. bar ch,trts, and is ;written in a rtbn
technical style. J.G.D •. (17 citations.) 
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53. Hillier, Frederick S. ·, 
X Chart. Cont:rol Limits Based on A Small Number of Suhgrou~s ; 
Industrial Quality. Control 20 (8): 24-29. 19:64. 

A conunon rule of thumb is that conventio:na.l X chart aont.ro:L. limits 
should be based on at least 25 subgroups. This article presents ' · · · 
information for evaluating these control limitswhen they are based 
on a sma,!l number of subgroups. Then, a method is presented for 
setting X chart control liffiits that can be reliably used regardle·ss 
of the number of subgroups. (17 citations) 

54. Huitt, Ralph K. 
The .Federal Gov~rnment and-Quality Control 
Industrial Quality Control 24 (3): 151~154. 1967.' 

There 'are thre~ principal areas of act_i vity in our modern economy 
which require the application of q.uality control that involve the 
Federal Government. These ate the quaiity control of natural re .... 
sources, of manufacture of goods and products where public health 
or safety are involved, and -of internal governmental operations 
and programs themselves. · 

55. Jacobs, Richard M. 
Low Cost. ijultip~e. Sampling 
Indust.riat Quality Contro1.14 (10): .11~13. 1958. · 

This article has attempted to present a proposal for reducing the 
administrative cos.ts of using low cost multiple sampling techniques 
without altering to any great e~tent the consumer and producer risks. 

The proposed system, utilizing the combined sampling plans for critical, 
major and minor defects has the same degree of success for any combina
tion of s~lected AQL v~lues for the three cla~sifications as·long as . 
they are :two s.teps ap¢l.rt as illustrated. 

The weighting factors, as proposed, permit the use of one sampling 
plan per component and the total number of defects iB a surrunation 
of the proportionate values of each defect found. This: summation, 
when compared with the acceptance and rejection number in the sampling 
plan determines acceptance or rejection of the lot. 

It also allows the manager to more readily stabilize his inspection · 
load as the size of samples per lot would not be indeterminate. They 
would be more constant and scheduling becomes another cost saving 
feature. Thus the ratio of one critical, t:wo majors or four minors 
for each rejection or acceptance number allowed was evaluated and 
found to be econotnically feasihleo. A multiple sampling plan coro.ple;te 
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with.accompanying.instructions on the· f~~~ o_f.the plan is,illustrated 
in Tabl~ J;:l. 

The 1nethod d~scribed has. been succe$§ftilly used in tnree major indus
tries· and in about ten compap.ies .fo;J:' tb~ past eight_ years •. It has
been accepted by some inspection service of the Government as ful
filling ·the quality control requirements of incoming inspection 

, operations • · 

56. Jacobs, Richard M. 
Potetl.tial Applications of Reliaqility. Techniques in Commercial Product 

Lines 
Indus trial Quality Control 19 (2):. lJ-.14. . i962. 

This de:scr~bes pos~ible- appltcatiq~s of. ~eliabflLty techniques in 
commercial situations rathey: than .. t:o space or defense situations. 
Use o£ destgn of eXperiment$, product-_ des:ign .reviews, analysis of 
field da,ta (feed-back) are indicated q.s tneans of improving the 
customer's product. (13 citatioll.s) -

57, Jacobson, A. F. 
Esdihlishing Performanc.e Indexes 
Industrial Quality c-ontrol 16 (12) ;., 4~-6. . 1960. 

The use of qua,l:t. ty control for p.r:()viding a measure of the quali-ty 
of service rendered by _a tel~phone c:ompa:ny is discussed. The us~e 
of service indexes is described and :their influence on management 
ciecisions is indicated.· (See also R •. A._ Newman IQC 16: 7-10. 1960) 
J .G.D~ 

58. Jacobson, Henry J. 
Management Methods of lp.spection·control
Industrial Q\J,ality .,Cont_rol ·?1 (1): 24-28:. · 1964. 

. . . 

l. ~c~uracy o£ any aualysis depends oti the -accuracy of tlle original 
data. •. _ _ , . . . 

2. Just: because, a part has been i~spected an,d ·passed by an inspector 
does not tnean that particular part is .good or that it meets 
~pecifications. 

3~ Our data is only. as accurate as the 'instruments we use,· the 
caliber and physical f.-itn~ss~:ef the·. inspector and the conditions 
under which t'P.e inspection was made. 

4. Inspectors are nq"t ,porn to the job. Most of ti).em drift into it 
without proper training and-learn little thereafter. 

5. YO\} can selec:t p·sy~c>logical tests, which, when matched with 
supervisors rq_t:,ings ,_ act'Ual tes .. ts ·for~ defects and visual acuity 
o.r hearing tests, can give you a.picture of the kind of inspee-



tion you have :and what yo'u can do ·about it. •--
6. Visual testings is a must for all inspections and sho-uld be. 

made a job requiJ:'ement. 
7. You can convince- the union- to go along with' your' program. if 

-you approach thetil 'in the right mariner.. . 

59. Jaquez, Ron . 
K Factors For Computing Tolerartce _Limits For Normal Distributions 
Industrial Quality Control 19 {5}: 27-28. 1962. 

Tolerance limits involve the use-of K factors -which adjust the 
lengths of tb,e intervals to allow for sampling errors __ in t~e mean 
and the variance. Using· an approximation formula for' K a· table of 
values ranging.from a proportion of 0.80 to 0.99998 was computed 
for a range of s-a,inple sizes. , The table 'based· on. the apptbxixnation 
showed rather _good- agreement with·more precise tables wi tJ:l the: -
values from the app·roxima£ion being larger than the correct values. 
J. G. D. (2 citations) . 

60. Johnson, N. L. and F. C. Leone 
CUMULATIVE SUM CONTROL CllARTS ~ Mathematical Principles Applied to 

their Cons t:tuction and Use ., -. 
Industrial Quality Controll8 (12):' lS--21. ;'1962~--

This article, which--'wi:ll b.e published in three part:s, · gives much 
of the mathematical development behind cumulative; suln charts. ·It 
makes valuctble reading for the se-rious studen·c of ·cohtrol chart 
techniques and related-statistical methods. - It will also help 

. anyone wishing to make use of the cumulative sum control chart to 
know the assumptions, characteristics and field of tisefuln~ss of 
the methods. Part It will app~ar in the July issue and Part III 
will appear in the August issue. 

Cumulative sum control. cha:t:"ts are ,related ·to sequential sampling 
procedures. Construction of such control charts for the mean are 
described, together with the requisite· tables. A c~mpar'iso:ri with 
standard control charts indicates that the cumulative sumcob.trol 
chart is more sensitive to-changes in the'mean. J.G~D. (13 citations) 

61. Johnson, N. L. and F. C. Leone 
CUMULATIVE SUM CONTROL CHARTS - Mathematical- Principles·. Applied to 

their Construction and Use - Pa,rt II 
Industrial-Quality ·contro'l 19 ( 1): · 29-36. 1962. 

Cumulative sum control charts are applied to sample v-ariances and 
sample ranges. The mathematical details are given together with 
a table of control limits.; An example is presented usin'g ranges. 
J.G.D. 
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62. Johnson, N •. L.. and F. C ~ Le.one 
CUMULATIVE SUM CONTROL CHARTS -:- Mathematical Principles 'Applied to 

Their Construction and ·use ~ Part III 
Industrial Q~ality Control 19 (2): 22-28. 1962. 

-The -use· of cumulative -sum control -charts is, ·in this_ third and last 
paper in a series,· applied to Poisson and- Binomial variables each 
with an exampl~ and appropriate tables~ In addition the establish
tnent of control limits by various einpirical methods is described. 

The three papets represent a comprehensive collection on the theory 
and use of cumulative sum co.ntrol charts. J • G .. D. 

63. Katke; M. L. 
Customer ··Quality Requirements 

-Industrial Quality Control 20 (12): 4-5. -1964. 

G.enenal interest article qn the quality view of a large automobile 
manufacturet and how this is related to tl-re extended warranties 
now offered~ J .G~D. 

64 ~ Kazmierski, A. S ;.; 
Visual Defects - A Case Study 
Industrial Quality Cont:fo,-1· 23 (11:)-: 530:_531. 1967. 

The problem of acceptable limits on visual de-fects ih a consumer 
p-roduce has been attacked from man~ different.· angles. -. Certainly 
many such decisions·, -despite the· analys·is used, are arbitrarily 
made only from within the organization responsible for making 
and selling the product.- Such an approach is liable to lead to· 
standards that are eJttremely cbnservative and therefore expensive. 
ln this article, a survey .... typ·e approach is outlined in which the 
consumer played a ·major role in deciding to what standards a 
manufacturer should work • · The results were· -both surprising and 
profitable •. 

65. Keere, Gordon J. 
Attribute Sampling - MIL-$TlJ-105 ·. 
Industrial Quality Control 19 (10): 7-12. 1963. 

The· histo,rical develop:rnent of MIL...;STD;....l05 is presented. ·Much of 
the thinking that went into the various revisions and modifications 
is displayed in the discu·ssion. From the Atnerican development under 
the Department _of Defense has come a proposed international standard 
which reflects a joint ·American--British;;..cartadian effort to offer 
such a document. J.G.D. (4 citations:) 
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66. Kidwell, John L., Nicholas L. Squeg1.ia, and H. J. Lavender 
Escape Probability .as a Systems Design Consideratiot:t 
Industrial Quafity Control 23 (4)..: 166-171. -1966. 

Escape Probability is defined as the chance of a defective item 
g.ettin_g past an inspector .and :causing a system failure. The use of 
this concept in both design .and production stages is shown to· 
be a powerful tooX for upgr:ad:i.ng quality. Practical applications 
are given. (22 citat:iqns) 

6 7. Lars·on, John A. 
Improving Supplier Performance 
Industrial Quality Control 19 (10): 4-7. 1963. 

Although much care may be exercised in. sele.cting the, best potential 
suppiiers, it often happens that .. these suppliers are· not capable of 
meeting the buyer's exacting requirements. This is evidenced by 
delayed deliveri¢s ~nd the produetion of defective material. The 
ques,tion- .which nat1,1ralJy follows is, "What can be done to improve 
supplier performance?" . 

Experience shows that most supplier-buyer problems develop from 
.three conditions. Some arise as a result of misunderstanding or 
misinterpretation of product requirements, others are .caused by 
the lack of adequate f~ciliti~s ·_and production capapili ties, while 
still others result from a breakdown of manufacturing and admfn...; 
i,s trati ve contr<;>ls pver the produc.tion process. 

This article suggests a program for minimizing these problem areas 
and thereby improving. supplier performance. The basic elements of 
this program include (1) a ·complete definition of the product to 
be made, (2) an indoctrination of' the. supplier to assure a complete 

·understanding of the buy~r' s requirements,. (3) an evaluation of the 
supplier is capabiliti~s with reference to the buyer's requirements,. 
(4) the rell).oval or cort"~ctiqn of any incompatibi,lities between the 
supplier's capabilities and the buyer's requirements, (5) an ap-
praisal of the supplier's performance, and (6) the promotion of 
the supplier's continued growth. · 

The supplier assistance and development.process is no simple task 
but requires a cont_inuing.effort to assure a satisfactory supplier
buyer relationship. Only in this way can the procurement goals of 
acceptable quality, .timely delive:ryj. and reasonable cost be attained. 

68. Lieberman, Alfred 
Sequential L~fe Testing. Pi'ans· for the Exponential Distribution 
Indus trial Quality Control 16. (2): 14...;;18. 1959. 
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The construction of plans; the choice of a plan, .an e:x:ample, a.r.e5 some 
of the topics covereq. The plans under: .consideration are s.equential 
and for life testing -where the exponential distributioq may,be assumed • 

. j.G.D, (3 citations) - . 

69. _Lieberman, Gerald J. 
Tables for One-Sided St"atisticat Tolera:hce Limits 
Industrial quality Cont.rol 14 (10): 7~9~ .. ~958. 

The construction of one~sided 'tolerar1ce limits is _described, a table 
_of tolerance factor~ for the normq.l distribution is included. J.G.l>. 
(6 citations) 

70. Lundvall, D. M. 

71. 

Control Potential Cost Measurement 
Indust;:rial Quality Control 20 {4): 14-20. 1963. 

A description of a quality capabi.lity and a quality cost evaltiatiotl 
system applied to a large manufacturing (!omp.any. - J. G. D. 

Maltenfort, George G. and R. E, Boedeker
Sampling of Paper and Paper Prqduct$ 
Industrial Quality· Corttro1 14 (11): 19-23. 1958. 

Th~ procedures of sampling to select the sample l1Ilits from a lot are 
described.. Aids are given for detertnining s-ample size. The process 
is exemplified by an example carried through from sall1ple solution to 
final disposition, accepted or r~jec~ed. J.G.D. (10 citations) 

72. Mandelson, Joseph 
Samplin-g 
Industrial Quality Control 19 (1)-: 5-6. 1962. 

An E!iementary discussion on use of samples, size of sample, simple 
random sample, stratified :tai1d.o111 sa~ple and of acceptance sampling. 
J~G.D. 

73. Mandelsori, Joseph 
The~ Statistician, The Engineer, and Samp.ling Plans 
lndustrial Quality Control 19 (5): 12-15 .. 1962 •. 

- .. · ' 

Th-e ·author criticizes recent developments in sampling plans in th_at 
the c(m.sequences of UE)ing ~· pf1rti.cular plan may riot he understood by 
the us-er. J .G. D. (8 ci£ations) · · 
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74. Mandelson, Joseph. 
Sampling >Plans for Destructive or Expensive Testing 
Industrial Quality Control 23 (9): 440~450. 1967. 

The author presents a simple "cook-book" procedure that can be used 
directly by engineers or other non-statistici,ns for designing single
and double-san1pling plans fbr destructive or otherwise expe~sive test
ing. These. plans are referred to. as "optimum'' sampling plans because 
they are based on minimizing the sum of the· cost of testing plus the 
cost of rejection. The. sampling concepts of lot to~erance f.raction 
defective, producer's risk,. consumer's tisk, and their associated 
costs are discussed only enough tounderstand how to work with the 
plans. (5 citations) 

75. Marash. Stanley A. 
Performing Quality Audits 
Industrial Quality Coritrol 22 (7)i 342~347. 1966. 

The quality audit may be applied·to the operations ·that result in the 
end product - for example we1ds in a ship-yard. Thus a sample of 
welders selected and then carefully rated on their welding practices. 
Each individual is scored on a ·list of agreed upon elements of the 
job, these together with a weight attache,d to ea·ch element can be 
used to produce a quality rating> for each indi"yidual. This furnishes 
a means of ~p-g:rading training and, eventually, of the firial product 
being produced. J.G~D. 

76. Marguglio, Benjamin w. 
Tolerancing by the Engineering Semi..;.Graphic System 
Industrial Quality Control 18 (10): ·30-35. 1962. 

Describes a simple, engineering oriented method of arriving at 
tolerances for multi-piece assemblies. J .G.D. · 

77. Martin, Cyrus A. 
The Cost Breakeven Point in Attribute Samplfng 
Industrial Quality Control 21 (3): i37-144. 1964~ 

A scheme has been described \Vhereby cost estimates can be used to 
compute a critical poi.nt. This criterion can be used to make a 
decision--whether to -accept lots .. with only enough inspection for 
surveillance. and. o'hservation of- the proce:~is. average, or whether to 
impose a tight plan •. This is important information. It is. waste
ful to over-inspe·ct where the consequence of failure is slight. It 
can be: quite costly to inspect ·insufficiently· where the consequence 
of failure is considerable. · · 
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Any $elected sampli"O.g plan: gives some· assurance of a degree of _quality 
in the product being·, turned ove:r to the- ··corisun1er. It also has a ·psy
ct).plogical value in that it creates a c~imate' .. of responsibility for 
the .produce,r. · HowevEfr,· t·o··fai1 ·to g~ar >the· 'co~t bf. ~he pl.~n ·with its 
measure and· worth of as-surance.· is like' s'E!t~'ing·- tra·ffic ·speed )~1~its 
w.ithout oonsiderittg the zone. (17 citations) · · · · · 

78~ Masser, W~ J~ 
Quality ControL En.ginee·ring in· New·: Deslign·s 
Industrial Quality Control 16· (7): 10...-13. 1960. 

Quality must. be built- into the product from its inception. Thus a 
strong plea is made here that the quality control engineer be inciuded 
as a member· of the- . team when assessment is hUide of the :product. His 
experience and knowledge of trouble spots in the past will help to 
zero in on possible quality problems which could be eliminated or 
reduced by revision of the product design. J .G.D. 

79. McClure, J. t. 
Practic~l Stati'stical Quality ·control lri the Airfr-ame_ Industry Part I 
Industrial .Quality Control 15 (10): li---14~ ·1959. 

The use of statistical ;qu·a1itY control on ''il1coming matetlAls can be 
achieved. through use of sampling ·using .. such as MIL-STD.:..lOS A. A 
statistical evaluation of supplier quality ·should-include a progritm 
of aiding the supplier to establish an effective quality control 
progra111 in his· oWil, plant. The suppliers should be rated in some 
way and this used as a basis for selecting supplie.rs.. Tools can be 
subjected to a quality audft to isolate' trouble, for1Uu~at~ work 
schedules, etc. Diagnostic t-echniques such as control :_charts cai:i 
be used to isolate troubie spots so that corrective action may blia 
taken. J.G.D ... (8 citations) · ·- · 

80:. McClure, J ~: Y. 
Prac·tic.g,l Statistical Quality :nontrol ··in the Airfratfie Industry Part Il 
Industrial Quality Contto-115-(11): 17.:..i4. -1959. 

. - . 

Proces·s control c.an be enhanced by a statistical approach to the 
process with the objective of learning how it operates~ optimum 
operating conditions, etc. Onee·the<process is: operational it 
should be policed by statistical tec~rtiques _to detect· discrepant · 
product. The individual ope:rators sho~ll·d he. ·provided with test 
e-quipment so th,ey can police their. own, output. An example is 
described: i~t considerable_. detail :exh~bltin:g· the use· of simple 
control charts.. J. G. D ~ · ( 7 · cit·atidris) · · 
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81. McClurej J. Y. 
Practical Statistical Quality Cont::rol in the Airframe Industry Part III 
Indus trial Quality Control 15 (12): 5-9~ 1959,. 

The assembly of an aircraft from its. component parts will bring out 
mating problems. Sampling_and u~e of simple charts can be of help 
in minimizing these. Pre-flight inspections can be aided by examining 
individual systems; components, geographical areas as e.g. tail assembly, 
and using a chart showing defects per unit. Another device is to divide 
the entire aircraft into areas and use an area sampling procedure, ·i.e., 
selecting the areas at randotl.l at say a rate of 20%. ·Quality audits 
should be made to advise management on a cost basis. Everyone from 
worker to top management should receive suitably designed reports. 
The three articles by this author indicate the ways statistical 
quality control can be extreme~y beneficial in :offering a high 
quality product at a lower .cost.~ J .G.D~ · (4 .citations)· 

82. McMullen, J. W. 
Quality Budget Control 
.Industrial Quality Control 21 (11): 558~559. 1965. 

A discussion of ways to hold down th.e cost of. the. quality control 
function. Effective inspection is least costly, cqrrect defects 
where they originate, careful design of forms and keep their number 
to a minimum, look for new inspection techniques, tobls, ·etc., eval
uate the quality corttrol un:l t' s effectiveness - all these can reduce 
quality costs. J .G.D. 

83. Meyei, Joseph J. 
Statistical Sampling and Control For_Safety 
Industriil Quality Co~troi 19 (12): 14-17. 1963. 

This is ·a novel application of the concepts of quality control to the 
field of safety. Plant areas are selected at random and inspected by 
a small team, hazards, house-keeping, personnel actions are all taken 
into account under the program rules. Control charts are kept by atea . 
and by the entire plant and thes.e focus attention on accident potential, 
actual occurrences, etc •. Valuable ·infor:mation is-also obtained respect
ing the safety attitude of the employees involved. J.G.D. 

84. Miller, Jr.'· R. 'L. and Albert Wo()dward 
Admiriis tration of Plastics Product Standards in 1967 
Industrial Quality Control 24 (1): 9-16. 1967. 

This. article describes the adminis trativ;e programs by which product 
quality is achieved and maintained in a global, multiplant plastics 
operation. The facets described range from raw materials to qual
ification of products from new plant facilities. The administrative 
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programs ar~ mutually derived by p'r()duction and .;Product, ·Standards 
management specifi.cally for plastics operations' but may be ap...;. 
plicable to oth~r products. The goals of the programs are high . 
caliber stati$tical quality control systems and peopl~, inte.rplant · 
uniformity, and consistent product performance. {9 citattons} 

85. Mi:t'ten, L. G • arid A. Sanph · 
The. x. Warning Llmi t Chart 
Industrial Quality Control 18 (2),: :15'-19. · 196T. 

The article discusses a chart form, its construction, and the 
relevant mathematics. The following quotation describes the 
advant~ges: 

"X charts with optimally placed warning limits are extremely 
simple to construct and to use •. , When:. compared to ·conventlonal x 
charts or non-optimal warning charts, they permit very substantial 
re-ductions· in the. amount· of _:inspection· requi,red: while- maintaining 
the desired level. of protection against unc1etected shifts'·in ·the 

.. : .. ,. it process . average. ·· 

86. Moore, W~ N. 
·collection. Of Ins·pection Data Through The Use of Computers 
Industrial Quality Control 20-(12): 10-13. 1964. 

The use of a cotnputer to sunnnarize.- daily reports- is ·d.escribed-. · It 
can be used to generate a variety of use·ful reports as well as scru
titd .. ze the incOJ:ning information for accuracy of reporting (data 
editing)._ J.G.b. 

87. Moyer, John W. 
Workmanship - The Key to lmprovirtg Q_uality 
Indus trial Qua1i ty Contra 1 19 (1) :: 11"""17. : 1962. ; . · 

The significance of poor workmanship in indus try is demonstrated in 
this article· not only by means ·of an ... actual case· study, but also by 
general examples of industry's.eoncern with the problem,· as evidenced 
by the various attempts that have been. made to cope ·with it. Follow
_ing a discussion of the reasons for the· change in . .-worker attitudes 
and the causes of poor workma11shi·p in ·modern industry, suggestions 
are made as to· the steps ·.that':c-an be ::taken t·o improve the workmanship 
situation.; (32 citations) · 

'~ ' .. 

88~ Nelson, Lloyd S~ . 
Nomograph for Two-Sided Distribution-Free Tolerance Intervals 
Industrial Quality Control 19 .(12): 11-13. 1963. 



The construction of tolerance limits is expedited by use of the 
prepared nomograph where one is not prepared to assume a specific 
underlying distribution. J~G.D. (12 citations. 

89. Nelson, Lloyd S-. 
A Simplified Sequential ;Procedure For Process Adjustment 
Industrial Quality Control 20 (1): 15.;_18. 1963. 

An imaginative use of sequential sampling to adjust a process to· 
bring about control is described. · The effectiveness of.· the se
quential process in bringing about control is, displayed in a table 
and by graphs. J.G.D. (5 citations) 

90. Nelson, Wayne 
The Truncated Normal Distribution - With Applications to Component 

Sorting 
Industri-al_ Quality Control 24 (5): 261--268. 1967. 

' ' ' 

Ea_sy-to-use ·formulas and graphs are given for the calculation of 
the mei:ln; standard deviation, and variance of a truncated normal 
distribution from the mean and standard deviation of t:J_l.e original 
normal distribution. The formulas and graphs are employed in a 
number of illustra,tive problems inv61ving component sorting. 
(15 citations) · 

91. Neter, John 
1:-Jonsampling Errors In Administrative.Applications 
Indus trial Quality Control 20 (2): 20~26. 1963. 

Nonsampling errors can be an important source of error in accounting, 
auditing, and other administrative applications. Studies cited from 
outside the field of administrative appiications have shown the im-
portance of nons amp ling errors in other fields, stressing the need 
fdr more work in measuring and controlling nonsallipling errors in 
the administrative applications fields. 

Since much effort has been required ·to demonstrate the importance 
of statistical samp1ing methods .in the fields· of accounting, auditing, 
and other administrative applications., there may be a tendency to stress 
sampling .errors at the expense of nonsampling errors. This may be par
ticularly true because the statistical methods for measuring and control
ling sampling erros have been well developed by now, whereas this is 

·still not the case with respect to nonsampling errors. However, one 
must always remember that the accuracy of ·the survey result is affected 
by both sampling and nonsampling errors and, therefore, that measurement 
and control of errors should invoive both of these types. Since admin
istrative applications are well on the way to using sound probability 

.... 179...; 



sampling procedures' .the time is at hand to b;egtp'to c:-.on_c~nt rate_ more 
heavily on nonsamplil1g.error~" OQ.,: ~tudY,ipg.ways gf measuring and con..;. 
trolling such errors·' and,. if. neces'sary studying means of reducing them. 
(11 citations) .. :· 

92. Newman, R. ·A. .· .·.· _ . _. _ . 
Establis~ing Performhl.lc~ Inciexe~ 
Industrial Quality Confrol 1? (12): •. · 7~16~ ." 1960~ 

. The techrtiq~~:S US~d_.irl the cons t~ucti011, of inde~es are described. 
Problems have been. ln~t in COU$truct.lng,._itldex_.rating curves". compa
rability ~ithin anq hetween departments, choice ... of satUpling pro
cedure's; gaining' acceptance of indexes'. the approaches to solution 
are indicated. (This is a companion pap.er to A. F. Jacobson IQC 
16: 4-o6. 1960) 

93. Norquist, Warren E. . _ _ _ ._. _ _ __ .· 
Improve Mater{al Utilization - Engineer Your Scrap Accounts 
Ind1,1strial Quality pontrol 18 (11): ~7-29~. 1962. 

Des.cribes a systematic approach· to the initl,irriiz-ation oi losses through 
unavol'dabJe ·scrap. Su~h .materials· as paiii_t,· plast;i.c and_ enamel· have 

. proven controllable .by the sanie procedure be'ing applied .to them. 
J.'G.~D. 

'.. . . . . . . . . . ' . ~ ~. . . . ; ·. ~ 

94. Noyes, Charles E/ 
Quality Control Analysis of Individuals _ . 
Industrial Quality Control 19 (6): 15 .... 17. ·1962. 

The suggestion is ~de that perhaps the einploy'ee cart be subjected 
tostudies similar to those app~ied in the quality control of pro
duction variables. · That __ is, take a positive ·approae:h- to the. handling 
of 'human relci1tions'. J~G.D. · · · 

95. Obstfeld., Fredric A • 
. Scheduling Polymerization Reactions 
Industrial Quality Control is. (7);·~14_;.15. _196.2-. 

Use ofprocess perfo_rma.nce chart~ t<:> ch~r~ t~e pr.ogress of a ~henuc;al 
recact:Lon by checking at particl:llar ti~$: aft~r start of ~he reaction •. 
Comparison of the observed value against an average and limits calcu• 

. lated front past data i~ . used·_ on. a·_ gO':_no-~6 ;basis for continuance of 
. the reactibti under the given . condi t~ons or .:modification of . the condi
tions to complete a successful batch·~-- J.G~D. · 
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96. Olmstead, Paul s. 
Statistical·Evaluatidn 
Industrial Quality Control 18 (8): 9~13. 1962. 

This article reviews in a general way the use of statis.tics and quality 
control in present·ing historical data, in making discoveries and in 
making predictions. ·Certain weaknesses in many predictions are traced 
to failure to make tests relating to the assumptions_ on which these 
predictions are based. Illustrations· are given of .th~ use of such 
tests in a few simple cases and 'the modification in thepredictl.ons 
resulting therefrom. Finally~ a way fo:r providing approximat~ prob
abi listie measures for such treatment:.. is outlined.· Thus, s tatistfcal 
evaluation is justified on engineering grounds wh.ere the assumption 
of statistical control is ui1t'e.nable unless it can be d_enionstrated. 
(12 citations) 

97. Ott, Ellis R. 
Practical Aids - Prospectirtg 

1 

Industrial Quality Control 20 (5); 13-19. 1963. 

There are many vi tal ways in which statistical methods can be applieq 
to the problems of industry. The particuJ_ar te~hnique ofProspecting 
is presented as a quick method to help an· engineer or pro<fuction man
ager identify his. problem. . M~ny.will recogrii:ze . the . te~h~iql!e .. simply 
as a practical adaption of the well-known acceptance s~mpling plans .. 
There is a great need for other statistical techn~ques inspired by 
sci.entists and technologists. (5 cit.ations) 

98. Pabst, Jr., W. R. 
MIL-STD-105D 
Industrial Quality Control 20 (5): 4-9. 1963. 

A description of the revised sampling pLan developed by· the American- · 
Bri tish:-Canadian Working Party:. The various modifications from the 
pr?vious standard are documented. J.G.D. 

99. Paterson, E. G. D. . . . _ . 
Quality Control - Quality Assurance vs :Re1iability 
Industrial Quality Gontrol19 (4) f 5~9. . 1962. 

A gen·eral discussion on the three areas of activitY i~dieated by the 
title. The author's conclusion is that, no matter how it is -arrived 
at or what it is called, the chief contribution cqmes from "~ •• seeing 
that what needs to be specified is specified and that what is specified 
is done." J.G.D. '(12 citatirins) 
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100. Paterson, E. G. D. 
Reliability cmd Quality in Communications 
Industrial Quality Control 20 (9): 15~38.· 1964. 

The article constitutes. a rather-hi$toric&l revi~w of the .spread of 
reliability and quali-ty ·C.ori$fder·citlohs :.ih the rioiilmunicatiori.'s · indus try. 
J.G.D. (45 citations) 

lOL, Plait, Alan 
. The Wei bull Dis tributlon wl th tabies .· 
Industrial Quality Control 19 (5}: 17-:-26. 1962. 

The Weibull distribution has been found useful as a descriptor of 
such occurrences as equipment failures. This article describes how 
to fit the distribution and applies it to an example~ The mat he;_ 
matical properties are des'crihed, ·tables for the p:·robability density 
function and for the cumulative distribution· fun.ction are gi veri. 

_Construction of special. graph paper is also described_.. J.G~D. 
(8 citations) -

102. Pringle, J. B. _ .. 
SQC METHODS in Telephone- Transmissio~ Maintenance 
Irt.dustrial Quality. Cont-rol _19 (l): 1~~22·. 1962. 

Ari_excellent description of the use of statistical quality control 
procedures in a communications network. The histog"Fam, control 
chart:s and. sampling. were used. to pin-point the problem and to 
systematically bring it: to a. state of satisfattory ·control. 

103. Proschan, F. and ±-. R. Savage 
Starting a Contrbl Chart 
Iiidustrial Q\lal:Lty Control 17 (3): 12·13.~ 1960 • 

. -
A brief, clear presentation of how to start a control chart, statis-:
tical aspects are stressed. J .G. D. (6 citations) 

104. Purcell, Warren R. 
quality Cost Control 
Industrial Qua:~i~ty Cohtrol 18 {11): 22.:::26.. 1962~ 

In order to be able to. list ''quality e:xpens·esi• :a detai'led list of 
quality control work elements was drawn up. From these basic ele
ments a quality cost .report is prepared and these are recorded on 
control charts •. It se~ves to focus attention on quality costs and 
they in turn are sul:JJe6.tea :t:he same effort. as are all other produc-



tion ·costs in order to keep them as ·low as is cons is tent with a 
satisfactory product. J.G.D. 

105. Retterer, B. L. and R. L. McLaughlin 
Maintainability Prediction and Mea$t1rement 
Industrial Quality Control 20 (6): 16~20. 1963. 

An approach to the construction of a maintainability index is de
scribed. Indices which were time related, cost related and capability 
related were considered. Information gathered on military equipment 
was used and the feasibility of predicting maintainapility was checked 
on independent units.. The prediction equations were developed using 
regression procedures. J.G.D. (~ citations).· 

106. Rhodes, Raymond G. 
An Outgoing Quality Probability Limit (OQPL) Sampling Plan 
Ind~strial Quality Cohtroi 21. (3}: 1Z2-1~1. 1964. 

Available sampling plans are usually applicable when considerations 
is given either to individqal lots br_to a large series of lots.· 
These plans do not provide the desired assurance that a finite series 
of lots, or sublots, meets certain quality requirements. An OQPL 
(outgoing quality probability limit) sampling plan is developed to 
provide the most "economical" plan with adequate assurance for this 
intermediate sampling situation. (2 citations) 

107. Rickover, H. G. 
The Never-Ending ~hallenge · 
Industrial Quality Control 20 (2): 12....:17. 1963. 

The report of a speech which centers on the problems of nuclear 
reactors and other-military components. Cases of mistaken identity 
of materials are cited as .food for quality control. Poor· workma,n
ship is found to be a frequent cause. of failures. J.G.D. 

108. Roth~ R. C. 
Practical Process Control 
Industrial Quality Control 20 (2): 18-20. 1963. _ 

The steps in process control are enumerated and explained ·as follows: 
(1) provide an adequate plan, (2) make it easy, (3) give adequate 
instructions, (4) assure compliance. J,G.D. (3 citations) . 

109. Shakun, Melvin F. 
_The Cybernetic Approach to Business Operations 
indust~ial Quality Control 17 (3): 9-11. 1960. 
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In this article the practice of quality control is related to the 
science of. cybernetiq;.. A,, di~e:ussion of .its· (quality con.trol) use 
in busi)l~SS managemet).t is ]?.r~~ented.•.' _J.G.D •. {3 -citations)· 

110. Si~ondS, 'rhomas A. 
· . Design Qualification 
·Industrial Qual:Lty CorittoJ 20 -{8}; ll-l5· 1964. 

Withiri the past iS years, qualification testing has become a major 
concern to aircraft and missile manufacturers in their acquisition 
of production contracts· from the trdli tary. When correctly applied 
and executed~ these tes.ts form a sound basis for demonstrating· the 
integrity of a weapons system design. When incorrectly applied or 
executed, the tests can lead to incorrect de.cisions regarding; the 
capabilities of that weapons system. 

The intent .of this. -article is to ·i~dicate that much qualification 
t,esting today is in fact either incorrectly, applied or executed, or 
both. _, This has ari$en· th):'ough ,a .basic ttiisunderstanding of the· purpose 
of quali~ica.tion tes~i.I,lg and -little- application of statistical :prin-
ciples. - · 

Specifically, this article will discuss the following ,topics in :con-" 
nection _with this problem: Qualification versus other forms-of test
ing - Sample size .111 qua1i.f:i.ca.tion tes·tl,.ng ·.- $.ample selection in 
qualification testing. 

111. Snodgrass_, L. E.. 
Intergrating. the Qual:ity Control Contribution in Research and Develop-
ment. Operations . . ·. · '-:. · . ·.· . '! . _· 

Indus trial Qtiali ty Control 18 (ll} :· 55~60. 1962. 

Using the typical pre>duct _growth cy¢1e :as- ,a reference, the prepro
duction quality control con.:t:ribution_ is ,dis;cussed from the management 
viewpoint as a defect prevention t.ool ... ,'!'he idea. tha:t p,rogram success 
i~ largely dependent (lpo~ .joint act:ton ·by ~sever.al enginee·ring special
ities is de_veloped arqund the team app:ro.ach,. and: is related to some · 
very basic engineering and management principles. ·coromoit to busin.ess 
dperations. 

. . 
The very title of this article begs the question of desirability -
is the qu.ali ty control effort properly 'applied in the produc-t design 
and development .phase? As w.e -.examine the concept.ion,. design, man
ufacture and use segments of the typical product growth cycle, do 
we not mak~,best use of quality control know--ledge in the manufacturing 
~d;.lnspection phases where it_, will help. us~ oh>tain conformance to 



specifications? 

Perhaps the most important observation we can make about integrating 
quality control in the pre:...manufacturing stages· is that failure to 
do so marks the loss of an opportunity to get the quality point of 
view into the design, the drawings and specifications, the ~anufac
turing process planning, the tooling, gaging apd test equipment, 
and the product acceptance criteria. In short, we lose a substantial 
dividend from our quality control investment through failure toput 
it to work in a defect prevention sense. (5 citations) 

112. Sussman, Bernard 
Quality Information Equipment - The Tools That Make total Quality 

Control Work 
Industrial Quality Control 21 (1}: 10--16.- 1964. 

The plea is made for using automated test equipment tied to information 
equipment to produce higher quality at lower cost. The differences 
between high; medium and low volume businesses-are disc1.1ssed. The 
activities of the Quality Information Equipment Committee within the 
American Society for Quality Control are described. J.G.D. 

113. Swaton, L. and W. Weaver 
Five Steps to Supplier Quality Control 
Industrial Quality Control 22 (11): 611-616. · 1966. 

Controlling the quality of procured hardware is a serious quality 
problem that companies must face. Success in this phase of the 
quality program. is based on meticulous attention to each step and 
to the understanding that the elimination of any one step will 
undermine the total program. The following five-step plan is now 
being used successfully at Martin-Orlando:. 

(1) Categ6rize Materials 
(2) Determine quality requirements to impose on manufacturers 
(3) Apply these requiremen'ts to the purchase document 
(4) ·Plan for and receive procu·red hardware 
(5) Follow up on correctiv~ action- :on defective hardware 

This plan is readily adaptable: to big and small c·ot1Il?anies in the 
hard goods industry. 

114. Taylor, ErvinF. 
A Special Case of Percentage Sampling: 
Industrial Quality Control 20 (10):-13. 1964. 

An application in attribute sampling based upon the hypergeornetric 
distribution, and particularly applicable tb the case where destruc
tive testing must be used. J.G.D. 

-185-



115. T~pp, J. ~.- . 
Effective Comnu.m.ication - Its Relationship . to ElllJ?1oyee Performance 

,and to' Corre.c,tive Action 
Industrial Quality Control 24 (6}: .309-312. 1967~ 

Etnployee error is bourtd to, occur when job requiJ;ernents are not fully 
understood.· . Such unde.rstanding, by. itself,. cannot be exp.ec~ed to 
guarante·e acceptable employee perfOrmance• However, such under.;.. 
standing is a pretequisi te to acceptable performance. 

This article points otit tha~ in an atmosphere of confusion resulting 
from unclear work in$:truct{ons,. acceptable employee performan,ce is 
unattainable and durable corrective action .. is not possible. (16 citations) 

. ,· . 

116. Torgersen, :P. E. and G .• IL TP.omas 
· Simuia:ting An. Accep'tance Sampling Plan 
Industrial .Quality Control 20 (6): 27~32. 1963. 

A simulation of an acceptance sampling plan is described as a means 
of stimulating interest in a study of acceptance sampling. The par-
ticipants can be expected to stimulate interest in _studying operating 
characteristic cu.rves, average outgoing quali'ty and other aspects of 
qualit~ ~o~trol. J~G.D. (5 ~itations) 

117. Toulouse; JuliAn H. 
Psychological Bias in Attribute Sampling 
Industrial Quality Controll4 (12): 5-12. 1958. 

An examination of sources of bias in sampling for attributes is 
described. The ki.rtds of bias are pointed out, methods for det~cting 
evidences of bias are described. Some theoretical aspects of bias 
are discussed. The author made use 'of sil\lulation to examine thE; 
effects of biases· in sampling. J .G. D • 

. 118. Truax, H., Mack 
C:umtilative Sum Charts a,nd Their Application. to the Chemical Industry 
Industrial Quality Control 18 (6): lS-25. 1961. 

This is a detailed discussion of the use, construction and effective
ness of the cumulative sum chart. Caution in their use is advised 
but they are recognizedas having a piace in the practicioner's 
tool box~ J~G.D. ·(13 citations) 

119. Van Eck, Leonard F. 
Evolutionary Operations - A Path to More Effective Use of Process Data 
Industrial Quality Control 19 (2): 8-10. 1962~ 
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The urgent need to increase the rate of· process optimization in·the 
chemical proc·ess indus tries is cited. The role of Evolutionary 
Operation in furthering achi~vement of this essential objec;tive is 
discussed with particular emphasis on its contribution to the develop
ment of a fl climate of receptivity" for the appli,catfon. of statisticai 
techniques. 

Some relat.ed experience is described and suggestions are made on the 
selling of statistical services . td manufacturi~g. · 

120. von Osinski, Ralph 
Use of Median Charts in the·· Rubber 'Industry 
Industrial Quality Controll9 (2): 5.-8. 1962. 

A description of the introduction and. use of median charts in a plant 
situation. The results noticeably reduced the product variation and 
the amount of tiine the machine operators spent adjusting their machines. 
J.G.D. 

121. Waddell, Joseph J. 
Quality Control in the Construction Industry 
Industrial Quality Control 17 ( 7): 12-15. 1961. 

The control of strength in concrete is used as the example for a dis
cussion of quality control as a tool in the construction industry. 
J.G.D. (3 citations) 

122. Ward, R. Vance 
SQC Applications In The Chemical Industry 
Industrial Quality Control 20 (l)! 4-8. 1963. 

The use of quality control techniques in the control laboratory con
stitutes a good place to start. Tabulation :O·~ routine information in 
such a simple way as a frequency distribution can display unsuspected 
errors in test procedure, test equipment operator variations. The 
entire emphasis is upon use of very ele.lJ1entary quality control pro
cedures to achieve control of routine lifocedure·s. used in a chemical 
plant• J.G.D. (9 citat~ons) ··' 

12 3. Way , C. B • 
Statistical Quality Control Applications in the Food Industry 
Industrial Quality Co~trol 17 (11)! 30-34. 1961. 

The incoming material to the food industry is in the form of raw 
product which must be processed in its original form, thus incoming 
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quality is not as controllable as in the manufacturing industries. 
Nevertheless, as this article indicates, there are many actual and 
potential applications of quality control in the food indus·try. 
J.G.D. {36 citations)· · 

124. Werkowski, S. J. . 
Sampling Evaluation of Textile· Quality using demerit points 
Industrial Quality· Control 18 (7}: 22-26. 1962. 

Textile materials inspected for defe~cts was scored using a demerit 
point system. On the basis of demerit points per defect an acceptance 
plan using an upper point tolerance was developed. The element of 
judgement as to "what is a defect" is not removed but it provides a 
scoring system which miniinizes the judgement error. (Note by abstractor -
this suggests a method of setting up a fifial acceptance scheme for highway 
surfaces.) J.G.D. (l citations) · · 

125. West, J. V. 
Send-Automatic Sequential Sampling Instrument 
Industrial Quality Control 20 (9): 10•15. · 1964. 

A description of a·combinationof sequential sampling and use of auto
matic sampling devices is given. .Sequential sampling generally requires 
less inspection than other sampling s~hemes. Considerable detail on 
sequential sampling procedures is presented, also on the equipment 
used. J.G.D. · · 

126. Wies, Harpld M. , Jr., and Burr, Irving W. 
Simple Capability Acceptance Test - A Sequential Test on Ranges 
Industrial Quality Control 21 (5): 266~268. 1964. 

Given a process or machine that is known. to be reasonably well in control, 
t.he qq.estion often arises as to whether it can meet a specified toleranc~ 
for a ,given job. Thus a lathe may have shown control on a number of dif
ferent materials and diameters. Can it hold the.specified tolerance on 
a new job? Even where control has not been proven, if the process passes 
the test, then achieving improved control would only help, not hinder. 

If the process standard deviation· should be as much as a ·sixth of the 
tolerance, the.n there wi 11 be very little room for the process level 
to be off from the nominal dimension. On the other hand if the process 
standard deviation is, say,_a tenth of the tolerance or less, then the 
process can comfortably meet the specifications with some allowance for 
set.;..up error and tendency to drift. Thi·s article provides a convenient 
test for distinguishing between these two cases. It is a simple ap
plication of a sequential t.est by Cox, which uses the sum of the sample 
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ranges as test criterion. To use the test, the only thing needed is 
to multiply the critical values in the table by the given. tolerance,. 
and. then begin drawing samples. (5 citations) 

12 7. Woodward, Albert 

128. 

129. 

Administration of a Plastics Control ~aboratory 
Industrial Quality Control 23 {2): 68-71. 1966. 

This article discusses combining process control and product quality 
control analytical functions.into one laboratory. It advocates the 
use of operator:-performed analyses for in-process quality control. 
Criteria are provided for the evaluation ·and selection of control 
methods. It treats the laborato:ry as a continuous process and out
lines. procedures for laboratory control of testing· pro~edures. Source 
information on available product and test technology for the newcomer 
is given. (9 citations) · 

Youden, W. J. 
Graphical Diagnosis of Interlaboratory Test Results· 
Industrial Quality Control 15 {11): 24-28. 1959. 

A ·Simple graphical technique is described· for examining the test results 
from different laboratories on the same matetial. It is rapid yet quite 
efficient in directing attention to the discrepant laboratories. J.G.D. 

Zimmer, William J. and Irving W. Burr 
Variables Sampling Plans Based on Non--Normal Populations 
Industrial Quality Control 20 (1) :· 18-26. ~963. 

Acceptance sampling plans for variables such. as those in Techniques 
of Statistical Analysis (1), Bowker and Goode (2), and Milita:ry Stan~ 
dard 414 (3); assume that the populatiOn from which the sample is 
drawn is normal. This article e:xtends these methods 'to a wide clas·s 
of non-normal populations. In fact, although the methods are here 
developed for one general class of functions; they are equally ap
plicable to most other types as well. · 

As in earlier work, .this plan is concerned ·with controlling the per
cent beyond one specification.limit. Let us suppose that this is an 
upper specification, U. If the true proportion above U is some small 
fraction, say p

1 
,. we want to accept the lot a proportion 1 - a. of the 

time, while if ~t is p , then we wish to accept only a proportion 
r3 of the time. Then tfie usual approach, if we know the population 
standard deviatiotid, is to compare~+ ka with Uwhich if it.is below 
U we accept, or if above U we reject. • Thus to use· the plan, all that 
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is nec~ssary is to find the sample size nand coefficient k. These 
will depend upon p

1 
andJ?2 . and the risks a. and S. lt will be seen 

that although non-normality ha-s some e.ffect upon k; it is more 
strongly felt in~ the sample size n: 

. . 
Tables presented enable one to firid the appropriate k and n for a 
variety of distribt1tions, if one can estimateor approximate the 
degree of skewness and/or kurtosis inrthe population. 

Also the case of acceptance sampling with a unknown is covered, 
and is also easily applied. (6 citations) 

130. Acceptance Sampling of Lots by the median, quasi-range method 
Industrial Quality Control 15 (1): 8-11. 1958. 

The purpose of this report is to introduce the Median, Quasi-Range 
Method for controlling lot average and lot standard deviation. The 
method applies when the characteristic is·adequately described by 
the normal dis tribtitioJ;t. ( 3 citations) · 

131. ASQC Standard Al (Proposed) Definitions, Symbols, Formulas and Tables 
. for Control Charts. 
Industrial Quality Control 24 (4): 217 ..... 223. 1967. 

This- sets forth a C(lllection of term8, together with their definitions, 
which are in common usage amcm,g. quality control practioners. Published 
here for the membership to review. and make comments on before being 
incorporated in aquality control document a~med at standardization 
of terminology. J .G. D. 

132. Sunnnary Technical Report, August; 1960 
National Bureau of Standards, Washington,. D. c. 
Intarcomparison of Laboratory Test Methods 
Industrial Quality Control 17 (8): 17-18. 1961. 

The National Bureau of Standards has developed a mathematical model 
for statistical analysis of factors involved ·in variability in inter 
laboratory test results. The tnethod is used to distinguish between 
random and systematic laboratory differences that cannot be represented 
by constant biases. Although designed primarily for the study of a 
single test method or an inter laboratory scale, it can be used for 
inter laboratory comparison of two alternative test methods. (4 citations) 
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