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1. INTRODUCTION

This is the report for 1967-1968 of what waé set up to be a continuing
project on statistical quality control but which has ndt been renewed for :
1968—1969. Of the fivg.sﬁudy objecti&es; two;;Quality ControllResearch'
rin the Highway Field, énd Applications to ﬁighway Construction,‘have
been accomplished and are'summériZed‘in this rgpért.

In order to set.tﬂé current interest in statisticél quality conﬁrol
(8QC), relative to ﬁighway cénstruction,'in histéricél berépectiVe, a

'brief history of early'developments in SQC is presented.

For the individual who,doés not wish to spénd time perusing the
annotated bibliOgraphy,-a digest;pf the pertinent activities with respéct
to highway constructibn has been pfepared.‘>This digest has not»been 
tied ﬁo the bibliography by cifing_theAindividual references bécausevof

" time aﬁd readability'considerétibns.f o

A brief sgction-éxprgéging some thoughts on the management of SQC
function has been inclﬁded; The highway indﬁsfry,'mganing states and‘
contfactofs, stands to benefit from a céteful examination of hqw sqQc
ﬁas been incorﬁorated_invthebmanagerial structufe_over a wide range of
companies, where it has become a vital part of the organization.

The annotated biﬁlipgraphy is;vof coﬁrse, tﬁe principal‘componenti
of this report. The ihtroductory section to the bibliography putlines

‘thefnature of it; the ¢OYerage attEmptéd; the orgaﬁization of the‘biﬁli—
ography and other detail. This should be réad prior to delving iﬁto 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 historical section, it is here recommended
that serious conéideration be‘given to affiliation with the American
Séciety for Quélity'Control. ‘This is a viable ofganization which has
“an aggressive educational program and so could be extremelybhelpful

iﬁ putfing togethér a suitabieAtraiﬁing program. It also sdppoiﬁs
publications which are highly régatdéd‘as disseminators of statistical

quality control information.
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2. A BRIEF HISTORY OF SQC

| ThedeOddCtiOﬁfOfda‘qUélity‘Product has been the ooncern'of‘indnStrYr.
since the.indusrriel revolurion., Durlng ‘the Mlddle Ages “the medleval
guilds insisted on. a long perlod of apprentlceship and demonstrated |
dabllity before allow1ng use of such titles as master craftSman. Thus
quallty c0ntrol has 1ong been avconcern of 1ndustry 1tse1f, of govern—
rmental agencies in a regulatory capacity, and of profe531onal societlesr
Statistlcalfquallty control, as distinct from quallty eontrol, 151”
of mueh morekrecentﬂorigin,.vThe first epplicatiOnvof statistieel‘quelity.
eontrol_wasvmade by Dr; WaiterbShewharf of the BelluTelephone Laboratories
during the 162015}, In 1924 he prepared a memorandum which included a |
‘sketch of a modern‘ control chart; In 1931 he publlshed the flrst book
‘devoted to statlstical quallty control HlS ploneerlng work was expanded
.by his_asgooiates (also with Bell Ielephone), H. F. Dodge_and,H. G. Romig,'
‘to;enconpass sampirngrrnépeetion;;end'tneir.Sampling,Inspeetioanab}es
are now,well known rhroughont,indnStry. | |
| ThlS new methodology was promoted durlng the l930's by the Amerlcan
. Soc1ety for Testing Materlals, the Amerlcan Standards Assoc1at1on and _
'the American Soc1ety for Mechanlcal Englneers.. Production englneers,
however, preferred to concentrate on 1mprov1ng technical methods to the
point of remov1ng virtually - all quallty varlations, and at the same
':tlme, there_were few,lndUStrlal_personnel-skllled in the requlsite :
:s'tatist.ical metho,d'sk‘.v The net result then, for thivs decade, Wais'_rnat'

only a very few American industries seriously exploited the techniques



of statistical Qualiﬁy éontfol.

World War Ii had é'po&erfpi impact upon the acceptance of statiéticai
qﬁality épntfol in‘fhe United States, General Lester‘E,'Simgn is,citgd_
as one of thoseAwhé recognized its power and_aggressivgly‘promdted its use.
The War Department, convinced of its utility, took the lead'ih_Prombtigg
intensive short courses in'st&tistical qua}ity-contfél; these Were:first
of 10 days dufation but were soon condensed to 8 days. In thevintervél
11943 toul945 over‘BOO 6rganizatiop$ from 35»stat¢s sentvpersonnei td the
33 short coﬁrses Sponséred‘by the Office of Production Researqh and
Development,'of the War Production Bqaré. This’educational effort
stimulafed its'appliCatipn to a great véfiety of industrial prdducté;
since that time this impetus has been’sustaiqed with the net‘resuit
that the areas oﬁiapplicationvhave,conﬁinued to diveréify. |

A natural next étep'w;s'anvorganizétiOﬁ of people with 1ike'iﬁterests
to actively prbmote the diséemination of statistica% quality cqqtroi
iﬁformétion. To this end thé Society of Quélity Control Engiheers in

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

publication of Industrial Quality Control in 1944. The ‘American Society
for Quality Control was formed in 1946 and. assumed the publication of

"Industrial Quality Control" at that'time.v‘This'Qrganization now has

‘sections in all paﬁts of the United'Stéteé_and in Japan and hgs a total
membership of aboﬁt.22,000_at the time of this writing.
Interestingly enough,'in 1932 statistical quality control was

introduced to British industry by Dr. Shewhart, and it gained rapid



" acceptance there during the l930'§~when‘Ameriéan industry was‘S£ill
bdragging itsAcdlieCtivé féet,‘ By 19374it Was‘béing widely'appiied in
,the coal and cokg, tegtiié; glass, building maférials and chemical
industries. In 1945 the‘Royai Statistiqal Society formed aanhdustfialv.
Appiicationé Seétibns which funcﬁions;thh;like'the American‘Sbcietfr
for Quality Coﬁtrbl‘in-the’Unitéd Stgfes. -In 1952 the jourﬁal "Applied
Statistics" was started under thé sponéoréhip‘of‘the Royal Statistical
Society, éimed’at‘the‘diSSemination of statistical applications iﬁ
‘ industry. |

From the Uﬁited Staﬁes and,G?eaﬁ Britain ;he methodsband philosophies
of statistical”qualitﬁAcontxoi have spread to other parts oflthé WOrld.
It might bé noted here tﬁét ﬁhe emefgepce of Japan as a:producerrof
high quality goods,in e1ectronics,'0ptics,‘été. has been, ‘in no small
part, due:tq tﬁeirtadoptibn and intensiyéﬁépplicationvof statisticalj
quality control methdolpgiés.

Other signifiéantvstePs in the communication and promotional aspects

of SQC was the joint 3ponsorship of the,jQurna1 Technometri¢svby the
American Statistical Association and the American Society for Quality

Control; this journal was started in 1959. - Technometrics is now

considered té:be the leading journal of statistics in the physical

and engineering SCiencés.v'The publication of Industrial Quality Control
was suspended in December, 1967. It is being replaced by two journals

under ASQC SpOﬁSOIShip,‘ The fifst, 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 second,

s



Journél'gi‘Quality Techqology,’will Be.puBlished four:times“a,year bégin—‘“
ning in January, 1969. .ItiWi11 serve'as ﬁthe‘autlétﬂfor,afticles on
methods, applicatioﬁs and:tﬁe_téchnological aspects of reiaﬁed diSCiplines;"
to quote ﬁarlene C. S¢ﬁmidt (Quality Brogréss-l(lO):.&6~4S§' 1968), -

The Americaﬁ Society‘fqp4Qua1ityvControl,présently is QrganizedAinto;;
eight subject matter divisioﬁs, Theée arevAdministraﬁivévApplications;
Aircraft and Missile,vAutbmbtive, Chemigal,vElectronics,vFood.apd Allied
Industries, Reliability and Textile and Needle Trades. . Undoubtedly more
» will be added as the necesSify_érisés.' | |

Ihis historical review, while in no sense complete, shduld be Suf—
ficient to poiﬁt out that stafistical‘quali;y control.is'a_w511 éstablished
arm of the'manufactﬁring industries. It is new to the_highway construction
industry trﬁg:enough, butkideés for applications iﬁkthis:new aréa might
well be stimﬂlated_by an acqqaintance with what has:already~takén place -

in, seemingly, non-related industries. ;



3. A SYNOPSIS OF REPORTED HIGHWAY ACTIVITIES RELEVANT TO SQC

The fact that, in fhe final prodﬁct (in-this'éasé a'unit'of ﬁighway)
there exists acknowle&ged‘variation, has emerged3int§ the full light of
day.v’This facing up td tha facts has taken place in maﬁy 6ther industries
over the past 40 years (See'SQC'Histofy'Section).i_The,general boﬁcensus

seems to be that the ceam.aSSembied.féf‘the AASHO Road Test in Otﬁawa,
Iilinois; and which team ihbluded at least ﬁné experienced statiétician,
Dr. Paui Irick?‘did a gréaf dgalutorbring aboﬁt this confrontétion.kAThe
team supervised the_éollection andlstatistiéél summarization of a very
lérge volume of constructiOﬁ test data; which, when the épeéifications

~and the data were brought;togéther? cle;rly indicated thaf there were
some striking iqconsisﬁencies., The reader shouidvnot deduce. from this
that any criticiém,of past or preSent‘construCtion is~imp1ied'bf’in#endéd,‘
it is not. The hard facts are that‘épecifica£ions have»traditiqnaliy‘}
"been wfittén without prOpef coghizénte-of the‘variability of the’proéeSS
prqducing the sample or test §bséfVatiqns.

,The basis for statistical quality‘control (5QC) in:this or any other
industry depends upon a thoréugh»knowledge_qf the sources of variation
affe;ting ﬁhe product being‘éubjectedvto éontrol; The product ﬁas’an
inherent variability thchbis depeﬂdeﬁt upon the underlying procesg, e.g.,
a natural materialllike limés#oﬁe'might be expected to have a mﬁch higher
level of variability tﬁan portland cement, whiéh_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



can be reduced by careful seléctidn of thé sampling me?hbd{ Testing
proﬁedures; once the sample has'beén obtainéd, arg in’turn‘subjgc;;to
variation due to such thinés as operatdr, weighing, measuring gnd
instrument érrors. |

;The higﬁway.constructipn induétry ig nqwbengaged.in‘examining the
vériability piétufe for the'sPecﬁrum ofvmateriéls and;processespfrpm o
Whiéhf;‘highwéy‘is constructed. For qlérity the activities will be -
- treated under methédology, base ﬁaterials, poncrgte, asphaltic»concrete‘
and‘miscellaﬁeous topics. | | v

In metﬁddology the ohe-techniqué‘thatvis_referred to most frequently

'is the case of_portable nuciear devices for non—destrugﬁiveiy eStimating
the‘déﬁsity and moiéture of a cbmpacted layer. Some inyestigatiéns haye
been éarried out using similar‘devices‘for estimating asPhalf cdntent-
and for estimating density of a hot mix after a roller pass. With.these
it ié possible to obtaih»an estiméte withiﬁ,a matter of mihgtes, this is
in contrast io_the_desfructive and time consuming sfandard balloon test
which reqﬁireé an excavation, a‘yolqme esfimate,.réﬁoval'of the_mhtexial
to ﬁhe laboratory fqr moisture aetermiﬁafion aﬁd, finaliy,»proyidgs a
density estimate, >Th§ cdnsengus fromva ﬁumber of‘states gndeoreign
countries is that there is.goéd:agreement ﬁith standard tests, and no
very compelling reasons wﬁy the npélear devices cannot be used as a
routine sampling tool.v.A gyratory compact0r has been developed which;
can be used to replace the more vafiable hand—compacped’samples in a
preliminary appraisal of material Rroperties. Improved methqu for

hand sampling or automatic sampling of aggregates have reduced the



sanmpling variation.

Some investigétofs have,béehistimnlated tdiéeaich for, orimaké use
of knoﬁn, more fundamental fests to replacebempiiical ones. Various
tests fér the quality of aggregafe maferigls, Suéh as the freeZe—thaW~
'test, a test for fine aggregates,Aafe béing examined. The quality of
asphalt is depéndent in parﬁ on its vis¢osity; which can be measured at
several‘temperatures and is useful in forcéSting its aging characteristiés;
this is a much more‘reVealing>test~than;i§ penetration. Estimation of
.bitumén conteﬁt.using optical density equipment after solvent extraction
has been investigated.- An acousticél’test‘for_aéphalt content has
possibilities. ThevStandard>28'day test for concrete»strength adds to
the data file but does not offer mucﬁ‘sébpe for timely'action‘to be‘
taken in thé event of unaccep;able produgt; There appears to be some
promising methods under deveiopment fOr‘accelefated tests which will
produce strength estimates at‘thé end qf'48'hburs, énd which display'a,_
>reasonab1y high degree of correlationvwith the standard 28 day test.

The constrUction‘of a.highway starts wiﬁh a subbase or base,
usually constructed from materials found in situ. Economics usually
argue against shipping baseAmaterials>OVertlongvdistances,vapd‘this
frequently would be the case if done, since many_geographical regions_'
are virtually devoid,qf»aggregate.dePOSits ér.wofkable rock formations
at or near the surfacé.. The use of lime or'cement>to stabilize originai
soil materials has been practiced for a long timé; a recent study suggesté
‘that use of a mixing piant of‘soﬁe sort wi11lresuit in a less variable
product in terms of uniformity of épmpactioq, this. is brought about by

a more uniform mixing or blending of the stabilizing material throughout



the native material.
SQC procedures. have been appliéd to'tompactidn~c0ntrolkby“Ehe'usé
of at least two approaches. In Virginia'sevefhl‘higﬁway contracts have
been written’whéieby, after laboratory estimates of the' degree of ‘com~
paction possible, the contractor uses his equipment to produce 4" cohtFol
section on representative base material,'and'an'aCCeptabie density level
is esfablished‘by dEpartmént”pérsonnel'using nuclear gauging;"Thus’thé‘
éontracfor has a good estimate of’the-compabtive effortfreﬁuiréd,‘and
the department_is.able to ascertain the mean compaction level and its
variability based on a realistic (not small) number of samples. California.
has made use of n#clear gauging to pérform acceptance sampling of completed
compacted séctions, using a pass-fail apprbach; e.g., a certain proportion
§f the samples must exhibit a degrée of compaction at or above that
specified in the contract before the section-is accepted. :
Washington is comstructing a uniformity index for’each'job.based on
‘a review of the test data. Such could bevuéeful in an appraisal of
‘contréctdr qualifications. On this same vein, Louisiana has.examined
“the compaction-variabiiity within contracts and fgund rather clear-cut
>evidence of diffgrences in variability between contré¢£0rs; |
Concrete as a surface course is used extensively. This has focﬁsse&
attentionkon methodsiof'achieviﬁg closer control of quality. California
has found that properties of plastic’cement andbof the aggregates are
indicative of finél 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 compacted comcrete app?féntiyvgiQeé a measure
of Workabilify.’ Carefqi prbpoftidning resu1ts in‘a ﬁore'predictable
'_1eve1 of concrete quaiity. Tﬁe ready-mix ihdustrybhas found that cén;
'siderable Uniformity of‘produgt can be assuréd thfough careful attention
to ﬁatch ﬁeighing of ingredienté;iusing aUtématic eqﬁipmeht, blending
of the‘dry'materials and then careful timingvof:the Wef mixing period.
.In the ready-mix Operétion»unSatisfactory loss'can'ariSe‘due to over-
mixing while gétﬁing to, or waiting at, thé job site. Thus careful
“estimates of requifed revdlufions per minﬁ@eienrqute and of expected
Waiting‘times could reduce thesg loses. sqQc has been applied to these
aﬁd other reléted~pr0b1ems in AuStralié, Ger@any; the Uhitedeingdom,
: Canada; aﬁd in the United Stateé, withbconsiderablg_success;

The precast and preétress cohcfete_indusiry cQu1d uti1izé 5QC to
improVeAits product. 'Suchrdefailsvag proper fit ét time of assembiy,
qualityvbf surfaée‘finish3 more‘deﬁaiied drawingé.pf‘forming detail,

’hévg been indicated as aféas needing aﬁtentiqn.‘

In the;productibn,df ésPhaltié éonérete, South Carolina has found
the 5QC approach,,perhaps better called “proqess”contfol" in this instance,
to controlling the ou;goingkquality of ‘a hot mik_plaﬁt’tovbe very promising.
It gives a clear-cut opefatioﬁal procedqre and avoids the.arbitrary shut~-
downs that arise When‘a:statebinspectorvfinds a sample out of the specified
', limits, as under thé.more usual mode of operation. ’Séveral contfacts have
been completed under the plan apd contractors are enthusiastic.. Other
~ studies have led to impfoved thiékness control although the matter of

smoothness of the finished surface could be improved. Several large-

!
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scale studies havé’been condﬁcted to obtain estimates of the various:
statisticél parameters, agd theif variénceé, agsociated:ﬁith;the.product.,
These ‘are expected to be‘used;as tbé basis fo#_SQC plans.‘ALOuisiana,,‘,
the United Kingdom, Canada, Belgium, amongkothefs, aré eitﬁér.gsing or.
promoting the use of SQC‘procedures.

The steel @séd in bridges is usually produced under a striggent sQc
program and the supplier can provide the purchaser with'copies of his
quélity éontrdl rééords.E A qUalityvcontrol abprOQCh to sati;factory_
control of_the_fabriéation process, pafticularly the accebtance of wgl@s,’
is heavily dependent upon p;oper»qualification;of the individualjwelder.
Some United Kingdom and United'States_expe{iences have been recorded.

- The preceding paragraphs'repreéent~an attempt tovindicate the
scope of .activity aiined at exercising a de_y;onstrat.ed (in other ?;ndustrigs)
method of controlling variétion}iﬁ the highway construction industry,
namely statistical éuality coﬁtrb}f _To‘gee‘that this is not an.i?glated

‘view the reader is referred to an article published almost two ye’yarsﬂago.1

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

‘This toéié‘mayAseém presumptiﬁe bn two counts. The firSt'in that
it tacitly assumes -that SQC will become a»reality in highway constrﬁction.
bsecbndly it may seem to imply criticigﬁ of the present organization of
highway departménts.

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

convincingly demonstrated in many other industries. .The completed -and
cur;enﬁ_studies in‘highway construction and the, so far, isoiated
instances of actual application of SQC‘proéedurés cleérly demonstrate
that, first there is variation in e&efy fécet'of“thevconstructioﬁ process,
and, second that p;obability basgd meansfof dealing with it can be devised. -
'Thére7is also the pressure currently being-exe;ted by the Bureau of Public
‘Roads for the general adoption of thekprobability bgsed techniques'of sQC
as a means of enéﬁring a specified level éf quality iﬁ'consfruction; which
cén betuniformly appliéd nationwide. |

The-problém a state highway department (orfbthef’similar political
uni;s).must face squarely is that of uniform application of the approved
SQCvpr0ce§ures to all cbnstructipn projects throughout the state. The
same contractor may have construction projects céncurfently active in
seyera1 highway districts and hisk§uality costs to the stéte will be
least if this uniformity is aéhieved;v The-preseht, sometiﬁes nearly
autonomous, stfucturevof highway districts as exists in many states
might make for difficulty in ééhieving this.desired degree of uniformity.

Generally it appears that, ffom an examinafion of effective organizatio

in other industries, it is highly desirable that SQC be represented in top
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management, théﬁ is, in the state highway engineer's office. Such a
unit would serve to keep the state highway engineer informed as fo

the current status of quality‘achieVement'in'ali districts, and also
serve as a basis for coordihation and communication between states
and/or other governmental agencies. It should be charged‘ﬁifﬁ ofgahiié
ing and carrying out an effective and coﬁtinuing statewide training
program--no small tésk in itseif‘Whenbone considers the number of |
personnel that have to be reached. "It should serve as the ciearing
house for new téchniques and applications in SQC; whether from the
published literature, siﬁilar unitsvin other’states or enterﬁrising‘
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 contréctofs so that the state épéaks with one voice
~on SQC mattérs, such as explaining the acceptance procedures to bé

: applied when bids are being sought, encouragiﬁg the contractors them—
seives to become active participants in SQcC. The many industfies now
using SQC encourage, even insist that, their suppliers set uﬁ their oﬁn
SQC programs. This might be a way of getting the state out of the
position of testing, monitoring the contractor's operation, and finéily
accepting the resultant product as is frequently the case at present.

The highwa& districts would need to have qualified SQC persdﬁnel
assigned to their units for operational purposeé, but with their tgchnical
feSponsibility being to the central unit. This may seem opposed to present
management practices'but‘would appear to be neceéséry to ensure the requisite

"uniformity of application.:
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Any state seriously considering maﬁageria1 éhéngés to accommodate
this,neW~funétioﬂ woulﬁ”be wéll advised tb Seek advice from industries
10ca£éd_withiﬁuits boundaries, ofvneaf;by,‘wﬁbAafe'presently aﬁplying‘
5QC. ‘Also in almost ever& staté'in‘the u.s. there“are onerér more local
chapfers of’ the American SOC1ety for Quallty Control, whose members
represent the nmnagerlal as well as the technical side of the SQC functlon.
The chapters or individual chapter members représent a reserv01r of 8QC

competence that is readily approachable and eminently practical.
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s A;NNOTATED' BIBLIOGRAPHY
'Thg colle¢tioh contéined iﬁ~thisfbibliogréphj has»b§en,Brpught together
from a vériety.of sourégs. An initial colleétién'wésﬂobtaihéd from‘an |
~ information retrieval run using the facilitiesAbf‘the Highway Research
'Iﬁformation,SerVicé, Via:a requesf‘placéd\tﬁrAﬁgﬁ'Ehe Texas Highway |
Department. A direct Iiterafgre‘éearch suéélemented this,'ﬁbgether

with gleanings from a miscellaneous collection of reports and reference

lists Which‘waé avéilable. The fiiesvof the journal "Industrial'Quality
Control” ﬁielded a wealth of relaﬁed méterial..é
For the purpose of annotétioﬁ é‘summary-érwabsfract was used; many
-abstracts wérejavailable in the fiies of the Highway Research AbStracts;
‘some publications require that thé author(s) preparglaﬁ~abstract,i‘For'
thbseicaées,whére nothing was available an abstract was pfepared
bY:the'authOf' of this report, for ail_such'casgé the resultant abstracts
are identified b&»the initials: JGD.  Since'rele&an:bliteraturé citations
are,aﬁ?ihdication of the thérohghnéss of an investigatiqﬁ; the énﬁotatibn
concludes with the number of citatibns gi#eg in the original publiqation,
wherever this’infdrﬁétion waé available.. B
The-énnotated~¢ollection is lisied underAfdur'appéndix‘he#dings;as
follows: - o | | o
(1) Statistical Quality Control Stﬁdies andeppligaﬁionsyin'éll
Areas‘quHighWay ConstructiOQ; ' N
(Z)IListing'of Cﬁrﬁent Rese;rch.frojects_Relativevto_Statistical
Quality Control in Highway Cohstruttioﬁ.

(3) Management of the Quality Control Function.
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(4) Some TechniQues in-Appiication'of Qnality bontrol to Business
" and Industry. |
Sectlon (1) requlres no further comment,kelnce it is obv1ously

pertinent to the pro;ect objectlves. | |

 Section (2) arose as a result of the HRIS 1nformatlon run and serves
to dlSplay the near world-wide interest in statistlcal quallty control
. which has developed among governmental agenc1es and w1th1n the constructlon
.1ndustry 1tself. The prOJects were sotted into domestlc (United States)
and foreignj; within the domestic they are 1lsted in alphabetlcal order by
states, within. the forelgn they are llsted in alphabetlcal order by country
and chronologlcally within country, with the exceptlon of Canada. For
Canada the progects were listed alphabetlcellyiby provlnce‘end chronologically
within proViner The original computer‘reoofts have been edited into a
standard fofnat giving‘projeet’titlefvagency”performing~the inveetigation,
and for‘the‘United‘States~ projecte, a state‘projeot nnmber and a Bnreau 5
of Public Roads ptoject number,‘one orxboth asfaonropriate; personnelt
directing;the investigation‘(whete given);‘period“in ce}endar years
-agparentlz' covered by the inVéStig‘etionr(this information was often
fragmentary. and/or lncomplete), obJectiVe(s) of the 1nvest1gation, and
listing of reports issued up to the time the prOJeCt was placed in the
information file. Other 1nformatlon, such as fundtng, was eliminated
since theeteeords'were quite inoomplete._ No attempt was made to augment
the HRIS run so this is, at best, only a partial collectlon.i

| The attention in Section (3) is‘focussed on how industry has ap- .

proached the problems of effeetive management of thebquality control
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function. Sinée»tﬁe manufaéturingrindustries héve};in-some cases,
twenty-or moreiyeérs of experience it would bé Well télex§mine how

they have.incorporatedvthis activity into their ﬁanégement strﬁcture.
This is done with the expectatibn that, in the Qéry near future, there.
~will be a rather gerneral movemeﬁt tbwards.thegédoptiqh of statistical
quality éontrol procedures by the highway conStruction industry. ‘This
éhift Will;undoubtedly require management changes to ensure that uniform
procédures are applied.ﬁo all*construction’contracts.

Major attention by intérested personnel is presently'focuSSed on
Section (1), the statistical qﬁality control applications to highway
ﬁqnstrUction., The purpose of Séctiop (4) is to préfferya sampling of
statistical quality control applications invsugh aréas as office management,
'pErsonﬁel andkother imaginative‘appligatipns_Which’mgy provevequal}y réwarding.
State highway departments are generallj large enough to offer many op-
portunities fofléuéh applicaiions. |

Each section, e#ceptvSectiqn (2); hés bgen érgani?ed in the following
manner. Thé biblidgraphy is_arranged‘in alphabetical order by authof S0
long as an author or inveétigator is indicated.~_qu those cases where
this'inférmation is ﬁotvavailable they are ordered;alphabetically'by

title key words and are so assembled at the end of'the‘séction,
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APPENDIX 1

| STATISTICAL QUALITY CONTROL STUDIES
AND APPLICATIONS IN ALL AREAS OF HIGHWAY CONSTRUCTION
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Abdun~Nur, Edward 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 has been- dlrected 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
contractor. A lot of it was a matter of judgement, 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 1nspectors and foremen.  This has brought about
the need for a means to measure the control of quallty more obJectlvely.

Manufacturing 1ndustr1a1 operations had to face this problem years

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

Ba31cally, the fundamental principle underlylng all 1ndustr1a1 quallty
control is that variability is the law of life - nature abhors
identities. And, it has been found over the yéars that the laws of
probability provide a tool that can be used to predict quallty 1evels
through proper sampllng plans and testing.

’From a practical standp01nt, the normal probablllty curve reasonably
approx1mates the pattern of variability in construction materials
espec1ally if each test is determlned from an average of two or

three samples or specimens. For any given material, the degree of control
or variability determines the shape of the normal probabllity curve

that represents it.

The lower the average level of quallty 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 control. Every refinement is justified
as long as the gain is more than the cost; however, it ceases to be
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advantageous if the cost becomes higher than 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 ¢reate a strong incentive in producers and -
contractors to set up their own quality control.

Everyone gains by such an approach - the contractor by reducing

his costs, the owner by obtaining a structure with lower 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, mor that incentives
create powerful motivations for setting up quality control. The
latter is an unfortunate situation, because from the experience

of 1ndustry 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 ‘that these
facts have been recognized 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. » . :

Afferton, Kenneth C.

A Statistical Study of Asphaltic-Concrete

Highway Research Record 184: 13-24. 1967.

A.typical.New,Jersey State Department of Ttansportation Construc-

‘tion project was selected to establish average values and variabi-

lity parameters for abphaltlc pavement material characteristics,
such as asphalt content and gradation, presently used as measures

of quallty. The effect of variations in material or the material

production process, sampling, 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 normally run. on

a construction project. The validity of the Department's present'
sampling and testing processes, and the adequacy of its present
asphaltlc-concrete spec1flcations are studied.

A FORIRAN 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. TFor the aSphaltic content determination, it

was established that the Department's present sampling and laboratory
testing processes are as valid (in uniformity) as those typical of
the highway field today. It was found that in general the.asphaltic-
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)

Amirikian, A.
Dimensional Tolerances and Quality Control in Welded Steel 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.

Anday, M. C. and C. S. Hughes
Ccmpactlon Control of Granular Base Course Materlals by Use of

Nuclear Devices 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 conmstructed 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 sections built with like material. - The method has
proven to be very satisfactory on three projects, and will be
used on eight more that are now ready for advertisement.

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

Construction tolerances for concrete now generally spec1f1ed or

recommended in various design standards are discussed. The need

for new tolerance criteria, and a basic approach to tolerancing

as a function of design, are proposed, taking into account service
requirements, structural integrity, and appearance of concrete construction.
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" Anderson, Arthur R.

Quality Control for Precast Concrete Constructlon

- Civil Engineering - ASCE 36 (3): 56-58, 1966.

Quality control in'precast_concrete construction requires that

“each member be. 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 of
engineers to definiteéely assign responsiblllty, and less-than-

needed quality of the finished structure. Precast concrete construc-

tion requires carefully detailed ground rules for general contrac-

tor, fabricator and erector. Few engineers detail,thls‘adequately,
consequently what is everyone's business is no one's responsibility.
To achieve quality in precasting, workers must have adequate- technlcal

~ support and enthusiastic direction by management.

- Baker, A. B.

Deflection Beam Measurements in the Copperbelt District of Zambia

Road Research Laboratory (UK) LN (745). 12pp. 1965.

A’ turn-wheel loaded to 7000 1bs. was used to 1oeate weak sections
of road which looked sound. The results showed wide variability
and a statistical 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 51gn1f1cantly weaker than the average. . Further long—term
observations of beam deflectlons-and pavement performance w111

be necessary to prov1de a correlation between them.

‘Barclay, H. W.

The First National Inventory of Automotlve Materlals, Parts and
Components, Quality Control, Test and Inspection Operations

Automotive Industries 135 (10). 71~ 86. 1966. AutomOtiVe Industries
136 (2): 79-86.  1967.

In 1960, studies were first initiated to correlate 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, occasionally in excess of
the standards required by governments, both federal or state.
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11.

Beaton, J L.

Statistical Speclflcatlons. Analy81s Phase of Quality - Control

Study Raises Many Questions
California nghways and Public Works 44 (9—10) 42-45. 1965.

The U: S. Bureau of Public Roads is co—operatlng with the authorltles

in California in a regional workshop study of quality control.

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
procedures followed in this study and observations made as a result
of the statlstical surveys and evaluatlon of statistical speclflca—
tions. :

Beaton, John L.

Statistical Quality Control in nghway Constructlon

Jour. of the Construction Division, ASCE 94 (col), Proc. Paper
5708, PP 1-15.° 1968 (HRA 38 (7) - 1968).

Callfornla s experience in making a statlstical study of its
quality specifications for highway and bridge construction materials

_is described. Four years of research on sampllng 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: prov1de
information concerning variations due to sampling, testing, and

‘those inherent in the materials itself. Suggested in, place of

trad1t10na1 me thods is statistical quality control (SQC) . The

use of SQC could shift the quality control respon81b111ty to the
contractor with the buyer basing his purchase on a statlstlcally
sound end—p01nt 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 establishment of
new specification limits, and a revision of testing procedures.

Beaton, J. L, G. B. Sherman, R. 0. Walkins.

A Statistical Analysis of Percent of Cement in Cement Treated Base

Callfornla Division Highways Materials and Research Department
M&R 631133-7, HPR. Aprll 1967. :

A statlstical analysis of the cement content of plant—mlxed cement
treated base is reported. Three construction projects in dlfferent,
areas of California were sampled and the test results analyzed.

It was concluded that the current requirements 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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14.

cement treated base is adequate. Revised cement-<content control
limits are proposed and a specific frequency .of: testlng and use
of control charts are recommended. : ; oo

Bicking, C. A.

The Sampling of Bulk Materlals C SRR

Materials Research and Standards 7 (3) 95-116. 1967. (HRA 37 (9):
15. 1967.) o R ‘

The problems of sampling of bulk materials are tested in two parts:
the physical aspects and the statistical aspects. ‘' Although many
physical models are very good, statistics can contribute to further
improvement in the precision and economy of sampling. Bulk materials
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 1mprov1ng sampllng,'and to
measure the variability of materials are 111ustrated us1ng a’ wide
representatlon of materlals. :

Black, C. A. o o
Method of Soil Analy31s. Part 1. Physical and Mineralogical
Properties Including Statistics ovaeasuring and Sampling
Part 2. Chemical and Microbiological Propertles
Monographs on Agronomy 9, Parts 1 & 2, 1572p.. 965
This monograph, sponsored Jointly by the Amerlcan Soc1ety of Agronomy
and the American Society for Testing and Materials, contains 113
sections by various authors. Where possible, spec1f1c dlrectlons‘,
for measurements are given, basic principles are stated and comments
are made on such matters as limitations, pitfalls and prec131on.
Each section gives literature sources for further study; but the generalv
aim has been to produce a treatise that is self~suff1c1ent.

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

Concrete of- rellably high quallty is. needed for adequate performance
in structures., The producer of ready-mixed concrete must be held

.- responsible to specifications for: ingredients, properties of the

fresh concrete, 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 strength can be attributed 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, batching, mixing and delivery should be regulated

by statistical techniques applied to strength tests. . Several
control charts are presented Strength tests analyzed statistically
are very useful for keeping ‘track of concrete production control.

Bozarth, Ferrell M. and William E. Grieb

" Study of Mix1ng Performance of Large CentraliPlant Concrete Mixers
" HRA 35 (12): . December, 1965.

Field tests of concrete produced by large central plant concrete
mixers are reported for nearly 400 test batches 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 cyllnders.
Except for ome project, all test batches were transported by non-
agitating haullng 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 charging of cement and water. Failure

to achieve proper charging of these1naterlals tesults in uncertain
performance of any of the mixers tested. Some of the tests yielded
acceptable quality concrete (by most criteria) at 30 sec of mixing
time, whereas concrete of poor uniformlty was obtained at 180

sec of mixing time for one test series.

- Two, and in one case three, roadway samplés were taken from each

test batch. Roadway samples do not show marginal quality concrete
to be as inadequate as found by the plant tests. Specification
test tolerances should recognize that variances between two samples

~ are different from those among 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. Strengths thus obtained were below that permltted

by design requirements.

Bozarth CF. M.

Case Study of Influence of Imbalances in Charglng of Cement and
Water on Mixing Performance of Large Central Plant Concrete Mixers

California Division nghways HPR-(1/3), State F-8-1, BPR 2722 234.
May 1967. .
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Test objectives were to determine tolerable limits of .deviation
from good blending of cement and water with the aggregate ingredients
of the batch during charging 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
vard) central plant mixers with horizontal drum axis and both ends
open. When blending of batch ingrédients during 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 blendlng unlformlty
for cement and water during charging.

Brakey, B. A. .
A Vacuum Extractor for Bltumlnous Mlxes : o
Materlals Research and Standards 5 (12): 622-629. 1965.

‘Quality control tests of hot bitumlnous mlktures'in'the:fleld

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 centrlfuge, for the same test specimen size, (2) the methylene
chloride must be stored in a cool place because of its low boiling
point, 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 weighing

up to 3000 g. (2) the vacuum reduces filtering time to less 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 nghways as one of three standard procedures
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Brenner, R., G. R. Fisher; and W. W. Mosher

Statistical Analysis of Accident Data as a Basis for Plannlng
- Selective Enforcement Phase 1 -

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

Quality control technlques were . applled to the analysis of trafflc
_accident information. The underlying theory of control charts for
accident data is presented. Several new theoretical conclusiomns
relating to the statistical sensitivity of accident control

charts were formulated. These same control techniques were also
adapted to operational decision-making processes. A generalized
system of control chart computer programs, designed to reduce the
reported statistical 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 realize

a low beta-error probability concomitant with operationally defined
lengths of roadway, realistic control chart time periods, and
reasonable sen51t1v1ty to changes in. accident producing potential.
‘Such control charts would rarely fail to detect a small change in
acc1dent potential at the cost -of having many of these change indi-
cations be spurious. The principle is that Ffor many accident

data applications, it is appropriate to tolerate many false indi-
cations of change in order ‘to reduce the llkellhood of falling to
detect a real change.’ :

Brown, W. R.

Nuclear Testlng Correlated and Applled to Compactlon Control in
Colorado

HRA 31 (11): 21—22.\‘December, l961.

. This paper describes the 1nvest1gat10n made by the Colorado Department
of Highways into the feasibility and practlcallty of using commercially
available nuclear devices to perform moisture and density tests

~in the field on highway construction materials. The correlation
found between nuclear 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 radlum—berylllum are given. The
use of a nuclear device to control the compaction of embankment

matetrial 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 density of asphaltic concrete surface courses is

also presented '
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"Brown, Wayne R.

Development of Nuclear Density Tests for Hot Asphalt Pavement -
H1ghway Research Record 107 25-36. 1966

Development of a nondestructlve test‘method for‘density measure-

ments of hot asphalt concrete in the field using portable nuclear

instrumentation is described. Also described are efforts to
utilize ex1st1ng nuclear density probes designed for testing 8011
to measure the compacted den51ty of hot aSphalt pavement. ,

A prototype nuclear asphalt denslty probe was developed After
testing the prototype on test sections .with densities from 110 to
144 pcf, a production model asphalt density probe was designed and
built. Heat-resistant electronics allowed density tests to be
performed on material 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 1 and 3/4 to 2 in., allowing testing of thin asphalt
surface courses without base course influence. Comparison data
and compaction growth curves from various roller patterns sét in
the field using the asphalt density probe are included. Test
results were avallable within 2 1/2 min after each roller pass.

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

- The development of steel technology has piaced increased importance

on the role played by quality control in the successful achievement
of modern structures. The current practices for attalnlng quality
control are rev1ewed in their three distinct phases.

In the mill, the producer has'traditioﬁally applied comprehensive
controls on the metallurgy and manufacture of his product. Confor-
mance to standards is reliable. Development of a continuous:casting.
method promisés the elimination of soaking pits and the elaborate
checking required to avoid mixed steels.

Reliable 1nspect10n in the fabricating shop is 1dea11y achieved
through the cooperatlve yet independent, efforts of shop forces
and the customer's inspectors. Except in the larger shops, quallty
of inspection is found 1ack1ng. The authors believe the owner must
be convinced of the necessity of good off-site inspection. A
negotiated contract with a professional inspection agency, chosen
noncompetitively on the basis of proved competence, is desirable.
In addition to theé traditional tasks, inspectors are now routinely
required to perform and interpret non-destructive testing.® Dye-
penetrant, magnetic partiele, radiographic, and ultrasonic methods
are discussed.  Efforts at standardization of test criteria are
encouraged. '
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The actual construction of his de51gns should be inspected by the
engineer ‘himself; preemlnently qualified, he should be thoroughly

empowered to do so. The mnon-fashionable policy of engaging construction

firms for on-site 1nspect10n is deplored. o

Brunarskli L. :
‘Treatment of the Results’ of the Non—Destructlve Testlng of Concrete

Beton I. Zhelezobeton (USSR) 11 (7): 42-43. 1965.

Graphical methods of treating the results of non-destructive
testing of concrete, developed in Poland are explained. Formulae
are proposed and the values of terms llsted for the wvarious concretev

-quallties.

Buth, E., D L. Ivey and T. J. Hirsch

Correlation of Concrete Properties with Tests for Clay Content
of Aggregate .

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

The presence of clays in the flne 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 decantation tests as a means of detecting
such clay ‘and controlling the quality of fine- aggregate used in

" Portland concrete cement. As an alternative to this, the sand
~equivalent test which separates the finer clay particles from the
. coarser partibles and compares them on a volume basis may be used.

These quality control tests were developed independently and the
relationship between 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 content. The study con-

"cludes: (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) shrlnkage of the siliceous aggregate concrete is
incréased 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 containlng siliceous aggregate is decreased as the
liquid limit of the contaminant increases, (6) the dynamic modulus
of elasticity of concrete does not change 31gn1f1cant1y 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 modulus of rupture values, (8) some aggregates
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meet present Texaé Highway,Department specifications: by the loss

by decantation test while failing the requirements of ‘the ‘sand: -

equivalent test, (9) a relationship exists between loss 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 test
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 fine aggregate for use in.

concrete. Loss by decantation results should be combined with -

‘liquid limit determinations to evaluate coarse aggregate..

Carlton, Paul F. :
Application of Nuclear Soil Meters to Compactlon Control forv
Airfield Pavement Construction

“Amer. Soc. for Testlng Materials. STP No. 293 27-35. 1961

(HRA 32 (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 within the average accuracies 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 Cllnton County Air Force Base, Ohio.

This study was made using engineering models of the P-21 surface
moisture probe and the P-22 surface density probe, manufactured

by the Nuclear-Chicago 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 conventional testing procedures

~for compaction control, time requirements per test were greatly’

reduced, and radiation hazard to operating personnel was negligible.

Centolani, G. v
The New Bituminous Pavement Manual .
Strade E. Traffico 13 (151): 7 PP. 11966 .

The new manual, presented by the Tourlng Club Italiano and the
Unione Petrolifera is briefly described. Its eight chapters deal
with (1) materlals, (2) bituminous mixtures, (3) the control of

bituminous mixtures, (4) bltumlnous stabilization, (5) mastic' asphalts,

(6) surface treatments and penetratlon, (7) flexible pavement design,
and (8) maintenance. : :
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Cordon, William A. and K. B. Subbayya '

Evaluation and Control of Concrete Quality for the nghways of the
United States

HRA 29 (ll). 53. December, 1959.

This paper analyzes the unlformlty of results of compre351ve 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 of 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 suggestlons
are made regarding de51rabllity of uniform specifications for-

~concrete quality.

’:Covault Donald 0. and Paul K. Howard .

Use of Neutron Activation and Neutron Backscatter to Determlne
Mlneral Filler and Asphalt Content of Bituminous Concrete
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

unlformity of the mixed concrete. With the exception of mineral
filler content, all determinations of the physical characteristics

of the concrete were made by conventlonal tests as speclfled 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.

Dantinne, R.

A Comparlson 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), friction, abrasion,
polishing and hardness, (2) fine aggregates (sand): terminology,
samples, preliminary examinations, chemical characteristics, cleanness,

_grading (size), physical characteristics (density, etc.) and (3)

fine agpregates (fillers): terminology, sampling and various tests.
(1 citation) ' '

Dantinne, R. and P. Longuev1lle ~

A Critical Study of the Quality Testlng of Stone Used in Road
Construction

Memoires DR C,E.R.E. S., Llege (Belgium) No. lO 23-69. 1965.

‘Test methods for determlnlng 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 rock itself and on the crushed

_material are considered., The study bears on the main standardized

methods of various countries, and in each case references of the
documents consulted are given. (60 c1tat10ns)

David, J. H. .
Manual on Statistical Quality Control of Constructlon Tolerances

Bureau of Research and Development ‘Alabama State nghway 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 testlng and sampllng within the
Alabama State nghway Department. -

The words statlstlcal analysls "Quality Control', ''Construction
Tolerances', and like expressions are foreign to most Construction
Engineering personnel within the Department.  This paper has been
prepared within the Bureau of Research and 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 included 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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DaV1s, R. L.

‘Some Basic Considerations in the Appllcatlon of Statlstlcal Methodsk

to Highway Problems
Virginia Highway Research Council Nat. Conf Stat. Quallty Cont.
Methodology, 15 pp May, 1966.

Statlstlcal distributions, chance causes, a351gnable causes,
specification intervals or llmltS, 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, 1t is useless to try to
reduce the variation through increased superv1s1on. When assignable
causes are present in -a manufacturing 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 om
the process output are of limited value and the interpretation of
their signlflcance in process control "is d1ff1cult.

Defoe, J. H. and R. C. Malnfort

Compaction Control of a MaJor Constructlon PrOJect with the Michigan

. Nuclear Gauge
Michigan Department State nghways HPR, R-6l State, BPR 4722 102
September 1966. o ' '

During. the 1965 field tests the Mlchlgan comblnatlon—type nuclear
moisture-density gauge proved to be a satisfactory means of embank-
ment compaction control for all soil and aggregate materlals 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 with statistically
random sampling with promising results. Further experimentation
is planned during 1966 operations on this project during which
time motre careful and complete evaluation of the statistical

random sampling techniques w111 be performed.

Derdeyn, Conrad J. and James F. Todd

Acceptable Deviation in Density Control of Flex1ble 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. determlned
for density only. With this 1nformation as a criterion, routine

tests could be made on a job with similar parameters and those results
compared with the characé¢teristic range of deviatlon. In this way,
really significant variations in quality are flltered out and pin-
pointed. :

Results are studied graphlcally so that test results ‘can be evaluated
at the time they are made. The record produced provides a ready
reference which eliminates the need for reviewing stacks of test
reports or long tabulatlons of figures. In addition, it is effective
in illustrating to the layman the results achleved in the constructlon '
control : :

An example of the applicatlon of this system is. glven for comstruction
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 analysis is made and explained.
(5 citations) ' o S

Dillard, J. H.
The Implications of Several Types of Statistical Speclflcatlons

Virginia Research Council, BBR, PB-173 410 41 p. July, 1966.

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

Discusses various types,of statlstical SPecifications and the

~practical implications of their adoption. Presents’considered spe~

culations on some of the ramifications that might accrue from

‘selecting and adopting statistical techniques in hlghway
~construction.

Dillon, P.
Nuclear Moisture-Density Testlng Methods ,
I1linois Highway Engineer 18 (2): 1-2. 1966.

Three nuclear gauges are being used for determining 3011 compaction -
and moisture content on construction projects in District 8 of

the Illinois Dlvlsion ‘of nghways. The nuclear testing device is
currently being used exclusively on moisture-density testing. on

several construction projects on Interstate 70. The operation of

the nuclear moisture detection is based upon the special nature .
of the interaction between fast neutrons and hydrogen. ' Hydrogen
is exceptionally effective in slowing down fast neutrons

through collisions, to speeds associated with the random motion
of a molecule or small component 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
simple. Five minutes are required-three minutes for moisture
determination and two minutes for density determination. Testing
errors are minimized and quality control is easily obtained using
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these teéts. A speedier completlon of constructlon projects
result in economic benefits. S

Doyen, A. ' : C R
Consideration on the Quallty Cr1ter1a of Bituminous Surfac1ngs
Bitume Informations, Brussels (Belgium) No._14 31-50. - 1965.

The author Quotee 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, uniformity, thickness, minimum binder content, apparent

'spec1f1c 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 motorway 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 characteristlcs (uniformity, ridlng quallty and roughness) .

'(3 citations)

Doyle, P. C.
Yardstick for Guidance in Evaluatlng 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 from different 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 method provides a tool whereby the 31mulat10n of the

‘hot-mix pugmill operation on a laboratory basis can be dupllcated

This procedure will allow an evaluation of the asphalt before it

is placed. It was determined that .any paving mixture which contains
an asphalt which shows a ductlllty exceedlng 8cm should ‘be free
from cracking. (68 citations) :

Dunn, K. H. and N. G. Gaudette ~

M1x1ng Time Requirements for Bituminous Mixes as. Determlned by
the Ross Count Method -

Highway Research Record, No. 117: l 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 mlxlng times on the mixture properties

were measured by Marshall tests. ' A preliminary study was conducted
in the laboratory before beginning field study which con31sted

of Ross count 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 penetration grade asphalt 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.
Marshall test results indicate the mixture properties of all v
six mixtures were not 81gnif1cantly affected when the wet mixing
time was reduced to permit 97 percent aggregate coating. It is
concluded that the practical approach offered by the Ross count -
method could be used to establish and control satlsfactorlly mlnimum
mixing time requirements. (3 citations)

"Eager, W L. v '
Symposium~Thickness Variation of Asphalt Concrete~Part 2-Importance

of Riding Quality-Emphasizing Riding Control While Improving
Thickness Control » v _
Assoc. Asphalt Paving Technol. Proc.  33: 27-29, 45-53. 1964,

‘Since the advent of procedures required for checking quality and
v 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 unoffic1ally 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 p0531b111t1es in thlS

regard.

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,kfabrication and erection of the
welded steel box girders and concrete deck slab which form the com-

‘posite superstructure 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 posaible -

developments in composite design references: fabrication and erection
of the steelwork for the Tay.roadAbrldges W. A. Falrhurst,
Civ. Engng, Lond., 1965; 60 704 , 358-9, 361, 363. :
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Fletcher, Oren S.
Control and Acceptance of Hot Mix Asphalt Pavements by Stat1st1— B
cal Methods in South Carolina

Paper at 13th Annual Convention, Nat1onal Asphalt Pavement Assoc1at10n

' Los Angeles, California 37 p. February, 1968.

The surface mix which was‘prodnced and used~on the I—85Vproject

was very uniform in texture. The quality of - the mix was very good

vk.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 great deal of this credit can be attributed

to the Contractor's personnel for their excellent workmanship.

Control and acceptance of asphaltic plent mixes by statistical

methods has a promising future. There will no doubt be problems

‘to work out as additional experience is gained. A practical

acceptance plan will be profltable to both the Contractor and the

" State.

In the system prev1ously dlscussed 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 1mportance of individual
test results and places the emphasis on grouped data. Another

| way to express it is to say that we look at the results of several

_tests 1nstead of the result from one test.

-This system Wlll stand up under audit. It Will,not be’necessary

to.write a letter to explain why a few individue1 test results are
out of the Specifications. When test results are out of tolerance,
the actlon to take is clearly defined.

After Contractors have had an opportunity to gain experience with
this system, I believe that it will receive their endorsement.
Wlth the de-eémphasis 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's production from which
both he and the State will beneflt f1nanc1a11y.

Foster, Charles R.
Quallty Control of Asphalt Pavement ]
Jour. of the Const. Div., Proc. ASCE 92 (C03) 41-49. 1966,

In most industries, quality control test;ng'ls 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

-38-



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.

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—quallflcatlon considerations are generally
based on financial ‘standing rather than proven quallty of product

and excellence of workmanshlp

Two factors now opérating provide a limited incentive for contrac-
tors to develop quality control testing capabilities. One is the
practice of some states to require the contractor, as a part of

the contract, to provide an equlpped laboratory for use by the state
forces. 1In the course of time, contractors use these laboratories
in conducting tests on proposed materials for use in preparing

bids. The other factor is the increased use of asphalt pavement

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 constructlon
of hot-mix asphalt pavement vary with different agencies but all
agencies test the asphalt cement, the 1nd1v1dual aggregates, and
the mixture. - About half the agencies test the completed pavement
for 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 aggregates in the hot-bin, are made at intervals
during the day. The tests that are necessary for any job are
those listed in ‘the Speclfications. A typical set is given in
the paper. ' ' .

At the present no agency is using statlstlcal procedures in estab-
lishing the frequency or location of the samples. With the high
priority the Biureau of Public Roads has assigned to research on
the development of statistical quallty control speciflcatlons, we
can look forward to seeing these being put into effect in the not
too distant future.

Two items of automatic equipment have come on the market in recent
years which have contributed to improved quality and reduced the
required amount of inspection and testing. Automatic equipment

is available which will draw the proper amount of asphalt and aggre-
gate from the hot—blns, dump these into the pugmlll, mix them the
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required time, and then dump the mix. Sensors are available to
determine if the individual welghts are within allowable tolerances
and there are interlocks to shut down the operation if weights are
out of tolerance. Equipment is also available "to print the welghts
of each 1ngred1ent, the batch welght, and the truck welght.

The other piece of'equipment is the automatlc.screed control.

‘A sensor, attached to the conventional paver, rides on a string

line that is. parallel to the desired surface. Automatlc equipment
operated by signals from the sensor make the necessary adjustments
of the screed so that the finished surface. conforms to. the desired

,proflle.» A slope sensor controls the transverse slope to assure

proper crown.

Fromm, H. J., W. A. Phang, and M. Noga

The Incidence of Stripping and Cracking of Bitumlnous Pavements
in Ontario

Ontarlo Dept. Hwys. Jt. Hwy Res. Prog (Csn)_Noi 109, 23 pp. 1965.

A statistical sampling covering the entire province of Ontario

“was conducted 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 the aggregate -to weaken the entire structure. Stripping to

some degree was evident in all areas examined and 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
pronounced where granltlc aggregates predomlnated No correlation
was found, however, between the asphalt source and the amount of

.stripping. The' frequency of random cracking was found, 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 strlpplng has progressed

in a sample. (14 c1tat10ns)

Gartner, W., Jr., and R. W. Lindley, Jr.. »
Field Compaction Studies on Asphaltic Concrete
HRA 31 (11): 22. December, 1961.

‘This paper presents the results obtained from a project under-

‘taken to evaluate the effect of varying the compactive effort of
~ the intermediate rolllng on asphaltic concrete. Both pneumatic-
‘tired and steel-wheel v1bratory rollers were used on a total of

26 test sectlons.k
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Results of the tests made with the pneumatic~tired intermediate
roller indicated that maximum compactlon is attained with.six’
coverages, and a slight tendency'for the material to decompact with

additional coverages was noted. Results from the three sections.

in which no intermediate rolling was used showed that the average
density attained exceeded minimum specification requirements.

When the intermediate rolling was omitted but two extra coverages

of the flnal steel-wheel rolling were. applled, the average density
attained was nearly as great as ‘the average maximum density attalned

- with the optimum number of coverages.

‘The results of permeabillty tests 1nd1cate no detrlmental effect

resulting from omiss1on of the 1ntermed1ate rolling. ..

* The results obtained with the v1bratory compactor were inconsistent

and due to the lack of replication no evaluation of these results
was attempted. » ‘

:Ghosh R. K., M. P. Dhir and M, R. ChatterJee

Quality Control of Concrete and Its Ecomomics for Paving Progects
Indlan Roads Congress Journal 29 (4): 573—601 1966.:

- The various factors contrlbuting to the Varlabillty in the quality

of cement concrete on paving projects are discussed and suitable

_controls to reduce them are suggested. Reference is made to coarse

and fine aggregate, batching, mixing, compaction, curing and testlng,

~while details of strength data and their analyses are provided.
It is recommended that both for road and airfield pavements the

probability values of one in ten may be Spec1f1ed It is 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)

Gillis, L. R.

‘Slip-Form Paving-2

California Division Highways 44 (3~4) 68475."1965;

In five years slip-form paving has become the most common technique

“used to construct concrete pavement in California. The authors

describe experience galned with the slip—form paver in operation.
Advice is given on the control of quality and uniformity of concrete,

' - subgrade preparation, the use of vibration for satisfactory concrete

47.

den81ty, pavement smoothness, finishing, and joint constructlon.

Glldden H. K.
Asphalt Shoulder Methods for An Iowa Freeway
Roads and Streets 108 (4): 74-145. 1965.
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’ ASPhalt shoulders constructed agalnst concrete pavements described.
The black top of the shoulder provides a colour contrast with'
- the concrete pavement, and for this reason shoulders along asphalt

pavements in Iowa are finished with white crushed limestone.

‘Shoulders in Iowa are de31gned to carry the heaviest wheel loads,

and special attention is paid to compaction and the quality of

base course materials, to avoid subsidence and frost heave. The
bituminous base for the project described had a mix of 70 percent
crushed limestone passing 1 in. screen, 30 percent washed sand
passing No. 4, and 4 to 5 percent of 120-150: penetration asphalt
Shoulders on all interstate roads are provided with a 3/4-in. armour -
or rumble 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- asphait pavements. Constructlon

methods and equipment used are described.

Goldbeck A. T, and J. E. Gray

A Method of Proportioning Concrete for Strength Workability
and Durability _ ‘ o ‘

National Crushed Stone Association No’ 11 36 ppV 1965.

A 31mple method of proportlonlng which will produce the desired

- quality of concrete, irrespective of type or grading of the aggre-

gate, is descr1bed.~ It is considered to be easy to use, dependable

‘and practical, an appendlx is 1nc1uded on the method of test for
vfunit Weight of aggregate. ‘

Graham; Malcolm D., William C. Burnett, and Jerome~Jr Thomae
Realistic Job-Mix Formula Tolerances for Asphalt-Concrete.

Highway Research Record 184: 55-66. 1967.

In 1960, the Department initiated a study to determine the uniformity
of asphalt-concrete top course mix to establish realistic

"gradatlon control specifications. During the years between 1961

and 1964 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 from the results it is

‘concluded that the mix gradation (x, 0) 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 meanlngful when related to coarse aggregate

 than when related to fine aggregate, whereas the reverse is true

with the extraction test.

’Job—mlx formula tolerances developed from this study are realistic

and fair to both the producer and to the Department, and are now

being used on a statewide basis. (19 citations)
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Grant N. T.

Ready Mixed Concrete (Part 1) Plant and Technlcal Control

Structural Concrete (UK) 2 (7): 299-308.. 1965.

Reference is made to outputs in Great Brltain and types
of plant used, Some methods for determlnlng quality of concrete-
are .given and the application to control is indicated. Variations

in quality are discussed. Closer co-operation between users and

producers would ensure that the best technical and economic use

is made Of,aVailableomaterial, (10 citations)

Gray, Hamllton

Development of Equipment and Methodology for UtlllZlng Nuclear

Energy for Quality Control of Highway Materials

Ohio State University, Eng. Exp. Sta., Columbus, Ohio. Transportation
Engineering. Center Report No. 164—1 May 1961. 42 pp.
(HRA 32 (8): 1. 1962).

This report summarizes data previously presented in the form of
17 progress reports on this project. 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
comprehen51ve,

The 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 "maximum'
density of a soil prior to its use in construction. : ‘

‘Provided that field personnel are aware of potentiai 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 e€quipment has not yet beeni proven 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—quall*
fled supervisor. .

In the 1nterests of making the nuclear equipment more nearly self—
suff1c1ent and of establlshing reliable calibrations involving.
absolute densities and moisture contents, it is. strongly 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 proper consistency,

. nuclear methods could entirely supercede the traditional ones.
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A proposal for continued "laboratory" investigations has been
submitted. o

~An investigation of the usefulness of high-frequency impacts in

producing soil compaction appears to hold sufficient promise to
warrant support. The results 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.

Gonzalez-Asenjo, Florencio. , ‘
Concrete Pavements: Statistical Analy31s of Four Years' Experience
American Concrete Institute Jourmal 31 (6): 562-563. 1959.

(HRA 20 (5): 22. 1960). ‘

Presents statistical 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 different conditions of
acceptance. The comparison shows a pronounced 1nf1uence 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.

Hanna, S. J., J. F. McLaughlin and A. P. Lott

Application of Statistical Quality Control Procedures to Production
of Highway Pavement Concrete

Highway Research Record, No. 160: 1-14. 1967.

Data collection by a systematic procedure for the purpose of
evaluating the variability present in the manufacture of Portland
cement concrete for highway pavements was 1nvest1gated 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 be used
by the Indiana State Highway Commission. (12 citations)
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Hoover, J. M. and D. T. Davidson
Evaluation of Laboratory and Construction Control Methods of

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

This paper presents a portibn 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-mi 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 thlrd 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:
(da) evaluation of conventional construction procedures, ex1st1ng
construction-inspection specifications and techniques, and
recommendations for establishment and/or changes to each of these
areas; and (b) evaluation of the constructed material by field

and laboratory tests for determination of stablllty requ1rements
in the development of design criteria for low-cost stabilized soil
base roads. This paper deals principally with the area of the

‘first objective. An evaluation of the construction techniques is

presented as well as gradation specifications preceding introduction
of the stabilizing agent(s); wuse 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 Proctor penetrometer methods; and variation of uncon-
fined compressive strength of 7-day moist cure specimens w1th

~variations in m01sture—den31ty.

Huculak, N: A.
Quality Control of Asphalt Pavement Constructlon ,
Canadian Good Roads Assoc1at10n Proc. p. 238—250.; 1964;

Because of the limited information avallable in the field of quality
control of asphalt 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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etabillty and flow, asphalt surface thickness variation. The =
test results were compared to design values and: spec1flcatlons.
The results indicate the percentage of test results which can

be expected to fall outside of spec1f1catlon 1limits and indicate
the usefulness of quallty control charts in 1nterpret1ng data.

4 c1tat10ns)

Humphres, H W. and - J. W. Jasper

A Critical Review of the Density Testing Programpln Washlngton
HRA 36 (12) 109-110. December 1967. :

In recent years, Washington has used "end product" specifications
for compaction of embankments and has carried out extensive training
programs regarding control of compaction 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 the review of over 23,000 field density tests.

A computer 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 uniformity
index was developed and used as a guide for comparing test results
and determining what progress had been obtained in the testing
program. ' '

The paper descrlbes the improvement throughout the state. in denslty
testing and control and summarizes the advantages of the blas testing
program over other prepared procedures.

Hutchlnson, B. G.
The Statistical Basis of Quallty Control Charts _
Canadian Good Roads A35001ation Proc. p. 210~ 219 '1964

The statlstical pr1nc1ples and assumptlons that form the

basis of quality control charts are 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 of the paper indicate the appli-
cation and limitations of the method in construction control

and specification interpretation. (6 citations)

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. o ' ~ '

“Ivey, D. L. and T. J. Hirsch

Effects of Chemical Admixtures in Concrete and Mortar
Texas Transportatlon 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 degree of correlation of these tests with tests on concrete.

The data presented 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 are 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.

Jahlstrom, I. O.
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 sacrifice quallty to determine -
practical and reasonable limits or tolerances.

Javor, T. .

Impulse Methods for Controlling the Construction’ Speed of

Prestressed Concrete Bridges
Amer. Concrete Inst. Journal Proc. 64 (5).»240—243. 1967.
The appllcatlon is described of two nondeéstructive impulse
methods, viz., the ultrasonic and the sonic hammer methods for
checking the quality of concrete., The two methods are compared
giving their advantages and disadvantages especially in relation
to speeding up the construction of prestressed concrete bridges.
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Jorgensen, J. Frank and Robert O. Watk1ns

Compaction - Myth or Fact?

Division ‘of Highways, Callfornla. 44th Annual WASHO Conference,
Santa Fe, New Mexico. June 16, 1965. Paper pp._l -36.

This study statistlcally examined the dlstrlbut1on of percent
relative compaction obtained with current compaction control
procedures. The survey included three embankment projects, the

- soils of which varied from homogeneous to very non-homogeneous mater-

ial. These projects represented approximately the best and worst
construction eonditions, based on soil type, that would normally
be expected in Callfornla. ' :

The study followed as closely as ptactiéal 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. Tests

were performed only on those portlons of fill already accepted by
the res1dent engineer:

An analysis of. percent relative compaction results 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 dlsper31on in results was found to
exist for the heterogeneous soils. Statistical results agreed
very closely with prev1ously published data.

Factors contrlbuting 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 the3three projects.

The discrepancy between construction control test results and
accurate statistical estimates may be partially explained by (l)
the dccepted procedure of re—testi'g when a failure occurs, and
(2) the bias introduced in control testing by non-random methods
of selecting sampllng locations.

Finally, a partial review of problems expected to be encountered ,
in the development and use of statlst1cal spec1f1catlons is
presented.. (8 c1tatlons)
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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-mobile hot-mix plant and a paver finisher is described.

" It deals with the measures undertaken to ensure quality cqntto}i
of work. . A comparison of the output with the machinery and their
rated capacity along with an analysis of the cost of the work based

on actual data is also given. (5 citations)

Kantey, B. A. and R. K. Morse

~ A Modern Approach to Highway Materials Sampllng

Intl. Conf. Soil. Mech. and Fdn. Eng. Proc. 1: 55-58, 1966.

Highway engineering, particularly in developing countries with
inadequate staff, can benefit considerably by making full use of
all available techniques. Two such techniques, air-photo inter-
pretatlon applied to highway materials and statistical control of
sampling and testing, have been used with success in South Africa.
The authors describe the basic principles involved in the adoption
of these tools and quote some examples to indlcate the benefits

- that can be derived. (8 citations)

Kellogg, Frederic Hartwell

The Value of Statistical Control of Compaction B

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, It permits selection of

proper equipment during the planning stage, and indicates contingencies,

delays, or changed conditions in ample time for remedial action.
The fallacies inherent in normal specifications for compaction

. are indicated. Typical compaction patterns for three dlfferent

compactors on two different projects are included,

Kerr, B. T. and G. G. Henault
Significance of Quality Control : : A
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 inspectlon and testing, the nature of samples, the
~value of test results, specifications and effectiveness of job

control. It is pointed 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. ’ :

Keyser, J. H. and P. F. Wade ' i :
Variability in the Testing and Production of Bltumlnous 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 o6f 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 mix design and the
setting of specifications, and. (4) a discussion of the use of sta-

tistical control charts. (44 c1tat10ns)

Kirkham, R. H.

Present Trends in Research on Concrete Road Constructlon at the =
Road Research Laboratory, England

Australian Road Res. Board Proc. 2 (Part 2): 585-600. 1965.

The use of concrete for roads includes 1nvest1gat10ns into ‘the
properties of concrete and methods of de31gn1ng a concrete mix,
methods of controlling concrete quality, the design of concrete

roads and bases, the efficiency of plant and methods of constructlon,
and the maintenance of concrete roads. The review suggests

that improved methods of measuring the workability and the durablllty
of concrete may lead to better methods of mix 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 conventional concrete slabs for heavily trafficked
roads = 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 given satisfactory
performance for a number of years under a bituminous surfacing,

and the amount of cracklng in the surfacing has been less than that
in the surfacing over some lean concrete bases, the effect of

the mix proportions on the performance of lean concrete bases is
being investigated. Experiments 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 concrete slab which will have a high skidding resistance at

_ high speed. Methods of repairing a spalled -concrete surface are

given. (8 01tat10ns)

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

The paper describes the d351gn and constructlon»of the Venemo

dam, a dam with an impervious frontal facing of asphaltie 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 fi1l. A
description of the constructlon 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 seepage through the dam as well as of the.
compression of the fill. (3 c1tat10ns) :

Kraemer, P.
On the Constructlon of Bltumlnous Road Surfacings

Bitumen, Terre, Asphalte, Peche (Ger) 16 (4): 146-148. 1965.
Also 16 (6): 255 266. 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 TVBIT 5/57,

cast asphalt to TVBIT 6/60, acceptance testing, guarantees- and
payments to TVBIT 7/64 The paper contains in the tabular material
many hlnts 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 surfac1ngs

on the federal motorways in..cut and fill.

Kuhn, S. H.

Effects of Material Propertles on Nuclear Density Measurements
HRA 33 (12) 102. December, 1963.

The paper describes laborétory 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 ellmlnatlon of the

effect of soil type in practieal density measurements. 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 evaluatlon 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 completely non-destructive. It is shown further

how the air-gap method can be used for effective density measure-
ments on soil layers. Measurements at predetermined air gaps
further permit continuous records of den31ty to be obtained by
using a suitable ratemeter. ‘

‘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 demsity

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 englneerlng
requirements such as the error in test results and the desired
limits of accuracy for a specified probability. Decisions based

on the sampllng scheme are also used to define the requ1rements

for the de31gn, 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.

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 portland cement con-
crete pavements was divided into sampling, testing and control
criteria for a specific pavement design. Sampling of aggregates
began at the stockpiles and the follow up system produced an

‘excessive amount of sampling which was expensive and did not necessari-

1y lead to identification of variations in the product. . The study
discussed a need to exercise more control at the systemboperation
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 to 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.

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 sampleé' average grading'curve
could be obtained by mixing and then quartering through a reducing
sampler, ‘ ' :

(3) That the size of the controlled material unit being taken as
a cubic meter, one could obtain its average grading with a good
degree of approximation by taklng 5 samples of, dbout 4 pounds
each and determlnlng 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 conclusions 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.
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Lieder, Nathan '
vSampllng Techniques’ Appllcable to the Collection of Economlc 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 must practice sampling
have been trained in modern sampling theory. This article 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 Sampllng, and.
the advantages and disadvantages of several alternative sampling
methods. Proportional stratified sampling and optimum allocation
among strata are discussed. Criteria are offered for choosing
between these 2 alternatives with some consideration given to. cost
factors. :

The author suggests one possible application of the theory and

offers an illustration based on hypothetical data.

Liu, T. K. and T. M. Thornburn '
Study of the Reproductibility of Atterberg Limits

‘Highway Research Record, No. 63: 22 30. 1964.

The reproducibility of ‘the Atterberg limit soil tests in hlghway '
engineering is questioned. A statlstlcally controlled experiment

was performed to investigate how well an operator can reproduce

the Atterberg limits and the effects of an operator's éxperience

on the test results. Two operators, one with considerable experience
and the other with practically no experlence performed a series

of liquid and plastlc limit tests on three different 80118.' 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 values

are most variable, and the 11quid 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 performlng
Atterberg limit tests. (6 citatlons)

Lyman, R. J.

Construction Tolerances—Prestressed Concrete

HRA 33 (12): 57. December, 1963.
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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.- Certalnly

the reason and judgment of the 1nspect10n force are factors in

the application of tolerances.

Recommendations regarding the desirablllty of modlfylng existing
tolerances resulting from current developments in materials and

' construction methods and based on contacts with prestressers,'con-.
- tractors, consultants, and various hlghway department brldge
engineers, are presented.

Tolerances are usually intended for use as a guide to indicate a
reasonable standard of performance;-specific job conditions may
require separate tolerances, either closer or more 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 to :
the contractor for noncritical departures from specified tolerances
have been studied and results are presernted. ~

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

Maclean, D. J. and W. A. Lewis _

British Practice in the De51gn 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 the 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 Sultablllty
of a soil for stabilization is based on requirements similar to
those in the United States, good grading, low plasticity of the
fines, and freedom from deleterious chemical constituents. 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 organic
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 construction

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 tests to check the strength and

state of compaction of the laid material. (17 citatioms)

Mainfort, R. C. : ‘
Michigan's Experience With Nuclear Gages For Measurlng Soil Com-
paction

Michigan Dept. State nghways, 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 experiment 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 precautlons."The nuclear method

has proved suitable for field use, in which it saves time and
reduces operator fatigue. Special studies, in addition to ‘develop~
ment of the Michigan combination density-moisture gage, are outlined,
including evaluation of other equlpment and use of statistical
control methods.

Mather, B. ‘
Partlally 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 is allowed to overfill
from the discharge of a mixer reaches a maximum at an intermediate
workablllty and decreases as the mixture gets either drier or
wetter, and (B) the net, loose weight of concrete 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 controlllng workability of mixtures
hav1ng a slump not greater than 3 in. Studies using mixtures with
6-in. aggregate indicated that heaplng weight, struck—off weight, -
and compacting 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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McDonald E. B‘vand D. Anderson :
Statistical Quality Control Study-Base Course .
South Dakota Department nghways BPR 4601 323 December: 1966.

The purpose of the study was to establlsh a basis for setting

future spec1f1cation 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 current specifications. Randomized
samples were taken from the base courses of three widely separated
projects.. Determinations 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 limits

‘as there seems to be considerable weakness between the statisti-

cally obtained- acceptance limits and the ex1st1ng spec1f1cat10n
limits.

McDowell, Chester _ _ oo
Density Control: Its Benefits and Complexities
HRA 36 (12): llQ. December, 1966. '

- Texas employs the conpaction ratio (the ratio of the difference
_between roadway as compacted density (D,) and the loose dry welght
~of the soil (D,) determined by the Texas method to the difference
between the maX. laboratory density (D.) under a compactive effort
of 30 ft-~1b/cu in.). The method results in high density require-
ments for non-swelllng soils and lower, more su1table den51t1es
for swelling 50118.

Soils and base m&terials are placed in three groups: uniform,
nonuniform. and erratic depending on the relation of their respective
values to the D density. Plots are made of the deviation from
average D, vs percent 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
recommendatlons ‘have been prepared for different types of soil

and for some soils containing admixtures of stabliizing agents.

Use is made of the Texas gyratory method for erratic materials.

Data have shown,that'increasiﬁgbcompactive effort from 4 to 30
ft-1b/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 ratlo method establishes

the degree of demsity 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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Memmott, F. W.
Origin-Destination Survey Quality Control Methods

- NY State_DPW Subdlv. Transp Plng & Prog. pp 1-2. June 1966.

A quallty control program for the origin- -destination surveys is
designed to maintain the accuracy and completeneéss 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: (1).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 developed quality control procedure dlrectedb
toward both the interviewer and interviewee more than compensates

~for the added cost per sample unit.

Miller-Warden Associates :

Development of Guidelines for Practical ahd Reallstlc Constructlon
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 adequate and

economical pavement on which vehicles can move ea311y and safely
from point -to point. A practical spec1f1cat10n 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 preparatlon

of 'a complete specification meeting these requlrements.'

Parts of specifications should be arranged in logical order in generalb
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 "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 comstruction not
within these limits. Risks should be based on cr1t1cality of
requirements for significant characteristics. -

To achieve maximum economy , specificatiqn’requirementsvmust be geared
to policy 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 determlned by the given theoretical method, modified

to include variations to be expected under normal construction
conditions. Pavement smoothness requirements should be based om both
the deviations from a straightedge, and their span, in accordance with
slope~variance criteria developed at 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 flve times the cost for rlgld 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 in the given ed1t0r1a1 gu1de11nes. (Extensive

Bibliography)

Mills, W. H. and O. S. Fletcher _

A System for Control and Acceptance of Bltumlnous Mixtures by
Statistical Methods B

Highway Research Record 184: 25 54. 1967.

The discrepancy between empha31s on strict compllance with specifica-
tions and knowledge that ‘variations are inherent in materlals, '
construction, sampling and testing was 1nvest1gated by the South
Carolina State Highway Department Phase I included the development

of random sampling procedures and statistical parameters on hot
asphaltic mixtures. 1In Phase IT the mixtures, as placed on the roadway,
wetre 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)

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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‘ Reallzlng that m1x1ng time and batch welght speciflcatlons were
the vital factors in the production of concrete paving, it was
-decided at the request of the Bureau of Public Roads, to part1c1—
‘pate 1n a cooperatlve study on an actual paving progect.

The studies were conducted on the<1nsxde or passlng'lanes of a new »
4-lane freeway through Olympia. .The outer lanes had been paved
. previously and were open to construction traffic.

Since the standard specifications require a 60-sec mixing period
and allow a 10 percent overload 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 mixing period of 45 sec was used instead of the 30-sec
period suggested by the BPR because it was feared that a 30-sec
"perlod 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 mlxed accordlng to the
following schedules: :

OCTOBER 1959: VOLUME 29, NUMBER 9

- 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———ZO.percent overload

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

‘All of the data 1nd1cate without exceptlon that the conicrete was
not harmed when the mixing time was reduced from 60 to 45 sec.

- Not only wére 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 1nd1v1dual tests. in the

case of the flexural strength tests 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 sllghtly more uniform

than the results on the 45-sec mix. :

While the data indicate a definite advantage strengthwise 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 and an
experienced operator is in charge.

It was the observation that a mixing time of 50 sec is a practical
minimum. The operator had difficulty in reducing the time to 45
sec consistently and several batches that were to be 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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Following is a summary of the compre551ve and flexural strength

results on each of the 4 serles.

PSI STRENGTH IN 28 DAYS

L Compressive o - Flexural -
Series 1 4418 ' L - 807
Series 2 - 4841 o 926
Series 3 4197 : _ ‘ 824
Series 4

5124 | .. 848

Mitchell, J. K., C. K. Shen and C. L. Monismith : :

Behaviour of Stabilized Soils Under Repeated Loading. Report 1.°
Background, Equipment, Preliminary Investigations, Repeated Com-
pression and Flexure Tests on Cement-Treated Silty Clay.

Waterways Exp. Sta. Tech. Repts., Army C. E. Contract Report No. 3-145

VII, 122 pp. December 1965.

Current methods of pavement de51gn 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 compressive and flexural stresses of the magnitude and
number prescribed for different classes of military operations.
However, more detailed investigation 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 characterlstlcs of the cement-
treated silty clay. (30 c1tat10ns)

Moss, John P. :
Progress Report on - the Establlshment of Tolerances on Highway

Constructlon Spec1f1cat10ns
HRA 33 (12): 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 on, specifications.
This is a progress report on the establlshment of these tolerances.

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

Failure to understand the relationships betwéen.air,"water and
slump can cause havoc with quality control. Factotrs such as temp-
erature. and thé 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 contractor in supplying
satisfactory ready-mixed concrete.

Neaman, D. and J. G. Laguros :
Statistical Quallty Control in Portland Cement Concrete Pavements
Highway Research Record 184 l 12. 1967.

Quality control for portland cement>concrete (pce) pavements and
their component parts was statistically studied in a field project
approximately 8 miles long. Standard field tests on fresh concrete
and standard laboratory tests on hardened concrete, coarse and

fine aggregate, and cement were run on an adequate numbér of samples.
Ninety-five pavement. thickness measurements were taken, and 400
concrete cylinders Werevtested.' For all therther characteristics,
such as slump, air content, gradation, durability, Los Angeles loss,
sand equivalent, fineness, and percent passing No. 200 sieve, 200
observations 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. However,

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 pcc pavements.
Upper and lower 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) :

Neubarth, E.
Quality Control for Roadway Concrete
Bauw1rtschaft, Weisbaden (Germany) 19 (7): 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 1ntroduced 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 summarizing 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)

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 on the analysis of samples of the material,
the samples actually analysed belng ‘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 should 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 unlikely unless the limits 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.

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 standard  deviation =
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 aggregate gradatlon
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 varlatlons obtalned (8 citations) -

Orr Charles I.

Liaison Insures Quality Control for Vehlcle Assembly Building

Civil Engineering - ASCE 35 (10) 56-58. 1965. (Digest from Trans.
ASCE 131: 778-774. 1966 ) : ' ' ' .

- Some people think that "quality control" means "inspection",

but it means more than that. Preplanning, adequate supervision,

- and a competent work force are‘equally essentlal for the production
of a quality product. -

Many are not in accord with the statement that appears all too often

‘in gquality 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
quallty control representative is to enforce, in a reasonable
manner, the. criteria already establlshed by the contract documents.

As orders were prepared for material for the huge Vehicle Assembly
Buildlng in Florida, conferences were held with the Corps of Engineers
and their consulting engineers to reach agreement on the interpre-
tation of the design drawings and specifications. A firm agreement
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 fabrlcatlon, and for economical
fabrication: : :

The submission and approval of shop drawings is one area of quallty
control, At this time, all differences of opinion regardlng

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 tests.

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 were practi-
cally nonexistent.
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Material was fabricated by the American Bridge Division of U. S.
Steel Corporation in plants in widely separated locations. Close
control over scheduling of operations and methods of fabrication
was requlred to produce a unlformly satlsfactory product.v o

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 fabrication, 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 1b 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 Brldge 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 work, 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, ‘and required a near-white blast finish. With

the cooperatlon of the Corps of Engineers, the sandblasting opera-
tion was adjusted 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 Vehlcle Assembly Building of
Complex 39 has been erected and the remainder of the ‘construction
supported on the frame is proceedlng rapidly. . The quallty control
procedures employed during fabrication and constructlon have produced
satisfactory results. .

'Pinto, C. D. and H. T David

Statistical Allocation of Soil Specimens to. Ellmlnate Inaccurac1es o
in Differential Melding T1me :

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 strength 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 mlxtures showed that a random selection of specimens

-can yield inaccurate results, whereas the use of the systematlc

molding—tlme ‘allocation is conducive to- accurate results.
(2 citations)

Pontev111e,'v. et P. and S. Vallemont.

Rapid Control of BltUmen Content and Appllcatlon to a Fabrlcatlon
Statistic Control

Bull. de Laisondes. Lab Routieres ; Ponts et Chaussees (58 Bd.

Lefebvre, Par;s, XVC; 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.

" The method pr1nc1ple consists of measuring after stripping, the

optical den31ty of the solvent—bltumen solution with a spectro-
photometer. :

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

With the proposed 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
measures. The first one was a Wal progressive, or sequential,

control; it was proposed to conclude a good or poor setting of

the bituminous mixing plant at a certain time. -The second one -
allowed to make sure of the correctness of the average setting -
of the plant for a complete work day.

Preiss, K.

Analysis and Improved Design. of Gamma—Ray Backscatterlng Den81ty
Gages .

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

" The nuclear reactlons that gamma radlatlon may undergo in a
material of medium atomic welght, such as soil, are discussed
and related to the properties of backscattering density gages.

Theoretical reasonlng and experimental ‘evidence are presented
to show that the effect of the chemical comp051t10n of the materlal
may be eliminated when: (a) the detector '"sees' material near.the

" source, and (b) photons. of energy below 0.1 Mev are not detécted.

This may be achieved with a scintillation counter and pulse
selector or by plac1ng iron filters in front of a Gelger-Muller
tube. :

The geometry defined by (a) causes the peak in the calibration curve
to move to a density so 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 countlng and surface roughness are dlscussed

Ralston, H. H. and M. C. Anday.
Nuclear Measurement of Soil Properties
HRA 33 (12): 102-103. December, 1963.

This study reports the results of the 1nvest1gat10n of three
commerc1ally 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 equlpment and geometry evaluatlon. This
included precision testing of the device.itself, depth and area
of influence detéerminations, 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 w1th those obtained
by conventional water balloon methods . : ~

Miscellaneous comments pertalnlng to malntenance, rellabllity,
and radiation. safety are also included.

Read, D. W,
The Use of a Nuclear Meter for the Control of M01sture and Density
in Pavement Construction
Australian Road Research Board Proc. Paper 264 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. Operatlng procedures and sources of errors
were discuSSed in detail:

Ay

Redus, J. F. |
Study of Natural Variations in Highway Materials"

Clark, Dietz, Painter & Associates Adm, CPR-11- 1634, CPR—ll 1634

PB 169 733 BPR 3721 024. 1965._‘.

The purpose of this study was to obtaln and analyze data concerning

the natural variations in pertinent qualities of soil, base, and

flexible pavement materials with a view to establlshlng 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 subgtrades den31ty, moisture content and gradation of

~ base courses and density and aggregate gradatlon of asphaltlc

concrete pavement.

Statistical parameters were cbmputed and a sample specification

written for use in the control of compaction of subgrade soils.

Rooke, W

Speedy Compact Concrete Pumping Units Produce Sav1ngs and a New
Contractor

Heavy Construction News (Canada) 11 (15): 6—8._A1967;

Compact and mobile concrete pumping rigs are eompetitive 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 than

conventional methods, (2) form pressures and wear are. reduced_
because of elimination of 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
concretée 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 1nterrupted during the pour. Buggy runways are
ellmlnated o ’

Rusch, H:

Statlstlcal Quality Control of Concrete (In German)
Materialprufung 6 (11) : 387-39%4. 1964.

Current standard procedures for evaluating tests on concrete

are criticized on statistical 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 weakest point. Selection of samples should be statistically
random, there is no value in taking more than one sample from

each mix. Average strength may be satisfactorily ascertained from
10 samples, but 30-50 samples are required to determine the standard
deviation. This number may be reduced if additional data are ‘
available (e.g., results of identical tests carried out elsewhere).

,Russam, K. and A. B. Baker

Deflection Beam Measurements on Roads in East and Central Afrlca
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. Quality control methods of -

-analysis were therefore used to determine the significance of the:
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variations and to formulate a procedure for road surveys with the
deflection beam. Further work is required to obtaln deformation
performance histories of typical roads in Africa. The authors
are on the staff of the Road Research Laboratory. (11 citations)

Sanders, W. W. and W. H. Munse .

Study of Inspection Methods and Quality Control for Welded
Highway Structures

Highway 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 various
components and members of welded highway structures. This study

" was updated in 1963 and a summary 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 inspection 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 spec1f1cat10ns.

(14 citatlons)

Schevehels; L.
The King Baudoin Motorway. The Quality Control, Preparatlon and
Laying of Bituminous Bases and Surfacings

‘Bltume Informations, Bruxelles No. 14: 17- 30 - 1965.

The first part of the article describes the continuous and batch
produetlon (at two different sites), of bituminous bases, base-
courses and surfacings. The two sites had different types 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 tests and inspection of the coated:--
material. An inspection laboratory at each site is provided w1th

a Rotarex centrifugal binder extractor. Four comparative enalyses
are made of 1000 tons of material by the two site laboratories, -

a central reference laboratory, 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. ,

Schonfeld, R.

Construction of a Full-Scale Road Experiment as Part of a Unit-
Price Contract .

Canadian Good Roads Association Proc. Ontario Dept Hwys., Downsv1ew
(Canada) Report RR 114, pp. 406-424, December 1966 67.
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An experlmental pavement comprising 36 test sections. was constructed,
as part of a unit-price highway contract, between May and September,
1965. Special provisions were introduced into the contract documents
dealing ‘with the special -construction sequences, tolerances,
testing , and the control of traffic during construction. = Construc~
tion control and contract specifications are described and the de-
gree of uniformity of materials, compaction, moisture contents,
layer thicknesses, etc., achieved within the framework of the .
contract is reported. The Spec1al provisions are 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 experlmental pavement was constructed in a very .
short time.

. 107. Schwartz, A. E., J. 'D. Autrim, J. H. Moore, and J. Po 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 research program, was 5
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 recommended for
further development. :

This research was initiated by conducting a literature search’

for information related 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 construction 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 specifications, and
»questlonnalres, VlSltS were made to highway departments across the
country to observe thelr current practices for construction control
and to dlscuss the areas in need of rapid tests with both their
field and research personnel. Also, several. research agencies

were visited who were conducting projects related to the overall
problem of quality control of highway construction.

108. Scurr, K. R. L .
Construction Tolerance for Structures: The Problem and the Approach
"HRA 33 (12): 57. December, 1963. ‘
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Increased publi¢ and political interest in highway'constructionv:

‘as a result of the Interstate Highway Program has 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 obtained under job site conditioms.

Shah, S. C. » 5

Quality Control Analysis. Part 1. Asphaltic Concrete

Research Report No. 15, 48 p.  Louisiana Department of Highways,
November, 1964. o ‘ o

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 characterlstlcs
of 301ls and concrete materlals. '

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

Individual test results When subjected to frequency distribution
indicated normal (Gaussian) 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% should be specified
if 30 is considered realistic spec1f1cat10n limit. - However an .
allowable tolerance of 0.5% would cast off only. 1% of the results.
For aggregate graduation, if the inevitable variations due to
crushing and screening operation, changes in stockpile and bin
proportions, and sampling and testing are taken into con51deratlon,
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

A s

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 Specifled . .For Marshall stability, eight.
random samples obtained from trucks representlng a day's operation
should be tested. Furthermore,. if the minimum specifications are
to be met 100 per cent of the time, then it is essential -that the
process average be maintained at 30 above the minimum requirement ;
or 3(190) = 570 1bs. above the absolute minimum specified for:

the type of mix. ' : ‘ '

‘Shah, S. C. . o SO : S
Quality Control Analysis. Part II. 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 constrﬁction projects
were made to determine the basic pattern of varlabillty 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.(1l) 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 compactlon 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 varlablllty

is less than that for stablllzed base course..

Shah, S. C and Verdi Adam
Statistical Evaluatlon of nghway Materials Spec1f1cat10ns
HRA 37 (12): December, 1967.

A statistical evaluation of some of the major hlghway materlals
specifications is reported in this condensed version of the over-
all study on quality control analy51s. The data for analysis
and evaluation were obtained from hlstorlcal sources with a
limited amount from research sources for asphaltlc—concrete, base
course, and concrete characteristics. The data were analyzed by
computer and standard statlstlcal 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
charts for control and acceptance of portland cement and asphaltic-
concrete is also demonstrated in the report. Some 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.

Sharkey, R. H.
Contingency Checks of Land Use Survey Data

Chicago Area Transportation Study Research News 1 a7n: 4—8ﬂ: 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 accountlng, internal consistency; and

a real coverage. Methods used.for this checking operation are
described. These checks are considered to be an essentlal exten-
sion of the quallty control program.

Shergold F. A..

A Study of the Varlabillty of Roadstones in Relatlon to Sampllng
Procedures

The Quarry Managers' Journal 47 (1).: 3-8. 1963,

This article gives the results and conclusions from a study of

the variability of roadstones, which was made with the object

of dev131ng 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 from 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 determinatlon of the pollshed—
stone coefficient, the 10% fines value (a measure of resistance’ ‘
to crushing) and the aggregate abrasion value. (4. citations)

Sherman, G. B., R. O. Watkins, and J. J. Folsom

- A Statistical Analysis of Concrete Aggregate Test Results

California Division Highways, HPR BPR 4601 123, February 1967.
The report descrlbes a statlstlcal study to determine the repro-

duc1b;lity 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 analyzed 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 modlflcatlon of speciflcatlons.
The repeort recommended the use of moving average based on the

five most recent individual test results. The report contalns'
valuable analysis of variance. data characterlstlc of materlal
sampling and testing procedure.

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, Callfornia

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

This report deals with 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 with a range
of 78 to 106 It was concluded that this range represents
reasonable controlvlimits for acceptable materiagl. A revised
specification based on economic and statistical considerations
which will allow the purchase of the material within this range
is presented. It 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.

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

Thls 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 constructlon in Cali-
fornia. .

The study followed as closely as practical the outline provided

by the U. S. Bureau 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 relatlve compaction resu]ts 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, respectlvely.
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 results reported by the Bureau of Reclamatlon and the AASHO
Road Test.

Shook, James F.
Significance of Test Results Obtained From Random 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 hlghway '
work is 1ntroduced.

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 reduction of 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 branch of the Commonwealth Department of Works.

In addition to a saving in overall cost a reduction in pavement
thickness was achieved without loss of performance. (13 citations) .

Smith, P. :

Concrete Paving Practices In Ontario

Ontario Dept. Hwys, Downsview (Canada) DHO Rept. No. RR116, 27 pp.
October 1966.
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In recent years there has been increasing interest in building
heavy duty concrete 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 maintenarice, prove to be durable and

will retain an acceptable riding quality for many years. This
report describes the concrete pavement design generally used. in

 Ontario, discusses the manufacturing operations required and out~

lines some of the salient points of construction; inspection and
quality control. In addition, developments such as preformed
neoprene compression seals to give improved joint sealing, the use
of central-mixed or ready—mlxed concrete and improvements in
equipment and techniques are also discussed. (15 citations)

Smith, P

Computer Evaluation of Concrete Quality

Ontario Dept. Hwys, Downsv1ew (Canada) DHO Rept. RR125, 25 PP.
January 1967. : :

Problems and pitfalls‘of present specifications and procedures 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, espec1a11y 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 are then processed, stored,
retrieved and evaluated as needed for the control of quality at
the time of construction, the selection of concrete best suited
to a particular structural de51gn 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 spec1flcat10ns
prepared for future work. (17 c1tat10ns) :

Smith, P.; and H. Tlede

Earlier Determination of Concrete Strength Potentlal .

Ontario Dept. Hwys, Downsview -(Canada) (Presented at the 46th Annual
Meeting HRA 36. (12) 55. 1966.) . S

Waiting 28 days to determlne the compressive strength of concrete

from normally cured cylinders may be inconvenient, eémbarrassing
or disastrous depending on how the concrete has been used, how
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deep it is now buried, and the results obtained in relatlon 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 satlsfactory 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 be in
current use which are providing a worthwhile additional control
‘on the quality of conc¢rete. 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 for concretes with a variety
of cements, cement factors, w/c ratios, and admixtures. Results

» 1nd1cate 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 autogeneous curing, the relationship found between the
normal 28-day strength (RZS) and the accelerated strength (Ra)

is R,, = 1.6 Ra + 500. From the evidence presented on
aceéierated strength testing methods either in 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
prlme concern.

N

Stephens, J. E.
Reduction of Apparent Aggregate Variation Through Improved Sampling
Connecticut Un1vers1ty, School of Englneerlng, Report JHR 66-1

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 from 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 sampllng It was
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 1oad 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 nghtlng (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 carrled out in the 1ndependent
B.S.I. photometrlc 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 initial 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. Klrkham
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 reproduc1b111ty of a neutron device prev1ously 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 magnitude as for reproducibility in the
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laboratory. Fleld experlments 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 0.1 in. of water per 6-in. '
soil depth In a set of plots where sampling locations were randomized,
a comparlson 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.

Thomas, J. J., W. C. Dixon and W. H. Clark

Asphalt Concrete Mixing Time

New York Dept. Pub. Works, BU Phys. Res. Phys Res. Rept. RR 65~ 8, November
1965.

in 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. 1If 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
minimum of 15 seconds of dry mixing (from start of adding aggregates)
followed by 45 seconds of wet mixing (from start of adding asphalt).
The addendem permits a reduction in total mixing time if specialized
requiréments are met: base course shall be dry mixed for at least
the time necessary to charge all aggregates and wet mixed until 90
percent of coarse aggregates are fully coated or finish mixing time
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 shall the cycle time be so short as to result in a

rate of productlon exceedlng the operating capacities of the

plant. .

Thornburn, Thomas H., and Weéley R. Larsen
A Statistical Study of Soil Sampling -

. Jour. of the Soil Mechanies and Foundations D1v131on ASCE 85 (SMS)

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

This is a study undertaken to determlne the number of samples need-

‘ed to obtain reasonable correlations between -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 I1llinois.
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Todor, P. C. and William Gartner, Jr. .
Evaluation of Direct Transmission-Type Nuclear Density Gage for
Measuring In-Place Densities of Soils :

' Highway 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 principlevseems to eliminate the necessity
for several célibration 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 means 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
an entire job can be determined quickly from one test section,
provided extensive moisture or material changes are not encountered.
(3 c1tat10ns) .

Trudeau, R. T.

Quality Control iﬁ Autoroute Construction
Canadian Good Roads Assoc1at10n Proc. P 189~ 199., October 1964

The quality control procedures employed by the-Quebec‘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 to subgrade construc-
tion, rigid pavement construction, flexible pavement construction,
concrete mixes, asphalt mixes, aggregate gradation. The Authorlty
pays consultants a lump sum for quality control inspection which
amounts to between 2 and 2. 5 percent of the total value of the
contract. : :

Turnbull, W. J.

Suggested Procedure For Incorporatlng Statistical Control of
Compaction in Spec¢ifications.

U. S. Army Engineer Waterways Experlment Station, Vlcksburg, M13$1331pp1. -
12 p. February, 1964, : -

A discussion of the part pléyed by field exploration and sampling,

laboratory testing, design, specifications and evaluation of finished
product upon the in¢orporation of statistical control .of compaction.
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'130. Turnbull, W. J., J. R. .Compton, and R. G. Ahlvin
' Quality Control of Compacted Earthwork ;
Am Soc. ClVll Engr. J. Soil Mech. Div. 92 (SM 1) 93 103. 1966.

Quality controllof compacted earthwork is the complete process by
which the satisfactory construction of an earth 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 these 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
 minimum 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 experienced in successfully constructed earth fllls
are presented. These variations are greater.than have been
thought acceptable by many englneers for satlsfactory behavior
of structures.

131. Varma, Man M. and George W. Reid
Determination of Asphalt Contents in Asphaltlc Pavement By Thermal
Neutrons
HRA 33 (12): 103. December, 1963.

The purpose of this research was to determine the feasibility of
measuring the asphalt content of bituminous paving by the neutron
bombardment~- -counting technlque. The correlation of neutron count
and asphalt percentages depends primarily on 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

U. 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 sampllng reliabi-
lity and answers questlons concerning the customer s risk.

133. Wahls, H. E.

Current Specifications, Fleld Practices and Problems in Compactlon
For Highway Practices :
North Carolina State University
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A current status of highway specifications and field practices

for compaction of embankments, subgrades 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 with state highway engineers. Construction specifi-
cations and procedures for embankments, subgrades 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 1nd1cates that the majority of
embankment and 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 test. 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 quallty control techniques is discussed.
The relation of engineering judgment to statistical procedures 1s’;
presented. A summary of the major compaction problems as determlned
from interviews with many hlghway englneers is also 1ncluded

Wahls, H. E., C. P. Fisher, and L. J. Langfelder

The Compaction of Soil and Rock Materials for Highway Purposes

North Carolina State Unlver31ty, CPR 11-0954, NCS-ERD-197-25, BPR -
3723 993. August 1966.

The many factors related to the phenomenon of soil and 501l~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 reviewed 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 recommendations for current
practices and spec1f1cat10ns as well as for future research.

Walker, R. D. :

Identification of Aggregates Cau31ng Poor Concrete Performance
When Frozen (Interim Report)

Highway Research Board NCHRP Reports 12: 1-47. 1965.
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 Improved quality tests for aggregates were developed from analysis

of 32 different concretes containing coarse aggregates ranging o
from crushed trap rock and limestone to a variety of. gravels

from glacial and 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 modulus with 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
durability factor. It was concluded that the Whittemore strain

~ gage and a deep-freeze unit could be used as basic equlpment for

a quick prellmlnary evaluation of a coarse aggregate.

Walters, H. W. and T. H, Qureshl
Nuclear Asphalt Content Determinatlon at the Job Site and Dlscu581on _
Highway Research Record, 117: 54-70. - 1966.

Qulck asPhalt content determlnatlons immediately after the asphalt
surface course has been placed are necessary for quallty control
of the amount of asphalt cement in the hot mix. 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 content 1s obtalned and the test

: results ‘are reported.

Correlation w1th the reflux extract1on ‘tests and plant checks is
reported in this paper, as well as the procedure involved when
using the neutron probe. Asphalts used were 85/100 and 120/150
penetratlon grade from three different suppllers. 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 fleld check on
asphalt content in CDH Dlstr1ct ‘Two with good results.

Warden, W. B+, and L. D. Sandvig

Tolerance and Variations of nghway Mater1als From Spec1f1catlon
Limits ‘

Statistical Methods for Quality Control of Road and Paving Materials,
ASTM Special Tech. Pub. No. 362' 31-43. '1963. (HRA 35 (2):
ll 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-

,t1cally, in the sense that the required tolerance limits reasonably

reflect the random variation inherent in the material itself and
the error of measurement (sampllng 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 spec1f1cat10n 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

comparlng 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 flexlble pavement, and
on subbase material. . :

Warden Engineers, Incorporated
"Study in the General Field of Quality Control Englneerlng

HPS HPR-1(25), V-A, 14 Bureau of Public Roads (U. S.) 472’0003 '
March 1965.

This report describes current methods of control for various
construction materials and appllcatlons of random sampllng technlques
for the use of these materlals.

Research areas for addltlonal development Were defined from limited
studies in many areas rather 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 and viscosity control- tests

C. Bituminous mix materials control tests

D. Evaluation of record test data
E. Random sampllng techniques
F.

Research problem testing areas recommended for additional
study were:

(1) Asphalt extraction testing, (2) Marshall stability mixing
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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Warden - Englneers, Inc. ‘ ’
Quality. Control Engineering Procedures for State Road Department
- of Florida (A study in the general fleld of quallty control

- engineering.)
Raleigh, North Carollnaf ~F1na1 Report, September 129 PP _l965.»

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 constructlon,

to review and recommend applications of random sampling with respect
to where and to what extent this technlque should be applied,

and intensive indoctrination of Department personnel in the methods
and appllcatlon of statlstlcal ana1y51s.

To accomplish these obJectlves 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
possible scope, limited studies were initiated in many areas
rather than exploring a few areas to the fullest extent. The
statlstlcal methods used were selected with respect to their
practicality and usefulness in such appllcatlons as determining
more realistlc specification 11m1ts, in better control of quality
of materials and construction, and in locating areas where testing
frequency could be reduced without Jeopardlzlng quality. In

order that these methods can be applled on a contlnuing basis,
this report has been prepared in such detail as to be in effect,

a manual for use in solving future problems.

In fulfilling the prlmary obJectlves of the work, accompllshments
included discovery of an area where material costs could be
reduced, areas where current control techniques were in need of

‘1mprovement (and where the indicated direction or method of 1mproVe-

ment was outllned), and areas where control would be maintained
after ellminating ineffective sampllng procedures. 9 c1tat10ns)

Warren, P, F. -
Ready Mixed Concrete (3) Some Practical Con31derat10ns
Structural Concrete (UK) 2 (7): 315« 319 ‘Jan. —March 1965,

Advantages -and dlsadvantages are examlned ~with" speclal reference

to space, time, handlings, quality. control ‘delays, size of rece1v1ng
project, labour, ordering, w1nter working and costs.
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141. Warris, Blrger
 Sampling as Related to Statistical Treatment and Evaluatlon of
‘Test Results :
Swedlsh Cement and Concrete Research Institute at the Royal Institute
of Technology. ‘Reprint l4 1961. (In Swedish) (HRA 32 (6):
2. 1962). - - : g -

The purpose of this paper is to give a general outllne of the application
of statistics to concrete test1ng problems.

In Part 1, Introdhctlon, and Part 2, the elementary principles

of statistical calculations are summarized (mean, standat¥d deviation,
t-test, distribution function). 1In 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 in 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 sampllng The principles are illustrated
by practical examples. S '

142. Weber, W. G. and R. E. Smith
A Basic Study of the Nuclear Determ1natlon of Moisture and Density
California Division nghways HPR F-4-1, 74 BPR- (PB 172991)
BPR 4722002. 1966. o o

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 of 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 very 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 readings were much
less affected by the various items, such as surface roughness,
than the density readlngs were. The standard deviation of the
moisture readings was about one and one—half pounds of water
per cubic foot.

Weber, W. G., Jr., and Trav1s W. Smith
Practical Appllcatlon of the Area Concept to Compactlon Ccntrol
‘Using Nuclear GageS‘

'HRA 36 (12): 108. December 1966.

The rate of placement of earthwork in highway construction ‘has
greatly expanded gince World War II; 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 appréach consists of obtalning several in plaee
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 testlng. The area is passed or failed accordlng

to the test results. The density of the compacted material 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.

Wh1ff1n, A. C. = ‘ ‘
The Use of Physics in the Design and Construction of Roads
Institute- Structural Englneers (UK) 17 (4): 105- 115. 1966.

Some of the phy51Cal methods developed by the Road Research
Laboratory for the purposes of research into the quality of the
materials used in road constructlon .and the supportlng power of
the soil beneath roads are described, The topics discussed are:
§0il moisture, soil compaction, soil density and moisture content
measurement, density of concrete, resonance tests, ultrasonic
tests and the rational design of roads. A brief mention 1s made:

~ of temperature measurement and weighing vehicles in motion.

(21 citations)
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Williamson, T. G. and M. .W. Witczak
Factors Influencing the Appllcatlon of Nuclear Technlques to 8011

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

The use of nuclear backscatter m01stufe—density gages for soil
compaction control has gained a great deal of favor during the
past several years. However, before this type of equipment

.can be applied to routine field control, several factors 1nfluenc1ng

the operation of the gage must be 1nvestlgated

Various techniques for expressing nuclear results were studled
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 extent. -These factors
are especially important from the standpoint of recal1brat1ng the
gages.

Results of tests performed 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 calibration curves based on this parameter were -
developed The effect of grain size distribution resulted in a
dlfferent calibration. curve for coarse—gralned versus flne-gra1ned
30118. :

Along with typlcal calibration curves, guldellnes for field appli-
cation were developed. A statistical decision theory based on a
t-test was also developed to aid in making a decision 1nvolv1ng
the validity of using a given calibration curve,

Williamson, T. G. and E. J. Yoder -

An Investigation of Compaction Variability for Selected nghway
Projects in Indiana .

Purdue & Ind. State Hwy. Comm. JHRP No. 5, 107 PPs BPR 4601 163.
March 1967.

Compact1on control of subbase and subgrade elements as used in
rigid pavements were studied to gather data to determine what
level of compaction was ach1eved using the present standards of
inspection 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 den51ty tests were obtained
to compute the percent 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 condition of nonuniform compaction.. The data showed
that more uniform compaction was obtained on the subbase elements .
than on the subgrades 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 cltatlons)

147. Winnitoy, W. E.

- Development of Asphalt Specifications

Technical Report 2, 49 pp, Saskatchewan Dept. Hwys, Reglna (Canada)
May, 1966,

Factors affecting or influencing the development of penetration

and liquid asphalt specifications are discussed. Three main factors
are crude source or type method of refining, and performance of
asphalt in a pavement. Evaluatxon of tests to 1dent1fy desirable
or undesirable characterlstlcs of asphalts is discussed. In
dlscu3510n of the more common tests, the statlstlcal variability

and desirable llmits of the tests are discussed. In conclusion,
some thoughts on the control of quality of asphalts are expressed.

148. Wischers, G.
Development of Ready-Mixed Concrete in Germany
- Beton-Herstellung-Verwendung (Germany) 15 (7): 291-299. 1965.

The development of ‘truck-mixed concrete in Germany started in

1953 with two factories, in Cologne and Stuttgart. At the

end of 1964 more than 500 such factories produced about 13 m11110n
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 cu.m. per hour, medium—

- sized works with 20 to 40 cu.m. per hour, and small works (stations)
having a capacity of 10 to 15 cu.m. per hour. Large factories
having in some cases more. than 100 cu.m. per hour were constructed
only at the commencement of this development in the large towns and
concentrated areas: their total number may be about 100.
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The stiffer. concrete is expediently transported in 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 concreté 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-mixed concrete is. demanded

in the consistency K 2 (plastic). With very few exceptions the

subdivision into three consistency ranges is quite adequate in
practlce. Truck-mixed concrete must be controlled for quality in
accordance with the prov131ona1 regulations 1ntroduced 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. quallty
protectlon group). (13 citations) :

Worona, V. and W. Gunderman

Field Evaluation of Nuclear d/M Gages Used in Compactlon 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 submi tted
on this technique but the data have been limited by either quantity
of samples or by quality of personnel. Tests performed directly
under superv131on of professors or research engineers will yield
more reliable data than those performed by average construction
inspectors in the field. Because these gages would be used in

the field by field 1nspectors, it was felt that they should be
evaluated under these condltlons.

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 Penmsylvania'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 density
and the oven drying and 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,‘soll cement, subbase, etc.), and different d/M systems.

-91-



Standard deviations were computed for series of grouped tests to
determine the repeatabillty of both methods of measurlng moisture
and denS1tles of construction materials. :

150. Worthlngton Samuell Thomas, Jr.
Control of Soil Compaction by Density Measurements
Report to Graduate School, Southern Methodist University as part
of M. Scs requ1rements.-pp. 1-41. 1963.

The degree of soil compactlon is presently being determined by den31ty
measurements. There are several different density instruments

available. The sand cone and balloon volumeter are being replaced with
nuclear instruments. The nuclear instruments are more convenient since
they can be placed directly on the surface of the compacted material

and the readings taken almost instantaneously. The sand cone and balloon
volumeter 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 m01sture 1nstruments, whether nuclear or otherw1se,
should be calibrated for the particular material they are to test.

On nuclear instruments, constant checks should be made on the accuracy
of the 1nstruments themselves.

There is an inherent variability in all hlghway 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 den31ties are
substandard ' :

Inherent variability should be recognized and controlled by statis-

tical sampling and analysis. The fact that many tests can be taken

with the nuclear instruments in a relatively short perlod 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 easily:

furnish density determinations in large quantities.» (4 citatlons)

151. vZascuk I.V. and E. F. Nefedova
' Quallty Control of Asphaltic Concrete by Acoustic Methods
Avtomobil Nye. Dorogi (USSR) No. 3: 8_10 - 1966.

The authors descrlbe the application, studied at the Dornii,

of acoustic methods (measurement of speed of ultraSOnlc 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. Ancorrelatlon has been found experlmentally
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 precision of 1%. Transformation of experi-

- 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

shown in particular a maximum energy of compaction for asphaltic
concretes (except for the finest). Beyond this point, there is
fragmentatlon of the grains of the mineral structure which decreases
the ultrasonic propagation speed and this in turn mod1f1es the
structural mechanical properties. (10 c1tat10ns)

\

A Gu1de to the Struectural De51gn of Flexible and ngld Pavements
in Canada

Canadian Good Roads Association 65 pp.

‘This document suggests methods for the structural de31gn

of conventional flexible and rigid pavements for roads with rural
cross-sections which will, within 10 years after constructlon,
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 flexible pavement design procedure is based
on limiting values of pavement sutrface 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 for measuring Benkelman Bean rebound,
for estimating the strength of a section of flexible pavement and
for determining the present performance rating. Examples of de31gn
and construction control are given. In the guide, equal attention
is given to construction control. Evidence indicates that the

‘uniformity of construction is the primary varlable controlllng

pavement performance. (10 c1tat10ns)

ASTM Manual on Quality Control of Materials
ASTM Committee E-11, American Society for Testing Materlals,
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 committee believes that if

the . recommendatlons below are followed, the presentations will
contain the essential 1nformation for a maJority of the uses made
of A.S.T.M. data.

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

1. Present as a minimum, the average, the standard deviation,
- and the number of observations. Always state the number of
observations. ‘ /
2. 1f the number of observations is large and 1f 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 dlstrlbutlon.
3.  If the data were not obtained under controlled condltlons and
’ it is desired to give information regarding the extreme
observed effects of assignable causes, present the values of
the maximum and minimum obseéervations in addition to the average,.
the standard deviation, and the number ‘of observations.
4. Present as much 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 c1tat10ns)

154, Bituminous Concrete Surface Course Aggregates .
Wisconsin State Highway Commission HPR-1 (2), No. R- -843, No. 9
Bureau of Public Roads (US) 4721112 66 December 1965.

Analyses were made of the aggregate gradation and asphalt content
variability in hot bituminous concrete surface mixtures consistent
with 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.(8igma) ‘of each
sieve size and asphalt content used (on each pro;ect) in each
mixture. :

155. Guide for Sampling Inspection
Quality and Assurance Handbook, H533, 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 princ¢iples of sampling 1nspect10n._,Thevarpo$e of
this handbook is threefold: ;
a.  to describe basic sampling procedures.
b. to explain the basic prin01p1es underlying sampllng 1nspect10n, ‘
and
c. to demonstrate how the sampllng plans establlshed by appllcable
military standards, handbooks and related documents are used
id arriving at apprOpriate inspection and quallty 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 inspectlon. Ampli-
~fication of MIL-STD-105 is provided in Section 2 of the handbook
Also a bibliography 1s furnished as Appendix A. ‘

This handbook has been specifically prepared for use by inspection
personnel respon31ble for inspection decisions of an operational
nature. Tt may be used as a guide in establlshlng procedures

for determining conformance of operatlons, data inventory control -
etc., ‘to prescribed quality’ standards. o c1tat10ns)

156. Introduction to Statlstlcal Methods for Quality Control of Concrete
Cement & Concrete Association Adv. Notes No. 8, 9 pp. May, 1965.

This note g1Ves statistical methods of use in assessing the results
of various control tests used in the concrete 1ndustry 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 ' Sciénces ~— National Research Counc1l 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 orlglnal
mass of data collected is available if the reader wishes to pursue

a partlcular problem in depth.

The several chapters have as their subject matter the follow1ng

major topics: (1) Embankment specifications ——'procedures,

summaries of data on material and comstruction control and the
 characteristics as constructed. (2) Stbbase for flexible and
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rigid pavements -- the sand-gravel mulch. used is characterized
as a material 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 spec1f1cat10ns, records
on asphalt extracted, compactive effort, compaction achieved,
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 strengths, l4-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 descrlptlons
are included such as sampling for compaction control, measuring
maximum by density, a cooperative materials testing program,

BPR tests, and stress and static yields on structural steels.

158. Procedures for U51ng Statlstlcal Methods for ProceSS Control and
' o Acceptance of Bituminous Mixtures
South Carolina State Highway Department HPR-1 (2), 518 Bureau of
Public Roads 4721293 66, February 1966.

This study on ways and means of appllcatlon 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 had put strong emphasis on strict compliance with specifi-
cation control while realizing that variations are inherent in

- materials, construction procedures; sampling and testing. - Phase I
developed statistical quality control procedures for process
control and acceptability from actual projects ‘employing hot-mix
asphaltlc paving materials. Phase II investigated the completed
components  to verify the procedures. Phase IIT prepared a tenta-
tive system of process control and acceptance of mixtures and
testing of 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 speciflcatlons, employing
statistical concepts, were presented
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162.

Quality Assurance Through Process Control and Acceptance Sampllng

Bureau of Public Roads (US) 79 pp. April 1967.

Quallty assurance for highways include proper order1ng 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, legal and financial requirements. of highway con~
struction, improved quality assurance methods -are needed.
Statistical definitions and concepts needed for appllcatlon in ¢
specification Wr1t1ng are given. : , :

Quality Control R :
Idaho Department of nghways, Research Progect No. ll 34 pp,
May 1967. (HRA 37 (10) s 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
variance. A direct relationship was found between the sampling
variance and sampl1ng method. ‘Samples obtained by means of an
automatic sampling device produced lower sampling variances than
saniples obtained manually. Sampling variances also showed more
uniformity when an automatic sampling device was used. The splitting
method used and the 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. :

‘Quality Control Analy81s, Part 2, Soil and Aggregate Base Course
Louisiana Department Highways, HPR*l (3), 63—1G Bureau of Public

Roads (US). 4721183 66

An attempt has been made to determlne the extent of variablllty

of soil and aggregate base course characteristics using data collected
from completed project files. On the basis of this variability,
numerical limits have been established using statistical quallty
conitrol technique. The historical data tend to follow the normal
distribution. Unstabilized aggregate base course has :less variability
than stabilized base courses and the Sigmas are con51derably different
for different contractors. o

Quality Control Analysis, Part 3, Concrete and Concrete Aggregates
Louisiana Department Highways, Research & Development Section,

HPR 1 (4), 63-1G Bureau of Public Roads (US) 4721183 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) that the frequency distribution of most of'the data tend 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 control charts can be used

for control and acceptance of P.C. concrete. The report:includes
an analysis of thickness of pavement and analy31s of bituminous
hot mix density and dlscharge temperature,

Quality Control Techniques ’ -
nghway Conference on Research and Development of Quality
Control and Acceptance Specifications. Volume 1, 504 pages.
 April5-7, 1965. Bureau of Public Roads, U. S. Department
of CommerCé~ ’

This volume contains 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
constructlon.' JGD

Quallty Controlled Concrete
Civil Englneerlng and Public Works Review 53 (626) 907—908. 1958.
(HRA 28 (10): 1958).

Onc of the main difficulties in the production of concrete is
the large number of variables, which may give rise to large
differences in the strength and other characterlstlcs 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 material the strength of which will vary from =
the average by only a reasonable percentage-——say ‘25 to 30 percent
up or down. It is not uncommon for uncontrolled concrete to
"vary by more than 50 percent up or down. i

The two principal innovations which are usually considered as -

“a part of quality control are weight batching and vibration..
Quality can actually be controlled without using either technique _
but control is simplified and cheapened by both. The main  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
Acement savings due to more accurate batching, 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. test in about 20 to 25 must be
allowed for below the mlnlmum asked for. :

The main factor 1nfluenc1ng the strength is- the ratio of water to
.cement usually measured by welght, and referred to as the water-
~cement ratio. Poor control on the site would. lead 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 variations above the minimum required. That 1s
to say, poor control necessitates a high average. Strength ‘and -
therefore, a low average water—cement ratlo, and this in turn
means elther a drier mix or a mix rlcher in cement.

Conversely, good control allows a 1ower 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 & more workable concrete. Generally, quality control
should enable a workable m1x to be adopted with a sav1ng of cement
as well,
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When to Use Quallty Control

1. In all cases where a water—retalnlng structure is required

or where the structure will be exposed to weatherlng.

2. Where the minimum strength required is 4,000 psi or greater,
quality control could be expected to be f1nanc1a11y 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 mentloned, 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 Justlfled 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 basements which would justify quality con-
trol, whereas the superstructure would not, and in such cases, 1t
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 batching and mix design.

Much cement is lost through poor batching and much cutting out and
making good due to faulty mix propértions. Output is also lost
through batches defic1ent in all materials. o

- Road Research Needs -in Canada: 1965.

Canadlan Good Roads Assoc. Tech. Bull. No. 27, 10 pp.. May 1965;

vThlS document defines the pr1nc1pal road research needs and thelr

relatlve priorities in Canada in 1965. Of the 44 problems included
in the list of road research needs, the highest priority was

given to the following (1) deterioration of bridge decks and
superstructures by deicing 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 and

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
transportatlon systems, (7) relationship of geometric design
features of roads to dccident rates, and (8) passing sight distance
requirements. The needs were defined to encourage road research
organizations throughout Canada to undertake intensive 1nvest1ga-

‘tions of these problems.

‘Some Suggestions for Preventing Concrete Surface Blemishes
Concrete 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 concrete surface
may be improved by careful attention to formwork detail.. Probable
causes of surface blemishes are reviewed and recommendatlons -
made for the prevention of surface blemishes.

Statlstlcal Parameters Research PrOJect~Qua11ty Control Study on
Asphalt Pavement Research Project,

Colorado Department nghways, Planning and Research Division,
HPR, BPR-1407, State—4 Bureau of Public Roads (US) 4772004
67. July 1967.

"This repdrt summarizes the statistical parameters calculated

from the results of laboratory tests upon 200 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 orlglnal pairs of 6 inch cores and two duplicate pairs,

taken at 50 randomly selected sites. Tests were run in the central

laboratory for thickness, conventional density, asphalt content,

" graduation, nuclear 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 AASHO T-30 test method. Analysis of variance 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 aggregate will

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

51zed are very close to the theoretlcal values.

Statistical Quality Control ‘ A ‘
Nebraska Department Roads, Materials & Tests D1v PrOJect F- 56(20)
64 4 Bureau of Publlc Roads (US) 4721263 66

This progect was Type 1, Special, an asphaltlc concrete surfacing
3 inches thick 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. unlformlty of materlal
sampling or testing for the project. The data will supplement the
Public Roads reservoir of similar data for use in future specifications
-and construction control. The state offers no conclusions or
-recommendations at this time on this type of construction.

169. Statistical Quallty ‘Control F-145 (21)
Nebraska Department Roads 64-4, Bureau of ‘Public Roads (US) 4721263 67
Aprll 1967.

This was conducted Type 1 Special (A) asphaltic concrete surface
course 3 inches thick and 24 ft. wide for a distance of 7.4 miles.
"~ A continuous batch plant was employed to prepare the crushed
limestone - 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, thickness and stability from
randomly selected samples " and measurements. The statlstlcal
parameters dlsclose 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. Statistical Quality Control in Highway Construction
Engineering News Record 178 (2): 28-32. 1967.

Statlstical quality control (8QC) is a probablllty—based method

of developlng and enforcing specifications. Specifications based
on SQC consider the normal varlatlons of test results, the inherent
deviations of the material or processes and the random errors of
sampling and testing. Highway specifications fall into three
categories: 1007 compliance within certain limits, acceptance
based cnengineerlng 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 SQC techniques to hlghway 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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173.

with good results. Step~by-step testing procedures using statisti-
cal concepts were developed to write spec1f1cat10ns. A draw1ng
of statlstlcally based acceptance spec1f1cat10ns is presented

. s R .

Statistical Quallty Control. of Bituminous Plant Mix Surface COnstructlon
Montana State Highway Commission 4722002 7913 PA7. Bureau of
Public Roads (US) 4720003 65.

The project was’performed to: (1) determine. the optimum position

in the production process from which to procure samples for accepted
testing of the material, and (2) to obtain information with which

to revise specifications concerning acceptance testlng of b1tum1nous
pavements. : -

The report containsvstatlstlcal 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 flnlshed mat. :

,StatiStical.informatiohrconcerning,randem sampleeftaken from the

truck bed'at'two other projects are also reported.
Recommended spec1f1cat10ns for the statlstlcal quallty control of

the material are presented

Statlstical Quality Control Report on Data Obtained by Random
Sampling Type 1 Special Asphaltlc Concrete Surface Course.

~ Nebraska Department Roads 64-4, Bureau of Public Roads (US)

4721333 66. March 1966.

Asphaltic concrete 3 in. thlck 24 ft.wide, 6.8 miles long was

- laid in a surface course, north of Union Corner .Nebraska.

Material was prepared in a continuous batch plant using crushed
limestone with crushed sand, asphaltlc content 5.1 percent (de31gn)
Random sampling was performed to obtain data on temperature,
thickness and density in the field. Laboratory tests on stability,
gradation, asphalt content and voids were performed. Data

‘sheet copies as well as the compilation of the. statistlcal

parameters for material characteristics are included. - 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 materlals,

sampling or testlng procedures.

Stone and Ready Mix Supplied the Modern Way
Constructioneer pp. 34-38, June 27, 1966.
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The Buffalo Crushed Stone Co. 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 line and everything, except the.
cement and asphalt, which are furnished from outside sources,

is tested. An IBM computer which handles production schedullng,
~b1111ng and other detall work also helps operations.

The Statistical Approach to Quality Control in Highway CbnStruetion'

- 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 specifie control problems in hlghway constructlon
have not, as yet, been selected

Winnlpeg Tests Rust Inhlbitor
Englneerlng and Contract Record (Canada) 79 (4) 41 pp. 1966.

Metropolitan Wlnnlpeg is testlng a new rust inhibitor to 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 chemlcal to- form a protective oxide
coatlng. ‘The treatment increases the cost of salt by four dollars
per tom, but is. reputed to give 85% protection. Manltoba is~

also testlng an infrared spectrophotometer to check on quality j
and pavement performance of the province's hlghways._
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APPENDIX 2

- LISTING OF CURRENT RESEARCH PROJECTS RELATIVE
'TO STATISTICAL QUALITY CONTROL IN

- HIGHWAY CONSTRUCTION
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Title: Quality Control of Construction by Statistical Tolerances.
. Agency: Bureau of Research and Development, Alabama State nghway

Department. (930-024, BPR 4721103) :
Personnel: J. H. Dav1d
Period: 1964-1967
ObJectlve. _

To supplement regular sampllng and testlng procedures with a

concurrent statistically designed sampling and testing operation.
To determine the variations in present construction. '

Title: Study of Statistical Methods of Quality Control

Agency: Materials and Research Department, California Division
of Highways (14033, BPR 4721123)

Personnel: R. O. Watklns

Period: 1964-1966

‘Objective: '

To statlstlcally measure the results of present construction
-practices and specifications, and 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 paving asphalt.

The study of the last four items involves a review of the data
on file. The other items are belng analyzed u51ng the constructlon-
~ sites for each item.

Reports: (1) Watklns, R. O. and B Page. ‘A Statlstlcal Analysxs 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 Statlstlcal Ana1y31s of Embankment Compactlon

Title: Quality A5surance Research '
Agency: California Division of Highways (F-1- 3 BPR 4641413)
Period: 1967~ 1969
Objective: ,

The usge of forceful sPec1f1catlons based on the scientific
estimates of quality requirements and performance capabllltles
of materials and structures is being developed and 1mp1emented.
Methods of estimating performance based on. statlstlcal prlnc1p1es
are being improved.

- Title: Applications of Statistical Quality Control Methods

Agency: Materials and Research Department, California D1v131on
of Highways (19-631146, HPR-1(4))

Personnel: G. B. Sherman and R. 0. Watkins

Period: 1966 plus

-106-



Objective:

Of this study will be to find a method of using statlstlcal
quallty control methods to advantage in highway construction. ~The
project will be conducted in three phases: (1) Method of controlllng'

‘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 stat1st1ca1 methods in contract: control
will be evaluated. ~

Title: Investlgatlon of Plastlcs for Use in Waterstops
Agency: Materials and Research Department, California D1v151on of
Highways (19-636404, HPR-1(4)) - :

‘Persomnel: J. R. Nordlln and J. R. Stoker
"Period: 1966 plus
Objective: S :

A number of failures have occurred in elastomeric compounds,
used for waterstop .in bridge structures. Natural rubber, synthetic
. rubbers, and polyvinyl chlorlde materials have all exhibited problems.
The objective of this study is to determine the proper ‘configuration
‘of the waterstop and the proper material to be used for the ‘application,
and to develop test. methods and sPec1f1cat10ns to control the quallty
" of the product. :

Title: Quallty Control : ’ e
Agency: District of Columbia Department of nghways and Trafflc
(BPR 4721133) :
Personnel: N. G. Smith -
Period: 1964-1967
Objective: :
- To establish quality control procedures and 11m1ts for those
construction materials manufactured by the. contractor and used in
construction.

Title: Quality Control S
Agency: Miller-Warden Associates, Raleigh, N. C. (for Florida State
Road Department) (M~5- 66 BPR. 4601453) T

Period: 1966 1968
Objective: ‘

- The appllcatlon of statlstlcal quality control procedures is'
being developed in the preparation of specifications' for materials
and constructlon procedures. ’

Title: Statistical Approach to Quality Control
Agency: Idaho Department of Highways :
Personnel: H. L. Day , .

Period: 1964-1966
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11.

ObJectlves.
Part I - Investigation of variations in aggregate gradations

'of.two_812es 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 of 3 duplicates taken at . 1/2 p01nts of truck
tanker at point of delivery. :

Title: Behavior of Welded nghway Structures

Agency: Civil Engineering Department, University of 1111n01s.
Urbana, Illinois (IHR-64, BPR 4613412)

Personnel: W. H. Munse ‘

Period: 1960~ 1967

Objective: ‘

Welding and welded hlghway structures are belng studled in
order that more economical highway structures may be constructed,
and to make it possible to use welding more efficiently. Studles
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 Highway 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 Jolnts in Reinforc¢ing Bars for Concrete.
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. Munse.
Fatlgue Behavior of Butt-Welded Reinforcing Bars in Reinforced
Concrete Beams. Journhal of American Concrete Institute Proc.
62(2). February, 1965. '

(4) Study of Inspectlon Methods and Quality Control for
Welded nghway Structures. Highway Research Board Record No, 110
1966.

Title: Improved Quallty Control in nghway Construction
Agency: Bureau of Materials, 1111n01s Division of Highways (IHR—83)
Period: 1964-1967 : ,
ObJectlve.

To develop a practical system for the improved control of
quallty in highway construction by measurlng the variations u51ng
statistlcal methods.

Title: Quality Control Applied to Highway ‘Cons truction
Agency: Purdue University (BPR 4601163)
Period: 1962-1967.
Objective:
The quality levels of various materlals and facets of highway
construction are being ascertained.
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14.

15.

Title: Development of a Laboratory Durablllty Test for AsPhalt
Agency: Englneerlng Experlment Station, Iowa State Univer51ty
(HR-124)

Personnel: L. H, Csanyl
Period: 1966-1967
Objective: '

A relatively rapid laboratory test is being developed whlch
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 mlxture.

Title: Quality Control Concepts and Thelr Application to Highway
Specifications and Construction

Agency: Kentucky Department of Highways (KYHPR—65 36, BPR 4721173)

Personnel: J. H. Havens and R. C. Deen : . ,

Period: 1966 plus

Objectives:

(1) To compile pertinent test data from acceptance records,
(2) To analysis the statlstlcal valldlty of tolerances and
limits currently spec1f1ed

Title: Quality Control Analy51s
Agency: Louisiana Department of Highways. (63~ 2G, BPR 4721183)_
Personnel: §S. C. Shah
Period: 1963~1968.
Objective: :

To reVISe ‘currently used hlghway materlals spe01f1cat10ns
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 Course. Louisiana Department of Highways,
July, 1966.

(3) Shah S C. Quality Control Analysis, Part III -

Concrete and Concrete Aggregates. Louisiana Department of nghways,
November, 1966. . :

Title: Mixture Results Analysis by Process Control
Agency: Maine State Highway Commlsslon (471, BPR 4601072)
Period: 1967-1968
Objective: .

The fea31b111ty 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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Title: Spec1fication Writing, Construction Control, Material
Control and Quality Control by Statistical Methods.

“Agency: Maryland State Highway Comm1851on (AW65—74~46 BPR 4721

203)
Personnel: Parrish
Period: 1964-1966
Objective: '

To conduct 1nvest1gat10ns explorlng the fea51b111ty of the
use of statistical methods in the control of materials and their
application to highway construction. Present specifications and
acceptance criteria will be studled and compared with approprlate
statist1ca1 plans.

Title: Bituminous Pavement Research : '
Agency: Massachusetts Institute of Technology (1(21)R2-23)
Period: 1962-1965

" Objective:

~ To determine service sultablllty of various materlals and

combinations thereof in flexible layered pavements and to analyze
stresses and strains in layered pavements under static and dynamic
loads. Practical methods of quality control are being developed
which will ensure safer, longer 1ast1ng and smoother riding pave-
ments, together with economy of construction, reconstruction and
maintenance. The effect of viscosity of asphalt on the properties
of compacted bituminous mixtures is being investigated.

 Reports: (1) Hagstrom, J. and R. E. Chambers. The Influence of

18.

Support Conditions on the Behavior of Elastic Plates. R65-10, May,
1965. (2) Toms, E., R. E, Chambers and M. A. Kamin, Layered
pavement design method for Massachusetts. C. E. Dept. Report R64—
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., Englneerlng Properties of Materials
for Layered Bituminous Pavements Systems, Materials Research Labora-
tory, 1965 (7). :

Title: Bituminous Pavement .

Agency: Massachusetts Institute of Technology (BPR 4811 221)
Period: 1963-1966

Objective:

Service su1tabillty of materials for flexible layered systems
is being determined. An analysis of stresses and strains under
static and dynamic loads is being made and practlcal methods for
quality control are being developed.
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Title: nghway Quality Control Program :

Agency: Research Laboratory Division, Michigan Department of
State Highways.. (63 G-123, BPR 4721 213) A

Personnel: F. Copple, D. C. Church, C. A. Zapata

Period: 1963-1966

Objective: L

To delineate specific areas in the field of highway mater1als B
and construction where quality control is practical and advantageous,
and to develop suitable quality control programs in these areas and
write quality control methods into ex1st1ng materials and. construc~ .
tion spec1f1cat10ns. ,
Reports: (1) McLaughlin, w. W., Mlchlgan s Quallty Control Program.
Paper presented at 4th Annual Highway Conference, Mlchlgan College
of Mining and Technology, October, 1963.

(2) McLaughlin, W. W:, Highway Quality Control Program

Michigan. Paper presented at ASCE Constructlon Div131on and St..

 Louis Section Conference on Quality in Englneered Construction,

St. Louis, Missouri, June 16-~18, 1965.

Title: Development of Nuclear Methods for Quallty Control of

Highway Embankment Construction :

Agency: Mlchlgan Department of State nghways (61-E22, BPR 4722 003)
Personnel: R. C. Mainfort, R. L. Felter

Period: 1964—1966

ObJectlve"

To determine the ‘type and size of radioactive source most
suited for measuring soil propertles to determine the most sultable
geometry for instrument components, and to develop a statistical '
method for handllng data to obtain quallty control of highway con-
struction. The study will include nuclear device modification to
permit better adaptation of the nuclear method to highway engineer-
ing. : S

Title: Development of Procedures for Process Inspectlon of
' Heavy Media Benefication Plants for .Coarse Aggregate-
Agency: Michigan Technological University, Michigan Department
of State Highways. (R-153, 65-827).
Personnel: M. E. Volin and E. L. M1chaels :
Period: 1965-1967 . :

'Objectlve."

Aggregate benefication process control is being developed and
demonstrated to assure a high quality product and to replace sampllng
inspection with occasional process inspection. HMS plants. were
observed and laboratory tests were made to determine operational _
variables and methods of measuring and controlling these variables.
A continuous pilot plant test (with process variables measured
and controlled) will demonstrate those controls equlvalent to
process inspectlon and quality control.
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23.

24.

Reports: Michaels, Ei L., and M. E. Voliﬁ.f Develppment‘of Pro-
cedures for Process Inspection of Heavy Media Benefication Plants
for Coarse Aggregate. . Michigan Technological'UniverSity, August,

11966.

Title: Study of Practical Measurements of Aggregate Quality
Agency: Institute of Mineral Research (for M1ch1gan Department
of State nghways) (BPR 4816 003)
Period: 1967
Objective:
‘The possibility of developlng a method of testing the quality
of concrete aggregate, which can be applied to field procedures,

is to be explored.

Title: Nuclear Test Equlpment Investigation

Agency: Materials and Test Division, Nebraska Department of
‘ Roads (64-5, BPR 4722 004) :

Personnel: W. J. Ramsey and D. I. Inghram

Period: 1964-1966 '

Objective‘

To develop and use non—destructlve 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.

Title: Statistical Quality Control
Agency: Nebraska Department of Roads. (644, BPR 4721 263)

Period: 1966

Objective.

To provide background data and experlence as a basis for
changing current spec1fications and method of inspection,
sampling and testing.

Reports: Based upon data obtained by random samnlino of the

asnhaltic concrete surface course during construction and issued
hy the Division of Materials and Tests. Nebraska Department of
Roads for the followine proiects:

F-95(6), Enders — Wouneta, September, 1965;

- 8-7/55(4), Wisner — Bancroft, October, 1965;

F-253(3). Minden - West;.December, 1965;

F-28(8), Union - Murray, March, 1966;

¥-56(20), York - Aurora, .Tune. 1966.
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26.

27.

28.

Title:. Statlstlcal Approach to Quality Control = -
Agency: New Jersey State Highway Department. (7711, BPR 4721 283)
Personnel‘ W. R. Bellls, R. A. Pege, XK. Afferton
Period: 1964-1967
Objective:.

To establish, by the use of ‘statistical methods, the necessary
sampling required to maintain adequate quality. control of construc-

tion.

Title: Quality Control of Central Mix Concrete Durlng M1x1ng :
~and Transporting .

Agency: New York State Department of Publlc Wbrks (42 330

‘BPR 4723 004) o :
Personnel: I, F. Rizzuto, W. P. Chamberlln and D. E. Gordinler
Period: 1965-1966
Objective:

The department is evaluatlng 1ts current spec1f1cations govern—
ing the production of Central-Mix Concrete.  The study includes a
literature summary and a review of cement practice to determlne
whether field studies - ‘are necessary to gather additional related
information. :

Title: Statistlcal Quallty Control
Agency: North Dakota State Highway Department (2 -67, BPR 4601 483)
Period: 1967-1968
Objective:

Variations in the control parameters are being determined for
quality control on asphaltic concrete construction and compacted
embankments.

Title: Statistical Quallty Control :

Agency: Department of Civil Englneerlng, North Dakota State
University. :

Personnel: J. L. Jorgenson

Period: 1967

Objective: ' : : i
Two areas of hlghway constructlon are being 1nvest1gated to

determine the variation in the controlllng 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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Title: TOZEValuate‘Existing Methods aﬁd/or'Develop Improved o
Methods for the Measurement of Certain Properties of Concrete

. Agency: Building Research Laboratory, Engineering Experlment

Statlon Ohio State Univer31ty.'(6 6)

| Personnel: R. W. Bletzacker
- Period: 1963-1965.

Objectives

Methods of securing pertinent 1nformat10n related to the mixing,
placing, and curing of concrete at the earliest desirable-or feasible
age aré being provided. An early knowledge of such 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 technlques are to be developed,

- if deemed desirable.

Several series of tests are performed to determine unlformlty
of mortar samples taken from 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 performed to determine the water/cement ratio, however,

the tube separator will 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 assoc1ated with water~a1cohol mixtures Were continued.

Title: Statlstical Ana1y51s of Aggregate Size Distribution
Agency: Engineering Experiment- Statlon Ohio State Univer51ty
(EES298) - :
Personnel: K. Majldzadeh
Period: 1967
ObJectlve. : »
The size-distribution in the coarse aggregate used for asphaltlc

concrete and portland cement concrete is being studied. The variability

in the size distribuytion of the aggregates obtained from a selected
number of stockpiles is to be analyzed. . Establishment is to be made
of appropriate acceptance and rejection criteria, sample size, and
random sampling techniques, all based on statistical concepts. Ap-
propriate recommendations for the application of these analyses to
the quality control of the aggregate will be made and suitable
procedures for material acceptance and the contract payment adopted.

Title: Statistical Quality Control of Portland Cement Concrete
-Pavements

Agency. School of Civil Englneering, Oklahoma University (1483
BPR 4721293)

Personnel: J. G. Laguros

Period: 1964-1967
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Objective:

Statistical evaluatlons for the establlshment of limit quallty
criteria for use in the construction of Portland cement concrete:
pavement will be carried out. The various constituents of Portland
cement concrete are being sampled near the finished productiat‘the
construction site and their specific properties determined. : Field
sampling, field testlng and 1aboratory analyses will be carried: out.

Tltle: Mineral Aggregate Quallty Control Research - : igo E

 Agency: Oregon University

Period: 1964-1965
Objective: .
" Statistical analy31s of historlcal samples on - four pro;ects

 each incorporating 400 or more samples taken on. a-generally con- -

tinuous basis and of current samples on one large prOJect taken
randomly with dual samples lelded for testlng -

,/

Title: An Investlgatlon of the Rellablllty of Prequallfled Flllet
Welding Procedures for Welded Steel Bridges -

Agency: Oregon State Highway Department (20-15 BPR 4613434)

Personnel: " D. S, Berger

Period: 1966

Objective: : SR

To obtain information to test the va11d1ty of the assumptlons
presently being made in regard to prequalified fillet welds.

Fillet weld reliablllty 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’the John" Day bridge near Rufus,: Oregon, during the
December floods of 1964 has provided a soutrce of full size welded
steel bridge members which may be examined by both destructive

“‘and non-destructlve means. These members consist of I, H. and
- Box sections which are composed of various thicknesses of ASTM A373

and AL41 steels as well as weldable, heat treated steel of 115,000

to 135,000 psi ultimate strength and 100,000 psi yield strength.:
Due to the rapid increase in fabrlcatlon of welded steel -

bridges, it is of eon31derab1e urgency that advantage be taken of -

- this unique opportunity to appraise the reliability of fillet weld

quality control methods. Findings of such an investigation would
serve both as a comprehensive study of the reliability of prequal-
ified fillet weld procedures as applied to this particular instance,
and as an indication of the reliablllty which may be placed on' other
similar work.

Reports: (1) An Investlgation of the Rellablllty of Prequallfled

Fillet Welding Procedures for Welded Steel Bridges.. Bridge Division,

Oregon State Highway Commission, September, 1966.
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35.

36.

37.

Title: Nuclear Bituminous Conicrete Research
Agency: Pennsylvania Department of nghways. (64-15, BPR 4722003)
Personnel: V. Worona ~ o
Period: 1964- 1968
Objective: :

A determlnatlon 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
quallty of ‘asphaltic concrete mixes., :

Title: Statistical Quality Control of Materials Study

- Agency: South Dakota Department of Highways (616, BPR 4721323)

Personnel: E. B. McDonald and D Andetrson
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.

Title: A Study of Vermiculite Concrete as a Shock-Isolating Material

Agency: Structural Mechanics Research Laboratory, University of Texas
(ENG~-342393) :

Personnel: &. N, Thompson and E. Smlth

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 exploratory 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-isolating characteristics could be continuously
produceds investigations of parameters that affect the homogeneity,
workability, dynamic compressive stress, maximum strain, and quality
control of vermiculite concrete had to be performed. This study
provided substantial evidence that lightweight vermiculite concrete
maintains reasonable shock-isolating characterisites 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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39.

40.

Reports: (1) Thompson, J. Neils and Eugene Smith, A Study of

Vermiculite Concrete as a Shock—Isolatlng Material.  University
of Texas, October, 1963. o L

‘Title: Deleterious Materials in Concrete

Agency: Texas Transportation Instltute (2-5-63- 71, BPR 4816153)
Personnel: D. L. Ivey : L A
Period: 1963-1966
Objective:

This project is concerned prlmarlly 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 evaluation of certain existing

quality control tests for detecting deleterious materials will be made.

Reports: (1) Buth, E., D. L. Ivey and T. J. Hirsch Cotrrelation of

Concrete Properties with Test for Clay Content of Aggregate. Texas
Transportatlon Instltute No. 71-1, -

Title: Statistical Quelity Control

Agency: Virginia Highway Research Council (BPR 4721333)
- Personnel: J. H, Dillard

Period: 1964-1967
ObJectlve. : ‘
An evaluation of the 1mpllcat10ns of statlstlcal methodology

for hlghway constructlon and material control is continuing.

Reports: (1) Dillard, J. H. . The Impllcatlons of Several Types
of Statistical Spec1f1cat10ns. July, 1966 R

Title: An Application of Statistlcs in the Quallty Control of
Steam Cured Concrete

Agency: Virginia Highway Research Council (0284(Phase 4) BPR 4721333)

Personnel' H. E. Brown

~Period: 1965
) ObJectlve°

The value and practlcablllty of applylng such statistical quality

control procedures 4s regreéssion analysis, control charting, variance

analysis and principles of variation flow analysis are being determined

- as a means of measuring and controlling the quality of steam cured

concrete.

‘Reports: (1) Brown, H. E. An Application of Stetistieal Evaluation

Techniques for Quality Control of Steam Cured Concrete. Presented at
National Conference on Statistical Quality Control Methodology in

'.nghway and Airfield Construction, Charlettesville, Virginia, May, 1966.
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43.

44,

Title: Field Study of Nuclear Device on Bituminous Concrete
Agency: 1rg1n1a Highway Research Council (2762)
Personnel: C. S. Hughes :
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 bituminous 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, AAPT,
32, February, 1963. : : s
~ (2) 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 H. H. Ralston. Field Bilot Study
with Nuclear Moisture Density Guages. October, 1964.

Title: Quality Control Study
Agency: Washington Department of nghways
Personnel: C. E. Minor S

Period: 1966

Objective:
To assess the varlatlon of asphalt content and aggregate
gradatlon in typical production of asphalt concrete ’

Title: Quality Assurance o
Agency: U.S. Bureau of Public Roads (BPR 2601112)

- Personnel: T. F. McMahon

Period: 1963-1973.
Objective:

Realistic enforceable spec1f1cat10ns are being developed based
on gcientific estimates of quality requirements and performance
capabilities of materials and structures. Improved method of
estimating conformance based on statistical principles are being
developed.

Title: Development of New and Rapid Methodsrfor Controlllng the
Quality of Highway Materials

Agency: U.S. Bureau of Public Roads

Period. 1964 1967



45,

46.

47,

48.

ObJectlve. , .
New rapid and rellable test methods for quallty control of

materials are being developed. Non-destructlve methods of testing

fabricated highway components are being developed and evaluated.

Title: Statistical Parameter Data Research .
Agency: Philosophy Science. (sponsored by U.S. Bureau of Publlc Roadb)
Personnel: J. F, Redus

"Period: 1964

Objective:: :

This project is de51gned to obtaln and analyze file data acqulred
by the Corps of Engineers in their construction and research projects
pertaining to compacted highway construction materials, 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: AASHO Material Reference Library
Agency: U,S. National Bureau of Standards
Period: 1965-1966 '
Objective: :

~Nationwide uniformity in testing equipment and test procedures
will be promoted to improve the quality and economy of Federal-Aid
hlghway construction. :

Title: Production Studies
Agency: U.S, Bureau of Public Roads (BPR 2723204)
Period: 1967 .
Objective:-
Equipment time utilization, procedures, and operatlng characterlstlcs

" data are being developed, to foster improvement in economy and eff1c1ency

of construction, promote adoption and use of new developments, and better
train junior engineers in quality control and other construction methods
and procedures.

Title: Application of Statlstlcal Quallty Control in Pavement
Construction
Agency: Waterways Experiment Statlon Army C.E. (U0.S.)

Personnel: W: J. Turnbull, A A. Maxwell and D N. Brown

Period: 1965
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50.

51.

 Objective:

Application of statistical quallty control methods to the
interpretion of 1nspect10n test data are being examlned 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 sPeclflcatlon is to be prepared showing typical spec-
ification requirements for statistical quality control of ome
(probably density) or more specified quantities. Review . of techn1ca1
literature, participation in pertinent meetings and conferences, and
knowing applications of ‘statistical quality control to construction
of pavements are requlrements.

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 llme 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-Lime Mixtures by the
Potenciometric Method. Buenos Aires Prov. Highway Department,
Argentina - S '

Title: Quality Control of Commercial Limes

Agency: Buenos Aires Prov. Highway Department Argentlna
Personnel: F. J. Felli and C. L. Ruiz

Period: 1968.

Objective: ,

It is proposed to use new criteria to Judge the quallty of
1imes with regard to soil stabilization. Lime index is defined
as the percentage of basic alkaline earth compounds, expressed
as Ca0 or Ca(OH), present or freed by hydrolysis, and being able
to be neutralizea 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,

Title: Quality Evaluation of Fillers »

Agency: Materials Testing and Tech. Investigation Laboratory,
Buenos Alres Public Works Ministry, Argentina .

Personnel: H. Langard and H. A. Suarez

Period: 1965
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53.

54.

Objective: '

The ex1st1ng tests to evaluate the quality of flllers 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 kinds.of fillers with regard to chemical
composition, differential thermic properties, grading, shape of
particles, and adherence to bitumens. Different asphalt concrete
mixes are being made and their behav1or correlated to each type
of filler. »

Title: Design of Viscometers for Bitumirous Substances

Agency: Highway Englneerlng School, New South Wales Unlver31ty,
" Australia

Personnel: W. H. Cogill and J. Dunlop

Period: 1963-1967

Objective: :

The design of viscometers is being studied w1th 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 emulsions is also under development.
Optical and electronic methods of measurement are employed

Title: Quallty Criteria and Acceptance Tests for Asphaltic
Concrete

Agency: Service Des Researches Spec1a1es, Contre " Rlcherches

Routieres, Belgium
Personnel: J. Huet
Period: 1964-1966.
Objective:

Quality criteria and acceptance tests are belng formed for
asphaltic concrete by measuring samples from surfacings. A failure
test by diametral compression is being conducted on disks and perme-
ability. Water resistance and adhesion to base courses tests will
be conducted.

Reports: (1) Huet J. Resistance Mechanique en Compre331on

‘Diametrale des Enrobes Hydrocarbones Fermes pour Couches de

Revetements, Rapport de Recherche No. 135, Centre de Recherches
Routleres, Brussels, 1966.

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 qua11ty of

the mixes.
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57.

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 constructlon is being
evaluated by simultaneous measurement of physical parameters on a
production unit basis. These parameters include cement and water
contents, per cent standard AASHO compaction, material gradation,
7-day strength development. Control 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.

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:

Uniform, one thousand foot sections selected by examlnatlon 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 uniform section is replicated, and duplicate observations are con-
ducted simultaneously on conventlonal flexible pavements of equivalent
design where they are available in the immediate 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.

Title: Accelerated Concrete Strength Tests
Agency: Research Branch, Ontario Department of nghways, Downs-
view, Ontario, Canada

. Personnel: P. Smith and B. ChOJnaCkl

Period: 1958-1965.

_ Objective:

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 in
boiling water is based onthe degree 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 includés the evaluation

of procedures using water at 100 degrees F and 140 degrees F. - It
was found that only with 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 ascertalnlng if the corcrete w111 satlsfy the
purpose for which. it was de81gned.’

[Editorial note: The formulas-matrked** .are both suspect as . to
correctness but are as reported in the or1g1na1 (computer :
report) seen.] :

Reports: (1) Smith, P, and B. ChOJnackl. 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 Quallty Control A.P. E 0.
Registration Thesis.

Title: Concrete Mixer Efficiency Studies

Agency: Research Branch, Ontario Department of Highways, Downs-
view, Ontario, Canada

Personnel: P. Smith

Period: 1961-1965

Objective:

An investigation of the efficienty of concrete mixing has been
undertaken to establish if the uniformity and quality of ready-mixed
concrete is suitable for use in pavements and to spéecify 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 routlne field concrete control pro-

-cedures.
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‘Reports. (1) Smith, P., and H. A. Vandusen. How Good is Your Mixer?--

A Study of the Mixing Efficiency and Performance of Ready Mix Concrete -
Trucks. D.H.0. Report No. 48, April, 1964. - (See also Proceedings

of : the Ready-Mlx Association, Sth Annual School of Concrete Technology,
1964. ) :

Title: Factors Affectlng the Life of Surface Treatments ,
Agency: Ontario. Department of nghways, Downsv1ew, Ontarlo, Canada o
Personnel: A. Leslie :

Period: 1962-1965

Objective:

Initial phase’ of this study consisted of evaluatlng 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 station has been built to calibrate asphalt distributors
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. .

Title: The Incidence of Stripping of Bituminous Pavements in Ontario

~Agency: Research Branch, Ontario Department of nghways, Downsv1ew,»

~Ontario, Canada
Personne: H. J. Fromm
Period: 1964~ 1966
ObJective. :

A statlstlcal sample which covered the entire province of

Ontarlo 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 the bituminous concrete to weaken the entire structure. Stripping
was more pronounced where granitic¢ aggregates predominated. No cor-
relation was found between the asphalt source and the amount of stripping.
The frequency of random cracking was found to correlate 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 Strlpping has progressed in the sample.

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 Canadlan Technical Asphalt
Association.)
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Title: Statistical Quality Control :
Agency: Ontario’ Department of nghways, Downsv1ew, Ontarlo, Canada
Personnel: R. Schonfeld : s

‘Period: 1966- 1967

Objective: '

* The variability of the degree of compactlon, 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 tests was to obtain statisticalvparameters;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 belng elaborated.

Title: The Production, Design, and Performance of Asphaltic Concrete
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 spec1f1cat10ns of the federal

“and provincial highway departments in Canada for the procuring of

the materials, production and construction control of 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. " Work is progres31ng on

the sections dealing with quality and construction control require-
ments and a degree of compliance with the specifications required

by -the various agencies. It is proposed to extend the study to
include consideration of evaluation of asphalt wearing surface

‘performance as carried out by the various agencies.
Reports: (1) Report on Comparison of Pavement Constructlon Spec—

ifications for Sub-base, Base and Asphaltic Concrete Surface Courses.

- Engineering Design Sectlon, Department of Transport, September, - 1965

Title: The Effects of Freezing and Thaw1ng on the Durablllty of
Asphaltic Concrete Mixes

Agency: Queens Unlver31ty, 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 1nvest1gate the validity of
,.the Freeze~Thaw Test as an indicator of durability. Durability is
a complex term when: applled to asphaltic concrete, and hence only
 the strength asPect is pursued in this study. 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.

Two hundred and ten samples have been prepared. Sixty were
subjected to the compression tests shortly after the curing process
to determine the basic characteristics of the material in each
gradation and asphalt content. The remaining specimens have been
saturated at 70 degrees F for four days and then subjected to the
freeze-thaw cycles.  Sampleés were tested in the uncornfined compres-~
sion apparatus after one cycle, four cycles, eight cycles, sixteen
cycles, and thirty-two cycles.  Each cycle 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 incredsed substantially after 16 cycles.
Reports: Unpublished M. Sc. The31s, G. P. Luke, Queens Unlver51ty,

1966. , .

Title: Base Course Quality Control
Agency: Service Des’ Sols et Materiaux, Quebec Department  of Roads,
Canada

Personnel Robltallle and J. Normand
Period: 1963~l966
"ObJective.

Present practlce utilizes proof—rolllng 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 Beam deflection and rebound tests produce
quantitative results whlch can be used as measures of the unlformity
of construction. Measurements on the various layers of different
types of pavement construction are underway to evaluated the use of
this device for this application and to develop standard techniques.

Title: Moisture Density Tests 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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66.

67.

Objective: ' :

A program of carrying out. routine moisture-density testlng
with small portable and larger vehicle mounted nuclear radiation’
devices is being performed on subgrades, granular subbases,
stabilized granular base and asphaltic concrete surface courses.

The units have been used on various projects throughout the province
under .various Worklng conditions to determine the feasibility of"
adopting this method of quality 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 Assoc1at10n of Canadian
nghway Officials.

(2) Culley, R. W. Compaction Contr01 with Mobile Nuclear

-Radiation Equipment. Proceedings of the 1965 Annual Meeting of- the

Canadian Good Roads Association.

Title: Factors Which Determine the Quallty of Asphalt Concrete
Surfac1ngs

Agency: State Institute of Technlcal Research Flnland

Personnel: J. M. L. Hyyppa

Period: 1959-1967

Objective: »
Factors which determine the quality of asphalt concrete surfac1ngs

are studied. The study is divided into three parts: the first one

deals with factors used in the assessment of the quality of asphalt

concrete surfacings, volume, weight, v01ds content and Marshall-

stability. The second part deals with raw materials, binders, 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, machlnes and methods used influence

the quality of the surfacing.

Reports: (1) Hyyppa, J.M:I.. On Factors Which Decide'the Quality~

of Asphaltic Concrete Surfacings Based upon Experience Gained in -

Finland. The State Institute for Technical Research; Publicatlon 105,

Helsinki, 1966. :

Title: The Appllcatlon of Statlstlcal Control Methods to Mass~
Produced Materials

Agency: Technical Department, Colas Road Contractlng Company, France
Personnel: Langumier, Pellion : '
Period: 1965
ObJectlve.

An investigation is belng conducted into’ the appllcatlon of
statistical quality control methods for the manufacture of bltumlnous
road surfacing materlals
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Title: Valuatlon of Accident Damage in City Streets
Agency: Cologne Engxneerlng Office, Germany
Personnel: Ludke

Period: 1960«1965

Objective: :

Official statistics glve the number of accidents in cities only
for the whole urban area. For this reason no investigations have
been made of accident frequency on road sections of different width
in relation to the volume of traffic. The author presented accident
data 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 acc1dents on.city streets in relation to.
.traffic volumes.

Title: Investigations of Moisture Fluctuations in Road Bases
Agency: Federal Institute of Road Research, Germany
Personnel: H. Behe '

Period: 1962-1965

ObJectlve.

The moisture content fluctuation in road bases and subbases is
belng recorded at various depths and locations beneath the pavement
and in cuts and fills. As the quality of pavements is largely
dependent upon the moisture content of underlylng ‘layers, it is
important to know the seasonal fluctuations in molsture 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. ' ' -

Title: Investigation on Quality Standards of Paving Materials
‘Agency:’ Public Works Research Institute, Construction Ministry,
Japan : ' : o

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 on the quality requirements for highway paving asphaltic materials.

Title. Quality Control of Constructlon Materials

Agency: Engineering Institute, Structural Dynamics Section,
National University of Mexico

Personnel: 0. A. Rascon

"Period: 1965
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72.

73.

4.

Objective: _ :
' Using Bayes Theorem, a probabillty dlstrlbutlon is obtalned 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

constructlon materials.

Title:  Rémoval of Low Quality Particles From Gravel

" Agency: State Road Laboratory, Norway .

Personnel: A. Gronhaug
Period: 1967

VObJECthG.

- The quallty of gravel is being 1mproved 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
qualltles 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 first
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. Fremstilling av Slitesterke Strinmaterialer
fra Forekomster av Varierende Kvalitet: Sovjet-Samveldet Litteraturrefat,

Statens Vaginstitut, Stockholm. Special Rapport 25, pp. 18-19, 1964.

‘ (2) Gronhaug, A. Fremstilling av Slitesterke Steinmaterialer
fra Forekomster av Darligkvalitet, Veglaboratoriet Meddelser, NR 21,
0SLO, pp. 16-22, 49-50, 1964. '

Title: Statlstlcal Quality Control of nghway Constructlon
Agency: Construction Division, Public Works Ministry, Spain
Personnel: Vicente F. Lozand, Vargas G. Carrlllo, and J. A. Guitart

y de Gregoria :
Period: 1965
Objective:

The standard spec1ficat10ns for hlghway construction are in-

sufficient to guarantee good quality in highway works. New specifications
based on statistical quality control techniques are being studied. '

Title: Sampllng Method for Determlnlng Trafflc 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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75.

76.

77.

ObJectlve'

An attempt is belng made to develop a method of der1v1ng traffic
activity or work in terms of vehicle miles from traffic count data.
Data from routine spot volume counts is being used and a method is
being developed for projecting these data to ‘reflect total activity
in terms of vehicle miles by breaking routes into segments. The
statistics of the method of sampling and calculation will be studied.

Title: Standards for Soil Stabilizatidn_

Agency: GCeotest Ag Bern, Sw1tzer1and

" Personnel:  H. Eindler )

Period: 1964- 1966
ObJectlve. : /
"Four new standards for soil stabilization with llme, 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.

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 concrete, 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 satlsfactory method-
uses moderate curing temperatures up ‘to, possibly, 48 hours. It is
proposed to examine whether tests at two maturities would lead to
improved forecasting. The density of concrete cores cut from roads
has been measured with the recently developed core scanner. It

seems likely that the test would be useful in detectlng variations
in density. »

Reports: (1) Kirkham, R. H. The Analysis of Fresh‘Concrete;
Concrete Constr. Engng 44 (2): 54-60. 1949

Title: Quality Control of Bituminous Materials and Construction
Procedures '

Agency: = Road Research Laboratory, Ministry of Transport London,
United Kingdom

Personnel: D. H. Mathews, G. D. Goodsall and R. Hardman

Period: 1965 , ,
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- Objective: : : « At
. A scheme has been prepared for quallty control and campllance
‘testlng of rolled asphalt wearlngvcourses and is being field tested.
Similar schemes for other materials are being. developed. A :study has
been started of methods of sampllng bituminous mixtures at. the laying
‘gite. = The quallty~control and compllance testing :techniques will be
developed and tested so that they can be used in spec1f1cat10ns, with
particular attention being paid to the problems of smaller jobs. The
sampling research will continue until reliable methods are developed. .
Trials are being undertaken in Scotland to .investigate the effect of
sampllng procedure on the analyses of rolled asphalt base course -
materials. The application of charts for the control of bituminous
‘materials on a statistical basis is being studied with. rolled ‘asphalt
‘wearing course materials. The use of statistical bases will be extended
to other bituminous surfacing materials.  The possibility of using
radioactive methods for measuring the density and blnder content of
bltumlnous 1ayers in a road is being explored..
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MANAGEMENT OF THE QUALITY CONTROL FUNCTION
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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 fbllowing functions: engineering,
procurement, planning, production, inspection, personnel, maintenance,
accounting, sales, administrative and management.. J.G.D.-

Bayer, Harmon S.
Quality Control Programs should be Cost Reduction Programs
Industrial Quality Control 17 (9): 4-8. 1961.

Few developments in the science of management 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 programs by the
number of reports and studies, and the use of other questionable
triterla. It is not surprising, therefore, that many of these
systems are considered by management to be wasteful.- And as a
result, the mortality rate of their managers is quite high.

It would perhaps be helpful, therefore, to consider step~by-
step methods that management can employ to assure that a quality
control program is, in fact, doing its job--producing savings by

'reduc1ng losses’ due to poor quality.

Beach, N. F..
Management and Quality Control -
Industrial Quality Control 22 (10): 503-505. 1966;

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 prodict.
J.G.D.

Belcher, D. W.
Quality Control Without 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 should 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 success of a
quality control program.  J. G.D. (18 citations)

Blcklng, Charles A.
Quality control as an Admlnlstratlve Aid
Industrial Quality Centrol 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 we find for decisiom, 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 obtalned
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
managerial. functlon, it should be directed from a policy-making ‘
level. Since very often 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 c1tat10ns) :

Bicking, Charles A.
The Team Approach In Quality Control Investlgatlons
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 are willing to cooperate ‘and work toward a
common goal. Examples from the chemical and -defense 1ndustr1es

are cited. J. G D. - (6 citations)

Bicking, Charles A.
Quality Control as a. System :
Industrial Quallty Control 23 (11) 538—543., 1967.

This article discusses quality control not as an organizational element
of a company but as a functional subsystem within the larger industrial
enterprise system. Analysis 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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10.

Bingham, Jr., Rlchard S
Ten Minutes With Your Top Management
Industrial Quallty Control 18 (4) 5 -8. 1961.

Some good advice is offered by the author when presenting quallty
control principles and problems to management. J. G.D.

Bourquin, James F.

-Uses of total quality control in Top Management Decision Maklng

Industr1a1 QUallty Control 15 (8): 15-20. 1959.

Cases have been shown of how management 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 and purchased material controls, quality audits and the

'sources of vital information through field service~reporting.

In outllnlng quality control contrlbutlons to. management, s1tuat10ns
have been used from Whirlpool activities. However, it is reasonable
to assume that similar steps are being performed in some form by
nearly all 1ndustry.~ 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 rising stature in today's industry.

Brown, Dr. Charles S§.
What Management Expects of Quallty Control in the Chem1ca1 Industry
Industrlal Quality Control 21 (3): 144-147. 1964

The author issues a broad challenge to the quality control group.
They should assimildte usage data, process control data, etc.

and summarize it so that it can be a useful guide to the designer.
They should take the lead towards greater uniformity. Quality
planning, not just total inspection, should be the central theme,
including design and usage, . The quality group should be on the
alert for situations where more sophisticated treatment of data
will reveal not 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.

12.

13.

'Budne, Thomas A.

SQC can be made more effective

vIndustrlal Quallty Control 15 (6) >10~12, 1958,

When the systematlc act1v1ty has removed the largest source of quallty :
loss and the second largest and so on down the line, a point must fi- '
nally be reached at which thé reduction of the next largest source of
quality loss would no longer justify the expenditure of QC dollars.

I1f the major causes contrlbutlng to quallty 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 is sufficiently advanced to supply equally
effective programs in every key quality area. - QC losses on new prod-
ucts would be at a minimum 1f effective QC planning were brought in

at the ground floor.

When the quality IOSseS'are high because of the absence of a complete
and effective QC system, management will not disregard a program based
on facts in dollars and cents, but w111 support one which makes sense
as well as dollars. : : :

This is the kind of program whlch must and can be sold to’ top manage-—

ment. (3 c1tations)

Cannon, Hon. Howard W.
Quality Control -
Industr1al Quallty Control. 19 (11) 7-9. 1963.

" The role of quallty control and rellablllty are placed in perspectlve

with respect to global political considerations. There is no doubt
but what the author recognizes the part. played by these in military

‘and space capab111t1es and its role in domestlc production of goods.

J.G.D. -

Chapel Theron T. .
A Quality Philosophy :
Industrial Quality Control 19 (4) 10-12. 1962.

,’The article is phllosophlcal in nature, the maJor theme being that of

using quality control procedures to effect product improvement. Test-
ing is a necessary part but true quality control involves not only the
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14,

15.

16.

17.

18.

accumulatlon and analysis of test data but also the taklng of positive
action towards correctlng the causes which bring about test fallures.
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.

Collins, William R. and Samuel S. J. Skolnik
Quality Control ~ The Evolution of an Occupation
Industrial Quality Control 18v(10): 4»8; 1962;

An account of how the w1despread adoptlon of quality control functlons
by government agencies has had an 1mpact upon JOb classifications and
manpower requlrements. ~J.G.D. '

Cook, Lawrence E B
The Quality Assurance Pre-Productlon Conference
Industrial Quality Control 22 (8) 408~411 1966.

This approach in military contracts has been beneficial in’ smoothlng
the relations 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, inspection, quality control specifications,

packaging, shipping and all the myriad details which go to make up
the. fulfllment of a mutually satlsfactory contract, J.G. D (10 c1tat10ns)

Cowan, A. F.
Quality Control - Is 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 sell the product to management. J.G.D.

‘Craig, C. C. -

What is Quallty Control7
Industrial Quality Control 15 (1) 5-7. 1958.

Content of a speech by C. C, Craig, one of- the. ploneers in 1ntroducing

and selling quallty control to 1ndustry. J G.D.

Crosby, Philip B,
Quality Control from A 'to Y
Industrial Quality Control 20: (7): 4-16.- 1964.
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19..

20.

21.

The article discusses quality control from the following points of
view: (1) what 1is it; (2) how should you plan for it (since it -
doesn't just happen), (3) how do you control vendors who are in -

the business of supplying you with raw material, components, etc.;
(4) corrective action dépends 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.

Cue, Dale A.
Some Frustrations and leflcultles in Applylng ‘the Total Quallty
Control Concept

.Industrlal Quality Control 18 (10): 12=14. 1962.

A discussion 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. :

Eidukonis, Edward R. and John L. Kldwell
The Inspection Tralnlng Program R
Industrlal Quality Control 23 (12); 622—628.; 1967,

Formal 1nspect10n tralnlng, in addition to the traditional methods

of experience and guidance training, is essential for the development
of individual skills so that industry can keep pace with technological
growth Such training has been successfully employed for several
years, and this article describes the techniques of developing such

a progran, with guidance as to how training should be conducted, and
how the greatest benefits can be achieved. It also describes a train-
ing progtram for Inspectors which is 1ntended to minimize what has 1ong
been accepted as 1nev1table human error." (8 c1tat10ns)

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 to describe what effective statis-
tical quality control means and how it can bring about actual cash
savings and improved 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.

23.

24'

25.

26.

Epstein, Herbert B.
The Conscience of a Company = o
Industria1~Quality'Control 18 (11): 30449. 1962.

The company that contracts to supply a quallty product must develop
a quality conscience throughout a11 aSpects of 1ts 0perat10n._ J.G.D.

Erhardt. C. C.
Introducing Quality Control » :
Industrial Quality Control 20 (11): 10-13. 1964.

The author adds his own flavor to that offered by reputéble quality

control teXt books, on how one goes about 1ntroduc1ng a quallty
control program. J.G.D: (6 citations)

Erhardt. C. C

'How to Prepare a Quality Control Manual

Industrial Quality Control 21.(7)s 349-352, ”1965.

In recent years much has been said and written about quality control
manuals. Almost everyone agrees that properly prepared written pro- -

‘cedures are a very important part of a good quallty control, system.

In some government contracts there is a clearly defined stlpulatlon
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 should be, and how
much ground it should cover. This article, aimed particularly at’
groups preparing a manual for the first time, will attempt to answer
those questions by describing a pract1ca1 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 wr1t1ng
It is inevitable, of course; that once the system is “transférmed to!
the written word, various weaknesses will come to llght and changes
will necessarily follow. (3 citations)

Feigenbauin, Dr. A, V. . :
The Professional Work of the Quallty Control’ Englneer
Industrial Quallty Control,l4 (8) 5 6. 1958

A dlscu351on of what quallty control- engineering con51sts of, what
has to be done to:earn professional recognition. The thlnklng of

“a committee written report is presented regarding establlshlng thlS

activity on a professional basis. - J G.D.

Feigenbaum, A, V.
Professional Quality Control Engineering
Industrial Quality Control 16 (5): 22-26. 1959.
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27.

28,

29.

30,

31.

A descriptlon of the role of the. profe331onal quallty control engineer
and how he has a important part to play in modern manufacturlng of

‘many complex consumer items. J.G.D.

Feigenbaum, A. V.
The Increasing Slgniflcance of Total Quallty Control

 Industrial Quality Control 20 (4): 1963.

The presentation looks at Busxness General Management Government,
the Consumer and Academ1c1ans, Scientists, Engineers and Mathema-
ticians with respect to past growth and future developments 1n total

quality control. J.G. D

/

Feigenbaum, A. V. and R. M. Berg

‘Professional Engineering Status for the Quallty Control Englneer7

Industrial Quality Control 16 (4): 17-23. 1959

A report by the special committee on profe551onal development for
ASQC. A program for action is set forth, J.G.D:

LN

Gray, Leonard E.
A Vendor Rating System For Material of Any Complex1ty
Industrlal Quallty Control 17 (3) 26-30. 1960.

This is a description of a vendor-ratlng system developed and being
used by a medium-sized company whose products are small quantities

of high~quality electronlc and pre0181on electro—mechanlcal equip-
ments made to mllltary spec1f1catlons and rigid company requlrements.
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 for purchased units of any complexity.

Gra21ano, Peter, P.
Statistics aren't Everything in Quallty Control
Industrial Quallty Control 18 (4): 24-25. 1961.

The problems in quality control 1nclude defining the problem itself,
to do this the author stresses the need for bringing together all
the talent and all the facts to arrive at the definition of the
problem. The successful quality control program is a result of

" salesmanship and the embr011ing of personnel from other dlSClpllneS. o
J.G.D. :

Green, Albert
The LegalFrameworkfor Inspection Under Government Contracts
Industrial Quality Contro1'17 (6): 5-8. 1960
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. 32.

33.

34,

_ 35.

The legal aspects are dlscussed in layman terms replete w1th a number
of examples. J. G D. (24 cltatlons)

Hill, David A. .
Communicating Quality Control Ideas _ E
Industrial Quality Control 16 (11):,21“24; 1960(

A discussion on how best to convey the 1deas and operational features
of a quality control program. Communication skills,’ persu331veness,

the ability to deal with people in the promotion of change, a listener,
a team worker, these are mentioned as a few of the qualifications
necessary for the advaticement of quallty control withinm an organlzatlon.
J.G.D. (5 citations) :

Hofstead, Robert M.
What Kind of People? : C IR
Industrial Quallty Control 18 (2): 37-38. 1961.

Not everyone is quallfled innately to be successful in the profession
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 v
formal education (es g. QcC Englneerlng) is avallable in our ‘universities.
(2 citations) , .

Hutter, R. G.
Inspection Manpower Plannlng S - : ,
Industrial QualityControl 22 <1o> 521-523." 1966.

The article lists eleven»inSpection evaluation factors which can be

utilized to plan manpower needed for quality assurance on a specific
project. Following this approach will indicate number of inspectors .

required based on a realistic look at the various factors. J.G.D.

Jacobson, Henry J. ’ '
Quality Control Management of Small Bu51ness

‘Industrial Quallty Control 19 (9): 5 9 1963

‘To summarize brlefly, we . know that most business failures are caused

by poor management. Management. means people, and a poor manager is
one who does not take advantage of all the new scientific and proven
methods available to him. He is one who makes his decisions on 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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37.

38.

 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 and to file away, but not
reject, ideas for which he has no immediate need. Management is
not a game that we play for eight hours a day, five days a week.

It is a challenge to our ability as 1nd1v1duals to do a contlnuously

better job today than we did yesterday.

Juran, J. M.
Cultural Patterns and Quallty 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.

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
functions over 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
functlon. J.G.D. S

Kall Harold L.
The Attalnment of Quality Dlsc1p11ne - A Case Hlstory
Industrial Quality Control 21 (7) 346-=348. 1965.

A good quality control manual 1s a must. Personnel must be enthusi-
astic, willing and able to work’ closely with production 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 of new testing procedures as
needed. Effective communication between production, customer,
government inspector, etc. keeéps everyone informed. J.G.D.
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Karleback, Herman -
Human Relatlons Problems Encountered in Quallty and Rellablllty Control
Industrial Quallty Control 18 (6): 27-32. 1961,

The problems encountered 1n’qua11ty control are classed by the author

‘into organizational, technical and cultural. ' The article deals in the
main with the cultural aspects such as re31stance to change, there is

little doubt that introduction of quality control is going to involve

changes. J.G. D.

Law, Charles W.
Standardization of Quality Assurance Practices in a Decentrallzed

Corporation ,
Industrlal Quality Control 21 (6) _295—297.‘ 1964.

This article describes one company's approach to coordinating-quality
assurance practices in a decentralized 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 unlque in that decisions
on corporate quality control operatlons are being created by people
right on the line.

‘Also described are some of ‘the problems that were encountered and
approaches that were developed

’

Lieberman, William L.

Some Non-Random Observations on the Organlzatlon and Admlnlstratlon
of a Quality Control Program

Industrlal Quallty Control 18 (7): 27—30 1962,

Whatever organizatiohal position is assigned to the Quallty Control‘
Department, it must be remembered that the Quallty Activity is
essentially informative only. The production department is .still
running the plant, and management is still 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 must be recognlzed that in the
final analysis responsibility for the resolution of any quality
problem lies with'those who create quallty at the points of design .
and manufacture. ,

When all is said and done, the objective of any Quality Program is
the continuing economic production of consistent product which meets
both specification and customer requirements. Any activity which
truly furthers ‘this objective may properly be called Quality Control.
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Lieberman, William L.
Basic QC Procedures _ ' '
Industrial Quality Control 20 (6): 4-6. 1963.

A framework for basic quality control is outlinéd and should help in
understanding and applying the procedures. The reader is warned. that
quality control methods should always be directed toward informing

~ design, production and top management by providing information which

will assist in malntalnlng or improving quallty levels and reduc1ng
costs. J.G.D., (5 citations)

Lobsinger, Dale L.
Quality Control and People : . ‘
Industrial Quallty 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.

Marguglio, Benjamin W.
Quality Systems Audit ; , .
Industrial Quality Control 20 (1): 12-15. 1963.

This article presents a history of the development, 1mp1ementat10n

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 audit; 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

evaluation of any operating criteria, which could directly or indirectly

~affect quality, to determine the adequacy of and conformance to this

criteria with respect to contractural and mission quallty requlrements,

‘quality controls . and thelr economy

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 occur),
from appraisal (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 of these three areas. These costs may be
used to measure quality performance, analysis of where quallty
money is spent, for programming quality 1mprovements, and a tool
for budget preparatlon. J.G.D.
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Miller, Robert S. :
Quality Control as a Service Department Respon51b111ty

‘Industrial Quality Control 18 (8) 22~ 24 1962.

The quality control program -was de31gned so that a clearly defined

" method of feed-back from the company's service department was included

as an 1ntegra1 part of it. Thus problems of warranty, customer dis—
satisfaction, frequencies of specified failures are brought directly

" back into the design and manufacturing stage. J.G.D.

Nixon, Frank :
Organization, Man and Reliability
Industrlal Quality Control 19 (2): 15-21. 1962.

A comparison of the American and Brltlsh approaches to quallty control
in industry. In quality control and industrial management the American
segment is years ahead of the British, in reliability the gap is mnot
so wide. A plea is made for retaining prlde of w0rkmansh1p as a

'basis'upon which to produce a quality product. J.G.D. (7 citations)

Osinski, Ralph Von
Build A Quality Team
Industrial Quality Control 17 (12)’ 16—17.‘ 1961.

_The quality team approach is propounded in thlS article. ‘The who,

how and why are each touched on. J. G. D.

'Palmer, Barry A.

The Procurement Spec1f1cat10n as a Tool for, Suppller Evaluation
Industrlal Quallty Control 18 (6): 35-36. 1961.

The author proffers the view that a,well wrltten procurement. spec1f1- o
catlon including details of 1nspect10n plan, test equipment, how

dlscrepant 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.

Palmer, Barry A, :
Quality Control Englneering oL e
Industrlal Quality Control 20 (11): 17-19. 1964,

The activities of the quality contrdl'engineer are outlined and

these are discussed in relation to professional status.  J.G.D.
2 citations)
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Pappas, Robert L.
Management's Dilemma

Industrial Quality Control 16 (2): 11-13. 1959,

The dlscu351on is addressed to the pos1t10n of the Quallty control
function in a company, the need for capable personnel their traln—

_ flng, management s responsibility. J.G.D.

Paterson, E:. G. D.
Quality Control Englneerlng 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 quality 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)

:Peck, George A.

Management Looks At Quallty Control A
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: automation, personnel, military pro-
curement, training, management structure, operatlons research and

the attitude of management. J.G.D. :

'Pureell, Warren R.

Who Controls Quality . . . and How7

Industrial Quality Control 15 (4): 18-21., 1958,

The control of quality is pictured as a joint proposition.  The
follow1ng groups and how each functions: ‘general management,
accounting, research and development, design, planning, purchasing,
productlon, production control, 1ndustr1al englneerlng and sales,

are con51dered. J.G.D.

Purcell, Warren R. '
Management's Corner - The Internal Quallty Control Consultant
Industrial Quality Control 19 (4): 38—40 1962.

The'quallty.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, before he can function effectively towards achieving the
goal of improved quality. J.G.D.
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Purcell, Warren R.
Satisfying Industrial Quality Control Tralnlng Needs
Industrial Quality Control 23 (12): 634-636. 1967.

CA company 's training program should be built from ‘an ana1y51s of the
.company's training needs. The needs should be llsted 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 effectlvely, the proper environment .
for good training, and the ability to impart to others not only the
required knowledge, but also the skills needed for its successful

ﬁappllcatlon.

Raymo, Chester T.
5QC vs. Intuitive Inspection o _
Industrial Quality Control 17 (7): 8-10. 1961.

Quality is not a matter of opinion but a result of objective methods
of specifying and measuring, this is the theme expressed in the article.

Reis, P. S. and S. I. Fahrenbruch
Quality Audit - An Effective Management Tool
Industrial Quality Control 22 (8) 402 407. 1966.

The basic quality audit concept and the methods and considerations by
which it is used as an effective management tool as requlred by Aerojet-—
General Corporate Policy is specifically dlscussed Details of the
article include: (1) use of an impartial team of auditors who have

no specific line responsibilities; (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,quallty

systems and training functions; (6) desired working relationship
between audit personnel and affected managerial personmnel and the o
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 w1dely kncwn accountlng audit,

(7 citations)

Reynolds, E. A.

Starting Improved Quality Control _ ‘
Industrial Quality Control 22 (7): 336-340. '1966.
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The suggested place 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
correction. Competent personnel should be trained or brought in,
starting 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 - measurablé in terms of lower production
costs, fewer quality losses. J.G.D. (5 citations) :

Rlce William B.
Rellabllity and Statlstlcal Control

Industrial Quality Control 18 (2): 10-11. 1961,

The article endeavors to put quality control in perspective insofar

~ as the system, within which it is being applied, is concerned. J.G.D.

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 dlrected
towards preventing the receipt of defective material and to improve
product1v1ty and effect cost reductions, that collaboration with
industry is more productive than duplicating the industry efforts,
that final decisions rest with 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)

Schnelder, Colonel J. G.,
What Does the Air Force Expect of Contractors7

Industrial Quality 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
reviewed before the contract is awarded and recommendations made for
improvement. They use a vendor rating system 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.
re11ab111ty by constant surveillance, by him, of his production process.
J.G.D. :

-148~



63.

64.

65.

66.

67.

Schnelder J. G. : o
Quallty Plannlng ~ the Key to Pursult .of ‘Perfection
Industrial Quality Control 24 (1) 4~6. 1967,

The content of thls Edwards Medalist address gives some 1n31ght into
the development of Military Quality Standards as contributed to through
the activities of the author as a member of the Alr Force 1nSpect10n
group. J G.D. : : :

Schrock, Edward M.
Management Bench Marks for Quallty Control
Industrial Quallty Control 16 (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
prescrlblng action, organlzatlon, promotion and appralsal J.G. D
(5 citations)

Shecter, Edwin S. ' ,
The First DoD Conference on Quallty 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 Admlnistratlon,
Federal Aviation Agency, General Services Admlnlstratlon, and National
Bureau of Standards participated in this extensive review. In addition
to the participants, there were more than 100 guests from the Atomic.

' Energy Commission, Food and Drug Administration, National Security

Agency and Logistics Management Institute. Nine panels developed
166 recommendations for action. - A number of the more important of
these recommendatlons are .discussed here. (2 ¢itations)

Slmon Leslie E.
The Role of Quality Control. as Moderator of Applled Secience
Industrial Quality Control 17 (5): 9-14. 1960.

- A discourse on the ramifications of quallty control in an organlzatlon,

its duties, its management, its responsibilities in respect to other

- management units. J.G.D.

Simon (Ret.), Major General Leslie E. and Charles A. Bieking
Company Standards and Quality Control
Industrial Quality Control 18 (9): 15-19, 1962.
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-Describes the place of quality control in-a manufacturlng 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 c1tat10ns) '

Slndelar, F. J.

- Management Planning and Control for an Effectlve Quallty Function

Industrial Quality Control 18 3): 28~29 1961.

 The management of the quality control function as a integral unit

in the organization structure is described. J.G.D.

Smiley, R. W.
Government and the Inspector
Industr1a1 Quallty Control 20 (10): 4-7.° 1964.

Modern missile and. space programs requlre high-reliability, but
experience in mnay programs 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 increased rigorousness of
inspection. Part must come from the inspector, but management
also has to step up to its responsibilities.

Soule, Ralph T.
Developing Quality Consciousness ,
Industrial Quality Comtrol 17 (11): 11-13. 1961.

The stimulation 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 maln roads to a successful development of the desired state

of mlnd. J.G.D.

Stawski, E. and J. Birecki
Operationalism in QC
Industrial Quality Control 17 (10) 20 22, 1961.

The versatility and adaptablllty of the Defect Control System has
supported its plant-wide application. The development of the system
has also made it possible to instruct inspection personnel 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, resultlng in improved quality perfor-
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74.

mance. Through its simplicity, the system has gained complete plant
acceptance, and the consequent mutual understanding has led to out-

‘ standlng reductions in quallty costs .to the plant and to the corporatlon.

Stroop, Vice Admlral Paul D.
Quality Control -Impact on Mllltary Hardware S
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 :techniques and methods abound, all
too many government and industry units continue to pay lip service
to the '"Quality Control" concept. When these techniques, together
with a determined management approach, are employed, guality and
reliability goals are generally met or exceeded.

In spite of automation and other technical advances made in the last
decade, a major element in achieving our quality - reliability goals
is to obtain the full contrlbutlon of all the people involved in the
process. The industrial world has become so complex that it is dif-
ficult for the ind1v1dual to recognize his personal responsibility
for the end product. Every device available should be employed® to
focus attention on the contribution that should be 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 community and his country.

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 production must be achieved at the lowest
possible cost. The advent of automation will require careful
analysis of designs to evaluate their quality-ability,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.

Walworth. R. B.
Relationship Between Procurement and Quality Control
Industrial Quality Control 18 (1): 26-28. 1961.

~151-



75.

 76.

The problems of procurement 1nter1aced W1th quality control is
discussed in the article. The problems are viewed through the

“eyes of procurement by an author sympathetic and understanding

of quallty control practlces ‘and objectlves.

Wortham, A. W.

‘Management Development through Quallty Control
‘Industtrial 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.

a .
Ziegler, Manfred

A Closed ‘Loop Quality Trend Reportlng System '
Industrlal Quallty Control 24 (3). 163 167., 1967.:

The author describes the steps by which dally inspection and test

records and the weekly tab department reports are converted to

meanlngful lndexes for the Monthly Quality Trend Reports for
management. Also described are intermediate reports used for

- personnel evaluation and trainlng 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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,Altman, Irving B. S '
The New MIL-STD-414 Sampling Inspectlon by Variables,-
Industrlal Quality Control 14 (4): 23-27. 1957.

The new SténdardVWas;prepared to meet a grOWihg 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 determlnlng conformance of a single quality characteristic when

it can be measured on a continuous scale and this measurement data
" is normally distributed. It is anticipated that the sampling pro--
cedures 1ncorporated in this standard will have particular appli-

- -cability for inspection and_testlng that is costly or destructive.

: Altman, Irving B. '
Progress in Department of 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 comprehen51ve series of statistical
- sampling standards for application in quallty conttol and reli-
ability testing. These applied mathematlcalprocedures ‘have been
the fruits of a joint research program supported by Department. of
 Defense activities for the past eleven -years, = Many of these _
‘sampling procedures have been used extensively both in Government '
and industry not only in the United States but also in various
countries abroad.

The second part discussed significant developments and progress -
in DoD reliability programs as evidenced by recent publications
issued by the Office of the Secretary of Defense and the Army,
Navy, and Air Force activities. (31 citationsg)

- Auerbach, M. E., E. L. Bauer, and F. C. Nachod
Spectrophotometer Wavelength Reliability ° .
Industrial Quality Control 20 (11) 45- 47. 1964,

A study of. callbratlon data on sPectrophotometers dlsplays the range
of values that may arise among laboratories. Operator variations
within laboratories were examlned graphically. J.G.D. (3 citations)

Baker, Robert A. .
-Subjective Panel Testlng . -
Industrial Quallty Control 19 (3): 22-28. 1962.

'Subjectlve measures are used when there s elther no quantltatlve

measure’ available or when the quantltatlve measure 1is extremely
‘costly and time consuming. The artlcle dlscusses the use of- panels,
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their selection, training, size, motivation, fatlgue factors, ObbelVLr “
interactions. Statistical treatment of such ‘data is dlscussed methods

~of testing and methods of scoring, = Some of the basic ideas expressed
- apply to other areas where subjectlve panel evaluations are made as a
measure of customer satisfaction. " J.G.D. (23 c1tat10ns)

Barker,-Capt.; J. A
Slicing the Pie ‘ B o
Industrlal Quallty Control 18 (12) 4~6 1962

A discussion of reliability and the role of people in its achlevement.
J.G. D (2 01tat10ns)

Barter, K. E.

‘Sample Sizes for an Acceptance Number of Zero
,Industrlal Quallty Control 24 (6) 322 324 1967.

If you are requlred to accept or rEJect $mall 1s01ated lots based
upon examination' of the smallest possible sample, this method w111

" be of interest to you. Upon specifying the desired probablllty of

acceptance for a given number of defectlves in-a partlcular lot size,
the required sample is easily obtalned as a function of two tabled
factors. (2 c1tat10ns) '

" Bauer, William C.

A Simple Practical Method for Chart Control

Industrial Quality Control 16 (9): 12- 13, 1960

A description is given of a simple control chart 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 through use of a bull's eye, a rigid
circle whose radius is equal to the upper control limit for the
range. J G.D. ‘ o

Blelng, Charles A, :
Statistical Aids to Decision Making C
Industrial Quality Control 15 (2): 7 12. 1958.

This article describes a direct applicatiOn of probability cbﬁcepts
to management decisions. The basic principles used are similar to '
those applied in statistical quality control and deslgn of experiment
at operating and technical levels of business. A general pattern of
analyzing problems, described popularly as Des1gn for Dec181on has .
been applled to real examples of dec151on maklng
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- The aim is to combine careful estimates of costs and of. returns'ﬁith ‘
‘equally carefully estimated probabilities of the occurrence of various
‘outcomes of alternative.courses of action. When costs, returns and

probabilities are combined, the value or desirability of the alter-
natives are expressed in ‘quantitative terms. A comparison of the

'de51rab111ties of the several possible courses of -action enables
: the manager to choose the most favorable one. (2 citations)

Bicklng, Charles. A., Charles M. Blcking, Timothy A Donovan,_and:'
Theodore,S. Sosnowski

Information Retrieval for Quality Control and Related Flelds by

SWIFT LASS and SWIFT SIR

Industrial Quality Control 24 (4): 212- 217.  1967..

' SWIFT LASS ,an adaptatlon of the Key WOrd in Context system of
literature searching, employs a permuted ‘alphabetical llstlng of ,
- selected signal words from the titles of articles in periodicals. .

in addltion, a code for field of application based on the ASQC
Literature Cla331f1catlon System provides arother strong clue in»
searching. for articles on Quality Control or other specialized

‘subJects. Ten different 1nformat10n categories are indexed. An

example is given for artlcles on the subJect of interlaboratory
testlng.

SWIFT SIR a similar system for’ retrleval of sc1ent1f1c 1nfor-

. mation, adapted for finding internal reports or data files, employs

10.

an alphabetical listing of selected signal words from the report
titles. In addition, each item is identified by field of appli- -
cation using a code broad enough to cover the range of interests

of the organization. Twelve other information items relating to
edch report, including a sequence number, are identified by an
appropriate code. An example is given of an actual index of reports
issued during a trial perlod (5 c1tations)

'Bingham, Jr., R. S.

Practicadl Aids ~ Tolerance Limlts and Process Capabillty Studles
Industrial Quallty Control 19 (1): 36-40, 1962

This note empha31zes the advantageous use of statistlcal 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. -

11-

(6 citations)

Bingham, Jr., R. S.
Quality Control Appllcations in the Coated Abra51ves Industry

~Industr1al Quality Control 19 (5): 5-12. 1962
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12.

13.

14"

15.

The application of statistical quality'contr01 discussed Tangeé
from the very simplest form of control chart to the- use of so-

" phisticated experlmental de31gns to. study a.complex process:

The use of product variation to learn about the production
process and what it can tell the production worker with respect to

1mprovement of the product is. 1nterest1ng1y told JkaD, (9 c1tat10ns)

Bingham, Jr., Richard S.

~ SQC Training for the Chemical Industry .. R
jIhduStrial Quality Control 18 (10): 15 18 ‘1962,

This artlcle discusses what chemlsts and chemlcal 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 orientation

they are apt to have, the pros and cons 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 such
tremendous scope, it should be evident that this artlcle alms to

‘stlmulate discussion, not exhaust it.

Brabant " Edward M
Does Small Bu31ness Need QUALITY COVTROL7 ‘
Industrlal Quality Control 18 (12) - 6-10. 1962.“

'An 1nterest1ng account of the varlety of productlon probléms in.

small business before the 1nsta11atlon of quality control. The
author s_conclu31on is 'yes', small business can and indeed must
use quality control to remain competitive. J.G.D. »

Breunlg, H Latham

Some Uses of Statistical Control Charts in the Pharmaceutlcal Industry

Industrial Quality Control 21 (2): 79-86. 1964.

Statistical control charts instituted seven years ago in the Ana-
lytical Chemical Control Laboratories of a full-line ethical phar-
maceutical house have proven extremely useful not only for routine

quality control in this and other areas, but also'.in directing

attention to situations where process studies have led to better

" control of the finished product. Control charts have proven to

be-a valuable tool in dramatizing the results of speclal studies
for management. (21 citations)

Burrows, G. L. and C. Silber

Tolerance Limits for Small Lots el
Industrial Quality Control 19 (8): 16~-20. - 1963..
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17.

18.

19.

The selection of an attrlbutes sampllng plan which will prov1de 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—81ded and two-sided 1mperfect 1nspect10n.
J.G.D. (6 citatioms) :

Budd, Jr., Edward G.
Quallty in the Automotlve Industry ,
Industrial Quality Control 17 (12): 8-10. 1961.

The author s opinion, as expressed in this article, relative to the
importance of quallty control is summarlzed in his closing statement.

"The Amerlcan Soc1ety for Quallty Control and 1ts members, by devel—
oping and propagating 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 nations of the
world, It is helping to teach a fundamental truth - that it is
cheaper to make a good article than a poor one.

Cafaro, J. A. and H. D. Voegtlen .
The Measurement and Specification of Product 'Abilities®™
Industrial Quality Control 18 (9) 20-26. 1962,

The problem of evaluatlng customer satisfaction’ is dlscussed. A

suggested outline for quality administrdtion and coordination is

discussed under the aspects of quality maintenance and quality

improvement and the steps required to achieve increased reliability

and maintainability of the product. The necessity for 1dent1f1—

cation, measurement, specification, control, and improvement of
the product is stressed. J.G. b. (3 c1tat10ns)

Cartin, T J.
Quality Capability at less cost o T
Industrial Quality Control 18 (8): 14-16. 1962.

A casé 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. ~

Chateauneuf, Robert
Modern QC Pays Off in Woodwork o
Industrial Quallty Control 17 (3): 19-25. 1960
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20.

21,

22.

‘The organization of statisticallquality control in a -cabinet factory
'is traced, based on the principle of quality cost vs. production-

value. A plant-wide quality-consciousness was created first. Quantity
of inspection was replaced by an emphasis on superior: quallty._ Control
charts were used and performance reported at all levels, with resultlng

savings.

Clark, €. R. and W. J. Zimmer
Two Approaches to AOQ S
Industrial Quality Control 20 (7)' 23~ 33. 1964.

‘There are two distinctly‘différeﬁt;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 abscissa
can be regarded as elther the exact fraction defective of lots sub-
mitted for inspection or as the process average of lots submitted:
for inspection when each lot can be considered a random sample

from a universe having a given. fraction defective (the process
average) Many authors are rather vague on this dlstlnctlon and

a few appear to be incorrect in their ‘interpretations. This

article discusses the differences between these approaches and

their effect on the AOQ and derives equations for the AOQ for

" several different situations within each approach. (11 citations)

Cllfford Paul C.
Control Charts Without Calculations - N
Industrial Quality Control 15 (11) 40-44. 1959

The usual control chart for varlables requlres a separate data sheet,
a reasonable amount of arithmetic, and two charts. The computation

‘of control limits frequently requires the elimination of some of the

original data. And for shop personnel there is still 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 comparlson of process capablllty and process achlevement.

- (8 c1tat10ns)

Cocca, 0. A.
An International Standard for Attribute Sampling
Industrial Quality Control 21 (5): 249-253 1964.

Anvexamination of MIL-STD-105D in terms of how it has been modified:

from 105C. The operational mechanics and needs of the user are
discussed. This reflects the work of the American-British-Canadian
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23,

24’.

25,

Working Team in the development of an international standard for
sampling attrlbutes. J.G. D (7 clkatlons) E

»Cone, A. F. and H. F. Dodge

A Cumulative-Results Plan for Small- Sample Inspectlon
Industrial Quality Control 21 (1) ; 1964

While appllcatlon of the cumulatlve results plan is not a panacea,
it does furnish a systematlc and automatic method for attacking

‘quality problems and for evaluatlng the effectiveness of the solu-

tions:and 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
attempts: to screen good product from bad; both of whlch ‘are time-
consuming and expensive operations. -

The Quallty 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 consideration being given to the possibility of
employing reduced inspection for material that is verlfled as
having been produced by a satisfactory process._

The cumulative-results 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 espec1a11y advan-
tageous for appllcatlon to standard inspection systems. for per-

-cent defective (or defects per hundred unlts) inspections in those

situations where small sample sizes are necessary, as, for example,
when destructive and/or costly tests are involved. (15 citations)

Connell, Jr,, Fu.M. : '
Statlstlcal Quality Control of Clerlcal Operations
Industrlal Quality Control 24 (3): 154-162. 1967.

Thls artlcle describes in some detall the quality control program
and procedures which were developed to permit Blue Cross personnel
to do a better, more accurate and more effective job of processing
Blue Cross insurance appllcatlons and clalms. The benefits to the
company and improvements in customer service are summarized. '
(12 c1tations) :

Craig, C. C. ,

Petformance Characterlstlcs of Acceptance Sampllng Plans for In-Use
Testing of Electric Meters

Industrial Quality Control 18 (3): 18-20. 1961.
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26.

27.

28.

The paper describes the performance of a sampling 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 contrast to 100% 1nspect10n on a perlodic basis.

(1 citation) - : ;

Dan21ger L. : .
Graphic Sampling Plans For Consumer Acceptance of Electronlcs

Components R
Industrial Quallty Control 21 (6):. 312—317. 1964.

Sampllng plans have prev1ously been derlved for testlng a minlmum
mean life with a guaranteed consumer protection. 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

vconsumer—orlented plan, thus enabling one to -evaluate the protection

that the plan affords the producer. All of the plans are based on
the assumption that the distribution of times— to—fallure is exponential,
(5 c1tat10ns) .

DeBusk, .Ralph E. _ » :
Experience in Evolutlonary Operatlons at Tennessee Eastman Company
Industrlal Quallty Control 19 (4): 15-21. 1962.. :

A report of experlence in us1ng the evolutlonary operatlon approach

in studying the influences of different factors on a production pro-
cess. .1t was applled 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
personnel gained a much better understanding of thé important op-
erational variables and why it was important to follow the recommended
operating procedures. J.G.D. (6 citatlons)

D1Polo, E. John : »
Quality Attitudes - Turn Concepts into- Beneflts.

" Industrial Quality Control 18 (11): 49-55. 1962.

A series of examples are given dlsplaylng how an effectlve quallty

control function in a company can contrlbute to the quality image
of the organization. J.G.D.
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29.

'-30.

31.

32.

D1v1ney, Thomas E. and Nasim A. Dav1d

A Statistical Techinique for Product Acceptance

Industrial quality Control 18 (8) .16-18. 1962

~ This artlcle exempllfles the use of the Kolmogorov~Smirnoff test o

d1ffentiating between: acceptable and not acceptable raw materlal in

‘a manufacturlng process J G D.

;Diviney, Thomas E. and Na31m A. Dav1d

A Graph1ca1 Appllcatlon of Military Stanoard 414
Industrial Quallty Control 19. (10) 13«14 1963.

‘This article shows the kind of acceptance~reject10n reglon one. gets'

in two-limit acceptance sampling. -As a graphical approach, it
provides a sample method for an inspector to determine Lot Dis~
p051tion when u31ng MIL~STD-414 .

. Eagle, E. L.
Reliability Sequential Testing ' S
Industrial Quallty Control 20 (11): 48-52. 1964.

‘The author has found that the Reliablllty Analysis Chart is a very

useful tool. for rellablllty testing of all ‘kinds of equlpment. The
advantages are: e .

1. Being sequential the data can be plotted on the chart as soon
as they come from the ‘test, consequently test costs for very
~ good or very poor equipment can be minimized by early termlnation
because the chart. will indlcate a quick dec131on

‘2, kFor equlpment that is close to the MTBF~requirement where the

test is apt to run on indefinitely before a decision can be
. made, the procedure provides a means for termlnating ‘and decision-
making after ten or more @—units of time,

3. ‘Because the time axis of the chart if plotted in nor- pp'
malized O-units rather than actual operating tlme, a -
simgle chart can be used to ‘analyze several equipments at
orice even though.they may have different MIBF requirements.

Ennerson, Jr , Fred and Mark Mannlng

Test Performance Charts

Industrial Quallty Contr01 16 (3) v11959

The test performance chart is described and its 31mp11city is

emphasized. The plotting is simple enough that. it 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.

34.

35.

Enrick, Norbert L.

VARIATIONS FLOW ANALYSIS for Process Improvement

Industrial Qqellty Control 19 (1): 23-29, 1962

Variations Flow Analysis is a technique for evaluating the transfer
of variations in stock, when the product froém séveral machines at
one processing stage is fed randomly to the several machines of the

succeeding stage. This article describes procedures, based on

modifications of range methods for analysis of variance, which heve
been found of value in a large number of applications. The’ methods
are illustrated with examples from yarn manufacture, but parallel

“applications in chemical processing and other 1ndustr1es are ap-

parent. (15 citations)

Ferrell Enoch B. v
A Median, Midrange Chart Using Run—Slze Subgroups
Industrial Quallty Control 20 (10): 22-25. 1964.

»The propertles of control charts are here applled to the 31tuat10n
‘where the observations are taken in serial order and then ‘the oc-

currence of runs up and down is plotted. This offers-a device for
separating short-term from long-term trends. Some mathematical =
developments are presented together with some results from 31mu—
lation stud1es. J.G.D. (2 01tat10ns) '

v Flnley,'Arnold D.

. The 01d Order Changeth

36.

37.

Industr1a1 Quality Control 19 (6) 5-7. 1962.

A plea for reliability to become a fact of 1ife'ih‘the tooling
and machining industry. J. G D.

Foster Julle A.
Kolmogorov-Smirnov Test For Goodness of Fit...what it 1s...how to apply it
Industrial Quality Control_lS.(?) ©1962.

‘The Kolmogorov-Smirnoff test is a dlstributlon—free procedure. The

only assumption necessary is that the distributlon be continuous. The

test requires the fitting of the cumulative dlstrlbutlon for the data

and for the hypothesized distribution and observ1ng the point of

" maximum difference between them. ThlS maximum absolute difference

is compared to tabulated values in testing for goodness of fit. The
paper presents examples for the exponent1a1 and. normal dlstrlbutlons
J. G D. :

Freund, Richard A.
Acceptance Control Charts
Industrial Quality Control 14 (4): 13-23. 1957.

" -163-



38.

The acceptance control chart prov1des a means of establishlng acceéptance

critéria that can be used to control shifts in process levels. . It is

~useful Whenever there are sources of varlablllty in addition to ‘the

random,” inherent variablllty that must be expected to enter lnto a
production process and that can be tolerated within certain bounds.
The Acceptable Process Level (APL) and’ ReJectable Process Level (RPL)
values, which are described in Acceptance Control Chart procedures,
provide specific information concerning the degree of process~level
shifts that will be tolerated before a process is reJected as unsatis-
factory. The Acceptance Control Limit (ACL) is the line. that serves
as the acceptance criterion; an average plotting inside the Acceptance
Control Limit. indicates that the process is operating at an acceptable
level, while an average plottlng outside the limit indicates that the

‘process is too far from standard to be acceptable and can be expected
to yield too h1gh a percentage of unsatlsfactory product. In addition

to these acceptance functions, ‘this technique ‘maintains many of. the
control elements of the usual control chart procedures.

Although only four examples have been included in the description of
this technique, the field of applications is felt to be very great.
The technhique 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 is made. perlodlcally, raw material
from ‘different batches ‘added, mechanical adjustments made, etc. In

‘ addition, this approach should prove quite practical in the ana1y31s

of interlaboratory or lnterplant studies in which some allowances

usually must be made for dlfferent laboratory or plant process—

1evels. (6 cltatlons)

Freund, Richard A.
Variables Control Chart - o
Industrial Quality Control 16 (11): 35-41. 196Q.

Quality control problems in the chemical (and other) industries often
require the use of techniqués not commonly cited in the literature.
One such technique that should be of particular value for the control
of either batch—process or contlnuous-process operations is the Ac-
ceptance Control Chart. " The Acceptance Control system 1s de51gned

to provide action criteria that are based on con51derat10n of the
risks of accepting unsatisfactory processes as well as the risks of
reJectlng 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 random variability, and that a531gnab1e
causes producing 1eve1 shifts within some acceptable range should

not be flagged~as "out of control." 1In essence, the process control
operation is related to the quallty requlrements deflned in the
spec1f1cat10ns. :
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39.

40.

41.

42.

- A review of the fundamental assumptlons of the Shewhart system is

undertaken in order to contrast the purposes of the Shewhart Control
Chart with those of the Acceptance Control Chart. ThlS review is
followed by a description of the Acceptance Control system and. a
specific detalled example of its appllcatlon. (6 citatiomns) -

Freund, Richard A.
Graphical Process Control o
Industrial Quallty Control 18 (7): 15-22. 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 c1tat10ns)

Gause, G. R.

The Quality Survey ’ ‘ o
Industrlal Quallty Control 20 (7) 17-20. 1964,“

The quality survey is used to detect and identify the conditionms

which need to be corrected. It is, in the case reported, a co-
operative activity by all segments involved in the product. Experts
are used in each area to make the survey, and part1c1pate in preparing

the report of 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 routlne observations
by these same experts. J.G.D.

Gilman, James R.
Quality Reports. to Management ,
Industrial Quality Control 19 (11) 15-17. 1963.

Describes quality reports to management which give ratlngs on each
inspector each week, with the weekly ratlngs displayed in chart form
for the year to date. J G D.

Gilmore, Haroid'L.
Vendor Quallty Rating
Industrial Quallty Control 18 (8) 19-21. 1962;

The formulation and use of a vendor rating scheme is described. Each

vendor rating was made dependent upon current information so- that changes
in vendor quality would be readily apparent. J.G.D. =
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Gllmore, ‘Harold L. : S
Cost-Reduction and Control in the Proposal Stage
IndUStrial Quallty Control 18 (10) 23 24 1962

A proposal spec1f1cation is suggested which would take a careful
look at.'all facets of the 'item under con51deratlon and permlt of
realistlc cost estlmates. J G.D: : :

Gilmore, Harold L. ‘
Controlling Inspection for Better Quallty and Improved Rellablllty,‘
' Industrlal Quality Control 19 (1) 1962. '

' The application of inspection personnel'tb‘improve quality and -
reliability is outlined. This was accomplished through use of a =~
carefully prepared quality control manual-and-the use of inspection
detail cards. Possible defects are described, acceptable quality
levels established and inspection and test: procedures standardized.
A routine procedure for inspecting and maintaining test equlpment
was establlshed J. G D.

Gilmore, Harold L. and. Laurent Paquin‘
Vendor Rating For Missile Reliability :
Industrial Quality Comtrol 20 (3): .13-16. 1963.:

Many of you, I am sure, have'llstened to talks on quality contrel'”
techniques only ‘to make the observation that the techniques dis— i
cugsed do not appear to ‘be- practlcal day—to—day tools.»

It is with this idea in’ mlnd that I have presented this article.
I feel that we can safely say that thls vendor ratlng prOgram :
really accompllshes its purpose.

To date the system, has eatlsfied 1ts 1ntended functlon, i. e.,,_ :
providing a means of evaluating and controlling vendors, and thus ‘
‘insuring that vendor supplied items will not degrade inherent missile
religbility 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 ‘report has been put to

a great many other management uses some of which have been pointed

out earlier.  Both vendors and AVCO purchasxng personnel approve of
the system and respond in a positive mannher 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~mentioned contractual . reliability requirements.
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46-

47.

48.

Vendor rating is not offered as the answer to missile reliability.
But when a product consists of a high percentage of procured items,:
the operational reliability for the most part lies in the hands ‘of
the vendors. Unless they are properly controlled, rated and mon--
itored inherent reliability will no doubt be degraded and there
will be no basis upon which to select those vendors contributing

" most to the maintenance of system reliablllty (10 cltatlons)

- Ginsburg, H. and Shaffer, D. H,

An Interpretation of Truncated Sequentlal Life Tests
Industrial Quality Control 21 (4)' 186~191. 1964.

. Sequential life-test procedures possess an average efficiency"

which is greater than that for non-sequential procedureg. However,
life-test programs must sometimes be prematurely terminated. This
article offers methods for extracting meaningful information from

the test data already obtained by the time the test had to be stopped.
Approaches using- the llkelthod function and prior knowledge are glven.
(6 citations) - »

Greb, Donald J.
Sequential Sampllng Plans R 5
Industrial Quality Control 19 (1l1): 24-48. 1963.

Sequential sampling by attributes is an excellent industrial inspection.

method. Its use has been limited by the somewhat difficult calculations

associated with 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 sequentlal,sampllngyplans. (10 citations)

Gumbel, E, J.

A 8imple Analysis of Fatlgue Data

Industrial Quallty Control 20 (11): 14-17. 1964.

In a recent paper Alan Plait publlshed elaborate tables of the Welbull
distribution and gave graphical methods of estimating the. parameters..
The aim of this .article is to derive 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 analysls. . :

Our aim is to-equip—the engineer interested'ih thevstudy*of fatigue,
reliability and similar phenomena, with a quick and safe method which
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49,

50.

51.

52.

has successfully been}applied—fér years.,rlt requires*pnly the use of
a probability paper. . The table necessary for' the estimation 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 prov1ded that the mlnlmum 11fe 1s zero. 4

N c1tations)

Hecht, Bernard e ‘ :
The "SWAP" System of Quality: Improvement L
Industrial Quality Control 18 (11): 15-21. 1962.

‘A systeﬁ of quality 1mprOVemeﬁt in a company is’ described. The basic

premise is that by feed-back of information’ on discrepancies a rapid

improvement in quallty can be achieved. The adoption of the procedure
 depends on a careful indoctrination of management and all workers in-
- volved in the program will.need to be prepared psychologlcally to

cooperate in the program since-its success in part depends on- thlS.

J.G.D.

Heeremans, J H : &
Determination of Optimal In~Process Inspection: Plans
IndUStrial Quality Control 18 (12): 22-37. 1962.

Describes the development of an in-process 1nSpection plan taklng

into account costs of inspection, cost of rework, sample size to
give optlmum plans under varlous condltlons. J G.D. (4 c1tations)

chkey, Jr., W1111am J

. An $X00,000 Saving by Sampling Paperwork

Industrial Quality Control 20 (12): : 1964 ’

An account of a sampllng scheme applled to travel vouchers in the

U.S. Department of Agriculture. All vouchers were examined on ‘the

one harid and on the other a sample of these were examined. There"

.was a considerable. savings by using a sample and paying out on the

low percentage (8.6%) of vouchers that were not correct in contrast
to complete examlnatlon. -J.G. D o :

,H111 David A.
Quality Engineering Applied to Incoming Meterial
aIndustrlal Quallty Control 16 (9) 17 29 1960

-The b351s and reasons for using vendor ratlngs as a means' of 1mprov1ng

the quality picture is described and discussed at length. The article

is -illustrated with a series-of bar'charts and is® ‘written in a non-

technical style. J.G. D. (17 citations)
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Hillier, Frederlck S. : W :
X Chart Control Limits Based on A Small Number of - Subgroup31
Industrial Quallty Control 20 (8): 24-29. 1964. ’

A common rule of thumb is that conventlonal X chart eontrol 11m1ts"
should be based on at least 25 subgroups. This art;ele presents
information for evaluating these control limits when they are based
on a small number of subgroups. Then, a method is presented for
setting X chart control limits that can be rellably used regardless -
of the number of subgroups. (17 c1tat10ns) : T

Huitt, Ralph K. : : :
The Federal Government and Quallty Control : .
Industrial Quality Control 24 (3): 151~154. 1967.:

There are three principal areas of activity in our modern: economy

which require the application of quality control that involve the

Federal Government., These are the quality control of natural re-'

‘sources, of manufacture of goods and products where public health
or safety:are involved, and of internal governmental operatlons

and programs themselves.

Jacobs, Richard M.
Low Cost. Multiple Sampling : :
Industrial Quallty Control 14 (10) 11 13. f1958.

This article has attempted to present a proposal for reduc1ng the
administrative costs of using low cost multiple sampling techniques
without alterlng to any great extent the consumer and producer risks.

The proposed system, utilizing the comblned sampllng plans for critical,
major and minor defects has the same degree of success for any combina-
tion of selected AQL values for the three c1a331f1catlons as long as .

" they are two steps apart as 111ustrated. ' S :

The welghtlng factors, as prOposed, permlt the use of one Sampllng
plan per component and the total number of defects is a summation .

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, two majors ‘or four minors
for each rejection or acceptance number allowed was evaluated and.
found to be. economlcally fea81b1e. ‘A multiple sampling plan complete
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with -accompanying. instructlons on, the face of the plan is 111ustrated"
in Table II. ‘ - . ; , v .

The method described has been successfully used in three maJor indus-
tries and in about ten companies.for the past eight years. .It has.
been accepted by some inspection service of the Government as ful-
filling the quality control requlrements of incoming 1nSpect10n
\operatlons. : ceots

56, Jacobs, RlChard M. ' o
' Potential Applications of Rellablllty Technlques in Commerc1a1 Product N
Lines .

Industrial Quallty Control 19 (2) 13- 14, 1962

 This descrlbes possible applicatlons of rellablllty technlques in
commercial situations rather than to space or defense situations.
Use of design of experiments, product- design reviews, analysis of
field data (feed-back) are indicated as ‘means. of 1mprov1ng ‘the. -
customer s product, (13 c1tatlons) '

‘575 Jacobson, A. F. : ‘
' Establishing Performance Indexes v B S
Industrlal Quality Control 16 (12) 4 6. 1960, R

The use of quallty control for prov1d1ng a measure of the quality
of service rendered by a telephone company is discussed. The use
of service 1ndexes is descrlbed and their influence on management
decisions is 1nd1cated (See also R. A. Newman IQC 16: 7-10. 1960) -
J. G D. C : R CoL

58. Jacobson, Henry J.
Management Methods of Inspection Control .
Industrlal Quallty Control 21 (1): 24~28. 1964

1, ‘Accuracy Of any analysis depends on the accuracy of the or1gina1
" data. . ‘
2. Just because a part has been 1nspected and passed by an inspector
~does not mean that partlcular part is. good or that it meets .
'spec1ficatlons. ‘
3. Our data is only as accurate as the 1nstruments we use,- the
. caliber and physical fitness.of the. insPector and- the condltlons
- under which the inspection was made.

4. 1Inspectors are not born to ‘the job. Most of them drift into it
. without proper training and learn little thereafter

5. - You can select psychological tests, which, when matched with. -
vsuPerViSOfS ratings; actual tests for: defects and visual acuity
or hearlng tests, can glve you .4, picture of the kind of inspec~
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61.

. tion you have ‘and what you can do about it.-
6. Visual testings is a must for all 1nspections and should be
made a job requlrement. :

7. You can convince the union to go along w1th your program 1f

‘you approach them in the rlght manner.

Jaquez, Ron
K Factors For Computing Tolerance Limits For Normal Dlstributlons
Industrial Quality Control 19 (5)+ 27-28. 1962, :

Tolerance limits involve-the use of K factors which adjust the
lengths of the intervals to allow for sampling errors in the 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 sample sizes. =The table based on the approx1mat10n

showed rather good- agreement with more precise tables with the
values from the approximatlon belng larger than the correct values.
J.G.D. (2 cltatlons) ,

Johnson, N. L. and F. C Leone
CUMULATIVE SUM CONTROL CHARTS - Mathematlcal Prlnciples Applled to
their Construction and Use :

Industrial Quality Control 18 (12): 15-21. "'1962.

This article, which-will be published in three. parts, gives much

“of the mathematical development behind cumulative sum charts. "It

makes valuable: reading for the serious student of control 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 usefulness of

the methods. Part II will appear in the July issue and Part III
will appear in the August 1ssue.

Cumulative sum control charts are related to sequentlal sampllng
procedures. Construction of such control charts for the mean are
described, together with the requisite- tablés. A comparlson with
standard control charts indicates that the cumulative sum control
chart is more sensitive to.changes in the mean. J.G.D. (13 citations)

Johnson, N. L. and F.- C. Leone

CUMULATIVE SUM CONTROL CHARTS. - Mathematlcal Pr1nc1p1es Applled to
their Construction and Use - Part II

Industruﬂ~Quallty Control 19 (1) 29—36. ,1962;

Cumulatlve sum control charts are applled to sample varlances “and
sample ranges. The mathematical details are given together Wlth

a table of control 11m1ts. An example is presented u31ng ranges.
J.G.D. : :
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63.

64.

65.

-Johnson, N..L. and F. C. Leone

CUMULATIVE SUM CONTROL CHARTS - Mathemat1ca1 Pr1nc1ples Appl1ed to
Their Construction and Use - Part III -© -
Industr1a1 Quallty Control 19 (2) 22— 28. 1962

lThe -use’ of cumulatlve -sum control charts is, in- thlS third and ‘last

paper in a series, applied to Poisson and Blnomlal variables each
with an example and appropriate tables. In addition the establish-
ment of control limits by various emplrlcal methods is described.

The three papers represent a comprehen31Ve collectlon on the theory -

and usé of cumulative sum control charts. J.G. D.:f

Katke, M. L.
Customer Quality Requlrements

‘Industrial Quality Control 20 (12): 4-5. 1964

Genenal 1nterest artlcle on the quallty view of a large automobile
manufacturer and how this is related to the extended warrantles
now offered. J.G. D. -

Kazmlerskl, A S.o
Visual Defects - A Case Study D ‘
Industrial Quallty Control 23 (11)’ 530-531 1967.'

The problem of acceptable 11m1ts on v1sual defects in-a consumer

product has been attacked from many different angles.  Certainly
many such decisions, despite the ana1y51s used, are arbitrarily
made only from within the o6rganization responsible for making
and selling the product. ' Such an approach is liable to lead to’

standards that are extremely conservative and therefore expensive.
In this article, a survey—type approach is outlined in which the

consumer played a major role in dec1d1ng to what standards a
manufacturer should work The results were both surpri31ng and

_profltable.

Keefe Gordon J.

Attribute Sampling - MIL—STD—IOS
Industrlal Quallty Control 19 (10) 7—12 1963.

‘The historical development of MIL- STD»lOS is presented "Much of

the thinking that went into the various revisions and modifications
is displayed in the discussion. From the American development under
the Department of Defense has come a proposed international standard
which reflects a joint. Amer1can—Br1t18h~Canadlan effort to offer
such a document. J.G.D, (4 c1tat10ns) ‘
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67.
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Kidwell, John L., ‘Nicholas L. Squeglia, and H.-J. Lavender ;
Escape Probability as a Systems De51gn Consideration :
Industr1a1 Quallty Control 23 (4) 166—171 1966.

Escape Probablllty is defined as the chance of a defectlve item
getting 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 tool for upgradlng quallty ‘Practical appllcatlons

are given. (22 citatioms) .

Larson John A.
Improving Suppller Performance ,
Industrial Quality Control 19 (10): 4-7. 1963.

Although much care may be exercised im.selecting the:-best potential
- suppliers, it often happens that these suppliers are net capable of

meeting the buyer's exacting requirements. This is evidenced by
delayed deliveries and. the'production;of;defective material. The
question which naturally follows 1s, "What can be done to improve
suppller performance7" : : ‘ e ’

Experlence shows that most supplier-buyer problems develop from -

~ three conditions. Some arise as a result of mlsunderstandlng or

misinterpretation of product requ1rements, others are caused by
the lack of adequate facilities and production capabilities, while
still others result from a breakdown of manufacturing and admin~
istrative controls over the product1on process. -

'Thls artlcle suggests a. program for min1mlz1ng 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 buyer's requirements, (3) an evaluation of the
supplier's capab111ties with reference to the buyer s requirements,.
(4) the removal or correction of any 1ncompat1b111t1es between the
supplier's capabilities and the buyer s ‘requirements, (5) an ap-
praisal of the supplier's performance, and (6) the promotlon of

the supplier's contlnued growth. :

The supplier aSsistance,and development,process is no simple task
but requires a continuing effort to assure a satisfactory ‘supplier-
buyer relationship. Only in this way can the procurement goals of
acceptable quality, timely. dellvery, and reasonable cost be atta1ned.

L1eberman Alfred : : :
Sequentlal Life Testing Plans for the Exponentlal Dlstr1but10n
Industrial Quality Control 16. (2): 14~18. 1959, :
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: 73.

.The_conStruetion of plans, the choice of a'plan, an example,:are: some

of the topics covered. The plans under consideration are. ‘sequential ,
and for life testing where the exponent1a1 dlstrlbutlon may:be assumed.”

"J.G. D (3 citations)

eLleberman, Gerald J.

Tables for One—Slded Statlstlcal Tolerance lelts

_Industrial Quallty Control 14 (lO) 1958,

‘The constructlon of one—s1ded tolerance llmltS is descrlbed a table
.of tolerance factors for. the normal dlstrlbutlon is. 1ncluded J.G.D.
(6 citatlons) - SR

Lundvall, D. M. |
Control Potential Cost Measurement R
'Industrial Quality Control 20 (4): 14-20. . 1963.

A description of a quality capability and a quallty cost evaluatlon

system applled to a large manufacturlng company.f J. G D.

Maltenfort, George G. ~and R. E, Boedeker.t
Sampllng of Paper and Paper Products .
Industrlal Quallty Control 14 (11) 19~ 23 1958.

The'procedures,of sampllng to select the sample units from a lot are

described. Aids are given for determining sample size. The procéss
" is exemplified by an example carried through from sample :solution to -
final disposition, accepted or rejected. J.G.D. (10 citations)

Mandelson Joseph
Samp11ng S
Industrial Quality Control 19 (l) 5~ 6 1962.

An elementary discussion on use of samples, size of sample, simple
random sample, stratlfled random sample and of acceptance sampling.
J.G. D. :

_Mandelson Joseph

The Statistician, The Englneer, and Sampllng Plans
Industr1a1 Quality Control 19 (5): 12.15 1962

The author crltlcizes recent developments in Sampllng plans in that

the’ consequences of using a partlcular plan may not be understood by
the’ user. J.G.D. (8 citatlons) ; :
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77.

. being produced.k J. G D.

Mandelson, Joseph-
Sampling Plans for Destructive or Expen31ve Testlng
Industrial Quality Control 23 9: 440f450 967

The author presents a simple 'cook-book" procedure that can be used
directly by engineers or other non-statisticians for designing 31ng1e-
and double-sampling plans for destructxve or otherwise expensive test-
ing. These plans are referred to as "optimum" sampllng plans because
they are based on minimizing the sum of the cost of testing plus the
cost of rejection. The sampling concepts of lot tolerance fraction
defective, producer's risk, consumer's risk, and thelr assoc1ated
costs are discussed only enough to understand how to work with the

: plans. (5 citations)

Marash. Stanley A :
Performing Quality Audlts R R
Industrial Quality Control 22 (7) 342-347. 1966.

The quality audit may be applled to the operatlons ‘that result in the
end product - for example welds 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 attached to each element can be
used to produce a quallty rating for ‘@ach individual. " This furnlshes
a means of upgrading training and eventually, of the flnal product

!

Margugllo, BenJamln W. o '
Tolerancing by the Engineering Semi-Graphic Systém

'Industrlal Quality Control 18 (10): 30- 35 1962

Describes a simple, englneerlng oriented method of arriving at
tolerances for multi—plece assemblies. J G.D.

Martin, Cyrus A. e : :
The Cost Breakeven P01nt in Attribute Sampllng
Industrial Quality Control 21 (3): 137-144. 1964.

A scheme has been described whereby cost estimates can be used to

’compute a critical point. This criterion can be used to make a

decision--whether to -accept lots ‘with only enough inspection for
surveillance and observation of the process average, or whether to
impose a tight plan. This is important informationm. It is waste-

- ful to over-inspect where the consequence of fallure is slight. It

can be quite costly to inspect. 1nsuff1cient1y where the consequence
of fallure is considerable,
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- Quality Control‘Englneerlng in New De31gns

.Any selected sampllng plan gives some’ assurance of a degree of quallty »

in the product being:turned over to the éonsumer. Tt also has a psy-
chploglcal value in that it creates a climate of responsxblllty for
the producer. However; to-<fail to gear: ‘the ‘cost ‘of the plan with its
measure and worth' of assurance is likeé: setting trafflc speed 1im1ts

'without con51dering the zone. (17 c1tat10ns)

Masser, W J.

Industrlal Quallty Control 16 (7) 10-13. 1960

Quallty must be bullt into the product from its 1ncept10n. Thus a
strong plea is made here that the quallty control engineer be included
as a member of the  team when assessmént is ‘made of the product. . His
experlence and knowledge of trouble spots in the past will help to
zero in on.possible quality problems which could be ellmlnated or,
reduced by rev1sion of the product de51gn J.G.D.

McClure, J. Y.
vPractical Statistical Quallty Control in’ the Airframe Industry Part I

Industrial Quallty Control 15 (10) 11 14 1959

‘The use of statistical quality control on’ 1ncom1ng materxals can be
‘achleved through use of sampllng using such as MIL—STD—IOS A, A

statlstical evaluation of supplier quality should" include ‘a program |
of aiding the suppller to establish an effective quality control

‘ program in his own plant. The suppliers should be rated in some

way and this used as a basis for selecting suppliers. Tools can be
subJected to a quality audit to isolate’ ‘trouble, formilate WOrk
schedules,‘etc. Dlagnostlc techniques such as control charts can .
be used to isolate trouble spots 80 that correctlve actlon may be
takern . J G.D. (8 c1tations) -

McClure, J Y

. Practical Statlstlcal Quallty Control ‘in the Alrframe Industry PartVII

Industrial- Quallty Control 15 (11)..17~24. 1959

Process control can be enhanced by a. statistlcal approach to the
process with the objective of. learning how it operates, optimum
operating conditions, etc. Omnée the process is operational it
should be policed by statlstlcal techniques to detect’ dlscrepant
product., . The individual operators should be provided with test
equipment so they can police their own output. An example is
described in considerable detail. exh1b1t1ng the use of 81mp1e
control charts. Js G D. (7 c1tat10ns)
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McClure, J. Y. : : .
Practical Statistical Quality Control in the Airframe Industry Part III
Industrial Quality Control 15 (12): 5-9. 1959, ,

The assembly of an aircraft from its,component parts willtbring out

' mating problems. Sampling and use 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 random at say a rate of 20%Z. «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 .extremely beneficial in. offerin% a hlgh

quality product at a lower cost. J.G.Di- (4 c1tatlons

McMullen, J. W. S
Quality Budget Control

Industrial Quality Control 21 (11): 558-559. 1965.

A discussion of ways to hold down the cost -of. the quallty control

function. Effective inspection is least costly, correct defects

where they originate, careful design of forms and keep their number
to a minimum, look for new 1nspect10n techniques, tools, etc., eval-

~uate the quality control unlt 8. effectlveness - a11 these can reduce

quallty costs., J.G.D.

Meyer, Joseph J.
Statistical Sampling and Control For Safety

Industrial Quality Control 19 (12): 14-17.° 1963.

"This is a novel application'of the concépts of quality contrel 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 area
and by the entire plant and these focus attention on accident potential,
actual occurrences, etc. . Valuable ‘information is.also obtained respect-

'1ng the safety attitude of the employees 1nv01ved., J.G.D.

Miller, Jr., R. L. and Albert WOodward ~
Administration of Plastics Product. Standards in 1967
Industrlal Quallty Control 24 (1): 9-16. 1967.

This article describes the admlnlstrative 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

-177-



85.

86.

87.
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—prograﬁsfare,mﬁtoally derived by production‘and«Producthtandards

management specifically for plastics operations, but may be ap-
plicable to other products. The goals of the programs are high
caliber statistical quality control systems and people, interplant
uniformity, and consistent product performance. ‘(9 citations)

Mitten, L. 6. and A. Sanoh -

"The X Warning Limit Chart

Industrlal Quallty Control 18 (2).A15~19 19615 -

The art1c1e discusses a. chart form, its constructlon and the
relevant mathematics. The following quotatlon descrlbes the

' advantages.,

"X charts Wlth 0pt1mally placed warnlng llmlts are extremely
simple to construct and to use. :When. compared to conventional X
charts or non-optimal warning charts, they permit very substantial

reductions in the amount:of ‘inspection required while maintaining

the desired level of’ protection agalnst undetected shlfts ‘in the
process average. . : : e, N

-Moore, W N C P
‘Collection Of Inspection Data Through The Use of Computers

Industrial Quality Control 20 (12): 10—13 1964,

The use of a computer to summarize: dally reports is descrlbed It
can be used to generate a variety of useful reports as well as scru-
tinize the incoming informatlon for accuracy of reportlng (data
edlting) J G.D. . i o

Moyer, John W
Workmanship - The Key to Improving Quallty

Industrial Quality Control 19 (1): 11-17. 1962.

The significance of: poor workmaﬁship in industry is demonstrated in
this article not only by means ‘of an. actual case’ ‘study, ‘but also by

general examples of industry's: concern 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 attltudes

- and the causes of poor workmanship in modern industry, suggestions
. are made as to the steps -that can be taken to- 1mprove the workmanshlp »

‘88:

'.>31tuatlon. (32 01tatlons)

1Nelson, Lloyd S.

Nomograph for Two-Sided Dlstrlbutlon—Free Tolerance Intervals
Industrial Quallty Control 19 (12): 11-13. 1963.
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The constructlon of tolerance limits is expedited by use of the
prepared nomograph where one is not prepared to assume a SpeC1f1C
underlying distribution. J.G.D. (12 citatlons.

Nelson, Lloyd S.
A Simplified Sequent1a1 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-
quentlal process in bringing about control is. dlsplayed in a table
and by graphs. J.G.D. (5 c1tat10ns) :

Nelson Wayne

The Truncated Normal Dlstrlbution - With Appllcatlons to Component
Sorting : ' :

Industrlal Quality Control 24 (5) 261—268. 1967.

Easy—to—use formulas and graphs are glven for the calculation of
the mean, standard deviation, and variance of a truncated normal _
distribution from the mean and standard deviation of the original
normal distribution. The formulas and graphs are employed in a
number of illustrative problems 1nvolv1ng component sortlng

(15 c1tat10ns) :

Neter, John
Nonsampling Errors In Admlnlstratlve Appllcatlons

.Industrlal Quallty Control 20 (2): 20~ 26 1963

Nonsampllng errors can be an 1mportant source of error in accounting,
auditing, and other administrative applications. Studies cited from
outside the field of administrative applications have shown the im-.

portance of nonsampling errors in other fields, stressing the need

for more work in measuring and controlling nonsampllng errors. in
the administrative applications fields. .

Since much effort has been required:to demonstrate the importance

of statistical sampling 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 errcrs. 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 involve both of these types. Since admin-
istrative appllcatlons are well on the Way to u31ng sound probablllty



92,

93.

94,

95.

~sampling procedures, the time is at hand to begin to concentrate more
‘heavily on nonsampllng errors, on.studying ways. of measuring and con-

trolling such errors and, if necessary studylng means of reduc1ng them.

e:(ll C1tat10ns)

Newman, R. A.

"Establishing Performance Indexes f"f'ij*' o
_Industrial Quallty Control 16 (12)‘ 7 10 1960

The technlques used in the constructlon of 1ndexes are descrlbed
Problems have been met in construetlng 1ndex ratlng curves, .compa-

rablllty within and between departments, choice of sampllng pro=
cedures, gaining acceptance of indexes, the approaches to solution
are indicated.  (This is a companion paper to A. F. Jacobson IQC
16: 4-6. 1960) ' Lo ‘

Norquist, Warren E.

Improve Material’ Utllizatlon - Englneer Your Scrap Accounts
Industrlal Quallty Control 18 (11) 27 29.‘ 1962 :

’Descrlbes a systematic approach to the minlmlzatlon of 1osses through

e

Aunav01dab1e scrap. Such materrals as palnt, plastlc and enamel have
“proven controllable by the same procedure being applled to them.
~J.G.D. o : .

'Noyes, Charles E.

Quality Control AnalySlS of Ind1v1duals

Industrial Quality Control 19 (6): 15 ~17. 1962.

The suggestion is made that perhapszthe eﬁpioyee can be subjected

© to studies simllar to those applled in the quallty control of pro-
duction varlables.» That is, take a pos1t1ve approach to the handllng

of 'human relations'. J.G. D. B

OhStfeld Fredric A.

ASchedullng Polymerlzatlon Reactlons;:,;.

Industrial Quality Control 18 (7): 14-15.. 1962,

Use of process performance charts to chart the progress of a chem1ca1

“reaction by checklng at particular times. after start of the reaction.”
Comparison of the observed value agalnst an average and llmlts calcu=
“lated from past data is used on a go—no—go basis for continuance of

~“the reaction under the given conditions or. modlflcatlon of - the condi—.[
tious to complete a successful batch.' J G. D.‘,
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Olmstead, Paul S.
Statistical Evaluation ' 5 o
Industrlal Quallty Control 18 (8) 9 13 1962.

This article reviews in a general way the use of statistics and quallty
control in presenting 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 the use of such

‘tests in a few simple cases and ‘the modification 'in the predictions

resulting therefrom. Finally, a way for providing approximate prob-
abilistic measures for such treatment is outlined. Thus, statistical
evaluation is  justified on englneerlng grounds where the assumption
of statistical control is untenable unless 1t can be demonstrated.
(12 c1tat10ns) : o

ott, Ellis R.
Practical Aids - Prospecting o -
Industrial Quality Control 20 (5): 13-19. 1963.

~There are many vital ways in which étatistieaivmethodé'éan be applied'
‘to the problems of lndustry. ‘The particular technlque of Prospecting

is presented as a quick’ method to help an- englneer or production man-
agér identify his problem., Many ‘will recognize the technique simply

‘as a practical adaption of the well-known acceptance sampling plans.:
 There is a great need for other statistical technlques 1n3p1red by -
scientists and technologlsts.. (5 c1tat10ns)

Pabst, Jr., W. R.
MIL~STD-105D

: Industrlal Quallty Control 20 (5) 4 9 1963.

A descrlptlon of the revised sampllng plan developed by the American—

99,

British-Canadian Working Party. The various modlfications from the
previous standard are documented J.G. D

Paterson, E. G D.
Quality Control - Quality Assurance vs Rellablllty
Industrial Quallty Control 19 (4) 5 9. 1962

A general dlscuss1on on the three areas of actiVLty’lndlcated by the
title. The author's conc1u31on is that, no matter how it is .arrived

at or what it is called, the chief contribution comes from "... seeing
that what needs to be Speleled is Specified and that what is spec1f1ed
is done." J.G.D. (12 c1tat10ns) :
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Paterson, E G D
Reliabillty and Quality in Communlcatlons o
Industrial Quality Control 20 (9) 15 38_, 1964.

. The art1c1e constitutes a rather hlstorlcal rev1ew of the sPread of

reliability and qua11ty consideratlons in- the c0mmun1catlons lndustry

J.G.D. (45 citatlons)

Plait Alan
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 mathe-

- matical properties are described, tables for the probablllty density

function and for the cumulative dlstrlbutlon function are given.

.Construction of Special graph paper is also descr1bed, J.G.D.

(8 citatlons)

Pringle, J. B ,
SQC. METHODS in Telephone Transm1531on Malntenance

' Industrial Quality Control 19 (1): 18-22. 1962.

An excellent descriptlon of the use of stat1st1ca1 quallty ‘control
procedures in a communications network. The histogram, control

charts and sampling were used to pin-point the problem and to

,'systematlcally brlng it to'a state of satisfactory control.

N

Proschan, F. and I R. Savage

' Starting a Control Chart o o
fIndustrlal Quallty Control 17 (3). 12—13. 11950;t»

A brief, clear presentatlon -of how to start a control chart, statis—

‘tical aspects are stressed J.G.D. (6 c1tat10ns)

Purcell, Warren R.

Quality Cost Control : S
4Industr1al Quallty Control 18 (1)« 22-26. 1962;*

In order to be able to list "quality expenses' a detailed 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 serves to focus attention on quality costs and
they in turn are subjected the same éffort as are all other produc-



105.

106.

107.

108.

109.

tion costs in order to keep them as low as is consistent with a
satisfactory product. J.G.D. ' :

Retterer, B, L. and R. L. McLaughlin
Maintainability Prediction and Measurément

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 maintainability was checked
on independent units.. The prediction equations were developed using

‘regression procedures. J.G.D. (9 citations)

Rhodes, Raymond C.

- An Qutgoing Quality Probablllty L1m1t (OQPL) Sampllng Plan

Industrial Quality Control 21 (3): 122 -131. 1964.

~

Available sampling plans are usually:appiicable when eonsideratiens

- is given either to individuyal lots or 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 quallty probability limit) sampling plan is developed to
provide the most economlcal" plan with adequate assurance for this

intermediate sampling situation. (2 citat1ons)

Rickover, H. G.
The Never—Endlng Challenge C
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 workman-

ship is found to be a frequent cause of failures. J.G.D.

Roth, R. C :
Practical Process Control .
Industrial Quality Control 20 (2): 18-20. 1963. .

The steps in process control -are enumerated and explalned -as follows:

(1) provide an adequate plan, (2) make it easy, (3) give adequate
instructions, (4) assure compliance. J,G.D. (3 citations) .

_Shakun Melvin F.

The Cybernetlc Approach to Bu31ness Operatlons
Industrlal Quality Control 17 (3): 9-11. 1960.
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In this artlcle the practlce of quality control is related to the
,[science of cybernetlcs., A discussion of its (quality control) use

. >1n business management is presented JvG.D. (3 c1tations)

110.

111.

Simonds, Thomas A. -

‘JDe31gn Qualifiecation - ... -
Industrial Quality Control 20 (8) 11 15 : 1964

Wlthln the past 15 years, quallflcatlon testlng has become a major
concern to aircraft and missile manufacturers in their acquisition
of production contracts from the military. When correctly applied
and executed, these tests form a sound basis for demonstrating the
integrity of a weapons system design. When incorrectly applied or
executed, the tests.can lead to incorrect :decisions regardlng the
capabllltles of that weapons system. :

The 1ntent of this artlcle is. to indlcate that much quallflcatlon
testlng today is in fact either incorrectly.applied or executed, or

 both.  This has arisen: through .a basic nisunderstanding of the purpose

of quallflcation testlng and - Iittle &ppllcatlon of statistical prin-
c1ples.

Speclflcally, this article will discuss the following :topics in “con- .
nection with this problem: Qualification versus other forms:of test-
ing - Sample size in qualification testlng - Sample selection in

_quallficatlon testing.

Snodgrass, L E. ' :

Intergratlng.the Quallty Control Contributlon in Research and Develop~
ment. Operatlons , : _ , .
Industrial Quallty Control 18 (11) 55 60 1962

U31ng the typical product growth cycle as-a reference the prepro-

duction quality control contribution is discussed from the management

viewpoint as a defect prevention tool... The idea that program success
is largely dependent upon joint' action by several englneerlng special-
ities is developed around the team approach, and is related to some
very basic englneerlng and management pr1nc1p1es ‘common to business.
operations. »

The very title of this article begs the questlon of des1rab111ty~—

is the quality control effort properly -applied in the product design
and development phase? . As we examine the conception,. design, man-
ufacture and use segments of the typical product growth cycle, do

we not make best use of quality control knowledge in the manufacturlng

-and, inspection phases where it.will help. us. obtain -conformance to

184
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113,

114.

spec1f1cat10ns?

Perhaps the most 1mportant observatlon we can make about integrating
quality control in the pre—manufacturlng 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 manufac-
turing process planning, the tooling, gaging and test equipment,.

and the product acceptance criteria., In short, we lose a substantial
dividend from our quality control investment through failure to put
it to work in a defect prevention sense. (5 citations)

Sussman, Bernard . T .

Quality Information Equlpment - The Tools That Make Total Quallty
Control Work

Industrial Quality Control 21 (1) 10 16 1964.

The plea is made for using automated test equlpment tled to information
equipment to produce higher quality at lower cost. The differénces
between high; medium and low volume businesses. are discussed. The
activities of the Quality Information Equipment Committee within the

American Society for Quality Control are described. J.G.D.

Swaton L. and W. Weaver
Five Steps to Supplier Quallty Control cL
Industrial Quallty Control 22 -(11): 611 616.~‘1966.

Controlllng the quallty 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 flve—step plan is now
being used successfully at Martin-Orlando: :
(1) Categorize Materials
(2) Determine quality requlrements to 1mpose on manufacturers
" (3) Apply these requirements to the purchase document
(4) Plan for and receive procured hardware
-(5) Follow up on corrective action on defective hardware
This. plan is readily adaptable to big and small companles in the
hard goods industry.

Taylor, Ervin F. :
A Special Case of Percentage Sampllng
Industrlal Quallty Control 20 (10): : 1964.

- An appllcatlon in attrlbute sampllng based .upon the hypergeometrlc

distribution, and particularly applicable to the. case where destruc—
tive testing must be used. J.G.D.
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“116.

117.

118.

119.

Topp, J. P

Effectlve Communlcation - Its Relationshlp to Employee Performance

and to Corrective Action o
Industrlal Quality Control 24 (6) 309—312.’ 1967.

Employee error is bound to occur when job requlrements are not fully

’understood. "Such understandlng, by itself, cannot. be expected to

guarantee acceptable employee performance. However, such under-
standlng is a prerequlsite to acceptable performance.

This article p01nts out that in an. atmosphere of confu51on resultlng
from unclear work 1nstructions, acceptable employee performance is
unattainable and durable corrective action is not possible. (16 citations)

,Torgersen,‘?;'E{ anle;uB;‘Thomas
‘Simulating An Acceptance Sampling Plan

Industrial Quality Control 20 (6): 27-32. 1963.

A simulation of an acceptance sampling plan is descrlbed as a means .
of stimulatlng interest in a study of acceptance sampllng. The par=-

- ticipants can be expected to stimulate interest.in studylng operating
‘characteristic curves, average outgoing ‘quality and other aspects of
quallty control J.G.D. (5 cltatlons)

Toulouse, Julian Hc"
Psychological Bias in Attribute Sampllng o :
Industrial Quallty Control 14 (12): 5-12. 1958,

An examination of sources of blas in sampling for attrlbutes is

described. The kinds of bids are pointed out, methods for detecting
evidences of bias are described. <Some theoretical aspects of bias
are discussed. The author made use of 51mulat10n to examine the

f»effects of blases in sampllng. J.G. D-. '

‘Truax, H. Mack

Cumulative Sum’ Charts and Their Applicatlon to the Chemlcal Industry
Industrial Quallty Control 18 (6): 18- 25 1961

Thls is a detailed discussion of the use, constructlon and effective-

‘ness of the cumulative sum chart. Caution in their use is advised

but they are recognlzed as having a place in the practicloner s

‘tool box. ~J.G. D. (13 c1tat10ns)

Van Eck Leonard F. : ‘
Evolutionary Operations - A Path to More EffectiveAUse 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 process industries is cited. The role of Evolutionary
Operation in furthering achievement of this essential objective is.
discussed w1th particular. emphasls on its contrlbutlon to the develop-
ment of a "climate of receptlvity for the appllcatlon of statistical
techniques. - :

Some related experience is described and suggestions are made on the
selllng of statlstlcal serv1ces to manufacturing '

.120; von Osinskl, Ralph

Use of Median Charts in the Rubber Industry
Industrial Quallty Control 19 (2): 1962.

A descrlptlon of the introduction and use of median charts in a plant
situation. The results noticeably reduced the product variation and _
the amount of time the machlne operators spent adJustlng their machines.

J.G.D. '

121. Waddell, Joseph J

Quality Control in the Construction Industry
Industr1a1 Quallty 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 constructlon industry.
J.G.D. (3 citations) -

122. Ward R. Vance

sQC Appllcatlons In The Chemlcal Industry
- Industrial Quality Control 20 (1): 4-8. 1963.

The use of quality control techniques in the control laboratory con-
stitutes a good place to start. Tabulation .of 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 elementary quality control pro-
cedures to achieve control of routlne ggocedures used in a chemical
plant. J.G. D. 9 c1tat10ns)

123, Way, C. B.

‘Statistical Quallty Control Applicatlons in the Food Industry
Industrial Quality Control 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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125.

126.

- quality is not as controllable as in the manufacturing industries.

Nevertheless, as this article indicates, there are many actualyahde
potential appllcatlons of quality control in the food industry.

J.G.D. (36 c1tations)

Werkowski S. J. ‘
Sampling Evaluation of Textile Quallty us1ng demerlt points

Industrial Quality Control 18 (7) 22-26., 1962,

Textile materials lnspected for defects 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 minimizes the judgement error. (Noteby abstractor -

this suggests a method of settlng up a flnal acceptance scheme for hlghway
surfaces ) J.G.D. (2 cltatlons) . '

West, J. V. ‘
Semi-Automatic Sequent1a1 Sampling Instrument
Industrial Quality Control 20_(9) 10—15, 1964,

A descrlptlon of a- comblnation of .sequential sampling and use of auto-
matic sampling devices is given. Sequential sampling generally requires
less inspection than other sampling schemes. Considerable detail on
sequential sampling procedures is presented also on the equlpment

used J.G.D.

Wies, Harold M., Jr., and Burr, Irv1ng W. _
Simple Capability Acceptance Test ~ A Sequential Test on Ranges _
Industrlal Quality Control 21 (5) 266-268 1964, -

Given a process or machine that is known to be reasonably well in control,
the question often arises as to whether it can meet a specified tolerance
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 hlnder.

If the process standard deviation should be as much as a-sixth of the
tolerance, then there will 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, This article provides a convenient
test for dlstlngulshlng between these two cases. It is a simple ap-
plication of a sequential test 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 c1tatlons)

127, Woodward Albert :
- Administration of a Plastics Control Laboratory
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 quallty control.
Criteria are provided for the evaluation and selection of control
- methods. "It treats the laboratory as a continuous process and out-
lines procedures for laboratory control of testing procedures. Source
information on available product and test technology for the newcomer
is glven. (9 citations)

128, Youden, W. J. :
Graphlcal Dlagn031s 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 matetrial. It is rapid yet quite .
efficient in dlrectlng attention to the dlscrepant laboratorles. J.G.D.

129, lemer, W1111am J. and Irvlng W. Burr
Variables Sampllng Plans Based on Non-Normal Populatlons
1ndustr1a1 Quallty Control 20 (1)« 18~26 1963

Acceptance sampling plans for varlables such as those in Technlques
of Statistical Analysis (1), Bowker and Goode (2), and Mllltary Stan—
- dard 414 (3); assume that the population from which the sample is -
drawn is normal. This article extends these methods to a wide class
of norn-normdal populations. In fact, although the methods are here
- developed for one general class of functions, they are equally ap~
pllcable to most other types as well '

As in earller work, th;s 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,, we want to accept the lot a proportion 1 - o of the
time, while if it is p., then we wish to accept only a proportion

B of the time. Then the usual approach, if we know the population
standard deviation o, is to compare X + kv with U which if it is below
U we accept, or if abové U we reject. Thus to use the plan, all that
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is necessary is to flnd the sample size n and coeff1c1ent k. These
will depend upon p. and p, and the risks o and B. It will be seen
‘that although non-flormality has some effect upon k, it is more
strongly felt in' the sample 81ze ‘n. - :

Tables presented enable one to flnd the approptiate k and n for a
variety of dlstrlbutlons, if one can estimate or approximate the
- degree of skewness and/or kurtosis inrthe populatlon

Also the case .of acceptance sampling with o unknown: is covered
and is dlso ea511y applled (6 01tatlons)

130. Acceptance Sampllng of Lots by the medlan, qua51—range method
Industrial Quallty Control 15 (l) 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 1s adequately described by
the normal dlstr1but10n. (3 citations)

131. ASQC ‘Standard AL (Proposed) Definltlons, Symbols, Formuias and Tables
. for Control Charts
Industrial Quality Control 24 (4) 217~223._,1967,

This sets forth a collection of terms, together with their definitions,
which are in common usage among quallty control practioners. Published
here for the membership to review and make comments on before being
incorporated in a quality control document aimed at standardlzatlon

of termlnology. J. G D.

132. Summary Technical Report, August, 1960
~National Bureau of Standards, Washington, D. C.
Intércomparison 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 method is used to distinguish betweenA
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 c1tatlons)
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