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September 1963

MATERIALS TESTING AND CONTROL ON HIGHWAY PROJECTS
; By

" F. N. Hveem

As the years go by, more engineers are talking and writing
about materials, specifications and testing than ever before.
And not only engineers -- others are getting into the act.

There are many reasons for this interest and concern. In the
highway field, both the volume of traffic and weight of vehicles
are increasing every year and at the same time, in many states,
supplies of the most suitable materials are being exhausted,
especially in the metropolitan areas. Materials are being pro-
cessed faster and in larger quantities. Also, the effect of the
tremendous interstate program and the publicity which has been
given to a few unfortunate examples of poor materials control
all tend to emphasize the need for accurate, significant tests
conscientiously carried out. One result is that quality speci-
fications are being more rigidly enforced. This move inevitably
brings up the question of tolerances and a few points near the
borderline on a numerical scale, whether for thickness of pave-
ment, sieve analysis of aggregates, plasticity index or sand
equivalent, become very important. Arguments and criticism
increase as most contractors and construction engineers are
prone to feel that it is hairsplitting, unfair and altogether

C impractical to reject materials that fail to meet specified

test values by only a small margin.

*Materials and Research Engineer, California Division of Highways
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In order to discuss present day needs and application, it
may be helpful to do some classifying and identifying of the
various types of testing that are involved. The whole field
of materials testing for the average highway project can be
separated into two principal classes or areas.

First, is sampling and testing for the purposes of
planning, design, writing specifications, et cetera. This work
is properly called preliminary testing and is an essential part
of the preliminary engineering required to set up any project =
especially a highway grading and paving contract. With the
award of a contract, however, engineering considerations
suddenly become subordinate to legal interpretation. It is no
longer a question of what was meant or what was intended by the
engineer. The only defensible basis for settling differences
or arguments between contractor and engineer is ''what do the
specifications say?"

A signed contract is a legal document and all the stipula-
tions and requirements are subject to interpretation by gentle~
men of the legal profession and even by the courts. Another
profession also becomes involved after a contract is awarded;
namely, the accountants or bookkeepers. Engineers have long
been accustomed to "smooth out" or "round off" the rough
corners of their plans or specifications by what they call

"engineering judgment .’ However, neither lawyers nor auditors
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are given to employing the '"free wheeling attitudes" character-
istic of most construction engineers. A competent auditor is
not disposed to disregard even small deviations or discrepan-
cies in accounts, especially when it comes to the question of
approving an expenditure of public funds which are circum-
scribed by law. The auditor assumes that all of the items paid
for will be exactly as designated. Engineers, as a class; are
no less conscientious and are equally concerned that the speci-
fying agency will get full value for the money spent. The
differences and arguments arise when the engineer applies
Meolerances” and accepts what he considers to be a "reasonable"
approximation even though there is no specified basis or
written statement that such allowances are intended or
expected. For example, if the specifications and plans call
for an eight-inch concrete pavement, lawyers and accountants
are very prone to believe that this means exactly what it

says - eight inches. The engineer is astonished and often
indignant and may point out "you can't build a pavement or a
base or a subbase that is exactly eight inches in thickness
everywhere - it will be either over or under by at least a
small amount." Confronted with the tendency of the non-

: engineers to assume that specifications and plans literally

| mean what they say, the engineers are today belatedly amassing

data to show the normal deviations which are characteristic
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and inevitable with all measurements and all tests. Figures 1

. to 7 illustrate typical variations in thickness of pavement
layers. Figures 8 to 1l show variatioms in quality test
values.,

The concern with test values is now involving more diverse
interests which makes it necessary for the engineer to be even
more explicit, to begin spelling out in great detail why cer-
tain tests are made, what is proper, and where do they fit in
to the entire program of materials control. As indicated in
the opening paragraph; we have recognized the generic differ-
ence between sampling and testing in the planning stage as
compared to materials control after the award of contract.
After the contractor starts to work, there are further sub-
divisions. Considering an Interstate highway or Federal-aid
project in this year of CGrace 1963, the following types of
sampling and testing exist and must be recognized regardless

of nomenclature or local terms:

DEFINITIONS

A. PRELIMINARY SAMPLES AND TESTS
All sampling and testing om
a highway project prior to the

award of a contract.

Clida = TS 0.COM
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INITIAL SAMPLES

Samples taken after the award
of contract in order to determine
acceptable sources, ability to
meet specifications; mix design,
et cetera.
JOB CONTROL SAMPLES AND TESTS

Primarily means samples taken
(and tests if made) by the resident
engineer or his assistants to
indicate the quality of materials
used or work being performed by
the contractor,
PROGRESS SAMPLES AND TESTS

Periodic check samples taken
by the District Materials Engineer
or his representatives as a check
on the control work per formed by
the resident engineer.
FINAL SAMPLES AND TESTS

Random Samples of the com-
pleted work taken by repr?quta- ‘ Loprtier/
tives of the{bpgt%éi}Laboratory as
a final spot chéék on the thickness

and quality of materials in place.
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The relationship between these five classes of samples is
further illustrated by Chart, Fig. 12. This chart indicates
the areas in which questions are primarily within the province
of the engineer and those where legal interpretation is likely
to take precedence.

The foregoing definitions cover sampling and testing
activities more or less in chronological order as ordinarily
required on the job. There is, of course, some overlapping as
progress sampling and even final sampling of materials may be
under way concurrently with the control sampling, for example.
However, there are other distinctions which could be made and
at times these may be important. We are facing a problem in
communication. It is becoming necessary to distinguish
between tests performed primarily on individual fractions or
component parts and those that measure the quality of the
finished product. For example, the tests made at a concrete
or hot plant to determine the sieve analysis of aggregates are
not in the same ''frame of reference"” as the testing of comn-
crete cylinders or measuring the stability of an asphalt
paving mixture. So far as I know, there is mo presently
established terminology that clearly defines or distinguishes
between these two types of tests; but the need is becoming
more apparent. For the purpose of this discussion, the

following definitions are proposed:
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1. Fractional Tests
. Tests made on the individual
fractions or components of a mixture
prior to mixing or placing.
2. End Result Tests
Tests made on the combination
of materials as they exist in the
completed work.

In this changing world, engineers are being increasingly
called upon to prove their case - to show that public funds
are being properly expended and that the materials and
structures paid for do conform to the specifications.

While most non-engineers may conclude that all specifi-
cations are of equal importance, this is not completely true.
Refer again to the type of specifications that apply to the
primary sizes of aggregates for portland cement concrete.
These grading and cleanness controls on the aggregate
fractions are essential if the concrete produced is to be
uniform. However, once the cement, water and aggregates
have been mixed and put into place and the concrete has been
found to be of good quality with respect to strength,
density, lack of permeability, et cetera, some of the tests
on the individual constituents now become less important than

the question of the over-all quality. Unfortunately, the use

ClihRPDE—npmn—fastHe-com————mmm""


http://www.fastio.com/

F. N, Hveem ~8=

which can be made of this distinction is limited as the most
practicable way to measure such things as durability is by
fractional tests on the aggregates or om an asphalt, for
example. Nevertheless, tests on the concrete or on the
completed asphalt mixtures may often be used to confirm the
quality of the product, and for final evaluation these tests
may be carried out more economically and perhaps more
expeditiously than the fractional tests on the ingredients.
Attached as Appendix I 1s a series of charts giving
details of the typical sampling and testing which may be
required during the life of a highway contract. This chart
does not include the preliminary investigation while the
project is being planned, and, of course, does not include
any special investigations or studies of completed projects
which have been taken over by the state. It is believed that
these charts will furnish a fairly comprehensive guide to the
sampling pattern appropriate to a modern highway construction

contract.

Taking up the various classes of samples; the following
comments and recommendations may be offered:

PRELIMINARY SAMPLING AND TESTING

N The first important step in assuring workable and
effective materials control is to see that the preliminary

materiale investigation is thorough and that the specifications

Clih PO Ay —fastHo—com
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are written to fit the materials that will be encountered or
available for the work. There are many examples where
standard specification requirements do not fit the local
materials but are nevertheless a part of the contract. A
thorough materials investigation and realistic specifica-
tions can save much trouble later on.

INITIAL SAMPLING AND TESTING

The term "initial" samples is meant to identify the
materials work that is required to get a job under way after
the contract is awarded; checking the quality of gravel pits
or other sources to determine whether the materials will
meet the specification requirements. Another activity at the
beginning of work is the establishment of mix design propor-
tions for both concrete and asphaltic concrete mixtures.
Practices, of course, vary. Many agencies utilize the
principle of a "job mix formula" in which the contractor sub-
mits a proposal for a typical grading which he would like to
use. ILf h%s proposal is within the broad tolerance limits,
the contractor will be authorized to proceed under the
stipulation that the gradings will be controlled within a
narrow range. Strictly speaking, initial sampling and
testing are not for the purpose of contrql; these tests are
generally to establish what materials and what proportions

could be used. Hence, the term initial sampling and testing
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is meant to cover those activities that are necessary shortly
after the contract is awarded, but are generally applied to
materials before the contractor gets into actual production.
CONTROL_TESTING

As in the past, the control testing continues to be the
most important. These tests are made on materials just before
or just after they are placed on a road or in a structure and
the time and place of sampling becomes an important matter.
In former years, most highway organizations sampled materials
at the production plant, taking samples either from a stock-
pile;, a conveyor belt, or plant bins. However, any sampling
of materials at some point prior to placing on the road always
leaves some degree of uncertainty. For example, it is often
difficult to secure a representative sample from a stockpile
because materials tend to segregate whenever they are
deposited on a slope. Fairly representative gsamples can
usually be obtained from a conveyor belt, but securing a rep-
resentative sample from plant bins is not always easy.
Materials loaded into a tramsport vehicle segregate and can
lead to non-representative sampling. Reports of an investi-
gation by the Bureau of Public Roads state that at least seven
separate samples must be taken from a loaded truck and the
results averaged in order to be representative of the entire

load. Another variable is due to degradation or breakdown
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through handling, and granular materials often end up on the
road with a greater amount of fines than was indicated at the
plant. This final amount of dust may exceed the amounts
permitted in the specifications. All experienced highway
engineers are aware that a principal cause for distress and
failure in base and subbase layers is the presence of too much
fines, especially where such material is clay-like, having
lubricating properties.

A serious problem developed in one western state where
the state engineers had taken samples at the crushing plant,
found that the materials met the specifications and so advised
the contractor. Later sampling from the road by the U.S.B.P.R.
engineer disclosed that a large number of samples were outside
the specifications, both in terms of amount passing the No. 200
and in the P.I1. requirements. Consideration was given to re-
working or mixing with cement or sand. These proposals raised
the legal question of whether, if required to rework the
material, the contractor would have a legitimate claim against
the state because he had been permitted to go ahead and place
the material on the road. These and other developments seem
to point to the necessity for basing acceptances of all
materials wherever possible on samples taken after spreading
on the road. This would apply to subbase, base and pavement

layers, also permeable materials.
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As stated before, the control testing is actually the
most important and should give the most return for the cost.
1f this work is done properly, all subsequent sampling and
testing is simply for the purpose of independent confirma-
tion. However, several important conditions or practices
must be established if the control sampling is to be
completely effective. Following are some of the important
administrative or organizational procedures:

A, A well organized and effective
training program for all individuals
who are expected to sample or test
materials. It is equally important
that all testing equipment used be
calibrated and standardized at
sufficiently close intervals to be
sure that it is accurate and in
good working condition.

B. The resident engineer or other
supervisor should not override the
materials man by ordering that
materials be used regardless of test
results. This is done too often on
the argument that '‘we can't wait,
we've got to get the job done,"

et cetera.

P
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C. Two men should be assigned for
paving plant inspection. If a
modern plant is operating anywhere
near capacity, one man cannot take
samples, do the necessary testing
and keep an eye on the plant opera-
tion at the same time. Ideally,
there should be a senior plant
engineer with a solid background of
experience and a younger man to do
the sampling and testing. This job
requires someone who doesn't mind
getting dirty and who is not averse
to work.

The Progress Sampling Program 1is, of course, part of

the record sampling required by the U.S.B.P.R. on all work
financed in whole or in part by federal funds. Little need
be said about this operation which is covered by U.S.B.P.R.
directives. In essence, the Progress Sampling Program is
an independent check on the work of the resident engineer.
The same comments as made for control testing apply
f here; namely, the need for trained men and calibrated
equipment. Some construction men have regarded the record

sampling operation as an insult to their integrity and an
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interference with their work. However, the only sound view-
point is that, under present day circumstances, the progress
sampling serves to support and defend the resident engineer

if he is doing his work properly.

FINAL SAMPLING

Final sampling is also done as required by the
U.S.B.P.R. In California, this is accomplished by taking one
random sample from each lane mile of completed pavement.
While primarily intended to furnish concrete evidence that
the work financed from federal funds is in substantial com-
pliance with specifications, the volume of work done and the
test data produced have thrown some interesting light on
construction operations. It appears to be the experience in
most states that uniformity of construction control has im-
proved since this program was put into effect. It has pro-
duced evidence of the inevitable variation in both thickness
and quality of materials. It is evident that while this
variation may be reduced it will always exist. Engineers
are facing the problem of writing workable specifications
which recognize the statistical patterns that are character-
istic of all measurements and test values if a sufficient
number are compared. While the final record sampling program
has disclosed evidence of variation, it is interesting to

compare comparable data from highway contracts with the



http://www.fastio.com/

F. N. Hveem «15~

variations reported from the AASHO road test. Every effort was
made to develop uniformity on the AASHO test project, but the
final reports show that there was substantial variation even
under the elaborate control conditions employed.

The record sampling has also produced evidence of some
astonishing uniformity, at least on a few California projects.
These well controlled jobs prove that it '"can be done."

Figures 13 to 18 give examples of random samples taken from
several construction jobs, Figure 13 shows the aggregate
gradation on asphaltic concrete pavement on three highway pro-
jects. Note that all samples and the percentages passing
specified sieves are all within the specifications.

Figure 14 shows another contract where the final samples of the
aggregate base were outside of the specifications on all sleves
specified. Figure 15 shows excellent control of both gradation
and pavement thickness on an asphalt concrete surfacing.

Figure 16 shows relatively poor control, both of gradation and
pavement thickness. You will notice that the thickness varia-
tions, however, tend to be on the high side rather than sub-
standard., Figure 17 is another example showing good control

of both thickness and aggregate gradation. As further evidence
of the uniformity which can be achieved with the gradation of
asphaltic concrete, Fig. 18 shows three groups of samples

taken from the road lmmediately behind the paver. Again this

_ClhRDE—smnv-fastio-eem
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remarkable uniformity shows that it can be done and there is no
excuse for the wide variations which are all too common. While
not all of the contract work is as uniform as those selected
here, these results seem to demonstrate that it is possible to
achieve a very high degree of uniformity on construction work
without incurring abnormal construction costs.

As said previously, the control sampling is the most
important and should do the most good. As an example of the
improvements which can be developed, the quality of cement
treated base may be considered. Many miles of this type of
work have been constructed in California and other states using
relatively low percentages of cement. While this type of base
has been very successful and there are economies to be effected
using small percentages of cement =-- uniform distribution of a
small amount with construction equipment does pose a problem.
The most effective method of insuring uniform results is to
have means for testing the cement content after mixing.

Figures 19 and 20 show before and after results of tests to
establish the uniformity of cement distribution in a plant mix
operation. Figure 21 shows similar improvement on a road mix
job., In the absence of a rapld test to determine the amount
of cement in different portions of the finished mix, there

would be no basis for insistence on better distribution of

cement and more thorough mixing.
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As further evidence, Fig. 22 illustrates the average
variation in cement content for road mix jobs both before and
after January 1, 1960 when a field test became available.
Following the use of check tests, the average job became some-
what less erratic. Figure 23 illustrates the effects of the
same controls on plant mix operation. While the plant mix
uniformity was better to start with, the chart indicates the
very marked improvement after January, 1960. This shows quite
clearly that plant mixing operations can be controlled but
that road mixing, as presently conducted, is essentially and
inevitably more variable and erratic. Figure 24 illustrates
the characteristic and inherent differences between the two
types of operation. Figure 25 shows that there can be con-
siderable variation in the thickness of concrete pavements.

On this figure, Bar Graph A shows very good control, but there
were five measurements indicating less than the standard thick-
ness. Bar Graph B illustrates a much wider range in thickness
measurements even though concrete pavements represent a type
of construction where it should be possible to control thick-

ness more closely than for most pavement layers.
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In conclusion, it seems appropriate to emphasize that
sampling and testing is an engineering activity that must be
done right if it is to be done at all. Careless sampling and
sloppy test procedures are worse than no testing and can prove
expensive both to the contractor and the specifying agency.
This phase of engineering work is in great need of strong
support and personal interest by everyone from the chief
engineer on down. Over 90 percent of the money spent for
highway construction is paid to contractors for obtaining,
hauling, mixing and placing materials, yet the total effort
and expenditure for materials control is usually only a minor

fraction of the total amount spent for construction engineering.
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FIGURE 3
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FIGURE 4
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FIGURE 5

ENGINEERING AUDIT OF CONSTRUCTION

. GRAPHICAL ILLUSTRATION OF VARIATION IN THICKNESS

+0.20,
' PORTLAND CEMENT CONCRETE
SIDE FORM
+0.15 I I T

- 5 1960 - |45 Measurements
@ L ] 1961 - 40! Measurements
;—; +olop—— N \\] 1962 - 211 Measurements
o
z
b4
© +005 >
r
|- -
o 80 %
Z | _|TOLERANCE
z ° T 1
i i ~e—— NONE TO
. EXCEED
b
Q -0.05 b=

‘ o &
l
| &
G
W -010}:
W
W
[T
o

~0.15 F

PERCENT OF CORES

R Dty STHOTCONT ~



http://www.fastio.com/

ClibPD

FIGURE 6

ENGINEERING AUDIT OF CONSTRUCTION

GRAPHICAL ILLUSTRATION OF VARIATION IN THICKNESS

WAvVy fastiio.comn—

DIFFERENCE FROM PLANNED THICKNESS (FEET)

+0.20

SLIP FORM

PORTLAND CEMENT CONCRETE

+0.15 |1

+0.10

+0.05

-0.05

1

1960 - 296 Measurements
1961 - 2|15 Measurements

AN

1962 ~ 544 Measurements

80 %
TOLERANCE
¥

~t—— NONE TO
EXCEED

f‘:‘,‘."’h
"

"0.|0

~0.15

-0.20

,IO,

5

PERCENT OF CORES

25



http://www.fastio.com/

FIGURE 7
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FIGURE 8

ENGINEERING AUDIT OF MATERIALS
GRAPHICAL ILLUSTRATION OF R-VALUE TEST VARIATION
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FIGURE 9

ENGINEERING AUDIT OF MATERIALS

GRAPHICAL ILLUSTRATION OF R-VALUE TEST VARIATION
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FIGURE 10

ENGINEERING AUDIT OF MATERIALS
GRAPHICAL ILLUSTRATION OF S.E.TEST VALUE VARIATION
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FIGURE 11

ENGINEERING AUDIT OF MATERIALS
GRAPHICAL ILLUSTRATION OF S.E.TEST VALUE VARIATION
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FIGURE 12
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FIGURE 13
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FIGURE 14
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ROAD MIX

A CHART DEMONSTRATING SOME IMPROVEMENT IN
CTB CEMENT DISTRIBUTION WITH THE ADVENT OF
THE JAN 1960 STD. SPECS. AND THE USE OF
THE TITRATION TEST AS THE METHOD OF CONTROL

FIGURE 22
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BATCH PLANTS

A CHART DEMONSTRATING THE IMPROVEMENT IN
CTB CEMENT DISTRIBUTION WITH THE ADVENT OF
THE JAN 1960 STD. SPECS. AND THE USE OF
THE TITRATION TEST AS THE METHOD OF CONTROL

FIGURE 23
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FIGURE 24

COMPARISON OF BATCH TYPE PLANT MIX
WITH ROAD MiX CTB OPERATIONS FROM
TITRATION TESTS ON FIELD SAMPLES 1960-61-62
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FIGURE 25
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SIZE, FREQUENCY AND LOCATION OF SAMPLING AND TESTING

MINIMUM RECESSARY
[]
INITIAL CONTRGL ! PROGRESS FINAL
MATERIAL™ TEST LOCATION CR TIME FREQUENCY OF LOCATIO! F
TEST FOR SIZE OF SARPL N OR TIME FREQUENCY 01 LOCATION DRTIME FREQUENCY OF
OR PRODUCT N0 g OF SAMPLING SAMPLING OF SAMPLING SANPLING OF SAMPLING SAMPLING REMARKS
In Accordance with ! ,
PAINT Specification g Each lot  Cams H
Requiremenis [ 1
Ll 1
in Accordance with . ] Sampie & Test if Mot Previously
ASBESTOS SHEET | Specification 127 x 12" 1 Each lot I AtCelivery ' Released
PACKING Requirements. ” :
1
In Accordance with " i Sample & Test if Not Previously
ASPHALT PLANK ContactH Q Lab for Contact H Q. Lab, for At Dellvery ; Released
Requirements Instructions Instructions 1 I
In Accordance with “ " Sample & Test if Not Previcusly
BARBED WIRE SpecTfication 3 Length Each SO Roils or Fraction i Al time of Use T Released
Requirements | 1
L L
In Accordance with " . Sample & Test f Not Previusly
BOLTS & HARDWARE | Specification 2 Samples each Diameter Each Lot ) At time of Use 1 Reteased
Requirements ) 1
L L
In Accordance witty , : Sample & Test If Not Previously
CHAIN LINK FENGING 5 247 ¢ width Each 50 Rolis ar Fraction 1 At time of Use 1 Released
Requirements ! !
1 N
in Accordance with Each 1000 3¢ Fi, Not less A “ Sample & Test if Not Previousiy
EXPANSION JONT  |Sperification 6* Long Full Wldth of Sheet than 2 per Shipment | At Time of Use ! u Released
FILLER Requiresents F : ' ]
g =
In Accardance with 2 Each 3' Long include " . , T Sample & Test If Not Previously
ELECTRICAL Markings 2 Each Type Each Lot 1 At Time of Use 1 Refeased Cert. of compllance
CONDUCTOR Requirements ¢ “ " % required for 5500 Valt. Cable.
2 -
in Accortance with 1* Length from each ead of H Each 500 Lengths or . ; k. Sample & Test 1f Not Previously
GALVANIZED PIFE  |Specification Length tested of each size _ Fraction At Time of Use ' 4 Released
Requirements 2 1 . m_
E ]
In Accordance with 10 Each Lot ; . = Sample & Test 1f Not Previois |y
MOFFING ASPHALT | Specification = 1 At Tive of Use ' =] Released.
Requirements 1 " “ !
In Accordance with = " " = Sample & Test [f Not Previously
RAISED BARS Speckication 1 Unit or full size bar m. Each Lot ! At Time of Use ! % Released
{Precast) Requlrements ! , «
< I ' 5
In Accordance mith & Each Heat or Each 10 Tans b 1 = Sample & Test If Not Previously
REINFORCING STEEL | Specification 2 samples 30" Long - or Fraction for Each Size ' At Time of Use ' - Released
Regqurrements ] ! ! 2
=
In Accordance with & Long From Center of ! + o Sample & Test if Not Previousiy
RIGID STEEL CONDUIT| Specification Length m 2 Samples Each Size ! At Time of Use h k3 Released
Requirements 1 ,
In Accardance with “ " Sample & Tast If Kot Previcusly
RUBBER WATERSTOP | Specification * Long Full Width Each Lot 1 At Time of Use 1 Released
Requizements ! !
In Accordance with 3 1 Sample & Test of Not Previousiy
STEEL PRODUCTS Contact H Q. Lab, for Instr, Contact H Q. Lab for instr * A Tine of Use ' Released
(Requirements ' !
in Accordance with 2 Samples 27 x 307 cut Eack Heat or Melt or 10 Tons " " Sample & Test if Not Previously
STRUCTURAL STEEL | Spacification paraitel ta direction of o Fraction | At Time of Use ) Aeleased
& Misc, IRCN & STEEL| Renuirements relling : :
WiRs: MESH In Accordance with \ i Sample & Test If Not Previously
REINFORCING Specification ¥x¥ Each 10 Tons o Fraction TOAL Time of Use ' Released
Requicements ! !
In Accordance with : ! Sample & Test if Not Previcusly
WiRE ROPE QR CABLE] Specification Per Spec Prov ot as Per $pec Prov. or as H_ AL Time of Use _. Released
Regquirenents Instructed Instructed ) i
In Accordance witt Each 50,000 bricks o ilat ' [Sanple & Test If Not Previously
BRICK Specification 5 Full Size over 50,0005 for each 100,000 1 At Time of Use 1 Released
Requirements _. ”
I Accordance with I “ Sample & Test if Mot Previausly
CONCRETE AND Specification Contact H Q. Lab. for iestr. Gontact H.Q, Lab. for tostr | At Time of Use N Released
CLAY FIPE Requirements ! T
In Aecordance with " “ Sampte & Test if Not Previously
PLASTIC CONDUIT | Specification 2" Lang from Center.of 2 Samples Each Size * At Tire of Use 1 Releasad
Requirstsents Langth : i
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SIZE, FREQUENCY AND LOCATION OF SAMPLING AND TESTING MINIMUM NECESSARY
INITIAL CONTROL ! PROGRESS FINAL
MATERIAL TEST LOCATION OR TIME FREQUENCY OF LOCATION OR TME FREQUENCY OF LOCATION OR TME FREQUENCY OF REMARKS
OR PRODUCT TESTFOR 1My | SEEOFSAMRLE OF SANPLING SAMPLING OF SANPLING SAMPLING OF SAMPLING SANPLING
Z,. | g R cortae win None with centificats | Pl storage thrk o 1
= m_u. m Applicable Section Qe af compllince Each Shipment 1 Distributor “
<= & jof Sul. Specs. | H
=t T +
=] g [Stewe Amalysis e As required for control ! As gellversd 12 project H
) 3 _ _.
v =3 [ I accordance with None with certificats ! ;
mm_ w Aoplicable Section Asghalts 14 of cepllance Each Shipment “ Storage Tank or Distrbutor ._
DG 2 lof Std. Specs. Emmiston % Gal 1 !
gs3 ! !
z m_l..m Binder Distribution | 339 As necessary for controh | Attine of application ‘
. v
“ L.A. Rattler am Stockplle As itecessary for centeol “_ As dellvered 1o spread. equip. “
- -1 T
E3 9 % Crushed Particles 2058 Steekpite As necessary far controd 1 As delivered to spread. equip. " Minimum of 3 pe b
) ]
m m Sieve Analysis A2 S0 Stockpile Twlce Daiy T As deliversd to spred. sulp } Wialmm of 3 per job
.ml 2 3 Flin Stripping 302 Swckolle As necessary for gontzel 1 As dellvered o spread equip. "
—_ Q 1
o | Cleansess vaiue 21 Stockplle rce dally f ‘As delivered to speead. equip. | Minimum of 3.ger job
W Sand Equivalent a7 Stoekplle As necessary for control 1 Prior %o mixieg "
- kil —
m 3 m Sigve Analysis ) 250 Stockpite As necessary for corteal 1" Prioe to méxing !
T3 [ sepeieg ]2 " Stacklle j :
1
Soli or Seml- | n Accordamce with Bacels or Sacks Each 29 Barels or Sacks | Bamels or Sacks \
Safid Air Retmed | Std, Spes, ) ) !
Asphatt ! !
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$1ZE, FREQUENCY AND LOCATION OF SAMPLING AND TESTING WINIMUN NECESSARY
T
INITIAL CONTROL ' PROGRESS FINAL
WATERIAL T SIZE OF SAMPLE LOCATION OR TIME FREQUEKCY OF LOCATION OR TIME FREQUENCY OF LGCATION OR TME | FREQUENCY OF CEMARKS
PROTUCT NG OF SAMPLING SANPLING OF SAMPLING SAMPLING DF SAMPLING SAMPLING
] 1
% Crushed Pacicles | 205 et 5o o Sociolle (3| Every 3000 hos o 2000 C.Y.00 ¢ P depusitedon | B
Sleve Analysis 22 Mat. Site of Stockplle (2 | Evety 3000 tons. o 2000 C.Y. (1] At the Sue 1t |5 deposited on "..8.9. 11n 10 controd Completed fayer T per lane mile Fimal Sample 40608 Sack for Informational purpase.
 the rasdbed ! tests; minimum of theee
it saltial souzee changes N i
Dorabili i
ility Index 29 oS Mat'l. Sheor Stockpile (20 | oo o sounce developed. “ Matectal site or stockslle. 1
1 1 -
w _. yAppreoc. 1 1n 10 control
2 R—Yalue 30 Natl, Site or Stockpile €2} | Every 3000 tons or 2000 € Y.L}y At the time It1s deposited on 1 Complated layer 1 per lane mile Flnal Semple 40-60F Sack for Informational purpase
@ | the roadbed } tests; minimum of theee
1 (See Std Specs ¥ L H
5 ! Ao 11 10 control
w Sand Equivilant a7 Mat’l Site or Stockplle (2} | Every 3000 tons o 2000 ¢ Y. (1) At the time Tt is deposited on Completad fayer 1 ot [ne mile Final Sample #0601 Sack for Tnforstional purpose,
] 1 the rowdbed tests, mininan of theee
- [ 1 1 . —
] 1
Molsture U6 2 Times Cully At e of weighing '
! ) Witness at hrast once for
Relative Compaction | 216 301bs As necessary Tor eontiol ¢ In place after compaction I
1 "aun.. Jeb
. 1 —
[ ! s layer |s completed 1 per tane mile
Grade Tolerance As aecessary Tor control ! Ugon completion of layer | and before 7t is covered
wp
d “
Re-Value with & \ i
ot coment) 0 Wt Site o Stockalle ' 1 Chass €
_— ] ' —
| Comeessive Stengtn | 312 Wat'l. Site or Stockpile 1 1 Class A & B
5 o 1 1 .
mm Sleve Analysls M0 100 s Mt Site or Stockpile T sanpie for £3ch 3000 tons (1) | Prior to mixing ! Class A, B, & C
=
3 1 — "
<3 Lump Disintegration § 201 pat'l Sile o Stockpile ! !
ond Excilent | 227 | et Site or Stackpile T omite Tor eath 300t 1) | Prior & wixing H Clasz A, 8, &C
L3 1
Campressive Strength | 312 Mat'l. Site or Stockpile 1 sampie for each 3000 tons A7 “ Mixed but uncompacted “ Witness falxication at least Class A& B
“ waterial _. ance ko each Job
R-Value 301 L sample for each 3000 tms (1) | A& polat of dllvery 0 grade 1 Class €
s 1 1 — e oan —
wl ! 1 Witness at least cnce for
2 Density 312 As necessary for control | tn place after compaction ._ Class A 3.8
= El8 : ! each iob
= - — n mmeesamenamn = R maarn oo smmm—— s m————— e
m 2 w_m Cement Titrat 333 As for contred 1 A it af el (0 .
m m.m a 1on necessary for con " grade of after mixing "
! H - —
= m 1 1 Witnass at least once for
i Relative Compaction | 216 1 sample for each 3000 tonx (1) | tn place after compaction 1 Class C & D
- ' seah fobr
= — L U g
| , As layer 15 complated
Thickness As necessary for contral 3 3n place after compaction. 1 and before It s covered | 1 per lane mile
1 1 )
H X
Compbiance with None with certiflcate of Each 400 Bhls, dellvered 1 Welgh hopper of Screw " 1t no centificals of compliance; sample at Least
ke | Section 90 of Std, campllance or fraction thereot _.. leading to welgh hopper or 7 days priof to vse for peeviously tested brands;
& Specs. ad Speclal LRl (SEE REMARKS) } o distelbuter If road-mixed | 28 days foc untested brnds.
Prewlslons 1 k
1 1
H 1
| Compliance with As required for control 1 1 No sample mecessary If fros obvipusly suitable
i] Section 30 of 5td 142t 1 Gallon At point of use " At paint af use : source, such as mustlcipak water sugply.
| Spess (SEE REMARKS) (SEE REMARKS) \ t On-the-job wells should be tested.
] 1 accoedarice with Nae with Cert. of comp. If no . i
] m Speclat Prov. & Std. 1ot cert. of comp Hun feom stocage| Each Shipment | Distributor Treck ]
FE | soees. sank o distrlbutor trock i !

.
(1) H material is unlform and well within specification limits the frequency way be decreased to one day unless source s changed.
(2} 1F source 13 being used on another concurrent grofect, 2 copy of the Initial quallfying lest results used for that project may be used ax long a5 the source or materlal bas not changed.
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SIZE FREGUENCY AND LOCATION OF SAMPLING AND TESTING WINIMUM NECESSARY
T
L Y CONTROL | PROGRESS FINAL
MATERIAL TEST LOCATION OB THE FREQUENCY OF LOCATION OR TIME FREQUENCY OF LOCATION CRTIME |  FREQUENCY OF
OR REMARKS
PRODUCT TEST FOR no.|  SIZEOFSaupLE OF SAMPLING SANPLING OF SAWPLING SANPLING OF SAMPLING SANPLING
mm LA Rattler (500 rev,) | 211 See Nate 13) See Mote () i
1
2 : -
1 for each 100 cu. yds ysed; ) Batch Bln-Just pelor to
| creamess vae ar Set Note (3) See Note () Min, of Lomprolect @) 1iining
None vatess inltial test shows | Batch Bin-ust peior to |
W Colormetric Test 213 See Nete (3 Sea Note (4) geltical o contamination | mixing ]
2 suspected : :
.
2| Mortar Strength 515 See Motz O Sen Nate (40 1 1
wl ¥ \ i
2= 1 for each 100 cuyds used; | Batch Bin-Just prior to H
3 Sarel Equlvalent w See Hote () See Hote () Lior et 100 otk o ! g ;
'3 1
m Freeze Thaw 528 Soe Note (3) See Note ) ! :
HET m See Note ) See Motz (4} ! |
d 1
=i 3 ¥ a
= 1for each 200 cuyds used; 4 Batch Bin-ust prior o
m Sieve Analysls m See Note G} See Mot (4) Min, of 1 per _xawﬁ.w ] ! nixing i
% ! 1
- | Specific Gravity & 206 & See Note 3) See Note (4) 'When aggregate changed “ Sea Mote (4} i
4 Absorption 07 ' “
E 3o A5 requlsed for control 1 Batch Bln-Jost prier to ]
m Molsture oven ! mixing 1
o diy .. m.
m m e ..mo_._____-._o... with ASTH Nene with certificate Each 140 Bbis dellvered or __ Cement weigh hopper or Scrgw " If ne certificats of comptiance, szmple at least
M 5 |8 540, Specs. and of compliance fraction thereof 2) 1 leading 1 weigh hopper or | T days priac bo use fot previously tested brards,
2 ] Speclal Frovisions G150 £lb (SEE RENARKS! (50e Const. Manual Seclon 1 from sacks. | 26 days for unlested brards.
m 8-0L062) ] '
M - Compllance with Sec. At polnt of use As required for control 1 At point.of use “ Clty water supplles fior domestic use usually
@ (W 90 of Std. Specs. & 405 12 Gallon ! 1 need not be tested mless suspected of high
W ar | Special Prov. (SEE RENARKS) {SEE REMARKS} H ! chioride or sulphate content
! mm ! v Onr-the-job wel s should be tested
5 M t Y
pie = |air eatratning 10t canof liguld | Samnles must reach tesking lan } Samales rmust reach testing lab!
== S [eroperties~ 415 at least one week pelor 1o use 1 1t beast one week prlor to use. |
mm s FH Chiarides 21 powder When new lots ae to be used | H
53 e Identiffcation “ |
m m. ol Claleed Progerties 530 1Gt can of liguld les must reach testing lay nles must reach testing lab |
= | 588 Chiorides or at least one week prioc 15 uSe, | when new lots are to be used least octe woek prior fo use; !
& m. S |RESE " wentification s 21 powder L ntested brands requice § weeks tested brans requine 5 woeks!
2 lat to use fo¢ tests rior b use for tests M
& 1 only for each day when vol. | At poiat concete is 1
M Yleld, Cement Factor | 518 Approx. 1 cu. ft. excesds 25 cu. yds. Hone If | depesited in the werk 1
total days rut fess tan 25} 1
cu yds, 2 ] "
= Woen tast specimens fabricated | A% point concrete s !
bt Slump-Kelly 8all £20 and when consistency | deposited In the work 1
a questionatie ! !
g A, or 18, 41C oy for sach day) At point comaete is :
=] Compressive Strength | %21 36" X 12" Test Cylinders when volume exceeds 25 c.y, (21 deposited [n the work 3
None § total days run less than | !
25 cu yds 1 I
As required for zontrol & AL polrk concrate is "
Entrained Alr 504 Approx, Yicu- R “.!_S:!_._aillr "

1

(1) If the material propased for use on the project In question has recently been tested In nggSQ_sE%!ﬂnw-nﬂm_uu&_g,gi?qwz_ﬂnﬁnnigza:_wgﬂzu?..ﬂiﬂ_:“s text vesult requirement.
(2) Hot required if P.C.C. from same source |5 belag used on other works and test s being made here, zn:ﬂnsg__gglg—ﬁ?.c_nuﬁoa?z&s?ﬂelﬂhaas_ﬁaﬂfﬁaliaﬁglu!o__nﬁ_a
(3) 1500 of 29" X 3% = 100K of 14* x X¥ ~ 758 of 1 x Ma. & — 758 of % x No. 4 — 754 of pea graval ~ 758 of sand. This matwelal for tests 211, 213, 214, 217, 202, 227, 515, 206, 207, 526

£4) From Matertal SIOF or Stackplle: ~ Sample 2 months prior 19 use (Smonths prior to use If sublect to Froezing nd Thawing}
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