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Introduction

This is the first interim report prepared for Research Project 76 G-
222, "Statistical Analysis of Aggregate Base Course Ingpected by End Re-
sult Aggregate Specification.” This project is divided into three primary
phases:

Phase I - The designof sampling, testing and acceptance procedures
for Construction Projects M 86021 and I 50062, based on
the in-place aggregate acceptance sampling plan recom-
mended by the End Result A_ggTegate Committee.

Phase I - The training of personnel using Lhe procedures developed
in Phase I.

Phase III - The analysis of the aggregate quality of aggregate base
coursge inspected according to procedures designed in Phase
I. If it is necessary, the procedures designed in Phase I
will be updated.

This report represents Phase I of the research project. Phase II will
be started right after the approval of Phase 1. Phase II will be started ap-
proximately in May of 1977.

The current practice of the Michigan Department of State Highways and
Transportation is to inspect aggregate at the production site (stockpile).
Since stockpiled aggregate will undergo a "remixing" process when trans-
ported to the construction site, and a further one as it is spread over the
roadbed by earthmoving and grading machines, the Department is very
much concerned about the frequency of accepted stockpiled aggregate not
bemg acceptable after it is in place at the constructlon 51te

The possibility of this occurring is closely related to the chara cterls—-
tics of the implemented stockpile aggregate inspection plan. This subject
has been discussed in the report "Aggregate Gradation Quality Control,”
(MDSHT Research Report R-1024), Generally speaking, the report favors
the idea of practicing aggregate ingpection at the construction gite. More-
over, it is the current trend in the aggregate industry to practice aggregate
inspection at the construction site. For the above reasons, the End Re-
sult Aggregate Committee was formed to develop in-place aggregate in-
spection procedures!.

! Members of End Result Aggregate Committee: James W. Burge, C. D.
Church, George H. Gallup, Peter R. Kamarainen, Wen-Hou Kuo, and
Donald F. Malett.




Based on the material presented in the report "Aggregate Gradation
Quality Control,' the committee adopted an inspection plan of so-called
'acceptance sampling by attributing' as a decision rule to accept or reject
in-place aggregates. The procedures developed therein shall be used for
Construction Projects M 36021 and I 50062. The sampling, testing, and
acceptance procedures for these two projects are described in the follow-
ing sections.

Lot Size

The aggregate -ba.se course will be a.bcepted by lots. A lot will con-

sist of an area of 18,000 sq yd. The last lot will be 18,000 sq yd plus any
fractional lot less than 9, 000 sq yd or will be a fractional lot 9,000 sq yd
or more in area. For example, if the width of a two-lane aggregate base
coursge igs 51 ft, and if only one lane is constructed at a time, the dimen-
sion of a lot is 6,353 ft by 25.5 ft. That is, the width of the construction
base in this case is considered to be 25.5 £t because of the construction
procedure.

When to Sample

| The aggregate will be sampled afterit has been placed on the grade and
shaped to the approximate final cross-section, buf prior to the final com-
paction.

Sample Size

Each lot will be equally divided into 12 strata as shown in Figure 1.
One spot is randomly chosen from each stratum. From each spot, one ag-
gregate sample of 20 to 30 1b is taken. Thus, we have 12 stratified random
samples from each lot.
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Figure 1, Lot stratification pattern, \




Sampling Layouts for Projects M 36021 and I 50062

When a lot is ready to be inspected, the inspector will have to choose
12 spots from which he takes 12 sampies. The basic requirement is that
the 12 spots should be randomly chosen. In order to fulfill the randomness
reguirements, the inspector would have to know how to use a table of ran-
dom numbers and convert the random number to a sample location. This
process is time-consuming and is not recommended for field work. For
this reason, we shall predesign a package of sampling layouts for each lot
size. Every samplinglayout indicates 12 random spots from which 12 sam-
ples shall be taken. With the help of a package of sarpling layouts, the
ingpector need only use a simple method to choose a sampling layout from
the package. The format of sampling layouts is as follows.

The major lot sizes of projects M 36021 and I 50062 are described in
Table 1. For each of the six lot sizes a package of 216 sampling layouts
is designed by using a random number computer program. Each sampling
layout indicates 12 random spots from which samples are to be taken. The
location of each spot is indicated by twonumbers which are distances to the
chosen y-reference and x-reference lineg, respectively. The y-reference
line is one of two edges transverse to the roadway, while the x-reference
line is one of the two edges alonggide the roadway.

TABLE 1
L.OT SIZE DIMENSION, ft
Project Name | M 36021 I 50062
Base Width 25.5 22 54 42 30 18.5
Lot Length 6,353 | 7,364 | 3,000 | 3,857 | 5,400 8,757

The 216 sampling layouts for each lot size described in Table 1 are
presented in the Appendix to this report. To make the above explanations
more understandable, the sampling layout No. 235 for a lot size 6,353 ft
by 25.5 ft is presented in Table 2 and graphically in Figure 2.

Sampling Procedures

When a lot is formed and ready to be inspected, the inspector rolls a

die three times. The three numbers shown determine which sampling lay-
out in the package designed for that lot size should be used to sample the
agpregate. ‘
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TABLE 2
SAMPLING LAYOUT NO. 235 FOR
LOT SiZE 6,353 ft BY 25.5 &

Stratum Distance to Reforence Line

No. | y-Reference | x-Reference |

i 412 24.9

2 817 14.1

3 1,509 24.1

4 1,710 5.6

5 2,394 1.3

6 2,890 10.4

7 3,493 9.1

8 4,169 18.4

9 4,695 21.8

10 4,853 21.3
11 5,658 14.2 !
12 6,237 6.8

This constitutes the general sampling procedure fora regularlot. Oc-
casionally, an irregular lot will be encountered. The sampling procedure
for irregular lots is described in Examples 2 through 4.

Example 1 (regular lot). The width of the base is 25.5 ft. 'Thus, the
iength of aregular lot is 6,353 ft according tothe definition of lot size (see
Table 1). When the lot is formed and ready to be inspected, the inspector
rolls a die three times. Suppose that the three numbers are 2, 3, and 5,
respectively., Then, sampling layout No. 235 in the package of sampling
layouts designed for a lot size of 6,353 ft by 25.5 ft shall be used to sam-
ple aggregate from that lot. For this particular layout, 12 spots from
which 12 samples shall be taken are shown in Figure 2.

Example 2. The width of the base is 25.5 ft. However, the length of
a lot isnot 6,353 ff, but x fi. This situation could occur in many ways.
For example, if the 1ot were the last one to be inspected. The sampling
proceduras for this particular type of irregular lot are described as fol-
lows:

1) The inspector rolls a diethree times. Suppose that the three num-
bers are 2, 3, and 5, respectively. '
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2) Sampling layout No. 235 is identified from the package of sampling
layouts designed for lof size 6,353 & by 25.5 ft,

3) The above layout is adjusted by a factor x/6353. That is, every
number corresponding to the distance to the y-reference line is multiplied
by the factor x/6353.

4) The adjusted layout is then used to sample the aggregate from that
lot. -

If x in Example 2 is equal to 3,176.5 ft (half of the regular length),
then sampling layout No. 235 for thig particular lot size (3,176.5 ft by 25.5
ft) is obtained by multiplying every number in column 'y-reference' of
Table 2 by the factor 3176.5/6353. The resultant sampling layout is pre-
sented in Table 3.

Example 3. Occasionally, the width of the base is not uniform within
a lot. In this situation, every number corresponding to the distance to the
x-reference line should be properly adjusted. Suppose that the majority of
the bases in the area ready to be inspected have a width of y ft. The length
of this lot, xy £, is determined by considering y ft as thewidth of the base.
Denote yj ft to be the width of the i-th stratum base of this lot. Then, the

gsampling procedure for this type of irregular lot is described as follows:

1) When thelot is formed, the inspector roils a.die three {imes. Sup-
pose that the three numbers are 2, 3, and 5, respectively.

2) Sampling layout No. 235 is identified from the package of sampling
layouts designed for lot size Xy ft by y ft.

3) The i-th stratum of the above layout is adjusted to the distance vi/y.

That is, the number corresponding to the distance to the x-reference line _

in the i-th stratum is multiplied by the factor yi/_ V.

4) The adjusted layout is thenused to sample aggregate from this lot.

If v in Example 3 is equal to 25.5 ft, then Xy is equal to 6,353 ft. Tur-
ther, if y; fori=1, . . ., 11, is equal to 25.5 {t and y35 is equal to 22 %,
then the only number adjusted is the one corresponding to the distance to

the x-reference line in stratum 12 and the adjustment factor is 22/25.5.
The resulting layout is presented in Table 4.




Example 4. The width of the base is nof uniform within a lot. More-
over, the lengthof the lot is also irregular. In this situation, the sampling

layout should be adjusted according to the procedures described in Exam-

ples 2 and 3. Suppose that the majority of the bases in the area ready to
beingpected have a width of y f£. The length of this lot, based on the width
of y ft, should be xy ff. However, the actual length of this lot is only x ft
(x # Xy) - Deunote y; it asthe width of the base of the i-th stratum of this lot.
Then, the sampling procedure for thig type of lot is described as follows:

1) When thelot is formed, the inspector rolls adie three times. Sup-
pose that the three numbers are 2, 3, and 5, respectively.

2) Sampling layout No. 235 is identified from the packa ge of sampling
layouts designed for lot sizes Xy it by v ft.

3) Every number corresponding to the digtancetothe y-referenceline
is multiplied by a factor x/ Xy

4) The number corresponding to the distance to the x-reference line
in the i-th stratum is multiplied by a factor yi/y.

5) The adjusted layout is thenused to sample aggregate from that lot.

If v and x in Example 4 are 25.5 ft and 3,176.5 ft, respectively, then
Xy is equal to 6, 353 ft. Further, if y; fori=1, . . ., 11, is equal to 25.5
{ff and y1g is equal to 22 ft, then the sampling layout No. 235 for this parti-

cular lot size can he obtained ag follows:

1) Every number shown in columm "y-reference' of Table 2 is multi-
plied by the factor 3176.5/6353. :

2) The number shown in column 'x-reference” and in row "'stratum
No. 12" of Table 2 is multiplied by the factor 22/22.5. The resultmg, lay-
oul ig presented in Table 5.

Since the test results of each sample affect the acceptance of the lot,
every sample should be properly marked with the lot number and stratum
number for later reference. ¥or example, if a sample of 20 to 30 lb is
taken from the 5th stratum of lot 2, the bag containing this aggregate should
be marked 2-5. In general, every bagshould be marked i-j, where i is the
lot number and j is the stratum number. Of course, the inspector should
have a list of lot locations before the construction begins.

f o




TABLE 5
SAMPLING LAYOUT NO. 235
FOR EXAMPLE 4
(x =3,176.5 ft, y = 25.5 ft, y; = 25.5 {t,
i=1,..., 11, and y12:22 )

Stratum | Distance to Reference Line *
No. y-Referencel| x-Reference i
1 206.0 24.9
2 408.5 14.1
3 754.5 24.1
4 865.0 5.6
5 1,197.0 1.3
6 1,445.0 10.4
7 1,746.5 9.1
8 2,084.5 18.4
9 2,347.5 21.8
10 2,426.5 21.3
11 2,829.0 14.2
12 3,118.5 5.92

! Adjusted number.
25.9 = 6.8 x 22/25.5

Testing Procedure

When 12 properly obtained samples are collected from a lot, they
should be tested immediately. The testing procedure is described as fol-
lows: '

1) Every sample should be split into two subsamples by a standard
Gilson Sample Splitter.

2) Every two subsamples should be fested by one inspector and one
set of sieving equipment. Other testing conditions should be kept the same.

3) The test results of these 12 samples should be recorded in the re-
port form 76 G-222 and sent to the Research Laboratory for the purpose of
studying the splitting variation of the Gilson Sample Splitter. The report
form is shown in Figure 3.

4) The test results of these 12 samples should be immediately sent to
the inspector to facilitate lot acceptance.
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Aggregate Quality Classification

When the inspector receives the test results of the 12 samples from a

lot, he classifies each sample as defective if it fails to meet any one of the
following requirvements: ’

a. Specification of Aggregate Composition:

TABLE 6
SPECIFICATION OF
AGGREGATE COMPOSITION |

|
Total Percent Passing |
. . Fach Sieve ;
Sieve Size !
Lower Upper ‘
Limit Limit
1-in. 100 100
3/4-in. 88 100
3/8-in, 63 87
No. 8 28 b2
Loas~$y-— 3 g
Washing

* If the aggregate is produced en~
tively by crushing rock, boul-
ders, cobbles, slag, or concrete
the maximum limit for logs-by-
washing will be increased to 11
percent.

b. The aggregate from the samples shall have a minimum of 25 per-
cent crushed material.

¢. The Deval Abrasionvalues for the uncrushed and crushed material
shall not exceed 20 and 30, respectively, for bituminous pavement surfaces
{or in the case of concrete pavement surfaces, 40 and 50).

Then, the inspector records the total number of defective samples and
checks to see in which of the following four categories the lot falls.

Cl) No defective samples.

-11 -




C2) The number of defective samples is at least one, but 1E;SS than or
equal tosix, and none of themhas aloss-by-washing exceeding 10 percent 2,

C3) The number of defective samples is more than six, but none of
them have a loss-by-washing exceeding 10 percent?2,

C4) There is one defective sample which has a loss-by-washing ex-~
ceeding 10 percent 2.

The above system can be presented in Figure 4.

Figure 4, Lot quality system. |

i

Actions Regarding Lot Acceptance

The action to be taken for each categorized lot defined in the previous
gection is described as follows:

Al) The lot falling in C1 category shall be accepted at 106 percent of
the contract unit price. ‘

A2) For lots falling inthe C2 category, the contractor may replace the
substandard material or may correct the material by blending, provided
that the blending method is accepted by the Engineer. When the contractor
replaces or corrects the material, the entire lot will be resampled and
categorized as it is a new lot. If the contractor does not replace or cor-
rect the substandard material, the contract unit price for the lot will be
adjusted in accordance with Table 7.

2 If the aggregate is produced entirely by crushing, the limit is changed to
12 percent.

-~12 -




TABLE 7
UNIT PRICE SCHEDULE FOR FACH
LOT QUALITY LEVEL

Percent of Decrease of Contract
Total Number of Unit Price for the Lot
Defective Samples :
in the Lot Bituminous Pavement| Concrete Pavement
Surface Surface
1 0 0
2 5 5
3 10 10
4 15 .15
5 25 25
6 50 50
7 or more _ 50 pay (ZS: Istl;ga.b)ase

A3) For lots falling in the C3 category, in the case of concrete pave-
ment surfaces, the procedure in A2 will be followed, for bituminous pave-
ment surfaces the Engineer will make the decisionas to whether the mate-
rial can remain in place or if corrections of the lot are required.

If the Engineer determines that the material can be left in place with
no corrections, and the contractor decides not to correct the substandard
material, the payment will be 50 percent of the contract unit price.

If the Engineer determines that the material can be left in place with
no corrections, but the contractor wishes to correct the substandard mate-~
rial, the entire lot will be resampled and recategorized as it is a new lot.

If the Engineer decides that the substandard material should be cor-
rected, the entire lot will be resampled and recategorized after it is cor-
rected.

A4) Forlots fallingin the C4 category, the substandard material shall
be removed and replaced with new material. Then, the entire lot will be
resampled and recategorized as it is a new lot.

Remarks
Sampling layouts presented in this report are good only for the speci-
fied lot size, However, the sampling, testing, and acceptance procedure

methodology described in this report can be used without changes for other
situations.

- 13 -




APPENDIX

SAMPLING LAYOUTS FOR VARIOUS LOT BIZES
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LOT SIZE
6,353 ft x 25.5 ft
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