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WEST VI RG NI A DEPARTMENT OF TRANSPORTATI ON
D VI SI ON OF H GHWAYS
CONTRACT ADM NI STRATI ON DI VI SI ON

MATERI ALS PROCEDURE

Procedure For Determ ni ng The Random
Location O Conpaction Tests

o 0w

1

Pur pose

This procedure provides nethods for determning the
random | ocations for conpaction tests.

Scope

This procedure is applicable for | ocating all
conpaction tests.

Equi prent

Measuring tape, approximately 50 feet (15 m

Procedure

Conpaction test site locations are to be randomy

| ocated along the roadway centerline (length) and
offset (wdth) randomy fromthis reference |ine. Sone

test site locations, such as pipe backfill, require
random selection of lifts for the tests and a random
determ nation of the side of the pipe backfill to test.

Sel ecti on of random nunbers

Determne the nunber of test sites which wll be
required for the lot or test section.
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. 2.2

. 2.3

.2.3.1

.2.3.2

.2.3.3

. 3.2

The table of random nunbers (Table | attached) or a
cal cul ator, which will generate random nunbers, can be
used.

The table of random nunbers contains 5 sections wth 2
col unms of nunbers in each section.

The first colum of nunbers in each section is for
determining the test site along the centerline. The
second colum of nunbers is for determning the
di stance fromthe centerline (offset). Either colum of
nunbers can be used for selecting lifts to be tested.

To use the table, select a random point on the table by
tossing a pencil upon the page or blindly pointing out
a location with the finger. The selection of random
nunmbers will consist of a pair of random nunbers. Once
the point is |ocated, select the nunber in the first
colum for the length and the correspondi ng nunber in
the right colum for the width. Wen nore than one pair
of random nunbers is needed, continue selecting the
pairs of nunbers down the page. If the bottom of the
page is reached, go to the top of the next section to
the right or to the top of the first section on the
|l eft side of the page if the bottom of the right nost
section of the page is reached. Wen selecting lifts to
be tested, only single random nunbers are needed and
can be obtained fromany of the colums of nunbers.

To use a calculator, which wll generate random
nunbers, select all nunbers needed for a test site
before sel ecting nunbers for additional test sites.

Location of test sites

There are many variations in the required nunber of
tests and the physical dinensions of the area to be
t est ed.

Random |ocation of tests on a single lift that is
rectangul ar in shape (Exanple 1 attached)
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4.3. 2.

4.3. 2.

4.3. 2.

4.3. 2.

4.3. 2.

4.3. 2.

4.3. 2.

1

2

3

4

5

6

.7

8

Cenerally the Mterials Procedure used for testing a
mat eri al and/or Specifications requires a |lot, portion
of a lot, or a test section to determ ne the maximm
density of a material to be divided into equal sublots
or subsections when nore than one test is required.

Divide the length of the area along the centerline by
the nunber of tests to determne the length of each
subl ot or subsecti on.

From the beginning station nunber, add the length of
the subsection or sublot to the station nunber to
determ ne the station nunber for the beginning of the
next sublot or subsection. Next add the length of the
subsection or sublot to this station nunber to
determne the station nunber at the beginning of the
next subsection or sublot. Continue this procedure
until the beginning station nunbers for all subsections
or subl ots have been cal cul at ed.

Select the random nunbers according to 4.2 through
4.2.3.3.

Multiply the length of the subsections or sublots by
t he random nunbers selected for the | ength.

Add the values to the correspondi ng station nunbers for
t he begi nning of each subsection or sublot. The station
nunbers | ocate the test sites along centerline.

Next nmultiply the width of the test section or |ot by
t he random nunbers selected for the offset.

Determine the offset distance of the lot or test
section fromthe centerline when the centerline is not
wthin the area to be tested. This will wusually be a
constant val ue. Always cal culate the offset by working
from the side nearest the centerline. Add each of the
values calculated in 4.4.2.7 to the constant val ue. The
val ues establish the offset distance of each test site
from the centerline. Designate rather the offset is
left or right of centerline.
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When the centerline is contained within the area to be
tested, the offset can be calculated fromthe left or
right side of the test area and test |ocation
designated in relation to centerline.

Random | ocation of test sites on a single lift that is
irregular in shape (Exanple 2 attached).

Determ ne the di nmensions of the area to be tested.

Determ ne the mninmum dinmensions of a rectangle that
will contain the area to be tested and has two sides
parallel to centerline.

Divide the rectangle into the desired nunber of
subsections or sublots and randomy |ocate the test
sites locations as in sections 4.3.2 - 4.3.2.8 above
If a test site location falls outside the area to be
tested, obtain a new set of random nunbers for the test
site and recalculate the test site |ocation. Continue
this procedure until the test site falls within the
area to be tested.

Random selection of lifts to be tested (Exanple 3
attached).

Wen testing certain materials, especially backfill
material, where an area to be backfilled wll
constitute a lot of material to be tested, a random
selection of lifts to be tested is required.

Determ ne the projected nunber of lifts to be contained
inthe lot. Divide the nunber of lifts by the nunber of
tests in the lot. If the value is not an even nunber,

assign an additional lift to the first sublot and
continue to assign a lift to each consecutive subl ot
until all remaining lifts have been assigned to a
subl ot .

By starting with the bottom |lift, nunber the lifts in
the | ot.
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SN

.3.4. 4

SN

.3.4.5

Sel ect a single random nunber for each test site.

Mul tiply each random nunber by the nunber of lifts in
each sublot and round the values to whol e nunbers. Each
val ue designates which Iift in each sublot that will be
t est ed.

Once the lifts to be tested have been selected, the
random location of the test site on the lift can be
det er n ned.

Random selection of the side of backfill for pipe
cul verts.
Wen a lot of pipe backfill is being tested, tests

shoul d be perforned on both sides of the pipe. The side
to be tested can be randomy selected by using the
random nunbers selected for the |location of the tests
along the pipe. If the random nunber is less than
0.500, the test is on the left side and greater than
0.500 on the right side of the pipe.

£

RKT: Sr a

Fobert K. Tinney, Direc§§:

Contract Administration Divisicn

Att achment s
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ATTACHVENT NO. 1

TABLE 1

RANDOM NUMBERS

. 858 . 082 . 886 . 125 . 263 . 176 . 551 . 711 . 355 . 698
. 576 . 417 . 242 . 316 . 960 . 819 . 444 . 323 . 331 . 179
. 687 . 288 . 835 . 636 . 596 . 174 . 866 . 685 . 066 . 170
. 068 . 391 . 739 . 002 . 159 . 423 . 629 . 631 . 979 . 399
. 140 . 324 . 215 . 358 . 663 . 193 . 215 . 667 . 627 . 595
. 574 . 601 . 623 . 855 . 339 . 486 . 065 . 627 . 458 . 137
. 966 . 529 . 7157 . 308 . 025 . 836 . 200 . 055 . 510 . 656
. 608 . 910 . 944 . 281 . 539 .371 . 217 . 882 . 324 . 284
. 215 . 355 . 645 . 460 . 719 . 057 . 237 . 146 . 135 . 903
. 761 . 883 .771 . 388 . 928 . 654 . 815 . 570 . 539 . 600
. 869 . 222 . 115 . 447 . 658 . 989 . 921 . 924 . 560 . 447
. 562 . 036 . 302 . 673 . 911 . 512 .972 . 576 . 838 . 014
. 481 . 791 . 454 . 731 . 770 . 500 . 980 . 183 . 385 . 012
. 599 . 966 . 356 . 183 . 797 . 503 . 180 . 657 .077 . 165
. 464 . 147 . 299 . 530 . 675 . 646 . 385 . 109 . 780 . 699
. 675 . 654 . 221 L1T77 . 172 . 738 . 324 . 669 . 079 . 587
. 279 . 707 . 372 . 486 . 340 . 680 . 928 . 397 . 337 . 564
. 338 . 917 . 942 . 985 . 838 . 805 . 278 . 898 . 906 . 939
. 316 . 935 . 403 . 629 . 130 . 575 . 195 . 887 . 142 . 488
. 011 . 283 . 762 . 988 . 102 . 068 . 902 . 850 . 569 . 977
. 683 . 441 . 572 . 486 . 732 . 721 . 275 . 023 . 088 . 402
. 493 . 155 . 530 . 125 . 841 171 . 794 . 850 . 797 . 367
. 059 . 502 . 963 . 055 . 128 . 655 . 043 . 293 . 792 . 739
. 996 . 729 . 370 . 139 . 306 . 858 . 183 . 464 . 457 . 863
. 240 . 972 . 495 . 696 . 350 . 642 . 188 . 135 . 470 . 765
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EXEJNVEII:FS:-I Flan View
10 feet— G446
Length of test section = 100 ft
Wdth of section = 10 ft — & feet— Subsecticn 5
Nunber of tests.required =5
?tequal subsections 100/5 = 20 6+26
Test section starts at station
5+46 Subsectiond
=
Station nunber at the beginning i E+06
of each subsection 2
1. 5+46 i
5 5446 + 20 = 5+66 i Subsection 3
3. 5+66 + 20 = 5+86 1
4. 5+86 + 20 = 6+06 i 3+86
5. 6406 + 20 = 6 +26 n
a Subsection 2
Random Nunber s
Lengt h W dth 466
1. .869 . 222
2. .562 . 036 .
3' ) 481 ) 791 l— & fast— Subsection 1
4, ,599 . 966
5. .464 . 747 5+46

Multiply the I ength of each
subsection by the random

nunbers for the I|ength. Multiply the width of each subsection by

1. 20 x .869 = 17 t he random nunbers for the w dth.
2. 20 x .562 = 11 1. 10 x .222 = 2
3. 20 x .481 = 10 2. 10 x .036 = 0
4. 20 x .599 = 12 2- ig § .ggé = 18
.2 464 = . _ =
> 0 x .46 ? 5. 10 x .747 = 7

Add the val ues to the beginning
station nunbers of each
subsection to determ ne the
station nunmber for each test.

Add the values to the constant distance
the test sectionis fromthe centerline
and | abel the values as right of

- centerline
%: g:gg I iz - g:g? 1. 6 +2 =8 ft right of centerline
3. 5+86 + 10 = 5+96 2. 6 +0=0 ft right of centerline
4. 6+06 + 12 = 6+18 3. 6 +8 =14ft right of centerline
5. 6426 + 9 = 6 +35 4. 6 + 10= 16ft right of centerline
5. 6 + 7 = 13ft right of centerline
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VETRI C

Length of test section = 30.00

m
Wdth of section = 3.00 m

Nunber of tests required =
5 equal subsections 30/5 =
Test section starts at stat
154340

5
6 m
i on

Station nunber at the beginning
of each subsection

1. 154340
2. 154340 + 6 = 15+346
3. 154346 + 6 = 15+352
4, 154352 + 6 = 15+358
5. 154358 + 6 = 15+364
Random Nunber s

Lengt h Wdth
1. .869 . 222
2. .562 . 036
3. .481 . 791
4, ,599 . 966
5. .464 . 747

Multiply the I ength of each
subsection by the random
nunbers for the I ength.

1. 6.00 x .869 = 5.2
2. 6.00 x .562 = 3.4
3. 6.00 x .481 = 2.9
4. 6.00 x .599 = 3.6
5. 6.00 x .464 = 2.8

Add the val ues to the beginning
station nunbers of each
subsection to determ ne the
station nunber for each test
site.

1. 154340 + 5.2 = 15+345.2
2. 154346 + 3.4 = 15+349.4
3. 15+352 + 2.9 = 15+4354.9
4. 15+358 + 3.6 = 15+361.6
5. 154364 + 2.8 = 15+366.8
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ATTACHMENT NO. 3

Plan View
3 m

154370

SUBSECTION 5

_—2 ne— 15+364

SUBSECTION 4

15+358

SUBSECTION 3

15+352

mEaHpDboEmaZEEn

SUBSECTION 2

15+348

|
|

SUBSECTION 1

15+340

Multiply the width of the test section
by the random nunbers for the w dth.

1. 3.00 x .222 = 0.7
2. 3.00 x .036 =0.1
3. 3.00 x .791 = 2.4
4. 3.00 x .966 = 2.9
5. 3.00 x .747 = 2.2

Add the values to the constant

di stance the test section is fromthe
centerline and | abel the val ues as
right of centerline.

1. 2.00 + 0.7 = 2.7 mrt of centerline
2. 2.00 + 0.1 =2.1 mrt of centerline
3. 200 + 2.4 = 4.4 mrt of centerline
4, 2.00 + 2.9 + 4.9 mrt of centerline
5. 2.00 + 2.2 = 4.4 mrt of centerline
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ATTACHVENT NO. 4

EXAMPLE 2 Plan View
METRI C

30 feet-

&0 feet

The shaded area desi gnates the
lift to be tested. For this
exanpl e, 2 sublots are required
with 1 test in each sublot.

Since the area to be tested is not
rectangul ar in shape, place the
smal | est rectangl e around the area
that will include all the shaded
ar ea. 20 feet
x

40 feet

o &P

2+85

Divide the rectangle into 2 equal
areas (160 feet |ong by 90 feet
w de).

2+65 —

@ @

O 8 = == 8 * D0 0

Since the centerline is |ocated
within the area to be tested, the
of fset can be cal cul ated and
nmeasured fromeither side. For
this exanple, work fromthe right
si de.

2+00

Determ ne the station nunber for the begi nning of each subl ot.

Subl ot No. 1 2.+00
Subl ot No. 2 2+00 + 80 = 2+80

Random Nunber s Since there is the possibility that the |location of a
Length W dth test site nay fall outside the area to be tested, an
. 902 . 850 addi tional set of random nunbers was sel ected.

. 275 . 023

. 794 . 850

Mul tiply the random nunber by the length of the sublot (80 x .902 = 72
feet). Add the value of the beginning station number (2+00 + 72 = 2+72).

Mul tiply the width of the sublot by the random nunber (90 x .850 = 76
feet). By working fromthe right side, it is 30 feet to the centerline
therefore the test site is 76 — 30 = 46 feet to the left of centerline. The
test site falls outside the teSt area

By using the next set of random nunbers, calculate the test site |ocation.
80 x .275 = 22 feet 90 x .023 = 2 feet

2+00 + 22 = 2+22 30 — 2 feet = 28 feet right of centerline
The test site for sublot 1 nowfalls within the test area

Cal cul ate the test |ocation for sublot 2.
80 x .794 = 64 feet 90 x .850
2+80 + 64 = 3+44 76 - 30 =

= 76 feet
46 feet left of centerline
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EXAMPLE 2
METRI C Plan View

The shaded area desi gnates the

lift to be tested. For this 28 m 8
exanpl e, 2 sublots are required
with 1 test in each sublot.

24225

Since the area to be tested is
not rectangul ar in shape, place
the snmallest rectangl e around the
area that will include all the
shaded area.

2+195

Divide the rectangle into 2 equal 11 m
areas (30 mlong by 33 mw de).

Since the centerline is |ocated 20 m 24184
within the area to be tested, the
of fset can be cal cul ated and
nmeasured fromeither side. For
this exanple, work fromthe right

si de.

m B === = o = QO mn

2+165

Determ ne the station nunber for
t he begi nni ng of each subl ot.

Subl ot No. 1 2. +165
Subl ot No. 2 2+165 + 30 = 2+195

Random Numnber s Since there is the possibility that the |ocation
Lengt h Wdth of atest site may fall outside the area to be

. 902 . 850 tested, an additional set of random nunbers was
. 275 . 023 sel ect ed.

. 794 . 850

Mul tiply the random nunber by the I ength of the sublot (30 x .902 = 27.1
n . Add the value of the beginning station nunber (2+165 + 27.1 = 2+192.1).
Multiply the width of the sublot by the random nunber (33 x .850 = 28.1 m.
By working fromthe right side, it is 8 mto the centerline, therefore the
test siteis 28.1 — 8 = 20.1 mto the left of centerline. The test site
falls outside the teSt area.

By using the next set of random nunbers, calculate the test site l|ocation
30 x .275 =8.2 m 33 x .323 =0.8 m

2+165 + 8.2 = 2+173.2 8 —-0.8m=7.2 mright of centerline
The test site for sublot 1 nowfalls within the test area

Cal cul ate the test location for sublot 2
30 x .794 = 23.8 m 33 x .850 = 28.0 m
2+195 + 23.8 = 2+218.8 28 — 8 =20 mleft of centerline
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EXAMPLE 3

CROSS SECTION OF

PIPE BACKFILL
21 lifts of material are required to

backfill the pipe. 21
20
Al of the backfill material is 19
included in 1 lot. There are 5 tests
required with 1 test in each sublot. 18
17
Di vide the nunber of lifts by the 16
nunber of sublots to determ ne the 15
nunber of lifts in each sublot (21/5 =
lifts with 1 1ift left over). This 14
includes the lift in sublot nunber 1. 13
12
Subl ot Nunber 1 Lifts 1 — 5 1
Subl ot Nunber 2 Lifts 6 - 9
Subl ot Number 3 Lifts 10 - 13 10
Subl ot Number 4 Lifts 14 - 17 g
Subl ot Nunber 5 Lifts 18 — 21 R
Random nunber s s
1. .599 6
2. .464 5 —
3. .675 4
4, .279 3
5. .338 - FIFE
2
Multiply the nunber of lifts in the 1
subl ot by the random nunbers. The
val ues deternmne which lift in each
sublot to test.
1. 5 x .599 = 3 Test |ift 3 in sublot number 1, Lift nunber 3
2. 4 x .464 = 2 Test lift 2 in sublot nunber 2, Lift nunber 7
3. 4 x .675 =3 Test |ift 3 in sublot nunber 3, Lift nunber 12
4, 4 x .279 =1 Test lift 1 in sublot nunber 4, Lift nunber 14
5. 4 x .338 =1 Test [ift 1 in sublot nunber 5, Lift nunber 18
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