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‘ .,' State of California
Department of Public Works
Division of Highways
v Materials and Research Department

June 15, 1967

Lak. Auth, 632697-5
HPR-1{2), F-04-03

Mr. J. C. Womack
State Highway Engineer
Division of Highways
Sacramento, California
Dear Sir:
Submitted for your consideration is:
INTERIM REPORT #5
on
EVALUATION OF THE
NUCLEAR COMPACTION TEST METHOD

Disgtrict 10

Studymade by v .coviociesnnsrsonsssoanes » Foundation Section
Under general direction of .....cvvvvvenso . Travis Smith
Work supervised by vovvieoovvssoosoanooss W. G. Weber, Jr.
Report prepared by . v.cveoevvcosnccoosa +»o.. Bobby Lister

Very truly yours,

/N I, BEATON
dterials and Research Engineer

Attach.

. cc:LR Gillis

' AC Estep
JF Jorgensen
WL Welch
CG Beer
Research Files

C Roderick

KM Deboy
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Discussion of Project

This Materials and Research Department research study was financed
with the Bureau of Public Roads 1-1/2 percent research funds under authori-
zation HPR {2} F-04.-03,

This is an abbreviated interim data report on a project in District 10
and is in compliance of Mr, D. J. Steele's letter stating it would not be
necessary to present formal interim reports on each project. This report
is patterned after the previous interim reports #1 in District 03, #3 in Dis-
trict 05, #3 in District 02, and #4 in District 06, A detailed explanation of
the figures and tables of this report can be found in the first three interim

d reports.

The project is located on Route 5 in Stanislaus County between 0,4
mile north of Stuhr Road and 0.7 mile south of Del Puerto Canyon Road near
Patterson about 9.3 miles in length. The location map in Figure 1 illustrates
the general layout of the project. The contract is a four lane freeway con-
structed by grading and paving with portland cement concrete and asphalt
concrete on cement treated base and aggregate base.

A Troxler moisture and density nuclear gage which obtains in-place"
densities by the transmission or the backscatter method was used for com-
paction control on this project. Several malfunctions of the Troxler gage
made it necessary to either substitute a different manufactured nuclear gage
or use the sand volume test for short periods, All embankment and finished
subgrade was tested by the transmission method and the aggregate base
material was tested by the backscatter method. The moisture portion of
the nuclear gage was not utilized on this project because of the erratic
correlation with the oven dried material. These erratic results were assumed
to be caused by certain chemicals in the soil. This lack of confidence in the
moisture correlation resulted in the use of the wet to wet method of obtain-
ing percent relative compactions throughout the project.

The distribution charts for the area averages, Figures 8 and 9, show
several tests passing with an average below minimum specifications, The
test supervisor stated this was done only when the average was below speci-
fication by less than one percent relative compaction and with the require-
ment that the contractor must rework the material to the grade inspector's
satisfaction. '

The variation of materials coming from any one cut and mixed in the
embankment by placement presented a problem in obtaining a maximum impact
density value to use, by visual inspection, for a certain material. This
resulted in taking a large number of maximum impact density cores and at
times taking more than one in a six site area.

Although, more nuclear gage malfunctions occurred on this project
than on any of the first four, all other problems encountered were very similar,
The opinions, findings and conclusions expressed in this publication are
those of the authors and not necessarily those of the Bureau of Public Roads.
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Date

7-27-65
7-28-65
9-20-65
9-21-65
9-21-65
10-7-65
10-8-65
10-11-65
10-13-65

10-18-65

10-21-65
10-21-65
10-21-65
10-24-65
10-25-65

“10-26-65 -

10-28-65
10-28-65

"10-29-65

10.29-65

10-29-65

11-2-65
11-4-65
11-5-65
11-5-65

'11-9-65

11-9-65

'11-9-65

11-9-65
11-9-65
11-10-65
11-10-65
12-2-65
12-2-65
12-2-65
12-6-65
12-6-65
12-6-65
12-6-65
12-6-65

“12-7-65
- 12-7-65

12-7-65
12-8-65
12-8-65

- 12-13-65

12-16-65
12-16-65

vy fastio.com

TABLE I

Impact Compaction Maximum Densities

Wet Densit

lbs, per ft Type of Material
130.9 Emb,

115,6 oG

139.6 Emb,. Sand, Clay, Rock
143, 6 Emb. Sand, Clay, Rock
142.3 Emb, Sand, Clay, Rock
132.1 Emb. Clay

127.9 Emb, Silty Clay

128.7 Emb. Clay-Silt

142.6 Emb. Rock Clay

148, 2 Emb. Rock Clay

144,5 Emb, Rock Clay

138.3 Emb. Silty Clay

142.3 Emb. Rock Clay

147.9 Emb, Rock Clay

135,7 Emb, " n

126.8 Emb, Clay

122, 6 Emb. Silty Clay

141, 8 Emb. Silt Clay

134,0 Emb,. Sand,, Silt,

140, 6 Emb. Clay, Silt, Rock
140, 4 Emb,

131.9 ’ Emb. Clay Rock

118.4 , Emb. Silt

117.3 ‘ Emb, Silt

141, 2 Emb. Rock Clay

129.6 Emb. Silt Clay

138,8 Emb., Rock Clay

136.3 Emb. Clay

137,9 . Emb. Sand-Clay

139.5 ' | Emb. Clay Rock

132,17 _ \ Emb. Clay

129.1 I . Emb, Light Clay-Rock
137.9 Emb, Clay, Sand, Silty Clay
125, 4 . Emb.

129.1 Emb. Sandy

+142.0 o Clay

146.5 Emb.,

127.5 Emb.

127.5 Emb,

132, 1 Emb.

135, 3 Emb.

140, 9 Emb,

130. 3 Emb.

121. 4 Emb. Sandy Loam
130. 6 Emb. Clay

125.4 Emb. Silty Clay

131, 5 Emb, Clay

132. 1 Emb. Clay
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TABLE I (contd)

Date Wet Densit
Ibs. per ft Type of Material

12-21-65 130.9 Emb. clay
12-21=65 . 134.5 Emb. clay
12-22-65 134. 0 Emb, clay
12-23-65 129.1 Emb. clay
1-4-66 139. 2 Emb. clay
1-5-66 130, 3 Emb. Silty Clay
1-6-66 137.9 Emb. clay
1-6-66 135, 7 Emb,. Silty Clay
1-7-66 123. 5 Emb. Silty clay
1-10-66 135.7 Emb. Clay
1-10-66 128.7 Emb. Clay
1-11-66 122.6 Emb. Silty Clay
1-13-66 140, 9 Emb. Clay
1-13-66 133.3 Emb. Silt-&Rock
1-13-66 126.7 Emb. Clay & Sand
1-17-66 130.1 Emb. Clay
1-17-66 139. 6 Emb. Silty Clay
1-17-66 '136. 3 Emb. Clay Rock
1-18-66 136. 8 Emb. Clay Silt
1-18-66 135.3 Emb. Clay
1-18-66 132, 7 Emb. Clay
1-18-66 137.0 Emb. Rock Clay
1-19-66 127. 6 Clay
1-19-66 124, 0 Clay
1-19-66 131, 2 Clay & Light silt
1-21-66 140.9 Clay and Rock
1-26-66 127, 5 Clay
1-28-66 134, 5 Clay
2-9-66 121, 4 Silty Clay
2-9-66 128, 7 Emb. Clay Silt
2-9-66 135.3 Emb. Sand Rock
2-11-66 119. 4 Emb,. Silt
2-15-66 123, 3 Emb. Silt
2-16-66 135. 3 Str. BkIl,
2-18-66 131. 5 Emb. Clay
2-21-66 128.7 Emb. Clay
2-23-66 o 127. 0 Emb.
2-23-66 129. 8 Emb,
2-28-66 124, 4 Emb.
3.3.66 135, 7 Clay
3-9-66 143, 6 Silty Clay

. 3-22-66 147. 3 Emb.
3-22-66 133.3 Emb.
3-22-66 130.0 Emb. Clay
3-22-66 128.0 Emb. Clay, Chalk
3-23-66 130.0 Emb. Clay
3-24-66 130.0 Emb. Clay Silt
3-24-66 - 130.0 Emb. Gray Clay
3-28-66 145, 0 Red Clay
3-29-66 133, 3 Gravel Silt, Clay
3-30-66 119, 4 Gray, Clay
3-.31-66 129.1 Clay & Lime 0OG
4.22-66 140. 9 Pea Gravel, Clay
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Date

. 10-1-65
10-12-65
10-18-65
2-25-66
3-28-66
4-12-66
4-13-66
5-11-66
5.11-66
5-11-66
5-11-66
5-11-66
5-11.656

-5-12-66
5-12-66
5-13-66

- 5=13-66

" 5.13-66
5-13-66

o 5=13-66

- 5-13-66

5-16-66
5-16-66
5.16-66

5-16-66
5-17-66
5:17-66
5-17-66
5-17-66
5-17-66
5-17-66

 5-18-66
5-18-66
5-18-66

. 5-18-66
5-18-66
5-18-66
5.18-66
5-18-66
'5-19-66
5-19-66
5-19-66
"5-19-66
5-19-66
5-19-66
5-19-66
5-19-66
5-19-66
- 5-19-66
5-19-66
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TABLE I (contd)

Wet Densit
lbs. per ft

145.0
149.9
143, 4
127,5
149.5
130, 0
135.0
140,.9
137.9
139.2
134, 0
134.0
139.2
134,0
129.5

132.1

132.1

133.3

130, 9
124, 4

132, 1

133, 3

130.9

122,0

130.9 \
125, 0
133.3
138, 0
121, 4
128, 7
145.8
128, 7
128. 7
128. 7
133, 1
128. 7
134. 0
127.%
133. 3
132.1

135.7

134, 3
133.3
133.3
142, 3
134.5
138.3
127.9
127.5
128, 7
128. 7
134, 0

Type of Material

Str. Bkfl.Rock & Sand
Str. Bkfl. Rock & Sand

1 t1 11
t 1 A

ASB Cl IV

Subg.

Subg.

Str. Bkfl.

SG

5G

Clay SG

SG Silt

SG Clay

SG (Emb)

SG Clay

SG

SG

SG

SG

SG Silt Sand Clay
SG Siilt Sand Clay
SG Emb.

SG Clay

5G Sand

SG Emb.

SG Rock, Silt

SG Emb.

SG Emb.

SG Clay

SG Silt

Str. Bkfl.

SG Clay

Emb,

SG Emb.

SG Emb,

SG Clay

SG Clay

SG Emb.

SG Sand

SG Sand

SG, Silt Sand Clay
S8G, Silt, Sand, Clay
SG, Silt Sand, Clay
SG L} 11 mn
SG

SG

5G

S5G S5ilt

SG

SG Silt, Sand Clay

1t 11 1 11
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TABLE I (contd)

Date ' Wet Densit

Ibs. per ft Type of Material
5-19-66 130. 3 5G Silt
5-20-66 139. 6 S5G,
5.20-66 129. 8 5G
5-20-66 129. 8 SG, Clay
5-.20-66 129.8 5G, Clay -~
5-20-66 133,3 SG
5-20-66 125. 4 SG
5-20-66 129.3 SG Silt
5-20-66 128, 7 SG
5-23-66 134, 0 SG Clay
5.23-66 132. 7 5G
5-23-66 129.1 SG Clay
5-25-66 133.3 Sand Clay
5.25-66 130.9 5tr. Bkil.
5-31-66 138, 3 Cl-4 SB.
6-2-66 132.1 3G Sandy Rock
6-24-66 139. 6 AS

ClihPDF - www .fastio.com
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TABLE II

Calibration Data

Troxler 209
Wet Densit Density Transmission Moisture A Moisture
Ibs, per ft Count Ratio Depth (in.) 1bs per ft3 Count Ratio Type of Material
138. 2 .45 10" 10,9 . 65 oG
90. 3 .98 " 2.4 . 44 n
115,6 . 66 " 17. 0 .61 Emb,
119.3 .63 n 16. 2 .61 oG
.106.5 .74 " 4.5 .52 u
113.0 .63 H 18. 8 . 69 1
123. 6 .48 it 6.1 . 48 Emb,
130.4 .43 " 8.1 .49 "
130.9 .51 1" 10.6 65 "
130, 9 1. 60 6! - - 1
© 116,11 .62 10" 12.1 72 "
-116.1 1.66 6" - - n
109.6 .69 10n 7.6 48 Sandy Clay
109.6 1.78 6" - - " n
116.8 .67 10" 8.5 52 " "
.-110,8 1.72 6 - - n "
‘130, 4 .45 10 7.4 51 1" "
©130.4 1.42 6 - - " "
'142.0 . 36 10v 6.7 59 " 1"
142. 0 1.13 b - - n "
J127.2 41 1om 5.4 48 " "
127, 2 1.30 6 - - " "
. :131.6 .36 10n 7.0 51 " "
527131, 6 1.21 6 - - " 1"
0 136.1 .38 1o 5.6 51 Silty Sand & Clay
7136, 1 1.27 61 - - n " n
114.2 .63 10" 10.6 60 Clay
S 114, 2 1. 63 6! - - "
112.9 .63 101 8.4 50 "
- 112.9 1.71 61 - - 1"
110, 4 .66 10v 10.9 56 Sand & Clay
-110.4 1, 80 6! - - n "
s " i 9.2 4 glay
122:9 : 50 Qv 13.8 59 Sand & Clay
e 122, 9 1.46 6 - - W [§]
. 113.6 . 66 10m- 11. 6 .58 " "
11306 1.80 6" - - " n
. 130.5 .41 1om 5.3 .46 Sand & Silt
.130.5 1. 31 6" - - " '
125. 6 .46 1on 4.4 .47 Sand & Clay
_125.6 1. 46 6 - - n n
T 132.4 .41 1on 11.0 .53 Sandy-Silty- Clay
132.4 1. 27 6 - - " n "
135.3 .43 10" 10. 4 .51 Sandy Silty Clay
135 3 1.28 . [k - - " 1t "
128.3 .48 10" 8.5 .53 Sand-Clay-Rock
“139.9 .43 n 9.9 .59 n " "
141.9 .41 " 1, 5 .59 Clay-Rock
"129.1 .56 " - - Clay
9 .65 1" - - Silty Clay

113.
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N TABLE II {contd)

Wet Densit Density Transmission Moisture_  Moisture

lbs. per ft Count Ratio Depth{in::) Ibs per ft3 Count Ratio Type of Material

121.1 . 65 1om - - Silt & Clay

141.6 .44 n ‘ - - Clay-Rock

141.6 .38 " - - Rock-Sand

145. 5 ., 36 " - - Rock-Clay

107. 4 .73 L - - Silty Clay

128.0 . 40 " - - Rock Clay

134.1 .41 " - - Clay

127.3 .46 " - - Sand-Clay

121.7 .54 " - - Clay-Rock

123.6 .51 " - - Clay

114. 2 . 60 " - - Light Clay-Rock

119.7 .51 " 18.9 .61 Clay

127.5 .50 " 18,2 . 68 n

128.6 .45 " 19. 0 . 66 "

125,8 .51 i 14. 3 .57 Silty Clay

133.3 . 46 " 16. 7 . 66 Clay

132.1 .47 " - - Silty Clay

115.6 .59 " - - Clay-Silt

116.1 .57 n - - " "

146, 6 .35 " 10. 8 .63 Rock & Sand
Str. Bkil,

151.5 1,09 6" - - Rock & Sand

s Str. Bkfl,

143.0 1,07 il - - Clay Emb,

122.9 .57 10" - - Silty Clay-
Rocky Emb,

143.5 .70 Backscatter - - C.T.B.

141.0 .71 " - - "

153, 0 . 65 " - - "

146.2 . 64 " - - "

141.3 .67 1" - - "

145, 8 .66 " - - "

140, 1 .70 n - - "

139.7 .70 " - - "

143.3 .70 " - - "

142, 2 .73 " - - "

144, 6 .70 " - - "

143, 0 .64 " - - m

. 146.5 .71 " - - "

ClihPDF - www .fastio.com
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TABLE III

Standard Deviation of Density Calibration Tests

Transmission No. of Stahdard Deviation
Soil Type Depth in'inches Tests {Pcf) Calculated
o : Rggression Line
o . Embankment _ & 20 4,2
Structure

Backfill 6 1 *
C.T.B. & A.B. Backscatter 13 3.8
" Embankment 10 52 4.5
Strﬁcture 10 1 *

Backfill

#Insufficient number of tests to properly determine a rational value
for standard deviation.
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TABLE VI

- Percentage of Total Tests that Failed to Meet
: the Minimum Requirements by the 2/3 Areas
Passing, Average Passing, and Both

No. of Percentage. of
‘ Tests Total Tests
Number of test areas which failed due to 21 17
~the 2/3 requirement and the average was at or
"above the minimum specification
Number of test areas which failed due to 7 6
minimum average RC requirement and less than
: +1/3 failed
‘Number of failing test areas which do not 96 77

* gatisfy both the 2/3 and minimum average
RC requirements
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Figure 5

FREQUENCY DISTRIBUTION OF IMPACT COMPACTION
MAXIMUM WET DENSITIES
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Figure 7
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APPENDIX A

Assistant Resident Engineer’s Final Report
Nuclear Compaction Testing
10=Sta=5 5,9/15.1
10-080614
I1-005-5(21)424

. Persommel’

At the begimnming of the project, we had two trained

. operators., Due to a back injury to one operator and the fact
that the Contractor used two shifts per day on the grading
operations, it was necessary to have more men trained to operate
the nuclear gauge. Three additional personnel received training
and were used to operate the gauge at variocus times throughout
the project. I operated the gauge myself during the times no

- one else was available, - ' :

* Materials

The soils on the project varied from light silty sands,
thrpugh sandy gravel, to red clay and black adobe. Consequently,
there was a large variation in the waximum density of the variocus
materials. Most of the cuts contained several of the above
mentioned different types of s¢il, and there was no consistent
pattern. in the way the material was situated in the cuts or the

= amount of any one material in a cut, :

Compaction Methods

The Contractor used & sheepsfoot compactor behind a D=8
Cat, tractor and a Waggomer compactor on the £ill areas. A
Bros rubber-tired roller and a steel roller were also used to

make finished subgrade and to compact the aggregate subbase and
aggregate base, ,

- . Equipment

The nuclear gauge assigned to this project was a Troxler

. Nuclear Scil Gage, Model 276 C. Testing with this equipment

can be done either by the direct transmission methed, or by
" the backscatter method. Both systems were utilized om this

project, Compaction test readings on embankment material and
finished subgrade were obtained by direct transmission. Compaction
tests on the aggregate base material were performed by the back=
scatter method. " S .

Both a Nuclear-Chicago Density Probe and a Hidrodensimeter
Nuclear Gage were used on the project for brief perieds while
the Troxler Nuclear Soil Gage was broken down. These gauges
were loaned to us by Materials & Research.
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An International Carryall was used to transport the equipment,
including the generator needed to provide power necessary for
drilling holes in the embankment material for the probe rod. This
generator was connected to the carryall's battery and fuel tank,
and was equipped with a self starter, The carryall was very
satisfactory for housing and trensporting the equipment., The
only difficulty with it was that it became stuck several times
even though it was equipped with "positraction'" drive. A four-
wheel drive vehicle would probable be better for the conditions
under which it is necessary to operate the vehicle,

Breakdowns

1., Automatic Timer ~ The automatic timer in the scaler
stopped functioning four different times (7~-23-65, 9=3=65,
10=12-65, & 10=21~65) within the first 3 months the scaler was"
in use, On the first two occasions, the manufacturer's repre-
sentative sent a loan scaler for our use while he repaired the
timer., On the third occasion Materials and Research personnel
repaired the timer; and Materials and Research personnel replaced
the entire automatic timing unit when it malfunctioned the fourth
time, After this replacement, we had no further trouble with the
timer. Although the problem with the timer was annoying, it
wasn't necessary to halt testing operations because a stop watch
can be used to time the test count with only a small loss in
accuracy.

2. Preamp and Pickup Tube - While running a standard
density count with the nuclear gauge approximately three weeks
after it had arrived at the project site, the operator found that
the standard count kept varying., He then tried to run a plateau
curve, and could not get consistent readings. Materials and
Research was notified, and made arrangements with the Troxler Co.
in North Carolina to have the gauge shipped there for checking

-and repair. The Troxler Co, finglly decided that the Preamp and

Pickup Tube were faulty, and these were replaced. However, it

‘took them three weeks {8-~5-65 to 8-30-65) to discover the trouble,

repair it, and return the equipment to the project, Fortunately
the Contractor had not yet started his construction operatiomns at
this time, and the gauge was only being used to cbtain density

curves for the materials present at the preoject site.

3. Transistor in Preamp Tube = The scaler stopped
functioning during compaction tests om 9-23-653, Arrangements
were made with the manufacturer’s representative in Los Angeles
to ship the equipment there for repair. It was determined that
there was a defective transistor in the preamp. Repairs were
made, and the nuclear gauge was returned to the project on
9-29-65. M & R loaned us a Nuclear~Chicago gauge to use while
the Troxler gauge was being repaired,
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4. PS 400 Module - On 3-18-66 (Friday), the operator
reported that the scaler voltage wouldn't go above 423, and that
the scaler wouldn't record count. The gauge was taken to M & R
in Sacramento where M & R personnel cleaned it out and checked
it, After blowing the dust out of the scaler, the gauge appeared
to be ope ating nmormally, SO it was returned to Pattersom. When
the operator tried to use it om Monday (3-21-66) morning, the
scaler again wouldn't record count and the voltage wouldn't go
sbeove 500, The gauge was returned to M & R and at this time it
was determined that the PS 400 Module was bad, It took 4 days
to obtain a replacement part and return the equipment to the
project site,

5. DS 400 Tube - When the operator started to use the
gauge on 5=10-66, he discovered that the scaler was recording
sounts 3 to 4 times faster than mormal, Also, the scaler wouldn't
stop recording count at the end of the 1 minute timed period,
and the reset button wouldn't set the counter tubes back to
zero. The equipment was taken to M & R in Sacramento for repair.,
M & R persomnel checked the scaler and found that the DS 400 tube
was bad.As they had no replacement tube ¢n hand, it was necessary
to order this part from the Troxler Laboratories in North Carolina.
i1t was 6-1-66 before the tube was obtained and the gauge returned
to Patterson, From 5-10=66 to 5-23-66, compaction tests on the
project were taken by the sand volume method, On 5=23-66, M & R
brought a Hidrodensimeter nuclear gauge to the project which we
used until the Troxler gauge was reapired and returned.

6. Unit Count Tube - During aftermoon of 6-=13-66, the
ynit digit counter on the scaler quit operating. It would
record to the number 2 and thenstop, along with all other count
tubes., -The eguipment wae takem to M & R in Sacramento for check-
ing, - It was discovered that the Unit Digit Counter (CK6909) was
burned out, They had another one on hand, so the replacement
was made, and the equipment was back om the job site ready for
use on the morning of 6=14<66.

7. Cable = A small wire in the cable that conmects the
scaler to the gauge broke on 4 different occasions. M & R had
a spare cable that they, loaned us whenever the regular cable
had to be repaired, so down time due to the wire breaking was
confined to the time it took to get the jganer’" cable from
Sacramento —- usually about 172 day.

8. Probe Rod Stuck = The probe rod became stuck several
times with the source end of the rod outside the gauge. On_one
occasion it became stuck due to a burr on the rod that developed

- when the rod was rotated in the test hole and rubbed against a
rock, The other occasions were caused by fine material being
. drawn into the gauge by the rod and binding it up. '
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Problems\

In embankment areas where the different soil type were
mixed in varying proportions due to the blending action of the
earth moving equipment in loading and unloading, it was
practically impossible to identify the maximum density of the

material with any accuracy without pounding out a maximum

density curve, Also, if the test area consisted of six indi-
vidual sites, there could very well be six different maximum
densities that might not even be particularly clese to each
other, It was therefore necessary to run a large number of
maximum density cores in order to determine the relative
compaction,

We could get no correlation between moisture readings
obtained by the nuclear gauge and the results calculated from
oven dried samples., Sometimes the nuclear results would be
higher than those obtained by Test Method 226-C, sometimes the
same, and sometimes lower. Some of the differences were quite
large. This problem was discussed with M & R, and it was
their opinion that the erratic results cbtained with the nuclear
gauge were due to the gypsum content of the soil in the project
locality. They said there was no known correction that would
alleviate this situation, It was therefore necessary to run
all compaction tests on a wet-to-wet basis because we had no
accurate way to determine the moisture content at the test site
without oven drying the material. The time involved to oven
dry would have cancelled any time advantage inherent in the
nuclear test method. '

Another problem was the frequent breakdowm of the nuclear
equipment (detailed previously), and the resultant necessity
of having to take compaction tests by sand volume until our
gauge was repaired or a loamer could be cbtained from M & R in
Sacramento.. The '"loaner’ gauges presented some problem them-
selves in that it was necessary to check out the density curves
and ‘sometimes plot new ones due to the difference in gauges
before these "loaner' gauges could be used,

Weaknesses in Test Method
_ 1, Area Size

In testing structure backfill, most locatioms aren’t
large enough to justify six sites for one test. I don't
believe it is a good idea to take six individual locationms,
such as six different C.M.P.'s, call each cme a site, and
average the six as suggested at the M & R class, The average
of the six could be above minimum due to a couple of high in-
place-densities, and twoe-thirds of the sites cguld be above
minimum, but one or two of the sites might still be failures
by over a couple of percentage peints due to imsufficient effort,
a different method of compaction, low moisture content, or a
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difference in material. If the areas aren’t continuous, and
compacted at the same time with the same effort at approximately
the samemoisture content, I don't think it is valid to average
them together. Each individual structure location should be
tested by itself, and one or two test sites at each location,
depending on the area involved, should be sufficient to pass or
fail it.

I also think that on short £ill areas, a three site test
should be adequate to accept or reject the embankment area.

2. Weteto-Wet Method

It was decided that our compaction testing would be
performed .on a wet-to-wet basis because of the failure of the
nuclear gauge to give accurate moisture contents, as described
previously, When a wet-to-wet basis is used with the nuclear
gauge, the operator is assuming that all test sites are at the
same moisture content as the maximum density test core., If the
maximim density core is obtained while the material is at
optimum moisture content, and if the embankment material on which
the in-place wet demsity is taken is at or within 17 of optimum,
the resulting relative compaction result will be accurate. How=
ever, if the embankment material is not at the same moisture
content as the optimum test core, the relative compaction could
be in error. As it is unlikely that all test sites will be at
the same moisture content as an optimum test core that was run
on the material-at some other time, I feel that this method
introduces errors inte the resulting relative compaction results,
To obtain maximum accuracy the test should be run by the dry
method == that is, the weight of the water should be subtracted
from the in-place density and the maximum density test core,
and the relative compaction be caleulated from the dry demsities,

3. One Maximum Density for Each Six Site Test Location

According to the test procedure, a maximum density

core is to be run with material from the nuclear test site which

has the in-place density just below the average in-place density
of all six sites couwbined, This maximum density is then used to
compute the relative compaction of all six sites, While this
one maximum density would probably give accurate relative compace
tions for all sites if the material is uniform and has only a
small range in its maximum density, I don't believe it is
accurate enough where the materials vary considerably as they
did on this project, The alternative is to take a maximum
density core at each site, If this were dome, the increase in
time would be such that it would be much faster to rum a sand
volume test instead of a six site nuclear test.
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4, Relative Compactiom of C.T.B.

The maximum density value used to calculate the
relative compaction of Classes A and B C.T.B. is the density
obtained from the test specimen fabricated for compressive
strength analysis of the C.T,.B, The in-place demsity test is
performed at the location where the test specimen sample was
cbtained to insure that the material being tested was placed
at the same moisture content as the test specimen sample,

Undexr the nuclear compaction testing methed an in-place demsity
is obtained not only at the original test specimen site, but
also at five or more other sites in order to meet the "area
concept" requirement of the nuclear test method, When these
additional sites are alsoc at the same moisture content as the
test specimen sample, the resulting relative compactiom results
would be accurate, If, however, the moisture contents of these
other sites wary appreciably and this fact isn't determined due
to calculating relative compactions on a wet-to-wet basis, the
relative compaction result could be in error. When the C,T.B.
material is a plant mixed waterial, the control of the product
is probably good enough that the moisture content variation
wouldn’t be sufficient to affect the relative compaction results.,
However, when the C.T.B. is road mixed as it was on this project,
the moisture content varies quite a bit from one location to
another. This variation could affect the relative compaction
results of the sites that-are being compared with a maximum .
test specimen density obtained at a different moisture content.

Contracteor’s Opinion of Nuclear Compaction Comtrol Testing

The Contractor was very favorable to the taking of
compaction tests with the nuclear soil gauge., I discussed the
test procedure with several of the Contractor's personnel o
Project Superintendent, Grading Superintendent, Grading Foremen,
etc,, and all preferred the nuclear method over the sand volume
method, The feature they like best was that in most cases an
answer could be given right away if & new maximum density didn't
need to be pounded out. They also like the fact that equipment
could be worked relatively close to the test site while the
testing was in progress, and that it wasn't necessary to stop the
equipment at any time during the test procedure, They felt
that there was a lot less interference with their operatioms
under the nuclear testing, and that in most cases they got the
results faster.

General Comments
l. Comparison of Nuclear Method & Sand Volume Method

Compaction testing by both the nuclear methed and the
sand volume method involve two distinct operations ~- the
determination of the in-place density of the material being
tested, and the determination of the maximum density of the
material, .

www . fastio.com


http://www.fastio.com/

ChhPDF

- www fastio.com

.

In determining the in-place density of an area, we found
that a six site test can be run by the nuclear method in approxi-=
mately the same length of time that a sand volume test can be

run. Thus, there is six times the coverage of an area on one

nuclear test than there is on the sand volume test; with the same
amount of time expended. '

There is no difference in the length of time needed to
pound out a maximum density core for the two test methods because
the same procedure is ‘used in each case. However, M & R suggested
that if the material from test to test was uniform and the maximum
density only varied over a small range, it wouldn’t be necessary
to pound cut a maximum density core for each test., An average
value of the maximum density could be used on a series of tests
as long as the material didn't change, While this certainly saves
time, I don't believe that it should be considered as a savings of
time for the nuclear method over the sand volume method, If it is
legitimate to use the same maximum density for a series of nuclear
compaction tests because the material is uniform, it ought to be
permissible to apply the same eriteria to the sand volume test.
Thus ‘the savings in time in each case would be the same,

2, Breskdown of Nuclear Gage

As detailed previously, we had a number of breakdowns
with the nuclear gauge assigned to our project. Because of this,
I think the following steps should be taken:

A. Have a sufficient number of gauges available
so that a replacement can be cbtained within
% day. All of these gauges should be the same
so that it isn't necessary to run a calibration
curve each time a different gauge is used,

B. Have qﬁalifi@d repairmen and spare parts avail-
able in the District so that repairs can be
made as soon as possible,

C. Have the special provisioms for the project
state that compaction tests can be taken by
either the nuclear method or the sand volume
method, This would prevent any delay in
compaction testing and possible arguments
with the Contractor if the nuclear gauge
broke down and couldn't be repaired immediately.

3. Testing Method = Direct Transmission Versus Backscatter

I brefer the direct transmission method for testing

. embankment, By using the probe at a depth of from 8 to 10 inches

the nuclear count reflects the density of the entire lift of
material. Also, the site preparation and seating of the gauge

for the test count isn’t so critical with this method., Preparing
a satisfactory test site for the backscatter method on the average

- roadway embankment can be quite time consuming.
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On compaction tests of the subbase and base layers of the
structural section, I think the backscatter method is better.
The structural layers are relatively thin, so the backscatter
reading reflects the density of the layer adequately. Using

‘the backscatter method on the layers of the structural section

prevents the operator from sticking the probe rod past the
bottom of the material being tested. The site preparation on

a rolled subbase or base isn'’t the problem that it is on
embankment material, because the base surface is rolled with
steel rollers and is smooth, Therefore, the backscatter method
in this case is faster, -

Conclusion

I think that the nuclear method of taking compaction
tests is generally faster than the sand volume method, especially
when the materials are uniform, The test coverage is also
greater.

However, I think that some discretion must be used in
applying the method and interpreting the results, Types of
material should be watched closely for changes so that an in-place
density isn'’t compared with a maximum density core of a different
material. Unless the operator is sure that the test site
material is at the same meoisture content as the maximum density
core, the in-place density and maximum density should be converted
to dry densities to insure that differences in moisture content
don’t affect the relative compaction result., Above all, this
test shouldn’t be interpreted by the operator as a "quick" com-
paction testing method that is infallible., HKe must be aware of
why the test is xun like it is, how changes of material and
molsture can affect the validity of the compaction results, and
what steps should be taken to correct errors that are caused by
changed conditioms.

www . fastio.com


http://www.fastio.com/

C

iHhPDFE

]


http://www.fastio.com/

	E:\images\000006\00000681.tif
	image 1 of 62
	image 2 of 62
	image 3 of 62
	image 4 of 62
	image 5 of 62
	image 6 of 62
	image 7 of 62
	image 8 of 62
	image 9 of 62
	image 10 of 62
	image 11 of 62
	image 12 of 62
	image 13 of 62
	image 14 of 62
	image 15 of 62
	image 16 of 62
	image 17 of 62
	image 18 of 62
	image 19 of 62
	image 20 of 62
	image 21 of 62
	image 22 of 62
	image 23 of 62
	image 24 of 62
	image 25 of 62
	image 26 of 62
	image 27 of 62
	image 28 of 62
	image 29 of 62
	image 30 of 62
	image 31 of 62
	image 32 of 62
	image 33 of 62
	image 34 of 62
	image 35 of 62
	image 36 of 62
	image 37 of 62
	image 38 of 62
	image 39 of 62
	image 40 of 62
	image 41 of 62
	image 42 of 62
	image 43 of 62
	image 44 of 62
	image 45 of 62
	image 46 of 62
	image 47 of 62
	image 48 of 62
	image 49 of 62
	image 50 of 62
	image 51 of 62
	image 52 of 62
	image 53 of 62
	image 54 of 62
	image 55 of 62
	image 56 of 62
	image 57 of 62
	image 58 of 62
	image 59 of 62
	image 60 of 62
	image 61 of 62
	image 62 of 62




