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CEMENT CONCRETE OVERLAYS BY NUCLEAR METHOD
DOTD Designation: TR 232-84

Scope

1. This method of test covers the procedure for
determining the in-place density of high density concrete.
The procedure is to be used in conjunction with DOTD

Designation: TR 201 Method B to determine the con-
solidation conformance of high density concrete.
Apparatus

2. (a) Troxler model 2401 or 3411 nuclear den-

sity-moisture gage, reference standard, calibration tables,
and approved departmental operational manual,

(b) Suitable measuring device accurate to the
nearest 0.25 inch.

(¢) Dry fine sand.

(d) Density nomograph (See Figure 1).

(e) Fifty-foot tape measure.

(f) Suitable work bridge capable of spanning
the width of paving.

Standardization

3. (1) Warm up the nuclear density gage in accor-
dance with the manufacturer’s recommendations.

(b) Take four one-minute counts for density
with the gage on the reference standard and the probe
in the standard count position. The gage should be located
at least 5 feet (1.5 m) from any vertical structure and 30
feet (9.1 m) or more from any other nuclear gage.

{c) Record the four counts obtained in para-
graph 3(b), calculate and record the average on the
worksheet (See Figure 2).

(d) Take a standard four minute count for
density.

(e) Record the four minute density standard
count (R) obtained in 3(d) on the worksheet.

(f) If the average standard count recorded in
paragraph 3(c) differs from R by more than 2%, refer to
paragraphs 4(c) and (d). If the average standard count
recorded in paragraph 3(c) differs from R by 2% or less,
proceed to paragraph 4(a).

Fragquency of Standardization

4. (a) Standardization of equipment by paragraph

3 using the reference standard is required at the beginning
of each day's use, when the nuclear equipment has been
idle for 4 hours or more, or when test measurements are
suspect.

(b) In the event of repeatedly failing tests in
the same location, single one minute standard counts shall
be taken on the reference standard.

(¢) If any one subsequent standard count run
in the same day differs from the standard count R by more
than 2%, or if the day to day shift in the standard count
is greater than 2%, there is a possibility of gage malfunction
or operator error in placing the gage on the reference stan-
dard. If such a malfunction occurs and is confirmed by the
District Laboratory Engineer, the cause must be determined
and corrected prior to continuing with the test procedure.
A standby nuclear gage should be available due to the
possibility of equipment malfunction. When the standby
nuclear gage is used it shall be standardized in accordance
with section 3 prior to use.

Procedure

5. Initial Readings

(a) Select a test location and record it.

(b) Prepare a smooth surface large enough to
seat the nuclear gage with a minimum amount of dry
fine sand at each test location.

(¢) Warm up the equipment in accordance with
the manufacturer’s directions.

(d) At each test location, seat the gage on the
prepared surface (with sand) and place the probe in the
backscatter position,

(¢) Obtain three one-minute test counts for
density.

(f) Record the average test count on the work-
sheet as Initial Readings: Test Count, CIL.

(g} Determine the initlal density for each test
location in accordance with paragraph 8(a) & (b) and re-
cord the results on the worksheet as Initial Readings: -
Density.

(h) Remove the fine sand from each location.

6. Final Readings
() After the concrete has been consolidated
and prior to texturing operations, center the nuclear gage
on the plastic concrete surface over the same test location
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at which the initial reading was taken.

(b) Place the probe in the backscaiter position.

{c) Obtain a one-minute test count for density.

{d}) Record the test count on the worksheet
as Final Readings: Test Count, CF.

(e) Determine the thickness of the overlay at
the test location to the nearest 0.25 inches and record on
the worksheet.

(f} Calculate the final density in accordance
with paragraph 8(a) & (b) and record as Final Readings:
Density.

In-Place Density

7. (a) Using the nomograph (Figure 1), determine
the in.place density of the concrete overlay as follows:
1. Extend a horizontal line from the
final density on the right hand density
scale to the vertical line corresponding
to the thickness of the overlay.

2, Extend a line through this point
to the initial density on the left hand
scale.

3. Project this line to the right hand
scale and read the in-place density.

(b) Record the in-place density on the
worksheet.

Calculations

8. (a) Calculate the count ratio for each test by
dividing the density test count (CI or CF) by the density
standard count (R).

(b) Using the count ratio, refer to the back-

scatter density calibration chart (provided with each in-

dividual nuclear gage) to determine the density in lbs/ft3,
(¢) After determining the vibrated unit weight
in 1bs/ft3 in accordence with TR 201, Method B (See

Figute 3), calculate the air content of the vibrated unit
weight specimen as follows:

T—(VUW) x 100
T

A

where:

Calculated alr content of the con-
crete inside the unit weight measure
after vibration, %.

Theoretical weight per cubic foot of
the concrete computed on an air free
basis, 1bs/ft3. The theoretical weight
per cubic foot Is calculated by dividing
the sum of the component weights
{batch weights of cement, fine aggre-
gate, coarse aggregate, and water)
by the sum of the absolute volumes
of the components, excluding the
design air content.

Weight per cubic. foot, determined
after external vibration.

VUW =

(d) Calculate the standard unit weight (unit
weight corrected for intended air content) as follows:

VUW x (100-—SA)

SUW = (100—A)

where:
SUW =  Standard Unit Weight, Ibs/tt3.
SA - Specified air content, %.

(e} Calculate the percent consolidation by
dividing the in-place density by the standard unit weight
and multiplying by 100.

Normal testing time is 10 minutes per reading.
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NUCLEAR DENSITY WORKSHEET
FOR HAGH DENSITY CONCRETE
Bockscuiter Method)

Bridge 1D. EXAMPLE u%wc. No, EXAMAE
a

Test Location f-fa 6 2a 2-6 3a __. hﬂm{%v
I initial Headings Siefore Pourk
Teat Cowt, CI 215 214 270 211 268 s®
STO,R 27 %7 267 267 X7 3(a-f)
Count Matlo, (CUN), G [030 4026 Lol fLows hook _ . ___ . BQ()___ . . .
Denslty, ta/f1.3 rom Chart) /32,0 /525 /53.8 1335 134,58 L1 mvv
. Finol Readings {Atter Powh |
Test Count, CF 252 257 255 289 ¢ (d)
STD, R 268 268 208 267
Count Ratio, (CF/R), cR 090 0459 o9s/ o9«
Denslty, tbe/t1.3 Erom Chart) [41.0 1390 (32.8 13.5
Thickness, In. 2h 2 Nx 3 “mﬁu
W dofloce Qo it s Mo Has (oS 7
V. SuW L0 .0 M0 2o P() and TR 201, Methad B
V. % Consolldation P __ 96 %9 quv\* g _

{In-Ploca Dengity x 100) *\E\E.ﬂ&ﬁ tost Localei ulb\‘“ 24 ma\\’nbnhkg!@ ' obtns ' af zest
lotatiin 2-b and found to be in conformance. wiith specyfibalions. In this example, the
Concrele. would then be reconsolidated,, beginning at 2-8,anda reRst performed at 3-a.

RETESTS Finol Readings)

STANDARDIZATION
Nuclear Density-Moisture Gage No. MR

St ST, e, £
tlal ngs, S est Count
| min. counts 26§ 270 216 269 |} Count Ratlo (GF/R), CR m
Avg. = 270 Uﬂuzxmh”.ﬁs /{o.
rom

n-Place Dem., (bs/f1%) ML
From Nornograph)
% Comolidation x9

& min. (R} = 267

Final Reodings, STD

! min, counts 2¢8 272 270 272

s e 00 o &N&H

Tested by NDH—
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STANDARD UNIT WEIGHT (SUW) Adopted 4/84
OF HIGH DENSITY CONCRETE geSofs
(by Vibration)

Project No. EXAMPLE Date Poured 2-/!5/34 '
Bridge 1.D.  EXAMPLE Specified Air (In-Place), SA: 6.5 %
MIX DESIGN:

I Batch 1  Spec. | Absoiute |

I Weights | Gravity | Volume |

I (bs) 1 | (cu. ft.) 1
T _Cement i %26 | 3.15 | 202 |
I Fine Agg. T 7366 | ___2.62 | 535S |
| Coarse Agg. 1 /350 | 2.8% . 353 |
| Water | - | | .
| (als, x 838 | 257 | 100 | 49 |
| _Total T TW= 3799 1 [TTV=25029 |

Theor. Unit Weight Excl. Airls T = TW/TV = /S7.F  Ibs./cu. ft.

VIBRATED UNIT WEIGHT (VUW):
Weight of measure + concrete, W = 935G Lbs.
Weight of measure, M = 22.70  Lbs.
Calibrated Volume, K = . 4997

VUW = (W-M) = 4/ 8  Lbs./cu. ft.
R

Vibration Time = /S sec./Layer
AIR CONTENT OF VIBRATED CONCRETE (A):

A=T_-(\LUT_Wlx'|GO= Cb %

STANDARD UNIT WEIGHT (SUWX

VUW 100 - SA
SUW = IC);O(- A ) = /42. Q  Lbs./cu. ft.

inspector CDA—

Figure 3



