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SCOPE

Many tests require that the volume of aring or mold, or the unit weight measure of some
item be accurately known. This method describes two procedures to determine the
volume of these devicesto an accuracy of £ 0.5 ml (0.0016 oz.).

Part | describes a mechanical procedure for use if the volume has a cylindrical interior.

Part Il describes how to calculate the volume from the weight and density of the water
required to fill it.

The values given in parentheses (if provided) are not standard and may not be exact
mathematical conversions. Use each system of units separately. Combining values from
the two systems may result in nonconformance with the standard.

PART I—MECHANICAL METHOD

2. APPARATUS

2.1 Interior caliper or dial gauge.

2.2 Calibrated caliper.

2.3 Calibrated length standards, approximately the internal diameter of the device being
measured.

3. PROCEDURE

3.1 Using alength standard approximately the interior diameter of the device being
measured, verify the dial reading of the internal diameter gauge. See Section 4.

3.2 Take 12 interior diameter measurements: four near the bottom, four at mid-level, and four

near the top. The caliper must be perpendicular (i.e., at aright angle) to the walls of the
volume at all times. Remember that dial type interior gauges will read "backwards.”
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Use the caliper to measure the depth of the device at four places.

Average the diameter readings in millimeters to one decimal place.
Average the depth readings to one decimal place.

Compute the volume in mm?. Divide by 1,000,000,000 to find cubic meters.

Report the volume and the reciprocal (often used as a multiplier).

4.1

4.2

4.3

4.4

INTERNAL DIAMETER MEASUREMENTS

Measure the internal diameter of a cylinder container with a common dial gauge fitted
with an extension foot. The combination must be long enough to cause the dial gauge to
be deflected at all times both are inside the container being measured.

First, calibrate the dial gauge and foot combinations to a known length that is
approximately the internal diameter of the volume. Use alength standard and a good
quality outside caliper. Adjust the caliper to fit the standard block and then lock the arm
down. Next, carefully set the dial gauge with its foot inside the open caliper. Move the
combination back and forth in order to locate the maximum deflection of the dial. While
holding this position, set the dial gauge to zero and lock the scale. Write down the length
used for this zero reading.

The internal diameter isthislength for this zero setting plus or minus the change
indicated by the dial gauge when inside the container; however, the combination works
"backwards." The dia will indicate higher value when deflected. Thisis the case when
placed in a container smaller than the reference length. That is, when deflected, the dial
reads higher. So, subtract the difference from the zero length when the dial indicates a
value greater than zero. Add when the dial indicates less than zero.

EXAMPLE: Assume a container whose diameter is about 100 mm (4 in.). Set the dial to
zero using a caliper and areference length of 100.000 mm (4 in.). When placed inside the
container, assume the dial is deflected less and indicates 0.960, or 40 one-thousandths
less than the zero setting. But the dial isinside, not outside the device and reads
"backward" from normal use. The diameter is 100 plus the change of 0.040 mm

(4/1000 in.) or 100.040 mm (4 in.). If the dial read 1.005 mm (1/25 in.) for a change of
0.005 mm (1/200 in.), the diameter would be less than the reference, or 100.000 minus
0.005 giving a diameter of 99.995 mm.

To measure the inside diameter, place the calibrated dia gauge and foot inside the
container. Keep them at right anglesto the walls at all times. Do this by using a block
inside the container and laying the dial gauge's back on this block. Choose blocks of the
proper height to measure near the bottom, the mid-point and near the top.
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PART II—WEIGHING METHOD

5. APPARATUS

5.1 Glass plates.

5.2 Syringe.

5.3 Calibrated thermometer.

54 Calibrated balance, accurate to 0.5 g.

6. MATERIALS

6.1 Slicone grease.

7. PROCEDURE

7.1 Calculating Volume:

7.1.1 Place aring or mold flat on a glass plate at least 6 mm (0.25 in.) thick, with avery thin
film of silicone grease in the contact area between the two.

7111 Dress or machine the upper and lower faces of aring or mold if they are rough.

7.1.1.2 A container with a bottom will not need this step.

7.1.2 Place a glass plate on top of the ring, mold, or measure.

7.1.3 Weigh these to the nearest 0.5 g and record this weight as W, under Section 8.

7.1.4 Remove the top glass and pour clean water into the cavity until the water level is close to
the top of the unit on its lowest side.
Note 1—Use distilled water if possible. The temperature-density relationship of water
full of minerals may not be according to the chart.
Note 2—Avoid spilling water on the outside of the mold or container. The weight will
be wrong if the outside is not dry. It is easy to spill water by backing up the glass plate
when filling the cavity.

7.1.5 Starting on the lowest side of the top opening, slide the top glass carefully across toward
the high side as water level rises.

7.1.6 Asthe cavity fills, surface tension will cause the water to adhere to the glass cover plate.

When the cavity is nearly full, an air bubble will remain. Fill exactly with afew drops of
water from the syringe. No air bubble should remain when finished.
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7.1.7 Weigh plates, mold or measure, and water to the nearest 0.5 g. Record weight as W,
under Section 8.

7.1.8 Remove the top plate. Insert athermometer calibrated to the nearest degree into the
water. When this thermometer reaches a constant reading, record the temperature (T) to
the nearest fraction of a degree practicable to estimate with the thermometer.

Note 3—The density change with temperature is not very rapid with cold water (4°C
[39°F]). However, in the area of 38°C (100°F), the density change with temperatureis
critical.

7.1.9 Find the density of the water at temperature T in Table 1, and record as D. Interpolate if
necessary.

7.1.10 Cadlculate the volume as shown under Section 8.

7.1.11 Report the volume and the reciprocal .

7.2 Density of Water Temperature:

Table 1—Density of Distilled Water in Grams per Milliliter ver sus Celsius Temper atures
Temp, C Density Temp, C Density Temp., C Density
0 0.99987 13 0.99940 26 0.99681

1 0.99993 14 0.99927 27 0.99654

2 0.99997 15 0.99913 28 0.99626

3 0.99999 16 0.99897 29 0.99597

4 1.00000 17 0.99880 30 0.99567

5 0.99999 18 0.99862 31 0.99537

6 0.99997 19 0.99843 32 0.99505

7 0.99993 20 0.99823 33 0.99473

8 0.99988 21 0.99802 34 0.99440

9 0.99981 22 0.99780 35 0.99406

10 0.99973 23 0.99756 36 0.99371

11 0.99963 24 0.99732 37 0.99336

12 0.99952 25 0.99707 38 0.99299

7.3 Sandard Unit Weight Measures:
Table 2—Standard Unit Weight M easur e Specifications
Capacity Cubic—Feet | Inside Diameter, in. Inside Height, in. | Minimum Thickness, in. Bottom
Wall
1/10 6.0+0.1 6.1+0.1 0.200.10
100+ 0.1 11.0+£0.1 0.200.12
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8. CALCULATIONS
8.1 Calculate volume:

V = (W, —W,) / (D * 1,000,000) m?

Volume, ft.*> = (Volume, m*) x (35.3147)
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