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1. SCOPE

1.1 This procedure discusses the procedure for the calibration of force measuring devices,
and is based upon ASTM E 4.

1.2 Force measuring devices may require calibration in tension and/or compression.
Calibration may be by either:
B direct comparison with certified standard weights

B  direct comparison with devices meeting the requirements of ASTM E 74.

1.3 The calibration procedure normally consists of 20 to 30 separately applications of known
loads.
1.4 Force and load measuring devices include proving rings (ring-dynamometers), electronic

load cells, and hydraulic load indicators. Cdibrate proving rings at two-year intervals.
Calibrate electronic load cells, testing machines, and other devices annually in normal
use. Calibrate testing machines as a system in the location where they are to be used.

15 Unless specified otherwise, the final calibration accuracy must be within plus or minus
one percent.
1.6 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.

2. DEFINITIONS

2.1 Pound Force (Ibf)—Pound force is that force, which if applied to a one-pound mass, will
cause it to accelerate at arate of 9.80665 meters per second.

EXAMPLE: A 1,000-pound weight placed on a specimen exerts a force of 1,000 pounds.
The acceleration factor is the result of gravity on the weight.

2.2 Newton (N)—Newton is that force which, if applied to a one-kilogram mass, will cause it
to accelerate at arate of one meter per second per second.

EXAMPLE: A 1000-kilogram weight placed on a specimen exerts 1000 kilograms force,
which is equal to 9.80665 kilo-Newtons. One-kilogram force equal s 9.80665 Newtons.
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2.3 Testing Machine—A testing machine is a device designed to hold specimens and to apply
aforce or enable aforce to be applied to them. Testing machines incorporate equipment
to apply a controlled force and instruments to measure this force.

2.4 Loading Frame—A loading frame is a device designed to hold specimens and to apply a
controlled force or enable aforce to be applied to them. Loading frames usually
incorporate external devices for these purposes.

3. REFERENCE DOCUMENTS

3.1 ASTM E 4.

3.2 ASTM E 74.

4. APPARATUS

4.1 Calibrating devices, meeting the requirements of ASTM E-74, calibration traceable to
NIST. The uncertainty of these devices is normally within 0.25% or less of the load.

4.2 Loading frame or testing machine, of sufficient capacity to hold the calibration
instruments and the device to be calibrated, mounted such that the total load is
transmitted through one instrument to the other.

5. PROCEDURE

5.1 Select at least ten loads from about 10% of capacity to full scale. Calibrate a device at
loads less than ten percent if needed; however, the linearity is usually not good below the
10% point. Loads do not need to be at exact multiples of ten percent.

Note 1—Certain devices, such as proving rings used to calibrate concrete beam
breakers, and hydraulic load cells, used to calibrate gyratory molding presses, need
calibration at only afew specific points.

5.2 Cycle the instruments from zero to full load at least three times. Zero as needed and then
look for the zero and the maximum value on the device to be calibrated to repeat during
the last flexures.

5.3 Zero dl load indicators.

5.4 Apply thefirst load. Adjust the rate of loading from relatively fast between points to very
slow or stopped at the calibration points. Record the true and the indicated load at each
point.

5.5 Remove the load and repeat Section 5.4.

5.6 Repeat the load application athird time.

Note 2—If the device to be calibrated has a history of repeatable results and the first two
runs repeat within 0.1% of the load, omit the third load comparison run.
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5.7

5.8

Calculate the average value for each calibration point.

If the device being calibrated is a proving ring, perform the calculations described in
Section 7.

6.1

REPORTING

Report the true loads and the average indicated load for each calibration point. Also
include the date of calibration, names of technicians, work location, serial number of the
device being calibrated, and the serial number of the calibration standard.

Note 3—Certain devices, such as proving rings used to calibrate concrete beam

breakers, and hydraulic load cells, used to calibrate gyratory molding presses, need
calibration at only afew specific points.

Note 4—If the device to be calibrated has a history of repeatable results and the first two
runs repeat within 0.1% of the load, omit the third load comparison.

7.1

7.1.1

7.1.2

7.1.3

PROVING RING ZERO CORRECTION AND CALIBRATION FACTORS
Zero Correction:

Determine a calibration factor, except for proving rings only used to calibrate specific
loads.

Note 5—Proving rings used only at specific calibration points do not need this factor.
The factor is useful only to determine |oads between known points. One such proving
ring is used to calibrate the concrete beam breaker.

In normal use, read a maximum deflection from the dial gauge during atest. Thisdial
reading is then multiplied by the calibration factor to determine the load in Newtons or
pounds force. This calibration factor is an average value for the ring. The factor changes
over the range of thering.

Only a statistical regression analysis of the calibration data determines the best overall
factor can; however, thereis an easier way. After calculating the average for each
calibration point, use the following cal culations to determine a zero reading setting that
will improve the accuracy of the calibration factors. This exampleisin pounds force but
could be in Newtons:

[(XeB)—A]

Let K=
Y

Where:

K = Dia zero offset (may be plus or minus)

A = Dial reading at approximately 10 percent load

B = Dial reading at 100 percent load

X =Load at A divided by the load at B and expressed as a decimal
Y =10-X.
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EXAMPLE:

Let:
A =79.1divisions, and

TXDOT DESGNATION: TEX-902-K

B = 900.5 divisions at loads of 1000 and 11200 pounds force.

Then:
X=1000/ 11200 = 0.0893, and
Y =1.0-0.0893 = 0.9107

If:
K=[(XB)-A]/Y

Then:

K= [(0.0893)(900.5) - 79.1] / 0.9107

=(80.41-79.1)/0.9107
=1.31/0.9107
=1.44 divisions.

Check the above value with:

A+K=X(B+K)

79.1 + 1.44 = 0.0893 (900.5 + 1.44)

80.54 = 0.0893 (901.94)

80.54 = 80.54.

Round off K to the nearest 0.5 divisions for a zero correction of plus 1.5 divisions.

7.2 Calibration Factor:
7.2.1 Calculate a factor for each test point in the example below. Find each factor by dividing
the load by the dial deflection for that point.
Table 1—Calculating Calibration Factors
L oad Average Reading Calibration Factor
Ibf divisions Ibf per division
0 15
1000 80.6 12.407
1500 120.9 12.407
2000 160.4 12.469
2500 200.3 12.481
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Table 1—Calculating Calibration Factors
L oad Average Reading Calibration Factor
Ibf divisions Ibf per division
3000 240.0 12.500
3500 279.8 12.509
4000 319.4 12.523
5000 399.8 12.506
6000 149.6 12.510
7000 560.3 12.493
8000 641.4 12.473
9000 722.4 12.458
10000 803.3 12.449
11000 885.9 12.417
12000 902.0 12.417
7.2.2 The overall proving ring factor isfound by taking the average of the highest factor,

12.523, and the lowest factor, 12.407. The result is 12.465 Ibf per division. This average
isusualy very close to the best factor for the ring in question. Rounding down and using
12.46 poundstimes 80.6 divisions at 1000 Ibf, the calculated load is 1004.3 |bf. Thisisa
4 1bf or 0.4% error. At 4000 |bf, the calculated load is 319.4 divisions times 12.46 or
3979.7 Ibf. The error is- 20.3 Ibf or - 0.51% error. Rounding up to 12.47 produces almost
the same errors

Note 6—Proving rings used only at specific calibration points do not need this factor.
The factor is useful only to determine loads between known points. One such proving
ring is used to calibrate the concrete beam breaker.

8. PROVING RING TEMPERATURE CORRECTION

8.1 Proving rings are standardized to be correct for a temperature of 23°C (73.4°F). Calculate
the deflection at other temperatures:

d,, =d, - 000027 (t, - 23)d

tc

Where:

dz3 = deflection at atemperature of 23°C
di. = deflection at temperature of t.

t. = temperature, degrees Celsius.

-OR-
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d73_4 = dtf —0015(tf _734)dtf

Where;
d-z3.4 = deflection at atemperature of 73.4°F

di = deflection at atemperature of t;
t; = temperature, degrees Fahrenheit.

8.2 For highest accuracy, correct the final results for temperature.
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