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Performance Verification and Reliability Test
of Load Cell Gauge in Korea

9 W Kim, Yeong-Bae v o )’ Park, Yeong-Bae
o 4 ¢ Lee, Seong-Won o 7 4« Lee, Kang-II
Abstract

Monitoring the site of an underground construction wall is crucial to confirm the stability of the supports and ground
due to excavation. In particular, it is essential to maintain the accuracy of a load cell gauge, which identifies the load
of the support transmitted from the excavated ground. However, research on verification methods and regulations that
can identify the accuracy of load cell gauges at construction sites is inadequate, which is a problem as load cell gauges
are installed without proper performance inspections. In this study, performance tests were conducted by a complete
investigation of load cell gauges sold in Korea and comparing them with foreign products to determine defect causes.
In addition, the criteria for selecting a load cell gauge were presented, and the results of this study were considered

to help select a highly reliable load cell gauge.
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Fig. 1. Location and method of installation of load cell gauge
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(a) A domestic load cell gauge (b) A foreign—made load gauge (Geokon)

Fig. 4. Load cell gauge including plate

Table 1. Comparison of self-test report of load cell gauge by company

Test load (tonf) Test load point (Criteria : 10 stage) Testing method by company
Company Max. load Calculation Criteriacompare
(140) Test status Stage Compare formula No. of tests (3times)
A 100 OK 5 NG Linearity 2 NG
B 120 OK 6 NG Linearity 2 NG
C 140 OK 7 NG Linearity 1 NG
D 140 OK 7 NG Linearity Unable to check NG
E 100 OK 5 NG Lin~+Poly~ 1 NG
F 100 OK 10 OK Lin~+Poly~ 2 NG
G 100 OK 10 OK Linearity 2 NG
H 100 OK 10 OK Unable to check 1 NG
| 100 OK 5 NG Lin~+Poly~ 1 NG
J 100 OK 10 OK Lin~+Poly~ 2 NG
K 100 OK 5 NG Linearity 2 NG
L 100 OK 5 NG Polynomial 1 NG
M 100 OK 5 NG Polynomial 1 NG
ol AzAL HE A} AR I8 A H oz A 33 M5ZAL 7IZ0 2= HSZA BRIN Ty
et AAEALE Agstel Mgk ot
AzAbe] A AH Ak AL 71 ES Eestel QL] AL 7] %] B 1S ETHE Table
delsl 2o 1370 A B S e 71EE A 23 2ol sl e AL AAAE sl alTiPublic
712 = AR FofE QI Notice of the Ministry of Public Administration and Security,

Table 2. Load cell gauge performance test procedure

No. Performance inspection procedures

The load measurement standard used in the performance inspection shall be capable of loading the load in order of increase and

1
decrease

The condition of the load cell gauge and normal operation shall be checked. Conduct a manual measurement of the load cell for
normal operation and check whether there is any inability to measure and whether the results are similar to the calibration sheet.

Normal operation is checked by applying a pre—load to the maximum load of the load cell gauge.

Match the central axis of the load cell gauge with the central axis of the calibrator to prevent eccentric error.

It shall be inspected at least three times over the entire range of the maximum load (120° rotation for each test). The inspection load
5 points shall be selected at least five, which are the same load points as the manufacturer's own report, and the distribution shall
be uniform if possible.

6 After loading the load cell gauge, load it until no load.
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Exterior External diameter Internal diameter Height Weight (kgf) | Structural and functional inspection
Company
Domestic Aver 1.8 75 9.2 5.2 @)
Foreign (Geokon) 1.4 76 1.4 53 @)

Table 4. Domestic load cell gauge plate appearance inspection results (mm)

Bxterior Height Thickness External diameter Internal diameter
Company
Domestic Aver 18.5 14.0 129.9 75.7
Foreign (Geokon) 413 38.1 127.1 757
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Table 5. Load test results of domestic load cell gauge body (tonf)

Load Test 20,0 400 60.0 80.0 100.0 Result
Company
1 19.9 40.4 60.9 81.4 1017 0.98%
A 2 19.8 40.4 60.8 81.3 1017 (1.0% FS
Aver 19.8 404 60.8 814 1017 OK
1 210 403 60.4 80.6 101.0
B 2 210 404 60.3 80.6 101.0 1.57%
: : : : : Y 1.0% FS
Aver 21.0 403 60.4 80.6 101.0
1 19.2 376 56.2 754 94.7 _5.16%
c 2 19.3 376 56.3 75.4 94.8 ) 1.0% FS
Aver 19.2 37.6 56.3 75.4 9.8 NG
1 287 474 66.6 86.0 105.7 13.87%
D 2 29.0 478 66.8 86.2 105.8 Y 1.0% FS
Aver 289 476 667 86.1 105.7 NG
1 24.2 443 64.9 859 107.3 10.98%
E 2 24.2 444 65.0 859 107.3 Y 1.0% FS
Aver 24.2 443 64.9 85.9 107.3 NG
1 157 363 56.3 76.4 96.7 _888%
F 2 15.7 36.4 56.4 765 96.7 ) 1.0% FS
Aver 157 36.4 56.3 76.4 96.7 NG
1 285 477 67.3 87.1 107.4 7. 68%
G 2 28.1 474 67.1 87.1 1071 Y 1.0% FS
Aver 283 475 67.2 87.1 107.3 NG
1 17.0 36.8 56.2 76.1 96.1 7.62%
H 2 17.1 36.7 56.2 76.1 96.1 > 1.0% FS
Aver 17.0 36.8 56.2 76.1 96.1 NG
1 207 407 61.1 81.4 102.2 253%
2 211 409 61.3 817 102.2 ) 1.0% FS
Aver 20.9 40.8 61.2 81.6 1022 NG
1 4.0 367 420 66.7 903 57 55%
J 2 487 63.6 731 85.1 104.6 Y 1.0% FS
Aver 44.8 50.1 57.6 75.9 975 NG
1 202 3838 57.6 76.6 96.1 2 25%
K 2 20.8 39.4 58.1 771 96.5 > 1.0% FS
Aver 205 39.1 57.8 76.8 9.3 NG
1 9.0 26.6 444 62.8 815 —_30.77%
L 2 9.1 26.6 445 62.8 815 Y 1.0% FS
Aver 91 26.6 445 62.8 815 NG
1 145 348 55.3 75.9 96.7 —1131%
M 2 15 348 55.3 75.9 96.7 Y 1.0% FS
Aver 145 348 55.3 75.9 96.7 NG
Table 6. Load test results of foreign load cell gauge (tonf)
Load
Test 20.0 40.0 60.0 80.0 100.0 Result
Company
1 203 39.8 59.7 79.9 100.3
0.33%
_ 2 203 39.8 59.7 79.9 100.3
Foreign (Geokon) Y 1.0% FS
3 203 39.8 59.7 79.9 100.3 oK
Aver 203 39.8 59.7 79.9 100.3
=L} oISH Hdsd3 sz Al A7 109
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Fig. 5. Graph of load test results of domestic and foreign load cell gauge
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Table 7. Load test result of domestic load cell gauge including plate (tonf)

Load Test 20.0 40.0 60.0 80.0 100.0 Result
Company
1 210 40.0 59.8 796 99.6 07%
A 2 20.9 40.0 59.8 796 99.6 (1.0% FS
Aver 20.9 40,0 59.8 796 99.6 OK
1 214 44 61.6 81.8 102.1 3.27%
B 2 214 44 61.6 81.8 102.1 Y 1.0% FS
Aver 214 4.4 61.6 818 102.1 NG
1 185 372 56.1 753 94.8 _5.48%
c 2 19.0 376 56.7 75.9 9523 Y 1.0% FS
Aver 187 374 56.4 756 95.0 NG
1 28.8 482 675 871 106.8 511%
D 2 292 487 68.0 87.4 107.1 Y 1.0% FS
Aver 29.0 48.4 678 87.3 106.9 NG
1 22 M6 62.2 83.4 105.1 5.80%
E 2 24 M9 625 835 105.2 Y 1.0% FS
Aver 23 M8 62.3 835 105.1 NG
1 18.2 385 586 787 9838 _2.60%
F 2 182 38.4 586 787 9838 Y 1.0% FS
Aver 18.2 385 586 787 9838 NG
1 240 44.0 64.1 847 106.2 2.95%
G 2 277 467 66.4 86.4 1067 Y 1.0% FS
Aver 259 453 65.3 85.5 106.5 NG
1 19.0 38.6 583 782 98.2 5.08%
H 2 19.0 386 583 782 983 Y 1.0% FS
Aver 19.0 386 583 782 983 NG
1 156 383 58.7 79.3 99.9 _4.9%%
2 187 384 59.1 795 100.0 Y 1.0% FS
Aver 17.1 38.4 589 79.4 99.9 NG
1 350 585 711 1022 90.9 33.65%
J 2 45,0 61.9 486 977 9523 Y 1.0% FS
Aver 448 50.1 576 75.9 975 NG
1 20.3 39.6 59.2 789 9838 0.4%%
K 2 205 39.9 59.4 79.1 989 ( 1.0% FS
Aver 204 397 59.3 79.0 989 OK
1 45 197 36.6 549 738 _44.04%
L 2 45 197 36.6 55.0 739 Y 1.0% FS
Aver 45 197 366 549 739 NG
1 129 308 491 676 86.6 o1.2%
M 2 127 308 49.0 676 86.6 Y 1.0% FS
Aver 1238 308 491 676 86.6 NG
Table 8. Load test result of foreign load cell gauge including plate (tonf)
Load
Test 20.0 40.0 60.0 80.0 100.0 Result
Company
1 20.2 3981 50.8 79.9 100.1 0.18%
Foreign (Geokon) 2 20.2 39.81 59.8 79.9 100.1 Y 1.0% FS
Aver 20.2 39.81 50.8 79.9 100.1 OK
= oA dsd30 AZA Al 972 111



Table 9. Load loading test result depending on the presence or absence of plate (tonf)

Resul Accuracy Selfspec. Criteria Evaluation

Company Plate (O) Plate (X) Difference (% FS)

A 0.70 0.98 0.28 Yy £ 05

B 3.27 1.57 -1.70 Yy £10

C -5.48 -5.16 0.32 y £ 10

D 15.11 13.87 -1.23 Yy £ 05

E 5.82 10.93 510 Yy £ 05

F -3.63 —8.88 —5.24 unmarked

G 1298 1768 470 unmarked £1.0% NG

FS less than

H -3.08 —7.62 454 ) £ 05

| -4.22 2.53 6.74 unmarked

J 33.68 27.55 -6.13 unmarked

K -0.43 —2.25 1.82 unmarked

L —44.94 -30.77 —14.17 unmarked

M —21.22 —11.31 —9.91 unmarked
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Table 10. Results of the second load cell gauge test by an calibration institution (tonf)
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Load Test 200 400 60.0 80.0 100.0 Result
Company
1 206 411 61.4 818 102.3
0.94%
2 196 40,0 60.2 80.6 100.0
A (1.0% FS
3 198 402 605 807 1012 oK
Aver 20.0 404 60.7 81.0 1011
1 218 46 6.8 819 101.9
3.31%
2 215 42 61.2 812 1017
B Y 1.0% FS
3 216 M3 613 815 101.9 \G
Aver 217 M4 61.4 815 1018
1 17.0 367 56.4 762 9611
4.97%
2 182 378 575 772 973
C Y 1.0% FS
3 185 381 57.8 776 97.4 G
Aver 17.9 375 57.2 77.0 96.9
1 183 380 579 776 975
0/
2 184 381 580 778 977 4.42%
. Y 1.0% FS
3 182 380 57.9 777 977 G
Aver 18.3 38.0 57.9 7 977

112

st=XBtEsisl=2d  M39A Mi2s



Table 11. Analysis of 1st and 2nd test results of company A and B (digit)

Test A Company B Company
Load 1 2 Difference | Error rate (%) 1 2 Difference | Error rate (%)
0 7983.2 7993.8 - 10.6 0.13 6516.3 6540.9 — 246 0.38
20 7557.0 7563.6 - 6.6 0.09 6202.7 62257 -23.0 0.37
40 71415 217 13.8 0.19 5896.2 5897.1 -0.9 0.02
60 6717.0 6695.3 217 0.32 5582.8 5567.0 15.8 0.28
80 6287.0 6262.1 249 0.40 5262.8 5236.7 26.2 0.50
100 5852.0 5833.0 19.0 0.33 5939.2 4903.0 36.2 0.74
Avg. 0.24% 0.38%
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Fig. 6. Graph of 2nd performance test results of company A and B
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