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we | pm | EE || O |itmgn| man
kg/m m Hz N kN %
® @ &) @ ® @
Al 30.4 | 35.201 [3.7188| 2111 |2083.7| 1.29
A2 | 30.4 |42.604 |2.7813| 1731 |1707.3| 1.37
A3 | 30.4 |51.337 [2.3750| 1834 [1807.7] 1.44
A4 | 35.5 |58.545 2.0313| 2039 |2008.1] 1.51
A5 | 35.5 | 66.884 |1.9219{ 2307 |2346.3|—1.70
A6 | 39.7 | 74.363|1.7031| 2588 |2547.2| 1.58
A7 | 39.7 [82.017 |1.4844] 2392 |2353.7| 1.60
A8 | 49.0 [ 89.451 |1.3438| 2879 |2831.8] 1.64
A9 | 39.7 |97.099 |1.2344| 2319 [2281.3| 1.63
A10 | 39.7 |104.800|1.156 3| 2371 |2331.7] 1.66
All | 45.4 |112.6681.0859| 2765 |2718.5] 1.68
A12 | 39.7 |120.350[1.0391| 2526 |2483.3| 1.69
A13 | 39.7 [128.016]0.9141| 2212 |2174.5| 1.69
Al4 | 39.7 |135.703|0.8984| 2402 |2360.3| 1.74
A15 | 39.7 1143.419]0.8711| 2522 |2478.6| 1.72
A1’ | 30.4 {33756 |3.7031| 1924 |1900.1( 1.24
A2 | 30.4 [43.308 |2.734 4| 1729 |1705.2| 1.37
A3' | 30.4 |50.496 [2.4219] 1845 [1818.7| 1.43
Ae | 35.5 |58.939|2.0000! 2003 |1973.1] 1.49
A5 | 35.5 |66.220 |1.7969| 2041 |2010.5] 1.49
A6° | 39.7 | 74.124 [1.656 3| 2432 |2393.4] 1.59
A7 | 39.7 |81.809 |1.4531| 2281 |2244.2] 1.61
A8’ | 49.0 | 89.182 |1.3438] 2861 |2814.8| 1.61
A9 | 39.7 | 96.859 |1.2656| 2426 |2386.4| 1.63
A10° | 39.7 [104.494!1.2656| 2755 |2777.4| —0.81
A1’ | 45.4 [112.297|1.046 9| 2552 |2509.8] 1.65
Al12° | 39.7 46 9| 2545 |2502.4 1.68
A13° | 39.7 |127.643|0.9297| 2275 |2236.3| 1.70
A& | 39.7 |135.327]0.9375| 2600 |2556.0| L. 69
A15° | 39.7 1143.124/0.8398| 2334 |2204.2] 1.71
E.RPEEHLO=(B-®)/© X100,

R2 IAMEETABHSRDANAEHELER Q)
wo | amg | EE o) KO0 | gy
kg/m m Hz N kN %
@ @ @ €y ® ® @
B1 30.4 | 34.875 {3.7188| 2072 |2045.3} 1.29
B2 30-4 | 42.305 [2.796 9| 1726 |1702.4| 1.37
B3 30.4 | 51.056 |2.3906| 1838 |1811.5| 1.44
B4 35.5 | 58.284 |2.0469| 2052 |2021.0| 1.51
B5 35.5 | 66.635(1.9219| 2289 |2328.9|—1.74
B6 39.7 | 74.127 |1.7031{ 2572 |2531.0] 1.59
B7 39.7 {81.793 [1.4844| 2379 |2340.8| 1.60
B8 49.0 | 89.239 |1.3438| 2865 [2818.4| 1.63
B9 39.7 | 96.897 |1.2344] 2310 [2271.8]| 1.65
B10 | 39.7 |104.606|1.1563| 2362 |2323.1| 1.65
B11 45.4 |112.481|1.059 4| 2756 |2578.6| 6.44
B12 39.7 |120.169(1.0391} 2518 |2475.8| 1.68
B13 39.7 |127.842[0.9141| 2205 |[2168.6| 1.65
Bl4 | 39.7 |135.545[0.898 4| 2396 |2354.8| 1.72
B15 39.7 |143.257(0.871 1| 2516 |2473.0| 1.71
B1’ 30.4 | 33.433 [3.7656| 1952 |1927.3] 1.26
B2’ 30.4 | 43.007 (2.7656 ) 1744 11720.3{ 1.36
B3’ 30.4 | 50.218 |2.4219| 1825 |1798.7] 1.44
B4’ 35.5 | 58.675!2.0156| 2016 |1986.2| 1.48
Bs5’ 35.5 | 65.973 {1.7969| 2027 [1995.5| 1.55
Bs’ 39.7 | 73.889 |1.6719| 2462 |2423.4| 1.57
BT’ 39.7 | 81.586 |1.4531| 2268 |2232.0] 1.59
B8’ 49.0 | 88.971 }1.3438 2848 |2801.5] 1.63
B9’ 39.7 | 96.658 [1.2656| 2416 [2376.5| 1.64
B10° | 39.7 |104.301[1.2500| 2711 [2699.3| 0.43
B11’ | 45.4 [112.111|1.0469] 2543 [2501.5| 1.63
B12> | 39.7 [119.731|1.046 9| 2538 |[2494.9] 1.70
B13® | 39.7 1127.471(0.9297| 2269 |2230.3| 1.71
Bl14> | 39.7 |1385.161(0.9453| 2638 {2592.3| 1.73
B15" | 39.7 |142.963[0.8398( 2329 |2289.0| 1.72
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2B ﬁ%ﬁiﬁ%ﬁﬁﬁ‘ LRBIRES | BREF A %K /m REGEXTE W4 58 (3 5 1 e B (6)TH .
LRREFI/RN | WEHZE/Hz | K/(X108N/m) kg/m & J1/kN

ol ® ® @ ® ® @ ®
Al 2 111 3.965 6 6. 62 35. 201 30. 4 0.047 8 2 051 2. 84
A2 1731 2.981 3 6. 62 42. 604 30. 4 0. 039 0 1 662 3. 97
A3 1 834 2.531 3 6. 62 51. 337 30. 4 0.036 8 1787 2. 57
A4 2 039 2.1953 6. 62 58. 545 35.5 0.036 3 1 982 2. 79
A5 2 307 2.000 0 6. 62 66. 884 35.5 0.037 1 2 362 —2. 38
A6 2 588 1. 873 4 6. 62 74. 363 39. 7 0. 036 2 2 502 3. 32
A7 2 392 1. 651 6 6.62 82. 017 39.7 0.0339 2 424 —1.33
A8 2 879 1.439 1 6. 86 89. 451 49. 0 0.034 0 2 757 4.23
A9 2 319 1.324 2 6. 62 97. 099 39. 7 0. 030 1 2 269 2.15
A10 2 371 1.214 8 6. 62 104. 800 39. 7 0. 030 4 2 501 —5. 49
All 2 765 1.212 5 6. 86 112. 668 45. 4 0.029 3 2 588 6.41
Al2 2 526 1.107 0 6. 62 120. 350 35.7 0.028 6 2 537 —0. 43
Al3 2 212 1. 021 9 6. 62 128. 016 39. 7 0. 026 4 2 304 —4.18
Ald 2 402 0. 982 2 6. 62 135. 703 - 39.7 0.026 0 2 369 1. 36
Al5 2 522 0. 970 4 6. 62 143. 419 39. 7 0. 026 6 2 617 —3.76
Al’ 1 924 3. 965 6 6. 62 33. 756 30. 4 0.047 8 1 968 ~2.30
A2’ 1729 2. 965 6 6. 62 43. 308 30. 4 0.038 9 1 681 2.78
A3’ 1 845 2.628 1 6. 62 ' 50. 496 30. 4 0.037 1 1785 3.28
A4’ 2 603 2.131 3 6. 62 58. 939 35. 5 0.035 8 1 942 3. 02
A5’ 2 041 1.943 8 6. 62 66. 220 35.5 0.035 1 2 100 —2. 88
A6’ 2 432 1.761 9 6. 62 74.124 39. 7 0.035 8 2 445 —0.55 |
AT’ 2 281 1.548 4 6. 62 81. 809 39. 7 - 0:.033 4 2 353 —3.14
A8’ 2 861 1.437 5 6. 86 89. 182 49. 0 0. 034 2 2 782 2.76
A9’ 2 426 1.359 1 6. 62 96. 859 39. 7 0.030 7 2 353 2. 99
Al0’ 2 755 1. 324 2 6.62 104. 494 39. 7 0.031 5 2 673 2. 97
A1l 2 552 1.107 8 6. 86 112. 297 45. 4 0.029 6 2 631 —3.09
A12’ 2 545 1.170 3 6. 62 119. 910 39.7 0.028 8 2 567 —0.86
Al3’ 0.995 3 6. 62 127. 643 39. 7 0.026 6 2 335 —2. 66
Al4° 0_ 0.975 3 6. 62 135. 327 39. 7 0.026 7 2 494 4. 07
Al5’ 2 334 0.893 6 6. 62 143. 124 39. 7 0. 025 7 2 447 —4.83

i RFEE RO = (@—®)/@ X100, % 4 H.
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LRFEREN/RN | MBEFE/Hz [K/(X10°N/m) kg/m & J1/kN

@ @ &) @ & ® @ ©
Bl 2 072 3. 965 6 6. 62 34. 875 30. 4 0. 047 8 2 032 1. 91
B2 1 726 2.981 3 6. 62 42. 305 30. 4 0.039 0 1 651 4. 35
B3 1 838 2.532 8 6. 62 51. 056 ' 30.4 0. 036 4 1 738 5. 42
B4 2 052 2.195 3 6. 62 58. 284 35.5 0. 036 2 1 963 4. 36
B5 2 289 2.031 3 6. 62 66. 635 35.5 0.037 6 2 424 —5.89
B6 2 572 1.873 4 6. 62 74.127 39. 7 0. 035 7 2 428 5. 58
B7 2 379 1. 654 7 6. 62 81. 793 39. 7 0.034 0 2 431 —2.17
B8 2 865 1.434 4 5. 86 89. 239 £9.0 0.034 0 2 751 3. 97
B9 2 310 1.326 6 6. 62 96. 897 39. 7 0. 030 1 2 264 .98
B10 2 362 1.217 2 6. 62 104. 606 39. 7 0. 030 4 2 506 —6.09
Bl1 2 756 1.217 2 6. 86 112. 481 45. 4 0. 029 4 2 592 5. 96
B12 2518 1.109 4 6. 62 120. 169 39. 7 0.028 6 2 541 —0.90
B13 2 205 1.024 6 6. 62 127. 842 39. 7 0. 026 4 2 301 —4.36
B14 2 396 0.982 8 6. 62 135. 545 39. 7 0. 026 0 2 367 1. 23
B15 2 516 0. 985 2 6. 62 143. 257 39.7 0. 026 6 2 619 — 4. 08
B1’ 1952 3.973 4 6. 62 33. 433 30. 4 0. 0483 1 991 —1.98
B2’ ] 744 2.979 6 6. 62 43. 007 30. 4 0.038 9 1 669 4. 29
B3’ 1 825 2. 629 8 6. 62 50. 218 30. 4 0. 036 9 1 756 3. 80
B4’ 2 016 2.125 0 6. 62 58. 675 35.5 0. 035 8 1 934 4.06
BS5’ 2027 1.943 8 6. 62 65. 973 35.5 0. 035 1 2 092 —3.21
B6’ 2 462 1.770 3 6. 62 73. 889 39. 7 0. 035 9 2 453 0. 37
BT’ 2 268 1.540 0 6. 62 81. 586 39.7 0.033 4 2 347 —3.47
B8’ 2 848 1. 435 9 6. 86 88. 971 £9.0 0.034 2 2776 2. 54
B9’ 2 416 1.365 6 6. 62 96. 658 39.7 0.030 7 2 348 2. 80
B10" 2 711 1.326 6 6. 62 104. 301 39. 7 0.031 2 2 617 3. 46
B11’ 2 543 1.107 0 6. 86 112. 111 45. 4 0.029 6 2 635 —3. 64
B12’ 2 538 1.163 8 6. 62 119. 731 39.7 0. 028 9 2 571 —1.32
B13’ 2 269 0. 996 1 6. 62 127. 471 39. 7 0. 026 8 2 368 —4.36
Bl | 263 0.997 7 6. 62 135. 161 39.7 0. 027 0 2 546 3. 48
B15’ 2 329 0. 892 1 6. 62 142. 963 39.7 0. 025 7 2 444 —4.95
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A Study and Application of Monitoring and Measurement
Technology for Cable Tensions on Cable-Stayed Bridge

TAN Xing-hua
(CRBC International Co. , Ltd. , Beijing 100027, China)

Abstract . Through reviewing and summarizing to the existing study achievements and project
experiences, the common method used to measure cable force (method of measuring vibration frequency) is
studied, its adaptive limits and the shortage in measuring the force in cables with shock absorber are
pointed out. The structural characters and mechanics properties of cable with shock absorber are also
analyzed and the dynamics model is set up. According to the energy principle, the calculation method
~considering with the effect of shock absorber is carried out, and is applied to Danshan cable-stayed bridge
in Qingdao City, and the expected results are obtained, which provides theoretic basis and technological
preservation to the construction control and operation management of same type bridge especially to force

monitoring in the cables with shock absorber.
Key word: concrete cable-stayed bridge; technology of monitoring cable force; method of measuring

vibration frequency; effect of shock absorber



