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Data Missing Mechanism in Construction

Monitoring and Its Treatment
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(College of Civil Engineering, Tongji University, Shanghai 200092,
China)

Abstract: This paper categorizes the missing data into three
kinds by their generating mechanism and characteristics. Data
processing and compensation methods are proposed on the
basis of the regression analysis by least square method. A
comparative study of the monitoring data about the steel
structure of Datong Art Gallery in Shanxi Province and “the
ring of life” in Shenyang City of Liaoning Province confirms
that the proposed methods for missing data treatment are

effective and practical.
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Fig.1 Processing method of the 1st kind of missing data
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Fig.2 The layout of four strain gauges in a pipe section
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Tab.1 Data collected from a measuring point

£kl Byt a] wE/C Bz7E/1078 H— AL TR 7 3 AT/°C REAEAEAY Ay/10~5

1 2012-12-04,14:54:40 —3.1 123. 96 0. 62 0 0

2 2012-12-04,16:29:17 —4.6 128. 97 0. 69 —1.5 5.01
3 2012-12-04,16:44:32 —5.6 128. 92 0.70 —2.5 4, 96
4 2012-12-04,17.:05:12 —6.2 126. 00 0.71 —3.1 2,04
5 2012-12-04,17:19:14 —6.5 123. 66 0.72 —3.4 —0.30
6 2012-12-04,17:35:15 —7.2 123.13 0.73 —4.1 —0.83
7 2012-12-04,17:50:57 —17.9 120. 02 0.74 —4.8 —3.94
8 2012-12-04,18:06:26 —8.2 118.91 0.75 —5.1 —5.05
9 2012-12-04,18.12.22 —8.3 119. 94 0.76 —5.2 —4,02
10 2012-12-05,15:19:11 —10 (133.03) 0. 64 2.1 9.07
11 2012-12-05,15.:31:05 —0.8 (134.19) 0. 65 2.3 9.07
12 2012-12-05,16:01:06 —1.6 (136. 26) 0. 67 1.5 9.07
13 2012-12-05,16:34:04 —2.8 (134.68) 0. 69 0.3 10.72
14 2012-12-05,16.:58:03 —3.5 (137.28) 0.71 —0.4 13.32
15 2012-12-05,17.:32:11 —4.8 (137.09) 0.73 =17 13.13
16 2012-12-05,18,07:56 —2.1 (136.73) 0.76 1.0 9. 07
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Tab.2 The imputed values of strains and the errors
RAE/107°

i s fif A7 HEE HEE RrE/%
3 0. 70 124,53 128. 92 3.40
5 0.72 123. 86 123. 66 0.16
7 0.74 123. 24 120. 02 2,68
8 0.75 122. 94 118, 91 3.39
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Fig.5 Variation of true values and the imputed values

with time (the 1st kind of missing data)
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Tab.3 The imputed values and errors of strains

e Hﬂ‘jﬁl - m;%;mg% m‘E/ﬁE}% KBEE% R
; AT/°C  Ay/107% /1076  {E/1078 /%

10 0.64 2.1 8. 95 132,91 133,03 0.09
11 0.65 2.3 10. 82 134,78 134,19  0.44
12 0.67 15 11. 45 135.41  136.26  0.63
13 0.69 0.3 10. 21 134.17  134.68  0.38
14 0.71 —0.4 9. 05 133.01  137.28  3.21
15 073 —1.7 5.56 129.52  137.09  5.84
16 0.76 1.0 11. 34 135.30  136.73  1.06
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Fig.6 The graph of true values and the imputed values
by time (axial member with the 2nd kind of
missing data)
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Tab.4 The monitoring data of four strain gauges at a measuring point, the imputed values and errors of strains

A
T — R R magstea/io PRI g
S0 /%
1 2 3 4 Aey Aez Aeq Aes

1 2011-12-07,15.:36:33 —36.71 —116.26 (—136.04) —61.49 0 0 0 0 —136. 04 0
2 2011-12-07,15.40.26 —37.34 —116.74 (—136.27) —61.93 —0.63 —0.48 —0.44 —0.29 —136.33 0. 04
3 2011-12-07,15.51:11 —36.62 —117.47 (—136.08) —62.38 0.09 —1.21 —0.8 —2.19 —138.23 1.55
4 2011-12-07,16.:20.14 —36.62 —119.55 (—137.67) —62.32 0.09 —3.29 —0.83 —4.21 —140.25 1. 82
5 2011-12-07,16.27.38 —37.92 —120.7 (—138.15) —61.20 —1.21 —4.4 0.29 —2.94 —138.98 0. 59
6 2011-12-07,16:36:16 —37.72 —119.72 (—137.66) —59.83 —1.01 —3.46 1.66 —0.79 —136.83 0. 60
7 2011-12-07,17.16.26 —37.69 —121.6 (—138.71> —60.10 —0.98 —5.34 1.39 —2.97 —139.01 0.21
8  2011-12-08,08.56.17 —40.72 —127.41 (—146.84) —58.76 —4.01 —11.15 2.73 —4.41 —140.45 4,22
9  2011-12-08,09.51.38 —43.39 —132.46 (—148.53) —59.87 —6.68 —16.20 1.62 —7.90 —143.94 2.93
10 2011-12-08,11:43.40 —46,88 —118.68 (—143,10) —63.50 —10.17 —2.42 —2.01 5.74 —130.30 9.32
11 2011-12-08,12:43.42 —42,19 —119.64 (—145.30) —70.22 —5.48 —3.38 —8.73 —6.63 —142.67 1.73
12 2011-12-08,13:43:47 —41.05 —118.24 (—146.16) —70.78 —4.34 —1.98 —9.29 —6.93 —142,97 2,08
13 2011-12-08,14.44.02 —39.71 —118.26 (—144.24) —62.51 —3.00 —2.00 —1.02 —0.02 —136.06 5. 67
14 2011-12-09,10:23:49 —49.66 —132.51 (—147.94) —63.84 —12.95 —16.25 —2.35 —5.65 —141.69 4,07
15 2011-12-09,10.24.55 —50.27 —132.52 (—149.62) —63.43 —13.56 —16.26 —1.94 —4.64 —140.68 5.80
16  2011-12-09,10:25:32 —49.91 —132.47 (—150.27) —63.40 —13.20 —16.21 —1.91 —4.92 —140.96 6. 00
17 2011-12-09,10:26.48 —49.39 —132.09 (—151.34) —63.12 —12.68 —15.83 —1.63 —4.78 —140.82 6.74
18 2011-12-09,10.27.58 —49.35 —132.30 (—152.80) —63.23 —12.64 —16.04 —1.74 —5.14 —141.18 7. 36
19 2011-12-09,10.28:32 —49.33 —132.33 (—153.29) —63.17 —12.62 —16.07 —1.68 —5.13 —141.17 7. 65
20 2011-12-09,10:29.08 —49.38 —132.47 (—154.00) —63.41 —12.67 —16.21 —1.92 —5.46 —141.50 7.84
21 2011-12-09,10:29.42 —49.43 —132.84 (—154.95) —64.10 —12.72 —16.58 —2.61 —6.47 —142.51 7.71
22 2011-12-09,10:39.01 —51.62 —133.12 (—155.32) —67.27 —14.91 —16.86 —5.78 —7.73 —143.77 7.08
23 2011-12-09,11.04.50 —53.47 —128.98 (—146.28) —68.44 —16.76 —12.72 —6.95 —2.91 —138.95 4,91
24 2011-12-09,11.24.52 —55.09 —126.27 (—143.94) —70.48 —18.38 —10.01 —8.99 —0.62 —136.66 5. 04
25  2011-12-09,11.44:.56 —53.67 —122.52 (—144.87) —73.09 —16.96 —6.26 —11.60 —0.90 —136.94 5,44
26 2011-12-10,10.47.25 —44.94 —125.05 (—142.99) —63.16 —8.23 —8.79 —1.67 —2.23 —138.27 3.25
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Fig.7 The graph of true values and the imputed values
(bending member with the 2nd kind of missing
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Tab.5 The monitoring data of a strain gauge at a measuring point
55 i g0 s (SEEE RO R
1 2011—12—01,15:13:05 —106. 36 —64. 55
2 2011—12—01,15:55:53 —105. 51
3 2011—12—01,15:59.24 —105, 07
4 2011—12—01,16:05.03 —104, 36
5 2011—12—02,08:48:45 —112.19
6 2011—12—03,10:08:26  (—119.75) —72.23 —114. 04 4. 77
7 2011—12—03,10:11:29 (—120. 70) —114. 04 5.52
8 2011—12—03,14,13:17 (—115. 61) —114, 49 0. 96
9 2011—12—04,14:02:05  (—117.34) —73.76 —115. 57 1.22
10 2011—12—04,14:24:16  (—116.50) —115. 57 0. 80
11 2011—12—06,16:02.32 (—115.10) —115, 54 0. 39
12 2011—12—07,14:51:19 (—113, 86) —115,22 1. 20
13 2011—12—07,14:59:54  (—114.02) —115. 22 1. 06
14 2011—12—07,15:36.33 (—112. 34) —72.72 —114, 54 1. 95
15 2011—12—07,15:51.11 (—110.57) —114, 56 3. 61
16 2011—12—07,16:20:14  (—110.15) —114. 61 4. 05
17 2011—12—07,16:36:16 (—109. 92) —114. 64 4, 30
18 2011—12—08,13:43.47 (—118.25) —116, 90 1.14
19 2011—12—08,14:44.:02 (—117.60) —117,01 0. 50
20 2011—12—09,10:23:49 (—118.29) —119.11 0.70
21 2011—12—09,11:04:50  (—119.67) —119.19 0.40
22 2011—12—09,11:44.56 (—119.58) —119, 26 0. 27
23 2011—12—10,10:47.25 (—119.54) —121. 80 1. 89
24 2011—12—11,10,:34:51 (—123.74) —82.37 —124.19 0. 36
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Fig.8 The graph of true values and the imputed values
(the 3rd kind of missing data)
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