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Evaluation of Thermal Movements of a Cable-Stayed Bridge Using
Temperatures and Displacements Data
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ABSTRACT

Because cable-supported bridges have long spans and large members, their movements and geometrical changes by temperatures tend
to be bigger than those of small or medium-sized bridges. Therefore, it is important for maintenance engineers to monitor and assess
the effect of temperature on the cable-supported bridges. To evaluate how much the superstructure expands or contracts when subjected
to changes in temperature is the first step for the maintenance. Thermal movements of a cable-stayed bridge in service are evaluated
by using long-term temperatures and displacements data. Displacements data are obtained from extensometers and newly installed
GNSS (Global Navigation Satellite System) receivers on the bridge. Based on the statistical data such as air temperatures, each sensor's
temperatures, average temperatures and effective temperatures, correlation analysis between temperatures and displacements has been
performed. Average temperatures or effective temperatures are most suitable for the evaluation of thermal movements. From linear
regression analysis between effective temperatures and displacements, the variation rate's of displacement to temperature have been
calculated. From additional regression analysis between expansion length's and variation rate's of displacement to temperature, the
thermal expansion coefficient and neutral point have been estimated. Comparing these parameters with theoretical and analytical
results, a practical procedure for evaluating the real thermal behaviors of the cable-supported bridges is proposed.

Key words : Cable-stayed bridge, Structural health monitoring, Thermal movement, Effective temperature, Neutral point
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Fig. 1. Elevation Drawing of Seohae Cable-Stayed Bridge
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Pp Anemometer 4 Laser Displ. Sensor Sec. PY2U 4
Zae Seismometer 4+ GNSS Receiver L

l Temperature Sensor Tiltmeter

D) Strain Gauge Joint Displ. Transducer

Il  Accelerometer 4% Weather Station Bt
@  Accelerometer (Cable) P4z

Fig. 2. Sensors Layout

Table 1. Sensors Location and Notation

Sensor Type Location Notation Description
T-L17U-UF L
T-LI7U-LF U : Upstream Direction
T-L17F-UF F : Floor Beam
Steel Girder at Section L17 D : Downstream Direction
T-L17F-LF
UF : Upper Flange
T-L17D-UF .
Temperature T-L17D-LF LF : Lower Flange
Sensor T-L17U-US U : Upstream Direction
. T-L17U-LS D : Downstream Direction
Concrete Deck at Section L.17 T-L17D-US US : Upper Slab
T-L17D-LS LS : Lower Slab
Air Temperature T-L17U-Air U : Upstream Direction
! OmtTl?a:féaZZ‘rnem End of Girder at P39 EXP-P39
. End of Girder at P42 EXP-P42
(Extensometer)
North Span (P40~PY1) NSWE-L
Top of PY1 NPWE-L . o L
GNSS East Side of Mid-Span MSEA-L LT' L;’fﬁi‘:gg;‘::gr‘zgi“
Receiver West Side of Mid-Span MSWE-L Z . Vertical Direction
Top of PY2 SPWE-L '
South Span (PY1~P41) SSWE-L

Au AL AT TIPS WEE RS EOR A A SHRIEAC) U AEATAS AgSle] AT Wl
Hpgo 2 oF 61° 71 Sltslel 9] whiel A A M GNSS A s3] WH(L), MEAAT), AA2)e) W e 22T
dlolElets Wage] WusE AuAow ety otk weh 4 glow], ol% LEASAE B4 A Be39tk
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Fig. 3. Temperatures of Steel Girder Section
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Table 2. Comparison of Variation Rate of Displacement to Temperature (.5;) in Cable-Supported Bridges

. Main ST.m
Bridge Open | Structural L Sr, Sron — Measurement
- Country Span Sensor " o Sr, T .
Notation Year Type (m) (mm/C) | (mm/C) Period
(m) (%)
369.0 TPS 4.43 432 97.6
BRO1 1962 SB UK 335 286.0 TPS 343 3.52 102.6 1 pen 2009 ~ 2010
204.0 TPS 2.45 2.59 105.8
692.5 EXT 8.31 10.90 131.2
BR02 1997 SB China 1385 7, 1 year
692.5 EXT 8.31 9.89 119.0
1183.5 GPS 14.20 15.50 109.1
BRO3 1997 SB China 1377 7, 2003 ~ 2005
2072.0 GPS 24.86 26.11 105.0
575.0 EXT 6.90 8.13 117.8
BR04 1998 CSB China 475 7 1999
602.0 EXT 7.22 7.08 98.0
995.5 EXT 11.95 13.42 112.3
BRO5 1998 SB Japan 1991 i, 1998 ~ 2001
960.0 EXT 11.52 10.36 89.9
202.0 EXT 242 2.12 87.7
BRO6 1973 SB S. Korea 404 1 e 2010 ~ 2014
202.0 EXT 242 2.18 90.0
160.0 EXT 1.92 1.96 102.3 Not
BRO7 1995 CSB S. Korea 120 2011 ~ 2012

220.0 EXT 2.64 2.38 90.2 Known

730.0 EXT 8.03 7.49 933
613.0 GNSS 6.74 6.25 92.7
BROS 2000 CSB S. Korea 470 T 2010 ~ 2013
143.0 GNSS 1.57 1.95 124.2

260.0 EXT 2.86 2.98 104.3

275.0 GPS 3.30 3.35 89.1

BR09 2000 SB S. Korea 300 1, 2011
275.0 GPS 3.30 2.94 101.5

BR10 2003 SB S. Korea 500 245.7 EXT 2.95 2.95 100.0 e 2003 ~ 2013
218.0 EXT 2.62 2.60 99.2

BRI11 2003 CSB S. Korea 230 T 1 year
218.0 EXT 2.62 2.36 90.0
242.0 EXT 2.90 3.04 104.7 2009 ~ 2014

BR12 2006 CSB S. Korea 344 ¢, H—m——
242.0 EXT 2.90 3.05 105.0 2012 ~ 2014
235.0 EXT 2.82 2.56 90.6

BR13 2009 SB S. Korea 250 T e 2010 ~ 2014

235.0 EXT 2.82 2.38 84.3

230.0 EXT 2.30 2.36 102.6

BR14 2009 CSB S. Korea 100 T. 2011 ~ 2014

230.0 EXT 230 224 974

BRI15 2012 CSB S. Korea 480 558.0 EXT 6.70 6.86 102.4 T. 2013
221.0 GPS 2.54 232 914

BRI16 2012 CSB S. Korea 327 T e 2014
221.0 GPS 2.54 221 87.2
Average 100.6
Standard Deviation 11.1

SB: Suspension Bridge, CSB: Cable-Stayed Bridge, TPS: Total Positioning System, EXT: Extensometer, GPS: Global Positioning System

FREZ(T)) & vdelsion], A5 vt wio AT o= A AolEuwke] LEA1E7Fe] A Al
Alell eJa) AZH AT A wgel] vl o] & Tl 7Pg3E 235} ke FARES efnjgie): SRRt 7 mepd e e
gk AlS g9l malEwge] vl Sy, /8,9 Hie 100.6% = Syl Sre ] Bl i 843%014 Heh 131.2%714] HaPH
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¢
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Table 3. Cases of Temperature Combinations

Case No. Notation Description
Case 1 to 10| T-L17U-UF, - Each Temperature (1 ea.). Refer to
Table 1
Case 11 T-L17U-Air Air Temperature (1 ea.)
Case 12 T-L17Steel Average Temperature of Steel Girder
(6ea.)
Case 13 T-L17Conc Average Temperature of Concrete Deck
(4ea)
Average Temperature of Steel Girder
14 T-L17All
Case and Concrete Deck (10 ea.)
Effective Temperature of Steel Girder
Case 15 Te-L17Alln and Concrete Deck (10 ea.)
(No Considering Expansion Direction)
Effective Temperature of Steel Girder
Case 16 Te-L17Ally and Concrete Deck (10 ea.)
(Considering Expansion Direction)
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Table 4. Comparison of Variation Rate of Displacement to Temperature (5;)
Location EXP-P39 NSWE-L NPWE-L MSWE-L SPWE-L SSWE-L EXP-P42
(P39) (North Span) (PY1) (Mid Span) (PY2) (South Span) (P42)
L (mm) -730,000 -613,000 -470,000 -235,000 0 143,000 260,000
S, (Theory) -8.030 -6.743 -5.170 -2.585 0 1.573 2.860
S, .
To 87, (Analysis) -7.827 -6.557 -5.000 -2.467 0.067 1.642 2.927
(mm/C) .
S, (Measurement) -7.489 -6.249 -4.430 -2.138 0.279 1.953 2.984
(S7m=57.0) 57, for L (%) 6.7 713 -143 173 242 43
(S7m=S7.0)/ S, for L' (%) 25 23 -8.1 4.4 1.6 7.0

Note: Applying o=0.000011 in case of theory and analysis
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