Joumal of the Korean Society of Civil Engineers ISSN 1015-6348 (Print)
Vol. 34, No. 3: 711-721/ June, 2014 ISSN 2287-934X (Online)
DOI: http://dx.doi.org/10.12652/Ksce.2014.34.3.0711 www.kscejournal.or.kr

Structural Engineering 2x 3ol

HO2F MZET oMyt

Jeong, Woon*, Seo, Ju Won**, Lee, Sung Hyung***

Experimental Verification of Sag Sensitivities using Catenary
Model for PPWS Configuration Control in a Suspension Bridge

ABSTRACT

PPWS, a large number of which a main cable of a suspension bridge consists of, must be precisely erected at a target location under
construction considering the differences among design conditions. The absolute sag is measured for several PPWSs, which are
reference strands and the relative sag is surveyed from them to other PPWSs, which are divided into several groups. And the adjustment
of PPWS length is performed to erect it at target configuration. When PPWS is being under erection in a real bridge site, the procedures
are as follows; evaluate sag sensitivities according to sag variation factors, calculate an adjustment length of PPWS corresponding to
them and adjust a sag of PPWS by controlling the calculated amount of PPWS length. In this study, the differential-related equations
of sag sensitivity were proposed for support movement of PPWS. Before site demonstration study of a series of them, we established
a catenary model system and accomplished verification tests of them. From test results, the validation of them was done.
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Table 1. Outline of Configuration Control

Control | Required L
ontro equire Influence Factor Application Span
Item | Parameter
® [Length & Temperature
Sa Sag change of PPWS Main & Side
£ Sensitivity | ® Vertical & Horizontal of| span
Tower top
. Tension | ® Temperature change of]
Tension Sensitivity | PPWS Anchor span
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Fig. 1. Symbol Definition of Cable Stressed Length
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Table 2. Sag Sensitivity for Cable Span Change(dyr/dL)
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Span Side span(left) Main span Side span(right)
difference
(m) Basic eq.(Catenary) |Differential-related eq.| Basic eq.(Catenary) | Differential-related eq.|Basic eq.(Catenary)| Differential-related eq.
0.1 6.866 1.862 6.023
0.2 6.948 1.863 6.115
0.3 7.003 1.864 6.208
-0.1 6.664 6.772 1.858 1.860 5.838 5.930
-0.2 6.552 1.857 5.749
-0.3 6.437 1.855 5.664
Avg. 6.745 1.860 5.933
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Table 3. Sag Sensitivity for Cable Height Change (dlyr/dh)
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Span Side span(left) Main span Side span(right)
difference
(m) Basic eq.(Catenary) |Differential-related eq.| Basic eq.(Catenary) | Differential-related eq.| Basic eq.(Catenary)| Differential-related eq.
0.1 4.447 0.500 2.109
0.2 4.481 0.500 2.089
0.3 4.510 0.500 2.070
-0.1 4374 4.412 0.500 0.500 2.147 2.128
-0.2 4335 0.500 2.167
-0.3 4.296 0.500 2.187
Avg. 4.407 0.500 2.128
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Fig. 2. Catenary Shape Example(from left side Chain, Web, Power line)

Fig. 3. Catenary Shape Example (from left side Cable of Jeokgeum-Youngnam Bridge, Simply supported Skybridge)
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Fig. 5. Real View of Catenary Model (Roller Chain)

14 mol Fr1=2 Ax)sle] a8k =3 Flo)2 oo Table 4. Characteristics of Catenary Model
T o= IS Fgsleiar Aoy 2=l 4 Characteristics Roller chain
Aele) QJaro Qlgk sfmabdo] Qoh} 2Agke 2zl 4 ¢ Unit weight 10276 keffm
T} 48] Table 1] FBRIANLE A|2))e] Wzl wle 28 Equivalent section area 0.00013 m’
=3 Wpe vhew) gk Elastic Modulus 2.04 E + 10 kegf/m’
Table 5. Components of Catenary Model System
Part name Specification Function
Roller chain Length 6.1m = Structure making Catenary shape by self-weight
Support frame Height 3.5m, Width 5.8m = Supporting both ends of Roller chain
Load cell Capacity 50kgf ® Measuring tension of both ends of Roller chain
® Added to Support frame
T: 11 Length
ape rufler ength Sm = Horizontal length between both ends and Sag of Roller chain
EDM - ® Measuring the 3D coordinate of Sheet prism
Sheet prism Height 20mm, Width 20mm = Measuring points of Roller chain
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Table 6. Outline for Shape Setting of Catenary Model
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Fig. 6. Comparison of Shape for Main Span Model with Sag Ratio 1/10
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Fig. 7. Comparison of Shape for Side Span Model with Sag Ratio 1/20
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Table 8. Comparison of Sag Variation for Span Change of Catenary
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sk Qlek o] mRE), mgelallo s TaE e AN Model (Side Span)
S & 2= 9rk Symbol dL1 dL2 Remark
Span change dL (mm) -44 -10.5 |-: Span decrease
) ) . M 1958 | -43.59
342 Z7P Sl CHEE ADRIZIE Z4S Vertical | Measured - Variation downward
variation | Calculated | -19.36 | -46.45
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Fig. 8. Comparison of Shape for Span Change of Catenary Model
(Main Span)

Table 7. Comparison of Sag Variation for Span Change of Catenary
Model (Main Span)

Cahle span [m]
&

. //

NN Pl

‘\\- e
“"l—nrr"r.

Cable height [m]

e Reference|

© dhl

= @ =dh2

Fig. 10. Comparison of Shape for Height Change of Catenary
Model (Main Span)

Table 9. Comparison of Sag Variation for Height Change of
Catenary Model (Main Span)

Symbol dL1 | dL2 | dL3 | dL4 Remark
Span change +: Span increase
+11. +4. 5. -11.
dL (mm) 1.0 +4.8 59 |-11.8 -: Span decrease
Measured [+22.60 |+10.12|-10.70 | -20.49 | *+ Variation
Vertical upward
ot -: Variation
variation
Calculated |+20.99 | +9.41 |-11.22 [-21.89
of Sag downward
dyy(mm) Errop |0 1.61 | 071 | 0.52 | 1.40 |Based on the
T T 71 | 70 | 49 | 68 |measured value
2) Skt
Cable height [m]
o
Pad

15

=—r— Reference

a3

el

o dil
—-—&=-d.z

0 1

5 6
Cable span [m]

Fig. 9. Comparison of Shape for Span Change of Catenary Model

(Side Span)

Symbol dhl dh2 Remark
Height change dh (mm) | +4.6 +11.0  |+: Height increase
; Measured +2.31 +5.59

Vertical +: Variation upward

variation of| Calculated | +2.28 +5.51
Sag Error mm 0.03 0.08  |Based on the
dyy(mm) % 15 1.4 measured value
2) 247
Cable height [m]
A
A‘(( “

05 AM =g Reference]

M --€- dhl

0 1 2 3

4 5
Cable span [m]

Fig. 11. Comparison of Shape for Height Change of Catenary

Model (Side Span)
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Table 10. Comparison of Sag Variation for Height Change of
Catenary Model (Side Span)
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Table 12. Comparison of Sag Variation for Span and Height
Change of Catenary Model (Side Span)

Symbol dhl Remark Symbol dLh1 | dLh2 | dLh3 | dLh4 Remark
Height change dh (mm) -11.7  |-: Height decrease Span change dI. .
Vertical Measured 22923 o (mm) -70 | -6.0 |-11.8 | -10.3 |-: Span decrease
O -: Variation downward
variation of | Calculated -30.82 ol N 7
Sag Error mm 1.59 Based on the measured value elghzr(r:lma;lge -5.1 | -11.6 | 4.5 | -12.2 |-: Height decrease
dyy (mm) % 54
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_ - Measured |-34.83 |-48.87|-50.48|-67.93 d d
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u, el 7
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Fig. 12. Comparison of Shape for Span and Height Change of 345 Zlo| H3o|| Cist A|2DIZE A=
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Table 11. Comparison of Sag Variation for Span and Height Change
of Catenary Model (Main Span) 0z R
dLhl | dLh2 | dLh3 |dLh4 Remark

Symbol

+: Span increase

+4. +4. -6. 5.
Span change dL (mm)| +4.9 48 | -6.1 | -5.9 . Span decrease

Height change dh (mm)| +10.7 | +5.1 |+11.2|+6.4 |+: Height increase

+: Variation
. Measured |+15.76 |+12.33| -4.94 [-6.93
Vertical upward
iati -: Variation
variation| - ulated | +14.51 [+11.58| -5.88 |-7.95
of Sag downward
dyr(mm) E mm| 1.25 | 0.75 | 0.94 | 1.02 |Based on the
T 0T 79 | 60 | 189 | 146 |measured value
2) 273
ﬂ(ab\a height [m]
s
/ -
. ‘rf“(ff e

0 1 2 3 4 s
Cable span [m]

Fig. 13. Comparison of Shape for Span and Height Change of
Catenary Model (Side Span)
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Fig. 14. Comparison of Shape for Length Change of Catenary
Model (Main Span)

Table 13. Comparison of Sag Variation for Length Change of
Catenary Model (Main Span)

Symbol dso1 Remark
Length change )
+30. +:
dSy (mm) 30.0 Length increase
. Measured -34.06
Vertical -: Variation downward
variation of | Calculated | -34.81
Sag mm | 075
dyr(mm) | Error Based on the measured value
‘ % | 22




Cable height [m]
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Fig. 15. Comparison of Shape for Length Change of Catenary
Model (Side Span)

Table 14. Comparison of Sag Variation for Length Change of
Catenary Model (Side Span)

Symbol dSo1 Remark
Length change .
+ +:
dS) (mm) 30.0 : Length increase
® _: Variation downward
Measured | -104.43 | m When calculated, applying
Vertical Sag sensitivity (df/dSy) of
variation of the changed shape(after
Sag Calculated | -100.05 increasing the length) of
dyy(mm) Catenary model
mm 438
Error Based on the measured value
% 42
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Table 15. Variation Ratio of the Differential-related Sag Sensitivities
(Ratio=Side Span/Main Span)

dL(m) | dy/dL | dh(m) | dy/dh | dSy(m) | dys/dh
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