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ABSTRACT

This study monitors the Nielsen Arch Bridge using U-Network, both during and after construction. The

U-Network monitoring system consists of a sensor part that detects structural behavior, a data logger part

that stores and measures signals from the sensor, a communication part that connects each data logger,

and a main server for data collection and processing. The installation of the monitoring sensor was per-

formed in compliance with principles that aim to minimize damage towards the target structure and secure

long-term durability, as well as maximize the sensor’s maintenance efficiency. Furthermore, the sensor was

field-tested after installation to ensure that it is properly installed without any errors. The stability and re-

liability of the bridge was assessed by a structural analysis using monitoring and finite element analysis.

To adapt and develop the U-Network system as a tool to monitor bridge, the Unique Feature Identifier

technology, Geographical Information System 3D technology, and collaboration with local government and

organizations shall be needed. A linkage plan to incoporate the technology into management systems of

existing facilities is required to be prepared and followed by continuous research investments.
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Table 1 Status of target bridge

Categorize

Contents

Design load

DB-24 (gross weight: 43.2 tonf)

Length

Total length L=358.8 m

Main span (Nielsen arch): 160.0 m,

Concrete arch: 2 @85.0=170.0 m

Connecting bridge: start point-15.9 m,
end point-12.9 m

Width

Main span: 18.49 m
Connecting bridge: 15.50 m
(Effective : 13.5 m)

Top
Structure

Main Span: Nielsen arch

(steel plate deck)
Concrete arch: deck concrete arch
Connecting bridge: RC Rhamen

Type

Bottom

Main span: octangle sloping pier
Concrete arch: concrete arch rib
Connecting bridge: Rhamen pier

Bearing

Main span: spherical bearing (special)
Connecting bridge: elastomeric bearing

Expansion joint

Main span: rail joint
Connecting bridge: NB (ACE) joint
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Table 2 Configuration of the instrumentation system Table 4 Equipment and contents for optical network
establishment
Categorize Contents
Data Structural behavior measurement Categorize | Device name Measurement details
measurement
sensor
system FDF Optical fiber cable splitter
Data gathering .
H/W Data gathering . .
system Optical media Optical - UTP converter
Data converter
" . - Data
ransmission Data transmission L .
transmission FDF — connect to optical
system Patch cord .
system media converter
Data storage & o
mornitoring Data storage & mornitoring Hub UTP splitter
S/W - - -
Data analysis Data analysis & comparison Serial converter | Serial - UTP converter
system of management standard
Table 3 Mai . o Table 304 %7, "MPEA, B & B4
able aintenance 1nstrumentation items -
dlolE =27 dd=m, Aol 7HE=A, AA, A
2] SEGESE A o ZEAfolE o
Meailt.g;ment Place s A, TFEEA & FAolHEA A4t
(Fig. 1 #2).
Strain rate Deleggtlon Strain analysis & provide
section data ~
(2) Optical network T
Mold Center of | Dynamic behavior analysis _ _
acceleration span and recording ASE doly dEF2 7]EY AMgEolR thgst
= O E 3 = RS o
Deflection Center of | Continuous monitoring of gAl A2EE Fa) o] Folxit). o] i TRE}
span deflection variant FHo] oA weg} AT A|AES H&ehH o)
Temperature | DeleB2tIon Atgﬂg:i;tgrfeegici;nf i o] ASe AAREeR o] FoiA= AFA|
2ES 20 glo] AAje® oA o HlolE A
- Upper part Analysis of effect of Z0] olEolok 3 Ay 2= 9 o
SCISmlC fOI‘CS Of pier seismic load [ ] ]Toi ]: \_]_—Tq— J-L"1(>P2)Oﬂ Ex]% ] ]E1i714
: : Boigh kel HolHzt AlSdeE wddhs HFEHE
Cable tension | Main cable Tension variance 2 S o
measurement AEE F AAREeRE i WS BUE o i
Wind direction | Center of | Analysis of wind direction o5 $18l Table 49 #0] optical networkE 7535}
& wind velocity arch & wind velocity o]g-3lt}

Upper part Analysis of differential

Pier slope of pier settlement, etc.

4. 4 otxlmel #HolE EFH =UETPY
Expansion joint | Expansion | Mornitoring of expansion
displacement joint joint behavior

4.1 BeleAx| MY 25

, W] A wFYH, 5t 54 T UHES =
= — Aol o) At webA o3t agke] 54, 9
= | 24, AR HslEr 9 gAY qEE S
AEslel AR pelEAs Uy wes
Table 59} o] AAsGrh =, A5 ¥s&EE7t
w2 RUHE 52 SA RES Folil, 7]zt
Ax Wstgo] wAlg RUHY S HEE Y5
= Blo] A oln, St o] z1e HUEY
FES S NEE w90
Fig. 1 Configuration of the instrumentation system D Aol Aele] IFET 2 XA . Aoy &
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Table 5 Cable tension data comparative analysis

Table 6 Result of tension measurement

. e R e I e Cable | 1 | 2nd | 3rd | 4th | 5th | 6th | 7th | Ave.
ensor management . name
name standard standard standard (de;lgn CAOO1
(k) (kN) L) oo (618) | 1270|1245 117.9119.6| 114.9|129.6 | 135.2| 124.1
ng‘log Ul 56586 848.79 1131.72 | 1865.5 CAO02
(618) (617) |113:5106.9] 1035 109.4| 1088 | 1169| 1185|1111
CAO02 | 54487 81729 | 1089.73 | 1860.8
(617) CA003
CA003 217y | 118:0/120.3]132.4113.3|132.9/120.7| 1235 123.0
17 544.87 817.29 1089.73 | 1860.8 (717)
CA004 | oo o 848.79 113172 | 1865.5 C/7\10§)4 124.7|140.6|145.0 [ 130.2| 140.4 | 129.2 [ 128.5| 134.1
(718) (718)
Ho| w2 o]24 FEFY RS Fdgsta FEH Aol EL] T/ IAT AS o FRERQ]
WS ke AolE AHE #Hudrh Aot AlolE T H dolg zte AlolEe] &Y
@ AolE e ATAR A . A o]lF S A gE}
= ABoR 584 #rt 7bsd B AR W 7 Al dAlopx| Lo AbalRel] o8k ghS 1
Aeh W =0 bAAS A ol8% A gl %27 Aoy AES s, wE A ¢
317] 918k A A o] et WA g 3 UMsd akexds ndd Ao A s 3
&3to] HF AlolE S At
Data &4 23yl JeiA E ke Bt vlastd 99.21%

4.2 7olE2| &
el g 54
o 7HEEAE o
3= Daqview(%3

£ 19.12.12.~20.01.12.A}0]
&3le] A=3}ST) Table 62 A
AT E TS

714 71% 344 = 1.070 Hz, 7lo)E @9 5% =
0.24 KN/mZ A3} Tt

4.3 Cable2| F&M 3li4
Aol &9l @k A =
A Ass detsted v o]
Ao Qe WAH = Sagell <% ﬂlol-‘é— A
(B WstE arefsfolsitl. Emstdel ofatd 7
ol &9 F7FHIAGE A (3)F #rh

5= " 1 (11)><L)2><(]}+7;)AC><E; 3)

2 (125 1)

D Any(FAelE @94l F#)(N/mm)
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210000
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1 3051210000
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Table 7 Compare impacted coefficient by analysis of cable influence line

Cable Cable tension Apply details Apply average
" | Deadload | Liveload | Lengh | GRES | NOEET L e | tension
711 760.1 201.6 120.00 0.094 980.6 989.1
712 1521.8 355.8 110.10 0.100 1913.2 1926.0
713 1028.9 3779 44.10 0.178 1474.2 1458.2
714 1414.0 364.9 92.10 0.114 1820.3 1828.5
715 1265.3 448.4 56.10 0.156 1783.7 0136 1774.7
716 1366.4 403.4 86.10 0.119 1817.8 1824.7
717 1345.8 457.5 62.10 0.147 1870.5 1865.5
718 1361.5 439.5 74.10 0.131 1858.8 1860.8
Table 8 Estimate of regression equation of cable
cable-711, L=120.0 cable-712, L=110.1
Cable Name Estimate of _regression Remark
equation
CA001 (618) y =0328x + 11.1
CA002 (617) y = 0.249x + 10.11
Fig. 2 Influence line of cable(711, 712) tension CA003 (717) Y =0324x + 11.0
CA004 (718) y = 0.386x + 11.94
cable-713, L=44.10 cable-714, L=92.10
S ASAY BIAA Y AA= BE
ez golsg.
g( o) = T 3A — 5)
Fig. 3 Influence line of cable(713, 714) tension
T8 FA - B PAA
cable-715, L=56.10 cable-716, 1=86.10 S Aol Ay W4

Fig. 4 Influence line of cable(715, 716) tension

cable-717, L=62.10 cable-718, L=74.10

Fig. 5 Influence line of cable(717, 718) tension
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Table 9 Level of bridge management standard

Categorize Lv.1 Lv2 Lv.3 Lv.4
g ormal) (1st management standard) 2nd management standard (3rd management standard)
2 g g
Management Lv. Safety Caution Warning Dangerous
60 % 60 % 80 % Over 100 %
Setting criteria | (of representative | (of representative value) or | (of representative value) or £ S0 1
value) or less more more (of representative value)

Using the

Decide whether to use it

structure Normal use Caution use or 1ot Stop use
Table 10 Establishing new management standard by AR el 7]Ee] Wbl e EAAS BAsa
reliability index AA A oAt e B e ARe
Mansgement | IS T o ARAR 24 P AN 71s) B
Cable standard (kN) standard (kN) | standard (kN) © AW digk AP e 22 Btk
Name Existing ﬁ:IOEc:Etii:r% 620 lvivzlrsgﬁllg 630 (1) 719 #@AA A3 45 HFeSd
standard [P~ 0| fuvan | P20 | ware | B0 gene c12 2 sle) S]] w1k g 48s)st
CA001 565.86 [438.5|848.79| 766.0 | 1131.72 | 1095.0 = e 7]%9“ S}Oq %ﬂﬂ—ﬁ] ‘]% ﬁxéé}iir/]-,
o T} olel@ FolA A ARe wA A
617) 544.87 [350.1|817.29 | 599.1 | 1089.73 | 848.1 ;g]]?_] ‘ﬂ"ﬂgi _ﬁ_x]la];(]_ﬂ. %19/]; AR 76“?‘7]'
0(1?1070)3 544.87 |434.0(817.29 | 758.0 | 1089.73 | 1082.0 di s 2 AS el djste] e e A
v Balo] RRANE e AL 7 AS F2
(718) 565.86 [505.4|848.79 | 885.8 | 1131.72 | 1277.4 ET}E]’% —‘?—/\15} ﬁﬁi %L}ﬂé}ﬁ}.
(2) G4l ofx|we] BE FAlo]Eo| tis) we]sHAA]
3RS A=t ARE S8 TUF FEES A8 A3t ojd Ao
duake] He7lEA] AL A 2, FA Bl disiMe #edAAr §88EE 298
<8, AeledE, 7xE, AFetEel tetel A4 Slof wE|@AIA ] ow]rt .
SEolth. wF AA| Al AR FE2ANA Ao ARk () wF TR JAH o A Fatet 3
& TEAAA Ale F EYEE A9 3 27] sk Ak 318 H o] dwkH o HA e A
A Aol vl HEste] tisEgio® AASa ol AS Koy At we gt E dske] Jgs
FakS] 60 % kS 2IShE A FAGAQA BE7] Belrke vk wEF FEEe] dshe A TAA
A, HENS 80 %S ZFeks A BudAR  71aL ol WP EY FUHE oIgth &, Bl
b #7)EA), HEES 2dete A ATGAGA A IA] o] Awel tisate] A&H 0w sl
HeP|EAE AAgsisich 2o FRAMA Y Al ste] AR E ofof gt
A 2 FEES A, AR A oS A 4) AA ASE A ko] SFEREEE o]&std
8] ggato] pE|7lEAld A8 siolek dA A" 2z Aol disf 7Eel e welgAA e gt
#e]71E219] #H] 9= Table 99F 2t A AFE A= A3 BE Alo)Ed wd3 &
o7IA FAHE IAREAE oldste] AHEF A FES ARSIl 7 AolES 7] Aold Az
4 AF poll tiste] Table 103 2& #7IEAE A AFE Hepslth webs] 71E9 AR A4
783t Wl oe Alols Aee dejsks B9 TUT &
TES A8t dA R 7 Aol tig kA
5.8 E 55 9 5 jlem 7 Aol vt} 747] Aolgk okd
w2 #Ee A9E 2ysich
Al opx]a Aels AHAE A HeFAA S U-HIEN A RYEE AJ2=FE 3 A]7]7] 9]
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