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APPLICATION OF MONITORING DATA AND
PERFORMANCE-BASED BRIDGE MAINTENANCE

il FH
Tomonori NAGAYAMA

ABSTRACT Monitoring of structures to evaluate their actual performance
as opposed to performance assumed during design phases is important in
rational management of infrastructure. Load and resistance factor rating
(LRFR) practiced by FHWA is considered to provide a framework to integrate
such structural performance monitoring into bridge maintenance. In this
paper, after brief review of LRFR, possible applications of monitoring data
in the context of performance-based bridge maintenance are discussed.
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Load and Resistance Factor Rating
RE _Q’("fﬁ(" )[D(-)7(anl' )(D”—)i(‘fp)(P]
— (Yo )(LL+IM)

it h—SEH &

&

B
AASHTO, Manual for bridge evaluation

For the strength limit states: " = ., 0R,

For the service limit states: ¢ = fp

RF = Raling factor IM = Dynamic load allowance
© = Capaity Ype = LRFD load factor for structural components and
T Allowable stress specified in the LRFD code attachments
R, = Nominal member revistance (as inspected) fpw= LRFD load factor for wearing surfaces and
utilities
DC = Dead load effect |
attachments

% = LRFDload factor for permanent loads other than

DW= Dead load effect due fo wearing surface and dead loads = 1.0
utilities ) R
vz =  Evaluation live load factor
P Permanent loads other than dead loads ©. = Condition factar
LL = Live load effect o = Spemfactor
2
o = LRFD resistance factor

C = 0.0,0R,

EZR)UTICKBEHEEE i A
« 22 TCondition FactorF{E1E

Table 6A.4.2.3-1—Condition Factor: ¢,

Structural Condition of Member 2

Good or Satisfactory 1.00
Fair 0.95
Poor (.85

Table C6A.4.2.3-1—Approximate Conversion in Selecting ¢,

Superstructure Condition Equivalent Menber

Rating (SI & A ltem 59) Structural Condition
6 or higher Good or Satisfactory

(T e

5 Fair

4 or lower Poor

* FREREFICISCTRZEEBIE

T YLk HEBES  BRIRIEE

Dynamic Load Allowance IM

BEITIM =33%72A%, BREREZSCTEIYSIC
Table C6A.4.4.3-1—Dynamic Load Allowance: IM

Riding Surface Conditions M
Smooth nding surface at approaches. bridge deck. | 10%
and expansion joints
Minor surface deviations or depressions 20%

EZRYTICE BB RS ERE
Site-specific live load factor
(Weigh-In-MotionFE M5 RHOHNSRER EICLDHERED

For the single-lane loading case, the live load factor for
the Strength I limit state shall be taken as:

W 4 o) O
Y, =18 ———— | >1.80 (C6A.4.4.2.3a-2)
120
where:
w* = Mean truck weight for the top 20 percent of the
weight sample of trucks (kips)
o* = Standard deviation of the top 20 percent of the

truck weight sample (kips)

taprn = Fractile value appropriate for the maximum expected
loading event—given below in Table C6A.4.4.2.3a-1

E=R)TICKBHFHEE ST B
BEHBRZLCOT HEFRHALTCELAEHTE
->Rating FactorZE||1# - £ 5|

RF; = RE.K (8823-1)

RFr= load-rating factor for the live-load capacity
based on the load test result

RF.= rating factor based on calculations prior to
wcorporating test results (Eq. A6.4.2.1-1 should
be used)

K = adjustment factor resulting from the comparison

of measured test behavior with the analytical
model (represents the benefits of the field load IS HEEE e
test, if any) i
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Load and Resistance Factor Rating
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* Load Rating® EEMIHIMTICE=2)L T T—4%EMR. HIX IEREEREE.
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& EEITEM
v WIS, B, FSX.
I, SEmOE|EAKREN
SR, HEMER S DR HRSEE
v FERIERETESS, ERIICELS.
& BENED
v BI0ERZB
v BEICKYBEBIED, BENRZLEL
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'

B4 i

1R LN E—F, F=444Hz
BERRBDE—F

WREIS E— K, F=42.4Hz

LR € — &, F=217.7 He RULNERE—F, F=237.4Hz
EEARBOE—F
BEOEHMTIEAELS (RF)LTOBMANIREICEFS. BEELTLVELY

S

2" | ocal Cross Sectional Vibration Mode
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Nodal Line out of plane vibration
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ss Sectional Mode’s Sensitivity to Damage

(e RELG 137.0 Hz 284.7 Hz 450.1 Hz
Damaged panel 112.8 Hz 231.2Hz 343.2Hz
18.7% 23.7%

% Change in 17.6%
Frequency
Cross Sectional vibration of the panel

containing damage becomes localized from
the neighboring panels

The frequency of the localized mode is
significant lower than the cross sectional
mode of undamaged panels

Local Cross Sectional Modal Frequency Change (%)

1st X-Sectional Mode  2nd X-Sectional Mode  3rd X-Sectional Mode

10% 20% 30% 10% 20% 30% 10% 20% 30%
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Experimental test
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