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Fatigue Evaluation of a Steel Bridge in Service
through Stress History Measurement and Consideration of Stress Category
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Abstract

The proper stress history measurement should be conducted in order to examine the accurate cause of fatigue cracks or the
fatigue safety in the steel bridge. Only one strain gauge is generally installed in the field for the stress history examination because
of the field circumstances, economic feasibility, workability, and so on. However, this method may not consider the actual size of
the specific structure, the gauge length, and the affect of stress concentration in the welded joint. In addition, it is difficult to apply
for the stress analysis. Therefore, this study suggests improvements that are a great number of gauge installations, the gauge
location adjustment, and the use of the minimum length gauge. It is drived the correlative equation of strain for the distance
between the welding toe and the strain gauge installation, and compare correlative equation with equation of ITW. Also, this study
could estimate the remaining life and fatigue damage of bridge in service by selecting the suitable stress category. In conclusion,
it is possible to understand the member which is high in the fatigue cracks, and the quantitative relations between the welding toe
and the strain gauge installation distances. The proposed approach in this study can make an more accurate fatigue damage and
a remaining life prediction so that the improved method should be applied in measuring the strain of bridges from now on.

Keywords : Improved method, Correlative equation, Stress category, Fatigue damage, Remaining life
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Table 1 Synopsis of this bridge

Bridge Name 00Bridge, Nam—hae, Gyungnam, South korea

Type Suspension Bridge (steel deck)
Since 1973~2013 (current)

L = 660.0m (128+404+128)
B = 120m (2.447.2+2.4)

Service years

Length and Width

659,789

U-rib2] AAHo]= 625%6x6500mme] 1L 1709 ¥ A
U 529 ¥F4o)E 12.5m=zA 1709 E=uell 17849
U-rib ©]50] QIth A3k 55 7HEA] sk © A%
o] 3421 Steel deck (HFEH) W)7]-874-8 AAISkAL U-rib
0|5 Fig. 29} o] AZulo|~ EHo|ES Ul R 3}
3 Q) Urib A7 84S AR tid o
ol AR Z3A1e] Al Table 29} 2t} (Namhae Bridge
Final Report, 1973).
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Fig. 2 Section view of U—rib
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Fig. 1 Configuration of bridge section
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Table 2 Synopsis of steel deck plate & U—rib

Table 3 Investigated fatigue cracks in the last 6 years

SS—400 Ha—dong Middle Nam—hae
Type of Steel (Steel deck Block Length 12.5m) Division of Up & Span Span Span
(Production Length of U-rib 625 6X6500mm) Year | hown Line SEG SEG g | @
Steel deck 1 1mm U-rib 6mm 1~10 11~42 43~52
(TthkIleSS) (TthkIleSS) 2007 U-rib1~6 (U) 2 2 _ -
Diaphragm b (@ = - U-rib7~12(D) 19 24 4
(Length and Thickness) Open rib (L = 4.17m, t = 12mm) 1
U-rib1~6(U) 1 6 1
2008 50
U-rib7~12(D) 12 25 5
U-rib1~6(U) - 3 -
2009 21
- U-rib7~12(D) 3 9 6
U-rib& soro | UTPL-60 - - - o
U=rib U=rib7~12(D) 2 6 2
Fatique U-rib1~6(U) 1 - -
Cracks 2011 o 7
U-rib7~12(D) 3 2 1
SEG 22-2 U-rib 7 SEG 32-2 U-rib 7 2012 U-rib1~6(U) 2 2 - 15
U-rib7~12(D) 2 7 2

U—-rib&
Deck
Fatigue
Cracks

SEG 3—3 U—rib 7 SEG 7—1 U—rib 2

Retrofit
Fatigue
Cracks

SEG 9-2 U—rib 11

SEG 9—-2 U-rib 11

Fig. 3 Types of fatigue crack in U—rib
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Fig. 5 Improved installation of Strain gauge (st test)
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Fig. 6 Dynamic Test of Controlled traffic (50km/hr)
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Table 4 Fluctuating result of measured strain (Dynamic test)

‘ N IC 1 1C 2 IC 3 IC 4 IC5

Distance from Welded joint (10km/b) (20km/h) (30km/h) (40km/h) (50km/h)
CH 01 (3mm) 134.90 174.00 274.40 287.60 167.40
CH 02 (7mm) 112.20 147.60 228,60 244.00 141.90 15 ton D/TUN)

- — Total Weight (260.09)
CH 03 (12mm) 107.70 142,50 295.80 239.80 132.60 Middle Weight (97 57)
CH 04 (21mm) 100.80 133.50 218.60 229.60 126.60
SRR EATeR M| st =27 M18d M25(014. 3) 111
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Fig. 7 Cubic equation graph of welding toe strain
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(a) Strain gauge attachment location of U—rib & Deck
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(b) Strain gauge attachment location

Fig. 8 Detailed drawing of strain gauge attachment location
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Fig. 9 lIW installation of Strain gauge & Non-linear
extrapolation of the measured strain

Fig. 10 IIW installation of Strain gauge (2st test)
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Fig. 11 Ordinary load 2nd test (U—rib & U—-rib splice plate)

Table 5 Result of ordinary load strain (2nd test)

U-rib 7 (U-rib & Deck Plate)

Channel . Fluctuating Stress . .
No. Min Max (Mpa) Applied Equation
—257.12 24.76
CHO 57.79
281.88
-11332 | 571
CH 1 24.40
119.03
-136.18 | 2190
CH 2 32.41
158.08
€ 557.53 114.29

oc=FE-+¢€

U-rib 7 (U-rib & U-rib splice plate)

19046 | 26093

CH 12 92.30
451.39
-186.65 | 25141
CH 13 89.80
438.06
-137.13 | 199.98
CH 14 69.12
337.11
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A9 8 ATE At FREY IEFES A

AT} (JSSC, 2012).
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Table 6 Stress category of each country

U-rib and Deck plate stress category
L. Category
Class Situation (Vpa)

— " -
KRTA Fillet—Welded Com'leutlgns With Welds Normal C (©9)
to the Direction of Stress

S " o
7S5C Fillet—Welded Com?ect{on Wlth‘bteel Deck and E (80)

Longitudinal U-rib

U-rib and U-rib splice plate stress category

Fillet—Welded Connections With Welds Normal

and/or parallel to the Direction of Stress E @D

KRTA

JSSC Fillet—Welded Connection With Cover plate F (65)

Table 7 Result of fatigue life assessment by stress category

Applied KRTA Stress category

Chnnel No. Location C?ﬁi;); Y Ma_s((lv}?rtll;ess E;gze:;u;‘;z
G0 | popme | S | oo |
Gz UL_Jiirt')ib& pjc (jgb.zg%) 6

Applied JSSC Stress category
ae | 2 [ vw | A ]




Table 8 Result of fatigue life assessment (JSSC)

Table 9 Result of fatigue life assessment by location of gauge

Consider Field Welding Quality & Technique during construction

U-rib & Deck plate

U-rib & 17.26
H F 1
CHo Deck plate 65 (=52.97) 38
. U-rib & - 77.29
CH 12 U-rib G G0 (~60.03) !
1E+06
5E+05 Total Vehicles : 277
2E+05 Maximum Stress Range : 135.60 MPa
Average Stress Range : 072 MPa
1E+05 Equivalent Stress(m=3) : 10.46 Mpa
5E+04 Equivalent Stress(m=5) : 24.20 Mpa
2E+04 Total Number of Cycles : 136280

Frequency Numbers

0 20 40 60 80 100 120 140
Stress Range (Mpa)

Fig. 12 Stress range histogram of ch 12 (U—rib & U—rib)
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