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FATIGUE BEHAVIOUR OF MISALIGNED BUTT WELDED JOINTS
IN THE BOTTOM FLANGE

ZACHOWANIE ZM ECZENIOWE NIEWSPOLOSIOWYCH
CZOLOWYCH POL ACZEN SPAWANYCH W PASIE DOLNYM

Abstract In this study, we investigated the fatigue strangft butt welded joints with 10% or more
misalignment of plate thickness through fatiguetstean 3 steel girder specimens. The specimens
comprised an aligned butt welded joint, 18% and 36&aligned butt welded joints against the 11 mm
—thick plate in the bottom flange. We also vedfike effect of the taper grinding and toe grindigginst

the misaligned butt welded joints. As a resultydls confirmed that the fatigue strength of the 8%
less misaligned butt welded joint satisfied JRASSI®, while that of the 36% misaligned butt welded
joint may not satisfy JRA Class D. By taper grirglend toe grinding, the fatigue strength of the 36%
misalignment butt welded joint was improved abaug class.

StreszczeniePraca dotyczy badameczeniowych spoin czotowych mgjych 10% i weksz niewspot-
osiowas¢ w stosunku do gruldoi pasa. Badania przeprowadzono na trzeéehghrach stalowych. Kaly

z dzwigarow posiadat w pasie dolnym o grdbboll mm poprzecznosiows spoire czotowy oraz
czotowe spoiny o niewspétosiovm 18% i 36%. Badaniom poddano takwptyw efektu frezowania
niewspotosiowych pakzen czotowych za pomac frezu stakowego i palcowego. Stwierdzono,
ze wytrzymald¢é zmeczeniowa spoin 0 18% i mniejszej niewspotosiseispetnia warunki klasy D
Japaiskiego Stowarzyszenia Drogowego (JRA), podczasspgdyny o niewspotosiovégai 36% mogty
nie spetia warunkéw klasy D. Dzki frezowaniu frezami stdkowym i palcowym, wytrzymakg spoin
majgcych 36% niewspotosiovéoi wzrastata o jednklas;.

1. Introduction

When butt welded joints are used to join the sf#ates, a misalignment of the plate
thickness may occur by the deformation of stedkglalue to welding and assembly errors.

In Japan, when the plate thickness is 50 mm gt fgecifications for highway and railway
bridges specify that the misalignment of platekhess butt welded joints should be 10% or
less of the thinner plate thickness 1, 2.

In other countries, the misalignment of the buttded joint is also allowed to be 10% or
less of the thinner plate thickness 3,4. When tisalignment exceeds 10%, [IW recommends
to modify the fatigue strength with the applicatmiran additional stress raising factor 4.

However, the fatigue strength of butt welded jpwith 10% or more misalignment of the
plate thickness has not as yet been clarified.

In this study, we investigated the fatigue straraftbutt welded joints with 10% or more
misalignment of the plate thickness through fatigests of 3 steel girder specimens.
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The specimens comprised an aligned butt welded, jp8% and 36% misaligned butt welded
joints against the 11 mm-thick plate in the bottifamge. We also verified the effect of the
taper grinding and toe grinding against the miseaybutt welded joints.

2. Experimental method
2.1 Specimen

Figure 1 shows the configurations and dimensidtiseospecimens. We used 3 steel girder
specimens (G1~G3). The material used was JIS SMA%¥el. Each of the specimens had
4 types of butt welded joints in the 11-mm-thicktbe flange, as follows (Fig. 2, Photo 1).

(1) aligned butt welded joint (MO)

(2) 18% misaligned butt welded joint (M2)

(3) 36% misaligned butt welded joint (M4)

(4) 36% misaligned butt welded joint with tapeinging (M4T)

We only grinded weld toes of M4 and M4T in the §&cimen before the fatigue test
(Photo 2). These joints are called M4G and M4TG.
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Photo 3 Fatigue test set up

2.2 Fatigue test method

We conducted fatigue tests in 3-point bending @mr Photo 3 shows the fatigue test set
up. The maximum load was set to 180 kN, so thantbgimum stress of the bottom flange
would be the allowable stress. We then selectedbting range by changing the minimum
load. The loading rate was 4 Hz.

To detect the fatigue cracks, we conducted vigwgdections, magnetic particle tests and
penetrant tests.

3. Fatigue test results
3.1 Fatigue cracking behaviour

In the G1 specimen, fatigue cracks were detedtédtedongitudinal welded joint between
the web and the bottom flange near the MO and MWty after 5.0 Mcycles loading under
AP = 100kN. No fatigue cracking was detected at mattded joints.

In the G2 specimen, fatigue cracks were detectdtieaM4 and MAT joints after 1.8
Mcycles loading undesP = 130 kN (Photo 4, 5). Also, three fatigue crackse detected at
the longitudinal welded joint between the web dmellhottom flange near the M4T (Photo 5)
and MO joints and in the section of the loadingnpoAfter reinforcing at those longitudinal
welded joints with fatigue cracks (Photo 6), faggests were continued. The fatigue test was
finished the fatigue test when the fatigue crackhef M4 joint was propagated into the web.
Photo 7 shows the fatigue cracking in the M4 joittioto 8 shows the fracture surface in the
M4 joint. The fatigue crack was initiated at theldvime on the lower surface of the bottom
flange just under the web, and propagated to thrame the bottom flange. No fatigue cracks
were detected at the MO and M2 joints.
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In the G3 specimen, three fatigue cracks werectileat the longitudinal welded joint
between the web and the bottom flange near the MdiidMO joints, and at the section of
the loading point undekP = 140 kN. However, no fatigue cracking was detetethe butt
welded joints.

3.2 Fatigue strength of welded joints

Table 1 shows fatigue test results. Figure 3 shiatvgue test results and fatigue design
curves after JRA Fatigue Design RecommendationBligihway Bridges 5. The vertical axis
represents the nominal stress rantye),(while the horizontal axis represents fatigue N
andNs. Ng is fatigue crack detection life as the numbertadss cycles until fatigue cracks are
detected.N; is fatigue life defined as the number of stresslesy until the fatigue crack
propagates to the lower surface of the bottom #ang

Table 1. Fatigue test results

Specimen Prmax Prmin AP Welded Ao Fatigue life (Mcycles)
[kN] [KN] [KN] joint [MPa] Ng Nt

MO 96 >5.0 >5.0

M2 65 >5.0 >5.0

M4 66 >5.0 >5.0

Gl 180 80 100 M4T 93 >5.0 >5.0
flange-wel 93 >.0 >.0
96 5.0 5.0

MO 126 > 4.0 >4.1

M2 87 >4.0 >4.1
M4 87 1.8 4.1

G2 180 50 130 M4T 124 1.8 >1.8
142 3.7 3.7
flange-weh 126 4.0 4.0
124 1.8 1.8

MO 136 > 3.4 > 3.4

M2 94 > 3.4 >3.4

M4 94 > 3.4 >3.4

G3 180 40 140 MATG 133 >1.7 >1.7
153 2.8 2.8
flange-wehh 136 2.1 2.1
124 1.7 1.7
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Fig. 3. Fatigue test results

3.2.1 Influences of misalignment

Because no fatigue cracking was detected at theaDM?2 joint of 3 specimens, the
fatigue strength of MO satisfied Class C, and tfa¥12 satisfied Class D. At M4 joints, no
fatigue cracking was detected under = 66 MPa, however a fatigue crack occurred ldnd
satisfied Class D unders = 87 MPa. Therefore, the fatigue strength of M4 whout Class
E or D. The results show that the fatigue stremjtthe 18% misaligned butt welded joint
(M2) satisfied Class D, as recommended for a bettded joint without finishing by JRA.
However, the fatigue strength of the butt weldadtjmay decrease from Class D to Class E
with 36% misalignment.

3.2.2 Effect of taper grinding against misaligned btt welded joint

At M4T joints, no fatigue cracking was detectedlemAc = 93 MPa. Fatigue cracking
occurred undens = 124 MPa and\s can be estimated as Class C. Therefore, the &tigu
strength of M4T was about Class D or C, and it e@sirmed that the fatigue strength of the
36% misaligned butt welded joint with the tapending was about 1-class higher than that of
the joint without the taper grinding.

3.2.3 Effect of weld toe grinding against misaligreebutt welded joint

Because no fatigue cracking was detected at the Jdiht undeAs = 94 MPa, the fatigue
strength of M4G satisfied Class D. Also, becausdatigue cracking was detected at the
MA4TG joint underAs = 133 MPa, the fatigue strength of M4TG satisfigldss C. It was
therefore confirmed that both fatigue strengthheke joints with weld toe grinding was about
1 class higher than those of joints without welel goinding.
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3.2.4 Fatigue strength of the longitudinal weldedgint between the web
and the bottom flange

At longitudinal welded joints between the web ahd bottom flange, 8 fatigue cracks
occurred undefic more tham\oce Of Class D. Therefore the fatigue strength ofdimgitudinal
welded joint satisfied Class D, as recommendedR4.Jdn comparison with butt welded
joints, the fatigue life of the 18% or less misakg butt welded joint was higher than that of
the longitudinal welded joint. However, the fatiglife of the 36% misaligned butt welded
joint was slightly lower than that of the longitadi welded joint.

4. Conclusions

The principal results obtained through fatigueste$ 3 specimens with the 4 types of butt
welded joints are as follows.

The fatigue strength of the 18% or less misalignetti welded joint satisfied Class D, as
recommended for a butt welded joint without finrghiby JRA, while the fatigue strength of
the butt welded joint may decrease from Class Dl#&ss E with 36% misalignment.

The fatigue strength of the 36% misaligned butdee joint was improved about 1 class
and satisfied Class D through the taper grinding.

The fatigue strength of the 36% misaligned butidee joint was improved about 1 class
and satisfied Class D through the weld toe grinding
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