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ABSTRACT

When steel structures such as steel bridges arec constructed, primed steel
plates are usced to protect against corrosion. In welding of the primed
plates, blowholes often occur weld roots. In this study, an influence of
blowholes in the roots of fillet welds on fatigue strengths is investigated
by fatigue tests on the welded plate girder specimens which have the flange-
web welded joints, the vertical stiffener welded joints and out-of-planc
gusset welded joints.

INTRODUCTION

When steel structures such as steel bridges arc constructed, primed stecl
plates arc usually uscd to protect against corrosion. In welding of the
primed plate, blowholes are apt to occur in weld roots, so the primer is
often removed by grinding. However, in order to automate, robotize and make
quick the welding processes, it is desired to weld the steel plates as-
primed condition.

A blowhole is a gas pore in the weld metal, and causc the reduction of
weld arca and stress concentration. The blowhole, thercfore, is considercd
to decrease the fatigue strength of a welded joint.

In this study, an influence of blowholes on fatiguc strengths of welded
joints 1is investigated through fatigue tests on the plate girder specimens
which have the flange-web fillet welds, vertical stiffener fillet welds and
out-of-plane gusset fillet welds. '

EXPERIMENTAL PROCEDURE

- Specimen
Figure 1 shows the configurations and dimensions of the welded plate girders

(here-in-after referred to as "girder specimens”) and details of welded
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joints in the girder specimens. Four girder specimens were made, which have
flange-web welds, vertical stiffencr welds (small attachments of 50mm  long
simulate vertlcal stiffener) and out-of-planc gussct welds. The locatlon of
inner side gussets in the No.4 girder specimen [Is different to other
specimens, and those weld toes were finished smooth by grinding. The other
welds were left in as-welded condition.

The steel usecd for flange was JIS SS400 of 12mm thick and the steels
used for web, vertical stiffener and gusset were JIS SS400 of 9mm thick. The
mechanical properties and chemical compositions of the steels arc shown 1in
Table 1. These stcel plates were coated with wash-type-primer whose
thickness is about 20um. :

Flange and web were connected by COgp arc welding for No.l and 2
specimens, and by submerged arc wclding for No.3 and 4 specimens. The
stiffeners and gussets were attached by shicld mectal arc welding or COp arc
welding. The welding conditions are indicated in Table 2. All the wecldings
were performed to the as-primed plates.

aba N 4 :
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Figure 1 Configurations and Discasions of Girder Specimens

Table 1 Nechanical Properties and
Chemical Compositions of steels

thickness| yield tesile elon- Table 2 Yelding Conditions
point strength gation
procedurc naterial vclding condition
1200 278MPa 4{50MPa %
onm 294MPa  {41MPa 20% shieled metal arc | LB-52 5.0¢ 2004°
C02 arc MX-200 1.2¢ 230A 30V
thickness ¢ 31 D;E P S automatic C02 arc MX-200 1.2¢ | 240A 34V 34cm/min
(%) submerged arc US-36 4.0¢ 650A 32V 60cm/min
12nm 0.20 0.10 0.38 0.021 0.007 WF-83 8-48
9um 0.19 0.10 0.37 0.024 0.008
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Fatiguc Test Procedure
Fatigue tests were  performed
using an clectro-hydraullc-servo-
type testing machine of dynamic
loading capacity 300kN. The
method of loading was four points
bending. An appcarance of fatigue
testing is shown in Figure 2. The
load waveform was sinusoidal, and
the rate of load repetitions was
2.217.

The load range was set at
250kN, in which the maximum load
was equal to 260kN and the

]

minimum load was equal to 10KkN, R
for all the girder specimens. The Figure 2 A Vicw of Faligue Testing
stress range caused by the load
range was 141MPa at the flange- 300 o NOJ
web jolnts, 100 or 110MPa at the = 8 NO?
stiffener joints, 60 to 75MPa at < i o NO3
the as-welded gusset joints and S v NO4
88MPa at the finished gusset < : e
joints. %100} v o

Fatiguec crack initiation and = [ JjSsSC E
propagation from the joints are "
observed using the magnetic par- o
ticle testing. When the fatigue . 30“ |

e A iaaaa MUY | et ol

cracks formed at the stiffener 109 RPN 107 108

Joints or gusset joints reached ' '
designated 1length, testing was Fatigue Life N (cycles)
interrupted and repairs were done
by drllling the <circular hole
(diameter 18mm) at the tips of
fatiguc cracks and tightening the hole with high-strength bolts (JIS TF10T-
M16). After then, fatiguc testing continucd.

Figure 3 Fatigue Test Resalls (Stiffemer Jolnt)

FATIGUE TEST RESULTS AND FATIGUE STRENGTH

Fatiguc cracks originated from the flange-web joints became extremely long,
then fatigue testing was finished. The number of load cycles up to the end
of testing on No.1, 2, 3 and 4 spccimen was 4,580,000, 4,710,000, 3,890,000
and 2,257,000, respectively.

Vertical Stiffener Welded Joints
Five fatigue cracks observed in No.3 specimen which have eight pairs of
vertical stiffeners. In other specimens, a fatigue crack was not observed.
The reclationship between stress range and fatigue 1ifc is given in Figure 3.
The fatigue 1life 1is the number of stress cycles until fatigue crack
propagated to ,10mm apart from the end of the stiffener. The solid 1line
indicated in Figure 3 is the design fatigue curve given for the vertical
stiffener joints in JSSC (Japanese Society of Steel Construction)
Recommendations for Fatigue Deslign Method [1]. The test results arc above
the design curve.

The condition of fatigue crack growth is shown in Figure 4. Figure 5
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Figure 4 Faliguc Crack in Stiffcmer Joint Figurc 5 Rool Blovhele (SLiffencr Welds)

shows the broken fillet weld scction along the weld linc of stilffener joint.
Many blowholes existed in the weld, but the latiguc crack orviginated [from
the weld toe and extendeld along the toc of fillet welds. Thercfore, a root
blowhole must not become origin of the latiguc crack.

The root blowhole may affect stress concentration at the toc of fillet
welds and influence the fatigue strength when fatigue crack initiate from
the weld toe. Therefore, two dimensional f(inite clement stress analyses werce
performed in order to investigate the influence of root blowholc on the
stress concentration factor at the weld toe. The analytical results indicate
that the blowhole does not incrcasc the stress concentration and docs not
decrcasc the fatigue strength.

Qut-of-Planc Gusset weclded Joints
200 NO.1 Fatigue test results arc shown in
NO3 Figure 6. Figure 7 shows the fatigue
NO. 4 crack which originated from the toc
of fillet weld. Scventeen [atiguce
cracks werc observed in the gusset
joints. All the cracks initiated [rom
the weld toe. In thesc joints,
blowholes cxlsted at the weld root as
shown in Figure 8 which Is a X-ray
20 et e photograph. Fatigue lifc indicated in
10° 108 107 108 Figure 6 was the number of stress
Faligue Life N (cyeles) cycles when crack length  became
approximatcly 40mm.

Fatigue design curve for out-of-

planc gusscts specified in JSSC

4agpo
=z
O
N

100}

Stress Range & o (MPa)

Figarc 6 Fatigue Test Results (Gusset Joint)

Figure 7 Fatigue Crack Im Gusset Joint Figure 8 Root Blowhole (Gussct Welds)
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Recom-mendations 1s also indlicated by solid line in Figurc 6. All the test
results satisfy the corresponding design curve.

The joints with the fatigue cracks longer than about 40mm were vepalred
by drilling and tightening the hole. There are no Initiations of fatigue
cracks from the repaired joints.

In the gusset joints whose weld toes werec finlshed fatigue crack did
not obsecrved.

Flangc-Web Welded Joints

The number of fatigue cracks appeared on the weld surface of (f{lange-web
joint of No.l, 2, 3 and 4 specimen is 11, 1, 1 and 4, respectively. These
cracks originated from the blowholcs at weld roots as shown in Figure 9. The
results of fatigue tests are shown in Figure 10. The design curve given by
JSSC Recommendations is located below the test results.

After completion of fatigue tests, flange-web joints were broken along
the weld line to observe blowholes at the weld roots and verify the
existence of partially propagated fatigue cracks which did not reach the
weld surface. Figure 1T shows a example of the broken surface. Many
blowholes exist in the weldments and partially propagated fatlguc cracks
originate from the some blowholes.

Figure 12(a) and (b) show the relationship between fatigue crack
occurrence ratio from blowholes and the 2a, value for upper -and lower
flange-web welds, respectively. The crack occurrence ratio is the ratio of
the number blowholes from which crack occurred to the total number of
blowholes. The 2a, is the diameter when the blowhole Is considered as a
equivalent circular crack, and is given by (2a, = 0.94 x W0.29 x 110.48) (2],
in which W and 1l are width and height of the blowhole, respectively. The
values indicated in this figure are the total number of blowholes.

300+ o NO.1
~ & NO.2
= v NO.4
) v o9
< A
N ] OO -
) .
[~ -
]
o Jssc D
‘;; -

30 TN U BN |

10° 108 107 108

Figure 9 Fatigue Fallure Sarface Fatigue Life N (eyclos)

(Flange-¥eb Joint) Figure 10 Fatigue Test Results (Flange-¥eb Joint)

Figure 11 Root Blowbole (Flange-Web Welds)
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In the upper welds which 1

arc subject to completely 0.9
compressive cyclic stresses, é °.8-1 (a) Upper welds
many fatigue cracks originated + o.7-
from blowholes. The fatlgue & 0.6
crack occurrence ratios of £ gs
upper welds 1s nearly equal to 32 p.4-
that of lower welds. The ratio © g 3- gg—44—27——14
becomes higher as the 2a, value § o.2- //}1°
becomes larger. S 0.1 148147
Q- ?'_4.8"'—1?6/ T T T Y T T
CONCLUDING REMARKS 9.6 Q.38 1.2 1.5 1.9 2.1 2.4 2.7 3 3.5
diameter of cuivalent circular crack 23, (mm)
The principal results obtained 1 :
by performing the fatigue tests 29- (b) Lower welds
on welded plate girder <= o.5-
specimens made by primed steel <& o.7-
plates are as follows. N S 0.6
(1) Fatigue strengths of & gs-
vertical stiffener welded 3 .47 97-——80
joints and out-of-plane gusset & p.3- 106// AT——15
welded jolnts are not exerted a - o2 ///
baneful  influence by root & g1 112
blowholes of fillet welds. oli_2s yopt28” 00
Fﬂtigue Strengths of these 8.6 Q.9 1.2 1.5 1.9 2.1 2.4 2.7 3 3.5
joints satisfy the fatigue diameter of cuivalent circular crack 2a, {(mm)

design curves for corresponding
joints specified by JSSC
Recommendations.

{2) Fatlgue strength and crack occurrence ratio of flange-wedb welded
joints are controlled by the size of root blowhole in fillet welds. lowever,
the fatigue strength satlsfy the fatigue deslgn curve glven In JSSC Recom-
mendations.

Flgure 12 Fatlgue Crack Occarreace Ratlo from Blowhole

Thls study was performed as a part of the activitles of the Fabricatlon
Committee (chalrman : Chitoshi Miki, Professor, Tokyo Institute of Techno-
logy) organized by Japan Steel Bridge Engincering Association.
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