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Abstract.  A great number of moment-resisting steel structures collapsed due to ductile crack initiation at 
welded beam-column connections, followed by explosive brittle fracture in the Kobe (Hyogoken-Nanbu) 
earthquake in 1995. A series of experimental and numerical studies on cracking behaviors of beam-column 
connections in steel bridge piers were carried out by the authors’ team. This paper aims to study the effect of 
post weld treatment on cracking behaviors of the connections during a strong earthquake event. Experiments 
of three specimens with different weld finishes, i.e., as-welded, R-finish, and burr grinding, were conducted. 
The experimental results indicate that the instants of ductile crack initiation are greatly delayed for the 
specimens with R-finish and burr grinding finishes compared with the as-welded one. The strain 
concentration effect in the connection is also greatly reduced in the specimens with post weld treatment 
compared with the as-welded one, which was also verified in the tests. 
 
Keywords:    ductile fracture; post weld treatment; burr grinding; R-finish; beam-column connection; 
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1. Introduction 

 
During strong earthquakes, welded beam-column connections in moment-resisting steel 

structures are susceptible to brittle fracture triggered by ductile crack initiation at the welds 
(Kuwamura 1997), which was first observed in a large number of steel building structures during 
the Northridge earthquake in 1994 (AIJ 1995, Kuwamura Lab. 1995, Nakashima et al. 1998) and 
the Kobe (Hyogoken-Nanbu) earthquake in 1995 (Mahin 1998, O’Sullivan et al. 1998). A similar 
cracking process was also found at welded beam-column connections in steel moment resisting 
frame (SMRF) bridge piers (Miki and Sasaki 2005, Usami and Ge 2009). It was pointed out that 
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the brittle fracture during the Kobe earthquake could be divided into three critical steps, i.e., 
ductile crack initiation at locations with strain concentration, ductile crack propagation, and 
progressive failure due to brittle fracture (Kuwamura 1997, Kuwamura and Yamamoto 1997). The 
failure process was found to be similar to those occurred in beam-column connections in steel 
piers during the Kobe earthquake (Miki and Sasaki 2005, Usami and Ge 2009). Brittle fracture 
was also observed in a rectangular steel column at the height of concrete-fill, and a cast steel pier 
(Bruneau et al. 1996). Therefore, it is of great importance to study the ductile cracking behaviors 
preceding the brittle fracture in steel bridge piers. 

After the two earthquakes, comprehensive studies on the mechanism of brittle fracture during 
strong earthquakes and new measurements to avoid brittle fracture were conducted by both 
Japanese and U.S. researchers (e.g., EI-Tawil et al. 2000, Schafer et al. 2000, Stojadinović et al. 
2000, Mao et al. 2001, Ricles et al. 2002, Kuwamura 2003, Kuwamura et al. 2003, Qian et al. 
2005, Roeder et al. 2005). A new Federal Emergency Management Agency (FEMA) 
recommended design criterion aiming to produce a more ductile seismic design of welded SMRF 
buildings was proposed after the Northridge earthquake (FEMA-350 2000). An interim guideline 
to prevent brittle fracture at the welds of the connections in SMRF buildings was also published by 
the Building Center of Japan (2003). Extensive research on brittle fracture of SMRF buildings has 
been conducted, while limited studies on brittle fracture of SMRF bridge piers have been 
conducted since the two earthquakes. 

On the other hand, post weld treatments were found to be effective in increasing the fatigue life 
of welded structures in high cycle and medium cycle regimes (e.g., Haagensen and Maddox 2001, 
Pedersen et al. 2010, Kirkhope et al. 1999a, b, Mashiri et al. 2001, Iwashita and Azuma 2012, 
Qian et al. 2013). Common weld treatment methods can be divided into two categories: weld 
geometry improvement methods, and residual compressive stress methods. The former improves 
the crack-like geometry at the welds, and reduces the strain concentration. The latter introduces 
compressive pre-stress into the weld toes to delay the occurrence of cracking mainly due to tensile 
stress. The former includes grinding methods such as burr grinding (BG); re-melting methods such 
as tungsten inert gas (TIG) dressing; and weld profile control methods etc. To improve the fatigue 
life of the welded beam-column connections in steel bridge piers, BG finish at the weld toes, and 
large-scale fillets at the beam-web-to-column-web joints were required in practical constructions 
for newly built highway bridges recently (Nagoya Expressway Public Corporation 2004, 
 
 

Fig. 1 Beam-column connections in steel piers with very small fillet radius 
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Metropolitan Expressway Company Limited 2008). However, the effect of post weld treatment 
on ductile cracking life of welded beam-column connections in steel bridge piers has seldom been 
found in the literature. 

A series of experimental and numerical studies on ductile crack initiation of cantilever piers 
and beam-column connections have been carried out by the authors’ team (Ge and Luo 2011, Ge 
and Kang 2012, Kang and Ge 2013, Luo et al. 2012, Ge et al. 2013). This paper aims to 
experimentally study the effect of post weld treatments on ductile cracking behaviors of the 
beam-column connections in steel bridge piers with three different weld finishes: as-welded (AW), 
R-finish, and BG, under a strong earthquake event. Three thick-walled beam-column connections 
with the same global geometrical and structural parameters were tested under cyclic incremental 
loading. The experimental results indicate that the ductile cracking initiation life was greatly 
improved for both of the two specimens with post weld treatments. The weld finishes were also 
found to be effective in reducing the strain concentration effect near the weld toes at the 
beam-flange-to-column-flange joints. 
 
 
2. Experimental program 

 
2.1 Introduction of the adopted two weld treatment methods 
 
In practice, there are no weld treatments to the beam-column connections for many steel bridge 

piers constructed several decades ago, and weld toe burr grinding is commonly applied to the ones 
built recently as illustrated in Fig. 1. Herein, only the methods commonly employed in steel 
bridges are briefly reviewed, e.g., the BG method, and an improved profile weld method 
(American Welding Society D1.1 1996) which is termed R-finish in this paper. The details and 
actual configurations of the three finishes are shown in Fig. 2. The BG finish at the weld toes is to 
remove the surface defects, and make a smooth transition between the base metal and the weld 
beads, which can thus improve the strain concentration effect due to the original irregular sharp 
corners. The detailed procedure for performing weld toe BG can refer to the recommendations of 
the International Institute of Welding (IIW) (Haagensen and Maddox 2001). Though a small 
smooth notch remains at the weld toes after the BG finish, the strain concentration effect is still 
reduced compared with the as-welded connections. On the other hand, the R-finish method 
recommended by the AWS is to obtain a smooth transition by controlling the overall profile of the 
weld. By application of the R-finish, the strain concentration can be moved to a location with a 
lower strain concentration factor, which can improve the fatigue life of welded structures 
(Kirkhope et al. 1999a). The R-finish method will reduce the size of the weld throat, which may 
affect the static strength in some cases, and special attentions should be paid to control the throat 
thickness, especially for ductile cracking which is closely related with the static strength. 

 
2.2 Configuration of specimens 
 
Three full-penetration welded specimens of unstiffened beam-column connections were 

manufactured to simulate the welded connections in the thick-walled SMRF bridge piers. The 
configuration of the specimens is illustrated in Fig. 2, and measured dimensions and structural 
parameters of the specimens are listed in Table 1, where the numbering of the specimen 
“SOO-a-15-AW(R, BG)-VC” denotes: S = steel, OO = the value of the width-to-thickness ratio 
parameter, Rf, multiplied by 100, a = incomplete penetration depth, 15 = designed radius of the 
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Fig. 2 Configuration of specimens 
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Table 1 Measured dimensions and structural parameters of the specimens 

Specimens 
Geometrical dimensions (mm) Structural parameters 

h h1 h2 h3 hc L L1 L2 L3 B D t R a Rf λ Hy (kN) y (mm)

S30-0-15- 
AW-VC 

857 168 164 16 163 769 225 225 225 175 173 11.77 16 0 0.31 0.31 201 4.71

S30-0-15- 
R-VC 

858 168 164 16 164 769 225 225 225 175 174 11.77 16 0 0.31 0.31 200 4.67

S30-0-15- 
BG-VC 

858 168 164 16 164 769 225 225 225 175 174 11.77 16 0 0.31 0.31 200 4.68

*Notes: 
(1) Notation of test specimens, e.g., SOO-a-15-AW(R, BG)-VC, S = steel; OO = value of the width-to- 

thickness ratio parameter, Rf, multiplied by 100; a = incomplete penetration depth; AW = as-welded, 
R = R-finish, and BG = burr grinding; VC = variable amplitude cyclic loading. 

(2) h = column height; L = beam length; B = flange width of beam and column; D = web width of beam; 
hc = web width of column; t = thickness; R = curvature radius of the fillet;λ = slenderness ratio 
parameter; Hy = yield strength of lateral load; y = yield displacement of lateral load. 

 
Table 2 Mechanical properties and chemical compositions of welding wires 

Mechanical properties Chemical compositions (%) 

Yield stress 
(N/mm2) 

Tensile strength 
(N/mm2) 

Elongation
(%) 

Charpy impact energy
(J) 

C S Mn P S Cu

613 648 25 83 (0°C) 0.05 0.46 1.74 0.014 0.005 0.32

 
Table 3 Coupon test results of base metal 

y (MPa) y (%) u (MPa) f (%)  E (GPa) Est (GPa) st (%) 

384 0.182 532 25.7 0.285 211 4.6 2.21 

*Note: y = yield stress, y = yield strain, u = tensile strength, f = uniform strain at fracture,  = Poisson’s 
ratio, E = Young’s modulus, Est = strain hardening modulus, st = strain at initiation of strain hardening 

 
 
fillet at the beam-flange-to-column-flange joint, AW = as welded, R = R-finish, BG = weld toe 
burr grinding, and VC = variable amplitude cyclic loading. The base metal of the columns and 
beams was made of SM490YA, which is widely applied to practical construction of steel bridges 
in Japan. Both the columns and the beams were of welded rectangular sections, and the wall 
thickness was designed as 12 mm considering the capacity of the loading device. The weld metal 
YFW-C50DM was employed, and its mechanical properties and chemical compositions are given 
in Table 2. The mechanical properties of the base metal, obtained from average values of three 
coupon tests, are given in Table 3, where the average fracture strain, εf, was calculated from the 
measured elongation within a gage length after fracture of the coupons. The secant modulus, εst, 
was obtained using the least square method based on the stress-strain data in the strain hardening 
ranges until necking initiates. 

For the specimen with BG finish, a grinding depth of 0.5 mm was selected, which is the 
required minimum size for the BG finish. The resulting root radius of the BG finish is 3 mm, 
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which is the required minimum size by the IIW recommendations (Haagensen and Maddox 2001). 
For the R-finish, a fillet radius of 10 mm was selected considering the weld throat thickness and 
manufacturing conditions. The weld surfaces of the specimen with R-finish are smooth and clear, 
which facilitate the observation of crack initiation and propagation during experiments. Besides, a 
small fillet with a radius of 15 mm was designed at the beam-web-to-column-web joint to simulate 
the actual configurations of steel bridges with small fillets as illustrated in Fig. 1. In recently 
constructed bridges, a fillet radius ranging from 100 mm to 20% of the beam height is employed to 
obtain a smooth stress transition at the beam-column connections. Since this paper is focused on 
the effect of post weld treatment, the small fillet size was selected. The fillet radius of 15 mm is 
also the minimum value for the current manufacturing technologies. Three diagrams were 
designed inside the beam members with intervals of L1, L2, and L3, from the right ends of the 
beams. Likewise, six diagrams were also added inside the column members. The left column 
flange was replaced by a thick plate, which was to simplify the boundary conditions of the 
beam-column connections. A loading plate was welded to the right end of the beam to connect 
with a loading beam using high strength bolts. Both the assembling and welding procedure of the 
plates of the beam-column connections were the same as those employed in practice, except that 
two backing plates were employed at one of beam-web-to-column-flange joints and beam-flange- 
to-beam-web joints, which are required by the welding workmanship due to the poor welding 
accessibility and limited working space. To exclude the effect of the backing plates, the ends of the 
backing plates close to the beam-web-to-column-web joints were cut to avoid intersections of 
welds. 

A small width-to-thickness ratio parameter, Rf, was selected to avoid the influence of local 
buckling of the beams, which may result in decrease in the loads and make the problem more 
complicated. Therefore, a width-to-thickness ratio parameter, Rf, of 0.3 defined in Eq. (1) was 
determined. 

Ent
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R y
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)1(12




                          (1) 

 
where b = width of beam flange, t = thickness of beam flange, σy = yield stress, E = Young’s 
modulus, ν = Poisson’s ratio, and n = number of sub-panels. The value of n should be 1 since the 
section is unstiffened. 

The slenderness ratio parameter,  , of 0.31 defined according to Eq. (2) were designed to 
avoid premature global instability of the beams during loading. 
 

Er

L y


 12
                             (2) 

 
where L = beam length, and r = radius of gyration. 

 
2.3 Test setup and loading history 
 
Experiments on the specimens were conducted using a self-balanced steel reaction frame and 

two horizontal actuators each with a force capacity of ± 1000 kN, and a displacement capacity of ± 
500 mm, as illustrated in Fig. 3. A moving loading beam and a pin-connected loading beam were 
employed. The specimen was rotated by 90 degrees to accommodate the loading frame, and the 
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Fig. 3 Test setup 

 

Fig. 4 Loading history 

 
 
bottom column flange of the specimen was connected to a foundation bed using high strength bolts. 
Displacement transducers were employed to measure the horizontal displacements at the upper 
beam end and the two column ends. The stroke of the actuators and the vertical displacements of 
the column were also measured to obtain the small rotation of the whole specimen. The net 
horizontal displacement at the upper beam end was employed for the controlling of all the tests. 
An incremental loading history with one cycle per displacement amplitude as illustrated in Fig. 4 
was employed in this study. The four corners of the connections were numbered as illustrated in 
Fig. 5. 
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Fig. 5 Numbering of the corners and definition of crack length 
 
 
3. Experimental results 
 

3.1 Definition of cracking initiation 
 
Definition of crack initiation is of great importance for this study. The instant at crack initiation 

is defined when the size of a crack in the specimen reaches a size of around 1 mm, which can be 
visualized by human eyes and common cameras during the experiments. To accurately capture the 
instants at crack initiation, the current appearance of the specimen surfaces was compared with the 
initial one by digital photos during the tests. Due to difficulties in observing the cracks initiating 
inside the connections, crack initiation is defined by the first surface crack exceeding a length of 
about 1 mm at the surfaces of the specimens in this paper, where the crack length is illustrated in 
Fig. 5. This definition may overestimate the number of cycles at instant of crack initiation, while 
numerical simulation using proper cyclic plasticity models (e.g., Jia and Kuwamura 2013a) and 
micro-mechanism based fracture models (e.g., Jia and Kuwamura 2013b), may compensate this 
limitation and give a more accurate evaluation of crack initiation in future studies. 

 
3.2 Hysteretic curves 
 
Non-dimensionalized lateral load-lateral displacement curves and the corresponding skeleton 

curves of the specimens are shown in Fig. 6, where the instants at crack initiation of each 
specimen are also marked in the curves. The comparison results indicate that there is little 
difference among the hysteretic curves and the skeleton curves of the three specimens before crack 
initiation. Both the ultimate loads and the initial stiffnesses of the connections are similar to each 
other. Therefore, the post weld treatment has little effect on the global behaviors of the 
connections before crack initiation. However, the decrease in the loads of the two specimens with 
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(a) Comparison of hysteretic curves (b) Comparison of skeleton curves 

Fig. 6 Comparison of hysteretic curves and skeleton curves 
 
 
weld finishes is faster than the as-welded one. 

 
3.3 Failure modes 
 
Different cracking modes as illustrated in Figs. 7 to 9, i.e., Mode 1: ductile crack initiated at the 

end of the weld bead of the beam-flange-to-beam-web joint, and Mode 2: ductile crack initiated at 
beam web edge close to the end of the fillet at the beam-web-to-column-web joint, were observed 
in the experiments, where the as-welded specimen failed in Mode 1, and the other two specimens 
failed in Mode 2. The crack initiated at the weld bead for Mode 1, while the crack initiated at the 
base metal for Mode 2. The locations and instants of the crack initiation are listed in Table 4, 
where the locations of the crack initiation are described by the height from the surface of the 
column flange. Herein, the failure processes of the specimens are detailed as follows 
 

(1) Specimen S30-0-15-AW-VC 
 

(i) 6δy to -6δy within 12th half cycle: Crack initiation at the end of the weld bead of the 
beam-flange-to-beam-web joint as illustrated in Fig. 7(b) at Corner 1, was observed at this 
instant. The crack is located at 11 mm away from the surface of the column flange. The 
crack length, Lc, at this moment was 3.2 mm. 

(ii) 7δy within 14th half cycle: Another crack initiated along a discontinuous line at the end of 
the weld of the beam-flange-to-beam-web joint at Corner 2 as shown in Fig. 7(c). The 
crack length at the moment was 8.8 mm. 

(iii) 9δy within 18th half cycle: The crack at Corner 2 was propagating into the base metal of 
the beam flange as shown in Fig. 7(d), and the length of the crack was 18.8 mm. It was 
inferred that the crack had already run through the thickness of the weld. 

(iv) 12δy within 24th half cycle: The crack propagated into the beam flange along a diagonal 
direction, and the crack length was 60.1 mm at the moment as shown in Fig. 7(e). The 
crack also propagated into the beam web, and crack propagation became fast. 

(v) -12δy within 25th half cycle: The crack has propagated into both the beam flange and beam 
web with large crack lengths as shown in Fig. 7(f). The crack length at the flange was 63 
mm, where the test was terminated due to remarkable decrease in the lateral loads. 
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Fig. 7 Crack initiation and propagation of S30-0-15-AW-VC 

 
Table 4 Instants and locations of crack initiation 

Specimens Instants at crack initiation 
Locations of crack initiation 

(height from the column surfaces) 
S30-0-15-AW-VC 11th half cycle (6δy to -6δy) 13 

S30-0-15-R-VC 14th half cycle (-7δy) 11 

S30-0-15-BG-VC 15th half cycle (8δy) 17 

 
 

(2) Specimen S30-0-15-R-VC 
 

(i) 7δy to -7δy within 15th half cycle: Crack initiating at the end of the fillet of the 
beam-web-to-column-web joint at Corner 1 was confirmed as shown in Fig. 8(b). The 
crack initiated at the base metal but not the welds, and the crack length at the moment was 
3.3 mm. The R-finish treatment of the welds successfully transited the cracking at the weld 
beads to the base metal. 

(ii) -8δy within 17th half cycle: The crack gradually propagated at the beam flange, and also 
tended to propagate into the beam web. The crack length at the moment was 5.9 mm. 
Besides, a new crack initiated close to the strain gauge at the beam flange as shown in Fig. 
8(c). 

(iii) -9δy within 19th half cycle: The first crack went on propagating at the beam flange, and 
tends to connect with the second crack as shown in Fig. 8(d). The length of the first crack 
at the moment was 33.6 mm. The crack also started to propagate into the beam web at -8δy 
within 19th half cycle. 

(iv) -10δy within 21st half cycle: The crack propagated at both the beam flange and beam web 
as shown in Fig. 8(e), where the crack length at the beam flange was 43.5 mm. 

(v) -11δy within 23rd half cycle: The crack length at the beam flange reached over half width 
of the flange, and it also propagated into the beam web with a considerable size as shown 
in Fig. 8(f), where the crack length was 92.3 mm at the beam flange. The propagation 
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along the beam web resulted in considerable decrease of the load-carrying capacity, and 
the experiment was terminated. 

 
(3) Specimen S30-0-15-BG-VC 
 

(i) 13δy within 8th half cycle: At the moment, there was no crack initiating at the surfaces of 
the specimen. A marking line at the end of the fillet of the beam flange as shown in Fig. 
9(b) to facilitate the identification of the pasting locations of the strain gauges can be 
observed, which is apt to be misunderstood as a crack during the tests. 

 
 

 

Fig. 8 Crack initiation and propagation of S30-0-15-R-VC 

 

 

Fig. 9 Crack initiation and propagation of S30-0-15-BG-VC 
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Fig. 10 Section view of cracks after cutting the specimens 
 
 

(ii) 8δy within 16th half cycle: A crack initiating at the end of the fillet at the beam-web-to- 
column-web joint was observed at Corner 4 of the specimen with a length of 1mm as 
shown in Fig. 9(c). The thickness of the marking line also became larger. 

(iii) 9δy within 18th half cycle: The crack propagated at both the beam flange and the beam 
web as shown in Fig. 9(d), and the crack lengths at the beam flange and beam web 
were 19.8 mm and 2.6 mm respectively. Compared with the as-welded specimen, the 
instants at crack propagation at the beam webs were earlier than the ones with weld 
finishes, which thus results in an earlier decrease in the lateral loads. 

(iv) 10δy within 20th half cycle: The crack propagated at both the beam flange and beam 
web as shown in Fig. 9(e), where the crack length at the beam flange was 31 mm. 

(v)  11δy within 22nd half cycle: The crack length at the beam flange reached 47.0 mm as 
shown in Fig. 9(f). The propagation at the beam flange and the beam web resulted in 
considerable decrease of the load-carrying capacity, and the experiment was 
terminated. 

 

To observe the crack propagation at the internal of the specimens, the three specimens were cut 
after the tests. The section view of the cracks is given in Fig. 10, where the two backing plates at 
the beam-flange-to-beam-web joint and the beam-web-to-column-flange joint can be observed. 
The joints at the backing plates were welded first during the manufacturing, then the other plates 
were welded. Moreover, the ends of the two backing plates were tapered to avoid weld intersection 
at the beam-flange-to-column-flange joints. Since the crack initiation is at the beam-flange-to- 
web-flange joint, the effect of backing plate is minor in this study. The figure indicated that cracks 
initiated at the weld surfaces, and then propagated into the thickness of the welds or the beam 
flanges. 
 

3.4 Comparison of crack initiation and propagation 

698



 
 
 
 
 
 

Effect of post weld treatment on cracking behaviors of beam-column connections 

 

Fig. 11 Instants of crack initiation Fig. 12 Crack propagation of the specimens 
 
 

The instants and locations of the crack initiation in the experiments are given in Table 4 and 
Fig. 11. Comparison among the test results indicates that the crack initiation at the as-welded 
specimen is the earliest, and the one with BG finish is the latest. Crack initiation instants of the 
specimens with R-finish and BG are respectively three and four half cycles later than the 
as-welded one, which implies that post weld treatment can significantly improve the ductile crack 
initiation lives of the beam-column connections. Meanwhile, apparent difference between the 
effects of the two finish methods, i.e., R-finish and BG, was not found in the tested specimens. 

Crack propagation of all the specimens is compared based on the measured crack length 
illustrated in Fig. 12. The figure implies that the crack propagation of the specimens with post 
weld treatments is slower than the as-welded one within the first four half cycles after crack 
initiation, while faster after five half cycles. The instant at loss of load-carrying capacity of the 
as-welded specimen is later than the ones with post weld treatment, which is mainly due to the 
premature crack propagation in the beam webs for the specimens with weld finishes. Likewise, 
there is no apparent difference between the crack propagation behaviors of the two specimens with 
weld finishes. 

 
3.5 Reduction of strain concentration effect for post weld treatment 
 
To study the effect of post weld treatments on reducing strain concentration effect, strain 

gauges with large plastic strain measuring capacity, YFLA-2, were employed and pasted at the 
flanges and webs of both the beams and the columns, and the details are given in Fig. 13. The 
strain data versus half cycles curves at the four corners of the beam flanges (Gauges 1, 5 and 2, 6), 
at the mid-width of the beam flanges (Gauges 3, 7), and those at the corners of the beam-web- 
to-column-web joints (Gauges 4, 8), are all plotted in Fig. 14, where the instants of crack initiation 
are also marked in the curves. The comparison results at the four corners of the beam flanges 
indicate that the strain in the as-welded specimen is about 1 to 2% higher than the corresponding 
data of the ones with weld finishes, which can be found in Figs. 14(a) and (b). Fig. 14(c) implies 
that the strain at the mid-width of the beam flange is about two times of the corresponding data of 
the ones with weld finishes, and there is no apparent difference between the strain data of the two 
specimens with different weld finishes. Besides, no apparent difference is found among the strain 
data at the beam-web-to-column-web joints for all the specimens, which is found in Fig. 14(d). It 
is also interesting to find that the strain data at the beam-web-to-column-web joints are larger than 
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Fig. 13 Arrangement of strain gauges 
 
 

 

Fig. 14 Comparison of strain data 
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those at the beam flanges for the specimens with weld finishes, while an opposite conclusion is 
found for the as-welded specimen. Based on the aforementioned discussions, it is found that the 
post weld treatments can effectively reduce the strain concentration effect at the beam flanges, 
while they have minor effects on the strain concentration at the beam-web-to-column-web joints. 
Since the beam flanges were found to crack first, the post weld treatments can improve the crack 
initiation life of the welded connections. 

 
 

4. Conclusions 
 
In this study, experiments on three welded steel beam-column connections were carried out to 

study cracking behaviors of beam-column connections with different post weld treatments in 
welded steel moment-resisting frame bridge piers, where commonly full penetration welding is 
employed. The connections were tested under incremental loading with large displacement loading 
cycles to simulate the cracking behaviors during a strong earthquake event. The following 
conclusions can be drawn based on the experimental results carried out in this study. 

 

 The two post weld treatment methods, i.e., R-finish, and burr grinding, can effectively delay 
the cracking initiation lives of the welded beam-column connections. 

 The locations of crack initiation can be changed by the post weld treatments. A crack 
initiated at the discontinuous part at the weld bead of the as-welded specimen, while 
initiated at the ends of the fillets at the beam-web-to-column-web joints for the ones with 
post weld treatments. 

 The crack propagation of the as-welded specimen is faster than the ones with post weld 
treatments at the early stage, while slower several half cycles later after the crack initiation. 

 There is no apparent difference among the global load-displacement curves of all the 
specimens before crack initiation. The decrease in the loads is earlier for the specimens with 
post weld treatment due to earlier crack propagation at the beam webs compared with the 
as-welded one. 

 The two post weld treatment methods can effectively reduce the strain concentration effect 
at the beam flanges, while have minor effects on the strain concentration at the beam-web- 
to-column-web joints. 

 

Though great cautions were paid to the manufacturing process to simulate the actual conditions 
of the beam-column connections in steel bridge piers, it was still difficult to ensure the same 
details due to the limitations of the small-scaled specimens. Two backing plates were employed in 
the experiments due to requirements of the welding workmanship. Therefore, it is necessary to 
carry out full-scaled experiments with the same details as the practice to further validate the effects 
of post weld treatments on the cracking behaviors of the connections in future. Moreover, more 
experimental data are required to study the uncertainty in the experimental results due to inevitable 
deviations during manufacturing and testing. 
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Nomenclature 
 
 

B  flange width of beam and column 

D  web width of beam 

E  Young’s modulus 

Est  initial strain hardening modulus 

Hy  yield strength of lateral load 

L  beam length 

Lc  crack length 

R  curvature radius of fillet 

Rf  width-to-thickness parameter 

a  incomplete penetration depth 

b  width of beam flange 

h  column height 

hc  web width of column 

N  number of sub-panels 

R  radius of gyration of beam section 

T  thickness of beam flange 

δ  horizontal displacement at beam end 

δy  initial yield displacement 

ε  strain 

εf  uniform strain at fracture 

εst  strain at initiation of strain hardening 

εu  yield strain 

λ̄  slenderness ratio parameter 

v  Poisson’s ratio 

σu  tensile strength 

σy  initial yield stress 
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