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Abstract - Crack-like defect occurs in the weld region or heat-affected-zone of beam-
to-column connections widely. They may cause unexpected serious damage in the steel 
welded buildings. Most of these place at the connection where the column flange meets 
the beam bottom flange. The assessment of these defects is entirely related to the 
reliability of the whole structure. In this study, the fracture behavior of the welded steel 
structure including the defects subjected to loading has been investigated, and the 
conditions free from brittle fracture have been tried to carried out using the SINTAP 
Defect Assessment Procedure. The effects of the weld electrodes on the fracture 
behavior of the structure have been observed. 
Keywords - SINTAP, welded steel beam-to-column connection, electrode, fracture. 
  

1. INTRODUCTION 
The presence of a defect such notch, a crack  or some other stress raiser makes 

structural materials suspectible to brittle fracture. It is important to pay attention to the 
effects of defects and large plastic deformation on the fracture analysis of seismic 
damaged welded steel structures. Steel structures must have appropriate energy 
absorption by plastic deformation without brittle fracture. Brittle failure causes 
remarkable decrease of energy absorption ability of the steel structure, and it may lead 
to collapse of the whole structure. For the reliability of the structure, it is important to 
use steel and weld material having enough fracture toughness. 

Nakagomi et al. [1] studied on the beam-to-column connection considering 
mechanical property of the structural steel and weld material. They tested to see the 
effects of the toughness of structrural steel and weld metal on the plastic deformation 
capacity and the behavior of fracture of the specimen.  

Paterson et al. [2] examined the materials of construction of welded steel beam-to-
column connection, its controlling material properties, the possible variation in the 
material properties, and the corresponding structural integrity. 

Kuntiyawichai et al. [3] studied the effects of dynamic loading on both fracture 
toughness specimens under rapid loads and cracked connections in steel framed 
structures under earthquake loads using the Finite Element Method. 

Azuma et al. [4] investigated beam-to-column connections with weld defects tested 
under cyclic loads and evaluated the fracture toughness properties of numerically 
modeled weld defects. 

Righiniotis et al. [5] simplified two-dimensional crack model for assessing the 
fracture of bottom flange welds in steel beam-to-column connections and presented the 
formulation of the approximate expressions for the stress intensity factors related to the 
cracked geometry accounting for typical stress conditions. 

In this study, welded steel beam-to-column connections including crack-like defects 
are investigated by using the SINTAP Procedure Level II, European Flaw Assessment 
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Procedure, for mis-matched structures. In order to examine the effects of the toughness 
of weld metal, two different weld electrodes are used, namely E70TG-K2 and relatively 
tougher E-7018. The limit load for the welded steel connection is determined by the 
Net-Section-Collapse Method (NSC).  

The aim of this study is an assessment of the safety of the welded beam-to-column 
connections under earthquake loads in order to avoid the brittle fracture.  
 

2. PROBLEM DEFINITION 
The welded steel structure examined in this study is given in Figure 1. As shown in 

the figure, the connection consists of a W30×99 beam connected to a W14×176 column 
with welding operation. The model is the common connection used before the 
Northridge earthquake. The materials of beam and column are both A 572 steel Gr. 50 
and the flange welds are made with E70TG-K2 and E-7018 electrodes. Two electrodes 
having different fracture toughness are used in order to determine the effect of the 
material properties of weld electrodes on the fracture behavior. The material properties 
of base and weld metals are given in Table 1.  

 
Table 1.  Material properties of base and weld metal 

 
 Yield Strength 

(MPa) 
Ultimate Strength 

(MPa) 
Elasticity 

Modulus (GPa) 
CVN  

(J) 
Weld (E70TG-K2) 485.8 605.6 201.2 98 

Weld (E7018) 485.8 555.2 202.4 185 
Base Metal (A 572) 347 433.7 204.1 267 

. 
 

 
Figure 1. Beam-to-column configuration 
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The elliptical surface crack is placed in the heat-affected zone beneath the beam 
bottom flange. Dimensions of the surface crack are shown in Figure 2. 

 
 
 

 
 
 
 

Figure 2. Dimensions of the semi-elliptical surface crack 
 

3. THEORY 
3.1 Fracture Toughness Estimation 

Notch and fracture toughness are measured by a variety of means, such as the Charpy 
V-notch (CVN) test, the Crack Tip Opening Displacement (CTOD) fracture toughness 
test, etc. The CVN test is a very common method for characterizing the notch 
toughness. CVN test typically characterizes notch toughness by the amount of energy 
absorbed by the specimen. 

Due to expense and size limitations associated with fracture toughness tests, it is 
useful to make estimations of fracture toughness from CVN toughness requirements. 
The empirical correlation between CVN and Kmat, material fracture toughness, is as 
follow [6]: 
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where Kmat in MPa m  and CVN in Joule. 
 

3.2. Limit Load Estimation 
The limit load, which is main input for the SINTAP procedure, is determined by 

using the Net-Section-Collapse (NSC) Method for beam-to-column connection under 
loading. This method is very useful for determining the limit load of the complicated 
structures.  

 
 

Figure 3. Resulting stress distribution under loading 
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The NSC Method is based on the static equilibrium of forces and moments. The limit 
load can be determined as follow [7, 8 ,9] 
 ( ) 0=++∑ BB

y
WW

yY AAF σσ         

( ) 0=++∑ BBB
y

WWW
yY aAaAM σσ        

Where Fy and My are the limit load and the limit moment of the connection, 
respectively. W

yσ  and B
yσ  are the yield strength of the base and weld materials. 

 
3.3. Stress Intensity Factor Formulations 

The stress intensity factor for arbitrary loading may be expressed in the general form 
for Mode I as [10], 

( )bfI taYaK /πσ=          
where σ is the remotely applied stress.  
 
 
 
 
 
 
 
 
 
 
 

Figure 4. The beam-to-column connection with the surface crack 
 

Stress magnification factor, which is related to specific a/tbf ratios for the bending, is 
given by [5] 
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KI  can be expressed for a semi-elliptical weld defect under bending [5] 
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3.4 The SINTAP Procedure 

The SINTAP Procedure evaluates structural integrity for European industry and its 
main output is flaw assessment [11]. It has been developed by GKSS Research Center 
in Germany for mismatched welded structures. The SINTAP mismatch procedure 
provides confidence in assessment of defective weld strength mismatched structures.  
[12, 13, 14] 
 
3.4.1 Basic Equations 

The SINTAP Procedure includes FAD (Failure Assessment Diagram) and CDF 
(Crack Driving Force) routes. In the FAD route, a failure line is constructed by 
normalizing the crack tip loading (or applied stress intensity factor) with respect to the 
material’s fracture toughness. In the CDF route, the material resistance against the crack 
growth (R-Curve) is compared with the crack tip loading in the component.  In this 
paper, FAD approach is used. Figure 5 explains the FAD route. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 5. FAD approach for crack initiation 

 
The basic equation in the FAD approach is: 

Kr=f(Lr)          
where Lr is the ratio of the applied load, F, to the plastic yield load, FY calculated by the 
NSC method: 
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where KI is the stress intensity factor of the structure, and Kmat is the fracture toughness 
of the material. 
 

4. RESULTS 
In this paper, welded steel beam-to-column connections are examined by using the 

SINTAP Procedure Level II, European Flaw Assessment Procedure. Two different 
electrodes are used, namely E70TG-K2 and relatively tougher E-7018 in order to 
examine the effects of the toughness of weld metal. The limit load of the connection, 
which is required by the SINTAP procedure, is determined by the Net-Section-Collapse 
Method (NSC).  
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Figure 6  SINTAP Level II (mismatch)-FAD route  

 
Figure 6 shows the FAD route for welded steel structure containing surface elliptical 
cracks. Critical condition occurs at the points where load path intersects the FAD curve 
as shown in Figure 6. This situation is determined by considering the change of both the 
crack length and the load. It can be concluded that the structure is safe if the work 
condition for the structure is below the failure assessment line. 
 

Table 2. Limit load values (N) 
 

Type of electrode Limit load value, FY (N) Maximum load value, Fmax (N) 

 E70TG-K2 379067 426260 

E-7018 379067 417996 

 
Table 2 presents the limit and maximum load values of welded steel connection for 

both electrodes, E70TG-K2 and E-7018. It is seen that the limit load values are equal 
because the yield strength values of both electrodes are equal. The maximum load value 
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of the connection increases when E70TG-K2 electrode is used because the ultimate 
strength of E70TG-K2 electrode is higher than that E-7018. The structure collapses 
even if the structure is free from the defects when the applied load reaches to the 
maximum load.  
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Figure 7 Variation of the critical crack length sizes with applied load 

 
Figure 7 shows the change of the critical crack length with the applied load. 

Although their limit load values are equal, the critical crack length size permitted in the 
structure is larger when the electrode E-7018 is used. As seen from the figure, the 
critical crack length decreases until the applied load reaches to the limit load. However, 
there is some increase in the critical crack size after the yielding occurs. When the 
ligament collapse occurs, crack length becomes larger than that in the elastic region 
close to limit load.  

If the crack length for any loading condition stays under the curve, the structure is 
considered safe. Otherwise, brittle fracture may occur unexpectedly. 

Additionally, the use of the SINTAP procedure provides the confidence to assess the 
defects in welded steel beam-to-column connections in a rather short time compared 
with the other methods. This procedure also provides us to examine the effect of the 
material properties of electrode or base metal, different crack size, or any variable in 
considerably reducing the time of analysis. 
 
Acknowledgements-This study has been carried out with permission of GKSS 
Research Center, Germany.  The author wishes to gratefully acknowledge Dr. Mustafa 
Koçak for his valuable guidance and help. 

 
REFERENCES 

1. T. Nakagomi, M. Fujimoto, H. Aoki, J. Nishizawa and I. Ohbayashi. The Brittle 
Fracture of the Beam-to-Column Connection in Consideration of the Mechanical 
Property of the Structural Steel and the Weld Metal. IIW Doc. XV-957-97. 
Document for IIW Annual Assembly, San Francisco, USA, 1997. 

2. S. Paterson, H. Vaillancourt, and T. Kuntz. Variability and Statistical Bounds of the 
Strength and Fracture Toughness of Common Structural Steel Shapes and Weld 

Fy 



 
 

B. G. Kıral 
 

 

456 

Metals used in Welded Steel Moment Frame Connections in Building Construction.  
Proceedings on Welded Construction Seismic Areas, Hawaii, October, 1998. 

3. K. Kuntiyawichai and F.M. Burdekin. Engineering Assessment of Cracked 
Structures Subjected to Dynamic Loads Using Fracture Mechanics Assessment. 
Engineering Fracture Mechanics; Article in Press. 2003. 

4. K. Azuma, Y. Kurobane and Y. Makino. Cyclic Testing of Beam-to-Column 
Connections with Weld Defects and Assessment of Safety of Numerically Modeled 
Connections from Brittle Fracture. Engng. Structures 22, 1596-1608, 2000 

5.  T. D. Righiniotis, E. Omer and A. Y. Elghazouli. A Simplified Crack Model for 
Weld Fracture in Steel Moment Connections. Engineering Structures 24, 1133-
1140, 2002. 

6.   A.K. Motarjemi and M. Koçak. Fracture Assessment of a Clad Steel Using various 
SINTAP defect Assessment Procedure Levels. Fatigue&Fracture Engineering 
Material & Structure 25; 929-939, 2002. 

7.   S. Rahman, (1998) Net-Section-Collapse Analysis of Circumferentially Cracked 
Cylinders-Part II: Arbitrary-Shaped Cracks and Generalized Equations. 
Engineering Fracture Mechanics 61; 213-230, 1998. 

8.  S. Rahman. Net-Section-Collapse Analysis of Circumferentially Cracked Cylinders-
Part I: Idealized Cracks and Closed-Form Solutions. Engineering Fracture 
Mechanics 61; 191-211, 1998. 

9.  Y. J. Kim, D. Shim, and K. Nikbin. Finite Element Based Plastic Limit Loads For 
Cylinders With Part-Through Surface Cracks Under Combined Loading. 
International Journal of Pressure Vessels and Piping, 2003. 

10.   Y. Murakami. Stress Intensity factors Handbook. In: Oxford: Pergamon Press, 
1987. 

11. R. A. Ainsworth, A. C. Bannister, and U. Zerbst. An Overview of the European 
Flaw Assessment Procedure SINTAP and Its Validation. Int. J. Press. Vessels and 
Piping 77; 869-876, 2002. 

12.   M. Koçak and A. K. Motarjemi. Structural Integrity of Advanced Welded 
Structures. In: IIW Int. Conf., on Advanced Processes and Technologies in 
Welding and Allied Processes, Copenhagen, Denmark, 2002. 

13.   Y-J. Kim, M. Koçak, R. A. Ainsworth, and U. Zerbst. SINTAP Defect Assessment 
Procedure for Strength Mis-Match Structures. Engineering Fracture Mechanics 67; 
529-546,2000. 

14.  Y-J. Kim and K. H. Schwalbe. Mis-Match Effect on Plastic Yield Loads in 
Idealised Weldments II. Heat Affected Zone Cracks. Engineering Fracture 
Mechanics 68; 529-546, 2001. 

 
 
 


