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ABSTRACT

“A numerical study was performed to investigate the ultimate resistance of longitudinally
siffened plate girders subjected to paich loading. The study was conducted by means of
nonlinear finite clement analysis. The finite element model was validated with experimental
results taken from literature and found to be considerably more accurate. Extensive parametric
study was also performed and presented graphically to examine the effect of geometric,
mechanical properties and location of longitudinal stiffeners on patch strength. Furthermore,
the ultimate patch resistance and the optimum position of the longitudinal stiffencrs were
presented in closed-form which showed satisfactory correlation with the theoretical results.

1. INTRODUCTION

Lacalized edge loading or paich loading of hot rolled beams and fabricated plate girders,
illustrated in Figure 1, is frequently encountered in practice. Examples of this type of loading
are reactions, wheel loads on crane ganiry girders, loads from purlins onto the main frame
‘members of buildings, and roller loads during the launching of plate and box girders.
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Figurl: Patch loading and girder dimensions
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ABSTRACT

A numerical study was performed to investigate the ultimate resistance of longitudinally stiffened plate girders subjected to patch loading. The study was conducted by means of nonlinear finite element analysis. The finite element model was validated with experimental results taken from literature and found to be considerably more accurate. Extensive parametric study was also performed and presented graphically to examine the effect of geometric, mechanical properties and location of longitudinal stiffeners on patch strength. Furthermore, the ultimate patch resistance and the optimum position of the longitudinal stiffeners were presented in closed-form which showed satisfactory correlation with the theoretical results.
1. INTRODUCTION
Localized edge loading or patch loading of hot rolled beams and fabricated plate girders, illustrated in Figure 1, is frequently encountered in practice. Examples of this type of loading are reactions, wheel loads on crane gantry girders, loads from purlins onto the main frame members of buildings, and roller loads during the launching of plate and box girders.
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Figur1: Patch loading and girder dimensions
The behavior of steel plate girders under patch load represents complex stability and elastoplastic problems. Based on experimental work and the statistical analysis of the results, the behavior of transversally stiffened plate girders subjected to patch loading (Figure 1) has been extensively studied yet and different approaches to determine the ultimate load have been presented in the literature [1-4].

In situation where the location of the patch load is fixed, transverse web stiffeners can be used to provide increased resistance, but for economic reasons should be avoided wherever possible. For moving load it is not possible to provide stiffeners at all critical locations. Graciano and Edlund [5] demonstrated that the resistance to patch loading is increased considerably with longitudinal stiffening, particularly when the stiffener is placed rather closed to the loaded flange (Figure 2).
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Figure 2: Longitudinally stiffened plate girder

Nowadays the increase in computer power makes it more feasible to carry out mathematical simulations, instead of conducting more expensive experimental tests. Computer simulations using nonlinear finite element analysis have been proven to be a reliable tool to investigate the postbuckling behavior of plate girders subjected to patch loading.


This paper focuses on the ultimate resistance of longitudinally stiffened plate girders subjected to patch loading and on the optimum location of a longitudinal stiffener for such girders, using finite element analysis (FE). First a FE-model is developed with the commercial finite element program ANSYS. The plate girders are modeled considering material and geometrical nonlinearities. Next, the model is validated against the experimental results taken from the literature. Thereafter, a parametric study is conducted in order to investigate the influence of geometric, mechanical properties and location of longitudinal stiffeners on patch strength. One of the objectives of this study is to provide a fast and accurate method of predicting the patch strength of steel plate girders and the optimum position of longitudinal stiffeners and to introduce these in closed-form solutions.
2. NUMERICAL MODELINGS

Numerical studies of steel plate girders subjected to patch loading were performed using the finite element code ANSYS. Shell elements 43 and 63 from the code element library were used to model the girders. Due to symmetry in the geometry, loads and boundary conditions, just one half of each girder was modeled. The material was considered to have a perfectly elastoplastic behavior. Young's modulus was set to E = 210 GPa and Poisson's ratio was set to
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Validation of the FE-model was performed first considering the plate girders without any longitudinal stiffeners. Then the validation continued considering the longitudinally stiffened plate girders. For a girder having web depth dw, web width bw, web thickness tw, web yield stress 
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, load length c, flange thickness tf, flange width bf, flange yield stress 
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, location of longitudinal stiffener b1, longitudinal stiffener thickness tst and longitudinal stiffener width bst, the results of this validation are summarized in Tables 1 and 2. As presented in Tables 1 and 2, the correlation between the experimental results (Pu,ex) and the numerical (FE) results (Pu,FE) is good, and the error in the predicted ultimate patch resistance is within 10%.
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(N/mm2) 
	c

(mm)

	Pu,FE
(KN)
	
 Pu,ex

(KN)

	PG1
	600
	500
	2.12
	224
	150
	3.05
	221
	50
	36.09
	34.08

	PG2
	800
	800
	2.0
	266
	300
	15.0
	295
	40
	65.33
	60

	PG3
	800
	800
	2.0
	266
	120
	5.07
	285
	40
	40.74
	38


Table 1: FE-model prediction of Pu,FE and experimental results Pu,ex [4,5] with geometric and mechanical variables for plate girders without any longitudinal stiffeners
	Plate Girder
	b1  

 (mm)
	bst
(mm)
	tst 

 (mm)
	Pu,FE
(KN)
	
 Pu,ex

(KN)

	PG2
	ـــ
	ـــ
	ـــ
	65.33
	60

	PG2-1
	160
	60
	6
	66.98
	71

	PG3
	ـــ
	ـــ
	ـــ
	40.74
	38

	PG3-1
	160
	40
	4
	41.64
	45


Table 2: FE-model prediction of Pu,FE and experimental results for
 longitudinally stiffened plate girders Pu,ex [5]
3. PARAMETRIC STUDY
After validating the FE-model a parametric analysis was performed and the influence of changes in geometric and material characteristics was investigated. The results of changes in ultimate patch resistance for PG2 is summarized in Table 3. In each case, only one parameter was increased by 10%. Analysis of results indicates that the influence of web thickness tw on ultimate patch load is more significant than the other parameters.
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	17.10%
	6.10%
	3.70%
	2.80%
	0.30%
	0.67%
	0.10%
	0.10%
	0.00%


Table 3: The variation of the Pu,FE  for PG2 by 10% changes in 
geometric and material characteristics
The location of the stiffener b1 was varied between 20 to120 mm for the girder PG2. The changes in the patch resistance due to the location of the longitudinal stiffener for PG2 are given in Table 4 where Pus is the ultimate patch resistance of longitudinally stiffened plate girders and Pu0 is the ultimate patch resistance of plate girders without stiffener. A maximum increase of 51% in the ultimate patch resistance for PG2 was reached when the stiffener having thickness 14 mm and width 60 mm was located at 70 mm distance from compressive flange of PG2.
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	PG2
	0
	60
	14
	1.00

	PG2-2
	20
	60
	14
	1.16

	PG2-3
	40
	60
	14
	1.29

	PG2-4
	60
	60
	14
	1.47

	PG2-5
	70
	60
	14
	1.51

	PG2-6
	80
	60
	14
	1.45

	PG2-8
	100
	60
	14
	1.34

	PG2-9
	120
	60
	14
	1.29


Table 4: The variation of the ultimate patch resistance of PG2 by changes in the location of the longitudinal stiffener
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Figure 3: Variation of the optimum position of the longitudinal stiffener b1,opt due to the 

changes of the stiffener thickness tst for  PG2
The stiffener thickness tst, affects the ultimate resistance and optimum position of the stiffener. Figure 3 shows the variation in the optimum position of the longitudinal stiffener having width 60 mm due to the changes of the stiffener thickness for the girder PG2. The influence of changes in stiffener thickness and stiffener width on the ultimate resistance was also investigated. Figures 4 and 5 show the variation of the ultimate resistance due to the stiffener thickness tst and the stiffener width bst for the girder PG2.
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Figure 4: Variation of the ultimate resistance Pus due to the stiffener thickness tst for  PG2
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Figure 5: Variation of the ultimate resistance Pus  due to the stiffener width bst for  PG2

4.  CLOSED-FORM SOLUTIONS 
One of the aims of the study is to obtain closed-form solutions of the ultimate patch resistance of longitudinally stiffened plate girders Pus and the optimum location of the longitudinal stiffeners b1,opt. The FE-model was used to conduct parametric studies. By using the results of the FE analysis the following formulae are proposed to determine the ultimate patch resistance of plate girders and the optimum location of the longitudinal stiffeners.
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where Pu0 is the ultimate patch resistance of plate girders without stiffener. The ultimate patch resistance of longitudinally stiffened plate girders (Pus,pr), determined in accordance with the proposed equations are compared with the results of FE analysis (Pus,FE) in Figure 6. As can be seen, the ratio of 
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 is close to unity, indicates there is close correlation between the proposed equations and the results of FE analysis.
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Figure 6: Comparison of the ultimate patch resistance of longitudinally plate girders (Pus,pr), determined in accordance with the proposed equations with the results of FE analysis (Pus,FE)
The optimum position of the longitudinal stiffener (b1,optEq.3), determined in accordance with the proposed equation are compared with the results of FE analysis (b1,opt,FE) in Table 5.  As can be seen, there is close correlation between the proposed equation and the results of FE analysis
	b1,opt,FE
mm
	b1,optEq.3
mm
	dw
mm
	tst
mm
	tf
mm
	Plate Girder

	12.73
	12.5
	500
	2.12
	3.05
	PG1

	60
	58.5
	800
	6
	15.0
	PG2-1


Table 5: Comparison of the optimum position of the longitudinal stiffeners (b1,optEq.3), determined in accordance with the proposed equation with the results of FE analysis (b1,opt,FE)
5. CONCLUTIONS

A numerical study of longitudinally stiffened plate girders subjected to patch loading was performed by means of nonlinear finite element analysis. The correlation between the theoretical and existing experimental results was good and the maximum error in the predicted ultimate patch resistance was within 10%.
The FE-model was used to conduct parametric studies to investigate the effect of geometric and mechanical properties on the ultimate resistance and on the optimum location of longitudinal stiffeners. Analysis of results indicated that a maximum increase of about 50% in the ultimate patch resistance was reached when the stiffener was located at the optimum position from compressive flange. Herein, closed-form solutions for the ultimate patch resistance of longitudinally stiffened plate girders and the optimum location of stiffeners, have been proposed. The results of the proposed equations were compared with the theoretical results and were found to be considerably more accurate. However, due to the limited number of plate girders studied herein, the findings are not yet conclusive and further research is required to extend the applicability of the proposed equations for engineering practice.
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