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Abstract 

The applicability of the steel plate pre-stressing method is investigated for the 

purpose of preventing fatigue crack propagation to the web in the notched girder 

end. With the steel plate pre-stress method, it is considered to be possible for the 

reinforcing plate to be decreased in size in comparison with the conventional 

reinforcing method, since both live load and dead-load can be reduced or changed to 

compressive stress by compressive pre-stressing. Monotonic and fatigue loading tests 

are reported using full-scale girder specimens with notch. 

1. Introduction 

77 

It has been extensively reported that fatigue cracks have been detected at notched steel 

girder ends, which are reinforced by using ribbed steel plate1l. However, the conventional 

reinforcement method may not always be perfect in its response to actual conditions, since 

the size of the reinforcing plate cannot always be sufficient, due to limited space with 

stiffeners or various attachment members in the notched girder end. There is also a 

possibility that sufficient friction grip connection is not produced by the reinforcing plate rib 

when the reinforcing plate is fixed on to the web. So, it has been reported that fatigue 

cracks were agam propagated after reinforcement. 

In this study, the applicability of the steel plate pre-stressing method is investigated for 

the purpose of preventing fatigue crack propagation to the web in the notched girder end. 

The steel plate pre-stress method is also considered to have the potential for decrease in 

size of the reinforcing plate in comparison with the conventional reinforcing method, since 

both live load stress and dead load tensile stress can be reduced or changed to compressive 

stress by compressive pre-stressing. In this paper, monotonic and fatigue loading tests are 

reported using full-scale girder specimens with notch. 

2. Experimental Method 

2.1 Specimen 

Fig. 1 shows the configuration and dimensions of the notched steel girder specimen. The 
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specimens were designed so that the girder end with the notch (radius of 80mm) can be 

exchanged, and the other part can be used repeatedly. The material used was JIS SS400 

Steel. Three parts of the girder end were prepared, respectively for three cases of no 

reinforcement, steel plate reinforcement and steel plate pre-stressing reinforcement. 

In the loading condition, the specimen is simply supported and loaded at the point of 1/3 

of the span so that a sufficient shearing force and bending moment can be applied in the 

notched girder end. The maximum load is set at 300kN, so that the maximum stress which 

occurs in the bottom flange may remain within the static allowable stress for the material. 
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Fig.I Notched girder specimen (elevation) 
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2.2 Reinforcing methods 

2.2.1 Steel plate reinforcement 

In the specimen with steel plate reinforcement, the reinforcing steel plate is installed to 

the notched girder end by a friction grip connection using high-strength bolts (see Fig. 2). 

Angle steels as reinforcing members (90mm x 90mm x 670mm) are installed on the face and 

back of the web, and then fixed to both the bottom flange in the small section and the web 
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Fig.2 Reinforcing the Notched girder Specimen 
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in the large section. This steel plate reinforcing method is expected to reduce the stress 

concentration of notched members and extend the fatigue life, because stress in the bottom 

flange in the small section is transmitted to the web in the large section. 

2.2.2 Steel plate pre-stressing method2l 

Pre-stresses are introduced into the notch using a heating and cooling process. Pre-

stressing processes are as follows. 

Step 1: Fix one end of the reinforcing steel plate to the web of the large section side near 

the loading-point side using high-strength bolts. 

Step 2: Heat the reinforcing plate using gas burners. 

Step 3: Fix the other end of the reinforcing plate when its elongation reaches the expected 

value. 

Step 4: Cool the reinforcing steel plate. During these processes, tensile stress should be 

introduced into the reinforcing plate and compressive stress should be introduced into the 

bottom flange of the reinforced beam. 

The elongation of the reinforcing plate was monitored and controlled by using a dial 

meter. The reinforcing method should ensure that the stress concentration can be reduced 

by installing reinforcing plates, and fatigue crack is prevented from propagating to the web 

by compressive pre-stress. 

3. Experimental Results 

3.1 Pre-stressing process 

Fig. 3 shows changes of stress and temperature during the pre-stressing process. 
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Tensile stress is introduced into the reinforcing plate, and compressive stress is introduced 

into the web near the notch during the cooling process. It takes about half an hour for the 

pre-stressing process to be completed. 

3.2 Static loading test results 

Fig. 4 shows the change in horizontal stress in the web (Test point W似） behind the 

center of the reinforcing plate during the loading process. In the specimen without 

reinforcement, the relations between horizontal stress and the magnitude of load (0) are 

distributed linearly, and horizontal stress is about 80MPa when the load is maximum 

(P max=300kN). 

In the specimen with steel plate reinforcement, the horizontal stress in the web(△） can 

be reduced when P>60kN in comparison with the specimen without reinforcement, because 

the specimen was reinforced when P min= 60kN which was assumed to be a dead load. On the 

other hand the stress(▲） in the reinforcing steel plate was increasing as decreasing the 

stress in the web. The stress under maximum load (P max=300kN) is reduced 40% from 

75MPa to 45MPa compared to the specimen without reinforcement. The stress in the 

reinforcing steel plate is about 25MPa. 

In the specimen with steel plate pre-stressing reinforcement, the pre-stress was also 

introduced into the web during dead loading (P min=60kN). Tensile stress 40MPa was 

introduced by the reinforcing steel plate and compressive stress -50MPa in the web plate. 

Although the gradients of the stress change in web and reinforcing steel plate (口，■） in the 

specimen with steel plate pre-stressing reinforcement are almost same as those in the 

specimen with steel plate reinforcement (△，▲） when P>60kN, the web stress (口） is 

compressive, and becomes about OMPa when maximum loading. Consequently, the 

0

0

 

5

0

 

l

l

 （こ喜

5

Meas. 
-O-W1~。 -NoReinforcement 
丑 w盆SteelPlate Reinforcement 
-O-W1生SteelPlate Pre-stressing method 
-A--RP-Steel Plate Reinforcement 

ー・一RP-Steel Plate Pre-stressing method 

考~ 
50 
「 ■ -------

］ ゚
-50 

60 120 180 240 300 

゜ Load P(kN) 

Fig.4 Relation between horizontal stress and load 



Reinforcing Notched Steel Girder End 81 

horizontal stress range in the web(口） during cyclic loading stays in the compressive area. 

The stress(■） in the reinforcing steel plate with pre-stress is 40MP larger, which is exactly 

same as the magnitude of the pre-stress, than stress(▲） in the reinforcement steel plate 

without pre-stress. 

Fig. 5 shows the principal stress distributions in the web near the notch during live 

loading. In the specimen without reinforcement, the magnitude of measured maximum 

principal stress range of 99MPa is almost horizontal at test point W似Inthe specimen with 

steel plate reinforcement, the maximum principal stress range (test point W盆） near the 

center of the notched corner is reduced to 65MPa. Thus, it is identify that the stress 

concentration of a notched corner is reduced by steel plate reinforcement. In the specimen 

with steel plate pre-stressing reinforcement, the magnitude and direction of the principal 
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stress range distribution is almost the same as that in the specimen with steel plate 

reinforcement under cyclic loading., as shown in Fig. 5 (b),(c). 

Fig. 6 shows the principal stress distribution in the web near the notch when maximum 

loading (P max=300kN). The magnitude of the principal stress of both specimen without 

reinforcement and specimen with steel plate reinforcement increase corresponding to 

increase in the magnitude of load, in comparison with Fig. 5. In the steel plate pre-stressing 

method, the horizontal stress of the web behind the reinforcing plate (test points W贔and

Wfz。） changed into compression area by introduced compressive pre-stress. And the 

horizontal stress near the center of the notched corner (test point W盆） also is introduced 

com press1 ve. 

3.3 Fatigue test results 

3.3.1 Fatigue behaviour 

Photo 1 shows fatigue crack initiation and propagation behaviour in the specimen 

without reinforcement. Root cracks were detected along the fillet welds between web and 

bottom flange in the middle of a notched corner at 1.7 Mcycles (Photo l(a)), and propagated 

vertically to break the web quickly at 2.lMcycles (Photo l(b)). The direction of fatigue crack 

propagation in the web is almost perpendicular to the direction of maximum principal stress 

in Fig. 5. Photo 2 shows the fracture surface. Fatigue cracks started from several points 

along the non-deposited zone, and propagated from weldment to the web. It seems that 

fatigue cracks quickly propagated after penetrated the plate thickness. The root gap 

between web and bottom flange could hardly be detected. 

(a) Detected Fatigue Crack 
(Nd= l.7Mcycles, 2a = 20mm) 

(b) Propagated Fatigue Crack 
(Nf = 2.05Mcycles, 2a = 315mm) 

Photo I Behavior of detected crack in the specimen without reinforcement. 

Photo 3 shows fatigue crack initiation and propagation behaviour in the specimen with 

steel plate reinforcement. Root cracks were also detected along the fillet welds between web 

and bottom flange in the middle of the notched corner at 4.3 Mcycles (Photo 3(a)), after 

propagating into the web at 4.8 Mcycles, and propagated diagonally and slowly to break the 

web at 10.2 Mcycles (Photo 3(b)). In the specimen with steel plate pre-stressing 
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Photo 2 Fracture surface in the specimen without reinforcement. 

(a) Detected Fatigue Crack 
(Nd= 4.27Mcycles, 2a = 5mm) 

(b) Propagated Fatigue Crack 
(Nf = 10.15Mcycles, 2a = 583mm) 

Photo 3 Behavior of detected crack in the specimen with steel plate reinforcement. 
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reinforcement, no fatigue cracks were detected in the notched girder end. 

Fig. 7 shows fatigue crack propagation curves in all specimens. The vertical axis is 

fatigue crack length. The horizontal axis is the number of cycles life. In the specimen 

without reinforcement, fatigue cracks were detected very early (1.7 Mcycles) and break 

quickly (2.1 Mcycles). In the specimen with steel plate reinforcement, fatigue cracks were 

detected late (4.3 Mcycles) and also propagated slowly (10.2 Mcycles). In the specimen with 

steel plate pre-stressing reinforcement, no fatigue cracks were detected until 9.3 Mcycles. 

3.3.2 Fatigue life 

Fig. 8 shows fatigue life of specimens and fatigue design curves from the JRA 

Recommendations3l (2002). The JRA categorizes root cracking of load carrying fillet weld 

joint as Class H. The fatigue strength of the specimen without reinforcement satisfies Class 

G of the JRA recommendations. The fatigue strength of the specimens with steel plate 

reinforcement satisfies Class F, one rank higher than Class G. Furthermore, the fatigue 

strength of the specimen with the steel plate pre-stressing reinforcement satisfies not less 

than the fatigue Class F. 
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3.3.3 Effect of pre-stress 

It was noticed that reduction of mean stress improved fatigue strength of the specimen 

by the plate pre-stressing method described in Section 3.3.2. Fig. 9 shows the relation 

between mean stress and fatigue strength. The vertical axis is 2.0 Mcycles fatigue strength. 

The horizontal axis is the mean stress in the cross-section of the throat in fillet welds 

between web and bottom flange in the middle of a notched corner. The reduction of mean 

stress between the no-reinforcement specimen (0) and the steel plate reinforcement 
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specimen (△） causes from the reduction of stress range by steel plate reinforcement. The 

reduction of mean stress between the steel plate reinforcement specimen and the steel plate 

pre-stressing reinforcement specimen (口） causes from the effect of pre-stressing. 

It was verified that the remarkable improvement of fatigue strength by steel plate pre-

stressing reinforcement comes from the effect of mean stress reduction by the pre-stressing. 

4 Conclusion 

The principal results obtained through this study are as follows; 

1. It was verified that sufficient compressive pre-stress can be introduced into both 

web and weldment in the notched girder end using the steel plate pre-stressing 

method. 

2. In the specimen without reinforcement, fatigue cracks were detected along the 

fillet welds between web and bottom flange in the middle of the notched corner, 

and propagated vertically and quickly to break the web. In the specimen with 

steel plate reinforcement, fatigue cracks were also detected along the fillet welds 

between web and bottom flange in the middle of the notched corner, but 

propagated diagonally and slowly to break the web. In the specimen with steel 

plate pre-stressing reinforcement, no fatigue cracks were detected in the notched 

girder end. 

3. The fatigue strength of the specimen without reinforcement satisfies Class G of 

the JRA recommendations. The fatigue strength of the specimens with steel plate 

reinforcement satisfies Class F, which is one rank higher than Class G. 

Furthermore, the fatigue strength of the specimen with the steel plate pre-

stressing reinforcement satisfies the fatigue class not less than Class F. It was 
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verified that remarkable improvement of fatigue strength by steel plate pre-

stressing reinforcement comes from the effect of mean stress reduction by the 

pre-stressing. 
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