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SUMMARY

In nature, the bucking behavior of the web of I section reduces the member's strength considerably. Hence,
in common practice, people use the intermediate and end stiffeners to improve the strength of the beam.
The stiffeners are connected to the web using the welded connections. In this paper, the experimental
study on steel beams with and without stiffeners is reported. The weld length of the stiffeners has been
varied and the study has been carried out. Three specimens were tested. One without stiffeners, one with
full weld, and one with half weld. The strength will be enhanced due to the presence of stiffeners. The
increase is about 53%. It is interesting to note that the strength of the half weld and full-weld specimens
is not very different. All the other parameters such as ductility, stiffness, and energy dissipation are
reported in the paper.
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INTRODUCTION

The buckling behavior of the web reduces the bending strength of the member considerably. Local
buckling of the web can be minimized by many practices. In common practice, Stiffeners are used for
effectively resisting and transferring loads from one structural system against buckling or crippling of
the web. They efficiently control the construction cost and damage to the structural system. During the
past few decades, a considerable improvement has been noticed in the types and placement of stiffeners.
The behavior of such beams primarily depends on parameters such as stiffener size, thickness,
connection, and distance between each stiffener [4].

In the case of beams without stiffeners, the beams are seeming to fail predominantly under web bucking
or web crippling. By the application of stiffeners in the beams, they start to fail in the bending mode.
This ultimately improves the flexural capacity of the steel beams [14]. The proper strength and rigidity
of the steel members using the connections such as welds or bolts are still under research interests. Lots
of coral provisions and theories are arrived at using many research outputs [11].
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Developed a formula by considering the combined effect of the shear force on the primary supporting
member and direct force from the longitudinal stiffener. By comparing the theoretical formula to the
findings of the finite element analysis and earlier experiments high accuracy was proven. the proposed
theoretical formula can be used to evaluate the strength of slot cut-out structures rationally [1].

It seems that there were several insights about steel plate shear walls (SPSWSs), stiffeners, and their
performance under seismic conditions. Here's a summary and clarification of the key points: [10] [2]

1.

Non-Welded Multi-Rib Stiffeners in SPSWs:
o These stiffeners help in evenly distributing the stiffness throughout the floors [8].

o They enhance the dynamic performance of the structure, particularly during earthquakes, by
reducing inter-story drift, acceleration, and out-of-plane deformation.

Triangular Stiffeners:

o Increasing the height of triangular stiffeners improves the energy dissipation capacity of the
section [6].

o However, this also reduces the ductility of the structure.
Double L-Shaped Junctions:

o The seismic performance improves when there is an adequate beam-column stiffness ratio and
appropriate flexural rigidity of the L-shaped connector [3].

Angular Distortion and Structural Constraints:

o Structural constraints have a minor effect on the flange's angular distortion but can
significantly reduce web distortion.

o Angular distortion and welding residual stress of the web decrease as the stiffener's width or
its distance from the backing plate increases.

o The placement of stiffeners may be more effective in controlling angular distortion than
adjusting their dimensions.

Welding and Martensite Formation:

o The amount of martensite (a hard microstructure formed during welding) increases gradually
as the length of the repair weld increases [7].

The following description provided touches on some important aspects of Stiffener welding metallurgy,
particularly regarding the influence of temperature cycles, filler materials, and microstructural changes
on the mechanical properties of the weld.

Key Points:

1.

Grain Development and Weld Length:

o The direction of grain development at the bottom of the weld is less influenced by the weld
length. This implies that other factors, such as thermal gradients and material properties, play
a more significant role in determining grain structure.

Temperature Cycle and Filler Metal:

o The temperature cycle during welding and the use of a nickel-based filler metal impact the
grain size at the bottom of the weld. A typical result of this is the reduction in the number of
large-angle grain boundaries, which are effective at hindering dislocation movement.

Mechanical Properties:

o Microhardness and Tensile Strength: Both tend to decrease after welding repair. This could be
due to the changes in grain structure or the dissolution of strengthening phases.
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o Toughness: Despite the reduction in hardness and tensile strength, the toughness increases,
likely due to the higher amount of austenitic structure. Austenite tends to be more ductile and
tougher than other phases such as martensite or ferrite.

Weld repairs and their associated thermal cycles can lead to microstructural changes that reduce hardness
and tensile strength but increase toughness due to austenitic phase formation. The grain structure,
particularly at the bottom of the weld, is more influenced by factors like temperature cycles and filler
materials than by weld length [5].

The amount of martensite steadily reduces as the repair weld length increases. The direction of grain
development at the bottom of the weld is not greatly impacted by weld length. The temperature cycle of
the weld and the nickel base filler metal influence the grain size at the bottom of the weld, and the
guantity of large Angle grain boundaries with dislocation inhibiting effect diminishes.

RESEARCH SIGNIFICANCE

The information on the behavior of weld length over the beam stiffeners is very limited [13]. The size
and length of welds are significant parameters to be studied. Hence, the research on behavior and
strengthening of weld length is an important issue. Also, investigation for various measures of
strengthening of the stiffeners is gaining importance. Hence, such research efforts are needed at this
juncture. This study presents the experimental analysis of steel beams of varying weld lengths [12] [9].

EXPERIMENTAL STUDY
Geometry of the Specimen

The test series includes three steel beams of RS Joist 125 mm x 65 mm with a thickness of 5.3 mm. The
length taken is 600 mm. Among the three specimens, one is without stiffeners, another is with stiffeners
with full weld in the stiffener joint shows in Figure 1. One more specimen is with half weld in the
stiffeners.

Figure 1. Specimen Preparation

Test Setup

In Figure 2 shows the test was carried out on the universal testing machine. The beam has been fixed
with a centre -centre span of 400 mm. It has been tested as a specimen with a point load at the center.
The beam flange has been damaged locally at the point of application of load. Then it has been decided
to go for the uniformly distributed load. All the test specimens are tested with uniformly distributed load
and deflection at the mid-span has been noted using a dial of 0.01 mm least count.
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Figure 2. Test Setup

Loading Procedure

The specimen without stiffeners showed the failure by web buckling. As expected, the load and failure
modes have been entirely changed with the addition of stiffeners. The beam with stiffeners showed the

similar failure pattern as shown in the Figure 3.

Figure 3. Beams at Failure

EXPERIMENTAL RESULTS

Strength, Ductility and Stiffness

The Load vs. mid-deflection response in all three specimens is shown in Figure 4. It is obvious that the
strength will be enhanced due to the presence of stiffeners. The increase is about 53%. It is interesting
to note that the strength for half weld and full weld specimens has no much difference in them.

500
- - =

400 ] .......o' "-oo.oo....o...
~ 300 A
P \
X
3
9 e \\/ithout Stiffeners

200

= = \Vith Stiffeners (Full Weld)

100
------ With Stiffeners (Half Weld)

Mid Deflection (mm)

Figure 4. Load - Deflection Curve
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Strength is the resistance of a substance to distortion or fracture. Peak value of load - deflection curve
value is the peak deflection. Ultimate strength is the final value of the strength and corresponding
deflection is the ultimate deflection.

- Au ultimate deflection
Ductility, A_p " peak deflection 1 .

»

The degree to which an object resists deformation in response to an applied load is known as its stiffness.
According to the load-deflection curve's greatest peak load, the secant rigidity has been computed.
Table 1 listed the specimen’s strength, displacement, ductility, and stiffness.

Table 1. Test Results

Without With Stiffeners (Full | With Stiffeners (Half

Stiffeners Weld) Weld)
Peak Load (kN) 300 460 430

Peak Displacement (mm) 8.6 8.9 10.85
Ultimate Load (kN) 275 455 402
Ultimate Displacement (mm) 14.15 10.38 15.34
Ductility 1.65 1.17 1.41

Secant rigidity (KN/mm) 35 51.7 39.63

It can be noted that the strength and stiffness of the specimen has been increased enormously by the
stiffeners. Due to full weld, the ductility has been reduced considerably. Moreover, the presence of half
weld maintenance the strength as that of full and also improved ductile nature of the specimen.

Stiffness Degradation
Figure 5 illustrates how the secant rigidity varies with each displacement according to the loading

protocol. It is evident that when the subsequent loading increases, the stiffness decreases. The steel
beam's deteriorating strength qualities are the cause of the drop in stiffness.
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Figure 5. Stiffness Degradation
Energy Dissipation
The energy dissipation capability has been ascertained using the Equivalent Energy Elastic Plastic Curve

(Equivalent Energy Elastic-Plastic Curve) principle. The elastic-plastic curve of Equivalent Energy
Elastic-Plastic accurately depicts the specimen's actual response. Plotted until failure or until the energy
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dissipation capacity is equal, or until the area under the load-deflection curve equals the bilinear
Equivalent Energy Elastic-Plastic curve. Figure 6 shows the several points of interest that were used to
compute the Equivalent Energy Elastic-Plastic curve.
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Figure 6. Equivalent Energy Elastic-Plastic Curve
The salient features of the EQUIVALENT ENERGY ELASTIC-PLASTIC bilinear curve are,

ke — Secant Toughness at the point equivalent to 40% of the determined load
Py — Profit strength as per Equivalent Energy Elastic-Plastic curve

Ay — Profit Displacement corresponds to Py

Ay — Definitive displacement which corresponds 0.8Pmax at post peak

Then, up to the lateral displacement Au, or the post-peak displacement that corresponds with the
Equivalent Energy Elastic-Plastic curve, the area (energy) under the backbone curve was calculated. The
slope of the inclined part of the Equivalent Energy Elastic-Plastic curve represents the Secant rigidity at
40% of the maximum load in the backbone curve. Next, a horizontal line depicting the plastic part of
the Equivalent Energy Elastic-Plastic curve was inserted to make sure that the area enclosed by the curve
and the back bone are equivalent. As a result, values for yield displacement and strength are calculated.
The Equivalent Energy Elastic-Plastic curves for our specimen are shown in Figure 7.
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Figure 7. Equivalent Energy Elastic-Plastic Curves for all Specimens

The energy dissipation capacity of the specimen has been calculated as the area under the Equivalent
Energy Elastic-Plastic curve and listed in Table 2.

Table 2. Energy Dissipation Capacity

Without With Stiffeners (Full | With Stiffeners (Half
Stiffeners Weld) Weld)
Energy Dissipation (KN-mm) 3263 3491 4830

CONCLUSION

The following conclusions have been drawn from this study.

a.
b.

o o

Weld length is an important parameter that affects the behavior of the steel beam with stiffeners.
The presence of stiffeners improves the strength by 53%.
The specimen with half weld and full weld does not show much difference in terms of strength.

Due to full weld, the ductility has been reduced considerably. Moreover, the presence of half weld
maintenance the strength as that of full and also improved ductile nature of the specimen.

Stiffness degradation maintains similar path in all specimens.

The energy dissipation capacity is high in case of half weld. This is achieved as the half weld
specimen has high strength and high ductile nature.

Stiffeners are the best solution for the local web bucking or crippling in the steel beams. It is
recommended that instead of full weld, we can go for half-weld which shows similar and even better
behavior than the full weld specimen.
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