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Abstract — State of focus: importance of steel bridges, 

critical role of connection detailing, and the structural 

integrity of plate girder components. The key topics 

covered: web, flange, stiffeners, and the phenomenon of 

shear buckling. 

 

Index Terms — Steel Bridges: Connection Design; Plate 

Girder Bridges-Web, Flange, Stiffners, and Shear 

Buckling. 

 

I. INTRODUCTION 

 

Steel bridges represent a cornerstone of modern civil 

infrastructure, playing a vital role in connecting 

communities, facilitating commerce, and enabling 

global mobility. The material's inherent properties—

primarily its high strength-to-weight ratio, exceptional 

ductility, and consistent quality control in 

fabrication—make it ideally suited for demanding 

structural applications. Steel construction offers 

advantages such as rapidity of erection, reduced dead 

load on foundations, and long-term durability when 

properly maintained. However, achieving this 

performance is highly dependent on precise design 

methodologies and meticulous detailing, especially at 

the interfaces between members, which are prone to 

stress concentration and fatigue damage. 

Among the various types of steel bridges, the plate 

girder bridge is one of the most widely used forms for 

medium to long spans (typically from 20 meters up to 

150 meters). A plate girder is essentially a large, built-

up I-beam fabricated by welding or bolting together 

three discrete steel plates: a deep, thin web plate and 

two wider, thicker flange plates. 

This construction method allows engineers to optimize 

the material distribution precisely according to the 

internal forces: 

• The flanges are primarily designed to resist the 

high bending moments. 

• The web is designed primarily to carry the shear 

forces. 

This structural efficiency minimizes material usage 

and construction costs. However, the use of slender 

web plates introduces complex stability issues, notably 

shear buckling, which must be rigorously addressed in 

the design process. 

 

II. CLASSIFICATION OF PLATE GIRDER 

 

The classification of plate girders is primarily based on 

their construction method, stiffening configuration, 

and cross-sectional shape. Since a plate girder is a 

custom built-up I-beam designed for heavy loads and 

long spans, its classification reflects the engineering 

choices made to optimize its performance. 

 

2.1 Welded Plate Girders (Modern Standard) 

Description: The web plate and flange plates (and any 

stiffeners) are joined using welding (typically fillet 

welds). 

 

Advantage: Economical and efficient fabrication, high 

rigidity, and lighter overall weight compared to riveted 

girders due to the removal of connecting angles and 

rivet heads. This is the most common type in modern 

steel construction. 

 

Cross-Section: Usually a clean I-section. 

 

2.2 Riveted Plate Girders (Historical) 

Description: The web and flanges are joined 

mechanically using rivets. This often required the use 

of angle sections (flange angles) between the web and 
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the flange plates to facilitate the riveting process and 

provide bearing. 

 

Disadvantage: Heavier, more labor-intensive, and less 

common today due as welding technology advanced. 

 

Cross-Section: Bulky I-section with flange angles and 

cover plates. 

 

Summary: 

• Connection detailing is paramount, as the 

integrity and fatigue life of a steel bridge are often 

governed by its joints. 

• To ensure adequate spacing, edge distance, and 

proper execution (torque/tensioning for bolts, 

sound quality for welds) to achieve the structure's 

intended load path and fatigue performance. 

 

Welding: Provides continuity and rigidity but requires 

strict quality control and must be detailed to avoid 

stress risers that could initiate fatigue cracks. 

 

III. OBJECTIVES 

 

The primary objectives of this study are: 

1. To analyze the influence of different connection 

types (bolted and welded) on the structural 

integrity and load transfer mechanisms of steel 

bridge members, emphasizing the distinction 

between bearing and High-Strength Friction Grip 

(HSFG) connections. 

2. To evaluate design detailing requirements (e.g., 

edge distance, pitch, gauge) that mitigate stress 

concentration and enhance the fatigue life of steel 

bridge connections, a critical factor under cyclic 

traffic loading. 

3. To investigate best practices and quality control 

standards (e.g., non-destructive testing for welds, 

tensioning for bolts) necessary to ensure the long-

term reliability of fabricated connections. 

4. To define the functional roles and design criteria 

for the primary components of a plate girder—the 

flanges (resisting bending moment) and the web 

(resisting shear forces)—in accordance with 

relevant design codes (e.g., AASHTO, Eurocode). 

5. To examine the necessity and function of different 

stiffener types (vertical/transverse, 

horizontal/longitudinal, and bearing stiffeners) in 

plate girders, and how they contribute to overall 

structural stability and load distribution. 

6. To explain the phenomenon of shear buckling in 

slender web plates, identifying the geometric and 

material parameters that govern the critical shear 

stress. 

7. To compare design methodologies for shear 

capacity, specifically contrasting designs that rely 

solely on critical elastic buckling versus those that 

incorporate the plastic capacity of the web and the 

tension field action. 

 

IV. TABLE: LITERATURE REVIEW ON PLATE GIRDER BRIDGES - CONNECTIONS AND DETAILING 

 

Sr. 

No. 

Focus Area Key Concepts/ 

Theorists 

Key Findings Relevance 

1 Shear Buckling & 

Tension Field 

Action (TFA) 

Basler (1961), 

Rockey, Hoglund, 

Eurocode (EN 1993-

1-5) 

Developed the Tension Field Action (TFA) 

theory, which allows the slender web to carry 

load after initial buckling by forming a diagonal 

tension field anchored by the flanges and 

transverse stiffeners. Current codes (like EC3) 

use refined models that include the separate 

contribution of flanges to shear buckling 

resistance. 

Web & Stiffeners: Explains the 

post-buckling behavior and 

provides the basis for the 

economical design of thin webs 

and the required sizing/spacing of 

stiffeners. 

2 Flange and Web 

Component Design 

AASHTO LRFD, 

Eurocode (EN 1993-

1-5), Caltrans 

Established detailed criteria for limiting the 

slenderness of flanges (to prevent local and 

lateral-torsional buckling, and the web (to 

control shear buckling). Modern codes provide 

specific formulas for the nominal resistance of 

each component. 

Flange, Web: Provides the core 

design calculations for component 

strength and stability, ensuring the 

girder behaves as an efficient I-

section resisting moments and 

shear. 

3 Role and Design of 

Stiffeners 

Basler, IS 800, EN 

1993-1-5 

Differentiated the functions: Bearing Stiffeners 

prevent web crippling at supports; Intermediate 

(Transverse) Stiffeners increase shear buckling 

Stiffeners: Justifies the use and 

placement of stiffeners as essential 

reinforcement for thin webs to fully 
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resistance and anchor the TFA; Longitudinal 

Stiffeners enhance bending stability in deep 

webs. Stiffener design involves meeting 

minimum stiffness and strength criteria. 

exploit the material's shear 

capacity via post-buckling action. 

4 Connection 

Detailing & Fatigue 

AASHTO Fatigue 

Design, Fisher, 

Nondestructive 

Testing (NDT) 

research 

Established that connection details, particularly 

the quality of the joint, control the fatigue life of 

steel bridges. Bolted Connections (HSFG) 

generally exhibit better fatigue performance than 

many common welded details due to lower stress 

concentration factors and absence of welding 

residual stresses. 

Connection Detailing: Highlights 

the critical choice between welded 

and bolted splices/details, stressing 

the need for design details that 

minimize stress risers and reduce 

susceptibility to deformation-

induced cracking. 

5 Advanced/Hybrid 

Applications 

Barker & White 

(Hybrid Girders), 

Finite Element (FE) 

Studies 

Research continues to refine the TFA theory, 

including the feasibility of applying it to Hybrid 

Girders (girders with different strength steel in 

the web and flanges) and extending its 

application to end panels. Numerical (FE) 

models are used to validate and refine code 

provisions by accounting for material non-

linearity and initial geometric imperfections. 

Shear Buckling: Demonstrates the 

ongoing evolution of design codes 

and the use of computational tools 

to more accurately predict the 

ultimate strength, leading to more 

economical designs. 

 

V. SHEAR BUCKLING AND TENSION 

FIELD ACTION THEORY (TFA) 

 

The TFA theory is central to the economical design of 

slender plate girder webs. It is an extension of the basic 

elastic plate buckling theory. 

 

A. Elastic Buckling Theory (The Baseline) 

The initial analysis for shear is based on the critical 

elastic shear buckling stress for a simply supported 

rectangular plate (the web panel) under uniform shear. 

This is the stress level at which the web plate first starts 

to buckle (wrinkle). 

 

The critical stress is given by: 

 
Where: 

• t is the critical shear buckling stress. 

• E is the modulus of elasticity of steel. 

•  v is Poisson's ratio (typically 0.3 for steel). 

• Tw is the web thickness. 

•  Hw is the clear web depth. 

Kv is the shear buckling coefficient (or plate buckling 

coefficient), which depends on the aspect ratio (where 

is the distance between vertical stiffeners) and the 

boundary conditions. the shear buckling coefficient (or 

plate buckling coefficient), which depends on the 

aspect ratio (4$\alpha = a/h_w$, where 5$a$is the 

distance between vertical stiffeners) and the boundary 

conditions. 

 

Conclusion: For a slender web, Tcr is often low. 

Designing the girder to carry the full shear load only 

up to Tcr would require very thick webs and be highly 

uneconomical 

 

5.1 Mechanism of Shear Buckling 

When the web plate of a girder is slender, it tends to 

buckle elastically under shear before reaching its full 

plastic shear capacity. However, post-buckling 

behavior allows the web to carry additional load 

through diagonal tension-field action between 

stiffeners and flanges. 

In the pre-buckling range, shear stress distribution is 

nearly uniform. After buckling, compressive diagonal 

zones lose stiffness while tension diagonals resist 

further deformation, enabling continued load-carrying 

capacity. 

 

Black-and-white schematic: 

A rectangular web plate with diagonal arrows 

indicating initial shear direction and secondary 

tension-field diagonals post-buckling. 

 

5.2 Elastic Shear Buckling Stress 

The critical elastic shear buckling stress of a web 

panel is expressed as: 

𝜏𝑐𝑟 = 𝑘𝑣
𝜋2𝐸

12(1 − 𝜈2)
(
𝑡𝑤
𝑑
)2 

where: 

• kv= buckling coefficient (depends on panel 
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aspect ratio and stiffening), 

• E = 200 GPa, 

• ν = 0.3, 

• tw= web thickness, 

• d = clear depth of web between flanges. 

Typical kv values: 

• Simply supported edges: 5.34 

• One stiffened edge: 8.98 

• Fully fixed edges: 12.6 

 

5.3 Post-Buckling and Tension-Field Action 

Basler’s model (1961) introduced the ultimate shear 

strength as the sum of post-buckling tension-field 

contribution and yield shear: 

𝑉𝑢 = 𝑉𝑐𝑟 + 𝑉𝑡𝑓 

with 

𝑉𝑐𝑟 = 𝜏𝑐𝑟  𝑡𝑤 𝑑, 𝑉𝑡𝑓 = 0.9 𝑡𝑤 𝑑 𝑓𝑦  (1 −
𝜏𝑐𝑟
𝑓𝑦
) 

subject to stiffener anchorage and diagonal boundary 

conditions. 

Eurocode 3 uses a reduction factor for slender webs: 

𝑉𝑏,𝑅𝑑 = 𝜒𝑤  𝑉𝑝𝑙,𝑅𝑑  

where 

𝜒𝑤 = min⁡(1,
1

𝜆𝑤 + 𝜆𝑤2
) 

and 

𝜆𝑤 = √
𝑓𝑦

𝜏𝑐𝑟
 

while IS 800:2007 adopts similar logic in Clause 

8.7.3.2, defining a limiting slenderness ratio for 

unstiffened webs. 

 

VI. COMPARATIVE CODE PROVISIONS 

 

6.1 Web Slenderness Limits 

Code 
Limiting Ratio (d/tw) for 

Shear Buckling 

Shear Design 

Approach 

IS 

800:2007 

≤ 67ε (unstiffened) or 

200ε (stiffened) 

Elastic–Plastic with 

Tension Field 

Eurocode 

3 
Based on slenderness λw 

Reduction Factor 

(χw) 

AISC 

LRFD 

λp = 1.10√(E/Fy), λr = 

1.37√(E/Fy) 

Elastic and Inelastic 

Buckling 

Here, ε = (250/fy)^0.5. 

 

 

6.2 Flange Proportioning 

All codes limit flange outstand and thickness to 

prevent local buckling: 

Code 
Flange Width 

Limit 
Remarks 

IS 800 bf/2tf ≤ 9ε Clause 8.6.1 

Eurocode 3 c/t ≤ 10ε Class 1–3 sections 

AISC 

LRFD 

λp = 

0.38√(E/Fy) 

Compactvs. Noncompact 

classification 

 

6.3 Stiffener Spacing 

Code 
Spacing 

Criterion 
Design Notes 

IS 800 a/d ≤ 1.5–3.0 
Depends on boundary 

conditions 

Eurocode 

3 
a/d ≤ 1.0–3.0 Requires effective anchorage 

AISC 

LRFD 
a/hw ≤ 3.0 

Intermediate stiffeners optional 

for compact webs 

 

6.4 Connection Detailing 

Each code specifies different weld and bolt design 

factors: 

IS 800: Design strength = fu/√3γmw; γmw = 1.25 

Eurocode 3: Partial factor γM2 = 1.25 

AISC LRFD: ϕ = 0.75 for shear and bearing 

 

VII. WORKED DESIGN 

 

Example: Plate Girder Web and Flange 

Given: 

Span = 30 m 

Factored bending moment, M<sub>u</sub> = 4000 

kNm 

Shear force, V<sub>u</sub> = 600 kN 

Material = Fe 345 (fy = 345 MPa) 

Design by IS 800:2007 

 

(a) Flange design 

𝑴𝒖 = 𝒇𝒚 𝒁𝒑 = 𝒇𝒚 ×
𝒃𝒇𝒕𝒇(𝒅 + 𝒕𝒇)

𝟒
 

Assume d = 1800 mm, t<sub>w</sub> = 12 mm, trial 

t<sub>f</sub> = 30 mm. 

Compute required flange width: 

Provide 850 mm × 30 mm flange plates. 
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(b) Web shear check 

𝝉𝒗 =
𝑽𝒖
𝒅 𝒕𝒘

=
𝟔𝟎𝟎 × 𝟏𝟎𝟑

𝟏𝟖𝟎𝟎 × 𝟏𝟐
= 𝟐𝟕. 𝟖 MPa 

 
 

Since τv < τcr, web is safe against shear buckling. 

(c) Stiffener spacing 

As per IS 800: 

𝒂/𝒅 ≤ 𝟏. 𝟓 ⇒ 𝒂 ≤ 𝟏. 𝟓 × 𝟏𝟖𝟎𝟎

= 𝟐𝟕𝟎𝟎 mm 

Provide transverse stiffeners at 2.5 m spacing. 

 

7.1 Eurocode 3 Design Check 

Using EN 1993-1-5: 

𝜆𝑤 = √
𝑓𝑦

𝜏𝑐𝑟
= √

345

48.2
= 2.68 

𝜒𝑤 =
1

𝜆𝑤 + 𝜆𝑤2
= 0.115 

 

Hence, shear design governs; stiffeners spacing must 

be reduced or web thickness increased. 

7.2 AISC LRFD Design Check 

Shear strength: 

𝑉𝑛 = 0.6𝐹𝑦𝐴𝑤𝐶𝑣 

where 

𝐶𝑣 =
1.10√𝐸/𝐹𝑦

ℎ/𝑡𝑤
for noncompact webs 

 

For h/t<sub>w</sub> = 1800/12 = 150, 

𝐶𝑣 =
1.10√200000/345

150
= 0.087𝑉𝑛

= 0.6 × 345 × (12 × 1800)

× 0.087 = 389 kN𝜙𝑉𝑛
= 0.75 × 389 = 292 kN

< 𝑉𝑢 

Hence AISC requires thicker web or stiffeners. 

7.3 Discussion 

Results show that for the same geometry and material: 

• IS 800 is slightly conservative due to simplified 

buckling factors. 

• Eurocode 3 predicts intermediate strength with 

refined slenderness approach. 

• AISC is the most conservative for slender webs. 

 

VIII. SUMMARY OF KEY DESIGN 

PARAMETERS 

 

Parameter 
IS 800 : 

2007 

Eurocode 3 

(EN 1993-1-

5) 

AISC LRFD 

(2016) 

Yield Stress (fy) 
250–450 

MPa 
235–460 MPa 250–485 MPa 

Partial/Resistance 

Factor 
γm0 = 1.10 

γM0 = 1.00 – 

1.10 
ϕ = 0.75 – 0.9 

Web Slenderness 

Limit 

67 ε – 200 

ε 

Via λw & χw 

factors 

λp = 

1.10√(E/Fy) 

Stiffener Spacing 
a/d ≤ 1.5–

3.0 
a/d ≤ 1.0–3.0 a/hw ≤ 3.0 

Flange Outstand bf/2tf ≤ 9ε c/t ≤ 10ε 
λp = 

0.38√(E/Fy) 

Shear Buckling 

Model 

Elastic + 

Tension-

field 

Reduction 

Factor χw 

C-v factor 

method 

Welding Safety 

Factor 

γmw = 

1.25 
γM2 = 1.25 ϕ = 0.75 

Analysis Basis 
Limit State 

Design 

Limit State 

Design 
LRFD 

Design Philosophy 
Simplicity 

& safety 

Accuracy & 

rational 

buckling 

Conservative 

stability 

(ε = (250/fy)^0.5; E = 2 × 10⁵ MPa) 

 

IX. DISCUSSION 

 

The comparative study highlights key differences in 

how design codes treat web buckling and connection 

detailing. 

• IS 800:2007 offers simplicity and conservative 

safety factors suitable for typical Indian bridge 

projects, though it can slightly overestimate 

stiffener requirements. 

• Eurocode 3 provides a refined treatment of shear 

buckling through the use of non-dimensional 

slenderness parameters (λw) and reduction factors 
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(χw), making it more accurate for both stocky and 

slender webs. 

• AISC LRFD uses the Cv factor approach, which 

ensures a conservative margin but sometimes 

underutilizes post-buckling strength. 

 

For fabrication and maintenance, connection detailing 

remains a practical concern. Fatigue cracks often 

initiate at weld toes or bolt holes, particularly where 

transverse stiffeners or flange splices are poorly 

aligned. All codes recommend smooth transitions, 

adequate edge distances, and proper inspection access. 

 

X LIMITATIONS AND FUTURE SCOPE 

 

10.1 Limitations 

1. The present comparison considers only I-shaped 

plate girders under pure bending and shear; hybrid 

sections or curved girders may behave differently. 

2. Temperature effects and residual stresses from 

welding have been neglected in the simplified 

analysis. 

3. Fatigue design, while referenced, was not 

quantified; it may govern long-span bridges with 

repetitive live loads. 

 

10.2 Future Scope 

1. Finite-element modelling (FEM) can better 

capture tension-field action and local yielding in 

high-strength steels. 

2. Composite plate girders with reinforced concrete 

decks need code harmonization for global 

optimization. 

3. Incorporation of smart sensors for real-time strain 

and deflection monitoring could refine 

maintenance and retrofitting strategies. 

 

XI RECOMMENDATIONS 

 

1. Follow IS 800 detailing clauses for domestic 

projects, but refer to Eurocode 3 for advanced 

analysis of slender webs. 

2. Use bolted field splices instead of continuous site 

welding to minimize heat-affected zones. 

3. Provide double-sided stiffeners at high-shear 

zones, keeping fillet-weld ends clear of main 

flange welds. 

4. Apply corrosion-resistant steel (CRS) or proper 

coating systems to enhance durability in 

aggressive environments. 

5. Ensure visual and NDT inspection of welds, 

particularly at web-to-flange junctions. 

 

XII CONCLUSIONS 

 

Steel plate-girder bridges remain one of the most 

efficient solutions for medium and long spans. 

 

The study demonstrates that: 

• Adequate connection detailing directly affects 

performance, fatigue resistance, and service life. 

• Web slenderness and stiffener design are critical 

to prevent premature shear buckling. 

• The three major codes — IS 800, Eurocode 3, and 

AISC LRFD — differ mainly in analytical 

sophistication but share a consistent safety 

philosophy. 

 

Among them, Eurocode 3 achieves the most balanced 

results for strength and economy, while IS 800 ensures 

practical design simplicity. Adopting best practices 

from each can yield efficient, durable, and economical 

bridge designs. 
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