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ABSTRACT: The assessment of external piping loads on pressure vessel nozzles remains a persistent challenge 

in process plant engineering due to the complex structural interaction between piping systems, nozzles, flanges, 

and vessel shells. Conventional design practices typically depend on iterative coordination between vessel and 

piping disciplines, often supported by conservative empirical nozzle load tables or post-design verification 

procedures. While widely applied, these approaches may introduce excessive conservatism, reduce design 

transparency, and lead to costly late-stage modifications. 

This paper presents a critical commentary on the simplified analytical methodology proposed by W. Stikvoort 

for determining allowable external loads on flanged pressure vessel nozzles. The distinguishing feature of the 

methodology is the derivation of allowable nozzle loads directly from pressure-vessel design parameters without 

requiring prior piping stress analysis or reliance on standardized empirical load tables. The approach seeks to 

establish allowable load limits during the initial vessel design phase, thereby improving interdisciplinary 

coordination and supporting a more proactive and efficient design workflow. 

The theoretical basis and practical implications of the methodology are examined in relation to current 

engineering practice in pressure vessel and piping system design. Particular attention is given to the analytical 

treatment of load interaction effects, nozzle flexibility, flange behaviour, and reinforcement-induced stiffness 

characteristics. The evaluation highlights the methodology’s potential advantages in improving transparency, 

reducing unnecessary conservatism, and enhancing early-stage mechanical design integration. 

At the same time, the paper identifies important limitations associated with simplified loading assumptions, 

restricted geometric applicability, limited validation against advanced numerical analysis and operational data, 

and the absence of formalized implementation procedures within regulated engineering environments. The study 

concludes that the methodology represents a rational and practically relevant contribution to pressure vessel 

engineering practice, while emphasizing that broader analytical and experimental validation remains necessary 

before widespread industrial implementation. 
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I.  INTRODUCTION 

 The structural integrity of pressure vessel nozzles subjected to combined internal pressure and external 

piping loads remains a critical issue in process plant design. Conventional design workflows rely on iterative 

coordination between vessel and piping disciplines, often supported by conservative load tables or post-design 

verification. This approach can lead to inefficiencies, overdesign, and costly late-stage modifications. 

Stikvoort addresses these limitations by proposing a methodology that allows allowable nozzle loads to be 

defined independently of detailed piping stress analysis. The distinguishing feature of the methodology is the 

derivation of allowable nozzle loads directly from pressure-vessel design parameters without requiring prior 

piping stress analysis or reliance on standardized empirical load tables. The objective is to shift the design 

process from reactive verification toward proactive specification, improving interdisciplinary coordination and 

reducing unnecessary conservatism. 

 

II.  METHODOLOGICAL OVERVIEW 

 The proposed method assumes that the pressure vessel is initially designed for internal pressure in 

accordance with applicable design codes. Based on this baseline configuration, allowable external loads are 

derived analytically using geometric parameters, material properties, and allowable stress criteria. 

The analysis addresses: 

• Forces and moments at the nozzle–shell junction  

• Stress limits in the nozzle neck and reinforcement zone  
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• Load transfer through the flange, including bolt circle effects and sealing constraints  

A key feature of the method is the decomposition of external loading into independent allowable force and 

moment components, followed by application of an interaction criterion. This allows combined loading states to 

be evaluated transparently while preserving insight into the contribution of individual load components. 

The explicit inclusion of flange load capacity—often treated separately in conventional design practice—

represents an attempt to integrate nozzle and flange behaviour into a unified structural model of the nozzle 

assembly. 

  

III.  ENGINEERING SIGNIFICANCE 

 The primary contribution of the study lies in its potential to improve early-stage design coordination 

between vessel and piping engineers. By defining allowable nozzle loads at an early phase, piping layouts and 

support strategies can be developed within known mechanical constraints, reducing iterative redesign. 

From an economic perspective, the method challenges the widespread reliance on conservative standardized 

nozzle load tables. Such tables are often insufficiently transparent in derivation and may lead to excessive 

reinforcement or unnecessarily high flange ratings. The proposed analytical framework offers a more rational 

basis for load specification, with potential benefits in material efficiency and fabrication cost. 

The study also highlights an important structural insight: increased local stiffness through reinforcement does 

not necessarily improve system performance. In certain configurations, it may reduce global flexibility and shift 

load transfer to adjacent regions, an effect insufficiently captured in simplified design rules. 

 

IV. CRITICAL EVALUATION 

4.1 Strengths 

The methodology is pragmatic and accessible, avoiding reliance on computationally intensive finite element 

analysis. This makes it suitable for early design phases and for organizations with limited numerical resources. 

Its structured derivation of allowable loads improves transparency compared to empirical load tables. 

Furthermore, the integration of nozzle and flange behaviour into a single analytical framework better reflects the 

coupled mechanical response of real nozzle assemblies. 

 

4.2 Limitations 

Despite its advantages, several limitations affect the general applicability of the method: 

• Simplified loading assumptions: The formulation is primarily restricted to static loading and 

moderate temperature conditions. Effects such as thermal gradients, cyclic loading, and creep are not 

explicitly considered.  

• Limited validation: The study provides limited comparison with established methodologies (e.g., 

WRC bulletins) or finite element analyses. Broader validation is required to establish robustness across 

design regimes.  

• Geometric scope: Applicability appears focused on conventional radial nozzles in cylindrical or 

spherical shells. Extension to complex geometries or non-standard configurations is not demonstrated.  

• Code integration: Although conceptually compatible with pressure vessel design codes, the method 

lacks explicit guidance for implementation within regulated code-based workflows, limiting 

traceability in certification environments.  

 

V.  CONTEXT WITHIN CURRENT PRACTICE 

 The work aligns with ongoing industry efforts to reduce conservatism and improve transparency in 

pressure vessel design. Traditional approaches based on standardized load tables and post hoc verification are 

increasingly complemented by more analytical and performance-oriented methodologies. 

Within this context, Stikvoort’s contribution reflects a broader shift toward first-principles-based design, where 

allowable limits are derived from explicit mechanical reasoning rather than empirical inheritance. However, 

adoption in regulated industries requires demonstrable consistency with established standards and clearly 

defined safety margins. 

 

VI.  CONCLUSIONS AND RECOMMENDATIONS 

 Stikvoort presents a coherent and practically oriented methodology for estimating allowable external 

loads on flanged pressure vessel nozzles. The principal value of the work lies in its potential to enhance early-

stage design coordination and reduce unnecessary conservatism. 

For broader application in engineering practice, the following developments are recommended: 

1. Systematic validation against finite element analyses and experimental data  

2. Benchmarking against established design codes and industry standards  

3. Extension to thermal, cyclic, and dynamic loading conditions  
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4. Formal procedures for integration into code-compliant design workflows  

In conclusion, the study represents a meaningful contribution to pressure vessel engineering practice, offering a 

transparent and potentially more efficient alternative to conventional load specification methods. With further 

validation and extension, the methodology could support more consistent and collaborative design workflows. 

 

VII.  LITERATURE REVIEW: NOZZLE LOAD EVALUATION IN CHEMICAL ENGINEERING 

AND HYDROCARBON PROCESSING 

 The evaluation of external loads on pressure vessel nozzles has been extensively discussed in chemical 

engineering and hydrocarbon processing literature, where interaction between piping systems and static 

equipment remains a persistent design challenge. Early industry publications highlighted the fundamental 

difficulty of accurately defining piping-induced loads during initial design stages. This uncertainty has 

historically led to conservative assumptions, resulting in increased reinforcement, higher material usage, and 

reduced design efficiency. 

A recurring issue in this literature is the reliance on generalized or tabulated nozzle loads, which are often 

applied without transparent derivation. While practical, such approaches tend to embed conservatism and 

obscure the underlying mechanical basis of load resistance. 

More recent contributions by Stikvoort extend this discussion through a series of structured methodologies 

aimed at defining nozzle load limits at the design stage. In “Determination of nozzle loads to facilitate the initial 

pressure vessel design” (Chemical Engineering, 2018), he formalizes the decoupling of vessel design from 

piping analysis, arguing that allowable loads can be derived directly from pressure vessel design parameters. 

This enables earlier coordination between engineering disciplines and reduces iterative redesign. 

This concept is further developed in “Assessment protocol for nozzle loads on pressure vessels” (Hydrocarbon 

Processing, 2022), where reliance on empirical “standard nozzle loads” is critically assessed. A more transparent 

calculation-based framework is proposed to improve consistency and reduce unnecessary conservatism in 

design specification. 

In “Benefitting from Nozzle Flexibility in Piping Design” (Hydrocarbon Processing, 2024), the role of nozzle 

flexibility is further emphasized. The study argues that excessive stiffening—often introduced through 

reinforcement—may be counterproductive, as it can increase load transfer into adjacent structural regions. 

Controlled flexibility is instead presented as a beneficial design parameter that improves overall system 

response. 

These developments are consistent with findings in the broader literature, including the International Journal of 

Pressure Vessels and Piping, where significant variability between nozzle load methodologies has been 

reported. Such discrepancies highlight the need for transparent, verifiable, and analytically consistent design 

approaches. 

Complementary studies on nozzle reinforcement behaviour similarly indicate that increased local stiffness does 

not necessarily improve structural performance. Instead, it may alter load paths and intensify stresses in adjacent 

regions, reinforcing the importance of system-level rather than purely local design optimization. 

Overall, the literature reflects a transition from conservative, empirically based design toward more analytical 

and performance-based methodologies. While this shift is particularly evident in hydrocarbon processing 

industries due to high safety and economic stakes, it also underscores a key limitation: simplified analytical 

models must still be validated against finite element analyses and operational experience, especially for thermal, 

cyclic, and nonlinear loading conditions. 

In summary, the combined literature demonstrates both the necessity and complexity of accurately defining 

allowable nozzle loads. Stikvoort’s contributions provide a structured and practically applicable framework that 

complements existing research while emphasizing transparency, flexibility, and validation as essential principles 

in modern pressure vessel design. 
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