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integrity may be governed by localized structural mechanisms rather than global shell
membrane capacity. This study presents a calculation based mechanical integrity
verification of a horizontal atmospheric sump tank subjected to sustained hydrostatic
loading. The methodology integrates a hydrostatic pressure model with a specific
gravity consistency check derived directly from the applied liquid head, and a
component-based capacity evaluation performed using effective corroded thickness.
The sustained design pressure (combining atmospheric base and hydrostatic head) is
established as 1.135 bar (absolute), while the maximum allowable working pressure
(MAWP) is evaluated for shell, heads, and nozzle discontinuities. Results indicate that
while the global shell capacity is high, the integrity is governed by nozzle
reinforcement limits, yielding a governing MAWP of 2.954 bar (gauge equivalent).
Sensitivity analysis on fuel specific gravity demonstrates that reasonable density
variations affect pressure demand magnitude but do not alter the governing capacity
mechanism. Hydrostatic test pressure is subsequently verified using allowable stress
scaling, yielding a test pressure of 3.840 bar. The findings demonstrate that integrity
verification of atmospheric sump tanks under sustained hydrostatic loading must
prioritize local discontinuity-controlled capacity and physically consistent demand
modelling rather than pressure only membrane stress assumptions.

1 Introduction

Atmospheric storage tanks and sump tanks are critical assets in fuel transportation and distribution
systems. Although they operate at nominally low pressures, thin-walled shell structures subjected to liquid
loading can fail through mechanisms not governed by membrane stress alone, including local yielding,
geometric instability, and stress concentration at structural discontinuities. Prior studies have shown that
global shell behaviour may remain elastic while localized regions reach critical stress states due to openings,
imperfections, and boundary constraints [1,10]. Therefore, integrity assessment of atmospheric tanks
requires a mechanics-based approach beyond simplified pressure checks.

Existing research has predominantly addressed vertical tanks, emphasizing buckling under wind,
vacuum, seismic excitation, and settlement. Godoy highlighted that buckling resistance is highly sensitive
to imperfections and boundary conditions even when stresses are well below material strength limits [10],
consistent with later numerical and experimental evidence showing that non-uniform loading and
constrained supports promote local failure modes [11,12]. In parallel, integrity assessment practice
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increasingly incorporates realistic geometry and degradation: laser-scan characterization combined with
nonlinear finite element analysis can change predicted stress/strain distributions and reveal governing

failure mechanisms overlooked by nominal design [1], while fitness for service evaluations confirm that
dents/distortions can control acceptance despite adequate global capacity [2,3]. Corrosion reduces effective
thickness and alters stress redistribution, requiring coupled treatment of inspection data, corrosion
modeling, and mechanical verification [4-6]; welding residual stresses and fabrication effects may further
intensify local stress concentration and crack initiation [13].

Despite this extensive literature, horizontal atmospheric sump tanks under sustained hydrostatic
loading have received limited attention. Unlike vertical tanks, horizontal sump tanks experience asymmetric
hydrostatic pressure distribution, liquid weight effects, and strong interaction with saddle supports,
producing combined membrane bending responses. Sustained hydrostatic loading may activate governing
mechanisms different from transient conditions, particularly when local discontinuities exist [16].
Moreover, nozzles and manways impose reinforcement requirements that may govern maximum allowable
working pressure (MAWP) long before global shell capacity is reached [7,15]. While standards provide
general inspection and assessment guidance [8,9], they do not explicitly address mechanics driven
identification of governing capacity mechanisms for sump tanks under prolonged hydrostatic head.

Accordingly, this study presents a mechanics-based integrity verification of an atmospheric sump
tank subjected to sustained hydrostatic loading. The work integrates hydrostatic load modelling, a specific
gravity consistency checks derived from the applied liquid head, and component level capacity evaluation
to identify the governing structural mechanism. By clarifying the interaction between global shell response
and reinforcement controlled local capacity, this study contributes a physically grounded integrity
framework for atmospheric sump tanks operating under sustained liquid filled conditions in fuel pipeline
facilities.

2 Methodology

This study adopts a mechanics governed, calculation-based integrity verification framework to assess
the structural behavior of a horizontal atmospheric sump tank subjected to sustained hydrostatic loading.
The methodology i1s formulated to ensure that the governing integrity mechanism is identified based on
physical load resistance consistency, rather than compliance-oriented pressure checks. Emphasis is placed
on transparent derivation of demand, conservative representation of resistance, and explicit identification
of the component controlling structural integrity, in line with established practices in storage tank
mechanics and fitness for service assessment [1-3,6,9].

Figure 1 illustrates the component-based integrity verification framework adopted in this study,
emphasizing the sequential evaluation of load demand and structural resistance to identify the governing
pressure limiting mechanism. The figure clarifies that integrity is determined by the most critical
component rather than by global shell behavior alone.
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Figure 1. Component based integrity verification framework
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2.1 Structural Configuration, Material Properties, and Degradation Representation

The investigated sump tank is modelled as a thin-walled cylindrical shell equipped with ellipsoidal
end heads, multiple nozzles, and saddle type supports. This structural configuration is representative of
atmospheric sump tanks commonly used in fuel handling systems, where the mechanical response is
governed by the interaction of internal pressure, liquid weight, support reactions, and local structural
discontinuities [1,10].

Material properties correspond to pressure vessel grade carbon steel typically employed in
atmospheric storage tanks. To account for in service degradation and to ensure conservative capacity
estimation, structural resistance is evaluated using an effective corroded thickness, defined as Eq. (1).

lerf = thom — CA (D

where t,,, 1s the nominal plate thickness and CA is the corrosion allowance. The adoption of effective
thickness ensures that the integrity assessment reflects the most critical credible operating condition and is
consistent with degradation aware integrity and fitness for service methodologies [6,9].

Table 1 summarizes the complete geometric, material, and mechanical parameters used in the
integrity verification. All pressure capacity and hydrostatic test evaluations are consistently based on the
effective corroded thickness and sustained design pressure defined in this table.

Table 1. Design geometry, material properties, and mechanical parameters used in the integrity verification

Parameter Symbol Value
Internal diameter of shell D 1600 mm
Radius R 800 mm
Straight shell length L 2785 mm
Nominal thickness thom 10 mm
Corrosion allowance CA 3 mm
Effective thickness tefs 7 mm
Head type —  2:1 Ellipsoidal
Material type - Carbon steel
Allowable stress (55 °C) S 138 MPa
Allowable stress ratio i—a 1.0
Joint efficiency E 1.0
Support type - Two saddles
Base internal pressure P4 1.000 bar

Hydrostatic head pressure P44 0.135 bar

Sustained design pressure Pgesign  1.135 bar

2.2 Sustained Hydrostatic Loading and Pressure Distribution

The critical loading scenario considered in this study is sustained hydrostatic loading, corresponding
to prolonged liquid filled conditions. Sustained loading differs fundamentally from transient filling or
hydrostatic testing, as it produces steady state stress fields that may activate local integrity controlling
mechanisms over extended durations [16].
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The internal pressure acting on the tank wall is modeled as the superposition of a base internal
pressure and a depth dependent hydrostatic component as seen in Eq. (2).

Pdesign = Ppase T Preaa ()

Assuming the tank is vented or operates at near-atmospheric conditions, the base pressure Py, is taken as
1.0 bar (absolute). Consequently, the structural verification considers the differential pressure governed by
the hydrostatic head, effectively modeled as gauge pressure for code compliance checks. The hydrostatic
pressure distribution is defined by Eq. (3).

p(z) = pgz (3)

where p is the fluid density, g is gravitational acceleration, and z is the vertical coordinate measured from
the liquid free surface. This formulation captures the linear pressure gradient inherent to liquid storage
systems and has been widely adopted in mechanics-based analyses of storage tanks [10-12].

The resulting sustained design pressure is Pyegign = 1.135 bar. The physical interpretation of this
pressure gradient and its interaction with saddle supports are illustrated in Figure 2, which presents a
preliminary Finite Element Analysis (FEA) solely to illustrate the stress distribution concept. However, the
verification in this study strictly follows standard analytical code calculations to ensure regulatory
compliance.

Figure 2. Hydrostatic pressure distribution under sustained loading
2.3 Specific Gravity Consistency Verification

In practical engineering applications, the specific gravity of the contained fluid is not always
explicitly defined. To avoid introducing arbitrary assumptions, this study performs a specific gravity
consistency verification, whereby the fluid density is inferred directly from the applied hydrostatic head.
Using the hydrostatic relation in Eq. (4).

p =pgh “4)

and the specified hydrostatic pressure increment of 0.135 bar at a representative liquid height of approximately 1.6 m,
the implied fluid density is calculated as approximately 860 kg/m?, corresponding to a specific gravity of 0.86. This
value is consistent with typical fuel properties encountered in pipeline and storage systems [6,16].

To evaluate the robustness of the integrity conclusions, bounding values of specific gravity are also considered.
These cases, summarized in Table 2, represent the specific gravity bounds considered in the analysis and the resulting
hydrostatic pressure contribution.
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These cases are used to assess the sensitivity of sustained pressure demand to plausible variations in fuel density.
As demonstrated later in the Results section, these variations influence pressure demand magnitude but do not alter the
governing structural mechanism.

Table 2. Specific gravity bounds and corresponding hydrostatic pressure for sustained loading

Case Specific Gravity (SG) Fluid Density Hydrostatic Head Pressure Sustained Design Pressure

Lower bound 0.80 800 kg/m? 0.125 bar 1.125 bar
Base case 0.86 860 kg/m? 0.135 bar 1.135 bar
Upper bound 0.90 900 kg/m? 0.141 bar 1.141 bar

2.4 Component Capacity Assessment and Governing Mechanism Identification

Structural capacity is evaluated using a component-based assessment approach, acknowledging that different
tank elements may govern integrity under sustained hydrostatic loading. This framework is particularly essential for
thin-walled shell structures containing openings, where localized behavior frequently controls acceptability even when
global capacity remains adequate [1-3]. The assessment is conducted sequentially by first evaluating the global capacity
of the shell and head using thin-shell pressure relations together with the effective corroded thickness, followed by
evaluation of local capacity at structural discontinuities especially nozzle regions through reinforcement adequacy
criteria that explicitly account for stress concentration and load redistribution, and finally identifying the governing
maximum allowable working pressure (MAWP) as the minimum allowable pressure among all evaluated components.
The hierarchical nature of this verification is illustrated in Figure 1, emphasizing that integrity limits may be controlled
by localized, reinforcement-governed mechanisms even when global shell stresses remain well below material strength
limits.

2.5 Hydrostatic Test Pressure Evaluation

Hydrostatic test pressure is evaluated to verify structural integrity beyond normal operating
conditions and to establish an additional verification envelope. The test pressure is determined using
allowable stress scaling relative to the governing MAWP in Eq. (5).

Prese = 1.3 X MAWP x 2 (5)

where S and S, are the allowable stresses at operating and test temperatures, respectively. This formulation
ensures consistency between operating and test conditions and aligns with established pressure vessel
practice [9,16].

The parameters used in the hydrostatic test pressure evaluation and the resulting test pressure are
reported in Table 4, providing transparency and reproducibility of the verification procedure.

2.6 Methodological Scope and Applicability

The proposed methodology integrates physically consistent hydrostatic load definition, degradation
aware resistance representation, and component-based capacity evaluation into a unified integrity
verification framework. While the present study focuses on calculation-based assessment, the framework
i1s fully compatible with future extensions incorporating numerical simulation or inspection derived
geometric data, as demonstrated in recent tank integrity studies [1-5].
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3 Results and Discussion
3.1 Governing Pressure Capacity under Effective Corroded Condition

The calculated pressure capacities indicate a clear separation between global shell resistance and local
reinforcement-controlled resistance. Under the effective corroded thickness condition, the cylindrical shell
and ellipsoidal heads exhibit high allowable pressure capacity when evaluated using thin-walled shell
relations. However, this global capacity does not govern the allowable operating limit of the sump tank.

The component based maximum allowable working pressure (MAWP) values are summarized in
Table 3. The table shows that the governing MAWP of the tank is 2.954 bar, which is controlled by nozzle
reinforcement capacity. This value is substantially lower than the pressure capacity associated with the shell
and heads, demonstrating that the integrity limit is governed by localized structural behavior rather than by
global membrane stress. It is noted that the nominal thickness of 10 mm is relatively high for typical
atmospheric service. This thickness provides significant global membrane capacity, as evidenced by the
high shell MAWP (11.82 bar). However, this 'over design' in the shell highlights the criticality of the nozzle
reinforcement, which remains the weakest link despite the robust shell construction

Table 3. Summary of MAWP values and governing component (corroded condition)

Component Governing criterion MAWP

Cylindrical shell ~ Circumferential membrane stress 11.82 bar
Ellipsoidal heads Membrane stress 9.40 bar
Nozzle reinforcement Reinforcement adequacy 2.954 bar

MAWP (bar)
(2]

Cylindrical Shell Ellipsiodal Heads Nozzle Reinforcement

Figure 3. Comparison of component MAWP values

The hierarchy of component capacities is illustrated in Figure 3, which compares the MAWP values
of shell/head components and reinforcement-controlled components. The figure confirms that reliance on
shell membrane capacity alone would not identify the governing integrity limit, as local discontinuity
behavior reaches its allowable condition first. From a mechanical perspective, this result is consistent with
established behavior of thin-walled shell structures containing openings, where stress concentration and
load redistribution around penetrations control allowable pressure even when global stresses remain
moderate.

3.2 Response under Sustained Hydrostatic Loading

The sustained design pressure, including the hydrostatic contribution, is calculated as 1.135 bar.
Comparison of this pressure with the governing MAWP of 2.954 bar shows that the operating condition
remains well within the allowable capacity envelope.
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To examine the influence of fluid properties, the specific gravity bounds defined in Table 2 are
applied. An increase in specific gravity results in a proportional increase in hydrostatic pressure demand.
However, across all examined cases, the sustained hydrostatic pressure remains significantly lower than the
governing MAWP. This result demonstrates that while fluid density affects the magnitude of hydrostatic
loading, it does not change the governing structural mechanism. The mechanical integrity of the sump tank
under sustained hydrostatic loading is therefore insensitive to reasonable variations in fuel density, provided
that local reinforcement capacity remains unchanged.

3.3 Hydrostatic Test Pressure Verification

Hydrostatic test pressure is evaluated as an additional integrity verification beyond normal operating
conditions; by applying allowable stress scaling relative to the governing MAWP, the hydrostatic test
pressure is calculated as 3.840 bar, with the calculation parameters and resulting value summarized in Table
4 to ensure transparency and reproducibility. The relationship between sustained design pressure, governing
MAWP, and hydrostatic test pressure is further illustrated in Figure 4, which presents the pressure hierarchy
adopted in this study and demonstrates that the sustained design pressure is bounded by the governing
MAWP and subsequently verified through hydrostatic testing, thereby confirming the consistency of the
defined integrity envelope.

Table 4. Hydrostatic test pressure evaluation based on governing MAWP

Parameter Value
Governing MAWP  2.954 bar
Sustained design pressure 1.135 bar

Test pressure factor 1.3
Allowable stress ratio (S?a) 1.0

Hydrotest pressure ~ 3.840 bar

4,04

3,54
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MAWP (Bar)
» »
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Figure 4. Pressure hierarchy for integrity verification

3.4 Discussion of Governing Mechanical Behavior

The results demonstrate that the mechanical integrity of the atmospheric sump tank under sustained
hydrostatic loading is governed by local nozzle reinforcement capacity, rather than by global shell
membrane behavior. Although the shell and heads retain sufficient pressure resistance, the presence of
openings introduces localized stress concentration that limits the allowable pressure. This finding confirms
that integrity verification of atmospheric sump tanks cannot rely solely on global shell checks or nominal
pressure classification. Instead, component-based evaluation is required to identify the true governing
mechanism under sustained hydrostatic loading. The consistency of the governing mechanism across all
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examined specific gravity cases further confirms that the adopted hydrostatic loading model is physically
coherent and that the identified integrity limit is robust with respect to plausible operating variations.

3.5 Practical Implications

The identification of nozzle reinforcement as the governing component has direct implications for
integrity verification and maintenance practice. Inspection and assessment efforts should prioritize local
discontinuity regions, particularly nozzle reinforcement and associated welds, rather than focusing
exclusively on shell thickness or global pressure limits. For integrity evaluation of similar atmospheric
sump tanks, the results highlight the importance of using calculation based, component level verification
frameworks to ensure that localized governing mechanisms are correctly identified.

3.6 Safety Factor Evaluation

To explicitly quantify the structural safety margin, a utilization-based safety factor evaluation is
performed by comparing the sustained operating pressure with the governing MAWP. The utilization ratio
(UC) is defined as the ratio between actual operating pressure and allowable pressure capacity in Eq. (6).

_ Poperating
uc = MAWP (6)

Using the sustained design pressure of 1.135 bar and the governing MAWP of 2.954 bar, the
calculated utilization ratio is 0.384, corresponding to a safety factor of approximately 2.60. This result
indicates that the sump tank operates at less than 40% of its governing allowable pressure capacity under
sustained hydrostatic loading.

From a mechanical perspective, the relatively low utilization ratio confirms that the governing nozzle
reinforcement operates well within the elastic regime, with sufficient margin against yielding or
reinforcement inadequacy under long term hydrostatic loading. Importantly, this safety margin is achieved
despite the integrity being controlled by a localized structural feature, highlighting that local discontinuity-
controlled behaviour does not necessarily imply marginal safety when properly evaluated using calculation-
based methods. Based on the calculations performed, it can therefore be concluded that the proposed sump
tank design is structurally valid and exhibits a conservative integrity margin under sustained operating
conditions.

4 Conclusions

This study presents a mechanics-based integrity verification of an atmospheric sump tank subjected
to sustained hydrostatic loading by integrating physically consistent load definition, degradation aware
resistance representation, and component level capacity evaluation. The analysis demonstrates that, despite
the low nominal operating pressure, the governing integrity mechanism is controlled by localized nozzle
reinforcement capacity rather than by global shell membrane resistance, with a governing maximum
allowable working pressure (MAWP) of 2.954 bar. The sustained design pressure of 1.135 bar is
significantly lower than this governing capacity, resulting in a utilization ratio (UC) of 0.384, which
corresponds to a safety factor of approximately 2.60. This quantitative safety margin confirms that the
proposed sump tank design operates well within its allowable pressure envelope under sustained hydrostatic
conditions. Verification at the hydrostatic test pressure of 3.840 bar further supports the consistency of the
integrity envelope associated with the governing component. The findings highlight the limitations of
pressure only assessment approaches for atmospheric tanks and emphasize the necessity of calculation-
based, component level verification frameworks that explicitly identify localized, reinforcement-controlled
integrity mechanisms. Overall, the proposed methodology provides a transparent, systematic, and
reproducible basis for reliable integrity assessment of atmospheric sump tanks, with particular relevance
for engineering practice focused on critical local structural features under sustained liquid filled operation.
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