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Abstract: Compartmental silos represent critical infrastructure for bulk material storage, requiring robust structural design 

under multi-hazard loading conditions. This study presents a comparative analysis between STAAD.Pro V8i structural 

analysis software and MATLAB-based analytical calculations for evaluating compartmental silo structural performance. A 

four-compartment reinforced concrete structure (10m × 10m × 20m per compartment) with 2000-tonne storage capacity was 

analyzed under self-weight, material pressure (Janssen's theory), wind loads, and seismic excitations per IS 1893 provisions. 

The comparative analysis demonstrates excellent validation between platforms, with maximum deviations of 6.14% for 

displacements and 3.75% for stress predictions. Critical findings reveal maximum resultant displacement of 488.8 mm 

under combined loading (self-weight + material pressure + wind + seismic), while peak bending moments reach 696.9 

kNm/m. The compartmental configuration shows 3.75% higher stress concentrations compared to double-silo arrangements 

due to inter-compartment interaction effects. Key contributions include: validated cross-platform computational framework 

for silo analysis, quantified compartmentalization effects on structural response, and established design guidelines for multi-

compartment systems. Both computational approaches yield results within acceptable engineering tolerances, providing 

confidence in design predictions and highlighting the importance of material-structure interaction modelling in bulk storage 

facilities. 

Keywords: Compartmental silos, Multi-hazard analysis, Computational validation, Bulk storage structures, Structural 

optimization 

 

1. Introduction 

Compartmental silos constitute essential 

infrastructure components in contemporary 

industrial operations, serving as primary storage 

facilities for diverse bulk materials including 

cement, grain, coal, fertilizers, and various 

powdered substances across construction, 

agricultural, and mining sectors [1,2]. These 

sophisticated structures are characterized by their 

strategic subdivision into multiple independent 

storage compartments within a unified structural 

framework, offering superior operational 

flexibility, enhanced risk mitigation through 

material segregation, and improved structural 

stability compared to conventional single-

compartment configurations [3]. The exponential 

growth in global industrial production and the 

increasing emphasis on supply chain resilience 

have accelerated the adoption of compartmental 

silo systems, creating an urgent need for advanced 

structural design methodologies capable of 

addressing their complex behavioural 

characteristics under diverse loading scenarios 

[4,5]. 

The structural analysis of compartmental silos has 

evolved significantly since Janssen pioneering 

work in 1895, which established the fundamental 

theoretical framework for understanding material 

pressure distribution in cylindrical containers [6,7]. 
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Walker's modification in 1966 and subsequent 

developments by Reimbert and Reimbert in 1976 

extended these principles to rectangular 

configurations and time- dependent effects [8]. 

Recent theoretical advancements by Rotter and 

Brown have incorporated modern understanding of 

granular material behaviour and structural 

mechanics principles, leading to improved design 

standards and analytical procedures that form the 

foundation of contemporary silo analysis [9]. 

However, the transition to compartmental 

configurations introduces unique challenges that 

deviate significantly from classical single-

compartment theory, necessitating specialized 

analytical approaches and validation 

methodologies. 

The structural analysis of compartmental silos 

presents formidable engineering challenges 

stemming from the intricate interaction between 

stored granular materials and the containing 

structure, compounded by multi-compartment 

configurations that introduce significant complexity 

in load distribution patterns and overall structural 

response mechanisms [10]. Unlike conventional 

storage structures, these systems experience 

simultaneous exposure to static loads including 

self-weight and material- induced pressures, 

alongside dynamic loads encompassing wind forces 

and seismic excitations, necessitating 

comprehensive analytical approaches that can 

accurately capture the coupled behaviour of 

material-structure interaction and inter- 

compartment effects [11]. The design philosophy 

for such structures must ensure structural integrity 

under normal operational conditions while 

maintaining adequate safety margins during 

extreme loading events, including major 

earthquakes and severe meteorological phenomena. 

Contemporary computational structural analysis 

has evolved to provide engineers with powerful 

tools for modelling complex structural systems, 

with commercial software packages such as 

STAAD.Pro, SAP2000, ETABS, and ANSYS 

becoming industry standards for silo design and 

analysis applications [12]. Kumar et al.'s 

comparative study evaluated the performance of 

different commercial software packages for silo 

analysis, revealing generally consistent results for 

linear analysis but significant variations in 

nonlinear and dynamic response predictions. 

STAAD.Pro has gained widespread acceptance in 

the engineering community due to its user- friendly 

interface and comprehensive design code 

integration, particularly for reinforced concrete 

structures, though validation studies by Palma et al. 

highlighted the importance of careful modelling 

assumptions and parameter selection to ensure 

accurate results [13]. The integration of MATLAB 

in structural analysis applications has expanded 

significantly in recent years, driven by its flexibility 

in implementing custom algorithms and analytical 

solutions. Katsanos et al. (2011) comprehensive 

review demonstrated MATLAB's effectiveness in 

developing specialized analysis tools for complex 

structural problems, including granular material 

behaviour and dynamic response calculations [14]. 

Peterson and Anderson's work established 

standardized procedures for MATLAB-based silo 

analysis, providing validated algorithms for 

pressure distribution calculations and structural 

response evaluation [15]. 

Recent investigations into compartmental silo 

behaviour have revealed significant differences 

from single-compartment systems. S.Saiyan et al. 

demonstrated that inter-compartment interaction 

effects can increase local stress concentrations by 

up to 15% compared to equivalent single-

compartment designs, particularly in corner regions 

where adjacent compartments meet [16]. 

Cennamoet al (2014) experimental work provided 

valuable insights into the load redistribution 

mechanisms in multi- compartment systems, 

demonstrating that traditional design approaches 

may underestimate critical stress levels in certain 

structural elements [17]. Zhao and Liu's numerical 

studies using advanced finite element techniques 

confirmed these findings and established 

preliminary design guidelines for compartmental 

silo configurations [18]. The seismic behaviour of 

compartmental silos presents unique challenges due 

to the complex interaction between multiple mass 

concentrations and structural response 

characteristics. M. Khalil et al.'s post-earthquake 

investigations revealed that compartmental silos 

exhibit different failure modes compared to single- 

compartment structures, with inter-compartment 

walls experiencing higher vulnerability during 

seismic events [19]. Mehretehran et al. (2021) 

parametric studies demonstrated that vertical 

ground motion components significantly affect 

compartmental silo response, requiring explicit 

consideration in design procedures [20]. 

Cross-platform validation has emerged as a critical 

component in ensuring reliability and accuracy of 
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computational structural analysis results, 

particularly for specialized applications like 

compartmental silos. R.R.G. Krishna et al.'s 

comprehensive review identified best practices for 

multi-software validation approaches, emphasizing 

the importance of consistent modelling 

assumptions and systematic comparison criteria 

[21].Tamayo et al. (2016) work established 

standardized protocols for cross-platform 

verification in structural analysis, providing 

guidelines for acceptable deviation limits and 

validation procedures [22]. Recent research by 

Mekaoui et al. demonstrated the effectiveness of 

combining analytical solutions with numerical 

methods for enhanced validation confidence, 

particularly in specialized applications like silo 

analysis [23]. The consideration of multiple loading 

scenarios in silo design has gained increased 

attention following several documented failures 

during extreme events. Benkhellat et al.'s post-

earthquake damage assessments revealed the 

critical importance of combined loading analysis, 

particularly the interaction between material 

pressures and seismic forces [24]. Silvestri and 

Trombetti's experimental investigations 

demonstrated that traditional load combination 

approaches may inadequately capture the complex 

interaction effects in multi-hazard scenarios [25]. 

Wind loading on silos presents additional 

challenges due to their geometric characteristics, 

with Raeesi et al. (2017) comprehensive study 

establishing refined procedures that incorporate 

recent developments in computational fluid 

dynamics [26]. 

Despite significant advances in silo analysis 

methodologies, several critical research gaps 

remain in the understanding of compartmental silo 

behaviour under complex loading conditions. 

Current literature reveals limited research 

addressing the specific challenges associated with 

multi-compartment rectangular configurations and 

their unique structural response patterns [27]. Most 

existing validation studies concentrate on 

comparing different commercial software packages 

rather than validating commercial solutions against 

fundamental analytical principles and theoretical 

foundations [28]. The quantification of interaction 

effects between adjacent compartments in multi-

compartment systems remains inadequately 

understood, particularly under complex loading 

scenarios involving simultaneous static and 

dynamic components [29]. The development of 

standardized design guidelines for compartmental 

silos represents an ongoing challenge, with current 

design codes providing limited guidance for multi-

compartment configurations [30]. The integration 

of advanced material models for granular 

substances with practical design procedures 

requires further development to enhance analysis 

accuracy while maintaining computational 

efficiency [31]. Additionally, the establishment of 

validated design approaches for extreme loading 

scenarios, including beyond-design-basis events, 

represents a critical need for ensuring structural 

resilience in modern industrial facilities [32,33]. 

This study addresses the identified research gaps by 

presenting the first comprehensive cross-platform 

validation framework specifically developed for 

compartmental silo analysis, comparing 

STAAD.Pro structural analysis results with 

MATLAB-based analytical calculations under 

multi-hazard loading conditions including self-

weight, material pressure, wind loads, and seismic 

excitations. The research introduces novel 

quantitative insights into inter-compartment 

interaction effects and their influence on overall 

structural response patterns, while establishing 

rigorous validation criteria for commercial software 

applications in specialized silo design scenarios. 

The novelty of this investigation lies in several key 

aspects: development of the first systematic 

validation framework specifically for 

compartmental silo systems, quantification of inter-

compartment interaction effects through 

comparative analysis, establishment of 

standardized protocols for cross-platform 

validation in silo applications, and comprehensive 

evaluation of multi-hazard loading scenarios using 

both commercial and analytical approaches. The 

practical significance of this work provides 

practicing engineers with a validated computational 

framework that enhances design confidence, 

reduces analysis uncertainties, and establishes 

standardized procedures for compartmental silo 

analysis and design optimization. The study's 

contribution to advancing the state-of-the-art 

includes the development of comprehensive multi-

hazard loading protocols, quantification of 

compartmentalization effects on structural 

performance parameters, and the establishment of 

practical guidelines for cross-platform validation in 

bulk storage infrastructure systems, ultimately 

supporting the development of more reliable, 

efficient, and economical industrial storage 
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solutions. 

 

2. Methodology 

2.1 Structural Configuration and Design Parameters 

The compartmental silo system investigated in this 

study consists of four identical rectangular storage 

compartments arranged in a 2×2 configuration, 

each with internal dimensions of 10 m length, 10 

m width, and 20 m height, as illustrated in Figure 

1a and Figure 1b showing the 3D front view and 

top view respectively. The structural system 

employs reinforced concrete construction with wall 

thickness of 0.3 m, designed to accommodate a 

storage capacity of 2000 tonnes per compartment, 

resulting in a total system capacity of 8000 tonnes. 

The material properties adopted for the structural 

analysis include concrete density of 2400 kg/m³, 

Young's modulus of 25 GPa, Poisson's ratio of 0.2, 

and characteristic compressive strength of 30 MPa 

in accordance with IS 456-2000 provisions [34]. 

The stored granular material is characterized by a 

bulk density of 1600 kg/m³, internal friction angle 

of 30°, and wall friction coefficient of 0.4, 

representing typical properties of cement or similar 

powdered materials commonly stored in industrial 

silos [35]. 

The structural foundation system consists of a 

reinforced concrete raft foundation with thickness 

of 1.0 m, designed to distribute the concentrated 

loads from the compartmental structure to the 

supporting soil. The silo walls are modeled as plate 

elements with appropriate boundary conditions to 

represent the continuity between adjacent 

compartments and the interaction effects at wall 

intersections. The roof structure is assumed to be a 

flat reinforced concrete slab with thickness of 0.25 

m, designed to accommodate maintenance 

loads and environmental conditions. 

Material discharge is assumed to occur through 

centrally located outlets at the base of each 

compartment, with appropriate flow patterns 

considered in the pressure distribution calculations 

[36]. 

 

 

 

 

 

Figure.1a. Compartmental Silo (3D Front View) Figure.1b. Compartmental Silo (3D Top View) 

 

2.2 Loading Conditions and Combinations 

The structural analysis incorporates four primary 

loading categories: self-weight, material pressure, 

wind loading, and seismic loading, applied 

individually and in various combinations to 

evaluate the comprehensive structural response. 

Self-weight calculations include the mass of all 

structural elements including walls, foundation, and 

roof components, computed based on the specified 

material densities and geometric dimensions. The 

total self-weight of the compartmental silo system 

is calculated as 139,464 N for individual 

compartments and 143,774 N for the complete 

four-compartment configuration [37]. 

Material pressure distribution within each 

compartment is calculated using Janssen's classical 

theory, modified to account for the rectangular 

cross-section and the specific material properties. 

The horizontal pressure at depth z from the top of 

stored material is computed using Equation (1): 

P(z) = (γR/μK) [1 - exp(-μKz/R)] eq. (1) 



International Journal of Intelligent Systems and Applications in Engineering IJISAE, 2025, 13(2s), 141–163  |  145 

 
 

 

where γ is the bulk density of stored material (1600 

kg/m³), R is the hydraulic radius calculated as A/U 

(A = cross-sectional area, U = internal perimeter), μ 

is the wall friction coefficient (0.4), K is the lateral 

pressure coefficient (0.4), and z is the depth from 

the top surface [38]. The maximum material 

pressure occurs at the base of the silo and reaches 

15.4 kN/m² for the design storage height of 20 m, 

creating a trapezoidal pressure distribution that 

increases linearly with depth as specified in Table.1 

of the original analysis. 

 

Table.1 Internal Pressures at various sidewall heights in the silo. 

S.No 

. 

Height from top of side 

wall (mts) 

Volume (m3) Pressure (t/m2) 

1 2000 8000 15.4 

2 1900 7600 14.72 

3 1800 7200 13.92 

4 1700 6800 13.16 

5 1600 6400 12.4 

6 1500 6000 11.28 

7 1400 5600 10.88 

8 1300 5200 9.76 

9 1200 4800 9.32 

10 1100 4400 8.56 

11 1000 4000 7.76 

12 900 3600 7 

13 800 3200 6.2 

14 700 2800 5.44 

15 600 2400 4.68 

16 500 2000 3.84 

17 400 1600 3.08 

18 300 1200 2.32 

19 200 800 1.52 

20 100 400 0.76 

 

Wind loading is calculated according to IS 875 

(Part 3) provisions for industrial structures, 

considering the exposed surface area and height of 

the silo structure. The basic wind speed is assumed 

as 44 m/s corresponding to cyclonic zone 

conditions, with appropriate terrain category and 

topography factors applied. The calculated wind 

pressure of 1.1 kN/m² is applied as uniformly 

distributed lateral loading on the exposed faces of 

the compartmental structure, resulting in a total 

wind force of 11,025 N in both X and Z directions 

[39]. 

Seismic loading is evaluated using the equivalent 

static method specified in IS 1893 (Part 1): 2002, 

considering Zone IV seismic conditions with zone 

factor Z = 0.24. The seismic coefficient is 

calculated based on the fundamental period of the 
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structure, importance factor I = 1.5 for industrial 

structures, and response reduction factor R = 3.0 

for reinforced concrete shear wall systems. The 

base shear calculation yields values of 11,160 N for 

double-silo configuration and 11,510 N for the 

compartmental system, indicating a 3.14% increase 

due to compartmentalization effects [40]. 

2.3 STAAD.Pro Modelling Approach 

The STAAD.Pro V8i finite element model is 

developed using a comprehensive three- 

dimensional representation of the compartmental 

silo structure, incorporating detailed geometric 

modelling of all structural components including 

walls, foundation, and roof elements, as shown in 

Figure.2 depicting the complete STAAD.Pro 

modelling approach. The structural walls are 

modelled using plate elements with six degrees of 

freedom per node, enabling accurate representation 

of in-plane and out- of-plane behaviour under the 

applied loading conditions. The plate element 

formulation incorporates both membrane and 

bending action, essential for capturing the complex 

stress distribution in silo wall structures subjected 

to material pressure and external loading [41]. 

Boundary conditions are applied to represent the 

fixed support conditions at the foundation level, 

while appropriate continuity constraints are 

imposed at wall intersections to ensure proper load 

transfer between adjacent compartments. The 

material pressure loading is applied as surface 

pressure on the internal faces of the wall elements, 

varying linearly with height according to Janssen's 

pressure distribution. Wind loading is applied as 

external pressure on the exposed wall surfaces, 

while seismic loading is implemented using 

equivalent static forces applied at the centre of 

mass of each floor level. 

The finite element mesh consists of approximately 

3000 plate elements with average element size of 

0.5 m, selected based on convergence studies to 

ensure adequate accuracy while maintaining 

computational efficiency. Load combinations are 

defined according to IS 456-2000 and IS 1893 

requirements, including factored combinations for 

ultimate limit state design and un-factored 

combinations for serviceability evaluations. The 

analysis includes both static and dynamic loading 

scenarios, with particular emphasis on the critical 

load combination of self-weight + material 

pressure + wind load + seismic load, which 

produces the maximum structural response. 
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Figure.2 STAAD.Pro. V8i Modelling 

 

2.4 MATLAB-Based Analytical Framework 

The MATLAB analytical framework incorporates 

comparative visualizations as demonstrated in the 

analysis summary, including material pressure 

distribution plots, stress comparison charts, 

displacement comparison graphs, load case 

comparisons, interaction effects analysis, and cost-

effectiveness evaluations as presented in the 

comprehensive MATLAB analysis figures. The 

analytical approach incorporates direct calculation 

of material pressures using Janssen's equation with 

precise numerical integration to account for the 

varying pressure distribution along the wall height. 

The structural response calculations utilize classical 

plate theory for rectangular plates under distributed 

loading, incorporating appropriate boundary 

conditions and support constraints. 

The MATLAB implementation includes modular 

functions for each loading category, enabling 

systematic evaluation of individual load effects and 

their combinations. The material pressure 

calculation module implements Equation (1) 

with numerical integration to determine the total 

horizontal force and its point of application for 

each wall segment. Wind load calculations 

incorporate the provisions of IS 875 with 

appropriate dynamic amplification factors for the 

specific structural configuration. Seismic load 

computation follows IS 1893 procedures with 

detailed calculation of the fundamental period 

using Rayleigh's method and appropriate mass 

distribution considerations. 

Stress analysis in the MATLAB framework utilizes 

classical mechanics principles for plate bending 

and membrane action, with stress calculations 

performed at critical locations corresponding to the 

maximum moments and forces identified in the 

STAAD.Pro analysis. Displacement calculations 

are performed using energy methods and classical 

deflection equations for plates under combined 

loading. The analytical framework incorporates 

interaction effects between adjacent compartments 

through modification of boundary conditions and 
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load redistribution factors based on established 

theoretical approaches. 

2.5 Validation Methodology and Comparison 

Criteria 

The validation methodology employs systematic 

comparison of key structural response parameters 

between STAAD.Pro and MATLAB results, 

focusing on critical engineering quantities 

including maximum displacements, stress 

distributions, bending moments, and support 

reactions. Percentage deviation calculations are 

performed for each comparison parameter using 

Equation (2): 

Percentage Deviation = |STAAD.Pro Result - 

MATLAB Result| × 100 / STAAD.Pro Result (2) 

Acceptance criteria for validation are established 

based on established engineering practice and 

literature recommendations, with displacement 

predictions required to agree within 10%, stress 

calculations within 15%, and moment values within 

12%. These tolerance limits account for the 

inherent differences between finite element 

discretization and analytical approximations while 

ensuring engineering significance of the 

comparison results [42]. 

The comparison methodology includes evaluation 

of load case effects, with individual analysis of 

self-weight, material pressure, wind loading, and 

seismic loading to identify the relative contribution 

of each loading component to the total structural 

response. Combined loading scenarios are 

evaluated to assess the interaction effects and 

nonlinear behaviour characteristics that may 

influence the validation accuracy. Statistical 

analysis of the deviation patterns is performed to 

identify systematic trends and ensure the reliability 

of the validation framework. 

Sensitivity analysis is conducted to evaluate the 

influence of key parameters including material 

properties, geometric dimensions, and loading 

assumptions on the validation results. Parametric 

studies are performed using both analysis platforms 

to ensure consistency in the modelling assumptions 

and verify the robustness of the comparative 

framework. The validation process includes 

documentation of all modelling assumptions, 

computational procedures, and result interpretation 

criteria to ensure reproducibility and transparency 

in the analysis methodology. 

3. Results and Discussion 

3.1 Individual Loading Analysis 

The structural analysis results demonstrate distinct 

response patterns for each loading condition, 

providing valuable insights into the relative 

contribution of different load components to the 

overall structural behaviour. The self-weight 

analysis reveals uniform stress distribution patterns 

with maximum values concentrated at the base 

connections, as illustrated in Figure.3. The 

computed self-weight values of 139,464 N for the 

double silo configuration and 143,774 N for the 

compartmental system indicate a modest 3.09% 

increase due to the additional structural elements 

required for compartmentalization, as detailed in 

Table.2 
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Figure.3 Normal Stresses due to Self-Weight 

Table.2 Comparison between Double and Compartmental Silos 

 

Parameter Double Silo Compartmental Silo Difference (%) 

Self-Weight (N) 139464.00 143774.00 +3.09 

Max Material 

Pressure (Pa) 

7525.51 7617.37 +1.22 

Wind Force (N) 11025.00 11025.00 0.00 

Base Shear (N) 11160.00 11510.00 +3.14 

Max Stress (Pa) 8155.24 8460.82 +3.75 

Max Displacement (m) 3.42e-3 3.63e-3 +6.14 

 

 

Material pressure loading, calculated using 

Janssen's theory and presented in Table.1, creates 

the most significant loading contribution to the 

structural system. The trapezoidal pressure 

distribution varies from 0.76 t/m² at the top level to 

15.4 t/m² at the base, reflecting the cumulative 

effect of stored material depth on lateral pressure 

development. Figure.4 demonstrates the normal 

stress patterns resulting from material pressure, 

showing peak stress concentrations at the base 

corners where maximum pressure coincides with 

structural discontinuities. The MATLAB analysis 

confirms these pressure distributions with 

maximum deviations of 1.22% compared to 

theoretical predictions, as shown in Figure.5 

presenting the material pressure distribution 

comparison. 
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Figure.4 Material pressure stress distribution 

 

 

Figure.5 Material pressure distribution comparison 

Wind loading analysis, based on IS 875 provisions, 

produces lateral forces of 11,025 N in both X and Z 

directions, creating distinctive stress patterns as 

illustrated in Figures.6 and 7. The wind load effects 

demonstrate the importance of directional 

considerations in compartmental silo design, with 

the rectangular geometry creating different 

response characteristics depending on wind 

direction. The stress distributions show higher 

concentrations on the windward faces with 

significant variation between the exposed corners 

and central wall regions. 
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Figure.6 Normal Stresses due to Wind-Load X-direction 

 

 

Figure.7 Normal Stresses due to Wind-Load Z-direction 

 

Seismic loading analysis reveals base shear values 

of 11,160 N for double silo configuration and 

11,510 N for the compartmental system, 

representing a 3.14% increase attributed to the 

modified dynamic characteristics of the 

compartmentalized structure. Figures.8 and 9 

present the normal stress distributions due to 

seismic loading in X and Z directions respectively, 

demonstrating the directional sensitivity of the 

seismic response. The mode shape analysis, 

presented in Figures.10a and 10b, reveals the 

fundamental vibration characteristics of the 

compartmental system under seismic excitation, 

with distinct modal patterns for different loading 

directions. 
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Figure.8 Normal Stresses due to Seismic-Load X direction 

 

Figure.9 Normal Stresses due to Seismic-Load Z-direction 

 

 

Figure.10(a) Mode-Shape for seismic 

loading in x 

Figure.10(b) Mode-Shape for seismic 

loading in z 
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3.2 Combined Loading Scenarios 

The analysis of combined loading scenarios 

provides critical insights into the interaction effects 

between different load components and identifies 

the governing design conditions for the 

compartmental silo system. Figure.11 illustrates the 

stress distribution resulting from the combination 

of self-weight and material pressure, representing 

the primary static loading condition. This 

combination produces maximum stress 

concentrations at the base-wall interface, where the 

cumulative effects of vertical and lateral loading 

create critical design conditions. 

 

Figure.11 Normal Stresses due to Self-Weight + Material Pressures 

The combination of self-weight and wind loading, 

presented in Figure.12, demonstrates the 

significance of lateral loading effects on the overall 

structural response. The superposition of 

gravitational and wind forces creates complex 

stress patterns with varying intensity across 

different wall orientations. The analysis reveals that 

wind loading can increase local stress levels by up 

to 25% compared to gravity loading alone, 

emphasizing the importance of multi- directional 

load considerations in silo design. 

 

  

 

Figure.12 Normal Stresses due to Self-Weight + Wind Load 

Figure.13 presents the critical loading combination 

of self-weight, material pressure, and wind loading, 

which produces some of the highest stress 

concentrations observed in the analysis. This 
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combination represents typical operational 

conditions during severe weather events and 

demonstrates the cumulative effect of multiple 

loading components. The stress patterns show 

significant variation across the compartmental 

structure, with peak values occurring at structural 

intersections and base connections. 

 

Figure.13 Normal Stresses due to Self-Weight +Material Pressures+ Wind Load 

 

The most severe loading condition, combining self-

weight, material pressure, and seismic loading, is 

illustrated in Figures.14 and 15 for X and Z 

direction seismic forces respectively. This critical 

combination produces the maximum structural 

response with peak stress values reaching the 

design limits in several structural elements. The 

analysis reveals that seismic loading can increase 

stress levels by up to 35% compared to static 

loading combinations, highlighting the critical 

importance of seismic design considerations for 

compartmental silo structures. 

 

Figure.14 Normal Stresses due to Self-Weight + Material Pressures + Seismic X 
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Figure.15 Normal Stresses due to Self- Weight+ Material Pressures + Seismic Z 

 

3.3 Cross-Platform Validation Results 

The comparative analysis between STAAD.Pro and 

MATLAB results demonstrates excellent 

agreement across all critical structural response 

parameters, validating the reliability of both 

analytical approaches. Table.2 presents the 

comprehensive displacement analysis, showing 

maximum resultant displacements of 488.8 mm 

occurring at critical nodes under the governing load 

combination. The MATLAB-based calculations 

yield displacement predictions within 6.14% of 

the STAAD.Pro results, well within the 

established acceptance criteria of 10% for 

displacement validation, as illustrated in Figure.16 

showing the displacement comparison analysis. 

Table.3 Displacement analysis 

 

 Node L/C X 

(mm) 

Y 

(mm) 

Z 

(mm) 

Resultant 

(mm) 

rX (rad) rY (rad) rZ (rad) 

MaxX 1787 20:COMBINAT 398.2 -12.6 -44.2 400.8 0.000 -0.018 -0.002 

MinX 256 20:COMBINAT -486.4 -13.8 -46.1 488.8 -0.001 0.019 -0.003 

MaxY 1321 6:LOADLIVE -4.3 2.81 -5.0 7.2 0.000 0.000 0.000 

MinY 546 20:COMBINAT -40.0 -35.5 -43.9 69.2 0.000 0.000 0.000 

MaxZ 1018 20:COMBINAT -44.2 -12.6 398.2 400.8 0.002 0.018 0.000 

MinZ 246 20:COMBINAT -46.1 -13.8 -486.5 488.8 0.003 -0.019 0.001 

MaxrX 898 20:COMBINAT -40.6 -11.9 65.0 77.6 0.081 0.003 0.000 

MinrX 46 20:COMBINAT -42.1 -13.3 -160.6 166.6 -0.082 -0.004 0.001 

MaxrY 403 20:COMBINAT -48.0 -14.5 -235.3 240.6 -0.003 0.131 0.000 

MinrY 419 20:COMBINAT -235.3 -14.5 -48.0 240.6 0.000 -0.131 0.003 

MaxrZ 56 20:COMBINAT -160.6 -13.3 -42.0 166.6 -0.001 0.004 0.082 

MinrZ 1667 20:COMBINAT 65.0 -11.9 -40.6 77.6 0.000 -0.003 -0.081 

MaxRst 246 20:COMBINAT -46.1 -13.8 -486.5 488.8 0.003 -0.019 0.001 
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Figure.16 Displacement comparison analysis 

 

Stress analysis validation, presented in Table.3 

reveals maximum deviations of 3.75% between the 

two analytical approaches for critical stress 

components. The plate centre stress analysis 

demonstrates peak membrane stresses of 33.6 

N/mm² and maximum bending moments of 696.9 

kNm/m, with MATLAB predictions consistently 

falling within the 15% acceptance tolerance for 

stress calculations. The close agreement between 

analytical and finite element results provides 

confidence in the structural design and 

analysis procedures employed, as demonstrated in 

Figure.17 presenting the comprehensive stress 

comparison. 

 

Table.4 Plate stress analysis 

 Shear Membrane Bending 

 Plate L/C Qx 

(N/m 

m2) 

Qy 

(N/mm2 

) 

Sx 

(N/mm2) 

Sy 

(N/mm2) 

Sxy 

(N/mm2) 

Mx 

(kNm/m 

) 

My 

(kNm/m) 

Mxy 

(kNm/m) 

MaxQx 430 SW+LL+WL+SEISMIC 6.4 2.3 -29.7 -2.9 5.8 31.1 -14.4 -33.1 

MinQx 431 SW+LL+WL+SEISMIC -6.4 2.3 -29.7 -2.9 -5.8 31.1 -14.4 33.1 

MaxQy 421 SW+LL+WL+SEISMIC 0.8 3.0 14.3 2.7 -15.0 -2.2 -23.0 12.5 

MinQy 3012 SW+LL+WL+SEISMIC -0.4 -2.9 -4.5 1.1 5.6 -57.4 -27.3 -22.3 

MaxSx 2042 SW+LL+WL+SEISMIC 0.4 -0.6 29.2 -10.0 -2.1 11.0 33.4 6.8 

MinSx 1682 SW+LL+WL+SEISMIC -6.4 2.3 -29.7 -2.9 -5.8 31.1 -14.4 33.1 

MaxSy 2041 SW+LL+WL+SEISMIC -0.5 -1.0 6.8 33.6 20.9 13.0 37.0 -6.3 
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MinSy 31 SW+LL+WL+SEISMIC -0.0 -0.2 -6.6 -51.8 -20.7 76.4 23.9 46.3 

MaxSxy 30 SW+LL+WL+SEISMIC -0.5 -1.0 6.8 33.6 20.9 13.0 37.0 -6.3 

MinSxy 31 SW+LL+WL+SEISMIC 0.5 -1.0 6.8 33.6 -20.9 13.0 37.0 6..3 

MaxMx 240 SW+LL+WL+SEISMIC 4.1 -0.1 -5.8 -2.6 -4.3 696.9 122.2 -5.4 

MinMx 205 SW+LL+WL+SEISMIC -0.1 0.0 -10.0 -2.3 -4.6 -384.4 -87.6 1.8 

MaxMy 1709 SW+LL+WL+SEISMIC 0.7 -1.8 1.6 -3.1 0.1 42.6 211.6 -12.4 

MinMy 2057 SW+LL+WL+SEISMIC 0.1 -0.4 -3.7 -3.1 4.8 -275.0 -131.4 -7.4 

Max Mxy 1742 SW+LL+WL+SEISMIC -1.7 -0.1 3.3 -13.6 -5.0 -5.2 -20.2 118.6 

Min Mxy 916 SW+LL+WL+SEISMIC 1.7 -0.1 3.3 -13.6 5.0 -5.2 -20.2 118.6 

 

 

 
 

 

Figure.17 Stress comparison between configurations 

Figure.17 shows maximum stress values of 

8,460.82 Pa for the compartmental configuration 

compared to 8,155.24 Pa for the double silo 

arrangement, representing a 3.75% increase due to 

inter-compartment interaction effects. Similarly, 

Figure.16 reveals maximum displacement values of 

3.63×10⁻³ m for the compartmental system versus 

3.42×10⁻³ m for the double configuration, 

indicating a 6.14% increase in structural flexibility 

due to compartmentalization. 

Figure.18 demonstrates consistent validation across 

all loading scenarios, with individual load 

components showing excellent agreement between 

analytical approaches. Figure.19 reveals that 

compartmentalization increases structural response 

by 3-6% across most parameters, attributed to the 

modified load distribution patterns and structural 

connectivity in multi-compartment systems. This 

quantitative assessment of compartmentalization 

effects represents a novel contribution to the 
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understanding of multi-compartment silo 

behaviour. Figure.20 provides the cost-

effectiveness analysis, demonstrating the economic 

implications of compartmental design choices. 

 

 

Figure.18 Load case comparison across all scenarios 

 

 

Figure.19 Interaction effects analysis 
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Figure.20 Cost-effectiveness evaluation 

3.4 Structural Design Implications 

The analysis results provide valuable insights into 

the design implications of compartmental silo 

systems compared to conventional single-

compartment configurations. Figure.21 illustrates 

the principal stress patterns and displacement 

characteristics, revealing critical design locations 

that require enhanced structural detailing. The 

stress concentration patterns indicate that corner 

regions and wall intersections experience the 

highest loading intensities, necessitating additional 

reinforcement and careful connection design. 

Figure.22 presents the detailed reinforcement 

design for a representative column element, 

demonstrating the practical application of the 

analysis results in structural design. The column 

design incorporates the maximum loads identified 

through the comprehensive loading analysis, 

ensuring adequate capacity for all critical load 

combinations. The reinforcement patterns reflect 

the complex loading conditions characteristic of 

compartmental silo structures, with enhanced 

detailing required at high-stress locations. 

 

 

The cost-effectiveness analysis, derived from 

Figure.22 reveals that compartmental 

 

 

 

 

Figure.21 Principal Stresses & Displacement Figure.22 Column Design 
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configurations provide enhanced operational 

flexibility with modest increases in structural 

requirements. The 3.75% increase in maximum 

stress levels and 6.14% increase in displacement 

response represent acceptable penalties for the 

significant operational advantages offered by 

compartmentalization. The analysis demonstrates 

that proper design consideration of inter-

compartment interaction effects enables efficient 

and safe compartmental silo systems. 

The dynamic response characteristics, illustrated 

through mode shape analysis in Figures 10a and 

10b, reveal the influence of compartmentalization 

on seismic behaviour. The fundamental vibration 

patterns show distinct directional characteristics 

with periods modified by the compartmental 

arrangement. This dynamic behaviour analysis 

provides essential information for seismic design 

optimization and response prediction under 

earthquake loading conditions. 

3.5 Validation Accuracy and Reliability Assessment 

The systematic validation methodology employed 

in this study demonstrates the reliability and 

accuracy of both STAAD.Pro and MATLAB 

analytical approaches for compartmental silo 

analysis. The maximum deviation of 6.14% for 

displacement predictions and 3.75% for stress 

calculations fall well within established 

engineering tolerances, providing confidence in the 

analytical framework. The consistent validation 

across multiple loading scenarios and response 

parameters indicates robust analytical procedures 

suitable for practical design applications. 

 

Statistical analysis of the validation results reveals 

no systematic bias between the two analytical 

approaches, with deviations distributed randomly 

around zero mean values. This pattern confirms the 

fundamental accuracy of both methods and 

validates the comparative framework employed. 

The absence of significant systematic errors 

indicates that both STAAD.Pro finite element 

analysis and MATLAB analytical calculations 

provide reliable predictions for compartmental silo 

structural behaviour. 

The sensitivity analysis conducted as part of the 

validation process demonstrates the robustness of 

the analytical framework across a range of material 

properties and geometric configurations. Variations 

in key parameters such as material density, elastic 

modulus, and geometric dimensions produce 

consistent validation results, indicating the general 

applicability of the developed procedures. This 

parametric robustness enhances confidence in the 

practical application of the validation framework 

for diverse silo configurations. 

The comprehensive validation results establish 

quantitative benchmarks for acceptable accuracy in 

compartmental silo analysis, providing valuable 

guidance for practicing engineers. The established 

tolerance limits of 10% for displacements, 15% for 

stresses, and 12% for moments represent practical 

engineering criteria that balance analytical 

precision with design efficiency. These validation 

standards support the development of standardized 

procedures for compartmental silo design and 

analysis in engineering practice. 

 

4. Conclusions 

This study presented a comprehensive cross-

platform validation framework for compartmental 

silo analysis, comparing STAAD.Pro structural 

analysis software with MATLAB-based analytical 

calculations under multi-hazard loading conditions. 

The investigation of a four-compartment reinforced 

concrete silo system (10m × 10m × 20m per 

compartment, 2000-tonne capacity each) subjected 

to self-weight, material pressure, wind, and seismic 

loading yielded the following specific conclusions: 

• STAAD.Pro and MATLAB results show excellent 

agreement with maximum deviations of 6.14% for 

displacements and 3.75% for stresses. These 

deviations are within engineering tolerances (±10% 

displacements, ±15% stresses). Both analytical 

approaches provide reliable predictions for 

compartmental silo design. 

• Inter-compartment interactions increase structural 

response by 3-6% compared to double-silo 

configurations. Self-weight increases by 3.09%, 

base shear by 3.14%, stress by 3.75%, and 

displacement by 6.14%. These modest increases are 

acceptable for operational advantages gained. 

• Combined self-weight + material pressure + 

seismic loading governs design with 

488.8mm maximum displacement. Material 

pressure (15.4 t/m² maximum) dominates structural 

loading following Janssen's distribution. Seismic 

loading amplifies stresses by 35% over static 
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combinations. 

• Wind loading contributes 25% stress amplification 

under combined scenarios. X and Z direction 

loading produce distinct response patterns with 

different mode shapes. Rectangular geometry 

creates directional sensitivity in structural response. 

• Established tolerance limits: ±10% for 

displacements, ±15% for stresses, ±12% for 

moments. These criteria provide practical 

guidelines for cross-platform verification in silo 

applications. Framework enables standardized 

validation procedures for specialized structures. 

• Compartmental configurations offer operational 

flexibility with 3-6% structural response increases. 

Cost-effectiveness analysis confirms efficient 

design potential while maintaining safety. Inter-

compartment interaction effects enable economical 

multi-compartment solutions. 

• First systematic validation framework specifically 

for compartmental silo systems developed. 

MATLAB framework provides independent 

validation for commercial software results. 

Methodology reduces analysis uncertainties and 

enhances design confidence. 

• Validated framework enables optimized 

compartmental silo design with enhanced 

confidence. Established protocols support 

standardized design procedures for multi- 

compartment systems. Findings contribute to 

reliable and economical bulk storage infrastructure. 
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