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Abstract: Decorative arched openings have re-emerged as a defining design component in contemporary 

residential interiors, merging structural expression with artistic ornamentation. This study investigates the 

aesthetic integration of decorative arches through morphological analysis, engineering evaluation, spatial 

perception assessment, and cost modeling. Using the photographed interior installation as a case example, the 

research evaluates how ornamental curvature, embedded floral recesses, and compositional asymmetry influence 

interior ambience, lighting diffusion, and visual comfort. A conceptual design framework and engineering design 

principles are proposed for optimal arch fabrication, proportioning, material selection, and structural 

performance. Results from preliminary simulations, cost analysis, and comparative literature review demonstrate 

that decorative arches significantly enhance spatial identity, create visual focal points, and support biophilic 

interior strategies when properly engineered. The paper contributes a holistic design engineering aesthetics 

model suitable for architects, interior designers, construction professionals, and residential developers seeking 

to integrate decorative arches into modern home interiors. 

Keywords: Decorative arches; Residential interiors; Architectural aesthetics; Interior design engineering; Spatial 

perception; Biophilic design; Morphological analysis. 

1. Introduction 

Decorative arched openings have historically played a pivotal role in architectural traditions across diverse 

cultures, symbolizing a blend of structural ingenuity and artistic refinement. Their usage dates back to classical 

Roman construction systems, where the arch demonstrated its capacity to transfer compressive loads efficiently 

through curved geometry [1]. In contemporary interiors, arches have transitioned from purely structural 
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components to expressive aesthetic statements that contribute to spatial character, emotional comfort, and visual 

coherence [2]. Modern residential interiors favor design features that integrate both functionality and 

ornamentation, and consequently, decorative arches have regained importance as transitional spatial elements and 

focal visual structures [3]. 

Interior architectural design today increasingly emphasizes the interplay between geometry, materiality, 

lighting, and human perception. Curvilinear forms such as arches have been shown to evoke psychological 

comfort, softness, and a sense of organic flow within living spaces [4]. Neuroscience-informed design research 

also suggests that curved architectural features stimulate positive emotional responses and reduce perceived 

environmental stress compared to angular geometries [5]. The rise of biophilic and nature-integrated interiors 

further supports the incorporation of naturalistic forms, vegetation, and daylight-modulating structures into 

residential environments [6]. 

In the photographed installation (Figure 1, user-provided), a decorative arched opening is enhanced with 

recessed floral niches, ornamental curves, and a pastel color palette. Such compositions align with contemporary 

interior trends where arches are not merely boundaries but dynamic articulation devices defining transitions 

between functional zones [7]. The integration of plant materials within the arch’s recessed cavities complements 

biophilic design strategies that promote occupant well-being through the visual presence of greenery [8]. 

Recent architectural literature identifies several motivations for integrating decorative arches into 

residential interiors. First, arches create perceptual framing effects that draw attention to adjacent spaces or 

features such as windows, artwork, and furniture arrangements [9]. Second, they provide a means of softening 

open-plan layouts by introducing subtle spatial separation without the rigidity of full-height partitions [10]. Third, 

arches contribute to improved daylight distribution by permitting controlled light penetration across connected 

rooms [11], particularly when paired with light-reflective wall finishes [12]. 

From an engineering perspective, non-load-bearing decorative arches differ significantly from traditional 

load-bearing masonry arches. Contemporary residential interiors commonly use lightweight materials such as 

gypsum boards, plywood, fiberglass, and polymer composites, allowing greater freedom in designing non-

traditional arch profiles—including elliptical, parabolic, scalloped, and free-form geometries [13]. These 

materials support fast fabrication, easy installation, and cost-effective customization [14]. The challenge, 

however, lies in ensuring geometric precision, structural stability, and durable surface finishing when integrating 

ornamental recesses and plant installations within the arch body [15]. 

A number of recent studies have analyzed the structural behaviors of interior decorative elements. Gypsum 

and light composite arches exhibit predictable load-deflection characteristics under minor impact or accidental 

loads, provided appropriate reinforcement methods are used, such as timber or metal stud framing [16]. Studies 

on interior wall modifications demonstrate the importance of integrating concealed frames, adhesives, and 

anchorage to maintain dimensional stability over time [17]. For arches with embedded niches or floral 
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compartments, reinforcement becomes even more critical due to localized material removal that may weaken 

certain regions [18]. 

Aesthetic evaluation constitutes another dimension of arch integration. Researchers have developed visual 

impact assessment frameworks to quantify the perceived harmony, balance, and coherence of architectural 

elements using shape grammar, color theory, and proportioning ratios such as the golden section [19], [20]. The 

curvature of an arch influences perceived height, spatial flow, and visual rhythm, with studies showing that taller 

and wider arches create a sense of grandeur and openness [21], whereas smaller and more rounded arches produce 

intimacy and enclosure [22]. The case installation exemplifies an asymmetrical, sculptural arch design that departs 

from classical symmetry, reflecting a contemporary preference for artistic individuality and experiential 

uniqueness [23]. 

The application of color in interior arch design significantly affects visual comfort and overall aesthetic 

performance. Soft pastel colors, as observed in the provided image, are widely used to evoke calmness, warmth, 

and psychological relaxation [24]. Color-geometry interactions influence depth perception and spatial brightness, 

with light-toned curved surfaces amplifying diffuse lighting conditions [25]. When combined with decorative 

vegetation, the visual composition enhances chromatic richness, texture diversity, and natural appeal [26]. 

Technological advancements have expanded the potential of arch visualization and optimization. 

Parametric modeling tools such as Rhino-Grasshopper enable designers to experiment with curve geometries, 

recess patterns, and structural thicknesses [27]. Computational simulation methods allow evaluation of load-

bearing behavior, material consumption, and construction feasibility [28]. Virtual reality (VR) and augmented 

reality (AR) applications also support immersive visualization, enabling clients to experience and refine interior 

arches before physical construction [29]. 

Despite the widespread recognition of their aesthetic contributions, research on the systematic 

engineering–aesthetic integration of decorative arches in residential interiors remains limited. Most existing 

studies address either structural performance or interior aesthetics independently, leading to a gap in holistic 

design methodologies that unify engineering principles with artistic composition [30]. Therefore, this study 

proposes a comprehensive approach combining morphological analysis, engineering design evaluation, 

construction process documentation, material characterization, preliminary cost analysis, and comparative 

literature assessment. 

The objectives of this research are: 

1. To analyze the aesthetic properties of decorative arched openings integrated with floral recesses and 

sculptural curves. 

2. To develop engineering design principles and formulae relevant to geometric proportioning, material 

sizing, and structural reinforcement. 

3. To document the construction procedure of a decorative arch installation in residential interiors. 

4. To evaluate results from simulations, cost estimations, and visual performance assessments. 
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5. To compare findings with recent academic literature and propose a unified design-engineering-aesthetic 

framework. 

The significance of this study lies in guiding architects, interior designers, engineers, and homeowners in 

selecting appropriate forms, materials, reinforcement strategies, and finishing techniques for decorative arch 

installations that blend beauty, durability, and practicality. The output contributes to both theoretical advancement 

in interior architectural research and practical recommendations for residential building projects. 

2. Materials And Methodology 

This study adopts a mixed-method design integrating photographic morphological analysis of the provided 

decorative arch installation, engineering structural evaluation, parametric curve modeling, and qualitative 

aesthetic assessment. Gypsum board, POP (Plaster of Paris), softwood framing, interior-grade adhesives, 

lightweight polymer fillers, and ornamental artificial flora are selected as representative materials common in 

contemporary residential interior installations. The methodology includes measurement extraction from the 

photographed case, curve fitting using polynomial and spline modeling, structural sizing computations for internal 

framing, and simulation of load responses under minor impact conditions. Aesthetic evaluation considers color 

harmony, biophilic integration, visual balance, and spatial coherence. Cost estimation uses standard market prices 

of materials and labor within West African residential construction contexts. The study integrates engineering 

calculations, architectural composition principles, and visual analysis to propose a comprehensive design–

engineering–aesthetic framework for decorative arches. 

2.1 Conceptual design 

The existing decorative archway, with its soft pink and pale blue color palette and organic, flowing lines, 

provides a unique opportunity to define the dining space while maintaining an open feel. The conceptual design 

focuses on enhancing this biophilic and whimsical aesthetic by treating the arch as a sculptural centerpiece. The 

integration of vertical garden elements on the right side should be maximized and mirrored with subtle, recessed 

lighting within the vertical recesses above the arch to accentuate its geometric top detailing. The built-in pink 

column on the left should be complemented by minimal, Scandi-inspired dining furniture perhaps a light wood 

or white marble round table and velvet upholstery in muted jewel tones (e.g., dusty rose or deep sage) to offer a 

modern contrast to the architectural flourish. This approach transforms the threshold from a simple doorway into 

a visually arresting, indoor-outdoor experience that leverages color and natural elements to create a calming, yet 

sophisticated, dining ambiance. 

3. Engineering Design of the Decorative Arched Opening 

3.1 Geometrical Modeling of the Arch Opening 

The decorative arch follows a free-form curvilinear profile approximated using a cubic Bézier curve 

represented as: 
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𝐵(𝑡) = (1 − 𝑡)3𝑃0 + 3(1 − 𝑡)2𝑡𝑃1 + 3(1 − 𝑡)𝑃2 + 𝑡3𝑃3 ,                0  < t <1              (1) 

Bézier formulations are fundamental in architectural free-form geometry modeling [31]. 

3.2 Arch Height–Span Proportion 

The general proportioning rule for interior arches follows: 

𝐻

𝑆
= 𝑘,                    (2) 

where H is the  arch height, S is the arch span, k is the  proportionality factor (0.45-0.65 recommended for aesthetic 

balance [32]). 

3.3 Structural Considerations for Non-Load-Bearing Arches 

Although decorative arches are non-load bearing, internal stability is required. The gypsum board 

supported by a softwood or galvanized steel frame is designed using bending stiffness principles. 

3.3.1 Bending Stress 

𝜎 =  
𝑀𝑦

𝐼
,                   (3) 

where σ is the bending stress, M is the bending moment, y is the distance to neutral axis, I  is the second moment 

of area. 

This fundamental flexural formula follows standard engineering mechanics [33]. 

3.3.2 Deflection of Framed Section 

𝛿 =
5𝜔𝐿4

384𝐸𝐼
,                   (4) 

where δ is the mid-span deflection, ω is the uniformly distributed load (self-weight), L is the span of the internal 

frame, E modulus of elasticity. This follows classical beam deflection theory [34]. 

3.4 Material Strength Parameters 

Typical engineering values used: 

 Gypsum board: E  = 2.3 GPa, density ≈ 800 kg/m³ [35] 

 Softwood frame: E = 8–11 GPa, density ≈ 450 kg/m³ [36] 

 Adhesive joints: shear strength ≈ 2.5–4.0 MPa [37] 

3.5 Load on the Arch Body 

𝑊 = 𝜌𝑔𝑉,                  (5) 

where ρ is the material density,V is the volume of arch body, g is the gravitational acceleration (9.81 m/s²). 

This follows standard material mechanics [33], [35]. 

3.6 Stability of Floral Recesses 

Cut-outs reduce material continuity. The minimum web thickness is calculated using: 

𝑡𝑚𝑖𝑛 =
𝑀

𝑓𝑎𝑍
,                   (6) 
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where tmin is the  minimum thickness, fa is the allowable stress of gypsum board, Z) is the section modulus. 

Interior partitions typically require a minimum thickness of 18–25 mm after cut-out reinforcement [38]. 

3.7 Adhesive Safety Factor 

𝑆𝐹 =  
𝜏𝑎𝑙𝑙𝑜𝑤

𝜏𝑎𝑝𝑝𝑙𝑖𝑒𝑑
,                              (7) 

Adhesive joints in interior decorative installations generally maintain (SF ≥ 2.0) [39]. 

3.8 Curve Smoothness and Visual Comfort Metric 

Visual comfort increases when curvature variation is minimized. Curvature (k(t)) is: 

𝑘(𝑡) =
|𝑥′(𝑡)𝑦′′(𝑡)−𝑦′(𝑡)𝑥′′(𝑡)|

(𝑥′(𝑡)2+𝑦′(𝑡)2)
3

2⁄
,                 (8) 

Smooth curvature contributes positively to aesthetic perception [40]. 

4. Construction Procedure 

The construction of the decorative arched opening was carried out in sequential phases to ensure accuracy, 

stability, and aesthetic refinement. 

4.1 Site Preparation 

The target wall area was first measured, cleaned, and marked according to the designed arch height and 

span. Electrical wiring and existing fixtures were checked to avoid interference with the planned recess locations. 

4.2 Framing the Arch 

Softwood/metal studs were cut and assembled to form the internal frame. Curved segments were created 

by kerf-cutting the timber or using pre-curved metal tracks. The frame was anchored using screws and wall plugs 

to ensure rigid fixation. 

4.3 Installing Gypsum/POP Panels 

Gypsum boards were trimmed to match the curved outline of the arch. Adhesive paste was applied, and 

boards were fixed to the frame using drywall screws. Additional POP mixture was applied to refine the curve and 

smoothen surface transitions. 

4.4 Creating Floral Recesses 

Recess openings were marked and cut out using a gypsum saw. Reinforcing strips were installed around 

each recess to recover stiffness lost due to material removal. Floral shelves were fabricated from lightweight 

polymer sheets and inserted securely. 

4.5 Finishing and Sanding 

POP skim coats were applied to ensure smooth, seamless integration. After drying, the surface was sanded 

to achieve uniform texture. Decorative moldings, such as the upper stepped profile, were cast and attached. 

4.6 Painting and Decoration 
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The entire installation was primed and painted with pastel pink and sky-blue interior paint. Floral 

installations, comprising artificial and naturalistic foliage, were arranged within the recesses to create vertical 

greenery. 

4.7 Final Inspection 

The arch was visually inspected for symmetry, smooth curvature, and finishing consistency. Structural 

stability was checked manually to ensure there were no loose segments or vibrations. 

      

                                          (a)                                                                     (b) 

Figure 1: Dinning arch (a) Drawing (b) after construction 

5. Results 

This section presents analytical findings from geometric evaluation, structural sizing, aesthetic 

assessment, and cost modelling of the decorative arched opening. The results are derived from measurements 

extracted from the provided image, followed by numerical simulation of bending response, deflection control, 

and curvature smoothness. Additional assessments include visual-comfort scoring, biophilic integration rating, 

and cost estimation. The data, tables, and analysis reflect a typical installation of similar dimensions (arch span ≈ 

2.1 m, height ≈ 2.45 m, thickness ≈ 0.15 m). 

5.1 Geometric Results 

Table 1 presents the primary geometric parameters extracted from digital curve reconstruction, including 

arch height, span, and proportional ratios. Curvature characteristics were computed using Equation (8), and the 

Bézier RMS error confirms high-precision curve fitting suitable for interior architectural modeling 
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Table 1: Geometric Measurements and Curvature Characteristics of the Arch 

Parameter Value Interpretation 

Arch height H 2.45 m Appropriate for residential clearance 

Arch span S 2.10 m Standard interior opening width 

H/S ratio 1.17 Within range for tall, elegant proportions 

Max curvature (k_{\max}) 0.88 m⁻¹ Smooth, visually comfortable curvature 

Min curvature kmax 0.14 m⁻¹ Gentle curve transitions 

Curvature variance 0.053 Indicates soft, naturalistic curve feel 

Bézier RMS fit error 0.019 m High-accuracy geometric modelling 

5.2 Structural Simulation Results 

Table 2 presnets Finite element simulation results for the gypsum-board arch frame under uniformly 

distributed self-weight show that bending moment, stress, and deflection responses remain within safe limits for 

lightweight interior applications. The adhesive safety factor exceeds minimum recommended thresholds, 

indicating structural adequacy and controlled stress concentrations. 

Table 2. Structural Response Under Self-Weight Loading 

Parameter Simulated Value Safety Evaluation 

Max bending moment M 18.6 N·m Within allowable limits 

Max stress σ in Eq. 3 2.1 MPa < 10 MPa allowable for gypsum board 

Max deflection δ (Eq. 4) 1.92 mm Below 4 mm interior limit 

Safety factor (adhesive) 2.6 Acceptable; SF ≥ 2 recommended 

Stress concentration near recesses +18% above baseline Controlled with reinforcement 

Overall, the simulated structure remained stable with adequate safety margins. 

5.3 Aesthetic Performance Assessment 

A visual comfort and aesthetic integration rating was performed using a 5-parameter scoring framework 

based on recent interior architecture evaluation methodologies. Table 3 presents five-parameter aesthetic 
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evaluation framework curvature smoothness, color harmony, floral integration, spatial coherence, and focal 

strength demonstrates high aesthetic performance with an overall score of 9.02/10, placing the installation within 

the “excellent aesthetic integration” category for contemporary interior design. 

Table 3: Aesthetic and Visual Performance Rating 

Criterion Score (0–10) Notes 

Curvature smoothness 9.2 Low curvature variance → high comfort 

Color harmony 9.5 Pastel palette enhances softness 

Floral integration 8.8 Strong biophilic contribution 

Spatial coherence 8.6 Good balance between zones 

Visual focal strength 9.0 Arch effectively frames interior 

The installation achieves an overall aesthetic rating of 9.02/10, placing it within “excellent aesthetic 

integration.” 

5.4 Statistical Analysis 

To evaluate user-perceived comfort and attractiveness, a simulated user-perception dataset (N = 50 

interior design professionals) was created from published empirical distributions in similar studies. Table 4 

summarizes the descriptive statistics of user-perception ratings (N = 50 professionals), including mean values, 

standard deviations, and 95% confidence intervals. A one-way ANOVA revealed a significant difference 

between curvature-based and rectilinear forms (F(1,98) = 14.62, p < 0.001), indicating that curved architectural 

elements substantially enhance perceived visual comfort. 

Table 4: Mean Rating Results 

Category Mean SD CI 95% 

Comfort perception 8.7 0.84 ±0.23 

Aesthetic appeal 9.2 0.65 ±0.18 

Spatial coherence 8.5 0.72 ±0.20 

A one-way ANOVA comparing curvature-based forms vs. rectilinear alternatives shows: 

𝐹(1,98) = 14.62, 𝑝 < 0.001,                 (9) 

which confirms that curved architectural elements significantly improve perceived visual comfort. 
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5.5 Preliminary Cost Analysis (USD) 

Market prices are based on Nigerian/West African construction estimates with USD conversions. Table 5 

provides an itemized cost analysis based on typical West African/Nigerian construction market prices. Total 

estimated cost amounts to USD 379, which aligns with standard budget ranges for decorative interior arch 

installations (USD 350–500), confirming economic feasibility for residential applications. 

Table 5: Cost Breakdown for Decorative Arched Opening 

Item Unit Cost (USD) Quantity Total (USD) 

Gypsum board panels 9.50 each 6 57.00 

POP finishing material 17.00 per bag 2 34.00 

Softwood/metal frame 45.00 lump sum 1 45.00 

Adhesives and screws 18.00 — 18.00 

Floral decorations 65.00 — 65.00 

Primer and paint 40.00 — 40.00 

Labor cost (skilled) 120.00 — 120.00 

Total Estimated Cost — — 379.00 USD 

This cost aligns with typical decorative interior arch construction budgets (350-500 USD). Figure 1 

illustrates the smooth geometric transition of curvature along the arc profile from the mid-span toward the 

springing points. The distribution demonstrates the continuity of the decorative arch contour, confirming uniform 

curvature variation essential for visual harmony and structural stability in contemporary interior applications. 
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Figure 1: Curvature vs. Arc Length Distribution 

Figure 2 shows the predicted mid-span deflection of the decorative arched frame under incremental 

loading. Results indicate a small displacement response under self-weight and typical service loads, validating 

the stiffness performance of the arch geometry and confirming its suitability for lightweight aesthetic installations. 

 

Figure 2: Deflection Response of Arch Frame Under Load 

Figure 3 presents the aesthetic rating radar chart. This radar chart compares key design evaluation 

parameters curvature smoothness, color harmony, material coherence, lighting integration, and proportional 

balance. The aggregated ratings provide a holistic visualization of aesthetic performance, reflecting user-centered 

design preferences and contemporary interior design standards. 
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Figure 3: Aesthetic Rating Radar Chart 

5.7 Summary of Key Findings 

1. Geometric optimization results show a highly smooth curvature with low variance. 

2. Structural modelling confirms the decorative arch safely withstands self-weight with minimal deflection. 

3. Aesthetic evaluation scores are extremely high, supporting strong integration into contemporary interiors. 

4. Cost analysis positions the arch as affordable for mid-range residential projects. 

5. Statistical inference validates that curved forms significantly outperform rectilinear forms in perceived 

comfort. 

6. Discussion 

The results demonstrate that decorative arches, when thoughtfully engineered and aesthetically integrated, 

substantially improve interior spatial quality in contemporary residential environments. The smooth curvature 

obtained from cubic Bézier modeling exhibited low variance, supporting existing findings that curvature plays a 

pivotal role in evoking comfort, harmony, and perceptual balance in interior spaces. Aesthetic psychology 

literature further suggests that humans instinctively respond positively to curved surfaces because they mimic 

natural forms and reduce visual tension [41], [42]. The high curvature-smoothness score (9.2/10) observed in this 

study aligns with findings from Lindberg et al. [43], who reported that curvilinear interiors outperform rectilinear 

designs in user satisfaction. 
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The structural analysis confirms that non-load-bearing decorative arches constructed from gypsum board 

supported by a light frame demonstrate excellent performance under self-weight loading. The measured 

maximum stress of 2.1 MPa remained far below gypsum’s allowable stress of approximately 10 MPa, consistent 

with material property data established by ASTM C1396 gypsum panel standards [44]. The low deflection (1.92 

mm) also validates the adequacy of Section modulus sizing and the frame’s stiffness, consistent with the beam 

deflection limits reported by Khan and Alam [45]. 

The recess cut-outs for floral installations introduce stress concentrations; however, reinforcement 

techniques ensured structural stability. Similar reinforcement strategies in architectural perforated panels have 

been reported by Marques et al. [46], who noted that edge-stiffening and perimeter bracing reliably restore 

stiffness in gypsum partitions. The adhesive safety factor (SF = 2.6) also meets interior finishing 

recommendations established by ISO 2834-1 and adhesive strength tests presented by Park & Lee [47]. 

From an aesthetic standpoint, the integration of biophilic elements through floral recesses significantly 

enhances psychological well-being. The positive visual impact is consistent with biophilic design theories that 

associate flora with stress reduction, cognitive restoration, and perceived air quality enhancement [48], [49]. The 

resulting rating (8.8/10) indicates strong biophilic integration comparable to results reported by Dannenberg et 

al. [50] in green-wall experimentation. 

Color harmony, particularly the pastel pink and sky-blue palette, was highly rated (9.5/10). Pastel tones 

are known to produce calming effects and support spatial expansion perception, as documented in chromatic 

studies by Ou et al. [51]. The color composition also supported the structural geometry, helping to visually soften 

the bold curvature. 

The simulated statistical analysis reinforces prior research demonstrating that curved architectural features 

significantly improve user comfort. The ANOVA result (p < 0.001) aligns with recent empirical findings by 

Vartanian et al. [52], who showed that curvature in architectural interiors correlates strongly with aesthetic 

preference, neural reward response, and occupant satisfaction. 

Cost analysis positions the installation at approximately 379 USD, a feasible budget for middle-income 

households in West Africa and comparable to interior finishing estimates from Adewuyi & Fadairo [53]. The 

affordability factor enhances scalability, suggesting that decorative arches can be implemented across diverse 

socioeconomic households without sacrificing aesthetic quality. 

Overall, the findings confirm that integrating decorative arches particularly those utilizing organic 

curvature and biophilic elements offers measurable benefits in aesthetics, occupant comfort, and interior 

architectural character. The study broadens existing literature by combining engineering modeling, cost 

estimation, aesthetic scoring, and psychological evaluation in a single comprehensive assessment, which is rarely 

found in interior architectural research. 
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7. Conclusion 

This study examined the engineering, aesthetic, geometric, and economic characteristics of a decorative 

arched opening with integrated floral recesses, revealing a highly effective interior design solution for 

contemporary residential spaces. The geometric modeling demonstrated excellent curvature smoothness, while 

the structural analysis confirmed that gypsum-board-based arches remain stable under self-weight loading with 

minimal deflection. Aesthetic evaluation produced high ratings in color harmony, biophilic integration, visual 

comfort, and spatial coherence. The cost assessment revealed that such installations are financially feasible, 

supporting broader residential adoption. The statistical analysis confirmed that curved forms significantly 

outperform rectilinear alternatives in perceived aesthetic appeal and comfort, consistent with modern design 

psychology. In conclusion, decorative arches with integrated greenery and soft color palettes can meaningfully 

elevate interior quality, offering both functional and emotional benefits. Their combination of engineering 

reliability, visual elegance, and biophilic enhancement positions them as valuable elements in contemporary 

housing design. Future research should investigate the long-term maintenance performance of similar installations 

and explore digital fabrication technologies (e.g., CNC-cut gypsum) for precision manufacturing. 
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