

  buildings-14-00945




buildings-14-00945







Buildings 2024, 14(4), 945; doi:10.3390/buildings14040945




Article



Seasonal Change in Techno-Economic Properties of Waterfront Structural Pinewood



Ismail Cengiz Yılmaz 1, Hamdi Tekin 1,2,*, Mehmet Palanci 1 and Şenay Atabay 3





1



Faculty of Engineering, Department of Civil Engineering, Istanbul Arel University, Istanbul 34537, Turkey






2



School of the Built Environment, University of Reading, Reading RG6 6AB, UK






3



Faculty of Civil Engineering, Department of Civil Engineering, Yıldız Technical University, Istanbul 34220, Turkey









*



Correspondence: h.tekin@reading.ac.uk







Citation: Yılmaz, I.C.; Tekin, H.; Palanci, M.; Atabay, Ş. Seasonal Change in Techno-Economic Properties of Waterfront Structural Pinewood. Buildings 2024, 14, 945. https://doi.org/10.3390/buildings14040945



Academic Editor: Antonio Caggiano



Received: 22 February 2024 / Revised: 25 March 2024 / Accepted: 28 March 2024 / Published: 29 March 2024



Abstract

:

Historical buildings are constructed using a variety of materials, including stone, wood, and combinations thereof. These structures serve as tangible links to the past and are of great importance to cultural heritage, thus necessitating their protection. Throughout history, these buildings and materials have been exposed to various environmental conditions, including climate, wind, humidity, and seismic activity. This study focused on the Florya Atatürk Marine Mansion, Istanbul, a coastal structure situated at the shoreline and subject to the effects of wind, moisture, and sea salt. The mansion is primarily constructed from pinewood, and due to the complexity of the material salt can cause deterioration that poses a threat to the building’s cultural and historical value. With a focus on seasonal variations, this study explored the relationship between the mechanical properties and monetary values of the pinewood materials used in the waterfront mansion. To achieve this, samples were naturally aged in a saline environment by the sea and subjected to tensile and bending tests at the end of each season. The resulting mechanical properties were compared to computer simulations using finite element methods. By subtracting the specific depreciation rate of the material at the end of each season, a relationship between mechanical properties and monetary value was calculated and presented in graphical form. It was found that the material’s mechanical properties varied throughout the year, affecting its monetary value in different ways. Therefore, optimal maintenance should be provided before January to preserve the economic value of the material, considering temperature change, exposure to direct sunlight, and humidity, which have direct effects on the front and back parts of the building.
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1. Introduction


When constructing coastal structures, it is important to consider a variety of issues, such as climate, environment, and geology. Coastal structures are susceptible to different factors, including weak ground, strong winds, and the impact of sea salt on materials [1,2]. Particularly, sea salt can have damaging effects on porous structures, as it causes crystallization–dissolution, hydration–dehydration cycles, and changes in humidity and temperature [3,4,5,6,7,8,9,10,11,12,13]. To minimize the negative impact of salinity, it is important to examine the complex interaction between structural elements and environmental effects. This is particularly important for structures that are directly exposed to the sea. In addition to chemical and biological deterioration, physical and environmental factors have also resulted in wood deterioration. In a study conducted by Hızal [14], the tree species present in a traditional Turkish house located in the Konuralp district, Türkiye, was identified, and the weather conditions and biological degradation of the historical wood were evaluated. Another experimental study by Kherais et al. [15] investigated the impact of moisture content on the mechanical properties of wood structures. Mackiewicz et al. [16] emphasized the importance of maintenance and repair for the long life of wooden structures, and how deformation of wooden roof structures can occur due to biological corrosion, time, looseness in the joints, and decreased strength parameters caused by assembly errors. Water-related degradation of structures is widely accepted to be linked to fluctuations in temperature and humidity [17,18], which are caused by wind and rain [19,20], water leakage [17], and increased humidity [21,22,23]. The growth of microbes and formation of biofilms on cultural heritage structures and wood decay can be promoted by high humidity and water seepage [24,25,26,27,28]. Fluctuations in temperature and humidity can cause stress on wood panels and paint layers, accelerating cracking [29,30]. The severity of salt crystallization is affected by the degree of temperature and humidity fluctuations, while the height and duration of elevated humidity determine the location of salt decomposition [31,32,33]. As revealed by these studies, there are many factors that contribute to the deterioration of structures.



Among these factors, salt is one of the major problems in historical and cultural structures. As a biomaterial, it has a complex anatomical structure [34]. Characteristics of salt can cause deterioration of building elements and threaten the sustainable preservation of historical buildings, which are precious cultural heritage. Salt accumulation in the pores of wooden historical structures can lead to significant damage over time, resulting in color changes, flaking, material loss, and ultimately, structural instability [35,36]. These damages mostly occur in structural sections and gradually move inward from the surface, causing a decrease in the load and deformation capacity of the overall structure and affecting stability [34].



Although wood is a porous material, its properties differ from those of other porous materials such as stone or concrete. The magnitude and type of damage caused by salt on materials depends on various factors, such as the type and amount of salt present, the source of the salt, the properties of the wood, and environmental conditions [37]. These effects are particularly concerning given the cultural and historical value of these structures. However, the specific factors that contribute to salt-related damage in wooden structures are not yet fully understood. Therefore, effective maintenance and protection strategies for these structures require careful consideration. In marine environments containing saltwater, wooden building materials experience time-dependent changes in their mechanical properties, particularly in tensile strength, bending strength, and ductility. It is essential to monitor these changes over time to ensure the maintenance and replacement of various parts of waterfront wood buildings to guard against physical deterioration. Due to Türkiye’s extensive coastline and its population’s preference for coastal living, settlements are mostly located near the sea. This increased the number of historical buildings located in these regions. Istanbul’s historical buildings, situated along the coast, are not only exposed to climate effects but also saltwater effects, primarily surface abrasion due to salting. Wooden structures have been an integral part of Turkish architecture from the past to the present [38]. As such, it is crucial to determine the extent of external factors’ impact, such as climate, saltwater, and other environmental factors, on these buildings and waterside mansions located in coastal areas. Chestnut, larch, oak, beech, and other tree species are commonly used in wooden structure construction in Türkiye [39]. In humid environments, resin-rich and toxin-rich pines are used to reduce the material’s water absorption and protect against insects and fungi [40,41]. This study focuses on examining the impact of moist and salty environments on wooden materials, using pine trees as an example.



From the engineering perspective, it is also crucial to prioritize not only the safety of structures but also their cost-effectiveness. To achieve this, engineers must carefully consider the expenses associated with various methods, materials, products, and structural elements to make decisions that meet safety requirements while also minimizing costs.



Techno-economic evaluation or techno-economic analysis is a method for analyzing the economic performance of an industrial process, product, or service. It often uses software modeling to estimate the cost of capital, operating cost, and revenue based on technical and financial input parameters [42]. In the literature, there are many different areas in which techno-economic analysis was conducted, such as typical dryers with different energy sources [43], various hydrogen production methods [44], biodiesel production [45] asteroid mining [46], hybrid energy systems [47], innovative steel production technologies [48], thermal energy storage [49], green ammonia production processes [50], alternative fuels [51], phytoremediation [52], water desalination [53,54], an isolated hybrid energy system [55], hybrid biomass renewable energy systems [56], hydrogen production [57], renewable fuel alternatives in the maritime sector [58], production [59], electric vehicle charging stations [60], and hydrogen refueling stations [61]. However, no study has been found on the techno-economic analysis of the physical material properties of wooden structures built by the sea under the influence of moisture and salt according to seasonal changes.



Techno-economic evaluation is particularly important in the context of Value Engineering (VE). A limited budget can sometimes result in lower-quality products or solutions that fail to meet customer demands. However, Value Engineering is a valuable tool that allows engineers to analyze building features, systems, functions, equipment, and material selections to reduce costs while maintaining or improving performance and quality requirements. Determining the impact of external factors on wooden structures, as well as the potential loss of value, is crucial for taking necessary precautions and selecting the ideal type of wood as a building element from various alternatives. Value Engineering is an effective method used to identify the most advantageous product, in terms of initial investment and usage cost, that meets specified criteria. To make such a value-based selection, it is necessary to evaluate the benefits that each alternative can provide over its lifespan or within a given timeframe, including changes in performance and value depreciation. This allows for a comparison of products and the selection of the most valuable option for application. By taking into account costs, performance, quality, reliability, and life cycle costs, engineers can identify the most ideal and efficient solutions to problems that offer the best overall value. It is a focused, organized effort [62]. Therefore, it does not only take into account the benefit or the economy but also the “value” calculated by taking advantage of both benefit and cost [63]. The solution with the highest value is the solution that can be implemented.



While numerous studies have examined the decay and degradation of concrete and stone materials in salty marine environments [64,65,66,67,68,69], limited research has been conducted on the detrimental effects of salty air environments on wood [70,71,72,73,74]. In addition, there is still room for exploring the optimal prevention methods for historical heritage buildings by understanding the mechanical properties while considering economic aspects. The conservation of these structures, which requires a thorough understanding of the mechanical properties of the wooden components that make them up, is not just valuable from a historical and artistic perspective but also serves a structural function that must be preserved for safety and usability [75]. In this study, we aim to investigate the relationship between the mechanical properties and monetary values of pinewood materials used in waterfront buildings, with a particular focus on seasonal variations.




2. Materials and Methods


2.1. The Study Area


The Bosphorus, a sea that runs through Istanbul, is home to wooden structures and waterside residences built hundreds of years ago and is an integral part of Turkish architecture [38,76]. The Florya Atatürk Marine Mansion, Istanbul, Türkiye, was selected as the study area. It is a historical building located on the coast of Istanbul overlooking the Marmara Sea. Constructed in 1935 by architect Seyfi Arkan under the direction of the Istanbul Municipality, the Atatürk Marine Mansion, which was connected to the shore by a bridge spanning 70 m and built on concrete piles anchored into the seabed (see Figure 1), was created as a summer residence for Atatürk, the founder of the Republic of Türkiye [77].



Today, the mansion, which serves as a museum with its single-story L-shaped wooden structure made of specially designed materials and fittings, consisting of a large living room, library, relaxation area, bedrooms, and a bathroom, has undergone significant renovations, replacing part of the structure with reinforced concrete and, despite being a wooden structure, it is built on reinforced concrete legs supported by the sea [77]. However, the mansion has suffered damage from various factors such as seawater, marine environment, climatic conditions, and other events. To protect the mansion, precautions have been taken to maintain its structural integrity. Different views of the studied building and the placement of specimens are shown in Figure 1.




2.2. Sample Preparation


Within the scope of this study, pinewood specimens (Pinus sylvestris) were prepared in the dimensions of 20 × 50 × 400 mm according to the TS 2475 [79] standard for the tensile test and in the dimensions of 20 × 20 × 360 mm according to the TS 2474 [80] standard for the bending test (see Figure 2 and Figure 3).



A total of 30 specimens (six for each period) were prepared for each experiment in total. We placed the specimens in the vicinity of a building to expose them to natural conditions and monitored them regularly. Table 1 provides details about the properties of these specimens, including the specific time periods (in months) during which they were placed. The “Season” column lists these periods, while the “Beginning” column refers to the original specimen used as a reference in laboratory testing only. Two types of tests were conducted—tensile and bending—with the number of samples per testing period noted in the “Pcs.” column. The “3 × 2” designation means that three samples were taken for each period, with two of these samples representing the front and back facades. The dimensions of each sample are provided in the “Dimensions” column, while the “Standard” column outlines the applicable testing standards.




2.3. Equipment and Testing


In this research, both prepared and naturally aged samples underwent a tensile test with the hydraulic universal testing machine marked as UTM-4000 and a bending test with the electromechanical universal test device labeled as UTM-8050, as illustrated in Figure 4. The tensile test involved pulling the samples at a steady speed of 2 m/s while monitoring their strength and elongation up until the point of fracture. Similarly, the specimens were subjected to a 3-point bending test at a constant speed of 2 m/s, and the strength and deflection at the center of the samples were recorded. These tests were conducted at the university’s laboratories.




2.4. Methods


The samples were carefully prepared and left to age naturally in a predetermined seashore area. During the first phase of each period, the original three samples underwent both tensile and bending tests in the lab. At the end of the period, new samples were taken from the same location and every third sample was subjected to the same tests. This process was repeated over the course of several seasons, with each period lasting three months to reflect the changing seasons in Türkiye. The maximum tensile and bending strength values were recorded from the tests. Due to cultural heritage restrictions, the test specimens were monitored for three years and underwent the same procedure annually. The maximum tensile strength (MTS) and maximum bending strength (MBS) results were obtained for each sample, and the average results for all three years were presented in Section 3 for evaluation purposes. These experimental values were then used as input for numerical analysis in ANSYS Workbench v.18.2 software. Figure 5 and Figure 6 illustrate the simulation results for the April–May–June period, and similar results were computed for each period and provided between Table 2, Table 3, Table 4 and Table 5. The simulations yielded equivalent (von Misses) tensile stress (Figure 5a), equivalent (von Misses) bending stress (Figure 6a), equivalent tensile strain (Figure 5b), and bending deformation (Figure 6b) values.



The mean percentage of moisture content (%MC) of the specimens ready for mechanical testing was measured as 28.16%. It is important to note that the specimens were exposed to natural conditions, resulting in a change in physical values over time compared to their initial condition. As a result, the economic value of pinewood decreased over time. To calculate the economic value of the material for each period, the experiments were taken into consideration. The initial monetary value of the material was set at 30 €/m2 based on the unit price provided by the Ministry of Environment and Urban Planning in Turkiye [81]. At the end of each period, a certain depreciation rate was applied, which was determined to be 1.25% by the Revenue Administration in Turkiye [82]. The Maximum Equivalent Tensile Stress (METS) per unit value and Maximum Equivalent Bending Stress (MEBS) per unit value were then obtained by dividing each material’s physical properties by the monetary value of the material at the end of each period. Additionally, the change percent for METS and MEBS was calculated for each period and tested in comparison to their initial values by the formula given as follows:


    C   n   ( % ) =     M E T S   n   ( o r     M E B S   n   ) −   M E T S   b     ( o r     M E B S   b   )     M E T S   b   ( o r     M E B S   b   )   × 100  



(1)




where



	
    C   n   ( % )  : Change in METS (or MEBS) in n th period.



	
    M E T S   n   ( o r     M E B S   n   )  : METS (or MEBS) in n th period.



	
    M E T S   b   ( o r     M E B S   b   ) :   METS (or MEBS) in the beginning period.






To assess the impact of seasonal and environmental factors on our study, we also gathered data on temperature and humidity from a nearby meteorological station, located 500 m away from the Atatürk Marine Mansion where our research was conducted. Table 2 displays the average values for each season, and we note a decline in temperatures from the first to the third season, followed by a rise in the fourth season. Conversely, humidity levels increase from the first to the third season and continue to rise in the fourth season. In the next section, we compare and evaluate the tensile stress values of our specimens for each season, analyzing their strength and deformation. To provide a visual representation of our findings, we have included Figure 7, which illustrates the relationship between temperature and humidity across the seasons. There is a negative correlation between temperature and humidity, resulting in a decrease in humidity as temperatures rise. Additionally, the warmest temperatures tend to occur in the 1st and 4th periods due to seasonal conditions.





3. Results and Discussion


This section investigates the seasonal effects on the tensile behavior of pinewood material. Heat and humidity can have adverse effects on wooden materials, potentially increasing the severity of salt accumulation and causing detrimental effects on the physical properties, strength, and deformation capacity of the material, and can affect the stability of the material [34]. To address this issue, the strength and elongation capacity of pinewood material under tensional effects were deduced, considering the heat and humidity conditions over time, based on experimental results. The average values of strength and elongation measurements were plotted over a period and compared with temperature and humidity variations in Figure 8. These values were obtained by evaluating materials placed in different parts of the building, such as the front and back, to assess the change in mechanical properties and their dependence on seasonal effects.



Based on Figure 8, it appears that the temperature distribution over time aligns with the axial strength variation in pinewood material, particularly for samples taken from the front-facing side of the building. This suggests that direct sunlight and a more saline environment can affect the strength of pinewood material in building materials. On the other hand, back-facing samples are more susceptible to dry air conditions compared to front-facing ones, and this discrepancy has a nearly twofold impact on the material’s axial strength [83]. When investigating the axial deformation of materials, it seems that humidity also has a greater influence on the elongation, or axial strain, of the material compared to temperature [84]. To address this, in addition to scheduling maintenance during optimal times, thermal modification can be a viable solution for improving the mechanical properties of wooden structures, including strength, dimensional stability, and durability while reducing heterogeneity [85,86]. A study by Zhang et al. [87] on bamboo samples revealed that vacuum thermal modification enhanced dimensional and moisture stability, axial compressive strength, and hardness. In general, elongation, or ductility, of the material increased, but air conditions affected front- and back-facing specimens differently. While both sides experienced an increase in elongation with humidity, front-facing specimens in the second period showed a greater increase compared to back-facing ones. However, front-facing samples responded differently to sunlight and a saline environment, and when humidity levels peaked in the third period, the elongation of back-facing specimens continued to rise while that of front-facing ones plateaued.



In the second phase, we obtained both axial and bending results from experimental studies and these findings are presented in Table 3. The values listed in Table 3 represent the maximum applied forces that resulted in significant decay (i.e., ultimate state) during the experiment. These values were then used as input for the finite element analysis for tensile and bending forces. It is important to note that the models we created were subjected to linear analysis, and for the sake of simplicity, program-controlled automatic meshing was used. As such, we did not provide details on the numerical meshes or their influence on the solution algorithm. However, it is essential to investigate these parameters to fully understand the building’s behavior [88].





 





Table 3. Results obtained from bending and tensile experiments.






Table 3. Results obtained from bending and tensile experiments.





	Period
	Season
	Max. Applied

Tensile Strength (kN)
	Max.

Applied Strength (kN)





	0
	Beginning
	12.67
	53.06



	1
	July–August–September
	15.89
	61.81



	2
	October–November–December
	11.52
	56.32



	3
	January–February–March
	11.25
	41.50



	4
	April–May–June
	8.05
	56.51








After conducting FEM analysis using the input values from Table 3, we were able to obtain the Maximum Equivalent Tensile Stress (METS) and Maximum Equivalent Bending Stress (MEBS) values. These values were then presented in Table 4 and Table 5, respectively, allowing for an economic analysis of both bending and axial stress values of pinewood material. Utilizing the FEM analysis results and calculation outlined in the previous section (i.e., Equation (1)), we drew a comparative graph in Figure 3 to illustrate the economic change in pinewood material. According to the tensile test results, the Maximum Equivalent Tensile Stress values increased from the initial value of 67.47 MPa to 84.62 MPa in the first period, before decreasing to 42.86 MPa in the following periods. Additionally, the METS per unit value of the material increased by 27% in the first period and decreased by around 33% at the end of the year. As a result, the monetary value of the material at the end of the first, second, third, and fourth periods was calculated as 29.62 €/m2, 29.25 €/m2, 28.87 €/m2, and 28.50 €/m2, respectively. These values were calculated based on the initial value per unit volume, in this way loss of monetary values was compared to initial conditions. Except for the first period per unit, losses are deepened in the last seasons of the year. It seems that the third period is critical especially if the tensile stress and strength values are considered.





 





Table 4. The change in per unit value according to Maximum Equivalent Tensile Stress (METS).






Table 4. The change in per unit value according to Maximum Equivalent Tensile Stress (METS).





	Period
	Season
	Max. Equivalent Tensile Stress (METS)

(FEM Analysis)

(MPa)
	Value

(€/m2)
	METS per Unit Value

(MPa/€)
	% Change





	0
	Beginning
	67.47
	30.00
	2.25
	0.0



	1
	July–August–September
	84.62
	29.62
	2.86
	27.0



	2
	October–November–December
	61.34
	29.25
	2.10
	−6.8



	3
	January–February–March
	59.91
	28.87
	2.08
	−7.7



	4
	April–May–June
	42.86
	28.50
	1.50
	−33.1










 





Table 5. The change in per unit value according to Maximum Equivalent Bending Stress (MEBS).






Table 5. The change in per unit value according to Maximum Equivalent Bending Stress (MEBS).





	Period
	Season
	Max. Equivalent Bending Stress (MEBS)

(FEM Analysis) (MPa)
	Value

(€/m2)
	MEBS per Unit Value

(MPa/€)
	% Change





	0
	Beginning
	1032.1
	30
	34.4033
	0



	1
	July–August–September
	1205.0
	29.62
	40.6820
	18.3



	2
	October–November–December
	1095.2
	29.25
	37.4427
	8.8



	3
	January–February–March
	584.4
	28.87
	20.2445
	−41.2



	4
	April–May–June
	1082.5
	28.5
	37.9825
	10.4








As depicted in Table 5, the maximum bending forces determined from experiments were 53.06, 61.81, 56.32, 41.50, and 56.51 MPa for the first to fourth periods, respectively. When these bending forces were applied in the FEM model, MEBS values were calculated as shown in the table. Based on the bending test results, the MEBS values increased from the initial value of 1032.1 MPa to 1205 MPa in the first period and then decreased to 1082.5 MPa in the following periods. Additionally, the MEBS per unit value of the material increased by 18.3% in the first period, and then dramatically reduced to around 41% in the third period. Although a small increment was observed in the fourth period compared to the initial conditions, it is not of primary importance as the dramatic decrease observed in the third period. This increment may be partly due to increases in temperatures in the region.



The economic changes in per unit values, as calculated in Table 4 and Table 5, are visually represented in Figure 9. It is clear that the curves in both figures increase at first and then dramatically decrease in the third period of the year. The results show that the Maximum Equivalent Tensile Strength (METS) per unit value reaches its lowest point in the fourth period, but the decrement is relatively smaller than in the third period. Additionally, the Maximum Equivalent Bending Stress (MEBS) per unit value reaches its minimum value in the third period, resulting in a very low economic value. However, it does receive a relatively lower increment in the fourth period compared to the previous one. Therefore, it can be concluded that the loss of economic value due to changes in the physical properties of the wooden material mainly occurs in the third and fourth periods, which are exposed to marine weather conditions. Due to concerns surrounding the sustainable sourcing of wood as a raw material and procurement issues [89], the monetary values of timber structures are increasingly crucial compared to other construction methods.



To preserve the economic value and originality of the material, we recommend performing annual maintenance before the start of the third period (i.e., before January). This will ensure optimal maintenance of the building. Currently, the maintenance of entire buildings occurs yearly at varying times without regard for the facade. Moreover, simple water paintwork is applied without considering environmental conditions. This study monitors the effect of environmental conditions on different facades and highlights the rationale behind selecting a maintenance period that prioritizes both sustainability and optimal economic conditions. The experimental results also indicate that protection against saline environments is necessary. As a result of this study, the third period is deemed the best option for maintenance, and various solutions can be adapted for different facades, such as waterproof or nanomaterials, to improve and protect wooden materials [90,91]. A preventative method that can also be employed is safeguarding. Mi et al. [92] conducted a study on the Yingxian Wooden Pagoda to establish an effective repair and restoration method for safeguarding the wooden components of historical buildings. They analyzed a few aged samples using various chemical techniques to determine the effects of sunlight and oxidation on the structure and to develop strategies to prevent surface deterioration.



This study explored an experimental approach, but there are other methods that can be employed to better understand the key factors contributing to the deterioration of wooden structures. For example, Deng et al. [93] utilized a variety of techniques, such as bright-field microscopy, polarized light, fluorescence, and Fourier-transform infrared (FTIR) spectroscopy, to identify wood species and assess the extent of material degradation in the walkway of the first courtyard of the Ancient Yangjia Courtyard. Similarly, Chen et al. [94] developed logistic regression models to evaluate the degradation levels of historically and culturally significant structures. Their model revealed that factors such as age, type, style, and value are important predictors of the extent of deterioration in historical buildings. In the case of historical wooden structures, there are numerous factors.



The conclusions drawn from this study have significant practical implications. Knowing the ideal time for the upkeep of wooden historical structures in coastal areas and identifying methods to improve mechanical properties while minimizing costs are crucial in the preservation of such structures. This research will also aid policymakers and local authorities in prolonging the lifespan of historical buildings, implementing new techniques for better management, and increasing the value of cultural heritage.




4. Conclusions


Wooden structures may have a shorter lifespan and be vulnerable to external factors if not properly protected. The location and exposure of wooden elements in architecture play a crucial role in their deterioration. Different factors affect the mechanical characteristics of the timber structures. Additionally, wooden elements in damp and wet environments are susceptible to brown rot fungi, while those near the ground may be attacked by insects like worms, leading to a decline in mechanical properties [95].



Wooden structures, particularly those situated near the sea, are susceptible to deterioration caused by salt. This poses a significant challenge to the preservation of historical and cultural landmarks that rely on these structures for their tourism value. Therefore, it is crucial to find sustainable ways to protect these structures from the harmful effects of salt. Research shows that salt accumulation in building materials exposed to the natural environment can lead to various forms of damage such as color changes, flaking, material loss, and even decomposition, ultimately compromising the stability, load, and deformation capacity of the structure.



Türkiye is a country that boasts a coastline surrounded by the sea on three sides. Along this beautiful coastline lies Istanbul, the most populous and developed city in Türkiye with a history dating back thousands of years. These historical wooden structures, not only in Istanbul but in other coastal cities, need protection from external factors to be preserved for future generations. Due to their proximity to the sea, these structures are particularly susceptible to the damaging effects of sea salt and other environmental factors that affect their physical and economic lifespan. Regular maintenance with appropriate materials and methods will ensure their longevity, and prevent the loss of cultural heritage. Through experimental and computer models, this study was conducted to investigate the changes in technical and economic values of the pinewood material used in waterfront buildings using Florya Atatürk Marine Mansion in different seasons. According to the obtained results, the following issues are highlighted below:




	
The temperature change observed between the periods aligns with the tensile strength distribution of pinewood material, particularly for specimens taken from the front side of the building that are exposed to more severe environmental conditions. Similar results that emphasize this phenomenon have been shown in the literature [96,97,98].



	
Exposure to direct sunlight and a more saline environment affects the strength of specimens.



	
The axial deformation of specimens shows that humidity has a greater impact on the deformation capacity of pinewood material compared to temperature effects. This outcome has also been outlined by many researchers [99,100,101,102].



	
It is worth noting that the axial and bending behavior of pinewood material may slightly differ, depending on how much exposure it has to severe conditions. This was observed for materials placed in distinct parts of the building, such as the front and back.



	
This study revealed that the material’s economic worth primarily diminishes due to exposure to marine weather conditions during the third and fourth periods. The material’s monetary value was calculated to be 29.62 €/m2, 29.25 €/m2, 28.87 €/m2, and 28.50 €/m2 at the end of the first, second, third, and fourth periods, respectively. The MEBS per unit value of the material plummeted to roughly 41% in the third period. The METS per unit value of the material decreased by around 33% by year-end. Therefore, optimal maintenance to preserve the economic value of the material can be provided before January.








These results highlight the importance of annual maintenance for pinewood used in waterfront structures. Future studies can apply the same methodology to different types of wood used in waterfront structures.
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Figure 1. Different views of the studied building and placement of specimens [78]. 
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Figure 2. Tensile test specimen front and section view. 
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Figure 3. Bending test specimen front and section view. 
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Figure 4. The applied laboratory test for the specimens: (a) universal tensile test machine; (b) bending test machine. 
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Figure 5. Stress and strain analysis of specimens for the tensile test: (a) tensile stress; (b) tensile strain modeling. 
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Figure 6. Stress and deformation analysis of specimens for the bending test: (a) bending stress; (b) bending deformation. 






Figure 6. Stress and deformation analysis of specimens for the bending test: (a) bending stress; (b) bending deformation.



[image: Buildings 14 00945 g006]







[image: Buildings 14 00945 g007a][image: Buildings 14 00945 g007b] 





Figure 7. The variation in average temperature and humidity depending on the pursuing periods. 
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Figure 8. The variation in axial strength (left) and elongation (right) of specimens versus pursuing periods determined from tensile test. 
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Figure 9. The change in per unit values of material over the pursuing periods determined from the tensile test (left) and bending test (right). 
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Table 1. Properties and testing specifications of specimens.
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	Season
	Test
	Pcs.
	Dimensions
	Standard





	0
	Beginning
	Tensile
	3 × 2
	20 × 50 × 450
	TS 2475



	1
	July–August–September
	Tensile
	3 × 2
	20 × 50 × 450
	TS 2475



	2
	October–November–December
	Tensile
	3 × 2
	20 × 50 × 450
	TS 2475



	3
	January–February–March
	Tensile
	3 × 2
	20 × 50 × 450
	TS 2475



	4
	April–May–June
	Tensile
	3 × 2
	20 × 50 × 450
	TS 2475



	0
	Beginning
	Bending
	3 × 2
	20 × 20 × 360
	TS 2474



	1
	July–August–September
	Bending
	3 × 2
	20 × 20 × 360
	TS 2474



	2
	October–November–December
	Bending
	3 × 2
	20 × 20 × 360
	TS 2474



	3
	January–February–March
	Bending
	3 × 2
	20 × 20 × 360
	TS 2474



	4
	April–May–June
	Bending
	3 × 2
	20 × 20 × 360
	TS 2474










 





Table 2. Average temperature and humidity ratios for each season and pursued years determined from a meteorological station nearby.
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	Season
	Temperature (°C)
	Humidity (%)





	1
	July–August–September
	24.12
	71.86



	2
	October–November–December
	11.58
	76.56



	3
	January–February–March
	7.21
	80.09



	4
	April–May–June
	18.60
	73.23
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