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Abstract
The conservation of cultural heritage in Ecuador is an increasingly complex task, evident for several centuries in the Ingapirca Archaeological Complex and particularly in the Elliptical Wall of the Temple of the Sun. Given the weathering, intensified by its geographic location, this monument presents a high level of deterioration despite much previous research and the execution of conservation actions. Therefore, this research proposes a comprehensive study that relates the deterioration processes of the Elliptical Wall and the climate conditions where it is located. The method of wall stratigraphic reading has been used, complemented by an analysis of condensation and solar gain. The results show that the building comprises nine phases, four in common for all the orientations from 700 AD, which define the property's authenticity, and five characterized by diverse interventions. At least 38 construction, reconstruction, and maintenance activities have been identified in 9 historical-construction phases and ten degradation phases. In addition, all the orientations of the Elliptical Wall reach the dew point at night, given the relative humidity and air temperature levels in the study region. The southern orientation stands out as the surface with the highest frequency of condensation, the lowest solar gain, and the highest percentage of affections. Thus, this study supports that the deterioration of this building has a high correlation with its condensation capacity, which intensifies or reduces depending on the levels of solar capture; the monument will continue to be transformed and even eliminate historic strata due to the irreversible deterioration in different sectors and the current difficulties in mitigating it.
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Introduction
Heritage buildings are part of the history of many settlements worldwide, and their conservation is essential for their survival [1] and the people's cultural identity. Nonetheless, cases of aggressive, irreversible deterioration and destruction are becoming more and more frequent, even in landmark buildings made with materials considered to be highly durable. For example, Vettori et al. [2] describe the deterioration of the stone architecture of Hierapolis (Turkey) due to environmental factors; Cantisani et al. [3] study the red stain type discoloration in the Baptistery of St. John (Italy); and Lucejko et al. [4] analyzes the effects of fungal activity on wooden substrates with different degrees of natural degradation in the site of Biskupin (Poland).
In this same context is the Ingapirca Archaeological Complex (IAC) located in Ecuador, province of Cañar, which presents relevant historical and constructive characteristics. This petrological monument was built during the pre-Hispanic [5], integration period (700/800–1500 AD) [6, 7] and is composed of different Cañari and Inca structures located at 3100 m.a.s.l. [8]. Among these structures, the Temple of the Sun (TS) stands out, also known as the Castle or Ellipse, which is the landmark of the tremendous multifunctional center [9]. This construction is comprised of the ceremonial building and an elliptical base wall (EW), which is built with green andesite of volcanic origin, cut and carved in a square and rectangular shape [10] and is the object of study of this research.
Specifically, the EW has undergone numerous physical transformations that sought to adapt it to different needs derived from parallel processes such as the oil bonanza, patronage [9], and the beginning of inbound tourism [11]. On the other hand, factors such as weather and climate conditions have significantly impacted the monument's deterioration. Indeed, many durable materials, such as stone, are prone to weathering [12] depending on climatic conditions and their petrophysical properties worldwide. Temperature, humidity, rain, or solar exposure can set the optimum conditions to emphasize deterioration [13, 14]. This material can present a wide variety of physical, mechanical, anthropic, and chemical pathological processes, which can cause flaking, concentric slumping, delicate exfoliation, or honeycombing [15], in addition to the growth of microorganisms that also deteriorate the surfaces [13, 14].
The impact of weathering on the TS is vital given its geographic location, close to latitude 0°, which makes humidity and solar radiation relevant [16]. According to several studies [17, 18], high levels of water vapor in the atmosphere contribute to condensation on surfaces, which has an impact on the deterioration of elements that do not have a high capacity for drying by solar gain [19], as is the case of several monuments in Cambodia [18]. The influence of these factors on the deterioration of archaeological monuments has been extensively studied in regions of low altitudes [13, 17, 18, 20]; however, there are few analyses in regions at altitudes above 3000 masl as is the case of the TS [21].
Given the importance of the TS and its EW, archaeological vestiges of Ecuador's cultural heritage, and because of its significant deterioration [11], numerous studies have been carried out [22–50]. These have addressed its historical characteristics [22–24, 29, 51], constructive aspects and deterioration [27, 32, 35, 52], archaeological aspects [30–33, 37, 53], executed interventions [28, 36, 40–42, 44–47, 50] and other aspects. However, no comprehensive study relates the building dynamics and the existing conditions with the climatic conditions where this monument is located.
Likewise, and although several authors [12, 54–57] resort to traditional multi-analytical diagnosis (scanning electron microscopy, optical microscopy, Fourier transform infrared micro-spectroscopy or X-ray diffraction), for Patil et al. [16], the analysis and documentation of the forms of deterioration guarantee a better understanding [58] i.e., there are different types of techniques and tools to study and describe the deterioration of heritage buildings. One of the most popular for this purpose is the wall stratigraphic reading. This tool allows to extend the pathological knowledge [59] and to evaluate of the destructive notion of certain interventions carried out [60] from the particularized and interconnected analysis of materials, construction systems, typological diversity [61–63], productive cycles, and sociocultural incidences [62, 63]. Examples of these applications are presented by several authors [16, 64, 65]. In addition, it includes a detailed analysis of the historical and constructive reality from practical-analytical relations [66].
In this context, the main objective of this research is to relate the current deterioration conditions with the influence of the monument's condensation and solar gain capacity. This process allows an integrated approach to promoting physical and symbolic recovery [59].

Methodology
The methodology proposed for this research is the Mural Stratigraphy (MS) [67], applied to the EW of the Temple of the Sun located in the IAC (Fig. 1). The MS focuses on describing the different historical constructive and destructive stages [59, 68] according to the current state of conservation. In the final stage of the MS, an analysis of the condensation and solar gain capacity is evidenced from in situ measurements and digital simulations, respectively.[image: ]
Fig. 1a South view and b Location of the Temple of the Sun in the Ingapirca Archaeological Complex


A three-dimensional aerial photogrammetric survey of the TS with an area of influence of 2 ha was carried out for the thorough analysis. The equipment used was an unmanned aircraft type DJI, model Mavic 2 PRO, a Sokia CX105 total station of 5 s of precision, and a differential GPS RTK system brand SINO GNSS T300. The survey is performed through vertical and oblique aerial photographs oriented with the differential GPS linked to the Ecuadorian geodetic network (UTM WGS84). It allows for a geopositioning accuracy of less than 3 mm and a dimensional accuracy of 1.63 cm in the total model, making it easy to scale. The survey is accompanied by the base tacheometry, useful for 3d mesh processing, point cloud, and orthophotos executed in Archicad software.
The full-resolution model in Autocad 2021 software was utilized to obtain vectorial elevations. The processing and drawing sought to build a single elevation displayed horizontally to perform a joint evaluation of the entire EW focused on its state of conservation and constructive particularities (Fig. 2).[image: ]
Fig. 2Deployed elevation of the TS EW


Based on the elevation, the principles of Murial Stratigraphy [67] are applied to establish correlations between the different masonry bodies, their interventions, types, and direction of adosections, and the deposited fills [69] that make up the EW To this end, the correlation of the Positive (PMSU) and Negative (NMSU) Mural Stratigraphic Units and the positive (PMSG) and negative (NMSG) Mural Stratigraphic Groups [70, 71] are the leading resources for analyzing homogeneous and heterogeneous strata. The latter frames the deterioration processes on the stone material characterized by analytical techniques according to previous research [15]. Due to many activities, these have been grouped (AG) and coded according to their orientation (S, E, N, W). In each of these AGs, the activities found concerning each EW row have been described [72]. Furthermore, the total of MSUs and MSGs are systematized in a spreadsheet to discriminate the original (FO) and reconstructed (FR) factories as reported in the existing documentary repertoire and to discuss the implications on the state of conservation of the andesite vertically and horizontally [69].
Following the above, an analysis of a) the level of complexity, or the assessment of stratigraphies through time, b) the Level of fragmentation and incompleteness or determination of the essence of the stratification from each preserved part of the non-recoverable MSUs and MSGs, and c) Level of mutability, or the acceptance of transformation by human and natural actions [66], is included. The elements and symbology proposed by Doglioni [73] are included as particular elements of analysis, with a particular interest in (1) uncertain perimeters, (2) waiting joint, (3) negative interface surface visibility limit, (4) negative interface visible surfaces, and, (5) altered visible surfaces.
EW's condensation potential and solar gain are evaluated to complement the stratigraphic analysis. For the former, two in situ measurement campaigns were carried out in two different periods, the first from September 2 to 7, 2021, and the second from April 25 to May 02, 2022. These campaigns were established as per the two seasons that can be evidenced in the analysis region according to its relative humidity levels, outside air temperature, and dew temperature (Fig. 3). According to the data, the first season corresponds to the period from January to June with relative humidity and an average temperature of around 60% and 14 °C. The second season corresponds to the period from July to December with the highest humidity levels of the year and the lowest temperatures, around 82%, and 11 °C, which implies that the dew temperature is closer to the air temperature and, therefore, a higher probability of condensation.[image: ]
Fig. 3Mean monthly air temperature, dew point temperature, and relative humidity in Cañar, according to the data taken from Cañar meteorological station in 2015 and 2016


The parameters measured in these two campaigns were air temperature and relative humidity using a Testo 174H datalogger placed in a covered area of the IAC. The measurements of these two climatic factors were taken at 10 min intervals. In addition, the surface temperature of the elliptical wall was measured using the thermographic imgaing technique with the Flir E8-XT camera. This technique has been used in numerous studies to describe the thermal behavior of building surfaces [74, 75].
The infrared images were focused on establishing an average surface temperature of each elevation according to the same configuration used in the stratigraphic analysis (Fig. 2). For this, thermal images were taken from three different points, from the northeast, southeast, and southwest sides, at a distance of approximately 14 m to measure the entire surface of the EW (Fig. 4). These measurements were taken every 3 h during the 24 h of the day. Once the in situ images were obtained, the average surface temperatures of each elevation were acquired using the camera software (FLIR Tools) through the surface tool. The camera emissivity parameter was set to 0.95, corresponding to the average emissivity of the stone [76]. The ambient temperature correction was set based on field measurements using the infrared camera software.[image: ]
Fig. 4a Point position of infrared camera and datalogger, and b infrared perspectives in each point


Additionally, the air temperature and relative humidity corresponding to each of the hours in which the infrared images were taken were used to calculate the dew point from the in situ measurements at each of those times. The psychrometer calculator from Engineering Tools [77] was used to obtain this value, considering an altitude of 3100 masl to set the atmospheric pressure.
Lastly, for the solar gain analysis, Ecotect Analysis software was used to simulate the average solar radiation received by the EW surface (Wh/m2) in monthly and annual periods. For the simulation, the detailed point cloud model was simplified. This model comprised 134 planes of 0.60 m by 4.00 m that compose the shape of the ME The EPW file of the city of Cañar, located 7.2 km from the IAC, was used for the simulations. This file considers the direct and diffuse components for the computation of global solar radiation, and measurements and calculations have been obtained according to the file specifications.

Results and discussion
Historical-constructive study
According to the analysis conducted using the MS, nine temporary phases and one additional phase have been determined, which includes the synthesis of the impact of the solar gain and condensation analysis in the definition of possible intervention priorities. Moreover, 38 construction, reconstruction, and maintenance activities have been identified, shown below through the historical and construction sequence, the degradation sequence, and a possible intervention phase based on the solar gain and condensation capacity.
Historical-constructive sequence
The analysis identifies four stages in the EW orientations described below (Fig. 5).[image: ]
Fig. 5a Simplified reading and b Harris' matrix of the simplified historical-constructive sequence of the EW


Stage 1_Primary construction
This stage, corresponding to Phase 1 (Phase 1, Fig. 5), identifies that the original construction elements (AG_S/E/N/W_100, AG_ S/E/N/W_101 and AG_ S/E/N/W_102) of the perimeter present a notorious superposition, succession, continuity, and typological identity, i.e., they are contemporary and belong to the Cañari-Inca period. Furthermore, they respond to the authentic construction system of the TS defined by Fresco [28, 37]. Thus, AG_ S/E/N/W_100 is the prolonged foundation of the bedrock, followed by AG_ S/E/N/W_102 as the filler masonry (clay mortar and pebbles), which allows AG_ S/E/N/W_101, a wall of cushioned ashlar and rectangular greenish andesite, to be attached without the need of mortar. In addition, there are original zones in the four orientations (AG_ S/E/N/W_101). In the south segment, the ten courses of its east and west sides (AG_S_101); in the east segment, the eight courses of its west side and the six courses of its east side (AG_E_101) and in the north segment, the ten courses of its southwest and southeast sides. In the case of the west segment, the wall and the existing courses are recorded as original (AG_W_101) since they have not suffered constructive or typological alterations, which is corroborated in other studies [78, 79].
Thus, from the stratigraphic aspect, the ashlar segments of the EW have a set of actions defining succession and continuity. They are arranged with each other, following the characteristic sequence of the emblematic Inca sedimentary ashlar walls or Inca imperial masonry. According to the rigging, the stone pieces of four-angled, rectangular and/or trapezoidal shapes seated in horizontal rows have joints with perfect joints, polished and without mortar [80]. Derived from this in the EW, AG_S/E/N/W_101 is typically adjoined as a sedimentary type wall made up of carved stones, which have been seated in horizontal rectilinear-wavy courses typical of Inca architecture [81]. According to the studies of Swieciochowski, Espinoza [78] and Jadán [82], its identity and temporality are reaffirmed. In addition, according to Swieciochowski's research [79], it is possible to confirm that the analyzed elements (AG_S/E/N/W_100, AG_ S/E/N/W_101, and AG_ S/E/N/W_102) are in their natural state and conform the same stage.

Stage 2_Destructive beginnings
This stage, which corresponds to phases 2, 3, and 4, includes the possible temporal discontinuities caused by physical destructions or negative actions (AG_S/E/N_101) between the eighteenth and twentieth centuries (Fig. 5). This is conspicuous according to historical documentation [22, 79, 83, 84], but above all, according to the phenomena of temporal discontinuity and the increased importance of hiatuses [72]. The destruction and irreversible loss of the central zone (AG_S_108) of the southern primitive wall, the western zone of the access stairway (AG_S_109), the upper and lower northern zones (AG_E_107) of the eastern primitive wall, and the upper and lower zones (east, west and southwest) of the northern primitive wall (AG_N_111, AG_N_112, and AG_N_113) are confirmed. Stratigraphically, these are physical-temporal losses corroborated by the limits and cut edges produced by the overlapping filling. Reconstruction was carried out in the north, west, and south segments that make up the EW. There is also a coincidence with the photo-historical analysis done by the National Institute of Cultural Heritage (Instituto Nacional de Patrimonio Cultural -INPC-, in Spanish) [84].
It means that, despite not being in physical contact with the stratigraphic elements identified in phase 1, those forming phases 2, 3, and 4 are interfaces possibly belonging to the stone elements of the original constructive succession [72] of the EW (AG_N/W/S_101). For this reason, their location in the constructive sequence is earlier than what exists today.

Stage 3. Reconstructions
This stage has been subdivided into two: the uncertain reconstructions in phase 5, and the maintenance exercises and reconstructions in phases 6, 7, and 8.	a
Uncertain reconstructions in the original north (N) and east (E) segments.
This stage is after the previous phases and the present study (phase 5, Fig. 5). The reconstructions are infill actions that evidence cuts and generate recognizable physical discontinuities at the edges of the elements of the upper and lower southwestern zones of the eastern (AG_E_103 and AG_E_104) and northern (AG_N_103 and AG_N_104) segments. These actions are presented as repair exercises of possible destructive hiatuses (AG_E_107 and AG_N_113) identified in the original walls, east (AG_E_101) and north (AG_N_101) of phases 2, 3, and 4.
To confirm the above, the principles of typological identity and the included fragments indicate that the reconstructions use the same material and constructive rigging of the segments of the original north (AG_N_101) and east (AG_E_101) wall of phase 1. Nevertheless, they are later due to the existing imprecision in the constructive succession of the original ashlars and the deformities and flaws of the joints [79] . It is believed in the application of the concept of reuse of the EW material; however, the origin of the same is not particular, and as such, it is not possible to be sure if it was or was not part of the original wall [78]. The temporal range of the reconstructions in the north and east segments is also uncertain, although they are fully identifiable [79] thanks to photographic records [78, 83, 84].

 

	b
Maintenance exercises and reconstructions of the south (S) and north (N) segments.
This stage, corresponding to phases 6, 7, and 8, took place in the 20th century (1967–1999) (Fig. 5) and is documented. According to the application of the principles of superposition, the relationships of crossing or cut, the included fragments, and typological identity, the EW records punctual reconstructions in the south (AG_S_101) and north (AG_N_101) segments of phase 1, which in turn are the repair of the destructive hiatuses of phases 2, 3 and 4. Filling activities and reuse of original material are identified in the central zone of the south wall (AG_S_103) and the lower, upper western, and eastern zones of the north wall (AG_N_105, AG_N_106, and AG_N_107). Reconstruction of the stairs (AG_S_104) in the south segment is also reported.
From the constructive, historical, and stratigraphic points of view, the activities described are recognized through the limits and physical cut edges produced by the overlapping and filling. All of them correspond to the works of Bedoya [28, 33, 37, 85] and have different scopes. In detail, the use of andesite pieces similar to those of the EW of phase 1, the rigging adjustment, and the imperfect Inca construction technique [78, 79] allow their temporal differentiation. In fact, Swieciochowski and Espinoza [79] mention that the authentic stone pieces recovered in the vicinity of the TS were used; for the reconstruction of the stairs, the stone pieces were taken from original buildings belonging to the IAC such as the "Casa del Inca" (Inca House) or the "Casa del Guardián" (Keeper House) [79]; for the intervention of the platform (base floor of the elliptical wall) (AG_S/E/N/W 100), yellow earth and grass (AG_S/E_105, AG_N_108, and AG_W_103) are used.

 





Stage 4_Maintenance activities
This stage corresponds to phase 9; it is framed in the twenty-first century (from 2000 onwards) and corresponds to the maintenance and conservation activities conducted by the INPC [46] in the original segments and the reconstructions of phases 5, 6, 7, and 8 (Stage 3). In addition, cleaning the stone surface (AG_S_106, AG_N_109, AG_W_104) and pest control (AG_S_107, AG_E_106, AG_N_110, and AG_W_105) are carried out in this stage to reduce the deterioration of the monument.


Degradation sequence
The study allows evidence of nine temporal phases of degradation based on the physical-constructive evidence of the 4 stages and 9 phases determined in the historical-constructive sequence (Fig. 6).[image: ]
Fig. 6Harris' Matrix of the simplified EW Degradation Sequence related to the Historical-Constructive Sequence


Stage 1_ Original construction: natural deterioration
It comprises phase 1, which is the deterioration of the original EW (NMSG_S/E/N/W_012) due to natural wear and tear of the stone (phase 1, Fig. 6).

Stage 2_ Destructive beginnings
It covers phases 2, 3, and 4, comprising the first stage of degradation and progressive deterioration of the original EW (NMSG._ S/E/N/W _13, NMSG_W_014, and NMSG_E/W_15), as well as the major destruction of the south, east, and north wall segments (MSG_S/E/N_014 and MSG_S/N_015) (phase 2, 3 and 4, Fig. 6). When analyzing the photo-historical documentation [78, 83–85], similar incidences of conditions such as deposits and biological growths (lichens and mosses) caused by the synergy of climatic agents, the passage of time and neglect were observed [85]. There is also evidence of cuts or hiatuses identified in phases 2, 3, and 4 of the historical-constructive sequence produced by the collapse and detachment of ashlars in the original wall's south, east and north segments. Indeed, several studies [28, 33, 34] mention that such destructions result from the instability of the foundations of the EW due to heavy rains that generated landslides.
It is concluded that phases 2, 3, and 4 provide continuity to the deterioration recorded in phase 1. Similarly, it is believed that the progressive deterioration of the original EW (NMSG._ S/E/N/W_13, NMSG_W_014, and NMSG_E/W_15) remained active until the historical-constructive phase 5. Based on the historical basis, Hadden [85] carried out cleaning activities on the hard rocks that possibly stabilized the affections until 1967, phase 6 of the historical-constructive sequence. Despite this, and due to the passage of time (more than six decades), the deterioration was reactivated and potentiated until the subsequent phases, making the significant destruction of the southern, eastern, and northern original wall segments (MSG_S/E/N_014 and MSG_S/N_015) passive. This is feasible since, in the historical-constructive phases 5, 6, 7, and 8, reconstruction activities are carried out [33, 37, 85, 86].

Stage 3_ Reconstructions: beginning and destructive continuity
This stage includes phases 5, 6, 7, and 8, subdivided into three activities within the EW:	a
Phase 5 Uncertain destructive beginnings in the reconstructions of the east (E) and north (N) wall segments (NMSG_E/N_017) (phase 5, Fig. 6). In this phase, it has not been possible to define or approximate possible affectations and their temporality. Despite this, when analyzing the historiographic sources linked to the intervention of the EW [28, 85]. It is believed that deterioration was generated due to the temporal distance with its later phases (6, 7, 8, and 9), the nature of the stone itself, and the incidence of various anthropic, physical and environmental factors. Such processes were also believed to be active until the historical-constructive phase 6. According to the state of conservation documented by Hadden [85], the stones of the TS were in constant degradation, demanding cleaning exercises. Notwithstanding, phase 5, being an uncertain period and presenting a temporal amplitude (more than 40 years approximately) until the later phases, probably a reactivation of the deterioration took place.

 

	b
Phases 06 and 07 Beginning of the destructive affections in the reconstructions of the south (S) and north (N) segment (GEMN_S/N_018 and NMSG_S/N_019) on account of the intrinsic conditions of the andesite and the repercussion of anthropic, physical and environmental agents (phases 6 and 7, Fig. 6). According to Bedoya [28, 33, 85], it is ratified that the EW presented gradual deterioration and affections in the ashlars. Based on this, it is estimated that the destructive activity remains active, and there are no stabilization actions.

 

	c
Phase 08 It is the second stage of degradation and progressive deterioration of the original EW and the destructive continuity of the reconstructions (phase 8, Fig. 6). Physical and physical–chemical damages have been identified. Cataphyllous exfoliation (NMSG_S/E/N/W_011), which has generated flaking and concentric-curved separation; fine lamellar exfoliation (NMSG._ S/E/N/W_007) from the separation of thin layers in banded form; sliding by detachment (NMSG._ S/E/N/W/W_003), which causes lifting and separation of plates on the surface; detachment by fragments (NMSG._ S/E/N/W_010); and alveolar erosion (NMSG._ S/E/N/W_002), causing the formation of cavities and granular disintegration on the stone surface [42, 87, 88]. It is believed that its origin is due to the interaction of anthropic and environmental incidences [89]. That is to say; the intervention works in the construction system of the backfill and drainage slab carried out by Alcina Franch [33, 34] and Tomansz et al. [90] affect the accumulation and embedding of rainwater and, therefore, the sliding of incompatible materials towards the stone, originating physical–chemical processes related to gelifraction, crystallization and internal ruptures in the stone matrix [89].
It is also considered that the recorded conditions (NMSG._ S/E/N/W_011, NMSG._ S/E/N/W_011, NMSG._ S/E/N/W_003, NMSG._ S/E/N/W_010 and NMSG._ S/E/N/W_002) are active and progressive. Although Coello [46] conducted cleaning and fumigation works at the beginning of the historical-constructive phase 9, this did not stabilize the physical-chemical conditions, probably the biological conditions, according to the report of [42]. It is worth mentioning that these conditions were —evidently— passive until the beginning of phase 9, which is extensive (approximately 22 years) and reaches the present, so it is considered that the possible biological deterioration was reactivated and potentiated.

 





Stage 4_Maintenance activities and current destructive actions
This stage covers phase 9. It establishes the original EW's current and progressive destructive affections and reconstructions (phase 09, Fig. 6). In this phase, physical, physical–chemical, and biological [89] lesions of deposit type (NMSG._ S/E/N/W_006) were evidenced; chromatic alteration, where the stones have lost their luminosity and chromatic purity (NMSG_S/E/N/W/W_004, NMSG_S/E/N/W/W_005, and NMSG._ S/E/N/W_008); and bio-patina by the growth of moss, lichens, and algae (NMSG._ S/E/N/W_001 and NMSG_S/E/N/W/W_009) [21, 89]. Everything arises from the synergism of environmental factors (rain, wind, humidity, and temperature), but in the case of the EW, they also occur due to incompatibilities in the interventions carried out on the backfill and drainage slab the biological conditions and deposits are associated with the accumulation of water, humidity, and drainage of the existing backfill slab [21]; the chromatic alteration is caused by the intrinsic weathering products of the stone [89].
It can be deduced from the above that the biological (NMSG_S/E/N/W_001 and NMSG_S/E/N/W_009), as well as physical (NMSG_S/E/N/W_006) conditions, were passive until the beginning of this phase thanks to the surface treatments performed by Coello [46], but are now reactivated. As for the physical–chemical conditions (NMSG_S/E/N/W/W_004, NMSG_S/E/N/W/W_005, and NMSG_S/E/N/W_008), these are active, destructive actions, i.e., the deterioration recorded is operative and in need of treatment.


Condensation analysis
According to the in situ measurements, the average surface temperatures of the four EW elevations (Ts_S, Ts_E, Ts_N, Ts_W), air temperature (Ta), relative humidity (RH), and calculated dew point temperature (Tdw) of the two campaigns are shown in Fig. 7.[image: ]
Fig. 7Measured air temperature (Ta.), relative humidity (RH), and EW surface temperature of each orientation (Ts_S, Ts_E, Ts_N, Ts_W), calculated dew temperature (Tdw) in a September 2021 and b April/May 2022


In the September measurements, four days with high solar radiation (02–05/09) and one day with low solar radiation (06/09) were recorded (Fig. 7a). On the one hand, in the daytime period, it is shown that on days with higher solar radiation, the maximum air temperature is 17 °C around 13h00 and the relative humidity at that time is 55%, whereas on the day with less radiation, these values are 13 °C and 75%, respectively. Regarding the Ts of the EW, on the day with the highest solar radiation (04/09), the east elevation is the one that reaches the highest values (28 °C) around 11h00, followed by the Ts_N with 25 °C. In comparison, the elevation that reaches the lowest Ts values is the south (15 °C), as in the rest of the days with high solar radiation. It is due to the slight northern orientation of the solar paths on these dates, which means that the southern surface receives less radiation than the northern and eastern surfaces (Fig. 8a). On the day with the lowest solar radiation, the Ts of all orientations do not exceed the air temperature and are less than 11 °C throughout the day. This reflects the minimal solar radiation received by the EW on this day, and the high thermal mass of the andesite stone does not increase its Ts above the air temperature.[image: ]
Fig. 8Solar stereographic at the geographic location of the IAC at the starting date of the two campaigns: a September 02 and b April 25 obtained from [91]


On the other hand, during the night period, on days with higher solar radiation, the minimum air temperature is around 11 °C around 06h00, and RH of 66% at that time. On the day with less solar radiation, these values are 9 °C and 82%, respectively. As for the EW Ts, the surfaces of all orientations in the night period reduce their temperature below AT on days with higher and lower solar radiation. However, the south and west orientations on the days with the highest radiation are the only ones that reach a temperature 0.7 °C below Tdw around 06h00. This is due to the lower solar radiation they receive in the daytime. Additionally, on days with lower radiation when humidity reaches the highest values, the Ts of all orientations drop their temperature up to 4 °C below Tdw from 18h00 to 06h00, indicating that these surfaces condense throughout the night period on days with lower solar radiation. On these days, even when solar radiation is low, the Ts of the south orientation shows a lower temperature than the other orientations due to the lower solar gain.
Regarding the measurements made in the second period (April/May), all days had low solar radiation, with air temperature and relative humidity averaging 11.5 °C and 72% (Fig. 7b). On the one hand, in the daytime period, the Ts in all orientations reached values similar to Ta, except for April 27 when the east and north orientations reached a Ts around 24 °C. Moreover, even when solar radiation in this period is low, the Ts of the south orientation show the lowest temperatures of all orientations. This behavior responds to the northern inclination of the solar path on these dates (Fig. 8b), as in the September measurements. Conversely, almost all four orientations reach the dew point during the night on almost all measurement days, especially between 00h00 and 06h00. As in the September measurements, the southern orientation has the lowest Ts with values up to 2.8 °C below Tdw.

Solar capture analysis
From the condensation results, the different solar gain in the four orientations of the EW impacts the surface temperature of these surfaces in the daytime and nighttime periods in the two measurement campaigns. Hence, although the surfaces tend to condense due to the high humidity in the night period and the low surface temperatures, the southern orientation has lower Ts values and, consequently, the highest gain frequency among the EW elevations. These results correlate with the monthly, quarterly, and annual solar gain analysis performed (Fig. 9). Firstly, according to the monthly solar uptake simulation (Fig. 9a); in September, the monthly average solar radiation at the south elevation is 1640 Wh/m2 and at the north, east and west elevations, is 2000 Wh/m2, 2700 Wh/m2 and 2600 Wh/m2, respectively. Similarly, in April, the solar radiation received at the south elevation is 1000 Wh/m2, while at the north elevation, it is 1800 Wh/m2. These results show that the south elevation receives between 18 and 37% less radiation in these months than the other orientations.[image: ]
Fig. 9Simulations of monthly average solar capture (Wh/m2) in the EW from a southwest perspective


Given the geographical location of the EW (latitude 2.54S), the sun paths will have a slight north orientation from the March equinox to the September equinox and a slight south orientation from the September equinox to the March equinox, approximately (Fig. 8). Therefore, the north orientation will receive more solar radiation than the south orientation from March 22 to September 21, and the south radiation will capture more radiation than the north orientation from September 22 to March 21 (Fig. 9b). Although the two orientations have similar solar radiation times, the south elevation receives minimal solar radiation in the period from June to September (900 Wh/m2) (Fig. 9b), which coincides with the months of lower temperature and higher humidity (Fig. 3) and consequently higher possibility of condensation. In addition, through an annual calculation (Fig. 9c), it can be identified that the south elevation receives 1640 Wh/m2 and the north elevation receives 1840 Wh/m2 in this period. It is because the IAC is located 2° below the equatorial line, which influences higher radiation in the north orientation than in the south.
In line with the above, the analysis by EW highlights the constant degradation of the wall segments of the EW, with emphasis on the south and north, defined from stage 1 with the natural deterioration of the original construction, and stage 2 of the destructive beginnings of the original EW to stage 3 of the destructive affections of the reconstructions, and stage 4 of the continuity and current destruction throughout the building. These affections reflected in biological deposits and physical lesions respond to the site's climatic conditions, which the analysis of condensation and solar gain has ratified. The former shows that all EW orientations condense at night, especially on days with less solar radiation. However, the north and south orientations receive less solar radiation and, therefore, have a higher frequency of condensation. Under precipitation conditions, the vertical surfaces of the EW have a greater drying capacity than the horizontal surfaces. Nevertheless, the constant surface humidity due to condensation creates optimal conditions for the growth of lichens and mosses [83].
The link between the degradation sequence and the condensation and collection analysis is shown in Fig. 10. These last analyses have been represented in a deployable elevation for the condensation analysis (Fig. 10a), another for the solar capture analysis (Fig. 10b) reflected in phase 10 of the Harris' matrix (Fig. 10c). For these analyses, data acquired on September 05 at 03h00 were used since these were the results within the period with the greatest possibility of condensation and the one with the greatest variation of the four orientations according to the condensation analysis (Fig. 7a).[image: ]
Fig. 10a Condensation simplified reading, b Solar capture simplified reading, and c Harris' matrix of the simplified EW degradation sequence related to condensation and solar radiation


The analysis of phase 10 shows differences in these two variables in each of the orientations. Regarding the superficial temperature of the EW, seven different temperatures have been identified in the south orientation, four in the east, four in the north, and three in the west. Concerning solar gain, two levels of solar radiation have been identified for each orientation.
According to these results, the direct relationship between the Ts and the solar radiation captured is again evident. In the four orientations, the segments that reach the highest temperature are those with a high solar gain, in the south orientation with 4.5 °C and 1700 Wh/m2, in the east orientation with 6.3 °C with 2800 Wh/m2, in the north orientation with 6.4 °C and 2010 Wh/m2 and west with 6.6 °C with 2400 Wh/m2. The difference in temperatures found in the four orientations and their wall segments is quite related to the solar radiation captured, except for the south wall segment, probably due to the different surface finish that the EW has according to its variations in deterioration. Although these thermal differences are not so significant, it is essential to emphasize the difference in the north and west orientation, where the differences between the highest and lowest temperatures are 0.90 °C and 0.8 °C, respectively. This more detailed analysis could indicate that these parts, the west side of the north orientation and the west side of the south orientation, could have a higher probability of condensation even though they are part of the north and west orientations. It is because they receive less solar radiation than their other parts in each orientation on the analyzed day (1610 and 2100 Wh/m2) and also on an annual average (1780 and 2200 Wh/m2). Nevertheless, the mentioned segments did not reach a temperature lower than Tdw on the analyzed day, i.e., they do not condense. Although it is evident that there are variations in each of the orientations, the most representative difference is by facades and is more marked with a lower temperature in the south orientation.
Lastly, while the north and south orientations capture similar solar radiation on an annual average, the analysis shows that the south orientation has a greater chance of condensation, even over the north orientation. This is due to the geographical location of the IAC in addition to the drying capacity of this orientation in a day. As condensation processes occur more frequently at night, the southern orientation will take longer to evaporate its humidity because it does not receive direct solar radiation in the morning period, even between December and March, when the solar paths are inclined to the south. Furthermore, the detailed analysis in the Harris matrix shows that two segments can reach a lower temperature than the average of the whole elevation, corresponding to the north and west orientation. In the following section, a quantitative analysis of the conditions of each orientation is carried out to correlate these results.


State of conservation and monumental importance
From the definition of the historical-constructive and degradation sequences [73], in conjunction with the study of condensation and solar analysis, the stratigraphic mentality (conservation capacity and development) [73, 92] of the EW is established, defining the approach to its current state of conservation, and possible future conservation. As a result, from the level of complexity, the EW is established as a building in itself and a complex constructive structure due to the multiple layers, strata and/or constructive-destructive stratigraphic units configured and transformed over time. This, in turn, has made it possible to evidence several activities (A and AG) that establish its historical, constructive, and destructive life (Fig. 11). Such characterization, along with the fragmentation level and incompletion, allows us to understand and value the original architecture with which the EW was conceived and all the constructive and destructive actions.[image: ]
Fig. 11Quantification of the SMU, SMG, A, AG, NSMU, and NSMG identified in the EW


Thus, the stratigraphic study shows that the EW conserves original and reconstructed areas and the application of surface treatments (Fig. 12), like any long-standing building. The original areas in the masonry are distributed: (a) 92.10% of the south wall segment; (b) 32.86% of the east wall segment; (c) 65% of the north wall segment; and (d) 100% of the west wall segment. The areas of the filled wall identified are original in the totality of the mural segments. At the same time, the areas of reconstruction refer to the masonry wall case: (a) 7.90% in the south wall segment, (b) 67.13% in the east wall segment, and (c) 35% in the north wall segment. Likewise, the treatment areas register their application above 90% in the original and reconstructed areas of the four masonry segments.[image: ]
Fig. 12Discrimination of areas of original masonry, areas of reconstructions, and areas of surface treatment evidenced in the EW


Regarding the destructive actions, the areas of deterioration recorded in the original and reconstructed areas that make up the EW are identified (Fig. 13a). Thus, the specific degradation landscape is recognized in the four elevations (S, E, N, and W) through pathological damages identified in their mural segments. Those are associated with physical-destructive stratigraphic characterizations, establishing that:	1.
The South elevation (S) represents 41.81% of destructive actions (Fig. 13b), which determines that it is the wall segment with the most significant evidence of deterioration. It is because it accentuates: (1) 47.33% of negative interface surface visibility limits; (2) 15.90% of waiting edges; (3) 4.54% of true negative interface edges; (4) 2.27% of negative interface termination edges; (5) 5.55% of visible negative interface terminated surfaces; (6) 36.11% of visible interface degradation surfaces; (7) 36.11% of visible interface weathering surfaces; and (8) 22.22% of visibly altered surfaces (Fig. 13c).

 

	2.
The east (E) and north (N) elevations represent 20.11% and 24.83%, respectively (Fig. 13b), showing evidence of deterioration. Nonetheless, their record is lower than the south elevation (S). In detail, the east elevation (E) records; (1) 7.31% of uncertain perimeters, (2) 17.55% of negative interface surface visibility boundaries; (3) 8.50% of waiting edges; (4) 7.15% of true negative interface edges; (5) 6. 33% negative interface terminus edges; (6) 11.22% degradation interface visible surfaces; (7) 10.50% negative interface terminus visible surfaces; (8) 11.22% wear interface visible surfaces; and (9) 8% altered visible surfaces (Fig. 13c).

 

	3.
The north elevation (N) evidences; (1) 9.09% uncertain perimeters, (2) 22.14% negative interface surface visibility boundaries; (3) 7.09% Bordo di attesa; (4) 6.04% true negative interface edges; (5) 18.18% degradation interface visible surfaces; (6) 10.54% terminated negative interface visible surfaces; (7) 16.50% weathering interface visible surfaces; and (8) 11.42% altered visible surfaces (Fig. 13c). Likewise, the west elevation (W) manifests 11.76% of destructive actions (Fig. 13b), which, when contrasted with the previous three elevations (south, east, and north), is the mural segment with a low incidence of deterioration. Specifically, it presents; (1) 10.14% negative interface surface visibility limits; (2) 5.43% Bordo di attesa; (3) 11.55% degradation interface visible surfaces; (4) 11.23% weathering interface visible surfaces; and (5) 9.47% altered visible surfaces (Fig. 13c).

 



[image: ]
Fig. 13a Evidence discrimination of deterioration identified in the EW, b General statistics of the deterioration traces in the EW, and c Statistical breakdown of the deterioration traces in the four elevations of the EW


According to the above, and from a general overview, the EW and its four elevations show continuous and progressive deterioration when considering:	Uncertain perimeters of the negative interface surfaces in the mural zones of the E and N segments because the causes of deterioration-destruction and temporality have not been clearly identified.

	Visibility limits of negative interface surfaces clearly demarcate surfaces of alteration, degradation, and weathering in the stone; they are found throughout the EW.

	Bordo di attesa throughout the EW has recurrent perimeters of altered, degraded, and/or worn-out areas tending to constructive recovery.

	True negative interface edges are those perimeters configured by stratigraphic boundaries of directed cuts, which have been caused by reconstructions in the elevations' wall segments, except elevation W.

	Negative interface termination edges represent the simple demolition or removal of the original stairs located on the S elevation.

	Visible degradation interface surfaces define the surfaces affected at the four elevations by specific pathological lesions such as erosion, exfoliation, collapse, and dislocation.

	Visible wear interface surfaces evidence the surfaces impacted by physical–chemical injuries. The latter has been recognized in the visible degradation interface surfaces, which have caused the continuous loss of stone material throughout the EW.

	Visible surfaces of finished negative interface or traces of reconstructions forming a refined architectural surface and/or resembling the original construction of the EW This activity is associated with the reconstruction exercises of the S, E, and N elevations

	Visible altered surfaces modify the appearance of the petrological material generated by chromatic alteration, deposition, and biological growths. They are found throughout the EW.




Based on the material evidence, fragmentation and incompletion establish that the original areas are fragments tending to be preserved [92]; the reconstructed areas represent the lost, non-recoverable unit and allow understanding of the building. In turn, along with the surface treatment areas, they make possible the EW's physical conservation and architectural, typological, constructive, and stratigraphic legibility. The destructive fragments demonstrate the dynamism of the extrinsic and intrinsic factors to which the EW is subjected throughout the nine defined constructive and destructive phases. It has left the monument vulnerable and made it possible to identify the traces of deterioration as destructive units, that is, the loss of constructive, architectural, and patrimonial capacity.
The previous levels conclude at the mutability level, i.e., the EW is the apparent result of stratified architectural appreciation, and how this has allowed the establishment of a building that transforms, even invisibly, from anthropic actions and atmospheric agents. Furthermore, from the stratigraphic mentality and its three levels, the EW demands activities to (1) control and reduce the loss or elimination of original and reconstructed areas and (2) maitenance and reduction of destructive actions.
From a complementary perspective, the authenticity of the EW in terms of conservation allows experiencing the past and offers a sense of identity in the immediate context; it anchors the collective memory and generates tangible links between the past, the present, and the future [93], reflecting and embodying the values of the cultural heritage of a place [94]. It also allows for revealing the true nature of the building, which may be hidden by the various social, economic, and cultural factors that affect long-standing buildings [95]. In this way, the EW reveals three aspects that expose its authenticity [93, 94].	Social and spiritual life the EW is associated with active social and spiritual lives; it has experienced birth, growth, aging, rejuvenation, and even death caused by natural and anthropic factors. From the moment of creation-construction and the progressive reconstructions and destructions, it has suffered deterioration over time, probably until the end of its physical and metaphysical existence [93].

	In detail, the authenticity of the EW from the perspective of social and spiritual life is expressed in; a) the numinous legacy linked to the ancestry and cosmological and cult beliefs characteristic of the Cañari-Inca culture; b) the traditional lifestyle (duties, activities, and human interaction) and, c) as an essential reference in the constitution of collective identities and memories that define its immediate context.

	Material-technological evidence and transformation are vital elements that inform and expose authenticity [95]. In the case of the EW, the material-technological shreds of evidence are related to a) the use of natural and autochthonous construction materials and b) the imperial Inca-type construction techniques and systems, which are characterized by formal accuracy, morphological-aesthetic singularities, and adaptation to the landscape context and the needs of the place.	On the other hand, the material transformations are defined based on the appearance of age and the feelings that this produces through the resulting aging and deterioration and the restoration-reconstruction of the monument. Such particularities have been fully identified in the EW. The aging and deterioration of building materials are established as intrinsic aesthetic traces and marks of beauty and harmony in the substance of it and, in turn, cause a sense of the past [93]. They are considered integral parts of authenticity, as they provide a palpable sense of connection between people and the tangibility of the EW.

	Concerning the restoration-reconstruction, it evidences the authenticity of the existing intervention exercises in the EW. Those provide meaningful narratives of understanding the monument as a whole. That is, the authenticity of the EW is an example of how it can migrate from its original technological-material characteristics to its reconstructions through connections, meanings, and values, which are forged during the reconstruction process [94]. They also embody and activate networks of links between the EW from its historical-cultural origin with society, place, and contemporaneity.





	Impact of intangible elements: the EW is a container of intangible characteristics associated with the historical-cultural attachment and defines the architectural authenticity, society, and its immediate context [96]. Consequently, its intangible presence is identified and related through a) artisanal and traditional practices that were part of the Inca period in its location and during the existence of the monument; b) spirituality and transmission of knowledge and wisdom of society; and c) representation and transmission of oral histories, genealogical connections, community activities and events linked to the physical, metaphysical and cultural origin [94, 95]. This evokes links, sociocultural memories, stories, and intangible attachments intimately connected to the fragmented monument [94].






Conclusions
This research has addressed the state of deterioration of the TS EW and its relationship with the climate conditions where it is located. For this, the EW and analysis of condensation and solar gain of the wall have been used. The following specific conclusions were drawn from this analysis.
The monument will continue to be transformed and even eliminate historic strata due to the irreversible deterioration in different sectors and the current difficulties in mitigating it. The climate has acted as a progressive agent of destruction, as have the maintenance and intervention actions. These, at the time, defined iconic actions that, as the EW adapted and became factors of irreversible deterioration, loss of originality, and authenticity. Despite this, their presence in the historiographic record is significant evidence of technical, administrative, and legal lessons learned in the Ecuadorian context.
The historical-constructive sequence and the degradation sequence are relative in nature, despite the articulation of various historiographic sources and previous multidisciplinary studies. However, it has allowed synthesizing a global framework of the historical-constructive context and the pathological process of the EW as key aspects for understanding the architectural reality, the current state, and the possible events of impact on the monument. These particularities operate as a viable basis for conserving and managing the architectural and heritage conditions that the EW represents. Therefore, technically it requires the inclusion of measures and/or actions through structuring processes and technical elements of conservation and effective interventions for its physical recovery.
In this framework, the condensation study is key. All the surfaces of the EW reach the dew point, especially on days with less solar radiation, which simultaneously means a lower temperature and higher relative humidity at night. The surface with the highest frequency of condensation is the south-facing surface because it captures less solar radiation in the two measurement periods and therefore reaches a minimum surface temperature up to 2 °C lower than the other surfaces at night.
Through the analysis of solar radiation, it has been determined that, on an annual average, the southern orientation is the surface that receives the least radiation among all the surfaces of the EW, followed by the northern, eastern, and western orientations. It is due to the geographical location of the EW, which is approximately 2°32' below the equator. In addition, the lower solar gain of this surface is intensified between March and September, when the solar paths have a northern inclination, which will influence more significant condensation since between June and September is when the lowest air temperature values and higher relative humidity values are recorded, thus, a greater possibility of condensation. These results establish a relationship with the high deterioration level of the south wall, evident in all of its NEMG. This study supports that the deterioration processes of the EW are largely influenced by the climatic conditions where it is located, specifically by the condensation capacity and the different solar gain that the four orientations of this wall receive. Based on this, the intervention processes should prioritize the south wall of the monument.
Consequently, and following the above, it is deemed appropriate to propose a strategic framework in the EW focused on a) preventive conservation strategies and b) corrective intervention strategies. In other words, those capable of reducing, eliminating, or blocking the alterations and physical losses of the architectural and constructive language to avoid losing its heritage status.

Acknowledgements
This study was funded by the Universidad Católica de Cuenca within the research project No. PICCIITT19-21 called Biodeterioration of the Ingapirca Archaeological Complex: microbiology and lichenology of stone substrates (Biodeterioro del Complejo Arqueológico Ingapirca; microbiología y liquenología de sustratos pétreos, in Spanish). Furthermore, special thanks to the INPC for supporting fieldwork logistics. Also, the authors would like to thank the Universidad Católica de Cuenca (Ecuador) and the Instituto Nacional de Patrimonio Cultural (Ecuador) for giving the facilities for data acquisition y providing bibliographic information.

Author contributions
Conceptualization: MCAU; JT-Q; Contextualization: MCAU; JT-Q; MLS; Methodology: MCAU; JT-Q; Results and Discussion: MCAU; JT-Q; MLS; Conclusions: MCAU; JT-Q; MLS; Writing and revision: MCAU; JT-Q; MLS; Administrative management: MCAU. All authors read and approved the final manuscript.

Funding
This article is part of the research project No. PICCIITT19-21 called Biodeterioration of the Ingapirca Archaeological Complex: microbiology and lichenology of stone substrates (Biodeterioro del Complejo Arqueológico Ingapirca; microbiología y liquenología de sustratos pétreos, in Spanish) belonging to the Institutional Call for Projects of the Universidad Católica de Cuenca (Ecuador) called "Convocatoria de Proyectos de Investigación CIITT 2019–2020".

Availability of data and materials
Datasets used and/or analyzed during the current study are available from the corresponding author on reasonable request.

Declarations
Competing interests
The authors declare that they have no competing interests. The funder had no role in the design of the study; in the collection, analysis, or interpretation of data; in the writing of the manuscript, or in the decision to publish the results.


References
	1.
Naoom EN, Mohammad KI. Rehabilitation and repair of AL- Tahera Church in AL- Hamdaniya District, Mosul City, Iraq. Case Stud Constr Mater. 2022;16:2–12. https://​doi.​org/​10.​1016/​j.​cscm.​2021.​e00787.Crossref

	2.
Vettori S, Cabassi J, Cantisani E, Riminesi C. Environmental impact assessment on the stone decay in the archaeological site of Hierapolis (Denizli, Turkey). Sci Total Environ. 2019;650:2962–73. https://​doi.​org/​10.​1016/​j.​scitotenv.​2018.​10.​038.Crossref

	3.
Cantisani E, et al. A multi-analytical approach for the study of red stains on heritage marble. Analyst. 2019;144(7):2375–86. https://​doi.​org/​10.​1039/​c8an02426j.Crossref

	4.
Łucejko JJ, et al. Deterioration effects of wet environments and brown rot fungus Coniophora puteana on pine wood in the archaeological site of Biskupin (Poland). Microchem J. 2018;138:132–46. https://​doi.​org/​10.​1016/​j.​microc.​2017.​12.​028.Crossref

	5.
Ayala Mora E. Resumen de historia del Ecuador (Summary of the history of Ecuador), vol. 1. Quito: Corporación Editora Nacional; 2008.

	6.
Idrovo J, Almeida N. La cerámica en Ingapirca. Cuenca: Ceramics in Ingapirca; 1997.

	7.
Chamorro D. Diversiones geométricas en Ingapirca (Geometric amusements at Ingapirca). Revista de Divulgación Amarun. 2015;2:16–26.

	8.
de Saulieu G, Duche Hidalgo C. La tradición Muitzentza y el Periodo de integración (700–1500 d. C.) en la alta cuenca del río Pastaza, Amazonía ecuatoriana” (The Muitzentza tradition and the Integration Period (700–1500 A.D.) in the upper Pastaza river basin, Ecuadorian Amazon Region). Bulletin de l’Institut français d’études andines. 2012;41(1):35–55. https://​doi.​org/​10.​4000/​bifea.​1004.Crossref

	9.
Serrano-Via Y, Vizuete-Sandoval DA. La (im)posibilidad del patrimonio: entre conflicto social y el lugar del Estado (The (im)possibility of heritage: between social conflict and the State’s role). Universitas (Stuttg). 2020;33:19–38. https://​doi.​org/​10.​17163/​uni.​n33.​2020.​01.Crossref

	10.
Swieciochowski S. Le diagnostic et le Projet de Conservation et de restauration du Site D’ingapirca en Equateur, Une Approche Globale, Scientifique et Moderne, (Diagnosis and Project of Conservation and Restoration of the Site of Ingapirca in Ecuador, A Global, Scientific and Modern Approach). 2016.

	11.
Calle Romero N, Delgado Inga O. Ingapirca, Principal centro turístico del Ecuador (Ingapirca, Ecuador’s main tourist center). Revista de la Universidad del Azuay. 2015;67:83–108.

	12.
Salvatici T, Calandra S, Centauro I, Pecchioni E, Intrieri E, Garzonio CA. Monitoring and evaluation of sandstone decay adopting non-destructive techniques: on-site application on building stones. Heritage. 2020;3(4):1287–301. https://​doi.​org/​10.​3390/​heritage3040071.Crossref

	13.
Ortega-Morales O, Montero-Muñoz JL, Baptista Neto JA, Beech IB, Sunner J, Gaylarde C. Deterioration and microbial colonization of cultural heritage stone buildings in polluted and unpolluted tropical and subtropical climates: a meta-analysis. Int Biodeterior Biodegradation. 2019;143:1–11. https://​doi.​org/​10.​1016/​j.​ibiod.​2019.​104734.Crossref

	14.
Tiano P. Biodeterioration of stone monuments a worldwide issue. Open Conf Proc J. 2016;7:29–38. https://​doi.​org/​10.​2174/​2210289201607020​029.Crossref

	15.
Instituto Nacional de Patrimonio Cultural (INPC). Diagnóstico del Estado de Conservación. Complejo Arqueológico Ingapirca. 2013–2015 (Diagnosis of the State of Conservation. Ingapirca Archaeological Complex. 2013–2015). 2015.

	16.
Patil SM, Kasthurba AK, Patil MV. Characterization and assessment of stone deterioration on Heritage Buildings. Case Stud Constr Mater. 2021. https://​doi.​org/​10.​1016/​j.​cscm.​2021.​e00696.Crossref

	17.
Salvadori O, Municchia AC. The role of fungi and lichens in the biodeterioration of stone monuments. Open Conf Proc J. 2016;7:39–54. https://​doi.​org/​10.​2174/​2210289201607020​039.Crossref

	18.
Li J, Deng M, Gao L, Yen S, Katayama Y, Gu J-D. The active microbes and biochemical processes contributing to deterioration of Angkor sandstone monuments under the tropical climate in Cambodia—a review. J Cult Herit. 2021;47:218–26. https://​doi.​org/​10.​1016/​j.​culher.​2020.​10.​010.Crossref

	19.
Sitzia F, Lisci C, Mirao J. Accelerate ageing on building stone materials by simulating daily, seasonal thermo-hygrometric conditions and solar radiation of Csa Mediterranean climate. Constr Build Mater. 2021;266:2–17. https://​doi.​org/​10.​1016/​j.​conbuildmat.​2020.​121009.Crossref

	20.
Gaylarde C, Baptista-Neto JA, Ogawa A, Kowalski M, Celikkol-Aydin S, Beech I. Epilithic and endolithic microorganisms and deterioration on stone church facades subject to urban pollution in a sub-tropical climate. Biofouling. 2017;33:113–27. https://​doi.​org/​10.​1080/​08927014.​2016.​1269893.Crossref

	21.
Yarzábal LA, et al. Biological deterioration of an Inca monument at high altitude in the Andean range: a case study from Ingapirca’s temple of the Sun (Ecuador). Heritage. 2022;5:2504–18. https://​doi.​org/​10.​3390/​heritage5030130.Crossref

	22.
La Condamine JM. Mémoire sur quelques anciens monuments du Pérou [sic], du tems des Incas (Informe sobre algunos monumentos antiguos de Perú [sic], de la época de los Incas). A. Haude, Berlín, 1745.

	23.
von Humboldt A. Monumentos de los pueblos indígenas del Cañar (Monuments of the indigenous peoples of Cañar), pp. 71–83, 1878. https://​babel.​banrepcultural.​org/​digital/​collection/​p17054coll10/​id/​3227 Accessed 7 Apr 2022.

	24.
Vega Toral T. El castillo de Ingapirca (The Castle of Ingapirca). Revista del Centro de Estudios Históricos y Geográficos de Cuenca, pp. 43–100. 1928.

	25.
Jijón J, Caamaño. Notas de Arqueología Cruzqueña (Cruzquena Archeology Notes), Revista Dios y Patria. 1929;22(23): 2–11.

	26.
Bedoya Á. Aspectos de la arqueología en la región de Cañar (Aspects of archeology in the Cañar region), Quito, 1965.

	27.
Bedoya Á. ¿Cuál fue el destino de las construcciones arqueológicas de Ingapirca? (What was the purpose of the Ingapirca archaeological constructions?). Humanitas, Boletín ecuatoriano de la antropología. 1965;2:5–49.

	28.
Bedoya A. Monumento incáico de Ingapirca (Cañar) (Ingapirca Inca Monument (Cañar). 1968;1–8, 

	29.
González Suárez F. Monumentos de los Incas (Inca Monuments). 1902. https://​www.​cervantesvirtual​.​com/​obra-visor/​federico-gonzalez-suarez--0/​html/​0009753e-82b2-11df-acc7-002185ce6064_​25.​html

	30.
Cueva J. Descubrimientos arqueológicos en Ingapirca (Archeological discoveries at Ingapirca). Revista de Antropología. 1970;5:215–26.

	31.
Landívar U. Miscelánea Documento para la Historia (Miscellaneous Document for History), Revista de Antropología, Sección de Antropología del Núcleo del Azuay de la CCE, 3, 1970.

	32.
Rivera Dorado M. Arqueología de Ingapirca, Ecuador: Informe preliminar (Ingapirca Archeology, Ecuador: Preliminary Report)”, Quito, 1973.

	33.
Alcina Franch J. Excavaciones arqueológicas de Ingapirca (Ingapirca archeological excavations), Revista Mundo Hispánico, 328, pp. 1–5, 1975.

	34.
Alcina Franch J. Ingapirca: arquitectura y áreas de asentamiento (Ingapirca: architecture and settlement areas). Rev Esp Antropol Am. 1978;8:128–46.

	35.
Cabrera J. Problemas de erosión en la piedra del Castillo de Ingapirca (Erosion problems in the Ingapirca Castle Stone). Quito, 1976.

	36.
Jara H. Informe de dos muestras de restauración arqueológica de Ingapirca (Report of two archeological restoration samples from Ingapirca), Quito, 1979.

	37.
Fresco A. Excavaciones en Ingapirca (Ecuador): 1978–1982 (Excavations at Ingapirca (Ecuador): 1978–1982). Rev Esp Antropol Am. 1984;14:86–101.

	38.
Barnes M., Fleming D. Charles-Marie de La Condamine’ s Report on Ingapirca and the Development of Scientific Field Work in the Andes, 1735–1744. 1989. https://​digitalcommons.​library.​umaine.​edu/​cgi/​viewcontent.​cgi?​article=​1028&​context=​andean_​past&​httpsredir=​1&​referer=

	39.
Skibinski S. Segundo informe acerca del estado de conservación y de los principales problemas de restauración y revalorización del sitio arqueológico de Ingapirca, Cañar, Ecuador (Second report on the state of conservation and the main problems of restoration and revaluation of the archaeological site of Ingapirca, Cañar, Ecuador) 1991.

	40.
Jara H, Fresco A. Proyecto de consolidación del barranco del Castillo de Ingapirca, propuesta teórica y gráfica (Consolidation project of the Ingapirca Castle Cliff, theoretical and graphical proposal), Ingapirca, 1993.

	41.
Idrovo Uriguen J. Estudios preliminares para la restauración de la elipse (Koricancha) de Ingapirca (Preliminary studies for the restoration of Ingapirca's ellipse (koricancha), 1993.

	42.
Salazar J, Zeas J. Una propuesta para la restauración del castillo de Ingapirca (A proposal for the restoration of the Ingapirca castle). 1994.

	43.
Jara H. Un Pórtico, la mejor alternativa de solución para el barranco de Ingapirca (A gateway, the best alternative solution for the Ingapirca cliff), in Simposio Intternacional de Ingapirca, 1994.

	44.
Swieciochowski S. Problemas de la enfermedad de la piedra en la Elipse de la Piedra (Stone disease problems in the Stone Ellipse) in Simposio Intternacional de Ingapirca, 1994.

	45.
Gandra P. Diagnóstico de los sillares de la elipse (Diagnosis of the ellipse ashlars), 1995.

	46.
Coello Á. Informe Final de Actividades realizadas en la Elipse del Complejo Ingapirka (Final Report of Activities in the Ingapirka Complex Ellipse). 2005.

	47.
Instituto Nacional de Patrimonio Cultural (INPC). Proyecto de intervención de la elipse del Complejo de Ingapirca (Ingapirca Complex ellipse intervention project), Cañar. 2007.

	48.
Roura Ortega M. Estudio integral del suelo del Complejo Arqueológico Ingapirca, para mitigar el problema del deslizamiento del suelo (Comprehensive soil study of the Ingapirca Archaeological Complex to mitigate the problem of landslides), Quito, 2008.

	49.
P. Cazar. Estudio integral del suelo del Complejo Arqueológico Ingapirca, para mitigar el problema de deslizamiento del suelo (Comprehensive soil study of the Ingapirca Archaeological Complex to mitigate the problem of landslides), Ingapirca, 2008.

	50.
Swieciochowski S. Evaluación del estado de conservación de la piedra en el Sitio Arqueológico de Ingapirca (Assessment of the state of stone conservation at the Ingapirca Archeological Site) 2009.

	51.
Ziólskowski M, Sadowski R. Investigaciones arqueoastronómicas en el sitio de Ingapirca (Archeoastronomical investigations at the Ingapirca site). Cañar: Imprenta de la CCE, Núcleo del Cañar, 2000.

	52.
Skibinski S. Problemas de conservación de monumentos arqueológicos de piedra en el Perú y Ecuador (Conservation problems of archeological stone monuments in Peru and Ecuador). 1991.

	53.
Idrovo J. Complejo arqueológico de Ingapirca (Ingapirca archeological complex)”, Azogues, 1992.

	54.
Korkanç M, et al. Interpreting sulfated crusts on natural building stones using sulfur contour maps and infrared thermography. Environ Earth Sci. 2019;78:378. https://​doi.​org/​10.​1007/​s12665-019-8377-y.Crossref

	55.
Tosunlar MB, Beycan ADO, Korkanc M. Non-destructive test investigations on the deterioration of Roman Mausoleum in Karadağ Central Anatolia, Turkey. Mediterr Archaeol Archaeom. 2020;20:199–219. https://​doi.​org/​10.​5281/​ZENODO.​4016084.Crossref

	56.
Longo S, et al. The Terrace of Saturn in Palazzo Vecchio, Florence (Italy): Material Characterisation and Monitoring for Preventive Conservation. In: Furferi Rocco, Governi Lapo, Volpe Yary, Gherardini Francesco, Seymour Kate, editors., et al., The future of heritage science and technologies: design, simulation and monitoring. Cham: Springer International Publishing; 2023. p. 376–91.Crossref

	57.
Calandra S, Cantisani E, Vettori S, Ricci M, Agostini B, Garzonio CA. The San Giovanni Baptistery in Florence (Italy): assessment of the state of conservation of surfaces and characterization of stone materials. Appl Sci. 2022;12:4050. https://​doi.​org/​10.​3390/​app12084050.Crossref

	58.
Gulotta D, Toniolo L. Conservation of the built heritage: pilot site approach to design a sustainable process. Heritage. 2019;2(1):797–812. https://​doi.​org/​10.​3390/​heritage2010052.Crossref

	59.
Talaverano RM, Muñoz LC, Fragero JIM. Integrated analysis of historical constructions: stratigraphic sequence and pathological diagnosis. Application to the church of Santa Clara (Cordoba). Arqueologia de la Arquitectura. 2018;15:2–29. https://​doi.​org/​10.​3989/​arq.​arqt.​2018.​001.Crossref

	60.
Fortea Luna M, Garcés Desmaison MA. Historia de la Construcción y Arqueologia: el análisis contructivo de la vida del monumento (Construction History and Archeology: the constructive analysis of the life of the monument)”, Actas del Séptimo Congreso Nacional de Historia de la Construcción, pp. 26–29, 2011. https://​dialnet.​unirioja.​es/​servlet/​libro?​codigo=​510908

	61.
Quirós Castillo JA. Arqueología de la Arquitectura en España (Archeology of Architecture in Spain). Arqueología de la arquitectura. 2002;1:27–38. https://​doi.​org/​10.​3989/​arq.​arqt.​2002.​4.Crossref

	62.
Azkarate Garai-Olaun A. Intereses cognoscitivos y praxis social en Arqueología de la Arquitectura (Cognitive interests and social praxis in architectural archeology). Arqueología de la Arquitectura. 2002;1:55–71. https://​doi.​org/​10.​3989/​arq.​arqt.​2002.​6.Crossref

	63.
Mannoni T. Archeologia della produzione architettonica. Le tecniche costruttive (Archeology of architectural production. Construction techniques). Arqueología de la arquitectura. 2005;4:11–9.Crossref

	64.
Talabanes Rodríguez MÁ, Vargas Lorenzo C. Nuevos estudios en el recinto primitivo e investigaciones derivadas de hallazgos casuales (New studies in the primitive precinct and investigations derived from serendipitous discoveries). Apuntes del Alcázar de Sevilla. 2014;15:9–60.

	65.
Guerrero Vega JM, Puerto FP, Vicente GM. Un modelo HBIM aplicado a la lectura diacrónica de la arquitectura: la capilla de los Tocino (s. XV) de Jerez de la Frontera (An HBIM model applied to the diachronic reading of architecture: the chapel of the Tocino family (15th c.) in Jerez de la Frontera). Arqueologia de la Arquitectura. 2021;18:2–12. https://​doi.​org/​10.​3989/​ARQ.​ARQT.​2021.​004.Crossref

	66.
Doglioni F. Ruolo e salvaguardia delle evidenze stratigrafiche nel progetto e nel cantiere di retauro (Role and preservation of stratigraphic evidence in the design and restoration site). Arqueología de la arquitectura. 2002;1:113–30. https://​doi.​org/​10.​3989/​arq.​arqt.​2002.​10.Crossref

	67.
Harris EC. ESTRATIGRAFIA ARQUEOLÓGICA. 1991. https://​www.​academia.​edu/​8471396/​Principios_​de_​Estratigrafia_​Arqueologica

	68.
Aguirre Ullauri M del C. Materiales históricos, lectura histórico constructiva y caracterización. El caso de Cuenca (Ecuador) (Historical materials, historical constructive reading and characterization. The case of Cuenca (Ecuador)), Universidad Politécnica de Madrid, Madrid, 2021.

	69.
Rodríguez López JA, Rivera Groennou JM. Iglesia San José, San Juan, Puerto Rico: perspectiva arqueológica a cinco siglos de su historia constructiva (San José Church, San Juan, Puerto Rico: archaeological perspective on five centuries of its construction history). Arqueologia de la Arquitectura. 2021;18:2–30. https://​doi.​org/​10.​3989/​ARQ.​ARQT.​2021.​007.Crossref

	70.
Blanco Rotea R. Metodología para el análisis estratigráfico del patrimonio construido y su aplicación en San Fiz de Solovio (Santiago de Compostela – A Coruña) (Methodology for the stratigraphic analysis of the built heritage and its application in San Fiz de Solovio (Santiago de Compostela - A Coruña).), Universidad de Santiago de Compostela, Santiago de Compostela, 1999.

	71.
Parcero Oubiña C, Méndez Fernández F, Blanco Rotea R. El Registro de la Información en Intervenciones Arqueológicas (The Information Record in Archeological Interventions, First Edition), Primera Edición. Santiago de Compostela: Laboratorio de Arqueoloxía e Formas Culturais (GIArPa), IIT, USC, 1999.

	72.
Caballero Zoreda L. Método para el análisis estratigráfico de construcciones históricas o ‘lectura de paramentos (Method for stratigraphic analysis of historical buildings or ’wall reading’). Informes de la Construcción. 1995;46(435):37–46. https://​doi.​org/​10.​3989/​ic.​1995.​v46.​i435.​1096.Crossref

	73.
Doglioni F. Stratigrafia e restauro. Tra conoscenza e conservazione dell’architettura (Stratigraphy and restoration. Between knowledge and conservation of architecture). Lint Editoriale Associati. p. 312, 1997.

	74.
Aguerre JP, Nahon R, Garcia-Nevado E, la Borderie C, Fernández E, Beckers B. A street in perspective: thermography simulated by the finite element method. Build Environ. 2019;148:225–39. https://​doi.​org/​10.​1016/​j.​buildenv.​2018.​11.​007.Crossref

	75.
Garcia-Nevado E, Beckers B, Coch H. Assessing the cooling effect of urban textile shading devices through time-lapse thermography. Sustain Cities Soc. 2020;63:102458. https://​doi.​org/​10.​1016/​j.​scs.​2020.​102458.Crossref

	76.
Bergman T, Lavine A, Incropera F, Dewitt D. Fundamentals of Heat and Mass Transfer. Denvers: John Wiley & sons; 2011.

	77.
Engineering Tools. Psychrometer calculator. https://​www.​herramientasinge​nieria.​com/​onlinecalc/​psychrometrics/​psychrometrics.​html. Accessed 22 Nov 2022.

	78.
Swieciochowski S. Diagnóstico y conservación del Monumento Arqueológico de Ingapirca. Informe de análisis de autenticidad (Diagnosis and conservation of the Ingapirca Archeological Monument. Authenticity analysis report). 2013.

	79.
Swieciochowski S, Espinoza F. Diagnóstico y conservación del Monumento Arqueológico de Ingapirca. Sistema constructivo (Diagnosis and conservation of the Ingapirca Archeological Monument. Construction system). 2013.

	80.
Mar R, Beltrán-Caballero JA. El conjunto arqueológico de Saqsaywaman (Cusco): una aproximación a su arquitectura (The Saqsaywaman archeological complex (Cusco): an approximation to its architecture). Revista Española de Antropología Americana. 2015;44(1):9–38. https://​doi.​org/​10.​5209/​rev_​REAA.​2014.​v44.​n1.​47633.Crossref

	81.
Ordóñez CJ. Mit’a para el inca: Conexiones entre la construcción del palacio de Huánuco Pampa y la contribución de los grupos étnicos locales (Mit’a for the Inca: Connections between the construction of the Huanuco Pampa palace and the contribution of local ethnic groups). Estudios Atacameños. 2019;62:5–41. https://​doi.​org/​10.​22199/​issn.​0718-1043-2019-0001.Crossref

	82.
Jadán M. Apropiación inka en la cordillera de Chilla, suroeste de los Andes del Ecuador: el caso del sitio Guiñayzhu (Inka appropriation in the Chilla mountain range, southwestern Andes of Ecuador: the case of the site Guiñayzhu). Arqueología Iberoamericana. 2018;37:12–37. https://​doi.​org/​10.​5281/​zenodo.​3247854.Crossref

	83.
Swieciochowski S. Diagnóstico y conservación del Monumento Arqueológico de Ingapirca. Informe de avances (Diagnosis and conservation of the Ingapirca Archeological Monument. Progress report). 2013.

	84.
Instituto Nacional de Patrimonio Cultural (INPC). Informe. Anexo fotográfico del estudio histórico del Templo del Sol. 2013.

	85.
Hadden G. Informe sobre las labores de limpieza y consolidación del monumento incaico de Ingapirca (Report on the cleaning and consolidation works of the Inca monument of Ingapirca), Quito, 1968.

	86.
Bedoya Á. Monumento incaico de Ingapirca en Cañar (Ingapirca Inca Monument in Cañar). Revista Geográfica. 1972;3:133–49.

	87.
García de Miguel J. ICOMOS-ISCS:Illustrated glossary on stone deterioration patterns = Glosario ilustrado de formas de deterioro de la piedra. Paris, 2011.

	88.
Sánchez M. Caracterización y estudios de deterioro/conservación de materiales pétreos en monumentos históricos (Characterization and deterioration/conservation studies of stone materials in historical monuments.), in II Congreso del GEIIC. Investigación en Conservación y Restauración, 2005, pp. 269–275.

	89.
Romero-Bastidsa M, Espinoza F, Vásquez Mora C, Benalcázar Díaz R. Estado de conservación del Complejo Arqueológico de Ingapirca (Conservation status of the Ingapirca Archeological Complex), Quito, 2020.

	90.
Tomansz W, Swieciochwski S, Ziolkowski M. Informe preliminar acerca del estado de conservación y de los principales problemas de restauración y revalorización del sitio Ingapirca (Preliminary report on the state of conservation and the main restoration and revaluation problems at the Ingapirca site)”, Cañar, 1989.

	91.
SunEarthTools.com, “Sun position,” https://​www.​sunearthtools.​com/​dp/​tools/​pos_​sun.​php?​lang=​es, Accessed 3 Nov 2022.

	92.
Mileto C, Vegas F. El análisis estratigráfico una herramienta de conocimiento y conservación de la arquitectura (Stratigraphic analysis as a tool for knowledge and preservation of architecture), in Arqueología aplicada al estudio e interpretación de edificios históricos: últimas tendencias metodológicas, M. Morales Martín and E. de Vega García, Eds. España: Ministerio de Cultura, Subdirección General de Publicaciones, Información y Documentación, 2010, pp. 145–157

	93.
Samadzadehyazdi S, Ansari M, Mahdavinejad M, Bemaninan M. Significance of authenticity: learning from best practice of adaptive reuse in the industrial heritage of Iran. Int J Archit Heritage. 2020;14(3):329–44. https://​doi.​org/​10.​1080/​15583058.​2018.​1542466.Crossref

	94.
Fadaei Nezhad S, Eshrati P, Eshrati D. A definition of authenticity concept in conservation of cultural landscapes. ArchNet-IJAR. 2015;9(1):93. https://​doi.​org/​10.​26687/​archnet-ijar.​v9i1.​473.Crossref

	95.
Wu D, Shen C, Wang E, Hou Y, Yang J. Impact of the perceived authenticity of heritage sites on subjective well-being: a study of the mediating role of place attachment and satisfaction. Sustainability. 2019;11(21):6148. https://​doi.​org/​10.​3390/​su11216148.Crossref

	96.
Gao Q, Jones S. Authenticity and heritage conservation: seeking common complexities beyond the ‘Eastern’ and ‘Western’ dichotomy. Int J Herit Stud. 2021;27(1):90–106. https://​doi.​org/​10.​1080/​13527258.​2020.​1793377.Crossref



Publisher's Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


OEBPS/images/40494_2023_899_Fig13_HTML.png
o )
@

ey
NG N
\ S N
= SOUTH ELEVATION —EASTELEVATION ' NORTH ELEVATION
SOUTHEAST PERSPECTIVE (SE) | NORTHWEST PERSPECTIVE (N!
om Tom o om
P
80%
60%
40%
o [ |
South Elevation (S) East Elevation (E) North Elevation (N) West Elevation (W)
100%
80%
60%
40%
20%
. et e dllils 5.
South Elevation (S) East Elevation (E) North Elevation (N) West Elevation (W)

SYMBOLOGY

Perimeters and edges Visible altered and negative interface surfaces

- -- Uncertain perimeter of the interface surface Finished negative interface, forms an architectural surface

Negative inferface surface visibility boundary Single negative or rupture inferface

R S (OB&E  Wearing interface, surface resulting from the loss of material due to the action of wear.

Tvelnegative inferfaceledgelconfigvededge cbianed witidiseionallcUting Degradation interface, surface affected by erosion, exfoliation, detachment, among others.

Visible altered surfaces, appearance modification, do not form layers

Negative inferface end edge, simple demoiition edge

Uncertain perimeter Negative interface terminated edge

Negative interface surface visibility boundary Negative interface terminated

True negative interface edge Wearing interface

Visible altered surface

—
—
Bordo di aftesa mmmmmmm  Degradation interface
—
—

Evidence of deterioration





OEBPS/navigation.xhtml

    
      Contents


      
        		State of conservation analysis of the Elliptical Wall of the Temple of the Sun in Ingapirca (Ecuador) and its relationship with climate conditions


      


    
    
      Landmarks


      
        		Body Matter


      


    
  

OEBPS/images/40494_2023_899_Fig4_HTML.png
Position of Datalogger

T . A
P3_ Southwest perspective





OEBPS/images/40494_2023_899_Fig10_HTML.png
CONDENSATION ANALYSIS (UNIT: °C)

4nc

\

NORTHWEST PERSPECTIVE (NW)

SOUTHEAST PERSPECTIVE (SE)

AG_5 110

S

L EASTELEVATION
L

\
L NORTH ELEVATION

\

NORTHWEST

SOUTH ELEVATION (S)

EAST ELEVATION (E)

NORTH ELEVATION (N)

I ¢
JAAAS

21st Century
2023

21st Century
2000-2022

20th Century
1994-1999

20th Century
1975-1978

20th Century
1967-1970

Century 2
2

20th Century
1906-1961

19th Century
1894-1899

18th Century
1739

P.of infegration

21500 AD.
SYMBOLOGY
s
L = ‘South WallSun Caphure (1700 Wvm2)
] Do
-
‘stage 1. b e L esion_Yolowsh chromalic aeration
PR ——"
TR L et o
S % Norhdesuctve e 1 NS SV cten
S e beghvings Conrl and monsong actvly -4 North destructive cut 2 NMSG_S/N/E/W_007  Pothological lesion. Groen moss
001 ioe OMRERSERITID) e wetanCooke oo 433 o oo Norh dosuctve et 3 NMSG_S/IN/ETWLO10  Phlogcaesn. Defochmen! by ogmen's
FTO— - P
it S
oo r— i = 28 s i segrodoton on doecatan of o
Radine = e e A S ”
TN g0 Phome Oésiecorstuctons 19671970 g% = r (piattorm) ::f:’ﬂ West ostior woll )M/uw:g;; m:: :“;::i
I St rnmmnctr (77 [ 3 e o ek e e oy G103 e g et e e et
A o ey 2GW1os Malaence o s ol oo o sncienclvclomenit
e Ak e AGWL10S oisnnce ol hwed ablorwct it owctreprana s
808 e

©





OEBPS/images/40494_2023_899_Fig6_HTML.png
SOUTH ELEVATION (8) EAST ELEVATION (E) NORTH ELEVATION (N) WEST ELEVATION (W)

|
[T H e e ) |
AGS 107 |t {AGE 106 |

[Ac N 110
109
21st Century
PHASEY ————— g —— (V- F——F— | f————T——F—————— | T———— T _| 2000-2022
AG_N_108 20th Century
PHASE 8 1994-1999

PAGN107] | 20th Century
PHASE 7 L =il I— L. e 1975-1978

20th Century
PHASE 6 1967-1970

|

|

|

|
PHASES | Century 2

- 2

e

|

| 20th Century
PHASE 4 _ =— — — L [ — 19061961

|

|

| 19th Century
PHASE 3 !0 e s U0 -/ | s | 1 A9 | S 55554 [ S| P —— — | 1894-1899

|

|

| 18th Century
PHASE 2 | e — — 1739

SYMBOLOGY
HISTORICAL-CONSTRUCTION SEQUENCE DEGRADATION SEQUENCE NMsG
[ AG (Activifies Group) [ NG (pathologicalleson/destnuciive action) South foundation floor (platform) AG_N_104 Reconstruciion of the upper southwest zone of  NMSG_S/NEM_001 - Pathological lesion_Bi
) ) Soulh astionvl the ashior wall NMSG_S/NEW_002 Pathological lesion_Alvear erosion
"} Destructive cut Stoge 1_phse INalurd delercralion Rmmmomwwme ofthe  AGN_105 Il of the lower westem zone of the north  NVSG_S/NEM_OXG  Palhologic lesion Displacement X
wall ashlor wal NVSG_S/NEMW_004 Pathologicallesion. Greenish chromaic alterafion
Stage 1_Phase 1:Primary construction Stage 2_Phase 2 Desucive beghnings E%"W'ﬁmfﬁm o he: S0 HROLST Iiupposiead | zoneicl e nofh A e e MCTEEIRE B 20
foundatin foar plfform NMSG S/N/E/W i
Stage 2_Phase 2: Destuctive beginnings Stage 2 Phase 3 Destucive beginings oS PR 0l csior wol  AG-N_107. nfling o the upper wester zone of the nodh  NisG SNEMW.007 Palihologicdlesion.Cataphylous exfolcion
wn’enencazallhe‘swlhawa Ml NLI08 et coating on fhe foundation floor  \MSG-SNEM_008  Pathological lesion. Reddih chromiic aferaion
Stage 2_Phase 3: Destructive beginnings A rryee ¢ Doeb e bt th desiuctive cut 2 £xd o ficosRaionitie: on floor NmsG_s/NEMW_0  Pathological lesion ¢ moss
Stage beghnings East foundaion floor (platiorm) NVSG_S/N/EW_010. Pathological lesion_Detachment by fragments

i fthe ashlarwalr
Stage 2_Phase 4: Destructive beginnings ast ashlar wal e NVSG_SINEWL011 Pathologicallesion. Fine extoliation

S 058egiring and destucive
- a ! | 3P tibedmig oo ol ey et e ity NMSG_S/NEM.012  Nafural wear of the stone.
i o oo oy SRseaE e o . gos aslarwal b NMSG_S/NEMW_0I3 Confinuous degradation and deferioration of the.
[ Siove 3 Phose OsBegiming and destucive econsicion of he upper Norh destctve cui2 orginal slptical wal
[ stage 3 Phase OsRecorshuchons (1967-1970) - £ and i coating on the piatfom West foundation floor (platform) HVBC NN Incrocied destuckon o wet sgmenly L cra s
078egining and destuciive found ashlor wall NNSG SINEW. ction.
| Stoged Phase07Reconshucions (19751978) R Malnfenonce 2.f the east ashlor wall Westinfl wail NVSG_W.016 Degradation and deshuction of wal segment W
fomn foundtion floor Earih and fuf coating on fhe foundation floor  NVSG_S/NEML017 Uncerlain onse! of desfnclive condifions in the
Stage 3 Phase 06 Reconsuctons (1994-1999) P, T sk o Gdlicksiuche o Gl (platiorm) reconsiructions of the walsegments N, W, and's
Norihinfllwal AG_W_104 Mainfenance 1 of the wes! ashior wal NMSG_S/NEW,018 Deshuciive confinully of the reconsinuclions N and's
Stage 4_Phase 09:Maintenance activifies Stage 4_Phase 09:Curent deshuctive actiors "wfeimaqu soulweslem z0n€ oG W_105 Maintenance 2 of the west ashior wall NVSG_SANVE/W_019  Destructive continuity of the reconstructions N and §





OEBPS/images/40494_2023_899_Fig9_HTML.png
a) MONTHLY SIMULATION

January ?

February ’

March ?

Av

&

June

&

July :

August ’

Septemb?

October ’

November ?

December 7

b) QUARTERLY SIMULATION

22 March-21June

22 June -21 September

—

—

22 September -21 December

—

22 December -21 March

—

c) ANNUAL SIMULATION

Wh/m2






OEBPS/images/40494_2023_899_Fig1_HTML.png
COLOMBIA

PACIFIC

LOCATION

SYMBOLOGY/LEGEND

Main entrance
Enfrance tfo the IAC

Elliptical wall of the Temple of the

View of the Elliptical Wall of the
Temple of the Sun of the Sun

Province of Cafiar
Ingapirca

Inca Route
Pilaloma
Collective Tomb
Ceremonial Baths
Terraces

Great Court
Warehouses

La Condamine
Lintels

Annexed chambers
Temple of the Sun
Cara del Inca Path

13 Sstreetn/n






OEBPS/images/40494_2023_899_Fig3_HTML.png
20 100

18 - - 2
16 =y [T o
14 70
12 60
©10 50
8 40
6 30
4 20
2 10

0 0

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

— Relative Humidity =~ ——@=— Air Temperature = —@-— Dew point





OEBPS/images/40494_2023_899_Fig2_HTML.png





OEBPS/images/40494_2023_899_Fig5_HTML.png
.
& \\\ NS X \
" SOUTH ELEVATION L WEST ELEVATION
L 'SOUTHEAST PERSPECTIVE (SE) 1 SPECTIVE (NW) ]
o - e -
SOUTH ELEVATION () EAST ELEVATION (E) NORTH ELEVATION (N) WESTEEVATON(W)
[ AG_E 106 | [AGN110]

Century

PHASE? — — — — . —0o 1or—+—o— .. . _f. _ . . . . _ . . . L. . . . _ — 2000-2022

AG_S_105 |

PHASE8

PHASE 7
201
Century
15671370
Centurye
PHASES _ | 1 | | __ [_| _1__ _| — - I Pt
{AG S 109
20
entury
PHASE4 | L | L | _ [ 1 | [ et
19t
Century
PHASE3 __ T P TR | L _Lisva189
loh
Century
PHASEZ____________________‘ —_ = | 1759
[AG s 101 |
AG_S_101
AG_N_102
Flegralion
AG_N_100 ['aG_W_ 100} 7000
PHASE 1 e —— e e i iswan.
HISTORICAL-CONSTRUCTION SEQUENCE AG
[ Ac acvites Group) AG.S100  South foundation floor (platform) AGE106  Maintenance 2 of the east ashlarwall  AGN_T10 Mainfenance 2 of the ashiar wallr
South ashlar wal AGEI07  East destructive cut
' AGINIIT  North destructive cut 1
Destructive cut South infill wall
AG_N_100  North Foundation floor (platform)
Reconstruction of the upper zone of AGINI12  North destructive cut 2
Stage 1_Phase 1:Primary construction AG_N_I01 North ashiar wal
the east ashiar wall.
AGINI®2  Norhinfilwal AGINII3  North destructive cut 3
Stage 2_Phase 2: Destructive AG.S_104  Entrance staircase reconsiruction
Bostrre AGNI03  Infl of lower southwestern zone of the )
e AGS_105 Earth and tuf coating on the AG_W_100 West foundation floor (platform)
" ; ashiar wall norte
g sl ina=el estiuElive foundation floor (platform)
beginnings AG.N_104  Reconsuction of the upper southwest AGW_IO1  West ashlar wall
AG.S106 Maintenance 1 of the south ashlar wall
Stage 2_Phase 4: Destructive 20n of the north cshiars wall.
beginnings AGS107  Maintenance 2 of the south ashlar wall AGW_102 West infillwal
AG.N105  Infling of the lower westem zone of the
~ Stage 3 Phase O5Reconstuctions AGS108  South destructive cut 1 ’
{uncertain reconstructions) north ashlars wai AGW_I03 Earth and furf coafing on the
AG.S109  South destructive cut 2 AGNI06 b otihe e otthe
y 5 N1 o east zone of the north
- Stage 3_Phase O6Reconstructions g ethelrosy foundation floor (platform)
(1967-1970) AG_E100  East foundation floor (platform) ks wal
’ AGE 101 Est ashiar wal
s et AGEI02  Eastinfil wall AGNI07  nfling of the upper western zone of the AG_W_104 Maintenance 1 of the west ashlar wall
{ ! AGE 103 Reconstruction of the lower zone of the N
Stage 3 Phase 08Reconsiuctions east ashlar wall » AG_W_105 Maintenance 2 of the west ashiar wall
(1994-1999) AG_E 104 Reconstruction of the upper zone of ~AGN_108  Earth and turf coating on the platform
— the east ashiar wall .
i’é’m;—"“"’e 09:Malnfenance AG.E_105 Earth and turf coating on the platform

foundation floor AGN_109  Maintenance 1 of the south ashiar wall






OEBPS/images/40494_2023_899_Fig11_HTML.png
MSU

MSG

A

AG

NMSU

NMSG

0 500 1000 1500 2000

SYMBOLOGY/LEGEND
m Positive (constructive) mural stratigraphic units u Activities
= Positive mural stratigraphic groups (constructive)  Group of Activities

® Mural stratigraphic units (hiatuses/cuts/constructive interfaces) m Negative Mural Stratagraphic Units (pathological lesions/destructive action)

= Mural strafigraphic groups (hiatuses/cuts/constructive interfaces)  mNegative Mural Stratagraphic Groups (pathological lesions/destructive action)





OEBPS/css/envelope.png





OEBPS/images/40494_2023_899_Fig8_HTML.png
SunEarthTools.com - 21/12/2022 SunEarthTools,.com - 2171272022
-2.5396594 - 02/09/2022 15396594 - 25/04/2022
~78.8748657 e Noo 100 - 21/06/2022 78.8748657 3% Moo 100 - 21/06/2022

21 Jun solsti
\ 7021 May-Jul

21 i solsti
L\ 7081 ay-Jul






OEBPS/images/40494_2023_899_Fig7_HTML.png
09/02 09/03 09/04 09/05 09/06 09/07 100

L 50 %
125
. T T T T T T T T T T 0
12 0 12 0 12 0 12 0 12 0 12 0
Ta Tdw Ts_S Ts W Ts_N fIsiE  ==mrs HR
04/25 04/26 04/27 04/28 04/29 04/30 05/01 05/02 108
1 . S L IS B i il e
RNEL
~ A==y 25
<=
0

12 0 12 0 12 0 12 0 1\2N 0 12 0 12 0 12 0






OEBPS/css/sidebar.gif





OEBPS/images/40494_2023_899_Fig12_HTML.png
South Elevation (S)

East Elevation (E)

North Elevation (N)

West Hevation (W)

0% 20% 40% 60% 80% 100%
SYMBOLOGY
m Original area_Ashlar walll Superficial treatment area_Cleaning = Reconstructed area_Ashlar wall
Reconstructed area_Staircase Superficial freatment area_Fumigation Superficial freatment area_Platform

m Original area_Infill wall





