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	The Khafere-Pyramid in Giza © 1
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	The pyramid of Khufu in the moonlight in front of modern Cairo © 2

	


Introduction

	 

	The construction form of the pyramid as such inspires people in large numbers worldwide. In addition to the cultural preoccupation with the Egyptian pyramids, a tradition has also developed which deals with the technical construction of the building form. In this area, both serious proposals were made by architects and archaeologists, but completely crazy and bizarre ideas were also developed. The ideas of the spinners are defined as pyramidioty in the professional world. 

	Michel Michel's theory was the starting point for this book, which was developed over several stages from a general history book. For the history of the Old Kingdom is basically a history of pyramids. In contrast to the countless other publications in this subject area, the authors do not claim to present the only possible solution to pyramid building. 

	 

	This monograph attempts to present the construction of the pyramids in chronological order. As the pyramids developed in several stages, the history of their construction is of crucial importance for understanding pyramid building. According to current knowledge, pyramid construction did not begin with the pyramid or a mastaba, but with the cultic complex, marked by a walled enclosure. 

	From a mastaba, a kind of gigantic rectangle of stones over a tomb, the step pyramid was first created, which was then extended. In the next evolutionary step, the step pyramid was covered and thus developed into a real pyramid. However, the inner core structure was retained as a stepped structure. All building theories that claim to be serious must therefore take into account the proven building process. The historical overview shows that even in the time of the real pyramids, a large mastaba was still acceptable as a royal tomb, or a pyramid that had already been started could be converted into a mastaba. Even a pyramid that was abandoned in the state of a core structure could be used as a royal tomb. This indicates that the Egyptians took a rather pragmatic approach to pyramid construction.

	In the second part of the book, the authors present a variety of proposed construction methods, organised according to construction typology. In Egyptology, the ramp theories are considered the only realistic proposals, as they respect representations of the Egyptians and their technical possibilities and archaeological facts
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	The extreme achievements of the Egyptians can clearly be seen in this photograph taken at the foot of the Great Pyramid of Giza © 3
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	The pyramid of King Sahure © 4

	


The First Structures Made in Stone

	 

	At the end of the 2nd dynasty, the Egyptians began building the first stone structure that has survived to this day in an area near the later step pyramid. The area is known as Gisr el-Mudir (Arabic for "The Residence of the Chief") and is often referred to in research as the "Great Enclosure". Even before the pyramid, the area complex was built, which was also of great importance to King Djoser. Gisr el-Mudir is an enclosure consisting of a rectangular wall measuring around 650 by 350 metres. Two walls of rough-hewn limestone, about 15 metres apart, are filled with gravel, rubble and sand in the space between them. The original height was around 10 metres. On the south side, the walls overlap to form an entrance. No remains of a building have yet been found in the enclosed area, and a large building structure such as a mastaba or pyramid has been completely ruled out. A small building may have stood in the north-west corner, as numerous stone fragments made of limestone, rose granite and basalt have been found in this area.

	The enclosure was discovered as early as 1837 by John Shae Perring and was also noted by Richard Lepsius and Jaques de Morgan, but was not investigated in more detail. It was not until 1947-48 that Abdel Salam Hussein carried out a more detailed investigation. As his nickname was "el-Mudir" (the chief), the excavation was given his name. However, the investigation remained unpublished.

	The site was only systematically investigated in the 1990s by archaeologists from the National Museum of Scotland. Modern techniques such as ground penetrating radar were then used. Since this investigation, the site has been regarded as an unfinished pyramid district dating to the 3rd Dynasty. However, as the pottery sherds from the wall filling are attributed to the 2nd Dynasty, the complex is currently dated to the transitional period from the 2nd to the 3rd Dynasty. This makes Gisr el-Mudir the oldest building made of carved stone to date and - if completed - would possibly also have been the oldest pyramid. The name of the builder has not yet been determined from the material found. The structure can be found on Google Maps under the coordinates

	29°51'59.4 "N 31°12'22.7 "E (or: 29.8665, 31.2063).
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	The Great Enclosure lies to the west and very close to the pyramid complex of Djoser in Sakkara. © 5
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	Saqqara, Imhotep Museum (formerly Cairo Nat. Mus. JE 49889) from a statue base of a statue of Djoser with the name and title of Imhotep. © 6

	 


The Step Pyramid

	 

	In the 3rd Dynasty, the structural foundations for the construction of the pyramids were laid, while the rulers themselves remain largely diffuse and uncertain in their succession and governmental activity. A decisive step was taken in the development of architecture and human history as a whole: the pyramid complex of Djoser introduced monumental architecture and, for the first time in history, was built extensively in stone. Djoser is therefore regarded as the creator of a new era [1].

	The name Djoser, by which the king is generally known today, has only been documented since the Middle Kingdom, however, as the name is documented as "Hor-Netjer-chet-Djoser" on a statue from the 12th dynasty [2]. The equation of Djoser with his Horus name "Netjeri-chet" is accepted without doubt today. His Horus name is well documented in the Old Kingdom. As the builder of the first pyramid, he is one of the most famous kings of Ancient Egypt.

	Both Djoser and his universal scholar and master builder Imhotep were deified in later times. Under his reign, pharaonic Egypt was shaped politically and culturally in every respect and took on the appearance typical of this advanced civilisation.

	Although he was not a king, Imhotep, the master builder of Djoser and his successor, King Sekhemkhet, is more important than the kings he served. However, only titles of rank and provision are known of him. He can be seen as the first tangible "universal scholar" in human history. From the New Kingdom onwards, Imhotep was worshipped as a god and, as legends grew, numerous other achievements were attributed to him: he was regarded as the inventor of writing (which was in use long before him) and as the founder of Egyptian medicine (although he did not have the title of doctor). Archaeologically, he was initially regarded as a figure of legend until his real existence was proven in 1920 with the discovery of the statue base by the British Egyptologist Cecil M. Firth (1878-1931). We lack precise biographical information about Imhotep's life. The titles he bore suggest that he may have been a younger brother of Djoser. He is known to have survived the king, as he planned another pyramid as the successor's master builder. The name Imhotep means "he who comes in peace". [3].

	 

	The tomb of Imhotep is mentioned in later texts and was the centre of his cult alongside a sanctuary of Imhotep [4]. 

	It is thought to be located near the Pyramid of Djoser. It has not yet been found. 

	The pyramid of Djoser marked the end of the era of royal mastaba tombs as the most important form of royal burial and this new form of burial became the hallmark of the pharaohs. The construction of a cenotaph in the ancient burial site of Abydos was also abandoned. In place of the cenotaph in Abydos, Djoser had a southern tomb built within his pyramid precinct.

	The introduction of stone construction by the master builder and polymath Imhotep made the construction of the pyramids possible in the first place. With the exception of the inner chamber panelling, the pyramid of Djoser was built from locally quarried limestone [5,6]. 

	 

	As the layer thickness of the local limestone is only 20-60 cm, the small dimensions of the stones are attributed to this circumstance [5]. Other researchers, however, see the small brick formats as a further development of the brick building blocks in the new building material stone [7,8]. 

	Since other building elements in the pyramid complex of Djoser also imitate building elements made of plant material and wood in stone and faience, it is quite conceivable that the stones were intended to imitate a mud-brick mastaba in stone: The stone pillars imitate plant supports made of papyrus, the stone door at the entrance is worked as its imitation, open wooden door, standing open for all time. The coloured tiles in the south tomb imitate mat walls.   

	The pyramid of Djoser was built in several stages. First, a square mastaba (M1) was erected with a base length of 120 cubits. This was built in two stages, M2 and M3, giving it a rectangular ground plan. The stones are laid like bricks using the bond and stretcher technique. The stone layers are also slightly inclined inwards.
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	The Pyramid of Djoser seen from the south-west. © 7

	[image: Image]

	The Heb-Sed cult courtyard in the Djoser pyramid district © 8
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	Detailed observation of the Djoser pyramid. The inwardly inclined, small building blocks of the early pyramids tend to disintegrate first at the corners and the cornerstones fall out first. © 9

	 

	The royal mastaba was extended in two further construction phases: first into a stepped pyramid with four steps (P1) and then into a pyramid with six steps (P2). Numerous arguments were put forward in favour of the extension (such as the visual connection to the fertile land with construction stage P2). Each stage was also a safeguard in case the king died unexpectedly. A fully functional tomb would have been available in each construction phase or could have been completed quickly. The two superimposed pyramid construction phases P1 and P2 were built with larger stones. No traces of a construction ramp have yet been found on the pyramid [5]. The pyramid complex of Djoser is the largest of all preserved and known pyramid complexes. Some elements of the complex are designed as functional architecture, while other parts were constructed as "fictional architecture".

	In the centre of the rectangular pyramid complex is the step pyramid (no. 1 on the plan). The complex was entered through an entrance gate and a colonnade (no. 10) of 20 columns leads to the south courtyard (no. 5). The entrance area was reconstructed by J-P-Lauer in the years 1946-1957 [8]. 

	Examination of the building finds revealed that this area was built in several stages. The portico columns leading to the south courtyard still show traces of red paint.
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	Ground plan of the Djoser pyramid complex © 10

	1: Step pyramid

	2: South Tomb

	3: Heb-Sed ceremonial courtyard

	4: Temple T

	5: south courtyard

	6: south pavilion

	7: north pavilion

	8: mortuary temple

	9: west galleries

	10: Entrance colonnade

	11: north courtyard

	12: north galleries

	13: Staircase tombs

	14: Serdab

	15: north altar

	 

	The southern tomb

	In the far south, at the end of the south courtyard, lies the so-called South Tomb (No. 2). It is considered the most enigmatic element of the Djoser district. Structurally, it is a long, mastaba-like building. The façade facing the courtyard is decorated with niches and a cobra frieze. The substructure of the south tomb contains a slightly smaller and simplified version of the pyramid's tomb complex: a corridor leads into a burial chamber and another corridor into a gallery which, like the main tomb of the pyramid, is decorated with blue-green faience tiles. There are also three false doors depicting the king at the Heb-Sed festival.

	 

	The south courtyard

	The south courtyard (No. 5) is a largely undeveloped area. In the north, directly by the pyramid, there is an altar and the remains of a small temple can be found in the north-east corner. Southeast of the south courtyard is the Heb-Sed courtyard with thirteen chapels in fictitious architecture (they are solidly built except for an entrance with a minimal corridor that leads nowhere). The chapels are built in two shrine forms:

	
		Seh-netjer chapels (God's hall or God's shadow)

		Per-wer chapels with a rounded roof, which are attributed to Upper Egypt (the Per-nu chapels would be the Lower Egyptian counterpart)



	On the east side of the courtyard there are 12 other chapels, although they are smaller. The massive construction proves that the courtyard was not used to celebrate a real Heb-Sed festival of the king, but was intended for the afterlife. Djoser was supposed to be able to celebrate his Heb-Sed festivals for all eternity.

	Temple T (baptised as such by Lauer, no. 4) was evidently connected with the Sed festival and is a structure transferred from the clay-brick construction method to stone.

	 

	The mortuary temple

	The mortuary temple (no.8) on the north side of the pyramid was the central element of the worship cult. The entrance was to the south-west and was entered through a door that imitated a wooden door in stone. The serdab (no. 14) was located directly next to the mortuary temple. It is a small chamber which, like the building blocks of the pyramid, is inclined at an angle of 17°. Inside was a life-size statue of Djoser sitting on a throne. There are two holes on the north side of the chamber through which the statue looks at the circumpolar stars to the north [9]. In the case of Djoser, it is an inclined box, the inclination of which is intentional and allows the king to look through the two holes at the northern sky. Serdab rooms of private individuals are usually orientated to the north, but not inclined. 

	Today there is a copy of the statue in the chamber, the original statue is in the museum in Cairo. Further statue fragments were found in the area of the mortuary temple, so that the existence of another Serdab is suspected.

	 

	The north and south pavilions

	The north and south pavilions (nos. 7 and 6) were possibly administrative areas of the pyramid complex. Recent excavations indicate that the complexes were deliberately buried after completion. This is also "fictitious architecture", which was intended to be available to the king in the afterlife if required. The two pavilions could represent audience halls where the king would receive the inhabitants of Upper and Lower Egypt. The Lepsius expedition mistook the remains for small secondary pyramids and incorrectly entered them in the Lepsius pyramid list as pyramids Lepsius XXXIII and XXXIV [10].

	 

	The north courtyard and the western massifs

	The north courtyard (no. 11) has not yet been fully investigated. At its northern end is a structure known as the northern altar (no. 15). It is a high plateau that can be accessed via a stepped ramp. On the platform there is a depression measuring 8 by 8 metres. An obelisk could have stood here. Rainer Stadelmann surmised a sun temple here. This would have meant that Djoser had already anticipated the sun sanctuaries of the 5th dynasty. The north courtyard also contains stairway tombs (no. 13) from an earlier necropolis.

	The western massifs (no. 9) with its galleries underneath is particularly enigmatic. The superstructure consists of rubble from the pyramid construction and contains no corridors. The buildings were erected before the last construction phase of the pyramid, as the pyramid rests on the eastern massif on the west side. Stadelmann surmised that these were the remains of an earlier tomb and were usurped by Djoser, although no other usurpations of royal tombs are known in the Old Kingdom [7].

	Although the subsequent kings did not adopt Djoser's building complex, individual elements were characteristic of the style. Whether or not his direct successor Sekhemkhet wanted to copy the complex down to the last detail is unclear. 

	 

	King Sekhemkhet was the successor of Djoser, but there is little historical evidence of this. Today he is known by his Horus name Sekhemkhet, his birth name was Djoser-Teti. He is usually regarded as the brother of Djoser, based on two arguments: Firstly, Sekhemkhet had his tomb built right next to the Djoser complex and the underground galleries are very similar to those of Djoser. In addition, the rock reliefs in Sinai are stylistically very similar to those of Djoser. Whether it can be deduced from this that Sekhemkhet was a brother or a son who emulated his great role model is ultimately a matter of interpretation [11]. 

	 

	The new king had his construction project built by the famous Imhotep. Imhotep's name and title can be found both in the Djoser pyramid and on graffiti on the Sekhemkhet pyramid. However, the complex remained unfinished as the king died around 8 years later. On 9 March 1954, the Egyptian archaeologist Zakaria Goneim discovered an alabaster sarcophagus with a frontal sliding door behind a sealed door in the burial chamber. Strangely, however, it was empty. The pyramid of Sekhemkhet was never completed [12]. 

	It is located directly to the south of the Djoser complex. The planned height is estimated at around 70 metres, with a base area of 230 cubits. Once completed, it would have been larger than that of Djoser. The construction technique remained basically the same. Here too, the stones were laid like bricks using the truss and stretcher technique. With the premature death of the king, the construction was cancelled and the pyramid, as it only had one step, then resembled more of a mastaba [5,6].

	During the detailed investigation in the 1960s by Maragioglio and Rinaldi, only two layers were found and no statements about the pyramid core are possible  [13]. The ramps found, described as building ramps by the excavator Gonein, were not identified as actual building ramps by Maragioglio and Rinaldi. The Sekhemkhet pyramid complex has a mastaba-shaped southern tomb. Jean-Philippe Lauer found the remains of a two-year-old boy there [14].  

	An architectural graffiti with the name of Imhotep was found on the enclosure wall, so it is generally assumed that the reign of Sekhemkhet as the direct successor of Djoser was close in time [8]. 

	


Seneferu and his Three Pyramids

	 

	The next pyramid in the chronological sequence that is preserved today is the pyramid of Meidum. It is disputed whether it was begun by King Huni and completed by King Seneferu - or whether it was built by Seneferu from the beginning [3].

	In the 4th dynasty, the culture of the Old Kingdom reached a peak in every respect. The pyramid building projects were gigantic and the power of the god-king reached unprecedented heights under King Seneferu and King Khufu (Cheops).

	However, relatively little is known about the kings, especially at the beginning of the 4th Dynasty, apart from their building projects. The chronology and genealogy of the kings is rather vague, especially the exact lineage is unclear [15,16].

	The relationship between the third and fourth dynasties is not completely clear. It is possible that Seneferu, the first king of the new dynasty, gained legitimacy through marriage to Hetepheres I, probably a daughter of King Huni [1].  Whether he was also a son of Huni is unclear [17]. In this case, there would be no actual break in the dynasty. 

	Seneferu bestowed the most important offices of state on his sons. His son Rahotep became general and high priest of Heliopolis, while Nefermaat held the office of vizier. Both were buried in mastaba tombs in Meidum.  Whether Rahtep was really a true son of Seneferu is uncertain, as his wife only seems to come from the royal collateral line (Jrt-Jkhet-nesu). On the other hand, Ranofer held the extremely high office of high priest of Heliopolis. In this function, he was involved in astronomy and may have played a role in the astronomical alignment of the pyramids  [18].  

	Rahotep and his wife Nofret became famous for their magnificently preserved tomb statues, which were found almost intact and in bright colours. The tomb was discovered by Auguste Mariette in 1871. The double mastaba had been completed, but no burial had taken place and the statues may have served as replacement figures [19]. 

	The statues also provide important information about the clothing and hairstyles of the Old Kingdom [20–22]. 

	 

	In 2003, Rainer Stadelmann suggested that Rahotep followed his father Seneferu to Dashur and was responsible for the construction of the Bent Pyramid there. Therefore, the actual tomb of Rahotep and Nofret could lie in Dashur and still await discovery [19].

	Seneferu is remembered as the greatest pyramid builder of all time, as he had three large pyramids built, the total volume of which even exceeded that of the Khufu pyramid. A small stepped pyramid in the south of Egypt is also attributed to him.

	The pyramid of Meidum used to be assigned to the predecessor Huni. Seneferu only continued to build on the pyramid before abandoning it in favour of his own pyramid [1]. 

	Most pyramid researchers now attribute the pyramid of Meidum to King Seneferu from the beginning of its construction [5,6]. 

	The surrounding pyramid city bore the name "Djed Seneferu" (Seneferu is constant) and so far, only texts and inscriptions bearing the name of Seneferu have been found on site. Huni is not attested. A takeover of an unfinished complex of a royal predecessor is never documented in the Old Kingdom. 

	The pyramid of Meidum is undoubtedly the first pyramid of Seneferu and was built in layers in several construction stages. First as a three-tiered pyramid and then with a subsequent cladding of Mokattam limestone [23]. The local deposits of high-quality limestone in Saqqara appear to have been exhausted in this early phase of the pyramid building epoch.

	The pyramid was initially built with a base length of 210 cubits (construction stage E1) and then extended after being secured as a functional royal tomb (construction stage E2).

	This layered pyramid (E2) was then covered. There is controversy among researchers as to whether this extension was begun immediately after the completion of construction stage E2 (and was therefore built parallel to the Bent Pyramid) [24,25] or was only built after a longer sub-book in the 15th to 17th year of the event, when the Red Pyramid was built in parallel in Saqqara North [7]. Stadelmann's theory enjoys more support [5]. 

	Inscriptions on the facing stones attest the years 15 - 17 of the event. In the Old Kingdom a special year count was in use, which distinguished between years of the event and those after the event. In a year of the event, 12 lunar months fall on 12 solar months, whereas this is not the case in the other type of year [26–29].

	Mendelson's theory that the pyramid collapsed during construction or in a gigantic construction catastrophe is now considered disproved [30,31]. 

	An important argument against a construction catastrophe is the undamaged entrance on the north side, which leads through all three construction stages (E1-2) and shows no signs of displacement [5,32].

	[image: Image]

	The pyramid of Meidum. © 11
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	Defective area in the core masonry of the pyramid of Meidum provides an insight into the inner structure of the building: the inner blocks are roughly hewn and loosely laid © 12

	[image: Image]

	The construction phases of the Meidum pyramid. The part preserved today is hatched. © 13

	 

	Winkler wanted to attribute the alleged collapse to an excessive stress on the underground [33]. 

	The pyramid's current appearance is presumably the result of stone theft in later times, weathering and collapses due to earthquakes that severely damaged the pyramid over time. 

	The pyramid of Meidum introduced a number of architectural innovations, such as the entrance high up in the north wall and the arrangement of the chambers partly underground and partly in the pyramid's structure. This method of construction was further emphasised by the use of the corbelled vault (the layers of horizontally arranged corbels move closer and closer together until they meet). This creates a ceiling construction up to 15 metres high). Nefermaat, vizier and son of Seneferu, is considered the master builder of the Meidum pyramid. His mastaba (M16) is located to the north of the pyramid. With the construction of the Meidum pyramid, the step from the step pyramid to the real pyramid was completed [34].  

	In 1999, Gilles Dormion and Jean-Yves Verd'hurt discovered previously unknown relief chambers in the pyramid, which are located above the two passage chambers, the lower part of the descending shaft and above the connecting passage between the passage chambers and the vertical access shaft [35]

	To date, they have only been examined with an endoscope. They consist of cantilevered vaults and were designed to divert the pressure away from the corridor. This makes the pyramid of Meidum the first pyramid with relief chambers. 

	The pyramid complex introduced a series of design elements that were to characterise subsequent pyramids. The pyramid was surrounded by an enclosure wall (2 metres high, approx. 236x218 metres) and included a cult pyramid and a mortuary temple.

	The original mortuary temple, built at the end of construction phase E2, was demolished when the cladding (E3) was erected. It was located on the east side. When the pyramid was covered, it was no longer intended as a real burial place and so the extensive mortuary temple was omitted and a small chapel, also on the east side, was built instead. This chapel was simply built and consisted of just two rooms. As the ceiling slabs are still in place undamaged, this building is considered the best-preserved temple of the Old Kingdom [8]. 

	On the south side was a small cult pyramid (the first of its kind), which possibly replaced the concept of the south tomb. It was built as a stepped pyramid and there is no evidence that it was ever covered to form a real pyramid. 

	The remains of a mastaba were found on the north side in the pyramid courtyard, which may have been intended as a tomb for queens. The skeleton of a woman was found there. Due to a lack of labelled artefacts, it has not yet been possible to link her to any known queen [8].

	The walkway was completely new and characteristic of the style: it was cut into the bedrock and paved with clay. The sides were lined with a limestone wall. No roofing was found, but the walkway has so far only been excavated in the vicinity of the pyramid. To date, only clay brick remains of walls have been found from the valley temple. It is uncertain whether the walls belong to a simple valley temple or the pyramid city. 

	The mastaba M15 of Rahotep and Nofret is located to the north of the pyramid. In many respects, the pyramid of Meidum is still structurally rooted in the 3rd Dynasty, but in its design elements it created something new and ushered in the pyramid building style of the 4th Dynasty [36].

	 

	The Bent Pyramid of Dashur is the best-preserved pyramid in terms of external surfaces and the construction problems gave it a unique shape.  It was planned from the beginning as a real pyramid and was the second pyramid of Seneferu [5,6].

	The pyramid was already described by early travellers in the 17th century, and the complex was first scientifically investigated in 1839 by John Shae Perring (1813-1869). Perring, an assistant to Richard W. H. Vyse, was still working with explosives to gain access to the pyramids (which was still considered common and normal at the time). The Bent Pyramid was then investigated by Karl Richard Lepsius and Flinders Petrie. The first fundamental investigation was carried out by Ahmed Fakhry (1905-1973) in the 1950s, followed by Maragioglio and Rinaldi, Josef Dorner and then from 1980 onwards by Rainer Stadelmann [13,37].

	[image: Image]

	The bent pyramid of Dashur © 14
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	The Bent Pyramid of Dashur. The core masonry has been laid horizontally since the 4th dynasty; the facing stones are slightly inclined inwards © 15

	 

	According to surviving building graffiti, construction of the pyramid began in the 15th year of the event under Seneferu, after the king had given up the pyramid in Meidum as a tomb. The reason why the building site was moved to Dashur is not known. The base of the pyramid consists of relatively soft slate slabs. In the first construction phase, a steep pyramid with a base length of 157 metres and a high angle of inclination of 58-60° was planned. As before, the tried and tested technique of inclined layers was used. As long as the chambers were underground, as at Djoser, this construction method improved the stability of the building. However, now that the chambers were partially located in the pyramid's structure, there were problems with stability and cracks appeared. The structural defects came to light when the pyramid was already half built. In an emergency action, the architects reduced the angle of inclination to 54° and surrounded the pyramid with a construction belt 15.7 metres wide. This increased the base length to 188 metres and the pyramid would still have been a real pyramid with a height of approx. 129.4 metres.  However, the construction problems could not be solved with this modification and the experiment was abandoned at a height of 49 metres.

	It was probably around this time that King Seneferu decided to abandon this pyramid as a burial site and had another pyramid built to the north of Dashur. The southern pyramid now appears to have become an oversized cenotaph and an experimental building. 

	In the third construction phase, the pyramid was given its current appearance: The angle of inclination in the upper section was reduced to 43° and the layers were laid horizontally. This led to the desired structural relief inside, but reduced the overall height to 105 metres.

	The temple complexes were only reduced in size, as the pyramid now took on the role of the cult pyramid for the northern Red Pyramid. Nevertheless, it was given a small cult pyramid itself, which was named Khuj-Seneferu "Protection of Seneferu". It is the largest of all known secondary pyramids and also the only one to have a complex substructure.

	The Bent Pyramid also has a complex and unusual chamber system with two separate entrances. The lower chamber system is entered via the entrance on the north side, around 11.8 metres above the ground, and leads 74 metres to an antechamber, which is already underground. It measures 5.4 metres in length and (like the corridor) is only 1.1 metres wide, but the cantilevered vault makes the chamber 12.6 metres high. The main chamber (4.96 x 6.3 metres) is reached via a narrow and very steep staircase 6.5 metres higher up and is 17.20 metres high due to the cantilevered vault.

	At the southern end of the chamber is the "chimney", a shaft exactly on the pyramid axis, this shaft also has its own corbelled vault. There is no evidence that this chamber system was ever used for a burial. 

	The walls of the corridor systems are described as remarkably cool [36]. 

	The upper chamber system has its entrance on the west side at a height of 33.32 metres and leads downwards in a 67.66-metre-long passage. The corridor then changes to horizontal and continues for 20 metres. Two barriers are installed here. The locking blocks are special because they consist of a chamber with an inclined floor level. This allows the locking stone to slide into the locking position. The outer lock is still in the locked position today, but with a hole through it, while the second locking stone was never closed. The wooden beam still holds the position open. In the corridor of the upper system, there is also a connecting passage that skilfully bypasses the chimney of the lower system and leads into the vault of the lower main chamber.

	The upper burial chamber measures 7.97 x 5.26 metres and is 16.50 metres high due to the cantilevered vault. It was apparently never completed, as the masonry has not yet been smoothed. Instead, cracks in the corridors and the chamber were filled with plaster. The construction workers inscribed the name Seneferu on a block of stone in the burial chamber. The attribution of the Bent Pyramid to Seneferu is therefore indisputable. No stone sarcophagus was found in the pyramid, but large quantities of cedar beams, possibly once intended as scaffolding to smooth the walls, were left there after this work was abandoned.

	Rainer Stadelmann assumes that the upper chamber system was only planned as a secondary structure during construction when the structural problems occurred in the lower chamber system [7].
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