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The contemporary environment in which the monument stone element has managed to exist is
essentially determined by climate, industry, geochemistry and sometimes by biospheric agents. In prac-
tice, their effects cannot be readily separated. They are a delicate and complex interplay of many fac-
tors in practically every case. Nevertheless, these weathering factors may be considered separately, and
most important of them are insolation or solar radiation, causing failure through thermal expansion
and contraction; moisture leading to fracturing, crumbling and discoloration, exfoliation and finally to
deterioration.
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INTRODUCTION

and to determine the physical and mechanical properties of the
limestones used in the entrance of the pyramid. The results of

The Hawara pyramid is situated 7 km southeast of Fayoum
(Fig. 1). According to inscriptions, it was dated to III
Amenembhat from the 12th dynasty. Samples of the building
material (limestone and mortar), bees nests and salt from the
Hawara pyramid were studied by X-ray diffraction (XRD), and
polarizing microscopy (PL) to find their mineral composition

the study showed that the Hawara pyramid underwent differ-
ent internal and external stresses due to the mineral composi-
tion of the building materials, climate factors and groundwater.
Many types of destruction have been noted such as micro- and
macrocracks, exfoliation fall of mortar, and wind corrosion, as
well as destruction of walls by wasp nests and saliva.

Fig. 1. Location of Hawara pyramid on
Fayoum map (Hewisann, 1986)
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MATERIALS AND METHODS

Samples of the building materials (limestone and mortar), wasp
nests and salt from the Hawara pyramid were studied by X-ray dif-
fraction (XRD) and polarizing microscopy (PL) to find their min-
eral composition and to determine the physical and mechanical
properties of the limestones used in the entrance of the pyramid.

MACROSCOPIC OBSERVATIONS
Macroscopic observations showed that the mud bricks of the

pyramid are mostly friable, and the limestones used in the en-
trance of the pyramid have a smooth texture of the white colour

with some red and yellow spots and with the addition of some
trace fossils which differ in shape, volume and number from
sample to sample. The ancient mortar between mud bricks is
clay, while mortar used between limestone blocks is gypsum,
and both of them are very soft. The wasp nests on the walls have
a grey colour and include some organic matter with sand grains
as shown in Figs. 2-5.

MINERAL COMPOSITION

Thin sections
The thin sections of rock material were examined in the labo-
ratory of Historical and Regional Geology, Warsaw University,

Fig. 2. Hawara pyramid

Fig. 3. Examples of de-
struction types: a — fall of
clay plaster and mortar;
b — salt crystallization in
the entrance

Fig. 4. Examples of de-
struction types: a — green
and white spots on mor-
tar; b — brown spots in
limestone blocks
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Fig. 5. Examples of de-
struction types: a — salt
efflorescence and exfolia-
tion; b — salt efflorescence

Fig. 6. Examples of thin
section examinations of
mud brick samples from
Hawara pyramid

using Olympus Microscope. The examination of thin sec-
tions shown, the mud bricks of pyramid have a big amount
of quartz in addition to some clay minerals as shown in Fig.6.
The limestone samples are very similar: they are fine-grained
biomicrite limestones according to Folk classification. All
samples also contain a small amount of iron oxides, and a few
quartz grains are also present within a view-field of the mi-
croscope (Figs. 6 and 7).

Fig. 7. Example of thin section examinations of lime-
stone samples from the entrance of the pyramid

X-ray diffraction analysis

Ten samples from the Hawara pyramid were appropriately pre-
pared and examined with a Philips X-ray diffractometer at the
Department of Mineralogy, Petrology and Geochemistry of the
Warsaw University.

The results of the study (Table 1) have shown that the mud
bricks consist of quartz SiO,, kaolinite Al(OH),Si,0,, calci-
te CaCO,, montmorillonite NaO - 3(AIMg),Si,0, (OH),; 6H,0,
microcline KSi,0, and gypsum CaSO, - 2H,0 (Fig. 8a), while the
limestone of the pyramid entrance consisted essentially of calcite
CaCO, and a small amount of halite NaCl (Fig. 9a). The clay mor-
tar consisted of quartz SiO,, orthoclase KaSi,0,, calcite CaCO, and
illite K,Si,A10, (OH), (Fig. 8b). Gypsum mortar consisted of cal-
cite CaCO, and traces of gypsum CaSO, - 2H,0 and quartz SiO,.

XRD data of the wasp nests from the pyramid indicated
that the nests consisted of fine grains of quartz SiO, and calcite
CaCO, joined by wasp saliva (Fig. 10a), while the salts are gyp-
sum CaSO0, - 2H,0 and halite NaCl (Fig. 10b).

Table 1. Results of X-ray diffraction analysis

Material | Samplesite | Composition
. Quartz, kaolinite, calcite, mont-
Mud bricks morillonite, microcline, gypsum
Limestone Calcite, halite
Clay mortar Quartz, orthoclase, calcite, illite

Gypsum mortar Calcite, gypsum, quartz

Salts Gypsum, halite

Wasp nests (recent) Quartz, calcite
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Fig. 8. XRD diagram: a — mud brick samples, b — clay mortar samples
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Fig. 10. XRD diagram: a — wasp nests, b — salts
PROPERTIES

The physical and mechanical properties of limestone samples
from the entrance of the pyramid were determined by laboratory
studies at the Department of Geomechanics, Warsaw University,
using the MTS and ZD machines (Table 2).

Table 2. Physical and mechanical properties of limestone samples from the
entrance of the pyramid

Physical properties Mechanical properties
Density, | Porosity, Water Compressive Tensile
gl/cm® % absorption, strength strength (Rt),
% (Rc), MPa MPa
2.1 15 54 36 3.7

CONCLUSIONS

o The Hawara pyramid is exposed to different deterioration pro-
cesses (aging) caused by internal and external stresses due to the
mineral composition of the building materials, climate factors
and groundwater.

+ All the existing elements of the pyramid are constructed from
mud bricks which consist of quartz, kaolinite, calcite, montmo-
rillonite, microcline and gypsum, in as well as Eocene limestone
which consists essentially of calcite and small amounts of halite.

« There are two types of mortars: clay mortar consisting of
quartz, orthoclase, calcite and illite, jointing the wall’s structure
of the pyramid and gypsum mortar consisting of calcite and
traces of gypsum and quartz jointing the stones.
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o Wasp nests from the pyramid consist of fine grains of
quartz and calcite joined by wasp saliva, while the salts are halite
and gypsum.

« The actual state of the building materials of the pyramid
is poor; the mud bricks are more friable and the limestone is
weakened and highly porous due to exposure to deteriorating
factors.

« The deteriorating mechanism of salt solution depends on
two sources of water: humidity from condensation and ground-
water from capillary rise.
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HAWARA PIRAMIDES (EGIPTAS) GEOMECHANINIAI
STATYBINIU MEDZIAGU TYRINEJIMAI

Santrauka
Hawara piramideé yra 7 km j pietry¢ius nuo Fayoum. Pagal esancius rai-
Zinius jos amzius siejamas su XII dinastijos Amenembhato vie$patavimu.
Lauko tyrimai rodo, kad piramidés statybines medziagas pazeidé
klimatas bei druskingas vanduo. Nustatyti mikro- ir makrosuaizéjimai,
Kklin¢iy atsisluoksniavimas, skiedinio i$byréjimas, korozija. Dél vapsvy
lizdy pradéjo irti miro sienos. Klinties, skiedinio, druskingy démiy ir
vapsvy lizdy paveikty viety méginiai buvo istirti mineraloginiais meto-
dais, rentgeno difrakcijos metodu (XRD), naudojant poliarizacinj mi-
kroskopa. Tirtas klin¢iy éminiy, paimty i§ piramidés portalo, stiprumas
juos gniuzdant.
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BADANIA GEOMECHANICZNE MATERIALOW
KONSTRUKCYJNYCH Z PIRAMIDY
HAWARA - FAYOUM, EGIPT

Streszczenie

Piramida Hawara jest zlokalizowana 7 km na poludniowy wschod od
Fayoum. Zgodnie z inskrypcjami mozna jej przypisa¢ wiek panowania
Amenemhata z okresu XII-tej Dynastii. Badania terenowe wykazaly, ze
piramida Hawara ulegta wptywom czynnikéw klimatycznych oraz wod
zasolonych. Obserwowano mikro i makro spekania oraz eksfoliacje w
wapieniach budujacych piramide oraz wypadanie zaprawy, a takze ko-
rozje wiatrowa. Mury byly takze niszczone przez gniazda os. Prébki wa-
pieni, zaprawy, wykwitéw solnych oraz korozyjnego materialu gniazd
os, poddano badaniom mineralogicznym stosujac rentgenowska anali-
z¢ dyfrakcyjng (XRD) oraz mikroskop polaryzacyjny. Probki wapienne
z portalu piramidy zostaly zbadane réwniez wytrzymalosciowo. Na tej
podstawie oceniono procesy deterioracji obiektu.

Moanna IInnunbcka, Inb-MeTBamiu XeMaaH

TEOMEXAHUMYECKUE NCCIIEJOBAHNA
CTPOUTENDbHBIX MATEPUAJIOB IIMPAMU]IBI
XABAPA (PAVIOYM, ETUIIET)

Peswome

[Inpammpa XaBapa HaxoguTcA B 7 KM 10r0-BocTouHee oT dajioyma.
Ha ocHoBaHnu umeroleiicsi pe3bObl ee BO3pacT OTHOCAT KO BpeMeHM
rocropcTBa guHactuyu AMHTexorta XII. ITonmeBble mccmeoBaHmus I10-
Ka3aJii, 4TO IOBPEX/IEHUSA CTPOUTENbHBIX MATePUAIOB IMPAMUIbI
CBSI3aHBI C BO3/ICIICTBMEM KTMMATa U COMIEHOII BOJIbI. YCTAaHOBJIEHBI MU-
KpO- ¥ MAKPOPACTPECKUBAHIS, OTCIOEHVIE B I3BECTHAKAX, BbINTaJIeHMe
0Cajika B pacTBOpe, KOPPO3Us, OTMEYEHbI PaspyLIeHNA 13-32 OCHHBIX
rue31. O6pasipl N3BECTHSIKA, PACTBOPA, 3aCONIEHBIX IISATEH 1 MECT OCH-
HBIX THe3Jl UCCTIeIOBAHbl MUHEPAIOINYECKUM METOIOM C IIOMOIIbIO
pertrenoBoit audpaxiyu (XRD) u monsapu3antoHHOr0 MIKPOCKOIIA.
O6pasiibl M3BECTHSKA, B3ATHIE 113 IOPTAJIA IMPAMIU/IbL, MCIIBITBIBATICH
OITHOOCHBIM CXKaTHEM.



