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Abstract The simulation of the ceremonies of the
Pharaonic celebrations in the Sphinx’s Avenue is one of the
most important Millennium Goals for Luxor Governorate,
which is supported by UNESCO until 2022. All sections of
the road were constructed during the eighteenth to thirty
dynasty period. Some attachments have been added to the
road in different periods, such as wine presses used in
major ceremonies that were held on the road such as
ophthalmic feasts and beautiful valley feasts, etc. The road
has been neglected across different periods, and more than
4 meters of sand, silt and Nile clay were accumulated in
different sites. Excavations began on the road in the late
1940s, until work was halted after the January Revolution
due to lack of funds. The aim of these study is examination
of the geotechnical properties of the project to Facing
challenges that led to bury and deterioration of the road and
also to develop sustainable geotechnical solutions to resist
threats and risks. Scanning Electron Microscope was used
to investigate the six samples of soil under the six sections
of the road to study the hazards due to the impaction of clay
minerals which threaten the Sphinx Avenue and The
Project of Luxor, Open Museum. Basic properties test of
the foundation soils illustrated the expansive properties
which often were classified moderate. Expansive

properties are one of the factors of the evaluation of the
hazard besides the relevance of the construction to
environmental changes and sustainability agents.

Keywords Geotechnical Hazards, The Sphinx Avenue,
Luxor Open Museum Project

1. Introduction
There is evidence to suggest that Queen Hatshepsut was
the first one who constructed the Sphinxes Avenue
extends, which expand from Luxor to Karnak Temples is
about 2700 m with 18th Dynasty by 1200 sculptures of
sphinxes [1].There are a lot of kings who have constructed
parts of this avenue such as Amenhotep III, King
Tutankhamun, Nectanebo, ... Etc. [2, 3]. During centuries
after the pharaonic period, several parts of ancient Luxor
(Thebes) have been buried by nearly 15 meters of clay,
rubbish, silt, and sand [4]. Several environmental factors
are responsible for this phenomenon such as Ancient Arab
nomadic culture, Periods of foreign occupation and wars,
Flood of the Nile until the construction of the High Dam,
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Ancient beliefs and ruin theory, Neglect of the historical
buildings until the advent of the French campaign [5].
Figure 1 shows accumulated soils and the cultural of the
local children about heritage sites from 2009 [6].

Museum Square to Egypt Public Library, section four
from Egypt Public Library to crossroads, section five from
crossroads, section six up to mutt temple.
The objective of the present study is to explain and test
foundation soils of the Sphinx Avenue, which are at a
lower level than the level of the surrounding streets and
thus are exposed to environmental risks, so this
examination of the geotechnical properties is one of the
aims of study of the project to Facing challenges that led
to bury and deterioration of the road and also to develop
sustainable geotechnical solutions to resist threats and
risks.

2. Foundation Soils

Figure 1. Accumulated soils and the local children played inside
heritage sites section five of sphinx avenue (from 2009 after [7])

Some of the environmental threats caused unwanted
consequences of trying to turn Luxor into an open
museum such as providing outdoor areas for sightseeing,
lack of knowledge regarding the differences between the
‘open museum’ concept, absence of geotechnical and
environmental studies, unclear mission for the locals and
absence integration work between the scenario of ‘open
museum’ and the local and vernacular cultures [6, 8, 9].
Increased population causes a negative effect due to urban
development in proximity to a World Heritage Site, so It
must be found a suitable strategy to implement Heritage
Impact Assessment (HIA) in Egypt. Luxor open museum
project aims to rectify the urban planning mistakes in the
past by creating attractive places where people will want
to live and work in the future [7, 10, 11].
One of the studies about sphinx’s avenue interested
only these tasks; (a) Acquisition and upgrade of the
database. (b) Management of quantitative data and
information. (c) using geographic information systems
(GIS). (d) Spatial analysis and simulation. This study was
unintegrated due to the absence of major axis such as the
local, restoration integrated approach and sustainability
[12, 13]. The clay fraction in soil samples predictably
influences the mass behavior of the soil base for
engineering use [14], even when present in a small
proportion of each sample, so as to achieve the aims of
these study, some investigations must be carried out such
as basic properties of soils, and Scanning Electron
Microscope (SEM) of the soil foundation for the six
detected sections of the Sphinx’s Avenue, these
investigations occurred to evaluate the role of soil
foundations in the sustainability of the conservation
processes. The six sections of the Sphinx’s Avenue are;
section one from Luxor temple to Church of the Virgin
Mary, the second section from Church of the Virgin Mary
to Luxor Museum Square, section three from Luxor

Six undisturbed fresh samples were obtained by open
excavation from foundation soils of the six sections of the
road classified by the ministry of antiquate (about 15 cm
depth). Samples were invested by using Scanning Electron
Microscope (SEM) to identify the type of soils and
textures of soils at the central laboratory of South Valley
University [15, 16]. Basic properties of foundation soils,
Modified Proctor test and classified of soils were used for
determinating the expansive soil and its role in the
deterioration of the heritage sites [17-19], basic properties
test carryout at environmental and construction studies
laboratory, The High Institute of Engineering and
Technology, Luxor, Egypt.
2.1. Scanning Electron Microscope Analysis
Samples were examined using a JOEL JSM-35C
scanning electron microscope (SEM) equipped with a
dispersive x-ray card(EDX) detector available at the
Central Lab, South Valley University, Egypt. Figure 2
shows crushing and milling of particles under the old
police station. Figure 3 shows SEM of the sample from
section tow illustrates fissure development of
marginalization of smectite-dominated mudstone.

Figure 2. SEM of sample from section one
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Figure 5. SEM of sample of section four

Figure 3. SEM of a sample from section two; (F) Fissure development
of marginalization of smectite-dominated mudstone.

Section three and section four are characterized by clay
minerals such as illite (i), smectite (sm), kaolinite, and
chlorite due to Sheikh Musa old canal, with the
appearance of environmental minerals as dolomite (d) and
calcite (ca) between sand particles (sd). Figures 4 and 5
show SEM of clay and environmental minerals.

Figure 6 shows the microstructure of mudstone bearing
Smectite menials under rubble from section five as shown
in figure 1. The mineralogy of the selected soil sample
from section six is shown in figure 7. shows SEM of the
major clay mineral types obtained are kaolinite, smectite,
and illite. The appearance of minerals such as quartzite,
dolomite, and calcite is due to calcic paleoenvironments.

Figure 6. SEM of a sample from section five illustrate microstructure of
mudstone bearing Smectite menials
Figure 4. SEM of a sample of section three.

Figure 7. SEM of clay mineral from section six
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3. Results and Discussion

3.2. Classification of the Samples of Soils Based on
Swelling Potential

3.1. Basic Properties of Samples

According to the values of swell potential which are
carried out by standard roles, the result of classification
systems of expansive soils concluded as; tow samples are
highly expansive soils where other four samples of are
considered as medium expansion. Figure 10 shows a
classification chart based on swelling potential. The
A-line generally separates the siltier materials from
claylike materials, and the inorganics from the organics
[20].

According to the ASTM (American Society for Testing
and Materials), all samples were tested. Basic properties
of samples such as;
1
Plastic Limits (ASTM D854)
2
Liquid Limits Tests (ASTM 4318)
3
Particle Size Distribution (mechanical method and
hydrometer technique) (ASTM D422)
4
Specific Gravity (ASTM D4546)
5
Swell Potential tests (ASTM D421)
All tests were carried out. Figure 8 shows the textures
of the samples according to the Liquid limit and Plasticity
index, four samples in the clay zone, and two samples in
the shale zone. Figure 9. shows particle size distribution
of the utilized expansive soil, all samples in moderately
expansive soil zone.

Figure 10. Classification chart based on liquid limit and plastic index

3.3. Unconfined Compression (UC) Test

Figure 8. The textures of the samples according to the Liquid limit and
Plasticity index

Figure 9. The particle size distribution of the utilized expansive soil (CH;
clay, high plasticity. OH; organic clay. MH; inorganic silts, micaceous.
CL; clay low plasticity. OL; organic silty clay. ML; clayey fine sands)

Six undisturbed samples are obtained from the six
section of the sphinx avenue using the unconfined
compression (UC) test due to these advantages; (a) (UC)
test is one of simplest and easiest tests for detecting a
quick estimate of the shear strength of cohesive soils. (b)
(UC) test is used to determine the consistency of saturated
cohesive soils and clays. (c) The compressive strength
values of soil in both redesigned and intact condition are
obtained using (UC) test, according to the protocol of the
California Test 221, March 2000" the six unsaturated
samples which obtained from the different six sections by
tube sampling. the testing procedures are;
i). the specimen was Put on the base of a holder and set
the holder on the compression device.
ii). Drop down the compaction piston just before
specimen push the rod
iii). Read the strain rate
iv). begin the test.
Resume 20 % strain is reach or the load values begin to
decrease. Figure 11 shows a classification chart based on
clay content and activity. Activity = IP/ C (IP= plasticity
index, C= clay content). Figure 11. Shows a classification
chart based on clay content and activity. Activity = IP/ C
(IP= plasticity index, C= clay content) [21-23].
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Figure 11. The classification chart is based on clay content and activity.

4. Conclusion and Recommendation
Sphinx Avenue was approximately semi-completely
covered by tons of Nile silty clays and recently
accumulated deposits. Construction was also built over
parts of it, such as churches, the People's Club, the old
police station, and others, which the project manager is
working to remove. Therefore, the first precautions that
shall be considered are the assessment of the surrounding
environmental factors so that the road does not face
deterioration and backfilling again. Parts of both sides of
the road should be removed so that the road and the city
level become one surface level. Tests using the scanning
electron microscope showed the presence of clay minerals
characterized by expansion properties. This is an
additional challenge, especially with the low level of the
road that can be converted into a waterway for the
expected torrents due to climatic changes. When
measuring the basic properties of six samples from six
sectors through the ram, confirm the presence of the
extending properties of the base soil. This is an additional
challenge. It is possible to get out of this study with a
recommendation, that the Sphinx Avenue and The Project
of Luxor; Open Museum shall be in one surface-level over
a good Infrastructure which match with sustainability and
climatic changes.
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