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J. P. GNAEDINGER, C. EMERITUS

on the south side of the Sphinx, which has exhibited less deterioration than the north side, is
much less than on the north side. This could easily be measured by sampling and testing.

If these anhydrous materials are formed on the outside of the surface of the Sphinx,
they become visible as a powdery substance, which would not damage the Sphinx. If
the deposits form barely inside the surface of the Sphinx, then as the solids rehydrated,
they create expansive forces as the gypsum expands. This causes surface deterioration in a
progressive manner, which is worse on the north side.

When the anhydrous gypsum is formed, and then rehydrated well within the mass of
the Sphinx, the natural strength of the limestone prevents damage from occurring, though
obviously the problems are more severe in the weaker limestone layers than they are in the
harder limestone.

Ancient Egyptians must certainly have known that limestone had these problems, since
they built many of their temples from granite quarried in Aswan, presumably floated down
the Nile with logs, in order to provide a more permanent structure where used. Albeit one
that costs many times as much, in labor, to build.

The Present Program of Limestone Blocks and Lime Mortar
During the January 13, 1992 visit to the Sphinx, Bruce Mainwairing and the author

observed that much of the concrete block, that had been previously placed using a certain
mortar, had been pushed away from the main body of the Sphinx, as evidenced by the
cracking pattern. In a few cases, it was necessary to prevent the block from falling by using
four timber struts placed against the loose blocks (Fig. 1).

Recognizing this failure, a decision was made to replace the concrete block and mortar
with limestone blocks and lime mortar (Fig. 2), on the presumption that it was the original
mortar that was causing the problems rather than recognizing that the problem was
originating with the rehydration of anhydrous gypsum within the mass of the Sphinx.

It is the author's opinion that the net effect of the concrete block or limestone block, in
either case, is to minimize evaporation, and therefore maximize the rehydation of many
thousands of years of accumulation of anhydrous gypsum that has formed within the mass
of the Sphinx since it was built.

It could thus be predicted that, with the present plating of limestone blocks, while it may
take a century or two to deteriorate, the ultimate result will be the total destruction of the
Sphinx by progressive deterioration due to rehydration of gypsum, and perhaps other salts.

However, the process is greatly accelerated by the limestone covering of the Sphinx. In the
short term, of course, even though it changes the texture of the Sphinx from its original nature,
the Sphinx as a monument can appear to have a much more stable and attractive appearance
than it would if the limestone were not being placed, but the benefit is clearly temporary.

If gypsum mortar had been used rather than cement for the original concrete block
covering, then this could perhaps have contributed to the problem, but not much. The
mortar, if it contained gypsum, would have been wet when it was placed, and therefore
would already have been hydrated.

What Can Be Done?
Inasmuch as the body of Sphinx is saturated with moisture containing dissolved gypsum,

it would be almost impossible to leach these materials out because of low permeability of
the limestone.
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PROPOSED HYPOTHESIS, TESTING AND DOCUMENTATION

Therefore, the most probable means of avoiding further deterioration would be to
prevent ground water from rising, by capillarity, into the body of Sphinx in the future.

This could perhaps best be accomplished by creating capillary menisci that are concave
downward, across a horizontal plane beneath the Sphinx, thus not only preventing further
moisture rising, but bringing the exiting moisture down to a lower leveL

The optimum process would have to be studied and demonstrated in adjoining
formations beyond the limits of the Sphinx, which would be a relatively simple matter
to accomplish. It is anticipated that the first step in the process would be to prevent free
movement by ground water from around the perimeter of the Sphinx into the limestone
formation immediately beneath the Sphinx by a series of chemically grouted holes, using
sodium silicate-formamide-ethylacetate grout with necessary catalysts.

Observation holes inside the grout could readily be monitored to establish the
effectiveness of this grout curtain.

The purpose of the grouting is to cut off free movement of water. It would affect capillary
movement, which would continue through the grout curtain itself, where it existed, as well
as the limestone.

Vertical movement of capillary moisture throughout the body of the Sphinx can best be
prevented by creating a horizontal space, approximately 1/8 inch thick at the bed of the
Sphinx, into which would immediately be inserted an aluminum plate or stainless steel
plate, as suggested by a prominent Egyptian geologist. This work can be demonstrated
under the front paws of the Sphinx to determine the amount of reduction in moisture
content of the monument, which would take immediately after installation.

It has been suggested that use of wise or rope saws, with abrasives, was the mechanism
used by the ancient Egyptians to cut limestone, and even granite, thousands of years
ago. Certainly, new technology would improve the process compared to what was done a
thousand years ago - we hope.

The second, but preferred, alternative would be to reverse the capillary menisci, the
capillaries of the limestone, by installing lateral holes beneath the Sphinx, at perhaps
2 meters on center. Desiccants or dehumidification would lower the humidity as close to
zero as possible. At the same time, this would bring moisture downward instead of letting
it rise by capillary forces.

The chemical desiccants, of course, would have to be re-dried at intervals of perhaps
every week or every month. Maintenance of the dehumidification equipment would be
necessary, if it were used.

A much preferred and less expensive method of desiccation would be to install the
lateral holes at 2 meter spacings, perhaps one meter below the ground surface, and to
continuously pass heated air through these holes. Electrically heated coils, using low cost
Aswan power, would appear to be the optimum source of energy, though ambient air might
be effective, certainly in the summer.

Instrumentation to constantly monitor the moisture within the Sphinx would be
extremely important.

If additional lateral holes are necessary, they can easily be drilled at one meter spacing
or even 2 to 3 meters spacings.

It is strongly urged that the above hot air process be implemented as soon possible under
the north front paw of the Sphinx, and later, under the main body of the Sphinx.
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J. P. GNAEDINGER, C. EMERITUS

The Sphinx Head
There appears to be differences of opinion as to where the head of the Sphinx is on the

verge of falling forward, due to deterioration of weaker limestone in the neck, or whether it
is stable, at least for the foreseeable future (Figs 3-4).

It has been well-known, for at least thirty years, that rock masses, during periods of
stress, emit 'noises' called acoustic emissions, which become more frequent as failure
approaches.

The detection of such acoustic emissions can be complex when the purpose is the
detection of impending failure in mines and tunnels, requiring elaborate and expensive
installation of sensors throughout the rock mass surrounding and above the mine.

However, epoxy-mounting of simple, inexpensive geophones at several locations on the
head and neck of the Sphinx would provide useful data concerning the state of stress in the
neck in a matter of weeks after a decision is made to proceed. A simple, signal amplifier and
sequential recorder, all equipment costing less than $ 10,000, are all that is necessary, plus
geophones, ladders, and a tube of epoxy.

Periodic measurements should be made at, perhaps, weekly intervals to see if any
increase in the rate or magnitude of emissions is taking place. Such an increase would
suggest that the future is actually occurring.

Lest the authorities be accused of 'fiddling while Rome burns', a plan should be
implemented for actions to be taken immediately. The obvious action would appear to be
the installation of several rock anchors, placed in holes carefully drilled from the top of the
head, slightly sloping toward the head of the Sphinx, and well into the body.. Stainless steel
anchors, threaded at the top, would be anchored in the holes using Roc-Loc, and tension
added and locked in with appropriate components at the top. Strain gages and sonic
data should be taken to verify that the designed measures are achieved and maintained
forever.

Data obtained on the dimensions of the Sphinx would be ideal for the design of this
anchorage / reinforcement.

Perhaps a later program could reconstruct the beard that originally is said to have existed
on the neck, using it to further stabilize the head of the Sphinx.
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Fig. 1. Timber struts placed against the loose blocks.

Fig. 2. Limestone blocks covering the Sphinx.



J. P. GNAEDINGER, C. EMERITUS

Fig. 3. View showing the weaker limestone in the neck.

Fig. 4. Closer view of the weaker limestone in the neck.
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