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1. INTRODUCTION

1.1. Topic Introduction and Justification

Exposed archaeological ruins are subject to various weathering conditions that
accelerate their deterioration. Of particular importance are moisture levels and
temperature variance. Combined with intrinsic material characteristics, age, building
design, and past restorations, these factors can significantly threaten the durability of
ruin sites. In order to conserve and manage archaeological structures effectively, one
needs to understand the sources and effects of these environmental variants and to
identify remedial and preventive conservation methods to minimize their damaging

impacts upon features and sites.

Compound masonry walls are a common construction feature in many
archaeological sites. They are usually constructed of two veneer "leaves" filled in-
between with rubble, mortar or soil. In exposed archaeological ruins, the preservation
of compound walls poses a particular challenge due to the lack of protection from
fragmentation and direct exposure to the weather. Such exposure leads to severe
moisture penetration and thermal movement. Over time, these continued cycles of
weathering bring about irreversible damage which causes material attrition and

displacement and can ultimately lead to wall collapse.

In the past, a hard capping of lime, cement, and modified soil mortars has
conventionally protected exposed compound walls. This method has been popular due

to its minimal intervention to the standing wall and the relative ease and economy of its



initial application. In reality however, the procedure requires persistent repairs and
maintenance that can increase cost and risk to the wall. Hard caps tend to crack under
prolonged compressive and tensile stress from thermal movement and ground
subsidence. Cracks allow easy access for water to further penetrate and concentrate
inside the cavity (Ashurst 2007: 98). At the same time, the cracked cap retards drying
and desorption of moisture from the top of the wall. Increased moisture can cause
dissolution of core mortars or soil and damage the masonry through freeze/thaw cycling
and salt damage, each of which eventually weakens a wall. In addition, the damaged
cap must be replaced through the removal of the previously installed cap or if this is not
done, repaired or capped over by a new one. In either case, hard capping does not
usually adequately address the long-term management of moisture and thermal
damage that will continue to stress the wall. Instead of protecting the compound wall
as initially designed, hard capping can actually accelerate deterioration of the wall over

time.

A procedure called 'soft capping' aims to counter such problems posed by hard
capping. Introduced in recent years at several archaeological sites in England, Turkey
and elsewhere, soft capping replaces hard caps with vegetation planted on top of a layer
of soil, with optional layers of gravel, and geosynthetics (Ashurst 1998, 2007; Sass and
Viles 2006; Stokely 2007; Viles and Wood 2007; Wong and Stokley 2008; Wood 2004,

2005). Taking advantage of plants' transpirative ability to utilize the water, it seeks to



prevent water penetration, reduce thermal fluctuations, and provide a protective

barrier on the wall top.

Geosynthetics provide further protection from moisture and temperature
control. Often used in landfill waste control for their low permeability of water and
toxic solutions, geosynthetics provide a moisture barrier and drainage system, in
addition to functioning as filter layers and soil support. Over the years, architects
adopted geosynthetics for use in "green" roof technology in architecture while

archaeologists used the material for reburial of sites.

Far View House in Mesa Verde National Park offers an excellent opportunity to
test the application of soft capping and to further improve its design and performance.
Far View House is a mesa top site and is therefore exposed to the extremes of climate.
Daily, it is subject to highly fluctuating air and surface temperatures due to heating from
the sun. Seasonally, it is subject to extreme temperatures as well as dry and wet
conditions in summer and heavy snow in winter. Over forty exposed rooms divided by
compound walls experience such weathering conditions at Far View House. Over the
years, these walls have undergone numerous stabilization campaigns utilizing a variety
of mortar caps and repointing. While temporarily effective against precipitation, they
do not benefit the walls in the long term as they require frequent repair. Unintended
consequences such as cracks lead to serious destabilization of the wall by allowing water

to attack the interior earthen bedding mortars. Far View House requires



reconsideration of conventional methods of wall protection coupled with monitoring in

order to improve site preservation.

1.2. Limitations

The extent of the past stabilization of the interior core of the study wall is yet to
be determined. Limited funding prevented carrying out long-term monitoring to

evaluate the intervention method.

1.3. Definitions
(Koerner 1998; Kavazanjian 2004)

e Drainage core - Either a net composed of strands of polymeric materials or a
membrane-like polymeric panel and sheet with raised nodules or pedestals.

e Fabric, non-woven - Geotextile manufactured by placing and orienting the fibers
or yarns on a conveyor belt and bonding them by needle punching or heat
bonding.

e Fabric, woven - Geotextile manufactured using traditional weaving methods and
a variety of weave types.

e Geocells - Diamond-shaped cells fabricated into a sheet by welding together
relatively stiff, rectangular panels of polymeric material at regular intervals.

Used for erosion resistance and earth reinforcement.



e Geocomposite - A manufactured material using geotextiles, geogrids, geonets,
and/or geomembranes in laminated or composite form.

e Geogrid - a net or a web of high-strength polymeric material used in earth
reinforcement applications.

e Geomembrane - A polymeric sheet with a very high resistance to flow
perpendicular to the sheet. Used as a flow barrier, separation and protection.
Gore-Tex® is a type of geomembrane that retains liquids but remains pervious
to vapor transport.

e Geosynthetics - A manufactured planar material employed for geotechnical
engineering purposes. Fabricated in panels, sheets and/or rolls, and typically
composed primarily of polymeric materials. Includes geotextiles,
geomembranes, geosynthetic clay liners, geonets, and geogrids.

e Geosynthetic Clay Liners (GCL) - Composed of a relatively thin (6mm) layer of
very low-permeability soil, typically bentonite (sodium montmorillonite), either
bonded to a carrier geomembrane or encased between two carrier geotextiles.
Used as an infiltration barrier.

e Geotextile - A fabric made from polymeric fibers.

e Gore-Tex® - A type of geomembrane that retains liquids but remains pervious to
vapor transport.

e Hard Capping - A protective layer or fill using lime, cement or mortar that

hardens upon application.



Hydraulic conductivity - The rate of discharge of water under laminar flow
conditions through a unit cross-sectional area of a porous medium under a unit
hydraulic gradient and standard temperatures (20 deg C).

Permeability - A generic term for the property that reflects the ability of a
material to conduct a fluid or vapor through a porous media such as soil or
geotextiles. Also called hydraulic conductivity.

Permittivity - For a geotextile, the volumetric flow rate of water per unit cross-
section area, per unit head, under laminar flow conditions, in the normal
direction through the fabric.

Polyvinyl chloride (PVC) - A synthetic thermoplastic polymer prepared from vinyl
chloride. PVC can be compounded into flexible and rigid forms through the use
of plasticizers, stabilizers, fillers, and other modifiers; rigid forms used in pipes
and well screens; flexible forms used in manufacture of geomembranes.

Soft Capping - A protective layer using vegetation and growing medium.

Tear strength - The maximum force required to tear a specified specimen, the
force acting substantially parallel to the major axis of the test specimen.

Tensile strength - The maximum force required to cause tension failure in a given
test specimen.

Transmissivity - For a geotextile, the volumetric flow rate per unit thickness

under laminar flow conditions, within the in-plane direction of the fabric



1.4. Assumptions

e Cracks in the hard cap may extend into the core of the wall, providing access for
water to penetrate into the wall.

Soil core of the compound wall has been partially lost, resulting in void spaces

inside the compound wall.

Soil contains intergranular voids that can contain air, water vapor, liquid water

and ice crystals.

Local grass will successfully grow with 15 to 25 cm of growing medium layer,

under normal climate in the test region.

Growing medium will hold enough moisture to provide water for vegetation.

The differential fill in Room 28 is exerting lateral pressure on the study wall,

causing the bulge on the wall veneer facing Room 13, and more severely the
cracks through the wall stones.

Soil grade on both sides of the wall is providing moisture to the bottom of the

study wall through capillary action, resulting in mortar losses and weakening

the wall.

1.5. Research Hypothesis

Different capping methods based on mortar and vegetation will result in a
measurable difference in moisture content in and over the wall and in the thermal

response of the wall top. In order to test this hypothesis, a sample section of compound



wall at Far View House will be selected for testing. The wall will be divided into two

areas, a control employing a renewed hard cap and a test area with soft vegetative cap.



2. LITERATURE REVIEW

Without proper protection against weathering, exposed archaeological ruins face
significant environmental threats. There is abundant literature available that details
actual deterioration processes, and this literature review will specifically focus on the
trend in the development of soft capping techniques and on environmental monitoring

as a way to diagnose and evaluate the soft cap system.

2.1. The Development of Capping Techniques

Several intervention methods exist to protect masonry and other construction at
archaeological sites including sheltering, hard capping, reburial, clay capping and soft
capping. A brief review of the existing literature will focus on their functions and

limitations.

2.1.1. Sheltering

2.1.1.1. Definition

Sheltering introduces new construction over an archaeological site and provides
indirect protection against outdoor exposure. One immediate and temporary method
to shelter sites is the construction of a roof. Casa Grande National Park in Arizona
(U.S.A) and the Temple of Apollo at Bassae in Greece are well known examples of sites

protected by more permanently constructed shelters. In 2003 the Getty Conservation



Institute published an annotated bibliography on the conservation and management of
archaeological sites including shelters (Demas).

There are mainly two types of protective sheltering: open shelters and closed
shelters (Schmidt 1988). Both shelter types use a variety of materials ranging from
wood, metal, concrete and even plastic. Open shelters tend to utilize light frames in
order to open up the viewing space. They may utilize advanced construction technology
such as metal cables or tensile skins such as at Bassae in Greece. On the other hand,
closed shelters incorporate ruin sites within the newly constructed walls and roof
envelope. The use of glass as an envelope allows visual access into the ruin while

creating a physical barrier.

2.1.1.2. Limitations

While sheltering protects archaeological sites from rain, snow, surface runoffs
and solar heat, it generally can undermine the aesthetics of the sites and distorts
interpretation (Bahn 1996). Regardless of the design, the introduction of a shelter
generally intrudes on the landscape and disrupts the contextual authenticity of an
archaeological site. One of the few notable exceptions is the movable shelter on rails at
the Semna temples in Sudanese Nubia (Hinkel 1968). Such innovative designs, however,
usually have a short life span due to limited funding and maintenance support. The
construction of a protective shelter generally forces a compromise between visitor
experience and site protection (Doumas 1997). In terms of functionality, protective

shelters--especially closed ones--either lack effective micro-climate control or face
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increased construction and maintenance cost due to the introduction of external micro-
climate control systems (Ashurst 2007: 178-179). The most significant problem with
protective sheltering, however, is the general lack of evaluation of its functional and
aesthetic effectiveness based on established criteria (Demas 2004). As a result of these
limitations, recent trends suggest a search for alternative methods of providing

protection with minimal intrusion into landscape while improving functionality.

2.1.2. Hard Capping

2.1.2.1. Definition

The use of hard capping also dates back to the early years of archaeology. Hard
capping utilizes lime, cement or soil mortars that are applied to horizontal surfaces in a
plastic state when hardened create a weatherproof surface. With improvements in
cement and mortar technology, reduced cost, and ease of application, hard capping had
become popular in protecting wall tops as well as sometimes providing drainage on the
walls and stabilizing the tops for visitors to walk on (Davison 1974, Neville 1981). Unlike
sheltering that may or may not have direct contact with the historic fabric, hard capping
is directly applied to the building. While the literature on the materials used in capping
is numerous, a study specifically looking at the effectiveness of hard capping has been

limited.
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2.1.2.2. Limitations

While hard capping may seem less invasive in preserving the authenticity and
integrity of a site’s ruins and landscape, due to the direct application, it can significantly
alter the material integrity of a structure and may drastically exacerbate the condition of
that structure and the site. The area immediately below cement — rich wall capping
have been known to deteriorate (Ashurst 2007: 93). For example, the walls at
Kenilworth Castle in England had been severely damaged by concentrated water run-
offs due to the cement-based mortar wall capping (ibid. 98). The part of the adobe
walls at For Union National Monument in New Mexico developed erosion, especially in
area under the soil-cement hard caps (Oliver 2000: 84). At Chaco Canyon in New
Mexico (U.S.A.) Ford observed how hard capping damaged historic building materials
(2004). Applied to prevent sandstone masonry from falling off the walls, cement
mortars had damaged an entire section of wall. All examples highlight the danger of
applying hard capping to the building materials without careful consideration of
compatibility and long term performance.

Various deterioration conditions develop in hard capped areas. Cracks can
develop from chemical deterioration, volume change from freeze/thaw, and
incompatible thermal expansion with historic materials (Pavia 2005). As a result,
accelerated water entry and saturated wall system lead to structural collapse. In
addition, salts introduced from Portland cement, such as calcium sulfate dehydrate

(gypsum) can damage porous materials.
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2.1.3. Reburial

2.1.3.1. Definition

An alternative to sheltering and hard capping methods has been the partial or
complete reburial of excavated sites. According to Demas, reburial is "an attempt to
reinstate the original buried environment of an excavated site, and thereby re-establish
a state approaching equilibrium" (2004: 139). Reburial does not stop deterioration but
it aims to significantly slow it down (ibid. 140). Reburial usually fills a space once
excavated but may selectively cover exposed features and ruins. Reburial protects the
site in two ways: one, by shielding the site from direct damage by water, wind,
vegetation, light, animals and humans; and second, by establishing a stable
environmental equilibrium where moisture and temperature fluctuations are reduced
and the location of evaporation and salt crystallization are distanced from the ruin
materials (ibid. 140).

Reburial is often used for sites with valuable historic and aesthetic values that
cannot be separated from the context. These include mosaics (Burch 2004), wooden
timbers (Ford 2004), and other traces of human activities, such as prehistoric human
foot prints (Agnew and Demas 2004). In particular, the reburial project at Laetoli
focused on the preservation of the hominid foot prints details the methodology for the
design and evaluation of the intervention technique. In addition, it provides technical
and strategic guidelines for designing a reburial intervention program.

Archaeological walls may be reburied in whole or in part, although when the wall

is considerably high or when visitor interpretation can be interrupted, partial reburial is
13



an option (Ashurst 2007: 161). Constant monitoring and vegetation control should

accompany afterward to effectively manage the reburied walls.

2.1.3.2. Materials Used
Reburial of archaeological sites requires an understanding of two key

components in its design: geosynthetics and soil.

2.1.3.2.1. Geosynthetics

The literature on geosynthetics is extensive. Geosynthetics are commercially
available as flexible woven or needle-punched textiles, nets or meshes, and solid semi-
rigid sheets for use in geot