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Abstract

Tectonic activity deep within the earth’s crust causes continual movement of the near surface
geomaterials and the buildings resting on them. Such activity dictates the formation of various types of
discontinuities and other internal voids in the structures. Structures with unreinforced masonry have
inadequate flexibility, which result into brittle behavior at even very low levels of earthquakes. After a
seismic event, the observed damage to unreinforced masonries is often associated with displaced
debris, which exerts a lateral pressure against the walls forcing large inelastic deformations throughout
the structure. Historically, the seismic performance of these structures, as well as those of other forms
of unreinforced masonry, has in many cases been very poor. The seismic behavior of such buildings is
characterized by sudden, dramatic and catastrophic failure leading to extensive loss of life and cultural
properties. This has been a growing concern for professionals in the field of preservation since the past
twenty five years. The affected masonry results in cracks, voids and large scale detachment. Most wall
constructions are composite forming multiple wythes which sway independently of each other in a
seismic vibration. This non unified behavior is a common characteristic of such heavy and composite
masonries. The use of grouts is one low-impact method for homogenizing the material mass and
stabilizing the damaged historic masonry. It aims to address structural compromise due to Icracking,
detachment and voids in the masonry to achieve a more stable system. This paper looks into to
evaluating Grouting as a strengthening technique for unreinforced masonry by assessing the
performance characteristics of grout formulations and the condition of the masonry. The assessment
will examine the selected physico chemical properties of the grout as well as its adhesion and
compatibility with the earthen wall masonry system and its ability to reintegrate observed failures.
Understanding of performance and rheological characteristics of grouts is crucial for the design of
compatible and low-invasive stabilization. Good working properties are of prime importance because
they enhance a homogeneous filling of the cracks and voids in the masonry to provide a monolithic unit
after setting of the grout.

The paper will provide analysis and selected laboratory tests supported with case studies for the
suitability and reasoning of compatible grouts for unreinforced masonry especially in seismic areas.
Grouting will be discussed as a strengthening technique for the masonry and a methodology will be
presented to approach the design of such sympathetic repairs for unreinforced masonries.
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Abstract

CALIFORTIFICATION relates the past and current technologies for strengthening earthen architecture in
a seimically-sensitive region. This study will be achieved through a series of case studies which the
author conducted in Monterey, California, to provide an overview of the evolution of seimic retrofits in
the "Adobe Capital of California". In a span of twenty years (1830 - 1850) significant events in history
introduce Monterey as one of the first successful international trade ports along the Pacific Coast, the
Mexican capital of Alto California and the first capital of the State of California. Several key events
shaped its history, including Mexican independence from Spain, the American "Manifest Destiny" and
the architectural contribution of the Monterey Style. This style is generally accredited to Thomas
Larkin, due to his successful marriage of vernacular adobe construction and New England timber
framing and floor layouts. Monterey State Historic Park is comprised of approximately thirty historic
adobe structures constructed during the early half of the nineteenth century. In their construction,
Monterey adobes utilized locally available materials, including Redwood, Monterey Pine and chalk
rock, a calcareous sedimentary stone often utilized for the construction of foundations. In a similar
short timeframe, stemming from 1980 to present day, radical changes in technology and philosophies
have evolved in the design of strengthening schemes for historic unreinforced adobe masonry
structures. As it is important to recognize the structural modifications to the original structure, it is
important to understand the changes in the design approach in each individual structure.

Two properties which the NTHP has had an increased involvement include the Cooper Molera Adobe
and the Casa Amesti. These two distinct structures offer vast differences in their adobted strengthening
schemes in a relatively short period of time. The Cooper Molera Adobe was restored from 1982 to
1985. The structural system was designed principally for life safety in the event of a seismic event and
to protect the occupants from collapse. A steel moment-frame superstructure was pocketed within the
existing adobe walls to strengthen the existing gravity load-bearing adobe walls against horizontal
(lateral) loads induced by seismic activity. Additionally, concrete bond beams were installed along the



top of the adobe walls, a typical protocol of the time. This technique, though time consuming to install
and invasive to the historic building fabric, has reacted well to the original adobe masonry over the past
20 years with little deterioration and stands as an early precedent in adobe strengthening. Ten years
|later in the early 1990's, the Casa Amesti was retrofitted and utilizes a vastly different technique to
develop diaphragm behavior. This design scheme tied the floor and roof systems to the adobe walls to
brace against lateral action. This was achieved by utilizing steel anchor rods embeded into the adobe
with an epoxy based grout. Without the use of concrete bond beams and steel superstructure,
disturbance to the original building fabric was significantly reduced. A current assesment revealed that
this technique has also adapted well. Since Casa Amesti, the California State Parks and City of
Monterey has strengthened numerous other adobe structures. Many of these structures have been
outfitted within the last five years and introduce the most current means and methods.

Though the future of strengthening schemes in the remaining Monterey adobes is unknown, we as
preservation professionals need to embrace the previous treatments to responsibly move forward and
produce the most effective and least invasive preservation treatments in the future. The emphasis of the
forthcoming investigation and research shall evaluate the dual goals of maximizing siesmic resistance
while minimizing retrofit damage to the historic structure.
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Abstract

La arquitectura monumental de tierra es el resultado de una excepcional experiencia adquirida por el
hombre de la costa norte del Peru desde el periodo prehispanico utilizando los recursos naturales del
lugar, tecnologia tradicional que continuo aplicandose con la presencia de las tecnologias y disenos
europeos con la presencia espanola. De la union de estas dos tecnologias de diferentes continentes,
surgio un nuevo aporte tecnologico y arquitectonico en el nuevo mundo. Para el caso de la costa norte
en el Peru, los mochicas fueron los autores del manejo de una arquitectura monumental con el uso de
los recursos naturales, empleando los materiales mas modestos, como el barro, el adobe, la cafa y la
madera de algarrobo. Lo extraordinario fue encontrar una tecnica que resistiera a los factores
destructivos del medio ambiente, como la fuerza del fenomeno del Nifio, que hace a la arquitectura en
tierra muy vulneable, asi como el uso de la madera en las edificac iones, seleccionando al algarrobo
que es una madera muy resistente a los xilofagos.

Para contrarrestar estos factores destructivos el hombre de la costa norte ha utilizado en la arquitectura
el barro, la madera y el carrizo. El barro con mezclas apropiadas de arena y yeso para impermeabilizar
el soporte, la madera para vigas y columnas que han sido utilizados desde el periodo prehispanico.
Caso unico de arquitectura con el uso de estos elementos es la Capilla Doctrinal San Pedro de
Morrope, nominada en la Lista de los 100 Sitios en Mayor Peligro 2002 por la World Monuments
Watch, actualmente en proceso de conservacion y restauracion arquitectonica.

La Capilla corresponde al siglo XVI, es el unico ejemplo de arquitectura rural donde utilizaron la madera
de algarrobo en toda la estructura interior de la edificacion, ademas fue el sitio de transicion del
hombre nativo de origen mochica nacido en el prehispanico y fallecido durante la colonia. Se han



efectuado trabajos de arqueologia colonial rescatando enterramientos (320) desde el siglo XVI al siglo
XIX.

Durante la restauracion de la capilla, los materiales tradicionales han sido mejorados con aditivos
quimicos, con la finalidad de que el adobe tenga mayor resistencia a la humedad. Para llegar a este
resultado optimo se efectuaron varias pruebas de resistencia del enlucido de barro, las cuales han
estado expuestas dos anos al medio ambiente, comprobada su eficiencia se esta aplicando en muros y
techos.



