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Living on the Edge: Hawaii Hillside Development Regulation and an
Exploitative Architectural Approach.

ABSTRACT:

The hillsides and steep slopes of Hawaii present an array of complex design issues,
hazards, and challenges to an architectural designer, the majority of which are obsolete or
atypical in severity to those of a standard, non-sloping site. As such, governmental
intervention has emerged, as well as the subsequent enforcement of site-specific
regulations regarding the development of sloping terrain. Under these circumstances, a
designer’s approach must conform to the irregular terrain and its corresponding
limitations, which will vary according to the degree of incline of the site. Prior to any
inceptions of conceptual or schematic design, a clear and concise understanding of such
regulations, their implications, and any other ensuing conditions and/or requirements is
essential. Upon achievement of such qualifications, the challenge then posed, is the
harmonious coalescence of program and place by exploitation of the site through the
genius of architecture.

PREFACE:

Hillside and corresponding cliff or ridgeline design and construction are undertakings of
significant complexity and substantial liability, yet at the same time, they promote
creativity and innovation, and often times produce impressive feats of architectural
inspiration. Such architectural and engineering masterpieces are achieved through the
inventive surmounting of the challenges faced when attempting to build upon the
inherently paradoxical slope, which is a formidable task of varying proportions and
circumstances, depending on a multiplicity of aspects regarding the site and its
geological, geographical, and jurisdictional properties.

A typical list of issues one should anticipate when embarking on a hillside development
endeavor, may include, but will certainly not be limited to, many of the following, in
varying degrees of severity:

1. Immediately apparent issues
e Site accessibility
e Slope type: uphill or downhill (dependent on site access)
e Slope incline: low, moderate, or steep
e General location: at or on the ridgeline, below the ridgeline, at the foot or
base of the ridgeline
e Infrastructure and availability of utilities (dependent on the level of
isolation and development of the site and its general area)
2. Geographical determinants



Microclimate
Strong winds
Heavy rainfall
Fire hazard mitigation
Flora and fauna conditions
¢ Natural resource preservation (rivers, streams, significant trees, etc.)
3. Geological determinants
e Soils and geotechnical conditions
e Erosion
e Geological hazards
4. Design dilemmas
e Entry (particularly on uphill sites)
Circulation (interior as well as exterior)
Views
Lighting
Ventilation
Grading
Run off and drainage
Land retainage
Stability
Liability (boulders, rock topples, etc.)
Aesthetics
Applicable codes and regulations

Each category and corresponding subcategory as noted above, could in and of itself,
substantiate an immensurate amount of research, analysis, and due diligence, followed by
continuous consultation and collaboration in working towards a resolution or exploitation
and subsequent maintenance of that specific issue. In addition to this, the significance or
lack thereof for each of these issues will be greatly dependent upon the geographical and
regional context of the site. Areas of rolling hills will clearly differ in design and
constructability issues when compared with areas of steep mountainous regions.
Similarly, the torrential rains of Hawaii and the heavy snowfalls of Utah will completely
differ in impact and severity on their corresponding hillside establishments.

Under such conflicting, variable, and governing conditions, successful realization of a
hillside edifice may appear to be an insurmountable task. Truly, the broad range of issues
and justified demands for knowledge associated with the given conditions can be
intimidating and overwhelming to homeowners, builders, architects, and engineers alike.
Given the broadness of these circumstances, and the literally infinite supply of
hypothetical scenarios, no single resource could completely and accurately guide and
advise on such an enormous and immeasurable topic. Thus, for the purposes and intent
of this investigation, the following sequential questions will be addressed and elaborated
upon through a research based methodology, in an attempt to educate, advise, and inspire
homeowners, architects, builders, etc., of the unique characteristics, the inevitable
challenges, and the often untapped potential, of hillside development. While the



information provided herewith is intended to be a general guide to suitors of hillside
endeavors in the City and County of Honolulu and its corresponding ridgeline, ridge-side,
and valley-wall developments, the circumstances discussed, conclusions derived, and
design approaches recommended, may also be applicable in related scenarios throughout
the remainder of the state and possibly in any other potentially existing, geologically
synonymous jurisdiction in the United States.

What is the nature of the slope?
What are the implications therein?
How can these issues be prioritized?
How should they be addressed?
What approach options are available?

Nk wN =

In order to arrive at the forthcoming suggestions and conclusions, published books and
literature, personal interviews with relevant experts, jurisdictional data, precedent studies,
and other such applicable information and resources have been gathered from within the
local context of Hawaii, across the United States, and in various parts of the world, which
enable the following recommendations and ideas to be provided through a collective
effort of institutions, agencies, establishments, and experts from varying backgrounds,
disciplines, and geographical circumstances, yet with one common focus: the hillside.

1. Introduction

Hillside, cliff, or ridgeline design and construction bring with them an array of inherent
and distinct challenges and characteristics, many of which may infringe upon or
jeopardize the public health, safety, and general welfare. With such a volatile existence,
amendments to governmental regulations, guidelines, ordinances, and codes regarding the
design and construction of such areas have inevitably emerged, and will vary among
jurisdictions." The degree of challenge and regulatory requirement, as well as the degree
of possibility and potential, are generally directly proportional to the severity of the
incline of the site, be it a low, moderate, or steep slope. In such scenarios, conventional
methods of construction and traditional approaches in design may prove to be
insufficient, generally requiring additional consultation with individuals expressing
expertise in the realm of architecture, engineering, geology, and building technology.

In this unique and dynamic context, owners, designers, and builders should take full
advantage of the atypical and fortuitous opportunities presented to them by the sloping,
yet buildable environment. Not only must these circumstances be accommodated and
integrated into the design, but they should also be capitalized upon and exploited to their
maximum potential; however, in most instances, this is not the prevailing outcome.
While many single-family houses do in fact respond to the slope in their actual property
layout, which can generally be visually noted through the compelling application of

! Arthur H. Levin, Hillside Building: Design and Construction 2" Edition. (Builder’s Book, Inc., 1999)
20.



terraces, retaining walls, etc., they do not reflect that same typology within the actual
habitation or primary residence itself. Instead, many such residencies could literally be
relocated to any flat site without significant complication or modification to the structure,
and with only a mere preference given for orientation purposes and favored views.

Such conditions can be directly attributed to the pragmatic analysis and conventional
application towards resolving the challenges of the slope without the undergirding
conviction and intent of architecturally exploiting the given site. As such, these
challenges are approached as precisely that, “challenges.” They are viewed as obstacles
in the design process, which must be addressed through innovative design strategies,
additional fortifications, controlling techniques, diverting procedures, and many other
methods of pragmatic design and construction that will solve, eliminate, or overcome the
visually obvious challenges of building the slope. They are typically considered
unfortunate traits or circumstances of the given site, the trade-off or compromise for the
nice view, the pleasant atmosphere, the seclusion, or one of the many other advantages of
engaging in such a pursuit.

In decisively deviating from such a position and by freeing oneself from the pessimistic
biases commonly associated with hillside design and construction, these challenges may
then be viewed as opportunities, rather than obstacles. As such, designers may shun the
more orthodox approaches of diversion, avoidance, and elimination, in exchange for
acceptance, embracement, and application towards a site-specific advantage (implying
the existence of an opportunity), rather than a site-specific solution (implying the
existence of a problem), the challenge being the exploitation of the slope to its maximum
potential. Through dedicated accommodation of such an approach, a designer may
harness the true capabilities of the site and subsequently develop a building as unique and
extraordinary as the land upon which it rests. In this sense,

“The slope becomes a catalyst for invention. Instead of a drawback, it is
seen as a creative challenge.””

Through developing an understanding of these site-specific issues regarding hillside
design and construction, one will be enabled to more competently determine how to
approach or perhaps more importantly, whether or not to approach, such a task and the
subsequent architectural exploitation thereof. Once a client, designer, or builder is
sufficiently educated and informed regarding the aforementioned considerations, his
entire perspective will inevitably be altered. The enormous complexity, yet fantastic
capability, of the slope will have new meaning, thus empowering the individual to
proceed with a knowledge and conviction that his decision to pursue such an endeavor is
indeed one that reflects prudence and sagacious analysis; for building the slope truly is
both literally as well as figuratively, “Living on the Edge.”

? Dominique Rouillard, Building the Slope: California Hillside Houses 1920 — 1960. (Hennessey &
Ingalls, 1999) 1.



2.1 The Nature of the Slope

Throughout history, high ground has always been sought after and coveted for various
purposes and intentions. Settlements have been constructed on hillsides for centuries, for
reasons of religious significance, defense, hygiene, and often times, necessity due to
limited flat or level lands.? Regardless of the historical motivation, much of the same
rationale and many of the same incentives continue to allure individuals and towns
towards the hills and up the sides of corresponding ridges and mountain ranges.

2.1.1 An Inherent Dichotomy

The nature of the slope is to simultaneously “attract” and “challenge.” Although innately
paradoxical, such co-existence has resulted in numerous historical, as well as
contemporary, habitational masterpieces, expressing through architectural form, the
extreme dichotomy of desire and restraint. While the attraction and the challenge may
often times cancel each other out, leaving the suitor to look elsewhere to meet his needs,
the general outcome is usually one of ambitious pursuit. For while attractions may vary
in their appeal, and challenges will inevitably vary in their severity, the mere fact that a
challenge exists, is in and of itself, an attraction to many. It is in the very nature of man
to conquer the unconquerable, to tread the untrodden, and to tame that, which is wild.

This “wildness” is manifest in the slope through a myriad of possibilities. Landslides,
falling rocks, boulder hazards, and varying degrees of debris flows are only a fraction of
the dangers and challenges that lie hidden within the incline of the slope. Hillsides
express an inherent and ever-changing instability. The basic physics of their existence
would impede the development of any form thereon as well as deny the stationary
duration of any object thereupon, unless acted upon by an external force of equal or
greater value. They encourage harsh winds and accommodate fierce fires. They promote
raging and destructive water runoff and amplify the unforgiving elements of Mother
Nature. “They are prone to natural hazards, and they topographically constrain the
design of developments.” Yet, despite all these constraints and conditions, they are still,
very attractive places to live.*

In our contemporary context, the slope is generally sought after to satisfy the desire for
seclusion, peace, and nature, as well as the hope to distance oneself from the chaotic
concrete jungle of the city or the monotony of suburbia. To many city dwellers, the
slopes offer “a feeling of expansiveness and isolation... (an opportunity) to satisfy the
desire to be close to the elements.””” The aerial quality so visually apparent in

3D. Abbott & K. Pollit, Hill Housing: A Guide to Design and Construction. (Whitney Library of Design,
1981) 303.

“Robert B. Olshansky, Regulation of Hillside Development in the United States. (Springer-Verlag New
York Inc., 1998) 383.

* Rouillard, 2-3.



contemporary hillside housing also reflects this desire to achieve air, light, openness, and
freedom.

“The hills are where you can actually feel like you have moved to the
mountains. There are trees and nature and views that can mellow even
the most stressful of workdays. This is where the City meets the forest.”’

This fusion or harmonious blend between the urban world and the natural world allows
the hillside inhabitant to enjoy the conveniences of both worlds, while simultaneously
eliminating their corresponding inconveniences. In such transitional developments,
individuals may partake of the psychological and physiological benefits of nature without
venturing beyond their comfort zones or personal security boundaries. One may enjoy
the clean, fresh, “healthy air above the miasmas,”7 and yet reside only a few minutes
from the congested freeways, over-crowded shopping and business districts, and other
such convenient yet abrasive environments.

As such, the hillside offers “both population and isolation, work and residence, with a
view of the city.”® Not only does the slope offer a superior lifestyle with a generally
more pleasant microclimate and a microenvironment more abundant in the natural flora
and fauna of the region, but it also offers an inherent “bonus,” a view, which is a highly
coveted and admired luxury in our modern society.

2.1.2 Priceless Views

Views are inherent in the nature of the slope and can at times be breathtaking. They often
evoke feelings of awe and greatness. The majesty of being able to look down and round
about and see the world beneath you has a natural inspiring influence on individuals.
Often times in our contemporary and competitive society, acquiring such a view is
indicative of wealth, associated with a higher social status, or synonymous with achieving
a respectable, admirable, and avant-garde outcome in ones pursuit for a residence. In
many respects, such conditions are reminiscent of historical arrangements where the lords
of the lands lived on higher grounds and could look down and oversee their serfs and
stewards throughout the land below. Indeed,

“The view from the mountains is wonderful, and... those of our forefathers
who lived in such places experienced a different world from those who
were tied by agricultural work to the flat lands. i

8 City of Colorado Springs, Design Guidelines: Living and Building Homes in the Hillsides.
http://www.springsgov.com.

7 Leon Batti Alberti, De Re Aedificatoria. (Akal Ediciones, 1996) 89.

¥ Rouillard, 7.

® Masako Hayashi, Japan Architect, February 1977.
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Views are key characteristics of the hillside and corresponding sloping lands, and play an
integral part in the development thereof, which will be further discussed in subsequent
paragraphs (see section 3.2). The significance of acquiring and preserving the views of a
hillside home cannot be undermined in the least degree. Conflicts over such vistas have
been the cause of many unfortunate litigation suits and hostile engagements between
homeowners and home developers alike. In fact, the majority of adopted ordinances and
guidelines with respect to hillside development cite “protection of scenic guality” as their
foremost priority or most abundantly governed issue regarding the slope. !

2.1.3 At What Expense

Phenomenal views are among the most desirable things of this world. As such, there is
an inevitable expense associated in their attainment. The immanent nature of the slope
amplifies the dynamics, complexity, uniqueness, and potential of the site, eliciting such
an expense. Through the development of the slope, one will encounter design challenges
that are quintessentially manifest through the very nature and given context of the
inclined site. Such contextual enlargement of these site elements will demand
tremendous expertise, ability, and creativity from the designer and builder in order to
appropriately accommodate and exploit the site where possible, as well as satisfy the
program requirements and the governmental regulations in one cohesive whole.

Hillside areas,

“are characterized by slope, vegetation, drainage, rock outcroppings,
geological hazards, and other physical factors that, if disturbed for the
purposes of development, can cause physical damage to public and
private property. Therefore, the development of such areas and adjacent
land requires special care.”!’

“Special care” will not be achieved or acquired at a cheap price. As in any field or
profession, there is a costly premium associated with individuals regarded as specialists
or experts in their field of work. Hillside design and development will usually require
involvement from experienced architects, structural engineers, civil engineers,
geotechnical engineers or soils and geological consultants, surveyors, and landscape
architects, with a combined service and implementation fee usually ranging from 25% to
50% more than it would have cost to design and build the identical house on a non-
sloping lot.'

Due to the nature of the slope and its characteristics, as well as the professional services
required to appropriately address these issues, and in addition to the often specialized
skill level required to carry out or construct such plans, the overall cost of such an

12 Olshansky, 383.
11 0lo, Montana Regional Plan, Hillside Design Guidelines. (Adopted April 24, 2002) Appendix 4A-1.
12 Evan Fujimoto, Vice President of Operations. Graham Builders.
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endeavor can at times be overwhelming. It is not uncommon for individuals to begin
such a pursuit and to later find that because they were required to invest so much into the
ground and the development and preparation thereof, that they no longer had sufficient
funds to realize the construction of their originally anticipated house.”” Such scenarios
along with the generally higher construction costs of developing on a hillside have
contributed to the erroneous, but widely accepted impression, that living in the hills is
only achievable by the wealthy. While such an all-encompassing national or worldwide
claim could easily be refuted, for most modern and growing metropolises, it is a
legitimate claim. For illustration purposes, one might examine the many hillside
developments of Los Angeles, California, where the topographical relief maps and the
income tax maps literally coincide, confirming in a very bona fide fashion, that the higher
you live, the richer you are.'* Fortunately, such extreme conditions do not accurately
depict the current circumstances of Honolulu, however, the previously mentioned
perception remains constant.

Regardless of the increased expenses, or perhaps, due to the increased expenses and the
accompanying status and prestige, hillside housing developments continue to pervade the
mountainous slopes that constitute the periphery of many of our metropolitan areas.
Even amidst the intimidating nature of the slope and its paradoxical development, the
desire and demand to build on the slope remains a constant affirmative. As such, the
necessity to further evolve and continue to improve our abilities regarding the
development of such lands is absolutely imperative. Perhaps this great significance can
be best illustrated through the following account given at a recent American Planning
Association (APA) national planning conference, whereupon,

“Jim Echert of the Seattle budget office displayed a map of the city...
pointing to places all over the city identified in red. These locations share
three characteristics, said Echert: They are the most expensive properties
in the city, they have the best views, and they have the most landslides.”’’

2.2 Conscious Regulation

Given the nature of the slope and its conflicting coexistence of potential harm and appeal
for inhabitation, a conscious effort must be made towards the strict regulation thereof. In
most municipalities where hillside or steep slope design constitute a significant portion of
their residential development, some form of official “guidelines” or “regulatory
standards” have been implemented, which is further discussed below (see section 3).

1 Glen Y.F. Lau, P.E., President. Pacific Geotechnical Engineers, Inc.

' Reyner Banham, Los Angeles: The Architecture of Four Ecologies. (University of California press, 2001)
97.

15 James H. Andrews, Shifting Sands, Sliding Land: Property Development Projects on Hillsides and
Waterfronts. (Planning — June 1, 1999) 4,
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In many instances, areas that require hillside regulation are categorized through
government legislation as “IDC” zones, or Inter-Departmental Control Zones, meaning
that their assessment regarding safety and buildable potential will be determined through
several different professional departments. In most cases, geotechnical engineers or soils
and geology experts will play the prominent or key role in such investigative
undertakings (see section 3.2). Generally, once a full assessment has been made and
corresponding regulations have been developed, they can be categorized into two primary
groupings: safety and aesthetics. Safety will typically be the subject of emphasis in areas
where soils are prominently unstable and where inclines are dominantly steep.
Alternatively, aesthetics will typically be the overriding theme when the area’s inclines
are subtle, the geology is sound and familiar, and relatively uncomplicated development
can occur.

For example, the following two paragraphs are “objective statements” from two different
community’s hillside design/development guidelines, which clearly illustrate such a
divergence in focus:

Statement A, from the Hillside Guidelines of the City of San Rafael, California:

“The goals and policies of the... general plan and adopted specific plans
and neighborhood plans, seek to protect public health and safety by
minimizing hazards, including seismic and landslide risks, soil erosion,
and fire danger associated with development on steep and/or unstable
slopes. Additionally, plan policies encourage preservation of natural
hillside features and the development of hillside site design standards.
The standards are... intended to implement these objectives by requiring
that lots in hillside subdivisions realistically relate to the natural
topography of the land by limiting grading and retaining much of the
natural terrain.”"’

Statement B, from the Hillside Design Guidelines of the City of Glendale Planning
Department, California:

“The goal of the guidelines focuses on developing high caliber homes that
use quality material and reflect proportionate design in style and scale.
The guidelines concentrate less on height and bulk and aim to minimize
the visual and aesthetic impact of single-family homes in the hillsides.
The Hillside Design Guidelines encourage new residents to include
variations in plane, roof pitch to match the slope of the lot, relatively low
building height and providing building color that blends with the hillside.
Retaining walls should not be a dominant visual feature.”

'8 Fujimoto, E.
' City of San Rafael, Community Development Department, Hillside Guidelines. www.cityofsanrafael.org
18 Roger Kiesel, Senior Planner, City of Glendale Planning Department, Design Review Staff Report, 2007.
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While Statement A and Statement B differ in emphasis and language, they each
appropriately address the primary concerns of their respective hillside areas, as
determined by their community and local government authorities. These adopted
guidelines, along with many other regional regulations of similar likeness and fashion,
serve as a conscious attempt to bridle what otherwise could become a very hazardous
and/or visually obtrusive condition.

3.1 Regulatory Preeminence

The regulation and management of hillside developments will require varying degrees of
ordinances, statutes, and principles, which will generally be directly proportional to the
geological and geographical conditions of the area, as well as the level or degree of
involvement of the jurisdictional authorities (which is often times limited, due to liability
reasons). For jurisdictions engaged in such regulatory efforts, either at their own
initiative or due to compelling extraneous factors, the development and adoption of an
explicit hillside ordinance is the most common outcome. However, many jurisdictions
may alternatively enforce and/or also include, refer to, and cite specific sections or
modified forms of their corresponding building codes, land use ordinances, zoning
ordinances, development guidelines, municipal codes, comprehensive plans, subdivision
ordinances, and grading ordinances."®

According to Robert B. Olshansky, of the Department of Urban and Regional Planning at
the University of Illinois at Champaign — Urbana, thoroughly developed hillside
regulations or guidelines will include many or most of the following categories:

1. Land use and lot size
a. Maximum density
b. Minimum lot size or dimensions
c. Permitted uses
d. Required no-build areas (a minimum area %)
2. Site design and construction
a. Grading
b. Setbacks
¢. Open space
d. Clustering
e. Impervious surface coverage
3. Building restrictions
Type or design
Maximum height
Materials restricted
Fire safety
Orientation/siting
Maximum footprint

ThN RO TR

'® Olshansky, 388.
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4. Tree/vegetation restrictions

a. Mandated replacement or planting

b. Limited removal

c. Additional fire safety

d. Vegetation management mandated
5. Road and parking restrictions

a. Road standards

b. Roads parallel to contours

c. Parking restrictions

d. Common access drives
6. Other design regulations

a. Lighting

b. Signage
7. Procedural and policy strategies
Require technical studies by professionals
Variances or special exceptions
Grandfathering of existing uses
Conditional uses permitted
Transfer development rights, density bonuses
Homeowners’ Associations™

The AN &9

Categories and subcategories of such ordinances can be general, and at times open to
varying degrees of interpretation and argument, or they may be very explicit in nature
with a strict, zero tolerance policy. Regardless of their language or level of stringency,
there exists among them a natural hierarchy or implicit level of preeminence. As such,
superseding all others by force and as a practical legal matter, are the aspects of the
guidelines, which are specifically oriented towards the public health, safety, and general
welfare. Subsequent to them, are the overshadowing, often unreasonably desired,
peoples choice policies of aesthetics and presentation. In other words, guidelines and
ordinances intended to ensure the safety and wellbeing of the general public, are
ironically perceived as not being as important as preserving or achieving the desired
aesthetics of the general area or specific site. While the latter of the two groups will
generally create more conflict during times of disagreement or debate amongst involved
design, development, and currently residing parties, when dispute arises due to direct
conflict between them and the former aspects previously mentioned, they will generally
succumb to the logic, rationale, and sensibility of ensuring that safety is of the utmost
priority.

3.1.1 Safety First

In electing to build on a slope, one will encounter extremely hazardous and potentially
life-threatening conditions, which if not properly addressed, could lead to substantial
losses in property damages, grievous liability and litigation claims, and in the worst case

2 Olshansky, 389.
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scenario, the loss of human life. As architects and professional designers are entrusted
with life-safety, they will most likely share in accountability along with the builder and
the homeowner in any disputes over litigious allegations and claims should an incident of
this nature arise. Hence, an explicit understanding of the responsibilities, requirements,
and corresponding liabilities of such an undertaking is absolutely imperative.

While the attainment of such an all-encompassing, all-inclusive understanding may seem
utopian or ideological at best, it is actually quite achievable, and accessible through direct
collaboration and consultation with working professionals of affiliated industries. For the
purposes of this submittal, emphasis will be placed in the foremost component and
greatest influence in hillside safety, particularly in the context of Hawaii, which is the
soils and geology study of the region.

3.2  Geological Hazards

Geological studies involve a detailed and critical analysis of the composition, physical
properties, structure, history, and processes that shape the Earth’s solid matter and
components, encompassing such things as rocks, soils, and gemstones, etc.?! In relation
to the built environment and the potential harm therein, particularly when pertaining to
hillside, cliff, or ridgeline design and construction, geological hazards can be grouped
into two primary damage evoking types of incidences: landslides and debris flows, and
boulder / rock falls and topples.

3.2.1 Landslides and Debris Flows

“The Honolulu District combines several of the essential components for
landslide and debris-flow hazards: steep hillsides, heavy rainfall, and
strong pressure for residential development in upland areas.”*

A landslide occurs when land is suddenly and abruptly thrust downward due to an
overwhelming combination of gravitational force and a triggering element such as
precipitation, water runoff, erosion, ground saturation, and natural or man-made ground
disturbances, such as earthquakes or construction vibrations and development excavation.
Characterized by a failure in shear strains at the landslide plane, also known as a slippage
or slip plane, which will be further discussed in subsequent paragraphs (see figure 3.1-1),
landslides will predominantly consist of their own connate substances and solid materials,
such as rocks, dirt, and boulders, without significant amounts of incidental water.
Naturally, landslides can be extremely devastating. They have the ability to pull down

2! Reference.com, Geology. http://www.reference.com/search?q=geology
%2 Oahu Civil Defense Agency (OCDA), City and County of Honolulu. Geological Hazards:
Landslides/Debris Flows and Rock Falls. Section 7-1.
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entire structures with their fall as well as the potential to completely submerge, or destroy
upon impact, entire edifices below.

With an average of more than three landslides in varying forms occurring each month, in
the Honolulu District alone, landslides and debris flows are accepted as a frequent and
natural occurrence in the Pacific Islands of Hawaii. Most of the instances have actually
occurred in relatively inaccessible or undeveloped, upland areas, consequently, they have
inflicted very minimal property damages and have given little cause for concern. Instead,
the greater concern along with the historically greater damage, lie with the torrential rain
evoked debris flows.

Debris flows, which are often referred to as mudflows, mudslides, earth flows, debris
avalanches, or lahars (when occurring on the side of a volcano or containing volcanic
fragments and debris), are typical forms of very fast moving landslides, which can occur
on virtually any hillside or inclined environment. Debris flows are distinguishable from
landslides due to their rapid flow rates and significantly higher water content, which
gives them the resemblance of raging viscous fluids. Such flows are formed through
large amounts of running water, in which loose soil, rocks, matter, and debris are
consumed, combined with air, and form a downward running slurry, following the path of
least resistance.

“The consistency of debris flows ranges from watery mud to thick, rocky
mud that can carry away large items such as boulders, trees, and cars...
causing extensive damage. Debris flows from many different sources can
combine in channels where their destructive power may be greatly
increased. They continue flowing down hills and through channels,
growing in volume with the addition of water, sand, mud, boulders, trees,
and other materials in their path. When the flows reach flatter ground,
the debris spreads over a broad area, sometimes accumulating in thick
deposits that can wreak havoc in developed areas. Once started, however,
debris flows can travel even over gently sloping ground.”**

In addition to the direct damages caused by the colliding effects of such debris flows,
incidental damages are also quite substantial. Due to the primary component of such
flows being water, they will generally cause significant, if not complete, obstruction and
plugging of drainage canals and corresponding infrastructure, resulting in heavy water
diversion and severe flooding. They have also been known to sever or completely
submerge roads with debris matter, barricading access to or egress from various
neighborhoods, thus interfering or impeding emergency evacuations and operations.

3 OCDA, 7-4.
2 OCDA, 7-1.
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3.2.2 Warning Signs

Due to the ever-evolving geology of the earth and constant wind and water erosion,
complete detection and prevention of landslides and debris flows is an impractical task.
However, there are many visually discernable warning signs, which if detected in time,
could prevent an unanticipated and disastrous occurrence.

According to the Oahu Civil Defense Agency of the City and County of Honolulu,

“Several features on land may be noticeable prior to a landslide. These
features include:

e Springs, seeps, or saturated ground appears in areas usually not
wet

® New cracks or unusual bulges in the ground, street pavement, or
sidewalks
Soil moves away from foundations

Ancillary structures (e.g. decks, lanai) tilt or move relative to the
house

Concrete floors or foundations tilt or crack

Water lines and other underground utilities break
Telephone poles, trees, retaining walls, or fences tilt
Roadbeds sink, or drop down”*

Many of the above mentioned features, particularly those specifying a “tilt,” are visual
manifestations of a geological phenomenon known as soil, slope, or downhill creep, or
simply “creep.” Creep is the slow, downward progression of soil, rock, and sediment,
and any objects thereon, including vegetation and structures, down an incline or slope,
due to gravity, which results in the angling, tilting, or contorting of presumably stationary
objects (see figure 3.1-1). The rate of creep is largely dependent on the steepness of the
slope, but other factors such as water content and absorption, type of soil and sediment,
and vegetation are also significant factors in such calculations.

% OCDA, 7-1.
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Leaning trees, fence
posts, etc. are an
indication of slope
creep.

—— Slippage Plane

Figure 3.1-1
Slippage Plane and Slope Creep

In this realm of geology and physics, friction is the primary force holding the creeping
top-layers and sliding substrate to the slope.

“Friction... is produced when one body of material slides past another,
offering a mechanical resistance between the two, which acts on holding
objects or slopes in place. As slope on a hill increases, the gravitational
force that is perpendicular to the slope decreases and results in less
friction between the materials, which could cause the slope to slide.”*

This angle of incident, or the maximum angle a slope can be before things begin to fall
and slide off its surface, is called the angle of repose.

3.2.3 Danger Zones

The angle of repose in a slope can vary from extremely steep to a very low grade
depending on the geological content, vegetation, microclimate, etc. of the area. This
angle is the primary determining factor when calculating the slippage plane or landslide
plane of an area. The slippage plane is referred to as the line or plane created at the
precise area of frictional shear failure between the top layer or layers of unstable earth
and its fixed substrate below (see figure 3.1-1).

Calculating the depth and affected surface areas of the slippage plane is extremely critical
in determining the safety of the site. Through geotechnical boring and analysis, the exact

% Wikipedia: The Free Encyclopedia, Downhill creep. http://fen.wikipedia.org/wiki/Downhill_creep
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location and depth of the slippage plane (the actual line itself) can be determined,
allowing for further area calculations to be made. The depth of the slippage plane may
vary from lying only a few inches below the visual surface of the property, to being
buried a hundred feet or more beneath it. Once the slippage plane calculations have been
made, laying out danger zones or non buildable areas can occur, either on the large
macro-scale as with an entire ridgeline or valley, or on the smaller micro-scale as in an
individual site or personal lot.

In most instances where hillside or steep slope development occurs, there will also be
areas of delicate ridgeline and cliff construction. In such scenarios, there will often exist
a conflict between the architect/owner and geotechnical engineer as to the siting of the
house on the property. Typically, the architect/owner will prefer to locate the house as
close to the edge of the cliff as possible (an obvious danger zone), even to the point of
cantilevering over it. Naturally, the geotechnical engineer’s recommendation will be
contingent upon his site findings; however, his recommendation is usually to keep the
house as far from the cliff edge as possible, but a compromise will generally be reached
on the conservative side due to the following edge/cliff enhanced factors:

e The edge/cliff “skin” (see figure 3.1-2) is constantly shedding

e Edge/cliff faces are fully exposed to the elements causing rapid erosion

e Exposed elements in the face of the edge/cliff have limited physical contact with
the main body, empowering gravitational influences

e Edge/cliff faces are the most susceptible to significant changes over time

Surface area or edge skin is
constantly shedding or eroding,
resulting in an ever-increasing
hazard for housing both atop
the ridge as well as below.

Figure 3.1-2
Skin Erosion
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Regardless of these issues, and contrary to popular opinion, the most dangerous location
for building a single family residence on a hillside, cliff, or ridgeline area, is not at the
top, edge, or steep middle section of the ridge, but at its bottom or base.?’ Obviously,
such a conclusion is not intended to be all-inclusive and absolute, however, supporting
evidence is abundant and precedented instances confirm such a reality. The primary
determinant in such an existence is the fact that at the base of a hill, cliff, or ridge, lays
the entire conglomerate mass of previous landslides, debris flows, rockslides, and years
and years of hillside creep matter. To build atop such unstable and unproven grounds
(which constitute the vast majority of Honolulu’s inner valley developments), is literally
akin to building atop an actual slippage plane. Hence, residential landslides in such areas
are an immanent threat and potential hazard, which may occur at any moment,
particularly immediately following a volcanic tremor, during the heavy, rainy season, or
in the midst of a tropical storm (as witnessed in the New Year’s Day, 1988, Manoa
Valley landslide, see figure 3.1-3). Statistically, such incidents will “generally occur
during 02r8 immediately after severe rainfall of more than three inches in a peak 6-hour
period.”

Figure 3.1-3%
Manoa Valley Landslide
J. David Rodgers

%’ Clayton S. Mimura, P.E., President. Geolabs, Inc.

) OCDA, 7-1.

% J. David Rodgers, Ph.D, P.E., R.G., CE.G. Manoa Valley Landslides: Geotechnical Consultations,
Honolulu, Hawaii. http://web.mst.edu/~rogersda/professional_experience/Manoa/manoa.htm
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3.2.4 Boulder/Rock Falls and Topples

In addition to the base of the ridge being at high risk for landslides, it is also the natural
and prime location to be the recipient of upper ridge landslides and skin failures, debris
flows, falling rocks and boulders, etc.

“Rock falls occur when masses of rock or other material detach from a
steep slope or cliff and descend by free fall, rolling, or bouncing”*°

While most of Hawaii’s hazardous boulder and falling rock areas are along roadsides,
which can be directly attributed to the blasting techniques used in developing these
roadways, there are also several natural processes and mechanisms that contribute to the
breakdown and alteration of rock in residential hillside contexts.

Over the last few years, several boulder and falling rock incidents have caused this issue
to become an extremely sensitive topic and a very grievous hillside concern.

“The death of a woman who died in her bed when a six-ton boulder
crashed into her Nuuanu home on August 9, 2002 highlighted the danger
of falling rocks in residential areas near steep slopes. Other incidents that
have further reinforced the instability of Hawaii’s hillsides and cliffs
include the evacuation of a section of Hawaii Kai townhomes after a
boulder rolled onto a resident’s car on November 28, 2002. And on
February 14, 2003, a 4-by-3-foot boulder rumbled down a hillside in
Waialae Nui coming to rest only 20 feet from a nearby house. !

In such residential settings, where upper slopes remain untouched and act as a nestling
blanket to the residential hillside developments below, boulder erosion is a very
frightening issue. Mechanical weathering is the term used to define such erosion or the
natural breaking up and dismantling of rock by physical disintegration. A prime example
of such weathering is water erosion from streams, rivers, and in the context of Hawaii,
the ocean and corresponding waves. Other factors causing mechanical or physical
weathering may include the initiation and augmentation of fractures in the rock due to
thermal contraction and expansion, or the collapsing of underlying foundations, such as
lava tubes, rendering the area more susceptible and prone to further and faster
breakdown.

The rate of weathering and erosion is largely dependent on the geological makeup of the
area. Due to Hawaii’s volcanic formation, there are basically two types of substrate
layers: basalt, which is the harder more dense material, more commonly known as blue
rock, and dolerite or clinker (vitrified volcanic material), which has a more crumbly less
dense consistency. They are basically two different “varieties of texture of the same
mass. The essential texture of basalt is compact; if it becomes crystalline-granular it

% 0CDA, 7-7.
3 0CDA, 7-11.
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passes into anamesite and dolerite.”** In typical ridgeline scenarios, the two layers will
generally alternate from one to the other throughout the entire depth of the area. Due to
their fragmented nature, which is full of voids and fractures in the material, clinker layers
or zones are prone to weakness and failure. They are also much more vulnerable to
mechanical weathering, which will typically cause them to erode at a significantly higher
rate than their blue rock counterparts (see figure 3.1-4), resulting in higher probabilities
of rock fall hazards.”

“Clinker” layer

Oor zone.

“Blue Rock”
layer or zone, ===

Inner lines indicate
typical erosion patterns

/ of the substrate

z materials.
Lava tubes and
other voids prone
to collapsing are P
prominent within fo -
clinker layers. / // /

Vv
Figure 3.1-4
Blue Rock / Clinker Zones

3.2.5 Hazard Mitigation

Tragic events, such as the 1999 Mother’s Day rock collapse and landslide at the Sacred
Falls State Park, which left 8 people dead and injured 50 others, and led to the subsequent
and indefinite closure of the state park and an $8.56 million settlement,34 as well as the
Waimea Bay rockslide in March of 2000, which demolished two cars and required a two
week period of complete closure of the highway for emergency repairs costing over $10
million, are recent reminders of the inherent instability of the slope, regardless of the
contextual environment or developmental conditions.

32 Cotta, Bernard von, Rocks Classified and Described: A Treatise on Lithology. (Longmans, Green, and
Company, 1966) 141.

33 Mimura, C.

3* Hawaii Travel Newsletter / Honolulu Star Bulletin, Sacred Falls State Park.
http://www.hawaiitravelnewsletter.com/oahu/sacred-falls-state-park.htm
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Under these circumstances, and particularly due to the existing and continual residential
development of hillside and steep slope related areas, a hazard mitigation plan is
absolutely imperative. According to Randall W. Jibson and Rex L. Baum of the United
States Geological Survey,

“Landslides and rock-fall hazards can be mitigated in three broad
categories: prevention, retention, and set back. Prevention involves
selective removal of potential landslide material (scaling) or physically
strengthening the slope by using rock bolts, screening, retaining
structures, or grouting (cement)... Retention involves building retaining
structures at the bases of slopes to catch material that falls. Such
structures in this case would have to be very strong to catch rocks falling
at high speeds from near-vertical, very high slopes... Set-back involves
limiting access to areas near the bases of slopes that are within range of
falling and bouncing rocks... (alternatively), the only way to totally
eliminate the possibility of additional landslide-related deaths or injuries
is to close public access to the canyons.”>

As prohibiting access or use of significant portions of the developable land in question is
clearly an unacceptable solution, detailed options, possibilities, and corresponding
direction on prevention, retention, and set back techniques must be acquired and
incorporated into the architectural design and development of such land. Additional
explanation and application of these techniques is further explained as an integrative
element and critical aspect in various portions of this submittal.

3.2.6 Responsibility and Liability

Denial of access to potentially hazardous areas is the “only” way to completely prevent
future damaging and potentially life-threatening incidences from occurring due to rock
topples and landslides. While much can be done to prevent further development of areas
in question, a significant portion of land in such areas has already been developed and
occupied for many years. In addition to this, consistent pressure to develop neighboring
areas is continually rising, regardless of their specified zoning district. As such, future
incidents are highly probable and likely to occur in similar fashion as historically
precedented. Given this probability, the question of liability will certainly rise with any
individual wishing to purchase or any group of individuals wishing to develop in such
areas. Who is responsible to do what with the land in question and where will liability
rest should future incidents occur?

Determination of these responsibilities and liabilities will generally not be found in a
clear and concise, or definitive black and white format. Generally, grey will be the

35 Randall W. Jibson / Rex L. Baum, United States Geological Survey (USGS). Assessment of Landslide
Hazards in Kaluanui and Maakua Gulches, Oahu, Hawaii. Open-File Report 99-364, 9.
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overriding color in a sea of monochromatic requirements, standards, ordinances,
guidelines, and statutes. As such, the written law regarding hillside conditions or
potential incidents is either not specifically addressed or is open to interpretation, which
places extreme significance on any past or presently occurring unprecedented tribunals.
Under these circumstances, common laws are created and further refined and enhanced

through judiciary judgments.
3.2,7 Common Law

Common law is a legal or regulatory system in which the laws are developed through
court decisions (judicial precedent) rather than through statutes.

“The distinctive feature of common law is that it represents the law of the
courts as expressed in judicial decisions. The grounds for deciding cases
are found in precedents provided by past decisions, as contrasted to the
civil law system, which is based on statutes and prescribed texts. Besides
the system of judicial precedents, other characteristics of common law are
trial by jury and the doctrine of the supremacy of the law. Originally,
supremacy of the law meant that not even the king was above the law;
today it means that the acts of governmental agencies are subject to
scrutiny in ordinary legal proceedings. Judicial precedents derive their
force from the doctrine of stare decisis (Lat.,=stand by the decided
matter), i.e., that the previous decisions of the highest court in the
jurisdiction are binding on all other courts in the jurisdiction.”®

When discussing development and inhabitation of a hillside area, legal procedures will
typically call upon both common as well as contractual laws.

“Generally, common law deals with those issues not covered by specific
legislation, and in particular this involves liability for naturally occurring
conditions and the questions of natural rights, negligence (failure to
provide sufficient duty of care) and the right to protection from nuisance.
Contract law becomes relevant once a decision has been made to develop
an area and involves the definition of responsibilities between the various
parties who are involved in the dispute. »37

For purposes of this paper, such parties may include, but are not limited to, the primary
individuals of responsibility for the development or inhabitation and any professional
advisors with whom they establish contracts for services or consultation purposes,

3¢ The Columbia Electronic Encyclopedia, Common Law. Columbia University Press, 2004.
http://www.reference.com/search?q=Common%20Law

37].8. Griffiths and J.C. Doomkamp, Earthworks: Land Instability and the Legal Responsibilites of the
Landowner, Developer and Consultant Earth Scientist. (Terra Nova, Volume 7, Issue 5, Blackwell Science

Ltd, 1995) 550.

25



namely: land owners, land leasers, developers, surveyors, contractors, architects, various
engineers (geotechnical, structural, civil), and geologists.

In order to minimize the possibility and/or degree of involvement and responsibility in a
litigation claim, individuals with intent to participate in the design and development or
even the acquirement of hillside lands and corresponding housing, must have an acute
awareness of their contractual obligations and the legal implications thereof, which may
also directly or indirectly involve common law issues. Contractual obligations will
typically vary from contract to contract and project to project, and are generally
intricately written in the language and terminology of the law, as an attempt to leave little
or no doubt in fault or violation of the contract should issue arise. On the other hand,
common law issues regarding the slope will be much more difficult to interpret and
subsequently resolve if necessary.

If a legal course of action is taken regarding any form of geolocial hillside incident, there
will generally be a determination made as to whether or not the incident was a direct
result of physical, man-made induction, and if so, who is primarily responsible, or if it
was simply the outcome of a naturally occurring condition, and if so, is anyone at fault?
While an in-depth analysis of these conditions could comprise volumes of legal and
precedential material, the following general guidelines and circumstances are applicable
throughout Hawaii.

Prior to any development, construction, or infrastructure related installment on a slope,
the responsible party, or entity in pursuit of such development, must complete a full and
detailed analysis of the land in question. The responsibility rests with them to provide
through critical geotechnical studies and other professional earth science procedures that
the land is safe to be tampered with, modified, excavated, developed, etc. Upon
providing the required studies and supporting evidence in order to convince the local
authorities and the affected communities of the minimal to non-existent threat, and after
having been granted subsequent approval to proceed, the said responsible party or entity
has explicit and exclusive obligations to ensure that incident does not occur, and should
incident occur, as absolute prevention is unattainable, they must have in place the
necessary security and protective devices to ensure the safety and general welfare of the
people and property in the potentially affected surrounding areas.>®

Should an incident occur during or as a direct result of these activities, such as a landslide
due to excavation, or a falling boulder due to vibrations in the earth, the developing party
will be held directly accountable for any damages incurred. Upon completion of such
endeavors, there is an undefined amount of time, unless otherwise contractually noted,
upon which such work must be guaranteed in quality, steadfastness, and stability. For
most common purposes in Hawaii, this time frame is limited to one year after the
substantial completion of the project, yet it is not explicitly limited to within such a time
frame, particularly in instances of negligence and bodily injury. For example, if a
developer builds a series of homes on a hillside plot of land or an owner hires an architect
to design and build a private residence on a personal hillside lot, and shortly thereafter or

38 Mimura, C.
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a few years later, the land upon which such houses were built begins to shift or slide, and
subsequent cracking of the footings and foundations of these houses occur, consequently
damaging and compromising the structural system of the house and in turn the primary
edifice itself, the developer and the architect can be sued under claims of negligence, who
in turn, may also sue the geotechnical engineer or other such consulting professionals
under the same claim. The outcome of such litigation claims will be largely dependant
on contractual provisions and limitations set forth in the project’s contract negotiations
phase, the amount of elapsed time, and any precedents set in related claims filed in the
past.

Individuals who live or wish to build residencies where they feel they are vulnerable and
may be susceptible to hillside related incidents, such as towards the bottom of a ridge or
below apparently hazardous upper residencies, are entitled to protection from the upper
lands, but are also obligated to defend themselves from the possibility of such an incident
occurring.

“Take by way of example, the hypothetical instance of the landowners
through whose land a stream flows. In rainy weather it is known the
stream may flood and the flood may spread to the land of the neighbors. If
the risk is one which can readily be overcome or lessened — for example
by reasonable steps on the part of the landowner to keep the stream free
from blockage by debris or silt carried down, he will be in breach of duty
if he does nothing or does too little. But if the only remedy is substantial
and expensive works, then it might well be that the landowner would have
discharged his duty by saying to his neighbors, who also know of the risk
and who have asked him to do something about it, ‘You have my
permission to come on to my land and to do a§reed works at your expense,
or on the basis of a fair sharing of expense.”””

As a general rule, homeowners on hillside lots are liable for anything that rests or resides
on their property “within reason”, i.e. rocks, earth, trees, etc., and should a random item
be loosed from within their property boundaries and stray onto a lower residents property,
incurring damage, or worse, physical harm, the owner of the land from whence the item
strayed will most likely be held fully accountable in a court of law. If such circumstances
are beyond reason, as noted above, the homeowners will often share in the effort to
rectify the situation for the betterment of the whole. In incidences where the upper land
from whence such objects may come, is owned by an entity rather than a single family
homeowner, which is the case for most of the periphery of the hillside valley
developments in Honoluluy, it is the duty and obligation of the homeowner to protect
himself from any potential and unseen hazards.*’

Such protection will be costly and most efficiently accomplished if an assessment of the
ailments from which protection is sought can be performed, however, in circumstances as
existing in the valleys of Honolulu, where the upper lands reside in their presumably

% Griffiths and Doornkamp, 552.
“ Fujimoto, E.
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natural, untouched, and uninhabited state and are owned and protected by the State of
Hawaii or often times the Board of Water Supply, assessing the land is strictly prohibited
and an attempt to do so is considered trespassing. Therefore, should incident arise under
these circumstances, the land owner is not held liable as the land evoking the incident is
in a natural, untouched condition, hence, the incident is the result of that naturally
occurring condition with no fault to that of the owner. While such a condition may
appear to be black and white, it is not entirely so, and as demonstrated throughout
American history, law suits can be filed in pursuit of virtually any claim, regardless of the
stipulated contractual agreements, precedented common law verdicts, or so called
naturally occurring conditions otherwise known as “Acts of God”.

Whether they be acts of God or acts of man, geological hazards, primarily landslides and
debris flows and falling rocks and boulders, comprise the fundamental and most
significant threats and concerns of current and hopeful hillside residents. While much
can be done to detect, prevent, and protect against such catastrophic and damaging
occurrences, there does not exist a fool-proof approach in which a hillside homeowner
can be 100% assured that he will not be adversely affected at some point in time or in
some way or fashion by such an occurrence. As such, owners, designers, and builders
must become intimately involved in the in-depth analysis and corresponding appropriate
action, which must be taken in order to protect the health, safety, and the general welfare
of themselves and their clients.

33 Aesthetics

Once a geotechnical determination has been made regarding the soundness and stability
of the site, focus and attention are abruptly shifted from safety to aesthetics.

“Development on steep slopes could result in adverse visual impacts... the
primary impact is aesthetic, since structures built along the slopes tend to
be visually prominent and can interrupt the silhouette of the natural
ridgeline when viewed from below. Building on the lower slopes of valley
walls can also have a visual impact.”*

3.3.1 Adverse Visual Impacts

In a recent nationwide study regarding the regulation of hillside developments through
governmental and community intervention, “Aesthetics” was listed as the foremost
priority and primary purpose of such jurisdictional administration. Second to aesthetics,
was the protection and preservation of natural phenomena (flora and fauna, river
corridors, habitats, soils, vegetation, etc.), which in essence, is a further extension of

0CDA, 7-4.
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aesthetics itself. Only then are geological hazards mentioned, followed shortly thereafter
by health, safety, and general welfare (see figure 3.2 -1).

As clearly indicated through this study, hillside development has a blatant physical and
visual impact on its immediate environment, which extends in ostentatious and dramatic
fashion throughout its contextual surroundings and on for an undefined given distance.
Given this visually dependent range of affection, such a development could have an
adverse visual impact for literally miles, and as such, it must be approached with great
care and sensitivity with respect to the idea of “see and be seen.”

Table 1. Statements of purpose of hillside plans
and ordinances

Jurisdictions listing
Purpose purpose [N (%)]
Aesthetics 142 (75)
Natural phenomena 134 (71)
Geologic hazards 122 (64)
Health, safety, general welfare 121 (64)
Natural resources 114 (60)
Access 57 (30)
Fire protection 56 (29)

Figure 3.2-1%

Naturally, owners and designers of hillside housing endeavors will attempt to capitalize
on the given views of an elevated site. As previously mentioned, the significance of
framing wonderful vistas of the terrain below is oftentimes the primary driving factor in
the conceptual and schematic design phases. However,

“When a house is sited for a breathtaking view, perhaps high on a hilltop
or ridgeline, the individuals down below have a breathtaking view of your
house. With such prime real estate come important responsibilities.”*

As previously noted, the responsibility to protect the public health, safety, and general
welfare is of the utmost importance, however, once this issue is presumably resolved,
focus then immediately shifts to visual appearance and either minimizing the impact
thereof, positively contributing to it, or blending in as discretely as possible. This is
generally attempted through the development of hillside regulations and guidelines in a
specific jurisdiction and the strict compliance therein by designers and builders. For

“2 Olshansky, 388.

* City of Colorado Springs, Design Guidelines. Living and Building Homes in the Hillsides.
http://www.springsgov.com/
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example, subsequent to stating the protection of the public health, safety, and general
welfare, the Santa Barbara Design Policies and Techniques for Hillside Housing state the
following mandates with respect to hillside development:

1. The grading and development will be appropriate to the site, be
designed to avoid visible scarring, and will not significantly modify the
natural topography of the site or the natural appearance of any
ridgeline or hillside.

2. The project will, to the maximum extent feasible, preserve and protect
any native or mature trees with a minimum trunk diameter of four
inches (47 ) measured four feet (4’) from the base of the trunk. Any
specimen tree, skyline tree, or oak tree meeting these requirements
that must be removed will be replaced on a one-to-one basis, at a
minimum.

3. The development will be consistent with the scenic character of the
City and will enhance the appearance of the neighborhood.

4. The development will be compatible with the neighborhood, and its
size, bulk, and scale will be appropriate to the site and neighborhood.

5. The development will preserve significant public scenic views of and
from the hillside.*

Once the policies and general requirements of the guidelines are established, the
corresponding techniques and recommendations are stated:

1. Blend the house into its surroundings.
1.1. Set the building into the hillside.
1.2. Step the building up or down the hill.
1.3. Minimize the visual impact of grading by doing most of the
cut under the building.

1.4. Use materials and colors to reduce the apparent bulk.
1.5. Avoid exposed underfloor areas.
1.6. Avoid excessive soil removal and fill.
1.7. Avoid large downhill cantilevers.
1.8. Avoid tall support columns for overhanging areas.
1.9. Select colors that are compatible with the neighborhood.

1.10. Fit in with hillside topography and background.

1.11. Avoid interrupting the natural ridgelines.

1.12. Avoid using fill to hide downhill foundations.

2. Building height should be in proportion to the style and size of the
house and to the lot area.
2.1. Set back higher portions of the structure to reduce the
appearance of height.

2.2. Vary height of building elements.
2.3. Minimize areas of maximum height.

* City of Santa Barbara (CSB), Hillside Housing Techniques.
www.santabarbaraca.gov/Government/Departments/ComDev/
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2.4. Avoid using designs intended for flat lots on the hillsides.
2.5. Avoid exposing the underside of buildings or decks.
3. Limit the amount of grading to avoid erosion visual and other

impacts.

3.1

3.2
3.3.
34.
3.5.
3.6.
3.7.
3.8
3.9.
3.10.
3.11.

3.12.
3.13.
3.14.

3.15.
3.16.

3.17.

Preserve slopes greater than 30% by avoiding grading and
clearing.

Avoid visual scarring.

Preserve natural ridgelines.

Set house below ridgeline.

Preserve natural vegetation and mature trees.

Set building into hillside by cutting into slope.

Grading immediately under the house is encouraged.
Retaining walls should be incorporated under the house.
Minimize grading outside of the building footprint.
Attempt to balance cut and fill on site.

Excess materials may be used elsewhere on the site if the
grading results in minimum changes to the natural contours
and will not be distinguished from surroundings within a
short period of time.

Man made contours should mimic natural contours.

Avoid hiding downhill foundations with fill.

Set the house on the site so that the length of the driveway is
minimized.

Minimize the visibility of driveway cuts from the property.
Use planting, wall materials and colors to minimize visual
effects of driveway cuts.

Design driveway slope with the natural topography.

4. Design retaining walls to blend into their surroundings.

4.1
4.2.
4.3.
44.

4.5.

4.6.

4.7.
4.8.

Walls should not exceed 50 feet in length.

Walls should not exceed 6 feet in height.

Stepped or terraced retaining walls, with planting in between,
may be an acceptable alternative to tall retaining walls.
Long continuous walls may be an acceptable alternative to
tall retaining walls.

Long continuous walls may be acceptable if they undulate,
are broken by buttresses or pilasters and are of appropriate
natural materials such as stone or adobe.

Use colors which tend to blend with the surrounding natural
colors of the hillsides.

Use stone or other natural materials.

Use planting, wall materials and colors which minimize the
visual effects of retaining walls.

5. Use architectural features to break up unacceptable massing.

5.1.
5.2.
5.3.

Vary rooflines.
Use a combination of vertical and horizontal elements.
Use design elements that are consistent with the chosen style.
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54.
5.5.

5.6.

Use doors and windows to create patterns.

Use step backs and projections in the design to create
interest.

Tall elements should be placed toward the center of the uphill
portion of the building.

6. Neighborhood Compatibility: Design structure to fit with the
existing neighborhood.

6.1.

6.2.

6.3.
6.4.

6.5.

Be compatible with neighboring houses in terms of
proportion, size, mass and height.

Architectural style is not restricted to the existing
neighborhood style, but should be compatible.

Avoid crowding or overwhelming neighboring residences.
Minimize creation of a vertical canyon effect between houses.
The space between houses should increase as wall height
increases.

Avoid large expanses of building walls, especially when
combined with retaining walls.

7. Landscaping: Use landscaping to blend the structure with the
environment.

7.1
7.2.

7.3.
7.4.

7.5.
7.6.
7.7.

7.8.
7.9.
7.10.
7.11.

Preserve existing vegetation and significant trees as much as
possible.

Blend the type, coloring, size and height of new vegetation
into pre-existing vegetation.
Use landscaping to enhance the architecture.

Avoid using vegetation to correct problems of design, privacy,
and bulk.

Modify soils to minimize watering.

Revegetate graded areas as soon as possible after grading.
Use drought tolerant, native and/or Mediterranean
vegetation.

Use fire retardent landscaping.

Use drip irrigation where possible.

Avoid unneccessary grading and removal of soil.

Use landscaping to control sun and wind.

8. Integrate fences and walls with structures and setting.

8.1
8.2.
8.3.

8.4.
8.5.
8.6.

8.7.
8.8.

Minimize fence and wall heights.

Break walls into low segments, stepping up or down the hill.
Use horizontal lines and proportions to reduce perception of
height and bulk.

Follow topography with fence and wall design.

Minimize length of solid fences and walls on hillsides.

Use open rather than solid fence design to reduce visual and
structural bulk.

Use earth tone colors and native, natural materials.

Integrate vegetation and landscaping with fence and wall
design.
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8.9. Chain link fences are strongly discouraged in the Hillside

Design District.
9. Miscellaneous Concerns.

9.1. Use a single architectural theme, design, and style.

9.2.  Use similar materials, colors and roof pitch on all structures
on the site.

9.3.  Use stepped roof and building lines.

9.4. Avoid using highly reflective materials.

9.5. Screen mechanical equipment.

9.6. Integrate solar panels into the site design.

9.7. Avoid large continuous paved areas. Paved areas should be
broken up by using colored or textured materials.®

When attempting to govern and influence aesthetics, the above example is a more
thorough and detailed outline than most adopted hillside regulations, however, upon an
indepth review of its contents, one might notice that no definitive limitations or absolute
requirements are clearly stated. For this reason, most hillside regulations are referred to
as “guidelines” because they are generally open to interpretation and can be purely
subjective at times, but nevertheless, provide general parameters within which the owner
must comply. Their intent is not to control the design process or dictate the overall
outcome, but to basically prevent the final product from having an adverse visual impact
on the given area and its surrounding context.

3.3.2 Legal Requirements

While the regulatory guidelines as discussed above may be suggestive and interpretive in
nature, leaving them somewhat limited in their ability to control the visual outcome of
hillside endeavors, they are reinforced by other hillside related requirements, which are
not open to interpretation, but stand as firm, absolute mandates, which must be adhered to
with a zero tolerance policy. In the City and County of Honolulu, as with most
municipalities, legal requirements relating to the protection of public health, safety, and
general welfare will be found in the Uniform Building Code (UBC) or the more recently
developed International Building Code (IBC). For purposes of aesthetics and the legal
requirements related to the protection and preservation of amenity, other local
Jurisdictional publications such as the Zoning Ordinance and the Land Use Ordinance
(LUO) will need to be adhered to. Subsequent to these will be additional requirements as
outlines in the Grading Ordinances and Soil Erosion Standards and Guidelines.

The dominating legal requirements with respect to the aesthetics and pertaining
specifically to hillside developments, are first, building height/building envelope, and
second, construction of retaining walls.

43 CSB, 2-4.
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3.3.3 Building Height/Building Envelope

According to the Land Use Ordinance of the City and County of Honolulu Department of
Planning and Permitting, building height and envelope limitations are as follows:

Sec. 21-3.70-1 Residential uses and development standards.

(a)

Within the residential districts, permitted uses and structures shall be as
enumerated in Table 21-3.

(b) Within the residential districts, development standards shall be as enumerated
in Table 21-3.2.

(c)  Additional Development Standards.

(1) Maximum Height. The maximum height of structures shall be
determined by the building envelope created as the result of the
intersection of two planes. The first plane shall be measured
horizontally across the parcel at 25 feet above the high point of the
buildable area boundary line. The second plane shall run parallel to
grade, as described in Section 21-4.60(b), measured at a height of 30
feet. If the two planes do not intersect, then the building envelope
shall be determined by the first plane (see Figure 21-3.10).

(2) Height Setbacks.

(A)  Any portion of a structure exceeding 15 feet shall be set back
from every side and rear buildable area boundary line one foot
Jor each two feet of additional height over 15 feet (see Figure
21-3.10)

(B)  Any portion of a structure exceeding 20 feet shall be set back
from the front buildable area boundary line one foot for every
two feet of additional height over 20 feet. 4

Sec. 21-4.60 Heights

(a)  All structures shall fall within a building height envelope at a height specified
by this chapter or as specified on the zoning maps. Exceptions are specified
under subsection (c), and others may be specified under special districts.

(b) The building height envelope shall run parallel to existing or finish grade,
whichever is lower (see Figure 21-4.3), except where finish grade is higher
than existing grade in order to meet city construction standards for driveways,
roadways, drainage, sewerage and other infrastructure requirements, or to
meet conditions of permits approved under the provisions of this chapter. In
these cases, height shall me measured from finish grade.

(c) The following structures and associated screening shall be exempt from

Zoning district height limits under the specified restrictions:

“ Honolulu. Department of Planning and Permitting (HDPP). Land Use Ordinance (LUO). 1. Zoning law
— Honolulu. 2. Land use — Law and legislation — Honolulu. I. Honolulu. Ordinances, etc. 2003, 3-26.
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(1) Vent pipes, fans, roof access stairwells, and structures housing rooftop
machinery, such as elevators and air conditioning, not to exceed 18
feet above the governing height limit, except that structures housing
rooftop machinery on detached dwellings and duplex units shall not be
exempt from zoning district height limits.

(2) Chimneys.

(3) Safety railings not to exceed 42 inches above the governing height
limit.

(4)  Udlity Poles and Antennas, spires, flagpoles, wind machines, any
energy saving devices, etc.”

As illustrated in Figure 21-3.10, the building envelope and maximum building height will
always be determined by the most conservative vertical dimension between the two
governing planes. Clearly, many hillside endeavors will not display such a perfectly
angled line as indicated, and as such, should the existing grade drop in elevation or
ungulate across the site, the thirty-foot parallel determinate plane will also drop in
elevation or ungulate with it, which will in turn be reflected in the building envelope (see
Figure 3.2-2). In addition, this maximum building height or grade from which
measurement is taken, cannot be elevated through cut and fill techniques, unless required
to do so in order to meet city code compliance. Once the building envelope and
maximum building heights have been established, the threat of an adverse visual impact
as a result of the actual residence becomes greatly dependant on architectural style and
corresponding finishes, which will be further discussed in Section 4 of this submittal.
Aside from the actual bulk or mass of the primary residence, the second most potentially
damaging aesthetic consideration lies in the use and application of retaining walls.

“THDPP-LUO, 4-7 — 4-8.
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Table 21-3
Honolulu Department of Planning and Permitting
Land Use Ordinance

TABIL 3
MASTER USE TABLE

In the event of any conflict between the text of this Chapter and the following table, the text of the Chapter shall control. T'he foliowing table is not intended to cover the Waikiki Special District; please r
to Table 21-9.6{A).

KEY: Ac = Special accessory use subject to standards in Article 5
Cm = C | Use Permit-minor subject to standards in Article 5; no public hearing required (see Article ¢ for exceptions)
C = Conditional Use Permit-major subject to standards in Article 5; public hearing required
P = Permitted use
P/c = Permitted use subject to standards in Article 5
PRU = Plan Review Use
ZONING DISTRICTS
"
«?
~
=] v
[USES s |
-4 0 - —
Note: Certain uses are defined in Article R I ) c | “ Ol B .m. X S o
: . h & e~ - ] o = = - o -
10) 212 |¢ Sl2 1% |2 | 2| Z| 2|2 &3 |2 |3 Zlz|2f{2]|=2
DWELLINGS AND LODGINGS
Fonaiw facilities : [P Ip P P P P P
IConsulates [Plc [Plc [P IP P P P P P P P P P
[Duplex units Ip P P P P P P P P
IDwellings, owner's or caretaker’s, accessory . JAc__ [Ac JAC Ac JAc JAC JAC
[Dwellings for cemetery caretakers lac Ac
Dwellings, detached, one-family . P PP P P P P P P P P
Dwellings, detached, two-family P P P P P B P p
[Dwellings, multifamily P IP i P P P P P/c [P
iFarm dwellings P/c  [Plc
(Group living facilities C I kK .k kK £ € K€ Kk c_ Icm
Guest houses (R-20 only) lAc
Hotels ' P P Cm Cm
[Roomers/Rooming . e Jac JAc
Ispecial needs housing for the elderly c k k k Ik c It
Time sharing IPic P
Transient vacation units Plc P
[Vacation cabins ICm
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Table 21-3.2
Residential Districts
Development Standards

District
Development Standard R-3.5 R-§ R-7.5 R-10 R-20
Minimum lot One-family 3,500 5,000 7.500 10,000 20,000
area (square dwelling,
feet) detached, and
other uses
Two-family 7,000 7,500 14,000 Use not permitted Use not
dwelling, permitted
detached
Duplex 3,500 3.750 7,000 Use not permitted Use not
permitted
Minimum lot width and depth 30 per duplex unit, 35 per duplex unit, 65 for dwellings, 100
(feet) 50 for other uses 65 for other uses 100 for other uses

Yards (feet): Front

10 for dwellings,
30 for other uses

Side and rear

5 for dwellings’,
15 for other uses

5 for dwellings,
15 for other uses

Maximum building area

50 percent of the zoning lot

Maximum height (feet)

25-30

Height setbacks

per Sec. 21-3.70-1(c)

Figure 21-3.10
Height Measurement In Residential Districts
Land Use Ordinance
Honolulu Department of Planning and Permitting
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3.3.4 Retaining Walls

Retaining walls play a necessary and integral part in the development of the hillside.
Their design and construction will often, but not always, be required for single, individual
hillside lots, however, their implementation into the overall area scheme is almost certain
in order to meet a development’s access, roadway, and infrastructure requirements. As
such, the majority of adopted hillside development guidelines integrate very specific
limitations on retaining wall usage and their corresponding heights, lengths, materials,
and finishes. Due to their generally stark, heavy, and obtrusive appearance, most
established hillside design guidelinew will state that “Retaining walls should not be a
dominant visual feature”® in the overall aesthetics of the community. Therefore, in an
attempt to regulate their visual impact, the City and County of Honolulu has included the
following section in their Land Use Ordinance:

Sec. 21-4.10 Retaining walls.

(a) Retaining walls containing a fill within required yards shall not
exceed a height of six feet, measured from existing or finish
grade, whichever is lower, to the top of the wall along the
exposed face of the wall. Heights of terraced walls or
combinations of retaining walls shall be measured combining
all walls located in the required yard (see Figures 21-4.2 A and
B).

(b) A retaining wall that protects a cut below the existing grade
may be constructed within a required yard, up to the height of
the cut. There shall be no height limit for retaining walls which
protect a cut, except that a retaining wall which protects a cut
and contains fill shall not exceed a total of six feet in height
measured from the intersection of the wall and the existing or
finish grade, whichever is lower, to the top of the wall along the
exposed face of the wall.

(c) A safety railing may be erected on top of any retaining wall
within a required yard. If the safety railing is generally
constructed of a different material than the retaining wall, and
Is open at intervals so as not to be capable of retaining earth, it
shall not exceed a height of six feet above the retaining wall.

(d) Safety railing or fences constructed of the same materials as the
retaining wall shall not exceed a total combined height of six
Jfeet measured from the finish grade along the exposed face of
the wall. Additional fence height of different material not
capable of retaining material may be erected, not to exceed a
height of six feet measured from the finish grade of the retained
material (see Figure 21-4.2 B).49

8 Kiesel, 027-P2.
4 HDPP-LUO, 4-4.
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Figure 21-4.2(A)
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Figure 21-4.2(B)
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During the conceptual and schematic design phases, retaining walls are often given
minimal architectural or aesthetic attention, particularly because of their utilitarian nature.
Generally, once their associated engineering calculations regarding lateral loads,
drainage, stability, etc. are completed, an acceptable medium for constructing the wall is
then determined and further incorporation into the overall design is left at a minimum.
While their first and foremost function is obviously of pragmatic emphasis, there are a
few strategies that can be implemented into their design in order to reduce their stark,
intrusive, and often times, visually adverse impact on their environment.

4.1  An Exploitative Architectural Approach

One could claim, as with retaining walls, that residences themselves also serve a first and
foremost function of pragmatic emphasis. The basic human needs of shelter and
protection from the elements are what have established the fundamental basis behind
architectural design and its evolving industry. From the primitive times of “the
primordial hut,” to now in our modern era, successful accomplishment of this foremost
“sheltering” task has evolved into an instinctive routine of basic assembly. The challenge
for modern architects and builders now lies in creative or distinguished accomplishment
of the task.

One manner or method of expressing such creativity is through taking full advantage of
the given site, or by going even further, and completely exploiting the site upon which
the structure will rest through architectural ingenuity. The premise behind such an
exploitative architectural approach is that every single site that is to be built upon or
developed is unique: unique by nature, innately anomalous, and exclusive in its potential.
With such a singular, unparalleled existence, each site could be and is entitled to be
meticulously scrutinized for available opportunities or unique characteristics that will
distinguish it from its surroundings. Once discovered, these physical traits should be
fully incorporated, further developed, and maximized or even exploited during the
schematic design and design development phases.

Successful accomplishment of an exploitative approach is much more challenging than
its primitive, pragmatic predecessor, particularly on a sloping lot. The objective is no
longer to merely provide shelter, but to do so through an innovative design that utilizes
every available asset the site has to offer, which in this case, is primarily the hillside itself
and its accompanying challenges.

“The slope offers a double challenge. First, it disturbs the traditional
structure and distribution of the household order. Second, it reguires the
architect to solve a technical and spatial arrangement problem.” 0
Of such impact and significance is this challenge, that the failure to overcome it can be
visually illustrated through a cursory observation of any of Honolulu’s hillside suburbs,

30 Rouillard, 1.
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as there exists an apparent disregard for the slope of the site in relation to its existing
structure. This is not to claim that there must exist a likeness or a resemblance between
the two, but merely that they should compliment and ameliorate each other. Recognition,
validation, and communication between the built and the natural environments should be
visually apparent.

In attempting to address the challenges and take advantage of the opportunities as
presented when building the slope, three differing approaches can be implemented into
the design, which if used as a conceptual basis throughout its development, will aid in
creating such a dialogue as is clearly evident when capitalization of the site has occurred.
In the subsequent sections, the following three exploitatory architectural approaches of
the hillside will be presented and discussed with their corresponding primary design
considerations in specific relation to each respective design approach:

e The Cascading Approach
e The Pedestal Approach
e The Recessed Approach

4.2  Cascading Approach

The cascading or stepped approach is a method of designing a residence primarily “on”
the slope. “On” meaning it is neither significantly recessed nor elevated with respect to
the site, but it gently embraces or firmly clings to the slope depending on the severity of
the incline. Through the cascading approach, emphasis is placed on ensuring that the
building responds with the natural flow of the terrain. Whether the existing terrain be
undulating, ascending, or descending, the architecture will respond in a reciprocating
fashion.

Dominique Rouillard of the University of Lille, France, School of Architecture, compares
this type of design approach to that of a waterfall. Of this she states,

“The waterfall figure should not be interpreted solely in terms of visual
integration of the house (and the) slope... Each waterfall configuration
should be seen as a unique physical concept engineered strictly for each
site.” She goes on to further explain that the “waterfall figure does more
than follow the natural slope of the terrain through its lines, profiles, and
organization. It accelerates this movement with taut diagonals...it does
not express a drop with offsets in rhythmic espaliers to slow the fall;
rather it expresses a slide, a plunge... the entire existence of the house is
tied to that of the slope.”’

3! Rouillard, 61.
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A successfully designed cascading style residence will directly communicate with and
accentuate the naturally sloping terrain of the hill or ridge upon which it resides.
Completion of this design approach is achieved through creating a series of individually
linked or commonly shared spaces, which step up or down in direct relation to the natural
topography of the site (see Figure 4.1-1). Cascading style houses are generally not
restricted in any significant way. Although they can usually be built using the same or
slightly reinforced footing and foundation systems as well as building technologies as one
would use on flat land, they often require additional ties between their footings for added
support and cohesion. In addition to this, due to their stepped approach, they usually
conform very naturally to within the building envelope of the site. They generally
provide unrestricted opportunity for open plans that express dynamic interiors full of
elevation changes, shared and interlocking spaces, mezzanine levels, and a direct
connection with immediate access to their corresponding exterior environment.

Figure 4.1-1
Cascading Approach

Through stepping the house’s interior spaces in accordance with the terrain, each
individual space assists in breaking up the bulk or shear mass of the structure, resulting in
a more natural looking, less intrusive structure. This concept is further reinforced by
most adopted hillside guidelines, upon which houses are required to step in the direction
of the slope rather than perpendicular to it (see Figure 4.1-2). While such a requirement
may seem to be easily accommodated in the design, particularly as it is in harmony with
the actual design approach, it is often a very complex and challenging dilemma
depending on the degree of the incline and the orientation of the lot with respect to the
slope, as further explained below (see Subsection: 4.2.1 Extrudable Area).

A cascading style approach is regarded by many to be the simplest way to embrace the
slope and work with it in achieving a hillside house that not only incorporates, but also
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capitalizes from all of the essential elements of building on a slope. As such, of the three
previously mentioned approaches, the cascading approach is generally the most common
outcome of residential hillside design, as it can be accomplished with minimal impact to
the site, yet will typically display the most resemblance to it. Due to their versatility,
cascading residences are compatible with virtually any type of sloping terrain. The
primary considerations regarding their successful realization lie in the availability of
extrudable horizontal area and functional accommodation of both the interior and exterior
circulation needs.>?

Do This

Building forms step down
with the existing grade & there is St Buitding forms do not
no unused underfloor space ) step down with the existing grade.

Figure 4.1-2%
Stepping Residence in the Direction of the Slope
County of San Mateo Mid-Coast Guidelines

4.2.1 Extrudable Area

The extrudable area of a hillside lot can be defined as the horizontal square footage or the
actual available flat/livable area of the lot when its property lines are extruded to an
imaginary, horizontal plane (see Figure 4.1-3). This concept can perhaps be best
illustrated through basic Euclidean geometry and the Pythagorean Theorem, which is
most commonly expressed as the equation: a’> + b> = ¢®>. The applicable aspect of this
theorem is the ratio between the hypotenuse (the diagonal plane opposite of the right
angle), which is denoted as “c” in the above mentioned theorem, and the two “a” and “b”
or horizontal and vertical planes, which link with the hypotenuse together in completing a
right triangle. Let us say that “A” or the horizontal plane represents the extrudable area
of the site, and “C” or the hypotenuse represents the actual, existing slope of the site, with
“B” serving as the imaginary line of extrusion on the vertical side of the triangle (see
Figure 4.1-4). If the length of the site or “C” remains a constant, then as the site becomes
more shallow, or the value of “B” is minimal, then the value of “A” will be much greater.
Similarly, if the site is much steeper, or as the value of “B” increases, then the value of
“A” will decrease, thus effecting the extrudable area or practical building area of the site.

52 Fujimoto, E.
%3 County of San Mateo Mid Coast Guidelines, Mission Canyon Residential Design Guidelines Workshop.
http://countyofsb.org/plandev/comp/planareas/mission_canyon/documents
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Figure 4.1-3
Extrudable Area Section

Figure 4.1-4
Constant “C” Comparison
Extrudable Area
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Sloping site planes of equal area.\
\ Corresponding extrudable areas .

Figure 4.1-5
Site Comparison
Extrudable Area

The extrudable area is very significant when attempting to design the site with a
cascading approach as it may result in bunching, heavy overlapping of interior spaces or
insufficient floor area if the site is extremely steep. For example, a wide and shallow lot
will be much more accommodating than a narrow and deep lot due to the availability of
significantly more horizontal space to work with (see Figure 4.1-5). On a wide and
shallow lot, not only would you possess higher proportions of inhabitable, flat space, but
you would also minimize the proportional value dedicated to interior circulation.

4.2.2 Circulation

Circulation within the cascading or stepped approach will generally be much more
complex than the two subsequent approaches, which is clearly evident in the nature of the
design. As the cascading approach attempts to exploit the slope through a consistent
reflection of its changes in elevation, these elevation transitions are then manifest within
the interior of the household as a series of stairwells and multiple landings and step-
downs. Naturally, the steeper the incline of the site, the more space will be required to
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accommodate the corresponding changes in interior (or exterior) elevation (see Figures
4.1-6 and 4.1-7).**

2™ Floor

———-

. L

Figure 4.1-6
Cascading Approach Section
Shapiro Residence
Santa Monica Canyon, California
Ray Kappe, FAIA, Architect

Interior
Stairwells

Figure 4.1-7
Second Floor Plan

Shapiro Residence
Santa Monica Canyon, CA
Ray Kappe, FAIA, Architect

> The Images Publishing Group, 100 of the world’s best houses. (The Images Publishing Group Pty Ltd,
2004), 263-264.
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Figure 4.1-8>
Circulation
Canyon Residence
Los Angeles, California
Steven Ehrlich Architects

Circulation throughout cascading style houses should be fully incorporated as a
prominent feature during the entire schematic and design development phases of the
house. As circulation is an integral part of the overall approach, it should be applied and
emphasized as part of the overall design concept rather than a final functional
requirement. Through strict application of the cascading approach, the slope of the site
will in turn be emphasized and expressed throughout the homes interior as well as its
exterior (see Figure 4.1-8).

Interior circulation should communicate directly with its corresponding exterior elements.
This communication between the interior and the exterior through transitions in elevation
create a dynamic and direct link between the natural existence of the site and the man-
made structure constructed thereon. The interior circulatory approach must be consistent
with that of the exterior in order to fully achieve this dialogue.

As the significance of circulation in the overall design will be largely dependent on the
design approach, often times it will not be a prominent feature of a hillside residence
should the designer and homeowner choose to pursue an alternative exploitatory
approach, such as the pedestal or recessed approaches as subsequently discussed.

55 The Images Publishing Group, 76.
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4.3  Pedestal Approach

The pedestal approach or elevated style of design is a method of designing the home
“above” the slope. “Above” meaning regardless of the slope type or incline, the home is
lifted up, as if on a pedestal, and rests on a typically flat foundation above the sloping
terrain below (see Figure 4.2-1). The elevated approach is often very dominant in its
appearance, and when designed in an avant-garde manner, the end result can be quite
impressive and domineering to its surroundings. Pedestal homes often give the
impression that they are suspended or hovering pleasantly high above the earth below.

’//‘/// Z g
72
/'/ / /
2,
7
Figure 4.2-1
Pedestal Approach

According to Rouillard, the pedestal style home raises the question of ground treatment.
It is a design approach that clearly expresses the concept that the residence is

“not carved into the hill. The slope is left untouched, ‘with’ the house,
standing on tip-toe” above it. “It ‘is’ an approach to hillside design
prompted by respect for the land. It ‘is’ also a demonstration of a truly
aerial architecture that rests above the ground by eliminating the archaic
basement.”°

In extreme contrast to the recessed approach (see Section 4.3), the pedestal approach
scorns having any portion of the house below grade.

Well-designed pedestal houses are specific expressions light and airy architecture as
further discussed by Rouillard, especially when their vertical supports are suppressed.

% Rouillard, 46.
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There is no necessary excavation whatsoever. The residence, rather than being dug and
buried within the hillside, instead, hovers gently above it. The design abandons the
conventional conceptions of the house being a carved mass out of the hill, but rather a
composition of spatial units in the atmosphere above the hill. As such, a pedestal
residence allows the site to remain in a virtually untouched and unaltered state with
minimal excavation or disruption to the natural landscaping and terrain below.
Oftentimes, the natural landscaping of the site is left as undisturbed as possible and
subsequently unattended to, even after occupancy. The resultant is one of an opposite
effect of the previously discussed cascading style. Rather than attempting to mimic or
replicate the slope of the site within the context and design of the home, pedestal houses
compliment the site through an obvious and ostentatious contrast between site and
residence, the natural and the man-made, the existing and the built environments.

Due to its elevated nature, the pedestal approach will usually accommodate taking full
advantage of existing views, a highly coveted quality of hillside residences. As such,
they will also generally express a prominence within their contextual environment or a
potentially subjective intrusiveness depending on the degree of delicacy with which they
are designed, as previously discussed in Section 2 (see Figure 4.2-2).

Figure 4.2-2°
Views and Contextual Prominence
Jamie Residence
Pasadena, California
Escher GuneWardena Architecture, Inc.

57 The Images Publishing Group, 185.
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While the pedestal approach has many benefits, as further discussed below, one of its
initial and immediate limitations has to do with access and entry. Due to the nature of the
pedestal house, most residences designed in such a manner will generally not possess
immediate access to the yard or exterior spaces below (see Figure 4.2-3). Instead, the
traditional yard is replaced with exterior patios and lanais or accessible rooftops.

Figure 4.2-3%
Inaccessible Exterior
Jamie Residence
Escher GuneWardena Architecture, Inc.

4.3.1 Slope Type

In addition to access to the exterior yard spaces, the initial entry to a pedestal residence
will be greatly impacted by the slope type, be it an uphill site or a downhill site. Slope
type is determined by the access road leading to the site. If the access road is at the base
of the site, then the site is considered to be an uphill lot. Similarly, if the access road is at
the top of the site, then the site is considered to be a downhill lot (see figure 4.2-4).
While each slope type has its advantages and disadvantages, for the purposes of this
section, and as mentioned above, slope type will significantly impact the entry to the
residence. Due to the elevated positioning of pedestal houses, they will generally be built
only on downhill lots, which simplifies the entry through a direct, unchallenged access to
the garage and typically main level of the residence (see Figure 4.2-5). Alternatively, if a
pedestal home was to be built on an uphill lot, the garage and street access would most
likely be several feet below the entry and prominent living floor of the house, resulting in
a procession of steps and walkways leading up to the front door of the residence, which is
clearly an undesirable circumstance in any residence.

%8 The Images Publishing Group, 185.
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Figure 4.2-4
Slope Type

Challenging lower

Direct entry on entry on uphill lots.

downhill lots.

559

Figure 4.2-
Entry
Olga House
Sao Paulo, Brazil
Marcos Acayaba Arquitectos

* Dung Ngo, WORLD HOUSE NOW: contemporary architectural directions. (Universe Publishing,
2003), 16.
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Pedestal houses have the potential to claim any shape, form, or architectural style that
may be desired. Due to their flat, open plan, achieving a more common or familiar
interior space configuration is more easily accommodated than in the undulating interiors
of the cascading approach or the subsequent recessed approach (see Section 4.3). As
such, pedestal residences will express an identical design approach, yet a multiplicity of
varying design solutions, as indicated below:

The Ledge House
Catoctin Mountains, Maryland
Bohlin Cywinski Jackson, Architects®

[

Nomentana Residence
Lovell, Maine
Mack Scogin Merrill Elam Architects®!

% The Images Publishing Group, 281.
8! The Images Publishing Group, 234.
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Kronenberg Beach House
New South Wales, Australia
Alexander Tzannes Associates, Architect®

Culbert House
Pacific Palisades, California
Kappe Architects / Planners®®

52Alejandro Bahamon, Houses on the Edge. (Harper Design International and LOFT Publications, 2003)
155.

83 Michael Webb, Brave New Houses: Adventures in Southern California Living. (Rizzoli International
Publications, Inc. 2003), 136.
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Cascades Lake House

Cascade Mountains, Washington
Eric Cobb Architects®

4.3.2 Stability

While the level of stability obtained through any of the three mentioned exploitatory
approaches will be primarily dependent on the structural design and the complexity and
care given therein, “the pedestal approach is inherently the most unstable.”® In typical
pedestal style construction, the main floor’s foundation will be supported by a standard,
yet dramatically enhanced, post and beam system, which may be very costly in its design
and construction depending on the geotechnical report as well as the architectural design
(see also Section 2). Loads from the residence are typically distributed through a floor
system to the main support beams, then transferred to columns and subsequently
dispersed down to the earth below through a footing and foundation system (see Figures
4.2-6 and 4.2-7).

While there are many generic engineering suggestions and rules of thumb available as a
quick reference guide for building a pedestal style residence (see Figure 4.2-8), the actual
support system for any given project will need to be custom designed and precisely
calculated in every aspect. According to Clayton S. Mimura, P.E. and President of
Geolabs, Inc., a rigid and unquestionably dependable foundation system can be designed
to accommodate any load amount if the geotechnical and subsurface makeup meet the
necessary stability requirements.

¢ Bahamon, 99.
65 Fujimoto, E.
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Figure 4.2-6%
Load Distribution

Figure 4.2-7%
Load Distribution Application
Jamie Residence
Escher GuneWardena Architecture, Inc.

% Levin, 126.
8 Kirsten Kiser, Escher GuneWardena — Jamie Residence. (www.arcspace.com, 2005)
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Figure 4.2-8%
Constructability Example

Given such an approach, the prominent visual feature of the residence is oftentimes not
the actual inhabitable edifice itself, but a combination of the edifice and the foundation
system that supports it from beneath. Oftentimes, the columns that support the house
may overrule as the “eye-catching” aspect of the structure, which depending on their
visual appearance, may help or hinder the general aesthetics of the residence. As such,
the footing and foundation system should be included as an integral part throughout the
entire design process and should reinforce the overall design concept rather than be
addressed as an individual aspect of the design, serve a purely pragmatic function, or be
out of proportion with the residence above (see Figure 4.2-9).

Figure 4.2-9
Stability Proportions

8 1 evin, 120.
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44  Recessed Approach

The recessed approach is an exploitatory method of designing the residence “in” the
slope. “In” meaning the site is excavated sufficiently to accommodate the placement of
the house directly within the hillside, as if the residence was literally carved out of the
actual hill itself. Such residences may be partially submerged on two or three sides, or at
times, completely immersed within the hillside on all sides including a portion of the roof
(see Figure 4.3-1). The end result of such an approach is oftentimes a strong, fortified
appearance, reminiscent of a military bunker or stronghold.
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Figure 4.3-1
Recessed Approach

The dynamic presence of a sunken home is very unique in comparison to the previously
discussed approaches.

“The meeting of the walls with the natural hillside, above all the side
walls, create a much more dramatic impression than that of a house on
flat land where the house says only that it is resting on a horizontal plane.
Presented with a house on an incline, the imagination extends the walls

down through the slope to complete the familiar rectangles which have
been cut off.”%

Although such residences are literally sunk into the earth, they simultaneously protrude
out like an immerging body from the landscape. The contrast of the sharp geometry of
the edifice against the organic forms of the site can be a spectacular display of
complimentary aesthetics.

% Rouillard, 19.

58



According to architect Peter Blake,

“One of the most difficult aspects of siting a building on a steep slope is
not the question of entrance level, but the question of how to treat the
sides of the building. Most architects simply let the natural slope of the
land continue past the short sides of their structure, hoping that no one
will catch a side view of what looks like a building taking a toboggan ride
downhill.” The solution lies in creating an environment through an
exploitative approach, which will “dramatize the natural slope and make
the hill architectural.””

Contrasting the edifice with the slope through its architectural form, or conforming it to
the slope in its design can accomplish such a task.

The architectural contrast of recessed residences to the natural landscape of the site can
be accomplished through both geometric shapes as well as organic forms, as shown
below:

De Blas House

Contrast Through Geometric Shapes
Madrid, Spain
Alberto Campo Baeza Arquitecto

™ peter Blake, The Master Builders. (Norton & Company, 1976) 220.
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De Blas House

Contrast Through Geometric Shapes
Madrid, Spain

Alberto Campo Baeza Arquitecto’*

Wing House
Contrast Through Organic Forms
Rancho Santa Fe, California
Wallace E. Cunningham

"' The Images Publishing Group, 100.
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Wing House
Contrast Through Organic Forms
Rancho Santa Fe, California
Wallace E. Cunningham’?

As apparent in the above examples, successful accomplishment of this complimentary
and contrasting task can be achieved through maintaining a consistent design concept
throughout the entire design process. Regardless of the shapes or forms used or the
materials and finished applied in creating the architectural spaces of the residence, the
dynamic outcome of a recessed structure will be inevitable when developed from a
thorough and consistent design.

As previously noted, other than contrasting the house with the slope, conforming it to the
slope will also result in a complimentary solution as well as achieve an “architectural
hillside.” Conforming to the slope through the recessed approach is basically burying the
residence within the hillside in an attempt to maintain the natural topography,
landscaping, and visual appearance of the site as illustrated below:

2 Webb, 29.
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Hill House

Conforming to the Slope
La Honda, California
Jersey Devil Design and Build Group”

™ E. Ashley Rooney, Cliffhangers & Hillside Houses. (Schiffer Publishing Ltd., 2006) 230 — 232.
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Hill House Plan & Section
Jersey Devil Design and Build Group

In both the contrasting as well as the conforming recessed approaches, other than the
aesthetic dilemma of handling how the walls transition and come into direct contact with
the earth, the more practical issue has to do with accessibility of the natural elements
amidst a subterranean environment, particularly lighting and ventilation.

4.4.1 Lighting and Ventilation

When a structure is designed with the intent to be submerged below grade, its foundation
system will generally be simpler when compared with that of the previously mentioned
approaches, yet significant issues will rise regarding the wall system and corresponding
concerns. As in most instances with recessed residencies, the earth will rest in direct

™ Vivien Liu, Hill House, La Honda, California.
(http://www.architecture.uwaterloo.ca/faculty_projects/terri/pdf/Liu-Hill.pdf).
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contact with the actual walls of the structure. As such, the walls now function not only as
load bearing walls for the structure and corresponding occupancy loads, but they must
also withstand the lateral loads from the earth pushing against them. In other words, the
walls of the house serve as load bearing walls, interior walls, and retaining walls with
immediate and direct contact to the earth and its potential hazards. Depending on the
geology, climate, and steepness of the site, these hazards and lateral forces could be
minimal and easily fortified against, however, they will generally require significant
analysis and a very complex and intricate system in order to function properly. In
addition to these immediate forces on the edifice walls, there is also the concern of water
penetration and pest control should the construction barriers break down or be penetrated
due to failure, which is a significant concern when building in the tropical environment of
Hawaii.

According to Evan Fujimoto, Vice President of Operations of Graham Builders, which is
a prominent Honolulu based design-build contracting firm, while the structure and
stability of the walls will most likely need to be engineered through consulting
individuals, one method of addressing these concerns through architectural design is by
incorporating a dividing gap between the edifice and the earth through the addition of an
outer wall (see Figure 4.3-2). The outer wall will serve primarily as a retaining wall to
hold back the earth, water, pests, etc., while simultaneously providing an air space with
which the inner wall may then have access to natural light and air. This air space
between the two outer walls could be maintained at a minimum or designed at a distance
to allow for circulation, entry, and egress.

Figure 4.3-2
Natural Lighting and Ventilation
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As a secondary wall system will be costly and perhaps not achieve the aesthetic look
desired by the owner and the designer, most recessed residences will integrate other
forms of lighting and ventilation methods more commonly associated with sustainable
design. Among such possibilities are lighting wells and elevated wall apertures and
window systems in recessed areas, with vast openness in areas of the residence that are
on or above grade as demonstrated by the House Hintersdorf below:

Lighting and Ventilation Wells with Ceiling Sky-lighting
Hintersdorf, Austria
Litchtblau Wagner Architeckten
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Front Elevation
Clearstory Window System

Longitudinal Section
House Hintersdorf

Hintersdorf, Austria
Litchtblau Wagner Architeckten”

> Bahamon, 36-43.
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Although recessed residences intentionally situate the house and its structural elements in
direct contact with a hostile and potentially damaging environment (soil, water, roots,
pests, etc.), they on the other hand provide residents with many other inherent benefits.
Due to their subterranean existence, recessed houses are exposed to the elements below;
however, they on the other hand offer the greatest potential to protect their inhabitants
from the contrasting elements above. When properly built, reinforced, and maintained,
bunker style houses will exhibit the greatest capacity to resist damages incurred due to
strong winds, hurricanes, tropical storms, and even earthquakes, which is a significant
consideration in the tropical uncertainty of the islands. In addition to this, recessed
homes will offer the greatest ability to maintain a cool, comfortable, and consistent
temperature throughout the day. Their below-grade circumstances allow them to take
advantage of the natural thermal insulating abilities of the surrounding earth, further
exploiting the site to its maximum potential.

5. Conclusion

Maximum potential can only be achieved after maximum knowledge has been obtained.
Only after gaining the necessary wisdom and truly understanding the nature of the slope
and the implications therein, may a designer attempt to develop a harmonious
coalescence of program and place by exploitation of the site through the genius of
architecture. While such an outcome is more likely to be the exception, rather than the
rule in typical residential hillside developments, the opportunity for such an endeavor is
quite common among growing residential areas throughout the world. The geographical
circumstances of these areas will not only promote the education of hillside development,
but they will mandate it as required and necessary in order to develop the land.

The unique geographical and geological makeup of the Hawaiian Islands provides an
exemplar context whithin which such development may occur. Due to the
characteristical ridges and valleys of the Hawaiian mountain ranges in the City and
County of Honolulu, much of the suburban residential development that has occurred and
will continue to occur, will take place on sloping lots. As such, it is essential that
designers, owners, and builders alike, familiarize themselves with the nature of the slope
and develop and acute understanding of the implications therein.

The nature of the slope is to simultaneously “attract” and “challenge.” To the simple
child, as challenging as it may be, the slope must be climbed to satisfy curiosity and to
quench the unexplainable desire to simply see what is to be seen. To the skilled
adventurer, even amidst extremely difficult and potentially fatal obstacles, the slope must
be scaled and conqured, time and time again. To a fleeing city-dweller, even at great
expense, the slope must be tamed and made inhabitable. And to an architect, even though
the slope is inherently unstable and is the quintessial expression of a paradoxical site, it
must be innovatively designed and exploited to its maximum potential.
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Such an ambition is not achieved without significant constraints. Hillside and
corresponding cliff and ridgeline design are undertakings of signifcant complexity and
substantial liability. Issues that will need to be addressed will range from capturing
views to preventing erosion or from protecting natural resources to acquiring standard
utility services. As each geographical area and geological condition can vary
dramatically from locale to locale, the potential scenarios and hypothetical conditions of
a hillside lot could be limitless. Consistent with all situations however, is the fact that
due to their nature and their ability to infringe upon or jeopardize the public health,
safety, and general welfare, they must be approached with an elevated degree of scrutiny
and regulation.

Hillside regulations and development guidelines have been adopted in many
governmental jurisdictions across the United States and various parts of the world. While
the greatest number of regulations, guidelines, and ordinances pertain to aesthetics and
the protection and preservation thereof, the overrulling regulations have to do with
ensuring safety. The single most influential factor in determining the safety and
buildability of a hillside is its geotechnical report. Should the geotechnical data
determine that the site us unsafe to develop due to a high chance of potential geological
hazards, such as landslides or rockfalls, subsequent development of the site will either be
forbidden through government intervention, or will prove to be cost prohibitive due to the
hazard mitigation procedures that will be required as an undetachable and very prominent
portion of the development. However, should the site be deemed buildable without
significant concern regarding the soils and other geological conditions, then the
preeminent task of preserving the natural appearance of the environment while
simultaneously achieving a personally desired aestheic becomes the priority.

Achieving the desired program and corresponding aesthetic appearance on a hillside will
be a challenging task of varying proportions depending on a multiplicity of aspects
regarding the site and its geological, geographical, and jurisdictional properties. As such,
the associated challenges regarding the hillside will often be viewed as dilemas in the
design process that may impede or hinder the desired outcome. The challenge of the
desinger should not be overcoming these obstacles, but actually applying them and fully
integrating them into the overall design. In this sense, the challenges will be percieved
through alternative eyes, in which they no longer appear to be challenges, but are eagerly
looked upon as opportunities, unique opportunities, which must be approached with
sensitivity and innovation.

Each site is unique and singular by nature. With the exclusive, unparalleled opportunity
of developing a sloping site, comes not only the privilege of such an endeavor, but the
obligation to take advantage, maximize, capitalize from, and exploit the combined
potential of site and structure through architectural design. Exploitation of the site can
only be achieved if it implemented from conception of the project and applied throughout
the entire conceptual, schematic, and design development phases of architectural
deliberation. While there are multiple possibilities of exploiting various characteristics of
a hillside lot, a visual / aesthetic approach is the most logical and dominant category with
which to begin.
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Through innovative design strategies and a strict commitment to the following conceptual
approaches, the exploitation of the slope can commence and be further exploited as other
site-specific hillside traits are made manifest. The “cascading approach” or building the
residence “‘on” the hillside is a method of reinforcing and reiterating the natural slope of
the site through architectural form. The “pedestal approach” or building the residence
“above” the hillside is means of achieving a dynamic outcome with minimal impact to
the actual site itself. The “recessed approach” or building the residence “in” the hillside
is a means of ammeliorating the slope and the residence through complimentary contrast.

Through developing an understanding of the hillside, its characteristics, and its potential,
both positive as well as negative, individuals considering designing, developing, or
pursuing a hillside endeavor may think otherwise. The enormous complexity, yet
fantastic capability of the slope cannot be undermined in any aspect of either scenario.
While the potential residential outcome may be immeasurably impressive, the potential
liability may also be immeasurably damaging. As such, it is imperative that individuals
who pursue hillside ownership, design, and construction, make such a decision to do so
with prudence and reflecting the appropriate amount of due diligence and sagacious
analysis; for building and living on the slope truly is both literally as well as figuratively,
“Living on the Edge.”
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