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House Design Notes 
rev. 05/07/08, bsc 
 
 
Preface 
 
This document provides an overview of the house design as well as specific details and 
references that might not be apparent from, or included in the drawings.   
 
The plans for the house have been prepared for submission on standard 8-1/2 x 11” format paper 
for ease of collation of the design package.  A CD-ROM is included with digital versions of all 
documents and drawings in Adobe pdf format.  This will allow the Plan Checker to examine the 
CAD drawings at higher levels of detail as desired, including the color distinctions employed, 
while saving paper and storage space.  This follows the intent of the Federal Paperwork 
Reduction Act.  A list of all documents and drawings included in this package may be found in 
the MS-Word document “House_drawing_list”. 
 
As a reminder, this house design is being submitted for permit under the Mendocino Class K 
designation and will be owner-built per Chapter 18.23 of the county code. 
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1. Site History 
 
The property the house will be built upon is roughly 20 acres in size and consists of 
predominately open and rolling meadows, edged with mature oaks.  The geology is typical of the 
area, comprised predominately of weathered greywacke sandstone with minor serpentine, green 
schist and quartz.  As with most of the region, some of the slopes indicate evidence of prehistoric 
sliding, most likely the result of a combination of intense storms possibly coupled with 
earthquake activity. 
 
The presence of burn marks on the remnants of fallen trees in the open areas indicate a past fire; 
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and indeed this is so according to the old timers in the area (and dated by an arborist).  As they 
have related, in the early 1950s, a major fire that began in Irmulco spread through this area, 
taking out the town of Silvendale and Sherwood and moving on to Laytonville where it finally 
died.  The current state of the woodlands, as well as the density and use of the regional lands at 
present, suggest that the possibility exists for another fire in the future. 
 
 
2. House Goals 
 
The proposed house design and material choices are the direct result of considerations of the 
history of the land (as related above) and our intended use.   
 
The house will be constructed of a cement-steel laminate or composite commonly called 
‘ferrocement’1.  Ferrocement is the choice of the FAO for high hazard areas throughout the 
world (hurricane, earthquake, fire, etc.); and it is a construction technique that is fairly forgiving 
and relatively resource light2, albeit labor intensive.  For those unacquainted with ferrocement, a 
more detailed definition follows on page 3.   
 
The design of the house and the surrounding facilities is intended as a living laboratory to 
examine just how far a carbon foot print can be reduced, while serving to provide a workspace 
for the development of new techniques to replace energy-intensive activities in our homes we 
take for granted.  In addition, the house will consist entirely of readily-recyclable materials. 
 
The house will not employ any depletable energy sources in its day-to-day operation, including 
cooking and the heating of the living space or water.  Our goal is energy efficiency, but not from 
the ‘industry norm’.  This includes being able to cook as well as heat the living space and water, 
entirely from the sun. 
 
The house is earth sheltered (‘green roofed’), faces true south, and is designed with the goal of 
solar minimization during the summer and maximization during the winter.  The structural 
design is one of optimizing the geometry in order to distribute and minimize load-induced 
stresses as well as material usage.  Further, the house is designed with full awareness of the 
embedded energy of the materials employed, selecting materials that will provide for a 100+ year 
life, striving for the lowest footprint achievable. 
 
Last, but not least, the house was designed with Buckminister Fuller’s maxum that ‘the best gift 
we can leave our children is the land itself’ where he was specifically recommending building 
earth sheltered structures such that the land above them could remain is use. 
 

                                                
1 Within the drawings, the term ‘FC’ may be used interchangeably with ‘ferrocement’, while the term ‘RC’ indicates 
conventional ‘reinforced concrete’. 
2 The two main components are steel, (min. 25% recycled content), and cement (of which a minimum of 25% will 
be replaced with flyash, a power generation waste product).  
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2. 1. Ferrocement Definition3  
 
Ferrocement is a form of reinforced concrete that differs from conventional reinforced or pre-
stressed concrete primarily by the manner in which the reinforcing elements are dispersed and 
arranged. It consists of closely spaced, multiple layers of mesh or fine rods completely embedded 
in cement mortar. A composite material is formed that behaves differently from conventional 
reinforced concrete in strength, deformation, and potential applications, and thus is classified as a 
separate and distinct material. It can be formed into thin panels or sections, mostly less than 1 in. 
(25 mm) thick, with only a thin mortar cover over the outermost layers of reinforcement. Unlike 
conventional concrete, ferrocement reinforcement can be assembled into its final desired shape 
and the mortar can be plastered directly in place without the use of a form. 
 
Ferrocement has a very high tensile strength-to-weight ratio and superior cracking behavior in 
comparison to conventional reinforced concrete. This means that thin ferrocement structures can 
be made relatively light and watertight. 
 
 
3. Site Soils 
 
See the separate document “soils_foundprep” for the soils (bearing) data 
 
 
4. Title 24 
 
See the separate document “title24_compliance” for Title 24 compliance. 
 
 
5. Structural Calculations 
 
See the separate document “structcalcs” for the calculations and load data.  Appropriate 
references are cited therein.  These calculations were then used to develop the design dimensions 
and details.  [18.23.270] 
 
 
6. Sub-Foundation 
 
Due to the nature of the house design, all utilities are routed under the foundation, rising to the 
point of need within the structure.  These include potable water, waste and its associated venting, 
electricity and communications.  In addition, there are drainage considerations made, also routed 
under or adjacent to the foundation. 
 
These utilities are called out within the ‘found’ation drawings and will be installed be foundation 
formwork is developed.  Standard (UBC/IBC) depths will be followed, as well as slopes where 

                                                
3 Ferrocement definition verbatim per ACI 549-R97. 
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applicable.  Replacement and treatment of the soils removed for utility placement will follow the 
directives under the “soils_foundprep” document, specifically focusing on attaining the original 
(or designed) bearing capacities of the soil. 
 
 
7. Foundation 
 
The foundation plan set includes the drawing “found_overview” and sub drawings (details) 
“ found_sdetails”. 
 
The foundation is designed as a floating slab (non-piered), with reinforcing beams.  The 
calculations for the same are based upon a 1-way construct due to the dimensions and method of 
analysis.  The foundation drawings include sufficient details as to the steel quantity and 
placement, which varies based on the various structural needs. 
 
The foundation will be built upon a base of ¾” aggregate, compacted in layers, topped with a 
layer of sand.  The vapor barrier consists of a foil layered bubble wrap construct, commercially 
named ‘Reflectix’ which will also serve as a thermal break and an insulative and re-radiative 
layer.  The foundation edges will have 1” extruded polystyrene insulation board, which will be 
developed upwards as the remaining structure is finished. 
 
The house design is meant to be of contiguous structure (strength); and because of such much of 
the structural steel originates within the foundation.  This allows the loads to be evenly 
developed (spread) throughout the structure4.  The foundation drawing details illustrate this well, 
showing an average of 6” spacing of reinforcing bar protruding from the slab for the remaining 
(ferrocement) structure to tie into, or build off of. 
 
The specifications for the slab’s concrete and finishing may be found within the document 
“concreteslab_finishingnotes”.  [18.23.330] 
 
 
8. Shell Structure 
 
The drawing “struct_overview” illustrates the main components of the structure, including the 
basic strength members.  Further details can be found under “struct_X”. 
 
The design is for a sub-grade house therefore a structure was needed to support the higher 
weights of the soil and potential live loads.   An arch geometry was selected for its aesthetic 
appeal and for its strength vs. material usage.  The arch shape also permits us to allow the winter 
sun to reach the deepest depths of the house (i.e. at the Solstice).  Calculations were developed 
with respect to information presented by Milo Ketchum, a deceased thin shell engineer.  These 
calculations helped to create various scenarios of load and thickness with respect to the resulting 
forces.  The document “structarchcalcs” illustrates this.  
 

                                                
4 This approach also addresses recommendations made for seismic concerns. 
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As the house is sub-grade, concerns rightfully surface regarding the lateral (earth) pressures 
developed on the structure.  Modeling the earth-facing structural walls, it was found that the 
house (as a whole) will act as a gravity-type retaining wall.  Typical concerns for such a retaining 
wall include overturning and sliding, both of which are mute considering the gross weight of the 
structure.  Concerns over the foundation shear from the developed weights of the walls have 
already been addressed in the discussions, calculations and drawings for the foundation. 
 
Energy concerns dictate attention to insulative characteristics of the structure.  These are 
addressed at 3 levels: 1) it is earth ‘sheltered’ which has the effect of moderating (postponing) 
temperature extremes that occur throughout a day, 2) it employs radiant barriers under the 
foundation and on the exposed face, the first to reduce loss from the radiant heating system and 
the latter to mitigate heat transfer during the ‘heat of the day’, and 3) that the structure’s walls 
that contact the earth have an insulative barrier (and water proofing) to reduce conduction of heat 
from the house into the surrounding earth.  While this is beyond current UBC / IBC 
considerations, the reader is also reminded that no conventional heating will be employed so the 
county ordinance (i.e. 18.23.360) does not require meeting such codes. 
 
The structure itself is comprised of ferrocement as previously discussed.  While the steel will be 
fabricated and installed by hand, the ferrocement ‘plaster’ will be applied by one of two 
methods: by hand or by a Shotcrete machine, following the specifications found within the 
drawings.  Shotcrete is a concrete application technique that ‘mixes’ the concrete as it comes out 
of the nozzle, allowing very low water-to-cement ratios to be achieved (an important 
consideration with ferrocement, and one that minimizes the need for waterproofing techniques).  
However, as needs present themselves, parts of the structure may be ‘plastered’ by hand; but 
again, using a low water content mix per the specifications in the drawings. [18.23.270,320] 
 
 
9. House Details 
 
Beyond the (afore-discussed) foundation and structure, the incidental structures and fine 
detailing will be free-form.  Specifically, non-critical structural entity details may change as a 
result of artistic license during the construction process.  Also, of note, is that fire-impacted 
materials will be minimized (i.e. plastics, wood) within the house and on its exposed faces.  
Specific areas of interest are elaborated in the sub-sections following. 
 
Windows & Skylights 
 
Windows will consist primarily of recycled, double-pane, aluminum-framed, gas filled units (6’ 
panels in atrium will be tempered).  Mounting details are included within the drawing set.  
Windows will be shaded with ‘eyebrow’ overhangs (eaves) promoting a focus on winter sun.  
The majority of the window area will be focused to the south east (i.e. atrium) to minimize 
summer solar space heating; and will be further protected from summer solar insolation via an 
arbor covered with deciduous plantings.   
 
For the most part, windows will be non-opening (with the exception of the kitchen, east work 
room and center atrium window).  Ventilation that would normally be provided by openable 



APN: 037-580-08  Corzilius / Clayton 
  6951 Third Gate Rd. 
  Willits, CA  95490 

 6 

windows will instead be supplied by adjacent (closable) vents. 
 
Skylights will be located towards the rear of the structure where conventional window 
illumination will not reach.  These will consist of ‘stacks’ (roof projections) and faced with wired 
or tempered glass, with a secondary layer for both safety as well as a thermal break to minimize 
condensation, etc. 
 
Doors 
 
Doors will be fabricated out of wood cut from the property during initial infrastructure 
development and of ferrocement and steel (exterior units).  Ferrocement doors will contain an 
interior core of foam board to serve as a thermal barrier. 
 
Ventilation  
 
Ventilation will primarily be passive with the exception of the bathroom and kitchen stove areas, 
where powered vents will be employed.  Screened, open-able vents will be located strategically, 
working in conjunction with the main vent.  This main vent is the so-called ‘vent stack’ 
protruding from the rear of the structure and modeled on ancient dwelling wind scoops (e.g. 
Peruvian, Iranian, etc.).  Circulation will be augmented by ceiling fan fixtures as necessary.   
 
In the case of the Masonry Heater and Root Cellar, direct (under-slab) venting of fresh air is 
provided for per the drawing details.  Ventilation is illustrated within the plan package under 
“vent_overview”.  [18.23.350] 
  
Space Heating & Cooling 
 
The structure is earth-sheltered meaning that temperature swings are moderated over time.  For 
example, due to the building’s thermal and surrounding earth mass, daily temperature swings are 
reduced and extended through the slow temperature changes of such masses.  Additional thermal 
mass is provided by the central Masonry Heater core made of local rock. 
 
Auxiliary heating and cooling is primarily provided through the radiant tubing.  This is primarily 
a passive system, driven by both thermosiphon (in the case of solar thermal heating of water) and 
potable water demand.  It is backed up by a direct solar-powered pump (primarily for 
maintenance such as air bubble removal).  Details of the routing and valves can be found in the 
drawing package under “plumb_radheat_hotwater”. 
 
Supplemental heat is provided by human presence and activity (due to the effective building 
envelope); and can be supplemented by the Masonry Heater, although this should be rare. 
[18.23.350,360] 
 
Lighting 
 
While the structure is designed to minimize direct solar radiation during the summer, it optimizes 
the reception of winter solar radiation, allowing this light to reach the rear of the structure.  
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Natural lighting is augmented by skylights serving the rear rooms of the house, and windows in 
the front part (specifically, eye-browed windows located in the middle to upper reaches of the 
exposed face. 
 
Natural lighting is supplemented by electrical lighting.  Such lighting will initially be Compact 
Fluorescent (CFL), with Light Emitting Diode (LED) based later as the prices come down.  As 
noted elsewhere, the electricity is generated on-site from solar. 
 
Electricity 
 
The property is located approximately 3 miles from the nearest utility hookup, and due to 
community concerns, power lines will probably never be extended closer to the property. 
 
Electricity is generated locally in the adjacent solar-generation structure from commercial 
photovoltaics (permit closed in 2008).  A ‘mains’ panel is located at that structure, providing 
6000VA max (240/120VAC).  Electricity is brought into the house structure through 
underground conduit (8-3 cable) to a subpanel located in the ‘utility’ room (as noted on the 
drawings).  From there it is distributed through the remainder of the structure.  This is detailed 
within the drawing package.  NEC is the standard followed.  Details of the routing, types of 
circuits, etc. can be found in the drawing package under “electrical”.  [18.23.370,380] 
. 
Plumbing / Potable Water 
 
A drilled well near the top of the property serves as the primary potable water source (permit 
closed in 2005).  The well is solar pumped and feeds into a 10,000 gallon tank5 that is metered 
(to monitor water usage).  From the storage tank, it is conveyed through buried 2” PVC pipe, 
with shutoff valves and irrigation access points every 500’ or so, each irrigation hose bib fitted 
with a vacuum breaker.  The same line also serves 2 fire hydrants, one located above the house 
structure and one below (adjacent to the solar generation structure, 106psi).  A 1” PVC line stubs 
off the main line to feed into the ‘utility’ room of the house structure. 
 
Inside the house, the water is pressure regulated (to 50 psi), filtered, and stubbed to feed into the 
solar integrated storage collectors (ISC), augmented by a conventional hot water heater.  The 
conventional hot water heater serves as interior storage but is augmented to serve as a 
hydroelectric diversion load during peak water flows on the property (i.e. winter storms).  There 
are no provisions made to directly heat the water with the conventional house’s (solar) electric 
source.  A backup water heating means is provided through coils located in the Masonry Heater. 
 
Appropriate freeze, over-pressure and related controls or valves have been accommodated in the 
plans.  Low-flow faucets will be used throughout.  Plumbing routing and use is detailed within 
the drawing package under “plumbing”.  UPC is the appropriate code followed. [18.23.410,430] 
 
Septic  

                                                
5 The water is taken at the 2500 gallon height to leave the CDF-required 2500 gallon reserve, accessible through a 
CDF-specified valve. 
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A conventional septic-based system has been installed south of the house site, rated for a 2-
bedroom residence (1000 gal concrete tank).  The permit was closed in 2005.  The septic is 
serviced by a 3” PVC line, with the pipe slope set at a minimum of ¼”/foot slope as per code. 
 
An access port is provided just outside the structure, as well as at strategic points throughout the 
system within the structure.  The septic serves both sewage (black water, e.g. toilet) as well as 
conventional drainage (gray water, e.g. shower, floor drains).  Storm water drainage is not routed 
to the septic, but rather through a separate storm drain system.  The DWV system is detailed in 
the drawing package under “dwv”.  UBC is the appropriate code followed. [18.23.420] 
 
Cooking 
 
Cooking will be provided by several sources.  While a conventional electric stove & range will 
be employed, this will be supplemented by a through-wall solar oven as detailed within the 
drawings.  In the long-term, a solar high-temperature storage unit6 will be completed to replace 
or augment the electric stove.  Basic cooking capabilities are also provided within the Masonry 
Heater as a backup. 
 
Wall Finishing 
 
Although ferrocement makes a reasonably nice finish, this will be supplemented by a finishing 
coat of plaster, both inside and the exposed exterior faces.  The plaster will be a natural lime 
plaster7.  On the exterior faces, this plaster will overlie a 1” foil-backed foamboard insulative 
layer (the insulative/foil layer providing a thermal break similar to that on the earthen walls, but 
with the added benefit of providing a radiant barrier both for external solar radiation as well as 
for internal heat sources).  
 
 
10. Backfill of Completed House 
 
When the house structure has been completed, it must be backfilled to achieve the requisite soil 
cover and structural strength (load distribution).  This will be performed in layers, concentrically 
with compaction applied as the fill is placed.  Against the structure itself, gravel will be 
employed with geo-fabric used as necessary, to allow proper drainage.  Note the details on 
insulation placement (as per standard practice for below-grade homes).  Arch loading will be of 
special note and will be performed with some (interior) supports in place to mediate the natural 
distortion of the arch as soil pressures build up against the sides before the top is loaded (the arch 
will distort upwards slightly).  Such supports will be removed once sufficient soil depths have 
been achieved over the top of the arches. 

                                                
6 The design uses a inert oil transport from external solar concentrating collectors to move heat into a phase change 
material filled reservoir.  Upon demand (for cooking), a pump circulated oil into the stove.  My design. 
7 Lime plaster is comprised of hydrated lime, sand and non-toxic colorants or rock powder (colorants and rock 
powder optional).  It does not support the growth of mold and allows the under laying ferrocement / concrete 
structure to continue to breathe while presenting a ductile yet sturdy finish.  Over time, the lime absorbs CO2 from 
the atmosphere, becoming limestone. 
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Once the structure is backfilled, the graded soils will be planted with native grasses and flowers 
(seeds predominately collected on-site) and appropriate sediment barriers installed to clear runoff 
until the plantings take hold.  Drainage of winter / storm runoff will be monitored and adjusted as 
necessary to prevent impact upon the local watershed. 
 
 
11. Non-Code Remediation 
 
In accordance with County code, chapter 18.23.310, structures constructed pursuant to this 
(Class K) designation need not conform to requirements prescribed by the latest applicable 
editions of the UBC and related codes.   
 
As this design was developed, an awareness of conventional code was sought and researched as 
to its intent.  For the most part, the design follows basic code.  In places where the design 
deviated from code, this was noted as was the rationale or remediation employed.  A summary of 
the same is presented below for posterity.  
 
Concrete cover over steel: ferrocement is a laminate of steel and concrete.  The steel is fairly 
uniformly distributed and is covered by a thin layer of cement.  Conventional code calls for a 
cover of 3/4" in slabs and walls and a cover of 1-1/2" in beams and columns (as well as in 
weather exposed faces, i.e. exterior walls) for fire protection of the steel reinforcing.   
Mitigation: All ferrocement constructs will be covered with a natural lime plaster of thickness 
ranging from ½ to 3/4".   On the exterior (exposed face), an insulation layer and natural, 
reinforced cement plaster will underlie the lime plaster finish (3/4-1” thick).  For exterior faces 
against soil, both an impervious cover (waterproofing) and insulation board will cover the 
ferrocement surfaces.  Natural cements and lime plasters have essentially the same fire rating as 
concrete. 
 
Egress Routes: Conventional code calls for 2 means of egress from each bedroom.  A below-
grade home has difficulty meeting this requirement since windows often serve as the mitigation 
method. 
Mitigation: This is provided for in the design through the primary ventilation path.  The large8 
main vents that extend into each bedroom are push-out, leading to the storage area which 
provides egress through either the storage room’s entrance or directly through the primary vent 
stack (wind scoop) that is designed as an egress route. [18.23.390] 
 
 
.end 

                                                
8 Large meaning meeting minimal window size per code that allows firefighter access (24”h x 20”w). 


