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LACT
An exanination of the existing regulations governing
adobe construction, including the logic, shortcomings,
and suggestions for appropriate change. A pragmatic
approach is provided for the determination of parameters
in the selection of materials, manufacturing technigues,
significant testing, structural and physical reguire-
ments. These parameters recognize and are applied to
meet practical eceonomic, cultural, and social needs,
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The formulation of tuilding codes ia a perplexing task.
Perhaps Hammurabi {(ca 170C B.C.) had the right idea when he wrote
the airst building code. It was very simple and direct. If a
building collapsed and killed the owner, the builder was killed.
If the collapse caused the death of the owner's son, the builder’'s
son was likewise killed. With the limits imposed by our legal
system, we cannct have such a simple solution.

Our task here is to determipe what is currently regquired by
law, what is important, and to cffer acceptable practical limits
for contrel. Building codes are formulated ostensibly for public
safety and the maintainance of minimum construction quality stand-
ards. Often, however, specific details seem due to a number of
other influences. Of primary importance is safety. Secondly
perhaps the elusive term "gquality”"., Other obvious input factors
should include climate, local conditions, time tested local trad-
ition, and other less clear considerations for social and econ-
omic conditions which might prevail for the area the code is to
govern. When we attempt to formulate a national building code,
for wide geographical use, it must necessarily ignore many of
these influences. The authors of building codes frequently do not
have first hand information on the practical use of locally spec-
ialized materials like adobe, little of local conditions, and
logically must rely on standards for more conventional materials,
Adobe does not neatly fit this pattern. The technology of adobe
construction is a prime example where secondary factors assume
prime importance.

Man has been-using adobe for at least 10,000 years and it is
currently used by a large percentage of the total population of
the world today. Areas predominated by its use are more often in
the underdeveloped countries of the world where its use is of
vital economic importance. Very little accurate, documented, tech=-
nology is available for adobe as a buildirng material and logical
reasons for these shortcomings are understandable.

For adobe to acheive its maximum effective use, the soil
source nust be close to the building site, The soil for the make-
ing of bricks and mortar must be useable as it cccurs, with only
minor modifications., If elakorate modifications procedures are
raquired for its use, it then becomes too costly to consider.
Consequently, standards must recognize the expected variaticns
and determine acceptable limits., Traditicon and succzssful use of
adobe indicates very wide tolerance limits for the material, =maka-
ing the stablishment of narrew limits unrealistic.

Indigeneous builders of adeke structures historically had no
access to testing laboratories we use today, but in their place
developed a "seat of the pants"” engineering and fechnolcgy. The
builder makes a value judgement based on his experience that a
material was right or wrong, and what needed tc e done to correct
it, based on trial and error of the past. This personal judge-
nent factor is unacceptanle to the engineering community and reg-
ulatory officials, anc some parametsers oust ze estaiklished.
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Building codes make use of technical eanginesring tests and
can determine the regquirements for beam strength, column size,
shear value for bolts, etc., where consistency and gquality con-
trol standards have been established. When we attempt to super-
impose this technology on most adobe construction, it runs into
serious difficulty. The soil source for bricks and mortar will
vary considerably in material make-up and proportions, Tests on
samples from buildings of great age ( see Table A) show such a
wide range of material proportions that it casts doubt on the
necessity of making any tests at all. Richird Clough, in his
examination of material gualities for adobe™ concludes that
"Mechanical analysis of a soil is not an infallible index to the
seil's benavior in an earth wall®. and quotes Schwalen <that satis-
factory bricks can be made from soils covering a wide range in
texture and having a clay content varying between 9 and 28%.
Comprehensive testing represents substantial expense, and in the
light of wide tolerance limits, may have limitad value. Local
vernacular tradition seems to have its roots in sound practice.

A comnmon belief of worldwide scope is that adobe bricks must have
straw to be socund. The mid Rio Grande valley of New Mexico, where
adobe construction has been extensively practiced for centuries,
has a well balancel naturally occurring soil that requires little
if any modification, and bricks are customarily made without
straw. Clough further remarks that contradictory results have
occurred in the testing of adobe bricks with and without straw,
and that its presence does minimize shrinkage cracks during dry-
ing. t is my conclusion that straw is traditionally, added to
soils whose c¢lay content is too high, a common occurrance.
Shrinkage cracks-result from too much clay, thersfore areas with
high clay scils require straw to minimize shrinkage cracks and
maike usable bricks.

Current building codes in various areas differ greatly in
their requirements for "Unburned Clay Masonry" f{adobe). The
"Southern Building Code" (Southern Building Ceode Congress
International, Inc. 1576 Ed. with 1977-78 revisions) makes ro
mention of this material. The "Uniform Building Code" (Inter-
national Conference of Building Officials, Whittier, CA 1979 Ed.)
in wide use in the western United States, recognizes the material
but limits its regulation to four paragraphs, which are strongly
restrictive. (see Figure 1.) The "One and Twc Family Dwelling
Code", 3rd 2d. 1979, a code compiled by several code authorities
for residential construction makes no mention of Unburned Clay
Masonry.

Various State, County, and Municipal bodies may be generally
governed by the jurisdiction of cne of the major codes, but add
amendments O make substitutions in the light of local tradition
or economic pressures. The State of New Mexico has adopted
( Amendment #6, 4/15/8C) the most comprehensive adobe code, which
has been and is being adopted by other bodies (El Paso, TX,
Tucson, AZ , and others). However, many of these bodies have mod-
ified the New Mexico Code, sometimes reflecting local climate and
traditions, and sometimes adding requlations of concern to the

author of the amendment. (see Appendix A for completa NM code)
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2404.2497 UNIFORM BUILDING CQOE

Where the assumed /° - EXceeds 2600 pounds per square inch, field tem
im accordance with Section 2404 (c} 2 shall be required.

PO ——————
Unburmed Clay Masonry

Sec. 2405. (2) General. Masonty of stabilized unburned clay units shad
not be used in any building more than one story in height. The unsup-
ported height of every wall of unburned clay units shall be not more than
ten times the thickness of such walls. Bearing wails shall in no case beles
than 16 inches. All footing walls which support masonry of unburned clay
mits shall extend to an elevation not less than 6 inches above the adjacent
ground at all points.

(b) Units. At the time of laying, all units shail be clean and damp at the
surface and shall have been siabilized wuh emulsified asphailt in ac
cordance with U, B.C. Standard No. 24-14.

{c) Laying. All joints shall be solidly filled with Type M or S mortar.
Bond shail be provided as specified for masonry of hollow units in Section
241,

{d} Stresses. All masonry of unburned ¢lay units shall be so constructed
that the unit strasses do not exceed those set forth in Table No. 24-B. Bolt
values shaii not exceed those set forth in Table No. 24-C.

Gypsum Masonry

Sec. 2406, (2) General. Gypsum masonry 15 that form of construction
made wiit gypsum Diocx or tile in wiich the units are {aid and set in gyp-
sum mortar. Gypsum masonry shall not be used in any bearing wall or
where exposed directly to the weather or where subject to frequent or con-
tinuous wetting,

(b} Materiais. Gyprum masonry shall be gypsum block or tile laid upin
rypsum martar composed of one part gypsum and not mose than thres
ports sand by weight,

{c) Streswes. All 2ypsum masonry shall be so consteucted that the unit
stress=s do not exceed those set forth in Tabie No. 24-B when computed on
the grass cross-sectional area.

{d)} Rond. The bond in gypsum masonry shail conform to the re-
quirements for bond in masonry of hollow units specified in Section 2411,

(=} Methad of Laying. All units in gypsum masonry shall be placed in
side construction with ceils horizontal. The entire bearing surface of every
unit shail be covered with mortar spread in an even layer, and all joints
shail be filled with mortar.

Reinforced Gypsum Concrate

Qua, 2207 (2) Genernl. Reinforced gypsum concrete and precast rein-
ferced rvpsum shalf conform o U.B.C. Standard No. 24-12.

Reinforced gypsum concrete <hall develop the minimum ultimate com-
mraecive streneth in pounds per square inch set forth in Table No. 24D
ot dried 1o cormetamt weight, with tests made on cylinders 2 inches in

FIGURE 1. Unifcrm Building Code, 197% E4.
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A Cross Index Matrix is appended to this paper (Appewdix B)
which makes compariscns between various code provisions and auth-
orities. PFor the purpose of simplification and clarification of
language, individual provisiocns have been simplified to key words
and phrases that identify the intent of the specific provisions.
The areas of specific regulation are briken down into six main
headings, and varying requirements within each main heading are
broken down into sub heads, and summarized in the Matrix,

A, Structures

B, Specifications For Untreated Bricks

C. Specifications For Treated Bricks

D. Poundations

E. Mortar

F. Plaster and Protective Coatings

Each of the six categories will be dealt with individually,
indicating current provisions, areas of greatest iaportance, and
points for discussion. In our determination of the value for each
provision, it will be necessary to recognize the basic limitations
impesed by the materials and technolegy, and to strive for ade-
guate minimums. The key word is "adequate" rather than "best.”
The use of adobe may well be an economic necessity, and if we bur-
den its use with provisions that night seem desireable for harcic
applicaticns, we may defzat our purzcse. [any gecgrazl.lcal areas
have no codes, or 4o not enforce them, so our rurpose l1ere nay be
one of establishing “"guidelines" rather than regulaticns.

A. Structures

Building Height is Iinited by mest codes to a maximum of ona
or two stories. This would seem an arbitrary provision, rellect-
ing perhaps a suspicicn of the soundness of earth materials,
Buildings in the Middle East of 60-80 £+. in heighit are common.

Wall Height-Thickness Ratios are specified in some codes.
Most restrict the unsupported height ¢of a wall te a maximum of
ten times the wall thickness. No measurements are available for
Middle East structures, but lower walls for higher structures
are substantially thicker.

Aall Lenath #Without Cross Support is an inportant consider-
ation, particularly wien considered with wall height/thickness
ratios. The seismic implication of these are significant,

Wall Thickness is relatad to brick size, wall neight, and
other factors apove. Single brick walls are common, where sricks
re 10" (25 cr) or more, the mass providing s+tability., Good
masonry practice would reccomend multiple brick walls,

Brick Bonding (overlap) is specified as a minimum of 4" (1lCecm)
in Zost codes, and surprisingly seems to be the standard 1n the
Middle East as well. EfZicisnt 2rick size would gsnerats at 50%
zond (one half brick).
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Tie Besans are a basic part of good masonry practice. Codes
vary in recuirements for adoke walls, but most allow either wood
or concrete, functioning doubly as a plate to support roof and
floor structures, and as a “collar beam" to prevent wall separ-
ation at the corners. Anocther consideration not dealt with by
most codes 1is the attachment of the tie beam to the top of the
wall., Some determination of uplift wind forces acting on the
roof structure and seismic forces needs bhe made. Some authorities
accept the weight of the roof structure, tie beam, and parapet
wall above the tie beam as sufficient anchorage.

Attachment of Roof Structures must be considered, possikly
in conjunction with the tie bean.

Lintels are a necessary part of any masonry wall, and often
the flat-arch effect is ignored in determining lintel strength
requirements.

Attachment of Abutting Frame Walls recuiraments vary Zronm
Yadequate" attachment to detailed directions specifving kelt size
and spacing.

Piers and Columns of adobe brick are generally regquired to
have ninimum dimensions, reflecting multiple brick construction.

Parapet or Fire Walls are common in some architectural styles
and net in others, If these are of masonry, they can act signif-
icantly to add weight anchorage for rocof sitructures.

Earthguake Reculations are not generally delineated specif-
ically for adobe construction, but in general structural recuire-
ments, which will vary with nar thquake Hazard Zone designation.
The State of California, for example (Zone 4) ensorces reinforce-

ment reguirerments, while The State of New Mexico (Zone 1-2) makes
no requirement,

B. Specifications for Untreatad Bricks

The s0il used for both bricks and mortar will be made up of
Zive major elements: Gravel, Coarse Sand, Fine Sand, Silt, and
Clay. These might ke compared to concrete, with the Gravel and
Coarse Sand representing the aggregate, the Fine Sand and Sils
representing Sand, and the Clay representing the Cement. A& major
difference bectween adobe and concrete drying and curing however,
is that whiere concrete represents a chemical action, adobe 1is
purely a paysical one, In the nost general terms, a high rercent=-
age of clay naxes the bricks less subject to water erosion, but
can cause shrinkage cracks and a loss of strength, A high per-
centage of sand reduces cracking, increases strength, but makes
the bricks more subject to erosiocn.

-

Acggrecata Size might seenm to be important, allthougk xany ex-
anples of usabls adcbes can te found where a la:ge rercantage cf
coarse gravel and stones of 1% diamecer or nerz ocgur. It is
conmen Tractica to remeve by hard, cnly the lar;e stones. Scresen-
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ing to control the particle size will add greatly to the cost o?
the bricks, and reduce the economic effectiveness of this material.
A balance between guantities and proportions of gravel, sand and
clay obviously must be considered, and tolerable limits, however
wide, must ke determined.

Clay Tvpes are not generally noted in codes, and might seen
to be a matter for concern, because some types are highly expan=
sive when moistened, as in the case or Montmorillinite, or rela-.
tively inert as in Xaolinite clays. Determination of clay types,
by X-Ray diffraction, is a costly procedure, and may not be nec-
essary. The testing of a number of samples from obviously succ-
essful adobe buildings of considerable age was done by the
National Pazk Service Soils Laboratory in Tucson, AZ. Table "a"
indicates the wide range lizits found.

Brick Size will vary with locality, local custom, and the
materials available to the builder, and are seldonm specified in
codes. A commoen size for the mid Rio Grande valley is 10"x4"xl1l4"
(25 x 10 x 35 cm). Any size might be possible, determined by the
curing time {(thickness) and handling weight for efficient con=
struction. OQlder bricks tended to be somewhat larger and current
sizes in the Middle East and North Africa are somewmhat smaller.

Compressive and Tensile St-snzith are sxrphaszizaed Ly curren
codes. OfFf najor importance would te the compressive strength
support loads imposed by the wall and roof structurs weights.
Tensile strength (modulus of rupture) would represent taughness
of the bricks reguired for handling and stacking. DMost codes
recuire a compressive sitreangth of 300 psi, but hkistoric examples
have been tested as low as 109.5 psi. Simople calculations will
show that in most instances, actual compre2ssive locadings are less
than 10 psi. It might appear that compressive strength require-
ments are excessive. Representative testing of New Mexico adcbe
bricks is given in Table B.

b
to

3

Curing Time recuirements will vary .with climatic conditions.
Some codes address this with nirimum time requirements for cure-
ing, but bricks that are not cured cannot be Lhandled or stacked,
so this provision may not be required.

Water For Mixing is seldon addressed bv code reguirements,
but can be significant. Water with a high slat conternt (in sol-
ution) may re-crystalize during drying, causing structural
damage t¢ the pbricks.

C. Specificaticns for Treated Bricks

In addition to the testing ocutlined for untreated bricks,
gualificatieons for the designation of "treated" tricks include
qualities limiting moisture absorption and resistance to ergsion.
Allthough some codes do not specifiy the type of stabilizer, the
most successful in terms of practicality and cost consideraticns
would seem to ke asphalt emulsions, The amount of stabilizer
required to meet “treated" standards will varv with the hasic
s0il gualities, thus the test standards must Ce mec.
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TAELE A"l »

Soil Material Composition
Adcbes~Mortar-Mud Plaster
Average Percent of Total Sample
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TABLE aA-2.

Soil Material Ccmposition
Adobes-Mortar-Mud Plaster
High/Low percent of Total Sample
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D, Foundations

Basement and FPoundation Walls are generally prohibitaed by
code. Moisture infiltration intec mud brick walls robs them of
their compressive strength when unsupported on the sides, and can
cause cocllapse. Below grade walls should be impervious to meist-
ure,

Foundation Wall Height and Thickness generally are required
to ke the same thickness as the wall supported, and are to ex-
tend 6" - 8" above exterior finished grade. Capillary action,
rain splash, and salt re-crystalization cause extensive damage at
the base of adoke walls.

Footings for adobe walls are usually given the same design
considerations as any other type of wall construction. Historic
structures would seem to have inconsistent patterns, often using
adobe bricks or stone. Current codes reguire steel reinforced
concrete, consistent with conventional building details, but tak-
ing note of possikble increased weight of the wall. It may be sig-
nificant that early foundations of stone were less rigid, and
could more readily absorb movements in the wall and supporting
ground without extensive wall damage.

E. Mortars

Mud Mortar is most commonly made from the same soil sources
used for bricks, and subject to the same criteria, with one excep-
tion. The mud mix must be free of all kput the smallest stones.
The presence of stones in the mortar mix will prevent the even
bedding of the bricks as laid. Stones of 1/4" or larger must ke
removed by screening, or removed as the mortar bed is laid up.

If stabilized bricks are used, it would seem desirable that the
meortar be stabilized as well. Untreated mud, if of the right pro-
portions, will adhere to the mud brick surfaces, making a homog=-
enous mass, unlike conventional bricks and mortar. Problems of
adhesion sometimes occur between stabilized surfaces, perhaps

from an oxidaticen of the clder surface.

Surfaces to receive a mortar bed should be solid, free of
dust and friable particles, and perhaps damnp. Most codes speciifly
that the surface be "clean and damp", 2ut the common practice of
spraying stacks of bricks of cenventional masonry would not ke
suitalble for adobe. Common practice avoids the dampening step
and uses a slichily wetter mortar.

Types S _and M Mortar may also be used, but it 1lncreases the
cost andéd the wall loses 1ts homogenuity. An advantage of conven-
tional mortars is the increased layving sreed, as mud mortar re-
gquires more drying time, restricting the number of courses laid
up each day in one location.

Joints are differentiated in some codes between adobe walls
that are to be plastered, ané those to be left exposed. £ the
wall is to ke plastered, c¢pen or partially IZilled head jolnts are
allowakla and dasirable to offer a ksv for supperting the plaster
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coat, Joints in walls to be unplastered neéd to be carefully
£illed and smoothed, with solid head joints. All codes specify;,

if mentioned, -that noddlng joints shall be f£full slush (solid)
joints.

F., Plastering

Exposad Adope Walls , even though unprotected, are resistant

to rainfall, It has been measured4 at approximately 1" per 20
years, in areas where rainfall is 10" to 20" per years. Exposed
brick walls or mud plaster are viable as an economic alternative,
where little possibility for flooding exist.

Cement Stucco is regquired by most codes. t is nermally app-
lied over galvanized stucco netting, atiched to thé& wall at spe-
cific intervals, The cement stucco provides a waterproof coating
that limits erosion of the mud surface. It also has the negative
effact of concealing any moisture and erosion of the wall fronm
leaking rcofs and scuppers which allow water seepage into the wall
underneath the stucco. If these leaks go undetected, camage can
cecur to the wall that can lead to structural collapse without
warning. In flood prone locations, cement stucco and interior
cement or gypsum plaster is a desirable treatment. Severe flood-
ing and standing water will immediately destrpy most unprotected
adoke walls, while waterproof plaster will save the siructure.

Mud Plaster is a traditicnal treatment that functions well
except in areas prone to flooding mentioned above. It is not
allowed by most codes, which insist on cement stucco, or stabil-
ized bricks and mortar.

Stabjilized Plaster is not mentioned in existing codes, but
may offer a V1able exterior wall finish., Problems with ex_s ing

applications sometimes occur in terms of lack of adhesion between
subsequent layers.
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Appendix A-l

Maotet shall mean hotel as detined in this code.
Sec. 420.78"
Sec. is the abbraviation far Saction as referred to in this code.

TELEPHONES

Sec:. 1713. Where publictelsphones are provided, at least ong shail be installed
80 that ihe handsef, dial and coln recziver are within 48 inchaes of the floor.
Unobstructed accass withisr 12 inchas of the telephome shall be provided. Such
access shall benat les3 than 30 inches in width.

AMENDLENT 6: CHAPTER 24- MASONRY
e

UNBURMED CLAY MAEONRY

Sec. 2405. (a) Gonaral Masonry of unsurned clay unite shall not be used in
any bullding more than (2 steries in fraight. The height of evary 'aterally unsup-
partad wall of unourned clay units snail £a not mora than 14 times the thickness
of such wails. Extarior wails, which are iaterally supporied win thosa supports
focatad ne Mmore than 24 et apart, ara alidwed a minimum thickness of 10 inches
for sing'e story and a minumen thickness of 14 inches for the bottom story af &
two story with te uppar story allvwca a minlmum thickness of 101nches. Interior
Bearing walls aza aliowad a minumum thicknesa of §inghas, i

() Compressive Sitrangiit. Tha unmits shall have an avarage come
pressivae strength of 300 paunds per square inch witen testad in accordance with
ASTM C&7. Ona sample out of five may have a compressive sirengtn of not fess
than 250 pounds per squarainch.

(c} Maduie of Rupture. The unit shall average 50 pounds per square
Inch to modulus of rupture when tasted accarding to tha foliowing procadure;

PROCEDURES:

{1} A cured umt shail ba laid ovar (cyiindrical) supports two inches (2') in
diametar, located twa Inches (2') from each end, and sxiending across
the fuill width of the unit.

(B A cylincar twn inches (2 in diarneter shaii be laid midway between
and parailei to the supporns.

(3} Load shait be agpiied ta the cylingar at the rate of 500 pounds per minuze
untii rapture accurs.

(4} The moduius of Tupturais equat to %z
28d

W = Load of rupture

L = Distance baiween SUpROMNs
8 = Wiath af brick

d = Thickness of brick

{d) Soit. The scit usaa shall cantain not lass than 23 percant and not
more than 45 percent of marenal passing a No. 290-masn siave. The soni shait
cantain sutlicrenr clav to Sing the parhictes together and shail nct cantain more
than 0.2 percant of water-soiunia saitg,

Most clayey loams, axcant tRosa with a tigh ¢lay content, are suitable, bui it is
not praciicabla to make a seieciion on the basis of sod anaiysis only. Soil haviag
& high ciay content shmink of ¢rack baciy when drying, ang sandy soils ¢a not
have sufficiant Sanding matenal to prevant crumbling, Neither of these soiis
should ba usad alone for bnick, Dut & very good building material can be gbiained
by mixing the two soiis tag:thar i preport ons that will ovarcoma the undesiradle
qualities ¢f each. The tast way to detesmine tha fitness of a 501} i8S {0 Maxke a
sampie brick and allow it to cure in the open, protacted from morsture. It shouid
dry without sarious warping or cracking.

18
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Appendix A-2

{e®) Claases o1 ACoDe

ADOBE TYPES: (1} Treaied Adobes. The term “treated™ Is defined o mean
adobes made of soil to which certaln acmixtures are added in the manufacturing
process in order to {imit tho adobe’s water absarpticn In arder for it to comply
with garagraph (h) balaw. Exterior walls constructed of treated adobe require no
additionsl protection. Stucca |s not required. I ordar for tha wals to so comply,
the mortar must ba cf Typa § of adoba sail treated with an adgitive to maka
the mortar comply with the same water absorption requirement in paragraph ()
beiow,

{2} Untrested Adobes. Untreaded adabes are adobes which do not meet the
watar absorption specifications of paragraptr (h) Detow. This shall told even I
somawater absomtion crotection agent has besn added. Tha dstermination asto
whetner ks acubs IS treated or untreated is tu test for comutiancs with paragraptr,
M balcws. Extericr wails of untreated 2doba are aliowed but must comety withs
paragraphs (o) requiring Portland cement plaster applied to tha outs!ca. Use of
untreated adobas s profibited within 4 inches above tha tinished flaor greca.
Traated adobes may bg uzsd for the first 4 Inchas above flnished flose grade.
Mortar must e Typs 5 {or masonry mortar) or adoba s (aithsr treated cor
untreated.

{) Sampilng. Each of tha tasts prescribed in this Section shall be
applied to five sampla units sslected at randam from each 25,000 bricks ta ba usad.

{g) Moisture Contant. The moisture content of the unit shail be not
more tharn four percent by weight.,

(h) Abszomticn, A dried four-inch (4™} cube cut from a sample unit
shail absord not mare than two and one-halt percent meistura by weight when
piaced upon a constantly water saturated porgus surfacs for seven (7) daya.

(3 ShrinkageCracks. No units shall contain more than three
shrinkage cracks, and no shrinkage crack shal! excaad thrae inches (3 in leangth
or ane-sightit inch {(1/8') in width.

(y Use No adcbe shait be aid I the wail for at [east three (3) weeks
after making, dependeant on weather conditions.

(%} Foundsations. Adobes shail not be usad for foundation or bass-
ment wails. All adobe walls, except as noted unger Group M Buildings, shait
have z continuous concrete footing at least sight inches (37 thick and not less
than two inches (2) widar on each side than the foundation walls above. All
foundation walis whicti suppart adote units shal! extand to an elevation not less.
than six inches (&) abova the finish grade....

Foundation walls shail be at least a8 thicxas ure axtenior wall as spacified in
Section 2405 (1). Whure stem wall insulation is used, 2 varianca is allowad 1ar the
stem wall width 10 ba two inches (27) smallar than the wiath of tne adooe wail
it supporta.

(7 Exterior Waills. Ail walls of adobe (treated or untreated) shali
not have thicknesses fess than thar ailowed in paragraph {a} above. Martar
shaii be in accardance with paragranh (21) and (e2) above depanding on the clasa
of adobe being used. All adobe brick shall be laid uo wit!y tull slush (bed) jaints.

and shall be bonded (overlacped) ncot less than 4 inchaa, Walla of treated
adobe which do not require a protective oyter coating must aiso be laid ug with
tull head (end) joints. All exterior agobs wails shaail De topped with a continuous
Deit course or tle beam (except patie walls l¢ss than 5 high abave stemj. At the
tima ot laying, ail umts snatl be ctean and damo at the surfacs.

, (m) Concrata Tle Beam. Shall De mimmum size six inches (6} Dy
width of wall ug to a ten inch (10"} width. Forwails thicker than ten inches, a ten
Inchy (107) tie beam will suffice. Al concrete hie beams shaill be reinforeed withy
s minimum of two No. 4 reinforcing rods aach floor and catiing plate line.

19
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Appendix A-3

(n) Wood Linte!s or Tis Beams. Shail be minimum size six inches
{8") by wail width up {2 a ten inch (10" width. For wails thicker than tan inches,
& tla Deam of tan inch (10™) thickness shall suifice, The woaden tle team shall
be overlapped, or spiiced, at least six inchas (6™ at ail joints. All loints shall have
awail bearing ot al lezst twaive inches (12). Wood tie beams may be solid In the
six Inch (§) aimansion or may be less than ene ingh (1"). Wood joints, vigas or
beams shaii Do guiked to the wood tis baam with targe nalls or large scraws., All
lintats, waod or concrete, in exc2ss of nina feet (9) shali have specific approval of
tha tuiiding official,

{0} Flzstorna, All untraated adcbe shall have ali exterior waif$

thercutside wiliy FoRiang cement plaster, mnimum thickness %'~
I aceoransy will CRosiar 37, Frstosiivg Gaiingd Qnar in plasiarao-aliuwad
provicad such caating 1y equivalsnt to Portland camagpt plastar in gratzcting tho
unrezicd 205203 atant d2lonnrancn nlorisss of strength dua to watsr. MET
wira mesh minlmum 20 nauge TV Umimcir (1] ovesing shall e sacurely attached
to tha extericr cdaly wall curfzs ) Oy nuwis o7 staples with minimum penetration
of ona and aRensll inches (1% 7). Suc mask tasteners shall have a maxmum
spasing of sizteen Inches (16 from each other. Al eXTUTIC Wexh-surtades in
aded2 wally small be treated witlr en approved wood praservativenDefcre the
application ot wirs-meshiNo 2+-25 bricks shall Da used *or isciatad prers; perely
coturnns & wall section of iass than 25" x 10, A minimum twaive inch (127) wall
sechir wil D@ permiiteq Detwsaen opamings providsed 3 continuous lintai of
Concieis Or tinider Do installed spanning Doth apenings and watl section,

EXCEPTION:
(1) ExoNTE? Al YErE WY, $ic., néad Gt Tave PorIamItement contings

(p) Fi55Ts and Roots Floors and roots may Be Tomstructed of wood,
the sizes and spans to 03a accerdance with Chapter 25.

(g} Flcor Arsa. Ailowable floor area shail not axceed THAY specriied.
under Occupancy (Part 11l). Adaby construction shail be allowed the same area as
given in Tabia No. 5-C, Type ¥V canstruction, Column N.

{" Wood Partitians, Partitions of wood shali be constructed as
spocitied in Chaptar 25, wood partitians shall 3e nailed to natling Diocks taid up
in tha adaobe wail or bolted through the adobe wail the heignt of the partition
with 3" Doits @ 24" on center with farge washers or plates.

{2) Stop work. Tha Building Offigial shail have the power to step
wark whensver adobes have not been thoroughly cured and shail give prior ap-
frovalto the usa of any hardeners, stabitizers or other so-calied praservalives.

20
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Appendix 3-1
ANALYSIS AND COMPARISON OF BUILDING CODES
FOR UNBURNED CLAY MASONRY (ADOBE)

CCDE MATRIX

In order to make 2 more useful comparison, the building
codes governing adobe construction have been synopsized
tc managable phrases or short descriptions. State,
County and community variations are codified in a matrix
cade, so that comparisons may be more easily made.
As the structures of most building codes are complex
and differ in organization, the matrix code is broken
down into six partss

A, Structures

B. Specifications for bricks, general
Ce. Specifications for Treated Bricks
D. Féundations for adobe structures
E. Mortars for adobe bricks

F.' Plastering of adobe structures

Certain portions of each code are similar, and perhaps some
sub-categories might be unneccesary, but an effort was made
to make £fine QAistinctions where it seemed pertinent. The
matrix code definitions follow, and the compariscn sheets
refer to matrix code designations. For a2 precise interpre-
tation, it is suggested that the apprepriate sprecific
building code for the State, Cournty, or cummunity ke
carefully exanined. It should clsc Ze nc:tad that in many
instances, variations and excepltions to the code may be
allowed, if sufficient jJustificzricn can be shown.
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CODE MATRIX DEFINITIONS Appendix 3-2.

A, STRUCTURES
A, 1. seenot to be used for more than 2 stories.
l.2....n0t to be used more than one story.

2, ...wall height not more than 10 times wall thickness
(laterally unsupported)

2.23....wall height or length not more than 10 times wall thick.

3. ...exterior walls not more than 24 £t long
(without cross wall)

Jea....when supported at ceiling line by joists or rafters.
(wall length of 24 ft, is allowed)

4. ...minimum wall thickness 10 in. for single'or.upper stozrv.
4.2....0ninimum exterior wall thickness not less than 10 in.
4.b....bearing wall not less than 16 in. thick.

S5+ eso.eminimum wall thickness 14 in.{lower wall of 2 storv)

8. e...minimum wall thickness & in. for intericr bearing walls.
Te oceoenot used

8. ee..not used

9. eeobrick bonding not less than 4 in.

S.2....brick bonding provided per Sec. 2104.,7 or 2104.8

$.B....brick bonding as specified for hollow uniis
(Sec. 2411 = 4")

9eCeeasbrick bonding to be "running bond", 50% lap.:

10e e..tie beams required for all exterior walls more
than 6 £t£. high.

10,2..+.Bond beams provide support and anchorage for rocf
structure. If of adobe, use continuous rows of
jeint re~inforcement between "raguired" number
of courses to resist uplift Zorces.
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A.

STRUCTURES ({(cont.) Appendix 3-3

A, 10.b....2ll adoke walls to contain continuous tie beanm

at point of bearing.

l1l. ...tie beam of concrete 6 in. x wall thickness(tec 10 in.)
with 2 each #4 rebar at plate line,

12, ...tie beam of wood 6 in x wall thickness (to 10 in.)
solid or spliced, 1 in. laminations, minimum
over~lap 6 in.

12.,a....pratect all wood tie beams with preservative,

12.b....joists, vigas or beams spike or screw to tie beam.

13, ...lintel wall bearing not less than 12 in.

13.2....2all lintels of wood or concrete over 9 f£t. long
require specific approval.

13.be..alintels to be of reinforced concrete, masonry or steel,
an adobe overhang of not more than 2 in. each side
is permitted.

l13.Ce0e.all lintels to be designed in accordance with city code.

l4. ...wood partitions to be attached to adcbe walls with
nailing blocks laid up with the wall, or through
bolts, 1/2" D,, 24 in. c.c, with large washers or plates.

14.3a....1ledgers and partitions bolt thrcugh wall with plate

washers 1/8 in. x 4 in. x 4 in., Table 24-C Zfor
shear values,

l4.b....Interior stud partitions to be adeguately secured.
l4.ce...Bolt values not to exceed Table 24-C

1S5. ...inspector has power to stop work if bricks net cured
and shall have power to approve stahilizers or
so calleé presarvatives,

16, ...n0t used

17. ...unlts must be stabilized with emulsified asghalt,

18, ...adobe not tc be used for piers or columns in
bearing capacity less than 24 1in.

18.,a....n0 isolated piers or columns less than 28 im, x 10 in,
or a minimum of 12 in. is premitted if lintel cver
is continuocus.

19, ...all adobe parapet walls shall be watergprooied,

-
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Appendix B-4
STRUCTURES

A,

A.

A.

20, ...masonry wall shall comply with empirical requirements

designed in conformance with approved requirements
of Sec. 2106.

21, ...top wall plates and anchor bolts designed to resist
uplift forces, minimum 1/2"D x 20" imbedment,
with 1/8% x 4" x 6™ plates in adobe, 2"D washers
on woed plates.

22, ...fireplaces and chimneys of adobe shall ke lined
with firebrick not less than 4" thick.

23. ++..Floors and rocfs of waod permitted, sizes and
spans in accordance with Chap. 235

24, ...allowable floor area not to exceed pggguvarcwy 2art TTT,
adobe allowed same area in Takle 5-C, Type IV, Col.XN

25. ...D¢ not lay more than 10 courses per day
with mud mortar.

26, ...Every structure designed %to resist seismic stresses
(UBC Section 2312, (Earthgquake Regulations)

SPECIFICATIONS FOR_onivas

B.
B.
B.
B.
B.

E.

B.

1. ...compressive strength average 300 PSI (ASTM C-57}
l.a....unit stresses not to exceed Table 24-B (30 PSI)
2. +ss0ne sample of $ may have minimum 250 PSI
2.3..0.0ne sample of 5 may have minimum 200 PSI
2ebece.five samples per 25,000

2.Cecesfive samples per '5,00C

3. ee..Modulus of rupture average 50 PSI {BWL/ZBdZ)

4e oe.e50il not less than 25% or more than 453% pass
through a #200 mesnh screen.

4020.0..5011 to pass throuch a 1/4" screeen (100%)
free fZrom deletericus natter.
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B, SPECIFICATIONS FOR BRICKS (cont,)
B, 5. .+..801i1l to have sufficient clay to bind
Be Se.23....Suitable nixture of soil, clay and stabilizing agent
Bs 6, +se30il o contain not more than .20% water solublersalts.
Be 6.3....850i1l to contain not more than .1l0% water soluble salts
Be 7o e..noat clayey loams suitable, not practical to make
soil tests only.
B. 8. ...high clay or unsufficient clay secils may ke mixed.
Be 9. ...make test bricks, to dry without serious warping
or cracking.
B. 10. ...Reisture content maximum 4% by weight
B, 11, ...not more than 3 shrinkage cracks 1/8" x 3"
B, 12, ...Mininum curing time 3 weeks
B., 12.a....3un baked 1 week, stack 2 weeks before use, or longer
B. 13. ...use potable water
B. 14. ...protect from moisture
B. 15, ...a3ll units clean and ‘aamp for laying
C. SPECIFICATICONS FOR TREIATED BRICXS
Ce 1. oo+ certain admixtures to limit water absorption
Ce 2., .e..certain admixtures or enmulsified asphal:t to limit
water absorption, to comply with Sec. 2405.(c)
Coe 3., ..o.emulsified asphalt mixed to provide recuired
resistance to moisture,
C.o 4. .+..3 dried 4" cuke, cut from krick, shall not absorb
more than 2-1/2% moisture kv weight when placed
on a constantly water-satuzated perous surface
for 7 days.
C. 4.23....1if sample absorbs more than 2-1/2%, are tc ke
classified "unctakilizedr®
Ce 5+ eses0il must be compatible wicth stabilizing material
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D, FOUNDATICNS FOR_ADOBE STRUCTURES

le oseadobes not to be used for foundations or basement
walls,except Group M buildings (garages, outbuildings,et

l.a....2dobes not to be used for foundation or basement walls.
2. ...continuous concrete footing 8 in. thick x wall thickness
2.a....continuocus footing, width and depth goverrned by
allowable soil bearing pressures and concrete strength.
3. eeofoundation wall to extend & in. above finish grade.
3.a....f0undation wall to extend 8 in, abeove adjacent ground.

4. ...foundation wall to be as thick as wall above, except
may be reduced by 2 in. for perimiter insulation,

4.3, 0cfoundation wall to be as thick as wall akove,
e eoiitreated” adobes toc e used for 4 in. above finish floor.

S eBese.nn "raw"” adobes used within 4 in., of finish fleocor.

D.

pius 2 in,. on each side.
E. _MORTARS FOR ADOBEZ BRICKS
E.

1. ...for treated bricks, type S or treated mortar,
with full slush bedding and head joints.

l.3....treated exterior walls without plaster are to
have full head joints.

2., seofor untreated bricks use type S or untreated mortar
with £full slush bedding joints.

3. .e..3ll joints solid with mortar

4. +..mud mortar to ke the same as units, type M or S
and acheive bond.

5. eeemortar tyre QO or adobe soil mortar, treated or untreate
6. oeemortar type N or treated adobe soil mortar

7o -eallOrtar in accordance with adobe type.

8., ...23l] joints with type M or S meortar

9, +se+fill all joints solid with tvre S or M maorsar
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F, PLASTERING FOR ADCBE STRUCTURES _

F.

F.

P.

F.
F.
F.

F.

l.

2.
3.

10.

essuntreated brick exterior walls must be protected
with Portland Cement plaster

sseadd to the above...3/4" thick...

ees0ther treatment allowed if equivalent to Portland
cement plaster

eesStucco net required 20 ga. x 1", fastened 18" o.c.
with 1~1/2" penetration of fasteners

eeelf wall 14" thick, nud plaster allowed

~eslUSe stucco net on wood surfaces to be plastered

e treat exposed wood under stucce net with preservative
-espatic/yard walls do not require cement stucco

essuntreated adobe exterior wall geraitted without
plaster if: Cornice ¢2p drains to roo=
Canales long enough to keep water off wal
Windew sill brick or concrets with
l1ip to prevent drip on walls.

«eofTeated bricks for exterior walls with Tyre S or
treated mortar do not regquire plaster protecticn,
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