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Testing & Complications

*Seismic/Wind, Thermal & Small Scale Testing
e Take the builders & material to the lab or the lab to the builders and materials

VERDANT STRUCTURAL ENGINEERS



Figure 1: Mass Wall Density vs R-Value
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Testing & Complications

Table 1: R-Value of Mass Earth

Wall' per inch of wall thick

Wall Material

Density (PCF)

R - Value / inch wall thickness
(ft*-°F-h/BTU/in)*

Light Straw Clay

\

Light Straw Clay
Light Straw Clay

=

Light Straw Clay

Cob?
Cob?
Cob?*
Cob?

Cob*
Cob

20
30
40
50
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70
80
90

100
110

1.48
1.22
1.01
0.84

0.70
0.59
0.49
0.41
0.32

0.22
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Density of cob or cob-like material (PCF)

* Chart values apply to mass walls, defined as walls with a density = 20 PCF
“ This chart assumes the insulation material is on the exterior of a mass wall.
2 The R-Values for cob with densities from 60 to 100 has been interpolated from Appendix AU in the 2024 IRC with a cubic fit curve
* R-Value data is from Section AU109.2 of Appendix AU in the 2024 IRC and Table AR103.2.3 of Appendix AR in the 2024 IRC
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Adobe In the IBC

SECTION 2109
EMPIRICAL DESIGN OF ADOBE MASONRY

2109.1 General. Empirically designed adobe masonry shall
conform to the requirements of Appendix A of TMS 402,
except where otherwise noted in this section.




Alternative

[A] 104.11 Alternative materials, design and methods of
construction and equipment. The provisions of this code
are not intended to prevent the installation of any material or
to prohibit any design or method of construction not specifi-
cally prescribed by this code, provided that any such alterna-
tive has been approved. An alternative material, design or
method of construction shall be approved where the building

official finds that the proposed design is satisfactory and
complies with the intent of the provisions of this code, and
that the material, method or work offered is, for the purpose
intended, not less than the equivalent of that prescribed in this
code in quality, strength, effectiveness, fire resistance, dura-
bility and safety. Where the alternative material, design or
method of construction is not approved, the building official
shall respond in writing, stating the reasons why the alterna-
tive was not approved.

[A] 104.11.1 Research reports. Supporting data, where
necessary to assist in the approval of materials or assem-
blies not specifically provided for in this code, shall con-
sist of valid research reports from approved sources.

[A] 104.11.2 Tests. Whenever there is insufficient evi-
dence of compliance with the provisions of this code, or
evidence that a material or method does not conform to the
requirements of this code, or in order to substantiate
claims for alternative materials or methods, the building
official shall have the authority to require tests as evidence
of compliance to be made without expense to the jurisdic-
tion. Test methods shall be as specified in this code or by
other recognized test standards. In the absence of recog-
nized and accepted test methods, the building official shall
approve the testing procedures. Tests shall be performed
by an approved agency. Reports of such tests shall be
retained by the building official for the period required for
retention of public records.




IRC Appendix-Aldb (Vbnolithic Adobe) Construction

APPENDIX AU
COB CONSTRUCTION (MONOLITHIC ADOBE)

~ RB308-22 mc-aﬂ;

PR -

, mL~ *2021 International Residential Code, Appendix AU
e First proposal failed due to 1 hour fire rating
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IRC Appendix Aldb (IMonolithic Adobe) Construction

CURVED CONCRETE LINTEL

ANCHORED BOND BEAM,
WOOD OR CONCRETE

VERTICALAND HORIZONTAL
REINFORCING OPTIONS
WHERE REQUIRED

CURVED WALL
- MINIMUM SFT. RADIUS | _

<
S
. il

Al b \I;‘bda‘b\bd'drwd—‘b.b
Commentary Figure AU101.1
TYPICAL COB BUILDING COMPONENTS




ASTM E119



ASTM E14Gob/ Monolithic Adobe

*2 Hour Fire Rating Test
e NTA, ICC Testing Lab - Bryan, TX @ 2 Wall Samples
e 10'x10’x1’ Sample e Mono-Density & Tri-Density

e >5000 Ibs

VERDANT STRUCTURAL ENGINEERS



ASTM E14Gob/ Monolithic Adobe

*2 Hour Fire Rating Test
e NTA, ICC Testing Lab - Bryan, TX @ 2 Wall Samples
e 10'x10’x1’ Sample e Mono-Density & Tri-Density

e >5000 Ibs
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ASTM E14Gob/ Monolithic Adobe

*2 Hour Fire Rating Test
e Interior Face: 2000° F
e Exterior Face:<5°F

2 minute hose test
Optional Compression Test To Failure

VERDANT STRUCTURAL ENGINEERS



*Fire - ASTM E119

ASTM E1

41Gob/ Mbnolithic Adobe

VERDANT STRUCTURAL ENGINEERS



ASTM E14&ob/ Monolithic Adobe
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Anchorage:

*Cob

*Top and bot of wall with various interior reinf.
*Ledgering

*Straw Bale When reinforced plaster
*Ledgering

*Earthbag

*Top and bot of wall with various interior reinf.
*Ledgering

*Adobe

*Top and bot of wall with various interior reinf.
*Ledgering

Moisture, Corrosion or degradation

Steel in Clay

*Wood against clay

*Clay with various stabilizations, lime and cement
*Expanded moisture in straw data

*particularly with various finishes applied
*Moisture in clay & straw per rain event/season
*Depth of penetration, time till release

*Near ground erosion based on climate zones

Testing What is next

Seismic and Wind:

*Straw Bale

*Finish FEMA

*Perforated shear walls with reinforced plaster
*Bale on end with studs

*Cob, Adobe, Earthbag

*Various reinf. and microfiber, natural & metal
*Buttressing and rocking shear

LSC, Hemp-Lime (hempcrete)

Small Scale/Batch Testing & Means and Methods
*Site compression testing

*Mechanical mixing of cob

*Mix design and specs for Cob, Earthbag, adobe

Thermal, Fire, Acoustics
*Many options for research for all natural bldg materials

Foundations

*Crushed Stone Expansion

Lime stabilized clay

*Emulsified asphalt stabilized clay

*Earthen floor slabs

*Natural building material (LSC), under slab insulations

VERDANT STRUCTURAL ENGINEERS



Carbon and Global Warming

e Stabilization
o Natural (none)
o Emulsified Asphalt
O Lime
o Cement
e Low Carbon Concrete
O Marin County Low Carbon Concrete Code
O Wide Walls can mean Wide Foundations
® Crushed Stone Footings
O AKA Rubble Trench
O 2024 International Residential Code Updates

MIX DESIGN

THE FOLLOWING INFORMATION IS SHARED TO PRODUCE A MIX DESIGN THAT MEETS
THE STRUCTURAL REQUIREMENTS OF THE PROJECT AND REDUCES THE POUNDS OF
CEMENT PER YARD AS MUCH A POSSIBLE.

_ ADOBE BLOCKS & REINFORCEMENT,
/_ SEE DET 1/54.1

[ SLAB ON GRADE, SEE PLAN
|

>
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| #sTIRRUPS @ 18"
2-#5 BARS T&B

/
/

1o (RECOMMENDED) AT DOWNHILL

SIDE OF FOUNDATION APPLY DRAIN
f | GATE FROM GRAVEL TRENCH TO

Vi DRAINAGE PIPE BY OTHERS

/|, SEE PLAN T~ COMPACTED GRAVEL
POLYPROPYLENE MESH — *—* PLACED IN 8" LIFTS

0B2550- §* PP NETTING 12 PMSF
TO CONTAIN GRAVEL

13\ EXTERIOR WALL FOOTING
S4.1) ALTERNATIVE /4 = 1o

SUPPLEMENTAL CEMENTITIOUS MATERIAL (SCM)

A MINIMUM SCM OF 50% REQUIRED AND UP TO 90% SCM ALLOWED. SCM'S MAY
INCLUDE BUT ARE NOT LIMITED TO CARBON CURE, SLAG, FLY ASH, NATURAL
GLASS POZZOLANS ETC. CONSULT ENGINEER FOR MORE INFO.

CONCRETE TO COMPLY TO REDUCED CARBON CONCRETE LIMITS. ALL MIXES OF
THE FOLLOWING STRENGTHS SHALL BE LIMITED TO THE FOLLOWING CEMENT
CONTENT (NOTE: THE ASSOCIATED CURE TIMES FOR THESE STRENGTHS AS THEY
RELATE TO SPECIFIC STRUCTURAL ELEMENTS ARE LISTED ABOVE):

MINIMUM SPECIFIED MAXIMUM ORDINARY PORTLAND
COMPRESSIVE STRENGTH, F'C (PSI) CEMENT CONTENT, (LBS/YD3)
REQUIRED RECOMMENDED
UP TO 2500 362 GENERAL: 100-150

SLABS: 150-250

OUR REQUIREMENTS DO NOT CERTIFY ANY AESTHETIC OR WORKABILITY
OUTCOME OF THE MIX BEYOND STRUCTURAL PERFORMANCE. THIS IS THE
RESPONSIBILITY OF THE CONTRACTOR.

VERDANT STRUCTURAL ENGINEERS



CRI’s Fire Rebuild Plans

Cob Fire Replacement residences Preliminary Prototype Series - Butte County / Paradise / Concow Area
john fordice / other fish architect - 1828 fifth street - berkeley CA - 510 206 8758 - otherfish@comcast.net

=%
>
4’54_“

FP7 - SQUARE PLAN

PRELIMINARY
Cob Fire Replacement residences Preliminary Prototype Series - Butte County / Paradise / Concow Area =
john fordice / other fish architect - 1828 fifth street - berkeley CA - 510 206 8758 - otherfish@comcast.net
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Cob Construction Book

'ng
essential P “ - blemeeEiEsy ATl T
e Big advancements in building science
COB e Estimated publication: January 2024
CONSTRUCTION

design, engineering, and building
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More clay, hemp, and straw in buildings =Iess carbon mn the atmosphere.

Thank you for the opportunity.

Oasisdesign.net
art@oasisdesign.net

CobCode.org
Verdantstructural.com
Verdantpanel.com
Anthony@verdantstructural.com
admin@verdantstructural.com

Instagram: @verdantstructural
f Facebook: Verdant Structural Engineers
in LinkedIn: Verdant Structural Engineers VERDANT
Structural Engineers







Natural Building Codes

APPENDIX AU
COB CONSTRUCTION (MONOLITHIC ADOBE)

This appendix is informative and is not part of the code.




L

Problem #

Global CO, Emissions by Sector
Other

Building
Operatlons
Transportation

Building
Materials &
Construction
11%
(Core and Shell)

Total COze {1 New building
emissions _--" | mainstream

Q eor construction
-
s .

Operational e 2 New building
carbon ot efficient

g construction
ﬁ 3 New building
net-zero
Embodied
carbon

¥

L. Architecture2030. https:// architecture2030.org/ new-buildings-embodied/
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o Hmbodied carbon:
o @Greenhouse gas emissions associated with
materials and construction processes

Embodied Carbon will be responsible for
almost half of the total new construction
emissions between now and 20501
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