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February 25, 2019

Subject:  Evaluation of ASTM E119 Fire Rating Equivalency for Cob (Monolithic Adobe) walls. 

Code Requirement 

The evaluation is directed at the requirements of International Residential Code Section R302.1 – Exterior Walls and Table R302.1(1), which requires 1-hour fire-resistance rated walls to be in accordance with ASTM E119 or UL 263 with exposure from both sides. E-119 ratings ≥ 1 hour must be accompanied by a one-minute hose stream test following the fire resistance test.

Proposed Equivalency

1. Use ASTM E119 and equivalent international tests AS 1530 and EN 1363 on closely-related compressed earth block and adobe block walls, to demonstrate a minimum 1-hour fire resistance of cob (monolithic adobe) walls greater than or equal to 10 inches thick, including a significant factor of safety. 

Rational Engineering Analysis of Proposed Equivalency

[bookmark: _Hlk1926316]Reax Engineering Inc. has evaluated results from standardized testing, published standards, and empirical evidence, to establish a conservative minimum value for the fire resistance of cob (sand, straw and unfired clay in monolithic form). Much of the data was from closely allied construction systems using the same sand, straw and clay materials in brick form (brick and monolithic walls with these materials are referred to collectively as “earthen walls.”). 

The tests, labeled (a) to (e), are described below and summarized in Table 1. All tests except test (c) (which was run to insulation failure) passed on all parameters tested: loadbearing, integrity, insulation. Test (a) included a hose-stream test. All Sample sizes were 10’ x 10’ or close metric equivalent of 3.1 x 3.1 meters. 

Five standardized tests on walls similar to the cob (monolithic adobe) walls in the code proposal provide the basis for equivalency as follows:

a. A test on a 10” thick, compressed earth block wall was conducted in 2013 in Texas to the ASTM E119 2-hour standard. Results for the test including the hose stream component are proprietary but a video is available at the following link:  Urban Earth Fire Resistance Test (video) 

b. A test on a 9.84” wall was conducted in 2011 in South Africa to a 1-hour standard using an ISO 834 time/temperature curve identical to the ASTM E119 temperature curve. This test provided the basis for a 2-hour loadbearing fire-resistance rating for 9.84” thick compressed earth block wall. A report detailing this test is available at the following link: 2011 Firelab Fire Proof Ratings Test   

c. A test on a 5.9” Cinva-ram earth block wall was conducted in Australia to insulation failure at 3 hours 41 minutes, to the AS1530.4 standard. It was reported in the Commonwealth Scientific and Industrial Research Organization (CSIRO) Bulletin 5: Earth Wall Construction, 2nd Edition, 1976. CISRO is an independent Australian federal government agency responsible for scientific research. The wall was tested in accordance with the temperature conditions of AS1530 which follows the provisions of ISO 834. The wall failed by excessive heating of the 'cold' face at 3 hours 41 min. 

d. A test was conducted in Australia in 1982 to the AS1530.4-1975 4-hour standard, which is nearly identical to the ASTM E119 4-hour standard. The test provided a 4-hour loadbearing fire-resistance rating for a 9.8” thick adobe block wall. The test was stopped after 4 hours. Researchers extrapolated a 6 to 7-hour rating had the test continued, with heat rise on the unexposed face as the predicted limiting factor. 

e. A test of 5.9” thick walls was conducted at the Laboratory for Structures and Fire Resistance at the University of Aveiro, Portugal, using ISO 834 time-temp curve and the European Standards for testing fire resistance (EN1363-1 and EN 1364-1). One wall tested soil stabilized with cement, and one tested soil stabilized with Kraft fibers.

Table 1. Summary of Testing
	Test
	Material
	Rating (hrs) / Test duration (hrs)
	Load Bearing
	Hose Stream
	Thickness (in.)
	Standard / 
Variation from ASTM E119

	a
	Compressed Earth Block
	2.0 / 2.4
	Y
	Pass
	10
	ASTM E119 /
No variation

	b
	Compressed Earth Block
	2.0 / 2.4
	Y
	Not done
	9.84
	ISO 834 /
Nearly identical to 
ASTM E119

	c
	Ram Earth Block
	3.6 / 7.3
	Y
	Not done
	5.9
	AS 1530-1975 /
Based on ISO 834

	d
	Adobe Block
	4.0 / 4.9
	Y
	Not done
	9.8
	AS 1530-1975 /
Based on ISO 834

	e
	Compressed Earth Block
	2.0 / 4.1
	N
	Not done
	5.9
	EN 1363-1 w ISO 834 time-temp curve to 120 minutes



Several of these tests are on compressed earth block systems that lack the straw component of cob wall construction. Straw adds resistance to heat transfer through the wall thus decreasing the rate of surface temperature rise on the unexposed side. Straw in the wall will not combust due to lack of oxygen, and will continue to offer its primary role in adobe of limiting crack propagation, a property expected to enhance a cob wall’s resistance to thermally induced structural failure. 
As a massive wall system, a cob wall can absorb a significantly greater amount of heat when compared to a standard stuccoed wood framed wall. For slow growing fires, this translates to less heat on the interior, and prolonged time to flashover. 
Cob is used to construct fireplaces, ovens, kilns, and forges. It is favored for these applications over concrete, rock, and brick, for its lesser tendency to crack or spall. 

Additionally, photos of earthen walls in otherwise wooden structures that burned in California and Australian firestorms were reviewed. These show further evidence of the resistance of this building material and wall system to intense fire conditions.

[bookmark: _GoBack]This engineering judgment was checked against standards from two jurisdictions with known prescribed fire-resistance ratings for earthen walls.  The Pima County Approved Standard for Earthen IBC Structures indicates a 2-hour rating for a 10” thick wall. New Zealand’s NZS 4297 Engineering Design of Earth Buildings indicates a 2-hour rating for a 5.9” thick wall. Thus an engineering judgment of a 1-hour fire-resistance rating for a 10” thick monolithic adobe wall provides a 100% safety margin compared to these standards, and as compared to four of the five described tests. A 1-hour rating provides a 300% safety margin compared with the Australian adobe block test that yielded a 4-hour rating.

Conclusion
We have reviewed testing of materials and assemblies closely related to cob (sand, straw and unfired clay in monolithic form) in tests identical or nearly identical to ASTM E119. Further supported by the assessment of published standards, thermal performance, and empirical evidence, cob (monolithic adobe) walls constructed to a minimum thickness of 10 inches provide a conservative minimum fire-resistance rating of 1-hour. 


Sincerely,
[image: ]
David B. Rich, PhD
Reax Engineering Inc.
1

image2.jpeg
BNNpN,




image1.jpeg
9

REAX

ENGINEERING





[ T ———

ot

B
pe—

ST 1 L 5t o o e 1 e 1tk i+
[ Ay

Pt gy

U ST 1 e s AS 190 10 1 1345 ot
et ek e ok e e s o e
S TR a
iy

Rt g ot g ks
o g o o i, i i i

e e . kst o i e
e e e ok 0 e o s e i 8

et lemmriey

(R o e i e 1 e b, ey, o Tok
0 i e e S s e 0 16 o e gt 31331

o e e i i ok e

[ttt ok oo i g



