KIEAE Journal, Vol. 22, No. 6, Dec. 2022, pp.91-102. ) Check for updates

KIEAE Journal

Korea Institute of Ecological Architecture and Environment

AYstE ot FU= ARHE flet BEAIRE 0z 3 Aet

Suggestion of Standardized Test Types for Industrially Manufactured Earth Building Material
o] &F* . 3] Q X
Eunjoo Lee* + Ojin Kwon**

* Corresponding author, Research Professor, Dept. of Architecture and Architectural Engineering, Yonsei Univ., Korea (julijoo@gmail.com)
** Coauthor, Researcher, Dept. of Architecture and Architectural Engineering, Yonsei Univ., Korea (orizzang78@naver.com)

ABSTRACT KEYWORD
Purpose: Although no normative basis for earthen architecture has been established in Korea so far, this study ~ 3th F21%

aims to serve as a starting point for a long journey to obtain the legitimacy of earthen architecture by contributing i?‘q":‘?fo

to the establishment of standardized test types for earthen architecture. Method: In this research, 131 test methods E%ﬁ% o

for performance and quality of earth building among 24 earth building codes and normative documents (with
additional 120 related regulations) being implemented in 11 countries and regions were categorized by the Contemporary Earthen Architecture
quantitative parameters revealing the properties of contemporary earth building, and were scrutinized. Result: ~ Earth Building Material
First, it is imperative to define the properties and parameters to be verified, taking account the own feature of earth ]SEarth Bu}ldmg Code

tandardized Test Method
building materials and elements. In Korea, the properties of moisture as well as structural stability should be
included due to its climatic characteristics. Next, it is necessary to select an appropriate parameters for verifying A CCEPTANCE INFO
the performance of respective construction technique and material, and to apply or to develop an appropriate test  Received Nov. 17, 2022
method accordingly. Conventional test methods can no longer keep pace with the development of earthen  Final revision Dec. 5, 2022
architecture. In addition, it needs to consider whether and how to continue the field test, since it is no more /ccepted Dec. 6, 2022
effective in mass production system. Finally, it’s time to consider how to use stabilizer. This is more about the earth
building industry than the standardized test methods. In any case, it is the essence how earthen architecture can be
more prolific without losing the initial purpose.
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Table 1. Subject earth building codes

Country/ Earth building code or .

Regiuoz normative dgocument Introduction | Type

ARSO Compressed Earth Blocks Standards 1998 S
Compressed Earth Blocks: Manual 1985 ND
of Production

Australia | HB 195 The Australian Earth 2002 ND
Building Handbook
Building with Earth Bricks & 2004 ND
Rammed FEarth in Australia
CSIRO Bulletion 5 Earth-Wall 1952 ND
Construction

Germany | Lehmbau Regeln [64] 1999 S
DIN 18945 Lehmstein 2013 S
DIN 18946 Lehmmauermértel 2013 S
DIN 18947 Lehmputzmortel 2013 S
DIN 18948 Lehmplatten 2020 S

India IS 1725 Stabilized Soil Blocks Used 1960 S
in General Building Construction
IS 2110 Code of Practice for In 1980 S
Situ Construction of Walls in
Buildings with Soil-Cement

Kenya KS02 1070 Specifications for 1990 N
Stabilised Soil Blocks

Nepal NBC 202 Nepal National Building 1994 BC
Code

New NZS 4299 Earth Building Not 1998 S

Zealand | Requiring Specific Design
NZS 4298 Materials and 1998 S
Workmanship for Earth Buildings
NZS 4297 Engineering Design of 1998 S
Earth Buildings

Nigeria National Building Code 10.23~25 1991 BC
NIS 693 Standard for Stabilized 1991 S
Earth Bricks

Sri SLS 1382 Specification for 1984 S

Lanka Compressed Stabilized Earth Blocks

USA ASTM E2392/E2392M-10 Standard 2005 S
Guide for Design of Earthen Wall
Building Systems
2021 IBC International Building Code 1982 BC
14.74 NMAC New Mexico Earthen 2009 BC
Building Materials Code

Zimbabwe | SAZS 724 Rammed Earth Structures. 2001 S
Code of Practice THCO 3

S: standard, authorized and published by national organization;
BC: part of a building code published by national organization;
ND: normative document published by a specialized organization
without acceptance by an authorized organization
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A3t} o5 27} 7 ol A FEoto] F71% ko] )% Ags} ERY 94 FA2 BEd) 52 FY0FE T2 (earth
L =99 34% Wi, = 7)& A% Ho] 34% At 23 o] plaster mortar, EPM)). “render’& 14§ F&EH.
ZHF EZ(standard)o]n], ARE FAH WF o] F BAR AR Aol ol2717H] £%9] 748 7%, & FHE F2 U
7} 77Ol Teetd Jlador @ipol st F¥ BA A FEshe Aoz Ao FAZ 24 th2A gk F2
(normative document) 2] X 9]& 7} tH(Table 1.). ZHS A A o2 dA Qs ofrJote] Ak of A&y} 17
o W7 @ -2 1990~20014 Ato]e] 7Ha wo] E91=]9] 2 otz s}e] ohxelzl A ALy, Lol A glote] $15HE 7
Lo, ofme)7tAghe HlEate] ofmelzle] Ak, tolA 2o}, 4 o FEES FHOoR st W, FAEY =0 TuPd
H}H%l 281 FARE, £, U] o] A7je] £ 1059] F1% 20009 59 FARE, o AEH Ao, =) P} FE L
< =gk 1 9o, A2 IS Amet Aot A A EoH, 014, 347 5 BARRH olojd fREe FA%
on o2 X719l 19804 efell, 94 HH AWM=} o AE THS BT 21 gk vobrh, 7 29 20204 Sl A
omom 7Vke A17191 1999~2004d 0] Aol F1% W & 7 A% FA% 4G B2 WD TR FuA e did A
S = Ao o Hrk 5L 19999 EPH FAEHLS & ool A, Al FAZNA Aol A% FHE 1 Aistst
4 o} olg) 2 108 Aol o] F7% A7) 444 EZ(DIN) 452 A T AN &8 WIS S AN D ke AS & 5 U
2ot A A o7 £7% WFAA D JE F8 F0% 7% D L
EECEIRASR
22. @ FA59 8 A 4 39 o 5% A(earth masonry, EBM): 7| & A=A 5‘_13.3’—} b7}
29, 71% B3} Sof we} chefobA AR A2 H57 vl wst = &FEse FEEE Pty gotA =y 1
A A} A5 sk 4 =7E R A G0 Hatel A AL 9l & *  F0HH (rammed earth, RE): 734l 483t 74?52 AT
2% et FH-e =7 Aol7t ek & 4= ek T2 FAIA 9 A A =72 A S-S ot W= 5 (Fig. 5.).
gol9} 0|2 7%k Ylgo| Aok YA sty glong B *  ZEHd(poured earth, PE): AFH 5 AA|8hal =3t siget &
ATNAE Lee(2021)[6410] 8- Fasto] Theat o] olgirk: = ol HREE 75, 23 E Bt Tl
.« AFE AP F EE ESGoil) BN FAZ) Agst o FO(earth plaster mortar, EPM): ASEE EF wigote]
=]y

&t glonh 2 Aol Soll 23 thefet 2719 4 F
]’11'3].'3 YADo 2}t 5o S-S 4—?—3}1& 23 92 ok
AAR=Z HA. HEE ol 73t -2 “HAE(clay-rich soil)”.
o SEE(earth block, EB): ¥utA %ZVH?] Eof| & A E(brick)
TRl &5 AFok] B0l uA] ¥ xS BEY 05 A

A. “adobe?”, “mud brick”, “earth brick”, “soil block” 5-& 4.

s

o YU=ZE5(compressed earth block, CEB): 413 1}-gof| 4] (44,

Vs, A&, 45 92 7Hl e FE5. 45 571004 2L

“cinva block(F& @ AEFH Ao}, FAME)”, 71414 FEd|=
RYAFE “pressed soil block”, “pressed brick” 52 53 (Fig. 2.).

5 X84 (block masonry): E5-& SYE H&oto] &2 7|5
= Fejo] A% FA. “blockwork”, “brick wall” % (Fig. 3.).
=% (earth mortar, EM): & 4]0] 515 AJHi 2 THE 1|14 S
A% AA (Fig. 4.). =59 & Atolof ¢ E5& H=Hx
4 Z&E%(earth masonry mortar, EMM))stA M, v A <]

4 ol Hor PH mlrﬂ

T (earth paint, ET): &-& 9FA = Eoh= ubA.
= ‘_ZH (earth panel, EP): 7 :-;Eoﬂ Aed, A g 52 A7
sto] T2 APt 505 A E, WA LR AlFote] Fn%

= A stAL AW v A = AHE-(Fig. 6.).

27 (cob, O): AFH glo] 3 FHolE 2ol &34 U
= 5. 9o ol E-S FHA A Ho F2A P S,
o= A9 AHEsHA] E.

& % (half-timber construction): S| 2 )& A9 L

A& Aol E BAEDL &, FES, SR 522 AYA U=
5. o= A9 AHEsA] .

Yo} (stabilization): 2|& &% 2 E= £49] 224 FE
o]7] 9lsf AHG AFE th& Q=X 2], AHE 5)E A=
. 7338t =525 (stabilized compressed earth block, CSEB),

S} ZoH4 (stabilized rammed earth, SRE) 522 ¢Fo] ZA|,

soil cement, stabilized soil 5 HA] 73} 25 AL 2 AA.

o}i P blH‘ o\‘ tlo 2% Ho gl T ﬁlol'

Fig. 2. Compressed earth Fig. 3. Insulated Fig. 4. Earth mortar
block earth masonry

Fig. 5. Rammed earth

Fig. 6. Earth panel
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Table 2. Overview of standardized tests

S Property Total (%) |Field test (%)

131 40 30)

Construction soil Subtotal | 43 (33) 25 (58)
Components 17 (13)
Grain 7 (95
Processing 16 (12)
Deformation 3 (2

Building material Subtotal | 61 47) 10 (16)
Strength 48 37)
Deformation 3 (2
Moisture 10 (8

Building element Subtotal | 27 (20) 5 (19)
Structural stability 24 (18)
Indoor environment 3 (2

Tests according to the Country or Region Properties and Parameters
0 10 15 20 25 of Earth Construction

India

Srilanka

|
|
ARSO |
| =
H

S
-

M soil M material M element

[
Nigeria [mmmm |
1
Zimbabwe
|
New Zealand

Australs | —
 —

Germary

usa !

msoil mmaerial melement

Fig. 7. Overview of standardized tests
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Table 3. Standardized test methods for earth material & element in earth building codes & normative documents

Lif ] Asia Africa Australia Europe | America
ife cycle 5
Pro) Paramet Test method S New
phase perty eter est me India ! ARSO | Kenya | Nigeria [Zimbabwe AustraliaGermany| USA
Construction |Components |(In)Organic Sensory PY PY PY
Soil matter: .
composition Organic matter © o o
Salts ©
pH ©
Clay contents | Methylene Blue ©
Biscuit o ([
Ball squeeze [ [ ] { ]
Block crush [ )
Fissure [ ) ([ J
Grain Grain size Jar [ ) [ ) o
distribution Sedimentation ©
Grading Wet sieving ©) © ©
Processing  |Moisture Ball drop PY PY PY PY
tent
conen Stabilized soil 1 | © ©
Stabilized soil 2 ©
Mortar ©
P last-ictity, Cigar/Roll/Ribbon () ° ) ® )
COMSISIENEY. | Liquid Limit o | o
Plastic Limit ©
Deformation |Linear shrinkage| Linear shrinkage © © ©)
Building Strength Appearance Visual inspection ©
material Lo .
Section inspection )
Dimension Block © © © ©) ©) ©
Block cavity ©
Panel ©
Density Bulk density © © Y ®
Dry density © ©
OMC ©? © ©)
Compressive Dry . . . © © . © ©
strength Wet © © © © ©
Stabilized soil © ©)
Surface Rammed wall [ )
hardness Panel O
Surface Panel o
tensile strength
Splitting tensile | Block drop
P. g o °
strength
Flexural Loading machine © © () © © ©
tensile strength Lever, brick ®) PY
Adhesion Mortar o)
strength
Adhesive shear | Mortar, masonry o)
strength
Formwork F "
Strength ormwor g
Deformation |Swelling Saturation ©) ©)
E-modulus Elasticity ©
Moisture | Absorption Moisture © © © © ® © ©
Capillary ab. Capillary water ©) ©)
Vapor adsorption | Vapor ©

(©2022. Korea Institute of Ecological Architecture and Environment all rights reserved.
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Table 3. Standardized test methods for earth material & element in earth building codes & normative documents (Continued)

Asia Africa Australia Europe | America
Life cycle
phase ey Parameter Test method India Sri ARSO | Kenya | Nigeria [Zimbabwe New Australia Germany| USA
Lanka Zealand
Building Structural Compressive Wall
element stability strength ©
Flex.ural Wall bending o ®
tensile strength
Abrasion resist. | Wire brushing © © © © ©
Erosion resist. | Accelerated Spray © © © ©
Geelong [ J [ J [ ]
Swinburne [ J
Dip ©
Contact ©
Weather resist. | Freeze & thaw © ©
Wet & dry ©
Fire resist.** Fire resistance © ©) ©
Indoor Sound insul.** | Sound reduction ©
environment | [ndoor CO,** | CO, Concentration ©)
Radionuclide Activity o
activity**

Note 1. ©: laboratory test; ®: field test; ®: both field and laboratory test;

Note 2. OMT: Optimum Moisture Content; ©: 2 types of test

Note 3. *: both dry and wet compressive strength tests are included; **: general test, i.e. not specific to earth building materials & elements
Note 4. property of deformation, parameters of compressive and flexural tensile strength are repeated in deferent phases
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FASHE FAAC Warsh ik Bk oA e, Qm g T IUESSE SasAgEors AUE, A4, B 93,
Z20] 20 W71 2 7100 WAE FL 4B, pAAE e TOS AR RS AUES A AR Ho) Aot AS &
B B PFS Ulsts Aol Holk AU, o FApe] T A AR FASA TEGS St ALk dele
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Table 4. Korean tests for earth building

Phase | Property Parameter EB |RE/PE|EMET| EP
Soil  |Components [Harmful content ®@0O| ®O | ®O |®O
Grain Grain size distribution ®0O | @O

Grading ®@0O| ®O | ®O |®O
Processing |Moisture content @O |®@O
Deformation |Shrinkage & expansion @0 |®@O
Material | Strength Dimension ®O ®0O
Density @®@0O| @O | ®O |®@O
Compressive strength  [[@O| @O | @O |®@O
Flexural strength @®@0O| ®O @0
Adhesive strength O®)
Moisture | Absorption ®@0O| ®O | ®O
Capillary Absorption ||@O| @O
Vapor Adsorption ®O| ®O | @O |®O
Element|Structural  |Wall compressive str. ||@O| @O
stability Wall flexural str. ®O
Abrasion resistance @0 |®@O
Erosion resistance @®@0O| ®O
Weather resist. (f&t) @O @O

@®@: test needs to be introduced or developed , O: borrowed test
AloNA 42 &4=(KS F 2609), 574 & (KS F 2405), B4 = (KS
F 2408), W&(KS F 2332)(|1F £57), #5&%HFK
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