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Analisis experimentales Tierras Grupo 11
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Tablas con resultados fisico-quimicos de todo el Grupo III segun métodos utilizados en
muestras AU y COV.
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Grupo 111
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Analisis ATD
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DE BAJO CONSUMO ‘ IMPERMEABILIZACION
. . CODIGO
SISTEUA DE TMPERMEABILIZACION DE cuazazms.. . 1-02
MEDTANTE MORTERQ CENICONS b e FECHA:
‘ JUNTO/92

W oESCRIPCION TECNICA |

onsisie en £a conformacibn de una capa mpumeabxuzm en base a un mortero alid
erado, hidrsfugo, de cemento PP-250, zeolila, cieno, arena y ceniza ongdnica ex-
alda de Los hornos de ingenios azucMM.oA mezcﬂado‘s con agua.

pLcho montero se coloca sobre ef enmrasonado en La cubienta.

CAMPO DE APLICACION ] [MATERIALES COMPONENTES |

para impermeabilizan cubientas planas e - Cemento PP-250
clinadas en ediflcaciones.- - Arena favada

- Sidrnato de cal {cal apagada)
[ EsPEcCiFicACiONES | - Recebo (material ealizo)
- Zeolita peso especlfico 1,87 T/M3
- La capa de enrajonado tendnd una do- - Cdeno
s{gicacidn de una parte de cemento, - Ceniza orgdnica
una de cal apagada y veinticinco de
matenial calizo. ] INDICES DE CONSUMO |
- Se adicionand agua hasta obtener una  _ Para 1 m2:
consistencia pastoda-seca duscedili- - Enma 'omzd;'
ble de sen compactada por medio ce 4
L8005 una vez creada. cemento 4.0000 Kg
P ’ . hWidrnato de cal 0.0030 Ton
- La dosdificacidn del montero aligera- necebo 0.0618 M3
do es fa siguiente: - Montero Cenicons
cemento zeolita cleno arena. cenizé agua  cemento §.3290 Kg
1 3 1 3 3 3 zeolita 28.9700 Kg
Ceniza ongdnica: nesiduos de La com- ac,:sﬁz g'g?§§0m33
busiibn en calderas de Los ingenios . A 001550 m3
azucarerss provenientes del bagazo de corza orgdnica : m
cana, Lirpio de impurezas y pasado por - Total de materiales por mZ
una zaranda no menor de 5 mm. cemento . 12.3290 Kg
Arena: anrena s{lice o arena de mina W de cat ggg?g T3
Lavada, Libre de partfeutss. de arel- U 28,9700 K
£La u otras impurezas, granulometrla cieno 0'0052 mg
unifonme, £ibre de piedras. rena 0.0155 m3
Cieno: (cal de carnburo) desecho 4in- cendiza 0.0155 m3

dustnial de La planta de acetileno.

leolita: maternial procedente de
yacimienios del ternitonio.

Resistencia del mortero a Los 25 dlas
Flexidn: 0,64 MPa
Compresibn: 3,3 MPQ

Los pasios del mortero tendrdn un an-

cho variable en dependencdia a La tec-
nologdla constructiva donde se apaque.
EL espesor del montero send de 0.04 m.

Las juntas entre Los paros serdn so0-
Lapadas, dicho solape sead de 0,05.m
donde 8¢ aplicard masilla ugdwm
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INSTITUTO | cATA LOGO DE SOLUCIONES ALTERNATIVAS
NACIONAL Cimiento corridec

| |peELavivienoa| DE BAJO CONSUMO

ELEMENTO:

: CODIGO .
Ii E CIMIENTO CORRID0 DE HORMIGON CICLOPEO. “ | C=07
‘N UTILIZANDO COCOA. FECHA:
) Mayo/92

| DESCRIPCION TECNICA ]

Esta solucion consiste en un cimiento corrido de hornu.gon clclopeo donde
8se utiliza cocoa, material extraido en la zona de Puerto Padre. Sobre di
cho ciwmiento se levantaran 1los muros de la edificacidn.

|CAM=O DE APLICACION |} [MATERIALES COMPONENTES |

- Este cimiento corrido se uti - Cemento PP=250
lizara en viviendas de una -

< r .
- AT S
sola planta com cubierta 1i- Arena de minas y rios cernida

gera, - Cocoa (material de mejoramiento)
- El cimiento serv:u'a para dis - Rajon : cumplirs conm la Norma Cu
tribuir los esfuerzos hacia bana KC=054-001-1978.
el estrato resistente.
. [ INDICES DE CONSUMO ]
U |_ESPECIFICACIONES |

(Por metro lineal)

= Se utili preferiblemen- (Incluye el mortero de impermeabi-

te en suelos cuya capacidad

admizible sea 100 Kpa (lkg/ lizacidn)

tm2) > mas y donde las pen— Cemento : 9,03 Kg
dienteos del terremo natural Arena : 0,0708 M3
sean menares del 15%. Cocoa : 0,0420 N3

= La sec,clon transversal de la Rajon : 0,1628 M3

cimenvacion para la que se =~
calcularon los indices de -
copsumo tiene las siguientes L GRAFICOS j
dimensiiones: . -

Anclio = 0,35 m
Profundidad = = variable,pro

wmedio 0,50 m. MURO
- Dos:.ﬁca.cion del hormigdn ci MORTEROG
clcpeo (1:24) B IMPERMEABILIZANTE
{1 cemento, 15 arena, 9 co~ /
coa) 60% rajon. _T.N.
4.4 ¥

( - Antes de levantar 1los muros
se colocara sobre el cimien~-
to ciclopeo un sello de mor-
tero con dosificacidn cemen-
to, arsna, cocoe (1:4:2) de
0.02m de espesor como imper- 0.38
meabilizante para evitar que *
ascienda la humedad por el -

BUro,

<

r QQQ 'L0,0a
SO0}
NG
9

/RN

VARIABLE
PROMEKDIO

VENTAUJA S

= Bl material(cocoa) gus Se ex
trae de la excavacion se uti
liza Pera construir el horni
gon ciclopeo.

= No se vtiliza madera para en
cofrado.
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Tablas con resultados fisico-quimicos de todo el Grupo II segiin métodos utilizados en
muestras AU y COV.



1.1.2. Webs sobre soil-cement

The Earth Building Foundation, Inc.
P.G. McHenry
5928 Guadalupe Trail Northwest
Albuquerque, NM 87107
Phone: (505) 345-2613
email to: mchenry@unm.edu
Website: www.unm.edu/~mchenry

School of Architecture and

Planning

University of New
Mexico

Albuquerque, NM
87131

Phone: (505) 277-2903
Fax: (505) 277-7600

Effective August 1, 1998, the Earth Architecture Center, International, Ltd. has evolved into The
Earth Building Foundation, Inc. a non-profit corporation, currently applying for tax-exempt
status.

Our mission is simple:
Help people learn how to utilize earth building for better, safer, shelter.
Our new organization will allow a greater level of public service.
Accurate technical information on earthen building (adobe and rammed earth) is
needed to show how this material really works. It is not now readily available to the
people who need it, but The Earth Building Foundation can fill that need. Architects,
engineers, planners, building officials, and owner builders need to have knowledge of
this of this forgotten building art to meet the future.
The advantages of Earth Building are:

Auvailable on-site, worldwide

Processed by the sun

Semi-skilled labor

Low energy cost

Ecologically best

A viable solution to low cost housing!

Earth Building Foundation News

Adobe Mini-FAQ



Come visit and sign our Guestbook

Significant Publications for Sale by EBF

Adobe, Rammed Earth, and Straw-Bale Building-Codes
SearchEBF - Our Bibliographic Database

Education, Workshops, Seminars, and Coming Events
EBF Purpose and Organization

EBF Services

EscAberta - Open School for Alternative Technologies. Escola Aberta de Tecnologias
Alternativas. See a picture of a soil-cement brick class or a community

garden...

--http://webwrite.com/partners.bsb-dc/escabert.htm

Frederick Derr & Company - Frederick Derr & Company. ROAD BUILDING AND
SITE PREPARATION IN SARASOTA AND MANATEE

COUNTIES. Whether you're out for a drive, or ready to hit your first..

--http://flying.fish.com/~lizd/fderr%26co/

Structural Mechanics - Civil Engineering - Structural Mechanics. General
information, Strength of Materials. The Structural Mechanics group is also active in

the assessment of stiffness and...

--http://www.bwk.kuleuven.ac.be/mechanics/research/stm.html

Special topic: Aggregates - AGGREGATES. Technical literature compilations. ITI
topical bibliography for aggregates. None available at this time. TRB TRIS

research abstracts: highways.

--http://iti.acns.nwu.edu/clear/high/hi_agg.html

LAUNCH CONTROL CENTER - LAUNCH CONTROL CENTER. If the Vehicle
Assembly Building is the heart of Launch Complex 39, theLaunch

Control Center is its brain. The LCC is a four-story..

--http://shuttle.nasa.gov/sts-74/shutref/sts-Icc.html

Open House - making bricks - During a class of the Open School for Alternative
Technologies, these kids are learning how to make bricks using just soil,

water and some cement, that...

--http://webwrite.com/partners.bsb-dc/openbrik.htm



CHL - State DOT Lettings - Delaware - Delaware Department of Transportation
Advertisement for Bids. Checks should be made payable to the

Department of Transportation. Additional copies of...

--http://www.contractorshotline.com/statedot/lettings/delaware.html

The use of recycled materials in highway construction - The Use of Recycled
Materials in Highway Construction. by Robin L. Schroeder. Reproduced from

Public roads v. 58, no. 2 (Autumn 1994), p. 32-41. Published.

--http://iti.acns.nwu.edu/clear/infr/pr_au94.html

Special topic: Pavement base courses - PAVEMENT BASE COURSES. Technical
literature compilations. ITI topical bibliography for pavement base
courses. None available at this time. TRB TRIS...
--http://iti.acns.nwu.edu/clear/high/hi_pbc.html

LTAP Video Alphabetical Index - Alphabetical Index of LTAP Videos. A D/C-129
Aesthetic Bridge Rails and Guardrails. 10 D/C-207 Aggregate Blends.

14 P/A-106 Agri Access Network. 30...

--http://www.dot.state.ga.us/homeoffs/training/techtran/t2_video/alphavid.htm

Lake Fork Project - Lake Fork Project. [ Table of Contents | Index | Search this Site |
About this Site | Comments | This project is located on Lake Fork

Creek, a major...

--http://www.sra.dst.tx.us/projects/lfp.htm

Toledo Bend Project - Toledo Bend Project. [ Table of Contents | Index | Search this
Site | About this Site | Comments | This project is located in Louisiana

and Texas on the...

--http://www.sra.dst.tx.us/projects/tbp.htm

CONSTRUCTION ENGINEERING TECHNICIAN - Construction Engineering
Technician. Program of Study. Construction Engineering Technician |

Full-Time Studies. Hours. Level: 01. 48.0. ESTIMATING 1. 48.0.

http://www.algonquinc.on.ca/algweb/academic/constprg.html

Preservation of Historic Adobe Buildings - Preservation Brief 5: Preservation of
Historic Adobe Buildings. Written by Sarah M. Sweetser U.S. Department
of the Interior National Park Service...
--http://www.housenet.com/Articles/His_Pre/j1000050.htm



Webs sobre Ecobioconstruccion Sostenible.

La societat actual demana unes ciutats i uns edificis més respectuosos amb el medi
ambient. Donar resposta a aquestes necessitats implica introduir parametres
mediambientals a tot el procés constructiu, ja sigui a I'hora de projectar, en la tria dels
materials o en I'execucio de les obres.

Integrar parametres de sostenibilitat als edificis, espais urbans i infraestructures, €s una
necessitat, si volem reduir la incidéncia negativa que 1'activitat constructiva té vers el
medi ambient. L'Agenda de la Construcci6 Sostenible vol ser un punt de referéncia per
als técnics, constructors, fabricants, estudiants 1 tots aquells interessats a fer una
construccidé més sostenible i pretén donar resposta a les preguntes i necessitats que es
tenen a 1'hora d'intentar reduir els impactes de la construcci6 sobre l'entorn.

Realizacion:

Col-legi d'Aparelladors 1
Arquitectes Tecnics
de Barcelona
Escola Tecnica Superior
d'Arquitectura del Valles
Universitat Politécnica
de Catalunya
https://www.apabcn.es/sostenible

Adobe and Straw Bale Home Construction

By: Catherine Wanek

Could it be that the house of the future was invented a century ago? In the 1890s, pioneers of the sand hills of
Nebraska found themselves building a new life on a treeless prairie, and from necessity began building their homes
from bales of straw. Now modern day pioneers are choosing straw bale construction for its many advantages -for
people and the planet.

Straw bales offer excellent insulation. At R 2.7 per inch, an eighteen-inch wide bale equals R-48. One California
study indicated that such a "super-insulated" straw bale home could save as much as 75% of heating and cooling
costs! This translates to direct dollar savings for the homeowner, and a corresponding reduction in the use of fossil
fuels and CO2 emissions.

Construction costs can also be reduced when building with straw bales. They are cheap to buy and easy to build
with. Stacked like huge bricks, straw bale wall systems can be erected quickly without much building experience and
few power tools. In a "barn-raising" type party, it's common for all the straw bale walls in a modest size structure to
be erected in a single day.

Building with bales can also cut down on cutting down trees by reducing lumber used in typical "stick frame"
construction. Straw is available wherever grain crops are grown, and is annually renewable. In fact, it's considered an
agricultural waste product, and in many parts of the world is simply burned in the fields. The millions of tons which
go

up in smoke every year cause a great deal of air pollution. It makes sense to bale this nuisance, and turn it into an



energy-efficient resource.

Those concerned with indoor air quality also appreciate straw bale buildings for their "breathability." A non-toxic
product itself, bales allow a gradual transfer of air through the wall, bringing fresh air into your living environment,
especially when combined with a natural plaster. And you can forget about neighborhood noise, too. Straw bales are
so sound proof, one Nebraska pioneer family was found playing cards in their kitchen, oblivious to the roar of a
tornado which had just blown through the town.

Two types of bale wall systems are commonly built. In a "post and beam" building, a wood, steel, or concrete
framework Is erected and bales are placed in the walls as insulation. Bale systems can also bear the weight of the
roof, as evidenced by the historic Nebraska homes which were all load-bearing. In this case, a top-plate is laid
above the bale wall and secured to the foundation by metal rods and/or strapping. The roof is then attached to the
top plate. In either system, the bale courses are stacked in a "running bond," and pinned with rebar, wood, or
bamboo stakes. For added strength, chicken wire is commonly wrapped inside and out, and sewn tight to the bales.
Then an earth plaster or cement stucco is applied as a finish. However, bales will also hold plaster without wire
mesh.

Under the watchful eye of instructor Peter Fust, an EPSEA workshop student restrings bale to make 2 half
bales.

Common questions about straw bale homes include concerns about fire, moisture, and insects. While individual
stalks of straw will burn, when condensed into bales, they actually resist combustion, due to lack of oxygen. It's like
trying to burn a phone book. At a certified laboratory in New Mexico, a plastered straw bale wall system easily
passed a two-hour fire test, which is required for commercial construction. Liquid moisture is a problem in bale
walls, as it is in any wall system. But with a proper foundation, roof, and finish plaster, straw bale buildings can last
indefinitely, as nearly century-old homes in Nebraska prove. Anecdotal evidence indicates no problem with bugs.

Building codes have been developed for both "post and beam" and load-bearing straw bale construction. In New
Mexico, Pima County, AZ, and several counties in California, getting a building permit for a straw bale house is
almost routine. Farmers Insurance Group will insure a bale home at preferred rates and other companies are
following suit. And straw bale houses are gaining acceptance with Fannie Mae and HUD.

To contact Catherine Wanek:

Black Range Films

Star Rt. 2, Box 119 Kingston, NM 88042

505-895-5652.

E mail: blackrange@zianet.com.

Black Range Films has released its third video in a series on "Building With Straw Bale". Their latest production
Straw Bale Code Testing will assist anyone, including code officials in dealing with the permitting process.

The Black Range is now the publisher of "The Last Straw" newsletter.

More LINKS to Straw
Introduction to The Last Straw: http://www.netchaos.com/tls/index.html

The Last Straw
http://www.strawhomes.com/

http://www.ecodesign.bc.ca/straw.htm

Burbophobia



Nice collection of general strawbale information, plus strawbale happenings in the
Rocky Mountain West.
http://www.pcisys.net/~moxvox/straw.html

DOE Straw Bale Housing Experiment http://www.eren.doe.gov/EE/strawhouse/house-
of-straw.html

Strawbale Mailing List http://crest.org/efficiency/strawbale-list-archive

To subscribe, send mail to strawbale-request@crest.org. No specific Subject or body is
required. You will receive

instructions and a description of the mailing list.

The Thermal Resistivity of Straw Bales for Construction
Joe McCabe's master's thesis
http://solstice.crest.org/efficiency/straw_insulation/straw_insul.html

Greenbuilders Sustainable Building Sourcebook:, Strawbale Construction
http://www.greenbuilder.com/sourcebook/strawbale.html

Development Center for Appropriate Technology's website:
"Addressing Institutional Barriers to Straw Bale Construction"
http://www.azstarnet.com/~dcat/barriers.htm

Straw Composite Systems
http://www.cstone.net/edc/html/grsb.htm

Surfin Strawbale Links List
http://mha-net.org/html/sblinks.htm

New Mexico Straw Bale Code http://www.unm.edu/~eai/nm-straw-bale-code.html

Straw Bale Association of Texas (SBAT):
P.O. Box 4211 Austin, TX 78763-4211
512-302-6766
http://www.i0.com/~whtefunk/sbat.htm

Draft Code for Tucson/Pima County Arizona
http://www.xmission.com:80/~shea/straw/code.html

Straw Bale House:
A Straw Bale student project. http://www.sccs.swarthmore.edu/~csunamil/straw.html

A commercial web page for Straw House Herbals has a couple of pages on Straw Bale
construction
http://www.ctn.cs.dal.ca/~aa983/strawbale.html

Out On Bale By Mail/Dawn
1039 E. Linden St.
Tucson, AZ 85719


http://www.algonquinc.on.ca/algweb/academic/constprg.html

520-624-167
http://www.greenbuilder.com/dawn

http://www.epsea.org/straw.html

Webs sobre CEM
http://www.who.int/

Campos Electromagnéticos ¥y Salud Humana

CO.LI{EGE John E. Moulder, Ph.D>.
OF WISCONSIN Professor of Radiation Oncology

http://www.mcw.edu/gcre/cop/lineas-electricas-cancer-FAQ/QandA.html
Autor: John Moulder, pH.D.
Version esparniola: Traducida al espaiiol por Juan Bernar y Pilar Membrillera (UNESA-AMYS), y
Carlos Llanos (Red Eléctrica de Esparia).
Esta traduccion no ha sido revisada por el Dr. Moulder.

http://members.es.tripod.de/campselectrics/ INDEX3.htm

Congresso Brasileiro de Eletromagnetismo - CBmag
http://www.cpdee.ufmg.br/~sbmag/eventos.html

Instituto Nacional de Higiene, Epidemiologia y Microbiologia

ANALISIS DEL CAMPO ELECTROMAGNETICO EN CIUDAD DE LA HABANA
Lic. Jesarely Herndndez Escrivd' y Dr. Carlos Barceld Pérez’

Licenciado en Fisica. Aspirante a Investigador.

Doctor en Ciencias Fisicas. Investigador Auxiliar. Profesor Auxiliar.

RESUMEN

Con el objetivo de valorar la exposicion de la poblacion al campo electromagnético, a cuenta de las transmisiones civiles en
Ciudad de La Habana, se efectuaron los cilculos tedricos de propagacion de ondas en la gama de frecuencias medias, cortas
y ultracortas en modulaciones de amplitud, frecuencia y pulso, y se obtuvieron estimaciones de las zonas de proteccion
sanitaria y limite de construccion a partir de normas europeas

http://infonew.sld.cu/revistas/hie/hie09296.htm

What Is EMF? by Matt Dicke
http://gilligan.esu7.k12.ne.us/~lweb/NEBWEB/opinion/emfdicke.html

Starting Points: Scientific Resources

Good Links for Scientific Research of EMF "Good Articles!!"

http://library.niehs.nih.gov/start. htm (13K)

EMF

ViaTech Engineerinf Inc. Hompage with excellent researches done on EMF. Also surveys and summaries
of other articles

http://lute.qnet.com/~emf/ (2K)

Electro Magnetic Fields and Public Health

Lots of links and studies and papers done on EMF


https://www.apabcn.es/sostenible

http://www.math.albany.edu:8008/EMF.html (6K) Questions and Answers About EMF and Electric
Power

EMF Link Page

http://infoventures.microserve.com/private/federal/q&a/cover.html (3K)

Oversensitivity to Electricity
A EMF group project homepage Good research
http://www.isy.liu.se/~tegen/emf _info.html (2K)

Oversensitivity to Electricity
Excellent Links for Emfresearch!!
http://www.isy.liu.se/~tegen/refs.html (18K)

Current Literature; EMF-Link

EMF-Link Original papers of published scientific research
http://infoventures.microserve.com/emf/currlit/currlit. html (8K)

EMF-Link

Everything you need to now could be accessed through this homepage "EMF-Link provides substantial
information of biological and health effects of electrical and magnetic fields"
http://infoventures.microserve.com/ (4K)

EMF-Link Text-Only Home Page "EMF-Link provides substantive information on biological and health
effects of electric and magnetic fields"

http://infoventures.microserve.com/txt-only.html (3K)

EMF News

California Public Health Foundation RFP for Assessment of Exposure to EMFs in Schools
http://infoventures.microserve.com/emf/news/news.html (4K)

Radiation Protection Homepage

Top 5% of all homepages! Very Cool! Has a lot of information on EMF
http.://www-personal.umich.edu\~bbusby

Dr. Orlando Morales Matamoros omorales@sol.racsa.co.cr
Ensayos: Ciencia y Tecnologia
Dr. O. Morales: Indice Home Page Edyd.com
Campos Electromagnéticos y Salud Humana - Informe Matamoros 1997,

Webs relacionadas con el Tapial:

8° Congress International Terra 2000. Univ.Plymouth March. 2000

J.Garcia@plymouth.ac.uk

Congreso Internacional de Construccion con Tierra. Madrid 30 de noviembre de 1999.
ONGD Interaccion.
--http://www.ctv.es/USERS/interacc/
--http://www.ctv.es/USERS/interacc/CURSOS .html

Fuendetodos - Fuendetodos. Fuendetodos esté situado en el NE de Espafia a 44



km de Zaragoza a una altitud de 750 m. Su término mide 61,7 km2....
--http://goya.unizar.es/InfoGoya/Aragon/Fuendetodos.html

Paisaje urbano de Fuendetodos - Paisaje urbano de Fuendetodos. El pueblo de
Goya conserva en sus construcciones una calidad estética considerable, con
rincones llenos de encanto y.

Las casas, de una o dos plantas, se levantan en tapial o adobe, y, modernamente, en
ladrillo. Detrés se encuentran los patios y corrales. La casa comun consta de vivienda,
patio con dependencias para ganado-pocilga, almacén para cosecha y ttiles de.
--http://www.lesein.es/aytopajares/casas.htm

--http://www.adi.uam.es/~jsmsguer/metodo.html
Castell d'Almonesir - Castell d'Almonesir. FOTOGRAFIA MAPA. - espafiol - -
English - Terme Municipal : La Vall d'Almonesir, limitant amb el d'Algimia
de Almonesir..
--http://www.ilimit.com/main/almonecir/

Escala de intensidad MSK - ESCALA DE INTENSIDAD M.S.K.(1964) Efectos que
definen los grados de intensidad MSK. a) Los efectos sentidos por las
personas y percibidos en su medio...
--http://www.ugr.es/iag/msk.html

La Ciudad de Palencia - En el sur de la provincia y en la margen izquierda
del rio Carrion se asienta la ciudad. Ocupa la vertiente de un terreno
terciario que...

--http://194.133.10.49/palencia.htm

No Title - PUBLICACIONES Arguedas Conocimiento y vida Carmen Maria Pinilla
Lima: Fondo Editorial de 1a PUCP, 1994 284pp. El presente libro trata de

explicar el exito.
--http://pucp.edu.pe:70/0/pucp/pucp.bol/pucp.bol.2/pucp.bol.public

Ramon Prior Canales - Menu - English - Castellano. Dibuixant -S'ha
especialitzat en temes d'arquitectura antiga i popular que encara es
conserva en zones del norest...
--http://nuvol.uji.es/~bort/estudios/informes/casaeco.html

LaSalle Banks 5k Results - Back to News Table of Contents. LaSalle Banks 5k
Results. --PART.BOUNDARY.0.15677.emout04.mail.aol.com.846002735.
Content-Transfer-Encoding:...

--http://www.runningnetwork.com/ChicagoA A/results/3.html

Ramon Prior Canales - Menu - Catala - English. Dibujante - Se ha
especializado en temas de arquitectura antigua y popular que todavia se
conserva en zonas..

--http://www.6tems.grn.es/prior/Cast.html

Arte - Arte. Pequena villa manchega, que debe buena parte de su fama a la
obra cervantina, El Toboso alberga entre sus calles y plazas monumentos



de...
--http://www.asertel.es/toledo/arte.html

No Title - Programa de Conservacion y Museologia. Tema 1. La Conservacion de
los Bienes Culturales. Los Bienes Culturales: conceptos actuales.- Teoria e
Historia de..

--http://www.adi.uam.es/~jsmsguer/programa.html

Listado de Canje - Listado de Canje No. 1. Fecha: A 9 de octubre de 1.996.

REVISTAS. CIUDADES INTERNACIONALES : PROGRAMAS DE
DESARROLLO MUNICIPAL

MUNDIALES. 1995: VOL..7....

--http://www.colnodo.org.co/fede/cendoc/canje.html

LA CIUDAD DE ALBACETE - Posada del Rosario. Actualmente Oficina de

Informacion Turistica. Se encuentra en el cruce de la Calle del Rosario con

las del Tinte y de la.

--http://www.info-ab.uclm.es/albacete/posada.html

CONGRESO DE LA CONSTRUCCION VERDE - para ingles/for english. EL
CONSTRUCTOR

VERDE. CONGRESO INTERNACIONAL DE LA CONSTRUCCION VERDE. 7-
10 de noviembre

1996 Centro de Convenciones de...

--http://www.greenbuilder.com/conference/verdeconstructor.html

RED "HABITERRA" - IV Asamblea de la Red "HABITERRA" - Recomendaciones
para

la elaboracion de Normas Técnicas de construcciones de Adobe, Tapial,

Ladrillos y Bloques de suelo-cemento"... Correo Electronico
:postmaster@cyted.org.ar

--http://www.peruvian.com/habiterra/publica.html

Patrimonio Histdrico Ruta de Washington Irving - El Legado Andalusi - El
Legado Andalusi Volver a la ruta. Ruta de Washington Irving. Patrimonio
Historico. [Sevilla] [Alcald de Guadaira] [Carmona]...
--http://www.siapi.es/legado/p washin. HTM

No Title - Conservacion y Museologia. Tema 10. La Conservacion de los
Yacimientos Arqueoldgicos. La conservacion de estructuras en los Yacimientos
segun los...

--http://www.adi.uam.es/~jsmsguer/temal0.html

BCS Network. Vuelta Turistica. Albacete - CATEDRAL SAN JUAN BAUTISTA.
Los

origenes histéricos de Albacete son oscuros, existen restos de época romana

y prerromana en sus...

--http://www.bcsnetwork.es/turista/ Web/albCUL.htm

Ceuta : Ceuta, Arquitectura Militar - Esta pagina contiene numerosa



informacion sobre la arquitectura militar de la Ciudad de Ceuta.
--http://www.ceuta.com/turismo/c-arquit-militar.html

EL GAUCHO MARTIN FIERRO, pagina 1 - EL GAUCHO MARTIN FIERRO. de
José

Hernandez. I. 1. Aqui me pongo a cantar Al compas de la vigiiela, Que el

hombre que lo desvela Una pena...

--http://www.geocities.com/Athens/3054/egmf1.htm

ESCAVACIONES - IGLESIA DE SANTA CATALINA DEL ANTIGUO
CONVENTO DE SANTA CLARA

( CORDOBA ) Desde 1627, afio en el que Don Pedro Diaz de Ribas identifico el

edificio como...

--http://www.ciberjob.arrakis.es/suple/arqueologia/escavacion.htm



Métodos y Normas

A continuacion se exponen las normas referenciadas en la Tesis, de las cuales se han
extraido conocimientos para la elaboracion del método propio.
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CDU 624.131.3 Junio 1975
.NORMA .- L UNE
Toma de muestras superficiales de suelo de tipo inalterado
ESPANOLA 7-371-75

1 OBJETO

Esta norma tiene por objeto establecer la forma de ob-
tener muestras de suelos cohesivos, que conserven la es-
tructura y humedad que tienen en su estado natural,
cuando pueden tomarse en superficie o a una profundi-
dad a la que se pueda llegar abriendo un pozo o galerfa.

2 MATERIAL NECESARIO

2.1 Herramientas para tallar la muestra, adecuadas al
terreno de que se trate (paleta, cuchillos, martillo, cin-
cel, sierra de alambre, etc.).

2.2 Parafina, vendas de malla abierta y brocha para apli-
car la parafina.

2.3 Recipiente y hornillo para calentar la parafina.

2.4 Caja para embalaje de dimensiones algo mayores
que las de la muestra que se pretende obtener (tamafios
normales suelen ser muestras cubicas de 20 6 30 cm de
fado). O bien, en su caso, cilindro tomamuestras de filo
cortante (de 13 cm de diametro por 13 cm de altura,
aproximadamente).

3 PROCEDIMIENTO OPERATORIO

3.1 Muestra en bloque de la superficie del terreno, o del
fondo del pozo o galeria.

3.1.1 Se descubre la capa de la que s pretende obtener
la muestra bajando la excavacion la profundidad precisa
para que el terreno descubierto esté completamente fres-
co y no haya, por tanto, perdido nada de humedad. Se
alisa su superficie, marcando el contorno de lo que ha de
ser cara superior de la muestra.

3.1.2 Se excava (figura 1) una pequefia zanja alrededor
de la marca, dejando entre el borde de la muestra y el
borde interior de la zanja unos 10 cm con el fin de que
las operaciones de apertura de la zanja, que cuando la
consistencia del terreno lo permite pueden hacerse con
pico y pala, no perturben la muestra. La anchura de la
zanja debe ser suficiente para que permita al operario el
trabajo de tallado, parafinado y obtencion.

3.1.3 A continuacién se procede con las herramientas
més apropiadas a la naturaleza de la muestra (paleta, cu-
chillos, martillo y cincel, etc.) a darle la forma cibicay
el tamafio final que ha de tener, procurando poner mds
cuidado a medida que se estd més cerca de la superficie
final, con el fin de evitar que se pueda alterar la muestra.
Con estas precauciones se tallan la cara superior y las
cuatro caras lateraies, quedando la muestra en la forma
en que puede verse en la figura 1.

3.1.4 Si la muestra tiene bastante consistencia, se corta
por el fondo con los cuchillos; se le da la vuelta y se talla
la cara inferior, procediendo a parafinarla de la siguiente
manera: se le da una primera capa de parafina y a conti-
nuacién una capa de vendas y la segunda capa de parafi-
na; se aplican sucesivamente nuevas capas de venda y pa-
rafina hasta obtener un recubrimiento suficientemente
sélido e impermeable del orden de 3 mm de espesor. Las
vendas sirven de proteccion a la muestra y de armadura’
a la parafina, con lo que se evita su descascarillado y
agrietamiento.

3.1.5 Si la muestra no tiene bastante consistencia, una
vez talladas la cara superior y las cuatro caras laterales
y antes de desprenderla del terreno por su parte inferior,
deben parafinarse las caras talladas en la forma indicada
en el parrafo anterior; a continuacién se sujeta con la
caja de embalaje, como indica la figura 2, y después de
desprenderla por su parte inferior, se le da la vuelta con
ayuda de la caja y se talla y parafina la cara inferior en
la forma indicada.

3.1.6 Cuando sea de temer una pérdida apreciable de
humedad en la muestra durante las operaciones de talla-

Contintda en péginas 2a 3.

Las observaciones relativas a la presente nerma deben ser dirigidas al
IRANOR - Serrano, 150 - Madrid (6)

UNE 7-371-75

Norma 1 UNE 7371 TOMA DE MUESTRAS DE SUELO




"UNE 7-371-75

Fig. 2

do, bien porque dé el sol directamente sobre la misma, o
por sequedad -del clima, es conveniente dar la primera capa
de parafina a cada una de las caras inmediatamente después
de haber sido tallada dicha cara, terminando las operacio-
nes de parafinado después de desprender la muestra por su
parte inferior, o bien si la muestra no tiene bastante consis-
tencia, como se ha indicado en el pdrrafo anterior.

3.1.7 El embalaje de la muestra dentro de la caja de madera
debe hacerse de forma que quede perfectamente sujeta y no
se mueva dentro de ella durante su transporte, para lo cual
se vertera parafina fundida entre la muestray la pared de la
caja si el hueco no es muy grande. En caso de que quede
mucho volumen a rellenar con parafina, puede utilizarse
aserrin, viruta, papel de periodico, etc., todo elio debida-
mente colocado para que la muestra no se mueva dentro
de la caja.

3.1.8 Antes de cerrar la caja, se etiqueta el bloque de mues-
tra con los siguientes datos:

Indicacién clara de cual es la cara superior y cudl la inferior.
El lugar de procedencia, situacion y profundidad.
Cualquier otro dato que se estime conveniente.

Después se cierra la caja, se etiqueta exteriormente con los
mismosdatos y se coloca, ademés, en sitio bien visible, un
cartel que diga que la muestra no debe ser golpeada.

3.2 Muestra en bloque de la pared del pozo o galerfa

3.2.1 Se rebaja la pared escogida hasta que el terreno des-
cubierto conserve sus condiciones originales de humedad
y estructura. Se efect(a un primer tallado hasta dejar el
bloque como se indica en la figura 3. Como la cara poste-
rior de la muestra es muy diffcil de tallar antes de despren-
derla por su parte inferior, hay que hacerio una vez des-
prendida. El resto de las operaciones se realiza como se in-
dica en el apartado 3.1.

3.3 Muestra con tomamuestras de filo cortante

3.3.1 Si la muestra estd fisurada, es preciso obtenerla con
un cilindro tomamuestras para poder tallar las probetas en
el laboratorio con un extractor especial.

El mismo sistema puede ser recomendable cuando se trate
de suelos muy blandos y es desde luego aplicable a cual-
quier tipo de suelo cohesivo sin grava.

La hinca del tubo se puede hacer presionando, o golpeando
suavemente con un mazo de madera sobre un durmiente
también de madera, como se indica en la figura 4. En todo
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Fig. 5

caso los esfuerzos deben ser centrados para evitar que el tu-
bo cabecee, lo cual podria agrietar la muestra.

A medida que el cilindro va introduciéndose se le ayuda
excavando y retirando el suelo que queda por la parte
de fuera para evitar rozamientos inltiles. En algunos ca-
sos puede ser conveniente levar la excavacion un poco
por delante del filo del tubo para que entre con mayor
facilidad. Este procedimiento debe utilizarse solamente
cuando la muestra sea apropiada, pues en muchos casos
puede existir el peligro de agrietado.

-

3.3.2 Durante la hinca del cilindro debe viéilarse con sumo
cuidado que éste no llegue nunca a golpearse estando total-
mente lleno, para evitar la compactacion del suelo que ha
de constituir la muestra; si se advierte en alguna ocasi6n
que el suelo ha sido golpeado en estas condiciones, debe
desestimarse la muestra y tomar otra en las proximidades.

3.3.3 Cuando al cilindro le falte un centfmetro aproxima-
damente para llenarse (figura 5), se corta por la parte infe-
rior, se enrasa esta cara y se parafinan ambas caras de la
misma forma que se indic6 para las muestras clbicas, con
la ayuda de venda.

Se colocan las etiquetas como se indico también para las
muestras cubicas, y en caso de que haya que transportar-
los, se embalardn en un cajén de madera, rellenando con
material que amortigiie los golpes y ligeramente humede-
cido.

Las muestras as( preparadas pueden enviarse al laboratorio
de ensayo.

4 CORRESPONDENCIA
Concuerda totalriente con la norma NLT 203/72.
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Abril 1975

NORMA UNE
ESPANOLA Preparacién de muestra para los ensayos de suelos 7.327-75
1 OBJETO vidir una muestra en dos partes, basta pasaria por dicho

La presente norma tiene por objeto establecer el proce-
dimiento para obtener la cantidad de muestra necesaria
para los distintos ensayos, de forma que sea representati-
va de la total recibida en el laboratorio.

2 APARATOS Y MATERIAL NECESARIOS

2.1 Balanza de unos 10 kg de capacidad de carga en un
platillo y 1 g de sensibilidad.

2.2 Un cuarteador para aridos gruesos y otro para finos.
Unalonade 2x2my 2 barrasde 2,5 m.

2.3 Cedazo 20 UNE 5 050 y tamices 5,2 y 0,40 UNE
"7 050.

2.4 Mortero con manilla que tenga goma en su parte in-
ferior a un mazo de goma.

2.5 Pala o paleta para manejar el material.

3 PROCEDIMIENTO OPERATORIO
3.1 Preparacion de la muestra antes del cuarteo
3.1.1 Se seca la muestra al aire colocandola extendida.

3.1.2 Se desmenuza el material deshaciendo los terro-
nes por medio del mortero o mazo de goma.

3.1.3 Observaciones. Como regla general, no debe reali-
zarse el secado en estufa de las muestras para ensayo,
porque puede influir en los resultados de los ensayos. Se
admite, sin embargo, el empleo de secadores con circula-
cion de aire frio o calentado a menos de 60° C, sobre
todo en invierno.

3.2 Realizacion del cuarteo

3.2.1 Se divide la muestra en dos partes aproximada-
mente iguales, manteniéndose en ellas la composicion
original. Se repite la operacion en una de ellas y asisu-

cesivamente hasta obtener la cantidad que se necesita.

3.2.2 Cuando se dispone de aparato de cuarteo, para di-

aparato.

3.2.3 Tratandose de muestra con tamainos superiores a
la abertura del aparato, se opera con una lona sobre la
cual se coloca lamuestra original previamente homogenei-
zada por paleo y convenientemente extendida; después
se meten entre la lona y el suelo dos barras perpendicu-
lares entre si y cruzandose por el centro de la muestra.
Levantando simultaneamente ambas partes del suelo, la
muestra queda dividida en cuatro partes iguales. De estas
cuatro partes se hacen dos reuniendo las situadas en cua-
drantes opuestos.

3.2.4 Cuando la cantidad de muestra es apropiada para
ello, puede operarse encima de una mesa con una paleta
o espatula, siguiendo un criterio analogo al descrito en el
pérrafo 3.2. 1.

3.3 Division de una muestra en dos fracciones por me-
dio de un tamiz

3.3.1 Se pasa la muestra por el tamiz de que se trate. Se
disgregan los terrones que aun quedaran sin desmenuzar
en la fraccion retenida y se tamiza de nuevo reuniendo
lo que pase con la misma fraccion del primer tamizado.
Se repite esta operacion cuantas veces sea preciso hasta
dejar el material retenido bien limpio de finos.

3.3.1.1 Observacion. En los casos dificiles resuita Util
subdividir lo retenido, mediante tamices, en dos o tres
tamafios, con objeto de facilitar la limpieza con el mazo -
de goma.

3.3.2 En general, cuando se tamice una muestra repre-
sentativa (ya cuarteada) para obtener otra fraccion mas
fina, también representativa, se ha de tamizar hasta ter-
minar la operacion con toda ella. Aungue se obtenga an-
tes lacantidad de muestra necesaria para los ensayos a rea-
lizar, debe seguirse el tamizado hasta el final.

3.4 Muestra precisa para los distintos ensayos

3.4.1 Para el analisis granolométrico |a cantidad necesa-
ria depende de la proporcion entre finos y gruesos (que
pasen o no por el tamiz 2 UNE 7 050) y del tamaiio mé-
ximo del material, con objeto de que sea cantidad sufi-
ciente para poderla considerar representativa. A conti-

Continda en pagina 2
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nuacién se dan unos valores que pueden servir de orienta-
cion.

Tamaiio Cantidad minima id
mm en el tamiz 2 UNE 7 050
10 500 g
20 1000 g
25 2000 g
40 3000 g
50 4000 g
80 5000 ¢

La fraccion que pasa por el tamiz 2 UNE 7 050 debe ser su-
perior a 120 g en suelos arenosos y a 60 g en los arcillosos.

Al operar en el anélisis granulométrico la muestra cuarteada
se tamiza por el tamiz 2 UNE 7 050. De la fraccion fina ob-
tenida en esta operacion se toma la muestra necesaria para
otros ensayos de identificacion.

3.4.2 Para los ensayos de Limites de Atterberg se separa el
material que pasa por el tamiz 2 UNE 7 050, siguiendo el
procedimiento descrito en el apartado 3.3. Dicho material
se tamizard después, siguiendo el mismo procedimiento,
por el tamiz 0,40 UNE 7 050. Lacantidad de muestra ini-

i cial sera tal que pasen unos 100 g por el tamiz 0,40 UNE

7 050.

s 3.4.3 Parael ensayo del equivalente de arena, se separa por

- cuarteo la cantidad necesaria para que tenga unos 150 g de

M 2 fraccion que pasa por el tamiz 5 UNE 7 050 y se tamiza

appm-

por dicho tamiz segun la técnica del apartado 3.3.

3.4.4 Para el ensayo de apisonado se separa por cuarteo de
la muestra original la cantidad necesaria para que contenga
unos 15 kg de material inferior al tamiz 20 UNE 7 050, si
se utiliza el molde de 1 000 cm?, o unos 35 kg si se utiliza

el molde grande. Se tamiza por dicho tamix siguiendo la
técnica del apartado 3.3.

3.4.5 En general, para cualquier otro ensayo se seguira el
siguiente criterio: se separa por cuarteo de la muestra ori-
ginal la cantidad necesaria para que contenga de la fraccion
autilizar laque se precisa para el ensayo. Si.el ensayo se rea-
liza con una fraccion inferior al tamaiio maximo de la mues-
tra original, se tamiza por el tamiz correspondiente segun la
técnica del apartado 3.3.

4 OBSERVACIONES

Las operaciones de secado, (pdrrafo 3.1.1) disgregacion (pd-
rrafo 3.2.2) y cuarteo (apartado 3.2) pueden suprimirse to-
das o algunas de ellas en los siguientes casos:

19— Todas: cuando e! suelo es claramente homogéneo y
de tales caracteristicas que ia muestra puede tomarse
directamente por no existir peligro de segregacion.

2°~ Las dos primeras: cuando su disgregacion natural ha-
ce posible el cuarteo en perfectas condiciones.

3°— La primera: cuando con su humedad natural se puede
hacer |a disgregacion de los terrones.

Las operaciones suprimidas en el tratamiento de |a muestra
original deben realizarse con la muestra separada por cuar-
teo, si fuera necesario.

Apartado 3.3.1. En los casos dificiles resulta atil subdivi-
dir lo retenido, mediante tamices, en dos o tres tamaiios
con objeto de facilitar la limpieza con el mazo de goma.

5 CORRESPONDENCIA

Concuerda con ASTM D 421 y NLT—101/72.

Norma 2 UNE 7327 PREPARACION MUESTRA
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33.

34,

Levantando simultdneamente ambas barras del suelo, la muestra
queda dividida en cuatro partes iguales. De estas cuatro partes se
hacen dos reuniendo las situadas en cuadrantes opuestos.

324, Cuando la cantijad de muestra es apropiada para ello, puede ope-
rarse encima de una mesa con una paleta o espétula, siguiendo un
criterlo anélogo al descrito en 3.2.3.

Division de una muestra en dos fracciones por medio de un tamiz:

3.3.1. Se pasa la muestra por el tamiz de que se trate. Se disgregan los
terrones que ain quedaran sin desmenuzar en la fraccién retenida
y se tamiza de nuevo reuniendo lo que pase con la misma fraccién
del primer tamizado. Repetir esta operacidn cuantas veces sea pre-
clso hasta dejar el material retenido bien fimpio de finos.

33.2. En general, cuando se tamice una muestra representativa (ya cuar-
teada) para obtener otra fraccién mas fina, también representativa,
se ha de tamizar hasta terminar 1a operaclén con toda ella. Aunque
se obtenga antes la cantidad de muestra necesarla para los en-
sayos a realizar, debe seguirse el tamizado hasta el final.

Muestra precisa para los distintos ensayos:

34.1, Para ¢l andlisis granuloméirico la cantidad necesarla depende de la
proporcién entre finos y gruesos (que pasen o no por el tamiz de
2 mm, AS.TM. nim. 10) y del tamafio méximo del materlal, con
objeto de que sea cantidad suficiente para poderla considerar re-
presentativa, A continuacién se dan unos valores que pueden servir
de orlentacién:

Cantidad minima retenida en el tamiz

Tamafio méximo (mm) de 2 mm (AS.TM. nim. 10)

10 (3/8 pulgada) 500 g
20 (3/4 puigada) 1000 ¢
25 (1 pulgada} 2000 g
40 (1 34 pulgada) 3000 g
50 (2 pulgadas) 4000 g
80 (3 pulgadas) 5000 g

La fraccién que pasa por el tamiz 2 UNE debe ser superior a 120 g
en suelos arenosos y a 60 en los arciilosos.

Al operar en el andlisis granulométrico la muestra cuarteada se ta-
miza por el tamiz de 2 mm (A.S.T.M. nim. 10). De la fraccién fina
obtenida en esta operaclén se toma la muestra necesaria para
ofros ensayos de identificacion.

342 Para los enseyos de Limites de Atterberg se separa el material
que pasa por el tamiz 2 UNE (A.S.T.M. nim. 10) sigulendo et
procedimlento descrito en 3.3. Dicho material se tamizaré después,
sigulendo el mismo procedimlento, por el tamiz 0,40 UNE (A.S.T.M.

109/3

numero 40). La cantidad de muestra Inlcia!l serd lal que pasen unos
100 g por el tamiz 0,40 UNE (A.S.T.M. num 40).

3.43. Para el ensayo del equivalente de arena, separar por cuarteo la
cantided necesaria para que tenga unos 150 g de la fraccién que
pasa por el tamiz 5 UNE (AS.TM. nim. 4) y tamizar por dicho
tamiz segin la técnica del apartado 3.3.

3.4.4. Para el ensayo de apisonado se separa por cuarteo de la muestra
original la cantidad necesarla para que contenga de material infe-
rior al tamiz 20 UNE (A.S.T.M. 3/4 pulgada) unos 15 kg, si se
utiliza el molde de 1000 cm3, ¢ 35 kg si se utiliza el moide grande
Tamizar por dicho tamiz sigulendo fa técnica del apartado 3.3,

3.45. En general, para cualquier otro ensayo se seguiré el sigulente crl-
rio: separar por cuarteo de la muestra original ta cantidad necesaria
para que contenga de la fracclon a utilizar ta que se precisa para
el ensayo. S| ef ensayo se realiza con una fraccién inferior 2l ta-
maflo maximo de la muestra original, tamizar por ei tamlz corres-
pondlente segin la técnica del apartado 3.3.

4. OBSERVACIONES

41,

42,

Apartado 3.1.1, El secado en estufa de las muestras para ensayo, en ge-
neral, no debe hacerse, porque en algunos ensayos puede influir variando
los resultados. E! empleo de secadores con circulacién de aire frio, o ca-
lentado a2 menos de 60 °C, es admisible en general, sobre todo en invierno,

Apartados 3.1.1, 3.1.2, 3.2. Las operaciones de secado, disgregacién y cuar-
teo pueden suprimlrse todas o algunas de ellas en los sigulentes casos:

1.2 Todas: cuando el suelo es claramente homogéneo y de tales caracte-
rlsticas que la muestra puede tomarse directamente por no existlr
peligro de segregacidn.

20 Las dos primeras: cuando su disgregacién natural hace posible el
cuarteo en perfectas condiciones.

32 La primera: cuando con su humedad netural se puede hacer la dis-
gregacidn de los terrones. .

Las i i en el de la muestra original deben
realizarse con (a muestra separada por cuarteo, si fuera necesario.

Apartado 3.3.1. En los casos dificiles resulta Gtil subdividir lo retenido, me-

diante tamices, en dos o tres tamafios con objeto de facilitar la limpleza
con el mazo de goma.

5. CORRESPONDENCIA CON OTRAS NORMAS
ASTM. D-421, ’
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Andlisis granulométrico de dridos

1. Objeto
Esta norma tiene por objeto describir un método de ensayo que consiste en cribar los dridos a trovés de una serie
de tamices y cedazos para la determinacién de su granulometria.

El método no es aplicable a dridos recuperados de mezclos bituminosas ni a las cargas minerales («fillers»).

2. Aparatos necesarios

2,1 Tamices y cedazos, Se utilizaran los tamices y cedazos adecuados para que los resultodos obtenidos permitan
apreciar si el material cumple las especificaciones sefialadas en el aportado 3.

3. Toma de muestras

Si el d@rido fino y el 4rido grueso se presentan mezclados, la mezcla se separaré en dos tamafios con un tamiz 5
UNE 7050, tratdndose entonces las dos fracciones de acuerdo con lo expresado en los pérrafos siguientes.

Lo muestre de drido fino, que ha de ser represeniativa, s2 mezcla cuidadosamente en himedo. A continuacion se
toma de ella una fraccién de unos 600 g, que se desecan a 100°-110° C haste peso constante. Finalmente, se pesan
500 g de esta porcién y se realiza el ensayo con esta cantidad de material.

Las muestras de érido grueso deben tener un peso después de secas no inferior al que se indica en la tabla si-
guiente: '

Tamaiio mdximo del | Peso minimo de la
érido, en milimetros | muestra, en gramos
10,0 1000
125 2500
) 20,0 5000
250 10 000
40,0 15000
50,0 20000
63,0 26 000
80,0 30 000
1000 35000

4, Método de ensayo

Las muestras, una vez secas y pesadas, se separan en tantas fracciones como sea necesario parc que en ningdr
momento grovite un peso superior a 0,6 g/cm® en los tomices menores al 5 UNE 7050.

Lo operacion del tamizado se efectia por medio de movimientos laterales y verticales, de tal modo que el ma
terial se mantenga en continuo movimiento sobre la superficie del tamiz. No debe emplearse procedimiento o dis
positivo alguno pora que las piedras y granos se orienten o giren y pasen con mayor facilidad por los orificio:
del tamiz. .

El cribado se continGa hasta que pase menos de un 1 % del residvo retenido por el tamiz que se ufiliza durante
1 min.

Las pesadas de los fracciones retenidas por los distintos tamices se efectéan con una apreciacién del 0,1 % del pesc
de la muestra.

Continda
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5. Obtencién y precicién de los resultados

Los resultados de! andlisis granuiométrico se expresardn de la forma siguiente:

a) Porcentajes totales de material retenido por cada tamiz o cedazo

b) Porcentajes totales que pasan por cada tamiz o cedazo

Estos porcentajes se expresardn redondeando los resultados hasta el nimero enterc mds préximo.

6. Normas pora consultar

Para los cedazos y tamices véase la norma UNE 7050 - Cedazos y tamices de ensayo.

7. Correspondencia con otras normas

Esta norma concuerda esencialmente con la C136-46 de la AST.M. y con la E-2.22.c del L.T.C.C.

Norma 4 UNE 7139 GRANULOMETRIA
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Granulometria de suelos por tamizado

1 OBJETO

1.1 Esta norma describe el método para determi-
nar los tantos por ciento de suelo que pasan por los
distintos tamices de la serie empleada en el ensayo,
hasta el de 0,08 mm (ASTM nim. 200). Cuando in-
terese conocer la distribucion de tamafios en las
particulas inferiores a la abertura de dicho tamiz,

habr4 que completar este ensayo con el método por

sedimentacién. Para este caso, al final de esta nor-
ma (apartado 5.6), se incluye una nota explicando el
modo de preparar la muestra.

2 APARATOS Y MATERIAL NECESARIOS

2.1 Una serie de tamices de malla cuadrada y teji-
do de alambre que cumplan con lo especificado en la
norma UNE 7050. (Se incluye al final de esta nor-
ma una tabla con las aberturas de los tamices
en mm y correspondencia con la serie ASTM)

2.2 Una balanza de unos 10 kg de capacidad y
sensibilidad de 1 g y otra de unos 200 g de capaci-
dad y sensibilidad de 0,01 g.

2.3 Un aparato agitador, con hélice de agitacién
reemplazable movida por un motor eléctrico, y un
vaso especial de agitacion.

2.4 Una estufa de desecacién regulable a 105-
110 °C.

2.5 Un mortero con manilla, que tenga la parte
inferior de goma, y un mazo de goma para desme-
nuzar los terrones compuestos por particulas del
suelo.

2.6 Un vaso de precipitados, de unos 600 cm3 de
capacidad.

2.7 Un cepillo y una brocha para limpiar las ma-
llas de los tamices.

2.8 Material general de laboratorio (pesasustan-
cias, probetas, etc.).

2.9 Agua destilada y solucién de hexametafosfato
sédico al 4 por 100.

3 PROCEDIMIENTO
3.1 Preparacién de la muestra

3.1.1 De la muestra original, separar la necesaria
para el ensayo, siguiendo la norma NLT-101/72.
Para fijar la cantidad precisa, seguir el criterio ex-
puesto en el apartado 3.4.1 de dicha norma.

3.1.2 Secar completamente al aire, si fuera nece-
sario, y pesar anotando el resultado. El suelo habra
aleanzado una humedad de equilibrio (la humedad
higroscépica).

3.2 Fraccion gruesa

3.2.1 Tamizar por el tamiz de 2mm (ASTM
nim. 10) segiin se explica en el apartado 3.3.1 de la
norma NLT-101/72.

3.2.2 Lavar todo el material grueso retenido sobre
el tamiz.

3.2.3 Secar en estufa lo lavado.

8.2.4 Tamizar el material retenido, lavado y seco,
por los tamices de la serie superiores a 2 mm y pe-
sar lo retenido en cada tamiz.

3.3 Humedad higroscépica

3.3.1 Separar mediante cuarteo unos 120 g de la
fraccién que pasa por el tamiz de 2mm (ASTM
nim 10) 6 60 g si el suelo el limo o arcilla sin are-
na.

3.3.2 Pesar con exactitud, en un pesasustancias
tarado, unos 10 a 20 g de los cuarteados antes.

3.3.3 Secar en estufa y pesar.
3.4 Fraccién fina

3.4.1 Pesar con exactitud unos 100 g del suelo,
separado segin ei apartado 8.3.1, si el suelo es are-
noso, 6 50 g si sélo contiene materiales ms finos.
Colocarlo en el vaso de precipitados y afiadir lenta-
mente, al mismo tiempo que se agita, unos 125 em3
de solucion de hexametafosfato sodico al 4 por 100,

3.4.2 Dejar en reposo durante dieciocho horas
(una noche).

Norma 5 NLT 104 GRANULOMETRIA.
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3.4.3 Anadir agua destilada hasta 5 cm del borde
del vaso y agitar la suspensi6n en el aparato agita-
dor durante un minuto.

3.4.4 Lavar todo el contenido del agitador sobre el
tamiz nim. 200 hasta que pase el agua limpia.
Trasvasar lo retenido a una capsula con ayuda de
un chorro de agua y con cuidado de no perder par-
ticulas.

3.4.5 Secar lo retenido en la estufa a 110°C y
tamizar por los tamices de malla inferior a 2 mm.

3.4.6 Pesar lo retenido en cada tamiz.

4 RESULTADOS

4.1 Las explicaciones siguientes, sobre la forma
de obtener los resultados y hacer los célculos nece-
sarios, se refieren al impreso correspondiente que se
adjunta.

4.2 Columnas 1y 2. Se anota la designacién de'los
tamices empleados y la abertura de malla en orden
decreciente.

4.3 Columna 3. Los datos de esta columna se ob-
tienen directamente del ensayo (apartados 3.4.5 y
3.4.6).

4.4 Columna 4. Los datos correspondientes a esta
columna, hasta el tamiz nim. 10, se obtienen direc-
tamente del ensayo (apartado 3.2.4). Para la frac-
cién fina se obtienen multiplicando los correspon-
dientes de la columna 3 por la relacién C/F.

4.5 Columna 5. Se restan, de los gramos que pa-
san por el tamiz anterior, los gramos retenidos en el
que se calcula.

4.6 Columna 6. Expresar los datos de la columna
5 en forma de tanto por ciento respecto al peso de la
muestra seca total, D.

4.7 Dibyjar la curva granulométrica en el grafico
que figura al dorso del impreso.

5 OBSERVACIONES

5.1 Apartado 2.1. Es conveniente disponer, ade-
m4s de la serie completa de tamices, de uno més del
0,080 UNE (ntim. 200 de la serie ASTM) para dedi-
carlo sélo a la operacion de lavado.

5.2 Apartado 2.3. Este aparato agitador no es
absolutamente necesario méis que cuando se va a
hacer el andlisis granulométrico por sedimentacion;

puede ser sustituido por un simple frasco de cristal
con tapén de goma de 1 litro de capacidad aproxi-
madamente, dentro del cual puede agitarse manual-
mente la suspensién del suelo.

5.3 Apartado 2.9. El agua destilada es sélo nece-
saria en el caso de que haya de seguirse el anélisis
granulométrico por sedimentacién. La solucién de
hexametafosfato sodico se altera con el tiempo, por -
ello debe renovarse antes de transcurrir un mes des-
pués de preparada.

5.4 Apartado 3.4.2. Cuando se trate de anélisis
granulométrico por tamizado, puede suprimirse esta
operacion en aquellos suelos en los que, por su natu-
raleza, claramente se vea que se dispersan con faci-

DESIGNACION DESIGNACION ABERTURA
Y ABERTURA EN mm DEL TAMIZ EN mm
UNE ASTM ASTM
125 5 127
100 4 101,6
80 3 76,2
63 25 63,5
50 2 50,8
) 1.5 38,1
32 125 317
25 1 25,4
20 3/4 19,1
16 5/8 159
12,5 112 12,7
10 3/8 9,52
8 516 7.93
63 14 635
5 No 4 475
4 Ne 5 4,00
32 Ne 6 3,36
2.5 Ne 8 2,38
2 Ne 10 2.00
1.6 N.e 12 1,68
125 Ne 16 119
I Neo 18 1,00
08 Ne 20 0,84
0,63 Ne 30 0,59
0.50 Ne 35 0,50
0,40 Ne 40 0,42
0,32 Ne 50 0,297
025 Ne 60 0,250
0.20 Ne 70 0.210
0,16 Ne 80 0,177
0,125 N2 120 0,125
0,100 N 140 0,105
0,080 N.© 200 0,074
0,063 N.© 230 0,062
0,050 N.2270 0,053
0040 N.2325 0,044

TABLA 1. Abertura de la serie de tamices UNE y correspondientes
de la serie ASTM
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FIGURA 1. Andlisis granulométrico.
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Calculos previos Humedad higroscépica
A M“e“'a‘“ total seca fm 100 Factor de correccién por
aire . s
100+h humedad higroscépica
1
B8 Orros lavados Homedod
h=-3_x100 -
C=(A-BIf Fraccién fina seca s higroscopica %
D=8+C Muestra total seca - Referencia tora
€ " Fraccion fino ensayodo a=lt+s+ Aguo
seca ol cire +al-1xs
Fabxl Fraccion fina ensayado t+s+a Toro + svelo + ogua
=Ex
seco
t+s Toro + suelo
Por fraccién gruesa se entiende el moteriol retenido por
el tamiz nom. 10 y fraccién fina et que posa por el mismo 1 Tara
tamiz. .
s Suelo

+seveenee Cuando se sigue una especificacion determinada, se tomardn los tamices establecidos en ella.
»

F .
Tamices Retenido entre tamices Pasa en muestra total
AS.T.M, ipci
R P pr— e omaapada | ol | Cramor x| Y earedoner
1 2A 8 3 4 N 6

63 2" 635
50 2" 50,8
40 [ 38,1 "
25 " 254
20 3, 19,1 . .
125 U 127
10 " 9.5
63 " 63
5 N4 4,76
2 N.°10 2,00

N

N.°

N.°.

FIGURA 2. Andliss aranulométries de suslos por famizads, Caleuls,
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lidad. En este caso también puede suprimirse el tra-
tamiento con hexametafosfato sédico.

5.5 Apartado 3.4.5. En la operacion de tamizado
manual se mueve el tamiz o tamices de un lado a
otro y recorriendo circunferencias de forma que la
muestra se mantenga en movimiento sobre la malla.
Debe comprobarse al desmontar los tamices que la
operacién estd terminada; para ello se opera con
cada tamiz individualmente, no debiendo pasar més
del 1 por 100 de la parte retenida al tamizar duran-
te un minuto. Si quedaran granos apresados en la
malla, deben separarse con un pincel o un cepillo y
reunirlos con lo retenido en el tamiz.

5.6 Cuando interese hacer un anilisis granulomé-
trico de la fraccién que pasa por el tamiz 0,080

UNE (ntim. 200 de la serie ASTM), para lo cual se
necesita preparar una suspension de finos en un li-
tro de agua, se opera en todo como qued6 explicado
en el epigrafe «Procedimiento» en esta norma, sin
otra variacién que, después de la agitacién descrita
en el apartado 3.4.3, poner la suspensién de suelo
en una probeta de 1.000 cm?® y proceder para el
andlisis por el método de sedimentacién, segin el
procedimiento descrito en la correspondiente norma.
Una vez hecho este anlisis por el método de sedi-
mentacién, se continuard operando con la misma
suspensi6n, segin el apartado 3.4.4 y siguientes.

6 CORRESPONDENCIA CON OTRAS NORMAS
ASTM D-422.
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Material en los dridos que pasa el tamiz UNE 80 pum, por lavado

1 OBJETO Y CAMPO DE APLICACION

1.1 Esta norma describe el procedimiento que
debe seguirse para determinar en los 4ridos la can-
tidad de material fino que pasa por el tamiz UNE
80 um, por lavado.

1.2 En este método se separan las particulas arci-
losas y de otra naturaleza que estén adheridas a la
superficie del 4rido, asf como los materiales solu-
bles, mediante un lavado repetido con agitacién y
posterior decantacién.

1.3 Se describen dos procedimientos, uno que uti-
liza solamente agua en la operacién-de ldvado, y
otro que emplea un agente humectante para favore-
cer el desprendimiento del material mas fino que
80 pm, del material grueso. Si no se especifica lo
contrario, se usard el Procedimiento A (s6lo agua).

1.4 Con la mayoria de los dridos el agua natural
es adecuada para separar el material ms fino del
grueso. En algunos casos, sin embargo, el material
més fino est4 adherido a las particulas més gruesas;
tal sucede con algunos materiales arcillosos y de
otro tipo que pueden estar cubriendo los 4ridos ex-
trafdos de las mezclas bituminosas. En tales casos,
el material fino se separa mas ficilmente afiadiendo
al agua de lavado un agente humectante.”

2 APARATOS Y MATERIAL NECESARIOS

2.1 Balanza. Una balanza con lectura y exactitud
de 0,1 g 0 0,1 % de la masa de la muestra de ensa-
yo, cualquiera que sea mayor en todo el campo de
pesada.

2.2 Tamices. Dos tamices, uno UNE 80 um y
otro, UNE 1,25 mm, ambos de acuerdo con las exi-
gencias técnicas que se especifican en la norma
UNE 7.050 «Tamices de ensayo».

2.3 Recipiente. Un recipiente de tamafo sufi-
ciente para contener la muestra de 4rido cubierta

O 08I e Ve o

qié 8 prodizean péwdidas de |a muectea arastrada
por el agua.

2.4 Estufa. Una estufa de tamafo adecuado y
que pueda mantener una temperatura uniforme de
110 £ 5°C.

2.5 Agente humectante. Un agente dispersante,
tal como un detergente comercial, que facilite la se-
paracién del material fino (Nota 1).

Nota 1. Lo utilizacién de un dispositivo mecdnico pora efectuor el lavo-
do del drido estd permitido, siempre que los resultados sean conformes
con los obtenidos por medios manuales. El empleo de algunos equipos de
lavado mecdnico pueden causar degradocién en cierto tipo de muestras.

3 PROCEDIMIENTO
3.1 Preparacién de la muestra

8.1.1 Se mezcla completamente la muestra a en-
sayar y se humedece, para evitar segregacién y/o
pérdida de finos. Se reduce el tamafio de muestra,
mediante cuarteo, a la cantidad adecuada para el
ensayo que serd una vez seca, conforme con la si-
guiente Tabla 1. ’

TAMANO MAXIMO MASA MINIMA
NOMINAL DE LAS DE MUESTRA A
PARTICULAS ENSAYAR
(mm} lg)

2,5 100

5 500

10 1.000

20 2.500

40 5.000

TABLA 1.

La muestra para el ensayo serd el resultado final de
la operacién de reduccién; por tanto, no se intentard
conseguir una masa exacta y predeterminada de la *-

musstra para ensayo por este medio {Nota 2).

A 1
Nota 2. Para un correcto proceso de cuorteo de la muestra se deberdn
sequir los indicaciones que al respecto se dictan en lo norma NLT-148.

Norma 6 NLT 152 TAMIZADO <80u



152.89/2

3.2 Eleccién del procedimiento a seguir

3.2.1 Se utilizar4 el Procedimiento A, a no ser que
se especifique lo contrario en el pliego con el que se
contrastaran los resultados de los ensayos, o cuando
asi lo decida la administracion para la cual se reali-
za el trabajo.

8.3 Procedimiento A. Lavado con agua natural.

3.3.1 La muestra para el ensayo se seca hasta
masa constante a una temperatura de 110 £ 5 °C.
Se determina la masa de muestra seca con aproxi-
macién lo mds cercana posible al 0,1 % de la mis-
ma.

3.3.2 Si la especificacion vigente exige que la can-
tidad de material que pasa el tamiz UNE 80 pm,
sea determinada en una porcién de la muestra que
pase un tamiz mas pequefio que el tamafio maximo
nominal del 4rido, se separa la muestra por el tamiz
considerado y se determina la masa del material que
pasa dicho tamiz con aproximacién al 0,1 % de la
masa de tal porcién de la muestra de ensayo. Se uti-
liza esta masa como la masa original seca de la
muestra de ensayo en la expresién que aparece en el
Capitulo 4 de esta norma (Nota 3).

Nota 3. Algunas especificaciones para dridos con tamaiio méximo no-
minal de 50 mm o mayor, por ejemplo, eslipulan un limite paro el mate-
rial que pasa el tamiz UNE 80 pm, determinado en la porcién de muestra
que posa el tomiz UNE 25 mm. Este proceder es necesario ya que no
resulta practico lavar muestra de tal tamofio cuando la misma muesira
de ensayo se va a ulilizar para el andlisis granulométrico por tamizado
de dicha muestra, de acuerdo con lo norma NLT-150.

3.3.83 Después de seca y determinada la masa, se
coloca la muestra en el recipiente y se ailade bas-
tante agua para cubrirla. No se incorporard al agua
detergente, agente dispersante ni cualquier otra
substancia. Se agita la muestra con vigor para con-
seguir la separacion completa de todas las partfcu-
las més finas que 80 um, adheridas a las mis grue-
sas y dejar el material fino en suspensi6én. Inmedia-
tamente se vierte el agua de lavado, que contiene
los sélidos disueltos ¥ en suspensi6n, sobre los tami-
ces acoplados con el de mayor abertura encima. Se
pondr4 el cuidado necesario para evitar la transfe-
rencia de las particulas gruesas de la muestra.

3.3.4 Se efectiia un segundo lavado de la muestra
et &l pacipienta. Se apita y se decanta nuevamente
como se ha descrito. Se repite esta operacién hasta
que el agua de lavado sea clara (Nota 4).

Nota 4. Si se utiliza un disposilivo mecanico para efectuor ef lavado de
fa muestra, lo adicion del agua, la agitacién y la decantacion puede

hiacerse. de Manerg conlmyg;

3.3.5 Todo el material retenido en los tamices se
une a ld muestra lavada del recipiente. El 4rido la-

.

vado se seca en la estufa a 110 £ 5 °C hasta masa
constante con aproximacién de 0,1 % con respecto a
la masa de muestra original.

3.4 Procedimiento B. Lavado con agua y agen-
te humectante.

3.4.1 Se prepara la muestra de la misma manera
que en el Procedimiento A.

8.4.2 Después de seca y determinada la masa, se
coloca la muestra en el recipiente y se afiade bas-
tante agua para cubrirla y se incorpora al conjunto
el agente humectante (Nota 5). Se agita la muestra
con vigor para conseguir la separacién completa de
todas las particulas mis finas que 80 pm adheridas
a las més gruesas y dejar el material fino en sus-
pensi6én. Inmediatamente se vierte el agua de lava-
do, que contiene los sélidos disueltos y en suspen-
si6n, sobre los tamices acoplados con el de mayor
abertura encima. Se pondra el cuidado necesario
para evitar la transferencia de las particulas grue-
sas de la muestra.

Nota 5. Deberd incorporarse suficiente agente humectonte como para
producir una pequeiia canfidad de espuma cuando se agita la muestra.
Esta contidad dependerd de la dureza del aguo utilizada y de lo naturo-
leza y calidad del detergente. Una excesiva espuma puede rebosar los
tamices y arrastrar algin material con ella.

3.4.3 Se efectia un segundo lavado (ahora sin
agente humectante) de la muestra en el recipiente,
se agita y se decanta nuevamente como se ha des-
crito. Se repite esta operacién hasta que el agua de
lavado sea clara.

3.4.4 Se completa el ensayo como en el Procedi-
miento A.
4 CALCULOS

4.1 Se calcula la cantidad de material que pasa el
tamiz UNE 80 um, por lavado, con la siguiente ex-
presién.

B-C

A= x 100

donde:
A = Porcentaje de material que pasa el tamiz UNE

80 pm, por lavado.
B = Masa original de la muestra, g.
C = Masa seca de la muestra después de lavada, g.

5 RESULTADO

5.1 El resultado se expresard como el porcentaje
de material en los dridos que pasa el tamiz UNE
80 um, por lavado, aproximado al 0,1 %, excepto si




VARIACION
DESYIACION | AcEpTABLE ENTRE
DOS RESULTADOS
ns) % D25} %
Arido grueso (1}
Repetibilidad 0,10 0,28
Reproducibilidod 0,22 0,62
Arido fino (2)
Repetibilidad 0,15 0,43
Reproducibilidad 0,29 0,82

11} Los volores de la precision estdn basados en dridos con tamofio maximo nominal
de 19,0 mm, con menos de 1,5% de materiol que pasa el tomiz UNE 80 pm.

12) Los valores de lo precisién eston basados en éridos, finos con 1,0 a 3.0 % de
material que posa el tamiz UNE 80 pm.

Nota 6. La significacion de los indices definidos en la precisién del
método es la siguiente:

{15). Desviacion tipica o esténdor de lo poblacién de los medidas co-
racteristicas.del método cuando éste se aplica bajo los condiciones es-
pecificas prescritas. .

{D25). Diferencia méximo aceptable entre dos resuliados obtenidos en
porciones del mismo material bajo el sistema aplicable de causas des-
crito.

TABLA 2. Precision

el resultado es igual o mayor que el 10 % en cuyo
caso se redondeard al numero entero mds préximo.

6 PRECISION

6.1 La determinacion de la precision de este méto-
do de ensayo, cuyos valores figuran en la Tabla 2,

estd basada en los resultados obtenidos por la
AASHTO siguiendo el método de ensayo C 117 de
la ASTM y el T 11 de la propia AASHTO. La tnica
diferencia significativa entre ambos métodos, cuan-
do se determiné la precisi6n, es que el método T 11
exige y el C 117 prohibe el uso de agente humec-
tante.

Los datos estan basados en el anslisis de més de
100 parejas de resultados de ensayo realizados en-
tre 40 y 100 laboratorios.

7 CORRESPONDENCIA CON OTRAS NORMAS

ASTM C 117-87 «Test Method for Material Finer
than 75 pum (N°200) Sieve in Mineral Aggregates
by Washing».

UNE 7135 «Determinacién de finos en 4ridos utili-
zados para la fabricacion de hormigones».

8 NORMAS PARA CONSULTA

UNE 7.050 «Tamices de ensayo».

NLT-148 «Toma de muestras de roca, escorias, gra-
va, arena, filler y blogues de piedra empleados como
materiales de construccién de carreteras».
NLT-150 «Andlisis granulométrico de 4ridos grue-
sos y finos».
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2,6 Tamiz. Es el conjunto constituido por la unidn del tejido a un morca, siempre que fa qu dc

Cedazos y tamices de ensayo

L Obieto

ﬁﬂu normo tiene por objeto especnﬂcur las condiciones que deben cumplir los lamodos tamices 'y ce

U que se viilizan para clasificar distintos matericles, segin el tomafio de sus particulas.

'2.”3 .Doﬁnic-iones

Los distintos componentes de un tamiz o cedozo de ensayo, se definen como sigue: )
2,1 Tejide. Es el piono constituido por alambres cilindricos que, entrecruzades perpendiculormente;

i,? Malla. Es cada une de los cuadrados que constituyen el tejido y cuya medida equnmle a una'l
mé&s un diémetfro de hilo.

2,3 luz de malla. Es lo seporacién libre comprendida entre los lados de la mallo, medida entre los
dios de los lados de cada cuadradoe.
2,4. Didmetro de los hilos. El didmetro de los hilos se mide con el calibre decimal o (Puns: pora hllos
y superiores y con el calibre centesimal o ¢carcasser para los inferiores a 0,50 mm. ;
2,5 lLey delo escola. Se establece lo escolo de cedazos y tomices de acuerdo con ung ley ﬁiq,
V10 para los finos, siguiendo la serie normal Ro 10 {0,040 ... 5} segiin la norma UME 400:3:-4,?,‘:«1
uguu la misma ley y la serie Rg 10 {5,00..... 125}, ’

o inferior a 5 mm.
2,7 Cedazo. Es el conjunto constituido por la unién del tefide o un marco, siempre que la luz de
superior a 5 mm.

3. Designacién
los tamices y cedazos gue se recomiandon en esto nrorma se desugnan expresando la luz de- mal d
precedida de la palabra tamiz o ceduzo y seguidas por UNE 7050. ’

Designacion de un famiz cuya luz de malla es de 400 mm, y de un cedozo de luz de malla de 207"

Tamiz 4 UNE 7050 y Cedozo 20 UNE 7 050

-. Condiciones generoles

B lqldo no presentaré deformaciones apreciables. Los alambres seran de acero, alecciones custén y
niquel u ofro material practicamente inalterable, sin ningdn recubrimiento protector, y serdn’ rigidos

Las caracteristicas que habra de reunir el tejido se seficlan en el cuadro siguiente:

lyz de malla Tolerancia media Tolerancias méximas % Diametro’ del hile:
mm % Relativa Absoluta Minimo .., - -
2 3 56
2 3 53 .
2 3 43
2 3 A4
2 3 38
2 3 37
2 3 35
2 ﬁ\;{fm, 5 3.0
3 G ""0 5 310
3 & 5 274
3 5
3 5
3 5
3 10
3 10

Norma 7 UNE 7050 TAMICES
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3 (]

3 K | S

3 210

3 0 -

3 10

5 15 .

5 15 15041
0,43 5 7.5 15 033 o
0,50 5 75 15 026 .
0,40 5 12,5 25 0.3 oF
0,32 5 125 25 0,170 D24
025 5 12,5 25 0,149 02K
020 é 20 9 0,114 0,154
018 6 y.1] A0 0,056 {riy ]
0,125 é 2 A0 0,079 L]
0,100 é 20 ) 0,054 o0
0,080 7 45 9 0,009 uhs2
0,061 7 45 90, 0,035 fidag
0,050 7 45 90 003 0000
0,040 7 a5 %0 0,023 onis

5. Requisitos especiales

El marco podra fabricarse de madera dura, metal o cualguier ofro material adecuado. Su forma podty  seT PR
drada, rectangular o circular. ’

Para didmetros grandes o poro telas fuertes, no es aconsejable el marco circular, porque se deformortn: AR
llas en los bordes; se recomiendan marcos circuiares con Jas medic}‘as siguientes:
A

vz de mollo Diémetro ‘ Ahvra otil
mm m m
-
De5 al025 0,20 + 0,003 005

De 0,20 a 0,04 0,10 = 0,001 - 0,02

En los tomices empleados para pigmentos, el didmetro interior serd de 75 mm y lo altura no seré inferior o W-allEs

la parte del marco que queda debdjo del lefido se ajustard f&cilmente con cualquier tomiz de iaual diametro p..
formar un c¢ilindro o prisma.

6. Tolerancias en el tejido

las tolerancias en el tejido estén indicadas en el cundro del copitulo 4. En la tercera columng se de. 1 10U
maxima que sdlo podré ser sobrepusada por et 5 por 100 de las mallas. En la cuoria la- tolerancia  mGume. :
dudl, de tal forma que no pueda existir ninguna malla con luz superior ala nominal més ol tgnd
sefiole lo columno, y en los columnas quinia y sexta se inditan los limites Superior a inferior det-c

7. Observaciones
E! tejiido se montaré sin ondulaciones. Para prevenir la posible pérdida de moterial por quadod EETIERGIIN
en las juntas del teiido con el marco, se recubrirdn los mismos con wn cordén de soldndum_ ;
en forma fal que dicha pérdida sea imposible. S

8. Correspondencia con otras normas
‘Esta norma concuerdo parcicimente con jo ASTM E 11-39.




% Designation

Stand
Amou
Sieve'

This standarg

D 1140 ~ 54 (Reapproved 1971)

rd Test Mefhod for

An American Nationai Standard

t of Material in Soils Finer Than the No. 200 (75-um)

is issued under the fixed designation D 1140; the number i di

£

ing the desi ion indi the year of

original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (¢) indicates an editorial change since the last revision or reapproval.

This method pas been approved for use by agencies of the Department of Defense and for listing in the DoD Index of Specifications and

Standards.

Scope

:.i"l‘his method cpvers determination of the total

piat of material in
[

WiSieves for Testing

05 percent, or|
use an au.
e the moisture
iSture content

y weight of the t
e content.

hod is under the jurisdicti

soils finer than the No. 200 (75-um)

“Sieves—A nest of two sieves, the lower being a No.

.(75-um) sieve and [the upper a No. 40 (425-um) sieve,
heonforming to ASTM Specification E 11, for Wire-

Purposes.”

Containers—A pan or vessel of sufficient size to

covered with water and to permit
ut advertent loss of any part of the

an or container for use in drying the

be selected from material that

nﬁe‘:iu. A representative sample, suffi-
yield not less than the approximate weight of dried
shown in the fgllowing table, shall be selected using
splitter or by the method of quartering: :

Approximate
er of Minimum Weight

in. of Sample, g
2.0 mm) 200
7S mm) 500
1500
2000
2500

i

i
]

the test sample to a constant weight at a temper-

19F(_l'm:|:5C)andweightothe
alternatively, weigh the test sample

iliary moisture content sample to

ntent of the sample. The weight of
ple shall be between 20 and 30

of the weight |of the test sample. Calculate the

st sample from the moist weight and

of ASTM C D-18 on Soil and

ition approved Sept. 15, 1954. Originally issued 1950. Replaces
T.
' Book'of ASTM Standards, Vols 04.01, 04.02, 04.06, 05.05, and 14.02.

4.2 Place the test sample in the container, add sufficient
clean water to cover it, and allow to soak a minimum of 2 h
(preferably overnight).

4.3 Agitate the contents of the container vigorously and
pour the wash water immediately over the nested sieves,
arranged with the coarser sieve on top. Repeat the process of
adding clear water to the container to cover the sample,
agitating the contents of the container, and pouring the wash
water over the nested sieves until the wash water is clear.
When the total sample is small, the entire contents of the
soaking container may be transferred to the nested sieves
after the first washing and the washing operation completed
ifl accordance with 4.4, The wash water need not be saved.

Note 1—The percentage value secured at the end of the test may not
be correct (being too low) for soils containing relatively high percentages
of the minus 200 fraction. This appears to be due chiefly to inadequate
agitation. When it is desired to secure the exact percentage for the minus
200 fraction for such a soil, the portion of the sample passing the No. 40
sieve and retained on the No. 200 sieve secured in the washing

i shall be ferred to the dispersion cup of the stirring
apparatus used in Method D 422, Particle-Size Analysis of Soils,? the
cup filled half full with water and the contents agitated for 1 min. After
this agitation the contents of the cup shall be transferred to the nested
sieves and washing continued.

If the stirring apparatus has not been used prior to the drying of the
portion of the sample larger than the No. 200 (75-um) sieve, and it is
desired to do so after drying, the dried material shall be separated on the
No. 40 (425-um) sieve; the portion retained shall be saved; and the
portion passing shall be placed in the dispersion cup with water and
agitated for 1 min with the stirring apparatus as previously described.
The contents of the cup shall be transferred to the No. 200 sieve,
washed, and dried. The revised total weight retained on the No. 200
sieve shall be secured by combining and weighing the two fractions.

4.4 Transfer the sample to the nested sieves and wash with
running water (Note 2). When the sample is larger than can
be handled at one time on the nested sieves, wash a portion
of the sample and transfer to the container in which it is to
be dried.

NoTE 2—Tapping of sieves has been found to expedite the washing
operations.

4.5 Dry the washed material retained on the nasted siaves
in a container to a constant weight at a temperature not
exceeding 230 + 9F (110 + 5C) and dry-sieve it on the
nested sieves (Note 3). Weigh the dry material retained on
the nested sieves to the nearest 0.05 percent.

3 Annual Book of ASTM Standards, Vol 04.08.
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Note 3—Some material passes the No. 200 (75-um) sieve on dry where:

sieving that did not pass during the washing operation. When desired, a P = percentage of material finer than No. 200 (7 Seur
sieve analysis may be made on the portion of the sample retained on the sieve.

: : i i D 422. L .. .
No. 200 sieve, in accordance with Method D 422 W, = weight of original sample on an oven-dry basis, gan}
5. Calculation W, = oven-dry weight of sample after washing and dng

5.1 Calculate the results as follows: sleving, g.

P=[(W,— W)/ W,] x 100
The American Soclety for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection

with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights, are entirely their own responsibility.
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1. Scope

1.1 This test method covers the laboratory detérmination
of the water (moisture) content of soil, rock, and similar
materials by mass. For simplicity, the word “material”
hereinafter also refers to either soil or rock, whichever is
most applicable.

1.2 The water content of a material is defined by this
standard as the ratio, expressed as a percentage, of the mass
of “pore” or “free” water in a given mass of material to the
mass of the solid material,

1.3 The term “solid particies” as used in geotechnical
engineering is typically assumed to mean naturally occurring
minerat particles of soil and rock that are not readily soluble
in water. Therefore, the water content of materials con-
taining extraneous matter (such as cement, and the like) may
require special treatment or a qualified definition of water
content. In addition, some organic materials may be decom-
posed by oven drying at the standard drying temperature for
this method (110°C). Materials containing gypsum (calcium
sulfate dihydrate or other compounds having significant
amounts of hydrated water) may present a special problem as
this material slowly dehydrates at the standard drying
temperature (110°C) and at very low relative humidities,
forming a compound (calcium sulfate hemihydrate) which is
not normally present in natural materials except in some
desert soils. In order to reduce the degree of dehydration of
gypsum in those materials containing gypsum, or 10 reduce
decomposition in highly organic soils, it may be desirable to
dry these materials at 60°C or in a desiccator at room
temperature. Thus, when a drying temperature is used which
is different from the standard drying temperature as defined
by this test method, the resulting water content may be
different from standard water content determined at the
standard drying temperature.

Note 1—Test Methods D 2974 provides an alternate procedure for
determining water content of peat materials.

1.4 Materials containing water with substantial amounts
of soluble solids (such as salt in the case of marine sediments)
when tested by this method wili give a mass of solids which
includes the previously soluble solids. These materials re-
quire special treatment to remove or account for the
presence of precipitated solids in the dry mass of the

' This method is under the jurisdiction of ASTM Committee D-18 on Soil and
Rock and is the direct responsibility of Subcommittee D18.03 on Texture,
Plasticity and Density Characteristics of Soils,

Current edition approved June 15, 1992, Published August 1992, Originally
published as D 2216 - 63 T. Last previous edition D 2216 - 90%*.

specimen, or a qualified definition of water content must |
used.

i.5 This test method requires several hours for prop
drying of the water content specimen. Test Method D 46-
provides for drying of the test specimen in a microwave ovt
which is a shorter process.

1.6 This standard requires the drying of material in :
oven at high temperatures. If the material being dried
contaminated with certain chemicals, health and safe
hazards can exist. Therefore, this standard should not
used in determining the water content of contaminated so
unless adequate health and safety precautions are taken.

1.7 This standard does not purport to address all of t
safety problems, if any, associated with its use. It is !
responsibility of the user of this standard to establish app)
priate safety and health practices and determine the applic
bility of regulatory limitations prior to ise.

2. Referenced Documents

2.1 ASTM Standards:

D 653 Terminology Relating to Soil, Rock, and Contain
Fiuids?

D 2974 Test Methods for Moisture, Ash, and Orgai
Matter of Peat and Other Organic Soils?

D 4220 Practice for Preserving and Transporting S
Samples?

D 4318 Test Method for Liquid Limit, Plastic Limit, a
Plasticity Index of Soils?

D 4643 Test Method for Determination of Wa
{Moisture) Content of Soil by the Microwave Ov
Method?

D 4753 Specification for Evaluating, Selecting, and Spe
fying Balances and Scales for Use in Soil and Rc
Testing?

E 145 Specification for Gravity-Convection And Fora
Ventilation Ovens?

3. Terminology

3.1 Refer to Terminology D 653 for standard definitic
of terms.

3.2 Description of Term Specific to This Standard.

3.2.1 water content (of a material)-—the ratio of the m
of water contained in the pore spaces of soil or rock mater
to the solid mass of particles in that material, expressed a
percentage.

2 Annual Book of ASTM Standards, Yol 04.08.
Y Annual Book of ASTM Standards, Vol 14.02.
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4. Summary of Test Method

4.1 A test specimen is dried in an oven to a constant mass.
The loss of mass due to drying is considered to be water. The
water content is calculated using the mass of water and the
mass of the dry specimen.

5. Significance and Use

5.1 For many materials, the water content is one of the
most significant index properties used in establishing a
correlation between soil behavior and its properties.

5.2 The water content of a material is used in expressing
the phase relationships of air, water, and solids in a given
volume of material,

5.3 In fine-grained (cohesive) soils, the consistency of a
given soil type depends on its water content. The water
content of a soil, along with its liquid and plastic limits as
determined by Test Method D 4318, is used to express its
relative consistency or liquidity index.

6. Apparatus

6.1 Drying Oven, thermostatically-controlled, preferably
of the forced-draft type, meeting the requirements of Speci-
fication E 145 and capable of maintaining a uniform temper-
ature of 110 £ 5°C throughout the drying chamber.

6.2 Balances-—All balances must meet the requirements
of Specification D 4753 and this Section. A Class GPI
batance of 0.01g readability is required for specimens having
a mass of up to 200 g {excluding mass of specimen con-
tainer) and a Class GP2 balance of 0.lg readability is
required for specimens having a mass over 200 g.

6.3 Specimen Containers—Suitable containers made of
material resistant to corrosion and change in mass upon
repeated heating, cooling, exposure to materials of varying
pH, and cleaning. Containers with close-fitting lids shall be
used for testing specimens having a mass of less than about
200 g; while for specimens having a mass greater than about
200 g, containers without lids may be used. One container is
needed for each water content determination.

NoTg 2—The purpose of close-fitting lids is to prevent loss of
moisture from specimens before initial mass determination and to
prevent absorption of moisture from the atmosphere following drying
and before final mass determination. '

6.4 Desiccator—A desiccator cabinet or large desiccator
jar of suitable size containing silica gel or anhydrous calcium
phosphate. It is preferable 10 use a desiccant which changes
color to indicate it needs reconstitution. See Section 10.5.

NOTE J—Anhydrous calcium sulfate is sold under the trade name
Drierite.

6.5 Container Handling Apparatus, gloves, tongs, or suit-
able holder for moving and handling hot containers after
drying.

6.6 Miscellaneous, knives, spatulas, scoops, quartering
cloth, sample splitters, etc, as required.

7. Samples

7.1 Samples shali be preserved and transported in accor-
dance with Practice 4220 Groups B, C, or D soils. Keep the
samples that are stored prior to testing in noncorrodible
airtight containers at a temperature between approximately 3

sunlight. Disturbed samples in jars or other containers shall
be stored in such a way as to prevent or minimize moisture
condensation on the insides of the containers.

7.2 The water content determination should be done as
soon as practicable after sampling, especially if potentially
corrodible containers {such as thin-walled steel tubes, paint
cans, etc.) or plastic sample bags are used.

8. Test Specimen

8.1 For water contents being determined in conjunction
with another ASTM method, the specimen mass require-
ment stated in that method shali be used if one is provided. If
no minimum specimen mass is provided in that method
then the values given before shalf apply.

8.2 The minimum mass of moist material selected to be
representative of the total sample, if the total sample is not
tested by this method, shall be in accordance with the
following:

R ded R ted
minimum mass of tinimum mass of

moist test spec- moist lest spec-
imen for water imen for water

Maximum particle

size (100 % Siandard Sieve content reported content reported
passing) Size 10 +0.1 % 1o+l %
2 mm or less No. 10 20 20 g*
4.75 mm No. 4 100 g 208"
9.5 mm Ya-in. 500 g 50g
19.0 }am Ye-in. 2.5 kg 250
37.5 mm 14 in. 10 kg | kg
75.0 mm 3-in. 50 ke 5Skg

NotE—*To be representative not less than 20 g shall be used.

8.2.1 If the total sample is used it does not have to meet
the minimum mass requirements provided in the table
above. The report shall indicate that the entire sample was
used.

8.3 Using a test specimen smaller than the minimum
indicated in 8.2 requires discretion, though it may be
adequate for the purposes of the test. Any specimen used not
meeting these requirements shall be noted in the report of
results. :

8.4 When working with a small {less than 200g) specimen
containing a relatively large gravel particle, it is appropriate
not to include this particle in the test specimen. However,
any discarded material shall be described and noted in the
report of the results.

8.5 For those samples consisting entirely of intact rock,
the minimum specimen mass shall be 500 g. Representative
portions of the sample may be broken into smaller particles,
depending on the sample’s size, the container and balance
being used and to facilitate drying to constant mass, see
Section 10.4.

9. Test Specimen Selection

9.1 When the test specimen is a portion of a larger
amount of material, the specimen must be selected to be
representative of the water condition of the entire amount of
material. The manner in which the test specimen is selected
depends on the purpose and application of the test, type of
material being tested, the water condition, and the type of
sample (from another test, bag, block, and the likes.)

9.2 For disturbed samples such as trimmings, bag sam-
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following methods (listed in order of preference):

9.2.1 If the material is such that it can be manipulated
and handled without significant moisture loss, the material
should be mixed and then reduced to the required size by
quartering or splitting.

9.2.2 If the material is such that it cannot be thoroughly
mixed and/or split, form a stockpile of the material, mixing
as much as possible. Take at least five portions of material at
random locations using a sampling tube, shovel, scoop,
trowel, or similar device appropriate to the maximum
particle size present in the material. Combine all the portions
for the test specimen.

9.2.3 If the material or conditions are such that a stockpile
cannot be formed, take as many portions of the material as
possible at random locations that will best represent the
moisture condition. Combine all the portions for the test
specimen.

9.3 Intact samples such as block, tube, split barrel, and the
like, obtain the test specimen by one of the following
methods depending on the purpose and potential use of the
sample.

9.3.1 Carefully trim at least 3 mm of material from the
outer surface of the sample to see if material is layered and to
remove material that is drier or wetter than the main portion
of the sample. Then carefully trim at least 5 mm, or a
thickness equal to the maximum particle size present, from
the entire exposed surface or from the interval being tested.

9.3.2 Slice the sample in half. If material is layered see
Section 9.3.3. Then carefully tdm at Jeast 5 mm, or a
thickness cqual to the maximum particle size present, from
the exposed surface of one half, or from the interval being
tested. Avoid any material on the edges that may be wetter or
drier than the main portion of the sample.

NoTe 4—Migration of moisture in some cohesionless soils may
require that the full section be sampled.

9.3.3 Ifalayered material (or more than one material type
is encountered), select an average specimen, or individual
specimens, or both. Specimens must be properly identified as
to location, or what they represent, and appropriate remarks
zntered on data sheets.

10. Procedure

10.1 Determine and record the mass of the clean and dry
specimen container (and its lid, if used).

10.2 Select representative test specimens in accordance
~ith Section 9,

10.3 Place the moist test specimen in the container and, if
1sed, set the lid securely in position. Determine the mass of
‘he container and moist material using a balance (See 6.2)
ielected on the basis of the specimen mass. Record this
salue.

Note 5—To prevent mixing of specimens and yielding of incorrect
esults, all containers, and lids il used, should be numbered and the
:ontainer numbers shall be recorded on the laboratory data sheets. The
id numbers should match the container numbers 1o eliminate confu-
ion.

NOTE 6—To assist in the oven-drying of large test specimens, they
hould be placed in containers having a large surface area (such as pans)
nd the material broken up into smaller aggregations.

10.4 Remove the lid (if used) and place the container with
noist material in the drying oven, Dry the material to a

constant mass. Maintain the drying oven at 110 £ 5°C unless
otherwise specified (see 1.3). The time required to obtain
constant mass will vary depending on the type of material,
size of specimen, oven type and capacity, and other factors.
The influence of these factors generally can be established by
good judgment, and experience with the materials being
tested and the apparatus being used,

Note 7—In most cases, drying a test specimen overnight (about |2
to 16 h) is sufficient. In cases where there is doubt concerning the
adequacy of drying, drying should be continued until the change in mass
after two successive periods (greater than | h) of drying is an insignifi-
cant amount (less than about 0.1 %). Specimens of sand may often be
dried to constant mass in a period of about 4 h, when a forced-draft oven
is used. ’

MNote 8—Since some dry materials may absorb moisture from moist
specimens, dried specimens should be removed before placing moist
specimens in the same oven. However, this would not be applicable if
the previously dried specimens will remain in 1he drying oven for an
additional time period of about 16 h.

10.5 After the material has dried to constant mass remove
the container from the oven (and replace the lid if used).
Allow the material and container to cool to room tempera-
ture or until the container can be handled comfortably with
bare hands and the operation of the balance will not be
affected by convection currents and/for its being heated.
Determine the mass of the container and oven-dried material
using the same balance as used in 10.3. Record this value.
Tight fitting lids shall be used if it appears that the specimen
is absorbing moisture from the air prior to determination of
its dry mass.

Note 9—Cooling in a desiccator is acceptable in place of tight fitting
lids since it greatly reduces absorption of moisture from the atmosphere
during cooling especially for containers without tight fitting lids.

11. Calculation

1{.1 Calculate the water content of the material as fol-
lows:

M,

w= (M, — M )M — M) % 100 = "

5

x 100

where:

w = water content, %,

M., = mass of container and wet specimen, g,

M., = mass of container and oven dry specimen, g,

o

M, = mass of container, g,
M“, = mass of water (Mw = Mrws - Mrd':)x g and
M, = mass of solid particles (M, = M_,, — M), g.

12. Report

12.1 The report (data sheet) shall include the following:

12.1.1 Identification of the sampie {material} being tested,
such as boring number, sample number, test number,
container number etc.

12.1.2 Water content of the specimen to the nearest | %
or 0.1 %, as appropriate based on the minimum sample
used. If this method is used in concert with another method,
the water content of the specimen should be reported to the
value required by the test method for which the water
content is being determined.

12.1.3 Indicate if test specimen had a mass less than the
minimum indicated in 8.2.
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12.1.4 Indicate if test specimen contained more than one
material type {layered, etc.).

12.1.5 Indicate the method of drying if different from
oven-drying at 110 £+ 5°C.

12.1.6 Indicate if any material (size and amount) was
excluded from the test specimen.

13. Precision and Bias

13.1 Statement on Bias—There is no accepted reference
value for this test method; therefore, bias cannot be deter-
mined.

13.2 Statements on Precision:

13.2.1 Single-Operator Precision—The single-operator
coefficient of variation has been found to be 2.7 percent.

Therefore, results of two properly conducted tests by the
same operator with the same equipment shouid not be
considered suspect unless they differ by more than 7.8
percent of their mean.

13.2.2 Muitilaboratory Precision—The multilaboratory
coefficient of variation has been found to be 5.0 percent.
Therefore, results of two properly conducted tests by dif-
ferent operators using different equipment should not be
considered suspect unless they differ by more than 14.0
percent of their mean.

14, Keywords

14.1 consistency; index property, laboratory; moisture
analysis; moisture content; soil aggregate; water content
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Determinacién del peso especifico real UNE

de un terreno 7001

1. Alcance.
Este método es aplicable a todos los terrenos, variandose la cantidad de fa muestra con su naturaleza, segin se indica er
el apartado 5.

2. Definiciones.
El peso especifico real de un terreno es e| resultado de dividir el peso de un volumen del terreno, exento de poros, a
una determinada temperatura, por el peso de idéntico volumen de agua destilada a {a misma temperatura.

3. Aparatos empleados.
Para la aplicacién de este método son necesarios los siguientes aparatos:

3,1 Picgnémefro, Su forma serd la normal en los picndmetros para sélidos, su capacidad estard comprendida entre 5C
y 60 cm?® y el peso, una vez lleno de agua destilada, no debe pasar de los 90 g.

3,2 Balanza. Se utilizard una balanza de precisién con sensibilidad no inferior a |1 mg.

3,3 Bomba de vacio. Capaz de producir una presion absoluta iguai o menor de 10 mm de columna de mercurio,
3,4 Desecador. Construido en cristal y capaz de resistir una depresién de una atmésfera.

3,5 Varios. Capsulas de porcelana, termometros, etc.

4. Requisitos especiales.

Antes de proceder al ensayo propiamente dicho, es necesario reglar cada uno de los picndmetros que vayan a usarse; esta
operacién se puede realizar por el método descrito a continuacién: Se somete el picnémetro completamente lleno, a una
temperatura determinada, !, durante quince minutos, al final de los cuales se limpia y seca o mas rapidamente posible,
obteniéndose un peso, p, con error de 1 mg.

Esta operacion debe repetirse a diferentes temperaturas: t, f, etc, hallando al mismo tiempo los pesos pa, Py etc.. co-
rrespondientes. Con estos pares de valore$ puede dibujarse una curva semejante a la de la figura 1, por medio de la cual
es posible conocer e| peso del picndmetro lleno de agua, a una temperatura determinada.

8636
86.35 <
8634

N

8633
8632 AN
86,31

86.30 ‘ \

3
8 8% N

§ 8628 ¢ N ]

86,27 N

Picnometro n°2

peso vacio 298839

7

o1 18 20 2 U 2% B
Temperatura en °C

Fig. 1

5. Toma de muestras.

Para cada determinacion se mecesitan 12 + | g de muestra media Jesecha al aire o1 el terreno es arenoso v g + I d
en los de naturaleza arcillosa.

6. Método de ensayo,

Después de puiverizar la muestra, se la deseca en una estufa a 110° C hasta peso constante, y se anota el peso po de la
muestra seca. A continuacion se echan en el picndmetro unos 15 cm? de agua destilada, se anade la muestra seca y se
mezcla bien el conjunto. Con el fin de eliminar las burbujas de aire que puedan estar ocluidas en la masa, se hierve el pic-
németro durante unos diez minutos o se le somete al vacio. En ambas operaciones se regula el proceso para evitar las

pérdidas de material por ebullicion. .
Continva

Norma 10 UNE 7001 PESO ESPECIFICO
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Terminadas las manipulaciones anteriores, se rellena completamente e| picndmetro con agua destilada, se toma la tempe-
ratura t; del liquido que contiene, y después de bien limpio y seco, se obtiene el peso py, del picnémetro con la muestra
y lleno de agua, {5

El peso especifico del terreno Yg, 2 la temperatura 1, se ob iene por medio de la férmula siguiente: ~ ~

P
sy = Tz
- Po + Pi — P

en la que Pa y Po tienen el significado expuesto anteriormente, y P, es el peso del picnémetro lleno de agua a la
temperatura !, tomado de la curva de la figura.

7. Observaciones.
" Mientras no se precise lo contrario, el peso especifico de un terreno se referira a la densidad del agua a 20° C, para lo
cual hay que multiplicar el valor de Y ) por el coeficiente K; que se incluye en la tabla 1, obtenido al dividir fa densidad

de] agua a t; por la del agua a 20° C.~

TABLA 1.— Valores de K, a diferentes temperaturas

Temperatura

en grados C Coeficientes K,
18 1,0004
19 1,0002
20 1,0000
21 0,9998
2 0,9996
23 0,9993
24 0,9991
25 0,9989
26 0,9986
27 0,9983
28 0,9980
29 - 09977
30 09974

8. Correspondencia con otras normas.
D 854-45 T de la A. S. T. M,
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Densidad maxima y humedad optima de las mezclas
de suelo-cemento, mediante apisonado con maza

1 OBJETO Y CAMPO DE APLICACION

1.1 Este ensayo tiene por objeto determinar en el
laboratorio la relacién entre el contenido de hume-
dad y la densidad de mezclas de suelo-cemento, des-
pués de compactadas y antes de que se inicie la
hidratacién del cemento.

1.2 Para este ensayo se siguen dos métodos, y el
uso de uno u otro depende de la granulometria del
suelo.

Método A. Empleando material que pasa por el ta-
miz 5 UNE (ASTM ntim. 4). Usado cuando eF100 %
del suelo pasa por dicho tamiz.

Método B. Empleando material que pasa por el ta-
miz 20 UNE (ASTM 3/4 de pulgada). Usado cuan-
do parte del suelo es retenido sobre el tamiz 5 UNE
(ASTM nim. 4).

1.3 Esta norma es aplicable a las mezclas suelo-
cemento utilizadas en construccion de carreteras.

2 APARATOS Y MATERIAL NECESARIOS

2.1 Un molde cilindrico de 1 litro de capacidad
(102 mm de didmetro interno y 122 mm de altura)
con base y collar.

2.2 Una maza de 2,5 kg y 50 mm aproximada-
mente de didmetro y una altura de caida, controla-
da, de 305 mm accionada a mano o mediante un
compactador mecénico, calibrado con arreglo a la
norma NLT-107.

2.3 Una balanza de 10 kg de capacidad, sensible
al gramo y otra de 200 g de capacidad, sensible a

0,01¢g.
2.4 Una estufa de desecacién regulable a 105-
110 °C.

2.5 Una espétula para enrasar, de unos 300 mm
de longitud, con hoja bien recta y resistente.

2.8 Una amasadora mecénica o recipiente y guan-

tes de goma para amasar a mano y una probeta
graduada de unos 250 cm.

2.7 Una bandeja cuadrada de 300 mm aproxima-
damente de lado y 50 mm de altura.

2.8 Cépsulas o pesafiltros para determinar hume-
dades.

2.9. Tres tamices: 80 UNE (ASTM 3 pulgadas),
20 UNE (ASTM 3/4 pulgada) y 5 UNE (ASTM
nim. 4).

3 METODO A: PROCEDIMIENTO
3.1 Preparacién de la muestra

3.1.1 Preparar la muestra de suelo pulverizindola
hasta que todo el material pase por el tamiz 5
UNE.

Si es preciso, dejar secar la muestra hasta que pue-
da ser pulverizada fécilmente.

El secado se hace al aire libre o por medio de estufa
u otros aparatos de secado, siempre que la tempera-
tura no exceda de 60 °C.

3.1.2 Dividir por cuarteo el material asi obtenido
en siete porciones, aproximadamente iguales, de
unos 3 kg.

3.2 Ejecucion del ensayo

3.2.1 Setaray anota el peso del molde con la base
y sin el collar superior.

3.2.2 Se toma una de las porciones obtenidas en el
3.1.2 y se mezcla con el cemento hasta color unifor-
me. Cuando la mezcla tenga un contenido de hume-
dad muy bajo, hay que anadir agua potable para
aproximarse al contenido 6ptimo de humedad, mez-
clando el agua hasta que quede {ntima y uniforme-
mente distribuida.

Cuando el suelo sea una arcilla plastica, después de
mezclada y amasada con el cemento y el agua, se
compacta en el recipiente descrito en 2.7, usando la

maza. Se cubre y se deja en reposo por un perfodo

minimo de 5 minutog y no mayor de 10 minutos,
para ayudar a la dispersién de la humedad y permi-
tir una completa absorcién del agua por la mezcla

Norma 11 NLT 301 PROCTOR SUELO-CEMENTO.
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de suelo-cemento. Después se desmenuzard la mez-
cla con la mano hasta que, visiblemente, pase toda
ella por el tamiz 5 UNE.

3.2.3 Compactar la muestra en el molde con el
collar en tres capas, aproximadamente iguales,
compactando cada una de las capas con 26 golpes
de maza, repartiendo uniformemente los golpes por
toda la superficie de la capa y desde la altura de
305 mm. La Gltima tongada compactada entrard
unos 10 mm en el collar de enrase.

3.2.4 Después de lleno y compactado el molde, se
quita el collar y con la espitula se enrasa perfecta-
mente.

3.2.5 Se determina y anota el peso del conjunto
correspondiente al molde més el suelo-cemento y

agua.

3.2.6 Sacar la probeta compactada del molde y
cortarla en sentido vertical por la mitad. Tomar del
centro una muestra representativa de unos 100 g,
colocarla en una capsula tarada y determinar la hu-
medad de la mezcla, secidndola en estufa a 105-
110 °C, hasta peso constante.

3.2.7 Se repite la operacién con nuevas porciones
de suelo de las obtenidas en 3.1.2 y contenidos de
agua crecientes, hasta obtener los puntos necesarios
para determinar la curva que relaciona las densida-
des en seco con los tantos por ciento de humedad.

4 METODO B: PROCEDIMIENTO
4.1 Preparacién de la muestra

4.1.1 Preparar la muestra de suelo pulverizdndola
y tamizar por el tamiz 5 UNE.

Si es preciso, dejar secar la muestra hasta que pue-
da ser pulverizada facilmente.

El secado se hace al aire libre o por medio de estufa
u otros aparatos de secado, siempre que la tempera-
tura de secado no exceda de 60 °C.

4,12 Elsuelo retenido en el tamiz 5 UNE se tami-
za por el 80 UNE y el 20 UNE.

Se desecha el material retenido en el tamiz 80 UNE,
se pesa el material que pasa por dicho tamiz y retie-
ne el 20 UNE, y se sustituye por una fraccién igual
en peso de material que pasa por el tamiz 20 UNE y
retiene el tamiz 5 UNE, la cual se agrega a la frac-

(i0n Originaria, Somprendida e ¢aton dog mismos
taoes, D manere gue e peso Gl sl compen

dido entre el tamiz 20 UNE y 5 UNE sea igual al
comprendido entre el tamiz 80 UNE y 5 UNE.

4.1.3 Pesar y mantener separada la fraccién que
pasa por el tamiz 5 UNE y la comprendida entre los
tamices 20 y 5 UNE.

4.1.4 Poner el 4rido retenido entre los tamices 20
y 5 UNE en condiciones de saturado superficie
seca.

4.1.5 Dividir por cuarteo el material que pasa por
el tamiz 5 UNE en siete porciones, aproximadamen-
te iguales, de unos 2,5 kg.

4.2 Ejecucion del ensayo

4.2.1 Se toma una de las porciones obtenidas en
el 4.1.5 y se mezcla con el cemento, hasta color uni-
forme.

Cuando la mezcla tenga un contenido de humedad
muy bajo, hay que afiadir agua potable para aproxi-
marse al contenido 6ptimo de humedad, mezclando
el agua hasta que quede intima y uniformemente
distribuida.

Cuando el suelo sea una arcilla plastica, después de
mezclado y amasado con el cemento y el agua, se
compacta en el recipiente descrito en 2.7, usando la
maza. Se cubre y se deja en reposo por un periodo
minimo de 5 minutos y no mayor de 10 minutos,
para ayudar a la dispersién de la humedad y permi-
tir una completa absorcién del agua por el suelo-
cemento. Después se desmenuzara la mezcla con la
mano hasta que visiblemente pase toda ella por el
tamiz 5 UNE. Después de esta preparacion, afiadir
el 4rido preparado en 4.1.4 en el porcentaje corres-
pondiente en peso.

4.2.2 Seguir el procedimiento indicado en los
apartados 3.2.3, 3.2.4, 3.2.5, 3.2.6 y 3.2.7 de esta
norma. Al seguir el apartado 3.2.4 se quitardn las
particulas que sobresalgan de la superficie y los
huecos o irregularidades se corregirdn con material
fino puesto y compactado con ayuda de la espétula.
Respecto al apartado 3.2.6, se tomaran 500 g de
muestra en vez de 100.

5 RESULTADOS

5.1 Siguiendo las indicaciones del impreso que se
adjunta en la NLT-107, se calcula la densidad seca
y la humedad correspondiente a cada molde.

Se dibuja la curva que relaciona las densidades del

3U¢10 5669 con Iag humedades correspondicntes: El

o de s cma o o densidad i, |

el tanto por ciento de humedad correspondiente ser4
la humedad 6ptima.
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6 OBSERVACIONES

6.1 En lugar del molde de las dimensiones indica-
das en el apartado 2.1 de esta norma, se pueden
utilizar para el ensayo moldes de otras dimensiones,
siempre que se conserve la misma energfa de com-
pactacion por unidad de volumen:

2,5 x30,5x26x3
E= =5,95
1.000 em3

kg x em

6.2 Durante la compactacién debe colocarse el
molde sobre una base sélida o bancada de hormigén
que no pese menos de 90 kg para que no amortigiie
los golpes.

. 6.3 Generalmente cinco puntos son suficientes
para definir la curva densidad-humedad; no obstan-
te, se prepara la muestra para siete puntos, por si
fuera necesario alglin punto més.

o

La distancia entre puntos debe ser de un 1 gun 3 %
de agua, segtn sea el tipo de suelo arenoso o arcillo-
so, respectivamente. Para determinar el primer
punto, se afiade agua hasta un valor anterior y con-
venientemente préximo a la humedad éptima. La

practica ensefiard a conocer este punto por el aspec-
to del suelo; en los suelos no pldsticos y en los suelos
plasticos, el primer punto puede estimarse por el
menor contenido de agua necesario para que el sue-
lo quede unido mediante la presién ejercida apretan-
do la palma de la mano cerrada sobre una porcién
de la mezcla hiimeda; a partir de este punto se ob-
tienen los sucesivos, aumentando progresivamente
el agua en la proporcion conveniente. Se puede sa-
ber a priori, aproximadamente, sin determinar la
densidad, cudndo se llega a la rama descendente de
la curva humedad-densidad, porque al aumentar el
contenido de agua, decrece el peso hiimedo del sue-
lo-cemento.

7 CORRESPONDENCIA CON OTRAS NORMAS

ASTM D 558-57 (Revalidada 1976). «Test Method
for Moisture-Density Relations of Soil-Cement Mix-
tures».

8 NORMA PARA CONSULTA
NLT-107 «Apisonado Proctor».
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1. Scope*

1.1 These test methods cover the determination of the
relationship between the water content and the density of
soil-cement mixtures when compacted before cement hydra-
tion as prescribed.

1.2 A Vso-ft* (944-cm’) mold and a 5.5-b (2.49-kg)
rammer dropped from a height of 12 in. (304.8 kg) are used
and two methods, depending on soil gradation, are covered,
as follows:

Sections

Test Method A, using soil materiai passing a No. 4 (4.75-mm) sieve. This

method shall be used when 100 % of the soil sample passes the No. 4

(TS MM SICVE . oo 5
Test Method B, using soil material passing a s-in. (19.0-mm) sieve, This

method shall be used when part of the soil sample is retained on the

No. 4 (4.75-mm) sieve. This test method may be used only on materials 6

with 30 % or less retained on the ¥e-in. (19.0-mm) sieve . ... ......

1.3 The values stated in inch-pound units are to be
regarded as the standard. The SI units given in parentheses
are for information only.

.4 This standard does not purport (o address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:

C 150 Specification for Portland Cement?

C 595 Specification for Blended Hydraulic Cements?

D559 Test Methods for Wetting-and-Drying Tests of
Compacted Soil-Cement Mixtures?

D 560 Test Methods for Freezing-and-Thawing Tests of
Compacted Soil-Cement Mixtures®

D698 Test Methods for Moisture-Density Relations of
Soils and Soil-Aggregate Mixtures Using 5.5-1b (2.49-kg)
Rammer and 12-in. (305-mm) Drop?

D 2168 Test Methods for Calibration of Laboratory Me-
chanical-Rammer Soil Compactors®

} These test methods are under the jurisdiction of ASTM Committee D-18 on
Soil and Rock and are the direct responsibility of Subcommittee DI8.15 on
Stabilization of Additives.

Cutrent edition approved May [0, 1996, Published June 1996. Originally
published as D 558 — 38. Last previcus edition D 558 - 82 {1990)¢".

2 Annual Book of ASTM Siandards, Vols 04.01 and 04.02.

3 Annual Book of ASTM Standards, Yol 04.08.

D 1740 Practice for the Minimum Requirements for
Agencies Engaged in the Testing and/or Inspection of
Soil and Rock Used in Engineering Design and Con-
struction®

E i1 Specification for Wire-Cloth Sieves for Testing
Purposes*

3. Significance and Use

3.1 These tests determine the optimum water content and
maximum density to be used for molding soil-cement
specimens in accordance with Methods D 559 and D 560.

Norte 1—Since these tests are used in conjunction with Methods
D 559 and D 560 and the criteria referenced therein, the test differs in
several aspects from Test Methods D 698.

Note 2—The agency performing these test methods can be evalu-
ated in accordance with Practice D 3740. Not withstanding statements
on precision and bias contained in these test methods: the precision of
these test methods is dependent on the competence of the personnel
performing it and the suitability of the equipment and facilities used.
Agencies that meet the criteria of Practice D 3740 are generaily
considered capable of competent and objective testing. Users of these
test methods are cautioned that compliance with Practice D 3740 does
not, in itsell, ensure reliable testing. Reliable testing depends on many
factors; Practice D 3740 provides a means of evaluating some of these
factors.

4. Apparatus

4.1 Mold—A cylindrical metal mold having a capacity of
1530 + 0.0004 ft? (944 * |1 cm?) with an internal diameter of
4.0 + 0.016 in. (101.60 = 0.41 mm) and conforming to Fig.
{ to permit preparing compacted specimens of soil-cement
mixtures of this size. The mold shall be provided with a
detachable collar assembly approximately 21 in. (63.5 mm)
in height. The mold may be of the split type consisting of two
half-round sections or section of pipe with one side split
perpendicular to the pipe circumference and that can be
securely locked in place to form a closed cylinder having the
dimensions described above. The motd and collar assembly
shall be so constructed that it can be fastened firmly to a
detachable base (Fig. 1).

4.2 Rammer:

4.2.1 Manual Rammer—A manually operated metal
rammer having a 2.0 + 0.005-in. (50.80 % 0.13-mm)
diameter circular face and weighing 5.5 £ 0.02 Ib (2.45 +
0.01 kg). The rammer shall be equipped with a suitable
guidesieeve to control the height of drop to a free fall of 12.0

+ Annual Book of ASTM Standards, Vols 04.01, 04,06, and 14.02.

* A Summary of Changes section appears at the end of test methods.

Norma 12 ASTM D 558-96 PROCTOR SUELO CEMENTO



¢ b ss58

%" 0.
= J "
5 EXTENSION \ May be welded
N El o1 \
E| 3ol
N h]% | Retieve thisjoint
g~} Yol Al altarnare construction, extension
v may be hatd down with esr - typs
: clamp, similer to thoa uted on mold
g — E
4 0.
58" 2 Y
N 38"
40" o016 0. e
7 4]
Y This volume ta b ¥
7 B S : 18" D. with 4 - 48 thd. Project 1/18" to form
May e welded Y = -0004 < 7 catch for extension clamp. Place thres 1200
g § = ! apart (NGt rea’d it ear - type clamp used)
/ H 4
1/4” D. ytud 4 4= g
Z u* 7 Eas - type clamp
= 7 1032 % 3/8" tong ; W
Mathead screw
! v [— e
. Y / g r ! .
i kY
.. ‘ —11732"
12 ey
RRaaEw 172"

Q D
Ay
Ay

Metric Equivalents

24

4ava
44
4584
6

6

8

L5

50
0.004
Yisses
0.0009

NOTE (a)}—Tha tolerance on the beight Is govemned by

the alowable volume and diamater tolerances.

NoTe (b}—The mathads shown for attaching the extension coflar to the mold and the moid to the basa plate are recommendad. However, othar methods are acceptable,

providing the ettachments are equally as rigid as those shown.

F1G. 1 Cylindrical Mold

+ Vie in. (304.8 £ 1.6 mm) above the elevation of the
soil-cement. The guidesieeve shall have at least four vent
holes not smaller than ¥s in. (9.5 mm) spaced 90° apart and
located with centers ¥ + Yis in. (19.0 + 1.6 mm) from each
end and shall provide sufficient clearance that free-falls of
the rammer shaft and head will not be restricted.

4.2.2 Mechanical Rammer—A wmechanically operated
metal rammer having a 2.0 £ 0.005-in. (50.80 + 0.1{3-mm)

diameter face and a manufactured mass of 5.5 + 0.02 Ib
(2.49 + 0.01 kg). The operating mass of the rammer shall be
determined from a calibration in accordance with Methods
D 2168. The rammer shall be equipped with a suitable
arrangement to control the height of drop to a free-fall of
12.0 + Y14 in. (304.8 & 1.6 mm) above the elevation of the
soil-cement.

4.2.3 Rammer Face—A sector face may be substituted
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with mechanical rammers provided the report shows that a
sector face rammer was used. The sector face shall be a sector
of a 4.0 + 0.016-in. (101.60 % 0.41-mm) diameter circle and
shall have an area equal to that of the circular face rammer.

Note 3—The sector face rammer shali not be used to compact test
specimens in accordance with Methods D 559 and D 560, unless
previous tests on like soils show strength and resistance to wetting-
and-drying and freezing-and-thawing of specimens compacted with this
rammer are similar to that of specimens compacted with the circular
face rammer.

4.3 Sample Extruder—A jack, lever frame, or other
device adapled for the purpose of extruding compacied
specimens from the mold. Not required when a split-type
mold is used.

4.4 Balances—A balance or scale of at least 25-1b (11.3-
kg) capacity sensitive to 0.01 1b (0.005 kg) and a balance of at
least 1000-g capacity sensitive 10 0.1 g.

4.5 Drying Oven—A thermostatically controtled drying
oven capable of maintaining a temperature of 230 + 9°F
(110 + 5°C) for drying water content samples.

4.6 Straightedge—A rigid steel straight-edge 12 in. (305
mm) in length and having one beveled edge.

4.7 Sieves—3-in. (75-mm), ¥4-in. (19.0-mm), and No. 4
(4.75-mm) sieves conforming to the requirements of Specifi-
cation E 11.

4.8 Mixing Tools—Miscellaneous tools such as mixing
pan, spoon, trowel, and spatula, or a suitable mechanical
device for thoroughly mixing the sample of soil with cement
and with increments of water.

4.9 Container—A flat, round pan for moisture absorption
by soil-cement mixtures, about 12 in. (305 mm} in diameter
and 2 in. (50 mm) deep.

4.10 Moisture Cans—Suitable containers for moisture
samples.

4.11 Butcher Knife—A butcher knife approximately 10
in. (250 mm) in length for trimming the top of the
specimens.

5. Test Method A, Using Soil Material Passing a No. 4
(4.75-mm) Sieve

5.1 Sample:

5.1.1 Prepare the sample for testing by breaking up the
soil aggregations td pass the No. 4 (4.75-mm) sieve in such a
manner as to avoid reducing the natural size of the indi-
vidual particles, When necessary, first dry the sample until it
is friable under a trowel. Drying may be accomplished by air
drying or by the use of drying apparatus such that the
temperature of the sample does not exceed 140°F (60°C).

5.1.2 Select a representative sample, weighing approxi-
mately 6 Ib (2.7 kg) or more, of the soil prepared as described
in 5.1.1,

5.2 Procedure:

5.2.1 Add to the soil the required amount of cement
conforming to Specification C 150 or Specification C 595.
Mix the cement and soil thoroughly to a uniform color.

5.2.2 When needed, add sufficient potable water to
dampen the mixture to approximately four to six percentage
points below the estimated optimum water content and mix
thoroughly. At this moisture content, plastic soils, tightly
squeezed in the palm of the hand, will form a cast that will
fracture with only slight pressure applied by the thumb and

fingertips; nonplastic soils will bulk noticeably.

5.2.3 When the soil is a heavy-textured clayey material,
compact the mixture of soil, cement, and water in the
container 10 a depth of about 2 in. (50 mm) using the
rammer described in 4.2 or a similar hand tamper. Cover,
and allow to stand for not less than 5 min but not more than
10 min to aid dispersion of the moisture and 10 permit more
complete absorption by the soil-cement.

5.2.4 After the absorption period, thoroughly break up the
mixture, without reducing the natural size of individual
particles, until it will pass a No. 4 {4.75-mm) sieve and then
remix.

5.2.5 Form a specimen by compacting the prepared
soil-cement mixture in the mold, with the collar attached, in
three equal layers so as to give a total compacted depth of
about 5 in. (130 mm). Compact each layer by 25 blows from
the rammer dropping free from a height of 12 in. (304.8 mm)
above the elevation of the soil-cement when a sleeve-type
rammer is used, or from 12 in. (3048 mm) above the
approximate elevation of each finally compacted layer when
a stationary-mounted type rammer is used., The blows shall
be uniformly distributed over the surface of the layer being
compacted. During compaction, the mold shall rest on a
uniforgy, rigid foundation such as provided by a cylinder or a
cube of concrete weighing not less than 200 1b (91 kg).

5.2.6 Following compaction, remove the extension collar,
carefully trim the compacted mixture even with the top of
the mold by means of the knife and straightedge, and weigh.

5.2.7 Multiply the mass of the compacted specimen and
mold, minus the mass of the mold, by 30 (or divide by
942.95); record the result as the wet unit mass, v,,, in pounds
per cubic foot or grams per cubic centimetre, of the
compacted soil-cement mixture.

5.2.8 Remove the material from the mold and slice
vertically through the center. Take a representative sample of
the material, weighing not less than 100 g, from the full
height of one of the cut faces, weigh immediately, and dry in
an oven at 230 £ 9°F (110 + 5°C) for at least 12 h or to
constant mass.

§.2.9 Calculate the water content of the sample as directed
in Section 7. Record the result as the moisture content, w, of
the compacted soil-cement mixture.

5.2.10 Thoroughly break up the remainder of the matenial
as before until it will pass a No, 4 (4,75-mm) sieve, as judged
by eye, and add all other material remaining after obtaining
the moisture sample.

5.2.11 Add water in sufficient amount to increase the
water content of the soil-cement mixture by one or two
percentage points, mix, and repeat the procedure given in
5.2.5 to 5.2.10 for each increment of water added.

5.2.12 Continue this series of determinations until there is
either a decrease or no change in the wet unit mass, v, in
pounds per cubic foot or grams per cubic centimetre of the
compacted soil-cement mixture.

NoTe 4—This procedure has been found satisfactory in most cases.
However, in instances where the soil material is fragile in character and
will reduce significantly in grain size due to repeated compaction, a
separate and new sample shall be used for cach moisture-density
determination.

Note 5—To minimize the effect of cement hydration, perform the
test expeditiously and continuously to completion.
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6. Test Method B, Using Soil Material Passing a Yu-in.
(19.0-mm) Sieve

6.1 Sample:

6.1.1 Prepare the sample for testing by segregating the
aggregate retained on a No, 4 (4,75-mm) sieve and breaking
up the remaining soil aggregations to pass the No. 4
(4.75-mm) sieve in such a manner as to avoid reducing the
natural size of individual particles. When necessary, first dry
the sample until it is friable under a trowel. Drying may be
accomplished by air drying or by the use of drying apparatus
such that the temperature of the sample does not exceed
140°F (60°C).

6.1.2 Sieve the prepared soil over the 3-in. (75-mmy} (Note
2), %a-in., (19.0-mm), and No. 4 (4.75-mm) sieves. Discard
the material retained on the 3-in. (75-mm) sieve. Determine
the percentage of material, by oven-dry mass, retained on the
Ya-in. (19.0-mm) and No. 4 sieves.

6.1.3 Saturate the aggregate passing the Ya-in. (19.0-mm)
sieve and retained on the No. 4 (4.75-mm) sieve by soaking
in potable water; surface-dry the material as required for
later testing,

NoTe 6—Most soil-cement construction specifications covering soil
gradation limit maximum size material to 3 in. (75 mm) or less.

6.1.4 Select and maintain separate representative samples
of soil passing the No. 4 (4.75-mm) sieve and of saturated,
surface-dry aggregate passing the Ya-in. (19.0-mm) sieve and
retained on the No. 4 sieve so that the total sample will weigh
approximately 11 1b (4.99 kg) or more. The percentage, by
oven-dry mass, of aggregate passing the ¥-in. (19.0-mm)
sieve and retained on the No. 4 (4.75-mm) sieve shall be the
same as the percentage passing the 3-in. {75-mam) sieve and
retained on the No. 4 sieve in the original sample.

6.2 Procedure:

6.2.1 Add to the portion of the soil sample passing the No.
4 sicve, the amount of cement conforming to Specification
C 150 or Specification C 595, required for the total sample
specified in 6.1.4. Mix the cement and soil thoroughly to a
uniform color,

6.2.2 When needed, add water to this soil-cement mixture
and facilitate moisture dispersion as described for Method A
in 5.2.2 to 5.2.4, Aler this preparation, add the saturated,
surface-dry aggregate to the soil-cement mixture passing the
No. 4 (4.75-mm) sieve and mix thoroughly.

6.2.3 Form a specimen by compacting the prepared
soil-cement mixture in the mold (with the collar attached)
and trim and weigh the compacted specimen as described for
Method A in 5.2.5 and 5.2.6. During the trimming operation
remove all particles that extend above the top level of the
mold. Correct all irregularities in the surface by hand-
tamping fine material into these irregularities and leveling
the specimen again with the straightedge.

6.2.4 Multiply the mass of the compacted specimen and
mold, minus the mass of the mold, by 30 (or divide by
942.95); record the result as the wet unit mass, vy,,, in pounds
per cubic foot or grams per cubic centimetre of the com-
pacted soil-cement mixture,

6.2.5 Remove the material from the mold and take a
sample for determining the water content as described for
Method A in 5.2.8 and 5.2.9 except that the moisture sample
shall weigh not less than 500 8 Record the result as the water

content, w, of the compacted soil-cement mixture,

6.2.6 Thoroughly break up the remainder of the material
as before until it will pass a Yi-in. (19.0-mm) sieve and at
least 90 % of the soil particles smaller than a No. 4
(4.75-mm) sieve will pass a No. 4 sieve, as judged by eye, and
add all other material remaining after obtaining the moisture
sample.

6.2.7 Add sufficient water to increase the water content of
the soil-cement mixture by one or two percentage points,
mix, and repeat the procedure described in 6.2.3106.2.6 for
each increment of water added. Continue this series of
determinations until there is either a decrease or no change
in the wet unit mass, ¥m» in pounds per cubic foot or grams
per cubic centimetre of the compacted soil-cement mixture
(Notes 3 and 4).

7. Calculation
7.1 Calculate the water content and dry unit mass, v, in
pounds per cubic foot or grams per cubic centimetre of the
compacted soil-cement mixture for each trial as follows:
w=[{4 - B)/(B - O] x 100
Y = [Ym/(w + 100)] x 100

where

w = percentage of water in the specimen,

A = mass of moisture can and wet soil-cement,

B = mass of moisture can and oven-dry soil-cement,

C = mass of moisture can,

Ys = dry unit mass of compacted soil cement, Ib/ft* or
g/cm?, and

Ym = wet unit mass of compacted soil-cement, 1b/fi% or
g/em’,

8. Moisture-Density Relationship

8.1 The calculations in Section 7 shall be made to
determine the water content and corresponding dry unit
mass, v, in pounds per cubic foot or grams per cubic
centimetre (density) for each of the compacted soil-cement
samples. The dry unit mass, Ya in pounds per cubic foot or
grams per cubic centimetre (densities) of the soil-cement
mixture shall be plotted as ordinates and the corresponding
moisture contents as abscissas,

8.2 Optimum Water Content, w,—When the densities
and corresponding moisture contents for the soil-cement
mixture have been determined and plotted as indicated in
8.1 it will be found that by connecting the plotted points with
a smooth line, a curve is produced. The water content
corresponding to the peak of the curve shall be termed the
“optimum moisture content” of the soil-cement mixture
under the compaction prescribed in these methods.

8.3 Maximum Density, max— L he dry unit mass, Yg in
pounds per cubic foot or grams per cubic centimetre of the
soil-cement mixture at “optimum water content™ shall be
termed “maximum density” under the compaction pre-
scribed in these test methods.

9. Report
9.1 The report shall include the following:
9.1.1 Optimum water content, and
9.1.2 Maximum density.
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10. Precision and Bias

10.1 Precision—Data are being sought by the subcom-
mittee for the preparation of a statement on the precision of
this test procedure. Until a statement is developed, the user
may be guided by the statement in Test Method D 698, for
which the precision is expected to be similar.

10.2 Bias—There are no accepted reference values for this
test method, therefore, bias cannot be determined. i

11 Keywords
11.1 compaction; dry density; optimum water content;
soil-cement; soil-stabilization; unit weight

SUMMARY OF CHANGES

This section identifies the principal changes to these test methods that have been incorporated since the last

issue,

(1) Added new sentence at the end of Section 1.2, Test
Method B, to clarify the applicable materials as required in
Test Method D 698 when using a 4-in. (101.60-mm) mold.

(2) Added safety caveat in 1.4 to comply with present
policy.

(3) Added Practice D 3740 as a referenced document in
Section 2 to conform to the recommended D-18 practice.

(4) Added new Note 2 in Section 3 to reference Practice

D 3740. Renumbered the remaining notes.

(5) Revised Section 11 on Keywords.

(6) Added new Section 12 on Summary of Changes to
reflect the changes made in this revision,

(7) Changed “moisture content™ to “water content” in
Sections 1.1, 3.1, 4.5, 5.2.2, 5.2.9, 5.2.1.1, 6.2.5, 6.2.7, 7.1,
8.1, 8.2, 8.3, and 9 to agree with current D-18 Terminology.

The American Sociely for Testing and Materials takes no postiion respacting the validity of any patent rights assarted It connection
with any tem mentioned in this standard. Users of this standard are expressly advised thai determination of the validity of any such
patent rights, and the risk of Infringement of such rights, are entirely thelr own responsibility.

iftee and must be reviewed every live years and

This standard is subject to revision af any time by the

# nol revised, alther reapproved or withdrawn. Your comments are Invited elther for revision of this standard or for additional standards

and should be addressed to ASTM Headquarters. Your comments will recelve careful

1d ata ing of the Ibl

tachnical committes, which you may attend. ¥ you feel that your comments have not received a fair hearing you should meke your
views known 1o the ASTM Committes on Standards, 100 Barr Harbor Drive, West Conshohocken, PA 19428.






* ‘(sepeBind Z 'Wi's'v) 3NN 05 A (sepedind g/ 1 WL'S'Y)

» 3NN Op se0|We) ‘sjuowemusas ‘A (epebind p/¢ 'W1'S'VY) 3NN 02 ZIWEl UN L2
- (‘0@ 'swob op ssiuenB ‘susid|sel) ejuswlenuBw JeS
-ewd ered SOSIGAIP SOWUBWNLSU| O ‘BPENOBPB BoUEdEW BiOPESEWE BU[) 'OF

‘Do OL1-G0L ¥ @|qenbas ug|oB23sOP 3P BJNIS? BUN G2
‘eL/e20) Bu

~iou ®} °p ¢’z opelede |9 ua edxpur os unbes sopenoape sajualdivay ¥
‘B 1'0 sjoside enb ‘pepisedea ap 6 QQOL soun

ep 850 A '8 | ejoeide enb ‘pepioedsd ep By gz soun ep ezueeq eun ‘gZ
WO 2'0 F 9'6L 8p eoiedns B) A ww g'0 F g¢ op pias olpel |9
0SB ©04N0 U2 104008 ep ew.oj Jaua) apand o ‘lenuew e| esed SeJYd
-5dse SBUOISUSWID SB| BIPUS OSEI CAND U@ JBIN2ND IS epand BOIURIAW
BZBW e| op oed|oB sp ajoiedns e "os|osid 69 IS BSBW B] JRO|IPOW A
'2L/PLI-LIN B| UCO 0pianoB ap ojB.BdR [Bp OPRIGHED UN Bsienyosje 8qe(
W | F= g ep 488 8qap epiow [9p Jolselul [e1ale] 210uJodns B A BZBW €|
61us ugoesredas B ‘eiew jep siaysedns B eiqos sad|oB so| sjuew
-ow.opun eAnquisip nb BajLUBoSW Erew ®un sesdwa epand as uPIqweL
‘e4q)| eos epieo e| enb ewied ojuaoyns las agep enb A BzRW
eljue ugoeiedes B ‘9JB |9p EPIBS B] JB)|08) eied ‘Owalxe epes ep
Wa g & & 508 SOPEIYedss ONSWHIP 8P WD | op SO0 § OWU/W OWOY
lousl aqep EN6 e A 'zwo 2'0 F 96 op awoiusdns Bun A ww g'Q F
F 0S 9p ONBWEIP UN BIPUD] OSED OAND LG ‘jenuew s apend ezew el
‘BUBIEW (8D 8{o16dns ) 81q0s Www Z T GOp 9P €SS 9IQI| BPIED O BIMB

el enb wied epencepe B|nb eun seus) eqeq BY LO'0 T §'Z 8P eZBW eun 7T
‘ezoid eun 8p © ‘L BinBy gy
op |2 s owod ‘sswieupmBuol opiued ses spand eprow |3 ‘(4 Bl
1|00 A BSEQ NS LOD ‘(miNjB @p Ww 10 F p'gZi X JoLawl onswmp

8P Ww p'p F g0I) PEPIdedEs 8D ¢wo 6 F QO0'L 8P OSUTAW IPIOW un L

SOIHVYSIOIN TVIHILYW A SOLYHVLY 2

WW GOS $p eINje BUN BpSIP Sludwigl
1880 ®lop s anb By §'z op eBZEw Bun ep soloedw| BIUBIPEW ‘BliSslia) 801}
-1edns el us ‘ejoedwos as opuens |elalEW UN 8P BIBS pEpISUAp | A pep
-3WNY B} esjud up|oBja) B| Jeuluuiep 0jalqo Jod auall Jowold op ofesus 13 1)

013rgo L

1030044

OIYOsT s1nT 3sol.,
01ANS TIA YIINVIEW X
HFLHOdSNVHL TAd OTHOLVHOGV’]
1Ia

OAVSNA Jd VINHON

TL/LOL-1IN

s Fopawmy

-4'7 (w3/8) poas popisuag

D YWILdO GVaIwnNH

D YWIXYW aYQIsNdd

$
i *s pepawny Q01X - = s
w3y Gtn—(vtstn=rx
B o[ng 1I—(s+i)=s3 wn
—_— :
+ a
R -
s+ a
wnde -} opans + vl w454
Tiv) ¥ 2URLIRY -
Prpisuag |>|I ]
[
opng Atoor . ¢
oot (v ++) H
wndv 4 ojng I=(etsti)meps| &
-
PlowW 13
w3+ ojans 4 IplOW 4543
]ipYyYE E0de 9, -

o'F Ntd

053043 [Fl22)0W [ap 031))93dXa 0539

10 GU [FIIEW AP %y oo oo cedwd sod sadjod ap N ey

e ‘oprzn (et s sedwy Bp N s 2O
oavy3Ia0owW

oaon} ¥OLD0Y¥d OAVSNA

Tt NOVULSINW " NQIDYNIWONIQ o N OlVavaL

-~ QII¥2S1 SINT ISOT.
OMNS 130 VIINYIIW A
JLNOISNYHEL 110 OIBOLYNOEV)

$03)190d S0Iq0 P
uppDINeWIIedXE £ SOIPNIEY Gp OJiue)

Norma 13 NLT 107/72 PROCTOR



ww N3 s¥10D

“J0100)d 8p aplop — 1 “Bi3

.

Vo prReL

EEXLE

0s =

§/L01

s eunde pepawny, B gies ejusipuodseiiod
pepewny ] £ ‘1019014 PUNXPW PEP|SUBP, B} PIBP BAIND BISS 8D OW|XBW
3 "PRPOWNY B U0 BOG3 pPEPISUSP B} BUO|OB{Ee: enb BAIND B Binqlp €S

‘olund epeo e sejuaipuodssiion pepswny B £ BOAS pepisusp

B| ugnoea o5 ‘ejunipe s enb ossidun [op seuoiceddxs sel opusintis L'g
SOQv.LINS3Y
‘pepewny #] uod BOSS PBPISUSP B BUOIDB{AL
enb BAING B) Jeujueiep wmied soupwseceu sojund 80| JBuUBIQO ®BISBY Z'E US
SEPIUBIQO Bl 6p |[eu9lew op Sauoloiod Seasnu uod ugioeledo ] eydes 8 Ly
‘prpaWNy
ej med {6 0L B Jopeju) ou) EAnEUeSe.des esjsenw Bun BWOl 68 A 04
-Ug0 [9p SPARI} E OJUBWEOIIGA Blied 98 'Bplow |9p [SHolBW & 2RNXO 65 'O'F
‘opeioedwod [eisajewl £ spjouwr jap ounfuco |@ esed 8s ‘g%
‘aplow |2
gjuewejoeped BSRIUG BS A JRjj00 [8 eynb o8 'uQidePRdWOD B| BpRUILLE) ‘¥Y
'sedjoB 0] enBiyowe ou enb wvied epiB SuswSBOYNE BSEQ BUN 819
-08 8p|OW |9 8SJ8I0100 8qep ugjoewedwo) By ejueing ‘(WO | ep uepio
|op) aselua ep Jej|0d |8 ua odod un prenus epeoedwod ededs BwPN B
“BUSWIBAULIOJUN SOPIAGINS|P BTRW B
sp sedioB gz ep oipesw Jod sedeo sejee 8p Bun epeo Boedwos g 'sejenb|
aswepewxoide seded sasl ua ‘OpeICIOD JB|I00 |9 UOD 'oplow @ BUGK @S 'S
"BPINQIASIP SluswBIo)uN A Bwhul epenb enb eisey
enbe uoo Bjozew 8s A 2'¢ ue SEpjUAQO Seusioiod SB[ 8p Bun BWO) BS '
iouegns Jejjoo 8 WS A eseq B uod ‘epjow |sp osed (@ Bloue A BIE) 8S L'}

OLNIIWIJ300Hd

‘sajend) oawepew

-ixosde seuoioiod S195 LB OPIUBNGO (S8 |BLSIBL |8 OBMEND Jod BPIAIP S
V¥E OPE

-1ede ns ua syueulenolued A ZZ/101-LTN B] U BIpU] @S owod eledo e

YEIS3NW ¥1 30 NOIOvHYdIHd

‘opeLIED aplow (o Bajdwe 8s |S SBJSANW 8P JOJDENXS U 21T

ugroBUIW

-1319p BPERO US OJONS [B sipeye anb Aey enb enbe |8 ypew eied eeqoid BUN CLLE
‘ejojed sun £ BWOB op ozew un 01’2

‘10peauBNd un

«(ugioun; eise sied naes uepend Jop

-810s 6p Bajed eun o ‘sopebrele BiNjpdse BUN O O{YSNI UN ‘|95 LOD BHR
-sw e|Bas BUN) eluds|sal A opepje '0129r 9pI0G 2P OJNPIOW J0PBSEBIUe UN

8'e

8¢

2/101



L/LOL-LTN BWIOU 83BPA

VELIS3NW V1] 30 NOIOVHVJIHd '€

ZLIZ0L-LIN 1 ©p Z1'Z I8 £°Z 18P SOpeyiBde S0| Us SOPBIIPU| SO|ISUSIN $07 6T

W Z'0 F 9'6L op @viedns B £ ww g'gp F gL 3P ples olpel |@ OS8O
oAno ue ‘JOas ep BWIO) Jeusy epend o ‘lenuew e esed sepeo)joed
-50 SeUOISUeW)P SEl BIPUS] 03BY OAND U8 ‘JBINOJD Jes opond BIjURORW
ezew v} op ved|oB ep sidedns ¥ -os;oeud S8 |S BSBI B JEUPOW K
Z2/PL1-LIN Bl UcO Opiende ep Omrede [SP OPBIQUBD UN BSIEMOBIO 9¢eQ
‘ww | g Op Jos egqep oplow |op iopel| [Rieie| apjedns 8] A TzEw
2| enue ugowredes B ‘[eleEw 18p sojpedns ) aiqos sadiof soj eusw
-swiojun BANGIASIP enb Eougoewl BrEw Bun Jesidwe opend @8 ugique)
aiq)} ves epjes € enb ered ejpedns v) Jes 6gep gnB A szBW
SNnUR ugioemedes B 'OlB |9p EPIES Bl JBUHIDE} gied ‘owanxe epeo Op
wo z 8 A o08 SOpe|oedse 'CJOWRP @p WD | 6P SO0 § OUNUAL Oulod
Jouey eqep ejnB vl A ;w9 g0 F 9'6L P eyjedns vun A ww g'o F
0§ ep OJOWSIP Un pipus) oSED 0ARO Ue ‘(BRUBW Jes epand BZBW B
‘[euelew [op epo|iedns B 0iqos Www g F LGy Op B6S 8ig|| BPBD 8p BIMB
g] onb wied spencepe ginB eun Jaue) ¥geQd ‘B 10'0 F $S'y Op BZRW BU TE

*(1L "By) opuo} ns ua lopeoedse® OO8|p un 8p osiaoud ‘yao ep
chesus uied BaNsS enb ‘minye sokew ep éplowl un uslquEl asrea|dwe
apend Je|o> A 8seq ns uoo ‘(einie ep wwl L'0 F 121 X l0u6lUl 0nBWRP
op ww 20 F §'z61) pepoedes ep swo $2 F 0262 6p OJ)eut spow un 'z

SOIHYSIDIN TVIHILYIN A SOLVHYdY 2

WW G 9p BINYR wun OPSeP Ojuewsiqy Jeed Bfep 88
onb By $g'y 8P Ezew eun ep soeduy ejuBipaw ‘ensaue) e{oliedns v us
epoedwod 98 OPUBND [PBJIW UN ep BI9S Pepisusp ©f A pepawny B aijue
ugioeies B Jeujuueiep 0ie(qo Jod euefy opEdMyIpOw Jojaold 6p odssue [3 °I'L

olirgo i

opeoypow 1o}30id

.OI¥vOSE sINT 3sof.,
OTANS TIA VOINVOAN X

JLAOdSNVUL "Tdd OTHOLYHOdY'1
1aq

TL/801-1IN OAVSNA A VWYON

'BPEUX0/dE UQOBWIISE BUN OWIND 9EIRIGPISUOD Ggop ojuejwipesoid o83

. ‘sesanub sejnojued $u) 8p
pepisuep ¥ “3 £ spow [0 U opywPa CWIXBW oyBwe) |8 oluepuodsan
03 Zum |9 US OPIUGIR) 0088 MBIGRW Op Osod ue efwjuasiod @ d opusls

\h& LF]
.—-'II
d—p0L d
=94
00l
to 2t o,
d—op0L

BT
sel soweivsidwo 4 & “m jmio) 1op 5oy v 790 & #%m souy so) op Jopoly
Buipw pepisuep £ swyido pepetuny ey op sesed mied ‘o580 |8} U3 "808HMID
80| Jod sopefep soseny sof N0 ‘OlI0IRIOGR) O OARSLS [0 U BplUe;
~q0 pEPSUSP A pWpewny BWSIW B] UOD ‘Soul} %0] snb SeoeA ® Guodne s
(001 Jod 0¢ |ep sousw) Bpessie Anui se cu soseniB ep upoiodoid B} 15
‘Teuibpo [BpejeW (8p B Ouyj

[eielew [op pepisuep A pepewny uj ep Jesed op sws|qoid (9 wpend
'BU|} UQIOJRY B] UOD JOJD0Id P oAesus |0 sezees K opijuned owxpw
zwe) 19 Jod sezws) enb Ay ‘opsoieioqe; ep epjow | eywsed enb (e oy
-adns g0 B1G0 ue Jeojdwe ¥ A o8 onb [BojaLY jop OWXRIL OyRWE} {0 |S
"BULIOJU] |8 UB IBISUOD DSIG0BY UBGEP BOWSIX® $O)e3

‘reuByio 1@ ouy

fe|lajBW [8p sopeyneel Sof sepuob@ emed souc|osesion Jeh £ ann oy
Twe) ¢ Jousiuy 18 Ojgs BZINN enb o 0ZEZ 6P SPIOW o US [eyeIBW
18 ©po} apuesn JnBes siquejeid 0 ‘NN 0 Zwe) je sod vsed |9 opoy 4
3NN OF Awe j@ ud opluelds epenb oens tep ool Jod 0z un ojps IS
‘ww Goe ep

BpjRO 6P miMi® BuUn uocd By §'Z ep BZBW ®B] ep $adjoB Og bun epes B
opueoyde £ sepebuc} se)) Ue epiow (@ opuBuey JnBasuco epand es 0183

000}
SWo/P €850 = — =3
£ X 92 X 50’0 X §9908'6 X §'C

‘ees (z8/w £9008'6) Bpe2
“lleulioy upioBieieos ep sebni un ue Bnb ‘vownioa 9p pepun Jod ®)Bieus
€] Sueweprwyxoide seuousw ep (¢ uoo ‘olesue |@ ue EJsieWw |8 opo}
TEZIIN opow €130 8P A (22/801-11N) OPEOMIPOW 20190id 9P OAwsue |ep
WD 02€'Z Op epjow |6 reordwe spend as ‘INM OF TWEL 9 £ INN 0Z AWE)
10 @nue sepipusidwod seinojred BUBNUOD [ejelW 1@ IS )p opeyedy

SINOIOVAHISHO 9

4]

Ny

/L



ePINGUISIP SluawBwLoun A Buuy)
apanb ejsp enb eisey Jesewe A enbe |ep olsal |2 Iupeus ‘opojad aise
ap spndsep ‘A epswny BJEWED B} UP SEIP SOP O OUN BJUBINP Osodal
ua esew e| Jelop ‘opesews Jowud un saduolus JaDeY ‘Baluep B anb
lousw pepawny BUR J2ualqo eisey enbe speue SjuaLUSAULOD Jas apand
SOSEO SOiS8 U3 "OlRIpawU] opow ap enbe |3 uos dUBWEW|IU) SJB|IZ3W
esed pepnoipp welB uejuasaid soso|vie soans sounfily gy opeledy

‘3ol |8 us

optBosal Jas agap owanxd sis3 edseid Anw eB|uDiE 9p BRI} @5 OPUBNY O
sonbgll uos senoysed se] opuend 030eIxa ‘sojund soasnu Jaudlgo eied
opeloedwos BA |BlLRlBW | Jeaidwe B JISAOA @ d)wpe 85 ‘Z'f OpElEdY
‘nps ur ugroeioedwon ep SoAesus B JILINDS: BPUSIILOISS

as ‘s|qejoaide so sosamub ep ugioiodoid B Opuend ‘osea Jenbena ug

9

P/L0L



‘10pe1oBdsd 0ISIP UOD OPEDIPOW I0100.d 3P OAesud j2p aploW — L “Bi4

WIN N3 SV10D .

— L0 F AL

b—— 03

£/g01

TLILOL-LIN 9SERA ¥'9 A €9 ‘29
‘ewiBio |8 oulj |BiiB)EWS 18P SOPE}NSal so| Jepuaixe esed
S3UO0ID294100 1SR A INM Ob ZIWE) | JOLD |9 Ol0S Jeziiin anb |eusjew
{@ opo} opuesn JnBas ajgusjaud sa ‘INM 0 21wWB} |9 lod esed 19 opol K
3NN OF ZiWB) |2 ua opalal epanb ojans |9p oL Jod 0Z un 0}9s IS 0SN|oU)
‘osaidwl {8 U3 JEISUCY OJopuPIoBYy Cled ‘Basap IS |SE IS eplow |8 ua
|elsleW {9 opol Nonponuw epend @S ‘INM OF Zwel |2 A INMN 02 Ziwe)
1o anus sepipussdwoo senojped AUBIUGD |BUNBW [2 1S ‘L't opewedy L9

SINOIOYAHISEO

‘OpRoIIpol 20)202d
odesus (3p ewndo pepswny, B BI9S Blualpuodsancd pepawny B A
* OPEJJIPOW I0}O0)4 EBW|XBW PEpPISuap, B BJEP BAIND BISE 8P Owxgu
|3 ‘pepewny Bl u0D BO9S pepisusp e suooeal enb eama el elngip ag
‘ojund epes e sajus prodsaniod pepawiny Bl A B33S PEPISUSP B] URINDJED as
“247201-11N €} ud Bunipe as anb osaidwy jap ssuoioedtidxa se cpuainbis LS

$0avy.LINS3ad

SLALOLLIN 9SERA LR B V¥
‘sadjob6 soj anGjuowe ou enb esed epibu
2]UBWAIURNS ISBQ BUN BIGOS SPOW 18 8SIEDOI0T BQOP UNIILIDECdWOD
B sweing (Wwo | 8p usplio |ap) asziua ap JRjjoo {3 ud ozod un Jenue
aqep epeioedwos edes eunj BT "SIUAWBULIOHUN sopnquisip ezew op sad
-106 ¢¢ op oipoiw sod seded seisd Bp BUN EPED BjoRdwo? IS ‘salenb) auaw
-epwixoide sedes 0Jutd ue 'OPEDOIOD IBII0D [ UOD ‘Bplow (@ BUBl 85 B
‘2L/L01-1IN 95B9A  TW A LY

OLN3tNIa300Hd

4]

Norma 14 NLT 108/72 PROCTOR MODIFICADO



N

ional de Racl

del Trabajo - Madrid - Alcald, 95. Teléfono 25 92 65, Reproduccién prohibide

CD 624.131.431.2 Uno Norma Espafioia 10.;

Determinacién de la porosidad UNE
de un terreno 7 045

1. Objeto

Esta norma es aplicable a todos los terrenos, cualquiera que sea su compacidad.

2. Fundamentos del método

Se determinard el volumen aparente del terreno Y, ¢ continuacién, el peso de la muestre himeda y el de la
tra seca. Conocido el peso especifico real del terreno, se determinard su porosidad, expresada por el vo!
de los huecos o por el indice de huecos.

3. Toma de muestras

Segin las clases de terrenos, la toma de muestras se efectuard siguiendo las prescripciones de los apartad:
guientes:

3,1 Terrencs suelios o poco coherentes. Con el aparato descrito en el oparfado 4,5 se perforaré la my
del terreno, hasta enrasar sus bases perfectamente, procurando no dlterar su estructura.

3,2 Terrenos coherentes. Lla muestra para el ensayo se obtendrd separando del terrenc, o de la muestr
mismo, un volumen de 20 cms3, aproximadamente, cuidando de no clterar su estructyra, por lo que se evitard
aristas vivas.

4. Aparatos empleados

Para la aplicacién de este método seran necesarios los aparatos que se citan en los apartados siguientes:

4,1 Tapadevidrio. Una tapa de vidrio de forma circular, de 170 mm de didmetro y 7 mm de espesor, comy
nimo. En su zona central llevaré tres puntas de acero inoxidable, situadas segiin se indica en la figura 1.

Medidas en mm
5
:i "Hﬂﬂ ‘_‘

Fig. 1.

4,2 Recipientes de vidria. Dos recipientes de vidrio de la forma aproximada que puede verse en la figurc
El de menor tamafio tendré el borde esmerilado y plano.

4,3 Tubo graduado. Un tubo de vidrio, con una capacidad de 25 cm3, como minimo, y graduado en décil
de centimetro cibico.
Contin
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4,4 Volumendmetro. Los aparatos descritos en los apartados 4,1 y 4,2, podran ser sustituidos por un volume-
németro de mercurio, que aprecie 0,05 cm3, con copacidad suficiente para los tubos de 25 em?.

4,5 Tubo y pistén. Seran de ocero inoxidable, ajusténdose sus formas y medidas a las indicadas en la figura 3.

Medidas en mm

35

299

G,

NS

30

KNS
A

tig. 3.

4,6 Vidrios de reloj. Seis vidrios de reloj, con los bordes esmerilados, para evitar los pérdidas de humedad de
_las muestras que se coloquen en su interior. Estos vidrios formarén tres parejas.

4,7 Balanza. Una balanza sensible a 0,001 g.
4,8 Estua. Una estufa de desecacién, con regulacién automdtica de la temperatura.

5. Procedimiento operatorio

5,1 Det=rminacién del volumen aparente. El volumen aparente se determina segin los terrenos, conforme a lo
que se expone d conlinuacién.

5,11 Terrenos sueltos o poco coherentes. El volumen aparente de la muesira de un terreno svelio es el del
tubo de! apartade 4,5, que se determina con un error inferior a + 0,05 cm?. ’
5,12 Terrenos coherentes. Se llena de mercurio el menor de los recipientes de vidrio citados en el apartado 4,2,
se cierra con la tapa de vidrio descrita en el apartado 4,1. Seguidamente se refira del recipiente exterior el mer-
curio desalojado en el primer enrase y, en el recipiente menor, se coloca la muestra, que se sumerge con ayuda
de las tres puntas de la tapa de vidrio, hasta que ésta quede apoyada en los bordes del recipiente, procurando
que no quede ocluida ninguna burbuja de aire. El volumen de mercurio desalojodo es igual al volumen de ia pro-
beta y su medida se ha de redlizar con un error inferior a + 0,05 em3.

5,2 Determinacién del peso de la muestra con su humedad natural, Para ambos tipos de terrencs, una vez
terminadas las operaciones anteriores, se colocan las muestras entre dos vidrios de reloj, tarados, y se determina
su peso, con un error inferior a + 0,001 g.

Para sacar la muestra del terreno suelto, del tubo de acero, ¢s conveniente hacer uso del pistén, con lo que se
asegura la salids de toda la muestra.

5,3 Determinacién del peso de lo muestra seca. Conocido el peso de la muestra himeda, se lleva ésta a la
estufa, regulada a 105° C, y se deseca, hasta obtener peso constante, el cual se expresa con un error inferior
a + 0,001 g.

5,4 Determinacién del peso especifico real. Se efectia sobre la muestra secq, segiin el método descrito en la
norma UNE 7 001.

Continbda’




6. Obtencién y precisién de los resultados
los resultados se obtendran aplicando los valores obtenidos a las férmulas siguientes, segin los casos.

6,1 Volumen de los huecos. Es la relacidn entre el volumen de poros de la muestra y su volumen aparn
Se determinard, en tants por ciento, aplicando la formula siguiente:

—_— G,

n= (1 - ) 100,

en la que:

G = Peso de la muestra seca pg

ts = Peso especifico de los granos de terreno dr‘ P PLLY

¥V = Volumen aparente de la muestra
tos resultados se expresaran con dos cifras exactas.

6,2 Indice de huecos. Es la relacién entre el volumen de poros de la muestra y el volumen de su parte s{
Se determinard, en tanto por une, aplicando la férmula siguiente:

V'{i
Gs

¢t = —1,
en la que:

Gs = Peso de la muestra seca
vs = Peso especifico de los granos de| terreno.
¥ = Volumen aparente de la muestra

Los resultados se expresarén con dos cifras decimales exactas.

7. Observaciones

El ensayo se reclizard con tres muestras, obtenidas de lo misma probeta del terreno, y se considerardn defech
los resultados cuando difieran en més del 5 % de su media aritmética.

8. Normas para consultar

Para la determinacién del peso especifico real, véase la norma UNE 7001 — Determinacién del peso especifice
de un terreno. .

Norma 16 ASTM D427 RETRACCION
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6.4 Straightedge, steel, about 150 mm (6 in.} in length,

6.5 Glass Cup, about 57 mm (2V4) in.) in diameter and
about 31 mm (1 in.) in height, the top rim of which is
ground smooth and is in a plane essentially parallel with the
bottom of the cup.

6.6 Glass Plate, with three metal prongs for immersing
the soil pat in mercury, as shown in Fig. 1.

6.7 Glass Plate, a plane glass plate large enough to cover
the glass cup.

6.8 Graduate, glass, having a capacity of 25 mL and
graduated to 0.2 mL.

6.9 Balance, sensitive to 0.1 g and conforming to the
requirements of Class GP2 balances in Specification D 4753,

6.10 Mercury, sufficient to fill the glass cup to over-
flowing.

6.11 Shallow Pan, about 20 by 20 by 5-cm (8 by 8 by
2-in.} deep nonmetallic (preferably glass) pan used to contain
accidental mercury spills.

7. Hazards

7.1 Warning—Mercury is a hazardous substance that can
cause illness and death. Inhalation of mercury vapor is a
serious health hazard. Mercury can also be absorbed through
the skin. The effects of mercury are cumulative.

7.2 Precaution—In addition to other precautions, store
mercury in sealed shatter-proof containers to control evapo-
ration, work in a well-ventilated area (preferably under a
fume hood), and avoid contact with skin. Rubber gloves
should be worn at all times,

7.3 Minimize uncontrolled spills by performing those
parts of the procedure (9.3 and 9.6) in a large shallow pan
which can act as a catchment.

7.4 Clean up spills immediately using a recommended
procedure explicitly for mercury.

7.5 Dispose of contaminated waste materials including
the dry soil pat in a safe and environmentaliy acceptable
manner.

8. Sampling

8.1 Select about 30 g of soil from the thoroughly mixed
portion of the material passing the No. 40 (425-um) sieve
which has been obtained in accordance with Practice D 421.

9. Procedure

9.1 Place the soil in the evaporating dish and thoroughly
mix with distilled water. The amount of water added should
produce a soil of the consistency somewhat above the liquid
limit {Test Method D 4318) based on visual inspection. In
physical terms, this is a consistency that is not a slurry but
one that will flow sufficiently to expel air bubbles when using
gentle tapping action. It is desirable to use the minimum
possible water content, This is of some importance with very
plastic soils so that they do not crack during the drying
process.

9.2 Coat the inside of the shrinkage dish with a thin layer
of petroleum jelly, silicone grease, or similar lubricant to
prevent the adhesion of the soil to the dish. Determine and
record the mass in grams (pounds/mass) of the empty dish,
M.

9.3 Place the shrinkage dish in the shallow pan in order to
calch any mercury overflow. Fill the shrinkage dish to
overflowing with mercury, Remove the excess mercury by
pressing the glass plate firmly over the top of the shrinkage
dish. Observe that there is no air trapped between the plate
and mercury and if there is, refill the dish and repeat the
process. Determine the volume of mercury held in the
shrinkage dish either by means of the glass graduate or by
dividing the measured mass of mercury by the mass densny
of mercury (equal to 13.55 mg/m?). Record this volume in
cubic centimetres (cubic feet) of the wet soil pat, V.

Note 2: Caution—Mercury is a hazardous substance which can
cause serious health effects from prolonged inhalation of the vapor or
contact with the skin, see Section 7.

NoTE 3—It is not necessary to measure the volume of the shrinkage
dish (wet soil pat) during each test. The value of a previous measure- -
ment may be used provided that it was obtained as specified in 9.3 and
the shrinkage dish is properly identified and in good physica! condition.
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9.4 Place an amount of the wetted soil equal to about one
third the volume of the dish in the center of the dish, and
cause the soil to flow to the edges by taping the dish on a firm
surface cushioned by several layers of blotting paper or
similar material. Add an amount of soil approximately equal
to the first portion, and tap the dish until the soil is
tharoughly compacted and all included air has been brought
to the surface. Add more soil and continue the tapping until
the dish is completely filled and excess soil stands out above
its edge. Strike off the excess soil with a straightedge, and
wipe off all soil adhering to the outside of the dish.
Immediately after it is filled and struck off, determine and
record the mass in grams (pounds/mass) of the dish and wet
soil, M.

9.5 Allow the soil pat to dry in air until the color of the
soil turns from dark to light. Oven-dry the soil pat to
constant mass at 110 * 5°C (230 + 9°F). If the soil pat is
cracked or has broken in pieces, return to 9.1 and prepare
another soil pat using a lower water content. Determine and
record the mass in g (Ibm) of the dish and dry soil, Mp.

9.6 Determine the volume of the dry soil pat by removing
the pat from the shrinkage dish and immersing it in the glass
cup full of mercury in the following manner.

9.6.1 Place the glass cup in the shallow pan in order to
catch any mercury overflow. Fill the glass cup to overflowing
with mercury. Remove the excess mercury by pressing the
glass plate with the three prongs (Fig. 1) firmly over the top
of the cup. Observe that there is no air trapped between the
plate and mercury and if there is, refill the dish and repeat
the process. Carefully wipe off any mercury that may be
adhering 10 the outside of the cup.

9.6.2 Place the evaporating dish in the shallow pan in
order to catch any mercury overflow. Place the cup filled
with mercury in the evaporating dish and rest the soil pat on
the surface of the mercury (it will float). Using the glass plate
with the three prongs gently press the pat under the mercury
and press the plate firmly over the top of the cup to expel any
excess mercury. Observe that there is no air trapped between
the plate and mercury and if there is, repeat the process
starting from 9.6.1. Measure the volume of the mercury
displaced into the evaporating dish either by means of the
glass graduate or by dividing the measured mass of mercury
by the mass density of mercury, Record the volume in cubic
centimetres (cubic feet) of the dry soil pat, V,.

10. Calculation
10.1 Calculate the initial wet scil mass as:

M=M, - M,
10.2 Calculate the dry soil mass as:
M, =M, — M

10.3 Calculate the initial water content of the soil as a
percentage of the dry mass as:

w=[{M— M)/M,) x 100
10.4 Calculate the shrinkage limit as a water content of
the soil as a percentage of the dry mass as:
SL=w— ({(V - V)p,/M,] X 100)
where:

TABLE 1 Table of Precision Estimates

Material and Type Average Standard Acceplable Range
Index Value Deviation* of Two ResultsA
Single-Cperator
Shrinkage Hmit 16 0.6 18
Shrinkage ratio 1.90 0.04 0.13
Multilaboratory
Shrinkage fimit 16 17 40
Shrinkage ratio 1.90 0.07 0.19

A These numbers represent, respectively, the (18} and (d2s) imits as described
In Practice C 670,

pw = approximate density of water equal to 1.0 g/cm?
(62.4 1b/ft3)
V. V, are defined in the procedures section.
10.5 Calculate the shrinkage ratio, R from the data
obtained in the volumetric shrinkage determination by the
following equation:

R=MHNV, % p,)

11. Report

11.1 Report the following information:

L1.1.1 Identification data and visual description of
sample.

[1,1.2 Value of initial water content to the nearest whole
number and omitting the percentage designation.

1.1.3 Value of shrinkage limit to the nearest whole
number and omitting the percentage designation.

11.1.4 Value of shrinkage ratio to the nearest 0.01,

12. Precision and Bias

12.1 Bias—There is no acceptable reference value for this
test method, therefore, bias cannot be determined.,

12,2 Precisiom*—Table 1 presents estimates of precision
based on results from the AASHTO Materials Reference
Laboratory (AMRL) Proficiency Sample Program of testing
conducted on Samples 103 and 104. These samples were
found to be a CL material having 59.4 % fines, a liquid limit
of 33 and a plastic limit of 18.

12.2.1 The column labeled “Acceptable Range of Two
Results” quantifies the maximum difference expected be-
tween two measurements on samples of the same material
under the conditions listed in the first column. These values
only apply to soils which are similar to Proficiency Samples
103 and 104.

NoTe $—The figures given in Column 3 are the standard deviations
that have been found to be appropriate for the test results described in
Column 1. The figures given in Column 4 are the limits that should not
be exceeded by the difference between two properly conducted tests.

Note 6—Criteria for assigning standard deviation values for highly
plastic or noncohesive soils are not available at the present time.

13. Keywords

13.1 Atterberg limits; cohesive soils; dry strength; linear
shrinkage; mercury; shrinkage ratio; volumetric shrinkage

“*Research Report RR:DI8-1002 contains the dala used (o establish (his
precision statement and is available from ASTM Headquarters.
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CD 624.131.43 Una Norma Espaiiola 7.5

Determinacién del limite de retraccién UNE
de un terreno 7 016

! Alcance
Esta deermnacon es oplicable o la porcion de Jo muestra de cualquier terreno que pase por un tamiz de agu

coodrados de 042 002 mm de lodo.

2. Definicidn
“eute de retrgecion de un terreno, la contidad de agua que contiene, cuya evaporacion posterior y¢

Se llama
sroduce cumbos en . ~o'umen. Dicha cantidad se expresa en tanto por ciento del peso de la muestra seca.
S dey oz cer Wy, ouede cbtenerse siguiendo los procedimientos detallados en los opartados 5, 6 y 7.

3 Aparatos empleados

Pi: .t 9 uplicacion de este método seran necesarios los siguentes aparatos y utensilios:

31 Un cristal plana. De forma rectangular y 40 x 60 c¢m, aproximadomente.

3.2 Un tomiz D¢ malio cuvadrode, midiendo el lado del ogujero 042 + 0,02 mm. Serdn admisibles variaci
de 006 mm en un 5 por W0 de io superficie del tamiz.

3.3 Un mortero. Un morc-o y un mozo recubierto de goma, Otiles paro desmenuzar los terrones compuesto
varticules del suelo

3.4 Dos espatules. Con 'as hojas de acero inoxidable y una longitud aproximada de 15 em. El ancho de
de e'lay sera de vnos 2 ¢m y ¢l de lc otra estaré comprendido .entre 7 y 8 cm,

3.5 Tres cristalizedores de retraccion, Su forma serd cilindrica, con el fondo plano; de unos 7 em de didm
y de a'*ura comprendida entre | y 2 cm,

3.6 Una regla rigida. Su longitud estaré proxima a los 15 cm y los bordes serdn completomente rectos,

3.7 Tapa de vidrio. Una tapa de vidrio con forma circular, de 17 cm de digmetro y 0,7 cm de espesor como min
E~ sy z0n3 cenrol Hevara tres puntas de acero inoxidable, situados en la forma que se indica en lg figura 1.

Medidas en mm

-t

OO

5oy

-~

w5 7

Figura 1

3,8 Recipisntés de vidrio. Dos recipientes de vidrio, de la forma cproximada que puede verse en Ia figura 1
de menor tamciio tendré el borde esmerilado y plano,

3.9 Tubo graduado. Un tube de vidrio con una capacidad de 25 cm3 como minimo y graduado en décimas
centimatro cubico.

-~ er

Norma 17 UNE 7016 RETRACCION



3,70 Un volumendmetro. Los aparatos descritos en los apartados 3,7 y 3,8 podrén ser sustituidos por un voly-
menémeiro que aprecie 0,05 cm3 y en cuyo interior quepa un cristalizader de retraccién de los descritos en el
apartado 3,5.

Mercurip beta

\\

Figura 2

3.11 Balanza. Una balanza sensible o 0,01 g.

3.2 Mercurio. En cantidad suficiente para llenar por completo ef recipiente menor de los descritos en el opar-
tado 3,8 o el volumenémetro.

4. Requisitos especiales

Antes de proceder al ensayo’ propiamente dicho serd necesario tarar los cristalizadores de retraccién, Esta operacién
tiene por finalidad determinar el volumen Vi contenido en cada cristalizador Y su peso, para lo cual se llenarg de
mercurio el recipiente que se vaya a taror, apretondo después un cristal plano contra su borde para que rebose e
sobrante. A continuacién se medird el mercurio contenido en cada cristalizador, con el tubo graduado, y determi-
nard el peso G, del recipiente vacio.

5. Preparacién de la muestra

Se pasa una parte de la muestra media, secada al aire, por el tamiz. las parficulos retenidas deben ser desecha-
dos, mieniras que los terrones que no hayan pasado se desmenuzarén en el mortero con ayuda del mazo recu-
bierto de goma, volviéndolos a eribar.

lo operacién completa tiene que repetirse con mds muesira media, hasta obtener unos 300 g que hayan pasado
por el tamiz, los cuales se colocan en el centro del cristal plono; entonces hay que oiiadir agua destilada, poco o
paco, mezclando bien el conjunto con la espdtula ancha, hasta conseguir una masa fllida de aspecto uniforme y
exenla de grumos. En los terrenos arenosos, el agua afiadida sera ligeramente superior a la correspondiente al limi-
te liquido, determinado segin fa norma UNE 7002, y en los arcillosos excederd de dicho limite en un 10 por 100.

6. Método de ensayo

Preparada la masa segin se indicé en el apartado anterior, se toma una cantidad aproximadomente igval a un
tercio del volumen del cristalizador de retraccién {cuyo interior debe estar cubierto con una copa muy fing de
vaselina} y se coloca en el centro del mismo, golpeando a continuacién en su fondo pora que, al deslizar la maso,
vaya flenando el recipiente, sin permitir lo formacién de burbujas de gire.

Se ofiade uno nueva parcion de masa igual a la primera, repitiéndose los golpes en el fondo ¥, después, se llena
el recipiente por el mismo procedimiento.

La manipulacién tiene que ser lo suficientemente cuidadosa para que no queden burbujas de aire ocluidas en la masa;
en los ferrenos muy plésticos puede ser necesario ufilizar una bomba de vacio para facilitar la salida del aire,

Cuando el cristalizador esté completamente lleno, se alisa la superficie con la regla, pesando a continuacién; esta
cantidad se designa con los simbolos G + Gt, pesos de la muestra himeda y del recipiente.

Después de pesado, se deja el cristalizader lleno a! aire, para que la desecacion sea lenta, y cuondo el terreno
aclare: su color se mete en la estufa o 110° C, hasto peso constante, el cual se representa por G; - Gi, pesos de la
muestra seca y del recipiente. *

Cuando la muesitra del terreno esté seca, habra retraido, pudiéndose sacar facilmente del cristalizador, y su volumen
se defermina por el procedimiento siguiente:

Se llena de mercurio el recipiente de vidrio de menor temafio, hasta que rebose, y se refira el mercurio que
sobre, apretando con la tapa de vidrio descrita en el apartado 3,7.

A continuacién, se coloca la probeta de ferrenc seco sobre la superficie del mercurio, sumergiéndola con ayuda
de las tres puntas de lo tapa de vidrio; presionando fuertemente con la tapa, se desplazaré vhg parte del mercurio .
igual al volumen de la probeta. Para esto es necesario que no permanezca cire debaojo de la probeta o entre
las puntas de la tapa.

El volumen del mercurio recogido es V¢, volumen final de ia probeta, y debe medirse con error menor de’
+ 005 cm3, en el tybo graduado.

Puede determinarse también este volumen con el aparato indicedo en el opartado 3,10.

~ _ai_e o




Después de terminadas las manipulaciones anteriores, se calcula el tanto por ciento de humedad inicia! de

masa, oplicando lao siguiente férmula:
Gh,—Gs

Wi = Gs 7)(]00,

en lo que:
W es la humedad buscada;

Gn es el peso de !a probeta himeda, y
G, el de la misma probeta, desecada a peso constante a 110° C.

7. Obtencién y precisién de los resuitados

En los apartados precedentes se han obtenido los valores de Vi = Volumen inicial de la muestra, que es el mis
que ef del cristalizador correspondiente; Vf = volumen final de lo ‘misma después de seca, y Wi =tanto |
ciento de humedad inicial: con estos datos puede calcularse el volor del limite de refraccién Wr por medio

la expresion:
W= W — LE_VL . 100.

£ 3
De cada terreno se hardn tres ensayos, debiendo repefirse todos aquéllos que difieran en més de un 5 por 100 |

volor de la media aritmética de los mismos.

8. Normas para consultar
Para aplicar este método, es conveniente consultar la norma UNE 7002 "Determinacion del limite liquido y del

dice de fuidez de un terreno™.

9. Correspondencia con otras normas
Concuerdo esencialmente con la D 427-39 de [a A. 5. T. M.
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Determinacién del limite liquido y del indice UNE
de fluidez de un terreno 7005

1. Alcance.

Esta determinacion es aplicable 3 la porcidén de la muestra de cualquier terreno que pase por un tamiz de agujeros
drados de 0,42 + 0,01 mm de lado.

2. Definiciones,
Se llama limite liquido de un terreno a la cantidad de agua que contiene, expresada en tanto por ciento del peso

muestra seca, al pasar del estado liquido al plastico y se establece siguiendo los procedimientos que se detallan en el
tado 6.

El indice de fluidez es el nimero que representa la pendiente de la recta correspondiente, determinada coma se de
en el apartado 6,

3.  Aparatos empleados.
Para la aplicacion de este método son necesarios los siguientes aparatos:

3,1 Un cristal plano. De forma rectangular y 40 X 60 ¢m aproximadamente. .
3,2 Un tamiz, De malla cuadrada, midiendo el lado del agujero 0,42 + 0,01 mm,

3,3 Un morters, Un mortero Y un mazo recubierto de goma, utiles para desmenuzar los terrones compuestos de part
del suelo.

3,4 Una espitula. Flexible y de acero inoxidable, de unos 8 cm de largo y aproximadamente 2 ¢m de ancho.

3.5 Un aparato para Ia determinacién del limite liquido, construido de acuerdo con las dimensiones y materiales indi
en la figurg ).

3,6 Un acanalador, En acero inoxidable, de la forma y dimensiones que pueden verse en la figura I,

Medidas en mm

150

Acanaledor

||

125 — 1

Fig. 1 - Aparato «Casagrandes

Contini

Norma 18 UNE 7002 L.LIQUIDO
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r 3,7 Vidrics de reloj. Con sus bordes esmerilados, formando parejas, preparadas para evitar las pérdidas de humedad de las
muestras que se coloquen en su interior.

3.8 Balanza, Sensible aleg

4. Requisitos especiales.

Antes de proceder al ensayo propiamente dicho, es necesario reglar el aparato nombrado en e! apartado 3,5, lo que se pyede
realizar por el método descrito a continuacion: Se graduard el tornillo designado con la letra A en la figura I para lograr
que la altura mixima de caida del punto de la cuchara, que golpea sobre la placa de goma endurecida, sea de 10 + 0,2 mm
Ei ajuste se logra por medio de una barra de seccién rectangular y 1 cm de altura.

Después de tarado el aparato, se aprieta el tamilio B, que impide se desajuste ¢l A con fos golpes del ensayo,

5. Preparacion de la muesira.

Después de secada al aire, se pasa una parte da la muestra media del terreno que se ha de ensayar por el tamiz descrito
en el apartado 3,2. Las particulas retenidas deben ser desechadas, mientras que los terrones que no hayan pasado se des-
menuzan en el mortero con ayuda del mazo recubierto de goma, y se vuelven a cribar.

Se repite esta operacién hasta obtener unos 100 g que hayan pasado por el tamiz, los cuales se colocan en el centro del
cristal plano; entonces se ahade POCo a poco agua destilada, mezclando bien ef conjunto con ayuda de la espitula. hasta
conseguir una masa plastica, de aspecto uniforme y exenta de grumos.

6. Métode de ensayo,

Preparada la masa segin se indics en el apartado anterior, se coloca en la cuchara del aparato, y con ayuda de una espi-
tula, se modela una superficie lisa, siendo el espesor méaximo en el centro de unos 9 mm. A continuacién, y por medio
del acanalader, se hace un surcg en la masa, de modo que su plano de simetria coincida con el del aparato, y procurando
que ia herramienta, aj producir la acanaladura, esté sensiblemente normal a la superficie de fa cuchara; la figure 2 muestra
su forma.

Colocada la cuchara en el aparato, y al medip mmmuto, poco mas o menos, de hecho el surco, se gira la manivela a razén
de dos vueltas por segundo y se cuentan los golpes que son necesarios para que los dos lados de 'a muestra deslicen jun-
tandose en el fondo, como se indica en la figura 2, em una distancia aproximada de 12 mm, A continuacidn se toma una
pequefa muestra de la masa, aproximadamente unos 10 g, y se coloca entre dos vidries de reloj, sujetindolos con una pin-
Za para reducir al minimo la evaporacin,

Si el nimero de golpes encontrado es 25, la humedad de la muestra, expresada en tanto por ciento de su peso seco, es
el ndmero representative del #mite liguido; si no es asl, la determinacion de la humedad sirve para fijar un punto de la
linea de fluidez que se explicars posteriormente.

Cuando el nimero de golpes es mayor de 25, se afade un poco de agua destilada a ta masa vy, después de bien homoge-
neizada, se repite el ensayo; en caso contrario, es decir, cuando sea menor de 25, la masa tiene mucha agua, pudiéndose
corregir este efecto extendiendo la pasta sobre e cristal para que se evapore ripidamente parte dej agua, o afadiendo
masa menos humeda del mismo material; en ambos casos, y antes de llenar la cuchara, debe homogeneizarse bien el con-
junto,

Haciendo diversos tanteos se obtendrin dos o fres muestras de pasta que hayan necesitado menos de 25 golpes para
cerrar e} surco, y otras tantas en que el nimero haya sido mayor.

Los datos obtenidos en cads una de las pruebas anteriores son: un determinado nimero de golpes y el tanto por ciento
de humedad de la masa. Refiriéndonos a unos ejes de cocrdenadas rectangulares en los que las abscisas sean los nimeros
de golpes en escala logaritmica y las ordenadas los tantos por ciento de los contenidos de agua, en escala decimal, para
cada ensayo puede dibujarse un punto, debiendo estar 'os cuatro o cinco puntos restantes situados aproximadamente en
una recta, que es [a linea de fluidez.

El tanto por ciento del contenido de agua del punto en aue la recta anterior corta a la ordenada correspondiente a 25 gol-
pes es el nimero que representa el limite liquido y que se designard con W

Dibujada la Iinea de fluidez, puede hallarse sin dificultad su pendiente, -que es el namero representativo del indice de
fluidez, y que se designar con la letra F,

7. Correspondencia con otras normas.
D 423.39 de 1 A. 5. T. M.




pesignation: D 4318 - 84

Standard Test Method for

Liquid Limit, Plastic Limit, and Plasticity Index of Soils’

This standard is issued under the fixed designation D 4318; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (¢) indicates an editorial change since the last revision or reapproval.

This test method has been apy
and Standards.

This test method covers the determination of the
§ limit, plastic Lmit, and the plasticity index of soils as
ed in Section 3.

£3.1 Two procedures for preparing test specimens and
ocedures for performing the liquid limit are provided
Multipoint test using a wet preparation procedure,
described in Sections 10.1, 11, and 12.

Multipoint test using a dry preparation procedure,
“described in Sections 10.2, 11, and 12.

One-point test using a wet preparation procedure,
described in Sections 13, 14, and 15.

"One-point test using a dry preparation procedure,
described in Sections 13, 14, and 15.

cedure to be used shall be specified by the requesting
. If no procedure is specified, Procedure A shall be

B 1—Prior to the adoption of this test method, a curved grooving

specified as part of the apparatus for performing the liquid limit
f2e curved tool is not considered to be as accurate as the flat tool
m 6.2 since it does not control the depth of the soil jn the
cup. However, there are some data which indicate that
lh liquid limit is slightty increased when the flat tool is used
ﬂ the curved tool.

The plastic limit test procedure is described in
16, 17, and 18. The plastic limit test is performed on
prepared for the liquid limit test. In effect, there are
pedures for preparing test specimens for the plastic

Ihe procedure for calculaung the plasticity index is
Section 19,
0 liquid limit and plastic limit of soils (along with
limit) are often collectively referred to as the
ts in recognition of their formation by Swedish
A. Atterberg. These limits distinguish the
s of the several consistency states of plastic soils.
‘used in this test method, soil is any natural
08 of mineral or organic materials, mixtures of such

BRod 15 under the juri of ASTM C D-18 on Soil
d g the the direct responsibility of Subcommittee D18.03 on Texture,
Characteristics of Soils.

" 4pproved Oct. 26, 1984, Published December 984, Originally

8- 83. Last previous edition D 4318 - 83¢!.

d for use by cies of the Dey

it of Defense and for listing in the DoD Index of Specifications

materials, or artificial mixtures of aggregates and natural
mineral and organic particles.

1.4 The multipoint liquid limit procedure is somewhat
more time consuming than the one-point procedure when
both are performed by experienced operators. However, the
one-point procedure requires the operator to judge when the
test specimen is approximately at its liquid limit. In cases
where this is not done reliably, the multipoint procedure is as
fast as the one-point procedure and provides additional
precision due to the information obtained from additional
trials. It is particularly recommended that the multipoint
procedure be used by inexperienced operators.

1.5 The correlations on which the calculations of the
one-point procedure are based may not be valid for certain
soils, such as .organjc soils or soils from a marine environ-
ment. The liquid limif of these soils should therefore be
determined by the multipoint procedure (Procedure A).

1.6 The liquid and plastic limits of many soils that have
been allowed to dry before testing may be considerably
different from values obtained on undried samples. If the
liquid and plastic limits of soils are used to correlate or
estimate the engineering behavior of soils in their natural
moist state, samples should not be permitted to dry before
testing unless data on dried samples are specifically desired.

1.7 The composition and concentration of soluble salts in
 soil affect the values of the iquid and plastic imite a8 well
asTHE water conient values of soils (see Method D 2216).
Special consideration should therefore be given to soils from
a marine environment or other sources where high soluble
salt concentrations may be present. The degree to which the
salts present in these soils are diluted or concentrated must
be given consideration if meaningful results are to be
obtained.

1.8 Since the tests described herein are performed only on
that portion of a soil which passes the 425-um (No. 40) sieve,
the relative contribution of this portion of the soil to the
properties of the sample as a whole must be considered when
using these tests to evaluate the properties of a soil.

1.9 The values stated in acceptable metric units are to be
regarded as the standard. The values given in parentheses are
for information only.

1.10 This standard may involve hazardous materials,
operations, and equipment. This standard does not purport to
address all of the safety problems associated with its use. It is
the responsibility of whoever uses this standard to consult and

establish appropriate safery and health practices and deier-

mine the applicability of regulatory limitations prior to use.

Norma 19 ASTM D 4318 LIMITES DE ATTERBERG
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2. Referenced Documents

2.1 4STM Standards:

C 702 Methods for Reducing Field Samples of Aggregate
to Testing Size?

D75 Practice for Sampling Aggregates*

D420 Practice for Investigating and Sampling Soil and
Rock for Engineering Purposes*

D 653 Terminology Relating to Soil, Rock, and Contained
Fluids*

D 1241 Specification for Materials for Soil-Aggregate
Subbase, Base, and Surface Courses*

D 2216 Method for Laboratory Determination of Water
(Moisture) Content of Soil, Rock, and Soil-Aggregate
Mixtures*

D2240 Test Method for Rubber Property—Durometer
Hardness®

D 2487 Test Method for Classification of Soils for Engi-
neering Purposes*

D 2488 Practice for Description and Identification of Soils
(Visual-Manual Procedure)*

D 3282 Practice for Classification of Soils and Soil-Ag-
gregate Mixtures for Highway Construction Purposes*
E 1; Specification for Wire-Cloth Sieves for Testing

Purposes®

E 3:9 Methods of Testing Single-Arm Balances®

E 898 Method of Testing Top-Loading, Direct-Reading
Laboratory Scales and Balances®

3. Definitions

3.1 Atterberg limits—originally, seven “limits of consist-
ency” of fine-grained soils were defined by Albert Atterberg.
In current engineering usage, the term usually refers only to
the liquid limit, plastic limit, and in some references, the
shrinkage limit.

3.2 consistency—the relative ease with which a soil can be
deformed.

3.3 liquid limit (LL)—the water content, in percent, of a
soil at the arbitrarily defined boundary between the liquid
and plastic states. This water content is defined as the water
content at which a pat of soil placed in a standard cup and
cut by a groove of standard dimensions will flow together at
the base of the groove for a distance of 13 mm (%2 in.) when
subjected to 25 shocks from the cup being dropped 10 mm in
a stardard liquid limit apparatus operated at a rate of 2
shocks per second.

NoTE 2—The undrained shear strength of soil at the liquid limit is
considered to be 2 + 0.2 kPa (0.28 psi).

3.4 plastic limit (PL)—the water content, in percent, of a
soil a- the boundary between the plastic and brittle states.
The water content at this boundary is the water content at
which a soil can no longer be deformed by rolling into 3.2
mm (& in.) in diameter threads without crumbling.

3.5 plastic soil—a soil which has a range of water content

over which 1t ¢xhibits p]ag[icny and which will retain its
shape on drying.

2 Anaual Book of ASTM Standards, Vol 04.02.
3 Anaual Book of ASTM Standards, Vols 04.02, 04.03, and 04.08.
4 Anaual Book of ASTM Standards, Vol 04.08.
S Annual Book of ASTM Standards, Vol 09.01.
6 Annual Book of ASTM Standards, Vol 14.02.

3.6 plasticity index (PI)—the range of water cor
which a soil behaves plastically. Numerically,
difference between the liquid limit and the plastic L

3.7 liquidity index—the ratio, expressed as a pes
of (1) the natural water content of a soil minus its’
limit, to (2) its plasticity index. o

3.8 activity number (A4)—the ratio of (I) the plag
index of a soil to (2) the percent by weight of particles by
an equivalent diameter smaller than 0.002 mm. ’

4. Summary of Method )

4.1 The sample is processed to remove any
retained on a 425-um (No. 40) sieve. The liquid }
determined by performing trials in which a porti
sample is spread in a brass cup, divided in two by a

" tool, and then allowed to flow together from
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caused by repeatedly dropping the cup in a stan
chanical device. The multipoint liquid limit, Pro

and B, requires three or more trials over a range
contents to be performed and the data from the trials
or calculated to make a relationship from which the;
limit is determined. The one-point liquid limit, Proces
and D, uses the data from two trials at one water cgf
multiplied by a correction factor to determine the 1§
limit.

4.2 The plastic limit is determined by alternately p
together and rolling into a 3.2 mm (% in.) diameter ;
small portion of plastic soil until its water content isre
to a point at which the thread crumbles and is no longer§
to be pressed together and rerolled. The water content 0 p
soil at this stage is reported as the plastic limit. i

4.3 The plasticity index is calculated as the diffe
between the liquid limit and the plastic limit. Lo

5. Significance and Use

5.1 This test method is used as an integral part of s
engineering classification systems to characterize the fl
grained fractions of soils (see Test Method D 2487
Practice D 3282) and to specify the fine-grained fraction
construction materials (see Specification D 1241). The liqui
limit, plastic limit, and plasticity index of soils are also sl
extensively, either individually or together with other &
properties to correlate with engineering behavior such ®:
compressibility, permeability, compactibility, shrink-swel,’
and shear strength. 3

5.2 The liquid and plastic limits of a soil can be used wilk
the natural water content of the soil to express its relatin
consistency or liquidity index and can be used with tl
percentage finer than 2-pm size to determine its activify
number. s

5.3 The one-point liquid limit procedure is frequent
used for routine classification purposes. When greater prea
sion is required, as when used for the acceptance of
material or for correlation with other test data, the

multipoint procedure should be used.

5.4 These methods are sometimes used to evaluate the
weathering characteristics of clay-shale materials. A
subjected to repeated wetting and drying cycles, the lig
limits of these materials tend to increase. The amount
increase is considered to be a measure of a shale’s suscep®
bility to weathering. i

B
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caused by repeatedly dropping the cup in a stand
chanical device. The multipoint liquid limit, P
and B, requires three or more trials over a range
contents to be performed and the data from the trials
or calculated to make a relationship from which

limit is determined. The one-point liquid limit, Proces
and D, uses the data from two trials at one water ¢ )
multiplied by a correction factor to determine the
limit.

4.2 The plastic limit is determined by alternately p
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small portion of plastic soil until its water content is
to a point at which the thread crumbles and is no lo
to be pressed together and rerolled. The water content 0
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4.3 The plasticity index is calculated as the diffe
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5.1 This test method is used as an integral part of
engineering classification systems to characterize the fl
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the natural water content of the soil to express its relatin
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used for routine classification purposes. When greater prea
sion is required, as when used for the acceptance of
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5.4 These methods are sometimes used to evaluate the
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subjected to repeated wetting and drying cycles, the lig
limits of these materials tend to increase. The amount
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:$5 The liquid limit of a soil containing substantial
mounts of organic matter decreases dramatically when the
ol is oven-dried before testing. Comparison of the liquid
it of a sample before and after oven-drying can therefore
pased as a qualitative measure of organic matter content of

Mtus
g1 Liquid Limit Device—A mechanical device consisting
 brass cup suspended from a carriage designed to control
#op onto a hard rubber base. A drawing showing the
patial features of the device and the critical dimensions is
gn in Fig. 1. The design of the device may vary provided
he essential functions are preserved. The device may be
led either by a hand crank or by an electric motor.
.| Base—The base shall be hard rubber having a D
meter hardness of 80 to 90, and a resilience such that
-mm (¥ie-in.) diameter polished steel ball, when dropped
2 height of 25 cm (9.84 in.) will have an average
1nd of at least 80 % but no more than 90 %. The tests
pé conducted on the finished base with feet attached.
2 Feet—The base shall be supported by rubber feet
to provide isolation of the base from the work
e and having an A Durometer hardness no greater than
measured on the finished feet attached to the base.
W Cup—The cup shall be brass and have a weight,
ing cup hanger, of 185 to 215 g.
P:Cam—The cam shall raise the cup smoothly and
wusly to its maximum height, over a distance of at

ENSIONS

least 180° of cam rotation. The preferred cam motion is a
uniformly accelerated lift curve. The design of the cam and
follower combination shall be such that there is no upward
or downward velocity of the cup when the cam follower
leaves the cam.

NOTE 3—The cam and follower design in Fig. 1 is for uniformly
accelerated (parabolic) motion after contact and assures that the cup has
no velocity at drop off. Other cam designs also provide this feature and
may be used. However, if the cam-follower lift pattern is not known,
zero velocity at drop off can be assured by carefully filing or machining
the cam and follower so that the cup height remains constant over the
last 20 to 45° of cam rotation.

6.1.5 Carriage—The cup carriage shall be constructed in
a way that allows convenient but secure adjustment of the
height of drop of the cup to 10 mm (0.394 in.). The cup
hanger shall be attached to the carriage by means of a pin
which allows removal of the cup and cup hanger for cleaning
and inspection.

6.1.6 Optional Motor Drive—As an alternative to the
hand crank shown in Fig. 1, the device may be equipped with
a motor to turn the cam. Such a motor must turn the cam at
2 + 0.1 revolutions per second and must be isolated from the
rest of the device by rubber mounts or in some other way
that prevents vibration from the motor being transmitted to
the rest of the apparatus. It must be equipped with an
ON-OFF switch and a means of conveniently positioning the
cam for height of drop adjustments. The results obtained
using a motor-driven device must not differ from those
obtained using a manually operated device.
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DIMENSIONS
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MM 2 1" 40 8 50 2
+0J |+0.2 | +0.5]+0.1 | £0.5] 0.1
LETTER] 6 H J K2 LA N ]
MM 10 13 60 10 60 DEG| 20
MINIMUM +0.05| + | DEG

% ESSENTIAL DIMENSIONS

DBACK AT LEAST 15 MM FROM TIP

NOTE > DIMENSION A SHOULD BE 1.9-2.0 AND DIMENSION D

SHOULD BE 8.0—8.1 WHEN NEW TO ALLOW FOR

ADEQUATE SERVICE LIFE

..H‘l
4i

D —
A
£ &m
‘L SECTION
=~

RADIUS

FIG. 2 Grooving Tool (Optional Height-of-Drop Gage Attached)

6.2 Flat Grooving Tool—A grooving tool having dimen-
sions shown in Fig. 2. The tool shall be made of plastic or
noncorroding metal. The design of the tool may vary as long
as the essential dimensions are maintained. The tool may,
but need not, incorporate the gage for adjusting the height of
drop of the liquid limit device.

6.3 Gage—A metal gage block for adjusting the height of
drop of the cup, having the dimensions shown in Fig. 3. The
design of the tool may vary provided the gage will rest
securely on the base without being susceptible to rocking,
and the edge which contacts the cup during adjustment is
straight, at least 10 mm (% in.) wide, and without bevel or
radius.

r‘—— 50 { 10

[‘ ‘]:t.o‘i

1

T

25

DIMENSIONS IN MILLIMETRES
FIG. 3 Height of Drop Gage
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f

6.4 Containers—Small corrosion-resistant containers
snug-fitting lids for water content specimens. Aluminum
stainless steel cans 2.5 cm (1 in.) high by 5 cm (2 in)
diameter are appropriate.

6.5 Balance—A balance readable to at least 0.01 g2
having an accuracy of 0.03 g within three standard ded§
tions within the range of use. Within any 15-g rang
difference between readings shall be accurate within 0
(Notes 4 and 5).

H

Note 4—See Methods E 898 and E 319 for an explanation of
relating to balance performance.

Note 5—For frequent use, a top-loading type balance with
matic load indication, readable to 0.01 g, and having an indes/
precision (standard deviation) of 0.003 or better is most suitable for .
method. However, nonautomatic indicating equal-arm analytical ,
ances and some small equal arm top pan balances having readab
and sensitivities of 0.002 g or better provide the required accuracy "
used with a weight set of ASTM Class 4 (National Bureau of Stand
Class P) or better. Ordinary commercial and classroom type ba
such as beam balances are not suitable for this method.

= e OR

6.6 Storage Container—A container in which to storc S *
prepared soil specimen that will not contaminate the SP%
imen in any way, and which prevents moisture loss. Mg *
porcelain, glass, or plastic dish about 11.4 cm (4% in»)‘ 5’
diameter and a plastic bag large enough to enclose the 0% 'S

and be folded over is adequate.
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;7 Ground Glass Plate—A ground glass plate at least 30
{12 in.) square by 1 cm (% in.) thick for mixing soil and
ing plastic limit threads.

8 Spatula—A spatula or pill knife having a blade about
n.(% in.) wide by about 10 cm (4 in.) long. In addition, a
ula having a blade about 2.5 cm (1 in.) wide and 15 em
) long has been found useful for initial mixing of

9 Sieve—A 20.3 cm (8 in.) diameter, 425-um (No. 40)
chonfonning to the requirements of Specification E 11
:having a rim at least 5 cm (2 in.) above the mesh. A
m (No. 10) sieve meeting the same requirements may
be needed.
B.:Wash Bottle, or similar container for adding con-
amounts of water to soil and washing fines from
particles.
rying Oven—A thermostatically controlled oven,
Kably of the forced-draft type, capable of continuously
ining a temperature of 110 + 5°C throughout the
amber. The oven shall be equipped with a ther-
et of suitable range and accuracy for monitoring oven

‘ashing Pan—A round, flat-bottomed pan at least
3 in.) deep, slightly larger at the bottom than a
8-in.) diameter sieve.

od (optional}—A metal or plastic rod or tube 3.2 -
.) in diameter and about 10 cm (4 in.) long for
size of plastic limit threads.

supply of distilled or demineralized water.

ipiing \ .
: ples may be taken from any location that satisfies
. . However, Methods C 702, Practice D 75, and
fmended Practice D 420 should be used as guides for
g and preserving samples from various types of
g operations. Samples which will be prepared using
¢ preparation procedure, 10.1, must be kept at their
- water content prior to preparation.

Y here sampling operations have preserved the natural
ition of a sample, the various strata must be kept

6 and tests performed on the particular stratum of
th as little contamination as possible from other
iere a mixture of materials will be used in construc-
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MASKING TAPE APPLIED AS AID
IN ADJUSTMENT OPERATION

FIG. 4 Calibration for Height of Drop

tion, combine the various components in such proportions
that the resultant sample represents the actual construction
case.

8.3 Where data from this test method are to be used for
correlation with other laboratory or field test data, use the
same material as used for these tests where possible.

8.4 Obtain a representative portion from the total sample
sufficient to provide 150 to 200 g of material passing the
425-um (No. 40) sieve. Free flowing samples may be reduced
by the methods of quartering or splitting. Cohesive samples
shall be mixed thoroughly in a pan with a spatula, or scoop
and a representative portion scooped from the total mass by
making one or more sweeps with a scoop through the mixed
mass.

9. Calibration of Apparatus

9.1 Inspection of Wear:

9.1.1 Liquid Limit Device—Determine that the liquid
limit device is clean and in good working order. The
following specific points should be checked:

9.1.1.1 Wear of Base—The spot on the base where the
cup makes contact should be worn no greater than 10 mm
(% in.) in diameter. If the wear spot is greater than this, the
base can be machined to remove the worn spot provided the
resurfacing does not make the base thinner than specified in
6.1 and the other dimensional relationships are maintained.

9.1.1.2 Wear of Cup—The cup must be replaced when the
grooving tool has worn a depression in the cup 0. mm
(0.004 in.) deep or when the edge of the cup has been
reduced to half its original thickness. Verify that the cup is
firmly attached to the cup hanger.

9.1.1.3 Wear of Cup Hanger—Verify that the cup hanger
pivot does not bind and is not worn to an extent that allows
more than 3-mm (%-in.) side-to-side movement of the lowest
point on the rim.

9.1.1.4 Wear of Cam—The cam shall not be worn to an
extent that the cup drops before the cup hanger (cam

follower) loses contact with the cam.

9.1.2 Grooving Tools—Inspect grooving tools for wear on
a frequent and regular basis. The rapidity of wear depends on
the material from which the tool is made and the types of
soils being tested. Sandy soils cause rapid wear of grooving

tools; therefore, when testitts these materials, tools should be
inspected more frequently than for other soils. Any tool with
a tip width greater than 2.1 mm must not be used. The depth

‘
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of the tip of the grooving tool must be 7.9 to 8.1 mm.

NoOTE 6—The width of the tip of grooving tools is conveniently
checked using a pocket-sized measuring magnifier equipped with a
millimetre scale. Magnifiers of this type are available from most
laboratory supply companies. The depth of the tip of grooving tools can
be checked using the depth measuring feature of vernier calipers.

9.2 Adjustmeni of Height of Drop—Adjust the height of
drop of the cup so that the point on the cup that comes in
contact with the base rises to a height of 10 + 0.2 mm. See
Fig. 4 for proper location of the gage relative to the cup
during adjustment.

NoTE 7—A convenient procedure for adjusting the height of drop is
as follows: place a piece of masking tape across the outside bottom of the
cup parallel with the axis of the cup hanger pivot. The edge of the tape
away from the cup hanger should bisect the spot on the cup that contacts
the base. For new cups, placing a piece of carbon paper on the base and

-allowing the cup to drop several times will mark the contact spot. Attach
the cup to the device and turn the crank until the cup is raised to its
maximum height. Slide the height gage under the cup from the front,
and observe whether the gage contacts the cup or the tape. See Fig. 4. If
the tape and cup are both contacted, the height of drop is approximately
correct. If not, adjust the cup until simultaneous contact is made. Check
adjustment by turning the crank at 2 revolutions per second while
holding the gage in position against the tape and cup. If a ringing or
clicking sound is heard without the cup rising from the gage, the
adjustment is correct. If no ringing is heard or if the cup rises from the
gage, readjust the height of drop. If the cup rocks on the gage during this
checking operation, the cam follower pivot is excessively worn and the
worn parts should be replaced. Always remove tape after completion of
adjustment operation.

MULTIPOINT LIQUID LIMIT—PROCEDURES A AND B

10. Preparation of Test Specimens

10.1 Wer Preparation—Except where the dry method of
specimen preparation is specified (10.2), prepare specimens
for test as described in the following sections.

10.1.1 Samples Passing the 425-um (No. 40) Sieve—
When by visual and manual procedures it is determined that
the sample has little or no material retained on a 425-um
(No. 40) sieve, prepare a specimen of 150 to 200 g by mixing
thoroughly with distilled or demineralized water on the glass
plate using the spatula. If desired, soak soil in a storage dish
with small amount of water to soften the soil before the start
of mixing. Adjust the water content of the soil to bring it to a
consistency that would requirc 25 to 35 blows of the liquid
limit device to close the groove (Note 8). If, during mixing, a
small percentage of material is encountered that would be
retained on a 425-um (No. 40) sieve, remove these particles
by hand, if possible. If it is impractical to remove the coarser
material by hard, remove small percentages (less than about
15 %) of coarser material by working the specimen through a
425-um (No. 40) sieve using a piece of rubber sheeting,
rubber stopper, or other convenient device provided the
operation docs not distort the sieve or degrade material that
would be retained if the washing method described in10.1.2
were used. If larger percentages of coarse material are
encountered during mixing, or it is considered impractical to
remove the coarser material by the methods just described,
wash the sample as described in 10.1.2. When the coarse

srces found dumng g 21 concreions, Sl Of

other fragile particles, do not cruch these parhclés to make
them pass a 425-um (No. 40) sieve, but remove by hand or
by washing. Place the mixed soil in the storage dish, cover to

prevent loss of moisture, and allow to stand for at leag E,
(overnight). After the standing period and immegiga
before starting the test, thoroughly remix the soil.

NoTE 8—The time taken to adequately mix 2 soil will vary
depending on the plasticity and initial water content. Initial ng
times of more than 30 min may be needed for stiff, fat clays.

10.1.2 Samples Containing Material Retained on g
um (No. 40) Sieve: )
10.1.2.1 Select a sufficient quantity of soil at naturai
content to provide 150 to 200 g of material passing 1
425-um (No. 40) sieve. Place in a pan or dish and o
sufficient water to cover the soil. Allow to soak unt ¢
lumps have softened and the fines no longer adhere to
surfaces of the coarse particles (Note 9).

NOTE 9—In some cases, the cations of salts present in tap watey
exchange with the natural cations in the soil and significantly alt g
test results should tap water be used in the soaking and v
operations. Unless it is known that such cations are not present iy
tap water, distilled or demineralized water should be used. As a grag
rule, water containing more than 100 mg/L of dissolved solids «
not be used for washing operations. :

10.1.2.2 When the sample contains a large percentage
material retained on the 425-um (No. 40) sieve, perform
following washing operation in jncrements, washing no
than 0.5 kg (1 1b) of material at one time. Place the 4254
(No. 40) sieve in the bottom of the clean pan. Pour the s
water mixture onto the sieve. If gravel or coarse sl
particles are present, rinse as many of these as possible wil:
small quantities of water from a wash bottle, and disc
Alternatively, pour the soil water mixture over a 2-mm
10) sieve nested atop the 425-um (No. 40) sieve, rinse
fine material through and remove the 2-mm (No. 10) si
After washing and removing as much of the coarser matet
as possible, add sufficient water to the pan to bring the lewd-
to about 13 mm (V2 in.) above the surface of the 425-um (Na;
40) sieve. Agitate the slurry by stirring with the fingers whik ]
raising and lowering the sieve in the pan and swirling the
suspension so that fine material is washed from the coarss
particles. Disaggregate fine soil lumps that have not slaked by 4
gently rubbing them over the sieve with the fingertip 3¢
Complete the washing operation by raising the sieve abow
the water surface and rinsing the material retained withs 3§
small amount of clean water. Discard material retained o8 3
the 425-um (No. 40) sieve. N

10.1.2.3 Reduce the water content of the material passtt J§
the 425-um (No. 40) sieve until it approaches the liqud %
Jimit. Reduction of water content may be accomplished'bf 1
one or a combination of the following methods: (@) exposing
the air currents at ordinary room temperature, (b) exposig
1o warm air currents from a source such as an electric ha
dryer, (¢) filtering in a Biichner funnel or using filter candies
(d) decanting clear water from surface of suspension, or{
draining in a colander or plastet of paris dich lined with hig
retentivity, high wet-strength filter paper.” If a plaster of pas
dish is used, take care that the dish never becomes SUlt* ‘3§
ciently saturated that it fails to actively absorb water int0 184

surface. Thoroughly dry dishes between uses. During evap>

rton 4nd coolng, S (i emplc ftcn chough 2 r=

7§ and S 595 filter paper available in 32-cm circles, has proven satisfacto-

584 : :
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overdrying of the fringes and soil pinnacles on the surface of

the mixture. For soil samples containing soluble salts, use a

method of water reduction such as a or b that will not

diminate the soluble salts from the test specimen.
“ & 10.1.2.4 Thoroughly mix the material passing the 425-um
L {No. 40) sieve on the glass plate using the spatula. Adjust the
water content of the mixture, if necessary, by adding small
increments of distilled or demineralized water or by allowing
¢he mixture to dry at room temperature while mixing on the
TE plate. The soil should be at a water content that will
¢ B sult in closure of the groove in 25 to 35 blows. Return the
- mixed soil to the mixing dish, cover to prevent loss of
L poisture, and allow to stand for at least 16 h. After the
ganding period, and immediately before starting the test,
emix the soil thoroughly.

10.2 Dry Preparation:

10.2.1 Select sufficient soil to provide 150 to 200 g of
waterial passing the 425-um (No. 40) sieve after processing.
 Dry the sample at room temperature or in an oven at a
L gmperature not exceeding 60°C until the soil clods will
: palverize readily. Disaggregation is expedited if the sample is
st allowed to completely dry. However, the soil should have
-adry appearance when pulverized. Pulverize the sample in a
f mortar with a rubber tipped pestle or in some other way that
does not cause breakdown of individual grains. When the
oarse particles found during pulverization are concretions,
- dhells, or other fragile particles, do not crush these particles
9 make them pass a 425-um (No. 40) sieve, but remove by
- and or other suitable means, such as washing.

0.2.2 Separate the sample on a 425-um (No. 40) sieve,
ng the sieve by hand to assure thorough separation of

peat the pulverizing and sieving operations as many tig
# necessary to assure that all finer material has

' finer fraction. Return the material retained on the 3§
&25um (No. 40) sieve to the pulverizing apparatus andg

qisaggregated and material retained on the 42%.;m
sieve consists only of individual sand or grave]

10.2.3 Place material remaining on the 4250w
sieve after the final pulverizing operations in u & ams » 2
in a small amount of water. Stir the sl water miviore gnr
pour over the 425-um (No. 40) sieve. catching the watss pn
any suspended fines in the washing pan Pour this oo g
into a dish containing the dry soil previoushs sesnt e g
the 425-um (No. 40) sieve. Discard matena! retasmnd on o
425-pum (No. 40) sieve.

10.2.4 Adjust the water content as nevessars n drying »
described in 10.1.2.3 or by mining on the glam phase. s
the spatula while adding increments of duniled -
demineralized water, until the soil 1s at & water comtens ..
will result in closure of the groove in 25 10 ¥4 Misws

10.2.5 Put soil in the storage dish, cover &8 -
moisture and allow to stand for at lewt & AN
standing period. and immediately beflant Wisting ~
thoroughly remix the soi} (Note 8},

11. Procedure

11.1 Place a portion ¢f
liquid limit device at4
base, squeeze it
of about 10 my

% B Sederal sirew 13 usually

#rgm and membranes are
” behavior during shear.
% M 3 consensus on more




i JABLE 1 Factors for Obhinihg Liquid Limit from Water Content
and Number of Drops Causing Closure of Groove

N K
(Number of Draps) (Factor for Liquid Limit)

20 0.974
21 0.979
22 0.985
23 0.990
24 0.995
25 1.000
26 1.005

; 27 1.009

4 28 1.014
29 1.018
30 1.022

pid limit cup to close the groove.

Procedure
14.1 Proceed as described in 11.1 through 11.5 except that
number of blows required to close the groove shall be 20
30. If less than 20 or more than 30 blows are required,
it the water content of the soil and repeat the procedure.
4.2 Immediately after removing a water content spec-
en as described in 11.5, reform the soil in the cup, adding
i small amount of soil to make up for that lost in the
fiooving and water content sampling operations. Repeat
through 11.5, and, if the second closing of the groove
ires the same number of drops or no more than two
difference, s¢cure another water content specimen.
ise, remix the entire specimen and repeat.
E 11—Excessive drying or inadequate mixing will cause the
er of blows to vary.

Determine water contents of specimens as described

ulations
1 Determine the liquid limit for each water content
n using one jof the following equations:
0.121
LL =Wy, (Zﬂ) or
1L = K(W,)

of blows causing closure of the groove at
it,

it, and

a factor given in Table 1. .
quid limit is the average of the two trial liquid limit

1]
nce between the two trial liquid limit
h one percentage point, repeat the test.

PLASTIC LIMIT

[est Specimen

+g  portion of soil from the material

iquid limit test, either after the second

test, or from ih¢ soil remaining after
st. Reduce the water content of the soil
hich it can be rolled without sticking to
ing and mixing continuously on the glass

ocess may be accelerated by exposing the
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soil to the air current from an electric fan, or by blotting with
paper that does not add any fiber to the soil, such as hard
surface paper toweling or high wet-strength filter paper.

17. Procedure

17.1 From the 20-g mass, select a portion of 1.5 to 2.0 g.
Form the test specimen into an ellipsoidal mass. Roll this
mass between the palm or fingers and the ground-glass plate
with just sufficient pressure to roll the mass into a thread of
uniform diameter throughout its length (Note 12). The
thread shall be further deformed on each stroke so that its
diameter is continuously reduced and its length extended
until the diameter reaches 3.2 + 0.5 mm (0.125 + .020 in.),
taking no more than 2 min (Note 13). The amount of hand
or finger pressure required will vary greatly, according to the
soil. Fragile soils of low plasticity are best rolled under the
outer edge of the palm or at the base of the thumb.

NoOTE 12—A normal rate of rolling for most soils should be 80 to 90
strokes per minute, counting a stroke as one complete motion of the
hand forward and back to the starting position. This rate of rolling may
have to be decreased for very fragile soils.

NOTE 13—A 3.2-mm (%-in.) diameter rod or tube is useful for
frequent comparison with the soil thread to ascertain when the thread
has reached the proper diameter, especially for inexperienced operators.

17.1.1 When the diameter of the thread becomes 3.2 mm,
break the thread into several pieces. Squeeze the pieces
together, knead between the thumb and first finger of each
hand, reform into an ellipsoidal mass, and reroll. Continue
this alternate rolling to a thread 3.2 mm in diameter,
gathering together, kneading and rerolling, until the thread
crumbles under the pressure required for rolling and the soil
can no longer be rolled into a 3.2-mm diameter thread (See
Fig. 7). It has no significance if the thread breaks into threads
of shorter length. Roll each of these shorter threads to 3.2
mm in diameter. The only requirement for continuing the
test is that they are able to be reformed into an ellipsoidal
mass and rolled out again. The operator shall at no time
attempt to produce failure at exactly 3.2 mm diameter by
allowing the thread to reach 3.2 mm, then reducing the rate
of rolling or the hand pressure, or both, while continuing the
rolling without further deformation until the thread falls
apart. It is permissible, however, to reduce the total amount
of deformation for feebly plastic soils by making the initial
diameter of the ellipsoidal mass nearer to the required
3.2-mm final diameter. If crumbling occurs when the thread
has a diameter greater than 3.2 mm, this shall be considered
a satisfactory end point, provided the soil has been previ-
ously rolled into a thread 3.2 mm in diameter. Crumbling of
the thread will manifest itself differently with the various
types of soil. Some soils fall apart in numerous small
aggregations of particles, others may form an outside tubular
layer that starts splitting at both ends. The splitting
progresses toward the middle, and finally, the thread falls
apart in many small platy particles. Fat clay soils require
much pressure to deform the thread, particularly as they
approach the plastic limit. With these soils, the thread breaks
into a series of barrel-shaped segments about 3.2 to 9.5 mm
(%8 to % in.) in length.

17.2 Gather the portions of the crumbled thread together
and place in a weighed container. Immediately cover the
container.

L 4 i
I . “1’1“\‘,"‘5 ol
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FIG. 7 Lean Clay

17.3 Select another 1.5t0 2.0 ¢ portion of soil from the
original 20-g specimen and repeat the operations described
in 17.1 and 17.2 until the container has at least 6 g of soil.

17.4 Repeat 17.1 through 17.3 to make another container
holding at cast 6 g of soil. Determine the water content, in
percent, of the soil contained in the containers in accordance
with Method D 2216. Make all weighings on the same
balance.

NoTE 14--The intent of performing two plastic limit trials is to
verify the consistency of the test results. It is acceptable practice to
perform onl one plastic limit trial when the consistency in the test
results can b: confirmed by other means.

18. Calculations

18.1 Compute the average of the two water contents. If
the difference between the two water contents is greater than
two percentage points, repeat the test. The plastic limit is the
average of the two water contents.

PLASTICITY INDEX

19. Calculations
19.1 Calculate the plasticity index as follows:
Pl=LL—-PL
where:
LL = the liquid limit,
PL = the plastic limit.

Both ZL and PL are whole numbers. If either the liquid
limit or plastic limit could not be determined, or if the plastic
limit is equal to or greater than the liquid limit, report the
soil as ncnplastic, NP.

20. Repcert
20.1 Report the following information:

D 4318

Soil at the Plastic Limit

20.1.1 Sample identifying information, {
20.1.2 Any special specimen selection process used, sk
as removal of sand lenses from undisturbed sample, E |
20.1.3 Report sample as airdried if the sample was ssg
dried before or during preparation, g
20.1.4 Liquid limit, plastic limit, and plasticity index ¥
the nearest whole number and omitting the percent designs:
tion. If the liquid limit or plastic limit tests could not
performed, or if the plastic limit is equal to or greater tha]
the liquid limit, report the soil as nonplastic, NP, ;
20.1.5 An estimate of the percentage of sample
on the 425-um (No. 40) sieve, and
20.1.6 Procedure by which liquid limit was
it differs from the multipoint method.

mtaind

performed, (%

21. Precision and Bias

21.1 No interlaboratory testing p
conducted using this test method
oratory precision.

21.2 The within laboratory precision of the results of &8
performed by different operators at one laboratory on (Wi
soils using Procedure A for the liquid limit is shown inT:

rogram has as yet be ]
to determine mul

2.
TABLE 2 Within Laboratory Precision for Liquid Limit
- Standard
Average Value, X Deviation, s

&> Devatons o

Soil A:
PL 219 1.07
L 279 1.07
Soil B:
PL 201 121
L 3286 0.98 -

588
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1. Scope*

1.1 This test method covers the determination by chem-
ical analysis of cement content of hardened soil-cement
mixtures.

1.2 The values stated in SI units are to be regarded as the
standard.

1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and heaith practices and determine the applica-
bility of regulatory limitations prior to use. For specific
hazard precautions, see section 5.

2. Referenced Documents

2.1 ASTM Standards:

D 2901 Test Method for Cement Content of Freshly
Mixed Soil-Cement?

D 3740 Practice for the Minimum Requirements for
Agencies Engaged in the Testing and/or Inspection of
Soil and Rock Used in Engineering Design and Con-
struction?

E t1 Specification for Wire-Cloth Sieves for Testing
Purposes®

E 832 Specification for Laboratory Filter Papers®

3. Significance and Use

3.1 This test method determines cement content in mix-
tures of cement with soil or aggregate by chemical analysis. [t
was developed primarily for testing samples for which a
significant degree of cement hydration or hardening has
taken place. Test Method D 2901 may be used for deter-
mining cement content of freshly mixed soil-cement mix-
tures.

3.2 This test method is based on determination by chem-
jcal analysis of the calcium oxide (CaQ) content of the
sample. The method may not be applicable to soil-cement
materials containing soils or aggregates which yield signifi-
cant amounts of dissolved calcium oxide (CaO) under the
conditions of the test.

NoTe |—The agency performing this tést method can be evaluated
in accordance with Practice D 3740, Not withstanding statements on

of ASTM C D-18 oa Saoil
ittee D18.15 on Stabilization

! This test method is under the jurisdicti
and Rock and is the direct ability of
with Admixtures.

Current edition approved May 10, 1996. Published June 1996. Originally
published as I 806 - 44 T. Last previous edition D 806 -~ B9.

2 Annuai Book of ASTM Standards, Vol 04.08.

3 Annugl Book of ASTM Siandards, Vol 14.02.

precision and bias contained in this test methed: the precision of this test
method is dependent on the competence of the personnel performing it
and the suitability of the equipment and facilities used. Agencies that
meet the criteria of Practice D 3740 are generally considered capable of
competent and objective testing, Users of this test method are cautioned
that compliance with Practice D 3740 does not, in itself, ensure retiable
testing. Reliable testing depends on many factors; Practice D 3740
provides a means of ¢valuating some of these factors.

4, Apparatus

4.1 Analytical Balance—An analytical balance with Class
S weights.

4.2 Filter Paper—Filter paper including Whatman No. 1,
11 and 15 ¢m in diameter; Whatman No. 41, 15 cm in
diameter; and Whatman No, 2, 11 or 15 ¢m in diameter.

4.3 Fifty-Millilitre-Pipet.

4.4 Miscellaneous Apparatus—Supplementary equip-
ment, such as electric ovens, hot plates, a small riffle, a No,
40- (425 pm-) sieve with bottom pan and cover, a cast iron
mortar and pestle, and a ball mill if possible.

5. Reagents

5.1 Purity of Reagents—Reagent grade chemicals shall be
used in all tests. Unless otherwise indicated, it is intended
that all reagents shall conform to the specifications of the
Committee on Analytical Reagents of the American Chem-
ical Society, where such specifications are available.* Other
grades may be used, provided it is first ascertained that the
reagent is of sufficiently high purity to permit its use without
lessening the accuracy of the determination.

5.2 Potassium Permanganate, Standard Solution (0.1
N)—Prepare and standardize a 0.1 N KMnO, solution.

NoTe 2—The use of a standard 0.1 N KMnO, solution is not neces-
sary when the samples are titrated in accordance with 7.9 and the results
are calculated in accordance with 8.2.

5.3 Ammonium Nitrate Solution—Dissolve 20 g of
NH,NQ, in IL of distilled water.

5.4 Hydrochloric Acid (I + 3)—Add 200 mL of HCI (sp gr
1.19) to 600 mL of distilled water.

5.5 Hydrochloric Acid (1 + I)—Add 25 mL of HCl (sp gr
1.19) to 25 mL of distilled water.

5.6 Nitric Acid—See Note 4 in 7.4.

5.7 Ammonium Oxalate Solution (5 %)—350 g of ammo-
nium oxalate,

4"Reagent Chemicals, American Chemical Society Specifications,” American
Chemical Society, Washington, DC. For suggestions on the testing of reagents not
listed by the American Chemical Society, see “Reagent Chemicals and Standards,”
by Joseph Rosin, D, Van Nostrand Co., Inc., New York, NY, and the **United
States Pharmacopeia.”

* A Summary of Changes section appears at the end of this test method.

Norma 20 ASTM D 806-96 CONTENIDO CEMENTO SUELO-CEMENTO
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Note 3—Precaution: In addition to other precautions, this is done
by adding the acid, slowly while stirring, to the water to avoid a sudden
temperature rise that could cause boiling and spattering of the acid
solution.

5.8 Ammonium Hydroxide, NH,OH (sp gr 0.90).
5.9 Sulfuric Acid (1 + 1)—Add 500 mL H,S0, (sp gr
1.84) to 500 mL of distilled water.

6. Samples

6.1 Samples of the following shall be selected for the test:

6.1.1 Raw Soil, representative of the soil phase of the
soil-cement mixture.

6.1.2 Cement, representative of the cement phase of the
soil-cement mixture, and

6.1.3 Soil-cement Mixture to be analyzed.

6.2 The gross laboratory sample of each component shall
be approximately 200 g. This may be obtained by reducing
the sample in bulk and, if necessary, in particle size through
the use of drying, riffling and grinding processes.

7. Procedure

7.1 Dry 25 g of each of the samples in an oven to constant
weight at 110°C (230°F) to remove (ree moisture. Reduce the
samples to pass a No. 40- (425 pm-) sieve.

7.2 Weigh out, on the analytical balance, the following
amounts of the samples: raw soil, 5 g; soil-cement mixture, 5
g; cement, 1 g Place each of the weighed samples ina
250-mL beaker. Add 50 mL of HCI (1+1) (Note 4) to each
sample, cover, and boil gently for 5 min on the hot plate.

NoTe 4—In the case of the cement sample, it is usually preferable
first to add 40 mL of water and then stir to obtain a thorough mixture.
Then add 10 mL of HC (sp gr 1.19) and boil genty just long enough to
obtain decomposition of the cement. Vigorous or extended boiling of
soil or cement samples is seldom necessary, and ofien results in much
slower filtration.

7.3 Add 25 mL of hot water to the beakers, stir, allow to
settle momentarily, and then decant the contents through a
Whatman No. 1 filter paper (Note 5), preferably 15 cm in
diameter. The filtrate should be received in a 250-mL
volumetric flask. When the liquid has passed through the
filter paper, wash the residue once by decantation, using hot
water; then transfer it to the filter, using a stream of hot
water. The beaker should be rapidly policed, the loosened
material being transferred to the filter paper. The material on
the filter should then be washed an additional four times,
each washing consisting of 10 to 15 mL of hot water directed
in a stream from the wash bottle. Very small amounts of
residue will occasionally pass through the filter. These
ordinarily may be disregarded.

NOTE 5—In the case of the soil and soil-cement samples, the bulk of
the residue sometimes slows filtration appreciably. No difficulty is
usually encountered from cement samples, and, as a rule, soil samples
may be filtered and washed in less than 30 min. Some soil-cement
mixtures require more time, but, if this period exceeds | h, subsequent
filtration in similar cases may be more rapid if a No. 41 paper is
substituted for the No. 1 paper. Slow filtration in such cases is generally
caused by excessive boiling, resulting in gelation of the silica, which
materially retards filtration.

7.4 When washing has been completed, discard the filter,
and dilute the filtrate in the volumetric flask to 250 mL with
cold water. The tempetature of the solution should be near
the calibration point of the flask. Agitate the flask to mix the

contents thoroughly, then remove a 50-ml. aliquot and
transfer to the original 250-mL beaker (7.2), using a 50-mL
pipet. Dilute to 100 mL. Make the solution slightly
ammoniacal (Note 6), boil 1 to 2 min, and allow the
hydroxides to settle.

NOTE 6—If the samples contain ferrous iron it is desirable to add a
few drops of HNQ, before precipitation of the hydroxides.

7.5 Filter the hydroxides through an | {-cm Whatman No.
i (or No. 41) filter paper, receiving the filtrate in the 600-mL
beaker. Wash the original 250-mL beaker into the filter once
with a stream of hot NH,NO, solution (20 g/L), and follow
by washing the hydroxide precipitate once or twice with hot
NH,NO;, solution (20 g/L). Set the filtrate aside, and place
the original beaker under the funnel. Perforate the paper
with a rod (Note 5), and wash the hydroxides down into the
original beaker, using a stream of hot NH,NO, solution (20
g/L) to remove most of the precipitate from the filter paper.
Treat the paper with 20 mL of hot HCI (1+3), directing the
acid over the paper with a glass rod. Wash the paper several
times with hot water, and then discard the paper. Dilute the
solution to 75 mL.

Nore 7—Instead of perforating the filter paper, the paper and
precipitate may be transferred to the original beaker, the hydroxides
dissolved with 20 mL of hot HC! {143} and diluted to 75 mL with water,
and the procedure continued as described in 7.6, In this case, the
reprecipitated hydroxides and pulp are subsequently removed simulta-
neously.

7.6 Make the solution slightly ammoniacal and boil i to 2
min. Allow the precipitate to settle, then decant through a
Whatman No. | paper as before, receiving the filtrate in the
600-mL beaker previously set aside (7.5). Wash and police
the beaker in which precipitation took place, finally washing
the precipitate on the filter three or four times with NH,NO;
selution (20 g/L). Discard the hydroxide precipitate. Add 2
mL of NH,OH (sp gr 0.90} to the filtrate, which will now
have a volume of 250 to 350 mL. Heat the solution to
boiling and add 10 mL of hot saturated ammonium oxalate
solution. Keep the mixture near boiling until precipitate
becomes granular; then set aside on a warm hot plate for 30
min or more. Before filtering off the calcium oxalate, verify
completeness of precipitation, (Note 8) and make sure that a
slight excess of NH,OH is present. Filter the mixture through
an ll-cm or 15-cm Whatman No. 2 filter paper, or if
preferred a Whatman No. 42 paper, making sure that all the
precipitate is being retained. Thoroughly clean with a rubber
policeman the beaker in which precipitation took place, and
transfer the contents to the filter with a stream of hot water.
Wash the filter eight to ten times with hot water (not over 75
mL) (Note 9), using a stream from the wash bottle.

NoTE 8—The calcium oxalate precipitation is sometimes not com-
plete and this results in low CaO values. The precipitation operation
must be cartied out with thoroughness and care.

Nore 9—The filter may be washed four times each with NH,OH
(2+98) and hot water, in the order stated.

7.7 Carefully open the filter paper and wash the precipi-
tate into the beaker in which the precipitation was effected.
Dilute to 200 mL and add 10 mL of H,SO, (1+1). Heat the
solution just short of boiling, and titrate it with the standard
KMnO, solution (Note 10) to a persistent pink color. Add
the filter paper and macerate it. Continue the titration slowly
until the pink color persists for 10 s.
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NoTE 10-=The temperature of the standard KMnQ, solution should
not vary from its standardization temperature so much as to cause a
serious crror in the determination of CaO. At ordinary room tempera-
tures the volume of pure water changes to the extent of 0.01 10 0.04 %
for each degree Celsius, depending on the temperature.

7.8 Blank—Make a blank determination, following the
same procedure and using the same amounts of all reagents.

1.9 Alternative Titration Procedure—Titrate as described
in 7.7, except that the KMnQ, solution need not be a
standard 0.1 ¥ solution, but the same solution shail be used
in titrating all the components. Omit the blank determina-
tion described in 7.8.

8. Calculation

8.1 Calculate the cement content of the soil-cement
mixture as follows:

8.1.1 When the determination has been completed in
accordance with 7.7 and 7.8:

8.1.1.1 Calculate the percentages of CaQ in the soil, the
cement, and the soil-cement mixture as follows:

Ca0, % = [((4 - B)C x 0.028)/D] x 100

where:

A = KMnO, solution required for titration of the
sample, mL,

B = KMnQ, solution required for titration of the blank,
mL,

C = normality of the KMnO, solution,

D = sample represented by the aliquot titrated (Note
10), g, and

0.028 = CaO equivalent of | mL of 1.0 N KMnOQ, solution.
8.1.1.2 Calculate the percent cement by weight of soil as
follows (Note 12):

Cement, % = (G — F)/(E — G)] x 100

where:

E = CaO in ¢cement, %,

F = CaQ in raw soil, %, and

G = CaO in soil-cement mixture, %.

Note {1-—The aliquots titrated are equivalent to ! g of soil or
soil-cement and 0.2 g of cement.

NOTE 12—The value for percentage by weight of soil obtained in
accordance with 8.1 or 8.2 is in terms of hydrated cement. Such values
may be converted to an approximate equivalent of dry cement by
multiplying them by the factor 1.04.

8.2 When the determination has been completed in accor-
dance with 7.9, calculate the percent cement by weight of soil
as follows (Note 12):

Cement, % = [(J ~ [)/(5H — J)] x 100

where:

H = KMnQ, solution required for titration of the sample of

cement, mL,

KMnOy solution required for titration of the sample of

raw soil, and mL,

J = KMnO, solution required for titration of the sample of
soil-cement mixture, mL.

!

9. Precision and Bias

9.1 The precision and bias of this test method are not
known. Pertinent data are solicited from users.

10. Keywords

10.1 cement content; durability; soil-cement; soil-cement
mixtures; soil stabilization

SUMMARY OF CHANGES

This section identifies the principal changes to this test method that have been incorporated since the [ast

issue.

(1) Added Practice D 3740 as a referenced document in
Section 2 to conform to the recommended D-18 practice.

(2) Added new Note ! in Section 3 to reference Practice
D 3740. Renumbered the remaining notes.

(3) Added new Section 10 on Keywords.
(5) Added new Section 11 on Summary of Changes to
reflect the changes made in this revision.

The American Society for Testing and Materials takes no position respecting the valldity of any patent rights asserted In connection
with any tem mentionsd in this standerd. Users of this standard are expressly edvised that determination of the valldity of any such
patent rights, and the risk of inlringement of such rights, are entirely thelr own responsibility.

This standerd Is subject 1o revision at any time by the technical co and must be reviewed every five years and
¥ not revised, either reapproved or . Your are Invited either for revision of this or for
and should be ado d 1o ASTM ¢ tors. Your will racelve careful consid ata g of the

technical committee, which you may attend. if you feel that your comments have nof received a falr hoaring you should mexe your
views known fo the ASTM Committee on Stendards, 100 Barr Harbor Drive, West Conshohocken, PA 19428,
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1. Scope

1.1 This test method covers determination of the cement
content of samples of freshly-mixed soil-cement.

1.2 This standard does not purport to address all of the
safety problems, if’ any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior (0 use.

2. Referenced Documents

2.1 ASTM Standards:

D 806 Test Method for Cement Content of Soil-Cement
Mixtures?

D 1293 Test Methods for pH of Water?

D 4753 Specification for Evaluating, Selecting, and Speci-
fying Balances and Scales for Use in Testing Soil, Rock,
and Related Construction Materials?

E 11 Specification for Wire-Cloth Sieves for Testing
Purposes*

3. Summary of Test Method

3.1 A weighed sample of the fresh material passing a 4.75
nm sieve is extracted with an ammonium chloride solution.
Afier allowing the sample to settle, an aliquot of the
supernatant is diluted with water. The pH is adjusted to 13
and triethanolamine is added to complex interferants, The
sample is titrated with EDTA solution to the biue endpoint
of hydroxynaphthol blue indicator. The cement content is
read from a calibration curve prepared from titrations of
several known cement content mixes made with the same
water, s0il, and cement as the sample.

4. Significance and Use

4.1 This test method determines cement content in mix-
tures of cement with soil or aggregate by chemical analysis. It
was developed primanily as a relatively quick test for use at
the construction site to determine compliance with specifica-
tions. The method is for materials tested soon after the
completion of mixing, Test Methed D 806 may be used for
testing samples for which a significant degree of cement
hydration or hardening has taken place.

¥ This test method is under the jurisdiction of ASTM Committee D-18 on Soil
and Rock and is the direct responsibility of Subconmitiee D18.15 on Stabilization
with Admixtures. .

Current edilion approved May 15, 1993. Published July 1993, Original edition
published as D 290! - 70. Last previous edition D 2901 - 82 (1986).

2 Annual Book of ASTM Standards, Vol 04.08.

3 Annual Book of ASTM Standards, Vol 11.01.

4 Annual Book of ASTM Standards, Vols 04.01, 04,02, 04.06, 04.07, 05.05, and
14.02.

5. Apparatus

5.1 Balance, meeting Specification D 4753 (Class GP2)
and having a capacity of 1000 g or more and a sensitivity of
0.1g.

5.2 Glassware—A 25-mL and a 1000-mL graduated cyl-
inder, 25-mL burets, 10-mL syringes or volumetric pipets,
250-mL beakers, medicine droppers.

5.3 Plasticware, 2-L (2-qt) polyethylene containers with
snap-on covers, 300 mm (12-in.) diameter plastic funnel,
20-L polyethylene bottles for ammonium chloride and
distilled or demineralized water.

5.4 Buret Stand for 25-mL buret.

5.5 Magnetic Stirrer and Stirring Bar.

5.6 Stirring Rods, stainless steel stirring rods approxi-
mately 300 mm (12-in.} long.

5.7 pH Meter, or Indicator Paper (pH range from 10 to
14)—A portable, combination-electrode pH meter is recom-
mended to obtain accurate results as the pH adjustment is
made. Indicator paper can be used as an alternate, but less
accurate, means of measuring the pH adjustment.

5.8 Sieve—A 4.75 mm (No. 4) sieve conforming to the
requirements of Specification E 11.

6. Reagents

6.1 Purity of Reagenis—Reagent grade chemicals shall be
used in all tests. Unless otherwise indicated, it is intended
that ali reagents shall conform to the specifications of the
Committee on Analytical Reagents of the American Chem-
ical Society, where such specifications are available.* Other
grades may be used, provided it is first ascertained that the
reagent is of sufficiently high purity to permit its use without
lessening the accuracy of the determination.

6.2 Ammonium Chloride Solution (10 %)-—Transfer 2000
g of granular ammonium chloride (NH,Cl) to a 20-L plastic
bottle. Make up to 20 L with warm, distilled or deminer-
alized water and mix well.

6.3 EDTA Solution (0.1 M), is available as a standardized,
pre-prepared solution from many chemical supply houses.®
Or, this solution may be prepared by the user as follows:
Dissolve 74.45 g of disadium (ethylenedinitrilo) tetraacetate
dihydrate (Na,C,oH, N,0g-2H,0) powder in approxi-
mately 1 L of warm, distilled or demineralized water in a
beaker. Cool to room temperature, transfer quantitatively to

* Reageni Chemicals, American Chemical Society Specifications, American
Chemical Society, Washington, DC. For suggestions on the testing of reagents not
listed by the American Chemical Socicly, see Analar Standards for Laboratory
Chemicals, BDH Ltd., Poole, Dorset, UK., and the United States Pharmacopeia
and National Formulary, U.S. Pharmaceutical Convention, Inc. {(USPC),
Rockville, MD. .

¢ Available from Fisher Scientific, Pittsburgh, PA.

Norma 21 ASTM D 2901-93 CONTENIDO CEMENTO EN SUELO CEMENTO FRESCO
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a 2-L volumetric flask and dilute to the mark with distilled or
demineralized water. Store in a polycthylene botile.

6.4 Hydroxynaphthol Blue Indicator Powder.”

6.5 Sodium Hydroxide Solution (50 %), is available as a
low-in-carbonate, pre-prepared reagent.® Dilute 1+ with
distilled or demineralized water for use.

6.5.1 Or, this solution may be prepared by the user as
follows: Very slowly and cautiously add 500 g of sodium
hydroxide {NaOH) pellets to 600 mL of distilled or
demineralized water and allow to cool to room temperature.
Dilute to | L with distilled or demineralized water. Store in a
plastic bottle. Dilute I+1 with distilled or demineralized
water for use.

6.6 Triethanolamine Solution (20 %)—Dilute 20 mL of
reagent grade triethanolamine (HOCH,CH,);N to 100 mL
with distilled or demineralized water.

6.7 pl{ 7 and pH 12.5 Buffer Solutions, used to calibrate
pH meter.

7. Preparation of Calibration Curve

7.1 From the materials to be used for construction,
prepare three sets of duplicate samples at the design water
content containing the following amounts of cement: Set 1,
two samples at 75 % of the design cement content, Set 2, two
samples at 100 % of the design cement content, and Set 3,
two samples at 125 % of the design cement content.

Note 1—If necessary, additional calibration points may be estab-
lished to cover a wider range of cement contents.

For each sample calculate quantities of soil, cement, and
water as follows:

M, = S/[(1 + w/100X| + C/100)]

M, = (R/100) X M,

Mp=M, - M,

M, = (C/100) x M,

Vv, = (w/100)M, + M)

where:

w = design water content, percent by dry mass of soil and
cement,

C = cement content, percent by dry mass of soil,

R = percent material retained on a 4.75-mm (No. 4)
sieve,

S = sample size, 300.0 g when 100 % of the soil passes a
4.75-mm sieve, 700.0 g when part of the soil is
retained on a 4.75-mm sieve.

M, = total oven-dry mass of soil, g

M, = mass of material retained on 4.75-mm sieve, g,

M, = mass of material passing 4.75-mm sieve, g,

M, = mass of cement, g, and

V., = volume of water, mL.

For each sample mix the soil and cement thoroughly to a
uniform color. Add the water and mix thoroughly.
NOTE 2—The moisture content of air-dry soil will have a slight effect

on the accuracy of the calibration results. This may be corrected by
using quantities of soil and water calculated as follows:

M/ = (1 + w,/100) X M,

7 Available fram Mallinckrodt Chemical Works, St. Louis, MO, or Fisher
Scientific, Piltsburgh, PA.
# Available from Fisher Scientific, Pittsburgh, PA.

Vo' = Vo= (M, — M)

where:

w, = moisture content of air-dry soil passing 4.75-mm sieve, %.

7.2 Depending on whether the sample contains material
retained on the 4,75-mm sieve, foliow either 7.2.1 or 7.2.2 as
follows:

7.2.1 Forsoils with 100 % passing a 4.75-mm sieve, titrate
each 300.0-g sample as described in Section 9. After titrating
the six samples, construct a graph showing millilitres of
EDTA solution versus percent cement by weight using
average figures from Sets 1, 2, and 3.

7.2.2 For soils with material retained on a 4.75-mm sieve,
thoroughly screen each 700.0-g sample on the sieve until all
the material retained is free of smaller, adhering particles.
Mix the material passing the sieve and weigh a 300.0-g
portion and titrate as described in Section 9. After titrating
the six samples, construct a graph showing millilitres of
EDTA solution, using average figures from Sets 1, 2, and 3,
versus grams of cement, My, in a 300-g sample computed
as follows:

M 300 = [300/(700 — M))] % M.

7.3 Calibration curves are different for each sail type and
may be nonlinear.

7.4 Rerun calibration curve each time a new batch of
chemicals is introduced.

1.5 Inaccuracies result when the calcium content of test
samples differs from that of the calibration samples. Calibra-
tion tests should be rerun whenever the samples vary
significantly in calcium content, as measured by titration
tests on the raw soils {(Section 9). Inaccuracies may also result
if the source of water used in the calibration samples differs
from that of the test sampler.

8. Sampling

8.1 Take representative samples of the soil-cement mix-
ture at the completion of mixing. Test the samples immedi-
ately or place in covered plastic containers and test within 30
min of the completion of mixing. Depending on whether the
sample contains material retained on a 4.75-mm sieve,
follow either 8.1.1 or 8.1.2 below.

8.1.1 For soil-cement mixtures with 100 % passing a
4.75-mm sieve, weigh a 300.0-g portion and titrate as
described in Section 9,

8.1.2 For soil-cement mixtures with material retained on
a 4.75-mm sieve, weigh a 700.0-g sample. Screen the sample
thoroughly on a 4.75-mm sieve until all the material retained
is free of smaller adhering particles. Weigh and record as
My, the total material passing the sieve. Mix the material
passing the sieve and weigh a 300.0-g portion and titrate as
described in Section 9.

NOTE 3—Ifa comrection is to be made for variations in water content,
determine the water content, w’, of a separate portion of the material
passing a 4.75-mm sieve. Computations for the correction are given in
Note 6.

9. Procedure for Titration

9.1 Place each 300.0-g sample into a 2-L (2-qt) polyeth-
ylene container and add 500 mL of NH,C! solution. Place a
cover on the container and shake the mixture for 2 min + 2
s. Allow the mixture to settle for 4 min + 2 s to obtain a clear
supernatant. Syringe or pipet a 10-mL aliquot of the
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supernatant solution into a 250-mL beaker containing a
magnetic stirring bar, add 100 mL of distilled or
demineralized water. While thoroughly mixing on a mag-
netic stirrer, add drops of NaOH solution with a medicine
dropper until a pH between 13.0 and 13.5 is obtained as
measured by a pH meter or the indicator paper. When a pH
meter is used, refer to Test Methods D 1293 for calibration
of the meter. When indicator paper is used, use a stirring rod
to transfer drops of solution to the indicator paper. After
adjusting the pH, wait about 20 to 30 s to insure that the pH
does not drift downward from the specified range. Add four
drops of triethanolamine solution and add about 0.2 g of
indicator powder. Continue stirring the solution on the
magnetic stirrer. Titrate with EDTA solution to a pure blue
end point. Record the miliilitres of EDTA required to obtain
the end point.

Note 4—A sharper end point may be obtained by adding approxi-
mately 90 % of the anticipated quantity of EDTA solution beflore the
addition of NaOH solution.

NoTE 5—All equipment must be kept scrupulously clean by thor-
ough rinsing with distilled or d alized water. All must be
stored in polyethylene containers.

10. Calculation

10.1 Depending on whether the sample contains material
retained on a 4.75-mm sieve, follow either 10.1.1 or 10.1.2
below.

10.1.1 If 100 % of the soil-cement mixture passes a
4.75-mm sieve, read the cement content by dry weight of soi!
(exclusive of cement) directly from the calibration curve
corresponding to the titration results in millilitres of EDTA
for the test sample.

10.1.2 If the soil contains material retained on a 4.75-mm
sieve, read grams of cement from the calibration curve
corresponding to the titration results in millilitres of EDTA
for the test sample. Calculate 4 and B as follows:

A = (My,,/300) X M50
B = T00/[1 + (w/100)]

where:

My, = grams of moist soil and cement passing the
4.75-mm sieve described in 8.1.2,

M0 = grams of cement read from calibration curve,

w = design water content, %,

A = grams of cement in 700-g sample, and

B = grams of soil and cement in 700-g sample

Then compute C, percent cement by dry mass of total
sample (exclusive of cement) as follows:
C = [A/(B - A)] % 100

NOTE 6—Variations of water content will have a slight effect on the

accuracy of test. Correction for water variation, C*, may be computed as
foliows:

. L+ (w/100)
1+ [V /(M + M)

where

€’ = percent cement corrected for water variation,

C = percent cement determined from test sample,

w’ = percent water of test sample as determined in Note 3,
and

V.. M;and M_ are quantities computed in Section 7 for
calibraiion Set 2.

11. Precision and Bias

11,1 In the process of development of D 2901-70,
interlaboratory testing programs were conducted in 1967 and
1968. Results of these tests showed an average ervor in
cement content determination of 3.6 % [(error)/(cement
content) x 100] from which a coefficient of variation of
4.5 % is estimated. On duplicate specimens used in the
calibration process, the average deviation in millilitres of
EDTA was 2.4 % [(deviation in millilitres)/{(average
millilitres) X 100}.

12. Keywords
{2.1 cement content; soil-cement

The American Society for Tasting and Materials takes no position respecting the validity of any patent rights asserted In connection
with any item mentioned In this standsrd. Users of this standard are expressly advised that determination of the validily of any such
patent rights, and the risk of Infringement of such rights, are entirsly their own responsibility.

This standard Is subject fo revision at any time by the responsible lachnical committes and must be reviewed every five yaars and
If not revised, eltfer reapproved or withdrawn. Your comments are Invited elther lor revision of this standard or for additional standards
and should ba addressed to ASTM Headguariers. Your comments wilf recelve careful considaration at a meating of the responsible
technical committes, which you may attend. If you feel that your comments have not recelved a falr hearing you should make your
views known lo tha ASTM Committea on Standards, 1916 Race St., Philadeiphia, PA 19103.
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Standard Test Method for
Compressive Strength of Molded Soil-Cement Cylinders’

This standard is issued under the fixed designation D 1633; the oumber immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision, A number in parentheses indicates the year of last reapproval. A
superscript epsilon (¢) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense. Consult the DoD Index of Specifications and
Standards for the specific year of issue which has been adopted by the Department of Defense.

1. Scope*

1.1 This test method covers the determination of the
compressive strength of soil-cement using molded cylinders
as test specimens.

1.2 Two alternative procedures are provided as follows:

1.2.1 Method A—This procedure uses a test specimen 4.0
in. (101.6 mm) in diameter and 4.584 in. (116.4 mm) in
height. Height to diameter ratio equals 1.15.

1.2.2 Method B—This procedure uses a test specimen 2.8
in. (71.1 mmy} in diameter and 5.6 in. (142.2 mm) in height.
Height to diameter ratio equats 2.00.

1.3 The values stated in inch-pound units are to be
regarded as the standard. The SI units in parentheses are for
information only.

1.4 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:

C 42 Test Method of Obtaining and Testing Drilled Cores
and Sawed Beams of Concrete?

D359 Test Methods for Wetting-and-Drying Tests of
Compacted Soil-Cement Mixtures®

D 560 Test Methods for Freezing-and-Thawing Tests of
Compacted Soil-Cement Mixtures?

D 1632 Practice for Making and Curing Soil-Cement
Compression and Flexure Test Specimens in the Lab-
oratory?

D 3740 Practice for the Minimum Requirements for
Agencies Engaged in the Testing and/or Inspection of
Soil and Rock Used in Engineering Design and Con-
struction®

E 4 Practices for Load Verification of Testing Machines*

3. Significance and Use
3.1 Method A makes use of the same compaction equip-

ion of ASTM Cc D-18 on Soil
ittee 1218.15 on Stabilization

! This test method is under the jurisdi
and Rock and is the direct ibility of Sub
with Admixtures,

Current edition spproved May 10, 1996. Published July 1996. Originally
published as D 1633 - 59 T. Last previous edition D 1633 - 84 {1990)**.

% Annual Book of ASTM Srandards, Vol 04,02,

} Annual Book of ASTM Standards, Vol 04.08.

* Annual Book of ASTM Standards, Vol 03,01,

ment and molds commonly available in soil laboratories and
used for other soil-cement tests. It is considered that Method
A pives a relative measure of strength rather than a rigorous
determination of compressive strength. Because of the lesser
height to diameter ratio (1.15) of the cylinders, the compres-
sive strength determined by Method A will normally be
greater than that for Method B.

3.2 Method B, because of the greater height to diameter
ratio (2.00), gives a better measure of compressive strength
from a technical viewpoint since it reduces complex stress
conditions that may occur during the crushing of Method A
specimens.

3.3 In practice, Method A has been more commonly used
than Method B. As a result, it has been customary to
evaluate or specify compressive strength values as deter-
mined by Method A. A factor for converting compressive
strength values based on height to diameter ratio is given in
Section 77,

Nove 1—The agency performing this test method can be evaluated
in accordance with Practice D 3740. Not withstanding statements on
precision and bias contained in this test method: the precision of this test
method is dependent on the competence of the personnel performing it
and the suitability of the equipment and facilitics used. Agencies that
meet the criteria of Practice D 3740 are generally considered capable of
competent and objective testing. Users of this test method are cautioned
that compliance with Practice D 3740 does not, in itself, ensure reliable
testing. Reliable testing depends on many factors: Practice D 3740
provides a means of evaluating some of these factors.

4. Apparatus

4.1 Compression Testing Machine—This machine may
be of any type having sufficient capacity and control to
provide the rate of loading prescribed in 6.2. It shall conform
to the requirements of Section 15 of Practices E 4, The
testing machine shall be equipped with two steel bearing
blocks with hardened faces (Note 2), one of which is a
spherically seated head block that normally will bear on the
upper surface of the specimen, and the other a plain rigid
block on which the specimen will rest. The bearing faces
shall be at least as large, and preferably slightly larger, than
the surface of the specimen to which the load is applied. The
bearing faces, when new, shall not depart from a plane by
more than 0.0005 in. (0.013 mm) at any point, and they shall

# For additional discussion on the significance and use of compressive strength
results, see the Soil-Cement Laboratory Handbook, Chapter 4, Portland Cement
Association, Skokie, IL, 1971, pp 31 and 32.

* A Summary of Changes section appears at the end of this test method.

Norma 22 ASTM 1633-96 RESISTENCIA + EN SUELO-CEMENTO
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be maintained within a permissible variation limit of 0.001
in. (0.02 mm). In the spherically seated block, the diameter
of the sphere shall not greatly exceed the diameter of the
specimen and the center of the sphere shall coincide with the
center of the bearing face. The movable portion of this block
shall be held closely in the spherical seat, but the design shall
be such that the bearing face can be rotated freely and tilted
through small angles in any direction.

Nore 2—It is desirable that the bearing faces of blocks used for
compression testing of soil-cement have a hardness of not less than 60
HRC.

4.2 Molds and Compaction Equipment, in accordance
with Test Methods D 559 or D 560 for Method A; Practice
D 1632 for Method B.

5. Test Specimens

5.1 Mold the test specimens as follows:

5.1.1 Method A—Specimens are 4.0 in. (101.6 mm) in
diameter and 4.584 in. (116.4 mm) in height and are molded
in accordance with Test Methods D 559 or D 560.

5.1.2 Method B—Specimens are 2.8 in. (71.1 mm) in
diameter and 5.6 in. (142.2 mm) in height and are molded in
accordance with Practice D 1632,

Note 3—These methods may be used for testing specimens of other
sizes. If the soil sample includes material retained on the 4.75-mm (No.
4) sieve, it is recommended that Method A be used, or that larger test
specimens, 4.0 in, (101.6 mm) in diameter and $.0 in. (203.2 mm) in
height, be molded in a manner similar to Method B.

5.2 Moist cure the specimens in accordance with Practice
D 1632,

5.3 At the end of the moist-cure period, immerse the
specimens in water for 4 h.

5.4 Remove the specimens from the water and make
compression tests as soon as practicable, keeping specimens
moist by a wet burlap or blanket covering.

NoTE 4--Other conditioning procedures, such as air or oven drying,
alternate wetting and drying, or alternate freezing and thawing may be
specified after an initial moist curing period. Curing and conditioning
procedures shall be given in detail in the report,

5.5 Check the smoothness of the faces with a straightedge.

If necessary, cap the faces to meet the requirements of the
section on Capping Specimens of Practice D 1632.

6. Procedure

6.1 Place the lower bearing block on the table or platen of
the testing machine directly under the spherically seated
(upper) bearing block. Place the specimen on the lower
bearing block, making certain that the vertical axis of the
specimen is aligned with the center of thrust of the spheri-
cally seated block. As this block is brought to bear on the
specimen, rotate its movable portion geatly by hand so that
uniform seating is obtained.

6.2 Apply the load continuously and without shock. A
screw power testing machine, with the moving head oper-
ating at approximately 0.05 in. (I mm)/min when the

machine is running idle, may be used. With hydraulic
machines, adjust the loading to a constant rate within the
limits of 20 + 10 psi (140 + 70 kPa)/s, depending upon the
strength of the specimen. Record the total load at failure of
the test specimen to the nearest 10 1bf (40 N}.

7. Calculation

7.1 Calculate the unit compressive strength of the spec-
imen by dividing the maximum load by the cross-sectional
area.

Note 5—If desired, make allowance for the ratio of height to
diameter (h/d) by multiplying the compressive strength of Method B
specimens by the factor £.10. This converts the strength for an h/d ratio
of 2.00 to that for the h/d ratio of 1.15 commonly used in routine testing
of soil-cement (see Section 3). This conversion is based on that given in
Method C 42, which has been found applicable for soii-cement.

8. Report
.1 The report shall include the following:
.1 Specimen identification number,
.2 Diameter and height, in. (mm),
.3 Cross-sectional areas, in.2 (mm?),
.4 Maximum load, to the nearest 10 ibf (40 N),
.5 Conversion factor for height to diameter ratio (see
Note 4), if used,
8.1.6 Compressive strength, calculated to the nearest 5 psi
(35 kPa),
8.1.7 Age of specimen, and
8.1.8 Details of curing and conditioning periods, and
moisture content at the time of test.

8
8.1
8.1
8.1
8.1
8.1

9. Precision and Bias

9.1 The precision and bias of this test method have not
been established by an interlaboratory test program. How-
ever, based on the test data that are available, the following
may serve as a guide as to the variability of compressive
strength test results.

9.1.1 Tests were performed in a single lab on 122 sets of
duplicate specimens molded from 21 different soil materials.
The average difference in strength on duplicate specimens
was 8.1 % and the median difference was 6.2 %. These
values are expressed as the percent of the average strength of
the two specimens as follows:

(high value — low value) .

(high value + low value)/2

% Difference =

The distribution of the variation is shown in Fig. 1. The
data®? cover a wide range of cement contents and compres-
sive strengths.

10. Keywords
10.1 compressive strength; soil-cement; soil stabilization

6 Packard, R. G., “Alternate Measures for Measuring Freeze-Thaw and
Wet-Dry Resistance of Soil-Cement Mixtures,” Highway Research Bulletin, 353,
Transportation Research Board, 1962, pp 8~-41.

7 Packard, R. G., and Ch G. A, “Devel in Durability Testing of
Soil-Cement Mixtures,” Highway Research Record No. 36, Transportation Re-
search Board, 1963, pp 97-122.
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FIG. 1 Distribution of Variation of Test Results for 122 Sets of Duplicate Specimens

SUMMARY OF CHANGES

This section identifies the principal changes to this test method that have been incorporated since the last
issue.

(1) Added Practice D 3740 as a referenced document in D 3740. Renumbered the remaining notes.
Section 2 to conform to the recommended D-18 practice. (3) Added new Section 11 on Summary of Changes to
(2) Added new Note 1 in Section 3 to reference Practice reflect the changes made in this revision.

The American Society for Testing and Materlals takes no position respecting the valldity of any patent rights asserted In connection
with any ltem mentioned In this standard. Users of this standard ere expressily advised that determination of the vafidity of any such
patent rights, and the risk of infringement of such rights, ara entirely thair own responsibiity.

Thig standard Is subject te ravision at any time by the resp and must be reviewed every flvs years and
I not revised, efther reapproved or withdrawn. Your comments are invited elther for revision of this standard or for additiona! standards
and should be addressed to ASTM Headquarters. Your comments wili receive cereful ation at a g of the r ibl
technical committes, which you may attend. If you feel that your comments have not received a falr heasing you should make your
views known (o the ASTM Committee on Standards, 100 Barr Harbor Drive, West Conshohocken, PA 15428,
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Compressive Strength of Soil-Cement Using Portions of
Beams Broken in Flexure (Modified Cube Method)®

This standard is issued under the fixed designation D 1634; the number immediately following the designation indicates the year of
onginal adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (¢) indicates an editorial change since the last revision or reapproval.

1. Scope

L1 This test method covers the determination of the
compressive strength of soil-cement, using for test specimens
portions of beams broken in flexure in accordance with Test
Method D 1635.

1.2 This standard does not purport to address all of the
safety problems, if any, associated with its use. It is the
responsibility of the user of this standard to esiablish appro-
priate safety and health practices and determine the applica-
bility of regulaiory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:

D 1632 Practice for Making and Curing Soil-Cement
Compression and Flexure Test Specimens in the Lab-
oratory?

D 1633 Test Mcthod for Compressive Strength of Molded
Soil-Cement Cylinders?

DD 1635 Test Method for Flexural Strength of Soil-Cement
Using Simple Beam with Third-Point Loading?

E 4 Practices for Load Verification of Testing Machines?

3. Significance and Use

3.1 This test method is intended for use in the laboratory
and as a research tool for determining relative compressive
strength values for various soil-cement mixtures. It is not
intended as an alternative for Test Method D 1633 and the
test values obtained by these two test methods are not
interchangeable and not necessarily comparable. A compar-
ison of strengths obtained by Test Methods D 1633 and
D 1634 is given in Footnote 4.

4. Apparatus

4.1 Compression Testing Machine—The testing machine
may be of any type having sufficient capacity and contro! (o
provide the rate of loading prescribed in 6.2. It shall conform
to the requirements of Section 15 of Practices E4. The
testing machine shall be equipped with a spherically seated
head block having a bearing surface of at least 75 % of the
width of the specimen but not greatly in excess of the width
of the specimen. The movable portion of this block shall be
held closely in the spherical seat, but the design shall be such

! This test method is under the jurisdiction of ASTM Committee D-18 on Soil
and Rock and is the direct responsibility of Subcommittee D18.15 on Stabilization
by Admixtures.

Current edition approved April 15, [995. Published May 1995. Originally
published as ) 1634 - 59 T. Last previous edition D 1634 — 87.

2 Annual Brok of ASTM Standards, Vol 04.08.

3 Annual Book of ASTM Standards, Vol 03.01.

that the bearing face can be rotated freely and tilted through
small angles in any direction.

4.2 Bearing Plates—Square, hardened steel bearing plates
% in. (19 mm) thick with side dimensions of 3 + 0.005 in.
(76.2 £ 0.13 mm) {for standard beam). The bearing faces
when new shall not depart from a plane by more than 0.0005
in. (0.013 mm) at any point, and they shall be maintained
within a permissible variation of 0.001 in. (0.025 mam).

NOTE—I{t is desirable that the bearing faces of plates used for
compression testing of soil-cement have a Rockwell hardness of not less
than HRC 60.

5. Test Specimens

5.1 The standard size beams from which broken portions
are selected for the compression test shall be 3 by 3 by 11%
in. (76 by 76 by 290 mm), but a similar test method may be
used for testing specimens from other beam sizes. The
beam-end specimens shall have a length at least | in. (25
mim) greater than their depth and shall be free from cracks,
chipped surfaces, or other obvious defects. Test the speci-
mens on their sides with respect to their molded position.

5.2 During the interval between testing of specimens as
beams and testing the broken portions as cubes, keep the
specimens at a constant water content by suitable protection.

5.3 Determine the width (originat height) of the standard
specimen at the point where the test will be made to the
nearest 0.01 in. (0.25 mm) if it is less than 3.00 in, (76.2
mm); otherwise take it equal to 3 in. (76.2 mm). Take the
length equai to 3 in. (76.2 mm). Calculate the cross-sectional
area.

5.4 Check the smoothness of the faces with a straightedge.
If necessary, cap the faces to meet the requirements of the
section on Capping Specimens of Practice D 1632, The caps
shall cover the full width of the specimen and shall be of such
length as to permit adjustment of the bearing plates for the
test so that the upper bearing plate may be placed directly
over the lower bearing plate.

6. Procedure

6.1 Place the specimen on its side between the hardened
steel bearing plates directly under the spherically seated head
of the testing machine, making certain that the vertical axis
of the specimen is aligned with the center of thrust of the
head. Use a device such as a guide template to ensure that
the upper bearing plate is directly over the lower bearing
plate. As the spherically seated head is brought to bear on the
top bearing plate, rotate its movable portion gently by hand
50 that uniform seating is obtained.

Norma 23 ASTM D1634-1635-95 FLEXION SUELO CEMENTO
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6.2 Apply the load continuously and without shock. A
screw power testing machine, with the moving head oper-
ating at approximately 0.05 in./min (0.02 mm/s) when the
machine is running idle, may be used. With hydraulic
machines, adjust the loading to a constant rate within the
limits of 20 + 10 psi (140 % 70 kPa)/s, depending upon the
strength of the specimen. Record the total load at failure of
the specimen to the nearest 10 Ibf (45 N).

7. Calculation

7.1 Calculate the unit compressive strength of the spec-
imen by dividing the maximum load by the cross-sectional
area determined as described in 5.3.

8. Report

8.1 Report the following information:
i.1 Specimen identification number,
1.2 Width and length of test area, in. (or mm),
1.3 Cross-sectional area, in.? (or mm?),
1.4 Maximum load, to the nearest 10 Ibf (40 N),
1.5 Compressive strength, calculated to the nearest 5 psi
(35 kPa),
1.6 Age of specimen, and

8.1.7 Details of curing and conditioning periods, and
water content at time of test.

8.
8.
8.
8.
8.
S

8.

9. Precision and Bias
9.1 Precision—The precision of this test method has not

TABLE 1 Precision
Standard

Average

compressive deviation, C\geﬂt:l:‘::! : d

strength, psl psi N
Specimens with 8 % cement 473 36 7.4
Specimens with 14 % cement 887 47 53

been established by an interlaboratory test program. How-
ever, based on test data that are available, the following may
serve as a guide to the variability of compressive strength by
the modified cube method.

9.1.1 Tests were performed in a single laboratory on a silt
loam soil with 92 % passing the No. 200 sieve. Liquid limit
and plasticity index of soil were 26 and 7, respectively. The
series of tests consisted of 24 specimens, 12 at 6 % cement
and 12 at 14 % cement. The specimens were cured in a moist
room at 73° F (23°C) for 28 days. Results® of tests on the 3 by
3-in. modified cubes are given in Table 1.

9.2 Bias—There is no accepted reference value for this
test method, therefore, bias cannot be determined.

10. Keywords

10.1 soil-cement; soil stabilization; unconfined compres-
sive strength

4 Feit, E. )., Abrams, M. S., Strength and Elasiic Properties of Compacied
Soil-Cement Mixtures, ASTM STP 206. ASTM, 1957,

The American Society for Testing and Materfals takes o position raspecting the validity of any patent rights asserted in connaction
with any item mantioned in this standard. Users of this standard are expressly advised thal determination of tha validity of any such
patent rights, and the risk of infringement of such rights, are entirely their own responsibliity.
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Flexural Strength of Soil-Cement Using Simple Beam with

Third-Point Loading

This standard is issued under the fixed designation D 1635; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsifon (¢) indicates an editorial change since the last revision or reapproval.

1. Scope

[.1 This test method covers the determination of the
flexural strength of soil-cement by the use of a simple beam
with third-point loading.

NoTE 1—Far methads of molding soil-cement specimens, see Prac-
tice D 1632,

1.2 Tais standard does not purport to address atl of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard o establish appro-
priate safety and health practices and determine the applica-
bility of regidatory limirations prior (o wse.

2. Referenced Documents

2.1 ASTM Standards:

D 1632 Practice for Making and Curing Soil-Cement
Compression and Flexure Test Specimens in the Lab-
oratory?

E 4 Practices for Force Verification of Testing Machines?

3. Significance and Use

3.1 This test method is used to determine the flexural
strength of soil-cement. Flexural strength is significant in
pavement design and is used to determine slab thickness.

4. Apparatus

4.1 Testing Machine-—The testing machine may be of any
type having sufficient capacity and contrel to provide the
rate of loading (prescribed in 6.2). It shall conform to the
requirements of Section 15 of Practices E 4. The testing
machine shall be equipped with a spherically seated head
block having a bearing surface of at least 75 % of the width of
the beam but not greatly in excess of the width of the beam.
The movable portion of this block shall be held closely in the
spherical seat, but the design shall be such that the bearing
face may be rotated freely and tilted through small angles in
any direction.

4.2 The third-point loading method used in making
flexure tests of soil-cement shall employ bearing blocks that
will ensure that forces applied to the beam will be vertical
only and applied without eccentricity. A diagrammatic
drawing of an apparatus that accomptlishes this purpose is

! This test method is under the jurisdiction of ASTM Commitiee D-18 on Soil
and Rock and is the direct responsibility of Subcommitiee D18.15 an Stabilization
by Admixturcs

Current cdition approved April 15, 1995, Published Junc 1995, Originally
published as D 1635 - 59 T. Last previous edition D 1615 - 87.

? Annnal Book of ASTM Standards, Vol 04.08.

3 Annnal Book of ASTM Standards, Vol 01.01.

shown in Fig. 1. The apparatus shall be designed to incorpo-
rate the following principles:

4.2.1 The distance between supports and points of load
application shall remain constant for a given apparatus,

4.2.2 The direction of the reactions shall be parallel to the
direction of the applied load at all times during the test.

4.2.3 The load shall be applied at a uniform rate and in
such a manner as to avoid shock.

4.2.4 The directions of loads and reactions may be main-
tained parallel by judicious use of linkages, rocker bearings,
and flexure plates, Eccentricity of loading can be avoided by
use of spherical bearings.

5. Test Specimens

5.1 The standard test specimens shall be beams 3 by 3 by
L% in. (76 by 76 by 290 mm), but a similar test method
may be used for testing specimens of other sizes. Test the
specimens on their sides with respect to their molded
position.

5.2 Make flexural tests of moist cured specimens as soon
as practicable after removing them from the moist room, and
during the period between removal from the moist room and
testing keep the specimens moist by a wet burlap or blanket
covering,

NoTe 2—Other conditioning procedures, such as soaking in water,
air or oven drying, alternate wetting and drying or alternate lreezing and
thawing, may be specified after an initial moist curing period. Curing
and conditioning procedures shall be given in detail in the report.

5.3 Check the smoothness of the side faces of the beams at
the points where loads will be applied with a straightedge. If
necessary, cap the faces to meet the requirements of Section
15 of Practice D 1632.

6. Procedure

6.1 Turn the specimen on its side with respect to its
molded position and center it on the lower half-round steel
supports, which have been spaced apart a distance of three
times the depth of the beam. Place the load-applying block
assembly in contact with the upper surface of the beam at the
third points between the supports. Carefully align the center
of the beam with the center of thrust of the spherically seated
head block of the machine. As this block is brought to bear
on the beam-loading assembly, rotate its movable portion
gently by hand so that uniform seating is obtained.

6.2 Apply the load continuously and without shock. A
screw power lesting machine, with the moving head oper-
ating at approximately 0.05 in./min ¢0.02 mm/s) when the
machine is running idle, may be used. With hydraulic
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FIG. 1

machines adjust the loading to such a constant rate that the
extreme fiber stress is within the limits of 100 + 5 psi (690 =
35 kPa)/min. Record the total ioad of failure of the specimen
to the nearest 10 ibf (45 N).

7. Measurement of Specimens After Test

7.1 Make measurements to the nearcst 0.0} in. (0.25 mm)
to determine the average width and depth of the specimens
at the section of failure,

8. Calculations

8.1 If the fracture occurs within the middie third of the
span length, calculate the modulus of rupture as follows:
R = Pi/bd?
where:
R = modulus of rupture, psi (kPa),
P = maximum applied load, |bf (N},
! = span length, in. (mm),
b = average width of specimen, in. {(mm}, and
d = average depth of specimen, in. (mm).

NotE 3—Mass of the beam is not included in the above calculation.

8.2 If the fracture occurs outside the middle third of the
span length by not more than § % of the span length,
calculate the modulus of rupture as follows:

R = 3Pafbd?

where:

a = distance between line of fracture and the nearest
support, measured along the center line of the bottom
surface of the beam.

8.3 If the fracture occurs outside the middle third of the
span by more than 5 % of the span length, discard the results
of the test.

9. Report
9.1 The report shall include the following:

| ) ébed of Testing Mochine
o]
3

TABLE 1 Precision
Average flexuraf j;:;c::ar: Coefficient of
strength, psi Hon, variation, %
psi
Specimens with 6 % cement 94 6 64
Specimens with 14 % cement 157 9 57
9.1.1 Specimen identification number,

9.1.2 Average width and depth at section of failure to the
nearest 0.01 in. (0.25 mm),

9.1.3 Maximum load, to the nearest 10 1bf (40 N),

9.1.4 Modulus of rupture, calculated to the nearest 5 psi
(35 kPa),

9.1.5 Defects, if any, in specimen,

9.1.6 Age of specimen, and

9.1.7 Details of curing and conditioning periods, and
water content at time of test.

10. Precision and Bias

10.1 Precision—The precision of this test method has not
been established by an interlaboratory test program. How-
ever, based on test data that are available, the following may
serve as a guide to the variabiiity of flexural strength test
results.

[0.1.1 Tests were performed in a single lab on a silt loam
soil with 92 % passing the No. 200 sieve. Liquid {imit and
plasticity index of soil were 26 and 7, respectively. The series
of tests consisted of 24 specimens, 12 at 6 % cement, 12 at
14 % cement. The specimens were cured in a moist room at
73°F (23°C) for 28 days. Results’ of the tests are given in
Table 1.

10.2 Bias—There is no accepted reference value for this
test method, therefore, bias cannot be determined.

11. Keywords
11.1 flexural strength; soil-cement; soil stabilization

‘Fell. E. J., Abrams, M. S., Strength and Elastic Properties of Compacted
Soil-Cement Mixiures, ASTM STP 206. ASTM. 1957.

ik o 1635

The Amarican Sociaty for Testing and Mat
with any tam mentioned in this standard. Us

erials takes no position respecting the velidily of any patent rights asserted in connection
ors of this standard sre expressly advised that determination of the validity of any such

patent rights, and the risk of infringement of such rights, ara entirely thelr own responsibility.

j i i hnical committes and must bo re

This standard is subject to ravision at any time by the responsible lec . i

i not revised, elther rsa‘pprovod or withdrawn. Your commsnts are invited either for ravision of this standard or for addition "
, TM Headquarters. Your comments will receive careful considaeration al a mesting of the responsibie

and shouid be addressed to AS

technical comemittes, which you may attend. If you feel that your commaents have

viewed avery five years and
al standards

not recelvad a falr hesring you should make your

views known lo the ASTM Committee on Standards, 1976 Race 5t., Philade/phia. PA 19103.



"

Minie
TN

Unipe-.
qmb Designation: D 4609 - 94 f.,-‘.n' Orsitas o

Standard Guide for

£ B g

AMERICAN SOCIETY FOR TESTING AND MATERIALS
1916 Race St. Philadeiphia, Fa 19103
Reprinted from the Annual Book of ASTM Standards. Copytight ASTM
11 not kisted in the current combined index, will appear in the next edition

Evaluating Effectiveness of Chemicals for Soil Stabilization’

This standard is issued under the (ixed designation D 4609; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (¢} indicates an editorial change since the last revision or reapproval.

1. Scope*

1.1 This guide describes laboratory techniques for evalu-
ating the effectiveness of chemicals {or improving the engi-
neering properties of fine-grained soils.

1.2 Effectiveness is assessed by comparing the unconfined
compressive strength (UCS), moisture susceptibility, and
moisture-density relationships (MD) of treated and untreated
soils.

1.3 The values stated in SI units are to be regarded as the
standard. The inch-pound units given in parentheses are for
information only.

1.4 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this siandard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:

D421 Practice for Dry Preparation of Soil Samples for
Particle Size Analysis and Determination of Soil Con-
stants?

D 422 Method for Particle-Size Anatysis of Soils?

D698 Test Methods for Moisture-Density Relations of
Soils and Soil-Aggregate Mixtures Using 5.5-1b (2.49-kg)
Rammer and 12-in. (305-mm) Drop?

D2166 Test Method for Unconfined Compressive
Strength of Cohesive Soil?

D 2216 Method for Laboratory Determination of Water
{Moisture) Content of Soil, Rock, and Scil-Aggregate
Mixtures?

D 2217 Practice for Wet Preparation of Soil Samples for
Particle Size Analysis and Determination of Soil Con-
stants?

D 3877 Test Methods for One-Dimensional Expansion,
Shrinkage, and Uplift Pressure of Soil-Lime Mixtures?
D'4318 Test Method for Liquid Limit, Plastic Limit, and

Plasticity Index of Soils?
2.2 AASHTO Documents:
SPEL Special Products Evaluation List?

1 This guide is under the jurisdiction of ASTM Committec D-18 on Soil and
Rock and is the direct responsibility of Subcommittee D[8.15 on Stabilization
with Admixtures.

Current edition approved Sept. 15, 1994. Published November 1994. Originally
published as D 4609 - 86. Last previous edition D 4609 - 86.

2 Anrtual Book of ASTM Standards, Vol 04.08.

3 Available from American Association of State Highway and Transportation
Officials, 444 N. Capitol St., NW, Suite 225, Washington, DC 20001.

T 88 Particle Size Analysis of Soils®

T 89 Determining the Liquid Limit of Soils®

T 90 Determining the Plastic Limit and Plasticity Index
of Soils?

T 99 Moisture-Density Relations of Soils, Using a 5.5-Ib
(2.5-kg) Rammer and a 12-in. (305-mm) Drop?

T 2083 Unconfined Compressive Strength of Cohesive
Sail

T 265 Laboratory Determination of Moisture Content of
Soils?

3. Summary of Guide

3.1 Chemical soil stabilizers are screened by comparing
the results of a suite of engineering soil tests conducted on
untreated soil and the same soil treated at appropriate
amounts of the material being evaluated. Effectiveness is
assessed by comparing the Atterberg limits, MD, USC, and
resistance to moisture of treated and untreated soil samples.

4. Significance and Use

4.1 This guide is intended to assist users and producers of
chemicals, soil modifiers, and stabilizers in the evaluation of
a product’s potential for improving a soil’'s engineering
properties (such as, deformation under load, shear strength,
and volume stability).

4.2 The results of these tests can be used to make a
decision to continue experimentation to assess longevity, du-
rability, and practical value, and establish appropriate rates
of application for field trials.

5. Apparatus

5.1 Harvard Miniature Compaction Apparatus, or appa-
ratus for preparing remolded specimens for UCS as described
in Section 4 of Test Method D 2166. For instructions on
calibration, see Annex Al

6. Sampling and Test Specimens

6.1 Obtain a 150-kg (300-Ib) supply or have easy access to
four or five soil and soil-aggregate materials as reference
materials for stabilizer evaluations. These samples should
represent two or more fine-grained soils of different clay
mineralogy that are widely distributed and would be likely
candidates for stabilization. One or two of the samples could
represent the minus No. 10 fraction of plentiful marginal
aggregates in need of beneficiation.

6.2 Review literature and test results provided by the
material manufacturer or supplier.

6.3 Consult publications such as Special Products Evalu-
ation List (SPEL) or other product evaluation or qualified

* A Summary of Changes section appears at the end of this guide.
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products lists maintained by state highway agcncieé.‘
6.4 If background search demonstrates that the subject
material has promise, proceed with testing program.

7. Procedure

7.1 Obtain 20-kg (45-Ib) portions of two or more soit
samples selected in 6.1 for an evaluation program. This
quantity of soil will provide sufficient material for tests on
the untreated soil and for soil-chemical mixtures at three
rates of application: the amount recommended by the
supplier, and amounts more and less than recommended.

Note [-—All the tests recommended in 7.2 do not need to be
conducted at all four rates of application (raw soil or zero rate,
recommended rate, a rate more than recommended, a rate less than
recommended.)

NoTe 2-~The 20-kg recommended sample size is from the following
scenario:

‘Two compaction tests (untreated and optimum rate) 6 kg
Calibration of Harvard Apparatus ikg
Atterberg limits (untreated and of optimum rate) 1 kg
Expansion (untreated and optimum rates) 2%g
Unconfined Compressive Sirength (untreated and three 4 kg
rates of treaiment)

Reserve for rerun of any test 6 kg

T0kg

7.2 Test each untreated soil by the several test methods
listed in 7.2.1 through 7.2.6. Perform the same tests on
soil-chemical mixtures. For each rate of additive, five batches
of soil-chemical mixture are required. Prepare a batch by
combining in a mechanical mixer carefully weighed portions
of soil, additive, and water. Blend thoroughly (normally for
about 5 min) to produce a high degree of homogeneity.
Prepare cach batch and test separately as follows:

1.2.1 Moisture Content—Method D 2216 or T 265.

7.2.2 Particle-Size Analysis of Soils—Method D 422 or T
88.

1.2.3 Liquid Limit, Plastic Limit, and Plasticity Index—
Test Method D 4318 or T 89..

7.2.4 Moisture-Density Relations—Test Methods D 698
(Method A) or T 99 (Method A) (see Note 3).

7.2.5 Volume Change—Test Methods D 3877 (see Note
4).

7.2.6 Unconfined Compressive Strength (see Note 5)—
Test Method D 2166 or T 208.

NoOTE 3—The sample may be reused and water added for successive
points on the moisture-density curve if the soil material is not fragile and
will not reduce in particle size due to repeated compaction or is not a
heavy-textured clay into which it is difficult to incorporate water.

NotEe 4-—Although this test method is for soil-lime mixtures, other
stabilizing admixtures may be used.

NoOTE 5—Specimien preparation and determnination of moisture ab-
sorption are described in Annex A2. The moisture absorption specimens
are also used for determining uncenfined compressive strength, which is
determined in accordance with the methods indicated in 7.2.1 through
7.2.6.

7.3 On approximately 3 kg (7 1b), determine optimum
moisture and maximum density in accordance with Test
Methods D 698.

7.4 On approximately 1 kg (2.2 1b), as described in the
calibration procedure given in Annex Al, determine with the
Harvard apparatus the number of tamps and the spring

* llinois, Louisiana, and New Jersey are three states that publish such lists.

pressure required to duplicate the standard density obtained
by Test Methods D 698.

7.5 Prepare a 500-g (l-Ib) batch at optimum moisture
content. As soon as the mixing is completed, divide the
mixture into three approximately equal portions. Perform
liquid and plastic limit tests on one portion after air-drying
overnight, on another after overnight storage at high-hu-
midity, and on the other after 7 days of curing at high
humidity,

7.6 On approximately 3600 g, determine expansion in
accordance with Test Methods D 3877.

7.7 On approximately | kg (2.2 1b), with the Harvard
apparatus, prepare six five-layer specimens (required for
acceptable homogeneity) compacted to Test Methods D 698
density, and determine moisture absorption and unconfined
compressive strength as described in Annex A2,

8. Interpretations of Results

8.1 The recommendations in 8.1.1 through 8.1.5 are
provided to evaluate whether a chemical additive has im-
proved the engineering properties of fine-grained soils.
Changes in one or more, but not necessarily all, of the
properties in 8.1.1 through 8.1.5 may be used to judge
effectiveness. The results of these tests may or may not be
useful for determining the cost-effectiveness or practical
value of the chemical treatment; that decision will most
probably need to be made after additional testing and data
analysis.

8.1.1 Particle-Size Analysis—For chemical stabilizers
whose mechanism is through cementing fine particles to-
gether, a shift in the particle-size distribution curve demon-
strating a coarsening or granulation of the soil may be
interpreted as an improvement in engineering properties.
Particle-size analysis should be performed on the treated
material after an appropriate curing period has elapsed.

NoTe 6—If mechanical pulverization using Practice D 421 is too
severe for treated sampies, Practice D 2217 may be used. '

8.1.2 Liquid and Plastic Limits and Plasticity Index—
Significant reduction of liquid limit and plasticity index is
indicative of improvement. Rendering a soil, having a
plasticity index, of lesser plasticity or nonplastic by chemical
treatment is a significant improvement.

8.1.3 Moisture-Density Relations—Improving soil com-
pactability, that is, reducing the optimum moisture content
or increasing the maximum dry density, is often of engi-
neering significance. Lowering the optimum moisture con-
tent would be considered beneficial because frequently water
must be purchased, or in any event transported, and distrib-
uted on the soil, requiring the use of motor fuel and time.

8.1.3.1 An increase in maximum dry density would in-
dicate that an increase in strength was afforded by chemical
treatment or that a target density could be achieved with less
compactive effort. The single-operator precision for Test
Methods D 698 is 1.9 % for maximum density and 9.5 % for
optimum moisture content; consequently, a change in op-
timum moisture content of greater than about 15 % from the
optimum for the untreated soil and a change in maximum
density of about 80 kg/m? (5 pef) from the untreated may be
interpreted as a result of chemical treatment because the
observed changes are greater than the expected experimental
error,
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8.1.4 Unconfined Compressive Strength (UCS} and Mois-
ture Absorption—Unconfined compressive strength criteria
have been established for soil-stabilizer mixtures featuring
lime, cement, and lime-flyash by various road building
agencies.> However, these criteria are used primarily to
ensure durable soil-stabilizer mixtures. For the purposes of
this guide, it is suggested that an increase in UCS of 345 kPa
(50 psi) or more due to chemical treatment be considered
effective. Also, if specimens do not slake during immersion,
the treatment may be effective; and if no significant strength

* These criteria are summarized in FHWA-ID-80-2, “Soil Stabilization in
Pavement Structures—A User's Manual,” available from the Superintendent of
Documents, U.S. Government Printing Office, Washington, DC 20402,

is lost due to immersion, the treatment may be effective for
waterproofing soils.

8.1.5 Volume Change—Distress to pavements and struc-
tures is prevalent in areas where subgrade soils undergo
significant volume changes with changes in moisture regime;
that is, shrink with decreases in moisture and swell with
increases in moisture. If treatment by the chemical being
evaluated achieves the desired control of volume changes,
the material may be judged effective.

9. Keywords

9.1 chemical screening, Harvard apparatus; liquid limit;
moisture content; moisture-density; particle size: plastic
limit; plasticity index; soil stabilization; unconfined com-
pressive strength; volume change

ANNEXES

(Mandatory Information)

Al. CALIBRATION OF THE HARVARD MINIATURE COMPACTION APPARATUS

ALl In order to prepare moisture absorption and
unconfined compressive strength test specimens having the
required standard AASHTO T 99 density, it is first necessary
to calibrate the Harvard apparatus to determine the correct
number of tamps per layer and to regulate the tamper springs
so that tamping pressures of 10 kg (20 Ib), 15 kg (30 Ib), 20
kg (40 Ib) can be utilized. Normally, ten or more tamps per
layer are required. The calibration is iflustrated in Fig. Al.1,
which presents moisture-density curves for an experimental
soil. The two curves for the Harvard method involve two
different combinations of tamper spring loadings and num-
bers of tamps per layer.

Al1.2 For the calibration, prepare a soil-water mixture
from approximately 1000 g of soil and the amount of water
required for the AASHTO T 99 optimum moisture content.
Place this mixture in a suitable container to prevent moisture
loss, and remove an individual portion of about 150 g (0.3
1b) for the first compaction trial. From this portion, compact
a five-layer specimen by the procedure given in A2.2.1
through A2.2.8, using an arbitrary combination of number
of tamps and tamper spring pressure. Remove the specimen
from the mold with the ejector, slice into three or more
portions, and determine the actual moisture content by Test
Method D 2216.

Al.2.1 Knowing the volume, the wet weight, and the
moisture content of the compacted specimen, compute the
dry density and compare with that from the AASHTO T 99
procedure. Using a second portion of the moist mixture,
prepare a new specimen at another combination of number
of tamps and tamping pressure, and repeat this process with
additional portions until a density is obtained that is within
16 kg/m(1 pecf) of the AASHTO T 99 density. This
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combination is then used in the preparation of test speci-
mens, Annex A2,
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A2. SPECIMEN PREPARATION AND TEST PROCEDURE FOR MOISTURE ABSORPTION AND
UNCONFINED COMPRESSIVE STRENGTH

A2.1 Preparation of specimens for the determinations of
moisture absorption and unconfined compressive strength
requires about 1000 g of soil-water or soil-additive-water
mixture. In preparing this mixture in a mechanical mixer,
the amount of water used should be from 0.5 to 3.0 % in
excess of that required for the optimum moisture content, to
compensate for evaporation losses. The exact amount of
excess water will depend on the humidity and other [abora-
tory conditions.

A2.2 Using this mixture and employing the combination
of number of tamps and tamping spring pressure as deter-
mined in the calibration procedure, prepare six test speci-
mens as follows:®

A2.2.1 With the moid and collar clamped to the base,
place the amount of loose soil required for one layer in the
mold. For a five-layer specimen, two slightly heaping tea-
spoonfuls will be required for each layer. Level the surface of
the loose soil by pressing lightly with a wood plunger.

A2.2.2 Insert the tamper in the mold until it is in contact
with the surface of the soil, and press down firmly until the
spring starls to compress, Release the force and shift the
tamper to a new position. Apply each of the first four tamps
in separate quadrants of the soil surface, and adjacent to the
mold. The fifth tamp should be in the center, making one
complete coverage. Repeat this tamping cycle until the
desired number of tamps has been applied. Apply the tamps
at the approximate rate of 10 tamps per 15 s.

A2.2.3 Add and tamp the next layer, and repeat the
procedure until the required number of compacted layers has
been placed. The top layer should extend at least 6 mm (1/4
in.), but not more than 16 mm (5/8 in.) into the extension
collar.

A2.2.4 Transfer the mold assembly to the collar remover
and release the clamps. Press down firmly oa the piston and

§ With the exception of the height of the top soil layer that extends into the
mold collar, A2.2.3, the first six steps of this procedure are taken from a suggested
method of test in Special Procedures jor Testing Soil and Rock for Engineering
Purposes, ASTM STF 479, ASTM, 1970, pp. 101-103.

at the same time pull up on the handle, prying the collar
loose from the compacted soil.

A2.2.5 Remove the mold from the base and carefully trim
away the excess soil from the top and bottom of the mold.

A2.2.6 Weigh the mold containing the compacted soil to
the nearest 0.1 g. If inch-pound units for density are needed,
it is convenient to use a tare weight equal to the weight of the
empty mold, as then the resulting net weight in grams is
numerically equal to the wet density of the compacted soil,
in pounds per cubic foot.

A2.2.7 Remove the specimen from the mold with the
gjector, weigh, wrap in plastic food-wrapping material, and
place in a high-humidity chamber at room temperature (73
+ 2.0°F (23.0 £ 1.1°C)) for the desired curing period.

Note A2.1—Qther curing conditions may be used that simulate the
environment under which the treated mixture will be cured in the field
or field achievable conditions, such as partial air-drying which may be
required to make the chemical effective. Curing methods or conditions
should be reported along with other test results.

A2.2.8 Between the compaction of the third and fourth
specimens, take a 100-g (0.2-1b) sample from the remaining
loose mixture and determine the actual moisture content by
Test Method D 2216.

A2.2.9 At the completion of the curing period, remove
the wrapping material from three of the specimens, weigh the
specimens, immerse in water for 2 days, remove from the
water, surface-dry by blotting with a towel, and reweigh. Any
gain in weight due to immersion represents the moisture
absorption; calculate and record for each specimen as a
percentage of the dry weight of the specimen. If appreciable
disintegration or slaking of an immersed cylinder occurs,
accurate determination of absorbed moisture is not possible
and the record should so indicate.

A2.2.10 After weighing as indicated above, test the three
specimens for unconfined compressive strength in accor-
dance with Test Method D 2166.

A2.2.11 After testing the three immersed specimens, re-
move the remaining three specimens from the curing
chamber, unwrap, weigh, and test for unconfined compres-
sive strength in accordance with Test Method D 2166.

SUMMARY OF CHANGES

This section identifies the principle changes to this guide
that have been incorporated since the last issue.
(1) Portion of title was changed from “Screening Chemi-

cals” to “Evaluating Effectiveness of Chemicals".
(2) Keywords section was added.

The American Seciety for Testing and Materlals takas no position respacting the validity of any patent rights asserted In connection
with any item mentioned in this standard. Users of this standard are expressly sdvised that determination of the vaiidity of any such
patent rights, and the risk of infringement of such rights, are entirely thelr own responsibillty.

This standard is subject to revision st any time by the responsible technical

and must be r d every live years and

i not ravised, either reepproved or withdrawn, Your comments are invited either for revision of this standard or for additional stancards

and should ba addressed to ASTM Hi . Your

s will recalve careful considaration at a meeting of the responsible

technlical commiitee, which you may attend. If you feel that your comments have not received a falr hearing you should make your
views known to the ASTM Committes on Slandards, 1916 Race St., Phifadelphia, PA 19103,
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1. Scope*

1.1 This test method covers procedures for the prepara-
tion, curing, transporting and testing of cylindrical test
specimens of controlled low strength material (CLSM) for
the determination of compressive strength.

1.2 This test method also may be used to prepare and test
specimens of other mixtures of soil and cementitious mate-
rials, such as self-cementing fly ashes.

1.3 CLSM is aiso known as flowable fil}, controlled
density fill, soil-cement slurry, soil-cement grout, unshrink-
able fill, K-Krete, and other similar names.

1.4 The values stated in SI units are to be regarded as the
standard. The inch-pound equivalents are shown for infor-
mation only.

1.5 This standard does not purport to address all of the
safety concerns, if any, associaled with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility af regulatory limitations prior to use. See Section 7.

2. Referenced Documents

2.0 ASTM Standards:

C 31 Method of Making and Curing Concrete Test Spec-
imens in the Field?

C 39 Test Mcthod for Compressive Strength of Cylin-
drical Concrete Specimens?

C 172 Method of Sampling Freshly Mixed Concrete?

C 192 Method of Making and Curing Concrete Test
Specimens in the Laboratory?

C 470 Specification for Molds for Forming Concrete Test
Cylinders Vertically?

C 617 Practice for Capping Cylindrical Concrete Speci-
mens?

C 1231 Practice for Use of Unbonded Caps in Determina-
tion of Compressive Strength of Hardened Concrete
Cylinders

! This test mcthod is under the jurisdiction of ASTM Committec D-18 on Soil
and Rock and is the direct responsibility of Subec i D18.15 on Stabilization
with Admixtures.

Current edition approved Dec. 10, 1995. Published May 1996. Originally
published as D> 4832 — 88. Last previous edition D 4832 - 88.

2 Annual Book of ASTM Standards, Vo! 04.02.

D653 Terminology Relating to Scil, Rock, and Con
tained Fluids®

PS 28 Test Method for Flow Consistency of Controllec
Low Strength Material (CLSM)*

PS 29 Test Method for Unit Weight, Yield, and Ai
Content (Gravimetric) of Controlled Low Strength Ma
terial (CLSM)*

PS 30 Practice for Sampling Freshly Mixed Controlie(
Low Strength Material (CLSM)*

PS 31 Test Method for the Ball Drop on Controlled Lov
Strength Material (CLSM) to Determine Suitability fo
Load Application*

3. Terminology

3.1 Definitions—Except as follows in 3.2, all definition
are in accordance with Terminology D 653.

3.2 Definitions of Terms Specific to This Standard:

3.2.1 Controlled Low Strength Material (CLSM)—A mix
ture of soil, cementitious materials, water, and sometime
admixtures, that hardens into a material with a highe
strength than the soil but less than 8400 kPa (1200 psi). Use
as a replacement for compacted backfill, CLSM can b
replaced as a slurry, a mortar, or a compacted material an
typically has strengths of 350 to 700 kPa (50 to 100 psi) fo
most applications.

4. Summary of Test Method

4.1 Cylinders of CLSM ar¢ tested to determine th
compressive strength of the material. The cylinders ar
prepared by pouring a representative sample into mold:
curing the cylinders, removing the cylinders from the mold:
and capping the cylinders for compression testing. Th
cylinders are then tested to obtain compressive strength:
Duplicate cylinders are required.

5. Significance and Use

5.1 This test method is used to prepare and test cylindric:
specimens of CLSM to determine the compressive strengt
of the hardened material.

5.2 CLSM is typically used as a backfill material aroun
structures, particularly in confined or limited spaces. Con

Y Annral Book of ASTM Standards, Vol 04,08,
4 Annual Book of ASTM Standards, Vol 04.09.

* A Summary of Changes section appears at the end of this Test Method.

Norma 25 ASTM D 4832-95 PREPARACION PROBETAS BAJAS RESISTENCIAS



i D 4832

pressive strength testing is performed to assist in the design of
the mix and to serve as a control technique during construc-
tion. Mix design is typically based on 28 day strengths and
construction control tests performed 7 days after placement.
The compressive strength(s} and other test age(s) will vary
according 1o the requirements for the end product. Addi-
tional information on the use and history of CLSM is
contained in Appendix X1.

5.3 This test is one of a series of quality control tests that
can be performed on CLSM during construction to monitor
compliance with specification requirements. The other tests
that can be used during construction control of CLSM are
Test Methods PS 28, PS 29, PS 30, and PS 31.

5.4 There arc many other combinations of soil, cement,
flyash (cementitious or not), admixtures or other materials
that could be tested using this method. The mixtures would
vary depending on the intended use, availability of materials,
and placement requirements.

6. Apparatus

6.1 Single-Use Cylindrical Malds—Plastic single-use 15
cm (6-in.) diameter by 30 cm (12-in.) high molds with tight
fitting lids, conforming to Specification C 470. Other sizes
and types of molds may be used as long as the length to
diameter ratio is 2 to 1. The 15 ¢m by 30 cm (6 in. by {2 in.)
molds are preferred because of the low strength of the
material and the larger surface area of the ends of the
cylinders.

6.2 Sampiing and Mixing Receptacle—The receptacie
shall be a suitable heavy-gage container, wheelbarrow, etc. of
sufficient capacity to allow easy sampling and mixing and to
allow preparation of at least two cylinders and for other tests
such as described in Test Methods PS 28, PS 29, PS 30, and
PS 31.

6.3 Storage Container—A tightly constructed, insulated,
firmly braced wooden box with a cover or other suitable
container for storage of the CLSM cylinders at the construc-
tion site. The container shall be equipped, as necessary, to
maintain the temperature immediately adjacent to the cylin-
ders in the range of 16 to 27°C (60 to 80°F). The container
should be marked for identification and should be a bright
color to avoid disturbance.

6.4 Transportation Container—A sturdy wooden box or
other suitable container constructed to minimize shock,
vibration, or damage to the CLSM cylinders when trans-
ported to the laboratory.

6.5 Testing Machine—The testing machine shall meet the
requirements as described in Test Method C 39.

Note 1—Since the compressive strength of CLSM cylinders will
typically be 100 kPa (about I5 to 1200 Ibf/in.?), the testing machine
must have a loading range such that valid values of compressive strength
can be obtained.

6.6 Curing Environmeni—A curing environment (water
bath, damp sand, fog room) that meets the requirements of
Method C 192. The cylinders may be cured in the same
curing environment used for concrete cylinders at the
laboratory performing the testing.

6.7 Small Tools—Tools and items that may be required
such as shovels, pails, trowels, and scoops.

7. Hazards

7.1 Technical Precaution—The procedure for the prepara-
tion of CLSM test cylinders has many similarities to pre-
paring concrete test cylinders (Method C 31 and Method
C 192). However, the cylinders are much more fragile than
concrete cylinders, and special care should be taken in their
preparation, storage, and handling.

7.2 Safety Hazards:

7.2.1 Strictly observe the safety precautions stated in
Practice C 617,

7.2.2 If the cylinders are capped with molten sulfur
mortar, wear proper personnel protective equipment, in-
cluding gloves with cufls at least 15 cm (6-in.) long.

8. Sampling and Test Specimens

8.1 Take samples of the CLSM for each test specimen in
accordance with PS 30. Record the identity of the CLSM
represented and the time of casting.

8.2 The sample from the batch should be a minimum of
0.03 m3 (1 fi?) for each two cylinders to be prepared. Prepare
a minimum of two compressive strength cylinders for each
test age to represent each sampled batch. Additional material
may be required if other testing is to be performed, such as in
Test Mecthods PS 28, PS 29, PS 30, and PS 31.

Note 2—In the initial stage of CLSM usage, preparation of three
cylinders is reccommended to obtain reliable compressive strength data
for each test age. Subsequently, two cylinders may be used to maintain
testing records and to ascertain an overall quality of the mix. However,
since the cylinders are fragile and may be damaged during transporta-
tion, mold removal, and capping, preparation of an extra cylinder may
be necessary to provide the minimum number of test specimens (see
Notes $ and 6). In addition, it may be useful to determine the density of
the fest cylinders to help evaluate the uniformity of the compressive
strength values.

9. Specimen Molding and Curing

9.1 Place of Molding—Mold specimens promptly on a
level, rigid, horizontal surface free from vibration and other
disturbances. The specimens should be prepared at a place as
near as practicable to the location where they are to be stored
during the first four days. :

9.2 Placing the CLSM:

9.2.1 Thoroughly mix the CLSM in the sampling and
mixing receptacle. :

9.2.2 With a bucket or pail, scoop through the center
portion of the receptacle and pour the CLSM into the
cylinder mold. Repeat until the mold is full. Place a lid on
the mold.

NoTE 3—Use of an air-tight lid has been known to cause low
strength materials to crack, possibly due to a creation of a vacuum inside
the mold. If an air-tight lid is contemplated, its use should be evaluated
before doing routine testing.

NoTE 4—Some mixtures will bleed rapidly, that is, frec water will
appear in the mixing receptacle and the mold. Obtaining the matenrial to
fill the cylinder must be done quickly after mixing. A few minutes after
filling the mold, thoroughly mix the CLSM in the sampling and mixing
receptacle and place a scoopful in the top of the mold, displacing the
water. If possible, a slight mound of material should be left on the top of
the mold. This refifling may be required again afler about 15 min. Leave
the mound on the 1op of the mold and cover.

9.3 Curing:
9.3.1 Store the cylinders at the construction site in the
storage confainer until the fourth day afler preparation.
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9.3.2 The cylinders shall be stored under conditions that
maintain the temperature immediately adjacent to the cylin-
ders in the range of 16 to 27°C (60 to 80°F). The cylinders
must always be protected from freezing. After the first day,
provide a high humidity environment by surrounding the
cylinders with wet burlap or other highly adsorbent material.

9.3.3 On the fourth day, carefully transport the cylinders
to the site of the curing environment in the transportation
container and place in a curing environment (see 6.6).

9.3.4 The cylinders are typically left at the contruction site
for four days and then transported o a curing environment.
If extremely low strength CLSM (below 350 kPa) would be
damaged by moving on the fourth day, then the cylinders are
to be placed in a water storage tank with a temperature
between 16° and 27°C (60” and 80°F) at the construction site
until they are able to be moved without damage.

10. Capping the Cylinders

10.1 On the day of testing, carefully remove the molds
from the cylinders and allow the cylinders to air-dry for 4 to
8 h before capping. If the upper surface of the cylinder is not
a horizontal plane, use a wire brush to flatten the surface.
Brush off all loose particles. Provide a cap for the cylinders
using one the following methods:

10.1.1 Cap the cylinders using sulfur mortar in accor-
dance with Practice C617.

10.1.2 Cap the cylinder using gypsum plaster in accor-
dance with Practice C617.

10.1.3 Use elastomeric pads in accordance with Practice
C 1231. The results of the qualification tests in Practice
C 1231 for acceptance of the caps must not indicate a
reduction of strength of more than 20 %, rather than 2 % as
stated in Practice C 1231. The larger difference is acceptable
because of the less critical uses of CLSM and 20 % is
estimated to be the inherent variation in compressive
strength results because of the lower strength values, for
example 350 kPa (50 psi).

10.2 Use the same capping method throughout each
project to avoid any variation in the test results from using
different capping systems.

NoTE 5—CLSM cylinders are more fragile than concrete cylinders
and must be handled carefully during the mold removal and during
capping.

NOTE 6—1If sulfur mortar is used as the capping compound, oil is
placed on the capping plate to ensure release of the capping material
from the capping plate. More oil may be required on the capping plate
when capping CLSM cylinders than is normally wsed when capping
concrele cylinders. Capped CLSM cylinders wilt normally contain more
air voids between the cap and the cylinder than capped concrete
cylinders, and this should be considered if the caps are tapped to check
for voids.

11. Compressive Strength Testing
11.1 Placing the Specimen—Place the lower bearing

block, with its hardened face up, on the table or platen of the
testing machine directly under the spherically seated (upper}
bearing block. Wipe clean the bearing faces of the upper and
lower bearing blocks and of the test specimen, and place the
test specimen on the lower bearing block. Carefully align the
axis of the specimen with the center of thrust of the
spherically seated block. As the spherically seated block is
brought to bear on the top of the specimen, rotate its
movable portion gently by hand so that uniform seating is
obtained.

11.2 Rate of Loading—Apply the load continuousty and
without shock. Apply the load at a constant rate such that
the cylinder will fail in not less than 2 min. Make no
adjustment in the controls of the testing machine while a
specimen is yielding rapidly immediately before failure.

11.3 Apply the toad until the specimen fails, and record
the maximum load carried by the specimen during the test.
For about one out of every ten cylinders, continue the
ioading until the cylinder breaks encugh to examine the
appearance of the interior of the specimen. Nete any
apparent segregation, lenses, pockets, and the like in the
specimen.

12, Calculation

12.1 Calculate and record the compressive strength of the
specimen as follows:

L
¢= (D)4
where!

C = compressive strength, kPa (Ibf/in.?),
D = nominal diameter of cylinder (normally 15 cm or 6 in.),

and
L = maximum load, kN (ibf).
13. Report

13.1 The report shall include the following:

13.1.1 Identification, for example, mix, cylinder number,
location, etc.

13.1.2 Diameter and length, cm (in.).

13.1.3 Cross-sectional area, cm? (in.2).

13.1.4 Maximum load, kN (ibf).

13.1.5 Compressive strength, kPa (Ibf/in.?).

13.1.6 Age of specimen.

13.1.7 Appropriate remarks as to type of failure, defects
noted, or nonuniformity of material.

14. Precision and Bias

14,1 The precision and bias of this test method have not
yet been determined. Data are being sought that will be
suitable for use in developing precision and bias statements.
15. Keywords

15.1 backfill: CLSM; compressive strength; construction
control; mix design; quality control; soil stabilization



¢ b 4832

APPENDIX

(Nonmandatory Information)

X1. HISTORY

X1.1 This standard was developed to provide an accepted,
consensus method of preparing and testing CLSM cylinders.
Because the cylinders are more fragile than normal concrete
cylinders, the standard provides a workable method of
preparation and testing based on much trial and error.

X1.2 CLSM is a combination of soil, portland cement,
sometimes admixtures, and enough water so that the mixture
has the consistency of a thick liquid. In this form, the CLSM
flows readily into openings, filling voids, and provides a
hardened material that has a strength greater than the
untreated soil used in the mix. Some cementitious fly ashes
have been successfully used in place of the cement.

X 1.3 Although the primary use to date of CLSM or other
similar materials has been as embedment for pipelines, it also
has been used as trench backfill and structure backfill.>

X1.4 Typically, CLSM contains about S to 10 % cement.
One of the definite advantages is that CLSM may be
produced using local soils. As opposed to a lean concrete
slurry, the soil for the CLSM can contain up to about 20 to
25 % nonplastic or slightly plastic fines. Although clean
concrete sands have been used, the presence of fines can help
keep the sand-sized particles in suspension. This allows the
mixture to flow easier and helps prevent segregation. Sotls
that are basically sand sizes work best with the maximum
particle compatible with the space to be filled. Central batch
planis with the slurry delivered in ready-mix trucks and
trench-side, trail-along portable batch plants have been used,
with the latter normatly used when the soil comes from the
trench excavation,

X1.5 Testing Technigues:

X1.5.1 The 15 by 30 cm plastic cylinders (see 6.1) are

% Lowitz, C. A., and DeGroot, G., “Soil-Cement Pipe Bedding, Canadian River
Aqueduct,” Journal of the Construction Division, ASCE, Vol 94, No. COt, 1968.

6 “Cemeni-Treated Pipeline Bedding,” Portland Cement Association Publica-
tion No. PAOQI LOL.

suggested as a matter of economics; that size is not necessary
based on the particic sizes normally used in CSLM, A
minimum test age of 7 days is recommended for construc-
tion control testing because the cylinders may not be intact
enough for transporting and testing in 3 days. In addition,
the testing that has been done for 3-day strength has resulted
in extremely erratic values.

X1.5.2 The mounding of the material in the cylinders was
found to be necessary for mixtures that did not contain
many fines; the water bled so quickly that a space was left on
top of the cylinders and the hardened cylinders were not of a
uniform height.

X1.5.3 At the moisture content required for the mixture
to have the necessary flow properties, consolidation of the
CSLM in the cylinder mold by vibration is not necessary.

X1.6 Typical Use:

X1.6.1 The use of CL.SM as pipe embedment illustrates
the reiationship between the testing requirements and a
typical application. For pipe installations, CLSM is used to
fill the gap between the pipe and the excavated trench. The
CLSM transfers the load from the pipe to the in situ
material, so the native soil must be able to provide the
necessary support for the pipe. The circular trench bottom
shape is advantageous because it reduces excavation quanti-
ties and thus reduces handling of the soil materials, The
CLSM eliminates the problem of trying to shape a cradle in
the trench bottom to fit the pipe. A cradle is labor intensive
and may not result in full contact between the pipe and the
soil. The CLSM does ensure uniform support for the pipe.
Placement of the CLSM is much faster than compacting the
soil in layers alongside the pipe, and potential damage to the
pipe from the compacting equipment is eliminated. It is also
quicker than flooding and jetting or the saturation and
vibration methods of compacting granular bedding mate-
rials. This faster installation is a distinct advantage where the
construction is in populated areas or through streets.

SUMMARY OF CHANGES

This section identifies the location of changes to this test
method since the last edition.

(1) The term “soil-cement slurry” was changed to “Con-
trolied Low-Strength Material (CLSM)” and the definition
modified.

(2) Capping methods expanded {to include gypsum

mortar and elastomeric pads.

(3) Reference made to other test methods for CLSM and
procedure modified to include necessary interaction with the
other standards.

(4) SI units made the standard.

{5) Additional section on keywords added.

The American Soclety for Testing and Materlals takes no position respecting the validity of any patent rights asserled in connection
with any item manifoned in this standard. Users of this standard are exprassly advised that determination of the validity of any such
patent rights, and the risk of Infringement of such rights, are entirely thelr own rasponsibiity.

This standard Is subject to revision at any time by the responsible

and must be r every five yoars and

if not revised, sither reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a maeting of the responsible
technical commitiee, which you may aftend. if you feel that your comments have not recelved a fair hearing you should make your
viaws known to the ASTM Committee on Standards, 100 Barr Harbor Drive, West anshohocken. PA 16428,
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QOMISION PARA FL DESARRO(IO Y LA APLICACION DE SUELCS ESTABILIZADOS

CUBA - THSTRICC I
IV - . MIOOKS CONSTRUCCION DE MIROS MAMBUESTOS DE, TECNICA
MNAZ - MDWGRI|  SURLO CRENTO 1T-16-91
QECAT - IPP CCTUBRE 1991
1.  INTRODICCION

Esta IT establece las espacificaciones de materiales, el proceso constructive y el
control e calidad para la ejecucidn de muros mediante piedras y suelo—cemento,

2. MATERIALES
2.1 Camento,

Angue resultan aptos todos los tipos de camento que actualmente se producen
en Cubn, se recomienda por razones econfmicas el tipo PP-250,

2.2 Pliedra

Pueden ser de origen silicio o calcireo con buena oonsistencia. La dimensidn
mixima no serf superior a 2/3 del ancho del muro y la mfnjwa sarf de 50 mm,
Preferiblemente ha de pogeer aristas vivas. Por razones econfimicas se obtan-
drfn de los lugares mis proximos posibles a la chea.

2.3 Sualo

Ba atenderfn lag escecificaciones y procedimientos establecicdos en las IT 02
a la 04-91, segln correspondan.

2.4 Vezclas de ﬁlelo—cem:nto
S5a atenderf la TT-06-91.

3. MOLDES,
Loa roldes o cofres responderén a las dimensiones del murd establecidos en el proyecto

Los tableros da los woldes pucden ser de madera, metflicos o mixtos., Ss recomisndan
dizensiones entre 3000 y 4500 mm de largo y altura de 400 a 800 xm, :
Las ‘quias podrfn sar de madera, las que se irfn retirando en la madida que se desa-
rrolle el proceso constructivo., Si el muro es mixto, por incluir pilastias de blogues,
ladrilloa u hormigin por solucidn del proyecto, @stos podrén ser usados oowo gufas.
1os elawantos O quia serfn tasbifn empleados comd arviostres pars los moldas,

Para mantener el ancho especificado del muro se dahen usar tacos separadores, sspacia-
doa 1000 mm aproximadaments, de soccifn transversal de 100 x 100 mm, largo segin el
ancho del muro y con hueco central lanyitwlinalmente, para pasay el pemo que propor-
cionarf la fijacifn necesaria entre los tiableros de swbos lados. Estos separadores
debenn ser construidoe también ocon suelo—camento.

4. VERTIDO
Los materialcs se colocardn dentro del melde formando capas de altura total no supe-
rior a los 100 nm.

=] orden de vertido serd: suelo-conemto, piedras humedecidas, suelo-cemento. la can-
tidad da pledras.no serd mayor del 40% del voluren total. Esto es, un volumen dado
de piedras por cada vez y madia de ese mismo volumen de suelo—cemento (proporciln
pledra/suelo cemento = 1/1,3).

5. COMPACTACION

Tas capas asi colopadas serdn cumpactadas mediante apisonado, por lo gemeral manual-
monte. La compactacifin de cada.capa se cansidara suficienta cuando los golpsa de.
pisin no dejen huellas en la mimma.
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Antes da colocar la capa siguiente es necesarjo escarificar la superficie de la capa

, 0on un elamento adocuado, por ejamplo una barilla da acerc con punta
afilada. Eato tiende a lograr ia continuidad entre las capas conpactaias, o sea, la
continuidad del muro.

El plsfn podrs ser de maders dura o metflica, con base de orden de 130 ecm?, de super-

ficie y un peso aproximado de 8 a 10 kg. La altura de caida serf de 30 o aproxima-—
dmenta, ’

El procesd constructivo, wediante el vartido y compactacifn por capas sucesivas, se
debe efectuar manteniendo el mismo nivel en todos los muros de la edificacidn para
lograr la waycr continuidad entre ellos y evitar empujes en las esquinas, Donde no
np.ndamlirnﬂomdicidnuhat&ncajuemoaﬂmtamimtnenlamim. El
svanos diario sn la construccifn de los muce debe ser del orden de 1500 sm.

&Mmmidanlvalmi&am, el que serf preniso al témino de la
altura de los muros (enrace). La verticalidad del muro serf woujdadosamente contro—
1lada. mmrkcbsplms,mdesermdemmtodelmm&lmm.

6. - DESTLDE

Bn' thrminos generales se puede comentar el retiro de los moldes al cabo de unas 3
horas de habsr coopactado la Gitima capa. En cada caso particular se procederf te-
nisndo en cuenta el tipo de material, el ancho del muro y al nimero y tamaiic de los
YRnos .

7R YR *

7.  QJRADD

Se dsbe pantaner la lusnedad del mwo durante los 3 dias siguieties & su oonatruccidn,
om0 minimo,

Para'dste fin me cubricin con sacos hanedos o regandd con agua dispersa (ro aplicar
choryos concentrados) tres veces al dfa.

.
;e d
s

il mq_.mucu.m

“h | 'B('tatn staps de preparacifn de loe wateriales, asf caw del proceso constructivo se

la IT~11-3]1 “Control de Calidad en las construccionss de suslo-cemento®.

La veatstencia 3 compresitn se evaluard mediante 3 probetas clbicas de 150 x 150 mm
E'ﬂ.lﬂﬂhpnﬂmtmida (1o que squivale a 67 metros lineales en muros de
i o, pox oada metro ds altura). El prarcdio de 1a resistencia a conpresidn axial
21'@s 1as 3 probetas serf como MINDMD do 2 MPa, con yesultados individualea mayores o
dguales & 1,7 WPa. 1a absorcifn mixima aduitida serd del 208 dal paso de la wmuestra.
Cuendo“‘e)l proywctista especifique valores superiores da resistencis a conpresifn o va-
lores manores de absorcifn, sarén estos los objetos del contobl.

2/ - CommemcToms

9.1 “Eata IT ha towado en consideracitn la Carta Técnica hetodolégica, amitida con
facha 27 da agosto de 1991 por ]a Vice Direccitn Técnica Provincial de Micro-
brigadas Sociales y Servicios a la vivienda, de! Poder Popular Pruovincial de
Holguin. BEn varias ragiones du esta provincia hay tradicide en_construir, fun-
Assanialwente viviendas, omn esta técnica.

.9..2 Esta IT puade ser reprofucida ypor los croanismos & ingtituciones para su dival-
gacifin y aplicacidn, oon la condicifin d¢ mantener ricurosamente su forma y con-
. tepifo. 6e incluiré solamente quien hace cada reproduccitn, 10 gue escribird
, al final dal taxto diciendo:
+ L+ Peproducida pors .
9.3 Cualquisr criterio o expariencia roiacionado oon esta IT, se agradece 1o hagan
© llegar w3
. Ing. Helson Mavarro Capos, or.
Instituto Mecional de la Viviends
Mpestarin 621 esq, Pifora
Cesrro

Ciudad da 1lu liabana
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o CUBA METODOLOGIA PARA LA MEZCLA DE DOS SUELOS ' |  Inetruccidn
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1. INTRODUCCION " T e T

. .J 1

Esta IT esté dirtgldn a solucionar lns tesos en que sl suelo,’ m uu wlulh h
obra, no cumple con las especificeciones de granulometria.y plnsticidad. Esto m» -
resuélve peneralmente agregando un suelo con caracterfsticas opuestas al gue terns—

03 en la obra. Enocaslmmyexcepciwlummtumtmydnlm
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COMISION PARA EL DESARROLLO Y LA APLICACION DE SUELOS ESTABIL1ZADOS

CUBA “
Inatrucclan
INV - MICONS LADRILLOS MACIZOS DE SUELD CEMENTO Técnica
MINAZ- MINAGRI 4 11 -07 - 91
CECAT- IPF - '
JUNID - 1991
1. Descripcitn

Elsmento constructivo hecho de suelo cemento conformsdo en mdquine compactadors poc
presidn, preferiblemente de doble accidn y curato.

2. Caracteristicas Geométricas

Alfura nominal

h =90 mm
Anchio nominal ~ a = 140 am
tsrgo nominal - 1 = 290 mm

3. Caracteristicss Ffsico - mecdnicas.

Resistencia s 1a compresidn axlal a los 7 dias.

Valor medio minimo 2 Wa
Valor individusl minimo 1,7 MPa

Absorcidn da agua

Velot medio méximo 20% del peso
¥alor individual méximo 27% del peso

-~ .

A, los 14 rior

Los factores dsterminantes para obtener ladrillos de meyor cslided; mayor resisten--
cia's 1s compresidn y menor sbsorcidn de agus, respecto s los valores minimos squi-
establgci_dou son: :

tipo de suelo

contenido de cemento

contenido de ague o
precgia ds cospectacion de 1s miquine conformadors

Asi, pars una mezcla dada de suulu.I comento y sgue, 108 resultados dependerén de’le
miquina compactedors usads. El curado se considers un factor constante de obligato
rio cumplisienta, ‘ -

5. _(hsarvdcim

Eata iT puede ser teproducids por loa organismos e {nstituciones para P divulgacion

¥ apliceclén con 1a condicidn de mantener rigurosemente su forma y contsnido. Se -
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Cusiquier criterio o experlencis relacionsdo con al tema de esta

Ing. Nelson Mevarro Campos, CDR.

Instituto Macional de la Vivienda
Ayestarén No, 621, esq. a Pihera,
Cerro, '

Ciudad de La Hahbana,

llegar o IT, se ogradece lo

Absorcitn de agua.

Valor medio mximo 208 del peso
Valor individual méxiro 224 del peso

5. BUOCUES D CALIDAD SUPERIOR

Los factores determinantes para obtener blogues de mayor calidad: mayor resistencia
a 1a compresin y menor absorcifn de agua, respecto a los valores mfnimos aqui es-
tablecidos son:

- contenido de agua
= energia de cowpectacitn de la miquina conformadora

Asf, para una merzcla dada de suelo, cemonto y aqua, los resultados dependerdn de

1a méquina compactadora usada. El curado se considera un factor constante de obli-
gatorio cumplimiento.

6. OBSERVACIONES

Bsta IT pueds ser por los e iorles para su divulga-
cién y aplicacifn, on la condicifn de mantener -su forma y i
Se incluirf solamente quien hace ¢ada reproduccifn, 10 que escribirS al final del
texto diciendo:

por

Cualquier criterio o experiencia relacionado con esta IT. sc agradece o hagan
llegar a: -

Ing. Melson Nsvarro ., Cor.
Instituto Nacional de la Vivienda
Pyestarsn 621 esq. Pifiera

Cerro

Ciudad Habana
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COMISTON PARA EL DESARROLLO Y LA APLICACION DE SUELCS ESTABILIZADOS

uBA ) INSTRICCTON
W - MIONS BLOQUES MACIIMBRADOS DE SUELO CEMENTO TRONICA
MINAZ- MTNAGRI (MACHIMBLOQUES) 7-09-91

CECAT- 1PP SPrIReE 1991

1. INTRODUCCION

Los blogues con junta mecinica (machimbrada) fueron expuestos en Cube por el Arg.
RaGl Sinchez Mora, de MBxioco, durante la 11 Oonferencia Internacional sobre Vi-
vienda y Urbaniamo, celebrada en Ciudad de la Habana, en octubre de 1990, dejando 8
su regreso los modelos, construidos en "polyespume®, que trajo pexrs flustrar su con-
ferencia. Con csos modelos se comonzaron a producir méquinas para conformar los blo
ques de suelo-cemento. El disefio de las miquinas y su produncidn venia siendo desa-
rrollado por el Ing. Rolando Lopez de la Planta Macinice Reynold Garcia, pertenscien
te a 1a EREA No. 3, del MIODNS en Matanzas, para producir bloques huecos, bovedillas
y ladrillos macizos, En la actualidad son varias las mfquinas en produccién en di-
ferentes reqiones del pafs, por 1o que la oonstruccidn con estos elemsntos es ya un
hecho, independientemente de la necesidad de profundizar en la informacifn y cono-
cimientos que la sustenta. '

En estas condiciones la presente IT se emite para amparar técnicessnts wn producto
y una técnica constructiva en uso que debe ser perfeccionada y doninada en todos sus
aspectos. Se entiende que los blogques wachimbradce coexistan con los ladrillos ma-
cizos (IT-07-91) y los blogues huecos (IT-08-91) com slementos de construocién,
seleccionindose en cada caso el que se entienda més convenients segtn el weo a que
se destipe y las condiciones de 1a zona y las cbras en particular. .

2, DESCRIPCTON

l'lementos constructivos hechos de suelo-cemento conformados en méquinas
tas por presién, preferiblemente de doble accifn y curados. Presentan nervios y
ramrras para la conexifn mecdnica (mchinbrados) entre los elementos.

3. CARACTERISTICAS GRIMETRICAS

las dimnsiones do 350 mm {en el largo) nu se ajusta a las modulaciones da 3 M
(sicodo M~ 100 me) aplicadas a las edificaciones en Cuba. Esto es particular-
mente rigido poryue el blujue machimbrado no se puede picar en cbra a coalquier
tamio necesario, segfin se roquicra, coneo oowrre con el ladrillo o el blogue qua
1tevan wifn om nortero. 5610 se purde reducir al semi-blogue {su mitad) por
1o que de becho 1a modulacidn ha de ser en base a 1.75 M. Esto implica disponer
de proyectos particulates paara constiuin con estos blogues machimbrados.

Las dimensiones de nervios y ranuras se han tomado de las miquinas referidas en
la IntroduwcciGn, segfin el Proyecto MFRIM [M&qrina para Elaborar Blogues de Jata
Mecénica) de fecha fcbremo 1991, BREA N7 ), MICUS,

Altura nminal h
Aot nominal a
Largn neminal 1

100 myn
11 rm !
ERLLNE T

{véanse las figuras)
4, CARNCTERISTICAS FISLCO-MECANLCAS
Resistencia a la cowpresitn axial a los 7 4dfaa.

lVllDt medio minimo 2M0a
Valor individual minimo 1,7 Ma

Norma 31 IT-09 BLOQUE MACHIHEMBRADO CUBA




COMISION PARA EI, DESARROLIO Y LA APLICACION DE SUELOS ESTABILIZADOS

CUBA TMSTRUOCION
NV - MIONS TEONICA .
MINAZ- MINAGRI BONEDILLAS DE SUELO-CEMENTO
CBCAT . I7-10-91
- or SEPTIEERE 1991
i
. INTRODUOCTON
1 N

La construccifn de entrepiscs y cubiertas medisnte viguetas lon-i-vlqumlrbn-
dillas de hormigfin 0 de cerfinica tiane una asplia tradicifin de wso en Oba y @n la
actualidad se trata de revitalizar su aplicacidn. La formm de los bordss de las bo-
vednmht:‘dnmmﬂtromluvig-mdew.immm
oomoD 8

La presents IT defina las bovedillas construidas con suslo~cesanto y d¢ condiguracifn
y dimensiones gue la hacen aptas para integrarse a las semiviguetas del sistem ! .
TUPAMARD, seleccionado por el CTW para ser generalirzado nacionalmante, oqihm-
1ucitn del 1°* de junio de 19%0. ]

2. DESCRIPCICN
Elementos constructivos para entrepisos y cubjertas en edificaciones, hechos dé
cmpactaiocas

suelo-camento comvenientemente dosificado, conformados en méquinas
de doble accidn y curados.

3. CARCIFRISTICAS GCMETRICAS ' AR _
mlmihddeﬂﬂmwﬂnahmsu =] ﬂ..jnfh?lilﬂ-'
guetas. El peralto de 120 mm se considera adecusdo pars las Juoes mis. Erecushtes

mmviviaﬂaadabajouoamymeﬂiﬂmclmesdhu El
responds a propiciar la adecunds compactacion del elemento, Ver las figuras.

LP CARACTERISTICAS FISICO-MECANICAS
Resistencia a la conpresifn axial a los 7 dfas.

!

]

!

valor sedic minimo ko] |
Valor individual minimo 2,7 M !
Absarcidn de agua ,
valor sedio miximo 20% del peso {

Valor individual mximo 22% del peso , :

. ’ - H

5.  OBSERVACIONES 5 J

mﬂwm‘wmlmWomme;d}m‘
cmrmlmwmlamicimammrwmmi .
Se incluirf solamente gquien hace la reproduccifn, 10 que secribirf =l

textn Aiclendo: ' AN

Repeoducida pors Lo

Cualguier criterio o experiencia mlaciomlbcmelh-deutan. agradece’
10 hagan llegar a:. _2-.‘

! Ing. Nelson Navarro Cangon, (DT,
Instituto Nacional de la Vivienda
Ayestarfn 621 esq. Pifera
Carro

Ciudad Mabena
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NLT-303/72

Congelacion-deshielo de probetas de suelo-cemento

1 OQBJETO Y CAMPO DE APLICACION

1.1 Este ensayo tiene por objeto determinar la
pérdida de suelo-cemento, cambios de humedad y
cambios de volumen (hinchamiento y retraccion)
producidos por repetidas congelaciones y deshielos
de muestras de suelo-cemento moldeadas y compac-
tadas.

1.2 Para este ensayo se siguen dos métodos, y el
uso de uno u otro depende de la granulometria del
suelo.

Método A. Empleando material que pasa por el ta-
miz 5 UNE (ASTM nidm. 4) y usado cuando el
100 % del suelo pasa por dicho tamiz. -

Método B, Empleando material que pasa por el ta-
miz 20 UNE (ASTM 3/4 pulgada) y usado cuando
parte del suelo es retenido en el tamiz 5 UNE.

1.3 Esta norma tiene aplicacion en las mezclas
suelo-cemento utilizadas en construccién de carrete-
ras.

2 APARATOS Y MATERIAL NECESARIOS

2,1 Un molde cilindrico de un litro de capacidad
(102 mm de didmetro por 122,4 mm de altura), con
base y collar.

2.2 Una maza de compactacién de 2,5kg y
50 mm aproximadamente de didmetro, provista de
un tubo guia que controle la caida desde una altura
de 305 mm, accionada a mano o mediante un com-
pactador mecénico calibrado con arreglo a la norma
NLT-107.

2.3 Un extractor de muestras del molde.

2.4 Dos balanzas: una de 10 kg de capacidad, sen-
sible al gramo, y otra de 1.000 g de capacidad, sen-
sible a 0,1 g.

2.5 Una estufa de desecacién, regulable, capaz de
mantener una temperatura de 110 + 5 °C.

2.6 Un frigorifico capaz de mantener temperatu-
ras (-23 °C) o mas bajas.

2.7 Una cimara hiimeda capaz de mantener una

temperatura de 21 + 2 °C y una humedad relativa
del 100 % durante los dias de cura de ias probetas.

2.8 Un cepillo de alambres de 5 cm, aproximada-
mente, de longitud y 0,15 em de didmetro. Hecho
con §0 grupos de 10 cerdas cada grupo, colocadas
en cinco filas de 10 grupos, sobre un mango de ma-
dera de 19 x 6,3 cm.

2.9 Una espitula de unos 300 mm de longitud,
sesgado uno de sus filos.

2.10 Tamices: 80 UNE {ASTM 3 pulgadas), 20
UNE (ASTM 3/4 pulgada) y 5 UNE (ASTM
nim. 4).

2.11 Un recipiente mezclador y una paleta para
mezclas.

2.12 Un cuchillo de carnicero, de hoja fuerte y
bien recta.

2.13 Un tenedor como los de coger hielo, o apara-
to similar, para escarificar las capas compactadas
antes de echar la siguiente.

2.14 Un recipiente de aproximadamente 300 mm
de didmetro y 50 mm de altura para la absorcién de
humedad de las mezclas suelo-cemento.

2.15 Un calibre para medir las alturas y diametro
de las probetas con una aproximacién de 0,2 mm.

2.16 Bandejas para contener y transportar las
muestras.

2.17 Una probeta de cristal graduada de 250 cm?®
de capacidad para medir agua.

2.18 Cipsulas y pesafiltros para determinar la hu-
medad de las muestras.

3 METODO A: PROCEDIMIENTO
3.1 Preparacion de la muestra

3.1.1 Preparar ia muestra de suelo, desmenuzin-
dola hasta que todo el material pase por el tamiz 5
UNE. Si es preciso, dejar secar la muestra hasta
que pueda ser pulverizada facilmente. El secado se
hace al aire o por medio de estufa u otros aparatos

Norma 33 NLT 303 CONGELACION SUELO-CEMENTO
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de secado, siempre que la temperatura no exceda de
60 °C.

3.1.2 Dividir por cuarteo el material asf obtenido
en 8 6 9 porciones de unos 3 kg cada una.

3.2 Fjecucién del ensaye

3.2.1 Tomar del suelo preparado en 3.1.2, de este
procedimiento, las porciones necesarias y determi-
nar la densidad méxima y humedad dptima de la
mezala suelo-cemento a ensayar, conforme a las es-
pecificaciones descritas en el ensayo de apisonado
para determinar la relacion densidad-humedad. Mé-
todo A (NLT-301).

3.2.2 Una vez determinada la curva humedad-
densidad, tomar dos porciones de suelo, preparadas
segin el apartade 3.1.2 de este procedimiento, de-
terminar la humedad, y con este dato el suelo seco
correspondiente.

3.2.3 Afadir después a dichas porciones la canti-
dad calculada de cemento respecto al suelo seco y
mezelarlo completamente hasta color uniforme.

3.24 A la mezela suelo-cemento, cuya humedad
se conoce segiin el apartado anterior 3.2.2, aftadir
por diferencia la cantidad suficiente de agua potable
hasta la humedad éptima y mezclar intimamente.

Cuando el suelo sea una arcilla pesada, compactar
la mezela suelo-cemento-agua en el recipiente des-
crito en el apartado 2.14 de esta norma, hasta una
altura de, aproximadamente, 50 mm, usando la
maza, taparlo y dejarlo en reposo durante un perfo-
do no menor de 5 minatos ni mayor de 10, para
permitir que, por absorei6n, se reparta la humedad
por toda la mezela.

Después de este perfodo de absorcion, romper la
mezcla compactada hasta que, visiblemente, se
comprenda gque todas las particulag pasan por el ta-
miz 5 UNE y mezclar.

3.2.5 Moldeo de las muestras. Una vez mezclada
nuevamente la muestra, compactar inmediatamente
una probeta en el molde en tres capas y 30 golpes
por capa con la maza de 2,6 kg, repartiendo los
golpes por teda la superficie y escarificando cada
una de las capas antes de afiadirle la siguiente, para
lo cual se remueve la parte superficial de la capa,
haciendo cavidades de una a otra parte en sentido
recto de aproximadamente 3 mm de ancho y 3 mm
de profundidad y separadas unas de otras unos
6 mm.

Durante la compactacién, tomar una muestra repre-
sentativa de uno 100 g, pesarla inmediatamente y

secarla, dentro de una cipsula, en estufa a 110°C
por un perfodo minimo de 12 horas ¢ hasta peso
constante y calcular el tanto por ciento de humedad
de la mezela para contrastarla con el contenido de
humedad designado para la ejecucién del ensayo,
entre los cuales s6lo se permite un + 1% de error.

3.2.6 Quitar el collar del molde, enrasar, sacar la
probeta compactada y determinar la densidad seca,
para contrastarla con la designada. Los limites de
error permitidos en este caso son de + 5,5 g/dm?.

3.2.7 Identificar la muestra, maredndola con el
ndmero 1, y usarla para obtener los datos de cambio
de humedad y volumen durante el ensayo.

3.2.8 Compactar una segunda probeta tan rapida-
mente como sea posible y determinar, como en la
primera, el porcentaje de humedad y la densidad
seca, como se describe en los anteriores apartados
3.2.5 y 3.2.6 e identificar esta muestra con el niime-
ro 2, la cual serd usada para obtener los datos de
cdleulo para la pérdida de suelo-cemento durante el
ensayo.

3.2.9 Medir el diametro y la altura de la muestra
ntimero 1 y ealcular su volumen.

3.2.10 Colocar ambas muestras en una bandeja,
en la camara himeda, por un periodo de 7 dias.
Pesar y volver a medir la muestra nimero 1 al final
de estos 7 dias de cura en cdmara humeda y caleu-
far su humedad y volumen.

Nota 1. Todas los medidas deben ser lomadas con una aproximacion
de 0,3 mm y tomados siempre sobre los mismos puntas.

3.2.11 Inmediatamente después de los 7 dfas de
cura en camara himeda, colocar un fieltro de unos
6 mm de espesor u otro material absorbente, satu-
rado de agua, entre la muestra y la bandeja y colo-
car el econjunto en una cdmara frigorifica que tenga
una temperatura constante minima de —23 °C, y te-
nerla en estas condiciones durante 24 horas. Trans-
currido dicho periodo, sacar las muestras y medir en
la namero 1 el cambio de volumen y humedad.

3.2.12 Colocar la bandeja con las muestras en la
camara himeda o, en su defecto, en un recipiente
cerrado que tenga una temperatura de 21 °C y una
humedad relativa de un 100 %, durante 23 horas, ¥
sacarlas. Debajo del fieltro sobre el que estén las
muestras habrd agua, una fina capa de agua, que
permita a las muestras absorberla por capilaridad
durante el perfodo de deshielo. Pesar y medir la nd-
mereo 1. Y cepillar la muestra ndmero 2 con el cepi-
llo de alambres como sigue: se cogerd el cepillo de
manera que quede paralelo a la superficie a cepillar
¥ se cepilla ejerciendo una fuerza aproximada de 15




qmp Designation: D 559 - 82

Standard Methods for

Wetting-and-Drying Tests of Compacted Soil-Cement

Mixtures'

This standard is issued under the fixed designation D 559;

original adoption or, in the case of revision, the year of last revisi

the number immediately following the designation indicates the year of
on. A number in parentheses indicates the year of last reapproval. A

superscript epsilon (¢} indicates an editorial change since the last revision or reapproval.

These methods have been approved for use by agencies of the Department of Defense and jor listing in the DoD Index of Specifications

and Standards.

1. Scope
1.1 These methods cover procedures for determining the
soil-cement losses, moisture changes, and volume changes
(swell and shrinkage) produced by repeated wetting and
drying of hardened soil-cement specimens. The specimens
are compacted in a mold, before cement hydration, to
maximum density at optimum moisture content using the
compaction procedure described in Test Methods D 558.
1.2 Two methods, depending on soil gradation, are cov-
ered for preparation of material for molding specimens and
for molding specimens as follows:
Sections
Method A, using soil material passing a No. 4 (4.75-mm)
sieve. This method shall be used when 100 % of the soil
sample passes the No. 4 (4.75-mm) sieve .
Method B, using soil material passing a Ya-in, (19.0-mm})
sieve. This method shall be used when part of the soil
sample is retained on the No. 4 (4.75-mm) sieve ... .. 6

2. Referenced Documents

2.1 ASTM Standards:

C 150 Specification for Portland Cement?

C 595 Specification for Blended Hydraulic Cements?

D558 Test Methods for Moisture-Density Relations of
Soil-Cement Mixtures®

D 560 Methods for Freezing-and-Thawing Tests of Com-
pacted Soil-Cement Mixtures?

D 2168 Methods for Calibration of Laboratory Mechani-
cal-Rammer Soil Compactors’

E 11 Specification for Wire-Cloth Sieves for Testing
Purposes®

3. Significance and Use :

3.1 These methods are used to determine the resistance of
compacted soil-cement specimens to repeated wetting and
drying. These methods were developed to be used in con-
junction with Methods D 560 and criteria given in the
90il-Cement Laboratory Handbook® to determine the min-
imum amount of cement required in soil-cement to achieve

1 These methods are under the jurisdiction of the ASTM Committee D-18 on
Soil and Rock and are the direct responsibility of Subcommittee D18.15 on
Stabilization of Additives.

Cusrent edition approved July 30, 1982. Published September 1982. Originally
published as D 559 - 39. Last previous edition D 559 - 57 (1976).

2 gnnual Book of ASTM Standards, Vols 04.01 and 04.02.

3 Annual Book of ASTM Standards, Vol 04.08.

4 Annual Book of ASTM Standards, Vols 04.01, 04.06, and 14.02.

5 Soil-Cement Laboratory Handbook, Portland Cement Assn., 1971.

a degree of hardness adequate to resist field weathering.

4. Apparatus

4.1 Mold—A cylindrical metal mold having a capacity
130 + 0.0004 ft3 (944 + 11 cm®) with an internal diameter
4.0 + 0.016 in. (101.60 = 0.41 mm) and conforming to f
1 to permit preparing compacted specimens of soil-cem
mixtures of this size. The mold shall be provided witl
detachable collar assembly approximately 2V/2 in. (63.5m
in height. The mold may be of the split type consisting of |
halferound sections or a section of pipe with one side s
perpendicular to the pipe circumference and that can
securely locked in place to form a closed cylinder having
dimensions described above. The mold and collar asserr
shall be so constructed that it can be fastened firmly t
detachable base.

4.2 Rammer:

42.1 Manual Rammer—A manually operated m
rammer having a 2.0 + 0.005-in. (50.80 = 0.13-r
diameter circular face and weighing 5.5 + 0.02 Ib (2.4
0.01 kg). The rammer shall be equipped with a suit
guidesleeve to control the height of drop to a free fall of |
46 in. (3048 + 1.6 mm) above the elevation of
soil-cement. The guidesleeve shall have at least four °
holes not smaller than % in. (9.5 mm) spaced 90° apart
located with centers ¥s % Yis in. (19.0 = 1.6 mm) from ¢
end and shall provide sufficient clearance that freefalls o:
rammer shaft and head will not be restricted.

4.2.2 Mechanical Rammer—A mechanically oper
metal rammer having a 2.0 % 0.005-in. (50.80 % 0.13-1
diameter face and a manufactured weight of 5.5 + 0.
(2.49 + 0.01 kg). The operating weight of the rammer
be determined from a calibration in accordance
Methods D 2168. The rammer shall be equipped wi
suitable arrangement to control the height of drop
free-fall of 12.0 + Y6 in. (304.8 = 1.6 mm) above
elevation of the soil-cement.

4.2.3 Rammer Face—Strength and resistance to wet
and-drying of specimens compacted with the sector
rammer may differ from that of specimens compacted
the circular face rammer. Therefore, the sector face ran
shall not be used unless previous tests on like soil-ce
mixtures show that similar resistance to wetting and dry
obtained with the two types of rammers.

4.3 Sample Extruder—A jack, lever frame. or
device adapted for the parose of eutiudin:
specimens from the mold. Not requirzd when
mold is used.

 split
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As alternate construction, extension
may be held down with ear - type
clamp, similar to those used on mold

4% D.
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Y 40" 0016 0. ; 8"
7 ) ar
This yolume to b : 1/8" D. with 4- 48 thd. Project 1/16" 1o f
+ / . wi - . Proji to form
i 1/30= 0.0004cu ft / catch for extension clamp. Place three 120°
yof % © / apart (Not req'd if ear - type clomp used)
H 4
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T «
Flof 5 / Ear - type clamp
g 10-32 x 3/8" long 7
ent fiathead screw A A A L— /4"
ha . o 5% [— a8~
nm) % 12 A% [—11/32" | e
th(: _rr T, \ N E—wz"
spiit | N _
b a8 &
the Metic Equivale
bl quivalents
10 a in. mm
0.016 0.41
0.026 0.66
Va2 0.80
netal re 16
mm) 3 3.2
+ va 6.4
19bl- 1Y/32 87
tabie - % 95
12 "% 127
*the * & 15.9
2 50.8
vent 2% 63.5
tand 4 1016
each ¢ 4% 108.0
, a2 1143
3
>f th f‘ 4.584 116.43
6 152.4
rated ; 62 165.1
mo) I . .
02h¢ ft* cm
shall 50 944
with * 0.004 1
K P 113333 2124
ith : : 0.0009 25
to
. the NoTE (a)—The tolerance on the height is govemed by the allowable volume and diameter tolerances.
- NoTe {bl—The methods shown for attaching the extension collar to the moid and the mold to the base plate are recommended. However, others methods are
L acceptable, providing the attachments are equally as rigid as those shown.
tting ; .
face ; FIG. 1 Cylindrical Moid
with}

et 44 Balances—A balance or scale of at least 25-Ib (11.3- specuiies. ‘ ‘

ment ¢ kg) capacity sensitive to 0.01 15 (0.005 kg) and a balaneg of at 4.6 Moist Room—A moist room Of suitable covered

ingist keast 1000-g capacity sensitive to 0.1 8. container capable of maintaining 4 temperature of 10+ 3°F
4.3 Drying Ovens—A {hermostatically controlled drying (21 £ 1.7°C) and a relative humidity of 100 % for 7-day

other ;- 2¥6D capable of maintaining temperatures of 230 £ 9°F (110 storage of compacted specimens.

asted s :ofnrco)ug élr)jing moisture samples, 'and.a.themostatically 47 Water Bath—Suitable tank for swbmerging com-

L on 60 4 S‘;?YI(l;gl ";’e;g;‘?fg‘:lg &ggﬁg:g:;i&igﬁfggg;: pacted specimens in water at room temperature.
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4.8 Wire Scratch Brush—A wire scratch brush made of 2
by Yie-in. (50.8 by 1.588-mm) flat No. 26 gage (0.46-mm)
wire bristles assembled in 50 groups of 10 bristles each and
mounted to form 5 longitudinal rows and 10 transverse rows
of bristles on a 7'z by 2V»-in. (190 by 63.5-mm) hardwood
block.

4.9 Straightedge—A rigid stecl straightedge 12 in. (305
mm) in length and having one beveled edge.

4.10 Sieves—3-in. (75-mm), Ys-in. (19.0-mm), and No. 4
(4.75-mm) sieves conforming to the requirements of Specifi-
cation E 11.

4.11 Mixing Tools—Miscellaneous tools such as mixing
pan, and trowel, or a suitable mechanical device for thor-
oughly mixing the soil with cement and water.

4.12 Butcher Knife—A butcher knife approximately 10
in. (250 mm) in length for trimming the top of the
specimens.

4.13 Scarifier—A six-pronged ice pick or similar appa-
ratus to remove the smooth compaction plane at the top of
the first and second layers of the specimen.

4.14 Container—A flat, round pan for moisture absorp-
tion by soil-cement mixtures, about 12 in. (305 mm) in
diameter and 2 in. (50 mm) deep.

4.15 Measuring Device—A measuring device suitable for
accurately measuring the heights and diameters of test
specimens to the nearest 0.01 in. (0.2 m).

4.16 Pans and Carriers—Suitable pans for handling ma-
terials and carriers or trays for handling test specimens.

4.17 Graduate—A graduated cylinder of 250-mL capacity
for measuring water.

4.18 Moisture Cans—Suitable containers for moisture
samples.

5. Method A—Using Soil Material Passing a No. 4 (4.75-
mm) Sieve

5.1 Preparation of Material for Molding Specimens:

5.1.1 Prepare the soil sample in accordance with the
procedure described in Method A of Test Methods D 558.

5.1.2 Select a sufficient quantity of the soil prepared as
described in 5.1.1 to provide two (Note 1) compacted
specimens and required moisture samples.

NoOTE 1: (Optional)—Usually only one specimen (identified as No. 2)
is required for routine testing. The other specimen (identified as No. 1) is
made for research work and for testing unusual soils.

5.1.3 Add to the soil the required amount of cement
conforming to Specification C 150 or Specification C 595.
Mix the cement and soil thoroughly to a uniform color.

5.1.4 Add sufficient potable water to raise the soil-cement
mixture to optimum moisture content at the time of
compaction and mix thoroughly. When the soil wsed is a
heavy textured clayey material, compact the mixture of soil,
cerment, and water in the container to a depth of about 2 in,
(50 mm) using the rammer described in 4.2 or a similar hand
tamper, cover, and allow to stand for not less than 5 min but

not more thas 10 min to aid dispersion of the moisture and
{g permit more complete absorption by the soil-cement.
5.1.5 After the absorption period, thoroughly break up the
mixture, without reducing the natural size of indidusl
particles, until it will pass a No. 4 (4.75-mm) sieve, as judged

by eye, and then remix.
5.2 Molding Specimens:

5.2.1 Form a specimen by immediately compac
soil-cement mixture in the mold (with the collar a
and later trimming the specimen in accordance with
A of Test Methods D 558, and in addition scarify thi
the first and second layers to remove smooth con
planes before placing and compacting the succeedin
This scarification shall form grooves at right angles
other, approximately Vs in. (3.2 mm) in width and v
mm) in depth and approximately Ya in. (6.4 mm) a

5.2.2 During compaction, take from the batch a1
tative sample of the soil-cement mixture, weighing
than 100 g, weigh immediately, and dry in an oven
9°F (110 % 5°C) for at least 12 h or to constan
Calculate the percentage of moisture as prescribec
Methods D 558 to check against design moisture cc

5.2.3 Weigh the compacted specimen and mold
the specimen from the mold, and calculate the
weight of each specimen in Ib/ft* (g/cm’) to checl
design density.

5.2.4 Identify the specimen on a metal tag (
suitable device) as No. 1 (Note 1) together with othe
identification marks and use to obtain data on moi
volume changes during the test.

5.2.5 Form a second specimen as rapidly as pos
determine the percentage of moisture and oven-dry
described in 5.2.1 to 5.2.3. Identify this specimen :
together with other needed identification marks a1
obtain data on soil-cement losses during the test.

5.2.6 Determine the average diameter and heig
No. 1 specimen and calculate its volume.

5.2.7 Place the specimens on suitable carriers in -
room and protect them from free water for a pe
days.

5.2.8 Weigh and measure the No. 1 specimen a
of the 7-day storage period to provide data for cala
moisture content and volume.

NoOTE 2—It is important that all height and diameter me:
be accurate to within 0.01 in. (0.2 mm) and be taken at the s
on the specimen at all times.

5.3 Procedure:

5.3.1 At the end of the storage in the moi
submerge the specimens in potable water at room
ture for a period of 5 h and remove. Weigh and me
No. 1 specimen (volume and moisture change spe«

5.3.2 Place both specimens in an oven at 160°F (
42 h and remove. Weigh and measure the No. 1 s}

5.3.3 Give specimen No. 2 (soil-cement loss s
two firm strokes on all areas with the wire scratch b
brush shall be held with the long axis of the brush }
the longitudinal axis of the specimen or paralle] te
as required to cover all areas of the specimen. Af
strokes to the full height and width of the specim
firm stroke corresponding to approximately 3-Ibf
force (Note 3). Eighteen to twenty vertical brush s
required to cover the sides of the specimen twice
gtrokes are required on each end.

Note 3--This pressure is measured as follows: clamp a ¢
a vertical position on the edge of a platform scale and zer
Apply vertical brushing strokes to the specimen and not
necessary to register approximately 3 1bf (13.3 N).

114




described in 5.3.1105.3.3 constitute

g the £ 534 The procedures ¢ ) ]
ched) § one cycle (48 h) of wetting z}nd drying. Again submerge the
ethod £ specimens in water and continue the procedure for 12 cycles.
ops of Note 4—Weight determinations of specimen No. 2 before and after
iction brushing are usually made at the end of each cycle when conducting
ayers. | rescarch and making special investigations.
;e(a;g i 535 The No. 1 specimen may be discontinued prior to
. F 12 cycles should the measurements become inaccurate due
resen- © 10 soil-cement loss of the specimen.
ot less Note 5—Ifit is not possible to run the cycles continuously because
230+ ©  of Sundays, holidays, or for any other reason, hold the specimens in the
seight, ¢ oven during the layover period if possibie.
LHTCS' 5 5.3.6 After 12 cycles of test, c}ry the specimens 0 constant
:mc;vc weight at 230°F (1 _lO'C) and weigh to determine the oven-dry
en-dry - weight of the specimens. ) ) )
\gainst : 5.3.7 The daga collected will per_mn calculations of
. yolume and moisture changes of specimen No. 1 and the
other soil-cement losses of specimen No. 2 after the prescribed 12
needed cycles of test.
ire and ¥
3 6. Method B—Using Soil Material Passing a Y4-in.
sle and * (19.0-mm) Sieve
eightas | 6.1 Preparation of Material for Molding Specimens:
No. 2, 6.1.1 Prepare the soil sample in accordance with Method
luseto B of Test Methods D 558.
L 6.1.2 Select and maintain separate represemative,samples
t of the £ of soil passing the No. 4 (4.75-mm) sieve and of saturated,
. surface-dry aggregate passing the Y-in. (19.0-mm) sieve and
ie moist . petained on the No. 4 (4.75-mm) sieve so that the total
od of 7. sample will be enough to provide two (Note 1) compacted
specimens and required moisture samples. The percentage,
the end by oven-dry weight, of aggregate passing the ¥a-in. (19.0-
ating 1 * mm) sieve and retained on the No. 4 (4.75-mm) sieve shall
" bethe same as the percentage passing the 3-in. (75-mm) sieve
¢ and retained on the No. 4 (4.75-mm) sieve in the original
st | ample
mepaitt £ "6 13 Add to the sample passing the No 4 (4.75-mm)
% sieve, the amount of cement conforming to Specification
3 C 150 or Specification C 595, required for the total sample
st room, | specified in 6.1.2 Mix the cement and soil thoroughly to a
temperz- ;  uniform color.
asurcthe ¥ 6.1.4 Add to the sample passing the No. 4 (4.75-mm)
imen). sieve, sufficient water to raise the total soil-cement mixture
71°C) for §. prescribed in 6.1.2 to optimum moisture content at time of
secimen. compaction and facilitate moisture dispersion as described
ipecimen) for Method A in 5.1.4 to 5.1.6.
rush. The {  6.1.5 After preparation of the mixture as described in
parallel ©0 i 6.1.1106.1.4, add the saturated, surface-dry ageregate to the
» the ends {  Tuxture and mix thoroughly.
pply thest i 6.2 Molding Specimens:
jen with 2 6.2.1 Form a specimen by immediately compacting the
£ (13.3-N) soilcement mixture in the mold (with the collar attached)
strokes &€ § and later trimming the specimen in accordance with Method
> and fouf & B of Test Methods D 558, and in addition a8 the mixture for
each layclr is placed in the mold, spade along the inside of the
o mold with a butcher knife before compaction to obtain
jmen it uniform distribution of the material retained on the No. 4
o the s;alr; (4.75.mm) sieve and scarify the tops of the first and second
ote the " layers as described for Method A of this method.

:
y
¥
¥
&
1
%
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6.2.2 During compaction, take from the batch a represen-
tative sample of the soil-cement mixture weighing not less
than 500 g, weigh immediately, and dry in an oven at230 +
9°F (110 % 5°C) for at least 12 h or to constant weight 10
determine the moisture content to check against design
moisture content.

6.2.3 Form a second specimen as rapidly as possible in the
same manner.

6.2.4 Weigh each compacted specimen t0 check against
design density, identify, measure the No. 1 specimen (Note
1), place in the moist room, and measure the No. 1 specimen
again at the end of the 7-day storage period as described for
Method A in 5.2.3 to 5.2.8 (Note 2).

6.3 Procedure:

6.3.1 Proceed as directed in Method A (see 5.3).

7. Calculations

7.1 Calculate the volume and moisture changes and the
soil-cement losses of the specimens as follows:

7.1.1 Calculate the difference between the volume of
specimen No. 1 at the time of molding and subsequent
volumes as a percentage of the original volume.

7.1.2 Calculate the moisture content of specimen No. 1 at
the time of molding and subsequent moisture contents as a
percentage of the original oven-dry weight of the specimen.

7.1.3 Correct the oven-dry weight of specimen No. 2 as
obtained in 5.3.6 for water that has reacted with the cement
and soil during the test and is retained in the specimen at
230°F (110°C), as follows:

Corrected oven-dry weight = (4/B) X 100

where:

A = oven-dry weight after drying at 230°F (100°C), and

B = percentage of water retained in specimen plus 100.
The percentage of water retained in specimen No. 2 after
drying at 110°C for use in the above formula can be assumed
to be equal to the water retained in specimen No. 1. When
No. 1 specimens are not molded, the foregoing data are not
available and the average values prescribed in Table 1 are
used.

7.1.4 Calculate the soil-cement loss of specimen No. 2 as 3
percentage of the original oven-dry weight of the specimen as
follows: ‘

Soil-cement loss, % = (A/B) x 100
‘where:
A = original calculated oven-dry weight minus final cor-
rected oven-dry weight, and
B = original calculated oven-dry weight.

8. Report

8.1 The report shall include the following:

8.1.1 The designed optimum moisture and maximum
density of the molded specimens,

TABLE 1 Average Values

. I Average Water Retained After
AASHTO Soil Classification Drying at 230°F (110°C), %
A1, A3 15
A2 25
A4, A5 © 30
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8.1.2 The moisture content and density obtained in
molded specimens,

Note 6—Good laboratory practice permits the following tolerances
between design factors and those obtained in the molded specimens:

Moisture content +| percentage point
Density +3 Ib/ft3 (0.048 g/cm™)

8.1.3 The designed cement content, in percent, of the
molded specimens,

8.1.4 The maximum volume change, in percen
maximum moisture content during test of specimen
and

8.1.5 The soil-cement loss, in percent. of specimen

9. Precision and Accuracy

9.1 Precision and accuracy of this test procedure h:
been established. Data are available on the variabi
weight losses for duplicate specimens. These data -
analyzed and a statement will be included in th
revision.

The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards

will receive careful consideration at a meeting of the responsible

and should be a d to ASTM Headquarters. Your

technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should make your
views known to the ASTM Committee on Standards, 1916 Race St., Philadelphia, PA 19103.
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ﬂmb Designation: D 560 - 82

Standard Methods for

Freezing-and-Thawing Tests of Compacted Soil-Cement

This standard is issued under the fixed designation D 560; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A

These methods have been approved for use by agencies of the Department of Defense and for listing in the DoD Index of Specifications

a degree of hardness adequate to resist field weathering.

H 1
t Mixtures
f.
superscript epsilon (¢) indicates an editorial change since the last revision or reapproval.
¥
§ and Standards.
& 1. Scope ‘

- 1.1 These methods cover procedures for determining the
b soil-cement losses, moisture changes, and volume changes
(swell and shrinkage) produced by repeated freezing and
thawing of hardened soil-cement specimens. The specimens
are compacted in a mold, before cement hydration, to
- maximum density at optimum moisture content using the
- compaction procedure described in Test Methods D 558.
£. 1.2 Two methods, depending on soil gradation, are cov-
" ered for preparation of material for molding specimens and
- for molding specimens as follows:

Sections

b+ Method A, using soil material passing a No. 4 (4.75-mm) sieve. This
F5"  method shall be used when 100 % of the soil sample passes the No.
. 4(475-mm)sieve ... .......: e 5
& Method B, using soil material passing a Ya-in. (19.0-mm) sieve. This
method shall be used when part of the soil sample is retained on
the No. 4 (4.75-mm) sieve

B 2. Referenced Documents

2.1 ASTM Standards:

C 150 Specification for Portland Cement’

C 595 Specification for Blended Hydraulic Cements®

D558 Test Methods for Moisture-Density Relations of
Soil-Cement Mixtures®

D559 Methods for Wetting-and-Drying Tests of Com-
pacted Soil-Cement Mixtures®

D 2168 Methods for Calibration of Laboratory Mechani-
cal-Rammer Soil Compactors®

E 11 Specification for Wire-Cloth Sieves for Testing
Purposes*

¢ 3. Significance and Use

3.1 These methods are used to determine the resistance of
o Sompacted soil-cement specimens o repeated freczing and
"du\ying. Thess methods were developed to be used in

P Coaan
 Ehijunetion with Methiods D 850 and crleria javen 1h the
} Soil-Cemeni Laboratory Handbook® to deterinine the min-
'iumm amount of cement required in soil-cement to achieve

4. Apparatus

4.1 Mold—A cylindrical metal mold having'a capacity of
130 = 0.0004 ft* (944 + 11 cm®) with an internal diameter of
4.0 + 0.016 in. (101.60 £ 0.41 mm) and conforming to Fig.
1 to permit preparing compacted specimens of soil-cement
mixtures of this size. The mold shall be provided with a
detachable collar assembly approximately 2//2 in. (63.5 mm)
in height. The mold may be of the split type consisting of two
half-round sections or a section of pipe with one side split
perpendicular to the pipe circumference and that can be
securely locked in place to form a closed cylinder having the
dimensions described above. The mold and collar assembly
shall be so constructed that it can be fastened firmly to a
detachable base.

4.2 Rammer:

4.2.1 Manual Rammer—A manually operated “metal
rammer having a 2.0 * 0.005-in. (50.80 * 0.13-mm)
diameter circular face and weighing 5.5 = 0.02 Ib (2.49 +
0.01 kg). The rammer shall be equipped with a suitable
guidesleeve to control the height of drop to a free fall of 12 £
/16 in. (304.8 £ 1.6 mm) above the elevation of the
soil-cement. The guidesleeve shall have at least four vent
holes not smaller than ¥ in. (9.5 mm) spaced 90° apart and
located with centers ¥ + Vi in. (19.0 = 1.6 mm) from each
end and shall provide sufficient clearance that free-falls of
the rammer shaft and head will not be restricted.

4.2.2 Mechanical Rammer—A mechanically operated
metal rammer having a 2.0 # 0.005-in. (50.80 % 0.13-mm)
diameter face and a manufactured weight of 5.5 + 0.02 b
{2.49 £ 0,01 kg). The operating weight of the rammer shall
be determined from a calibration in accordance with
Methods D 2168. The rammer shall be equipped with a
suitable arrangement to control the height of drop to 2

free-fall of 12.0 + Yis . (304.8 £ 1.6 mm) above the

elevation of the soilcemett,

433 Rammer Face—Strength and resistance to freezing
and thawing of specimens compacted with the sector face
rammer may differ from that of specimens con}pacted with
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TABLE 1 Average Vaiues

Average Water Retained After Drying
at 230°F (110°C), %

———

AASHTO Soll Classification

A1,A-3 1.5

A2 25

A4, A5 20

A6, A7 35
PR

b Vie-in. (50.8 by 1.588-mm) flat No. 26 gage (0.46 mm)
wire bristles assembled in 50 groups of 10 bristles each and
mounted to form 5 longitudinal rows and 10 transverse rows
of bristles on a 7'2 by 2»-in. (190 by 63.5-mm) hardwood
block.

49 Straightedge—A rigid steel straightedge 12 in. (305
mm) in length and having one beveled edge.

4.10 Sieves—3-in. (75-mm), ¥4-in. (19.0-mm), and No. 4
(4.75-mm) sieves conforming to the requirements of Specifi-
cation E 11.

4.11 Mixing Tools—Miscellaneous tools such as mixing
pan, and trowel, or a suitable mechanical device for thor-
oughly mixing the soil with cement and water.

4.12 Butcher Knife—A butcher knife approximately 10
in. (250 mm) in length for trimming the top of the
specimens.

4.13 Scarifier—A six-pronged ice pick or similar appa-
ratus to remove the smooth compaction plane at the top of
the first and second layers of the specimen. .

4.14 Container—A flat, round pan, for moisture absorp-
tion by soil-cement mixtures, about 12 in. (305 mm) in
diameter and 2 in. (50 mm) deep.

4.15 Measuring Device—A measuring device suitable for
accurately measuring the heights and diameters of test
specimens to the nearest 0.01 in, (0.2 mm).

4.16 Pans and Carriers—Suitable pans for handling ma-
terials and carriers or trays for handling test specimens.

4.17 Absorptive Pads—'sin. (6-mm) thick felt pads,
blotters, or similar absorptive material for placing between
specimens and specimen carriers.

4.18 Graduate—A graduated cylinder of 250-mL capacity
for measuring water.

4.19 Moisture Cans—Suitable containers for moisture
samples.

S. Method A—Using Soil Material Passing a No. 4 (4.75-

mm) Sieve

5.1 Preparation of Material for Molding Specimens:

5.1.1 Prepare the soil sample in accordance with Method
A of Test Methods D 558. .

5.14.2 Select a sufficient quantity of the soil prepared as
descpbed in 5.1.1 to provide two (Note 1) compacted
specimens and required moisture samples.

. NotE 1: (Optional}—Usually only one specimen (identified as No. 2)
s required for routine testing. The other specimen (identified as No. 1) is
made for research work and for testing unusual soils.

5.1.3 Add to the soil the required amount of cement
conforming 1o Specification C 150 or Specification C 595.

1 the cement and soil thoroughly to a uniform color.

3.1.4 Add sufficient potable water to raise the soil-cement
mixture to optimum moisture content at time of compaction
and mix thoroughly.

5.1.5 When the soil used is a heavy textured clayey
material, compact the mixture of soil, cement, and water in a
container to a depth of about 2 in. (50 mm) using the
rammer described in 4.2 or similar hand tamper, cover, and
allow to stand for not less than 5 min but not more than 10
min to aid dispersion of the moisture and to permit more
complete absorption by the soil-cement.

5.1.6 After the absorption period, thoroughly break up the
mixture, without reducing the natural size of individual
particles, until it will pass a No. 4 (4.75-mm) sieve, as judged
by eye, and then remix.

5.2 Molding Specimens:

5.2.1 Form a specimen by immediately compacting the
soil-cement mixture in the mold, with the collar attached,
and later trimming the specimen in the same manner as
directed for Method A of Test Methods D 558, and in
addition scarify the tops of the first and second layers to
remove smooth compaction planes before placing and com-
pacting the succeeding layers. This scarification shall form
grooves at right angles to each other, approximately Yz in.
(3.2 mm) in width and % in. (3.2 mm) in depth and
approximately Y4 in. (6.4 mm) apart.

5.2.2 During compaction, take from the batch a represen-
tative sample of the soil-cement mixture, weighing not less
than 100 g, weigh immediately and dry in an oven at 230 +
9°F (110 £ 5°C) for at least 12 h or to constant weight.
Calculate the percentage of moisture as directed in Test
Methods D 558 to check against design moisture content.

5.2.3 Weigh the compacted specimen and mold, remove
the specimen from the mold, and calculate the oven-dry
weight of each specimen in Ib/ft® (g/cm?) to check against
design density.

5.2.4 Identify the specimen on a metal tag (or other
suitable device) as No. 1 (Note 1) together with other needed
identification marks and use to obtain data on moisture and
volume changes during the test.

5.2.5 Form a second specimen as rapidly as possible and
determine the percentage of moisture and oven-dry weight as
described in 5.2.1 to 5.2.3. Identify this specimen as No. 2
together with other needed identification marks and use to
obtain data on soil-cement losses during the test.

5.2.6 Determine the average diameter and height of the
No. 1 specimen and calculate its volume.

5.2.7 Place the specimens on suitable carriers in the moist
room and protect them from free water for a period of 7
days.

5.2.8 Weigh and measure the No. 1 specimen at the end
of the 7-day storage period to provide data for calculating its
moisture content and volume.

NOTE 2—1t is important that all height and diameter measurements
be accurate to within 0.01 in. (0.2 mm) and be taken at the same points
on the specimen at all times.

5.3 Procedure:

5.3.1 At the end of the storage in the moist room, place
water-saturated felt pads about Y4 in. (6 mm) thick, blotters,
or similar absorptive material between the specimens and the
carriers, and place the assembly in a freezing cabinet having
a constant temperature not warmer thar —10°1" (-=23°C) for
24 h and remove. Weigh and measure ...e No | specimen
(volume and moisture change specimen).
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5.3.2 Place the assembly in the moist room or suitable
covered container having a temperature of 70°F (21 °C)and a
relative humidity of 100 % for 23 h and remove. Free
potable water shall be made available to the absorbent pads
under the specimens to permit the specimens to absorb water
by capillary action during the thawing period. Weigh and
measure the No. | specimen.

5.3.3 Give specimen No. 2 (soil-cement loss specimen)
two firm strokes on all areas with the wire scratch brush. The
brush shall be held with the long axis of the brush parallel to
the longitudinal axis of the specimen or parallel to the ends
as required to cover all areas of the specimen. Apply these
strokes to the full height and width of the specimen with a
firm stroke corresponding to approximately 3-Ibf (13.3-N)
force (Note 3). Eighteen to twenty vertical brush strokes are
required to cover the sides of the specimen twice and four
strokes are required on each end.

NoOTE 3~—This pressure is measured as follows: clamp a specimen in
a vertical position on the edge of a platform scale and zero the scale,
Apply vertical brushing strokes to the specimen and note the force
necessary to register approximately 3 Ibf (13.3 N).

5.3.4 After being brushed, the specimens shall be turned
over end for end before they are replaced o the water-
saturated pads.

5.3.5 The procedures described in 5.3.1 to 5.3.4 constitute
one cycle (48 h) of freezing and thawing. Again place the
specimens in the freezing cabinet and continue the proce-
dure for 12 cycles.

Notr 4—Weight determinations of specimen No. 2 before and after
brushing are usually made at the end of each cycle when conducting
research and making special investigations. Some specimens made of
silty and clayey soils tend to scale on sides and ends particularly after
about the sixth cycle of test. This scale shall be removed with a
sharp-pointed instrument such as an ice pick, since the regular brushing
may not be effective.

5.3.6 The No. I specimen may be discontinued prior to
12 cycles should measurements become inaccurate due to
soil-cement loss of the specimen.

Note 5—If it is not possible to run the cycles continuously because
of Sundays, holidays, or for any other reason, the specimens shall be
held in the freezing cabinet during the layover period if possible.

5.3.7 After 12 cycles of test, dry the specimens to constant
weight at 230°F (110°C) and weigh to determine the oven-dry
weight of the specimens.

5.3.8 The data collected will permit calculations of
volume and moisture changes of specimen No. 1 and the
soil-cement losses of specimen No. 2 after the prescribed 12
cycles of test.

6. Method B—Using Soil Material Passing a ¥-in. (19.0-

mm) Sieve

6.1 Preparation of Material for Molding Specimens:

6.1.1 Prepare the soil sample in accordance with Method
B of Test Methods D 558.

6.1.2 Select and maintain separate representative samples
of soil passing the No. 4 (4.75-mm) sieve and of saturated,
surface-dry aggregate passing the ¥-in. (19.0-mm) sieve and
retained on the No. 4 (4.75-mm) sieve so that the total
sample will be enough to provide two (Note 1) compacted
specimens and required moisture samples. The percentage,
by oven-dry weight, of aggregate passing the ¥a-in. (19.0-

mm) sieve and retained on the No. 4 (4.75-mm) sieve shy
be the same as the percentage passing the 3-in. (75-mm) siey
and retained on the No. 4 (4.75-mm) sieve in the origin
sample. '

6.1.3 Add to the sample passing the No. 4 (4.75-mr,
sieve, the amount of cement conforming to Specificatic:
C 150, or Specification C 595, required for the total sampk
described in 6.1.2. Mix the cement and soil thoroughly to;
uniform color.

6.1.4 Add to the sample passing the No. 4 (4.75-mr
sieve, sufficient water to raise the total soil-cement mixtuy
specified in 6.1.2 to optimum moisture content at time ¢
compaction and facilitate moisture dispersion as describ
for Method A in 5.1.4 to 5.1.6.

6.1.5 After preparation of the mixture as described i
6.1.1t0 6.1.4, add the saturated, surface-dry aggregate to the
mixture and mix thoroughly. :

6.2 Molding Specimens:

6.2.1 Form a specimen by immediately compacting th
soil-cement mixture in the mold (with the collar attached
and later trimming the specimen in accordance with Metho:
B of Test Methods D 558, and in addition as the mixture for
each layer is placed in the mold, spade along the inside of the
mold with a butcher knife before compaction to obtair
uniform distribution of the material retained on the No.¢
(4.75-mm) sieve and scarify the tops of the first and second
layers as described for Method A of these methods,

6.2.2 During compaction take from the batch a represen
tative sample of the soil-cement mixture weighing not les
than 500 g, weigh immediately, and dry in an oven at 230 +
9°F (110 + 5°C) at least 12 h or to constant weight 10

determine the moisture content to check against design,

moisture content.

6.2.3 Form a second specimen as rapidly as possible in the
same manner.

6.2.4 Weigh each compacted specimen to check agains
design density, identify, measure the No. 1 specimen (Note
1), place in the moist room, and measure the No. 1 specimen
again at the end of the 7-day storage period as described for
Method A in 5.2.3 to 5.2.8 (Note 2).

6.3 Procedure—Proceed as directed in Method A (set
5.3).

7. Calculations

7.1 Calculate the volume and moisture changes and th
soil-cement losses of the specimens as follows:

7.1.1 Calculate the difference between the volume of
specimen No. 1 at the time of molding and subsequent
volumes as a percentage of the original volume.

7.1.2 Calculate the moisture content of specimen No. | at
the time of molding and subsequent moisture contents as 2
percentage of the original oven-dry weight of the specimen.

7.1.3 Correct the oven-dry weight of specimen No. 2
obtained in 5.3.7 for water that has reacted with the cement
and soil during the test and is retained in the specimen at
230°F (110°C) as follows:

Corrected oven-dry weight = (4/B) % 100

where:
4 = oven-dry weight after drying at 230°F (1 10°C), and
B = percentage of water retained in specimen plus 100.

i
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The percentage of water retained in specimen No. 2 after
drving at 230°F (110°C) for use in the above formula can be
assumed to be equal to the water retained in specimen No. 1.
When No. | specimens are not molded, the foregoing data
are not available and the average values prescribed in Table 1
are used.

7.1.4 Calculate the soil-cement loss of specimen No. 2 asa
percentage of the original oven-dry weight of the specimen as
follows:

Soil-cement loss, % = (4/B) X 100
where:
4 = original calculated oven-dry weight minus final cor-
rected oven-dry weight, and
B = original calculated oven-dry weight.
8. Report

8.1 The report shall include the following:

8.1.1 The designed optimum moisture and maximum
density of the molded specimens,

8.1.2 The moisture content and density obtained
molded specimens.

NOTE 6—Good laboratory practice permits the following tolerar
between design factors and those obtained in the molded specimens

+1 percentage point

Moisture content
+3 Ib/ft? (0.048 g/cm?)

Density
8.1.3 The designed cement content, in percent, of
molded specimens,
8.1.4 The maximum volume change, in percent, ¢
maximum moisture content during test of specimen No

and
8.1.5 The soil-cement loss, in percent, of specimen No

9. Precision and Accuracy

9.1 Precision and accuracy of this test procedure have
been established. Data are available on the variability
weight losses for duplicate specimens. These data will
analyzed and a statement will be included in the r
revision.

The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

and must be reviewed every five years and

This standard is subject to revision at any time by the

if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this

and should be to ASTM ¢ s. Your

or for
will receive careful consideration at a meeting of the responsible

technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should make your
views known to the ASTM Committee on Standards, 1916 Race St., Philadelphia, PA 19103.
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CDU 631.423.

Noviembre 1977

.

NORMA Determinacién con agua oxigenada del contenido de materia UNE
ESPANOLA organica en los suelos 7-368-77
1 OBJETO una temperatura comprendida entre 105° y 110°C,

Esta norma tiene por objeto describir un método para
la determinacidon aproximada de la materia organica
contenida en los suelos.

2 FUNDAMENTO DEL METODO

Este método se funda en la accidn del agua oxigenada
sobre el humus y la materia organica coloidal. Por
diferencia entre el peso de la muestra inicial seca y el
peso seco después del tratamiento, se calcula la propor-
cion de materia organica volatilizada por la oxidacion.

Para la determinacion del contenido total en materia
orgénica del suelo, se seguira el método de oxidacion
con dicromato potasio descrito en la norma UNE
7 441,

-

3 APARATOS Y MATERIAL NECESARIOS

3.1 Vaso de precipitados

Un vaso de precipitados de 600 cm®, con vidrio de re-
loj que sirva de tapa y una varilla de vidrio.

3.2 Plancha de calefaccion

Una plancha de calefaccion, con posibilidad de regular
la temperatura a 60°C.

3.3 Balanza que aprecie 0,01 g

3.4 Estfa de desecacion regulable a 105° - 110°C

3.5 Probeta de 100 cm®

3.6 Mortero con su pistilo

3.7 Agua oxigenada de concentracion 6 por 100 (20
volimenes)

4 PROCEDIMIENTO OPERATORIO

4.1 Se opera con la fraccion de suelo que pasa por el

1amiz 2 UNE 7 050, Se pulveriza, 60 & mortero, una
p{jmién rgpresemaziva fe) suelo y se seca €n eilfa @

hasta peso constante. Se pesan unos 20 g con precision
de 0,01 gy se coloca ésta muestra en el vaso de precipi-
tados previamente seco y tarado.

4.2 Se afiaden 100 cm® de agua oxigenada de 20 voli-
menes y se agita.

4.3 E| vaso, tapado con el vidrio de reloj, se coloca
sobre la plancha de calefaccion a 60°C, durante 2 h,
agitando con la varilla de vez en cuando.

4.4 Transcurridas las 2 h, se afiade una nueva cantidad
de agua oxigenada. Si da reaccion, lo cual se aprecia por
la efervescencia, se afaden otros 100 cm® de agua oxi-
genada. Este proceso se repite cuantas veces sea necesa-
rio, hasta que al hacer la prueba de afiadir una pequefia
cantidad, después de las 2 h, no se produzca reaccion.

4.5 Se evapora el agua (preferiblemente al bafio de
Marfa) y después se deseca en estufa a temperatura com-
prendida entre 105° y 110°C hasta peso constante y se
pesa con precision de 0,01 g.

5 RESULTADO DEL ENSAYO

La materia organica se expresa en tanto por 100 res-
pecto a la muestra seca y se calcula por la formula si-
guiente:

9

Porcentaje de materia organica = x 100

siendo:

P = Muestra seca inicial, en gramos.

P’ = Muestra seca después del ensayo, en gramos.

Si hubiera particulas gruesas, retenidas en el tamiz
9 UNE 7050, se calcula el tanto por ciento de

materia orginica aorrespondiente a la muestra origis
nal, multiplicando el resultado anterior por el tan-

to por ciento de suelo que pasa por ¢l tamiz 2
UNE7? 050y dividido por 100.

Continia en paging 2
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CDU 543.3:691.32 Una Norma Espafiola 2.58

Determinacién cualitativa de hidratos de carbono UNE
en aguas de amasado para morteros y hormigones 7132

1. Objeto

Esta norma tiene por objeto describir un método de ensayo que ponga de manifiesto de una forma répida y sen-
cilla la presencia o ausencia de hidratos de carbono en las aguas utilizadas en la fabricacién de morteros y hor-
migones. La presencia de hidratos de carbono en las aguas que van a utilizarse para el amasado excluye la posi-
bilidad de su empleo.

2. Fundamento del método

El procedimiento se basa en la investigacién de la sacarosa con disolucién alcohdlica de a-naftol en medio dcido,
y en la investigacién de !a glucosa y otros glicidos reductores mediante el liquido de Fehling.

3. Aparatos necesarios

La realizacién de este ensayo no requiere el uso de aparatos especiales.

4. Reactivos necesarios

4,1 Disolucién alcohdlica de a-naftol. Se disuelven 6 g de a-naftol en 100 em® de alcohol etilico de 96°.
4,2 Reactivo de Fehling, compuesto de las disoluciones A y B,

4,21 Disolucién A. Se prepara disolviendo en agua 69,3 g de suifato de cobre cristalizado (SO.Cu.5H.O) y diluyen-
do hasta 1 1.

4,22 Disolucién B. Se prepara disolviendo en agua 364 g de tartrato sédicopotﬁsico y 100 g de hidréxido sédico y
diluyendo hasta 1 I. Esta disolucién se conserva en un frasco con tapén de goma.

5. Método de ensayo

51 lavestigacién de la sacarosa. Se toman 50 cm® del agua sometida a ensayo y se le afiaden 3 gotas de disolucién
alcohélica de a-naftol y 1 cm® de dcido sulfirico concentrado (d = 1,84), se agita y se observa si aparece una co-
loracién violada, que indica la presencia de sacarosa.

52 1| tigacién de la gl y ofros glicidos reductores (excepto rafinosa). En un tubo de ensayo se mezcian vo-

lomenes iguales de las disoluciones A y B, que constituyen el reactivo de Fehling, y se hierven. Si los reactivos estén
en condiciones de uso no debe producirse ninguna decoloraciéon ni cambio de color.

Sobre la mezcla de las disoluciones A y B se vierte un volumen aproximadomente igual del agua objeto de andlisis y
se vuelve a hervir. Cualquier alteracién de color indica la presencia de substancias reductoras.

6. Correspondencia con otras normas

Esta norma concyerda con la NE1.22c del I. T. C, C.

Norma 37 UNE 7132 SULFATOS.
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UNE
_NORMA Contenido de sulfatos solubles en los suelos
ESPANOLA 7-370-75
1 |OBJETO 2.13 Estufa de desecacidn regulable a 75-80° C.
Esta norma tiene por objeto establecer el método a 2.14 Desecador.
seguir para determinar la proporcion de sulfatos solu-
bles en agua, pasiandolos a disolucion mediante agita- 2.15 Papel indicador de pH.
cion con agua y precipitando luego los sulfatos disuel-
tos con solucién de cloruro béarico segin la reaccién 2.16 Papel de filtro de poro fino y de cenizas cono-
siguiente: cidad.

SC4M +Cl;Ba =S04Ba +CI, M 2.17 Acido clorhidrico N/20 (a 4 cm3 de &cido clor-
hidrico concentrado afiadir agua destilada hasta
completar un volumen de un litro).

2 |/APARATOS Y MATERIALES NECESARIOS
2.18 Disolucion de cloruro barico al 5 por 100 (5 g
2.1 Tamices 2 y 0,40 UNE 7-050. de Cl,Ba.2H20 en 100 cm3 de agua).
\
2.2 Mortero con su pistilo. 2.19 Disolucion de nitrato de plata (1,7 g en 100
cm3 de agua).
2.3 Frasco para agitacion de unos 1000 cm3 de capa-
cidad, con cierre hermético mediante, tapén de 2.20 Agua destilada.
goma, y forma adecuada para acoplarse al aparato
agitador.
3 PROCEDIMIENTO OPERATORIO
2.4 Aparato para agitar frascos que permita mantener
el suelo en suspension durante el tiempo de agi- 3.1 Preparaciéon de la muestra
tacioén. Se utiliza la fraccion que pasa por el tamiz 2 UNE
7-050, preparada de acuerdo con la norma UNE 7-327.
2.5 Un matraz aforado de 500 cm3 y otro de 250 Se obtienen unos 50 g por cuarteo de esta fraccion y
cm>. se pulverizan en el mortero hasta que todo pase por el
tamiz 0,40 UNE 7-050. Se seca hasta peso constante en
2.6 Dos vasos de 600 cm3 con varilia de vidrio y vidrio  estufa regulada entre 75 y 80° C y se pesa 10 g con pre-
de reloj que pueda taparles. cision de 0,01 g.
2.7 Frasco lavador con agua destilada caliente. 3.1.1 Observaciones, La cantidad de muestra debe variar-
se sequn la proporcion de sulfatos, con objeto de asegu-
2.8 Pipetade 10 cm3. rar su completa solubilidad, y de obtener una.canti-
dad conveniente de sulfato de bario precipitado. Como
2.8 Embudo de vidrio. orientacion: hay que utilizar menos de 10 g de suelo
en 500 cmS de agua cuando la proporcion de yeso en
2,10 Crisol de porcelana. Triangulo y tripode soporte si el suelo sea superior al 5 % . Tomando 1 g de suelo se
se calcina con mechero. tiene sequridad de la disolucién total de los sulfatos,
aunque la muestra fuera 100 por 100 de yeso.
2.11 Horno de calcinacion eléctrico o, en su defecto

21

mechero de gas.

2 Balanza analitica.

Guando la muestra contiene material grueso, se supone
que todos los sulfatos quedan en los finos que pasan

Continiia en pdgina 2

Las observaciones relativas 2 |a presente norma deben ser dirigidas al
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por el tamiz 2/ UNE 7-050, para asegurar esto, hay que ha-
cer una inspeccién visual de los gruesos; si se aprecian no-
dulos de yeso, hay que triturarlos en mortero hasta que pa-
sen por el tamiz.

Para el secado se limita la temperatura a 80° C, porque su-
biendo més puede perderse agua de cristalizacién en el yeso.

3.2 Disolucion de los sulfatos

3.2.1 Se introduce la muestra en el frasco o recipiente de

agitacién |y se afiaden 500 cm3 de agua destilada
exactamente medidos en un matraz aforado.

3.2.2 Se coloca el frasco en el agitador y se agita durante

45 min.

3.2.3 Se decanta la suspension de suelo contenido en el

frasco. Si no se clarifica el liquido se afiaden dos
gotas de dcido clorhidrico concentrado.

3.2.4 Se extrae el liquido clarificado, mediante sifén o con

la pipeta de 100 cm* sin perturbar el sedimento, has~
ta obtener 250 cm3 de Iiquido claro exactamente me-
dido con el matraz aforado.

3.2.5 Se filtra el liquido del matraz, recogiendo el filtrado

sobre el vaso de 600 cm3. Se lava el filtro dos o tres
veces con agua destilada, que previamente se ha pasa-
do por el matraz para lavarlo, y se recoge el agua de
lavado sobre el mismo vaso. Se afiaden 20 cm3 de
acido clorhidrico N/20.

3.3 Precipitacion, filtracion y calcinacién

3.3.1 Se calienta a ebullicién el liquido filtrado y se preci-

pita afadiéndole disolucién de cloruro bérico con una
pipeta, poco a poco, hasta que no se produzca mas
precipitadg. Durante una hora se mantiene el vaso en
reposo y a temperatura por debajo y préxima al
punto de ebullicion (un bafio maria resulta muy apro-

piado).

3.3.2 Al final de|la hora el precipitado se habra depositado

en el fondo y el liquido quedars claro. Se aiiade en-
tonces unas gotas de la disolucién de cloruro barico
para comprobar que la precipitacion fué completa. En
caso de formarse precipitado, se repiten las opera-
ciones del apartado 3.3.1.

3.3.3 Después de dejar en reposo durante 12 horas, se fil-

tra empleando un filtro de cenizas conocidas. Se pasa
primero el liquido claro, después se arrastra el pre-
cipitado al ffiltro y se lava sobre él con agua destila-
da y caliente hasta que el agua de lavado, después
de pasar por el filtro, no dé precipitado con la diso-
lucién de nitrato de plata.

en un crisol de porcelana previamente tarado. Cuando
se dispone de horno de calcinacion eléctrico, se colo-
ca el crisol con el papel dentro del horno y se sube la
temperatura entre 800 y 900° C, manteniéndola unos
15 min.

el papel de filtro himedo con el precipitado

Si ha de calcinarse con mechero, se calienta primero
con poca llama para secar el papel lentamente y se
continda hasta carbonizar el papel sin que llegue a ar-
der en ningin momento. Una vez carbonizado el pa-
pel, se aumenta la llama para incinerar y, una vez
blanco el precipitado, se calcina hasta el rojo durante
10 min.

3.3.5 Se deja enfriar primero el crisol al aire y, cuando haya
perdido temperatura se termina el enfriamiento en un
desecador. Finalmente, se pesa con precision de
0,001 g.

4 RESULTADOS

4.1 Restando la tara del crisol més las cenizas del papel,
del peso del crisol con el precipitado después de la
calcinacién, se obtiene el peso del precipitado de
SO4Ba.

4.2 Ei resultado se puede expresar en tanto por ciento de
SO; respecto a la muestra analizada mediante la si--
guiente formula:

( £, % 0,34299)

%$S0s= X 100
Pm
Siendo:
Pp = Peso del precipitado de SO4Ba.
P, = Pesode la muestra analizada, o sea:

cm 3 sol. analizada
———————— x g de suelo en el frasco
cm? agua en frasco

Cuando la muestra contiene particulas gruesas, hay que
referir el resultado a la muestra original; para ¢llo 56
multiplica el resultado anterior por el tanto por ciento

de suelo que pasa por el tamiz 2 UNE 7.060 y se divide
por 100.

4.3 Si se quiere expresar el resultado en tanto por ciento de
yeso (SO, Ca.2H;0) basta multiplicar el valor obtenido
en el apartado anterior por 2,1505.
Tengase en cuenta, sin embargo, que puede suceder que
solo una parte del sulfato esté formando yeso.

5 NORMAS PARA CGNSULTA

UNE 7-050 - Cedazos y tamices de ensayo.

UNE 7-327 - Prepa,scién de muestra para los ensayos de

suelo.

6 CORRESPONDENCIA

Esta norma concuerda totalmente con la NLTb 120/72.

Norma 38 UNE 7370 SULFATOS
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1. Objeto 7Es£ norma concuerda con la NE-1.22b del I.T.C.C., y esencialmente con la D 516-49 de la A.S.T.N

Esta norma tiene por objeto describir un método de ensayo utilizable para la determinacion del ion sulfato en !
aguas de amasado empleadas en [a fabricacién de morteros y hormigones.

2. Fundamento del método

El procedimiento se basa en la precipitacion del ién sulfato con cloruro bdrico.

3. Toma de muestros

La muestra se toma directamente en las aguas naturales cuyo contenido de silice sea inferior al 1 % del conteni
total de sulfato. Si el contenido de silice es mayor, serd necesario eliminarla antes de proceder a la determinaci
de sulfatos.

4. Aparatos necesarios

La realizacion de este ensayo nc requiere el uso de aparatos especioles.

5. Reactivos necesarios

51 Disolucién de cloruro bérico al 10 %. Se disuelven 100 g de ClBa -2H:O en agua y se diluye hasta 1 1.

52 Disolucién de acido clorhidrico (I :9). Se mezcla un volumen de CiH concentrado (d = 1,18) con 9 volimenes
agua destilada.

53 Disolucién de nitrato de plata. Se disvelven 17 g de NOsAg en agua destilada que contenga 1 cm® de NO
(d = 1,42} y se diluye a 1 |.

6. Método de ensayo

Se toma en un matraz aforado 100 ¢ 200 cm® de agua filirada, segun la cantidad total de sulfatos que conteng
y se pasan a un vaso de precipitados, se completa con agua destilada hasta un volumen de 250 cm®. Luego, se ajus
el pH de la muestra, afiadiendo deido clorhidrico o amenioco, hasta el punto neutro del ancraniado de metilo, y
continuacién se adicionan 10 em® de dcido clorhidrico (1:9). Si la disolucién no queda clara, es necesario filtrarla,
vando el vaso y el papel de filiro con agua destilada caliente.

Se calienta el filtrado hasta ebullicién y entonces se afaden, gota o gota, 10 cm® de disolucién caliente de CliBa po
precipitar totalmente los sulfatos, confinuéndose fa ebullicién durante unos minutos. Se mantiene, hasta el final, el va
tapado con un vidrio de reloj y en digestién sobre el baiio de vapor durante 3 h. Reclizada esta operacic
se filtra el contenido del vaso y se lava con agua caliente hasta eliminacién de cloruros en las aguas de lavgd
Esta eliminacién debe comprobarse aiiadiende a los filtrados uausgo_tawg hasta que no
produzca el precipitado blanco cvajoso. Debe evitarse también lavar excesivamente el precipitado y, si al afadir
las aguas de lavado la disolucién de NOsAg se produce sélo una leve opalescencia, se dard el lavado como suficien

Se coloca el papel de filtro con el precipitado en un crisol de porcelana previamente pesado y se quema, con po
temperatura gl principio, para evitar que et papel erda. La temperatura se eleva gradvalmente, manteniendo por
timo el crisol @ 800° C durante 1 h. Se deja enfriar en un desecador y se pesa.

7. Obtencion y precisién de los resultados

El contenido total de sulfatos del agua anclizada se expresa en SO: (g/l) y se calcula utilizando la formula
guiente:

= Peso del crisol y producto calcinado ) 03429(G:—G) x C
) SO: (g/l) =
= Peso del crisol calcinado v
= Factor para referir el resultado o 1000 cm?, habida cuenta del volumen de muesira utilizado en el eﬁs:;:iﬂ'h

= Centimetros cibicos de muestra tomada.

resultado se expresara con dos cifras. *ﬁ
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conocer laexistencia de sulfatos solubles pasandolos a di-
solucién con agua vy precipitando uego los sulfatos di-
sueltos con disolucién de cloruro barico segun la reac-
cién siguiente:

SO,M + Cl,Ba — S0O,Ba +CILM

2 APARATOS Y MATERIAL NECESARIOS
2.1 Un vaso de 250 em®.
2.2 Un tubo de ensayo.
2.3 Un embudo de vidrio.
2.4 Acido clorhidrico concentrado.

2.5 Solucion de cloruro béarico al 5 por 100 (5 g de
Cl,Ba - 2H,0O en 100 em?® de agua).

2.6 Agua destilada.

3 PROCEDIMIENTO OPERATORIO

3.1 De una muestra representativa del material, se toma

Esta norma tiene por objeto describir el método para re-

UNE
‘NORMA Reconocimiento de sulfatos solubles en los suelos
ESPANOLA 7-369-75
1 OBJETO una cantidad aproximada entre 2 v 6 g v se coloca en el

vaso de 250 cm® .

3.2 Se aiaden unos 50 cm® de agua destilada, agitando
con una varilla de vidrio hasta conseguir una buena dis-
persion,

3.3 Sobre la suspension de suelo anterior y con agitacion
constante se afiade gota a gota acido clorhidrico concen-
trado hasta reaccidn acida al papel de tornasol.

Si el suelo tiene carbonatos, se producira efervescencia y
el acido quedarad consumido en el ataque de éstos. Se
contin(la afiadiendo &cido clorhidrico hasta reaccidon
acida. -

3.4 Se calienta a ebullicidon durante unos minutos,

3.5 Se filtra a través de un papel de filtro corriente y se
recogen unos 5 cm? del liguido filtrado en el tubo de en-
sayo. Se comprueba si tiene reaccion acida. En caso con-
trario, se afiade una gota de acido clorhidrico concentra-
do.

3.6 Se afiade al liquido filtrado unas gotas de solucién
de cloruro bérico y se agita. La aparicion de un precipi-
tado blanco indica la existencia de sulfatos.

Las observaciones relativas a la presente norma deben ser dirigidas al
IRANOR - Serrano, 150 - Madrid (6}

UNE 7-369-75

Norma 40 UNE 7369 SULFATOS EN SUELOS
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NLT-116/91

Determinacion del contenido de carbonato en los suelos

1 OBJETO Y CAMPO DE APLICACION

1.1 La presente norma tiene por objeto especificar
el método para determinar el contenide de carbona-
tos de un suelo.

1.2 Se utiliza el método del caleimetro de Bernard,
que se funda en la descomposicién de los carbonatos
por 14 asociacién del acido clorhidrico, con despren-
dimiento de anhidrido carbdnico gaseoso, segin la
reacci6n expresada a continuacién:

CO,M + 2 CIH = CL,M + CO, + H,0

En este método se calibra el aparato con carbona-
to cdleico puro, por lo que no es necesario tener en
cuenta la presion y la temperatura.

2 NORMAS PARA CONSULTA

UNE 7 050. «Cedazos y tamices de ensayo».
NLT-101/72. «Preparacién de muestra para los en-
sayos de suelo»,

3 APARATOS Y MATERIAL NECESARIOS

8.1 Un calcimetro como el representado en la fi-
gura 1 compuesto por:

3.1.1 Soporte adecuado.

3.1.2 Tubo bureta de 100 em? de capacidad, gra-
duado en 0,2 em3.

3.1.3 Tubo de nivel con depésito.

3.1.4 Matraz erlenmeyer, de unos 200 cm?®, con un
tap6n de goma atravesado por un tubo de vidrio.

3.1.5 Tubo de vidrio cerrado por un extreme, de
longitud algo menor que el didmetro del fondo del
matraz, y de unos 3 em3 de capacidad.

3.1.6 Tubo de goma o de pldstico flexible, adecua-
do para conectar la parte inferior de la bureta con
tubo de nivel y la superior con el tap6n del matraz
erlenmeyer.

3.2 Mortero con su pistilo.

3.3 Rodel de corcho.

3.4 Balanza que aprecie 0,001 g.

3.5 Estufa de desecacion cuya temperatura sea
regulable hasta 115 °C.

3.6 Un papel satinado de coler negro u otro color
oscuro, de 30 X 60 mm y doblado en forma angular.

3.7 Pipeta o cuentagotas.
3.8 Pincel muy fino.

3.9 Disolucién de cloruro sédico, proxima a la sa-
turacién, para usarla come liquido de cierre en el
tubo de nivel.

3.10 Carbonato calcico muy puro.

3.11 Acido clorhidrico diluide, aproximadamente
dos volumenes de agua y uno de dcido clorhidrico
concentrado (Nota 1).

Nota 1. Acido clorhidrico concentrado comercial utilizade como reac-
tivo de laboratoric.

3.12 Tamiz 250 pm. UNE 7 050 (Nota 2).

Nota 2. | pum {1 mierdmetro) = 10~3 mm.

4 PREPARACION DE LA MUESTRA

4.1 De una muestra representativa del suelo que
se quiere analizar, tomar 10 g segin el procedi-
miento deserito en la norma UNE 103 100.

4.2 Secar con estufa a 105-115 °C, hasta masa
constante y pulverizar en el mortero de manera que
todas las particulas pasen por el tamiz 250 pum
UNE 7 050.

5 METODO OPERATORIO

5.1 Tarado del aparato con carbonato cdlcico
pure

5.1.1 Llenar el tubo de nivel y la bureta con la
disolucién de cloruro sédico.

5.1.2 Con la balanza indicada en el capftulo 2 y
sobre el papel especificado, tomar 0,200 g de carbo-
nato eélcico puro previamente secado en estufa has-
ta masa constante.

Norma 41 NLT 116 CARBONATOS EN SUELOS
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FIGURA 1. Calcimetro de

Bernard.

5.1.3 Introducir el carbonato cdlcico, dentro del
matraz erlenmeyer, de forma que caiga en el fondo
y ninguna particula quede en las proximidades de la
boca. Si quedasen particulas adheridas al papel,
arrastrarlas dentro del matraz por medio de golpeci-
tos o usando un pincel si fuera necesario.

5.1.4 Llenar el tubo de vidrio con la disolucidn del
4cido clorhidrico por medio de una pipeta o cuenta-
gotas, procurande gue no quede Acido en la parte
exterior del tubo. En caso de que caiga algo, lavar el
tubo por fuera con el frasce lavador.

5.1.5 Introducir el tube con acido clorhidrico den-
tro del matraz deslizindolo por la pared con cuida-
do, para que quede vertical y no se derrame nada,
Dejar el matraz en posicién para que no se caiga el
tubo de vidrio, por ejemplo, sobre un rodel de corcho
de tamafio apropiado.

5.1.6 Mover el depésito del tubo de nivel para que
quede enrasado el nivel de la disolucién con el de la
bureta en la divisién cero.

5.1.7 Manteniendo el tubo de nivel fijo, con la otra
mano tomar el tapén de goma y cerrar el matraz
apretdndolo para que ajuste bien sin que se vuelque
el tubo con la disolucion de 4cido clorhidrico. Enra-
sar de nuevo el tubo de nivel y hacer la lectura de
las divisiones de la bureta donde se ha conseguido el
enrase. Después de hecha esta leetura, no volver a
apretar el tapén.

5.1.8 Mover el matraz para que el tubo vuelque y
vacie el dcido, el cual empezari a reaccionar con el
carbonato.

Es necesario que toda la muestra tome contacto con
el 4cido.

5.1,9 Desplazar el tubo de nivel lo necesario para
enrasar con el nivel de solucién en la bureta hasta
que se estabilice en una lectura. Cuande hayan
transcurrido de dos a tres minutos con el enrase
mantenido en la misma lectura de la bureta, anotar
ésta.

Nota. la operacion del toradoe es necesaria hocerla siempre que
combie o temperatura ambiente o lo presidn atmosférico.




TARADO CON CARBONATO CALCICO

CARBONATO CALCICO+ TARA

MEDIA CARBONATO CALCICO (G)

TARA

MEDIA VOLUMEN €O (v)
CARBONATO cALCICO S
v
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VOLUMEN EN cm3 CO2 (v)
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% €03 Ca: L 1
3 Co:g-x100
MEDIA CO3Ca {a)

% CO:ax 0.4

OBSERVACIONES
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£n general, se hace coda jornada de trabajo e incluso se repite dentro
de cadu jornado si por efecto de la calefaceidn en mvierno o del sol en
verano voria la temperaturo ambiente.

5.2 Ensayo con la muestra

5.2.1 Proceder en todo igual que en el tarado, pero
en vez de carbonato célcico emplear la muestra de
suelo preparada segin el capitulo 3.

5.2.2 Sien el ensayo con 0,200 g de la muestra de
suelo se producen menos de 5 em? de anhidrido car-
bénico, repetir la determinacién con 1,000 g de
muestra.

5.3 Toma de datos

5.3.1 Para facilitar la toma de datos puede utili-
zarse un impreso como el de la figura 2.

6. OBTENCION Y EXPRESION DE LOS RESULTADOS

6.1 Por diferencia entre la lectura final de la bure-
ta y la inicial se obtienen los centimetros clibicos de
anhidrido carbénico gaseoso producido en la reac-
cidn.

6.2 El contenido de carbonatos de la muestra, ex-
presado en tanto por ciento de carbonato célcico, se
obtiene por medio de la siguiente expresion:

i 02-V
% de carbonato cdleico = - 100
gU
siendo:
0,2 = gramos de carbonato célcico empleado en el
tarado.

V = anhidrido carbénico medido en el ensayo de la
muestra en centfmetros cibicos.

g = gramos de muestra ensayada.

U = anhidrido carbénico medido en el ensayo de
tarado con CO,Ca en centimetros ctibicos.

Noto. En este método se supone que los carbonatos presentes estan
en forma de CO3Ca. Sin embargo, debe tenerse en cuenta gue puedan
exisfir carbonatos de otros elementos. Por esta razén, el contenido en
carbonatos se expresa, o veces, en lonto por cieno de onhidrido cor-
bénico 1CO2. Para ello basta multiplicar el resullado oblenido en el
capitule 5 por el coeliciente 0,44,

Si existe dolomita en el suelo, la reaccion con el dcido clorhidrico serd
més lento. Si se quiere delerminor oproximadamente las canfidodes de
carbonoto cdlcico, por un lado, y de dolomita por el oiro, presentes en
el suelo, puede hocerse realizondo dos lecturas, una o los treinta segun-
dos y otra a los treinta minutos, correspondiendo la primera de ellos al
porcentaje de carbonato cdlcico y lo segunda ol total de carbonato
edicico y dolomita.

7 CORRESPONDENCIA CON OTRAS NORMAS

La presente norma concuerda esencialmente
con: NLT-111/72,

€691t
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