Y v ¥ 3 % 4 dld & !
nglfianaeaidulalnduiaziinan s a1 e UNUNTLNUF LN

wennead Ay

%mﬁwuﬁiﬂumwﬁwmm@'ﬁm:mmmm”ﬂqmﬂ?mfyﬁmmmmmmmmﬁmﬁm
anuATidansNAwaAdEN  MAdTadInsINANIAREN
ALEARAINTINANART  ¥INadNIRiNUINENAE
tnnsfinun 2545
ISBN 974-17-2251-6

s

A1AN312997 AN TN LAY



UTILIZATION OF PALM — FIBER FLY ASH AND BAGASSE FLY ASH
AS PARTIAL CEMENT REPLACEMENT

Mr. Krit Jarutawai

A Thesis Submitted in Partial Fulfillment of the Requirements
for the Degree of Master of Engineering in Environmental Engineering
Department of Environmental Engineering
Faculty of Engineering
Chulalongkorn University
Academic Year 2002
ISBN 974-17-2251-6



= .

v Y Aa a o Y v 3 & 1% 4 dl ]
NIURINUTUNUD ns Mo aedRleUauiasliNa eI LE L WNUNTLNUF LG9

Ine wengal angnedy

AN ArnnsIuAauaadan
ananaeaneEn 81919¢] A9.NTANT 91TNINA
anansETLEnEan IANANARINANTE BTN mmmq‘w%r

v
=

AMAAINTINANART ATNaINIRINNINeNAE auslR iLane inudaiuil

udaunilerasnisAns I uuangas sty oy I8uTeTie

.................................................. ADLLA ADUZAAINTIINARRNS

&
=

(ANamg1ansel A3, aNAnG tleusununia)

v o

AQIZNTINNITRDLANENUNUS

................................................... NITNNIT

................................................... NITNNIT

(799AART1AN9E] AT LNTINT 1T19NALATTY)



nqwal a1z - nsldudsendulolduuasiinas s udeaunungnusiunadon
(UTILIZATION OF PALM - FIBER FLY ASH AND BAGASSE FLY ASH AS PARTIAL
CEMENT REPLACEMENT) a. 115011 : 8. A7. N1&NT 30070579, 2. NUNH19N

37, 9398 T918N1QN5 155 1T, ISBN 974-17-2251-6.

urdaRiflunisAne A uwll s luntstndaasduladnduannlssauainungu

nduuaziinaesgiugasainisauiima  wnldununguimudlasnuauguiedoulunisuas
P < oo = = o \ ~ )y 4 a X

A5 T ANINIANHIDIANTHNINLNINLAL AU T2 NAUNAN VDT ADLTIZDITRAT 793
MainamageuaNTiRvesuiinu e fauaudnaninaasusavtin e ANABINITEY STy
WANNIABFY  NITREUNINNAISTLLTER  wasduannsiaewninesdwend (X-ray Diffraction)
dl a c | aaa dl a é’ = o o‘a‘l v | a a’lj ¥ o
et eilfisemiiaauludmudinainnanitaeausdazata  wananilaiinimagey
Anwnizreagzanidnaesiagesttn  muderivualutlszniansznssgaaiunsy atiun 6
(W.A. 2540) Watiufupnndaasdasagaingdan lun1stidnaesduleduuazidnaasmiudas)

w1 seTermd

nannsasauantRreinaedululduuazidnaestiuden agllddn Waesvivass
giniliansndniudanledlaarunndaniuualy ASTM C618 uazieinnld wnud
Yuagmusilafauaus wudn AATULNEATaINaSINAAaY AIUAINABINNIUILAYIZZINAINIS
1 o QI d? dl = o 'S dl a o a’lj v s o 13
AafNTwEaFuRsuAuNasAgesNan  Beluanundss Wnaesdulalnduainnsatinun g
wnunutmusilesnuaudlunisuannasnnldfesas 10 taetwin Tnalddndausendnedag
dszarusianse Wiy 1 sia 2.75 uariFunanisedanilszany winiu 0.485 sa 1 GeliAIA4AY
FuusadnfiangnisLin 28 A tsznnnifenas 85 Weauiuneimsssnn dounesauaninass

v L2 o o/ o/ o dl 1 o v dl a o 'S

gudetliAINATuLsIEANeNgNsLn 28 U dszinnfesar 50 Wamauiunesn1ssINan
douuanisinnsiitiunmlanzuinlusingzaaadaesduladnduiasidnassausas wudn

ANRNT NI UA sz NANTENINARAUNTIN 1TUT 6 (W.A. 2540)

ANATT ... AAINTINAILIARDN. ... AVINBTOTR .o

a a a Iy A A ol
AU ... AAINTTIUNANLIARNDN....... @Wﬂﬂ‘ﬂﬂﬂ‘ﬂ’]@’\?ﬂ%lﬁﬂﬂ"l ......................................

dnnsAne..... 2545, i ANINATARNANFENLTAMNIV oo



##4370213221 : MAJOR Environmental Engineering

KEYWORD : palm-fiber fly ash / bagasse fly ash / cement replacement / compressive strength
KRIT JARUTAWAI : UTILIZATION OF PALM-FIBER FLY ASH AND BAGASSE FLY ASH AS
PARTIAL CEMENT REPLACEMENT. THESIS ADVISOR : MANASKORN RACHAKORNKIJ, Ph.D.,
THESIS CO-ADVISOR : ASSOC.PROF.ORATHAI CHAVALPARIT, 155 pp. ISBN 974-17-2251-6.

The research was conducted to study the probability in utilization of palm-fiber fly ash
and bagasse fly ash as partial cement replacement.materials. These two types of fly ash were
used to replace cement for making fly ash — cement mortars. Physical properties, chemical
compositions of the two types of fly ash and properties of cement mixed with each type of fly
ash were under investigation, including water requirement, setting time and compressive
strength. The development of hydration and pozzolanic reactions of each type of fly ash —
cement paste was also conducted using X-ray diffraction (XRD) analysis. For safe
environment, palm-fiber fly ash and bagasse fly ash were evaluated by performing the leachate

extraction procedure described in the Notification of Ministry of Industry No.6 (1997)

The experimental results indicated that palm-fiber fly ash and bagasse fly ash could
not be classified as a pozzolanic material according to ASTM C618 requirements. Both types
of fly ash — cement mortars showed slightly lower compressive strengths and longer setting
times as well as required more water to obtain normal consistency than the control. Palm-fiber
fly ash — cement mortars can be used to directly replace portland cement up to 10 percent by
weight with a 1:2.75 ratio of binder to sand and a water to binder ratio of 0.485. The 28-day
unconfined compressive strength of this optimum mortar mix possessed satisfactory strength
of about 85 percent of the control, while bagasse fly ash — cement mortars possessed about
50 percent. Finally, the amounts of all heavy metals in leachates of both palm-fiber and

bagasse fly ash met the regulatory limits.
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° o/ ¥ dl % = o b4 A %’/ ¥ = dgj
awsunindesildainnisitiuaingagainsazinaatinanatiaunuardAnumy
dszannfenay 48 Defenay 52 azgninhlfifdwaamaanananlaviwazaiunsnihl

uwtsgthiln iWenszany vefaaiinsinela

3.) nMsm iuneayla
% %4 dl % = o A o a A v K o 1 k3 = |
indasnlfainnisivannarianwurdaeadunesn quiu uazianiwdunsa
1 1 o ?:/ KX v ° o ' = o %; v Y :j/ o o QI d’l
aeiN9gau AU AaeindnANTL @ waziniidesliidunanssnianidndeluitlausan
Tnaeiunszusunisinlila Seazldarnfeunazijuanalfuaninindaslfiilunarauay
Yurmazduiuasazasine dasslinnaznanudariideunlalvinnissiadaadungn
wmasiall daunznauiuaztinlienuezesnsesgoyyinia (rotary drum vacuum filters)
dl ! % ¥ d@I o o ¥ a A :j/ dl ]
Waueniedauindesmedsianundudinn lunssuaunisuananaivile daunan

mena (filter cake) Nuenaanazaslildviniesialil

v A 23 =
4.) ﬂ’]ﬁ‘ﬁmLL@ZﬂW?LﬁHQIMuWMW@ﬁ]ﬂN@ﬂ
¥ o A o P4 1 v = v o v 3
m@@mf}mumiwﬂﬁimmmmﬂnmmmmz 85 TNALAANININITANITLLULIUN
v

aanldilszann 2 lu 3 dau Tnanslasu (evaporator) NRN13979senu Inadnfazana@eeiu

4 lu Wden (syrup) Tundegading Jponudnduilszinn 60 1N Wd@an wasaneu
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RzuNgINTaauan axgnaslidsdanen (vacuum pan) WasiuAtauinmanAmdudy
- R ,i Y 4 e = %
Rundnanazandn Wimnaglasaazuanidunaneanuiantndon lwan mninaniimng
flasatluag luin@ondnsn  Fanansaratonanildn uuardn (Massecuite) tavinli
a dy [~3 % k% 2// = =3 %’ QI a val [~1
UNAAINHLEUA A9 NNIUILLAITRULILINEY HAntaNaTlATaas BEL R HRLALD

wiaunazinluuenuansalil

5.) nstluusne@naznn e

¥

ada o o oa ¥ 4 s o . 4 o
wnardnidumaaiunaniimaglasanudanugs  azgnidassadluezeaiuieni

Fendn Centrifugal Melwiudnwzadanzinssilgianauin 400-600 445013793
o ¥ o d

wRUAIEANENITTNIs 1000-1800 sAUABUNT T9azuannINtIAavzanizandt Tuang

dl o

(Molasses) aanll dqumantiimiaaztinliununiseulduie Wudnings iwan1sanuine
pia

i ¥
=X

2.2.2 dapuAmvaainalIuanlisuNaninaauaznisun ks tomd

o

Tunsuantiinaandes azlidagamuaendifny 4 ane Ae NNKIAIe nNdat
v v d’ o %3 = tdl v 1 d’/ £ Y o d’l
nnpznaulaziinaettudes aninindasAmraai ifmanitllld sy Tumdlsd Ao
1.) nMnwIeNa (Molasses)
- o W, Uaabetdie) 1 < ¥ S
Wnragwan@annuiandy  eliainnsanasanuaninnnalfansasLAzadanIas
1999NUUNANATITHAN Tmﬂﬁqiﬂ@zﬁsgimmﬂu@g_uislumﬂﬁqm@ﬂi:mm%@ﬂm 7.5 MMNWIANA

A

durntnunlgdsslamile Aa
-1
v oa

- lde@milunegea

AiluingAulugnaiunIsNHARLEAN ARAUATINAN

o o

- MWildanUfuamunnsiu iesannidavilsznauaesinuma o auvisding

q
|

LAZEIFDINNIIIEU) BNNN

-Fugniuausasgiuiuniatuivalwmamas e Ean

2.) nndesseTusas (Bagasse)
dludannmasainnisiiudes  Janwasuduly nenaudeaainnsonll1g
sz leemils A
- i audewmasduiuvdeledn  lunseanlesnun g lunnsia
4%
AENLNANA

- Mnandudaudn
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didianseanm
sl duniundeldisn Weldluneresireuaziefiae g
lutlsymalneayldudesiugomasdmiumselatilulsanwdaysagy
TnenBunnnudesiiunfudemaniuiiszunnsenas 30 IetnminsenFuiomudes
4«

i// dl A’l 1 6 $3 v o dl %3 [~ 1 o a
fanun Awaenneldinaandszland nsldausasuInitianseasuas e alseusa

Bunslinnn satuassanaatusasn i lalddss Tamianuin

3.) nanmznausas (Filter Cake)

| o A : % o A %/ ¥ dl a | go/

dudaguaeivannisswuiins  ndsaniinseveniidesiiendnduiinialy
wdn Nanwouzifluresudindaauduuaritiuiuenlulngau Weaneds wunadanuay

o 1 o in/ =KX A ) % Y @ +
ARLTENAENIN muummmﬁmmﬂmzﬂﬂu@@ﬂuﬂmﬂuﬂﬂ

4.) \onaeutnuden (Bagasse Fly Ash)
v dgj = o v dl [~1 d” a o % v 901 9°J
dhaeell inannnisintusesnimia e masdniunge lasin lulsaanuin
dl 19 ¥ v dl a é’ =K A a % -di o o o v v
pa uaziie ldliidaesnifisauisnszane asiinsaaunilulasivedudaiuuinaes 19

% ¥ KX A o | ¥ ¥ all IS Nal o :l/ =K o le
Waeamnau inassasansziudeudinidlan J8a1 antiuassusanuaztin bl

1 1%
2.2.3 NNTMNTNLAALLAZNITAANIIENARETIUAALNIA AL

% dl a = [ 9; % Y d” a o o v 901
T1URRUNINAANNANTULANALRTUNIRDE “’WgﬂlﬁjLﬂuL‘ﬁ‘ﬂLW@ﬂ’&’]ﬂﬁ‘UﬂN@1ﬂu’ﬂu

a

Trsmmatlszanafensy 30 TnsaziniguungRtlszanns 1,000 asrncmados NEuas
annsaziiainaetauilszannufenay 5 De¥euar 10 Waeaiifatutdazgnanlilag
wisasdndauuuitlan (Wet Collectors) @alduanaynipauwin 0.1-20 ulaswas feudi
o o Z I S .

Tentlazgnandeslaganenudeausousmn et il udefiuisienly duseusine uang

Tugiln 2.7
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LT winani— <

v
nzopeminooonzifun

REUMNIINIOA

wloiqu ndniqu uuuny

Jurn

Winfoagqu

. .
. RTDauHEY yaiony
WHONIDAR YR

. 3 - REUNTHNIDE
BlAnuumd
s
= N

iod
Yaidli i

jm = o
=

[ Swoe-c |

| =

Y 5 i - ) oy
H mnnnnunwlqna - \nn\nnnun')" ANPIRATIL- A wipianmn-n

51]1‘4 2.5 WUANIHARIIATG

Fan - anThAdanAany, 2541
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nsdudas (Milling)

» nndet (Bagasses)

|

indae Anangu (Mixed Juice)

U219 (Lime)

A 4

A

s Witineasla (Clarification)

Defecation Process

y |
Carbonatation
Sulphitation
indasla b
(Clarified Juice)

| R NINAZNaY
v

NNTAN (Evaporation) (Filter Cake)

y

P = \ )
N1gALIIRNNAN (Crystallization)

y

n13tfuinma (Centrifugaling)

|

!

WANaneAL (Raw Sugar)

'

WA1ansIe19 (White Sugar)

A

Refinery Process

|

UIMNANIIEU1ILTGNS (Refined Sugar)

1 v
211 2.6 NILLIUNIUAAUIAA

NN : danilasann da3nel, 2540
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> FudatAD 700 Alaniu

A\

gusae N 300 Alansy

(Fwlel 13%,AINNTU 52%)

W4 (1,000°C)

wWinane 15-30 Alansw

auliAgludaiu
Y Y
RNV LI e
Pl ldszuuindanuuliaandiay NN

] v
a5y pH 1891113

917 2.7 nsnaugeuazn13AANIE 108N AA NN
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2.3 dudwuslasauaun

] [ %

Yutinumlefauaumiuiannaairsnddnyigalunisnaa¥ianidmanssulu

flaqiiy anziathlinansaniunsouaziiaglfidunesan (mortar) aerinlldidujure

a A a

AvFieuneaguiseiiu vizaluanu A miueuanuiu Wusu wnililnansouiuniu nsan

49

%’I v [ 1 dl P~ al dJ dl [~3 o/ v (=3
NIBLAZUAFRINEuRmNzaNas olupaunTn  Falendefudaasidanaznuniu
pineiil (3lm Tedides, 2539) YuTwmusiasmuausiiunanineinldainnisuawee (Clinker)

! (% '
< A a =

auaziaan 91 wdatidunandnniinainnisndagAuNNaNsoNi Uit R4

kTl 9 k1l

dszanng 1,400 - 1,600 asmaaidea i lianUise el fianensazeseantas
2045761197 wazduiuiludaidnT deineyuda

o a

2.3.1 9ngau

AN Ay I lunnsasuTuusiuield 2 dssinn e dssinni s dAaides

q

Wudawlvg dun Hulu Ausenes Auduann Audssimildeanlodaassisaaniuas

o

agivfludonluey ldun Aunu Aumtien fumuou

2.3.2 adAlsznaunaei

Yuawmuilafauausn ldudsannnisndngauazlsenausae aanlds 2 ngulvg

Fauans lunng19n 2.2

A15199 2.2 Areanlassne MdluesAlsznavvesuimusilesnuaud (dmanad, 2539)

aan lie Sauazlngrinuiin

aan lIAwan

CaO 60 - 67

Sio, 17 - 25

ALO, 3-8

Fe,0, 0.5-6.0
aan L1Asag

MgO 0.1-55
Na,0+K,0 0.5-1.3

TiO, 0.1-04

P,O, 0.1-0.2

S0, 1-3
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aanlafudanarsndaluszninsnisiayduilaifiaduaislssneundndny 4 aeng

FrandnalumNNm 2.3

A1919% 2.3 ANsilszneaundnAnyaeiju

=

-

TNUALaTALAUA (T304, 2539)

deanslszney danutlsznauniuad datie $asnzTngrnmin
TnsAaLTeN TALN 3Ca0.Sio, C,S 33-55
(Tricalcium Silicate)
AN TANG 2Ca0.Si0, C,S 15-35
(Dicalcium Sillcate)
Insdndian agHium 3Ca0.AlLO, CA 7-15
(Tricalcium Aluminate)
wnsAaLEeN agilumaslsd 4Ca0.Al0,.Fe,0, C,AF 5-10
(Tetracalcium Aluminoferrite)

2.3.3 Bvinarasansilsznausan AN iRuedWTmus lasawaus

anstsznauiey luyuiuudlesnuausd Auansenusenmuandms1e] 109

|
o A

1 WL
g

v

B
ranyluuimusilasnuaus agdlisuanslunnsei 2.4

] [ % o dll o | g A = a dl
meiﬂmmumL‘W@ml,ﬂuummm@ﬂ@umm @mmuummmm?zﬂ@um

A9199 2.4 AruaNTTRresaslsznaunddny luuiiusilesauaus (Fanatl, 2539)

ANANLR C,S C,S CA C,AF
1. amsnainalizen 39 i iuiule 13997N
(G (FTaa) (14) (117)
2. NINAUIAA9ER 139 % F9mIN FmN
(41) (@pnif) (Tuien) (Tuien)
3. Masgniszan g9 ARULN9ga in in
4. pynFauAnUnTen Uunang PGl 491N unans
EE (500 J/g) (250 J/g) (850 J/g) (420 JIg)
5. ARUANLTFAW ArANTRLME AU - T e daluin | snlviufisusd
s wazgndainm | @m0
UnSauanus Maneladng
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Tuuswwsilafmuaudazianslszneulnsdadusdans (C,9) ualaAaimusdamns

(C,S) swfiutlszanniasiaz 70 Dfasay 80 1a9LBuNiising Tansilsznaumisansriiniiifl
FoAILANANUINUINTRINESRNYTaAaunTe  AsiulunisdAnmnlag X-Ray Diffraction

1 v v v 1
Spectrometry azgulanaz@nmansdseneuiegesrinil suisanndanilszdny Andew

Fanelawsn (Calcium Silicate Hydrate; C-S-H) @aiiluansfiiandsannifudinusilosnuans

1
=

naniun Wuansinalifsnisdentszaruuazin i uiwusinanisnasa wisouazin

NENUTRANEN

2.4 191898

¥ A ¥ ] = I v [
w8 (Fly Ash) Ag Lﬂ’mf)u@&‘ﬂﬂﬁ‘l’]@@@WﬂﬂW?LNWLLVm HIUNALANHNIN LASRANARS

a = & & raI/ [ %3 A $3 1 a
ZRANIYWTNUAL A FALALAT 11J ANBULIBNITUATATUANLRAUDUOARLUAASTUA

>

¥

Tuet fuannzmMaasTinTesTenaie iihastuNaiadananTRAd et n

XD

auanTAfuiagledlaarusssnaidl (Natural Pozzolan) AeHnIsatiuayuLas
Wenwns M inaasdaniuy uimusile fauaus lwanunaunss
wiageuddauanawislinaaiveuasiRuazdaninusdmiunisindnaas i 14
Eio 1uw§gmzﬁmﬁ American Concrete Institute (ACI) az American Society for Testing
and Materials (ASTM) il u@ﬂmnﬁwﬁ*gmu?ml,l,é’q ﬁﬁqnq‘]ﬂ LAUNAT  LeBgEL

g 3 dl = ¥ = o a
LLORTLLRLA ﬂéﬂ%LL@ﬂﬁ’ﬂﬂV@’]ﬂﬂ?ZﬁLW Alulan avulNN ATFIULAN ALY NN U UATHA

warAANTRIDU1ADE

241 doulsznauniaei

doutlsznaumnuaindrAnyaasdnaey 16un Sio, ALO,, Fe,0, CaO, Mgo,
Na,0, K,0, SO, war C ddutlsznaumigiaiivanilazlinonuuansngiuludaFunmmiu

3|

A Y < dlo
EUAINHITBNN AR U] sml,ﬂuﬁzymw alaf mamm%m@@ﬂﬂh mevmrwmma?muﬂu

AUNTNUAZATUANLIFIFNG7)

2.4.2 ANANTRNINAIEAIN

[ %

AAENTAN NN MR8 NAATYABAMNIWARLNTA AD  TUIABLNIATEY

vy
=] K 1o

Wnaey  mavetiudngn Aufiinunenduazdnenzniseniug Taeillidaesfiauin

FIUFLANNGN 0.001 AUD9 0.15 NAALNAT
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2.4.3 tszinnaaaidnans

FNNNIATTIN ASTM C618 - 96 uiviszinmaesianuanlumeunsniu 3 dunminin

1 Fuanin I N, F uaz C lnsnmuneddtlsznaumiuaifauansliuinngne 2.5

M1519N 2.5 NsuLidunmnIntesiaguanlupeuiTnINNIRTgII ASTM C618 - 96

_ szinnae9dannas
ATUANT]
N F C
Si0, + ALO, + Fe,0, %TiatNgn 70.0 70.0 50.0
SO, %HINNGA 4.0 5.0 5.0
1BAMNTY %HINNGA 3.0 3.0 3.0
nsgyidniiesannnigin gl %NINNEA 10.0 6.0 6.0
Pozzolanic Index %TiatNgn 75.0 75.0 75.0

TUATUNIN N Aa famamum@fmmﬂ@sﬂmmﬁﬁmmmﬂum Wi AULNSTHA

Bumuoy Auradnganii fudiu eduuazAugesihunszusunsusaninlifiauin

1
a

< 4 - s
LANAY WNALANATANTIR 1117 a1

q
v
o A o

TUADAIYN F ﬁ‘ﬂ Lma@mﬂmmmnmﬂmi‘wumuummumﬂeﬁmm‘@ Vlufl 4

q

2
o

Fadnaetduannn F dnuaniiFledinaiu (Pozzolanic)
ﬂjuﬂmmw C A Enaseitiinannnisen wsidiuiuan uiiteduin A 1Bt

TR C wananaziAuauiRtetlsau (Pozzolanic) ua SREAMENTR nadasLlsza

(Cementitious) @ndaeilazaIaardl CaO agunnanFaaay 10

2.4.4 maldiinastdiuiiu (Coal Fly Ash) ludanunuiiywiwusilesnuaus

Tulszmalnafnisldanuiuanludlunseuounisuannszua il 1ane  waiuny
o o o d‘ % a & 1 d‘a 4? o = dl 73
Amdna1the Gadnaeadnludanisd i uwlmnsiifaaugnianAnsuaznagaiive 1
[~] o dld 6 [~ dl o o 1 v 1 1 v dl
Wudagunundwuud  auduisenivlunisiunldlununesi Wy unea¥sieu
NUNDUULAZIBNRAE19 11 1$1su

-di a é’ v a & 1 A o a é’

HasannisiinurasdaaanlusanTa Wi utiing  wikaufuni1sninuLes

nanedula AN n I WA AN UL AN LAZLEN AT WS ALATN 1IN UHARTINANS

a

1 A a 9/5 a dl S o dl d’l’ a 1 A
NANIAR mmmnmﬂmlmLm@memmungqmmuﬂu GINLﬁ@LW@\‘]ﬂ‘ﬂ\‘IT?\ﬂWW’]LLNLQJ’W AR

a

v
°

1 a a & ] d” a o o & a s'oj A 9 &
fudiuanlud dowdainaseslsanuanarinduihduuazlsenuaanima Ae @ulalau
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1% o  a o Y a 1 % [ %4 % o
uaztnuday Auatsu MlERaLAAIY Wnaeudulaihanuasiinaess ueata1N1INNN

¥ = g = ¥ A [ ¥ a g
W s Tem a1 s LL@ﬁﬂﬂuﬂ?m1® mmuﬂmmmmﬂum

A19199 2.6 doutlsznaumaaiizaadinaesdntue Wnaesdulahduuavwimusilesnuaus

Wnaet winaee | Yudiaus
Fantnaiinagay an'lusf dule ass
STLFY UAUA
Tyoyn | soyeun G AU NUAT NG IERTIaTl
ALl paeene 1 | faeene2 | (2532) (2538) (2543) (2543) (2528)
(2528) (2528)
Aoutlsznay
NIUAN (%)
SiO, 12.03 15.05 35.43 43.70 41.86 76.65 20.20
AlLO, 5.89 7.01 28.27 26.60 25.17 0.77 5.42
Fe,O, 17.33 19.37 14.57 12.30 12.84 2.26 2.92
CaO 39.46 32.99 11.92 8.80 9.59 5.83 63.82
K,0 0.78 1.08 2.48 - 3.1 6.99 0.46
MgO 4.59 4.69 213 3.30 2.03 452 1.52
SO, 11.46 14.00 2538 1.40 1.28 0.44 2.55
L.O.l. 6.33 3.41 - 0.70 0.44 11.06 2.72
ANNNAZIDEA 2,550 3,580 7 - - - 2,500
au’nin | anniy | lalesums 3. /n 5
ANONAUNIE | 2.90 3.00 2.56 2.47 - - 3.12
wnnewig 1)« Pe ideyaluanudde
2.) 1Styny1 (2528) mﬂfnm:@ﬂmlugﬂﬁuﬁaqﬁﬂwm: Toerle

NN daudasann Ueynyn Auanlszidsg uaz aunsde nadans (2528),

ATBINNANNTNEINALLAY (Blaine Air Permeability Apparatus)

3.) 90 (2532) annazesailuunaynia Tnaldnsdessanndas

aannsauluinsalnl (Scanning Electron Microscope)

gAN WNHLIITeIUNT (2532), 014WN @NTiae (2538), Nus 1BNa (2543)

dAna NAUTUAY, Aile AN way audml TARINLR(2543)
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B | sunmu ANASTLUTNER (NN./AT.TW.)

HAae s e 1 3 7 14 28 60 90 180

unadi k) o ol o o] ol A4 f o
TUNUR

g 0560 | 157.0 230.0 273.0 313.0 350.0 380.0 3920 429.0
seyeyn mel.1 0% 0.535 - 2046 2774 - 3668 - 4446 484.4
Pseyeyn mel.2 0.535 - 2046 2771 - 3668 - 4446 4844

snna 0668 | 107.0 243.0 3370 3850 476.0 5450 568.0 -
g 10% | 0.540 | 145.0 233.0 297.0 3160 373.0 4370 460.0 488.0

Anna 0775 | 80.0 152.0 206.0 2150 3180 351.0 369.0 -
g 15% | 0535 | 137.0 2350 2650 2920 3660 4050 4360 442.0
g 0535 | 140.0 201.0 247.0 308.0 343.0 401.0 453.0 482.0
Py met | 20% | 0.513 - 1878 2657 - 3894 - 4540 5283
Yseyeyn mel.2 0.513 - 1759 2240 - 3862 - 4656 5535

Anna 0840 | 58.0 107.0 136.0 189.0 197.0 229.0 2500 -
g 30% | 0530 | 1220 1750 1940 266.0 306.0 368.0 3850 405.0

snna 0.945 | 380 630 101.0 1100 132.0 1800 1920 -
g 0520 | 100.0 166.0 196.0 2220 308.0 351.0 369.0 388.0
Py met | 40% | 0.499 - 80.3 1209 - 2635 - 4116 4418
Uy me. 2 0.499 - 1124 1520 - 2857 - 4618 5125

Anna 0965 | 280 53.0 720 790 90.0 131.0 1350 -

o 1

uNnein 1.) aaw, Useynun faeeine 1 uazifFeyeyn siveting 2 nagaulneld
dhaesanlus anwa naaeulselfidnasedulalnan
2) “" fn Tddayaluaudan
3.) Shsndounassiaguiiusilasauaud windu 2.75
4.) Ansluaue WAy 105-115 %
dl o/ =) =) = o/ aa
01 : Anudasann deeyayn Auandseiasy uas Bunsde wedans (2528),
fAN WINIITsIUNg (2532), Anwa nAWTuAY, Al AN uas

AU TIARINGUNT(2543)
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©

[ %

dld . ! dl v ¥ A o ¥ a o ¥ ¥ .
VAR LNUNTLNUALNNAIU SNSLHWJTQMWZLL@@\?@NUWMNLﬂ’]@'ﬂﬂ@ﬂTMlﬂLL@%LQ’]@@HL'&HSLEI‘]J’WN

q

v
o = &

sonTitjutinuflefauausainauisenldidnassan ludusimnzuaziinseadulddusn

o

1 v 1
NINN938 AaLaA AN 2.6 LazldAdAINNTUIalLnFATas N ninAfiaInislunng

'
¥ a

I8 aa dl 2 o A % % o ] ?/
HaNNefmNInsununAteiaesdnlusvralinaedulatanluEuniiae) souds
wangANAsTLuNEnTesNafanaNdaesAn lwivTainaeeduladdniiu lunisd
2.7

. =AM . v L 4~ J A .

AINAIINA 2.7 ATIUIIANABINITUIHAIAAAILHBNNITUNUNY WL
Uafauausunsdausaadnassanlufinaay  wszeuniainanazidantoadnaoednbusd
o v 'S dl v a 6 o o/ 1 v -7 96/ dJ v a a‘dgl
M ldnefanuanidaesanludeasaniulsd Ingludesnisinunn dadrassanlusiasly
WUNTaII 9 IUAUNANLNULN (AN YNIITE81UNS, 2532) A9UARINABINIIUNTBINATAN
Inasifnasedulolduiannnay  weasanayniannnjaesiiaasiduledurinlil
asradn ldunundesdngludaunan lduasdann lidaunaniaesdnannniy dernagdnly
UNLNTEdIN9Tls YN 1AFR9NNsTNNNTL (ANnA nauTAY, Al AN way audmnl TrAgInawms,
2543) zdfmfﬁhﬁf]ﬁﬁumeé”m'a\m'm?mmuLé’ﬂ@@ﬂaﬂium‘iuﬂ?mmﬁhm AZAARY LALLANIE
Tudaausn WelFauiauAuNasANaITNA1 WANATTEZIIANNITLNUNLAY ANANAIFLLINER

'8 v a L8 al g dl v A 1 1 o o o o
PINDSANHANENABLAN MFAZANNINTY Taa1a INAALNUTaNINNINAINIAITULINEATDS
URSAG7INAN YNEANE1a08 AN W BN UNUNNZEN TIANANALAINRNAITLILINEA
wesnefANaNLiNaetdulelANNNAIAININI9INe AN IINANYNAYNITLN  1HBIANN
ayn1af njradiaeeiduladiduinlinisinindfisendeataaulugasenylaemi
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3.3.4 FREarn1AdIULINan

NnsNeLNE LA LRI nTesgnUIAT e s uaNinaesuavTin  fanidsiy

WINERTBIGNUIANHATANEITNAY

3.3.5 X-Ray Diffraction Spectrometry

1 dl =S aan oI/ aaa
dunimeasuiieAnenszuaunsuaznaveslisen lawsduuasjisaediaa
Anstuludwuinarinasnidnassusazaiin nsawsnzilng X-Ray Diffraction (XRD) 3 1Tumst
- o a4 o . . A -
aNaNLNaY  IINOUIANIIUNINUINTRY Diffraction Peak ANWaNg  IAEIUNUALWHINUE
Uafmuaumsagitnantwiaziin lilsunndesaz 0, 15 waz 30 tnaunuiin wasMensndauunse
TanUszanu [W/(CH+FLY ASH)] winfiu 0.485 anndudniilussazioan 3, 7, 14, 28 uay 6094
ANNANAL A lUnegen ANuIuFesN9eIN1IMARaURTA Ul 30 Faatne Tnsavaulagns
UsznauMNNTULAZaAaY NRANNAIATYABNITWBUNINIAYTLLINER AR ARTaNTAING lawnm
(Calcium Silicate Hydrate; C-S-H) Aatfiaxlansanlis (Calcium Hydroxide; Ca(OH),) lnAae

#RunA (Dicalcium Silicate; C,S) uazlmsdarmana@aineg (Tricalcium Silicate; C,S)
3.4 MENAFAUANEHUSUITZAINLINADE

wihasadulaihdnuasidnaeaudey azgminliBwasiniEanatansminluinge &9
#an3Bnn9afingns (Leachate extraction procedure) ANXNTzNANIENINAAAMNTIN RATLIN 6
(W.A. 2540) H3TN17691)

6 '8 dl b 1 a 1 V] b 1
1.) uagnurAiNasanuaNiinaesuiazainluFuiae Wiiuee udaden
HupzwnIaduE1uARINAaN9gNIed 9.5 NAALIAT
2.) tfasanteainda 1.) widn 100 NN WBNFUNaRs B9Usznaumqetin
NAUNANAIAZANEBINTANINZELMAZNIA lussn (ludndqu 80 Fa 20 Taetinuiin) au
ANAMNTINNTAANYTRANLET (pH) 2R9EIUNANRANAINWINAL 5 warAsLFuiunms

2997090 AN LB RT4ULTNRTI09UN AN ALY 20 Wi (HARART) ABILUNN (NTN) 289
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3.) |enuwATaNNIUEULLINYY (Rotary Agitator) NHARINIIMNUW 30 991
slaund Ngaunni 25 asaaaidsa wunan 18 Galu
4.) NIIANTAZANAINNNIATA  FogueungaslouiandauaduNugunai
1843N989 0.6 119 0.8 T1AsaU
ansananNunIInsadudn azgninlieaslnairzasiulasion (Microwave Digester) ta
o ae A v ol y
anNanIIuNINLINANasaursduaziailaauglans et lugnaunsomsianuls 1l
a dl . a a U % a aa
AmzilaaATad Inductively-Coupled Plasma (ICP) Taenfnnsa lumsnidudu d5uno 5 Aadans

asluansaiin 45 Hadans Negluaind miutas (digestion vessel) aniuindaseslulasion
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Eule N AULasANNIAIS LIS ATRIND SAN AN IENAa TN Waas Fa1NN1979s  1TI1WWINI9In
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v a '8 ai = c ' c dl Y v a c Qll = c
dnaesanludnanununyududlesauaus  Tanisldidiaesanluduanunuinygwiimue
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4.1 ANUANUFIURIIEN

411 dautlsznauniauad

dqulsenaun1amldnnleaeid X-ray fluorescence (XRF) spectroscopy tngim1319
N 41 wasdoutszneunieaizeadiaseduletduuaziinaessudesluglaanlsd
souiathaaulszneaunisaiassidnassanludannuamnzuasy wiimuslasauaumun

LAASANLLNA LTI LN I

AINANTNR 4.1 WanFauaugiudsrneaunitaeaegidnaasdulalnay
v v v a 6 = L3 'S & 1 v Y - v
Waetuden haesanlusuarudimuslasauaus wudn whaesdulaldy Wasee
% U a c a o al 1 al v % o
tusatuaziinaaadnlus dAaduw (Ca0) agilas¥anay 8.00, 3.63 uaz 11.92 Tnatmin
o o dl v 1 dl = 6 I8 rdld I % %’ o d} o
ANANA Barieandninuuusmulesauausniagtsenay 63.82 Taetinuin GaAnwH
 azyfisenun (H,0) SeiAedfjisenlawmsdu (Hydration Reaction) nluAaienlansan s
(Ca(OH),) uazAnTaTAaNm lamm (C-S-H) TnadAnd@andanalamnmm (C-S-H) azidusaimian
tszanu M Iminansnafuazudafinty sl Iaeasiy 3 annasin s daNsz a1l

o = =3 ¥ dl = o = 6 6 &
AIBILNENLANLRE Lmmamugmmumﬂmm@um

A aa 1

hasudulathauiaziiiaserusasldiulsznauvanaa 3an1 (Sio,) Tnuilag

a

Foray 59.16 Uay 67.94 Tagunuin ANAIAL LATANAINTBNTANT gRUILATINAN (SIO,
+ AlLO, + Fe,0,) wihniuFatiaz 62.25 uaz 74.30 Taathuiln aius1au a1stsenaudouiiag

=

ndfiseniudAadenlansenlas (Ca(OH),) wdaindadendanslanm (C-S-H) T9Aa

a <3

Ufjisendeaina (Pozzolanic Reaction) WeIFLHLNATINIBITANT BGRUIUATIVA

. X o v a - = - e = 7
(S0, + ALO, + Fe,0,) H fureuiaesdnluduarudmuilafmuand TedAwiiy
Farny 78.27 way 28.54 Taeninuwiin muandy aztiudn Yusimusilasnuaudidnaninly

nafaUfRseeslaaulAdasnin

! . = ! o 3 o A ~ - a
A1 LOI (Loss On Ignition) A8 ANNI94EYIALILNUENIEBNAINNITINT ¥F8ANTUBUN
Fudaay dadrasaduladiduuazidiaagaiusas A1 LOI Windufauay 8.57 LAz 16.16

Tnariidn AauandL BeNInndnAImNNIAsgIuNIsuLNEuA N NS T AN AN T W
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WuATUAININ F uaz C 19l LOI inniigalsifuiesas 6 Tnatinwin

I A ' v d” % dl o dl o '8 o 919; dl ¥ o ana
pgl LOI m@ﬂwu@ﬂmm@@w%@mmmemmmmwwmmm V]’WIV‘L&’WII“TW]’Y]J{]T]?EI’]

Tamtuanad Wuna i fafuLaean1ag

al | = v o - v v v a -
MA1TN 4.1 '&QHﬂ?KﬂﬂUVI’NLﬂN‘H@QLﬂ’]@@HL@iﬂﬂﬂqﬂﬂ INARLTIURAE Lﬂq@‘ﬂﬂ@ﬂ‘lum

waziuiuslefauaus

gautlsznaunig Wnaat Wnaat Wnaat RG]
Wil (%) Wulahdu Tudne anlusfudiung Uafauaus
Na,O 0.07 0.43 - 0.26
MgO 4.13 1.23 2.13 1.50
ALO, 1.90 4.75 28.27 5.42
SiO, 59.16 67.94 3543 20.20
P,O, 4.74 1.55 - -
SO, 2.99 0.12 2.35 2.55
Cl 1.29 g - -
K,O 7.64 2.19 2.48 0.46
CaO 8.00 3.63 11.92 63.82
TiO, 0.08 0.22 0.38 -
MnO 0.13 0.14 0.11 -
Fe,O, 1.19 1.61 14.57 2.92
CuO 0.05 0.01 0.05 -
Rb 0.02 0.01 - -
SrO 0.02 - 0.09 -
ZrQ, 0.02 0.01 - -
Zn0O - - 0.01 -
PbO - - 0.04 -
LO 8.57 16.16 - -
79 100.00 100.00 97.83 97.13

NUNEILUB

dudayaan gan wartlsssuns (2532)
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HeuBeuiiendiulsznaumaniivasdraedulanduuasidanssudes fu
mmgmmﬁ‘m_iq%u@mmwmﬁm@maﬂu%muﬁ (ASTM C618-96) azLiiiin Fadaas
Lﬁ?u‘lﬂﬂm‘mLL@:Lﬁmﬂmmé’@ﬂiﬂm@ﬁm@g"lu%u@mmwim%’ FesannAnegoydeniies
NN Tag] (LOI) uazdan (Si0,) m@qLﬁmﬂﬂ%mmmﬁmiﬂm\imu%’@ﬁmummmmﬁm

FALAAITLAZIDL A TUAFNT 4.2

AN519N 4.2 NaFauisudoulsznatmiaaiaaadnansduladndunazidnaasanudas)

rT‘ummgmmﬂm\ﬁu@mmwm@ﬁmQmﬂu%muﬁ (ASTM C618-96)

%u@mmw %u@mmw %u@mmw wWaee | Wnase
AUANLTA N F C uwle | anudes
1hau
S0, +A1,0,+Fe,0, %engn | 70.0 70.0 50.0 6225 | 74.30
SO, %gag 4.0 5.0 5.0 2.99 0.12
Psrnmuansiy %gagn 3.0 3.0 3.0 1.92 2.15
negaydaidiasannnswnlud %gege 10.0 6.0 6.0 8.57 16.16

41.2

ANHAZLALIA

a %4 ¥ . % ¥ = " g &
ANNAzRLATadnaaaldllaan Lm@@ﬂmu@ﬂmngm WUALATALAUARZUN

|
=

T 3 dnwoie Ae NAITaudnNERizayNIA  Wenslivuardneuziontinraseynia

|
o K 1

Wan9nsINeNIzANEIUIA INeANHIdIRNINszaefnatinalsuariauineynAeae (d,,,,)

' a dal dla o -dl 2 =2 dal dla ' 1 Qa’ o o
wihls uaziansauniuiiiaa g ielinsudanuitasenastnmineesdan
4.1.2.1 ANHUZAUNA

anwouzaynia  ldainnistraninainndasaiannsaululasalail (Scanning
Electron Microscope) %amwdwﬁﬂwm:mmmﬁmﬂﬂLﬁuﬁlﬂﬂqﬁuﬁﬁﬁﬁwmﬂ 500
meﬂugﬂﬁ' 4.1 (N) Baz (1) 49UV 1ADET 1B e Faldtn&eened 750 win meﬂugﬂﬁ'
4.2 (n) uaz (1) uazauimuilesauaudnuinaeaanius uanslugil 4.3 uay 4.4 Fald

ANA9ULNEN 2,000 WAL 2,500 Wi ANNAIAL
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r— "1'"
1B M N2 TN
2 <

(1) WEARLT1UEas ANAIUENE 750 Win

519 4.2 ndganndesidnasenlutasalal aesinasaudes
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5% 4.3 ndganndesgidnasenlutasala aesuiinudlefauaus

AnNasasne 2,000 Win

519 4.4 pmdraanndesdianasenluiasalal veaudnase@nlus
ANNA9aENE 2,500 WD

0 nslAhananuielszmealng (2544)
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o = a - & - o q v -
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o 2 e = dl %4 a & dl 4 a o o 3 dl

nawldl (Workability) aespeunsannaniinassdnius wesanudiaes@nlufazinuing
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nisnszatgauinaynIateaitaedulelndy  dnaeuaudan  uasyudmus
dafauaud wnlaeldiriasiinsmziauineynia (Particle Size Analyzer) U7 4.5 ua 4.6
wansidulAanisnszangauinaynIafudulAInIIzatIuInaynIAazan naUTing
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Particle Size Distribution
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Particle Size Distribution
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100 Particle Size Distribution
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angiuaasaziudt  ihaeadulaldudauiavenundiinaeasudesnianiies
=~ | o = v 2 a o p~ o v ou
uwazjuiustlafauauaiaunazisaandinaeais 2 ailn uazidenFoumsuiuduls
nsnszasaneynIadraniaa Bunnsueaitaesantus Auanslugln 4.8 Tafunng
An®Na84 Inthasaro (2002) aziiudn idnasednlusiinisnszaaeuniaindrendinanas

4 2 9iin davFuauineunianiesazinalfunnsazanyiniy 10, 50 uaz 90 LAASWANTIN

4.3

=)

al Y 9 - % o v a -
M1519N 4.3 ﬂjmmméﬂﬁmjmLﬂ’]@’ﬂﬂL@ﬂﬂﬂ’]@M YRR ETURAE me]@ﬂﬂ@ﬂiurﬁlLL@x

Yuawnuilafauaus

dWO% d50% d90%
TUAFIAEIN (lulpsiums) (lulpsiums) (lulasiums)
Waeudulaiau 8.604 33.784 110.989
inaaemnudnt 7.296 30.893 107.932
Waasan s 0.430 27.320 191.640
Yuanuslasauaus 2.941 18.238 52.476

WNIEE] : HANNTILATzaRadnaasan luiilunnsAnunaes Inthasaro (2002)
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4.1.2.3 NUNHRINY

74 ¥ 1
| A A

= dla o al ] [~ a 1 %; o [ dl ac
ATNUARYA NN Bvdsenduiuiiasetiin iWunileldannsgulunimnaau
AZIALA ANINT 4.4 LAAIATNUNRNAmNzIaataasdulaUNdNuasid 1 ansT1ua sl

Whaumeauiudiaesan uuazuiuwumlefuaus darnuntaoa izl wlneldieses

PIANNTNAINALLIAY (Blaine Air Permeability) AMNN1RT§11 ASTM C204-96

al X da o v 9 - v v v a -
AT N 4.4 WuVlN"J"’Q’]LWW?&‘ﬂ@\‘iLﬂ”l@’ﬂﬂmuﬁlﬁlﬂ’]ﬂﬂ INARET1aael Lﬂ']@‘ﬂﬁl@ﬂlumu@:ﬁ

Yuanuslasauaus

a o ' dy dla o 2 o
TipfaBeNa NUNRINNTE (TN.°/N5N)
wnaewduladnds 2,590
ENARLTLE el 4,121
F% a 6
Wnansan s 2,370
Yuimusilesauausd 3,380

WNIEE] 1 HANNTILATzRadnaasan ludiiiunisAnunaey Inthasaro (2002)
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[ 1
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nsvNuRRae Nz Tae I ATesrANENeaINALIaL (Blaine Air Permeability)
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ARaN1TULATANNANNTD 1NN91IN9uls (Workability)

413  ANHDMNINL

! ° = I 'S 3 ¥ 13 3 ¥ ¥
ﬂ"J’]ﬂJﬂ’N@’]LWW%%@QQH%LNMMﬂ@?MLL@M@ Wnaedulgdnduuazionanetnueag
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al ] ° = s e c v 9 - % v
M1919N 4.5 ﬂqqﬂﬂ'}\‘]@qLqum@QﬂjusﬁLNumﬂ@?mLL@uﬂ Lﬂq@‘ﬂﬁll,@uslﬂﬂq@ll AR TINLRAE

waziinanaan s
TUARIDEIN ANNNONANNY
Yuamusilofauaus 3.12
WWaasdulalnau 2.05
Wnaeumuaas 1.85
naaaanlusd 2.56

UNEE] : HANIIATzRadnaasan ludliiunisdAnnaes aax welseauns (2532)
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414  A9UlIenaUNIgLT

dovtlszneunausieuanslugiuan (crystaliine phases) weduinaseduleiauiv

Wnaasmusat NaiAszilag X-Ray Diffraction (XRD) uandlugilil 4.9 uag 4.10 muansL
A @an1 (Si0,) deetflugiasand
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#4173 NAUFAIUANNNUNINUBILA1ADLNIADITIA
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AN1FINN W1 AMNIRITULNDAVDINDIAIGITNAN (FOO)
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o o o

o

NIATLLLINDA (ﬂﬂ./eﬁu.2)

B1EN1TUN
(Fu) fau 1 Hau 2 fauh 3 ALede
3 168.38 174.52 167.12 170.00
7 234.62 228.12 232.11 231.62
14 273.47 265.38 265.64 268.16
28 292.14 294.64 314.45 300.41
60 332.59 334.52 320.47 329.19
90 343.12 346.61 322.80 337.51

AN519N W2 ANNIAITUWINDATRINDTANANENAReEWleUNAN Faaaz 10 Tassnwin (P10)

ANAIFLLER (NN./TN.%)

21EN1TLIN
() Hou 1 fau 2 fauh 3 ALede
3 127.45 2534 137.48 130.08
7 174.23 184.91 170.24 176.46
14 212.56 220.45 220.56 217.86
28 248.16 273.28 239.67 253.70
60 284 .55 27412 277.56 278.74
90 285.42 300.61 272.58 286.20

] v
AN5197 W3 ANNNAITLILTNEATRINaFANdNaN A dulalnaN Faaaz 15 Taasinutin (P15)

B1EN1TUN ANAITLLER (NN./TN.%)
() Aau 1 Hauh 2 fauh 3 ALede
3 123.95 110.45 120.84 118.41
7 164.41 156.38 143.25 154.68
14 182.79 196.23 180.46 186.49
28 218.38 246.25 230.64 231.76
60 250.48 251.36 240.69 247 .51
90 254.64 252.38 24412 250.38
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A5 W4 ANNIAITULINEATRINDTANNANE AR leUNaN Fagaz 20 Taainmin (P20)

0 o o

[ %

mqmara.iu NIANTLILLIND A (ﬂﬂ./ﬁnu.2)
(Fu) fau 1 Hau 2 fauh 3 ALede
3 107.65 104.38 108.25 106.76
7 141.53 148.38 146.21 145.37
14 175.87 185.23 178.24 179.78
28 210.00 204.68 207.96 207.55
60 224.69 225.45 229.24 226.46
90 235.25 221.56 229.29 228.70

AN519N W5 ANNIATLLINEATRINDTANHANENARedR e UNaN Fasas 30 Taainwin (P30)

21EN1TUN ANAIFLLER (NN./TN.%)
() Hou 1 fau 2 fauh 3 ALede
3 95.45 92.36 101.23 96.35
7 123.48 136.89 132.44 130.94
14 159.44 152.45 152.38 154.76
28 174.65 183.95 170.21 176.27
60 188.69 195.38 195.45 193.17
90 206.25 203.78 198.55 202.86

] v
AN9197 W6 ANNNALTLLNEATRINasANaNITaedu e Faaas 40 Taavinuin (P40)

o o ar

1%

mqm:‘u’m NIANTLILLIND A (ﬂﬂ./sﬁm.2)
() Aau 1 Hauh 2 fauh 3 ALede
3 98.45 87.45 92.64 92.85
7 128.53 134.47 125.22 129.41
14 155.26 158.48 148.21 153.98
28 165.43 17212 155.54 164.36
60 186.64 180.25 172.65 179.85
90 185.25 188.56 180.34 184.72
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FNGINN N7 ANNNAITLILNARATRNNATANHANIDNARLTTUERE Faeay 10 Tneinin (B10)
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ANRIFUWNEA (NN /3. %)

B1EN1TUN
(Fu) fau 1 Hau 2 fauh 3 ALede
3 89.24 93.56 92.15 91.65
7 113.25 114.64 109.58 112.49
14 128.73 136.91 130.54 132.06
28 146.44 141.24 147.12 144.93
60 154.68 157.34 155.24 155.75
90 162.54 167.35 163.38 164.42

=i J o o o o o % % % 901 o
FN9INN N8 ANNNANTLILNARALANNATANHANID AR UARE ey 15 Taatinuin (B15)

21EN1TUN ANAIFLLER (NN./TN.%)
() Hou 1 fau 2 fauh 3 ALede
3 83.14 90.38 86.54 86.68
7 110.22 114.59 118.92 114.58
14 123.13 121.23 113.56 119.31
28 132.45 124.38 127.34 128.06
60 140.66 135.24 137.48 137.79
90 147.45 138.78 144.23 143.49

] v
AN5197 KO ANNIAITLILINEATRINAFANAN AR T1UE8e Faaaz 20 Taesinutin (P20)

B1EN1TUN ANAITLLER (NN./TN.%)
() Aau 1 Hauh 2 fauh 3 ALede
3 85.45 80.27 83.69 83.14
7 97.86 102.45 94.34 98.22
14 115.59 102.31 108.74 108.88
28 129.27 120.52 122.34 124.04
60 136.15 126.56 130.78 131.16
90 143.62 136.17 135.42 138.40




A5199N W10 ANNIAITULINDATAINDFANNANITN AR T UERE Foaaz 30 tnetinutin (B30)
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ANRIFUWNER (NN /3. %)

B1EN1TUN

(Fu) fau 1 Hau 2 fauh 3 ALede
3 69.32 75.38 79.46 74.72
7 93.63 84.58 86.23 88.15
14 102.44 105.36 100.98 102.93
28 120.38 123.69 120.34 121.47
60 128.54 125:52 124.46 126.17
90 130.24 125.82 123.76 126.61

A519N W11 ANNIAITULINDATAINDTANNANTN AR T UEDE FR8IAY 40 tnetinutin (B40)

ANAIFLLER (NN./TN.%)

21EN1TLIN

() Hou 1 fau 2 fauh 3 ALede
3 68.89 66.51 71.52 68.97
7 83.56 74.32 76.45 78.11
14 88.44 83.67 85.12 85.74
28 96.29 95.34 102.47 98.03
60 102.25 105.69 107.13 105.02
90 106.37 110.95 101.86 106.39
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AN W12 HANNTALATIEIAY X-Ray Diffraction 289TmMuslnaisssunn (FO0)

20 ()

9.96
18.04
28.68
29.44
31.08
32.12
32.60
34.12
36.64
37.16
39.44
47.12
50.16
50.84
54.40

fengniatu 3

D (°A)

8.873
4.913
3.110
3.031
2.875
2.784
2.744
2.626
2.451
2417
2.283
1.927
1.817
1.794
1.685

| (counts)

128
1065
200
177
119
147
156
668
78
68
68
282
84
210
117

I/l

12
100
19
17
11
14
15
63

26

20
11

89



AN W13 HANNTALATIEIAY X-Ray Diffraction 289TMuslnaisssunn (FO0)

20 ()

18.08
23.00
28.66
29.44
31.08
32.24
32.64
34.12
38.68
39.36
41.24
47.16
50.84
51.72
54.36

fengni9Liy 7 du

D (°A)

4.902
3.864
3.110
3.031
2.875
2.774
2.741
2.626
2.326
2.287
2.187
1.926
1.794
1.766
1.686

| (counts)

1124
75
163
202
106
267
203
660
69
73
112
272
163
85
104

I/

100

15
18

24
18
59

10
24
15

90



AN W14 LaNTTALATIEIAY X-Ray Diffraction 21893 uslnaisssuan (FO0)

20 ()

9.08
18.08
28.72
29.40
32.16
32.56
34.12
39.52
41.24
47.12
50.80
51.68
54.40

fengnioiiy 14 4

D (°A)

9.731
4.902
3.106
3.035
2.781
2.748
2.626
2.278
2.187
1.927
1.796
1.767
1.685

| (counts)

127
1192
196
176
240
214
633
71
84
294
165
80
110

I/l

11
100
16
15
18
18
53

25
14

91



AN W15 HANNTALATIZIAY X-Ray Diffraction 1893 mMuslnaisssunn (FO0)

20 ()

9.08
18.08
23.04
28.76
29.44
31.08
32.16
32.64
34.16
41.28
47.20
50.84
54.40
56.44

fangn1Iu 28 Ju

D (°A)

9.731
4.902
3.857
3.102
3.031
2.875
2.781
2.741
2.623
2.185
1.924
1.794
1.685
1.629

| (counts)

117
1376
76
192
154
123
202
183
621
94
313
184
116
72

I/l

100

14
11

15
13
45

23
13

92



AN W16 HANNTALATIZIAY X-Ray Diffraction 189 T M usnaisssunn (FO0)

20 ()

18.12
28.76
29.48
32.16
32.64
34.16
41.28
47.20
50.04
50.84
54.44
55.44

fe1gn13u 60 Ju

D (°A)

4.892
3.102
3.027
2.781
2.741
2.623
2.185
1.924
1.821
1.794
1.684
1.656

| (counts)

1600
204
148
172
147
768
104
337

93
177
126

70

I/l

100
13

11

48

21

11

93
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AN W17 HANNTALATIEHIAY X-Ray Diffraction 129dmufinainanidnaseiduladuy

v 1
faeaz 15 tmetinutin (P15) ﬁmﬂqmﬂ_m 39U

20 () D (°A) | (counts) I,
18.08 4.902 1025 100
26.72 3.334 186 18
28.76 3.102 153 15
29.44 3.031 250 24
32.24 2.774 283 28
32.64 2.741 220 21
34.16 2.623 525 51
36.64 2.451 76 7
39.44 2.283 82 8
41.28 2.185 106 10
47.16 1.926 251 24
50.20 1.816 81 8
50.84 1.794 137 13
51.76 1.765 79 8

54.36 1.666 86 8
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AN W18 HANNTALATIZH LAY X-Ray Diffraction 189dmufinainanidnasedulaldu

v 1
faeaz 15 tmetinutin (P15) ﬁmﬂqmﬂ_im 7 U

20 () D (°A) | (counts) I,
18.08 4.902 1027 100
20.92 4.243 124 12
26.68 3.338 356 35
28.76 3.102 166 16
29.44 3.031 221 22
32.20 2.778 346 34
34.12 2.626 434 42
36.60 2.453 106 10
45.84 1.978 91 9
47.16 1.926 219 21
50.20 1.816 140 14
50.88 1.793 126 12

54.44 1.684 83 8
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AN W19 HANNTALATIZHIAY X-Ray Diffraction 189dmufinainanidnaseidulaldu

v 1
faeaz 15 tmetinutin (P15) ﬁmﬂqmﬂ_m 14 91

20 () D (°A) | (counts) I,
18.08 4.902 1154 100
28.72 3.106 140 12
29.44 3.031 178 15
32.16 2.781 180 16
32.56 2.744 120 10
34.12 2.626 631 55
39.52 2.410 173 15
41.24 2.187 102 9
4712 1.927 315 27
50.80 1.794 130 11
51.68 1.819 178 15

54.40 1.686 92 8
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AN W20 HANNTALATIZHIAY X-Ray Diffraction 189dmusinainanidnaseidulaldu

v 1
faeaz 15 tmetinutin (P15) ﬁmﬂqmﬂ_m 28 U

20 () D (°A) | (counts) I,
12.20 7.249 91 7
18.08 4.902 1333 100
20.92 4.243 95 7
26.68 3.338 258 19
28.72 3.106 197 15
29.52 3.023 183 14
31.12 2.872 130 10
32.24 2.774 166 12
32.60 2.744 190 14
34.16 2.623 632 47
41.24 2.187 89 7
47.20 1.924 284 21
50.16 1.817 94 7
50.84 1.794 166 12

54.40 1.685 111 8
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AN9I9N W21 HANNTALATIZHIAY X-Ray Diffraction 129dmusinainanidnaseidulalduy

v 1
faeaz 15 tmetinutin (P15) ﬁmﬂqmﬂ_im 60 U

20 () D (°A) | (counts) I,

9.96 8.873 128 8
18.08 4.902 1540 100
26.68 3.338 157 10
28.72 3.106 179 12
29.52 3.023 180 12
32.28 2.771 166 11
32.56 2.748 193 13
34.12 2.626 547 36
4712 1.927 265 17
50.84 1.794 147 10

54.36 1.686 102 7
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AN W22 HANNTALATIZHIAY X-Ray Diffraction 129dmufinainanidnaseidulalduy

v 1
¥aeiaz 30 tmetinutin (P30) ﬁmqmﬁﬁm 394U

20 () D (°A) | (counts) I,
15.76 5.618 84 9
18.12 4.892 968 100
20.92 4.243 158 16
23.04 38514 101 10
26.72 3.334 373 39
28.76 3.102 142 15
29.48 3.027 267 28
32.32 2.768 175 18
32.68 2.738 167 17
34.16 2.623 473 49
34.32 2.611 256 26
36.56 2.456 82 8
38.72 2.324 76 8
39.52 2.278 89 9
41.00 2.199 87 9
41.32 2.183 110 11
45.04 2.011 64 7
45.88 1.976 76 8
47.20 1.924 261 27
50.24 1.814 98 10
50.84 1.794 128 13
51.80 1.763 71 7

54.40 1.685 91 9
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AN W23 HANNTALATIZIAY X-Ray Diffraction 1e9dimudinainasiinassduledu

v 1
faeaz 30 tmetinutin (P30) ﬁmqmmm 7 U

20 () D (°A) | (counts) I,
18.08 4.902 1022 100
20.92 4.243 140 14
26.72 3.334 364 36
28.72 3.106 158 15
29.44 3.031 226 22
32.20 2.778 162 16
34.12 2.626 458 45
36.60 2.453 76 7
45.92 1.978 65 6
47.16 1.926 247 24
50.20 1.816 102 10
50.84 1.794 82 8

54.44 1.684 94 9
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AN W24 HANNTALATIZIAY X-Ray Diffraction 1e9dimudinainaniinassduledu

v 1
faeaz 30 Imetinutin (P30) ﬁ@’]&lqﬂ’]?‘].itkl 14 F1

20 () D (°A) | (counts) I,

9.12 9.689 139 13
18.12 4.892 1090 100
20.92 4,243 147 13
26.72 3.334 314 29
28.76 3.102 182 17
29.48 3.027 220 20
31.16 2.868 127 12
32.20 2.778 185 17
32.64 2.741 182 17
34.16 2.623 544 50
36.72 2.445 98 9
39.64 2.272 87 8
41.24 2.187 96 9
47.16 1.926 267 24
50.20 1.816 108 10
50.84 1.794 159 15

54.40 1.685 101 9
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AN W25 HANNTALATIZIAY X-Ray Diffraction 1e9dimudinainasiinassduledu

v 1
faeaz 30 tmetinutin (P30) ﬁmqmmm 28 U

20 () D (°A) | (counts) I,
18.08 4.902 1081 100
20.92 4.243 180 17
26.72 3.334 413 38
28.72 3.106 175 16
29.44 3.031 215 20
32.20 2.778 173 16
32.60 2.744 151 14
34.12 2.626 531 49
36.68 2.448 104 10
47.12 1.927 222 21
49.92 1.825 90 8
50.20 1.816 137 13
50.84 1.794 149 14

54.40 1.685 85 8
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AN W26 HANNTALATIZIAY X-Ray Diffraction 1e9diudinainasiinassduledu

v 1
faeaz 30 tmetinutin (P30) ﬁmqm@ﬁm 60 U

20 () D (°A) | (counts) I,

9.20 9.605 131 11
18.12 4.892 1240 100
20.92 4,243 147 12
26.72 3.334 437 35
28.76 3.102 201 16
29.52 3.023 188 15
32.24 2774 187 15
34.16 2.623 486 39
36.68 2.448 103 8
47.16 1.926 239 19
50.24 1.814 124 10
50.84 1.794 150 12
54.40 1.685 96 8

55.36 1.658 76 6



AN5199N H27 HANNTILATNZELAY X-Ray Diffraction 189TLNUFANETHANIEaaeINUE e

26 ()

9.08
11.12
12.16
18.12
19.04
23.00
26.76
28.76
29.48
30.12
31.16
32.24
32.64
34.16
35.12
36.04
39.56
41.32
43.24
44.20
45.84
47.16
50.04
50.88
51.72
54.44
56.60

v 1
faeaz 15 Inetinutin (B15) ‘ﬁmqmiﬂu 34U

D (°A)

9.731
7.950
7.272
4.892
4.657
3.864
3.329
34102
3.027
2.965
2.868
2.774
2.741
2.623
2.553
2.490
2.276
2.183
2.091
2.047
1.978
1.926
1.821
1.793
1.766
1.684
1.625

| (counts)

159
156
103
981
70
97
126
151
329
130
103
203
175
528
77
76
87
97
73
76
71
273
82
157
73
94
64

I/l

16
16
10
100

10
13
15
34
13
10
21
18
54

—_—
~N O N O O o o

28

16

10
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v 1
faeaz 15 Inetinutin (B15) ‘ﬁmqmiﬂu 7 U

20 () D (°A) | (counts) I,
18.04 4.913 1027 100
28.68 3.110 167 16
29.24 3.052 179 17
29.40 3.035 278 27
32.16 2.781 154 15
32.52 2.751 133 13
34.08 2.629 496 48
39.40 2.285 85 8
41.24 2.187 99 10
47.12 1.927 236 23
50.12 1.819 100 10
50.80 1.796 145 14

54.36 1.686 97 9
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20 ()

9.16
11.08
12.20
18.08
25.72
26.72
28.04
28.76
29.44
31.08
32.24
32.60
34.16
41.20
4412
45.52
45.76
47.16
50.16
50.84
51.72
53.08
54.40
55.44
58.04

v 1
faeaz 15 Inetinutin (B15) ﬁmqma‘i_iu 14 U

D (°A)

9.646
7.979
7.249
4.902
3.461
3.334
3.180
3.102
SY0 3l
2.675
2.774
2.744
2.623
2.189
2.051
1.991
1.981
1.926
1.817
1.794
1.766
1.724
1.685
1.656
1.588

| (counts)

163
115
82
870
74
218
88
185
265
131
298
152
586
9%
73
66
72
258
81
187
75
57
113
63
52

I/l

19
13

100

25
10
21
30
15
34
17
67
11

30

21
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v 1
faeaz 15 Inetinutin (B15) ‘ﬁmqmiﬂu 28 MU

20 () D (°A) | (counts) I,
11.20 7.894 112 11
18.08 4.902 974 100
26.60 3.348 86 9
28.72 3.106 188 19
29.40 3.035 252 26
31.04 2.879 135 14
32.16 2.781 157 16
34.12 2.626 573 59
39.40 2.285 78 8
41.12 2.193 77 8
4712 1.927 261 27
50.84 1.794 172 18
54.36 1.686 109 11
56.52 1.627 66 7

59.48 1.553 61 6
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v 1
faeaz 15 Inetinutin (B15) ‘ﬁmqmiﬂu 60 MU

20 () D (°A) | (counts) I,
11.12 7.950 135 14
18.12 4.892 976 100
23.04 3.857 82 8
26.64 3.343 150 15
28.80 3.097 178 18
29.24 3.052 157 16
29.48 3.027 204 21
31.04 2.879 131 13
32.24 2.774 227 23
32.64 2.741 186 19
34.16 2.623 625 64
35.24 2.545 92 9
41.28 2.185 110 11
47.20 1.924 289 30
50.08 1.820 85 9
50.88 1.793 174 18
51.72 1.766 82 8
54.40 1.685 112 11
55.24 1.661 70 7
56.40 1.630 73 7

59.40 1.555 78 8
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v 1
faeaz 30 Imetinutin (B30) ‘ﬁmqmiﬂu 39U

20 () D (°A) | (counts) I,

9.16 9.646 158 16
11.24 7.866 160 16
12.20 7.249 90 9
18.12 4.892 972 100
23.04 3.857 100 10
26.68 3.338 134 14
28.76 3.102 138 14
29.48 3.027 348 36
32.24 2.774 272 28
32.64 2.741 224 23
34.16 2.623 403 41
34.48 2.599 172 18
39.44 2.283 91 9
41.28 2.185 112 12
45.88 1.978 76 8
47.16 1.926 232 24
50.84 1.794 123 13

54.40 1.685 100 10
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v 1
faeaz 30 Imetinutin (B30) ‘ﬁmqmiﬂu 7 U

20 () D (°A) | (counts) I,

9.20 9.605 127 13
11.16 7.922 163 17
12.20 7.249 90 9
18.08 4.902 982 100
23.20 3.831 97 10
26.68 3.338 157 16
28.72 3.106 183 19
29.44 3.031 328 33
32.20 2.778 181 18
32.60 2.744 165 17
34.12 2.626 575 59
41.24 2.187 95 10
47.16 1.926 245 25
50.84 1.794 147 15

54.40 1.685 100 10
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v 1
faeaz 30 Imetinutin (B30) ‘ﬁmqmiﬂu 14 T

20 () D (°A) | (counts) I,
11.20 7.894 143 19
18.04 4.913 752 100
20.80 4.267 75 10
23.08 3.850 90 12
26.64 3.343 139 18
28.68 3.110 148 20
29.40 3.035 271 36
32.24 2.774 171 23
32.60 2.744 138 18
34.12 2.626 481 64
34.36 2.608 180 24
36.68 2.448 83 11
39.44 2.283 82 11
41.20 2.189 78 10
47.12 1.927 206 27
50.16 1.817 85 11
50.84 1.794 149 20

54.44 1.684 75 10
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v 1
faeaz 30 Imetinutin (B30) ‘ﬁmqmiﬂu 28 MU

20 () D (°A) | (counts) I,
11.12 7.950 148 18
18.12 4.892 825 100
23.08 3.850 96 12
26.64 3.343 172 21
28.68 3.110 184 22
29.48 3.027 258 31
31.04 2.879 120 15
32.24 2.774 252 31
32.64 2.741 190 23
34.12 2.623 687 83
35.24 2.545 91 11
41.20 2.189 98 12
47.12 1.924 270 33
50.88 1.817 92 11
51.40 1.685 192 23
55.24 1.684 74 9
56.40 1.630 80 10

59.40 1.632 72 9
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v 1
faeaz 30 Imetinutin (B30) ‘ﬁmqmiﬂu 60 MU

20 () D (°A) | (counts) I,
11.20 7.894 137 17
18.04 4.913 822 100
23.04 3.857 80 10
26.64 3.434 165 20
28.80 3.097 172 21
29.40 3.035 244 30
31.04 2.879 150 18
32.24 2.774 248 30
32.60 2.744 176 21
34.36 2.608 671 82
35.24 2.545 82 10
41.28 2.185 105 13
47.20 1.927 282 34
50.16 1.793 81 10
51.72 1.766 178 22
55.44 1.661 69 8
56.84 1.794 71 9

59.40 1.555 69 8
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Compressive Strength of Hydraulic Cement Mortars
(Using 2-in. or [50-mm] Cube Specimens)’

This sandard is issued under the fized designation C 109/C 109M: the pumber immediately following the designation indicates the
vear of onginal adoption o7, 10 the case of revision. the year of lass revision. A number in parcntheses indicales the vear of last
reapproval. A superscnpi epsilon (e indicates an editonial change sines the kot revision or reapproval.

This test metnod has been approved for use by ogencics of the Depariment of Defense. Consult the DoD Index of Specifications and
Standards for the specific vear of issue which has been adopted by the Deparrment of Defense

1. Scope

1.1 This test method covers determination of the com-
pressive strength of hydraulic cement mortars, using 2-in. or
[50-mm] cubs specimens.

NoTE 1—Test Method C 349 provides an aliernative procedure for
this determination (not to be used for acceprance tests).

1.2 This test method covers the application of the test
using either inch-pound or SI units. The values stated in
cither sysizm shall be regarded separately as standard.
Within the text, the SI units are shown in brackets. The
values stated in each system are nol exact equivalents;
therefore. each system shall be used independently of the
other. Combining values from the two svstems may result in
nonconformance with the specification.

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 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:

C 230 Specification for Flow Table for Use in Tests of
Hydraulic Cement?®

C 305 Practice for Mechanical Mixing of Hvdraulic Ce-
ment Pastes and Mortars of Plastic Consistency?

C 349 Test Method for Compressive Strength of Hydraulic
Cement Mortars (Using Portions of Prisms Broken in
Flexure)?

C 511 Specification for Moist Cabinets, Moist Rooms and
Water Storage Tanks Used in the Testing of Hydraulic
Cements and Concretes?

C 670 Practice for Preparing Precision and Bias State-
ments for Test Methods for Construction Materals?

C 778 Specification for Standard Sand?

C 1005 Specification for Weights and Weighing Devices
for Use in Physical Testing of Hydraulic Cements?

3. Summary of Test Method
3.1 The mortar used consists of 1 part cement and 2.75

! This 1est method 35 under the junsdiction of ASTM Commitice C-1 on
Cement and is the direct responsibility of Subcommitiee C01.27 on Strength,

Current edition approved March 15, 1993, Published July 1995, Orniginally
published as C 109 = 34 T. Last previous edition C 109 - 94a,

* Annual Book of ASTM Standards, Vol 04.01.

3 dnepz! Bool: af ASTAS Sizndzeds Vol 04.02,

parts of sand proportioned by mass. Portland or air-en-
training portland cements are mixed at specified water/
cement ratios. Water content for other cements is that
sufficent 1o obtain a flow of 110 = 5 in 25 drops of the flow
table. Two-inch or [50-mm] test cubes are compacted by
tamping in two layers. The cubes are cured one day in the
molds and stripped and immersed in lime water until tested.

4. Siguiﬁcance_ and Use

4.1 This test method provides a means of determining the
compressive surength of hydraulic cement and other morars
and results may be used to determine compliance with
spedifications. Further, this test method is referenced by
numerous other specifications and test methods. Caution
must be exercised in using the resulis of this test method 1o
predict the strength of concretes.

5. Apparatus

5.1 Weights and Weighing Devices, shall conform 1o the
requirements of Specification C 1005. The weighing device
shall be evaluated for precision and bias at a 1otal load of
2000 g.

5.2 Glass Graduates, of suitable capacities (preferably
large enough to measure the mixing water in a single
operation) to deliver the indicated volume at 20°C. The
permissible variation shall be £2 mL. These graduates shall
be subdivided 1o at Jeast 5 mL, except that the graduation
lines may be omitted for the lowest 10 mL for a 250-mL
graduate and for the lowest 25 mL of a 500-mL graduate.
The main graduation lines shall be circles and shall be
numbered. The least graduations shall extend at least one
seventh of the way around, and intermediate graduations
shall extend at least one fifth of the way around.

53 Specimen Molds, for the 2-in. or [S0-mm)] cube
speamens shall be tight fitting. The molds shall have not
more than three cube compartments and shall be separable
in1o not more than two parts. The parts of the molds when
assembled shall be positively held together. The molds shall
be made of hard metal not attacked by the cement mortar.
For new molds the Rockwell hardness number of the raetal
shall be not less than 55 HRB. The sides of the molds shall be
sufficently rigid to prevent spreading or warping. The
intenior faces of the molds shall be plane surfaces and shall
conform 10 the tolerances of Table 1.

5.4 Mixer, Bowl and Paddle, an elecirically driven me-
chanical mixer of the type equipped with paddle and mixing
bow, as specified in Practice C 305.
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TABLE 1 Pemmissible Variations of Specimen Molds

2-n. Cube Molds

[S0-mm] Cube Maoids

Parameter New in Use New in Use
Planeness of sides <D.001 in. <0.002 in. [<0.025 mm] [<0.05 mm)
Drstance between opposile sides . 22 0.005° 2n =002 [S0 mm £ 0.13 mm] [S0 mm = 0.50 mm)
Height of each compartment 2 +0,01in. 2m +001 [50 mm + 025 mm [S0 mm = 0.25 mm
to — 0.005 in, to — 0.015 10 — 0.13 mm) 10 — 0.38 mm]
Angle between adjacent laces* 90 = 0.5 90 = 0.5° 80 = 0.5° 90 = 0.5°

A Measured at points sightly removed from the imersecbon. Measured separalely for each companiment between all the mienor faces and te adacent face ang

between interior faces and lop and bottom planes of the mold.

5.5 Flow Table and Flow Mold, conforming 1o the re-
quirements of Specification C 230.

5.6 Tamper, 2 nonabsorptive, nonabrasive, nonbrittle ma-
terial such as a rubber compound having a Shore A
durometer hardness of 80 + 10 or seasoned oak wood
rendered nonabsorptive by immersion for 15 min in paraffin
at approximately 392°F or [200°C], shall have a cross section
of about %2 by I in. or [13 by 25 mm] and a convenient
length of about 5 1o 6 in. or [120 to 150 mm]. The tamping
face shall be flat and at right angles to the length of th=
tamper.

5.7 Trowel, having a steel blade 4 10 6 in. [100 10 150
mm)] in length, with straight edges.

5.8 Moist Cabinet or Room, conforming 1o the require-
ments of Specification C 511.

5.9 Testing Machine, either the hvdraulic or the screw
type, with sufficient opening between the.upper bearing
surface and the lower bearing surface of the machine to
permit the use of verifying apparatus. The load applied to the
test specimen shall be indicated with an accuracy of 1.0 %.
If the load applied by the compression machine is registered
on a dial, the dial shall be provided with a graduated scale
that can be read to at least the nearest 0.1 % of the full scale
load (Note 2). The dial shall be readable within 1 % of the
indicated load at any given load level within the loading
range. In no case shall the loading range of a dial be
considered 1o include loads below the value that is 100 times
the smallest change of load that can be read on the scale. The
scale shall be provided with a graduation line equal 10 zero
and so numbered. The dial pointer shall be of sufficient
length 10 reach the graduation marks; the width of the end of
the pointer shall not exceed the clear distance between the
smallest graduations. Each dial shall be equipped with a zero
adjustment that is easily accessible from the outside of the
dial case, and with a suitable device that at all imes until
reset, will indicate to within 1 % accuracy the maximum
load applied to the specimen.

5.9.1 If the testing machine load is indicated in digital
form, the numerical display must be large enough to be
easily read. The numerical increment must be equal 1o or
less than 0.10 % of the full scale load of a given loading
range. In no case shall the verified loading range include
loads less than the minimum numerical increment multi-
plied by 100. The accuracy of the indicated load must be
within 1.0 % for any value displaved within the verified
loading range. Provision must be made for adjusting to
indicate true zero at zero load. There shall be provided a
maximum load indicator that at all times until reset will
indicate within 1% system accuracy the maximum load
applied to the specimen. ;

NOTE 2—As close as can be read is considered Ysa in. or [0.5 mm]
along the arc described by the end of the pointer. Also. on= balf of the
scale interval is about as close as can rcasonably be read when the
spacing on the Joad indicating mechanism is betwezn Y45 in or [1 mm])
and % in. of [1.6 mm]. When the spacing is betwe=n Vs in. or [1.6
mm] and % in. or [3.2 mm)], one third of the scale interval can be read
with reasonable certainty. When the spacing is %4 in. or |3.2 mm) or
more, one fourth of the scale interval can be read with reasonablc
certainty.

5.9.2 The upper bearing shall be a spherically seated,
hardened metal block firmly attached at the center of the
upper head of the machine. The center of the sphere shall lie
at the center of the surface of the block in contact with the
specimen. The block shall be closely held in its spherical seat,
but shall be free to tilt in any direcion. The diagonal or
diameter (Note 3) of the bearing surface shall be only slightly
greater than the diagonal of the face of the 2-in. or [50-mm)]
cube in order to facilitate accurate centering of the specimen.
A hardened metal bearing block shall be used beneath the
specimen 10 minimize wear of the lower platen of the
machine. The bearing block surfaces intended for contact
with-the specimen shall have a Rockwell hardness number
not less than 60 HRC. These surfaces shall not depart from
plane surfaces by more than 0.0005 in. or [0.013 mm] when
the blocks are new and shall be maintained within a
permissible variation of 0.001 in. or [0.025 mm)].

NoTE 3—A diameter of 3% in. or [79.4 mm], is satisfactory,
provided that the lower bearing block has a diameter slightly greater
than the diagonal of the face of the 2-in. or [50-mm) cube but not more
than 2.9 in. or [74 mm], and is centered with respect 10 the upper
bearing block and held in position by suitable means.

6. Materials

6.1 Graded Standard Sand:

€.1.1 The sand (Note 4) used for making test specimens
shall be nartural silica sand conforming 10 the requirements
for graded s1andard sand in Specification C 778.

NOTE 4—Segregation of Graded Sand—The graded standard sand
should be handled in such a manner as 10 prevent segregation, since
variations in the grading of the sand cause variations in the consistency
of the montar. In emptying bins or sacks, care should be exercised to
prevent the formation of mounds of sand or craters in the sand, down
the slopes of which the coarser particles will roll. Bins should be of
sufficient size 10 permit these precautions. Devices for drawing the sand
from bins by gavity should not be used.

7. Temperature and Humidity

1.1 Temperature—The temperature of the air in- the
vicinity of the mixing slab, the dry materidls, molds, base
plates, and mixing bowl, shall be maintained between 68 and
81.5°F or [20 and 27.5°C]. The temperature of the mixing
water, moist closet or moist room, and water in the storage
tank shall be set at 73.4°F or [23°C] and shail not_vary from
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tis temperature by more than +3°F or [£1.7°C).

7.2 Humidiry—The relative humidity of the laboratory
shall be not less than 50 %. The moist close: or moist room
shall conform to the requirements of Specification C 511.

8. Test Specimens

8.1 Make two or three specimens from a batch of mortar
for each period of test or test age.

9. Preparation of Specimen Molds

9.1 Apply a thin coating of release agent to the interior
faces of the mold and nore-absorptive base plates. Apply oils
and greases using an impregnated cloth or other suitable
means. Wipe the mold faces and the base plate with a cloth
as Decessary 1o remove any excess release agent and 1o
achieve a thin, even coating on the interior surfaces. When
using an aerosol lubricant, spray the release agent directly
onto the mold faces and base plate from a distance of 6 to 8
in. or [150 10 200 mm)] to achieve complete coverage. Afier
spraying, wipe the surface with a cloth as necessary 1o
remove any cxcess aerosol lubricant The residue coating
should be just sufficient 1o allow a distinet finger print to
remain following light finger pressure (Note 5).

9.2 Seal the surfaces where the halves of the mold join by
applying a coating of light cup grease such as petrolatum.
The amount should be sufficient to extrude slightly when the
two halves are tightened together. Remove any excess grease
with a cloth.

9.3 After placing the mold on its base plate (and at-
taching, if clamp-type) carefully remove with a dry cloth any
excess oil or grease from the surface of the mold and the base
plate to which watertight sealant is to be applied. As a
scalant, use paraffin, microcrystalline wax, or a mixture of
three parts paraffin 1o five parts rosin by mass. Liquify the
sealant by heating between 230 and 248°F or [110 and
120°C). Effect a watertight seal by applying the liquefied
sealant at the outside contact lines berween the mold and its
base plate.

NoTE 5—Because aerosol lubricants evaporate, molds should be
checked for a sufficient coating of lubricant immediately prior 10 use. I
an exiended period of time has elapsed since reatment, retreatment may
ben L

Note 6—Watatight Molds—The mixture of paraffin and rosin
specified for sealing the joints berween molds and base plates may be
found difficult to remove when molds are being cleaned. Use of straight
paraffin is permissible if a watertight joint is secured, but due 1o the low
strength of paraffin it should be used only when the mold is not held 10
the vase plate by the paraffin alone. A watertight joint may be secured
with paraffin alone by slightly warming the mold and base plate before
brushing the joint. Molds so treated should be allowed 1o return to the
specified temperature before use.

10. Procedure

10.1 Composition of Monars:

10.1.1 The proportions of materials for the standard
mortar shall be one part of cement to 2.75 parts of graded
standard sand by weight. Use a water-cement ratio of 0.485
for all portland cements and 0.460 for all air-entraining
portland cements. The amount of mixing water for other
than portland and air-entraining portland cements shall be
such as te produce a flow of 110 = § ac determined in-

Rounds land 3 Rounds 2ond ¢

FIG. 1 Order of Tamping in Molding of Test Specimens

accordance with 103 and shall be expressed as weight
percent of cement
10.1.2 The quantities of materials 1o be mixed at one tme

in the batch of morar for making six and nine test
speaimens shall be as follows:

Number of Specimens

6 9

Cement, g 500 740

Sand, g 1375 2035
Water, mL

Portand (0.485) 242 359

Otber (10 flow of 110 = 5)

10.2 Preparation of Mortar:

10.2.1 Mechanically mix in accordance with the proce-
dure given in Practice C 305.

10.3 Determination of Flow:

10.3.1 Carefully wipe the flow-table top clean and drv,
and place the flow mold at the center. Place a layer of monar
about | in. or [25 mm] in thickness in the mold 2nd tamp 20
times with the tamper. The tamping pressure shall be Jjust
sufficient to ensure uniform filling of the mold. Then fill the
mold with mortar and 1amp as specified for the first layer.
Cut off the mortar to a plane surface, flush with the top of
the mold, by drawing the straight edge of a trowel (held
nearly perpendicular 1o the mold) with a sawing moton
across the top of the mold. Wipe the table top clean and dry,
being especially careful to remove any water from around the
edge of the flow mold. Lifi the mold away from the mortar 1
min after completing the mixing operation. Immediately,
drop the table through a height of 4 in. or [13 mm] 25 times
in 15 s. Using the calipers, determine the flow by measuring
the diameters of the mortar along the lines scribed in the
table top, adding the four readings. The total of the four
readings from the calipers equals the percent increase of the
original diameter of the mortar.

10.3.2 For portland and air-entraining portland cements,
merely record the flow.

10.3.3 In the case of cements other than portland or
air-entraining portland cements, make trial mortars with
varying percentages of water until the specified flow is

Air-entraining portand (0.460) 230 320

. obtained. Make each trial with fresh mortar.

10.4 Molding Test Specimens:

10.4.1 Immediately following completion of the flow test,
return the mortar from the flow table to the mixing bowl.
Quickly scrape the bowl sides and transfer into the batch the
mortar that may have collected on the side of the bowl and
then remix the entire batch 15 s at medium speed. Upon
completion of mixing, the mixing paddle shall be shaken to

- IEMOVE 2XCess Tmoriar into the mixina howd

DO
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10.4.2 When a duplicate batch is to be made immediately
for additional specimens, the flow 1est mav be omitted and
the mortar allowed to stand in the mixing bowl 90 s without
covering. During the last 15 s of this interval, quickly scrape
the bowl sides and transfer into the batch the monar that
may have collected on the side of the bowl. Then remix for
15 s at medium speed.

10.4.3 Start molding the specimens within a total elapsed
time of not more than 2 min and 30 s afier completion of the
original mixing of the mortar batch, Place a layer of morar
about 1 in. or [25 mm] (approximately one half of the depth
of the mold) in all of the cube compariments. Tamp the
mortar in each cube compariment 32 times in about 10 s in
4 rounds, each round to be at right angles 10 the other and
consisting of eight adjoining strokes over the surface of the
specimen, as illustraied in Fig. 1. The lamping pressure shall
be just sufficient to ensure uniform filling of the molds. The
4 rounds of tamping (32 strokes) of the mortar shall be
completed in one cube before going 1o the next. When the
tamping of the first laver in all of the cube compartments is
completed, fill the compartments with the remaining mortar
and then tamp as specified for the first laver. During tamping
of the second layer bring in the mortar forced out onto the
tops of the molds after each round of tamping by means of
the gloved fingers and the tamper upon completion of each
round and before starting the next round of tamping. On
completion of the tamping, the tops of all cubes should
extend slightly above the tops of the molds. Brng in the
mortar that bas been forced out onto the tops of the molds
with a trowel and smooth off the cubes by drawing the flat
side of the trowel (with the leading edge slightly raised) once
across the top of each cube at right angles to the length of the
mold. Then, for the purpose of leveling the mortar and
making the mortar that protrudes above the top of the mold
of more uniform thickness, draw the flat side of the trowel
(with the leading edge slightly raised) lightly once along the
length of the mold. Cut off the mortar 10 a plane surface
flush with the top of the mold by drawing the straight edge of
the trowel (held nearly perpendicular to the mold) with a
sawing motion over the length of the mold.

10.5 Storage of Test Specimens—Immediately upon coms-
pletion of molding, place the test specimens in the moist
closet or moist room. Keep all test specimens, immediately
afier molding, in the molds on the base plates in the moist
closet or moist room from 20 to 24 h with their upper
surfaces exposed to the moist air but protected from dripping
water. If the specimens are removed from the molds before
24 h, keep them on the shelves of the moist closet or moist
room until they are 24-h old, and then immerse the
specimens, except those for the 24-h 1est, in saturated lime
waler in storage tanks constructed of noccerreding mate-
rials. Keep the storage water clean by changing as required.

10.6 Determination of Compressive Strength:

10.6.1 Test the specimens immediately after their removal
from the moist closet in the case of 24-h specimens, and
from storage water in the case of all other specimens. All test
specimens for a given test age shall be broken within the
permissible tolerance prescribed as follows:

TABLE 2 Precision

: Accentzra:
Test Age, Co:”@‘ () Range of Tex:
Days {em Resus
d2s =+
Portland Cements
Constant watercement
rano;
Smgle-lab 3 40 1.3
7 35 0z
Av 35 07
MusttiHab 3 6.8 192
7 6.4 18.1
Av - 66 5
Blended Cements
Constant fiow morar:
Singledab 3 40 113
7 38 10
2B 3.4 9.£
Av 33 107
MuftHab 3 7.8 2
7 7.6 215
28 7.2 20.€
Ay T 76 212
Masonry Cements
Constant flow mortar:
Singiaab 7 7.8 222
2E 75 2iz2
Av 77 e
Mutti-tab 7 11.8 334
28 12.0 ag.e
R = e asz

AThese numbers represent, respecivety. the (1s %) and (€25 %) bmy= 2=
described in Practice C 670.

Test Age Permissibls Tolerance
24b 2y=h

3 days =1l'h

7 days =5h
28 days =12h

If more than one specimen at a time is removed from ihe
moist closet for the 24-h tests, keep these specimens covered
with a damp cloth until time of testing. If more than one
specimen at a time is removed from the storage water for
testing, keep these specimens in water at a temperaturs of
73.4 £ 3°F or [23 + 1.7°C] and of sufficient depth 10
completely immerse each specimen until ime of testing.

10.6.2 Wipe each specimen 10 a surface-dry condition.
and remove any loose sand grains or incrustations from ihe
faces that will be in contact with the bearing blocks of the
testing machine. Check these faces by applving a straightedge
(Note 7). If there is appreciable curvature. grind the face or
faces to plane surfaces or discard the specimen. A periodic
check of the cross-sectional area of the specimens should be
made.

NoTE 7—Specimen Faces—Results much lower than the wue
strength will be obtained by loading faces of 1he cube specimen that are
not truly plane surfaces. Therefore, it is essential that specimen molds be
kept scrupulously clean, as otherwise, large irregularities in the surfaces
will occur. Instruments for cleaning molds should always be sofier than

‘the metal in the molds 10 prevent wear. In case grinding specimen-faces

is necessary, it can be accomplished best by rubbing the specimen cn 2
sheet of fine emery paper or cloth glued 10 2 plane surface, using oaly a
moderate pressure. Such grinding is tedious for more than 2 few
thousandths of an inch (hundredths of a millimetre): where more than
this is found necessary, it is recommended that the specimen: be
diserneis .
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10.6.3 Apply the load 1o specimen faces that were in
contact with the true plane surfaces of the mold. Carefully
place the specimen in the tesung machine below the center of
the upper bearing block. Prior 1o the testing of each cube, it
shall be ascertained that the sperically seated block is free to
ult. Use no cushioning or bedding matenals. An initial
loading up 10 one hall of the expected maximum loads for
specimens having expected maximum loads of more than
3000 Ibf or [15 kN] may be applied at any convenient rate.
Apply no iniual loading 1o specimens having expected
maximum loads of less than 3000 Ibf or [15 kN]. Adjust the
rate of load application so that the remainder of the load (or
the entire load in the case of expected maximuru loads of less
than 2000 Ibf or [15 kN]) is applied, without interruption, to
failure at such a rate that the maximum load will be reached
in not less than 20 nor more than 80 s from start of loading.
Make no adjustment in the controls of the testing machine
while a specimen is vielding before failure.

Note 8—It is adwvisable to 2pply only 2 very Light coating of a good
quality, light mineral oil 10 the spherical seat of the upper platen.

11. Calculation

11.1 Record the total maximum load indicated by the
testing machine. and calculate the compressive strength as
follows:

fm=PJlA
where: ;
fm = compressive strength in psi-or [MPa),
P = total maximum load in Ibf or [N], and
A = area of loaded surface in? or [mm?].
Either 2-in. or [50-mm)] cube specimens may be used for the
determination of compressive strength, whether inch-pound
or S units are used. However, consisient units for load and
area must be used to calculate strength in the units selected.
Il the cross-sectional area of a specimen varies more than
1.5 % from the nominal, use the actual area for the calcula-
ton of the compressive swength. The compressive strength
of all acceptable test specimens (see Section 12) made from
the same sample and tested at the same period shall be
averaged and reporied to the nearest 10 psi [0.1 MPa].

12. Report

12.1 Report the flow to the nearest 1 % and the water
used to the nearest 0.1 %. Average compressive strength of
all specimens from the same sample shall be reported to the
nearest 10 psi [0.1 MPa).

12. Faully Specimens and Retests

13.1 In determining the compressive strength. do not
consider specimens that are manifestly faulty.

13.2 The maximum permissible range between specimens
fiom the same mortar batch, at the same test age is 8.7 % of
the average when thres cubes represent a test age and 7.6 %
when 1wo cubes represent a lest age (Note 9).

Note 9—The probebility of exceeding these ranges is | in 100 when
the within-batch cocfixaent of vanation is 2.1 %. The 2.1 % 1s an
average for laboratories parucipauing in the portland cemeni and
masonry cement reference sample programs of the Cement and Con-
crete Reference Laboraiory.

13.3 If the range of three specimens exceeds the max-
imum in 13.2, discard the result which differs most from the
average and check the range of the remaining two specimens.
Make a retest of the sample if less than two specimens
remain afier disgarding faulty specimens or disgarding tests
that fail to comply with the maximum permissible range of
twQ specimens.

Note 10—Reliable szrength resulis depend upon careful observance
of all of the specified reguirements and procedures. Erratic resulis at a
given test period indicats that some of the requirements and procedures
have not been carefully observed: for example. those covening the 1esting
of the specimens 2s prescribed in 10.6.2 and 10.6.3. lmproper centering
of specimens resulting in oblique fractures or lateral movernent of one of
the heads of the 1esting machins duning loading will cause lower strength
results.

14. Precision and Bias

14.1 Precision—The precision statements for this test
method are listed in Table 2 and are based on results from
the Cement and Concrete Reference Laboratory Reference
Sample Program. They are developed from data where a test
result 1s the average of compressive strength tests of three
cubes molded from a single batch of monar and 1ested at the
same age. A significant change in precision will not be noted
when a test result is the average of two cubes rather than
three. :

14.2 These precision statements are applicable 10 mortars
made with cements mixed. and tested at the ages as noted.
The appropriate limiis are likely, somewhat larger for tests at
vounger ages and slightly smaller for tests at older ages.

14.3 Bias—The procedure in this test method has no bias
because the value of compressive strength 1s defined in terms
of the test method.

15. Keywords

15.1 compressive strength: hvdraulic cement morar: hv-
draulic cement strength: mortar strength: strength

The American Society for Testing and Materials takes no position respecting the validity of any patent rights asseried in connection
with aay flem mertioned in this standard. Users of this standard are expressly advised that detesmination of the validity of any such
patent rights, and the risk of infringement of such rights, are enlirely their own responsitalay.

Thss standard is subject 10 revision at any time by the responsibie technical commitiee and must be reviewed every five years and
i not revised, either reaporoved o withdrawn. Your comments are imvted erther for revision of this standard of for additional standards
and should be adaoréssed to ASTM Headquarters. Your comments will receive careful consideratron at a meeting of the responsible
technical committes, which you may attend. If you feel that your comments have nol recened a fair hearing you should make your
views known (0 the ASTM Committee on Standards, 1916 Race S1., Philadelphia, PA 19103.
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This standard is issued under the fixed designation C 150; 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 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 specification covers eight types of portland ce-
ment, as follows (see Note 1):

1.1.1 Type I—For use when the special properties speci-
fied for any other type are not required.

1.1.2 Type IA—Air-entraining cement for the same uses
as Type I, where air-entrainment is desired.

1.1.3 Type II—For general use, more especially when
moderate sulfate resistance or moderate heat of hydration is
desired.

1.1.4 Type IIA—Air-entraining cement for the same uses
as Type I, where air-entrainment is desired.

L.L.5 Type III—For use when high early strength is
desired.

1.1.6 Type IITA—Air-entraining cement for the same use
as Type III, where air-entrainment is desired.

1.1.7 Type IV—For use when a low heat of hydration is
desired.

1.1.8 Type V—For use when high sulfate resistance is
desired.

1.2 When both SI and inch-pound units are present, the
SI units are the standard. The inch-pound units are approx-
imations listed for information only.

2. Referenced Documents

2.1 ASTM Standards:

C 33 Specification for Concrete Aggregates?

C 109/C 109M Test Method for Compressive Strength of
Hydraulic Cement Mortars (Using 2-in. or 50-mm Cube
Specimens)?

C 114 Test Methods for Chemical Analysis of Hydraulic
Cement?

C 115 Test Method for Fineness of Portland Cement by
the Turbidimeter?

C 151 Test Method for Autoclave Expansion of Portland
Cement?

C 183 Practice for Sampling and the Amount of Testing of
Hydraulic Cement?

C 185 Test Method for Air Content of Hydraulic Cement
Mortar?

! This specification is under the jurisdiction of ASTM Committee C-1 on
Cement and is the direct respoansibility of Subcommittee C01.10 on Portland
Cement.

Current edition approved Dec. 10, 1995, Published March 1996. Originally
published as C 150 - 40 T. Last previous edition C 150 - 95,

2 Annual Book of ASTM Standards, Vol 04.02.

3 Annual Book of ASTM Standards, Vol 04.01,

C 186 Test Method for Heat of Hydration of Hydraulic
Cement?

C 191 Test Method for Time of Setting of Hydraulic
Cement by Vicat Needle?

C 204 Test Method for Fineness of Hydraulic Cement by
Air Permeability Apparatus?®

C 226 Specification for Air-Entraining Additions for Use
in the Manufacture of Air-Entraining Portland Cement?

C 266 Test Method for Time of Setting of Hydraulic
Cement Paste by Gillmore Needles?

C451 Test Method for Early Stiffening of Hydraulic
Cement (Paste Method)?

C 452 Test Method for Potential Expansion of Portland
Cement Mortars Exposed to Sulfate®

C 465 Specification for Processing Additions for Use in the
Manufacture of Hydraulic Cements?

C 563 Test Method for Optimum SO, in Hydraulic
Cement Using 24-h Compressive Strength?

C 1038 Test Method for Expansion of Portland Cement
Mortar Bars Stored in Water®

3. Terminology

3.1 Definitions:

3.1.1 portland cement—a hydraulic cement produced by
pulverizing clinker consisting essentiaily of hydraulic cal-
cium silicates, usually containing one or more of the forms
of calcium sulfate as an interground addition.

3.1.2 air-entraining portland cement—a hydraulic cement
produced 'by pulverizing clinker consisting essentially of
hydraulic calcium silicates, usually containing one or more
of the forms of calcium sulfate as an interground addition,
and with which there has been interground an air-entraining
addition.

4. Ordering Information

4.1 Orders for material under this specification shall
include the following:

4.1.1 This specification number and date,

4.1.2 Type or types allowable. If no type is specified, Type
I shall be supplied,

4.1.3 Any optional chemical requirements from Table 2,
if desired,

4.1.4 Type of setting-time test required, Vicat or
Gillmore. If not specified, the Vicat shall be used,

4.1.5 Any optional physical requirements from Table 4, if
desired.

NoTE I—Attention is called to the fact that cements conforming to
the requirements for all types may not be carried in stock in some areas.
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TABLE 1 Standard Chemical Requirements

Cement Type 4 land IA Il and IIA N and A v v
Silicon dioxide (S:0,), min, % 20.0
Auminum oxide (Al,O,), max, % 6.0
Ferric oxide (Fe,0,), max, 6.0 6.5
Magnesium oxide (MgQ), max, % 6.0 6.0 6.0 6.0 60
Sutfur trioxide (SO4), ® max, %

When (CyA)€ is B % o less 3.0 3.0 35 23 23
When (C,A)€ is more than B % 35 o 45 o o
Loss on ignition, max, % 3.0 3.0 3.0 25 3.0
Insoluble residue, max, % 075 0.75 0.75 0.75 075

Tricalcium silicate (C,5), © max, % a5¢

Dicalcium sificate (C,S), € min, % 40€
Tricalcium afluminate (C,A)C max, % 8 15 T -1
Tetracalcium aluminoferrite plus twice the tricalcium aluminate© (G,AF + 2(C5A)). .. 25F

or solid solution (C,AF + C,F), as applicable, max, %

# See Note 1.

511me&recaseswhereoptimum$0,(usingTeslMemod0563)forapania.narnementisdoseloorhexcessofﬂ'\eimhhﬁss.pedﬁcaﬁomhmmsesme

pmpertiesofamtcanbeinpravedbyexceedingmeSO;,MSslatedhmls

lable, it is permissible 10 exceed the values in the table, provided it has been

demonstrated by Test Method C 1038 that the cement with the increased S0, will not develop expansion in water exceeding 0.020 % at 14 days. When the manufacturer
suppl'moementmderﬂispmvisim.heshal.wmmquest.suppfysuppoﬂhgdatztumewdmser.
Cmexpmsmmmmmeemofmlemmsmmimaﬂymmmtmeoxid&sueactuanyorm&elyprﬁmmssm

compounds.

When expressing compounds, C = Ca0, S = Si0,, A = ALO,, F = Fe,0;. For example, CyA = 3Ca0-AL0O,.

Titanium dioxide and phosphorus pentoxide (TiO, and P,05) shall be included with the AL,O, content. The value historically and traditionally used for ALO, in caluating
poteﬂﬁaloompoundsI‘orspedﬁcalimwrpos&sisIheammoritmhydroxidegroupmhusleﬂicuxlde(ﬂ;O;—F%Oalasobtainedbydassicalweldwnk:almlhodsﬂis
procedure includes as ALO, the TiO,, P,0g, and other trace oxides which precipitate with the ammonium hydroxide group in the classical wet chemical methods. Many
modemmmmenla!meﬂwdsofoementanalysisdetermﬂmiunaaknmnmdrecﬁymmmmmmmommmwmmmm.
Consequently, for consistency and to provide comparability with histwbdammﬁmvaﬁanmhﬁcdmﬂmds.mmwpomumh
spedﬁcaﬁmpu‘poses.ﬂ\osausingmethodsMMdeiwﬁneNorN,O,direwyshowdmwmdeterrr&\edAl,O,nmsqmnﬁﬁesoleos.Tloz.andanyotf\ermide
exceplFezO,whidlwoudpredpitatewmvamﬁumhydmxidegmupwmmamedbyﬂwdﬁsicalmemmwﬁmkpmsemhmumm(o!O.(}Smxor
qre.ater.Themassperwn(dnmatraoaoxidulobeaddedmAlao,byuwseushgdmmﬂﬁodsmybeoblambymmyslsdﬁmeoxminmes.arnple
behgmteda-wﬁmatedﬁomﬁstomatcalamu-meoxid%moemenwhmnmmswme.pmvidedmtmaesmtedvatmafebemﬁedassuda.

\M\enmeraﬁoorpemmmguoralumirmox,idatofenicoxideis0.84wme.Mpermnmgesduica.ldumsﬂimte.dezﬁmsﬁcale.Mﬁmﬂmlgw

fetracaicium aluminofertite shall be calculated from the chemical analysis as follows:
— (1.430 X % Fe,0,) — (2.852 x % SO,)

Tricalcium sicate = (4.071 X % Ca0) — (7.600 X % Si0;) — (6.718 X % ALO,)
Dicalcium siicate = (2.867 X % Si0,) - (0.7544 X % C;5)

Tricalcium aluminate = (2.650 X % AlL,Og) — (1.692 X % Fe,04)

Tetracalcium aluminoferrite = 3.043 X % Fe,0,

When the alumina-ferric oxide ratio is less than 0.64, a cakcium aluminoferrite solid solution (expressed as ss{C AF + C,F)) is formed. Contents of this sofid solution and

of tricalcium silicate shall be calculated by the following formulas:
SS(C,AF + C,F) = (2.100 X % ALO,) + (1.702 X % Fe,0,)

Tricalcium sficate = (4.071 x % Ca0) — (7.600 x % Si0;) — (4.479 X % AlLLOs) — (2.859 X % Fe,0,) — (2.852 X % SO,).
Notdca!dunalwnha(ewilbepresenthwmemsafwseomposium.oicaumsiﬁcaleshaﬂbemlwlatedusprwiwsiy shown.
In the calcudation of all compounds the oxides determined to the nearest 0.1 % shall be used.

All values calculated as described in this note shall be reported to the nearest 1 %.

© Not appiicable.
£ Does not apply when the heat of hydration Emit In Table 4 is specified.
’Doesmtapﬁymmswatemﬂsmmmnueﬂsspwfed.

In advance of specifying the use of other than Type I cement, it should
be determined whether the proposed type of cement is or can be made
available.

5. Additions

5.1 The cement covered by this specification shall contain
no addition except as follows:

5.1.1 Water or calcium sulfate, or both, may be added in
amounts such that the limits shown in Table | for sulfur
trioxide and loss-on-ignition shall not be exceeded.

5.1.2 At the option of the manufacturer, processing addi-
ions may be used in the manufacture of the cement,
provided such materials in the amounts used have been
shown to meet the requirements of Specification C 465.

5.1.3 Air-entraining portland cement shall contain an
interground addition conforming to the requirements of
Specification C 226.

6. Chemical Composition

6.1 Portland cement of each of the eight types shown in
Section 1 shall conform to the respective standard chemical

requirements prescribed in Table 1. In addition, optional
chemical requirements are shown in Table 2.

7. Physical Properties

7.1 Portland cement of each of the eight types showr in
Section 1 shall conform to the respective standard physical
requirements prescribed in Table 3. In addition, optional
physical requirements are shown in Table 4.

8. Sampling

8.1 When the purchaser desires that the cement be
sampled and tested to verify compliance with this specifica-
tion, sampling and testing should be performed in accor-
dance with Practice C 183.

8.2 Practice C 183 is not designed for manufacturing

quality control and are not required for manufacturer’s
certification.

9. Test Methods
9.1 Determine the applicable properties enumerated in
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TABLE 2 Optional Chemical Requirements#
1and Il and It and
Cement Type A A i V. v Remarks
Tricalcium aluminate (CyA), ® max, % _— e 8 for moderate sulfate resistance
Tricalcium aluminate (C,A), ® max, % S5 e 5 for high suttate resistance
Sum of tricalcium silicate and tricalcium : i 58¢€ for moderate heat of hydeation
aluminate, ® max, %
Equivalent Alkalies (Na,0O + 0.658K,0), max, % 0.60° 060° 0.600 0.60° 0.60° ow-alkali cement

4 These optional requirements apply only if specifically requested, Availability should be verified. See Note 1.

© The expressing of chemical limitations by means of calculated assumed compounds does not necessarily mean that the oxides are actually or entrety present 2s such
compounds.

When expressing compounds, C = Ca0, S = Si0,, A = Al,O,. F = Fe,0,. For example, C5A = 3Ca0-AL0,.

Titanium dioxide and phosphorus pentoxide (TiO, and P,0;) shall be included with the AL,O, content. The value historically and traditionally used for ALO, in calcutating
potential compounds for specification purposes is the ammonium hydroxide group minus ferric oxide (R,05 — Fe,04) as obtained by dlassical wet chemical methods. This
procedure includes as Al,O; the TiO,, P,0;, and other trace oxides which precipitate with the ammonium hydroxide group in the dassical wet chemical methods. Many
meodem instrumental methods of cement analysis determine aluminum or aluminum oxide directly without the minor and trace oxides included by the dassical method,
Consequently, for consistency and to provide comparability with historic data and among various analytical methods, when calculating potential compounds for
specification purposes, those using methods which determine Al or ALLO, directly should add 1o the determined AL O, mass quantities of P,0,, TiO,. and any other oxide
excepl Fe,0, which would precipitate with the ammonium hydroxide group when analyzed by the classical method arsd which is present in an amount of 0.05 mass % o
greater. The mass percent of minor or trace oxides 10 be added to ALO, by those using direct methods may be obtained by actual analysis of those oxides in the sample
being tested or estimated from historical data on those oxides on cements from the same source, provided that the estimated values are identified as such.

When the ratio of percentages of aluminum oxide to ferric oxide is 0.64 or more, the percentages of tricalcium silicate, dicalcium silicate, tricaksum aluminate, anc
tetracalcium aluminoferrite shall be calcutated from the chemical analysis as follows:

Tricalcium sfficate = (4.071 X % Ca0) — (7.600 X % SiOz) — (6.718 X % ALO,) — (1.430 X % Fe,0,) — (2.852 X % SO,)

Dicaicium silicate = (2.867 x % SiO,) — (0.7544 x % C,5)
Tricalcium aluminate = (2.650 X % Al,O5) — (1.692 x % Fe,0,)
Tetracalcium aluminoferrite = 3,043 X % Fe,0,

When the alumina-ferric oxide ratio Is less than 0.64, a calcium aluminoferrite solid solution (expressed as ss (CLAF + C,F)) is formed. Contents of this solid sokstion arc

of tricalcium silicate shall be calculated by the following formutas:
sS{C,AF + CF) = (2.100 x % ALO,) + (1.702 X % Fe,0,)

Tricalcium sficate = (4.071 x % Ca0) — (7.600 X % SiO,) — (4.479 X % ALO,) — (2.859 X % Fe,0,) — (2.852 x % S0O,).
No tricalcium aluminate will be present in cements of this composition. Dicalcium silicate shall be calculated as previously shown,
In the calcutation of all compounds the oxides determined to the nearest 0.1 % shall be used.

Al values calculated as described in this note shall be reported 1o the nearest 1 %.

€ The optional limit for heat of hydration in Table 4 shall not be requested when this optional limit is requested.
© This kmit may be specified when the cement is to be used in concrete with aggregales that may be deleteriously reactive. Reference should be made to Specification

C 33 for suitable criteria of deleterious reactivity.

this specification in accordance with the following test
methods:

9.1.1 Air Content of Mortar—Test Method C 185.

9.1.2 Chemical Analysis—Test Methods C 114,
.1.3 Strength—Test Method C 109.
1.4 False Set—Test Method C 451.
1.5 Fineness by Air Permeability—Test Method C 204.
.1.6 Fineness by Turbidimeter—Test Method C 115.
1.7 Heat of Hydration—Test Method C 186.
1.8 Artoclave Expansion—Test Method C 151.
1.9 Time of Setting by Gillmore Needles—Test Method
C 266.

9.1.10 Time of Setting by Vicat Needles—Test Method
<191,

9.1.11 Sulfate Resistance—Test Method C 452 (sulfate
expansion).

9.1.12 Calcium Sulfate (expansion of) Mortar—Test
Method C 1038.

9.1.13 Optimum SO;—Test Method C 563.

9
9
9
9
9
9
9

10. Inspection

10.1 Inspection of the material shall be made as agreed
upon between the purchaser and the seller as part of the
purchase contract.

11. Rejection

11.1 The cement may be rejected if it fails to meet any of
the requirements of this specification.

11.2 Cement remaining in bulk storage at the mill, prior
to shipment, for more than 6 months, or cement in bags in

local storage in the hands of a vendor for more than 3
months, after completion of tests, may be retested before uss
and may be rejected if it fails to conform to any of the
requirements of this specification.

11.3 Packages shall identify the mass contained as net
weight. Packages more than 2 % below the weight marked
thereon may be rejected; and if the average weight of
packages in any shipment, as shown by weighing 50 packages
taken at random, is less than that marked on the packages.
the entire shipment may be rejected.

12. Manufacturer’s Statement

12.1 At the request of the purchaser, the manufacturer
shall state in writing the nature, amount, and identity of ths
air-entraining agent used, and of any processing addition
that may have been used, and also, if requested, shall supply
test data showing compliance of such air-entraining addition
with the provisions of Specification C 226, and of any such
processing addition with Specification C 465.

13. Packaging and Package Marking

13.1 When the cement is delivered in packages, the words
“Tortland Cement,” the type of cement, the name and brand
of the manufacturer, and the mass of the cement contained
therein shall be plainly marked on each package. When the
cement is an air-entraining type, the words “air-entraining”
shall be plainly marked on each package. Similar informa-
tion shall be provided in the shipping documents accompa-
nying the shipment of packaged or bulk cement. All
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TABLE 3 Standard Physical Requirements
Cement Type4 1 1A ] A ] A \'% v
Air content of mortar, ® volume %:
max 12 22 12 22 12 22 12 12
min 16 16 16
Fineness, © spedific surface, m?/kg (alternative methods):
Turbidimeter test, min 160 160 160 160 160 160
Air permeability test, min 280 280 280 280 it e 280 280
Autoclave expansion, max, % ' 080 0.80 0.80 0.80 0.80 0.80 0.80 0.80
Strength, not less than the values shown for the ages
indicated as follows: 2
Compressive strength, MPa (psi):
1 day 12.0 10.0
(1740) (1450)
3 days 12.0 10.0 10.0 8.0 24.0 19.0 8.0
(1740) (1450) (1450) (1160) (3480) (2760) (1160Q)
T 6.0F
(102007 (870)%
7 days 19.0 16.0 17.0 14.0 70 15.0
(2760) (2320) (2470) (2030) (1020) (2180)
12.0F 9.0F
(1740)F  (1310)7
28 days 17.0 21.0
(2470) (3050)
Time of setting (altemative methods): €
Gillmore test:
Initial set, min, not less than 60 60 60 60 60 60 60 60
Final set, min, not more than 600 600 600 600 600 600 600 600
Vicat test: @
Time of setting, min, not less than 45 45 45 45 45 45 45 45
Time of setting, min, not more than 375 375 375 375 375 375 375 375

A See Note 1.

"Con'lpﬁancewhhﬂ\erequlremenlso(ﬂisspedﬁcationGaesmtnecessarﬂymemalmd&skedaimntentwibeobwiredhmme.
CEMormemanenwﬁveﬁnenessmthodsmybeuseda:mopﬁonofmtuﬁngiaboratory.ﬂowevenvmenu-sesan'cplefaisiomeetmereqmrememsorme

air-permeability test, the turbidimeter test shall be used, and the requirements in this

2 The strength at any specified test age
£ The purchaser shoudd specity the
©When the optional heat of hydration or the chemical mit

table for the turbidimetric method shall govemn.

shalbenotlessmanﬂ-nataﬂainedatanypteviousspedﬁedtestage.
type of setting-time test required. In case he does not so

specify, the requirements of the Vicat test only shall govem.

on the sum of the tricakcium silicate and tricalcium aluminate is specified.

"Themxeofsedthgisﬂmdesaibedaswtialsemng&mehTestMethodClS1.

TABLE 4 Optional Physical Requirements4

Cement Type 1 1A L} A n A [\ v
False set, final penetration, min, % 50 50 50 50 50 50 50 50
Heat of hydration:
7 days, max, kJ/kg (cal/g) s 290 (70)@ 290 (70)8 250 (60)¢
28 days, max, kJ/kg (cal/g) i oon sixin st 290 (70)¢
Strength, not less than the values shown:
Compressive strength, MPa (psi)
28 days 28.0 220 28.0 22.0 stz waia S
(4060) (3190) (4060) (3190)
2208 18.09
(3190)2 (2610)8
Sulfate resistance,® 14 days, max, % expansion =3 e 0.040

A These optional requirements
8 The optional limit for the sum of the tricalcium silicate and tricalcium aluminate
requirements apply when either heat of hydration or the sum of tricalcium silicate
€ When the heat of hydration limit is specified, it shall be instead of the fimits

apply only if specifically requested. Availability shoukd be verified. See Note 1.

in Table 2 shall not be requested when this optional kmit is requested. These strength

and tricalcium aluminate requirements are requested.
of C35, C28, and C3A listed in Table 1.

©When the sulfate resistance s specified, it shall be instead of the limits of C,A and C,AF + 2 C3A listed in Table 1.

packages shall be in good condition at the time of inspection.

NOTE 2—With the change to SI units, it is desirable to establish a
standard SI package for portland cements. To that end 40 kg (88.18 Ib)
provides a convenient, even-numbered mass reasonably similar to the
traditional 94-1b (42.6384-kg) package.

14, Storage

14.1 The cement shall be stored in such a manner as to
permit easy access for proper inspection and identification of
each shipment, and in a suitable weather-tight building that
will protect the cement from'dampness and minimize ware-
house set.

15. Manufacturer’s Certification

15.1 Upon request of the purchaser in the contract or
order, a manufacturer’s report shall be furnished at the time
of shipment stating the results of tests made on samples of
the material taken during production or transfer and certi-
fying that the cement conforms to applicable requirements of
this specification.

16. Keywords
16.1 hydraulic cement; portland cement; specification
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The American Society for Testing and Materials takes no pasttion respecting tha validity of any patent rights asserted In connection
with any em 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
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible
technical committee, which you may attend. if you feel that your commenis have not received a fair hearing you should make your
views known [o the ASTM Commitiee on Standards, 100 Barr Harbor Drive, West Conshohocken, PA 15428.
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Normal Consistency of Hydraulic Cement’

This standard is issued under the fixed desienation € 187; the number immedistiely following the designation indicaies the vear of
onginal adoplion of. in the case of revision. the vear of last revision. A number in parcnthes=s indicaies the vezr of 12s1 reapproval. A
superscnipt epsilon (e) indicaics an editorial change since the last revision or reapproval.

1 NoTeE—S=ction 9. Kevwords. was added editorially in September 1991,

1. Scope

1.1 This test method covers the determination of the
normal consistency of hyvdravlic cement.

1.2 This standard dces not purport 1o address all of the
safety problems, if any, associated with its use. It is the
responsibility of the user of this standard 1o esiablish appro-
priate safery and health practices and determine the applica-
bility of regulatory limitations prior 10 use.

2. Referenced Documents

2.1 ASTM Standards:

C-305 Practice for Mechanical Mixing of Hydraulic Ce-
ment Pastes and Mortars of Plastic Consistency?

C 490 Practice for Use of Apparatus for the Determination
of Length Change of Hardened Cement Paste, Mortar,
and Concrete?

C 1005 Specification for Weights and Weighing Devices
for Use in the Physical Testing of Hydraulic Cements?

E 177 Practice for Use of the Terms Precision and Bias in
ASTM Test Methods?®

3. Significance and Use

3.1 This test method is intended to be used to determine

the amount of water required to prepare hydraulic cement
pastes for testing.

4. Apparatus

4.1 Weights and Weighing Devices—The weights and
weighing devices shall conform to the requirements of
Specification C 1005. The weighing device shall be evaluated
for precision and accuracy at a total load of 1000 g.

4.2 Glass Graduates, 200 or 250-mL capacity, and con-
forming to the requirements of Practice C 490.

4.3 Vicar Apparatus—The Vicat apparatus shall consist of
a frame 4 (Fig. 1) bearing a movable rod B, weighing 300 g,
one end C, the plunger end, being 10 mm in diameter for a
distance of at least 50 mm, and the other end having a
removable needle D, 1 mm in diameter and 50 mm in
length. The rod B is reversible, and can be held in any
desired position by ‘a set screw E, and has an adjustable
indicator F, which moves over a scale (graduated in

! This tcst method is under the jurisdicion of ASTM Commitiee C-1 on
Cement and is the direct responsibility of Subcommittee C01.22 on Workability.

Current edition approved March 27, 1986. Published May 1986. Originally
published as C 187 - 44. Last previous edition C 187 - 8641,

2 An=al book of ASTM Standards, Vol 04.01.

Y Anmual bock o ASTM Siandards, V5i 1452

" temperature of the mixing water shall not vary from

millimetres) attached to the frame A. The paste is held in 2
nigid conical ring G, resting on a plane nonabsorptive square
base plate H, about 100 mm on each side. The rod B shall be
made of stainless sieel having a hardness of not less than 35
HRC (Note), and shall be suraight with the plunger end
which is perpendicular to the rod axis. The ring shall be
made of a poncorroding. nonabsorbent material, and shall
have an inside diameter of 70 mm a1 the base and 60 mm at
the top, and a height of 40 mm. In additon to the above. the
Vicat apparatus shall conform 10 the following requirements:
Weight of movable rod ) 300 = 0.5 2 (0.661 Ib = 8 grains)
Dhameter of plunger end of rod 10 = 0.05 mm (0.394 = 0.002 in.}
Diameter of peedle I = 0.05 mm (0.029 = 0.002 in.)
lnside dizmerer of ring at bottom 70 = 3 mm (275 = 0.12 in.)
Insidz diameter of ring 2t 1op 60 = 3 mm (236 = 0.12 in.)
Height of ring 40 = | mm (1.57 = 0.04 in))
Graduated scalz Tbe graduaisd scale. when compersd
with a siandard scals accurats 1o
within 0.1 mm 2t all points. sha!!
not show a deviation at any poir:
greater than 025 mm.

NoTte—The requirement that the rod be made of stzinless sieel shali
apply only to new Vicat apparatus or replacement rods and no: to
equipment in use which meets the other requirements of this test

method.

5. Temperature and Humidity

5.1 The temperature of the air in the vicinity of the
mixing slab, the dry cement, molds, and base plates shall be
maintained between 20 and 27.5°C (68 and 81.5°F). The

23"
(73.4°F) by more than +1.7°C (=3°F).

3.2 The relative humidity of the laboratory shall be not
less than 50 %.

6. Procedure

6.1 Preparation of Cement Paste—Mix 650 g of cement
with a2 measured quantity of clean water following the
procedure prescribed in Section 6 of Practice C 305.

62 Molding Test Specimen—Quickly form the cement
paste, prepared as descnbec in 6.1, into the approximate
shape of a ball with gloved hands. Then toss six times
through a free path of about 6 in. (150 mm) from one hand
to another so as to produce a nearly spherical mass that may
be easily inserted into the Vicat ring with 2 minimum
amount of additional manipulation. Press the ball, resting in
the palm of one hand, into the larger end of the conical ring
G, Fig 1, held in the other hand, completely filling the ring

with paste. Remove the excess at the larger end by a sinole
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FIG. 1 Vicat Apparatus

movement of the palm of the hand. Place the ring on its
larger end on the base plate H, and slice off the excess paste
at the smaller end at the top of the ring by a single oblique
stroke of a sharp-edged wowel held at a slight angle with the
1op of the ring, and smooth the top. if necessary, with a few
licht touches of the pointed end of the trowel. During these

operations of cutting and smoothing. take care not to
compress the paste.

6.3 Consistency Determination—Cenler the paste con-
fined in the ring, resting on the plate, under the rod B, Fig. 1,
the plunger end C of which shall be brought in coatact with
the surface of the paste, and tighten the set-screw =. T+ =n set
the movable indicator F to the upper zero mark ¢ { the scale.
or take an initial reading, and release the rod immediately.
This must not exceed 30 s afier completion of mixing. The
apparatus shall be free of all vibrations during the tesi. The
paste shall be of normal consistency when the rod settles 10 2
point 10 = 1 mm below the original surface in 30 s after
being released. Make trial pastes with varving percentages of
water until the normal consistency is obtained. Make each
trial with fresh cement. )

7. Calculation

7.1 Caleulate the amount of water required for normal
consisiency 1o the nearest 0.1 % and report it 1o the nearest
0.5 % of the weight of the dry cement.

8. Precision and Bias

8.1 The single operator-instrument precision has been
found 10 be 0.25(1S), and the muldlaboratory precision has
been found 1o be 0.35(1S) as defined in Practice E 177:
therefore, the results of two properly conducted tests by the
same operator in a laboratory should agree within 0.7
percentage point, and test results between two laboratories
should agree with 1.0 percentage point 95 % of the time.

9. Keywords
9.1 consistency of hvdraulic cement: normal consisiency

For additional useful information on details of cement test methods, reference may be made to the “Manual of Cement
Testing,” which appears in the Annual Book of ASTM Standards, Vol 04.01.

The American Society for Testing and Materials takes no position respecting the validity of any patent rigtcs asseried in connection
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the valichy of any such
patent rights, and tiz2 risk of infringement of such righis, ere entirely their own responsibility.

This standard is subject lo revision et any time by the responsible technical committee and must be reviewed every live years and
i not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard o for additional siangards
and should be addressed o ASTM Headguarters. Your comments will receive careful consideration &t a meeting of the responsible
technical commisee, which you may attend. If you feel that your comments have not received a fair hearing you should make your
views known 10 Ihe ASTM Commisiee on Standards, 1916 Race St., Philadeiphiz, PA 19103
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This standard is issusd under the fixed designation C 188: the number immediately following the designation indicates the year of
original adeption or. in the case of revision. the vear of last reviston. A number in parentheses indicates the vear of last reapproval. A
superseript epsilon («) indicates an editorial change since the last revision or reapproval.

This s:andard has been cpproved for use by cgencies of the Department of Defense. Consult the DoD Index of Specifications and
Standards for the specific vear o’u.mc which has been adopted by the Depariment of Defense.

1. Scope

1.1 This test method covers determination of the density
of hvdraulic cement. Its particular usefulness is in connec-
tion with the design and control of concrete mixtures.

1.2 The density of hvdraulic cement is defined as the mass
of a unit volume of the solids.

1.3 Th= values stated in SI units are to be regarded as the
standard.

1.4 Tkis standard does no: purport 1o address all of the
safery concerns, if any, associated with its use. It is the
responsibility of the wser of this standard to establish appro-
priate safery and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:

C 114 Test Methods for Chemical Analysis of Hydraulic
Cement?

C 670 Practice for Preparing Precision and Bias State-
ments for Test Methods for Construction Materials®

3. Apparatus

3.1 Le Chatelier flask—The standard flask which is cir-
cular in cross section with shape and dimensions conforming
essentially 1o Fig. 1 (Note 1). The requirements in regard to
tolerance, inscription and length, spacing, and uniformity of
sraduation will be rigidly observed. There shall be a space of
at least 10 mm between the highest graduation mark and the
lowest point of grinding for the g_lass stopper.

3.1.1 The materal of construction shall be best quality
glass, transparent and free of striae. The glass shall be
chemically resistant and shall bave small thermal hysteress.
The flasks shall be thoroughly annealed before being gradu-
ated. They shall be of sufficient thickness to ensure reason-
able resistance to breakage.

3.1.2 The neck shall be graduated from 0 to 1 mL and
from 18 to 24 mL in 0.1-mL graduations. The error of any
indicated capacity shall not be greater than-0.05 mL.

3.1.3 Each flask shall bear a permanent identification
number and the stopper, if not interchangeably ground, shall
bear the same number. Interchangeable ground-glass parts

1 This test method is under the jurisdicion of ASTM Commitiee C-1 on
Cement and is the direct responsibility of Subcommitiee CO1.25 on Fineness.

Current editon approved Sept. 10, 1995. Published November 1995. Originally
published as C 188 — 44. Last previous edition C 188 - 89(1995)"'

’Annua! Book ofAST\f Standards. Vol 04.01.

Pk dron of 25T A Sieearcr VE BALE

shall be marked on both members with the standard-taper
symbol, ¥, followed by the size designation. The standard
temperature shall be indicated, and the unit of capacity shall
be shown by the lemters “mL™ placed above the highes
graduation mark.

3.2 Kerosine, free of water, or naphtha, having a density
greater than 0.73 g/mL at 23 £ 2° C shall be used in the
density determination.

3.3 The use of alternative equipment or methods for
determining density is permitted provided that a single
operator can obtain results within = 0.03 Mg/m? of the
results obtained using the flask method.

NoTe |—The design is intended 10 ensure complete drainage of the
flask when emptied, and stability of standing on 2 level surface, as well
as accuracy and precision of reading.

4. Procedure

4.1 Determine the density of cement on the material as
received, unless otherwise specified. If the density determina-
tion on a loss-free sample is required. first ignite the sample
as described in the test for loss on ignition in section 16.1 of
Test Methods C 114.

4.2 Fill the flask (Note 2) with either of the liquids
specified in 3.2 to a point on the stem between the 0 and the
1-mL mark. Dry the inside of the flask above the level of the
liquid, if necessary, after pouring. Record the first reading
afier the flask has been immersed in the water bath (Note 3)
in accordance with 4.4.

NoTe 2—It is advisable 1o use a rubber pad on the table top when
filling or rolling the flask.

NOTE 3—Before the cement has been added 1o the flask, a loose-
fitting, lead-ring weight around the stem of the flask will be helpful in

. holding the Dask in an upright position in the water bath, or the flask

may be held in the water bath by a buret clamp.

4.3 Introduce a quantity of cement, weighed to the nearest
0.05 g, (about 64 g for portland cement) in small increments
at the same temperature as the liquid (Note 2). Take care to
avoid splashing and see that the cement does not adhere to
the inside of the flask above the liquid. A vibrating apparatus

may be used to accelerate the introduction of the cement

into the flask and to prevent the cement from sticking to the
neck. Afier all the cement has been introduced, place the
stopper in the flask and roll the flask in an inclined position
(Note 2), or gently whirl it in a horizontal circle, so as to free
the cement from air until no further air bubbles rise to the
surface of the liquid. If a proper amount of cement has been
added, the level of the liquid will be in its final position at
some point of the upper series of graduations Take the final
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Note—Variations of & few mdimetres in such dimensions as total height of
fesk, diameter of base, etc., are 1o be expecled and will not be considered
suificient cause for rejection. The dimensions of the flask shown in Fig. 1 apply
oty 10 new flzsks and not 1o flasks in use which meet the other reguirements of
s lest method.

FIG. 1 Le Chatelier Flask for Density Test
reading after the flask has been immersed in the water bath
in accordance with 4.4.

4.4 Immerse the flask in a constant-temperature water
bath for sufficient periods of time in order to avoid flask-

temperature vanations greater than 0.2°C between the initial
and the final readings.

5. Calculation

5.1 The difference.between the first and the final readings
represents the volume of liquid displaced by the mass of
cement used in the test.

5.2 Calculate the cement density, p, as follows:
p(Mg/m?) = p(g/cm?)

= mass of cement, g/displaced volume, em?

Note 4—The displaced volume in millilitres s numenically equal to
the displaced volume in cubic centimetres.

NOTE 5—Density in megagrams per cubic menre (Mg/m?) is numer-
icallv equal 10 grams per cubic centimetre (g/cor’). Calculate the cement
density, p, 10 three decimal places and round 1o the nearest 0.01 Mg/m?.

Note 6—In connection with proportioning #nd control of concrete
mixtures, density may b more usefully expressed as specific gravity, the
latter being 2 dimensionkess number. Calculate the specific gravity as
follows: Sp gr = cement density/water density a1 4°C {at 4°C the density
of water is | Mg/m*(lg/cm?)).

6. Precision and Bias

6.1 The single-operator standard deviation for portland
cements has been found to be 0.01Z.* Therefore, the results
of two properly conducted tests by the same operator on the
same material should not differ by more than 0.03.4

6.2 The multilaboratory standard deviauon for portland
cements has been found to be 0.037.* Therefore, the results

of two properly conducted tests from two different laborato-
ries on samples of the same.cement should not differ by
more than 0.10.%

6.3 Since there-is no_accepted reference maternial suitable
for determining any bias that might be associated with this
test method, no statement on bias is being made.

7. Keywords
7.1 density; hydraulic cement; specific gravity

“ These numbers represent the |s and d2s limits descrived in Practice € 670,

The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in conresction
with any flem 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 1o revision af any time by the responsible technical committee and must be reviewed every five years and
# not revised, efther reapproved oc withdrawn. Your comments are invited either for revision of this standard or for additional starcards
and should be addressed to ASTM Headquarters. Your comments will receve carelul consideration at @ meeting of the resporsible
technical committee, which you may arend. if you feel that your comments have nof received & lair hearing you should make your
views known lo the ASTM Commitiee on Standards, 1916 Race St., Philadelphia, PA 19103,
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This standard is &ssued under the fixed designation C 191: the number immediatzly following the designation indicates the year of
original adoption or, in the casc of revision, the year of last revision. A number in parenthesss indicates the year of last reapproval, A
superscript epsilon (¢) indicates 2n editorial change since the last revision or reapproval.

1. Scope

1.1 This method covers determination of the time of
setting of hydraulic cement by means of the Vicat needle.

Note—For the method for determining time of serting by Gillmore
needles, see Test Method C 266.

1.2 This standard does nor purport to address all of the
safety problems, if any, associated with its use. It is the
responsibility of the user of this standard 1o esiablish appro-
priate safety and health pracrices and determine the applica-
bility of regulatory limitations prior 10 use. For specific
precautionary statements see 6.3,

2. Referenced Documents

2.1° ASTM Standards: ;

C 187 Test Method for Normal Consistency of Hydraulic
Cement®- - - -

C 266 Test Method for Time of Setting of Hydraulic-
Cement Paste by Gillmore Needles? ]

C 305 Practice for Mechanical ‘Mixing of Hydraulic Ce-
ment Pastes and Mortars of Plastic Consistency?

C 490 Practice for Use of Apparatus for the Determination
of Length Change of Hardened Cement Paste, Mortar,
and Concrete? ]

3. Apparatus

3.1 Scales—The scales shall conform 1o the following
requirements: On scales in use the permissible variation at a
load of 9.8 N shall be = 0.01 N. The permissible variation on
new scales shall be one half of this value. The sensibility
reciprocal® shall be not greater than twice the permissible
variation. e

3.2 Weighis—The permissible variations on weights in
use in weighing the cement shall be as prescribed in Table 1.
The permissible variations on new weights shall be one half
of the values in Table 1. :

3.3 Glass Graduates, 200 or 250-mL capacity, and con-
forming to the requirements of Specification C 490. - =

3.4 Vicat Apparatus—The Vicat apparatus shall consist of
a frame, A, Fig. 1, bearing a movable rod, B, weighing 300 g,

! This method is under tt= jurisdicticn of ASTH Commines C-1 on Cement
and is the direct responsibility of Subcommines C01.30 on Time of Set.
Current edition approved March 15. 1992. Published May 1992, Originally
published as C 191 — 44. Last previous edition C 191 - 82.
? Annual Book of ASTM Siandards, Vol 04.01.
3 Generally, defined, the sensibility reciprocal is the change in load required to
‘change the position of rest of the indicating clement or elements of a
nonautomatic-indicating scale a definite amount at any load. For more complete
definition, scc “Specifications, Tolerances, and Regulations for Commercial
Weighing and Measuring Devices,™ Handbook H 44, National Bureau of Stan-
dardz. September 1949, po. 97.and 03,

one end, G, the plunger end, being 10 mm in diameter for a
distance of at least 50 mm and the other end having a
removable steel needle, D, | mm in diameter and 50 mm ip
length. The rod B is reversible, and can be held in any
desired position by a set screw, E, and has an adjustable
indicator, F, which moves over a scale (graduated ip
millimetres) amrached 1o the frame, A. The paste is held ir: 3
conical ring, G, resting on a glass plate. H, about 100 mm
square. The ring shall be made of a noncorroding,
nonabsorbing material, and shall have an inside diameter of
70 mm at the base 2nd 60 mm at the top and a height of 40
mm. In additon 10 the above, the Vicat apparatus shall
conform 1o the following requirements:

Weight of plunger 300 = 0.5 g (0.661 1b = 8 grains)

Diameter of larger end 10 = 0.05 mm (0.394 = 0.002 in.)
of plunger
Diameter of needle 1% 0.05 mm (0.039 = 0.002 in.)
Inside diameter of bing 70 2 3 mm (2.75 % 0.12 in.)
" atbomom ..
Inside diamater of ring 60 = 3 mm (136 = 0.12 in)
at 1op :
Height of ring 40 = | mm (1.57 % 0.04 in.)
Graduated sczle The graduated scale. when compared with a

standard scale accurate 10 within 0.1 mm
at all points. shall not show a deviation at
2oy point greater than 0235 mm.

4. Temperature and Humidity

4.1 The temperature of the air-in the vicinity of the
mixing slab, the dry cement. molds, and base plates shall be
maintained berween 20 and 27.5°C (68 and 81.5°F). The
temperature of the mixing water and of the moist closet or
moist room shall not vary from 23°C (73.4°F) by more than
+= L.T'"C.G3°F).

4.2 The relative humidity of the laboratory shall be not
less than 50 %. The moist closet or moist room shall be so
constructed as 10 provide storage facilities for test specimens
at a relative humidity of not less thai 90 %.

5. Preparation of Cement Pastes

3.1 Mix 650 g of cement with the percentage of mixing
water required for normal consistency following the proce-
dure described in Practice C 305. Distilled water is preferable
and shall be used for all referee or cooperative tests.

5.2 The test specimen used for the .determination of
normal cansistency may be used for the additicnal determi-
nation of time of setting by Vicat needle following the
procedure described in 6.2.

6. Procedure
6.1 Molding Test Specimen—~Quickly form the cement

“See Test Method C 187.
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FIG. 1 Vicat Apparatus

specimen shall remain in the conical mold, supported by the

Permissible Variations on Weights in

glass plate, H, throughout the test period. A time of set
specimen and an autoclave bar may be made from the same

batch.

6.2 Time of Setting Determination—Allow the dme of
setting specimen to remain in the moist cabinet for 30 min
after molding without being disturbed. Determine the pene-

Weight. g Use, plus or minus, g
500 0.18
300 0.15
250 0.13
200 0.10
100 0.07

50 0.04
20 0.02
10 0.02
5 0.01
2 0.01
1 0.01

paste, prepared as described in Section 5, into a ball with the
gloved hands and toss six times from one hand to the other,
-maintaining the hands about 6 in. (152 mm) apart. Press the
cball, resting in the palm of the hand, into the larger end of
sthe conical ring, G, Fig. 1, held in the other hand, completely
filling the ring with paste. Remove the excess at the larger
.end by a single movement of the palm of the hand. Place the
-fing on its larger end on a glass plate, H, and slice off the
txcess paste at the smaller end at the top of the ring by a
single oblique stroke of a sharpedged trowel held at a slight
angle with the top of the ring. Smooth the top of the
-Specimen, if necessary, with one or two light touches of the
pointed end of the trowel. During the operation of cutting
and smoothing, take care not to compress the paste. Imme-
iiately after molding, place the test specimen in the moist
“¢closet or moist room and allow it to remain there except

%hen Géteriinaiions of tuneral ssiilyyg are being made. The

tration of the I-mm needle at this ime and every 15 min
thereafier (every 10 min for Type III cements) untl a
penetration of 25 mm or less is obtained. For the penetration
test, lower the needle D of the rod B until it rests on the
surface of the cement paste. Tighten the set screw, E, and set
the indicator, F, at the upper end of the scale, or take an
initial reading. Release the rod quickly by releasing the set
screw, E, and allow the needle to settle for 30 s; then take the
reading 10 determine the penetration. (If the paste is obvi-
ously quite soft on the early readings, the fall of the rod may
be retarded to avoid bending the 1-mm needle, but the rod
shall be released only by the set screw when actual determi-
nations for the setting time are made.) No penetradon test
shall be made closer than Y« in. (6.4 mm) from any previous
penetration and no penetration test shall be made closer than
¥ in. (9.5 mm) from the inside of the mold. Record the
results of all penetration tests and, by interpolation. deter-
mine the time when a penetration of 25 mm is obtained.
This is the initial setting time. The final setting time is when
the needle does not sink visibly into the paste.

6.3 Precautions—All the apparatus shall be free from
vibration during the penetration test. Take care 1o keep the
l-mm needle straight, and the needle must be kept clean as
thecollection of coment on the sides af the neadle.mny rotnnd
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the penetration, while cement on the point may increase the
penetration. The time of setting 1s affected not only by the
percentage and the temperature of the water used and the
amount of kneading the paste received, but also by the
temperature and humidity of the air, ard its determination is
therefore only approximate.

7. Precision and Bias

7.1 Precision:

7.1.1 The single-operator (within-laboratory) standard de-
viation has been found to be [2 min for the initial time of
setting, throughout the range of 49 to 202 min, and 20 min
for the final time of settings throughout the range of 185 1o
312 min. Therefore, results of two properly conducted tests
by the same operator on Vicat initial time of setting of

sumilar paste should not differ from each other by more thay
34 min and on Vicat final time of setting of similar pastes
should not differ from each other by more than 56 min.

7.1.2 The multilaboratory (between-laboratory) standarg
deviation has been found to be 16 min for the initial time of
setting throughout the range of 49 10 207 min, and <3 miz
for the final time of setting throughout the range of 183 15
312 min. Therefore, results of two properly conducted tesi
from two different laboratories on Vicat iniual time of
setting of similar pastes should not differ from each other by
more than 45 min, and on Vicat final ime of sening of
similar pastes should not differ from each other by more
than 122 min.

7.2 Bias—Since there are no accepled reference mzterais
suitable for determining the bias for the procedure in this test
method, no statement on bias is presented.

For additional useful information on details of cement test methods, reference may be made io the “Manual of Cement
Testing,” which appears in the Annual Book of ASTM Standards, Vol 04.01.

The American Society for Testing end Materials takes no posilion respecting the validity of any patent rights asserted in connection
with any ftem meniionec in this standard. Users of this standard are expressly advised that determination of the validiy of any such
patent rights, and the nsx of infrinoement of such rights, are entirely theit own responsibility.

This standarc is subsect to revision at any time by the resp

le technical

and must be reviewed every five years and

¥ not revised, elther reepproved or withdrawn. Your comments are invited elther lor revision of this standard or for additional standards
and should be addressed 1o ASTM Headquarters. Your comments will receive carelul consideration at a meeting of the responsitle
technical commitiee, which you m=y attend. If you feel that your comments have not received a fair hearing you should make your
views known [0 the ASTM Commizee on Standards, 1916 Race SL., Philadeiphia, PA 19103.
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1. Scope

1.1 This test method covers determination of the fineness
of hydraulic cement, using the Blaine air permeability
gpparatus, in terms of the specific surface expressed as total
surface area in square centimetres per gram, Or SqUATe metres
per kilogram, of cement. Although the test method may be,
and has been, used for the determinaton of the measures of
fineness of various other materials, it should be understood
that, in general, relative rather than absolute fineness values
are obtained.

1.1.1 This test method is known to work well for portland
cements. However, the user should exercise judgement in
determining its suitability with regard to fineness measure-
ments of cements with densides, or porosities that differ
from those assigned to Standard Reference Matenal No. 114.

1.2 The values stated in SI units are to be regarded as the
standard. :

1.3 This szandard 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 1o establish appro-
priate safety and health practices and determine the applica-
biliry of regulatory limitations prior 10 use.

2. Referenced Documents

2.1 ASTM Standard:

C 670 Practice for Preparing Precision and Bias State-
ments for Test Methods for Construction Materials?

2.2 Other Documents:

UU-P-236 Federal Specification for Paper; Filtering?

No. 114 National Institute of Standards and Technology
Standard Reference Material*

3. Apparatus

3.1 Nature of Apparatus—The Blaine air permeability
apparatus consists essentially of a means of drawing a
definite quantity of air through a prepared bed of cemeat of
definite porosity. The number and size of the pores in a
prepared bed of definite porosity is a function of the size of
the particles and determines the rate of airflow through the
bed. The apparatus, illustrated in Fig. 1, shall consist
specifically of the parts described in 3.2 to 3.8.

.."This test method is under the jurisdicion of ASTM Comminee C-1 on

Cement and is the direct responsibility of Suboommirtes C01.25 on Fincness.

Current edition” approved Jan. 10, 1996. Published March 1996. Originally
Published as C 204 - 46 T. Last previous edition C 204 - 95.
.. Y Annual Book of ASTM Standards, Vol 04.02.

3 Available from Standardization Documents Order Desk, Bldg 4, Section D,
"0 Robbins Ave,, Phila, PA 19111-5094, Attn: NPODS.
m: Available from Mational Institute of Standards and Technology, Gaithsrsburg,

20295,

3.2 Permeability Cell—The permeability cell shall consist
of a rigid cylinder 12.70 + 0.10 mm in inside diameter,
constructed of austenitic stainless steel. The interior of the
cell shall have a finish of 0.81 pm (32 pin.). The top of the
cell shall be at right angles to the principal axis of the cell.
The lower portion of the cell must be able to form an airtight
fit with the upper end of the manometer, so that there is no
air leakage between the contacting surfaces. A ledge V2 10 1
mm in width shall be an integral part of the cell or be firmly
fixed in the cell 55 + 10 mm from the top of the cell for
support of the perforated metal disk. The top of the
permeability cell shall be fitted with a protruding collar 1o
facilitate the removal of the cell from the manometer.

Note 1—AISI Type 303 stainless steel (UNS designation S30300)
has been found 10 be suitable for the construction of the permeability
czll and the plunger.

3.3 Disk—The disk shall be constructed of noncorroding
metal and shall be 0.9 = 0.1 mm in thickness, perforated
with 30 to 40 holes | mm in diameter equally distributed
over its area. The disk shall fit the inside of the cell snugly.
The center portion of one side of the disk shall be marked or
inscribed in a legible manner so as to permit the operator
always to place that side downwards when inserting it into
the cell. The marking or inscription shall not extend into any

- of the holes, nor touch their peripheries, nor extend into that

area of the disk that rests on the cell ledge.

3.4 Plunger—The plunger shall be constructed of
austenitic stainless steel and shall fit into the cell with a
clearance of not more than 0.1 mm. The bottom of the
plunger shall sharply meet the lateral surfaces and shall be at
right angles to the principal axis. An air vent shall be
provided by means of a flat 3.0 + 0.3 mm wide on one side
of the plunger. The top of the plunger shall be provided with
a collar such that when the plunger is placed in the cell and
the collar brought-in contact with the top of the cell, the
distance between the bottom of the plunger and the top of
the perforated disk shall be 15 = 1 mm.

3.5 Filter Paper—The filter paper shdll be medium reten-
tive, corresponding to Type 1, Grade B, as prescribed in
Federal Specification for Paper; Filtering (UU-P-236). The
filter paper disks shall be circular, with smooth edges, and
shall have the same diameter (Note 2) as the inside of the

Note 2—TFilter paper disks that are too small may leave part of the
sample adhering to the inner wall of the cell abdve the 1op disk. When
too large in diameter, the disks have a tendency to buckle and cause
ermatic results.

3.6 Manometer—The U-tube manometer shall be con-
structed according to the design indicated in Fig. 1, using
naminal Q-mm outside diameter, standard-wall, glacs fuhing,
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FIG. 1 Blaine Air P

The top of one arm of the manometer shall form an airtight
connection with the permeability cell. The manometer arm
connected to the permeability cell shall have a line etched
around the tube at 125 to 145 mm below the top side outlet
and also others at distances of 15 = 1 mm, 70 + | mm, and
110 %= 1 mm above that line. A side outlet shall be pro-
vided at 250 10 305 mm above the bottom of the manometer
for use in the evacuation of the manometer arm connected
to the permeability cell. A positive airtight valve or clamp
shall be provided on the side outlet not more than 50 mm
from the manometer arm. The manometer shall be mounted
firmly and in such a manner that the arms are vertical.

3.7 Manometer Liguid—The manometer shall be filled to
the midpoint with a nonvolatile, nonhygroscopic liquid of
low viscosity and density, such as dibutyl phthalate (dibutyl
1.2-benzens-dicarboxylate) or a light grade of mineral oil.

ermeability Apparatus

3.8 Timer—The timer shall have a positive starting and
stopping mechanism and shall be capable of being read to
the nearest 0.5 s or less. The timer shall be accurate to 0.5 s
or less for time intervals up to 60 s, and to 1 % or less for
time intervals of 60 to 300 s.

4. Calibration of Apparatus

4.1 Sample—The calibration of the air permezbility appa-
ratus shall be made using the current lot of NIST Standard
Reference Material No. 114. The sample shall be at room
temperature when tested. . .

4.2 Bulk Volume of Compacted Bed of Powder—Deter-
mine the bulk volume of the compacted bed of powder by
the mercury displacement method as follows:

4.2.1 Place two filter paper disks in the pcrmcabllity cell.
pressing down the edges, usin 2d havinz & ZJlameter

ristel

~ ~
ng o 2
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TABLE 1 Density of Mercury, Viscosity of Air (g}, and Va8t
Given Temperatures
Room Density of
Temperature, Mercury, Vm? d ey Va
. Mg/fm? pPa-s
e
16 12.56 i7.88 423
16 13.55 17.96 4.24
20 13.58 18.06 425
22 13.54 18.18 426
24 13.54 1828 4.28
25 13.53 1857 428
238 13.53 18.47 4.30
o] 13.52 18.57 431
32 13.52 18.67 432
34 13.51 18.76 433

dightly smaller than that of the cell. until the filter disks are
flat on the perforated metal disk; then fill the cell with
mercury, ACS reagent grade or beticr, removing any air
bubbles adhering to the wall of the cell. Use tongs when
pandling the cell. If the cell is made of material that will
amalgamalte with mercury, the interior of the cell shall be
protected by a verv thin film cf oil just prior to adding the
mercury. Level the mercury with the top of the cell by lightly
pressing a small glass plate against the mercury surface until
the glass is flush to the surface of the mercury and rnim of the
cell, being sure that no bubble or void exists between the
mercury surface and the glass plate. Remove the mercury
from the cell, weigh, and record the weight of the mercury.
Remove one of the filter disks from the cell. Using a tral
quantty of 2.80 g of cement (Note 3) compress the cement
(Note 4) in accordance with 4.5 with one filter disk above
and one below the sample. Inio the unfilled space at the top
of the cell, add mercury, remove entrapped air, and level ofl
the top as before. Remove the mercury from the cell, weigh,
and record the weight of the mercury.

4.2.2 Calculate the bulk volume occupied by the cement
to the nearest 0.005 cm? as follows:

V=(W,— Wp/D (1
where:

¥V = bulk volume of cement, cm?,

W, = grams of mercury required to fill the cell, no
cement being in the cell,

W, = grams of mercury required 1o fill the portion of the
cell not occupied by the prepared bed of cement In
the cell, and

D = density of mercury at the temperature of test,

Mg/m? (see Table 1).
4.2.3 Make at least two determinations of bulk volume of
cement, using separate compactions for each determination.

The butk volume value used for subsequent calculations -

shall be the average of two values agreeing within +0.005

cm?. Note the temperature in the vicinity of the cell and

record at the beginning and end of the determination.
Note 3—It is nol pecessary to uss the standard sample for the bulk

volume determination.
NoTE 4—The prepared bed of cement shall be firm. If 100 loose or if

the cement cannot be compressed 1o the desired volume, adjust the trial ~

Quantity of cement used.
4.3 Preparation 6f Sample—Enclose the contents of a vial

of the standard cement sample in a jar, approximately 120
tm? (4 oz). and shake vigorously for 2 min to flufl the

cement and break up lumps or agglomerates. Allow the jar to
stand unopened for a further 2 min. then remove the lid and
stir gently 1o distribute throughout the sample the fine
fraction that has settled on the surface after fluffing.

4.4 Weight of Sample—The weight of the standard
sample used for the calibration test shall be that required 1o
produce a bed of cement having a porosity of 0.500 = 0.005.
and shall be calculated as follows:

W=pWl -« (2)
where:
W = grams of sample required,
p = density of test sample (for portland cement a value of

3.15 Mg/m? or 3.15 g/cm? shall be used),

bulk volume of bed of cement, cm?, as determined in

accordance with 4.2, and

= desired porosity of bed of cement (0.500 = 0.005)
(Note 5). i

MNote 5—The porosity is the ratio of volume of voids in a bed of
cement to the total or bulk volume of the bed, V.

4.5 Preparation of Bed of Cement—Seat the perforated
disk on the ledge in the permeability cell, inscribed or
marked face down. Place a filter paper disk on the metal disk
and press the edges down with a rod having a diameter
slightly smaller than that of the cell. Weigh to the nearest
0.001 g the quantity of cement determined in accordance
with 4.4 and place in the cell. Tap the side of the cell Iightly
in order to Jevel the bed of cement. Place a filter paper disk
on top of the cement and compress the cement with the
plunger until the plunger collar is in contact with the top of
the cell. Slowly withdraw the plunger a short distance, rotate
about 90°, repress, and then slowly withdraw. Use of fresh
paper filter disks is required for each determination.

4.6 Permeability Test:

4.6.1 Attach the permeability cell to the manometer tube,
making certain that an airtight connection is obtained (Note
6) and 1aking care not 1o jar or disturb the prepared bed of
cement.

4.6.2 Slowly evacuate the air in the one arm of the
manometer U-tube until the liquid reaches the top mark,
and then close the valve tightly. Start the timer when the
bottom of the meniscus of the manometer liquid reaches the
second (next to the top) mark and stop when the bottom of
the meniscus of liquid reaches the third (next to the bottom)
mark. Note the ume interval measured and record in
scconds. Note the temperature of test and record in degrees
Celsius.

4.6.3 In the calibration of the instrument, make at least
three determinations of the time of flow on each of three
separately prepared beds of the standard sample (Note 7).
The calibration shall be made by the same operator who
makes the fineness determination.

NoTE 6—A little stopcock grease should be applied to the standard
taper connzciion. The efficiency of th2 connection czn b detenzined by
attaching the cell 1o the manometer, stoppering it, partially evacuating
the one arm of the manometer, then dosing the valve. Any conunuous
drop in pressure indicates a leak in the system.

Note 7—The sample may be refluffed and reused for preparation of
the test bed, provided that it is kept dry and all tests are made within 4
h of the opening of the sample.

4.7 Recalibration—The “apparatus shall be recalibrated
(Note 8):

_.
=
I



135

¢y c 204

4.7.1 At penodic intervals, the duraticn of which shall not
exceed 2'4 vears, 1o correct for possible wear on the plunger
or permeability cell,

4.7.2 1fany loss in the manometer fluid occurs, recalibrate
starting with 4.5, or s .-

4.7.3 If achange is made 1n the type or quality of the filter
paper used for the tests,

NOTE &—It is suggesied that a secondary sample be prepared and
used as 2 fineness standard for the check determinations of the
instrument between regular calibrations with the siandard cement
sample.

5. Procedure

5.1 Temperature of Cement—The cement sample shall be
al room temperature when tested.

5.2 Size of Test Sample—The weight of sample used for
the test shall be the same as that used in the calibration test
on the standard sample, with these exceptions: When deter-
mining the fineness of Type IOI or other tyvpes of fine-ground
portland cement whose bulk for this weight is so great that
ordinary thumb pressure will not cause the plunger collar 1o
contact the top of the cell, the weight of the sample shall be
that required 1o produce a test bed having a porositv of 0.530
* 0.005. When determiniog the fineness of materials other
than portland cement, or if for a portland cement sample
one of the required porosities cannot be artained, the weight
of the sample shall be adjusted so that a firm, hard bed is
produced by the compacting process. In no cass, however,
shall more than thumb pressure be used to secure the proper
bed, nor shall such thumb pressure be used that the plunger
“rebounds” from the cell top when pressure is removed.

5.3 Preparation of Bed of Cement—Prepare the test bed of
cement in accordance with the method described in 4.5.

5.4 Permeability Tests—Make the permeability tests in
accordance with the method described in 4.6, except that
only one time-of-flow determination need be made on each
bed.

6. Calculation

6.1 Calculate the specific surface values in accordance
with the foilowing equations:
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where:
S = specific surface of the test sample, m?/kg.

TABLE 2 Values for Porosity of Cement Bed

Porosity of Bad, ¢ ° e
0.435 0348
0.456 0349
0.497 0350
0.458 0351
0499 0352
0.500 0254
0501 £355
0502 C356
0.503 0357
0504 €355
0.505 Q352
0505 0360
0507 o361
0508 0362
0509 0363
0510 o362
0525 0350
0.526 c3e&
0527 0353
0528 ©384
0529 Qa38s
0.530 0386
0.531 0.357
0532 c3s88
0.533 €382
0.534 0390
0.535 03581

S, = specific surface of the standard sample used in
calibration of the apparatus, m2/ke.

T = measured time interval, 5. of manometer drop for test
sample (Note 9),

T, = measured time interval, s, of manometer drop for
standard sample used in calibration of the apparatus
(Note 9), :

7 = viscosity of air, micro pascal ssconds (uPa-s), at the

temperature of test of the test sample (Note 9),

‘4, = viscosity of air, micro pascal seconds (uPa-s), at the

temperature of test of the standard sample used in

calibration of the apparatus (Note 9),

porosity of prepared bed of test sample (Note 9),

porosity of prepared bed of standard sample used in

calibration of apparatus (Note 9),

density of test sample (for portland cement 2 value of

3.15 Mg/m? or 3.15 g/cm? shall be used),

density of standard sample used in calibration of

apparatus (assumed to be 3.15 Mg/m? or 3.15

g/em?),

b = aconstant specifically appropriate for the test sample
(for hydraulic cement a value of 0.9 shall be used),
and

b, = 0.9, the appropriate constant for the standard sample.

~
o

&

=
I

Ps

NoTE 9—Valuss for Yo, Vo, and /7 may be taken from
Tables 1, 2, and 3, respectively.

6.1.1 Equations 3 and 4 shall be used in calculations of
fineness of portland cements compacted to the same porosity
as the standard fineness sample. Equation 3 is used if the
temperature of test of the test sample is within +3°C of the
temperature of calibration test, and Eq 4 is used if the
temperature of test of the test sample is outside of this range.
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TABLE 5 Time of Airflow
T = time of airfiow in seconds; YT = the factor for use in the equadons
T T T g7 T Jr T T T N T JT
25 5.10 51 7.4 76 872 101 1005 151 1229 201 14.18
26 5.15 51va 7.18 76% 875 102 10.10 152 12.33 202 1421
7 520 52 721 77 877 103 10.15 153 1237 203 1425
T 524 5% 725 T B.B0 104 10.20 154 12.21 204 1428
28 529 53 728 78 8.83 105 1025 155 12.45 205 14.32
28 534 53 731 78 B.86 106 1039 156 12.49 206 14.35
bac) 5.39 54 7.35 79 8BS 107 10.34 157 12.53 207 14.35
v 5.43 S4ve 738 79 882 108 1039 158 12.57 208 14.42
30 5.48 55 7.42 80 BO4 109 10.44 159 12.61 209 14.45
304 552 554 745 B0z 897 110 10.48 160 12,65 210 14.49
31 557 56 7.48 81 9.00 111 10.54 161 12.69 211 1453
31vz 5.61 564 152 81 9.03 112 10.58 162 12.73 212 1455
k) 5.66 57 155 82 9.06 13 10.63 163 12.77 213 1458
32 5.70 5T 758 B2v2 9.08 114 10.68 164 12.81 214 14.63
33 574 58 1582 83 911 15 10.72 165 12.85 215 14.65
33v: 579 58v 7.65 832 9.14 116 10.77 166 12.88 216 14.70
34 5.83 58 7.68 B4 9.7 117 10.82 167 12.92 217 14.73
L3 5.87 59 7.71 84Ys 9.19 118 10.86 168 12.96 218 14.76
35 592 60 7.75 B5 922 19 1091 169 13.00 219 14.80
5% 596 604 7.78 B85z 825 120 10.95 170 13.04 220 14 E3
36 6.00 61 7.81 86 827 121 11.00 171 13.0& 222 14.90
35% 6.04 61v: 7.84 862 930  Vrd 11.05 172 1311 224 14.97
37 6.08 62 7.87 87 933 123 11.09 173 13.15 226 i5.02
3Nk 6.12 624 7.91 B2 235 124 1114 174 12.9¢ 228 15.10
33 6.16 63 794 88 838 125 11.18 175 1323 230 15.17
38 620 63 T87 88v2 9.41 126 122 176 13.27 232 1523
39 €24 64 8.00 g9 943 127 1z7 177 13.30 234 15.30
30 628 64 8.03 89v:2 9.45 128 1131 178 13.34 236 1535
40 632 65 B.0S 90 9.43 128 11.36 178 13.38 238 15.43
404 6.36 E5% 8.02 904 951 130 11.40 180 13.42 240 15.49
41 6.40 65 8.12 a1 9.54 131 11.45 181 13.45 242 15.56
41% 6.44 664 B.15 91 957 132 11.49 1682 13.48 244 15.62
42 6.48 67 8.19 92 959 133 1153 183 13.58 246 15.65
A2, 6.52 674 822 92z 9.62 134 11.58 184 13.56 248 1575
43 6.56 68 825 93 9.64 135 11.62 185 13.60 250 15.81
43% 6.60 B8 828 83 9.67 135 11.66 186 13.64 252 15.67
44 6.63 69 8.31 94 9.70 137 11.70 187 13.67 254 15.84
A4 6.67 63% 834 94 872 138 11.75 188 13.71 256 16.00
45 6.71 70 8.37 a5 8.75 138 11.79 189 13.75 258 16.05
452 6.75 704 8.40 95 .77 140 11.83 180 13.78 260 16.12
46 €78 71 8.43 a6 9.80 141 11.87 191 13.82 262 16.1¢
4514 6.82 7% B.46 962 9.82 142 11.92 192 13.86 264 1625
47 6.86 T2 B.49 97 985 143 11.96 183 13.89 266 16.31
ATV 6.89 T2% B.51 97V 9.87 144 12.00 194 13.93 268 16.37
48 6.83 73 8.54 98 9.90 145 12.04 185 13.9€ 270 16.43
48'% 6.96 73% B.57 98'a 9.92 146 12.06 196 14.00 272 16.49
49 7.00 74 8.60 99 9.95 147 12.12 197 14.04 274 16.55
49% 7.04 T4 863 93z 9.97 148 12.17 158 14.07 276 16.61
50 7.07 75 866 100 10.00 149 12.21 199 14.11 278 16.67
504 7.11 5% 8.69 100 " 10.02 150 1225 200 14.14 280 16.73

6.1.2 Equations 5 and 6 shall be used in calculation of
fineness of portland cements compacted to some porosity
other than that of the standard fineness sample used in the
calibration test. Equation S is used if the temperature of test
of the test sample is within *£3°C of the temperature of
calibration test of the standard fineness sample, and Eq 6 is
used if the temperature of test of the test sample is outside of
this range.

6.1.3 Equations 7 and 8 shall be used in calculation of
fineness of materials other than hydraulic cement. Equation
7 shall be used when the temperature of test of the test

sample is within £3°C of the temperature of calibration test,
and Eq 8 is used if the temperature of test of the test sample
is outside of this ranpe.

6.1.4 It is recommended that values of b be determined
on no less than three samples of the material in question.
Test each sample at a minimum of four different porosities
over a porosity range of at least 0.06. Correlation coefficients
should exceed 0.9970 for the correlation of V¢*7 versus ¢ on
each sample tested (see Appendix X1).

6.2 To calculate the specific surface values in square
metres per kilogram, multinly the surface ar=a in em?/g hv
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the factor of 0.1.
6.3 Round values in cm?/g to the nearest 10 units (in
m?/kg to the nearest unit). Example: 3447 czn’/g is rounded
10 3450 cm?/g.or 345 m?/kg.

i & Reporl

7.1 For portland cements and poriland cement-based
materials, repon results on a single determination on a single
bed.

7.2 For very high fineness materials with long tme
intervals, report the average fineness value of two perme-
ability tests, provided that the two agres within 2 % of each
other. If they do not agree, discard the values and repeat the
test (Note 10) until two values so agresing are obtained.

Note 10—Lack of agreement indicates 2 need for checks of proce-
dure and apparatus. See also the “Manual of Cement Testing, ™

8. Precision and Bias
8.1 Single-Operator Precision—The single-operator coef-

ficient of variation for portland cements has been found 1o
be 1.2 % (Note 11). Therefore, results of two properly con.
ducted tests, by the same operator, on the same sample,
should not differ by more than 3.4 % (Notc 11) of their
average.

8.2 Muliilaboratory Precision—The multilaboratory coef.
ficient of variation for portland cements has been found 19
be 2.1 % (Note 11). Therefore, resulis of two differen;
laboratories on identical samples of 2 material should nop
differ from each other by more than 6.0 % (Note 11) of their
average.

NOTE 11—These pumbers represent, respectvely,
d2s % limits as described in Practice C 670.

8.3 Since there is no accepted reference material suitable
for determining any bias that may be associated with Test
Method C 204, no statzment is being made.

the Is% ang

9. Keywords
9.1 air permeability; apparatus; fineness
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APPENDIX

(Nonmandatory Information)
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Sample 1
0.530 2350 280 2.078
Material: Skica fiour 0.500 2.500 420 2291
. # = densky of test sample = 2.65 Mg/m? 0.470 2.650 575 2.443
V = bulk volume of sample bed = 1.887 e’ : 0.440 2.800 B25 2.651
< = desired porosity of test Sample 2 =
W-g—amsofsarruereqt.irad-pvn - ) 0.530 2350 338.0 2.410
T = measured test time interval, seconds 0.500 2.500 8§55 2.634
0.470 2.650 79.0 2,664
0.440 2.800 108.5 3.040
Computed values of b by Enear regression: Sample 3
Sample 1 b = 0.863 (comelztion coetiicient = 0.5380) 0.530 2.350 51.5 2769
Sample 2 b = 0.869 (correlation coefficient = 0.2993) 0.500 2.500 73.0 3.021
Sample 3 b = 0.879 {comrelztion coetficient = 0.8373) 0.470 2.650 104.0 3.286
Average b = 0.870 0.440 2.800 141.5 3472

FIG. X1.1 Mustrative Method for the Determination of the Value for the Constant b (for use in fineness calculations of materials other
than portland cement)

The American Society for Testing and Materials takes no Pposition respocting the validity of any patent rights asserted in connection
with any #lem mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
pateat rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard & subject to revision af any time by the responsible lechnical committee and must be reviewsd every five years and
¥ not revised, efther reapproved or withdrawn. Your comments are lnvited edther for revision of this standard or for additional standard's
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible
fechnical committee, which you may sttend. if you feel that your comments have not received & fair hearing you shoukd make your
views known fo the ASTM Committee on Standards, 100 Barr Harbor Drive, West Conshotiocken, PA 19428,
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Sampling and Testing Fly Ash or Natural Pozzolans for Use
as a Mineral Admixture in Portland-Cement Concrete’

This standard is issued uncer the fixed designation C 311; the number immediately foliowing the desipnation indicates the year of
onginal adoption o1, in the cese of revision, the vear of L2 revision. A pumb<r in parzathssss indicates the vear of last reapproval A
superacTipt epsilon (¢) indicatss an editorial changs since the last revision or reapproval,

This test method has been approved for use by agencies of the Depaniment of Defense. Consult the DoD Index of Specifications and
Swandards for the spedific year of issue which has been acopted by the Department of Deferise.

1. Scope

1.1 These test methods cover procedures for sampling and
testing fly ash and raw or calrined pozzolans for use as a
mineral admixture in portland-cement concrete.

1.2 The procedures appear in the following order:

Sections
SRIOPHBE -+ cuiiia o wo s wmaie s e S e SRS S e 7
CHEMICAL ANALYSIS
Reageots and Apparmtiss . v oo vos & o 5@V o S5 st 10
IMORSTUre COBMERE <5 L35 s i s v e sl e v h il e A e 11 and 12
L0858 QN APHOOR « wivsccem o tiomimmis sisws imiimme sl oo S0 0 13 2nd 14
Silicon dioxide, aluminum oxide, iron oxide, calcium oxide, mag-

- mesium oxide, and sulfurthoxide .. ..o ... ... ..., 15
Fuovie T R I e e 1620d 17
PHYSICAL TESTS

120 N RR— LY o | . 18
FICOESE . oo criminionm os e ww vrsasm s s af R 19
Increase of drying shrinkage of mortarbars . .. .. .. ... ....... 201022
Soundn 23
Alir-entrainment of morar 24 and 25
Soength acivity index with portland cement 2610 29
Water requirement 30
Effectiveness of Minerzl Admixture in Controlling Alkali-Silica

Raallbnn o cusitiuiisasiiiss siivaa e s i onssa s dan e 31

1.3 The values stated in inch-pound units are to be
regarded as the standard. The values given in parentheses are
provided for information purposes 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 1o esiablish 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 33 Specification for Concrete Ageregates?

C 109/C 109M Test Method for Compressive Strength of
Hydraulic Cement Mortars (Using 2-in. or S0-mm Cube
Specimens)?

C 114 Test Methods for Chemical Analysis of Hydraulic
Cement?

! These test methods are under the jurisdiction of ASTM Committee C-9 on
Concrete and Conarele Aggregates and are the direct responsibility of Subcom-
minee C0924 on Mineral Admixtures.

Current edition approved Feb. 10, 1996. Published April 1996. Originally
published as C 311 - 53. Last previous edition C 311 - 96.

2 Annual Book of ASTM Standards, Vol 04.02. -

3 Annuzl Book of ASTM Siandards, Vol 04.01,

C 150 Specification for Portland Cement?

C 151 Test Method for Autoclave Expansion of Poriiand
Cement?

C 157 Test Method for Length Change of Hard=ped
Hydraulic Cement Montar and Concrete?

C 185 Test Method for Air Content of Hydraulic Cement
Mortar®

C 188 Test Method for Density of Hydraulic Cemen??

C 204 Test Method for Fineness of Poruand Cement by
Air Permeability Apparatus®

C 226 Specification for Air-Entraining Additons for Use
in the Manufacture of Air-Entraining Portland Cement?®

C 227 Test Method for Potential Alkali Reactivity of
Cement-Aggregate Combinations (Mortar-Bar Method)®

C 305 Practice for Mechanical Mixing of Hydrauiic Ce-
ment Pastes and Mortars of Plastic Consistency?

C 430 Test Method for Fineness of Hydraulic Cemeat by
the 45-pm (No. 325) Sieve?

C 44] Test Method for Effectiveness of Minetal Admix-
tures or Ground Blast-Furnace Slag in Preventng Exces-
sive Expansion of Concrete Due to the Alkali-Silicz
Reaction®

C 618 Specification for Fly Ash and Raw or Czlcined
Natural Pozzolan for Use as a Mineral Admixtuere in
Concrete?

C 670 Practice for Preparing Precision and Bias Siate-
ments for Test Methods for Construction Materials?

C 778 Specification for Standard Sand?

3. Terminology

3.1 Descrip:ions of Terms Specific to This Standaré:

3.1.1 composite sample—a sample that is construcied by
combining equal portions of grab or regular samples.

3.1.2 established source—a source for which at le=st six
months of continuous production quality assurance records
from a test frequency required for a new source are avzilable,
sampled at the source.

3.1.3 grab sample—a sample that is taken in z single
operation from a conveyor delivering to bulk storage. from
bags, or from a bulk skipment. Such a sample may, or may
not, reflect the composition or physical properties of 2 single
lot of mineral admixture. This type of sample can be used 10
characterize small amounts of mineral admixture.

3.1.4 jobsite or new source—a source for which less than
six months of production records are available, sampled zt
the source.

3.1.5 lor—specific quantity of fly ash or naturzl pozzolan
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offered for inspection at any one time. A lot may be one
storage bin or the contents of one or more transport units
representing mineral admixiure drawn from the same storage
bin.

3.1.6 regular sample—a sample that is constructed by
combining equal portions of grab samples that were taken at
predetermined times or locauons from any single lot of
mineral admixture.

4. Significance and Use

4.1 These test methods are used to develop data for
comparison with the requirements of Specification C 618.
These test methods are besed on standardized testing in the
laboratory and are not intended to simulate job conditions.

4.1.1 Strength Activity Index—The test for strength ac-
uvity index is used to dzizrminz whether 2 mineral admix-
ture results in an acceptable level of strength development
when used with hydraulic cement in concrete. Since the test
is performed with monar, the results may not provide 2
direct correlation of how the mineral admixture will con-
tribute to strength in concrete.

"4.1.2 Chemical Tests—The chemical component deter-
minations and the limits placed on each do not predict the
performancc of a mineral admixture with hydraulic cement
in concrete, but collectively help describe composition and
uniformity of the mineral admixture.

5. Materials

5.1 Graded Standard Sand—The sand used for making
test specimens for the activity index with lime or portland
cement shall be natural silica sand conforming to the re-
quirements for graded standard sand in Specification C 778.

NotE 1—Segregation of Graded Sand—The graded standard sand
should be handled in such 2 manner as to prevent segregation, since
vanations in the grading of the sand cause vanations in the consistency
of the monar. In emptying bins or sacks, care should be exercised 1o
prevent the formation of mouands of sand or craters in the sand, down
the slopes of which the coerser paricles wall roll. Bins should be of
suffident size 1o permit these precautions. Devices for drawing the sand
from bins by gravity should not be nsed.

5.2 Hydrated Lime—The hvdrated lime used in the tests
shall be reagent-grade calcium hyvdroxide, 95 % minimum
calculated as Ca(OH), (Notz 2), and have a minimum
fineness of 2500 m?/kg as determined in accordance with
Test Method C 204.

Note 2—The caldum hydroxide should be protectied from exposure
10 carbon dioxide, Material remaining in an opened container after a
test should not be used for subsequent tests.

5.3 Portland Cement—The portland cement used in the
Strength Activity Index with Portland Cement test shall
comply with the requirements of Specification C 150 and
have a minimum compressive strength of 3000 psi (35 MPa)
‘at 2§ days and total alkalies (Na,C + 0.658 K,0O) not less
than 0.50 % nor more than 0.80 %.

5.3.1 The use of a locally available portland cement in the
Strength Activity Index or a project cement that does not
meet the requirements of the section on Matenals is per-
mitted when the variatons from the requirements of the
section on Materials are reporied and when the use of such
portland cement is rcqucswcL

6. Sample Type and Size

6.1 Grab samples and regular samples shall weigh at least
41b (2 kg).

6.2 Grab samples or regular samples taken at prescribed
intervals over a perod of time (see Table 1), may be
combined to form a composite sample representative of the
mineral admixture produced during that period of time.

6.3 Composite samples shall weigh at least & Ib (4 kg).

6.4 The sampling shall be done by, or under the direction
of, a responsible representative of the purchaser.

7. Sampling Procedure

7.1 The mineral admixture may be sampled by any one of
the following methods:

1.1.1 From Bulk Storage at Point of Discharge or from
Rail Cars and Road Tankers. A sample may be taken by
siphon tube during loading or by sampling tube from each
loaded car or tanker. If the load is sampled at the point of
discharge into the rail car or tanker, the top surface shall be
removed to a depth of at least 8§ in. (200 mm) before
sampling. The sample shzall be identfied with at least the
date and shipment number.

1.1.2 From Bags in Storage. The regular sample shall
comprise increments of egual size taken by sampling tube
from three bags selected at random from one lot of bageed
material. The sample shall be identified with date and lot
number.

7.1.3 From Conveyor Delivering 1o Bulk Storage. Take
one sample of 4 1b (2 kg) or more of the material passing over
the convevor. This may be secured by taking the entire test
sample in a single operaton, known as the grab sample
method, or by combining several equal portions taken at
regular intervals, known as the regular sample method.
Automatc samplers may be used 10 obtain samples.

7.2 Samples shall be treated as described in Section 8.

Note 3—Some methods of leading or delivery of mineral admix-
tures, particularly from an zirstream or conveyor belt, may create
stratfication or segregation in the material stream. Sampling techniques
must be designed to ensure that the sample is representative of the
mineral admixture shipped.

8. Preparation and Storage of Samples

8.1 Prepare composite samples for the tests required in
Section 9, by arranging all grab or regular samples into
groups covering the period or quantty to be represented by
the sample. Take equal portions from each, sufficient to

TABLE 1 Minimum Sampling and Testing Frequency”

s i Jobsite or New Established
st e Source® Source &
Motsture content Regutar Daity or each Daily or each
Loss on ignition 100 Toas 400 Tons
Fineness (90 Mg)© (360 Mg)©
Density and the Composite Monthiv or each  Monthly or each
other tests in 2 00Q Tons 3000 Tons
Spedification (1 BOO Mg)© (2 700 Mg)©
C 618, Tables
1and 2

41 should be noted that the minamum test frequency given in Table 1 is not
necessarily the frequency needed for quafity control programs oa some mineral
admixtures.

& For definitions, refer 1o the Terminology section.
€ whichever comes firsL



141

b c 311

produce a composite sample large enough for the tests
required. Mix the composite sample thoroughly.

8.2 Samples shall be stored in clean, airtight containers
identified with the source and lot or peroid of time repre-
sented. Untested portions of the sample shall be retained for
at least one month after all test results have been reported.

9. Testing Frequency

9.1 General—When required. the purchaser shall specify
the amount of testing for available alkalies, reactivity with
cement alkalies, drying shrinkage, and air-entrzinment.

Make all other tests on regular or composite samples chosen

as specified in Table 1.
CHEMICAL ANALYSIS

10. General

10.1 All apparatus, reagents and techniques shall comply
with the requirem:znts of Test Methods C 114.

10.2 Purity of Water—Unless otherwise indicated, refer-
ences to water shall be understood 1o mean distilled water or
water of equal purity.

- MOISTURE CONTENT

11. Procedure

11.1 Dry a weighed sample, as received, to constant
weight in an oven at 221 to 230°F (105 10 110°C).
12. Calculation

12.1 Calculate the percentage of moisture to the nearest
0.1 %, as follows:
Moisture content, % = (A/5) x 100 (1)
where:
A weight loss during drying. and
B weight as received.

LOSS ON IG'NHT@N

mon

13. Procedure

13.1 Determine loss on igniton in accordance with the
procedures outlined in Test Methods C 114, except that the
material remaining from the determination of moisture
content shall be ignited to constant weight in an uncovered
porcelain, not platinum, crucible at 1382 = 122°F (750 £
50°C).

14. Calculation

14.1 Calculate the percentage of loss on ignition to the
nearest 0.1, as follows:

Loss on ignition, % = (A/B) X 100 2)
where:

A = weight loss between 221°F and 1382 + 90°F (105°C
.and 750 % 50°C), and
B = weight of moisture-free sample used.

SILICON DIOXIDE, ALUMINUM OXIDE, IRON
OXIDE, CALCIUM OXIDE, MAGNESIUM
OXIDE, AND SULFUR TRIOXIDE

15. Procedure
15.1 Determine the percentages of these oxxdes as re-

quired in accordance with the applicable sections of Test
Methods C 114 for materials having an insoluble residue
greater than 1 % (Note 4).

NoTE 4—Rapid and insrumental mct.hods may be emploved similar
to those in Test Methods C 114.

AVAILABLE ALKALI

16. Procedure

16.1 Weigh 5.0 g of the sample and 2.0 g of hydrated lime
on 2 piece of weighing paper, carefully mix using a2 metal
spatula, and transfer to a small plastic vial of approximately
25-mL capacity. Add 10.0 mL of water to this mixture, seal
the wial by securing the cap or lid to the vial with tape (Note
5), blend by shaking until the mixture is uniform, and store
at 38 £ 2°C.

NOTE 5—To ensure that moisture loss from the paste does not occur,
place the sealed vial in a sealable container (such as a small sample or
mason jar), add sufficent water 1o cover the bonom of the container,
and seal.

16.2 Open the vial at the age of 28 days and transfer the
contents 10 a 250-mL casserole. Break up and grind the cake
with a pestle, adding a small amount of water, if necessary,
so that a uniferm slurry containing no lumps is obtained
(Note 6). Add sufficient water 10 make the total volume 200
ml. Let stand 1 h at room temperature with frequent
stirring. Filter through 2 medium-textured filter paper onto a
500-mL volumetric flask. Wash thoroughly with hot water
(eight to ten times).

INOTE 6—At times it may be pecessary to break the vial and peel off
the plastic from the solid cake. In such cases, care should be exercised 10
avoid the loss of material and to remove all solid material from the
fragments of the vial. If the cake is too hard to break up and grind in ths
cass=role, 2 mortar should be used.

16.3 Neutralize the filtrate with dilute HCI (14-3). using 1
to 2 drops of phenolphthalein solution as the indicator. Add
exactly 5 mL of dilute HCI (1+3) in excess. Cool the solution
to room temperature and fill the flask to the mark with
distilled water. Determine - the amount of sodium and
potassium oxides in the solution using the flame photometric -
procedure, described in Test Methods C 114, except that the
standard solutions shall be made up to contain § mL of
calcium chloride (CaCl,) stock solution per litre of standard
solution, and the solution as prepared shall be used in place
of the solution of cement.

NOTE 7—The standard solutions made up with 8 mL of calcium
chloride (CaCl,) stock solution contain the equivalent of 504 ppm of
CaQ. Tests have shown that this amount closcly approximates the
amount of calcium dissolved in the test solution.

17. Calculation and Report

17.1 Calculate the results as weight percent of the onginal
sample material. Report as equivalent percentage of sodium

ooxide (Na,0), calculated as follows:

Equivalent Na,0, % = Na,0, % + 0.658 x K,0, %  (3)
PHYSICAL TESTS
DENSITY
18. Procedure
18.1 Determine the density of the sample in accordance
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with the procedure described in Test Method C 188, except
use about 50 g of mineral admixture instead of approxi-
malely 64 g of cement as recommended in Test Method
C 188.

FINENESS, AMOUNT RETAINED WHEN
WET-SIEVED ON A 45-um (NO. 325) SIEVE

19. Procedure

19.1 Determine the amount of the sample retained when
wet-sieved on a 45-pm (No. 325) sieve, in accordance with
Test Method C 430, with the following exceptions.

19.1.1 Calibrate the 4341m (No. 325) sieve using a cement
standard (SRM 114). Calculate the sieve correction factors
as follows:

CF = s1d — obs (4)
where:
CF = the sieve correction factor, %, (include a negative sign
when appropnate),
std = the centified residue value for the SRM, %, and
obs = the observed residue value for the SRM, %.

19.1.2 Calculate the fineness of the mineral admixture to0
the nearest 0.1 % as follows:

Re=Rs+CF ©)

Re = corrected sieve residue, %,
Rs = observed residue for the test sample, %, and
the sieve correction factor, %.

Note 8—Test Mcthod C 430 has besn adopted for testng flv ash
fineness. However, cernain requirements, such as cleaning of sieves and
interpretation of the test resubts, are sometimes not appropriate for fly
ashes. The C 311 task group 1s currently evaluating the use of SRM fly
ashes for performing sieve calibrations.

INCREASE OF DRYING SHRINKAGE OF
MORTAR BARS

9
Il

20. Test Specimens

20.1 Prepare test specimens in accordance with the proce-
dures described in Test Method C 157, except mold three
mortar bars from both the control mix and the test mix using
the following proportions:

Control Mix Test Mix
Portland cement, g 500 300
Mineral admixture, g None 125
Graded standard sand, g 1375 1250
Water sufficient to produce a flow of 100
wlls%
21. Procedure

21.1 Cure and measure the test specimens in accordance
with Test Method C 157, except that the moist-curing period
(including the period in the molds) shall be 7 days, and the
comparator reading at the age of 24 + V2 h shall be omitted.
Immediately after taking the ecmparator reading at the end
of the 7-day moist-curing period, store the specimens in
accordance with Test Method C 157, and after 28 days of air
storage, take a comparator reading for the specimens in
accordance with Test Method C 157.

* Available from the National Instinnc of Standards 2~d Technology (NIST),
Gaithersburg. MD 20899,

22. Calculation and Report
22.]1 Calculate the increase in drving shrinkage of the
mortar bars, S, as follows:
Si = SI - S: (6)
where:
S, = average drving shrinkage of the 1est specimens calcu-
lated as follows, and
S, = average drving shrinkage of the control specimens
calculated as follows:
§ = [inital CRD — CRD] x 100
G

0]

where:

S = drying shrinkage of 1est or
specimens, %,

initial CRD = difference between the comparator reading of
the specimen and the reference bar at 7 days
of moist curing,

control

CRD = difference berween the comparator reading of
the specimen and the reference bar at 28 days
of drying, and

G = the gage length of the specimens (10 in. or
250 mm).

22.2 Report the results 10 the nearest 0.01. If the average
drying shrinkage of the control specimens is larger than the
average drying shrinkage of the test specimens, prefix a
minus sign to the increase of drying shrinkage of mortar bars
reported.

SOUNDNESS

23. Procedure

23.1 Conduct the soundness test in accordance with Test
Method C 151, except that the specimens shall be molded
from a paste composed of 23 parts by weight of mineral
admixture and 100 parts by weight of a portland cement
conforming to Specification C 150.

AIR-ENTRAINMENT OF MORTAR

24. Procedure

241 Using portland cement conforming 1o the require-
ments for Type I or Type II of Specification C 150, prepare a
test mixture in accordance with Test Method C 183, using
the following proportions:

Test Mix
Portland cement, g 300
Mincral admixture 5
20-30 standard sand, g 1125
Water, ml, sufficient 10 give & flow of 80 10 95 5
Neutralized Vinsol® reuin solution, ml, # sufficient 10 produce an 7z

air conient of 18 = 3 %

# The amount of Vinsol resin solution used shall be considered as par of the
mixing walcr.

24.2 The neutralized Vinsol resin solution used in this
section on Air-Entrainment of Morar shall be either a
commercial neutralized Vinsol resin solution or a neutral-
ized Vinsol resin solution prepared in accordance with

3 Available from Hercules, Inc, 917 King St, Wilmington, DE 19899,
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Specification C 226. If it is necessary to dilute either of these
solutions, us¢ distilled or demineralized water. (Note 9.)

NoTe 9—Dissolved minerals in drinking water may precipitate
Vinsol resin solutions and greatly diminish its air-cotraining character-
istics.

24.3 Prepare two test mixtures with sufficient neutralized
Vinsol® resin 10 produce an air content of 15 10 18 % in the
first mix and 18 to 21 % in the second mix. Then, determine
by interpolation tbe amount of Vinsol resin, expressed as
weight percent of the cement, required to produce an air
content of 18 %.

23. Calculztion

25.]1 Calculate the air content of the test mixtures as
follows:

Alr content, volume % = 100 [1 — (H,/H")] (8)
W= H"]‘I"OO
[ o 300+ 1125 + 75 + (300 x P x 0.01)
= (300/3.15) + (1125/2.65)
+ (715/D) + [(300 x P x 0.01)/1]
where:

W, = acmal weight per unit of volume of mortar as
determined by Test Method C 185, g/ml,

B = weight of the specified 400 mL of mortar (see Test
Method C 185), g,

W_. = theoretical weight per unit of volume, calculated on
an zir-free basis and using the values for density and
quzntities of the matenals in the mix, g/mL,

= percentage of mixing water plus Vinsol resin solution
based on weight of cement, and

D = density of mineral admixture in the mixture, Mg/m*.

STRENGTH ACTIVITY INDEX
WITH PORTLAND CEMENT

26. Specimens

26.1 Mold the specimens from a2 control mixture and
from a tsst mixture in accordance with Test Method
C 109/C 109M. The portland cement used in the Strength
Activity Index test shall comply with the requirements of
Specification C 150 and with the alkali and strength limits
given in the section on Materials. In the test mixture, replace
20 % of the mass of the amount of cement used in the
control mixture by the same mass of the test sample. Make
six-cube batches as follows:
26.1.1 Control Mixture:
500 g of portland cement
1375 g of graded standard sand
242 ml of water

26.1.2 Test Mixture:

400 g of portland cement

100 g of icst sample :

1375 g of graded standard sand

mL of water required for flow =35 of control mixture

26.2 Number of Specimens:

26.2.1 Since Specification C 618 specifies that “meeting
the 7 day or 28 day Sturength Acuvity Index will indicate
specification compliance™ only one age might be required. At
the option of the producer or the user after preparing

six-cube batches, onlv three cubes of control and 1eq
mixtures need 10 be molded for either 7 or 28 day testing.

27. Storage of Specimens

27.1 Afier molding. place the specimens and molds (or
the base plates) in the moist room or closst at 73.4 = 3°F (23
+ 1.7°C) for 20 to 24 h. While in the moist room or cioser
protect the surface from dripping water. Remove the molds
from the moist room or closet and remove the cubes from
the molds. Place and store the cubes in saturated lime wate:
as specified in Test Method C 109/C 109M.

NoTe 10—Take care 10 ensure against zones of siratfication or
pockets of variation in temperature io the curing chamber.

28. Compressive Strength Test

28.1 Determine the compressive strength, as specifiad ic
Test Method C 109/C 109M, of three specimens of ths
control mixture and three specimens of the test mixture a:
ages of 7 davs, or 28 days, or both, depending upon how
many specimens were molded as prescribed in the section oz
Number of Specimens.

29. Calculation

29.1 Calculate the strength activity index with poriland
cement as follows;

Strength activity index with portland cement = (4/8) x 10Q (7,
where:

A = average compressive strength of test mixture cubes, ps
(Pa), and
B = average compressive strength of control mix cubes, ps
(Pa).
WATER REQUIREMENT
30. Calculation

30.1 Calculate the water requirement for the Strength
Activity Index with Portland Cement as follows:

Water requirement, percentage of conmol = (17242 x< 100) (&
where:

Y = water required for the test mixture to be +5 of contro!
flow.

EFFECTIVENESS OF MINERAL ADMIXTURE IN
CONTROLLING ALKALI SILICA-REACTIONS
(SEE APPENDIX XI.)

31. Procedure

31.1 Determine expansion of raortar made with 2 minerz:
admixture and a test cement as a percent of expansion of
mortar made with low alkali cement in accordance with Tes:
Method C441 as modified in the following paragraphs:

31.1.1 Control Mixture—The control mixture will bz
made as required in Test Method C 441 except that ths
control cemeant shall have an alkazii content (as equivalen:
Na,O) less than 0.60 % (Note 11).

Note 11—Generally, the cpntrol cement should have an alka®
content as equivalent Na,O between 0.50 and 0.60 S%. However, lowses

alkali control cement may be used, if desired, 10 demonstrate equive
lence.

31.1.2 Test Mixiure Using Mineral Admixture—The
combined quantity of cement plus mineral admixture shall
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toral 400 g. See Appendix X 1. Use 500 p of borosilicatr glass®
ageregate and sufficient mixing water o produce & flow
betwesn 100 and 115 % as determined in accordance with
Test Mcethod C 109/C 109M. The cement used in the test
mixture shall bave an alkali content greater than that of the
cement in the control mixture MNote 12).

Note 12—Gencerally, this test cement will have ap alkali content
equal to or higher than that used in the job

31.1.3 Store and measure specimens as required in Test
Method C 227, Measure length of specimens at ages of 1 and
14 days.

32. Report

32.1 Include in the repon for each 1est mixture compar-
ison made:

32.1.1 The 14 day expansion of the 1est mixture as a
percent of the control mixture at that age,

32.1.2 The identification and chemical analysis of the
mineral admixture,

32.1.3 The mass percentage of mineral admixture based
on the total mass of cement plus mineral admixture in the
test mixture, and

32.1.4 The alkali content of control and test mixrure
cements as equivalent alkali (Na,O + 0.6538 K,0).

PRECISION AND BIAS

33. Precision and Bias

33.1 Strength Activity Index Test:

33.1.1 Precision was determined from two interlaboratory
studies involving tvo Class C fly ashes, two Class F fly ashes,
and one (lass N pozzolan. Participaung laboratonies num-
bered 12 and 7 in the two studies.”

33.1.2 The single-operator standard dewviation for the
Strength Activity Index test has been found to be 3.7 % (1s).
This does not appear to varv either with material or with test
age, over the range of 7 to 28 days. Therefore, results of two
properly conducted tests by the same operator on the same
material should not differ by more than 10.5 % (d2s) of the
average of the two results.

33.1.3 The muldlaboratory standard dewiation for the
Strength Activity Index test has been found 1o be 4.5 % (1s).

€ Pyrcx brand glass Ma. 7740 is available from Corning Glass Works, Corning.
New York.

7 A rescarch roport summarizing the statistical analvss is availabie from ASTM
Headquaners, 1916 Race St, Philadelphia, PA 19103. Request RE: Q09-1001.

TAELE 2 Within and Between Lab Precision Estimates for C 114
Methods Applied to the Anatysis of Fly Ash

1s d2s

Oxde
WL B WL B/L
S0, 0.62 0.86 1.75 2.45
ALO, 1.46 2.29 .12 6.48

Fey0,

= 0.12 0.11 034 0.31
22 % 0.2 0.25 032 071
Ca0 0.63 0.74 1.79 2.09
MgO 0.20 0.21 055 061
SO, 0.01 0.03 027 0.48
Mossture 0.05 0.06 0.15 0.7
LOt 0.09 0.12 025 0.35

This does not appear 10 vary either with material or with test
age, over the range of 7 to 28 days. Therefore, results of t=o
properly conducted tests in different laboratonies on the
same matenal sheuld not differ by more than 12.7 % (d2s) of
the average of the two results.

33.1.4 Since there is no accepted reference material suii-
able for determining the bias for this procedure, no state-
ment on bias is being made.

33.2 Chemical Analysis:

33.2.1 Precision and bias estimates for the test methods in
C 114 when applied to the analysis of pozzolans were
calculated from an interlaboratory study involving 7 labora-
tories each analysing 4 NIST SRM flv ashes. A research
report describing the results of this study is available from
ASTM 8

33.2.2 Precision—Within-laboratory (W/L) and betwezn-
laboratory (B/L) estimates of standard deviation® and esti-
mates of maximum differences expected between duplicate
determinations in 95 % of compansons® are summarized in
Table 2.

33.2.3 Bias—Staustically significant bias was found 1n the
determination of CaQ and MgQ. Ca0 determinations aver-
aged 0.46 %..higher than the value certified for the SRM.
MgO determinations averaged 0.19 % higher than the value
certified for the SRM.

34, Keywords
34.1 fly ash; natural pozzolan

® A rescarch report is available from ASTM Headquaniers, 1916 Racs St,
Philadelphia, PA 19103. Request RR: C09-1008.

? These values represent, respectively, the (1s) 2nd (¢2s) limits as descnbed 1n
Practice C 670.
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APPENDIX

(Noum};ndalory Information)

X1. COMMENTARY ON SECTION 30

X1.1 Test procedures in Secton 30 are designed 10
determine the effectiveness of flv ash, or natural pozzolan, in
preventing excessive expansion resulung from a reaction
between certain aggregates and alkalies in portland-cement
mixtures. Tests are made in accordance with Test Method
C 441 using:

X1.1.1 400 g of portland cement or a combined total of
«cement plus fly ash or natural pozzolan of 400 g.

X1.1.2 900 g of borosilicate glass,® and

X1.1.3 Sufficient water to obtain a flow of 100 to 115 %.

1.2 The control mixture is made with a low-alkali
portland cement. The test mixture, made of a test percentage
of the fly ash or natural pozzolan, can be made with the same
cement or any other cement having an equivalent alkali
content greater than 0.60 %.

X1.3 Imterpretation of Results—The fly ash or npatural
porzolan will be considered “effective™ when used at per-
centages equal 1o or greater than the percentages used in the
test mixture with cements having alkali contents that do not
exceed by more than 0.05 percentage points the alkali
content of the cement used in the test mixture.

X 1.4 Selection of the Percemage of Fly Ash or Natural
Pozzolan—It may be necessary 1o make test mixtures with
several percentages of fly ash or natural pozzolan to deter-
mine the minimum amount necessary to be considered
“cffective” in reducing expansion to the level produced by
the “control” low-alkali cement. The minimum amount of
fly ash or matural porzolan shall be 15% by weight of
cementitious material.

X1.5 Selection of the Alkali Content of the Cement Used
in the Test Mixture—In some instances it may not be
necessary 10 demonstrate that the fly ash or natural pozzolan
will reduce expansion, but rather that it will not-increase
expansion. In this instance the test and control mixtures
should be made with the same low alkali cement used in the
control mixture to betier delineate any increase in expan-

sion. The fly ash or patural pozzolan percentage used may
need 10 be sufficienty high to demonstrate that the per-
centage exceeds the pessimum if such pessimum exists for
the combination.

X1.6 Selection of the Low Alkali Control Cement—The
test procedure in this test method and requirements in
Specification C 618 are designed 1o measure the relatve
effectiveness of the flv ash or natural pozzolan in reducing
expansion due to alkali-silica reactions. The effectiveness is a
function of both the alkali content of the cement used in the
test mixture and the percentage of fly ash or natural
pozzolan. The higher the alkali content of the test mixture
cement and the lower the percentage of fly ash or natural
pozzolan used, the more effective the fly ash or natural
pozzolan. This test procedure and the 100 % criterion of
Specification C 618 can be used as a guide to enhance field
performance of job mixtures if it is assumed that use of the
Jow alkali control cement will prevent excessive expansion in
service with materials proposed for use in the job. This is the
situation when the asgregates proposed for usz contain
rapidly reactive constituents but do not exceed 0.05 %
expansion in three months or 0.10 % expansion in six
months when tesied with the control cement in Test Method
C227. In such instances the control cement used in this test
method should have an alkali content as required to control
the expansive reactions of the aggregates being used, for
example in the 0.50 to 0.60 % range. See the appendix to
Specification C 33. . N

X1.6.1 Certain reactive ageregates have been identified
which produce deleterious expansion afier many years of
service when used with cements with equivalent alkali

" contents well below 0.60 %. Ofien these reactive aggregates

do notproduce expansions in Test Method C 227 exceeding
those discussed in the appendix of Specification C 33 untl 2
much later ace, perhaps one or two years. In such instances
the use of a control cement with an alkali content signifi-
cantly less than 0.60 % is appropriate.

The American Society for Testing and Materials takes no position respecting the validity of any pater rights asserted in connection
with any ltem mentioned In this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rigitts, &nd the risk of infringement of such rights, are entirely their own responsility.

This standard is subject to revision at any lime by the responsible lechnical commitee and must be reviewed every five years and
¥ not revised, eizher reapproved or withdrawn. Your comments ere Imvted efther for revision of this standard or for additional standards
and should be addressed to ASTM Headguarters. Your comments will receive carelul consideration &1 & meeting of the responsible
technical commitie=, which you may aftend. I you feet that your comments have nol received a fair hearing you should make your
visws known fo the ASTM Committee on Standarc'z, 100 Barr Harbor Drive, West Conshohocken, PA 19428.
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Coal Fly Ash and Raw or Calcined Natural Pozzolan for Use
as a Mineral Admixture in Concrete?!

This standard i issued under the fixed designation C 615; the pumber immediatzly

following the designanion indicztes the vear of

onginal adoption or, in the czsc of revision. the vear of last revision. A number in parentheses indicates the vear of las: reapproval. A
supcrscript epsilon (¢) indicai=s an editorial hange sinee the last revision or reapproval.

This specification has oeen approved for use by agencies of the Department of Defense. Consult the DoD Index of Specifications and

Standards for the specific vear of issue which has been adopied

1. Scope

1.1 This specification covers coal fly ash and raw or
czlcined natural pozzolan for use 2s a mineral admixture in
concrete where cementitious or pozzolanic action, or both, is
desired, or where other properties normally attributed to
finely divided mineral admixtures may be desired, or where
both objectives are 1o be achieved.

Note |—Finely divided materials may tend to reduce the entrained
air content of concrete. Henee, if a mineral admixture is added 1o any
concrete for which entrainment of air is specified, provision should be
made to ensure that the specified air content is maintained by air
content 1ests and by use of addidonal air-cntraining admixture or use of
an airenwaining admixture in combination with air-entraining hy-
draulic cement.

1.2 The values stated in SI units are to be regarded as the
standard.

2. Referenced Documents

2.1 ASTM Standards:

C 311 Test Methods for Sampling and Testng Fly Ash or
Namral Pozzolans for Use as a Mineral Admixture in
Portland Cement Concrete?

3. Terminology

3.1 Definitions:
3.1.1 fly ash—finely divided residue that results from the
combustion of ground or powdered coal.

NOTE 2—This definition of fiv ash does not include, among other
things, the residue resulting from: (/) the burning of municipal parbage
or any other refuse with coal; (2) the injecdon of lime directly into the
boiler for sulfur removal; or (3) the burning of industrial or municipal
garbage in incinerators commonly known as “incinerator ash.”

3.1.2 pozzolans—siliceous or siliceous -and aluminous
materials which in themselves possess little or no cemen-
Htious value but will, in finely divided form and in the
presence of moisture, chemically react with calcium hy-
droxide at ordinary temperatures to form compounds pos-
sessing cementitious preperiies.

! This specification is under the jurisdiction of ASTM Commitiee C9 on
Cooarete and Concrete Ageregates and is the direct responsibility of Subcommittes
(0924 on Mineral Admixtures.

Curreat edition approved Jan. 10, 1996. Published March 1996, Omgipally
published as C618 -~ 68 T to replace C 350 and C402. Lag previous edition
C618 -95.

? Annual Book of ASTM Standards, Vol 04.02.

by the Departmert of Defense.

4. Classification

4.1 Class N—Raw or calcined natural pozzolans that
comply with the applicabls requirements for the class as
given herein, such as some diatornaceous earths; opaline
cherts and shales; tuffs and voleanic ashes or pumicites, any
of which may or may not be processed by calcination; and
various matetials requiring calcination to induce satisfactory
properties, such as some clays and shales.

42 Class F—Fly ash normally produced from burning
anthracite or bituminous coal that meets the applicable
requirements for this class as given herein. This class fly ash
has pozzolanic properties.

4.3 Class C—Fly ash normally produced from lignite or
subbituminous coal that mests the applicable requirements
for this class as given herein. This class of fly ash, in addition
1o having pozzolanic properties, also has some cementitious
properties. Some Class C flv ashes may contain lime contents
higher than 10 %.

5. Ordering Information

5.1 The purchaser rhall specify any supplementary op-
tional chemical or physical requirements,

6. Chemical Composition

6.1 Flv ash and natural pozzolans shall conform to the
requirements as to chemical composition prescribed in Table

1. Supplementary optional chemical requirements are shown
in Table 1A.

7. Physical Properties

7.1 Fly ash and natural pozzolans shall conform to the
physical requirements prescribed in Table 2. Supplementary
optional physical requirements are shown in Table 2A.

8. Methods of Sampling and Testing

8.1 Sample and test the mineral admixture in accordance
with the requirements of Test Methods C 311.

8.2 Use cement of the type proposed for use in the work

- and, if available, from the mill proposed as the source of the

cement, in all tests requiring the use of hydraulic cement.

9. Storage and Inspection

9.1 The mineral admixture shall be stored in such a
manner as 1o permit easy access for proper inspection and
identification of each shipment. Every facility shall be
provided the purchaser for careful sampling and inspection,
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TABLE 1 Chemical Requirements
Moeral Admixture Class
N F C
Siscon doxde (S10,) pls aluminum oxice (ALD,) pUS Ton oxide (Fe,0s). min, & 70.0 70.0 50.0
Suhe trioxide (SO,), max. % 40 5.0 5.0
Mostire content, max, % 30 3.0 3.0
Loss on ignibon, max, & 10.0 6.04 6.0

“ The us2 of Class F pozzolan contanng up to 1?.;3:¢ssm-grﬂmmybeapprovedbymuserﬂeiﬁwam&puﬂepedmrmorumztmylesxmé

are made avaiable,

TABLE 1A Supplementary Optional Chemical Requirement

HMoTe—This opbonal requirement appbes oaly when speciically requested.

Mmeral Admbxture Class

N F G
Avadziie akales, as equivalent, as Na,0, max, %4 J 15 15 15
‘mmmmemwmnmlumaMWewbemhmelemmlgreacuveaggregateardmtomee:airmaﬁm

on content ol alkakes.

TABLE 2 Physical Requirements

Mineral Agmixture Class

N F {04
Fineness:
Amount retamed when wet-sieved on 45 pum (No. 225) sieve, max, £ 4 34 34 34
Swength activity index ®
With portiand cemerd, at 7 days, min, percent of 752 75°0 750
cormro! .
with portiand cemertt, at 28 days, min, percent of 752 750 75¢
control
Water requirement, max, percent of contro! 115 105 105
Soundnass: ©
Autoclave expansion or contraction, max, % 0.8 0.8 0.8
Undormity requirements:
The density and fineness of individual sampies
shall not vary from the average estabished by te
ten preceding tests, or by all preceding tests ¥ T
number is less than ten, by more than:
Density, max variation from everagzs, % 5 5 s
Percent retained on 45um (No. 325), max varation, 5 s 5

percentage ponits from average

“ Care should be taken 10 avoid the retaining of soglomenations of extremely fine mategal.

‘TheﬂrengthmmmporﬂaMCmmisnmmbecoﬂswwamedmmprmWo(wetem&jrﬁgmmm.ﬁe
srrmg*ﬁacﬁvityhdaxv&hpor&arﬂm::bdetmrkedbyanacm&emmdtest.andtsiumaedmevaluateﬂneoonthﬁmtobeexpectedhmt\em‘unaﬁadmixhxe
wumbr-gaswv;mdevebprmn!orme.mweigmdmermamm:espedﬁedhmleslwdaemmwmgmacﬁvﬂyidexwmpqruandoerrmt‘snm
mnsideredlobelhepmporﬁonreoonmenoedlotmecorwelobemedhmwk.Mwmmtdmsdnﬁmﬂnrmyspedﬁcprojedisdetermirm
byuraqui'edpmoeﬂsesofmecona—eteaﬁomm&smmememwmbeesumishedbytesﬁng.s‘frengrhacﬁvﬁy index with portland cement s 2
measire of reactivity with a given cement and may vary 2s 1o the source of both the mineral admixture and the cement.

cﬂn\emmmmsmmemmm:wwe@hlofheoemeﬂﬁtbusmteﬁalhmepmjedmixd&ign_metestspaci’:m!oramodave expansion
shall contain that anticipated percentage. Excessive axrtocieve expansion s highly significant in cases where water 10 mineral admbdure and cement ratios are low, for

example, in block or shotcrete mixes.

©Meeung the 7 day or 28 day strengih activity ino2x wit indicate specification compliance.

cither at the source or at the site of the work as may be
specified by the purchaser. :

10. Rejection

10.1 Material that fails to conform to the requirements of
this specification may be rejected. Rejection should be
reporied to the producer or supplier promptlyv and iu writing.

10.2 Packages varying more than S % from the stated
weight may be rejected. If the average weight of the packages
in any shipment, as shown by weighing 50 packages taken at
random, is less than that specified, the entire shipment may
be rejected.

10.3 Mineral admixture in storage prior to shipment for a
period longer than 6 months afier testing may be retested

and may be rejected if it fails to meet the fineness require-
ments.

11. Packaging and Package Marking

11.1 When the mineral admixture is delivered in pack-
ages, the class, name, and brand of the producer. and the
weight of the matedal contained therein, shall be plainly
marked on each package. Similar information shall b=
provided in the shipping invoices accompanyving the ship-
ment of packaged or bulk mineral admixture.

12. Keywords

12.]1 fly ash; mineral admixtures; natural pozzolan;
pozzolans
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TABLE 2A Supplementary Optional Physical Requirements
NoTE—These optional requarements apply only when specificaly requested.

Mineral Admocture Class
N F

Mufuple tactor, calculated as the product of loss on ignition and fineness, 255
amourt retaned when wet-sieved on 45-um (No. 325) sieve, max, = #

Increase of dryig shrinkage of morter bars ai 28 days, max. difference. in %. 0.03 0.03
over control®

Ursformity Requirements:
n acdiion, when air-emtraining concrele © specfied, the quantity of air-
entraxeng agent required 10 produce an ar comen of 18.0 vol = of mortar
shall oA vary fom the average established by the ten preceding tests or by all
preceding tests if less than ten, by more then, =

Effectiveness in Controlling Alkali-Sificz Reactiort©
Expansion of test mixture as percentage of low-aikali cement coatrol, at 14 100 100 100
Cays, max, %
A

20 20

cM'naalad::ixuxesmeeﬁ-gmmﬂmmmﬁaed&eﬂmhmma&aﬁwemusu-neuseotmm-akanmwmmusedﬁ!ﬁe
evaluation. However, the mineral admixture shal be considered effective only when the mineral admixiure is used at percentages by mass of ‘e total cementitious material

equaltoorexnaedhgma(medhﬁemmmmﬂkaﬁwnmtdmmiwbe:ﬁedudmmeni-\emladnimedomnotexceedmalusedhmeiml:yrnofe
than 0.05 %. See Appendx XI. Test Methods C 311.

The American Society for Testing and Materials takes no pasition respecting the vaidity of any patent rights asserted in connection
with any hem mentioned in this standard. Users of this standard are expressly advised that determination of the validiy of any such
patem rigihts, and the risk of infringement of such rights, are entirely their own responsibility,

This standard is subject 1o revision af any time by the responsible techniczl and must be reviewed every five years and
i not revised, edther reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standard's
2nd should be addressed to ASTM Headquarters. Your comments will receive cerefid consideration al 8 meeting of the responsible
technical committee, which you may attend. i you feel that your comments have nox received a fair hearing you should make your
views known to the ASTM Commitee on Standards, 100 Barr Harbor Drive, West Conshohiocken, PA 19428,
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This standard is issued under the fixed designation C 778; 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 reapprs al.

This standard has been epproved for use by the Department of Defense. Consult the DoD Index of Specifications and Standards Jor the
specific year of issue which has been adopted by the Department of Defense.

! NoTE—Section 10.2 was editorially corrected in March 1995.

1. Scope

1.1 This specification covers standard sand for use in the
testing of hydraulic cements.

1.2 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-
kbility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:

C.109/C 109M Test Method for Compressive Strength of
Hydraulic Cement Mortars (Using 2-in. or 50-mm Cube
Specimens)?

C 127 Test Method for Specific Gravity and Absorption of
Coarse Aggregate?

C 136 Test Method for Sieve Analysis of Fine and Coarse
Aggregates?

C 150 Specification for Portland Cement?

C 185 Test Method for Air Content of Hydraulic Cement
Mortar?

C 595 Specification for Blended Hydraulic Cements?

C 1005 Specification for Weights and Weighing Devices
for Use in the Physical Testing of Hydraulic Cements?

E 11 Specification for Wire-Cloth Sieves for Testing Pur-
poses*

3. Terminology

3.1 Definitions:

3.1.1 standard sand—silica sand, composed almost en-
tirely of naturally rounded grains of nearly pure quartz, used
for preparing mortars in the testing of hydraulic cements.

3.1.2 20-30 sand—standard sand, predominantly graded
to pass a 850-um (No. 20) sieve and be retained on a 600-um
(No. 30) sieve.

3.1.3 graded sand—standard sand, predominantly graded

! This specification is under the jurisdiction of ASTM Committee C-1 on Cement
and is the direct responsibility of Subcommittee C01.95 on Coordination of
Standards.

Current edition approved Nov. 15, 1992, Published January 1993. Originally
Published as C 778 — 74 T. Last previous edition C 778 - 92.

2 Annual Book of ASTM Standards, Vol 04.01.

3 Annual Book of ASTM Standards, Vol 04.02.

* Annual Book of ASTM Standards, Vol 14,02,

TABLE 1 Standard Sand Requirements
Characteristics 20-30 Sand Graded Sand
Grading, percent passing sieve:
1.18 mm (No. 16) 100 100
850 pm (No. 20) B5 to 100
600 pm (No. 30) 0to5 96 to 100
425 pm (No. 40) 651075
300 um (No. 50) 20 t0 30
150 pm (No. 100) Oto4
Ditference in air content of mortars made 20 1.54
with washed and unwashed sand, max,
% air
Source of sand Ottawa, IL or Ottawa, IL
LeSuer, MN

# Compressive strength of Test Method C 109 mortar made with Specification
C 150 or C 535 cement will be reduced approximately 4 % for each percent of 2ir
in the compacted cube. However, as many as three batches of washed and three
of unwashed sand may be needed to reliably detect a difference in strength of 7 %
between washed and unwashed sand mortars.

between the 600-pm (No. 30) sieve and the 150-pm (No.
100) sieve.

4. Requirements

4.1 Sand shall meet the requirements of Table 1 with
respect to grading, source of sand and absence of undesirable
air entraining characteristics.

METHODS OF SAMPLING AND TESTING
STANDARD SANDS

5. Apparatus

5.1 Sieves—The sieves shall be standard 203-mm (8 in.)
diameter, full-height, wirecloth sieves, conforming to the
requirements of Specification E 11, and of the following
sizes:

1.18-mm (No. 16) 425-um (No. 40)
850-um (No. 20) 300-pm (ONo. 50)
600-pm (No. 30) 150-pm (No. 100)

5.2 Sample Splitter—The sample splitter shall be of the
riffle type and shall have an even number of equal-width
chutes that alternately discharge in opposite directions. The
device shall have no fewer than eight chutes having a
maximum opening no greater than 12.7 mm (% in.), and a
minimum opening at least three times the diameter of the
largest particle of sand in a sample to be split. It shall be
equipped with a hopper or straightedged pan by which a
sample may be fed to the chutes at a controlled rate, and two
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receptacles to hold the two halves of the sample following
splitting. The length of the hopper or pan shall be approxi-
mately equal to the overall width of the assembly of chutes.

5.3 Weights and Weighing Devices—Weights and weigh-
ing devices shall conform to the requirements of Specifica-
tion C 1005 as appropnate for the size of the sample to be
weighed.

6. Sampling

6.1 Procedure—Pour an approximate quantity of sand
from the bag or other container into the hopper or pan of the
sample splitter, leveling the surface from end to end and
from edge to edge so that approximately equal amounts will
flow through each chute when the sand is introduced to the
chutes. The rate at which the sand is introduced shall be such
as 1o allow free flow through the chutes into the receptacles
below. When all of the original material has been divided,
the portion in one of the receptacles shall be reintroduced to
the hopper. Repeat as many times as necessary to obtain a
sample of the desired mass. As appropriate, the portion of
the sample collected in the second receptacle each time may
either be reserved for testing, for reduction in size for other
tests, or discarded.

7. Sieve Analysis

7.1 General—Obtain approximately 700 g of sand from a
full bag and reduce to approximately 100 g using the
procedure described in the section on sampling.

1.2 Sieving—Sieve the sand by hand or mechanically as
described in Test Method C 136.

7.3 Reporting—Report the results of the sieve analysis as
total percentage passing each sieve.

8. Tests for Air-Entraining Potential of Sand

8.1 Both 20-30 and graded sands may contain small
amounts of surfactants or other contaminants that will
produce air voids in mortars made with the sand. When
contamination is suspected, tests can be made using
“washed” and “as received” sand to determine the effect on
air content or strength (see Note 1).

Note [—Often it may be desirable 10 wash these sands routinely to
avoid potential problems. Additionally, the washing procedure outlined
in 8.1.1 will tend to minimize segregation of sand that may occur when
the sand is handled in a dry state.

8.1.1 Obtain a sample of at least 2800 g from a full bag of
sand. Place the remainder of the sand from the bag in a
drum-type concrete mixer. Add sufficient water to cover the
sand and mix for 2 min. Decant the water over a No. 200
sieve and drain for 2 min. Repeat the washing and decanting
procedure four times. Tilt the mixer and drain the sand for
20 min or longer. Weigh damp sand, in approximately
batch-sized quantities, into separate containers. Dry the sand
to constant weight in an oven at 110°C. Cool and adjust the
quantity of dry sand to the amount required for the test.
Prepare two batches of each of washed and as “as reccived”

sand for test following the procedures in Test Method C 185
for 20-30 sand or Test Method C 109 for graded sand.

8.1.2 Tests for air-entraining potential of a standard sand
shall be made on a single day by a single operator.

8.2 20-30 Sand—Prepare two batches of moriar with
washed sand and two with “as received” sand in accordance
with Test Method C 185. Compare the average air content
for washed and unwashed sand mortars for compliance with
limit in 4.1.2.

8.3 Graded Sand—Prepare two batches of mortar with
washed sand and two with “as received” sand in accordance
with Test Method C 109. When Test Method C 109 mortar
cubes are removed from the molds, determine the density of
a group of at least three cubes from each batch by weighing
the cubes both in air and immersed ia water. Follow
procedures outlined in Test Method C 127 for bulk specific
gravity (SSD). Weigh cubes to at least the nearest gram.
Calculate the apparent air content as follows:

apparent air content = ((D, — D,)/D,) x 100
where:
D, = the measured density (bulk specific gravity (SSD)),
and
D, = the theoretical density of air-free mortar, g/cm?.

Note that D, is calculated as the total mass of the ingredients
in a batch of mortar divided by the sum of the absolute
volumes of the cement, sand, and water used in the batch.
Average the apparent air content of the two batches made
with washed sand and compare that average with the similar
average for “as received” sand mortar to determine compli-
ance with the limit in 4.2.2,

9. Rejection

9.1 Standard Sand—A bag of standard sand shall be
rejected if the contents fail to meet one or more of the
requirements of this specification. A shipment of standard
sand shall be sampled by selecting every 15th bag by
consecutive number beginning with the 5th bag of the
shipment. Bags missing from the sequence shall be counted
as if they were there. A shipment of standard sand may be
accepted if the contents of the selected bags meet the
requirements of this specification. If any of the selected bags
fail to meet one or more of the requirements of this
specification, the shipment shall be resampled by selecting
every 15th bag by consecutive number beginning with the
10th bag of the shipment. A shipment of standard sand may
be accepted if the contents of the selected bags on the
resampling meet the requirements of this specification. If any
of the selected bags in the resampling fail to meet one or
more of the requirements of this specification, and the
rejected bag is within a 15-bag sequence of a bag rejected in
the first selection of bags, the entire sequence of bags between
accepted tests shall be rejected. The entire shipment shall be
rejected if half of the number of bags tested fail to meet the
requirements of this specification, or if the shipment consists
of five bags or less if one randomly selected bag fails the
specification.
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TABLE 2 Sampling and Resampling of Standard Sand

Total No. of Consecutive No. of Bags Test in Consecutive No.. the
Bags in Shipment to Test Fofiowing Bags
Sampling:
less than 5 1 random
S1019 1 5th
201034 2 5th and 20th
35to0 49 3 5th, 20th, and 35th
50 1o 64 4 5th, 20th, 35th, and 50th
Resampling:
less than 5 none reject shipment
S5to19 1 10th
2010 34 2 10th and 25th
35 10 49 3 10th, 25th, and 40th
501064 4 10th, 25th, 40th, and 55th

9.2 Table 2 shows for both sampling and resampling in
Column 2 the number of bags to be tested based on the total
number of consecutive bags in the shipment. Column 3
shows the identification of the bag to be selected for test
based on the consecutive number of the bags.

Nore 2—IT, in a shipment of 30 bags, on first sampling, the 20th bag
fails the specification, and on resampling, the 25th bap fails the
specification, the entire shipment is rejected. If the shipment were 100
bags and on first sampling only the 20th bag fails, and on resampling
only the 25th bag fails, only bags No. 11 to 34 would be rejected.

10. Packaging and Package Marking

10.1 Packaging—Standard sands shall be delivered in
bags with impervious liners made of material that will not
contaminate the sand.

10.2 Marking—Each bag shall be plainly marked as
follows: ASTM C 778 20-30 Sand, or ASTM C 778 Graded
Sand as the case may be. The source of the sand and the
weight of the sand contained therein shall be plainly indi-
cated on each bag.

11. Keywords

I1.1 graded sand; hydraulic cement testing sand: standard
sand; 20-30 sand

The American Society for Testing and Materials takes no pasition 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 standard's
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsitie
technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should make your
views known o the ASTM Committee on Standards, 1916 Race St., Philadelphia, PA 19103.
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