


















































































































































































































































































































































































































































6.1-

tU.i. 

6:t.2. 

6.2.i. 

(Jbtairs: HI)pi .. !dk:,-gnt:Y·::- (Jf :f":.r;f: .. 
in T 24&. 

f)ry i-d· g t;H!1 t·;t· t;.; ;;t _¡ ! Ü -i: {'lJO 9uF). 
A no\V' j(_ to. c:oa!· •• .. vdlh ;t b¡ hnTlld;)}u,a or 
by fft14tition ü-f l_l_ll_". .. 15-·t,:.j 
19 

an \-:vht:i ".:: thc spec!ti¡..:. gravH .. Y C1i {ü bi: U$Cd 
in prtifittrlifHting the 

Z:ry;·:-!g ¡-¡1uy . ..: . .-d of 
fht-. jülf, iüil)' ab·o .. 

1 · .fi};' .fnr lit: g;-:lvif}' in 
;-:;·2!. 

"iir- e-t.):.,: ;e_,; ,ls!A:".r..:: -G.l. i:. 

Oecant \vith cat'Cto -avoid to.s.s üf :...:;--.: !ht.t 
c-;11:1sr-d to a tnnv.!;;r; i]f 4-;r:d fh::qnently til ser:11re 

honJoge.ncihiS drying·. lf eh- a.·"'· t:!t tna..;: cn:tp!u;)1t:-:d te 
nssist in. . -ntnf.ulliJ t()- dty·· il 

t.::::. tn :.t \\zi.th ha;-·:d:; h1 a tnbbing lfrDtiGt! np 
üf I·,aU:.;. -¡_-:;.;' .. th_!":::;. ü?t-:'--==.tGe-:..(t!ü.H1: . 

a i..:nr:ditlon .. prucr-..th:r;; jn 6 .. 2A ut not 
ijU; i.") pr.cscnt i}U the :::ttn:.fttuc:·¡t fine ft th-c .ñrst 
trial Hr¡th :Jryfng 

... •. t 't\'trfk t·.· Ith a .. al 

intc . untiJ the: t::,st !he rr .;:_,:rndttivn. 
(f H;-;J. f::-i::¡_!' f .. i,:::.: rtúi. t'i'l thc 
it .. dty .. i_!:r: -:-¡-:[:! 

\VÍ!h.ibe tirte in a Cü!'1f .. 
tCr 30 'rhc;; for f:rr.>:,:ct of 
lh.t; ... tJry í:'-lJn:dH:inn. 

T,¡;:sí fi:r } . .falstu.t'·f.;.:.. 1 rnuld on a ihc 
hn:gc a. porti;_')n of rGt:: dficd i'i'lc· in, íht": IUO}d 

fiUiftg <i?tJ hce,¡,-;;,¿; ihc; t(¡p.ef ÜlC mntó· bx 
it \V.ith tti:. ti\Df .. t.- I Jg,htl'y .. p. in.t{}. !he 
n1old \'vith- J!5 iiaht drops nfthe .. drup :ihoutd start :5-n1Ut (0 .. -¿ }J\.) thc top 
:;t:ti:""tYC :r;.fthc P;_.vrr.H: tbc tJJn;p\!r tu frc-.:!y ai.tn:qtinn: a.H1 r:.ach 
d.rop4 ..:<\djust t.hc.:!:!arili1g .hcighJ. io JJe:-.v J.:·üp :md L1e 

.. th;rn !he {¡i1G{: thc lf 
is the .. rc!ttht. tht; iltüiúetl:.shapc. \\Jhen- rl1c 

.. ii -tf-t::"t! !t h:t::.reat·hed a t.(.Jiitftdún .. a:ngu!ar·.i!f:t: 
c:r .... vlf.h a h.igh n!i:y ltt Ült- u¡; ..... 

a conctitiüil .. · this rnay b;; ir lincs a u;o11. (t hau1Hi!l of 
1ü0 t'·50 ?tH1t;,JfJ:.) ·fr .. th\r":.e 

-s·\irt:-ü:'!C ... dry be t,.'t; !.!}:;;t :;kunps 
thr.:.rn(;qló.. 

;-:;·-:·:·::,;.: ...... l; ........ :..c-.:..:, ___ ---:::: . .: .. ;y.;.:: !'; . 
:-: .. ·.._-;,"!..·::·-;.·:·-·."":.-..-• .i>-.o;:-.:.:;:.-.. 

__ ·-!:.:.=!...:;,_...;' ;-"=·""..::.•._..._, •• L\ ... , ;;¡;;. ¡..¡.,: .. MC"I 



7. 

7.1. 

'7 --; 
t ,.1'4. 

Nn.t~ "} -.lln.: tOHt-:-~Yirtg critc! i~ h~ve. :-tb~u he!~"! u~!~d '.:!: ;natcria!s.tha.t dn not re:-!.d.ity .dump: 

l. Provisiono! Corg·: ?::;.'~'!: F~!! ~.!-.:: :".::~.~ ;:--:;-:!d ~3.?: ~k·~--·-7t-,:7:~· !-:-. :::~:.:t;n¡~ .. 6.2~ l ~~c~to:pt r~-!~ty =-~~~r; 

10 drops oftht: i~:Hiip~r .. Add-rrtní't.~ !1n...-; '-EJ!,r•~:~i~:.e ;~t:.t"!.-.o;¿"t;.~_1.(~dr~f:-p-;,; uf tl::.t: t'ztr:p(~r ;:·;ga.in-_ .. rh~n. 
ad:d~-tuahJriti1 h ...... ~.l mor~-tínu .. "S ush:6 U,;~·~l; ::r!·:J h-vu •li·.::;¡'~~:;ufth:~ ~·-~!I~r...:..:~, rcsr ... ::tt-iv~!y. L~:-vc.:l ofl' 
~he tnateda{ -eY~!l ;vith the top cf the tnold; r~:nmve loost.:: material fh:.nl tl'l(-: bfisc;; ((nd Utl t.he 
!nDld V<~rtic.ally. 

l.. i':#U1.1i..-.."Ü.J-.":al/ .. turj~u .. ~ 'l~t~i·f ¡.f.~:it) ¡.úfE-~: fht,~~ .,ti~ i:tit..:J h·!¡_~o thc :1~ic ;:;&=,:-r:~;¡i;:. ::::;!_:eh th;;t :r. 
1;vill not slurnp· ·llvhC"ti it it:· ~ ~i mn·ts!~:r.-~ -i:undlüor:, udd ri10i\:; 1Ht.Úsilirc.tn the sand:; .. ~~u:I at. tl1e 
anset ofth•:;.- Slr~-~~c,c .. .:J.: :;: c .. ~~=.ú~tk;t; 1 ~A:-ith thc h~r:d Hg{¡~Jy· p.atapprsJxfi-natt:-~y· H)U: g nf ihc 
material c.n fl- flaí-:_lh·y~ cl'-~tr-.. JHtk-.. ('•:- fiuH-;;Qnabsotbi·~·;i:st!rf!J."'{~e ... strc~f as:·~i·sh'eetGf ~~,;bbt".i':> 

a v.rorn oxi:Jjzcd, galv::u·ü;xd,_ ttr s~~~c! r.¡;r~:tcc, t:H~ a ,jÍE!:~(: -il..:int;-J ,~~;.;-:::L-it surfacc .. ,\ftér onc 
to thr~c sewnd~, rca~ovc !h~ nne i:?,gregnt-c. lfrHJi.i~~~i..~l~;·Tr:~~;~~!.;;;-~; ~:hr:v .. :~' ¡:¡a_ H:('~ ~t;:_.¡t. ÑlU"t'Uce 
f;-.-;~ ti!{1rt.:~ thnn nnz~ ~!-~ ~.~r: ... : :~~!~;r.;nd!!,. ih;;!'! ~;tu:f.'2-:~ :-~:~~:::~:~=-~ ;~~ ~;~r~~~;:·!~-:rc:d t~~ !) .. -. ~;:!-..:_::~-.:;nt on tñe 
Ú!t•-~- !J~.~/~~aíe. 

3". f~.olodrúa;Lci-..:,-·pr_Q~xh:u~~ d~.;t:-úb,~J by t:...:.ar:;;!h.~i Jtrsd Lt!t_;;) l ~igh\.v:ry. Kt~¡¡jt'.¡H\:J!· ;U:.4:·-or,t· t~n·~ 30'/,. 
p. 4'1. 

4. Fll'T ¡-¡:-;-;;.:·_!:;~:s f!-:·· ~~-:4~.~-:-~:~~~d .7.:.!¡-efU.!!r-.··dr.y ~nn::.-1~!.-~<:i-:-~· ;.~'!!..- ~ :::ing!P-:<=-ir•"- 'i1~1íl::ri~1t. i.h3,1t ~hnnp~"' ~.:ht_-:n 

·1:vi"":!!._1 hat:J .. fini1-fh. ¡~tpe.r lo"v~ds (_,,~u br. us~:-tl lo .suiHtcc dry ·ih•.: rt~!-ii.r:rial ttníil th\:: ¡PJiut .is just 
.r;...--:r~hcd. l-Vh~tre the -p.:~i).;."T to\vci .Jucs r~ut appear tn· he p!!:!dng tip !';fn!st:.;rr; ITorn tbt:~ St:lX!11t"C';- of' 
H.-::...~· Ji._~t~ ,tlJ!.B,fj;_g¡~t~ pariicles. 

P:;~r!iaHy fJH thc py(!1.lHrtl~.~Ü,!f V.litb \-Val<..'f .. irt!~fi~"\Hiib;:~}~· h:tri.:d;~\~~· ~;;t~: thü r::y;~nnr;:;i:~ter 500 J: ·¡o g of 
sHturn:t.·~~i surHl~{·, ... dry t.h1.l~ !lt~grcgt!!J..~ pr~~r:~~:.;_x!, ·as :{_~,.:;~·K:::{h;:_;d ~n. -s~~:¿-1~k~t! (i-_4 :Htd fH! '..vi.th :..~lditionat. 
Wai.er lo H_pí;;'u.:.iitriatr:ly fi .. CJ- fii.:(t:t_~¡-;; t"tf '~fift~f;it_y. 1\-f.ann!:\tlj !"OH:. Ínveti

7 
an-d ~gh:.;h-:;ths·;'jrfCBüiUCtei 

tn elir.-,h:ai.i~.a.H· r,ir buhhlt:--~ (}k:te. 3). _l~.ct:üm¡:J~-~lFrr ....... .-~hün-~-:-~J rt¿JJtzUon- by ·exU.:rü~fl·vihr~tikm- u-f .thi:. 
pycn0;1·~e;:·re-·i ¡ü ~- !T~a.ut;,;-·-r th;Jt \."¡:i:U r.:::üt d;:.~rnd~ ~ht: s:::ftJ:.fC7~ /";. h~v_t:; of a.¡-:i{~fjsy,;-;-- i,'~i-!.!·~f:.-:={{ t1G' .lt~!k~ ;:;e~ 
indi·vid"!J8f p~t: ~~(·.h.~~ h:·. juo.t..i~lü P.-;, ~rrffi~··Jt.i:tt k~ ·p;·ürí'1G~:. dt;..··,-¡h+;;g ";;rithf:l_Ut ,;.\:gv:adrtfh~;.r:~. f;;. r~H.:.t)t~E!:~k:al 

agitator .shull lJ.;! ~~nsidtr::d a~cpt¿:d71i.: fcr use if cr.nnpar:son t~~!:~ tür ct-u~h :d.?~··In'-:nth r:¡;¡·iud cf use 
SbO\V V~rlatinn:-~ !ex,.; th~ln thc ac~-::er.tahic t<H~gc or tv~·o r~n!t.~ (!"}2~) i;;:Ji;:¿;;;:.d, ~g ·.t;~ble 1 H·om 
rL-;.~n!tst;f ~~uft;.t~;J ~;~;tnHvn ~\ thc 5tUnü rnatt~r~ut .-\dj"ust Hs tcn~p-\X~if-G~:c t(i ~~3~t: .L f .. ·1oc ('73_4 ± 
311F):. lfncct.:;;t~;~¿ i' hy· :::nrn::.;r~'~{ti:1 ú¡·. cin..:uJatfng \'~ulcr-~ ~~d· bting 'tite 'I.Vakr !evci · h'r the. -p.;tenonleter 
to i1s c~~!¡hr9lcJ GI-~!1.{.:ity .. l Jt"l;..:rrrúne total fítct~s- of ~e p)!.L1'-'tün.I~icr,. sptciru~;~ ~fit.Ll-vate.r _ 

Ntt~c- .S :r úHr;;n»Hy tnkt,."$ ahoui ~ ~ hl t.n·min~!Jc~. Ú'l'-<.~íintb"ta~~ uír buhhk~F by. ma1n1H~· rn:::thuds~ 
f)ipplngthc tipo fa pa.ver-io\Vi:'1'l~-t1u Utr~ pyt:.tu:m-~t;:r ha.sl;ee,n f~nu"ld tu be u:..r;iltl ~a di~'pt;~ú.ng .thc 
íCam th~zt :;,t¡rnetirncs .buHds ·UP \:Vhcn c!itni:natirtg the .. air bt~bb!t~s;, .t~--uJding Ti. r~,,...,~ .dtüp5 of 
.isop:rtlpyi :ll'..:Gbe·t~ :.dl€T ~:~:-n!ov;J ~!f 2.!r huhbh:~~ ~Ml.d ju~t prh:r 'U} hringjr~g the- ~:\-"1lt•:r levcl to its 
\".!::.!H;rrd.~d c~~paci;_y5 ÍJ~~~ ~~~~'!f¡ ~~;r.7.~ f;.~n-~d ~~;:th! i-n d;~~pt.~rJ!r~g ~-Q~!rr~ t)7l thl.~ '\~~nt;;:r ;;;~~~~~:r:;.~# On nnt nse 
isop_rt)f!!-~l il~ .... ~J'hóJ "+"ih\:n l.~ing l .. he a.;ictü7!tiVe-!In:iliod ~.scrit%~d. in Sccticn "i .. 2 ... f·_ 

/V\SHrO 

CupytiuJñ '''"'l'fí~m .'\:-Ñ·,.·¡.:d'ion iW""'oilil HiiJIIV~yaui Íf>;tt~I:Rioo Officiai.$ 
P•<::\.:'.fu{ t,~!:-"'-' ..... -4_ "'-'""'~ ·ws.:· •• 'lf,~3; ;r:1- -! i.;iJ!-:•':$.~-~":.E·:." .. -<: Un#;,'f.~¡/!:~~001 

~!;t ~~ !:?'.:.~~. ~~!l~BJI' f1.;1:4!T.10 ~T 1-Juu."::.c.=l=:!¡..Jn v• ,_.,t.~R:W;;¡.¡_.._..,,..;u,_.l >.~_J..,,.,¡t&,~;f:~;r.; =~~ 



Standm·d 
Dcvialiun 

(1St 

Accept.ahlc 
R~ing~of 

TwuResults 
(D2St 

Sir:g!r:-np{~rntol·('lr~.cision: 

Suik ~-;p.~t~ifír. Efiivity (~:hy) 
Bulk Sf•í:-::ifk. griivity (SSD) 
}',pparent specitic. g.ravily 
Absurption." p.:rccnl 

0.011 

0.0091 

0.027 
0.027 

O"" ·"'' 

Mullilaborawry prccision: 

Rulk spccifir; eravity (dry) 

Rulk spccific gravity (SSO) 

o.n:n 
0.020 

0.020 

0.066 

0.056 

0.056 
()(r(i 

.A.pp::!~\~':i !':Jt~t:iil\: gr<tvily 

Ahsorptiun:'J.n::re,;¡¡t 

lf 1ñm•~ nnmf~t:r~ r.-..pr~f.:,...nl~ r-~~~iiw·ly, lfu"; (1 S.) a-ml (1>?~) fimit~~: :l"' dt':'i;t~rif),;..J if-1 ASTM.- (~ 6?n. Tht; pn·d~inn r.srimal.m;. wr.rc ohhtinr..tf fnnu lhr: anaJyti!l uf !.."!.t!tth!J!!;!! 
AASHTO Material~:: Rcf~n~nr.P.l.11honttnry rclr..f'ettc.f': s:amplc rl~tA f"rllltl }J1hon•tnrk~ ,.~;u!.! 1~ .. ~.!.1 J9~hmn· ~11urnlirm í.i.•J.n~.:.: Hnrl niho:, J,.Jn.m•i.w;o:.,.. •t"SÍJ!rt; ~;4. ±.·t ~~rtf[$ <.t( 

santration time. Ter.t.ing ~.s p~rfarmc~ -':!ft -ap..gre:g:o;-tc~ -~f norma! ~~,~~f.ir.- ~~~"!~;~~ .... ~·'·-' d.'!;_~~ ,,¿t.b.·'!7.f.~r<'".l!;:t-~-'.":-: ¿~~ t't~ .n~~~"··t:";· -1-~-"1;!;--.:~ ~ 
b Prr:.cis.im: cX!Í:~tii.d::::o; QfC f-..ar.~ '\0:0 oawft~i;,i:ih!S wílh :.h~l·I.:iul!$ tl.f k·;-s R~lill \.\!"'il;. pt;('C".(:!lt 9_1~fj !f!l.ty d!O~;t' li.t{ :;.;:.!!.1\tG!l)(l_!fl;.d rtt~t: H~"::~H~ .. -:X.1\l.rv;,.E- ah~)fí~fi•.~! v-.tlo~ 
en:~f('!r than nne pcrr..ent. 

7.2,i. 

7.2.2_ 

A!temative fo JJ¡:;fenuining f}w Mr;ss inSr!dirm ?..?"_·¡·¡.,<:: qmmtityo.faddt.;Lh·vai.~:r m:t:t::s:;<<ry-tn fili 
tht~ pycnom.;t\:i' at th~ reqnit'eti l.empemtrrtc ir m y !.e ¡l..,ft:rmlilt:d v•.Jlw.sie.ü·icaUy using a bun::í 
accurate to. 0.15 n1L .. Compute thc total r:1~-!ss of thc pycnom~t~r, gpc .. cimcn) a..t1d ~va!t~ ~ fbl!o\v~: 

C '0.997.) VaiS t-W (l) 

whcre: 

A!i:<rr.aiive itl !.In< Pro(:.-.dure in Set:iian. "/ 2 -1 !Nc a i ·'·' \ :h:~(dí,~r f!:J!;k initia.lly tfilcd with water to 
s pnhit oH.the .stt;nt be.t,veen th{~ O imd t.hé !-..rt;i ,. tl':ark. R~ont ihi~ initinl r~ading \;vith the fla..~k 
~1;J 1:ürtt1'j~~~:~ t,viHün th.::-. t~~~~~::~t~~~;·.;!:lY!'E~~:g~ ofzJ.fJ 1-: i :r··t~ (?3.4 +.. 3'"~1-7) .. Add 55 ~e 5 g oftinc 
-.ctgj.;l'~~g~F¿,t.~ ht th~; ~:mt~~.rnteJ .:~u.rf~tt.:;;.-d.ry ':oncl!t~U1t {:..¡r t~tht:t !i1:llii.i !~{ t!t~t:.:t;~L.$-aty 1G r(~;;;}L hi m;~.;ingthc 
\\-ater icvr.{· i.fl.snrlfc,1Jnint on·"ih-:.~ nppí.:r ~~ . .-ril.:S ofgtadilaUon)~ ;\:fi.t..~· aH fine ii&_~T~1?.t:rt;,:, l1as bccn 
introdti\:~_~.;t. ph~':.c. thc ·sto¡ ~i).:t h1 ~h~ !1~;.!~ ::l~1r1 -rc.H, thc .. ft:t:~;k ¡.,! -~n:. fr~ .. Ji:fit:d· pt~;Tttnn~ ot g';ni.ly whirl 
it in a hori/üüt~~- ._:.~r(.l~- Fü "" .... ; fu.;;.lt~~hJi!·g'": Ftfi r.~1trnpp['.d air., t~1uthnúnguntii. rt.t1 fU1-~Hu.1" buhblcs ri~G 
tó the surfa.ce (1'-~·ote 4). ~r~t .. >a ftn2.! ,fio~Jd~ng \V~i.h tt1e. t1;·j:: .. k.:!e1d cn~i\;G!.~; ;-¡¡~ihhí· li'C (l~iiúl·) ¡)f t.l-¡c 
nrigiual kn.ipcr..il:t.u:c. 

Nu;::..; ~\Vhen ·:.::.iir~ i~H! l.t'!" t;;,~_t~::Hcr .tl;l:-!k ntClhud! slu\vly atkH.n¡._; t~ ;..:.rn;;;.H iHCHHurt..11-umuunt 
(nol. to;·~:.t:t·.;~~.d.! ~;~L} ~r k~nprnpy~ ~iet-:r.~0f.;~ atkr tcmtrt·a! of air-b~!hhfcs; has ru.~cn. H.1~.Htd u;-:cful-.in 
displ"Tsing Joam Hf.'f"lt'"ring ou lh(; "'"''~ ;;urfaec. The vo1um;..~ of Bkdwi U~'.!d mus!: h<: subtrne!cd 
from the tinnl·r..,;.c!inr, (RX/. 

RCHlúv·c lb..;; fine aggr.:gal.e from "tht: py~;nomei.~;;r, Jry to cunsi.ant -tn:Ji:" .. t a .tempemhxr~ of t lO ± 
5c<; (230· f:·iflF);; {.~"Cl in air at rnon1 t~mp~ra!urc ti':;r l. O-± {)_5 h!_~!,;n; :.r.~d de.t~fü1ine ti;~; hi~S. 

ii7}~=s :.~ .. ,~ . ..fn !!cu uf dryiPff\:{rtrl :tl-t:!~~"t-rn.~~;;·ig th~: -!n::.·~-:.; ~.;(J.· H~-t; :.:~~rn¡~k~ "1:-~-h~~h h~3:: b~;.;-~n r~nov,.:ú ffom 
tlleJJY~n•~n;eter-:.. á i'evond pnttittn uri11L-:- satu~:attd. }1Utfac'-: ¡_{;y sarn¡tit: lnay ·he t.r~.f:d t(;; d":i.:.rfrtfnc. t.h~ 
ovt:;fl dry tm~~'i;; Thb ¡;a;npk: mu;;t be ohi.ain~d al ÜK~· f.arne time amJbc:. wiüún: 0.2 gran-r¡¡·t;f !.he 

fv\SHTO 
r.opr1i¡r~ /o.T.?.:~:o::: ,".:=::~Wilrí'.o' Rh:!:~ ~r.·.:;.r¡ ~ud fnil"lSpo!la1ion Om~ 
:.>u,.:.t.,.; t.r :h:"t,,.~;;.;, !0:..;..:~~ •• .u-: .. ·.:.;..:;.iTG 
f'Jr.~nrt::'~kine91-'l!fJjlL"V1~A~-=-:.-.:oo.?:O:.,t;~.::$ 



7.3.1. 

7.4. 

7.4.1. 

8.1.1. 

9.·f_ 

9.i:L 

!S-1c .. ·.· .. ··· .. · .......... ···.· .. ·.- .. ~ .. ·. -.. · .. . 

lfthe T ,r. Chatdier ilask ímc:thocl is u.~~:d., a separ-atc sant¡1le. p01tion is needed fi:1r í.lie dcterminalion 
of absorption. Weigh a scparate 500 ± 10 g portion ofthc saturatcd surface-dry line aggl·cgate, dry 
to. conslant mas~~, and rc\vcigh ... fhis r..an1ple· nrust be obt.aincd at thc srunc time as -~he 5:arnplc that is 
intmduccd into th.::. r .e C.hatdic;· fla.«k. 

De:terniii'le the ma.<;s orthc pycnom~ter !illed'to its <:alibration capadty with wªter at 23.0 ± 1.7°C 
(7.3..1· t: 3°F)_ 

Alternative lo Determiningthe lvfa•s in::,•ectíon 7.4-The qrmntity ofwattr nee::•?-SS<try tQ iil! the 
empty pycnomdcr alth~ rt'.t-lUir,-ltemperaturc may b~.., dctcm•incrl volumctril'<!lly U.'<ing a buret 
accm·atc to n. J 5 m l .. Ca!culatc thc ma.<:s o f thepycrmrnder filkd. ~ d!h v .. ·ut:!~ ::::;. fttl!mvs: 

B-= 0.9975 V +W (2) 

where: 

# m<~Ss of !1>~~k fill~cXI wíth water, g; 

V ;·olumc of flar.!r,. mf .; and-

W mas:> oflh<-' tlask ~'mpty, g. 

C~kulat~ t!ll:' h•1!k ~.cific gmvity, 2Ji73"C (73 AiT; .4"F), a." define~"! in M 1_"17. as follows: 

JJ:urk sp gr oz Af(R+S- e) 
where: 

.. A mas.~ (lÍ o.vcn-dt·y Sfll:,;:hnt;n- irJ. uir, g; 

B mass ol'pycnomcter fíll~d with water, g; 

S (A'S) Hui k sp gr = 1 . 1 . · 
~ 0.9975 (R2 -R1) 

whcre: 

R, 

Rz 
S¡ 

initíal ro1dinp.. nfwakr kvd in r . .:-. nmíelict .l1a;o;k; 

linal rt>.ading of wat.cr lcvd ín L<; Gmld.ü:r :Oask; am! 

rnas,.~ ~)f ~:~h;.t¿;~{~!f·Xl.,tt"'J~t~(".-t!ry ~.ifW'AÚmt:H H~Crl in J R.. (,~h:~~-~fi'~r Q.g.skJ g. 

(3) 

(4) 

Q;.h~ui::!l.c thc.butk-sr:ccifh; gravlty~ ~l}i~~J'"t: (73/Jl'lJ/tvt'), utt t:~~ L;¡_;~·;i~; uf tn~;s of saiuratcd 
surlüce- :i<y ag:,grcgatc as toilows: 

Bulk sp gr (satoM~;u :;urfacc- d¡y basis.) ,- 8/(B t S-- C) (5) 

lfthe Le Cltatdicr fiask mcthod was uscd, calcul:_!te the bulk sp~dfic gravily, :l31'23"C, on thc 
has~:~ ofsa.ttJt~t(l:d ~tn~t~''".\..""'dty age,t"e_e::ttc~ as follows: 

Bü1k :;p ·gr ( sutumkd :;;:rf:lG<: ~ dry ha:;is) ~ . ~~ ,-
0.997:>(R2 • R1j 

(~) 
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10. 

10.1. 

11. 

11.1. 

12. 

12.1. 

12.2. 

13. 

13.1. 

13.2. 

TS-1c 

APPARENT SPECIFIC GRAVITY 

Calculate the apparcnt spccific gravity, 23/23°(; (13 .4i73 .4''F), as defincd in M 132 as follows: 

Apparent sp gr = A/(B +A- C) (7) 

ABSORPTION 

Calculatc thc pcrcentagc ofabsorpUon, a<; dcfincd in ASTM C 125, as follows: 

Absorption, percent = [ (S- A)/ A J x 100 (8) 

REPORT 

Report specific gravity results to the nearest 0.01 and absorption to the nearest 0.1 pe..rcent. The 
Appendix gívcs.rnathcmalical inlcrrclationships among thc threc lypes of spccific gravilics and 
absorption. These may be useful in checking the consisteney of reported data or calculating a 
valuc that was not rcportcd by using othcr rcported data. 

Tfthc fine aggrcgatc was tcst.cd in a uaturally moisl condition othcr than the oven dried and 15-
hour soaked condition, report the so urce of the sample and the pmcedures used to prevent drying 
prior to testing. 

Thc c~:tim.:.Jh:s of prcdsion of this test mcthod (!islcd in Tablc 1) an; bascd on rcsults fi"om the 
AASHTO Matcrials Rcferencc Lahoratory Rcference Samplc Program, with tcsting conducted 
by ihis test mcihod and AST.M C 12&. T.hc significant diffcrcncc bctwccn thc mct.hods is that 
ASTM C 128 rcquir(:S a satun1tion pcriod of 24 ± 1 hours, and T &4 rcquircs R salurdtion pcriod 
of 15 to l'l hours. This difl'l:rencc has b1:en fuund lu havc an ínsignificant cffect on the 
prccision indices. Thc data are ba<>cd on thc analyscs ofmorc than 100 paircd test n,>sults trom 
40 to 100 laboratories. 

Sinrx:: there i~ no ac.cc..11hx1 nc;fe:t-rn.ec ml!.tcrial suitabl.e for d(:tcnuining th(; biils for the pror.cdure 
in T 84 for me-3¡:uring spe~~ífie gr:wity and absorpt.ion of rmc. aggrcgate, no st.atcment on bias is 
bcingmade. 

AASHTO 
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APPENDIX 

(Nonmandatory Tnformation) 

A1. INTERRELATIONSHIPS BETWEEN SPECIFIC GR.A VITIES ANO 
.ASSORPT~Or~ AS DEFiNED iN METHODS T 84 AND T 85 

Sa bulk specific gravity (dry-basis), 

Ss bulk specific gravity (SSD-basis), 

.S~ apparent specific gravity, and 

A absorption in percent. 

Then: 

S8 = (1 + Aj100)Sa 

1 
H' Sa = 1 A 

1-- :_"'"d 
sd too 

Or: 

Sa = l+A/100 A 

S, 100 

A = ( ~: -1) 100 

A=( Sa-ss )Ioo 
su(s8 -1) 

100 

A 
1--(S -l) 

lOO S 

(9) 

(JO) 

(11) 

(12) 

(13) 

1 This method agrees with ASTM C 128-97 except for differences in soaking time, requirements for balances, and 
provisions in Notes 3, 4, and 5. 
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This document is not an ASTM standard and is intended only lo provide the user of an ASTM standard an indication of what changes have been made to the previous version. Because 
it may not be technically possible to adequately depict all changes accurately, ASTM: recommends that users consult prior editions as appropriate. In all cases only the current version 
of the standard as published by ASTM is to be considered the official document. a Designation:G127 94 Designation: C 127 07 

~u11 7 
INTERitAJJOIIAL 

l. Scope* 

Standard Test Method for 
Density, Relative Density (Specific Gravity), and Absorption 
of Coarse Aggregate 1 

This standard is issued under the fixed designation C 127; 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 indieates the year of last reapproval. A 
superscript epsilon (E) indicates an editorial change sinee the last revision or reapproval. 

This standanl has been approved for use by agencies of the Departmenl of Defense. 

1.1 This test method covers the determination of the average density of a quantity of coarse aggregate particles (not including 
the volume of voids between the particles), the relative density (specific gravity), and the absorption of the coarse aggregate. 
Depending on the procedure used, the density (kg/m3(lb/~)) is expressed as oven-dry (OD), saturated-surface-dry (SSD), oras 
apparent density. Likewise, relative density (specific gravity), a dimensionless quantity, is expressed as OD, SSD, oras apparent 
relalive density (apparent specific gravity). The OD density and OD relative density are deterrnined after drying the aggregate. The 
SSD density, SSD relative density, and absorption are determined after soaking the aggregate in water for a prescribed duration. 

1.2 This test method is used to determine the density of the essentially solid portian of a Iarge number of aggregate particles 
and provides an average value representing the sample. Distinction is made between the density of aggregate particles as 
determined by this test method, and the bulk density of aggregates as determined by Test Method C 29/C 29M, which includes the 
volume of voids between the particles of aggregates. 

1.3 This test method is not intended to be used with lightweight aggregates. 
1.4 The values stated in SI units are to be regarded as the standard for conducting the tests. The test results for density shall 

be reported in either SI units or inch-pound units, as appropriate for the use to be made of the results. 
1.5 The text of this test method references notes and footnotes which provide explanatory material. These notes and footnotes 

(excluding those in tables and figures) shall not be considered as requirements of this test method. 
1.6 This standard does not purport to address all of the safety concems, if any, associated with its use. It is the responsibility 

of the user of this standard to establish appropriate safety and health practices and determine the applicability of regulatory 
limitations prior to use. 

2. Referenced Documents 

2.1 ASTM Standards: 2 

C 29/C 29M Test Method for Bnlk Density ("Unit Weight") IHld Voids in Aggregate Test Method for Bulk Density (Unit 
Weight) and Voids in Aggregate 

C 125 Terminology Relating to Concrete and Concrete Aggregates 
C 128 Test Method for Density, Relative Density (Specific Gravity), and Absorption of Fine Aggregate 
C 136 Test Method for Sieve Analysis of Fine and Coarse Aggregates 
e 566 Test Method for Total Evaporable Moisture Content of Aggregate by Drying 
e 670 Practice for Preparing Precision and Bias Statements for Test Methods for Construction Materials 
C 702 Practice for Reducing Samples of Aggregate to Testing Size 
D 75 Practice for Sampling Aggregates 
D 448 Classification for Sizes of Aggregate for Road and Bridge Construction 
E J J Specification for Wire eioth and Sieves for Testing Purposes 
2.2 AASHTO Standard: 
AASHTO No. T 85 Specific Gravity and Absorption of Coarse Aggregate3 

1 This test method is under the jnrisdiction of ASTM Commit!ee C09 on Concrete and Concrete Aggregates and is the direct responsibility of Subcommittee C09.20 on 
Nonnal Weight Aggregates. 

Curren! edition approved Aug. 1, il00+.2007. Published ,'rttgttst 29~.September 2007. Originally approved in 1936. Last previous edition approved in ;!OOl-2004 as 
e 127-0M. 

° For referenced ASTM standards, visit the ASTM website, www.astm.org, or contact ASTM Cnstomer Service at serviee@astm.org. For Annual Book of ASTM Standards 
volume information, refer to the standard's Document Snmmary page on the ASTM website. 

3 Ava.Uable fiom Amencan AssocJation oi State Htgfiway and Iransportabon üffictaiS, 444 North CapUoi St N.W., Smte 225, Washington, DC 20001. 

*A Summary of Changes section appears at the end of this standard. 

Copyright © ASTM lntemational, 100 Barr Harbor Dlive, PO Box C700, Wes! Conshohocken, PA 19428-2959, Untted States. 
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3. Terminology 

3.1 Definitions: 

<49Df e 121- o1 

3.1.1 absorption, n-the increase in mass of aggregate due to water penetration into the pares of the particles during a 
prescribed period of time, but not including water adhering to the outside surface of the particles, expressed as a percentage of the 
dry mass. 

3.1.2 oven-dry ( OD ), adj- related to aggregate particles, the condition in which the aggregates have been dried by heating in 
an oven at 11 O ± 5 oc for sufficient time to reach a constant mass. 

3.1.3 saturated-surface-dry ( SSD ), adj-related to aggregate particles, the condition in which the permeable pores of aggregate 
particle are filled with water to the extent achieved by submerging in water for the prescribed period of time, but without free water 
on the surface of the particles. 

3.1.4 density, n-the mass per unit volume of a material, expressed as kilograms per cubic metre (pounds per cubic foot). 
3.1.4.1 density (OD), n-the mass of oven dry aggregate per unit volume of aggregate particles, including the volume of 

permeable and impermeable pares wl.thin the particles, but not induding the voids between the particles. 
3. 1.4.2 density (SSD ), n-the mass of saturated-surface-dry aggregate per unit vol u me of the aggregate particles, including the 

1 volume of impermeable pares and permeable, water-filled voidspores within the particles, but not including the l'ffl'CSVOids between 
the particles. 

3.1.4.3 apparent density, n-the mass per unit volume of the impermeable portian of the aggregate particles. 
3.1.5 relative density (specific gravity), n-the ratio of the density of a material to the density of distilled water at a stated 

temperature; the values are dimensionless. 
3.1.5.1 relative density (specific gravity) (OD), n-the ratio of the density (OD) of the aggregate to the density of distilled water 

at a stated temperature. 
3.1.5.2 relative density (speci.fic gravity) (SSD), n-the ratio of the density (SSD) of the aggregate to the density of distilled 

water at a stated temperature. 
3.1.5.3 apparent relative density (apparent specific gravity), n--the ratio of the apparent density of aggregate to the density of 

distilled water at a stated temperature. 
3.1.6 For definitions of other terms related to aggregates, see Terminology C 125. 

4. Summary of Test Method 

4.1 A sample of aggregate is immersed in water for 24 ± 4 h to essentially fill the pares. It is then removed from the water, 
the water dried from the surface of the particles, and the mass determined. Subsequently, the volume of the sample is determined 
by the displacement of water method. Finally, the sample is oven-dried and the mass determined. Using the mass values thus 
obtained and formulas in this test method, it is possible to calculate density, relative density (specific gravity), and absorption. 

5. Significance and Use 

5.1 Relative density (specific gravity) is the characteristic generally used for calculation of the volume occupied by the 
aggregate in various mixtures containing aggregate, including portland cement concrete, bituminous concrete, and other mixtures 
that are proportioned or analyzed on an absolute volume basis. Relative density (specific gravity) is also used in the computation 
of voids in aggregate in Test Method C 29/C 29M. Relative density (specific gravity) (SSD) is used if the aggregate is wet, that 
is, if its absorption has been satisfied. Conversely, the relative density (specific gravity) (OD) is used for computations when the 
aggregate is dry or assumed to be dry. 

5.2 Apparent density and apparent relative density (apparent specific gravity) pertain to the salid material making up the 
constituent particles not including the pare space within the particles which is accessible to water. 

5.3 Absorption values are used to calculate the change in the mass of an aggregate due to water absorbed in the pare spaces 
within the constituent particles, compared to the dry condition, when it is deemed that the aggregate has been in contact with water 
long enough to satisfy most of the absorption potential. The laboratory standard for absorption is that obtained after submerging 
dry aggregate for a prescribed period of time. Aggregates mined from below the water table commonly have a moisture content 
greater than the absorption determined by this test method, if used without opportunity to dry prior to use. Conversely, sorne 
aggregates which have not been continuously maintained in a moist condition until used are likely to contain an amount of 
absorbed moisture less than the 24-h soaked condition. For an aggregate that has been in contact with water and that has free 
moisture on the particle surfaces, the percentage of free moisture is determined by deducting the absorption from the total moisture 
content determined by Test Method C 566. 

5.4 The general procedures described in this test method are suitable for determining the absorption of aggregates that have had 
conditioning other than the 24-h soak, such as boiling water or vacuum saturation. The values obtained for absorption by other test 
methods will be different than the values obtained by the prescribed soaking, as will the relative density (specific gravity) (SSD). 

5.5 The pores in lightweight aggregates are not necessarily filled with water after immersion for 24 h. In fact, the absorption 

1 
3 Available from ~rican Association of Stare Highway and Transportation Officials (AASHTO), 444 N. Capitol St, NW, Suite 249, Washington, OC 20001, 

http://www.traosportallon.org. 
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0 C127-07 

potential for many such aggregates is not satisfied after severa! days' immersion in water. Therefore, this test method is not 
intended for use with lightweight aggregate. 

6. Apparatus 

6.1 Balance-A device for determining mass that is sensitive, readable, and accurate to 0.05 % of the sample mass at any point 
within the range used for this test, or 0.5 g, whichever is greater. The balance shall be equipped with suitable apparatus for 
suspending the sample container in water from the center of the platform or pan of the balance. 

6.2 Sample Container-A wire basket of 3.35 mm (No. 6) or finer mesh, ora bucket of approximately equal breadth and height, 
with a capacity of 4 to 7 L for 37.5-mm (1 Vz-in.) nominal maximum size aggregate or smaller, anda larger container as needed 
for testing larger maximum size aggregate. The container shall be constructed so as to prevent trapping air when the container is 
submerged. 

6.3 Water Tank-A watertight tank into which the sample container is placed while suspended below the balance. 
6.4 Sieves--A4.15-mm (No. 4) sieve or other sizes as needed (see 7.2-7.4), conforrning to Specification E 11. 
6.5 Oven-An oven of sufficient size, capable of maintaining a uniform temperature of 110 ± S °C (230 ± 9 °F). 

7. Sampling 

7.1 Sample the aggregate in accordance with Practice D 75. 
7.2 Thoroughly mix the sample of aggregate and reduce it to the approximate quantity needed using the applicable procedures 

in Practice C 702. Reject all material passing a 4.75-mm (No. 4) sieve by dry sieving and thoroughly washing to remove dust or 
other coatings from the surface. If the coarse aggregate contains a substantial quantity of material finer than the 4.75-mm sieve 
(such as for Size No. 8 and 9 aggregates in Classification D 448), use the 2.36-mm (No. 8) sieve in place of the 4.75-mm sieve. 
Alternatively, separate the material finer than the 4.75-mm sieve and test the finer material according to Test Method C 128. 

NOTE 1-If aggregates smaller than 4. 75 mm (No. 4) are used in the sample, check to ensure that the size of the openings in the sample container is 
smaller than the minimum size aggregate. 

7.3 The minimum mass of test sample to be used is given as follows. Testing the coarse aggregate in severa! size fractions is 
perrnitted. If the sample contains more than 15% retained on the 37.5-mm (1 'h-in.) sieve, test the materiallarger than 37.5 mm 
in one or more size fractions separately from the smaller size fractions. When an aggregate is tested in separate size fractions, the 
mínimum mass of test sample for each fraction shall be the difference between the masses prescribed for the maximum and 
mínimum sizes of the fraction. 

Nominal Maximum Size, 
mm(in.) 

12.5 ('h) or less 
19.0 (%) 
25.0 (1) 
37.5 (1'h) 
50 (2) 
63 (2V2) 
75 (3) 
90(31h) 
100 (4) 
125 (5) 

Minimum Mass of Test 
Sample, kg (lb) 

2 (4.4) 
3 (6.6) 
4 (8.8) 
5 (11) 
8 (18) 
12 (26) 
18 (40) 
25 (55) 
40 (88) 
75 (165) 

7.4 If the sample is tested in two or more size fractions, determine the grading of the sample in accordance with Test Method 
C 136, including the sieves used for separating the size fractions for the deterrninations in this method. In calculating the 
percentage of material in each size fraction, ignore the quantity of material finer than the 4.75-mm (No. 4) sieve (or 2.36-mm (No. 
8) sieve when that sieve is used in accordance with 7.2). 

NOTE 2-When testing coarse aggregate of large nominal maximum size requiring large test samples, it may be more convenient to peñorm the test 
on two or more subsamples, and the values obtained combined for the computations described in Section 9. 

8. Procedure 
8.1 Dry the test sample in the oven to constant mass ata temperature of 110 ±S °C, cool in air at room temperature for 1 to 

3 h for test samples of 37.5-mm (1 1/z-in.) nominal maximum size, or longer for larger sizes until the aggregate has cooled toa 
temperature that is comfortable to handle (approximately 50 oq_ Subsequently immerse the aggregate in water at room 
temperature for a period of 24 ± 4 h. 

8.2 Where the absorption and relative density (specific gravity) values are to be used in proportioning concrete mixtures in 
which the aggregates will be in their naturally moist condition, the requirement in 8.1 for initial drying is optional, and, if the 
surfaces of the particles in the sample have been kept continuously wet until tested, the requirement in 8.1 for 24 ± 4 h soaking 
is also optional. 

Nuru 3-Values for absorption and relative density (specific gravity) (SSD) may be significantly higher for aggregate not oven dried before soaking 
than for the same aggregate treated in accordance with 8.1. This is especially true of particles Jarger than 75 mm since the water may not be able lo 
penetrate the pores to the center of the particle in the prescribed soaking period. 
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8.3 Remo ve the test sample from the water and roll it in a large absorbent cloth until all visible filrns of water are removed. Wipe 
the larger particles individually. A moving stream of air is permitted to assist in the drying operation. Take care to avoid evaporation 
of water from aggregate pares during the surface-drying operation. Determine the mass of the test sample in the saturated 
surface-dry condition. Record'this and all subsequent masses to the nearest 0.5 g or 0.05% of the sample mass, whichever is 
greater. 

8.4 After determining the mass in air, immediately place the saturated-surface-dry test sample in the sample container and 
determine its apparent mass in water at 23 ± 2.0 °C. Take care to remove all entrapped air befare determining its mass by shaking 
the container while immersed. 

NoTE 4-The difference between the mass in air and the mass when the sample is submerged in water equals the mass of water displaced by the sample. 

NoTE 5-The container should be immersed toa depth sufficienr to cover it and the test sample while determining the apparent mass in water. Wrre 
suspending the container should be of the smallest practica! size to minimize any possible effects of a variable inrrnersed length. 

8.5 Dry the test sample in the oven to constant mass ata temperature of 110 ± 5 °C, cool in air at room temperature 1 to 3 
h, or until the aggregate has cooled to a temperature that is comfortable to handle (approximately 50 oq, and determine the mass. 

9. Calculations 

9.1 Relative Density (Specific Gravity): 
9.Ll Relative Density (Specific Gravity) (OD)-Calculate the relative density (specific gravity) on the basis of oven-dry 

aggregate as follows: 

Relative density (specific gravity) (OD) = AI(B - C) 

where: 
A mass of oven-dry test sample in air, g, 
B = mass of saturated-surface-dry test sample in air, g, and 
C = apparent mass of saturated test sample in water, g. 

(1) 

9.1.2 Relative Density (Specific Gravity) (SSD)-Calculate the relative density (specific gravity) on the basis of saturated
surface-dry aggregate as follows: 

Relative density (specific gravity) (SSD) = BI(B - C) (2) 

9.1.3 Apparent Relative Density (Apparent Specific Gravity)-Calculate the apparent relative density (apparent specific gravity) 
as follows: 

Apparent relative density (apparent specific gravity) = A/(A - C) (3) 

9.2 Density: 
9.2.1 Density (OD)- Calculate the density on the basis of oven-dry aggregate as follows: 

Density (OD), kglm3
, = 997.5 AI(B- C) (4) 

Density (OD), lb/lP, = 62.27 AI(B - C) (5) 

NOTE::~6-The constan! values used in the calculations in 9.2.1-9.2.3 (997.5 kglm3 and 62.27 lbtfe) are the dcnsity of water at 23 "C. 

9.2.? Density (SSD)- Calculate the density on the basis of saturated-surface-dry aggregate as follows: 

Dcnsity (SSD), kglm3
, = 997.5 B/(B - C) (6) 

Density (SSD), lb/lP, = 62.27 B/(B - C) (7) 

9.2.3 Apparent Density-- Calculate the apparent density as follows: 

Apparent density, kglm3 = 997.5 Al( A- C) (8) 

Apparenr density, lb/lP =62.27 Al( A- C) (9) 

9.3 Average Density and Relative Density (Specific Gravity) Values-When the sample is tested in separate size fractions, 
compute the average values for density or relative density (specific gravity) of the size fraction computed in accordance with 9.1 
or 9.2 using the following equation: 

where: 
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G = average density or relative density (specific gravity). All forrns of expression of density or relative density 
(specific gravity) can be avcragcd in this manncr, 

G1, G2 ••• Gn appropriate average density or relative density (specific gravity) values for each size fraction depending on the 
type of density or relative density (specific gravity) being averaged, and 

P1, P 2, •.• Pn mass percentages of each size fraction present in the original sample (not including finer material-see 7.4). 
9.4 Absorption-Calculate the percentage of absorption, as follows: 

Absorption,% = [(B- A)/A] X 100 (11) 

NOTE 7--Some authoñties recommend using the deusity ofwater at 4 oc (1000 kglm3 or 1.000 Mglm3 or 62.43lb/ft 3 ) as being sufficiently accurate. 

9.5 Average Absorption Value-When the sample is tested in separate size fractions, the average absorption value is the average 
of the values as computed in 9.4, weighted in proportion to the mass percentages of each size fraction present in the original sample 
(not including finer material-see 7.4) as follows: 

A= (P 1A1/IOO) + (P~¡IOO) + ... (P,AJIOO) (12) 

where: 
A average absorption, %, 
A¡, Az ... An absorption percentages for each size fraction, and 
P¡, p2> ... pn mass percentages of each size fraction present in the original sample. 

10. Report 
10.1 Report density results to the nearest 10 kg/m 3, or 0.5 lb/fr3, relative density (specific gravity) results to the nearest 0.01, 

and indicate the basis for density or relative density (specific gravity), as either (OD), (SSD), or apparent. 
10.2 Report the absorption result to the nearest 0.1 %. 
10.3 If the density, relative density (specific gravity) and absorption values were determined without first drying the aggregate, 

as permitted in 8.2, note that fact in the report 

11. Precision and Bias 

11.1 The estimates of precision of this test method listed in Table 1 are based on results from the AASHTO Materials Reference 
Laboratory Proficiency Sample Program, with testing conducted by this test method and AASHTO Method T 85. The significant 

1 difference between the methods is that Test Method C 127 requires a saturation period of 24 ± 4 h, while AASHTO Method 
T 85requires a saturation period of 15 h minimum. This difference has been found to have an insignificant e:ffect on the precision 
indices. The data are based on the analyses of more than 100 paired test results from 40 to 100 laboratories. The precision estima tes 
for density were calculated from values determined for relative density (specific gravity), using the density of water at 23 oc for 
the conversion. 
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TABLE 1 Precision 

Standard Deviation Acceptable Range of 
(1s)A Two ResuHs (d2s)A 

Single-Operator Precision: 
Density (OD), kg/m3 9 25 
Density (SSD), kglm3 7 20 
Apparent density, kg/m3 7 20 
Relative density (specific gravity) 0.009 0.025 

(OD) 
Relative density (specific gravity) 0.007 0.020 

(SSD) 
Apparent relative density (apparent 0.007 0.020 

specific gravity) 

Multilaboratory Precision: 
Density (OD), kg/m3 13 38 
Density (SSD), kglm3 11 32 
Apparent density, kglm3 11 32 
Relative density (specific gravity) 0.013 0.038 

(OD) 
Relative density (specific gravity) 0.011 0.032 

(SSD) 
Apparent relative density (apparent 0.011 0.032 

specific gravity) 

A These numbers represen!, respectively, the (1 s) and (d2s) limits as descnbed 
in Practice C 670. The precision estimates were obtained from the analysis of 
combined AASHTO Materials Reference laboratory proficiency sample data from 
laboratories using 15 h mínimum saturation times and other laboratories using 24 
± 4 h saturation times. Testing was perfonned on nonnal-weight aggregates, and 
started with aggregates in the oven-dry condition. 
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11.2 Bias-Since there is no accepted reference material for determining the bias for the procedure in this test method, no 
statement on bias is being made. 

12. Keywords 

12.1 absorption; aggregate; apparent density; apparent relative density; coarse aggregate; density; relative density; specific 
gravity 

APPENDIXES 

(Nonmandatory lnformation) 

Xt. DEVELOPMENT OF EQUATIONS 

XLI The derivation of the equation is from the following simplified cases using two solids. Solid 1 has a mass M1 in grams 
anda volume V1 in millilitres; its relative density (specific gmvity) (G1) is therefore M1/V1• Solid 2 has a mass M2 and volume 
V2, and G2 = MiV2• If the two solids are considered together, the relative density (specific gravity) of the combination is the total 
mass in grams divided by the total volume in millilitres: 

G == (M 1 + M 2) 1 (V1 + V 2) (Xl.l) 

Manipulation of this equation yields the following: 

V 1 Vz 
M1 +M2 + M1 +M2 

G= M1 (V1 ) M2 (V2 ) 
M1 + M2 M1 + M1 + M2 M2 

However, the mass fractions of the two solids are: 

and, 

Therefore, 

M1/(M1 + M2) = P 1/100andM/(M1 + M2) = P/100 

l/G1 = V 1/M1 and l/G2 = V /M 2 

G = 'P"""
1
---;l;----,P"""

2
----.1' 

100 G;" + TOO G2 

An example of the computation is given in Table XI. l. 
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TABLE X1.1 Example of Calculation of Weighted Values of 
Relative Density (Specific Gravity) and Absorption for a Coarse 

Aggregate Tested in Separate Sizes 

Relativa 

Size 
0/a in 

SampleMass 
Density 

Absorplion, 
Oñginal (Specific 

Fraclion, mm (in.) 
Sample 

Used in Test, g Gravity) 
(SSD) 

4.75to 12.5 44 2213.0 2.72 
(No. 4to 'h) 

12.5 to 37.5 35 5462.5 2.56 
( 1/.to 1'12) 

37.5to 63 21 12593.0 2.54 
(1'12 to 2V2) 

Average Relativa Density (Specific Gravity) (SSD) 

1 
Gsso = 0.44 0.35 0.21 = 2·62 

2.72 + 2.56 + 2.54 

Average Absorption 

A = (0.44) (0.4) + (0.35) (2.5) + (0.21) (3.0) = 1.7% 
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X2. INTERRELATIONSHIPS BETWEEN RELATIVE DENSITIES (SPECIFIC GRAVITIES) AND ABSORPTION AS DEFINED 
IN TEST METBODS C 127 AND C 128 

1 

. X2.1 Where: 

Sd = relative density (specific gravity) (OD), 
s.. = relative density (specific gravity) (SSD), 
sa = apparent relative density (apparent specific gravity), and 
A = absorption in %. 

X2.2 Calculate the values of each as follows: 

S, = (1 + A/lOO)S d 

1 sd 
s.=I A =~ 

s.; - 100 l - 100 

1 
s.= 1 +A/100 A 

1 - [ 1~0 (S, - 1)] S, -lOO 

A=(~ -1) 100 

( 
s.- S, ) 

A = s. (S S 1) lOO 

SUMMARY OF CHANGES 

Comrnittee C09 has identified the location of selected changes to this test method since the last issue, 
C 127- ffi1:, that may impact the use of this test method. (Approved August 1, ffi9412007) 

(1) Added new seetiem 6.5. 
(2) Modified seetions 8.1 and 8.5. ) Revised 3.1.4.2. 

ASTM lntemational takes no position respecting the validity of any patent rights asserted in connection wilh any item mentioned 
in this standard. Users of this standard are express/y advised that detennination 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 lo ASTM lntemational Headquarters. Your comments will receive carefuf consideration ata meeting of the 
responsible technical committee, which you may attend. lf you feel that your comments have not received a fair hearing you should 
make your views known to the ASTM Committee on Standards, at the address shown below. 

This standard is copyrighted by ASTM lntemational, 100 Barr Harbar Orive, PO Box C700, West Conshohocken, PA 19428-2959, 
United States. Individual reprints (single or multiple copies} of this standard may be obtained by contacting ASTM at the above 
address or at 610-832-9585 (phone}, 61D-832-9555 {fax}, or service@astm.org (e-mail); or through the ASTM website 
(www.astm.org). 
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Cerámica omamenta1 utilitaria obras arlísl icas con inchL'\iones d9. mc;:tal, piedras, madera resina o mixtas retratos piletas 

e onstanciao 

CtJnsle Jlor el presente documento que el Sr. BUSH YONNATHAN 1\'IANUF;I, COAGllfLA ha realizado sus 
prácticas de e11Sayos y preparac-ión de muestras probetas de ladrillo para su trabajo de tesis "ELABORACIÓN DE 
LADRlLLOS VIDRIADOS DE BAJO PF.SO Y ALTA DENSIDAD PARA USO OR.t"TAlVIENTAL Y PARA 
LA INDUSTRIA DE L.L\ CONSTRUCCIÓN", ¡,:gresudo de ln Escuela Profesional de Ingeniería de Materiales 
UNSA, haciendo uso de nmtcrinlcs, hcrrmnicntas y equipos pam determinar los siguientes procesos de elaboración y 
ensayos. 

Procesos de elaboración 
e Acopio de materi¡¡Jes 

e Trituración y Molienda 

,. Elaboración de moldes 

• Preparación de mese! as cerámicas. 

• Moldeo y mezclado 

• Prensado (codificación de muestras) 

.. Secado 

• Prepr~ración de material de vidriado 

• Aplicación del material de vidriado 

• Cocción 

• Empaquetamiento de las muestras probeta de ladrillos 

Eosa'\'OS .Físicos y mineralógicos de las materias primas y muestras probetas de ladrillo 
• lJeterminación del peso específico 

Determinación de la humedad de las muestras 

.. Determinación de los límites de Atterberg, (determinación del límite plástico-liquida), 

• Determinación de 1<~ densidad real-aparente 

• Ensayo de absorción de agua. 

• Ensayo de contracción por secado, cocido y total 

• An;íli~is de porosidad 

o Análisis granulométrico con tamiz 

.. Análisis físico de las muestras probeta a diferentes temperaturas 

• Análisis de humedad 

EL TALLER DE CERAlVnCA "LJ.ANKAJMAKI" DEL DISTRITO DE SELVA ALEGRE, EN LA 
URBANlZAClON INDEPENDENCLA., LEALTAD DEMOCRATICA C-9. DEL Lic, RONAL 
SAR:VTIEN!O CIIIRlNOS CON RUC. 102937002263 QUlEN DA Hl DE TODO LO 
ANTERlORL\lliNTE DESCRITO, cumpliendo con todos sus estándares de normatividad ASTM y NTP, 
para ensayos de materias primas y muestras. 

- ~- ' '\ j 

(',' .1/ 

ARRQUTPA, 16DE M.ARZO DEL2015 

LIC. RONAL SARMIENTO CHIRINOS 
DNI 29370226 

lnti Wassi: Lcalt.ad Dcmocniticu C-9 Urbunizución Independencia Z-.B Alto Selva Alegre Tel. RPC 95-9-95072 Mo,•istar 9:1-4005154 
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UNIVERSIDAD NACTOKAT. DE SAN AGUSTIN 

DE ARF;QTHPA 
Av. Independencia s!n- Arcll Ingcnicrias 

FACUI:I'AD DE fNf;ENIERÍA CJVTL 
LABORATORIO DE. CONCRETO Y EMC 

Teléfono N° 299992 

SOLICirA 

OBRA 

UBICACIÓN 

II.'IATERIAL 

NORMA 

EXPEDIENTE 

FECHA 

FECHA DE 

VACIADO 

;!4/0212015 

24/0212015 

2410212015 

24/0212015 

24/02/2015 

24/02/2015. 

24102/2015 

24/020.015 

24102/2015 

24/0212015 

24/02(¿[)15 

2410212015 

Observaciones: 

ENSAYO: COMPRESfON SIMPLE 

BUSH YONNATHAN MANUEL COAGUILA 

TESIS: "LADRILLOS VIDRIADOS PAR.i\ USO ORNAMENTAL DE BAJO PESO Y ALTA DENSIDAD" 

TALLER DE CEKAMICA INTI WASI - INDEPENDENCIA- ALTO SELVA ALEGRE- AREQUIPA 

CUBOS VIDRIADOS DE ARCILLA CALCINADA DE 5 cm DE LADO 

ASTMC ·109 

98,-2278 

AREOUIPA2015, MARZO 10 

ESPECIFICII.CION DE FECHA DE EDAD Altura AREA CARGA ESFUERZO DE 

MUESTRA ENSAYO DIAS CTII cm2 kg ROTURA 

re~ kg/cm2 

LADRILLO M-1 10/03/2015 14 5,00 28,13 862 :~-1 

LADRILLO M-2 10/0312015 14 5,32 26,73 1034 30 

LADRILLO- M-3 10/0312015 14 5,32 27,0::1 "1928 71 

LADRILLO M-4 1010312015 14 5,01 29,31 1134 39 

LADRILLO 1.4:5 10/():l/2015 14 5,28 27,45 816 30 

LADRILLO M-5 10/D3/2015 14 5,14 2í',66 3084 112 

LADRILLO M-7 10103/2015 14 5,00 26,16 24!)5 95 

LADRILLO M-8 1010312015 14 5,00 23,53 3243 138 

LADRILLO M-9 10/03/2015 14 5.43 27,29. 907 33 

LADRILLO M-10 10/0312015 14 5.31 28.94 1043 36 

LADRILLO M-11 10/03/2015 14 5,00 26.~1l 1247 46 

L/\DRILLO M 12 10/03/2015 14 5,01 26.16 10119 42 

- La muestra ha sido colocado en el Laboratorio por el solícitante. 

ESFUERZO DE 

ROTURA 

f'c=Mpn 

3,00 

3,i9 

7,00 

3,i9 

2,02 

10.93 

9,35 

'13,52 

3,26 

3,53 

4,53 

4,08 



UNIVERSIDAD NACIONAL DE SAN AGUSTÍN DE AREQUIPA 
FACUL TAO DE CIENCIAS NATURALES V FORMALES 

Unidad de Producción.dc Bienes y Pre.'itación de Servicios 
Lahoratorio S}f:I{VlLAB 

INFORME DE ENSAYO FISICO QUIMICO 

Na DE REPOH.TE: 14817-15 
-- -- -

NOM13llli DEL CLliiNTl! 
DIRECCTÓ~ 

: 13U15ll YONNATll/\.)l t-:L\MlEL COAUUlL/1. 

ASUNTO 
PRODUCTO 
CANTTDAD DE M1IE8TRAS .xi''. 
LUGA .. R Y FECHA DE RECEPCiÓ:N ·,: .. ::_ 
CARP.CIERÍSTIC.A.S Y CONDÍC?fotms· 
FECHA DE ENTREGA DE RESDLTADbs 

_: .t\RfQ.t liPA 
: ANÁi .TST~ fTSlCO QlJTMTCO 

· · ~: . .0ADRILto.cocmo A 999 oc 
<ti.J_;:t_')_,_ :.. '' -\:> ." '··.,, 
: AREQU{PA{;2Hl$-.ó4;,p9 
: BOLSA DE.PLAS;nco 

REFERENCIA ..... ·_:;_;;;=_::·~:-?' 
PROCEDENCfA ;-¡ ' • 

OIJ" o\ _:;· :! i 

: AREQU11\'\,.''2QÚ~Ó4"10 
: 0\:IUESTRA PROP¿R;i:roi.JADÁcPOR EL CUENTE 

. ; ELÁBORACfÓNPROPIA; 
[\.,. ;,•. '•,·¡:,,,., .• ; 

~ODTOO DR RF.GlSTR0.1:n,tt:;MXJ1:t~STRA ,;:};\.1,nQ3: 

.. 

\~~ ! ;::. < "· _,;· ·- ·;_;i·.··;~~;I-:{g:,.., __ ... 
~~ ,• ' ' ,:~~~~~-:~;·~:--:,~ •r >:,~>:: [ ·~- '• • 
~~; \ :{~~.\,. ~~----··::_-.:::.~·~.~<<~:·: .;:.·.:·-;· , ... ·- .. ·-. .,. > : 

SEHVlLAll 
SERVlCIOS QUÍMICOS EN GENER-\L 

Pahellón MARIANO E. DE !UVERO YUST!\RIZ(QUÍNilCA) 
Av. ltu.kpcndcncia ~in • Ciudad Univcrsiiaria • Laboratorio lOK (Primer Piso) 

Teléfono: (054) 220360 • ..:-mail: upbs.~~rYilub@hulnmil.com 
Arequipa- Perú 
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UNIVERSIDAD NACIONAL DE SAN AGUSTÍN DE AH..EQUIPA 
FACULTAD DE CIENCIAS NATURALES V FORMALES 

Unidad de Producción de Rienes y Prestación de Servicios 
Laboratorio SERVILAB 

INFORME DE E~JSAYO 
N" DE R!!:PORTE: 1481 j-15 

DI!.:TERJ.HlNAClÚN Dl!:: f------+------+----L 
Condudividad 
pH 

mS/cm 2,72 . 
6,93 

./ .. /~:.~~·'.:_:.> :_:,:~ . '· ) ' ' . ;~;.; 
.: . .f! .. -:e;--. METODO DE ENSAYO'. . · ·-;,':.::. __ 

"o=E=r=e=R=i\i=H-:-:N-=-A-=C-:-:10:-:-N-:----,:· · ['l[l!STODO DE ENSAYO APLICADO:·:: ··. ',·. 
:+~· .' . .-:.fio~MA/REFERENCtA 1 r-JOMBR:E--:>" · --~ 

-corídüctivldad ,y /~:;:;l~-~odo ·Potenc,i~lné~rk:o.. · .. 

~~--------------r,rif(~~~:;t:~:~~-,,~~--:---~f,,_~,~~-----------------
•• ' " • .. • · .o PA<iliNA2.DEF 

Emitido enAre.:¡uipa(Pen:(;, el to'1ú,'\~~J;;e¡'i;?,!)J~L ... ,_/ ..... .', >·.. .• ·"-·.' · ·· 
".;:. ;, <.~· _..,. __ ...... >~··' '· ~ ··= 

MSc. Adriana Larrea Valdivía 
Jefe de Laboratorio 

RCQP-479 

SU:RVJLAB 
. SERVÍCIOS Ql'ÍMICOS EN GE!\'"ERAL 

Pa!Jellón MARIANO¡;_ DE }{JVEIW Y US'IARLL (QL'.i.MICA) 
Av. Independencia s/n • Ciudad Universitaria • Laboratorio 1 OR (Prim~r Piso) 

Teléfono: (054) 220360 • e-muil: upbs.scrvilab@hotmail.com 
Arequipa- Perú 



CONSTANCIA 

Se hace constar que el Sr. Bachiller BUSH YONNATHAN MANUEL COAGUILA, identificado con 

DNI: 46938006; de la escuela Profesional de lng. de Materiales ha desarrollado la caracterización 

microscópica de muestras de ladrilos vidriados empleando el Microscopio Metalografico de luz 

relejada y el Microscopio Estereográfico en Laboratorio de Transformación de Fases y Microscopía. 

Estos análisis constituyen parte de su trabajo de Tesis denominado "ELABORACION DE 

LADRILLOS VIDRIADOS DE BAJO PESO Y ALTA DENSIDAD DE USO ORNAMENTAL Y PARA 

LA INDUSTRIA DE LA CONSTRUCCJON··. 

Se expide la presente a solicitud del interesado para los fines que haya lugar. 

Arequipa, 23 de Marzo del2015 

Dr.. arcelo Rodríguez Valdivia 
Jefe de Laboratori de TransfomJación de Fases y Microscopía 
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lJNIVERSIDAD NACIONAL DE SAN AGUSTIN 
CENTRO DE MICROSCOPIA ELECTRÓNICA 

I Congreso de caracterización de materiales 
13 - 15 de Mayo del 2015 

CONSTANCIA 

suscribe responsable del área técnica del Centro de Microscopía 

)~cterizar,i6noom;iaese Electrónica de la Universidad Nacional de San Agustín de Arequipa. 
~nltf~~:acioo de fam. 
;rullrira.ción de laJI'im ucr.f:ace constar: 
:.f.iderizaeílin de compuestos ¡ara 
Semicc·rdw::oras. Que el Sr. Bush Yonnathan Manuel Coaguila 
)i!ilcflnziltron de aleaciones. 
!>i•Jvi¡;¡ m: ¡KII•Jlidl~ y es~ucllin en 
~.!rr.lal tememHii:as 

:stJ!ll:lsdelf¡raiorrnaciónt~'f3¡~ realizado el metalizado de de 3 muestras de cerámicos vidriados para 
¡niscr>:structur.15 )' n-llloeslruclliras. ' 

~actmaiÜ!de.~J,·maJcetssse.rvar por microscopia electrónica de barrido, para su trabajo de tesis 

\aJisisneFauas titulada "Elaboración de ladrillos vidriados de uso ornamental para la industria 
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UNNERSIDAD NACIONAL DE SAN AGUSTÍN DE AREQUlPA 
FACULTAD DE CIENCIAS NATURALES YFORMALES 

ESCUELA PROFESIONAL DE FíSICA 

CONSTANCIA . 

El que suscribe, Director de la Escuela Profesionc;¡l de -Física, de 1~ Universidad 

Nacional de San Agustín de· Arequipa, hace constar lo siguiente: 

1. Se han realizado medidas espectrofotométricas, usando el Espectrofotómetro 

UV-Visible, marca Shimatzu, en el rango de 200 nm a fOOO nm, usando 

lámpara de Wo!Jrt;~nio. 

2. Las medidas fueron aplicadas a SIETE muestras di~tintas de LADRILLOS 

VIDRIADOS proporcionados· por BÚSH YONNATHAN MANUEL COAGUILA 

de. la. Escuela .Profesior.tal_ de INGENIERIA, DE MATERIALES de la 

Universidad Nacional de San Agustín .. 
. . 

3. Un análisis de los Espectros, no muestran diferencias significativas entre ellos, 

a pesar de que se -nos · indicó que tenían· diferentes recubrinlentos: Esto 

puede ser, porque los elemento químicos agregados al vidrie, en el rango de 

medida que se usó, no son sensibles en esta pa1ie del Espectro 

Electromagnético. 

La medida de los Espectros, fueron realizadas por el Dr. David G. Pacheco Salazar, 

docente adscrito al Departamento Académico de Física. 

Se emite esta constancia, a solicitud del interesado, para los fines que considere 

pertinentes-. 

Arequipa, 16 de abril del 2015. 

--------~----------------~------~-----------------------------~--~--F-mnit; epfunsa(t"¡)gmaíl.ct.m1 Av .. lndC'pcmlencia sin 
Pabellón: Hipólito Súnchez Trujillo 
TcL: 0051-54-24·1_9!9 

cpm.funsa.edu.pe 
Areqmpa - Perú 




