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REVISED OPERATIONS GUIDE FOR A as accurate and rap id as t i te  flame pis to meter arId
CHEMICAL TECHNIQUE TO DETERMINE much simpler aild l~-,s cost ly. In addition , substitut ion
WATER AND CEMENT CONTENT OF of the calcium.EDTA tit t at io nt for the flame photo.
FRESH CONCRETE meter reduces the f ield packag ing require m ents .

Purpose
This guide provides a detailed descri ption of equip-

1 INTRODUCTION ment , equipment jii . kaging. reagents. and procedures
for operating the C1R1 K-V sys te m. ilte system ’s ca-
pabilities . limittittoiss , arId accuracy , including its ca-

Background pability to est imate potential ct ,ncrete strength , are
This guide provides the information needed to set up discussed.

and operate t he U.S. Army I. onstruet ion Engineering
Research Liboratory ;KelIy-Vail (CERL/K-V) system Mode of Technology Transfer
for determining water and ceIoent content of fresh The information in this report is applicable to the
concrete . The system relies on chloride ion titration for Corps of Engineers ’ Handbook for (‘ernen t and con-
determin ing water content and calcium titration for Crete , and has potential application as an American
cement content. f c sts have proven the system to be Society fur Testing and Materials (ASTM) standard
rapid (less t han IS minutes). siniple . robust , and field- test method.
wort hy.

The (‘ERL/K-V system is an outgrowth of a system
originally proposed by Kelly and Vail of the Greater 2 CERL/K-V TEST SYSTEM EQUIPMENT
London Council. t The orig inal system (K-V) relied on AND OPERATIONS
chloride ion titration to determine water content , and
flame photometry (ca lciutn signature) to determine
cement content. Extensive tests have proven the K-V Equipment
system tu be rapid (IS minutes) and accurate enough to Tables I and 2 list the required equipment and re-
estimate t h e  strength potent ial of fresh concrete. 2 lated cost for the CERL K-V water corltent and cenlent
However , t he constant subdued light requirement of content tests , respective ly. Figures I and 2 illustrate the
the flame photometer necessitates packaging the system equipment.
for fie ld use in either a pic k-up truck camper or a Several of the Items can be replaced by, ot her equip.
small trailer .3 ment t hat performs the same function. The polyethy-

lene fixed volume dispensers (item 14. Table I) can be
Tests conducted by CERL in early 1976 indicated replaced by automatic dispensing glass pipettes (Figure

that the calcium signature reqtiired in the K-V cement 3). In the package d field test setup, the universa l mixer
test cou ld be determined by simp le titration using an (item 5 , Table I) IS rep laced by a laboratory-fabricated
EDT A (eth y lenedian t inetetra-acetate) solution in the end-over-end mixer driven by a 1/70-h p (1 0.7 W) gear
presence of a buffe r and all eriochronse black T indica- motor. 

-
tor. Results indicate that the EDTA titration system is The approximate 1976 cost for the items listed in
_____________ 

Table I (including extras for breakage ) is S1241. If the
‘R. T. Kelly and J. V. . Vail, “Rapid Analysts of Concrete ,” universal mixer (item 5 , Table I) is rep laced by the

Concrete , (April 1 968) ,pp 140-145 . laboratory-fabricated end-over-end mixer and gear mo-
2 P. A. Ilowdyshett . lahorafor v l-.ealuation of a Chemical tor , t Ile cost of itents listed in Table 1 is $83 1 . Exdud-

Technique U Determine Water and (
~‘ment conten t of Fr esh ing items I, 2 . 3 , and 17 in Table 2, which are dupli-

O,ncrere . t cc t tnu c a t  Report ~t 17, ’ .s 1) 784055 (tt .S. Army Con- cates of items in Table I. t he approximate 1976 cost of
St t U c t t of l  F.ngincerine Res eareh laboratory ICERLI , July the items listed itt Table 2 (including ext ra s  f r  break-
19741: P. “.. Ilowdyshelt . “Correlating Kelly-Vail Test Res utts to age) is $799 . Thus, the total equipment cost fo r thethe Strength Potential ot I resh Concrete . Rapid Testing of . .
Fresh ( ‘,,ncrete . Conference Proceedings M 1  28/Al )A0o9702 CLRL/K-V test system is approximately 52040 with
iCERL. ‘~. v  1975 ); and P ~ . tluwd~sheIt . Operations (;~~sj . the universal mixen or SI 630 with tile end-over-end
Ware- and C, ,nt e, :t Content of l o c h  Concrete . Technical Reporn mixer. These costs do not include the costs of cleanup
St . I 77/ 1) \ (i2269~ t ( ’FRL , february 1976 1 equipment or storage hot tIes 101 extra reagents, but

‘t lowdysheti . ()p ’ratiorl ( . I n i neither is a significant expense .
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Equipment Packaging arid Other Requirements 5)) percent it it r i .  :i~i I  s hutton in tap Wat c  -

for Field Use
i—or t he CE RL/ K-V sy stem to he fieId-ss t t l i~ - it I Itc re-agents requited i t  ~iodt~ r’ so lutions I - 2. und

must be pac kaged iii a stt ia lL pot tabl e . se lt -cots t am ed 3 cail he ~)IiI chi, t ’cd in cry s t a line or p wdc I 1 , 1  to . or as

unit t (tat can be Set U~ for use rap idly. I’ ig (lIe’ 4 depicts pie made’ s I ii I lls I I It e po (pCi sI ISP ! t Ii. \ ppe mid ix A
one layout where all equipttietI i c \ ce p m t i l e’ ss .ol ing ei.’~ c r i i c ~ t i t c t t t c t hiod or t isa k it ig Ill II\ s I l lt tot is .

mac hine and the sIC VCS is hou sed iii a —Ix \ ‘It \ 14 In. ‘1 al* $ Isis t ite quantIt i es ,ntd C is I s  of s t tlui iomis am id
(1. 2 x 0.8 x 0.4 ml ho~ . T ite unit is sel t—c. t im ait ied . e.ie.- t s t s e~1ti itcd lot tiP ( c s ! s .

wi t h enough reagents for eight ii) tell i cs t s  .1 I t t  iiij l
day ’s ruts), and requires oti lS I It .) to u S  V oI \ ( - t h e  .~~ltc c t I i t . t I S ti i t  soiut iomis I . 2. - mid 3 Oust he
curret st and tap water to be op e tat iotsa l. It not b c _ th y in the Silo i i I : 1 )  Ith i rd slg it illcanl digit ) amid
avai lable , t he electric currets i call he supplied by a I . 5 shi iuld he chec ked by t i t ra t ion ,  It it ts  dete rm ito se d
k’.\’ alt ernator , amid t he map si .t i e t  by ,iii appr o priat ely t itait soluti on I . 2. and 3 are not ex a ct ly  in tile 1 : 1 : 1 1 )
sized storage tank (Figure si . ratio amid it LIC PCt ICS  a me t itit ,iVa( IithIc to rcba hancc

t h e-ni , t ile proced III e described in Appe ndix B for re-
T he size of the packaged s~ stCf l5 a llows it to he Co input mug i lie s ,Iunt e—ii t rit ia l i 5 I c t a t t o t t s t t i j s s  of the’

~~sily tra n sport ed Itt t h e  b:ick of a pick—up truck. ats d s l u t  i~ tn and t h e  related wate r  cot it emi t itt mIte con crete
sCt up i i  operate fro m mite tru c k ’s t a i lgate (Figuirs 6 samp le should he used.
amid 7). The top of th te box is longed so that it is iii

vert ical position durin g tes mit ig. \iost of the glassware ftu eedure
is eit her permanently attac h ed to t h e  top of t h e  box. i’Iie mss eth od of determining water content is based
or 10 a rod which stores h orizontall y and is simp ly ott t h e  intero s ixim sg of available wat e r iris f r e s h co ncrete
placed vertica lly b r  use (Figure b) . A ll tube comsnec- wit h an aqueous solution. T he  technique co mssis ts situ-
t iotiS that must be made for setting up and tearing down 

~~ of adding 500 mV of a 0.5iV sodium chloride solu-
disconnect quickly. so t h e  time required for setting up tion to a f -k g concrete samp le . intermixing (lie two .
iltc Unit for use , or tearing down f ’or tran sporting, is and determining t u e chloride cot lce mst rat iom i of t h e  in-
normally less than IS nsims Ute S . t ermixed solut ioms rising Ihe \‘olhsard back-t i t rat ion

niet hod. If t h e  concrete con maimis chlorides from other
Figures 9, 10 , and II are detai led diawings of the sources , t he procedure lequires use of butts a samp le

pac kaged system. Th ese drawings and the photographs ami d a blank (500 nit of distilled wa ter added to a b-k g
should enable a user to build mite system. The total cost concrete sample).
of assemb ling the units (including carpenter and ma-
chanist tu ne ) should be aboui S1600. Including t h e  - .1 he steps required to cotsdoct a ( FRI . r5-V water
$1 630 equipment cost , an entire assemb led unit should content test a le described below amid outl itted in
cost $3 230. . , .Appendix C . The outline in Appendix C should be

posted near the equipment sri operators cait refe r to it
Water Content Test as neede d.
Reagents

T he reagents required for conducting t h e  water
content test are: I. Obtain a 6- to 8-kg samp le of fresh concrete - mnix

samp le to insure homnoge mm eimy. arid weighs out twit I-kg

1 . Sodium chloride (NaCl) solution , approximately subsamp les to t hs e nearest grant. Place otie I’kg sa iss p le
in a wide-mouth jar ; using a vo lum etr ic flask , add

0 5 mi arnia l (A )  in tap water - . . -500 nit of distilled water.  Secure mit e lid oti the jar.
This sample is t h e  blank requited for esti mss a i ing chslo-

2. Silver nitrate (AgNOt) solution . approximate ly - -
- rides in the concrete itse lh .t) . \ in distilled water

3. Potassium lhsiocyanate ( K(’NS) solution , ap. 2. Place the scc ot id I-k g samp le mis anothei wide-

proxim ate ly 0.051V im s distilled w ater msiout hi jar , add 500 mt of time appr iixi niate l y 0.5’.
sodium chloride sol mit ioms , ait d secure the lid.

4 . ~‘s:; isbeniene
3. Secure t ire two si s its the emsd-over~~nd mixer

5. 1—e rric alum s i  C l i i  in I sit t uram ed amid mmx t o  3 tiiiti lit CS .

8
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4. Remove h ue jars f rotm i lie t itixer amid allow con- . ,,  50z
- ~ Wat e r  = fttents to sett le for 3 to m m iir uu fes. 500 z -

5. Using a vo lummietric pipette . wi i ltdraw SO mt of where z = total volunie of th tuitc yanate (s’ pIus 50 mt
clear sam ple solut ion amid place it in a 500-mt conical plus twit times tbse number of tIuuo~ysnate
beaker. Using the automatic pipette , add SO oat of shutis required tea step 61.
approximatel y 0.5’s silver miit iiit e solution to mite clear
sample solutio n . Using mIt e ’ f ixed s i l ume dispensers . The curve generated by i:q 2 (l-Igure 2 l s hould be
add 10 mist of 50 peree rsm nitric ac Id solution (two use d directly its the field. Ii iwev e r . Eq 2 applies only
shots from is a 5-tnt dispenser I: 5 miii of ferr uc alum (one when the silver nitrate , sodium chloride , and potassium
shot t’rorn a 5-nsl dispenser) : amsd 2 nit ofn itro-benzene thiocyanate reagents are mu the ratio of 1 1:10. As
(one shot from a 2-lilt dispenser). Shake well (by hand) indicated in tire section on reagents . Appendix H con-
f u r a few seconds. tains equations for determining w ater content when

the silver nitrate , sodium chloride , amid potassium
6. Determine chloride strength by initially adding thiocyanate solutions are not in the exact 1: 1:1 0  ratio .

50 ml (automatic pipet te )  of 0.05i\ potassium thin- It is recommended that the equations be used only
cyanate solution to the solution isa the conical beaker, when it is impractucal to adjust the solution strengths.
To compleie the titration , swir l the contents of the
beaker w hile adding the 2-nit s itots ofO.O5Npotassium If thse concrete being tested dries msot Contain chlo-
thiocyanate solution from a fixed volunse dispenser. rides , use of the blank should be discontinued after the
When the first permanent reddish-brown color appears , initial determination .
the end point has been reached. Stop titration and
note t h e  number of potass ium thsiocyanate shots Appendix D describes a mcdified water test pro.
added. * cedure which is identical to the standard procedure

except that it uses one-half the volume of silver nitrate
7. Using a volumetric pipette , transfer 50 ml of the to determine tlse chloride strength of the intermixed

blank solution to a conical beaker. Add 10 ml) of sample solutioni, This is si~ aificant , since the price of
silver nitrate solution (automatic pipette), 10 ml) of silver nitrate is both unstable and relatively high corn-
50 percent nitric acid solution (fixed volume dispen- pared to the other reagents (Table 3).
ser), 2 ml) of nitrobenzene (fixed volume dispenser),
and 5 ml) of ferric aluns solution (fixed volume dis- Cement Content Test
penser). Shake well. Titrate (100-mt burette) using the Reagents
0.05N potassium t hiiocyanate solution , until the first The reagents required for conducting the cement
per manent reddish-brown color appears. content test are :

The blank is calculated as follows: I. A S percent nitile acid solution made by adding
S ml) nitric acid (specifi c gravity I .42) to 95 mQ of

= 00 x IFq I J  t ip water.

w here y ’ = milhilitres of the thiiocyanate equiivalemi m to 2. Tap water.
chloride iii the blank

x = quantity i i  thiocyanate solution required 3. Standard cemems t solutiois equivalent to a I-k g
t I reac h end point (mi ll)) in step 7, samp le of concrete containing 24 percent cement by

wei ght (240 g) prepared by running a standard cement
T he voluose of thio cyatsat e equivalent (y’

) obtained content test (out lined in t h e  cemnent tesI procedure )
from t he blank solution is added lii t h e  volume of on 240 g of cement. The eensent used in preparin g thse
thiocyanate used in the sample solution. The percent cement standard must be the sante as tisal used in t h e
water is ca lculated as follows : concrete being tested. II is reconsniended that if be

obtained from the stockpile being used to produce mite
____________ 

concrete.
*Thc final t iiratio n (step hi ear n he accomplished using a

100-rnt burette. whkti wilt  give a mon-c exact endpoint. The 4. A 0.01 molar (1.1) solim tio mi of din-odium I- ()TA
choice of dispenser or hurcite is the option of the operator , containing 3.72 g of EI)TA per litre Distilled water
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sh o u ld he emsup lov ed ii mutatI ng t ip the sair i t i u t u t .  SInce’ 2. (hiaige t h e ’ autoum ma t i e  pipeites w it hi t h e- u appri l—
ilue lDT.-\ solut ion is slight ly re.iCtive sv t t h i  t lue ~,il. priate te a gc m its 300 iii of tap water snub 100 mitt of
ciuns amid usia gnesloin presemm i 01 ou dimsary I soda I g I,iss . 5 perce nt f l i t  lIe acid s ub  it .

it should he- stored m u  poly i lie - tie - bout he-s i t  possible .
3. Ri’m it ix m lii’ ,- to s-k g concrete satisple (step I

5 . Lrioc ht r utiss e- black -r indicator prepamed by dis- wate l te st prutcedure) to Insure hiontog etie ity - and
s Isi msg 0.5 g ot t h e  fy estu if t  us 25 t t i f  ,if tr i et h am s o — weig ht out I kg of fres h ci l l c r e t e  tel misc i re - ate - st  gratis .
lamuirse - T he  so lut iu’ t u bias a linsited sua hili iv t sc  ve r a l
ms s o uli hi s . w itlu t h e  quality of hhu e e nd pu imut beimug irs - 4 . I ra t ts t  Cl t ile weIg h e d  concu etc i i lie sieve -s , se
tluenced hs tile age it t h e  imid icator solut ius mi . hi is t lue wast uitig uuu: i~Iiinr . Tur n rut t h e  was is imig uuachimse s
rccouimncndcd t h ai isew indicator siu lut io mus be prepamed recircu latitig pri m p and agitator stud was h the - residue
.mt least every 2 m o u t h s. frons the I-k g sanup le cO tita ucr itt lo t h e  was h ing ma-

chine usiusg the j et of w a te t  to inu t h e  ieci icu la ii mig
o. Arti isiotu la-a mutton iuirm u clihori de- b ufter s u b  of ion pu np h ose- -

I p 11 = hOt  nsiade by adding 142 ii~v of cotscem i tr a te -d
sn isn i luuruia vi i utiotm (spec ific gist  t v  I..~s t uu 0.00) to  5 . Wasts mite plus miii . 4 :iggre~.tte caret illly , using t h e
17.5 g of reagent.grade amn mom siuuts chulonidc , and di- j et of water front t u e  te c t rcuu l a t tu ig  pumssp h ose. After

hum tog ot 2511 ml) w it it distilled si ;iter . Since t i le cleaning (about I ‘~ nuu tt nit es I. c osove the mm - 4 sieve .
amino muia in t lie brit ter so lu t imi mi eva putr;i t es rapidl y, the
so lutions should always be covered wh e n mini ins use . 6. Waslu t h e -  plus no .61) aggregate h u tr abou t I

miii s utes . * Squeeze t h e  emsd if rise large brine huose iii
T he cemiten! s t imudard amid tap w.o ’i are rised in force t h e  ce-ni le-nt suspens iott to fi rs t hrouglu t h e ’  sosall

ca h ibra tu tug mite ce m ent test . A ce- nile - mi t comiten i m t i t rat ioms bore m itbmmig.
(outlined in t h e ce-me-nt test procedure . steps 10
t hroug h 1 2) is run on the ceriSe- lit stam s dard solu tion 7. Rapidly release the large bone hose . a hbowimsg t h e
atid tI me tap water. The millihitresol EDT t required for cem ent suspensirtn to b’low t h rough it , and com imiect t he
Ibse tap water represemut zero percent ce m ent and t h e  emsd of t h e  small bore tubing u t  t h e -  I 25-nit hmm s ked
uisi lli litres of 1-DTA required for lime- ceniemst standard pipette. Squeeze t ue large bore hose again to direct t h e
represen t 24 perce urt ce- roe -m it in t h e  con c rete. Al l u i u u- ce-merit suspension unto the pipette . WIse -mi the pipette
ksi ursn ce-me-mit contenits are limiear l y proportional. A is full, switc h off t u e  lower pipette tap amid release t h e
c;uiihratiuurr cur ve’ is titers pluutle -d for tIne cement Sian- large hose .
dard: Figrlre 13 is a typical calibrations curve for the
ce- m ite - mit test . 8. Run t h e  125-tnt aliquot of t h e  suspension into

t h e  mixer cup. Was hi out t h e  automatic pipette usimig
ftuuus’uimmre t he 100 ml) of 5 percen t nitric acid solution contained

T h e (FRI / K-V methiod of detertnit iitig censeni t in t h e  aulornatic pipette bitted above the samsip le
content is based on three assums iptiomis: ( I )  w h e n  agita- pipette. The material wan-lied out will also rumi iii to thie
ted. ce - mite -mit ca it be dispersed in wat e r amid he-Id uni- itsixer cup. Add 300 sit of tap water fro m t u e  thsird
form hy in suspensioms so t h a t  a representative sample automatic pipette.
cain be oh is inc d I 1) it irrimig wit liout e xterm ia l heat w t II
produce a qtiamstitatiVe so lution of ce-me-nit in-u nitric 0. Fix cup to stirrer amid stir t’or 3 minute-s to insure
acid; amid (3) t u e  ca lciu m content of the- cement sohri- complete solution of ce -m it e- mit .
lion cami he determined by titratio n . wit h a readi ly
percept ible end poimu l. 10. After  stirring is cuinipleted. pipette off 25 ml of

the resu lting cement solutiom i and place in a comuical
The steps required to conduct ace - me- nt content test beaker.

are described below amid outlined in AppendIx F. T he
out line in Appendix F should be posted tie-ar the test
equipment so operators can refe r to it as neede-d. 1 m ouluareous m i m ics Ir e ’ present - ii is cc itt imiemuded tt iz mi an

add mt ituivu t nut - I (n-i was t n sieve he- iic-O eat t,ct,,w mime no. SO -

- . . , Wtien , hon Ii m tic n,u . .st i and nut - I (8) s ieve ’s are use- it . i tie no - 51)
- Fill the wash umig machimse to the man-nih aJ uner 

~~~~~ slrsuu td hc remi iuoe’ut a f ter  its I -Iiiiniute wash us cii’ - and
till mnark on t h e  tank wit h 37 .6 1 of tap water ( Eigure nbc aggregates retained on Itue ii,. It — ) s ie ve  stmuuu td bc washed
14) . Place - the nested sieve -s oni the washing niachinie. for abu,ut 1,, minutes .
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II - Add 10 mmii if  huttei simhr itioni (at u ims monm ia-a m n- the e ;ih c it mu ii EDIA ti t rat i uu n is ce - n ite’ it i  - ie~ts urn h u h
mumoniuin chloride) amid 4 to 6 drops of in dicator solo— coarse amid h u e ’ ca ica t e ’ ins (It tue -n - i t t i le ’ I aggreg ate ’s m di-
t ions (eniochroniie- black I) no thue com ical beaten . T he cafe n list uimsl y blue aggregates s-al ms ’ s ign i f icant  i nter—
buffer must be added he-tore tI me - imudic ; ituu n solution. fe- re-ne-c; iruterfe rence- caused by cu t:t rse iggte g. mte s ms n or-
Shake esel b (by hamud ) for f e w  se’cuu msds . mally less than 5 percent. T he in terfer e - mice cause d by

the fine calcareous aggiegates depends on t h e  finest
12. Tit rate ( 100-nut burette) using mlii’ O.OI~V 1DTA sieve tin-ed and vamies from 20 to40  peie-c i ’.t tor t he no.

‘,uu hrimuuitu - T u e em md pluimim is ne ’a e b ie ’eh WIIe ’ ni t i le sotut trims 50 sieve- , i i  5 to 15 percent ton the iii. 10(1 sIr ’SC

i urns tea t m s  a winue eu ion- it) S promo uum s ee-d blue ,* Record
the mni llilit re-s I I Dl ‘s require-il m rs reac h t hue em id Capabilities
plum ns t . Itsing the pre-vioush~ calibrated graph, relate Accuracy ’ of t u e  water det e rmrumnat ion met hod is
milhilitres of FDT~’s to percems t ce - mit e - mit ins time sanuup le. hinsnite-d by ( I ) bite vobunis e I sodmunu cbn bo rtde’ ttmr a ted -

(2 f t he rebated is pe neal s ize of l i e  potassium t himoc ’u a —
niate dispenser used in deter nuims ing mIsc t i tration end
point , and ( 3) the pe-ze- e’pnihihiiy of t h e -  end point re-ac-

3 LIM I TATIO NS ANO CAPA B I L I T I ES lions . For n tse smansdard 50-ittt stidiumit chloride titration
santiple, a 2-nit cutm us tant v u uh unsie prim SSSI Uris t h in  cyanate

Limitations dispeusser will h ave art euror ~uf 11.25 percent water
T he -  standardized I -k g sa mple is mite - omily significant (approxiiiiately I gal of W ild pen cu yd of com senete

uu peniim tuirial limitations nb e i t h e r  the - w ater (in ce-mime-nt ~~ 
l/m~ I). Thie- m odified 25-mitt sodium chloride mitra-

content tests Thu s samp le sIze Iimilsappbicabi lity of the thom sam ple wilts the - 1-tnt const a nt  volume puutas smunt
mite-t h uds to concrete s conmainsing maxitnuiss aggregates tluoeyamsate - dispense-n has (lie n-anne accuracy.
of I A in, (38. 1 m mii) or less . ‘fluis re-st nicti o mi . w hich is
required to insure that t h e  samp le is representative of If greater accuracy is desired, a ctti ivenit iona l 100-nut
the concrete being tested, can be removed by misodi- burette is used to dispense t h e  puut :issi uaut i thiocyanate.
lyIng the procedures amid using lange- i- eeinscret e sanuphes. Its hinsiting accuracy ms t he operato(s ability to perce ive
Appiy imtg t he nestric i iuun ti tan time largest aggregane must the titration emsd pommst . For t h e  re-age - mit strengt hs used,
weigh less than 10 percent of t h e  sannp ie weight . 2 , 2’S . t h e  end poinun reacti oms can he- detecte d with a sensitivity
amnd 3 in. (50.8, 63.5. 76.2 milmis) aggregates would n- c- of about 0.5 nit . Titus . t u e  peccep t ions sensitivity in t h e
quire samp les of approximately 2. 4 . and 6 kg n- c- end poimst reaction s produces au error in utie-asurinug
n-pee-i ively water conte - mtt 01’ about 0.06 percent water for t h e  SO-

nut sodium chloride t i t r a t iu utu sample- amid 0. 12 percent
In t he water test procedure - , larger cons crete samup tes wat er for t he 25-mt sodium ch loride ti l na t iomi saniphe.

wou ld Ieqtuire only tliiut the vohutsie of misc sodium chlo-
ride- solution rused for mniienust ixm msg be m ien-eased proper’ Fhse a rcu l r a cy  il bite - ce - n -s te - nit det e- nu tsimiattomi is lmnsi ited
mitunate ly wi uhi sample si/c’ . Futr exir nnple . a 4- kg con- by I) mIs c vohomise ru t censent solt rt i tnt t im rated (25 lit)

crete samp le- would require 2 1 of ’ stiebir mmn u chloride and ( 2 ( time perceptibility tu b thre end point reaction.
solutmon. The innly re-n-friction oni inscreasing time sa m ple Repetitive tests omi mite same sample h ave ims dmcamed that
s ize of the cemnuent nest is tl s~ t t h e  wash sieves do not t he error in perce -mvmng the end point ms msonmnab ly 0.5
he’cu,rmie - overloaded wit h agg reg ate-s. c Iuug, and preveust nit; minus , for t h e  25-nut ce-nine-mit sri huuion us . wh ich require
the circu lating water from re~ nte-ring t ime washing 40 mus t of EDrA sohtit iomi to reac h the emud 1xiinit . fin e

machine . hiniititig error in estiniatimig cennent content is about t) .3
percent cement (15 lb cement per cubic s;t rd u f  cutn i-

The cemsient test has a second limitation related to crete- 18.9 kg/ni ) J).
the fact that t he technique dr es not uneasure ce-ole -nm
per Se. hut all ca hcimnrtr in One c iunucr e -te that passes (lie T he aclual ripe-rational acc um racie s uif t h e -  ( ‘FRI. K-V
finest sieve nested above tine was h ing machine (ei lhmer a water and ce-me-nit conste nt tests hiave bee- mt dete nnnm nied
no. 50 cur no. 100 smev e \ Thus. aggregames passing the in extensive laboratory and field tests . Th ese- tests h ave
sieve nest and cut ittaining eale- itmm arc a ls u u defected by indicated that the average error its mIs c (‘FRI K-Vdct e r-

m ined water con e- ntIs is frotu 4 lii (s pe- rcet it. and
* lt is recom m ended tham open - t i ns Suit wean mint’~ tsun( cement c om u te - usts . 0 In 8 pence - nit - TIme laboratory tests

glasses during mIre crmk iimnm uumr ,i t ion pr ’cess tinned glasses can also indicated that the CERI.!K-\’ determined water
alter perception of the wine’ Sit bluc end p o int, contents are more- cboscis re h;mt e ’d to tim e free w s te - r thuani
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the mutua l  ss .Ii c t  presem tt m u  mite cu t i c le - i t.’ . I i11c f t e ’Id te- s i  5.115 hi~ nui u mrc l u l l !  II ~ e I u e l l , a s~ e utu d _ n5 t Ie le -
hu ms iu md ie -a ic’d t h an time - fe - in c shouts end po muit ins t ime w a t c i  ( F RI  k V te si l t u u . . tu i  ~c t i n  II h~t. sot es is  agie ’c
c ui ms ue - u s t test is d t l t t cuh i  it pen c e - use an tc - t t l ;tc l . i lU lc ’ s  he-. eli sel y amid m n t d u t . u t c a v m n a  i I u u U  I d Ie l t i  - u  III h O  p e t —
lii 55 F II b i t  I )  amud hev utiul es i i c ’ t t t i  t t i t j ) u t ss lh l e am c e - nIb , Ou t.’ ‘ i t  ! l ! l ’~c t I l l i l e ’ -  I t ’ s  u u e c ! , F t u - .t ,l~ hue ct utscru a t e
iem im penatune -s he l uuse 4(1 F 14 . t i i f l it t h e s e  t e ’sul h i s  ‘i.itit plv i’ m utu t r c p r c sd t i .. l l v :  iii liv 1 1 i i t i d t v u l t i t ~ lI lIan
hl ,isc not bee-ti cu , n u bmrnumed u~ bab t ura iu u ’S uc stini g . Time - t use l  d i 1 t , .i c t t  and - n t  seC t v a t t u t u t  I; t 7 1  mIte ntis livIng
ie’si’, huave ikt’ immd icat e - d that h u h  t ime - s5 . l t e ’t i t md cut . batc h ed is i t  hut  s a t l t r - is h u e  a t ’ , desigt : . nt ( ‘s t  t h e
mine - mum ce uui mc flt ic - st pnuucedll re’s t u e ’ liii .111 practic al pum r . ( he RL k-V sy s i v i hi,ts i t t , u h i u i i i j ’i c rh

~t scs . luse i l s I l I s e  to suc h p. tt . ’ m m iete - ns as ,ugg ega ie
Ill ‘ u ’ , t l m tc  v t iuu J I t l , u t i s . m mm i x p iu i pu l i t i  il ls . -.e l u i c l t t  i s  pc’ 5 . S cv c ia t  c i t .  k’ j .tn -~ ‘ nun itt l i e ’ t u l le wh t e i h ier
Iet igsl t  of utmm ~ t imm me - _ ami d .lggte-g.I ic typ e - lw , i i e - t u t i ls e iihe’t t a t  ut t ime - C E R I  _ k—V s 5 s i e i t ,  is u t i a i h : I l i v t t u u f l t u l g

h u t  mite sc alds ci ii tou t tes t . liv i ca/ e n i  can he- clu ec ked
I.ite- cc a t e - I  attd ce - m e- nm u. u t t t c ’ t ui l e t s  call hi’ t utu cur l— t v addumsg :t k i t u t s v t u  v u t I t t t t ~e I ~- t i  t u t  It llJ lit 1 u i  ss , I ter ~

eu e’ u t t P. i s  a sitigie u pe r a t u u n ree lui i ri rmg t ins t o  iii 5 to tIme sc ld e’—t t t t tU i ht ja i  t i t d  r~~ i i t u i t t ~~ - it !d,llei W J ie’r I - s I

nuim us rm mc s to cet m i mp le me - . T h e  tu petj l iu i nah c t t s m per t e st  is ut m i I v  ptm ne w_ i le t  sant ip le. h i t f ~e t v - s t i l t s  s ue ’ w t t h i t t t  5
‘2 .10 t im , uea gcn u us -a mid 5 13 .00 b u n  lahu in ( l’ jblu.’ .‘s . Fuel ve ’ i u l i i  mIme - mmsix destg t t . ulic ucag e s l i s ’ s s r e mi g t l t s  are in

rise pnrtpe- r I - :10 l u l l . . If ci ev a t c e  Ies l  h la t tk  te s d uc t ’
}- .x pe- r iu in e - t imah d,ui _ u iroums itic- (‘FRI K.t c l . t u t i , u t l t u t t  iuiiili’ wi tu ’ t i iet c h i l u i t e l c u  l ie pre’se-nt Ill t ile’ c u t i l e r - le seas

uudic a me that mIme water and cemisenm cont ents obtained mint r Ufl wile - lu the cc ,utc cu tt ite tt I ,ui tbte -  s u i t i p ies W aS

call  he- IlSer t mu predict the- pot em i mi ;tI s t re - u tgm h n of ’ fres h detcrnj si usu.’d , iu shtuutld he d r u s ie - . lb site - t e S t s  it i i l tv. i ie ihat
et us i c re t e  cc it  It -u reliability equal to s tu a m i t t  predict ions t h e -  re -agenmm s ’ sit c ’ t t g t  his at e inn u se  prui pet ratio amid t htat
based utus ac n uah unix propuurl it ui ss. I - c u t  misc ’ mseuri sia h ratuge chmhr,r mde -s cure uu uui pie -s e -sit it m i te -  cu t i t  I e tc  u n  Ita ce beets

‘b .igg rce:uIc ’ is pes at t e l  si/ es amid a ~ ve-ni ecuu seusu type , air blanked out , m u d  site (‘FRI Is-’ 1bct c u t t l cu  W: l ie’l cuun-
enml na in’mmnent appears to he- mite oilier coms imoms nisaterial test  t.s dc V t _ t i e ’ It inp mime usut s dc sm t t us . t l t e t i shu t.’ i t !  v ie  ti

paraisset e n stguit f ’ic ansiv influencinig stren s gt h u . ** Thus , tested sc .n. not ne’ pre - set i u m tuv e of rite - h ulk , cur mite units
the C l-RL K.V sysseu s i used in conjunction wit h an air dc l lsc l e ’ul w: ts nu u it t h e  sausie .is t h e -  tins dasugut .

conte nt mest provides a rap id nus ca ns s (less t h sa m ’m b 5 mmmi-
uses) for determining mite strengt h potential of a give-ni Ttue- I u u l l u ~~i ti l e  s t e p s  s ue eeu i t iu t t t cu td c d  ui deteninitic
c u u t t e re t e’ . wh ie - sh uet S I t  l , l i uu u i l  Hc i sce c t t  ( I Is I k - V ce-ole-nt ru .’st l !ls

amid mix dc’stpi i aloes is -va ir h~ eqrmi ptute ms m rtial’
The accuracy (80 percent coisfide nce) of m he stn e msgtb s I t it ict it i t s

predictut iuss nornially varies between oOO and 700 psi
( 4 1  a isd 4 8  MPa); field amid babe uratory accuracies are - I ’ s  stami dard cc - nine - nit cuuluieu i t tes t  to de - t e - r mn m n se
equal - ce - m ime - nt equivalen cy o f mite aggi e’ga Ic s hic i rmid he run tutu

aggregate blans ks of butt Im mI sc but t e -.ini d Cu cu rse :tggt e .‘:t Ii’ -

Eac h aggregate (thank s hur uuhd seci ghu (in gr :ltus) 10 t l t t sc s

4 
t Ime wei gh t  pence-mit of bite aggregate nm the i t ’ . - The

ANALYSIS OF TEST R ESULTS ce - m e-nil crum iten ut of t h e  cou nc re -te ’ saniup le- mit it lus ubt e cc.
use-sit eqrmiva hency of blue aggregate sh ould be- wi t hiiu i 10
pence -nit rif mi s c ce-niieru t c rt ust e - t u t  u i  hue ut uix.

Comparison to Mix Design Values
The water amid cement conte n ts det eni ssinu ed by t hie 2. lb mite - error in ce - t u e - mu m e’t iui tel l  I .11 cu step I t unt udn -

( t -.RL K ’s ’  us e- thud shiuu uhd be compared to mIsc mix ficat iomis is still gre -amen t i ta n 10 pe- rce - nt - a f lew een vm emsm
design values , II’ the CFRL/K-V and musix designs values stansdand should be- pue - paned . m u d  ihne e i m m cmnuti t ~ of EDT ’s
va rs by less th an hO pe nce - mit. it can he assuurue-d t h at the- required to ne - me l t  end pui m uit t i l l  cm - t i t t. samisp he iii the-

(‘FRI k-V sy s te m is operatimig properly, If t h e  re- suits stansda rd sinusoid he c itee ked. F lie- qum a mm m uly of i- I) ! ‘s

re-quined ho n a 2 5 - i t t  s _ uu utp lc cut ’ t h e -  l I p  w-a t e - l  shui tmh d

‘This may not he’ true for nbc blended h ydraulic Ct ’t t icf l i s ;mhsrt be checked. T ue  i.i~i w aie t  s . ! it t Iu lc sh ou ld he time-

SSi  \t ( .St)S t tu e calcium cun t enu s nt iY~ e-’ P. 1’, tS , uni d s same as t h at used u i  fill u s e -  washnmsg t iiachimu ie- and t h e-
arc allowed no vary w id e ly .  300-nut autom s iati e pipe - t ie - - if t h e -  uppe r amid lowe- n

‘lii tome cases, water-reducing agents or plasticizers in 

-

_________

tluenee cone- re-ne strength beyond utuein dine-cu efi ’eci on wc uuer / 5DIstitle’d w i  icr slsuuu td lii’ used mu is a tattl e - II nuO - ci tuLunk
cement rc nr nil s . sli ts td a sit tw nun,
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t i t ra t noms emid points have shifted numone thart ½ mii~, a new percentage of the actual strengths. minis percentage re--
cahibranitun curve should be prepared. hationship can be used to esti niatc unknown smrengt bss.

Where lime and data allow , t h is  percentage.type modi-
Ii fhiese steps tndica m e that the procedure is operat- flcation can be used to imisprove mite accuracy of t h e

ing properly and the CERL/ K-V determined cement strength predictions for all flu xes, The re-suiting accu-
contents deviate from t h e  m i x  design, either the con~ racy (80 percent confidence band) based run this type -~~crete teste d was mso t repre -senfati ve of the bulk , or t he of individual mix calibration will nom inally decrease time
mix delivered was not the- same as the mix design. error in strengt h estimates to 500 to 600 psi (3.4 to

4.1 MPa).
Determination of Concrete Strength

Figure IS shows a typical relationshi p between t he
(‘ERL/K-V water /cement ratiu ms , air contemi l, and 28-
day compressive strength. This relationship was devei- 5 ADDITIONAL IN FORMATION ON
oped t’ront tests on Type I and Type II cements with SYSTEM
amr-entr ’aining agents being the only admixture present.
The accuracy (80 percent confidence band) for estinnat.
m ug strength normally varied between 600 and 700 psi
(4 .1 and 4,8 MPa), Thus, the strength of a concrete Since this guide may not answer all questions fromsample- will be less than 700 psi (4,8 MPa) below the potential users , CERL will provide technical assistancevalue- predicted from Figure iS only 10 percent of the to any Corps of Engineers facility wanm imig to set up andtime, use the CERL/K.V test system. Th is includes assistance

in procuring equipment , training operators , analyzing
If other cement type-s that have different strength- results, and troubleshooting, For any type of assistance

gain characteristics are used, or ot her additives or ad- on the CERL/K-V system , contact:
unix Lures that influence the strength-gain characteristics Departntent of the Army
of t h e  concrete are present , t he relationship in Figure Constructi’jn Engineering Research LaboratoryIS will be in error . When the strength to water/cement ATTN: P. A. liowdyshell
ratio and air content relationship is known from trial P. 0. Box 4005
mix data for a given mix, this data Can be used to Champaign, IL 61820
modi fy the relationship in Figure 15. If it is found that Telephone: 958-7224 (FTS) or 21 7-352.6511 ,the Figure IS strength predictions average a certain ext . 224 (commercial)

13
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Figure 5. Typical water storage tank for use with CLRL/ K-V system.
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Figure 7. Packaged unit ready for field use.
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Figure 8. Packaged unit ready for transportation. Note location of reagent bottles and glassware.
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Figure 12. Water content vs. potassium thiocyanate ,
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Figure 13. Typical cement content vs. EDTA titrat ioni end poinit.
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Figure 14. Washing m achine- fill uiuamk (37.6 2),
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Figure 15. Strength vs. water /ce m ent ratio and air. SI conversion factor: I psi = 6.9 kPa ,
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Table I
- 

Water Test Equipment

( s r  > -.i~u p ’ ux -m
Ift nu riue Quantnt)- De’se-r iptloni Sources lit h e- ni tota l”

— i Su i t s ’ s i i . i r lC - t ’ c , tu i u  t t 2 u u i l u l  . 11135 1> i t t  t — >. i-q ut r iuut -l i i  stappuiet~ l u  S 60 S lu l l

s u - u i s i t i s  Ii U u i u l L t C  Ic ,ittd su its resuntu g

2 It-and ssuuuip t (lute-- t ’ u C ~~ - e.usl - a i untu if l ut t t . l u t i st I si/C leliliC .ss item at  S 4 $ 4
.t)i pi. C u l t . ~I> 3 I 4 x 5 in. dee-p

112 It ‘ i27 . s 51 > 11 tune- u

3 Sat ut t ’Ie 1,1> I 5-sIt t 4 l~~t puuiye mhuy ie ne mub i)uut ,ie-’.uie I u u u u . I  t O i C / i ’l S -i S -u
s uppi icr gouiu i s

4 55 liii - u l t u i  JIlt J u t  2 t~/ 2-e~i ~( 9 - I - pu t Iv e  I >iy (C u te ’ w ide --r tt siuu tt I a ) -  i . u I u i I l  >355 supp lier S 3 S hr
t am wi nh ss rd cmuusure -atid mid

5 i ~ti’ ~usi l nil 5C r ’ i Outu bte-ende-it n h - au t - drive-ti at 5 > >  t utl i Ii) I , i l i u  u i . u  I u i ’  d ui uuu u li tt e nu $ Chri I S Iihri>
1 4  lip Ii ut I tuusuus uu 1- 5( 1 suippiiet

I Timer I l i t ,  iS uiniui. u i u u t u . t r t _ s >  ui uuu e- r nuuu l , t t  u s i t t u  u _ a I , i u . t , u u n s l o u u u n i u -n 5 -i~ S 4~
-au tuilu t uuuid re’ie’ I ii 5 V . till el c C >  suupp mieu

7 ( tun ka I he-u rken 2 Nuru a - i t lu lu  Iii cus nic a l iueake-n, SOS-mg capui ’ i i> .. u u s t . . u 5  dI . i ss .upuutieu l u  S Ii
500 mc dO) - I t  utIt ,ius tutu l~rd~ k.u u~~. ii st ieii-pack of s )us I I - p .uuk  I

12 us cu ria-ally ordered

S Prpeute , 50 tu us I V,uiuimu e- iu ie pipe-tie . gluu ss . class A, 50-m e i u lu r u i u u u  e- i . uss supplier 2 > >  5 2 tu
Cs Iu ,uet I y fuu a itsuw tar ( l u C i L l e - C . -a s lw l t  -p_e k I s ius ’ t t - ~tae k
s u l 1 2 is unor uuu.uI ty uiud er ~ d

9 Aunomamic pipe-t ue . 2 S it  1 111.11 I~ 01w Id will te-tion piug, g lass . St i al i l . i  h u t  e’ I . iss  supplier S 31, 5 72
50 m( tue scu iuadiu > iii a i t iu ts  hu nt breakage’, twit eases tease cun u-ain-

wiili I ts  each are hiu it it ia ll> uindere d ung twoi

10 Rubber suoppers 2 Ruitluer n i  tulle is . nut - 6: lute is i t  Ii tw- su iu,iies i .u iuuiu . uh u up g l ass  supplier $ - t  $ -

Niu . 6 and line is lit mi tre-c iu .u t es

ii Automatic pipe-i re , I Aui uu tn u -at ic pipe-lIe w h it le- iluuti 1ttug. giuiss . i_ ah iura luuny glass supplier $ 3) 33
tO mni I >>-i u t l capaci my. i s  ailow hut breakage , one (ca se ui 2 1

- f case conta ining iwit is nornnaity strd e- rcut

12 Bune nue. m u >> ) uuue I Acry t ic Study. tetiont piug. (‘t ins B .sc cu uuucy - Laiuiu n.ituiuy ultass su pplier $ 22 S 22
O0.nns g capacity

- I t 3  Volume -uric f l u n k s . 2 Putiypropylcmne . vuuiunne nric flask s. 500’inul t . s > u u u i . u t , u u )  e - l a s s  supplien S 9 S iS
500 rug s ap.uei I >

14 I-ice d sutiume this’

~ penser I a >  2 mc 7 I- ixed i u uluu i ic st i ..pculni -m of poiye- uluyiene and i. ,s>uu u ra l u l l >  gl.ins supplie r 7. 50 s iS
( 6 ( 5  mC 2 puuiyprut pyterne measuring ehuanmber: iwo 2-mg S 7.50 iS

and Iwo 5-mg dispetisen s required

IS ( a r t u t u t s  I Reel.unguiar aspira uutr carboys with spigom , 2-gut i uu iui i ra muury g t u us s suppiier $ 22 S 22
17.6 0 capacity, line-at potye-ih yte ne

ik h) utuhme hurd le- I I)uuuble- burette - tnoid e- r cmam np. noniterric -aiiu,y dic Latuoraluury ciu t us suppiner $ hr S hr
e-tamp casting, nic kel-p lamed

Il I uu iuu t  eiauuup I Umn ti iy clunuup, rhre-e’prutnged grip, vtnyl ized jaws Laluuurat uury gI.iss su t r t ui u et hr S hr

iS Amber but un les 2 Nar ruuw-nt s uuth tether hou mi e-s . itius uon rounds t a> i ,u m . u  tutu)  g iass suppler S 9 S ‘I
hrom amber potypropytene 1320 11 ,ur 0 .9t kg). lii. L u t e  ii I (‘I
Normally pur c has e d in packages of ni _s bu llies.

t9 Rubber tubing 03 ft ,Smber rubber lane -c tubitug (sianutu ird wail m / i 6  I at tuuu. i tuu ty  gOss supplier S S S 9
1/4 in. 16. 4 mm) (3.05 nil in. or 1 .6 nun) siu td ii 96-ft 12 9- 26 m) tengu its I u t t , . l  I antI I

2(1 1 mass nubing 3 (ilass tubing 7 ntnn On) S hO in- (254 tutu I Iitng I alt  ir,uluury gI,iss uuu ur~rtus ’r S - I $ - I
7 num Ot) )s landard wall)

Qunan u rmy require-if nil c ute - duct li s t s

sI e-s minname- , itasulul on quanlinies inetudinng htre- ,nkage sl i u,se ,uuuct -

It lIe i (70 hp I I > >  7 W) gear mstu ,t r -and Ioc,iliy fahri~ute d c i l l t - u t vdu -Clu d 11115 cr ate use-d , t h e -j r  csou is aiuui Ut 9 4 ) 1 >

27 

-.-.~~~~~~~



- - -~~ 
-

~~~~~~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Table 2
Cement Test Equ ipment

(‘out (appr omu.)
item Tide Quantity’ Description Sources Pet Unit Total”

I Scaies I i t ipi e--be-annu sc a le t t- 200iJ gc -ap acil y ) i-i g t -q u i pt uu e -n u Suppliers lust S 60 S 60
sensi uisiny - coutc rr ne- and s u n  ne -suin g

labs

2 I-land scoop i One--pie- ce-, cas u-a i u inninur n n , tuowi site- Sau Ce as ne-nt ni $ 4 S 4
approxi mately 3 1/4 11 5 X 2 itt .
(8 2.6 x m27 . x 50.8 nutu l>

L 

3 Sample tub . I 5-q u 4.7 ) psih yetf ty le- n re- lub Ii i iuuic st ic isuii d It c c / c t  S I $ I

qu (4 .7 0 supplier goods

4 Sample huib , i 2-t im ( I S o  putlyetltl -tcne nub Same as inc-nun o3 S I S r
.5 qu (1.9 11)

5 Washing nnactuine- t ij otnueslic puirtabir wasbninig uriacliine; nnusl (i-ave t)s,meslic appt t.u ncc stl t re $ 110 $ i l l >
a smuuo nlt inleriuur , vide-nmn uuunled nuuupett e r , and a

- I recircuiating pate-p and tuose . Rec i rc uta u ing hutse- lIt

Ire- fu med ssil hn a u-piece - iu,r uulullu uechi fl g tuu the- auto’
tntalit pipe-lIe. (Vuoking capacily u I  m b . 37 .6

6 Sieve ne-si I Rectangular sleet (tame 15 5 / t 6  x 12 5 /1 6  11 S in. Si eve-s pur ciia s u’d f ru um $ 1 1 1 1 1 $ 1)10

>3811 . 9 u 3 12 .7 x 21)3.2 m m )  deep , A no .50  sieve- equipment supp liers (or s ie - rd)
II ihe- buu n uot ui and a nut . 4~~t c vc at mid hei glun. line concrete m es u in g labu urun S 100 $ litu)

- 
, sieve s l us tu ld be- ncnu ,uva l .ui e- l o n e- s . l-ra m nne w ould be- (I tame -)

Iuucui ty fatuniea ied

7 Wash bonnie I W .shr i lu t t I le , put ly cll ty le’n e- , SO usC La luuu ra luur y d un n supplier S 2 $ 2

8 Linked pipe -m e-s I se - u A 125 m glass pipe-inc (with automatic leveling 1.aluoralory glans supplier S 80 $ 16> )
devices), (lured wilh a lIre-c-way tag . To il is (not a she- li itett i )
aniached a I 00-ml auno m natic pipe-tue (three-way
nap ) ihat can e-nnpty ins co nren ts ututougfr the
t25 m( pipente -. lo ai low lot breakage , two se- us
are normall y ordered

9 .4utorrnali c pipe-nrc i A 300-mS au mom n na im c pi pe-i nc. t hnee-svay map i.ab ut ra uui ry glu is sup 1t l ie’t S 45 5 90
Iehmuun suopcock , glass. i t  allow fuur breakage- .
uss tn are- ntun u mua lt y sundered

tO (‘arboys 2 Rectangular asp iealitm earh utys wit h 2 gut  >7 .6 VI Laluuuralsuo glass supp lier S 2 2 S 44
2 gal (7 .6 Ci capaci ly line-ar pu,Iyeihtylene

II Smitte n I Shi re-n (ituit k -sIiakc t ype) wi ll stainl ess sl eet  La b s u rustuu r ~ class supph ie- u $ t O)) $ tOi l
conlaiflcts

i2 Hurd le , iOOm Q I Acry li c buudy neti s un plug, c lass I) ac c uracy .  Labuuraitur > gisuss supplier $ 22 S 22
tO 0-n n11 capac i ly

i 3 i - i sed volume din— t Fixed v otu n nue dispenser oh po h ye- t tuy l ene and Labota iu i m > g lass v uppt ier S 7 .50 $ i _ Si n
penner , 5 me pu ulypr uu p tene nte -as urittg ci nanuntu e- r

i4 Rubb er tubing 20g m An ihe-r rubber tubing (standard w a ll ) . so ld in Lahr ona n utn y g lass supplie r $ h >i 5 ut
1 / 2 in ) i 2 7  mm) It) (6. i in) 96-ft (29.3 ml Iengi irv i96-f u unti l

I) Timer r I) Itt IS film indus t riah littler switch mm li ant I,’ 1.abotaiory equipune-nu S 45 $ 45
manic re-se-i ( I t S  V . 6)) cycle) supplier

t6  Dropping hot rle i Poty eu lsy te ne- , 30-r e- C narr uiw mou ih bottle and Lab ut ua u itry glass siipp t rer $ I $ i
dropping pupente-

17 Conic al beaker . i Narrow rnst u nh conical beakeu . ghas s . .$O0-n uc Laho rals try glass supp lier S t > u  S to
500 mc capaci ly. To allow for h i reaka ge , a st nel f -pac k ts hetf- p ac k -

of 12 us nornun atty ut rdere sl

ill Utility ciamp I tinilrty champ, Ihnee-pronged grim’ . viny-lute -ut uumui s La(u iu ra ni, rp g lass suppiier $ It S ti

i9 Pipetme (25 mt) I Vunlumeuric pipe- rue, glum. clans A . 25-mg capa- t.uiliuur a nirry glass supplier $ 21) 20
ciry , it allow bar breakage - , a she -If-pack iii i 2 b sttCll-p a ck i
us norma lly ordered (non s hown in I cure 2)

21) Suc nio n bulb I Rubb er suc luu un haib for nbc 2 5 -r um ( pipe -inc t .a lri ura lory glass sup p t ic r S 3 $ 3
Int O shown in 1-u gu m e 2)

Quantity required no vis nd uci tesi
•‘(‘ u u s n es tim ates based on quantities inciudrng breakage - -,ui isu us .t ruc cs .

ti c ai car e-otis sands arc no he e-nc m ,un uered . ni us t C~1
- lu rnmenu ied rh uu m a nut. i i)) uil ’ ue )te tue - s ue - s t ( ts ’ i i  us- ntu t no . SI) .

28 
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Table 3
Operational Cost for Reagents and Labor

Solution Quantities ~~ gent Quantities CostReagent Solutions -— — -—  ________________

1 Teat 100 Tests 100 Tests 100 1u’~t~Water Test Stand ard Modified Standard Modified Sta ndaxd Mod if ied Standard Mod ified
NuL l O .5 V  500 niL 500 m11 50.0 Q 50.0 1460 p t4 61 ) $ >15 S 2 (15
\5 N03 0 .55 60 mS 25 nit 6. 0 1 1  3,5 11 509 g 509 p S 1 9 2 1 > 3  I I

N (> 05.’. 185 mfc 142 mg 18 .5 11 14 .211 90 p 69 p $ 2. 116 $ 2 .I ’4
ilNO 3 - 5> E 2ft mli 211 minI. 2.0 11 2.0 I >1 .43  I I t  .4 i  5 ) 3  $ .4 5 )

specific s pec It is

gr avi ly)  grav i t y  I
t - c r rm e Al unmu 10 mL 10 niL 1.0 C l O s  500 g (fe - rric 4011 p (herr ic  S 4 .40 S .1 4

am uluut niU uni af l i r l i t u f l l  Ut t t

su lf ane ) s U i ta le(

Nj th iu luc f l / c f l e  4m g 4 nit 400 mt 4Oib nit S 2 .61 5 2. 61

nuiiu uI.sI  S 21 (7 4 1> S 126 83

Solution Quantities ~~~gent Quantities Cost
Cement Test I Tent 100 Tests 100 Tests 100 Tests

1 1 ) 1 . 4. 40 rutS 4 1 1  t S p  disutdium 11 ) 1  A S I )  ( I I

I hi , i i it ,u l lt l ’ Black T -i FS mb - 5 >1 mus e (Ft p d yes u u l l  > 5 )
SO niL urmct hisumotetm ine

Amm itn ia-An iuns uniun s tO niP I L 5611 mc amn i utnia S 1. 9(3
( hktridc Buffer 70 g ammonimam dulmtride -—

Subliilal S 3 ,05

Luu buit 4 5 mim i/nest am GS-9 rate (S I 5 ,977/annum) plum s I 0O’1 utverhuead = $ 11 .52 / n e - s n = $ 1 1 5  2 . - 1 > 1 1 1  Is Is
I ital ( ‘ L RL / K -V Operaning ( 5 1  = St 302 .53/1 00 s landard

51281. 88/100 modified tests

I
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APPENDIX A: If time resulting no ru s i a lity of mi me silver o it rale st u lu

lion is less than 0.50 , add itional silver nitrate must he
PREPARATION OF SOLUTIONS FOR added according to the following equation:
WATER CONTENT TESTS

W V A (NI) N4. ) (E q A3~

I. Standard Sodium Chloride U ..S~V where W = g.eq WI = (graun-form uila wt)/o x idal iuom
Dry sodium chloride iii OVCfl a m II U (  hon a mini- no . l’or si lver nitr ale

mount s i t  4 hours. Therm place sodium c- luiouide samp le in g-eq wI of smi ve n n i t rate = 100 )~C) g -
desiccator and cool to room temperature . Accuralely
weigh Out 29 ,230 g of dry sodium chloride and place in The required solution solvent is added and the pint.
1000-m V volumetric flask . Add distilled water a rd  dis- cess repeated until the desired normality is reached.
solve salt. Fill to mark onm t’iask witlu distilled water , amid
a~~tate to obtain uniiornm soluliitnt . This is the pniruuary 3. Sodium Chloride Suiltlli uun 0.5c\’ (approx)
standar d and is used lit check the normality u)f t Ime Wei gh out 2u)~ .2 g of suidiuni chloride arid dinniulve
silver nitrate solut ionm. in tap waler. Make up ID V . Slaildardize against the

silver nitrate suilutkm n using tIme Molur t i trat i t un tech-
2 . Silver Nimn-.tme Solution t) .~ V (approx ) nique .

Wei gh out 255.0 g of silver nitrate anid dissolve in
Jisti lled water, Make up 3 V . Standardize againmst the Compute normality (Eq Al  )and adjust (E qs A2 ami d
i1.~ S sodium ck~,ride solution usntug the Murhr t I t rat ion A3) to produce a 1:1 ratio between time nuum rinua l it ies o(
nec hnique exp lained later nn this appendix ,~~ Keep track the sodiunim chloride and silver nitrate soluiions. (One
tt the miltilitres of solution used so the total weight of g-eq wt of sodium chloride = 58 .448 g)

~ilvcn nitrate can be computed after t itration is com-
plete. Compute normality of silver nitrate by t he lol’ 4. Potassium Thiocyanma e 0.05N (approx)
lowin g equatIon: Weigh out 24 .3 g of potassiuni thiocyarnate anmd dis-

- -, = I 
- , 

. solve in distilled water.  Make up S ( . Stanmdandi ,s
~~~~ ‘n’ .e- I V( ~Eq Al j 

against time si lver (nitrate solution using the Volimcarui
- , - - titration tec hnique exp lained later in this appen id ix.- where N , unknown normality of silver nitrate - - -- Compute norma lity (Eq A l )  :ind adjust (F qs A ar id

solut ion A3) to produce a I .10 rat in between time niormalities Ii)

V AC = volume (mV ) of silver imitrate solution the silver nitrate and the potassium thiocya natc. (On e
required to reach titration end point g.eq wt of potassium thiocyanate = 97 .18 g.)

N~-t = volume of sodium chloride solution used
him reach titration end point 5. Ferric Alum Itmdica ton

Dissolve 50 g of l’erric aniinm (nruni sulphale in lOt)

If t ime resulting normality of the silver nitrate solu- mV of water and add 5 dnuips of 50 percent nitric acid
tion us greater t han 0.50, t he scm(utiu,n m ust he diluted SOl Utt t ) f l .

and t he following equation applied :
~~. 50 Percent Nitric Acid Solution

V = VA !— ~\ ~Eq A2J Mix equal volumes of water and nitric acid (com icem i-
\N~ / trated nitric acid 1.4 1 g/ nmV ) . Always add acid to wale n -

w here V = volume of distilled water to be added
7. Nitroheni,eneV = volume of solulton made up (3 V ) . -A Use full-strength American Chemical Society iA (S)

NA = actual normality (NAP from Eq A l )  grade .
N1) = desired normality (0.5).

— 8. Mohr Titration Technique (Nusu itra l Solutions Only )
In us reeommended tha t the silver miitra ie . sodium ~hIoridc . Time Mohr metlmod 4 oh’ end poimit Iilration calm beand potassium thioc ya nate soluhions initially he made slightly

str o nger by w ith tiuu td ing about In percent of the water. After
i i l rat ing. the c- acm annuu unh c-if solvent required In produce the - —1: 1: 1)) ralin can be computed using I-q 1t2. and added lit time 4 Arthur I. Vogel . -I Tcxt-huuk mu! Quwntftatiix’ /uuorganén-
so luti o n. .4nalynis. t hird edition (I. nndu sn : Lu ngmans , 1968). pp 258 -2 6 7

30
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used itt neutral solutions to detern i im me eitimer the dub - (3 Volhard Titration Technique
ride or silver strength ml tlue otimer is knowrm . TIme indica- The Volhard method 5 u mf e nd pin immt l u l l  ~l m. iii is us e d
for solution is prepared by dissolving 5 g of analytical in acid solutions to determine the reaction between
reagent ( AR) potassium chromate in 100 mQ of water. potassium thiocyaniate and silve n nitrate strenglims . Fun
For .m limnal volummie of approx imately 50 mV of time flue approximate 1:10 solution concentrations , pipette
suu lutnomm in titration . 10 to II drops of inidicator solii- S nmQ of the silver nitrate solution Ur l um a lfuU.niit coni.
n t u m ni are required. An acceptable procedure is to pipette cal flask , add 10 noV of SO percenm n t luu n ls acid and 5 it iV
10 t t i~~ cmi ’ chloride so it it iuun it mto a 2~t)-nns ( Erlennneyer utf terric aluun j uid icator solutnon , Add t ime potassiunim
flask , adding 10 iii 12 drops of potassium chromate thiocyanate solution slowly t n om n i a ! ( f1 ( - t uiL burette .
inmd icator so lUtl uili - Add the si lver um itr ate solution t n r m  swirling the liquid con mstunt ly . until time reddish column
a 2~~’iii~ burette. swir lin g tIme liquid co mms t ar ttl y, until t’orrmme d by each drop begins ho disappear more slowly.
the reddish brown color formed by the addition of each This indicates that most of Ihe silver bias been pre-
drop begins to disappear Inure s lowly. This indicates cipitate d. Continue the addition uniil a ha m rmi bull dis-
t hat unost in the chlorides h ave been precipitated. find change in color occurs. Persistence of this faint
(‘onm lmnue adding drops uimhil a taint but distinct change reddish color after brisk shaking indicates that the end
in color oc cu rs.  Persisten mce of this faint reddish -brown point has been reached. T he t i tratio n should he repeat-
color alter brisk shaking indicates timat time end point ed until two consecutive tests agree within 0.5 rnV.
h~ s heus ul reached, The Iitra lionm should be repeated until _______________

t w m  cs u u is e c mm l ive  tests agree wm li t i mi 0] rnV , t Vogel .

I
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APPENDIX B: a = the total volume of thiocyatmate in millilitres
required to reach end poirmt (blank equiva-

PROCEDURE FOR DETERMINING WATER Ienh plus 50 mV plus Iwo limes time num ber
CONTENT WHEN THE SILVER NITRATE: of 2-mV thiocyanate shots).
SODIUM CHLORIDE:POTASSIUM
THIOCYANATE CONCENTRATION RATIO For the modified 25- m V t itration sample:
IS NOT 1:1: 10

Ii ~ - O.6a 4b + 0.04 bz% water SOb
For the standard 50-mV titration sample: \ 0.6a + 4b - 0.04 bz

(1 - USa 2b +0 .U2 bz\
~ water = 

~~°\ 0.8a + 2b - - 0.02 bz ) where a = same as above
b = same as above

where a = (silver nitrate normality)/(sodiurn chloride . - - -- c = the total volume of thiocyanate in mmlhi-norma lity) . . -litres required to reach end point (b lanik
b = (potassmum thioeyanalenornmality)/(sodium equivalent plus 25 mV plus the num ber of

chloride norm ality) I -mV thiocyanate shots),
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APPENDIX C: ‘I Record time n im m nuh er oh 2 -nA ) u u tasSn U i l l  liii C~ .1-

nate si mots required lu reac h cr ud iso nnu l. t~s~ u e I a I l u u I u u f i i l

WATER CONTENT DETERMINATION— shown in Figure 13 t im deterunine water con ter ht.
STANDARD PROCEDURE

Blank (Required if Concrete Cont ains Chlorides )
Place I-kg cuu n n~reIe s anump le iii ti iu_ widui-mnuu t lm jar. 

ISample
~ Usimig volun metric tiask . add 500 nimV of distilledI. Place I-k g concrete saumm p le no time wide-mouth jar. — .

Wat er tim eoncrele sar lup le in :ur Sea l lid.

— -  Lsu u ig volumetric flask , add 500 mV of O.5N 3. Agitate concrete and disti lled water f u r  3 nminutes
sodium cimloride 10 co n crete sauiiple in jar and seal lid, itt end-over-end mixer .

3. Agitate concrete and sodiunm chloride solution 4. After ag itationm . reimm ove jar fronm i mixer amid a llow
rmt ixture f’or 3 minutes in end-over -emmd mixer. contents of jar 10 settle h u n  3 to S minuues .

4. After agitation , remove jar from mixer and allow 5. Using a pipette , obtain 50 niV of ciear samp le
conten mts of jar to settle for 3 to 5 minutes. from jar and place m m  conical beaker .

6. To conical beaker add:5. Using a pipette , obtain 50 m V  of clear samp le
a. tO mV of 0.SN si lver nitrate (auhuunlalic pipette)from jar and place in conmical beaker .
b. 10 m V  of 50 percent nmitr ic acid (fixed volume

0. To conical beaker add: dispenser)
c. 2 nrA of nitrohenzcne (fixed vo lum e dispenser )a. 50 mV of ’ O. SV silver nitrate solution (auto-
d. 5 m2 of ferric alum (fixed volume dispenser)nmatic pipette)

b. 10 mV of SO percent nitr ic acid (fixed volume 7. Titrate by adding O.05N potassium thiocyamuate
dispenser) using a IOU-nrA burette until t h e  end point is reached
us . 2 mQ of nitrobenzene (fixed volume dispenser) (first tint of a peruiianenh reddish-brown color).
d. 5 mV of ferric alum (fixed volume dispenser)

8. Record the millilitres of’ titrated potassiunmm h imkm-
7. Usunig automat Ic pipette , add 50 mV of U.05N cyanate. Subtract this quam itity (mV ) of potassiu nmm 111km-

polassnum thiocyanate to conIca l beaker. Shake well. cyanate from 100 to obtain the num ber of equivalent
millilitres of potassiuni t hiocyanate.

8. Comp lete titration by adding 2 mQ shots of po-
Eassium thiocyanate from the fixed volume dispenser 9. Add the numben of equiva lenmt milhihitres u I  po-
unti l t h e  end point is reached (first tint of a permanent tassium thiocyanate obtained in step 8 to the nmuimnher
reddis h-brown co luu r). of milhilitre s of potassium t hiocyam male for tIme sample.
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APPENDIX 0: ~. l kt crmnm u i c us i ih u m mm dm,’ s t i us u sg t hm Iss mu mii ialk addnng
25 m m m l I , m i m l , u m m m : m l u~ pmp et I us ) ut I t  .()~-V puulas’ -.iUlmt thk u—

MODI F ~ED WATER CONTENT TEST cy a ti -ate s im i utm uu ns iu u tine suufu t iimru iii lie cu unmc al beaker .
(‘uos mp lete hi tu :m t iu mmi  using ,m 1— unu t  imx ed ruu li imi me disp c misei
c um m nla i nmin g t) . l)S ~ ~iu lJ ‘11110 il mm uuss a ic ute s m m i s m l i u m u u . ~ussm r l

Equipmrment lime c u m i m t e u u l s  iii t Im e he.uku,’t w h ile time I .ini 1. shuu hs ne

The equipm ent required for the nnmodificd w ate r coin- added lisinig lim e f mx e d s m ii mr mme d lspemi\u ’ l - Whu e mu lIme f im s u
tenth test is identical to that listed in Table I t’or itemums 8 , pcni iia iuemml re ddns i i - )m ru mw us cu lm u appm.’im us . t hic cru d puil nut
0 , arid 14. The 50—rut pipette amid S0 ’n imt autuuunatic ha s beemi tus: uchic d .~~i ’i’ m itral ,ui i  .n~d mim IC the iui t u u hus n

pipette (items S and 9) are replaced ss miii 25-mimt pi pelles. ml f i ni ous ya m ua le st int ’, .tddusul *
Tlue four fixed volume dispensers (item l4)ar e replaced
win h u mni e l— r mmt , im nue 2—mi t t , arid two S—m um t . dtspe umse rs_ Tile 7. lJsiumg a vu luiuttcl r mc p m pe tt c .  ii a u is t m ’i 25 u t ml t ime
alternate equipnime mut requ ired by t f me nmoditied pro- hi’.mm m k suulut iui is to a c um mne a l flask. Add 10 nut ml sm lv en
eedune luas -.lpproxiniate iy thue sa m is e eumsl as the stanrdard nihrald so lutnonu ( au j tm mmn at i e pipelte I. It) iii uuf  51.) pen-
equrp nmme uut . cemmt us lIn e a cid solon iou I f’ixed S m lu  muse dms peum sen ). 2 nut

of tilt rohen,.enme (fixed Vu ml untie dispen ser ). ausd S rut’ ml

Procedure f’errie a lumni so lui iuunm 4 f ixed vu uiunm ne dispcu ms em ). .Simakc
The steps required to con duct a ( FRI - K - V  mm modif ’ied we ll. Tit rate (100-unit’ burette ) musin g Ihe O.05.\ puul.m s-

wal er cull tent tes m are as hot low ’u : siunn I imiuieyau ma le so lut motm . until time first per in m a nu eml t

re ddish-br uiwn u ~ uIor appears .

Obtain a 6-ho 8-kg sanmip ie of m esh e m m ui e ne l us . mix
sanspie to inmsure h o m ogen eity . atmd weig hs out two I -kg ‘lime blan k is ca lcu lated as Futlows
subsaniples to tIm e nearest grant . Place omi e I-kg saunp le
in a wide -omo mmt in an. using a vui lunnmet ric flask, add 500 

~~
‘ = 00 x JEq Dl)

rrr t of distilled water. Secure time lid 0m m tIme jar. Thus
sanmmp le is t he blanmk required for esti i tmatinmg elu lonides un
t Ime cotm crete itself , where y ’ = mdhilitres of the thiocyanale equivalent to

chloride in tIme blank

2. Place the second I—kg sam ple in another wide- x = quantity us1 mhiocy anate Suml utluim itt step 7
mouth ja r. add 500 mt of t h e  approxinnately 0.5 umor- required to reach c u d  poimit .
nnal sodiunim chloride solution, and secure t ime lid.

‘flue vu mlii me of ’ t lmiocyanma he eq umiva lent I y ‘ ) oht  am ume d
3. Secure tIme two jars in lime enmd-ovc r-end m ixer , f ro m t ime blan k solution is added to f l me volume of

and m i x  for .1 minutes. t hiocyam mu mle used in the sanmmpie solutiomi . T ue percen t
water is calculated as follows:

4 . Remove t ime jars from time nmsixer and alluiw con-
hemmt s to sell Ic’ for S to 5 minutes. 50z -.S- wate n~ 500 - ~Eq D_ 1

5. 1 sm ug a volumetric pipette . wit h draw 25 m t  of
clear sanmmp le solution and place it in a 500-mitt conical i. = two times tIme total volunmie of thii ocvanmat e:
beaker. t k in mg t he auton malmc pipette , add 25 mitt of t imat is. 2(y ’ + 25 + n u m b e r  umf I-nit tiriii-
:mppnoxin m a le iy t) . S N  silver nitrate s uml ut ku rn to the clear cyanate shots reqmmired m m  st ep o).
samp le solution. tlsim m g time fixed volume dispensers , add
10 mV m l  50 percent nitric acid suuiti f i imn (twi t shots
from a S-mt dispenmser F S nit of t’erric a lumu so tuhiumnm

- TIme h mnal titratio n using tIm e I ‘unit Isi ep 6) dispenser cam s be
(o ne sli um l front a 5— mQ dispenser): amid I nit of nu n >- acnimplistued using th ue I 00-mt Isuret le . w h ic h will g ms V a minu s - u -
bemmiense umnsc shr mt front a 2-m ur t dmsper msc r). Shake well c-sa d end poinn. FIrm,- etmu.mice uu l t Ire dispense r on t miurcl lc m ’ . lIm e

(I’ y inanid I tm in a few seconmds. option oh lIne operator.
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APPENDIX E: 10. Tifrale hDT A info ce mnme nl sanmp ie (wine e m dmn n )
until end point is reached - Time s mlutiu mn wm hi he a prim-

CEMENT CONTENT DETERMINATION nounced blue color at the end point .

II. Note imm iil ilitres of EDTA used m um neael m end point :
I. Fill washing misachine to mark (10 gal j 37.6 V J )  consult cahibratiort grap lu ton tinc- ceruidiil being ~sc’d ho

whit tap water. anmd place nested sieves on washer , determine percentage u i  cenmeni in nusix .
Change time automatic pipettes wit h their appropriate
reagents 300 nit of tap water and 100 nit of S percent
nmit nie ac id.

2. Place I-kg concrete samump ie on sieves. REFERENCES

3. Start washie r agitation anid necirculation pump.
ams d wasls cement from aggregate for 1.5 minutes; re- Howdysisell , P. A. . “Conre latung Kelly-VaIl Tesi Resuuln s
move upper sieve (no. 4) amid wash cement fronmi ag- to the St rcr mgti n Powm mlmah ( u f  f resh ( uneie ue ,”
gregate on lower sieve (nus . SUlF ur 1.5 mmiinutes. (If the Rapid Testing of ’ Fresh Concrete . ( m uiI ~’ m e ~ice
no. 100 sieve is used, t ime mmo. 50 sieve should he re- Pnu ceedmngs M-l 2b~..\DAUU1~7(lI I t  S . .-\uiniv
moved and the aggregates nela immed omm t h e  no. IOU sieve (‘onstruct uoum Eimgum ieer mmug Research l. a h u m n amum ny
slmould be waslued for about I :  uninufes). ICERL) ,May IY~ 5).

4 Fill 125-un it ’ automatic pipette wit h cenrent solu- Howdyshmell , P. A.. 1.abu) rator ,m ’ Fn ’aluathm,n ‘1 a (‘he’ois-
tion using small hose and clamping large hose. cal Technique to Dt ’tcrnumne Water amrd (‘e?,nc, :t

Content of ’ Fresh Concrete . I Cel i f l ic  .11 Re pum rm

5. Drain 125-n ut cement sample and dilute with 100 M-97/AD784005 (CIRL. July I u)74

mit of 5 pencerut nitric acid amid 300 mV of tap water.
Howdyshmeli , P Operations Guide - Water and

6. Mix above ingredients in stirrer for 3 nsinutes. cement Content of Fresh concrete, Teclmm s mca l
Report M-l77/ADA 0226 97 (CERL. February

7. Pipette off  25 mQ of the cenment sample and place 1976).
in 500-mt conical beake r.

Kelly, R. T. and J . W . Vail . “Rapid Analysis of Freslm
8. Add 10 nit of buffe r solution to time 25-nit sam- Concrete ,” concrete (April lObS) . pp 140-14 5.

pie , then add four drops of eniochrome black “T”
indicator . Vogel, Arthur I., A Text-Book of Quanhitatin’e Inor-

genie A nalysis. t imird ediliunm 4 Lonidorm: Lomi gm una ims .
0. Fill 100-nit burette with .OlM EDTA solution. 1968), pp 258-267 .
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