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PREFACE

This raper was prepared as the result of a request from Mr. Stanley

Johnson, Chairman of the Comittee on Grouting Papers - Reno, American

Society of Civil Engineers.

The paper was approved by the Chief of Engineers by first indorsement

datel 28 arch 1960 to Waterwayi Experlne-rt Station letter dated 10 March

1960, subject, "Request for Porndsoion for Publication," and was presented

at thp Rcno, Nevnda,Americari Society of Civil Engineers meeting of the

Joils, Ycchanics and Foundation Division, Session on Grouting, held the

afternoon of 22 June 1960.

The data presented in this paper were taken from four reports of work

1.erformcl at the Concrete Division, Waterways Experiment Station, and are

as follows: Re.:ort No. 1, "Influnce of Cheicals and lKneral Fines on

Pumpabilitv," Tezhnical M1emorandum T:o. 6-419, written by Messrs. Thomas B.

Kennoiy and Jamnes M. Polatty; Report No. 2, "Influence of Sand Grading and

Addition of Mineral Fines on Pumpability," TM No. 6-419, written by Mr. J. M.

Polatty; Roort 'No. 3, "Influence of Grading and Specific Gravity of Manu-

factitred San1s on Pumpability," TM No. 6-419, written by Mr. J. M. Polatty;

Report No. 4, "Influence of Manufactured Sands and Admixtures on Pumpability,

and Evaluation of a Cotcreto Zxer" TM No. 6-419, written by Mr. Ralph A.

Bendinelli.

All of the work was performci by personnel of the Concrete Division

under the direction of Mr. Thomas B. Kennedy. Colonel Edmund H. Lang,

30058
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CE, was Director- of the Waterways E~xperimnent Station during the preparation

of this paper. Mr. Joseph B. Tif.CanY was Technical Director.



ITVIIATION OF SA,-CMLN GIMU1T

B3Y JAM9 M. POLATTY*

Introduction

The U* . Arm-, !ignuer ;aterways Experiment Station under the authorization~

o.j" the Ofi-ice, Chinr vf En~niscrs, an in connection with the Corpc of' Engineers

SCivil Workr, Tn~r'tiafdn Pro~rariv, hu- nn.p'ructod a nu.bAor Ur ,tuliu on the

Du. tu tLhe c.,.tcrxi-.o ue of grouting on Curpi P'*ojccts, it wa3 felt that

a r'. could furnish ;iiuch vJaIua~blt informaticn for both dcsipi ai,.

C(,1~ in c-srno an I cnul.-%er3ult in --.othoji, proccuduros, Rnd t)l, unv.ge

fat'ur~L.; ti-at wioul i off-ict cumd"Idorib1", coat ,jayingsan cii nure better

? imose of 1nvyktJatiop

The 1,uzoonc, of the inveitigtiticit was, in gonoral, to CcLerzne the :rAylimx

-ri,ut of~ ra~nd that coul-i be uocd inI a partland-cont grout without injurin~g

i,taj I cr ibility. In oruaLr to wder. the cope off the inv0stigiltion, Jirrcz'ent

r-i>tivivi ani tyl~os of t nids werei te~,t-pmpd. In addition', the .3froct of

v.'rious P.b-ixtureo3 on zuI tnaitusing san.I that either were deficif-nt

In or contained amiple anoits of riateri~as passing thu No. 100 sieve, wore

Atudied.

* n,3r American Sociuty of Civil Engineers# Eng~ineer', Concrete, Division,
'Wztorwayv Experinrt 3tation., Corps of Engiineers, U. S. Arw', Jackoon,
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Mnt or a.4

A :tanUiav.! T:pc II c.i:t r7ih 'with Federal Specification 33-C-192b

w~j u--e; in all of the to-it -,,xtures.

i'rotrp4:o~ off sanj were u~soi in the test -iJxturos: (.1) a well-rouryled

r't' l ice-i..=z ~n fromniis~ with a 2.6 sp'eeifia grarity, (2) a

'.a'tir~uz-i-4 U.tro'torQ raz. Tetjnc3sce with a 2.7 specific gravity, ariA

(3);i ~Y.~-zetralrock ma.nufactiux'. v~nd with a 2.9~ -,"cific gravity.

Thu rr-- ation -!i.van~ in C atan1'.arl guiAe speocifica~tion for concroto vnd

tve~ zi.3 a ot,:%rttir_" Crai;tir.)'l fr the sianAS. Ho-4,VVers thia '3pacification

,Jlowi -inI r.ver,4 e ofl 3 :*- cen~t to be retain(v,- on1 the NO,. 1E6 sieve. 3y

* :.Oviiq- (1),, sc-lping) the m~aterial retaineA on this sieve, the resulting

:)''O;~: rl 1AUtion in tho "- cr t~tr-t '~dNgo. ±00 sieve" as~ shown ini

i -. a: 1i1ition to thi3 gra,1jtion, sufficiant m~aterial pa.zing the 'No. J.-0

Ac,. ..-,. roithc'r 'I1or rcn~oved to pz-oiuce san-'s with gruilations of 0.. 5, 15,

..n~ jv~c -taioing the 'o. 'tO nieve for the natural sani an-i 0 a~nd 15 per

' r~t .*or i-rv, lirnestonc an.I trciprock saa'sz. The gra'ati'rw c-" the 0 -n" 2.5 jnr

-;j t r':.jiirg the :o 10C. sievc ar,. -.hown in fig. 1.

,.Ir a ixture-% used in the invustiratiofl and their sources are a-, follows:

liAtc Itoi, tuicrlt.nel, Caiftrnia; fl1; aish, Illinois; ;1iaricito, California;

Lo'ss, Yisniasi~pi; bentornitoe, Wy~caing. Physical drnta for the raateriais u±se

.is ,niral ftliez are givr in tabli -1.

Thu mixing, punpinpj, and circulating system consisted of a standard 1aborr-tcar-

tyq-,i pa W o rnix of approzirnato).; 37 ga.lona captcitys , n air'tdrion, s1n-lax



2-1/2- by 3-1/4- by 54in. grout pwnj. The miyxtures were test-pwapod through

200 It of 3/4-in.-ID rubber ho3e which, after leaving the grout pump, rose

rartivallY for 13 ft, made a 5-in.-ri','iius turn, and returnedi to the oap

evievation. The remainder of the ho3,s waz coiled in a 5-ft-inijium radius on

the floor. The 200 ft of 3/4-in. hose consisted of four 50-ft sections, each

.tectioni crrmrctol with a~ ivr_ connector ha*ving a /-r.I orening.

"'ig:-c how,.3 the te-3t pum~ping~ qystdti.

zo. c thu up' teul- w:ZJ bc-gun, U-1 nutatrial werc wteighal out &nd tho

A-.o tU.1 Ivy.i host; :3,,tai cnrQorgh~y wctteil. The water, cement, naxj aiid

a',dixrt:* ;quro thr 4 a ic irin that o'ler, e..cokt that the bentonite was first

rIJ wil". :L i~177 ;CowU.t oC .-cr~trt i.... 'en vrith the water an-! saryl before

t~tu w~agthe bulk of the ctrmnrt. After thoroughly mixing, check consistency

tt~t W-1.8nr usilg A piano .re toi'quo cor.3istency meter atn! water addce4, if

fl~v.;rvto T,,1Jntain a unifua, -.uiAi;tuncy of 135 *15 deg. During all umnpirg

tAan :.ttei:.pt . ru.,e tu uji'era-Le t p np a.t rate of 70 3t.-okes ;'er minute.

.tA. u3t::wntnq thca erout -.L~tura wnu's p=wpem through the hose :3ystwn

Int: rIJ1' oi' flow diuten:&4 ,. Oen the h')nv, 375tWn WUS shut off for a

~ -'.L~tir-nrio'4 ant the grout, r-,.A1ThgZ in tho riyxer nallowe- to slowly by-pais

throu".1 tl-o 1,Ump =Jt -ixer.

A.'tor the I-iminuto periol wa.: over, the hose 1line valvora ware opened

51wfan,. the grout circulatel. If' it was possible to recirculate the grout

af'ter it 'ado reemined in a atatic coirdition in the hoe* line during the 1.5-cdinute

period, the grout was-, judlged pumpable. Three successful1 pwunping tests wero made

for eatch cun-binat ion reported Ijumablo.
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Athe Cfli' o f tho p ipn~ testtc-, consistency bleeding, rate-of-flo

= tets ~.a~eam:spsci-jer-a were ebtdinei for ccnmressivo strwngth arUl tine-

-= ~fz~tt~sk *The ine resesa2.tenierature of the grou were also reco .4e-

Test P--arm

- Teprzqgran to inveiLti t 7aaabiity of port1 arC cemrie-sanzi grolat

-~ 
5 4 

a
4 r' tre gonzara r iases as W43.

'I Thm e fo e et or the p=unpaility of gcut contaimnng tt-

I te- e..ThKjf-i rn -~~- cag-_ ofmtei

I-a~~~I- -0 10C !. ofeve lfeetLretre :mtr&I * T7;t~ ~ p a~rt~ues cm the p

- tcotut -air~ t thez three- trpsn; ofSan' with a nani-nal ie calt yasiig

Cl)P a!&3 nz i II ;ne & euf-_ztv of various adm~btU-S can the trnpax lit;y

o:' -nturzz sa. th~t COU-. b-3 t22-W using- .-*-- __fr-i&--ain

:ml~W~h LLr l n e e. basl> cinmilar excert; that fir
-.- t ,:- wer r_7 Fal

IJ awasxng V-. S -L amm

ajgf I SU~ :-s u±. cCf.U be nm.tei that'h a content o-f

. 1(3 aroats 1X~zmd p! pbl vamried A t.,t parts for a sazi wi4th 'per cent

nfsingl the !!To. 1-C sieve tv tharee parts- for tne sanda it 25 per censt piaing -

.n e '"o. xCO sieve.



lie secorA Fartf hs IT ~ i v tests to dlrette~4_ t-i.e ntsOf

'-1instoon szl.3as~lon the work done -wn zatt±rfl sa-s. It

" ''e -. ec-Jjt- e,,-- ,-t=4z z 1h 01peCnt passing e,I z a =? Zac iat the natfatrt-jrror itm-
tcuii~_ ix;j lha ii-s nrt

tc. + uzl vu m%,.ti.j as +

U.'-r-l rritai zAI Z1 saim Wh a hig~her than.. naraa

&-- ;7r t- 4a: t q,

V, en o-nty £otm pt'-bV 1 vari-ViA 3 r qa .ts !Z=?

ce--~ -3 r--3fcnt

Thc ~=. tt --Or the S~Zco an.h xit I this rhlaso are gin in
zI

L.--~"~ -113~ -- th L- am

nr- pe. Cata'-.ra

pael-zet.axUo.mi nl- MC--a_ .? on %Cal atueiv~trali arc.1

3= __3 he .c*a4- .7 1-

-.. -ev -. r



Aimestone sand fines have about three times the surface area and seven times i

+ zoint of minus %'o. 325 material as does the traprock or silica sand. This j
J: i3 -robably the reason for the difference in the quantity of sand founud pmrnable.

The three types of sand used in this phase of the investigation were similar j!I-
to those u-ei in the first -A-t of jiase I for each t.pe of the three sands

In t.e first ;art off tMis o, natural sandi w-ith a noidial 0 per cent

. uhe t:c. IC sin a..d with the addition of various percentages of four

.L_:tore3, fly ash, -oss, iiatom ite, and pjixciite, was test-pumped. The resuts

in figure 4 show tiat increasing the amount of a.Ldixtures allowmed an increase

i': tne a.cunt of .anj th-?t coul be puiped. As the diatomite had a specific

,i'face about 1C tines that of the loe33, it would appear that this increase

L, .eaendent on the fineness of the aiidxture."

In the seconA fert of thds phase, limestone sand with the nominal 0 rer

.oe- tassing the "uo. 10 sieve ani with the addition of Fercentages of fly ash

EH
a n oess -eas teot-pape l. Az in t1, *rst part of this .hase, the parts of

L found pti.-b'e wr slight. gre.ater or the rLtures containing percentages

oc fl- ash thn for those contai.,En loess.

TI the third -art of this plhase, traprock san., deficient in material assing

th.e ±,e h DOsieve, Ath the addition of percentages of f"1. ash was test-ilwped.

in the other to-ts in this phase, tne additions peritte-A an increase in the

sand--aryi; capacity of tihe grout ixture. The results of the puping test
-or" tfl second and thir, pts off tii phase oare plottel in fig-are 5. Table

t;ives the pun ing-test data for the three types of san' test-pumped ir this phase.
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7he tes--t: conductuxi in Phase I! indicate that:

- (1)'A he, a adi ifiin nD erials passeing the Ho. 100 sieve,

thea adiition of finely divided -Aincral admixtires All increase the sanfi-I

ac~r. T, capacity of the gr' at j- . u.

(2) The ability of a fine~r divided mineral &L-iixture to iriv rease

the sa -- arryirZ caJizacity of a gro-t app- ears to be related directly to its

In the first part of this :daane tssan ausnduaue hth

- eT I-assing~ the 'To. 1CO S4--- 3,sei on the weight of cement, percentages of

.toci. ni b'qn-onite werc added en_ their influence or. the DPumability, or

an ir ",,n bil it, arid thc ocharaCteristic3 of the grout mixtures in both

,I"..I har'dened C0,-1-.iTi4ors were studiel. The results indiz.,atad that th-

ti * V .c-e:ages of O.C-5 pzwut: of diatomite permitted an increas-e of

i .. th t i Farts of sand fo Lni pu, whie a,.n addition of %'40 bentonite

M .5pxso'sn found lumntablec, 1.5l 1-m-ats of fl~r ash allowed an increase

iS arts of sand.* Tabj-o 5 lists the results of-, these pumpin testan

figtire ll-1strates thle results gra-.1icail, U

IM_



'"is -naue L.tide ir'VOtightior. inaicatei thKz. the aidiU.- v, of percentagez-

- te -ario.u. irturo: wLL- in--ease the saiv. - c rying izalk oitr of a sand-

2i6tgrout wi.en D~s 4tWs iih 1tffjit zrth 'Les are being u:o-. ct m

asstwx th- .IC'siv)

-iaet It i, V".~t tkw ,i -:l the >r -ge mi ition, of bntowit t't c-' test-,

U . ;teniii a >1;',L easo in thes aniount. of sand, thu 1cm A.t--- that. results

5 -o '-'en quarA-t11tt- c; Sa._ are- -USEdl wo-u. all'ow its usw il n 4ia

P o. _nT ailitio:r to the c =i--~ mentoze abc r I2afie. ndI

- .eto t er1 in,, ztrigatrid; both r-t31a1 vrrzitted am inreaoe in o'at of

__ General Conclusions2-

cr3e pi cuia rI-.--VeCwr

I U;ne_ ~ Can C stoatt s

_a:-r icrease it. firc iflc--4A_ J- the rirus 'No. 229siev 51ze

-eAt an increase in the quantitx' of -.atn found P eztD.

'a rOut mixtures.

(5) 7T1e s~cfI ~~rof te sands included' -n~h test rrogtsn

"adl Ittle or no frctorn thvuri hr.raterlstics of th-e --rcut.r

4- Tis I no to ~p'.r u -.- Se a tll quantitios of lbentoraite are

not useX&. i-p1 srek~d<I ___IS



(6)1 IV, uairc, 3am.d -fiient in milnus No. 1()Aeve size mterial, 1
th ,i:dtoo o, t tfine'-r J I r inral. -ainixture increas~es the sand-carrying

- I a~~azt.. -,f the grout.

(7)Theadutlc o a i:1 Uir~edm el -xtur to a normal -
-- -'A "e.ent-s mcri groa-t wail ivcrease its sanyd-ca-rrying ability.

* I
-IEN

NO
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Table 1

InvestiiatLon of Sand-Cement Crouts
Data on Lhe Physical Properties of the inely

Divided Mineral Admixt)res

Blaine
Specific

Type Specific Surface, % Passing
Admixture GravitySC CM/R No. 325 Sieve

Fly Ash 2.52 3,580 94

Pumicite 2.34 5,220 98

Loess 2.66 1,800 96

Diatomite 2.25 20,300 97

Bentonite 2.40 155,000 99



Table 2

Phase I - Investiation of_ Snd-Cemwnt Grouts
Containina Natural Sand with VarLinZ Percentapes

Pagsing the No. 100 Sieve

Proportions Cube
by Wt Based Compressive

Sand on One Part Time of Set, Strength,
% Passing of Cement hr Bleeding, Psi

No. 100 Sieve Sand Water Initial Final % 7 Da_ 28 Day

0 2.0 0.63 4 7+ 1.2 1750 3500

5 2.50 0.72 4 8+ 1.6 1350 2800

10 2.50 0.76 5 8+ 1.7 1550 3050

15 2.75 0.82 4 8+ 1.7 1400 2700

20 2.75 0.82 4 - 2.7 1300 2500

25 3.00 0.87 4 7+ 3.5 1050 2100



Table 3

Phase I - Invest,ation of Sand-Cement Grout.
Containing Limestone and Traprock Sands with Varyin

Percentages Passin& the No. 100 Sieve

Proportions Cube
by t Based Conpressive

Sand on One Part Time of Set, Strength,
% Passing of Cement hr Bleeding, psi

No. 100 Sieve Sand Water Initial Final 7 Da 28 Day

Limestone Sand

0 1.75 0.66 6+ 17- 0.9 1795 3780

10 3.25 1.08 7+ 18 1.3 660 1405

25 7.00 1.95 7+ .70- 1.7 160 340

Traprock Sand

0 1.75 0.68 5 16- 1.8 2020 4565

10 2.00 0.72 6 21- 1.6 1315 3180

25 2.25 0.83 6 17- 2.1 1265 2830



Table 4

Phase II - Invesatization of gand-O ent Groqg,-
Containing Sangs- with 0 Per Cent E~slng No. 100 Sigy

Effect of Adztlxtures on Pumpbility

Cube
Proportions by Wt Compressiv
Based on One Part Time of Set Strength,

Type of Cement .L.......... r Bleeding, - P,i
Admixture Admixture Sand Wator Initial Final 7 Day 28 DaY

Natural Sand

No Admixture - 2.00 0.63 4 7 1.2 1730 3505

Fly Ash 0.11 3.10 0.88 6 21- 1.5 1195 2210

Fly Ash 1.00 6.50 1.62 7+ 26 1.3 435 715

Loess 01.1 2.80 0.88 5+ 18- 1.3 1300 2355

Loess 1.00 6.00 1.88 2+ 50- 1.2 255 410

Diatomite 0.1. 3.90 1.19 6 20- 1.2 585 1035

Diatomite 1.00 9.00 3.18 6+ 19- 0.4 55 235

Pumicito 0.13 3.10 0.94 3+ 17- 1.8 1095 1965

Pumicite 1.00 6.50 2.04 3+ 26 1.9 170 380

Limestone Sand

No Admixture - 1.75 0.66 6+ 17- 0.9 1795 3780

Fly Ash 0.11 1.90 0.73 6+ 18- 0.9 1650 3370

Fly Ash 1.00 5.00 1.58 7+ 24 0.9 595 1385

Loess 0.11 1.90, 0474 5 19 0.8 1595 3000

Loess 1.00 4.50 1.62 6+ 21 1.0 265 535

,Traprock 3and

No Admixture - 1.75 0.68 5 16- 1.8 2020 4565

Fly Ash 0.1. 1.94 0.73 4+ 16- 1.5 1435 3420

Fly Ash 1:00 4,50 1.49 7+ 22- 1.4 710 1450



Table 5

Phase III - Investization of Sand-Cement Grout;
Containinx Saaa with 10 Per Cent Passing No. 100 gieve

Effect of, AdMxxture3 on Pumpability

Cube
Proportions by Wt Compre ssive
Based on One Part Time of Set Strength,

Type of Cement hr Bleeding, psi
Admixture Admixture § Water Intial Final 7 28 Day

Natural Sand

No Admixture - 2.50 0.76 5 8+ 1.7 1540 3030

Diatomite 0.03 3.00 0.95 4+ 21 - 860 1840

Diatomite 0.06 3.25 1.01 3+ 19 - 745 1900

Bentonite 0.025 4.0 1.35 8+ 22- - 375 670

Bentonite 0.40 32.0 12.17 70+ 500+ - 0 0

Limestone Sand

No Admixture - 3.25 1.08 7+ 18 1.3 660 1405

Diatomite 0.11 4.50 1.54 4+ 19- 1.7 355 805

Diatomite 1.00 12.00 4.17 3+ 82- 0.6 75 255

Fly Ash 0.25 3.75 1.18 4+ 20- 1.1 800 1515

Fly Ash 1.50 7.5 2.10 3+ 23 0.8 440 1025

3,OOl


