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PREFACE

N This raper was prepared as the result of a request from Mr. Stanley
Johnson, Chairman o the Committee on Crouting Papers - Rono, Amorican
Society of Civil Engineers.

’Tﬁe papor was approveld by the Chief of Engineers by first indorsement
datel 28 March 1960 to Waterways Experinert Station letter dated 10 March
1960, subject, "Request for Pormission for Publication," and was presented
at the Reno, iievada, American Socliety of Civil Engineers meeting of the

Soils, ’echanics and Foundation Civision, Session on Grouting, held the

afternoon of 22 June 1960,

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

rerforned at the Concrecte Division, Waterways Experiment Station, and are
as follows: ﬁeyort ko. 1, "Infludnce of Chemicals and Mineral Fines on
Pumpabilit~," Technical Memorandum lto. 6-419, written by Messrs. Thomas B.
Kenncly 2ad James M. Polatty; Report No. 2, "Influence of Sand Grading and
Addition of VMineral Fines on Pumpability," TM No. 6~419, written by Mr. J.
Polatty; Report lio. 3, "Influence of Grading and Specific Gravity of Manu-

facturad Sanis on Pumpability,” TM lo. 6-419, written by Mr. J. M. Polatty;

e S

-,

ie

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

and Evaluation of a Colcrete lMixer," TM No. 6-419, written by Mr. Ralph A.
Bendinelldi.
A1l of the work was performeci by personnel of the Concrete Division

under the direction of Mr. Thomas B. Kennedy. Colonel Edmund H. Lang,
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CE, was Director of the Waterways Experiment Station during the preparation

  of this paper. Mr. Joseph B. Tiffuny was Technical Director.
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INVESTIGATION OF SA'D-CEME!T GROUTS

Introluction

The . 5. Army Engin'u:ar haterways Experiment Station undor the authorization
ol the Office, Chiof of Enzineers, and in cornection with the Corps of Engineers
Civil Works Inweatigation Progrems, han conducted & nusber of stuiles on the
putpabildty of sended grouts,

Dus tu the c:tonsive use of grouting on Corps projects, it was felt that
ek a g ropran. could furndsh wueh valucble informaticn for both design anl
constiuction personnel, an! could result in rethods, procodures, and tho usage
Culnateriads that woull effuct corviiderabla cost savings ani insure vetter

rosults,

Purpoge of Invegtigation

'-'Thc rurpose of the investigation was, in gunoral, to ceieraine the marbiu
seeant 0f rand that coulu be used in a portland-cement grout without injurirg
ity prmyablifty. In order to widen the mope of the investigation, diffcrent
proaationn ani types of snwds were test-pumped. In addition, tho affoct of
various elrixtures on sard pumpabilit/, using sands that oither were deficient

in or contuined ample anounts of materials passing the lo. 100 sieve, wore

ntwiied,

* me-xbor, American Snciuty of Civil Engineers, Engineer, Concreto Division,
Waterways Experiment 3tation, Corps of Engineers, U. S. Amv, Jackson,
Visasisasippl.
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A staniar! Trge 11 cenent CUmp}%an with FPederal Specification 35~C-192b

wag dgeti in 2ll of the test sdxtures.

"hree typos of sand were usel in the test mixtures: (1) a well-rourxded

retudal siliceous sand from Tisalssiypd with a 2.6 specific gravity, (2) a

cranufactured liwestore sqand fras Tenncasece with a 2.7 specific gravity, and

W3) o ibdese traprock monulfactwrol send with a 2.9 specific gravity.

Thne praiation glven in OCE astandari guide specification for concraete sand

Laa used as a starting grainztion for the sanis. Howsver, this spocification

)lows nn average of 35 per cant Lo be retainei on the Nou. 16 sleve. Ty

cenovinge (o scaiping) the material reteined on this sieve, the resulting

avercge gratotion 4s the "L jer cort ;nssing No. 100 siceve™ as shown in

fir. 7. I atdition to this gralstion, suificiont material passing the lo. L0

nieve wes elther oilel or reuoved to proiuce sanis with grulations of o, 5, 15,
ant 27 oo cont passing the Lo. 100 sieve for the naturel sani and 0 and 15 per

eant Yor the limeatone anl treprock sanls. The grelaticns of the 0 cnd 23 per

st reasirg the tle. 10C sieve arc shown in fig. 1.
Mve albiixtures used in the investication and thelr sources are as follows:

dete {te, unesleine!, Califcrnia; £1 ash, Illinois; pumicits, Califoraia;
loess, Visaissippl; bentonite, Wyuwidng. Physical data for the materials useu

as uineral fines are glvon in table .

- 9

Equirment

The mi:dng, pumping, and circulating syston consisted of & staniard leborrtory-

tyro pa.dle mixer of approzimately 37 gallons capacity, anl an air—irivon, simplex



2-1/2- by 3=1/4= by S=in. grout pumj, The mixtures were testepuaped through
| 200 £t of 3/4=in.~ID rubber hose which, after leaving the grout pump, rose
vertically for 13 ft, mnde a S5-in.-raiius turn, and returned to the pump
""",e'Lovaztion. The remainder of the hoss was coiled in a 5-~ft-minbmum radius on
the floor. The 200 ft of 3/4-in. hose consisted of four 50-ft sections, oach
| :36@1’.110'1 connsctold with a metlel connector huaving a S/S-in.-ID‘or..-ening.

| Mgure 2 chews the test pumping sysban,

Tests

Boto:e thu punping test wos begun, 21l materials werce weighol out and tho
Axo., uwyy, amd hose aystaen thoroughdy wetted. The water, cement, swxl, and
asadsturey wurﬁ thon aliet irn that orler, excejt that the bentonite was first
rdva l vidth o amall amowt of cerent .l then with the water and sand before
Lutrolwcing the ulk of the cement, After thoroughly mixing, check consistency
test was mnic using n pleno vire torque consistency meter ani water added, if
necessaery to maintaln 2 undonn consistency of 135 ¢ 15 deg. During all pumping
tests, an sthenpt wos rmale to operate tae pump at o rate of 70 strokes per minute.

~{tes aajustaonts, the growt nizture was pumped through the hoge system
ni ot rate of £lov determdied. Tnen tho hose systen wue shut off for a
3=nlnute pario!l anl the grout rumadning in the iniver allowed to slowly by-pass
turoush the junp and sdxer.

Afor the Lo-minute pericd was over, the hose line valves wore opent;fi
slowly anl the grout circulated. If it was possidle to recirculate the grout
after it nad rermained in a2 static condition in the hose line during the lS5-minute
rerioi, the grout was juiged jumpable. Three successful junping tests wero made

for each courmbination reported pumpable.
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“imestone sard fines have about three times the surface ares and seven tines
the grount of minus No. 325 materlal a2s does the traprock or silica sani. This

A‘is frobably the reason for the difference in the quantity of sand found punrable.

The three types of send used in this phase of the investigation were similar
to those usel in the firgt part of phase I for each typs of the threc sands
test-punred.

n the first rart of this rhczee, natwral send with a nomdnal ¢ per cent
;aasing the Ne. 10 siave a.l with the addition of verious percentages of four
.aitares, fis ash, loess, ilatomite, and puudciie, was test—pumped., The results
in fizure 4 show that increasing the amount of aimixtures allowed an increase
i tae acunt of sani thet could be pumped. As the diatomite had a spscific
suwrface about 1 times that of tha loess, it would appear thet this increase
5 .overdent on the fineness of the cdnixture.

In the second part of this phase, limestone sand with the nominel ¢ per
rert Lessing the Dol 130 sleve ani with the addition of rercentages of fly ash

an! loess was teat-puspel. As in tb. Jirst part of this phase, the parts of

T

.21: found pumpable were slightiy groater for the mixtures coataining percentages
et £l ash than for thoge contalning loess.
In the third part of this phase, traprock sand, ieficient in materiel rassing

100 sisve, «ith the addition of percentages of flv ash was test-pumped.

)

is iz the other tocts in this phase, tne aiditions permitted sn increase in the
sani~carrying, capacity of tue grout mixture, The results of the pumping test

for the sccond and thirl paxts of this phase arve plotted in figure 5. Table 4

cives the pumping-test Jdata for the three types of sand test~purped irn this phase.

il
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The teats conducted in Phase 1T indicate that:

(1) vhen a sand 43 deficiont in materials passing the No. 100 sieve,
the asiition of finely divided 2ineral admixtures ill increase the sani-
carryiaé capacity of the grout mixtw-e,

(2) The ability of a finely divided mineral adaiydwre to i rease

the sand-carryirg cajacdty of = grout appears to be related directly to its

fineness,
Fhage 1T
In the {irst part of this phase, the sane neturel sand was used that had

baer. used in the other pha:és'ﬁf this procram with a gradaticn having 20 per

agse i on the weight of cement, percentages of

}.J

datorit: ani bentonite were atdded anl their influence on the pumpabilily, or

“an-rarring abilit:, and the charscteristics of the grout mivbures in both
loatis .l hardened conaitiors were studiel, The results indicated that the

rats of diatomite permitted an ircreese of

[4}]

iorcentages of Q.0
S5 i the yarts of =and fownd pumpadle, widle an addition of T.40 bentonite
rornitted an Increase of 2% perts of sand.

Tne lirmestone sand used in the secona part of thls phase was the same as
thit used .n phase I with 10 rer cort passing the 100-mesh sizve. Percenteoges
of diztomite ani f1; ash were aided o the g

- 7 4" - <
O wals IhEEa,

7,75 parts or sand found pumpable, whlle 1.5 parts of fly ash allowed an increase

of 4.25 jarts of seni. Table 5 lists the results of these pumping tests,

figure & Lllustrates the re

rout mixtures, as in the first pert

s The aiditior o7 one rart of diatomite permidtted an increase of
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IR

or

“eficient in minus Fo. 100 aleve size materisl,

o minaral aimixture increases the sand-carrying

& 10, divided mineral aumbxture tu a normal

300 ircrezse ils gande-carvying sbility.
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Type

Admixture

Fly Ash
Pumicite
Loess
Diatomite

Bentonite

Table 1

lnvestisation of Sand-Cement Crouts

Data on the PH

Pro of the e

Divided Mineral Admixtures

Blaine

Specific

Specific Surface,
Gravity aq ¢

2.52 3,580

2.34 5,220

2.66 1,800

2.25 20,300

2,40 155,000

% Passing

No, 325
94
98
96
97

99

eve



Table 2

1888 I -~ Inv ation of d- nt Grouts
ontaining Natur nd with Va Percentage

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 Initjal Final £ 7 Day 28 Day
0 2.0 0.63 4 T+ 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



Phase

Table 3

- Investigation of Sand-Cement Grouts

Containing Limestone and Traprock Sands with Varying

Percentages Passing the No. 100 Sieve

Proportions Cube
by Wt Based Campressive
Sand on One Part Time of Set, Strength,
¢ Passing of Cement hr Bleeding, _psi
- No, 100 Sieve Sand Vater Initial Final % 7 Day 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



s et s s e w L .

Table 4

Phase - Inv at 0 t
Contal S 0 t o, 100 8
Effect of Admixtures on Punpabi ity
Cube
Proportions by Wt Compressive
' Based on One Part Time of Set Strength,
- - Type of Cement hr Bleeding, psi
Admixture = Admixture Sand Water Initial Final X 7 Day 28 Day
NMatural Sand
No Admixture - 2.00 0,63 4 7 1.2 1730 3508
Fly Ash 0,11 3.10 0.88 6 yARS 1.5 1195 2210
Fly Ash 1,00 6.50 1.62 7+ 26 1.3 435 715
Loess o1 2.80 0.88 5+ 18- 1.3 1300 2355
Loess 1.00 6.00 11.88 2+ 50~ 1.2 2585 410
Diatomite o.11 3.90 1,19 6 20~ 1.2 585 1035
Diatomite 1.00 9.00 3,18 6+ 19- 0.4 55 235
Pumicito o.11 3.10 0.94 3+ 17- 1.8 1095 1965
Pumicite 1.00 6.50 2.04 3+ 26 1.9 170 380

Limegtone 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
Loass 0.11  1.90. 0474 5 19 0.8 1505 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 0.11 1.94 0.73 4 16- 1.5 1435 3420
Fly Ash 1.00 4,5 1,49 7+ 22- 14 . 70 1450



Table §

Phase - In igation of Sand-Cement GCrout.
Contajning Sanis with 10 Per Cent Pagsing No. 100 Sieve

Effect of Admixtures on Pumpability

Cube
Proportions by Wt Compre saive
Based on One Part Time of Set Strength,
Type of Cement hr Bleeding, psi
Admixture = Admixture Sand Water Initial Final & 7 Day 28 Day
Natural Sand
No Admixture - 2.50 0,76 S 8+ 1.7 1540 3030
Diatamite 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+ SO0+ - 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 0.8 430 1025
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