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PREFACE 

This investigation was authorized by the Office, Chief of Engineers, 

for inclusion in the Civil Works Investigation (CWI) grouting program for 

fiscal year 1959, and is a part of CWI Item 550, "Foundation Grouting," of 

the CWI Program of the Corps of Engineers. 

The investigation was conducted in the Concrete Division, u. s. Army 

Engineer Waterways Experiment Station (WES), during fiscal years 1960 and 

1961, under the direction of Messrs. Thomas B. Kennedy and James M. 

Pola tty, and under the supervision of Messrs. William 0. 'fy"nes, Rembert L. 

curry, Ernest E. McCoy, Jr., and Ralph A. Bendinelli. This report was 

prepared by Mr. Bendinelli. 

Col. Edmund H. Lang, CE, and Col. Alex G. Sutton, Jr., CE, were 

Directors of WES during this investigation and the preparation and publica

tion of this report. Mr. J. B. Tiffany was Technical Director. 
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SUMMARY 

Inf'ormation was desired by the Corps of Engineers as to whether a 
fly ash with a carbon content in excess of specification limits would meas
urably affect the quality of grout in which it is used, and whether a grout 
mixture of water, cement, and fly ash would more effectively penetrate by 
pump-injection the voids formed by granular materials than normal neat 
cement grout (without fly ash) when the fly ash has an amount of material 
retained on the No. 325 sieve in excess of that permitted by current 
specifications. 

The investigation made to provide this information was performed in 
two phases. Proportioning studies were first conducted to develop an opti
mum grout mixture containing fly ash with a carbon content 8.13% in excess 
of that currently specified, and with the amount of ma-terial retained on 
the No. 325 sieve 4.2% in excess of that specified; the optimum mixture was 
selected by comparing the physical properties of mixtures containing vari
ous amounts of this fly ash with those of a good quality neat cement grout 
containing no fly ash. Injectivity tests were then made to determine the 
effectiveness of this optimum fly ash grout mixture in penetrating the 
voids formed by each of three gradations of granular material as compared 
with the effectiveness of the grout containing no fly ash. 

The results of the two studies indicated that (a) an addition of 25% 
fly ash to a portland-cement grout produced the optimum fly ash grout mix
ture, (b) the use of a fly ash with a carbon content 8.13% in excess of 
specifications did not appear to affect the quality of the grout, and 
(c) the fly ash mixture and the mixture containing no fly ash exhibited 
essentially the same penetration characteristics. 
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TESTS OF SANDED GROUTS 

EFFECTS OF FLY ASH IN GROUTING 

COARSE SANDS AND FINE GRAVELS 

PART I: INTRODUCTION 

Background 

1. The replacement of various amounts of portland cement in concrete 

and grout by other finely ground materials has for many years been a matter 

of great interest to concrete and grout users the world over. Among a num

ber of replacement materials investigated by the u. S. Army Corps of Engi

neers that have proved beneficial and are currently being used by the Corps 

in many concrete and grout structures is fly ash. 

2. The u. s. Army Engineer Waterways Experiment Station (WES) has 

conducted a number of investigations of the use of replacement materials in 

both concrete and grout, and has issued the following reports on investiga

tions of grouts which included fly ash as a replacement material: 

Technical Memorandum No. 6-419, Tests of Sanded Grouts: 
Report 1, Influence of Chemicals and Mineral Fines on 

Pumpability, October 1955 
Report 2, Influence of Sand Grading and Addition of 

Mineral Fines on Pumpability, October 1955 
Report 3, Influence of Grading and Specific Gravity of 

Manufactured Sands on Pumpability, February 1957 
Report 4, Influence of Manufactured Sands and Admixtures 

on Pumpability, and Evaluation of a Colcrete Mixer, 
October 1958 

Technical Memorandum No. 6-330, Investigation of the Suit
ability of Prepakt Concrete for Mass and Reinforced Con
crete Structures, October 1951 

Technical Memorandum No. 6-437, Pressure Grouting Fine 
Fissures, October 1956 

Reports 1 through 4 of Technical Memorandum No. 6-419 describe the physical 

properties and pumpability of grout containing natural or manufactured 

sands. Technical Memorandum No. 6-330 describes the grouting for a 

preplaced-aggregate concrete investigation, and Technical Memorandum No. 

6-437 describes the pressure grouting of fine fissures. 

3. Recently, several Corps of Engineers offices manifested interest 
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in the use of grouts containing fly ash to fill fine fissures and voids 

formed by granular materials. Of particular interest were the questions 

of (a) whether a fly ash with a carbon content in excess of the specifica

tion limits would measurably af'fect the quality of the grout, and 

(b) whether a grout mixture of water, cement, and a fly ash with more mate

rial retained on the No. 325 sieve than allowed by specifications (i.e. a 

coarser than normal fly ash) could more effectively be injected into voids 

formed by granular materials than normal cement grout. 

4. Although fly ash is a much finer material than sand as ordinarily 

envisioned, when used in neat cement grout the fly ash would act essen

tially like a well-rounded sand of the same grain size. Therefore, this 

report on its use is included in the Technical Memorandum No. 6-419 series, 

Tests of Sanded Grouts. 

Purpose and Scope of This Investigation 

5. The purpose of this investigation was twofold: first, to deter

mine if a fly ash having a carbon content approximately 8% in excess of the 

3% limit specified* would appreciably affect the quality of the grout, by 

comparing its properties with those of a good-quality neat cement grout 

containing no fly ash; and second, to determine whether a grout mixture of 

water, cement, and a fly ash having about 4% more material retained on the 

No. 325 sieve than specified* would penetrate granular-material voids as 

effectively as a similar grout containing no fly ash. 

6. The investigation included: (a) preliminary proportioning 

studies using various amounts of a fly ash having excessive carbon content 

and excessive material retained on the No. 325 sieve to develop an optimum 

grout mixture as indicated by tests for strength, viscosity, bleeding, and 

time of set; (b) grouting of three granular materials of the following 

gradations: No. 4 to No. 16, 3/8-in. to No. 8, and 1/2-in. to No. 4 sieve 

sizes, with the optimum fly ash grout mixture and with a similar mixture 

containing no fly ash, and determining the degree of penetration of both 

* u. S. Army, Office, Chief of Engineers, Foundation Drilling and Grout
ing, Civil Works Construction Guide Specification CE-1305.01 (October 
1952). 
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mixtures in each gradation; and (c) drilling 6-in.-diameter core specimens 

at a grout age of 180 days from the granular material exhibiting 100% grout 

take, and testing them for strength and permeability. In addition, the re

lation of particle size and pore diameter of the granular material which 

took 100% of both grout mixtures was determined. 
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PART II: MATERIALS AND EQUIPMENT 

Materials 

Cement 

7. A type II cement from Birmingham, Alabama, was used in this in

vestigation. Chemical and physical characteristics of the cement were as 

follows: 

Si02, °/o 

Al203, °/o 

Fe2o3, ajo 

cao, % 
MgO, rjo 

so3, % 

Chemical Data 

Ignition loss, °/o 

Na2o, rjo 

K20, rjo 

Total alkalies as Na20, % 
c3s, rjo 

C2S, rjo 

C4AF, % 
CaS04, °/o 

c3A, °/o 

Heat of hydration, cal/g 

22.2 

4.2 

3-3 
63.0 

3.1 

2.0 

1.15 

0.20 

0.39 

o.46 
49 

27 

10 

3 

6 

7 days 76 
28 days 87 

Insoluble residue, % 0.36 

Physical Data 

Specific gravity 

Air-permeability fineness, 

Normal consistency, water, 

Initial set, Gillmore, hr 

Final set, Gillmore, hr 

Autoclave expansion, % 
Air content, % 
Compressive strength, psi 

3 days 
7 days 

28 days 

sq cm/g 

% 

3.15 

3445 

27.2 

4 

6 

0.07 

7.7 

2500 
3770 
5210 

8. Although the grout mixtures tested in this study were neat cement 

grouts (i.e. without sand), sand was added to the mixtures used for casting 

compressive strength test cubes in the preliminary proportioning studies 

(see paragraph 17). The sand was a well-rounded, natural, siliceous con

crete sand, obtained from a source in Mississippi and complying with 
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specifications.* It had a specific gravity of 2.64 and an absorption of 

0.2%. For use in these tests this sand was scalped over a No. 16 sieve 

with the following gradation resulting: 

Fly ash 

Sieve No. 

16 

30 

50 

100 

CUmulative % Passing 

99 ± 1 

70 ± 5 

30 ± 5 
10 ± 3 

9. The fly ash used in this investigation was obtained from a source 

in Pennsylvania. Chemical and physical data for the fly ash are as follows: 

Si02, % 

Al203, % 

Fe203, % 

cao, % 
MgO, % 

S03, % 

Chemical Data 

Loss on ignition, % 

Na2o, flame, % 

K20, flame, % 

Total as Na2o, flame, % 

P205, % 
Mn2o3, % 
Insoluble residue, % 
Moisture content, % 
Sulfide sulfur, % 
Total carbon, % 

38.2 

25.7 

16.3 

3.9 

0.9 
0.60 

12.2 

0.63 

1.02 

1.30 

0.26 

0.16 

64.9 

0.17 

0.13 

11.13 

Physical Data 

Fineness 

Passing No. 200 
sieve, dry, % 

Passing No. 325 
sieve, wet, % 

Specific surface, sq cm/g 

Blaine air permeability 

Particle size (microscope) 

Minimum, microns 

Maximum, microns 

Predominant range, 
microns 

Specific gravity 

1 

2000 

4-20 

2.43 

It can be seen in the above tabulation that the fly ash had a carbon con

tent of 11.13%, whereas current OCE guide specifications stipulate a maxi

mum carbon content of 3% for fly ash that is to be used as a mineral filler 

* u. s. Army, Office, Chief of Engineers, Standard Guide S~ecification for 
Concrete, Civil Works Construction Guide Specification CE-1401.01 
(September 1962). 
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in grout. Also, the fly ash used in this study had 14.2% of its particles 

retained on a No. 325 sieve, whereas current OCE guide specifications 

specify a maximum of 10% of this size material. 

Gravel 

10. The gravel used in the grouting portion of this study was a 

well-rounded, natural siliceous concrete gravel obtained from a source in 

Mississippi. It had a specific gravity of 2.51 and an absorption of 2.9%, 

and prior to use it was sieved and recombined into the following three 

gradations: 

Aggregate- Individual Retained on Sieve Size 
Gradation Void Ratio, ofo 1L2-in. 3 8-in. No. 4 No. 8 No. 16 

A 35.1 0 + 1 50 .:!: 1 50 .:!: 1 

B 35.3 0 + 1 50 .:!: 1 50 .:!: 1 
_c 38.6 0 + 1 i:;o + i - - 50 .:!: _l 

Equi-pment 

Mixers 

11. The mixer used to mix the grout for the proportioning studies 

(fig. 1) has a mixing capacity of approximately 1 gal, and has six speeds 

Fig. 1. Mixer used in 
proportioning studies 

ranging from 130 to 280 rpm. The pre

liminary mixtures were mixed at 16o 

rpm for a period of 2 min. A 5-cu-ft

capaci ty tub mixer (fig. 2) with an 

air-driven paddle rotating at approxi

mately 350 rpm was used in the granu

lar void grouting. 

Pump and grout drum 

12. Also shown in fig. 2 is an 

air-driven, reciprocating, double

acting, 2-1/2- by 3-3/4- by 5-in. 

piston pump and one of a number of 55-

gal drums which were used to contain 

the granular materials in the injectiv

ity tests. The grout was injected by 



7 

Fig. 2. Apparatus used in grouting of granular materials 

Fig. 3. Drum used to contain granular 
material to be grouted 

means of a 2-in.-ID pipe, 

the bottom of which extended 

to within 3 in. of the bot

tom of the drum. Fig. 3 

shows one of the grout drums 

with its integral parts dis

assembled. The lid con

tained 4 petcock relief 

wells, each located 90 de

grees from the adjacent 

wells and 3 in. from the 

circumference of the drum. 

The screen shown in fig. 3 

was positioned 3 in. from 

the bottom of the drum (just 

below the discharge end of the grouting pipe) by means of shims, to prevent 
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granular materials from resting on the bottom of the drum. 

Viscosity-measuring devices 

13. The viscosity of the grout was measured in the proportioning 

studies using the torque consistency meter shown in fig. 4. A 1000-ml sam

ple of grout was placed in a shallow 7-in.-ID pan rotating at approximately 

60 rpm on an electrically driven turntable. A spider, with four 9/16-in.

diameter arms, suspended from a 35-3/4-in. length of 0.046875-in.-diameter 

piano wire, was submerged in the grout, and received torque from the rotat

ing sample. The viscosity in degrees (angle of torque) was indicated on 

the drumlike disc located immediately above the spider. 

14. A viscosimeter (fig. 5) with a cylindrical rotor was also used 

Fig. 4. Torque consistency meter 

to measure viscosity. This 

measurement consisted of 

~lacing a sample cf the 

grout to be tested in a 

viscosity cup located imme

diately below the rotor. 

The rotor is driven 100 

Fig. 5. Viscosimeter 



revolutions by the gravity pull of a 100-g weight which is attached by a 

wire to a pulley geared to the rotor. The time required for the rotor to 

make 100 revolutions while immersed in the grout is measured in seconds. 

This use of the viscosimeter is somewhat of a modification of the normal 

procedure in that a smaller viscosity cup is usually positioned inside the 

larger cup for testing viscous liquids. 

9 
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PART III: TESTS AND RESULTS 

Proportioning Studies 

Mixtures 

15. The preliminary mixtures were proportioned as follows: 

Ratio (by Weight) 
Ratio (by Weight) of Water to Cement 

Mixture of Cement to or Water to 
No. Fl;z: Ash Cement-Fll Ash 

1 1:0.00 0.85 

2 1:0.25 0.85 

3 l:0.50 0.95 

4 1:1.00 1.00 
Procedures 

16. Mixtures 1 through 4 were each mixed for 2 min in the elec

tric mixer, after which percentage of bleeding, viscosity, and time of 

set tests were made. Bleeding percentage was determined by measuring 

the amount of supernatant water that accumulated at the top of the grout 

contained in a 500-ml graduate. Measurements were made at 15-min inter

vals until no appreciable increase in the amount of supernatant water was 

visible. Setting time was determined by means of a 1-mm Vicat needle. 

Initial set was recorded as the time at which the needle could penetrate 

only 35 mm into a 40-mm-deep specimen; final set was recorded as the 

earliest time at which no penetration could be effected. The.procedures 

used to determine the viscosity of the mixtures were described in para

graphs 13 and 14. 

17. Two-inch cubes were cast from each mixture for use in compres

sive strength tests at 3, 7, and 28 days age. To minimize shrinkage of 

the cube specimens, silica sand was added to the mixtures before the cubes 

were cast, in a ratio of 2 parts sand to 1 part cement by weight. The 

specimens were cured at 73 ± 2 F and 100% humidity until tested. 

Results 

18. Results of the physical tests of the mixtures proportioned in 

the preliminary studies were as follows: 
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Viscosit;y: Compressive 
Torque Visco- Time StrenE;th* 

Mixture Bleedins Meter simeter of Setz hr 
No. hr:min -12- des sec Initial Final 

Age 
days ~ 

1 1:15 17.6 14 8.3 19°5 45 3 620 
7 920 

28 1990 

2 1:30 16.8 17 8.8 22 54 3 500 
7 900 

28 1960 

3 2:15 18.8 16 39.5 3 400 
7 640 

28 1320 

4 1:45 24.8 13 41 3 190 
7 410 

28 920 

* Strength at each age represents the average of the strengths obtained 
on three specimens. 

19. The compressive strength test results of mixture 2 were compa

rable to those of mixture 1 at all ages, whereas those of mixtures 3 and 4 

were somewhat lower at all ages than those of mixtures 1 and 2. Viscosity 

measurements and percentage of bleeding were essentially the same for all 

mixtures except mixture 4 which had a somewhat higher percentage of bleed

ing than the other three. Since mixture 2, on the basis of these test re

sults, was similar in plastic and strength characteristics to mixture 1, it 

was selected as the optimum fly ash mixture for use in the granular grout

ing stp.dies. 

Grouting of Granular Materials 

Procedures 

20. Mixture 2, selected as the optimum fly ash mixture as described 

in the preceding paragraph, and mixture 1, the control mixture, were used 

in the grouting studies to determine the effectiveness of the injectivity 

properties of these mixtures in penetrating the voids formed by each of the 

three graded granular materials (A, B, and c). Three 55-gal drums equipped 

with grouting pipes (see paragraph 12 and fig. 3) were each filled with one 

of the three gradations of granular materials. While in the drums the 

materials were inundated with water for 24 + 4 hr prior to grout injection. 



12 

This water escaped through the relief wells in the drum lids as the grout 

was injected. During the injection process the pumping pressures ranged 

from approximately 10 to 40 psi. The degree of injectivity of mixtures l: 

and 2 was determined by measuring the amount of grout remaining in the 

mixer and injection system following limited or full penetration. 

21. At a grout age of 28 days, attempts were made to drill 6-in.

diameter core specimens from those drums in which 100% penetration of the 

No fly ash 25% fly ash 

gravel voids by both 

mixtures 1 and 2 had 

been obtained, as 

revealed by the pen

etration determina

tions mentioned 

above. However, 

considerable eroding 

occurred on the sur

face of the cores as 

a result of the 

a. Tensile strength test specimens after splitting drilling. This ne

b. 6-in.-diam core c. 6-in.-diam core 
Mixture 1 Mixture 2 
No fly ash 25% fly ash 

Fig. 6. Cores drilled at 180 days age from 100%
groutable material, and tensile-strength test speci

mens, gradation C 

cessitated repeating 

the grout injection 

in the drums contain

ing the 100%

groutable gravel 

gradation. At a 

grout age of 180 

days, cores for per

meability, compres

sive strength, and 

tensile strength 

were successfully 

drilled from the 

100%-groutable mate

rial and tested. 

Fig. 6 shows 



13 

specimens grouted with both the fly ash mixture and the control mixture as 

well as tensile strength test specimens after testing. 

22. One 6- by 12-in. cylindrical mold was filled with gradation c 
gravel and pump-grouted using mixture 2 for determination of pore diameter 

and distribution. Shortly after the grout had attained sufficient stiff

ness to withstand stripping, the mold was stripped from the specimen and 

the specimen was carefully broken into two halves along the short axis. 

The partially set grout 

of one of the halves 

was removed from the 

pores existing between 

gravel particles ex

posed at the broken 

surface by means of 

sand blasting and small 

petrographers' probes. 

Exposed pore diameters 

were measured for ef-

Fig. 7. Section of the core used in determining 
pore distribution and size, gradation C 

fective pore diameter size by probe gaging, and the various sizes were 

counted. Fig. 7 shows a section of the core prepared for determining pore 

distribution and size. 

Results 

23. Void ~enetration determinations. Determination of the degree of 

penetration of the granular voids by mixtures 1 and 2 revealed that grout 

take of gradation A voids was approximately 30%; of gradation B, approxi

mately 60%; and of gradation C, 100%. Though the granular-void ratio re

mained relatively constant as the size of the voids became smaller with 

diminishing granular size, the penetrability became less and less as indi

cated by the grout take of the three gradations. The coarseness of the 

fly ash, slightly coarser than the type II cement, was not a contributing 

factor in regard to the lesser grout take by the granular gradations used 

in this investigation. The pumping pressure employed did not appear to 

appreciably affect the degree of injectivity of either mixture. The void 

grout take of the three gradations was essentially the same for both 

mixtures. 
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24. Strength and permeability tests. The following are the results 

of the compressive and tensile strength tests performed on 6-in. core 

specimens drilled from two drums containing gradation C gravel (one drum 

was grouted with mixture 1 and the other with mixture 2): 

Mixture Core Location Compressive Tensile Splitting 
No. in Drum Strength2 12si Strengthz 12si 

1 Mid top half 1450 175 
Mid bottom half 1550 180 

2 Mid top half 1250 180 
Mid bottom half 1450 220 

25. The permeability measurements disclosed the following data for 

both mixtures: 

Mixture 
No. 

1 

2 

Core Location 
in Drum 

Top 
_Mid top 
Mid bottom 
Bottom 

Top 
Mid top 
Mid bottom 
Bottom 

Permeability 
Measurement* 

287, 138** 
3,960 
1,236 
4,531 

1, 542 
3,228 

26, 593** 
1,259 

* K x 1012 where K = cfs/sq ft (ft head/ft). c c 
** Defective specimens. 

26. Pore size and distribution. The results of the pore diameter 

measurements were as follows: 

Pore Pore Diameter as % of Number of 
Diameterz in. Avera~e Gravel Sizet Occurrences 

0.03125 8.7 7 

0.046875 13.0 19 

0.0625 17.4 27 

0.09375 26.0 24 

0.109375 30.4 12 

0.125 34.7 7 

t Average stone size of gradation C gravel = 0.360 in. 



27. Fig. 8 shows the pore size distribution as a percentage of the 

average gravel particle size of gradation C material. 
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Fig. 8. Pore size distribution of gradation C gravel 

Discussion of results 

28. The compressive strength and tensile splitting strength for the 

grouted gradation C cores were essentially the same for both mixtures in 

all instances; however, the core specimens drilled from the top half of 

each drum had slightly lower strengths than those specimens drilled from 

the lower half of each drum. This loss in strength may be attributed 

partly to a small amount of dilution of the grout by the gravel inundation 

water which was not completely displaced by the intruding grout. As would 

be expected, the permeability measurements of the specimens from both mix

tures were higher than would be found in conventional concrete. 

29. Though the method used in determining the pore size and pore 

distribution is not as accurate as might be desired, it does give an indi

cation of the particle size and pore diameter relation of the gradation C 

gravel which permitted effective void penetration by mixtures 1 and 2. 

32819 



16 

PART IV: CONCLUSIONS 

30. Based on the test results produced by the methods and equipment 

used in this investigation, the following conclusions appear warranted: 

a. An addition of 25% fly ash to a portland-cement grout pro
duces the optimum fly ash grout mixture. 

b. The quality of the portland-cement grout containing 25% fly 
ash by weight of cement did not appear to be less than that 
of similar grout without fly ash, even though the carbon 
content of the fly ash was 8.13% in excess of the maximum 
stipulated in current OCE guide specifications. 

c. The grout with 25% fly ash penetrated granular-material 
voids with about the same effectiveness as grout which 
contained no fly ash, even though the fly ash used con
tained a percentage of material retained on the No. 325 
sieve which was 4.2% in excess of that permitted by cur
rent guide specification limits. 




