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Pref ace 

The series of tests reported herein supplement an earlier investi

gation of portland and slag cements and calcium acrylate as grouting 

agents for sands and gravels, which was reported in Technical Memorandum 

No. 3-408 "Grouting of Foundation Sands and Gravels" issued in June 1955· 
Both series of tests were performed as part of CWI Item No. 506, Grouting 

of Foundation Sands and Gravels. 

This study was conducted by personnel of the Soils Division, Water

ways Experiment Station. Engineers actively connected with the study 

were Messrs. W. J. Turnbull, W. G. Shockley, C. I. Mansur, R. W. Cunny, 

and J. E. Mitchell. This report- Vcrs- written by Mr. Mitche-11. 
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GROUTING OF FOUNDATION SANDS AND GRAVELS 

APPENDIX A: TESTS OF ACRYLAMIDE N, N' METHYLENE-BIS-ACRYLAMIDE 
AS A GROUTING AGENT 

Introduction 

Al 

1. The feasibility of using portland cement, ground slag, or cal

cium acrylate grouts for injection grouting of foundation sands and 

gravels was discussed in Technical Memorandum No. 3-408 to which this 

is an appendix. Subsequent to publication of that report, the results 

of preliminary studies of certain chemicals_ of tha acrylate group made 

by Philip F. Zaccheo* at Massachusetts Institute of Technology became 

available, and indicated that these materials had promise as soil grout

ing agents. The tests described herein were undertaken to further ex

plore this possibility. 

The Test Material 

2. A mixture of 95 per cent acrylamide and 5 per cent N, N' 

methylene-bis-acrylamide dissolved in water was used in the tests, and 

is hereafter referred to simply as acrylamide. A 5 per cent solution of 

the mixture has a viscosity comparable to that of water, which should 

permit further depth of penetration of finer sands than has been found 

poss~ble with the grouting agents tested in the earlier investigation. 

The chief disadvantage of using this chemical is its toxicity in the 

unpolymerized state which makes careful handling necessary. After 

polymerization, the material is relatively inert and presents no hazard. 

3. Because the chemicals used in the mixture are relatively new 

and, in fact, their production is still in the pilot-plant stage, no 

* Philip F. Zaccheo, The Stabilization and Impermeabilization of Soils 
by the Injection of Calcium Acrylate. Masters thesis, Massachusetts 
Institute of Technology (1951). 
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cost figures are available for comparison with the costs of other grout

ing agents. 

Tests 

Testing program 

4. The principal purpose of the laboratory tests was to determine 

the finest grain size and maximum density of sand that could be grouted 

successfully using acrylamide. Other variables investigated in the tests 

were strength of the acrylamide solution, strength of the redox agent, 

injection pressure, and size of sample. Sixteen tests were conducted to 

study the effects of all the variables. 

Specimens and equipment 

5. Seven sands were selected for testing with effective grain 

sizes, D10, decreasing from 0.29 mm to 0.~~48 _IrllP· The grain-size curves 

for these sands are shown on plate Al. The permeameter used for the grout

ing operation was a lucite tube having an ID of 5.0 cm and a length of 

50-cm. One test (sample 3, test 15) was performed in a lucite tube of 

7.6-cm ID and 120-cm length. 

Test procedures 

6. Specimen preparation. The inside of the lucite tube was coated 

lightly with petroleum jelly to minimize side-wall piping during perform

ance of the permeability test. The samples were placed in the lucite 

tube at degrees of compaction varying from loose to dense. For the loose 

samples the sand was slightly moistened to aid bulking and minimize 

segregation. For the dense samples, the sand was placed dry and rodded 

and vibrated to compact it. Measurements were made after compaction and 

the density of the sample computed. Saturation of the sample was accom

plished from the bottom using distilled deaired water under a small 

head. A standard permeability test was performed upon completion of 

saturation. Then the top of the permeameter was opened and water was 

allowed to drain out until the sample was just covered. 

7. Selection of grout mixtures. A series of small-scale tests 

were made in beakers to determine the most satisfactory concentration of 
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acrylamide and redox agent to use. The redox reagent used to cause 

polymerization was composed of tertiary butyl hydroperoxide or ammonium 

persulfate as the catalyst and sodium thiosulfate as the activator. It 

was found that the minimum strength of water solution that would gel con

tained 5 per cent acrylamide by weight. Solutions containing less acryl

amide would gel, but were quite uncertain and gave unpredictable results. 

The reason for this variability in action was not determined, and to in

sure a grout mixture that would be reasonably certain to gel, a 5 per 

cent solution of acrylamide in water was employed in all tests except' 

test lQ, in which a 2.5 per cent solution was used. rhe optimum amount 

of redox reagent was_found to be approximately 8 per cent of catalyst an~ 

8 per cent activator based on the weight of acrylamide- used. This- con-
-.) 

centration gave a grout that remained fluid for 20 minutes and had com

plet;ely_ gelled in -28 to 30_minu"tes. When lesser amounts of redox were 

used the polymerization was slower and often incomplete. When greater 

concentrations were used the reaction was too rapid to permit effective 

penetration of the sample by the grouting solution. 

8. Grout injection. The grouting solution was rapidly poured into 

the permeameter tube and the top replaced and secured. Air pressure then 

was applied through a connection in the top of the permeameter and acted 

on the surface of the grouting solution, forcing it into the sample. A 

trace of fluorescein dye was used in the grouting solution to make it 

possible to follow the progress of the grout and determine when complete 

penetration occurred. It was found necessary to complete the grouting 

in approximately 20 minutes, as the solution began to polymerize after 

this time which caused an increase in viscosity. The majority of the 

tests were made using pressures of 5 and 10 psi. A few samples, however, 

required pressures up to 25 psi to achieve full penetration of the grout. 

9. Permeability tests. After completion of the grout injection, 

a second permeability test was performed to determine the effectiveness 

of the grouting operation. The polymerized grout solution remaining on 

top of the sample was first carefully removed; this eliminated the pos

sibility of an impervious membrane being present which would result in 

an erroneous value for the permeability after grouting. 
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Discussion of Results 

10. Test results are shown in table Al, and are discussed in the 

following paragraphs. 

11. In the tests of samples 1 and lA, which had the largest grain 

size and were densely compacted, the grout completely penetrated the 

samples without the use of injection pressure. The permeability of sample 

1 was reduced from 64.1 x 10-4 cm per sec to 0. The permeability of 

sample lA was not determined. 

12. An injection pressure of 3 psi was necessary for complete 

penetration by the grout of sample A which had a medium grain size and 

was ,d~Esely compacted. The permeabiLity was reduced from 49.0 x 10-4 cm 

per sec to O. 

13. Sample 4, which also had a medium grain size and was densely 

compacted, was completely penetrated under an injection pressure of 5 psi. 

A 2.5 per cent solution of acrylamide was used in this test and as a re

sult the polymer developed so little gel strength that it was removed by 

the flow of water during the permeability test. The permeability was re

duced from 36.4 x 10-4 cm per sec only to 33.6 x 10-4 cm per sec. 

14. Sample 3, which had a fine grain size, was tested at five 

degrees of compaction ranging from loose (95.3 lb per cu ft) to dense 

(109.2 lb per cu ft), with a corresponding range of relative densities 

of 82.7-94.7 per cent. Table Al shows that various degrees of penetration 

were obtained ranging from complete to 1.0 cm. Complete penetration was 

obtained for the sample with the least density and least penetration was 

obtained for the sample with the maximum density. Various injection 

pressures were used. Test 15 was different from the others in that the 

specimen was 7.6 cm in diameter and 120 cm in length. In test 9, during 

which complete penetration was obtained, the permeability was reduced 

6 -4 -4 from 1. 0 x 10 to 0.02 x 10 cm per sec. 

15. Sample 2, with a fine grain size, was tested at six loose den

sities ranging from 89.6-95.9 lb per cu ft with a corresponding range of 

relative densities of 86.6-90.1 per cent. The results of tests 6 and 12 

are considered erratic and will not be discussed. Grout penetration was 
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complete in the remainder of these tests with the exception of test 5, in 

which a penetration of only 1.0 cm was achieved. The redox agent for 

this test was adjusted so that time of set was only 8 minutes. The per-

4 -4 meability of these specimens was reduced from about 0.5 x 10 to 0.12 
-4 x 10 cm per sec. 

16. In the test of sample 5, which had the finest grain size, a 

penetration of only 2.5 cm was obtained under an injection pressure of 
-4 10 psi. The permeability of the sample was reduced from 0.35 x 10 to 

-4 0.15 x 10 cm per sec. 

17. The test results indicate that acrylarnide can be injected into 

. sands with a D10 of abo~t~.013_.m.m or great~.rl However, t~sts indicate_ 

that the density and gradation of the sand influence IJenetration charac.,. --- . -· --- .. --

_ t;er is tics, as _specimens with highe]:' d~.z1~.~-~d higher coefficients of_ . 

. uniformity, n60/_n10, but with approximately the same n10 size, were 

grouted only with i~cre_as~ng effort.. The capability of acrylamide to 

reduce permeability appears to be satisfactory. 

Conclusions 

18. The results of these tests indicate that sand with a D10 of 

0.013 .mm is approximately the finest sand that may be successfully grouted 

using acrylamide. ,this assumes an effect;i ye length of 6Q..~_m _9i: )2 J::L:t.o-
_____ -------·--'" --------- - - - - ------·----

be !Sl:'Q1lt~c:l_in...--aP.ru'..Q)ci.ma-!-ely 20 minutes •J If __ the ~>tting "time. could- be 

lengthened, grouting of finer sands than those used in this investiga

tion would be possible or, c_onversely, greater penej;ration would be 

achieved with the same grain-size sand_ •. 

19. The minimum strength of grouting solution which gave consistent 

and satisfactory results contained 5 per cent acrylamide (by weight) dis

solved in water. The optimum amount of redox reagent was 8 per cent 

catalyst and 8 per cent activator based on the weight of acrylamide used. 

Greater concentrations of redox did not allow sufficient time for ade

quate penetration before polymerization began. Less concentrations of 

redox did not give a gel of sufficient strength to resist seepage forces. 

20. There was little difference between the results obtained using 

tertiary hydrobutyl peroxide or ammonium persulfate as the cat~lyst. 



Table Al 

Results of Tests 

DlO 
Sample -4 I Grouting 

Sand Density Relative Void Length k20 x 10 cm sec Pressures 
Sample Test mm lb/cu ft Density Ratio cm Before After psi Penetration --

A 3 0.12 104.8 100 0.590 30.2 49.0 0 3 Complete 
1 1 0.29 108.7 100 0.521 32.5 64.1 0 0 Complete 
lA 2 c.27 107.3 100 0.547 29.5 ------ ------ 0 Complete 

2 4 0.013 89.6 86.6 0.861 31.0 0.56 0.128 5 Complete 
5 0.013 92.9 89.7 0.793 31.0 0.54 0.12 5 1.0 cm 
6 0.013 90.2 87.1 0.850 31.4 0.56 0.124 '5 7.0 cm 
7 0.013 90.7 87.5 0.838 30.2 0.56 0.12 5 Complete 

12 0.013 91.5 88.3 0.821 30.3 6.36 4.44 '10 Complete 
16 0.013 95.9 90.1 0.737 33.0 0.54 0 25 Complete 

3 8 0.014 96.2 83.4 0.732 30.5 1.60 0.028 5 11.0 cm 
9 0.014 95.3 82.7 0.749 30.8 1.60 0.028 10 Complete 

13 0.014 109.2 94.7 0.526 29.0 0.50 0 10 1.0 cm 
14 0.014 101.1 87.7 o.648 31.3 1.18 0 lO. 7.0 cm 

-~15 0.014 100.9 87.5 0.652 120.0 0.90 0 20 7 .5 cm 

4 10 0.11 101.3 90.9 o.645 31.0 36.4 33.6 5 Complete 

5 ,,,, 11 0.0048 95.3 o.844 30.2 0.348 0.154 10 2.5 cm -
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