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PREFACE 

The main report, issued in October 1951, to which the reports in 

this volume are appendices, provided information concerning the prop

erties of Alfesil, and made reference to tests of Prepakt specimens to 

determine their resistance to natural weathering as well as to tests for 

permeability that were to be made and reported at a future date. Further 

information is now available on the properties of Alfesil, and additional 

data on the permeability and resistance to natural weathering of Prepakt 

concrete have also been obtained. This information is presented in 

Appendix A. 

The Memorandum to All Concerned, dated 12 July 1951, Subject: 

"Prepakt Concrete for Civil Works Projects," which was inclosed with 

those copies of the main report distributed within the Corps of Engineers 

stated in paragraph 2 that, when available, field reports on the place

ment procedure used and data obtained on the use of Prepakt concrete in 

the reinforced spillway slab at Whittier Narrows Dam and around the 

scroll cases and speed rings in the Bull Shoals Dam powerhouse would be 

distributed for general information. These reports have now been pre

pared and are included herein as Appendix B. 

The preparation and distribution of these appendices were accom

plished by the Waterways Experiment Station in accordance with authority 

provided by the Office, Chief of Engineers, as a part of Civil Works 

Investigation Item CW 612. 

25821 
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INVESTIGATION OF THE SUITABILITY OF PREPAI<T CONCRETE 

FOR MASS AND REINFORCED CONCRETE STRUCTURES 

APPENDIX A: PROPERTIES OF ALFESIL, AND TESTS OF PERMEABILITY 

AND RESISTANCE TO NATURAL WEATHERING OF PREPAI<T CONCRETE 

Introduction 

1. Three matters discussed in the main report on the investigation 

of the suitability of Prepakt concrete for mass and reinforced concrete 

structures, issued in October 1951, required further study. These mat

ters are (a) the properties of Alfesil, (b) the permeability of Prepakt 

concrete, and (c) the resistance of Prepakt concrete to natural weather

ing. Their investigation and the results thereof are described in this 

appendix. 

Properties of Alfesil 

2. Paragraph 10 (page 6) of the main report reads as follows: 
1110. Results of physical tests of the-Alfesil are-- given below: 

Sieve Analysis 
Sieve Cum. % Passing 

No. 50 

No. 100 

No. 200 

99.9 
98.8 

86.4 

Blaine Fineness, 2805 sq cm/g 

Sp gr 2.43 

Chemical Analysis, % 
R2o3 

(Fe2o3 
+ Al2o3

) 

Si02 
Loss on ignition 8.13 
Heat of hydration (1 g cement + 
1.595 g Alfesil) cal per g of 
mixture, 

7 days 
14 days 
28 days 

34 
59 
68 

3, The chemical data given in the quoted paragraph were obtained 

by preliminary tests conducted in July 1949 on a sample of Alfesil pro

vided by the Prepakt Concrete Company. The sample was analyzed by the 

procedures normally employed in the analysis of portland cement, in 

which the sample is partially dissolved in hydrochloric acid without 
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prior treatment. Materials such as Alfesil cannot be analyzed by this 

method since they require fusion before being dissolved in hydrochloric 

acid. 

4. A sample of Alfesil received on 18 April 1950 was analyzed by 

the latter method and the results are shown in table Al. Table Al also 

contains results, for comparison, of analyses of samples of Chicago fly 

ash (Alfesil). The reader will observe that the sample of Alfesil con

tained 5.4 per cent calcium oxide. It is possible that this amount of 

lime was sufficient to cause a pozzolanic reaction with silica and 

alumina and thus explains the development of strength in the absence of 

portland cement as reported in paragraph 80 (page 47) of the main report. 

Table Al 

Chemical Analysis Data -- Chicago Fly Ash and Alfesil 

Silicon dioxide (Si02) 

Aluminum oxfde (:A.120
3

) 

Iron oxides (Fe2o
3

) 

Calcium oxide (Cao) 

Magnesium oxide (MgO) 

Manganese dioxide (Mn
2
o

3
) 

Titanium dioxide (Ti02) 

Phosphorus pentoxide (P
2
o

5
) 

Total alkalies (Na2o, K20; calculated as Na
2
o) 

Sulfuric anhydride (so
3

) 

Free carbon (C) 

Loss on ignition 

Moisture content 

Insoluble residue 

Per Cent 
~a~ 

40 - 50 

15 - 24 

12 - 19 

4 - 8 

0.5 - 2 

----------
0 - 1 

----------
3 - 6 

1 - 4 

0.5 - 3 

0.5 - 5 
0 - 0.5 

----------

(b) 

44.5 

20.9 

20.5 

5.4 

1.1 

0.06 

0.20 

2.16 

1.5 

~-79 

3.6 

o.43 

77.0 

(a) Data for Chicago fly ash, provided by Chicago Fly Ash Co., Chicago, 
Illinois. 

(b) Tests of Alfesil (ALF-4) by the Waterways Experiment Station. 
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Permeability of Prepakt Concrete 

5. In paragraph 98 {pages 57-58) of the main report it is stated 

that tests for permeability of Prepakt concrete will be made and re

ported at a later date. These tests have now been made and are described 

below. 

Specimens 

6. Six core sections, 14-1/8 in. in diameter and each approximately 

18 in. in length, were obtained, two from each of three horizontal core 

holes drilled into the west face of the large test block fabricated in 

April 1949. The core sections were sawed to 15-in. lengths for testing 

and represent exterior and interior concrete at the locations of the 
' 

three holes. The data on the location of the core holes and designation 

of the cores are as follows: 

Hole No. 
Distance frcm 

North Face 
Height above 

Base Core No. 

Testing 

1 
2 
3 

3 ft 1 in. 
1 ft 1 in. 
4 ft 7 in. 

7 ft 8 in. 
7 ft 9 in. 
7 ft 7 in. 

1 (Ext), 2 (Int) 
3 (Ext), 4 (Int) 
5 {Ext), 6 {Int) 

7. Cores l a:nd 2 were tested:~ a:t- slightly- le-ss than- the- 2-1/2-yr-a~

and cores 3 through 6 were tested at slightly more than the 2-1/2-yr age. 

The testing procedure* consisted essentially of the following operations: 

a. Sandblasting of the top and bottom of the specimen. 

b. Coating the sides of the specimen with a 70-30 per cent by 
weight mixture of paraffin and rosin. 

c. Sealing the specimen in the pressure rig with hydrostone 
around the retaining rim at the bottom and with asphalt on 
the sides. 

d. Closing the rig, evacuating the air, and filling the rig 
with water which bad been stored at 73.4 plus or minus 2 F 
at atmospheric pressure. 

* A more complete description of the apparatus and procedure and a tab
ulation of results obtained from tests of laboratory-molded specimens 
of conventional concrete are given in a paper by Herbert K. Cook pub
lished in Proceedings, ASTM, vol 51 (1951). See also Waterways Ex
periment Station Technical Memorandum No. 6-380 "Permeability and Tri
axial Tests of Lean Mass Concrete," March 1954. 
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Results 

e. Subjecting the specimen to 200-psi water pressure on the 
top surface until the flow through the specimen reached a 
constant value. The specimen is ordinarily under pressure 
for 17 days. 

f. Measuring the daily flow. 

8. The results of the tests of the specimens were as follows: 

Core No. Location Permeabili tY* 

1 Exterior 23 x l0-12 

2 Interior 282 x 10-12 

2** Interior 218 x 10-12 

3 Exterior 31 x 10-12 

4 Interior 35 x 10-12 

5 Exterior 15 x 10-12 

6 Interior 42 x 10-12 

Average 71 x 10-12 

Average, excluding core 2 29 x 10-12 

Average exterior 23 x 10-12 

-Average int-erior 120 x 10-12 

Average interior, excluding core 2 38 x 10-12 

* 
cfs Permeability is given in terms of 2 ft (ft head/ft) 

(Applies to permeability to water 73.4 + F.) 
** Retested; result not included in averages. 

Discussion of results 

9. Core 2 was examined microscopically after the first test and 

compared with core 1. There were considerably more pore openings vis

ible in the top surface of core 2, giving evidence of greater perme

ability. The seal around the specimen appeared to be perfect. It is 

therefore considered that the values obtained from the tests are the 

actual permeabilities for these two specimens. Since a testing rig was 

available, core 2 was subjected to a complete retest, using a different / 

testing rig, immediately following the initial test. The reduction in 

permeability noted for the retest may be accounted for by the general 

theory that changes occurred in the concrete, such as gel expansion, 

.. 
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between the two tests, owing to saturation of the specimen together with 

a closer approach to equilibrium conditions. The results obtained from 

these tests compare favorably with the lowest average results obtained 

from tests of other types of concrete. 

Resistance of Prepakt Concrete to Natural Weathering 

10. In paragraph 89 (page 52) of the main report it is stated that 

after approximately 200 cycles of freezing-and-thawing during the winters 

of 1949-50 and 1950-51 the nine core specimens, 10 in. in diameter by 

16 in. long, installed on the exposure rack at Treat Island, Maine, in 

October 1949, had shown no deterioration that was observable by visual 

inspection and all had shown an increase in Young's modulus of elasticity 

based on determinations of fundamental transverse frequency. During the 

winters of 1951-52, 1952-53, and 1953-54 the specimens underwent addi

tional cycles of freezing-and-thawing. After five winters (547 cycles of 

freezing-and-thawing) all but two of these cores are in sound condition, 

except for minor scaling and spalling, and have higher dynamic moduli 

than at the time of installation. Two of the- specimens show crACking as_ 

well, and have lower moduli of elasticity; one of these specimens has 

deteriorated at one end to such an extent that a satisfactory pulse ve

locity determination could not be made in 1954. Results of inspections 

are given in table A2. The appearance of the cores in April 1953 is 

shown in fig. Al, page A6. 

Table A2 

Results of Inspections of Prepakt Concrete Cores at Treat Island 

Durabi it actor DFE or Condition of ecimen 1n 

~ ~ .!22.,g -6 122l ~ 
De~ee-clcles x 10 

Core No. 0.23 0.52 0.89 ~ 2.12 

4A 110 113 117 124 120 
4B 106 113 121 113 116 
4D 113 113 112 120 123 
4E 112 115 116 128 124 
8A 111 114 118 116 118 
8B 111 112 117 120 119 
Sc 113 lo6 119 112 117 
8D 107 107 98 81 78 
8E 106 104 100 105 70 

(a) Deterioration at one end prevented obtaining satisfactory test. 

15645 
15285 
15115 
15645 
15285 
15465 
14780 
14615 
14780 

16665 
1626o 
15875 
16665 
1646o 
16260 
15685 

(a) 
15150 
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the deterioration of the concrete. This test will be performed in all 

future annual examinations at the exposure installation. 

12. The relative durability (DFE) of a specimen tested for resonant 

frequency as described above is calculated from the relative modulus of 

elasticity and the number of degree-cycles of freezing-and-thawing. 

Where the relative dynamic modulus is 50 per cent or greater for a given 

number of degree-cycles the durability factor (DFE) is equal to the rela- . 

tive modulus in per cent. 



INVESTIGATION OF THE SUITABILITY OF PREPAKT CONCRETE 

FOR MASS AND REINFORCED CONCRETE STRUCTURES 

APPENDIX B: USE OF PREPAKT IN FIELD OPERATIONS 

PART I: BULL SHOALS PROJECT 

Introduction 

1. The Bull Shoals project, located in northern Arkansas on the 

White River, is a multipurpose undertaking designed for flood control 

and hydroelectric power development in Arkansas and Missouri. It in

cludes a 2,l00,000-cu-yd concrete gravity dam and an eight-unit power

house. Present contracts call for the installation of four 52,000-hp 

turbogenerator units. 

2. This portion of appendix B describes operations in connection 

with the placing of approximately 8,ooo cu yd of Prepakt concrete around 

the four scroll cases of the turbogenerator units by the Ozark Dam Con

structors~ the contractora,_ who- perlormed- alL tha_ work_ except_ the_ mixing_ 

and pumping of the intrusion grout which was done under subcontract by 

the Prepakt Concrete Company. 

3. The Prepakt concrete was placed under the supervision of 

Mr. H. H. Slocum, Project Superintendent for Ozark Dam Constructors, and 

Messrs. J. N. King, J. Hoper, and R. E. Moorehead of the Prepakt Con

·crete Company. 

Plans and Specifications 

4. The use of Prepakt concrete was not included in the original 

contract for powerhouse construction, and the plans and specifications 

required the placing of 39 lifts of concrete in that portion of each 

turbine .block embedding the scroll case, penstock extension, and pit 

liner. The turbine block was divided into quadrants with individual 

lifts limited generally to a two-foot maximum height with a minimum in

terval of three days between placement of successive lifts in any quadrant. 



excessive amount of time and 
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embedded 

concrete would result 
in uniform pressure and 
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small temperature rise in the concrete would make unnecessary the center 

line construction joints or the shallow lifts originally specified. 

8. The Prepakt concrete was placed in two lifts. The first lift 

was from elevation 452 to 463 (center line of scroll case) and the second 

lift was to elevation 474.75. The scroll case drain was raised from 

elevation 459 to 463. This drain consisted of a 6- by 12-in. rectan

gular section of porous concrete surrounding the scroll case. A system 

of 2-1/2-in. pipes collects and removes water from the drain. 

9. Care was taken to prevent clogging of the porous concrete by 

the Prepakt grout. The porous concrete itself was plastered with a 

1-in. coat of mortar to seal the outside. One-half-inch riser pipes 

were embedded in the porous concrete and carried above the elevation of 

the Prepakt concrete. During the grouting, the riser pipes were period

ically flushed with water under gravity pressure. This procedure was 

successful in keeping all four porous drains open. Plates Bl and B2 

show plans and sections of the embedded scroll cases. 

Ma teriala and_ Mix_ D_e.sign_ 

Coarse aggregate 

10. The' coarse aggregate used in the Prepakt concrete around the 

scroll cases was from the project quarry, furnished under a supply con

tract by the Government, and was processed at the job site. The material 

was essentially a dolomitic limestone with a certain amount of chert and 

sandstone. Silica content averaged about 20 per cent. The aggregate 

was passed through the regular concrete plant aggregate cooling tanks 

filled with nonrefrigerated water, then to punched-plate dewatering 

screens with 1/8-in. holes, then to the aggregate batching bins of the 

concrete plant. Some breakage and coating of the aggregate occurred in 

the batcher bins. This coating was removed by washing 2,000- to 3,000-lb 

increments of stone in the weight batchers by means of water hoses. Wash 

water drained through a crack, approximately 1/2 in. wide, in the gate 

at the bottom of each weigh hopper and into an idle concrete mixer. The 

washed increment was then discharged into one of the plant mixers which 
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contained clean water and was given one revolution of mixing, then it 

was dumped into a concrete bucket whose bottom gates were chocked open 

3/4 in. to permit the water to drain off. 

11. Tests were made with various combinations of 3/4-in. to 1-1/2-

in., 1-1/2-in. to 3-in., and 3-in. to 6-in. aggregates and water, using 

an 18-1/2- by 4-1/2- by 2-ft tank, to determine the void content that 

could be expected in the coarse aggregate. Changes in gradation within 

the limits of the combinations tested had very little effect on the voids 

which ranged from 37 to 38 per cent. Tests were also made using 3/4- to 

1-1/2-in. aggregate in the pumping of a 3-ft trial cube (27 cu ft) with 

voids determined at approximately 38 per cent. 

12. Three-fourths-inch to 6-in. aggregate was used between eleva

tions 452 and 463. Above elevation 463, the maximum aggregate size was 

changed to 3 in. because of breakage and the formation of chips in the 

3- to 6-in. material. At times the amount of undersized material 

(smaller than 3/4 in.) that was contained in the 3/4- to 1-1/2-in. size 

range amounted to 10-15 per cent. When this occurred, the 3/4- to 

1-1/2-in. fraction was omitted and straight 1-1/2- to 3-in. aggregate 

was placed. 

13. The void content of the concrete in the eight Prepakt sections 

(two per scroll case) ranged from 41.9 to 44.1 per cent, based on the 

batched volume of the grout. This exceeded considerably the percentages 

found experimentally prior to grouting, possibly because of the large 

Fig. B2. Coarse aggregate under 
scroll case 

number of form ties and embedded 

items which prevented more effec

tive consolidation of the aggregate 

and reduction in the void content. 

14. Considerable effort was 

required to place the aggregate 

under the scroll case (fig. B2) 

and speed ring of the turbine. 

In the first lift, placement was 

done entirely by hand which pro-

duced satisfactory results but 



required an excessive amount of 

time and labor. In the subsequent 

lifts, the aggregate (1-1/2- to 

3/4-in.) was blown into these 

areas. The rig developed for 

blowing the rock consisted of a 

hopper that fed an 8-in. pipe into 

which air jets were introduced 
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one jet behind the hopper dis

charge and another about 6 ft 

beyond. Eight-inch rubber hose 

extensions carried the rock to 
Fig. B3. Blowing coarse aggregate 

under scroll case and speed ring 

the desired locations (fig. B3). 

Final filling under the speed and discharge rings was done through 

5-1/2-in. holes in the speed ring. In this area and under gutter forms 

and recesses, rock was worked into place using an air jet (1-in. pipe). 

15. Segregation of material was found to be virtually impossible 

to eliminate, particularly with the- us-e o~ 3'- to 6-in. materiar. Murti

tudinous tie rods and embedded items necessitated that the material be 

dumped from a considerable height and although hoppers and chutes were 

used extensively their value was questionable as a means of reducing 

segregation. Even with small batches the concentrated discharge of the 

chute soon built up a cone which produced segregation. 

Fine aggregate 

16. The fine aggregate was manufactured sand obtained from the 

same quarry as the coarse aggregate. It was essentially the product 

of impact and hammer-mill crushers to which was added a quantity of 

material passing the No. 16 sieve obtained from the coarse aggregate 

processing plant, after which the entire product was passed through an 

air separator. 

17. The average gradation of the sand used in the individual lifts 

is shown on the following page. 
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Unit and Cumulative Per Cent Retained on Sieve No. No. of 
Lift 8 16 _]Q_ ....2.Q_ 100 200 FM Samples 

1-1 0 0.9 27.4 59.7 85.4 92.0 1.73 24 
3-1 .o 0.3 27.0 60.0 86.6 94.4 1.74 21 
4-1 0.1 o.4 25.5 57.0 85.7 93.7 1.70 13 
1-2 0 0.9 31.7 59.0 81.0 89.4 1.72 26 
2-1 0 0.7 25.3 52.1 79.4 89.6 1.57 16 
3-2 0 o.6 21.6 48.o 72.4 83.9 1.42 20 
4-2 0 1.1 24.7 50.9 74.3 85.2 1.52 22 
2-2 0 1.6 25.7 51.8 75.2 85.5 1.54 20 

Note: All samples dry-sieved. 

18. Preliminary investigation was not carried to the point of de

termining optimum sand grading; however, it was observed that the finer 

gradings used for both lifts of unit 2 and for the second lift of 

units 3 and 4 resulted in a "creamier" grout which pumped more easily 

and required only a slight increase in unit water content. 

Alfesil 

l)L -Analysis -Of the _Alfesil {fly ash filler) used in the grout was 

furnished by the Concrete Chemicals Company. Data on the Alfesil follow: 

Cement 

Oxide Anal~sisz ~ 
Si02 46 Fe2o

3 
Al2o

3 19 Cao 

MgO 1 Ti02 
803 2 Na2o 

Loss on ignition 3 K20 
Moisture 0.1 

Surf ace Area 

Retained on No. 325 sieve, 6% 2 Specific surface, Blaine, 3450 cm /g 

23 

6 

0.3 

2.5 

1.9 

20. Type II cement was used in the Prepakt concrete. The average 

chemical and physical test data on the cement are as follows: 



Si02 22.5 

Al2o
3 

5.7 
MgO o.8 

Mix design 

Chemical Constituents 2 ~ 
S03 1.4 c

3
A 7 

c2s Fe2o
3 

4.8 

c
3
s 35 Na2o 0.16 

K20 o.46 

Physical Data 

Specific surface, Wagner, 
Air content mortar, 2.8~ 
Autoclave expansion, 0.07% 
Compressive strength, psi: 

3-day 
7-day 

Alkalies as 

Na2o 

Loss on ignition 

Insol. Res. 

2 
1955 cm /g 

1305 
2190 
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o.47 

o.8 

0.1 

21. The Prepakt mixes were intended to meet the design requirement 

of conventional concrete which was a compressive strength of 2,500 psi 

at 28 days age. 

22. The laboratory program of mixture design was necessarily 

limited because of·the time factor (only 22 days elapsed between the 

first laboratory mix and the beginning of Prepakt placement around the 

scroll cases). One ratio of cement to Alfesil (fly ash) was used, 

1.9:1.0 by weight, approximately 1.5:1.0 by solid volume. The sand pro

portion was varied and test cylinders, using 3/4- to 1-1/2-in. aggregate, 

were pumped in the laboratory in the proportions and with the test re

sults tabulated below. 

Mix No. 

33 
34 
50 

Mixture Proportions by Weight 
Cement Fly Ash Sand 

1.9 
1.9 
1.9 

1.0 
1.0 
1.0 

Results of Tests for 
Compressive Strength, psi 

at 14 days Age 

2265 
1595 

23.· Mix 34 was selected for initial use because it was almost 

certain to yield a 2,500-psi compressive strength at 28 days. Experience 

With mix 34 dictated changes as grouting progressed, and the various 

mixes used are tabulated on the following page. 
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Mix 
Unit Lift No. 

1 1 34 

3 1 34 

2 1 54 

4 1 54 

1 2 54 

2 2 59 

3 2 59 

4 2 59 

Proportions bl Weisht 
Ce- Fly 
ment Ash Sand Aid Water ------
1.9 1.0 4.5 0.029 1.57 

1.9 1.0 4. 5 0.029 1.57 

2.0 1.5 5.0 0.035 1.81 

2.0 1.5 5.0 0.035 1.81 

2.0 1.5 5.0 0.035 1.81 

1.0 1.0 3.5 0.023* 1.22 

1.0 1.0 3.5 0.023* 1.22 

1.0 1.0 3.5 0.023* 1.22 

Portland 
Cement 
Bags/ 
cu yd 

3.45 

3.45 

3.13 

3.13 

3.13 

2.38 

2.38 

2.38 

Remarks 

Frequent plug
ging, insuff i-
cient expansion, 
excess bleeding. 
Less plugging 
than for unit 1. 
Pumpability good, 
excess bleeding. 
Insufficient 
expansion. 
Insufficient 
expansion. 
Pumped easily, 
little bleeding. 
Satisfactory 
expansion. 
Satisfactory 
expansion. 

* Intrusion Aid altered by the addition of 20% tri-sodium-phosphate by 
weight of the Aid. 

Full information on the mixes is contained in table Bl. Mix 34 was used 

for units 1 and 3 for the first lifts. Considerable difficulty was ex

perienced because of plugging of lines with unit 1, and because of bleed

ing and insufficient expansion with both units 1 and 3. Excess bleeding 

and the low expansion may have been due in part to the relatively low 

temperature (65-70 F) of the grout pumped. Segregation of sand appeared 

to have occurred in places judging from the appearance of the formed 

surfaces when the forms were removed. The calculated cement content was 

3.45 bags of portland cement per cu yd of Prepakt concrete. The amount 

of fly ash was increased and the amount of sand decreased in an attempt 

to overcome these difficulties and the altered mix was designated mix 54. 
24. Mix 54 was used in units 2 and 4 for the first lift and unit l 

for the second lift. Pumpability was good, in part because of improve- , 

ment in the mix but mostly because of improved techniques and the ex

perience gained by the workmen. Bleeding was still excessive and insuf

ficient expansion occurred. The calculated portland cement content was 

3.13 bags per cu yd of Prepakt concrete. 
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Table Bl 

Mix Data 

Mix No. 
34 54 ~9 

Mix proportions 
By weight 1.9:1:4.5 2:1.5:5 1:1:3.5 
By volume i.52:1:3.38 1.06:1:2. 5 .75:1:2.63 

Water/cement + Alfesil .54 .52 .61 
Water/cement .82 .91 1.22 
Sand/cement + Alfesil 

By weight 1.55 1.43 1.75 
By volume 1.34 1.21 1.45 

Cement factor 3.45 3.13 2.38 
Alfesil factor 2.27 2.94 2.98 

(bags/cu yd, voids = 43%) 
Batch quantities (lb) 

Cement 1,140 1,000 750 
Alfesil 600 750 750 

(8 bags) (10 bags) (10 bags) 
Sand 2,700 2,500 2,625 
Water 940 910 915 
Intrusion Aid 17.3 17.3 17.3 

(1 bag) (1 bag) (1 bag) 
Admixture Nona None 3_. 5 

(2 bags) 
Yield {cu ft) 40.88 39.47 39.01 
Number of lifts made 2 3 3 
Avg compr strength 

6x12 cyl (28 days) 3,810 3,020 2,620 
% Expansion (avg) 2.8 4.2 3.6 
% Bleeding (avg) 2.1 4.1 2.7 

25. Further change was made in the mix by reducing the cement con

tent, raising the sand content and adding 20 per cent of tri-sodium

phosphate by weight of the Intrusion Aid to provide additional alkali 

and thus promote expansion and reduce bleeding. Satisfactory expansion 

and bleeding were obtained with the altered mix. 

26. The altered mix, designated mix 59, was used to pump the 

second lift of units 2, 3, and 4. It had a calculated portland cement 

content of 2.38 bags per cu yd. This mix exhibited superior pumping 

characteristics and, in general, produced the most satisfactory results. 

Bubbling action (gas release) at the lift joints ceased within two days 
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after completion of pumping operations. In the earlier mix~s, gas had 

bubbled to the surface for as long as four days after pumping. 

27. The effect of sand gradation on the characteristics of the 

grout could not be evaluated since the sand coincidentally became finer 

with each change in mixture proportions. However, it was believed that 

a finer sand gradation than that specified would have been desirable. 

28. Test cylinders were pumped with 3/4- to 1-1/2-in. aggregate in 

the laboratory and in the field. Wide variation in strength was ex

perienced; however, the variation was reduced by maintaining a pressure 

of 20 to 30 psi on the specimens for a short period of time after the 

cylinders had been filled with grout. 

Forms and Embedded Items 

29. The forms were constructed of 2- by 6-in. studs, double 4-

by 6-in. wales, and 2-in. tongue-and-groove sheathing, designed to re

sist the full fluid pressure of the grout (approximately 10 psi). The 

exposed interi-or -fa-c-es -were lined with 3/16-in. Masonite. The forms for 

the lower lifts were braced with exterior "kickers" and included a mini

mum number of interior tie rods. Recesses and pipe chases (in the top 

lift) were formed with 1-in. shiplap. Form construction is shown in 

figs. B4 and B5. 

30. The forms, while structurally adequate, were not overdesigned. 

Considerable difficulty was encountered in making the corners and joints 

grout- or watertight. Leaks occurred in many places. The grout itself, 

however, plugged all but the worst leaks, and these were plugged from 

outside the form. 

31. For the last pumping, seal was effectively made between form 

panels and concrete by a 1/2-in. by 3/4-in. strip of cork which com

pressed to 3/16-in. (the thickness of the Masonite) when the anchor bolts 

were drawn up. Vertical seal between panels and concrete was made with 

two parallel strips of elliptically-shaped solid rubbe~ 3/8 in. in 

maximum dimension. 

32. The concrete in the first lift of each scroll case contained 
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little reinforcing and few embedded items; however, the upper lift for 

each contained an abundance of both. Little difficulty was experienced 

in placing and anchoring the reinforcing and conduits. Aggregate was 

placed to appropriate grade and the steel mats of horizontal reinforcing 

were made up in place and supported on the stone. Conduits were run and 

supported in place by wiring and pipe bracing before aggregate was placed. 

In several instances, conduits became plugged with grout, caused by loose 

connections when the conduit was made up or breaks resulting from the ag

gregate placement. 

Plant and Equipment 

33. Grout mixing and pumping equipment and personnel for the mixing 

and pumping were furnished by the Prepakt Concrete Co. All other plant 

equipment and services were furnished by the prime contractor. The grout 

mixing and pumping equipment are shown in detail in plate B3. 

Mixing and Pumping Procedure 

Batching 

34. Sand and cement were batched through the regular project 

weighing and batching equipment into one of the concrete mixers. Alfesil 

was batched on the mixer level at the concrete plant in even 8-, 10-, 

or 11- (75-lb) bag lots into a small hopper equipped with an air-operated 

gate and vibrator, and was discharged with the weighed batch of dry sand 

and cement as it left the mixer. Four-cubic-yard concrete buckets with 

roller gates were used for transporting the proportioned dry materials' 

to the grout mixing plant. 

Mixing 

35. Two grout mixers were available; however, only one was used 

for the first two sections pumped. Both mixers were used for the re

maining six sections. Each mixer had a rated capacity of 2 cu yd and 

both were powered with the same gasoline engine. The mixer blades 

rotated 36 revolutions per minute. A single 1,100-lb-capacity water 
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batcher served both mixers. The mixing operation continued for approxi

mately two minutes. 

36. Grout from the mixers passed to a 1/8-in.-mesh rotary screen, 

which removed any foreign material, thence to a 2-1/2-cu-yd agitator 

containing blades and turning at the rate of 25 rpm. The agitator con

tained a 4-in. drain plug at one end which opened into a waste drain. 

37. The mixing and pumping crew consisted of a superintendent and 

a foreman, a water-batcher operator, a mixer operator, two pump opera

tors, and twelve men to handle insert hoses and pipes. This crew re

mained on duty during the entire pumping operation on each lift. 

Pumping 

38. From the agitator the grout went to four Gardner Denver, Type 

FG-AG air-driven pumps. The pumps had 3-in. pistons, operated on 100-

psi air pressure, and delivered 4 cu ft of grout at 60 strokes per 

minute. Grout was conveyed from the pumps through 1-1/4-in. pipe headers 

for the first two sections pumped (lower lifts of units 1 and 3) and 

through 1-1/2-in. pipe headers for the remaining units. Each pipe 

header terminated in a ayii to each leg of which wa:s- connected- a-1-in. 

hose to a grout insert pipe in the aggregate. Hoses were shut off and 

moved from insert pipe to insert pipe one at a time so that the pumps 

could be operated continuously. Header lines ranged from 85 to 250 ft 

in length. At the outset of operations, communication between the grout 

mixing plant and form was by telephone which, because of outside noise, 

was not successful. Signals and messengers were later resorted to. 

39. In general, the pumps performed satisfactorily; however, after 

four to eight hours of operation they lost efficiency because of build 

up of hardened material around the valves, and each pump had to be re

moved from service individually for cleaning. 

40. The first two sections (lower lifts of units 1 and 3) were 

grouted by first pumping through the sloping and vertical insert pipes 

outside the scroll case, bringing the grout Jevel up to the bottom of 

the scroll case, then pumping through the pipes inserted in the speed 

ring and discharge ring, after which the lift was topped out. Para

graph 44 describes the topping out process more fully. This procedure 
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resulted in an undesirably large difference in grout level in the lift 

(up to 7 ft) because of the unexpectedly slow production rate, with con

sequent danger of cold joints. 

41. The remaining six sections (two lower and four upper lifts) 

were grouted in four stages, with the grout level carried from upstream 

to downstream, and with the difference in grout level never exceeding 

three feet. The grout level was brought into contact with the bottom of 

the scroll case first in every case. This scheme resulted in the grout 

hoses being moved from insert to insert about every four hours and the 

insert pipes being raised 2 to 3 ft. When delay threatened to cause the 

grout near an insert to harden, pumping through that insert was resumed 

for a short time to keep the surface "alive." The grout set slowly for 

the first 16-20 hours, after which it set rapidly. 

42. The horizontal formed area at the bottom of the pipe chases 

was regrouted, after the general grout level had risen around it, through 

1/2-in. pipes on 3-ft centers inserted through the floor of the chase 

form. This auxiliary grouting removed water and air bubbles trapped 

under -the flat surface. 

43. Approximately 150 grout pipes inserted to full depth were used 

in the lower half of each block. Thirty sounding wells were used for 

locating the grout level. Ten pipes, slotted for three feet near the 

bottom end, were inserted through the discharge ring and also served as 

sounding wells. When the upper portion around each scroll case was 

grouted, approximately 140 insert pipes and 30 sounding wells were used. 

Soundings were.made by means of a weighted steel tape. Identification 

tags were kept on each well. 

44. The grout pipes were spaced on approximately 5-ft centers and 

as the grout neared the surface of the aggregate it boiled up around 

them and cascaded over the nearby surface. This condition was partially 

remedied by the use of short grout pipes (18 to 24 in. in length) place~ 

between the regular grout pipes. These short pipes were also used when 

the general grout level approached the bottom of these pipes, in an ef

fort to bring up the grout surface evenly. The technique of short 

auxiliary pipes helped remedy the boiling action of the grout, but was 
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not wholly successful and it was sometimes necessary in the topping-out 

process to insert grout pipes from the top to consolidate areas between 

regions of up-boiling grout. 

45. Aggregate in both lifts of unit 1 and in the lower lifts of 

units 2, 3, and 4 was kept wet with a light spray of water. Curing 

water from adjacent wall surfaces also ran into the forms. The spray 

and curing water resulted in a depth of 12 to 18 in. of water in the 

forms when grouting was begun. Both the spray and curing water may have 

carried fines to the horizontal joint plane. 

46. Aggregate in the second lift of units 3 and 4 was inundated 

with chilled water (50-60 F) to a depth of approximately 4 ft, and in 

unit 2 to a depth of 7 ft. Leaks in the forms prevented greater depth 

of standing water. 

47. The water leaked out in most cases as grouting progressed and 

in one case it was even necessary to spray the aggregate, to keep it 

wet, before pumping was completed. Water that had not leaked out was 

forced to the surface by the rising grout and was drained off through 

holes cut in the rorms, through washout pipes, and by use of pumps. 

48. Water was inadvertently pumped into the aggregate of the 

second lift of unit 3 simultaneously with grout. This caused the cement 

to be washed from a pocket approximately 6 cu yd in volume. This pocket, 

shown in figs. B6 and B7, had to be cleaned out with hand tools, 

Fig. B6. View of sand pocket. 
Unit 3 bulkhead 

Fig. B7. View of unit 3 bulkhead 
after removal of sandy zone 
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repacked with aggregate, held in place with a 3/8-in. steel plate, and re

grouted when the second lift of unit 2 (the adjacent block) was grouted. 

49. During grout pumping the forms on the exposed surfaces were 

vibrated varying amounts by use of bush hammers. The effectiveness of 

this treatment was doubtful (not obvious upon form removal). 

50. General settlement of the aggregate surfaces was noted as 

grouting progressed in the lower lifts and in the first one of the upper 

lifts. In one case, this amounted to 3 to 4 in. But for the other 

three top lifts, the aggregate rose sometimes as much as 2-1/2 in. This 

change in action by the aggregate mass may have been due to changes in 

the grout mix (increased expansion), increased pumping rates, or in

undation of the aggregate (which permitted better initial consolidation), 

or a combination of these factors. Attempts to measure the grout pres

sure at the bottom of the penstock extension were inconclusive. 

51. Delays were numerous when the first lift of the first unit was 

grouted. Plugged lines caused most of the trouble and 31 hours were re

quired to complete the grouting. As experience was gained and the mixes 

were -adjusted, delays became less serious co that the lifts of most of 

the units required much less time to grout. A summary of the pumping 

data is contained in table B2. 

Table B2 
Pumping Data 

Avg w/c 
Fine Aggregate 

Date, Mix Proportion Time of Avg '1l Pass. 
Unit Lift 1951 No. by Wt Pumpz hr Cement + Alfesil Avg FM ~100 Sieve 

1 1 6/22-6/23 34 1.9:1:4.5 31-1/2 .56 1.73 14.6 
3 1 7/1-7/2 34 1.9:1:4.5 18-1/2 .52 1.74 13.4 
4 1 7/8.;.7/9 54 2:1.5:5.0 13 .51 1.70 14.3 
1 2 7/22-7/23 54 2:1.5:5.0 25 .54 1.72 19.0 
2 1 7/26-7/27 54 2:1.5:5.0 14-1/2 .. 51 1.57 20.6 
3 2 8/3-8/4 59 1:1:3.5 17 .60 1.42 27.6 
4 2 8/11-8/12 59 1:1:3.5 20-1/2 .62 1.43 28.0 
2 2 8/17-8/18 59 1:1:3.5 16 .60 1.54 24.8 

Lift 1 is lower lift; elevation 452-463; vol = 850 cu yd. 
Lift 2 is upper lift; elevation 463-474.75; vol = 1075 cu yd 
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Effect of Grouting on Turbine Embedded Parts 

52. The speed ring was leveled before aggregate placement, and 

check readings made before and during grouting showed no appreciable 

movement. Soundings on the scroll cases found no voids, and air pres

sure applied to the individual inspection holes in the discharge rings 

showed no passages for air {or grout) between holes. All indications 

point to a satisfactory job of embedding the units. 

Temperature Rise of Prepakt 

53. Thermocouples and/or resistance thermometers provided tempera

ture data on all sections grouted except the first lift of unit 1 where 

the thermocouple was destroyed soon after completion of the lift. 

54. The thermocouples and the thermometers were all placed at 

least 8 ft from the nearest formed surfaces, adjacent concrete, scroll 

case or surrounding air, and in the center of the lift and, in some 

cases, 2 in. below the- lift joints-. Fig-. B8 is- typical of the heat rise-
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Fig. B8. Concrete temperatures, unit 3 
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curves obtained. The maximum temperatures were somewhat higher. The 

following tabulation summarizes the temperature history of the units: 

Mix Bags/cu yd Temp. Days to Reach 
No. Proportions Cement Alfesil Rise °F' Max. Temp. 

34 1.9:1.0:4.5 3.45 2.27 39 5 
54 2.0:1.5:5.0 3.13 2.94 44 5 
59 1. 0: 1. 0: 3. 5 2. 38 2. 98 39 8 

Observations of Prepakt Areas and Tests of Cores 

Cracking 

55. In each of the lower lifts cracks were observed extending up

ward from the gallery opening on the upstream face. The lower lift of 

unit 4 cracked on both center lines, and at the two faces open for in

spection the cracks extended through the lift. Up to 15 September 1951, 
no cracking was observed in any of the upper lifts. Cold water from the 

reservoir passing through the penstocks and turbines may cause addi

tional cracking. 

Surfaces 

56. The formed surfaces of the Prepakt concrete ranged from fair 

to poor. The bulkhead surfaces cast against tongue-and-groove lumber 

were superior to the exposed surfaces cast against Masonite. The sur

faces of the access galleries to the draft tubes were poor, partly be

cause of an accumulation of fines on the forms during aggregate place

ment. The Masonite-formed surfaces dusted considerably at early ages. 

Bleeding was evidenced by sand streaking where mixes 34 and 54 were used. 

57. Sand.streaks and sand pockets were found to a greater or 

lesser extent on all the surfaces. Examination of the sand pockets 

showed them to be lacking in cement and in sand grains finer than the 

No. 100 sieve. The streaks were probably caused by bleeding, while the 

pockets may have resulted from leaks in the forms, too high a pumping 

rate, which caused cascading through the water in the forms and possible 

washing out of cement and fines, or movement of the standing water in 

the forms in contact with the grout surface which removed the finer 

particles. 



Tests of cores 

58. Cores were drilled through each lift of each unit placed. A 

total of lO_cores were drilled, eight were 5-3/8 in. in diameter and two 

were 1-1/2 in. in diameter. The following tabulation shows the loca

tions of the cores. 

Lift 

Top 
Bottom 

Number of Cores 
Unit 1 Unit 2 

1, 5-3/8 
1, 1-1/2 

. 1, 1-1/2 
1, 5-3/8 

and Size, Inches 
Unit 3 

1, 5-3/8 
2, 5-3/8 

Unit 4 
1, 5-3/8 
2, 5-3/8 

59. All cores were examined for physical condition and the 5-3/8-

in.-diameter cores were cut into appropriate lengths and tested for com

pressive strength, which was found to be satisfactory. Specific gravity 

and absorption values were obtained and found to compare favorably with 

those of conventional concrete cores taken from mass concrete in the dam. 

Data on the 5-3/8-in.-diameter cores are summarized in table B3, page B20. 

60. The concrete in the cores was relatively free from vuggs. A 

few sandy zones were noted, particularly in the lower lift of unit 1, 

Where areas that were almost ~ree of the coarser sand particles were 

contiguous to oversanded areas. Compared to the formed surfaces, the 

cut surfaces of the cores were relatively free of defects. There was no 

bond between the Prepakt and the conventional concrete on which it 

rested. The surface of the conventional concrete appeared to have been 

covered with a deposit of fines, probably carried there by the sprays of 

water used on the coarse aggregate. No collection of fines was noted 

between the two lifts of Prepakt; however, the joint between them was 

Poor in every case. The condition of the surfaces of both the conven

tional concrete and top of first lift of Prepakt was considered before 

aggregate placement. 

Conclusions 

61. ·The use of Prepakt concrete for embedding the scroll cases, 

Penstock extension, and pit liner for the first four turbines in the Bull 

Shoals powerhouse was satisfactory and resulted in a saving of time 

and cement. 



Table B3 

PreEakt Concrete Core Data 

epth 
From App. Abeorp- Size 

Location ProEortion TOE Age psi ~ tion Modulus Agg. Remarks 

Mix No. 34 

Unit 3 1.9:1:4.5 0-1.0 73 4590 6 
First lift 1.6-2.6 73 4680 6 
So. of r/_ 4.3-5.3 73 4590 6 Low '{o, 1-1/2-in. agg. 

5.9-6.9 73 3220 3.79 3 Core contained sandy zones 
7.8-8.8 30 3030 1-1/2 

Average ( 73 days) 4270 2.76 5.39 

Unit 3 0-1.0 73 4550 4.96 6 
First lift 2.0-3.0 73 4770 6 
D.S. 6.0-1.0 73 3140 6 Core contained sandy zones 

7.7-8.7 73 4630 4.90 6 
Average 4270 2.73 4.72 

Teet block 1.9:1:4.5 30 3425 1-1/2 Teet block was 3 ft by 
30 3640 1-1/2 3 ft by 3 ft and grouted 

Average 3530 using lab. equipment 
Core 10-in. diameter 

Mix No. 59 

Unit 3 1:1:3.5 1.0-2.0 41 3400 1-1/2 
Second lift 4.2-5.2. 41 4430 4.35 1-1/2 
D.S. 6.7-7.7 41 2680 3 

9.6-10.5 41 2700 3.67 3 
Average 3300 2.76 5.20 

Unit 4 1:1:3.5 2.0-3.0 33 2590 3 
Second lift 4.0-5.0 33 286o 3 
D.S. 6.0-7.0 33 286o 3 

9.0-10.0 33 2720 3 
·Ave:mge 2760 2.'!3 6.33 

Mix No. 54 

Unit 1 2:1.5:5 .o 1.9-2.9 53 3450 1-1/2 
Second lift 4.8-5 .8 53 2050 6 Core contained sandy zone 
D.S. No 1-1/2-in. agg. 

6.5.7.5 53 2820 3 No 1-1/2-in. agg. in core 
8.7-9.7 53 3720 1-1/2 

Average 3010 2.74 6.03 

Unit 2 2:1.5:5.0 0-1.0 48 4770 3 Low'{., 1-1/2-in. agg. 
First lift 2.0-3.0 48 3980 1-1/2 
D. S, 3,8-4.8 48 3980 1-1/2 

6.0-1.0 48 3640 1-1/2 
Average 4o9o 2.74 5.83 

Unit 4 2:1.5:5.0 0.3-1.3 66 2780 3 Core contained sandy zones, 
First lift 1.3-2.3 66 386o 6 vugge 
D, S, 3.8-4.8 66 4100 6 Low '{o, 1-1/2-in, agg, 

6.3-7 ,3 66 2520 3,26 6 Core contained sandy zone 
Average 3310 2.74 5.24 

Unit 4 0.3-1.3 23 3590 1-1/2 
First lift 2.8-3.8 66 4770 6 Low '{o, 1-1/2-in. agg. 
u. s. 3,8-4.8 66 6250 3 

5 ,3-6.3 24 4330 1-1/2 
6.7-7.7 66 4950 4.26 1-1/2 

Average (66 days) 4890 2.75 6.79 
Average of 66-day core unit 4 4100 

NOTES: 1. All cores except those from test block 5-3/8-in: diameter. 
2. Cores cut to length with chisel. Core length after capping 12 in., 14 ft. 
3. Psi shown are corrected for length deviation from standard. 
4. Core water-cured in open for 7 days a~er coring and in moist room at 70° for 8 days before testing. 
5. Specific gravity and absorption determined from that portion of core not tested in compression. 
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PART II: WHITI'IER NARROWS PROJECT 

Introduction 

62. The spillway structure of the Whittier Narrows Dam consists 

of: (a) a rectangular upstream cellular wall and slab section, (b) a 

central section 110 ft wide and 54o ft between abutments divided into 

three 100-ft by 180-ft by 8-ft monoliths supporting the piers for nine 

tainter gates (plate B4), and (c) a sloping apron section 200 ft wide 

with bottom slab and L-type side walls, ending in a dentated sill. The 

three gate-section monoliths and the piers were designed to be mono

liths to minimize deflections and facilitate gate operation. The volume 

of each of the three gate-section monoliths (exclusive of the piers) was 

approximately 6,ooo cu yd. 

63. The original construction plan was to divide each of the three 

gate-section monoliths into seven 180- by 16-ft sections which would 

have required a concrete plant of approximately 860 cu yd per day ca

pacity. The largest pours of the project, exclusive of the gate sec

tions, would require a plant capacity of not more than 500 cu yd per 

day. 

64. In order to reduce the number of sections from seven to three 

Per monolith (each section to be 180 by 37 ft), reduce the required ca

pacity of the mixing plant, eliminate difficulty in supporting the mats 

of reinforcing steel, and eliminate the difficulties of placing and con

solidating concrete through these mats, it was decided at a conference 

between personnel of the Office, Chief of Engineers, and the South 

Pacific Division Office to use Prepakt concrete for the gate-section 

monoliths. It was not expected that any monetary savings would result 

from the change from conventional to Prepakt concrete; however, the 

Practical advantages in eliminating the above-mentioned difficulties 

Were deemed.sufficient to warrant use of Prepakt. 

65. The plan of the spillway slab, divided into nine units, as 

finally constructed by the Prepakt method is shown in fig. B9. 
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Materials 

· 66. The cement used conformed to Federal Specification SS-C-192 

type II. The Alfesil and Intrusion Aid were furnished by the Concrete 

Chemical Co., Cleveland, Ohio. 

67. An attempt was made to use the concrete sand at the project 

after it had been processed through a rod mill to produce the desired 

grading. The particle shape of the processed sand was angular, however, 

and required an excessive unit water content. The project concrete sand 

was blended with a fine sand from a local aggregate specialty plant and 

used in the Prepakt concrete. The average grading of the sand used·in 

the Prepakt work follows: 

Cumulative 
Sieve Per Cent Passing 

No. 8 100 
No. 16 98 
No. 30 81 
No. 50 43 
No. 100 17 
No. 200 4 
FM 1.6I 

68. The coarse aggregate was washed gravel with a minimum size of 

1/2 in. The maximum size varied with location within the structure. In 

open areas the grading ranged from 1/2 to 6 in., around the mats of rein

forcing steel it ranged from 1/2 to 1-1/2 in., and on the finished sur

face, from 1/2 to 3/4 in. Fig. B9 indicates size ranges and their dis

tribution. The aggregate entering the forms was graded within the fol

lowing limits: 

Sieve 

7-in. 
6-in. 
3-in. 
2-in. 
1-1/2-in. · 
1-in. 
3/4-in. 
1/2-in. 

1/2 to 3/4 in. 

100 
0-10 

Per Cent Passing 
1/2 to 1-1/2 in. 

100 
90-100 
4o-6o 

0-10 

1/2 to 6 in. 

100 
90-100 
60-10 
40-55 
35-45 
25-35 

0-10 
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Aggregate Placement 

69. The aggregate placed and grouted in unit 1 (plate B4), while 

clean enough for use as regular concrete aggregate, was not considered 

to be quite clean enough for Prepakt work. Aggregate similar to that 

used in the other eight units was rewashed at the aggregate plant and 

the trucks in which it was transported were washed out before loading. 

The blending to produce the desired grading was done at the aggregate 

plant by "layering" the size groups in the trucks as they were loaded. 

70. Aggregate was placed in the forms by use of a crane and 

3/4-cu-yd bucket loading from a 10-cu-yd steel sled into which the 

hauling trucks dumped the aggregate. A 6-in.-deep layer of 1/2- to 

1-1/2-in. aggregate was placed on the subgrade and hand-screeded to a 

level surface. The f_irst mat of reinforcing steel was then placed di

rectly thereon. The second mat of steel was then assembled in place 

over the first mat, as shown in fig. BlO, and tied in position 6 in. 

above the first mat. The second 6-in.-deep layer of 1/2- to 1-1/2-in. 

-aggr--egate -wa-s then placed .and le¥eled {fig .. Bll).. The 4-ft-6-in. -deep 

middle layer of 1/2- to 6-in. aggregate could not be hand-screeded and 

was leveled to approximate grade by careful manipulation of the crane 

bucket. The procedure used in placing the upper layers of smaller ag

gregate and reinforcing steel was similar to that used in placing the 

bottom layers. 

Mixture proportions 

71. The proportions of the grout mixtures were determined by the 

South Pacific Division Laboratory, CE. The required strength of the 

Prepakt concrete was 3,000 psi at 90 days age and all the mix

proportioning work was undertaken with this requirement in mind. 

72. Project materials were used in the mix-proportioning studies; 

and tests resulted in the rejection of the rodmilled sand (paragraph 67) 

because of poor particle shape and excessively high unit water content. ' 

Thirty-five 1-cu-yd cubes and two 3-ft by 3-ft by 8-ft blocks were 

pumped using various mixtures. 

·73. Two grout mixtures were recommended by the South Pacific 



Fig. BlO. View showing two lower steel mats 

Fig. Bil. Placing of 1/2-in. to 1-1/2-in. aggregates 
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Division Laboratory for use on the project. It was expected that either 

one would produce the required 3,000-psi compressive strength at 90 days. 

Based on a void content of 31.5 per cent, which it was possible to ob

tain in the laboratory with the 1/2- to 6-in. aggregate, the cement fac

tors of the Prepakt concrete resulting from use of these two mixtures 

would be 3.00 and 2.75 bags of portland cement per cu yd. 

74. The proportions of the two mixtures are shown below: 

3.0 Bags Portland Cement Per Cu Yd 
Apparent Volume Weight 

1.5 Cement:l.O Alfesil:2.9 Sand 

1 Bag (Cement) Batch 
Weight Absolute Vol. 

Cement = 94 lb 0.48 
Alfesil = 48 lb 0.32 

1.95:1.0:3.2 

Solid Volume 

1. 5: 1.0: 2.87 

Sand = 154 lb 0.92 

W/C + Al. = 0.49 wt. 
CF = 3.0 bags/cu yd 
Cement + Al. = 5.0 bags/cu yd 

Int. Aid = 1.4 lb 
(lcj, C + Al.) 

Water = 70 lb 1.12 

2.75 Bags Portland Cement Per Cu Yd 
Apparent Volume Weight 

1.5 Cement:l.O Alfesil:3.4 Sand 1.95:1.0:3.8 

1 Bag (Cement) Batch 
Weight Absolute Vol. 

Solid Volume 

1.5:1.0:3.44 

Cement = 94 lb · 
Alfesil = 48 lb 
Sand = 182 lb 
Int. Aid = 1.4 lb 

o.48 
0.32 
1.10 

W/C +Al. = 0.52 wt. 
CF = 2.75 bags/cu yd 
Cement + Al. = 3.42 bags/cu yd 

(lcj,C+Al.) 
Water = 74 lb 1.19 

75. The consistency of the grout mixes was measured by the time re

quired for a given volume to be discharged from the restricted orifice of 

a flow cone. The efflux time ranged from 15 to 21 seconds, averaging 17 

seconds. 

Forms 

76. The vertical forms were of supposedly watertight, conventional 
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wood construction. Actually there was considerable leakage of grout 

through cracks in the forms. Leaks were stopped by application of dry 

cement to the outside of the form. 

77. The horizontal forms that covered the top surface of the ag

gregate and provided a smooth, level surface against which the grout was 

Pumped were made of 2- by 6-in. planks with 1/4-in. spacing between 

Planks. The planking on the underside was covered with 1/2-in. ex

panded metal lath, covered in turn by 16-mesh, galvanized insect 

screen over which a covering of unbleached muslin was tacked (see 

fig. Bl2). 

78. The horizontal forms were constructed in panels 10 ft by 18 ft 

and 10 ft by 20 ft in size. Enough panels were built to cover a 37- by 

180-ft area. 

79. For the first two units the panels were held in place by shee 

bolts welded to the lowest mat of reinforcing steel. The shee bolts 

were very difficult to line up with the holes in the forms, tears 

Fig. Bl2. Applying sewn muslin to section of top form 
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resulted in the muslin, and the forms themselves lacked the required 

rigidity. Fig. Bl3 shows the forms in place. 

Fig. Bl3. Original type form showing method of restraint 

80. The unsatisfactory forms were used to cover the first two 

units, then new forms were devised. These forms were also of 2- by 

6-in. planking spaced 1/4 in. apart but backed by closely spaced 2- by 

6-in. stiffeners on edge. The underneath face of the form was covered 

with expanded metal lath and insect screen as before; however, this time 

the strips of muslin were sewed together to provide a continuous cloth 

covering which was tacked to the form only around the edges. 

81. The form panels butted against each other and were secured in 

place by the weight of two pairs of 74-lb H-beams per panel. These 

beams were fastened to the lowest mat of reinforcing steel by steel 

cables or by bolts passing through the panels and welded to the mat. 

Form panels with H-beams are shown in fig. Bl4. 

82. After completion of the first two units the muslin was 
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Fig. Bl4. Top forms in_ position,- showing_ method- of' restraint 

replaced each time the panels were reused. An air water jet was used to 

clean the expanded metal and insect screen before they were re-covered 

With muslin. 

Equipment Setup 

!atch plant 

83. The grout materials were batched from a conventional-type con

crete batcher with three 500-bbl silos, two for cement and one for Alfe

Sil. Proportioning was done by weight. 

M_ixer, agitators, and pumps 

84. The mixing and pumping setup was gasoline-powered and consisted 

of a double-drum (45 cu ft per drum) mixer, two 96-cu-ft agitators, a 
20-cu-ft-per-min Gardner Denver pump and four 4.8-cu-ft-per-min Gardner 

Denver pumps. The materials passed from the mixer by gravity to an 
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agitator (which served as a reservoir of mixed grout) to the 20-cu-ft

per-min pump, through a 2-1/4-in. line to the other agitator thence by 

gravity through 1-1/2-in. lines to the four smaller pumps, each of which 

served two 1-1/4-in. intrusion pipes. The mixing and pumping plant lay

out is shown schematically on fig. Bl5. Standby mixing and pumping 

equipment was on hand but not used. 

BATCHING PLANT 

MIXER 

PRIMARY PLM> 

SECONDARY Pl.M'S 

·~ 

~~ ~ 
GROUT HOSES 

Fig. Bl5. Plant layout 

Intrusion pipes 

85. The intrusion pipes were 1-1/4-in.- and 3/4-in.-diameter 

black iron. They consisted of two series; the 1-1/4-in. pipes were ap

proximately 10 ft long and the 3/4-in. pipes were approximately 3 ft 

long. A half union was welded to the upper end of each pipe for easy 

connection to the grout hoses from the pumps. The first line of pipes 

was placed 3 ft from the end form. All pipes were on 6-ft centers. A 

typical layout is shown on plate B4. 

86.· The larger pipes were spotted in place and driven a few inches 

into the subgrade (to hold them upright) after the first layer of small 

aggregate and the first mat of steel had been placed (see figs. Bll, 

page B25, and Bl6). Aggregate placement proceeded around the pipes to 

grade. Before the start of grouting the pipes were raised a sufficient 



Fig. Bl6. Unit ready for intrusion showing 
grout pipes and shee bolts 
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distance to insure clearance of the subgrade by a few inches. The pipes 

Were then cleaned of foreign matter by insertion of a steel rod before 

grouting started. 

87. The shorter pipes were used for consolidating the upper layer 

of aggregate and were inserted on 2-ft centers into the aggregate through 

openings in the covering horizontal form after it had been secured in 

Place. 

Grouting 

88. Prior to grouting, the in-place aggregate was thoroughly 

soaked for approximately 24 hours. Immediately before grouting, water 

~as circulated through all pumping equipment and lines. 

89. The nine sections, or units into which the spillway slab was 

divided, were grouted according to the following schedule: 
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Unit Date Grouted Unit Date Grouted 

l 16 May 1951 5 28 June 1951 
2 29 May 1951 6 29 June 1951 
3 6 June 1951 7 10 July 1951 
4 19 June 1951 8 17 July 1951 

9 20 July 1951 

90. Grout was pumped into the first row of intrusion pipes until 

the depth of grout was approximately 2 ft at each pipe sloping to a 

lesser depth away from the pipes. Grout hoses were then moved to the 

adjacent row of pipes and the procedure repeated. As the grout eleva

tion rose the pipes were raised; however, the ends of the pipes were kept 

submerged at least 2 ft below the surface of the grout at all times. 

91. When the grout level was approximately 6 in. from the top of 

the form the aggregate was carefully trimmed to grade, the horizontal 

covering form was fastened in place, and grouting proceeded through the 

short grout pipes inserted into the aggregate through holes in the 

covering form. As its level rose the grout pressed against the muslin 

face of the form displacing water and air before it as it progressed 

from one end of the form to the other. Weep holes permitted the escape 

of the-water and air. 

92. Both the top and side forms were vibrated during grouting by 

use of clamp-on type, pneumatic, form vibrators. 

93. The pumping time required for grouting varied from 45 hours 

for the first section to 23 hours for the last section. The average 

rate of pumping was approximately 907 cu ft per hour (22 batches, 41.25 

cu ft per batch). 

94. The 3-bag-cement-factor mix was used in the first unit 

grouted, and the 2.75-bag mix was used in grouting all other units. One 

per cent Intrusion Aid was used in the first section, but because of 

what was considered to be a slight excess of gas evolution, the amount 

of Aid was reduced to 0.8 per cent for the succ~eding seven sections and 

to 0.63 per cent for the last section. 

95. The 3- and 2.75-bag cement factor figures were based on void 

determinations made in the laboratory using 1/2- to 6-in. aggregate. 

The void content determined in the laboratory on the aggregate 
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combination actually used in the project (fig. B9, page B22) was 37 per 

cent and the void content of the aggregate in place on the job was 39 

Per cent. Based on 39 per cent voids and disregarding bulking of the 

grout caused by generation of gas due to the reaction between the In

trusion Aid and the cement, the portland cement content of the first 

section pumped was approximately 3.7 bags per cu yd, and that of the 

other eight sections was 3.4 bags per cu yd. 

Finishing and Curing 

96. It was believed that a good horizontal surface could be ob

tained by allowing the covering forms to remain in place until after 

final setting had occurred. This procedure was followed for the first 

two units grouted. However, the resulting surfaces were not satisfac

tory. Grout entered the open space where the muslin strips overlapped 

(the muslin was not sewn for these units) and clogged the insect screen 

and expanded metal beneath the screen. When the forms were lifted, con

siderable scaling of the surface resulted (fig. Bl7) which later required 

patching. 

Fig. Bl7. Condition of surface of first unit after form removal. 
Forms removed at 72 hours 

97. The forms used on the remaining seven sections (with muslin 

sewn into a continuous covering) were removed 5 to 6 hours after 
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completion of pumping depending upon the rate at which the grout hard

ened. The surfaces were finished by floating (see fig. Bl8). Satis

factory results were obtained with this procedure. 

Fig. Bl8. Finishing completed surface 

98. Curing was accomplished by water spraying the first 24 hours 

after finishing followed by covering with wet sand for the remainder of 

the curing period. 

Temperature Rise of Grout 

99. Three pairs of electrical resistance type thermometers were 

placed in unit 3 and one cluster of four thermometers was placed in the 

slab of conventional concrete adjoining the Prepakt, at the locations 

shown on plate B4. 

100. Initial observations of temperature were made with all in

struments when the grout covered the lowest instruments. About three 

hours elapsed between the time the grout covered the lowest and highest 

instruments·. 

101. Results of the observations are shown on fig. Bl9. The 
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Fig. Bl9. Hydration temperatures i~ spillway slab 

maximum temperature of the conventional concrete was reached 2 to 3 days 

after placing with a temperature rise of approximately 50 degrees. The 

maximum temperati.ires in the Prepakt concrete occurred 3 to 4 days after 

Placement and the approximate rise was 41 degrees at elevations 198 and 

194, and 43 degrees at elevation 196. 
102. A valid comparison between the heat-generating characteristics 

of conventional and Prepakt concrete is not possible from these data be

cause they were obtained at different times, in monoliths of dissimilar 

shape, using concretes of dissimilar cement content, placed and cured 

UUder dissimilar ambient temperature conditions. 



Tests of Cores 

103. Cores were drilled from the structure to check completeness 

of grout intrusion, aggregate distribution, and compressive strength. 

Cores were drilled according to the following tabulation and their ap

proximate locations are shown on plate B4. 

Diam Length 
Unit Core No. in. in. 

1 1-3 3 96 
1 4-9 10 48 
2 10, lOA, 19, 19A 10 24 

3 11, llA, 22, 22A 10 24 
4 12, 12A, 20, 20A 10 24 
5 13, 13A, 18, 18A 10 24 
6 14, 14A 10 24 
7 15, 15A, 23, 23A 10 24 
8 16, 16A 10 24 
9 17, 17A, 21, 21A 10 24 

104. The 10-in. cores were cut 

Forty sections were tested. 

Age, Days 

60 (14 Sections) 
90 (12 Sections) 
212 (14 Sections) 

Average 

No. of 
Test 
Sec- Drilling 
tions Orientation Disposition 

3 Vertical Visual 
12 Horizontal Compr. 

4 Vertical Compr. 
4 Vertical Compr. 
4 Vertical Compr. 
4 Vertical Compr. 
2 Vertical Compr. 
4 Vertical Compr. 
2 Vertical Compr. 
4 Vertical Compr. 

into appropriate length for 

results are shown below: 

Compressive Strength, psi 

2510 
2855 
3165 

inspect. 
str. 
str. 
str. 
str. 
str. 
str. 
str. 
str. 
str. 

testing. 

105. The effect of aggregate size on strength appeared to be slight. 

Core strengths were erratic at 6o and 90 days age but more consistent 

at 212 days. A microscopic examination of a number of cores revealed 

that: (a) the aggregate and gas void distribution was good, (b) cause of 

strength variation was not visibly apparent in the mo~tar, (c) erratic 

strength might have been caused by voids in the cores, or by the in

fluence of 6-in. (relatively large size) aggregate in the 10-in. (rela

tively small diameter) cores, and (d) a considerable amount of Alfesil 

was observed to be present in chemically unaltered form. 
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Conclusions 

106. Construction of the spillway structure of Prepakt concrete at 

Whittier Narrows Darn was a successful operation. The greatest dif

ficulties were encountered in forming and finishing the horizontal sur

faces. These difficulties were overcome through use of rigid heavily

Weighted horizontal forms which were removed at the correct time to al

low the surfaces to be finished by hand. No mechanical difficulties 

were encountered. 
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