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INTRODUCTION

This technologic paper presents the results of two minor investi-

gations carried out at the request of the concrete ship section of

the Emergency Fleet Corporation. They were undertaken with

the object of obtaining data useful in design under the special

conditions involved in the construction of concrete ships.

I. POURING, CONSISTENCY, AND COMPRESSIVE-STRENGTH
TESTS OF CONCRETE IN CYLINDERS AND SLABS

1. POURING TEST

The object of the pouring test was to determine to what extent

a satisfactory job of concreting could be secured under conditions

likely to exist in field work during the construction of concrete

ships. To be satisfactory there should be no voids in the finished

concrete. The work would be expected to have a smooth surface

finish, and the concrete should have strength commensurate with

the mix and should be of uniform quality. This test was made in

the concrete laboratory of the Bureau of Public Roads, Arlington,

Va., on May 4, 1918.

The pouring specimen used was a slab 6 feet high, 6 feet wide,

and 4 inches thick, having a mass of reinforcement designed to

reproduce conditions such as would occur in pouring the shell of a
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reinforced concrete ship. Fig. i shows the reinforcement assem-

bled and in position with one side of the form temporarily removed.

Wedge-shaped strips cut from i >^-inch square stock were at-

tached to both of the side forms horizontally at intervals of 12

inches, marking V-shaped grooves along which the slab was later

broken into sections for testing transversely. The wedge strips

also served the purpose of choking the opening through which the

concrete had to pass and therefore made pouring very much more
difficult. The percentage of tension reinforcement was taken

large enough to insure failure of the concrete in compression in the

transverse tests of the slab sections, unless the strength of the

concrete, as computed by the parabolic formula, should exceed

3500 pounds per square inch.

An Austin cube mixer having a rated capacity of 1 cubic yard

per batch was used for mixing the concrete for this test. The
concrete was proportioned by volume, using 1 part of a standard

Portland cement, two-thirds part of Potomac River sand, and

i}i parts of gravel. The gravel was graded in size from one-

fourth to one-half inch. The amount of water used in mixing

was 12.5 per cent of the combined weight of the dry materials.

The materials were weighed, and the proportions by volume,

1 • %'• i/i, were computed from the weights.

Four small batches of concrete were mixed to pour the speci-

men. Reference to Table 1 shows that there was some variation

in the consistency in the different batches. The accidental loss

of an unmeasured but small quantity of water during the mixing

of the first batch accounts for a stiffness in that batch somewhat
greater than that of the succeeding batches.

The cement and aggregate were mixed dry for about 30 seconds

after which the water was added and the mixer was run for 1

minute and 45 seconds before dumping the first wheelbarrow

load of concrete. It was generally 1 minute more or longer before

the remainder of the batch had been removed from the mixer.

At the best, an appreciable amount of concrete remained in the

mixer from one batch to the next.

The concrete in the lower half of the slab was placed in the form

by means of shovels and trowels through an opening in the side

of the form 10 inches high and with its lower edge 3 feet 1 inch

above the base of the form. The location of this opening is

indicated in Fig. 2 by the words "window panel." The form

was vigorously pounded with heavy hand hammers throughout

the pouring. Air bubbles were released by the pounding and
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Fig. i.—Assembled reinforcement and form for specimen used in pouring test
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FlG. 2.—Pouring -test specimen removed from fc
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rose to the surface of the concrete. The rising of air bubbles

continued for a considerable length of time, and had not entirely

stopped when pouring was completed and the pounding was
discontinued.

During the pouring of the slab an observation was made to

find the angle of repose of the concrete. The concrete wTas poured

into the form at one point and allowed to flow toward both ends,

assisted to some extent by the pounding outside the form. It

was found that the slope of the concrete surface was 30 or more
above the horizontal.

In order to check the consistency of the mixture used in the

pouring tests, four control cylinders were made. The tests for

consistency were made by filling 6 by 12 inch cylindrical molds

with concrete taken from the wheelbarrow as it was being wheeled

to the form for pouring the slab. The molds were placed on a

smooth, clean portion of the concrete floor which had previously

been dampened. The molds were then lifted at a uniform rate in a

line as nearly vertical as possible. This allowed the plastic concrete

to run out into a puddle on the floor. The diameter of the puddle

thus formed was taken as a measure of the consistency. After

the diameter of the puddle had been measured, the concrete of

the control specimen was replaced in the mold and kept for a

compression test as a control of the strength of the concrete

which went into the slab. The cylinders were removed from the

molds after 24 hours and stored under damp burlap until tested.

Table 1 gives the consistency readings for the control specimens,

and also the compressive strength when tested at the age of 31

days.

TABLE 1.—Consistency and Compressive Strength of Control Cylinders

[Water 12.5 per cent of combined weight of dry materials]

Cylinder No. Batch No. i Barrow No. <*££££* Maximum load
Compressive

strength

1 (P)

1

2

2

3

3

4

Inches

16K
10

16

13H

12K
11

13

Pounds

103 940

Lbs./in.»

3670

2 3

2

3

1

2

land 2

3

4

5

102 570 3620

6

7

95 000

114 000

3350

4030

a The consistency reading is the diameter of the puddle of concrete remaining after lifting the 6 by 12

inch cylindrical mold

.

& This specimen was made from a hand-mixed batch just large enough for the specimen, previous to

starting the pouring test.
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The concrete at the top of the slab was struck off even with the

edge of the form in order to provide a means of measuring the

amount of settlement during setting. Later observations showed
that a settlement of about one-half inch had occurred in a total

depth of 6 feet.

One side form was removed the second day after pouring in

order to examine the surface of the specimen. This surface is

shown in Fig. 2, and its appearance indicates that the pouring was
satisfactorily completed. A smooth surface was obtained at all

points on the face of the slab. Even under the wedge-shaped

strips used to separate the individual slabs only one place was
observed where a perfect filling was not obtained. This imper-

fection was so slight, however, that it is not noticeable in the

photograph.
2. STRENGTH TESTS

It was desired to see if any variation existed in the strength of

the concrete caused by differences in position in the speci-

men. Accordingly the specimen was divided into shallow beams
for testing separately under transverse loading. A large amount
of steel was used for tension reinforcement, with the intention

of forcing failure by compression in the concrete. In spite of that

provision all of the specimens failed in tension, and the full strength

of the concrete was not developed.

Six sections were made by dividing the specimen into beams
1 2 inches wide and 6 feet long. This separation was made at an

age of about 3 days by breaking the slab along the lines of

the V-shaped grooves shown in Fig. 2. The beams were num-
bered from 1 to 6, inclusive, starting with the bottom of the

specimen as poured. They were stored under wet burlap and

were tested at an age of 31 days.

The reinforcement in each shallow beam consisted of 4 five-

eighths inch square corrugated bars in the bottom and 3 one-half

inch plain round bars in the top. The top and bottom layers of

reinforcement were separated by 1 1 transverse three-fourths inch

square spacing bars 1 2 inches in length. Theamount of bottom rein-

forcement varied from 4 to 4.7 per cent, on account of the variation

in thickness caused by uneven spreading of the form during the

pouring. The beams were tested on a span of 5 feet 6 inches,

with the load at two points 12 inches apart and each 6 inches

from the center of the span. All bearing blocks were bedded in

plaster of Paris. Deflections were measured at midspan by means

of an Ames dial reading to 0.00 1 inch.
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The measured thickness of the sections into which the slab was
divided was greater than the nominal dimension of 4 inches,

indicating that there was a slight bulging of the forms due to the

pressure of the concrete.

The compressive stress in the concrete at the maximum load,

as computed by the parabolic formula, exceeded the assumed
value of 3500 pounds per square inch, and none of the shallow

beams failed by compression in the concrete. Table 2 gives the

results of the beam tests.

TABLE 2.—Results of Shallow Beam Tests

Beam No.

Meas- Depth
|
Ten- W-^.

ured I to ten-
j
sion re- _„Z,

thick- ! sion
| inforce-

™"m
ness

;
steels ment

Deflec
tion at

maxi-
mum

Compressive
stress at maxi-
mum load

/c

Para-
bolic

formula

Straight-

line for-

mula

Tensile
stress at
maxi-
mum
load,

straight-

line for-

mula
/a

Ratio computed
stress at maxi-
mum load to

working stress

Com-
pres-
sionb

U
1500

Ten-
sion c

/s

16 000

1

2

3

4

5

6

ches Inches

4.13 2.75

4.60 2.99

4.88 3.13

5.19 3.28

5.13 3.25

4.44 2.91

Per ct.

4.7

4.4

4.2

4.0

4.0

4.5

Pounds

10 300

12 580

11 630

13 290

12 430

11 280

Inch

0.99

.91

.68

.98

;86

.91

Lbs./in-

4460

4770

4080

4240

4250

4620

Lbs./in.:

6320

6630

5650

5950

5650

6250

Lbs./in.s

40 600

45 400

40 200

43 500

41 000

41 900

4.22

4.42

3.76

3.96

3.77

4.17

2-.S4

2.84

2.51

2.72

2.56

2.62

a The depth of tensile steel given assumes that the reinforcement remained as originally placed in the

form, and that the form bulged equally in both directions.

6 In determining the ratio of the compressive stress at maximum load to the working stress the value of

/c used was computed by the straight-line formula, taking n= 10 and k=o.6. The working stress was 1500

pounds per square inch. The top layer of bars was not counted as reinforcement as it came practically at

the neutral axis.

c The ratio of the tensile stress at maximum load to the working stress is the factor of safety against fail-

ure by tension in the reinforcement.

The computed compressive stress in the concrete of the shallow

beams at the maximum load was greater than the strength of the

control cylinders, even though the ultimate strength of the con-

crete in the shallow beams had not been reached. The average

strength of the control cylinders was 3670 pounds per square

inch. The average computed compressive stress developed in

the beams at the maximum load was 4400 pounds per square

inch by the parabolic formula and 6075 pounds per square inch

by the straight-line formula. The ratios of the computed flexural

stress at maximum load to the cylinder strength were 1.20 and

1.66 for calculations by the parabolic and the straight-line for-
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mulas , respectively. These ratios are consistent with results found

in previous tests. 1

Under the caption " Ratio computed stress at maximum load to

working stress " the values corresponding to the tensile stresses

are the factors of safety of the beams. The values corresponding

to the compressive stresses are not factors of safety, because the

beams did not fail by compression. It is apparent that the fac-

tors of safety against compression failure must have been higher

than the ratios under the caption ''Compression."

3. SUMMARY

(a) The «test indicated that with the gravel aggregate used it

was practicable to obtain a smooth dense surface, such as is re-

quired in the shells of concrete ships, in spite of the narrow and

constricted space between forms and the obstruction of the

reinforcement.

(b) In the pouring test the maximum compressive stress devel-

oped in the concrete in flexure gave computed values averaging

66 per cent higher than the ultimate compressive strength of the

concrete as determined by tests of control cylinders.

(c) The quality of concrete obtained by pouring into forms

which were well pounded during the pouring was quite uniform;

the maximum loads and computed stresses obtained in flexure

tests of shallow beams made from the pouring test specimens were

reasonably consistent.

(d) No variation in the strength of the beams due ip differences

in position in the pouring test specimen was determinable on ac-

count of the fact that none of the failures occurred by compres-

sion.

(e) The factors of safety against compression failure are not

known, as the beams failed by tension. It is apparent, however,

that if sufficient reinforcement had been provided to prevent

tension failure, the factors of safety against compression failure

would have been found to be greater than the values in Table 2

given as the ratio of the stress computed by the straight-line

formula for the maximum load to the working stress.

(/) The working stress used in concrete ship design, 1500

pounds per square inch in flexural compression, provides an ample

factor of safety against compression failure with concrete of the

quailty used in these tests.

1 Slater and Zipprodt, Compressive Strength of Concrete in Flexure, Proc. Amer. Concrete Inst. ; 1920.



Pouring and Pressure Tests of Concrete 9

II. MEASUREMENTS OF PRESSURE OF CONCRETE
AGAINST FORMS DURING POURING

1. INTRODUCTION

Measurements of the pressure of concrete against forms were

made during the pouring of a large reinforced-concrete test speci-

men. This specimen was poured for the concrete ship section of

the Emergency Fleet Corporation at the Bureau of Standards in

Washington, D. C, on May 10, 191 8. The specimen had a height

of 16 feet 11 inches, and at points where the horizontal pressure

was measured it had a thickness of 2 inches. The concrete used

consisted of 1 part of a standard Portland cement, two-thirds part

of Potomac River sand and 1% parts of gravel under one-half inch

in size. Proportions were measured by volume. The amount of

water used was about 12.5 per cent of the combined weight of

the dry materials. The consistency of the concrete was measured

in a manner similar to that in the pouring test by lifting a 6 by
12 inch cylindrical mold from a freshly poured control specimen.

The measured diameter of the puddle thus formed was taken as

a measure of the consistency of the concrete entering into the

specimen. The pressure measurements were made by means of

pressure cells which have been developed by the Bureau of Public

Roads in investigational work on earth pressures. 2

2. DESCRIPTION OF TEST

Measurements of pressure were taken at seven positions on the

specimen during the filling of the form. The locations of the

pressure cells are shown in Fig. 3. Cells 1,2, and 3 were placed

on vertical surfaces, and the pressures were measured in a hori-

zontal direction. Cells 4, 5, 6, and 7 were placed on horizontal

surfaces and upward vertical pressures were measured. The
time was recorded when pouring of concrete began, and during

the test a record was made of the elapsed time, the readings on

the pressure cells, and the height of the concrete. The height

of the concrete was determined by sounding the forms and is
}

therefore, only approximate. The concrete was hoisted in

buckets which were emptied into the form through small windows
which were provided for the purpose. These openings were

located immediately above the levels of cells 4, 5, 6, and 7. The
forms were rapped sharply with hand hammers to settle the

2 For description of the pressure cells, see Goldbeck, A. T., Proc. Am. Soc. Test. Mats., 17, p. 641, " Dis-

tribution of pressures through earth fills." For additional data see Smith, Earl B., Proc. Am. Cone. Inst.,

1920, "Pressure of Concrete against Forms."
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1

concrete and to set free the air bubbles. When the forms were
removed it was found that a smooth job of concreting had been

secured in all except one or two very small areas.

3. RESULTS

The results of this test are shown in Fig. 4. On these diagrams

the ordinates represent the head of concrete on the pressure cell

and the measured pressure of the concrete against the form.

The abscissas represent the time in minutes elapsing after the

surface of the concrete was at the level of the pressure cell. In

every case the first reading on the cell was taken from 5 to 10

minutes after the concrete had come into contact with the cell.

From the curve shown for cell No. 1, it will be noted that as

the head of concrete increased, the pressure also increased almost

uniformly up to the maximum observed pressure. However, 30

minutes after the initial reading had been taken, or approximately

35 to 40 minutes after the concrete had reached the level of the

cell, the pressure began to decrease in spite of the increasing

head of concrete on the cell. Apparently this decrease was

because the concrete which was in contact with the cell had

begun to harden, causing it to act more in the nature of a solid

than of a liquid. Cell No. 1 registered zero pressure about 150

minutes after the initial reading.

The maximum pressure indicated by cell No. 1 was 3.1 pounds

per square inch; the head of concrete at that time was about 3.6

feet. Assuming that concrete weighs 150 pounds per cubic foot,

and also that it acts as a liquid, its lateral pressure would be 3.6

times 150, or 540 pounds per square foot. As the measured

pressure was equivalent only to 446 pounds per square foot, it

indicates that the concrete did not act as a perfect liquid. A
pressure of 446 pounds per square foot would be produced by a

liquid whose weight was only 124 pounds per cubic foot.

In the diagram for cell No. 2 it will be noted that after the

first foot of concrete had been poured above the cell level, very

little more was placed for about 32 minutes, during which time

the original batch had begun to harden and the pressure de-

creased slightly. After a further interval of 30 minutes an addi-

tional 2 feet of concrete was placed in the form, but the pressure

on cell No. 2 did not change. Apparently this was due to the fact

that the concrete in contact with the cell had already hardened.

Zero pressure was registered by this cell at the end of 150 minutes,

notwithstanding the gradually increasing head of concrete.
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Cell No. 3 registered a maximum pressure of 3.2 pounds per

square inch at the end of 30 minutes under a head of 3.6 feet.

No more concrete could be added, as the form was full, but addi-

tional pressure readings were taken at intervals during the next

60 minutes. Each succeeding reading became lower as the

concrete hardened. The curve is shown dotted after the last

reading to indicate the probable rate of decrease to zero pressure.

Apparently zero pressure would be indicated in about the same

length of time as for cells Nos. 1 and 2.

Cells Nos. 4 and 5, which registered upward vertical pressures,

present somewhat the same characteristics in the time-pressure

curves as the cells measuring lateral pressure, except that they

show smaller pressures and reach their maxima sooner. They
also registered zero pressure after a shorter time interval.

Only two readings were taken on cell No. 6, and these have

not been plotted. Cell No. 7 showed no indication of pressure

whatever, and it was found after removal of the forms that no

concrete came into contact with the cell.

4. SUMMARY

(a) The maximum pressure against the forms during pouring

of concrete was found to be equivalent to that of a liquid weighing

about 124 pounds per cubic foot.

(b) The maximum pressure was found to be that due to the

head of concrete existing at the end of about 40 minutes. After

that time the pressure gradually decreased in spite of increasing

head of concrete.

These tests suggest the desirability of conducting further tests

to determine (1) the relation between the pressure on the forms

and the rate of increase in the head of the concrete, and (2) the

influence of hardening of the concrete upon the pressure under

increasing head.

Washington, June 15, 1920.


