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Presidental Address to American Concrete Institute*

By R W. CRUM

The special committee on postwar planning of the Institute recom-
mended that the “Institute encourage and participate in the discussion
of ways and means toward a better postwar world”. In its own dis-
cussion which followed, the committee assumed that the postwar world
would be a peaceful one.

It further recommended that the “American Concrete Institute re-
dedicate itself to the task of increasing, correlating and disseminating
the special engineering knowledge of its chosen field ” Such an
endeavor can only flourish to the advancement of civilization in a peace-
ful world.

The Concrete Institute is one of many institutions in the fields of
science and technology, the sum of whose achievements makes up the
advancement in material well being of the peoples of the earth. Basi-
cally the activities of these institutions depend upon research, which is
nothing but the search for new knowledge, for understanding of it, and
for ways to use it for the benefit of man. The whole process was well
summed up by Secretary Whipple, who said recently: “As a base of
all our work we must, of course, have research to point the way. We
do not, however, achieve a large audience except as a few pioneers apply
research to practice, and evolve from that practice definite recommenda-
tions on what to do about it in design, construction and manufacture.”

The material civilization the World enjoys has come about through
the summation of such activities of all peoples and institutions in times
of peace. In war also, it is true that research flourishes, but it is the
research of desti'uction, and in spite of some war induced discoveries and
developments that may have potential value to future civilization, if
war conditions prevail long enough, these values may become of little
account. For progress, learning must not be lost but enhanced, and for

*By the retiring president, at the Institute’s Luncheon Meeting (41st Annual Convention) New York
City, Feb. 16, 1945.

(437)



438 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE April 1945

learning to increase, scientists and technologists must be trained and
embued with the thirst for new knowledge. Even now, who is going to
carry the torch after this war is over? Do we realize that already there
is a four year gap in the training of scientific and engineering workers
that cannot be closed for many years.

This picture is not theory; it is fact, demonstrated many times inthe
long history of the strivings of the human race toward better life. The
civilization of the Roman empire disappeared utterly and was followed
by centuries of darkness and distress.

There is no more important duty before the citizens of America today
than the effort we must make to secure an enduring peace after this war.
To this end the intellectual leadership represented in the membership of
this and similar organizations must be exerted to the utmost.

In their essay on “The Problems of Lasting Peace”, Herbert Hoover
and Hugh Gibson fist seven dynamic forces which collectively control
international relations with respect to war and peace. Only one of
these, “the will to peace”, is a positive force in favor of peace as against
war. Although this force has been at work throughout the recorded
history of civilization it is somewhat discouraging to face the fact that
for the most part it has been ineffective. If the “will to peace” were
universal throughout the civilized world, the other forces that make
for distrust, suspicion and hatred between men and nations could doubt-
less be overcome but regrettably there have always been men and nations,
in whose sight war is good and who do not want lasting peace. Mistaken
though they may be, their presence is a fact which renders solution of
the problems of lasting peace immensely if not insurmountably difficult.

There have been many proposals for methods of keeping the peace,
a few of which have been tried, with indifferent success. The one force
at the disposal of government that has been successful in keeping the
peace is that of law and law enforcement. It is a fact that in every
community, no matter what its size, from a mere village to a group of
nations, there is a lawless element that, if unrestrained would keep
warfare perpetually active. Civilized nations have learned to maintain
internal order through laws, courts and police power. Once, in his-
torical times, international peace was kept by this method. For 300
years imperial Rome governed the civilized world and kept law and
order. When its restraining hand fell, for other hundreds of years there
was no peace anywhere.

The purpose of this brief essay is to arouse speculation upon the rela-
tion of the unescapable facts of war and peace to the prospects for lasting
peace, in the years to follow the present worldwide conflict. The fac”
must be faced that to some nations, to be warlike is regarded as a virtue.
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Numerous questions present themselves: Is there any hope that the
“will to peace” can be aroused among these peoples? Is there any possi-
bility that through international agreements or coalitions, conditions may
be set up that in themselves are conducive to peace and not to war?
Are there enough peace-loving nations that will associate themselves
together to keep the peace in the civilized world, and if so, will they
adopt thorough-going measures to that end? |Is there enough wisdom
in the human race to protect itself against recurrence of the desperate
situation in which it is today?

Each of these questions could be made the basis for an extended essay.

To be more specific: Can enduring peace be assured without the use
of police power and if the answer is “no”, can enough nations with
enough power to enforce the peace be found who will work steadfastly
together through this means?

The brief backward look | have taken at history indicates to me that
there is little hope for permanent or even long-lasting peace unless a
body of just international law is developed, courts established to adjudi-
cate disputes and adequate police power provided. Asto the second part
of the question, | should say that the record of the human race in develop-
ing the arts of peace in spite of wars and pestilences should give rise to
well-founded hope that in the end concerted effective action by peace-
loving peoples will keep peace between nations just as in any community
of civilized individuals, the law-abiding elements work together to up-
hold the forces of law and order.

The United States of America is foremost among the nations that
truly want peace. For many years through our fortunate geographical
situation we were able to go our way without embroilment in the quarrels
of the rest of the world and in that time we built up the best living
conditions yet known to man. Now, through that very research, which
under right conditions is our hope for continued upward realization of
our aspirations, our safety through isolation has been destroyed. As
evidenced by the happenings of this war, another world conflict might
entirely destroy our civilization and set us back for centuries.

It is a vital necessity that this nation work wholeheartedly with the
other peace-loving peoples to set up a regime of lasting peace, and to my
mind that can only be assured through the establishment of international
laws, courts and adequate enforcement machinery. | do not believe
participation in such a plan for world order need be subversive of our
national sovreignity, nor does it need to be incompatible with provision
for defense against aggression.

No plan for lasting peace can succeed without the full support of the
United States, nor can it succeed without the full support of the powers
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allied with us in this war. The problem is indeed difficult, but looking
forward to durable world peace must not be dismissed as a mere utopian
dream.
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Precast Concrete Pit Sheeting*

By JACOB FELDt

Member American Concrete Institute

SYNOPSIS

The development of light weight concrete slabs in place of wood
planks for pit or box sheeting eliminates future settlements of under-
pinned structures when the buried sheeting rots. Practical use has
demonstrated that concrete planks add little to the cost of such work. A
summary of the history of box sheeting and of the various types used
shows the possibilities for the use of concrete in this phase of construction
work.

INTRODUCTION

Excavations for foundation support in restricted localities, such as
occur in the digging of pits for the underpinning of buildings, must be
performed within sheeted pits with horizontal or box sheeting. Lack of
vertical clearance prevents the driving of vertical sheeting. In work
where the vibration of the driving would injure adjacent structures or
in soils which liquify during such vibration, box sheeting is also a neces-
sary procedure. The underpinning of building foundations along the
route of a city subway structure is a major operation, especially when
the subway width covers practically the entire street width. In recent
years, New York City provisions are that no wood sheeting may be
left on the ground, since experience had shown a possible danger of
settlements resulting from rotted timber sheeting. In 1935, the writer
developed the use of precast concrete box sheeting, used it in the under-
pinning operations of many buildings and other structures and has found
the cost reasonable and only slightly above the most economical wood
sheeting.

#Received by the Institute, Dec. 20, 1945.
fConsulting Engineer, New York, N. Y.
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PRACTICE AND THEORY

The introduction of horizontal box sheeting is usually attributed to
the late James C. Meem, in his work as Chief Engineer for Cranford
and McNamee, contractors of the original subway in Brooklyn, N. Y.,
about 1905. In Cranford and Meem’s paper on “Resume of the Devel-
opment of Underpinning,” presented before the Brooklyn Engineers’ Club
in 1931, he states in connection with the underpinning of Elevated Rail-
way Columns:

The first important step in connection with this underpinning development was the
adoption of a method of sheeting pits, usually not more than 4 x 4 ft. nor greater than
6 x 6 ft. in area, and of any required depth.

The sheeting consisted of 2-in. planks cut so that the pieces on the north and south
sides of the pit engaged and braced the square ends of the pieces on the east and west
sides, successive courses alternating the bearings from the east and west to the north
and south pieces. This was in effect an adaptation and improvement of the method
long used by Long Island well diggers, who cut ordinary saplings to the proper length,
and placed them in engagement on the opposite sides in the successive courses.

The essential principle in this connection was the fact, well known to some engineers»
that it is quite possible to sink separated pits of limited dimensions safely adjacent to
a building foundation and to join them by intermediate pits when it is equally impossible
to safely excavate there a long continuous trench. This method was, therefore, applied,
not only to all the buildings, but to the foundation of the elevated railroad columns.

In a paper on “Pressure and Resistance of Soil,” also presented before
the Brooklyn Engineers’ Club in 1920, Mr. Meem also states his experi-
ence that in pits not exceeding 5 ft. square, “the pressure is not cumula-
tive because the horizontal arching component tends to maintain it
uniformly, in the same principle, though differently applied, as in grain
bins.” He also describes the use of a fabricated steel bracing in the form
of bolted channel frames placed under each other to act as pit sheeting.
This type was quite costly and required considerable labor to remove the
sheeting and backfill the pier which was poured within wood forms  Since
the pit was 5 ft. square, working room restricted the concrete pier to an
uneconomical size.

In 1923, the writer showed that no uncertain internal stress, such as
Mr. Meem’s horizontal arching component, need be assumed to prove
that the lateral pressure of soil on the sides of a pit is not cumulative
with depth. In the paper on “Lateral Earth Pressure Determination,”
published in the 1924 Transactions, Am. Soc. of C. E., V. 86, p. 1579,
the writer developed a formula for the lateral pressure on the side wall
of a pit, based on the modified wedge theory, as follows (see Fig. 1):
Horizontal pressure on a unit area at depth x is
W X tAN2 K(90° —— <E)iiiiiiiiiieieieireise ettt b (1)

where w is the unit weight and <£is the angle of internal friction of the
soil.
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For an unlimited length of wall, there being no differential motion in the
fill, the total horizontal pressure per foot length of wall is

E = y2WH®- tan2”7(90° - 4) s 2
the usual Coulomb or wedge formula for earth pressure against a vertical
wall of a horizontally bounded fill.

If there exists a definite length of wall or sheeting, B, cut out without
disturbance, the total pressure on the sheeting equals the pressure on a
width B as given by formula (2) less the resistance offered by the undis-
turbed soil along the vertical planes ACD and A'C'D'. It is accurate
enough for this purpose to assume that AC is a straight line. The most
recent researches indicate that the surface of rupture deviates only
slightly from a plane. The tendency is for the wedge of rupture to move
parallel to AD; therefore the frictional resistances along planes ACD
and A'C'D' are also parallel to AD. In accordance with the wedge
theory of earth pressure, angle CAD is 37(90° —4)-

The total horizontal component of the lateral pressure on area ACD
i1ST WX S tan23M90°% — B U X (3)

where S is the width of the triangle at depthx.
Since S = (H — X) tan Y2 (90° —4) oo (4)
then substituting for S and integrating,

E (00 ACD) = - HB3(an33Y(90° - B (5)

The resistances along the two planes, since tan 4 is the coefficient of
internal friction of the soil, are each equal to

E (on ACD) tan 4, and the horizontal component of the resistance
is E (on ACD) tan 4 sin 3*(90° — < =

H w H3tan 4 tan337(90° — <4y sin H(90° —4) ..o (6)
For horizontal equilibrium, i.e., no increase in total horizontal pressure,
the total pressure given by formula (2) over the width B, must be bal-
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anced by the two resistances, each given by formula (6). Such equili-
brium will occur when

i -3tan Ptan 31(90° — 4 SiN 3(90° — 4o A

From this formula, Table 1 has been computed, which gives for various

values of 43

Column (c) the ratio of B/H below which there is no increase in cumula-
tive lateral pressure.

Column (d) the depth Il,,beyond which there is no pressure in a pit
5 ft. wide.

It will be noted that HOis a minimum for values of 4~about 35°. The
values in Table 1 indicate depths where the net total pressure is zero, i.e.,
the surplus resistance in the lower levels neutralizes the unbalanced
part of the pressure at the upper levels. This state of affairs, most
marked in soils of 4>about 35° (the usual type encountered) explains
the often reported observation that the pressure in pits and in rigidly

TABLE 1
a b 0 (d) f (e)
(@ () ( Depths in &i’)its 5 ft. VSI%)de Max. Pres,
Values of B/H for at which on 5 ft. wide
Angle of by 1ft. deep
Friction Zero Unit Max. Zero Ttl. Total Unit Unit (Ib.) for
(deg.) Pres. Unit Pres. Pres. Pres, Pres, Pres, W = 100
is Zero is Max. is Zero Ib./c.ft.
0 .0 .0 .0 Infinite Infinite Infinite Infinite
5 .054 .108 .036 139 46 93 19300
10 09S 196 .065 77 26 51 9100
15 126 252 0S4 60 20 40 6000
20 147 294 .09S 51 17 34 4200
25 .159 .318 .106 47 16 31 3700
30 .167 .334 111 45 15 30 2500
35 .168 .336 112 45 15 30 2000
40 .165 .330 .110 45 15 30 1650
45 .159 .318 .106 47 16 31 1360
50 149 .298 .099 51 17 34 1100
55 135 270 .090 56 19 37 950
60 120 .240 .080 62 21 42 740
65 .104 .208 .069 72 24 48 600
70 .084 .168 .056 S9 30 60 450
75 .065 .130 .043 116 39 77 390
80 .042 .084 .028 178 60 119 300

85 .024 .04s .016 435 104 208 260
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sheeted excavations, seems to decrease with depth, is zero at the bottom
of the excavation and maximum at the top or near the top.

For the design tif horizontal sheeting, we are more interested in unit
pressures at various depths than in total pressures, and especially in the
value of maximum unit pressure.

The net pressure on a side of the pit, of width B, from equations (2)
and (6) becomes

E(on ACC'A") = V2w BIB tan237(90 - 4 - éw H* tan +
tan? 3790 — ¢ sin 3*(90 — <
w H2tan* y2(90 - ©( | - .(8)

Where T = tan $tan 3790 — <3 sin 37 (90 — .
The net pressure on a strip one foot high, B wide and at depth H is

Eh = wtan23M90 - € (BH - H-T) oo 9)
Eh is maximum when %TI =0=5 —2HT
or when B = 2 HT oo (10)
or Hr — B
2T
. B2
Eh maximum = wtan23M90 — &) — (11)

Table 1 gives values for maximum unit pressure (e) and depths at which
maximum (f) and zero unit pressures (g) occur in pits 5 ft. wide.

It will be noticed that for the usual soils (values of €between 15 and
60 degrees), the maximum unit pressure occurs within a depth of 20 ft.
Pits sunk to any depth need sheeting to sustain only that maximum
pressure. This explains such observations as for instance, the article
by H. F. Peckworth on “Sheeting for Underpinning Pits” in Civil Engin-
eering July 1934, page 367, that 6 ft. by 6 ft. pits were sunk through damp
sand 65 ft. without the slightest difficulty, using 2 x 8 timber sheeting.

PRACTICAL CONSIDERATIONS

The simplest pit sheeting consists of square edged boards, successively
placed one sheet at a time below the previously braced sheets (Fig. 2a).
This necessitates careful excavation, by hand, cutting the soil to closely
simulate the shape of the sheet to be placed. Where soil conditions do
not permit such shaping, and where the soil will not remain with a verti-
cal face until the next sheet is placed and wedged, any one of several
“louvre” type sheets are used. The basic principal of louvre sheeting is
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Fig. 2- Elevations, sec-
tions, details of types of
box sheeting
2(a)Rectangular

L

2(b) Blocked

2(c) Bevelled

SO0

2(d) Wedced

the provision for packing in back of the sheets, to correct for irregularities
of the excavation and to eliminate open voids in back of the sheeting.

Several types of louvre sheeting have been developed. The earliest
(Fig. 2b) design was to interpose short blocks in gaps between rectangular
sheets. Working space in a pit is limited and the fewer items to handle
and place, the more work can be accomplished. As a result, the blocks
are often omitted, to be placed after the pit is fully excavated.

To avoid the use of the small blocks, a patented beveled sheet has
been developed (Fig. 2c) which provides continuous support of the pit
sheeting with a gap for packing. Incidentally, these gaps are often
packed with straw or hay, in fine water bearing soils, to stop the flow of
the soil and to drain out free water. To reduce the cost of the sheeting
and at the same time providing a sloping surface in the gaps between
sheets, which makes it easier to pack and also reduces the possible flow
of soil into the pit, the late Jacob Siebert, formerly Superintendent on
numerous New York City subway contracts, developed the type shown
in Fig. 2d. An 8-in. board covers 10 in. of vertical exposure. The
sharpened lower edges of the boards permit digging into the bottom of

the pit and rotating the board into position against the side of the
excavation.

Bracing of the pit sides can be accomplished in several ways, all of
which use the principle that the completed pit is in equilibrium and two
opposite sides will support the pressure on the other two sides. All of
the methods used in making wooden boxes are employed on a larger
scale in pits. Several methods are shown in Fig. 3.
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Fig. 3— Types of box sheeting

3(b) Alternate 3(d) Alternate Dovetail

Where pits are sunk for underpinning and the sectional construction
of a continuous wall, three sides of the pit sheeting are usually removed,
after the pit has been concreted. The fourth side cannot be removed
since it is under the building which is being underpinned. In the 1935
specifications of the N. Y. City Board of Transportation, a definite
prohibition against the use of permanent wood sheeting was not in-
cluded, but before construction started in 1936 on the Sixth Avenue
Subway, the order was received by the Contractor that no wood sheeting
could remain in the ground. The object was to eliminate future rotting
of the timber and possible later consolidation and settlement of structures.

The writer, then Chief Engineer for the Brader Construction Corp.,
in charge of the subway section in 6th Avenue between 39 and 46th
Street, the first section contracted, made a study of precast concrete
slabs as a substitution for timber in underpinning pits. The usual and
customary opposition to anything new, came from the field forces. How-
ever, by placing engineering assistants in direct charge of the work in
the field, such inertia was soon overcome, and the underpinning foremen
soon made public at every possible occasion, their experience in the use
of “non-wood” pit sheeting. Some years earlier, the writer had designed,
supervised the manufacture and installation and had tested thin pre-
cast concrete slabs used as the seat deck of the Rochester (N. Y.) Ball
Park grandstand. It was natural to use such prior experience and the
results of those tests were used to prove the feasibility of concrete slabs
as sheeting.

Since there were about a hundred buildings to be underpinned in the
Brader contract, pits expected from 5 to 40 ft. in depth, economy of
construction was a controlling item. Several types of units were studied
and designed and those which looked possible were tabulated and fabri-
cation prices obtained from local concrete product manufacturers.
Light weight concrete was preferred, since the work is entirely manual
and in the cramped pit, handling planks is tiring labor. The result of
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—0-SS o.c.lonait Fig. 4(a)- Precast concrete

-*I7-2"ac. cross. Types sheeting slabs— study for sub-

way contract (see Table 2.)
AB.C.
NEREN LABC
*8 wire loops™
i-Same reinforcing as above
'
| _y—'\;a?wnrmm—— -
L 3«
. Yoo\

Same reinforcing as above

- U2 e J
PR )
TABLE 2- DETAILS AND COST OF PROPOSED TYPES
Wt. Ultimate Load Cost
Type A L Ib. per Sq. ft. Aggregate per Sq. Ft. per Sq. Ft.
A s' 60 1§H sand 200 $0.20
B 12 60 ! t 20
C S 60 14 Havdite ¢ 22
D 12 60 a « it 22
* E s 45 tt N ii 22
*F S 56 a . " 22
G 24 96 12 Porete 240 1215
H 12 60 13 Havdite 200 42
I 12 60 16 Porete ! .36
J 12 60 17 Havdite it 32

Costs are bid prices F.O.B. job in truckload lots {7} 2 tons)
Add $0.01 per sqg. ft. for Incor cement

*Tvpes used.

the price canvas is reproduced in Fig. 4, which also shows the typical
bracing method and the steps of the underpinning operation.

The simplest type was chosen and found entirely satisfactory. The
planks were 8 in. wide and ordered in two lengths since flexibility was
needed in pit widths. Each building required a separate underpinning
to avoid property ownership encroachments. Pier widths were deter-
mined for each building in combinations of 48- and 56-in. lengths. It
was felt that S in. was sufficient height, since the sheeting has to be
undercut several inches more than the height of the sheet being placed.
To avoid placing the sheets with reinforcing in the wrong face, two wire
loops protruded from the front face. These loops served as hand grips
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-C t : .
Concrete \uonndcé?p?nning Fig. 4(b)- Use of sheeting
"""""" c0 ‘0:a
Pit . \aj
i C
/ Y Wood form —!
~ Wood----—- / r | r
Step “1 Step *2
Excavation 6 First Pier Poured
Sheeting
“ail ben
' eing
" o o e, underpinned
) —
" r
Step”S

Adjacent Pier Excavated &m
Formed for Concrete

for lowering and placing the sheets and also a second purpose for hanging
the sheet as it is placed and until it is braced in position.

The sheets weighed less than 10 Ib. per foot of length and no objections
were raised by the laborers. As a matter of fact, the units looked much
heavier than their 40 Ib. weight and men expressed surprise at how easy
it was to pick up and place the planks.

TESTS OF SHEETING

Before installing the first planks, a load test was run on six slabs by
two quarter point loadings with a 44-in. span. The slabs were loaded
to failure in a Riehle testing machine, three at an age of seven days
and three at 28 days after manufacture.

Tested slabs were 8 x 48 x 1Yt in- (test span 44 in.) reinforced with No.
10 AS & W wires, 1% in- °-c- longitudinal and No. 17 AS & W wires 2
in. o.c. crosswise, placed in. from face of slab. Haydite aggregate
and Incor portland cement were used by the Federal American Cement
Tile Co. in manufacturing these first slabs.

In the 7-day age test, the first crack appeared at a minimum total
load of 611 Ib., with a deflection of 0.7 in., equivalent to a uniformly
distributed load of 258 Ib. per sq. ft. As additional load was added,
more cracks opened up, but the steel did not fail in tension and at a load
of 670 Ib., the deflection was 2)" in.

In the 28-day age test, the first crack appeared at a minimum total
load of 625 Ib., equivalent to a load of 264 Ib. per sq. ft. All specimens
tested showed strengths within 5 percent of the values noted above,
which convinced everyone that proper control was being exercised by
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the manufacturer. This was important, because the failure of a plank
in a pit would almost always result in a serious personal injury, possibly
a fatal one. No failures were found in any of the pits; some 20,000
planks were used. However, about 5 percent were rejected before use,
most often because of cracks developing from improper handling during
delivery.

COSTS

After using these units for several weeks, a careful check was made
of labor costs compared to the previous experience with wood sheeting.
The reports from several of the field staff, showed a maximum estimated
time loss of 10 minutes per sheet for concrete as against wood sheeting.
This corresponds to about $0.14 per sq. ft. of sheeting or about $0.40
per cu. yd. of pit volume. To this must be added the extra cost of the
concrete sheeting over timber, about $0.18 per sq. ft. of sheeting, equiva-
lent to about $0.50 per cu. yd. of pit volume. This adds about $1.00
total per cu. yd. to an average cost of $27.00 to $40.00 per cu. yd. for
the completed underpinning (including the concrete filling of the pits
and the wedging up of the loadings). The cost is based on labor prices
of 1939 in the New York area.

Progress of excavation including placing of the sheeting averages
about a foot per hour, so that the maximum loss in progress by using
concrete sheeting would not exceed 15 percent and probably would be
practically zero.

The field studies indicated that the extra time resulted from the
greater flexibility of wooden pit boards. When the excavation is not
“full” and the fit is tight, a wood plank can be driven into place by means
of a mall, the concrete plank cannot be treated in this manner, for fear
of shattering or cracking it. It was therefore seen to it that the exca-
vation was carefully done to proper fit. Also when boulders were en-
countered, the wood plank was cut out with an axe to fit around the
boulder, but with concrete plank, the boulder had to be drilled and cut
off to make room for the boards. However, the concrete pit board is a
permanent material which will not be affected by dry rot or water level
fluctuations.

More recently, when the problem arose of building a retaining wall
to safeguard an important watermain during the adjacent excavation
for a reservoir, it was considered essential to use a permanent pit sheet-
ing to guarantee against possible future loss of lateral support. Fig. 5
shows the plan and section of the bracing piers installed. By inserting
sheeting in the gaps between piers, full protection was provided by
building only a 50 percent continuous wall. Protection over a length
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of 160 ft. (16 piers) cost approximately $6400. The work was done in
1942 in a mid-eastern city, with almost ideal digging materials.

Fig. 5— Precast concrete sheet-
ing in permanent protection

Reservoir wall
wall Excavation
| line during
' installation
Bracing of bracina?
Section A-A
Sheeting 2W k8°
Lightweight concrete Fig. 6 (below) — Sheeting in
the pit

Photographs of underground work are seldom available to illustrate
the technique of new operations. However, Fig. 6 (taken by the author)
looking down into a pit under the foundation of a building being under-
pinned shows a succession of pit boards tied up by wire through the wire
loops. The planks are 56 in. long and 8 in. high.
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SYNOPSIS
Moment distribution has appreciably simplified theoretical studies
of rigid building frames but in itself is not always a practical office tool.
Two-cycle moment distribution coupled with short-cuts in loading for
maxima has reduced the time element in design procedure considerably
but still leaves something to be desired for actual office usage.
paper attempts to carry the two-cycle method one step further, illus-
trating a procedure whereby any rigid frame can be completely designed
within a time period that iseconomically feasible for average office usage.
SYMBOLS AND NOTATIONS
L . f'c:
coefficient used in A, = gﬂ—d of concrete
A gross area of columns f,
A. area of tensile reinforcement; /, :
also area of web reinforcement FEMd
b  width of beams or columns load
¢ depth of column in direction of FEMt
bending load
c fa FM : final moment
0.45/] g:
effective depth of beams
D ; used in design of columns h -
having bending moments j:
prbm  distribution factor for beams
DFooi  distribution factor for columns
DL dead load o k :
Ec modulus of elasticity of concrete
E, modulus of elasticity of steel
fa  average allowable stress on
axially loaded column K
fa compressive stress in extreme
fiber
"Received by the Institute Dec. 8, 1944.
tStructural Engineer, National Advisory Committee for Aeronautics, Langley Field, Virginia.
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1 centerline distance between col- v m ratio of longitudinal reinforce-
umns; also span supported by ment in columns )
columns equivalent total concentric load

LL  live load on columns
M : external moment s spacing of concrete frame
MidD : moment at mid-span for dead S base length of shear diagram
load due to fixity at ends TL total load
Midr i moment at mid-span for total V  shearing stress
load due to fixity at ends v shearing stress taken by web
n ratio of reinforcement
E, V : total shear

N external concentric load on Wd un_|formly d_|str_|buted dead load

columns we uniformly distributed total load

1. PROBLEM

The introduction of moment distribution* to the engineering world
during the past decade was hailed by many as marking a new era in
rigid frame design and analysis. No one can deny that this has taken
place. The mechanical procedure of moment distribution is so easy to
learn and to apply that many problems bordering on “higher engineer-
ing” in complexity are now within the capabilities of average, practicing
engineers. Surely in the field of theoretical studies and analyses, great
masses of engineers are now capable of fully understanding and intelli-
gently discussing problems which two decades ago were the chief property
of professors and advanced graduate students of engineering.

All fields of engineering, however, have not benefited equally. Thus,
in the design of reinforced concrete building frames where loading for
maxima are required, the use of moment distribution makes the problem
theoretically practical when compared to the older classical methods;
but so much time is required to determine moments for the some twenty
loading cases necessary for an average small rigid frame as to render this
method economically impractical for general office usage. Instances can
be cited where some offices have vastly reduced this voluminous amount
of work by employing the simple expedient of simultaneously loading
all spans with full live load and designing the frame for the resulting
moments. This is, of course, not only contrary to the requirements of
any recognized building code, but is also contrary to the concepts of
any thinking engineer.

The use of two-cycle moment distribution combined with short-cuts
in application and loading arrangements for finding maximum momentsf
has certainly placed the problem of rigid building frame design within
the grasp of average engineers. Yet a step by step procedure of a frame
three stories high and four bays wide requires too much time to be
acceptable to some offices. Certainly many offices have accepted it;
but for each office or engineer that uses this method, one can point to

*See "Continuity in Building Frames” by Cross and Morgan Also PCA ST-40, 41, 42 and 43.
tSee PCA "Continuity in Concrete Building Frames , Third Edition.
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another group that has rejected it and returned to archaic, uneconomical,
and sometimes “code-contrary” arbitrary moment coefficients.

To that group of engineers which still believes that an “exact” method
of rigid frame design is too time-consuming for economical office usage,
the following arrangement of the two-cycle method is offered.

2. SOLUTION

Most concrete engineers were originally taught to design beams by use
of arbitrary moment coefficients. This method requires a minimum
number of sketches, most of the time being devoted to routine slide-rule
computations. When trying moment distribution, once its novelty
wears off the designer cannot keep from noting the vast amount of time
necessary to make the numerous sketches required to prepare a pre-
design of the frame from which relative stiffnesses and distribution
factors for beams and columns can be computed, and to calculate FEMs.
Until the time required to perform these operations is shortened, many
designers are prone to stay away from any form of moment distribution
for practical office usage.

A partial solution immediately suggests itself. The preparation of
blank forms applicable to any reasonably sized frame is a step in the
right direction. These forms can be penciled on tracing paper, inex-
pensively reproduced, and then filed away ready for instant use.

Again referring to the normal design of beams by arbitrary moment
coefficients, the usual procedure is to completely design one member at
a time, starting with dimensions and loads and winding up with size
and spacing of stirrups. Many more calculations are necessary when
moment distribution is used and a more efficient layout procedure must
be adopted. It is apparent that if similar operations on all beams and
columns are performed successively, rather than each member designed
completely as a unit, a more efficient use of time will result. Another
important advantage accrues from this procedure. The mass repetition
of a single operation lends itself well to columnar layout on standard
form sheets. It also has the further advantage of permitting easier
checking.

These two time-savers, prepared blank forms and immediate repetition
of similar operations, are the basis of this paper. Admittedly this pro-
cedure still takes more time than that required by arbitrary moment
coefficients, but after one or two complete designs, the time necessary
is well within any reasonable office allowance. Broken down to its
elements, this method is so simple that it can be used successfully by
anyone who has just a fair understanding of moment distribution; and
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Sheet 1— Frame layout and summary of loads

it is particularly suited to larger offices where definite design standards
must be adhered to.

3. EXAMPLE

The procedure is best illustrated by carrying through the complete
design of an actual building frame. Eleven sheets are necessary. The
first nine comprise the design calculations, while the last two are to be
added to the contract drawings. Comment and description of these
sheets follow.

Sheet 1. Frame layout, and summary of loads

The frame selected has considerable variation in both span and liveloading. Since
the second span is flanked by spans of considerably greater length, large negative mo-
ments at midspan can be expected. Note that all the data on this sheet, as well as on
all other sheets, are placed on prepared blank forms.
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Sheet 2— FEM, Mid Mom, and K-values for beams
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Sheet 2. FEM, mid moment and K-values for beams

The FEM’s and midmoments shown in cols. 8, 9, 10, and 11 are taken from Table 2
in “Continuity in Concrete Building Frames”. Those who objeot to using tables can
compute moments by employing conventional slide rule procedure. In computing
relative stiffnesses, note that 2K is used instead of K, the doubled value being used
to more nearly approximate the T-action to which these beams are subjected.

In sizing the structure for computing distribution coefficients, the designer must
decide whether a uniform depth or variable (for balanced design) depth of beam for
any one floor should be adopted. The former practice will simplify form construction
and erection at the cost of some extra concrete. For either method, a trial depth is
calculated (col. 12) based on the FEM (col. 9) and that beam width which will produce
a depth not interfering with any headroom requirements. If a uniform beam depth
per floor is adopted, the greatest trial depth (col. 13) should be used. Many test cases
have verified the reasonable accuracy of this procedure. When a variable depth is
to be used, the problem is considerably complicated by the many combinations of
lengths of spans and loadings. As a general rule, the maximum trial depth will change
negligibly, while the lesser trial depths increase in size. In this frame, constant depths
are to be used for floors 2 and 3, while floor 1 is divided into two groups of two beams
each, the depth of each group being determined by the maximum trial depth in that
group. Final computed depths (Sheet 7) indicate that sizing of the members is correct
for all practical purposes.

The design illustrated considers uniform loads only. If concentrated loads exist,
additional columns for concentrated FEMs must be inserted between cols. 11 and 12.

Sheet 3. Axial load and K-values for columns

To shorten the number of calculations, the running load per foot of supported floor
(col. 3) is the average of the two supported beams (Sheet 2, col. 6). In sizing the col-
umns, an average compressive strength of 900 psi is used to compute the required area.
The relative stiffnesses of the columns K, can be either taken from Table IV or com-
puted in conventional slide rule manner.

Sheet 4. K-values and distribution factors at joints
No comment.

Sheets 5 and 6. Maximum positive, negative, and exterior column moments. Minimum
positive and maximum interior column moments

The distribution process follows exactly the t-wo-cyele method outlined in “Con-
tinuity in Concrete Building Frames.” It is a safe conjecture to make that if the normal
process of moment distribution were applied to this frame, coupled with the multi-
plicity of loadings necessary to produce maximums, the work entailed would have been
increased four- or five-fold.

Sheet 7. Design of beams

Since both the Joint Committee report (1940) and ACI Code* require that moments
be computed by centerline distances but permit beams to be designed by moments at
faces of supports, a correction of the moments already computed may be made. This

correction is made by deducting éVc at the supports and SVC at the centerline, where

F equals simple shear and c equals the depth of the column. For minimum moments,
the correction is added rather than deducted. A complete discussion of this point can
be found in “Continuity in Concrete Building Frames.”

*Building Regulations for Reinforced Concrete” (ACI 318-41)
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Sheet 4— K-values and distribution factors at joints

A comparison of the final required beam depths with the preliminary depths (Sheet
2) is very favorable for floors 2 and 3. For floor 4 (upper Roof level) the estimated
depth of 25 inches is 4 inches less than the required depth of 29 inches. This increased
depth will also increase the stiffness of the beam, but since it is already taking 93 per
cent of the unbalanced moment at the comer joints, any change will be relatively small.
However, the head room of this already low ceiling room has been reduced another
four inches. It is therefore necessary to increase the 10.5 foot distance between levels
3 and 4 to 11.0 feet, or design the beam with compressive reinforcement.

At floor 1, beams 1-AB and 1-BC check out exactly, but the estimated 33-inch depth
for 1-CD and 1-DE must be increased to 36 in. Revised moments computed on the
increased stiffness of this deeper beam result in no moment increase greater than several
per cent. This is shown on Check Sheet 1 for which beam stiffnesses based on a depth
of 36-in. are used. This demonstration is included to show that final depths can vary
appreciably from preliminary depths with only negligible changes in the moments.
Such a check may usually be omitted.

Inflection points are computed to the nearest half-foot by determining the ratio of
final moments to FEMs and entering this figure on the diagram shown. This diagram
assumes symmetrical end moments but is reasonably accurate for unsymmetrical
conditions. However, where one end moment is close to zero, appreciable errors may
result from the use of this diagram. A study of inflection points for beams having zero
moments at one end reveals that coefficients for finding the inflection points at the
opposite ends are exactly equal to one-sixth of the ratio of final moments to FEMs.
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All end spans for this frame have negligible moments at the wall end, and this rule
for locating inflection points at the opposite end is used.

fs
Note that in designing the steel for beams, the coefficient a is used in lieu of 19qqq~

X (average j value). This small time saver per beam represents a substantial saving
in time for all 13 beams.

Sheet 8. Design of columns

Accurate column design involving both bending and axial load is usually a fairly
time-consuming problem. The method illustrated on sheet 8 is accurate within a very
small per cent and requires little more time than for columns having direct load only.
In column 5, the value of CD is assumed equal to 3 for tied columns, 4 for square spiral
columns, and 6 for round spiral columns. Thus the equivalent axial load can be imme-
diately found and the column is designed by Table 18 in the ACI Reinforced” Concrete
Design Handbook” .*

Some question might be raised regarding the accuracy of the above assumed values
of CD. To prove its accuracy, consider a redesign of Column C-21 by the method
outlined in “Continuity in Concrete Building Frames.”

Refer to Table VII.

For g = 0.71, (n—1)p = 0.20 (estimated) and rectangular section with ties:
D =56

Refer to Table VI.

Forf'c = 3000,/» = 20,000, p = 0.020 (estimated) and tied columns: C = 0.54.

M 6
Compute CD < = 054 X 56 X ) X 12 = 16

Add . N = 168

Design section for total load P = 184\
By short-cut above P = 183 / About edual
Sheet 9. Design of stirrups

Since continuity is an essential factor in this design, it will be necessary to correct
shears due to unequal end moments. The shear correction for end spans can be com-
puted directly from end moments shown on Sheet 5. For interior spans, however, the
smaller of the two end moments for any beam can always be reduced by a proper re-
loading of the frame, thereby increasing the maximum end shear. A study of many
interior beams reveals that the shear correction is rarely more than double the value
obtained by using the end moments shown on Sheet 5. Since the shear corrections due
to continuity is usually only a small per cent of the simple shear, the doubling method
just outlined is a rapid, safe, and reasonably economical way to achieve an accurate
result.

In computing shears, note that the simple shear (col. 5) has already been computed
on Sheet 7. Once the corrected shears have been calculated, the method of stirrup
design is modeled directly after the procedure outlined in “Reinforced Concrete Design
Handbook.”

Sheets 10 and 11. Beam and column schedules

These two sheets compile the actual design requirements into the usual tables which
appear on most contract drawings. Their arrangement is such that the detailer can
trace them directly on the final plans.

*Report of ACI Committee 317, 1939.
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Sheet 7— Design of Beams (continued opposite page)

April 1945

|
-l
28

I-If

4*
-1s01
41
I}

-133

2.74

2-if

3.16

410 1
- 1981

21
-177

2- tQ

358

4 >3

+ 153

» 155
29
3.00

2- It

2- If

+ 113

+107

2- 1 f
z-if

220

+ 146

It
+ 135

2.26

2-\Q

+153

12
+141

221
2- | f
(L on\w*i

2.20



A PRACTICAL PROCEDURE FOR RIGID FRAME DESIGN 465

- . .
1 0 1 1 1 1 — Inflecti 1 Points
I - 12 1 1
28
8
-4
2 1+
. 5 4| (e} A .
141 - IfeS 1 +15 |- 3 1 1 a
41 25 25
14 8 3 7
-153 - 151 +12 +4
29
294 3.04 1.51 r
(6]
-1 2 1+ 2'£ $
2- H
(R.. onlI*}
2 -
3.14 3.14 150
1r
< e . LA ! 1
1-241 -244* + 111 1- s
S5 51 51
28 1 14
-230 +234 +144 +4
34
3.85 3.95 2.14
2-1° 2 -1° P
- 1°
2
400 4.00 2 88
18 4 | o . A
1-295 -3151 +223 | -41 1 1
52 48 ¢5
36 45 Is 30
- 240 -210 +208 - x1
35>
4.10 4 24 380
2-1° 2-1°
2% 1°
( onVv*)
5 ko
4-27 4.27 400

Sheet 7— (continued from opposite page)— Design of beams
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4 for 1V.oond ~Spiral Column J

Sheet 8— Design of columns

Sheets 10 and 11 cont'd

Note that a minimum distance of two feet is used for all inflection points. Also note
that in the short seven-foot spans, inflection points are shown to exist at a distance of
two feet from the column centerline. Of course, these beams have no inflection points
but this arbitrary distance is used to establish cut-off points for negative steel from
adjacent beams.

4. CONCLUSIONS

The total time necessary to fill out the eleven blank forms required
about twenty hours, or two and one-half working days. To this must
be added the time necessary to check the work and make corrections.
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4
It. x1O It x 10
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Sheet 11— Typical beam and column details and column schedule

tor

4 bars,

469

normal

Since thirteen beams and seventeen columns have been completely

designed, the time required does not seem unreasonable.

Some concern may be felt regarding the necessity of completely re-
designing a frame because the calculated dimensions are appreciably
different from the prebminary sizing. Reference to Check Sheet 1
should minimize concern on this point, provided the predesign is based
on FEMs. Admittedly, there is room for considerable study on this
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feature of the procedure, particularly where variable beam depths are
to be used.

A casual inspection of the work reveals that few new ideas or thoughts

have been introduced in this procedure. It is essentially a careful ar-

rangement of existing methods. As a result, it can be readily understood
and applied by inexperienced engineers.
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Dynamic Testing of Pavements*
By GERALD PICKETTf

SYNOPSIS
A theoretical analysis is made of the problem of the vibration of a
pavement in contact with an elastic subgrade. The analysis shows
that for each frequency of sustained vibration, waves may be propa-
gated horizontally with three different velocities. The properties of the
subgrade have very little effect on the highest or the lowest of these
three velocities but have considerable effect on the intermediate velocity.
Near the origin the velocity of each wave may be greater or less than
the velocity farther from the origin. The analysis indicates that the
properties of both pavement and subgrade may be determined for any
small region of the pavement by placing the source of sustained vibra-

tions in that region.

INTRODUCTION

The dynamic method of determining Young’s modulus of elasticity
of concrete has been used for several years as a laboratory test.(14 A
specimen under test is caused to vibrate at one or more of its resonant
frequencies while being supported either on rubber or in such a way that
the support has a negligible effect upon the results. Equations giving
the approximate value of these resonant frequencies in terms of the
weight, elastic constants, and dimensions of the specimen are available
for the usual shapes of laboratory specimens, and thus the modulus of
elasticity can be readily computed after the resonant frequency has been
determined experimentally.

The application of dynamic testing to concrete pavements and struc-
tures in place has probably been retarded both by lack of suitable meas-
uring instruments and by the lack of the necessary mathematical expres-
sions for interpreting the results of measurements. Bernhard® compared
the vibration properties of pavement slabs of different thicknesses.

He used a mechanical oscillator with a frequency range of from Yi to
*Received by the Institute Dec. 20, 1944.
fPortland Cement Assn., Research Laboratory.
(i-4) See references at end of paper.

(473)
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40 cycles per second. Recently, Long, Kurtz, and Sandenaw(67) have
developed instruments that give reasonable accuracy for the time of
travel of waves between two points on the surface of a pavement slab,
even when the points are no more than a foot apart. They measured
velocity of waves produced by impact and also those produced by
sustained vibration at frequencies ranging from 1000 to 2000 cycles per
second. They also made some progress in interpreting the results m
terms of Young’s modulus of elasticity of the pavements by the use of
equations developed by Lamb(@® and Timoshenkod9

The accomplishments noted above and the fact that the use of the
equations of Lamb and Timoshenko for this purpose may be question-
able stimulated the author to prepare the present paper.

LIMITATIONS OF PREVIOUS EQUATIONS

The equations of Lamb and Timoshenko are not strictly applicable
to pavements because:

(1) They are for freely vibrating slabs, whereas the pavement is in
contact with the subgrade.

(2) They are for a two-dimensional problem (plane waves), whereas
the vibration of a pavement is a three-dimensional problem.

In general both the shape and the support of field structures are such
as to make analysis of vibration more complicated than that for small
laboratory specimens.

So far as is known, the nearest analytical approach to the vibration
of a pavement was a study made by Lovefl) in which he investigated
the vibration of the earth’s crust, assuming that the elastic properties
of the crust differ from those of the interior. However, Love’s studies
were also confined to two-dimensional problems and only dealt with
cases in which the crust was less rigid than the interior, whereas a con-
crete pavement will usually be more rigid than its subgrade.

SCOPE OF PRESENT DISCUSSION

This paper will discuss certain possible modes of vibration of a pave-
ment in contact with its subgrade that are likely to occur in the dynamic
testing of pavements. An equation giving the relation between driving
frequency, thickness of slab, elastic constants of both pavement and
subgrade, and the velocity of wave is derived on the assumption of con-
tinuity of motion between pavement and subgrade. The equations of
elasticity applicable to a homogeneous, isotropic, elastic solid are used
for both the slab and the subgrade.

If experiments prove that the equations are generally applicable to
pavements in place, then from a few7 dynamic measurements it should
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be possible to determine not only Young’s modulus for the concrete
but also the thickness of the pavement and a modulus for the subgrade.

PARTICULAR SOLUTIONS OF THE DIFFERENTIAL
EQUATIONS OF VIBRATION

When expressed in the cylindrical coordinates r, 9, z the differential
equations of vibration for a homogeneous, isotropic, elastic solid are: (W)

+ 2G) ~ 2G P—
x )dr r Q0 dz dt2
X+ 26)1— -26— + 26— = P—
rdQ dz dr dt2
B+ 98 9A 209 iy y 26U - dw
dz r dr r dQ dt2
where u, v, w are displacements in the r, 9, 2 directions, respectively;
tis time;
du u , 1dv , die

T l1dw dv

Ju —
r dQ dz
2V = du _ dw .
dz dr
2W = - + Y
dr r r dQ
p = mass density;
X = uE Lame’s constant;
@+ m@ —2p
= B , modulus of elasticity in shear;
20+ m
E = Young’s modulus; and
n = Poisson’s ratio.

Four particular solutions of the differential equations will be used in
the following discussions. Two of these,'designated H and V, apply
to the pavement slab, and two, designated EL and Yx apply to the
subgrade. The solutions will be used in pairs, the H solution for the
pavement with the Hi solution for the subgrade, etc. In the H and Hi
solutions points on the line r = 0 move in a horizontal direction and in
theV and Vi solutions these points move in a verticaldirection. In
the  following allsubscripts of unityexcept that designating aBessel
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function of the first order refer to the subgrade. (Jaand Jxare Bessel
functions.)

where

M

Vi

Ui

Wi

The solutions are as follows:

Zsin 0 cos pt£J0(ar) ——"a)"J

Ji (ar)
ar

Z cos 0 cos pt

(H)

Z' sin 0 cos pt Ji (ar)

— Zxsin 0 cos pt JO(ar) — "1 2
L ar J

Jj (ar)
ar
—Z/ sin 0 cos pE Ji (ar)

Zi cos 0 cos pt (Hx)

Z cos pt Ji (ar)

0 V)
—Z' cos pt JO (ar)

Zi cos pE Ji (ar)
0 (Vi)
= Z/ cos pt JO (ar)

= M cosh mz + M'sinh mz + N cosh nz + N' sinh nz;
Mm . M’m , Na .
= - sinh mz + cosh mz + — sinh nz
a a n

+ cosh nz;
n

Re M\e~miz + Nie~ni
M ia
Re 4B emz _(_N)a«..v1 ;
Mi
= aVvl —az2 To = aVl —ai2;
= aVl - 062 ill = avVl — &2 ;

pi
- £ x 26 aMX + 2Gi’
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p = 2irtimes the frequency of vibration;

a = p/V — 2/l where V is the radial velocity which the
wave approaches asymptotically as it gets farther from
its source and | is the corresponding wave length; and

M, N, M' N', Mi, and Ni are constants proportional to the
amplitude of vibration.

Re [ ] signifies the real part of the expression in the

bracket if either fnxor is imaginary in a mathematical sense. If both
mi and n\ are real, then the Re in front of the brackets may be disregarded.

In each pair of solutions, for example, H and Hi, the frequency p/2w,
the velocity p/a, the six amplitude constants M, N, M', N', Mi, and
Ni, and the physical properties are arbitrary. That is, the differential
equations are satisfied for any arbitrary values of these parameters.
However, the boundary requirements at the top of the pavement and at
the common boundary between pavement and subgrade permit the
elimination of the six amplitude constants. The result is an equation,
called the frequency equation, giving the relation between frequency,
velocity of wave propagation and the physical properties of pavement
and subgrade. It is of interest that the frequency equation is the same
whichever pair of solutions is used and depends only on the assumptions
made in regard to boundary conditions. In the derivation which follows
the assumption is made that the top of the pavement is free of force
and that the boundary stresses and displacements of the pavement are
equal to those of the subgrade at their common boundary.

DERIVATION OF THE FREQUENCY EQUATION

The plane z = 0 is taken in the middle of a slab of thickness 2c and
the direction 0 = 0 is taken as due east as shown in Fig. 1

The assumed boundary requirements result in the following relations:*

1The top of the pavement is free of vertical force. az= O0at z= —.

2. The top of the pavementis free of radial and tangentialforces.
Tz =t =0at2 = —c

3. At the common boundary the vertical displacement of the pave-
ment equals the vertical displacement of the subgrade, w = Wiatz = c.

4. At the common boundary the radial and tangential displacements
of the pavement equal the radial and tangential displacements, respec-
tively, of the subgrade, u = Ui andv —Viatz = c

5. At the common boundary the vertical normal stresses are equal.
az = aizat 2 = ¢

+Two relations are given in each of requirements 2, 4, and 6; but in each case the second relation is
satisfied if the first is satisfied. Therefore the two relations give only one independent equation.
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Fig. 1- Element of pave- North
ment slab and subgrade

6. At the common boundary the boundary shear stresses are equal.
tz t\wzand tgz t\gQ2at z C.

When either pair of solutions for displacements is used and use is
made of the relations previously given between m, n, X G, a, b, mi, nx

Xi, Gi, ai, and bi and of the following relations between stresses and
displacements,

=x e+ E£0+_0+i A | +2

\dz dr r r <99/ dz
T, =o(~M+id

&dr dz)/
T =0 (1*i+ M

\r de dz /

the six boundary relations listed above result in the following six equa-
tions, respectively:

(2 —b2[M cosh me —M"* sinh mc\ + 2 [N cosh ne —N' sinh nc\ = 0.. (1)
2m
— [ —M sinh me + M' cosh me]

+ (2 —b2d — —N sinh ne + N' cosh nc\ —0 2)

E[M sinh me + M' cosh me] + 9[N sinh ne + N' cosh nc]

M\mx
= —Re T+ e-vl
L a Ti J - ()
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M cosh me + M'sinh me + N cosh ne + N' sinh nc
= Re [ Mie~mic + iVIe'V ] e 4
(2 —62 [M cosh me + M'sinh mc\ + 2[iV cosh nc + N' sinh nc]

= g Re [ (2 - b@ iWje-V + 2iVirV ] v, (5)

2m [Af sinh me + M' cosh me] + (2 —b-) —[TVsinh nc + fV' cosh ncl

= - 0-Re[2”"L lev+ (2- &)- VXV (6)
G L a ni J

The elimination of the six amplitude constants M, M', N, N', Mi,
and Ni from these six equations gives the following frequency equation:

h\fi (1 —Aj] —A\) 1 —As — Az
= 0. (A)
1-At- A2 1 — As — Al
where A 2 =P coth me — K coth nc + 2 °° 262V1- a2"l
2 fiov
A2 — & bi22 - B2 othme 2 Sy coth ne
sohi a2l
2

A 4 bi22 - b2 coth me 20 P2y coth ne

b

+1Nn A/I — b2 coth me coth nc |;
2
. b2
Ai — & coth me — k coth nc

2 - bi2b2vl - h2 coth me coth nc |

Gi

2G i m coth me — k coth nc

k=VQd~a @ - b2 ;

hi= VI —hi2 if hi2 < 1, i.e., if niis real

hi = —Ve12 —1 cot (acVew2 — 1) if bi2> 1, i.e., ifniis
imaginary

fi= VI —O2 if«l2 < 1, i.e., if miis real;

fi= V«l2 —1 tan (acVdiz —1) ifa2> 1,ie, ifmiis
imaginary.
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The expressions for A/, A/, A/, and A/ used in the frequency equa-
tion are the same as for the expressions for Ai, A2 A3 and A4 respec-
tively, except that in every instance coth is replaced by tanh.

THE MEANING OF IMAGINARY AND COMPLEX VALUES FOR
m, n, mi, AND n,

The question of real and imaginary quantities entered into the solu-
tions for the subgrade. The reason for this was that certain of the
expressions became complex (contained both real and imaginary parts)
under some conditions.

If the velocity of propagation of the waves horizontally is greater
than the normal travel of disturbances within the'subgrade, then either
n\ or both nx and mx become either imaginary or complex quantities
in a mathematical sense. If internal friction is neglected as in the
present study, then they become imaginary, but if internal friction is
taken into account they become complex quantities. That is, if in the
foregoing development p/a is greater than V Gi/pi, then bi will be
greater than unity and nxwill be imaginary, and if p/a is also greater
than V (Xi + 2(r)/pi, then mi will also be imaginary. When n\ and mx
are imaginary, the expressions e~V and ermx become trigonometric
functions of the depth with both real and imaginary parts. For example,
the real part of the expression for Zxbecomes

Zx = Mi cos (azVav — 1) + Ni cos (az Vb — 1)
and for Z/ becomes

?X = Miva - Lsin (azVai2 —1) —Ni sHi (az Vo —oD)
Vs - 1
The factor n may also be imaginary, but such a possibility does not
introduce any ambiguity into the solutions since cosh nz and (sinh nz)/n
are both real whether n is real or imaginary. The factor m will ordinar-
ily not be imaginary because the shear modulus of the pavement is
greater than the shear modulus of the subgrade.

If either mxor nxis imaginary, then as just indicated, a part of the
expression for a displacement within the subgrade will be a trigonometric
function of the depth z. Consequently, this part of the expression will
indicate no diminution of maximum amplitude of vibration with increase
of depth in the subgrade. Had internal friction been taken into account,
the solutions would indicate a decrease in amplitude with increase of
depth. For example, if the assumption is made that internal friction
is adequately considered by replacing the usual Hooke’s law by equa-
tions of the type*

*The term with / has been added to the usual expression for Hooke’s law such as given by Timoshenko in
Theory of Elasticity (New York: McGraw-Hill, 1934), pp. 7-10.
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+/7i= L
a5 & R WM

y*v. + [ — v A

3« G
then solutions corresponding to those given in Vi above for the subgrade
can be written

M = Zjsin0ORe £eiptj I~ (ar) - //10) ~

with similar expressions for vxand wh where the “real” Bessel functions
of the first kind (JOand JX have been replaced by “complex” Bessel
functions of the third kind (#00 and the “real” function cos pt
has been replaced by the *“complex” function eipt; and T4 and nx have
the values

fli = a b1 - A2 L oni= a1l

in place of the values given previously.

A separation of mx and nxinto their real and imaginary parts shows
that each has a positive real part for all values of ai and bx Therefore,
when internal friction of the subgrade is taken into account, the ampli-
tude of vibration decreases with increase of depth.

In the above type of solution for vibration with internal friction the
displacements and stresses are discontinuous at the line r = 0. It is
on this line that the energy necessary to maintain sustained vibration
is assumed to be supplied. To restrict the driving force to points on
the pavement rather than at the line r = 0 would necessitate a still more
complicated solution.

Since it is believed that internal friction has only a small effect on
the velocity of propagation of the waves and since it was desired to
keep the analysis relatively simple, friction was neglected in the deriva-
tion of the frequency equation.

NUMERICAL SOLUTION OF THE FREQUENCY EQUATION

The frequency equation derived above expresses the relation between
the velocityf of wave propagation p/a, the frequency of vibration
p/2t, and the physical properties of the pavement and subgrade. Un-
fortunately, this relation (Equation A) is rather involved, and numerical
solution is not made readily. The method of solution found to be best
in general was as follows:

*Bessel functions of first, second, and third kinds are treated in Tables of Functions, by Jahnke and
Emde, 3d Ed. (New York: G. E. Stechert & Co., 1938), pp. 126-268.

fit must be remembered that the velocitv of waves traveling radially depends on distance from the
source, p/a is the velocity that they approach with increase of distance.
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First, assume values for Gi/G, \/G, \i/Gh pilp.

Second, select a value of b, the ratio of velocity of propagation to
VWp-

Third, determine a, au and bi and the functions of these quantities
and of bthat will be needed later suchas V1 —b2 V1—h2 (2 —b2/2,
etc.

Fourth, select a value of ac/ir, the ratio of frequency times pavement
thickness to the velocity of wave propagation.

Fifth, perform all indicated substitutions into the frequency equation,
Equation A.

Sixth, select a second value of ac/ir and make the indicated substi-
tutions in Equation A.

Seventh, continue the process of selecting values of ac/ir until Equation
A is satisfied to the desired accuracy.

Eighth, select other values of b and repeat the above procedure as
many times as seems desirable.

Results of such a procedure are shown in Fig. 2 where the velocity
of wave propagation is plotted against frequency of vibration times
thickness of subgrade.

Fig. 2 shows that there are three possible wave velocities for each
value of frequency times thickness. The highest of these velocities
is almost the same as the velocity of longitudinal waves in the pavement,
if it were free of the subgrade. The lowest of these velocities is almost
the same as the velocity of transverse (flexural) waves in the pavement
if it were free of the subgrade. The intermediate velocity is between
that of “Rayleigh waves” in the subgrade alone and that of Rayleigh
waves in the pavement. At high frequencies all three velocities approach
the velocity of Rayleigh waves in the pavement.

The fact that the highest and lowest velocities are practically independ-
ent of the properties of the subgrade is of considerable importance.
For practical purposes it may therefore be unnecessary to obtain numeri-
cal solutions to the foregoing frequency equation. Instead, the follow-
ing frequency equations derived by Lamb and Timoshenko will be ade-
quate:

For the higher velocity (longitudinal vibration)

(2—-_—b2\\2 coth me = K COth NC .o (L)

and for the lower velocity (transverse vibration)

tanh me = Ktanh NC . (M
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Assumptions: p,~ 0.6p wherep = mass density
Vv G,=0-4G G = shear modulus
— AL °A* > p = Poisson's ratio
' without subscript refers to pavement
? with . « » subgrade
c*
, —Highest velocity, approximately
f that of longitudinal waves in a
N < free slob
U.o
2 E . i
Velocity of Rayleigh waves
in subgrade
>C _ 9! _
finterm ediote vetocity
o Velocity of Rayleigh
°E waves in pavement

Lowest velocity, approximately that of_
tronsverse waves in a free slab

0.8 1.0 1.2 1.4 1.6
times thickness times "\[p/G~

0.4 0.6
Frequency

Fig. 2— Effect of frequency of vibration, thickness of pavement, and properties of subgrade
on velocity of propagation of waves

These two frequency equations are readily obtained from Equation A
by setting Gi equal to zero. When this is done, either Equation L or T
must be satisfied in order that a solution exist.

No correspondingly simple equation can be written for the approxi-
mate determination of the intermediate velocity. However, at low
frequencies it is approximately the velocity of Rayleigh waves in the
subgrade; at high frequencies it is approximately the velocity of Ray-
leigh waves in the pavement; and at intermediate frequencies it lies
between these two limiting velocities. Therefore, a knowledge of these
two limiting velocities may be all that is necessary for practical purposes.
The relations are:

For Rayleigh waves in the subgrade

oan"(l -
2

and for Rayleigh waves in the pavement

Y= va 19 J (R.)

* (R

The foregoing analysis is based upon the assumption that the proper-
ties of the subgrade do not vary with depth. The properties of the
subgrade, of course, do vary with depth; but, because of dampening,
the properties at greater depths probably have no appreciable effect
on the wave. It was shown by Love<X) that the velocity of Rayleigh
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waves decreased with frequency if the rigidity of the earth increased
with depth. Therefore, one might expect in an actual test that the inter-
mediate velocity would first decrease and later increase with increase
of frequency rather than exhibit a continual increase as shown by Fig. 2.

Since for a given pavement on a given subgrade there are three pos-
sible wave velocities for each frequency, there may be some question as
to the situation in a given test. It should also be kept in mind that
for each of these wave velocities the motion may be that corresponding
to either the H-solution or the V-solution or a combination of them.
Final conclusions will probably have to await a study of test data, but
it is believed that the type of vibration can be largely controlled by the
manner of driving. This belief is based upon a study of the theoretical
equations. This study indicates the following:

(1) If the driving force is directed horizontally, waves of the H-
solution with the highest of the three velocities should predominate.
This conclusion is based upon the fact that in this case points on the
line r = 0 have only a horizontal motion and of relatively high ampli-
tude. Relatively large motion of the point of application of the driving
force and in the direction of the driving force is necessary for large energy
input.

(2) If the horizontally directed force is not applied near the central
plane of the slab, waves of the lowest of the three velocities will also be
produced. These waves will also be of the H-solution. These lower-
velocity waves should be produced to the exclusion of the waves of the
higher velocity if the driver produces a couple rather than a resultant
force. It is believed that with the driving force applied horizontally at
the top of the pavement, waves of the highest rather than the lowest
velocity will predominate.

(3) If the driving force is directed vertically, waves of the V-solution
with the lowest of the three velocities should predominate. This type
gives the largest relative vertical motion for points on the line r = 0.

(4) Waves of the intermediate velocity should be produced in all
cases. Since their velocity is largely controlled by the properties of the
subgrade, it is believed that their relative amplitude will be largely
controlled by the dampening properties of the subgrade. Perhaps these
waves will be most pronounced at low frequencies. It is believed that a
rotary driving force such as would be produced by an unbalanced rotat-
ing mass would be most favorable for the production of these waves.
That is, forces which produced motions for both H- and V-solutions
out of phase with each other are believed to be best.

(5) Waves of the V-solution and of the highest of the three velocities
could be produced by a pressure bulb inserted at the center of the pave-
ment if the pressure fluctuated periodically.
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It should be remembered that the velocities mentioned above are
the limiting velocities which are approached asymptotically as the waves
get farther from the source. Since velocity varies with distance from
the source, the nodes are non-uniformly spaced, especially near the
origin, and spaced differently for the different types of vibration.
Moreover, in vibration according to the H-solution the character of
the motion and the spacing of the nodes are different in the direction of
the driving force, north-south directions in Fig. 1, from what they are
in a direction at right angles to the driving force, east-west in Fig. 1
The location of the nodes will also depend on which displacements,
horizontal or vertical, are being detected.

The table below giving 1/rr times the roots of the Bessel functions
involved should be helpful because the relative distances of the nodes
from the origin should correspond to the tabular values given. For
example, as is evident from the equations for displacement, the vertical
displacement in the V-solution is zero at every distance r from the
origin for which J,, (ar) is zero.

1/x Times the Roots of Bessel Functions

Order of

the Root J0(3) J\(x)
0 — 0 —
1 0.7655 1.220 0 5860
2 1 757 2 233 1.696
3 2.755 3.238 2 717
4 3 754 4.241 3 726
5 4 753 5 243 4 731
n* n—0 25 n+ 025 n —0 25

+Where n is a large number.

As is evident from an examination of the equations for displacements,
the amplitude of motion of the antinode decreases with distance from
the origin. The rate of decrease depends on the angle 9 for waves of
the H-solution: for example, in the direction of the driving force the
amplitude is approximately inversely proportional to the square root
of the distance from the origin; at right angles to the driving force the
amplitude is approximately inversely proportional to the three-halves
power of the distance. In the V-solution the motion of the antinodes is
approximately inversely proportional to the square root of the distance
away from the origin in any direction. These facts should be helpful
in interpreting results.

Based upon the foregoing theoretical analysis the following experi-
mental procedure with equipment such as that described by Long et al. ©
is recommended.
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1. Place driver so as to produce a vertical driving force to the top
of the pavement slab.

2. With input to driver set at a given frequency determine location
of nodes by moving “pick-up” on radial lines from the driver and noting
phase shift and magnitude of response on oscilloscope. (One pair of
plates of the cathode ray oscilloscope will be connected to the pick-up
circuit and the other pair will be connected to the driver circuit.)

3. Repeat the test at various frequencies.

4. Either repeat the above with driver set so as to produce horizontal
motion or use the Long et al. method of determining the velocity of
longitudinal waves.

5. Plot velocity of waves versus frequency and compare with curves
of Fig. 2.

6. Determine proper values of G/p and thickness of slab that will give
best agreement with theoretical curves.

7. If data on the properties of the subgrade are desired and the waves
of intermediate velocity have not been detected and their velocity
determined, use a mechanical driver of relatively low frequency. This
should produce the waves of intermediate velocity and of sufficient
relative amplitude for detection.

Example

Suppose that at 1000 cycles per second the distances between two nodes (other than
the first two nodes) with the driving force acting first vertically and then horizontally
.are 2.25 ft. and 7.00 ft., respectively. The corresponding velocities will be 4,500 ft.
per sec. and 14,000 ft. per sec. (v = 21 times frequency) and the ratio of the velocities
will be 4500/14,000 = 0.321. Assume the lower velocity to be that of transverse waves
and the higher velocity to be that of longitudinal waves. An examination of Fig. 2
shows that the velocities of these waves have a ratio of 0.321 at a value ofabout 0.115
for the abscissas and that the corresponding values of the ordinates are approximately
1.55 and 0.50. This means that

14,000
VG/p = ——m m= 9,030 ft/sec
1.55
and
. 9,030 X 0.115
thickness = =2l = 1.04 It

If density of pavement is 150 Ib. per ft3 then p = 4.66 Ib_%fiEZ
t

and G = 4.66(9030)2 = 380 X 10» Ib. per ft2 = 2.64 X 106 psi
If M= 1/6, then E = 14/6 X 2.64 X 10» = 6.15 X 106psi
A test at another frequency, say 2000 cycles per second, should result in approxi-
mately the same values for thickness and moduli for the pavement. |If radically different

values are obtained, then the waves have not been correctly identified. One velocity
in at least one of the tests might have been the intermediate velocity.
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If the intermediate velocities are not in accord with the middle curve of Fig. 2, then
other curves based on other assumptions should be prepared for these velocities.

All of the above discussion has pertained to sustained vibration
(stationary waves). Sustained vibration can be considered as the result
of two equal continuous wave-trains (progressive waves) traveling in
opposite directions. An adequate treatment of a single, impact-gener-
ated wave-train of finite length traveling away from a source is beyond
the scope of this paper. Because of the finite length of the train and
because many different frequencies are usually represented, not all parts
travel at the same velocity and the wave-form changes as the wave
proceeds. However, of practical importance is the fact that the higher
velocity (upper curve, Fig. 2) is almost independent of frequency for
low frequencies. Therefore, a wave-train of longitudinal waves of low
frequency can be propagated with relatively little change of wave-form.
It is probably because of this fact that the velocities of “longitudinal”
waves in pavements have been determined successfully by measuring
the time required for a short wave-train of longitudinal waves to travel
between two points, the short wave-train being produced by an impact/6)

The effects of variations in physical properties of the subgrade at
different depths below the pavement, and the significance of the fact
that the pavement does not extend indefinitely in a horizontal direction
have not been considered. However, vibration of appreciable amplitude
will probably not extend very far from the source either down into the
subgrade or horizontally in the pavement owing to the effect of internal
friction, especially at high frequencies. It is therefore believed that
only the pavement within a fewr feet of the source and only the material
immediately below the pavement will have an appreciable effect upon
the wave velocity near the source when the frequency is relatively high.

If the character of the subgrade at considerable depth is desired,
relatively low frequencies w'ould be required. The above analysis may
be inadequate for a study of the variation in properties of the subgrade
with depth since no provision was made for such variation in the equation.

SUMMARY

Equations are derived for the combined vibration of pavement and
subgrade. Numerical solution of the frequency equation shows that
for a given slab on a given subgrade three wave velocities are possible
for each frequency of vibration. The highest of these velocities is almost
the same as that of longitudinal vibration of a free slab; the lowest,
almost the same as that of transverse (flexural) vibration of a free slab;
and the intermediate, somewhere between the velocity of Rayleigh
waves in the uncovered subgrade and the velocity of Rayleigh waves in
the pavement.
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Suggestions are given for the production of any one of the three
possible velocities to the virtual exclusion of the other two.

NOTATION (PARTIAL LIST)

r, 8, z = cylindrical coordinates
u, v, w = displacements in r, 8, z directions, respectively, of the point (r, 0, z)in the
pavement
uu W vii = displacements in r, 8, z directions, respectively, of the point (r, 8, z) in
the subgrade
t = time
p, pi = mass densities of pavement and subgrade, respectively
E
X" (L +1e)(!- 2M)
Ei
Xl @+ pi) @ - 2pi
E, Ei = Young’s modulus for pavement and forsubgrade, respectively
pi, pi = Poisson’s ratio for pavement and subgrade, respectively
G, Gi = Shear modulus for pavement and subgrade, respectively
VX, = normal stresses
rrz, re,, etc. = shear stresses

ex = normal strain in r-direction

7rz, voz, 7Xy = shear strains

p =2tt times frequency of sustained vibration

a = ply = 2ir/llwhere Vis the radial velocitywhich the wave approaches asympto-
tically as it gets farther from its source and Il is the corresponding wave length

¢ = half thickness of pavement
p I p ratio of velocity of propagation to velocity of compressional waves
a ~a\ x+ 2G in interior of pavement

p I1p ratio of velocity of propagation to velocity of shear waves in interior
~ a \ G ’°f pavement; ordinate ofFig. 2

m =aVl— fi2

n =aVl— 62

oi, &, mi, Tii have thesame definitions as a, b, m, and n, respectively, except that those
with subscript unity refer to subgrade instead of pavement

k =vV(l-a (- &

Re [ ] = real part of expression in brackets

J,,, Ji = Bessel functions of the first kind of order zero and unity, respectively
HJ-, HJ = Bessel functions of the third kind
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SYNOPSIS

This paper presents a method for estimating the 28-day strength of
concrete from earlier strengths. Using a simple basic formula, its coeffi-
cient is adjusted by applying the method of least squares to a small num-
ber of data obtained from the mix under consideration. The method
is noteworthy because it demonstrates that: only limited data are
required for estimating purposes; earlier strengths in weighted com-
bination can be used to estimate 28-day strength with increased accu-
racy; the formula can be computed accurately with a 10-in. slide rule;
and, because it presents a criterion for judging accuracy of estimates.

INTRODUCTION

The writer has had occasion to be impressed with the cost involved
in preparing and testing a large number of concrete specimens and,
even more so, with the inconvenience and delay in construction caused
by having to wait for 28-day results when earlier strengths were on
hand. Application of existing formulas for estimating 28-day strengths
from earlier results led to the conclusion that these formulas were designed
to cover too wide a field. Inasmuch as 28-day concrete strength depends
upon a number of variables such as type of mix, cement and aggregates,
and methods of curing and testing, these formulas, whose constants
were based on the data obtained from a theoretical average concrete,
cannot be expected to yield reliable results except, of course, in cases
where by chance the concrete under consideration is similar to that on
which the constants were based.

The solution was to develop a general formula which would apply to
all classes of concrete, and then to adjust the parameters of the formula
by applying the method of least squares to a small number of data

»Received by the Institute Nov. 16, 1944. fVice President, McCloskey & Co., Tampa, Florida
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obtained from the specific mix under consideration. Another thought
was that the formula had to be practical; that is, capable of accurate
computation on a 10-in. slide rule. Finally, a criterion for judging the
accuracy of the computations was deemed desirable.

The method which follows is believed to meet these conditions of
generality, singularity and practicability. It is to be hoped that its
use may lead not only to a saving in the number of specimens required,
but also to avoidance of construction delays.

The hardening of concrete proceeds approximately exponentially, but
the results of parallel measurements of strength are subject to a large
dispersion which makes hazardous any prediction of 28-day strength by
exponential extrapolation from earlier strengths. It is practical, how-
ever, to express 28-day strength as a linear or non-linear combination
of the others. This is done in the ensuing discussion* in which two-
parameter formulas are first fitted by least squares to a preliminary
series of data; then reduced to one-parameter equations, and used
thereafter to estimate 28-day strengths from observed 3- and 7-day
strengths of parallel specimens. For different jobs, the values of the
parameters will vary appreciably only if the conditions defining parallel
specimens vary; otherwise their values should remain fixed.

Parallel specimens are defined here as concrete specimens of approxi-
mately identical mix, type of cement, aggregates, specimen dimensions,
and curing.

Specimens may no longer be considered parallel when, for instance, a
mix is changed from 1:1:3 to 1:3:6; when the cement is changed from
Type 1to High Early Strength; when the coarse aggregates vary from
trap rock to crushed limestone, and the fine aggregatesfromPotomac
river sand to Puerto Rico beach sand; when the dimensions of the speci-
mens are changed from 6 x 12-in. to 3 x 6-in. cylinders; and when labora-
tory curing becomes field curing. On the other hand, water-cement ratio
and slump may vary, without affecting parallelity.

1- FORMULAS AND APPLICATION

The method which follows is general, and may be used to estimate the
28-day strengths of concretes and mortars from any earlier strengths.
The method may also be used to compute flexural and tensile as well
as compressive strengths.

Let t = observed 3-day strength, psi.

s = observed 7-day strength, psi.
/ = observed 28-day strength, psi.
fe = predicted 28-day strength, psi.

*See part 2.—Development of Theory
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We define the combination c as

and seek to fit the data by means of the equation
fe = Kd e TP VPTTOTPPROTPRRN (2

Equation (1) expresses the average relative weight of the 3-day strength
t as compared to the 7-day strength s in estimating the predicted 28-
day strength /,,. The writer has found that in cases where the 7-day
strength could be used to predict the 28-day strength within a maximum
probable error of, say 240 psi., the prediction from the 3-day strength
resulted in a maximum probable error of 480 psi. This, therefore, is our
justification for assigning a weight of 2 to the 7-day strength when using
the 3-day and 7-day strengths in combination to estimate the 28-day
strengths.

The coefficient K in equation (2) is determined by preliminary compu-
tations on data obtained from a specified number of parallel specimens
from a given job. The preliminary data provide the equations

li = Kdx

TN KONt (3)
in which n is the set number.
The least squares solution of equation (3) is
T, Summation (fd)

o= 7 _ {a)
Summation (d2

Let us assume that*

A = 1+ 0.00221 C cooocvcvrrreeeiecessiee e e (5)
for plotted data which exhibit substantially no curvature,

d =c+ 259 (6)
for plotted data which exhibit only slight curvature, and

d = € - 0.0000692 C2...cemirrrimreiririeieneieeeneieeee e seee e e @)

for plotted data which exhibit appreciable curvature.

In choosing an empirical formula to represent specific data, we first
plot the given data by taking the observed 3-day t, 7-day s, or their
combination ¢ values as abscissas, and the corresponding observed 28-
day/ strengths as ordinates, and pass a curve through the plotted points.
The features of such a curve are best brought out if the scales of the two
axesare so chosen that the curve drawnmakesapproximately  equal
angles with them. This may beaccomplishedas follows: If the maxi-

*See part 2—Development of Theory
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mum required value along the ordinate is, say 6000 psi., and the ordinate
scale chosen is such that 1-in. equals 1000 psi., and the maximum value
along the abscissa axis is, say 4000 psi.; then the abscissa scale should be
1.5-in. equals 1000 psi. With the data plotted in this manner, the curve
will show to the eye how / varies with t, s or c. If the plot develops as
substantially a straight line, equations (1), (2), (4), and (5) are used;
if slight curvature is exhibited, equations (1), (2), (4) and (6) may fit
best; and if the plot shows appreciable curvature, equations (1), (2),
(4) and (7) should be tried.

Exactly which set of formulas will apply best to a given set of data,
so as to fit them well, and at the same time be of use in prediction, can
be determined only by trial. In evaluating results obtained from the
three sets of formulas given above, that one is the best which yields the
smallest value of maximum probable error. Finally, if the three sets of
equations furnish substantially the same maximum probable error, that
one is the best which is the simplest to compute.

However, unless the curvature is very marked, the writer is inclined
to believe that the straight line graph represented by equations (1), (2),
(4) and (5) will provide substantially as much accuracy for estimating
purposes as the other curves when dealing with a material as heterogen-
eous as concrete. In addition, it is the simplest to compute.

Maximum probable error

The probable error is a function of.the root-mean-square (RMS) de-
parture of the predicted 28-day strength fe from the observed 28-day
strength /.  As used here, the term maximum probable error (PE,™%*) is
defined to be that value of the probable error which will not be exceeded
by the (/ —/«) departures of 90 out of 100 parallel specimens. We find*
from the standard probability curve that for such a probability (P = 0.90)

PEax RMS (8)

where N represents the total number of sets of parallel specimens used
as a base.

Note that, because of the approximate nature of equation (8), it is
not considered trustworthy for values of N less than 6.

The question naturally arises as to how many sets of parallel speci-
mens are required as a base in order to obtain reliable predictions of
28-day strength from earlier strengths. It might be thought that if the
coefficient K in equation (2) were based on extensive data and long
experience, predictions of 28-day strength would be much more accu-
rate than with a value of K obtained from a limited series of data.

*See part 2.—Development of Theory
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ihe answer to this question* is that no value of K, however painstak-
ingly chosen, can reduce the maximum probable error below a certain
minimum, which value is closely approached by the use of a K ob-
tained from a limited series of data. This is indeed a fortunate and
significant conclusion.

Let us consider what this means. If, for example, we are working
with a concrete mix which develops a 28-day strength of 3000 psi.,
and with a value of K based on most extensive data and long experience
(N = a), the 28-day strength might possibly be predicted within an
indicated maximum probable error of, say 240 psi. On the other hand,
if K were based on N = 10 or N ==6 specimens, the maximum probable
errors would be 264 or 276 psi., respectively. This means that the
maximum probable error for N = o, N = 10 and N = 6 is 8.0 percent,
8.8 per cent and 9.2 percent of 3000 psi., respectively.

Here, therefore, is our justification for using only a relatively small
number of specimens for predicting 28-day strength from earlier strengths.

We are now ready to illustrate the use of the foregoing equations on
specific test data.

Problem 1.—Prediction of 28-day strength from observed 3- and 7-day
strengths combined.

G. B. Sheldon, Jr., construction engineer, Public Buildings Administration, Wash-
ington, D. C., furnished the data shown in Table 1, concerning 15 sets of 3-, 7-, and
28-day (6 x 12-in.) concrete cylinders made during construction of the Hydrographic
Building at Suitland, Maryland, from March 10 to May 22, 1942,

The materials used per cubic yard of concrete were: 517-Ib. of Type | portland ce-
ment, 1430-lb. of bank-run sand, and 1870-Ib. of %-in. bank-run gravel. The cyl-
inders remained on the site for the first 24 hours, and were then taken to the Public
Building Administration laboratory, and cured in a saturated atmosphere at 70 F.
until tested.

Slumps ranged from 3J™-in. to 6%-m. Average temperatures during the first 24
hours varied from 47 to 68 F. Also, the cylinder sets marked “v” were vacuum pro-
cessed. The large range of strengths noted is probably due to the combined influence
of variations in water content, first day curing temperatures, and vacuum processing.

The test results were arranged from low to high on the basis of 3-day tests. Five
representative sets were then selected by Mr. Sheldon for purposes of prediction. The
latter are identified as set numbers 11 to 15.

We now enter the pertinent data of cylinder sets 1 to 10 in Table 2 and compute
the values of c. We note that the maximum value to be plotted along the ordinate is
4250, and that the maximum value along the abscissa is 3100. We therefore select
an ordinate scale of 1-in. equals 1000 psi., and an abscissa scale of 4250/3100, or 1.4-in.
equals 1000 psi. We then plot values of c of sets 1 to 10 against the corresponding
values of/, in Fig. 1. Since the graph through the 10 points exhibits substantially

*See part 2—Development of Theory
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TABLE 1- COMPRESSIVE STRENGTHS OF 6 x 12-IN. CYLINDERS
Suitland Test Results

Set Number (n) 3-Day (i) 7-Day (s) 28-Day (/)

psi. psi. psi.
1 980 1520 2230
2 1200 1720 2320
3 1240 2110 2660
4 1430 1760 2640
5v 1720 2540 3340
6v 1780 2250 3240
7 1980 2900 3900
8 2060 2900 3820
9 2250 2750 3550
10v 2730 3290 4250
11 1240 1920 2730
12v 1540 2040 2690
13 1910 2500 3470
14v 2220 2710 3800
15v 3170 4560 5560

TABLE 2- CALCULATION OF K FROM OBSERVED 3, 7 AND 28-DAY COM-
PRESSIVE STRENGTHS OF CYLINDER SETS 1 TO 10

Set No. 3-Day 7-Day 28-Day
n t S / c d d2 df
psi. psi. psi. psi.

1 980 1520 2230 1340 3.96 15.7 8830
2 1200 1720 2320 1550 4.43 19.6 102S0
3 1240 2110 2660 1820 5.02 25.2 13350
4 1430 1760 2640 1650 4.65 21.6 12280
5 1720 2540 3340 2270 6.02 36.2 20100
6 1780 2250 3240 2090 5.62 31.6 18210
! 1980 2900 3900 2590 6.72 45.2 26200
8 2060 2900 3820 2620 6.79 46.1 25900
9 2250 2750 3550 2580 6.70 44.9 23800
10 2730 3290 4250 3100 7.S5 61.6 33400

f, = Kd; d = 1 + 0.00221c c =J—_+O?£i 347.7 192350

no curvature, we choose to work with equations (1), (2), (4) and (5). Using these to
compute and complete the entries in Table 2, we find that K = 554,

In Table 2A, we estimate the 28-day strengths of C3linder sets 11 to 15 from their
respective observed 3- and 7-day strengths. The results and departures are as in Table
2B.

To determine the maximum probable error, we first calculate the value of RMS from
the observed 3-, 7-, and 28-day strengths of sets 1to 10. This is done in Table 3, with
RMS — 112 psi. Then, by equation (8), with N = 10, the value of the maximum prob-
able error is found to be
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Fig. 1 (Probierni)— Weighted 3-
and 7-day values (c) plotted
against 28-day strengths (f) to
determine shape of curve through
points.

TABfI!" T @ LCULATION OF 28-DAY COMPRESSIVE STRENGTH OF CYL-
INDER SETS 11 TO 15 FROM OBSERVED 3- AND 7-DAY STRENGTHS

Set No. 3-Day 7-Day Predicted 28-Day

n t s c d /.

psi. psi. psi. psi.
1 1240 1920 1690 4.74 2630
12 1540 2040 1870 5.13 2840
13 1910 2500 2300 6.08 3370
14 2220 2710 2550 6.64 3680
15 3170 4560 4100 10 06 5570

2s

Kd; K = 554; d =1+ 0.00221c;

—
1

PEmax= 225 psi
In the prediction of the 28-day strengths of parallel specimens from combined 3-
and 7-day strengths, it is probable, therefore, that, in the case of 90 out of 100 cylinders,
the individual errors will not exceed 225 psi. Examination of the errors (f — f, values)
in sets 1to 15 supports this conclusion, all of the departures being smaller than PE max,
with the largest, 180 psi occurring in set 7.

TABLE SB
Observed 28-day Predicted 28-day Departure
Strength, / Strength, /, /-1,
n psi. psi. psi.
11 2730 2630 + 100
12 2690 2840 — 150
13 3470 3370 + 100
14 3800 3680 + 120

15 5560 5570 + 10
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TABLE 4- CALCULATION OF K FROM OBSERVED 3 AND 28-DAY COM-
PRESSIVE STRENGTHS OF CYLINDER SETS 1 TO 10

Set No. 3-Day 28-Day
n t / t'A d df
psi. psi.

1 980 2230 31.3 1790 320x104 399X104
2 1200 2320 34 6 2100 441 487
3 1240 2660 35.2 2150 462 572
4 1430 2640 37.8 2410 581 636
5 1720 3340 41.5 2800 784 935
6 1780 3240 42.2 2870 824 930
7 1980 3900 445 3130 980 1221
8 2060 3820 45.4 3240 1050 1238
9 2250 3550 47.4 3480 1211 1235

10 2730 4250 52.2 4080 1665 1734

/. = Kd; d = c+25.9¢cTi; ¢ =1t
8318x104 9387x10'
_9387x104 _ j "3
8318x104

TABLE 4A—- CALCULATION OF 28-DAY COMPRESSIVE STRENGTHS OF
CYLINDER SETS 11 TO 15 FROM OBSERVED 3-DAY STRENGTHS

Set No. 3-Day V2 d Predicted 28-Day
n t fe
psi. psi.
1 1240 35.2 2150 2430
12 1540 39.2 2560 2890
13 1910 43.7 3040 3440
14 2220 47.1 3440 3890
15 3170 56.3 4630 5230

/, = Kd; K = 1.13; d = ¢c+259cM; ¢ =1

Problem 2.—Prediction of 28-day strength from observed 3-day strength.

For some purposes, for example in connection with the use of high early strength
cement, or the vacuum concrete process, it may suffice to make an estimate of the 28-
day strength based only on the observed 3-day strength, t. Utilizing the cylinder
sets previously given in Table 1, we enter the pertinent data in Table 4 and plot Fig.
2. Since the graph through the 10 points exhibits a slight curvature, we choose to work
with equations (1), (2), (4) and (6). We note, however, that in equation (1), ¢ = t;
therefore, tis used throughout instead of c.

Using the above equations to compute the entries in Table 4, we find that K = 1.13.

In Table 4A, we estimate the 28-day strengths of cylinder sets 11 to 15 from their
respective observed 3-day strengths. The results and departures are as in Table 4B.

To determine the maximum probable error, we calculate the value of RMS from
the observed 3- and 28-day strengths of sets 1 to 10. This is done in Table 5, with
RMS = 238 psi. Then, by equation (8), with N = 10, the maximum probable error
is found to be

PEmax= 479 psi.

Examination of the (/ — /,) departures in sets 1 to 15 shows that the largest, 380 psi,

occurs in set 9.
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Fig. 2 (Problem 2)- 3-day strengths
(t) plotted against 28-day strengths
(f) to determine shape of curve through
points.
1000 2000 3000
3-day strength (t)-lb./sq.in.
TABLE 4B
Observed 28-day Predicted 28-day Departure
Strength, / Strength, fe
n psi. psi. psi.
11 2730 2430 + 300
12 2690 2890 - 200
13 3470 3440 + 30
14 3800 3890 - 90
15 5560 5230 + 330
TABLE 5- CALCULATION OF RMS FROM OBSERVED 3 AND 28-DAY
STRENGTHS OF CYLINDER SETS 1 TO 10
n d fe / (f-fe) U -feP
1 1790 2020 2230 + 210 441 00
2 2100 2370 2320 - 50 25 00
3 2150 2430 2660 + 230 529 00
4 2410 2720 2640 - 80 64 00
5 2800 3160 3340 + 180 324 00
6 2870 3240 3240 0 0
7 3130 3540 3900 + 360 1296 00
8 3240 3660 3820 + 160 256 00
9 3480 3930 3550 - 380 1444 00
10 4080 4610 4250 - 360 1296 00
/. = Kd K = 1.13 Sum = 567500
Mean 567 50
d = c+25.9chf RMS = 238

c=t

Problem No. 8— Prediction of 28-day strength from observed 7-day strength.
On most jobs it may suffice to have an estimate of the 28-day strength based only

on the observed 7-day strength, s.

Using the cylinder sets previously given in Table 1,
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TABLE 6- CALCULATION OF K FROM OBSERVED 7 AND 28-DAY COM-
PRESSIVE STRENGTHS OF CYLINDER SETS 1 TO 10

Set No. 7-Day 28-Day d d2 df

n S /

psi. psi.
1 1520 2230 4.36 19.0 9720
2 1720 2320 4.80 23.0 11140
3 2110 2660 5.66 32.1 15060
4 1760 2640 4.89 23.9 12910
5 2540 3340 6.61 43.7 22080
6 2250 3240 5.97 35.7 19340
7 2900 3900 7.41 54.9 28900
8 2900 3820 7.41 54.9 28300
9 2750 3550 7.08 50.1 25100
10 3290 4250 8.27 - 684 35100
/. = Kd; d= 1+ 0.0022lc; c = s; 405.7 207650

K = 207650 _ g,
405.7

Fig. 3 (Problem 3)- 7-day strengths
(s) plotted against 28-day strengths
(f) to determine shape of curve through
points

we enter the pertinent data in Table 6 and plot Fig. 3. Since the graph through the
10 points exhibits substantially no curvature, we again choose to work with equations
(1) (2), (4) and (5). We note, however, that in equation (1), ¢ = s; therefore, s is used
throughout instead of c.

Using the above equations to compute the entries in Table 6, we find that K = 512.

In Table 6A, we estimate the 28-day strengths of cylinder sets 11 to 15 from their
respective observed 7-day strengths. The results and departures are as in Table 6B.

To determine the maximum probable error, we calculate the value of RMS from
the observed 7- and 28-day strengths of sets 1 to 10. This is done in Table 7, with
RMS = 121 psi. Then, by equation (8), with N = 10, the value of the maximum
probable error is found to be

PEmax = 243 psi.
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TABLE 6A—- CALCULATION OF 28-DAY COMPRESSIVE STRENGTHS OF CYL-
INDER SETS 11 TO 15 FROM OBSERVED 7-DAY STRENGTHS

Set No. 7-Day Predicted
n S d 28-Day
psi. f.
psi.
1 1920 5.24 2680
12 2040 5.51 2820
13 2500 6.53 3340
14 2710 6.99 3580
15 4560 11.08 5670

fe= Kd; K =512; d = 1+ 0.00221c; ¢ = s

TABLE 6B
Observed 28-day Predicted 28-day Departure

Strength, / Strength, f, f~fe
n psi. psi. psi.
11 2730 2680 + 50
12 2690 2820 - 130
13 3470 3340 + 130
14 3800 3580 + 220
15 5560 5670 - 110

TABLE 7- CALCULATION OF RMS FROM OBSERVED 7 AND 28-DAY
STRENGTHS OF CYLINDER SETS 1 TO 10

Predicted Observed

Set No. 7-Day 28-Day 28-Day
n s d fe /- f ~fe a-/.)2
psi. psi. psi.
1 1520 4.36 2230 2230 0 0
2 1720 4.80 2460 2320 -140 19600
3 2110 5.66 2900 2660 -240 57600
4 1760 4.89 2500 2640 + 140 19600
5 2540 6.61 3380 3340 - 40 1600
6 2250 5.97 3060 3240 +180 32400
7 2900 7.41 3800 3900 +100 10000
8 2900 7.41 3800 3820 + 20 400
9 2750 7.08 3620 3550 - 70 4900
10 3290 8.27 4230 4250 - 20 400
f, = Kd; d =1+ 0.00221c; ¢ =5s; K = 512 Sum = 146500
Mean = 14650
RMS = 121

Examination of the (/ —/,) departures in sets 1to 15 shows that the largest, 240 psi,
occurs in set 3.

Problem No. 4— Prediction of 28-day strength from observed 7-day strength
of nodulite concrete.

H. J. McGillivray, Chief of the Concrete Control and Testing Division, Hooker’s
Point Shipyard, Tampa, Fla., furnished the data given in Table 8, concerning 15 sets
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of 7- and 28-day (6 x 12-in.) concrete cylinders made during the construction of 24
self-propelled reinforced-concrete cargo vessels from June, 1943 to Sept., 1944.

The materials used per cubic yard of concrete were as follows: 9.2 bags of type 2
Portland cement; 1370-lb. of coarse, medium and fine Nodulite, ranging in size from H
inch to dust; 410-Ib. of Lake Wales sand, ranging in size from J8inch to dust; and 4.6-Ib.
of Plastiment. The average fineness modulus of the combined Nodulite sizes was 4.28.
The fineness modulus for the sand was 1.98. W ater was used in such quantity as to
obtain slumps of from 3J" to 472 inches in the mix.

Nodulite, a lightweight aggregate developed for use in the concrete ships built at
Tampa, is made of Fuller’s Earth, molded and burned in roughly spherical shapesin a
plantat Ellenton, Fla., constructed for this purpose.

All cylinders were made in the concrete laboratory at the Yard from the field mix
as delivered in buggies from the transit-mix trucks. The cylinders were cured in a fog-
room at 70 F. until tested.

TABLE 8- COMPRESSIVE STRENGTHS OF 6 X 12-IN. CYLINDERS
Hooker’s Point Shipyard Test Results

Set Number (n) 7-Day (s) 28-Day (J)

psi. psi.
101 3460 5150
102 3890 5480
103 4010 5410
104 4200 5530
105 4200 5960
106 4390 6410
107 4510 6550
108 4790 6010
109 5090 6680
110 5170 6750
111 3680 5220
112 4330 6000
113 4820 6220
114 4970 6010
115 5000 6660

The test results in Table 8 were arranged from low to high on the basis of the 7-day
tests, and five sets were then selected for purposes of prediction. The latter are identified
as set numbers 111 to 115.

Utilizing the cylinder sets 101 to 110 given in Table 8, we enter the pertinent data
in Table 9, and plot Fig. 4. Since the graph through the 10 points exhibits appreciable
curvature, we choose to work with equations (1), (2), (4) and (7). We note, however,
that ¢ = s, in equation (1); hence, s is used throughout instead of c.

Using the above equations to complete the entries in Table 9, we find that K = 1.98.

In Table 9A, we estimate the 28-day strengths of cylinder sets 111 to 115 from their
respective observed 7-day strengths. The results and departures are as in Table 9B.

To determine the maximum probable error, we calculate the value of RMS from the
observed 7- and 28-day strengths of sets 101 to 110. This is done in Table 10, with
RMS = 275 psi. Then, by equation (8), with N = 10, the maximum probable error
is found to be

PEmax = 554 psi.
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TABLE 9- CALCULATION OF K FROM OBSERVED 7 AND 28-DAY COM-
PRESSIVE STRENGTHS OF CYLINDER SETS 101 TO 110

Set No. 7-Day 28-Day
n s / s2 d di df
psi. psi.
101 3460 5150 119x106 2640 697x10* 1359x10*
102 3890 5480 151 2840 807 1556
103 4010 5410 161 2900 841 1569
104 4200 5530 176 2980 888 1648
105 4200 5960 176 2980 888 1776
106 4390 6410 193 3050 930 1955
107 4510 6550 203 3100 961 2030
108 4790 6010 229 3210 1030 1929
109 5090 6680 259 3300 1089 2200
110 5170 6750 267 3320 1102 2240
9233x10* 18262x10*
/. = Kd d = c - 0.0000692c2

K = 18262xW ="'~ 85
9233x104

Fig. 4 [(Problem 4)- 7-day
strengths (s) plotted against
28-day strengths (f) to deter-
mine shape of curve through
points

Examination of the (/ — /,) departures in sets 101 to 115 shows that the largest,
440 psi, occurs in cylinder sets 114.

Recommended procedure

With the mix, type of cement and aggregates, specimen dimensions,
curing and testing techniques determined, the following sequence of
operations is recommended:
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TABj-J. 9A— CALCULATION OF 28-DAY COMPRESSIVE STRENGTHS OF
CYLINDER SETS 111 TO 115 FROM OBSERVED 7-DAY STRENGTHS

Set No.
n

111
112
113
114
115

111
112
113
114
115

7-Day
S

K

psi.

3680
4330
4820
4970
5000

= 1.98;

s2

135x1
187
232
247

. 250

0s

= ¢ - 0.0000692c2

TABLE 9B

Observed 28-day

Strength, /

psi.

5220
6000
6220
6010
6660

2750
3040
3210
3260
3270

= a

5450
6020
6360
6450
6470

Predicted 28-day
Strength, fe
psi.

Predicted 28-Day
Strength, fe

psi.

5450
6020
6360
6450
6470

Departure

(- 1)

psi.

- 230
- 20

- 140
- 440
+ 190

TABLE 10— CALCULATION OF RMS FROM OBSERVED 7 AND 28-DAY
STRENGTHS OF CYLINDER SETS 101 TO 110

n

101
102
103
104
105
106
107
108
109
110

fe = K
d =¢C

d

d

2640
2840
2900
2980
2980
3050
3100
3210
3300
3320

kK = 1.98

— 0.0000692C2

c

=S

fe

5230
5620
5740
5900
5900
6040
6140
6360
6530
6570

5150
5480
5410
5530
5960
6410
6550
6010
6680
6750

+ 4+ o+

fe

80
140
330
370

60
370
410
350
150
180

Sum
Mean
RMS

D> e

6400
19600
108900
136900
3600
136900
168100
122500
22500
32400

757800
75780
275

a. Make ten (but not less than six) sets of 3-, and/or 7-day, and 28-
day specimens, varying the slump from 0.5 to s-in., and record the test

results.

b. Use the data from the above series to plot earlier strengths against
28-day strengths to proper scales.
c. Draw a curve through the plotted points and then select the
To repeat, the

appropriate sets of equations as discussed previously.
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straight line graph represented by equations (1), (2), (4) and (5) is
recommended for practically all cases encountered in practice.

d. Calculate the values of K and PEmax

e. Draw a job curve representing fe = Kd. This will be used there-
after to estimate 28-day strengths from earlier strengths.

f. Parallel to the above-mentioned curve, draw two other dotted
curves representing the upper and lower limits defined by PEma* Use
these as a guide in evaluating the quality of concrete control on the job.

g. Thereafter, for every 100 specimens made to represent earlier
strengths, make 10 specimens to be broken at 28 days. These are to be
used as a check on the continuing accuracy of both K and PEng*

2—- DEVELOPMENT OF THEORY
Formulas
Case 1.—Plotted data exhibit substantially no curvature.
We seek to fit the data by means of the equation

The values of the parameters A and B are to be determined from
preliminary measurements on a job. The preliminary data provide the

equations
/i = A + Bci
FN 2 A+ BCN s (10)

n being the set number.
The least squares solution of equation (10) is

A- D s
NQ - C2
and
B = e (12)
NQ - C2
into which we have introduced for simplicity the notations
C = Summation of c
T = Summation OF /s (13)
P = Summation of
Q = Summation of cf

If welet A = K, and B = MK, equation (9) becomes
fe = Kd; where d = 1+ Me.ice e (14)
We have transformed the parameters from A and B to K and M.
If now we cease to regard M as an adjustable parameter,but fix it in
advance, we will have only K to adjust.
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4 he determination of M should logically be based on comprehensive
data and long experience. In lieu thereof, the writer believes that a
likely value is M = 0.00221. Substituting this value for M in equation
(14), we obtain

Lo T K b (2)
in which
O = 1 4 0.0022LC it re e (5)

Therefore, with M fixed in advance, we have a one-parameter formula,
the value of which is readily determined by a short series of data. Thus,
at any stage on a given job, we can check the value of K from the last
few pours and thereby quickly detect changes in field conditions.

Case 2.— Plotted data exhibit slight curvature.

We seek to fit the data by means of the two-parameter equation
L. = AC + BOYF e s (15)
of which the least squaressolution is

L o3 =T G

CQ - Z2 v’
and
91 ™ @
CQ - Z2
where
C = Summation of ¢
P = Summation of cf
Q = Summation of c2
Y = Summation of cyf
Z = Summation of cre

By using a technique similar to that shown in Case 1, the writer has
determined that the corresponding one-parameter equation is

I G o )
in which
O = € 25,0 e (6)

Case 8.— Plotted data exhibit appreciable curvature.
We seek to fit the data by means of the two-parameter equation

L. 2 10 - B2 e (18)
of which the least squares solution is

PS - RW



510 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE April 1945

where

Summation of cf

Summation of c2

Summation of c3

Summation of c4

= SUMMAtioNn OF CZ ..o (21)
By using a device similar to that shown in Case 1, the writer has

determined that the corresponding one-parameter equation is

SvwIOT
I

LTI o [T (2)
in which
d = C - 0.0000692C2......cccciiiriiiriiiiecie sttt ers @)

Probable error

The probable error is a function of the standard error (SE), which in
turn is simply the root-mean-square (RMS) departure of the predicted
28-day strength (/@) from the observed 28-day strength (/). However,
three RMS values must be distinguished:

RMS (Mi), or the RMS for Ni pours, the values of A and B, or K

being obtained directly from the pours.
RMS(JV cc) orthe RMS for an infinitely large number of pours, using

true values of A and B, or K.
RMS(iV2 or the RMS to be encountered in future work, the values
of A and B, or K being based on experience on similar jobs, or on N2

pours.
For our purposes, the significant RMS is the third, therefore

SE = RMS(IVD) ittt e e (22)
We have available an approximate formula for RMS(JV2 expressed
in terms of RMS(W °c), or

RMS(W2 = p~ & 2l M RMS(F 00 ....... (23)

We also have available an approximate formula for RMS(iVoc) ex-
pressed in terms of RMS(iVi), or

RMS(Wcc) = =YY J (24)

Combining equations (22), (23) and (24) to obtain a general formula,
we have

SE = X BNl RMS(Mi).iiinceenenns (25)
N2 Ni —2j

We may distinguish two cases of interest: If Ni = N2 equation (25)
becomes

SE = A+ U N RMS (2V)eooooooooooeoooeeoeeeeeeeeeeeeeeeeeeeeseesesesssssesssss (26)
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and, if N2 - cc, equation (25) becomes
SEmm — RMS(AF) (27)
nat

Let us now inquire by how much the accuracy of SE in equation (26)
would be increased if it were based on unlimited data and long experience
instead of a small number of observations. The answer to this question
may be obtained by analyzing the ratio obtained in dividing equation
(26) by equation (27), or

se _IN + 2
SEmn L N J

It is of interest to compute this ratio for several values of N. This
is done in Table 11. It should be kept in mind that, because of inherent
approximations, equation (28) is not considered reliable for values
of N less than 6; hence, lower values were not computed.

(28)

TABLE 11— INCREASE IN ACCURACY OF STANDARD ERROR WITH INCREASE
IN NUMBER OF CYLINDER SETS USED TO COMPUTE A AND B, OR K

Cylinder Sets, N Error in SE
percent

6 15

8 12

10 10

20 5

100 1
Infinity 0

Table 11 informs us that no practical end is served in using a large
number of data to evaluate A and B, or K; therefore, the use of more than
a limited series of data for this purpose is not indicated.

We now adopt the concept of maximum -probable error (PEmoJ, and
define it as that value of the probable error which will not be exceeded
by the individual departures of 90 out of 100 parallel specimens. For
such a probability (P = 0.90), we find from the standard probability

curve that

N+ o
FEm = 1645 SE = 1645 |~ » “*RMS ()
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Job Problems and Practice

Five cash awards— $50.00, $25.00 and 3 of $10.00 each are to be made
for the best contributions to this department in the current volume year—
Sept. 1944 to June 1945.

In JPP many Members may participate in few pages. So, if you have
a question, ask it. If an answer is of likely general interest, if will be
briefed here (with authorship credit unless the contributor prefers not).
But don t wait for a question. If you know of a concrete problem solved
— in field, laboratory, factory, or office— or if you are moved to con-
structive comment or criticism, obey the impulse; jot if down for JPP.
Remember these pages are for informal and sometimes tentative frag-
ments— not the "copper-riveted” conclusiveness of formal treatises.
“Answers” to questions do not carry ACI authority; they represent the
efforts of Members to add their bits to the sumof AClI Member knowledge
of concrete "know-how.”

Concrete in New Caledonia (41-165)

By Capt. K. K. HANSEN*

American soldiers in New Caledonia have found that French colony
as backward in matters of paving and plumbing as their fathers found
France itself in World War I—and as their brothers are probably finding
France today. But in one respect, observant GFs have found this out-
of-the-way island amazingly ahead of the United States itself.

Concrete is used in New Caledonia not only for foundations, curbing,
culverts, bridges and the like, but also for walls, signposts, fences, tele-
phone and telegraph poles, gates and even village bulletin boards. The
only use to which it does not seem to be put is for sewers, which are
entirely lacking even in Noumea, the capital city. Noumea normally
has a population of 12,000, but has a business district as flourishing as
that of an average American city of 50,000, largely because it is the only
town of any size on the island, and is the mercantile center for the
Loyalty and New Hebrides islands as well as New Caledonia.

The multiplicity of uses to which concrete is put in New Caledonia
is the result of preference, and not because there is a lack of other build-

«Courtesy Public Relations Bureau, War Department.

(513)



514 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE April 1945

“QOO
|
O*.

|

‘i3 00 g
'noo —

4)

~fawn
©s5 the ' ool
8 3

o



JOB PROBLEMS AND PRACTICE

Fig. 5— Signpost on the outskirts of La Foa, a village of perhaps 250 people,
80 miles north of Noumea, is cast in one piece of solid concrete, and stands
as high as a man's shoulders. The supports and background for the matrix
letters are natural concrete,- the letters are painted a light blue and the two
horizontal bars dark blue.

Fig. 6— Noumea house with a concrete fence and foundation.

pig & Even the village bulletin board, in front of the post-office, is of con-
crete, with a blackboard insert.

pig 8 Telephone poles on “U. S. No. 1", New Caledonia are cast in one
piece, cross-trees and all, of concrete.



516 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE April 1945

ing materials. The island is about as far south of the equator as the
Hawaiian islands are north, and compares to the latter climatically.
Many hardwoods are found in the mountains, and the remainder of the
island is virtually covered with “niaouli” or paper-bark trees, a species
of eucalyptus so resistant to rot and insects—of which there are com-
paratively few, if one excepts mosquitoes, as compared to other Pacific
islands—that it lasts for years when used for fence posts and rails, and
even as pilings in salt water, where it will remain sound indefinitely.

The island is rich in iron, chrome and nickel, and there are also a
number of deposits of gleaming white sand from which the Melanesian
natives make a dazzling white plaster for their wattle houses, which are
roofed with paper-bark thatch. The French prefer houses of concrete,
with the ubiquitous galvanized-iron roof of the tropics.

Concrete is the favored building material not only in Noumea but
in the tiny towns along both coasts of the island. Each village has
concrete signposts at its approaches, modernistic in design and built
for the ages—signposts which would be a decided improvement on the
wooden eyesores which are a blemish on the environs of most American
towns.

As one enters the towns themselves, concrete work is in evidence on
every hand, some of it, in decorative fences built wuth concrete on an
armature of iron rods, strikingly beautiful. Bridges, too, throughout
the island, are of concrete, with no railings because of the torrential
tropical rains and the frequent flash floods. The bridges are built so
that water can flow over as well as under them, without hindrance.

The accompanying photographs illustrate some examples of New
Caledonian artistry in concrete.

Bonding New Topping to Old Concrete Surfaces (41-166)

By F. B. HORNIBROOK* and NATHAN GREEN*

Not infrequently a situation is called to notice where a new mortar
or concrete topping had been applied to an old concrete surface and as
a result of the failure in bond of the new to the old concrete an unsatis-
factory surface exists. Since a new topping undergoes changes in volume
as it ages and dries not matched by similar changes in the old concrete
to which the topping is applied, strains may be expected to develop
at the interface. This, of course, tends to cause separation of the two
concretes. A brief series of tests is described, undertaken to ascertain
the order of the bond strength between an “old” concrete and a new

*National Bureau of Standards, Washington, D. C.
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topping after the drying shrinkage of the new topping had been allowed
to take place. A few variations in the bonding procedure were also
tried to determine the resulting effect on the bond strength.

The test specimens were each prepared as follows: A 6-in. cube was
cast and after damp-curing for 7 days was allowed to dry at room tem-
perature for 35 days. This cube represented the “old” concrete.- The
top face (as cast) was roughened by chipping or acid etching and just
prior to application of the new concrete, the roughened surface was
soaked with water for 3 hours then air-dried one hour after removal
of excess water. The scheduled slush coat was then applied with vigor-
ous scrubbing by means of a stiff-bristled brush, the six-inch cube-mold
fitted to the specimen to overlap slightly, and a second cube cast onto
this prepared surface. The specimen, consisting of the two joined
cubes, was then damp-cured 7 days, air dried 21 days, then tested in
tension.

The grips for the tension test were provided by embedding to a depth
of about 3 in. in the “rear” of each cube, 8 symmetrically-placed threaded
steel rods. The half of each cube containing the threaded bars was filled
with a 1:2 mortar, and the “face” half of the first cube (the “old” surface)
was filled with a concrete having a nominal cement factor of 6 bags
per cu. yd. and % in. maximum size gravel aggregate. The “face” half
of the second cube was filled with a topping mix proportioned 1:1 1/3:2
parts by weight of cement, sand, and No. 4 to %-in. pea gravel, with a
nominal water content of 4 gal. per bag. This topping is patterned
after the recommendations of the Committee 804 report, “Suggested
Recommended Practice for Wearing Surfaces for Floors” (A.C.I. Jl.
Sept., 1938; Proceedings V. 35, p. 21).

Table 1 lists the various bonding procedures used and the tensile
strengths attained. In all cases the break occurred in the bond of the
“new” to the “old”.

From the results in this table it is evident that under the conditions
of this test even the most favorable bonding procedure failed by a wide
margin of developing strengths approximating the normal tensile strength
of concrete. Considering the various bonding procedures it is indicated
that (1) a thorough chipping and roughening of the old surface was
essential; (2) none of the slush coats tried was significantly more effective
than the plain cement-water application; and (3) that pre-aging the
topping mix for an hour then remixing improved the bond strength
materially. This latter procedure, while probably impractical on a large
job, should be well worth while on small patching jobs.
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Decrease of the detrimental influence of organic impurities in concrete sand

Inge Lyse, Kgl Norske Videnskab. Selskab Forh. 16, 43-6 (1943); Chem. Zenlr. 1943, 11, 2197. Chemical
Abstracts, V. 38, No. 21, Nov. 10, 1944. Highway Research Abstracts

By speeding up the binding and hardening process the detrimental influence of organic
impurities can be decreased. The speeding up is accomplished by use of CaCU, MgClz,
AlICIl2, and FeClz. CaCl2proved to be best.

Bridge Foundations

W. A. Fairhurst, Concrete and Constructional Engineering, V. 39, p. 304-307
Reviewed by Glenn Murphy

This installment includes several drawings for the Inverbervie bridge which is a
multiple span girder bridge on a curve of about 420 ft. radius, and the bridge at Guard-
bridge, also a multiple span girder. Details of foundations, piers, hinges, and rockers
are shown.

Flexural strength of concrete
Stanton W alkEr, before annual meeting of Board of Directors of Nationl Sand & Gravel Assn., Jan., 1945
—mimeographed.

Discusses in elementary terms significance of flexural strength of concrete, particularly
in relation to road slabs. Reviews data from various sources on the several factors
affecting flexural strength, including angularity of aggregates, surface texture of aggre-
gates, strength of coarse aggregate, etc. Suggests that flexural strength is better meas-
ure of deterioration of concrete than compressive strength.

Bridge foundations
W A Fairhurst, Concrete and Constructional Engineering, V. 39, No. 11 (Nov., 1944), pp. 277-279
Reviewed by Glenn Murphy

The author continues his series with photographs, drawings and brief descriptions of
three arch bridges. The Glen Bridge, Dumfermline has a span of nearly 190 ft. for a
28-ft. roadway with 6-ft. walks on each side. The Kemnay Bridge, Aberdeenshire,
carries a 19-ft. roadway ad has a clear span of 122 ft. The Linlithgow Bridge has a
clear span of 108 ft. and an overall width of 53 ft. Details of foundations are shown
for each of the structures.

(521)
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Lightweight concrete aggregates

Concrete and Constructional Engineering, V. 39, No. 11 (Nov., 1944), pp. 289-290
Reviewed by Glenn Murphy

A new edition of Building Research Bulletin No. 15 “Lightweight Concrete Aggre-
gates” by Dr. F. M. Lea is available from H. H. Stationery Office, London (Price 3 d.).
Data are given comparing the properties of concretes made with coke breeze, pumice,
foamed slag and expanded slate aggregates. Some values of compressive strength,
unit weight, shrinkage, expansion, and thermal conductivity are abstracted in this
article.

Concrete caissons at the Normandy harbor

Concrete and Constructional Engineering, V. 39, No. 11 (Nov., 1944), pp. 280-283
Reviewed by Glenn Murphy

This is a general descriptive article concerning the 146 caissons which were constructed
in England and towed across the channel to provide two artificial harbours each approxi-
mately the size of Dover Harbour for the landing of troops and equipment on a large
scale. The caissons were constructed in six sizes ranging from 1672 to 6044 tons dis-
placement. Their construction required approximately 330,000 cu. yd. of concrete,
31000 tons of steel, and 1500000 yd. of forms.

Experimental houses built with lightweight concrete

Concrete and Constructional Engineering, V. 39, No. 11 (Nov., 1944), pp. 284-285
Reviewed by Glenn Murphy

Of several experimental houses built at Northolt by the Ministry of Works two pair
are of steel frame construction with concrete slab filling, one pair is “no-fines” concrete,
one pair is concrete -with foamed slag aggregate, and one pair is concrete with expanded
clay aggregate. These houses, constructed to provide information for post'war housing
schemes, are to be compared with houses with 11-in. cavity brick walls. All houses
have a floor area of 850 sq. ft. Details of construction and mixtures are given. One
feature was the use of expanded metal (with a diamond mesh J”-in. by 34-in.) for form
The mesh retained the concrete satisfactorily and the rough texture provided an excel-
lent key for plastering and external rendering.

Construction of a bridge over a railway

L. E. Hunter, Concrete and Constructional Engineering, V. 39, No. 7 (July, 1944), pp. 177-181
Reviewed by Glenn Murphy

This article describes some of the construction details involved in the erection of a
bridge over a railway and highway. The 18-in. road slab of the bridge is supported by
steel joists with a clear span of 26 ft. 4 in. over the railroad and a clear span of over
15 ft. 6 in. over the highway. The joists are supported by 3 ft. piers at the ends and a
4 ft. thick intermediate pier between the railroad and highway. The piers are supported
on bearing slabs approximately 2 ft. 6 in. thick. Footings for the bearing slabs were
obtained by driving sheet piling through the underlying soil and peat to a sand bottom
about 15 ft. below the surface. A description of the system of forms used in the con-
creting is given in detail.

Concrete surface finishes, renderings and terrazo

W. S. Gray and H. L. Childe, London, 1944 (Concrete Publications, Ltd.), 9}4 in. by 64£ in., pp. 137,
figs. 132, 8s. 6d.

The book is a practical treatise on present methods of carrying out surface finish
treatments for concrete w'hereby both color and texture are improved. Many photo-
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graphs serve to illustrate modern trends in the treatment of concrete surfaces including
t e development of “architectural concrete” through careful attention to design and
surface finish. Chapter headings are as follows:—Causes and prevention of blemishes.
Cement washing and rubbing down. Concrete in architecture. Pre-cast slabs as
shuttering. Sliding shutters for special concrete faces. Exposed aggregate surfaces.
Paints, stains, and gunite. Pre-cast units. Renderings and kindred surfaces. Interior
finishes. Terrazzo and mosaic. Artificial marble.

Shear reinforcement in column bases

W. T. M arshall, Concrete and Constructional Engineering, V. 39, No. 9, Sept., 1944, pp. 219-223
Reviewed by Glenn Murphy

The author presents a method of design of reinforcement for column footings based
on the assumption that the critical section in shear is on a surface extending downward
from the base of the column at an angle of 45 deg. with the horizontal. The assumption
is based on the results of tests conducted by the author and published in the Journal
of Inst. C. E., March, 1944. The proposed design involves two sets of reinforcing bars:
one set being the conventional tensile reinforcement in the bottom of the footing; the
other, a set along the bottom of the fotting under the column then extending upward
and outward at 45 deg. to the top of the footing, and then along the top of the footing
to the outside. Hooks are provided on each set. Design calculations are given for two
examples.

Comparison of standard and proposed tension grips and test pieces for testing
Portland cement mortars

M atthew M cNeary, Bulletin 39, Maine Technology Experiment Station, University of Maine, April,
1944. nghway Research Abstracts

The standard tension briquet, adopted by the American Society for Testing Materials,
does not give a true measurement of the tensile strength of portland cement mortar
because of (1) stress concentrations at the grips, (2) higher stresses at the outside of
the neck than at the center, and (3) cross stresses at the neck, which obviate a condition
of pure tension at the break. Photo-elastic studies have shown that all three of these
conditions could be improved by using rubber grips instead of the metal roller type
and by elongating the neck of the briquet by inserting a straight section one inch long.

Several hundred briquets of both the standard and elongated type were made and
tested in both the standard grips and the rubber grips with the following results: 1. The
changed briquet shape and the rubber grips each separately caused an appreciable
increase in the apparent tensile strength of the mortar. 2. The rubber grips proved
to have the important effect of narrowing the range of variation of the strength of three
briquets taken from the same three-gang mold.

Overlapping tensile reinforcing rods in concrete beams

R H Evans Concrete and Constructional Engineering, V. 39, No. 7 (July, 1944), pp. 167-175
Reviewed by Glenn Murphy

This paper presents the test results obtained from a series of concrete beams in which
the reinforcing steel consisted of hooked bars 2 or 3 ft. longer than half the span. The
bars were lapped (a) where the bending moment was constant, (b) where the shear was
constant.

Fifteen beams were tested, each having a cross section 5 in. by 10 in. and a span of
100 in. with loads at the third points. A 1:2:4 mixture with high alumina cement was
used for all beams. Various arrangements and sizes of high strength steel reinforcing
bars were used. Strains along the steel were measured with a 4-inch strain gage in
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several of the beams immediately after the beam cracked in tension and again just
before final failure.

The results show that simple overlapping of the reinforcing rods does not form an
effective joint. At low loads, cracks appear at the ends of the overlaps and develop
into diagonal tension cracks, resulting in collapse of the beam at loads well below those
carried by a beam with continuous reinforcement. The recommendation is made that
if full length rods are not available the shorter lengths welded together rather than
simply overlapped.

Post-war building studies No. 8— Reinforced concrete structures
M inistry of W orks, London, 1944 (H. M. Stationery Office), 9~ in. by 6 in., pp. 12, 6d.

The Reinforced Concrete Structures Committee which was convened by the Insti-
tution of Structural Engineers in September, 1942, here presents its recommendations
for ensuring in the postwar period the maximum economy of material and the most
rapid methods of reinforced concrete construction having due regard to other inter-
related building services such as lighting, ventilation, plumbing, etc. The report com-
prises the following sections:— 1. Consideration of Code of Practice; a new national
Code of Practice for reinforced concrete, containing a power of waiver and to be revised
every 3 years, is recommended. 2. Loads on floors and roofs. 3. Stresses in steel and
concrete. The stresses in concrete in compression due to bending may be raised by
10 per cent above those given in the code issued in 1939 by British Industries National
Council (see B.S.A., 1940, No. 660). 4. Improvement in design and construction
methods. Emphasis is laid on the employment of only properly qualified and trained
persons for the design and construction of reinforced concrete. Suggestions for effect-
ing economy of time are also enumerated. 5. Loan periods. 6. Reinforced concrete
foundations. 7. Prestressed and vibrated concrete. 8. Welding; it is recommended
that, at present only, butt welding be allowed for mild steel. 9. Composite construct-
ion. 10. Code of Practice: certain modifications to the existing B.I.N.C. Code are
recommended and enumerated. The two appendices list the Institution of Structural
Engineers’schedule of symbols recommended for use in reinforced concrete and structural
steelwork calculations, respectively.

Expansion of clay and concrete drain tile due to increase of temperature and
moisture content

Dalton G. M iller and Charles G. Snyder, Agricultural Engineering,'M ay, 1944, V. 25, No. 5. (Ab-
stracted by M. S. Kersten). Highway Research Abstracts

Comparisons of the amount of expansion in clay and concrete drain tile due to tem-
perature increase and change of moisture content is provided by the results of tests on
products from 16 plants in Minnesota and lowa.

The average coefficient of thermal expansion for the clay tile pipe was 0.0000025
per degree Fahrenheit. The average expansion due to wetting from a room dry condition
to 28 days submerged was 0.00005-ft. per ft. of length; the average absorption in this
time was 9.7 per cent. Thus the expansion due to each per cent of moisture absorbed
is equivalent to that of a 2-deg. F. rise in temperature.

For the concrete pipe the average thermal coefficient was 0.0000030 per deg. F. and
the average expansion due to a 10.1 per cent absorption was 0.00046 ft. per ft. A
moisture increase of 1 per cent gives an expansion equivalent to that caused by a 15-
deg. F., rise in temperature.

The authors conclude that expansion of clay tile after installation due either to increase
of temperature or to increase in moisture content is not of sufficient magnitude to impair
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10 etteetiveness of the tile line through closure of the joints between individual tile,
e same may be said of dry-tamped concrete tile as regards expansion due to tem-

peiatuie changes, but some precaution should be exercised not to install concrete tile
when too dry.

Shape, size, and shrinkage

A. D. .Ross, Concrete and Constructional Engineering, V. 39, No. 8 (Aug., 1944), pp. 193-199
Reviewed by Glenn Murphy

Ihe objectives of the investigation reported were to (a) determine qualitatively the
shrinkage in specimens of widely differing dimensions and shape, (b) correlate shrinkage
and loss of weight by drying, (c) investigate differential shrinkage, (d) test the appli-
cability of the diffusion and surface emission equations to mortar drying as a porous
solid, and (e) determine the magnitude of autogenous shrinkage. Specimens were
made of a 1:2 standard Portland cement mortar with a water-cement ratio of 0.40 by
weight, and were stored in a room maintained at a mean temperature of 71 F. and a
mean relative humidity of 53 per cent. Linear measurements w'ere taken between
steel balls cast in the specimens, using a frame with a built-in micrometer. Autogenous
shrinkage was measured by displacement, immersing the specimens in mercury. Speci-
mens were 9 in. long with rectangular, square, triangular, circular, and annular cross-
sections. From two to four sizes of each shape were used to obtain different values of
the surface-volume ratio. Shrinkage and loss of weight curves for times up to 160
days are shown.

The conclusions were that size and shape have a pronounced effect upon the magnitude
of the shrinkage, and that the variation is largely a function of the surface-volume ratio
The rate of shrinkage is not a fixed property of the material, but may be evaluated in
terms of the surface-volume ratio. Shrinkage extends only a short distance into the
interior of large masses.

It is unfortunate that destruction of equipment and specimens by enemy action
prevented completion of the project.

1944 book of A.S.T.M. standards

In three parts (1235 specifications and tests, 6030 pages, American Society for Testing Materials ($30.00
or $10.00 per part.)

The new 1944 Book of A.S.T.M. Standards, issued in three parts contains in latest
approved form all of the society’s widely used specifications and tests for materials—
1235 specifications and standard methods which cover more than 6000 pages.

All specifications, whether formal standards or tentative are given. The three parts,
are: Part |, Metals.—Ferrous and non-ferrous metals (all A and B and some E serial
designations) except methods of chemical analysis. General testing methods (E serial
designations;) Part 11, Nonmetallic Materials—Constructional:—Cementitious materi-
als, concrete and aggregates, masonry building units, ceramics, pipe and tile, thermal
insulating materials (all C serial designations); wood and wood preservatives, paints,
varnishes and lacquers, road materials, waterproofing and roofing materials, soils
(certain D serial designations). General testing methods, thermometers (E serial
designations); Part 111, Nonmetallic Materials—General.—Fuels, petroleum products,
electrical insulating materials, rubber, textiles, soaps and detergents, paper, plastics,
water (remainder of D serial designations). General testing methods, thermometers
(E serial designations).

This 1944 Book includes all emergency standards and emergency alternate provisions
which have been wddely used to expedite production and procurement of important
materials (a Separate volume, Chemical Analysis of Metals, includes standards and
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recommendations for both ferrous and non-ferrous metals. These methods are not
included in the Book of Standards.) Each part of the 1944 Book has a complete subject
index (from 36 to 44 pages).

To keep the books up to date, a supplement will be issued to each part late in 1945.
As a service wdth the 1944 Book of Standards there is a complete 200 page Index to
Standards, -which is furnished without additional charge and a copy accompanies the
purchase of each part or complete set. (1945 Supplement will cost $4.00 per part).

Effect of tar, ammonium fluosilicate, and sodium hydroxide on the alkali resistance
of concrete
E. C. E. Lokd, Pub. Roads, 1944, 23 (11), 282-96.

Exposure tests have been.made on the protective value of water-gas tar, ammonium
fluosilicate and sodium hydroxide, either alone or in combination, for concrete exposed
to the action of sulphate whters. The tests -were made on concrete specimens (3-in. by
6-in. cylinders) having water/cement ratios of 0.7 and 0.8 by volume and using two
different cements, one having a low alumina-iron ratio and the other a high alumina-
iron ratio. The specimens were given an intial curing in the moist room of 7 days and
28 days, followed by curing in laboratory air for periods of 1 and 7 days for those
specimens to be treated "with tar, and 7 and 28 days for those specimens to be treated
with ammonium fluosilicate and sodium hydroxide. The protective materials were then
applied by immersion and by brush coating followed in some cases by a seal coat of
coal tar applied wfith a brush. The treated specimens, when dry, were stored, some in 5
per cent sulphate solution in the laboratory, and some in sulphate waters (2.4 to 2.7
per cent sulphates) of Medicine Lake, South Dakota, for periods of several years. The
results of these exposure tests are shown in photographs and tables and are discussed.
The trend of performance of the specimens stored in the laboratory solutions and of
those stored in Medicine Lake were in comparatively close agreement. Concrete made
with the low alumina/iron ratio was more resistant to sulphate action than that made
with the high alumina/iron ratio. Water-gas tar applied either by immersion or by
brush gave the same degree of protection which was greatly increased by the addition
of a seal coat of coal tar. Immersion beyond 1 hour or the application of more than
4 brush coats produced no appreciable benefit. Ammonium fluosilicate, either alone
or combined with tar, did not give adequate protection; sodium hydroxide, either alone
or combined with tar, gave somewhat better protection but w'as still distinctly inferior
to the tar treatment alone. Character and curing of the concrete influenced the resist-
ance to sulphate waters; concrete made with low water/cement ratio was more resistant
than concrete with a high water/cement ratio. Concrete cured 1 day in air prior to
treatment was more resistant than concrete cured 7 days.

Precast concrete bridge

L.J. Eichelgrun, Concrete and Constructional Engineering, V. 39, p. 293-303
Reviewed by Glenn Murphy

Several general applications of precast concrete to bridge construction are described.
Most of the structures discussed in the article were built or designed for the Great
Western Railroad. The first application is the use of precast concrete slabs for replac-
ing decks on bridges. In the example described, standard slabs 8 inches thick and 3 feet
wide were used for a 60-ft., single track railroad bridge deck. The slabs were laid on a
hardwood backing placed between the protruding unit heads of the girders as a cement
mortar backing was found to be unsatisfactory. The slabs were necessarily heavily
reinforced.

The second application makes use of precast girders in new construction. In one
example listed U-shaped girders are used. The girders are laid side by side giving a
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eam-and-slab effect in cross section. As the girders act independently, a thick layer
o a astisrecommended to help distribute the wheel load. Another example utilizes
* 8 st:*nc’ar<* S~der-and-slab construction. In athird example the slab was cast integral
rvl u 6 ° ma* Shders and the unit lifted into place after the forms had been stripped.
% Etzonrsidge described had a length of 47 feet and the slab and girder unit weighed about

Precast concrete units have been used for foot bridges. In one type of construction
a T-beam is used, the top of the T forming the 5-foot footway. The parapets are at-
tached to the sides of the T-beam. In another type of construction narrow beams about
6 feet deep run longitudinally on each side, the upper part of the beams forming the
parapet. The walkway consists of a 5-foot slab expanding between the beams. The
slab rests on shoulders 8 inches above the bottom of the beams.

Precast U-shaped sections have been used as launders (flumes). In the example
shown, the sections have an overall height of 5 ft. 7in., a width of 4 ft. 3in. and a length
of 21 ft. 6 in. The walls are 6 inches thick and the base 5 inches thick. The sections
were waterproofed with two coats of tar.

The use of precast slabs for forms is mentioned and several design and construction
hints are given. Drawings and photographs are included.

Rate of sedimentation

Ind. Eng. Chem. 36, 618-624, 840-847, 901-907 (1944);
(Bulletin 3, Portland Cement Assn Research Laboratory)

Three papers report the results of a study of the fundamentals of sedimentation
in thick suspensions such as portland cement pastes. This study was a direct outgrowth
of the work reported in 1939 by Powers on the bleeding of portland cement paste,
mortar and concrete.* In that study the bleeding of paste and concrete was shown to
be a special case of sedimentation, and equations were developed showing the role
played by water content and surface area. The equations contained an empirical
constant for which only a tentative interpretation could be offered. When in 1940
Dr. Steinour took over the work, his aim was to determine whether the empirical con-
stant merely serves to compensate for fundamental misconceptions embodied in the
equation or whether it represents physical characteristics of the suspension and if so
to determine what the characteristics are.

Dr. Steinour confirmed the fundamental concepts of the original work but showed
the need for modifying some of the mathematical expressions. However, Dr. Steinour’s
papers go much beyond the matter of confirming earlier work. They provide a general
understanding of the behavior of thick suspensions that should be valuable wherever
such suspensions are encountered.

The first of the three papers deals with non-flocculated suspensions of spheres; the
second deals with uniform-size angular particles in both the flocculated and non-floccu-
lated states. Comparisons of the behaviors of these suspensions with those of non-
flocculated spheres showed the effects of particle angularity and flocculation. The third
paper takes up sedimentation of various pulverized minerals embracing a wide range of
particle sizes. In general the sedimentation of these mineral powders was found to
follow the same laws as the simplified systems dealt with in the first two papers.

To the investigator of problems in cement and concrete, these papers not only round
out information on the phenomenon of bleeding, but they give also insight into the
structure of fresh cement pastes. For example, the studies indicate that a normal
portland cement paste is not composed of individual clusters of cement grains; rather,
the particles are linked together into one continuous “floe” in which the individual
particles are evidently held in place by interparticle forces.

*j Am. Concrete Inst., June 1939; Proceedings V. 35, p. 465 (Bulletin 2, PCA Research Laboratory
June 1939).
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Contribution to the question of the lime-solubility of portland cement and mixed
cement on a portland cement basis
R. Zollinger, Zement, 1943, 32 (17/18), 187-96.

The investigation described was carried out in connection with the selection of a
cement for concrete exposed to the action of water containing free carbon dioxide. The
12 test cements included portland cement, “Erz” cement, iron-portland and portland-
blastfurnace cements, also trass cement, containing portland cement clinker: trass in
the proportions 70:30 or 60:40, and cement with added “Thurament,” and artificial
trass. The problem to be studied was the extent to which the protective influence of
the reactive silica added to the cement results from chemical reaction as distinct from
the physical effect of increased density due to the colloidal volume increase. The latter
effect was excluded by the use of porous test specimens into the interior of which the
water could penetrate. The cement-sand (1:5.5) specimens were prepared in the form
of slabs, 20 cm. by 20 cm. by 2 cm., and were exposed in separate glass tanks to a con-
tinuous flow of water containing carbon dioxide which was changed when the lime
content exceeded 0.2 g./l. At intervals during a period of 210 days the quantity of lime
dissolved from the slabs was determined from analysis of the tank water. On conclusion
of the experiments the specimens were removed from the water and, the disintegrated
material having been brushed off, were stored in damp air for 7 days. The specimens
were then weighed and the loss of weight obtained, the original weight being known.
The loss of weight of the residual slabs exceeded the weight of the removed, disinteg-
rated material; the amount of the additional loss of weight was an indication of the
extent to which the slabs had been attacked. The data of loss of weight and lime
dissolved and the lime solubility curves of the test cements are shown. The tensile
strength of the test slabs at the end of the test period of 234 days and of other slabs at
the end of the same period was determined by bending strength tests. The strength
test results showed not only a redction of strength in each case but also a complete
rearrangement of the strength values of the different cements. A second series of
experiments was carried out with slabs of the same cements at the end of a storage
period of 6 months in damp air to allow time for a chemical reaction similar in nature
to the protective reaction to take place. The results obtained with each test series
are considered and the test cements placed in order according to the degree of corrosion,
lime solubility and the effect on tensile strength. A decisive statement respecting the
value of the individual cements, on the basis of the experimental data, it is pointed out,
would be misleading. It may be said definitely, however, that in no case is the chemical
protective action adequate to prevent an attack by corrosive waters. Chemical re-
actions with protective effect undoubtedly take place. The age of the concrete is not
without importance, but complete protection is not attained with increasing age and
different types of cement differ considerably in their behaviour. Where, in practice,
resistance to the action of corrosive water is observed it is due in part to the physical,
waterproofing effect of the colloidal compounds.

Highway Research Board— synopses of papers, 24th Annual Proceedings
Highway Research Board Abstracts

The 24th Annual Meeting of the Highway Research Board, scheduled for Cincinnati
Ohio on Nov. 22-25, 1944, was first postponed—Ilater cancelled.

The major part of the value of the year’s research work will be preserved by publi-
cation in Vol. 24 of H. R. B. Proceedings.

A special issue of Highway Research Abstracts contains summaries of practically
all of the papers presented for publication. Synopses of those of major interest in
relation to concrete, follow:
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Structural efficiency of transverse weakened-plane joints

E. C. Suthertand, Senior Highway Engineer and H. D. Cashell, Associate Highway
Engineer, Public Roads Administration (reported by Highway Research Board, Com-
mittee on Rigid Pavement Design, R. D. Bradbury, Chairman).

The investigation was made as a cooperative research between the States of California,
Kentucky, Michigan, Minnesota, Missouri and Oregon and the Public Roads Adminis-
tration. In each State an experimental pavement several miles in length, embodying
the experimental features has been constructed and kept continuously under observa-
tion. All of the projects have been described before the Board with the exception of
that in California (see Proceedings of the 20th and 21st Annual Meetings). In addition
to these experimental pavements in service in the several States the original program
included a study of the structural efficiency of transverse joints of the weakened-plane
type to be made by the Public Roads Administration. The first description of this
work is in the current symposium.

Briefly, the experimental features common to the six State projects consist of a series
of plain and reinforced concrete sections in which the expansion joint spacing is varied
from 120 to 5,280 feet. AIll of the plain concrete sections have transverse contraction
joints at relatively close spacing (15 to 25 feet) while the reinforced sections have ex-
pansion joints at 120-foot spacing with one intermediate contraction joint.

In general, load transfer devices were used in all expansion joints but were used in
only part of the contraction joints of a given project in order to determine whether or
not load transfer is needed with closely spaced contraction joints of the weakened-plane
type. Several of the States included, in their projects additional experimental features
of design that were of particular interest to them. These features are described in the
reports published.

During the three or, in three cases, four years since these pavements were constructed
measurements and observations have been made of the following:

1. Daily and seasonal variations in temperature.

2. Daily, seasonal and progressive or permanent changes in the widths of the expan-
sion and contraction joints.

3. Changes in elevation of the pavement, especially with respect to faulting at the
joints.
4. The general condition of the pavement and joints.

Progress reports describing the condition of the pavements in the respective States
and presenting the data collected up to this time have been prepared by each of the
States participating in this investigation and are being presented in this symposium.
In addition, the California project is described for the first time.

The authors of these reports feel that it is too early to draw final conclusions regarding
the merits of the different designs, but they have made some interesting observations
with respect to the data and the significance of certain trends indicated by the data.
Some of the tentative indications that appear in the present reports are:

1 Where expansion joint fillers of a plastic type are used there has been a progressive
closing of the expansion joints and a progressive opening of the contraction joints with
time The greatest progressive change in the width of the joints occurs during the first
year after the pavement is laid and it appears to continue so long as there is expansion
space available. The magnitude of the progressive opening at the contraction joints
appears to be related to the spacing of the expansion joints, being less for the greater
expansion joint spacings.
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2. Wood expansion joint filler as used in one project appears to restrain the pro-
gressive changes in joint width.

3. The seasonal changes in width of the contraction joints seem to increase as the
spacing between these joints is increased, but this variation may not be linear if the
expansion of the pavement is restrained during periods of high temperature.

4. In pavements laid at temperatures less than those which normally occur in the
summer, the seasonal changes in the widths of the contraction joints seem to be less
in pavements with limited expansion space than in pavements with greater expansion
space.

5. While a limited amount of faulting has been noted in some of the pavements,
the amount is not sufficient to justify any conclusions regarding the necessity for the
use of dowels to prevent faulting in w”eakened-plane joints.

As an integral part of the general investigation the effectiveness of aggregate interlock
for reducing the critical stresses caused by loads, acting in the vicinity of weakened-
plane joints, has been studied by the Public Roads Administration on a test pavement
near Washington, D. C. This pavement consisted of six 30- by 20-foot sections of 8-inch
uniform thicknesses, each divided longitudinally by a deformed metal plate center
joint and transversely by a weakened-plane joint. The type and maximum size of
coarse aggregate in the concrete w'as varied in the different sections so that the effect
of these variables on the efficiency of weakened-plane joints might be studied.

In making the tests to determine the efficiency of the joints, loads were applied at
the joint edges, free edges and at the interior of the slabs and the critical strains caused
by these loads were measured. Tests at the joint edges were made with the joints
in a closed condition (under compression) and at various controlled openings.

It was found that all of the weakened-plane joints were effective in reducing the
critical load stresses wdien closed and under compression, but that aggregate interlock
was not a dependable method of stress reduction wdien the joints were open small
amounts.

Structural Behavior of Concrete Airfield, Pavements, R. R. Philippe, U.S. Engineer De-
partment, Cincinnati Testing Laboratory. The years immediately before the war and
those since its beginning have witnessed a tremendous development of all types of
military aircraft. Not the least spectacular of these developments is the advancement
of the heavy land-based bomber and cargo ship. Today we read of building pavements
for 150 kip wheel loads, a six-fold rise in as many years from a wheel load standpoint.
Experts in aircraft design speculate sagely that it would not be safe to guess that heavy
aircraft of the future will weigh less than a million pounds.

These heavy aircraft, when used as bombers, must possess long range and large bomb
carrying capacity. This demand, coupled with the structural difficulties of multiple
landing gear, has resulted in a marked tendency on the part of plane designers to con-
centrate severely the loads of planes on the minimum number of wheels, thereby multi-
plying the need for heavier and heavier pavements.

The Corps of Engineers has met the challenge of these designs by accelerated testing
of extrapolated designs. The investigations for rigid pavements have been centered
largely in the Ohio River Division, where its unit, the Cincinnati Testing Laboratory,
has been designated as the Engineer Department’s Rigid Pavement Laboratory.

The tests, to date, have been designed to determine the effect of impact of a landing
wheel of variable load on a rigid pavement, to measure the reactions of a pavement
under a set of idealized conditions as assumed by Westergaard’s theory, and to study
the effect of accelerated traffic on rigid pavements. Impact effects w'ere studied by
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means of flight tests and drop tests, wherein the reactions both in the plane and in
t e pavement were correlated. Static loading tests were employed to check the validity
0 t eoretical assumptions, and later to correlate the effects of repeated loading to the
results observed in traffic tests. Accelerated traffic tests with wheel loads ranging from
20 to 60 kip have been conducted on thirty-seven designs, and all preparations have
been made to traffic test nineteen basic designs with a 150 kip wheel load.

The paper is a description of the methods employed in testing and presenting the
factual data of the designs tested. It establishes for record the basis for future presenta-
tion and discussion of results. A few of the more startling results are illustrated to
stimulate interest by the reader.

Progress Report of the Committee on Durability of Concrete, M. O. Withey, Chairman,
University of Wisconsin. This committee, an outgrowth of the Project Committee
on Durability of Concrete as Affected by the Cement, was formed early in 1940. The
object in its formation was to consider and investigate factors related to the durability
of concrete. A reasonably rapid method for ascertaining the resistance of concrete
to freezing and thawing has long been desired by materials testing engineers, but to
date such procedures as have been stipulated in specifications have failed to obtain a
large following.

Since the Project Committee on Durability of Concrete as Affected by the Cement
had made some tests in which the effects of different rates of freezing on resistance
of mortars to freezing and thawing had been observed, it seemed desirable to give further
study to this important subject. In arriving at this decision the committee was well
aware that the results of further fundamental research on the causes of deterioration
due to freezing and thawing might materially modify such testing procedures as the
committee might now use or prescribe. Nevertheless the committee felt that the
uncertainty of the time at which such fundamental information would be available
and the immediate need of a suitable testing procedure were ample justification for
the prosecution of the proposed program.

Program.—Essentially the program adopted involved: (1) a comparison of the
relative severity of a carefully specified coordinating freezing and thawing test as
practiced in different laboratories. (2) a comparison of the effects of the freezing and
thawing procedures commonly used in these laboratories (local procedures). (3) a
comparison of the severity of the coordinating test procedure with the local laboratory
procedures.

Tests providing these comparisons were made in seven laboratories, and this report
describes the testing procedures, discusses the results and contains the following con-
clusions: 1. Under the conditions of these tests the electronic vibrating devices used
provided a convenient and rapid means of determining the change in the dynamic
modulus of elasticity of the specimens tested. 2. Within the limits of these tests the
average relation of the percentage decrease in modulus of rupture (R) to the percentage
decrease in the dynamic modulus of elasticity (E) due to freezing and thawing was R =
15E for either the local or coordinating test procedures. Considering the data of labora-
tories performing the entire B and C test programs the individual laboratory average
> g relations were within 20 per cent of the above grand average. 3. The relation
between the percentage increase in the modulus of rupture (R') and the percentage
increase in dynamic modulus of elasticity (E') of the moist-cured control beams was
much more variable than the relation between the decreases of these properties in freez-
ing and thawing. Based on changes after 28-days the average relation was R' = 1.2E"
4  For the types of concrete tested the relation between the reductions in flexural
strength and in dynamic modulus of elasticity was sufficiently reliable to measure the
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rate of deterioration of the flexural strength under the methods of freezing and thawing
used. 5. The flexural strength is much more sensitive to the deteriorating effects of
freezing and thawing than is the compressive strength. 6. Within the limitations of
these tests the relation of the reduction in the compressive strength to the reduction
in the dynamic modulus of elasticity due to freezing and thawing was so variable in the
tests conducted that the reduction in the dynamic modulus could not be used as a
measure of the reduction in compressive strength. 7. Loss in weight does not provide
a criterion of the early deterioration in flexural strength due to freezing and thawing.
8. Specimens frozen in air as in the coordinating program showed little surface deter-
ioration due to breakdown of the mortar. Some specimens exhibited spalling over
unsound coarse aggregate particles. 9. Specimens frozen in contact with water evinced
deterioration at the corners and edges and over the portions partially immersed in
water. 10. Although there are exceptions, a comparison of the local test procedures
on the basis of the B and C specimens indicates that in general those procedures in
which the rates of freezing from 32 to 15 F. were fast caused failure more quickly than
those in v'hich the rates were slow. 11. Those local test procedures having fastest
rates of freezing and producing quickest failures did not discriminate clearly between
the concretes made of satisfactory and those made of poor coarse aggregate, whereas
the procedures in which the rates w'ere somew'hat slower and the number of cycles to
failure greater provided good discrimination. 12. None of the freezing and thawing
procedures tried provided a small dispersion in the number of cycles required for failure
and a sufficiently high degree of discrimination to qualify as a standard method. Of
the procedures used, the coordinating program, the local Wisconsin Highway Com-
mission, and the Missouri Highway Department are the best, but all exhibit too great
dispersions of individual test values to be considered satisfactory. With still better
control of the variables it is believed that these dispersions can be reduced and a stand-
ard procedure established. 13. The accumulated data emphasize the necessity for
regulating carefully the methods of making and curing specimens, the air content of
the specimens, the degree of saturation of the aggregate at the time of making, and
the degree of saturation of the concrete at the time of freezing. 14. Curing of concrete
in 70-deg. water subsequent to deteriorating freezing and thawing treatments produces
a marked recovery in the dynamic modulus of elasticity but a much less pronounced
recovery in flexural strength. 15. In these tests neither the absorption nor the rate
of absorption data for the concrete correlated with the differences wdiich the beams
exhibited in resistance to freezing and thawing.

Thermosetting Synthetic Resin Paints for Concrete Pavement Markings, Floyd O. Slate
Research Engineer, Joint Highw-ay Research Project, Purdue University. The purpose
of this study was to find the causes of failure of present concrete highway paints, and
to find new or different paints better able to withstand these causes of failure.

The effect of passage of water vapor through a paint film on concrete was studied
by means of evaporation tests. It was found that the passage of whter upward upon
evaporation caused the deposit of salt crystals at the concrete surface. The effect of
this crystal growth on paint films was studied. Photographic records are reproduced
in part. Paint lines put down in the field were observed carefully for type and cause
of failure.

Synthetic resin paints, chosen as likely to be superior to standard highway paints,
Weere subjected to water, alkali, and abrasion resistance tests. Field and laboratory
comparisons were made with the standard paints. Thermosetting synthetic resin
paints were baked directly on concrete pavement by means of infra-red lamps.

Influence of Various Curing Methods on some Physical Properties of Portland Cement
Concrete, H. C. Vollmer, Research Associate, National Bureau of Standards. An in-
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vestigation has been undertaken to compare the effectiveness of various curing materials
and procedures. This investigation includes the use of burlap, the use of several liquid
curing compounds and the use of calcium chloride both integrally and as a surface
application. The study includes tests of concretes cast and cured at 70 F and at a
relative humidity of 50-60 per cent, concretes cast and cured at 100 F. and at a relative
humidity of 25-35 per cent, and concretes cast and cured under field conditions. The
evaluation tests include flexural strengths of beams, compressive strengths of beam
ends and resistance to abrasion of the cured surfaces. This report, presented as a
progress report, presents only results of tests on the concretes cast and cured at 70 F.

The use of damp burlap for 18 hours and with calcium chloride used either integrally
in the concrete or spread on the surface of the concrete upon removal of the burlap,
resulted in 28 day flexural strengths of the same order as obtained with wet burlap
applied for 3 days, the accepted standard for highway construction. The use of surface
calcium chloride applied as soon as the bleeding water disappeared (no burlap at all)
resulted in strengths only some 7 per cent lower than those obtained by the procedure
requiring burlap. The 28 day flexural strengths obtained by the use of liquid curing
compounds were 16 to 19 per cent lower than those obtained with the 3 day burlap
curing procedure. Flexural strengths obtained by continuous damp curing of the
specimens for 28 days, which however is not a practical method under field conditions,
were higher than obtained by any of the other procedures described, and strengths
obtained on specimens receiving no curing treatment were considerably lower.

Tests of the resistance to abrasion of the top surface (cured surface) of the specimens
indicated that the use of 1J per cent calcium chloride integrally and \r2 Ib. per sqg.
yd. applied to the surface as soon as the bleeding water disappeared (no burlap) and
all specimens cured by employing the surface application of calcium chloride whether
in conjunction with burlap or not, resulted in a higher wear resistance than specimens
cured with wet burlap applied for three days; however the wear resistance of specimens
with liquid curing membranes or with no curing were somewhat less than the specimens
cured with wet burlap applied for three days.

Maintenance Methods for Preventing and Correcting the Pumping Action of Concrete
Slabs, Rex M. Whitton, Engineer of Maintenance, Missouri State Highway Depart-
ment. This paper describes experience in Missouri with the correction of pumping
at joints in concrete pavements by the use of a semi-fluid soil-cement mixture forced
under the slab with a mudjack. The slurry used consisted of four sacks of cement per
cubic yard of topsoil and 50 to 55 per cent of water. The spacing of the holes for elimin-
ation of pumping and correction of faulting is discussed. The equipment and personnel
required is given in detail. On an average section of pavement, it was found that 354
holes per mile and 35.45 cu. yd. of slurry were required per mile of road. The average
cost of the work was $24.78 for drilling 1j*-inch holes and $256.66 per mile for the
material and pumping operation.

In a study of the deflections of the pavement under moving loads, it was noted that
deflections increased immediately after filling the voids under the pavement with the
soil-cement slurry and then decreased after a period had elapsed. For a 12,000-Ib.
rear axle load, the deflections were reduced as much as 0.007 in. and for a 16,000-Ib.
wheel load as much as .011 in. between measurements made 9 days and 153 days after
mudjacking.

It was found that a few of the mudjacked slabs resumed pumping and that the work
had to be supplemented with joint and crack water-proofing to keep surface water
from reaching the subgrade. On pavements that were cracked extensively, the best
method of waterproofing joints was by the use of a substantial bituminous surface or
upper deck not less than 1 inch in thickness.
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After a study of design features from the viewpoint of a maintenance engineer, the
author concludes that expansion or contraction joints should not be used in concrete
pavements except at highway intersections, bridge ends or other locations where the
pavement abutts a fixed object. The relation of the type of aggregate to the crack
interval in concrete pavements in which no joints were placed is discussed.

Pumping of Concrete Pavements in New Jersey, Corrective Measures Employed, and
Future Designs, William Van Breemen, Engineer of Special Assignments, New Jersey
State Highway Department. Pumping at joints in concrete pavement slabs was first
observed in New Jersey in 1930. It occurred on all pavement of standard, design in
which dowels in. in diameter were used for load transfer. A 100 per cent increase
in the number of dowels did not eliminate the trouble. The use of crushed stone drains
along the edge of the pavement was only partially effective in stopping pumping.

In 1932 a test road was built over a silty-clay soil. One joint with no load transfer
device, two with six jkt-in. round dowels in the 10-foot width of pavement, two with
twelve.%-in. dowels, and several with various combinations of heavy rectangular and
channel type dowels were placed in the slab. Continuous applications of heavy loads
under adverse moisture conditions indicated that the use of a load transfer device com-
posed of 2-in. channel-dowels was necessary to prevent faulting and subsequent pumping.

A recent survey of 60,000 channel-dowel joints on heavy duty highways disclosed
only three failures that were caused by pumping. No faulting was found at these
joints and the failures had occurred by sagging of the pavement. The stone drains
along the edge of the pavement were partially clogged with subgrade soil.

A study of pavements laid on sub-bases composed of granular materials lead to the
conclusion that their use minimized pumping, reduced damage due to frost action and
increased load bearing capacity. All pavements built since 1939 are supported on a
layer of bank-run sand, gravel or cinders 8 in. thick. To date, where granular materials
have been used in conjunction with channel-dowel joints, pavements have remained
true to grade, cracks are few and far between, and there have been no indications of
pumping, even under heavy truck traffic.

A study of wood for use in expansion joints shows that for most varieties, loads in
excess of 500 and less than 1000 psi will be required to cause compression of the fibers.
If loading is continued, a point is reached where no further compression is obtained.
Some varieties may be compressed to as much as 50 per cent of the original thickness.
If dry wood is compressed to 50 per cent of its thickness, it will recover to about 65
per cent and remain at that thickness as long as it remains dry. Soaking in water will
cause the wood to swell to 94 per cent, and for some varieties more than 100 per cent,
of its original thickness. Repeated compression, drying and soaking will result in a
permanent reduction in thickness. These tests indicate that wood as an expansion
joint filler will have the following merits:

1. Unlike the conventional bituminous fillers, wood will not extrude, regardless of
the extent of joint closure or infiltration. (This applies only to wood with the grain
direction installed vertically).

2. Unlike other fillers, the wood is expected to retain sufficient swelling capacity
and resiliency to prevent the detrimental accumulation and distribution of infiltrated
material in the joint spaces which, in many locations, has caused rupturing of the
concrete.

Investigation of Concrete Pavement Pumping, H. L. Krauser, Ohio Department of High-
ways. This paper describes the investigation of the pumping at transverse joints in
concrete pavement slabs on a project 4.39 miles in length on U. S. 52 in Scioto County,
O., near the village of Franklin Furnace.
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e soils survey made prior to grading operations showed that on some sections the
pie ominating soil -was high in silt content and could be classified in the A-4 group,
t was considered necessary to cover these areas with suitable granular material to a
depth of 18 in. and provide tile drainage.

The pavement was built without reinforcing or load transfer devices. Records are
also included on a short project built in 1941 in which complete reinforcing and load
tiansfer devices were used. Observations were made of slab deflections under moving
loads on both projects.

Pumping was found to be much more extensive and severe over the areas where no
granular material was used. On the plain concrete section pumping was more severe
at contraction joints of the premolded type. The severity on the reinforced section
was about the same for expansion and contraction joints. On the plain concrete slabs
without granular sub-base, 2 per cent of the expansion joints and 52 per cent of the
contraction joints were pumping. On the plain concrete slabs placed on granular sub-
base 1.5 per cent of the expansion and 16 per cent of the contraction joints were pump-
ing. On the reinforced section, 71 per cent of the expansion joints and 91 per cent of
the contraction joints were pumping.

On most of the work, the gradation of the backfill for the tile drains was from the
M-in. to No. 4 sizes. It was observed that these drains silted up badly. On one section
in. to No. 8 material was used and only a small amount of silting was observed.

The conclusions of observations on these projects are as follows: 1. A sub-base
composed of suitable granular material will appreciably reduce the pumping at joints
in concrete pavements. 2. The use of small size backfill aggregate will extend the useful
life of tile drains. 3. The use of load transfer devices prevents excessive permanent
deformation at the joints between concrete slabs after pumping starts.

Use of Bituminous Materials as a Corrective Measure for Pumping Concrete Pavements,
C. W. Allen and Harry E. Marshall, Ohio Department of Highways. The pumping
of concrete pavement slabs on pavements in Ohio, which has developed since 1940,
has followed the increase in volume of heavy truck traffic that has resulted from the
concentration of war industries. A survey indicates that pumping has occurred mostly
on soils of the A-4, A-6, or A-7 groups but is not confined exclusively to soils of these
types. A study of the moisture contents of the subgrades at various depths indicates
a maximum immediately beneath the pavements and a decrease with depth indicating
that surface water is the chief source of the subgrade moisture that causes pumping.
The use of transfer devices at joints and of granular subgrades have been found most
effective in the prevention of pumping. The use of French drains in the shoulder was
not effective in stopping pumping.

After experimenting with various soil-bituminous, portland cement mixtures and
several grades of semisolid asphalts, it was found that an oil asphalt filler having a
penetration of 30 to 45 at 77 F. was most satisfactory for filling the voids under pumping
concrete slabs. This material is forced under the pavement by means of the hand spray
equipment of a standard bituminous distributor through holes drilled in the pavement
with a standard jackhammer and drill. The bituminous material forms a tight seal
beneath the pavement and prevents the entrance of surface water and its stability is
not affected by moisture from the subgrade. Although the costs of the asphalt is some-
what higher than any of the various soil-mixtures, a portion of this cost differential is
equalized in the labor saved on the assembling and mixing of the various materials used
in slurries.

Correcting Pavement Pumping by Mudjacking, R. E. Frost, Research Engineer, Joint
Highway Research Project, Purdue University. This paper covers some field experi-
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ments designed to correct the pumping action of rigid pavement slabs. In 1942 a
performance survey on a portion of U. S. 30 between U. S. 41 and Valparaiso, Indiana
was made by representatives of the Joint Highway Research Project covering detailed
analysis of pumping conditions on twenty-four miles of this road. Among other things
the results of the survey showed that all of the experimental subgrade treatments (with
the exception of the water-saturated section) were successful in minimizing or eliminat-
ing pumping.

As a result of this survey, a series of joints in a two-mile section near the Lake-Porter
County line were selected for treatment by mudjacking. Treatment of these joints
was performed in October and November of 1942. Four mixes were used:

1. Mix A; 77 per cent soil, 7 per cent RC-3, 16 per cent cement

2. Mix B; 77 per cent soil, 7 per cent Road Oil, 16 per cent cement

3. Mix C; 77 per cent soil, 7 per cent Tar, 16 per cent cement

4. Mix D; 79 per cent soil, 3 per cent Tar, 17 per cent cement

Even though work was hampered by cold weather and numerous equipment break-
downs, a total of 434 cubic feet of mix were pumped under fifty-pumping joints in
twelve-working days. This is an average of 8.7 cubic feet of mix per joint.

Several performance surveys of this two-mile section have been made since treatment
to determine the permanence of the treatments. The most recent survey (Oct.-Nov.
1944) shows that pumping had been reduced considerably. However, the installation
of subgrade drains on U. S. 30 between S. R. 49 and S. R. 53 together with a particu-
larly dry year (1944) made it difficult to rate the success on the basis of pumping alone.
The settlement at the joints of both treated and untreated slabs shows considerable
success for mudjack treatment. It was found that the average settlement of the outer
edges of treated slabs was 0.093 inches as compared to 0.194 inches for the untreated
slabs. Further, it was found that 68 per cent of the treated slabs had settled one-eighth
inch or less as compared to 53 per cent for untreated slabs.

A crack survey showed that mudjacking had been successful in reducing the expected
number of cracks that would normally occur on this two-mile section. The data further
show that cracks less than 13 feet either side of a joint are caused by slab movement
and pumping and that cracks in the middle third of a slab are from causes other than
pumping. Of the four mixes used, Mixes “A” and “D” contained less cracks and had
less than 0.04 inch settlement.

The results of this two-year study show the desirability for additional research in
mudjacking.
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The Institute's Forty-first Annual Conventtion

The forty-first Annual ACI Convention was the fourth of World
War Il. It was not the kind of annual convention to which the Institute
looks forward in the peace years to come, nor the kind of convention
which has made the annual meetings notable in former peace years.

The luncheon meeting at the Hotel New Yorker February 16, 1945
was much the same kind of meeting which characterized the 1943 con-
vention in Chicago. This year seventy-two places were set (just one
more than in Chicago in 1943); approximately two-thirds of those present
were New York members. Those members in attendance who travelled
to the meeting were almost exclusively confined to the more distant
members of the Board of Direction and of the Advisory and Publications
Committees.

There would undoubtedly have been a much larger attendance of
local members but for unavoidable confusion about the restraints placed
upon such gatherings under 0. D. T. rulings. At first ACI had asked
all New York members to attend if possible; then, facing a ruling that
the total attendance at the New York meeting must be restricted to
fifty (since the Institute had made no application for special dispensa-
tion) it was necessary to write to our New York members limiting the
attendance of New Yorkers. Only in the last few days before the con-
vention was it possible to advise local members in the region of the
meeting that there was no restriction on their attendance, provided the
attendance from a distance—the travelling membership—did not exceed
fifty; this was the final O. D. T. ruling.

One pleasant ceremony was the award of Wason Medals by President
Roy W. Crum, and unusual was the circumstance that in two instances
the medals were received by ladies on behalf of their husbands.

Harrison F. Gonnerman, as previously announced in these pages,
won the award for “Notable Research” reported in Proceedings V. 40 in
his paper, “Tests of Concrete Containing Air Entraining Portland
cements—oOr Air Entraining Materials added to Batch at Mixer”.

(1)
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There being three authors of the paper chosen as the “Most Meritorious
Paper”, “Concrete Problems in the Construction of Graving Docks by
the Tremie Method”, there were, of course, awards in triplicate: To
Commodore W. Mack Angas (CEC) U. S. N., Commander E. M. Shanley
(CEC) U. S. N. R, and Lieutenant John A. Erickson (CEC) U. S. N.
None of these medal winners could be present—all on distant Navy
duty. The certificates of award were received by Mrs. Angas and by
Mrs. Erickson for their husbands. Commander Shanley’s award was
received in his behalf by W. A. Durkin, Vice President, Walsh Con-
struction Co., New York.

War conditions entered further into this ceremony in the fact that
there were no medals for the winners of the awards for the “Most Meri-
torious Paper”—no bronze available from which to strike them off. So
until bronze again becomes available for such purposes, winners of
Wason medals will be receiving only the Certificate and their medals
be deferred for postwar times.

Douglas E. Parsons became the new president of the Institute at the
close of the New York meeting. He had served the Institute long and
well, on both technical and administrative committees and as a member
of the Board of Direction, and at many times arduously, and at some
considerable personal sacrifice, there is reason to believe, on the Publi-
cations committee since 1940 and as chairman since 1941.

The report of the Tellers, R. R. Zipprodt and A. Burton Cohen, was
presented by Mr. Zipprodt. All of the Nominating Committees’ candi-
dates for officers and directors were elected as follows:

President, Douglas E. Parsons, Chief of Masonry Construction Section,
National Bureau of Standards, Washington, D. C.

Vice-President, Harrison F. Gonnerman, Manager, Research Labora-
tory, Portland Cement Association, Chicago, 111

Vice-President, Stanton Walker, Director of Engineering, National
Sand and Gravel Association, Washington, D. C.

Director, First District (re-elected), Henry L. Kennedy, Manager,
Cement Division, Dewey & Almy Chemical Co., Cambridge, Mass.

Director, Second District (re-elected), Myron A. Swnyze, Director of
Research, Lone Star Cement Corp., Hudson, New York.

Director, Third District, Alexander Foster, Jr., Vice-President, Warner
Co., Philadelphia, Pa.

Director, Fourth District, Frank H. Jackson, Principal Engineer of

Tests, Division of Physical Research, Public Roads Administration,
Washington, D. C.
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Director, Fifth District, Charles S. Whitney, Consulting Engineer,
Milwaukee, Wis.

Director, Sixth District, Herbert J. Gilkey, Head, Dept, of Theoretical
and Applied Mechanics, lowa State College, Ames, lowa.

Director-at-Large, Robert F. Blanks, Chief, Engineering & Geological
Control & Research, Bureau of Reclamation, Denver, Colo.

The five to serve as the elective members of the 1945 Nominating
committee, with the three presidents last past, are as follows: R. B.
Young, chairman; T. C. Powers, J. C. Pearson, T. E. Stanton, Frank H.
Jackson. (Professor Gilkey, among the five receiving the most votes
had immediately declined to serve).

In acknowledging his election to the Presidency of the Institute, Mr.
Parsons had these things to say:

“l appreciate that this election implies some small amount of confidence
in me. It is not important that | do not share that confidence because
the Institute is not run by the President. As you know, our capable,
energetic and overworked Secretary, together with the Board members
and members of the committees actually do most of the running of the
Institute.

“Perhaps it is less well known that individual members who receive
no recognition for the part they play in the operation of the Institute
do a great deal to guide the officers and to keep the policies and practices
within proper bounds.

“One of the things that the officers will miss most this year will be
the suggestions and criticisms from members. Sometimes those cri-
ticisms are expressed in most blunt and forceful language and often they
are addressed to an officer at a time when the man making the suggestion
is unaware that he is talking to the one who may be responsible for the
the blunder that is being condemned. That has happened to me on a
number of occasions during conventions.

“l wish that there was some way that we could continue to have that
candid advice and criticism. The only way that | know that we shall
have the benefit of it would be for each of you and the other members of
the Institute to let us hear the worst with the best and say it in writing,
thank you!”

President Crum acknowledged the presence at the meeting of Lt-
Peter J. Doanides of the Royal Helenic Navy, Greece, on a special
mission in this country, and Prof. Boris G. Skramtaiev, Doctor of Tech-
nical Sciences; head of a technical institute in Russia, and in this country
attached to the Government Purchasing Commission of the U. S. S. R.
Professor Skramtaiev has been a member of the Institute for nine years,
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Douglas E. Parsons, newly elected
President of the American Concrete
Institute

a contributor to the ACI Journar and has been in this country since
May 1944 and expects shortly to be returning to Moscow. He had the
following to say:

“It gives me great pleasure to be present here today, among leaders
of the American Concrete Institute and its New York members. This
is the first opportunity | have had to meet with American concrete men
since 1936, the year when 1 joined the Institute.

“First, I would like to greet you cordially on behalf of all the Russian
concrete specialists. We appreciate fully your achievements in the field
of concrete, which you have developed so well. We very often use the
results of your scientific work in our concrete practice in the Soviet
Union, and the American names of Crum, Parsons, Abrams, McMillan,
Gonnerman, Richart, and many others are famous among our Russian
civil engineers.

“Meanwhile, we, in the Soviet Union, have also developed many diff-
erent kinds of concrete, several new methods of winter work, and are
making large quantities of precast reinforced concrete structures. We
have also worked out a new theory for designing reinforced concrete, and
now this theory, known as the Ultimate Theory, is the only official one
in the Soviet Union.
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Next, I would like to take the liberty of suggesting that the new
board of the Institute discuss the possibility of compiling a complete
American bibliography pertaining to concrete. | am fully aware that
this would be a difficult task, since you are already publishing very many
books and articles, but | am sure you will agree that it is a very much
needed piece of work.

“We have published a complete Russian bibliography on concrete,
which | was glad to present to the American Concrete Institute. Upon
my return to Moscow, | intend to continue this work in order to make
this bibliography more complete by including all the Russian articles
and books on concrete, cement and reinforced concrete constructions.

“It would seem to me highly desirable to establish a good-sized library
at the American Concrete Institute for the use of all its members.

“May | close by wishing you the greatest success in all your work toward
victory and also in the very extensive concrete jobs which you will be
called upon to do after the war.”

The address of President Crum in retiring from his office differed
from previous presidential addresses. It had to do with the part of
members of the Institute and others engaged in technical advancement
with reference to our responsibilities in establishing a peaceful world
in which such advancement may continue. The address appears on the
first pages of this issue of the yournai1. Some who were present recall
the address of Rear Admiral Ben Moreell (now Vice Admiral) on his
retirement from the presidency of the Institute in 1942. The address
was made from Washington by telephone and loud speaker hook-up
at the convention, and sounded a note of responsibility of our member-
ship in the war in which we became engaged such a short time before.

At a second meeting of the Board—the “new board”—following the
luncheon meeting, several appointments were made. The election of
Stanton Walker to a vice-presidency, one year before the completion of
his three-year term as Director-at-Large left a vacancy to which Henry
L. Kennedy, who had just been reelected Regional Director from the
First District, was appointed. To fill the vacancy in the position of First
District Director, the Board appointed Paul W. Norton, consulting
engineer, Boston.

The resignation of Prof. Raymond E. Davis, after 6 years’ service
as chairman of the Advisory Committee, resulted in the election of
Stanton Walker to fill that important place. Professor Davis remains
on the committee in having been appointed to the chairmanship of
Dept. 200.

On becoming President of the Institute, Mr. Parsons retired as chair-
man of the Publications Committee. Robert F. Blanks, Bureau of Re-
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clamation, a member of the Board as Director-at-Large, was appointed

to that very active committee.

The Board also appointed Harvey Whipple to succeed himself as

Secretary-Treasurer.

WHO’'S WHO

Jacob Feld

ACI Member since 1944, presents his first
paper (p. 441). Dr. Feld is a consulting
civil engineer, New York City. He was
born in Austria, attended the College of
City of New York (B.S. 1918); attended
Univ. Cincinnati (C.E. 1920, M.A. 1921,
Ph. D. 1922, Mem. Phi Beta Kappa,
Sigma Xi, Sigma Tau Phi).

In New York he was employed by the
Public Service Comm., Queens Highway
Dept, and Erie R.R. From 1919-1922 he
was a Research Fellow, Institute C. E.,
Univ. of Cincinnati; in 1922 with Turner
Construction Co., N.Y.; 1923, Long Island,
R. R. as assistant bridge engineer; 1924,
with Robinson & Steinman, bridge en-
gineers; 1925, Barney-Ahlers Co., as
concrete Engineer; 1925 to date, Con-
sulting Engineer, bridges, buildings. His
work has ranged through foundations,
subways, radio towers, stadiums, dairy
plants, an average of $5,000,000 work per
year. He was consulting engineer for
the contractors on the Tri-borough Bridge
contracts, 205 St. Viaduct, grade crossing
eliminations, bridge foundations, 1930-
1935. He was in charge of construction
of section 10 of the Sixth Ave. Subway for
Brader Construction Corp. 1936-1939. He
has done research in lateral earth pressure,
foundations, tower analysis, long span
cables, stadium designs, 1000 ft. guyed
radio towers at Shanghai; is author of
“Lateral Earth Pressure,” A.S.C.E. Trans.
1923, “History of Earth Pressure Theor-
ies,” Brooklyn Engineers Club Proc. 1929,
“Unbraced Qables” Franklin Institute
1930 and numberous other papers. He
is a member of A.S.C.E. (Collingwood
Prize 1923), (F.), A.A.AS., Member

in this AC I

JOURNAL

Brooklyn Engineers Club (A. T. White
Prize 1928) Dir. 1927-1933, and of New
York Academy Sciences.

D. R. Cervin

member of the Institute since 1943 pre-
sents his first Institute paper (p. 453).
Mr. Cervin received his B.S. degree in
architectural engineering from the Uni-
versity of Illinois in 1934; did graduate
work in structural engineering at Illinois
in 1936; and at the University of lowa in
1937. He was with the United States
District Engineer Office, Rock Island, 111
1934 to 1938 in connection with the design
and construction of the locks and dams
for the 9 ft. channel in the Mississippi
River. In 1939 he was with A. H. Ebel-
ing, Davenport, lowa, architect, doing
architectural engineering work on school
buildings; in 1940 he was engaged in
construction of the spill-way for the
Santee Cooper project in South Carolina
as office engineer for the McCarthy Im-
provement Co., and for the next year and
a half he was with the special engineering
division in the Canal Zone on the design
of the third locks, a project which was
terminated by the war. Another year
and a half was spent with the LTited
States Army District Engineer office in
Jacksonville, Fla. as assistant head of the
structural design section; his work in-
cluded army camps, airports and ap-
pertenant works in the Florida area.
Now, and for the past year he has been
employed as a structural engineer for
the National Advisory Committee for
Aeronautics and his work includes the
design and construction of the buildings
required by the expanded research neces-
sary for improving the field of aeronautics.
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Gerald Pickett

who unfortunately we cannot claim as an
ACIl Member, still is not new to these
pages. To the Feb. 1942 Journal he
contributed “The Effect of Change in
Moisture Content on the Creep of Con-
crete under a Sustained Load”. At that
time it was noted in these columns that
he was a graduate electrical engineer from
Oklahoma Agricultural and Mechanical
College in 1927; awarded a Ph.D. in
mechanics by the Lhiversity of Michigan
in 1938; and aside from two years in the
testing laboratory of the Brooklyn Navy
Yard, he taught in the Department of
Mechanics, Kansas State College until
1940—advanced courses in mechanics for
graduate students in addition to regular
courses to undergraduates. He joined the
basic research division of the Portland

Cement Association Research Labora-
tory, Chicago in 1940 as a research
physicist, studying the mechanics of

Portland cement concrete.

Dr. Pickett has been interested in
problems involving dynamics for several
years and his paper on the “Dynamic
Testing of Concrete” (p. 473) is a natural
outgrowth of his earlier work in other
fields of mechanics.

Jacob J. Creskoff

member of the Institute since 1937, is not
new to these pages. To volume 33 he
contributed “Earthquakes and Rein-
forced Concrete”. At that time it was
noted in this column that he was the
author of “Dynamics of Earthquake
Resistant Structures” (McGraw-Hill Book
Co.), that he had worked for various
Government agencies on aseismic design
and that he had been consultant to the
Treasury Department on the design of
a new earthquake resistant San Francisco
mint. He is a graduate from the civil
engineering department Towne Scientific
School, University of Pennsylvania. From
1937 to 1942 he was vice president of
Vacuum Concrete Corp., Philadelphia;
and from 1942 to date, resident vice
president, McCloskey & Co., Washington
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D. C. and Tampa, Fla; actively identified
with the McCloskey work on concrete
ships. His present paper, as a contri-
bution to the prediction of the strength
of concrete appears p. 493.

Inge Lyse and Family escape
from Norway

The many Institute friends of Prof.
Inge Lyse will be pleased to know that he
and his family who had been at Trond-
heim, Norway for several years, late in
1944 escaped with only what they could
carry on their backs over the mountains
into Sweden where they are safe with
friends.

This news reached a number of Institute
memberts at the time of the Institute’s
meetings in New York in February by
way of a copy of a letter which Mrs. Lyse
had written to friends in Bethlehem, Pa.

Returning from the New York meetings
the Secretary of the Institute found a
letter addressed to him January 9 from
Stockholm in which Professor Lyse wrote
“just a few words to let you know that |
am here in Stockholm with my family
and that we are all well. 1 had a narrow
escape from the Gestapo, but the trip
across the mountains solved the problem.
I am at present working at the Swedish
Cement and Concrete Research Institute,
which has just moved into its new build-
ing at the Royal Technical Institute”.
He reports that his time with the Swedish
Institute will be limited to that which he
can spare from his engagement at the
Norwegian Military Offices in Stockholm;
“with best greeting to all my friends in the
ACI”.

More detailed and revealing of the
times through which the Lyses had passed,
since the German invasion of Norway,
where Lyse was identified with Norway’s
Institute of Technology at Trondheim,
are a few lines from Mrs. Lyse’s letter
which was written Dec. 26:
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“The boys have been ill in bed since
we came here, but are now perfectly all
right again—their stomachs were unused
to the rich food we get here, and besides
meat, white bread and cheese and jam,
they have been getting candy and choco-
late, which was too much for their stom-
achs; but now we can eat everything with-
out getting sick—and do we eat
Norway is absolutely emptied of all goods;
and the joy to see lights again; you can’t
imagine what that means after having
lived in a country constantly blacked out.”

Professor Lyse, active member of ACI
since 1926, three years after coming to the
United States (see ACI Directory 1944,
p. 70), in 1938 left Lehigh University, where
he was in charge of Fritz Engineering
Laboratory, to return to Norway’s Insti-
tute of Technology, Trondheim, his alma
mater, to be professor of reinforced con-
crete and solid bridges (see ACI JJ. N. L.
p. 14, Sept. 1938).

Leo Nagel

Only recently did the Institute learn
of the death of Leo Nagel, member of the
Institute since 1939; resident of Detroit.
He was a graduate of the Technical Uni-
versity of Vienna, Austria, 1915, and for
15 years before coming to America, he
was managing director of one of the large
engineering construction companies of
Vienna, specializing in reinforced con-
crete in the Industrial field. In 1940,
coming to the United States, he entered
the organization of Albert Ivahn, Inc.,
Detroit, where he was employed until the
time of his death in August 1944,

The June 1945 JOURNAL
will be notable in containing
by direction of the Board all
the ACI Standards promulgated
since the inauguration of the
present Standards Committee in
1937.

April 1945

Alfred E. Lindau

The following is from the minutes of a
meeting of the |Institute’s Board of
Direction, New York, February 14 (See
N.L. January, 1945):

“In the death of Alfred E. Lindau at
Pearl Harbor, Hawaii, December 14, 1944,
the American Concrete Institute lost one
of its best known and consistently active
workers. For three and a half decades
he had been a leader in the thought and
activities of the Institute, few of whose
members had contributed so much over
so many years from such a wide range of
activity; few indeed, had been held in
greater esteem by their fellow members for
a high degree of intellectual integrity and
a well stocked and finely discriminating
mind.

“For five years (1939-1944) he had
given strenuously and generously of his
engineering knowledge to the war effort
as Chief Civilian Engineering Assistant
to Officer-in-Charge, Pacific Naval Air
Bases.

“Alfred Lindau joined the Institute in
1909, was elected an Honorary Member in
1935. He had been a member of the
Board of Direction, as a director in 1915
and 1916 and continuously a Board mem-
ber from 1922 to 1935—as vice president,
1922 to 1923, president, 1924 and 1925,
past president member 1926 to 1935. In
returning to the ranks he continued a
willing worker on many important tasks.
He was unexcelled as an Institute con-
vention presiding officer, bringing to the
leadership of discussion not only his broad
knowledge, but his dynamic spirit and a
contageous interest.

“His lively interest in a wide range of
human experience, his quick and deep
understanding, his rare combination of
objective judicial-mindedness with great
warmth of personality and unfailing
kindness won him the high respect and
affection of a host of friends.”
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Honor Roll
February 1, 1945 to March 29, 1945

In the February issue we reported the
1945 Honor Roll only to January 29 and
there were changes in the two days to
January 31 which ended the scoring year.

Lewis H. Tuthill, top man, finished with
a final score of 18 Members sponsored
and F. E. Richart 13; H. F. Gonnerman
increased his score from 2J* to 372 and
Jacob Fruchtbaum’ name was added to
the roll in his sponsoring one new member.

For several years the two top men each
year have earned a worthwhile credit, as
a Board of Direction award, for engineer-
ing literature purchased through the In-
stitute.

By recent Board action the rules are
changed and the two top men are to
receive Certificates of Merit for important
service to the Institute. The first entries,
for the Certificate to be presented at the

1946 Convention (for the year ending
January 31, 1945) are as follows:

AL AMITTKIAN e 3
J. H. SPilKin i 3

C. Blaschitz
Charles S. W hitney

R. F. Dierking ..o 1
Charles E. Wuerpel..coinnnnienienenns 1
Wm. G. McFarland......cooeviicincnnn 1

50-50 With Other Member:

Kanwar Sain
J. L. Savage

Subject to the possible exigen-
cies of war, the Institute’s 42nd
annual convention is scheduled
to be held in New York City,
the week of February 18- a

"full-blown" convention.

New Members

The Board of Direction approved 49
applications for Membership (43 Indi-
vidual, 3 Junior, 3 Student) in January
and February as follows:

Anderson, Boyd G., 4336 Livingston Rd.,
S.E., Washington D. C.

Arena, de la, Pedro Guash, Calle O esq.
25, Edit. Castro, Vedado, Havana, Cuba

Arnal M., Dr. Eduardo A., P. O. Box 263,
Caracas, Venezuela, S. A.

Atkins, Clinton P., 115 Victory Lane,
Leetsdale, Pa. (Student)

Atkinson, James L., P. O. Box 482, Nat-
ional City, Calif.

Aydin, Abdurrahman, U. P. O. Box 572,
Princeton, N. J.

Barker, Austin, c/o U. S. Bureau of
Reclamation, Mancos, Colo.

Bauman, E. W., National Crushed Stone
Assoc., 1735 14th St. N. W., Washing-
ton, D. C.

Chatterley, Jay, 795 N. 8 E., Logan, Utah
(Student)

Croll, Donald, 74 Hedley Place, Buffalo 8,
N. Y.

Dominguez C., Dr. Atahualpa,
a Pepe Aleman No.
Venezuela, S. A.

Evans, I. G., Building Research Station,
Garston, Watford, Herts, England

Ewart, Raymond R., 2660 Quaker Bridge
Rd., Box 45, Mercerville, N. J.

Finney, E. A., Michigan State College,
Rm. 3, Olds Hall, East Lansing, Mich.

Furnival, George E., c/o Furnival-Rimmer
Co., 54th and Lancaster Ave., Phila-
delphia 31, Pa.

Horn, Harry Goff, 4051 Front St., San
Diego 3, Calif. (Junior)

de Lys-Gregson, Il. St. J. R., c/o Messrs.
Grindlay & Co. Ltd., 6 Church Lane,
Calcutta, India

Handa, C. L., c/o The India Supply Mis-
sion, 635 F. Street, N. W., Washington,
D. C.

Garita
12-4, Caracas,
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Hansen, Waldemar C., c/o Universal
Atlas Cement Co., Gary, Buffington
Station, Ind.

Haws, Frank W., 37 E. 3rd So., Logan,
Utah (Student)

Hepplewhite, Lt. W. T., c/o Director of
Fortifications & Coastal Works, P. O.
Box 2333, Cape Town, So. Africa

Holdampf, Carl R., 5844 N. Shoreland
Ave., Milwaukee 11, Wise.

Holm, J. C., c/o National Portland Cement
Co., Brodhead Plant, R.F.D. No. 1,
Bethlehem, Pa.

Howland, L. D., 1863 Meadowbrook Rd.,
Altadena, Calif.

Kaplan, Sgt. M. F., c/o Director of Forti-
fications & Coastal Works, P. O. Box
2333, Cape Town, So. Africa

Kleinman, Sgt. S., c/o Director of Forti-
fications & Coastal Works, P. O. Box
2333, Cape Town, So. Africa

Luke, Irvin H., Apartado 4068, San Juan,
P. R.

Martin, Ramon Barcelo, Espada No. 55,
Apt. 22, Havana, Cuba

Mielenz, Richard C., Petrographie Labor-
atory, Bureau of Reclamation, New
Customhouse, Denver 2, Colo.

Moore,
Co.,
N. J.

Morris, Max H., 8714 Cameron St., Silver
Spring, Md. (Junior)

Nelson, H. T., 7J~ N. 2nd St., c/o LT. S.
Bureau of Reclamation, Yakima, Wash.

Newlands, James A., 11 Saurel St., Hart-
ford, Conn.

Odley, Ezra G., 4801 Connecticut Ave.,
W ashington 8, D. C.

Olsen, William G., 406 Building & Loan
Bldg., Raleigh, N. Car.

Plummer, Harry C., c/o Structural Clay
Products Institute, 1756 K Street, N. W.
W ashington 6, D. C.

15 West 81 St.,

Thomas, c/o Harrop Chemical
135 Hoboken Ave., Jersey City,

Ravitch, Rosalyn, New

York 24, N. Y. (Junior)
Reville, James F., 1448 18th St., S. E.,
W ashington 20, D. C.

April 1945

Robinson, Edward A.,
Tuckahoe, N. Y.

Rubinsky, Moe A., 2348 E. Ave., National
City, Calif.

Salabarria, Orestes Vergara, Calle 13,
entre 9a and 10a, Ampl. Almendares,
Marianao, Havana, Cuba

Salgo, Michael N., 228 N. Thomas St.,
Arlington, Va.

Sletholt, C. Henry, 8838 53 Street, Brook-
lyn, N. Y.

Thorson, Comdr. E. W., c/o Bureau of
Yards & Docks, Navy Department, Rm.
4426, Washington, D. C.

Turley, Sylvester J., 7 22nd Lane, Nat-
ional City, Calif.

VanPetten, R. M., 5509 Lakeshore Drive,
Knoxville 15, Tenn.

Ward, C. N., 550 State St.,
Wise.

Wickwire, J. L., Asst. Chief Engr., Dept,
of Highways & Public Works, Halifax,
Nova Scotia

W itter, Harry C.,
Honolulu, T. H.

194 Read Ave.,

Madison 3,

3059 Seaview Rise,

{Adv.)

WANTED—Superintendent for con-
crete products plant specializing in
Architectural Concrete Slabs, Cast Stone, Pre-Cast
joists and Specialty Products, must be versed in
blue print reading, concrete mix designs, production
schedules and capable of handling men. W ill offer
interest in business to right man. Annual volume
well over quarter million dollars. Please state age,
previous experience and salary desired. Address
ZBO;\(A_Aﬁ, c/o American Concrete Institute, Detroit
, Mich.

See June 1945 for all AC I
Standards adopted since

1937.



Sources of Equipment, Materials and Services

A reference list of advertisers who participated in the Fourth
Annual Technical Progress Issue of the ACI JOURNAL-
the pages indicated will be found in the February 1945 issue
and (when it iscompleted) in V. 41, ACI Proceedings. Watch
for the 5th Annual Technical Progress Section in the February
1946 JOURNAL.

Concrete Products Plant Equipment page
Besser Manufacturing Co., 800 45th St., Alpena, MiCh ..., 428
« Concrete products plant equipment, production

Stearns Manufacturing Co., Inc., Adrian, MiCh ... 387
— Vibration and tamp type block machines, mixers and skip loaders

Construction Equipment

Baily Vibrator Co., 1526 Wood St., Philadelphia 2, Pa....cccccoiininiiiiniiiiiiiniecieee, 407
— Concrete vibrators

Blaw-Knox Division of Blaw-Knox Co., Farmers Bank Bldg., Pittsburgh, Pa..
— Truck mixer loading and bulk cement plants, road building equipment,
batching plants, steel forms

Butler Bin C0o., WaUKESNa, W iS ...ttt e e et et e e eaaaeeaee s 421
— Central mix, ready-mix, bulk cement and batching plants, cement handling
equipment
Chain Belt Co. of Milwaukee, MilwauKee, WiS ... 418-9

— Mixers, pavers, pumps

Electric Tamper & Equipment Co., Ludington, MiCh ... 410-11
— Concrete vibrators

Flexible Road Joint Machine Co., Warren, O hi0 ...ccccoiiriniiiiiieeeeecse e 389
— Pavement joint and joint installers

Fuller Co., Catasauqua, Pa...

— Unloading and conveying pulverized materials

Heltzel Steel Form & Iron Co., Warren, O Ni0 ...cccccieiiiieiicecseeee e 378-9
— Pavement expansion joint beams

Jaeger Machine Co., The, Columbus, O hi0 . 392-3
— Concrete paving equipment

C. S. Johnson Co., The, Champaign, ..., e 429
— Mixing and batching plants, buckets, elevators

Kelley Electric Machine Co., 287 Hinman Ave., Buffalo 17, N. Y ..ccciiiiniiinninnes 422-3
— Floor finishing equipment

Koehring Co., MilWaUKeE e, WS ...ttt 380
— Tilting and non-tilting construction mixers

Mall Tool Co., 7703 So. Chicago Ave., Chicago 19, Il 427
— Concrete vibrators

Master Vibrator Co., Dayton 1, O N0 oot 430-1

— Concrete vibrators
— Continued'next page
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— Continued from previous page

Ransome Machinery Co., Dunellen, N. J
— Mixers— paving, truck

Viber Co., 726 So. Flower St., Burbank, C alif
— Concrete vibrators

Contractors, Engineers and Special Services

Kalman Floor Co., Inc., 110 E 42nd St., New York 17, N. ., 3@ 1
— Floor finishing methods

Prepakt Concrete Co., The, and Intrusion-Prepakt, Inc., Union Commerce Bldg.,
CleVEIANA 14, O N0 i ettt e e et e e e et e e eae e e eaaeeeaaeeeaeeeeaaeeensaaenees 397-400
— Pressure filled concrete

Raymond Concrete Pile Co., 140 Cedar St.,, New York 6, N. Y . 396
— Pile foundations

Roberts and Schaefer Co., 307 No. Michigan Ave., Chicago 1, .. 426
— Thin shell concrete roofs

Scientific Concrete Service Corp., McLachlen Bldg., Washington, D. C ....ccccccovevrvvncnne 416
— Mix controls and records

Vacuum Concrete, Inc., 4210 Sansom St., Philadelphia 4, Pa....iiiiens 409
— Suction control of water in the concrete

Materials and Accessories

Calcium Chloride Assn., The, 4145 Penobscot Bldg., Detroit 26, Mich......ccccevnnne 420
— Calcium chloride

Concrete Masonry Products Co., 140 W. 65th St.,, Chicago, .., 385
— Non-shrink metallic aggregate

Dewey and Almy Chemical Co., Cambridge, MassS......cciiniiniiiniiine, 412-5
— Air-entraining and plasticising agents

Horn Co., A. C, Long Island City 1, N. Y e L NPT PR 417
— Waterproofing

Hunt Process Co., 7012 Stanford Ave., Los Angeles 1, Calif...ccciiviiiiiiiiinniciniinn 425
— Curing compound

Inland Steel Co., The, 38 So. Dearborn St.,, Chicago 3, Hl.iiiiieeeeeees 384
— Reinforcing bars

Lone Star Cement Corp., 342 Madison AVe., N. Y e 382-3
— Portland cements

Master Builders Co., The, Cleveland, Ohio, Toronto, O Nt.....ccviviiniiiiiiiniinies 402-5
— Cement dispersing and air-entraining agents

Rail Steel Bar ASSOCIALION oot s 386
— Reinforcement bars

Richmond Screw Anchor Co., Inc., 816 Lifcerty Ave., Brooklyn 8,N. Y ....iinnn 408

— Form tying devices

Sika Chemical Corp., 37 Gregory Ave., Passaic, N. J
— Waterproofings, plasticizer, and densifier

United States Rubber Co., Rockefeller Center, New York 20, N..Y i 401
— Form lining

Testing Equipment

American Machine & Metals, Inc., East Moline, I1ll.. . . 388
— Riehle hydraulic testing machines



Here's

Lookahead ayearortwo...for
your own sake.

Over on the dark side is this:
Every unnecessary thing you
buy helps shove the country one
step nearer inflation and the bad
times that come in inflation’s
wake.

Over on the bright side is this:
Every single cent'you save helps
move you and your country one
step nearer the kind of prosper-

ous, happy, postwar America
you want.
Okay—you're human. You're

thinking mainly about yourself.

YOU SHOULD. Because if
every man Jack (and every girl
Jill) buys nothing he can get
along without .. . (avoids Black

where you stand today!

M arkets and "just-a-little-
above-the-ceiling” like the

plague!) . . . pays off the mort-
gageorany other debts . . . takes
out more insurance . . . builds a

healthy sock of savings...buys
and holds more War Bonds—
inflation will stay away from
our door.

And Jack and Jill will be in a
sound position no matter what
times come.

Maybe you ought to clip this
signpost and paste it in your pock-
etbook as a reminder thatyou can
BUY your way to bad times. Or
you can SAVE your way to good
ones.

That’s where YOU stand to-
day.

4 THINGS TO DO to keep
prices down and to protect
your own future!

1. Buy only what you really
need.

2. When you buy, pay no more
than ceiling prices. Pay your
ration points in full.

3. Keep your own prices down.
Don’t take advantage of war
conditions to ask more for your
labor, your services, or the
goods you sell.

4. Save. Buy and hold all the
War Bonds you can afford—to
help pay for the war and pro-
tect your future. Keep up your
insurance.

A United Staten Wur message prepared by the War Advertising Council; approved by the Office of War Information; and contributed by
this uiusu/inc in cooperation with the Magazine Publishers of America.



Three announcements
important to all
JOURNAL readers
appear on the second
white page of this
issue (p. ii). Please
note:

1.
2.
3.



