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It Is the policy of the A m erican Concrete 
Institute to encourage participation by  its 
members and others in the work of extending  
the know ledge of concrete and reinforced 
concrete as a basis for improved products 
and structures.

To this end the Board of Direction has 
assigned to the Publications Committee the  
responsibility of selecting for publication such 
papers, committee reports, discussions and  
other contributions or parts of such contribu
tions, as in the judgment of the Committee, 
seem to offer most of value in atta in ing  Insti
tute objectives within space requirements, 
consistent with budget limitations.

A M E R IC A N  CONCRETE 

INSTITUTE

N E W  CENTER B U ILD IN G  

DETROIT 2 , M IC H IG A N

•  The New York Convention, Feb
ruary 1945 will include none of the 
usual technical sessions— a luncheon- 

business meeting only at noon, Feb
ruary 16, with meetings of Board o? 
Direction, and of the Advisory and 
Publications Committees, February 14 
and 1 5 and 16. (See News Letter p. 1)

•  The American Concrete Institute 
has announced the inauguration of 
the A C I Construction-Practice Award, 
to be given for a paper of outstanding 
merit on concrete construction practice. 
Th is award is established to honor the con
struction man the man whose resourceful
ness comes in between the paper conception 
and the solid fact of a completed structure.

The token of the award is a suitable 
Certificate of Award accompanied by 
$300 (maturity value) of United States 
War Bonds Series E. It is hoped to 
enrich the literature of concrete con- 
struction-practice.

O Five cash awards are also announced 
for contributions to the job Problems and 
Practice pages September 1944 to June 
1945. For the contribution judged by an 
ACI Committee to rank as the best of the 
volume year (V. 41) $50.00; next best
$25.00; to each of the three next best 
$10.00. See announcement of these 
awards, June JO U RN A L or ask for a 
leaflet.

9 Discussion of report and papers in this 
issue closes April 1, 1945.

A  limited supply of separate prints of all 
papers and reports becomes available 
with the publication of each JO U R N A L  
issue (usually 25 cents each).
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Concrete Operations in the Concrete Ship Program*

By LEWIS H. TUTHILLt
M e m b e r A m e rica n  C o n c re te  Ins titu te

S Y N O P S I S

This paper describes only briefly the hulls constructed in the concrete 
ship program of the  U. S. M aritime Commission bu t goes into more 
detail in connection with problems encountered and their solution in 
the  course of these concrete operations. Construction joint procedure, 
lightweight aggregate concrete and mix control, handling, placing and 
vibration practice, curing, testing and repair problems are described 
in the belief th a t much of this information is applicable to any concrete 
work of high standard. Design of hulls is not discussed except as 
construction is affected. The ships have not been in service sufficiently 
long to justify much discussion of their performance or durability.

INTRO DUCTIO N

In the spring and summer of 1941, when demand for ship tonnage 
began to increase and there were indications that production of steel 
plate might not be sufficient for all demands, consideration was given 
by the U. S. Maritime Commission to the use of other materials for ships. 
After considerable investigation it was decided to inaugurate a program 
of reinforced concrete vessels. Inasmuch as such vessels require very 
little steel plate, their production would make use of a type of material 
and a class of labor which would conflict very little with the demands 
of steel ship construction. Construction of facilities, and later of hulls, 
began during 1942. While considerable difficulty was encountered 
during the first year of the program, due to lack of knowledge and 
experience, it was gradually overcome, and deliveries of concrete ves
sels started in 1943. The increasing number of vessels delivered in 
each succeeding quarter of 1943 (1, 4,11, and 17, respectively) is evidence 
of the soundness of the conclusion that such ships could be built. Their 
performance so far, as reported, justifies the decision to build them.

♦Submitted to the Institute August 22, 1944; approved for publication by U. S. Maritime Commission fSenior Engineer, Bureau of Reclamation, Denver, Colorado; Chief, Concrete Control Sub-Section’ Technical Divisioj.1 , U. S. Maritime Commission from March 1943 to July 1944
(137)



During the writer’s association with the program there were five 
concrete shipyards in operation, and five different designs of vessels 
built. Table 1 outlines the principal features of each design and the 
production of each yard :
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TABLE 1— O U TLIN E O F D A T A  O N  CONCRETE HULLS

Yard Numberbuilt
Lgth.

BPft.
Beamft. Depthft.

Displacem ent with cargo, long tons
Cargo,long

tons
Concrete 

cu. yd.
Steel,
short
tons

Savannah ............. 7 350 54 35 10930 5430 2730 1525
H ouston ................ 4 350 54 35 10930 5430 2730 1520
T am pa .................. 24 350 54 35 10930 5200 3100 1250
San Francisco. . . . 20 350 54 35 10930 5730 2600 1100
National C i ty . . . . 22 360 56 38 12750 6375 3200 1655
National C i ty . . . . 27* 265 48 17 M 4000 1600 1125 490
*These lighters were an extension of the initial program.

Steel vessels of similar type and cargo capacity would require from 
20 to 40 percent more steel, and practically all the steel used would be 
plate, instead of the relatively plentiful steel bars of the concrete vessels. 
While the intricate design and difficulties of construction ran the costs 
of the early concrete hulls very high, indications are tha t a properly 
designed concrete hull, on a production basis in well-equipped yards, 
could be built for no greater cost, and possibly less, than a corresponding 
steel hull. A good reinforced concrete vessel should have a consider
ably longer life and lower maintenance costs, particularly as a tanker 
or for other specialized cargoes, although the weight of the hull is 
appreciably greater. Considering all factors, it is possible th a t the cost 
per ton mile of transportation in concrete ships or barges would be no 
greater in some services and might even be somewhat less, than in steel 
ships, despite the higher cost of propelling the heavier concrete vessels, 
either by self-propulsion or by towing.

G EN E R A L DESCRIPTION O F HULLS

All vessels built during this program except the Tampa vessels were 
barges or lighters, with no propulsion machinery and were designed 
for towing, either singly or in tandem. At Tampa, self-propelled, dry- 
cargo vessels were built, officially called the C l-S-D l design. The 
Savannah, Houston, and the first National City vessels were oil barges, 
composed of separate cargo holds or tanks, each of which had to be “bottle 
tigh t” on every face under a hydrostatic test with water 8 feet above the 
deck. Dry cargo hulls had to be practically as watertight under test, 
but the tests were either at lower head or made with hose pressure. 
The shells of the vessels ran from 4 ^  in. to 6 in. thick (except the group
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of lighters built a t National City), contained from 3 to 5 “layers” of 
closely-spaced steel bars, and were designed for a coverage over the steel 
of M-in. on the exterior or outboard face, and H-in. on the interior or 
inboard face throughout. I t might be mentioned that our investigation 
of concrete vessels built during the World War I period indicated that 
where the coverage over the steel was %  in. or more, the steel rarely 
rusted or became exposed by spalling of the concrete.

Fig. 1— One of four con
crete oil barges built at 
Houston. Seven similar 
tankers were built at Sa
vannah.

The oil barges built at Savannah and Houston (Fig. 1) were identical 
in design. These hulls had two longitudinal bulkheads and ten trans
verse bulkheads, the latter on 32-ft. centers, forming in the midship or 
parallel body section center tanks 18 ft. 4)^ in. by 32 ft., and wing tanks 
17 ft. 9 ^  in. by 32 ft. Transverse rib framing was spaced at 10 ft. 8-in. 
centers and supported a system of horizontal beams at approximately 
4-ft. centers which in turn supported the 4)^-in. shell and 4-in. bulk
head slabs, as shown in Fig. 2 (and in Fig. 40). The bottom slab was 5 
in. thick, the deck 4 in. Reinforcing details are in Fig. 3.

The oil barges built at National City, California, (Fig. 4), had only 
one longitudinal bulkhead a t the centerline. This fact and the use of 
rib frames at 5 ft. 5Yi in. centers as shown later in Fig. 39, without 
horizontal beams for the side shell (except behind fenders) resulted in 
an appreciably simpler structure, easier to construct than the other oil 
barges of the program. Transverse bulkheads were spaced at 27 ft. 2J^- 
inch centers and were carried on a system of vertical ribs held by tie 
beams or struts at midheight shown later in Fig. 28. Bulkhead and 
sideshell slabs were 43^ to 5 in. thick, bottoms 5 in., and decks 4^  in. 
Fig. 5 shows the reinforcing of these slabs.

The dry cargo, self-propelled ship built at Tampa (Fig. 6), had trans
verse bulkheads at 32 ft. centers with no longitudinal bulkheads except 
in one bay where there were two, which form two 17 ft. 5)^-in. by 32-ft. 
wing ballast tanks with a 19 ft. 1 in. by 32-ft. void space between them .
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In these hulls, ribs on shell and bulkheads were spaced on 10 ft. 8-in. 
centers and carried horizontal beams at about 4-ft. centers which sup
ported the 6j^-in. shell and 4-in. bulkhead slabs. Bottom slabs were 6)4 
in. thick and the decks 5)4 iQ- thick. See Fig. 3 for reinforcing details.
Fig. 7— One of 20 dry 
cargo towing ships built at 
San Francisco.

The dry cargo barge built a t South San Francisco (Fig. 7) was prob
ably the easiest hull to build in the initial program, but as Fig. 8 shows, 
it was by no means simple. I t  had no horizontal beams in the bulkheads 
or shell except opposite fenders on the latter, the slab of tapering thick
ness being supported directly on ribs a t 6 ft. 4-in. centers. There were 
no longitudinal bulkheads. Transverse bulkheads were spaced a t 32 
ft. Slab thicknesses were 7 to 4)4 in. bottom to top in the transverse 
bulkheads 7 to 6 in. bottom to top in the shell, 7 in. in the bottom, 5 
to 634 in. in the deck. See Fig. 3 for details of reinforcing.

In frames and beams for all four of these hulls, bars up to 134-in. 
square were used in various amounts and patterns with closely spaced 
stirrups as shown in Fig. 9, 10 and 11. The general detail of steel in 
the shell, bulkhead, and deck slabs for all hulls is shown in Fig. 2 and 3. 
The density of steel in the concrete is realized when it is noted th a t about 
34 ton of steel was embedded in each cubic yard.

Of entirely different design were the 25 lighters built a t the National 
City yard in 1944. Two longitudinal bulkheads 10 ft. apart provided 
void spaces on the centerline as shown in Fig. 12. Six transverse bulk
heads separated remaining space into 12 cargo holds approximately 
19 by 48 ft. and the void space a t the fore peak. This hull was un
encumbered with ribs, beams, frames, columns, pilasters or struts as 
shown in Fig. 2. Shell sides, bottom, deck and bulkheads were flat 
slabs completely unrelieved except for haunches a t the connections and 
corners. Bulkhead slabs were 634 in- thick; all were precast (the trans
verse bulkheads in one piece, the longitudinals in lengths between trans
verse bulkheads); and in some hulls all 20 pieces, most of them weighing
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Fig. 11 (top)— Reinforcing in sideshell, beams, and ribs between bulkheads, Savannah hull.

Fig. 12 (bottom)— Precast bulkheads partially set in National City lighter. Concrete cast 
in bottom, sides, and deck and at intersections welded structure into a reinforced mono
lithic unit. One was built in bYi days.



Fig. 13— Setting 22-ton 
precast length of longitu
dinal bulkhead in National 
City lighter. A ll precast 
bulkheads were set in this 
simplified hull in 3 hours.

146 JOURNAL OF

22 to 24 tons each, were set in less than three hours (Fig. 13). There 
was no welding of bottom and side connections as protruding bar detail 
was shaped to become interlocked with steel in the bottom, side shell 
and deck. Longitudinal steel, Y  in. round at 6-in. centers, protruded 
from both ends of the precast lengths of longitudinal bulkhead and was 
welded to similar bars which pierced the transverse bulkhead at the 
intersections. 15-in. slots where this welding was done were concreted 
separately before setting the deck forms. The bottom slab was 7)^ to 
9 in. thick, the sides 8 in., and the deck 7 in.

With straight slab construction of these thicknesses, absence of ribs 
and beams, and with the reinforcing steel spaced to allow general access 
for the internal vibrators, these hulls were designed for efficient concrete 
construction. One of them was actually built and launched in 6 ^  days. 
Because of the thicker walls and surer placing of the 2 to 3-in. slump 
concrete, no cracks or leaks developed in the shells during hydrostatic 
testing. This radically new design was far better suited to reinforced 
concrete than any of the earlier designs, which consisted largely of the

THE AMERICAN CONCRETE INSTITUTE J a n u a r y  1 9 4 5



CONCRETE OPERATIONS IN THE CONCRETE SHIP PROGRAM 147

substitution of a reinforced concrete member for the corresponding 
member of a steel ship, and eliminated almost entirely the complica
tions in steel setting, form construction, and concrete placing which 
caused relatively slow construction and high costs in the earlier vessels. 
I t is a m atter of regret that the idea of flat slab design without frames 
and beams could not have been carried out in a larger vessel, similar 
to the oil barges, while the program was still under way, and it is defi
nitely the writer’s opinion tha t any future concrete ship program should 
start with this type of design—or not start.

CONCRETE M A TE R IA LS

In hulls containing about 3000 cu. yd. of concrete, nearly 40 tons of 
dead weight could be converted to cargo capacity by each reduction of 
one pound in the unit weight of the concrete. Since this multiplied 
to very appreciable tonnage when the 144-lb.-per-cu.-ft., natural aggre
gate mix was reduced 20 to 40 pounds in weight by the use of various 
types, amounts and conditions of light-weight aggregate, favorable 
consideration was given to the use of light-weight material. Tests were 
made to determine whether physical properties of light-weight aggregate 
concrete, such as flexural and compressive strength, diagonal tension, 
shrinkage, toughness, bond and impermeability, and other properties 
less clearly evaluated, were of sufficient quality to warrant acceptance 
of such concrete as a safe practical substitute for concrete made of natural 
aggregate, also whether its strength was sufficient to meet the rigid 
specification requirement of 5000 psi compressive strength at 28 days 
for hull concrete.

I t  appeared from these tests that hght-weight aggregates could be 
used with confidence, but, as an additional factor of safety and to create 
slightly greater toughness, it was agreed to include in the mix a minimum 
of 15 percent natural sand. In the National City yard from the start 
(where light-weight fine aggregate was difficult to obtain, and expensive) 
and later with St. Louis coarse Haydite a t Savannah and Tampa, all 
natural fine aggregate was used. There has been no evidence tha t this 
large percent of natural sand resulted in any measurable or observable 
benefit to the hulls and it did add about 400 tons extra weight. At both 
Savannah and Tampa no difference could be found between the hulls 
with the different amounts of natural sand tha t could be positively 
correlated with the difference in natural sand content.

Typical average physical properties of the various aggregates used, 
including the natural sands, are shown in Table 2.

Haydite, a manufactured light-weight fine and coarse aggregate, con
stituted the largest volume of light-weight material used. At one time 
or another Haydite was used in all yards and came from three plants—
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TABLE 2— A V E R A G E  PHYSICAL PROPERTIES O F  A G G R E G A TE S  USED A T  
THE FIVE CONCRETE SHIPYARDS

Yard Aggregate
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Percent Retained Each Size, B y Weight
34 ' No. 4 8 16 30 50 100 P F. M.

Savannah E. St. Louis Haydite .L i ' 40 23 1.09 8 31 46 ill 5 6.27
E. St. Louis H aydite Vs" 41 21 1.14 7 59 28 6 5.67E. St. Louis Haydite No. 8 50 20 1.24 8 34 24 11 8 15 2.78Natural Sand No. 8 99 1 2.62 1 3 14 31 29 16 1 2.44

Houston Kansas City Haydite Li" 42 24 1.25 10 61 20 5 1 0 1 2 5.60Kansas C ity Haydite No. 8 51 22 1.43 15 33 24 15 6 7 3.15Natural Sand No. 4 101 1 2.60 9 16 13 14 36 11 1 3.11
Tampa E. St. Louis Haydite Li" 35 12 1.12 14 30 46 5 2 0 1 0 2 6.30E. St. Louis Haydite Vs" 37 15 1.14 6 60 2* 4 0 0 0 2 5.58E. St. Louis H aydite No. 8 46 19 1.50 7 31 23 15 11 13 2.69Nodulite L i' 42 8 1.29 9 41 44 2 0 0 0 1 3 6.34Nodulite Vs" 46 8 1.42 44 50 2 0 1 1 2 5.25Nodulite No. 4 61 7 1.86 1 15 31 17 12 11 13 2.91Natural Sand No. 16 101 1 2.62 3 25 15 25 2 2.02
S. San Kansas City H aydite No. 8 55 21 1.49 16 38 21 11 8 6 3.25Francisco California H aydite Li" 46 13 1.50 13 48 33 5 6.68California H aydite Vs" 47 12 1.51 2 75 18 5 5.74California Haydite No. 8 65 12 1.74 29 32 17 N 7 7 3.47Natural Sand No. 8 95 2 2.57 0 13 24 24 18 15 6 2.84
National Kansas C ity H aydite L i' 43 17 1.32 13 65 23 5.91City Kansas City Haydite Vs" 47 16 1.39 1 32 4(1 27 5.07Kansas City Haydite No. 8 50 11 1.55 18 35 23 13 6 5 3.31California Haydite Va." 44 8 1.34 1 46 34 17 2 7.27California Haydite L i' 48 8 1.50 7 49 42 2 6.61California Haydite Vs" 49 8 1.60 79 19 2 5.77Rocklite Vi" 37 16 1.19 2 75 21 2 7.76Rocklite Li" 42 19 1.21 14 62 23 1 6.89Rocklite Vs" 44 19 1.25 5 89 5 1 5.98Airox % " 39 5 1.10 3 49 38 10 7.45Natural Sand No. 8 93 0.7 2.63 3 19 27 36 12 3 2.56

San Rafael, Calif., Kansas City, Mo., and East St. Louis, 111. I t  is a 
crushed product, rough, sharp and angular. Briefly, it is made by crush
ing and screening the clinkered product of burning suitable shale in a 
rotary kiln at a temperature of about 2100 to 2000 F. until the degree 
of vésiculation necessary to produce material of the desired unit weight 
and strength is obtained.

Rocklite was manufactured in a small new plant a t Ventura, Calif., 
and the entire output was used at the National City yard. I t  was pro
duced as an individual, nearly spherical, particle with a thin shell and 
vesiculated interior in coarse sizes only. I t  wrns made by crushing, 
screening, and burning appropriate sizes in a rotary kiln at a temperature 
of about 2170 F. Despite the irregular shape of the particles as they enter 
the kiln, the processing and expansion during burning results in a re
markably well-rounded material.

Nodulite was made in a large new plant at Ellenton, Fla., and was 
used only at the Tampa yard. I t is a coated, vesiculated, spherical 
particle produced by burning in a rotary kiln at about 2050 F. The
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nodules were prepared for kiln feed by a “nodulizing” process in which 
pulverized and dried Fuller’s earth was fed into a large revolving drum 
containing adjustable water sprays and came out rather hard damp 
balls ranging in size from to 1 in., which shrink considerably in burn
ing. The nodules were dusted with fine silica sand to prevent them 
sticking together when burning. After burning, all oversizes and some 
excess intermediate size was crushed and rolled, and blended in screening 
with the kiln-run fine nodulite aggregate.

Type II modified cement was selected for the hull concrete because of 
its moderate heat of hardening (important because of the massive ribs 
and beams in relation to thin shell structure), its expected durability, 
and its better resistance to sulfate waters. For these reasons the manu
facturers were encouraged to supply cements that were as far toward 
low heat and sulfate resisting compositions as practicable and yet give 
adequate strength at 10 and 28 days. Table 3 lists the general properties 
of cements used in the various yards. More than one column of data 
means tha t more than one brand of cement was used in tha t yard. Mod
erately high fineness was considered desirable because of the importance 
of reducing bleeding for the enhancement of water tightness and the 
benefit of workability.

MIXES A N D  PROPERTIES O F HU LL CONCRETE

The principal mixes and their average properties are shown in Table 
4. During the investigations of light weight aggregates by separate 
laboratories working for the Commission and for the builders, trial mixes 
were made and proportions arrived at for use in the yards. To secure an 
ample margin of strength over the required 5000 psi at 28 days and high 
values of tensile strength and watertightness, about 9 sacks of cement 
per cu. yd. were used in most mixes. With this much cement and a 
maximum aggregate size of ^  to ^  in. there were few if any mixes (at 
a slump from 2 to 6 in.) that were not highly workable and readily and 
solidly placed by the minimum amount of vibration essential to the 
placing of any of the mixes. To one whose experience has been mostly 
with relatively lean mixes and aggregates graded to comparatively large 
maximum sizes, all the mixes looked like mortar and extremely workable.

As is usual on a concrete job, when something goes wrong and placing 
results sometimes are not all they should be, even these mortar mixes 
would come under fire. There were solemn discussions of the significance 
of quarter-bag changes in cement content (3 per cent), changes of a few 
percent in the amount of sand or fines in the sand, minor shifts here 
and there in the grading curve, quarter or half-inch differences in slump. 
Actually there were very few imperfections, other than those due to
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leakage or failure of forms, tha t a little more well-timed vibration at 
that spot would not have eliminated regardless of the mix or the slump.

The question of consistency was much discussed in the concrete ship 
program. Correctly recognizing tha t vibration would have to be applied 
to every shovelful of concrete in a hull if reliable results were to be 
obtained, early investigators of the mixes assumed that, since such 
thorough vibration would obviously be necessary and, in this day of 
vibrated concrete, would not be impracticable of attainm ent, advantage 
could be taken of the vibration to use concrete having a slump of 2 in. 
Although desireable, this did not sufficiently recognize the amount of 
slump loss (sometimes none, often % to 1 in., sometimes as high as 2 in.) 
that occurred from the time concrete was delivered from the mixers 
until it was all placed in the form, nor the human equation in obtaining 
complete vibration. Nevertheless, the first hull in the program was cast 
at National City with an average slump of 3 in. and no admixture. As in 
most things, the first attem pt left some things to be desired and in the 
next hulls, average slump was increased to 4 in. where it remained for 
the side shell concrete but was returned after a few hulls to 3 in. for the 
bottom and deck concrete and excellent results were attained.

Before South San Francisco, Savannah, Houston and Tampa yards 
were ready to place their first concrete and prior to the writer’s con
nection with the program, decision had been made to use a retardant 
admixture because some were fearful of cold joints. (Actually, reactiva
tion of the previous lift is inconsequential, as was amply demonstrated 
at the construction joints. The main thing in preventing cold joints, 
regardless of age or hardness of previous lift, is to see th a t the bottom  
few inches of next lift is vibrated adequately.) This admixture also 
increased 28-day strength about 5 percent which sometimes was needed, 
and increased the slump from 4 to about 6 in. with the same w ater 
content. (It did not decrease slump loss however and slightly increased 
bleeding, even at the same slump as concrete without it.) Consequently 
first concrete in these yards was mixed at the 6-in. slump on the theory 
they needed all the slump they could get and after all, with the admix
ture, they were using only as much water as would be required for a 
4-in. slump.

However, with the influence of the National City contractor, who fully 
understood and appreciated the importance of well placed medium-low- 
slump concrete, and who did not increase his slump when the admix
ture was added, and with gradual improvement of concrete control and 
experience in the other yards, slumps were brought down gradually 
until practical minimum medium slumps were generally in use through
out the program. Final average slumps were seldom much over 4 in. 
except when conditions were such tha t slump loss was consistently an
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inch or more. Fig. 14 shows maximum, minimum, and average slumps 
for the sideshell concrete for each hull in each yard. Slumps for bottom 
and deck concrete averaged up to an inch lower. The South San Fran
cisco yard was particularly successful in getting down to low slumps 
(Fig. 15) and at the same time getting excellent, well-placed concrete. 
I t  takes high class performance to get such results with 3-in. slump con
crete as delivered at the hull or a net slump of in. at the forms after 
an average loss of % in.

With aging and drying of the earlier hulls and due to the various 
construction, testing, and natural loadings, fine hairline shrinkage and 
deflection cracks appeared in various beams and slabs. There was 
nothing abnormal or indicative of failure in these cracks. In fact, they 
were abnormally inconspicuous as concrete work goes. All were less 
than one hundredth of an inch in width; most were barely visible, prob
ably not over two thousandths inches wide. Although of a character that 
would go unnoticed in an ordinary structure and the whole be rated

Fig. 14— Slump record of 
sideshell and bulkhead 
concrete.
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near perfection as far as cracking goes, some of the cracking of this 
ordinarily negligible character caused difficulty in concrete ship delivery 
because in certain prescribed hydrostatic tests some of these cracks in 
thin panels (often due to deflection from the high load of the test pres
sure) permitted a slight showing of moisture and caused rejection by the 
ship classification society. Repeated repairing and retesting was neces
sary with resultant delays and the inevitable questioning of the concrete 
mix. Particularly the tensile strength of concrete containing Haydite 
light-weight, fine aggregate was questioned despite the fact tha t the 
tensile strength in concrete structural design has quite universally been 
regarded as zero. Consequently, since the hull mixes were little more 
than mortars, many briquett tensile strength tests were made and are 
reported in Table 5. I t is considered of interest that, except for those 
without curing, all are substantial high values regardless of the char
acter and amount of fine light-weight aggregate.

CONCRETE PRO DU CTIO N A N D  M IX  CO N TR O L

Aggregate was received in open cars or barges and was rehandled to 
stock piles and then to batcher bins by clamshell buckets or belt con
veyors. The latter were less desireable and resulted in considerable 
separation because they necessarily deposited the material mostly at 
one point and there was considerable undersize material in the light
weight aggregates, especially the Haydite.

All aggregates were manually batched by weight. Most yards used 
bulk cement and batched it by weight. Water was measured by volume, 
usually in wobbly-disc water meters of standard make. There was 
nothing unusual about any of this equipment necessitated by use of 
light-weight aggregate. Some was new and some had been used pre
viously. Automatic batching would have been preferable.

Mixing equipment varied. At the South San Francisco yard concrete 
was centrally mixed for 3 minutes in two 2-yd. double-cone tilting mixers 
and conveyed to the hull side in 4-yd. truck mixers. At National City 
one-yard batches were mixed 3 minutes in paving mixers at the hull. 
At the other three yards the concrete was entirety mixed in truck mixers 
a minimum of 6 to 7 minutes.

Although hourly moisture samples (and in some yards, specific gravity 
samples) were tested and used as a basis for batch weight and water 
adjustment, the basis of mix control was slump and unit weight. Re
gardless of aggregate tests, water was adjusted to produce the desired 
slump. Regardless of specific gravity tests, batch weights were adjusted 
on the basis of unit weight tests to produce concrete of the proper yield 
and cement content. Regardless of yield and computations from unit
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TABLE 5— TENSILE STRENGTH, H U LL CONCRETES, PSI*

Cured 7 days,then in Lab.
Percent N atural Sand M oist Cured lab. air air

1 ......... until 28 days
28 days** 1 28 days 28 days old

St. Louis H aydite concrete, Savannah mixes
All H aydite ....................................... 410 455 420 __
15% N atural sand ........................... 445 430 395 ---
25% “ “ ........................... 470 500 450 __
50% “ “ ........................... 475 515 440 __

St. Louis H aydite concrete, Tam pa mixes
All H ayd ite ....................................... __ 490 400 350
15% N atural san d ........................... ---- 455 380 320
25% “ “ ........................... ---- 600 530 430 .
50% “ “ ........................... --- 590 400 390

Kansas C ity H aydite concrete, Houston mixes
All H aydite ........................................ --- 505 515 31015% N atural san d ........................... 525 550 560 35025% “ “ ........................... 560 565 550 36050% “ “ ........................... 545 580 560 370

San Rafael H aydite concrete, San Francisco mixes
All H ay d ite ....................................... --- 550 530 45015% N atural san d ........................... --- 550 545 37525% “ “ ........................... 500 540 485 47550% “ “ ........................... 470 525 525 220

Nodulite concrete, Tam pa mixes
All N odulite...................................... 430 480 433 32915% N atural san d ........................... 435 483 428 35625%  “ “ ........................... 445 578 450 36250% “ “ ........................... 475 529 418 362

*Each value is the average of 4 to 6 briquette tests. Sixty tensile strength tests of 20 mixes in 43^-inch dia. specimens showed an average strength 11% greater than corresponding briquette tests.**These data from series of check tests.

weight, whole batches were measured for volume in calibrated containers 
of appropriate size. By means of such tests and such procedure, the mix 
was generally closely controlled within the limits desired. Net W /C 
was usually less than .50, often less than .46 by weight. Although W /C 
was the basis of the mix for concrete quality it was not the means but 
the result of mix production control.

At the beginning of concrete operations it was taken for granted that 
uncontrollable variations in slump and yield would result unless the 
highly absorptive light-weight materials were completely saturated.
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When concreting started, materials had been on hand for some time and 
were well soaked by having been sprinkled for days previously. N atu
rally no difficulty was experienced with control. As concrete production 
increased and new supplies of light-weight aggregate arrived, there was 
not always time to saturate the material completely before it had to be 
used, as it required several days for complete saturation of the material 
regardless of how wet it was kept. The result was tha t aggregates of 
varying degree of saturation were used but no particular additional 
difficulty was noticed in maintaining slump and yield by the methods 
of control described above and slump loss was no more than usual.

It was then suspected tha t the original idea that light-weight aggregate 
had to be saturated for uniform results was not only incorrect but that 
better control and better concrete (at least lighter weight concrete) 
could be made if the aggregates were used in the driest practicable 
condition. Enterprising concrete engineers for the builder a t South 
San Francisco completed an important series of tests of ship concretes 
using saturated and dry coarse aggregate and showed that compressive 
strength was increased slightly and unit weight was decreased about 3 
lb. per cu. ft. (and remained so in wet storage for 365 days) by use of 
the dry materials. Contemporary investigators* found that concrete 
using material soaked only 30 minutes (as it would be if used dry in 
concrete) was a t least twice as resistant to freezing and thawing as con
crete using saturated material. Earlier testst showed tha t drying 
shrinkage after 2 years was no different for concrete made of dry Hay
dite than for concrete made of saturated Haydite.

As this information became known in the other yards there was a 
marked decrease in efforts to saturate the material. Control of slump 
and yield on the job proved to be no more difficult than for the saturated 
material. Reason for this is that all the absorption that takes place at a 
rapid rate was completed prior to discharge of the concrete from the 
mixer. Consequently, when sufficient water was added to the batch to 
provide for the immediate absorption of the aggregate, and concrete 
was mixed to the proper slump before it was discharged, there was no 
more than usual slump loss as a result of using dry or only partially 
saturated material. When the material was rained on it was only par
tially saturated and this merely changed the amount of extra water 
which had to be provided for immediate absorption. From laboratory 
data on the absorption capacity of the material and the water content 
when batched, the effective W /C was computed.

»Carlson, R . W . and Forbrich, L. R.
fF . E . Richart and J. E. Keranen, "Shrinkage of Haydite and Sand-Gravel Concrete” , 1936 report of A. S. T. M . Committee C-9 (Appendix IV).
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Slump and unit weight tests were frequently made for the record and 
as a basis of mix adjustment. At Tampa, a slump test was made on 
each 3)/2-yd. batch (Fig. 16, p. 154) but not before its discharge was begun 
if it appeared to be about the right slump. Sets of 6 by 12-in. cylinder 
specimens were made for tests a t various ages. Each set represented 
about 250 cu. yd. of concrete. Simultaneous aggregate samples were 
taken from materials measured for the batch from which concrete speci
mens were made. The tested batch was not selected a t random but was 
spaced at stated intervals to avoid preferential selections and permit 
the previous taking of aggregate samples. Typical average results are 
shown in Table 4.

FORMS

Except for the use of steel forms for the interior of the mid-section 
at National City and Tampa, forms were of wood. Sheathing of wood 
forms was generally %-\n. plywood except for the bottoms of the Tampa 
hulls where 1 -in. T and G cypress of random widths was used.

Since all concrete placing was from inside the hulls there were no 
openings in the outside forms (except tha t in later hulls a t  Savannah 
and Tampa, there were slots at construction joints and in all bottoms 
for clean out). Outside forms for the entire hull were completed before 
any reinforcing or inside forms were placed in any of the yards. In some 
yards these forms were built in full height sections on towers which 
could be rolled back from the hull for launching (Fig. 17, p. 154). With 
relatively minor repair of sheathing, outside forms were reused as many 
as 6 times in completion of the contract and were still good for more.

Inside forms for the bottom lift were simplest of all, for the most part 
forming the sides of beams and ribs in which concrete could be placed 
through the top. Forms for the first lift in the bulkheads and the turn 
of the bilge usually required a closely spaced series of openings a t mid 
height, about 2 feet above the bottom.

Forms for the second lift, shell and bulkhead walls, varied consider
ably for the different hulls, the principal cause of difference being the 
many horizontal beams in the hulls in which the transverse ribs were 
spaced 10 ft. 8 in. Although the open tops of these beams were admir
ably arranged to admit the placing and vibration of concrete, being 
usually about 4 feet apart, there was some concern as to the reliability 
of concrete placing results when attem pting to place the concrete in the 
thin panels between beams in a 4 foot lift. This question was not ans
wered to the satisfaction of all when forms were stripped since, in the 
similar hulls at Houston and at Savannah there was no great difference 
in results, none being perfect without certain repairs, yet at Houston 
the concrete was placed beam to beam while at Savannah it was placed
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in shallow lifts through closely spaced openings between the beams as 
well as through the beams.

Inside forms for the Tampa ship, the other hull having horizontal 
beams, were built with the top half of the slab form between beams made 
in long removable panels which were placed in position only after the 
concrete in the lower half of the shell or bulkhead slab between two 
horizontal beams had been placed and vibrated. The panel was then 
set in and the concrete brought up to beam level (center of the beam or 
lower) placing through the beam. Because these forms were insecure 
under form vibration and resulted in bulges and overrun yardage in the 
hulls, they were changed to a double panel held in the center by a vertical 
waler bolted through the shell at each beam (Fig. 18, p. 154). In the top 
half of each panel was a full sized panel which opened out a t the top to 
form a wide chute to direct the concrete into the forms to fill the lower 
half of the lift from beam to beam. These forms were a great improve
ment and reduced bulging considerably.

Fig. 19— Shallow-lift steel 
forms were placed one lift 
at a time as the concrete 
was placed at National 
City and provided needed 
accessibility for placing 
concrete.

From the standpoint of construction advantages, hulls with closer 
ribs and fewer horizontal beams were distinctly superior. In the Na
tional City hull, the only forms (steel) in place in the mid section at the 
start of the second lift of concrete placing were those anchored on the 
faces of the ribs and the first series of steel panels (12 to 15 in. high 
depending on location) around the bottom of the lift just above the 
construction joint. Successive series of U-shaped steel panels were 
installed after each previous series had been filled with concrete (Fig. 
19). At the San Francisco yard a shutter-type wooden form was used 
with excellent results. The feature of this form was a tall double frame 
forming the panel between ribs. In the tall rectangular openings of 
these frames were sliding shutters, 12 in. high, each originally mounted 
a foot above its final position (Fig. 20). After each 12-in. layer of con-
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Fig. 20 —  Drop - shutter forms 
at San Francisco permitted 12-inch 
lifts of concrete with good ac
cessibility for placing shell and 
bulkhead concrete. Box panels 
(right) were used similarly in 
warped and tapered surfaces.

crete was placed, another round of shutters was dropped into place and 
concrete raised another foot. Both types of forms afforded splendid 
accessibility for placing and vibrating the concrete. In this, as in all 
except the National City forms, frequent openings in the sides of the 
rib forms were provided for introduction and vibration of the concrete.

Although forms were generally as satisfactory for placing concrete as 
hull design would permit, and changes were made to improve their 
security, over-run in concrete placed (from 1 up to 10 percent of the 
computed volume) was never eliminated. This was a serious addition 
to the deadweight of the hulls and presents a challenging problem to 
form designers at the outset in any further construction of this kind.

H A N D L IN G  A N D  P L A C IN G  THE CONCRETE

There was nothing unusual about methods of transporting and handling 
the concrete from mixer to the forms. At Tampa mixer trucks discharged 
into bottom dump buckets which were swung by crawler-tj^pe cranes 
to buggy-loading hoppers on a runway at proper elevation for each of 
the 3 major placements. At the other yards, mixers discharged into 
skip buckets in elevators at the side of the hull and these were emptied 
into buggy loading hoppers at deck level and concrete was dropped 
through drop chutes from the buggies to the proper level or from the
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buggies into position in the deck. Exceptions to the latter were for the 
decks at National City and South San Francisco where gantries or 
crawler cranes swung 1-yard buckets of concrete from the mixers to 
position in the deck and the concrete was dumped directly in place with 
some spreading from the bucket. At these two yards, location of the 
construction joint high, so that very little shell and bulkhead had to be 
placed with the deck and relatively less congestion of steel in the deck 
beams a t these yards, made such procedure practicable where it would 
have resulted in seriously unsuccessful placing in the more difficult 
deck structures at the three eastern yards.

At Savannah, all concrete for all except the beam and slab portion of 
the deck was dumped from the buggies into shallow batch boxes from 
which it was passed by the bucketful into place, even into the bottom 
slab. At other yards, except in tight spots where it was impracticable 
to do so, the discharge of drop chutes was directed into the forms by 
means of small wooden chutes as the buggies were slowly dumped above 
in accordance with signals from a semafore at the hopper which was 
actuated from below. In the tight spots concrete was dumped into a 
batch box and shoveled or bucketed into the forms. In practically all 
cases, it was necessary to run an immersion type vibrator in the concrete 
as it entered the forms to keep it flowing out of the way from the chute 
or bucket.

There were many special problems in placing hull concrete that had 
to be recognized but their solution was largely a m atter of application 
of basic principles of concrete placing. For instance, in early hulls poor 
results were obtained when the bottom concrete was started in one or 
both of the peaks and developed down the slope toward the mid-section. 
Naturally, when vibration was transmitted back through steel and 
forms, this concrete settled and here and there came apart and required 
later repair because it was not tight. This was corrected by requiring 
all placing to begin at the lowest point and work up the slope, thus letting 
transmitted vibration further compact the concrete. Even so, some
times crews would place concrete in the bilge beams and slabs in the 
peaks before placing concrete below them in the keelson and adjacent 
flats and beams in succession toward the bilge. Trouble would result 
in the bottom placement when concrete was placed higher in one mem
ber, such as a transverse bulkhead, than the top of intersecting members, 
such as longitudinal beams, before the latter were placed and vibrated. 
Invariably, this resulted in pulling concrete down in the bulkhead and a 
repair would be necessary. This was corrected when no concrete was 
placed above a specified level until all adjacent placing and influencing 
vibration in tha t area was completed up to that level.
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The question of whether the first concrete in the bottom  should be 
placed in the slabs or in the bottoms of beams and bulkheads was a 
perennial that was good for a debate anytime. Although good results 
could be and were produced in some cases, placing the first concrete in 
the slab, some reconstruction had to be done following this procedure. 
I t was required tha t first concrete be placed and vibrated directly in the 
bottom of frame, keelson, and large longitudinal beams (but not low 
narrow ones which filled reliably a t the bottom  from the slab), and in 
bulkheads sufficient to fill completely the portion of the slab under such 
members with as little additional concrete in the members a t th a t time 
as possible. See Fig. 21. This was required on the theory tha t good 
results would be best assured if the joining between slab concrete and 
beam concrete was made in the open rather than out of sight, under the 
toe plates of the form or splays, and results were good.

Height of lift came in for considerable discussion. This was not a 
m atter for an arbitrarily selected dimension. M atters of relative acces
sibility for placing and vibrating the concrete and the sufficiency of vibra
tion, required consideration as did those of form construction and the 
shape of the structure. There was no question but tha t all things being 
equal, a shallow lift of a foot or so (as used in the California yards) was 
ideal. However, the horizontal beams in the other hulls made such a 
lift prohibitive in form detailing. Houston elected to place the concrete 
beam to beam with vigorous form vibration on the panel. Savannah, 
in the same thin-shelled hull, cut closely spaced pockets between the 
beams and placed 2 or 3 shallow lifts through the pockets and 2 or 3 
through the beams with the idea that frequent shallow lifts would avoid 
cold joints. Under the conditions, the beam-to-beam lift with good form 
vibration produced a tighter hull than the slow, bucket-by-bueket plac
ing of the very shallow lifts with only such vibration as could be obtained 
from flexible shaft vibrators pressed interm ittently against the steel 
and against the forms. At Tampa, the forms were built to open widely 
above the bottom half of each panel between beams; the  top half was
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placed through the beams (Fig. 18). When form vibrators were used 
during the placing of each of these hits, results were excellent but, even 
with the thicker shell than a t Houston and Savannah, the immersion- 
type vibrators alone could not be used to sufficient advantage to get 
reliable results.

V IB R A TIO N

The success of concrete placing in all parts of all hulls depended 011 

the thoroughness of vibration. Variations within practical limits of 
slump or mix were far less significant in determining the outcome of a 
placing operation than whether or not vibration had been adequately 
comprehensive and sufficiently sustained for full consolidation of the 
concrete. There were very few imperfections, other than due to form 
leakage, that a little more local vibration a t the right time would not 
have eliminated. With reinforcing as close and congested as it was and 
with the inherent sluggishness of light weight aggregate concrete, 7-in. 
slump required as thorough (though possibly slightly less sustained) 
vibration as 2-in. slump concrete. Not a shovelful of concrete at any 
slump could be reliably placed without vibration. As these facts became 
more generally recognized, there wras a wider recognition of the desira
bility of taking full advantage of this necessarily meticulous vibration 
regardless of slump to reduce water content of the concrete and derive 
the well-known improvements in concrete properties to be gained by so 
doing (Fig. 15, 22, 23 and 26). This is borne out by the trend of the 
slump test records shown in Fig. 14 and it was of interest to note that 
the low minimum slumps recorded resulted in no imperfections which 
could be attributed to them.

The question of the propriety of vibrating the reinforcing steel was 
often raised and never settled for some, never existed for others. At 
National City a device (Fig. 24) was used to attach form vibrators firmly 
to the steel to insure its thorough vibration in the side shell. At Savan
nah in their last hull, No. 7, every reasonable effort was made to vibrate 
only the forms and avoid vibrating the steel. Between these extremes, 
there was a variety of conditions in which both were vibrated but the 
steel received considerable vibration in all cases except in the Savannah 
hull 7. No difference could be found in the strength and water-tight
ness of the compartments of the National City hull under hydro-static 
test whether or not the steel was positively and directly vibrated. 
Somewhat lesser leakage in hull 7 than in former hulls could not be 
attributed entirely to avoidance of steel vibration as workmanship dur
ing placing was noticeably improved as a result of intensive instruction 
before concreting started. Evidently the amplitude of steel vibration
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Fig. 22 (left)— Newly deposited concrete in bottom flat, Tampa (step 2, Fig. 21). Note 
medium-low-slump, small-maximum-size, nodulite concrete.

Fig. 23 (right)— Medium low-slump concrete, Fig. 22, responds fully to action of immersion- 
type vibrator, extensively used in placing hull concrete.

Fig. 24— Attachment used 
at National City with good 
results to apply form vibra
tion directly to reinforce
ment during concrete plac
ing.

was dampened and reduced so much, as it penetrated into lower lifts 
of partly set concrete that might be incapable of responding to vibration 
and again becoming plastic, tha t no damage to the embedment and bond 
of the steel resulted.

Occasionally, and usually in the vicinity of a repair needed as a result 
of insufficient vibration, a loose vertical bar was found. Often incomplete 
vibration of any kind, or wet concrete and bleeding, resulted in lack of
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Fig. 25 (left)— Form vibrators were used effectively at Tampa on inside forms to supple
ment immersion-type vibrators which could not enter panels. Note method of direct 
placing from concrete buggies above.
Fig. 26 (right)— Medium-low-slump concrete placed in gunwhale beam at Tampa. 
Temporary pipe spreader, set with steel, maintained bar spacings for full penetration 
of vibrator.

tight closure under horizontal bars, particularly those of square sections. 
Although such bars were always tightly held by the concrete at the sides 
and over the bar, this condition under the bar reduced bond strength 
and often contributed to leakage. For this reason only round (but 
effectively deformed) bars should be used in horizontal positions in such 
highly stressed water-tight concrete construction. I t can be stated 
unquestionably that vibration of the steel by one means and another 
greatly aided placing of the concrete and caused the elimination of far 
more imperfections than it could possibly have caused.

Best vibration, as in ordinary concrete work, was obtained from the 
immersion-type vibrator when it could be gotten into the concrete 
(Fig. 23 and 26). Because often it could not, form vibrators were used 
considerably. These were found difficult to reliably coordinate with 
placing operations when they were not used on the same side of the 
forms from which concrete was placed (Fig. 25). For this reason, the 
practice of using them outside the hulls gradually lost favor as no concrete 
was placed from outside the hulls.

The difficulty of concrete placing would have been much less if at the 
start the importance had been realized of detailing reinforcement with 
occasional spaces where concrete could have flowed through readily 
but mainly so that immersion-type vibrators could be inserted to the 
depth of the new concrete. As an after-thought the simplest of such



adjustments were worked out in the field (and the plans accordingly 
revised and approved) and the benefits in simplifying, placing and vibrat
ing operations a t these points were outstanding. B ut there were many 
other spots, mainly a t intersections and in the peaks, too involved to 
adjust after work had started which could and should be so refined at 
the outset if such construction is again attempted.

CONSTRUCTION JOINTS

I t  was the general practice in the yards to cast the hulls in three major 
lifts with two construction joints, one just above the turn of the bilge, 
the other just under the rib haunches to the deck beams. The only 
exception to this was at Savannah where on the first four hulls the con
tractor elected to eliminate the lower of these joints but later changed 
to the general practice of the two joints mentioned. The lighters at 
National City, being so much shallower than the other hulls, were cast 
with only one construction joint just below the deck haunches.

At first some were concerned about the idea of having construction 
joints in concrete hulls but since there was ample evidence in current 
tests and experience that this was practicable without impairment of 
strength or watertightness, the practice was permitted and the problems 
of construction support of steel and forms were greatly simplified. In 
the first hull at each yard there were some imperfect lengths of con
struction joint which required repair. The builders quickfy got this 
operation under control with generally excellent results.

I t was soon learned tha t the first step in securing a good construction 
joint was to leave the surface of the concrete when placed well compacted 
and fairly even. Curing of the joint surface is important and this was 
continued with water until the next concrete was placed. As late as 
practicable after the concrete had hardened, the joint surface was treated 
to a full-scale sand blast of sufficient intensity to remove completely 
the film of surface material and fully reveal the aggregate over the entire 
area of the joint. Standard sand blast equipment was used. In all 
hulls, construction joints were made at the center of horizontal beams 
so that the joints would be wide enough to receive thorough treatm ent 
and not be merely the narrow width of shell thickness. Immediately 
prior to concreting, sand blast sand and construction debris were vigor
ously washed from the joint (and forms and steel above) with jets of 
various character from firehoses to air-water jets a t 100 lb. pressure. 
There was an increasing appreciation of the importance of ample washout 
openings in the forms and some yards developed a nearly continuous 
opening at the joint in the outside forms.

Just ahead of concreting, the joint was coated with a soft mortar 
similar to that in the concrete and, as far as accessible, this was rubbed
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into the joint with various suitable implements. In some yards an air 
jet was used to spread this mortar. At Savannah an excellent job of 
coating the construction joint of the last hull built was obtained by 
shooting the plastic mortar on the joint with the air suction gun shown 
in Fig. 27.

Imperfections have been due mainly to failure to remove loose material 
on the joint or the failure in proper vibration of the new concrete im
mediately above the joint, both human failures eliminated by better 
supervision and inspection of these operations.

CURING

W ater curing, unlimited except for the vagaries of construction and 
when it conflicted with essential operations, was standard practice. 
Except for deck surfaces all early curing was from inside the hulls as 
in Fig. 28, as outside forms were not removed until sometime after the 
deck concrete was placed.

Because most published* and unpublished tests of concrete made with 
light weight aggregate indicated great benefit from prolonged water 
curing, especially in modulus of rupture and tensile strength, it was 
decided early in the program to extend water curing to a minimum of 30 
days and, wherever practicable, maintain it until the hulls were either 
launched or painted.

*“The Effect of Curing Conditions of the Strength of Burnt Clay Aggregates” , by W. F. Kellermann, 
Public Roads, M ay, 1937
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Emphasis was placed on prompt commencement of curing as soon as 
surfaces were sufficiently hardened or were exposed by form stripping. 
Early stripping was urged and done where practicable as forms in place 
are a poor substitute for early water curing. The greatest delay came 
in stripping under deck surfaces because forming for another lift was 
not contingent on its prompt removal. Unfortunately some under deck 
forms were designed so tha t slab and sides of beams could not be stripped 
without removing supports from beams and this required delay. Others 
were designed for removal of all except the beam soffits and this per
mitted an earlier start of curing.

Men, and in one yard, women, with hoses were the principal means of 
wetting the concrete, especially the bottom lift and under the deck. 
Cotton “soil-soaker” hose was used to good advantage along the tops of 
the walls after the second major lift before deck construction progressed 
to the point where the hose could not be left any longer on the construc
tion joint. Arranged around the hatches and along the edge of the deck 
as in Fig. 29, this type of hose was the best means used to keep deck and 
outside shell surfaces wet. Cotton mats were used in the southern yards 
for early deck curing and were excellent as long as they were kept in 
place. Perforated pipe was also used in some locations.

Sealing compounds were often advocated as a substitute for water 
curing but were not approved because (1) they were not a suitable primer 
for the paints and coatings to be used, (2) they might interfere with 
revelation of a leak under the hydrostatic tests, and (3) for the thin 
slab, structural concrete in hulls they would provide a curing medium 
too inferior to water curing to be considered favorably, particularly in 
view of the special need for thorough water curing of light-weight aggre
gate concrete.

TESTING A N D  REPAIR O F IMPERFECTIONS

In maritime construction, it is necessary for ships to receive a satis
factory classification by a classifying agency in order to secure favorable 
insurance rates and proper crew. The classifying agency designated 
in the Merchant Marine Act of 1920 has rules and standards based on 
experience with steel ships, which were the basis of its requirements in 
connection with design, construction and testing operations of the con
crete ships. Extreme testing requirements caused a great deal of very 
expensive delay in deliveries. Unfortunately, there were not established, 
before commencing the program, classification rules which recognized 
any essential differences between steel plate and a thin slab of reinforced 
concrete.



The steel ship rules require that hull shells, liquid cargo and ballast 
tank bulkheads, decks, chain lockers and fuel and water tanks be abso
lutely watertight under hydrostatic pressures of as much as 8 ft. above 
the deck for periods of at least four hours. Dry-cargo hulls must be 
tested by examination for leakage inside with the hull immersed 18 to 
20 ft. and by hose test above that water line (Fig. 30). In the hose test 
a fire hose with a pressure at a nozzle of 30 psi is played for an hour on 
each 100 sq. ft. of hull surface from a distance of 10 feet and no moisture 
may show on the opposite side for the hull to be acceptable.
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Fig. 31— Typical minor leaks re
sulting from high hydrostatic test 
pressures with hull tanks filled 
with water under head 8 ft. above 
the deck. Even leaks like small 
damp spot at left of the larger spot 
were required by the classifying 
agency to be repaired, supposedly 
through the shell.

The classification rules make no distinction as to what is a leak requir
ing repair and what is not. Pressure was held on each tank a minimum 
of 4 hours and any appearance of water was marked as a leak and repair 
was required by the classifying agency even though it was only a small 
damp spot as in Fig. 31. I t was believed by many th a t the classification 
rules placed an unnecessary handicap on construction of concrete vessels 
because of the requirement that such leaks be repaired through and 
through, necessitating as much work to make them tight and dry as 
leaks obviously requiring repair. Insignificant and inconsequential leaks 
in concrete would never get larger but would probably get smaller and 
seal off altogether. On the other hand, in steel, for which the rules were 
written, such leaks often could be stopped with one or two blows of a 
caulking tool and should be stopped, because in steel, experience shows 
they would never get smaller but probably get larger due to working of 
the hull. Thousands of man hours were spent and many days of hull 
service were lost working on scores of small damp spots which, all to
gether, as one workman said “ Would not make a gallon of water all 
the way to Australia, and most of them would be dried up before it got 
there.” Bilge pumps serve only as standby equipment on a concrete 
ship and are never used to pump water leaking into the hulls except as a
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result of accident. The hulls are dry and dusty inside. Sweating is 
almost entirely absent, in marked contrast to reported sweating in steel 
hulls under some conditions sufficient to start the bilge pumps.

As the program progressed and workmanship became better in placing 
the concrete, testing difficulties decreased. I t became more generally 
recognized that well-vibrated concrete of medium-low slump was more 
nearly watertight than wet-placed concrete, probably because reduced 
bleeding and less stratification resulted in a continuity of solids that 
meant positive watertightness even in the 43^-in. walls under a 40-foot 
hydrostatic test head. Furthermore, after a seemingly endless exhibi
tion of individualism in all the tanker yards relative to repair methods 
standardized practice for repairs was established which was based on me
thods th a t were sound in principle and well proved in practice on the job.

A large item in repair procedure was the “poured patch” for recon
struction of areas either unfilled originally or so poorly consolidated 
as to require replacement to secure watertightness. Many a spot show
ing slight permeability was adequate and sound structurally but, under 
the severe hydrostatic test and watertightness standards, it proved 
cheaper and quicker to remove and replace such areas as soon as they 
were located than attem pt to seal them by grouting methods, often un
successful and always very time consuming.

Fig. 32— Forms and fas
tenings for concrete re
placement.

Fig. 32 shows a squeeze-type form which invariably produced tight 
replacements when established procedure was carefully followed. Briefly,



the hole was trimmed out with air-driven chipping tools making sure 
tha t all concrete that would leak was removed, tha t there were no sharp 
corners but that edges were squarely cut except for the slope to the 
access chimney at the top, that steel around the perimeter of the hole 
was V2 in. clear of the concrete, that the contact surface of the concrete 
was kept wet at least overnight and sandblasted (see Fig. 27, 35 and 36) 
and thoroughly washed just before the form and new concrete were 
placed. The front form for larger holes was made in one-foot lifts and 
the edges of the holes to be covered in each lift were buttered with soft 
mortar of the same mix as in the concrete, well rubbed in just before 
the form and concrete were put in place. Concrete was the same as the 
hull mix without admixture but as dry as could be vibrated solidly into 
the forms. I t  was found that 3-in. slump was about right for the first 
lift and that for succeeding lifts, by the time mortar and forms had been 
placed, concrete from the same batch, though less in slump, was still 
readily vibrated solidly in place. Such premixed concrete, though of 
very low slump by the time the top of the replacement was made, could 
with care be fully molded into place with vibration and had little or no 
settlement. As late as the concrete would still respond to vibration, the 
concrete in place was vibrated through the forms while simultaneously 
the top center form bolt and the chimney cap wedges were tightened 
(Fig. 33). Vibration stopped when the tightenings stopped. The com
plete enclosed and restraining forms of these recast areas presented an 
ideal opportunity to take advantage of a small amount of aluminum 
powder admixture to prevent settlement before setting and insure 
wTatertightness of the upper perimeter of the repair, but approval of its 
use was withheld by the classifying agency.

There was an understandable reluctance to cut through and recast 
an area containing an isolated damp spot or leak but the classifying 
agency required repair that would be continuous from inlet to outlet, 
regardless of how insignificant the channel might be. This naturally 
led to grouting, little of which was successful mainly because the perco
lation channels were too small to receive the grout and because the 
cement did not stay in suspension in the majority of grout mixtures 
used. Where the channels were not too small, grouting made them tight; 
where they were too small, those made tight were made so by the surface 
treatm ent (hereafter described) at the source and outlet of the channel. 
With water on one side of the wall a 1-in. deep 1-in. diameter hole was 
drilled with a star drill a t the point of issue. When the water was lowered 
an air pressure testing bell was placed over these holes in turn and their 
entrance points located by bubbles in a soap solution applied to the 
opposite side of the wall. A 1-in. hole was similarly drilled at these 
spots. By means of an impact grout gun (see Fig. 34) several shots of
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grout were applied a t each of these holes both sides of the wall and after 
proper cleaning the holes were solidly dry packed. Some were made dry 
by driving a tight wooden peg in the hole after filling it with soft cement 
paste. Many a time the tiny hole was plugged by the caulking action 
during drilling the 1-in. grout hole.
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Fig. 33— After comple
tion of concrete re
placement, forms were 
revibrated before the 
concrete set and form 
bolts and pressure cap 
wedges were tightened. 
See Fig. 32.

Fig. 34 —  Screw - type 
and impact-type grout 
guns.
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Late in the program at the Savannah yard a screw type grout gun 
(see Fig. 34) was placed in operation and better suspension of cement 
in the grout was obtained by first dissolving one percent of a bentonite 
product in the grout mixing water. Using 2.5 to 3.0 parts of this mixing 
water to 1 part of cement by weight, there was a marked improvement 
in results from grouting operations. In most cases water from the grout 
appeared a t the other end of the channels, giving good assurance of 
penetration and filling well into these small passages. Occasionally, 
recognizable grout would come through. Areas so treated had few damp 
spots on refilling the tanks. The thoroughness of this type of grouting 
for individual wet spots resulted in tacit approval of grouting repair 
work from only one side with appreciable saving in time and cost. Even 
this improved grouting was unsatisfactory for repair of cracks and wet 
perimeters of poorly constructed concrete replacements, as wet spots 
commonly occurred on retest between the grout holes which were only 
4 to 6 in. apart.

Testing pressures severely loaded the hulls and the weight of testing 
water severely loaded the slightly yielding ways. Result was that de
flections caused hairline cracks to appear which showed some dampness. 
Repair was required by the classification agency despite the fact (proved 
in many instances) that, with the extreme test load removed, the cracks 
were closed tight, sealed themselves, and showed not the slightest damp
ness under ordinary service-head conditions. These were repaired by 
cutting a deep, narrow slot along the crack on each side of the wall using 
a saw-tooth bit in the chipping gun and, after an overnight period of 
moistening and a thorough sand blasting and washing, solidly filling 
them with dry packed material slightly wetter than usual but placed 
in half-inch layers with an interval between to avoid a “rubbery” condi
tion th a t resulted in a loosened bond.

There were various shallow areas requiring repair where no leak or 
damp spot was involved. After proper trimming, wetting and cleaning, 
these were replaced either with premixed mortar, layer by layer, with a 
stiffening period between each layer, or with the mortar guns (see Fig. 
27) which applied with excellent bond and density a ready mixed 1:4.5 
natural or light weight sand mortar of a very dry consistency but little 
wetter than for dry pack. See Fig. 35, 36, 37, 38.

In the latter part of the program this mortar gun replaced trowelled 
repairs and dry pack including work on damp deflection cracks and 
damp spots. For replacement with the mortar gun it was necessary to 
flare the cuts to avoid inclusion of rebound. To keep rebound minimum 
and avoid an over-rich replacement it was necessary to avoid too dry a 
replacement. Plugging of the gun prevented the material from being 
placed too wet. Two-layer work and careful trimming later, before it
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set, prevented damage to bond. Finishing by rubbing with a rag without 
adding water was advocated in preference to wetting and trowelling.

Gunite was tried prior to adoption of the mortar gun and found un
satisfactory for this work mainly because it was too large a facility 101’ 
the purpose. Neat work could not be done in the small areas involved; 
extensive, expensive cleanup of surrounding surfaces was required later 
because the cleanup was seldom promptly done; attem pts made to use 
gunite for through holes and to stop leaks resulted in a low percentage 
of successful repairs.

P A IN T IN G

All concrete hulls were required to be painted above the light load 
waterline, with the standard “low-visibility gray” color selected by the 
Maritime Commission for war-time operation. Concrete is somewhat 
similar to this in color, but not sufficiently close to satisfy the require
ments. I t was decided that hull bottoms need not be painted, as the 
concrete is resistant to seawater, and the steel was well covered. No 
anti-fouling paint was required as information a t hand indicated some
what less barnacle formation on concrete than on steel, and the long 
period of service before repainting would be possible, would make the 
original application of little benefit. Some contractors elected to paint 
the bottoms, however, and were permitted to do so.

Bottom surfaces and sides below the light load line were faired by 
bevelling offsets 1 inch for each J^-in. thickness of the offset. Airholes 
were filled by sacking, on both painted and unpainted concrete, on the 
hull exteriors, but unpainted concrete surfaces on interiors, such as dry 
cargo holds, ballast tanks, and storage flats, received no surface trea t
ment after form removal and necessary repairs had been made.

Interiors of holds designed for oil cargo were coated, either with viny- 
lite resin paint (Fig. 39) or with an emulsion of Thiokol latex reinforced 
with Osnaberg fabric (Fig. 40). Where gasoline was carried this was 
necessary to protect the gasoline from contact with the concrete, since 
the alkaline nature of the concrete causes a reaction which breaks down 
the gum-inhibitors in the gasoline.

Clean, formed surfaces required little or no preparation for application 
of the Thiokol. Only a clean, dust-free, hard concrete surface is required. 
Offsets must be roughly bevelled, but no sacking or stoning is required, 
even for pinholes. No acid etching is required. Where laitance had 
formed, or cement washes had been used, sandblast proved the most 
efficient means of removal. The Thiokol latex coating seemed the only 
surface treatm ent of the concrete which was sufficiently elastic to bridge 
and stop leakage of any slight deformation cracking.
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Fig. 39 (left)— Vinylite resin paint (black) 
was used on interior of cargo tanks in the 
National City oil barges.

Fig. 40 (above)— Thiokol latex (white) rein
forced with Osnaberg fabric was used on 
interior of cargo tanks in the Houston and 
Savannah oil barges.

Other paints, both for exterior and interior, required surfaces which 
had been made smooth by a flexible-disc, rotary, electric sander, and 
then sacked to fill air bubbles and irregularities. I t was necessary to 
etch the surfaces with a 20 percent or stronger solution of muriatic acid. 
Where the acid was applied by spray instead of brush, a 50 percent 
solution was found necessary. After brooming or agitating, the acid 
wash was removed with water so that there would be no powdery bloom 
when the surfaces dried. For all coatings except the Thiokol the concrete 
surface had to be dry.

Paints of the vinylite resin base type have given the best service to 
date of the available materials, and were used for both exterior and 
interior surfaces, including gasoline cargo holds. The Thiokol latex 
coating has apparently performed well also.

The writer is indebted to A. D. Kahn, Senior Materials Engineer, for 
assistance in reviewing and editing this paper, and to Pell Kangas, 
Associate Materials Engineer, for preparing the drawings and assem
bling the tables. Messrs. Kahn and Kangas ŵ ere employed in the Con
crete Control Section of the U. S. Maritime Commission during the 
construction of the concrete vessels.

Discussion of this paper should reach the AC I Secretary in triplicate 
by April 1, 1945 for publication in the J O U R N A L  for June 1945.
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Fully and  Partly Prestressed Reinforced Concrete*

By PAUL W ILL IA M  ABELESf
M e m b e r A m e rica n  C o n c re te  Ins titu te

S Y N O P S I S

In  this paper it is intended to show the distinction between fully 
and effectively partly  pre-stressed concrete, employing high strength 
steel. The various systems and methods are described, “pre- 
stretching” and “post-stretching” being distinguished. The losses 
of the initial pre-stress are discussed and formula are derived for the 
factor of safety against cracking and for the minimum stretching force 
to ensure “full” prestressing, to be reduced for “partial” prestressing 
to such extent th a t dangerous cracks are avoided. Published com
parative test results of prestressed and conventionally reinforced beams 
are discussed and some new data  are presented regarding preliminary 
comparative tests on beams reinforced with high tensile wire. I t  is 
shown th a t a partly  prestressed beam, having a reinforcement of about 
one fifth of th a t required for mild steel, behaves similarly to a con
ventionally reinforced beam, when under working load, and similarly 
to  a fully prestressed beam (i.e. remaining crackless), when the load 
is removed.

1. INTR O D U C TIO N

In the design of reinforced concrete it is a standard rule to base the 
design on a “cracked” section independent of whether cracks occur in 
the construction or not. The width of cracks varies with the percentage 
of reinforcement and the working stress of the steel, depending on the 
bond effected. In order to avoid the danger of corrosion to the rein
forcement, which can be done if the width of cracks is limited to, say,
0.01 in.(1)•(2)t, the working stresses are limited to 25,000 to 34,000 psi.

Prestressing, generally, denotes that the reinforcement is tensioned 
before the load is applied, the stretching force being transmitted as com
pression to the concrete after the latter has attained sufficient strength 
to take up the stresses occurring at this stage. By this process stresses 
are imparted to the structure of opposite sign to those occurring under 
load.

»R eceived b y  th e  I n s t i tu te  A pril 17, 1944. -(-Consulting E ngineer, London. jS e e  references a t  end  of pap er.
(181)
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Pre-stretching and post-stretching indicate whether the tensioning is 
carried out before or after hardening of the concrete. With pre-stretching 
the products have to remain in the molds until the stretching, produced 
by tensioning the reinforcement against anchorages at its ends, can 
safely be transmitted to the concrete, which is done mainly by bond. 
There is one exception only, when prestressed reinforcing units with 
self-contained compression members according to H. Schorer(3M4> are 
used. In this case the molds can be removed before the concrete has 
hardened, the connections and compression members of the reinforce
ment being withdrawn after the concrete has attained the required 
strength. The self-contained compression is thus transm itted to the 
concrete by virtue of the bond.

Post-stretching is carried out against the hardened body of the con
crete. The molds can be removed soon after production but special 
provisions at the ends of the reinforcement are necessary for the trans
mission of the compression to the concrete, there being no bond between 
the reinforcement and the concrete. There is an exception when the steel 
is electrically prestressed due to the increase of temperature* according 
to K. P. Billner®, in which case the bond is restored afterwards.

With pre-stretching at the release of the stretching force on the con
crete, the initial prestress is immediately reduced owing to the elastic 
deformation of the concrete and to shrinkage, which losses gradually 
increase later by further shrinkage and plastic flow of the concrete. With 
post-stretching no immediate losses, owing to the elastic deformation 
of the concrete and to the first part of shrinkage, occur.

2. THE V A R IO U S  SYSTEMS O F PRESTRESSING

Table 1 contains a summary, distinguishing various systems on the 
basis of their first publication either in articles or in letters patent and 
referring to the progressively different purposes for which the systems 
were evolved.

Already at the very beginning of reinforced concrete, prestressing was 
used to strengthen the structure by tightening the reinforcement but 
without considering the degree of prestress. In his 50 year-old Patent 
“Constructions of Artificial Stone and Concrete Pavements”, P. H. 
Jackson, of San Francisco, ( l) f  described many methods for performing 
the stretching of ties, provided in the footings (impost beams) of arches 
along their length by skewbacks, turnbuckles, screws and nuts, wedges 
etc. In the year 1888 another patent was applied for, which might be 
related to prestressing, f Short members of triangular section for use as

*T he m e th o d  of tensio n in g  b y  h e a t  h a s  a lre a d y  been  suggested  b y  th e  C zech oslo vak ian  Boh. R u m l (U . S. P a te n t  N o. 2,061,105).+ T he n u m b ers  in  b ra ck e ts  re la te  to  th e  single cases in  T ab le  1.JG e rm an  P a te n t  N o. 53,548 g ra n te d  1890 to  C .F .W . D oehrm g .
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fireproof protection of timber floors are manufactured from mortar and 
tensioned wires.* The method suggested for stretching a number of 
wires simultaneously appears rather interesting.

The idea of counteracting the straining due to loading by prestressing 
was for the first time clearly expressed by the Austrian J. Mandl (2a), 
who wanted as early as 1896 to utilize the strength of the concrete as 
much as possible by reducing the concrete tensile stresses under load. 
A formula for the magnitude of the stretching force in accordance with 
this proposal was derived by the German M. Koenen (2b) in 1907 to the 
end th a t the concrete tensile stress in a triangular straight line stress 
distribution, obtained for working load, should be limited to a certain 
magnitude. The Norwegian J. G. F. Lund (2c) suggested the produc
tion of straight vaults, consisting of rows of prefabricated “brittle” 
blocks, jointed in mortar, with prestressed tie rods arranged between 
the rows in a wide mortar joint. The compression is transmitted to the 
blocks by washer plates at the ends, and the bond is destroyed at 
stretching. Similarly the American G. R. Steiner (2d) proposed to tighten 
the reinforcing rods first against the green concrete, thus destroying the 
bond, and to increase the tension after hardening of the concrete. The 
last two proposals thus represent the first steps towards effective “post
stretching.” However, in all these cases the losses owing to shrinkage 
and plastic flow were not considered; the stretching force was therefore 
too small and tests did not, in consequence, give satisfactory results. It 
can safely be assumed tha t the initial prestress in all these propositions 
was less than 18,000 psi. in order to meet the existing regulations regard
ing permissible steel stresses.

A further development of prestressing led to the demand for guaranteed 
absence of cracks, which can be ensured reliably by “fu ll” prestressing; 
in this case the stretching force has to be of such a magnitude tha t in the 
sections of the structure, when under working load, even after all 
possible shrinkage and plastic flow has taken place, concrete tensile 
stresses are eliminated. R. H. Dill, of Alexandria Nebr., (3a), appears 
to have been the first, in 1923-25, to make such a proposal to be carried 
out by “post-stretching.” In this system a bonding between concrete 
and reinforcement is prevented by coating the latter with a yielding 
substance, and the stretching process is carried out after a great part of 
the shrinkage has taken place, thus largely avoiding the losses of the 
prestresses, which rendered the proposals described above, ineffective. 
Dill’s idea was a process “tha t recognizes the difference in qualities of 
concrete and steel and combines the two materials in a scientific manner” ,

*T he  exp lan a tio n  given b y  D oehring  does n o t, hpw ever, app ea r to  m eet th e  p o in t b y  s ta t in g  th a t  if a n  extensib le  m a te ria l such as w ire un der a  p rim ar tension  is com bined w ith  a second, inex tensib le  m ateria l, such as m o rta r , b o th  m ateria ls, w hen under tension  du e  to  load, will be s tra in e d  tog e the r nea rly  to  th e  sam e ex ten t u p  to  th e ir  u ltim a te  s tre n g th , th e  b reak ing  of b o th  m a te ria ls  occurring  sim ultaneously ; n o th in g  is m en tioned  of tigh ten in g , co u n te r-actio n  or pre-com pression .
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permiting a “crackless concrete” which is “free from tension” . A 
further advantage exists according to Dill “in utilizing hard steel or 
steel of high elastic limit and high ultimate strength” instead of mild 
steel. As far as the method is concerned “nuts and rods” are suggested 
as the “ cheapest way of stretching.” Threading the hard steel would 
present some difficulty; but Dill does not limit his methods to nuts and 
refers to any other ' possibility of stretching.® W. H. Hewett, of 
Minneapolis Min., (36) made suggestions similar to those of Dill, after 
he had successfully applied his idea to circular tanks in 1922(7), in which 
latter case the structure was not strained by bending but by tension only.

Independent of these American ideas, the French engineer, E. 
Freyssinet (3c) put forward in 1928 his scheme of creating from concrete 
a new homogeneous material using high strength steel or wire bonded 
to the concrete. This allowed such a high prestress th a t after the losses 
mentioned the residual stretching force was great enough to exert per
manent compressive stresses in the concrete sections of the structure 
when under working load; moreover, a great saving of steel was achieved.* 
This idea was further developed in Germany by Hoyer, who introduced 
the use of super high strength wire (piano or string wire) and suggested 
the préfabrication of articles in a long continuous run, later cutting them 
into pieces of the required length, which is only possible with a homo
geneous material.(8)

Another proposal for full prestressing is tha t of the American T. E. 
Nichols, of Hornell, N. Y., (3d) who suggested a bonded reinforcement 
“substantially, in excess of tha t warranted by prior practice” (i.e. mild 
steel). This proposition, however, would not appear to be very suitable 
(since a substantially greater reinforcement is required than usual), save 
for the purpose of ensuring absence of cracks, which could be attained 
by the previously mentioned systems with a great saving of steel.

The quick assembly of high strength ceramic blocks to form a fully 
prestressed structural unit was suggested by the American, F. O. 
Anderegg, of Newark, Ohio, (3e). He used tie rods, preferably of high 
strength steel, extending through perforations of the blocks. The inter
spaces between the prestressed tie rods and blocks are filled with a 
rather liquid mortar, no safe bond being ensured between the post
stretched tie rods and the blocks.

The idea of post-stretching ties in arched bridges with a suspended 
carriage originates from the German, F. Dishinger (1934); he (4a) and 
U. Finsterwalder (46) (who had also suggested post-stretching the 
tension members in lattice girders) applied this idea to beams in order 
to extend the applicability of reinforced concrete structures to long

* A no ther suggestion  of E . F rey ssin et re la te s  to  a m e th o d  of p o s t-s tre tc h in g  b y  u sing  a  ja ck  for tensio n in g  a n d  w edging (U . S. P a t. N o. 2,270,240).
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girders and bridges, where normal constructions are not so suitable. 
In this case curved ties engage externally conventionally reinforced con
crete elements which may be divided into several sections at the joints. 
1 he tensioning is performed either by the dead weight only of the whole 
structure, without ensuring cracklessness, or by stretching, which may 
be carried out to such an extent that total absence of cracks is guar
anteed.

Another aim is to increase the strength and to reduce the formation 
of cracks to a desired extent by adding to a conventional main rein
forcement, carrying in the main dead and live load, an additional pre
stressed bonded reinforcement of higher quality steel, the prestress, 
however, although effective, being moderate. The suggestion of the 
Austrian engineer, F. V. Emperger (5) is a development of aim (2) of 
Mandl with the special purpose of permitting the permissible stresses 
for conventional reinforcement to be increased in view of the increased 
resistance against cracking, without using high strength steel as the 
main reinforcement.

Saving steel is the main aim of the writer’s proposals. In one of them 
(6a), similar to the suggestion of Emperger, a combination of pre
stressed and unstretched reinforcement is employed, but the whole 
reinforcement is substantially reduced by using also for the unstretched 
reinforcement high strength steel, preferably wire. Both pre-stretching 
and post-stretching are applicable. In the other suggestion (6b) the whole 
of the high strength reinforcement is tensioned to the same or a different 
extent, either the whole or a part of the reinforcement being pre
stretched.

3. FULL A N D  P A R TIA L  PRESTRESSING

Whereas systems 1 and 2 in Table 1, constituting ineffective methods 
of prestressing, are mainly of historical interest only, system 3 relates 
to full prestressing and systems 5 and 6 to partial prestressing, system 4 
allowing of each of these processes. The use of high strength steel rein
forcement is suggested in systems 3a, 3c, 3e and 6, with the possibility of a 
substantial saving of steel. With system 3 of “full” prestressing the 
conventional methods of calculation can be dispensed with, since the 
sections remain under permanent compression. No objections can there
fore be made against the use of high strength steel tensioned to a multiple 
of the usual permissible stresses. However, to fulfil the condition of full 
prestressing a great stretching force is required and the whole required 
tensile reinforcement has to be stretched. Moreover, the maximum 
straining of the structure at the release of the precompression on the 
concrete is greater than th a t under working load, which necessitates a 
great compressive strength at the early stage and is inconvenient for the



transport and handling of precast products, since any additional s t r a in in g  
has to be avoided.

By contrast, in effective partial prestressing a considerably smaller 
stretching force is applied with resulting economy, when only a part of 
the reinforcement is stretched. The reduction of the stretching force 
itself may not effect a saving in cost, if the stretching process is carried 
out by a machine, but the reduction of the number of rods to be stretched 
is of importance since by a simultaneous tensioning each individual rod 
has to be gripped at its ends and an equal straining in each rod has to be 
ensured before stretching the rods. Due to the reduction of the stretching 
force the initial maximum straining is greatly reduced as against full 
prestressing; however, cracklessness is not guaranteed. In spite of the 
substantial reduction of the reinforcement, which may be decreased to 
one-fifth or even less, according to the aim of partial prestressing, a 
straining is obtained under working load similar to th a t in a conven
tionally reinforced structure. The theoretical concrete tensile-bending 
stresses in a straight stress distribution serve as a basis of comparison. 
In a cracked section under working load there appear theoretical steel 
stresses which are a multiple of the usual permissible stresses. However, 
tests have proved that dangerous cracks which would occur if the whold 
reinforcement were unstretched, are avoided, as long as the reinforce
ment or at least a considerable part of it, is bonded to the concrete. The 
high steel stresses are developed only, where the bond is destroyed, in a 
short length in the neighborhood of each crack, especially when high 
strength concrete and thin wires, ensuring a good bond, are used.

A partly prestressed structure represents in its behavior an intermediate 
case between a fully prestressed homogeneous structure with very small 
deformations under working load and an unstretched structure in which 
great deformations and heavy cracking are developed, when high strength 
steel is used. The design has, of course, to ensure the same factor of safety 
against breaking both for fully and partly prestressed concrete, as dis
cussed in Chapter 4. A comparison of a fully and partly prestressed 
design is shown in Table 3 and described more in detail in Chapter 9.

4. B E H A V IO R  O F PRESTRESSED REINFORCED CONCRETE

In reinforced concrete, at cracking, a transformation of the behavior 
takes place, as can be seen from the break in the deformation diagram, 
there being in principle no difference between conventionally designed 
and prestressed reinforced concrete. In a cracked section of a prestressed 
structure, the pre-compression which is produced mainly in the normal 
tensile zone is gradually reduced or totally interrupted. As long as the 
cracks do not widen too much and consequently no substantial permanent
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IP elongation of the steel remains, the cracks close a t the removal of the load, 
and the pre-compression is transmitted between the adjacent parts. Thus 

‘̂r the stress distribution before cracking is as with a homogeneous material
of some plasticity, as concrete, the pre-compression and the counter
bending being taken into account. These counteractions gradually 
disappear when wide cracks occur and at failure apparently only a con
ventionally cracked section—without apy pre-compression and counter

ed bending—has to be considered.
Since with the use of high strength steel the percentage of the reinforce

ment is greatly reduced, there is always a state of under-reinforcement in 
such prestressed concrete—assuming the latter is of high strength, which 
is the normal case—and thus only the steel primarily influences failure. 
“ I t  is agreed” on the basis of long experience in prestressing, according to 
Freyssinet’s system, “that prestressed concrete presented no advantage 

!Tei‘ as regards the point of ultimate failure, no claim has been advanced in
1(% that respect.” (9)

This has also been proved in tests by H oyer^ on four series of beams 
of the same cross section, reinforced with wire of a strength of 369,000
psi., but differing in initial prestress (14,220, 56,880, 113,760 and 170,640
psi).* The ultimate load was in each case nearly the same. The two 
beams of each series were investigated simultaneously. In one of the 
beams with the highest prestress the wire broke; the other beam, how
ever, remained intact and yielded laterally apparently effecting an unequal 
load distribution. At failure, five of the other beams crushed in the 
compression zone, the sixth beam remaining intact by laterally yielding. 
In all beams the theoretical steel stress at failure, calculated for a cracked 

ml section in simple bending, was 330,000 psi. i.e. 89.4 per cent of the ulti
mate strength of the wire. In view of the relatively small difference 
between the theoretical steel stress and the strength, which is only a 
small fraction of the initial prestress, and in view of other test results 
available, conclusions cannot be drawn from the fact that the wire broke 
only in one of the beams with the highest prestress.

Reference may also be made to tests conducted by Empergera°) relating 
to four series of beams, one reinforced with mild steel of a yieldpoint of 
38,350 psi. and the others with twisted round bars of special shape 
(Torstahl) of an equivalent yieldpoint of 57,000 psi., all having an 
additional bonded wire reinforcement (equivalent yield point 170,400 
and ultimate strength 213,000 psi.), these wires, employed in couples, 
being twisted and threaded with cross bars to increase the bond. In all 
these series the ultimate loads obtained by tests agree surprisingly well 
with the theoretical loads calculated for a cracked bending section, as
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♦See T ab le  3 in  (8) an d  T ab les IV  a n d  V II  in  th e  w rite r’s con trib u tion  to  (9).
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TABLE 2. THE TESTS O F EMPERGER

Series 1 2 3 4
Shape of beam Rectangle

(1)
T-profile(2) Rectangle

(1)
T-profile

(2)
Percentage of reinforcement

%
1.07 0.248« 0.325 0.113P)

Mild steel % 95 — —
Reinforcem ent Tor steel % — 81 fit 58
Additional Wire % 5 19 36 42

Theoretical steel stress in wire a t failure U U r.

State of wire a t failure broken g3 ien  (4) broken
U ltim ate load 
Theoretical maximum load 1.04 0.987 1.01-1.04 0.99

(1 )6  = 3 0  cm., D  =  25 cm., d  =  24 cm.(2) B  =  3S cm., 6 =  16 cm., D  =  33 cm., d  — 31 cm., d , =  11 cm.(3) related to  B.d.
(4) In  some of the beams series 3, first the main reinforcement and afterwards alsothe wires broke.

can be seen from Table 2. W ith series 2 and 3 the additional wire did
not break as with series 1 and 4. Emperger says th a t with some of the
beams 3 (6 beams of this series and 2 beams of each other series were 
tested), the main reinforcement of a relatively small ultim ate elongation 
(Torstahl) broke. Since further details are not disclosed, it is impossible 
to find out why with some of these beams the main reinforcement broke, 
although the ultimate load agrees very well with the equivalent yield- 
point stress. I t  is also not clear, why the wire broke in series 4 and not in 
series 2 and 3, although in all three series the same main reinforcement 
(Torstahl) was used. This m atter therefore requires further investigations. 
I t  may be added th a t in all four series the initial prestress was in accord
ance with Emperger’s proposal “moderate low’’ (57,000 psi.) and low- 
strength concrete was employed (Cube strength 3200-3550 psi. corres
ponding to f'c of 2400 to 2660 psi.).

Since the exact straining a t failure in a  conventionally designed 
structure has not yet been known—especially in under-reinforced 
structures with well bonded high strength steel reinforeement(u>—} a 
full clarification cannot be expected for prestressed concrete. In  view 
of the above considerations and test results discussed, it can be assumed 
th a t the ultimate tensile resistance is not increased by prestressing, and
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the same permissible steel stresses, related to ultimate steel stress 
and ensuring the same factor of safety, have therefore to be taken 
into account for full and partial prestressing. However, this is quite 
correct only as far as prestressed concrete with bonded reinforcement is 
concerned. When there is no bond between the prestressed reinforce
ment and the concrete, the permanent deformation of the steel is much 
greater, since it occurs not only in the neighborhood of cracks but along 
the whole length; consequently the cracks are wider and the structure 
does not behave like a conventional reinforced concrete beam but like 
a two hinged arch having a tie(12l . I t  will depend on further investiga
tions whether a prestressed concrete beam without any bond is able 
to carry at failure the same loads as an equivalent beam with bonded 
reinforcement, if high strength steel is used. Of course, all these con
siderations relate only to a design where failure owing to shear or slip 
of the reinforcement is prevented. On the whole, with full prestressing 
the shear resistance is greatly enhanced as described more in detail 
inW (3) and.(13>

5. A  NEW  M E T H O D  O F PRESTRESSING

The new methods of SchoreF3A(4) and Billner(5) appear especially 
useful for full prestressing (3b) and partial prestressing (6a). The 
superiority of these new methods compared with methods formerly 
known has been stressed in Chapter (1).

p r e s t r .  Fig. 1 and 2 (at the right)
• in  lo n g  

le n g t h

A further new method relating to post-stretching, suggested by the 
writer,* may also be mentioned. The concrete products or structures 
cast in place have recesses provided along the tensile surface, as shown 
in Fig. 1. I t is thus possible to manufacture them by mass production 
or in the usual manner in molds. After the concrete has hardened and 
attained sufficient strength, the stretched reinforcement is placed in 
these recesses and the pre-compression transmitted to the concrete. 
The stretching may be carried out direct against the concrete, special 
anchor plates being arranged at the ends which ensure the correct posi
tioning of the reinforcement and avoid its touching the concrete in the

*B rit. P a t .  N o. 556,572.



recesses (friction would prevent uniform tensioning). If the reinforcement 
consists of thin wire, two recesses may be formed at the two edges (see 
Fig. 1 left part), the wire wound round the whole product, which may 
also consist of an assembly of single blocks), and the stretching process 
be carried out by twisting the wires, preferably by machine, the pre
stress being ascertained by the tone. For constructions cast in place 
the tensioning may be carried out by winding wires around a reel 
anchored in the hardened concrete. There is, however, another possi
bility of simplification in the manufacture of precast products i.e. to 
stretch the wire in long length against anchor blocks a t its ends. The 
hardened products are brought into position, as shown in Fig. 1. At 
the ends of each product simple anchor devices may be used, having 
jaws to grip the tensioned wire according to Fig. 2, relating to Fig. 1 
left beam.

I t  is possible to fill these recesses completely with concrete or cement 
mortar and thus to obtain an additional bond. This method allows 
therefore of a combination of the advantages of post-stretching and 
pre-stretching similar to Billner’s method, as pointed out in 1. I t  is, 
however, also possible to fill the recesses with a plastic cohesive filler, 
thus protecting the reinforcement and allowing of a later readjustment 
of the tensioning, which might be of some advantage for cast in place 
constructions.

An idea similar to the latter was already suggested by Walter C. 
Parmley, of Upper Montclair, New Jersey, in 1927* for fully prestressed 
concrete pipes. According to this suggestion, steel hoops are placed in 
grooves, provided in such pipes, and are tensioned, the grooves after
wards being filled with a non-adhesive material. However, by post
stretching of the hoops it is impossible to ensure a uniform straining 
along the circumference in view of the friction between hoop and con
crete. With circular reinforcements, however, an accuracy of tension
ing is attained by use of a new wire winding machine(14), the wire being 
tensioned (e.g. to about 150,000 psi.) and wound around concrete shells 
for prestressed tanks.

6. LOSSES O F THE IN IT IA L  PRESTRESS

The initial prestress p.f is reduced, as mentioned in part 1, in the case of 
pre-stretching by the losses owing to elastic deformation Ape and to 
shrinkage Aps and in the case of “post-stretching” by the loss, owing to 
that part of shrinkage Aps2, which takes'place after the pre-compression is 
transmitted to the hardened concrete (Aps2 = Aps — Asl, Apsl denoting 
the loss, owing to tha t part of shrinkage, occurring before transmission).

*U . S. P a t .  N o. 1,781,699 (P a te n te d  1930).fN o ta t io n  see A ppendix .
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In both cases also the loss, owing to plastic flow, App has to be considered. 
Hence the remaining prestress at working load:

Pre-stretching: pw = p» — A pe — ps — A pP...............................(la)
Post-stretching: pw = Vi -  Aps2 -  App ....................................... (lb)

On the transfer of the pre-compression to the concrete, only a part of 
the total loss due to shrinkage Apsl has to be taken into account in the 
case of pre-stretching and no loss occurs with post-stretching. Hence the 
remaining pre-stress pt at the transmission of the compression to the 
concrete:

Pre-stretching: pt = p t -  Ape -  Ap'sl....................................... (2a)
Post-stretching: pt = p{.................................................................. (2b)

When only the bottom reinforcement is prestressed the loss due to the 
elastic deformation of the concrete in a section according to Fig. 3 
amounts to:

Ape = = ''h ll ( i  +\ A 0 I 0 )  A 0 \  g*J .(3)
For a rectangular section (breadth b, total depth D, prestressed bottom 

reinforcement, as conventional, A s = p.b.d.), equation (3) can be simpli
fied if the influence of the top reinforcement A 's is neglected

Ape = n . p . p i [ l  +  3 - 0 ^  -  l )  ] . (3a)
From this equation it is seen that the loss is reduced for the same p,- with 

a decreasing percentage of the reinforcement p. The relative loss of pre
stress becomes therefore a minimum with a maximum initial prestress and
a minimum tensioned reinforcement. For n = 8 and — = 1.1, the equa-d
tion (3a) can be transformed to

= 17.5p ........................................................................................... (3b)
Vi

p being expressed in per cent. For a reinforcement of 0.1 per cent the 
loss of the initial prestress is only 1.75 per cent and increases to 17.5 per 
cent for a reinforcement of 1 per cent.

When the top reinforcement is also prestressed according to Fig. 4, 
P \  and pi being the initial stretching force and prestress at the top, the 
two equations (4a) and (4b) are derived.

. f Pi + P'i , (Pi-eso — Pi.e'so).eso~]
i p - -  \  a .  +  T i J ' (4a)
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A p'e =  n. 'Pi +  Pi (Pi.e„ -  P'i.e'ao) (4b)A 0 I  o
The shrinkage coefficient varies between 0.00025 and 0.0005. The loss 

owing to plastic flow depends on the magnitude of the concrete stresses 
developed and on their duration. The maximum may be considreed to 
be not greater than the greatest loss due to shrinkage. To be on the safe 
side it suffices to consider the greatest possible losses only, which amount 
on the above simplified assumption to 0.001ES i.e. to 25,000 to 30,000 psi. 
for a Modulus of Elasticity of 25 to 30 x 106 for high strength steel.

From all these considerations it is seen tha t for a larger reinforcement 
and a smaller initial prestress a much greater initial stretching force Pi 
has to be applied than for a smaller reinforcement and a higher initial 
prestress to ensure the same stretching force Pw remaining a t working 
load conditions.

7. THE C O N D IT IO N S  FOR FULL PRESTRESSING

a. Bottom reinforcement only prestressed (Fig. 3)

S t r e s s  Diag r a m s  tor Fu ll  Pr e s t r e s s in g  at  On e  S id e  O n l y  
( II  A t t ra n s m is s io n  (2) A t w o rk in a  load ( 3 )A t fa i lu r e  (b e n d in g  o n ly )  

(a) F in a l p re s tre s s  ( b )W o r k in g  load ( c lC o m b in e d  
a lo n e  a lo n e  (a) + (b)

Fig. 3

The main equation for the design of a fully prestressed section can be 
derived from the condition that the stress f lw must not be a tensile stress, 
the limit being f lw = 0.

The stresses at working load are given in the following equations (5a) 
and (5b), M w denoting the bending moment for working load, and the 
area A„ and the moments of inertia I 0 and I t computed as follows:

A„ = b.D. +  2.(B-b).ds — A s +  (n - l ) . A \ , and A t =  A„ +  n .A s
Io = — 

12 ■]-B.D3 — (B-b).(D — 2.ds)3 — A s.e2ao +  (n - l ) . A ’a.e '2eo, and
It = L  +  A 0. (el0 -eu)2. A„, I„, es„, e'se, e]0and e2o relate to the net area of 
the concrete and to the unstretched area, whereas A t, I t, eu and e2t relate 
to the total area including the prestressed reinforcement, there being the 
following relation: n.A s.es0 = A t.(el0 -eu).



FULLY AND PARTLY PRESTRESSED REINFORCED CONCRETE 195

_  P™ | Pw-Si0.e\0   M w.eu (5a)
A 0 I 0 J t

f 2„ =  -  P^o.e^o  +  M„.eu.......................................................... (5b)
A-o I 0 I t

Equation (5a) can be transformed for the limit/i*, = 0 to
pw — jP? = __________________________________   (g)

Al ( - A -  +  e J ^ A . A .  +V A.0.e\t Io-du/  vA,, P>\o'
hence the initial stretching force, considering the losses Ap according to 
equation (la) or (lb)

P i  =  A a.p i  = A s.(Pw +  Ap)...................................................................(7)
Equations (6) and (7) are the main conditions for the determination of 

the required minimum stretching force to ensure full prestressing. When
the percentage of reinforcement is small, the center of gravity of the
unreinforced concrete section Ac will only be slightly shifted for the 
sections Ao and A,, since n is rather small (about 8) in this stage of homo
geneity, eio and eu  may therefore be considered to be approximately 
equal.

The reinforcement A , has, of course, to ensure the desired factor of 
safety s against breaking, as pointed out in Chapter 4, in accordance 
with equation (8), relating to a cracked section of conventional type, 
f su being the ultimate steel stress a t failure.

\T  *A s =   (8)
j.d .fsu

For high strength steel, especially wire, f au may be 85 to 100 per cent 
of the total strength and mostly exceeds the so called proof stress (corres
ponding to a permanent elongation of 1 per cent).

The greatest stresses do not occur a t working load but at the trans
mission of the pre-compression to the concrete, as is seen in Fig. 3, in 
accordance with the following equations (9):

f u =  — +  P ‘'e,0-ei° =  — +  P t' e-M .................................................. (9a)J A 0 I 0 A 0 Sio
f 2 t =  ——  PA e’o-^o L  Pt _  P t ■ ..

A 0 I 0 A 0 Sto
These stresses are reduced at the center portions of beams when the 

dead weight counteracts the straining due to the prestress. The expression 
P t.eK in the above equation has for this case to be replaced by (P t.eso —
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M 0), M 0 denoting the bending moment a t the particular sections for 
which the stresses are calculated due to dead weight in action before 
the transmission of the pre-compression of the concrete.
b. Top and bottom reinforcement preslressed

The occurrence of tensile stresses f u (Fig. 3) can be avoided, if the top 
reinforcement also is prestressed, as illustrated in Fig. 4. In this case the 
two equations (5a) and (9b) serve together with the equations (4a) and 
(4b) for the determination of the two forces P  and P '. 
corresponding to equation (5a):

M w.
s  „ ........................

p  _i_ p '  p  P — p '  P'  4  1 0  J- W  W -& S O  -*• W '* - ' SO  •iw —  :  i"A 0 Sio
corresponding to equ. (9b):

r _  P t  T" P ' t  P t .e s o  —  P 't - s 's o -
J 2 t  ~  -  |

(10)

(11)

S t r e s s  D ia g r a m s  f o r  F u ll  P r e s t r e s s in g  a t  B o t h  S id e s  
( 0 A t t ra n s m is s io n  (2) At w o rk ing  load (3 )A tfa ilu re  (b e n d in g  o n lu )  

(a )F ina l p rs s tre s s  (b )W o rk in a  load (cl C o m b in e d  
a lo n e  a lo n e  (a )+ (b )

These equations have to be transformed for the limits f lw = 0 and f 2t 
= 0.

8. SAFETY A G A IN S T  CRACKING

The factor of safety against first cracking* sr is given by the equation
f\w +  fwt +  fr

Sr = U (12)
f wt is the tensile stress, due to working load, in a homogeneous section 

with unstretched reinforcement, The expression (/,„ +  f wt) represents the 
remaining prestress a t the tensile fibre after the greatest possible losses 
have taken place (Fig. 3 and 4). In a fully prestressed structure, f lw is a 
compressive stress with the limit zero. The stress / r, occurring a t first 
cracking (rupture), corresponds to the flexural strength f cf of unrein
forced concrete, which is also called “Modulus of rupture.” This is only

*U nder “ c rack in g” i t  is un de rstoo d  in  th e  follow ing th a t  s ta te  w here  th e  first c racks becom e visible.
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an arbitrary value, obtained for a straight line stress distribution and 
incapable of measurement. But in practice, the stress distribution in the 
tensile zone of a reinforced concrete section before cracking, correspond
ing to failure in an unreinforced section, is either curved or rectangular, 
due to the plasticity of the material, the greatest stress being equal to the 
tensile strength of the concrete f ' ct (see O) page 528-5 Fig. B and C). 
The Modulus of rupture varies greatly for different shapes and dimensions 
of the cross section and for different plasticities, even if the tensile 
strength is the same, and amounts to about 1.5 times to twice the tensile 
strength. The latter is, however, “not appreciably affected by either 
length or size” of specimens, as tests have proved.(16) The concrete tensile 
strength can be obtained from briquettes or, preferably, cylinders. I t is 
known that the stress distribution in briquettes is not uniform, owing to 
the reduction of the cross section(16); however, some tests, discussed in 
the following, have proved quite satisfactory. Several formulas are 
known for the relation between f ' ct and f ' c, mainly on the basis..........
f a  = a .f'f, e.g. f ' ct = 5 y j f'c according to Abrams ((4) formula (1)). If

f  . . . .generally f ' ct = —, the value k is according to new extensive investiga- k
gations (17) for a (1:4.5) mix concrete on the average 8 fo r / 'c = 2000 psi. 
and 15 for f ' c = 8000 psi. Thus the following relation is obtained for

f  _  2000intermediate values k = 8 +  — , which gives a good approxi-857
mation.

When f ' ct is known, f r can be replaced by 1.5 times to twice f ' ct. It 
appears to be advisable, generally, to consider only the smaller value
i. e. 1.5 f a  in order to include all cases of plasticities and various shapes 
and dimensions.

When considering the factor of safety against cracking, necessary to 
guarantee complete absence of cracks, the effect of repeated loading has 
to be taken into account. According to various tests, cracking in a rein
forced concrete structure of conventional design can only be avoided, if 
the working load is less than half the load which results in first cracking. 
(1S) I t  means that the concrete tensile stress f rr at repeated loading, and
still avoiding cracking, must not be greater than — f r or 0.75/'ci. With re-
peated loading, however, only the live load and not the working load 
has to be considered. The relation f TT = 0.75 f ’cl is therefore only 
correct when the dead weight is negligibly small compared with the 
total working load. Assuming the dead weight is half the working load,
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the reduction of the stress f T a t first cracking is not — but —  , hence f TT2 1.5
= f ' d ,  which may be considered as a general relation, giving the 
equation:

_  flw +  f w t  +  f '  c t (12a)
When the live load is %  or of the total working load, the equation

1.2 f ct respectively. Since with prestressing the dead weight is greatly 
reduced, it is more likely th a t the live load is a t least Yi of the total 
working load with the exception of roofs, where the dead weight is of main 
influence. When the live load is more than half the total working load, 
f a  in equation (12a) should be replaced by a smaller value, say 0.8 f ' c l . 
(limit 0.75 fct).

For the design of this kind, equation (8) remains unaltered for the 
reinforcement A s = A sv +  A su, if the same quality of steel is used for 
each part. If the properties of the prestressed and unstretched reinforce
ment are different, equation (8) has to be replaced by (8a), in accordance 
with the tests of EmpergeF10), f y  denoting the yield point stress or its 
equivalent for the unstretched reinforcement:

Fig. 5 shows the stress distribution for a partly pre-stressed T-section. 
The stresses occurring a t the release of the stretching force are much below 
those with full prestressing and do not require a specially increased com
pression portion a t the normal tensile zone (which is the case in an I- 
section). *

The resultant tensile stress f iw may serve as a basis of comparison with 
conventional practice. I t  is not usual to compute this stress, since the 
design is carried out for a cracked section only. In order to have some 
idea of the magnitude of straining in conventional structures, designed 
for a permissible steel stress f a = 18,000 psi., the concrete tensile stress 
f w t  at working load for a homogeneous section (n = 8) is shown in Fig. 6
(both for a rectangle — = 1.1 and a thin slab of — = 1.4) in relation

* In  F ig . 5 a  red u c tio n  of th e  stresses du e  to  th e  pre-com pression  is ind icated . S uch  a  red u c tio n  w ould occur, if th e  cross section  w ere th e  sam e as in  F ig  3 a n d  4. H ow ever fo r a  T -sec tion  acco rd ing  to  F ig . 5 t h e  com pressive s tre ss  a t  tran sm issio n  fit w ould, in  v iew  of th e  sm alle r co n cre te  p o rtio n , n o t be  red uceed  as com pared  w ith  th e  eq u iv a len t stre ss  for full p restress ing  in  an  I-section .

f r r  =  f c t  has to be replaced by f rr  =  ~ ~ f c t  =  0 M f c to r f rT =  ^ - f ct =1.75 1.25

9. P A R TIA L  PRESTRESSING

(8a)

d d
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S t r e s s  D ia g r a m s  f o r  Pa r t l y  P r e s t r e s s i n g  
( 0 A t t ra n s m is s io n  (2)At w o rk in g  lo ad  (3)At f a i lu r e  (bending only) 

fa }F ina l p re s tre ss in g  (b) W ork ing  load (c) C o m b in e d

Fig. 5

-TO

to the percentage of the reinforcement p and to the compressive stress f c 
(in a cracked section, n = 15). The stresses f wt vary between 51.5 psi. for 
a thin slab of 0.1 per cent reinforcement and 1080 psi. for a rectangle 
(designed for the limit /„ =  1250 psi), which latter tensile stress increases 
when a compressive reinforcement is provided. Even higher stresses are 
obtained for T-beanis in which case the centre of gravity is nearer to the 
upper fibre and the stress f wt may increase to 1500 psi. and even more for 
structures designed in accordance with the existing regulations.

I t  is necessary to determine the limit of the stress f lw for guaranteed 
absence of cracks. As can be seen from the foregoing chapter, total 
absence of cracks is ensured when the tensile stresses f iw are considerably 
less than the stress f r corresponding to first cracking. From equation 
(12a) it is seen tha t cracklessness cannot generally be guaranteed when 
the stress f \w is greater than the concrete tensile strength f ' ct which limit 
has to be reduced to 0.75 f ' ct for an increased ratio of live load to total 
working load.

The reason why dangerous cracks do not develop in partly prestressed 
structures-although the theoretical steel stress in a cracked section is 
100,000 psi. and more—has been discussed generally in Chapter 3. In a 
structure in which a part of the tensile reinforcement is unstretched, the 
pre-compression of the untensioned reinforcement is also of favorable 
influence.*

A reduction of the stretching force, derived in equation (6) for full 
prestressing, to about 40 per cent has proved sufficient in a special 
instance, as will be seen in Chapter 11. Further tests are required to prove 
that, generally, to Vi of the stretching force for full prestressing suffices 
to avoid dangerous cracks. In Table 3, three beams of the same cross 
section and reinforcement (Fig. 7) are compared for (a) unstretched, (b)

* M r Schorer s ta te s  in h is closure to  (4), page 528-7 th a t  “ th e  u n s tre tc h e d  rein forcem ent will in  tim e  b e  su b jec ted  to  considerab le  com pressive stresses w hich requ ire  closely spaced s tirru ps, la te ra l ties or sp irals. as in  colum ns, in o rder to  c o u n te ra c t possib le buck ling  tendencies of th e  lon g itu d ina l b a rs .” T h is is only correc t for a  rein fo rcem ent in th e  com pressive zone of a  beam , w here th e  s tra in ing  is increased w ith  increasing load. B u t th e  u n s tre tc h e d  re in fo rcem ent in  th e  tensile  zone of a p restressed beam  is pre-com pressed only to  a re la tiv e ly  sm all ex ten t, say  to  10,000— 15,000 psi. A t th e  release of th e  stre tch ing  force th is  stress rem ains on ly  a t  th e  ends of th e  rein forcem ent and  is tran sfo rm ed  in to  a  tensile  stress in  th e  g rea te st p a r t  of th e  beam , th e  m ax im um  tensile  stress, in  a  cracked section , being a  m u ltip le  of th e  original com pressive stress. N o specia l p rov isions a g a in t buck ling  a re  therefo re  necessary.
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Fig. 6

partly prestressed and (c) fully prestressed wires. I t  is interesting to note 
tha t the stress f Xw for the partly prestressed structure, reinforced with 
high strength wire, is about the same as the stress f wt computed for a 
beam of the same carrying capacity but reinforced with mild steel.

10. DISCUSSION O F S O M E  PUBLISHED C O M P A R A T IV E  TESTS

Comparative tests on prestressed beams with post-stretched reinforce
ment of mild steel and conventionally reinforced beams have been carried 
out by W. K. H att (19) and R. E. Mills and W. B. Miller.(20) The first 
relate to 4 beams 8 in. by 14 in., 13 ft. 6 in. long of 12 ft. span, reinforced 
with 2 rods (p = 1.04 per cent), 3 beams prestressed to different extents 
and one conventional beam, whereas the second tests were carried out on 
3 I-shaped joists 3 in. by 8 in., 12 ft. long of 11 ft. span, reinforced with 
one rod of z/£ in. diam. (p = 2.2 per cent), 2 joists of Haydite concrete (one 
prestressed and one conventional) and one joist of segmental synthetic 
stone. The test results do not allow of comparison of the behavior up to 
the ultimate load, since the first tests relate only to stresses in the con
ventionally reinforced beam up to 26,000 psi., whereas in the second 
group of tests the joists with bonded unstretched reinforcement failed in 
shear (at about 2/3 of the ultimate load attained with the prestressed 
joist of the same material). Both groups of tests have shown that, as 
long as no cracks develop, the behavior of the prestressed article agrees 
very well with tha t expected according to calculation for a homogeneous
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TABLE 3— C O M P A R IS O N  O F 3 l-SHAPED BEAMS (SEE FIG. 7) O F THE S A M E
CARRYING  CAPACITY

Designed for high strength steel r e i n f o r c e m e n t : = 200,000 psi., s =2 : jd  =  12 in.; M uU -  0.1884 X 12 X 200,000 =  452,160 lb. in. hence M ptrm =  226,000 lb. in. corresponding to  a uniformly distributed load of 377 lb. per ft. for a simply supported beam of 20 ft. span (dead weight: 57 lb. per ft.), greatest shear stress: 126 psi. (sufficient shear reinforcement provided). — Calculated with the approximate design values: A „ =  A t =
A c =  57 in. 2, e l0 =  e2o = elt =  e2( =  2  =  7 in., e„ =  6 in. and S \0 =Z
S 20 =  S it =  S it =  196 in.3 (No. 8).

(a) Re in f. 
unstretched

(b)+ P a rtly  
p res fr. CA)

(c) F u lly  
prestressed

P, fo r  170,000 p.s.i. lb. - 10,667 32,000

Ape according to equ. (3) p.s.i. - 3,733 1 1 .200

p,-Pi-Ape-Apsi . 
(Apsi~ 6300 p.s.i.) - 160,000 152,500

Pt lb. 10,000 28,700

Stress distribution a t 
tra n sm iss io n  o f the 
p re-com pression

psi -
f i t  =-130. 

f i t  =+482 U

fet-376^ 

fir+l386l X
D e fo rm a tio n  o f the beams 
a t transm iss ion  o f the pre- 
compr (before load ing)

s  a & a

pw = pt - 24,000 (assu med 
Apsi+App~ 30,000 - Apsi) P-S-i. - 136,000 128,500

Pw lb - 8 ,5 40 24.200

Concrete stresses in a 
s tra ig h t line stress 
d is tr ib u t io n  under 
w o rk in g  loads

p.s.i.
fWc-1155 7 ^  

f* t= ll5 5

f2w=+IO «r7 ’

Z
f iw --743

f 2w=t838j^7 

fiw= +|3
D e fo rm a t io n s  o f the  
b e a m s  w h e n  u n d e r 
w o rk in g  load

- , --------------

Safety
against
crackina

Sr+(equ. 12) f'cf -750 p.s.i. 0.65 1.07 1.66
tc f -400 p.s.i. 0.35 0.70 1.36

Srr (equ.l2a)
f ct = 500p.s.i 0.43 0.79 1.44
fLt= 250p.s.i. 0.22 0.57 1.23

Fig. 7

iJ3'8' •Q
L j

; cO .
V

h— J
/ J A*
-A S=0.I884°" 

(6 w ire s )

N O T E S - 4 -T he  stee l consum ption  of th e  tensile  rein fo rcem ent for th e  p a r t ly  p restressed  beam  can be red uced  b y  19%  as com pared  w ith  th e  fu lly  p restressed  beam , w hich needs, say , 1.05 A ,  (5%  for overleng th)
as  a g a in s t 1.05 — +  A ,  =  0.85 A ,  (assum ing th e  u n s tre tch ed  rein fo rcem ent (2 /3 , A . )  cou ld be reduced
on  th e  average, to  X  of th e  len g th  in  accordance w ith  th e  m om ent d is trib u tion ).

♦Heavy crack ing  m u s t be  expec ted  considering th e  high tensile  stress fiat a n d  th e  sm all percen tage (p  =  0 18% ) A  con ven tio na lly  rein forced beam  w ould requ ire  a  m ild  stee l rein fo rcem ent A s  =  1.04 in. (fa =  18,000 p s i.) , in  w hich case stresses fwc =  1078 a n d  fwt =  873 psi. m  a  s tra ig h t lm e stress d is trib u tio n  w ould 
be ' o b ta in e d  i . e .  s im ilar to  th e  stresses f iw an d  /no of beam  (6).

+ + I t  is a s s u m e d /V  =  750 a n d  f'cf =  400 to  correspond to / 'o i  =  500 a n d  250 psi respectively . F o r
b e a m  (o) th e  effective p restress  ftw +  fwt =  0.

material. From Chart 7 in the publication <2°), however, it is seen that 
in the Haydite joist with destroyed bond, after a crack has developed, the 
deflection increased to a much greater extent than in the conventional 
joist.



The tests of Hoyer <8> and Emperger <10), with respect to the behavior 
at failure, have already been discussed in Chapter (4). As to the behavior 
before failure they agree very well with the investigations of R. H. Evans 
(12) ; (13) - discussed more closely in the following. Beams 4 in. by 10 in. of 
11 ft. length (10 ft. span) were alternately reinforced with high tensile 
steel (one rod 1 in. diam. a t the bottom in the tensile zone, p =  2.4 per 
cent and one rod in - diam. a t the top) and with high tensile wire 
(tensile reinforcement of 44 wires :AS= 0.221 in. 2 a t the bottom, p = 0.68 
per cent, and 13 wires: A 's= 0.0654 in. 2 a t the top); 76 per cent of the 
stretching force was applied to the bottom reinforcement and 24 per 
cent to the top reinforcement in order to avoid tensile stresses a t the 
release of the stretching force to the concrete.

Comparative tests were carried out for rod and wire reinforcement for 
the following initial stretching forces: 28,000, 33,600, 47,000 and 56,000 
lb. as well as for unstretched reinforcement. A further test was made for a 
rod reinforcement with a stretching force of 56,000 lb. bu t destroyed 
bond. Fig. 8 shows the results on rod beams (including a tests with a 
initial stretching force of 40,000 lb.) on a chart relating to the greatest 
central deflection for various loadings, wherein are plotted also the 
theoretical values for a homogeneous section (n = 8.75) and for a cracked 
section. I t  is very striking th a t the deflections of the prestressed beam 
with destroyed bond are much greater than both those in the bonded 
type and the theoretical values for the conventional type, even before 
cracks have developed. Evans has derived formulas for the steel and con
crete stresses in such beams on the assumption th a t the total strain in the 
ties must equal the total strain in the concrete surrounding it (12). The 
values thus obtained agree very well with the measurements. When 
cracks have developed, reinforced concrete beams with destroyed bond 
behave as two-hinged arches, the deflection immediately after cracking 
greatly increasing.

As far as the difference between rod and wire reinforcements is con
cerned, the losses of the initial prestress were in accordance with the 
equation (3) much greater for the rod beams than for the wire beams, and 
relatively greater for smaller initial stretching forces than for greater. 
Cracking thus occurred much earlier in the rod beams than in the wire 
beams. Fig. 9 shows a comparison of the behavior of rod and wire beams 
similar to Fig. 8, the original charts for the respective beams being brought 
to the same basis of comparison by taking into account the different steel 
areas in the moments of inertia. From Fig. 9 it is seen th a t it is possible, 
between the two limits of beams with unstretched reinforcement and 
fully prestressed beams (stretching force of 56,000 lb. for wire beams), to 
find any convenient intermediate case where the deformation and crack
ing is limited to a definite extent. This can be done either by tensioning
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T h e o re tic a l b e fo re

Fig. 8 Fig. 9

the whole reinforcement to a lesser degree than necessary for full pre
stressing, as done in the tests by Evans, or by tensioning a part of the 
reinforcement only, but to a high initial prestress, a part remaining 
unstretched and being pre-compressed a t the release of the stretching 
force on the concrete; the latter case is more advantageous.

11. N EW  C O M P A R A T IV E  TESTS

Preliminary tests on beams reinforced with high tensile wire were 
made at R. H. Harry Stanger’s Testing Institute, London, and conducted 
by the writer in collaboration with K. Hajnal-Konyi. * I t was intended 
to compare the behavior of three different types of beams, having the 
same section, being of the same concrete strength, and reinforced with 
the same amount of high tensile wire, which is (a) not tensioned, (b) to a 
part (40 per cent) prestressed, the stretching force being 40 per cent of 
tha t required for full prestressing, the rest remaining unstretched, and 
(c) fully prestressed. According to the program two beams for each type 
were to be tested and two beams were to be manufactured simultaneously. 
The cross section of the beams and a view, showing the arrangement of 
loading, are shown in Fig. 10 and 11 respectively. The stress-strain 
diagram of the wire is shown in Fig. 12. Table 4 contains mix and strength 
properties of 3 series of concrete.

Unfortunately, it was not possible to use the beams of series 1 in 
accordance with the program, since the initial film of grease left on the

»Chartered S tru c t. E n g ., L ondon , M .A .C .I.
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TABLE 4. STRENGTH OF C O N C R E T E _________ ____

Series Agedays

Cube*strength psi. Tensile strength
t  psi* Notes

SingleValues
Average SingleValues

Aver
age -

1 6 5400
5140 5270

469448436
451

Concrete Mix: 112 lb. Portland Cement.

2 10 66706240 6455
480467427

458
1 cu. ft. Stone Court Sand 2.5 cu. ft. Ham River shingle

3 11 59105800 5855
382356347

362 0.34 water-cement 
ratio

*cubes 6 in. f  briquettes, section 1.5 in. by 1.5 in.

A 's -2 w i r e s  
ab f. '/8 "d ia .-^

12 l in k s  o f  
w i r e  '/ i6 "d ia -

As ;5  w ire s  
a b t l / e 'd ia r

Fig. 11 Hooks a t u n -  D ia9ona l llnk5 5/is "d ia . o n ly  in  b e a m  s e r ie s  3 - ^  
s t re tc h e d  w ire s ^ -  w/2  2 ~ ° —

t ' \ /
\6" j 6-0" | i>"

wire as protection against corrosion was apparently not wholly removed, 
by wiping with a clean rag, thus causing an early failure due to slip, 
owing to insufficient bond, in beams (a) and (c). To avoid bond failure 
the wires in series 2 and 3 were subjected to a pickling treatment, con
sisting of degreasing by double treatment with trichlorethylene and 
etching by immersion in 10 per cent nitric acid for 10 minutes. This 
treatment proved successful, however, it resulted in a reduction of about 
0.004 in. of the diameter of the wires. In series 2 and 3 the time of hard
ening was extended from 6 days, as in series 1, to 10 and 11 days respec
tively. Owing to difficulties due to war conditions another brand of 
cement had to be used for concrete series 3. I t was therefore not possible 
to comply with the main condition of comparing beams of the same 
concrete strength. As can be seen from Table 4, the strength properties of 
concrete series 2 and 3 were quite different, the tensile strength of con
crete series 3 being greatly reduced as compared with series 2.

■ «

LD

4~:n<
CO

3 .5 "
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Fig. 12

205

S tress in I000 p.s.i. Max.. 27 2 ,000  p.S.i. 
Ult.: 2 6 2 ,000  p.S.i.

Ult. elong. ■5% . 

/_ \0  t im e ;

/lim i

e n la r g e

o f  e la s tic  
0 0  p.s.i.

u lu s  o f  e l 
2 6 .2 x 1 0 ^ .

d
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t im e s  e n l 
8  1.0 1

i

a r g e d  
2 %

. . .
3  4  5  %

E Jonaation

Test Procedure— Method of preslressing

The wires were tensioned by means of a jack and a cross head to 
which the single wires were anchored, in such a manner tha t the stress in 
each individual wire could be varied by means of screw-thread. First a 
calibrated jack was used, giving the requisite force by a direct load read
ing, the single wires being adjusted so that by tuning each wire appeared 
equally stressed. After the elongation of the wires was recorded, the load 
was released and the calibrated jack replaced by a positive screw jack, 
the load applied being sufficient to stretch the wires to the same extent 
as previously recorded. The reinforcement was kept stretched up to 
about two hours prior to testing the beams, when the force was released 
and the contraction of the wires was measured. From this the loss of the 
initial prestress was ascertained in the case of beam (6) of series 3. The 
data regarding prestressing for beams (b) and (c) are seen in Table 6.
Method of testing

The deflection was measured at mid-span with a dial micrometer, 
reading in thousandths of an inch. The formation of cracks was observed 
and the maximum widths and depths of the cracks were measured under 
various loads.
Results of the tests

The dimensions of the 4 specimens and the designing values computed 
therewith are contained in Table 5, whereas in Table 7 there are seen the
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bending moments and respective stresses at cracking (computed both for 
a homogeneous section, taking into account the precompression, and for a 
cracked section in bending only) and the bending moment and respective 
stresses at failure (computed for a cracked section in bending on y).
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—Load in  Kips

,(dFully p res tr.
(b) P a r t ly  

/ p r e s t r .

^  (a)Conv^ 
4 — (a)Conv.

Cone, series 2

Cone, series 3

¡ ^ P e r m is s ib le  w id t h  
/  2 .5m m .vO .O I in .

-t-
5 io 15 20mm.

W id th  of G rea tes t 
C racks

Fig. 1 3 (left)

Fig. 14 (above)

^T h e o re tica l steel stress fs in 10,000 p.s.i.
/ ^ B e n d i n g  m o m e n t  in  10,000 lb .in .

/ /O '-L o a d  in Kips
Theoretical fo r homogeneous

(c) Fully presfressed

Conven
tio n a l

Cone, series  2 

Conventional

Cone, series  3 
(Failure due to  shear 
owing to  reduced 
tensile  s t r e n g th )

(b) P a rtly  p res tr.

(a) C onventiona l

0 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 I l.l in .
C e n t r a l  D e f le c t io n

Although one of the main bases for a comparison was missing, owing 
to the difference in the concrete strength, it is possible to compare the 
results and draw conclusions, since the tests of Evans (12> - <13> agree very 
well, in principle, with the results obtained in series 2 relating to beams 
a and c and in series 3 relating to beams a and b. Fig. 13 shows the 
deflections and Fig. 14 the greatest widths of cracks of the beams series 2 
and 3 in relation to the loading, bending moment and theoretical steel 
stress in a cracked (n = 15). In Fig. 14 the width of 0.01 in. is also 
plotted, which is considered to b.e the limit for dangerous cracks. From 
the chart it is seen that with beams (a) this limit was reached before half 
the ultimate load, which proves that a wire reinforcement of such high 
strength cannot be used without prestressing. On the other hand, partial 
prestressing of 40 per cent was sufficient to delay attainm ent of such a 
width until a much higher loading was reached. I t  is interesting to note 
that in partly prestressed beams (6) the cracks, of a width of 0.02 in. 
completely disappeared after the load, which was up to 80 per cent of 
the ultimate load, was removed.

In both beams of series 2 the main crack a t which failure occurred was 
at the loading points, looking as if influenced by shear. For this reason
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Id e a lU s d  D e f le c t io n  
Load  (C) ¡ y  u n  (oacj

S ta g e  2 ; c r a c k e d  
s e c t io n

- Stage I ■■ homogeneous

''"ST// ra , rb &■ rc f irs t  cracking 
—/ /  (rupture)o f  beams (a) Tb) &.(c)

F i r s t  lo a d in g  
A f t e r  r e p e a t e d  
lo a d in g  ¿ u n lo a d in g

■Half th e  lo a d  a t  f i r s t  c r a c k in g  
e n t r a l  D e f le c t io n

Fig. 15

diagonal closed links were added in series 3 (see Fig. 11). I t  was expected 
that this might result in obtaining an even higher ultimate load than in 
series 2. Since the tensile strength of concrete series 3 was unfortunately 
much lower than tha t of 2, the diagonal links prevented only shear cracks 
at the loading points, but such cracks developed between the latter and 
the supports, and both beams series 3 failed in shear. The shear stress at 
failure in beam (a) with unstretched wire reinforcement was only 128 psi., 
which is very low. Further tests are necessary to find the reason.

With reference to the test results shown in Fig. 9 and 13, a comparison 
of the typical behavior of wire reinforced beams (a), (b) and (c) in 
idealized form is seen in Fig. 15. Up to cracking the structure behaves as 
if of homogeneous material (n =  8), and after cracking in accordance with 
conventional practice (cracked section, n about 15), but when the width 
of the cracks increases, a third stage with greater deformations has to be 
considered. If sufficient shear resistance is provided for, the ultimate load 
for all three cases should be about the same, as discussed in Chapter (4).

12. CO N C LU SIO N S

1. Prestressing generally

The application of this process was of no practical or economical 
importance until certain improvements were introduced to ensure the 
effectiveness of the prestress by post-stretching (the losses of the initial 
prestress, which may exceed with pre-stretching the Limit of elasticity 
of mild steel, being considerably reduced) and by the use of high tensile 
steel (the total losses being only a small fraction of the initial high pre
stress). The ultimate tensile resistance is not increased by prestressing, 
but both the resistance against cracking and the resilience of the structure
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after cracking are greatly enhanced, and the economical employment 
of high strength steel is made possible.
2. Pre-stretching and post-stretching

There is a distinct difference between these two processes regarding 
effectiveness of the initial prestress and behavior of the structures. With 
post-stretching a relatively greater stretching force remains effective 
than with pre-stretching, thus allowing also conventional steel to be used. 
However, owing to the lack of bond between reinforcement and concrete, 
the total and permanent deformations and widths of cracks are greatly 
increased as compared with constructions in which at least a considerable 
part of the reinforcement is bonded to the concrete. Therefore when 
there is no bond, high strength steel can be used only if all possibility of 
cracking is avoided.
3. Safety against cracking

It is not the load causing the first cracks that has to be considered, but 
that causing cracking after repeated loading. Total absence of cracks can 
generally only be attained if the resultant tensile stress a t working load 
in a straight line stress distribution is less than the concrete tensile strength 
to be obtained from special specimens or related to the cylinder strength. 
If concrete tensile stresses are excluded altogether (“full” prestressing), 
there is a definite safety against cracking.
4. Full prestressing

By this process a product is obtained, behaving as if of homogeneous 
material, hence of particular importance for special constructions such as 
tanks or barges, where guaranteed craeklessness is essential; an increased 
shear resistance is attained and steel of the highest strength can economi
cally be used. However, a relatively great stretching force has to be 
applied, and the whole of the required tensile reinforcement has to be 
stretched; moreover, the greatest stresses at the release of the pre
compression on the concrete are greater than those under working load, 
necessitating a great strength at the early stage, and being inconvenient 
for the transport and handling of precast products, since any additional 
straining has to be avoided.
5. Effective partial prestressing

As with full prestressing the use of high strength steel is possible the 
disadvantages mentioned above being avoided and the relative loss of the 
initial prestress becoming a minimum with a minimum tensioned steel 
and with a maximum initial prestress. Craeklessness is not guaranteed 
but dangerous cracks are excluded (although the theoretical steel stresses’ 
appearing in a cracked section, are a multiple of the working stresses
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now permitted) because the great elongation of the steel is limited to the 
immediate neighborhood of the cracks only, where the bond is destroyed, 
assuming at least a considerable part of the reinforcement is bonded to the 
concrete. The cracks close totally when the working load is reduced 
below the cracking load, thus allowing e.g. a construction to be designed 
which remains crackless under dead load, only fine cracks temporarily 
occurring under working load. Partly prestressed concrete presents 
therefore the possibility both of saving steel and of improving the prop
erties. Tests will have to show which part of the minimum stretching 
force for full prestressing is sufficient to avoid dangerous cracks under 
working load (presumably M to H ) •
6. The performance of prestressing

When whole series are produced a number of wires are tensioned, pref
erably in long length, against anchorages at the ends. The use of thin 
wires as stretched and unstretched reinforcement is preferable to that of 
rods, since it ensures better bond. Except if prestressed reinforcing units 
according to Schorer (3> ■ (4) are used, with pre-stretching the products 
have to remain in the mold until the concrete has attained sufficient 
strength to take up the pre-compression, thus requiring a large working 
place or a special treatm ent of the concrete to ensure rapid hardening. 
This is avoided with post-stretching where there is generally no bond; 
special mechanical means, however, are necessary for the transmission 
of the pre-compression to the concrete. There are two methods i.e. that 
of Billner (5) (electrical prestressing), where the bond is restored later, 
and the method suggested by the writer, where the stretched reinforce
ment is placed in recesses of the structure which can later be thoroughly 
and completely filled with concrete or cement mortar, thus ensuring 
bond in addition to the direct compression at the ends (the advantages of 
pre-stretching and post-stretching are thereby combined).
7. Economy of prestressing

Saving of 80 per cent of the tensile reinforcement, required in conven
tional practice is of some importance when steel is in demand for many 
other purposes. This saving in cost of material may be 60 to 70 per cent 
of tha t of mild steel, which is of great economical importance—at least in 
Europe. Where labor is of greater influence than the saving of material— 
as in the United States—the economy of prestressing depends greatly on 
the method used. The economical superiority of partial prestressing 
compared with full prestressing can be recognized, when considering the 
use of prestressed Schorer-units; the amount of this high quality steel is 
reduced to, say, K , the other being replaced by unstretched high 
tensile wire, which is obviously less expensive than the preparation of 
self-contained units.
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8. Prestressed composite structures

It is possible to apply prestressing also to composite structures consist
ing of an assembly of single blocks, formed from any plastic substance 
such as concrete, ceramic, glass, or resinous plastics, and either to thread 
the reinforcement through perforations or to place it in receses or 
grooves. In these cases post-stretching is applied and an additional 
bond may be ensured when the method suggested by the writei is 
employed.

N O TA TIO N S

1. General notations

A , =  area of the total tensile reinforcement.
A ,p =  area of the prestressed tensile reinforcement.
A m — area of the unstretched tensile reinforcement.
A 'a — area of the compressive reinforcement.
E c =  Modulus of elasticity of concrete.
E , =  Modulus of elasticity of reinforcing steel.
f 'e =  cylinder strength of concrete, psi.
f'ef =  flexural strength of concrete (modulus of rupture), psi.
f  u =  tensile strength of concrete, psi.

=  strength of reinforcement, psi.
/,„  =  theoretical ultimate steel stress (in a cracked section), psi. 
f y =  yield point stress or its equivalent, psi.

E ,n  =  —, Modular ratio.E c
p — percentage of the tensile reinforcement, related to the depth d (A , =  p .b.d.). 
p' =  percentage of the compressive reinforcement.
P i =  initial prestressing force with respect to A , or A ,p, *)
Pt =  prestressing force a t transmission, *)
P w =  effective prestressing force a t working load conditions. *)
Pi =  initial prestress in A a or A ,p, psi. *)
Pi =  prestress a t transmission in d ,  or A ,p, psi. *)
p w =  effective prestress a t working load in A„ or A ,p, psi. *)
Ap , =  loss of the initial prestress p it owing to elastic deformation of the concrete, 

psi.
Aps — loss of the initial prestress pi, owing to shrinkage, psi.
Ap P =  loss of the initial prestress p i: owing to plastic flow, psi.
s =  factor of safety against breaking.
sr =  factor of safety against first cracking (rupture).
s„  =  factor of safety against cracking after repeated loading.
*) PL and p ’x relate to the respective forces and stresses with respect to  the rein

forcement A (x  relating to i, t, w respectively).
2. Cracked section

f c =  concrete compressive stress, psi 
f ,  =  steel stress, psi.
I  =  moment of inertia. -

j-d  =  lever arm.
k.d =  distance of the neutral

axis from the compressive 
fibre.
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3. Straight line stress distribution for a homogeneous material
A 0 =  net area of the concrete section increased by n  times the areas of the un

stretched reinforcements A m and A',.
A c =  net area of the concrete section.
A t =  to ta l area of the section, i.e. A„ plus n  times the stretched reinforcement A ,p.
ei0 =  distance of outside lower fibre from the centre of gravity of A „■
etc =  distance of outside upper fibre from the centre of gravity of A„.
e\t — distance of outside lower fibre from the centre of gravity of A t.
e2t =  distance of outside upper fibre from the centre of gravity of A t.
fu  =  concrete stress *) a t the lower outside fibre a t transmission of the prestress, psi.
f i w =  concrete stress *) a t the lower outside fibre a t working load, psi.
fu  =  concrete stress *) a t the upper outside fibre a t transmission of the prestress, psi.
f t „ =  concrete stress *) a t the upper outside fibre a t working load, psi.
fwc =  concrete compressive stress due to working load alone, psi.
fwt — concrete tensile stress due to working load alone, psi.
f r =  concrete tensile stress a t first cracking, psi.
frr =  concrete tensile stress, occurring a t cracking after repeated loading, psi.
1„ — mom ent of inertia computed in accordance with A 0.
I t =  moment of inertia computed in accordance with A t.
Sio =  sectional modulus related to fibre eto.
Su  =  sectional modulus related to fibre eu- 
S t0 =  sectional modulus related to  fibre e2„.
Su  =  sectional modulus related to fibre eu.

*-f- d en o te s  com pression, — denotes tension.
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Discussion oF this paper should reach the ACI Secretary in triplicate 
by April 1, 1945 for publication in the JO U R N A L  for June 1945.
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S Y N O P S I S

An instrum ent for determination of the dynamic modulus of elas
ticity  of concrete, in situ, is described. Test results are presented which 
show (a) the comparison of tes t values of E, obtained by various older 
methods, w ith th a t obtained w ith the new instrum ent; and (b) the 
relationship of such values to the flexural strength of concrete. I t  is 
concluded th a t adoption of the new method and technic is justified; and 
th a t widespread use of the new instrum ent would eliminate the neces
sity for casting field specimens during construction (except perhaps 
for day-to-day control purposes) or of removing costly “ samples” from 
completed works. A method for determining the thickness of concrete 
pavem ents is briefly discussed. A rather extensive bibliography is 
included.

INTRO DUCTIO N

The past few years have witnessed considerable advancement in 
nondestructive testing technics; with the so-called “sonic” (or perhaps 
more correctly “dynamic”) methods of obtaining the modulus of elas
ticity of concrete, coming into increasingly widespread use. Powers W 
Hornibrook <2), and Obert (3) have employed values so obtained to 
reveal (a) the comparative strength and quality; (b) the resistance to 
frost action; and (c) the internal stress condition, of concrete. In virtu
ally all of the work done by these investigators, however, laboratory 
specimens of comparatively small dimensions have been employed and 
E  has been measured by flexural vibration methods. The authors of 
the present paper have, likewise, been much interested for a number of

»S ub m itted  to  th e  I n s t i tu te  A ug ust 24, 1944.- T h is developm en t was rep o rted  brieHy b y  M r. L one a t  th e  R esearch  Session of C o m m ittee  115, a t  th e  A C I C onven tion  Chicago, M ar. 2, 1944.
fS en io r E n g in eer; E ng in eer; an d  A ssociate E ngineer, respectively , C in cin na ti T esting  L ab o ra to ry  C orps of E ngin eers, U. S. A rm y, M a n e m o n t 27, Ohio.(i) («) (s) See B ib liog raph y  a t  en d  of paper.
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years in the possibilities of non-destructive testing, and have applied 
dynamic technics to study of the elastic and plastic behavior of concrete. 
They have believed, however, that the full potentialities of such methods 
could never be realized so long as only laboratory specimens could be 
tested. Some instrument and method must be devised, which would 
be independent of size and shape of specimen, and would be applicable 
to actual concrete pavements (or other structures and materials) in the 
field. Specimens cast during construction, and more often than not, 
fabricated, cured and treated in a manner totally dissimilar to th a t of 
the actual field structure, were considered inadequate to reveal the true 
characteristics of the concrete pavement or structure supposedly repre
sented.

The instrument and technic described in this paper, and the work 
which lead to their present development; constitute the authors’ answer 
to the challenge presented by this situation; and it is hoped th a t the 
test results included will be helpful in clarifying the widespread specula
tion and misunderstanding concerning the practical value of “Dynamic 
E” determinations, in the field of engineering design and structural 
sufficiency evaluations.

M ETHO DS O F  O B T A IN IN G  D Y N A M IC  “ E"

The most commonly employed method of obtaining dynamic E  at 
the moment, is probably the flexural (resonance) vibration method used 
by Powers, Hornibrook, Obert and Duvai, the authors, and many others. 
I t has been amply described in the literature and will not be further 
expanded herein. Its limitation lies in that it is applicable only to speci
mens (usually prisms) oí comparatively small dimensions.

Another method consists in determining the longitudinal frequency of 
vibration of similar specimens. In this case the limitation imposed by 
the method is the same.

Still another method (mentioned by Powers in a paper published in 
1937, and since used by the authors, Obert, and perhaps others) consists 
in obtaining E  by means of measuring the velocity of vibration (wave) 
transmission through the concrete. Since the velocity is nearly inde
pendent of size and shape of specimen, this latter method is not subject 
to the limitations imposed by the other methods mentioned, and hence 
has been the principal subject of experimentation of the authors and 
constitutes the principal matter of the present paper.

EXPERIMENTAL M ETH O D S EM PLO YED

Three possible methods of measuring velocity have been investigated ■ 
involving two distinct approaches to the problem. These methods aré
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(a) the use of a source of sustained vibration of constant frequency to 
initiate waves in the concrete; and of analyzing such waves by means 
of a vibration pickup and cathode ray oscillograph, (b) the use of a 
single impact (hammer blow) to initiate a longitudinal, or compressional 
wave in the concrete, and measuring its velocity by means of a seismo
graph-type, time-recording instrument, (c) the use of a single impulse 
(as in (b)), but measuring its velocity by means of an electronic device 
consisting of two pickups, two thyratron tubes, and a triode-ballisitc 
galvanometer circuit. The first and last of these methods are illustrated 
by Fig. 1 to 4.
Selection of Present Method— (Electronic Interval Timer)

The method of (b) was abandoned because of its inadaptability to 
determination of wave velocity over short distances, and because of the 
cumbersomeness of the required film, and lack of precision in adequately 
recording short time intervals. The method of (a) has been superseded 
(at least for the present) by the simpler and more direct method of (c), 
yet it appears to be of sufficient importance, from the point of view of 
determining pavement thickness, as well as purely theoretical considera
tions of the wave phenomena involved, to warrant inclusion herein. A 
brief description of its employment to determine pavement thickness, in 
conjunction with the method of (c) is contained in a later section hereof.
Wave Types Involved in Test Methods

Theoretically, in the interior of an isotropic elastic solid, only two 
types of waves are possible <u> (a) a longitudinal (compressional) wave, 
in which the particles vibrate in a direction parallel with the direction of 
wave progression; and (b) a transverse (shear) wave, in which the par
ticles vibrate in a direction perpendicular to the direction of wave progres
sion. The velocities of these two types of waves are expressed as follows, 
using in general the notation of Timoshenko:

where v EX = Lame s constant = —  —- — —
(1+*) (1- 2*)

Ea = coefficient of rigidity = —---—
2 (1+ v)

E  = modulus of elasticity
v =  Poisson’s ratio
p = density

Fi (longitudinal)

V2 (transverse)

(1)

(2)
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The mathematical derivation of those relationships has been presented 
by Timoshenko W, Macelwane & Sohon (11\  Love ® and others.

In elastic solids which are not infinite in extent, a number of wave types 
(and combinations thereof) are possible; however, for the sake of brevity 
and for the immediate purpose of this paper, only one additional type, 
the “transverse vibration wave” need be considered. This wave is present 
in elastic prisms (such as concrete pavements) in which the thickness is 
small compared to width and length, and should not be confused with 
the ordinary transverse (shear) wave previously referred to. If, in the 
analysis of the waves in such an elastic solid, the displacements are 
considered plane, then

(X +  2v) ( V 2A ) +  pp2 A  = 0 ........................................................(3)
r V 2 w +  pp2w = 0, where .................................................................. (4)

du dvA  = +  ”7ox dy
/  dv du \

d2 d2
V 2 = -------- 1--------d x 2 d y 2

If the boundaries are free to move, Timoshenko (10) has shown that the 
solution of these equations is

---------------  2 - i r C -----------4 V ( 1 - / 2) ( l - / i 2)T a n h —  ^  l - h 2 = (2- h 2)2
2 ttC . ------Tanh —  V l —/ 2..........................................................................  (5)

where
I - wave length of transverse vibration wave 
2C = thickness of prism
/  =  V/Vi
h = V/V2
y  _  p  j a> velocity of transverse vibration wave 
y 1 = velocity of longitudinal (compressional) wave 
y 2 = velocity of transverse (shear) wave 
a  =  2-ir/l
p  =  2 t c u

n = frequency
Actually materials such as concrete are not perfectly elastic as assumed 

in deriving the equations; it is probable that both the modulus of elas
ticity and Poisson’s ratio vary with wave-length and intensity of the 
wave source. For example, these so-called constants may vary with the
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velocity and weight of traffic over a concrete pavement. In analysis 
of the test results presented herein, these facts should be borne in mind.

DESCRIPTION O F "ELECTRONIC IN TE R V A L TIMER"

The electronic interval timer (Fig. 4 and 5) consists essentially of 
(a) two similar, vibration-pickups and amplifiers ; (b) two similar thyra
tron tube circuits, and (c) a triode-ballistic galvanometer circuit. (Fig. 
6 shows a detailed wiring-diagram). The ballistic galvanometer used 
with this instrument is primarily designed for laboratory use, and is 
not too well adapted to field testing. A number of suggestions have 
been made to replace the galvanometer, the most promising of which 
appears to be a condenser and vacuum tube voltmeter, the operation of 
which has been described by Weisz (15).

Fig. 5— Electronic inter, 
val-timer field test

TEST PROCEDURE

The testing procedure, using the electronic interval timer to measure 
longitudinal wave velocity, is as follows: An impact (hammer blow) is 
applied to the concrete in a horizontal direction, approximately in line 
with the two pickups, thus initiating a wave impulse which actuates 
pickup number 1 and pickup number 2 in turn, as the wave travels 
through the concrete. The voltage generated in pickup number 1 is 
amplified and serves to ionize thyratron tube number 1 which, in turn, 
starts the flow of a constant current through the triode-ballistic-galvan- 
ometer circuit.

When the wave impulse reaches pickup number 2 the voltage gener
ated is amplified and ionizes thyratron number 2 which, in turn, reduces
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Fig. 6— Electronic inter- 
val-timer detailed wir
ing diagram

5000 vx 135 V.
-&  o-t|i|t—dT -̂

B DEIONIZING /  
j  t CONTACTOR

PICK UP 
NO I

the current through the triode-ballistic-galvanometer circuit to zero. 
The effects of the wave impulse are then, (a) to start the flow of a con
stant current through the ballistic galvanometer when the impulse 
actuates pickup number 1, and (b) to stop the flow of this current when 
the impulse actuates pickup number 2. The deflection of the galvan
ometer is directly proportional to the time required for the wave to 
travel the distance between the pickups. The constant current is 
measured by ionizing thyratron number 1 and inserting a milliammeter 
in the triode-ballistic-galvanometer circuit.

C O M P U T A T IO N  O F VELO CITY, A N D  MODULUS-OF-ELASTICITY

The velocity of wave transmission is computed from the formula,
\T I T )V =  —    in cm. per sec., where......................................................... (6)g (m-nio)
I  — current through galvanometer, in microamperes 
D = distance between pickups, in cm.
g =  galvanometer-constant, in microcoulombs per millimeter 
m = deflection of galvanometer, in millimeters, corresponding to D 

spacing of pickups. 
toc = deflection of galvanometer, in millimeters, which is the ordinate 

intercept of the straight line drawn through several points of D 
plotted versus m, where Z)-values are abscissa and m-values are 
ordinates.

The use of m0 in the formula eliminates the necessity of adjusting the 
time-constants of the two pickup circuits to precisely the same value in 
order to have the ordinate intercept equal zero, which would be necessary 
if ma were omitted. Its use is advantageous in that it also eliminates 
errors in timing due to slow, unequal changes in the time constants of 
similar units in the two pickup circuits.

The modulus of elasticity of concrete is computed from the formulas, 
E  =  V2p, in dynes per sq. cm. (for laboratory beam specimens),(8) .. . . (7)
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E = V2p (1—r2), in dynes per sq. cm. (for pavem ents),(13)...................... (8)
E  = V2p ——  in dynes per sq. cm. (for mass concrete),(U) . . (9)1 — v
V  = longitudinal wave velocity in cm. per second, 
p = density of concrete, in grams per cubic centimeter. 
v = Poisson’s ratio (assumed to be 0.16 for concrete).
The value of E  can be expressed in pounds per square inch by multiplying 
dynes per square centimeter by 1.45 x 10'5.

I t  will be noted that E  has no correction due to Poisson’s ratio, when 
determined from longitudinal wave velocity in laboratory beam speci
mens. This is explained by the assumption tha t in laboratory specimens, 
longitudinal strain is accompanied by lateral expansion or contraction 
thus retarding the wave, whereas, in mass concrete lateral displace
ments are suppressed (8) (11), causing the wave to travel a t a slightly 
greater velocity. The situation represented by pavements is intermed
iate between those represented by beam specimens and by mass con
crete (12), since the lateral displacements are suppressed in the direction 
of width but not in the direction of thickness. Assuming a Poisson’s 
ratio of 0.16, the corrections reduce the E  values by approximately 2.4 
per cent and 6.1 per cent for pavement and mass concrete, respectively. 
I t  is obvious from these comparatively small correction values th a t they 
are not sources of appreciable error in the computed E  values, and there
fore do not, for the purposes of the present paper, require further ex
position herein.

DISCUSSION O F TEST D A T A

Table 1 presents test data of concrete representing several airfield 
runway pavements. Beams were sawed from the pavements and tested 
in the laboratory for dynamic E  (flexural resonance method), static E, 
flexural strength (third point loading) and compressive strength (modi
fied cubes). Adjacent to the location from which the beams were taken, 
tests of the concrete were made with the electronic interval timer for 
comparison with the dynamic E  and flexural strength test values ob
tained in the laboratory. I t  should be emphasized here, th a t the con
crete tested in the field was at a different temperature and moisture 
content than the corresponding concrete beams tested in the laboratory 
and ioi this reason the test values should not be in exact agreement. 
The laboratory beams were submerged in water a t 70 F. for 7 days 
previous to testing, whereas the concrete in the field varied in tempera
ture roughly from 50 to 100 F; and the moisture content was unknown.

Ih e  effect, of moisture at least, is of considerable significance since 
it has been determined, on the basis of laboratory tests conducted over
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TABLE 1— C O M P A R A T IV E  TEST RESULTS O F CONCRETE P A V EM EN TS*

(1)Density

Strengths L a b .“E ’ ’ Vaues Velocity Values
Feature (2)Flex. (3)Comp. (4)Dynamic (5)Static (6)F t/Sec. (7)“E ” (81Flex.Str.

Army Airfield A 
R u n w a y .. 2.492.482.46

70206890
5970

6.906.976.84
5.145.42
5.11

14,72014,93014,950
7.087.287.24

915960
950

A pron........ oOU975800Taxi way. .
Army Airfield B 

Runway (a ) . . .  . Runw ay (b )___ 2.53
2.50 820

970
97406520 7.607.05

5.514.68
14,04015,400

6.557.80
8301050

Army Airfield C A pron. . . . 2 .492.42 910830 81406420
6 89 5 09 14,68014,090

7.10 920
Taxi w ay ........ 5.77 4.69 6.31 790

Army Airfield D 
Runway (a ) . . .  . Runway (b ) . . . . 2 .462.47 745700 62505600

6.796.77 4.964.72 15,36014,390
7.616.73

1010
860

Army Airfield E 
Runway (a ) . . .  . Runway (b )___ 2.402 .48

800
980

58508820
5.72
6.88

4.285.12
14,55014,450

6.686.89 850890
Army Airfield F  Runway (a ) . . . .  

Runway (b ) . . . . 2.48
2.45

1015805
8130
6630

7.166.33
5.66
4.66

14,84014,260
7.186.56

940830
Army Airfield G 

Runway (a ) . . . .Runway (b )___
Runway (c ). . .  .

2.41
2.432.46

890
970

1010
5920
7270
7370

6.606.74
6.68

4.72
5.48
5.77

13.70013.700 14,570
5.966.00
6.86

730
740885

Army Airfield H  Runw ay (a ) . . . .  
Runw ay (b ). . . .

2.47
2.43

885880
70505660

6.756.26
4.834.72

14,100
13,890

6.316.27 790
785

*A11 values a re  averages of a t  le a s t th re e  de te rm in a tio n s; th e  s tre n g th s  a re  in  psi. an d  E  va lues are  
in  m illions psi. ,(1) D e te rm in ed  fro m  no rm a l a n d  su bm erged  w eights.

(2) T h ird  p o in t  load ing . » »»(3) E n d s  of beam s, te s te d  a s  “ m odified cubes .(4) F le x u ra l (resonance) v ib ra tio n  m eth od .(5) T es ted  in  flexure; th ird -p o in t loading.(6) “ E lec tro n ic  In te rv a l  T im e r” .(7) C o m p u te d  fro m  e q u atio n s  (6) a n d  (8)(8) D e riv e d  fro m  curve  F ig . 7.

a period of several years, that variations of E  values, of the order of 12 
to 15 percent may be expected between oven-dry concrete and saturated 
concrete. The effects of variations in temperature have not been studied 
to date, but it is probable tha t they are not so important as are those 
attributable to changes in moisture content; and, in all probability, 
moisture gradient.

Table 1 also presents flexural strength values corresponding to the E  
test values obtained with the electronic interval timer. These values 
were taken from the curve of Fig. 7.
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Fig. 7 —  Relationship be
tween dynamic modulus of 
Elasticity (E) and flexural 
strength of concrete beams

RELATIONSHIP O F E  A N D  FLEXURAL STRENGTH

The curve of Fig. 7 was obtained from a statistical analysis of the 
dynamic E  and flexural strength test values of approximately 1400 
concrete beam specimens ranging in size from 4 by 4 by 16 in., to 8 by 9 
by 40 in. However, about 1250 of these beams were of the 4 by 4 by 
16 in. size. Dynamic E  values were determined by the flexural resonance 
method; and flexural strength values were determined by the third point 
loading method. In the analysis of the data ail of the test values were 
used, except for those falling in the extreme class intervals whose fre
quency was too low to be considered. In these instances the entire class 
intervals were disregarded. The effect of discarding the extreme (indi
vidual) values, which varied widely from the arithmetic mean, would 
have been to considerably decrease the “probable error” , but would not 
have appreciably changed the formula for the curve of Fig. 7. The 
test data were divided into fourteen class-intervals of dynamic E, and 
the arithmetic mean was determined from the corresponding flexural 
strength values of each of these groups. The frequency of each class- 
interval used was twenty-five or more. The coordinates of the fourteen 
points thus determined w'ere used in computing the constants of the 
second degree parabola (14) plotted in Fig. 7. This curve represents the 
relationship between dynamic E (flexural resonance method) and flexural 
strength, with a probable error of approximately 70 psi. I t  is possible 
then, to estimate with a reasonable degree of accuracy the flexural 
strength of concrete from laboratory dynamic E  test values of beams, 
or from field test values of dynamic E  obtained with the electronic 
interval timer on concrete, in situ.

I t will be noted in analyzing the data that, in general, there is good 
agreement between the dynamic E test values obtained in the field and
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those obtained in the laboratory. The greatest individual difference 
between the test values of the 18 field locations tested is approximately 
17 percent. The average of all field values differs approximately 1.5 
percent from the average of all laboratory values. A similar comparison, 
of the flexural strength values obtained from the field E  values and 
the use of Fig. 7, and those obtained in the laboratory, shows that the 
greatest individual difference is approximately 36 per cent; and the 
average of all field determined values differs less than 1 percent from 
the average of all laboratory values. These values, shown in Table 1, 
demonstrate th a t there is a high degree of correlation between the 
flexural strength test values (column 2) and those obtained from the 
electronic interval timer E  values (columns 7 and 8).

P A V E M E N T  THICKNESS D ETER M IN A TIO N

In order to determine pavement thickness from the tests discussed 
above, it is necessary to know the wave length and velocity of the trans
verse vibration wave, and the velocity of the longitudinal wave. Fig. 6 
presents a graph of Timoshenko’s (10) “frequency equation” showing the
relationship between, the ratio ~  of wave-length (of transverse vibra-

JjC  ■
tion waves) to thickness, and the ratio (t = V/V i) oi transverse vibration 
velocity to longitudinal velocity, for two values of Poisson’s ratio (0.16 
and 0.25).

Since the ratio of Vx to V2 depends only on Poisson’s ratio (11), h can 
be evaluated in terms of /. V  and I can be determined from the sustained 
vibration test; and Vi can be determined from the test with the elect
ronic interval timer. This leaves but one unknown in the frequency 
equation; the thickness (2c), which can be computed.

For example; the following values I, V, and V x were obtained in actual 
tests of a concrete pavement nominally 6 in. thick: I = 2.55 ft. V  = 
3760 ft. per sec., Vi = 12,520 ft. per sec. By making the required sub
stitutions in the above formula, or by using Fig. 8, the value of thick
ness is found to be 6.3 in. Although it appears possible to determine 
the thickness of pavement to a reasonable degree of accuracy by the 
method described, the sustained vibration procedure of determining 
the wave length and velocity of the transverse vibration wave is rather 
tedious, and should be improved upon before it is generally adopted as 
a practicable routine test.

CO NCLUSIO NS

I t  is concluded (a) tha t the Electronic Interval Timer described herein 
is capable of measuring, with precision, velocities of wave transmission 
th r o u g h  concrete (or other elastic or semi-elastic materials), (b) tha t the
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Fig. 8 —  Graphical 
representation  of 
Timoshenko's fre 
quency equation

dynamic modulus of elasticity E, calculated from such velocity values, 
is quite as dependable as are moduli obtainable by any other method; 
(c) tha t the relationship existing between the flexural strength and dy
namic modulus E  of concrete has been shown to be sufficiently consistent 
to permit reasonably accurate predictions of flexural strength when dy
namic E  is known; and (d) th a t the method described forecasts the 
eventual abandonment of older, more laborious and time- consuming, 
and much more costly methods of obtaining knowledge concerning the 
flexural strength of concrete, in situ; and (e) tha t dynamic E  values, 
although higher than the customary values obtained by static loading 
method, (being virtually dissociated from plastic flow or time yield 
effects) may prove to be more reliable and valuable than are the values 
usually used in design. This suggests the need for determinations of 
dynamic E  and Poisson’s ratio over a wide range of time, and loading 
(wave length and impulse intensity).
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Substantial temporary construction used for a naval training station
T h o m a s  H . C r e i g h t o n ,  E ng ineerin g  N ew s-R ecord , V. 133, No. 6 (Aug. 10, 1944), pp . 90-91.R eview ed b y  S. J .  C h a m b e r l i n

The masonry block exterior walls are supported by a continuous reinforced concrete 
grade beam carried on capped wooden piles. The walls were reinforced above and below 
openings and a t changes in section or framing to minimize cracking. The 8-in. concrete 
block were made in various special shapes and high pressure steam cured to speed con
struction. Scarcity of timber, availability of masonry labor and low maintenance were 
factors in the selection of masonry walls.

Resistance of concrete to freezing and thawing as affected by aggregates
S t a n t o n  W a l k e r ,  D ire c to r  o f  E ngineering , N a tio n a l S and  an d  G ravel Association;R eview ed b y  th e  A uthor

R eprint of a paper presented before the Conference on Plans for Postwar Highways 
held a t the University of Tennessee, Knoxville, M ay 12-13, 1944. Discusses general 
problem of concrete durability as related to  aggregates and consists principally of sum
m ary of results of freezing and thawing tests of concrete by National Sand and Gravel 
Research Foundation a t  University of M aryland and made with a variety of fine and 
coarse aggregates from widely separated sources. Particular attention is paid to tests 
of concrete made with chert gravel under different conditions of moisture content. 
Effects of freezing and thawing on laboratory specimens were measured by determina
tions of dynamic modulus of elasticity.

Simplified concrete rigid frame design
lu r . ia n  C .  S p o t t s ,  E n g in eerin g  N ew s-R ecord , V . 133, N o .  4 (Ju ly  27, 1944) pp . 80-83 0 Review ed b y  S. J .  C h a m b e r l i n

Rigid frame concrete bridges with curved soffit decks are designed by first assuming 
relative proportions of the frame dimensions, completing the detailed analysis, and 
finally assigning true numerical values to the span, height and crown thickness. Four 
sets of charts are presented to simplify the design. The first set gives the coefficients 
for fixed-end moments, for uniform load, relative stiffness and carry-over factors for 
p a r a b o l i c a l l y  shaped fixed beams. The second chart gives the moment coefficients for 
p a r a b o l i c  l o a d s  due to the weight of the beam. The third set gives the negative mom
ents f o r  a moving concentrated load. The fourth set gives the elements of the fixed

(233)
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beams (acting as the legs the rigid frame) for uniform side pressures, triangular earth  
pressure and for unbalanced sidesway. The procedure is illustrated by the design of a 
typical highway bridge.

Specifying controlled concrete
R . F . M oss , E n g in e e rin g  N ew s-R ecord , V. 133, N o. 6 (Aug. 10, 1944) p p .  86-89.R eview ed b y  S. J . C h a m b e r l i n

No incentive is provided under present-day specifications for the producer of concrete 
to use accurate control methods. The author recommends a straight strength specifi
cation, then it would be to the producer’s advantage to  have a scientifically designed 
mixture with the best water control and other control systems th a t he could get. Accu
rate batching equipment is needed and should be specified. Successively larger bonuses 
to the producer are suggested for each class of concrete within a limited strength range. 
If a minimum cement content is specified it should be based on approximate laboratory 
accuracy without factors of safety. If the cylinder tests are to govern extreme care is 
needed in the sampling, making, storing and testing of the specimens. The au thor 
believes th a t simpler specifications would result in a positive improvement in concrete 
quality and a reduction in its cost as well as reduction in the cost of inspection. The 
producer and consumer interests would be more parallel with a reduction in friction 
and evasion. The competitive position of concrete as a structural m aterial would be 
improved.

Precise concrete curves in wind tunnel
E n g in eerin g  N e w s  Record, V. 133, N o. 6  (Aug. 10, 1944), p p .  108-110) R eview ed b y  S .  J .  C h a m b e r l i n

The 450-ft. long circuit varies in cross-section from 27 ft. 6 in. by 29 ft. 6 in. back 
of the fan to an 8 by 12 ft. test section with smooth changes of varying shape and length. 
The tunnel was built entirely in mass concrete to reduce vibration and improve operat
ing conditions. Finished surfaces were brought to within ^  in- of the designed dimen
sion a t the th roat section and ^  in. elsewhere without plaster finish of any kind. M ost 
of the inner form faces were made with water-resistant plywood, carefully waxed and 
shellacked, and supported and stiffened to prevent movement. The inner form for 
the bellmouth was constructed on end with asbestos fiber plaster on expanded metal 
lath  fastened to a wood backing. After the plaster was shaped to the right curvatures 
and hardened, it was waxed and shellacked and the whole form tilted  into position. 
P art of the cage reinforcement was carried by overhead supports and part by concrete 
“chairs” . The floor of the bellmouth, together with the  side walls up to  the  level of 
the floor of the test section, was placed first as a separate casting, the balance being 
placed in a second operation. The only cold joints were horizontal, except a t expan
sion joints where a steel slip plate was used, designed to function under either vacuum 
or pressure. E ntrapped air in the wall forms was allowed to escape through ki-in. 
holes bored through the forms. These holes did not leave form marks, evidently filling 
up after fulfilling their function.

Aircraft factory in France has concrete arch roof
Leon B eskin, C iv il E n g in e e rin g , V. 14, N o. 6, Ju n e , 1944, pp. 240-242, R eview ed  by J .  R . S h a n k

An aircraft factory a t Toulouse, France is an example of the  ingenuity of French 
engineers where labor is cheap in comparison w ith materials. I t  also illustrates w hat 
can be done when advantage is taken by designers thoroughly conversant w ith mechan
ics, who take advantage of every m ethod for reducing the quantities of m aterials used. 
The main building has a floor space clear of columns which is 170 x 660 ft. The con-
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sti action is completely of reinforced concrete. The amount of concrete used for the 
entire plant was equivalent to a 7 in. slab over the floor area. The steel used amounted 
to  9 lbs. B ut 3.5 sq. ft. of forms were necessary.

The plant consists of three main buildings and several extensions. On both sides 
of the main 170 x 660 ft. building are two-story bays of 50 ft. span. The roof of the 
m am building is of saw-tooth construction on reinforced concrete trusses in the planes 
of the lights and mid-way between them, spanning 170 ft. The roof slabs are 2 in. 
sloped cylindrical shells spanning 16.5 ft. In  addition to supporting the roof shells 
with all of their special thrusts the trusses support and are a part of the wind bracing 
and carry two run-ways a t their third-points for three 55-ft. span, 3-ton traveling 
cranes. The 50-ft. span side buildings are designed to  brace the main building in the 
planes of the trusses.

The article discusses the development of the composite design showing how the thin 
slab takes and delivers its loading. The concrete was designed for 4500 psi a t 28 days. 
The steel had a minimum yield point of 50,000 psi and an ultim ate strength of 80,000 psi.

Aircraft hangars and terminal buildings of reinforced concrete
C h a r l e s  S. W h i t n e y ,  A ero n a u tica l E n g in e e rin g  R eview , V. 3, No. 9, S ept. 1944.

F rom  A u t h o r ' s  S y n o p s i s

In  this time of rapid development of new materials in the aircraft industry, reinforced 
concrete should be given consideration because of its adaptability to the long spans 
th a t will be needed to house large aircraft.

Recent developments in the technique of the design and manufacture of concrete 
have been so rapid th a t its possibilities have not yet been fully developed.

M any things have been discovered in the last 10 years about the characteristics of 
concrete which perm it more precise design of structures and more accurate control of 
the m aterial. T ransportation to  the forms by pumping and consolidation by high
speed vibrators are examples of improved construction methods. Improvements in 
cement result in almost doubling the strength of concrete and increasing its reliability.

I t  is the purpose of this paper to point out what has been accomplished in the past 
and how concrete can be used in the construction of hangars and accessory space for 
any term inal facilities th a t m ay be needed.

The period immediately after the war will undoubtedly see a tremendous develop
m ent of commercial airports. I t  is im portant th a t hangars and terminal buildings be 
substantially built and economically designed so as to result in the lowest possible 
operating cost to the  air lines using them.

This paper describes a newly developed type of long-span reinforced concrete shell 
construction which should provide the kind of structure needed.

Concrete in Puerto Rico
TT TC E g g l e s t o n ,  C iv il E n g in eerin g , V. 14, N o. 6, Ju ne , 1944, pp . 237-239. R eview ed b y  J . R . S h a n k

The engineer inexperienced in concrete construction in the United States is surprised 
and disillusioned when he meets the materials available and the procedures common in 
Puerto Rico.

Three types of sands are available; beach, river, and crushed stone. The beach 
sands are of shell, coral, or silica, the silica very rare. Only one out of seven or eight 
b e a c h  s o u r c e s  is satisfactory. All beach sands are of one size, 30-50 or 50-100 mesh, 
r a t h e r  fine but devoid of fines under 100 mesh The structural qualities of the river 
s a n d s  are good, having been derived more or less from metamorphic and igneous rocks
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but the grading is very coarse. The crushed stone sands are deficient in sizes below 
No. 16 mesh and contain excessive quantities of dust. These artificial sands are usually 
harsh and unworkable, requiring more cement per yard than  natural sands, and give 
trouble in obtaining good surface finishes, as for floors. The best results are obtained 
by mixing the fine, uniform beach sands with the coarse river sands. Com parative 
tests with standard Ottawa sand mortars show the best of these sands to  be about 75 
per cent whereas 120 per cent is not uncommon for the glacial sands of northern United 
States. The beach sands contain some salt bu t this is not serious inasmuch as sea 
water is often used for mixing without an undue reduction in strength and durability.

Two types of cement are being produced in Puerto Rico. The Ponce cement is of 
the type having a so-called “moderate heat” of hydration or federal specification 206a. 
The Puerto Rico cement is a “standard portland” or federal specification 191b. The 
qualities of both compare favorably with similar types in the U nited States.

Field control is not always popular, however economical it may be. Such question
able practices as short mixing time, plastering, dry cement dusting, laying reinforce
m ent on the bottom  forms, poor construction jointing, and poor curing protection m ust 
be combatted.

Gouin Dam, Canada, repaired with Gunite
O. G r a h a m ,  C iv il E n g in e e rin g , V. 14, N o. 4, A pr. 1944, pp . 147-149. R ev iew ed  b y  J .  R . S h a n k

A power dam structure on the Upper St. Maurice River, 52 miles north of Sanmaur, 
Que., built in 1917-18, began to show scaling disintegration after 1930 which increased 
rapidly so th a t it became necessary to  make repairs. The greatest deterioration occurred 
on the upstream  face a t the winter season water level. On the downstream face, the 
surface of the piers of the sluice section and a t expansion joints showed advanced stages 
of deterioration, some defect as deep as 10 in.

The repairs, in order, consisted of unwatering the upstream  face for a depth of about 
20 ft., chipping out the deteriorated or loose concrete and cleaning the newly exposed 
surfaces, applying a metallic coating, fixing of special anchorages for wire mesh fabric, 
placing the wire mesh and guniting in the most approved manner.

Steel sheet-pile cofferdams were used on the upstream  face where the depth did not 
exceed 25 ft. In  deep water floating caissons with three walls and a bottom  were made 
and equipped with air-tight buoyancy compartments, so designed th a t the am ount of 
water and air in these com partm ents could be adjusted to float them  to the face of the 
dam, and attach  them  by means of anchorages, previously prepared, to  the concrete. 
Wood cushions were provided for contact with the concrete of the  dam  and divers 
calked them  with wood wedges and canvas. After this the  air and w ater in the com
partm ents were adjusted so th a t they could be dewatered w ithout producing undue 
stress on the anchorages.

The metallic coating was cast-iron powder and an  oxidizing agent applied w ith a 
brush and allowed to oxidize. The wire mesh was No. 6 gage 3 in. x 3 in. mesh, anchored 
20 in. on centers, staggered, placed within 3^ in. of the concrete and 1 x/ i  in. in from the 
finished surface of the gunite. The anchors were steel nails of a special make, 34 in. 
diam eter and 5 to 12 in. long with a two-unit expansion shield, two of lead and two of 
steel. A second layer of mesh was used when the thickness of the  lining exceeded 3 in.

The gunite used was 334 cu. ft. of sand, max. size %  in. per bag of cement or four 
parts of sand to one of cement. The gunite was placed in layers not exceeding 2 in. a t a 
time, each succeeding layer having begun to  set before the next was begun. An ad
mixture was used in the final layer on the upstream  surfaces and the top of the dam  
to  prevent setting cracks. The surface of the last layer was screeded and floated w ith 
wooden trowels.
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^¡cromeritics: the technology of fine particles
■ - I . D a l l a  " V a l l e  ? P i tm a n  P u b lic a tio n  C orp . (N ew  Y ork  a n d  C hicago), 1943. P rice  $ 8 .5 0

R eview ed b y  D . E . P a b s o n s

I I n s  excellent book brings together for the first time a large am ount of widely scat- 
teied  theoretical and experimental information on methods of particle-measurement, 
size distiibutions, packings, dynamics of particles, physical properties of finely-divided 
substances, and related subjects, and its application, especially to problems in engineer
ing, geology, hydrology and industry. The range of sizes of particles considered is 
lim ited to  101 to  105 microns, but this is a wide range as it extends from the upper 
limit of colloidal materials to the larger sizes of concrete coarse aggregates. Thus, 
the book considers most of the particle sizes th a t are dealt with by cement and concrete 
technologists and civil and mining engineers. However, the subject m atter of the book 
is not limited to topics th a t are of concern only to a few professions or industries; the 
fim dam ental principles discussed and much of the empirical data are applicable to 
problems in many fields. Both theoretical and empirical equations are given when 
these are available, and each chapter concludes with problems illustrating the use of 
the equations

C hapter 1 discusses the scope and fields of application of the text. Chapter 2 begins 
with the application of dimensional analysis to  problems relating to fine particles, using 
Buckingham’s method, and then gives the various laws of motion of particles in a fluid. 
C hapter 3 is a  discussion of the shape and size distribution of particles and contains 
an excellent summary and discussion of methods of representing particle shapes and 
sizes and particle-size distributions. Chapters 4 and 5 consider methods of particle- 
size measurement, giving detailed descriptions of direct and indirect methods of meas
urement. The discussion of sedimentation and sieving methods is especially com
prehensive. Chapter 6 discusses such characteristics of packings as the size, shape and 
volume of voids, and the distribution of and effects of pressures. Chapter 7 discusses 
electrical, optical and sonic properties of fine particles, and Chapter 8 the thermo
dynamics of particles, including theoretical and experimental studies of heat effects 
and conduction, and adsorption, condensation and evaporation phenomena. Chapter
9 treats of such chemical properties as rates of solubility, crystal growth, and oxida
tion, and includes a brief discussion of dust explosions. Theoretical and experimental 
studies of the flow of fluids through packings are discussed comprehensively in Chapter
10 and percolation, moisture-holding capacity, infiltration and related subjects in 
Chapter 11. Chapter 12 considers capillarity. Chapter 13 gives methods for estim at
ing the surface areas of particles from diameters and shape factors and by permeability, 
adsorption and optical methods. Chapter 14 on muds and slurries discusses such 
properties as viscosity, plasticity, consistency and settling. Chapter 15 includes an 
excellent summary of information on the transportation of particles by liquids and 
the movement of muds and slurries in pipes; Chapter 16 the theory of fine grinding 
and includes experimental data; Chapters 17 and 18 are of special interest to those 
concerned with the collection and separation of particles from air and the control of 
atmospheric and industrial dusts. A large and well selected bibliography is included 
and both the author and the subject indexes are excellently arranged.

The book covers the broad field of fine particle technology in a thorough manner. 
A very small amount of space only is used in presenting current specifications and 
empirical rules t h a t  are likely to be out of date soon; much of the material is funda
m ental a n d  s h o u l d  require supplementing rather than radical revision during the next 
few v e a r s .  R e s e a r c h  workers and engineers interested in the crushing, grinding, grad- 
i n "  a n d  u s e  o f  pulverized materials should find th a t the information given is a valuable 
s u p p l e m e n t  t o  the more specialized data in their respective fields. Some readers of the 
\C'J J o u r n a l  may note the omission of discussions of dilatancy and thixotropy, prop
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erties th a t often are of interest and importance. The book includes an adequate m athe
matical treatm ent of the problems without an unnecessary use of higher m athematics, 
and interpretations th a t perm it those not well versed in m athem atics to apply the 
information without undue difficulty. The m aterial is well arranged and is clearly 
and concisely presented; the book is well written. I t  should be useful to  the  studen t 
and as a handbook for specialists in all fields in which there are problems about the 
properties of finely-divided substances.

Expanding cements and their application— self-stressed concrete
A . C a q u o t  a n d  H e n r y  L o s s i e r ,  L e  Genie C iv il, V. C X X I, N o. 8, A pr. 15, 1944, p p . 61-65 a n d  N o. 9 M ay  1, 1944 pp . 69-71. R eview ed b y  R . L. B e r t i n

In  his introduction of M r. Lossier’s paper, Mr. A. Caquot describes briefly the prin
ciples and effects of prestressing concrete by embedding therein initially stressed rein
forcing steel rods. Because of the quadruple effects of immediate elasticity, shrinkage, 
delayed elasticity and plasticity only a fraction of the initial induced compression 
remains eventually in the prestressed member. For th a t reason, steel of high yield 
value with large spring effect is most effective in ultim ately maintaining a high percent
age of the original compression. This concept was first applied to structures by Mr. 
Freyssinet.

Mr. Caquot cites the principle of hooping concrete conceived by Considere as another 
m ethod of restrained concrete. In  this case the transverse strains of the concrete are 
resisted by the transverse reinforcement, thus setting up a state of volumetric restra in t 
giving to the concrete real ductility. Mr. Caquot introduces the m ethod proposed by 
Mr. Henry Lossier whereby the reinforcing steel is pretensioned autom atically by 
using in the concrete a cement possessing the special property of swelling regularly 
during the setting period. At the  request of Mr. Lossier the  research departm ent of 
Poliet and Chausson, cement manufacturers, developed such a cement. This m ethod 
is the subject m atter of Mr. Lossier’s paper.

The author presents a chronological review of the development of prestressed con
crete, starting w ith the descriptions of German patents granted to  Doehring in 1888 on 
prestressed concrete floor beams. United States patents to Haas in 1909 and to  Crisen- 
berry in 1915, both of which used prestressing of the reinforcing bars particularly for 
the  purpose of holding them  in exact position during construction.

He reviews tests conducted by Lund and Koenen in 1907 and by Considere in 1903 
on prestressed reinforced concrete specimens. The originators of these tests had in 
mind the prevention of cracks in the tension zones of reinforced concrete structures.

The expanding cements are composed of three well known stable elements: (a) ordi
nary portland cement, (b) sulpho-aluminous cement which acts as the expanding 
factor, (c) a stabilizing element which after a regulated tim e stops the  expansion by 
absorbing the principal reagent. The expansion both  in intensity and duration can be 
regulated with surprising precision by judicious proportioning of the  components. The 
mechanism of expansion from the  chemical and physical standpoints is gone into in 
detail.

The physical characteristics derived from laboratory and field tests are described 
a t length for four classifications of this special cement differing only in the magnitude 
of their to ta l expansion of the  neat paste cured under water as follows: (a) cement 
fictitiously called without shrinkage 0.2 to .3 per cent; (b) slightly expansive, .5 to  .6 
per cent; (c) moderately expansive .8 to 1.0 per cent and (d) strongly expansive, 1.2 
to 1.5 per cent; these cements are intended for use in roads and pavements, arches and 
for voussoirs of arches and certain reinforced concrete elements.
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The period of gradual expansion term inates in 10 to 15 days after mixing for sub
merged pure cement paste specimen. Curves showing the shrinkage and elongations 
of ordinary portland and the above listed cement specimens over a period of 5 years 
in  term s of time both water cured and water and air cured indicate th a t those special 
cements cured under water expand gradually from .30 to 1.1 per cent in about 10 days 
when they become stabilized.

Those cured 7 days under water then in air exhibit about the same shrinkage char
acteristics from 7 days to 5 years as ordinary portland a t which time they seem to 
stabilize w ith a residual expansion varying from .06 per cent for type (a) to .84 per cent 
for type (d).

The expansion of concrete made with these cements increases with the cement con
te n t up to 500 Kg per c.m. when it reaches about %  of th a t of neat cement after which 
th e  rate of increase drops very fast. The setting time is slower than  th a t of portland 
cement requiring from 8 to 10 hours after mixing. The concrete compressive resistance 
generally is less than  th a t of ordinary portland cement a t early ages, about equal a t 28 
days and higher from then on. Concrete made with these cements is less permeable than 
th a t made with ordinary portland particularly if reinforced. Because of the high con
te n t of S 0 3 the  use of aggregate free of sulphates is mandatory.

M ethods of testing concrete specimens made with these cements are described a t 
length to establish the influence of composition and method of placing on the mechani
cal characteristics and the intensity, amplitude and energy of expansion.

A second series of tests is described relating to the adhesion between steel bars and 
expanding cement concrete. Also to the effect of moisture on thin and thick sections 
wetted on some and all of the faces. Full sized models were tested using the different 
classes of expanding cements in pavements, arches, combination structural steel and 
concrete floor systems, reinforced concrete beams and slabs.

Mr. Lossier sums up the residt of his work as follows: Expanding cements have been 
studied and improved for more than eleven years and have reached a state of develop
m ent which yields stable and well defined chemical and physical characteristics. The 
intensity and period of expansion are capable of exacting control both in the manu
factu re of the cement and in its application. The use of these cements does not differ 
from th a t of ordinary cement except for the necessity of water curing for the period 
of expansion—10 to 15 days. Eleven years of experimental research indicatex th a t 
concretes made with these cements are stable chemically and maintain their strength 
and acquired expansion. The compression resistance is a t first less than th a t of port
land cement bu t it gradually equals and ultimately surpasses it. When the expansion 
is restrained either by abutm ents or reinforcements, the gradual increase in compaction 
of the concrete increases its ultim ate compressive resistance. The utilization of the 
energy of expansion of expanding cement concrete is found useful in the following types 
of structures:

Foundations—for all work cast against the earth as for instance, cast in place piles, 
footings, wells, etc. the resisted expansion of the concrete increases its compression 
and  frictional resistance.

U nderpinning—th e  expansion of th e  concrete takes th e  place of jacks in  securing 
co n ta c t between the parts.

Repair of defective or accidently damaged work—wherever cavities or cracks in 
masonry structures need to  be filled, the use of expanding m ortar or concrete restores 
f  he s t r u c t u r e  i n  a m anner impossible of attainm ent with ordinary cement.

A r c h e d  a n d  bow string trusses—the use of expanding concrete permits the nullifica
tion of the action of shrinkage and normal plastic and elastic deformation by realizing 
an a u t o m a t i c  decentering of the structure.
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Tunnels, subterranian structures, dams and the like—grouting of such structures 
between the earth  and their walls with expanding m ortars improve their water tigh t
ness and eventual stability.

Pavements and roads—Observation of actual sections under working conditions 
indicates the possibility of eliminating the formation of cracks by suitably binding their 
boundaries.

Reinforced concrete—the energy of expansion of the concrete restrained by the rein
forcing accomplishes autom atically during the setting period, the work of prestressing 
utilized in structures such as arches, tanks, which can be extended advantageously to  
m any other types such as bridges, ships, floor systems and the like.

23rd annual Proceedings of the Highway Research Board
H i g h w a y  R e s e a r c h  B o a r d , 1 9 4 4 . R e v i e w e d  b y  F r e d  B u r g g r a f f

The Proceedings of the Tw enty-third Annual M eeting of the Highway Research 
Board contains 50 papers covering various phases of highway economics, design, m a
terials, construction, maintenance, traffic, soils and aerial photography. Following 
are brief reviews of eleven of the papers, which contain information of in terest to th e  
concrete technician:

Report of Committee on R ig id  Pavement Design, R. D. Bradbury, Chairm an—T he 
extensive program of airport construction during the past two years has centered a tten 
tion more upon airports than  upon highways. This has raised the question as to whether 
airport conditions are such as to require or perm it substantial modification of the  
eatablished principles of highway pavem ent design when applied to  airports, notw ith
standing the fact th a t both classes of pavem ent are subjected to the same kind of stress- 
producing conditions—namely, vehicular wheel loads and climatic exposure. Such 
differences in conditions as do exist are embodied largely in the relative magnitudes 
of applied wheel loads, their corresponding areas of distribution on the pavem ent 
surface, and possibly the relative frequencies of critical stress repetition. I t  is possible 
th a t the differences between airport and highway loadings—although differences in 
degree only—might be of such a high order of magnitude as to  require a fundam ental 
modification of the commonly-used theory of stress analysis.

In  the highway field, certain information th a t is being disclosed by the service be
havior of some of our pavements under wartime traffic may have an im portant influence 
on future design practice. In  the ease of trucks, more vehicles are using the  highways 
and heavier loads are being carried. W hether due wholly to  this over-loading or to a  
combination of causes, the fact is th a t some new concrete pavements built under war
time restrictions have, under wartime traffic, developed serious breakage after having 
been in service less than  six months. Undoubtedly valuable lessons are to be learned 
from such cases.

Experim ents with Continuous Reinforcement in  Concrete Pavem ent—A Five-Year 
H istory by H. D. Cashell and S. W. Benham —In  the fall of 1938 a num ber of experi
m ental sections of reinforced concrete pavem ent were constructed near Stilesville, Ind., 
on U. S. Route 40 as a cooperative research project by the Public Roads Adm inistra
tion and the S tate Highway Commission of Indiana.

The da ta  obtained during the 5-year period show th a t: (1) changes in pavem ent 
elevation have been generally small and non-uniform and there is nothing to indicate 
th a t these changes have affected the length changes and the crack patterns of th e  
sections; (2) excepting the very short sections, daily and annual changes in section 
length are not directly proportional to length of section; (3) the m agnitude of the 
restra int offered by the subgrade is a function of the time in which a given tem perature
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or moisture change occurs in the pavement; (4) maximum tensile stresses originating 
from subgrade restraint develop during the late summer and fall; (5) frequency of 
cracking increases w ith increase in section length; (6) surface appearance of cracks is a 
function of w idth and crack w idth decreases w ith increase in am ount of longitudinal 
steel; (7) all of the cracks have remained so tightly closed th a t they have little if any 
structural significance.

Rigid Type Pavement Joints and Joint Spacing, by H. F. Clemmer—The Highway 
D epartm ent of the D istrict of Columbia has found th a t the shrinkage of the concrete 
in setting will provide sufficient expansion space for pavements constructed during 
normal summer conditions, and th a t if planes of weakness are constructed a t approxi
m ately 15 ft. intervals a certain degree of dowelling across the joints will be maintained.

Experiment and experience over ten  years have proved th a t the division of concrete 
bases into slabs 12hi ft. long will provide definite control of cracking in sheet asphalt 
surfaces; the  movement a t  any one joint being so slight as to be absorbed by the resili
ence of the  bituminous surface.

The D epartm ent recommends the  construction of reasonably short slabs, and when 
available the use of well distributed reinforcement, tie bars a t  all construction joints 
and load transfers across all transverse expansion and contraction joints.

Transverse Joints in the Design of Heavy Duly Concrete Pavements, by H. TV. Giffin— 
This paper is an account of experience w ith concrete pavements in New Jersey. The 
situation of New Jersey is such th a t it is an ideal laboratory for quick and thorough test
ing designs of concrete pavements. Transverse joints, cracks, and pavement design 
are discussed as relating to  ability to sustain the am ount of heavy traffic using the 
S ta te  Highway System. M ain conclusions reached are: (1) Heavy duty  pavements 
require designs th a t provide load distribution a t all joints and cracks; (2) Joint struc
tures should be designed to  reduce dowel restraint to the lowest practicable lim it; (3) 
Surface water should be excluded from access to subgrade in so far as practicable;
(4) The surface on which the pavement is laid should be non-erodible, have high bearing 
value, and preferably be somewhat porous; (5) Earth infiltration in open joints and 
cracks leads to spalling, blow-ups, and destruction of load transfer often accelerated 
by  pavem ent growth; (6) Joint fillers should fill the joint space a t  all times; (7) The use 
of precompressed wood should be tried extensively for joint fillers; (8) Contraction 
joints are unsuitable for heavy duty  concrete pavements and warping joints appear to 
be undesirable; (9) Concrete sills may be a better load distributing device than steel 
dowelled structures; (10) Consideration toward the early abandonment of the free end 
theory in construction of concrete pavements and adoption of the controlled compression 
theory , in which pavements are kept under compression a t all times by the use of spring 
dowelled jo in t structures, is suggested as being more in accord with concrete’s inherent 
characteristics.

Uncertainties in Design of Concrete Pavements Due to Differential Settlements and 
Volumetric Changes, by Francis M. Baron—The paper presents a qualitative and 
quantitative study of the effect of some variables on the design of concrete runways. 
Studied are the sensitivity of computed and measured strains, deflections, and sub
grade reactions to uncertainties in variables of weather, differential settlements, and 
properties of materials.

Strains caused by volumetric changes of the material of the pavement and of sub
grade may be, and often are, of primary importance. In  some regions the design of a 
runway may depend upon designing for weather rather than  for present loads of air car
riers. Strains caused by wheel loads, however, are of interest as they may affect pro
gressive demoralization of the runway. Clearly the importance of each source of strain
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depends on the scale, relative magnitude, range of uncertainty and also on the char
acter of the source. Design requirements of runway and subgrade for purposes of 
weather may be opposite to those for purposes of load.

Geometry of the deflected pavement is the dom inating characteristic of deformations 
produced by volumetric changes of subgrade or of the m aterial of the pavement. S trains 
produced by these sources are studied essentially as problems of geometry and no t of 
stress.

Tem perature Changes and D uration of High and Low Temperatures in  a Concrete 
Pavement, by W. J. A rndt—The data  for this paper were obtained by the  S tate High
way Commission of Kansas during 1936 to 1941, as a part of an experimental concrete 
pavem ent project having various types of subgrade concrete and expansion joints, under 
observation in Douglas County, Kan. The tem peratures observed were continuous 
during the period of observation. A summary of the extreme high tem peratures and 
the extreme low tem peratures recorded 1 in. from the top of the pavem ent and 1 in. 
from the bottom  of the pavem ent and from the subgrade is presented.

Considerable significance is attached to the am ount and duration of the high tem 
peratures recorded, and to the am ount and duration of the low tem peratures.

(1) The low tem perature da ta  are significant with regard to  a freeze and thaw  sound
ness test both as to the tem perature to be used and the num ber of cycles to be con
sidered.

(2) No reliance can be placed upon a study of air tem peratures when one is con
sidering concrete pavem ent tem peratures. N aturally  as the air tem peratures become 
higher the pavem ent tem peratures will also become higher bu t they do not follow any 
given formula or any set pattern.

(3) Any study of tem peratures should be for a considerable period. No one of th e  
years during which these data  were recorded was above or below average normal tem 
peratures by more than  about 2 degrees F. Yet, any one year of the five would present 
a far different picture from the others.

Progress Report on California Experience with Cement Treated Bases, by T. E. Stanton, 
F. N. Hveem and J. L. B eatty—The California Division of Highways has built 123 
miles of pavem ent base by mixing cement with granular m aterials of many kinds and 
compacting on the subgrade by rolling or tamping. M ost of these bases have been for 
first class road improvements. The materials have included fine silty sands, stream bed 
gravels, disintegrated granite, soft crushed sandstone, fairly clean sand and aggregates 
suitable for concrete, and m any construction methods have been tried. Twenty-eight 
projects ranging in length from one-half mile to  13.1 miles have been constructed.

Since in most cases the m aterial for cement treated  bases in California is brought 
from an approved pit or quarry it was found economical and otherwise desirable to use 
plant mixing rather than  road mixing.

These cement treated  bases are giving satisfactory service. A ttem pts to use thin 
bituminous surfaces on the cement treated  bases did not give satisfactory results and 
hence a 3-in. layer of bituminous surfacing has been adopted as standard  practice on 
California prim ary roads of moderate to  heavy traffic.

The mixture design is based on compressive strength requirements of 850 psi a t 7 
days and 1000 psi a t 28 days.

Effect of Calcium Chloride on the W ater Requirements, Specific W eights and Compressive 
Strengths of Concretes M ade w ith  P la in  and Treated Cements, by H. C. Vollmer—Slump



CURRENT REVIEWS 243

and flow tests were made on concretes using a portland cement, a wide range of water- 
cement ratios, and two cement factors. Comparative tests were made on concretes 
containing two per cent commercial calcium chloride. Calcium chloride increased the 
workability of all concretes tested, being slightly more effective on the richer mix in 
the  range of slump of two to  six inches.

W ater requirement, compressive strength and specific weight tests were also made 
on concretes of constant slump using four plain cements and four cements containing 
an  interground air-entraining agent. Comparative tests were made with two per cent 
calcium chloride. Compared to  the plain concretes, the concretes made with treated 
cements required from 0 to  2 per cent less mixing water and had lower specific weights, 
and in most cases had lower compressive strengths; the addition of calcium chloride 
to  the vinsol resin cement concretes decreased the required water and increased the 
early strengths and the specific weights.

Pum ping of R igid  Pavements in  Indiana, by K. B. Woods and T. E. Shelburne—This 
paper is a report of one of the researches conducted by the Highway Research Labora
tories of Purdue University co-operating with the S tate Highway Commission of In
diana. Pumping action as well as the factors affecting pumping are described. Surveys 
of Indiana pavements show th a t approximately 250 miles (6 per cent) of the concrete 
pavements are subject to  this action. In  addition many hundred miles of pumping 
pavements have been observed in other Midwestern, Southern, and Southwestern 
states

Pum ping is prevalent during periods of heavy rainfall on those roads which carry 
a  large volume of heavy truck traffic. However, portions only of these roads, where 
certain soils predominate were found to be pumping. Test results on samples of pump
ing soils show th a t pumping generally occurs on plastic clay-like materials. Observa
tions and results of tests on soils in several states outside of Indiana where pumping 
was found likewise show plastic clay-like materials. In  Indiana these soil areas are 
lacustrine deposits, unweathered parent materials of the Wisconsin drift, weathered 
shales, and soils with claypan or “B” horizon development.

These studies reveal th a t on new construction, pumping can be minimized or elim
inated  by employing corrective measures. Drained insulation courses are particularly 
effective where plastic soils are encountered. Because of the magnitude of the problem 
such design features as expansion joints and load transfer devices should receive added 
a tten tion . The maintenance or salvaging of the several hundred miles of pumping 
pavements is a serious problem, without an entirely satisfactory solution, confronting 
Righway engineers during this critical war period.

Defledomeler fo r  M eausuring Concrete Pavement Deflections Under Moving Loads, by 
R. W. Couch—The deflectometer was designed to measure concrete pavement deflec
tions a t any desired point under moving loads. The instrum ent th a t has been developed 
consists essentially of a ratio arm of 25 to 1 obtained by means of a train  of gears and of a 
Kymograph drum on which deflections, speed-switch indicators and a time-graph are 
recorded simultaneously. Deflections of a slab a t the point to  be measured may be 
determ ined for any position of the moving axle load by calculating distances from the 
average speed of the moving load. Timing is controlled by a standard tuning fork of 100 
vibrations per second. W ith an optimum speed of the kymograph drum, it is possible 
to  determine the time within plus or minus 0.001 sec. Preliminary tests by static dis
placements show th a t it is possible to measure displacements of the magnification arm 
within plus or minus 0.001 in. Actual displacements are measured with an “88” Ames
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dial and magnified displacements on the kymograph chart are measured w ith a pair of 
microcalipers.

Effect of S o il and Calcium Chloride A dm ixtures on Soil-Cement M ixtures, by M. D . 
C atton and E. J. F elt—This report shows th a t some sandy surface soils which reac t 
poorly with cement, and therefore require high cement contents for hardening, can be 
improved to react in the normal manner by adding to  the sand an adm ixture of clayey 
soil, or by adding a small quantity  of calcium chloride.

Compressive strength, wet-dry and freeze-thaw test da ta  are given showing the effect 
of the soil and clacium chloride admixtures on a num ber of poorly reacting sandy soils. 
D ata are also given showing the effect of calcium chloride upon normally well reacting 
soils.

Construction costs are analyzed for poorly reacting sandy soils with indications th a t  
the costs may be excessive when cement alone is used. However, the adm ixture of 
clayey soil or calcium chloride to these soils, with accompanying reductions in cement 
requirements, will often result in costs similar to those prevailing on projects where 
these special problems are not present.
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1 9 4 5  C O N V E N T I O N  M U C H  C U R T A I L E D

B usiness a n d  A d m in is tra t iv e  Sessions O n ly

I t  is with very deep regret th a t the Board of Direction 
announces the cancellation of most of the plans for the 41st 
annual ACI convention as announced for February 13 to 16, 
1945, Hotel New Yorker, New York City.

The decision was made with a high degree of Board unani
m ity on the basis of an urgent request from the Office of 
Defense Transportation. 0 . D. T. requests are not manda
tory—many meetings are being held more or less "as usual” , 
bu t the Board action made it clear th a t the Institu te wishes 
to cooperate as fully as possible with the war effort, even a t 
considerable sacrifice of its own interests in the convention’s 
stim ulation of its efforts in a specialized public service.

The 41st annual convention will include none of the custom
ary technical sessions. Only such meetings are now scheduled 
as seem necessary to effective administration and the "legal 
formalities” of administrative succession under our by-laws; 
anticipated travel reduced by 90 percent.
M eetings will be as follows:

Board of Direction meets 12 o’clock, noon, a t lunch 
Wednesday, February 14 with sessions continuing through 
dinner into the evening.

Advisory Committee, Raymond E. Davis, Chairman, 
meets 10 a.m. Thursday, February 15 and continues 
through the afternoon.

(1)



Publications Committee, Douglas E. Parsons, Chair
man, meets 6:00 p.m. a t dinner, Thursday February 15, 
through the evening and continuing a t 9 a.m. Friday, 
February 16 until 11:45 a.m.

General session of ACI (the 1945 Convention) begin
ning a t luncheon 12 o’clock noon, Friday February 16. 
Following the coffee: the report of tellers and induction 
of new officers and directors; an address by the retiring 
president; the award of Wason M edals (see elsewhere 
in these pages) and m atters pertinent to the adm inistra
tion of Institu te  affairs.
To ensure the necessary quorum a t the general session, 

dependence will be on New York C ity Members plus the 
members of the Board and of the Advisory and the Publica
tions Committees. Local, New York members are especially 
urged to attend. Special provision will be made for advance 
reservations for the luncheon. Similar opportunity is of 
course open to any Institu te  members who plan to be in New 
York a t th a t time. To observe the spirit of the compliance 
with the 0 . D. T. request (especially as no technical reports 
or papers will be presented for discussion) d istant members 
are not urged to attend, except as they are included in the 
personnel of the meetings scheduled or are, presumptively, 
members-elect of the Board of Direction. (Since the annual 
ballot involves no contests for Board membership, the election 
of candidates m ight be assumed.)

A brief meeting of the “new Board” is scheduled to follow 
immediately after the general session.
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T h e  4 2 n d  a n n u a l  C o n v e n t io n  

is s c h e d u le d  fo r N e w  Y o r k  

C it y ,  F e b r u a r y  1 8  to  2 1 , 1 9 4 6 .
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W a s o n  M e d a ls  W o n  b y  C o m m o d o re  A n g a s ,  Lt. C o m m a n d er 

S h a n le y , L ie u te n a n t E rickso n  a n d  H a rriso n  F. G o n n e rm a n

Annual awards of Wason Medals are announced by the Board of Direction:
For “The Most Meritorious Paper” in ACI Proceedings V. 40, Com

modore W. Mack Angas (CEC) USN, Lt. Comdr. E. M. Shanley (CEC) 
USNR, and Lt. John A. Erickson (CEC) USN, “Concrete Problems 
in the Construction Graving Docks by the Tremie Method” published 
ACI J o u r n a l  February 1944. This is the third successive award of 
this medal to members of the Civil Engineers Corps., U. S. Navy (for 
his 1942 paper “Architectural Concrete in the New Naval Medical Cen
te r” to Capt. Hugo C. Fischer; for their 1943 paper “The Properties and 
Behavior Underwater of Plastic Concrete” to Capt. P. J. Halloran and 
Kenneth H. Talbot.)

For “Noteworthy Research” reported in ACI Proceedings V. 40, to 
Harrison F. Gonnerman in the work reported in his paper “Tests of 
Concrete Containing Air-entraining Portland Cements or Air-entraining 
Materials added to Batch at Mixer,” published ACI J o u r n a l , June 1944. 
This will be Mr. Gonnerman’s second research medal, he, with Paul 
M. Woodworth, having won it for the work reported in their 1929 paper 
“Tests of Retempered Concrete” .

The Wason medals and certificates of award will have formal presenta
tion at the luncheon meeting of the American Concrete Institute, Hotel 
New Yorker, New York City, at noon Friday, February 16th at which 
the medal winners will be Institute guests of honor.

New Members

The Board of Direction approved 37 
applications for membership received in 
October and November (28 Individuals— 
1 Contributing—2 Corporation, 5 Junior 
and 1 Student) as follows:
Bamfield, A. E., Australian Cement, Ltd., 

Geelong, Victoria, Australia 
Berg, Oswald, Jr., 1801 Lee Highway, 

Arlington, Va.
Blake, Leslie C., 50 Dyer Ave., Milton, 

Mass.
Boland, Fred L., 511 Jackson fet., Petos- 

key, Mich.
Borden, R. C., 211 South Farr St., Provo, 

Utah

Brewer, Harold W., Bureau of Reclama
tion, Denver, Colo.

Chisholm, D. A., Dept, of Highway & 
Public Works, Province Bldg., Halifax, 
N. S., Canada

Cococcio, V. J., CMlc, B-3 14th USNCB, 
c/o  Fleet Post Office, San Francisco, 
Calif.

Douglas, A. H., 65 Crichton St., Ottawa, 
Ontario

Gindi, Adly W., 20, Memary Pachu St., 
Sakaking, Cairo, Egypt

Glaze, V. L., 1402 51st St., Sacramento, 
Calif.
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Guest, J. E., 49 N orth Lane, Astley, 
M anchester, England

Howe, M yron A., 133 Hawthorne Ave., 
Needham 92, Mass.

Jackm an, H., M t. W ellington Highway, 
Auckland, S. E . 6., New Zealand

Keniston, T. Sgt., Edward F., 3532 Center 
St. N. W., W ashington 10, D. C.

*K OEHRING CO., 3026 W est Concordia 
Ave., Milwaukee 10, Wise.
(R. A. Beckwith)

Laboratory for Testing M aterials, 200 
Dizengoff St., Tel-Aviv, Palestine 
(A. Arnstein)

Mauchel, R obert L., c/o  M aster Builders 
Co., 101 Park Ave., New York 17, N. Y.

McClelland, Jam es E ., 2840 Madison Rd., 
Cincinnati 9, Ohio

McDonell, H ubert F., 438 S. Arredonde 
St., Gainesville, Fla.

McGrail, Paul J., 1943 Semple St., St. 
Louis, Mo.

Misavage, B. A., 31 S. Locust St., Mt. 
Carmel, Pa.

M ontgomery, R ichard T., P. O. Box 844, 
Estes Park, Colo.

Nietz, E rnest W., P. O. Box No. 97, 
Gastonia, N. C.

Pennsylvania Commonwealth of, Dept, 
of Property & Supplies, Harrisburg, Pa. 
(A. Judson Warlow, Chief Engr.)

Pirtz, David, 2575 LeConte Ave., Berke
ley, Calif.

Skou, C. Chr., Gimle, The Grove, M arton- 
in-Cleveland, Middlesbrough, Yorks, 
England

Sleath, Aubrey B., Box 533 N., Niantic, 
Conn.

Stewart, Leslie M., 155 Highland Ave., 
Winchester, Mass.

Sussman, William, 649 Park  Ave., E ast 
Orange, N. J.

Tosca, Ernesto, Sta. Catalina No. 212 
Rpto., Mendoza, Vibora, H avana, Cuba

Van Der M ark, H. J. C., P. O. Box 5467, 
Johannesburg, Transvaal, So. Africa 
(M aas & Van Der M ark)

Whelan, Donald V., 207 E. St. N. W., 
W ashington 1, D. C.

Winslow, Ralph E., D ept, of Architecture, 
Rensselaer Polytechnic Institu te , Troy, 
N. Y.

W itte, Leslie P., 1585 Elm St., Denver 7, 
Colo.

Wolff, Chas. lL, Jr., 113 T hird Ave., 
Columbia, Tenn.

Woodhouse, Earl H., 4095 Albatross, San 
Diego 3, Calif.

W H O ’S W H O

Lewis H. Tuthill
has been an ACI member since 1926 and 
for most of th a t tim e an  active one. His 
present paper (p. 137) is not only an 
im portant record of construction practice 
in World W ar IP s  concrete shipbuilding 
b u t is so presented as to  involve a wealth 
of information applicable to  high quality 
concrete construction for any purpose.

M r. T uthill is no t by  any means new 
to ACI J o u r n a l  pages as the record on 
page 96 of the current ACI D irectory 
shows. He was chairm an of Committee 
614, whose report was adopted 1942, 
“Standard Recommended Practice for 
Measuring, Mixing and Placing Concrete” . 
He has been an active worker for new 
ACI members as Honor Roll records will 
show. He was long w ith the M etropolitan 
W ater D istrict of Southern California and 
since 1939 w ith the Bureau of Reclam
ation, except for his recent work on con
crete ships; from November 1942 to 
M arch 1943 w ith McCloskey & Co., 
Tam pa, Fla. and then w ith the  United 
States M aritime Commission until July, 
1944 when he returned to  d u ty  w ith the 
Bureau of Reclamation. His contribu
tions to and wide knowledge of concrete 
construction practice led to his appoint
m ent to the Advisory Com m ittee recently 
as Chairm an of D epartm ent 600, Con
struction.
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Paul William Abeles
ACI M em ber since 1941, was bom  at 
Mistelbach, near Vienna, Austria, Jan. 
17, 1897. He attended Classical High 
School, Vienna, and was graduated from 
Technical University, Vienna (Austrian 
Eng. Diploma after 5 years’ course in 
Civil Engineering) 1921. In  1928 he took 
his degree of doctor of engineering (Dr. 
Ing.j.

1922 to 1923 he worked as structural 
engineer w ith the Building Authorities a t 
Recklinghausen, German Ruhr-coal dis
tric t (examination of statical calculations 
and supervision of erection of industrial 
buildings for 17 coal mines); 1922-29 was 
first designer and later head of the design
ing and estim ating departm ent of N. Rolla 
& Neffe, (building and civil engineering 
contractors), Vienna; in this capacity 
designed the frame constructions of the 
Amalia bath, Vienna. From 1929-1939 
he was a consulting engineer in Vienna, 
mainly engaged in industrial buildings in 
Central and Southeastern Europe. He 
carried out extensive tests on spun con
crete poles, tubular and half-tubular beams 
and on concrete reinforced w ith high 
strength steel, w ith a special view to the 
behavior a t cracking and a t failure, and 
to the danger of rusting.

He left Austria in 1939 for London as 
refugee from Nazi oppression; worked in 
London first as designer, then as technical 
advisor and consultant in structural and 
civil engineering and investigated “pre
stressing” .

He published simplified methods on the 
calculations of frame structures by the 
four mom ent theorem in Beton und  
Eisen  (1924 and 1929) and in Concrete & 
Constructional Engineers (1942). A tex t
book on “Statics of Building Construct
ion” appeared in Vienna 1931. Reports 
on the tests on spun concrete and on high 
strength reinforced concrete as well as 
treatises on the danger of rusting, on high 
strength reinforced concrete and on the 
elasticity of concrete were published in 
Beton und E isen  (1935 and 193/). Zement 
(1937) and Concrete and Constructional

Engineering (1940 and 1942). Reports on 
the practical application of spun concrete, 
poles and floors appeared in Zeitschrift d. 
O e.I. & A .V . (1935 and 1937). Various 
other publications appeared in periodicals 
and books. He has been a contributor 
to discussion in the ACI J o u r n a l  but 
this issue carries his first paper (p. 181).
Bartlett G. Long, Henry J. Kurtz 
and Thomas Sandenaw
who make their first appearance as authors 
of a paper in this J o u r n a l  (p. 2 1 7 )  are 
all ACI members—Long since 1 9 3 4 , 
K urtz since 1 9 4 2 , Sandenaw since 1 9 4 3 , 
all of them  until recently actively identi
fied w ith the Army Engineer Corps’ Cin
cinnati Testing Laboratory, a t Marie- 
mont, Ohio.

“B art” Long, well known to many ACI 
members, severed his connection with the 
laboratory last summer and joined Mrs. 
Long on their ranch a t Pecos, N. M. The 
last word ACI had from him, expressing an 
interest in seeing proofs of the paper, was 
a letter written from a Santa Fe hospital 
where he was getting on his feet again 
after being struck down by coronary 
thrombosis.

Mr. Long was born in St. Louis, Mis
souri, Apr. 3, 1892. He attended the 
University of Missouri, from Sept. 1911 
to June, 1912, and the Washington Uni
versity, from Sept. 1912 to June, 1914. 
He was a 1st Lt. in World War I from 
July 26, 1917 to M ay 2, 1919, having 
served as an instructor in the Air Service.

His professional experience includes 
employment by Nelson Cunliff, Engineer, 
and Park Commission, St. Louis, Mis
souri; Florida State Road Dept., Talla
hassee; Woods-Hoskins-Young Co., Chi
cago; State Highway Departm ent, Santa 
Fe, New Mexico; Bureau of Reclamation, 
Denver, Colo.; W ar Departm ent, U. S. 
Engineers, Seattle; U. S. National Park 
Service, San Francisco; W ar Department, 
U. S. Engineers, St. Louis, and Marie- 
mont,Ohio.

Mr. K urtz was born in Flint, Mich., 
Jan. 8, 1897; was graduated from Michi
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gan S tate College, B.S, in 1921, M.S. in 
1928.

His professional experience includes em
ployment by  Consumers Power Co., 
B attle Creek, M ich.; Commonwealth 
Power Corp., Jackson, M ich.; Pacific 
Telephone & Telegraph Co., Sacramento, 
Calif.; Bell Telephone Laboratories, New 
York City; Remler Radio Co., Inc., San 
Francisco; National Bureau of Standards, 
W ashington, D. C.; American Society for 
Testing M aterials, W ashington, D. C.; U. 
S. Coast Guard, Cambridge, M ass.; W ar 
D epartm ent, U. S. Engineers, M ariemont, 
Ohio.

Mr. Sandenaw took his B. S. in indus
trial chemistry from M ontana S tate Col
lege in 1934; attended Ohio S tate Univer
sity for graduate work in chemistry in 
1935-36; was employed in the chemistry 
section United States Engineers labora
tory F ort Peck, M ontana; 1936-38, took 
an M. S. degree in chemistry from Car
negie Institu te  of Technology in 1939; 
analytical chemist in the U. S. Navy 
Inspection laboratory Marshall, Penna., 
1939-41; employed in the chemical section 
of General M aterials Laboratory, special 
engineering division, the Panam a Canal, 
Diablo Heights, C. Z. 1941-43; in the 
concrete section Cincinnati Testing Lab
oratory, M ariemont, Ohio, 1943-44. He 
is now employed by the RCA Victor 
Division of Radio Corp. of America as a 
chemist in the engineering departm ent of 
the vacuum tube m anufacturing plant.

Harry F. Thomson
vice president, General M aterial Co., St. 
Louis, Mo. a member of the Institu te  
since 1928, and on two occasions the 
author of a paper in the ACI Proceedings, 
a member of the ACI Board of Direction 
1939 and 1940 as director for the Fifth 
district, again as director-at-large since 
1942 has been nom inated by the American 
Society of Civil Engineers as director for 
the ASCE district fourteen.

Alfred E. Lindau
died a t  Pearl Harbor, Hawaii, December 
14. He had completed five years service 
as Chief Civilian Engineering Assistant to 
the Officer-in-Charge, Pacific N aval Air 
Bases—with a range of engineering service 
and responsibility exceeding the implica
tions of his official title. He was reported 
to have been in good health; “suffered no 
illness; death  was sudden from a heart 
a ttack .” *

Very few, if any, ACI members had 
contributed so much over so m any years 
and from such a wide range of activ ity  as 
had Alfred Lindau and few indeed have 
been held in such esteem by their fellow 
members—for a high degree of intellectual 
integrity, a broad cultural background, a 
lively interest in a wide range of hum an 
experience and a deep hum an understand
ing. He had the  rare combination of 
objective judicial-mindedness w ith great 
w arm th of personality. His kindness was 
unfailing. He was unexcelled as an Insti
tu te  convention presiding officer. He 
brought to the leadership of discussion not 
only his broad knowledge b u t his dynamic 
spirit and a contageous interest.

Lindau had been a member of ACI 
since 1909—an Honorary Member since 
1935. He was a member of the Board as a 
Director 1915 and 1916 and continuously 
a Board member from 1922-1935—as 
vice-president 1922 and 1923, president 
1924 and 1925, past president member 
1926 to 1935.

Lindau was born in Sweden, M arch 15, 
1874. An only child, and his father having 
died, he was brought to this country by

*In a  pe rso n a l le t te r  w ritte n  D ecem ber 10, four 
day s before  h e  d ied  (b u t  rece ived  b y  th e  A C I S ec re ta ry  m ore th a n  2 w eeks la te r ) , L in d a u  h ad  sa id  “ . . . I ’m  ju s t  now  ta k in g  y o u r adv ice  to  slow  dow n. T h e  pace  h as been  a  lit t le  fa s t for 
th e  la s t  tw o  or th re e  years . I feel t h a t  th e  p eak  of c o n s tru c tio n  has passed  a n d  th a t  th e  facilities for c arry ing  on th e  w ar hav e  a b o u t been com ple ted  S o -called  p e rm a n e n t c o n stru c tio n  has g iven w ay  to  te m p o ra ry  bu ild ings expec ted  to  la s t o u t th e  w a r.” H e  sa id  he  h a d  rec e n tly  ta k e n  up  tw o eng ineering su b jec ts , so il m echanics a n d  h y d rau lics  of w ater d is trib u tio n  a n d  h a d  been su p e rv ising  th e  te s tin g  of ru n w ay  s la b s  for w heel loads fa r  in  excess of th o se  rep o rted  th u s  far. ‘‘I  m ay  h av e  so m eth in g  to  sen d  y o u  one of th ese  day s w hen w ar censorsh ip  p e rm its  free elbow  ro o m .”
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his m other a t  the age of eight. He went 
through grade school in Chicago and 
worked in engineering offices as office 
boy, later getting some high school work, 
bu t did not complete a regular course. 
Adm itted to  the University of Michigan 
with much less than the usual preparatory 
work, he was graduated class of 1900. 
He won the interest of several professors 
who helped him acquire th a t foundation 
of m athem atical and scientific knowledge 
on which he so richly capitalized. Some 
of his early engineering work was with the
C. B. and Q. and the Rock-island rail
ways. He was assistant bridge engineer 
with the Rock Island when he quit rail
roading to join A. L. Johnson, inventor 
of the corrugated bar in the Corrugated 
Bar Co., of which Lindau became chief 
engineer, then sales manager, vice-presi
dent. When Kalm an Steel Co. took 
over Corrugated Bar (1924), Lindau be
came president of American System of 
Reinforcing w ith a p lant a t  Libertyville, 
111. This enterprise was wiped out so far 
as Lindau was concerned by the depression 
years. W ith an agency for Yiber concrete 
vibrators he entered upon a period of 
intensive work in their demonstration; 
was struck down by coronary thrombosis. 
He made such a complete recovery of his 
health th a t he later passed a rigorous 
examination for civil engineering consult
ing service w ith the Navy. W riting a 
friend from Pearl H arbor soon after Dec. 
7, 1941, he said “the longest day I  ever 
lived.”

When Rear Admiral Ben Moreell (now 
Vice-Admiral), became Chief of the N avy’s 
Bureau of Yards and Docks late in 1937, 
his first concern was to expand the shore 
facilities of the Navy as rapidly as possible 
to be ready for whatever might happen. 
Funds became available in June 1939 and 
the first contract to be awarded (August 
5, 1939) was for the construction of the 
Pacific Naval Air Bases a t a cost of $15 
million—later expanded progressively to 
more than $300 million. The contract 
was also awarded for dry docks a t a total 
of $18 million.

Alfred E. Lindau

The new construction involved import
an t use of reinforced concrete in many 
diverse and novel applications, ranging 
from huge battleship graving docks for 
which structural concrete was placed under 
sixty feet of water, to batteries of concrete 
oil storage reservoirs built in the heart of 
a mountain. Alfred Lindau was parti
cularly well qualified to assist and advise 
the officers of the Civil Engineer Corps of 
the Navy on the design and construction 
of such projects and was so engaged from 
the date of his arrival a t Pearl Harbor, 
December 1, 1939 to the day of his death. 
The excellence of his work at all times was 
recognized, and his status advanced in 
July 1942. Due to the unusual type and 
characteristics of aggregates available in 
the Hawaiian Islands and to the use of 
tremies to place structural concrete in 
deep sea water, it was necessary to carry 
out extensive research in the design of a 
satisfactory mix tha t could be placed by 
the proposed means. Tests included the 
casting of large blocks of concrete (weigh
ing up to 134 tons) in deep water, which 
were raised and examined. Twenty-two
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such blocks were made to assure fully 
satisfactory results in construction. Simi
lar problems were successfully m et in 
connection with special concrete work on 
other projects and with unusual soil 
conditions a t m any places. Dredged 
coral for concrete aggregate was tested 
for use on other islands. Lindau’s work 
on materials, design and superintendence 
of construction included projects a t M id
way and other outlying islands—projects 
of supreme importance in the conduct of 
the war in the Pacific. His intellectual 
honesty, his long experience, and great 
hum an kindness and understanding won 
for him the respect and affection of all 
the officers and civilians w ith whom he 
worked. Characteristically, he aligned 
himself immediately w ith the Hawaiian 
C hapter of the American Society of Civil 
Engineers, presented and discussed papers 
a t their meetings, served as vice president 
in 1942 and having been elected president 
was to have been installed in th a t office 
January, 1945.

Mr. Lindau’s services to the Institu te 
are all too briefly set down in the record 
following his name, page 68 of the 1944 
ACI Directory beginning with his first 
paper in 1910. He worked on many 
committees; he had been a member of the 
first Joint Committee on concrete and 
reinforced concrete which reported in 
1916, the second Joint Committee, 1920 
to 1924; he became chairman of the third 
Joint Committee in 1932, following the 
death of Willis A. Slater; continued to 
head the committee’s work until com
pleted w ith the publication of the current 
report in 1940.

Mrs. Lindau was w ith her husband a t 
Pearl Harbor. He is also survived by 
two daughters, Mrs. Allison O. H unt, of 
Wooster, Ohio, and Capt. M arjorie Lind
au, Army Nursing Corps., somewhere in 
France, and grandson, Stephen H unt.

I t  seems appropriate to republish a 
sketch of Mr. Lindau and his activities 
written by A rthur R. Lord. I t  was one of 
a series of brief essays in which Mr. Lord 
discussed “Fellows of the Institu te .”

Lindau’s activities in the  th irteen  and a 
half intervening years have served to 
underscore much of w hat M r. Lord wrote 
then.

FELLOW S O F THE INSTITUTE*—  
ALFRED E. L IN D A U

BY ARTHUR R. LORD

(from  N e w s Letter , A C I Jo u rn a l, S ep t. 1931)
W hat is the secret formula for eternal 

youth th a t this m an has somehow dis
covered when so many others have failed 
dismally in the quest? We can look back 
on the beginnings of reinforced concrete 
and there Lindau stands calmly doing a 
liberal share of the pioneer designing, 
writing the early papers and discussions, 
along with Talbot, H a tt and Turneaure. 
We can see him now no less, still active 
in the Institu te’s affairs, still leading a t 
the thin edge of progressive advance. If 
he were not so masterfully a part of the 
present and the future we would expect 
to find him lonesome for m any of his 
companions of the past. B ut he is a 
difficult subject to imagine as solitary or 
lonesome in any age.

And the ranging sweep of his enthusi
asms! Are you fond of good books, 
ancient classics, modern rebellions? Alfred 
has read them, will be only too happy to 
discuss them. Are gardens and hills and 
natural beauty your sources of strength 
and peace? They are his, no less. Do you 
find joy in walloping an inoffensive ball 
as far and as accurately as you can? H e’s 
up a t the crack of day (with John Ahlers) 
to get in one more round than  the rest of 
us consider necessary for a golfful day. Is 
your recreation aided by m athem atical 
analysis, mysterious Greek symbols and 
page-long equations? Well, Alfred shows 
every indication of heartily enjoying the 
conversation of W estergaard and Timo
shenko when they are whooping up their 
specialty. And of course we all know th a t 
he sells steel and service as a bread-and-

*A spec ia l o rder of d is tin c tio n  to  w hich nom ina- tions a re  m ade  from  am ong his friends a n d  associa tes  in  th e  I n s t i tu te  w ork b y  th e  a u th o r  of a  series of b iograph ical sk etch es of w hich th is  is th e  fifth— 
E d i t o r .
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butter diversion through his American 
System of Reinforcing.

Identified actively and prominently— 
almost I  had said exclusively—with con
crete, Alfred E. Lindau has happily 
avoided the professional bigotry, the 
narrowness of m any specialists. H e’s an 
acceptable and invited speaker before the 
American Institu te  of Steel Construction. 
He presides over meetings a t which wood 
and steel and concrete lie down together 
as lambs in the fold. Reaching out eagerly 
for those original contributions of thought 
and experience th a t others offer, he does 
not fail to repay his debts in kind and in 
handsome measure. He has served the 
American Concrete Institu te  w ith long 
maintained distinction, travelling great 
distances, displaying unflagging interest 
and enthusiasm, as Committeeman and as 
President.

In  such a full rounded life it would be 
useless to emphasize any single achieve
ment. Some of us hammer away so long 
and so noisily, driving our special spike 
in the Palace of Progress, th a t the calcium 
light is turned on us finally to discover 
what in the world all the disturbance can 
be about. Alfred travels so extensively 
and so rapidly over the entire structure, 
from foundations to roof (and over the 
whole neighborhood for th a t m atter), th a t 
nothing less than a general illumination 
would serve to disclose a t all adequately, 
to appreciate a t all properly, his contri
butions. Each departm ent proves too 
fascinating to him to permit any other 
to monopolize his gallant attentions. Not 
connected with any college faculty, he yet 
possesses to a superlative degree those 
qualities th a t have made certain professors 
preeminently useful—sympathy, under
standing, outlook, inspiration, personality, 
humor. Some university has lost a far 
greater world has gained a w ise counsel
lor and friendly leader by the accident 
th a t Lindau, out of many absorbing inter
ests, chose business as the objective of his 
directed hours. He would have been 
successful likewise in any one of several 
engineering professions.

Frank William Capp
who for 17 years as a structural engineer 
with the Portland Cement Association 
had devoted most of his time to concrete 
problems of the railroad field, died of a 
heart attack the morning of December 
‘22, four minutes after reaching the PCA 
offices, apparently in perfect health. He 
was not an ACI member but had con
tributed to its work, notably a t the 1936 
convention with a paper “Maintaining 
Concrete Structures” (ACI J o u r n a l , 

M ay-June 1936).
He was born in St. John, New Bruns

wick, Canada, June 6, 1887, the son of a 
minister, Thomas Henry and Ada Ella 
(Baker) Capp. He was brought to the 
L'nited States by his parents in 1891, 
and spent most of his boyhood and early 
manhood in Missouri. Throughout this 
period Mr. Capp read much in his father’s 
library which, together with his early 
training imparted by his father, influenced 
his life greatly. He was graduated from 
the University of Missouri in 1909 with 
the degree of Bachelor of Science in Civil 
Engineering. He was awarded the degree 
of Civil Engineer by his Alma M ater in 
1912. After his first work as a draftsman 
with the American Bridge Co. in Toledo, 
from 1909 to 1910 he became instructor 
in Civil Engineering a t the University of 
Missouri, leaving there in 1912 to get into 
engineering practice w ith the Kansas City 
Terminal Railway for a short period and 
then with the bridge department of the 
Great Northern Railway, St. Paul, Minn., 
where, as a designer he remained from 
1913 to 1920. He then joined the staff 
of Adolph F. Meyer, consulting hydraulics 
engineer in Minneapolis as an assistant 
engineer during the period from 1920 to 
1924. He got back into railroad work 
in 1924 as an assistant engineer on the 
Chicago terminal improvements of the 
Illinois Central Railroad, leaving th a t 
work in 1927 when he joined the staff 
of the Portland Cement Association as 
structural engineer where he was em
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ployed chiefly on railway problems up to 
the time of his death.

He was active on the  Committee on 
M asonry and the Committee on Roadway 
and Ballast of the American Railway 
Engineering Association and on a technical 
committee of the W ay and Structures 
Division of the  American Transit Engin
eering Association to which he contributed 
generously of his tim e—a member of both 
organizations, M r. Capp’s intim ate know
ledge of concrete and of railroad work 
made his counsel on these committees 
invaluable.

Mr. Capp made a  careful study of rail
road track construction and maintenance 
problems. In  th a t connection he con
ceived the possibility of stabilizing track  
and thereby reducing m aintenance cost 
as well as improving the riding quality  of 
the track  by injecting portland cement 
grout into the subgrade under pressure. 
T he first work of this nature was done 
under M r. C app’s supervision in 1936 and 
since th a t time the practice of pressure 
grouting roadbed has been adopted by 
most of the major railroads of this country

June 8, 1917 Mr. Capp married K itcy 
Helen Roberts of Chicago. Mrs. Capp 
and his two children, Thomas M ilton and 
Cornelia Helen survive him. The son 
was home on furlough after two and a 
half years service in the Army, mostly 
in N orth Africa and a t  Foggia Field, 
Italy. The family was planning what 
promised to be its most delightful Christ
mas day since the son and daughter were 
very young.

F rank Capp had a host of friends and 
was held in high esteem in the railway 
field, where he had done much valuable 
work, and elsewhere.

If you are going to be in New York 
City, February 16 and wish to at
tend the one brief A C I Convention 
Luncheon Session, write the A C I 
Secretary and buy a luncheon 
ticket— $2.25. A ll "noses" must 
be counted in advance.

H o n o r  R o ll
Feb. 1 through December 31, 1944

ACI Members listed have proposed 
new ACI Members as shown after their 
names. There should be more names on 
this list and more new members tallied. 
I t  is all a m atter of being ‘'M em ber
Conscious
F. E. R ich a rt..........................................13
M ehm et T ok ay........................................8
Lewis H. Tu t h i l l .....................................8
J. W. K e lly ................................................6
A. J. B o a s e ...........................................534
Jacob J. Creskoft....................................5
Harry E rps................................................ 4
W illiam  A. J o n e s ................................... 4
Charles E. W u e r p e l..............................334
J. A. C r o fts ..............................................3
K enneth  K. K n ig h t..............................3
F. W. P a n h orst.................................... 3
H. F. G on n erm an ..................................2J4
D ouglas E. P a rso n s .............................. 234
H ugh B arn es............................................2
E lm er B. B e lt ..........................................2
R. F. B la n k s.............................................2
C. E. E v e r h a r t ....................................... 2
P. J. F r e e m a n ....................................... 2
Ernst G ru en w ald ...................................2
Fred E. H a le .............................................2
W. G. M cF arland .................................. 2
H. W. M u n d t...........................................2
D. F. R o b erts...........................................2
K enneth  H. T a lb o t...............................2
A. E. Cashe............................................. 1}4
Raymond E. D avis.................................. 134
H. B. Emerson...........................................134
Bengt. Friberg........................................... 134
Albert Haertlein........................................134
Warren Raeder.......................................... 134
K. E. Whitman......................................... 134
R. R. Zipprodt...........................................134
Owen Arthur Aisher................................ 1
R. Howard Annin.....................................1
L. J. Baistow............................................. 1
J. F. Barton............................................... 1
S. D. Burks................................................ 1
Morgan R. Butler.....................................1
Julian B. Carson....................................... 1
S. J. Chamberlin.......................................1
H. Clare.......................................................1
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H. F. C lem m er................
Joseph Di S tasio .............
B. M. D o rn b la tt..........
John J. E arley .................
Frederic F aris ..................
H. D. F a rm er..................
H. E. F rench ....................
H. M. H adley..................
Elliot A. H aller...............
G. H. H odgson................
W. M. H onour.................
Norm an J. H u b er...........
M. E. Jam es.....................
William R. Johnson........
R. R. K aufm an ...............
Paul F. K eatinge............
Henry L. K ennedy.........
W. E. L um b.....................
Donald R. M acPherson.
H. E. A. M cC arty ..........
Roscoe J. M ason.............
Rene Paulido M orales. ..
Ben E. N u tte r .................
R. A. P lum b.....................
John W. P ou lter.............
W alter H. P rice ...............
Ansel T. R ogers...............
John R. R uhling.............
M. K. Scheirer.................
Ralph A. Sherm an..........
R. T. Sherrod...................
B. Skram taiev..............
Charles Snyder................
E. Viens.............................
J. J. W addell....................
Carl B. W arren ...............
Geo. W. W hitesides.......
Benjamin W ilk................
Chas. P. W illiams...........
R. J. W illson....................
M. O. W ithey..................
E. B. W ood...................
T . Van Dyke Woodford.

W a lte r  V. A llen 
D . M . A sa rp o ta  P . G . Bow ie J .  M . B reen G eo C . B r itto n  
A. D . C iresi H e rb e r t K . C ook T heodore  C rane 
R . W . C rum  R . A. C rysler

R . F . D ierking A . W . D u d ley  Jo h n  R . D w yer H . H . E dw ards W . J .  E m m ons 
H . J .  G ilkey H om er M . H adley

P . J .  H allo ran  W alte r N. H andy  P . W . H elsley 
M . H irsch thal L. I. Jo h n s to n e  J o h n  V. K on lhaas B . Leon 
G . L. L indsay  N . M . Loney F . R . M cM illan  C arl A . M enzel 
M aurice  C . M iller W . H . N oonan C harles O 'R ourke

F . W . P aulson W arren  R aederH . H . ScofieldG. M . Serber R o y  T . Sessums R . H . H . S tanger A. L. S trong Sanford  E . T hom pson C alv in  T . W atts  K u r t  F . W end tE . P . H . W ille tt R . W . W in ters J . C. W itt

Each of 45 other ACI Members divides 
credit 50-50 with another Member.

G. E . D avis R . E . D avis H arm er D avis

Illinois Men Win ASCE Awards
For the first time in the history of the 

American Society of Civil Engineers its 
two annual awards have been made to the 
same institution—the University of Illin
ois. Dr. Ralph B. Peck and Dr. Nathan 
M. Newmark, both members of the Uni
versity’s civil engineering staff, will be 
the recipients.

One other university possesses two 
medals, won in different years. Illinois 
previously had received three medals in 
different years.

The honors will be formally bestowed 
in the ASCE annual meeting, in New York 
this month.

Dr. Ralph B. Peck, U. of I. research 
assistant professor of soil mechanics, is to 
receive the Norman medal, highest award 
of the ASCE, for his paper on “E arth  
Pressure Measurements in Open Cuts of 
the Chicago Subway.”

Dr. Nathan M. Newmark, research 
professor in civil engineering, an ACI 
Member, now on leave of absence from 
the university for service with the army 
in the Pacific, is to receive the Croes 
medal, which since 1912 has been awarded 
by the ASCE to the paper “next in order 
of merit to the paper to which the Norman 
medal is awarded.” Dr. Newmark’s 
paper is on “Numerical Procedure for 
Computing Deflections, Moments and 
Buckling Loads.”

A.C.I. Announces its 42nd Annual 
Convention: New York, Feb. 18-21, 

1946
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WPB Removes Cement Type 
Restrictions

The W ar Production Board announced 
th a t restrictions on portland cement, which 
formerly limited m anufacture to three 
specified types, were removed November 
25 through revocation of Order L-179.

When the order was originally issued 
in August, 1942, requirements for po rt
land cement for m ilitary and other 
essential construction work were unusually 
high and were expected to go higher, W PB 
said. Total 1942 consumption was 
185,000,000 barrels, the highest com- 
sumption figure on record. The order 
was designed to increase production of 
the three most commonly used types by 
prohibiting manufacture of modifica
tions of these types. Other provisions of 
the original order, subsequently removed, 
had prohibited the earmarking of storage 
bins for individual customers. This 
restriction was intended to promote full 
utilization of all available storage space.

Total actual capacity of the cement 
industry is approxim ately 215,000,000 
barrels per year, W PB Building M aterials 
Division officials stated, and th a t Con
sumption in 1944 will am ount to an 
estim ated 40 per cent of this capacity 
(88,000,000 barrels); 1945 consumption, if 
present construction restrictions remain 
unchanged, is estim ated a t  from 50 to 
60 per cent of capacity.

{Adv.)

WANTED—S u p erin ten d en t for co n crete products p lan t specializing in 
A rc h ite c tu ra l C o ncre te  S labs, C a s t S to ne , P re -C a s t jo is ts  a n d  S p ec ia lty  P ro d u c ts , m u s t  be  ve rse d  in  b lu e  p r in t  read ing , con cre te  m ix  designs, p ro d u c tio n  schedules a n d  cap ab le  of h an d lin g  m en . W ill ofFer 
in te re s t in  business to  r ig h t  m an . A n n u a l vo lum e w ell over q u a r te r  m illion  do lla rs. P lease  s ta te  age, 
p rev io us experience a n d  sa la ry  desired . A ddress Box AA, c /o  A m erican  C o n cre te  In s t i tu te ,  D e tro it  2, M ich .

THE AMERICAN CONCRETE INSTITUTE
is a non-profit, non-partisan organization of engineers, scientists, 
builders, manufacturers and representatives of industries associated 
in their technical interest with the field of concrete. The Institute is 
dedicated to the public service. Its primary objective is to assist its 
members and the engineering profession generally, by gathering 
and disseminating information about the properties and applications 
of concrete and reinforced concrete and their constituent materials.

For nearly four decades that primary objective has been achieved 
by the combined membership effort. Individually and through 
committees, and with the cooperation of many public and private 
agencies, members have correlated the results of research, from both 
field and laboratory, and of practices in design, construction and 
manufacture.

The work of the Institute has become available to the engineering 
profession in 40 annual volumes of ACI Proceedings (since 1929 
issued periodically in the Journal of the American Concrete Insti
tute) and in many separate publications.



Recent ACI Standards

B u ild in g  R e g u la tio n s  for R e in fo rc e d  C o n cre te  ( A C I  318-41)
63 pages in covers: 50 cents per copy. (40 cents to AC I Members)

Recommended Practice for Measuring, Mixing and 
Placing Concrete (A C I 614-42)

28 pages in covers: 50 cents per copy (40 cents to AC I Members)

R e co m m e n d e d  P ra c tic e  for the U se of M e t a l Supports for 
R e in fo rce m e n t (A C I 319-42)

4 pages: 25 cents per copy

Recommended Practice for the Design of Concrete Mixes 
(A C I 613-44)

24 pages in covers: 50 cents per copy (40 cents to ACI Members)

Specification for Cast Stone (A C I 704-44)
4 pages: 25 cents per copy

Specifications for Concrete Pavements and Bases (A C I 617-44)
30 pages in covers: 50 cents per copy (40 cents to ACI Members)

P ro p o se d  S tan d ard s

The Nature of Portland Cement Paints and Proposed Recommended Practice 
for Their Application to Concrete Surfaces

Reported by Committee 616 as information and for discussion only. 20 pages,
25 cents per copy (Reprint from ACI JO U R N A L , June 1942)

Proposed Recommended Stresses for Unreinforced Concrete
Reported by Committee 322 as information and for discussion only. 4 pages,
25 cents per copy. (Reprint from AC I JO U R N A L  Nov. 1942)

Proposed Recommended Practice for the Construction of Concrete Farm 
Silos

Reported by Committee 714 as information and for discussion only. 16 pages. 
25 cents per copy. (Reprint from ACI JO U R N A L , Jan. 1944)

Proposed Minimum Standard Requirements for Precast Concrete 
Floor Units

Reported by Committee 711 as information and for discussion only. 16 pages, 
25 cents per copy. (Reprint from ACI JO U R N A L , Feb. 1944)

For further inform ation on A C I M em bership and Publications address 

A M ER ICAN  CONCRETE INSTITUTE
N e w  C e n te r B u ild ing  DETROIT 2 , M IC H IG A N

A C I NEWS LETTER r .
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Sources of Equipment, Materials and Services

¡ A  re fe re n c e  list o f advertisers w h o  p a rtic ip a te d  in the Third  j  

A n n u a l Technica l Progress Issue of the A C  I JO U R N A L ' - /  

the pages  in d ic a te d  w il l  b e  found in the February  1 9 4 4  issue I  
and  (w h e n  it is com p le ted ) in V .  4 0 , A C  I Proceedings. W a tc h  /  

for the 4th  A n n u a l T ech n ica l Progress Section in the Feb ru ary  V 

1 9 4 5  Jo u r n a l . )

C oncrete Products P la n t Equ ipm ent page

Besser Manufacturing Co., 800 44th St., A lpena, M ich....................................................349
— Concrete products plant equipment

Stearns Manufacturing Co., Inc., Adrian, M ich....................................................................339
— Vibration and tamp type block machines, mixers and skip loaders.

Construction E quipm ent

Baily Vibrator Co., 1539 Wood St., Philadelphia 2, Pa.................................................. 352
— Concrete vibrators

Blaw-Knox Division of Blaw-Knox Co., Farmers Bank Bldg., Pittsburgh, Pa 340-1
-—Truck mixer loading and bulk cement plants, road building equipment, buckets

Butler Bin Co., Waukesha, Wis..................................................................................................379
— Central mix, ready-mix and bulk cement plants, cement handling equipment

Chain Belt Co., M ilw aukee, Wis.......................................................................................... 376-7
— Mixers, pavers, pumps

Electric Tamper & Equipment Co., Ludington, M ich........................................................366-7
— Concrete vibrators

Fuller Co., Catasauqua, Pa......................................................................................................... 343
— Unloading and conveying pulverized materials

Heltzel Steel Form & Iron Co., W arren, O h io ..................................................................388-9
— Pavement expansion joint beams

Jaeger Machine Co., The, Columbus, O h io ......................................................................344-5
— Concrete paving equipment

Kelley Electric Machine Co., 287 Hinman Ave., Buffalo 17, N. Y ...........................368-9
— Floor finishing equipment

Koehring Co., M ilw aukee, Wis.................................................................................................347
— Tilting and non-tilting construction mixers

M a ll Tool Co., 7703 So. Chicago Ave., Chicago 19, III.................................................365
— Concrete vibrators

Master Vibrator Co., 200 Davis Ave., Dayton, O h io ........................................................ 394
— Concrete vibrators

Ransome Machinery Co., Dunellen, N . J...............................................................................378
— Paving mixers

Smith Co., The, T. L. 2897 No. 32nd St., W ilw aukee 10, W is..................................374-5
— M ixer and truck mixer efficiency

Viber Co., 726 So. Flower St., Burbank, C alif................................................................... 355
— Concrete vibrators

Whiteman Manufacturing Co., 3249 Casitas A ve., Los Angeles 26 Calif 392-3
— Floor construction and finishing equipment
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Contractors, Engineers an d  S pecia l Services page

Kalman Floor Co., Inc., 110 E. 42nd St., N e w  York 17, N . Y .................................370-1
— Floor finishing methods

Prepakt Concrete Co., The, and Intrusion-Prepakt, Inc., Union Commerce Bldg.,
Cleveland 14, O h io ........................................................................................................ 381-4
— Pressure filled concrete

Raymond Concrete Pile Co., 140 Cedar St., N ew  York 6, N . Y .................................354
— Pile foundations

Roberts and Schaefer Co., 307 No. Michigan Ave., Chicago, III................................342
— Thin shell concrete roofs

Scientific Concrete Service Corp., McLachlen Bldg., Washington, D. C .....................353
— M ix controls and records

Vacuum Concrete, Inc., 4210 Sansom St., Philadelphia, 4, P a ...................................357
— Suction control of water in the concrete

Westberg Co., The, 611 No. Alvardo St., Los Angeles 26, Calif............................362-3
— Pneumatically applied concrete

M a te r ia ls  and  Accessories

Calcium Chloride Assn., The, 4145 Penobscot Bldg., Detroit 26, Mich...................... 372
— Calcium chloride

Carey Manufacturing Co., The Philip, Lockland, Cincinnati, O h io ..............................385
— Expansion joint material

Concrete Masonry Products Co., 140 W . 65th St., Chicago, III.................................... 364
— Non-shrink metallic aggregate

Dewey and Alm y Chemical Co., Cambridge, Mass..................................................... 390-1
— Air-entraining and plasticising agents

Horn Co., A . C., Long Island City 1, N . Y .........................................................................346
— Waterproofing

Hunt Process Co., 7012 Stanford Ave., Los Angeles 1, Calif......................................380
— Curing compound

Inland Steel Co., 38 So. Dearborn St., Chicago 3, III......................................................395
— Reinforcing bars

Lone Star Cement Corp., 342 Madison Ave., N . Y ......................................................350-1
— Portland cements

Master Builders Co., The, Cleveland, O h io ................................................................. 358-61
— Cement dispersing and air-entraining agents

Richmond Screw Anchor Co., Inc., 816 Liberty Ave., Brooklyn, N. Y .....................  348
— form tying devices

Sika Chemical Corp., 37 Gregory Ave., Passaic, N . J ................................................ 386-7
— Waterproofing and densifier

Solvents and Plastics Co., 8032 Forsythe Blvd., St. Louis 5, M o ....................................356
— Concrete curing compound

United States Rubber Co., 1230 Sixth Ave., Rockefeller Center, N ew  York 20,
N . Y ...............................   373
— Form lining



16 JO U R N A L OF THE A M ER IC A N  CONCRETE INSTITUTE January 1945

Special A C  I Publications
A C I  M a n u a l o f C o n cre te  In sp e ctio n  ( Ju ly  1941)

This 140-page book (pocket size) is the work of A C I Committee 611, Inspection of Con
crete. It sets up what good practice requires of concrete inspectors and a b a c k g r o u n d  of 
information on the "why” of such good practice. Price $1 .00— to A C I members 75 cents.

"The Joint Committee Report" (June 1940)
The Report of the Joint Committee on Standard Specifications for Concrete and Reinforced 

Concrete submitting Recommended Practice and Standard Specifications for Concrete and 
Reinforced Concrete,” represents the ten-year work of the third Joint Committee, consisting 
of affiliated committees of the American Concrete Institute, American Institute of Architects, 
American Railway Engineering Association, American Society of Civil Engineers, American 
Society for Testing Materials, Portland Cement Association. Published June 15, 1940; 140  
pages. Price $1 .50— to A C I members. $1 00.

Reinforced Concrete Design Handbook (Dec. 1939)
This report of A C I Committee 317 is in increasing demand. From the Committee’s Fore

word: "O n e  of the important objectives of the committee has been to prepare tables covering 
as large a range of unit stresses as may be met in general practice. A  second and equally 
important aim has been to reduce the design of members under combined bending and axial 
load to the same simple form as is used in the solution of common flexural problems.”— 132 
pages, price $2 .00— $1.00 to A C I members.

Concrete Primer (Feb. 1928)
Prepared for A C I by F. R. M cM illan, it had five separate printings by the Institute alone 

(totalling nearly 70,000 copies). By special arrangement it has been translated and published 
abroad in many different languages. It is still going strong. In the foreword the author said 

This primer is an attempt to develop in simple terms the principles governing concrete mixtures 
and to show how a knowledge of these principles and of the properties of cement can be applied 
to the production of permanent structures in concrete.” 46 pages, 25 cents (cheaper in quantity).

A ir  E n tra in m e n t in C o n c re te  (1944)
92 pages of reports of laboratory data and field experience including a 31-page paper by

H . F. Gonnerman, "Tests of Concretes Containing Air-entraining Portland Cements or A ir-  
entraining Materials Added to Batch at M ixer" and 61 pages of the contributions of 15 parti
cipants in a 1944 A C I Convention Symposium, "Concretes Containing Air-entraining Agents " 
reprinted (in special covers) from the A C I JO U R N A L for June, 1944. $1.25 per copy,- 75
cents to Members.

For fu rthe r in fo rm ation on A C I M em bersh ip  and P ublications address 

A M E R IC A N  CONCRETE INSTITUTE
N e w  C e n te r B u ild in g  DETROIT 2 , M IC H IG A N



“ I ’ll tell you GOOD 
T IM E S  ARE C O M IN G !”

“ I ’ll tell you 
BAD T IM E S A H E A D !”

What’s it to you?—PLENTY!
O K A Y ! M a y b e  th e  o p tim is ts  
a re  r ig h t .  T h e re ’ll b e  good tim es 
a f te r  th e  w ar.

O K A Y ! M a y b e  th e  pessim ists 
a re  r ig h t. W e’ll h a v e  a n o th e r  d e 
p ressio n .

W h a t’s i t  to  y o u ?  P L E N T Y ! 
I t ’s  la rg e ly  in  y o u r  h a n d s  a s  to  
w h ich  w e’ll hav e .

T h e  o n e  w ay  to  m ak e  i t  good 
tim es  is  to  d o  y o u r  sh a re  to  he lp  
k eep  p rices  d o w n  now!

, T h a t  m ean s b u y in g  o n ly  what 
y o u  rea lly  need. I t  m ean s p a y in g  
o ff yo u r  debts, saving  y o u r  m oney.

A nd h e re ’s  w here  y o u ’re  luck y .

T h e  sa m e  p ro g ra m  t h a t  he lp s in 
su re  p ro sp e rity  is  a lso  th e  best 
possib le  w ay  to  g e t y o u rse lf  in 
sh ap e  to  ta k e  a n o th e r  dep ression  
if  one does com e. So w h a t?  Y o u 're  
righ t both w a ys—if y o u  sa v e  y o u r 
m oney . Y o u  lose both w a ys— if 
y o u  sp lu rg e  r ig h t now .

T h in k  i t  ov er, fella . T h e n  ge t 
in  th e re  a n d  figh t. R e a d —and 
o b se rv e —th e  fo u r  ru le s  to  head  
o ff in fla tion . T h e  w a r isn ’t  over 
y e t. A nd th e  w ar a g a in s t infla tion  
isn ’t  o v e r  y e t —b y  a  long  sh o t. 
R em em b er W o rld  W a r I?  T h e  
c o s t o f  liv in g  ro se  tw ice  as  fas t 
after th e  w ar as  i t  d id  d u rin g  th e  
w ar itself.

4 THINGS TO DO to keep 
prices down and help 

avoid another depression

1 . B uy  o n ly  w h a t  you  r e a l ly n eed .
2. W h en  y ou  b uy , p ay  no m o re  th a n  ce ilin g  p rice s. P ay  y o u r  ra tio n  p o in ts  in fu l l .
3. K eep  y o u r  own p rices  d ow n. D o n ’t  t a k e  a d v a n 
ta g e  o f  w a r  c o n d itio n s  to  a sk  m o re  fo r  y o u r  lab o r, y o u r  s e rv ic e s , o r th e  goods you  sell.
4. Save. B uy a n d  h old  all th e  W a r  B o n a s  you  can  a ffo rd — to  h e lp  p ay  fo r  th e  
w a r  an d  in s u re  y o u r  fu tu re .  K e e p  u p  y o u r  in su ra n c e .

A U n ite d  S t a te s  W a r  m e ss a g e  p re p a re d  b y  t h e  W a r  A d v e r t is in g  C o un cil; ap p ro v e d  b y  th e  Office o f  W a r  
In fo rm a tio n ;  a n d  c o n tr ib u te d  b y  th is  m a g a z in e  in  c o o p e ra t io n  w ith  t h e  M ag az in e  P u b lis h e rs  o f  A m e ric a .



Peace terms every mas? s/rocz/c/ ma£e A/0IVf
The w a r is still on , . .  and w ill be for
som e tim e to come.

But right now —before the war ends  
— every  man in America has an un
p r e c e d e n te d  o p p o r tu n ity  to  m ak e  
term s with him self for his own peace 
. . .  his peace of mind.

For now, as never before, a man 
should look at his wife and fam ily and 
say, “ W hat can I offer them  for the  
future? ”

And now, as never before, a m an has a chance to answer this question—an 
opportunity to provide for the future,

That opportunity is W ar Bonds. N o
doubt you are buying War Bonds 
through the Payroll Saving Plan. Ar
range to buy more  War Bonds. All you  
can afford. More  than you thought you  
could afford.

W hat’s even  m ore im portant—don’t 
cash in those War B onds before they  
mature. Stick them  aw ay in a safe 
place —and forget about them  till you  
can reap the full harvest on them.

Now is the time to m ake your plans 
for peace of mind. B uy War Bonds 
and hold onto them !


