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CONVENTIONAL SYMBOLS

standard tensile strength of reinfcrced cotcrete

standard compressive strengch of reinforced concrete (prismatic
strength of concrete)

standard tensile ana compressive strength of reinforced con.
crete during flexure

standard shear strength of reinforced concrete
standard cutoff strength of reinforced concrete

design strength of extended rod .ramework (reinforcement) used
for reinforcing the concrete

modulus of elasticity of reinforced concrete under axial elong-
ation

modulus of elasticity of reinforced concrete vnder axial com-
pressjon

reinforced concrete's modulus of elasticity for expansion and
contraction during flexure

modulus of shear for reinforced concrete

coefficlent of relative vransverse deformation of reinforced
concrete {Poisson coefficient)

volumetric weight of reinforced concrete
volumetric weight of cement-sandy concrete

specific surface of reinforcement (total surface of wire in
grids per unit of volum: -f reinforced concrete element)

coefficient of reinforcement (ratio of area of cross section

of longitudinal reinforcement to cross sectional area of ele-
ment)

actual length of design's element

computed length of design element under calculation for stability

least dimension of rectangular cross section or element

minimum radius of inertia of element's cross section




INTRODUCTION

Among the design hull materials in use for shipbuilding, a specific
place is occupied by ferro.concrete and one of its variants, i.,e, reinforced
concrete,

The substantial savings in metal (by two-.three times) realized the con-
struction of the hulls of floating structures of reinforced concrete, at a sim-
ultaneous substitution of expensive and scarce sheet and profile rolled iron,
vith reinforced rod steel, establishes that unvarying interest which is ex-
pressed in ferro-.concrete in shipbuilding. Just as much interest in the float-
ing facilities with ferro-concrete hulls is also manifested by the operating
organizations, since in distinction from che structures with steel hulls, the
designs with ferro.concrete hulls do not require layovers in dock for painting
the hulls and for the periodic replacement of rusted plates of sheathing and
elements of a set, which saves considerable résources, In spite of the circum-
starces noted above, confirmed by the construction experience and the subse-
quent operation of the ferro.concrete floating facilities, as a whole for the
ferro-concrete shipbuilding for the past 50 years, we have typically had both
periods of abrupt increases, and periods of equally abrupt declines, including
the complete shutdowvn of this type of floating facilities,

Such an instability in the development of the ferro-concrete shipbuild.
ing, i{n addition to the purely subjective factors (and in a number of cases, of
outright prejudice), has been established mainly by the absence of the necessary
ob jective conditions for the regular construction of ferro-concrete hullr relf.
able in operation,

The seemingly simple organization of construction, the simplicity of the

production processes under the possible utilization of specialists with relatively
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low skills have inevitably involved the appearance of superfluously overheavy,
over.rcinforced hulls with a lovw quality of concrete, cracking under the of -
fect of atmospheric moisture, ‘luctuations in temperature and in sea vater,

A time was required sufficient in » that the basic conditions, determining
the reliable operation of the marine ferro-concrete hulls, were revealed, under-
stood and strictly regulated, Beginning from 1955, as a result of the &ccom-
plishmont of a series of scientific-research, planning and testing-design act-
fvities, the necessary scientific base was crested for developing the plnn‘of
ferro-concrete Ships and for the selection of the most effective engineering
processes for their building,

The systematic studies which were conducted established the necessary
extents of reinforcing the main and secondary design elements, the principles
of efficient design configuration; standard documents were deéveloped {or all
types of work in the assembly and concrete reinforcing both of the {individual
sections, and of the entire hull as a vhole; the specific requirements were
determined and delineated on monit~ring the qualities of the finished products,
As a result of the research activities, it wvas demonstrated rhat the conditions
of werking on concrete. reinforced hulls, situated in sea vater under cometuntly
changing loads (in amount and sjzn), the requirsments ol resistance "o freezing,
complete airtightnesa and relia“le resistance to the agaressive effect of sec
water basicallv distinguis“ea the floating river and naval ferro-concrete facil-
ities from any civil installations, including the hydrot: thnical ones,

The book brought to the attention of the readers con~ained a brief dis-
cussion of the basic results of the activities and studies conducted by the ship-
butlding scientific-.research organizations, the design bui. us and the shipyards
engaged in reinforced concrete shipbuilding, with the develoyvent of design cri-
teria and engineering processes necessary . .:x'aing and dbuilcing the hulls of

floating facilities made of reinforced concicte,
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The book also presents data from published reports (or reinforced cone
crete) issued by the leading specialized organitations: the NIIZHB of the
USSR Gosstroy, the Len ZNITEP, the NIISK Gosstroy of the USSR, the TNIISGEI,
the IS1A of the Byelorussian SSR Academy of Scliences and the Nllsel'stroy,

The technical advantage of using reinforced congrete in the designs
of the hulls and superstructures of ships has heen conf!rmed by the exper-
fence gained in the construction and operation of various reinforced-concrite
ships in our country and abroad,

Tn the building cf the first relnforced.concrete ships , initially
there was a definite uncertainty in the new shipbuilding materiai, sspecially
{n respect to the capability of the elements to function during impuct and
sign.changing loads,

In spring of 1943, in Italv extensive research and experiments were
conducted under the supervicion of the Naval administration., The purpose of
the experiments was the establistment of the actusl valu s of the physico-me:h.
anical characteristics of reinforced concrete under the effect of permanent and
impe 't (shock) loads, The experimental plates with a dimension of 1,5 X 1,5 m,
with a thickness of 30 mm, reinforced by thin wires with a total expenditure of
metel amounting to 400.500 kg per cubic meter of concrete, werc tested by drop-
ping a load on them weighing 260 kg from a helght up to 3 meters, At this time,
1T vus established thac even with the presence of small and partial cracks, in
the regtion of strain, the plates retained their wvater tightness,

The construction (begun in 1943 by the Nervi and Sar-ol{ Firm) of three
motor-driven transport B8LiP8 for the n:-. sand a motor.driven transport ship
vith acars o canacity of 400 tons wes interrupte’ Hving to the war, The con-
struction was renewed in 1940 at the Lazzarini and Meezcn, :-hipyard in Antlo,

The motor-iriven speed sailbo.. “‘[rene™ with a capacity of 165 tans vas bullt

3.




in three months (Fig., 1), The thickness of the hull sheathing on the "Irene"
equalled 35 mm, The plating was made of eight laye-s of reinforced screens
vith a grid size of 1 cm and a weight of 1 kg/mz. Four iayers of the screens
were located closer to the external, and fouzr layers closer to the inner sur.-
faces of the plating. Between the layers of screens, three rcws of steel re-
inforcing rods with a diameter of 6 mm wvere placed, arranged 10 cm from each
other. The reinforcement grids and rods were tightly interconnected by a steel
wire; in the preparation of the cement-sandy solution, for the plating, 1000
kg of cement per cubic meter of concrete were used, The placement of the ce-
ment-sandy solution on the gr.ds was accomplished manually (by workmwen) froa
the inside of the hull, The shaping of tnhe hull was accomplished without the

application of cement forms,

v

Fig, 1, Motor.Driven Reinforced Concrete Sailboat "Irena™,

The experience gained in operatine “tsss ships removed all doudbt {n re-
spect to reinforced concrete as a shipbullding hull material, 17¢ ships dem-
orstrated high cperational-technical qualities, Afrer 10.20 ysars of operation,
the hulls were in good condition, without showing any appreciable damsges. The
motor sailboat "Irene”™ during the operating period from 1945 to 1998, making

regular cruises under stormv conditions between various ltallan ports, did not

have any significant damages, The occasional damages %o the hull from collislons




during docking were only local blind cracks without loss of the water tightness
of the plating, Such damages were repaired by the crew without putting the ship

out of operation,

Fig., 2. The R;intorced-Coﬁcrete Fishing Trawler "Sants Rita™,

Other reinforced-concrete 3%°173  bujle in Italy from 1945.1948 (rhe
excursion yacht "Nennele", having a hull piating thickness of 10.12 mm, rein.
forced by seven layers of gratings with a mest size of 1 cm ard a weight of
1 kg/uz, the fishing motor.driven atiip *Santa Rita" with a _ecadweight of 165
tons, Fig, 2), is still tn operation,

In hull weight, the concrete.reinforced :*:;a  built in Jtaly sre 5.
10% lighter than the wooden hulls of similar shi>s, while their cost proved
to he less hv LO.ADY,

The reinforced.concrete navigational launches (Fig, 3) butlt by the
British {irm 4indboats are equal In their onerational-technical tndexes to the
same launches wvith a hull made of wood or steel., Thev have & lighter hull,
equally as strong as a steel hull, The expenditures for the c-nstruction of
the reinforced.concree launches prove te he suhstarsially lover (by $9-80%)

than the costs for hullding the launches wvii> 8 huil made of! steel, wood and
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fiberglas, The low operating costs and the simplicity of repairing the rein.

forced-concrete hulls increase still mcre their economic effectiveness,

The repa'r of occagional accidental damages to the hull of the cutters
wece as a rule conducted by the crews, Thus, one of the cutt-re, as a result
of a collision of a yacht in its stem, sustained damage in the amidships resion
with a Jdimension of 0,75 X 0,60 m, At ihis time, the maximum sagging of the
reinforced concrete plating resciis & cm. After the elimination of the sag-
ging with the aid of a hydraul..: jack, in the plating we found only minor -
cracke with a derth up to 3 mm, The damage was repaired with cement.sandy con-

crete in 32 minutes,

Fig. 3. The Reinforced.Concrete Sport Launch Built by the
Windboats Firm,

Fquaily as high operating qualities were also shown by the reinforced-
concrete 8hips built in our >ountry, On 1 July 1957, we launched on the Volga
River the firet reinforced-concrete yacht "Opyt" (Experience), As is described
by engineer 1., Ya, Glan, "The first reinforced-concrete yacht '‘Opyt' in late
sutumn 1957 was torn from anchor durinz a severe storm and was thrown onto the
rocks on the opposite shore, We were unable to remove the yacht because of the
lci jan which had started. The entire sutumn, the hull of the yacht was on the
rocks, and during the winter it froze into the ice, In the spring, at first
giance the hull of the yacht had a sad appearance, The sides were crumpled,

buc neverthsless the reinforced gratings provec to be undamaged, All that was

6.
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required vas the work of four men, a bag of cement and several buckets of river
sand in order for the yacht hull to be repaired in one day®.*

The yachts "Tsementai", "Progress”, "Mechta” and the launch "Energostre-
oitel” also proved themselves well during operation,

For three navigational seasons, the yacht *Tsemental™ cruised under the
most diverse navigating conditions for more than 2,500 ;iles along the Dnieper
River and the Black Sea, The hull of the yacht proved to be quite strong and
waterproof,

On the yacnt "™echta" during the navigational season of 1965, the long
tiip was wade along the Volga from the port of Togliatti to the port of Kazan,
During the trip, mostly during a wind of force 7-8 points, the yacht showed

high navigating qualities and the =)sence of any damages to the hull,

Fig, 4, Hauling the Finished Reinforced-Concrete Hull of the Yacht
"Progress"®,

In weight of hull, the reinforced-concrete yachts are not infertfor to
the vooden ones, while ir. cost of construct .on thev are cheaper by 5 times,
Specifically, the cost of building the hull of the yacht "Progress" (Fig, &)
was around 900 rubles, and in ti.. materials for the hull, around 200 rubles
were spent, The weight of the hull of reinfoicad-.concrete yachs comprises
40 .457 of their displacement, or 50.55 kg per unit of cubic modulus of the
LBH, The ballast weight for yachts made of reinforced concrete comprises

30.35% of the displacement,

*I. Ya, Glan, Flying Rock, "Inventor and Efficiency Expert", No, 7, 1962,

-7.




The data presented show that the veight characteristics of the concrete-
reinforced yachts are somevhat lower than in the same type of wooden yachts,

As the calculations imdicate, the application of reinforced concrete
for building yachts proves to be quite justified, if they are longer than 8
meters, At a yacht length of less than 8 m, the hull lpde of reinforced con-
crete proves to be heavier than the wooden one, With an increase in the dimen.
sjons, the wveight of the hull of a reinforced-concrete yacht in relation to the
wooden one decreases, and at a yacht length of 15.20 m, it comprises a value of
the order of 15.2C%.

In 1964, in our country we built ¢ ~elf-propelled driftwood hoisting
crane equipped with a reinforcec-concrete hull and a superstructure (Fig. 5).
During the planning of the crane, the foim of the configuration and the main
measurements of the hull were not changed as compared with the floating crane
having a metal hull, which was reflected on the technical-.operating qualities
of the ship.  Thus, the draft of the reinforced-.concrete ship proved to be
greater than in the metal prototype, Naturally, this could have been avoided
by having increesed slightly the principal measurements of the reinforced-con-
crete hull as compared with the steel hull, With sn increase in the draft of
the reinforced concrete hull, its resistance to movement increased, whereas the
main engines and the propulsion unit were taken to be the same as in the metal
prototype, The latter circumstance led to a deterjoration in the controllabil.
ity of the floating crane and to a slight reduction in the travel speed., How-
ever, In spite of the errors permitied during the planning of the ship, the
economic advantage of using reinforced concrete in place of steel as a material
for the ship hull was confirmed, In this connection, the consumption of steel
was decreased by more than twice, and the cost of building the hull was reduced

by 107% as compared with bullding the metal hulls,

-8.
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Table 1

Indexes of the Hull Weight and Use of Steel for the Metal Barges, Barges of
Standard, Ferro.Concrete, Prestressed "Keramzit®-Concrete and Reinforced Concrete

el [Vedght
wight {of steeliVeight ofy
of rein~ [per tom |bull pexr
forosmmt|of car- |bom of
Type of vesssl Material Total vol- for shest | go omp= jcasge Teaneks
®ad pro~ |acity, |ospacity,
and oargo ompso- in ume of file /T 42
stesl fdﬂ
ity mll ferrocmorete adl,
in bull, o° tons |
rine dry-cargo | standard 7C,5 34,0 | 0,11 | 0,58 | one barge vas
arge with hois. ferro- built from
ing capacity of | concrete 1943-1944
00 tons
rine dry-.cargo| the same 120,0 46,5 | 0,09 | 0,65 | more than 25
arge with hois. barges were
ting capacity of built from
500 tons 1948-1935
Err!ne dry-cargo| steel . 129,0 | 0,32 | 0,32 | based on data
arge with hois- from B,.V, Bog-
ting capacity of danov, Sea &
{400 tons Harbor barges,
Sudpromgie,
1963
jseagoing liquid standard 230,0 | 100,0 | 0,10| 0,60 | technical
argo barge w/ ferro- project
hoisting capac- concrete
ity of 1,000 tons
$eagoing dry- the same 298,0 138,0 | 0,11 0,60 the same
jcargo barge with
11fting capscity
of 1300 tons
seagoing dry. steel ——-- 320,0 ] 0.32} 0,30 | based on data
cargo barge with from B.V, Bog-
1ifting capacity . danov, Seagoing
cf 1000 tons & harbor barges,
Sudpromgiz, 1963
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ol vessel gi iL‘
sod Material Total volume of :35 ‘|! j‘
ospaoity in ferrosacrete t Semagics
mll in bull, o i ’ !:
e »

harbor 1iquid standard 272,0 |136,0 o.1o] 0.49 | two barges
cargo barge with| ferro. were built
11fting capacity | concrete from 1945-
of 1400 tons 1947
barge.platform reinforced con- 91,3 38,0 | 0,06 0,40 | predesign
wich lifting crete for plates processing
capacity of of sheathing of
600 tons bottom, side &

longitudinal bulke

heads; the renains

ing parts are mad

of keramzit-ferro

concrete
targe.platform prestressed 116,3 28,0 | 0,05¢{ 0,40 | one barge
with 1ifting keramzit.con- was built
capacity of crete in 1962
600 tons
reinforced con- reinforced 102,0 51,1 ] 0,05 9,27 | was bullt
crete barge w/ concrete in 1965 in
lifting capacity Cuchalov.ku#
of 1000 tons
(Czechoslovakian
Socialist
Republic)
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Fig. 5. Reinforced.Concrete Floating Crane with a Hoistl.g
Capacity of 10 Tons,

At the present time, the crane {s operating without any restrictions
in the lower reaches of the Volga River, after two years of operation, its hull
is still in excellent conditio's all of the high quality elements made during
the construction are watertight and do not have any signs of corrosion,

The significant decrease in the weight of hull permits us to utilize
effectively the reinforced concrete for the construction of certain types of

transport ships, for example barges,

In 1965, in Czechoslovakia, a double-hull reinforced.concrete barge
with a 1ifting capacity of 1,000 tons was built, The weight of the reinforc-
ing steel (gratings and rods) used in building the Large amounted to 51 tons,
The weight of the hull in the concrete-reinforced barge referred to one ton of
11fting capacity, equals 0,273, The value of the indicated coefficient proves
to be close to its value for the metal barges similar in lifting capacity(Tadble
1). The consumption of metal for buillding the hull of the reinforced-concrete
barge proved to be three times iess than in building the hull of a similar metal
barge,

The accumulated exper! .ce in building and operating the reinforced.
concrete 9hips in our country and abroad permits us to establich that rein.

forced.concrete can be applied effectiveiy as a hull material for the trarmsport,

-1l




fishery, sporting and other shipe with a displacement up to 1,000 tons. The
reinforced-concrete is also suitable for broad application in the hulls of ferro-
concrete ships as a material for making the ‘tweendecks'’, superstructures, deck-
houses, etc,

As a result of its resistance to fire, the increased sound insulating
capacity and the low heat conductivity, reinforced concrete can be also used
successfully in the steel hull as a material for bulkheads, partitions, plat-

forms and foundations,

CHAPTER ), PROPERTIES OF REINFORCED CONCRETE AS A SHIPBUILDING MATERIAL,
Section 1, Structure of Reinforced Concrete

As a variant of ferroconcrete, reinforced concrete differs from it in
its structure,

Ordinary ferroconcrete consists of concrete, reinforced by individual
rods or by reinforcing grids, as a rule located in the action sone of the temsile
forces, In this connection, reinforcement rods, the diameter of which amounts
to 1/8 . 1/10 of the thicknass of the ferroconcrete element of a ship design,
increases the heterogencity inherent to concrete, To obtain reinforced concrete,
wve utilise cement.sandy concrete and t“hin metal fine-meshed wire, uniformly placed
along the section of the design element,

The ship ferroconcrete designs are reinforced with rods having a dla-
meter of not less than 6 mm, The rods or grids vith a smalier diameter of re-
inforcement in the ship design of standard ferroconcrete can not be used,
since they do not meet the strensth requirements under the obgervance of the
conditiond of the technological development (a apecific distance between the

reinforcement rods, the required stiffness of the reinforcing frames),

-12.
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The metal grids which are used for the reinforced concrete have a dia-
meter of rods equalling 0,7.1,2 om, which comprises 1/30.1/40 of the thickness
of the element of the vessel reinforced concrete design, The mesh sizes of such
grids equal 5-12 mm, whereas the mesh size of the rod gratings which are utilized
for reinforcing the ship designs made of standard ferfoconcrete comprise 50-100
mm,

By a uniform arrangement of the thin metal grids along the section of
the design element in the reinforced concrete, we achieve 1 distribution of the
reinforcement (in distinction from the concentrated :einforcement which occurs
in the designs made of conventional ferroconcrete),

From the condition of providing the uniformity of the structure of re-
inforced concrete through the entire height of the section, the protective layer
of concrete in the reinforced-concrete elements comprises 2.3 mm, whereas for the
vessel designs, the depth of this layer reaches 10-.15 mm,

The dispersed state of the reinforcement provides a much higher specific
surface (i.,e, related to the volume of material), than i{n the standard ferrocoa-
crete, of the adhesion of the reinforcement with the concrete, owing to which
conditions are developed unde; which the capacity of concrete to stretch is real.
ized to a greater extent than in the case of the concentrated reinforcement,

The cement-sandy concrete for the reinforced cement is prepared in inert
fractions with the exclusion of those coarser than 2,5 mm, whercas for the ferro-
concrete, we use mainly the concrete on a base of coarse fillers with fractions
of 5.20 mm, In this manner, owing to the application of cement-.sandy concretes,
in the reinforced concrete, we achieve & structural design which {s more unifo:m
through the element's sections,

The specifics of the structure of the reinforced concrete permits vus
to make more thin -walled designs from it, Thus, while in the concentrated

reinforcement according to the conditions of arranging the metal in the ferro-

-13.
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concrete element, the thickness of the latter in effect could not be less than
4.5 cm, the minimal thickness of the reinforced concrete designs can reach l.
1.5 cm. The maximal thickness of the reinforced-concrete elements (3-3.5 cm)
is restricted by the technological possibilities of the qualitative placing

of the cement-sandy mixture in the reinforcemsnt frame, . However, if required
by the conditions of strength, the thickness of the reinforced concrete ele-
ments can be increased by introducing an intermsdiate reinforcing grid or rod
(with a diameter of 5 mm), located in the center of the height of the element's
section, The introduction of the reinforcement rod is also used for increas-
ing the technological effectivenass of producing the reinforced-concrete de.
signs, With consideration of what has been pointed out, the maximal thickness
of the reinforced concr2te elements can reach 4,5-5 cm,

The combination of such structural factors as ths degree of dispezsion
of the reinforcement and the utilization of cement-sandy concretes more uniform
in their nature, leads in final analysis to higher deformative properties of
the reinforced concrete, and also to a decrease in the actual weight of the
designs made of reinforced concrete as compared with the equally strong de-
signs mede of conventional ferroconcrete,

Section 2, Component Materials of Shipbuilding Reinfsrced Concrete

The reinforced concrete consists of sandy concrete and of reinforced
matal grids; both of these components exert a definite influence upon the
physico-mechanical properties of reinforced concrete, In this connection,
the elastic.strength qualities of reinforced concrete is the function of
both parts; however, the physical properties depend mainly on the qualities
of the sardy concrete,

Lement.Sandy Concrete, The quality of sandy concrete determines

such lmportant qualities for the shipbuilding reinforced concret~ as strength
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during compression, watertightness, corrosion resistance and recistance to

freezing, In their turn, the properties of standard concrete are dztermined
by the type, the activity and consumption of cement, by the wster-cemsnt ratio,
by the grain size of sand and by the composition of concrete, by the methods

of thickening the concrete mixture, by the periods and conditions of its hard-
ening, It vas established tha: the resistance of concrete to compression and

tension depernis mainly on the activity of the cement and the water-cement rstio,

In the water.cement ratio, we have an increase in the density and str-
ength of the concrete and hence in its watertightness and resistance to freer-
ing, However, in the case of low water-cement ratios under the usual condi-
tions of production, the cement.sandy mixture does not succeed !n becoming
placed compactly in the design, which leads to a reduction in the strength
and life of the design,

For the product‘on of reiriorced concrete meeting the reculrements of
shiptuilding in respect to strength, watertightness and long life the sandy
concrete is made from Portland-cement brands (grades) not below 500, of the
following formss standard, plasticized, and sulfate-.resistant,

The brand of cement-sandy concrete for producing the narlﬁc reinforced-
concrete designs should be accepred not below 400%, For obtaining sandy con-
cretes of grades 400 and 5CO, the consumption of brand 500 cement amounts to
650.800 kg per cubic meter of concrete with a vater.cement ratio ranging from
0,32.0,40,

For increasing the watertightness and the frost resistance of concrete,
it 13 necessary to strive toward a reduction in the water-cement ratio (with

allovence for the conditions ¢4 « methrd for pouring the concrete mixture {nto

T—TFF";;:EQ of concrete (s accepted tentatively and is characterized dy the limit
of resistance (kg/cnz) to compression of a concrete block vith an edge of 7 cx,
made from conc-ete of working composition and tested for & perlod of 28 days in
confermity with the standard ON9.373.42,
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the reinforced-concrete designs),

The convenience of pouring the concrete mixture, specified in accord-
ance with GOST 6901.54 during its packing with the ald of the standard surface
vibrators with a frequency of 2850 vibrations/minute with an amplitude of 0,33
mm can be adopted for the marine reinforced-con:rete designs as equalling 13-
20 seconds,

In the capacity of =5 inert filler for the sandy concrete, we use nat-
ural sands of average grain size, with a screening out of the particles with a
coarseness above the least of the values: one third of the dimension of the
mesh of the g-ids being used, and the thickness of the protective layer of con-
crete,

The following amount of admixtures in the sand is permitted:

clay and dusty fractions, determined by eiut. not more than 1
ri.CIon, pCrcenC by “ight.o.caclqootcotnoo

sulfuric acid and sulfuric compounds in con.
version to SOj, percent by weight,......... not more than 0,5

shaie, opal and other amorphous varieties
Of stllcontll"l'tl.ll.l‘.l...Cl"..l.lll“l mt p.nltt.d

organic admixtures (colorime"ric samole),,.. color of solution
not darker than
the standard ac-
cording to GOST
8736.58
The recommended granulometric composition of sand:
mesh size of contrilio si:ves, mm,,.,..... 2.5 1,25 0,63 0,313% 0,14
entire residue in s‘eves, % by weight,,,,., 0 30.40 50.60 65.75 80.720
Based or the studies made, wve recommend the following composition of
concrete for the shipbutlding reinforced concrete based on Portland-cement,

grade 57 (bv welight): for tihe grade 5C0 con~rete, 111,5 at V/TS=0,35.0,38;

for grade 400 councrete, 112 a2 V/TS=0,35.0,40,
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We have presented belov the typical differences in the cement-sandy
concretes of the indicated compositions from the ususl shipbuilding conc-etes

based on a coarse filler (filling agent):

1. The ratio of the prismatic strength to the cubic strengta for the
sandy concrete is slightly higher than for usual concrepe, 0,75-.G,80,

2, The resistance of sandy concrete to tension (stretching) is also
slightly higher than that of standard concrete of the same grade,

3, The ratio of the resistance of concrete to tension during bending
to the resistance during axial tension is higher than for standard concreces,

2,0-2.5.

4, The elasticity modulus of sandy concrete during compression is lower

by 20-25% than the standard values of the elasticity modulus for standard coa-

{rete,

5. The volumetric welght of sandy concrete {Z,2.2.3 t/ml) is less than

the volumetric weight of standard shipbuilding con~rete of the same grade,

6, The shrinkage of the cement-sandy concrete is somevhat greater than

of the standard, which is explained chiefly by the greater consumption of cement
and by the absence of a coarse filler,
7, The creep of the cement.sandy concrete i{s also greater than of the

usual concrete,
The basic physico-mechanical properties of the shipbuilding cemert.
sandy concrete of the above.recommended compositions, established on the tav‘s

of a statistical processing of the vesults of tests of around 300 samples are

presented in Table 2,

Reinforcement, The reinforced-concrete Jesigns are strengthened

with thin stcel gratings (voven or wvelded) and with {ndividual rods or with

wvelded rod grids,
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Table 2

Physica-Mechanical Properties of Cement-Sandy Concrete

i | Tndexes of Proper-
ties of grades of

Properties of Concrece Concrete in Respect Samples BSeing Tested
to Compressive
Strengths*
400 500 600 Type dimersions, cm
Resistance tc axial compression
nct less than, kg/cml:
cubic (grade) strength 400 500 600 cube X7X7
priswatic strength 340 420 510 prism 7X7X30
Strength at axial tension rnot 30 35 39 cube or GOST 1150.64
less than, kg/cm? beam
Tensile strength duri?g flexure 60 70 78 bean 7X7X30
not less than, kg/cm
Warercighiness at maximur water

pressure not less than, kg/cm? s

for marine ships 2.5 for all cylinder 15 diameter
for river ships 2,0 } brands 2.5} height
2.5
Resistance of coacrete to freez. 5C - 300%* cube 7X7X7

ng In fresh vater (for river
vessels), in sea wet v (for
marine chips), cyctes

* For the deeigns operating mainly under tensior, with special ‘ustification,
we permit the additional use of a grade of concrete in recpect to tensile
strength sccording to SNIP  11.A.10-62,

** The index of the concrete's resistance to freezing is established in de.
pendence on the climatic conditions of the operating region of the ship,
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The type of the thin steel grids for reinforcing the marine reinforced.
concrete designs is choesen with consideration of getting the maximum possible
dispersity of reinfcrcement (maximal surface of the grid wires) at the required
factor of reinforcing the elements of the designs, and the technology of manu-
facturing them,

For obtaining the maximum dispersity of reinforcement, it is efficient
to utilize the gratings with small meshes and made of finer wire, vhereas a
better packing of the concrete is achieved with grids having the larger méshes.

The investigations of the physico-mechanical properties of shipbuilding
reinforced-.concrete, reinforced with grids of varying mesh size (3, 5, 6, 7, 8,
9, ‘0, 11, 12 mm) at uniform consumption of metal and with the identical method
of pouring and packing the concrete mixture, with allowa.ice for the labor invol-
ved in preparing the designs, demonstrated thac for the ship designs, most ac-
ceptable are the steel grids with meshes having a size ranging from 5 to 10 mm,
Such grids are produced by industry in accorcance with State Standard (GOST)
3826.47 (Table 3),

The production of the welded wire grids has not yet been mastered by
industry, Their application in place of the wire ones will permit us to raise
the stability of the elastic.strength characteristics of the reinforced.concrete,
the technologiczl effectiveness of producing the marine designs, ard a reduction
in their cost, Therefore, the transition to the welded grids (gratings) will be
a4 progressi{ve step .n the way to improving the shipbuilding reinforced concrete
a3 a construction material,

In accordance with GOST 3826.47, the fabric nets are made from low-carbon
annealed wirc, having a considerable spread in its strength characteristics, The
expansion diagram of the grids' wire does not have a clearly expressed area of

yield,
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Table 3

Charactoristics of the Wire Grids Recommended for the Shipbuilding
Reinforced Concrete (According to GOST 33826.47)

3 .7 }3; “g.c !
1 3 ? 2%3. |2 i 'n
E i L 3 1 3331 2}.g ;
\10‘. % “% bl
s, [ dn | e (En e | o
¥ LR § o5 219y gi,p v
LR AR N T
] H ] itz ¥4
5 5X5 0.7 350 0,770 0,00672 1.1
6 6 X6 0,7 300 0,660 0,00575 0.9
7 17X7 0,7 260 0,572 0.00500 0.8
8 8X8 0.7 230 0,506 0,00441 0.7
9 9X9 1.0 200 0,628 0.00785 1.3
10 - 10X 10 1.0 160 0.570 0.00715 1,2

The tests conducted or individual fabric grids (and also groups of them)
for axial expansion conducted during a study of the properties of the shipbuild-
ing reinforced.concrete indicated that tne strength of the grids is less than
the total strength of the individual vires, The indicated circumstance is ex-
plaired by the difficulty of accomplishing a uniform stretching of all the wires
in the composition <f a bundle of fabric grids, Procseding from this, we have

listed below the design characteristics of resistance in the fabric grids recom-

mended for shipbuilding reinforced-concrete:

Diameter of grid wires, sm ........000000000.. 1.0 0,7

Design resistance, kg/ 2160 2600
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The steel lovw.carbon wire which is being aspplied for the additional

reinforcement of the extended zone of the reinforced.concrete designe or for

the replacement of a part of the fine fabric gri4s should meet the specifica-

tions of GOST 6727.5), The frameworks of the beams in the set and {n the wvar.

fous supporting parts of the hull are reinforced by hot.rolled reinforcing
metal, meeting the requirements of GOST 5781.61,

Additives., In order to increase the corrosion resistance of the rein.

forced concrete designs, it is recommended that the cement-sandy concrete be
prepared with the addition of an inhibitor, namely sodium nitrite (according ¢o

GOST 6194.52) introduced into the concrete with the water used during manufac.

ture in the amount of 1,5-2% of the cement's veight,

In order to reduce the water requirsment of the concrete mixture, and
also to improve the basic properties of the sandy concrete (resistence to free-

ging and vater, watertightness), during the production, we introduce into the

concrete mixture a sulfite-alcohol residue (GOST 8518.57) in the quantity of
0,1.0,2% of the cewent's weight,

Section ), [Effect of Variows Structural Pactors of the Deformmtiwe

and Strength Properties of Reinforced Concrete,

Characteristics of degree of saturation and distridution of reinforcement,
Under the dispersed arrangement of reinforcement metal in the body of the con-
crate, the forces cf adhesion of the reinforcing material with the concrete is

considerably more thar In the case of concentrated reinforcetent, They (the

forces) increase in proportion to the surface of the wires cf the fabric grids

(areas of asdhesion), vhich In the reinforced.concrete element st the given rein-

forcement factor change in relationship to the diamerer of the wivres and the
size of the grid meshes,

If the diameter of the grid vires remains constan:, and only the value
(sise) of the grid meshes changes, between the adhesion surface and the
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reinforcement factor, a tingle-valued conformity exists, {.,e,, in these cases
the adhesion surface is a universal characteristic of the reinforcement, Thus,
the transition from mesh mumber 5 to mesh rumber 8 leads to a rsduction by 1,3
times of the adhesion surfece, and to a reduction by the same mmber of Cimes,
of the reinforcement factor, The single-valued conformity also takes place
between the quantity of grids of tho same number per unit of element's thick.
ness, surface of adhesion, and reinforcement factor,

At s change in the diameter of che grid vires, the reinforcement fictor
changes more rapidly than does the adhesion surface, since the reinforcesent
factor !'s proportional to the square of the wires' diameter, while the adhes-
lon surface is proportional to the first degree of the wires' diameter, In a
myst general case of reinforcement under the application of fabric grids made
of wire having various diameters, in combination vith the rod reinforcement,
the basic characteristic of reinforcement of concrete, just a8 of standard
ferroconcrete, is¢ the reinforcement factor M, the value of which provides a
complete corcept concerning the extent of saturation of the concrete body by
the stee]l reinforcement and establishes the critical carrying capacity of re-
inforced concrete (as of ferroconcrete in general) under tension, The adhesion
surface of the reinforcing material vith the concrete in the general case of
reinforcement under corsideration loses its universality and constitutes only
an index of the degree of dispersion of the reinforcement material in the cen-
crete hody,

The degree of dispersity of reinforcement is conventionally expressed
by the so-called specific surfeace of reinforcement (total surface of the vire
of metal grids in a unit of the reinforced-concrete element's voiume), signi-

fied by K,, and having the dimensionaiity cml/cm’,
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To establish the degree of effect of the value of criticai sur.ace of
the reinforcement and the value of the reinforcement factor on che nature of
deformation, cracked formation and strength of reinforced corcrete, we have
conducted a series of experimental studies; their results ard analysis are
presented below, The experimental studies were conducted on samples and de-
signs, in which the age of the concrete was not less th;n 1.5-3 months, which
corresponds to the age of the concrete in the designs up to the time of deliv.
ering the ships for operation,

Effect of specific surface and reinforcement fauctor on the deformative
and strength properties of reinforced concrete, Sirce for grids wicth wvire of
the same diametcr, a single-valued conformity occurs betveen the specific re.
inforcing surface K, and the reinforcing factur 4, it does not appear possible
to reveal the separate influence of each of ‘"hese characteristics of the fab.
ric grids upon the stress.strain state of reinforced concrete under the con-
dition of reinforcing it by grids containing vire of the same diameter, In
connection with this, and also for expanding the range of variations in K” at
b « const and varlation‘?ﬂrnt K,7 = const in the production of the experimental
models, ve utilized, in addition te the gride number 5.8 with a wire diameter of
0.7 mm an¢ number 9-10 vith a wire diameter of 1,0 mm, the grids number 3, 2
vith a vire diameter of (,45 ma and grids number 1l and 12 with a wire diamster
of 1.2 mm, In this connection, the values for the reinforcing factors varied
in the limits jo = (1,75 . 2,8%), which corresponds to the lower and upper limits
of the degree of saturstion, by metal, of the marine reinforced-concrete designs
(respectively 300 and 450 kg per cublc meter of ferroconcrete),

The studies were conducted for the ceses of axial expansion and bending
of the reinforced concrete elements (Tables 4 and 5), since under these types
of load, there vas manifested most clearly the effect of the dispersity of re-
inforcement upon the nature of the deformatizn of the concrete,
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As follows from the tables, the perceptibdle difference in the values
of the average relative deformations, corresponding to the appesrance of vis.
ible cracks in the reinforced concrete, as compared vith standard ferrocon-
crete, takes place only at Kp= 2 cl/ca,

¥With an increase in the degree of dispersion of .rclnforc-ont. ln »
other conditions being equal (of the constents of the reinforcement factor and
strength of concrete), the average relative stresses, corresponding to the ap-
pearance of visible cracks, increase, This {# explained by virtue of the fact
that at an increase ir the specific surface of reinforcement, K, , the adhesion
forces of the reinforcement with the cencrete, referred to the area of the con.
crete's cross section, also increase, owing to wvhich the moment is separated,
corresponding to the copening of the cracks by the identical amount, This re-
sult confirms the known concept of the theory of ferroconcrete to the effect
that the width of the cracks' opening, at identical expenditures of metal and
identical loads on a design, is determined by the rnature of distribution of
the reinforcement in the concrete's body, In this connection, the relative
elongations, with allowance for the crack formation during axial expansion
proved to be abrut half as much as during the pure flexure (for the extremely
expanded fibert), The values of the loads and hence of the stresses, just as
the values of the relative stresses during the crack formation in the reinfor-
ced concrate, are determined by the values of the reinforcement factor M-and by
the specific surface of the reinforcement, X ne

At the {dentical reinforcement factor g = const, as follows from the
data presented in Tebies 4 and 5, the streeses and the relative elongations
during the crack formation in the reinforced concrete increase with an incresse
in K, to a specifi~ limit, equalling 3,C.3,9 c-zlcnl. From a comparison of

the data given for the samples in serles VI] with the datas for the samples in
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series IV and V (Tablie 4) and the data for the samples in series X1V with the
data for the samples in the series XI and XII (Table 5), having essentislly
the same reinforcement factors and equal strengths of concrete, it follows

that an increase in the specific surface of reinforcement above the indicated
critical value leads to a decrease in the stresses of cx"ack formation in the
reinforced concrete, This is explained by the insufficient packing of the con-
crete mixture in the reinforced concrete element in the case of its excessive
saturaticn bv metal evenly distributed through the entire section, As a result,
the wires in the grids are insufficiently covered with the concrete layer requ-
ired for providing the combined action of the grids and concrete, and upon the
effect of a load upon such an e]lement, it divides into a layer, Since the {n-
cresse in the stresses of crack formation with an increase in K, takes place
less intensively than the increase in the average relative elongations with al.
lowvance for crack formation (within the limits of the limited width of cracks'
opening), the increase in Kr; at pL= const leads to a certain reduction in the
normal modulus of the materisl with allowvance for the crack formation taking
place in it, From a quantitative standpoint, the conditions noted are characte.
erited by the data ziven in Tables &4 and 5,

At the ssz.e 3pecific surface of retnforcement K, = const, with an in-
crease in the reinforcement factor, (i, we have an increase in the stresses and
in the average relative elongations of crack formation, In this connection,
the increase in piis reflected to a much greater extent upon the increase in
the stresses of crack formstion than on the increments of the average relative
elongations during the crack formation, This is quite regular, since the varp-
ing tendency, vith allovance for th: opening of the cracks, is deterwmined chiefly
by the specific adhesion surface of the reinforcement material with the con-
crete, and an increase in p at maintenance of K,, = corst s equivalent to an

incre. e in the reduced area of the reinforced concrete sample,

-25.

— =




NOT REPRODUCIRLR

b

Besultis of Desiing the Sssples for Axial hpudcn

Table 4

L4

v Kr-gh of ooocrets g exiablished for b}udd; 7 I7%27 om,
** Creck formation dyn.iuc e m«: m asuqh: ocxfeca by Alstance ef 0.08 - a,os an,

-255-

T . 2 P-4, |5 it -
1R ‘ gl L3 9% 3% g:ﬂ’
; g; Srten of reixforce- Diremsdens - g E - , E‘b 4%

T amt {(crees smction) =4 “‘5;}? - B “ - % ?

N Srples, s 193 < |3 Vealf2 |p oF %
11§ 3 Ip &y dd |y dil 70, |15
111 3 sE ENLEN R % 3 IV

eSu? Rt |41 L ok - S0
4 nead
1] 6 24 W | 100x8x® | e | 1.2 1,88 ] “ o 6 000
1 6 00 x 8 20 L 1.0 1.8 « L Bs 000
m {6 1000x80x30 | € | 3.4 | 1,73 LN 50 .TD 6+ (0
v e 1omxtexm | e | 14 | 28 | = | & ) %0 0C0
v]e remxaoxm "9 | 21| 37 | m | 0| w00 | mox
~ 7, . M e
vi | 8 sooxwx | ™0 ['am| 27 | @ | w | @ &2000
vit | 6 : @ | em| 28| 0 | ® | 10 | 2000
. Pt )



As a result, with an increase in A at Kn = const, a certain increase
in the standard modulus occurs,

As the studies conducted have indicated, the destruction of all the sam-
ples tested started with the rupture of the most elongated grids, In this con-
nection, the braking load for all the samples having equal reinforcement fac-
tors, was practically identical, and did not depend on the sigze of the specific
surface, This provides evidence to the effect that the critical state of the
reinforced concrete in respect to strength during stretching and bending i{s de-
termined only by the quantity of reinforcing metal, independently of the extent
of its dispersity in the body of the concrete,

An analysis of the data given in Tables 4 and 5 permits us to formulate
the conditions of the most efficient choice of reinforcement from the viowpoint
of crack resistance and strength of the reinforced-concrete designi

1, The dispersity of the reinforcement, determining the varpi ‘g tendency
ef the reinforced concrete, and hence the degree of utilization of the reinfor.
cement should be that vhich is maximally permissible,

2, The quantity of reinforcement should be that which s minimally re.
quired, from the condition of assurring the required carrying capacity of the
reinforced.concrete des1gns In respect to strength,

Effect of Reinforcing Rods Upon the Deformative and Strangth Pruperties
of Reinforved Concrete, We examined previously the reinforcement of cem~nt.
sandy concrete only by wire steel grias, We i{ndicated that the area of the
specific reinforcing surface for the marine reinforced-concrete destignr should
comprise 2.3 cmz/cm3.

Based on the da.as in Table 3, we can establish that for attaining the
dispersity of reinforcement with K = 2.3 cnz/cn3. for 1 cm of an element ‘s

thickness, it {s neCessary to install the grids:
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Designs have also appeared with combined reinforcement, in vhich a part
of the wire grids in the center of the section height is replaced dy reinforcirg
rod or by rod-type grids,

An evaluation of the effect of the intermediate rod-type grid or of in-
dividual rods situated In the central part of the height of the section of rc.
inforced concrete slement for the elastic.strength characteristics of reinfor-
ced concrete during bending and axial stretching vas conducted on the samyples,
the characteristics of which are shown in Tables 6 and 7,

An snalysis of the data presented in Tables 6§ and 7 permits us to make
the following conclusions

1., The average relative elongations with allovance for the crsck forms-
tion during pure bgndlng for the samples reinforced only with fabric grids and
for the samples, in vhich the part of fsbric grids is replaced dy rod reinforce-
ment or by rod-type grids are practically identical at a constant specific rein.
forcement surface X n in the extreme fibers, and do not depend on the reinforce-
ment factor,p,

The difference in the relative elongations of crack formation for the
samples in the XIX and XXII series (see Table 7) and for the samples in the XI
series (see Table 5), having practically identical spscific reinforcement sur-
faces, K, and reinforcement factors AL, 13 explained by the fact that the data
for the series XIX and XXI] pertain to the moment of the appearance of the sam-
ples' surface) of cracks with an opening size of 0,01 mmn, while the dats for the

X1 series pertain to the moment of the appearance (on the surface of the samples)
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of the cracks with an opening size of 0,04.0,05 mm, In addition, the strength
of the concrete up to the time of the testing of samples indicated in Table 7
is appreciably less than the strength of the concrete in the samples listed

in Table 5,

2. The average relative elongations with allowance for the crack for.
mation during axial expansion (stretching) for the specimens reinforced¢ only
with the fabric grids are greater than for the samples having combined rein-
forcement, In this connection, it iz worth noting that the first cracks ap-
pear in the sections above the transwerse rod reinforcement, This is explained
by the disruption of ‘the str -ture of the dispersed reinforcement in the central
part of the samples' cross section,

The difference in the stresses (deformations) of crack formation in
samples of the XV series (Table 6) and of samples of the II series (Table 4),
having close values of specific surface and reinforcement factors are explained
(as also in the bending) by the varying value of cracks' opening and by the dif-
fering strength of the concrete in these samples,

3, In the case of bending (flexure) for the samples with ~ombined rein-
forcement, we find the same qualitative dependences of the modulus of stresses
upon the reinforcement factor piand the specific reinforcement surface K” in
the extreme fibers as for the samples reinforced only by the fabric gratirgs
(grids),

4, The braking load for both types of reinforcement is determined by
the value of the reinforcement factor Mand does not depend on the degree of
retnforcement dispersity, K ne

Effect of Grade of Concrete and Depth of Protective Concrete Layer Upor
the Deformative and Strength Properties of Reinforced Concrete, Since the bear.

ing capacity of the reinforced.concrete elements, operating under expansion and
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Table 7
Results of Comparative Tests for Pure Bending of Samples Reinforced
Only with Yoven Grids and of Samples in Which Part of the Woven
Grids is Replaced by Rod-type Reinforcement
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bending, I8 determined only by the amount of reinforcing metal, we can speak
of the effect of the grade and depth of the protective concrete layer only in
application to the relative stresses of the reinforced concrete's crack forma-
tion,

It is known that the limit of the resistance of concrete to expansion
and its maximum ductility at a significant irn. .ease in the quality of the con-
crete increase slightly, i,e, the ratio Rp/R decreases with an increase in the
quality (grade), In this connection, & decisive effect is exerted on the ex-
tent of the maximum ductility of concrete by the degree of the concrete's uni-
formity,

This widely known concept has been confirmed also in a study of the qual.
ities of reinforced concrete, specifically in the transition from a concrete
scrength of 650 kg/cm2 to a concrete strength of 760 kg/cmz, other conditions
being equal, the forces of crack formation in the reinforced.concrete samples
differ by not more than 10%Z (refer to Tables 4 and 5),

The bearing capacity of reinforced concrete elements functioning under
compression is established chiefly by the resistance of concrete during com-
pression, in connection with which the strength of such elements {increases
with an increase in the qurality of the concrete,

Proceeding from the condition of preservation of the constant degree of
dispersity of reinforcement through the entire section of the element, the value
of the concrete protective layer in the reinforced-concrete designs should com-
prise 2.3 mm, An increase in the protective layer of concrete to the values
adopted in the usual ferroconcrete designs (10 mm and more) leads to a change
in the nature of the crack formation in the reinforced-concrete elements opera-
ting under expansionst to an increase in the width of the cracks' opening, at

the simultaneous increase in the pitch of the cracks, The occurrence indicated
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can be explained by the disruprion of the dispersity of reinforcement in the
extreme fibers of the reinforced concrete elements,

The survey and the analysis given in Tubles 4, 5, 6 and 7 perwit us to
note that from the viewpoint of the expenditure of metal, the technolegy of
production and the obtainment of cufficiently high elastic-atrength cliaracter-
istics during the axial expansion and bending, the most cptimal systems Oof re-
inforcement ares

--for reinforcement only by fabric grids--mesh No, 8 {n the quantity of
4.5 per cm of element's thickness; and

--for the combined reinforcement--the rod-type grid with a wire diameter
of 4.5 mm and the fabric mesh No, 8 {rom the calculation of 4.5 {tems per centi-.
meter of height of the dispersed.reinforced extreme fibers,

In this connection, the cement.sandy concrete for the production of the
marine designs of reinforced concrete should be of grade 400.500,

Section 4, Strain State and Crack Formation of Reinforced Concrete
During Axial Expansion and Bending

Above, based on an analysis of the effect of the various structural fac-
tors on the mechanical properties of reinforced concrete and a consideration of
the technological effectiveness >f producing the reinforced.concrete designs,
we establish the most optimel types of reinforcement, grade of concrete and
depth of the protective layer of concrete (series XVII, XVIII, XXIV and XXV,
Table 6),

Now let us examine the nature of the deformation and crack formation in
shipbuilding reinforced concrete at all stages of loading all the way to the
braking of the samples,

Axial Expansion and Expansion During Be:ding., The stress-strain diagrams

during axial expansion and expansion during bending for the samples in series
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XVII, XVIII, XXIV and XXV are showr. in Figs, 6 and 7, while the load.sagging
relationship is tndicated in Fig, 8, A review of the stress.strain diagrams
for the cases of axial expansion and expansion during flexure permits us to
identify three typical sectors,

[. Sector of Elartic Stresses of Reinforced Concrete [rolaclvc stresses

t = (0-15) 1075 for axtal expansion and ¢ = (0-25) * 10° for expansion dur-

ing bendlng.] In this sector, the diagram i{n its outline is close to the dia-
gram of nonreinforcad concrete, and, with a certain assumption, can be taken
as rectitipear, £al
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Fig, 6, Average Curves of Dependence of Relative Stresses Upon
Load During Axial Expansion, 1. samples with combined reinforce-
ment (XVIII series}; 2. samples reinforced only by fabric grat-
ings (series XVII). Key: a) opening of cracks 0,025 mm,
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Fig, 7. Averaged Curves of the Dependence of Relative Stresses of
the Extreme Extended Fibers Upon Load, During Pure Flexure,

1. samples with combined reinforcement (series XXV); 2. samples re-
inforced only by fabric grids (series XXIV), Key: a) opening of
cracks 0,05 mm; b) opening of cracks 0.025 mm; and c¢) M, kg/cm.

11, Sector of Origination and Development of Microcracks frelatlve
stresses te (15-20) . 10 5 for axial expansion and ¢ = (25.30) 10~ for ex-
pansion during flexurej. In this sector of the diagram, the lines indicating
the functional dependence of the relative stresses upon load are distorted,
which tostifies to the structural changes, occurring in the reinforced con.
crete, and caused by the process of microcrack formatior,, In this connection,
we did not succeed in detecting the microcracks with the naked eye; however,
their presence was established by 3train gauge sensing elements, and alsc with
a microscope with a 70.X magnification, A number of other researchers for this /35
range of deformations (strains) also established the presence of microcracks
with the e&id of ultrasonic equipment, Such microcracks, at a high degree of
dispersity of reinforcement of the concrete, {n spite of their force origin,
in effect do not disrupt the continuity of the reinfo :-ed concrete as a mater-
fal, and have rather a theoretical than a practical importarce, In its nature,
in general concrete has a heteroseneous structure, {,e,, in it prior toc the ap-
plication of loads, we can find flaws, similar to cracks, The influence of the

structural flaws in the concrete upon the strength of the designs depends on

the conditions in which the concrete is used,
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Fig., 8, Averaged Curves of the Depende¢ nce of Saggings Upon Load
During Pure Flexure, 1. samples with combined reinforcement (series
XXV): and 2. samples reinforced only by fabric screens (series XXIV),
Kevs a) M, kg/cm,

In the case of unreinforced concrete, the microcracks (both of a struce
tural and of a strength origin), constituting concentrators of strains, become
a source of brittle breakdown of the concrete under the loads, corresponding
to the attainment by the concrete of the temporary resistance to expansion,

R In the case of concentrated reinforcement (standard ferroconcrete) as a

pe
result of the uneven redistribution of forces through the space between the con-
crete and reinforcement after the development of microcrecks in the concrete,
the opening of individual cracks perceptible to the naked eye occurs,

However, in the case of the dispersed reinforcement (reinforced con.
crete), In view of the large adhesion surface of the reinforcement with the
concrete, and on the basis of this redistribution (more uniform through the
space) of forces between the reinforcement and the concrete, after the devel-
opment of the microcracks {n the concrete, the cracks under the stresses equal-
ling the strength limit of the concrete to expansion and even exceeding this
limit slightly, do not transfer to the category of cracks visible to the naked

eye, Such microcracks in the reinforced concrete in essence, not vithstanding

their force origin, can be likened to the microcracks of a structural nature
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i{n the concrete, In this connection, the process of microcrack formation for
the extent of the entire sector Il of the diagram takes place chiefly in the
direction of an increase in the number of microcracks, and not in the width of
their opening, This assures the functioning of the concrete in reinforcad con-
crete in sector 11 of the diagram in the elastic.plastic stage without a signi.
ticant breakdown in the solid state of the material, vh;reas in standard ferro-
concrete under the same stresses (close to Rp), we find visible cracks, entirely
disrupting the solid state of the concrete,

111, Sector of Formation of Vigible Cracks, At the relative elonga-

tions £ = (20.30) +10 >

, the dispersed-reinforced concrete {s deformed plas-
tically, the volume of the microcracks in the concrete gradually increases,

and after reaching a critical value, on the surface of the reinforced-concrete
samples, visible cracks appear. This is evidence to the effect that als»n under
the conditions of dispersed reinforcement, the plastic deformations possible for
realization prove to be fuily exhausted, It should be noted that in the samples
with the combined reinforcement, the first visible cracks appear in the sections
above the transverse rod-type reinforcement, moreover, the, open {mmediately by
a space of about 0,01 mm, At the same time, the initial opening of the visible
cracks in the samples reinforced only by the fabric screen comprises - vclue of
the order of 0,003.0,005 mm,

Since the extent of the opening of the first visible cracks for the dif.
ferent types of reinforcement is different, for the possibility of comparison, :he
elastic.strength characteristics of both types of reinforced concrete pertain to
the moment, corresponding to the uniform opening of cracks (0,01, 0,025 or 0,05
mr), In this connection, the average relative elongations of veinforced concrete
for two of {ts variants attain the valuesi te (120-150) * 10”® for the extended

fibers of the elements which are being bent and £ = (60.70) « 1075 for the ele-

ments subjected to the axial expansion,

/36




The sector of the stress.strain diagram under review is typical with
the functioning of the reinforcement in the ztone of elastic strains and func-
tioning of concrete in the zone of plastic dzformstions, The combined func.
tioning of the concrete and the reinforcement is not disrupted in this connec.
tion, and in sector IIl of the diagram, the reinforced concrete can be tenta-
tively considered as a materiesl without disruptions of its continuity,

The diagram for the sector in question has a practically rectilinear
nature, vhich {s explained by the functioning of the reinforcement in the zone
of elastic deformations and by the slight influence of the plastic sxpansion
of concrete, penetrated by microcracks, upon the nature of the stress-strain
relationship,

The load corresponding to the opening of the visible cracks by the dis.
tance 0,01.0,05 ran, comprises 0.75.0,80 of the destructive load, HYere it is
convenient to note that the ratio of the lnad corresponding to the opening of
the cracks by the amount of 0,01.0,05 rm to the destructive amount for stand-
ard ferroconcrete comprises a value of only 0,35.0,50, The relationships in.
dicated confirm the favorable influence of the distribution of re!nforcemant
upon the phenomenon of crack formation i{n concrete,

The dispersed reinforcement introduces definite features i~to the kin- /7
etics of the crack formation process also, Thus, while the disruption of the
elements made of standard ferroconcrete precedes the appearance and the open-
fng of one or a small rumber of cracks, in the reinforced concrete, with an
increase {n the load, after the appearance of visihle cracks, the development
of additional strains takes place not so much owing to the opening of the
cracks which inittallv appeared as owing to the appeararce of the new cracks,
The open'ngs of the cracxs which &ppeared oricinally In effect do not occur

urtil the entire surface o' the samprle s covered h. a network of cracks with
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a scep, equalling 1.2 meshes of the wire grid, Thr opening of the originally

developed cracks is delaved by the presence of the high adhesion forces of the

reinforcing material and the concrete, At a further increase in the load in

the range directly preceding breakdown, ve find an intensive opening of many

cracks, Up to the moment of breakdown, the working surface of the sample 13 ' '
covered with a solid network of cracks, moreover the width of the cracks®

opening on the surface of the part comprises 0.1.0,2 s (Fig, 9).

Fig, 9, View of the Expanded Surface of a Reinforced-Corcrete
Sample During a Test for Pure Flexure,

The nature of the deformation of reinforced concrete during axial expan-
sion and expansion during bending is essertjallvy che same both for the case of
reinforcement orly by fabric nets ang for the case of combineu reinforcement,

All of th~ typical sectors of the stress.strain diagran vhich we have reviedsed,

and the qualitative phenomena sccompanving them take place {in both insStances,

The difference resides onlv {n the quartirative characteristics estahlishing /38
the limit of the sectors :or a glver tvpe o! reinforced concrete, These quan.
titative characteristics are prese~ted gra~>i{callv {n Figcs, % and 7 We should

4 .

also turn attertion to tre fact of "he difference |~ the elasticizy moduli of

reinforced concrete at the varinus s-ages o' (73 srress_s-rair corditior (state),
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Fig, 10, Averaged Curves of the Dependencc of Relative Strains of
Extreme Compressea Fibers Upon Load During Pure Flexure, 1. samples
vith combined reinforcement (XXV series): and 2. samples reinforced
only by fabric zrids (XXIV series), Key: a) M, kg/cm

Thus, as follows from Figs, 6 and 7, sectors I and IIl, with accuracy

sufficient for the practice, can be approximated by segments of straight lines,

Sector Il has a curvil!near outline, However, {f we take into consid-

eraticr that the calculated stress.strain states of the marine concrete reinfor.

ced designs (both in the operating staxe as vell as 1n ~he critical state tn

regpect to strength) will correspon” o the sector 11l of the stres. - -<in dia-
aram, for planning, 17 {s sufficient to have the value of the e'=-ti_:_y modulus

only tn this sector, The values of the =lasticity moduli of reinforced concrete

for the varfous svstems of! reiniorcement are presented ir Tables 4, 5, 6 and 7,
vhere {2 s {rdicated tnat the value of the elaszicity modulus corresponds to
that strass.s*ral~ state of rei‘orce! concrete &t which or (s surface ve
find crac=s wit™ ar operi-z “istance of _,l. , " me, This corresponds to the
sector (1! of the s'ress-strair tia. ar,

Compreasion During Bending, Dnirirys the testisy for pure bending of re.

infarced.concrete txpples wir> Hfif%ere:t tvres 0f vetriorcement (Tadles S ard

bl




in the compressed zone of the samples, we did nct observe any visible ~*~uc.
tural changes (of cracks, cleavagas, cic,) all the way to breakdowr, The dis-
ruption of the compressed zone has a brittle nature anc develops after the
breakage of the extreme meshes of the extended zone. In this connection, in
the compressed zone, there occurs a cleavage of the prqtective layer of con-
crete and a crumpling of the bare meshes,

Based on the results of testing the samples in series XXIV ani XXV,
we have compiled the stress-strain diagram for the extreme compressed fibers
(Fig, 10),

An examinaticn of Tables 5 and /7, the diegram and the rnature of che break-
down of the compressed zcne of :he flexed reinforced-concrete samples permits
us to note the {ollowing,

The relutive strains of the compressed zone follow the strains of the /39
elongated zone in conformity with the distribution of the internal forces
through the height of the section for the unreinforceu. concrete, The value of
the relative strains cf the com ressed zone through the entire range of loads
(from zero to breakdown) comprises 0,4.0.5 of the value of relacive strains of
the exterded zone, In connection with s the relationship of the relative
strairs in tne compressed zone of the parts which are *1irg bent, to the de-
gree of dispersion of reinforcement K r,» ¥hich could have bean estgblished
based on the data in Tables 5 and7, would have had a purely rormal nacure, In
reality, the speci‘ic surface of the reinforcement K n 8t 1tf maximally nermis-
sible values in effect does not exert any infiuence upori the deformability of
the compressed zone of reinforced con-rate during bending, and the latter tis
detetmined by the deformability of the concrete,

However, in the case of the exceeding, by the specific reinforcement

surface, of the possibly permissible limit (e,g., at K, = 6,56 :mz/cmB), the




woven wire gautes deteriorate the vorking capacity of the compressed zone,
causing it to become stratified,
Section 3, Strength of Reinforced Concrete During Central Compres-

sion,

The determination of the resistivity of reinforced concrete to axial
compression was conducted on prismatic samples measuring 80 X 6C X 20 mm,
The semples vere reinforced only with wire gauze (No. 5 and 10), The spec-
1fic reinforcement surface Kn was altereuy within the limits of 0.6-3.C cnzl
cm3, while the percentage of reinforcement w4 was accordingly changed in the
limits ranging from 0,7.2 8%, The strength of the sandy concrete, determined
for blocks with measurements of 7 X 7 X 7 cm, comprised roughly 400 kg/cm?,
The testing of the samples for axial compression was done with a force acting
in a plane, parallel to the wi.e grids, By the investigations of the proper-
ties of high-grade sandy concrete (grades 400 and 500), it was established
that for such concretes, the ratio of the prismatic and cube-type strength

comprises R /R = 0,75-0,8,

np
The tests conducted cn the reinforced prismatic samples indicated that
the resistance of reinforceq concrete to compression is determined chiefly by
the prismatic strengtn of the concrete, The specific surface of reinforcement
and the reinforcement factor do not exert any appreciable influence upon the
~ resistance of reinforced :oncrete to cumpression,
The increase in the specific surface of the reinforcement from 1 to 3
' cmz/cm3 and accordingly the increase in the reinforcement factor fiom 0,7 to
2.8% yields an increase in the resistance of reinfcrced concrete to compression
only by 15%,

The maximum nzrement {n the resistance of reinforced concrete to compres-

8ion occurs a. an increase in Kn from 2 to 3 cmz/cm3, and accordingly an Increase

fn the g .valtue from 1,7 to 2,8%, /40
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Section 6. Deformability of Reinforced Concrete Under Prolonged
Effect of Load

The nature of deformatior and creck formation reviewed in Section 4 per-

tains to the case of a temporary load.
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Pige 11. Curves Depicting Increase in Saggings of Beam-Strips
During Prolonged Load According to Pure Bending System.
1 - samples with combined reinforcement; 2 - samples reinforced
only with woven meshes. Key: a) t, hours
Taking into account that the basic type of loed on hull designs is the
flexure in combinstion with expansion or compression, the deformability of rein-
forced concrete under the prolonged effect of a load has been studied for the
case of pwe bending. The tests were run on» the beem—yta'ips, having both the
combined reinforcement and the reinforcement only by woven weshes. The age of
the concrete up to the time of loading the samples was 2 months. In the process
of the tests, we measured the value of external load, of saggings, and ve aiso
observed the nature of the crack formation, with a measureazent of the width of
the cracks' opening. In this connection, the constantly acting load on the samp-
le constituted about 0.7 of the temporary load, causing the appearance of cracks
vith an opening of J.01 mm. The s.resses during t..s load, computed from the
formla G = M/W , equalled 50 kg/cn?. The characterisivics of the samples, the
values of the initial and final sagyings. and also the strain moduli computed
on tre basis of the saggings, are listed in Table 8.
As a result of the daily measurementis conducted of the saggings in the

process of the entire period of h.lding the samples under o constant load, ve

constructed & graph for variations in saggings through time (Pigure 11).
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The tests were conducted under the conditions of the atmosphere of an en-

closed building in which the temperature and air huaidity remmined practically con=
stant throughout the entire testing period. /

As ve see from Tabies 8 and Pige. 11, in the process of holding the nsnplo-41
under & load, the values of their saggings increased. In this connection, the most
intensive increase in the saggings ocourred in the first days of keeping the samp-
les under a load; then the intensity of saggings' increase reduced appreciably. Af-
ter a 2 months' holding of the samples under s load, in effect the stabilization
of the saggings developed.

In compering the behavior of the samples with the combined reinforcement
and cf wne sampicss reinforced only wvith woven meshes, it was noted that the in-
crease in the saggings under the effect of & constant load through time, for the
sanples with the combined reinforcement proceeds more intensively; mureover, the
period of intensive increase in the saggings for tkese specimens is twice aa pro-
longed as for the samples reinforced only with the woven meshes.

A mcre inicasive increase in the deformations through time for the samples
vith the combired reinfcrcement, having had immediately afte~ the application of
the loe? the values of saggings and of the reduced strain moduli, close to the
values of the same quaniiiies ror the samples reinforced only by the woven meshes,
i» explained by the diference in the nature of crack formation of the reiaforced
tubcitte in case of hoth types of reinforcement.

In reality, 2« we have indicated in Sections > and 4, in “he samples with
the _ombined reinforcwmen+, the first cracks, appearinyg and located in the sec-
tions ircluding the transverse rod-type reinforcement, open at once by +..01 .

At the saws iime, the iniiial opening of the crucks appearing in the ma. vles ré-
inforced only by the woven mesise, comprises 0.003-0.0(5 mm.

The same zituation al:. held true in tue prolongs? exporime.in. In tiexs
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tests, the stiffness of the samples vith the composite reinforcement decreased
more abruptly, and hence in them the intensity of the saggings' increase was also
greater, vherein the width of opening of the cracks vhich had appeered in the course
of the entire testing period remeined practically unchanged; for the samples with
combined reinforced, the opening was 0.01 mm, and for the samples reinforced only
vith the woven meshes, it was 0.005 mm. The growth in tﬁe samples' deformations
occurred basically owing to the formetion and appearance of nev cracks. The dif-
ference, detected at the outset of the crack formation, in the stiffnesses and sag-
gings of the samples with the combined reinforcement and the samples reinforced
only vith voven meshes was maintained practically unchanged up tc the completion

of the tests (in the course of 2 months). As & result, the amouut of the final sag-
ging (after a 2~-month holding, when the intensity of the saggings' increase was
equalized for both types of samples) for the samples with the combined reinforce—
ment exceeded by about 1.5 times the value of the final sagging of the samples
reinforced only with the woven meshes. The ratio of the final buckling to the in-
itial sag for the specimens reinforced only by woven (wire) meshes squals sbou£43
2, ond for the samples with the combined reinforcement, it equals about 3. We can
assume that &t an increase¢ in the prolonged effective load to values adequate for
the development (in the samples reinforced only with the woven meshes) of cracks
vith & size of 0.01 mm, the final bucklings and the strain moduli based on the
bucklings, under the condition of the equality of K and M for both types of
samples become equalized, although the rature of their deformation in the initial
period of the holding time (at constantly effective load) will be analogous %o

that described above.

Section 7. Strength and Deformability of Reinforced Concrete During
Shear

Uepending on the system of applying the forces to the pert tested, we

differentiate two variants of shear stress:
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1. The shear in the plane of a plate, as a result of which the tangential
stresses originate, acting in the mutually perpendicular planes, normal to the

shear plane (Pig.12.a).

Pigel2. Diagram of Effect of Tangential Stresses Vuring Shear: a - in
the plate's plane; and b - in a perpendicular plane.

2. Shear in the planes perpendicular to the plate's plane (cut)e As a re=
sult of such a shear, the tangertial stressos originate, acting in the mutually
perpendicular planes, one of vhich is parallel to the plate’s plane; the zecond
is srranged normslly in relation te it (Pig.12,b). In the latter case, the shear—
ing forces applied perpendicularly to the plate's plane cause in it, in addition to
the deformations of pure shear, the stresses of crushing and bending, the effect of
vhich distorts the test results. Therefore the operating cepability of the reinforced
concrete under shear wvas studied in the process of testing the flat plates for shear
in their planc. . At this time, we investigated the shear modulus in the plate's
plane, the strengtn of plates during shear and the effect of various systems for /44
reinforeing the plates upon the shear modulus and the limit of crack stability.

Ve tested 4 series of plates, vith 3 plates in each: The plates in all ser-
ies had the identical form and measurements (Fig.13). The difference in the plates
by series waa caused by the application, for the reinforcement of the plates, both
of woven meshes only, and of woven meshes in combination vith an intermediate weld-
od grating made of rod-type reinforcement with a diameter of 5 mm, and by a parsllel
and diagonal srrangement of the reinforcement relative to the plate's edges. The
plates vere made on a base of cement—sandy concrete of design grade 400. The char-
acteristics of reinforcing the plates and the data for the verification of the

strar pth of the comcrete in the plates are nresented in Tahle 9.
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Pig. 13. Sample for Testing Reinforced Concrete for Shear in Plate‘s Plane.
Key: a) Outline of design part of plate
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For reproducing the conditions of pure shear according to the stresses, the
rlates were tested in special devices, i.e. hinged four-linked devices. The plate
which was being tested was fastened with bolts along the edges. During the expansion
or compression of the four-link device along one of its diagonals, upon the edges of
the plates, there acting relatively evenly distributed shearing forces.

Inasmuch as the purposes of the test included the constructicn of a stress- /45
strain diagram and a determination of the effect of the reinforcement systems on the
atrength and deformational properties of reinforced concrete during shear, the load-
ingo of the plates was conducted in steps at simultaneous recording of the loads and
strains, and also of the appearance and width of the cracks' opening. The linear strains
ware measured along the expanding and compressing diagonals by mechanical comparators
on a 500 mm base, and with wire-type resistance sensors. The deformations measured

permit us to compute the shearing angle:

e (1)
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and compressing disgonals of plate,

Knowing the shear i

ment, we can calcuiate the shear modulust
¢=- /7. (2)
The tangertial strenses cen be cuaputed with accuracy, adequats for the prac-
tice, from tha formulas
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Table 10

Characteristics of Reinforced Concrete and Ferroconcrete Plates
Juring the Impact Tests
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Data on Iapact Strength of Reinforced Concrete and
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The results of testing the reinforced concrete for shear in the plate's
plane were represented in the form of a functioral relationship of the stresses
and strains in a system of rectangular coordinates, where on the y.axis we have
plotted the tangential stresses 1, vhile on the x-.axis, we have shown the shear
angle, 7.

In Fig., 14, a, we have shown a shear diagram for reinforced concrete,
The shear diagram is depicted by the segments of straight lines, drawn at a
certain angle to each other, The shear modulus was calculated from Eq. (2)
separately for each sector of the diagram,

The rupture of the reinforced concrete plates during shear took place
by way of the formation and subsequent opening of cracks, perpendicular to
the expanding diagonal, The tests conducted demonstrated that during shear,
reinforced concrete behezves as an anisotropic material, The resemblance con-
sists in the fact that to the pure shear based on the strains, the pure shea:
based on stresses does not correspond, "Deformation anisotropy"” iz caused by
the fact that in the plste structural changes occur, heterogeneous in various
directions: as a result of the fact that the strength limit of reinforced con-
crete during stretching (expansion) is considerably lover than its strength
l1imit during compression, a breakdown of the continuity of the concrete takes
pleace along the sections, perperdicular to the expanding diagonal; howvever, no
cracks form perpendicular to the cowpressing (contracting) diagonal, Since the
direction of crack formation is not prescribed in advance, but is determined
entirely by the deformation per se, an spparent anl{}ropy develops, In this
connection, it is postulated that during the entire loadirg process, the prin.
cipal strain axes maintain their direction, [{ at some stage of the load, the
principal axes alter their direction considerably as compared with the previous

stages, the deformstion.type anistropy in the previous stages of load In relation
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to the subsequent stages will no longer de the apparent, but will constitute
the actual anistropy,

In Table 9, we have presented the results of the tests conducted on
reinforced-concrete plates having functioned under conditions of pure shear,
The arithmetic means of the appropriate values have becn computed based on
the results of tests made on three plates, The data in Table 9 provide evi-
dence that the initial shear modulus of reinforced concrete is connected lin-
early with the value of the specific surface of the mesh wires, oriented in
the direction of the expanding diagonal of the plate (Fig, 14, b). As con-
cerns the values of the shear modulus in the vector after the truncation of
the diagram, for all the plates, It provrd to be practically the same,

The utilization of plates for reinforcement along with the fiber meshes
of an intermediate welded grating made of rods 5 mm In diameter reduces the
value of the tangential stresses TlTP, corresponding to the width of cracks’
opening 0,005.0,01 rm, as a rule developing In the sections where the trans.
verse rod.type reinforcemnt was located, It should be commented that the ap-
pearance of individual cracks of the indicated opening width does not immedia.
tely csuse a change In the nature of deformation, 1,e, the value of the shear
modulus does ~ot change at once after the appearance of the first visidle cracks,
The truncation of the diagram takes place at the strain 7], to which thare cor-
responds not the indivicual, but the falirly thickly arranged visible cracks,
in vhich the opening width remained practically constarc within the limits of
0,005.0,01 mm,

After the triencation of the dlagrams, the Increment in the deformations
in the dir«ction of the expanding diagonal takus place chiefly owing to the in.
cresse in the width of the opening of the cracks which have formed, The values

presented in Table 9 for the tangential stresses T, correspond to the width of

~L9.
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cracks' opening of the order of 0,1 mm, |.,e, to the moment when we have a
disruption in the nature of th: stable deformation of the plates,

A comparison ~f the values of the {nitial modulus and of the critical
resistance of reinforced concrete to Shear during parallel and diagona! systems
of plates' reinforcement permits us to note that the values of G; and ‘tl for
the parallel reinforcing system proved to be the highest, This is explained
by the fact that in the parallel system of reinforcement, the value of the
specific surface of the meshes and of the reinforcement factor in the direc-
tion of the expanding diagonal is higher than the appropriate values under the
diagonal system of reinforcement,

Section 8, Functioning Capability of Reinforced Concrete During
impact

In the application of reinforced concrete, as of ferroconcrete in gen-
eral, in the capacity of a hull material for floating facili:ties, the maximum
intereast is represented by the local disruptions from the direct effect of im-
pactt the puncturing of plactes, the breakage of the watertight sheathing
under & blow, etc,

It is known from the practice that the local breakdowns of a ferrncon-
crete plate under impact depend on the force of the blov and the plate thick-
ness, I. this connection, on the plate's surface from the side of the blow,
there will appear concentric and radial cracks, while on the opposite side, we
will find cracks, and then cleavages of concrete, Evaluating the effects of
the blow, we proceed from the physical nature of the processes transpiring
under impact and the features of the mechanical properties of the design ma-
terial,

The general thcory of the design for impact loads has not yet reached

the level when the strength criteria can be clearly formulated, based on the
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analytical relationships hetween the stralns develnping in the matertal under
{mpact, and the deformations, The special studies devoted directly to the
distribution of stresses and strains during the puncturing of a ferroconcrete
plate of limited thickness are completely lacking, Therefore, many private
theories of impact exist, Several of them shed light on the physical proces-

ses occurring during the breakage of a ferroconcrete plate from the local ef-

fect of a blow,

/49

In particular, according to the theories assuming for a basis the con.
tact phenomena on the contiguity surface of the colliding bodies, outside of
and on the boundary of the pressure line, the case of pure shear takes place,
Therefore, if we take into consideration that the breakdown of concrete and of
materials similar to it under conditions of pure shear bas>d on stresses takes
place from the overcoming of the strength limit of the material under expar
sion (see Section 7), it turns out that these zones also comprise the most
risky ones in the sense of the disruption of the material's continuity, In
addition, the value of the shear stresses (and by the same token, the time of
appearance of cracks in the materials similar to concrete) {8 influenced by the
form of the surfaces of the colliding bodies, The greater the radiug of the
surface of the body receiving the shock, the higher the value of the shear
stresses which are appearing,

Another unique form of the breakdown of ferroconcrete plates, i,e, the
cleavages (splitting off) is associated with the propagation of the longitudi-
nal waves, caused by the impact, Under the effect of a blow onto a ferrocon-
crete plate, a compression wave propagates inward from the surface at the point
of impact, During the approach to the free surface, it (s reflected with the
origination of the expansion wave, At the moment when the incident and reflec.

ted waves do not overlap, and the stresses in the reflected wave reach the
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strength limit of the concrete during expansion, the cleavege of the concrete
takes place from the side opposite the impact, The physical espect of the
cleavage phenomcna 19 particularly complicated when the plate through its
depth conaists of seve al layers, In this case, in the interface of the var-
fous materials, three waves interact: the incident, the reflected and the
forvard.

In this manner, the cleavage phenomena comprises & complex aggregation
of breskdowns, caused by the transformation of the compression energy into. the
energy of expansion with allowance for the features of the physical-mechanical
properties of concrete, specificallys of the abruptly varying resistivity dur.
irg the deformations of contraction and expansion,

Thus, the existing attempts at a theoretical review of the occurrences
accompanying the local effect of impact testified to the direct connection of
the impact resistance of the ferroconcrete plating with the ability of the con-
crete to resist expansion and pure phear.

Among the dynamic studies, not intended to establish a relationship be-
twveen the stresses and strains originating in the material under impact, the
purpose of which is the determination of the relative advantages of the various
materials or of the different types of the same matertal, we include the t 'sts
of plates with a falling weight, In conformity with the delineated problems,
the existing diversity in the procedures for conducting such tests precl des
the merited comparison of the results of the tests conducted by various re-
searchers, In our view, the most graphic result~ were obtained by A. A,

Kudryavtsev* in a comparison of the impact strength of reinforced concrete and

/50

of ferroconcrete plates, For the comparison standard, he adopted a ferroconcrete

plate 5 cm thick,

*A. A, Kudryavtsev, "On the Question of Impact Srrength of Reinforced Concrete &
Thin Ferroconcrete Plates.” In the collec: "Reinforced Concrete & Reinforced Con.

Glavleningradstroy, 1959,
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Fig. 15, Design of Reinforced Concrete Plates During Impact Tests,

The ferroconcrete . 1 reinforced conc:ete plates had stiffening ribs
(edges) which served as support for the plate section subjected to impact, The
dimensions of these sections in plan is 90 X 50 e¢m (Fig, 15), The basic char.
acteristics of the reinforced concrete and ferroconcrete plates are presented
in Table 10, The impact testing of the plates was conducted on a special stand
by dropping a Z5 kg weight onto the plate, The form of the impacting surface
of the weight was spherical with a sphere radius r = 25 ¢m, In the testing
process, we observed the width of the cracks' opening, The evaluation of
the plates' strength was conducted according to the provisional standard of
impact strength Z,pHn, equalling the sum of products of the weight p times the
height of fall H, and times the number of impacts n from a given height of fall,
The impacts were conducted prior to the development of cleavages, whici: were
adopted for the breakdown of the plates,

The depandence of the opening of cracks in the plates on the value of
the arbitrary stancard of impact strength ZpHn prior to the time of appearance
of chlpping away of concrete (Fig, 16) indicates that the reinforced concrete
plates, as compared with the usual ferroconcrete plates, have an 1.creased re.
sistance to the impact loads,

The combined data concerning .’ e impact strength of reinforced concrete

and ferroconcrete plates are presented in Table 11,
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Fig, 16, Dependence of the Opening of Cracks in Reinforced Concrate
and Ferroconcrete Plates Upon the Value f£pHn During the Impact Tests,
Keys a) kg/em, 1, 2, 3. reinforced concrete plates A} -3, AL} .5;
AL} -8; 4, 5, 6. ferroconcrete plates with a thickness 5,0, 3,0 and
2,5 cm,

In the experiments of the authors on the study of the impact strength
of reinforced concrete and ferroconcrete plates counducted by a similar proced-
ure (with the sole difference that the weight of the falling load p « 10 kg, /52
while the radius of the impacting sphere r = 15 cm), it was also established
that a concrete reinforced plate 2,5 cm thick, reinforced with 6 no, 10 meshes
of vire 1,0 mm in diameter and with an intermediate welded mesh of rods 5 mm
in diameter has the same impact strength in respect to tha cleavages of con-
crete as the ferroconcrete plate £ cm thick, reinforced with two rod-type meshes,
one of which is formed from rods 8 mm in diameter with a spacing of 12,5 cm,
while the other 's made of rods 6 mm in diameter with a spacing of 10 cm,

As concerns the quantitative indexes of the resistance of plates to
puncturing during impact in the tests of such a type, they depend upon many
factors, including the weight of the falling object, the rate of the impact,
the geametry of the colliding bodies, etc, Therefore, the quantitative results
of the tests of plates by the falling weight, conducted under specific conditi-
ons, can not be extended to plates with other dimensions or to the case of other
test conditions,
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The only results having importance which can be obtained from these
experiments consist in a comparison of the nature of the breakdown of the
reinforced concrete and of the ferroconcrete plates, in the qualitative eval.
uation of the influence of the systems for reinforcing the platas, At this
level, the available experimental data provide the possibility of concluding
that the dispersed reinforcemnt promotes to a considerablz extent an increase
in the impact strength, As concerns the kinetics of the cleavages occurring
during impact, larger cleavages take place in the ferroconcrete plates, In
the reinforced concrete platas, up to the start of the cleavages, we do not
find disruptions in the continuity of the reinforcement, or discontinuities
in the thin wires of the meshes, but the crushed concrete is held back by
the meshes,

The referenced feature of the breakdown of reinforced concrete platas
during impact as comparad with the ferroconcrete plates is significant in the
utilization of reinforced concrete for the plates of marine ( ship) sheathing,
sirce In this case, the sevpage of water through the damaged places is slight
as compared with the through hulls, and the damages can be repaired fairly
simply,

Section 9, Watertightness of Reinforced Concrote

The investigation of the watertightness of reinforced concrete vas con.
ducted in plates existing in a stress state under the effect of hydrostatic
pressure, In this connection, the influence of the hydrostatic pressure as a
constant uniformly distributed load on the plate was prolonged (the holding time
vas 40 days),

The tests were conducted on special hydraulic stands, on the upper open
part of w. ich we fastened the sample being tested (Fig, 17). At the top of the
rlate, parallel to its long side, we installcd i. intermediate su, port, which

divided the plate into two equal parts measuring B50 X 315 mm, /52
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In the process of testing the reinfor:ed concrete plates, we measured
the bucklings (sags) in the center and quadrants of the plates' span and the

external load, and we also observed the nature of the crack formation, with a

measurement of the width of cracks' opening, The required pressure value was

developed by changing the water column by way of moving along a vertical stand

a movable tank with a water.measuring glass, and monitoring was also achieved

by observing the sample manometers, installed on each stand,

NOT REPRODUCIBLE

rig, 17, Equipment for the Prolonged Testings of Reinforced Con.
crete Plates by Hydrostatic Pressure,

The loading of the plates was conducted according to the graph (Fig, 18},

All the piates had the same thickness, 20 mm and were reinforced only
by the woven meshes No, 5, 8 and 10 of 8, 12, and B layers each respectively
through the entire depth of the sample, Thc specifications of reinforcing the
plates vere as follows:

Mesh No, 5 ,...0000e.Kpw 3,08 cmz/cm:}"- 2,79%

Mesh No, 8., . .uvee Ky = 3,06 cmd/emdy, = 2,64%

Mesh No, 10,.........K, = 2,28 en?/cmd 4 @ 2,862

The strength of the concrete to compression at the time of installing
the plates for the tests, established by the testing of control blocks 7 X 7 X 7

cm comprised 600.700 kg/cmz.
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In an examination of the plates prior to raising the pressure, ve
detected at the corners and along the edge of the clamping frame the cracks
with an opening of 0,05 ran, These cracks were caused by the squeezing of the
plates' edge during the tightening of the clamping btolts, /56

At an increase in the pressure to 0,6 kg/cmz, we noted the condensation
of moisture on the plates along the edge of finishing and undcr the intermed.
fate support,

At a pressure of 0,8 kg/c;z, when the amount of stresses {n the expanded
zone of the section under the intermediste support, determined with the formula

T" M/\X/» equalled 9C kg/cmz, the plates -/ere left under the load,

After a short holding under the pressure of 0,8 kg/cmz, on the surface
of the plate in the places where we previously noted the condensation, water
drops appeared, In the course of several days, the intensiry of filtration ra-
mained without change, and then it began to decrease and finally toward the end
of the second week of keeping the plates under pressure, the filtration (seep-
age) of water stopped, This can “e explained by the fact of che Y"self-compac-
tion" of cracks, i,e, Ly the cry=tal fommation {n the cracks on 4 base of the
calcium carbonate eroded from the concrete, In the lesser stressed sectors of
the plate between the supports, where under the effect of a prolonged hydro-
stetic pressure of weter, the opening of the cracks on the expanded surface of
the plates comp..;ed not less than 0,005 mm, no indications of water seepage
appeared,

The nature of the increment of the bucklings of plates in the process
of keoping them for 40 days under the effect of constant hydrostatic rr>ssure
is similar tc that described in section 5 for the samples reinforced only by
the woven grids (fiber meshes), The difference consists in the fact that under
the conditions of constent contact vwith water, the stabilization of the amount
of sagas ~akes place In a shorter time (during a half morrh),
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Fig. 18, Graph Showing the Increase in the Hydrostatic Pressure,
Key:1 a) gq, kg/cmz; b) t, hours,

The tests conducted indicate that from the viewponint of watertightness,
ol the plating of a hull made of reinforced concrete, the cracks with an open-
ing size of 0,05 mm do not present any danger, However, from the standpoint /5%
of long life (preserving the reinforcing gricds), the presence of cracks vith
an opening of 0,05 mm, under which in the initial period of effect of hydro-
static pressure, the dropvise filtration of water takes place, is not permis-
sible,

These findings are confirmed by the data provided oy other researchers,
particularly the data obtained in the GIIVT, The GIIVT conducted a study of
the watertightness of reinforced concrete {n the flexured samples 1000 X 250 X
30 mm, From the side of the exparded zone of the samples, a watertight bell
vas tightly fastened into vhich wvater was {ed under pressure from a tans,

The stressed state of the samples corresponded to the arnpeararce on the
expanded surface, of cracks vith an opening of 0,01 mm, The pressure vas {n.
créased in steps, with holdirg ot each step for 3 hovrs, As a result, it was
established that the appearance of signs of water scepage (darkenirg of the
compressed :one) takes place sy pre sures of around | atm, The dropvise flow
occurred at a pressure of 1.5 atm, The difference in the values of the pressures

causing the indications of seepage inr our samples and in the GII1VI experiments,
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is expluined by the varying stress.strain condition of the samples; 1{r. our
teats, the extent of cracks' opening wee 0,05 mm; in the GIIVY tests, it wvas
0.01 mm,

If we take into considoration that the draft of vessels made of rein-
farcad ~-ncrete does not exceed S m, 1,e, the maximal preseure of water on a
plate in the hull sheathing comprinres not over 0.% atm, we can coasider that
the ful.l vatertightnuss of the Ship hulls mss2 of reinforced concrete, even
fn the presencé of surface cracks on the piates with an opening ol up 0,01 mm,
vill te assured,

However, taking into account the slight thickness of the protsctive layer
of concrete and the intonsively develcped surface ¢ ths reinforcement of woven
msehes In the reinforneq concrete, for the surfaces contacting the wvater, ve
should recommend the application of protective coatings, presenting the pene-
tration of molsture into the reinfercrd concrete plates, ard theredy protecting
the voven screens from corrosion,

Section 10, Resistance of Reinforced Concrete to Preezing

The resistance of reinitorced concrete to freczing wvas studied by com-
paring the elastic.strength ~haracteristics obtained during the testing of
control samples and of semples having passed through 150 cycles of slternate
freezing and thawing, for pure bending and axlal expansion, The control sam.
plas wvere kept under normal s»isture conditioms,

The reinforced samples corresponding to the shipdutllding reinfarced
concrete wvere sudjected to the tests,

Prior tu testing, the samples were inspected, weighed snd placed on It,
G pleces each In specilal boxes, The boxes wvere placed in a sLip, wvhich vas
filled with water at a temperature of +15°C, The Sudmergence of the samples

was schieved to 1/3 of thelr height, 1In such a condition, the samples were
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kept for 12 hours, whereupon water was added to the ship to the level cor-
responding to (wo=thirds of the sample's height, and the samples were again
kept for 12 hours, After the elapsing of 12 hours, the ship containing the
samples was filled with water up to the complete submergence of the samples
(1.2 cm above their upper edge), The samples were kept in such a ~:ate for
24 hours, whereupon they were again weighed to detérmine the percentage of
water saturation, Ther the samples in the boxes were placed in a refrigera-
t{ion rcom and were frozen for 5 hours at a temperature of -179C, The frozen
samples were thawed for 6 hours in water at a temperature of #15°C, After
each cycle of freezing and thawing, the samples were inspected,

The samples having passed through 150 cycles of freezing and thawing
were tested for axial expansion and pure bending simultaneously with the con-
trol samples,

It was established as a result of the experiments conducted that after
150 cycles cf alternate freezing and thawing, the reinforced concrete samples
had the same values for the elastic.strength characteristics as the control

samples, having been kept under normal moisture conditions,
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Chapter II. DESIGN OF SHIPS MADE OF REINFORCED CONCRETE

Seotion 11. Most Typical Examples of General Composition /57
of Reinforced-Concrete Hulls

A considerable influence upon the null design of the planned and
built reinforced concrete ships jg exerted by the.experience ¢f the stesl
and ferroconcrete shipbuilding., In the planning of the reinforced conorete
hulls, the greatest populirity has been gained by the chiefly mixed system of
assembly.

The general requirements for the reinforced concrete hulls of ships
remain about the same as for the ship hulls made of other materials. The msain
ones are: operational adaptability, reli-=: ty, technological effectiveness,
and economy of design at minimsl weight. Howe.ex, the deaign embodiment of these
requirements is affected by the apicific featur<s cf reinforced concrete as of a
shipbuilding material ii: general, and as of a variety of ferroconcrete in particular.

Thus, as compared with ordinsry ferroconcrete, reinforced concrete is most
suitable for the pyrodu~tion of designs of the shell type. The application of
reinforced concrete in place of ferroconcrete introduces a significant simplifi-
cation into the technology of producting the shell designs, specifically it assures
the possibility of the formless preparation of the individual designs and hulls
of ships as a whole. In this manner, preserving all the advantages of ferrce
concrete during its functioning in the composition of the shell-type designs, at
the same time the reinforced concrete permits us to 8implify conaiderably the
technology of manufecturing the shell designs, and hence to reduce their uuwieldi-
ness and cost. However, if we are oriented only on the completeness on the
sectional metho¢ of the construction cf reinforced concrete ships, ihe applica=-

tion of the shell-type form of hull proves to be inefficient, since the curvilinear
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outlines of the hull lead to an appreciable (as compared with the flat) compli-
cation and innreased coat of the technslcgical equipmont, and tc an increase in
the labor and cost of prolucing the prefabricated elements and the formation cf
the hull on the building elips. /58

Prcm what has been said, we can conclude that one of the determinative
conditions of the choice of a sheli design of a reinforced cecncrete hull is the
method of construction.

It ia known that the general tendency in ferroconcrete shipbuilding con-
siztes in the transition to the completely prefabricated construction method,
guaranteeing (with the simplified flat outlines of the hull) the industrial pro-
duction of the prefabricated parts of the huils and ships auperstructures.

This tendency has exerted an influence also on the development of the hull design |

in reinforced concrete 8hips. The planners, not taking into account the
specifics of reinforced concrete, have not utilized the possibility of the forme
leas preparation of the hull by the nenolithic metrod, and has suggeste as a
basis,the sectional plane design of hulls,

Let us consider the essential design syctems of -einforced concrete marine
hulls based on the results of the planning design studies, and alec of ships

already built.
|

|

Reinfo=ced Concrete Ships with Buils Made in the Form of Civoular Unframed
Cylindrical Shells. An example of such hulls is represented by the planning studies
of the barge-platforms with a hoieting capacity uf 600 tons (Fig. 19) and of a
platforn with a length of 20 m (Fig. 20). For ‘he indicated hulls, it is typical
that in them the basic supprort element is the reinforced concrete shell, not
supported by beams of the set. The strength and stsbility of the reinforced con-
crete shells is provided by their apatial-curvilinear fcrm.

The reinforced concrete circular cylindrical shells are interconnected
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into a unified hull by transverse bulkheads and “y a deck also made of reinforced

concrete. The hull shells of the barge-platform have along the bottom and on

the deck supports in a longitudinal direction in the form of reinforcina rods of : |
large diameter for receiving the forces from the overall longitudinal bending. o
If we analyze, even if only in general outl;nes, the operating and tech- :
nological qualities of the reinforced concrete rulls made in the form of circular -
cylindrical shells, we can notice that:
= the hulls have a amall coefficient of completeness, and hence a high
draft and a large wetting surface as compared with the flat-deck hulls;
- the conditions for utilizing the hatches in the hulls under the various
rooms ard for the placing of cargos in them prove to be less favorable than in the
flat-deck hulls; and
~ the construction of hulls both by the prefabricated and by the monolithic
method in the absence of mechanized production of the circular cylinders ‘s quite
complex.
At the same time, a circular cylindrical shell is the moat improved form
from the viewpoint of utilizing the elastic-strength properties of reinforced cor-
crets,
Therefore, in the case of the develcpment of the technique of the mechanized
production of circular reinforced concrete cylindera during their mass output,
these cylinders can be utilized effectively for the formation from them of hulls
of such floating facilities, on which the installation of the cargo and service
querters is done outside of the hull (barge platforms, pontoons etc.), and the
travel speed is slow.
Keinforced Concrete Unformed Hulls in the Form of Simplified Shells., In
their configuration, the lines of such ships are close to the lines of *he mono-

typical metallic and plastic vessels. The basic support element of the hull is
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Pig. 19. Barge-Platform Made of Reinforced Concrete: a- section along
DP; b- plan of barge with deck covering removed; ¢ - transverse
section. /60 ;

the reinforced concrete shell, not supported by beams.

]

2000

Fig. 20. Cross section of Reinforced concrete hull of a platform of
shell-type design,
The conditions of the operational adaptability and hydromechanical qualities
of the ship are easily assured under the combination of the curvilinear and flat

surfaces of the hull. However, the unframed type of hulls can be made only for

small sn1ps of the lifeboat type, surface and excursion cutters, etc, experiencing'
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slight forces from the overall longitudinal bending. In Fig. 21, we have shown

-

a general view of a pleasure craft with a hull in the form of a smooth reinfoiced ; D

concrete shell, prepared by the monolithic method with the application of formless

LR N T

concreting. Such ships are mass produced by the Windboats Company.

Specifications of Ships

Length, B c.vvevcevtscenssonssssce 11.5

Width, B ceieerecevcvrcestssesncess 3,08
Draft, M sceceaveccosesccsacassacee 079
Thickness of sheathing, mm ....... 22

Quite significant is the fact that these ships combine wost fully the
design and engineering festures of reinforced concrete (the shell-type design and
the formless metr.od of construction), providing thereby the possibility of /61
satisfying the conditions of operating adaptability and the possibility of de-

riving high hydromechanical qualities of the aghip.

Reinforced Conorete Hulls with Ferroconcrete Assembly Beams. In their over-
all frames, these hulls do not differ basically from the steel and ferroconcrete
ones.

In the framed design, the outer sheathing and all of the plates of the deck,
bulkheads and partitions as a rule are made of reinforced concrete, while the

framing is made of ferroconcrete or steel.

Lm_‘ 17

Fig. 21. FPleasure Launch made of Reinforced Concrete. a- longitudinal
section; b- %op view '
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The hulls of the planned or built framed reinforced concrete ships have
a transverse or combined system of framing.

The outlines ¢f the framed hulls can be the mold type or simplified, de,ecnd-
ing on the purpose of the ship and ¢he method of its construction. In case of
orientation on the fully frmsmed method of coastructicn, the most effective in re-
spect to labor and cost of ccnstruction, especially oﬁ a large scale, are the
simplified configurations (flat sides, oottom and transom ends). However, there
are no bases for giving preference for the framing method of construction, if the
simplification of the lines leads to a considerable depreciation of the hydromechani-
cal qualities of the ship. For the construction of the frame-type hulls of mold

(template) outlines, we can apply success.ully the monolithic method, with the

utilization of the formless concreting, which, not requiring high skill in the

workera or expensive equipment, can easily be mastered by any shipysrd. /62
Thus, in the template outlines of a hull, we sk~uld use the formless mono-

lithic method, especially in the individual construction of shipe (or in small

batches).
In Fig. 22, we have shown a carge ship of framing design, of template

lines with a c»rgo capacity of 100-120 tons. The system of {raming the hull along

the bottom is longitudinal, and along the sides and deck it is tranaverse. With

five transverse watertight bulkheadz, the hull is divided into six compartments.

The depth of the reinforced concrete plutes of the sheathing ia 25 ms. The framing

beams ( 150 - 350) X (40 - 60) mm o> made of ordinary ferroconcrete. The frame

spacing is 700 mm, and the distance bstween the frames under the longitudinal system -

of framing the bottom ecuals 1400 ma. s
An example of & rhip with a hull and superstructure made of reinforced

oconcrete, having simplified outlines in combination with the template onea, can

be provided by the driftwood hoisting crane with a cargo capacity of 10 tons

(Pig. 23).
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Specifications of Floating Crane

Lengthy M ccoceocecroccessccncse 24

Width, M cevecevescessccnccoecse 1044

Molded depth, M .vseeesscocssses 242

Framing system of hull transverse

Amount of spacing, MM .c.cesse0e.700

Thic ness of sheathing, am ..... 25'

In the stern part of the hull, in the region of frames 19-33, we have
a slot 3.8 m long, the continuation of which is provided by a tunnel passing
intc the bow counter. The bow and stern of a sled type are raised.

The hull has two longitudinal and seven transverse bulkheads. The longi-
tudinal bulkheads are a continuation of the internal sides of the recess {slot).

The design thickness of the reinforced concrete sheathing of the bottom,
sides and deck is 25 mm; that of the longitudinal and tranaverse bulkheads is
20 mm; and that of the transoms is 30 mm. The framing beams with a cross section
(100-200) X (40-50) mm are made of ordinary ferroconcrete.

The method of building the hull and the superstructure is entirely pre-
fabricated. In this operation, the individual sectional elements are ribbed
designs, i.e. reinforced concrete plates, fastened by the ferroconcrete framing
beams, made on a base of cement-sardy concrete. The production of the pre-
fabricated parts was conducted on the bottom plates with the ribs upward.

For reinforcing the sheathing plates of the hull, we used six
pieces of woven mesh, No. 10 based on GOST 3826-47, an intermediate rod-type
mesh with a reinforcement diameter of 4 mm according to GOST 3282-46. For
reinforcing the framing beams, the reinforcement diameter was 6 and 10 mm
based on GOST 380-60 and the reinforcement of periodic profile with diameter of 16

and 20 mm,grade 35 GS based on GOST 5059-57.
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In all of the examples considered of the designa of the reinforced /61
concrete hulls, the rein‘orced concrete sheathing of the hull, has been
assigned from the condition of its participation in the overall long:tudinal
bending of the hull. However, we should note that for reasons of ‘najequate
study of the properties of reinforced concrete in the period of planning the
experimental srips. the participation of thre reinforced concrete plating in
the absorption o the forces from the overall bending of the hull was partly
restricted by the designers. There occurred cases of the complete exc.usion
of reinforced concrete plating from the composition of the eguivalent teaa
during its calculation fu. the overall longitudinal berding. In such designs
of the hull, the reinforced zoncrete plates of the sheathing were intendad
only for the formation of a weatertight shell of the hull ani the avsorption
of local loads. However, the basic supporting connections of » hLull, entirely
providing the longitudinal strength, were made of ferroconcrete. An example
of the design of a hull representing a combination of keramzit ferroconcrete
with reinforced concrete in the incomplete utilization of the latter 1s indi-
cated in Pig. 24. This design development of a hull of a barge platform with
a cargo capacity of 600 tons with a tranaverse f{raming systea and siaplified
outlines {flat sides, bottom, and transoms:. Within the lirits of the cylindri-
cal part of the hull, twe longitudinal bulkhexds are used to separate the siie
compartments with a width of 1.” m and a central coaparimenrt 7.6 m w.de. The
plates of the bottom and the deck withirn the iimits Of tre side compartaents
(with & thickness of 30 =a) are made of .eramzit ferroconcrete, witn concrete
reinforcement in a longitudinal directicn., Those plates, topether with ‘ne
teo strong keramsit ferrocconcrete longitudinal bemme (botina siringers ,
separated from the diametrical plane by 1.2/ m, coaprise the basic support con-

nections of the hull *uring 1ts overa.l longitudinal fiexursa. The total
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transverse strength of the barge hull is provided for fairly stroang frames,
formed by the beams and reinforced bottom frames, and also by the transverse

watertight bulkheads, also msde of the keramzit ferroconcrete.

The reinforced concrete is used for the ylates in the bottom sheathing

‘ o within the limits of the center compartment, th: side sheathing and the longi-

tudinal bulkheads. The depth of the reinforced concrete plates along the side

and bottom is 30 mm and along the longitudinal buikheads, it is 25 mm.

It i8 natural that such a design of the hull has an exceas of strength,

and is given here only as an illustration of the urjustified combination of

T A M a e YD i £ oL 4 s — -

reinforced concrete with ferroconcrete in the zomposition of marine hulls., Under

e

§ similar combinations, the reinforced concrete should be taken into account in
the calculationa of the overall hull strength.
The combination of reinforced concrete with ferroconcrete is aiso
possible in %the completelr ferrcconcrete hulls, where the reinforced concrete
can be applied for the production of bulkheads, partitions, platforms and

'tweendecka, which allowed us to reduce the weight of the ferroconcrete hulls.

The feasibility of such a combination should be determined with allowance /10
for the production possibilities and the experience of the shipyards in the
production of reinforced concrete designs, and also the effect from reducing
the hull weight, obtained during the replacement of its individual ferroconcrete
g . designs by the reinforced concrete ones.
Thus, in one ¢f the planning studies of the ferroconcrete hull in a
marine ship for purposes of reducing the ship weight to a value assuring
its ability to navigate through the internal waterways, the 'tweendeck of
: the hull was planned to be made of reinforced concrete (Pig. 29). However,
: in view of the fact that the shipyard builder of this stip did not have ex-

perience in producing the reinforced concrete designs and lacked the appropriate
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technological esquipment, it was considered more economical to make the deck of
keramzit ferroconcrete; the production of s8hip designs from this material had
alrsady been mastered by the shipyards, and in its utilization for the 'tweendeck,
the required reduction in hull weight had been achieved.

Reinforced Comorete Hulls with Framing in the Fora of Plat Reinforced
Conorsts Megbranes, Such s system of framing is also finding application in the
bulls made of standard ferroconcrete for ships of small dimensions (for instance,
for floating docks 20 m in length ).

The hull of the barge platform, of which we spoke previously, has along
with the beam framing, the transverse keramzit ferroconcrete membrenes in the
inter-side space,situated along the frames. As & result of this, the hull within
the limits of the cylindrica. insert is divided into 38 small side and one central
(1arge) watertight compartments, by which we provide the operating reliability of
the barge. For the given barge, in a number of cases, there can be permitted
the simultaneous flooding of up to 10 non-adjacent side compartments without
risk of losing buoyancy stability or strength of the hull. The framing system
ia the form of flat membranes in a pure form, i.e. in the absence of any framing
beams in the hull makeup, was adopted in the dry-cargo towed barge, built in
Czechoslovakia, with a cargo capacity of 1000 tons (Figs. 26 and 27).

Basic Characteristics of Barge
Length, Me ¢ « ¢« v ¢ ¢ ¢« o ¢ o o » « o A8
Width, Be ¢ ¢ ¢« ¢ ¢ o ¢ ¢ 6o 0 0 o s o 9.6
Molded depth, @e & « ¢ ¢ ¢ ¢ ¢« « ¢ o« « 2.4
Sheathing thickness, m@. . . « . « . « 30

The barge hull consists of two identically designed hinge-jointed sections

with a length of 34 m each.
The lines of the barge hull are simplified and flat. The transom ends are

formed by a rise in the flat bottom and the plane sides, with a division into six
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transverse sections.

Within the limits of the carge holde, the hull has a double bottom and
double sides, in the space between which are installed the flat longitudinal and
tranc.verse membranes (diaphragms). The sheathing of the bottom, sides, second
bottom and membranes is made of rezinforced concrete 30 mm thick, reinforced by
4 steel gratings of wire 10 mm in diameter, with screen meshes 4 X 4 mm inside
size. Along with the finely-meshed screens for reinforcing the plates, and also
for supporting the bilge reinforcements and the deck stringer, we use the rod-type
reinforzement installed in the center of the plates® depth, between the thin
screens. The amount of spacing equal 1200 mm; the distance between the longi-

tudinal ties (membranes) along the bottom is 800 mm,

vl 600,

O

170

Fig. 27. Design Midship Frame of a Barge Made of Reinforced Concrete.

Tae method of building ti.e barge hull is sectional-monolithic. The trans~
verse and longitudinal connections (flat membranes) and also the ends of *he
barge were made separately ena delivered to the slipway in the form of finished
[lat and three-dimensional sections. The prevaration of the bo‘tom, the flooring
of the seocond bottum, of the outer and inner sides was achieved directly on the
slipway by the monolithic method with the utilization of formless concreting.
We should remark that the barge, in distinction from the above-considered reinforced
concrete vessels of framing design is completely made of reinfcrced concrete,
including the framing. 1In this connection, the engineering and design poten-

falities of reinforced concrete as a 3hipbuilding material were enployed most

coaplately and advantageously in the given design.
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Thue, the internal parts of the hull {diaphragms, floors, stringers)
represent flat prefabricated (sectional) reinforced concrete designs; the tech-
nology of their production is much simpler than that of ribbed plates, consis-
ting of a reinforced concrete strip and of ferroconcrete ribs., From such pre-
fabricated designs, we can assemble the three-dimensiorial sections and deliver
them to the slipway.

The division of the barge hull into two hinge-jointed sections creates
the conditions under which we reduce appreciably the expanding (stretchiné)
forese £-om the overall lonritudinal flexure, which is quite important for /72
reinforced concrete having a relatively low permissible stress for expansion,
which essentially limits the dimensions and cargo capacity of the reinforced
concrete vessels, It is evident that such design measures will also be useful
in the development of reinforced concrete barges of large cargo capacity, at
the same time facilitating the expansion of the range of efficient utilization
of reinforced concrete in shipbuilding.

The production of the cylindrical part of the hull directly on the slipway
by the monolithic methcd with the use of a formless concreting should also be
regarded as a technically and economically justified solution, in spite of the
general tendency of ferroconcrete shipbuilding toward the completely prefabricated
construction method. It appears that the formless met-od of building the
reinforced hulls, since it significantly raises the technical-economic indexes
of the monolithic method of construction, should find that broad application i(n
the building of shipe of reinforced concrete, especially prior to the develorment
of highly-productive equipment for the preparation of prefabricated marine
reinforced concrete designs, and the finding of mcre simple and techrologically

sfficient intersectional connections.
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Section 12. Design of Marine Reinforced Concrete Plates.

A basic element of the reinforced concrete hulls and superstructures of
arnips 1is the design consisting of plates reinforced by the framing. 1In this con-
nection, the plates are the reinforced concrete itself in the composition of
the hull, whereas the freaming beams are made chiefly of ferroconcrete. The total
weight of the plates in the composition of the hull coﬁpriaea more than huslf the

hull weight.

The reinforced concrete plates in use as hull sheathing can be flat or
curvilinear, while depending on the hull design, they can be riblecs or with a
framing. In their purpose in the makeup of the hull, the plates are s pported

. by ribs, running only in one direction or mutually intersecting (Fig. 28),
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Fig. 28. Reinforced concrete plates with ferroconcrete ribs:
a - arrangement of ribs in one direction; b - arrangement

of ribs in two directions,
The platea in use for »i'xheads, and partitions in the hull and super-
structure and also for the ' ill panels and covers of the superstructure can be

spatial reinforced concrete elements of the shell or fold (convolution) type.
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The thickness of the reinforced concrete plates of the hull sheathing,
as the ferroconcrete ones is determined from the condition of adequate strength
with the participation of the <chip hull in the overall bending and in the absorp-
tion of local loads (the minimal ‘hickness of reinforced concrete plates should
comprise not less than 10 mm, while the maximal should be 50 mm). Depending on
the plates' thickness, their reinforcement can be made as only thin finely-meshed
screens, or as thin screens in combination with the usual reinforcement in the
form of rods or of rod-type screens, located in the central part of the plate's
gsection height. /13

It is recommended that the plates with a thickness of 10 - 15 mm be rein-
forced only with thin woven or welded screens.

For the plates thicker than 20 mm, basically we apply the combined reinforce-
ment (the thin screens in combination with the rod reinforcement in the form of
individual rods or welded screens).

The reinforcement of plates and their thickness are determined by strength
calculations and are conducted in accordance with the recommendations discussed
in Chapter 1.

The number of layers of woven acreens in the reinforced concrete plates,
from the condition of providing the guaranteed quality of the placing and packing
of concrete in the design, is assumed tc be not more than:

For plates with a thickness

10 om cocceeee 4 layers
15 m@ ........ 6 layers
2030 o ....... 8 layers

In this connection, for tre plates having a combined reinforcement, from
the side of the expande! zone, we se not less than .-3 thin screens.
The d:iameter of the rod-type reinforcement in the combined strengthening

of the plates is ectablished in dependence on the plates thickness, froam the
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condition of installing in the plate the required number of woven (fabric) screens,
i.e, the obtainment of the specific reinforcing surface required for the shipbuilding
reinforced concrete, and also for providing a protective concrete layer 2-3 mm

in thickness. Under these conditions, as a rule the diameter of the reinforcing

rod is not more than 5-6 mm.

The number of rods per running meter of intermediate screen is established
by calculation and should correspond to the requirements of the "Rules for
Construction of Ferroconcrete Ships" of the River Register of the RSFSR, according
to which the number of rods in the working direction of the plate (the rods /74
directed parallely to the smaller side of the support edge of the plate) should
be not less than 5 and not more than 20 per running meter of the screen. The
sectional area of the distributing reinforcement in the plates (rods, directed
parallely to the larger side of the plate's aupport edge) should be not less than
15% of the sectional erea of the working reinforcement. In this connection, the
distance between the rods, from the condition of standardizing the reinforcing
rods, should be a multiple of 50 mm.

The depth of the protective layer of concrete (independently of the purpose
of the reinforced concrete plates) in the composition of the hull and the super-
structure of the ship falls in the limits of 2-3 mm. The contact of the thin
screens with each other during the fabrication of the reinforcing frames of the
plates can be conducted without lap welding with the overlapping of the ends by
not less than 100 ma. In the application of resistance-spot welding, the over-
lapping of the ends is not less than 30 mm. The joints of one layer of screen
should be displacea relative to the jcints of the other layers so that in any
section of an element, there would not be more than one joint. The cuo.nectiun of
the rods of the intermediate screens is conducted as in the designs made of ordinary

ferroconzrete.
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In diatinction from the ferroconcrete plates, as a rule the reinforced
concrete plates have a reinforcment section which is symmetrical relative to the
CG (center of gravity). However, in certain instances for increasing the atrength
of a plate operating under flexure with an expansion, the expanded zcne of the
plate in the working direction is reinforced additionally with rods having a

diameter of not more than 5 mm.

Since the plates of the reinforced concrete hull are calculated as beam-strips,

fitted into the support, where the bending moments are considerably higher than in
a apan, the additional reinforcement by rods can be utilized for complying with the
strength conditions on the support. Owing to this, the plate thickness is reduced
sppreciably.

Section 13, PFraming Beams

The framing beams of the hulls and superstructures of the ships made of
‘einforced concrete can te of ferroconcrete (of the ordinary or prestressed ferro-
concrete) and metal.

The deeign developments and the experimental studies on eatablishing the
posaibility and feasibility of applying the framing beams of reinforced concrete
(with combined reinforcement, and reinforced only by woven screens) have shown
that the introduction of woven screens into the plate ribs complicates greatly the
procedure in producing the ribbed design and does rot guarantee their quality. In
connection with this, the framing benms made of reinforced concrete have in effect
not found application.

The simplest {rom an engineering standpoint are the framing beams sade >f
ordinary ferrocuncrete, which have also found wide acceptance in the construction
of reinforced concrete huils. In the fabrication of the ribbed reinforced concrete
plates, the ferroconcrete framing beams are concreted with cement-sandy concrete

of the same composition. Under the separate technology of fabricating the plates
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and r.vs, it is also pussible to have the concreting of the ribs by keramzit

concrete in order to reduce the weight of the designs.

&
siope 19115,

Pig. 29. Configuretion of cross section of ferroconcreie beams
strengthened by reinforced concrete plates: a- in the fabrication
of the designs with beams upward; b - in the fabrication of
designs with the beaazs downward.

The configuration of the cross section of ferroconcrete framing beams
depends on the technique of fabricating the ribbed designs of the plates. In
the production ¢ the plates with ribs urward, the cross section of the ribs is
a rectangle (Pig. 29, a); in the productior of plates with ribs iownward, in
the nondetachable form-matricss, the lateral surfaces of the framing beams hav1y
a slope ranging from 13110 to 1115 depending on the beam height (Fig. 29, b).

The dimensions of the framing beams and their reinforcement sre established
from the conditions of providing the atrergth, miniasl weight and technological
effectivenass of the designs. The approximate sizes of the framing beams are
adopted in the foilowing multiple of the dependence on the thickness of rein-
forced concrete plate: wi*h 2 - 2.5; height S - 8,

As a rule, the ferroconcrete fraring beams have chamfers ir the places
of attachment to the plate, with a cathatus value of 25-%0 mm.

It is recommended that the reinforcement of the beams be accomplished
in the form of flat or three-dimensional welded frames. The diameter of the
working reinforcement of the beams is not less than 6 ma, while the inside dis-
tance between the reinforcing rods in one direction bde nct ess than S ms.

The clamps are made from reinforcing rod with a disseter ranging fros

4 *c 6 @8 accoriing to the diameters of the intermediate rod reinforcesent
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in the reinforced concrete plate. The distance between the clamps equals the
distance tetweca the rods of the in‘ermediate plate reinforcement, inatalled
perpendicularly to the bean's axis.

The thickness of the protective concrete layer of the {raming beams
measured from the outer surface of the clasps to the outer beam surface is not

less than 5 mm.

Jinor mageoi
IY Lol )

Pig. 30, Systems of Reinforcing the Ferroconcrete Praming Beams

/76

of Reinforced Concrete Designs Key: a) 3 layers of woven screen.

The croas sectional area of the working beam rods is established by the
strength calculations, and the number of rods is aleo found based on the condi-
tions of their insteiiation in the besm, i.e. by the dimensions of ite cross
section. Thus, the beams of small sizes (50 X 150 am) as a rule have in the
lower and upper part one working rod each of acout the same diameters (Fig.30).
For the bdeams of larger dimensions (60 X 250 mm), the nuaber of rods in one row
along the horiszontal is doudbled, and when necess~ry, in the upper part of the
bean, the rods are installed in two rows (see Fig. 30). With such a numver of
rods, it is quite important to maintain between threm along the vertical and
horizontal an interval required for providing the combined operstion of the
rein{crcement with the concrete.

The observance of the ingicated spacings in the urits »f the intersection
of beams of different direction ias practicaily iapossible, therefore in the

intersection points, the requirement concerning the preservation of the standard
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spaces between the rods is extended only to tne rode running parallely; as s
rule, thc intersecting rods come into contact (Pig. 31).

The connection of the framing besms with the reinforced concrete plate
should be realized by way of diverting the bent parts of all clamps of the beaa
betweer: the woven ecreens (in the reinforcement of plates, only -ith"ovon screens)
or beyond the intersediate rod-type screens (in case of the combined reinforce-
ment of plates). The length of the clamp folds anchored in the plate is no*
less than 15-20 dismeters of the clamp. /11

Such a design of connecting the reinforced concrete plates with the
ferroconcrete framing beams wae veriflied during the testing of beams with a con-
nected strip for bending. All of the beams broke along the oblique cracks without
a shifting of the plate relative to the beams, which confirms the reliability

of the connectirg system adopted.
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The connection of the fittings of the ferroconcrete beams
along the length, and the construction of the intersections of
beams in varying direction are conducted in conformity with the
instructions of the "Rules for .re Constructiou of Ferrcconcrete

Ships" of the River Registry of the RSFSR by analogy with the
designs made of standard ferroconcrete. '

For purposes of reducing the difficulty in producing the
hvils and superstructures of ships from reinfcrced concrete, it
is necessary to strive toward the maximally possible standardiza—
tion of the dimensions and reinforcement of the frame beams. /178

Section 1b4. Intersectional Joints

The application of the prefabricatea method of building ships
of reinforced concrete involves the necessity of connecting the
sections or units during the assembiy of the ship on the slip-
ways. These intersectional Joints have their unique features.

Connections in one plane. The mal!or part of the intersec-
tional Joints cccur in the hull plating.

The main requirements which the ccnnections of tne sheathing
plates of the reiri{crced concrete hulls must meet include the
prevision of strength, watertightness and technological effective-
ness. The primary tyve ¢f connecting the sheathing plate in one
vlane ies the connection in the outlets with a btypass of the ends
(extruding from each section) of the fiber-type ard rod-type
intermediate grids.

Depending on the type of lcad on the design, the connectiouns
of the plates on the cutlets ~an be made without we.ding or with

welding.
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The weldless Joining of the plates is used only for the 4
designs operating on contraction of flexure. In this case, the
value of the ty-pass of the fiber grids is nct less than 50 mm,
while the size of the by~pass of the intermediute rods is not less

than 20 diameters cf the rods (Fig. 32). -
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Fig. 32. Eramples of the Connection of Reinforced

Concrete Plates with a Thickness of 10-15 mm for the
By-pass c¢f the Webbed Screens During Reinforcement:
a-with three; b- with two; c-with six; and d-with
four webhed screens.

The cornections of the plates on the outles for the designs
cperating o1 axial and eccentric extension, are made with the weld-
ing of the by-passes of the weubed screens and of the intermeaiate
rods. The amount of the by-pass cf the webb:d screens in case of
their Joining by resistance spot welding is not less thap 20-2320 mm,
while the by-pass of thc intermediate rods (and the length of the
welded Joint of the rods) is not less than 1v diameters of the rod
(Fig. 33).
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Fig. 33.
with a8 Thickness of 20 -
during Reinforcement: a - with four,; b-

eight webbed screens and intermediate rod-type screen.
Key: 1)welding in at atmosphere of CO,

Examples of Joining the Reinforced (Ccnc ete Plates
30 mm in the Welding of Cutlets
with six, c- with

In both cases, the joining of the webbed screens {(both with

velding and without velding) is done in order that there would by-pass

flush all the screens, and in each section there would not be more

than tvo jocints of the screens.
The types cf connections shown in Figs. 32 and 33 a~-e

equivalent vwi*h the monolithic type in strength and crack resistance,

since the structure of the reinforcement does not disrupt ir the

Joints, vhich has been confirmed ty specially conducted tests.

Hovever, the ccnnections of such a tyrs are ladborious in preparaticn,

in view of the large volume of rigging and welding e-tivity. and

also the complexity of making the }oint mcnoifthis, -specialily in
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a vertical position.

In spite of the indicated techknological disadvantages of this
connection, it should be applied for the outer sheathing of the hull,
since the crack resistance, and hence the watertightness and the
corrosion strength of the Joint are equivalent to that of the mono-
lithic type. ‘

The connection which is most technologically simple is tHe
Joining of plates incliuding the welding of the by-pass intermediate
rode ,but witheout by-passing in tne zone of connecting the fine net-

vorks (screens)(Fig. 3L4).

'
Y
‘ﬁ
ey v wy A N Y -z
r 1o pOs Tumare) 'uuc b .’. ale . PROPY P
L, s Tz - Ll e f:___-f?i
“f"-;n'?.gr— % e ] TRy s -
: __/ 4 3 ':?'L B f_ s }us
¥ i it 4

STIDNA0EITY JON .

=

— T g
— =T =%

Fig. 34. Connection of Reinforced Concrete Plates
vith Welding of the Outlets. Key: a)per running
meter; b) six meahes N 8-0.7
For providing equal strength of the joint with that of the /82
monolithic type, in the plates along their edge during the prepara-
tjon, ve install additional rod-type fittings, the diameter and

number of which are established by calculations. The additional

rod-type fittings are anchored in the prefabricated designs for a
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length of not less than 20 diametersg. In accordance with the amount
of the additional rod-type fittings being introduced, the thickness
of the Joining edges of the prefabricated designs is increased scze-
vhat. For the purpose of reducing the settling stresses of the
concrete in the Jjoints, there is achieved the butt-type tby-passing

of at least one webbed netting.
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The given type of joining the rveinforced concrete plates does
not guarantee & crack resistance of the joint equivalent with that
¢f the monolithic type, since in “he Joint, there is concentrated
reinforcement, wvhile in the monolith, the reinforcement {s scattered
(although in the extreme fibers). A major disadvantage of this
Joint is the necessity of increasing the plate thickness along
the connected edges and along the joint itself,

In connection with this, the given type of joint cen be reccm-
mended only for the designs of the superstructures, deckhouses,
partitions, bulkheads and platforms.

In the case of applying in the composition of the hull or the
superstructure, along with the reinforced concrete plates, of plates
made of stendard ferroconcrete (e.g. in the use of reinforced concrete
in ships aade of ferroconcrete, as platforms, partitions, light
decks or for the superstructures), the interconnection of the plates
is counducted according to the system indicated in Fig. 35.

The design of the units for‘connecting the framing beams of the
reinforced concrete plates basically does not differ from the design
of connecting the framing beams of the ferroconcrete plates. It is
necessary only to keep in mind those specific features in the rein-
forcement of the framing beams which are discussed in Section 13.

We have indicated in Fig. 36 the Joining of the ferroconcrete
‘raming beams of the reinforced concrete plates in one plane.

Corner tee and four-vay Joints. Among the corner Joiuts, we
include the connections of the bulkheads with the bottom, with the
deck, the sides and of the sides and trunsoms with the deck and the

bottom.
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All the corner-type Jjoints can be subdivided into two main
types:

1) Joints in the fitting outlets (of the webbed networks,of
the intermediate rods and of the additionally introduced rods-

anchors) with welding or without welding of.the ocutlets; and

2) the Joints in the inserted parts with a welding of the
protruding (along the connecting edges) inserted parts.

The requirements for the corner Joints in the part of the length
of the by-pass of the scrcens and of the rods, the lengths of the
velded seam and the arrangement of the reinforced metal of the
screens is the ssme as those imposed on the flat connections.

For the designs of the outer contour of the hull, we apply
chiefly the Joints of the first type: of the side framing with the
bottom (Fig. 37); of the side plates with the bottom plates and
the deck (Figs. 38 and 39); of the bulkhead plates with the bottom
plates (Fig. 40); of the deck framing with the bulkhead framing
(Fig. 41). The connections on the fitting outlets are also used
in the units of the intersection of three sections (Fig. L2).

In this conn~ction, as in the flat Joints, we use two /8¢9
~different modifications of the corner Jjoints in the fitting outlets:
vith by-pass and without by~pass of the webbed screens in the
contact zone,

For the designs of the external shape of the hull, one should
prefer the Joints with the by-pass of the webbed screens in the
contact zone, since this jncreases the crack resistance of the Joi. t.

The Jjoints based on the welding of inserted parts are used mainly
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Fig. 37. Examples of Jcining the Side Frames with
the Bottom Frames.
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Fig. 42. Connecting the Longitudinal and
Transverse Bulkheads on the Fitting Outlets.
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for the dcsigns of the inside contour of the hull: the Joints of

the bulkhesd plates vith the rib of the deck section (Pig.ll); of

the longitudinal and transverse bulkheads and the connection of the

bulkheads with the sides and with the transoms in the case of the

contact of one of the bulkheads to the rid of the other (Fig.hs).
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In the corner joints vased on the welding cf the inserted
parts, just as in the flat connections, for purposes of providing
tae adhesion of the concrete with the reinforcing metai, in the
Joint zone, one-two wetbed mesh-wires are by-passed.

The connection of the walls of the superstructure with
the deck is also made on the basis of welding the inscrted paris

Fig. L6).
(7ig .

P B A

Fig. 46. Connecting the Walis of tune Superstructure
with the Deck. 1-.ecking of the superstructure floor; -
2-sheathing of tue area (of board,tolite-skin,plywvood); N
3-the jinserted parts with the anchors.
The interconnection of the superstructure walls and of
the internal elements of the superstructure can be made on the
basis of velding the inserted purts similarly to the way that
the Joints of the degigns of the internal contour of the hull are
made.
The corner Joints of the reinforced concsete ridvded de-

signs witb the ferroconcrete ones are made on the basis of velding

the inserted parts with the by-pass of the mesh-wircs in the
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contact zone of the reinforced concrete plate with the ferrocon-
crete rib (Fig.h47).

In the case of the application of steel framing beame or
beazms made of prestressed ferroconcrete, the design of the plates'
Joinis will remain the same as in case of the ferroroncrete beams.
The interconnection of the framing beams is.accomplished in these

cases as in the designs made of prestressed ferroconcrete or of

steel, /90
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Pig. bT. Angular Joint of Ferroconcrete and Reinforced
Concrete Ribbed Designs.
Section 15. Reinforcement to the Reinforced Concrete
Hull of Internal Saturation of Ship.

The attachment tc the reinforced concrete designs of the hull

and the superstructures of internal saturation (mechanisms, devices,
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systems, rigging and equipment of the quarters) is achieved either
by means of inserted parts or with the aid of through tolts passed
through the design. The attachment with the aid of through bolts is
accomplished only to the designs not experiencing a ccnstant watler
pressure. The conduct of the attachment with the aid of through
tolts to the reinforced concrete is much simpler than to ferro-
concrete, since the hulls in the reinforced concrete plates can be
drilled on the spot.

The basic type is the attachment by mesans of inserted parts.
The inserted parts car be installed in the reinforced concrete plate
and in the ferroconcrete framiag beams. The attachmernt of the in-
serted parts to the -einforced concrete plates can be accomplished
by welding tc the rods of the intermediate mesh-wire, to the rod
clemps, additionally inserted into *the mesh-wire (Fig.48), and also
to the specicl anchoring rods (Fig.u9).

The type of the attachment of the inserted parts tc the plates
indicated in Fig.l8, is preferable from the viewpoint of weight of
the design, however this Jjoint operates much less efficiently to
~leavage than indicated in Fig.L49. At the same time, the type of
attachment indicated in Fig.U49, providing the possibility of
absorbing considerably higher separating forces, requires a local
thickening of the plate, which is inefficient from the viewpoint
of the weight of the design and the technology of its manufacture.'
Therefore, if possible we should avoid the attachments to the
reinforced concrete plates of the saturation parts of the hull,
causing considerable separation forces, and conduct the attachment
of such parts to the framing beams (Fig.50). For the parts o5f the

filling of the hull, not causing any appreciable separsation forces,
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the inserted parts are fastened according to Fig.L8.

The examples of attaching the inserted boxes to the reinforced

concrete plates (with the use of the design solutions presented in

Fig. 49) are shown in Figs. 51-53.

All of the inserted parts intended fcr the attachment of

the internal filling of the
gstate car be
1) the inserted parts

auxiliary engines,

ship to them,

by degree .f load

subdividided into three main zroups:
for the attachment of the main and

the deck wechanisms and devices;

2) the insertcd parts for the sttachment of the systems and

pipelines; and

3) the inserted parts

for the attachment of the lightly-loaded

elements of saturation (electric lines, ceble lines, the heating

devices, the lighting fixtures, etc)
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Fig. 49. Attachment to Incerted Strips to the Reinforced
Concrete Plates bty Welding to the Anchoring Rods.
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The main and auxiliary engines are installed on foundations,
often formed with inserted stiffening ribs. For this purpose, we

use the freming beams and the specially installed ribs. The
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attachment of the engines to the base plate is achieved by means

of inserted strips, welded to the anchoring rods (specially mounted
in the stiffening ribs, and to the fittings of the stiffening ribs
(Fig.54). The strength and the stiffness of thc engines' mounting
in the design of attachment shown in Fig.54, is determined by the
strength of the anchoring of the inserted gtrip—cleats and the
rib's stiffness. The dimensions and reinforcement of the stiffen-
ers and the dimznsions of the anchors are established from the con-
diticn of the absorption by them of the dynamic load from the

operating mechanisms,.
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Fig.53. Attachment of the Inserted Part under the
Hatch Coaming.

To reduce the virbrations transmitted from the mechanisms
to the hull, between the base frame of the mechanism and the ferro-

concrete foundation,shock-ebsorbing linings are installed.
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The deck mechanisms and devices can be attached to the
sheathing plates (Fig.55) and to the framing beams. Allowing for
the slight thicknesses of the reinforced concrete plates, and
nence the low stiffness of the plates, the vessel devices and the
deck mechanisms, transferring considerable loads to the hull, should
also be attached simultaneously both to the plates and to the

framir.g beams. /96"
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Fig.54. Diagram of Installation of Foundation Under
the Main Engine .

Some examples of the atta~hments of the rudder device,
the stern tube and the bulwark rail are shown in Figs.56,57 and

58.
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Fig.55. 1Installation of Foundation under the Deck
Mechanisms to the Reinforced Concrete Plate.

/97

The reinforced concrete sheathing (planking) in the
region of installing the rudder mechanism and the stern tube
(Figs. 56 and 57) is shielded by a steel sheet, since these
sections of the planking are exposed to the intensified effect
of the hydrodynamic forces. A similar protection of the rein-
forced concrete planking with steel plates is also used in the
area of installing the hawse holes (Fig.59) and the installation
of the stem. The altachment of the protective steel strips to the
reinforced concrete planking is achieved by their welding to the
intermediate rod or additional anchoring equipment.

Examples of the attachment of the systems and pipelines to
the reinforced concrete planking are sihown in Flig.60.

In the case of the intersection of the planking plates bty
the pipelines, it is recommended that their installation be achieved
in accordance with Fig.61. The installation of the bulkhead cylinders
can be conducted in accordance with Fig.63. In case of the use of
the Jdesign shown in Fig.63, the necessity is eliminated of the

preliminary concreting of the cylinder together with the design,




and the assembly of the connection is simplified. The tightness

of the Joints is assured by using additional linings. Essentially,
the connection in question is similar to thet using the through
bolts., Therefore, by drilling the reinforced concrete and utilizing
the cylinders in the design indicated in Fig.62, we can simplify
greatly the assembly of the systems as compared with assembly to

the plates made of standard ferroconcrete, and accomplish it in

analogy to the practice of sterl shipbuilding.
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Fig.56. Attacament of Rudder Device to Hull.
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Fig.5T. Attachment of Deadvood Tube to the Hull.
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Fig. 58. Attachment of the Fig.59. Attachment of Hawse
Bulvark Rail to the Reinforced Hole to the Reinforced
Concrete Planking. Concrete Planking.
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Fig.60. Examples of Fastening the Pipelines to the
Plates of the Heinforced Concrete Planking. l-rein-
forced concrete planking; 2-corner piece; 2-clip;
b-linings; and 5-inserted cieat. /100
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Fig.62. Attachment of Pipe-
line cylinder.
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Fig. 63. Attacrment of Illumin-

ating Device to Relanforced Con-
crete Sheathing with Aid of
Inserted Sheets; l-illumina-
tor frame; 2-insert -6;

3~ anchoring rods 6.

-

Fig.6L. Fastening of Illuminating
Device to Reinforced Concrete Hull
Shcathing with Aid of Dowel Pins.
l- metal ring; 2-rudbber linings,

3- flluminstor frame; L-dowvel pin



Similarly tc¢ tae attachment of the bulkhead cyliners, ve
also accomplish the attachment of the {lluminating device to
the reinforced concrete sheathing (Figs.63,6L).

As a rule, the attachments indicated in Figs. 63 and 65,

Just as the fastenings using the through bolt~, are utilized

in the hull elements not experiencing a prdlonged effect from
vater pressure.

Along with the bolt type of fastening, use is also made
of the fastening based on inserted parts (Figs.61 and 63).

The inserted parts for the attachment of the lightly-.oaded
saturation elements (electric wires, lighting fixtures, etec.)
are rarely utilized. 1In these instances, the attachment with

the aid of cement-type or epoxyd glues is becoming more and

more popular,
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Coapter III. TECHNOLOGY OF PRODUCING THE DESIGNS AND HULLS OF SHIPS
FROM REINFORCED CONCRETE

Seotion 16. BEffect of Reinforced Concrete on Selection of
Method for Buiiding & Ship

The queations of the technology applied in the preparation of the designs
and the building of ship hulls of reinforced concrete have primary importance.
The relatively slight thickness of the parts, the thin protective layer, the wire
mesh reinforcemerts and the cement-sandy concrete introduce features into the
technique used in producing the reinforced concrete designs. The indicated fea-
tures of the material and also the quality and care used in performing the opera-
tions determine to an even greater extent than for etsndard ferrc-oncrete the
operaiing capability of the marine reinforced concrete designs.

The hulls of the reinforced concrete ships as well as the ferroconcrete
ones cen be made monolithic, sectional-monolithic and by secticnal methods.

At the present time, the monolithic method is moa: popular. Ths sole ox-
ception is the building of a self-propelled driftwood hoisting floating crane with
& lifting capacity of 1C tons.

The monolithic method does not require the application of extensive and
complex equipment, while the cornstruction of the reinforced concrete hull of a
ship by this method can re accomplished in the building elip sreas without special
squipment. The positive aspects of such a method condition the economic ef{fectiveness
of its application in a case cf the individual and small-scale construotion of
ships, and also in the building of ships of small dimensiona.

The application of reirrorced concrete in place of ferroconcrete simplifies
the monolitnic method of building ships and makes it more effective. This Ls /104
achieved because for making the reinforced concrete hull monolithic, in distinction
from ¢ ferroconcrcte hull, cement forms are not needed. The cement-gandy cnncrete
is retained woll by a bundle of thin fine-mesh screens, in which the concrete is
prassed by a worker and is rubbed simultaneously from both sides so that tre operation

1
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of making it mcnolithic becomes similar to a careful plastering.

If we take into account that the coat of the form during the construction
of ferroconcrete ships by the monolithic method reaches 20% of the cost of the ship
hull, there become quite apparent the economi-: advantages which are achieved with
the formless production of the monolithic reinforced concrete hulls in the monolithic

method of their construction. As a result of the circusstance indicated, the area

of effective application of the monolithic method of building the reinforced concrete

ehips expands more rapidly as compared with the ferroconcrete vessels.

At the present time, we have not yet developed the means for th; mechanized
production of the sectional reinforced concrete ahips, and the accomplishmunt of
the intersectional connections of them is still more laborious than for the design
made of ordinary ferroconcrete. Therefore, the use of the formless monclithic
method of construction should be regarded aa}technically and economically justified
solution for the presant time, in spite of the general tendency in shipbuilding to
convert t¢ the prefabricated (sectional) methods.

At the same time, the disadvantages typical of the monolithic construction
me thod (manual labor, long duration of the cycle on the building slips, and in part
the seasonal nature of the work) provide evidence that this method does not match
the modern level of developmert of shipbuilding production. Therefore the intro-
duction of the prefabricated method in the mass production of reinforced concrete
ships and in the creation of the necessary highly-productive equipment for producing
the prefabricated designs and the formation of 8 ship hull on the slip is a pres~ .
sing modern requirement.

In the prefabricated method of construction, the division of .he vessel huli
into sections and the sequence of forming the hull on the slip are established by way
of comparing che prime cost a°d the cycle of building in case of different types.

We consider as efficient that division of the hull into seccions and the sequence

A e A il S Al KT bt = 1051704 e e Mt <+




of its ‘ormation on the slip under vhich we schieve the loast prime coet and
shortest duration of shipbuilding time.

The pattern of sequence for forming the ship huil on the slip should
provide for the maximal parallel setup for conducting the hull, mechanisal and
eleotrical assembly, conduit, insulating tasks, and also the work invelved in
equipping and finishing the quartera. Taking into account the effect of the factors
of a design nature, ws can conclude that in & general case, the method of bnilding
a reinforced concrete ship should be selectsd in dependence on the type of ship /10§
under construction, the configurations, dimanqiona, design fesatures, aeries Giie
ditior of construction, and the production-engineering conditions of the shipyara.

Section 17. Zasic Pestures of Exngineering in the Conmstruction of

Reinforced Concrste Ships

We indicated in Chapter 1 that reinforced concrate in eszence is a thin-walled
type cf ferroconcrete, whereby there is m~inly established iie specifics both of the
actual reinforced concrete design as well as the technnlogy of their productinnm.

If we consider the basic technolosacal operaticns which ars accompiished
during the production of the reir forced concrete deaigns an? *ha fArmatizn o1 ine
hulls in reinforced concrete ships, we can be convinced that basically they 4o not
differ from the principal technological operations applied in the hjlding of shiva
from standard {errocorcrete. Both in the case of utilizing reinrorced concrete wil
in the case of using conventional ferroconcrete, the following brsic work stages take
" placet The preperation of the reinforcing materialy the preparation of the irers
. masses; the preparation of the reinforced ! -ames of the prefabricated parts or of
the ship hull as a whole and the concreting of the prelabricated pairts. or the task cf
making the hull monolithic (under the monolithic building method); the heat-moisture
processing of the concreted designj the assembly of the prefabricated parts on the

tlip and the performance of the intersecticnal connections; the finishing of the hull




denigns; the testing of the hull for watertightness; the assembly of equipment,
devices, systems, etc; the insulation and finishing of the rooms on board; the lower-
ing of the ship into the water. At the same time, certain engineering operations
in the building of ships from reinforced concrete have a number of features which
must be taken into account in developing the technique gf building reinforced concrete i
ships, along with the requirements imposed during the construction of ships made of C
conventional ferroconcrete.

Not dwelling on the characteristics of the engineering operations, common

for the reinforced concrete and ferroconcrete ships, which are described fairly

well in the literature on the technique of building ferroconcrete ships *, let us
examine only the basic features of performing the operations involved in building
ships of reinforced concrete.

Preparation of Reinforcing Material. The rod-type reinforcement utilized
in the construction of reinforced ships is subjected to the same processing as /106
in the building of ships from standard ferroconcrete (cleaning of rust and scale,
scraping, cutting, bending, etc).

The reinforcement steei, arriving in the form of rode and in coils, is
straightened, cleaned and cut on the truing-cutting automatic lathes. The fiber
gratings (woven meshes) duving the preparation are lubricated to protect them from
corrvsion, and in such a form are delivered to the shipyard. The anticorrosion
lubrication of the sacreens must be ~emoved, since in the presence of a lubricant,
the adhesicn of the cuncrete with the mesh wires is reduced consideratly.

The cleaning of the lubricant from the screens is acccuplished by a therma’

>r chemical pethod,

TK.A. Abroaimov, A.A. Mil'to, A.¥. Pasinsxiy. "Technology of Fer -nc..~rete Shipcuot!lding”,
Sudostroyeniye (Shipbuilding), Leaningraa, 19¢5. N.M. Yegorov. "iechnc. .gy ¢
building Perroconcrete Siipa”’, Hechizdat (River rubl.ahing House m_moow, 1%, .
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Under the thermal (haat) method of cleaning, the screens are held in heating
furnaces at a temperature of 250-300°C until the lubricant has been completely burned
away.

The chemical cleaning of the screens is accomplished in washing machines,
and in the absence of such, can be cleaned in any tank with a hot alkali solution
of the following composition (g/1):

Caustic soda (sodium hydrate)......40=50
Sodium carbonate.l.'.l..l.l'l..ltiteo-loo
Liquid glaaallotili..0!....0'0.0.'.10-15

The treatment of the mesh is conducted at a solution temperature of 80-90°C
with a subsequent washing in hot water at a temperature of 70-80°C, To avoid the crr-
rosion of the screen from which the lubricant has been removed, its cleaning should
be conducted directly before use., The cutting of the screens according to the
dimensions of the designs being produced is conducted with cutting shears (elec-
trical or manual).

Assembly of Reinf-..cing Frames. The ribbed reinforced concrete designs
can have metal and ferroconcrete ribs (beams of the set).

The proceas of producing the reinforced frames include:

- preparation of the reinforced parts (of the bundles of wover screers,
frames of ribs and supports);

- assembly and welding of the reinforced parts in the spatial designs,

i.e. the flat or curved reinforcing sections; and

- preparation of reinforcement for the intersectional joints and monolithic
parts.

The assembly of che reinforcing frames of the ferroconcrete beams of a set,
of the intermediats screens of the reinforced concrete plates and of various suprorts
in the production of the ribbed reinforced concrete designs does not differ in any

wey from the assembly of the reinforced designs made of ordinary ferroconcrete.




However, the assembly of the reinforced frames of the plates has certain features.

As is known, the reinforced frame of a plate conaists of several layers of thin

meshes and can have an intermediate rod-type grating. /107
In the production of the elements of the reinforced concrete designs, the

thin wire screens are usually assembled into bundles, in which the screenc are

interconnected with the aid of binding wire or by spot welding. The number of

such joints must provide a sufficiently smooth surface of the bundle (without

bulges) and the required assembling connection of the screens with each other.

In the case of the combined reinforcement, the reinforced frame of a
plate is assembled from two bundles of fine screen, with a number of layers pre-
scribed according to the plan, and with an intermediate rod-type grating (for
welding or for wire twisting). First, on one of the bundles, we lay the inter-
mediate rod-type screen, which is attached tc it with binding wire (in twists)
or by welding; then the second bundle of screens is installed; it is also attached
to the intermediate rod-type screen.

The welding of the wire screens between each other by lap-welding and in
bundles is conducted with the universal spot-welding tool UTP-3, with the applica-
tion of copper laminated electrodes 30 X 60 mm, according to the conditions
(approximately;:

Strength of welding current........ 3600 aups !
Secondary voltage.....cceieveessceses 11.5 volts
Welding time.ccevivsonscrsessensees 0.09 nec

The sets of wire screens are welded with the intermediate rod-type screens
and with the reinforcad frames of the ribs aleo by the universal welding tool

UTP-3 with the application of copper electrodes 5 mm in diameter roughly according

to the conditions:

Porce of welding current........... 8200 amps
Secondary voltage........... eceeses 11.5 volts
Telding tim@eeveieerirvccrasvenanee. 0.05 nac




The rods 8 mm in diameter and up are connected by vat-type
tutt electric welding with semiautomatic devices us’ng alloyed
vire crrin a8 carbon dioxide atmosphere. The rods with a diameter
less than 8 zam are welded together by the seam lap welding using
seciautomatic devices.

In the reinforced frames of the sections, we install all of
the inserted parts, not extending beyond the limits of the plate's
thickness. The inserted parts are fastened to the reinforced frames
by welding with semisutomatic devices in a carbon dioxide atmos-~
pnere (or by alloy wire) to the intermediate screen, the frames
of the ribs and supports, or to the specially 1nstalled‘anchoring
rods. |

The electric welding by alloy wire and the wvelding in a
carbon dioxide atmosphere are performed in the same way as during
the assembly <f the reinforced frames of the ship designs made of
standard ferroconcrete. /106

The various slcts and openings in the reinforced frames for
the hatches, vents, lights, compaurtments, etc. are ma.lde acc ording
to the marking done with a gas-type cutter.

In the case of the monolithic method of construction, the

ine meshes in the distridbution over the outlines of the ship
are stretched to elininate sagging. In this connection, the rein-
forced designs of the monolithic hull elements can be assembled
on the slipvay from the prefabricated reinfsorced sections.

Preparation of Concrete and the Concreting of Designs. The
preparation of the cement-sandy concrete is conducted in the mortar
zixers or in the cont»ste mixers with forced agitation. The higher

requirements imposed on the mixing of the cement-sandy concretes

(&9

as compared with the standard concretes are caused on the cne hen
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by the relatively low water-cement ratioc for these concretes,

and on the other hand by the large specific surface of the inert
(sandy) filler. In conrection with this, we require a more care-
ful 8and extended ggitation of the mixture for reducing it to a
unifora consistency.

In order to provide the careful mixing of the concrete

batch, the materials are loaded into the concrete mixer in the
following order: First, we add the cement and sand,and then the
dissolving vater. The duration of the mixing is not less than
2-3 minutes, and is establishea finally on the busis of the
smoolhness of the concrete nix, established visually.

The monitoring of the quality of preparing the cement-secndy
concretes includes: the checking of the quality of the components
(cement, sand,vater and additives), the control of the accuracy
of batching the components and the verification of the convenient
handling of the prepared mixture. From the listed control opera-
tions,the primary one is the checking of the handling convenience

of the concrete mixture, which is established not baved on the

settling of a standard cone but with a technical viscosimeter,

wherein the index of placement, measured in seconds, is established

depending on the quantity and number cf the wire screens, and in
each actual case {s specified on the basis of experimental
checking. For the reinforcement used in the reinforced concrete
ship designs, the placement {ndex comprises 15-25 seconds.

The selection of the composition of concrete mixture can be

conducted by any method, under the condition of complying with the
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prescribed requirements for the properties of the concrete mix- : :

ture and of the hardened concrete. ' : !

e

The reinforced concrete sectjions can be prepered both by

PR AR

the stand and by the assembly-line methods. The feasibility of

using any given method of producing the sections depends on the

type, dimensions and weight of the section, and in each actual

case 1s established by a technical-economic calculation. /109
The basic technological sequence of producing the reinfor-

ced concrete sections in case of the bench or mssembly-line :

methods 1s !{dentical and includes:

- preparation of fornms;

- placement of the reinforcing frames in the forms, and
the installation of falsework for attaching the ocutlets of the
vire meshes and the reinforcing rods;

- the placement and packing of the concrete;

- the heat-moisture processing (steaming) of the corcreted
sections;

~ the stripping of the sections and their conveyance to
a wvarehouse or a slipway; and

- the treatment of the connecting edges of the sections.

In case of the mechanized placement, packing and smoothing
of the concrete mixture with vibrating-shaping units, the rlat
ribbed sections are concreted :n the metal form-matrices below

in the form of ridbs; the ribless sections are concreted on the flat

metal stands.
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The sections of curvilinear shape are made in wvosden forms,
trimmed in order td incréase their turning ability anu to improve
the quality of the section's surface with vater resistant plywood
or vith thin-sheet steel. “uch secticns ;an be concreted both below
and above, with ribs.

The placement of the concrete in the sections (curvilinqar
and flat, having reinforcements), made upward in the form of ribs,
is accomplished manually during the packing of the concrete vith
vibrating rods, with sectional and deep electric vidbrators.

For the production of the scctions(especially of the curvi-

inear ones), and also of the monolithic hull elements, ve can
apply the method of the formless concreting. 1In thies case, the
concrete mixture is applied by hand to the reinforcing frame or bdy
guniting (by spraying) with the aid of compressed air. During the
period of the concrete's setting, the surfaces of the concreted de-
signs are rubbed with dry cement. 7The framing beams uare concreted
similarly to the monolithic ferroconcrete designs with the applica-
tion of falsewvork.

An important moment in the preparation of the hull designs from

reincorced concrete is the provision of the necessary protective layer,

uniform over the entire surface of the design. This requirement i¢

quite gignificant, since a reduction in the protective layer to

a8 value of less then 2-3mm does not guarantee the required zorrcsion .

resistance of the designs, vhile its increase above 3 mm leads %¢ &
decrease in the crack resistance.

Under the conditions, vher the methods of mechanized production
of the ship reinforced concrete designs have not yet been worked

out, the attachment of the required protective layer i{s achieved with
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the aid of the reinforcing rod;linings vith a digmeter e{gnlling
the value of the protective layer. The rod-linings are= placed in /110

»
-

form-matrix and on the bundle of screens before the concreting

L4

of the Aesigns vith & step (spacing) of 150-200 wm and after the
packing of the concrete they are removed. The grooves wvhich are
caused thereby are filled by an additionsal brief vibration of the
designs in the locatilon of the linings.

Heat-Moisture Treatment of the Concreted Design. The aglng
¢f the concrete of the reinforced cement designs can occur under
nrturally moist conditions or during a heat-mojsture treatment of it.

The thermal-moisture processing of such designs, in distinction
from those made of standard ferroconcrete, is conducted according to
the "soft” conditions with approximate parameters: the gradual heatinrg
to a temperatiure of £0-70°C with a rise in temperature of 10-15°
per hour, isothermal heating at maximsal temperature of 60-70°C for
tvn-three hours, then a cooling at a rate of not more than 15-20°
per hour.

Assenbly of Hull on the Slipway. A feature of the technology
of the slipwvay construction of the ship hulls made of reinforced
concrete 1g¢ {the conduct of the intersectional jJoints and of the mono-
lithic eiements.

The reinforced concrete sections are interconnected and are
also Joined with the monolithic elements of the hull by vay of dy-pas-
sing the reinforcing outlevs (of the wire meshes and of the reinforcing
rods), and also are connected to the essemtly inserted parts.
The fitting outlets of the sections are cunnected by velding in

the foilowing technological sequence:
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- the welding of the outlets of the distributing reinforcing
mesh with a semiautometic device in an atmosphere of carbon dioxide

or alloyed wire;

1 NG Ao, i o -V

- the spot-welding of the wire meshes to the outlets of the

distributing mesh with the welding tool, type UTP-3;
- the tank welding of the outlets of the framing beams' fittings
by semiautomatic welding devices in & shielded arc of carbon dioxide or
of alloyed wire.
The inserted parts are also welded with the semiautomatic device. .
For falsework, use is made of the metal or wooden-metal stock
panels.
The intersectional Jjoints are concreted with sandy cement of the
same grade and composition as the concrete in the sections, but

having & high mobility of the concrete mixture (roughly 10-15 seconds).

The concrete mixture is delivered and placed in the connections
with mortar pumps. The packing of the concrete in the vertical Joints
with the two-sided fslsework is conducted during an intensive vibra-
tion with electric vibrators fastened on the falsework; the concrete
in the horizontal Jjoints is packed with the area-type electric vibra-
tors. /113 .

Attachment of the Inside Equipment of the Ship to the Reinforced

Concrete Designs. The reinforced concrete can easily be drilled, and

Pr 3

this property of it is utilized to a full extent in the accomplishment
of work on attaching the internal equipment of the ship to the

reinforced concrete sheathing.

SRR = T IR,

To the designs not experiencing the prolonged effect of water
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pressure (bulkheads, partitions, platforms and decks), the attachment
of the inside fittings can be done with bolts. 1In this connection,
the holes of the required dismeter are drilled directly on the spot.
Such a method of attaching the internal fittings of the ship to

the reinforced concrete sheathing is much simpler and more economic
than the attachment on the inserted parts.

Application of Anticorrosion Coatings to the Reinforced Concrete
Sheathing of the Hull. The standsard shipbuilding ferroconcrete pro-
duced with high quality is a sufficiently long lasting and corrosion-
proof material, which is confirmed by the many years' practice of
operating the various facilities made of it, including the ships
and docks. Howevexr, the corrosion resistance of the reinforced con-
crete sheathing of the hull, as a result of the low value and the
unreliability of the available means for controlling the thicknesses
and density of the protective layer of concfete, can not be guar-
anteed for the full service life of the floating facilities in view
of the difficulties associated with providing all the technological
requirements during the production of the designs.

In connection with this, for providing the operational reliability
and the long life of the ships, to the external sheathing of the
reinforced concrete hull to the level of the main deck, we recommend
the application of anticorrogive protective coatings.

The compositions of the recommended anticorrosive coatings for
application to the reintorced concrete sheathing of ship hulls are
indicated in Table 12.

Before the application of the protective coatings, the concrete

surface is cleaned of contamination and incrustations of corrosion
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with the aid of wire brushes or other tools, and then it i3 cleaned
with compressed air. If on the concrete surface, we finda large

flaws, cracks and dents, they are repaired by rubbing with a cement-
-sandy solution in the ratio of 1:2 (by weight). The moistness of

the surface layer of concrete prepared for the application of coatings
should not exceed 5-6%. The moistness of the concrete surface is
determined by drying to a constant weigkt (at a temperature bf 100~
150°C) of samples taken from the concrete surface in two-three

places at the depth of the protective luyer. The percentage of

mristness is established with the formuls

A = a-b/a + 100,

/114
where A = the moistness of concrete;
a = the weight of sample prior to drying;
b = weight of sample after drying.

The protective coatings are applied to the concrete surface on
a previously applied base.

As a base, we use:

- for composition I of the protective coating- a solution of
pitumen in gasoline of composition 1:3 (by weight);

-~ for composition II - bitumen-ethanol lecquer with a conposition
of 1:10;

- for composition III- ethanol lacquer,; and

- for composition IV - base E-L021 (VTU KU L496-57).

The base is applied by hand or mechanically with the aid of
compressor-type or compressorless sprayers, in a regular thin layer,

vithout leaving uncovered spots or inflows.

~-122-
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The working consistency of the base (viscosity) in tne paint
sprayer operating under a pressure of 3-3.5 atm should be within the
limits of 18-22 seconds based on the VZ-U viscosimeter at a tempera-
ture of 20°C. The working viscosity of the bases is attained by
diluting them with the solvents:

- for mixture I - with gasoline;

- for mixtures II snd III, with ethanol lacquer; and

- for mixture IV, with the R-40 solvent or acetone.

For the development of a strong coating, the base should be well
dried. An insufficiently dried film of the base under the effect
of the solvents, forming the lacquers and the paints, can dissolve,
as & result of which bubbles and wrinkles are formed. The normal
length of drying the bases for the recommended protective coatings
is 24 hours at an ambient air temperature cf 18-23°C. The painting
with a cold bitumen composition (mixture I) is conducted at a com-
position temperature not telow 60°C and at an ambient air temperature
not below 8°C. The composition is applied to the protected surface
with a brush and is smoothed out with a wide spatula.

The paints, lacquers and enamels (mixtures II,III and IV) are
applied to the concrete surfaces (already provicded with a base) with
paint sprayers. Under the necessity of performing the work with a
brush, the paints, lacquers and enamels are thinned to a working
viscosity with the appropriate solvernts,

The painting of the outer surfaces (for all mixtures of the coat-
ings) is conducted at & temperature not below 8°C; the performance of

the painting tasks during rainy weather is not permitted. After the

application of each layer of paint or enamel, we conduct a drying




of the coating in accordance with the technical conditions for this i

material. After the application of the specified number of layers,

the coating is subjected to a final drying fotr two-three days.
/115

Section 18, Examples of Construction of Reinforced Conorete. Ship
by the Monolithic llethod '

The domestic and foreign practice has fairly extensive experience
in the monolithic construction of the hulls of reinforced concrete
ships.

In Italy, in 1943, at a shipyard in Venice, the construction was
started on a motorship with a deadweight of 400 tons and of three
self-propelled transports with a deadweight of 150 tons each. How-
ever in connection with the military operations developing in this
area, the construction of the ships was interrupted. After the
end of the war, the construction of the reinforced-concrete ships
in Italy was renewed.

In 1945, at a shipyard in Anzio, a motor-sailing vessel "Irene"
with a deadweight of 165 tons was built. In the later years (1945-
1948), in various regions in Italy, there were built frcs reinforced
concrete launches, yachts, pontoons, and also transport, fishing and
other ships.

The sailboat "Irene" was built by the shipyard workers at the
yard in Anzio destroyed by the war, at which no mechanicel or elec-
trical supply was operating. For its construction, there could bde
used only the slipway and the launching platform (track).

Specifications of the Ship

Length between perpendiculars, m ......... 21.6

Maximum length, B ....iuiinnerneneennnne s 6/24

e " A o 14, W Al ;.
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Molded depth amidships, m............ 3.2
Pover of main engine,h.p.....cveesses.316

The hull of the sailboat is of ribbed design with a transverse
framing system. The lines of the hull are the conventional curvi-
linear ones.

The design feature of the hull consisted in the fact that the
framing beams wvere ferroconcrete; the sheathing and the deck.flooring
vere of reinforced concrete. The framing beams with a width of 60-80mm
had a height ranging from 250™8 (for the side branches of the frames,
beams and carlings) to 400 mm (for the floors and keelsons). The
stronger ferroconcrete beams were lccated in the area of the keel,
the bow and the deck stringer. The outer sheathing made of reinfor-
ced coancretc was 35 rz iu thickness.

The construction of the ship was accomplished in the open
slipway area beneath the keel. Initially on the slipway, wve
assembled the skeleton of the hull's framing beams (both the longi-
tudinal ind the transverse ones). All the framing beams had rein-
forcement typical for the standard ferroconcrete ships. The
assembled reinforced framewvork comprised a fairly rigid spatial (three
dimensional) design, reproducing the form and outlines of the ship
under coastruction. Then from the outside of the hull (with the ex-
ception of the deck), on ithe reinforced carcass of the framing, one
upon the other we placed in succession the foilcwing: four /115
layers of fine wire mesh, vcighing one K& per square meter, three
tiers of reinforced rods with a diameter of 6 mm (twvo tiers vere
placed in & longitudinal and one in a transverse direction) and once

again, four layers of vire mesh. The three-layered reinforced desigr
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of the hull sheatning obtained in such a manner was connected vith

steel binding vire.

S

Fig.65. The Reinforced Concrete Yacht "Irene"
During the Construction Period.

The reinforced carcasses of the framing beams were connected
with the reinforced concrete sheathing in the process of its rein-
forcement by vay of bending the outlets of the yokes around the rods,
located in the sheathing between the meeh bundles. The transverse
bulkheads, the platforms and partitions within the hull were rein-
forced simultaneously with the reinforcement of the outer sheathing.
All of the reinforcing tasks were done by hand.

Upon the completion of reinforcing the hull elemencts (with the
exception of the deck, superstructure and deck-house) ve conducted
their concreting,vithout falsevork, continuously from the dbottom to
the deck. For the copcreting, ve used sandy concrete of pisstic
consistency vith i{he cutput of 1,000 kg of cement per cubic meter of
concrete. In the concreting of the reinforced concrete elements,

the concrete vas applied to the reinforced framevork dy hand froa

— - ——

vithin the hull, ani vas pressed through the screens; at the same j
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time, from outside, we accomplished the smoothing and finishing of

the concrete surface (Fig.65). The deck and also the stern super-
structure with the deck-house were reinforced, and them wvere also
concreted after completing the concreting of the hull elements lying
below. /117

To the finished hull, there were applied the anticorrosive .
and anti-fouling coatings.*®

The reinforced-concrete pleasure yacht "Nennele" was built in
Rome in 1948,

Specifications of the Yacht
Maximum length, m ........... 12.5
Length along the design

vater line m, ....000c000.. 9.5
Maximum width, m ............ 3.2

From a design standpoint, the hull of the yacht "Nenuele" dif-
fers from the hull of the sailboat "Irene" chiefly by virtue of the
fact that in place of the ferroconcrete beams, as framing use wvas3
made of the steel inch pipes. The yacht had a reinforced concrexe
sheathing with a thickaess of 12 mm.

In the constructica of the hulls, the framevork was firat assembled
from steel pipes. Then, the sheathing of the hull and the transverse
bulkheads vere reinforced. The reinforcement of the outer sheathing
consisted of seven layers of vire mesh and of one tier of longitudinal
rods vith a diemster of 6 mm, set S0 mm apart. The longitudinal rods

diviled the mes.. reinforcement into tvo bundles (three layers cf aesh

¥ The composition of the coatings is not giver in the literature.
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vithin and four layers cutside of the huln.

The hull was concreted from inside; the sandy concrete vas appiied
manually to the meshes and was smoothed out from the outside. After
the completion of construction, the yacht wvas heuled on e truck to
Anzio and launched into the water.

Subsequently, the basic engineering principles used in duilding
“the yachts "Irene" and"Nennele" vere subseguently applied in building
the small reinfo.ced concrete vessels in other countries, especially
in the building of the pleasure cutters aird the commercial skipe
wvith s length ranging from 7.3 to 16.7 m in England and Nev Zetrland.

The monolithic method was also applied in building the reinforced
concrete yachts and launches in our country. In this connection,
alony ith the formless preparation of the hulls, in a number of cases,
in the concreting, falsevork was used, which generally speaking 1ia
inefficient, but evideantly this took place because of the insufficient
experience.

An example of producing & reinforced concrete hull with the
application of a cement form (mold) can be provided by the dbuilding of
the yacht "Tsemental”™. The basic difference in the tecnhique used
in building the yacht "Tsemental” from the method used in building
the "Irene” wvas az follovs.

First, the hull of ‘he yatht vas built upvard from the keel on a
previously prepared form-mold, in the capecity of which use vas made
of the huil of a vwooden yacht, also installed with the keel upvurd.

The reinforcing framevork (pla>ed in the mcld) of the hull sheathing,
consisting of five layers .f vire mesh Xo.10, vas concreted continu-
ously srom above dovnvar+, {.e., firat the xeel arnd then thg » ' 3de /118

vere concreted. After the attainment uy the concrete of toe
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necessary strengtn, the reinforced concrete shell was removed from
the form, placed on the slipway with the keel downward, aud the
finishing (trimming) of the internal surface of the reinforced con-
crete sheathing was cornducted.

Secondly, the hull framirg was installel after the preparation
of the reinforced concrete sheathing (of the hull shell). The
previously bent frames (ribs) made of steel pipes were fitted iﬁ
place within the hull and attached to the reinforced concrete sheath-
ing by wire splices which were passed through the small openings
in the sheathing, punctured from both sides of the frames through
eacn 120-180 mm and subsequently made monolithic. After the attach-
ment of all the ribs, the installation of the beams of the deck and
superstructure was conducted; the transverse bulkheads, the deck and
the superstructure were reinfcrced. The concreting of the deck, the
transverse bulkheads and the superstructure was achieved without the
uge of a form {(mold).

In the period from 1957-1964, a group of sailboat enthusiasts
built the reinforced concrete yachts "Opyt" (Experience), "Progress"
and "Mechta" (Dream). The hulls of the yachts were made with the
keel upvard, in which the basic difference from the technique of
building the "Tsemental" consisted in the fact that in the place of
the form, use was made of the framework assembled on the slipway
from the duplicated outlines of thc hull of the wooden templates,
which vere interconnected by wooden rods. Along the aligned frame-
work, we conducted the reinfcrcement of the hull, consisting of rods

mainly 6 mm in diameter, and of 6 layers of metal wire mesh.
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The hull wvas concreted without the use of a form, by way of
applying a cement-sandy concrete made of a mesh reinforced design. . i
By the monolithic methed, without the use of falsevork or
wvooden molds, ve built the reinforced concrete launch "Energostroitel’”

(Power Builder) which was launched in autumn of 1960. The reinforce-

ment of the hull framing of the launch was achieved with rods of s
smooth profile, having a diameter of 14 and 1C mm; the reinforcement
of the sheathing was done with five layers of wire mesh, with a

mesh size of 10 X 10 mm, and wire 0.5 mu in diameter. All of tae
framing units were assemble- on the slipway in the framework in
position with the k:=-. dovnwar<, and were connected by eiectric
welding. Prior ti( the reinforcenent of the sheathing, the rein-
forcing framework was taken from the slipway and turned into posi-
tion witl the keel upward.

The con:reting of the hull was accomplished with two methods.
First, the concret: was applied from outside, and to speed up the
hardening ot the concrete, the hull was subjected to steaming out in
a chamber, and then in the same place, the hull was turned with the
keel downward,vwhereupon it was concreted from inside and again
steamed cut.

The examples which have been reviewed of the monolithic con-
struction of small reinforced concrete ships permit us t¢ confirm
the finding previously made to the effect thzt from the technological
and economic standpoint, the most improved is the wmonolithic method
includipg the use of the formless concreting in one step, which is
achievel fairly simply in the construction of e ship in a position ‘ '

with the keel downward. Such a construction method, requiring a
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twofold concreting cf the hull, can also be effective for the
small vessels (such as the slcop: and smail yachts), zspecielly if
as a mold (form), we can utilize the hull of a ship waich has gone
out of commission.

.

Section 19. Examples of Building Reinforced Concrete
Ships by the Prefabricated and Prefabricated-Mono-
lithic Methods

The only example at the present time of the prefabricated

method orf building a ship with a hull and superstructure of rein-

forced concrete is the self-propelled pontoon hoisting crane with
a lifting cepscity of 10 vons, built in our courtry in 1664,

The designs of the hull and superstructure of the pontoon
crune, developed with consideration of their production completely
by the prefabricated method, are reviewed in Chepter 2.

The hull is assembled from 45 plane and 2 curvilinear ribbed
sections; the superstructure is made of 15 plane sections. The
maximal dimensions of the sections ccmprise 11.3 X 2.1 ay the
weight is up to 2.5 tons.

The hull secticns were interconnected mainly by welding the
reinforcement outlevs unu the inserted metal parts, with a later
ronolithizing of the iniersectional jJjeints with sandy cement (Fig.
66).

The intersectionai joincs ana the cornecting edges of the
plates of the secticrs had a thickening up t¢ 50 mm owing to the
reinforcement of the corntact zone and the adjacent edge-plates by
the welded frameworks made of rods with diameters of 6 and 10 mm.
In this manner, the design of connectiag “he 1ei’ orced concrete

sections in the given instance dces not differ appreciatly from
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that applied in building the ship hulls of cunventional ferro-

concrete. The sectiont of the superstructure vere interconnected

by welding the inserted parts, and by mounting on bolts.

The attachment tc the reinforced concrete designs of the hull

i DN s 3 -

and superstructure, of the various mechanisms, devices, systems and

rigging was achieved with the ald of the inserted parts, which vere

PR S

mounted in the sections and the intersectional joints prior to the
concreting. E

The construction of the pontoon hceisting crane was conducted !
in the Sokol shipyard of the MRF, which had reither special engin-
eering equipment and rigging for the mechanized production of pre-
fabricated concrete reinforced elements, nor experience in building
such ships.

In eddition to the equipment available at the shipyaréd, theies
were prepared only a jig for the assembtly of the reinforcing frame-
works of the sections, a stend for concreting the fiat rein- /120
forced concrete sections, and a mold fcr reinfcrcing and con-
~reting the curved sections. The reinforcing frameworks OF the
flat sections were assembled with ribs downward in a speci;l Jig
made of previously prepared distributing screens, of welded frape-
works of ribs and reinforcements, and also of metal wire meshes.
Initially, in the jig we installed the frameworks of the ribs,
placed two or three layers of wire mesh, the distributing,fein-
forcement screen and the reinforcement frameworks; then we bdbent
away the yokes of the frameworks of the ribs and installed the

remaiping two-three layers of wire mesh.

R R ]

, [
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'NOT REPRODUCIBLE

* Fig.66. The Joining of the Reinforced Sections using
the Welding of Reinforced Outlets of the Intermediate
Screen.
The framewvork was finaily fastened with wire splices. In the
reinforcing framework of the sections, with the aid of gas cutting,

wve made holes and slots, installed all the inserted parts: the

metal strips, sheets, the hatch coamings, etc. (Fig.67).

NOT REPRODUCIBLE

Fig.67. Reinforcinz Framework of the Deck Sections,
with Installed Inserted Parts.

The finished reinforced frameworks of the flat sections were
transported with a crane with the aid of a special traverse, and

vere placed ribs upward on a flat metal stand (Fig.68).
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NOT REPRODUCIBLE
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Fig. 68. Placing the Reinforced Framework of
the Sections on Stand for Concreting. .

The reinforcing frameworks of the curved sections were
assembled with ribs upward on a wooden form, duplicating the lines
of the curved part of the s8khip hull. The concreting of the
curved sections was also conducted directly on this same form.

Before the concreting in the reinforced framework of the
section, we installed a wooden falsework of ribs, and also a shaped
form, limiting the dimensions of the section which was being pro-
duced (Fig.69).The sections were concreted in position with the
ribs upward. The cement mixture was compacted with the area-type
and deep electro-vibratcrs. The necessary protective layer on the
side of the form stand was fixed with the aid of the reinforcement
rod-linings 3 mm in diameter which were inserted between the stand
and the reinforci. ; section, and were removed after the packing of
the cement. /123

After the concreting, to speed up the aging of the concrete,

the sections were covered with tarpaulin and wvere steamed out : '
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Fig. 69, Reinforced Concrete Section Prepared
for Concreting.

Fig. 0. Transporting the Side Section with a
Crane.

directly on the forming stands.

The stripping and the removal of the sections from the
stands were conducted after the attainment by the concrete of a
compression strength of 250-300 kg,/~m?.

The removal of the concreted sections and their hauling
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to the supply area and to the slipway were performed dy a crane

with a lifting capacity of 3 tons, equipped with a special traverse
(Fig.70).

b TR B AHCNBAE A i

Fig.7l. Assembling the Sections of the Stern
Transom of the Pontoon Hoisting Crane.

Prior to the assembly, all of the connecting edges of the
sections were subjected to a mechanical cutting.

The ship hull was assembled on the slipway which consisted
of four rows (lengthwise of the ship) or keel blocks ,assembled
from wooden beems, with transverse wooden supports placed on them.
Prior to the assembly of the hull sections, the slinway was leveled
and on its face the control and base lines were drawn,

The assembly of the hull started with the installation of the
curvilinear section of the bottom in the area of the engine room.

The sections were mounted or the slipway with the aid of a
crane having a lifting capacity of 3 tons (Fig.71).

The hull wss shaped in such a way that after the assembly

of the vertical sections, the closed compartments vere formed:
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initially, we installed the bottom sections, then the side sectinns,
the transverse and longitudinal bulkheads and finally the deck

secti ns (Fig.72). After the instxllation and fastening of the /12h
sections .re siipway in the planned position, the operations

were performed on the straightening and welding of the reinforcing
outlets of the sections, and also the reinforcement of the inter-
sectional Joints. The reinforcement outlets of the reinforced con-
crete plates and the assembly inserted parts were welded by manual
2lectric-arc welding. The electric-arc welding was applied in

Joining the outlets of the reinforcement of the framing beams.

fig. T2. Assembling the Hull of a Pontoon Hoisting
Crane on the Slipway.

In the capacity of a coyncrete form for the connections of the
sections, we used the wooden punels, which were installed after the
completion of the welding operations and the placement of the
inserted parts in the Joints. The connecting points of the vertical

hull units had a two-sided falsewvork.
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The sections' seams were made monolithic with cement-sandy
concrete of the same composition as the concrete in the sectionms.
The concrete mixture was placed by hand and was conmpacted with
deep electric vibrators. The aging of the concrete in the scams
occurred under naturel conditions. The jJoints of the bottom sec-
tions, and also of all the vertical sections, with the bottom and
with each other, were concreted prior to the installetion of the
deck sections. At the attainment by the concrete of a compression
strength of 300 kg/cm?, the Joints were struck, thean we trimmed
(finished) the outer and inner surfaces of the ship hull. The
control of the concrete strength was accouplished by compressicon
tests of the control sample cubes with sizes of 7T X 7 X 7 cm,
made of concrete, which was used for concreting the hull urnits, ecnd
vas maintained uncder the conditions of their hardening (setting).

The reinforced concrete su-erstructure was mounted on the
finished %ull made of flat ribbed sections. The sections of the
outer panels of the superstructure wvere connected with the hull by
way of welding the inserted parts; they were connected with each
other with bolts. The cover of the superstructure vas connected /125
with the wall panels with inserted pa-ts. The cover sections
vere interconnected on reinforcement outlets. The iatersectional
jJoints of the superstructure vere finished with sandy cement.

The internal bulkhesds and pertition: of the superstructure vere
made of wood.

Prior to launchiug, 2~ hull of the pontoon-type crane vas

tested for strength and vatertigni:.ess (Fig.73;. After the conduct

of the test-, by means cf lifting devices. the hull ves placed 9z




Fig. 73. Hull of the Pontoon-type Hoisting
Crane during the Strength Tests.
s balanced launching device. The launching of the hull into the
vater wvas accomplished along transverse slides in a sloped position.

211 of the finishing assembly operations on the ship vere
conducted by a specialized shipbuilding firm, vhich was engaged
vith the building of the same cranes, but on a steel hull. The
greater part of the finishing operations wvere performed vhile
afloat, but for the installation of the propulsion-steering unit
of the ship and of the crane derrick, the hull wvas raised on the
slip.

The asserhly of the mechanisms, devices, systems and various
onboard equipment wvas accomplis.ed by the same methods as in the
building of the steel pontoon-type hoisting cranes. The basic
difference consisted only in the fact that the foundations under
th: mechanisms, the equipment etc, vere {nstalled and atteched
to the metal inserted parts, concreted in the reinforced-concrete

dssirns, either vith the aid of electric velding or by the use of
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bolted joints. /126
With the raising of the ship hull on the slipvay, it became
possible to inspect its underwvater section after & half yaar stsy
of the hull in wvater, as a result ¢f which we noted the pitting of
the wire meshes in the places where the protective layer vas less
than 2 mm. Therefore, it was decided to apply an anticorrosive
coating tc the undervater pert and the zone of veriable 1e§e1 27 the
hull. As sucu & coating, we chose the EKS-5 paint with a base of

ethanol lacquer.

Fig.74. Pontoon-type Hoisting Crane during the
Mcoring Tests
Before the applicatior of the paint, the concrete surface vas
cleaned of dirt and incrustations of corrosion vith vire drushes;
then it vas blasted clean vith compressed air.
The undervater part and the zone of the varisb.e ievel vere
given three coats. In the area of the level of variable wvaterline

and above {t to the lover deck beam, on top of four layers of EKS-S
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paint, ve applied one layer of Kuzbass-lacquer. The paint was
applied to the hull with a compressed-air painting device, while
the Kuzbass-lacquer was applied with brushes,

After the second launching of the ship and the completion
¢f all the finalizirg operations, we conducted the mooring and
cruising tests c¢f the reinforced concrete pontoon-type crane
(Fig.7%). In this connection, we conducted observations of the
design elements of the hull during the operation of the crane
equipment, of the ship devices and systems, of the ma.. engine
and of the dizsel generator. The operation of the devices, systems,
diesel generator and also of the main engine during the mooring
and cruising tests dia not cause any “isruptions in the hull designs.

After two years of operation of the pontoon-type hoisting /127
crane, the ship hull was in good condition. The coatings of
paint applied to the hull were undamaged. 'No traces of corrosion
through thece coatings could be observed.

An example of the prefabricated-monolithic method of building
the reinforced concrote Ships is the barge with a lifting capacity
of 1,000 tons, built in Czechoslovakia. The design of the barge
hull has been discussed in Chapter II.

The basic technology of building the barge hull consisted in
the following steps.

The floors, stringers, the transverse diaphragms of the
space between the sides, and the ends of the barge were prepared on
& timely basis und were delivered to the slipway in the form of
finished flat and three-dimensional sections.

The bottom, the flooring of the second bottom, the outer and
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inner sides were made directly on the slirway by the monolithic
method. After the reinforcement of the bottom and the outer sides
had been finished, on them w: mounted the prepared sectiocns of
ficors, stringers and frames, the reinforced cutlets of wvhich wvere
fitted to the reinforced framework of the bottom and the side and
were welided. We then concreted the entire external sheathing of

the ships. In this operaticn, the sides were made monolithic

through use of the formless method. In a similar way, on the floors,

stringers and frames, we installed the reinforcement for the deck-
ing of the second bottom and the inner sides, and conducted their
concreting.

The examples reviewed confirm the possibility of building the
reinforced concrete ships by the prefabricated and prefabtricated-
monoclithic methods at any enterprises engaged with the construction
of ships from conventional ferroconcrete. In this connection, for
the conduct of many technological operations (other than the
specific ones referred to in Section 17), for the preparation of
the prefabricated units and the shaping of the hull on the slipway,
use can be made of the same equipment and gear as for the construc-

tion of the :zhips from the standard ferroconcrete.
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/128
Chapter IV. ESTIMATING THE STRENGTH OF SHiPS
DESIGNS OF REINFORCED CONCRETE HULLS

Sect. 20. Description of the Methods of Estimating the
Strength of Reinforced Concrete Designs

The diversity of the thin-walled designs made of reinforced
cement-sandy concrete is esvablished by the large number of different .
systems for reinforcement and the forms of the reinforcing which
is utilized. We find mcst often the thin-walled designs with
combined reinforcement. In these designs, the cement-sandy type
of concrete is reinforced with 2-4 layers of wire meshes and rod-type
framework,moreover the stiffeners strengthening the design are
reinforced only with rod-type supports. Also typical are the uesigns
reinforced only with wire meshes uniformly through the section of
the element.

For the characteristics of the reinforcement systems, we use
the indexes: the relative content of steel arranged in the direction
of interest to us (i.e. the percentage of reinforcement, B), the
type (rod and mesh reinforcement) and the arrangement of the rein-
forcement ( concentrated and dispersed) specific surface of the
mesh reinforcement, K nce

In the use of one form of meshes, the value Kn is determined.
wvith the formula

' K,~5654 .1
¢ A (L)
where d = the wire diameter of the meshes, cm;

a = the size of screen meshes, cm;
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n = the number of screen layers in a section; and

h = the height of section, cm.

B

In this connection, between the reinforcement factor of the

meshes (in percentages) and the specific reinforcement surface

Kn, the relationship exists

e = 1.25K 4 (5)

where d = the wire diameter of screens, mm. /129

The diversity of the systems for reinforcing the thia-welled
designs made of cement-sandy concrete and the considerable influence
of the number of wire meshes on the nature of the appearance and
the opening of the cracks in the concrete is explained by the fact
that to the accomplishment of the estimations of the stremgth of
reinforced concrete designe, two different approaches exist.

Thus, in the practice of onshore and hydrotechnical construc-
tion, the designs made of reinforced concrete with K, > 2 cmzlcna,
we recommend the calculation by the methods of structural mechanics
of the elastic systems, for the use of the elastic-strength
characteristics obtained experimentsally.

At a cmaller value of the specific surface of the reinforce-
ment (in spite of the fact that the limit Ky = 2 cm?/cm? is very
tentative, since the varistion in the properties of the material
with the change in K, 1is accomplished gradually), the strength of.
the design made of cement-sandy concrete, reinforced with steel
wire meshes is recommended to be calculated in the same vay as the
strength of the designs made of standard ferroconcrete, {.e. based

on the three critical states; the supporting capability (strength,
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stability, resistance to wear); based on the stresses; based

on the formation and opening of cracks. The problem of the calcu-
lation is the provision for the given design of assurances against
the development in it of any given critical ‘state during the period
of oreration.

The estimation based on the bearing capacity for strength
with consideration in the necessary cases of stability is cénduc-
ted for all the designs; for the resistance to wear, for the
designs occurring under the effect of a multiply recurring or
pulsing load. The verification of the strength of the sections of
the indicated designs is conducted similarly to the checking of the
strength of the ferroconcrete designs: the operation of the concrete
under elongation in a critical state is not taken into account.

For the bending, eccentrically compressed or extended sections in

a critical state, it is recommended to adopt the rectangular stress-
strain diagram both for the entire extended reinforcement as well

as for the entire compressed concrete (Refer to Sec. 22).

The calculation based on the stresses is conducted in those
ceses when in the design, considerable saggings can develop,
obstructing the normal operation of the equipment cr the floating
facility as a vhole,.

The estimation of the formation and width of the cracks'
opening is considered necessary wvhen their appearance .an put the
equipment out of operation, or abruptly deteriorate its operational
qualities.

In the reinforced concrete designs vhich we are considering,

vith a small number of meshes, the width of the crucks' opening is
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checked according to the tentative marginal stress in the concrete
for elongation, which is calculated for the extended ,eccentricealiy
loaded and bent elements based on the formulas for the resistance
of materials. In this connection, the ralculated area, the /130
inertial moment and the resistance moment aré aGetermined in
dependence on the dimension and form of the roncrete section of
the element being checked, without reduction to homogevmeity of

the materials, while the permitted width - f opeoning cf the zracks
at constant value of the provisional critical strecs in the cok-
crete is imposed in dependence on the quantity and number of the
reinforcing screens.

For the domestic (Soviet) shipbuilding, the reinforced con-
crete is a new design material. The planning and construction of
ships from reinforced concrete required the development of methods
for calculafing the strength of the ship designs.

In Justifying the method for estimating the ship designs
made of reinforced concrete, we took into consideration the follov-
ing basic features of the material and the designs made from {it:

1. The reinforced concrete designs are thin-walled. For
practical purposes, their tnickness ranges from 10-15 to 35-50 mm.

2. The reinforced screens of wire with a diameter of 0.5 -
1.2 mm are arranged uniformly over the entire height of the design's
cross section. The thickness of the protective layer (s slight.
Based on the conditions of the watertightness of the sheathing and
the protect? u of the mesh reinforcement from corrosion, the vwidth
of the cracks' opening is limited to the value of 0.)5 mm.

3. In spite of the fact that reinforced concrete is a variant
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of ferroconcrete, the process of its deformation differs signifi-
cantly from that of standard ferroconcrete, specifically: by its
resistance to cracking; by the greater stiffness prior to and after
the fbrmation of cracks; by the smoothness of the curve of saggings;
by the rectilinearity (in the presence of breaking) of the stress
strain diagram during eiongation, bending, (separately for the ex-
tended and compressed zones) and the pure shear in respect to the
stresses (refer to Figs. 6,7,14).

The rules developed for conducting the calculations of the
strength of ship. designs fror reinforced concrete estatlish a
unified approach to the estimations of the strength of all the de-
signs made cf cement-sandy concrete, reinforced by wire steel screens
with a specific surface rangiag from 0.5 to 3.0 cmzlcm3, and also
by wire screens and of rod-type reinforcement together. The effect
of the number and extent of dispersion of distribution of the
screens is taken into account by the dirfefentiated assignment of
the standard resistances to elongation (axial and during bending)
depending on the specific surface of the reinforcement.

The stresses originating in the reinforced concrete designs
of a ship hull during the effect of a design load on it, are
established according to the general rules of structural mechanics /131
under the assumption that the hull material is isotropic and
under the effect of design loads, functions as a resiliant material.
In this connection, the designs operating under flexure should be
calculated with consideration of the difference in the values of
the elastic characteristics for the compressed and extended zones

of the secticn. In a numder of cases, it is sufficient to know
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only the ratio of the elasticity modulus to compression during
bending, the elasticity modulus for elongation during bending,
BCJ‘/Epﬂn . This ratio, in the range of stresses prior to the
truncation of the diagram, can be assumed to equal unity, vhile
in the range of stresses after the truncation of the diagrem, the
value of tais ratio,other conditions being equal, depends on the
value of the loads and the duration of their effect.

In the case of a brief relaration of the operational load,
it can equal 1.5 - 2.0, while in the case of a prolonged unloading,
it can be 3.0.

The reinforced concrete designs, the extended sectional 2one
of which is additionally reinforced by the rod-type reinforcement,
are also calculated by the methods of the resistance of materials
and the theory of elasticity, but with consideration of the reduced
section of the element. The latter is det:rmined based on the
ratio of the standard resistance of reinforced concrete and the
calculated resistance of the rod-type reinforcement. The values
of these resistances are limited separately for the extended and
bent elements, proceeding from the conditions of the combined
functioning of the rod reinforcement and of the reinforced concrete,
and of the vaiue of average deformations of reinforced concrete,
with allowance for the cracks developing in them under the stresses
assmed to be normal.

In the estimation of the elements functioning only under
flexure, in vhich & part of the vire meshes in the central third
of the height of the section is replaced by rod-type reinforcement,

ve decide to proceed from the actual geometric dimensions of the
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section, and not from the reduced section, and to assume the
standard characteristics of the material, considering the wire
meshes to be arranged uniformly over the entire height of the
section in such a quantity as in the extreme thirds of the section's
height.

The combined designs, comprising a cumbination of beams made
of standard concrete and plates of slight thickness .rzinforced by
wire steel meshes should be calculated on the basis of the methods
of disruptive loads, with aliowance for the following feature:
in the case of the location of the plate in the extended zone of
the section, the disruptive force should be determined, proceeding
from the reduced area of the plate, functioning together with the
beam, and the values of the standard resistance o0 the reinforced
concrete of the plate. The functioning of the beam concrete to
elongation is not cons.dered, while the extended reinforcemernt of
the beam is introduced into the calculation with the stress, squal-
ling the design resistance of the rod-typec reinforcement in the
reirforced concrete elements. /132

In addition to verifying the strength it respect to stresses,
according to the established practice of conduc-ing strength
calculations of the ship designs made of reinforced concrete,
ve control the verification of the maximum stresses &sncd also the
stadbility of the design s a whole and of its individual units.

In this connection, the compressed reinforced units are checksd for
stability only in the Case that their flexibility Io/r > S50, whe,»
1 o = Lhe design iength of the construction element; r = the

least radjius of the inertia of the crocs section of the elezent.
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The maximum value for the sagging of the reinforced concrete
units (elements) from the operational load is determined based on
the formulas of the resistance of materials, proceeding froa tpe
actual geometric dimensions of the design, and with the use of the
reduced elasticity modulus of reinforced concrete in respect to
saggings. The numerical values of the reduced elasticity modull
tfor sagging on the basis of experimental research (with th; use of
the grades 300 and 400 concretes) should be assumed equal under the
brief action of the load: 200,000 kg/cmz for the reinforced concrete
elements reinforced only with wire meshes, and 252,900 kg/cm2 for
the elements having combined reinforcement (the wire mezhes and the
rod reinforcement). Determining the value of the s:ggings at pro-
longed effect of the load, the specified values of the elasticity
moduli for sagging should be reduced respectively by two and three
times.,

In the case of loads considerably exceeding the operating
ones, for determining the saggings, it is recommended to uce the
reduced r~tiffness of the element, taking into account the difference
in the elasticity m>duli of the extended and compressed zores of
the section, and the inertial moments of these zones.

Until the time vhen the procedures in the rules teing applied
in the pianning of reinforced concrete ships will be verified by
the prolonged practice of opersting the s.1ps, it appears fesezidle
te combine the twc methcods of estimating *he strength; i.e., based
on the stresses, .y the methods of structural mechanics {tertatively
considering the reinforced ccncrete as a homogeneous isotropic

material, and assuming its elastic-strength characteristica based
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on the data from the tests, with allowance for the occurring
crack formation) and based on the method of disruptive loads.

Although this will increase somewhat the scale of the calcu-
lations, it will permit us to obtain fairly reliable and economical
designs from reinforced concrete, especially from the viewpoint of
expenditure of steel.

The existing rules for the fulfillment of the strength
caicuiaticre of the reinforced concrete designs of vessels do not
touch on a number of questions not verified by the tests and
practice. Taking this circumstance into account, let us introduce
certain solutions, based on the theory of ferroconcrete and
structural mechanics. 132

Sect. 21. Design of Beams, thz Material of which

During Elongation and Contraction Follows the Hook Law,

but During Elongation the Elasticity Modulus Does not

Equal the Elasticity Modulus During Contraction

Distribution of Standard Stresses. The experiments indicate
that in the iron-stone and concrete beams, the cross sections
vhich are flat prior to bending will also remain flat after bending.
In such a case, the elongations and contractions of the longitudinal
rfiters of the bending beam proved to be nroportional to the distance
from the neutral layer. Since {in this connection, in rthe extendad
and contracted zones of the sections, the material foliowved the
Hcok law, although the values of the moduii in these zones are
diffe-ent, to the linear distribution of the stresses, there alsco
corresponds, vithin the limits of each z2oune, a unique iinear lav

of stresses' distributicn.
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The varie.ion in the standard stresses along the beanm's

height i5 shown in Fig.75 by the line A(GB. Assume that Ep” and

Ecn s the values of the elasticity moduli respectively for the
extended and compressed sectioral zones of the beam, the expres-
tions for the maximum elongating &nd maximum compressing stresses

will acquire the form:

™
°
"
°
]
)
[
"?
(s
S

where hp'hc 2 distances toc the most remote fibers; and
¢ = the curvature radius
For a rectangular cross section of width b, the sum of all

tensile and the sum of all contracting forcea will be calculated

with the formulas:

N, = ey o 2 (1)
2 2

vherein

N =N (8)

Having substituted in jlace of o, and o

P their expressions

c'

(6), wve find

8 . ?
E, M- E A
from vhich
LA E, .
NoE,.

Having taken into consideratiorn that h ¢ h_ = h,6 wve find

F -
a)E, AV E
h,""‘*:;:—-‘—'_ . = B L
2 IE'. IS(. h' 'f.. 'E'. (9)
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These equations determine the position of the nevtral line

wvhen we know the rotio bevween the elasticity moduli for the ex-

tended and contracted zunes of the beam's cross section.

Since all the forces distributed slong the section reduce

to a pair of sources, we deterrine their moment, multiplying the

resultant of the tensile stresses times the arm of the couple

2/3 h (refer to Fig.75).
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Key:
¢) beams; 4) luyer-X
Fig. 75. Distribution of Standard Stresses over

the Height of the Beem, the Material of which During
Elongation and Contraction follows the Hook Law,

a) axis: b) Neutral;

but Ep.v« s+ Eo. oy »

M=N.2p=T% 2,_. "Pb:l"' = Jp0R VE.. o (209
3 2 3 3 VE,,.-FV'E&,”
from which
_3M "E, . 11
-y (11)
Analogously, we derive
/ E
M ) L 1
e (141 52) ()
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Utilizing Eqs. (11) and (12), based on the prescribed moment
of the external forcecz, we can find the value of the maximum tensile
end compressing (contracting) forces.

Substituting in Eq. (10) in place of op its expression (6), ww

obtain the dependence between M and the curvature radius, p:

Ep, .hp"‘b ) ¥ £, , 1 bi? ‘Ep. wEe. n

% VE,. VE.., * 12 WE.,~VE. (13)

M=

4Ep. vEe u
VE, ,+VE.,)

The valuef,, = 15 said to be the reduced modulus of elas-

ticity.
/135
Equation (10) transforms to:

M= Em
3 12’

from which

1__ ¥ (14)
p

Using Eq.(14), based on the M-value and on the beam's dimensions,
we can find the p-value,
The curvature 1/p is inversely proportional to the value of re-

duced stiffrness, E 1.

ap
’ '
dz f;--- d
£ : N IERY
A= E—7 & + N, [ e
| = : I <
: I
——— —— [
— 1wl
i k-\—-q—m ~ -
3 Mt
VIR Ny +diy 8 OBra A
2_F % i )
5 ko1
J N
] kaA AR
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Fig. 76. Diagram Showing the Distribution of Standard Stres-
ses in Two Infinitely Close Transverse Sections of a Bean.
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The E“p-value depends on the ratio E “/E ) .

P c. Y
for Ep.m/Ec.w = 0.5, Enp ] 0.68Ec‘ 5
for Ep.w/EC-ﬂ = 0.1, Enp = 0.2330.".

As is apparent, the absolute value of the corrected modulus E"’
comprises a certain fraction of Ec.", the value of which in turn
changes at a variation in the grade of concrete.

The method discussed for investigating the diatribntisn of the
stresses can be readily extended to the sections formed from rect-
angles (for instance, the T- or double-T connections).

Distribution of Tangential Stresses. Having elucidated the
gquestion of the relative distribution of the staudard stresses by
height of the beam, we can also easily establish the nature of the
distribution of the tangential stresses. Assume that AE ¢nd DG =
= two infintitely close transverse sections (Fig.T76), betveen vwhich
no external forces whatever are applied to the bean.

The tangential stress acting on area BCC'B’', /136

dT = tbdx. (15)

The standard (normal) stress in the elongated zone of section

AE at level zp from the neutral layer

o, = LPhl (16)
Ay
The normal tensile force Np in section AE
(Nyh -’jc.ﬂ = ‘—'{)—‘j"#" -%S(',)' (17)
Py
] ’

where S (z_) = the static moment of the part of the area of extend-

P
ed zone of the sectiun, the CG of wvhich is determined by the ordin-

ate zp re.ative to the neutral line,.
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By analogy, :“he standard stress in the expanded zone of

section DG
(Np)l=£::"_s(zﬂ)‘ (18)

LN e R e o

The difference in the standard stresses (Np)2 - (Hp)1 is comp-

vernsated during the projection 2nto the neutral axis with stress dT

dT = tbdx = EL;‘i'ﬂS(z,).

from which
. _. (oph—(oph S(z,).
T Rgpds g (19)
Substituting into Eq.(19) instead of (Op)l and (op)2 their val-
ues according to Eq.(11), we find

L 3(My— M) S (1)
) hpbideht VE,

Taking into account that M, - M, = dM = Qdx, and taking Eqg.(9)
into consideration, after transformations, ve derive an expression
for the distribution of the tangeantial stresses by height of the exs=

panded zone of the beam's section:

<= QS(I!) .(VE}I’VE&-)’ ) (20)
T AE,

We derive the same by height of compressed (contracted) zone of

the beam's section:

P el ¥ |
= QS (1) (‘ E,Al*‘fst l) .
1) 45'. (21)

The maximum tangential strecrses correspond to the neutral /137
layer.

Substituting in (20) the values I = bh’/12 and S(zp) = bh;/2
and taking £3.(9) intc account, ve ccmpute

1 = 3/ . Q/bk. (22)

TAX
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Section 22. Estimation of Bearing Capacity of Reinforced
Concrete Elements of Hull Designs Based on Formulas for Calcu-
lating the Ferroconcrete Designs

The critical state in respect to the bearing capacity develops
at the time of the appearance of fluidity in the extended reinforce-
ment or by the time of attainment of the critical values for the
stresses in the compressed zone of the reinforced concrete element's
section. In the case of a critical state, the functiorning of the
concrete in the elongated zone is not taken into account; the screen
and the rod reinforcement is taken into account with its rated resis-
tance. In view of the thin-walled state of the reinforced-concrete
designs, the resistance of the concrete during axial and eccentric
compression, and also in the compressed zone of the elements subjected
to bending is determined by its prismatic strength. The values of
the rated resistances of the cement-sandy concrete are assumed the
same as for the heavy concrete of the pertinent brands, while the
elasticity modulus is assumed with the coefficient 0.75.

The mechanical and elastico-plastic properties of the steel in
the mesh networks formulated according to GOST 3876-47 or MTU-10-5-61
eare not belov the projerties of btrand St. U steel. The rated resis-
tance for the screen sccording to GOST 3820-L7 is 1ssumed to equsl
2100 kg/cmz. The rated resistances of the rod-type reinforcement are
adopted according to SKNiF, Chapt. II-V-1, as for the ferro-concrete
designs.

The bear.ng -apscity Jf tne reinfcrced concrete elements sub-
Jected to axial elongatior and compression is calculated similarly to
“he calculiatiorn of the ferrcccncrete sections. Ir this connection, {n
the caicuiaticn fcor eicngati-n, vwe take intc acccurnt the full section

of the reinfcrcerent f trhe rcds and screens; irn the calculation for
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compression, the section of the fiber screens (cwing to the danger
of lamination of the material) is taken into account in an amount not '
exceeding u, = 1.0-1.5%. ) b
A feature of the calculation of the bearing capacity of the
ferroconcrete sections with the dispersed distributed reinforcepent
during bending and eccentric compression and expansion consists in the
indeterminacy of the position of tue center of the stretching forces
in the section depending on the position of the neutral axis. Taking
into account the fact that these stressed states are encountered most
often in shipbuilding practice, let us examine the estimation of the
carrying capacity of the btent, eccentrically compressed and elonga- /138
ted reinfor~ced concrete ¢ exments based on the formulas for calculating
the sections of the ferroconcrete designs.
In the derivation of the calculation formulas (with allowvance
for the indeterminacy mentioned in the position of the center of the
elongating forces in the section with the dispersely distributed screen
reinforcement), use was made of the method of converting the system of
internai forces in a secticn for the critical state, vhich was first
suggested by B.N. Samoylov?®.

Calculation of Buckling Elements with a Section of Any
Symmetrical form Relative to the Plane of Flexure

The system of internal forces iz z section for a critical state
during tending ana the arms of the internal couplec are indicated in

Fig. 77.

®B.X. Samcyiov. Caiculation cf Elements of Reiafor:ed Concrete Desigrs
and Ferroconcrete Designs with Distributed Reinfcorcesent. Pudblicaticn
of Kuybyshev Engineering-"onstruction Irstitute, 136L.
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Fig. 77. Diagram of Internal Stresses in Section for Critical
State During Flexure: a- geometric diagram of section; b~ systen
of internal stresses for critical state; c- transformed system of
internal stresses for critical state.
The equilibrium of projections of internal stresses in the

section onto the elements a..s is expressed by the equation:

Z, + 2, - Do - Dg - Dy = O.

The equilidrium of the moments internal stresses relative to
the CG of tlie sectional area of the extended rod-type reinforcement
is determined by the equation:

M ¢+ 2.z, - Dgzy - (D, =Dg ) z = 0.
In these equations:
Z, - the critical stress in the rod reinforcement of the
elongated zone of section, equalling:
2y = Fal,
vhere F, - sectioral area cf rod-type reinforcement in the extended
zone of section;
Rq - calculated resistance of rod-type reinfcrcement %o stretch-
ing; and /139
Z. - critical elongating force in all gcreens of the section
equalling:
i, = F.R, = u.FR. = uyabhR.,

[ C
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where F_, - sectional area of longitudinal wires of all screens in

section;

R. - calculated resistance of screens' wire,

Mo - coefficient of reinforcing with screens;

az F/bh - characteristics of section;

b, h - parameters of width and height of section;

Do, - compressing force absorbed by the screens of the compressed
zone of section, applied to the CG of the area of com-

pressed zone and equalling;

D, - F,(R 47 nFg(R 431 nabheiR — 30
where F'c - the sectional area of longitudinal screen wires, located

in th: compressed zone of the section;

Fé - the area of compressed zone of section;

ac=*Fj% /bh, - characteristics of section;

Oc'- stress in the screens' wire in the compressed zone of
section, equelling k., in the critical state, and

Dg - critical compressing force in the concrete of the compressed
zone of the section, applied to the CG of the comprssed zone

and equalling:
D, ~ FR, - 1 bAR

Da - the criti.al compreesing force in the rod-type reinforce-

ment of the section's compressed tone, equalling

t
Dg = F uRuc'
vhere Fa' - area of section of rcd-tyre reinforcement in the compres-
sed zone of secticn;
Rac - calculated resistance of rod-type reinforcement tc com-

pressicrn;
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M - bending moment in scction from external effects;

2, - distence from CG of area of entire section to CG of secs

tional area of extended rod-type relnrorcement, equalling

2o = Yobs )

I, - distance from CG of sectional area of rod-type reinforce-
ment to CG of sectional area of extended rod-type rein-
forcement, equalling z, - h - a', and
z - distance from CG of area of compressed zone of section to
CG of sectional area of elongated rod-type reinforcement
equalling:
z - yho,
vhere vy, - 2,/h; y - z/ho - coefficients of internal force couples in
the section;
F, S
=§“- (vhere 85' -

Ay=Ta, =

2 s
T

the static moment of the area of the compressed zone of section rela-

Introducing the notation

tive to the CG of sectional area of the elongated rod-type reinforce~
ment) and having substituted the above-listed expressions for the
forces and arms into the equations of projections and moments of {n-
ternal stresses in the section, efter a series of transformationes, va
obtain seven calculation relationships.

The equation for determining the critical dearing capacity of

the sections:
M= F,R 2, + (2R +R,|AM,—p FRz, (23)-

The equation for finding the charscteristic A

M. pFR1, —F R 1,

e e (24)

The equation connecting the characteristic Ao vith a;. and vy,

according to vhat is assumed adbove,




A, - vag (25)

The equation for determining the sectional area of the compres-

sed rod-type reinfcrcement:

. Fy = gy (M — 20k + Ray) ABHE+ 0, FR 1) (26)

The equation for determining the sectional area of the extended

) }od-type reinforcement:

Fo= o= (28R + Ry 188y + FiR, — 1 FR]. (27)
]

The equation for determining the reinforcement factor with the

screens
= 2R, '_F_;Br:‘f_ok_-,,_ (28)
M T T F - 2ibhg R,

The equation for determining the characteristic of the section

L nFR PR R, (29)
¢ (Rnp ~ cR ) by

In particular cases when in a section there is only A single

extended rod reinforcement and screens, in the ¢alculatizn formulas
(23) - (29) wve should sssume F,' - O; wher there is only s compressed

rod-type reinforcement and the screens——F& - 0 and finelly, in the case

vhen th-re are only screens, we should sssume F,_ - F&' - 0.

L] b

. - Mty

« b |
o, par- -—?—-3‘
= g K

- = ;
=R
A .

Fig. 78. Diasgraz of Irteérnsl Stregsss in a Tee-Section #for the

A

Critical State Durisg Bending, a - gecmetric diagram of section;
b -~ system of inner stressses in ri%;, - - dismgras of internal
stresses {n cverhangs ani widernings, ard 4 - diagram of internal

stresses {n rod-type reinforcement,




Calculation of Bending Elements with Double-Tee, Tee and
Rectangular Section. The diagram of forces and arms of internal
force couples 1n a critical state during bending of a double-tee
section is shown in Fig. 78.

The equilibrium of forces' projections onto the element's

axis is expressed by “he equation:
D+~ D + D} - 2D¢ + Dy 28 —2" —2, =0.

The equation of the moments of internal stresses relative to

the CG of sectional area of the extended rod-type reinforcement
co Y 4 D e 20— 2%z . =0.
M — (Di + D) 2, — (D + 2D%) 2 —Dy2y + Zete — L: 70

Substitu*ting into these equations the values of the forces

and arcs, encuiing from the diagram in Fig. 78, specifically:
D‘. - (b —b)h Rnp. Dg = benp = :b}iORnp;

DY = ' (b, —b) AR D - prbxR = bAAIR,:
D = F R“; Z? - gt\b’lR‘_:
ZYW _ yw b B .
| h,..Rg' Z,- FR, /1k2
2= ho - 0'5“’ z(l h. - 00&':1;
2, 05h—a; 2, hy—ua,
2,,- 054, —a

and also introducing the notations

ve arrive at the following calculation dependcnces.
The equation for the calculaticn of the critical btearing

capacity of the section

M R - ":.Rc' h‘_ — b, oho —_ 0.&!_" h .

ap

~ R~ 2R AR~ FLR, (hy—a' — p2AR (0,54 — a) — (30)
—ab —b 05k —ah R




/
The equation for determining the characteristic Ao

As = (Rnp+":.Rc"bn-b,‘ho_o'&"'h"—

-

‘Rnp - Q‘AeRe ) bhy

—F.R,. (h,—a’') + p2bAR (0,51 —a) + u® (b, —b) x
> (0,544 — a) A o Re].

At the same time according to what was assumed above

et oy Me=08 0 5 5 1(1—0,5%).
AO“.“E % =3 Mo ‘(l 0-5 ".) ( ’ ')

Solving Eq. (32) for €, we find

i l—1 1-24).

The equations linxing the characteristics A0 and Ao',

A, Aj- AT (1 — 05y . B B — 05k Ay
oA '
4y = A, — a0 - D5k h,

-

bhy

(31)

(32)

(33)

(34)

(35)

The sectional area of the compressed rod-type reinfrrcexent:

Foo ——=— - M— iR - n"R.(b,— b)hy— 05k A —

the — a )Ry
— R, -~ iR Abhy — PHAR (0 34 —a) -
- 0¥ (b, — bN0.5h , —aVh R

The sectional ares of extended rocd-type reinforcement

F.” Rl :‘Rm "}l:.Rc’(b“-b)h”+‘R”P 2-“<FR€'EM° N

~ F.R, — pPbAR, —n)®(b o —b)A R,

The coefficient >f height of se-ticn's -~ mrresscd zorne
r

¢ F — FR WPBAR, - p=(b,_ - bih R -
h. \R :ofR(l 'A*n

%
—FR, — R..  a"R_(b.—bVA_

The expression for the characteristic a3 of se-*i rn:

iba i A,

(36)
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In this instance when the coefficients of reinforcement

(by screens) of the flarges and the rib are identical

pe' = #g = plv = B

Equation (37) is transformed

Fu= < [ac(Rap o 20cR0) by — p AR, + FiR,. (40)

Sclving Eq. (40) for a,, ve obtair

_ F,R, +u bR TR (k1)

4 ac
'jc =

(Rnp + 2ueRc) b4y

The coefficient of reinforcement by screens at the prescribed sec-~

tional area of the rod-type reinforcement is found from Eq. (Ll),
solving it for u,

o (x2)

“np

(F — 23cbhy) R,

b = a bh F.R,,—F R,L
<

Fcr the tee-sections with a flange in the elongated zore of

the section, in Egs. (30} - (42) we should assume ha= O; for the
tee sections with a flange in the compressed zone- hyw = 0; for the
rectangular sections hn - hyw = C.

Applicability Limits of the Calculaticn Formulas. The
above-indicated calculation formulas were obtained under the assump-
tion that the disruption of the bending momen> begins from the elon-
gated zone of the section, from the moment of advent of fluidity
limit in the extended reinforcement. 1In those cases when the sec-
tic:i in the extended zone 1s re-reinforced and the disrupntion of
the element is limited by the advent of the critical stresses in
the concrete and the reinforcement of the coxpressed zone of the
element's section, at *he stresses not reaching the critical ones

in the extended zone, the calculation formulas cease being valid.
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.pressed zone does not exceed x =

The condition of the original development of the critical /1uk
stregsses in the extended zone is expressed by the inequation known
from the ferroconcrete theory:

Ss < “Sa. ‘ (L3)
where Sd' -~ the static moment of area of compressed zone of section
reiative to the axis running through the CG of sectional
area of the extended reinforcement;

S, - the static moment of useful sectional area relative to

the same axis; and

§ - the coefficient depending on the type of concrete.

Th application ¢f this condition to the sections with the
dispersed-type distribution of the reinforcement is made difficult,
since the position of the CG of the sectional area of the entire
extended reinforcement depends in its turn on the position of the
neutral axis, which complicates the calculation of the static
moments S4' and S,.

It is known that the maximum height of the compressed zone
will teke place in a rectangular section in which the screen rein-
forcement is lacking. In this case, condition (43) yieids:

x < 0,554,.

In the case when in the section, the rod reinforcement is
lacking and there are cnly screens, the maximum height of the com-
0.50 ho, since at a sufficiently
close approximation of the compressed zone to this limit, the
equilibrium of the internal stresses become impossible, while the
section of the screen reinforcement tends toward infinity. This Is
indicative of the fact that at a large but finite reinforcement of

the section of the reinforced concrete element by some screens, the
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height of the compressed zone will be slight.

For the upper limit of the height of the section's compres-
sed zone, determining the possibility of applicection of the reduced
calculation formulas, one should adopt the least height of the com-
pressed zone of the section, obtained from the following two condi-
tions.

l. The height of the compressed zone of the section should

not exceed half of the useful height of the section

x<.0,50h o = -h‘— <0,50.
]

2. The static moment of the area of the compressed zone of
the section relative to the CG of the sectional area of the extended
rod reinforcement should not exceed a certain part of the static

moment of the useful sectional area relative to the same axis

Se < 2S-
/145

The value of the coefficient § for brand 400 concrete is
recommended to be assumed equal tc¢ ©.060, while for brands 500 and
600 concrete, the value should be assumed at 0.70 and 0.65, resvec-
tively.

For the tee-and double-tee sections, coundition (L3} is

equivalent to the condition

Ay A (45)-
where we determine the valueAg according to the formula

Ay = 0,5 - (.‘;1__ 1',(1 _.0.51'!“) L.

o/ by (46)
[ b \ Ryw a\ h
1-(\—’;"——1)(0,5 %o--—h;)_;o“'_.




Application of Formulas to the Solution of Certain Problems
on the Design of the Flexured Elements of Reinforced Concrete (in
the example of an element of a double-tee section). a. Verifying the
strength of the section. Given: the geometric characteristics of
< the section, the areas of the reinforcement sections, mechanical
characteristics of materials, the bending mcment, caused by the
external forces.
1. Find the coefficient of height £ of section zone accord-
ing to Eq. (38). ‘
2. Determine the characteristic A_' wit: Eq. {32).
3. Find the bearing capacity of sectiion M with Eq. (30).
L. The value of the moment based on Eq. (30) muct be greater
than the value of the moment from th: externsl foreces.
b. Determining the sectional urea «/ szinforcement. Froblem
1. The concrete of the compressed zcne of the section was fully
used, A, = (AO)np'
Given are the geometric characteristics of the section, the
reinforcement coefficient with screens, the mechanical character-
istics of the materials and the bending moment in the section.
The finding of the sectional area of the extended and com-
pressed rod-type reinforcement is conducted in the following sequence:
1. Assign as the critical value the characteristic A, from
condition (45).
2. Find the characteristic A ' from Eq. (35).
3. Find the coefficient £ from Eq. (33).

L. Find the characteristic of the section a. from Eq.(39)
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5. Determine the sectional area of the compressed rod
reinforcement with Eq. (36).

6. Determine the sectional erea of the extended rod rein-
forcement with Eq. (LO0). |

Problem 2. The concrete of the compressed zone was not
fully utilized, Ao<(A0)np'

The compressed rod reinforcement is prescribed, or is im-
posed by the design concepts. In addition, we know the geometric
characteristics of the section, the coefficient of reinforcement /146
by screens, the mechanical characteristics cf the materials and
the bending moment in the section. The sectional area of the ex-
tended rod reinforcement is determined in the following order:

1. Determine the characteristic A ' according to Eq. (31).

2. Find the coefficient £ based on Eq. (33).

3. Find the characteristic of the section a, from Eq. (39).

L, Determine the sectional area of extended rod reinforce-
ment according to Eg. (L40).

Problew 3. The concrete of the compressed zon: of the section
)

vas not fully utilized, A, < (A

o o'‘np”’

Known are the geometric vaaracteristics of the section, the
areas of the rod-type elongated and compressed reinforcement, the
mechanical characteristics of the materials, and the bending moment
in the section.

The sectional area of the screens' reinforcement or the
coefficient of reinforcement by screens is found in the following

order:

1. Determine the characteristic A ' according to Eq. (31),




into which there is substituted the lease value Moo determined
from the design concepts.

2. Find the coefficient £ based on Eq. (33).

3. Determine the characteristic of section a, based on
Eq. (39).

4. Find the coefficient M of reinforcement by screens based
on Eq. (L2).

In the case when the u.-value found in this manner differs
markedly from the adopted for substitution into Eq. (31), it is
re-substituted into this same formula, and we find the refined
value for u.. Such a calculation by successive approximations,
the number of which as a rule does not exceed 3, leads to the ob-
tainment of a fairly close coincidence of the p.-values, calcula-
ted with Eq.(42) and adopted for the substitution into Eq. (31).

Calculation of Eccentrically Compressed and Eccentrically
Extended Elements. |. Case of Eccentric Compression. This is
typified by the fact that the disruption occurs at the attainment
of the critical values of stresses in the reinforcement of the ex-
tended zone of the section. Oving to the high plastic deformstions
associated with the onset of the phenomenon of fluidity in the
elongated reinforcement, there occurs an intensive opening of the
cracks, oving to wvhich wve have a decrease in the height ¢f the com-
pressed zone of the section; as & result, wve have the development of
critical stresses in the concrete and in the reinforcement cf this

zone of the section.
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The system of internal forces for the critical state in case
I of eccentric compression for an element with a section of any sym-
metrical form is shown in Fig. 79.

Writing an equation of the equilibrium of projections of in-
ternal forces in the section ontc the element's axis, and the equation
for the moments of these forces relative to the CG of the sectional
area of the elongated rod-type reinforcement, after a number of /147
transformations, we will arrive at the calculation dependences for
finding the bearing capacity of the section, and a determination of
the sectional area of any of the reinforcements. These dependences
are =analogs of the Eqs. (23) - (29), typifying the critical state
during flexure.

The equation for finding the critical bearing capacity of the

section
Ne - ‘?,"Jch - Rw) Aobhé = 'F;Ruza_}'¢Fsz" (L7)

£l
zz/fy T
. 474’§ A
W 28274y

T
V.

04

Fig. 79. Tiagre=m of Interral Forces in a Section for the
critical stave in case [ of eccentric ceompression: a- geo-
metric system of section, bt - systex= cf internal stresses
for critical state, and ¢ - ccnverted system of interanal

stresses for the critica, state.
The eguaticrn for finding the characteristic A
c

Ne aFR1, FR.1,

A L8 2T Talahs
' R R )N (L&)




The equation linking the characteristic A, with a, and v,
A, = a,v. (L9)
The equation for finding the sectional area of the compressed

rod-type reinforcement

F,= ! [Ne — (2p.R. — Rnp) Aobhy + pJ"‘RJ,]. (50)
' Ructhe—a)

[

The equation for finding the section area of the extended

(elongated) rod-type reinforcement

1 g, .
F, = R, [(A—‘Pckc—.‘Rnp)’cbko"‘FlRac“'"chc_’N]' (51) /148 .
The equation for finding the coefficient of reinforcement by
screens:
'cbhoRnp F.R. - 7.5_,:‘_! -
e ) (F—-?l(bh.)Rc (SC)
The equation for finding the characteristic of the section
. %FRc‘f;R.:l;Ru~ N ‘ (53)
¢ ‘Qf‘cRc Rnp) bhi
a) b <) d
- ” '
2 b . " 1y X
7Z. 2
) -
Pl 4! =3 .
- ) <l |E { ~ S8
! e E Ry J
(,'—-;“LEL‘ - "E; =
‘q F"‘L '7 “'V""L
Fig. 80. Diagram of Internal Forces in a Doubtle-Tee Section
for the Critical State in case I c¢f Eccentric Compression:
a - gecornetric disgram of sectica; b - diagram of internal stres-
ses in rib,; ¢ - diagram of internal cstresses in the over-
hangs and widen:ngs: and d - diagram c¢f internal stresses in

the rod-type reinforcement.
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The diagram of the internal forces for the critical state in
case I of eccentric compression for an element of a double-tee section
is shown in Fig.80. The calculation dependences are derived from the
equations of equilibrium of internal forces and moments.

The equation for finding the bearing capacity of the section

Nz = (R, + n*R. (b. —b)hy— 0.58,)h, = 1R, = 2uER,) Agbhj -
+ FiR, \hg—a 1 — u’bhR, (0,50 — a) —
— w2 (b,,, - b)(0,5h,, —a)h R, (54)

The equation for finding the characteristic A,' and the co-

efficient §

A m:bhj‘heﬂw”" - e Rel (b =b)ho — 0,54,), — (55)
—F.R ., thy —a'+ = «PbAR_(0.5h —a) + ,
+ 0¥ (b, — 0105k, —a)h LR (56)
A, H(1—0.5);
o= 1—24,. (57)
/149

The equations linking the characteristics Ay, and Ay':

A= A+ A® 1(1— 0,55 + Gn =BG 0Shnbn (58)
bhg
A':: A _ ‘bn—b)(h‘ﬁors{hﬂ)hﬂ .

o W . (59)

The s3ectional area of the compressed rod-type reinforcement

L [Ne—1R,, - p"R.i (b — b)thg — 0.5hy h, -

* T (M= )Ry
— 1R, ~ 7R, ABK, + pPbAR_ (0,58 — a) +

= b9 (b, — b)(0.50, — 0V R,

\

/N
(o8}
—




The sectional area of the extended rod-type reinforcement

Fu= o [1Roy 4+ 65 RO (by— by + (Rup + 20CR.) thhy + o)
+ F;Rac“‘N - F:bhkc - Pcym (byu - b)hynRC]'

The coefficient of the height cf compressed zone of the sec-

tion:

: [F.R, + b2bAR, + 11" (b, — ) hyuR. +

f=—————— :
(Rap = 262R.) bk (62)
+N-— F;Rac - (Rnp + P:.Rc) (bn" b,hnl- !
The expression for the characteristic of the section a,
nc=E+acl=E+_—"‘b"—“‘b)hn : (63)

bh,

In the case when the ccefficients of reinforcement by screens

of the edgings (?) and of the rib are identical:

p.:;' - p:’ = ptY'" = e

Equation (61) is transofrmed

F,= Rl [%(Rnp+2P:Rci'bhi_Pethe"‘F;RM—N]' (64)

Having sclved Eq. (6") for a_, we obtain:

F.R" 1 thr_Fle N ‘
e (Rap  21cRc) bR : (65)

The necessary ccefficient of reinfcrcement by screens in case
of a prescribed reintourcement of the rod-type mounting is found fronm
a sclution of Eq. (6%) for b

MRy FuR, N~ FR,

(F- 2ithg R, (66)
In Eqs. (5L4) - (66}, for the tee-}oint sections with a /190
border in the compressed zone, we should assume Qyw = 0, fcr tne
tee-jnoint seltiins with a border in the extended zone, h n = ¢ and,

17k~




finally, for the rectangular sections - h, = Qym = 0.

Since the stressed state in case I of eccentric compression
does not differ in_its nature from the stressed state during *ending,
all the limitations of the height of the comﬁressed zone of the
section of the elements (which are being bent) are also extended to

case 1 of eccentric compression.

v Y] ¢)
g
g 2 g 2
' ?- ¥ ;t ‘ ‘
; Sam—
at’ 3] « ! gq’, - LA
< /f,l:l_.- =11, %
L §

Fig. 81. Diagram of Internal Forces in a Section for the
Critical State During Case II of Eccentric Compression:

a - geometric diagram of section; b -~ case when the disrup-
tion starts from the edge closest to *he force N; ¢ - case
vhen the breakdovn begins from the edge more distant from
the force N.

The design of the elements, extended eccentrically according
to case I, can be achieved according to the formulas presented for
case i of eccentric compression with the substitution into the design
formulas of the value for the standard strength N with an opp.site
sign.

I1. The case of eccentric compression is characterized by the .
fact that the disruption takes place upon the attainment of the criti-
cal stresses in the reinforcement and concrete of the most compressed
sectional zone. The nature of the breakdown and the stressed state

resemble the critical state for the centrally compressed elements.
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In Fig. 81, we have shown a diagram of the internal forcesz for
the critical state in case II of eccentric compression for an element
vith a section of any form, symmetrical relative to the flexure plare.

In the case of slight eccentricities, the breekdown can start
both on the side closest to the force K, applied with the eccentricity
e in relation to the CG of the sectional area as well as on the side
more remote drom the force N, which will be determined both by the

configuration of the section as well ags by the areagor reinforcements

F, and P'a' /151
The equatirn for the equilibrium of moments relative to the CG
of the sectional aresa Fa of the rod-type reinforcemernt more distant

from the standard force N, has the form

Ne = (Dy + D;) 2, + Diz,.

The =2quilidbrium equation for the moments relative to the CG
of the sectional ares F'a of the rodstype reinforcement loceted closer

to “he standard force N, has the form:

" Ne =Dy + D,)z,+D,z,.

In these equations:

D; = Fan; DG = FR(‘ID:
De = peFR:; Do = pFRe:
Dl = FlRu; D. =1 F.R.-

Having substituted the value of the fnternal forces and of thé
arms into the equilidbruim equatinn of the uwoments, aud having solved

them relative to the force N, we will derive

N ":‘ [(Rup + peRe) Aghls + FuR oo (B — 0 )} (67)

' re . ’
N = L [(Rey + 1R ASBHS + F.R, (B — o). (68)
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A;:z_'_._,i; A;.m-’:—'-.-:?—.
bhy e bhyg

Froa Eqs. (67) and (68), we can find the sectic~.l areas of

the rod-type fittings (reinforcement):

.

Fo = Ne—(R, -~ uR) Ak . (69) .
Rec (ho— ) '
F, = Ne — (Rap = ¥R Ao bhg’
7 R, (hg—a) (70)

and also the necessary coefficient of reinforcement by screens, ir

the sectional area of the rod reinforcement is already known:

.- Ne—FRelhg—a) Ry, (71)
¢ A}hgkc R.’
Ne —F.R |k, —a)
pem 2L R\ 28] _ Rep (12)
Agbh AR, Re

The appl{catlon of the formulas to the solution of certain
problems in the design of the eccentrically compressed elements made
of reinforced concrete (in the example of an element of a8 double-tee
section). Case | of eccentric compression.

a, Verification of sectional strength. /152

Given the geometric characteristics of the section, the sec-
tional area of the reinfornement, the mechanical characteristics of
materials, the external force in H and the eccentricity of its
application, e. .

1. Find the coefficient £ from Eq. (62).

2. Determine the characteristic A', from Eq. (56).

3. Pind the bearing capacity of the section from Eq. (5L) and

compare it with the vaJue of the moment, caused by the eccentrically
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applied force, N.

b. Determination of sectional area of reinforcement. Problem 1.
The area of the concrete of the compressed z one of the section is
completely utilized, A, = (Ao)r‘p.

Given the geometric characteristics of the section, the

v

ccefficient of reinforcing by screens, the mechanical characte-istics

.

- ‘of the materials, the force N and the eccentricity, e, of its appli-
cation.

The determination of the sectional area of the extended and
compressed rod-type reinforcement is conducted in the following order:

l. Assign the critical value of the charscteristic A, from
the condition (45).

2. Find the value of the characteristic A'y from Eq. (59).

3. Determine the sectional area of the compressed rod-type
reinforcement from Eq. (60).

L. Find the coefficient £ from Eq. (57).

5. Determine the section area of the extended rod-type rein-
forcement with Eq. (61).

Problem 2. The area of *the concrete in the compressed zone is
not fully utilized A, < (Ao)np .

The section of the compressed rod-type reinforcement is given,
ar is determined from the design concepts. We also know the geometric
characteristics of the section, the coefficient of reinforcement by
screens, the mechanical characteristics of the materials, the force N
and the eccentricity, g, of its application.

We ascertain the sectional area of the extended rod-type rein-

forcement in the following sequence:
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1. Find the characteristic A' from Eg. (55). /153

2. Find the coefficient ¢ from Eq. (57).

3. Determine the secticnal area of the extended rod-type
reinforcement from Eg. (61). .

Problem 3. The concrete in the compressed zone of the sec-
tion is not fully utilized, A, < (Ao)'1p.

We know the geometric characteristics of the section, the
areas of the rod-type extended and compressed reinfcrcement, the mech-
anical characteristics of the materials, the force N and the eccen-
tricity e of its application.

The sectional area of reinforcing the screen, or the coeffic-
ient of reinforcement by screens is found in the foliowing order:

1. Determine the characteristic A', from Eq. (55), into which
we substitute the least (from design concepts) value for ..

2. Find the coefficient £ from Eq. (57).

3. Determine the characteristic of section a, from Eq. (63).

b, Find the coefficient Mo of reinforcement by screens fron
Eq. (66).

If the value obtained for u, differs greatly from that adopted
for substitution into Eq. (55), it is substituted into the same formula,
and the calculation is repeated successively up to the ocbtainment of a-
sufficiently close coincidence of the u -values, computed from Eq.(66?
and being applied for substitution into Eg. (55).

Case |l of eccentric compression. a. Verifying the strength of
a section. Given the geometric characteristics of the section, the

sectional area of the reinforcement, the mechanical characteristics

-179-

i g




of materials, the external force N, and the eccentricities, e and
e' of its application.

The verification of the bearing capacity of a section :educes
to a comparison of the least of the values of force N, yielded by
Eqs. 67 and 68, with the value N of the prescribed external fcrce.

b. Determination of sectional area of reinforcement. Problem 1.
We know the geometric characteristics of the section of the .element
the coefficient of reinforcement by screens, the mechanical charac-
teristics of the materials, the external force N, and the eccentrici-
ties of its application.

We determine the sectional areas of the compressed and extended
rod-type reinforcement from Eqs. 69 and 70, respectively.

Problem 2. We know the geometric characteristics of the element's
section, the sectional areas of the rod-type reinforcement, the mechani-
cal characteristics ot the materials, the external force N, snd the
eccentricity of its application.

We determine the required coefficient nf raintorcement by
screens based on one of the Eqs. Tl or ¢, yielding the mayimum value.

Section 23. Results of Tests 7or the Strength of Ship Designs

Made of Reinforced Concrete

The effective utilization of reinforced concrete in *he ship

‘designs is conditioned by tne reliability of our knowledge concerning

.its behavior in the designs at various values und methods c?f applying

a load, and also by the reliability of the apj ied methods of calculs-
ting the strength of the reinforced-concrete designs. Proceeding from
these concepts, for the purpose of obtaining experimental dats concern-

ing the operating features of the ship reinforced ccncrete designs,
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ve ran tests on the strength of several of them. In this connec-
tion, we incidentally investigated the influence of the systems of
reinforcement, the operational capability of the connecting elements,
and the effect of the manufacturing technology.

In connection with the fact that a larée part of the designs
in the makeup of the ship's hull functions for the absorption of the
bending loads, the basic attention was devoted to the question of the
investigation of the strength of the reinforced-concrete designs
during this type of lcads.

Bending of Beams. The tests for the bending of the reinforced-
concrete plates, reinforced by ferroconcrete beams, from the viewpoint
of working out a method for the estimation of the strength of such
designs, the siudy of the influence of the reinrorcement systems for

reinforced-concrete plates were of primary interest.

2500 .

140

B W 8§ XTI X .

Fig. 82. Design of Rithed Plctes, Reinforced by One
Stiffening Rib. Key: a) diameter 4, spucing 100.

We subjected to the tests, the designs of twc types the p.ates
reinforced by one rib (six designs of tne vy, * skowr in Fig. 82) and
the plates reinforced by two ribs for stifrfering {(three Jdesigns of

the type shown in Fig.83).
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For the production of the designs, we used sandy concrete,
brand 400 on a base of sulfate-resistant Portland-cement, brand 500 ;
with a composition (by weight) cement: sand: water = 1:2:0.36. The
mobility of the concrete mixture corresponded to 5-6 cm of the set-

tling of the cone used as a standard by the Stroy-TSNIL. The designs

AR S i KD s
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were reinforced by mesh-type steel screens (GOST  826-47) and hot-rolled ’
rod-type reinforcement (GOST 502-41).

The system for the reinforcement of the plates in the first
type of design had three variants:

- reinforcement by ten mesh-type screens No. 8 with a diameter
of 0.7, equally distributed through the thickness of the plates;

- the reinforcement of the intermediate welded mesh of rods
with a diameter of 4 mm, located in the center of the plate's thick-
ness, and with six webbed screens No. 8, diameter G.7, with a fixed
arrangement of three screens from each side of the intermediate rod-
type screen; and

- the combined reinforcement similar to the previous case, with
the placement of the screens one on the other without assembly tension,
but with bonding into a bundle of binding wire. /155

The reinforcement of the plates in the second type of designs,
and the reinforcements of the beams strengthening the plates are shown
in Fig. 84. The concreting of the designs was conducted in the wood-
yetal forms with the rid downward, with utilization of type I-T sur-
face electric vidbrators for packing the concrete. The anchoring of
the ferroconcrete rid with the reinforced-concrete plate was accomplish-
ed by installing the lug of the clamps of the reinforcing frame of the

rib between the half-packets of the webbed screens of the plate. All !
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Fig. 83. Design of Ribbéd Plates Reinforced by Two

Stiffening Ribs. a) diameter 6, spacing 100; and

b) clamp, diameter 6, spacing 100.
of the designs were tested in & condition when the reinforced-con-
crete plate was placed in the extended zone. The load was applied
eccording to the system of pure bending, in stages of 1/10 - 1/15
of the breakduwn ioad. At each stage of increasing the load, we
measured the linear deformations and the sags, established the ap-
pearance of visible cracks, and we measured the width of their open-
ing. The nature of the disrupticn of all the designs was identical
and correspondzd to the following pattern.

“ne fourmation of the cracks started on the upper surfsace of

the plates; then they penetrated the entire thickness of the plates

and proceeded further into the extended (stretched) zone of the beanms,
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Fig. 84, Distribution of Stresses Across Width of a

Sheathing Plate.

plate,reinforced only by webbed screens;

- - - - plate, reinforced by webbed screens and by
an intermediate welded screen of rcds with a
diameter of 5 mm. Key: a) symmetry axis of
beam section.

reinforcing the plates. Under a further load of the designs, in the

zones of the effect of the shearing forces, there appeared sloping

‘cracks along the beams' walls. The width of opening of these cracks

_immediately reached 0.10 mm. The final rupture of the designs took

place as a result of the breakdown of the compressed zone of the beams'
concrete. By this time, the width of cracks' opening on the upper
surface of the plate constituted 0.15-0.20 mm., We failed to observe

ruptures in the webbed screens of the reinforced-concrete plates.
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We succeeded in utilizing the results gained from measuring
the linear stresses across the plates' width for the approximate de-
termination of the value of the attached strip of the sheathing, par-
ticipating jointly in the beam's functioning. We have indicated imn
Fig. 8L the distribution curves of the deformation across the widt. of
the plates for different values of the loads based on the results ob-
tained from testing the first type of designs. As 1is evident from
the graph, the diaztribution of the stresses across the plates' :i.th
under all loads depends on the system of reinforcing the plates for
those which are reinforced only by the webbed screens with Kp= 2.2
cmzlcma, we typically find a more uniform 3distribution of stresses
by width than for the plates with the combined reinforcement having
a specific reinforcement surface Kn = 1.7 em2/cem?3,

Equating the area of the actual distribution curve of the stres-
ses and the fictitious rectangular curve to the side, tantamount to
a deformation in the plate directly over the beam, we determined the
value of the attached strap. In the cases which are under considera-
tion, the width of the attached strep comprised 92 cm ("pure" reinforced
concrete) and 84 cm (combined system of reintorcing the p.ate), which
exceeded by 35-25% the third part of the design span of the beams
during the tests, and by 50-40% the twe-rty-frivefcld actual thickness
of the reinforced concrete plates. It is evident that “he recommenda- /157
tions, generally adopted in the ferroconcrete shipbuilding, relative
to the design width of a plate, functioning together with a beam,

vith application to reinforced concrete require £-me refinements.

For a Judg:+n* . the values of the loads at which the width
of the cracks' o v . i:. the reinforced concrete plates constituted
-185-




0.05 mm, and for a comparison of them with the calculated values, wve

have presented the data corresponding to the tests of the second type

of designs:

[

Values of bending moments (ton-meters), corresponding
to an opening of the cracks in the elongated zone by
about 0.05 mm:
from the experiment ......... -voeeoso.. B.17
by calculation .s..eveceerrirnisennssaas U.TS
Ratio of the values of the bending momant,
obtained by the experimentsl ard calculation
method, & ....vvtivieerneeonocesenneannssn 08
The calculated value of the bernding moment was determined on
the basis of the method of disruptive loads, proceeding from the fol-
lowing assumptions: the uniform distribution of the forces through
the thickness of the plate and the operation of the rlate's material
with the entire area of the section, to axial elongation. The adoption
of these assumptions is substantiated by the nature of the deformation
| of the designs, expressed in the process of the tests.

The fairly close coincidence of the experimental and design
values of the bending moment permitted us t0o recommend the calcuiation
of designs, representing the combination of beams made of ferroconcrete
and plates of slight thickness made of reinforced concrete, based on
the prirciple ¢f the method of breaking loads. In this context, in the
case when the plate is located on the side of the extended zone of the
section,the value of the breaking force and the value of the arm of
the internal couple should te determined, proceeding from the reduced
area of the plate and the standard resistance of the plate's material

. to axial elongation, adopting the curv2 of the stresses in the compressed

zone of the beams according to a triangle (since at the moment of the
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cracks' opening in the plate by = 0.05 mm, as the experiments have
shown, the equivalent compressing forces do not exceed 50% of its
critical value). One should not take into account in the calculation
the functioning of the concrete in the beams to elongation.
Bending of flat plates. The purposeful object of these tests
was the obtainment of data on the strength of the monolithic reinforced
concrete plates and the checking of the operating capability of the
connection points of the reinforced concrete plates with each other
and of the reiunforced concrete plates with the ferroconcrete ones in
one plane. The monolithic and Jjointed plates were subjected to the
tests. All of the plates had the same dimensions in plan of 1500X1000
mm; the thickness of the plates and the systems of their reinforcement
vere different. /158
The connection of the reinforced coacrete plates with each
other and of the reinforced concrete rlates with the ferroconcrete
plates in one plane was :onducted on a bypass without the velding of

the reinforcement rods (the length of bypass was 75-80 mm) of the con-

necting plates, at simuitaneocus bypass into the zone of joining of the
vebbed screens. The design of the connecting reinforced concrete plates
vith the ferroconcrete ones corresponded to one of the variants of the
design of plates of the 'twveendeck of the hulls on the ferroconcrete
marine ships. The thickness of the¢ ferroconcrete plates equalled 60 =zm;
the plates vere reinforced vith two screens from rods vith a diameter

of & anm.

The reinforced concretes plates were made from sandy concrete

of the planned 500 dbrand. The consumption of materiais per cubic meter




e -

‘tion stresses aot exceeding the vaiues ¢ = JQ0-3

of cement-sandy concrete comprised:

Portland-cement, sulfate-resistant, C, kg 816
Sand, S, KZ +.cvvettennnsronrriestcnrannssns ..1200
Water, W, liters ........... et eeeees 296
Water-cement ratio, W/C .......... e ....0.36

The quality of the materials having been utilized for tkre
preparation of the concrete complied with the requirements of the
effective State Standards (GOST) for the building materials.

The data concerning the dimensions, system of reinforcement,
strength of concrete, and number cf tested plates are prosented in
Table 13.

The testing of all of the flat plates, Jjointed and monolithic,
was conducted according to the system of pure bending. The load wvas
applied in steps, equalling 0.20 cf the calculated breaking load.

The duration of the delay between the individual stages com-
prised 5-10 minutes. During the deley, we measured the stresses, the
bendings (sags) of the plates and the width of opening of the visible
cracks. The breakdown of the plates touok vlace from the side of the
elongated zone in the action span of the maximum tending m~2uwernt. The
rupture of the extreme webbed screen in the elongated zcne, as lhe
firnsl result of breakdovn, vas preceded by the formation and opening

of cracks in the elongated surface of the indicated section cf the

Flate.

The cracks' formation ccoccurred st values ©f relaive 2.iuga-

.
PR

PR “nier a

()

further lcud, the spening of the cracks which had formed vas de.ayci
oving to the {ncreased gdherion of ‘he reinforcezent afiz the -oficrete,

caused ty the large surface cf the wveblted screens, and ‘he ‘r.oresse in

the stresses tcock piace chiefly oving ¢ the formsation ~f tle revw
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cracks in such a way that in the action zone of the constant bending
moment (M = const), the cracks up to the time of their opening by " |

0.05 mm were arranged with a spacing of 2-3 cm.

The strength of the reinforced plates in the flooring of the

'tweendecks and the plates of the hull ceilings of marine ships is !

‘sufficient (Table 1L). /160

Table 1k

Values of the Bending Moments Obtained by an Experimental and
Calculation Method and also in Effect in Analogous Ship Designs
Based on the Design Materials ( by Groups of Plates).

|"gubol | Values of B %~ Valus of TRatio & . |
2o ts (ta-~zeters),cor- pflective o ues of ‘
T BT egponding to crucks'op< moments in| Batic bending mor '
1of designs ening in slongated sane, ﬂﬁ' ments, ob- i
; by 0.056 mm P ned ex~ H
I niput:ooo Rorimmta s H
from based on ations s in . {
experinent calouiatim hesed on ertinent ' |
(design) fplans 800 ' p do= | !
803 dgs L
i :
l .
n-1 0.116 0,142 0,05 82 2.3 |
n-2 0,783 0,740 - 106 -
n-3 0,256 0,335 - 76 - !
n-4 0,433 0 460 - 94 - i
nc-1 0.116 0.145 0,03 80 38 |
nce 1 o,u6 0,142 | - 82 - .
Pemsrk, The caloulsted veluss of the bending scmmmts were de- |

| termined acoording to the instructions of the "Tentative Rules for ;
5Cmﬁu the Strength Onloulations of fhip Dogtgcg &%domd |

. The observed deviation in the experimental data toward the
lower direction as compared with the calculation dats can be ascrived

to the increasre in the thicknesses of the protective layer of the

!
designs as compared with the planned thicknesses. The indicated '
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increase in the thicknesses of the protective layer is caused by

the fact that all of the tested experimental designs had only plus
deviations in respect to thickness, having reached 10-20, of the plan-
ned values of the plates' thicknesses, and at the same time, accord-
ing to the adopted procedure for producing the designs, under which
the webbed screens are previously combined into a bundle, the height
of the reinforcement frame remained unchanged and was chosen rsr the
planned design thickness.

The design of the connection in one plane of the reinforced
concrete plates with one another, and of the reinforced concrete
plates with the ferroconcrete ones, with the aid of a bypass without
the welding of the reinforcing rods of the intermediate screens, and
a bypass into the juncture =zone of the webbed screens, provides in
the Juncture zone of the bending flat plates the crack resistance and
strength vhich is equivalent to that in the flat (plane) monolithiec
plates. However, after the appearance of the first cracks, their /161
subsequent opening (considerably larger) and the breakdown of the
Jointed reinforced concrete plates during bending took place along
the sections of the termination of the bypass zone of the reinforcing
rods of the intermediate screen. This is evidently explained by the
fact that during the loads causeing the formation of cracks in the
elongated zone of the bending plates, there took place the disruption
in the adhesion of the reinforcing rods with the cuncrete. The avtempt .
to simplify the technology (abandonment of the welding of the projec-
tions of the intermediate screen) and to reduce the width of the joint
to the minimal dimensions (reduction in the length of the bypass of

the rods of the intermediate screen) was not reflected on the crack
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resistance of the jointed plates as compared with the monolithic

ones (refer to table 14). However, in the case of the bending of
Jointed plates, reinforced by beams, when the plate will be situated
under conditions of elongation over the entire section, the indica-
‘ ted design of Joints can not guarantee the crack resistance and
, strength, equivalent to that of the monolithic designs. For the
reliable functioning of the connection of the sections in the designs
of the indicated type, it is mandatory to weld the projections cf the
reinforcing rod in the Junction zone.

Testing the reinforced concrete plates for compression. In
connection with the fact that the reinforced concrete designs are the
most thin-walled ferroconcrete designs, considerable interest for the
practice was represented by the question of the effect of the flexibili-
ty of the reinforced concrete plates upon their bearing capacity during
central compression.

We subjected to tests the plates with dimensions of T00 X 500 X 2%
mm. The reinforcement of the plates consisted of ( 3+3) webbed screens
No. 10, with a diameter of 1.0 mm and of an intermediate welded screen
of rods with a diameter of 5 mm at a spacing of 100 mm. The plates
were made from the cement-sandy concrete having the composition:

. Portlend-cement, brand 500, kg . . . . . . 750

Send, kg . . . . . . e ¢« o ss e« s .« 41350

Water, liters . . . . + + tee ¢ ¢ o« . .. 260

Based on the data from the tests of the control samples up to

the time of testing the plates, the strength of the concrete comprised
410 kg/cm?.




The testing of the reinforced concrete plates for central
compression vas conducted under the hinged support of the short edges
of the plates, wvhich was attained by the utilization of special head-
ers, with the consideration of which the calculated length of the
plates comprised 750 mm. During the testing, the load distributed
along the short =2dges of the plates was applied in stages. At each
stage of loading, we measured the linear deformations of the plates
vith sensors (pickup devices) for resistance and ve aiso used mech-
anical comparing devices.,

It wvas established during the process of the tests that from
the very beginning of loading the plates, their compression was accom-
panied by bending, in spite of the fact that they did not have, for
practical purposes, an initial camber (round). Evidently this is ex-
plained by the dissimilar structure of the reinforced concrete through
the thickness of the plates.

In the utilization of the combined system of reinforcement, the
heterogeneity of the reinforced concrete structure is inevitable in
the sense that the longitudinal rods of the intermediate welded screen
are not located in the central plane of the plate. The heterogeneity.
caused by the displacement of the welbed screens depends on the method
adopted for producing the plates. The breakdown of the plates took
place suddenly w!thout the preliminary appearance of perceptibdle

stresses or sags, and represented a brittle fracture, characterized dy

/162

the pressing out of the concrete and by the crushing of the bared screens

from the side of the most stressed edge, with the subsequent frac-

ture of the screens on the opposing side.
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| The breakdown load, according to the average data from the

; testing of three plates, comprised 24.0 tons; according to the cal-

; culation without allowance for the flexibility, it was Ul.5 tons;

* ., based on the calculation with allowance for felexibility equalling

‘ for the tested plates 1,/b = 30, the value of the critical load = 20.8
tons. The nearness of the values of the breakdown load based on the
deva from the tests, and of the critical load, with consideration of
the plate's flexibility, confirms the need for taking into account

the flexibility of the elements of the reinforced concrete designs

operating under compression.

Section 24, Substantiation of the Standards of the
Dangerous and Permissible Stresses for the Marine
Reinforced Concrete Designs
In distinction from ordinary ferroconcrete, in the used of
which in shipbuilding considerable experience has also been accumula-

ted, reinforced concrete does not have any finished theory of ade-

quately broad practice of application. Therefore, the justified

standards for the reserve ol strength for the marine reinforced con-
crete designs under the varying conditions of their loading have not
yet been finally developed at the present time.
However, the planning and the construction of experimental
" ships made of reinforced concrete are impossible without specifying

the stendards for the strength reserve. In their development, we have
tsken into consideraticn the operating conditions of the designs in
the makeu, of a ship hull, and the features of reinforced concrete as

a building material. The reinforced concrete, as a variant of ferro-
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concrete, under elongation and compression, has differing values of
the characteristics, corresponding to the beginning of the structural
modifications of the material.

The process of the formation of cracks in reiaforced concrete
during elongation and bending depends appreciably on the type of
reinforcement: of the dispersed (by webbed screens only) or combined )
(vebbed screens and rods). . /163 |

Even before the complete exhaustion of the strength, we find
an abrupt increase in the lengthening of the cracks, with an intensive
jncreage in their vidth of opening. The ratio of the stresses, cor-
responding to this state of the reinforced concrete, to the strength
limit, ¢stablished by the strength of the reinforcing frame, is all
the higher, the higher the brand of concrete and the extent of dis-
persity of reinforcement, i.e., the higher thg Kpn-

The method for the calculation of the reinforced concrete
marine designs, if we tentatively regard reinforced concrete as a
homogeneous material, under the validity of the hypothesis of plane
section for the elements with cracks in the extended zone is actually
the calculation of the resistance to cracks.

The results of calculating the bearing capacity of the rein-
forced concrete elements, close to the experimental data, are odbtained
in the calculation based on the method of the breakdown loads. )

In the reinforced concrete designs, by nature thin-valled, the
protective layer is measured only in several milimeters,and the ques-
tion of shielding the wvire reinforcement having a large surface acquuir-
es unique urgency, especially since the process of corrosion can cause
the flaking and collapse of the protective layer of concrete, and the

complete exposure of the reinforcemeat.
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In this manner, based on the conditions of the corrosive strength
of the reinforcement screens and the water impenetrability, the marine
reinforced coucrete designs are identical to the construction designs
of the first and second category of crack resistance, in vhich during
operation the visible cracks are not permitted. Therefore, as the
dangerous stresses during elongation (axial and during flexure), for
*the ship designs made of reinforced concrete, we adopt the stresses
corresponding to the width of cracks' opening of 0.01-0.05 mm at a
thickness of the protective layer in the design comprising 2 mm. The
dangerous stresses during compression and compression during bending
are assumed equal to the prismatic strength of the cement-sandy con-
crete, i.e. without allowance for the screens located in the compressed
zone of the section.

The values of the standard (dangerous) resistances of reinforced
concrete are listed in the Appendix. For the permissible stresses, ve
assume a certain fraction of the standard resistances.

The strength standards for the ship designs made of reinforced
concrete are specified to be such that in the transition to the strength
limit of the material, the values of the reserve coefficients of
strength in respect to breakdown are obtained as not belov those es-
tablished by the Rules for the Construction of Ferroconcrete Ships
fssued by the River Registry of the RSFSR and the Registry of the USSR.
In the conversion of the values of the reserve coefficients to the
standards of the permissible stresses, vc took into consideration the
relation betveen the stresses, corrzsponding to the momeant of cracks'
opening by 0.01-0.05 mm, and the streugth limit (according to the
experimental data for shipbuilding reinforced concrete, equalling

0.70-0.75).
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Chapter V, STATIC TESTS OF THE STRENGTH OF /164
REINFORCED CONCRETE HULL OF A FLOATING CRANE
Section 25. Purpose and Problems Involved In the Tests.

The pontoon driftwood-hoisting crane with a hull made of rein-
forced concrete {the characteristics of the hull design is given in
Chapter 2) is the first and as yet the sole, not counting the small
ships of sporting design, reinforced concrete ship in the pra?tice
of domestic (Soviet) shipbuilding. Prior Lo the lovering of the hull
into the vater, on the slipway of the dock, we conducted the static
tests of the general strength of the hull, and the local strength of
the section of the deck flooring. Taking into account that the intro-
duction of reinforced concrete into the practice of ferroconcrete ship-
building is inseparedbly linked with the regquirement for refining the
physical concepts concerning the functioning of the reinforced concrete
designs of a ship hull and the consequent improvement of them, prior
to the strength tests of the reinforced concrete hull, the problem was
raised both of a purely research nature, as vell as of a direct evalua-
tion of the hull strength and of its individual units, the propriety
and feasibility of the actusl solutions, having found reflection in
the process of planning the hull. Urder the static tegsts for the

strength, the folloving quesations were solved:

1. The experimental checking of the overall hull strength during’

buckling end ceaber (hogging), of the local strength of the deck floor-.

ing section, and also the detection of the flews in the hull-type de-
signs.
2. A deteraination of the dependence 0 -¢ in the dbasic longi-

tudinal connections of the hull (sheathing of the deck and dottom)
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Frig. 85. Testing a hull for overe!l strength; a - systea
of arranging the supports slorg the length of hull and of
sectiorns for measuring the derding deflections.

4 - modbile supports;

¢+ - section of installing the zag mrasuring devices;

b - loads acting on the hull;, ¢ - curves of tle cending

soments esnu transverse forces in the Jull prior tc the bte-
gioring of :te tests; d - curves Of the bending mozents and

of the transverse forces during the camber of the hull (finael
stage); e - the same, during sagging of the huli {finai stage).
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during the general bending.
3. A detarmination of the elastic lines of the ship hull during

its testing for buckling and camber (hogging).
Section 26. Procedure used for Conducting the Tes*:

The tests c¢f the overall longitudinal strength were conducted
by placing the hull onto four supports (Fig.85,a). The distanceé be-
tveen the supporis along the length of the hull was chosen from the
condition of a uniform distribution of the hull weight on each support /165
in the position of the hull adopted during the tests for the zero
position, and under the assumption that the hull weight corresponds /166
to that planned.

As the central supports, situtated in the sections along the
12th and 22nd actual frames (ribs), we utilized the building slip
carts with hydraulic Jjacks having a lifting c#pacity of 60 tons. The
terminal supports located in the sections along the Uth and 26th frames
vere stationary and represented the building slip carts and wooden
cages.

The tests conducted on the overall longitudinal strength in-
cluded the tests for camber and sagging. The bending moment was created
owing to the actual welght of the hull by way of a graduated lifting or
lowering of the central supports. At the time of the occurrence of
hull only on the central supports, we determine the weight of the hull, .
wvhich proved to equal 135 tons. The weight of the hull determined by
vweighing exceeded its planned value, corresponiing to the saturation
of the hull at the time of conducting the tests, by 29 tons. Taking
into account that the excess weight of the hull was caused by the in-

accurscy of the concreting, the amount of this overweight can be related

-199-




-~ . e a e a e maes m .t d e e 4o am e mmm e r e mmmemie S b e s = e e e

only to two items in the weight load: the hull and the superstructure
(each of which is made of reinforced concrete).

Multiplying the ordinates of the indicated items of the weight
load, corresponding to the planning data, times the coefficient found
.a8 the ratio of the weight of the hull and superstructure with allow-

ance for the excess weight, to their weight based on the design data,

" we will derive new values of the ordinates for these items of the

weight load.

In this manner, introducing the new ordinates for the indicatd
items and having taken into consideration that all the other items of
the weight load of the ship remained unchanged, we will obtain a dis-
tribution of the weights over the hull “eng 1 during the conduct of
the tests (Fig. 85 b).

The value of the load abscrbed by each of the central supports

was determined by multiplying the pressures in the cylinders times

the area of the plunger in th2 l.ftirg Jacks of the building slip carts.

Under the known values of the reactive forces of the central supports
Pi’ the reactions of the outermost supports for each stage of loading
vas determined from the eguaticn of moments realative to each of the

stationary supports, if we consider the hull as s beam,lying on them

(3 Mg, + Mg, I, o™ 0
(D Mg, = Mg = X M) =0,
vhere ZMQ = the bending moment from the actual weight of the hull
i
(the hull weight within the limits of each theoretical

frame spacing is distributed uniformly according to

Fig. 96, b);
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:MP = the bending moment from the reactive forces cof the
4

central supports; /167

M ’MR = the bending moments from the unknown reactive
1 2

force of one stationary support relative to the other.

The values of the reactions of the stationary R R, and of

1* "2
the mobdile Pi supports by stages of load are given in Table 15. The
nature of the change in the bending moments and in the transverse

' ) forces over the length of the hull) is indicated in Fig. 85, c,d,e.

Tabie 15

Velues of Reactions (Tons) of Supports by Degrees
of Loading
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The values of the bending moments, calculated from the position

assuned during the tests for tihe zero position, in the secticrns of .

installing the measuring instrumeats by degrees of loading are indi-

cated in Table 16.
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Table 16

Values of the Bending Moments {Ton-meters) in the Hull
Sections, Corresponding to the Places of Installing the
Measuring Instruments During the Testing of a Hull for

Overall Strength
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To the tests for local strength, we subjected the section of
the deck flooring situated between the Lth and Tth frames, and also
between the right side and the second longitudinal bulkhead. An evenly
distributed ioad was created by spreading sand on the tested section
of the deck, wherein the intensity of this load was increased in stages
in the following sequence: 0.1k; 0.30; 0.43 and 0.60 tons/m2.

The bending moments for the under-deck beam in the span between
the longitudinal bulkheads, established by calculating the rid frame,
a;e presented in Table 17.

The bending moments for the plate of the deck (the latter is
regarded as a nonsectional beam-strip with a width of 1.0 m) are pre-

sented in Table 18.
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Table 17

Values of the Bending Moments in the Upper Branch of
the Rid Frame Between the Longitudinal Bulkheads
from Local Loading

: iIntensily o |  bending mommnt, ton-wsters i

{Degres(stagd) ruming | Tin sechticn

o ilogh an freme, | oozt hn:-fa- | along omber

| loskiag tn-meters = TP Loert wctim o ﬁ
. ' I ) H . t
L ! i | I | -
v.nc ‘ 1 |
s i 1 l 0.0 | 0,122 ¢,061 ! —0,084
- SR T T X 11 0,294 0160 | 0,17l
- 11 0,305 0,401 0.219 | —0.233
=1 v | o2 0.5%6 | 0306 | —0.317
. ! | [
.:‘-.
bad

Table 18

Values of Beunding Moments in the Deck Plate Local
Load

Bending mamt, t@m~msters
uﬂud!hg v . in ssotim of |along center
m,' t mn“b' dh
' ruoning loed, support '
Sm-aters  section tmmmten om

¢
0.0 | oaeiz | gome2 | —d0019;
o 020 ! v 0,066, :  —0,00430
HE§ 0305 1 02 | 00069 o006t
Iv 0.120

TR (X S 0,034 SN X1
| i .

The loading of the hull was done by stages during the tests.
After each of them, a dalay was made cf 10-15 minutes, necessary for

the stabilizetion of the stress-strain stete of the hull. Under the

/169

effect of the maximal bending moments, the hull was kept for one hcur.
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At each stage of the loading, during the testing of the overall

sloy o0l sy

and local hull strength, we measured the linear deformations of the ”,ﬁ~
: hull connections (joints), we determined the elastic line of the hull
during general bending, and we measured the pressure of liquid in

! - the plungers of the building slip carts.

The measurement of the linear deformations during the general

bending of the hull was conducted with comparators, which were instal-

led on the bettom and deck in the section between the 1llth and 12th
frames during hogging and in the section between the 1li4th and 15th
frames during sagging. E

Under the arrangement of the devices, in addition to the value

b e e

of the effective bending moment, we took into account also the remote-

ness of the section from the region of the abrupt changes in the form

of a transv:irse section, caused by the presence of the superstructure

and the notch of the hull.

o A, X R T W 1T

During the tests of the strength of the deck to bending, by ! |
local loading, the linear deformations were measured by tensometers
of the Gugenberger type which were mounted half-way along the length

of the side of the support edge of the nlate parallel to the short

side. In the checking of the strength of the deck beams during bending
by local load, the comparators measuring the linear stresses were in-
| stalled in the central and in the outer sections of the beam span paral-

lel to the beam's axis. 3

\ The measurement of the sagging deflections during the static f

L tests of the hull was conducted in five different sections, coinciding i

|
with the arrangement of the transverse bulkheads, which excluded the ;'
possibility of the deformation of the hull sections under the load in ‘
!
5
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the process of testing. The depths of camber were measured by the
sag measuring devices of the Maksimov system, fastened to the sta-
tionary designs, not connected w'th the hull, along each of the
sides. The system of arranging the sag measuring devices along the y
length of the hull is indicated in Fig. 86, a. For determining the T
reactive forces transmitted to the hull by the mobile supports, the
pressure in the hydraulic jacks of the building slip carts was measur-

ed carefully with calibrated manometers.

Section 27. Results Obtained from the Tests

In the inspection of the hull prior to the tests, we established
that certain beams in the deck are non-coaxial (up to 4O mm) with the E
iibs of the sides and the longitudinal bulkheads. In addition, the
beams of the framing had chipped-off places and noncoacreted areas.
In the sections of the bottom and Jjoints of the plates, there projected
for 15-30 mm the coverings and excrescences of concrete. In a number
of places, the protective concrete layer above the webbed screens was
lacking. /170

In the testing of the hull for sagging, the maximal bending

moment equalled 113 ton-meters, while in testing the hull for camber
(hogging), it vas 185 ton-meters i(iig. 86,e), which exceeded by L4.38
and 1.70 times respectively the calculated bending moments for the
foot end crest of the wvave.

The results cbtained from measuring the linear deformations
and saggins of the hull (Tables 19,20,21), and also the behavior of
the hull in the process of the tests indicate that the design of the

hull, even in the presence of the above-enumerated defects, caused by
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| Fig. 86. Dependence of the load-deformations for the

| plates in the deck and bottom during the overall

bending of the hull. X - comparator 21; O- compara-

tors 16,17. Key: a) M, tons-meters.

! the disruptions in the construction process, provided a monolithic
state of the hull and the participation of all of its essential mem-
{ bers in absorbing the loads acting om the hulil. No cracks or any
other visible damages to the hull in the process of the tests wvere
recorded.

The relationship curve M - ¢ for the plates of the deck and

the bottom during the overall bending is indicated in Fig. 8u. In /172

Fig. 87, we have indicated the curves of the variation in the sag-

gings of the hull in a position on the two central supports during

camber and of the tvo outer supports during sagging under the effect
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cf its owvn weight. The constructiosn of the

fro= a po3ition assumed to be the zero one.

elastic lines was made
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Fig. 87.
a,b,c -~ 2,3, b~ degrees of camber; d
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Line of the hull saggings during general h“ending:
v¢,f,8,h = 1-5 degrees

-

The calculation »f the stresses in the hull members under the

effect of the
thickening in
nesses, oving
as the design
the bottom, sides and Jdeck,

for the bulkhead plates, we assumed 21.0 mm.

to the inaccurecies in the concreting;

test loads was conducted with allowance for s certain

the sheathing plates as compared with the planned thick-

specificelly,

values of the sheathing thickness for the plates of

ve adopted the vilue of 26.5 mm, while

The variation in the

Table 21

Readings of the Sagging Mciers (cm) During the Overall

Bending of the Hull

P

lhcrn“ of

Moo of o e
'-uiu ; Bogging
tn’m 0 T 92 f 3 PR
R P e e -
;‘*, noOon0 DG, IR 0N, fss .
‘ 4 D00 NNy 0 L0412 Dl
'R 16 000 —ufA 3] 06k

oM 000 008 _uTR L0 V1Y

Lo & R 2 4| nee 0, 05T 1ty -

P38 i Gy p

X -
lndnu ;
Sesicg
! 2 3 4 5
017 0210 0 30 0 85 6o

LA SAG £ Bk AN RO BN T S TR

g

Pewwric, mmwsdmmmumnewtom

strossed state of the kull (Pig 84, o).

NOT REPRODUCIBLE




/173
linear stresses in the extreme fibers of the equivalent bean

(of the deck and bottom plates) during the oversll bending of *he hull
can be estimated with sufficient accuracy by straight lines (see
?ig:86}. In this connection, the linear deformations Iin the compres-
sc;fand elongated zones are almost equivalent, und do not exceed the
abéblutc values (10— 20) * 10~5. Based on what has been said, n
e caltulation of the stresses in the hull members, ve can assume as
f{dentical or very close the values for the moduli of the =2xtended
(elongated) and compressed zones of the trensverse section of the
huil. The values of the stresses in the hull during overell bending,
obtained a8 a result of calculation under the above-mentioned asssump-
tions, sre presented in Table 22. All the reinforced concrete elements
vere introduced into the calculation with there own reduced area, {.e.
wvith allovance for the additionsl reinforcement of these elements of
+he reinforcing rods. The reductioa factor of the rod (extended and
compressed) reinforcement to the reinforced concrete n = 10.
Table 22
Values of Strz2sses in the Plates of the Deck and Bottom (at

the Level of Installing ths Comparators) from the Overall
Bending of the Hull

Yons~ | Bendlng sonmnt, {co-asiers
elatre
of de- o Pesioe
“im | 16.4 1503 ] 20.5] 18 -nll-u.li_sz.zi-ro.n{ —120
s, . ] - T ;
- D;:. .08 | 5.88] 10.3 | 15,8 [~2,89] —4.94| 7,01 —s.00] —1.
y 1,80 | 5.65| 9,85 | 15,2 |~2,82| ~5,50|~7.80, —8,94 ! —13.3
N X _s.:n’_u.x —~17,0] 2,73 ] 8.32 | 7.55 ' 8.65 ’ 4.8
—2.0

Lade [—6.535—”.41—-17.6 2.43| 474 | 6,72 ( 7.71 | 13,2

Meaork, Dw figares iz mamrator cormepond 0 caloulation eb id~
thnlvﬂnnciaunﬁd&yuunlfﬂrlnenqmnuilchqph‘unq
mean X, lxnahmahaum-uuhr-dd:ﬂu«:hﬂauusdT

;:l:nthniwﬁdeInhuluwnqaanllohqput:nnd
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The very slight stresses from the overall bending of the hull
are quite regular, if ve take into account that the thickness of the
sheathing for the small ships is specified on the basis of the condi-
tions providing local strength, and not a general strength; moreover,
in the planning of a hull for a pontoon crane, the sheathing thickness
vas specified not from a calculztion of the stressed state, but from
a design standpoint, for the purpose of increasing the resistance to
impact.

The suggestion concerning the diversity in the elasticity moduli
for the elongated and compressed zones of the section leads tc a re-~
distribution of stresses in the following manner: the elongation /17k
stresses dinminish, vhile the compression stresses increase as com-
pared vwith the stresses determined under the assuvmption of cthe iden-
ticai values of EQ" and Ep.n . At the ratio Equ~/En“’- 1.5 adopted
in our calculation, the indicated redistribution of stresses is quite

irsigoificant.

3wt ‘)
ot

AR R EENLEIT

Fig.88.8tress-otrain diagraz for the pistes in the dec and
bottom during the overall bending of the hull. @ - deck piate;
X - dbottom plate. Key: a) kg/cm?
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The curve o-¢, constructed on the basis of the data in
Tables 22 and i9 is shown in Fig. 88. The values of the stresses
in the sub-deck beam from the bending by ths local load, calculated
ucder similar assumptions are presented in T=hle 23. Table 24 shovs
the values of the stresses in a deck plate from the bending bdy a
local load, determined from the formula o= M/VW.

The calculated values of the saggings of a ship hull during
overall longitudinal bending were also determined with consideration
for the increase in the dimensions of the cross section of the hull
members, caused by the inaccuracy of the concreting. In this con-
nection, we assumed that all the hull members were situated in the
etage of the elastic functioaning of the concrete, when cracks veare
lacking.

A comparison of the values of the saggings having taken place
during the process of the tests in the final stages, with the calcul-
lated values of the saggings for these positions of the hull (obtain-
ed when proceeding, on the one hand, rum the value of the reduced
modulus for sagging Eup = 100,000 kg/cm? and, on the other hand from
the reduced stiffness cf the cross sectiou of the hull at Emn./Epn s
1.50) indicates their fairly close approximation and undoubtedly
confirms the acceptability of the formulas from structural mechanics
in a determination cf the deformations (saggings) of the reinforced
concrete designs.

An analysis of the procedure used and the results obtained
from the tests of the overall strength of a pontoon crane hull made

of reinforced concrete, and also of the local #trength of the sec-

tion of the deck flooring permitted us to make the following con-




L

clusions. {

1. The overall longitudinal hulls strength, and also the locaili

strength of the section of deck covering under the effect of loads ;

developed during tne tests were fully provided.

Table 23 :

Values of Stresses in the Sub-deck Beam from the Bending
by & Local Load

o ———— o n e g e o —-

Rages of |Intensity of __MW.:‘_,__T e
1 ¢ at guppart
oloading | ruming load, in rack upu(i.npha .(i.nplapoof

VoIS |(am mpport 3)| ¢ tnstal- [instadz ng
- ing or 1) icospazator 2)

! 0,098 8. 22 16,8258 | —12.2/—:5.9
I

i 0.210 20 b 19,2 34.232.5 -32.00—-%.5
111 0.305 28.2/96.2 6.671.6 | —43.8'—%.0
v 0, 4’0 39.2.’36.3 63.4 97, 3 —61,2/--69.8
Bemack, Numbers rtain to caloulabion # 1dgube -

ioal values o cluti for compressed & olm

ses of section K, .1 numbers in denominator re-

1202 to odmwxon -t s valuss of elasticity soduli

for compressed & elongated smer of section &, . ® 1,6.
Table 24
Values of Stresses in a Deck Plate from Bending by a
Local Load
' - Intensity of Stress, kl/ﬂz
RNeges |
rnmning in support in sectian of | along the
loading load, toni ~oe- '
' sectiom ipstalling the [ ocenter of
ters tensomsters | the span
i ] oo | e 266 | 1,68
1 0,210 13.0 5.9 ' 3.67
m 0,305 18,8 8,19 5.2
v 0,42 2.1 na ' 2a |
. ] ‘
|
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2. The conformity of the results obtained from measuring the
hull saggings during the overall bending with the calculated data /175
according to the determination of the displacements of the hull in
the process of the tests based on the formulas from structural mech-
anics during the application of the reduced elastic modulus in re-
spect to the sagging Enp = 100,000 kg/cm2 and of the reduced stiffness
of the hull should be regarded as a known confirmation of the accept-
ability of the methods, recommended by the Provisional Rules for the
calculated estimation of the deformations (saggings) of the rein-
forced concrete designs.

3. The results of the “2sts according to the determination of
the relative linear deformations and stresses are of slight interest,
waich is explained by the very low quantity of data and small values
of the stresses and strains, having taken place in the hull during

the general bending.
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APPENDIX

Provisional Rules for the Conduct of Calculations of the Strength
of Ship Designs Made of Reinforced Concrete
1, GEXERAL CUCEPTS

1, The Present Rules apply to the ship designs, made of cement-sandy con-
crete and reinforced steel screens or steel screens and reinforcing rod, in accord-
ance with the instructions in Sections Il and V,

2, We should consider as reinforced concrete designs the dispersed-.rein.
forced designs on a base of cement-sandy concrete having a specific reinforcing
surface K » 2 cm?/cm3,

3, In the reinforced concrete designs, there is permitted an additional
reinforcement of the extended {elongated) zones by reinforcing rods,

4, The designs of slight thickness, reinforced by steel screens and reine
forcement rods having K< 2 cmzlcm3, in the practice are also tentatively said to
be of a reinforced.concrete nature, The instruction on the calculation of such
designs is given in section 23 of the Present Rules,

11, MATERIALS
A, Concrete

5, For the production of the reinforced concrete designs, we should use
the heavy cement-.sandy concrete, brand 400 and higher,

Remark, The brand of concrete is adopted tentatively and is typified by
the atrength limit (kg/cmz) for the compression of a concrete cube, with an edge
of 7 ¢m, made from a concrete of working composition and tested after an aging of
28 davs, in accordance with the standsrd 0N9.373.62,

6. For the obtainment of the shipbuilding reinforcement concrete, we should
apply Portland.cement, of a brand not lower than 500, of the fcllowing types: a)

conventional; b) plasticized; and c) sulfate.resistant.

=214,
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The enumerated types of Portland cements should meet the requirements of
GOST (State Standards) 970.41 and of the branch standard 0N9.374.62 “concrete,
shipbuilding, heavy, liaterials for the production of concrete',

7. For the preparation of cement.sandy concrete, we should utilize the
natural sands, meeting the requirements of the branch standard 0iN9+374.62 with
the screening out of the grains coarser than 2,5 mm,

8, The vater for preparing the concrete mixture should meet the require-
ments of the branch standard 09.374.62,

B., Reinforcement

9. For the reinforcement of the reinforced.concrete designs, we utilize

the steel screens and the steel lovw-carbon wire,

10, The webbed steel screens should meet the technical specifications

imposed by GOST 3826.47,

/177

11, The recommended numbers of Screens (meshes) and their specifications
are presented in Table 25,
Table 25

Chasacteristics of the Recommended Webbed Screens

o, of vt i::; 3 -i!iiiéul&!duni'&cf_
i%adina & cs $,
noth : s yeizfovosment ia
Pu-hrhm.:‘ g'w;m | e el
‘o QO - sarem with 1 an thige |Vice of elemsad
300847 2Pee, Wy aas meghil O thiak by ome
sorom mweh smaen
] 0.7 380 0,770 0.00672
] 0.7 300 0.660 0.00873
7 0.7 260 0.572 0,00800
] 0,7 2% 0.508 0.00641
] 1,0 £00 0.8 0,00788
10 1.0 10 0.570 0.0071%




11, The steel low.carbon wire utilized for the additional reinforcement

of the extended zone of the reinforced concrete designs and for replacing parts

of the webbed screen according to the engineering concepts (see Section 35, 36)
should meet the requirements of GOST 3282 %%,
I11, STANDARD CHARACTERISTICS
12, The elastic-strength characteristics of reinforcing concrete on a
base of concrete brand 400, reinforced by steel screens and having & specific re-
inforcement surface K, » 2 cmzlcm3 are adopted according to Table 26,
Table 25

Standard Characteristics of Reinforcing Concrete

Rendesl reelstacs, Tiaetic modilus,
Type of strussed state y/on? ke/on?
! wim........o R":ﬁ E.a wm
i wn.-...... chazo E(=mm
" Elongstion during bdending. . R, , =12 E, o = 50000
w‘ . .oo LI ] Rg...’m EQ.I. = |5\)m
Mo.u'o.oo.. RchGS —_—
Geering . . . ....... Rp=100 - -

O - —— - - ———
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13. The magnitudes of the values of the standard rasistances and the elas.

ticity moduli of the cement.sand concrete, reinforced ty a small number of webded
screerns with 0,5<¢ Kn< 2,0 c-2/n3 (in this connection, in all cases the musber
of screens is not less than 2), are adopted in conformity with the imstructions

in Table 27,

146, The coafficlient of the relative transverse deformation of reinforced

concrete (the Poisson coefficient’ s assumed to equal v = 0,12,

The sheer modulus of reinforced concrete Is determined from the formula

Ce 0,65E,,

.216.
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Table 27

Standard Characteristics of Cement-Sandy Concrete
Reinforced by a Few Webbed Screens

l—_———_—_"—— T Boeniad esis- | Elasticlly
ye of sizessed state tmos, kg/on? | modulus, kg/os?
ih‘hosnt‘---oooo-o;- . R’ :mK“‘.zs ! EP“ wm '
‘w.ooottoo-.ooocuc-c Rc’: 320 E‘ o mm
‘Hongation daring bending...| R, , = 35Ka+40 | E, , - 150000
w- " ® ceccoes Re.- = 320 EC‘I =. 50000

IV, BASIC DESIGHN CONCEPTS AND STRENGTH STANDARDS

15. The calculation of the design streasth s1.:1" 'ndicate that for it,
there is assured the required strength reserve, i.,e, under the effect of the ex.
ternal design forces, the stresses in the design do not excead the tolerable values,

16, The volume of the strength calculations, represented in the engineering
plan is mstablished by the Registry of the USSR, by the River Registry of the RSPFSR,
or by the bduyer in dependence on the type and purpose of ship, In a general case,
there should be presented:

a) A composite table of the weights of the hull and of the variable cargos,
distributed through 20 theoretical compartments, vith a brief explanatory listing
of the procedure used in compiling this tadle;

b) An inetruction on the loading of the ship;

€) The calculatiom on determining the dending moments and the trersverse

forces;
d) Calculation of general strength;
e) Caleuistioms of local strenath; and

f) Detsiled Inscructions on the wodifjed standards or on the specificecion

of the standards not envisaged by the existing Rules,

17, The calculation of strength, In a general cese, is suddivided inco

the following individual parts:

.217.




a) A determination of the value and nature of the design loads;

b) A determination of the maximum stresses in the design sactions for

the adopted design loads; and

c) The specification of the values of the hazardous stresses, the estab-

18, The calculations should be accessible for an exhaustive verification
of all of the data included in them based on the design materials and bqod on the
references to the sources,

19, The external design loads, acting on the ship hull and on its indi-
vidual parts are established in accordance with the instructions of the effec.
tive standard documents of the USSR Registry, or of the RSFSR River Registry,
with allowance for the requirements of the technical project for the planning

and section 20 of the present Rules,

20, The actual hull weight is determined on the basis of the measurements,
adopted in the plan, for the mombers of its designs,

The volumetric weight of the reinforced concrete {8 found from the for.

mula
1- = 1- [ e 'l'-

vhere pe the reinforcement factor of the cemsnt.sandy concrete in one direction;
ond Y, g = the volumetric weight of the cement-sandy concrete determined experimen-
tally in eech irastance, In the absence of experimental dsta, In the prelisinary
calculatioms, we have decided to assume Yot ° 2,20 tou-n’.

21. The walues of the stresses developing in the reinforced concrete de-
sign during the effect of the design load on it, are estadlished according to the

general rules of the structursl ship wechanics under the sssumption that sll the

’ ship material is isotropic and under the effect of the design 10ads functions ss

} elastic meterial. In this context, the calculation of the designs for dending is

-218.

1ishment of the standards of tolerable stresses and a verification of the strength,
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conducted with allovance for the difference in the values of the elastic
characteristics for the comprossed and extended (elongated) sones,

22. The reinforced concrete designs, reinforced additionally by rods,
are calculated according to the elastic stage of the functioning of the reine
forced concrete according to the instructions of the existing Rules, with allow-
ance for the reduced soction of tho element (member)., The reduced section of the
mesber 19 determined proceeding from the relatiorship of the standard resistance
of reinforced concrete and the calculated (designed) resistance of the rod-type
reinforcement; in this connection, the design resistances of the reinforcement
rod for all types of steel are assumed to be:

for the reinforcement of the extended elements R,, k;/ca?....lZOO

for the reinforcement situated in the extended sone of
the dending elements l.. ks,azacooaoooooooocoooonoo.oooo.ooozaw

The rod-type reinforcement located in the compressed zone of the section of

reinforced concrete design is not considered in the calculation,

23, The calculaticn of the sections reinforced by a small rmusber of steel
screens with 0,5 < K, <2.0 co?/ca3, 18 conducted in the same way a: the calcula.
tion of the reinforced concrete sections, In this connection, the values of zhe
otandard resistances R; are determined on the dasis of Tadble 27, while tre design
resistances of the rod.type» reinforcement for all types of steel arse determined
from Table 28 depending on the velue of the coefficient of specific reinforcement
surface, K .

Por the intermediate values of K, , the values of the design resistances
of the rod.type reinforcement are determined by linear interpolation,

24, FPor the dangerous (standsrd) stresses during elongstion and elongs- /180
tlon during dbending, we adopt the stresses corresponding to the moment of opening

of cracks by the smount of 0,01 mm, at & thickness of the protective layer of 2 mm;
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during the compression and compression under bending, we adopt the stresses

equalling the prismatic strength of the cement.sandy concrete,

Tadble 28

Design Resistances of Rod-Type Reinforcement Utilised for
Reinforcing the Reinforced Concrste Designs

- 4

Qosific oxrfess o Design sosiotmes, Ng/of ! S
selafosomment, reiaforemente of §

I hlagated alemmte < |olmgntel ymo of Dending , E
‘ | olemnte :
- i

2,0 1200 2400 ' g

1.5 950 1900 E

1.0 700 1400 ) -

0.5 80 900 : £

- ——— ——

———

l.a 4‘33

The standard resistances of the material on a base of cement-sandy con-

crete, reinforced by webbed stecl screens, sre determined according to the in.

structions in section III,
25, The permissible stresses sre specified as a certain fraction of the

standard resistances according to the instructions in Table 29,

Tadle 29
Standards of Permissible Stresses NM REPRODUM
i ol e
Amiasl stoeente Mteizped of
Desig w - ottenl
' roate Iqhaﬂhl a pert aly :;-
m olhew
Soistly. b alee 0 h e
aapresssl assbese ..l{
am
Ometamd.......... 0.& 0.75 0.88
Omotent & sunden,
4 reniee amly. . . 0.7 0.0 0.6
hoagmey. .. .. 0.8 X 0.

The strength of the design is comsldered to de guaranteed 1f the total

ef fective stretses do not surpess the values of the permissibdble (toleradle) stresses,
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In this connection, {f by the calculation for the simultanecus effect of

the corstant and random forces, or by the calculation for the emergency loads,
there is provided the required strength reserve (see Table 29), it is necessary
that under the effect of only the constant forces, there would be assured the

strength reserves not lower than those indicated in this table,

i
f}\ 26, In the necessary cases, in addition to verifying the strength of the

N

(o
dnlm in respect to strsases, we should verify the stability both of the entire

dosiqn as a vhole, as well of its individusl members, and also we should verify
the maximum stresses,

‘a'e

27, The compressed elements during the flexibility / /r < 30 fov stability

LS50 I

\‘ro not verified. In the caleulation of the compressed elements for stability at
t:ho flexidilicy }olr > 3" (for the rectangulsr section 1 /b > 14), the permissidle
streés to cororession is decreased by multiplying it times the coefficient of long.

itudinel dending,

.':"' "-“ . ’ (¥4 [*/] v
6 2 0%
8.4 16 0.8 110 8 0.8
Q.1 18 0,80 117 M 0.4
. 0 0,73 1M % 0,0
n 2 0.¢7 13 » 0.%
] » 0oe Ix 0 o
0 b ] 0.87 1 « 0.%2
” » 0.8 180 “ ¢

R e NIRRT
Remark, At the intermediate values l,/r or J,/b, the (f-values are adopted

by linear interpolation,

The desian length of the element J 1s obtained dy the multiplication of
its actual leagth times the coefficient, depending on the method of reinforcing
(attaching) the ends, The coefficient has the following values:

during the rieid fastening of the endB..cevecccoensccss0sd
durinn the hinged festening of DOh @NdB...vco0cecocceeoled

in case of one rigldly fastened and one
‘l”’h‘,.t“tw .M.......0‘.'0.....000000.000000000007

in case of one ripldly fastened and the
n»' rml,‘mt.‘ .M..'..0.0........O.‘O..‘......'Zio
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in case of the partisl fasrenirng of the
ends and In the frames witl: non.displacing units,......0.7

in the frames with displacing unit®.e.eeececeresss 100013
28, The verification of the maximum stresses of the bending elemants
should be conducted on the basis of the formulss from the ship structural mech-
anics, proceeding from the actual geometric dimensions cf the design and of the
reduced elasticity modulus E np for sagging, or from the reduced stif{fness of
the element, taking into account the difference in the elasticity moduli of the
elongated and compressed sones and the inertial moments of these sones,
The values of the reduced elasticity for dbending, ‘np tor the loads,
not exceeding the maximal operational loads under the conditions:
brief (transient) effect of load Epy, kg/cw, .00 000200,000
prolonged effect of load, k., kg/cnz...............IO0.000
The maximal sagging must not exceed 1/300 of the value for the designed
span,
29, The combined designs, representing a combinstion of the beams made
of ordinary :erroconcrote and the plates of slight thickness, reinforced dy the
vebbed steel screens, anc also with screens and Individual rods, shouid de cal.

culated on the basis of the principsl of the method for the breakdown iceds,

30, In a determinstion of the value of the bresking 1oad in deperdence on

vhat pert of the section (compressed or elongated) the plate 13 locsted, we should

distinguish tvo cases;

a) 1f the plate ia locatsd In the section's compressed sone, the dreaking

force is determined as for the tee.type Deamw made of ordinary ferroconcrete, with.

out sllowance for the webbed screens of the plate);

b) If the plate 13 locstad in the elongated sone of the section, the
breaking force is established proceeding from the reduced ares of the plata and

the value of the stendard resistance of the msterial, guided by Che instruciions

«222.
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in sections 12, 13, 22, and 23 of the present Rules, In this context, we
overlook the functioning uf the concrete in the beam to elonzation, vhile
the elongated reinforcement of the beam i{s introduced inte the calculation
vith the stress equalling the desigr resistance R, of the reinforcement,

31, The design width of the plate, functioning together with the bean,
is assumed to equal the least of the following values: one third of t:e design
spar. of the beam; the half.sum of the plate's spans adjoining the beam; or 25
times the thickness of the plate,

32, The strength of the combined designs is regarded as assured, if the
coefficients of strength reserve obtained as the ratio of the design breaking
force to the design force from the effective load, do not surp 8s the corres.
ponding vaiues, governed by the existing Rulcs for the comstruction of ferro-
concrete ships, while the crack-resistance of rhe beams in the elongated zone
of the section complies with the requirements of these same Rules,

V. INSTRUCTIONS POR DESIGNING

33, The thickness of the designs made of rement.sandy concrete reinfor-
ced by steel screens ig adopted according to calculation, but is not less -ha:
10 mn,

34, The thin.walled designs made of cement-sandy concrece should be re-
inforced by the steel pgauze screens in order that the specific surface of the

reinforcement would fall within the limits of 2,0 K K _« 3,0 1/cm,

n
35, The steel scresns should be distributed evenly through the height of
the design sectjon,
According to the sniineering concepts, it is permitted, in the central
third of the section height of the bending elements, to conduct the replacemen®

ot the fiber (mesh) screens by rods, and to leave the standard specitications of

the materlal without change,
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36, The rod.type reinforcement introduced into the calculation should

be situsted between the mesh screens; moreover, from the side of the protective

layer of the elongated zone there should be not less than two mesh screens,

The diameter of the reinforcing wire {3 established depending on the
elcment's thickness, and should not exceed 5 mm,

37, The thickness of the protective layer in the designs under all
forms of reinforcement, independently of the size of the specific reinforcement
surface, must equal 2 mm,

38, The joininy of the mesh screens in the elements should be conducted
with lap joints, with an overlapping of the ends by not less than 10 cm. The
joints of one layer of the scrsen should be displsced relative to the joints of
the other layers in order that in any section of the eiement, there would not be
more cti:an one jeint,

39, The projections of the rod reinforcement utilized for connecting the
beams with the plates and for attaching the inserted parts, should be introduced
between the mesh screens of the plates for a length of not less than 30 diameters,

40, The joints of the sectional (prafabricated) members are envisaged by
the plan, The design of the joints should not disrupt the strength or the water.
tightness of the design as a unit, In the connection of the reinforced-concrete
plates, it is necessary to provide for the bypassing (overlapping) of the mesh
screens into the gone of the joint,

41, For purposes of providing the corrosior resistance of the designs made
of cement.sandy concrete, reinforced by steel maesh screens with a protective layer
of concrete equalling 2 mm, in tho required cases, one should envisage: the appli-
cation of protective ccatings to the surface of the design; the application of mesh

- screens vwith an anticorrosive coating; and the introductjion of inhibitors into the

concrete,
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