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BACKGROUND
 



Background
 

Significant economic benefits would result, for the
 

lesser developed countries, through a coordinated program to
 

substitute domestic material and labor in some of their more
 

frequent import items. The substitute program would be
 

directed toward those items which employ a lesser degree
 

of technical know-how and a greater amount of domestic raw
 

material and unskilled labjorer. Also the items would have
 

to be a relatively common import item between a large number
 

of countries in order to make possible a cooperative effort
 

toward the implementation of the programs.
 

Such an item has been chosen, the steam condenser
 

utilized in power generating plants. The structure of
 

steam condensers is relatively simple. It is composed of an
 

outer shell enclosing tube bundles which, in turn c-rry
 

cooling water. The hot steam is introduced at the top of the
 

shell and then condenses on the tubes. This process gives
 

rise to a vacuum in the shell. The condensate is then taken
 

out by use of a pump. (Figure A).
 

It is not proposed to change the design of these con­

densers in a radical way at this stage. Actually the continuous
 

imprc-7ements of the design of these condensers, for decades,
 

have made them the most trouble free and reliable elements in
 

a steam power plant. What has been suggested is to construct
 

some of the components of these condensers locally so that
 

both local labor and material can be utilized. A series of
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reports will be prepared on the study and the redesign of
 

these components. The following report deals merely with the
 

study that has been conducted fdr the modification of the
 

outer shell.
 

The outer shell uses a relatively large quantity of
 

material, either welded steel or cast iron. It has been
 

suggested that this material could be substituted with re­

inforced concrete, cast on the site. This kind of modifi­

cation is the goal of the entire program. It consists not
 

only of substituting local labor for the work performed
 

elsewhere, but it also utilizes cement rather than steel
 

or cast iron, a material produced by many of the less devel­

oped nations already.
 

The future reports will hopefully study the modifications
 

of tube shells of these condensers and other accessories.
 

It is predicted that these reports would not only help
 

the development of the LDC's of today but might also benefit
 

the developed nations, as well, in the future.
 

ii
 



STEAM INLET 

lo~ olSEL PLAE 

EXPANSION JOINT 

AR VAPOR OUTLET 

0 -- I *--

C 111 

'I..T 

g. T --.... 

,.Ju 
-:. 

. 

r 

J.. ,--­
, 

f 
'" 

"STEAM 

/EXPA 
-JOINT 

INLET 

BAFFLE PLATE 

NISION 

B3L I115BOLLS 

' , -t-uBASE 

. " TUBI. 

PLATE 

TERMINAL AIR COOLER 

SUPPORT PLATE 

WATER OUTLET 

Figure A 



Table of Contents 

Part I -

Page No. 

Preparation for the Design 

Chapter 1 - Introduction ......................... 1 

Chapter 2 - Modifications Procedure ............. 26 

Part II - The Actual Design 

Chapter 3 - Structural Design .................. 49 

Chapter 4 - Reinforcement Design ................ 57 

Chapter 5 - The Concrete Mix Design ............. 66 

Chapter 6 - Coating and Protective Measures ....104 



Concrete Steam Condenser Shell
 

Construction Manual
 

Part I
 

PREPARATION FOR THE DESIGN
 



Chapter 1
 

INTRODUCTION
 



1.1 Condenser Design
 

The basic steam condenser consists of a long outer shell
 

enclosing a large number of tubes placed along the length
 

of the shell. (In this particular application). (Figure 1.1/1).
 

Out of this basic design has grown a whole multitude
 

of designs, some very sophisticated, some even different. We
 

shall describe some of these shortly (Reference 1-2), but
 

throughout our work, we shall only consider the basic design.
 

The basic design which is the single shell (Single
 

pressure), single-flow design is still favored for the medium
 

size power plants, the size most likely to be used in the LDC's.
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1.2 The Conventional Steam Condenser
 

The description of all the designs and the variations
 

impossible
of the conventional steam condenser is almost an 


There is a certain number of "general design" conen­task. 


sers, and then a multitude of specific designs built by
 

specific manufacturers. Sometimes the choice is merely a
 

matter of simple engineering necessities, such as the avail­

ability of area or space, and sometimes it is the result of
 

very complex engineering analysis especially for the larger
 

sized condenser units. The high performance demanded on the
 

larger power generating units requires this sort of analysis
 

which in turn results in a multitude of designs: multi­

pressure condensation units and multi-pass flow arrangements.
 

Some of the general schemes will be described here.
 

most common type of tube and shell condenser is
The 


The water to the tube bundle is distri­of cylindrical shape. 


buted by means of two waterboxes located at the ends of the
 

A very small mode), of this type of condenser is
shell. 


shown in Fig. 1.2-1 (Reference 2). The inside of the cylin­

drical shell consists of a tube bundle very much like the
 

one shown in Fig. 1.1-1.
 

Fig. 1.2-2 shows a version of the so-called single­

pressure, double-pass type of condenser (Reference 2). Two
 

One serves as
water-boxes are shown on one side of the shell. 
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the inlet for the cooling water, the other serves as the out­

let for the cooling water. The tube bundle bends 1800 at the
 

other side and makes this sort of arrangement possible.
 

Three different versions of the multi-pressure, single­

pass condensers are shown in Fig. 1.2-3 (Reference 2). Fig.
 

1.2-3/A shows a typical 2 pressure operation for single-pass
 

condensers. It consists basically of the single-pass, single­

pressure condenser divided in two sections by a wall built
 

perpendicular to the tube bundle. Of course the modifications
 

have provided independent steam inlets for each section
 

Fig. 1.2-3/B shows a single-pass, three pressure condenser.
 

Again this is merely a modified version of the first condenser
 

and a separator and an independent steam inlet have been
 

added on. These simple modifications are very important as
 

far as our design is concerned. They suggest indeed that our
 

design of reinforced concrete structures extend their uses
 

not only to the conventional single-pass, 1 pressure,systems
 

but also to the morr scphisticated 2 and 3 pressure condenser
 

systems. Fig. 1.2-3/C shuTs another modified version for a
 

2-pressure operation. In this design each section is built
 

independently and arranged so that the water outlets and the
 

water inlets are on the same side of the structure. This
 

could be arranged by either bending the tube bundle, or build­

ing a common waterbox at the other side. It appears that in
 

this design the latter has been done.
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The condensers shown in Fig. 1.2-4 are of the specific­

design type discussed before. They are designed for specific
 

applications such as outdoor installations (Fig. 1.2-4/A) or
 

horizontal steam inlet scheme (Fig. 1.2-4/B).
 

The design of headers, in conventional structures, will
 

not be discussed as it is basically a specific design element.
 

Its design is usually the result of the analysis carried out
 

by individual manufacturers and usually of a standard general
 

shape shown in Fig. 1.2-5.
 

In our design of the shell and the waterboxes we do not
 

deal with the general design parameters, and we shall treat
 

all of these parameters as constants. We should have the
 

exact shapes and sizes and all of the details at the design
 

stage and we would merely redesign for concrete construction.
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Figure i.i-i
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:2,000 Sq. Ft. 

Figure 1.2-1
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40,000 Sq.F. 

Figure 1.2-2
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Figure 1.2-4/B
 

10,000 Sq. Ft. 

Figure 1.2-4/A
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Figure 1.2-5 
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1.3 	 Modifications of the Shell for Concrete Construction
 
Applications
 

From the beginning of this study several months ago
 

several different modifications have been considered. At
 

first we 	had decided to change the general shape of the con­

denser (Figure 1.3-1) and actually redesign the entire conden­

ser. We 	were to be discouraged shortly thereafter (Reference
 

3) as we 	realized that we could not afford to risk a complete
 

change of design and material. It was also revealed (Refer­

ence 3) that it would be very difficult to convince the
 

customers to take such a risk also.
 

Then a cylindrical shape was considered for the shell of
 

the condensers. (Figure 1.2-2). It seemed to be a good
 

logical choice. Concrete cylindrical shapes are ideal for
 

the sort of application we were going to have due to the
 

presence of vacuum inside the cylinder. The concrete is a
 

material with high compressive strength and a concrete cylinder
 

produces exactly the kind of stress concrete is most able to
 

resist. However we were discouraged again as we learned
 

that the building of the cylinders of the size we had in mind
 

would require not only a generally more sophisticated con­

struction technique and manpower, but also the use of both
 

forms and machinery that would usually not be readily available
 

on a generating plant's construction site. (Reference 3 and
 

Reference 4).
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We then considered the next alternative, a design with,
 

simply, vertical walls, a plain flat ceiling to contain the
 

tube bundles, and simple rectangular waterboxes (Figure 1.3-3).
 

This choice seemed to please almost all of those professional
 

engineers and designers that were contracted. (References 3-5 ­

6-7).
 

The problem we faced then was that no study had been
 

made, a priori, on any such structure. That is a rectangular
 

tank enclosing a vacuum condition. A search into the studies
 

of underwater installations produced no new evidence of
 

prior work in this field (Reference 8-9). Finally the use of
 

the data given for rectangular concrete ranks (Reference 10)
 

with the assistance of Professor Hong of the Civil Engineer­

ing Department at M.I.T. (Reference 11), revealed the fact
 

that the pressure differentials we were concernel with would
 

actually cause more conservative bending and tension stresses.
 

The use of the concrete rectangular tank was then
 

considered appropriate fn- our purpose. An immedicatc result
 

of this would be of course to have thicker walls than actually
 

necessary. However, it seemed better to stay on the safe
 

side at the early stages, until the analysis and the data
 

for this new type of application for reinforced concrete
 

becomes available anyway.
 

It should be noted that at all times concern was given
 

to the basic problem of thermal stresses resulting from
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temperature changes. These changes were however in the
 

range given for standard applications of concrete (Reference 13)
 

and the design accordingly took this matter into account.
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1.4 The Description of the Design
 

The foundation of the design was essentially separa­

ted into three major parts (Figure 1.4-1).
 

A. The waterboxes.
 

B. The shell.
 

C. The tube sheet supports and other accessories.
 

A. The Waterboxes
 

The waterboxes operate at relatively constant temper­

atures. Their design therefore does not have to consider
 

the same stresses as the shell. The waterboxes were there­

fore designed as stationary structures anchored to the
 

floor. The design details of these waterboxes were drawn
 

(Fig. 1.4-2).
 

Although the outer side of each waterbox is provided
 

and the
with manholes covered with the regular steel covers 


inner sides are connected to the tube sheet section of the
 

structure by expansion joints, it was assumed that the design
 

analysis of "Closed single-cell tanks" (Reference 14) would
 

The waterbox structures were designed accordingly.
apply. 


B. The central section of the steam condenser, its
 

shell, has merely a containing function. It was recognized
 

that the thermal stresses applied to this section would
 

expandable design. (Reference 15). This section
require an 


was designed accordingly as a square cylindrical box built
 

on a smooth surface and anchored only in the center. The two
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ends of the shell could merely be connected through expan­

sion joints to the tube sheet structures. The main reason
 

for the independence of the shell structure from those of
 

the tube sheets is the unequal expansion rates of concrete
 

and the metal tubes permitted in this design. Each side of
 

the shell was considered as a flat slab doweled to the ad­

jacent sides and the analysis and data of the flat slabs
 

supporting a uniform load was used (Reference 16). Tne
 

details of the design of the shell are drawn specifically
 

(Fig. 1.4-3). The top slab would provide for the steam in­

let consisting of a large circular opening. (Sometimes
 

rectangular openings are used). On the edge of the opening
 

steel flanges would be placed to assure a conventional
 

connection with the expansion joint. The expansion joint
 

provides the connection between the turbine exhaust and
 

the condenser inlet. (Reference 17).
 

The bottom slab of this section would have to support
 

the weight of all the tubes, baffles, and so forth, through
 

the tube support plates. The internal's design and materials
 

are not changed from the original design. Only those areas
 

in which connection is made between concrete and tube plates
 

would be studied to guarantee a safe, corrosionless, and free­

sliding contact. These modifications will be all considered
 

separately. The bottom slab will also be shaped as in conven­

tional designs to accommodate for a full length rectangular
 

hot-well, with all the details such as the anti-vortex baffles,
 

outlet, etc. (Fig. 1.4-4) (Reference 18).
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C. The Tube Sheet Supports and Other Accessories.
 

Finally the third part of the design consists of basic­

ally the tube sheet supports (Fig. 1.4-5). This section
 

will consist simple of a thin vertical structure supporting
 

and enclosing the tube sheet. This structure will be built
 

in the space between the waterboxes and the central section
 

(shell)and connected to them by two proper expansion joints.
 

One of the most important reasons to make this section an
 

independent design problem, aside from the thermal stress
 

complications, is proposed future modification of the tube
 

sheet design. An independent design at this stage would
 

assure greater flexibility and independence in the future.
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Figure 1.4-5
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Chapter 2
 

MODIFICATIONS PROCEDURE
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2.1 Introduction
 

This chapter is introduced to prepare the builder for
 

the actual calculations that he should perform in the follow­

ing chapters for the design and the construction. The first
 

step, in the lengthy and detailed design of the reinforced
 

shell for the condenser of thetype discussed here, i.e.
 

boxed-shape structure, is to obtain the plans of the condenser
 

structure for the specific application. An example is in­

serted in the Appendix (Al/I). These plans have, generously
 

been furnished by the Ingersoll-Rand Corporation of New Jersey.
 

The plans are actually for condensers larger than the ones
 

we are concerned with. However, the general features remain.
 

Before we discuss the general modifications to be performed
 

on the condenser structure we should mention the features
 

of the condenser structure of A-l.I that we are concerned with.
 

A. The Shell
 

This part of the structure is of primary importance in
 

the design as it consists of the largest single section to
 

be dealt with. It should be noted however, that the part
 

of the plans showing the connection between the shell and
 

the turbine exhaust and attached in this case to the shell
 

is not of our concern. The reason for this is the designs
 

we are concerned with do not have such a large connecting
 

section and therefore that part of the construction has
 

been omitted from this manual. An expansion joint will be
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provided at the shell's inlet where proper flanges for this
 

purpose will be placed. If there is a necessity for a more
 

complicated connecting section the conventional structure
 

will be used.
 

B. The Waterboxes
 

The waterbox structures will be dealt with separately.
 

The shapes will be modified to rectangular for ease of construc­

a reinforced concrete construction is concerned.
tion as far as 


C. 	The Tube Sheets
 

are not shown in the A.l/I. This is
The tube sheets 


because tube sheets are considered internals and not part of
 

ex­the outer structural design. However, in our design as 


placed on
plained in the Introduction, the tube sheets are 


separate structures placed between the shell and the waterboxes
 

and will be dealt with separately.
 

D. The Inlets and Outlets
 

The inlets and outlets will not be modified in any way
 

except to provide for their connections to the concrete
 

structure.
 

E. Expansion Joints
 

Four sets of bellow-type expansion joints will be placed
 

to connect the two trbe sheets to respective waterboxes 
and
 

to the shell.
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2.2 The Shell
 

The cross section of the shell is rectangular or square
 

according to the design. The inside measurements of the cross
 

section of the steel or the cast iron shell are cnnsidered as the
 

inside cross section of the reinforced concrete shell. The
 

length of the actual shell and the concrete shell will be equiva­

lent.
 

The steam inlet will be lined with a steel flange to ensure
 

proper connection with the expansion joint. The design of this
 

flange would be made according to the specifications provided
 

by the expansion joint manufacturer. Each end of the shell will
 

also be provided with one of these flanges, designed again
 

according to the given specifications. All of these flanges
 

will be welded to the reinforcement of the shell itself by
 

means of steel rods of the same number as the shells' reinforce­

ment.
 

The floor of the shell will be designed exactly as the
 

original. A full rectangular hot well with all the necessary
 

details. Care should be taken to include all of these details
 

in the original forms so that once the floor section is cast no
 

more shaping would be necessary. In the same manner, all the
 

openings for inlets and outlets, for instrumentation, manholes,
 

etc., specified on the original plan, should be taken care of
 

in the original framework and designed so that it can be lined
 

with steel flanges.
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It is very important to note that although the thermal
 

expansion of concrete is not expected to be of major magnitude,
 

care should be taken in leaving allowances, in all of the
 

flanges, for continuous expansion. This should be achieved by
 

cutting the flanges at the corners of the smaller rectangular
 

holes, at both corners and mid-section of the sides of the
 

larger rectangular holes, and on 4 sides of circular holes
 

(Fig. 2.2-1).
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2.3 The Waterbox
 

The structure of the waterbox will be rectangular and
 

not circular. In some of the conventional designs the water­

box is of rectangular shape but, in most cases, it has a half-


In either case the waterbox will be re­spherical shape. 


designed to have a rectangular shape extending all the way to
 

the ground level. This is the same level on which all of the
 

This is an area in the
condenser structure will be built). 


design where major changes will be made. The waterbox struc­

ture will have the following characteristics.
 

the largest width of
 a. Its width will be the same as 


the 	actual waterbox (inside measurements). Its height will be
 

Its length (measured
the same as the inside length of shell. 


same as
along the direction of the tube bundle) will be the 


the largest length in the actual design.
 

Since we do not intend to change the flow character­b. 


istics inside the waterbox and thereby alter the whole 
perform­

aluminium plate inside the
 ance analysis, we shall install an 


waterbox, shaped exactly like the original waterbox and 
place
 

It should be noted
it in the concrete structured waterbox. 


that the water inlets should be exactly as shown in the 
plans
 

The same is of course true
of the conventional condenser. 


The plate will
for the second waterbox and the water outlet. 


It will merely direct the
 not have any containing fanctions. 


Actually there will be clearance between the
flow of water. 
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walls and the plates so as to let the water get behind the
 

plate. This clearance will be insured by a suitable material
 

placed at equal distances. The only firm connection between
 

the flow-director (this is the Aame with which we shall refer
 

to the steel plate) and the structure will be right at the
 

inlet (or outlet) where they will be welded or secured by
 

proper joints. The flange should be made of the same material
 

as the flow-director therefore and if steel is used both
 

should be of steel or both of aluminium etc.
 

The manholes again will be designed according to the
 

design and flanged according to the instructions given in
 

Section 2.2 (Fig. 2.3-1).
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2.4 The Tube Sheet Structure
 

The tube sheet section of the condenser is probably one
 

area in which a complete design is achieved. For the reasons
 

discussed in the introductory portion of this Manual, the tube
 

sheet, usually considered an internal design item, has been
 

treated as an independent design subject. The actual tube
 

it has been in the conventional
sheet will remain exactly as 


condenser; however, instead of being installed in the shell,
 

it will be placed in a structure specifically designed to
 

This structure is buiit independent
support and enclose it. 


from the shell (Fig. 1.4-1). Expansion joints (Bellow-type)
 

will connect the structure with the shell and the waterbox.
 

Again proper flanges will be placed and welded to the re­

inforcement network.
 

The material of the tube sheet can conceivably consist
 

of anything, even cement (hopefully). To the worst case, let
 

us suppose a material is being used wh~re its behavior when
 

contacted with cement is concerned. To account for this case
 

the tube sheet will be separated from the structure by a suit-


One of the vertical sides is
able sealant on all four sides. 


going to be used for installation of the tube sheet.
 

A slit will be formed in the center of this side to
 

permit sliding of the tube sheet into the structure. On the
 

other three sides proper grooves will be formed to permit
 

introduction of the tube sheet and placing of sealant, therefore
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insuring a strong adhesion of the tube sheet to the supporting
 

structure.
 

Finally, it should be mentioned that as opposed to the
 

waterbox, the tube sheet will not be anchored to the ground,
 

but rather, like the shell, permitted to slide on a smooth
 

surface (Fig. 2.4-1) (Reference 26).
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2.5 Notation
 

For the purpose of design of the walls and top and bottom
 

slabs, the notation in Reference 14 (Rectangular Concrete Tanks)
 

will be used. The reason for this is so that the charts and
 

tables given from that reference throughout the Manual would not
 

have to be changed. Figure 2.5-1 shows the notations used for
 

heights, widths, etc. of each section.
 

As far as the notation used for the design of concrete
 

walls themselves and the reinforcement goes, the notation pre­

sented in Table 2.5/1 (Reference 19) is used throughout the
 

Manual, except when indicated otherwise.
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Table 2.2/1 

SYMBOLS AND NOTATIONS 

a - coefficient used in As = 
M 

-

ad 
and in A 

NE 
-d 

ad 

Ag - gross area of concrete section 

As - area of tens3le reinforcement of beams or columns 

A s - area of compressive reinforcement in flexural members, 
or equivalent area of reinforcement in columns re­
inforced on four faces 

b - width of rectangular beam, width of flange of T-beam, 
or column dimension 

c 
M - KF 

- coefficient used in A's -
size of bar reinforcement cd 

and in A's = 

NE - KF 

cd 

d - effective depth of flexural members 

d - distance from extreme fiber to compressive reinforcement 

e - eccentricity measured from tensile steel axis (in.) 

E - eccentricity measured from tensile steel axis (ft.) 
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E c - modulus of elasticity of concrete
 

Es - modulus of elasticity of steel 

fc - compressive stress in extreme fiber
 

f' - ultimate compressive strength of concrete
 
c 

f - stress in tensile reinforcement or in column reinforcement
 
s 

s' - stress in compressive reinforcement in flexural members 

f - yield strength of reinforcement
Y
 

2
 
bd 

F - , used in determination of resisting moment of 
12,000 concrete sections 

1
 

i -, used for sections subject to bending and 

1- jd' axial load
 

e 

I - moment of inertia
 

- ratio of distance (jd) between resultants of compressive
 
and tensile stresses to effective depth
 

k - ratio of distance (kd or ki) between extreme fiber and
 
neutral axis to effective depth or to total depth
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K 

As2 

- 1/2fcjk for flexural computations, or AsI 

column design using reinforcement 

on four. faces 

for 

M - external moment (ft. kips or in.kips) 

n - ratio of modulus of elasticity of steel 
of concrete (EC ) 

(E5 ) to that 

N - external force or load (kips); also number of stirrups 

NA - neutral axis 

p - ratio of area of tensile reinforcement to effect area 
of concrete in beams and columns 

p' - ratio of area of compressive reinforcement to effective 

area of concrete in beams 

P9 - ratio of area of vertical reinforcement to gross areaAg 

P 

P b 

- axial load capacity (kips) 

- the value of P below which the allowable eccentricity 

is controlled by tension, and above which by compressicn 

R - adius of gyration, or design coefficient for deflections 

s - spacing of stirrups (in.) 
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T - resultant of tensile stresses
 

u - bond stress 

v - shearing stress 

vc - allowable shearing stress 

V -total shear 

w - uniformly distributed load 

for concrete
 

W - concentrated load on flexural members 

E 0 - sum cf perimeters of bars
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2.6 Specific Modifications
 

In this section we shall discuss some initial specific
 

modifications necessary to the proper execution of the design.
 

In this area we shall note some specific position changes.
 

Since the tube sheet structure is taken as an independent struc­

tion in this Manual, we shall provide space to permit the inser­

tion of this structure between the waterbox structure and that
 

of the shell.
 

For each tube-sheet structure there will be need for
 

two expansion joints (fig. 2.6-1) and for each of these a 1
 

foot width shall be provided. The structure of the tube sheet
 

shall have a thickness of 1.5 ft. The tube sheet is placed
 

at the center of the structure and therefore a total length of
 

1.5/2 + 1 = 1.75 ft. which is added to the tube lengths out­

side the shell structure shall be diminished from the shell
 

on each side so that on the overall the tube lengths have not
 

This in turn would mean that the entire shell
been changed. 


would be 3.5 ft shorter thant the original. In addition, since
 

1 ft. is added to the length of the waterbox (length taken along
 

of a second expansion
the directionof the tube bundle) by means 


joint, 1 ft. shall be diminished from the overall length of
 

the waterbox.
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These line drawings illustrate the many ways in 

which a Zallea Universal Expmsion Joint may function. 
In each case, the rectangle shows the original position 

of the expansion joint. 

2_ _ ........ 

Case I-Axial Movement Only 

A Universal Expansion Joint is usually not required unless 
this axial movement is combined with lateral or angular 
deflection. However, it may be used for axial movement 
only, where the traverse is such as to require more than one 

expansion joint and it is not possible to install an anchor 
between the two expansion joints. In such cases, the tie rods 

take the place of an intermediate anchor. 

, , .. 

_-flected 

.. r* 
.. .. 

---

U' 
S, 0 

___.. ....... 

r 

__ 

A 

' 

Case 2-Lateral Deflection Only 
The corrugated bellows on one end closes on one side and 
opens on the other, permitting a slight angular deflection. 

The corrugated bellows on the other end is similarly de­
in the opposite direction. The longer the section of 

pipe between the two corrugated Iellows. the greater the 

lateral deflection. Notice that the flanges remain parallel 
indicating that there is no bending in the adjacent pipe. 
Here the tie rods take the place of pipe anchors. 

24t 

ItThis 

,Case 3-Axial Movement and 
Lateral Deflection 

is a combination of the movements illustrated in Cases 
1 and 2, the most frequent application for Zallea Universal 
Expansion Joints. 

' ' .of 
, .signed 

. -pressure 

The limit rods shown in all cases are an essential part 

the Zallea Universal Expansion Joint. They are de­
so that the rods will withstand the full line 

in the event of failure of the anchors on the 

piping. They also distribute the movement equally 

between the two corrugated bellows. 

Figure 2.6-1 
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2.7 Preparation for the Design
 

By preparation we mean allthat should be secured before
 

the actual design has begun. We divide these preparations in
 

two parts. The first consists of all the things that are
 

expected to be performed for the designer so that he can
 

implement his design. The second consists of all the prepara­

tions that the designer should fulfill before he starts de­

signing.
 

As far as the first goes, we assume that the surface
 

of the condenser level floor has been prepared to take the
 

necessary loads, proper reinforcement type or joint type
 

anchorage provided for anchoring the waterbox structures and
 

the center of the shell, and a smooth surface provided under
 

the strucutre and surrounding the structure to a reasonable
 

distance. As far as the second part goes we shall assume that
 

the person undertaking the design has familarity with construc­

tion design although not necessarily in the field of rectang­

ular tanks. We shall also assume that the proper methods of
 

concrete mixing and reinforcing are know. Although these
 

processes are discussed in this Manual, experience plays an
 

important role in proper planning and reinforcing of concrete
 

and is of vital importance.
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Part II
 

THE ACTUAL DESIGN
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The purpose of Chapters 3 and 4 is to give the exact
 

procedure for the structural part of the design. In Chapter 3
 

the wall thickness, the top and.bottom floor thicknesses, and
 

the other design parameters of the concrete itself is considered.
 

In Chapter 4 the reinforcement characteristics are considered.
 

The reinforcing bars are described both in size and position
 

and the placement of reinforcement in general is discussed.
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Chapter 3 

STRUCTURAL DESIGN
 

49
 



Section 3.1
 

The Waterbox Structure
 

We should note that the design of the waterbox is
 

in the same category as the closed­considered as an exercise 


single-cell tank. (References 10-14) Before we get into the
 

a Figure 3.1-2. The
actual design we provide a Table 3.1/1 and 


Table 3.1/1 gives the values of moments resulting from fluid
 

pressure on the walls of a single-cell closed tank, and for
 

same.
the figure (3.1-2) gives the values of the shear for the 


= 0 (top edge) and x = a (bottom
If all the coefficients for x 


get Table 3.1/3.
edge) are omitted, being equal to zero, we 


is .052 wa 3 and maximum My is -. 053 wa 3 .
 Maximum M 


it will be considered
The greater magnitude being that of My, 


as the design moment.
 

3
 
= .053 wa
 

Design Moment 


(The negative sign is omitted since it mainly shows the
 

direction and is immaterial in the design). It should be
 

2
 
noted that w is in lb/ft
 

Now according to the Handbook of Concrete Construction
 

with a given ratio of the moment (M) and also
(Reference 19), 


(fs/nfc'), the

the desired qualities of steel and concrete 


(d") can be determined. Table

effective depth of the walls 


3.1/3 (Table 2 of the Handbook. Reference 19) serves this
 

purpose and since M and f/s/n/f'c are known in our case, d"
 

can readily be determined.
 

The effective depth computed in this manner, is the
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Momeont Coofficicnts for Tanks with W lls Higcd at To and [ottom 

...- 'v,_____-.-.0---­-

Mloncut Cud. X was3 	
­

cc
 

)/a 3.0 	 b/a =2.0 

C/ / =0 cy=/4=b/4 :y b/2,2 2 =/440 0 C/a 2/a y=O y=b/4 y =b/2 z=c/4 =0 

AIX A ,fz ,1 ,SU AI ArIt M. .512 .. AIX MY l, .l y A!2 Aty AIfX , 3r. f: 

34 4.035 4.010 ,.026 .,011 -.003 -.039 -.025 4.011 -.015 .. 00 , .025 *.013 #.015 +.0C09 -.007 -.037 +.015 t.009 *.025 *.013 
3.00 	 4.057 v.010 .0,14 4.017 -.013 -.GC3 ..014 4.017 -. !7 -. 016 2.00 b v.02 *.020 *,C23 *.015 -. 012 -. 059 +.023 *.015 *.,¢2 +.020 

34.051..013 4.04-1 *.014 -. 011 	 -.055 .C.41 .014 -.6 1 -. 013 34 -. 040 .. 016 +.029 +.013 -. 011 -. 053 4.029 +.013 *.C-43 *.016 

.011 *.013 4.009 -. 036 4.0C8 C:') .. 0134 v.035 4.010 4.026 '.011 -. 008 -.039 *.021 *.010 -. C31 +.025 4.015 -. 007 *.011 ...
2.50 	 11 4.057 *.016 #.044 +.017 -. 012 -.0? *.036 4.017 4.0"2 .. 017 1.75 1, 4.042 *.0'0 .. 018 1.015 -. 012 -.0IS 4.022 .. 013 -. 035 4.021 

v.051 .013 1.041 *.014 -. 011 -. 055 -. 035 4.014 '.047 ,.014 J 4.. 040 4.016 4.0.n 4.013 -. 010 -. 052 +.024 -&.012 +.43.5 #.017 

#.035 .010 *.020 .011 -. 068 	 -.03, .015 4.010 -.025 ..013 j4 4.025 *.013 4.016 +.009 -. 007 -. 034 *.007 +.006 4.014 *.013 
2.00 	 .v.057 4.016 4,045 4.017 -. 012 -.O,2 .. 0 3 .015 o.043 -. 003 1.50 v.034 .020 *.028 *.015 -. 011 -. 056 +.015 4.011 +.027 o.021 

!4 4.051 *.013 4.042 4.014 -. 011 -.054 ,.C.3 4.013 -. 41 .. 016 ',L .041 4.018 +.2,,9 .013 -.0W. -. 050 4.019 +.010 ,.023 +.017 

4.035 4.010 4.027 4.011 -. 007 -. 037 -.011 4.,00 -. C3 -. 013 3, *.026 4.013 .,010 v.010 -. 006 -. 032 v.003 4.003 .037 -.011 
1.75 	 #.057 -. 015 4.0-5 .. 017 -. 012 -.0CO .. 021 +.013 -.0 5 -. 013 1.25 !j .043 .020 +.029 4.015 -. 010 -. 052 v.008 4.007 1.013 *.01? 

4.051 *.013 ,4.042 .. 014 -. 011 -. 0,3 .. 024 012 .. C33 v.016 ,4 +.041 +.016 *.030 *.013 -. 010 -. 048 -t.013 1.008 #.21 v.016 

#.035 -. 010 4.027 +.011 -.007 4.035 +.007 4.000 1.014 .. 013 * *.013 +.017 +.010 -. 006 -. 028 -.001 ,.000 -. C,:2 ..C'3v.026 
+.50.05! -.015 4.015 .017 -. 011 -. 057 #.015 4.010 o.027 +.020 1.00 #.044 +.020 +.030 *.016 -. 009 -. 046 4.002 .002 ..C-.C7 +.014 
,.051, -. 013 .. 042 4.014 -. 010 -. 051 +.019 -. 011 0:2 -.-. 017 34 v.041 #.016 ..031 +.014 -.009 -.044 +.007 4.004 .. C13 +.013 

.,035 	 -. 010 4.027 +.011 -.00 -. 0,2 -,CT3 -. 003 -.05 O.011. 4 .027 -. 013 '.0'8 +.010 -. 005 -. 024 -. 003 -. 004 -.0.1 .0.2 
1.25 	 ,,.057 .. C.15 *.01;0 4.017 -. 011 -.03 -. ... -.C:7 .617 0.75 t, -. 045 -.0M0 +.031 *.016 -. 008 -. 040 -. 002 -. 004 4.1X2):*.:5 

4.001 v.013 ..042 4.014 -. 010 -. 048 -. 013 -. Ca -.621 .016 94 .. 042 4.016 *.032 +.014 -. 008 -. 041 .. 002 -. 002 4.0,5 . 

.004.035 *.010 4.027 .01 -.0 0 -. 029 -.001 .OCO -. C"2 v.008 4.027 +.013 4.019 4.010 -. 004 -. 021 -.004 -. 010 -. CC.A -. (07 

1.00 	 J.- 4 057 .015 .. 046 .,017 -.010 -.04 *.'2C 4.02 °.C 7 :.014 0.50 4.0464 .. 020 4.033 v.017 -. 007 -. 034 -. 008 -. 015 -.,. ./ -. 
1% 4.051 *.013 4.043 #.014 -.009 -. 044 =.037 v.004 -. 013 -. 013 it v.042 .016 v.032 4.015 -. 007 -. 037 -. 003 -. 010 -.6'-2 -.003 

j4 .035 .010 .0-8 .011 .005 -.025 	 -. 003 -.005 -. CM 001 
0.75 .057 4.015 .0415 4.017 -.008 	 -. 012 -. 003 -. 005 -.C"1 +.007 1.5 

4.C52 4.013 ,.043 .014 -.008 -. 039 -.602 -. 002 -.o.'5 .037
 
= 


4.03G +.010 4.0?8 ..011 -,04 -.021 -.034 -.011 -. C:5 -. V8 / 0 y= /4 y=b/2 /4 
0.50 	 y 4.057 ,.015 4.047 +.017 -.007 -. 035 -.C37 -.01 -.C -3-.010 Aiz ly Aitz My AIX Afy AI, A1l: Mtx M:

34 *.052 4.013 4.043 ,014 -.007 -.033 -.,34 -.010 -.C0l -.034 

+, *.013 +.MCS *.007 -. 006 	 -. 032 *.007 ,.C.5 -. 0134.015 	 .OOS 

-.052 4.016 +.011 v.C*23 .. 11h/a - 2.5 1.50 4.v.024 4.021 +.016 ,.01 -. 010 2 32f 1.030 +.017 v.020 *.011 -. 010 -. 048 v.020 +.011 v,, v.017,
 

y:O y:b/4 	 4y=b/2 syc/4 2:0 	 Lj ..016 *.013 4.03 v.08 -. 006 -. 0'9 +.004 v.004 -.CV') -. ( 2 
./ai/ 1.25 . .02S .0217 v.C17 .. 012 -. 010 -. 049 .009 .003 .. .,3". 

_ __ _ _ _ z__. ._ty , _ _.11_.z ,: A4 	 v.030 *.01 v.020 4.012 -. 009 -. 045 +.014 1.000 v.023 ,.015 
2.50 4.031 4.011.021 -. -.OORC0R -038 .. 0C21 '.010 -. 031 ..011 .,01C v.013 ..010 v.009 -.005 -.025 -.000 -.001 -... 3 -. C:" 

*.052 ::017 ::00 ,..17 -.012 -. 0*2 0;5 -..017 -. 0! -. 0.7 1.00 .. 030 .021 4.019 4.012 -. 009 -.043 ,.003 v.003 3..:1-. CI4' 
1.5 4.047 v.015 Oj5 -.-.014 -. 011 -.0:5 5-. .. 014 -.047 .. 015 ,4 v.031 4.017 4.021 4.013 -. O8 -. 041 +.008 v.005 +.014 *.014 

*i4.031 4.011 4.021 4.010 -. 008 -.03S 1.015 4.009 -. 05 v.012 4 v.018 +.014 4.011 .010 -.004 -. 021 -.002 -.003 -.00 *.CC2 
/,.C52 4.X17 0:2 ,.12.00 ( -. -,C17 -.012 	 -.- .. v.015 -. ,42 °.020 0.75 12 .. 03? ..02, 4.021 v.014 -. 007 -. 036 -. 002 -. 004 .. 001 .225 

3 4. *..05 +.014 -.011 -. 051 -. 041 -. 010 .4 v.018 4.022 +.014 -. 007 -. 036 v.002 -. 000 ..C47 .. 00)'3 .,00.'3#.013 v.032 	 v.C6.23 ,KS 

4 .032 v.011 4.021 v.010 -.007 -.037 *.011 v.008 -.. 23 -. 012 I 34 ..020 .. 016 4.013 +.012 -. 003 -. 017 -. 003 -. 009 -.MA. -. Oo 
1.75 .,052 v.018 -. 03 *.017 -.012 	 -.059 °.02 .. 013 -.05 +.021 1 0.50 1J '.035 .024 v.023 -. 018 -. 006 -. 031 -. 006 -. 014 -.COS -.X-7 

4.047 ,,.015 .. 36 .. 014 -.011 -. 053 v.04 +.012 -. 03 v.017 34 -. 034 +.020 ,.024 +.016 -. 007 -. 033 -. 003 -. 008 -.001 -. 001 

1 4.032 4.011 .022 *.010 -.007 -.035 v.07 4.r06 .014 -.013 - . 
1,50 v.052 v.018 .. 037 -. 017 -.011 -.057 4.315 .CO -.021' 0 . 

• .. 047 .. 015 4.036 ,.014 -.010 -.051 .. 019 ..CIO -.0." -. 017 

.v.032 .Gl1 v.02 .010 -.006 -. 032 .03 -. 004 -C, 7 -.012 y=o y=b/4 yzb/2 :c/4 := 
13 C/U X .$, 

34 .. 5 ..015 * .037r.014 -,010 -.61t3 .. 014 v.031 .02 -.016 Ix My Jx 3ly A/x MY Aix Mg . [ .5:1.25 	 b , 2 -... 018 .. 023 *.017 -.011 -.0.3 . '...C07cG -. 01 1

v.023 	 4.035 .. 002 -. 001 .. 002 .. O5.032 ,0l1 .011 Occ6 -. 028 -.001 ..000 -. C--2 -. 008 .009 v,003 -. 020 -. 003 6 
1.00 	 *-.,O.6.0 . C! 7 -k 'J .04 C6.2 .. 32 -...I 1.014 1.00 1.ml ,1 .010 -. M66 -.007 -.055 v...06 .v.DOG C I .04 

U / ..05 . X1 -. C .O?.007 ! 3 .016 ,,.015 v.,cp7 v.007 -.007 -.035 v.009 -. 007 . .31116 t -. 014 I.C .. 013 
3 

.0 3 0 1 07 -. C1I - P7-.0-.005 - ()',2 .010 4.0M33 i.C0.t -.003 -. 016 4.00 *.000 +.. .. ,4 3 .C'2 	 0 G 
0.75 	 4iv.051 ,.015 4.0l. .017 .> . 0.) • .,'3 -.005 -. 3 o.C.) 0.75 ,.013 .. 017 .., v.0. '3 -. 005 -. 0,) v.0) 1 .. C61 

-. .. J *.'10 a -. 031 1.033 o34.049v.015 4.0.0):ji." .01i -1 '0, -.0.2 -. C .0'.01 .01?7 #.016 *. -.006 4.004 ,.2. 

^ 4<.033 .,1!? .t:'4 ,fl o.LI -02 -.'4 -. 011 -.025 -.0'S 14 -. 007 v.011 .. 005 .005-.002. -. 010 -. 002 -.005 .C.13 -. 2 
.50 , .0:. .,Ole .C .7o-1! . .. 7 -. 016 -X " -.010 0.0 , -. 015 -. 018 ,0o10 .010 -.004 -. 021 -.,,3 -.007 .0 . 

,( v.040 .3 .1.. I ' -. -.004 v.018 +.012 -. 02G -. 0"31 -....015 0 -,2.' -. 010 (J1 .4 +.016 v.01 U-.005 -.001 i. * 

Table 3.1/1 



03 -7- . . . - " 

C . 

71 I:i09 li, 

0 02 0.4 
Slxiar per lin. ft.- cc 'Va 

Figure 3.1-2
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Effective depth, d 

n 	 f, 2 2.5 3 3.5 4 .4.5' 5 . 5.5 6 6.5 7 7.5 8 8.5 9 i10 11 12 13 14 

875 .48 .75 1.C,3 1.47 1.93 2.4 3.0 3.6 4.3 5.1 5.9 	 b.8 7.7 8.7 9.8 12.0 14.6 17.3 20.3 23.6 

2500 	 1000 .60 .93 1.3.4 .3 2.4J 3.u 3.7 4.5 5.4 6.3 7.3 2.4 9.5 10.8 12.1 14.9 lb.O 21.5 25.2 29.2 

1125 .72 1.12 .bI "2.22.81 3.b 4.5 5.4 6.5 7.b 6.5 10.1 11.5 12.9 	 14.5 17.9 21.7 25.A 30.3 35.1 

10.1 	 1250 .84 1.32 1.90 . 3.37 4.3 5.3 6.4 7.6 8.9 10.3 11.9 13.5 15.2 17.1 21.1 25.5 30.3 35.6 41.3 

15.' 1.11 1.73 2.49 3.71 4.43 5.b 6.9 8.4 10.0 11.7 13.6 -5.6 17.7 2o.0 22.4 27.7 33.5 39.9 	 46.8 54.3 

1050 .61 .95 1.37 1.5' 2.44 3.1 3.8 4.6 1.5 6.4 7.5 8.6 9.8 11.0 12.3 15.2 18.4 21.9 25.8 29.9 
13.t 	 15.2 18.6 22.8 27.1 31.8 36.9

3000 	 120.) .75 1.18 1.t9 2.3. 3.01 3.8 4.7 5.7 6.8 7.9 9.2 10.6 12.0 

.350 .90 1.41 2.03 2.7, 3.61 4.6 5.6 6.8 	8.1 9.5 11.1 12.7 14.4 16.3 18.3 22.6 27.3 32.5 38.1 44.2 
44.7:51.99.2 	 150) 1.. 1.65 2.38 3.2" 4.23 5.4 6.6 8.0 9.5 11.2 13.0 14.9 16.9 1 .1 21.4 26.5 32.0 35.1 


1600 1.36 2.16 3.12 4.24 5.54 7.0 S.7 10.5 12.5 14.b 1.0 
19.5 22.2 25.0 28.0 34.6 41.9 49.8 58.5'67.8 

16.0 	 17.9 22.1 26.8 31.9 37.4 43.41400 .63 1.35 1.99 2.71 3.54 4.5 5.5 6.7 8.0 9.3 10.5 12.4 14.2 

4000 ItcP 1.C? 1.; 7.42. 3.3 4-35 5.5 6.5 S.2 9.5 11.5 13.3 15.3 17.4 19.t 22.0 27.2 32.9 39.1 45.9 53.2 

I6') 1.32 V2.. r 3 97 5. 1 6.6 e.2 9.6 11.7 13.7 15.9 18.2 20.7 23.4 24.3 32.4 39.2 46.7 	 Y4.8 63.5 

8.0 	 2 - 2.3 4, - ., ;.5 1.1 3. :t., 21.3 -.. 7.431-73-945.854.56 .. ) 74.21.91 7 7.7 1.s 

2400 1.97 3.0 4.43 L 7.07 10.0 U .3 14.9 17.7 20.8 2.1 27.7 35.5 3).8 49.2 5).5 20.8 90.431.5 	 63.1 

1.r3 t 3 13.5 1.2.4 .. 3 t.5 1 .7 "1. 2Z3.; 27.2 35.4.42.1 49.4 57.3
17,.0 1.17 . 3 3. 5. 3 . 

O.5 70.1
1 2.2.. . .."5 5. 7.2 1. 10.6 12.9 15.1 7 7.25 -2. . 2 .0 35.3 43.2 51.5 

2250 1.70 2. . 3 5. 6- 1 o.o ,0.1L 2.1 5.3 . 2 . 23.9 27.2 3J.5 3.4.542..D 1.5 61.3 71.9 83.4 

12-4 1.17.6 2.. 24.3 27.9 31.7 35.. 40.1 49.4 O0.0 71.4 53.8 97.1 

5000 	2C. 


1.9 	 .l' 4. ..7 7. 137.1 .25 9 .L 4.0 
92.2 	 10.3 1262.5.9. 0. 5 L3.0U Z9.. 27.1 31.4 3t.0 41.0 46.3 51.9 64.1 77.5p3W0C 4.C- 5.77 7. .C 23. 


-s :2,2C'2
 

4.1 	 4.8 5.6 6.4 7.3 8.2 9.2 11.3 13.7 16.3 19.2 22.2
675 .45 .71 1.02 1.39 1.81 2.3 2.8 3.4 

1.27 1.73 2. 4.3 5.9 7.9 14.1 


1125 .66 i. , 1.53 2.5C-2.72 3.4 L.2 5.1 6.1 7.2 8.3 

2500 	 110 .9 1 .E, 2.2 . 5.1 b.9 9.0 10.2 11.4 17.0 20.3 23.d 27.6 

9.6 13.9 12.3 13.8 17.0 20.5 24.5 28.7 33.3
 

4.1 	 5.0 6.1 7.2 8.5 9.8 11.3 12.5 14.5 16.2 20.0 24.2 18.6 33.8 39.2
10.1 	 125.0 .80 1.25 1.30 2.45 3.20 


1500 1.O 1.65 2.36 3.2. 4.23 5.4 t.b 8.3 9.5 11.2 13.0 	'4.9 16.9 19.1 21.4 26.4 32.0 33.1 44.7 51.5 

.90 1.30 1.71 2.30 3.6 5.2 7.1 9.2 11.7 17.4 28.21050 .58 	 2.9 4.4, 6.1 8.1 10.4 14.4 20.7 24.3 
17.8 21.6 25.7 30.1 34.93000 ,1200 .71 1.11 1.60 2.13 2.95 3.6 4.5 5.4 6.4 7.5 8.7 10.0 11.4 12.9 14.4 

1350 .4U 1. 1 .'13 2.62 3.43 4.3 !.4 6.5 7.7 9.1 10.5 	1.2.113.7 15.5 17.4 21.4 25.9 30.9 36.2 42.0 

9.2 	I1500 1.01 1.57 2.27 3.C) 4. 3 5.1 t.3 7.6 9.1 10.6 U .3 1.4.2 I,.1 I1.2 20.4 25.2 30.5 35.3 42.6 49.4 

1800 1.32 2.07 2.96 4. ') 5.30 6.7 8.3 10.0 11.9 14.0 I6.2 18.6 21.2 23.9 26.8 33.1 40.1 47.7 56.0 64.9 

25.4 30.2 35.4 41.1 

4000 1600 1.03 1.61 2.32 3.lt 4.23 5.2 6.5 7.8 9.3 10., 12.7 
1400 .81,1.31 1.89 2.57 3.35 4.2 5.2 6.3 7.5 8.9 10.3 	 11.8 13.4 15.1 17.0 21.0 

14.5 	16.. 18.7 20.9 25.9 31.2 37.2 43.b 50.6 

1100 1.24 1.93 2.76 3.79 4.95 6.3 7.7 9.4 11.1 1. 1 15.1 	17.4 19.8 22.3 23.0 30.9 37.4 44.5 52.2 60.6 

8.0 	 2C'30 1.45 2.2b 3.26 4.43 5.79 7.3 9.0 I0.) 13.0 15.3 17.7 20.4 23.2 26.2 29.3 36.2 3.S 52..I 1.2 70.9 

2400 1.89 2.95 4.25 5.79 7.56 9.t II.d 14.3 	 17.0 20.0 23.1 26.6 30.2 34.1 36.3 47.2 57.2 68.U 79.8 92.6 

13.6 	 15.6 17.5 20.1 22.5 27.8 33.b 40.0 47.0 54.51750 	 1.11 1.7.. 2.50 3.4.34.45 5.6 6.9 8.4 10.0 11.7 
8.5 	10.3 12.3 14.4 ID.7 19.2 21.6 24.6 27.t 34.1 .1.3 49.1 57.b t,6.8 

.b ;9.8 
5000 	 20C0 1.31. 2.13 3.07 4.1. 5.44 6t.9 

12i50 1.63 2.5. 3.60. .: ' .1 5.2 1.2 12.3 14.6 "7.2 19.9 22.9 24.' 2?.4 33.0 40.7 4).2 5-1.6 t 
34.3 3D.5 47.5 57.5 16.4 60.3 93.1 

3000 2.47 3.4P 5.55 7. 5 9. 7 12.5 1.4 18.7 22.2 26.1 33.2 34.7 39.5 44.6 50.0 61.7 74.6 88.8 101 121 
7.1 	 2501) 1.90 2.97 4.28 5, 2 7.tJ 9.6 11. 14.4 17.1 20.1 23.3 26.7 30.4 

-24,000 

875 .43 .67: .96 1.31 1.71 2.2 2.7 3.2 3.9 4.5 3.3 6.0 6.9 7.7 8.7 10.7 13.0 15.4 18.1 '21.0 

2500 1000 .53 .83 1.20 1.&4 2.14 2.7 3.3 4.0 4.8 5.6 6.5 7.5 8.5 9.6 10.8 13.3 16.2 19.2 22.6 26.2 

1125 .65 1.0'. 1.45 1.7n2.56 3.3 4.0 4.9 5.8 6.8 7.9 9.1 10.3 11.7 13.1 16.1 19.5 23.2 27.3 31.6 

10.1 	 1250 .76 1.19 1.72 2.3- 3.G5 3.9 4.o 5.- 6.9 6.1 1.3 10.7 12.2 13.8 15.4 11.1 23.1 27.5 32.2 37.4 

1500 1.01 1.58 2.28 3.10 4. kA 5.1 6.3 7.6 9.1 10.7 12.4 14.2 16.2 15.3 20.5 25.3 30.6 36.4 42.7 49.5 

4.9 5.8 6.7 7.7 8.7 9.8 11.0 13.6 16.5 19.6 23.0 26.7 

.68 1.06 1. 52 2.C7 2.71 3.4 4.2 5.1 6.1 7.1 8.3 9.5 10.5 12.2 13.7 16.9 20.5 24.4 23.6 33.2
1050 .55 .85 1.23 1.67 2.18 2.8 3.4 4.1 

3000 	 1200 
1350 .82 1.26 1.4 2.54 3.2u 4.1 5.1 6.2 7.3 5.6 10.0 	 11.5 1.3.1 14.7 16.5 20.4 24.7 29.4 34.5 40.0 

9.2 	 1500 .96 1.50 2.1t 2.95 3.65 4.9 o.0 7.3 5.7 10.2 11.8 13.5 15.4 17.4 19.5 24.0 29.1 34.6 40.6 47.1 

1800 1.27 1.98 2. 6 3.b9 5. G8 6.4 7.9 9.6 11.4 13.4 15.6 17.9 20.3 22.9 25.7 31.7 38.4 45.7 53.6 62.2 

2.44 3.19 4.0 5.0 6.0 7.2 8.4 9.8 11.2 12.7 14.4 16.1 19.9 24.1 28.7 33.6.39.01400 .80 1.24 1.79 
15.7 29.5 35.4 41.6 48.24000 	 1600 .98 1.54 2.21 3.01 3.94 5.0 6.2 7.4 8.9 10.4 12.1 13.8 17.8 19.9 24.b 

1800 1.18 1.e5 2.66 3.t2 4.73 6.0 7.4 8.9 10.b 12.5 14.5 16.6 18.9 21.3 23.9 29.5 35.7 42.5 49.9 57.9 

8.0 	 2000 1.39 2.17 3.12 4.25 5.55 7.0 5.7 10.5 12-.5 14.6 17.C 19.5 22.2 25.0 25.1 34.7 41.9 49.9 58.6 67.9 

2400 1.82 2.84 4.09 5.57 7.27 9.2 11.4 13.7 16.4 19.2 22.3 25.6 23.1 32.8 35.5 45.4 55.0 65.4 	 76.8 89.0 

1.10, 1.65 2.35 3.24 4.23 5.4 6.6 8.0 9.5 11.2 13.0 14.9 16.9 19.1 21.4 26.5 32.0 38.144.7!51.8 

5000 2000 1.30 2.G4 2.93 3. , 5.21 6.6 6.1 9.? 
1750 

11.7 	 13.5 1.18. 15.3 20.1 23.5 26.4 32.6 39.4 46.9 55.0 63.8 

9.7 1l.d 14.0 1-.9!I'. I 21.9 24.9 28.2 31.6 39.0 47.2 56.1165.976.42250 1.56 2.44 3.51 4.77 6.24 7.9 
250 1. K 2.85 4.11 5.59 7.30 9.2 11.4 13.3 ',4 19.3 2..4 25.7 :.9.2 33.0 36.9 45.6 55.2 65.7. 77.1 89.4 

300 2.38 3.72 5.35 7.29 9.5,2 2.0 .4.9 i8.0 21.4 25.1 29.1 33.5, 38.143.0 48.2 59.5172.0 85.61 101 :117 
7.1 
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depth of concrete necessary to maintain the given maximum
 

moment. However, there is a shear stress acting on the walls
 

and the thickness of the walls should be sufficient to take
 

this force as well. A calculation is made now to determine
 

this necessary thickness or effective depth and if it is
 

greater than the previous value, it will be taken as the design
 

effective depth, otherwise the effective depth computed for
 

the moment will be considered. So Figure 3.1-2 is considered
 

and it is seen that the maximum shear is given by the value of
 

The _roper
{coefficient (wa2)} for different values of b/a. 


value for the designs' b/a is obtained, introduced in Table
 

3.1/3 again and the necessary effective depth for shear is
 

obtained. Now as we mentioned before, whichever of the two
 

are of a greater value, will be considered
selected depths 


as the proper design effective depth d".
 

54
 



Section 3.2
 

The Central Shell Structure
 

As we have mentioned before the shell will be designed
 

as a rectangular cyclindrical shape. The sides will be
 

designed as if they were rectangular slabs doweled to each
 

other. The bottom side will be designed accordingly.
 

Each slab should be designed to take one atmosphere
 

pressure, plus 300 psf for live load and of course the weight
 

of the concrete itself. This latter is of course true only
 

for the top and bottom slabs, and since the bottom slab will
 

be considered as uniformly supported, only to the top slab.
 

However, for the sake of uniformity, which is very important
 

for the purpose of placing of the concrete and forms, etc.,
 

all four sides will be considered with this additional load.
 

Total load is therefore
 

w = (15) (144) + 300 + d (12.5)
 

The procedure for finding d is one of trial and error.
 

The steps are:
 

1. With an estimated d, w is computed.
 

2. The value found for w, and proper b/a, an introduced
 

in 	the Table 3.2/1 (Table IV of Reference 14). A value for M
 

(the moment is obtained).
 

3. With this value of M and selected values of fs/n/f'c
 

(20,000/9.2/1350 in our case). A value for d is obtained. The
 

total depth considered in the first step is (d + 2).
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Table IV Hr~ 

Monment = Coed. X tva 
2 I p° 

bi x/a 
v=0 yh 4 

300 

2.50 

2.03 

1.75 

1.50 

1.25 

1.00 

0.75 

0.50 

% 

. 

4 
2 

32 

2 

2 

.CO 
+.118 

+.085 
+.112 

+.076 
+.100 

.070 
+.091 

+.061 
.078 

+.049 
+.063 

,.036 
+.044 

.02 
+ .025 

+.010 
* .09 

. 022 
-. 029 

+.024 
.,032 

+ 027 
+.037 

+ 029 
+.040 

+.031 
+.043 

.033 
+.044 

+.033 
+.044 

+.029 
4.038 

+ 020 
+ .025 

077 
4.101 

4.070 
+.0'32 

+ C01 
4.078 

4.054 
*.070 

+.047 
4.059 

.038 
+.047 

+.0?7 
4.033 

4.016 
*.018 

+ 007 
+.037 

,025 
+.034 

+ 027 
*.037 

+ 028 
+.038 

+.029 
+.039 

.029 
+.040 

+.0"29 
4.033 

+.027 
+.036 

4.023 
+.030 

+.O5 
.019 

Table 3.2/1 
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Chapter 4 

REINFORCEMENT DESIGN
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Section 4.1
 

Waterbox Reinforcement Calculations
 

In this section the size and the spacing of the re­

inforcing elements will be considered. Then a guideline for
 

the placement of the reinforcing rods will be described 
briefly.
 

Horizontal moment at the mid-depth of the corner was
 

(M). Axial

computed and it is what we called maximum moment 


.37 wa2 (kips) , which will be used
tension will be taken as N = 


with a negative sign to indicate that it is in tension, 
other­

wise disregarded in the calculations.
 

Now follow procedure in Example 8 given in the handbook
 

(Reference 19,Appendix 4-1) and compute
 
= 


-
e e= 122MN =d"' 
N
 

12 

Now from Table 4.1/1 (Table 4 of Reference 19 - The Handbook) 

with b = 12 in (one foot width) and the value of d equal to d" 

computed in section 3.1, we select a value of F by 
introducing
 

E. 

= NE
Then K F 

A ratio of K up to 226 is allowed 	for fs/n/f'c of 20000/9.2/1350,
 

We find that for our purpose
so compressive stresses are low. 


j = 9.1 and a = 1.44
 

from table 4.1/2 (Table 1 of Handbook).
 

eiThen 

e-jd
 

and NE
 
As =a T
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Coefficients (F) for Resisting Moments of Rectangular and T-Sections 

bbd 	 b 

Values of F -12,20 

N
-(a) Entor table with known value of F .10 	 r (3f or NE in ft.kips; K fron Tables I or 8); 

r Kselect b and d (in.) 
(b) Enter table with known value of and d; compute resisting moment in concrete: K X F 

(ft.kips) 

b: Width of comprPsstio aread 
I4 1 5 1 6 I 7 7,!l 8 1 9 1I114: 10 111', 121131 15 171 19121 123 251301 361421 48 

5 .0J8 .010.013 .o15 .016-017P.019 .025 .07 .01I 0.:0-3,.044 .T4e5 5 o.;3 .7 5 FaW,.100 
514 .010 .013 .015 .016 .010;.2 .023.02V045.0 , .030 .033,.038 .043;.04&.053 .05b ,C63 .076 .oo1.lC6j.121 
6 .012 .015.018 .0211.023'.04 .027. 3N.035 .036 .03),04.'l 0511.057,053 .069 .075 :09V(.108 .126 .144 
614 .014 .018 021"025' 020 0 0 03 035,040042!.046 .053 :060.06T.074 i.088 .100 .127 .148 .169 

.0l61•.0o ..o 5 !,9 031. 0;3io3D 039. 041l.047 .049.053 .061 .069.078'.086.094. 102.123•.14 . 172 196 
71 .019 .023'.028.03T.031 .038 .042.04f .047'.054.055 .C61 .070.080 0E9.098.108 .117 .141 .189.197.225 
8 .0211.027,.03- .037 .040,u43 .0 

4 
o •51i•Cr3.C 1 .C.34 , .3 .091.101:.112 .123 .133 .160 .102 .224..2 ..6 

814 .024' 030 036 012 045.048.054.t75.9,069 .072 .078.0 0102.114.126 .138 15;.181.2171.253 .2891 I':,!,. .,1 I 

S .027i.034.0411.0471.051I.054.061 .0641.Orx .078 .CS1.083.101 .115.128 .142.155 .169.203 .243 .284 .324 
914 .030.038'.045:.053 .05t,.0t.0tB.071I.57..od7.00,.08.113.128.143.158.173 1S8.22G.71 .316.361 

10 033 o042.050.0ss.053:.r67t.075 .079.C33.0fl%.1CL:.108.125.14..158.175.-2203.20.'200.30.430 
101 :037.0461.055.064.0139 .092.103'.1101.119 .138 .156 .175 193 ,211.230.276 .331i.386.441
1074.083
74 40.!,-l.07111UO'S .	 , '.) 1 J.P11 040.0~ .O.CI .C71 .0"6 .0831 .01 .0.. 01 .116.1211.131 51.171 .192.212.232. .2.303.353.44.4,4 
1114 .044'.0b,!.06,.07.0S3.0d8.099.10 .110;.127.132 .143.165.187.20'- .231 .253.276.331:.3j7.46J.5251 
12 .048'.060.072.C84'.050.096 :108.114 120. 13. 144.156.1S0.204.228 .252 .276.30. 360.432.504.576 
12 .5 .0651 .073 1'098 .104 117 124I 13,M 150 156 .169 195.221.2471.273 .299 326.3911 .4691.5471.625 

13 o56 0 5 09 1 i 141 	 307 0!1i 12o. 134 -162,169.183.211i.2391.26!.296 3, 52' 422.507i.5921.676 
134 :0611,076;,04: I06.114.12 .137 14 1 75 .182 .97..228. .251',.319.349.3 .455.547.638.729 
14 .065.082.098!.114. 122.131.147.155.163.1. .16.212'.245.276 .310.343.376.438.490.58S.6S6 .784 
14$ 070.08 .105.123-.1311.140'.158.166.17..20 .210.228.2i3.298 .333 366 403;.439.526.6311.736.641
 

15 0751.094 11.311.141.150.169:.178 .163 .2161.2251 .244! .281! 310 3561 3 63'.65'. 0 
1514 :030.1001.120.140'.150 .160.180.190. 200.230.240 .260.300 310.383.421-.461 .5 0.601 .721 .8420.95 
16 .085'. 107 .128. 149.1 C>. 1711.192 .203 .213 .245 .25r .277. 320 .363 .405 .448 .491.533 .6,0 .75- .896 1.? 
164 .091.113 .136;.1591.17 .182 .204 .216,.227;.261 .272 .29&.340.396,.431i.476'.522 .568 .631,.817.953 1.09 

S .120 .1451.1691 .1931217229.241,277:.2 6.3131.3611.409l.45.506.554 632 .7230.811.0111.16 
171 .128.153.179'.191.204:.230•242,.255.2.4.3:,;.332.53 .434.465.536.W.87.6..7660.921. 71.23 
18 .135 .162.189.203.216'.243 .257i.27.311.324.351i.41,C5.451Y.513.567.621 .675,8100.971.131.30 
181 .143.171 .200.214.22.257 .271'.235.32E.342.3711.428.485.542.539..656 713 6561 .03 1.20 1.37 

I
19 .10 .226.2411.'27.26.30 .346.361..391..45,;.51' 572 2. 0.510.901 .11.261.44
 
20 .200.233.250.2671.300.317i.333.35? .403.433 A3.567.633 .?03 .7670.83 1.001.201.40 1.0
 
21 .22 .25 .269 349	 21.5422 .2211.257.276:.294 .331.349,.3.423..441!.47S,.5511.625.698 .772:.8450.921 .101.321.64 1.7622 	 .24 .282 .302-.323 .36 .38.403-.464.484-.5240.6, .6 16..766 .8471.92e 1.05 .2111 451.69 1.94 

'I3~33~33I . .011.21 1.85.123 .309i.331 .353.397.4'1'41 50.59 573.611.7490.840.931.011.10 .321.- -5E2­
24 .336.360,.364.432 .45J.4801.552.576.6241.720.8160.91 1.01 1.101.201.441.73,2.022.30 
25 .365;.391 .417i.469 .495 .571.593 .625 .677,.721.8250.991.091.201,301.561.5732.192.53
26 .394 .422 451 507 535.563.648.676.732.845.9531.071.181.301.411 .692.032.372.7027 	 . I I I - 1l 2ISi .529 
'2 I .456.486.547,.:57. 608.69 ,7291.7900.911.031.151.1.401.521.822.925529? 
28 .490.523.58.621 .653.7511.784'.8490.981.11 1.241.371.501.631.962.352.743.14 
29 .526 .5611.6311.666 .701.806.641.911 .051.191.331.471.61 1.752.102.522.94 1.35 
30 I.562.60 675.712.750;.6'.900.9751.13,1 281.431.581.731.8d2.252.703.153.60 
31 .8010.920.96 1 .521 681 842.0012.40 2.883.36 3.85 
32 .6831.768.811 .8530.961.02,1.111..1.451.621.7311.962.132.563.07=3.564.10 
33 .726..817.862.9061.041.091.181.361 .541.721.91;2.092.272.723.273.81 4.36 
34 	 .771. 8671.915 .9631 111 16 1.25,1.45'1.64.1 832 022 222.41 2.603.474.05 4.62 

36 	 1 07 1031; 081 .241 .J0522 7.013.243.8914.54.5.1869o .30, 1401.621.!2t 
38 ;1.08 1.14 1.20,1.31l.44 I.56 I .8112.052.292.53'2.773.01:3.614.33 5.05:5.78 
40 K- VourNs 1.20 1.271.331.53I.601.732.002.27.2.532.80'3.73. 33 4.03 4.80 5.60.6.40 
42 -	 .32,.40 .471.691.761 .91.2.2117.50 2.79 3.09 3.38 3.63 4.41 5.29 6. 77.06 
44 	 '1.. .61.661.942.1e2.422.743.0713.39,3.714.034.,845.816.78'7.74 

4 8 	 , .9 . 3 .2 6 3 . 6 5 t'1.0 3i4.4 . 5.296.357.408.466 6 .9 1 3 .0 6,9 .246 kat 2500 3000137503 3 1 400015000L,5 4 4 1.07:1.762.032.12;2.292.64'3.003.35,3.70:4.064.41' . 1 2- . 2 1 12. 0 2 . 50 2 . E6 4 . 805 . ' 

50 16 2091 4 I109 08 2.40!2.502 713 13'3 543 96t4 38'4.795.21 6.257.508 7510 ,0 
18 190 23d 314 341' 41 1 i IV 

52 20 119 226 294 324 4-1 2..7 2.5912.702.933.383.834.28'4.73 5.185.636.768.1119.46 10.8 
5 22 170 2141 24 30 407 2.4,.i27?'.923.163.654.164.625.115.596.0817.29'1.7510.211.7 
56 	 2.f.. .01 3.173.403.9:,4.444.975.496.l 6.8,4'7.84;9.41 11.0 12.5

8.393. 4 5.335.69.457.0 8.41 10.1 11.613 5 
24 161 204 271 1.05 390 I 3 I421I I I I I I I60 27 I1O 190 

' 
254 277 366 I 4,3.603.904.50,5.10'5.70!6.3016.907 .509.0010.' 1264.4

64 3o0 140 17 234 6U 34 i 3-S:4.094.435.12.5.604717j7,858.5302162:314.31r.464 ].30 140,- 3,.. ITS.	 4,0..... 015.78;6.5",7.33.•C98,869 .JI.11 .91u95 

72 1 33.. 1321 1.4 5 32.6.15.61 	 646'7.340.2:.9.07,9,93I0.313.L1t.6 18.1;20.7 

'The values ul K,cur rvnt.t- I. ,3I'c 

Table 4.1/1
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Coefficients (If, k, j, p) for RectanGular Sections 

f k I j K k TVT
and 	 11, 

'
 n 	 I * 16,OUO a * 1.13 f, * 18,00 a - 1.29 

131. 	 .3187.1 	 )744 12. .329 .840 0AJ-­
2500 	 1033. 1,9. .3b7 .47 1 121 158. .359 .880 .01010 r ­

1125. 21. 415 .162 .3146 190. .387 .871 .0121 NA 
10.1 	 35. . d53 . 72 222. 412 .63 .U14 3 

1500. .466 .638 .C 23 2.1. .45; .848 .019, 

1050. 173. .376 .875 .0124 1b2. .349 .884 .0102 

3000 1200: 212 .48 8b4 53 199. 380 .873 .0127 A, T 

1350: 	 252. .437 .854 .0184 238. jC5 .864 .0153 P bd 
.0217 278. .434 .855 .0181 

1800. 36d. ,539 .833 .-26t 3b2. .479 .84 .0240 I -k 
I+ f, /nf, 

1403. 249. .412 .E63 .. 183 234. .384 .872 .0149 I 3 
4000 16 0. 3;3. .44 .82 -222 256. .416 .861 .0185 p fc Xk K-IL ki 

15, . 3,'9. .474 .C'.Z. 4' .852 .422 2f 2 

9.2 	 1500. 294. .463 .84 

8.0 	 2000. 417. .500 .633 .. 313 397. .471 .83 .0261
 
2400. 536. .545 .8,15 .C..09 513. .516 .828 .0344 12,261
 

.437 .239 408 .0199 foruse in A., 4 of A NE 

5000 2003. 397. .470 .843 . 94 376. : 1 .853 0245 r a or 
,2250. 46. .5>3 .833 .,351 -046. .47) .843 .J294 

1750. 	327. .954 309. .864 

7.1 	 '25,.3. !,4,. :!" 2 .4i7 835 .045
 

13000. 694. .57 1 0 .-535 66b. .542 I .819 .0452 K k P
 

f, 	 20,000 a * 1.44 f, - 22,u00 a - 1.6J fe - 24,000 • 1.76 

875. 	 120. .3k6 .898 .0:7 33. 1 .:57 .9.4 .3057 107. .269 .910 .o..49 

.315 .296 

1125. 179. .362 .879 01f2 170. .341 .88 .0087 161. .321 .893 .0075 
2500 	 1000. 149. .336 .88 .C¢8.- 11.: .895 .0072 133. .901 ,062 

10.1 	 1250. 211. .357 .a71 . -2 2.-0. .365 .878 .01C4 191. .345 .685 .00 

1500. 277. .431 .856 .0162 264. .408 .864 .0139 253. .387 .871 .0121 

1050. 152. .326 .891 .0385 144. .305 .898 .0073 136. .287 	 .934 0L63 
.895 .00793000 1 12C. 188. .356 .851 .0107 178. .334 .889 .0g1 169. .315 

I .361 .880 .0111 204. .341 .886 .00% 
1 1350. 226. .383 .872 .0129 214. 

.153 252. .385 .872 .0131 240. .365 .378 .0114 

18200. 346. .453 .E49 .0204:4 331. .429 .857 1.u176 317. .408 .864 .0153 
9.2 	 1530. 265. .48 64 

.107 199. .318 	 .894 .0093
11400. 221. .359 	 .880 .126 210. .337 .888 
.877 	 .348 .884 .01164000 	 1603. 272. .390 .870 .0156 258. .368 .0134 246. 

1630. 324. .419 .660 .0188 309. .396 .868 .0162 295. .375 .875 .U141 

8.0 	 2000. 379. .444 .85.2 .0222 362. .421 .Sou .0191 347. .400 .867 .0167
 

2400. 492. .490 .837 .C294 472. .466 .845 i .0254 454. .4 . d52 .0222
 

1750. 292. .383 .872 .0168 278. .361 .880 .0144 265. .341 .886 .0124 
326. .372 .876 	 .01555000 2003. 358. .415 .862 .02,8 341. ...... .89 .0178 

i2250. 426. .444 .85 .C2 5, 437. .4-' .640 .0215 390. .400 .M47 .0181 

7.1 	25 0. 49. .4 U .643 .294 475. ."47 .851 .L254 456. 42 5 .858 .7221
 

13033. 641. G o17. 595.
.516 .28 .367 .49;: j .836 .0335 470 .843 .C294 

f ,5 = 27,0UCO 2 .00 f. 30,JOU a = 2.24 f, 33,000 a = 2.48 

875. 99. .247 .918 .0340 92. .228 1.924 .0033 86. .211 .930 .0028 
2500 1000. 124. .272 ,9,9 .OjSO 115. .252 .u042 108. .234.916 	 .922 .0036
 

132. .256 .915 	 .0044
1125. 	 153. .296 .901 .. 2 14. .275 .908 .0052 

.C002 .0052
 

1500. 237. .359 .80 .0100 224. .336 .888 .U8. 211. .315 .895 .0072
 
10.1 	 1250. 178. .319 .894 .074 167. .296 .901 157. .277 .938 

.43 110. .226 .925 .U036 

3000 1200. 15?. .29J .9.3 .0.,t4 147. .269 .910 .0054U 138. .251 .916 L."0 

1350. 190. .315 .895 .0079 178. .293 .902 .UO6 168. .273 .909 .0056 

1050. 	 126. .264 .912 .0051 117. .2"4 .919 

9.2 	 1500. 225. .338 .687 .0094 211. .315 .895 1 .079 199. .295 .902 .U 7
 

1800. 299. .380 .873 .0127 282. .356 .881 .0107 267. .334 .889 .0091
 

.916 .0054
 

4000 1600. 230. .322 .893 .0,95 .299 .900 .0083 

1400. 	185. .293 .92 .0076 173. .272 I .909 .0053 162. .253 

215. 	 203. .279 .907 .068 

.U097 246. .899.304 .0083 
. 1800. 277. .348 	 .884 .0116 260. .324 .892 

8.0 	2000. 326. .372 .876 .0138 303. .348 .884 .0116 291. .327 .891 * .0099
 

12400. 430. .416 .661 .0185 407. .390 N.870 .0156 387. , .368 .877 M.013
 

218. .274 .909 	 .00731750. 	247. .315 .895 .0L12 231. .293 .9C4 .0085 

5000 	2000. 305. .345 .885 .0128 287. .321 .893 .01U? 271. .301 .930 .0091
 

2250. 366. .372 .876 .0155 3.46. .347 .884 .030 327. 1 .326 .891 , .0111
 

7.1 	 2500. 430. .397 .868 .0184 407. .372 .876 i .0155 386. . .350 .883 1 .0132 

3000. 564. .441 .853 .U245 537. .415 .862 .,.208 511. .392 j .869 .0178 

to ploDoems*Baanced steel raio" opplies inclmg bending only 

Table 4.1/2 
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Arcas 	and Pcrimetcri-s of Bars in Sections 1 Ft. Wide (Slabs) 

Areas AS (or A*,) ttp) tq. in.. Perimeters Lo tbottuni) in. 

Enter table "IthL v:Lues of A (or A's) and ,0 - ,--- (V: lb; dtn. ; u:psi)s 

Coeffciaent- a. x j inserted in table are far use in As M or A _,____9s 

Spacing 02 3 04 5 .79 8 0110 #11 Spacing 

0.30 0.1,G 1.20 1. -'.64 1 
2 

2 	 4 .7 7 . 1 9 .4 1 . 4 1 "1.2 _ 

/ 0°. 0. .1 0.7 ,; .- 11 -1.6 J'. 
2-1/2 .1 121. 3. ___ ___ 2-1/2 

--""0 20- v l v :U', . 1 ,' 1 6 1 4,) 1. 16 4.00t 

3 3. 1 -. ,7 7 4 11.0 1-2,r 4.2 	 3 
0.17 . J ... . . , .n2 i '7 [ . 3 4.36 

3-1/2 14 .7. 4 1 t 2. 13.7 3-1/2 

0.15 .33 0. 6 0 . A 1,32 1. v 237 13.002.4 3.) I " 	 3.81 4.68 43 	 1 4 l10.6 12.0 13.3 
0.13 o0.' ( ..I j 17 i1 2. 67 3 39 4.117,1 1..- I. 1.60 1 4-/ 

4-1/2 21 3.1 __ 3I 41 4-1/2]39

.1 3. 1 4.2 5. r,3 7.13 9.5 10.6 1.8,4. 1.140t; 1 1.742 0 . 5 3 7 

0. 0. ; U. h 4. ,4,I!, 7 1410]v 4, 7-3 _._ 9. 1 5I 	 '. 10.6 

5-1/2 0.11 ).2l I 0 1 t . ..... Ji 1 1. 2. 1q 2.77 3.40 
1.7 2.; I 1,4 4.3 ,.1 r".0 39 7.7 R. 7 9.7 5-1/2 

0.10 7u.2-1 .41) 0 ; 0. 3 1. 1.3 2.001 2.54 3.12 
6 1.6 1 2.4 I3. 1 3.1 4.7 ' .& . 7. 1 j 8.0 8.9 6 

6-1/2 03 0.20 0.37 0.57 0.S1 1.11 1.46 1.65 2.35 2.6 6-1/2
1.4 2. 2 2., . .; I . 5 5." 6.5 7.4 8.2 

0.09 0.19 0.34 10.33 0.7".3 1.,3 1.35 1 1.711 2.18 2.671 
7 1.3 1 2.0 2.7 :1.4 4.0 4.. 5.4 6.1 6 . 7.6 7 

7-1/2 0. O 0), 3 .50 07L 1 ,...6 1.26 1.60 2.03 2.50 ] 7-1/2
1.3 1.9 2 '_5. 3. 1 3.w 4. 4 5.0 5.7 A.4 7.1.0 06 . 17 0. J0 U. 47 ;. 3 iO,9 1. 19 1.50 t 1.91 2.11 

1.2 1 .q 1 2.4 _._5.944 3. -.1 1.12 3 6.0 6.62.200.o67 1).16 o._2 U._62 4.7 1.79.2 '-1 2. R 3. 3 1_ 3.5 4.4 5.0 5.6 I 6.2
8-1/2 1.1 i1.7 "o. 	 .141 ~ 0 -/ 

0.07 0 1 27 0.41 0. 05 0 1.05 1.33 1.69 2.09 
7 	 4.2 1 4.7 5.3 5.9 91.0 1.6 .
 

9-1/2 0.06 10.14 j 0.25 0.3 o.-6 0. 7A 1.'0 I 1.26 1.60 1.97 9-1/2
1.0 I .. I 2.5 ._ 3.5 4.0 I 4.5 5.0 5.6 
00 .13 0 0 .37 0. U 0. 3i 120 1.52 1.67 10 

019 t 2. 4 1 2. 3. 3 3.4 4.3 ,1.9 5.31 

o 	 1.45 1.78 10-1/210-1/2 0.0.02. 11 0. 23 6. J5 O0 U. 9u 1.14 
0.9 1.3 1. 2.2 .7 3.1 3.6 4.0 4.6 5.1
 

11 0.05 0.12 0.22 0.34 .,-i 0.65 0. 6 1.09 j 1.39 1.70 11 
0.9 1.7 .1. 2. r T' .0 3.4 3.9 I 4.4 4. A 

11-1/2 0.03 .11 0.21 0.32 0.40 T 0 .3 0.;2 1.041 1.33 1.63 11-1/2
0. q4 1.2 1. 2 0 _ 2.I I .9 3,1 3.7 4.2 4.6 

12 0. t0 1 0.2U 031 ., i __9 U 7_ 100 1.27 1.6 121.:, 23 2 04.1 3.5 . 1. 
13 f, a 0.1 i 0.29 0.41 T 0.55 J.73 0.92 1.17 1.44 .03 

.34 ] . S1 2.2 1 2.5 2.9 3.3 3.7 4.1 

14 	 16,000 1.1. 0. 17 0. 27 I 39 ' 51 0. 6 . 6 1.09 1.34 14 
14,000 1.29 1.3 1.7 2.0 .4 2.7 3.0 3 .4 3.9 

1.44 1.,3 1.6 0. 0.4-S 0. 6j 0.0 1. 02 1.? 1515 	 20,22,000000 1.60 0. 16 25 1.9 2. 2 2.5 2.9 3.5 1O. 33 	 3.2 

9 5 
16 	 21, 0.23 0. 33 4 0. 075 0. 1.17 60'.33 

2.4 2.7 1 .0 3.32.1
"1 

17 	 30, O 2.21 0.14 0.22 0.31 01 .7 0.90 1.10 17 
33,000 2.41 1.1 1.4 1.7 .9 2.5 I .9 3.1 

18 0_. I U.I,1 0.10 053 0.67 0.5 1.0 18, . 3~i 1. r, 1~ . 1 2.4 I .7 3.0 

Table 4.1/3 
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Now with the given value of N and using the following equation
 

find the required bar perimeter.
 

N
20 = where u = .65(f) 
7/8 ud c 

since we are considering the use of concrete with fc = 3000, 

u in our case would have a value of 150. Now from Table 4.1/3 

(Table 3a of Handbook) the size of the reinforcing bars, 

indicated by numbers and their spacing, from center to center 

(OC), can be determined. 
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Section 4.2
 

The Main Shell's Reinforcements
 

We shall consider the reinforcement in each of the
 

slabs throught the following:
 

4.2-1 	Side Walls
 

If all the load were carried the shorter way, shear
 

would be (.50 wa). Actually in accordance with method I,
 

Table 1 of ACI fiandbook (Reference 20), shear would only be
 

.44 wa. This would give V = .44 wa per linear foot. Now
 

we have:
 

V - v(lb) where d = effective depth
 
7/8 bd
 

b = 1 linear foot.
 

Now perimeter of bars required at end of strip extend­

ing the short way is:
 

o 	 V where u = .05fc
 

7/8 ud d = effective depth
 

Steel area required at end of strip extending the short span
 

M
As ­is: 


where a = 1.44 for 20000/9.2/1350
 

Introducing these values into the Table (4.2/1) (3a of
 

Handbook) the size number and the spacing of the reinforc­

ing bars is determined. At the corners nominal top reinforce­

ment should be supplied, say .005 bd sq. in per foot in
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each direction. Length of these bars may be taken as 1/4 a.
 

4.2-2 The Base Slab
 

The weight of the base slab and the liquid does not
 

create any bending or shearing stresses in concrete provided
 

that the subsoil is uniformly well compacted.
 

The total weight transferred to the base through the
 

bottom of the walls, however, causes stresses. This total
 

weight is equivalent to
 

Total weigth = weight of top slab + weight of walls
 

The average load w = Total weight/Area. Now following
 

exactly the same procedure described in 4.2-1 the reinforce­

ment for the bottom slab can be designed.
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Areas 	and Perimeters of 9ars in Sections 1 Ft. Wide (Slabs) 

Areas As (or A'.) (top) sq. n. ; Perimeters 5 , (bottom) in. 

of As (or A'.) and La - (V.b. d. n.; u:si)Enter table -,Lt valuCs 

Coefficients a --- 3 .J inscrLed -n uble are for Lse in A s or A -

Spicing 12 3 14 5 6 .07 Is 9 10 fll Spacing] 
TI14.1i 1 9.4 11'.; 4.2 	 2 

2-1/2 0.24 0.3 0.,6 1.J 2. 11 1 . 3.3 	 I 2-1/2 
3.8 .7 7 S 94 I .1.3 13.2 1. 	 2-1/2 

0.210 v. 44_ ~ v, 1. 1._76 11. 14.2 	 3'' 

0.17 U. i i.6) 1.06 1.51 2.1)0 ,71 3.43 I 4.36 3-1/2
3-1/2 2.7 4.0 5 4 .7_.1 1 9.4 1*" '1'. 13.7 , 3 

0.15 	 i 0.33 0.6' 0.93 1.32 1.SO 2.37 3.00 h 4.64 4 
24 3 . 4 . 7.1 ., I 9.4 1 0106 13 _ 

4-1/2 0.1 0 JI03j1.74~ 	 6023 26 1 *6 4-1/2 
.21 	 3.1 4.2 5.2 .3 7.3 4 9.5 1 .f 11 _ 

5. 	 1; 2 .4 74 j 1.0C6 I 1.44 1.0 24 J.0 3.4 
0. 11 U, 0.4-1 '..7 3. 4,. 

5-1/2 1.7 2._6 1 .4 i . I 1.1F .9 . . 

0. 10 020. 0 .62 9 1.20 1 1.s3 9 0,1 5 .'J. 	 o7 .o 111 1.53 -­61.6 oo9 2..204 ). 3.1I I61 0,7 4.__S._8 1 .346 7' 2.3, . 

6-1/2 1,4 .2 , . I I ; 1 6-1/2T.00 	 10:099 035~7 	 '4uJ 

70.09 019 3420'3 0.7 0 . 1.3 6 .71 1 2 2 

1.3 1.9 2.__ 3.II 1 1. 4.4 __.0_ S_ 7 _ 64 I_ . 
0.06 	 10. V 70 .4.1 34 

. __2._4 _ .9 _ , 4.1 1O. 	 44 u. 62 0.95 1.12 1 1.41 1.7 

8-1/2 1.1 1.7 . 9._ 3- 3 3.9 . 4.4 5.0 5.r 6 . 2 -/ 

0.07 0.15 6.270 0.41 0. 0. 0 1.U5 1.33 1.069 2. .0 
91.0 1 .6 2. 1 2.6 3.1 37 1 4.2 4.7 5.9 99.3 
9-1/2 0.06 0. 14 0. 25 1 0.39 .156 I 0.76 1. 12: I 1.60) 1 91 9-1/2 

1.5 2.5 3.0 -4.0 4.5 s.61.o0 1.. 	 I 3.5 ] 5.0 9-1/2 

0. 7 , 0.V5 1.21 1. 5 1., 
.9 1.4 1.9

0 0.06 J.13 0.2 4 u. 0.. 3 	 5 .3 o
2.4 2. 3.3 3. 3 4.3 4.9 

4
10-1/'2 0.06 0. 13 213 o 0.6o__oo__U 9 1 1.45 1.78 10-1/2 

.9 1.3 2.2 3.1 	 4 1. 2 7 	 .0 5. 
52 

0.05 0.1 .2 f 0.34 0.48 0.6 0. 6 1.09 , 1.39 1 1 

0.9 1.3 1. 2. 2. 3.0 3.4 3.9 1 4.4 4.4 

.- a ..6 2 1 2.9 2.9 3.3 2 1 4.61.1 	 4 

0.31 0 	 1.2712 0.05 0. 0.3 27 o0. 0 0.06 1.56 121.0 1.29 1.3 I 2.0 2.4 2.4 I '7 3.0 4.4 _0 	 39 
0.16 0.0 11 0.2 1 55 7.63 Q.9 1.12 1441 513 fs 1 1.4 I 1..6 , 2..5 3.3 3. 1.. 9 3.7 4r-. _ _. 0_ 4.4 _ 

16 16 .0 0 3.91.1 0.11 0.23 0. J.3 0.3 06 1. 1.3 1 
.4 	 '.7 3.0 .4 

- i, 000 1.29 1.3 1.7 2.0 

0.428 0 63 0.1 11.0 1.2 17 
22,000 1.60 1.3 1.4 1. .9 .. 5 2. 3.5 

15 	 30,000 1.24- 0.16 0.25 03.31 
1.9 	 3.2 

I6 	 24, O,1O 1,71 O15 .23 0.33 0.45 C. 5'3 L'.75 O.0 1. 17 1 

27 0 0 2 00 1.' 1: 1. 4 2. 1 2.4 2. 7 1,0 16. 

17: 30,0000, 2. .14 0 . 2') 2 : 4 G0 i 1 0 9 1 . 10 17 
33, 000 2. 48 I. 1 1.4 . .7 1. '2 2.5 2. q 3. 1 

18 	 0.13 0.21 ) 0.23 0.401 0.53 0.67 1.04 18 

18 	 1.0 1.3 1.6 1.I 2.1 4 7 3.0 

Table 4.2/1 
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CHAPTER 5
 

THE CONCRETE MIX DESIGN
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5.1 Introduction
 

The purpose of this chapter of the manual is to indicate
 

the guidelines within which the concrete mix should be designed
 

and prepared. The main reason for the insertion of this chapter
 

is to preserve the independence of the steam condenser construc­

tion. Otherwise since concrete is utilized throughout the
 

construction of a powerplant, it would be most suitable and
 

also economically desirable to integrate the construction of
 

the condenser into the overall building of the whole plant.
 

This sort of construction scheme will be strongly suggested
 

for the waterboxes, anchored to the foundation, and requiring
 

ordinary concrete mix. The same line of reasoning might apply
 

to the shell structure as well, however, there are good
 

indications that special mixes could be designed for the shell
 

so as to decrease its permeability. A mix ensuring lower
 

permeability of the concrete in the shell might help decrease
 

the amount of coating necessary to achieve low rates of
 

permeability for the structure.
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MATN TYPFS OF PORTLAND CE)KENT 

1'y' ]IOtil Iari'daki~rth'urOdiai~ay I..~r •i N'Iiii ,i * *yit 

,xtra Rnpid H-Itrdening Portland • 
]ow H -,it l'1)l . •1.114. T'vfpo IV 
(Moddlodd ole 11...} ).o1 • • 
811llhat,, l..-kih a P:orthmi •Ty e 

'J'vl, .
% 

Portland . . til'll .. 
W hit " .]P, r| l nlld T y 1•1P'ort11rid .1 ozvowlala •''y cI 

No~'r:(.ai ,.tS vTyp,r. 1,1',, 11 111n 1I'Ll v al- i iaat,.auuand 
11. Ftt .\. -. g. 'I'yj ]A.vir.entritiltilg 1a1g.,it, .Itd a h e. dk:hataa 

Table 5.2/1
 

TYPMCL'AL VAIUL OF CC.:..;,':i) ... .:.... o- rC L,:., ;:m"1rs 
JoFr FV.;' 1. 

ComipoundltI cOnll.(--i'inl, 1-r cent, 

ofCement Vnlu .. 
' O.)Lnto.lcst.I Cb. CA C..A Foc: "le

Cal.5 ica III,( Imilivil smnIialei(. A C1AF 

Typ, I 
Maix. 
Ali,. 
Meni 

M 
19 
4 " 

31 
8 

-

14 
5 

12 

12 
0 
S 

3.4 
t.6 

d"9 

1.5 
11-1. 
v .b 

3. 8 
0.7 
2.4 

,3 
0-0 
1"2 21 

Max. - S Iii 34 1 -1- 2',) 

Typo II 'Min. 
Meaia 

37 
40 

19 
29 

4 
3 

6 
12 

2.1 
2.S 

0. 1 
0.0 

1 ­
3.0 

,5 
1.0 2-R 

I3[,jx. 70 3S 17 10 .1.6 4.2 4.8 2.7 

Type 1I Min. 31 0 7 6 *2.' oIt 1.0 1,1 
MuCII 56 15 12 S 3") 1.3 26 I.9 5 

Max. 44 57 7 IS 3.;, 0.11 4.1 1.9 
0.0 1.0 0"6TypeiV IMi. 21, 34 3 6 2'3 

Meaa 3Un 40 5 13 2.9 0,o 2,7 1.0 10 

Max. 54 .10 5 15 3-. 0.C 2.3 1.2 
Typu V 'Mii. 3 24 1 6 2.4 0.1 I,7 , 0. 

Meiai 43 30 4 12 27 0'4 1. 
I 

1,0 

Table 5.2/2 

68
 



5.2 Portland Cement
 

We are not going to go in detail into the history, property
 

There are some very
and different types of Portland cement. 


valuable tests in this field and we refer the reader to them
 

However, we shall introduce the reader to a
(Ref. 21-22-23). 


general overall view of the subject by reviewing the important
 

Since the reader should know at the very
items of discussion. 


start what kind of Portland cement he is dealing with, we intro­

duce here two tables giving different types of Portland cement
 

(Table 5.2/1) and Typical values of Compound Composition of
 

Portland cements of different (Table 5.2/2) (Ref. 21).
 

In our design we will primarily deal with Portland
 

cement Type I, however, if the user recognizes that another type
 

is either more economical or solely available, he should,by
 

identifying the type with comparison with the given tables and
 

subsequent information, design his mix accordingly.
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5.3 	Aggregates and Their Properties
 

Almost 3/4 of the volume of concrete is occupied by
 

aggregates, so it is not surprising that its quality is of
 

The size of the aggregate used in
considerable importance. 


concrete ranges from several inches down to particles of a few
 

thousandths of an inch in cross section. In making low grade
 

concrete, the aggregate contains a whole range of particles,
 

but in good quality concrete, the procedure is to use aggre-


One is the sand composed of particles
gate in two distinct sizes. 


called fine aggregate, and the other
smaller than 3/16 in., 


containing particles larger than 3/16 in. and referred to as
 

coarse aggregates.
 

These aggregates can either be obtained naturally or
 

We shall only consider the natural aggregates,
manufactured. 


for the manufactured aggregates are mostly used for specific
 

ours. The natural aggregates can
applications not related to 


The shape of the
be classified according to the Table 5.3/1. 


natural aggregates can also be classified in the manner shown
 

in Table 5.3/2 (Ref. 21)
 

Since fine and coarse aggregates should be batched separ­

ately, the grading of each type of aggregate should be known and
 

For this purpose the following tables, from British
controlled. 


Standars and A.S.T.M. (Ref. 21), arepresented here. Table 5.3/3
 

gives the grading requirements for fine aggregates and table 
5.3/4
 

Finally
indicates the grading requirements for coarse aggregates. 


Table 5.3/5 presents the grading requirements for all-in 
aggregate.
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B.S. 8M2 1950 CLASIFICAC 

Pv-(itto lLio 

Grftti~itc (?cu.'p 

6 11Cis 
Cralnito 
G tIe I -11L I-i I t) 

8ylit 

LnTcGroup 

1,ii' -tiitcte 

~~Inilto 

TION OF -777'L 

Fln 3' ;j 

1 lint 

hiIt 

'rlGi,'6oup 

AgL~oincriite
A 11Io-

B i Cc: i 


Po(rpI. 'eGoap 

Rplitopir 

I:' it' 

St hi to:h l
 
'\lcigtite
 

QAi v lwvdrioczIo\-

Tal 5.3/ 

I .rn71 

ACC,-FGA 11S ACCORDING 

.:, 

N it.-' 

it t ino 

11:' Is Group 

Contnit1.nlterod rocks 
of fill ijt'cis excpt 
inati IL 

Qtiu,!:i1C Uroup 

Qtirtit 2. 

]Icci'to. 



PART;CLE S.MVE ': T. Or fS. 812: 173 

ClaJsifiinta jofl De Cli ,i i,n 	 L.n r-

Rounded Fully wo'nr.worn or comipl,.-tcly shaped ]iver or vwhiore 
by attrition gravel; desert, 

vensilore and
wind-blownl sand 

irregular 	 Naturally irrogula, or inr:'v sIaped by Otir pravelk: 
attrition and invipla roull d.:.'d "(1s't laud or dit flin 

Flaky 	 3la t ,:'ria[ of wh cl, lhe thic , i Small8a11n1mited rock 
relative to tl.. othr t ,' d;;. '.1;j::jU 

Angular Pohses4ihig well.clcfinlld edlo.i fri:aed at Crushed rocks of 
the intersection of roughly: planar faces all tvpe.q; talus; 

cru-hed slag 

Elongated Mnterild, tulnll!y a'ular in which tile 
le:gtln ii eoi,lgi'.,!v li,'..r int: tMe 
other two dinwiwons 

Flnky and Mati:1 ]ivi:i th, l,.inth co: isi eraUlv 
Elonzated hr,.r thll tile wi'i., an't th. width 

eo' d *i 'l" Irg,,r t ,ol ie t hi;l:', 

Table 5.3/2 
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D.S. A;D A.S.T.:,i. C; ADI.;& (i':.,,;TS FOR FINE AZ1, .E' 

Pero.-! t i,.o by "wehuht ]pa-sim, ].. e 

13..S. Ns: 1154Sizu A. S. .. 

chGdintg 'ro:di:iu (radin,* C'adinw C 3s - , 
ZOn1 I zone 2 vont" 3 zone 4-

Sin. 100 100 100 100 1'0 

) 100 100 5-
60- 115 75-t1 85- 11) 9.5-10') sl'- 10')

14 30-70 155 Il fIO - I(0 I'l 

ill. f0-1 - 0- 0 1i0 95- 1u 

- 75- 100 ;,I-
25 15 - 34 3.-51.1 60-70 80 - 160 .5-.(10
52 5-20 8-30 12-40 13- 50 10- 30100 0-10' 0-10" 0 0-" 0-15" 2-10
 

IFor erushed stute stnds tie permissible limit ik increased to 20)pr conit. 

U.S. BLEAU OF C:'G .- ,017:IiCL ,:,cy L. REQU TI'N.TS "I.I 

Equivalent B.S. Individual percentille 
sieve size retained 

T-in. 0-5 
* i 5-15) 5-20 
14 10-25! or 110-20 
25 • 10-30 
52 13--35
 

100 12-20
 
smaller thm 100 3- 7
 

Table 5.3/3 
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GRADING 1Th0JI~m::TS FOn c;O:.%Y ACGciiEGATZ (U.S. 5: :105i1) 

i" 	 I Percc'ntap ' by wright pii~i~g 13.S. e4 

NOninid i7eOfB.S. .N7ohwita Of 
Mievo graded Lzvri.t'2 sing1C.sized t 
size 

' : jl~ i,. nto ,n. l i. t n in. 2 in . ~~1 .to ill t " 


Sin in.
 

3 100 - 100 
21.in. - _ - 8-100 10 - - -

I! in. :5-100 100 ­ 0-30 65-100 300 - ­

j 	in. 30-70 05-100 LU 0-5 0-20 S5-1u ]n) ­

in. - - 00-100 - - - S5-100 100 
in. 10-35 25-55 40-85 - 0,5 0-20 0-45 5-100 

. in. 0-5 0-10 0-10 - - 0-5 0-10 0-2 

A 
(A.S.T.i,. SAD.UW 0 G. 1) 

GilDiG I.'.Vr,:-:: A)'1:7,xr"SGr"GATE 

I ec.m~, by wvc'ilIt paM,; J3.S. i": 

z 	 No',innl size ofEcujwvlcnt N rn!1 of 
B.S. sieve gor-c(.d a :'.ato-r.L smnw:-id 

size.lin. to to to n ~ nVi 3 ill. ill. '2 

-
2hzin. , ­
3 in. 	 - - 10' 

- - 9t-I100 ­

- - 3:,-70 1002 in. 10')1.J ,n. 95-100 - - 0-15 0-0 
1 i. - 160 

in. 1 35-7 ,00-10 100 0-5 i 0-15 
4!hn. - - .n-i,,'i -­

i. 10-,' 2 -55 40-70 - 0-5 
in. 	 0-5Z "0-10 --1:1 ­

7 - 0-5 0-5 - -

Table 5.3/4
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Tatle 3.29 
GRADING IYQUIE',2.;S [OR ALL-IN AGOREGATE (U.S.S:1 

lN rree t n':," h', eciA;!t 
Jas ing JL.S.. sie'-

B.S. sieve 
size in. . 

nnlin tilfl 1n01ln[i l 

sizo, sizo 

3 in. lo­13 iii. t'.-100 100 
4 Isfin. 45-.75­1It in. 2..'- 45 1 0 

-5 8-30 10-35
 
100 O- 0 6 

Table 5.3/5 
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It should be noted at this point that the recommended
 

types of aggregates for the purposes of the condenser shell
 

construction are natural sand (for fine aggregate) and irregular
 

gravel (for coarse aggregate). This decision has been made
 

mainly on the basis of environments in which the construction
 

will be carried on. Should there be availability of more
 

desirable aggregates, it would be completely satisfactory to
 

utilize such aggregates. The desirability of the aggregates
 

will be mainly based on the following factors.
 

--- Compressive Strength
 

Obviously aggregates with higher compressive strengths
 

would be more desirable. Table 5.3/6 indicates the
 

compressive strength of several available aggregates
 

(Ref. 21).
 

--- Thermal Expansion
 

The thermal expansion rate of the concrete is effected
 

directly by the thermal expansion rates of the aggregates
 

contained in it. The requirement of having a lower
 

expansion factor for the shell clearly indicates the
 

desirability of using aggregates of low thermal expansion
 

rates. Table 5.3/7 presents the thermal expansion rates
 

of several common aggregates (Ref. 21).
 

--- Porosity
 

As mentioned before a low porosity concrete is desired
 

for our purpose. For this purpose the use of low porosity
 

aggregates is recommended. Table 5.3/8 shows the porosity
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OF 1COTPRESMI-E STRENGTH A.,!Mr (., P7OtS CO,-IONLY USED AS 

Compres.k.-i'L Ingth, lb/i ­

of • After deletion 
Typo of rock :.Sapes, Ar - of extremes" 

IAverage, 
t
 

MIaximum Iililum 

raito .7" S 20,200 37,300 16,600

FMAItO 12 47.000 70,300 . 17,4u0
 
Trap . .q9 41,100 . i4,7 00 . 9,20U

1~iw: CoI240 . "41 23,41,1) 344" I1l3,500

;3al~d~to~lo. . lUUUUU 34..tII 6.400 
iIarble . , 34 ]O1 I006 35,46:'0 7,400) 

Qum zito , . 6 36i.500 fil.3v 18,600; l.ss . 30 21.310 34.3 (J0 13,600
 
Scui~t . . 31 24,1&0 W .13,11£) 13,200
 

•Fur pj=.".nd..tho ?4' i,:qz,tvvnsgth I.3 ia naver',ng, of 3 to 1.5 
l.l'-cJl ..£~,. "f :Av ra~zc oruti .'-:mop!,.',,' £.l ,',nt ,?31O:'.t.., ( 3O ,dliitl .,, 
wvilt \'ahlm I% ,,.: ¢l.' 11-ft t Itlival of th.. III, Ihtria].hhi!,t'. nr Iow ,-qt ,Im\, lvt-'d 

Table 5.3/6
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LINEAR COEFYiC E';T OF ........L " ":: :.30: 01' ':;..... ..
 

R1oek ty' - extaof Jin,'.r -'oIi)" ' I.L:"l 

1.O to fl.6 
Diorite, mitdodto . . 2"-3to Z"7 
Cabbro,baial', divl~t-.o 2-0 to 32.4 7'7
Sa: Istone 2"4 toto 7.7 
)olonit . 3.7 to 4.s 
Lii,-.. ono • 0"5 to 

h 41 to . 
Mar , . . 0. to S.! 

Table 5.3/,7 

POROSITY OF SOE CO. ROCKS 

Rock group pIrzo,:,. per celt 

Gritstone . . . 0.04S0
 
Qunrtiitc . . .1.-..
 

Iime.-t one . . . ()-37.6
 

Granite . 0.4- 3.S 

Table 5.3/8
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levels of common aggregates. Granite would be a
 

desirable aggregate from this point of view.
 

Finally we shall review the standards and sieve sites
 

necessary for the final choice on aggregates. This paragraph
 

is mainly prepared to simplify some of the tables and figures
 

given in the following section on mix design. Two tables and
 

three figures will be given here for that purpose. Table 5.3/9
 

presents the Standard Fine series classification both for British
 

and U.S. Standards Table 5.3/10 shows the standards used for the
 

grading zones. Of the fine aggregates according to the B.S. 882.
 

Figure 5.3-1 thru 5.3-3 indicate the grading curves for 3 classes
 

of aggregates based on the maximum size. The curves have been
 

numbered so that the higher numbers efer to the gradings which
 

represent a higher proportion of fine particles.
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5.4 	Mix Design
 

Specifications for concrete have long been expressed in
 

terms of the nominal volume proportions of cement and aggre­

gates. However, this system of specifications has serious
 

limitations and various ways have been adopted to make it more
 

suitable for today's concrete needs. Various adjustments are
 

proposed for different aggregate or workability conditions.
 

The bulking of damp fine aggregate, the size distribution of
 

fine and coarse aggregates and various other parameters effect
 

the adjustments to be made. We shall present a standard of
 

concrete mixing proportions used in the British Standard here
 

that is actually a sophisticated version of the traditional 1:2:4
 

system of mixing (Table 5.4/1).Although this standard is based
 

on w6ight proportions). It can be used for most of the ordinary
 

uses of concrete. It gives satisfactory results even in jobs
 

that require very specific mix proportions for very specialized
 

applications. But of course not good enough and that is why
 

we shall discuss the actual procedure of design of mix for
 

specialized applications. What will follow is essentially an
 

outline of what has been presented in detail in "Concrete Mix
 

Design" by McIntosh (Ref. 25).
 

Before we discuss the actual design, we shall review the
 

general'features of mix design so that an understanding can be
 

developed for the actual design.
 

A. Design for Minimum Strength
 

The specification of design of concrete mix for a
 

minimum strength is probably the most widely method of mix design.
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Weights of dry fine and coarse aggregates per 1i2 lb of cement based on aggregates having a specific gravity of 2.6 and a natural sand having a grading within the limits of grading 
zone 2 in B.S. 882. 

If a crushed stone sand or a crushed gravel sand is used instead of a natural sand, the weight of coarse aggregate should be reduced by at least 25 lb.
If the grading of the fine aggregate is within the limits ofgrading zone 3 of B.S. 882 the weight of fine aggregate should be decreased by at least 25 lb, or if within grading zone

1 increased by at least 25 lb; the weight of coarse aggregate should be increased or decreased, respectively, by the same amount so that the total weight of aggregate
remains the same. Adjustments larger than 25 lb are more likely to be required with the leaner mixes. 

If the specific gravity of either the coarse or the fine aggregate differs sufficiently from 2-6 to alter the weight of the absolute volume of the material in the batch by more 
than 15 1b, the weight of each type of aggregate should be adjusted in proportion to the specific gravity of the aggregate. 

Standard Specified mininunm Weight 	 3 ) JVeight of dry gravelor crushedrock coarse aggregate(
deviation(2 )  strength at 7/28 days of dry (ib) 

12 or B.S. 1416 and with aggregates complying with B.S. 882 or B.S. 10.17. Fine aggregatesin 

(lb/in2) (lb/in2) sand 
(lb) j in. maximum size A in. maximum size in. maximum size J in. maximum size 

Workability(4) 
Slump (in.) 

Compactingfactor 

Low 
04 

0-80-0"86 

ledium 
1-1 

0-86-0"92 

Low 
1-2 H 

0"92-0"97 0"81-0-87 

MighMedium 
1-l.; 

0"87-0-93 

High 
1,1-4 

0"93-0.97 

Low 
1-1 

0"82-0.88 

MAedium 
1-2 

0-88-0-9.1 

High 
2-5 

0"94-0-97 

Low 
1-2 

0-82-0.88 

Medium 
2-4 

0-88-0"94 

High 
4-7 

0-94-0-97 

500 
2,000/3,000 
2,500/3,750 
3,000/1,500 

300 
250 
200 

350 
350 
325 

275 
275 
250 

225 
225 
200 

400 
400 
375 

325 
325 
300 

275 
275 
250 

450 
450 
425 

375 
375 
350 

325 
325 
300 

(5) 
(5) 
500 

(5) 

450 
425 

425 
400 
375 

1,000 
2,00i3,000 
2,50o/3,750 
3,000/1.500 

200 
175 
150 

325 
275 
225 

250 
200 
01) 

200 
150 
(5) 

375 
325 
275 

300 
250 
200 

250 
200 
(5) 

425 
375 
325 

350 
300 
250 

300 
250 
200 

500 
450 
375 

425 
375 
300 

375 
325 
250 

C) 
rti NOTES 1. Standardmixes apply only to concrete made with cement complying with B.S. 

gradingzone .1 of B.S. 882 and air-entrainingagents should not be used with standard nmixes. 
2. Interpolationis prissible,the iceights of each aggregatefractionbeing roundedoff to the nearest 25 lb lower. 
3. 	 Single-sized coarse aggregates should be used in proportionswhich will produce combined gradings within the limits of B.S. 882 or B.S. 1047 for graded aggregateof the 

appropriatesize. 
4. Interpolation is permissible, the weight of coarse aggregatebeing roundedoff to the nearest 25 lb lower. 
5. These mixes wvould have cetient contents outside the limits of 500 and 900 lb of cement per yd 

3 of concrete. 

Table 5.4/1
 



The minimum strength is related to the average strength
 

according to the degree of control, and the approach used in
 

to chose proportions
designing a mix for a minimum strength is 


a
which will give an average strength high enough to provide 


margin which has been found from past experience to be adequate.
 

B. 	Interpretation of Minimum Strength
 

The relation between the average strength and the
 

minimum strength for any particular degree of control can be
 

estimated from a method of statistical measure where the standard
 

deviation is substracted from the average strength and the
 

difference between the average strength and this statistical
 

minimum strength is equal to the product of the standard de-


This factor k can be deduced from Figure
viation and a factor k. 


5.4-2. The British Codes of Practice has adopted a value of 2
 

for 	this factor (Ref. 25).
 

C. Quality Control
 

The standard deviation is the measure of quality control.
 

Table 	5.4/2 gives the values of standard deviation fror different
 

The values of cortzol ratio given
standards of quality control. 


table are for use in another method of statistical
in the same 


measure.
 

C. 	Water/Cement Ratio
 

The precise meaning of water/cement ratio is un­

certain because the water in the damp aggregate occurs partly
 

on the surface of particles and partly absorbed into the pores
 

where it is not readily available to affect the properties of
 

In view of this incertainty the values of water/cement
concrete. 
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ratio given in this manual are based on total amounts of water
 

added to concrete made with air-dry aggregate. In any case the
 

value of water/cement ratio is the most important factor affect­

ing the strength of the concrete.
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The Actual Mix Design
 

In the method of design that we have chosen the minimum
 

compressive strength required is first indicated. Once this
 

has been done table 5.4/2 is used to find the proper standard
 

deviation and Figure 5.4-1 to find k, then the average strength
 

is:
 
rStandard
 

= minimum strength + K ( Deviation).
Average strength 


When the average compressive strength is calculated, the water­

cement ratio can be found. This is done by using figure 5.4-2
 

which shows the curves of compressive strengths vs. water­

cement ratios for different time periods. Once the water­

cement ratio is indicated attention is directed toward the
 

aggregates and the aggregate/cement ratio.
 

Table 5.4/3 gives the nominal maximum sizes of aggregates
 

(inches) corresponding to different placing conditions and
 

the required workability. The same table indicates the measure
 

of slump in inches. Once the maximum nominal size of the
 

aggregate is estimated, it should be used to find the requirement
 

of aggregate/cement ratio according to any one of the given
 

Tables that corresponds to the maximum aggregate size. (Tables
 

5.4/4 - 5.4/12). In each table there are four values of aggregate/
 

cement ratio given for any one degree of workability, indicated
 

by grading numbers 1 thru 4. These are the same numbers used in
 

Figures 5.3-1 to 5.3,/3 for continuous grading of aggregates. In
 

each table it has been indicated which figure the numbers refer
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TABLE 2: Values of standard deviation and control ratio f/r different standards of quality 
control 

Batching 

Cement Aggregate 

Weight (servo- Weight (servo-
operation) operation) 

Weight Weight 

Weight Volume 

Volume Volume 

Standarddeviation for Control ratiofor 

average strength 1 result in 41 
Supervision above 5,000 lb in 2 below the 

(Ib/in2 ) minimum 

Poor 810 0"78 
Normal 670 0.82 
Good 520 0.86 

Poor 930 0.75 
Normal 780 0.79 
Good 630 0.83 

Poor 1,030 0.72 
Normal 860 0"77 
Good 670 0'82 

Poor 1,100 0"70 
Normal 930 0.75 
Good 750 0'80 

VOTES: For the special method of qualit " control referred to in CP 115 (1959) and CP2007 

(1960) the standarddeviation should not be likely to exceed 750 lb.'in2 . This 

correspondsto a minimum control ratio of 0"80 where the averagd strength is above 

5,000 lb/'in2. 

For the calculationof the control ratio appropriateto other proportionsof results 

expected below the minimum see Section 4.2.1. 

Table 5.4/2
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3- ­

2-5 

II 

1.5, 

2 20 . 100 2o0 1,000 

NLMIBER OF RESULTS FROM WHICH 1 WOULD BE EXPECTED TO BE BELOW THE .MINIMUM STRENGTH 

. Relation between the factor k and the proportion of results expected to be below 
the minimum strength. 

Figure 5.4-1
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0-4 O's 06 0'7 018 015 O I'. 1.2 

9,000 7 lf 11 11 1 1 i1[11ii~ll lllllil~ I l~l [ lll 9.000 

8,0008, 

7.0006.000 -7-7: 7,000
6?,ODO 

0:I­ 6,000 1 6000 

0 

3.00 3,4000 

2.000 2,000 

1,000 1,000 

Soo 500 

04 03 06 0-7 08 0.9 1-0 1I 1-2 

TOTAL WATERCEMENT RATIO 

Relation between compressive strength of mediuni-strength concrete and 

total water/cement ratio at various ages using ordinary Portland cement. 

Figure 5.4-2 
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Selected values of compacting factor and slump for different conditions of 

placing 

Placing conditions 

Sections subject to extremely 

intensive or prolonged vibration 

or to vibration accompanied by 

pressure 

Small sections subject to 

intensive vibration, large sections 

with normal vibratiou 

Simply reinforced bectius with 

vibration, large sections 

without vibration 

Simply reinforced sections 

without vibration, heavily 

reinforced sections with vibration 

Heavily reinforced sections 

without vibration. Not 

normally suitable for vibration 

Table 

Degree of 

workability 

"Extremely 
Low" 

"Very Low" 

I 

"Low" 

"Medium" 

"High" 

5.4/3 

Nominal niaximnurn 

si:e of aggregate 
(in.) 

H 

10 

Compacting Slump 

factor 
(in.) 

0.65 0 

0'68 0 

0"75 0 
078 04 

0'78 0-1 

0"83 0-1 
0.85 j-1 

0'85 1-2 

0"90 -
0"92 1-2 

0'92 2-4 

0.95 1-4 

095 2-5 
0'95 4-7 
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Aggregate/cement ratio required to give four degrees of workability with 

different water/cement ratios and gradings 

* IN. ROUNDED GRAVEL AGGREGATE 

Aggregate/cement ratio b ieisht 

Degree of 
workability " Very Low" "Low" Medium" "High" 

(Table 6) 

1 2 3 4 1 2 3 4Grading number 1 2 3 4 1 2 3 4 


(F-.gure 12)
 

0"4D 5'6 5'0 4"2 3"2 4"5 3"9 3"3 2"61 3"9 3"5 3"0 2"4 3"5 3"2 2"8 2.3 
2.90- 7.2 6.4 5.3 4.1 5.5 4.9 4.1 3.2 4.7 4.3 3.7 3.0 4.2 3.9 3.40.45 

4.9 4.3 3.5 4.8 4-5 4.0 3.4050 7.8 6,4 4-9 6.5 5.8 3.8 5.4 5.0 

0.55 7.5 5.7 7.4 6.7 5.7 4.41 6.1 5.7 4.9 4.0 5.3 5.1 4.5 3.9 

6.7 6.3 5.5 4.5 5.8 5.6 5.0 4.30.60 6.5 7.5 6.4 5,0 
6.1 5.50.65 7.2 7.1 5.6 7.3 6.9 5.0 S 6.1 4-7 

7.5 6.7 55 66 6.0 5.17.7 6.2 7.90 0.70 
6.7 7.2 5.9 7.1 6.5 5.50.75 
7.2 7.7 6.3 7.6 6.9 5.9"0.80 

6.8 7.3 6.30.85 
7.2 7.7 6.70.90 

7.00.95 -1.00S7.3 

S Indicates that the mix would segregate. 

Table 5.4/4
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Aggregatelcement ratio required to give four degrees of workability with 

different water/cement ratios and gradings 

J IN. IRREGULAR GRAVEL AGGREGArE 

Aggregate/cement ratio by weight 

Degree of I 
"High"workability "Very Low" "Low" "ledium" 


(Table 6) 1
 

Gradingnumber 1 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 

(Figure 12) 	 I 

0.40 4"1 3"8 3.3 2.8 3"3 3.1 	 2"8 2"3 
.0 0.45 5.1 4.8 4.3 3.6 	 4"1 3'9 3"5 3.0 3"5 3.4 3.2 28 3"2 3'1 3"0 2"7 

3.6 	 320.50 	 6.1 58 5.2 4.4 4.8 46 4.2 3-7 4-2 4-1 3.8 3.4 S 3.8 
3"70.55 7.0 6"7 6"1 5"2 5'5 5"3 4"9 4"3 S 	 4"7 4"4 4"0 4"4 4"2 

0"60 	 7"9 7"6 7"0 6"01 S 6"0 5"6 4"9 5"3 5"0 4'5 4"9 4"7 4"2 
5"9 5"6 5"0 5'4 5"2 4"60"65 7"8 6'8 6'6 	 6"2 5"5 

68 64 5.70.70 72 61 6.1 5.5 59 	 5.0 

0.75 7.8 7.4 6.7 6"9 6"6 6.0 6.4 6.1 	 5.4 
7.4 	 7.1 6.4 6.8 6.5 5.80.80 	 8.0 7.3 
7.9 	 7.5 6.8 7.2 6.9 6.2 

8*0 7.2 7*6 7.3 6.6 
0.85 
0-90 

C3 0.95 S 7-7 6.9 
. 8.0 7.21.00 

S Indicates that the mix would segregate. 

Table 5.4/5
 

91
 



Aggregate/cement ratio required to give four degrees of workability with 

different water,'cement ratios and gadings 

j IN. CRUSHED ROCK AGGREGATE* 

Aggregate,'cement ratio by ,ccight 

Degree of I 
workability "Very Low" "Low" "Mediuri" j "High" 

(Table 6) 

Grading number 1 2 3 .4 1 2 3 4 1 2 3 4 11 2 34 

(Figure 12) 

0.40 3"7 3"3 2"8 2"0 
0'45 4"5 4.1 3"5 2.6 3.8 3"6 3"0 2.2 33 3.1 2"7 2.1 

0'50 5"2 4"9 4"2 3"2 4"4 4"2 3"6 2"7 3'8 3"7 3"2 2"61 S 3"2 2"9 2"4 
3"7 3"0 3"7 3'4 2"80'55 5"9 5"6 4"9 3"8 4"9 4"8 4"2 3"2 S 4"2 

0'60 6"6 6"3 5'5 4"3 S 5"3 4"7 3"7 4"7 4"2 3"41 4"2 3"8 3"2 
5.1 46 3.8 46 4.2 36065 73 70 61 48 58 52 4-2 

070 7.9 7.6 6.7 5-3 6.3 5.7 4.6 5.6 5.1 4.2 5.0 4.6 4.0 

0"75 7"3 5"8 6"8 6"2 5"0 6"0 5"5 4'6 5"4 5"0 4.4 
6"4 5'9 5"0 5"8 5"4 4"70"80 7"8 6"3 7'2 6"6 5"5 

6.8 7.6 7.1 6.0 6.7 6.3 5.41 6.1 5.8 5.1S 0.85 
I. 0.90 7.3 7.5 6.4 7.1 6.7 5.8 6.4 6.1 5.4 

6.1 6.7 6.4 5.70.95 7"9 6.8 7.5 7.1 
72 7.8 7"5 6"5 7.0 6.7 6.11.03 

o 1.05 7'8 6'9 7"3 7.0 6.4 
7.2 7.6 7.3 6.71.10 

S 7.6 7.01"15 
7.9 7.31.20 

With crushed aggregateof poorer shape than that tested, segregationmay occur at a lower 

aggregate/cementratio. 
S Indicatesthat the mix would segregate. 

Table 5.4/6 
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ratio required to. give four degrees of vorkability withAggregate/cement 
different water'cernent ratir- and gradings 

IN. ROUNDEl) Cy AVFL AGGREGATE 

Aggregatelcement ratio by veight 

Degree of 

"Very Low" "Low" "Medium" "High"workability 

(Table 6)
 

4 1 2 3 4Gradingnumber 1 2 3 4 1 2 3 4 1 2 3 


(Figure 13)
 

3.0 26035 45 42 37 3-2 38 36 33 30 31 28 
5"3 5"1 4"6 4"1 4.2 4"2 3"9 3'6 i 3'7 3"8 3"6 3'30.40 	 6'6 6"1 5'4 4.5, 

4-8 4"5 4.10.45 8.1 7"6 6"7 5.8 6"9 6"6 5"9 5"1 5.3 5"3 5"0 4'6 4"6 
6.0 6.3 6.3 6.0 5.5 5.5 5.7 5.4 4.8S 0.50 8.0 7.0 182 8.0 7.0 

• - 055 8.11 82 	69 73 73 7-0 63 63 65 61 55 
7"7 8"0 7"11 S 7"2 6"8 6"1S 0.60 

3 0"65 I 8'4 7'81 7"7 	 7"4 6"6 
7"9 7"10.70 


0-75 I7-6
 

S Indicates that the mix would segregate. 

Table 5.4/7
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Aggrgat/ceient ratio required to give four degrees of workability with 

different water/ceinent ratios and gradings 

iN. IRREGULAR GRAVEL AGGREGATE 

Aggregate/cement ratio by weight 

Degree of 
workability "Very Low" "Low" "Aledium" "High" 

(Table 6) 

Gradingnumber 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 

(Figure13) 

0-35 	 3-6 3-6 3-5 3.0 3-0 3-0 3-0 2-7 1 
0.40 	 4.9 4.8 4.6 4.1 3.9 3.9 3.9 3.5 3.3 3.4 3.4 3.2 3.1 3-2 3.2 2.9 

0.45 	 6.0 5.8 5.5 5.0 4.8 4.8 4 7 4.3 4.0 4.1 4.1 3.9 S 3.8 3.8 3.5 

0.50 	 7.2 6.8 6.4 5.9 5.5 5.5 5.4 5.0 4.6 4.8 4.8 4.5 4-4 4.4 4.1 

0.55 8.3 7.8 7.3 6.7 6.2 6.2 6.1 5.7 S 5.4 5.3 5.1 4.9 4.9 4.7 
"z 0'60 9"4 8"7 8'1 7"4 6'9 6-9 6"7 6"3 6'0 5"9 5"6, S 5"4 5'2 

0'65 8"0 7"5 7"5 7"3 6-8 S 6'4 6-1 5'8 5"7 

0"70 8-0 8"0 7-8 7"3 6"8 6-6 6"2 6-1 

I 7.9 7-2 7.0 6-6 6-50.75 
1 	 0.80 7.5 7.41 S 7-0 

0-851 7-8 7.8 7.4 

0"901 S 8.1 7.7 
8.00.95 S1.00 

S Indicates that the mix would segregate. 

Table 5.4/8 
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Aggregate/cement ratio required to give four degrees of workability with 

different water/ccmcnt ratios and gradings 

t IN. CRUSHED ROCK AGGREGATE 

Aggregate/cement ratio by weight 

Degree of 
workability "Very Low" "Low" "Medium" "High" 
(Table 6) 

Grading number 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 

(Figure 13) 1 

0.40 4"5 4.1 3.8 3.5 3.5 3.5 3.2 3.01 
D 0.45 5.5 5.0 4.6 4.31 4.3 4.2 3.9 3.7 3.7 3.7 3.4 33 3.5 3.5 3.2 3.1 

0.50 6.5 5.9 5.4 5.0 5.0 4"9 4.5 4*3 4*2 4.2 3*9 3.8 S 3.9 3.8 3*5 
0.55 6.6 5"5 4.3 4.30' 7.2 6.0 5.7 5.7 5.0 4.8 4.7 4.7 4.5 S 4.0 

.2 0.60 7.8 7.2 6.6 6.3 63 6.0 5"6 5.3 S 5.2 4.9 4.8 4'7 4.5 
0.65 8.3 7"7 7.2 6.9 6.9 6.5 6"1 5.8 5.7 5.4 5.2 5.2 4-9 

93 0.70 8.7 8.2 7"7 7.5 7.4 7.0 6.6 6.3 6.2 5.8 5.7 5.5 5.3 
0"75 8.2 8,0 7.9 7.5 7.0 6.7 S 6.2 6.1 5.8 5-7 

. 0.80 7.4 7.2 6.6 6"5 6.1 6.0 

0.85 7.8 7"6 7"1 6"9 6.4 6'3 

l 090 7.5 7.3 S 6.7 

0"95 8.0 7.6 7.0 

E 1.00 7.3 

S Indicates that the mix would segregate. 

Table 5.4/9 
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Aggregate/cemrent ratio required to give four degrees of workability with 

different water/ceinent ratios and gradings 

j i IN. ROUNDED CRAVEL AGGR EGATE 

Aggregate/cement ratio by weight 

Degree t IH" 

workability "Very Low" "Low" "Medium" ".igh" 

(Table 6) 

1 2 3 4 1 2 3 4 1 2 3 4Gradingnumber 1 2 3 4 

(Figure 14) 1
 

0 	 0.35 15.0 4.5 3.9 3.4 4.3 3.9 3.5 3.1 3.4 3.1 2.9 2.7 
50 44 47 4.6 4.3 38 41 4-0 3.9 3-55. 040 7.0 65 57 49 59 56 

0.45 8.9 8.6 7.7 6.5 76 7.4 6.7 58 i6"0 6.1 5'7 5.0 5.2 5-3 5.0 4.6 
7.1 6.3 6.5 6.2 5.70.50 8.0 8.2 7.2 	 7.5 7.6 6.3 

8.4 8.9 8.1 7-31 S 7.7 7.4 6.7.o 0.55 
7-603 0- 60 

S Indicates that the mix would segregate. 

NOTE: These values have been obtained by extrapolationof other datr-and are not based 

directly on the results of trial mixes. 

Table 5.4/10 
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ratio required to give four degrees of workability withAggregate/cement 
different water/cement ratios and gradings 

1j IN. IRREGULAR GRAVEL AGGREGATE 

Aggregatel'cement ratio by weight 

Degree of 
workability "Very Low" "Low" "Mfedium" "High" 

(Table 6) 

Grading number 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 

(Figure 14) 

0.35 40 39 36 32 34 33 32 29 
:: 0.40 5'3 5.2 4"8 43 14"5 4.5 4.2 3"8 3.8 3"8 3"7 3-4 3"4 3.5 3"3 3"1 

6.6 6.5 6.0 5.3 5.6 5.6 5.3 4.8 4.6 4.7 4.6 4.3 4.1 4.4 4.3 4.0
0.45 
S 	 6.6 5.7 5.1 4.8 5.2 5.1 4.80.50 7.8 7.7 7.1 6.3 6.6 6.3 5.7 5.5 5.5 

59 5.9 5.5Q	V 0.55 8.1 73 76 76 72 66 62 65 6.3 5.9 S 

%9 0.60 7.4 7.0 7"3 7.1 6.6 S 6.7 6.3 

8-1 7-8 8-1 7-8 7-3 7.3 6-90-65 
7.9 7.4070 

8.0
0.75 

S Indicatesthat the mix would segregate. 

Table 5.4/11 
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Aggregate/cement ratio required to give four degrees of workability with 
different water/cement ratios and gradings 

*tiN. CRUSHED ROCK AGGREGATE 

Aggregate/cement ratio by weight 

Degreeof 
workability "Very Low" "Low" "fMedium" "High" 
(Table 6) 

Grading number 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 
(Figure 14) 

0 035 34 34 3.2 2.9! 
"S 0'40 4"9 46 4"2 3-8, 4"0 3"8 3"6 3"3 3'3 3'3 3"2 3"0 3'1 3"1 2"9 2"7 

0'45 6"0 5"7 5"2 4"7 4"9 4.7 4"4 4"2 4"1 4"1 3"9 38 3"7 3'8 3'7 3-4 
S 0.50 7.2 6"8 6.2 5.6 5.8 56 5.3 5.0 4.8 4-8 4.7 4.6 4.4 4.5 4.5 4.2 

.- 0.55 8.1 7-7 7.1 6.4- 6.6 6.4 6.1 5.81 55 5.5 5.4 5.3 S 5.2 5.2 4.8 

0.60 8.6 8"0 7.2 7.4 72 6"9 66 6.1 6.2 6.1 60 S 5.9 5.6 
,d 	 0.65 8"8 7.9 8.1 7.9 7"6 7"31 S 6.9 6.8 6"61 6.5 6.2 

070 86 85 83 79 75 75 7.31 71 68 

0.75 	 851 8.1 7.8 7.4 

S Indicates that the mix would segregate. 

NOTE: These values have been obtainedby extrapolationof other data and are not based 
directly on the results of trialmixes. 

Table 5.4/12 
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It has been shown that the properties of concrete are
 

more or less independent of the over-all grading of 
the aggre­

gate provided changes in the grading are such that 
the specific
 

surface of the particles is not altered.
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5.5 Permeability of Concrete
 

The leakage of air through a concrete slab subjected to a
 

pressure differential has beenrecognized as an operational
 

problem. The presence of even very small quantities of air in
 

a condenser decreases the rate of condensation drastically
 

(because of the low conductivity of air and the resistance
 

that it creates to the transfer of heat), and although there
 

is a device for deaerating the condenser, its capacity is
 

limited. Any increase of this capacity would create an
 

economical disadvantage. The only solution therefore lies
 

in minimizing, if not eliminating, the permeability to air of
 

the concrete.
 

Fong has, in a related project, (Reference 26) studied
 

the effect of a protective coating (coal tar epoxy)on the per­

meability of concrete. Unfortunately very little decrease
 

was observed in the rate of air leakage;
 

"A permeability coefficient K is defined as the volume
 

of air at 1 atmosphere flowing in 1 second through a 1 foot
 

thick slab of concrete 1 square foot in area, under a head
 

of 1 mm. Hg. For bare concrete it is found to be:
 

K = 1.8 x 10- 7(ft3-ft/ft -mm-sec).
 

For a coated concrete there appear to be two regions of flow.
 

At low pressures (0 mm. to 224 mm. Hg):
 

- 8
11 = 2.6 x 10 (ft3 - ft/ft - mm-sec). 
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At high pressures (224 mm. to 687 + mm. Hg): 

K2 = 1.2 x 10
- 8 (ft3 - ft/ft 2 - mm - sec) ." 

His work has however led to a better understanding of 

the air leakage phenomena. Discussing the factors affecting
 

permeability, he writes:
 

"Though no thorough research into the air permeability
 

of concrete has been made, an extensive literature search (in
 

English only) has disclosed the effects of many factors. The
 

W/C ratio is one of the most important, since whatever permeates
 

through concrete must completely pass through the paste and this
 

ratio governs the capillary volume. For example, there is a
 

thousand fold reduction in water permeability with a W/C ratio
 

reduction from .8 to .4. The air permeability of concrete
 

has been found to be inversely proportional to area. The
 

effect of humidity is to decrease permeability through adsorp­

tion of water in the pores, hence blockage of flow paths.
 

Temperature effects have not been investigaged, though it would
 

be expected that the higher mean velocity with increasing
 

temperature would increase the ability of a gas to seek out
 

a flow path. However, boiling temperatures reduce permeability,
 

probably a humidity effect rather than a temperature effect.
 

Freezing and thawing cycles that do not induce cracking seem
 

to have no effect. Exposure to weather and wind has been found
 

to evaporate pore water resulting in drastically increased
 

air permeabilities, a consideration in selecting curing methods.
 

It would seem that air entrainment would increase permeability
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but it appears not to be the case because it reduces segregation
 

(fissures and honeycombing) and permits reductions in the W/C
 

ratios. The addition of fly ash or pozzalan has a beneficial
 

effect. Careful grading of aggregate is important in reducing
 

permeability. It has been suggested that prestressing and re­

inforcement may decrease or eliminate permeability. It should
 

be added that passage to air does not include other gases.
 

There has been no correlation made between air and water perme­

abilities. Factors which affect the water permeability
 

with unknown effect on air impermeability are: non-isotropism,
 

the treatment of surfaces (cast, sawed or sand-blasted), the
 

downstream medium (air or water), the effects of the nature
 

-and impurities in the air, and electrical conductivity between
 

the faces."
 

The effect of W/C ratio has been emphasized several times
 

throughout the work and this point should, probably, be sub­

jected to more study. Also the effect of various additives
 

should be investigate'i more vigorously. Fong concludes:
 

"Though a great deal of investigation must still be made
 

into the air permeability of concrete and coatings before an
 

optimal operational heat exchanger can be fabricated, some lessons
 

can be learned from the present experiments to guide manufacture
 

and future experimentation:
 

1. The emergence of the W/C ratio and curing as the
 

primary factors affecting permeability.
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2. The great increase in permeability due to prolonged
 

outdoor curing which even overshadows the salutary
 

effects of a low W/C ratio (.4).
 

3. The surprisingly littIe effect of an apparently
 

airtight coating which points to the need of studying
 

the permeability of coatings.
 

4. The important effect of outgassing from concrete in
 

permeability measurements.
 

Through a semi-empirical model for flow behavior exists,
 

determination of coefficients specifically for concrete must
 

be made since no consistent data exist, as shown by the wide
 

scatter of past results. Standard testing procedures and
 

specimen sizes, shapes and mixes must be adopted for testing,
 

and detailed systematic studies of the effects of W/C ratio,
 

fine aggregate grain size, coarse aggregate sizes and
 

composition, mix proportions, curing cycles, flow paths and
 

creep are needed. The possibility of mix additives for integral
 

air proofing--from epoxies to sh-edded rubber tires--should
 

be considered. Further study into the suitability of coatings
 

for both inside and outside the containment should be made.
 

Obviously, all this must be done-with the capital, natural
 

resources, and the technical limitations of those people to be
 

served kept in mind."
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Chapter 6
 

COATING AND PROTECTIVE MEASURES 
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6.1 Introduction
 

The problem that we are faced with during the operation
 

of the steam condenser, assuming the air leakage has been
 

either minimized or eliminated, is the possible dissolution
 

of concrete in the condensate. This process is not only of
 

serious consequences in the entire plant, since the impurities
 

in the condensate could damage the boiler and the turbine
 

sections, but would also contribute to a very ra..id corrosion
 

of the condenser shell itself.
 

6.2 Protective Coatings
 

Some work has been conducted by the OSW (Reference 27)
 

on surface treatment of concrete to water at varying conditions.
 

These surface treatments are basically in the form of protective
 

coatings applied onto the concrete. However in the case of the
 

condenser shell, blistering of the coating could occur due to
 

the very low pressures maintained inside the shell.
 

In order to find a coating that would not blister as a
 

result of pressure differentials, a study was undertaken by
 

Rashid (Reference 28). Table 6.2/1 lists the coatings that
 

were tested and the results on whether each blisters or not.
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Table 6.2/1
 

COATING 


Plasite No.7155/Epoxy Phenolic
 

Tarset/Coat Tar Epoxy
 

Colma-Kota M/Epoxy-Resin-Based 


Ec7omold L28/Epoxy-Resin 


Cadipox/Epoxy-Polyamine 


Primerce/Epoxy Polyamide 


Acri-Seal/Acrylic Resin 


Thompsons Water Seal 


Magic Kote/Styrene-Acrylic Compound 


Daracone/Silicone Water Repellent 


Krylac/Vinyl-Acrylic + Block Primer 


Super-Por, Seal/Silicone Resin 


Parlon/Chlorinate Rubber 


Endcor/Chlorinated Rubbez 


G.E. Silicone Rubber 


Enjau Butyl LM 450/Butyl Rubber 


Bitumastic/Koppers 


Roof cement 


DOES IT BLISTER?
 

no
 

no
 

no
 

no
 

no
 

no
 

no
 

no
 

no
 

no
 

no
 

yes
 

no
 

no
 

yes
 

yes
 



6.3 Surface Preparation (Reference 28)
 

Surfaces of concrete substrates have to be treated such
 

that protective treatments can ]be applied. Surfaces can also
 

be treated such that complete air tightness, at the surface is
 

achieved. Besides the requirements for maintaining structurally
 

sound and strong concrete, there are four basic problems that
 

arise from painting concrete surfaces.
 

Free moisture within the concrete remaining from the
1. 


original mixing and curing.
 

2. The presence of soluble alkaline substance that are
 

brought to the surface by outward movement of moisture
 

and deposited as effloresence.
 

3. Smooth glazed areas resulting from casting against
 

a non-absorbant form; or laitence (a weak surface deposit
 

resulting from excessive trowelling or vibration during
 

pouring)
 

4. Possible contamination with form oil or concrete
 

curing compounds. The following steps should be taken
 

to prepare the concrete surfaces for coatings.
 

1) Acid etched: Dilute solution of muriatic acid be
 

spread on the surface. As soon as bubbling ceases the
 

sample be flushed with water.
 

Sand­2) Re-entrant holes be removed by steel wool. 


blasted surfaces, however will provide a rougher surface
 

and better cleaning.
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Any holes bigger than 1/16" should be filled with fillers
 

or the surface be given a sack-rub finish or else
 

silicon tetrafluoride gas treatment (ocration).
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