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This report is intended to cover the use of concrete

& reinforced concrete in buildings.

0.2 Permits and Drawings -

Drawings and typical details of all reinforced concrete
construction showing the sizes and position of all structural
members, metal reinforcement, design strength of concrete, and
the live load used in the design shall be filed with the buil-
ding department as a permanent record before a permit to cons-
truct such work shall be issued. Calculations pertaining to the
design shall be filed with the drawings when required by the
Commissioner of Buildings.

0.3 Definitions -

The fdllowing terms are defined for use in this code :

Aggregate - Inert material which is mixed with portland cement

and water to produce concrete.

Column - An upright compression member the length of which ex-
ceeds three times its least lateral dimension.

Combination column - A column in which a structural steel section

designed to carry the principal part of the load, is wrapped
with wire and encased in concrete of such gquality that some ad-
ditional load may be allowed.

Composite column - A column in which a steel or cast-iron section

is completely encased in concrete containing reinforcement of
spiral reinforcement and longitudinal bars.
Concrete - A mixture of portland cement, fine aggregate, coarse

ageregate and water.
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gtrut - A compression member other than a coluun or pedestal.

gtiffness Factor - The value obtained by dividing the moment

of inertiez of a member by its length.

Vibration - A method of compacting concrete by mechanicelly

producing wave motion of high frequency in the concrete.

0.4

= b

b
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Notations -

total area of top of pedestal or footing

loaded area of pedestal or fooiing at the column base.
Area of core of a spirally-reinforced column measured to
the outside diameter of the spiral; net area of concrete
section of a composite column.

The overall or gross area of spirally-reinforced or tied
columns; the total area of the concrete encasement of
combination columns. '

Area of the steel or cast-iron core of a composite column;
the areaz of the steel core in a combination column.
Effective cross-sectional area of reinforcement in tension
in beams or in compression in columns;

Total area of web reinforcement in tension within a dis-
tance of s (measured perpendicular to the direction of

the web reinforcement bar), or the total area of all bars
bent wup in any one plane.

Width of rectangular beam or width of flange of T-beam.
Thickness of web in beams of I or T sections.

Bending moment coefficient in short direction.

Bending moment coefficient in long direction.
&

distance from gravity axis to extreme fiber in compression.
Depth from compression face of beam or slab to center of
longitudinal tensile reinforcement.

Eccentricity of the resultant load on a column, measured
from the gravity axis.

(Pipe columns) yield point of pipe
45,000




|

o

C.

rage o D i

Compressive unit stress in extreme fiber of concrete
in flexure or axial compression in concrete columns.
Ultimate compressive strength of concrete usually at
age of 28 days. :

Permissible unit stress in the metal core of a compo-
site column.

Permissible unit stress on unencased steel columns
and pipe columns.

Tensile unit stress in longitudinal reinforcement; nomi-
nal working stress in verticzsl column reinforcement.
Useful limit stress of spiral reinforcement.

Pengile unit stress in web reinforcement.

Unsupported length of column.

Moment of inertia of a section about the neutral axis
for bending.

Ratio of distance between centrocid of compression and
centroid of tension to the depth.

least radius of gyration of metal core section.

Span- length of beam or slab.

Clear span for positive moment and the average of the
two adjacent clear spans for negative moment. -

pan in short direction
span in long direction

Ratio of modulus of elasticity of steel to that of
concrete. :

sum of the perimeters of the bars in the tensile rein-
forcements.

Total allowable axial load on a column

Total allowable axial load on a long column

Ratio of volume of spiral reinforcement to the wolume
of the concrete core (out to out of spirals) of a spi-
rally reinforced concrete column.

ratio of the effective cross-sectional area of vertical
reinforcement tc the gross area Ag’
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Permissible unit working stress in concrete over the
loaded area of a pedestal, pier or footing.

Least radius of gyration of equivalent concrete section;
ratio of gross area to core area of column, Ag/AC.

spacing of stirrups

Bond stress per unit of surface area of bar.

Shearing unit stress

Unit shearing stress permitted on the concrete of the web.

Total shear
Excess of the total shear over that permitted on the

concrete.
Uniformly distributed load per unit length of beam or

slab.

Uniformly distributed dead and live load per unit of area
of a floor or roof.

Total load on short span beam.

Total load on long span beaun.
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ATLLOWABLE UNIT STRESSES IN REINFORCENENT

a) Tension -

(fs tensile
(fv = tensgile

20,000 p.s.i.

18,000 p.s.i.

unit stress in longitudinal feinforcement)
unit stress in web reinforcement)

for rail-steel concrete reinforcement bars,
billet-steel concrete reinforcement bars

(of intermediate =nd hard grades), axle-steel
concrete reinforcement bars (of intermediate
and hard grades), and cold drawn steel wire
for concrete reinforcement.

for billet-steel concrete reinforcement bars
(of structural grade), and axle-steel concrete
reinforcement bers (of structurasl grade).

b) Compression, vertical column reinforcement

(fs = nominal
20,000 p.s.i.
000 poa.i.

working stress in vertical column reinforcement)
for rail or hard grade steel.
for intermediate grade steel.
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SECTION 2.1 - GENERAL CONSIDERATIONS

Bl L. Basic agsumptions.

Computation of stresses should accord with the laws
of mechanics and the recognised general principles relating
to the design of reinforced concrete.

The design of reinforced concrete members shall be
made with reference to working stresses and safe loads.
The accepted theory of flexure as applied to reinforced con-
crete shall be applied to all members resisting bending.

It may be assumed :

.) that both steel and concrete are elastic within the

(5]

range of the permissible stresses and that the moduler ratio,

<

n, is equal to 30,000,000
1,000 T'c

b) that plane sections remain plane, and i

c) that all tensile stresses are taken by the reinforcement
except, that the concrete may be assumed to resist'diagonal
tension within the limits of shear stress specified for plain
concrete in Section 1.

2. 12 Loadings -
The provisions for design herein speci

d are based on
the essumption that all structures shall be g

fie
designed for all
dead and live-loads coming upon them.

8. 121 Dead loads - TFor the purpose of calculeting dead loadings,

the weights of materials should, unless otherwise agreed, be
teken to be as set forth in the "Schedule of unit weights of
building materisls".



For ordinary comstructions the weight of reinforced con-
crete may be tzken as 150 1b. per cubic foot, but, when the

percentage of steel exceeds 2 per cent, some greater weight may
be more appropriate. Where light weight aggregates are used a

smaller appropriate weight may be teaken.
2.122 Live loads -

The live loads should be in accordance with Table 2, with
such reductions for girders and lower storey columns as are

permitted in Section 2.13

2:85 Reductions -

The following reductions in assumed live loads shall be
permitted in design of columns, piers,walls, foundations and

girders.

1) No reduction of the assumed live load shall be allowed
n the design of any slabs, joists or beams.

}J-
-

2) A reduction of the total live load used in the design
of girders based on a certain tributary floor area shall be
permitted as noted in the following schedule. This reduction
shell not be carried into the columns nor shall such reduction
be used in design of buildings to be used or occupied as ware-

houses or for storage purposes.

Reduction allowed Tributary floor area
5% 100 sq. ft.
10% 200 T R o

15% 300 or more sq. ft.



3) PFor determining the total live loads carried by colummns,
the following reductions shall be permitted, the reductions
being based on the assumed live loads (Table 2) applied to the

entire tributary floor area :

Carrying
Carrying
Carrying
Carrying
Carrying
Carrying

Carrying
Carrying
Carrying
Carrying
Carrying

Carrying
Carrying
Carrying
Carrying
Carrying
Carrying
Cerrying
Carrying

Allowable reductions for warehouses
& Storage Buildings

the roof 0%
1 floor & roof 0%
2 floors & roof 5%
3 floors & roof 10%
4 floors & roof 15%
5 or more floors & roof 20%
Live Load Reductions for Manufacturing
Buildings, Stores & Garages
the roof 0%
1 fleoor & roof 0%
2 floors & roof to#
3 floors & roof 20%
4 or more floors & roof 30%

Allowable Live Load Reductions for all
other Buildings

the roof 0%
1 fipor & roof 0%
2 floors & roof i 10%
3 floors & roof 20%
4 floors & roof 30%
5 floors & roof 40%
6 floors & roof 45%
7 or more floors & roof 50%



24 Structures in Earthquake Regions -

In structures subject to earthquake shocks special ana-
lysis should be made to determinethe probable stresses which
should be added to those resulting from static or moving loads.

2:.15 Resistance to Wind Forces -

a) The resisting elements in structures required to resist
wind forces shall be limited to the integral structural parts.

b) The moments, shears, and direct stresses resulting
from wind forces determined in accordance with recognized methods
shall be added to the maximum stresses which obtein at any sec-
tion for dead and live-loads.

¢) In proportioning the component parts of the structure
for the maximum combined stresses, including wind stresses, the
unit stresses shsll not exceed the allowable stresses for com-
bined live and dead-loads provided in Section 1 by more than
one-third. The structural members and their connections shall
be so proportioned as toc provide suitable rigidity of structure.




TABLE - 2

FLOOR & ROOF TOADS

The range of minimum live-load values in pounds per

square foot of floor or roof area, is as follows

Apartments 40
Auditoriums and theaters

With fixed seats 50-80

Without fixed seats 100
Dwellings 40
lospitals 40
Hotels

Rooms 49

Corridors, lobbies, dining rooms 100
Manufacturing buildings

Light manufacturing 75-125

Heavy manufacturing 125-200
Office buildings

Office space 50-60

Corridors, public spaces 100-125
Roofs, flat 30-40
School buildings ”

Classrooms 50-60

Corridors, public spaces 100
Garages

All types of vehicle 100-175

Passengers cars only 75=125
Store buildings

Retail 75-125

Wholesale 100-125
Werehouses

Light storage 15-150

Heavy storcge 200-250

+ The specified minimum live loads cennot always be used.
The type of occupancy should be considered & the probable
10ads should be computed as accurately as possible.

&



2.21 General -
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General Requirements -

All members

the maximum bending

live load and wind load, as determi

o M
continuity .

TN R AT
In the case of app

Negative moment

For beams and
Two spans
More than

For slabs not

Two spans

More than

Negative moment

Positive moment
End spens

ad 3 -
shall be

moments

ana

roximately equal spans

at face of first
i} 2
= wl'

two wl!

‘H+4H
o

two spans

e
ro

at face of other

L1
12

1 o T O ™ 3 a ~
shears produce!

bR =T

i s

Tyvr
Ry

e the intengity of live load
e intensity of dead load, the
ly by the following moments :

interior support

feet in span

w1'2

wl'2

interior supports

2

at center of span

i
10

Interior spans i

12

2
2

wl!
wl?

H

with loads uniform-
does not ex-

clause 1is

for slabs exceeding 10 feet

Shear in end members at first interior support 1.20 wl'

2
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(Foet note * cont'd)

L]
Shear at other supports E%—

For the purpose of applying this method "approximately"”
shall be construed to mean that the longer of two adjacent
gspans shall not exceed the shorter by more than 20 per cent.
In these expressions 1' = the clear span for positive mo-
ments and the average of the two adjacent clear spans for ne-

gative moment.
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@.21¢ Effective span -

The effective span, 1, of a beam or slab should be taken
as the lesser of the two following : - :
1) the distance between the centers of supports; or
2) the clear distance between supports plus the effective
depth of the beam or slab, the effective depth being the dis-
tance between the center of the tension and the edge of the com-
pression section.
In slabs built integrally with supports capable of fully
restraining the slab the effective span length may be taken as

the clear distance between supports.

2.21%3 Slender beams -

Where the length 1 of a beam between adequate lateral
restraints exceeds 20 times the least breadth b of its compres-—
sion flange, the maximum compressive stress in the concrete
should not exceed the product of the permissible compressive
stress due to, bending given in Section 1 of this code, and the
appropriate coefficient given in the following Table.-

STRESS REDUCTIONS FACTORS FOR SLENDER BEAM

Slenderness ratio
1/b 20 30 40 50 60

Coefficients * Tiog’ Bes YolgT Gen 0

Intermediate values may be obtained by linear interpolation.



2.214 Permissible agsumptions -

In the application of the principle of continuity, the
following assumptions shall be permissible :

1) Consideration may be limited to combinations of dead
load on all spans with full live load on two adjacent spans
and with full live load on alternate spans.

2) Any reasonable and consistent essumptions may be made as
to the relative stiffness of the floor construction and co-
lumns. In computing the relative stiffness of floors to co-
lumns, the velue "I" of the floor members may be based on the
entire concrete sections neglecting the reinforcement, and
that of columns on the entire concrete section plus the trans-
formed steel section. The moment of inerties assumed for the

Q

olumns in computing bending moments must also be used in com-
puting stresses.

3) The far ends of columns above and below the floor under
consideration may be considered fixed.

4) When members are deepened near their ends by haunches
they may be analyzed as members of constant section provided
the minimum depth is used throughout in computing stresses due
to bending; otherwise a complete amalysis is required: Where
members are widened near their supports the additional width
may be neglected in computing moments but may be used in com-
puting stresses.

Additional section at the end may in any case be utili-
zed in resisting shear.

5) In the application of the principle of continuity,
center to center distances may be used in the moment determi-
nation of sll members.

Moments prevailing at the faces of support may be used
to proportion the members at these sections.

2.215 Limitations -

1) Wherever at any section positive (tension) reinforcement
is indicated by analysis, the amount provided shall be not less



than 5% b'd except in slabs of uniform thickness.
2) Not less
cement shall be

than 5% b'd of negative (compression) reinfor-
integrally with

provided at the outer end of all members built
their supports.

%) The compression reinforcement should be effectively
anchored in

two directions st right angles over the distance
where it is

ther apart,

than
nse

required to act in compression, at points not fur-

center to center, sixteen times the diameter of

the anchored bar or 48 tie diameters. The subsidiary reinforcement
4

1sed for this purpose should pass round, or be hooked over, both
the compressive and tensile reinforcement.

4) In slabs of uniform thiclkmese the minimum amount of

reinforcement in the direction of principal stress shall be

For structurel, intermediate and hard grades

0025 bd

nd rail steel..
For steel having a minimum yield point of 56000 1lb. per sq.in. 002 bd
2.216

Depth of Beam or Slab -

o
=

The depth of the beam or slab shall be taken as the dis-
ess

ance from the centroid of the tensile reinforcement to the com-
pression face of the structural members. Any flocor finish not
placed monolithically with the floor sleb shall not be included

as a part of the structural member. When the finish is placed

class
nal depth of

member.

i
=

monolithically with the structural slab in buildings of the wa-
rehouse or industrial S,

there shall be placed an additio-
% inch over that required by the design of the

YA Expansion joints -

It is recommended that the question of the provision of
the expension

joints should be left to the direction of the re-

inforced concrete designer, owing to the large number of factors
which are involved.
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85,22 T-Beams -

a) In T-beam construction the slab and beam shall be

5.

built integrally. The effective flange width to be used 1

the design of symmetrical T-beams shall not exceed the least

w
o

of the following values :

1) One third of the effective span of the T-beams

2) the distance between the centers of the ribs of the
T-beams

3) the breadth of the rib plus twelve times the thickness
of the slab.

b) Where the principal reinforcement in a slab which is
considered as the flange of a T-beam (not a2 rib in ribbed
floors) is parallel to the beam, transverse reinforcement shall
be provided in the top of the slab. This reinforcement shall
be designed to carry the load on the portion of the slab assu-
med as the flange of the T-beam. The spacing of the bars
shall not exceed five times the thickness of the flange, nor
in any case 18 inches.

c¢) The overhanging portions of the flange of the T-beam
shell not be, considered as effective in computing the "shear
and diagonal tension resistance of T-beams.

d) Isolated beams in which the T-form is used only for the
purpose of providing additional compression area, shall have a
flange thickness not less than one-half the width of the web and
a total flange width not more than four times the web thickness.

Ea2y IL-Beams -

In L-beams the breadth of the flange assumed as taking
compression should not exceed the least of the following :
1) One sixth of the effective span of the L-beams
2) the breadth of the rib plus one-half of the clear dis-
tance between ribs;
3) the breadth of the rib plus four times the thickness of
the slab.



When a part of a slab is considered as the flange of a
P-beam or L-beam, the reinforcement in the slab transverse to
the beam should cross the full breadth of the flange. Where
the sleb is assumed to be spanning independently in the same
direction as the beam such transverse reinforcement should be
near the top surface of the slab.

The guantity of such reinforcement should be related to
the shear stress in the slab produced by its acting as the
compression member of the T-beam of L-beam,

£. 2% One-way Ribbed Floor Construction -

a) Ribbed floor construction consists of concrete ribs
and slabs placed monolithicelly with or without burned clay
or concrete block fillers. The ribs shall not be farther apart
than 30 inches face to face. The ribs shall be straight, not
less than 4 inches wide, nor of a depth more than 3 times the

b) When burned clay or concrete block fillers, of mate-
rials having a unit compressive strength at least equal to that
of the designed strength of the concrete in the ribs are used,
and the fillers are so placed that the joints in alternate rows

8]

are staggered, the shells of the fillers in contact with the
ribs may be included in the calculations involving shear or ne-
gative bending moment. No other portion of the fillers may be
included in the design calculations.

¢) The concrete slab over the fillers shall be not less
than 1% inches in thickness, nor less in thickness than one-
twelfth of the clear distance between ribs. Shrinkage reinfor-
cement in the slab shall be provided as required in Section

d) Where removable forms or fillers not complying with
(b) are used, the thickness of the concrete slab shall not be
less than one-twelfth of the clear distance between ribs and in
no case less than two inches. Such slab shall be reinforced at
right angles to the ribs with a minimum of .049 8q.in. of
reinforcing steel per foot of width, and in slabs on which the
Prescribed live load does not exceed fifty lb.per sq.ft., no
8dditionel reinforcement will be required.




e) When the finish used as a wearing surface is placed
monolithically with the structural slab in buildings of the
warehouse or industrial class, the thickness of the concrete
over the fillers shall be 3 inch greater than the thickness
used for design purpose.

f) Where the slab contains conduits or pipes, the thick-
ness shall not be less than 1 inch plus the total over-hall
depth of such conduits or pipes at any point. Such conduits
or pipes shall be so located as not to impair the strength

of the construction.

2.25 Floors with support on four Sides -

a) This construction, consisting of floors reinforced in
two directions end supported on four sides, includes s0lid
reinforced concrete slabs, concrete ribs with concrete hollow
block fillers and top slabs pleced monolithically with the
ribs.

The supporis for the floor slabs may be walls, reinfbrced
concrete beams, or steel beams fully encased in concrete.

b) When a concrete top slab, placed monolithically with the
ribs is used, it shall be not less in thickness than 1% inches
nor less than one-twelfth of the clear distances- between ribs. It
shall be reinforced for shrinkage as required in Section 4.

¢) Where removable forms or fillers are used, the thickness
of the concrete slab shall not be less than one-twelfth of the
clear distance between ribs and in no case less than two inches.
Suech slab shall be reinforced to provide sufficient strength to

carry the imposed loads.

2. 26 Bending Moments -

Nethods for the calculation of the bending moments in beams
and slabs and investigations at supports of beams and slabs are
E. fully dealt with in meny text-books on reinforced concrete design
& to which the reader is referred for guidance.



The following table is recommended when computing bending

moments in two way slabs.

1

s o
1_1' =
0.40 0.951
0.42 0.941
0.44 0.930
0.46 0.918
0.48 0.904
0.50 0.888
052 0.872
Q.54 0.854
0.56 0.836
0.58 0.815
0.60 0.794
0.62 0:774
0.64 0.749
0.66 0.725
0.68 0.701
0.70 0.675

t

0.013
0.4049
0.018
0.022
0.026
0.030
0:035
0.040
0.046

0.053
0.061
0.069
0.077
0.087
0.097
0.107

1 B B,

T; S 4

0.2 0.650 0.118
0.74 0.625 0.130
0.76 0.600 0.143
0.78 0.574 0.156
0.80 0.549 0.170
0.82 0.525 0.184
0.84 0.500 0.200
0.86 0.477 0.215
0. 8t 0.454 0.230
0.90 0.432 0.247
0.92 0.411 0.263
0.94 0.390 0.281
0.96 0.376 0.298
0.98 0.351 0.315
1.00 0.333 0.333




on the supporting beams for a two-way rectangular

S
glab may be assumed as the uniformly distributed load withi

h h
tributary areas of the slab bounded by the intersection of 45

degrees lines from the corners with the mediam line of the slab

S
parallel to the long side, see Fig, below, short and long span

<

0
beams due to one load

-~

2d slab are given by the following equations:

Load on short span beam, wl

m N

1.0% W =

Lozd on long span beanm, s
° - W

i.e. W = ——

+5%,
.
"

Lozad included in Load included in

this shaded area XQ\:?\ _ . this shaded area

to be carried by H ~  to be cagrried by
Beam A.- - I, beam B.
| b
1' RN

2.29 Minimum $lab Thickness -

The slab thickness should not be less than 4 inches.



SECTION 2.3 - SHEAR & DIAGONAL TENSION

o ¥ | Shearing Unit Stress -

a) The sharing unit stress (v) in reinforced concrete beams

shell be computed by formula (1l ) :
g wH
v =33 VLSRR e Tt B Ry ¢

b) For beams of I or T section b' shall be substituted for b
in formula (1 ).

¢) In ribbed construction, where burned clay or concrete block
are used, b' may be taken as a width equal to the thickness of the
concrete web plus the thicknesses of the vertical shells of the
concrete or burned clay block in contact with the joist.

d) When the value of the shearing unit stress computed by
formula (| ) exceeds the shearing unit stress (vc) permitted on
the concrete of an unreinforced web, web reinforcement shall be
provided tolcarry the excess.

2.32 Shear reinforcement -

a) A stirrup in reinforced concrete should pass round, or
be otherwise adequately secured to, the appropriate tensile
reinforcement and such stirrup should have both its ends ancho-
red properly.

b) Tensile reinforcement which is inclined and carried
through a depth of beam equal to the arm of the resistance moment
will also sct as shear reinforcement provided it is anchored
sufficiently.

¢) Where more than one type of reinforcement is used to
reinforce the same portion of the web, the total shearing resis-—
tance of this portion of the web shall be assumed as the sum of
the shearing resistances computed for the various types separately.



In such computations the shearing resistance of the concrete shall
be included only once, and no one type of reinforcement shall be
assumed to resist more than 2V'
.
Where V' is the excess of the total shear over that permitted

on the concrete.

2. 35 Spacing Web Reinforcement -

a) Where web reinforcement is required it shall be so spaced
thaet every 45 degree line (representing a potential crack) exten-
ding from the mid-depth of tae beam to the longitudinal tension
bars shall be crossed by at least one line of web reinforcement.
If & shearing unit stress in excess of 0.06 f'c is used, every
such line shall be crossed by at least two such lines of web
reinforcement.

b) The pitch or spacing of stirrups should be calculated
from the following equation :

s= Ava Ja @ @ 8 % &4 @ 2 * € ¢ 9 & 8 2 R P GO 6 (2‘)
V'
where fv is the permissible tensile stress in the shear reinfor-
cement :
A is the cross-sectional area of the stirrups

v

ja is the arm of the resistance moment.

AL is the resistance to shear.

Tests indicate that the most effective results are obtained




SECTION2-4 - BOND & ANCHORAGE

el Length of embedment -

2.411 Bars in tension -

A bar in tension should extend from any section, on the
side furthest from the point of maximum moment, for a distance
such that the average bond stress does not exceed the appro-
priate permissible bond stress given in Section 1.

This condition will be satisfied if the length measured
from such section is at least equal to m times the diameter of

the bar, where

the tensile stress in the bar
four times the permissible bond stress u

In no. case should the value of m be less than 12, nor
should the length of lap ever be less than 12 bar diameters.

2.4132 Bars in compression -

The length of bar beyond any section should not be less
than m times the diameter of the bar where

the compressive stress in the bar

b4 =
five times the permissible bond stress u

Rl 2 Computation of Bond stress in Beams -

a) In flexural members in which the tensile reinforcement
is parallel to the compression face, the bond stress at any
eross section shall be computed by formula (3 )
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Where V 1is the total shear across the section

Jd is the arm of resistance moment

Z,1is the sum of the perimeters of the bars in the
tensile reinforcement.

In members of variable depth the effect of the change
in depth should be taken into account in calculating the
bond stress.

b) Adequate end anchorage shall be provided for the
tensile reinforcement in all flexural members to which form=-
ula (3 ) does not apply, such as footings, brackets and other
tapered or stepped beams in which the tensile reinforcement
is not parallel to the compression face.

2.43 Hooks

2.431 Hooks and other anchorages -

Hooks and other anchorages of reinforcement in
reinforced concrete should be of such form, dimensions and

arrangement as will ensure their adequacy without overstressing
the concrete or the steel.

2.432 Dimentions of hooks (U hooks)

e —
/

A hook at the end of a bar should be of the form
indicated in the figure below with an inner diaméter of no
less than four times the diameter of the bar, and a length
of straight part beyond the end of the curve of at least
four times the diameter of the bar, except that, when the
hook fits over a main reinforcing or other adequate anchor bar,
the diameter of the hook may be equal to the diameter of such bar.

[Not less
| than 4 n

=
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2. 44 Ordinary Anchorage requirements -

a) Tensile reinforcement in any span of a continuous
restrained, or cantilever beam, or in any member of a rigid
frame shall be adequately anchored.

Within any such span every reinforcing bar shall be ex-
tended at least 12 diameters beyond the point at which it is no

b

onger needed to resist stress.

In cases where the length from the point of maximum ten-
sile stress in the bar to the end of the bar is not sufficient
to develop this meximum stress by bond, the bar shall extend
into a region of compression and be anchored by means of a stan-
dard hook or it shall be bent across the web at an angle of
not less than 15 degrees with the longitudinal portion of the
bar and either made continuous with the positive reinforcement
or anchored in a region of compression.

b) Of the compression reinforcement in continuous beams
not less than one-fourth the area shall extend along the same
face of the beam into thesupport a distance of ten or more bar
diameters, or shall be extended as far as possible intp the
support and ‘terminated in standard hooks.

2.45 Special anchorage requirements -

Where increased shearing or bond stresses are permitted
because of the use of special anchorage every bar shall be ter-
minated in a standard hook in a region of compression, or it
shall be bent across the web at an angle of not less than 15
degrees with the longitudinal portion of the bar and made con-
tinuous with the negative or positive reinforcement.

2.46 Anchorage of Web Reinforcement -

a) Single separste bars used as web reinforcement shall be
anchored at each end by one of the following methods :
1) Hooking tightly around the longitudinal reinforcement through
180 degrees.

Ly
2
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2) Standard hook plus embedment in the compression area of
the beam, which embedment exclusive of the hook shall be suffi-
cient to develop by bond 2 stress of not less than 10,000 1b.
per sq. in. at a bond stress of not more than .04 f'c on plain
bars nor .05 f‘c on deformed bars.

b) The loops or closed ends of such stirrups shall be
anchored by bending around the longitudinal reinforcement through
en angle of at least 90 degrees.
¢) Hooking or bending stirrups or separate web reinfor-
cement bars around the longitudinel reinforcement shall be
congidered effective only when these bars are perpendicular to
the longitudinal reinforcement.

d) Longitudinal bars bent to act as web reinforcement shall,
in a region of tension be continuous with the longitudinal rein-
forcement. The tensile stress in each bar shall be fully deve-
loped in both the upper and the lower half of the beam by one
of the following methods :

1) As specified in Section 2.46 (a)

2) By bond at a unit bond stress not exceeding .04 f' 6 on plain

bars nor .05 f'c on deformed bars, plus a bend of radius not

less than two times the diameter of the bar, parallel to the
upper or 1ower surface of the beam, plus an extension of the
bar of not less than 12 diameters of the bar terminating in a
standard hook. This short radius bend extension and hook shall
together not be counted upon to develop a tensile unit stress
in the bar of more than 10,000 1b. per sq. in.

3) By bond at a unit bond stress not exceeding .04 f'C on plain

bars nor .05 f'C on deformed bars, plus a bend, of radius not
less than 2 times the diameter of the bar, parallel to the
upper or lower surface of the beam and contiﬁuous with the lon-
gitudinal reinforcement. The short radius bend and continuity
shall together not be counted upon to develop & tensile unit
stress in the bar of more than 10,000 1b. per sq. in.

e) In all cases web reinforcement shall be cerried as
close to the compression surface of the beam as fireproofing
regulations and the proximity of other steel will permit.
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2.47 Anchorage of Bars in Footing slabs -

All bars in footing slabs, except the longitudinal rein-
forcement between 1l@ads in continuous slab footings, shall be
anchored by means of standard hooks. The outer faces of these
hooks shall be not less than three inches nor more than six in-
ches from the face of the footing.

2.48 Deformed bars -

In the case of deformed bars, the bond stresses u in
Section 1, may be increased by 10 per cent.

For the purpose of this clause, a deformed bar is one
for which it has been proved that the bond strength exceeds
that of a plain round bar by 10 per cent or more.

r/
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SECTION 2.5 - COLUMNS

2 5 Genersl -

2.511 Limiiting Dimensions -

The following sections on reinforced concrete and compo-
site columns apply to a short columm, for which the unsupported
lcngth is not greater than 10 times the least lateral dimension.
When the unsuported length exceeds this value the design shall.
be modified as shown in Section 2.57. Principal columns in
buildings shall have a minimum diameter or thickness of 10 in-
ches and a minimum gross arez of 120 sq. in. Posts that are
not continuous from story to story shall have a minimum dieme-

ter or thickness of 6 inches.

2.512 TUnsupported Length of Columns -

a) PFor purposed of determining the limiting dimgnsions of
columns, the unsupported length of reinforced conerete columns
shall be teken as the clear distance between floor slabs, except
that

1) In beam and slab construction, it shall be the clear
distance between the floor and the under side of the deeper beam
framing into the column in e&ch direction 2t the next higher
floor level.

2) In columns restralined laterally by struts, it shall be
the clear distance between consecutive struts in each vertical
plane; provided that to be an adequate support, two such struts
shall meet the column at approximately the same level, and the
angle between vertical planes through the struts shall not vary
more then 15 degrees from a right angle. Such struts shall be
of adequate dimensions and enchorage to restrain the column
against later deflection.

3) In columns restrained laterally by struts or beams, with

ih, breckets used at the junction, it shell be the clear distance
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between the floor and the lower edge of the bracket, provided
that the bracket width equels that of the beam or strut and is
at least half that of the column.

b) For rectangular columns, that length shall be conside-
red which produces the greatest ratio of length to depth of

section.

258 Spirally Reinforced Columngs -

2.521 Permissible ILoad -

The maximum permissible axial load, P, on coclumns with
closely spaced spirals enclosing a circular concrete core rein-
forced with longitudinal bars shall be that given by Formula

(4)

Luv)
il

Ag (0.22 f'c + fspg) TINPRREEp, B ¢ W

the gross area of the column

Wherein AT

e
I
forcement, to be taken at 40 per cent of the minimum spe01flca-
tion value of the yield point; viz., 16,000 1b. per sq. in. for

intermediate grade steel.

compressive strength of the concrete
nominal working stress in vertical column rein-

p, = ratio of the effective cross-sectional area of
< L,
vertical reinforcement to the gross area, AF.

(=

2.522 Longitudinal reinforcement -

A reinforced concrete column should have longitudinal
steel reinforcemecnt, and the cross-sectional area of wuch rein-
forcement should not be less than 0.1 per cent nor more thean
8 per cent of the gross cross-sectional area of the column re-
quired to transmit all the loading in accordance with this
code.

The minimum number of bars shall be six and the minimum

diameter shall be 5/8 in.



Page =© o1 //

The center to center spacing of bars within the peri-
phery of the columm core shall not be less than 2% times the
dismeter for round bers or % times the side dimension for squa-
re bars. The clear spacing between bars shall not be less than
1% times the maximum size of the coarse aggregate used. These
spacing rules also apply to adjacent bars at a lapped splice.

2.523 $Splices in Vertical Reinforcement -

Where lapped splices in the column verticals are used,
the minimum amount of lap shall be as follows :

1) Por deformed bars - with concrete having a strength of
3000 1b. sg. in. or above 24 diameters of bar of intermediate
grade steel and 30 diameter of bar of rail steel. For bars of
higher yield point, the amount of lap shall be increased in
Proportion to the nominal working stress. When the concrete
.strengths are less than 3000 lb. per sq. in. the amount of lap
shall be one-third greater than the values given above.

2) For plain bars - the minimum amount of lap shall be 25
per cent greater than specified for deformed bars. ’

3) Welded splices or othér positive connections mey be
used instead of lapped splices. Welded splices shall prefe-
rably be used in cases where the bar diameter exceeds 12 ins
An approved welded splice shall be defined as one in which
the bars are butted and welded and that will develop in ten-
sion at least the yield point stress of the reinforcing steel

used.

2

I

24 Spiral Reinforcement -

The ratic of spiral reinforcement, (p') shall not be less
than the value given by Formule (5 ), nor shall it be less in
any case than 0.0112 for hot rolled spirals of intermediate gra-
de or 0.0075 for cold drawn wire spirals. :

pt o Cuasfm o) TRL LS
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ratio of volume of spiral reinforcement to the

Wherein p!
volume of the concrete core (Out to out of spirals).

R = ratio of gross area to core area of column, Ag/Ac.
f's = museful limit stress of spiral reinforcement, to

be taken as 40,000 1b. per sq. in. for hot rolled rods of in-
termediate grade and 60,000 1b. per sq. in. for cold drawn

wire,

The spiral reinforcement shall consist of evenly spaced
continuous spirsls held firmly in place and true to line by at
least three vertical spacer bars. Anchorage of spiral reinfor-
cement shall be provided by 1% extra turns of spirel rod or wire
at each end of the spiral unit.

Splices, when necessary, shall be made in spiral rod
or wire by welding or by a lap of 1} turns. The center spacing
of the spirals shall not exceed one-sixth of the core diameter.
The clear spacing between gpirals shall not exceed 3 in. nor be
less than 1% in. or 1% times the maximum size of coarse aggre-
gate used. The/reinforcing spiral shall extend from the floor
level in any  story or from the top of the footing in the base-
ment, to the level of the lowest horizontal reinforcement in the
slab, or beam above. In & column with a capital if shall extend
toc the plane at which the diameter or width of the capital is

twice that of the column.

2,525 Protection of Reinforcement -

The column reinforcement shall be protected everywhere
by a covering of councrete cast monolithical with the core, for
which the thickness shall not be less than 1% in. nor less than

1% times the maximum size of the coarse aggregate.

2.526 TLimits of Column Section -

For columns built monolithically with concrete walls or piers
the outer boundery of the column section shall be taken either
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as 2 circle 1 in. outside the column spirel or as a square or
e

4

rectangle of which the sides are 1% in. outside the spiral..The
value A thus defined shall be used in both Formulas (4 ) and
(B % In any case it shall be permissible to design a circule
column and to0 build it as a square column of the same least
later dimeansion. In such case the permissible load, the gross
area nsidered, and the required percentage of reinforcement

must be taken as those of tae circular colum

2o Tied Columns -

2.531 Permissible load -

The maximum permissible axial load on columns reinforced
with longitudinal bars and separate lateral ties shall be 70
per cent of that given by Formula (4 ). The ratio (p ), to be
considered in tied columns shall not be less than O. Ol nor more
than 0.04,

The longitudinel reinforcement shall consist of at least
four bars, of minimum diameter of 5/8 inch.

Splices in reinforcing bars shall be made as described in
Section 2.523.

2,532 Lateral ties -

Lateral ties shall be so disposed as to provide 21l ne-
essary restraint against the buckling of each of the longitudi-
nal reinforcements. Every bar in a column near the face should
be properly linked. The ends of such transverse reinforcements
should be properly aanchored.
Laterel ties should not be less than onequarter the diame-
ter of the main rods, a2nd in no case less than % in.
Lateral ties shall be spaced apart not more than the least
of the three following distances :
1) the least laterzl dimension of the column
2) twelve times the diameter of the smallest longitudinsl
Teinforcement in the column
) 12 4%,

a4
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When there are more than four vertical bars, additional
ties shall be provided so that every lingitudinal bar is held
firmly in its designed position and has lateral support equi-
valent to that provided by a 90-degree corner of a tie.

2.555 Limits of Column Section -

In 2 tied column which for architectural reasons has a
larger cross section that required by considerations of loading,
a reduced effective are (A_) not less than one-half of the to-
tal arez may be used in apglying the provisions of Section 2.531.

2454 Composite Columns -

2.541 Permissible Load -

The permissible load on a composite column consisting of
a structursl steel or cast-iron column thoroughly encased in
concrete reinforced with both longitudinal and spiral reinfor-
cement, shall not exceed that given by Formula (6 ).

T 0.22 Ac"c + fSAs i frAr A SR el e L - L

Wherein A = net areaz of concrete section
c = A. - A. — .A. e

g 8 r
AS = cross sectional area of longitudinal bar reinforcement
Ar = cross sectional area of the steel or cast-iron core
fr = permissible unit stress in metal core, not to exceed 16,000

1b. per sq. in. for a steel core; or 10,000 1b. per sg.
in. for a cast-iron core.
The remaining notation is that of Section 2.52.

£:.542 Details of Metal Core and Reinforcement -

The cross sectional area of the metal core shall not exceed
20 per cent of the gross area of the column. If a hollow metal core
is used it shell be filled with concrete. The amounts of longi-
tudinal and spiral reinforcement and the requirements as to spa-
eing of bars, detzils of splices and thickness of protective
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shell outside the spiral that conform to the limiting values
gpecified in Sections 2.522, 2.523 and 2.524. A clearance of
at least 3 inches shall be maintained between the spiral and
the metal core at all points except that when the core consists
of a structural steel H-column, the minimum clearance may be

reduced to 2 inches.

2,543 Splices and Connections of Metal Cores -

Metal cores in composite columns shall be accurately mil-
led at splices and positive provision shall be made for align-
ment of onecore above another.

At the column base, provision shall be made to transfer
the load to the footing at safe unit stresses in accordance with
Section (1) of this code. The base of the metal section shall
be designed to transfer the load from the entire composite co-
lumn to thefooting, or it may be designed to transfer the load
~from the metal section only, provided it is so placed in the
pier or pedestal as to leave zmple section of concrete above
the base for the transfer of load from reinforced concrete sec-
tion of the column by means of bond on the vertical reinforce-
ment and by direct compression on the concrete.

Transfer of loads to the metal core shall be provided for
of bearing members such as billets, brackets or other
sitive connections; these shall be provided at the top of the
tal core and at intermediate floor levels where reguired.

The column as a whole shell satisfy the requirement of
FPormula (6 ) at any point; in addition to this, the reinforced
concrete portion shall be designed to carry, in accordance with
Formula (4 ), all floor loads brought into the column at levels
between the metal brackets or connections. In applying Formula
(4), the value of A_ shall be interpreted as the area of the
concrete section outside the metal core, and the permissible load
on the reinforced concrete section outside the metal core, and
the permissible load on the reinforced concrete section shall be

further limited to Q.35 f'c Ag.



Ample section of concrete and continuity of reinforce-
ment shall be provided at the junction with beams or girders.

2.544 Permissible Load on Metal core only -

The metal cores of composite columns shall be designed
to carry safely any struction or other loads to be placed upon

them prior to their encasement in concrete

2.55 Combination Columnsg -

2.551 Steel Columns Encased in Concrete -

The permissible load on a structural steel column which
is encased in concrete at least 2% inches thick over all metal
(except rivet heads) reinforced =s hereinafter specified shall
be computed by Formula (2&).

o ' 1 L O e
P | Sl O I iR e g dnbie 45 91 b

Wherein A_ = cross-sectional arez of steel column .

f'¥ = permissible stress of unencased steel column
. = total area of concrete section.
o

The concrete used shall develop a compressive strength,
e

(f'o) or at least 2000 1b. r sg. in. at 28 days.

L

The concrete shall be reinforced by welded wire mesh’ en-
circling the column being spaced not more than 4 inches apart
and those parallel to the column axis not more than 8 inches a-
part. This mesh shall extend entirely around the column at a
distance of one inch inside the outer concrete surface and shall
be lap-spliced at least 40 wire diameters and wired at the splice.

Special brackets shall be used to receive the entire floor
load at each floor level. The steel column shall be designed to

+ Wire mesh gage Number will be specified by the Engineer.

55



ny construction or other loads to be placed upon

a
its encasement in concrete.

@
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The permissible load on columns consisting of ste pipe
filled with concrete shall be determined by Formula (8

:rL: = C’.22 i“n"';'('- +f' .‘X ® 5 6§ 6 6 & 0 0 2 8 8 3 8 e s e 0 T e
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The velue of f'  shall be that given by Formula (9).

h
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Wherein f'r averzge unit stress in metal core
b = unsupported length of column

least radius of gyration of metal core section

=
]

yield point of pipe
F = - -

\ V)
45, 000

1
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If the yield point of the pipe is not known, the

Fe

P ghall be taken as 0.5.

2.56 Lonz Columns - K

The meximum allowable load P' on axislly loaded reinforced
concrete or composite columns having a length, h, greater than 10

times the lésst lateral dimension, d, is given by Pormula (io)

oW
m

b
i

B4 . A .03%) RPN

Wherein P = the allowable axial load on a short column as given

by Formulas (Q.) and (6 ).

4y

The maximum allowable load P' on eccentrically loaded
columns in which h/d exceeds 10 is slsoc given by Formula (vo)
in which P is the allowable eccentrically applied load on a short
column as determined by the provisions of Sec. 2.58-2.59.

In long columns subjected to definite bending stresses, as

determined in Sec. 2.57, the ratio h/d should not e:

>-1

Q
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Zedl Bending Moments in Columns -

The bending moments in the columns of all reinforced
oncrete structures shell be determined on the basis of loa-
ding conditions and restraint and shall be provided for in

Q

design.

When the stiffness and strength of the columns are u-
tilized to reduce moments in beams, girders, or slabs, as in
the case of rigid frames, or in other forms of continuous
constructions wherein column moments are unavoidable, they
shall be provided for in the design.

In building frames, particular attention shall be given
to cases of unbalanced floor loads on both exterior and inte-
rior columns and of eccentric loading due to other causes.

W2ll columns shall be designed to resist moments pro-

duced by

1) Loads on all floors of the buildings

2) Loads on single exterior bay at two adjacent floor levels,
or

%)Loads on ,a single exterior bay at one floor level *

Resistance to bending moments at any floor level shall
be provided by distributing the moment between the columns
immediately above and below the given floor in proportion to
their reletive stiffness and conditions of restraint.

Bending moments in internal columns supporting an ap-
proximately symetrical arrangement of beams and loading need
not be calculated except in the case of flat slab construc-

Tion:

2.58 Combined Axial asnd Bending Stress -

In reinforced concrete columng subjected to bending mo-
ments, the recognized methods of analysis shall be followed in
calculating the stresses due to combined axial load and bending.
The maximum fiber stress in compression and (in the case of lar-

ge eccentricities of loading) the tensile stress in the vertical
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bars will govern the design. The gross of both spiral and

area
. 4
tied columns shall be used in the computations .

2.59 Permissible Combined Compressive and Tensile Stress -

The maximum permissible compressive fiber stress, f , in

eccer cally loaded columns shall be given by Formulas (\l) and
(\2).
For spiral columns
£ £ 1 8g
3 3 0.22 o T.p, I R2
-‘-c e & & & & 6 & & v & (“)
N | - 1) b, 1 + .8%%
= R
For tied columns
ge
@Al v T dmee L % 3F
f = i e .>LL @ & & 0 & 6 v 0 ® (‘2)
e
ec
B (mo~ 1) B4 § ok .8%?

The permissible tensile stress in the longitudinal rein-
forcement may equal that specified for flexural members, provi-
ded however that splices in the tensile steel at or near the sec-
tion of maximum column moment are capable of developing fully
the yield point strength of the reinforcement.

4= S b st L s : . S

For preliminary designs it will usually give satisfactory re-
sults to compute the combined fiber stress in compression on the
basis of an uncracked section of the column, using Formula (13).

e
o A0 Lol Gulall ) GBI L | s 4 e T b i
A

1+ (n-1)p,
g
Wherein e = eccentricity of resultant load, measured from the
gravity axis
¢ = distance from gravity axis to extreme fiber in com-

pression.
R = radius of gyration of equivalent concrete section.
n = 350,000

£
o



(Foot note ¥ cont'd)

This will result in a fairly accurate design if the eccen-

ricity is less than 4 the over-all column depth and the value

t
of pn is 0.3 or more.
(&)
ec Ge
The term ;7 may be replaced by the value | for
.
8e
rectangular columns and . for round columns without appre-

ciable error (+ = over-all depth of section). This design may

then be eanalyzed by more accurate methods to insure that per-

missible stresses are not exceeded.
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SECTION 3 - FORMWORK

p o Gereral -

Attention is drawn to the importance of the design of the
formwork which can be an important factor in the economy and
efficiency of reinforced concrete construction. The detailed de-
sign should preferably be undertaken by an expert and is conei-
dered to be outside the scope of the present code. The important
qualities of good formwork relate to : rigidity and strength,
economy of material, re-use, convenience of erection and striking,
and good surface finish.

Forms shall conform to the shape, lines, grades, and
dimensions of the concrete as cslled for on the drawings. Lumber
used in forms for exposed surfaces shall be dressed to 2 uni-
form thickness, and shall be free from loose knots or other
defects. Joints in forms shall be horizontal or vertical where
appearsznce of the finished surface is of importence. For unexpo-
sed surfaces and rough work, undressed lumber may be used.
Tumber one used in forms shall have nails withdrawn, and sur-
faces to be in contzct with concrete thoroughly cleaned before

being used again.

2 Design -

Forms shall be sufficiently tight to prevent lezkage of
mortar. They shall be properly braced or tied together so as to
maintain the desired position and shape during and after placing
concrete. In the case of very long spans where no intermediate

supports are possible, the probable deflection in the forms due
to the weight of the fresh concrete shall be teken into account
so that the finished members shall conform accurately to the de-
sired line and grede. If adequate foundation for shores cannot

be secured, trussed supports shall be provided.

rr



Bolts and rods shall prefersbly be used for internal ties;
they shall be so arranged thet when the forms are removed no
metal shall be within 1 inch of any surface. Shores supporting
successive storeys shall be placed directly over those below,
or so designed end placed that the load will be trensmitted di-
rectly to them.

3,3 Pipes, Conduits, etc. Embedded in Concrete

Pipes which will contain liquid, gas or vapor at other
than room temperature shall not be embedded in concrete neces-
sary for structural stability or fire protection.

Electric conduits, sleeves and other pipes whose embed-
ment is allowed shall not be of such size or in such location
as unduly to impair the strength of the construction; such
sleeves or pipes may be considered as replacing structurally the
displaced concrete, provided they are not exposed to rusting or
other deterioration.

Embedded pipes or conduits other than those merely passing
through, shall not be larger in outside diameter than one-third
the thickness of the slab, wall or beam in which they axe em-—
bedded, nor so located as unduly to impair the strength of the

construction.
Sk Qiling -

The inside of forms shall be coated with nonstaining mi-
neral o0il or other approved meterial, or in case of wood forms
they shall be thoroughly wetted (except in freezing weather).

4.

Where oil is used it shall be applied before the reinforcement

is placed.

N
%))

" mn m "
y« 5 Camber -
Lambel

t is generally desirable to give forms an upward camber to
ensure that the beams will not have a sag when they have tezken up
their deflection,'but this should not be done unless allowed for
in the design calculations of the beams.



3.6 Inspection -

-

Temporaly openings shall be provided at the base of co-
lumn and wall forms and at other points where necessary to fa-
cilitate cleaning snd inspection immediately before depositing

concrete.

Bl Removzl of forms -

The removal of forms shall not be started until the con-
crete has attained the necessary strength to support its own
weight and any construction live loads.

Al11 formwork should be removed without such shock or
vioration as would demage the reinforced concrete.

Where the structure as a whole is supported on shores,
the removable floor forms, beams and girder sides, column and
similar vertical forms may be removed after 24 hours, providing
the concrete is sufficiently hard not to be injured thereby.

Before the soffit and struts are removed the concrete sur-
foace should be exposed where necessary in order to ascertain
that the concrete has sufficiently hardened. Proper precautions
should be taken to allow for the decrezse in rate of hardening

that ocours with all cements in cold wezsther.



SECTION ¢4 STEEL REINFORCEMENT
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Metal reinforcement shall be accurately positioned and
secured against displacement by using annezled iron wire ties
or suitable clips &t intersections.

Definite methods of ensuring the adequacy of cover should
be sought by the contractor and the designer acting in conjunction,

4.15 Splicing of Reinforcement -

When it is necessary to splice reinforcement at points other
than shown on the drawings, the character of the splice shall be
determined by the Engineer.

In such splices the bars shall be placed in contact and
wired. Splices in adjacent bars shall be staggered.

4.16 PFuture Bonding -

Exposed reinforcement intended for bonding with future
extensions shall be effectively protected from corrosion.

4,17 Ekectric currents -

No part of the reinforcement should be used for conducting

electric currents.
B2 Cover -

Reinforcement should have concrete cover and the thickness
of such cover (exclusive of plaster or other decorative finish)

shonld be :

a) for each end of = reinforcing bar, not less than 1 in.5
nor less than twice the diameter of such rod or bar.

b) for a longitudinal reinforcing bar in a column, not less
then 2 in., nor less than the diameter of such rod or bar.
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¢) for a longitudinal reinforcing bar in a beam, not less
than 1% in., nor less than the diameter of such rod or bar.

d) for tensile, compressive, shear or other reinforcement in
a slab, not less than 2 in., nor less than the diameter of such
reinforcement.

e) for any other reinforcement, not less than § in., nor less
than the diameter of such reinforcement.

£) At those surfaces of footings and other principal structural
members in which the concrete is deposited directly against the
ground, metal reinforcement shall have a minimum covering of 3 inches
of concrete. At other surfaces of concrete exposed to the ground
or to severe weathering conditions, metal reinforcement shall be
protected by not less than 2 inches of concrete for bars over 5/8.
in diameter, and 1} in. for bars 5/8 in. diameter or less. At under-
side of slabs exposed to weather cne inch shall be provided.

In case of bars which are not round, and twin bars, the

diameter should be teken as the diameter of a circle giving an
equivalent area.

&5 5 Distance between bars -

The distance between two parallel steel reinforcements in
reinforced concrete should be not less than the greatest of the
three following distances : 3

g) the diameter of either bar if the diameters be equal

b) the diameter of “the larger bar if the diemeters be unequal

¢) 4 in. more than the nominal maximum size of the coarse aggre=
gate comprised in such concrete. :

A greater distance should be provided when convenient.

The vertical distence between two horizontal main steel rein-
forcements, or the corresponding distance at right angles to two
inelined main steel reinforcements, should be not less than % in.,
except at a splice or lap and except where one of such reinforcements
is transverse to the other. '
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The pitch of the main bars in a reinforced concrete solid

slab should not be more than three times the effective depth of
such slab.

The pitch of distributing bars in a reinforced concrete

«

solid slab should not be more than four times the effective

depth of such slab

In the case of bars which are not round, the diameter should

be taken, for the purpose of this clause, as the diameter of a
e giving an equivalent area.

E
L

3 ;T and M o T ca bl n +
4.4 Shrinkage and Temperature Reinforcement -

4~y o 2 g Hop n NS O
emperature stresses nor-

o

Reinforcement for shrinkage an
mal to the principal reinforcement shall be provided in floor
and roof slabs where the principal reinforcement extends in one
direction only. Such reinforcement shall provide for the follo-
wing minimum ratios of reinforcement area to concrete area (bd),
but in no case shall such reinforeing

apart than five times the slab thickness nor more than 18 inches
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Bl Cement -

The cement used should be Chekka Portland Cement.

When European cement is used, the engineer should satisfy
himself either by means of his own tests or by reference to
reliable sources of information that the material which he pro-
poses to use will adequately fulfill his special requirements.

All aggregates should consist of inert materials that
are clean, hard strong and durable. The particles should not

be coated with clay or dirt.

5 el Fine Aggregate -

a) General -

Fine aggregate shall consist of natursl sand, sand pre-
pared from the product obtained by crushing store, grafel; oz,
subject to the approval of the Engineer, other inert materials
having similer characteristics. The particular type or types to
be furnished shall be specified by the Engineer.

b) Uniformity -

Pine aggregate shall be well graded from coarse to fine

and when tested by means of laboratory sieves shall conform to

the following requirements :

2 " sieve SRR - S S A R T T

No. A JAZED BABTON) & i aulis » som s oonmmines s sboionto 100 S paautn

B . 16 (ERO0 MAOTOR ) <o 5w vigtn 5 o .xw i ms s b ik el SR04 S0 g o TN

Ro.. 50 (207 »0EBEOBY 2 v in anninssnnesnsnsnssbaliing iy SUSGANLEN

o, AO0(IAS  BIOTOU] wn cnni nssssumesnnnsnswspsiiis o A0 S SRt
at the approval of the engineer the above ranges may be varied

to suit the job requirements.
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However, in no case should a range in grading be spe-

cified more restrictive than indicated below :

No. 16 sieve TR Lt B RERE LL L  f
IIO. SC Sieve @ 8 ® @ ¢ 0 8 F O E B 8 &6 B G B S G &S O EE LS 15 ‘;: paSSing
No. 100 sieve D R TR R e . N

For the purpose of determining the degree of uniformity
of a fine aggregate, a fineness modulus determination shall be
made upon representative samples of fine aggregate from such
sources as are proposed for use.

Fine aggregate from any one source having a variation in
fineness modulus greater than plus or minus 0.20 from the fine-
ness modulus of the representative sample submitted by the
contractor shall either be rejected or may be accepted subject
to such adjustment in proportions as may be necessary by reason
of changes in grading of fine aggregate.

Fine aggregate from different scurces of supply shall not
be mixed or stored in the same pile nor used alternately in the
gsame clags of construction or mix, without permission from the
engineer. <
¢) Organic Impurities -

All fine aggregate shall be free from injurious amounts |

of organic impurities.

5. L22 Coarse Aggregate -

a) General -

Coarse aggregate shall consist of crushed stome, gravel,
or other approved inert materials of similar characteristics,
or combinations thereof, having hard, strong, durable pieces,
free from adherent coatings and conforming to the requirements
of these specifications.

b) Grading -
Coase aggregate should not be made up of particles of
L

one size but should be graded from z inch up to the maximum
size.
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The maximum size of the aggregate shall be not larger
than one-fifth of the narrowest dimension between forms of
the member for which the concrete is to be used nor larger
than three-fourths of the minimum clear spacing between rein-

forcing bars.

Bl Water -

Water used in mixing concrete shall be clean, and free
from deleterious amounts of acids, alkalis, or organic mate-
rials.

Sea water should not be used for mixing concrete.

B udid Metal Reinforcement -

a) General -

The principal requirements in the selection of metal
reinforcement are the yield point, the bond value, and the
ductility.

b) Quality -

The reinforcement should be rolled steel bars or- such
other reinforcement as may be suitable, having regard to the
yield-points stress, ductility, ultimate resistance to tension
and other essential properties of the completed reinforcement
as produced in readiness for use in the reinforced concrete.

The engineer should satisfy himself either by means of
his own tests or by reference to reliable sources of informa-
tion that the reinforcement which he proposes to use will ade-
quately fulfill his special reguirements.

T Storage of Materials -

Cement and aggregates shall be stored at the work in such
a manner as to prevent deterioration or intrusion of foreign
metter. Any material which has deteriorated or- which has been
damaged shall not be used for concrete.
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SECTION 5.2 - PROPORTIONING
5 928 Basis for Specificetion -
a) There are two distinct views with respect to the funec-

tion of the Constractor which cannot be reconciled in a single
gpecification.
The author, therefore, presents alternate specifications

covering the sections on proportioning and concrete gquality.

b) Under Alternate A the Engineer establishes the general
limitations of strength and water content within which the
Contractor is permitted considerable latitude in the choice
of materials and the methods of handling them. The Contractor
is required to produce a plastic and workable concrete of the
required strength and water content that can be placed without
segregation or honeycomb. Under this Alternate the Contractor
assumes the responsibility for the quality. If the concrete is
lacking with respect to any of the above qualities, he must

make good the deficiency at his own expense

¢) Under Alternate B the Engineer designztes in detail the
quantities of material to be used, the length of mixing time,
amount of water, range in slump, etc., and to this extent is
responsible for the quality of the concrete. Changes in quanti-
ties or types of materials can be made only on the order of the
Engineer and then adjustment of compensation will be required
under the clauses covering extra compenszatiomn or credit in the

contract. The Engineer, on behalf of the owner, is responsible
for the adequacy of the specification.

d) In using the accompanying specification, the Engineer must
designate which of the Alternates is to be used, and fill in +the
necessary tables with the specific information required for the
Project.
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B2 Alternate A -

5.221 Concrete Quality -

It is the intent of this specification to secure, for
every part of the work, concrete of homogeneous structure,
which, when herdened, will have the required strength and re-
sistance to weathering. To this end, the limiting strengths
and water contents shown in Table 5,20 A) are specified.
The values given in Table (5.22 - A) are based on the use of
Chekka Portland Cement, aggregates, and water which meet the
requirements of this specification.

The strengths shall be determined in accordance with
the requirements of Section 5.3. The maximum allowable net
water content is the total water in the mixture at the time
of mixing, no including the water absorbed by the aggregates.

5.222 Determination Qf Proportions -

The proportions of cement, aggregates, and water neces-
sary to produce concrete conforming to the requirements of
Table (5.22 - A) shall be determined by means of laboratory
tests of concrete made with the cement and aggregates to be
used on the work.

At least 35 days prior to the beginning of concrete work
the Contractor shall submit, for approval, samples of the mate-
rials he proposes to use. Prior to the beginning of work he
shall also submit a statement of the proportions proposed for
the concrete mixtures. This shall be accompanied by a report
in detail from an approved testing lsboratory or inspection ser-
vice showing for at least 3 different water contents the 7-day

and 28-day concrete strengths obtained when using the materials
Proposed for the work.

The strength determinations shall be based on not less
than 5 concrete test specimens for each age and for each water
Content. The strength tests shall be made in accordance with




TABLE 5.22 - A

Minimam MaxImum
Allowable Allowable Consistency, Maximum
Strength, Net Water Range in Size of
Class Compressive Content Per Slump; Aggregate;
Flexural Sack of Cement; 1H. ine
at 28 Days; gal,
@oMoHo
2
(1) (2) (3) (W) (5)

* The Engineer should fill in the details of TABLE (5.,22-A) to indicate the characteristics

of the concrete which are desired for each part of the work,

The Engineer should strike out one of the words "Flexural" or "Compressive" in column (2)

<

as may be required,
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Section 5.5.

The Engineer shall have the right to make check tests of
concrete, using the same materials, and to order such changes
as may be necessary to meet the requirements of the specifica-
tions.

The ratio between the 7-day and 28-day strengths establi-
shed by the preliminary tests shall be used to determine the
7-day strengths necessary to satisfy the 28 days strength requi-
rements of Table (5.22 - A). This ratio shall be modified as
the work progresses as may be indicated by the tests results.

5.2235 Worksability of Concrete -

The concrete shall be of such consistency and composition
that it can be worked readily into the corners and angles of
the forms and around the reinforcement without permitting the
materials to segregate or free water to collect on the surfa-
ce.

Subject to the limiting requirements of Table (5.22 - A)
the Contractor shall adjust the proportions of cement and ag-
gregate as may be necessary to produce & mixture which-will be
easily placeable at all times, due consideration being given to
the methods of placing and compacting used on the work.

5.224 Changes in Consistency for Mechanical Vibration -

When high frequency mechanical vibration is used for com-
pacting concrete, the limiting consistencies in Table (5.22 - A)
may be modified subject to the approval of the Engineer.

5.225 Changes in Proportions or Materials by the Engineer -

If, during the progress of the work, it is found impossi-
ble to secure concrete of the required workability and strength
with the materials being furnished by the Contractor, the Engi-
neer may order such changes in proportions or materials, or



-
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both, as may be necessary to secure the desired properties,

subject to the limiting requirements shown in Table (5.22 - A). -
Any changes so ordered shall be made at the Contractor's

expense, and no extra compensation will be allowed by reason

of such changes.

»

Materials by the Contractor -

5226 Changes in

If, during the progress of the work, the Contractor de-
sires to use materials other than those originally approved, or
1f the materials from the sources originally approved change
in characteristics, he shall submit, for approval, evidence
satisfactory to the Engineer that the new combination of Ma-
teriels will produce concrete meeting the requirement shown
int8ble (5,22 - ), and will mot bring about objectionable chan-
ges in the color or appearance of the structure.

5.227 Changes in Requirements -

Regardless of the limitations of Table (5.22 - A), at
any time during the progress of the work, the owner sheil ha-
ve the right to meke such changes in the materials or propor-
tions, or both as he may consider necessary to meet the re-
quirement of the structure. In such case, the Contractor shall
be compensated in accordance with the terms of the contract
for the additional cost of materials or mixtures, or both, which
are not covered by the specification requirements shown in
Table (5.22 - A) for the respective portions of the work invol-
ved.

5.228 Concrete Made with High Early Strength Portland Cement -

When high early strength Portland Cement is used in lieu
of normal Portland Cement, the requirements given in Table (5.22-4)
shall apply except that the "Minimum allowable strength at 28 days"
specified for normal Portland Cement shall be the minimum allo-
wable strength at 7 days. The ages at time of test shall be 3 days
and 7 days in lieu of the 7-dey and 28-day ages specified for
normal Portland Cement.
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o P Alternate B -

5.231 Proporiions -

All concrete shall be proportioned as indicated in
Table (5.23 - B).

B2 Cement fzctor -

The cement factor given in column 3 of Table (5.23 - B)
indicates the weight of cement per cubic yard of concrete when
the concrete is in = freshly mixed condition. The volume of
the freshly mixed concrete shsll be assumed to be the absolute
volume of the cement, plus the volume of the mixing water,
plus the displaced volumes of the satured, surface-dry aggre-
gates. The quantity of mixing water to be used in this cal-
culation shall not include water absorbed by the aggregates+.

5233 Variations in Proportions -

In order to obtain proper workability and g smooth, dense,
homogeneous, plastic mixture, free from segregation, the per cent
of fine eggregate may be varied within the limits indicated with
the approval of the Engineer. The estimated 28~-day strengths
indicated in column 2 of Table (.89 =~ B) are the strengths used
in the design calculations.

The Engineer will verify strengths by tests made during
the progress of the work and in accordance with the requirements
of Section 5.3.

Approximate absorption of aggregates

ERWERs Wb NE L A L e o TR . 1.0 £ by weight
Pebbles.& crushed limestone .............o...... 1.0 ¥ by weight
Very light & porous aggregate may be as high as 25 % by weight
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Estimated Cement
28-Day Factors Max., Fine Approx,Wts., Sat=
Class Compres- Sacks Water Max, Agges urated Surface-Dry
of sive Cement per Size % Total S1lump Agg ,Per Sack (110
Con- Flexural - (110 1b,) 116 1bs Agg.s Agg by Range 1b) of Cement
crete Strength; per cia Ce- In, Weight Al (See note A below)
Pabtils | i, Cons ment; (range)
* crete Gal,
Fine Coarse
Aggalb Agg. 1b,
(1) (2) (3) (4) (5) (6) (7) (8) (9)

* The Engineer should fill in the details of TABLE (5,23-B) to indicate the characteristics
of the concrete which are desired for each part of the work,

as may

.= A . Chekka Cement weight 50 Kg

The Engineer should strike out one

be required,

(110 1b,) per Sack,

of the words "Flexural" or "Compressive" in column (2)
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When a ratio between 7-day and 28-day strengths has been
established by these tests or by preliminary tests, the T-dey
strengths may be taken as a satisfactory lndlcetlon of th
28-day strengths.
In the event that cement in excess of that indicated in
Table (5.23 - B) is 1 eﬂeo:arJ to produce concrete of the indi-
cated strength or workabili the cement factor shall be in-
creased as directed by the E*"lneer, and the Constractor shall
receive extra compensation for the additional cement so used.
In the event that cement less than that indicated in Ta-
ble (5.23 - B) is sufficient to produce concrete of the indi-
cated strength or workability the Engineer may order & reduc-
ion in the cement factor, in which case there shall be an ad-

Justment in contract price equal to the actual difference in cost

to the Contractor of the required cement and aggregates.

5.234 Water content and slump range -

The maximum quantity of water per 110 1lb. of cement spe-
cified in Table (5.23 -B) shall include the free water in the

+
aggregates ;
o ASSUMED STRENGTH OF CONCRETE MIXTURES
Water content U.S. Assumed. compressive
gal. per 110-lb. strength at 28 days
sack of cement 1b. per =gq. 1n.
3 2,500
82 3,000
T 3,750

Note : In interpreiinb this table, surface water contained in
tne aggregate must be included as part of the mixing water in
computing the water content.

APPROXTIMATE QUANTITY OF SURFACE WATER CARRIED
;jY AVER.A_..J AG’GRELI:LTA.JS

Very wet sand B R S RO IS o <
Kodezately WOR PRBEL oo il e g s x e sa s s IRBSIEE
Moist sand PP g e E R SR R R N
Moist gravel or crushed rock .......:..... about

v "—‘u“',Hl\ i..\ =

gal. per

gal. per cu.ft.
gal. per cu.ft.
gal. per cu.f+t.
u.ft.
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however moisture absorbed by the aggregates shall not be in-
cluded. The slump range indicated in Table (5.23 - B) is in-
tended as a guide to the Contractor for the determination of
placing and compacting procedures and equipment.

Within the range specified, the slump shall be as direc-
ted by the Engineer. If the concrete has a greater slump than
the meximum indicated, the quantity of water shall be reduced
to meet the slump regquirements. If the concrete has a smaller
slump then the minimum indicated, changes in the mixture shall
be made as specified in Section 5.233.

5.235 Changes in Consistency for Mechanical vibration -

When high frequency mechanical vibration is used for
compacting the concrete, the proportions and consistencies in
Table (5.23 - B) shell be modified as required to produce the
type of concrete specified in Sections 5.233 and 5.234.

5.236 Concrete made with high early strength portland Cement -

When high early strength portland Cement is used in lieu
of normal Portland Cement, the requirements given in Table (5.23-B)
shall apply except that the estimated 28-day strength indicated
for normal portland cement concrete shall be the estimated T-day
strength when high early strength portland cement concrete is
used. The ages at time of test specified in Section 5.233 shall
be 3 days and 7 days respectively in lieu of the 7-day and 28-day
ages specified for normal Portland Cement.

5«24 Measurements of Materials -

a) The fine aggregate and the coarse aggregate should be
measured separately.

b) Materials shall be measured by weighing, except as other-
wise specified or where other methods are specifically authorized
by the Engineer.

The apparatus provided for weighing the aggregates and ce-
ment shall be suitably designed and constructed for this purpo-

Se.
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Each size of aggregate and the cement shall be weighed
separately. The accuracy of all weighing devices shall be such
that successive quantities can be measured to within one per
cent of the desired amount.

Cement in standard packages (sack) need not be weighed
but bulk cement and fractional packages shall be weighed. The
mixing water shall be measured by volume or by weight.

The water measuring device shall be susceptible of con-
trol accurate to plus or minus % per cent of the capacity of
the tank. All measuring devices shall be subject to approval.

¢) Where volumetric measurement are authorized by the Engi-
neer, the weight proportions shall be converted to equivalent
volumetric proportions. In such case, suitable allowance shall
be made for variations in the moisture condition of the aggre-
gates, including the bulking effect in the fine aggregate.



SECTION 5.3 - TESTS

B3l Pield tests -

During the progress of construction the Engineer will
have tests made to determine whether the concrete as being
produced complies with the standards of quality specified in
Secetion 5.2. The contractor shall cooperate in the making of
such tests to the extend of allowing free access to the work
for the selection of samples and storage of specimens, and in

affording protection to the specimens against injury or loss
through his operations. :

% Test pieces -

Three cylinders, beams or cubes will generally be made
for each class of concrete used in any one day's operation.

In special cases the normal number of control specimens
may be exceeded when in the opinion of the Engineer such ad-

ditional tests are necessary. .

S Sempling and curing of test pieces -

Samples of concrete for test specimens shall be taken
at the mixer.

When in the opinion of the Engineer, it is desirable to
take samples elsewhere, they shall be taken as directed by him.

The test specimens shall be molded immediately after the
gample 1is taken, placed in a protected.spot and kept under moist
curing conditions at epproximately 70° F. for 24 hours, where-
upon they shall be removed to the tesiing laboratory.

In the laboratory they shall be kept under standard moist
curing conditions at 70° F. until time of test and shall be
tested in the damp condition.
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The standard age of test shall be 28 days, but 7-day
tests may be used provided that the relation between the 7
and 28-day strengths of the concrete is established by test
for the materials and proportions used.

The tests shall be made at the age of the concrete cor-
responding to that for which the strengths are specified in
Tables (5.22 - A) or (5.23 - B).

I ) Compression and Flexure tests -

Compression and flexure tests shall be carried in accor-
dance with standard methods of tests.

If the average strength of the laboratory control eylinders
for any portion of the structure falls below the compressive
strength called for on the plans, the architect or engineer shall
have the right to order a change in the proportions or the water
content for the remaining portion of the structure. If the ave-
rage strength of the job-cured cylinders falls below the requi-
red strength, the architect or engineer shall have the right to
require conditions of temperature and moisture necessary to se-
cure the required strength. .

In the event that the architect or engineer gchanges the
water content specified, adjustment covering amount of cement
and aggregates affected, will be made as an extra or a credit
under the provisions of the contract.

5.36 Slump Tests - (Consistency)

The slump test for consistency of concrete should be
made in accordance with the Standard method of slump tests for
consistency. It is required that the slump cone be filled in
three layers of approximately equal volume. Because of the lar-
ger diameter at the bottom, the first layer of the cone should
be filled to about one-fourth its height.

A 6-in. slump should be regarded as the maximum to be per-
mitted. Usually the most satisfactory work is obtained with con-
crete having a slump ranging from 2-in. to 4-in.
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SECTION 5.4 - PREPARATION OF EQUIPMENT

5.41 Equipment end place of deposit -

a) Before placing concrete 2ll equipment for mixing and
transporting the concrete shall be cleaned, all debris and ice
shall be removed from the place to be occupied by concrete.
Masonry that will be in contact with concrete shall be well
drenched (except in freezing weather).

b) The mixing egquipment shall be capable of combining
the aggregates, cement and water within the specified time into
a thoroughly mixed and uniform mass, and of discharging the
mixure without segregation.

c) Water shall be removed from place of deposit before
concrete is placed.

B a2 Cleaning and treatment of forms.

All rubbish, particularly chippings, shavings ané sawdust,
should be removed from the interior of the forms before the con-
crete is placed and the formwork in contact with the concrete
should be cleaned and thoroughly wetted (except in freezing
weather) or treated with an approved composition. Czre should
be tzken that such approved composition is kept out of contact

with the reinforcement.




SECEION 5.5 - MIXING
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SRt Hand mixing -

Hand mixing shall be allowed only when concrete is required
in small quantifties at a time.
' Hand mixing shall be done on a watertight platform and in
such a manner as to insure a uniform distribution of the mate-
rials throughout the mass.
Mixing shall be continued until a homogeneous mixture of

the regquired consistency is obtained.

5452 Machine mixing =

The concrete shall be mixed in betch mixers of approved
type. The effective time of mixing shall not be less than one
minute.

The concrete shall be mixed until there is a uniform
distribution of the materials and shall be discharged completely
before the mixer is recharged.

The mixer shall be rotated at a speed recomended by the
manufacturer and should never be overloaded above the rated
capacity.

The addition of water to make the mixture more workable
should not be allowed.

5.53 Reteuperinge -

The retempering of concrete or mortar which has partially
hardened, that is, mixing with or without additional cement aggre-
gate or water, will not be permitted.



SECTION 5.6 - TRANSPORTING & CHUTING
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5.61 Transporting -

Concrete should be handled from the place of mixing to
the place of final deposit as rapidly as practicable by methods
hich will prevent the segregation or loss of the ingredients.

It should be deposited as nearly as practicable in its
final position to avoid rehandling or flowing.

.02 Chuting -

Equipment for chuting and conveying concrete shall be of
such size and design as to insure a practically continubus flow
of concrete at the delivery end without separation of the mate-
rials.

The chute shall be of metel, and shall be thouroughly clea-
ned before and after each run.

The workability of the concrete, the character of the ma-
terials used, and the design of the chutes will determine the
slope of chutes that will be reguired. Slopes not flatter than
1 to 3 nor steeper than 1 to 2 are allowable.

The mix should be designed so that the concrete will
travel fast enough to keep the chutes clean.

When long chutes are used the concrete should be delivered
into a hopper of the bottom gate type before it is deposited
into the forms.

The cycle of operations should be so timed that a nearly
continuous flow of concrete is obtained at the discharge end of

the chute.
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BOTIEES S - PR ACING

Bedl General -

a) Concrete should be placed before setting has commen-
ced and shall be deposited in such a manner as to prevent se-
gregation of the ingredients.

b) All concrete shall be thoroughly compacted by suita-
ble means during the operation of placing and shall be tho-
roughly worked around reinforcement and into the corners of the
forms.

¢) The concreting shall be carried out at such a rate
that the concrete is at all times plastic and flows readily
into the spaces between the bars. &

d) The top surface of the placed concrete shall be gene-
rally level.

e) The concrete should not be allowed to drop freely more
than 3 or 4 ft.Proper precautions should be tzken to prevent

segregation when placing concrete in tall and narrow forms.

A i Mechanicel vibration -

The use of mechanical vibrators for compacting concrete
is strongly recommended, provided that the reduced water/cement
ratios recommended in Section 5.2 are adopted. It is also recommen-
ded that where it is to be adopted, the reinforced concrete de-
gigner should include a specificetion for this.

-

5.15) Bonstraetion vjolnts —

Concreting should be carried out continuously up to cons-
truction joints, the position and arrangement of which should

be predetermined by the designer.
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When work has to be resumed on a surface which has har-
dened, such surface should be removed by hacking. The surface
should then be swept clean, thoroughly wetted, and covered with
%+ in. layer of mortar composed of cement and sand in the same
ratio s the cement and sand in the concrete mixture. This
% in. layer of mortar should be freshly mixed and placed imme-
diately before the placing of the concrete.
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SECTION 5.8 - CUOURING

Concrete shell be maintained in a moist condition for
at least 7 days after placement and for a longer period when
practicable.

Fresh concrete should be covered with canvas or similar
absorbent material. The covering should be placed as soon as
it can be done without marring the surface of the concrete and
care should be taken to keep the covering continuously wet by
frequent sprinkling.

Ponding is strongly recommended as a method of curing
for flat horizontal surfaces.

When wood forms are left in place during the curing period
they shall be kept sufficiently damp at all times to prevent opes
nings at the joints and drying of the concrete.

Inspection shall be made of all exposed surfaces at inter-
vals as directed by the Engineer, and job records shall be kept
indicating whether surfaces were wet at times of inspection,
and if not wet, stating reasons why.
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SECTION 5.9 - COLD WEATHER REQUIREMENTS

a) Adequate equipment shall be provided for heating the
concerete materials and protecting the concrete during freez-
ing or near-freezing weather. No frozen materials or materials

containing ice shall be used.

L)
v

b) All concrete materials and all reinforcement, forms,
fillers and ground with which the concrete is to eome in con-

tact shall be free from frost.

Whenever the tempersture of the surrounding air is be-
low 40° P. all concrete placed in the forms shall have a tempe-
rature of between 7Oo F. and 80° P., and adeguate means shall
be provided for maintaining a temperature of not less than 700 P,
for 3 days or 50° ®. for 5 days except when high-early strength
concrete is used the temperature shall be maintained at not less
than 70° P. for 2 days or 50O F. for 3 days or for as much mo-
re time as is necessary to insure proper curing of the concrete.

No dependence shall be placed on salt or other chemicals
for the prevention of freezing. Manure, when used for protection,
shall not be applied directly to concrete.
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