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PREFACE 

TH E specification for Concrete and Reinforced Concrete herewith has 
been prepared by a Commit tee of the Canadian Engineering S tandards 
Association appointed by t ha t body in 1921. I t is divided into three 

pa r t s , the first intended primari ly for the use of the constructor and the 
second mainly for the guidance of the designer. A number of related 
specifications respecting materials , me thods of test , etc. , supplemented b y 
drawings, a glossary and a list of algebraic symbols, comprise P a r t I I I . 

In Pa r t I, no a t t e m p t to prepare a treatise on the various subjects deal t 
wi th has been made , only sufficient mater ia l having been included to afford 
a guide to good workmanship . When addit ional detailed information is 
required, text books m a y be consulted. In P a r t I I , an a t t e m p t was also 
m a d e to exclude purely text-book mater ia l . T h e formulae reproduced are 
generally those t ha t have been accepted by conservat ive designers. 
Arb i t ra ry rulings are endorsed only where they have a rational basis or 
have been approved by competent authori t ies . I t has been assumed t h a t 
the user of this par t of the specification possesses sufficient knowledge of 
s t ruc tura l mechanics to employ it wi th unders tanding and discretion and 
to cope with s i tuat ions distinctly outside the compass of a working 
specification. Special a t tent ion is called to established list of ba r sizes P. 107. 

T o those familiar wi th the Progress and Final Repor ts of the Jo in t 
Commit tee on S tandard Specifications for Concrete and Reinforced Concrete 
p u b l i s h e d in 1921 and 1924 r e s p e c t i v e l y , and with the tenta t ive 
Building Regulat ions for Reinforced Concrete issued by the American 
Concrete Ins t i tu te in February , 1928, the influence herein of American 
pract ice will be apparen t . Because of the contiguity of the Uni ted S ta t e s 
and Canada and the s imilar i ty of the practice of building construction in the 
two countries , a measure of agreement in the building specifications of these 
na t ions is bo th inevitable and desirable. Th i s circumstance has been kept 
constant ly in mind by the Commit tee and hence in i ts major features the 
la ter specification of the Jo in t Commit tee has been followed. Bu t where 
changes in pract ice seemed desirable, or where in the interest e i ther of clar i ty 
or style a l terat ions seemed advisable, depar tures therefrom have been freely 
made . Notwi ths tanding this, the deb t which the present Commi t t ee owes 
to American workers, part icularly to the American Society for Tes t ing 
Mater ia l s for permission to use mater ia l from the Jo in t Repor t , is g ra te ­
fully acknowledged. 

In the Appendices of P a r t I I I will be found several well-known specifica­
tions having sufficiently close relation to the work in hand to be incor­
pora ted in Mo. Others have been included bu t wi th modifications. Some 
of these are Canadian Engineering S tandards Association specifications , 
previously issued; others are of American Society for Tes t ing Mater ia l s 
origin. 

Prel iminary draft of this Specification was considered a t a meet ing of 
the Commi t t ee on Concrete and Reinforced Concrete , held in Toron to on 
March 26th and 27th, 1928, and revised draft , a t a meet ing of the same 
commit tee held in To ron to on Ju ly 23rd, 1928. Final approval was received 
by let ter ballot from the Commit tee on Concrete and Reinforced Concrete 
in February , 1929, from the Sectional Commit tee on Civil Engineering 
and Construct ion in April, 1929, and from the Main Commi t t ee of 
the Association, with au thor i ty to publish in M a y , 1929. 

M a y , 1929. 
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NOTE:—The Association desires to call attention to the fact that this Specification is intended 
to include the technical provisions necessary for the supply of the material herein 
referred to, but does not purport to comprise all the necessary provisions of a Contract. 

C. E. S. A. 

S T A N D A R D S P E C I F I C A T I O N 
F O R 

C O N C R E T E A N D R E I N F O R C E D C O N C R E T E 

P A R T I. 
Note:—The requirements of Part I of this Specification shall be 

followed unless modified by the plans. 

M A T E R I A L S 

PORTLAND CEMENT 
Quality 1 . Por t land cement shall conform to the " S t a n d a r d 
of Cement Specification for Por t land C e m e n t " (A5-1927) of the 

Canadian Engineering S tandards Association and sub­
sequent revisions thereof. (See Appendix IV) . 

AGGREGATE*f 
Quality 2. Concrete aggregate shall consist of na tura l sands 
of Aggregate and gravels, crushed rock, crushed air-cooled blast furnace 

slag, or other inert materials having clean, uncoated grains 
of s t rong and durable minerals. 

Aggregate shall be free from alkali, organic m a t t e r or 
other deleterious substances, and shall not contain soft, 
friable, thin, flaky, elongated or laminated particles to ta l ­
ling more than 3 per cent, or containing shale in excess of 
1 ^ 2 per cent, or silt and crusher dus t finer t h a n the N o . 1 0 0 
sieve in excess of 2 per cent . These percentages shall be 
based on t h e weight of the combined aggregate as used in 
the concrete. When all three groups of these deleterious 
materials are present, the combined amoun t s shall no t 
exceed 5 per cent b y weight of the combined aggregate. 

Fine 3 . Fine aggregate shall range in size from fine to coarse 
Aggregate within the limits indicated in Tab le I . 
Grading 

Table I .—Grad ing of F i n e Aggregate 
P e r C e n t b y W e i g h t 

Passing through 3 / 8 inch sieve 1 0 0 
Passing through N o . 4 sieve N o t less t han 9 0 
Passing through N o . 5 0 sieve 8 to 3 0 
Weight removed b y d é c a n t a t i o n . . .Not more than 3 
Fine aggregates t h a t do no t comply wi th the above re­

quirements shall be used only with the special permission 
of the Engineer and under his direction. 

* These specifications cover the usual requirements for aggregate. Where concrete having special properties is 
essential, the specifications should make clear the characteristics of the aggregate to be used. 

Where several suitable aggregates are available, an investigation of the relative economy of each is advisable. 
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Fine 
Aggregate 
Mortar 

Organic 
Impurities 

Coarse 
Aggregate 
Grading 

4. Fine aggregate shall be of such qual i ty t h a t mor t a r 
br iquet tes , cylinders or prisms, consisting of one pa r t by 
weight of Por t land cement , and three par t s b y weight of 
fine aggregate,* mixed and tested in accordance with the 
methods described in Appendix IX , will show a tensile 
or compressive s t rength a t ages of 7 and 28 days not less 
than f per cent of t h a t of 1 : 3 S tandard Ot t awa sand 
mor ta r of the same plasticity made with the same cement . 

5. Sand, when tested in accordance with the " M e t h o d 
of Tes t for Organic Impur i t ies in Sand for Concre te" given 
in Appendix X , shall show a colour not darker than the 
s tandard colour unless it complies with the foregoing 
requirement for mor ta r s t rength. 

6. Coarse aggregate shall range in size from fine to 
coarse within the limits given in Tab le I I . 

Table I I .—Size a n d Grad ing of Coarse Aggregate 
P a s s i n g P e r C e n t by W e i g h t 

• (a) in. sieve (Maximum size) . . no t less than 95 
(a) in. sieve ( In termedia te size) — to — 

No. 4 sieve No t more than 10 
No. 8 sieve N o t more than 5 

Sieve 
Analysis 

Décantation 
Test 

Permissible 
Variations 

7. T h e sieves and method of making sieve analyses 
shall conform to the " M e t h o d for Sieve Analysis of Aggre­
gates for Concrete" given in Appendix V I I . 

8 . T h e décantat ion test shall be made in accordance 
with the " M e t h o d of Décanta t ion Tes t for Sand and Other 
Fine Aggregates" given in Appendix V I I I . 

9 . Aggregate t ha t does not conform to the above require­
ments for quali ty, grading, mor ta r s t rength or colour, m a y 
be used only when approved by the Engineer and then in 
such proportion as he m a y require. 

* In testing aggregate, fine aggregate thai shows a color when tested in accordance with clause (5), should not 
be dried by healing before being made into mortar. 
t This percentage must be inserted by the Engineer', it should preferably be 100. 
(a) The Engineer must insert in these blanks the size and percentage required with regard to materials available. 
The following table indicates desirable gradings for coarse aggregates of certain nominal maximum sizes. Require­
ments for the quality of coarse aggregate for special purposes should be inserted. 

N o m i n a l P e r c e n t a g e b y W e i g h t P a s s i n g T h r o u g h P e r c e n t a g e 
M a x i m u m S t a n d a r d S ieves w i t h S q u a r e O p e n i n g s p a s s i n g , n o t 

S i z e of m o r e t h a n : 
A g g r e g a t e A g g r e g a t e 

I n . N o . 4 N o . 8 
3 i n . 2 i n . IH i n . 1 I n . M i n . K i n . S i e v e s i e v e 

3 95 40-75 10 5 
2 95 40-75 10 5 
I K 95 40-75 10 5 
1 95 10 5 
% 95 10 5 
H 95 10 5 
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Pre-Mixed or 
Pit-Run 
Aggregate 

Rubble 
Aggregate 

Cyclopean 
Aggregate 

Quality of 
Reinforcement 

Quality of 
Water 

Storage 
of Cement 
and Aggregate 

Unit of 
Measurement 
—Cement 

Unit of 
Measurement 
—Water 

Measurement 
of Aggregate 

10. Pre-mixed or pi t-run aggregate shall not be used 
except when approved by the Engineer, and in accordance 
with his instructions. If pi t-run or pre-mixed aggregates 
are allowed, when screened on a No . 4 sieve, the portion 
retained shall meet the requirements of clause 6, and the 
port ions passing shall meet the requirements of clauses 3, 
4 and 5. 

11. Rubble aggregate shall consist of clean, hard , durable 
stone or gravel larger than 3 in., no piece of which weighs 
more than 100 lb. 

12. Cyclopean aggregate shall consist of clean, hard , 
durable stone or gravel, no piece of which weighs less than 
100 lb. 

REINFORCEMENT 
13. Reinforcement shall conform to the "S tanda rd Speci­

fication for Reinforcing Materials for Concre te" (A9-1923) 
of the Canadian Engineering S tandards Association and 
subsequent revisions thereof (Appendix V) . 

W A T E R 
14. Wa te r for concrete shall be clean and free from in­

jurious amoun t s of oil, acid, alkali, organic ma t t e r , or o ther 
deleterious substance. 

STORAGE OF M A T E R I A L S 
15. Cement shall be stored in a weather- t ight building. 

T h e floor of the building shall be raised above the ground 
to ensure dryness. When required by the Engineer, the 
cement shall be stored in such a manner as to permit ready 
identification of the various lots for tes t purposes. 

Aggregate shall be so stored as to avoid the inclusion of 
foreign materials . Frozen aggregate or aggregate contain­
ing lumps of frozen material shall be thawed ^before using. 

P R O P O R T I O N I N G , C O N S I S T E N C Y A N D M I X I N G 
PROPORTIONING 

16. T h e uni t of measurement for cement shall be the 
cubic foot and for the purpose of this specification 94 lb. of 
cement shall be taken as equivalent to one cubic foot.* 

17. T h e unit of measurement for water shall be the 
Imperial gallon, and for the purpose of this specification, 
10 lb. of water shall be taken as the equivalent of one 
Imperial gallon. 

18. T h e aggregate shall be measured by volume or 
weight, as may be directed by the Engineer. T h e method 
of measurement shall be such as to secure the specified 
proport ions in each batch, due allowance being made for 
free moisture and bulking effect. 

* The Canadian sack of cement, weighing at the present time S7^ lb. gross, will, fort he purpose of this Spécifica­
tion, be regarded as the equivalent of 0.9 cubic foot. 



12 C . E . S . A . S P E C I F I C A T I O N — A 2 3 - 1 9 2 9 

19. T h e water shall be measured by a device such t h a t 
the quan t i ty of wa te r in each ba tch can be regulated to 
give concrete of uniform consistency in successive batches , 
due allowance being made for free moisture in the aggregate. 

20. T h e proport ions of cement , aggregate and wa te r* 
for each section of the work shall be decided by t h e Engineer 
and shall be expressed in te rms of cubic feet or pounds of 
cement, cubic feet or pounds of aggregate , and Imperial 
gallons of water . 

* For those who wish to specify concrete mixtures in terms of their resultant compressive strength at 28-days, 
the following information has been prepared; 

The compressive strength of a concrete mixture can be controlled by regulating the quantity of water contained 
by it and usually this is done by maintaining that ratio of water to cement which corresponds to the compressive 
strength that the concrete is required to have. 

For important structures, or where large quantities of concrete are involved, accuracy and economy require 
that the water-cement ratio relationship should be determined experimentally for the particular cement and aggregates 
to be used, but for lesser works, where materials of good quality, meeting these specifications, are being used, the water 
cement ratio relationship can be taken from tables thai are derived from established results on average materials. 

The following conditions should govern where concretes are specified by strength. 
The working stresses for the design of concrete structures should be based upon the minimum ultimate 28-day 

strength of the concrete to be used in the work and all plans used on the structure should clearly show the strength of 
concrete for which the parts of the structure were designed,, 

The strength of the concrete should be given in terms of the water-cement ratio. By water-cement ratio is meant 
the total quantity of water entering the mixture* including the surface water carried by the aggregate, expressed in 
terms of the quantity of cement. The water-cement ratio may be stated as a ratio of volumes or weights; the latter 
method is simpler, although the former is more commonly used. In the accompanying table, the units adopted are 
the Imperial gallon of 10 lb., the standard sack of cement of 94 lb. net, and the more commonly used sack of cement 
of87}4 lb. gross. 

Where no preliminary tests of the materials used are made,the water-cement ratio should not exceed the values 
in Table III. The mixture shown in the Table are approximate only, and may require adjustment to give proper 
workability. 

Where the water-cement ratios for the various strengths of concrete are to be established by test, these tests should 
be made in advance of the beginning of operations using the materials Proposed and consistencies suitable for the 
work and in accordance with the "Method of Making Compression Tests of Concrete," Appendix XII, including the 
provisions for curing in a moist room at 70 deg. F. and testing wet. From these tests, a curve representing the relation 
between the average 28-day strength of the concrete and water-cement ratio should be established for a range of values 
including all of the strengths called for in the plans. The tests should include at least four different water-cement 
ratios and at least four specimens for each. The water-cement ratio to be used in the structure should be that corres­
ponding to a point on the curve established by these tests representing a strength of concrete 15 per cent higher than 
the minimum ultimate strength called for on the plans. No substitution should be made in the materials used on 
the work without additional tests in accordance herewith, to show the new water-cement ratios to be used. 

During the progress of the work a reasonable number of compression tests should be made as may be required 
by the Engineer, but at least one specimen should be tested for each 100 cu. yd. of concrete of any one strength, and 
not less than 2 specimens of each strength of concrete for any one day's operation. 

Such tests should be made in accordance with the "Method of Making and Storing Specimens in the 
Field," Appendix XIII. Should the average strength of the cylinders shown by these tests for any portion of the 
structure fall below the minimum ultimate 28-day strength called for on the plan, the Engineer should have the tight 
to order a change in the mixtures or the water-cement ratios for the remaining portion of the structure and to require 
load tests on the portions of the structure affected to prove their adequacy. 

All specimens or tests should be made by a Properly qualified person or testing laboratory. 
The proportions of aggregates to cement for concrete of any water-cement ratio, should be such as to produce 

concrete of a consistency that will comply with the requirements of Clause 21, and the mixture should work readily 
into the corners and angles of the forms, and around the reinforcement without excessive puddling or spading 
and without permitting the materials to segregate or free water to collect on the surface. The combined aggregate 
should be of such composition of sizes that when separated by the No. 4 sieve, the weight retained on the sieve shall 
be not less than one-third nor more than two-thirds of the total, nor shall the amount of coarse aggregate be such as 
to produce harshness in placing or any honeycombing in the structure. When forms are removed, the faces and corners 
of the members should show smooth and sound throughout. 

T A B L E I I I 

Measurement 
of Water 

Proportions 

W a t e r - C e m e n t 
R a t i o 

I m p e r i a l G a l l o n s 
per 

94 - lb . s a c k of 
c e m e n t 

W a t e r - C e m e n t 
R a t i o 

I m p e r i a l G a l l o n s 
per 

8 7 ^ - l b . s a c k of 
c e m e n t 

A p p r o x i m a t e M i x . 
V o l u m e of 

P o r t l a n d C e m e n t t o 
s u m of s e p a r a t e v o l u m e s 

of f ine a n d c o a r s e 
a g g r e g a t e a s m e a s u r e d 

dry 

A s s u m e d 
C o m p r e s s i v e S t r e n g t h , 

a t 28 D a y s 
In p o u n d s per 

s q u a r e I n c h . 

P L A S T I C C O N C R E T E 
6.87 6 .19 1:7 1,500 
6 .25 5 .63 1:6 2,000 
5 .62 5 .07 1:5.25 2,500 
5 .0 4 .5 1:4.5 3,000 

M O D E R A T E L Y W E T C O N C R E T E 
6.87 6 .19 1:6.5 1,500 
6 .25 5 .63 1:5.5 2,000 
5 .62 5 .07 1:4.75 2,500 
5 . 0 4 . 5 1:4 3,000 
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CONSISTENCY OF CONCRETE 
21 . T h e Engineer shall determine and specify the con­

sistency of the concrete on the various sections of the work. 
T h e consistency* should be such t h a t the concrete can be 
placed in the forms satisfactorily b u t should no t be so wet 
t h a t it will segregate in handling or placing. 

M I X I N G 
22. T h e mixing of concrete, unless otherwise authorized 

b y the Engineer, shall be done in a ba tch mixer of a type 
approved by him. T h e mixer shall be equipped wi th a 
suitable charging hopper, water s torage and water measur ing 
device. I t shall be cleaned a t frequent intervals when in 
use and maintained in such a condition t h a t the mixing 
action will be unimpaired. 

23. T h e mixing of each batch shall cont inue not less 
than one minu te after all the materials are in the mixer, 
dur ing which t ime the mixer shall ro ta te a t a speed of from 
14 to 20 revolutions per minute , unless otherwise ra ted by 
the manufacturer . 

24. When hand mixing is authorized by the Engineer, i t 
shall be done on a water- t ight platform. T h e fine aggre­
gate shall be spread on the platform and the cement spread 
evenly over the fine aggregate. T h e mater ia l shall then be 
shoveled into a cone-shaped pile by cast ing central ly on the 
pile. This pile shall then be divided b y cast ing into two or 
more cone-shaped piles and the operation of dividing and re­
uni t ing cont inued unti l t he ba tch is uniform in colour. Only 
sufficient water to produce the desired consistency shall then 
be added by sprinkling as the ba tch is turned. T h e coarse 
aggregate previously moistened shall then be mixed wi th 
the mor ta r in the manne r specified for mixing fine aggregate 
and cement . 

Retempering 25. T h e re tempering of concrete or mor t a r which has 
part ial ly hardened, t h a t is, remixing with or wi thout addi­
tional cement , aggregate, or water , will no t be permi t ted . 

F O R M S A N D P L A C I N G 
FORMS 

Design 26. Forms shall be of such s t rength and rigidity and so 
supported t h a t they will no t deflect under the weight or 
pressure of the wet concrete. T h e y shall be properly 
braced and tied together , so as t o main ta in position and 
shape, and prevent leakage of mor ta r . 

Construction 27. Forms shall be so constructed t h a t the finished con­
crete will conform to the shapes, lines, grades and dimensions  
indicated on the plans . 

*Tke Engineer who wishes to employ the slump test for maintaining consistency is referred to Appendix XI. 

Consistency 

Machine 
Mixing 

Duration of 
Mixing 

Hand 
Mixing 
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Forms for beams, girders, arch ribs and lintels shall be so 
constructed t ha t a t least one side m a y be removed wi thou t 
dis turbing the bo t tom portion of the form and its suppor t . 

Approval 28. All forms shall be of a type approved by the Engineer . 

Materials 29. Lumber used in forms shall be free from warp . 
For exposed surfaces it shall be dressed to a uniform width 
and thickness, and be free from loose knots , decay or o ther 
defects. For unexposed surfaces and rough work, undressed 
lumber m a y be used if means be t aken to p revent leakage of 
mor tar . 

Internal Ties 30. For internal t ies, bolts and rods shall preferably be 
used. They shall be so arranged t ha t when the forms are 
removed no metal shall be within one inch of any exposed 
surface. Wire ties m a y be permit ted , bu t preferably only 
on light and un impor tan t work. T h e y shall not be used 
through surfaces where discoloration will be objectionable. 

Cleaning 31 . Lumber once used in forms shall have nails with­
drawn and surfaces t o b e in c o n t a c t w i t h c o n c r e t e 
thoroughly cleaned before being used again. 

Treatment 32. The inside of forms shall be coated with non-staining 
mineral oil or other approved liquid, or thoroughly wet ted , 
(except in freezing weather) . Where oil is used it shall be 
applied before the reinforcement is placed. 

Care shall be taken to ensure t ha t forms do not become 
dried and warped before concrete is deposited. 

Inspection 33 Temporary openings shall be provided a t the base of 
column and wall forms, and other places where necessary, 
to facilitate cleaning and inspection. These openings 
shall be so placed tha t water for removing debris shall have 
a clear run to the outside of the forms. 

Immediately before concrete is placed, all forms shall be 
carefully inspected to ensure t ha t they are properly placed, 
sufficiently rigid and tight, thoroughly clean, properly 
treated, and free from snow, ice or o ther foreign mater ia ls . 

Centres 34. Supports for forms shall be so constructed t h a t they 
will not deflect under the weight of wet concrete or o ther 
loads incident to construction. Shores suppor t ing forms 
for slabs, beams, girders or arches, shall be set on wedges 
or other approved suppor ts in order t h a t they m a y be 
removed wi thout producing undue strains or shock in the 
superstructure. 

Where adequate foundation cannot be secured, forms 
shall be supported on trusses. 

Shores support ing successive storeys shall be placed 
directly above those below, or so designed t h a t t h e load will 
be t ransmit ted directly to those below. 
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35. Forms shall not be dis turbed unt i l the concrete has 
adequate ly hardened. T h e proper t ime for removal of 
forms shall be determined by the Engineer. Shoring shall 
no t be removed unti l the member has acquired sufficient 
s t rength to suppor t safely its weight and the load on it . 

Members subject to addit ional loads during construct ion 
shall be adequate ly shored to suppor t safely bo th their 
own weight and such construction loads. This shoring 
shall not be removed unti l the member has acquired 
sufficient s t rength to suppor t safely i ts own weight and 
the load on it. 

A set of drawings shall be filed on the work, upon which 
shall be marked by the superintendent , t he progress, 
indicat ing the t ime and da tes on which the concrete was 
deposited, and the da te on which forms m a y be removed. 

36. Unless otherwise specified, suitable mouldings or 
bevels shall be placed a t the angles of forms to round or 
bevel the edges and re-entrant angles of the concrete. 

PLACING 

37. Before depositing concrete, forms and reinforcement 
shall be checked and approved b y the Engineer. 

38. Concrete shall be deposited in forms as near ly as 
practicable in its final position to avoid re-handling, and in 
approximately uniform horizontal layers. Deposit ing shall 
be continuous unti l t he uni t of operat ion, as approved b y 
the Engineer, is complete, and as rapid as pract icable to 
ensure bonding of the successive layers. 

In walls and columns, puddling shall be carried on con­
s tan t ly to bring air bubbles to the top, and precaut ions shall 
be taken t h a t forms do no t bulge or burs t under the pressure 
of wet concrete. 

T h e piling u p of concrete in the forms in such a manne r 
as to permi t the escape of mor ta r from the coarse aggregate 
shall not be permit ted. 

In walls or deep girders, separators where employed shall 
no t be removed until the concrete has reached their level. 
Suitable tools shall be provided for their recovery. Where 
spandril walls adjoin and rise above slabs, precaut ions shall 
be taken to ensure t ha t the bond is no t broken. 

39. When concrete is conveyed b y chut ing, the p lan t 
shall be of such size and design as to ensure a practical ly 
continuous flow in the chute . T h e angle of the chute wi th 
the horizontal shall be such as t o allow the concrete to flow 
wi thout separation of the ingredients, bu t in n o case shall 
the slope be less than 1 vertical t o 2 horizontal . T h e 
delivery end of the chu te shall be as close as possible to 
the point of deposit . When the operation is in te rmi t t en t , 
the spout shall discharge into a hopper . T h e chute shall 
be thoroughly flushed wi th wate r before and after each run ; 
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Depositing in 
Cold 
Weather 

Depositing 
under 
Water 

Proportions 
For Sub-
Aqueous Work 

Compacting 

the water used for this purpose shall be discharged outside 
the forms. 

40. Concrete mixed and deposited when the t empera tu re 
of the surrounding a tmosphere is 40 degrees F . or lower, 
shall have a tempera ture of not less than 50 degrees F . nor 
more than 120 degrees F . Suitable means shall be provided 
for mainta ining a t empera ture of a t least 50 degrees F . for 
not less than 72 hours after placing, or unti l t he concrete has 
sufficiently hardened. T h e methods of heat ing the mater ia l 
and protect ing the concrete shall be approved b y the 
Engineer. 

Salt, chemicals or other materials shall not be employed 
to prevent freezing, except by the express permission of the 
Engineer. 

41 . Concrete shall no t be deposited in water which has a 
tempera ture below 35 degrees F . 

I t shall be deposited continuously, keeping the top sur­
face as nearly level as possible unti l it is brought above 
water, or to the required level. (See Clause 52). 

T h e methods , equipment and materials to be used shall 
be submit ted to, and approved by, the Engineer before the 
work is commenced. Me thods shall be such as to p revent 
the washing of the cement from the mixture , minimize 
the formation of lai tance and the segregation of mater ia ls 
and avoid flow of wa te r unti l t he concrete has hardened. 

Where a tremie is employed it shall be water t igh t and of 
sufficient dimension to permi t a free flow of concrete. I t 
shall be kept filled a t all t imes dur ing the deposit ing of the 
concrete and be discharged b y raising i t in such m a n n e r 
as to main ta in as near ly as possible a uniform flow. 

Where a drop-bot tom bucket is employed it shall be of a 
type which cannot be discharged unti l it rests on the surface 
on which the concrete is to be deposited. T h e bo t t om 
doors when tr ipped shall open freely downward and out­
ward. T h e top shall be open. T h e bucket shall be com­
pletely filled and slowly lowered and raised to avoid dis­
turbance of the mixture . 

Where bags of j u t e or other coarse cloth are used, they 
shall be filled two-thirds full and bui l t by h a n d in a header 
and stretcher system so t ha t the whole mass is interlocked. 

42. Concrete to be deposited under water shall contain 
not less than 658 pounds of Por t land cement per cubic 
yard in place. 

43. Concrete, dur ing and immediately after depositing, 
shall be thoroughly compacted by suitable means . For 
thin walls or inaccessible port ions of the forms, where the 
use of tools is impracticable, t he concrete shall be assisted 
into place by tapping or hammer ing the forms opposite the 
freshly deposited mixture . Concrete shall be thoroughly 
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worked around reinforcement and embedded fixtures, and 
into all pa r t s of the forms. Coarser part icles shall be 
worked back from the face of the forms. 

Bonding 44. On recommencing placing after previous work has 
part ia l ly set, the forms shall be ret ightened if necessary. 
T h e surface of the hardened concrete shall b e roughened, 
thoroughly cleaned of foreign m a t t e r and lai tance, sa tu ra ted 
with water and sprinkled with d ry cement or covered wi th a 
thin layer of nea t cement paste, which shall no t be allowed 
to dry out . T h e surface shall then be covered wi th mor t a r 
to a dep th of 2 in. or the super-imposed concrete shall be 
placed in such a manner as will ensure an excess of mor t a r 
over the ent i re surface of the jo int . 

Curing 45. After concrete has set sufficiently, i ts exposed surfaces 
shall be kept continuously wet . Th i s shall cont inue for a 
period of a t least 7 days after the concrete was deposited. 

General 

Integral 
Compounds 
Membrane 
Waterproofing 

Water-Tight 
Joints 

Oil Proofing 

Proportions 

W A T E R P R O O F I N G A N D P R O T E C T I V E 
T R E A T M E N T 
WATERPROOFING 

46. By careful a t ten t ion to the qual i ty and proport ioning 
of ingredients and t h e manipulat ion of the mix ture pr ior 
to and during placing, concrete can be produced t h a t for 
all practical purposes is water- t ight . A plaster coa t of 
1 : l 1 ^ mix using a well graded sand will ensure wate r -
t ightness. 

47. N o integral compounds can be recommended. 
48. Where added protection is desired for basements , 

pi ts , shafts, tunnels, retaining walls and similar s t ruc tures , 
membrane waterproofing m a y be used. T h e m e m b r a n e 
should be protected from punc tu re b y brick, tile or concrete 
or by a cement mor ta r coat . 

49. See Clause 94. 
O I L PROOFING 

50. T h e use of concrete in s t ruc tures for conta in ing light 
mineral oils, animal oils, certain vegetable oils and o ther 
commercial liquids cannot be recommended unless pro­
tec ted . For floors or other surfaces exposed to heavy con­
centra t ions of such oils or liquids, concrete, if used, m u s t be 
protected. T h e t r e a t m e n t to be applied shall also be 
approved by the Engineer. 

CONCRETE IN S E A W A T E R 
51 . Plain concrete in sea water or exposed direct ly along 

the sea coast, shall contain not less t han 658 pounds of 
Por t land cement per cubic y a r d in place. Slag, broken 
brick, soft l imestone, soft sandstone or o ther porous or 
weak aggregates shall no t be used. 
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Depositing 

Protection of 
Reinforcement 
and Concrete 

Consistency 

General 

High 
Concentration 

Integral 
Compounds 

Low 
Concentration 

52. Concrete shall no t be deposited under sea wate r 
unless this is unavoidable in which case it shall be placed 
in accordance with the methods described in Clause 4 1 . 
Sea water , as far as possible, shall not be allowed to come in 
contact with the concrete unti l it has hardened for a t least 
4 days . Concrete shall be placed in such a manner as to 
avoid horizontal or inclined seams or work planes. T h e 
placing of concrete between tides shall be a cont inuous 
operation. Where it is impossible to avoid seams or jo in ts 
proceed as in Clause 44. 

53. Meta l reinforcement shall be placed a t least 3 in. from 
any plane or curved surface, and a t corners a t least 4 in. 
from all adjacent surfaces. Meta l chairs, supports , or ties 
shall not extend to the surface of the concrete. Where 
unusually severe conditions or abrasion are ant icipated, the 
face of the concrete from 2 ft. below low water to 2 ft. above 
high water or from a plane below to a plane above wave 
action, shall be protected by creosoted t imber, s tone of 
suitable qual i ty or other materials as designated on the 
plans. 

54. T h e consistency of the concrete shall be the stiffest 
t ha t will allow placing with a reasonable a m o u n t of labour, 
and shall be established by the Engineer according to 
conditions on the work. T h e Engineer m a y use the s lump 
test or any other satisfactory method to check the con­
sistency during the progress of the work.* 

CONCRETE IN ALKALI SOILS AND W A T E R 
55. T h e destruct ive action of alkali waters on concrete 

is progressive. T h e ra te of deteriorat ion increases as the 
concentration of the sulphate content of the water increases 
and, for cement contents as great as are commonly used in 
s tructural work, decreases for any given cement as t h e 
concrete is made stronger. 

56. Where s t ructures are to be directly exposed to waters 
of high alkali concentrat ion, the use of Por t land cement 
concrete can not be recommended. A t sites where the 
alkali concentration in the ground wate r is high, if concrete 
is to be used, the ground water should be lowered by drain­
age so t ha t it will not come into contac t with the s t ruc ture . 
Addit ional protection m a y be obtained by the use of mem­
brane waterproofing. 

57. N o integral compounds or alkali-proof products can 
be recommended. 

58. Where the alkali concentrat ion is not great (under 
0 . 1 % concentration) concrete, if used, shall contain not less 
than 658 pounds of Por t land cement per cubic ya rd in 
place and Clauses 38 to 45 inclusive should be carefully 
observed. 

*The Engineer who wishes to employ the slump test for maintaining consistency is referred to Appendix XI. 
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S U R F A C E F I N I S H 

PRECAUTIONS 

59. T h e entire showing face between prescribed con­
struction joints shall be cast in one cont inuous operat ion. 

One brand of cement, and one kind and size of aggregate 
shall be used throughout the whole of any showing face. 

For showing faces the forms shall be smooth and water­
t ight and if of wood, shall meet the requirements of Clause 
29. Forms shall be so constructed as to be removable in 
sections by unscrewing or otherwise loosening wi thout 
hammer ing or prying against the face. Any offsets in the 
forms t h a t may occur shall be smoothly dressed and a n y 
openings pointed flush with stiff clay or plaster of Paris in 
order to prevent leakage or the formation of fins. 

60. Concrete t ha t is to have a showing face, whether a n y 
part icular finish is called for or not, shall be mixed, placed 
and worked as may be necessary to secure a t the face a 
uniform distr ibution of the aggregates, freedom from void 
spaces, and uniform texture . If the finish is required to be 
one t h a t will expose the coarse aggregate, b y scrubbing, 
tooling, sand-blasting, or acid t rea tment , the concrete shall 
be thoroughly spaded, care being taken to avoid working 
the aggregate away from the forms. T h e coarse aggregate 
shall then be pressed against the form in order to secure 
uniform distr ibution a t the face and a uniform texture after 
the aggregate is exposed. 

61 . Where a surface of mor ta r is to be the basis of the 
finish the coarse aggregate shall be worked back from the 
form with a suitable tool, so as to bring a full surface of 
mor ta r against the form, care being taken to prevent the 
formation of voids and air pockets. 

62. Care shall be t aken when removing forms to avoid 
roughening or injuring corners, and to keep edges sharp . 

Whenever forms are removed from showing faces before 
the concrete has become hard and dry , the surface of the 
concrete shall be immediately wet ted and kep t wet for a t 
least three days . 

63. As soon as the face forms are removed all fins or 
other projections shall be carefully removed, and offsets 
levelled. All defective places shall be thoroughly cleaned 
of dust , lai tance and foreign particles. Voids or damaged 
places shall immediate ly be sa tura ted with wate r and filled 
with a mixture of the same composition as t h a t used in the 
surface, and brought even wi th the surface b y means of a 
wooden spatula or float. A steel trowel shall no t be used 
to finish the surface. T h e face shall be finished free from 
streaks, discolourations or other imperfections. Plaster ing 
will not be permit ted, except when ordered by the Engineer. 
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All nails, wires and bolts shall be removed or cut back 
to a dep th of a t least one inch from the surface of the con­
crete. Bolt holes shall be filled with corks or wooden plugs 
driven into the holes unti l t he head is one inch back from 
the surface. T h e spot to be pa tched and the concrete im­
mediately around it shall be sa tura ted wi th water . A 
mor ta r composed of the same materials as in the surface 
concrete shall be forced into all pa r t s of the cavi ty and the 
surface rubbed with a cork or wooden float. Any m o r t a r 
t ha t m a y work ou t and run over sound concrete shall be 
removed with a clean brush or cloth. 

Pa tching in hot sunshine or quick drying wind should be 
' avoided unless it is feasible to protect the fresh mor ta r wi th 

wet bur lap . 

SURFACES SUBJECT TO W E A R 

Top Surfaces 64. Aggregates for the wearing surface shall have a 
Subject to high resistance to abrasion, and shall be screened and, when 
W e a r necessary, thoroughly washed. T h e least q u a n t i t y of mixing 

water t h a t will produce a dense concrete shall be used. T h e 
mix shall no t be leaner than 1 p a r t of Por t land cement and 
23̂  pa r t s of aggregate. T h e surface shall be screeded even 
and finished with a wood float. Excess water shall be 
prompt ly drained or otherwise removed. Overtrowelling 
shall be avoided. 

T h e wearing surface in two-course work shall, when 
practicable, be placed within one-half hour after the base 
course. Where such surface is to be applied to a hardened 
course, t he la t ter shall be prepared as indicated in Clause 44. 
T h e wearing course shall not be th inner than 1 in. 

Concrete wearing surfaces shall be kept we t* for a t least 
10 days in the case of floors and 21 days in the case of roads 
and pavements . 

Terrazzo 65. (a) Terrazzo finish f shall be made by mixing 1 p a r t 
of cement , 2Yi pa r t s of crushed marble , or o ther s tone or 
crushed pebbles, as m a y be called for by the plans, and 
sufficient water to produce a dense concrete. T h e concrete 
shall be spread on the base course and worked down to a 
thickness of 1 in. by pa t t i ng or rolling and trowelling. T h e 
marble shall pass a Y2 in. screen and be free from dust . T h e 
surface shall be kep t wet for no t less than 10 days and after 
curing shall be rubbed to a plane surface with a s tone or a 
surfacing machine. Hardened concrete to which a terrazzo 
finish is to be applied shall be prepared as prescribed in 
Clause 44. 

* Prevention of premature drying during the early hardening of concrete is essential to the development of high 
resistance to abrasion. The surface may be covered with a layer of burlap, earth or sand, kept wet, or it may be 
divided into small areas by dikes and flooded with water to a depth of 2 or 3 in. 

t The Engineer must strike out one of the Clauses 65 (a) or 65 (6). 
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(b) Terrazzo finish* shall be m a d e b y mixing 1 pa r t of 
cement , 2 pa r t s of sand and sufficient water to produce a 
plastic mor tar , which shall be spread on the base course to a 
dep th of 1 in. Crushed marble, free from dus t and passing 
a in- screen, shall be sprinkled over the surface of the 
fresh mor ta r and pressed or rolled in. T h e surface shall be 
kept wet for not less t h a n 10 days and after cur ing shall 
be rubbed to a plane surface wi th a s tone or surfacing 
machine. Hardened concrete to which a terrazzo finish is 
to be applied shall be prepared as prescribed in Clause 44. 

SURFACES NOT SUBJECT TO W E A R 

66. T o p surfaces no t subject t o wear shall be smoothed 
with a wood float and kept wet for a t least 7 days . 
Care shall be taken to avoid an excess of wa te r in the con­
crete, and to drain or otherwise p rompt ly remove any wate r 
t h a t comes to the surface. D r y cement , or a d r y mixture 
of cement and sand, shall not be sprinkled direct ly on the 
surface. 

67. Granoli thic surfaces shall be m a d e by placing against 
the face form, in advance of the body concrete, facing con­
crete of such consistency and in such a m a n n e r as will ensure 
i t s bonding wi th the body concrete. 

T h e facing concrete shall no t be leaner t h a n 1 p a r t 
Por t land cement, 1]4, par t s fine aggregate, and 3 pa r t s 
coarse aggregate made up of pebbles, crushed granite , or 
other s tone as called for. 

If iron or wooden moulds are used to retain the facing 
against the forms while placing body concrete, care should 
be taken t h a t these moulds are no t permi t ted to remain 
unti l initial set t ing occurs. T h e moulds shall be ja r red 
frequently and raised a t short intervals to p reven t forma­
tion of seams and air spaces between the facing and the 
body concrete. 

68. Surfaces to be finished shall be wet ted and rubbed 
wi th a ca rborundum brick or other abrasive unt i l even and 
smooth and of uniform appearance, wi thou t applying a n y 
cement or other coating. No finishing shall be done before 
concrete is 7 days old, or unti l the concrete is thoroughly 
hardened, or unti l after all repairs and point ing are complete 
and the mor ta r used for such repairs is firmly set . 

69. T h e forms shall be removed and the scrubbing done 
before the concrete has hardened, t T h e surface shall be 
scrubbed wi th fibre or wire brushes using water freely, unt i l 

* The Engineer must strike out one of the Clauses 65 (o) or 65 (&). 

t In warm weather this will require from 6 to 24 hours, and in cold weather from 1 to 3 days. In either case, 
the concrete shall be protected from drying. 
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the surface film of mor ta r is removed and the aggregate 
uniformly exposed. I t shall then be rinsed with clean 
water . If portions of the surface have become too hard to 
scrub in equal relief, dilute hydrochloric acid (1 pa r t acid 
to 4 pa r t s water) m a y be used to facilitate the scrubbing. 
T h e remaining acid shall be thoroughly removed with clean 
water . 

Should any point ing be required, it shall be done im­
mediately after scrubbing. After the patches have hardened 
sufficiently they shall be scrubbed to the same texture as the 
general surface, rinsed clean and kept moist for several days . 

70. T h e concrete face shall be permi t ted to a t t a in an 
in termediate degree of hardness; it shall then be air-blasted 
with hard sand unti l the aggregate is in uniform relief. 
Any necessary point ing shall be done while the concrete is 
still green. 

71. T h e surface shall be permi t ted to become d r y and 
hard and then dressed with tools to a uniform texture and 
even face as called for, by axing, rough or fine point ing, or 
bush-hammering. 

Should any point ing be required on a surface to be tooled, 
the tooling shall precede the patching. T h e patching shall 
be done by first point ing and then embedding selected 
pieces of large aggregate in the mor ta r bed so as to match 
the surrounding tooled area. After the patches have 
thoroughly hardened they shall be carefully dressed. 

72. T h e forms shall be removed before the surface has 
fully hardened; the surface shall be rubbed wi th a wooden 
float by a uniform circular motion, fine sand being rubbed 
into the surface unti l the resulting finish is even and 
uniform. 

Any necessary point ing shall be done previous to rubbing. 

73. Coloured or other special aggregate used for finish shall 
be exposed by scrubbing as provided in Clause 69. Facing 
mor tar , made from this special aggregate, proport ioned not 
leaner than 1 pa r t of cement, pa r t s of sand and 3 par t s 
of clean and dust-free pebbles or screenings, shall be placed 
against the face forms to a thickness of abou t 1 in. 
sufficiently in advance of the concrete to prevent the la t ter 
coming in contact wi th the form. 

74. Mineral p igment shall be thoroughly mixed d ry wi th 
the cement and fine aggregate; care shall be taken to secure 
a uniform t in t throughout . 

75. Cement washes of practically any colour from white 
or cream to cement gray can be prepared b y vary ing the 
proport ions of white or gray cement and light or da rk sand. 
Before applying the wash,, all point ing and patching should 
be completed as indicated in Clauses 63, 68, 69 and 71 . 
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A mixture of 1 pa r t white cement and 1 p a r t finely 
screened yellow sand, with 5 per cent, of hydra ted lime will 
give a serviceable colour jus t off the white , and will serve as 
an example of a typical d r y mixture . 

T h e cement, sand and lime in the desired proport ions 
shall be thoroughly mixed in the d ry s ta te . T h e mix ture 
shall then be slowly added to water , st irring vigourously 
unti l the consistency is t h a t of a stiff oil paint . T h e d r y 
ba tch shall be large enough for a full day ' s work, b u t only 
enough of the wash shall be prepared to last one hour. T h e 
wash shall be stirred before each application to the concrete 
surface, and when refilling the container, all the old wash 
shall be cleaned out and discarded. 

T h e area to be coated shall first be thoroughly wet, and 
then a full brush coat of the wash applied. Th i s coat shall 
be rubbed in with a cork float, t he surface being sprinkled 
with a li t t le addit ional water if necessary. T h e surface 
shall then be gone over wi th a clean, d a m p brush, brushing 
in the direction of the board marks , so as to remove all excess 
material , and the remaining coat shall be as th in as will 
permit the surface to be entirely covered. 

In coating adjacent areas the brush marks shall be care­
fully blended to avoid a line between the two areas. T h e 
sequence of the work shall be so planned t h a t joinings occur 
a t na tura l breaks in the surface. 

In warm or drying weather the finished surface shall be 
sprinkled wi th water once a day for 3 days , and in cool, 
d a m p weather, shall be sprinkled a t least once within 
24 hours after finishing. 

jroprietary 76. Propr ie tary cement paints or coatings shall be applied 
Coatings a s directed. 

D E T A I L S O F C O N S T R U C T I O N 

M E T A L REINFORCEMENT 

Cleaning 77. Meta l reinforcement, before being placed, shall be 
thoroughly cleaned of mill and rust scale and of coatings 
t h a t will destroy or reduce the bond. Reinforcement 
appreciably reduced in section shall be rejected. Where 
there is delay in depositing concrete, reinforcement shall be 
re-inspected and, when necessary, cleaned. 

Bending 78. Reinforcement shall be carefully formed to the dimen­
sions indicated on the plans, or as provided in the specifica­
tions. Cold bends for steel of s t ruc tura l grade shall have an 
inside radius a t least twice the dimension of the reinforce­
m e n t in the plane of bending, and for steel of in te rmedia te 
or hard grade an inside radius a t least four t imes t h a t 
dimension. 
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Straightening 79. Me ta l reinforcement shall not be bent or s t raightened 
in a manner t ha t will injure the mater ia l . Bars wi th kinks, 
or bends not shown on the plans, shall no t be used. Hea t ing 
of reinforcement will be permi t ted only when the ent i re 
operation is approved by the Engineer . 

Placing 80 Meta l reinforcement shall be accurate ly placed, and 
secured against displacement b y using annealed iron wire 
of not less than No. 18 gauge or sui table clips a t intersec­
tions, and shall be suppor ted b y concrete or metal chairs 
or spacers, or metal hangers . T h e min imum clear dis tance 
in the plane of the reinforcement between parallel bars 
shall be l}4 t imes the d iameter of round bars or V/i t imes 
the diagonal of square bars ; if t he ends of bars a re anchored 
as specified in Clause 133, this clear spacing m a y be m a d e 
equal to the d iameter of round bars or to the diagonal of 
square bars , bu t in no case shall the spacing between 
parallel bars measured in any direction be less than 1 in., 
nor less than 1)4 t imes the max imum size of the coarse 
aggregate. Bars parallel to the face of a n y member shall 
be embedded a clear distance no t less than one diameter 
from the face. (See Clauses 84 and 85). 

Splicing 81. In slabs, beams and girders, splices of reinforcement 
shall not be made a t points of max imum stress wi thou t the 
approval of the Engineer. Splices, where permit ted , shall 
provide sufficient lap to transfer the stress b y bond. In 
such splices the bars shall be placed a t the min imum distance 
specified in Clause 80; splices in adjacent bars shall be 
staggered. 

Splices in the longitudinal reinforcement of columns, 
piers and s t ru t s shall provide sufficient lap to transfer the 
stress by bond. T h e clear distance between adjacent bars 
in such cases shall be no t less than the nominal size of the 
coarse aggregate. 

82. Where changes in the cross section of a compression 
member occur, the longitudinal reinforcement bars shall be 
sloped for the full length of the member or offset in a region 
where lateral suppor t is afforded. Where offset, the slope 
of the inclined portion from the axis of the member shall be 
not more than 1 in 6. 

83. Exposed reinforcement bars in tended for bonding 
with future extensions shall be protected from corrosion. 

PROTECTIVE CONCRETE COVERING 

84. Meta l reinforcement in wall and column footings 
and other members in contact wi th the ground shall have a 
min imum covering of 3 in. of concrete except in the case of 
precast members , for which the covering m a y be reduced to 

Offsets in 
Column 
Reinforcement 

Future 
Bonding 

Moisture 
Protection 
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1^2 in. A t surfaces of concrete exposed directly to wa te r 
or rainfall, meta l reinforcement shall be protected by a 
thickness of concrete not less t han 2 inches. 

85. Me ta l reinforcement in fire-resistive construct ion 
shall be protected by no t less than 1 in. of concrete in slabs, 
except where reinforcement is ^ in. or less in diameter , in 
which case i t m a y be S/i in . ; 1 in. in walls; 1 in. in beams or 
girders carrying less than 150 sq. ft. of loaded a rea ; 2 in. in 
beams or girders carrying more than 150 sq. ft. of loaded 
area, and in columns, wi th the exception t h a t for square 
columns, spirally reinforced, the protection shall be \y% in. 

In s t ructures where the fire hazard is limited, t h e meta l 
reinforcement shall be protected b y no t less t han y$ in. 
in slabs and walls or l 1 ^ in. in beams, girders and columns. 

86. Cement or gypsum plaster adequate ly bonded to 
a concrete surface m a y be considered as reducing the 
thickness of concrete protect ion required in Clause 85 by 
one-half of the thickness of the plaster. 

JOINTS 

87. Jo in ts no t indicated on the plans shall be so designed 
and located as least to impair the s t rength and appearance 
of the s t ruc ture . T o prevent lai tance in horizontal joints , 
excess wa te r shall be removed from the surface forming t h e 
jo in t after depositing t h e concrete. Surfaces of con tac t 
shall be cleaned and wet ted before depositing is resumed, 
and any lai tance shall be removed. Where addi t ional 
resistance to horizontal shear is required, s tones shall be 
par t ia l ly embedded in such a manne r as to key wi th t h e 
adjoining concrete; or mortises or keys shall be formed in 
t h e concrete. (See Clause 44). 

88. Jo in ts in columns shall be m a d e a t the underside of 
t h e floor. Haunches , column capitals , girders and b e a m s 
shall be considered as p a r t of the floor construct ion, a n d 
shall be bui l t to act integrally therewith. A t least 2 
hours m u s t elapse after depositing concrete in columns or 
walls before depositing in beams, girders or slabs. 

89. Construct ion joints in floors shall be located near t h e 
middle of spans of slabs, beams or girders. If a beam inter­
sect a girder a t midspan, the joint in the girder shall be 
offset a dis tance equal t o twice the width of the beam. 
Provision shall be m a d e for shear a t t he joint . 

90. Special reinforcement shall be placed in construct ion 
joints which extend across a s t ruc ture 100 ft. or more in 
length. T h e reinforcement shall be placed a t r ight angles 
t o the joint and shall extend a sufficient dis tance on each 
side of the joint to develop the s t rength of the reinforcement 
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by bond. This reinforcement shall be placed near the face 
of the member remote from the main tension reinforcement; 
the cross-sectional area of such reinforcement shall be not 
less than 0.5 per cent of the section of the members cut by 
the joint . 

91 . Expansion joints shall be so detailed tha t the neces­
sary movement may occur with a min imum of resistance 
a t the joint . T h e s t ructure adjacent to the joint shall 
preferably be supported on separate columns or walls. 
Reinforcement shall not extend across an expansion joint; 
the break between the two sections shall be complete. 

92. Unless otherwise specified s t ructures exceeding 200 ft. 
in length and of width less than abou t one-half the length, 
shall be divided by means of expansion joints not more than 
200 ft. apar t . Structures in which marked changes in plan 
dimensions take place abrupt ly shall be provided with 
expansion joints a t the sections where such changes occur. 

93. The seat of a sliding joint shall be finished to a smooth 
surface and the concrete shall not be placed upon it unt i l the 
surface has set hard. Provision shall be m a d e to facilitate 
sliding. 

94. Where water- t ight construction is required and it 
is not possible to finish a section of the s t ructure in one 
continuous operation, the joint shall be made as specified 
by the Engineer. 

95. Where holes for the accommodation of pipes, con­
duits , etc., have to be cut through reinforced concrete 
floors after the concrete has hardened, one-third a t least 
of the depth of the cut t ing shall be made from the under­
side. The remainder m a y be cut from above. 
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P A R T I I . 

D E S I G N 

G E N E R A L ASSUMPTIONS 

96. T h e design of reinforced concrete members shall be 
based on the following assumpt ions: 

(a) T h a t for stresses due to bending, a t ransverse section 
plane before bending remains plane after bending. 

(6) T h a t the modulus of elasticity of concrete in com­
pression is cons tan t within the limits of working stresses. 

(c) T h a t the rat io of the modulus of elasticity of the steel 
to t h a t of the concrete is 

n = 
30,000 

in which f ' e is the u l t imate compressive s t rength of the 
concrete in pounds per square inch a t the age of 28 days . 

(d) T h a t in calculating the momen t of resistance to 
bending, the tensile resistance of the concrete is neglected. 

(e) T h a t the bond between the concrete and the rein­
forcement remains unbroken throughout the range of 
working stresses. 

(/) T h a t initial stress due to contract ion or expansion of 
the concrete is neglected, except in the design of reinforced 
concrete columns. 

Notation 

F L E X U R E OF RECTANGULAR REINFORCED 
CONCRETE B E A M S A N D S L A B S 

97. T h e symbols used in Formulae 1 to 29 are defined as 
follows: 

A s m effective cross-sectional area of meta l reinforce­
men t in tension in beams or slabs ; 

b = wid th of rectangular beam or wid th of flange of 
T-beam ; 

b' = wid th of s tem of T-beam ; 

d = dep th from compression surface of beam or s t ruc­
tura l slab to centre of longitudinal tension rein­
forcement; 

d' = dep th from compression surface of beam or slab 
to centre of compression reinforcement ; 

f c = uni t compressive stress in ext reme fibre of concrete ; 
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Unit compressive stress in extreme fibre of concrete, 

(D 

Arm of resisting couple, 

( 2 ) 

fc = 
2M Mi (3) 

jkbd* k 

f s = uni t tensile stress in longitudinal reinforcement; 

f ' s = uni t compressive stress in longitudinal reinforce­
m e n t ; 

h = unsupported length of co lumn; 

/ = gross moment of inertia of a section abou t the 
neut ra l axis for bending; 

j = rat io of lever a rm of resisting couple to dep th d; 

k = rat io of dep th of neutra l axis to dep th d; 

I = span length of beam or slab (See Clause 99) ; 

M = bending momen t or momen t of resistance in 
general ; 

n = Es/Ec= ra t io of modulus of elasticity of steel 
to t h a t of concrete; 

p = rat io of effective area of tension reinforcement to 
area of concrete in beams = AJbd; 

p' = rat io of effective area of compression reinforce­
men t to area of concrete in beams ; 

t — thickness of flange of T - b e a m ; 

V = to ta l t ransverse shear ; 

w — uniformly dis t r ibuted dead a n d live load per uni t 
of length of beam or slab ; 

z = depth from compression surface of beam or slab 
to resul tant of compressive stresses. 

9 8 . T h e following formulae apply to computa t ions for 
flexure in rectangular reinforced concrete girders, beams 
and slabs: 

(a) REINFORCED FOR T E N S I O N ONLY. 

Position of neutral axis, 
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fc I nfc 

For formulae on shear, bond and anchorage see 
Clauses 116, 121, 128 and 130. 

(b) REINFORCED FOR BOTH T E N S I O N A N D COMPRESSION. 

Position of neutral axis, 

. k = J In (p + p' — )+n> (p+p')2-n (p+pf).. . (6) 

Position of resul tant compression, 

— kW + 2p'nd'{k- — ) 
Z = J ; • (7) 

k2+2p'n (k-— ) 

Arm of resisting couple, 
jd = d —z (8) 
Uni t compressive stress in extreme fibre of concrete, 
- = (9) 

M ^ 3 * - * é l i ( i - i l ) ' 
\ * d d 

Unit tensile stress in longitudinal reinforcement, 

f ' ' - ^ F m ^ T ( 1 0 ) 

Unit compressive stress in longitudinal reinforcement, 

/ ' , « « / « — — - (11) 

99. T h e span length, /, of freely suppor ted girders, beams 
and slabs, whether single or continuous, shall be ei ther t he 
dis tance between centres of suppor t s or the clear span plus 
the dep th of the beam or s lab whichever is t he less. T h e 
span length for girders, beams and slabs bui l t t o ac t inte­
grally with suppor ts shall be the clear dis tance between 

Uni t tensile stress in longitudinal reinforcement, 

fs = M = - ' U - ( 4 ) 
Asjd pjbd? 

Steel rat io for balanced reinforcement, 
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faces of supports . Where a bracket having a width not 
less than the width of a restrained beam and making an 
angle of 45 degrees, or more, with the axis of the beam, is 
built to act integrally with the beam and support , t he span 
shall be measured from the section where the combined 
depth of the beam and bracket is one-third more 
than the depth d of the beam. N o portion of a bracket 
shall be considered as adding to the effective depth of the 
beam, unless the inclination of the bracket with the axis 
of the beam is less than 45 degrees. Max imum negative 
moments are to be considered as existing a t the ends of the 
span as defined above. 

100. Where the distance, /, between points of lateral 
suppor t of an isolated beam exceeds 10 times the width, 
b, of the compression area, the permissible flexural stress 
in the concrete shall not exceed 

*.'-/. « * - a r ' • < 1 2 ) 

where fe is the permissible flexural stress in beams con­
tinuously supported laterally. 

T h e distance between lateral supports shall not exceed 
24 times b, unless reinforcement in the compression area is 
provided to resist buckling. 

101. Beams and slabs of equal spans built to act integrally 
with beams, girders, or other slightly restraining suppor ts 
and assumed to carry uniformly distr ibuted loads shall be 
designed for the following moments a t critical sections : 

(a) Beams and slabs of one span, 

Maximum positive moment near centre, 
wl2 

M = (13) 

(b) Beams and slabs continuous for two spans only. 
(1) Maximum positive moment near centre, 

wl2 

(14) M = 
10 

(2) Negat ive moment over interior support , 
air ™P 
M - .(15) 

(c) Beams and slabs continuous for more than two spans, 

(1) Maximum positive moment near centre and 
negative moment a t suppor t of in termediate 
spans, 

H " ( ' « 
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(2) 
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M a x i m u m positive momen t near centres of end 
spans and negat ive momen t a t first interior 
support , 

.1/ = " * (17) 
10 

(d) Negat ive moment a t end suppor ts for cases (a), 
(b) and (c), of this clause, 

M = not less than (18) 
24 

102. Beams and slabs of equal spans freely supported 
and assumed to carry uniformly dis t r ibuted loads shall be 
designed for the moments specified in Clause 101, except 
t ha t no reinforcement for negative moment need be pro­
vided a t end suppor ts where effective measures are taken to 
prevent end restraint . T h e span shall be taken as defined 
in Clause 99 for freely supported beams. 

103. Beams and slabs of equal span buil t to act integrally 
with columns, walls or o ther restraining suppor ts and 
assumed to car ry uniformly dis tr ibuted loads, shall (except 
as provided in Clause 101) be designed for the following 
moments a t critical sections, provided t h a t the suppor ts are 
reinforced to resist t he moment due to such integral action. 

(o) In te rmedia te spans; 

(1) Negat ive moment a t interior suppor ts except 
the first, 

W P ( 1 9 ) M = 
12 

(2) M a x i m u m positive moment near centres of 
in termediate spans; 

itf = — (20) 
16 

(b) E n d spans of cont inuous beams and beams of one 
span in which I/l is less than twice the sum of the 
values of I/h for the exterior columns immediately 
above and below; 

(1) M a x i m u m positive momen t near centre of span 
and negative moment a t first interior suppor t , 

M = J 5 ? • (21) 
12 

(2) Negat ive momen t a t exterior support , 
wl2 

M = 
12 

.(22) 
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(c) End spans of continuous beams, and beams of one 
span, in which I/I is equal to or greater than twice the 
sum of the values of I/h for the exterior columns 
immediately above and below ; 

(1) Maximum positive moment near centre of span 
and negative moment a t first interior support , 

M = — (23) 
10 

(2) Negat ive moment a t exterior support , 
wP 

M = 
16 

(24) 

Moment 
Coefficients 
for Special 
Beams 

Moments in 
Statically 
Indeterminate 
Structures 

(d) The distribution of moments in beams prescribed 
in (b) and (c) above shall be based on momen t s of inertia 
of beams and columns computed from the gross section of 
the concrete including fireproofing b u t neglecting reinforce­
ment , bu t the stresses in beams shall be computed in 
accordance with Clauses 98 and 106. 

104. Where the spans are of unequal lengths or where 
special cases of loading occur, the momen t shall be deter­
mined for all applicable conditions of loading and restraint . 
Provision shall be made for negative momen t wherever it 
occurs. 

105. In determining the distribution of mo men t s in 
s t ructures which are statically indeterminate , the moments 
of inertia of the members of the system as defined in 
Clause 103 (d) shall be used. 

Flexure 
Formulae 
T Beams 

F L E X U R E OF REINFORCED CONCRETE T - B E A M S 

106. T h e following formulae apply to computa t ions for 
flexure in reinforced concrete T-beams: 

(a) Neut ra l Axis in the Flange ; 
Use formulae for rectangular beams and slabs in 
Clause 98. 

(b) Neut ra l Axis below the Flange; 
Position of neutral axis, 

kd = 2ndAs + bt2 

2nA, + 2bt 
• (25) 

Position of resul tant compression, 
3kd — It \ t 
2kd - t J 7 • (26) 
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lange 
Vidth 

Arm of resisting couple, 
jd = d — z .(27) 

Uni t compressive stress in extreme fibre of concrete, 
Mkd fs ( k 

bt (kd - \t)jd n \ l-k 
(28) 

Uni t tensile stress in longitudinal reinforcement, 

- ~ • . . -(29) 
Asjd ,.,;,.,';.„, 

Formulae 25, 26, 27, 28 and 29 neglect compression in 
the s tem. In cases where the thickness of the slab is small 
in relation to kd, the compression in the stem should not be 
neglected. 

107. Adequa te shear resistance shall be provided in 
beam-and-slab construction a t the junct ion of the slab with 
the s tem of the beam. T h e slab shall be buil t and con­
sidered as an integral pa r t of the beam ; the effective flange 
width to be used in the design of symmetr ical T-beams shall 
not exceed one-fourth of the span length of the beam, and 
the over-hanging pa r t on either side of the stem shall no t 
exceed 8 t imes the thickness of the slab nor one-half the 
clear dis tance to the next beam, where the beams involved 
are of equal size. 

For beams having a flange on one side only, the effective 
overhanging flange width shall not exceed one-twelfth of 
the span length of the beam nor shall it exceed 6 t imes the 
thickness of the slab nor one-half the clear dis tance to the 
next beam. 

I ransverse 
Reinforcement 

Stress at 
•upports 

108. Where the principal reinforcement in a slab which is 
considered as the flange of a T-beam (not a r ib in r ibbed 
floors) is parallel to the beam, t ransverse reinforcement shall 
be provided in the top of the slab. Th i s reinforcement 
shall be designed to carry the load on the port ion of the 
slab assumed as the flange of the T-beam. T h e spacing 
of the bars shall not exceed 5 t imes the thickness of the 
flange, nor in any case 18 in. 

109. Provision shall be m a d e for bo th compressive and 
tensile stress a t the suppor t in cont inuous T-beam con­
struct ion. 

eam-and-Tile 
onstruction 

110. In beam-and-t i le construction when the tiles a re so 
placed t h a t the joints in a l te rna te rows are staggered, the 
webs of the tile in contact wi th ribs or s tems m a y be in­
cluded in calculations involving shear and negat ive bending 
moment . (See Clause 119). 
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Isolated 
Beams 

Compression 
Steel in 
Flexural 
Members 

Shrinkage and 
Temperature 
Reinforcement 

Rules for 
Design 

1 1 1 . Isolated beams in which the T-form is used only for 
the purpose of providing addit ional compression area, shal 
have a flange thickness no t less than one-half the thickness 
of the s tem and a tota l flange width not more than 4 
t imes the stem thickness. T h e conditions set forth in 
Clause 100 shall apply . 

REINFORCEMENT FOR COMPRESSION, SHRINKAGE AND 
TEMPERATURE C H A N G E S 

112. Where it is necessary to int roduce steel in com­
pression in girders, beams or slabs, such steel shall be 
thoroughly anchored b y ties or s t i r rups no t less than one-
quar te r inch in size, which shall be spaced not more than 
8 inches apa r t over the distance where the compression 
steel is required. 

113. Reinforcement for shrinkage and tempera ture 
stresses shall be provided in floor and roof slabs where the 
principal reinforcement extends in one direction only. 
In no case shall reinforcing bars be placed farther apar t 
than 5 t imes the slab thickness, nor more than 18 in. The 
following shall be min imum ratios of reinforcement area 
to concrete a rea : 

Floor slabs where plain bars are used 0.0025 
Floor slabs where deformed bars are used . . . . 0 .002 
Roof slabs where plain bars are used 0 .003 
Roof slabs where deformed bars are u s e d . . . . 0 .0025 

FLOORS R E I N F O R C E D IN T w o DIRECTIONS 

114. Concrete floors supported on four sides b y beams, 
girders or walls, and reinforced in two directions shall be 
designed as follows, using m o m e n t coefficients given in 
Clauses 101, 103 and 104 as required, except as indicated 
under (d) below: 

(a) If the length of the slab exceed one and one-half 
t imes its width, the ent ire load shall be carried in the short 
direction. 

(&) In case of a square panel wi th uniformly distributed 
load, one-half of the live and dead load m a y be assumed as 
being resisted by each cross band . 

(c) In rectangular panels of length L and b read th B, 
the portion of the load which shall be assumed as being 
supported by the slab in the short direction shall be equal to 

load shall be assumed as being supported by the slab in the 
long direction. The reinforcement in the long direction 
shall in no case be less than t h a t specified in Clause 113, 
for shrinkage and tempera ture reinforcement. 

t imes the tota l load. T h e remainder of the 
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(d) In placing the reinforcement, account m a y be taken 
of the fact t h a t the momen t is less in the port ions of the 
band which are adjacent and parallel to the suppor t ing 
beams. In the one-quarter width of band parallel and 
adjacent to the beams, the computed momen t m a y be 
reduced 50 per cent. In no case shall t he spacing of bars 
exceed twice the effective depth of the slab. 

(e) Beams support ing such slabs shall be assumed to take 
the portion of the load as determined in (a), (b),or (c), above. 

SHEAR 

otation 115. T h e symbols used in Formulae 30 to 33 are defined 
in Clause 97, except as follows: 

Av — total area of web reinforcement in tension within 
a distance s, t ha t is S\, St, S3, s„, or the 
total area of all s t i r rups or all bars bent up in any 
one p lane; 

a = angle between web bars and longitudinal bars ; 

= u l t imate compressive s t rength of concrete a t age 
of 28 days based on tests of 6 by 12-in. or 8 by 
16-in. cylinders made and tested in accordance 
with the " M e t h o d of Making Compression Tes t s 
of Concre te" (Appendix X I I ) and the " M e t h o d 
of Mak ing and Storing Specimens of Concrete in 
the Field" (Appendix X I I I ) ; 

f, = uni t tensile stress in web reinforcement; 

So = sum of perimeters of bars in one set ; 

A' = spacing of web bars or s t i r rups from each other 
or from the edge of the suppor t measured a t the 
plane of the lower reinforcement and in the 
direction of the longitudinal axis of the b e a m ; 

/1 = thickness of flat slab wi thout dropped panels or 
total thickness of a dropped panel (See Appendix 
I I , Fig. 14); 

h = thickness of flat slab with dropped panels a t 
points away from the dropped panel (See Ap­
pendix I I , Fig. 14) ; 

u = uni t bond stress; 

v = uni t shear stress; 

V = total shear. 
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Formula for 
Shear 

Shear for 
Beams Wedge-
Shaped in 
Profile 

Variation of 
Shear in 
Beams with 
Uniform Load 

Shear in Beam-
and-Tile 
Construction 

Types and 
Spacing of Web 
Reinforcement 

116. T h e uni t shear stress, v, in rectangular pr ismatic 
reinforced concrete beams shall be t h a t computed by-
Formula 30. 

• v = — (30) 
bjd 

For T-beams, b in Formula (30) is to be replaced b y the 
s tem width b'. 

117. For beams wedge-shaped in profile, the shear, V, 
used in Formula 30, shall be replaced by Vit in which the 
effect of the inclination of the resul tant compression or the 
resul tant tension, or both, to a normal to the cross-section, 
is taken into account. 

118. For purpose of design of simple or cont inuous beams 
carrying uniform loads not less than one-fourth of the total 
shearing resistance required a t either end of the span shall be 
provided a t the section where the computed shear stress is 
zero; from t h a t section to the ends of the span the required 
shearing resistance shall be assumed to va ry uniformly. 

119. T h e width of the effective section for shear in beam-
and-tile construction shall be assumed as the thickness of 
the concrete web plus the thickness of the vert ical webs of 
the concrete or clay tile in contact wi th the beam. (For 
typical design see Appendix I I , Fig. 13.). 

120. W e b reinforcement m a y consist of: 
(a) Stirrups, or web bars forming an angle of 30 degrees 

or more with the longitudinal bars ; 

(b) Longitudinal bars ben t up or bent down a t an angle 
of 15 degrees or more wi th the direction of the longitudinal 
ba rs ; 

(c) A combination of (a) and (6). 

Where, in the judgment of the Engineer, vert ical cracks 
are likely to occur in beams a t or near the face of supports, 
due to a combination of shrinkage or t empera tu re effects 
with flexure, the vertical shear shall be wholly provided for 
by bent-up or bent-down longitudinal bars adequately 
anchored. 

Stirrups, or bent-up bars which are no t anchored a t both 
ends, according to the provisions of Clause 134, shall not be 
considered effective as web reinforcement. 

When the shear stress is not greater than 0.06/',;, the 
distance, s, shall not be greater than 

s - - 4 5 d - (31) 
a + 1 0 

where the angle a is in degrees. 
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B e a m s without 
Special Anchor-
Ige of Longitu­
dinal Reinforce­
ment, or Beams 
hth Bars Bent 
Jp in a Single 
nclined Plane 

earns with 
Hrecial Anchor­
age for 

longitudinal 
einforcement 

•ear 
IHress in 
• a t Slabs 

When the shear stress is greater t han 0.06/ ' c , the dis tance, 
s, shall no t be greater than two-thirds of the value given 
by Formula 3 1 . 

Except for hooks, the inside radius of cu rva tu re of a 
bent ba r shall no t be less than 12 t imes t h e dimension of 
the bar in the plane of bending. 

121. T h e uni t shear stress computed b y Formula 30 in 
beams in which the longitudinal reinforcement is wi thou t 
special anchorage, or in beams with bars ben t up in a single 
inclined plane, shall not exceed the value given b y Formula 
32 and in no case shall it exceed 0.06/ ' c . 

v = 0 .02/ ' , + fv Av 

bs 
(sin a + cos a) (32) 

W h e n bars are ben t up in a single inclined plane, the 
horizontal dis tance over which they are to be considered 
as effective in resisting web stresses shall no t be greater 
than s/2 on ei ther side of the point where t h e ben t -up bars 
cross the mid dep th of the beam, 5 being as indicated in 
Formula 31 . 

122. T h e uni t shear stress computed b y Formula 30 in 
beams in which longitudinal reinforcement is anchored by 
means of hooked ends or otherwise, as specified in Clause 
133, shall not exceed the value given by Formula 32, when 
0 .03 / ' c is subs t i tu ted for 0 .02 / ' c in t h a t formula, nor shall it 
exceed 0 .09/ ' c except as immediate ly below. (See Clause 
182). 

In cases where the design of unusual members involves 
the use of un i t shear stresses in excess of 0.09/',;, values 
up to b u t no t exceeding 0 . 1 2 / ' c m a y be used, providing the 
requirements of this clause are fully met , t h a t the members 
in which these stresses are used shall be specially designated 
on the p lans and t h a t these members shall be constructed 
under the personal supervision of the designing Engineer. 

123. (a) In flat slabs, the un i t shear stress on a vert ical 
section which lies a t a dis tance h — 1 x/l in. outs ide the edge 
of t h e column capi tal and parallel wi th it, shall no t exceed 
the following values when computed b y Formula 30, in 
which d shall be taken as h — 1% in : 

(1) 0.03 f ' e when a t least 50 per cent of the to ta l negat ive 
reinforcement in the two column str ips passes directly over 
the column capi ta l ; 

( 2 ) 0.025 f ' e when 25 per cent of the tota l negat ive rein­
forcement in two column s t r ips passes direct ly over the 
column capi tal (which is the least t h a t shall be permit ted) ; 

( 3 ) F o r in termedia te percentages, in termedia te values 
of the un i t shear stress shall be used. 
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Shear 
Stress in 
Footings 

Critical 
Section for 
Soil Footings 

Critical 
Section for 
Pile Footings 

Bond 
Stresses 
by Beam Action 

(b) In flat slabs, the un i t shear stress on a vertical 
section which lies a t a distance of h — 1^2 in. outside the 
edge of the dropped panel and parallel wi th i t shall not 
exceed 0 .03 / ' c when computed by Formula 30, in which d 
shall be taken as h — 1 ^ in. A t least 50 per cent of the 
cross-sectional area of the negat ive reinforcement in two 
column str ips mus t be within the wid th of str ip directly 
over the dropped panel. 

124. T h e shear stress shall be t h a t computed b y Formula 
30. T h e stress on the critical section shall no t exceed 
0.02/',; for footings with s t ra ight reinforcement bars , nor 
0 .03 / ' c for footings in which the reinforcement ba r s are 
anchored a t bo th ends b y adequate hooks, as specified in 
Clause 133. 

125. T h e critical section for shear in footings on soil 
shall be a vert ical section through the perimeter of the base 
of a frustum of a cone or pyramid having a base angle of 
45 degrees and having, for i ts top, the bo t tom of the column 
or pedestal, and for i ts base the plane of longitudinal rein­
forcement. 

126. T h e critical section for shear in footings on piles 
shall be a vertical section a t the inner edge of the first row 
of piles entirely outside a section midway between the face 
of the column or pedestal and the section described in 
Clause 125 for soil footings, bu t in no case shall it be outside 
the section defined in Clause 125. T h e critical section for 
piles not arranged in rows shall be taken midway between 
the face of the column and the per imeter of the base of the 
frustum defined in Clause 125. 

127. Foot ings having sloping top surfaces shall be con­
sidered as beams wedge-shaped in profile. 

B O N D A N D ANCHORAGE 
128. Where bar reinforcement is used to resist tensile 

stresses developed by beam action, the bond stress for 
prismatic beams shall be computed b y Formula 33 . 

ii = V - (33) 
Zojd 

For beams wedge-shaped in profile, V in Formula 33 is 
to be replaced by V\ as defined in Clause 117. Fo r a simple 
beam or the freely supported end of a cont inuous beam, the 
critical section for bond shall be assumed to be a t t he face 
of the suppor t . For a cont inuous or a restrained beam, the 
critical section for bond for the posit ive reinforcement shall 
be assumed to be a t the point of inflection, or a t section 
where bars no t required for m o m e n t have been ben t up; 
for the negat ive reinforcement i t shall be assumed as a t the 
face of the suppor t or a t sections where bars no t required 
for momen t have been ben t down. 
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nd Stress 
r Ordinary 
-chorage 

nd Stresses 
' Special 
chorage 

In a footing, only the bars specified in Clause 169 as 
effective in resisting bending moment shall be considered as 
resisting bond stresses. Special investigation shall be m a d e 
of bond stresses in footings wi th s tepped or sloping upper 
surfaces. 

129. In beams where the ordinary anchorage described 
in Clause 132 is provided, the bond stress computed b y 
Formula 33 a t any section shall not exceed the following 
values : 

For plain bars u = 0 . 0 4 / ' c 

For deformed bars as defined in 
Appendix 111 u = 0 . 0 5 / ' c 

130. In beams where special anchorage of the ba r s is 
provided as specified in Clause 133, apparen t bond stresses 
as computed b y Formula 33 exceeding those specified in 
Clause 129, b u t in no case more than IYt, t imes the la t ter , 
m a y be used; provided, however, t h a t sufficient length of 
ba r is added beyond the point of beginning of anchorage 
defined below and indicated in Appendix I I , Figure 7, to 
justify the use of the higher apparen t bond stress. I t m a y 
be computed b y Formula 34. 

F-Q'X (u'Ay So) 
uLo 

(34) 

where 
F to ta l maximum tension in the bar or bars under 

considerat ion ; 

u = permissible bond stress specified in Clause 129; 

u' = appa ren t mean bond stress for a n y port ion, 
Ay, of the bars as de termined by Formula 33 : 

Q' = rat io of u to the maximum apparen t bond stress 
as determined by Formula 33, anywhere in the 
dis tance y; 

So = perimeter of the bar or bars under consideration ; 

x = length of the bar added for anchorage, including 
the hook, if a n y ; 

y = dis tance from the point of max imum tension in 
the bar to the point of beginning of anchorage; 

Ay = a n y port ion of the dis tance y. 
T h e point of beginning of anchorage shall, in freely sup­

por ted beams, be the edge of the suppor t for s t ra ight bars , 
and the point of bending for ben t bars. For s t raight bars in 
restrained or cont inuous beams, it shall be the point of inflec­
tion for the loading under consideration. For ben t -up or 
bent -down bars in restrained or cont inuous beams i t shall be 
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the point of bending. For s t ra ight bars in canti lever b e a m s 
it shall be the beginning of the hook, if any, while for ben t 
bars i t shall be the point of bending. 

T h e inside radius of bend of any port ion of a ba r in­
cluded in the length added for anchorage shall no t be less 
than 4 bar diameters . 

131. T h e permissible bond stress for footings and similar 
members in which reinforcement is placed in more t h a n one 
direction, shall not exceed 75 per cent of the values specified 
in Clauses 129 and 130. 

132. For a continuous, restrained or canti lever beam, 
negat ive tension reinforcement shall be carried on both sides 
of the face of the support , a distance sufficient to develop by 
bond stress in accordance wi th Clause 129, the m a x i m u m , 
tension in the reinforcement. No t less than one-fourth of I 
the area of the positive reinforcement shall extend without I 
change of al ignment to provide an embedmen t of 10 or more I 
bar diameters beyond the face of the suppor t . 

In a simple beam or a t the freely suppor ted end of a con-1 
t inuous beam, a t least one-half of the a rea of the tensile I 
reinforcement shall extend along the tension side of thel 
beam to provide an embedment of 10 or more bar diameters I 
beyond the face of the support . 

133. Where increased shearing stresses are used as I 
provided in Clauses 122 and 124, or increased bond stresses! 
as provided in Clause 130, special anchorage of reinforce-f 
ment , in addit ion to t h a t required in Clause 132, b u t not 
less t han t h a t required in Clause 130, shall be provided 
as follows: 

(a) In a continuous or restrained beam, anchorage 
beyond points of inflection of one-third the area of the 
negative reinforcement and beyond the face of the supportj 
of one-third the area of the positive reinforcement shallj 
be provided to develop one-third of the m a x i m u m working! 
stress in tension, with bond stresses no t greater t han those! 
specified in Clause 129. 

(b) In footings, all bars shall be anchored by means of I 
end hooks. T h e total length of bar shall be the width ofl 
the footing plus 20 bar d iameters . T h e outer face of 
the hook shall be no t less than 3 inches nor more than 
4 inches from the face of the footing. 

(c) In a simple beam or a t the freely suppor ted end of a 
continuous beam, a t least one-half of the tensile reinforce­
m e n t shall extend along the tension side of the beam to 
provide a t a bond stress as specified in Clause 129, an 
anchorage beyond the face of the suppor t for one-third of 
the maximum unit stress in tension. 
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Anchorage of 
Web 
Reinforcement 

Moments in 
Interior 
Panels 

134. W e b bars shall be anchored a t bo th ends b y : 

(c) providing cont inui ty wi th the longitudinal rein­
forcement; or 

(b) bending around the longitudinal ba r ; or 

(c) a semi-circular hook which has an inside radius no t 
less t han four t imes the d iameter of the web bar . 

S t i r rup anchorage shall be so provided in the compression 
and tension regions of a beam as to permi t the development 
of safe working tensile stress in the s t i r rup a t a point 0.3d 
from ei ther face. 

T h e end anchorage of a web member not in bear ing on t h e 
longitudinal reinforcement shall be such as t o engage an 
amoun t of concrete sufficient to p revent the bar from 
pulling out . (For typical designs see Appendix I I , Figs. 8 
and 11). 

Hooks shall not be considered as effective if employed in 
s i tuat ions where there is danger of spli t t ing the concrete , 
unless this danger has been m e t by wrapping or o the r 
effective measures . 

F L A T S L A B S 
T w o - W a y and Four -Way Sys tems 

wi th Rectangular Panels . 
135. T h e m o m e n t coefficients, m o m e n t dis tr ibut ion and 

slab thicknesses specified herein are for a series of slabs of 
approximate ly uniform size ar ranged in three or more rows 
of panels in each direction, and in which the ra t io of length 
to wid th of panel does no t exceed 1.33. Slabs wi th paneled 
ceiling or with depressed paneling in t h e floor shall be con­
sidered as coming under the requi rements herein given. 
T h e symbols used in Formulae 35 to 37 are defined herewith 
and in Clauses 138 and 139. (See also Appendix I I , 
Figs. 13 and 14). 

In flat slabs in which the ra t io of reinforcement for nega­
t ive m o m e n t in t h e column s t r ip is no t greater t han 0 .01, 
the numerical sum of the posi t ive and negat ive m o m e n t s 
in the direction of e i ther side of t h e panel shall be assumed 
as not less t han t h a t given by Formula 35. 

Mo = 0.09 Wl it — 
where 

it. 

2c "W 
31J ' 

(35) 

sum of posit ive and negat ive bending mo men t s 
in ei ther rectangular direction a t the principal 
design sections of a panel of a flat s lab. 
base d iameter of t h e largest r ight circular cone, 
which lies entirely within the column, (including 
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A S S U M E D T O C A R R Y U N I F O R M L Y D I S T R I B U T E D L O A D S 

S t r i p 

F l a t S l a b s w i t h o u t 
D r o p p e d P a n e l s 

F l a t S l a b s w i t h 
D r o p p e d P a n e l s 

S t r i p 

N e g a t i v e P o s i t i v e N e g a t i v e P o s i t i v e 

S l a b s w i t h 2 -way R e i n f o r c e m e n t 

Column Strip 
2 Column S t r i p s . . . . 
Middle Str ip 

0.23Af o 

0 . 4 6 M o 

0 . 1 6 M o 

O. l lMo 
0.22Jlf o 

0 . 1 6 M o 

0.2SM, 
O.SOJIio 
O.lSMc 

0.20-Mo 
OASMo 

Slabs w i t h 4 - w a y R e i n f o r c e m e n t 

Column Strip 
2 Column S t r i p s . . . . 
Middle Strip 

0 . 2 5 M o 

0 . 5 0 M 0 

0A0Mo 

O.lOMo 
0 . 2 0 M o 

0.20Jlf o 

0.27M 0 

0 . 5 4 M 0 

0.08Af„ 

0 .095K, 
0.190M» 
0.190M, 

136. In computing the critical moments in flat slabs sub­
jected to uniform load, the following principal design sections 
shall be used : 

(a) Section for Negative Moment in Middle St r ip . 
T h e section extends over the central half of k 

(SeefAppendix II , Fig. 14). 

Principal 
Design 
Sections 

the capital), the vertex angle of which is 90 deg. 
and the base of which is 1 } | in. below the bottom 
of the slab or the bo t tom of the dropped panel 
(See Appendix I I , Fig. 13). For wall columns 
with brackets, the value of c in the direction of 
the bracket m a y be taken as twice the distance 
from the centre of the column to a point where 
the bracket is V/i in. thick, provided the face of 
the bracket makes an angle with the vertical not 
over 45 degrees. In the direction of the wall, c may 
be taken as the width of the column plus twice 
the depth from the bo t tom of the slab or the 
dropped panel, if one is provided, to the bottom 
of the marginal beam. 

I = span length (See Appendix I I , Fig. 14) of flat 
slab, centre to centre of columns in the rectangu­
lar direction in which moments are considered. 

h = span length of flat slab, centre to centre of 
columns perpendicular to the rectangular direc­
tion in which moments are considered. 

W = total dead and live load uniformly distributed 
over a single panel area. 

Table I V . — M o m e n t s to be Used in D e s i g n of F l a t Slabs 
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Moments in 
Principal 
Design 
Sections 

Thickness of 
Flat Slabs 

Dimensions of 
Dropped Panels 

(6) Section for Negat ive M o m e n t in Column Str ip. 
T h e section begins a t a point on the edge of the panel 

/ i /4 from the centre of a column and extends in a rectangular 
direction towards the column to a point c/2 therefrom and 
thence along a one-quarter circumference abou t the column 
centre to the adjacent edge of the panel. 

(c) Section for Positive M o m e n t in Middle Str ip. 
T h e section extends over the central half of h. 

id) Section for Positive M o m e n t in Column Str ip . 
T h e section extends a length of h/i in a rectangular 

direction across the centre of the column str ip . 

137. Provided t h a t their sum remains equal to M0, the 
moments a t the principal design sections m a y be varied 
from the values given in Tab le IV as follows: 

(a) T h e sum of the maximum negative moments in the 
two column str ips m a y be greater or less t han the values 
given in Tab le IV b y not more than 0.03Mo. 

(6) T h e max imum negative momen t and the max imum 
positive momen t in the middle str ip and the sum of the 
max imum positive moments in the two column str ips m a y 
each be less or greater than the values given in Tab le IV 
by not more than 0.0lMo. 

138. T h e tota l thickness h, in inches, of slabs wi thou t 
dropped panels shall be not less than : 

k= { 0.038(1- -1.44 — ) / w' + Ik 
3 2000 • (36) 

where w' = uniformly dis tr ibuted dead and live load 
in lb. per sq. ft. 

For slabs with dropped panels the tota l thickness in 
inches a t points beyond the dropped panel shall be not 
less t han 

h™ I 0.02 I 1 3I2000 (37) 

For the purpose of Formulae 36 and 37, c and I are in 
feet and are as defined in Clause 135. 

T h e slab thickness t, or h shall in no case be less than //32 
for floor slabs, and not less t han //40 for roof slabs. 

139. T h e dropped panel shall have a length or d iameter 
in each rectangular direction of not less than one-third the 
panel length in t h a t direction and a thickness not greater 
than 1.5/2 nor less than 1.25/2-
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Wall and Other 
Irregular Panels 

Panels with 
Discontinuous 
Edges 

Flat Slabs 
on Bearing 
Walls 

Line of 
Inflection 

140. In wall panels and other panels in which the slab is 
non-continuous on one edge, the maximum positive moments 
on the principal design sections parallel to the discontinuous 
edge (reinforcement perpendicular to t h a t edge) shall be 
increased by 25 per cent. 

T h e positive moment reinforcement perpendicular to the 
discontinuous edge shall extend to this edge and have an 
embedment of a t least 6 in. in spandrel beams or columns. 
All negative moment reinforcement shall be ben t or hooked 
a t spandrel beams or columns to provide adequa te bond 
resistance. 

At the wall or discontinuous edge the negative m o m e n t 
in the column strip shall be taken as not less than 90 per 
cent and in the middle strip not less than 6 2 p e r cent, 
of the corresponding moments for a normal interior panel 
as given in Table IV. 

141. In panels having a beam on one discontinuous edge, 
or on each of two intersecting discontinuous edges, t he beam 
shall be designed to carry a t least the load superimposed 
directly upon it, exclusive of the panel load. A beam which 
has a depth greater than V/2 t imes the min imum slab thick­
ness shall be designed to carry, in addit ion to the load super­
imposed upon it, a t least one-fourth of the dis t r ibuted load 
for which the adjacent panel is designed, and each column 
strip adjacent and parallel to the beam shall be designed to 
resist a moment a t least one-half as great as t h a t specified 
in Table IV for a column str ip. 

Each column strip adjacent and parallel to a marginal 
beam which has a depth equal to or less than 1 Yi t imes the 
minimum slab thickness, shall be designed to resist the 
moments specified in Table IV for a column str ip . Beams 
on opposite discontinuous edges of a panel and the slab 
between them shall be designed for the ent ire load and the 
slab shall be designed as a simple span. 

142. Where there is a beam or a bearing wall on the centre 
line of columns in the interior portion of a cont inuous flat 
slab, the negative moment a t the beam or wall line in the 
middle strip perpendicular to the beam or wall shall be taken 
as 30 per cent, greater than the moment specified in Tab le 
IV for a middle strip. T h e column str ip adjacent to and 
lying on either side of the beam or wall shall be designed to 
resist a moment a t least one-half of t h a t specified in Table 
IV for a column strip. 

143. In the middle strip the line of inflection for slabs 
without dropped panels shall be assumed to be 0.331 
dis tant from the centre of the span and for slabs with 
dropped panels, 0.30/ distant from the centre of the span. 
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Reinforcement 

Effective 
Reinforcement 

Reinforcement 
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Heads 

Bends in 
Reinforcement 

Computing 
Stress in 
Concrete 

Arrangement 
of Reinforce­
ment, Two-Way 
System 

In the column strip, the line of inflection for slabs wi thout 
dropped panels shall be assumed to be 0.33(1 —c) d i s tan t 
from the centre of the panel and 0.30(1 — c) for slabs with 
dropped panels. 

144. T h e rat io of flat slab reinforcement in a n y s t r ip 
shall be not less than 0.0025. Bars shall be spaced not 
farther apa r t than l j ^ t imes the total slab thickness. 

145. T h e reinforcement bars which cross a n y section and 
which fulfil the requirements given in Clause 146, m a y be 
considered as effective in resisting the momen t a t the 
section. T h e sectional area of a bar multiplied b y the 
cosine of the angle between the direction of the axis of the 
bar and any other direction m a y be considered effective as 
reinforcement in the la t ter direction. 

146. In bo th two-way and four-way systems provision 
shall be m a d e for securing t h e reinforcement in place so as 
to resist properly no t only the critical moments , b u t also 
the m o m e n t s a t in termedia te sections. T h e full area of 
steel required for negat ive momen t a t the column head shall 
be continued in the same plane close to the upper surface of 
the slab as detai led in Clause 149. Lapped splices shall no t 
be permi t ted a t or near regions of max imum stress wi thou t 
the approval of the Engineer. 

147. Bends in continuous bars shall be staggered within 
a zone extending on each side of the assumed line of in­
flection, which zone shall cover a width of a t least 1/15 of 
the panel length. Mere sagging of the bars shall no t be 
accepted as the equivalent of bending. 

148. T h e compressive stress in the concrete shall be com­
puted on the following wid ths : for negat ive momen t s in 
column str ips where dropped panels are used, the width of 
the dropped panel ; for negat ive and positive moments in all 
other cases, one-half the width of the panel. 

149. For column str ips a t least four-tenths of the area of 
steel required a t t he section for positive momen t in the 
column str ip shall be of such length and so placed as to rein­
force the negat ive moment section a t the two adjacent 
column heads . These bars and any other bars for negat ive 
reinforcement shall extend in to the adjacent panel to a 
point a t least 0.05/ beyond the line of inflection. N o t less 
t han one-third of the bars used for positive reinforcement 
in t h e column str ip shall extend into the dropped panel a t 
least 20 d iameters of the bar , bu t not less than 12 in., 
or in case no dropped panel is used shall extend to within 
0.125/ of the centre line of the columns or the suppor ts . 
T h e remainder of the bars for positive reinforcement in the 
column str ip shall extend a t least 0.33/ on either side of the 
centre line of panel. 
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For the middle str ip a t least one-half of the bars for 
positive moment shall be bent up and extend over the main 
bands a t both sides of the panel to a point a t least 0.25/ 
beyond the centre line of columns. T h e location of the 
bends shall be such t h a t for a distance 0.15/ for slabs with 
dropped panels (or 0.125/ for slabs wi thout dropped panels), 
on each side of the centre line of columns, the full reinforce­
ment required for negative moment will be provided in the 
top face of the slab. The full reinforcement for positive 
moment in the middle str ip shall extend in the bo t tom face 
of the slab to a point a t least 0.30/ on either side of the panel 
centre line, and a t least 50 per cent, of it shall extend to 
points 0.325/ on either side of the panel centre line for slabs 
with dropped panels, or 0.35/ for slabs wi thout dropped 
panels. 

150. All provisions governing the placing of steel in 
Reinforcement, column strips in two-way systems apply as well to the 
Four-Way direct bands in four-way systems. 

For diagonal bands, a t least four-tenths of the area of 
steel required a t the section for positive momen t shall be 
of such length and so placed as to reinforce the negative 
moment section a t the two diagonally opposite column 
heads. These bars and any other bars for negat ive rein­
forcement shall extend into the adjoining panel to points 
a t least 0.40/ beyond a line drawn through the column centre 
perpendicular to the direction of the band. T h e straight 
bars for positive moment in the diagonal bands shall be not 
shorter than the longer s t raight bars in the direct bands . 

For negative moment in the middle str ip, the required 
steel shall extend not less than 0.25/ on ei ther side of the 
column centre line. 

151. For s t ructures having a width of one or two panels 
and also for slabs having panels of markedly different sizes, 
an analysis shall be m a d e of the moments developed in both 
slabs and columns, and the values given in Clause 135 
modified accordingly. 

REINFORCED CONCRETE, COMPOSITE AND STRUCTURAL 
S T E E L COLUMNS 

Limiting 152. T h e following clauses on reinforced concrete 
Dimensions columns with the exception of Clause 161, are based on the 

assumption of a short column. Where the unsupported 
length of a reinforced concrete column is greater t han 15 
times the least lateral dimension of the area A, the safe 
load shall be determined by Formula 42. Principal columns 
in buildings shall have a minimum diameter or thickness of 
8 in. Minor columns or s t ru ts shall have a min imum 
diameter or thickness of 6 in. 
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L e n g t h 

Safe Load 
on Columns 
with Spirals 

153. T h e unsupported length of a column shall be taken 
a s : 

(a) In flat slab construction the clear distance between 
the floor and under side of the capital ; 

(6) In beam-and-slab construction, the clear distance 
between the floor and the under side of the shallowest beam 
framing into the column a t the next higher floor level; 

(c) In floor construction with beams in one direction 
only, the clear dis tance between floor slabs; 

(d) In a column supported laterally by s t ru ts or beams 
only, the clear distance between consecutive pairs (or 
groups) of s t ru t s or beams, provided t ha t to be considered 
an adequa te support , two such s t ru ts or beams shall meet 
the column a t approximately the same level and the angle 
between the two planes formed by the axis of the column and 
the axis of each s t ru t respectively, is not less than 75 deg. 
nor more than 105 deg. 

When reinforced-concrete brackets are used a t the junc­
tion of beams or s t ru t s with columns, the clear distance 
between suppor ts m a y be considered as reduced by the 
dep th of the bracket , provided the width of the bracket is 
no t less than one-half the width of the column. 

154. T h e safe axial load on a short column reinforced with 
longitudinal bars and closely spaced spirals shall be not 
greater than t ha t determined by Formula 38. 

T h e symbols used in Formulae 38 to 44 are defined in 
Clauses 96 and 97, except as indicated in Clauses 154, 156, 
159, 161, 167 and 173. 

where 
P = tota l safe axial load on column the h/D of which is 

not greater than 15; 
A — area within the outer circumference of the spiral 

reinforcement; 
D = outer diameter of spiral reinforcement; 
p = rat io of area of longitudinal reinforcement to 

area A; 
/ c — permissible compressive s t r e s s in c o n c r e t e 

= 300 + (0 .10+4/>) /7 (39) 

T h e longitudinal reinforcement shall consist of a t least 6 
bars of min imum diameter of in. and its cross-sectional 
area shall be not less than 1 per cent, nor more than 6 per 
cent, of the area A (See Clause 81 regarding splices). 

(38) 

* 
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Columns 

155. T h e volume of the spiral reinforcement shall be not 
less than one-fourth the volume of the longitudinal rein­
forcement. I t shall consist of evenly-spaced cont inuous 
spirals held firmly in place and t rue to line b y a t least 3 
vert ical spacer bars . T h e pitch of the spirals shall be not 
greater t han one-sixth of D and in no case more t h a n 3 in. 
T h e ends of spirals shall be anchored, or shall be lapped for 
a length a t least 20 t imes t h e d iameter of the mater ia l . T h e 
spiral reinforcement shall meet the requi rements of the 
C.E.S.A. " S t a n d a r d Specification for Cold-Drawn Steel Wire 
for Concrete Reinforcement" . (Appendix V) . 

156. T h e safe axial load on a short column reinforced with 
longitudinal bars and separa te lateral t ies shall be deter­
mined by Formula 38, 

where 
A = a rea within the protect ive envelope which shall 

be not less t h a n 1 inch th ick; 
p — ra t io of area of longitudinal reinforcement to the 

area A. 
T h e value of / c shall no t exceed 0.25 f'c. T h e amoun t 

of longitudinal reinforcement shall be no t more than 
2 per cent nor less than 0.5 per cent of the area A. The 
longitudinal reinforcement shall consist of no t less than 
4 bars of a min imum diameter of 3̂ 2 in-

157. Latera l ties shall be no t less than \i in- in diameter , 
spaced no t farther a p a r t t h a n 15 t imes the d iameter of the 
reinforcement, nor more t han 12 inches in a n y case. 

158. T h e bending momen t s in interior and exterior 
columns shall be de termined b y the condit ions of loading 
and end res t ra int , and shall be provided for in the design. 
T h e following provisions shall apply to reinforced concrete 
columns subjected to bend ing : 

(a) Wi th Spiral Reinforcement. T h e uni t compressive 
stress on t h e concrete wi th in the area A under combined 
axial load and bending shall not exceed b y more t han 20 
per cent the value given for axial load by Fo rmula 39. 

(b) W i t h Lateral Ties . Longi tudinal reinforcement addi­
tional to t h a t specified in Clause 156, b u t no t to exceed 2% 
of the area A, may be used if required and t h e uni t compres­
sive stress on the concrete under combined axial load and 
bending m a y be increased to 0.30f'c. 

159. T h e safe load on a composite column in which a 
s t ructura l steel or cast-iron section is thoroughly encased in 
a circumferentially reinforced concrete core, shall be based 
on a certain un i t s tress for t h e steel or cast-iron 
section plus a uni t stress of 0 .25 / ' c on the a rea of concrete 
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Structural 
Steel 
Columns 

Long 
Columns 

within the outer circumference of the spiral . Longi tudinal 
rods m a y be used u p to 4 % of the a rea A and shall b e figured 
for a compressive stress of 0 .25 nf'c. 

T h e uni t compressive stress on the steel section shall be 
no t greater t h a n t h a t de te rmined b y Fo rmula 40, 

b u t shall n o t exceed 15,000 lb . per sq. in. 

T h e uni t compressive stress on t h e cast-iron section shall 
be no t greater t han t h a t de te rmined b y Fo rmula 4 1 , 

b u t shall no t exceed 9,000 lb . per sq. in. 
In Formulae 40 and 4 1 , 

fr = un i t compressive stress in me ta l sect ion; 

R = least radius of gyrat ion of composi te column. 
For approximate design this m a y be t aken as t h e 
least radius of gyrat ion of meta l section. 

T h e d iamete r of the cast-iron section shall no t exceed 
one-half of t h e d iamete r of t h e core wi th in t h e outer 
d iamete r of the spiral . T h e spiral reinforcement shall be 
no t less t h a n 0.5 per cent, of the vo lume of this core and 
shall conform in qual i ty , spacing and o the r requi rements 
to t h e provisions for spirals in Clause 155. 

T h e a rea of t h e concrete between t h e spiral and the 
me ta l section shall be no t less t h a n t h a t required to ca r ry 
t h e to ta l floor load of the s tory above on t h e basis of a 
s t ress in t h e concrete of 0 .35 / ' c , unless special b racke t s a re 
ar ranged on the metal section to receive directly the beam 
or slab load. 

160. T h e safe load on a s t ruc tu ra l steel column of a 
section which fully encases an a rea of concrete and which 
is p ro tec ted b y an outs ide shell of concrete a t leas t 3 in. 
thick, shall be computed in the same m a n n e r as for the com­
posite column in Clause 159, allowing 0.25f'c only on the 
a rea of the concrete enclosed b y t h e steel section. T h e 
outs ide shell shall be reinforced b y wire mesh, t ies or spiral 
hoops, weighing n o t less t h a n 0.2 lb . per sq. ft. a n d wi th a 
m a x i m u m spacing of 6 in. be tween s t r ands or hoops . Steel 
b racke t s shall be used to receive the en t i re floor load a t 
each s tory . 

161. T h e permissible working load on columns rein­
forced wi th longi tudinal b a r s and closely spaced spirals , or 
wi th longitudinal bars and lateral ties, referred to in Clauses 

/ , = 18,000 -70h/R (40) 

fr = 1 2 , 0 0 0 - 6 0 h/R (41) 
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154 and 156 respectively, and which have an unsupported 
length greater than 15 t imes D, shall be no t greater than 
t h a t de termined b y Fo rmula 42, 

p> h 

— = 1.47 — (42) 
P 32D 

where 
P' = tota l safe axial load on long co lumn; 

P = to ta l safe axial load on column of the same section 
in which the hjD is not greater t han 15, determined 
as in Clauses 154 and 156; 

D = least lateral dimension of t h e a rea A. 

General 

Loads 

Sloped or 
Stepped 
Footings 

Critical 
Section 
for Bending 

Plain Concrete 
Footings 

Square 
Column on 
Square Footing 

FOOTINGS 

162. T h e requirements for tension, compression, shear 
and bond in Clauses 96 to 134 inclusive, shall govern the 
design of footings, except as hereinafter provided. Provision 
shall be m a d e for possible flexure and uplift in columns. 

163. Footings resting direct ly on soil or on piles shall be 
proport ioned as to area or n u m b e r of piles on t h e basis of 
the tota l column load plus the weight of the footing itself. 
For computa t ions of momen t s and shears the upward 
reaction per un i t area or per pile shall be the to t a l column 
load (not including the weight of the footing itself) divided 
b y the area or by the n u m b e r of piles. 

164. Footings in which the thickness has been deter­
mined by the requirements for shear as specified in Clauses 
125 and 126 m a y be sloped or s tepped, provided t h a t the 
shear on no section exceeds the va lue specified, and pro­
vided further t h a t the thickness of the footing above the 
reinforcement a t the edge shall be no t less t han 6 in. for 
footings on soil nor less t han 12 in. for footings on piles. 
T h e shear stress in a footing wi th sloping top surface shall 
be computed as for a beam wedge-shaped in profile. Sloped 
or s tepped footings shall be cast as a un i t . 

165. T h e critical section for bending in a concrete footing 
which suppor ts a column or pedestal , shall be considered 
to be a t t he face of the column or pedesta l . 

166. In a plain concrete footing computed as in Clause 
165, the flexural stress shall not exceed 0 .02/ ' c . 

167. In a square footing suppor t ing a concentr ic square 
column, the bending m o m e n t a t t he critical section shall 
be computed by the formula, 

M= w 
2 

( a , + 1.2c)c2. .(43) 
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where 

M = bending m o m e n t a t critical section of footing; 

ai = wid th of loaded a rea of footing; 

c — projection of footing from face of co lumn; 

w — upward reaction per uni t of a rea of base of footing. 

(For typical footing designs, see Appendix I I , Figs. 1 5 
a n d 1 6 ) . 

Round Column 
on Square 
Footing 

1 6 8 . For a round or an octagonal column, the d is tance a\ 
shall be t aken as the side of a square hav ing an a rea equal 
to the area of the column. 

Reinforcement 1 6 9 . T h e reinforcement in each direction in the footing 
shall be determined as for a reinforced concrete b e a m ; 
the effective dep th shall be the dis tance from the t o p of the 
footing to the plane of t h e reinforcement. T h e sectional 
area of reinforcement shall be dis t r ibuted uniformly across 
the footing unless the width is greater t h a n the side of t h e 
column or pedestal plus twice the effective d e p t h of the 
footing, in which case the wid th over which the reinforce­
m e n t is uniformly spread m a y be increased to include one-
half t h e remaining wid th of the footing. In order t h a t no 
considerable wid th of the footing shall remain unreinforced, 
addi t ional reinforcement shall be placed outside of t h e 
wid th specified, b u t such reinforcements shall not be 
considered as effective in resisting the calculated bending 
moment . For the extra reinforcement a spacing double 
t h a t wi thin the effective bel t m a y be used. 

Concrete 
Stress 

Transfer 
of Stress from 
Column 

Pedestals 
without 
Reinforcement 

1 7 0 . T h e ex t reme fibre stress in sloped or s tepped footings 
shall be based on the exact shape of the section for a wid th 
no t greater t han t h a t assumed effective for reinforcement. 

1 7 1 . T h e compressive stress in longitudinal reinforcement 
in columns or pedestals shall be transferred to t h e footing 
b y d is t r ibut ing bases or dowels. Where dowels a re used, 
there shall be a t least one for each ba r and the i r to ta l 
sectional a rea shall be no t less t han the area of the longi­
tudina l reinforcement in the column or pedestal . T h e dowels 
shall project in to the column or pedestal and in to t h e 
footing a dis tance sufficient to develop the working stress 
in the dowels by bond . 

1 7 2 . T h e allowable compressive uni t s tress on the gross 
a rea of a concentrical ly loaded pedestal w i thou t reinforce­
m e n t shall be 0 . 2 5 / ' E . 
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Bearing 
Stress on 
Pedestals 

Pedestals with 
Reinforcement 

Pedestals 
without 
Reinforcement 

173. On the loaded area under a column rest ing on such 
a pedestal with or wi thou t a d is t r ibut ing base for the 
longitudinal reinforcement, the permissible un i t compressive 
stress m a y be determined by the following formula, b u t in 
no case shall it exceed 0 .50/ ' c : 

ra = permissible working stress over the loaded area; 

oi = width of loaded area of pedestal ; 

a% = twice the dis tance from centre line of load to 
nearest side of pedestal . 

In sloped or s tepped footings, concentrical ly loaded, 
<z2 m a y be taken as the width of the top horizontal surface 
of the footing or the width of the lower base of t h e largest 
frustum of a pyramid or cone contained wholly within 
the footing and having for the wid th of i ts upper base the 
diameter of the column, and having side slopes of 1 vertical 
to 2 horizontal. If these widths differ, t he greater shall 
be used. 

174. When lateral reinforcement in the form of spirals 
or hoops is provided, the value of ra in Formula 44 m a y be 
multiplied by ( 1 + 2 . 5 nps), bu t no area outs ide the outer 
diameter of the spiral shall be considered. T h e rat io of 
the volume of the spiral reinforcement to the volume within 
the outer diameter of such reinforcement is denoted by ps-
In no case shall ra exceed 0.50 / ' „ . 

Where lateral reinforcement is provided it shall extend 
to within 3 in. of the top of the pedestal , pier or footing and 
to a dep th equal to the d iameter of the spiral. T h e spiral 
hooping shall be concentric with the column. T h e pitch 
of the spiral or the spacing of the hoops in the clear shall 
be not less than 2 in. nor more than 5 in. T h e designed 
pitch shall be mainta ined by a t least four spacers securely 
fastened to each spiral tu rn or hoop. T h e va lue of p. 
shall not exceed 0.015. 

175. T h e depth of a pedestal or pedestal footing with 
vertical sides shall be no t greater t han 3 t imes its least 
width . T h e depth of a pedestal whose sides a re sloped or 
stepped shall no t exceed 3 t imes the least width or 
d iameter of the section midway between he t top and 
bo t tom. A pedestal footing suppor ted direct ly on piles 
shall have a m a t of reinforcing bars hav ing a cross-sectional 
area of no t less than 0.20 sq. in. per foot in each direction, 
placed 3 in. above the top of the piles. 
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R E I N F O R C E D CONCRETE R E T A I N I N G W A L L S 

176. T h e following principles shall be followed in the 
design of reinforced concrete retaining walls: 

(a) T h e unsuppor ted toe and heel of the base slabs shall 
be considered as canti lever beams fixed a t the faces of t h e 
ver t ical s tem. 

(&) T h e vert ical s tem of a cant i lever wall shall be 
considered a canti lever beam fixed a t the top of t h e base. 

(c) In counterforted or but t ressed walls those por t ions 
of face walls and base slabs lying be tween ,and suppor ted b y , 
counterfor ts or but t resses shall be designed in accordance 
w i t h the requi rements for cont inuous slabs in Clause 103. 

(d) Counter for t s shall be designed in accordance wi th 
t h e requi rements for T -beams in Clauses 106 and 107. 
T h e y shall be considered as beams wedge-shaped in profile. 
S t i r rups shall be provided in counterfor ts to t a k e the reac­
t ion when face walls and heels are designed to span between 
counterfor ts . S t i r rups shall be anchored as near the 
exposed face of t h e longitudinal wall and as close to the 
lower face of t h e base a s the requi rements for pro tec t ive 
covering pe rmi t . 

(e) But t resses shall be designed in accordance wi th t h e 
requi rements for beams rectangular in cross section and 
wedge-shaped in profile. 

(/) T h e shear stress a t the junct ion of the base wi th 
counterfor ts or bu t t resses shall be governed generally b y 
t h e condit ions of Clauses 115 to 122. 

(g) Hor izonta l meta l reinforcement shall be of such form 
and so d is t r ibuted as to develop the required bond. T o 
p reven t t empe ra tu re and shr inkage cracks in exposed sur­
faces no t less t h a n 0.25 sq. in. of horizontal me ta l rein­
forcement per foot of height shall be provided. 

(h) Provision for t empera tu re changes shall be m a d e a t 
sui table jo in ts a t sections no t over 60 ft. apa r t . 

(i) Counter for ts and but t resses shall be located unde r 
poin ts of concent ra ted loading, and a t in te rmedia te points , 
as m a y be required b y t h e design. 

(J) T h e walls shall be cast as a uni t between expansion 
jo in t s unless construct ion joints , formed in accordance wi th 
Clauses 87 and 9 1 , are provided. 

(k) Sui table weep holes no t less t han 4 in. in d iamete r 
and no t more t h a n 10 ft. apa r t , or dra ins , shall be provided. 
In counterfor ted walls each pocket formed by the counter ­
forts shall be dra ined. 
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(c) Piers and Pedesta ls 0 .25 /'< 
(See Clause 172). 

Compression 179. (a) Ex t r eme fibre stress in flexure * 0 . 4 0 / ' ( 

Fibre. (b) Ex t reme fibre stress in flexure adjacent 
to suppor ts of cont inuous or fixed beams, 
or a t joints of rigid frames *0.45/'< 

Tension 180. (a) In reinforced concrete members none 

(6) In plain concrete member s in flexure... 0.02 / ' e 

SHEARING STRESS IN CONCRETE 

Longitudinal 181. (a) Beams wi thou t web reinforcement 0.02/'< 
Bars without (£>) Beams with s t i r rups or ben t -up bars or 
S P ^ 1 combinat ion of the two 0 .06 / ' , 
Anchorage 

Longitudinal 182. (a) Beams wi thou t web reinforcement 0.03/'< 
Bars having 
Special (o) Beams with s t i r rups or ben t -up ba r s or 
Anchorage combinat ion of the two *0.09/< 

(See Clause 122 for condit ions de te rmining 
the use of greater shear stresses) . 

•For minor structures on which compétent supervision and inspection may not be provided, it is recomme» 
that these stresses be reduced by 20 per cent. 

SUMMARY OF W O R K I N G STRESSES 

General 177. T h e following are the working stresses on which 
this specification is based : 
where 

f'ç = u l t imate compressive s t rength of concrete a t age 
of 28 days , based on tes ts of 6 by 12 in. or 8 by 
16 in. cylinders made and tes ted in accordance 
wi th the " M e t h o d of Mak ing Compression Tests 
of Concre te" (Appendix X I I ) , and the "Method 
of Making and Storing Specimens of Concrete in 
the Fie ld" (Appendix X I I I ) . 

D I R E C T STRESS IN CONCRETE 

Direct 178. (a) Columns of which the length does no t exceed 
Compression 15 t imes the least lateral dimension: 

(1) Wi th spirals it varies wi th a m o u n t of longi­
tudinal reinforcement (See Clause 154); 

(2) W i t h longitudinal reinforcement and lateral 
ties (See Clause 156). 

(b) Long Co lumns . . . .(See Clauses 159 and 161). 
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Flat Slabs 

Footings 

Tension in 
Steel 

183. Shear a t dis tance d from capi tal or dropped 
panel 0 .25 f'e t o 0 . 0 3 / ' , 
(See Clause 123). 

184. (a) Longi tudinal ba r s wi thou t special 
anchorage 0 . 0 2 / ' , 

(b) Longi tudinal ba r s having special 
anchorage 0 . 0 3 / ' , 

STRESS IN REINFORCEMENT 

185. (a) Billet-steel b a r s : 
(1) S t ruc tura l Steel g r ade . 18,000 lb. per sq. in. 
(2) In te rmedia te g r a d e . . . .20,000 lb. per sq. in. 
(3) H a r d grade 20,000 lb . pe r sq. in. 

(b) Rail-steel bars 20,000 lb. per sq. in. 
(c) S t ruc tura l Steel 18,000 lb. per sq. in. 
(d) W e b reinforcement, hangers or o ther 

direct tension members , (all quali t ies . 
of steel) 16,000 lb. per sq. in . 

(e) Other steel reinforcements .50 per cent, of yield 
point stress. 

Compression in 
Steel 

Compression in 
Cast Iron 

Bond between 
Concrete and 
Reinforcement 

186. (a) B a r s : n t imes stress in adjacent c o n c r e t e . 
(b) S t ruc tura l steel columns, or s t ruc tu ra l 

steel core of composi te 
columns 18,000 lb. per sq. in. 
reduced for slenderness 
rat io wi th max imum of.. . .15,000 lb. per sq. in . 
(See Clauses 159 and 160). 

187. Composi te cast-iron co lumns . .12,000 lb. per sq. in. 
reduced for slenderness ra t io 
wi th a max imum of 9,000 lb. per sq. in . 
(See Clause 159). 

188. (a) Beams and slabs, plain bars 0 . 0 4 / ' , 
(b) Beams and slabs, deformed bars 0 .05 / ' , 
(c) Footings, plain bars , one-way 0 . 0 4 / ' , 
(d) Foot ings, deformed bars , one-way 0 . 0 5 / ' , 
(e) Foot ings , ba r s in more t han one direc­

tion, (c) or (d) reduced b y 25 per cent . 
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P A R T I I I 

A P P E N D I X I 
S T A N D A R D N O T A T I O N 

All symbols used in this Specification for Concrete and Reinforced Concrete 
have been collected here for convenience of reference. T h e symbols are 
in general defined in the text near the formulae in which they are used. 
In a few instances the same symbol is used in two dis t inct senses; however, 
there is l i t t le danger of confusion from this source. 

ai = wid th of loaded a rea of pedestal , pier or footing; 

us = twice the dis tance from centre line of load to neares t side of 
pedestal ; 

a = angle between web bars and longitudinal ba r s ; 

A = area wi thin outer circumference of a column spiral, or in the case 
of a column wi th la teral ties, t he area wi thin the protect ive 
envelope; 

A, = effective cross-sectional area of meta l reinforcement in tension 
in b e a m s or slabs or in compression in co lumns; and t h e effective 

• cross-sectional a rea of me ta l reinforcement which crosses any of 
the principal design sections of a flat slab and which meets t h e 
requi rements of Clause 146; 

Av = to ta l a rea of web reinforcement in tension within a d is tance of 
5 (si, sit s3, etc.) or the total a rea of all bars ben t up in a n y one 
p lane (See Appendix I I , Fig. 9) ; 

b = width of rec tangular beam or wid th of flange of T-beam ; 

b' = width of s tem of T-beam ; 

h = dimension of the dropped panel of a flat slab in the direction 
parallel t o h (See Appendix I I , Fig . 14); 

c = base d iameter of the largest r ight circular cone which lies ent irely 
within t h e column (including t h e capi ta l ) , t he ver tex angle of 
which is 90 deg. and t h e base of which is 1 Yi in. below the bo t t om 
of the s lab or t h e b o t t o m of t h e dropped panel (See Appendix I I , 
Fig. 13); 

c = projection of footing from face of co lumn; 

C = to ta l compressive stress in concre te ; 

C *" to ta l compressive stress in reinforcement; 

d = dep th from compression surface of b e a m or s t ruc tura l slab to 
cent re of longitudinal tension reinforcement; 

d' — dep th from compression surface of b e a m or slab to centre of 
compression reinforcement; 

= least la teral dimension of the area A ; 
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Ec = modulus of elasticity of concrete in compression ; 
Es = modulus of elasticity of steel in tension = 30,000,000 lb. per sq. in. ; 
/ c = uni t compressive stress in ext reme fibre of concrete ; 
fa = permissible uni t flexural stress in extreme fibre of concrete for a 

beam wi thou t cont inuous lateral suppor t ; 
f'c = u l t imate compressive s t rength of concrete a t age of 28 days 

based on tests of 6 b y 12 in., or 8 b y 16 in. cylinders m a d e and 
tested in accordance with the " M e t h o d of Mak ing Com-

. pression Tes t s of Concre te" (Appendix X I I ) , and t h e "Method 
of M a k i n g and Stor ing Specimens of Concrete in t h e Field" 
(Appendix X I I I ) ; 

fT = un i t compressive stress in metal section of column; 
fs = uni t tensile stress in longitudinal reinforcement; 
f's = uni t compressive stress in longitudinal reinforcement; 
/„ = uni t tensile stress in web reinforcement; 
F — to ta l max imum tension in a ba r or set of ba r s ; 
h = unsuppor ted length of column ; 
I = gross m o m e n t of inert ia of a section a b o u t t h e neut ra l axis for 

bending; 
j = ra t io of lever a rm of resisting couple to dep th d; 
jd = d—z = a r m of resisting couple; 
k = ra t io of dep th of neut ra l axis to dep th d; 
I = span length of beam or slab (generally d is tance from centre to 

centre of suppor t s ; for special cases, see Clauses 99 and 135) ; 
h = span length of flat slab, centre to centre of columns, perpendicular 

to the rectangular direction in which m o m e n t s a re considered; 

/ = span length of flat slab, centre to centre of columns, in the rectan­
gular direction in which m o m e n t s are considered; 

M = bending m o m e n t or m o m e n t of resistance in general ; 

MQ = sum of positive and negat ive bending mo men t s in e i ther rectan­
gular direction, a t the principal design sections of a panel of a 
flat s lab; 

n = E5/Ec = ra t io of modulus of elast ici ty of steel to t ha t of concrete; 

o = per imeter of bar ; 

So = sum of per imeters of bars in one set ; 

p = ra t io of effective area of tension reinforcement to area of concrete 
in beams=A s/bd; and the rat io of area of longitudinal reinforce­
m e n t to t h e a rea A in co lumns; 

p' = rat io of effective area of compression reinforcement to area of 
concrete in beams ; 
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ps m t he rat io of the volume of the spiral reinforcement in a column or 
pedestal to the volume within the outer d iameter of such reinforce­
m e n t ; 

P = to ta l safe axial load on column whose h/D is not greater than 15; 
P' = to ta l safe axial load on long column; 
Q' = ra t io of permissible bond stress u t o the max imum appa ren t bond 

stress as determined by Formula 33, anywhere in the dis tance y; 
ra = permissible working stress in concrete over the loaded area of 

a pedestal , pier or footing; 
R — ra t io to Af0, of positive or negat ive moment in two column str ips , 

or one middle s t r ip of a flat slab ; 
R = least radius of gyrat ion of a composite column ; 
s — spacing of web bars or s t i r rups from each o ther or from the 

edge of the suppor t , measured a t the plane of the lower reinforce­
m e n t and in the direction of the longitudinal axis of t h e b e a m ; 

t = thickness of flange of T-beam ; 
/i = thickness of flat slab wi thou t dropped panels or to ta l thickness 

of a dropped panel (See Appendix I I , Fig. 13) ; 
k = thickness of flat slab wi th dropped panels a t points away from 

the dropped panel (See Appendix I I , Fig. 13); 
T = to ta l tensile stress in longitudinal reinforcement; 
u = bond stress per uni t of area of surface of bar ; 
u' = appa ren t existing mean bond stress for any portion, /\y, of the 

bars as computed by Formula 33 ; 
v = uni t shear stress; 

V = tota l t ransverse shear ; 
F, = tota l shear to be taken by concrete and web reinforcement in 

wedge-shaped beams ; 
w = uniformly dis t r ibuted dead and live load per uni t of length of 

beam or s lab ; 
w = upward reaction per uni t of area of base of footing; 
w' = uniformly dis t r ibuted dead and live load per uni t of a rea of a 

floor or roof; 
W = total dead and live load uniformly dis t r ibuted over a single panel 

a rea ; 
x = length of ba r added for anchorage, including the hook, if a n y ; 
y = d is tance from the point of m a x i m u m tension in the ba r to the 

point of beginning of anchorage; 

Ay = any port ion of the distance y; 
z = dep th from compression surface of beam or slab to resu l tan t of 

compressive stresses. 
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A P P E N D I X II 
D R A W I N G S I L L U S T R A T I N G D E S I G N 

Note—See Appendix I for explanation of symbols used in drawings. 

fc 
z 

* > 1 
I 

fs "*| 

Fig.l— Nomenclature for Concrete Beam Reinforced for Tension. 

Fig. 2—Nomenclature for Concrete Beam Reinforced for 
Tension and Compression. 

Fig. 3—Nomenclature for Reinforced Concrete T-Beam. 
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Allowable 6h ear = 
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Fig. 4—Typical Reinforced Concrete Beam; Principal Longitudinal 

Bars without Special Anchorage. 

2 

Allowable Shear = 0.03 r"e 

Fi£. 5—Typical Reinforced Concrete Beam; Special Anchorage 

of Longitudinal Bars. 

i erf /•--/-- - V 

Series of 
Vertical Stirrups. 

I 

Jif/-/'« OR" 
Inclined Bars 
orôtirrups. 

Fig. 6—Typical Reinforced Concrete Beam without Special 

Anchorage; Web Reinforced by Means of Series of 

Vertical Stirrups or Series of Inclined 

Bars or Stirrups. 
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.y for bent bars 
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Fig. 7—Lengths of Anchorages (See Clause 130). 



Fig. 8—Typical Reinforced Concrete Beam with 
Anchored Longitudinal Bars and Vertical 

Stirrups. 

Must be Carried at least 
to Point of Inflection--. 

< S, -3>j<- s 2 -jk- s , ->j<- s 4 ->j 

Maximum Spacing (S,, Sz,etc.)permitted forccm45' 
Smaller Spacing generally is preferable. 

Fig. 9—Typical Reinforced Concrete Beam with 
Web Reinforced by Means of Series of 

Inclined Bars. 
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.•••Points of Inflection .. 

* l " I " l ^ T " . T r " " T r - n / T i I 1 
i l 1 • • 1. ! ! 1 ! i / > 1 ' ' ( 

U-
1 

1—> 1 / 1 
J / 

Working Stress 

Fig. 10—Typical Web Reinforcement for Continuous 
Beams with Special Anchorage. 

Fig. 11—Typical Methods of Anchoring Vertical Stirrups. 

• 

• • • « • • • • y£ 
Fig. 12—Typical Reinforced Concrete Beam-and-

Tile Construction. 
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Fig. 13—Typical Column Capital and Sections of Flat 
Slab with Dropped Panel. 

-Sections of Critical 
Negative Moment — 

4 

s 

t, 
2 

«5» 

Sections of Critical [ c 

Positive Moment--' E 
i .3 

The Span Lengths I and I, 
are intercha ngeable 
according to the Direction 
of the Moment under 
Consideration 

, J 

Fig. 14—Principal Design Sections of a Flat Slab. 
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Fig. 15—Typical Sloped Reinforced 
Concrete Footing on Piles. 

Fig. 16—Typical Sloped Reinforced 
Concrete Footing on Soil. 
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A P P E N D I X III 

G E N E R A L G L O S S A R Y 
AGGREGATE-—Inert mater ia l which is mixed with Por t land cement and 

water t o produce concrete; in general, aggregate consists of sand, 
pebbles, gravel, crushed stone, or similar materials . (See Fine Aggrega­
te, Coarse Aggregate) . 

ALKALI W A T E R S — F o r the purposes of this specification, waters containing 
appreciable quant i t ies of the sulphates of the alkaline metals and 
ear ths wi th or w i thou t chlorides of the alkaline ea r ths in solution. 

APPROVED—Meet ing the approval of, or specifically authorized by , the 
Engineer. 

BUTTRESSED R E T A I N I N G W A L L — A retaining wall with brackets or bu t ­
tresses on the side opposite the pressure face uni t ing the upr ight 
section with the toe of the base. 

CANTILEVER R E T A I N I N G W A L L — A reinforced concrete wall having an 
upright section and a base each of which resists-, by canti lever act ion, 
the pressure to which it is subjected. 

COARSE AGGREGATE—Aggregate , subject t o specified tolerances re ta ined 
on a N o . 4 sieve and of a max imum size generally no t larger than 3 in. 
(See Aggregate, Fine Aggregate) . 

COMPOSITE C O L U M N — A column in which a s t ruc tura l steel or cas t iron 
section is encased in a circumferentially reinforced concrete core. 

CONCRETE—A mixture of Por t l and cement , fine aggregate, coarse aggregate 
and water . (See M o r t a r ) . 

CONSISTENCY—A general t e rm used to designate the relat ive plast ici ty 
of freshly mixed concrete or mor ta r . 

COUNTERFORTED R E T A I N I N G W A L L — A reinforced concrete wall with 
brackets or counterforts on the pressure face uni t ing the upr ight 
section to the heel of the base. 

CRUSHER-RUN STONE—Unscreened crushed stone. (See S tone Screenings). 
CURINC-—Curing of concrete, as dist inguished from drying, is the cont inued 

chemical reaction which takes place between the wate r and the cement . 
This react ion is assisted by t h e main tenance of proper t empera tu re 
and mois ture condit ions, t he result ing s t rength and wearing qualit ies 
of the concrete increasing wi th the length of the period during which 
these condit ions a re main ta ined . 

CYCLOPEAN CONCRETE—Concre t e in which stones weighing more t han 
100 lb. are individually embedded. 

DEFORMED^ BAR—Rein fo rcemen t ba r with closely spaced shoulders, lugs, 
°r projections formed integral ly with t h e ba r dur ing rolling so as to 
engage firmly t h e sur rounding concrete. Wire mesh, wi th welded 
intersections no t far ther a p a r t t han twelve inches in the direction of 
the principal reinforcing and wi th cross wires no t smaller than N o . 10, 
may be ra ted as a deformed bar . 

NGINEER—The Engineer in responsible charge of the work. 
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F I N E AGGREGATE—Aggregate, subject to specified tolerances, passing 
through a No. 4 sieve. (See Aggregate, Coarse Aggregate). 

FLAT S L A B — A concrete slab having reinforcement bars extending in two 
or more directions wi thout beams or girders to carry the load to 
support ing members. 

G R A V E L — R o u n d e d particles larger than sand resulting from the natural 
disintegration of rocks. (See Sand) . 

LAITANCE—Extremely fine material of little or no hardness which may 
collect on the surface of freshly deposited concrete or mortar , resulting 
from the use of excess mixing water, and usually recognized by its 
relatively light colour. 

M E M B R A N E WATERPROOFINC-—A coating reinforced by fabric, felt or 
similar toughening material and applied to s tructures t o prevent 
contact of moisture. 

M O R T A R — A mixture of Port land cement, fine aggregate, and water. 
(See Concrete). 

OILPROOFING—Treatment of a concrete surface to resist the action of 
mineral, vegetable or animal oils. 

P E D E S T A L — A n upright compression member whose height does not exceed 
3 t imes its least lateral dimension. 

PEDESTAL FOOTING—A column footing projecting less than one-half its 
depth from the faces of the column on all sides and having a dep th not 
more than 3 times its least width. 

P I T - R U N AGGREGATE—A natura l mixture of sand and gravel which has 
not been screened or otherwise t reated to make it suitable for concrete. 

PORTLAND C E M E N T — T h e product obtained by finely pulverizing clinker 
produced by calcining to incipient fusion an in t imate and properly 
proportioned mixture of argillaceous and calcareous mater ials , with 
no additions, subsequent to calcination, excepting water and calcined 
or uncalcined gypsum. 

P R E - M I X E D AGGREGATE—A mixture of fine and coarse aggregate t h a t has 
been combined in some predetermined proportion before delivering 
to the work. 

REINFORCED CONCRETE—Concre te in which meta l is embedded in such 
a manner t ha t the two materials ac t together in resisting forces. 

REINFORCED CONCRETE COLUMN—A column reinforced with longitudinal 
bars and closely spaced spirals, or with longitudinal bars and separate 
lateral ties. 

R U B B L E AGGREGATE—Stone or gravel larger than 3 in. in diameter and 
weighing no t more than 100 lb. (See Rubble Concrete) . 

R U B B L E CONCRETE—Concre te in which pieces of rubble aggregate are 
individually embedded. (See Rubble Aggregate). 

S A N D — S m a l l grains resulting from the na tura l disintegration of rocks. 
(See Gravel) . 
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SCREEN—A metal plate with closely spaced circular perforations. (See 
Sieve). 

SHORT C O L U M N — A column in which the ratio of unsupported length to 
the dimension D is not greater than 1 5 . 

S I E V E — W o v e n wire cloth with square openings. (See Screen). 

STANDARD S A N D — N a t u r a l sand from Ottawa, 111., screened to pass a 
No. 20 sieve and retained on a No. 30 sieve, used as the fine aggregate 
in s tandard s trength tests of Port land cement. (For specifications 
see Appendix I V ) . 

STONE SCREENINGS—Crushed stone, subject to specified tolerances, passing 
through a No. 4 sieve. (See Crusher-Run Stone). 

TRÉMIE—A water- t ight pipe of suitable dimensions, generally used in a 
vertical position, for depositing concrete. 
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A P P E N D I X IV 

S T A N D A R D S P E C I F I C A T I O N F O R P O R T L A N D 

C E M E N T 

C. E.S.A. Specification AS—1927 

M A T E R I A L COVERED 

r>finition. 1. Por t land Cement is the product obtained by finely 
pulverizing clinker produced by calcining to incipient 
fusion an in t imate and properly proportioned mixture of 
argillaceous and calcareous materials, with no addit ions 
subsequent to calcination excepting water and calcined 
or uncalcined gypsum. 

M A N U F A C T U R E 

Methods. 2. Methods of manufacture shall be such as to ensure 
t ha t the finished cement will conform to the requirements 
hereinafter specified, when subjected to the tests enumer­
ated below and carried out in accordance with the methods 
and with the appara tus described in Appendix I. 

CHEMICAL PROPERTIES 

3 . T h e following limits shall not be exceeded:— 

Loss on ignition per cent 4 .00 
Insoluble residue per cent 0 .75 
Sulphuric Anhydr ide (S Os) per cent 2 .00 
Magnesia (MgO) per cent 4 .00 

PHYSICAL PROPERTIES 

200 sieve shall not 4 . T h e residue on a s tandard No 
exceed 22 per cent. 

5 . A p a t of nea t cement shall remain firm and hard, 
and show no signs of distortion, cracking, checking, or 
disintegration in the s team tes t for soundness. 

6. T h e cement shall not develop initial set in less than 
th i r ty minutes and final set shall develop within ten hours. 

7. T h e average tensile s t rength in pounds per square 
inch of not less than three s tandard mor ta r br iquet tes 
composed of one pa r t cement and three par t s s tandard sand, 
by weight, shall be equal to, or higher than , the following: 
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Age at Test 
Days 

Storage of Briquettes Tensile Strength 
lbs. per sq. inch 

7 1 day in moist air, 6 days 
in water 225 

28 1 day in moist air, 27 days 
in water 325 

8. T h e average tensile s t rength of s tandard mortar 
br iquet tes a t 28 days shall be higher t han t ha t a t 7 days. 

9 . Tes t s shall be made with a testing machine satis­
factory to both the Vendor and the Purchaser. 

PACKING AND M A R K I N G 

Packages. i o . Cement covered by this Specification shall be 
sold by weight, and, unless otherwise provided by agree­
men t between the Vendor and the Purchaser, shall be 
delivered in bags, each containing 94 lbs. ne t weight. 
Four bags shall const i tute a barrel. 

Bags. 11. All bags in which cement is delivered shall be 
made of substantial material and shall be in good repair 
when filled. T h e following information shall be plainly 
marked on each bag: 

(a) N a m e of manufacturer ; 
(b) T h e brand of cement, and preferably the name 

of the mill in which it was manufactured. 

INSPECTION 

Sampling. 12. Cement shall be sampled wi thout undue delay 
in accordance with the methods described in Appendix If 

Inspection. 1 3 . i t shall be subject to inspection and test ing either 
a t the place of manufacture, a t the point of shipment, 
or on delivery, as may be specified by the Purchaser. 

Facilities. 1 4 . T h e Vendor shall afford every facility for sampling 
and inspection, for taking and packing the samples either 
a t the mill, or a t the point of delivery, as the case may be, 
and for subsequently identifying the cement, and a reason­
able period shall be allowed for inspection and the com­
pletion of tests. 

Cost of Tests. 15. T h e cost of inspection and tests shall be borne 
by the Purchaser unless otherwise provided by agreement 
between the Vendor and the Purchaser. 

I 
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Copies and 
Certificates 
of Tests. 

Vendor . 

16. T h e Vendor shall, if required, furnish free of cost 
a copy of a n y document in his possession showing the 
result of any tests or analyses made for him, or for a n y other 
person, of a n y cement sold or offered for sale to the Pur­
chaser, or of the lot from which the cement so sold or offered 
for sale has been or is to be taken . 

17. He shall also, if required a t the t ime of purchase, 
furnish, free of cost, a certificate t ha t the cement so sold 
or offered for sale has been tested and analysed, and t ha t 
such tests and analyses comply in all respects wi th this 
Specification. 

18. T h e furnishing of such copies of documents or the 
giving of such certificate shall not preclude the Purchaser 
from rejecting a n y cement which does not comply with 
this Specification. 

19. The te rm "Vendor" throughout this Specification 
shall mean the seller of the cement, whether he be the 
manufacturer of the cement or not . 

REJECTION 

Rejection. 20. T h e cement may be rejected if it fails to meet 
a n y of the requirements of this Specification. 

2 1 . Cement shall not be rejected on account of failure 
to meet the fineness requirement if upon retest after drying 
a t 100° C. for one hour it meets this requirement. 

22. Cement failing to meet the test for soundness in 
s team, bu t complying in all other respects with the Speci­
fication, may be resampled and re-submitted for test a t 
any t ime within 28 days thereafter. 

23 . Packages 'vary ing more than three per cent, from 
the specified weight may be rejected; and if the average 
weight of packages in a n y shipment, as shown by weighing 
50 packages taken a t random, is less t han t ha t specified, 
the entire shipment may be rejected. 
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A P P E N D I X I 

[ S T A N D A R D M E T H O D S A N D A P P A R A T U S F O R T E S T I N G C E M E N T 

CHEMICAL M E T H O D S 

Losson 24. T h e loss on ignition shall be determined as follows, 
ignition. ky h e a t i n g o n e g r a m 0 f cement in a weighed covered plat­

inum crucible, of 20 to 25 cc. capacity, using either method 
(a) or (b) as ordered : 

(a) Place the crucible in a hole in an asbestos board, 
clamped horizontally, so t h a t about three-fifths of the 
crucible projects below, and blast a t a full red heat for 
15 minutes with an inclined flame; the loss in weight 
shall be checked by a second blasting for 5 minutes . Care 
shall be taken to wipe off particles of asbestos t h a t may 
adhere to the crucible when withdrawn from the hole in 
the board. Greater neatness and shortening of the time 
of heating are secured by making a hole to fit the crucible 
in a circular disc of sheet p la t inum and placing this disc 
over a somewhat larger hole in an asbestos board. 

(6) Place the crucible in a muffle a t any temperature 
between 900 and 1000° C. for 15 minutes , and check the 
loss in weight by a second heating for 5 minutes . 

25. A permissible variat ion of 0.25 above the specified 
limit will be allowed, and all results in excess of the spe­
cified limit, bu t within this permissible variat ion, shall 
be accepted as meeting the specification of 4.00 per cent. 

Insoluble 26. T h e insoluble residue shall be determined as follows: 
Residue. Weigh one gram of cement into a porcelain dish, add 10 cc. 

of water and 5 cc. of concentrated hydrochloric acid ; warm 
the liquid until effervescence ceases. Dilute the solution 
to 50 cc. and digest on a s team ba th or hot p la te until it 
is evident t ha t decomposition of the cement is complete. 
Filter the residue, wash wi th cold water , and digest the 
filter paper and contents in about 30 cc. of a 5 per cent, 
solution of sodium carbonate, the liquid being held a t a 
t empera tu re jus t short of boiling for 15 minutes . Filter 
the remaining residue, wash with cold water, then with a 
few drops of hot hydrochloric acid (1:9) and finally with 
ho t water . Ignite a t a red heat and weigh as the insoluble 
residue. 

27. A permissible variat ion of 0.15 above the specified 
limit will be allowed, and all results in excess of the 
specified limit bu t within this permissible variat ion shall 
be accepted as meeting the specification of 0.75 per cent. 
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Sulphuric 28. The determination of sulphuric anhydr ide shall be 
Anhydride. carried out as follows:— 

Weigh one gram of the finely powdered cement into 
a sui table dish, moisten and stir with 10 cc. of water 
to prevent lumping, add 10 cc. of hydrochloric acid and 
digest a t a gentle heat . When solution is complete, add 
50 cc. of hot water and filter. Di lute the filtrate to 250 
c c , boil, add 10 cc. of a hot 10 per cent, solution of bar­
ium chloride, drop by drop, while stirring, and continue 
boiling unti l the precipi ta te is well formed (15 to 20 
minutes) . Set aside in a warm place for several hours, 
or over night, filter, wash, dry , place the d ry filter paper and 
precipi tate in a weighed pla t inum crucible, burn off the 
paper a t a low heat, ignite a t a tempera ture not higher 
than 1000° C. for a few minutes, and weigh. The weight 
of the ignited precipitate in grams multiplied by 0.3430 
gives the weight of sulphuric anhydride. 

T h e acid filtrate obtained in the determination of the 
insoluble residue may be used for the est imation of sulphuric 
anhydr ide , instead of using a separate sample. 

29. A permissible variation of 0.10 above the specified 
limit will be allowed, and all results in excess of the specified 
limit bu t within this permissible variat ion shall be accepted 
as meet ing the specification of 2.00 per cent. 

Magnesia. 30. T h e determinat ion of magnesia shall be carried out 
as follows:— 

Weigh 0.5 gram of the cement into an evaporat ing 
dish. Stir with abou t 10 cc. of cold water and add from 
5 to 10 cc. of concentrated hydrochloric acid. H e a t gently, 
while stirring, till the chemical reaction is finished, and 
then evaporate the solution on a s team ba th or hot plate 
to complete dryness. Cool, add from 10 to 20 cc. of hydro­
chloric acid (1:1) and digest the sample on a s team b a t h 
or hot plate for a few minutes to dissolve the soluble par ts . 
Pour the contents of the evaporat ing dish into a 250 cc. 
beaker, wash well, and dilute to abou t 100 cc. Add enough 
bromine water to precipitate any manganese t h a t m a y be 
present, hea t to boiling, add ammonia in slight excess 
while stirring, boil for a minu te or two, filter into a 400 
cc. beaker, and wash well wi th hot water three t imes. Wash 
the precipi tate back into the beaker used for the pre­
cipitation, and if anyth ing remains on the filter, dissolve 
it wi th a few drops of hydrochloric acid and wash into the 
beaker with the precipitate. Dissolve the precipi ta te with 
a small excess of hydrochloric acid, add bromine water , and 
dilute to abou t 100 c c , hea t to boiling, and precipi tate 
again with ammonia as described before. Filter through 
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the same filter t ha t was used the first t ime into t h e beaker 
which contains the first filtrate and wash well. Make the 
filtrates slightly acid with hydrochloric acid, heat to 
boiling, while stirring, add 40 cc. of a boiling 4 per cent, 
solution of ammonium oxalate and then a small excess of 
ammonia . Cont inue the boiling for two or three minutes, 
while stirring, and set aside the covered beaker on a warm 
plate for from half an hour to one hour to allow the pre­
cipitate to settle. Filter and wash well. Acidify the 
filtrate wi th hydrochloric acid and concentra te to about 
150 cc. Cool the filtrate, add 10 cc. of sa tura ted sodium 
phosphate while stirring constant ly ; then add ammonia 
in moderate excess. Allow to s tand for about 5 hours, 
filter and wash well with water containing 2.5 per cent, 
ammonia . W r a p the filter paper, d r y between filter paper, 
and ignite in a weighed pla t inum crucible. In doing this 
use a t first gentle heat to char the paper, then increase the 
heat until the carbon is burned and the phosphate changed 
into pyro-phosphate. Cool the crucible in a desiccator 
and weight. T h e weight of the ignited precipi tate in grams 
multiplied b y 0.3621 gives the weight of magnesia. 

3 1 . A permissible variat ion of 0.4 above the specified 
limit will be allowed, and all results in excess of the speci­
fied limit bu t within this permissible variat ion shall be 
accepted as meeting the specification of 4.00 per cent. 

Check 32. If the proportion of magnesia does not fall within 
Analysis. t k e prescribed limit of 4.00 per cent., a complete analysis 

of the cement m a y be made as a check, following the methods 
and using the appara tus described in Appendix I I I . 

The results of such a check analysis as regards magne­
sia shall be taken as conclusive. 

DETERMINATION OF F I N E N E S S 

33. Wire cloth for s tandard sieves for cement shall be 
woven (not twilled) from brass, bronze, or other suitable 
wire and mounted wi thout distortion on frames not less 
than V/i inch below the top of the frame. T h e sieve 
frames shall be circular, approximately 8 inches in diameter, 
and may be provided with a pan and cover. 

34. A s tandard No. 200 sieve is one having nominally 
an opening of 0.0029 inch and 200 wires per inch, and 
shall be certified by the Surveys Labora tory of the Depart­
ment of the Interior (Ottawa) as free from major defects 
and conforming to the following requirements :— 

T h e number of wires in any whole inch shall not be 
outside the limits of 192 to 208. No opening between 

Standard 
Sieves. 
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adjacent parallel wires shall be more t han 0.0050 inch 
in width. T h e diameter of the wire should be 0.0021 inch, 
and the average diameter shall not be outside the limits 
0.0019 to 0.0023 inch. 

35 . For the purpose of enabling users themselves to 
judge from t ime to t ime as to the correct condition of s tand­
ard sieves in their possession, the Depa r tmen t of Public 
Works (Ottawa) will furnish on payment a s tandardized 
sample of cement or other similarly graded material which 
gives a residue of 20 to 25 per cent, on a s tandard No. 200 
sieve, and which may be used as follows:— 

A sieve shall be regarded as satisfactory which, 
when tested wi th such standardized cement or material in 
conformity with the method specified below under "Man ipu­
la t ion ," shall give an amoun t of residue which does not 
differ from t h a t obtained in the Depar tmen t ' s Laboratory, 
wi th the same sample, by more than 1.5 per cent., above 
or below. 

Manipulation. 36. T h e test shall be made with 50 grams of cement. 
T h e sieve shall be thoroughly clean and dry . T h e cement 
shall be placed on the No. 200 sieve, with pan and cover 
a t tached if desired, and shall be held in one hand in a 
slightly inclined position so t ha t the sample will be well 
distr ibuted over the sieve, a t the same t ime gently strik­
ing the side abou t 150 t imes per minute against the palm 
of the other hand on the up stroke. T h e sieve should be 
turned every 20 or 25 strokes about one-sixth of a revo­
lution in the same direction. The operation shall continue 
unti l not more than 0.05 gram passes through in one min­
u te of continuous sieving. T h e fineness shall be determined 
from the weight of the residue on the sieve expressed as a 
percentage of the weight of the original sample. 

37 . Mechanical sieving devices may be used, bu t the 
cement shall not be rejected if it meets the fineness re­
quirement when tested by the hand method. 

M I X I N G CEMENT PASTES 

Manipulation. 38 . T h e quan t i ty of d r y material to be mixed a t one 
t ime shall not be less than 500 grams. The d r y cement 
shall be weighed, placed upon a non-absorbent surface, 
and a crater formed in the centre, into which the proper 
percentage of clean water shall be poured; the material 
on the outer edge shall be turned into the crater b y the 
aid of a trowel. After an interval of one-half minu te for 
the absorption of the water, the operation shall be com­
pleted by continuous vigorous mixing, squeezing and 
kneading with the hands for a t least 1J^ minutes . 
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During the operation of mixing, the hands should be pro­
tected by rubber gloves or rubber finger cots. 

T h e tempera ture of the room shall be maintained above 
a minimum of 18° C , and t ha t of the mixing water shall 
be between 20° C . and 22° C . 

Quantities. 

Mixing. 

Percentage 
of Water. 

M I X I N G S T A N D A R D CEMENT MORTARS 

FOR T E N S I L E T E S T S 

39. T h e quan t i t y of d ry material to be mixed a t one 
t ime shall not exceed 1000 grams or be less than 500 grams. 
T h e quant i t ies of cement and sand shall be s ta ted by 
weight in grams of the d ry materials , t he quan t i ty o( 
water shall be expressed in cc. 

40. T h e dry materials shall be weighed out , placed 
in a suitable metal mixing bowl (preferably enamelled) 
and int imately mixed dry wi th a steel spatula to a uniform 
colour. T h e bowl and spatula shall be similar in form 
to those shown in Fig. 1, the edges of the bent spatula 
blade being formed to fit the curved side of the bowl. 
T h e proper percentage of clean water of the specified tem­
perature shall then be added. After an interval of one-
half minute for the absorption of the water, the process 
shall be completed by vigorous st irr ing wi th the spatula, 
working the material back from t ime to t ime in the reverse 
direction by pressure between the back of the spatula and 
the side of the bowl. During these operations the bowl can 
with advantage be revolved if tilted slightly and held 
in the left hand. The mixing processes shall be con­
t inued for a t least \Yi minutes . 

T h e tempera ture of the room shall be maintained 
above a min imum of 18° C , and t ha t of the mixing water 
shall be between 20° C . and 22° C . 

4 1 . T h e proportion of water to be used for a stand­
ard mor ta r shall depend on the a m o u n t of water required 
with the same sample of cement to produce a paste of 
normal consistency as specified below, and shall be deter­
mined in accordance with Table I as there given. 

DETERMINATION OF NORMAL CONSISTENCY 

Normal 42. A cement paste is said to have normal consist-
Consistency, ency when the proportion of water in the freshly mixed 

paste is such as to give a plasticity corresponding to a 
set t lement of the Vicat rod (1 cm. diameter) to a point 10 
m m . below the original surface in Yi minute after being 
released, when the paste is tested as described below. 

43 . Paste of normal consistency is to be used in the 
tests for soundness and t ime of sett ing. 
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Water in 
Standard 
Mortar. 

44. In the preparat ion of s tandard mor ta r for bri­
quet tes the percentage of water to be used is set forth in 
Table I below. T h e values given are percentages of the 
combined dry weights of the cement and s tandard sand. 

T A B L E I 

P E R C E N T A G E O F W A T E R F O R S T A N D A R D M O R T A R S 

Vicat 
Apparatus. 

Method 
for Normal 
Consistency. 

Percentage of 
Water for Neat 
Cement Paste 

of Normal 
Consistency. 

Percentage of 
Water for One 
Cement, Three 

Standard 
Ottawa Sand. 

Percentage of 
Water for Neat 
Cement Paste 

of Normal 
Consistency. 

Percentage of 
Water for One 
Cement, Three 

Standard 
Ottawa Sand. 

15 9.0 23 10.3 
16 9.2 24 10.5 
17 9.3 25 10.7 
18 9.5 26 10.8 
19 9.7 27 11.0 
20 9.8 28 11.2 
21 10.0 29 11.3 
22 10 2 30 11.5 

45. T h e Vicat appara tus consists of a frame A, (Fig. 2) 
bearing a movable rod B, weighing 300 grams, one end 
C being 1 cm. in diameter for a dis tance of 6 cm., the 
other having a removable needle D, 1 m m . in diameter, 
6 cm. long. T h e rod is reversible, and can be held in 
a n y desired position by a screw E, and has midway between 
the ends a mark F which moves under a scale (graduated 
to millimeters) a t tached to the frame A. T h e paste is 
held in a conical ring G, 7 cm. in diameter a t t he base, 
4 cm. high, of suitable non-absorbent , non-corrosive mat­
erial, resting on a glass pla te H about 10 cm. square. 

46. In making the determinat ion, 500 grams of cement, 
with a measured quan t i ty of water , shall be kneaded 
into a paste, as described above under "Mixing Cement 
Pas tes , " and quickly formed into a ball with the hands, 
completing the operation by tossing it six t imes from one 
hand to the other, maintained about 6 inches apa r t ; the ball 
resting in the palm of one hand shall be pressed into the 
larger end of the ring held in the other hand, completely 
filling the ring with pas te ; the excess a t the larger end 
shall then be removed by a single movement of the palm 
of the hand ; the ring shall then be placed on its larger 
end on a glass plate, and the excess paste a t the smaller 
end sliced off a t the top of the ring by a single oblique 
stroke of a trowel held a t a slight angle with the top of 
the ring. During these operations care shall be taken 
not to compress the paste. The paste confined in the 
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Fig. 2. Vicat Appara tus 

ring, resting on the p la te , shall be placed under the rod, 
the larger end of which shall be brought in contact with 
the surface of the pas te ; the scale shall then be read, 
and the rod quickly released. The appara tus shall be free 
from all vibrat ion during the test. 

47 . Trial pastes shall be made with varying percentages 
of water unti l the amount necessary for normal consistency 
is found. T h e amount of water used in each trial shall 
be recorded and expressed as a percentage by weight of 
the d ry cement. 

DETERMINATION OF SOUNDNESS 

Apparatus. 4 8 . For determining soundness a s team appa ra tus 
is required which can be maintained a t a t empera tu re 
between 98° and 100° C. One similar to t h a t shown in 
Fig. 3 is recommended. 
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Method. 49. P a t s from cement paste of normal consistency, 
about 3 inches in diameter, Yi inch thick a t the centre, and 
tapering to a thin edge, shall be made on clean glass plates 
abou t 4 inches square, and stored in moist air for 24 hours. 
In moulding the pat , the cement paste shall first be flattened 
on the glass and the pa t then formed by drawing the trowel 
from the outer edge toward the centre. 

50. T h e pa t s shall then be placed in an atmosphere 
of s team a t a t empera ture between 98° and 100° C. upon 
a suitable support above boiling water where they shall 
remain for five hours. 

Defects. 5 1 . Unsoundness is usually manifested by change 
in volume which causes distortion, cracking, checking 
or disintegration. Typical cases are shown in Fig. 4. 

52. Should the pa t leave the plate, distort ion may 
be best detected with a s t raight edge applied to the sur­
face which was in contact with the pla te . 

53. T h e failure of the pats to remain on the glass, or 
the cracking of the glass to which the pa t s are attached, 
does not necessarily indicate unsoundness. 

54. Pa t s improperly made or exposed to drying may 
develop wha t are known as shrinkage cracks within the 
first 24 hours. These conditions, i l lustrated in Fig. 5, 
a t (c) and (d), are not an indication of unsoundness. 

DETERMINATION OF T I M E OF SETTING 

Apparatus. 

Method 
for Time 
of Setting. 

55. T h e t ime of set t ing shall be determined with the 
Vicat appara tus described above under "Determination 
of Normal Consistency" (See Fig. 2). 

56. A paste of normal consistency shall be moulded 
in the ring G as described above, and placed under the 
rod B, the needle end of which (1 m m . diameter) shall then 
be carefully brought in contact wi th the surface of the 
paste, and the rod quickly released. T h e initial set shall 
be said to have occurred when the needle ceases to pass 
a point 5 mm. above the glass plate in one half minu te after 
being released; and the final set, when the needle does 
not sink visibly into the paste. Care shall be taken to 
keep the needle clean, as the collection of cement on the 
sides of the needle re tards the penetrat ion, while cement 
on the point m a y increase the penetrat ion. 

57. T h e t ime of sett ing is affected not only by the per­
centage and tempera ture of the water used and the amount 
of kneading the paste receives, bu t by the temperature 
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Radial Expansion cracks. 

Checking and Distortion. Expansion and Distortion. 

i ; Fig. 4. Typical Failures in Soundness Test 



a b 

Pats of sound cement after steam lest. 

c d 

•Shrinkage cracks due to exposure to dry 

air during setting. 

Fig. 5. Pats of Sound Cement Properly and Improperly Treated 



Fig. 3. S team Tes t Appara tus cc 
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Storage of 
Test 
Pieces. 

Test Pieces. 

and humidi ty of the air, and its determinat ion is therefore 
only approximate. The t ime of set t ing is to be considered 
as commencing with the addit ion of the mixing water. 

The tempera ture of the cement and water shall be as 
nearly as practicable 21° C. (70° Fahr . ) . 

58. These test pieces shall be kept in moist air main­
tained as nearly as practicable a t a t empera ture of 21° C. 
(70° Fahr.) during the test . This m a y be accomplished by 
placing them on a rack over water contained in a pan, and 
covered by a d a m p cloth kept from contact wi th them by 
suitable means ; or they m a y be stored in a moist closet, or 
protected by covering the top of the test piece with a watch 
glass of sufficient size to enclose the entire top of the ring. 

T E N S I L E T E S T S 
59. T h e test pieces shall be br iquet tes of the form shown 

in Fig. 6, and shall be of s tandard mor ta r prepared as speci­
fied above under "Mixing S tandard Cement Mortars." 

Fig. 6. Detai ls for Br ique t te 
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Moulds. 60. T h e moulds shall be made of non-corroding metal 
and have sufficient material in the sides to prevent spreading 
during moulding. Gang moulds when used shall be of 
the t ype shown in Fig. 7. Moulds shall be cleaned and 
lightly oiled before using. 

Fig. 7. Gang Mould 

^ à 

Standard 
Sand. 

Sieves for 
Sand. 

Method of 
Filling 
Moulds. 

6 1 . The sand to be used shall be na tura l sand from 
Ot tawa, Illinois, screened to pass a No. 20 sieve and re­
tained on a No. 30 sieve, as obtained from the Ot t awa 
Silica Co., Ot tawa, 111., U.S.A. 

62. This sand, having passed the No. 20 sieve, shall be 
considered s tandard when no t more than 5 grams pass the 
No. 30 sieve after one minute continuous sieving of a 
500-gram sample. 

63 . T h e sieves for sand shall conform to the following 
specifications :— 

64. T h e No. 20 sieve shall have between 19.5 and 
20.5 wires per whole inch of the warp wires and between 
19 and 21 wires per whole inch of the shoot wires. The 
diameter of the wire should be 0.0165 inch and the average 
diameter shall not be outside the limits of 0.0160 and 
0.0170 inch. 

65. T h e No. 30* sieve shall have between 29.5 and 
30.5 wires per whole inch of the warp wires and between 
28.5 and 31.5 wires per whole inch of the shoot wires. 
T h e diameter of the wire should be 0.0110 inch and the 
average diameter shall not be outside the limits of 0.0105 
to 0.0115 inch. 

66. Immediate ly after mixing, the mor ta r shall be 
placed in the moulds, which should rest on a strip of glass 
about inch thick and of convenient length and wid th to 
suit t he moulds. T h e mor ta r is to be placed in the mould 
in two layers and pressed in firmly wi th the fingers, then 
heaped and smoothed off wi th a trowel wi thout ramming. 
A piece of glass similar to t h a t on which the mould and its 
contents are resting, bu t covered on one side wi th a str ip 
of paper wet ted to make it adhere to the glass, is then placed 
paper side dow rn on the surface of the filled mould, and the 
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Moist Closet. 

Storage of 
Briquettes. 

Temperatures. 

Testing. 

two pieces of glass, with the filled mould between them, are 
picked up and turned over. T h e operat ion of heaping 
and smoothing off is then to be repeated on the reverse 
surface. 

67. T h e moist closet shall consist of a substantial 
box, practically air-tight, t he bo t tom of which is kept cov­
ered with water. The interior of the closet should be pro­
vided wi th non-absorbent shelves on which to place 
the test pieces, the shelves being so arranged tha t the 
test pieces may be readily wi thdrawn. 

68. T h e briquet tes for tensile tests shall be kept in 
moulds on glass plates in the moist closet for 24 hours, 
when they shall be removed from the moulds, immediately 
submerged in clean fresh wate r in a t a n k of non-corroding 
material , and left there till taken ou t for breaking. 

69. T h e moist closet shall be maintained as nearly 
as practicable a t a t empera ture of 21° C. (70° Fahr . ) . 

70. T h e water storage tanks shall be maintained 
above a minimum of 18° C. (64° Fahr . ) and below a max­
imum of 25° C. (77° Fahr . ) , and as nearly as possible at a 
tempera ture of 21° C. (70° Fahr . ) . 

71 . The briquet tes shall be tested as soon as they are 
removed from the water . T h e bearing surfaces of the 
clips and br iquet tes shall be free from grains of sand 
or dirt . T h e briquet tes shall be carefully centred and 
the load applied continuously a t the ra te of 600 pounds 
per minute . 

72. Test ing machines should be calibrated frequently 
in order to determine their accuracy. 

73. Briquettes which give s t rengths differing more 
than 15 per cent., from the average value of all test pieces 
made from the same sample and broken a t the same 
period, shall not be considered in determining the tensile 
s t rength. 
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Definitions. 

Test-samples. 

Individual 
Samples. 

A P P E N D I X II 

R E C O M M E N D E D M E T H O D S F O R S A M P L I N G C E M E N T 

SAMPLES 

74. Individual samples are separate portions of ma t ­
erial taken a t random from packages, conveyors, or bulk. 
T h e y are as a rule not subjected separately to test or ex­
aminat ion; b u t are taken, combined, and thoroughly 
blended, in order to obtain a composite Test-sample, 
i. e., a quan t i t y of cement whose composition is as nearly 
as possible the same as the average of the lot or shipment 
of cement from which the various Individual samples 
have been taken. Each Test-sample is thus considered 
as representing a certain shipment or lot of cement. 

75. Port ions of cement are taken from the Test-samples 
as required for the purpose of the various prescribed tests 
(chemical, mechanical or otherwise). 

76. T h e weight of a Test-sample, should not be less 
than 8 pounds, however small the quan t i ty of cement 
which it represents. 

77. Each Test-sample should be made u p of a t least 
16 Individual samples, which, if the cement is not 
sampled in bulk or from a conveyor or spout, should each 
be taken from a separate bag or package. 

78. T h e weight to be taken for an Individual sample 
depends on circumstances; b u t should as a rule be from 

XA to Y2 pound. 

Samples 
from Bags 
stowed in 
Cars, Steam­
ers, or 
Warehouses. 

Sampling 
Tube. 

M E T H O D S OF SAMPLING 

79. One Individual sample should be taken from 
every fiftieth bag, preferably a t the point of loading, and 
after loading has been completed. Unless otherwise 
specified by the Purchaser, Individual samples should be 
so combined for the tests, o ther t han soundness and t ime 
of sett ing, t h a t one Test-sample shall represent each car­
load of not more than 1000 bags. 

80. Individual samples from bags should be taken 
from the surface of the cement to the centre of the bag. 
If t he bags be equipped wi th valves, samples may be taken 
through the valves by a suitable sampling tube , inclining 
the t ube to the centre of the bag. If the cement be piled 
samples should not be taken from the top row unless the 
top row of bags has only jus t been placed in position. 
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8 1 . A sampling tube suitable for use when sampling 
from bags is shown in Fig. 8. 

Material Sheet Brass or Galvanized iron about 0.05"thick 

A 
. S _ 

Fig. 8. Tube for Sampling Cement in Bags 

Samples from 82. Unless otherwise specified by the Purchaser, 
OTUc m B i n S Individual samples taken from bulk should be so combined 

for the tests, other than soundness and t ime of sett ing, that 
one Test-sample shall represent not more than 94,000 lbs. 
of cement (say 250 barrels or 1000 bags) . 

83 . Individual samples from bulk should be taken 
from points well distr ibuted under the surface or sides 
by inserting the sampling tube vertically or horizontally. 

84. Such samples should not, as a rule, be taken from 
a greater dep th than 6 feet, on account of the difficulty 
experienced in obtaining a representat ive sample when the 
sampling tube is driven to any considerable depth in the 
cement. 

Samples 
from 
Conveyors. 

85. When sampling from a conveyor delivering to 
a bin, it is recommended t h a t one Test-sample be taken 
to represent from 4 to 6 hours run of the plant . In 
cases where satisfactory au tomat ic sampling machines 
are not provided, the Test-samples should be made up of 
Individual samples taken by a scoop a t equal intervals 
of t ime, a t least hourly, and preferably more frequently-

86. When cement is being discharged from a bin, 
and loaded in bulk, samples should be taken by a scoop 
from the conveyor or spout a t equal intervals of time 
in such a way t ha t a t least sixteen Individual samples will 
be taken from each 1000 bags. 

87. When the cement is being discharged from a 
bin, and bagged by a bagging machine, it is recommended 
t ha t the cement be sampled from the bags after piling 
or loading in cars, in the same manner as for carload lots 
in bags. 
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Time of Sett­
ing 

Samples for 88. In cases where cement from two or more bins 
^ l d " f S <L*?_ n d h a s b e e n loaded into the same car, or where there is reason 

to believe t h a t one portion of a shipment may differ in 
qual i ty from the rest, it is recommended tha t , unless other­
wise required by the Purchaser, the tests for soundness 
and t ime of set t ing should be made on some or all of the 
Individual samples before combining them. For this 
purpose one Individual sample may be taken to represent 
50 to 100 bags. 

Treatment, 
Shipment and 
Storage of 
Test-samples. 

C o n t a i n e r s . 

Identifying 
Samples. 

Sieving. 

TREATMENT, SHIPMENT, A N D STORAGE 

89. As soon as the Individual samples have been 
combined, the resulting Test-sample should be in t imate ly 
mixed, preferably by coning, or by placing it on a sui table 
impervious cloth measuring about 6 feet square, and 
rolling the cement back and forth by raising a l te rna te 
sides of the cloth. 

90. Each Test-sample after mixing should be immed­
iately placed in a suitable air- t ight container or con­
tainers, and, if not to be tested a t t he place of sampling, 
sealed in such a manner as to preclude tampering. 

9 1 . Care should be taken t ha t Test-samples are shipped 
and stored in the original air- t ight containers. 

92 . Each container should have securely a t t ached 
to, or enclosed in it, a card giving the following information : 

Car number and initials (if shipped by rail) ; 
Test-sample number ; 
Place of sampling; 
D a t e of sampling, and signature of person 

taking the sample; 
Name of manufacturer ; 
Brand of cement ; 
Place of manufacture. 

93 . Before removing any portion of a Test-sample 
for testing, the Test-sample should be passed through 
a sieve having 20 meshes per lineal inch in order t o break 
up lumps and remove foreign material . 
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A P P E N D I X I I I 

S T A N D A R D M E T H O D S F O R T H E C O M P L E T E C H E M I C A L 

A N A L Y S I S O F C E M E N T 

DETERMINATION OF SILICA 

94. Weigh one-half gram of finely powdered cement 
into a 300 cc. porcelain casserole, or preferably a plat­
inum dish for the sake of greater accuracy. Moisten and 
stir with 10 cc. of water to prevent lumping, and add 
10 cc. of hydrochloric acid. Digest wi th the aid of gentle 
heat and agitat ion until the solution is complete. (Solution 
may be aided by light pressure on a n y hard, da rk particles 
with the flattened end of a glass rod). Fil ter off the 
silica, which contains a n y material t h a t may remain 
undecomposed, wash, dry, ignite gently to burn off all 
carbon, and fuse with 1 gram of sodium carbonate ; dis­
solve in dilute hydrochloric acid and add this solution 
to the first filtrate. Evapora te to dryness on a hot-plate 
or s team-bath a t a temperature of 100° to 110° C. Treat 
the d ry residue, without further heating, with 10 cc. of 1 
to 1 hydrochloric acid, cover the dish with a watch glass 
and digest for ten minutes a t a gentle hea t ; filter and 
wash the separated silica thoroughly wi th hot water. 
Evapora te the filtrate to dryness for a second t ime at 
110° C. wi thout baking, cool, add to the d r y residue 25 cc. 
of 1 to 1 hydrochloric acid to bring all the bases into 
solution, and to afford excess hydrochloric acid to form 
sufficient ammonium chloride (when the solution is made 
ammoniacal in the determination of ferric oxide and 
alumina) to prevent the precipitation of magnesium 
hydroxide, digest for a few minutes, add 50 cc. of water 
and maintain a t a gentle heat for abou t 30 minutes to sep­
a ra t e the small amount of silica in the solution. Filter 
and wash the silica on a second paper, and receive the 
filtrate in a 250 cc. beaker, reserving it for the deter­
mination of ferric oxide and alumina, lime, and magnesia. 
Transfer the wet papers containing the silica to a weighed 
plat inum crucible, d ry thoroughly, ignite a t a low tem­
perature unti l the carbon of the filter is completely con­
sumed, and blast a t 1200° C. for 15 to 20 minutes to constant 
weight. I t is to be remembered t h a t a small amoun t of 
additional silica can always be recovered from the ferric 
oxide and alumina, as described under t h a t head, and its 
weight is to be added to the two silica precipitates to 
obtain the total silica in the sample. 

95 . T r e a t the silica in the crucible, if greater accu­
racy is desired, with 10 cc. of hydrofluoric acid and 4 
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drops of sulphuric acid; evapora te on a hot-plate to 
fumes of sulphuric anhydride . Repea t the t r ea tmen t 
with hydrofluoric acid, and evaporate carefully t o the 
complete expulsion of sulphuric acid, ignite gently a t 
first and then apply the blast to the crucible for a minu te 
or two, cool, and weigh. (The expulsion of sulphuric 
acid during evaporat ion can be accomplished wi thou t 
spat ter ing by applying the heat of a pin-hole burner 
to the crucible, or crucibles, supported on a gauze a t an 
elevation of 2 to 4 inches above the adjusted flame). T h e 
loss in weight after t r ea tmen t with hydrofluoric acid rep­
resents the amoun t of silica. T h e residue, after fusion 
with sodium bisulphate and solution in water, is added 
to the two filtrates from the silica. 

96. If there is any doubt as to the silica being com­
pletely volatilized by the double hydrofluoric acid t reat ­
ment described above, the operation m a y be repeated 
a third t ime in the manner already set forth. For ordinary 
commercial analysis the hydrofluoric acid t r ea tment of the 
silica may, perhaps, be neglected ; bu t the double evapor­
ation should never be omit ted. jjgjj g | 

DETERMINATION OF FERRIC O X I D E 
PLUS ALUMINA 

97. Add to the filtrate from the second evaporat ion 
for silica, which should be made up to abou t 150 c e , a few 
drops of bromine water or a small quan t i t y of sodium per­
oxide or hydrogen peroxide, boil, and add a very slight 
excess of ammonium hydroxide, boil for a few minutes or 
until only a faint odour of ammonia is perceptible; allow 
to set t le for about five minutes , filter, and wash the pre­
cipi tate two or three-t imes wi th hot water . Set aside the 
filtrate, remove the precipi tate from the filter paper into 
the original beaker with the aid of a je t of hot water , 
and dissolve by the addit ion of a few cc. of concentrated 
nitric acid, taking care t ha t any precipi ta te a t t ached to 
the sides of the beaker is also dissolved. T h e volume of 
this solution should be abou t 50 cc. Reprecipi ta te the 
iron and aluminium as hydroxides with ammon ium hy­
droxide, boil and settle as before; decant the almost clear 
solution on to the original filter, then transfer the precipi ta te 
and wash well with a hot solution of ammonium n i t r a t e 
(10 grams to the litre) made slightly alkaline with a few 
drops of ammonium hydroxide. T h e addit ion of the 
ammonium ni t ra te to the wash water assists in the washing, 
and also in preventing, to a great extent , the solution of 
the colloidal iron and aluminium hydroxides, which are 
slightly dissolved by pure water . 

Ferric 
Oxide plus 
Alumina. 



94 C . E . S . A . S P E C I F I C A T I O N — A 2 3 - 1 9 2 9 

98. This is the main iron-and-aluminium-hydroxide 
precipitate; however, on concentrat ing the two filtrates 
from this precipitate a little iron and a luminium hydroxide 
will separate, and is to be filtered, washed, and added to 
the main precipitate. Dry the two precipitates, ignite in a 
weighed plat inum crucible a t a white heat (1100° to 1200° 
C.) for about ten minutes, cool, and weigh. 

99. The weight gives the amount of mixed oxides, name­
ly, ferric oxide, alumina, phosphorus pentoxide, titanium 
dioxide, and manganese monoxide (in pa r t ) , together with 
a few milligrams of silica. This small amoun t of silica 
is separated later by fusion of the above mixed oxides 
With sodium bisulphate, as described in the determination 
of ferric oxide; its weight can be determined and sub­
tracted to obtain the actual weight of the iron and alum­
inium oxides. When manganese is present in the sample, 
a small amount is precipitated with the iron and alum­
inium hydroxides, and later with the calcium oxalate, while 
the remainder will be found wi th the magnesium phosphate, 
especially when double precipitations have been employed 
in the separations. 

DETERMINATION OF FERRIC O X I D E 

Ferric 100. The separate estimation of ferric oxide in the 
Oxide alone. mixed oxides determined above is no t generally required 

for cement analysis, bu t if it is desired, proceed as follows: 

Fuse the mixed oxides obtained above, in a covered 
plat inum, or t ransparent quar tz crucible, with three or 
four grams of fused sodium bisulphate. H e a t gently at 
first, and gradually increase the tempera ture to a full red 
heat . When a quiet fusion is reached and no dark specks 
are apparent , remove from the source of heat, give the 
crucible a ro tary motion with the aid of the tongs, so that 
the fused mass is spread u p the sides, giving extended 
surface to effect ready solution, and cool. Place the 
crucible and contents in a beaker containing 5 cc. of con­
centrated sulphuric acid and 50 cc. of water , digest until 
solution is complete. Or, to effect the same result, the 
fusion may be quickly poured into a clean dry platinum 
dish floating in cold water, and brought into solution as 
above by t r ea tment with the dilute acid. Evapora te the 
solution so obtained to fumes of sulphuric anhydride, 
cool, add 50 cc. of cold water , and heat to effect complete 
solution. Filter out the small amount of silica, wash, 
ignite, weigh, and add its weight to t ha t of the original 
silica. Reduce the solution by means of zinc in a Jones 
Reductor, and t i t ra te with s tandard potassium permangan­
ate . Or, neutralize the solution with ammonium hy-
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droxide, add 1 to 2 cc. of sulphuric acid, and pass hydrogen 
sulphide gas through the hot liquid for abou t ten minutes . 
When reduction is complete pass in carbon dioxide gas 
and boil to expel the hydrogen sulphide, remove from the 
source of heat, and continue passing carbon dioxide unti l 
the solution has cooled. Dilute with freshly boiled dis­
tilled water, add a few cc. of sulphuric acid, and t i t r a t e 
with s tandard potassium permanganate , the s t rength 
of which should not exceed 0.0040 grams of ferric oxide 
per cc. 

DETERMINATION OF CALCIUM O X I D E 

101. Hea t the solution, freed from all ferric and 
aluminium hydroxides, to boiling, add gradually, while 
stirring, 20 cc. of a hot sa tura ted solution of ammonium 
oxalate, and mainta in near the boiling point unti l the 
precipitated calcium oxalate assumes a well defined gran­
ular form (five to ten minutes) . Allow the solution to 
s tand unti l the precipitate has settled (about fifteen min­
utes) , filter, and wash the calcium oxalate, with small 
amoun t s of warm (not hot) water, two or three t imes on 
the filter. Remove the precipi tate from the filter paper 
into the original beaker with the assistance of a je t of hot 
water, dissolve by the addit ion of a few cc. of hydrochloric 
acid, dilute to 100 cc. with hot water, add 1 or 2 cc. of the 
ammonium oxalate solution, and make alkaline with 
ammonium hydroxide in slight excess. Boil, filter, and 
wash thoroughly with the smallest necessary amoun t of 
water . Place the filter paper and precipi ta te in a weighed 
pla t inum crucible, dry, burn off the paper a t a low heat , 
and blast a t 1200° C . to constant weight. Weigh as cal­
cium oxide. 

102. Instead of following the above procedure, the cal­
cium oxalate may be dissolved and determined volumet-
rically with s tandard potassium permanganate , though 
this method is not generally considered to be so accurate 
as the gravimetric method. 

103. The filtrates from the two calcium oxalate pre­
cipitations a re to be combined and reserved for the mag­
nesia determinat ion. 

104. If extreme accuracy is desired, a third calcium 
oxalate precipitation may be employed. In this case 
acidify, with a small excess of hydrochloric acid, the 
combined filtrates from the previous calcium oxalate 
precipitations, concentrate on a s team-bath to abou t 
200 c c , add ammonium hydroxide in slight excess, boil. 
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and allow to settle. If any precipitate forms, filter, wash, 
and add to the calcium oxalate previously precipitated. 
T h e filtrate is to be reserved for the magnesia determination. 

DETERMINATION OF M A G N E S I A 

Magnesia. 1 0 5 . Acidify, with a small excess of hydrochloric acid, 
the combined filtrates from the calcium oxalate pre­
cipitations, concentrate on the s team-bath to about 200 
c c , add 10 cc. of a 10 per cent, solution of sodium-am­
monium phosphate, and boil for several minutes . Cool, 
add ammonium hydroxide, drop by drop, while vigorously 
stirring, unti l the crystalline magnesium-ammonium 
ortho-phosphate begins to form, and then in moderate 
excess (about 20 cc. in all) ; continue the stirring for sev­
eral minutes. Set aside for several hours, or over night, 
in a cool place, filter and wash wi th 2Yi per cent, sol­
ution of ammonium hydroxide (1 pa r t of ammonium 
hydroxide to 10 par t s of w a t e r + 1 0 0 grams of ammonium 
n i t ra te per litre). If greater accuracy is desired, dissolve 
the precipitate in hot 1 to 1 hydrochloric acid, make up 
the solution to 100 c c , add 1 or 2 c c , of the 10 per cent, 
solution of sodium-ammonium phosphate , cool, and 
reprecipitate as before. Allow to s tand in a cool place 
for about two hours, filter, wash well with the 2Yi per 
cent, ammonium hydroxide solution, transfer the filter 
and precipitate to a weighed pla t inum crucible, dry to 
incipient charring, burn off the paper a t a low heat , ignite 
a t 1000° C , cool, and weigh as magnesium pyrophos­
pha te T h e weight of the ignited precipi tate in grams 
multiplied by 0.3621 gives the weight of magnesia. 

DETERMINATION OF SULPHURIC A N H Y D R I D E 

106. Weight one gram of the finely-powdered cement 
into a suitable dish, moisten and stir with 10 cc. of water 
to prevent lumping, add 10 cc. of hydrochloric acid, and 
digest a t a gentle heat . When solution is complete, add 
50 cc. of hot water and filter. Di lute the filtrate to 250 
c c , boil, add 10 cc. of a hot 10 per cent, solution of bar­
ium chloride, d rop by drop, while stirring, and continue 
boiling until the precipitate is well formed (15 to 20 min­
utes) . Set aside in a warm place for several hours, or 
over night, filter, wash, dry , place the d ry filter paper 
and precipitate in a weighed pla t inum crucible, burn 
off the paper a t a low heat , ignite a t a tempera ture not 
higher than 1000° C. for a few minutes , and weigh. The 
weight of the ignited precipitate in grams multiplied by 
0.3430 gives the weight of sulphuric anhydride . 

Sulphuric 
Anhydride. 
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DETERMINATION OF TOTAL SULPHUR 

As SULPHURIC A N H Y D R I D E 

107. Weigh one gram of the cement into a large plat­
inum crucible, fuse with 10 grams of sodium carbonate 
and 1 gram of ammonium ni t ra te over a suitable burner , 
being careful to prevent contaminat ion by sulphur derived 
from the source of heat . Dissolve the melt by first pouring 
the fusion into a plat inum dish as described under the 
iron and aluminium oxide fusion, add boiling water , hea t 
until the fusion is disintegrated and all sodium salts are 
in solution, filter, acidulate with hydrochloric acid to en­
sure 1 or 2 cc. excess of acid, and make up to 250 cc. with 
hot water . Boil, add 10 cc. of the 10 per cent, bar ium 
chloride solution, and proceed as in the determinat ion 
of sulphuric anhydr ide given above. 

DETERMINATION OF THE ALKALIES 

108. This determinat ion is seldom required for cement ; 
bu t if needed, the following modified method of J . Law­
rence Smith is recommended, recent investigations by 
M . F . Connor having shown tha t the "double fusion" 
is indispensable for the complete extraction of the alkalies. 

109. Weigh one gram of very finely ground cement into a 
porcelain or agate mortar , add one gram of alkali-free am­
monium chloride, and grind unti l the two are thoroughly 
mixed. Then add 8 grams of alkali-free calcium carbon­
ate, and continue the grinding to obtain an in t imate mix­
ture of the whole. T a k e a p la t inum crucible of such a 
size t h a t the mixture will no t occupy more than abou t 
three-quar ters of its capacity, place a layer abou t one-
quar te r inch thick of the dry calcium carbonate on the bot­
tom to prevent the semi-fused mass adhering persistently to 
the bo t t om during the leaching operation, and then care­
fully transfer the mixture, and gently t a p it down, finally 
covering with a th in layer of the dry calcium carbonate . 
Cover wi th a close-fitting lid, hea t carefully for a few min­
utes wi th a small Bunsen flame placed 3 or 4 inches below 
the crucible to transform the calcium carbonate to calcium 
chloride and volatilize ammonium salts, then gradual ly 
raise the heat to redness, mainta ining this t empera ture 
for % hour. Allow the crucible and contents to cool 
unti l they are jus t warm, and then add distilled wate r 
drop b y drop, unti l the lime is thoroughly slaked. T h e 
mass may now easily be detached from the crucible and 
transferred to a p la t inum dish with abou t 80 cc. of wa te r . 
Wash the crucible and cover with hot water directly in-
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to the plat inum dish. Cover the dish with a watch glass 
and boil carefully for a t least IS minutes , as magnesia is 
precipitated by the boiling solution containing excess 
of hydroxide of lime. Pour off the solution and finely dis­
integrated residue on to a filter, then with a li t t le water 
crush the residue in a dish to reduce any lumps, boil for 
a few minutes, and then pour on to the filter as before. 
Continue this operation until the whole mass is reduced 
to extreme fineness and has been washed on to the filter 
Wash with boiling water until bu t a slight cloudiness is 
shown when silver n i t ra te is added to a drop or two of 
the washing. The filtrate will then be about 450 cc; 
d ry and reserve the residue for a second fusion, as it still 
contains a small percentage of the alkalies which must be 
recovered, and t rea t the filtrate as follows:— 

110. Hea t to boiling and make decidedly ammoniacal, 
then add, while stirring, a strongly ammoniacal solution 
of one to ten ammonium carbonate unti l all lime is pre­
cipitated, and digest on a water -bath a few minutes un­
til the voluminous precipitate settles. Filter off the pre­
cipitated calcium carbonate and wash six or seven times 
with hot water . Place the filtrate on the water-bath 
for evaporation. 

111. I t is now necessary to recover some alkalies held by 
occlusion in the calcium carbonate jus t precipitated. 
For this purpose redissolve in the least possible amount of 
hydrochloric acid and reprecipitate as before with ammon­
ium carbonate, filter, and add filtrate to the main filtrate 
which has been evaporat ing. Any excess of acid used in 
the solution of the calcium carbonate precipi tate forms 
ammonium chloride when the solution is made ammon­
iacal; this ammonium chloride helps to retain some 
lime in solution when precipi tat ing with ammonium car­
bonate, and increases the amount of ammonium salts 
to be volatilized later in the operation. 

112. For the second fusion to recover the remaining 
alkalies, use the dry residue from the first fusion, adding 
thereto the washed and dried calcium carbonate pre­
cipitate obtained from the main filtrate containing the 
alkalies, also 1 to 2 grams of fresh calcium carbonate and 
1 gram of ammonium chloride ; mix int imately in a mortar 
and repeat the operation as given above. 

113. T h e final filtrates from this second set of opera­
tions are added to those from the first, which have been 
evaporat ing on a water-bath , and the whole solution is 
evaporated to dryness in a large p la t inum or quar tz dish-
Dry the residue a t 115° C. in an air oven for about x/i hour. 
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and then heat a t as low a t empera ture as possible below 
redness to volatilize the ammonium salts. After all 
the ammonium salts have been driven off, dissolve the 
residue in the smallest possible amoun t of water, and add 
a li t t le ammonia and ammonium carbonate solution 
to remove a n y lime held in solution by the ammonium 
chloride jus t removed by volatilization. Filter, wash, 
evapora te the filtrate to small volume, and acidify with 
a drop or two of hydrochloric acid in order to have sufficient 
chlorine present to combine wi th all the alkali bases from 
the final weighing as chlorides, whenever this last s tage is 
reached. 

114. Add about one or two cc. of bar ium chloride sol­
ut ion to the hot solution, filter off the barium sulphate , 
and add to the filtrate a slight excess of ammonium car­
bona te with a small amount of ammonium oxalate. Fil­
ter off the precipitate, which contains the remaining bar­
ium together wi th a n y residual calcium, evaporate the 
filtrate to dryness, and ignite gently to drive off ammon­
ium salts. 

115. Finally hea t the alkali chlorides to incipient fu­
sion, cool, and obtain the weight of the dish plus the pot­
assium and sodium chlorides. Dissolve the alkali chlor­
ides in a few cc. of hot water . A slight residue consist­
ing of traces of lime and magnesia will be left, adher ing 
most ly to the p la t inum dish. Fil ter the solution through 
a small filter to catch any loose particles of this residue, 
and after washing well place the filter paper in the plat­
inum dish wi th the adhering residue, ignite, weigh, and 
deduct this combined weight from the weight of the dish 
and alkalies already noted, t hus obtaining the correct weight 
of the potassium and sodium chlorides. 

116. T o determine the potash in the mixed chlorides, 
add to the aqueous solution of the pure alkali chlorides jus t 
obtained, preferably in a small porcelain casserole (30 to 40 
cc. capaci ty) , a solution of platinic chloride, sufficient to 
combine with all t he potass ium and sodium salts and 
leave a considerable excess. Evapora te on a water -ba th 
mainta ined a t a t empera tu re a little below the boiling-
point of water , unti l the residue solidifies on cooling. 
Add sufficient water (about 2 or 3 c c ) , while stirring, to 
dissolve the excess of plat inic chloride, follow a t once 
with abou t 5 cc. of 95 per cent, alcohol, stir well wi th a 
glass rod and cover with a wa tch glass. St i r a few times 
a t intervals, and filter after one hour ' s t ime through a 
Gooch crucible, wash with alcohol unti l the filtrate runs 
through perfectly colorless, d r y a t 100° C. and weigh as 
potassium-platinic chloride. This weight multiplied by 
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0.19376 gives the weight of potash (potassium oxide), 
or multiplied by 0.30673 gives the weight of potassium 
chloride. This lat ter weight subtracted from the weight 
of the mixed potassium and sodium chlorides previously 
obtained gives the weight of the sodium chloride, which, 
multiplied by 0.53028, gives the weight of soda (sodium 
oxide). 

117. Although it is generally possible to obtain rel­
atively alkali-free reagents, i t is preferable to prepare 
them in the laboratory. In any case a b lank test for 
alkali content should be m a d e on the thoroughly-sampled 
reagents used. 
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A P P E N D I X V 

S T A N D A R D S P E C I F I C A T I O N F O R B I L L E T S T E E L R E I N F O R C I N G B A R S * 

C.E.S.A. Specification A9A-19Z3\ 

The provisions of this Specification are in substantial agreement 
•with those of Specification A15-14] of the American Society for 
Testing Materials. 

M A T E R I A L 
1. This Specification covers three classes of billet-

steel reinforcing bars , namely: plain, deformed, and cold-
twisted. 

2 . Plain and deformed bars are of three grades, namely : 
s tructural-steel , intermediate and hard . 

3 . If desired, cold twisted bars may be purchased on 
the basis of tests of the hot-rolled bars before twisting, in 
which case such tests shall govern and shall conform to the 
requirements specified for plain bars of s t ructural steel 
grade. 

M A N U F A C T U R E 
4. T h e steel shall be m a d e by either the Bessemer 

or open-hearth process. 

5 . T h e bars shall be rolled from new billets. No 
re-rolled material will be accepted. 

6. Cold-twisted bars shall be twisted cold wi th one 
complete twist in a length no t over 12 t imes the thickness 
of the bar . 

CHEMICAL PROPERTIES A N D T E S T S 
7. T h e steel shall conform to the following require­

men t s as to chemical composition : 
Phosphorus fBessemer not over 0.10 per cent . 

{Open-hearth Basic " " 0.05 " " 
(Open-hearth Acid " " 0.08 " " 

Ladle 8. An analysis to determine the percentages of carbon, 
Analyses manganese, phosphorus and sulphur shall be made by the 

Manufacturer from a test ingot taken during the pouring 
of the heat , a copy of which shall be given to the Purchaser 
or his representat ive. This analysis shall conform to the 
requirements specified above. 

Check 9. Check analyses m a y be made b y the Purchaser 
Analyses from finished bars representing each heat of open-hearth 

steel, and each heat, or lot of ten tons, of Bessemer steel, 
in which case an excess of 25 per cent, above the require­
ments specified above under "Chemical Composi t ion" 
shall be allowed. 

*ln the next edition, this Specification will be given a distinctive number. 
^Revised to date. 

Material 
Covered 

Basis of 
Purchase 

Processes 

Cold-twisted 
Bars 

Chemical 
Composition 
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Proper t i e s 

PLAIN B A R S D E F O R M E D B A R S 

C o n s i d e r e d S t r u c ­
t u r a l 
S t e e l 

G r a d e . 

I n t e r ­
m e d i a t e 
G r a d e . 

Hard 
G r a d e . 

S t r u c ­
t u r a l 
S t e e l 

G r a d e . 

I n t e r ­
m e d i a t e 

G r a d e . 
H a r d 

G r a d e . 

Cold-
twis ted 

Bars 

Tensile strength, 
l b . p e r s q . inch . 

55 000 
to 

70 000 

70 000 
t o 

90 000 
80 000 

m i n . 

55 000 
t o 

70 000 

70 000 
t o 

90 000 
80 000 

m i n . 

Recorded 
only 

Yield point, 
l b . p e r s q . inch 33 000 40 000 50 000 33 000 40 000 50 000 

55 000 

Elongation i n 
8 inches, m i n . 
p e r c e n t . 

1 400 000 1 300 000 1200 000 1 250 000 1 125 000 1 000 000 
5 

Elongation i n 
8 inches, m i n . 
p e r c e n t . Tens. s t r . Tens. s t r . 

but in n o 
case l e s s 
than 16 

per cent. 

Tens. s t r . Tens. str. Tens. s t r . 
b u t in n o 
case l e s s 
than 14 

p e r c en t . 

Tens. s t r . 
5 

11. The yield point shall be determined by the drop 
of the beam of the testing machine. 

12. For plain and deformed bars over 3/4 inch in thick­
ness or diameter , a deduction of 1.0 from the percentages 
of elongation specified above under "Tension Tests" 
shall be made for each increase of 1/8 inch in thickness or 
diameter above 3/4 inch. 

13. For plain and deformed bars under 7/16 inch in 
thickness or diameter , a deduction of 1.0 from the per­
centages of elongation specified above under "Tension 
T e s t s " shall be made for each decrease of 1/16 inch in thick­
ness or diameter below 7/16 inch. 

102 

Yield 
Point 

Modifications 
in 
Elongation 

Bend Tests 14. T h e test specimens shall bend cold around a pin 
wi thout cracking on the outside of the ben t portion, as 
follows : 

PHYSICAL PROPERTIES AND T E S T S 

10. The bars shall conform to the following require­
ments as to tensile properties, except as modified herein­
after: 

T E N S I L E ' PROPERTIES 

Tension 
Tests 
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B E N D - T E S T REQUIREMENTS 

T h i c k n e s s 
or D i a m e ­

ter of 
Bar 

P L A I N B A R S D E F O R M E D B A R S 
T h i c k n e s s 
or D i a m e ­

ter of 
Bar 

S t r u c ­
t u r a l 
S t e e l 

G r a d e . 

I n t e r ­
m e d i a t e 
G r a d e . 

H a r d 
G r a d e . 

S t r u c ­
t u r a l 
S t e e l 

G r a d e . 

I n t e r , 
m e d i a t e 
G r a d e . 

H a r d 
G r a d e . 

Cold 
T w i s t e d 

B a r s 

Under % inch. . 180 deg. 
d = t 

180 deg. 
d = 2t 

180 deg. 
d = 3t 

180 deg. 
d = t 

180 deg. 
d = 3t 

180 deg. 
d = 4 t 

180 deg. 
d = 2t 

% inch or over. 180 deg. 
d = t 

90 deg. 
d = 2 t 

90 deg. 
d = 3t 

180 deg. 
d = 2t 

90 deg. 
d = 3 t 

90 deg. 
d = 4 t 

90 deg. 
d = 3t 

NOTE:— d = diameter of pin about which the specimen is bent; 
t= thickness or diameter of the specimen. 

15. Tension and bend test specimens for plain and 
deformed bars shall be taken from the finished bars, and 
shall be of the full thickness or diameter of bars as rolled; 
except t ha t the specimens for deformed bars m a y be mach­
ined for a length of a t least 9 inches if deemed necessary 
by the Manufacturer to obtain uniform cross-section. 

Test 
Specimens 

16. Tension and bend test specimens for cold-twisted 
bars shall be taken from the finished bars wi thout further 
t r ea tment , unless otherwise specified by the Purchaser . 

Number of 17. One tension and one bend test shall be made from 
T e s t s each heat of open-hearth steel, and from each heat , or lot 

of ten tons, of Bessemer steel ; except t h a t if mater ia l rolled 
from one heat differs 3/8 inch or more in thickness or diame­
ter, one tension and one bend test shall be made from both 
the thickest and the thinnest material rolled. 

18. If any test specimen shows defective machining or 
develops flaws, it may be discarded and another specimen 
subst i tuted. 

Re-tests 19. If the percentage of elongation of any tension test 
specimen is less than t ha t specified above under "Tension 
T e s t s " and any pa r t of the fracture is outside the middle 
third of the gauge length, as indicated by scribe scratches 
marked on the specimen before testing, a retest shall be 
allowed. 

PERMISSIBLE VARIATIONS IN W E I G H T 

Permissible 20. T h e weight of any lot of bars shall not va ry more 
ariations t n a n 5 p e r c e n u - f r 0 m the computed weight of t ha t lot, based 

on an assumed weight of 0.2833 per cubic inch. 
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Finish 

Inspection 

Rejection 

Rehearing 

C . E . S . A . S P E C I F I C A T I O N — A 2 3 - 1 9 2 9 

21. The* finished bars shall be free from injurious de­
fects and shall have a workmanlike finish. 

INSPECTION A N D REJECTION 

22. T h e Inspector representing the Purchaser shall 
have free ent ry , a t all t imes while work on the contract 
of the Purchaser is being performed, to all pa r t s of the Manu­
facturer 's works which concern the manufacture of the 
bars ordered. 

23. T h e Manufacturer shall afford the Inspector, 
free of cost, all reasonable facilities t o satisfy him that 
the bars are being furnished in accordance with this Speci­
fication. 

24. All tests (except check analyses) and inspection 
shall be made a t the place of manufacture prior to shipment, 
unless otherwise specified, and shall be so conducted as 
not to interfere unnecessarily with the operation of the 
works. 

25. Unless otherwise specified, any rejection based on 
results of check analyses shall be reported within five 
working days from the receipt of samples. 

26. Bars which show injurious defects subsequent to 
their acceptance a t the Manufacturer ' s works will be 
rejected, and the Manufacturer shall be notified. 

27. Samples on which check analyses have been made 
which represent rejected bars shall be preserved for two 
weeks from the da te of the test report . In case of dis­
satisfaction with the results of the check analyses, the 
Manufacturer may make claim for a rehearing within that 
t ime. 
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S T A N D A R D S P E C I F I C A T I O N F O R R A I L - S T E E L R E I N F O R C I N G B A R S * 

C.E.S.A. Specification A9B-1923 

The provisions of this Specification are in substantial agreement 
with those of Specification A16-14 of the American Society for 
Testing Materials. 
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Material 
Covered 

Process 

M A T E R I A L 

1. This Specification covers three classes of rail-
steel reinforcing bars, namely: plain, deformed and hot-
twisted. 

M A N U F A C T U R E 

2. T h e bars shall be rolled from s tandard section 
Tee rails. 

Hot-twisted 
Bars 

3. Hot- twisted bars shall have one complete twist 
in a length not over 12 t imes the thickness of the bar. 

PHYSICAL PROPERTIES AND T E S T S 

Tension 4. T h e bars shall conform to the following minimum 
T e s t s requirements as to tensile properties except as modified 

hereinafter: 

P r o p e r t i e s C o n s i d e r e d P l a i n B a r s 
D e f o r m e d 
a n d H o t -

t w i s t e d 
B a r s 

Tensile strength, lb. per sq. inch 

Yield Point, lb. per sq. inch 

80 000 

50 000 

1 200 000 

80 000 

50 000 

1 000 000 
Tens. str. Tens. str. 

Yield 5. T h e yield point shall be determined by the drop 
P o m t of the beam of the testing machine. 

Modifications 
in 
Elongation 

6. For bars over 3/4 inch in thickness or diameter , a 
deduction of 0.25 from the percentages of elongation 
specified above under "Tension Tes t s , " shall be made for 
each increase of 1/32 inch in thickness or diameter above 3/4 
inch. 

*/* the next edition this Specification will be given a distinctive number. 
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7. For bars under 7/16 inch in thickness or diameter, 
a deduction of 0.5 from the percentages of elongation 
specified above under "Tension Tes t s , " shall be made for 
each decrease of 1/32 inch in thickness or diameter below 
7/16 inch. 

Bend Tests 8. The test specimens shall bend cold around a pin 
wi thout cracking on the outside of the bent portion, as 
follows: 

T h i c k n e s s or D i a m e t e r of Bar P l a i n 
B a r s 

De formed 
a n d Hot-

twi s ted 
Bars 

180 deg. 180 deg. 
d = 3 t d - 4 t 

90 deg. 90 deg. 
d = 3t d = 4 t 

NOTE :—d = diameter of pin about which the specimen is bent; 
/ = thickness or diameter of the specimen. 

Test 9. Tension and bend test specimens for plain and 
Specimens deformed bars shall be taken from the finished bars, and 

shall be of the full thickness or diameter of bars as rolled; 
except tha t the specimens for deformed bars may be 
machined for a length of a t least 9 inches if deemed neces­
sary by the M a n u f a c t u r e r t o o b t a i n u n i f o r m c ros s -
section. 

10. Tension and bend test specimens for hot-twisted 
bars shall be taken from the finished bars wi thout fur­
ther t rea tment . 

Number of 11. One tension and one bend test shall be made from 
T e s t s each lot of ten tons or less of each size of bar rolled from 

rails varying not more than 10 lbs. per yard in nominal weight. 

12. If any test specimen shows defective machining or 
develops flaws, it may be discarded and another specimen 
subst i tuted. 

Re-tests 13. If the percentage of elongation of any tension 
test specimen is less than t h a t specified above under "Ten­
sion T e s t s " and any pa r t of the fracture is outside the mid­
dle third of the gauge length, as indicated by scribe scratch­
es marked on the specimen before testing, a re-test shall be 
allowed. 
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Permissible 
Variations 

PERMISSIBLE VARIATIONS IN WEIGHT 

1 4 . T h e weight of any lot of bars shall not va ry more 
than 5 per cent, from the computed weight of t h a t lot 
based on an assumed weight of 0.2833 lb. per cubic inch. 

Finish 

F I N I S H 

15 . T h e finished bars shall be free from injurious de­
fects and shall have a workmanlike finish. 

INSPECTION AND REJECTION 

Inspection 16. T h e Inspector representing the Purchaser shall 
have free entry, a t all t imes while work on the cont rac t of 
the Purchaser is being performed, to all pa r t s of the M a n u ­
facturer 's works which concern the Manufac ture of the 
bars ordered. 

17 . T h e Manufacturer shall afford the Inspector, 
free of cost, all reasonable facilities to satisfy him tha t 
the bars are being furnished in accordance with this Speci­
fication. 

18. All tests and inspection shall be made a t t he place 
of manufacture prior to shipment, unless otherwise specified, 
and shall be so conducted as not to interfere unnecessarily 
with the operation of the works. 

Rejection 19 . Bars which show injurious defects subsequent 
to their acceptance a t the Manufacturer ' s works will be 
rejected, and the Manufacturer shall be notified. 

ESTABLISHED SIZES FOR R O U N D A N D JSQUARE 
REINFORCING B A R S * 

S i z e i n I n c h e s Area i n J S q u a r e I n c h e s 

H Round 049 
Vs " HO 
M " 196 

Square 250 
H Round .307 
% " 442 
y% " 601 

1 " 785 
1 Square 1.000 
l;4 " 1.266 
\yi " 1.563 

* Billet-Steel or Rail-Steel. 
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S T A N D A R D S P E C I F I C A T I O N F O R C O L D - D R A W N S T E E L W I R E 
F O R C O N C R E T E R E I N F O R C E M E N T * 

C.E.S.A. Specification A9C-1923\ 

The provisions of this Specification are in substantial agreement 
with those of Specification A82-Z7 of the American Society for 
Testing Materials. 

M A T E R I A L 

1. This Specification covers cold-drawn steel wire 
to be used as such, or in fabricated form, for the reinforce­
ment of concrete, in diameters not less than 0.080 inch nor 
greater than 0.625 inch. 

2. When wire is ordered by gauge number the fol­
lowing relation between number and diameter , in inches, 
shall apply unless otherwise specified. 

Material 
Covered 

Basis of 
Purchase 

G a u g e E q u i v a l e n t G a u g e E q u i v a l e n t 
N u m b e r D i a m e t e r , I n c h N u m b e r D i a m e t e r , Inch 

oooo'ooo 0.4900 5 0.2070 
000000 0.4615 6 0.1920 

00000 0.4305 • 7 0.1770 
0000 0.3938 8 0.1620 

000 0.3625 9 0.1483 
00 0.3310 10 0.1350 

0 0.3065 11 0.1205 
1 0.2830 12 0.1055 
2 0.2625 13 0.0915 
3 0.2437 14 0.0800 
4 0.2253 

Process 

Drawing 

M A N U F A C T U R E 

3. The steel shall be made by either or both the 
following processes: Bessemer or open-hearth. 

4. The wire shall be cold-drawn from rods hot-rolled 
from billets. 

Tension 
Tests 

PHYSICAL PROPERTIES AND T E S T S 

5. The wire, except as modified hereinafter, shall 
conform to the following minimum requirements as to 
tensile propert ies: 

Tensile s t rength, lb. per sq. inch 80 000 
Reduction of area, per cent 30 

*In the next edition this Specification will be given a distinctive number. 
^Revised to date. 
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6. For wire to be used in the fabrication of mesh a 
minimum tensile s t rength of 70 000 lb. per sq. inch shall 
be permi t ted . 

7. For wire testing over 100 000 lb. per sq. inch tensile 
s t rength, the reduction of area shall be not less than 25 
per cent . 

Bend Tests 8. T h e test specimens shall wi ths tand being bent 
cold through 180 deg. wi thout cracking on the outside of 
the ben t portion, as follows: 

For wire 0.3 inch in diameter or under, around a 
pin the diameter of which is equal to the diameter 
of the specimen. 

For wire over 0.3 inch in diameter , around a pin 
the diameter of which is equal to twice the diameter 
of the specimen. 

Test 9. Tension and bend test specimens shall be of the 
Specimens full-size section of the wire as drawn. 

Number of 10. One tension and one bend test shall be made for 
Tests each 10 tons or less of each size of wire. 

11. If any test specimen shows defects or flaws, it may 
be discarded and another specimen subst i tuted. 

Variations in 
Diameter 

PERMISSIBLE VARIATIONS IN DIAMETER 

12. T h e diameter of the wire shall not va ry more 
than 0.003 inch from the size ordered. 

Finish 

WORKMANSHIP AND FINISH 

13. T h e finished wire shall be free from injurious 
defects and shall have a workmanlike finish with smooth 
surface. 

INSPECTION A N D REJECTION 

inspection 14. T h e Manufacturer shall afford the Inspector, 
wi thout charge, all reasonable facilities to satisfy him t h a t 
the wire is being furnished in accordance with this Speci­
fication. 

15. All tests and inspection shall be made a t the place 
of manufacture prior to shipment , unless otherwise specified, 
and shall be so conducted as not to interfere unnecessarily 
with the operation of the works. 

Rejection 16. Wire which shows injurious defects subsequent 
to i ts acceptance a t the Manufac turer ' s works will be re­
jected, and the Manufacturer shall be notified. 





Process 

Chemical 
Composition 

Ladle 
Analyses 

Check 
Analyses 

Tension 
Tests 
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P r o p e r t i e s C o n s i d e r e d S t r u c t u r a l 
C a r b o n S t e e l 

R i v e t 
C a r b o n S t e e l 

Tensile strength, lbs. per sq. inch. . . 
Yield Point, min., lbs. per sq. inch.. 

but in no case less than 

Elongation in 8 ins., min., per cent... 

Elongation in 2 ins., min., per cent... 

55 000-65 000 
0.5 tens. str. 

30,000 
1 500 000 

(a) 
Tens. str. 

22 

46 000-56 000 
0.5 tens. str. 

25 000 
1 500 000 

Tens. str. 

"NOTE:—Committee has decided to re-insert Clauses 28, 29 and 30 and Tables I and II in 
A pp. V of 1922 edition, covering variations in weight and thickness of steel plates, 
(a) See Modifications on next page. 

A P P E N D I X V I 
S P E C I F I C A T I O N F O R S T R U C T U R A L C A R B O N S T E E L 

C.E.S.A. Specification A6-1929—Appendix V* 

(In substantial agreement with A.S.T.M. Specification A7—24) 

M A N U F A C T U R E 
1. T h e steel shall be made by the open-hearth process. 

CHEMICAL PROPERTIES AND T E S T S 

2. T h e steel shall conform to the following requirements 
as to chemical composition : 

S t r u c t u r a l S t e e l R i v e t S t e e l 

™. • /Acid not over 0.06 not over 0.04 per cent. 
Phosphorus | B a s i c „ 0 C 4 „ „ 0 Q 4 K. 
Sulphur " " 0.05 " " 0.045" " 

3 . An analysis of each hea t of steel shall be made by 
the Manufac turer t o determine the percentages of carbon, 
manganese, phosphorus and sulphur. This analysis shall 
be made from a tes t ingot taken dur ing the pouring of the 
heat . T h e chemical composition thus determined shall be 
reported to the Purchaser or his representat ive and shall 
conform to the requirements specified above. 

4 . Analyses may be made by the Purchaser from finished 
mater ia l representing each heat . T h e phosphorus and 
sulphur content thus determined shall not exceed t ha t 
specified above by more than 25 per cent. 

PHYSICAL PROPERTIES A N D T E S T S 

5. T h e material shall conform to the following require­
ments as to tensile properties, except as modified herein­
after: 
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Yield Point 

Modifications 
in Elongation 

Bend Tests 

6. The yield point shall be determined b y the drop of 
the beam of the test ing machine. 

7. For s t ructural carbon steel over 3/4 inch in thickness, 
or diameter , a deduction, from the percentage of elongation 
in 8 inches specified above, of 0.25 per cent shall be made for 
each increase of 1/32 inch in thickness or d iameter above 
3/4 inch, to a min imum of 18 per cent. 

8 . For s t ructura l carbon steel under 5/16 inch in thick­
ness or diameter, a deduction, from the percentage of elonga­
tion in 8 inches specified above, of 1.25 per cent shall be 
made for each decrease of 1/32 inch in thickness or diameter 
below 5/16 inch. 

9 . Bend test specimens for plates, shapes and bars 
(except those for pins, rollers and other bars when 1 x inch 
in section, and for r ivet steel) shall s tand being bent cold 
through 180 degrees wi thout cracking on the outside of the 
bent portion, as follows; for material % inch or under in 
thickness, flat on themselves; for material over % inch to 
and including 1J4 inches in thickness, around a pin the 
diameter of which is equal to the thickness of the specimen ; 
and for material over 1)4 inches in thickness, around a pin 
the diameter of which is equal to twice the thickness of 
the specimen. 

10. T h e test specimens for pins, rollers and other bars 
when I x Y inch in section, when prepared as specified 
below under "Tes t Specimens", shall s tand being bent cold 
through 180 degrees around a pin one inch in diameter with­
out cracking on the outside of the bent por t ion. 

1 1 . T h e test specimens for rivet carbon steel shall stand 
being bent cold through 180 degrees flat on themselves 
wi thout cracking on the outside of the bent port ion. 

T E S T SPECIMENS 

Test Specimens 12. Tes t specimens shall be prepared for testing from 
the mater ia l in i ts rolled or forged condition, except when 
it is specified to be annealed ; in which case the test specimens 
shall be prepared from the material as annealed for use, 
or from a short length of a full section similarly t reated. 

13. Tes t specimens shall be taken longitudinally, and, 
except as otherwise specified herein, shall be of the full 
thickness or d iameter of material as rolled. 

14. Tes t specimens for plates, shapes, and flats may be 
machined to the form and dimensions shewn in Fig. 1. o r 

with both edges parallel. 
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i 
Psrj//e/ Sect/on 

not /ess /fan 9" 

x m± 
f 

ytbout 2' 

s4bot/1- /8" 

FIG. 1 

15. Tension test specimens for plates over \Yi inches in 
thickness, and bend test specimens for plates over YYi inches 
in thickness, may be machined to a thickness or d iameter 
of a t least 3/4 inch for a length of a t least 9 inches. 

16. Tes t specimens for bars over 1 ^ inches in thick­
ness or d iameter may be machined to a thickness or d iameter 
of a t least 3/4 inch for a length of a t least 9 inches; or tension 
test specimens m a y conform to the dimensions shewn in 
Fig. 2., in which case, the ends shall be of a form to fit the 
holders of the test ing machine in such a way tha t the load 
shall be axial. Bend test specimens m a y be 1 x J/£ inch in 
section. 

17. Tension test specimens for pins and rollers shall 
conform to the dimensions shewn in Fig. 2. In this case 
the ends shall be of a form to fit the holders of the test ing 
machine in such a way t h a t the load shall be axial. Bend 
test specimens shall be 1 x y% inch in section. 

18. T h e tension test specimens shewn in Fig. 2 and the 
1 x inch bend test specimens for pins and rollers shall 
be taken so t h a t the axis is 1 inch from the surface; and 
for other bars over \x/i inches in thickness or diameter , 
midway between the centre and surface. 

I fad/vs not /ess thanj/o'-
\ V — 

2" Gauge /engf~f) —* 

FIG. 2 

NOTE:—The gauge-length, parallel portions and fillets 
shall be as shewn; but the ends may be of any 
form which will fit the holders of the testing' 
machine. 
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Number 
of tests 

Retests 

Character 
of Fracture 

Defects 

Permissible 
Variations 

Inspection 

19. The machined sides of rectangular bend test speci­
mens may have the corners rounded to a radius not over 
1/16 inch. 

20. Tes t specimens for r ivet bars which have been cold 
drawn shall be normalized before test ing. 

21 . One tension and one bend test shall be made from 
each hea t ; except t h a t if material from one hea t differs 3/8 
inch or more in thickness, one tension and one bend test 
shall be made from both the thickest and the thinnest 
material rolled. 

22. If any test specimen shews defective machining or 
develops flaws, it may be discarded and another specimen 
subst i tuted. 

23. If the percentage of elongation of a n y tension test 
specimen is less than t ha t specified under "Tension Tes ts" 
and any pa r t of the fracture is more t han % inch from the 
centre of the gauge length of a 2-inch specimen or is outside 
the middle third of the gauge length of an 8-inch specimen, 
as indicated by scribe-scratches marked on the specimen 
before testing, a retest shall be allowed. 

24. Tes t specimens of s t ructural or rivet carbon 
steel shall shew a fracture of uniform, silky appearance; of 
bluish grey or dove color and generally free from granular, 
black and brilliant specks. 

FINISH 

25. Finished rolled material shall be free from cracks, 
flaws, injurious seams, blisters, ragged and imperfect edges, 
and other surface defects. I t shall have a smooth finish, 
and shall be straightened in the mill before shipment . 

PERMISSIBLE VARIATIONS IN W E I G H T AND THICKNESS 
26. T h e cross-section or weight of each piece of steel 

shall no t va ry more than 2.5 per cent from t h a t specified. 
One cubic inch of rolled steel is assumed to weigh 0.2833 lb. 

INSPECTION A N D MARKING 

27. T h e Inspector representing the Purchaser shall have 
free ent ry , a t all t imes while the work on the contract of the 
Purchaser is being performed, to all pa r t s of the Manu­
facturer's works which concern the manufacture of the 
material ordered. T h e Manufacturer shall afford to the 
Inspector, wi thout charge, all reasonable facilities to satisfy 
him t h a t the material is being furnished in accordance with 
these specifications. All tests (except check analyses) and 
inspection shall be made a t the place of manufacture prior 
to shipment, unless otherwise specified, and shall be so 
conducted as not to interfere unnecessarily with the opera­
tion of the works. 
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Rejecting 

Rehearing 

28. Unless otherwise specified, any rejection based on 
tests made for check analysis shall be reported within five 
working days from the receipt of samples. 

29 . Mater ia l which shews injurious defects subsequent 
to its acceptance a t the Manufacturer ' s works will be 
rejected, and the Manufacturer shall be notified. 

30 . Samples, tested for check analysis, which represent 
rejected material,- shall be preserved for one mon th from 
the da te of the test report . In case of dissatisfaction with 
the results of the tests , the Manufacturer may make claim 
for rehearing within t ha t t ime. 

Marking 

M A R K I N G 

3 1 . The name or brand of the Manufacturer and the heat 
number shall be legibly s tamped or rolled on all finished 
material , except t h a t rivet and lattice bars and other small 
sections shall, when loaded for shipment, be properly 
separated and marked for identification. The identification 
marks shall be legibly s tamped on the end of each pin and 
roller. The heat number shall be legibly marked, by 
s tamping, if practicable, on each test specimen. 

• 
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A P P E N D I X V I I 
M E T H O D F O R S I E V E A N A L Y S I S O F A G G R E G A T E S F O R C O N C R E T E 

Based on A.S.T.M. Specification C41-24 

Sample 1. A representat ive sample of the aggregate shall be 
selected by quar ter ing or by use of a sampler, which after 
drying, will give not less than the following: 

(a) Fine aggregate—500 grams. 

(b) Coarse aggregate or a mixture of fine and coarse 
aggregates all of which will pass a % inch sieve— 
25 lb. 

Aggregates coarser than the above—50 lb. 

2. Whenever possible, quar ter ing shall be done with 
the aggregate containing its na tura l moisture. 

3 . T h e sample shall be dried a t not over 110°C (230°F) 
to cons tant weight. 

Sieves 4. (a) T h e sieves shall be of square-mesh wire-cloth 
and shall be mounted on substant ial frames constructed 
in a manner tha t will prevent loss of material during 
sifting. 

(6) T h e size of wire and sieve openings shall be as 
given in Table I below. 

Sifting 5. (a) T h e sample shall be separated into a series of 
sizes by means of the sieves specified in Clause 4. Sifting 
shall be continued unti l not more than 1 per cent of the 
weight retained on each sieve passes the sieve during 1 
minute . 

(b) Each size shall be weighed on a balance or 
scale which is sensitive to 1/1000 of the weight of the test 
sample. 

(c) T h e percentage by weight of the total sample 
which is finer than each of the sieves shall be computed. 

Reporting 6. T h e percentage in sieve analysis shall be 
reported to the nearest whole number . 

(b) If more than 10 per cent of a fine aggregate is 
coarser than the No. 4 sieve, or more than 10 per cent of a 
coarse aggregate is finer than a No . 4 sieve, the above 
analysis of the portions finer and coarser than this sieve 
shall be reported separately. 
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T A B L E I 

Sieve No. 
or Size * 
in inches 

Sieve Opening Wire Diameter Toll îrance, per c« int. 
Sieve No. 
or Size * 
in inches 

Sieve Opening Wire Diameter 

Aver. 
Open­

ing 

Wire 
Diameter 

Under Over 

Max­
imum 
Open­
ing 

Sieve No. 
or Size * 
in inches mm. in. mm. in. 

Aver. 
Open­

ing 

Wire 
Diameter 

Under Over 

Max­
imum 
Open­
ing 

No. 100 0.149 0.0059 0.102 0.0040 6 15 35 40 
No. 50 0.297 0.0117 0.188 0.0074 6 15 35 40 
No. 30 0.59 0.0232 0.33 0.0130 5 15 30 25 
No. 16 1.19 0.0469 0.54 0.0213 3 15 30 10 
No. 8 2.38 0.0937 0.84 0.0331 3 15 30 10 
No. 4 4.76 0.187 1.27 0.050 3 15 30 10 
% in. 9.5 0.375 2.33 0.092 3 10 10 10 
Vi in- 19.0 0.75 3.42 0.135 3 10 10 10 
1 in. 25.4 1.00 4.12 0.162 3 10 10 10 
iy2 in. 38.0 1.50 4.50 0.177 3 10 10 10 
2 in. 50.8 2.00 4.88 0.192 3 10 10 10 
3 in. 76.0 3.00 6.3 0.25 3 10 10 10 

* The requirements for sieves No. 100 to No. 4 conform to the requirements of the U.S. Standard Sieve Series, 
as given in U.S. Bureau of Standards Letter Circular No. 74. The liberal tolerance will permit the use of certain 
sieves which do not exactly correspond to the number given in table. 



C O N C R E T E A N D R E I N F O R C E D C O N C R E T E — A P P . V I 1 1 119 

Scope 

A P P E N D I X V I I I 
M E T H O D O F D E C A N T A T I O N T E S T F O R S A N D A N D O T H E R F I N E A G G R E G A T E S 

Based on A.S.T.M. Specification D136-28 

1. This method of test covers the determination of the 
total quan t i ty of silt, loam, clay etc., in sand and other 
fine aggregates.* 

Apparatus 2. T h e pan or vessel to be used in the determination 
shall be approximately 9 in. (230 mm) in diameter , and 
not less than 4 in. (102 mm) in depth . 

Treatment 
of Sample 

3 . The sample must contain sufficient moisture to 
prevent segregation and shall be thoroughly mixed. A 
representat ive portion of the sample sufficient to yield 
approximately 500 g. of dried material , shall then be dried 
to a constant weight a t a tempera ture not exceeding 110 
deg. C. (230 deg. F.) 

Procedure 

Calculation 
of Results 

4. The dried material shall be placed in the pan and 
sufficient water added to cover the sample (about 225 cc . ) 
The contents of the pan shall be agitated vigourously for 
15 seconds, and then be allowed to settle for 15 seconds, 
after which the water shall be poured off, care being taken 
not to pour off any sand. This operation shall be repeated 
until the wash water is clear. As a precaution, the wash 
water shall be poured through a 200-mesh sieve and any 
material retained thereon returned to the washed sample. 
The washed sand shall be dried to a constant weight a t a 
tempera ture not exceeding 110 deg. C. (230 deg. F.) and 
weighed. 

5. T h e results shall be calculated from the formula: 
Percentage of silt, clay, loam, etc. = 

Original dry weight—weight after washing 
Original d ry weight 

X 100 

Check 
Determination 

6. When check determinat ions are desired, the wash 
water shall be evaporated to dryness, the residue weighed 
and the percentage calculated from the formula : 
Percentage of silt, loam, clay, etc. = 

Weight of residue 
Original dry weight 

X 100. 

* This determination of the percenlagelof silt, clay, loam, etc. will include all water-soluble material present, 
the Percentage of which may be determined separately if desired. 
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A P P E N D I X I X 
M E T H O D O F T E S T F O R C O M P R E S S I V E S T R E N G T H O F P O R T L A N D C E M E N T M O R T A R S 

Adapted in part from A.S.T.M. Specification C9-16T 

Tension 
Tests 

1. Tension tests of mor ta r shall be made in accordance 
with the requirements governing the preparat ion and testing 
of s tandard sand mortars of the "S tandard Specification 
for Por t land C e m e n t " (No.A5-1927) of the Canadian Engin­
eering S tandards Association." 

Compression 
Tests 

Form of 
Test Piece 

Moulding 
Cylindrical 
Specimens 

2. Compression tests of mor ta r shall comply wi th the 
same requirements except in the following part iculars . 

T h e d ry material shall be weighed out , placed upon 
a non-absorbent surface and thoroughly mixed d ry with 
a trowel, to a uniform colour. A crater shall then be formed 
in the centre into which the proper percentage of clean 
water shall be poured ; the material on the outer edge being 
turned into the centre by the aid of the trowel. After 
an interval of minute for the absorption of the water , 
the operation shall be completed by vigourous mixing by 
trowel, or preferably by squeezing and kneading with 
the hands, for a t least V/2 minutes . During the operation 
of mixing, the hands shall be protected by rubber gloves 
or rubber finger cots. T h e tempera ture of the room 
shall be maintained above a minimum of 18°C and tha t 
of the mixing water shall be between 20°C and 22°C. 

3 . Cylindrical tes t specimens, either 2 in. in d iameter 
and 4 in. in length or 2 in. cubes, are recommended in 
making compression tests of mortar . 

4. T h e mor ta r shall be placed in the mould in layers 
abou t in. in thickness, each layer being t amped 15 
times by means of the steel t amper having a bo t tom dia­
meter of 1 in. and weighing approximately % lb. In 
finishing the test piece, the mor ta r shall be heaped above 
the mould and smoothed off with a trowel. As soon as 
the tes t pieces from one sample are moulded, the top of 
each test piece shall be covered with a piece of glass, which 
is brought t o a firm bearing on the fresh mor tar . T h e 
cover glasses shall remain in place unti l t he moulds are 
removed. 

Prism 
Specimens 

Testing 

5. Prism specimens are m a d e similarly to the br iquet tes 
except t ha t the mould is not turned. 

6. Tests of s tandard mor ta r cylinders and prisms shall 
be made in any testing machine t h a t is adap ted t o meet 
the specified requirements . T h e ends of the cylindrical 
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specimens should be smooth and plane. Cube specimens 
shall be tested on their sides, t ha t is perpendicular to the 
direction of the moulding. T h e test pieces shall be tested 
as soon as removed from the water. T h e metal bearing 
plates of the testing machine shall be placed in direct con­
tact with the test piece. During the test a spherical bearing 
block shall be used on top of the specimen. In order to 
secure a uniform distribution of the load over the test 
specimen, the spherical bearing block mus t be accurately 
centered. T h e diameter of the spherical bearing block 
should be only a little greater than t h a t of the test piece. 
The test piece shall be loaded continuously to failure. 
The moving head of the test ing machine shall travel at 
the rate of not less than 0.05 or more than 0.10 in. per 
minute . 

7. Specimens t ha t are manifestly faulty, or which 
give s trengths differing more than 15 per cent from the 
average value of all test pieces tested a t the same period 
and made from the same sample, shall no t be considered 
in determining the compressive s t rength. 

Faulty 
Specimens 
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A P P E N D I X X 
M E T H O D O F T E S T F O R O R G A N I C I M P U R I T I E S I N S A N D F O R C O N C R E T E 

Based on A.S.T.M. Specification C40-27 

1. T h e test herein specified is an approximate test for 
the presence of injurious organic compounds in natura l 
sand for cement mor ta r or concrete. The principal value 
of the test is in furnishing a warning t ha t further tests of 
the sand are necessary before they may be used in concrete. 
Sands which produce a colour in the sodium hydroxide 
solution darker than the s tandard colour should be sub­
jected to s trength tests in mor ta r or concrete before use. 

2. (a) A representative test sample of sand of abou t 
1 lb. shall be obtained by quar ter ing or by use of a sampler. 

(b) A 12-oz. graduated glass prescription bott le 
shall be filled to the 4 ^ oz. m a r k with the sand to be tested. 

(c) A 3 per cent solution on the basis of chemically 
pure sodium hydroxide (Na OH) in water shall be added 
until the sand and liquid after shaking gives a total volume 
of 7 liquid ounces. 

(d) T h e bot t le shall be stoppered and shaken 
thoroughly and then allowed to s tand for 24 hours. 

(e) A s tandard colour solution shall be prepared by 
adding 2.5 c c . of a 2 per cent, solution of tannic acid in 
10 per cent alcohol to 22.5 c c of a 3 per cent sodium hydro­
xide solution. Th i s shall be placed in a 12 oz. prespription 
bot t le , s toppered and allowed to s tand for 24 hours, then 
25cc of water added. 

(f) T h e colour of the clear liquid above the sand 
shall be compared with the s tandard colour solution pre­
pared in Clause (e) or with a glass of colour similar to the 
s tandard solution. 

3 . Solutions darker in colour than the s tandard colour 
have a "colour va lue" higher than 250 pa r t s per million 
in te rms of tannic acid. 

4. In cases where no sand can be obtained in the vicinity 
of the work which gives a satisfactory result on the colouri-
metr ic tes t and the crushed s tone coarse aggregate contains 
a proport ion of fine aggregate free of organic impurit ies, 
the tes t m a y be applied to the fine aggregate port ion of 
the composite aggregate. When this is done the composite 
aggregate should be subjected to s trength tests if the solu­
tion is equal in colour to the s tandard colour. 
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A P P E N D I X X I 
T E N T A T I V E M E T H O D O F T E S T F O R C O N S I S T E N C Y O F P O R T L A N D C E M E N T C O N C R E T E 

Based on A.S.T.M. Specification D138-26T 

Scope 1. This test covers the method to be used in the field 
for mainta in ing consistency of concrete*. 

pi 
Figure 1 

* This test is not considered applicable when there is a considerable amount of coarse aggregate over Z in. in site 
W the concrete. 
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Apparatus 

Sample 

Procedure 

Slump 

2. The test specimen shall be formed in a mould of 
No. 16 gauge galvanized metal in the form of the lateral 
surface of the frustum of a cone with the base, 8 in. in 
diameter, the upper surface, 4 in. in diameter , and the 
al t i tude, 12 in. T h e base and the top shall be open and 
parallel to each other and a t right angles to the axis of 
the cone. T h e mould shall be provided with a base plate 
and handles as shown in Fig. 1. above. 

3. When the test is made a t the mixer, the sample shall 
be taken from the pile of concrete immediately after the 
entire batch has been discharged. When testing concrete 
tha t has been hauled from central mixing plant , the sample 
shall be taken from the concrete immediately after it has 
been dumped. 

4. The mould shall be filled to abou t one-fourth of 
its height with the concrete which shall then be puddled, 
using 25 strokes of a ^ in. rod 2 ft. long, bullet pointed 
a t the lower end. T h e filling shall be completed in succes­
sive layers similar to the first and the top struck off so 
tha t the mould is exactly filled. The mould shall then be 
removed by being raised vertically, immediately after being 
filled. The moulded concrete shall then be allowed to 
subside until quiescent and the height of the specimen 
measured. 

5. The consistency shall be recorded in te rms of inches 
or subsidence of the specimen during the test, which shall 
be known as the slump. S lump = 12 — inches of height 
after subsidence. 

6. The following table indicates the maximum slump 
desirable for the various types of concrete, based on average 
aggregates and proportions : 

T y p e s of C o n c r e t e a n d M o r t a r 
M a x i m u m 

S l u m p 
i n Inches 

Mass concrete 3 

Reinforced concrete: 
(a) Thin vertical sections and columns 6 

(b) Heavy sections 

(c) Th in confined horizontal sections 

3 

8 

Roads and pavements : 

(a) Hand-finished 3 

(&) Machine-finished 
Mor ta r for floor finish 

1 
2 
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A P P E N D I X X I I 
M E T H O D O F M A K I N G C O M P R E S S I O N T E S T S O F C O N C R E T E 

(In substantial agreement with Specification A.S.T.M. C39-27) 

Scope 

Preparation 
of Materials 

Sampling for 
Preliminary 
Tests ^ 

Cement 
Tests 

Fine 
Aggregate 
Tests 

1. These methods are intended to cover compression 
tests of concrete made in a laboratory where accurate control 
of quant i t ies of materials and test conditions is possible. 
T h e y are designed to apply primarily to hand-mixed con­
crete compression specimens, bu t m a y be used with slight 
modification in making tests of concrete for wearing resis­
tance, bond between concrete and steel, impermeabil i ty, 
etc. T h e investigation of machine-mixed concrete will 
require certain obvious changes in the methods. For 
methods of conducting compression tests of concrete speci­
mens made during the progress of construction work, see 
Appendix X I I I . 

2. Materials shall be brought to room tempera ture (18 
to 24° C , 65 to 75° F.) before beginning the tests. Cement 
shall be stored in a dry place; preferably in covered metal 
cans. T h e cement shall be thoroughly mixed in advance, 
in order t ha t the sample m a y be uniform throughout the 
tests. I t shall be sieved through a No. 16 (1190 micron) 
sieve and all lumps rejected. Aggregates shall be in a 
room-dry condition when used in concrete tests . In general, 
aggregates should be separated on the No. 4 (4760-micron), 
y&-\n. and 1 ^ in. sieves and recombined to the average 
original sieve analysis for each batch. Fine aggregate 
should be separated into different sizes also, in cases where 
unusual gradings are being studied. 

3 . Representat ive samples of all concrete materials shall 
be secured for preliminary tests prior to the proport ioning 
and mixing of the concrete. Cement test samples may be 
made up of a small quan t i ty from each sack used in the 
concrete tests. Tes t samples of aggregates may be taken 
from larger lots by quarter ing. 

4. Cement shall be tested in accordance with the methods 
described in Appendix IV. 

5. Fine aggregates (passing through a No. 4 (4760-
micron) sieve shall be subjected, when required, to the 
following tes ts : 

(a) Sieve analysis test made in accordance with Ap­
pendix V I I . 

(b) Tes t for organic impurit ies made in accordance with 
Appendix X . 

(c) Tes t for quan t i ty of silt, clay and dust made in 
accordance with Appendix V I I I . 
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Coarse 
Aggregate 
Tests 

Mixed 
Aggregate 
Tests 

Proportioning 

Size and 
Shape of 
Specimens 

Mixing 
Concrete 

(d) Tes t for uni t weight made in accordance with 
Appendix X I V . 

(e) Strength test of 1:3 mor ta r b y weight a t 7 and 28 
days in comparison with s tandard sand mor ta r in accord­
ance with Appendix IV. 

6. Coarse aggregates (retained on a No. 4 (4760-micron) 
sieve) shall be subjected when required to the following tests: 

(a) Sieve analysis test as specified in Clause 5 (a); 
(b) Tes t for quan t i ty of silt, clay and dus t made gener­

ally in accordance with Appendix V I I I . 
(c) Tes t for uni t weight as specified in Clause 5 (d). 

7. T h e uni t weight of mixed fine and coarse aggregates 
as used in concrete tests shall be determined in accordance 
with the method specified in Clause 5 (d). 

8. T h e quanti t ies of each size of aggregate to be used in 
each batch shall be determined on the basis of the sieve 
analysis and the uni t weight of the mixed aggregate. The 
exact quanti t ies of cement and of each size of aggregate for 
each batch shall be determined by weight. T h e quant i ty of 
water for each batch shall be accurately measured. The 
quanti t ies of materials may be expressed as (a) 1 volume of 
cement to . . volumes of total aggregate mixed as used, or 
(&) 1 volume of cement, . . volumes of fine aggregate, and 
. . volumes of coarse aggregate, or (c) 1 p a r t by weight of 
cement . . pa r t s by weight of fine aggregate, and . . parts 
by weight of coarse aggregate. 

NOTE.—It is impracticable to give a general method for proportioning 
concrete for experimental purposes; the details will necessarily vary widely 
with the purpose for which the tests are made. The following procedure is 
suggested for specific cases.: 

(a) Vary the cement content by 10-per-cent intervals above and below 
assumed quantity. 

(&) Vary the proportions of fine to coarse aggregate, measured separate­
ly, at intervals of 10 per cent. 

(c) Vary the quantity of mixing water by intervals of 10 per cent. 

9. Compression tests of concrete shall be made on cy­
linders of d iameter equal to one-half the length. The 
s tandard shall be 6 by 12-in. cylinders where the coarse 
aggregate does not exceed 2-in. in size; for aggregates larger 
than 2 in., 8 by 16-in. cylinders shall be used; 2 by 4-in. 
cylinders may be used for mixtures wi thout coarse aggregate. 

10. (a) Concrete shall be mixed b y hand in batches of 
such size as to leave a small quan t i t y of concrete after 
molding a single test specimen. T h e batch shall preferably 
be mixed in a shallow metal pan with a 10-in. bricklayer s 
trowel which has been blunted by cut t ing off about 2Yi in-
of the point, as follows : 
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(b) T h e cement and fine aggregate shall be mixed dry 
until t he mixture is homogeneous in color; 

(c) T h e coarse aggregate shall be added and mixed d ry ; 
(d) Sufficient water shall be added to produce concrete 

of the required workabil i ty; 
NOTE.—Concrete tests should be made on plastic mixtures. It is of 

the utmost importance that a uniform degree of workability be secured in 
tests involving comparisons of different materials and methods. 

(e) T h e mass shall be mixed thoroughly until the result­
ing concrete is homogeneous in appearance. 

11. The workabil i ty or plasticity of each batch of con­
crete shall be measured immediately after mixing by one of 
the following methods : 

(a) Slump test made in accordance with Appendix X I . 
(b) Flow test made by placing a metal mold in the 

shape of a frustum of a cone 6 % in. in top diameter, 10 in. 
in bo t tom diameter , 5 in. in depth , on the table of the flow 
appara tus . T h e fresh concrete shall be placed in the mold 
in two layers. Each layer shall be puddled as described in 
Section 13. Immediate ly after molding, the surplus con­
crete shall be s truck off with a trowel and the mold shall be 
removed by a s teady upward pull; the table raised in. 
and dropped 15 t imes in abou t 10 seconds by means of a 
suitable cam and crank. T h e spread of the fresh concrete 
due to this t r ea tmen t expressed as a percentage of the 
original bo t tom diameter of the cone is the "flow." 

12. T h e molds shall preferably be of metal . Each mold 
shall be provided with a machined metal base plate, and 
shall be oiled with a heavy mineral oil before using. Par t i ­
cular care shall be taken to obtain t ight molds so t h a t the 
mixing water will not escape during molding. 

NOTE.—The best type of mold consists of lengths of cold-drawn steel 
tubing, split along one element and closed by means of a circumferential 
band and bolt. Satisfactory molds can be made from lengths of steel water-
pipe machined on the inside, from rolled metal plates, from galvanized 
steel, machined iron or steel castings. Paraffined cardboard molds will 
give good results under expert supervision. 

13. Concrete test specimens shall be molded b y placing 
the fresh concrete in the mold in layers 3 to 4 in. in thickness. 
Each layer shall be puddled with 25 strokes with a £i- in . 
rod 24 in. in length, bullet-pointed a t the lower end. After 
the top layer has been puddled, the surplus concrete shall 
be s t ruck off with a trowel, and the mold covered wi th a 
piece of plate glass a t least ]4, in. in thickness or a machined 
metal plate which will be used later in capping the test 
specimen. 
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Capping 
Specimens 

Curing Test 
Specimens 

Age at Test 

Sequence of 
Tests 

Preparation 
of Tests 

Method of 
Testing 

Application 
of Load 

14. Two to four hours after molding, the test specimens 
shall be capped with a thin layer of stiff neat-cement paste 
in order t ha t the cylinder m a y present a smooth end for 
testing. T h e cap shall be formed by means of a piece of 
plate glass % in. in thickness or machined metal plate J^-in. 
in thickness and of a diameter 2 or 3 in. larger than that of 
the mold. T h e plate shall be worked on the fresh cement 
paste until it rests on top of the mold. T h e cement for 
capping should be mixed to a stiff pas te 2 to 4 hours before 
it is to be used in order to avoid the tendency of the cap to 
shrink. Adhesion of the concrete to the top and bottom 
plates may be avoided by oiling the plates or by inserting 
a sheet of paraffined paper. 

15. Concrete test specimens shall be removed from the 
molds 20 to 48 hours after molding, marked, weighed and 
stored in d a m p sand, under d a m p cloths or in a moist 
chamber until the date of test . T h e tempera ture of the 
curing room should not fall outside the range of 18 to 24° C. 
(60 to 75° F. ) . 

16. Tests shall be made a t the age of 7 and 28 days; 
ages of 3 months and 1 year are recommended, if longer-
time tests are required. 

17. Three to five test specimens should be made on differ­
ent days on investigations in which accurate comparisons 
are desired. 

18. Compression tests shall be made immediately upon 
removal of the concrete test specimens from the curing 
room ; tha t is, the test specimens shall be loaded in a damp 
condition. T h e length and average diameter of the test 
specimen shall be measured in inches and hundredths ; two 
diameters shall be measured a t right angles near the mid-
length. T h e test specimen shall be weighed immediately 
before testing. 

19. In general, only the ul t imate compressive strength of 
the cylinders need be observed. T h e metal bearing plates 
of the testing machine shall be placed in contact with the 
ends of the test specimen ; cushioning materials shall not be 
used. An adjustable bearing block shall be used to trans­
mi t the load to the test specimen. T h e bearing block shall 
be used on top of the specimen in vertical testing machines. 
T h e diameter of the bearing block shall be the same or 
slightly larger than tha t of the test specimen. The upper 
or lower section of the bearing block shall be kept in motion 
as the head of the testing machine is brought to a bearing 
on the test specimen. 

20. The load shall be applied uniformly and without 
shock. T h e moving head of the test ing machine should 
travel a t the rate of about 0.05 in. per minute when the 
machine is running idle. 
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Record of 
Tests 

Weight of 
Concrete 

Density and 
Yield 

Report 

21. T h e total load indicated by the testing machine a t 
failure of the test specimen shall be recorded and the unit 
compressive strength calculated in pounds per square inch, 
the area computed from the average diameter of the cylinder 
being used. T h e type of failure and appearance of the con­
crete shall be noted. 

22. T h e weight of the concrete in pounds per cubic foot 
shall be determined from the weight of the specimens and 
their dimensions. 

23. Densi ty and yield of concrete when required shall be 
calculated from the uni t volumes of the const i tuent mater ­
ials and the volume of the fresh or set concrete as desired. 
Densi ty is here understood to be the ratio of solids in the 
concrete to the total volume of the mass. Yield is the 
volume of concrete resulting from the volume of aggregate 
mixed as used. 

24. T h e report shall include the following: 
(a) T h e kind and origin of concrete mater ials ; 
(b) Complete d a t a on all tests of cement and aggregates; 
(c) A description of methods of making and testing the 

concrete, where methods deviate from the proposed stan­
dards ; 

(d) T h e quant i t ies of cement, aggregates and water in 
each ba tch ; 

(e) The method of measuring workabili ty or plasticity 
with " s l u m p " or "flow" of concrete; 

(/) T h e quan t i ty of water expressed as a ratio to volume 
of cement ; 

(g) T h e age a t test ; 
(h) T h e size of tes t specimens; 
(i) T h e da te of moulding and testing each cylinder; 
(j) T h e compressive strength in pounds per square inch 

of each test specimen and the average of tests in a set ; 
(k) A description of failure and appearance of concrete 

on each test specimen; 
(/) The unit weight, density and yield of the concrete. 
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A P P E N D I X X I I I 

M E T H O D O F M A K I N G A N D S T O R I N G S P E C I M E N S O F C O N C R E T E I N T H E F I E L D 

(In substantial agreement with Specification A.S.T.M. C31-Z7) 

Scope. 1. This method is intended to apply to the molding and 
storing of test specimens of concrete sampled from concrete 
being used in construction. 

Size and 
Shape of 
Specimens. 

Molds. 

2. The test specimens shall be cylindrical in form with 
the length twice the diameter . The s tandard shall be 6 by 
12-in. cylinders where the coarse aggregate does not exceed 
2 in. in size; for aggregates larger than 2 in., 8 by 16-in. 
cylinders shall be used; 2 by 4-in. cylinders may be used 
for mixtures wi thout coarse aggregate. 

3 . (a) T h e molds shall be cylindrical in form, made of 
non-absorbent material , and shall be substantial enough 
to hold their form during the molding of the test specimens. 
They shall not vary in diameter more than Jjiï in. in any 
direction, nor shall they va ry in height more than 3le in. 
from the height required. They shall be substantially 
water t ight so t ha t there will be no leakage of water from 
the test specimen during molding. 

Sampling of 
Concrete. 

NOTE—The best type of mold consists of lengths of cold-drawn steel 
tubing, split along one element and closed by means of a circumferential 
band and bolt. Satisfactory molds can be made from lengths of steel 
water pipe machined on the inside, from rolled metal plates, from galvanized 
steel, machined iron or steel castings. Paraffined carboard molds will 
give good results under expert supervision. 

(b) Each mold shall be provided with a base plate having 
a plane surface and made of non-absorbent material . This 
plate shall be large enough in diameter to properly support 
the mold wi thout leakage. Plate glass or planed metal 
are satisfactory for this purpose. A similar plate should 
be provided for covering the top surface of the test specimen 
when molded. 

(c) Suggestions for suitable molds are shown in Figs. 1,2, 
and 3. 

4. (a) Concrete for the test specimens shall be taken 
immediately after it has been placed in the work. All the 
concrete for each sample shall be taken from one place. 
A sufficient number of samples—each large enough to make 
one test specimen-—shall be taken a t different points so 
t ha t the test specimens made from them will give a fair 
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average of the concrete placed in t ha t portion of the struc­
ture selected for tests. T h e location from which each 
sample is taken shall be noted clearly for future reference. 

X£xlf Steel Pipe 

Top View. 

g "3 "Square Head 

£x/"Steel Band 

Side View. 

Stock: $iû& cold- drawn scam/ess steel 
tubing; £ "walls; make narrow slit along one 
element with'slitting saw. May also use 
6 "steel water-pipe, machined inside ; slit 
along one element, so thai when closed will 
give 6"inside diameter. 

FIG. 1. 

(b) In securing samples, the concrete shall be taken from 
the mass by a shovel or similar implement and placed in 
a large pail or other receptacle, for t ransport ing to the 
place of molding. Care shall be taken to see t h a t each 
test specimen represents the total mixture of the concrete 
from a given place. Different samples shall not be mixed 
together bu t each sample shall make one specimen. 

Molding Test 5. (#) T h e pails or other receptacles containing the 
Specimens. samples of concrete shall be taken as quickly as possible 

to the place selected for molding test specimens. To 
offset segregation of the concrete occurring during trans­
portat ion, each sample shall be dumped into a non-absor­
bent water- t ight receptacle and, after slight mixing, 
immediately placed in the mold. 

(b) The test specimens shall be molded by placing the 
concrete in the mold in layers 3 to 4 in. in thickness. Each 
layer shall be puddled with 25 strokes wi th a $4-'m. rod 
24 in. in length bullet-pointed a t the lower end. After 
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puddling the top layer, the surface concrete shall be struck 
off with a trowel and covered with the top cover plate 
which may later be used in capping the test specimen. 

Side View 
FIG. 2 . 

Capping 
Specimens. 

6. Two to four hours after molding, the test specimens 
shall be capped with a thin layer of stiff neat-cement paste 
in order tha t the cylinder may present a smooth end for 
testing. The cap shall be formed by means of a piece of 
plate glass J4 in. in thickness or a machined metal plate 
Yi in. in thickness and of a diameter 2 or 3 in. larger than 
tha t of the mold. The plate shall be worked on the fresh 
cement paste until it rests on top of the mold. The 
cement for capping should be mixed to a stiff paste 2 to 4 
hours before it is to be used in order to avoid the tendency 
of the cap to shrink. Adhesion of the concrete to the top 
and bot tom plates may be avoided by oiling the plates or 
by inserting a sheet of paraffined paper. 

Removal of 
Specimens 
from Molds. 

7. At the end of 48 hours the test specimens shall be 
removed from the molds and buried in d a m p sand except 
in case the molds shown in Fig. 3 are used, when they m a y 
be buried in d a m p sand wi thout removal of the mold, thus 
permit t ing shipping in the molds. 
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8. (a) T h e test specimens shall remain buried in damp 
sand until 10 days prior to the da te of test. They shall then 
be well packed in d a m p sand or wet shavings and shipped 
to the testing laboratory, where they shall be stored either 
in a moist room or in d a m p sand until the da te of test . 

(b) Should a 7-day test be required, the test specimens 
shall remain a t the work as long as possible to harden and 
then shall be shipped so as to arrive a t the laboratory in 
t ime for test on the required da te . 

(c) Test specimens shall be protected from drying after 
removal from d a m p storage and before testing. 

Storage of 
Specimens. 
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A P P E N D I X X I V 
M E T H O D O F T E S T F O R U N I T W E I G H T O F A G G R E G A T E F O R C O N C R E T E 

(In substantial agreement with Specification A.S.T.M. C29-27) 

Scope 1. This method is intended to cover the determination 
of uni t weight of fine, coarse, or mixed aggregate for con­
crete. 

Apparatus 2. (a) T h e appara tus required consists of a cylindrical 
metal measure, a tamping rod, and a scale or balance, sensi­
tive to 0.5 per cent of the weight of the sample to be weighed. 

(b) Measures.—The measure shall be of metal , preferably 
machined to accurate dimensions on the inside, cylindrical 
in form, water- t ight , and of sufficient rigidity to retain its 
form under rough usage, with top and bot tom true and even, 
and preferably provided with handles. 

T h e measure shall be of Vio or Yi l-cu.-ft. capacity, 
depending on the maximum diameter of the coarsest particle 
in the aggregate, and shall be of the following dimensions: 

C a p a c i t y , c u . f t . 
I n s i d e 

D i a m e t e r , 
I n . 

I n s i d e 
H e i g h t , 

I n . 

M i n i m u m T h i c k ­
n e s s of M e t a l , 

U. S . G a g e 

D i a m e t e r of 
Larges t Par t i c l e s 
of A g g r e g a t e , i n . 

Vio 
H 

l 

6.00 
10.00 
14.00 

6.10 
11.00 
11.23 

No. 11 
No. 8 
No. 5 

Under M 
Under \Y2 

Over VA 

(c) Tamping Rod.—The tamping rod shall be a s t raight 
meta l rod ya in. in diameter and 24 in. in length, with one 
end tapered for a distance of 1 in. to a b lunt bullet-shaped 
point . 

Calibrating 3 . T h e measure shall be calibrated by accurately deter-
the Measure mining the weight of water a t 16.7° C. (62° F.) required to 

fill it. T h e factor for any uni t shall be obtained by dividing 
the uni t weight of water a t 16.7° F . (62° C.) (62.355 lb. per 
cu. ft.) by the weight of water a t 16.7° C. (62° F.) required 
to fill the measure. 

Condition of 4. T h e sample of aggregate shall be room-dry and 
Sample thoroughly mixed. 

Method 5. (a) T h e measure shall be filled one-third full and the 
top levelled off with the fingers. T h e mass shall be puddled 
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with the tamping rod with 25 strokes evenly distributed 
over the surface. T h e measure shall be filled two-thirds 
full and again puddled with 25 strokes as before. The 
measure shall then be filled to overflowing, puddled 25 
times, and the surplus aggregate s truck off, using the 
t amping rod as a s traight edge. 

In puddling the first layer the rod should not be per­
mi t ted to forcibly strike the bot tom of the measure. In 
puddling the second and final layers, only enough force 
to cause the tamping rod to penet ra te the last layer of 
aggregate placed in the measure should be used. 

(6) T h e net weight of the aggregate in the measure shall 
be determined. T h e unit weight of the aggregate shall then 
be obtained by multiplying the net weight of the aggregate 
by the factor found as described in Section 3. 

Accuracy 6. Results with the same sample should check within 
1 per cent. 
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I N D E X 
ITEM CLAUSE NO. 

Aggregate, Coloured 73 
Cyclopean 12 
Grading of coarse . . . . ' 6 
Grading of fine 3 
Measurement of 18 
Fine mortar 4 and Appendix IX 
Permissible variations in 9 
Quality of 2 
Rubble 11 
Use of pit run 10 
Use of pre-mixed 10 
Proportions in concrete 20 
Special under sea water 51 
Storage of t 15 

Alkali Action, Integral compounds for protection against . . . . 57 
Alkali Concentration, High, Construction of structures exposed to 56 
Alkali Concentration, Low, Amount of cement for concrete subject to . 58 
Alkali water, Destruction of concrete in 55 
Analysis, Sieve 7 and Appendix VII 
Anchorage, Ordinary, Bond stresses for 129 

Ordinary, Requirements for 132 
Special, Bond stresses for 130 
Special, for longitudinal reinforcements in beams 122 
Special, Minimum requirements for 133 

Approval of forms 28 

Bags, Jute or cloth, Use in under water work 41 
Beams, Concrete, Shearing stress in 181 

Moment coefficients for special 104 
Restrained, of equal span 103 
Slightly restrained, of equal span 101 
Of uniform load, Variation of shear in 118 
Wedge-shaped, Shear in 117 
With bars bent up in a single inclined plane 121 
With special anchorage for longitudinal reinforcement . . . . 122 
Without special anchorage of longitudinal reinforcement . . 121 

Beam-and-tile construction 110 
Beam-and-tile construction, Shear in 11° 
Bearing stress on pedestals 173 
Bearing walls, Flat slabs on 142 
Bending in columns with lateral ties 158 
Bending in columns with spiral reinforcement 158 
Bending in footings, Critical section for 165 
Bending of metal reinforcement 78 
Bends in continuous reinforcing bars 147 
Bond stresses for ordinary anchorage 129 
Bond stresses for special anchorage 130 
Bond between concrete and metal reinforcement 188 
Bond stress, Reinforcement in two or more directions 131 
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Item Clause No. 
Bond stresses by beam action 128 
Bonding, Future 83 
Bonding with old work 44 
Bucket, Use of drop-bottom 41 

Cast iron, Compression in 187 
Cement, Portland, Specification for 1 and App. IV 
Cement, Proportions in concrete 20 
Cement, Storage of 15 
Cement, Unit measurement of 16 
Cement, Use in fire-proofing 86 
Cement wash 75 
Centres 34 
Checking of forms and reinforcement 37 
Chuting of concrete . . . " 39 
Cleaning of forms 31 
Cleaning of metal reinforcement 77 
Cloth, Use in under water work 41 
Coarse aggregate grading 6 
Cold weather, Depositing of concrete in 40 
Coloured aggregate 73 
Columns, Composite 159 

Reinforcement at heads 146 
Joints in concrete 88 
With lateral ties, Bending in 158 
With lateral ties, Safe loads on 156 
Long, Load on 161 
Reinforced conrete, Limiting dimension of 152 
Reinforced concrete, Unsupported length 153 
Reinforcement, Offsets in 82 
Round, on square footings 168 
With reinforcement, Safe load on 154 
With spiral reinforcement, Bending in 158 
Square, on square footings 167 
Structural steel 160 
Transfer of stress from 171 

Compacting of concrete 43 
Compression in cast iron 187 
Compression, Direct, in concrete 178 

In extreme fibre of concrete 179 
In steel 186 
Steel in flexural members 112 

Compressive strength of concrete, Ultimate . . 177 and App. X I I and XI I I 
Concrete, Destruction in alkali water 55 

Consistency 21 
Construction, Joints in 87 
Curing of 45 
Deposited under water, Amount of cement for 42 
Direct stress in 178, 179 and 180 
Duratioa of mixing 23 
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Décantation tests 
Depositing concrete, In cold weather 

Method of 
Progress report 
Under sea water 
Under water 

Design of forms 
Design, General assumption in . . . 

Of concrete retaining walls, Details 
Section in flat slabs, Principal . 

Designing formulae, Notation used 
Destruction of concrete in alkali water . 
Dimensions of dropped panels . . . . 

Of lateral ties 
Of reinforced concrete columns, Limiting 
Of pedestals without reinforcement 

Draining of forms, Arrangement for . 
Drop-bottom buckets, Use of . . . . 
Duration of mixing concrete 

Expansion joint details 
Expansion joints in long structures . 

Fine aggregate grading 
Fine aggregate mortar 
Finish, Sand-floated 

8 and App. VIII 
. . . 40 
. . . 38 
. . . 35 

52 
. . . 41 
. . . 26 
. . . 96 
. . . ,176 

136 
. . . 97 
. . . 55 
. . . 139 
. . . 157 
. . . 152 
. . . 175 
. . . 33 
. . . 41 
. . . 23 

4 and App. IX 

Item Clause No. 
Machine mixing of 22 
Methods of depositing 38,40,41,52 
Retempering of 25 
Shearing stress in 181, 182, 183 and 184 
In sea water, Protection of 53 
Under sea water, Amount of cement for 51 
Under sea water, Consistency for 54 
Under sea water, Special aggregate for 51 
Stress in footings 170 
Tension stress in 180 
Ultimate compressive strength of . . . 177 and App. XII and XIII 
Water-tight 46 

Consistency of concrete 21 
Construction of forms 27 
Construction joints in long structures 90 
Construction of structures exposed to high alkali concentration . . . 56 
Continuous beams of equal span, Freely supported 102 
Critical section for bending in footings 165 
Critical section for pile footing 126 
Critical section for soil footings 125 
Curing of concrete 45 
Curing of wearing surfaces 64 
Cyclopean aggregate 12 
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I T E M Clause No. 

Finish, Surface, General precaution for 59 
Finish, Terrazzo 32 
Finishing of top surfaces, not subject to wear 66 
Finishing of top surfaces subject to wear 64 
Fire proofing, Use of cement or gypsum plaster for 86 
Flange width, T-beams • • 107 
Fire, Protection of metal reinforcement against 85 
Flat slabs 183 

On bearing walls 142 
Thickness of 138 
Moments in interior panels of 135 
Moments in principal design section 137 
Principal design section 136 
Shear stress in • 123 

Flexure formulae, Rectangular girders, beams and slabs . . . . 98 
Flexure formula;, T-beams 106 
Flexural members, Compression steel in 112 
Floor reinforced in two directions 114 
Floors, Concrete, Joints in 89 
Floors, Cutting holes in 95 
Footings, Concrete stress in 170 

Critical section for bending 165 
Loads on 163 
Plain concrete 166 
Pile, Critical section for 126 
Reinforcement in 169 
Shear stress in 124 
Sloped or stepped 164 
With sloping top surfaces 127 
Soil, Critical section for 125 
Square, Round columns on 168 
Square, Square columns on 167 
Stresses in 162 
Stresses in longitudinal bars 184 

Form supports on centres 34 
Form surface, Treatment of . 32 
Forms, Approval of 25 

Cleaning of 38 
Construction of 21 
Design of 27 
Drainage of 36 
Inspection of 33 
Material for 23 
Removal of 39 
Removal of, to prevent surface injury 62 

Formulae, Design, Notation used 115 
Shear, Notation used 97 
Shear in rectangular and T-beams 116 

Four-way system, Arrangement of reinforcement 150 
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Item Clause No. 
Freely supported continuous beams 102 
Freezing, Use of materials to prevent 40 
Future bonding I *• 83 

General assumption in design 96 
Girders, Rectangular, Flexure formulae 98 
Grading of coarse aggregate 6 
Grading of fine aggregate 3 
Granolithic surfaces, Proportions and finishing methods 67 
Gypsum, Use in fireproofing 86 

Hand mixing 24 
Holes in floors, Cutting 95 

Impurities in sand, Organic 5 and App. X 
Indeterminate structures 105 
Inflection, Line of, for slabs 143 
Inspection of forms 33 
Integral compounds for protection against alkali action 57 
Integral compounds for waterproofing, Use of 47 
Internal ties 30 
Iron, Cast, Compression in 187 

Joint, Expansion, Details 91 
Joint, Expansion, Details in long structures 92 
Joints in concrete columns 88 

In concrete floors 89 
In concrete construction 87 
In long structures, Construction 90 
Sliding 93 
Water-tight 94 

Lateral supports 100 
Lateral ties, Dimensions and spacing of 157 
Length, Span 99 
Length, Unsupported, Columns 153 
Limitations respecting reinforcement 144 
Load on columns with lateral ties, Safe 156 
Load on columns with reinforcement, Safe • 154 
Loads on footings 163 
Long columns, load on 161 
Longitudinal bars, Special anchorage for 122 and 182 

Machine mixing of concrete 22 
Material for forms 29 
Measurement of aggregate 18 
Measurement of cement ' 16 
Measurement of water 17, 19 
Membrane for waterproofing, Use of 48 
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Item Clause N o . 

Metal reinforcement, Bending of 78 
Bond with concrete 188 
Cleaning of . * 77 
Placing of 80 
Protection of 53 
Protection against fire 85 
Protection against moisture 84 
Splicing of 81 
Straightening of 79 

Mineral pigments 74 
Mixing, Hand 24 
Moment coefficients for special beams 104 
Moments in interior panels of flat slabs 135 
Moments in principal design sections of flat slabs 137 
Mortar, Fine aggregate 4 and App. IX 
Mortar, Strength of 4 and App. IX 
Moulding 36 

Notation used in designing formulae 97 
Notation used in formulae for shear 115 

Oil proofing 50 
Old work, Bonding with 44 
Ordinary anchorage, Requirements for 132 
Organic impurities in sand 5 and App. X 

Panels, Concrete, Computing of stress in 148 
With discontinuous edges 141 
Dropped, Dimensions of 139 
Unusual 157 
Wall and other irregular 140 

Pedestals, Bearing stress on 173 
With reinforcement, Permissible working stress 174 
Without reinforcement, Allowable compressive unit stress . . 172 
Without reinforcement, Dimensions of 175 

Permissible variation in aggregate 9 
Pigments, Mineral 74 
Pile footing, Critical section for 126 
Pit-run aggregate, Use of 10 
Placing of material for surface finish 60 
Placing of metal reinforcement 80 
Portland Cement specification 1 and App. IV 
Pre-mixed aggregate, Use of 10 
Progress report, Depositing of concrete 35 
Proportions of cement, aggregate and water 20 
Proportions and finishing methods for granolithic surfaces . . . . 67 
Proprietary surface coatings 76 
Protection of concrete against alkali action • 56 
Protection of concrete in sea water 53 
Protection of metal reinforcement 53, 84 and 85 
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ITEM CLAUSE NO. 
Quality of aggregate 2 
Quality of mixing water 14 
Quality of reinforcement 13 and App. V 

Ratio, Water-cement 20 
Rectangular beams, Formula? for shear 116 
Reinforcing bars, Continuous, Bends in 147 
Reinforcing material 13 and App. V 
Reinforcing bars, Established list of sizes App. V. Page 107 
Reinforcing steel, Tension in . 185 
Reinforcing steel, Compression in 168 
Reinforcement Arrangement in four-way system 150 

Arrangement in two-way system *. 149 
Bond with concrete 188 
In two or more directions, Bond stress for . . . . . . . . . 131 
Checking of 37 
At column heads 146 
Column, Offsets in . . . . >• 82 
In footings 169 
Limitations respecting 144 
Longitudinal, Special anchorage of . . 122 

; Metal (See "Metal reinforcement") 
Quality of \ . 13 and App. V 
For shrinkage and temperature 113 
In slabs, Effective 145 
Spiral 155 and App. V 
Stress in 185, 186, 187 and 188 
Transverse, for T-beams 108 
WEB . . . . . . . . . . . . . . . ,134 
Web, Type and spacing of 120 

Removal of forms 35 
Removal of forms to prevent surface injury 62 
Repairs, Surface 63 
Requirements for ordinary anchorage 132 

, Requirements for special anchorage, Minimum . . • • • 133 
Restrained beams of equal span 103 
Retaining walls, Concrete, Details of design . . . . . . . . 63 

. . . 25 
. . . ' . 168 

. . . 68 
11 

; Safe load on columns with lateral ties . . . . 156 
' Safe load on columns with reinforcement 154 

. . . . 72 
5 and App. X 

. . , . 69 
Sea water, Amount of cement for concrete under 51 

Consistency of concrete under 54 
Depositing of concrete under 52 
Protection of concrete in 53 
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Item Clause No. 
Section, Critical, for pile footings 126 
Section, Critical, for soil footings 125 
Shear stress in flat slabs 123 
Shear stress in footings 124 
Shearing stress in concrete beams using longitudinal bars without special 

anchorage " . 181 
Shear, Variation of, in beams of uniform load 118 

In beam-and-tile construction 119 
Formula;, Notation used 115 
For wedge-shaped beams 117 

Shrinkage and temperature reinforcements • . . 113 
Sieve analysis 7 and App. VII 
Sizes of reinforcing bars, Established list App. V. page 107 
Slabs, Effective reinforcement in . 145 

Line of inflection for 143 
Flat 183 
Flat, on bearing walls 142 
Flat, (See "Flat slabs") 

Sliding joints 93 
Spacing of web reinforcement 120 
Span length 99 
Special aggregate for concrete under sea water 51 
Special anchorage, Minimum requirements for 133 
Specification for Portland Cement 18 and App. IV 
Spiral reinforcement, Bending in columns with 158 
Spiral reinforcement 155 and App. V 
Splicing of metal reinforcement 81 
Square footings, Round columns on 168 
Square footings, Square columns on 168 
Storage of aggregate 15 
Storage of cement 15 
Steel, Compression in • 186 
Steel, Compression in flexural members 112 
Steel, Tension in 185 
Straightening of metal reinforcement 79 
Strength of mortar 4 and App. IX 
Stress, Bond, Reinforcement in two or more directions 131 

In footings, Concrete 170 
T-beam construction 109 
Tension, in concrete 180 
Transfer from column 171 

Stresses, Bond, by beam action 128 
Stresses in footings 162 
Stresses for ordinary anchorage, Bond 129 
Structural steel columns 160 
Structures, Indeterminate 105 
Supports, Form 34 
Supports, Lateral • 100 
Supports, T-beam construction 109 
Surface coatings, Proprietary 76 
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T-Beam construction, Stress and supports for . 
T-Beams, Flange width 

Flexure formulae 
Formula; for shear 
Isolated 
Transverse reinforcement 

Temperature reinforcement 
Tension stress in concrete 
Tension in steel 
Terrazzo finish 
Tests, Décantation 
Texture, Surface 
Thickness of flat slabs 
Tile construction, Beam-and-
Tile construction, Shear in Beam-and-
Ties, Internal 
Ties, Lateral, Dimensions and spacing of 
Tooled surfaces 
Top surfaces, Mixtures for 
Transfer of stress from column 
Treatment of form surface 
Tremie, Use of 
Two-way system, Arrangement of reinforcement 
Type of reinforcement 

Ultimate compressive strength of concrete . . 177 and App. XII and XI I I 
Under water work, Use of jute or cloth bags 41 
Unit measurements of cement 1** 
Unit measurements for water 17 
Unusual panels 151 

. . . 109 

. . . 107 

. . . 106 

. . . 116 

. . . I l l 

. . . 108 

. . . 113 

. . . 180 

. . . 185 

. . . 65 
8 and App. VIII 
. . . 61 
. . . 138 
. . . n o 
. . . 119 
. . . 30 
. .\ . 157 
. . . 71 
. . . 64 
. . . 171 
. . . 32 
. . . 41 

. . 149 
. . . 120 

Variations in aggregate, Permissible 9 

Item Clause No. 
Surface finish, General precaution for 59 
Surface finish, Placing of material for 60 
Surface repairs 63 
Surface texture 61 
Surfaces, Granolithic, Proportions and finishing methods . . . . 67 

Not subject to wear, Finishing of 66 
Subject to wear, Finishing of 64 
Rubbed 68 
Sand-blasted 70 
TOOLED '. • ' 71 
Top, Mixtures for 64 
Wearing, Placing of 64 
Wearing, Curing of 64 
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ITEM CLAUSE NO. 
Wall panels 140 
Wall, Concrete retaining, Details of design . . . 176 
Wash, Cement 75 
Water-cement ratio 20 
Water, Concrete deposited under 51 
Water, Depositing of concrete under 41 
Waterproofing, Use of integral compounds for . 47 
Water measurement, Method of 1° 
Water, Mixing, Quality of 14 
Waterproofing, Use of membrane for 48 
Water, Proportion in concrete 20 
Water-tight concrete 46 
Water-tight joints °4 
Water, Unit measurements for 17 
Wearing surfaces, Placing of . . . 64 
Web reinforcement 134 
Web reinforcement, Type and spacing of 120 
Wearing surfaces, Curing of 64 
Wedge-shaped beams, Shear for 117 
Width of flange, T-beams 107 

• Working stress in pedestals with reinforcement 174 
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S U S T A I N I N G M E M B E R S — 1 9 2 8 

Algoma Steel Corporation Ltd, 
Babcock-Wilcox Co. 
Bell Telephone Co. of Canada. 
John Bertram & Sons Co. Ltd. 
British American Oil Co. Ltd. 
British Columbia Cement Co. Ltd. 
Burlington Steel Co. Ltd. 
Canada Wire & Cable Co. Ltd. 
Canadian Acme Screw & Gear Ltd. 
Canadian Bridge Co. Ltd. 
Canadian Car & Foundry C. Ltd. 
Canada Cement Company Ltd. 
Canadian Drawn Steel Co. Ltd. 
Canadian General Electric Co. Ltd. 
Canadian Inspection & Testing Co. Ltd. 

'Canadian International Paper Co. 
Canadian Laco Lamps Ltd. 
Canadian National Railways. 
Canadian Pacific Railway Co. 
Canadian Steel & Wire Co. Ltd. 
Canadian Tube & Steel Products Co. 

Ltd. 
Canadian Westinghouse Co. Ltd. 
B. J. Coghlin Co. Ltd. 

'Consolidated Mining & Smelting Co. Ltd. 
Crane Limited. 
Dominion Bridge Co. Ltd. 

'Dominion Engineering Works Ltd. 
"Dominion Forge & Stamping Co. Ltd. 
Dominion Foundries & Steel Ltd. 
Dominion Iron & Steel Co. Ltd. 

'English Electric Co. of Canada Ltd. 
I'erranti Electric Limited. 
Foundation Co. of Canada Ltd. 
Hrost Steel & Wire Company Ltd. 

*Gartshore-Thomson Pipe & Foundry Co. 
Ltd. 

Goldie & McCulloch Co. Ltd. 
Hamilton Bridge Works Co. Ltd. 
Robert W. Hunt & Co. Ltd. 
Imperial Oil Ltd. 
E. Leonard & Sons Ltd. 

*Lincoln Meter Co. Ltd. 
Manitoba Rolling Mill Co. Ltd. 
Maritime Telegraph & Telephone Co. Ltd. 
Massey Harris Co. Ltd. 
Milton Hersey Co. Ltd. 
Robert Mitchell Co. Ltd. 

*Moffats Limited. 
Montreal Light Heat&PowerConsolidated 
Montreal Locomotive Works Ltd. 
New Brunswick Telephone Co. Ltd. 
Northern Bolt Screw & Wire Co. Ltd. 
Northern Electric Co. Ltd. 
Ottawa Electric & Ottawa Gas Companies 
Page Hersey Tubes Ltd. 
Eugene F. Phillips Electrical Works Ltd. 
Pratt & Whitney Co. of Canada Ltd. 
Price Brothers & Co. Ltd. 
St. Mary's Cement Co. Ltd. 
Sangamo Electric Co. of Canada Ltd. 

*Seton Engineering-Inspection Co. 
Shawinigan Water & Power Co. 

*Shell Company of Canada Ltd. 
Solex Co. Ltd. 
Steel Co. of Canada Ltd. 
Stowell Screw Co. Ltd. 

*Toronto Hydro-Electric Commission. 
*Union Drawn Steel Co. Ltd. 
*Chas. Warnock & Co. Ltd. 
Willys-Overland Ltd. 

* Indicates New Member. 
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