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ABSTRACT
This investigation involved the fabrication and testiné

to failure of a large number of nominallv identical reinforced concrete
members such as 20 simple beams, 20 two-span continuous beam and 20
columns. The simple beams were of rectangular section 5" wide by 8"
deep with 2-#5 bars as tension reinforcement only. The simple beams
were loaded to failure using equal loads at the third points. The
two-span continuous beams, also of rectangular section 5" x 8" had both

tension (2-#5 bars) and compression (2-#5 bars) reinforcement, equal

loads were applied at the centre of each span. The column was rectangular

in section (8" x 6") with symetrical reinforcement of 4-#5 bars. The
column was loaded to failure by an eccentric load.

The distribution of load carrying capacity of the members
was determined by finding the joint probability of a given concrete
strength and steel vield stress occurring and calculating the ultimate
load usihg a prediction formulae.

From the comparison of the results, it was found that the
experimentally detefmined mean strength of the beams and columns were
in good agreement with the ultimate loads which were calculated from
the prediction formulae of the National Building Cade of Canada and the
building code requirement of the American Concrete Institute.

From the predicted distribution of ultimate load capacity
the probability of the ultimate load being less than the design load
was determined. Using the ¢ factors recommended by the NBC. the

probability of failure for the columns was less than 0.01% and 7% for the

beams,
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NOTATION

= Area of tension steel, sq. inc.
— Area of compression steel, sq. inc.
=~ Depth of equivalent rectangular stress block ==klc

= Depth of equivalent rectangular stress block ==klcb

= Width of rectangular member
= Distance from extreme compression fibre to neutral axis at ultimate strength

= Distance from extreme compression fibre to neutral axis for balanced condition
= d(87,000)/(87,000 - £,

= Distance from extreme compression fibre to centroid of tension reinforcement

~ Distance from extreme compression fibre to centroid of compression reinforcement

Distance from plastic centroid to centroid of tension reinforcement

Ultimate concrete strain in flexure

= Strain in reinforcement

==

Modulus of elasticity of reinforcement

==

Modulus of elasticity of concrete

=3

Eccentricity of load with respect to centroid of tension reinforcement

= Eccentricity of load with respect to plastic centroid of section
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R,

3.3
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vii

= Eccentricity of load Pb measureld.from plastic centroid of. sectién
£ ‘=’ Compressive strength of 6" x 12" concrete cylinders, psi

f = Yield strength of reinforcement steel, psi

k = The ratio of average stress to maximum stress

k, = The ratio of depth to resultant of compressive stress

k, = The ratio of maximum stress to cylinder strength

L = Span, ft.

M,1 = Moment at yielding of tension reinforcement at midspan, ft-kips

M, = Moment at yielding of tension reinforceme_nt at midsupport, ft-kips

M., =Ultimate moment, kip - in.

u
P = Ultimate load , Kips
u A
A
== -.—S.
P bd
A 1 ]
1 = __s__.
p bd

P, = Axial load capacity at simultaneous crushing of concrete and vielding of
tension steel (balanced conditions)

Py = Reinforcement ratio producing balanced conditions at ultimate strength

A f

- SV
q bdf !
C

><i

= The average strength of all test specimen's strength

o == Standard deviation

V = Coefficient of variation




viii

Ny,N, = Number of samples

t = A constant depending upon the.proportion of tests

below £} and the number of samples

A = Degree of freedom

that may fall
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Chapter 1.

INTRODUCTION

The construction industry is one of the major industries
in Canada, as well as its products having a major impact on the lives
of both today's and tomorrows citizens. A large portion of major con-
struction uses reinforced concrete as its structural medium. Any
improvement in the accuracy of the methods of analysis would result in
greater economy, or more consistent factors of safety.

Fortunately in reinforced concrete construction, the
ultimate load carrying capacity of any structural member is not in
general, equal to the design value., This is due to inaccuracies in the
prediction formulae, variations in quality of workmanship employed, and
the fact that the strength of steel and concréte are statistical
variables,

. Naturally, as the properties of both steel and concrete
are statistically variable, and the quality of workmanship is a random
variable, then the ioad capacity of a reinforced concrete member is a
statistically varying phenomena.

This.project involved the fabrication and testing to

failure of a number of nominally identical reinforced concrete members.
From the measured experimentally determined failure loads, the mean
valge and standard deviation of the failure loads were determined. The
reinforced concrete members chosen were a simple.beam, a two-span
continuous beam, and a column. Using the measured statistical variation ;

of the concrete strength and the steel strength, the theoretical
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statistical properties were calculated. The experimental and theoretical
characteristics were compared with eéch other and with the design value,
using the method recommended by the Nétional Building Code of Canada 1965,

As the load carrying capacity of any reinforced concrete
member is a random variable, then there is a definite probability that
the strength of any single member may fall below a specified value. The
load imposed upon'any structural member may also be a random variable,
and a probability exists that the load may be greater than specified
value. Naturally if the high load and the low strength occur together, then

the member will fail. This is shown graphically in Figure (1-1).

Mean Load
Mean Load

- Load

Load Capability

Failure
Zone

Probability of Event

Magnitude of Load

Figure (1-1). Probability Distribution of Load and Strength.
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The complete investigation to determine the probability
of structural failure is extremely difficult, as obtaining data on ‘
the load spectrum for a given type of structural member is expensive
and time consuming. This project only involved determining if the load
capacity distribution could be found by calculation from a knowledge of
the statistical properties of the concrete, steel, and the member
geometry.

1-1 Obiject of Investigation

The object of this investigation was to determine experi-
mentally the ultimate loads of a number of nominally identical simple
beams, continuous beams and columns. The experimentally determined mean
failure loads and the standard deviation were to be caluclated. They
were compared with the calculated mean and standard deviation, using the
prediction formulae and the measured material properties.

From the comparison of the results, it would be possible

to obtain the accuracy of the prediction formulae and the probability of .

a member failing at a load lower than the design load.
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Chapter 2.
PREVIOUS RESEARCH | | |
The analysis of reinfo#ced concrete members has been
attempted in two distinct ways: elastic analysis which assumes that
the concrete is a linear elastic material and ultimate strength analysis.
The elastic analysis of reinforced concrete members assumes
that the concrete is linear and elastic, and stress is proportional
to strain. The analysis is carried out in the conventional manner j
for a reinforced concrete member.
The ultimate strength design method is fundamentally based
on the geometry of the nonlinear concrete stress block in compression

zone of reinforced concrete member. It is clear, however, that at or

near the ultimate load stresses are no longer proportional to strains,
thus, the distribution of concrete stress in the compression zone of
reinforced concrete member subject to flexure is of fundamental importance
in theories regarding the ultimate strength and behaviour of such struct-
ural members.

An nonlinear theory based upon a parabolic stress

(1) (2)*

distribution was presented by Ritter in 1899, Talbot's work in
1304 also presented a flexural theory based upon a parabolic s%ress
distribution for reinforced concrete beams. Suenson(3) appears to have
pioneered the use of a rectangular stress block for rectangular beams and

slabs in 1912. Stussil®

1932 suggested that the stress block could be
characterised by two constants kl and k2 (the ratio of average stress to
maximum stress, and the ratio of depth to resultant of compressive stress

*  Number in paranthesis refer to the list of references appended to this i
thesis.,
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and depth to neutral axis respectively).

Among all the theories-relatiqg stress distribution té
ultimate strength that due to W¥hitney is the outstanding one. Whitney
suggested that the stress distribution in a reinforced concrete beam
at failure has the shape of the cylinder stress-strain curve (see Figure

(2-1))-

1 O.85fc'
— b —of e © —f ot
€, = 0,003
7'— 1
T | T
o C a D B )
= 4
d N A o
. N 55 rrores oo | -———c»T:-Asfy b T A F

Figure (2-1). The Whitney Compressive Stress Block.

Whitney further suggested that the actual stress distribution could be
replaced by an equivalent rectangular stress block with a stress level
equal to 0.85 fc"and a depth equal to "a". The location of the centroid
of this rectangle corresponds closely to that of the actual area. The
depth "a' is obtained by €quilibrium considerations of the section and

a knowledge of the material properties. The analysis of tests on 364
under-reinforced concrete beams showed good agreement with the results
predicted using Whitney's assumptions.

A study by McMillan (5) in 1921 showed that elastic analysié
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could not predict the stress in reinforced concrete columns, this led
to a large research program on reinforced concrete columns carried out

by Richart, Lyse, and Slater(s)a (7), and (8).

In the Building Codes, both the ACI (American Concrete
Institute Building Codes Requirements 318-63) and the NBC (Naticnal
Building Code of Canada 1965) have tried to take account of the
statistical variétion in the mechanical properties of steel and concrete.
The ACI 318-63 and NBC (13865) Codes use a ¢ factor to reduce the predicted
actual load capacity of a reinforced concrete member, to obtain a safe
consistent design capacity. These ¢ factors are given different values
for different members depending upon the importance of the member. The
¢ factors specified are: ¢ = 0.90 for flexure members, ¢ = 0,85 for
diagonal tension, bond and anchorage, ¢ = 0.75 for spirally reinforced
concrete column, and ¢ = 0.70 for a tied column. A lower factor is used
for columns because the consequences of a column failure in a multi-story
building would he more catastrophic than of that of a single beam in a
floor system of the same building.

According to the working stress design method. A maximum
service load is specified as the design load. Elastic theory is used in
the computation of internal stresses, which must be less than specified
allowable values. In folloying such a procedure, a margin of safety is
provided.in the allowable stress. While no allowance is made directly
for the possibility of abnormally heavy loads. In ultimate strength design,
ultimate stresses are used instead of allowable stresses. To provide a
margin of safety, especially to take care of extra heavy loads, it is

neceésary that the specified service loads be multiplied by load
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factors and the products be used in'design. Both the ACI (1963) and the
NBC (1865) Building Codes specify load factors to be used for each type
of loading taken either singly or in combination with other loads. For
example if only live load and dead load act upon a member the live
load must be multiplied by 1.8 and the estimated dead by 1.5, Thus

the ultimate design load is equal to:-

Ultimate design load = 1.5 x dead load 4+ 1.8 x live locad.
The load factors for other combinations of load can be

found by reference to the appropriate building code.

|
i
|
I
i
1
i
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Chapter 3.

Theoretical Investigation

Two methods exist for designing reinforced concrete meﬁbers:
working stress design and ultimate strength design. The working stress
design method assumes that the concrete component behaves in a linear
elastic manner. - This is obviously not correct and the method is gradually
being discarded in favour of the ultimate strength design method. The
ultimate strength method considers the equilibrium of the section at
failure. Only ultimate strength methods of analysis are considered here.

3-1 Ultimate Load Capacitv of Simple Beam

The maximum load capacity of a structural member is achieved
when the member degenerates into a mechanism. A two point load simple
beam collapses by forming a continuous hinge between the loads as shown in

Figure (3-1).

P P
U _u
2 2

___.n>__ *1_
|
1
|
1
. ﬁ;l____l_

L
P P
_u -
2

Figure (3-1). Simple Beam's Collapse
Mechanism.
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Using the equilibrium method the ultimate load can be found to be;'

Pu — GMu
L

It is generallyAassumed that the strains in a reinforced concrete
member under flexure are linear’ over the depth of the section. A
knowledge of the distribution of concrete stress, or the geometry of
the stress block is fundamental to the theories which calculate the

strength and behaviour of such members.

The properties of the inelastic stress distribution are
defined by the coefficients, (see Figure (3-2)), Hognested(g); kl, k2,
k3— the ratio of average stress to maximum ;tress, the ratio of depth
to resultant of compressive stress and the depth to neutral axis, and the

ratio of maximum flexural stress to cylinder compressive strength (fé),

respectively. These quantities are shown in Figure (3-2).
p Yy q

e D e

Figure (3-2), Flexural Analvsis for a Rectangular Section of
Beam at Ultimate Load Condition.
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For a rectangular section with tension reinforcement,
subjected to pure flexure, equilibrium of moments and forces can be

shown to be:

M ==Asfsu (d - k2c) (3-1)

1
Af - klkac be =0 (3-2)

Failure may be governed by the steel yield first, or the
concrete crushing first. All beams in practice are designed to yield in
tension before crushing occurs, to give a ductile type of failure. If
the failure is initiated by yielding of the tension reinforcement, the
steel stress at the ultimate moment fsu is equal to the yield stress fy'

Thus the equations (3-1) and (3-2) can be rewritten as;
Mu ==Asfy (a - k2c) (3-la)

- ' == -
Asfy klksfc be =0 (3-2a)

From equation (3-2a);

Af
S Yy

—_—S Y .(3-2b)
f'b
c

c =

s

ky ks

The ultimate moment can be obtained by solving the

equation (3-1la) and (3-2b);
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k A f

- 2 s
M =AFf (d-5—-20)
u s’y klk3 bfc
) k2
=A_f d(l- +—~— q) (3-3)
sy klk3
or = bd’f ! X2
c 9 (1- k. k q) (3-3a)
173
where A
= Y
bd fc'

It may be seen from equation (3-3) that the effect of the assumed concrete
stress distribution on ultimate strength controlled by tension, is represented

k2 ; for design purpose, this value is assumed to be independent

kika

of concrete strength.

by ratio

By studying the test results of large groups of beam
(10) k

test data k2 can he found. For instance, Whitney found "2 = 0.59;
1% ~ (9) K 13
on the basis of column tests, Hognestad found 2. = 0.55, The National
k. k
(11) t 3
Building Code of Canada recommends the use of the more conservative value
k2 = 0,59, For aesign purposes therefore the equation (3-3) can be rewritten
k,k
13
as;
M, ==Asfy d(l - 0.59 q) | (3-1)

2
or M, =bd £.' q(1 - 0.59 q) (3-4a)



12.

(10)

In design cases, Whitney suggested that it is convenient to replace
the actual stress distribution by a fictitious equivalent rectangular
stress distribution, as shown in Figure (3-3). Provided that this fictitious

distribution results in the same total compressive force "C", applied at the

same location as the actual stress distribution little error will result.

e '._. =cz . t
fe——v b . kac 0 85fc
u
'T T T
a
[ 2
O 9] {
= -
vy O X — 1
! C € = kyf 'ab
d 1
== 0,85f 'ab

(1]

Figure (3-3). Whitney's Rectangular Stress Distribution Block,
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Loads calculated by the rectangular étress block, or the more exact stress
distribution are identical. The value of "a" in Figure (3-3) is expressed
in terms of klc, where kl = 0.85 for fc'_i 4000 psi. and decreases by 0.05
for every 1000 psi. above 4000 psi.. From the equilibrium of moments and

(9), (10)

forces, by letting ks = 0.85 and ky = 2k, » the ultimate moment
capacity for a rectangular section with tension reinforcement, subjected
to pure flexure is the same as equation (3-4) (3-4a).

3-2 Ultimate Load Capacitv of Two-Span Continuous Beam

Concentrated Load on Fach Span Figure (3-4) shows the two-span

continuous beam which was investigated in this project.

Py i
2 2
L L L
[ H
AN A AN
I L [ L 1
[~ | =1
P P
_u u
2

N

{ ) {

\L)/ 2 *fMA) \\i%/%@
2¢ b2 ¢

M /’\\ M,
Y 1

Fipgure (3-4). Collapse Mechanism of Two-Span
Continuous Beam.

The beam forms a collapse mechanism when hinges form under each load point

and about the centre support) provided the support hinge possesses enough

duetillity to allow the mid-span hinges to develop. The magnitude of Pu

can be computed by application of the principle of virtual displacements
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to the collapse mechanism of the beam. Referring to Figure (3-4),

P
Y

2x_ux¢xL _ PL
2 2

External work ==

Internal work =;uM o + 2M ¢
Y1 Y2

14

Bquating the external work and internal work, the ultimate load is

obtained :
UMy, 2Myy
P = — ( —+41) (3-5)
u L L

in which M . and Mu2 are the ultimate moment capacities of the beam in the
mid-span section and at the intermediate support section respectively, All
the test specimens of the two-span continuous beam were made with the #5
top and bottom bars. The bottom bars were extended throughout the full
length of the beam, but the top bars were cut off in accordance with the

minimum’ requirements of the ACI Code. Details of the reinforcing can be'

found in Figure (4-1). Therefore the Mu can be computed from equation

1
(3-4) or (3-4a), and the moment Mu has to be established. To calculate
2
the moment Mu » it is necessary to determine whether the section is controlled

2
by the concrete crushing or the tension steel yielding and if the compression

steel yields. Referring to Figure (3-5), and making the following conventional

assumptions;

(1) The strains of the concrete on the extreme compressive
face Eb = fu = 0,003
(2) The tension steel has yielded and hence the stresses:

in the compression steel can be expressed as;
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0.85fF
l— b ___d4 c
_i_ ec== e == 0,003 F 4
T ] : _—
[ -dr i T . o Cg Asfs
A S X
s - I =r——— C =~ 0,85f 'ab
c i c c
: m
d (9]
‘ Neutral Axis
i
A =
s S T=4AFf
—_— o s s ——l s'v

Figure (3-5). Analysis of Double-Reinforced Beam.

£, = 29,000,000 x 0.003 (c - d') <f

c y

where ES = 29,000,000 psi
From the condition of equilibrium of forces,

A 'F! +0.85 flab =4 f
s s c s

Taking moments about the tension steel

klc
== ATEL - ' ' - —
Mu Asfs (d - d') + 0.85 fcklcb (d 5 )

(3-6)

(3-7)

(3-8)
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In equation (3-8), only "c¢'" is the unkpoﬁn value and can be obtained by
trial and error from equation (3-7), Knowing.the value of "c¢", the ultimate
moment in the intermediate support section of the two-span continuous beam

can be calculated from equation (3-8).

3-3 Ultimate Load Capacity of Column

A reinforced concrete short column can fail in two ways(lQ)’ (13):

(i)  An over-reinforced cross section fails by primary crushing
of the concrete before the yield point stress is reached
in the tensile reinforcement.

(ii) An under-reinforced cross-section fails when the yield
stress is reached in the tensile reinforcement,

In both these cases, the stress in the compressive reinforce-
ment can either be at the yield stress in compression, or remain lower than
this limit. In what follows, it is assumed that the stress in the compressive
reinforcement reaches the elastic limit in compression before fajilure.

To establish the ultimate load capacity of the column section,
subjected to an eccentric load, a knowledge of the balanced load condition on
the cross section is necessary. The balanced condition is eccentric load which
produces simultaneously, a strain of 0.003 in the extreme fiber of the concrete
and the yield strain in the tension steel. The compressive stress diagram
in a rectangular cross-section, subjected to an eccentric load, is assumed
to be an equivalent rectangular stress distribution. The strain relationship

is shown in Figure (3-6)(13).
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Figure (3-6). Balanced Cond-
ition for a Rectangular Section
Subject to Combined Flexure and
Axial Compression Load.
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and Axial Compression Load.
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Consider the strain distribution;

Eu

d
Ey tEy

c, =

87,000 d

= ( psi units
£, 87,000 P )

Force equilibrium requires
Pb~==cc + CS - T

]
e= 1 t - ' - -
0.85 £ 'kje,b + A_ (fy 0.85 £ ') Asfy (3-9)

where:

x
1
|

™ 0.85,If £ ' < 4000 psi
ky = 0.80, If 4000 < £ ' < 5000 psi
ky = 0.75,If 5000 < £ ' < 6000 psi

1

From the moment equilibrium with respect to the plastic centroid,
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klcb . .
Ponile ary + CS (d - 4ar - a") 4 tgv

Pbeb ==Cc (da -

k.c
= t - lb - "
0.85 £ klcb b (d 5 d")
1 f ! | t 1" 1"
+ Al ( _ 0.85 £, ) (@ -4a' - am) ¢+ Asfy d (3-10)

The value of €, ¢an be obtained with equation (3-9) and

(3-10) when the eccentricity”e“of an ultimate eccentric load Pu is less

- than the balanced value €,, the capacity of the section is controlled by
compression on the concrete, otherwise the capacity of the section is
controlled by tension in the steel. This project, is only
concerned with the tensile failure. Therefore, in what follows, the
expression for the ultimate load of the eccentrically loaded columns, in
the case where the section is controlled by tension will be derived using
the assumptions given at the beginning of this paragraph, and referring to
Figure (3-7),
From force equilibriuﬁ;

Pu'==cs + Cc - T

= t | . 4 ' -
As (fy 0.85 fC ) + 0.85 fC (klc)b Asfy

k
= 0.85 fc‘bd[jai ¢ + p' (m-1) - p%] (3-11)
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£f A AT
S 3 = == ——X__..__ = __S_ f = _i_ -
in this formuice where m 0.8% fc" P ba * P ba  &re constants

but the termmai-c has to be determined. From moment equilibrium with

respect to the tension steel,

a
[ J— _ * -
Pue -Cs (d -3a") + Cc (d 3)

= ' - . ] - t t - __a_
As (fy 0.85 fc ) (d - 4d') + 0.85 fc klcb (d 2)

2
(klc)
= 1 - ————— ! - ' -
0.85 £ 'bd | kC~ =1 $p'(d-4a") (m- 1)

cesns (3-12)

substituting equation (3-11) into equation (3-12) gives;
k,c
t t l 1
0.85 fc bde 5 *pP'(m-1)-opm

2
(klc)
= 0.85 fc‘bd klc - Tq +p'(d-4d") (m-1)

Rearranging the above equation gives;

1 : l2 dl el el
. 1-% 1-¢ 2 [ -1 A-5)+5Fm-p)ep ]
AT Tkt i\t 2
1 1 k
1
or
k,c ' : 2 - ' ' 1
1 _ e & - -4l el -t el
< ~1l-3 +J(»l-d) +2[3'(m 1) 1 ) t g mp p)+pd]

eeee (3-13)
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Substituting equation (3-15) into.equation (3-13) to calculate the;Pu,

- e'
Pu 0.85 fc'bd [l - a- + p'(m - 1) - pm

12 t 1 T
+,\/(1-§—) + 2 [p'(m— 1) (1—-2—) +§—m (¢ ~'p" +p'§—-:,

eoee (3-14)

In our column test specimen design, AS ==AS' i.e. p' = p therefore the

equation (6) can be simplified to;

2

] )
P =0,85f 'bd|1 - S - j - - d'y . e" -
u . TP HA - + 2@ Q-9 + ] [ ... (3-15)

All the theoretical calculations presented use the final

eccentricity of the columns estimated from the experimental results.

3-4 ‘ Design Calculations

To allow for the variations of materials strength and -
workmanship found in practice the ACI — NBC Codes specify under~strength
(¢) factors to reduce the calculated ultimated loads to design values.

The ¢ factors reéommended by the NBC are 0.90 for flexure, 0.85 for

diagonal tension and 0.75 for columns. The ¢ factor recommended by the

ACI are 0.90 for flexure, 0.85 for diagonal tension 0.75 for spiral columns

and 0.70 for tied columns.
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To allow for the effect of load capacity being reduced
due to slenderness effects both the ACI-NBEC Building Codes reduce the

calculated load by a slenderness factor R.

For a pin-ended column bent in single curvature the

following expressions are used.

R = 1'07 - 0.0075 % f 1.0 N.B.C.
R = 1.07 - 0.008 & < 1.0 A.C.I.

The predicted magnitudes of the failure loads of the

specimens, using an assumed crushing strength fé = 4000 psi,steel vield

stress f& == 50.000 psi. are given below. The detailed calculations are

given in the Appendix A. and the results summarised in Table (3-1).

TABLE (3-1). DESIGN LOADS OF TEST SPECIMENS

Member Simple Beam Two Span Columns
Continuous Beam ACI NBC

Predicted .

-Load 14.92 32,94 29.9 29.9

(kips)

¢ Factor 0.80 0.90 0.70 0.75

Length Not Not

Load Applicable Applicable 0.73 0.75

Reduction

Factor

Design :

Load 13.u42 29.64 15.30 16.80

(kips)
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Chapfer 4,

Experimental Determination of Failure Loads

L-1 Experimental Investigation

The object of this investigation was to determine
experimentally, the variation in the strength of three types of
reinforced concrete members, namely: simple beams, twc-span
continuous beams and columns. Details of the nominal dimensions
of the reinforced concrete members are shown in Figures (4-1), (4-2)
and (4-3).

The simple beams were tested under two symmetrical point

loads which were acting separately at one-third of span from both end

supports.

The two-span continuous beams were tested under concentrated
loads at the mid-point of each span, the loads being eaqual.

The columns were tested under eccentric loading, the
eccentricity being 4,68" from the plastic centroid of the column section.

Thé specified strength and grades of concrete and reinforcing
steel used in the preparation of these specimens were the same, but the
delivery of conérete mix from Dominion Building Material Co., was made in

twenty instalments, over a.period of 13 months.

The columns as well as the beams were cast in the horizontal

position. Thus the strength of the column will be uniform throughout the

length and the widest crack will occur in the mid-point of the column length.

All the specimens were cured at room temperature (75°F) and

stored under wet sacks to provide water for hydration.
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Twenty—eigﬁt days after casting, the strength of beam specimens
and the crushing strength of the 20 concrete 6" x 12" test cylinders,) which
had been cast at the same time as columns and beams, were obtained from tests.
-2 ' Fabrication

The concrete was mixed and delivered by the transit-mix
truck from Dominiqn Building Material Co., Ottawa and the test specimens
were cast at the concrete laboratory of the University of Ottawa. The total
time from batching to end of casting was one hour to one hour fifteen minutes.

The specimen forms were made of steel. This was advantageous
because it was possible to use the same forms throughout the tests. These
steel forms were available in the laboratory are shown in Figure (4-4),
The two vertical sides of each form consisted of a steel channel section
and was bolted solidly to the base. To prevent adhesion between the
inside surface of the form and the specimen, the inside surfaces of the
forms were coated with form oil._

A total of 60 test specimens were required. The specimens-
were to be as follows:

(a) - 20 identical simple beams

(b) 20 identical two-span continucus beams

(c)- 20 identical columns
plus a total 400 of 6" x 12" cylinders. One simple beam, one two-span
continuous beam, and one column plus twenty cylinders being cast from
each batch of concrete supplied.

Twenty-four hours after the casting, the specimens were

moved from the forms, and cured under wet sacks in the laboratory.
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4,3,1, Concrete {
|

{

Concrete with a specified design compressive strength of

4000psi at twenty-eight days (3" slump), was designed and supplied by

the Dominion Bgilding to the laboratory. Mixing was done while the truck
was en route from the batch plant to the laboratory. The cement used

in these projects was standard portland cement (type T). The sand had an ‘
average fineness modulus of 2.64, the coarse aggregate was well graded

and had a maximum size of 3/u". Both of these aggregates passed the

usual specification tests. The proportion per cubic yard by weight is

listed as following.

Dry Weights

Cement 500 1lbs
Sand 1410 1bs
Stone (3/u4") 1880 1lbs c 500 * ;
Water 290 1bs

4.3.2. Steel Reinforcement

Hard grade bars (minimum specified yield stress = 50.000 psi)

were used throughout. The reinforcement cages were fabricated by a

commercial supplier G. & H. Co. Ltd., Ottawa.
A typical stress-strain curve is shown in Figure (4-5) and

the measured yield strength are listed in Table (5-3). The strains were

measured using a NRC designed mechanical strain gauge and the loads were
apﬁlied by a 120,000 lbs. Olsen Hydraulic testing maching,

.y Test Procedure i

The tests were carried out at the concrete laboratory of
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the University of Ottawa. Test specimens for each of the group included

one simple beam, one two-span continuous beam, one column and twénty

6" x 12" cylinders. All of these were caét at the same time, and were
tesfed as closely as practicable at the same time. All of these specimens
were subjected to fast loading to failure. The time for the column, simple
beam and two-span continuous beam test, from the beginning of the testing
to the failure of the specimens, was approximately 30 minutes, 30 minutes

and one hour respectively. The cylinders were tested within 24 hours after

completion of the member tests.

hou,1, Column

All columns were tested in a special testing frame. A

view of this special testing frame, during a test, is shown in Figure (4-8).

A sketch of the test set up is given in Figure (4-7).

To avoid crushing of the concrete at the ends of the specimen,

1" thick bearing steel plates with a semi-circular groove were used. The
ram and the load cell had a steel cap which also had semi-circular grodves. ;
Between the semi-circular groove of the cap and the steel plate, there was é
a 1" diameter steél roller, the roller being at the required eccentricity

of the column.

The load was applied in increments of 2000 1bs up to 20,000

lbs, and thereafter in increments of 1000 lbs to failure. The magnitude of the

applied load could be measured from a digital indicator which was connected

directly to a 100 kips capacity load cell.

Besides the ultimate load, the deflection at the centre of
the column was also measured with 0.001 in. dial gauge. In addition to these
measurements, the location and extent of cracks were recorded immediately

after the application of each increment of load.
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Twenty reinforced concrete columns have been tested. Typical
failure mode of the columns are shown in Figure (4-8).

L,u,2, Simply Supported Beams

The specimens were supported over a span of 6'0" @ c/c.
A view of the testing frame during the test of simply supported beam is
shown in Figure (4-3). A sketch of the test set-up is given in Figure (4-10).
The steel loading beam was supported symmetrically by two steel plate bosxes,
and two 1" thick steel bearing plates(with a 1" diameter steel roller in

between the steel plate box and bearing plate) which directly rested on the

test beam. The test beam was supported by two 50 kips capacity load
cells. The load was applied by the ram through the steel loading beam.
Then, it was transfered to the concrete beam and the actual applied load
was measured as the reaction by the load cells.

The load was applied in increments of 1000 1bs up to 8000‘
lbs, and thereafter in increments of 500 1lbs to failure. The required
measurements of this test were applied loads and the corresponding deflections
at the centre of spén, ultimate load of this specimen and the location and
extend of cracks.

Tweﬁty of these identical simply supported beams were tested.
Typical failure mode of the éimply supported beams after test, are shown in
Figure (4-11).

b,y 3, Two-span Continuous Beam

The test beam arrangement and the testing equipment were
all the same as the arrangement and equipments for simply supported beams.
A view of a test is shown in Figure (4-12). A sketch of the test set-up

is given in Figure (4-13).
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Twenty identical reinforced concrete two-span beéms wefe

tested. A typical failure mode of thié test is shown in Figure (u-lu).A
by, Cvlinders

Twenty test cylinders, cast at the same time as.the
corresponding beam and column, were tested to determine the compressive
strength. Total césting time was less than one hour so no differential
time effects would have been present between the members and the cylinders.

The compressive strength of the test cylinders was determined
in a hvdraulic concrete testing machine having a capacity of 300 kips. The
test specimens were placed in the testing machine and tested to failure.

The end faces of the test cylinders were capped with standard sulpher

compound.
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Chapter 5.

Discussion of Results

Twenty sets of nominally identical specimens were tested
to failure. Each set consisted of a simple beam, a two-span continuous
beam, a eccentrically loaded column and twenty concrete control cylinders.
Load-deflection curves were taken for every reinforced concrete member
and are presented in Appendix B.

5-1 Statistical Relations

The discussion involves comparing the experimental and the
theoretical magnitudes of the mean and the standard deviation of the member
strengths. The statistical quantities used in the discussion are described

below:

(i) Mean (X), the average strength of all test specimen's strength

N
o Xyt Xy ek X =%
N

X = N = (5-1)

where Xi’ X2 ......Xn are the results of individual strength tests,

and N is the number of tested specimens.

(ii) Standard deviation o, or the root mean square deviation, is the
1

. 2 (5-2)

1=] -
[ w-1

N
o =(z (x; - %)?

(iii) Coefficient of variation (V) - the standard deviation
expressed as a percentage of the average strength, is

called the coefficient of variation,.

x 100% (5-3)
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5-92 Test Results of Cvlinders

Table (5-1) contains results.of the tests on the 28 day
cylinders, which show the compressive crushing strength in psi of each

of the U400 cylinders tested.
A student to test was used to compare the between batch
variation of concrete with the variation within the batches and showed
that the different batches are statistically independant. However for
the purpose of engineering design the concrete must be considered to
belong to the same population. For the purpose of analysis, the mean
result of the dylinders strength for each batch was considered as one
test. The mean value X, standard deviation and coefficient of variation of the

concrete means were determined using equations (5-1), (5-2) and (5-3).

Mean value = U4uuQ0 psi
Standard deviation = 530 psi
Coefficient of variation = 12%

Figure (5-1) shows the histogram of the 28 day cylinder
strengths; the test results are grouped in interval of 300 psi.

The distribution of values falls in same pattern similar
to a normal frequency distribution curve. The exact theoretical frequency
distribution, thé student 't' distribution with 19 degree's of freedom,
was fitted to the experimenfal result and is shown in Figure (5-1).

The Chi-Square test was used to check the 'goodness of fit'

of the student 't' distribution to the experimental results. The detailed

calculation is shown in Appendix C. and the Chi-Square test showed a

99% ‘level of significance between the fitted curve and the measured results.

;
i
i
i
|
!
i
i
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Figure (5-2) shows a plot of the fraction cunulative frequency

‘against the class mean concrete cylinder strength. The fraction cum-

ulative frequency is the percentage of test values that fall below a par-

ticular strength value. According to the provisions of section 50hC-

Strength Tests of Concrete of ACI 318-63(15).

(1»)

(2)

For structures designed in accordance with part

IV-A (working design) of this code. The average

of any five consecutive strength tests of the
laboratory-~cured specimens representing each class
of concrete shall be equal to or greater than the
specified strength fé, and not more than 20 percent
of the strength tests shall rLave values less than the
specified strength.

For structures designed in accordance with part
IV-B (ultimate strength design) of this code, and
for prestressed structures the average of any

three consecutive strength tests of the laboratory-
cured specimens representing each class of concrete

shall be equal to or greater than the specified

strength, fé, and not more than 10 percent of the

strength tests shall have values less than the

specified strength.
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From Figure (5-2), it can be seen that the 10% level
of the fraction cumulative freauency curve is equivalent to a evlinder
strength of 3620 psi which is lower than the specified strength. The
20% level is 3975 psi, therefore the strength of these concretes which
have been used in this experiment is not up to the reaquirement of ACI

Code. The required strength in this case will be equal to:

fl
C

fcr ===(l - tV)

_ 4000 - .
(1 - 1.325 % 0.12) ‘740 psi
where fcr:: Required average strength
fé = Design strength specified
t = A constant depending upon the proportion of tests
_that may fall below fé and the number of samples
used to establish "V" see Table (5-2) (used
N = 20)
V = Forecasted value of the coefficient of variation

This required strength fcr is higher than the average
strength supplied, but the measured coefficient of variation (12%)
shows that concrete manufactoring to be well controlled. (See Table

(5-2a))(lu)o



R

i
i
3
i
{

38,

*wopeaJy jo

seaada(y

8L6°2 gcet¢ 096°T Gh9°T ¢8C°T 9€0°'T ¢h8°0 LTASREY] @
0sL°¢ LSh°Z ¢ho°g L69°T 0TE"1 SS0°T hS8°0 £€839°0 o¢
L8L*C S8h*e 090°¢ 80L°1 97e"T 8G0°T 968°0 h89°0 114
Sh8°¢ 8¢6°C 8980°¢ SCL'T TANNE 180°T 098°0 L89°0 0¢
Lh6*g ¢09°¢ etz ESL T ThE T nL0°T 898°0 163°0 ST
B9T°E t9L°¢C 8eere ¢18°1 cLe T €60°1 6L8°0 0oL'0 0T
0S¢*¢ [ A S ¢9¢°¢ €e8°1T €EBE°T 00T°'1 £€88°0 €L 0 6
sse°e 968°¢ g0eg°¢ 098°1 LBE"T 80T°T 688°0 90L°0 8
66h1°¢€ 866°¢C §9e°¢ S68°T STh°T 6TT T 968*'0 1TL°0 L
LOLE EhT € Lah*l ene"T Onn°T hET'T 906°0 8TL"0 9
¢€0°H 59¢e°¢e TLS°2 ST0°¢ YA Y 86T T 0¢6°0 LEL'0 S
h09°h LhL e 9LL"C CET'C €ES'T 06T"T h6*0 ThL'6 h
Th8°S TnS°h BT £5€°2 BES'T 0621 8L6°0 S9L°0 €
G¢6°6 G386°9 €0€"h 0¢6°2 988°T 98€°T T90°T 9T18°0 14
LS9°¢€9 Te8 1 90L°2T h1g*9 8L0°¢€ £€96°'T 9Le°T 000°1 1
00¢ YT T} 00T UT T JOhUT T [0z UrT foOTur T/} 2'gur 1l ¢ Ur T wurt

ITWIT J9MOT MOTaq BUTTTRJ JO Ssaouey) «T soutw

: sotdues

66 86 S6 06 08 0L 09 09§ F0 *ON

0 1 = X SITWIT 9yl UTYITM BUTTTRS S3IS31 jJo 8delusdasyg

‘3 Jo santep (2-S) 31avl

(H1)




[ e

39.
Because the specified méan strength was not satisfactory
to allow the ultimate strength design wifh fé :=uboo psi, the ultimate load
calculations for the members were recalculated using fé = 3620 psi
(See Appendix A.)., The concrete would then meet the requirement that not

more than 10% of the strength tests be less than the specified strength.

TABLE (5-2a). RELATION OF VARIATION IN STRENGTH TO
QUALITY OF WORKMANSHIP

Coefficient
of Quality of Workmanship
Variation
5 Attainable only in well controlled laboratory work
10 Excellent - approaches laboratory precision
12 Excellent
15 Good
18 Fair
20. Fair - Minus
25 Bad
5-3 Reinforcement Bars Strength

The stress-strain curve of all the reinforcing bars demon-
strated a long yield plateau giving a well defined yield stress. Table

(5-3) gives the yield stress of twenty pieces of #5 bars which were used

throughout in this project. Figure (5-3) shows the frequencv distribution

for the steel bars tensile test. The stepped diagram representing the
actual test data is based on class intervals of 3 ksi.
Again a student ‘'t' distribution with 19 degree's of

freedom was fitted to the experimental results. The Chi-Square test was
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used and showed that the use of the student 't' distribution was justified

with a 99% level of significance. The detailed results are given in Apﬁendix C.

TABLE (5-3). PROPLRTIES OF #5 REINFORCING STEEL

Test Yield Point Stress Test Yield Point Stress Test Yield Point Stress
No | 7 (ksi) | No (xsi) No (ksi)

1 46,65 8 51.50 15 48,50

2 49,60 9 50.60 16 48,80

3 51.25 10 54.50 17 49,40

L 41,90 11 53.00 18 53.20

5 43,60 12 51.00 18 52.60

6 41,90 13 51.90 20 51.60

7 53.20 14 53.20
% Steel showed a distinct yield stress.

5-4 Test Results of Simple Becams, Two-Span Continuous Beams and Columns

Table (5-4) represents the results of simple beams, continuous

beams and columns.

As discussed Chapter III, the ultimate strength of beam is
k

controlled by vielding of the tension reinforcement, the ratio " é in
173

equation (3-3) or (3-3a) for design purposes is equal to 0.59. At present,

it may be determined by statistical methods from test results of reinforced

concrete beams. For this purpose equation (3-3a) was expressed by

() as;

3

R.C. Elstner

2
-a (1 - T q) (5-5)




TABLE (5-4).

MAXIMUM APPLIED LOADS ON SIMPLE BEAM,
CONTINUOUS BEAM AND COLUMN,

b1,

Specimen Simple Beam Continuous Column
No (kips) | Beam (kips) (kips)
P P P
u u u
1 15,30 32.61 30.00
2 15,40 3u.u8 37.80
3 15,00 32.60 34,50
4 15,00 33.00 33.00
5 15.80 32.40 31.00
6 14,93 33.50 29,40
7 15.00 e 32.41 8< 32.20 §8
8 15,125 ue 34.10 S 31.20
9 14,25 ol 29.31 o 30.27 b &
[ o =
10 14,50 S 30.u8 S 33.00 S
+ + 4
11 15.35 - 32,50 . 33.00 g
9 > £
12 15.00 o 8 34,00 oS 29.18 , ©
. = =1 =
13 15.35 o 33.70 5T 29.00 JE
> > P> ©
1y 14,25 B 32,77 a2 33.16 e 2
. W © © m
15 15.60 285 34.30 285 30.00 &%
16 15.85 32.60 28.00
17 15.965 32.50 29.20
18 15.70 34.07 30.00
19 14.90 30.00 28.30
20 15,10 32.00 29.30
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A least squares solution gives :-

let " =0

-z Mu q2 - Zq3
Ky, | ovalr !
N N th (5-6)
Table (5-5) contains the procedure for the calculation of
kkk with the test results of simnle beams. The calculations give the

13
k
ratio of- i = 0.56 which is quite near to the velue (0.59), suggested

13
by the National Building Code of Canada.

Figures (5-k4), (5-5) and (5-6) sumarize graphically the
results of the tests carried out on the test specimens of simple beam,
two-span continuous beam and column. |

Figures (B-1) to (B-10), (B-11) to (B-20) and (B-21) to (B-k0)
represent graphically the result of the load against the deflection for
columns, simple beams and continuous beams respectively. Theoretically,
the curves of each group should coincide, but as can be seen from these
curves, they do not. This is due to the following facts:

(1) The concrete is not a homogeneous material. As is known the
deflection of reinforced concrete structure meﬁbers is a
function of Ec (Ec = 33 wl'SJr;:'), weaker strength concrete
has a small Ec value, and consequently greater deflections
result.

(2) The yield point stress of reinforcement steel is not constaﬁt,
The cross sections which contain the lower yield point stress
steel will deform more than a similar section with higher yield

noint stress ateel.
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The Chi-Square test was used to check that the observed
ultimate loads could be represented by student 't' distribution. The

calculations are given in Appendix C.

Simple beam 88% Confidence
Two-span continuous beam 99% Confidence
Column 99% Confidence

5-5 Theoretical Results

The calculated strength of a structure depends upon what
design theory is used, the variation of material properties and the quality
of the the workmanship. For these tests, the design of the simple beam,

two-span continuous beam and column test specimens were based on the same

specified strength of concrete and reinforcements. Therefore, theoretically,

the ultimate load carrying capacity should be the same for each specimen

in the same group. But in reinforced concreté construction, no matter

how well a job is controlled, there will be some variation in the strength.
In addition to the variations which exist in the strengths of reinforcement
steel and concrete itself, variations may be introduced in fabrication,

testing and the curing of the test specimens. Thus, the observed mean of

each group may be lower or higher than the calculated mean. The term

calculated mean i§ used in this connection to designate the mean ultimate
load carrying capacity calculated using the mean measured strengths of the
steel and concrete. The difference between these two means may or may not
have significance. Thus, it is necessary to know the calculated mean and
also to know the relation between the calculated mean and that of the

observed mean by means of statistical tests.

The distribution of load carrving capacity of the reinforced

concrete members was predicted by finding the joint probability of a given
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concrete strength and steel yileld strength occurring and calculating the
ultimate load capacity of the member using the given steel and concrefe
strength., Thus the member capacity and its probability of occurrence
was determined. By considering all the joint probabilities of various
concrete and steel strengths occurring, the distribution of member
ultimate load capacity was determined. If there is no significant
difference in the observed mean and calculated mean, it can be concluded
that the experiment agrees with the theory.

It must be noted that the theoretical results only consider
the steel yvield stress and concrete cvlinder strengths as random variables.
No allowance has been made in the theoretical calculations of variations
in dimensions of the member or positioning of the reinforcement. Thus the
calculated distribution of results will be optimistic (less spread)

compared to a calculated result considering variations in dimensions and

position of reinforcement.

The calculations were performed by dividing the distributions

of both fé and fV into a number of portions as shown in Figure (5-7).
The probability of a cylinder strength in a specified band is the area of
the band. The value of the cylinder strength for any given band was taken

as the average of the bands upper and lower limits.

Thus the probébility of a cylinder strength being 4506 +

66 psi is 10% (shown in Figure (5-7 a).

Similarly the probability of a steel yield stress being
49,000 + 40 psi is 10%. Hence the probability of a steel yield stress of
49,440 i:uso psi and a concrete cylinder strength of 4506 4+ 66 psi

occurring together is the product of the individual probabilities.
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Joint probability of | f '==u9,uuo 460 psi

Y. = = 0.010
1

c

i .

f! == 4506 4+ 66 psi

~

Considering the simple beam described in Figure (4-2);
M =Af (d- 0.,5a)
sy

M_ = 180,480 lbs. ins.

* P == 15,040 1lbs.

Thus there is a probability of 0.01 that fé = 4506 + 66 psi
and fy ==49,440tt 460 psi occur simultaneously which would give an ultimate
load of 15,040 lbs., By consideration of all the combinations of fé and fy
occurring together the distribution of Pu (simple beam) can be found.

Table (5-7) shows the combinations of fé, fy used and their
corresponding joint probability. The calculated values of the ultimate
loads for columns, continuous beams and simple beams are also shown.

The theofetical distribution of ultimate loads for the
column was calculated using an eccentricity of 5.25" in equation (3-15).
This value was taken és being the initial eccentricity of the load plus
the lateral deformation of the column (estimated at 0.57" from the measured

deformations).




For convenience normal distributions have been fitted to
results given in Table (5-7) and are shown as dotted curves on Figures (5-8),
(5-9) and (5-10), TFor comparison between the meaéured and calculated results.
a student 't' distribution curve has been used to replace the experimental

result and is also plotted in Figures (5-8), (5-9) and (5-10), (shown by the

solid line).

For convenience the mean predicted loads and the mean

b7,

measured loads are given in Table (5-7).

TABLE (5-7).

Column

31.9

Measured Predicted
Mean Load Mean Load
(kips) (kips)
Simple 15.2 15.06
Two-Span 32.7 33.25
‘Continuous Beam
26.30

To check the theoretical results, a test of significance
was used to prove that the experimental results came from the same
popluation as the theoretical results.

to this case is the student 't' test.

The test of significance applied

The test procedure is to calculate;




i
i
i
i
|
i
%

Lu8,
probability probability

f& (psi) fy (ksi) of fl of £,
3,220 41.30 | 0.045 0.0u5 -

+ 3,630 44,19 0.050 0.059

| 3,860 45,80 0.100 0.100

{4,070 47.28 0.100 ‘ 0.100

i 4,230 48,42 0.100 0.100
4,374 49, Lk 0.100 0.100

! 4,506 50.36 0.100 0.100

| 4,650 51.38 0.100 0.100
4,810 52.52 0.100 0.100
5,020 54,00 0.100 0.100

| 5,250 55.61 0.050 0.050

| 5,660 58,50 0.045 0.045

TABLE(5-6). Values of f} , fy and the corresponding

probability extracted from figures (5-1l)and (5-3).
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(b, fy ( see figure (5-3)).
Figure (5-7). Values of f! and fy extracted from
figures (5-1) and (5-3).
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where the 21’ i?"ol’ s Nl and N? in this case are the mean, the standard

deviation and the number of samples for observation and calculation respect-

ively; t is student's distribution with degree of freedom v = N + N2 - 2.

1
Before using the significance test, a hypothesis for this
test is necessary. Let My Mo denote the population mean and the observed
mean respectively. There are two possible hypotheses;
Ho: Hy = W, and there is essentiallv no difference between
the means.
Hi: ul=¢ My and there is a significant difference between the
means.
Now according to this hypothesis let us formulate the follo@ing
rule of decision:

(a) Reject the hypothesis at 0.02 level of significance, if the
distribution to is computed to be greater than the tabulated
valués (see Table (5-8)) for the 0,02 level of significance
selected. -

(b) Accept the hypothesis, otherwise.

The to values have been computed and given at the bottom of

Table (5-7). The to calculation for the simple beam is given in the following

as a typical calculation of t,.




TABLE (5-9).
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PERCENTILE VALUES (1,)

for

STUDENT'S { DISTRIBUTION
with » degrees of {reedom
(shaded zrea = p)

» f.oss {.se Ly t.os .50 .eo s tao {.eo s
1 63.66 31.82 12.11 6.31 3.08 1.376 1.000 727 325 158
2 9.92 6.96 4.30 2.2 1.89 .1.061 816 617 289 142
'3 b.84 4.54 3.18 2.35 1.64 078 765 584 277 1387
4 4.60 3.75. 2.78 2.13 1.53 941 741 569 271 134
b 4.03 3.36 2.57 2.02 1.48 920 127 550 267 l .132
6 3.71 3.14 2.45 1.94 1.44 06 718 5653 265 131
7 3.50 3.00 2.36 1.90 1.42 896 711 549 263 130
8 3.36 2.90 2.31 1.86 .1.40 RN L1006 546 2062 130
9 3.25 2.82 2.26 1.83 1.38 .883 103 543 261 129
10 3.17 2.76 2.23 1.81 1.37 879 700 542 260 129
11 3.11 2.72 2.20 1.80 1.36 876 697 540 260 129
12 3.06 2.68 2.18 1.78 1.36 873 695 539 259 328
13 3.01 2.G5 2.16 1.77 1.35 870 694 538 259 128
14 2.48 2.62 2.14 1.76 1.34 868 692 537 258 .128
15 2.95 2.60 2.13 1.75 1.34 .8G6 .G31 536 258 128
16 2.92 2.58 2.12 1.95 1.34 865 690 535 2408 128
17 2.0 2.57 2.11 1.74 1.33 863 089 534 257 128
18. 2.88 2.55 2.10 1.73 1.33 862 . 688 534 257 127
19 2.86 2.54 2.09 1.73 1.33 861 .G88 533 257 127
20 2.84 2.53 2.09 1.72 1.32 860 687 533 257 127
21 2.83 2.52 2.08 1.72 1.32 859 .G86 532 257 127 .
22 2.82 251 2.07 1.72 1.32 858 686 532 256 127
23 2.81 2.50 2.07 1.71 1.32 .858 .G85 532 256 127
24 2.80 2.49 2.06 1.71 1.32 857 685 531 256 127
25 2.79 2.48 .. 2.06 171 1.32 856 684 531 256 127
26 2.78 2.48 2.06 1.71 1.32 856 .684 531 256 127
27 2.17 2.47 2.05 1.70 T 1.31 855 684 531 256 127
28 2.76 2.47 2.05 1.70 1.31 855 683 530 256 127
29 2.7 2.46 2.04 1.70 1.31 854 683 .b30 256 Jd27
30 2.75 2.46 2.04 1.70 1.31 854 .683 530 256 127
40 2.70 2.42 2.02 1.68 1.30 851 681 529 255 126
60 2.66 2.39 2.00 1.67 1.30 848 679 527 - 254 126
120 2.62 2.36 1.98 1.66 1.29 845 677 526 254 126
® 2.58 2.33 1.96 1.645 1.28 842 674 524 253 126

Source: R. A. Fisher and F. Yates, Statistical Tables for Bilological, Agricultural end
Medical Research (5th edition), Table III, Oliver and Bo

by permission of the authors and publishers.

yd Ltd., Edinburgh,
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For given:

R, **15.16 kips ' X, == 15.06 kips

= 0,48 kips o, = 1.27 kips

Q
v
|

N, = 20 N, = 144

N

- 20(0.48)% + 144(1,27)° '
20 + 144 - 2 _|

4y —a" %2 1s.16 - 15.06
- ( }

° sti 'r'l%‘J 1.21{i -
2

20 T 1un

= 0,35 < t.98,162
Comparing the éomputed to and tabulated tp values, it can

be seen that t, for both the simple beam and the continuous beam is

smaller than the tp ( = 2.10) at 0.02 level of significance. Therefore it

is concluded that there is no significant difference between the observed

mean and the theoretically calculated mean for simple beam and continuous

beam. ' In other words, the experimental results are from the same populafiqn

as the theoretical results. However the student 't' showed a significant

difference between means of the measured and theoretical distributions
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59.
for the columns. Thus the experimental results and theoretical results
cannot be considered as coming from the same population. Hence it mu;t
be concluded that the column prediction formulae is overly conservative,
In summary the beam prediction formulae given by the ACI-
NBC accurately predict the measured failure loads. However the column
prediction formulae is conservative.

5-6 Comparison of Results with Design Formulae

The calculated design failure loads for the beams, using

a cylinder strength of 3620 psi. (which meets the specifications), are

shown in Figures (5-9) and (5-10) using both ¢ = 1 and ¢ = 0,90,

Similarly the column design failure loads using a cylinder
strength of 3620 psi. and the appropriate ¢ and slenderness strength
reduction factors is shown in Figure (5-8).

It can be seen that for both sihple and continuous beams
a possibility of a member strength less than the design is possible. Thus

it must be assumed that, as not many beams fail in practice, the design

value of the load must be undily conservative,

The column design formulae, using both the ¢ factor and the |
length reduction factor, is so conservative that there is a very low
probability of a célumn capacity less than the design ultimate load. The
eccentric load column prediction formglae needs to be modified to predict the
;ctual column behaviour of short columns. Further the length strength
reduction factors need to be improved to represent more accurately long
column hehaviour.

The probabilities of failure, calculated from the theoretical

distribution of ultimate load capacity, are summarised in Table (5.10).
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TABLE (5-10). PROBABILITY OF FAILURE

Member Design Probability of |
Method Failure '
Tied Column NBC $ —~ 0.75, R=10.75 <0.01%
ACI ¢ = 0,70, R = 0.73 <0.01% 5
Simple Beam 'NBC & ACI ¢ = 0.90 6.3%
Two-Span
Continuous NBC & ACI ¢ ==0.90 7.35%
Beam

e
BTN A T AT e XA Y
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Chapter 6.
Conclusians

The main conclusion which can be drawn from this

investigation may be summarised as follows:

1.

The ACI-NBC prediction formulae (¢ = 1) accurately
predict the actual failure loads of both simple and
continuous beams providing the measured mean values of
steel yield stress and cylinder strength are used in the
calculations.

The proﬁability of the reinforced concrete beams

failing at a load less than the design ultimate load,
using a ¢ factor of 0.90, is 6.2% and 7.35% for the
simple beam and continuous beam respectively.

The ACI-NBC column prediction formulae, allowing for

the effect of increased lateral deformation with length,
is some 15% conservative compared with the experimental
results,

The probability of a column failure at a load less than
the design ultimate load is less than 0.01% using the
NBC ¢ f;ctor of 0.75 and a length reduction factor of
0.75. The probability of failure using the ACI ¢ factor
of 0,70 and length reduction factor of 0.73 is less than 0.015%.
Using ¢ factors of 0.9 for the beam and 0.7 for the column
gives a lower probability of failure (ie. greater margin
of saféty) for the columns. This was the intention of

the Building Code Committees as column failures are more

catastrophic than beam failures.
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It is recommended that a more complete experimental
investigation be carried out to improve the accuracy
of the column prediction formulae and to derive realistic

length-strength reduction factors to allow for slenderness

effects.
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FIG.(4-6). GENERAL VIEW OF COLUMN TEST
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FIG.(4-14). TYPICAL FAILURE MODE OF TWO-SPAN CONTINUOUS BEAMS
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5

| FIG.(4-12). GENERAL VIEW OF TWO-SPAN CONTINUOUS BEAM TEST




77.

WV3E - - SNONNILNOD NVdS-OML 404
. dnN 13S 1S3L 40 HOL3MS (€l-¥)9old

Wn.it!!{;hfrpl; T T Ty = ke A e Y S Y T Tl Tt Py Jery, Ty T T A TSt L =t T YT YO TP T ey 3 Y oA eyt oy WY AR o) LT T YoM T o eyt § INOLQ T8 S KP F T oo o E R T R i A T Ty PSSV oy A (I e e Yo s oo .L.l.....t,..m
- ——loredipul je1ibip — — Ly
! Y 01 1D55UuU0d J S9-Mel
| _
; ‘ “
m _...nw I 8 ll_ :@ -, 9 —.I ] 1 ..® |.©
W = = :
{
M
Wweag ‘juod Upnds-omi ,93194DUO0D paddojulad 8-S

H o918 1SS
; pod "elp ., |— 4
m xoq Y |9913s F O _ .O-¢ *._
wpaqg buipeo] ||jes1s

# ¥oIy}.1-.6%5-€

: doo> jearis— U | ”,
1192 poo| | :
. | o4— — —— — —
podJ ‘eip | Z dwnd 21nbJupAy 01 329UUOD “
! .ﬁ - -2 led } T TRl — B
¢ | ~G»G . ) &
.4.. i - — « L + e | ° .m
; j .%
! \
L
:
B 2 R Ty P R T IOy e e IR oY P D £ R L B T SN ] oY T e Y T T W T T Py 1Y Ve e o e P B VoL o v Oy O DY Vs PP Y S P Ty £ XL Y ST Y WICTYP T S =y YO T g ~ o



- .- T

© HIONIYLS IAISSIYANOD SHTANMAAD
AVG 82 ¥O4 IAMND A3LLld % WYEDOLSIH (1-S)'Ol4

(1s¥) HION3YLS IFAISSIHIWOD
0'S S G o) Sy

SELEE ELHHEHE..E

I ST

1S31L |n

NY3IN
— dM MTAIAAN

l
o

ISM £L2G*' = NOILVIA3Q
QJVANVLS

NV3IIN

I

ISM 9€V ¥

4

_:iuuu




_ HLONIHLS 3FAISSIHIWNOD SHAUNI JAD
MmeUZOU mOl_ ZOmu\QOn*>UZm50m_mmw>:<:~mmm>_.r<43_>50

(1sd) HLION3IYILS JAISSIAdNOD SHIANITAD ILIHYONOD
000Z 0009 000G 000y

(2-9)9ld

o | | | , A

=200,

INDIYS  JAILYIIE TA]

LVINNND

ADN




80.

SS3YLS dI3tA 133LS
Z_UmOmZ_u& 4O JAYND d3LLlid ¥ WVHYOOLSIH

(I1S¥) SSIYLS Q13IA
ST A S} os SY or

o grd«hgjﬂﬁﬂﬂ

NV3IW

ISy SI¥L€=9 NOILVIA3G
AYVAaNVLS

ISy 668°6V=X NV3IW

(€-G)'Old

S€

_

—

|
L0y

S1S31
ION NI st )

l
0




L T T L Y Tt | s S R T, LIS T h s, B T ey R B N, T v £ 23
e,

SWV3IE d3140ddNnS

SLINS3Y '1dX3 30 3IAYND g3Llid ® WVYHDOILSIH . (¥-G) 914
dvol 3ILVIWILIN

(sdiy )
b b < v, 4 Lo 5. .N..érr. > TS o 2 33a w —\

% 2°€E=A NOILVINVA |
40 44302

™ G98%°0=9 NOILlVIA3Q
JUVANVILS

™ G89L'G =X NVIIN

——.0-9 =1—
A ‘ v

ATdWIS 02 dHO4

L7l =av0l N9IS3Ig

R

7 s e e LB L A

STINAN

— H40O M




SWVAE  SNONNILNOD 0Z 804 S11NS 2y _
‘LdX3 40 IAEND AILLI4 9 WVYOOISIH (S—S)'Ol4

% €% =A

N GObl=y9

M 99¢eE=X

(sdid) avol  ILVWILIN

NOILVIYVA
40 44300

NOILVIA3Q
QYVANVIS

NV3IW




SN IOD 02 404 S1INS3Y |
"LdX3 40 JAYND aILLld p WYHOOLISIH (9-S) Ol

% | (sdiy)  avol  ILvWILIN
: O G o€ Gz

B P L TS e Oy T AT Y e T T TN P S R T W Ty ey syt ey oy L ety B e Ty g G P T B L L e N R N P S TR et

;

I . < iy
5 i " o
i o P )
] Y

) .

i 'y

i N :

3

b 2!

RIS T A &SPl B oo

[EERE DS
XTI

A Ry a8 1k e
.

t
P TR
4 Y TS

83,
GO Bar g e LT SR TENLS o A P LTS S e L

°% G'8=A NOILVIEVA
40 44300

P s S

ey

p.m <
i N .
i + ]
s . . 1l
A i '
L . e m —301
T bl £€92=.9 NOILVIAZQ > ;
i i ¥
N 3 "
P J4VANVLS Z ;
o B
H H 3
& H 3
B A - ¢
i d . . — Y
. * Gee0e=X NV3IW :
i - W
b H ¢
q i
3 1 ]
o . t
¢ 3
i . . . - N
1 . i
i 2] P
i )
¥ %
? R
; Y i
b B 12
m ,W?c..n... R B L L L T Y B R N IR e A R e R N T e B T o R T AT e o Y S o G P 7Ly DY Iy POy P CErat-OME A TS i) we i ety o et s o Ty o rerooms Lie 3 4L § verar FCE&L._“
i

0

SI1S31
MIGQIANN

1)




NIWNTO0D 404 NOILNGldiSIa Rt
IVOILIHOIHL ¥ 1ldX3 JO NOSIYVAWOD (8-S) 914

(sdiy ) avol 3ILVILIN

1 0€9¢ =X
(1VDIL3403HL) 8

NV3IWN

<
m
>
z

G961 OGN 3 08'9l=dy ¢

(€9-8I€} 10V

3 0g Gl

|
n

S1S3d
T IAIN N

~SCy 3

BRSNS S
®)
e




WVY3d. SNONNILNOD d04 SNOILNGIH¥1SIda
TVOIL3Y03HL 9 LdX3 40 NOSINVIWOD

(sdiy)y avon

%o Ev=A
¥ GOv'lL=29
¥ 99°2¢€ =¥
| (LdX3) v

e 06°0=¢

(6-g) oId

3 9bed

- e e T S M SR D S AT NSy g 1 b e s 3 80

;
~
] Ol
£

~ 1

DY




86,

it

WVZ3E d3Ld30ddNS ATdWIS 8304 SNOILNGIN1lSIa
1VOIL3d0O3HL ® 1dX3 40 NOSIHVAWOD (0l-S ) 9ld

(sdy) avol  ILVYWILIN

%  2'€=A
% 98P0 =9
N 9LGL=X

(ldX3) V

22 EL=d¢

-

0e 0

e}

J4O_  d3gIWNN

@)




87.

APPENDIX A.

(CALCULATIONS)




PRELIMINARY CALCULATIONS

Ultimate load capacity calculations of test specimens

(1) Simply supported beam

u Y
2 2
! Q3

{_
iy 2.

T

For more details see Figure (4-2).

2~}
jgv)

For given: £f'= 4,000 psi

£ ==50,000 psi

y
A = 0,62 oV
s
b = 5"
d = 6,69"
Solution:
£ 87
c
pmax 0.75 % O.85kl P 87 - f
y y
1] 87
0.75 % 0.85 x 0.85 5 X 137

i

= 0,0274

s 0.62
P ™ Ta 5 % 6.69

= 0.0186 < 0.0274




Y. .

Therefore tension controls

As 50
q '=p-i:—-,—=0.0186 X 5
c
= 0,2316 .

Substitute into equation (3-4a) with all given values;
2 1

M =bd"f 'a(l - 0.59q)

u c

=5 x 6.692 X 4 x 0,2316 (1 - 0.59 x 0.2316)

L

= 178.98 in-kips
P.=— = 14,92 kips
¢Pu = 0,90 x 14,92 = 13.42 kips
(2) Two-span continuous beam
U _u
12 12
L A A

l’_?' @ 310 = gT.Q" + 2 @ 3'—0" "‘—“.6'-0"-—‘!

For more details see Figure (u4-1).

U
lae]

ORNIES
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For given; fc‘ = 4,000 psi
f_ == 50,000 psi-
n

A =A"'=0,62 o
S

b =5

d =6.69"
a' = 1,31"

Solution: Referring to Figure’ (3-5), let us try

¢ = 2,9048" from equation (3-6)

2.9048 - 1,31
2.380u48

£ = 29,000 x 0,003

= 47.763 ksi

‘ ke
! e _ ' 1 - =
MY Asfs(c da') + O.BSfc keb(c 5

= 0.62 x 47.763 (2.9048 - 1.31)

.+ 0.85 x 4 x 0,85 x 2.9048 x §

2.9048 x 0.85

x (2.9048 - 5 )
= 117.336 in-kips
M} = Asfy ( dec ) .. 117.33 kips

MY =M} 0.K.
Therefore M2 = M3 t M} = 234,677 in-kips
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My1 = 178.991 in-kips (see the calculations of
simple beam)

From equation (2-5)obtained

Pty Gl 1)
u L %2
_ 234,677 178.911
X e xS v D)

= 32.94 kips ¢Pu = 0,90 x 32.94 == 29,64 kips

(3) Column

'_._/ . . x_‘T“ Pu

For .more details see Tigure (4-3),

For .given: Cross section 6'" x 6"
fc' = 4,000 psi
f_ = 50,000 psi
a4 =u,19"

d' =1.81 g" =1.,19"

A =A"'=0,62 "
s .

s paw)
e =1l =y sgen

16

Referring to Figures (3-6)and (3-7)




~_ 874 _87.x 4.9
b 87 4+ £ 50+ 87

= 2.66"
= = - "
a kl'cb 0.85 x 2_.66 2.26

+C,™=0.85 f 'ab
c

= 0.85 x 4 % 2,26 x 5 = 38,42 kips

C_=A(f - 0.85Ff ")
sy c

== 0.62(50 - 0,85 x 4) = 35,09 kips

T=Af =0.62 x 50 == 3], kips
Sy

Pb = CS + Cc - T = 42,51 kips
From equation (3-12)

== _E_H - t _Aan "
Ppep = C(d- 5 -d") + ¢ _(d- d' -a") + Td

i

38.42 x 1.87 4 35.09 x 1.19 + 31 x 1.19

= 150.492 in-kips

. ey =—1E—g% ~ 3.54" < e = 4,688"

Therefore tension controlls.

fv 50

= (=3 ‘7
0.85f_' _ 0.85 x 4o




a3,

N et

e' == - d' + e = (3 - 1.8L + 4.,688) — 5,878"

— 0.62

P TExuag T 0028

Substitute into equation (3-17) with all given values,

= 1 b__ _S_‘_
P, = 0.85f_ 'bd {( p+l-=)

' . ' 2 1 '
+J(1-§-—) +2p[(m-—l) (1-%—)+§——]

5.878
4,18

+J(1 - M)Q ¢ 2 % 0.0246 [(114.7-1)(1 _ L8l 5-878]}

==o.85xux6xu.19{(-0.02u6+1- )

¥.19 4,18’ T w19

= 30,42 kips

The NBC design load is the predicted load multiplied by the

¢ factor and length reduction factor.

R = 1.07 - 0.0075 %ll = 0.75

¢ = 0,75
P design = 17.1 kips
Similarly the ACI design load is the predicted load reduced by a ¢ factor

and a length reduction factor

L '
r

R=1.07 - 0.008
¢ = 0.70
P design == 15,5 kips

€
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REVISED CALCULATION
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REVISED CALCULATIONS .

Ultimate load capacity calculations of test specimens

(1) Simply supported bheam

P P
u u
la‘ 15‘
; |
i 2

i-&—_s (a 210" = 6"'0"—424

For more details see Figure (4-2),
For given: £ ' = 3,620 psi
£ = 50,000 psi

A = 0.62 a"

s
b = 5"
d = 6,69"
Solution:
£ 87
c
Prax 0.75 x 0°85kl 7 57 = F
. y y
3.62 87
0.75 x 0.85 x 0,85 % » 137

= 0,0248

s 0.62

=

PTFd T 5 x 6.69

= 0.0186 < 0.0248
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Therefore tension controls

As 50
= = 00,0186 x —
q P;:T 3.62
= 0,257

Substitute into equation (3-%a) with all given values;
M “bc.izf 'a(l - 0.59q)
u c

=5 x 6.692 x3.62 % 0.257(1 - 0.59 x 0.257)

= 1716.5 in-kips . ’

M

= ._ll == 3
P\i 19 14.70 kips

¢Pu == 0,90 x 14.70 = 13.22 kips

(2) Two-span continuous beam
- u
! 2 12
I :
£ A Lo

E,_z @ 310" == Q" I 2 @ 310" = 6'-—0"-—«!

For more details see Figure (4-1).

la<}
lae)
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For given; f ' = 3,620 psi
f: = 50,000 psi

A =A'=0.52 "

S S
b ="
d = 6.69"
ar = 1,31"

Solution: Referring to Figure (3-5), let us try

¢ =2,9 , from eguation (3-6)

2.96 - 1.31
2.96

£_ = 29,000 x 0.003

- < 48,5ksi

: ‘ ke
1 = - 1 ' - —
! Asfs(c da') + 0.85f-‘c keb(e 2)

= 0.62 % 48,5 (2.96 - 1.31)

+ 0.85 X 2,62 x 0.85 x 2.96 x 5

or_x 0.85
% (2.96- —2 )

= -115.55in-kips

'M&IaAsfy(d_c) ~ 0.62 x 50 x3,73 = 115.55 in-kips

M! —_ Mll
u u
Therefore M2 = V: + M) =231.10 in-kips




g8.

Myj = 176.5 in-kips (see the calculations of

simple beam)

From equation (2-5)obtained

NMuP Mul
P, === (2=t 1)
u L Muz
_ 231.1 176.5
4y x 5% 15 (2 x + 1)

231.1

= 32.4. kips  ¢P_ = 0.90 x 32.94

(3) Column

== 29,16 kips

_;///' ' ' \\\;__‘_r—~—'Pu

For .more details see Tigure (4-3).

For given: Cross section 6'" x 6"
f ' = 3,620 psi
f = 50,000 psi
4 =u.19
d' =1.81 a" = 1.,18"
A, =A== 0‘.62 ="

== .J;l= "
e ule 4,688

Referring to Figures (3-6)and (3-7)
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874 87 x 4.9
b 87 + £ 50 +87

= 2.68"

£ = = t1
a kl'cb 0.85 x 2.66 2.26

C =0,85 f 'ab
c
= 0,85 x 3.62 x2.26 x 5 _ 34.8 kips

C =A(f -0.85Ff")
sy c

= 0.62 (50 - 0.85 x 8,62) _ 29,10 kips

T=AFf =0,62x 50 =31 kips
sy

P,=C,+C -T= - 32.90 kips
From equation (3-12)
Pe, =C (d- 2 -d") + C _(d- 4' -d") + Ta"
c 2 s

= 34,8 x 1.87 ¢+ 29,10 x 1.19 + 31 x 1.19

= 136,5. in-kips

5. 5
L] e :::-..1—3.._(2-._-__'—:= !“'.15” < g = ]4.688"

¢’ b 32.9

Therefore tension controlls.

£
y >0 16.2

0.85F " = 0.85 x3.52

m =



A AT NI S TR T2 AP 6, P T STYALEE de T O T R S S T TS SO L TR RV At ) A P L GRS s s R T S ez e 5e pERs =x R R T B T A L T

100,

e =% ~d' 4+ e=+3 - 1.81 + 4.688) = 5,878"

- 0.62  _
P 6 x 4,10 0.02u6

Substitute into equation (3-17) with all given values,

) e!
== 1 - - —
Py 0'85fc bd { (-p+1 3 )

’ 2 1 [
+,\/(l--g—‘-) +2p[(m-l) (l—%—)‘f'g—_]

.87
588)

= (0,85 % 3.62 x6x4,19 {( - 0.02u86 4+ 1 - 5T

> - )
5.878 . 1.81 5.878
+A/(l - —-———) + 2 x 0.02u46 [( 16.21)(1 - q..19\) t 519 }J

= 29,9 kips

NBC Design Load
R=20.75
¢ = 0.75
P design = 16.80 kips.
ACI Design Load
R=0.73
d>. = 0.70

P design = 15.30 kips.
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APPENDIX B.
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( Chi Square Test for t-distribution)
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APPENDIX D.

{(programs)




e

1k9,

Column

0001 DIMENS TUN. TH(40,4C) s PUL40.40) s FEY(4D), FCL4O)
coc?2 READ (1,90) M,N
0ce3 READ (1,S1)I(FY(L) 4I=14h)
0604 . _READ (1,92)(FC(Jdsd=1yM)
cCes S1  FORMAT (8F10.4)
cocs 90 FORMAT {215)
0007 92 FUORMAT (AF10.4)
coce DO 10 I=1,N
0009 TH (I,J)=0.
0010 ..DO10 J=lyM. .
0011 TMII v JI=FY(I)}/(D.85%FC(J})
0012 WRITE (34911) TM(I,J)
0C132 10 CONTINUE ;
CO1l4 911 FORMAT (//+5X, 8(Fl2.6y 2X)) i
6015 P=0.0246 !
__GCg1e . E=be4s — !
0Cl7 D=4.19 ;
vo18 DP=1.81 :
cCls¢ B=6.0 3
0020 DO 20 l=1,4N !
0021 PUIL,J)=0.

0Qze

-.D0_ 20 J=1,M4

(for more details see figures (3-6) anag (3-7))

-

0023 PU(T,J)1=0.65%FC(J)%BRD*(~P+1,0-E/D+SQORT( (1. D=L /D) %%2
L+2.0%P% ((TM(1,4)-1.0)%{1.0-DP/D)+E/D)))
0024 WRITE (3,911)PULT 4J)
0C25 20 CONT INUE
cc2¢ STOP
00217 __END ;
|
i
E
Where; A ™= m |
S — - : ;
P— S PU= Pu — Ultimate »
Load :
I |
E= el |
e £l = FC |
D:‘d' * oo !
FY = £, |




Two-Span Continuous Beam.

DIMENS ION FC(15),FY(15)

i
i
i
¢

0061
cecz CN=12

0003 M=12 ‘ : .

Q004 U=0.003 =~ ’ T

0605 V=1.31
0006 C=6.69
0007 READ (152) (FY(JY yd=14+M)
0C08 READ (142)1(FC{1)yI=1,N)

__cccs 2 FORMAT (8F10.4)

0010 DO 10 I=1,N

0011 DO 10 J=1,M

0C12 T=0.62%FY(J)

0013 X=2. -

0014 5 F=29000. * 0.003 #*{X~V) /X

0015 . L C8=0.62%F
0016 IF (FC(I). LE. 4.0)AA=0.85
0017 IF (FCUI).GT.%.0.AND.FC{I} . LE.4,2) AA=0.84
0018 IF (FC{I1)eGT o442 AND.FC(I)LE.4.4) AA=0.83
CC1S IF (FCUT1 0T 4.4 ANG.FCITVT.LE.4.5) AA=0.82
0020 IF (FCU1)eGTe%e 6. AND.FC(I).LE.%.81AA=0.81

. ©021 IF (FC(I).GT.4.8.AND.FC(I).LE.5.0) AA=0.80
0022 IF IFCUI)eGTe5. 0. AND.FC{I).LE.5.2) AA=0.79
0023 IF (FC(1)eGT.5.2.,AND.FC(1).LF.5.4) AA=0.T78
CU24 TE (FClI}eGT B el JAND.FCII}.LEL5.6) AA=Q.T7
0025 ifF (FC(1).67T.5.6.AND.FC{IT.LE.5.8} AA=0.T76
0026 CC=0.85%FC(1}*AA%5,0%X
0627 T=0.62%FY(J)

~ o028 TTTEX=0.85%FC {1} *AA%RS. 0% { X—0. 5HAA%R X) %k X
’ 140 62%F%H{X=V)=0.62%FY(J )} %=(C=X)

CC26S F1X=0.85%FC{I)*AA%S 0% (1 .0~0.5%AA)H2%X
T+0.060%8 7%l 1e 0= V&R 27{XH%2Y I+ 0. 62%F Y J)
0030 XX =X-FX/ FLX

0031 i IF (ABS({XX=X)=0.001}4 14 +5
552 _ VML LRI R
0033 GO TO 6
CGC24 4 X=XX
0035 WRITE (39 TIFCIIY,FY(JY AR+ X
0036 7 FORMAT (/1Xy4F20 .4)

0037 AM1=0, 62%FY(J)# (C=0.62%FY(J}50.5/(0.85%FC(I}%5.))
€038 T T TTAMR2=20.62%FY(J ) R(C-X)1%2.0 ‘ o N T
0036 PU=AMZ2% (2 ,%AML/AM2+1.)/18.

0040 WRITE (3,12) AM1l, AM2, PU
CO41 12 FORMAT (/1X,3F20.4)
FORTRAN IV G LEVEL 18 MAIN DATE = 70049
0042 10 CONTINUE
0043 RE TURN
.. 0044 CEND y . .

|
!
;
|
|
|

i

.
i
!
i
%
|
i
i
i
!
|
i
i
t
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Simply supported Beam
QoCc1 DIMENSION FCL40), FY(40) C
JIMEN ’ 5 Qs TMUL4C,40)

0co2 READ (1,661 )N,H B

2003 READ(L,671I(FC{T),I1=1,N)
_““.OOﬁ cee e READCLyOTIV(FY (1) g I=1,M)

0cos DO 10 T=1,M ‘ T

CGCGeé DC 10 J=1,N
__gggg A=0a62/4025%FY (1) /FCAJ)

10 TMULL 3 ) =100 62%FY(1)%{6,69~045%

gggg 00 ZO I=1’M 9 D A),/lZo
e OAN 20 U WRITE (3,961) (TMULI,J) ,J=1,

OCll 661 FO RMAT (?I 5) ' S ,J‘ l’\l ""*'--~—--—"——'~~--"---<--~

0012 . 671 FORMAT ([8F10,.5)

0013 961 FORMAT (//10X43F12.4)

0014 STOP

0015 END

Where;
FC = fé 'Y= fy

A= a  Depth of concrete stress block

TMU==Pu /Ultimate load

Notations for two-span continuous beam program;
— ! —_
FC =f¢ FY= fy
U ::?u Ultimate strain of concrete
V = Concrete cover

D = d , Effective depth

AMl = Mul

AM2 = Mu2

PU=P Ultimate load
4y




