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ABSTRACT

Application of reinforced concrete as a construction material was first
found in the middle of the 19th century. Over the last one and half centuries
it has become a popular and widely accepted construction material. Its
applications span from in small domestic structures to large structures like
massive dams, bridges, offshore platforms provides evidence for its
potential.

Shear design is an important area of the reinforced concrete designing
process. This study reviews the shear designing approaches for reinforced
concrete beams. From the beginning the shear behaviour of reinforced
concrete beams was mysterious. The first analytical model to explain the
shear behaviour of a reinforced concrete beam was postulated in 1899 by a
Swiss engineer called Ritter and a German engineer called Morsch (1902).
They independently introduced the Truss Model to use in shear design.
Since then various theories have been put forward to explain the shear
behaviour of reinforced concrete beams. But, still none of them seems to
have resolved the issue by producing results relating theory to experiment
to a higher degree of accuracy when compared to flexural design.

This study identifies reasons for those theories to deviate from the
experimental results. Some of them are conventional parameters used in
design equations whereas others are new for these design methods. Also it
identifies when these parameters become critical for deviation of the
predicted results from the experiment. Ultimately this study identifies
when these theories are justifiable for shear designing of reinforced
concrete. Also it evaluates the practices followed in design offices in Sri
Lanka for shear design and recommends the best practises to ensure
adequate safe guard against a premature failure. Results of this study

shows that Canadian Code General method and Australian Code method



give most accurate results and can be recommended to use within the
limitations specified in the code. Further this study shows that Japanese
Code design method can be recommended for conservative shear designing
without any restrictions on parameters. But this method is less accurate

than the Canadian Code General method and Australian Code method.
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1. Introduction

1.1 Background

Use of cement in structures, in the form of lime mortar began in
around 2000 B.C. and still used in some areas. The innovation of the
material which is currently known as Portland Cement was achieved in
1845 by a scientist called I.C. Johnson. The use of reinforced concrete for
structural applications then started in the middle of 19t century. W.B.
Wilkinson of Newcastle first obtained a patent for reinforced concrete floor
system. During the period of 1850 to 1900 the science of reinforced concrete
developed through a series of patents obtained for various concrete
elements. After that knowledge and technology about reinforced concrete
started to improve with extensive research work in the concrete technology.

Now reinforced concrete has become a widely used material for
constructing various structures. Its applications can be found in buildings
of all sorts, underground structures, water tanks, television towers,
harbors, offshore structures, dams, etc. Success behind its popularity may
be the wide availability of reinforcing bars and the constituent of concrete;
gravel, sand and cement, relatively simple skill required in concrete
construction and the economy of reinforced concrete compared to other
forms of construction.

The first set of building regulations for reinforced concrete was
drafted under the leadership of Professor Morsch of University of Stuttgart
and was issued in Prussia in 1904. After that design regulations were issued
in Britain, France, Austria and Switzerland between 1907 and 1909. Since
then, extensive research has been carried out on various aspects of
reinforced concrete behaviour, resulting in the current design procedures.

At the early stage of the design codes, shear design provisions were
based on Empirical methods and Truss analogy. During the last 50 years

considerable amount of research has been conducted world wide with the




aim of developing a rational, general and accurate behavioural model for
reinforced and prestressed concrete in shear. As a result of this a large
number of theories have been published. Among them, design models such
as Modified compression Field theory and Rotating Angle Softened Truss
Model have been able to give more rationality to shear design provisions.
Also a considerable development could be found on shear friction methods
during last two decades. But even in these theories consensus is lacking in
several vital areas. Therefore provisions of shear design have been able to
resolve some of the issues but lack complete understanding yet, and as
such shear designs cannot be achieved to a high degree of accuracy unlike
in flexural design. Hence a detailed study is required to improve the

situation.

1.2 Historical Development of Shear Design Procedures.

It is important to express the behaviour of beams failing in shear in
terms of a mathematical model before designers can make use of this
knowledge in design. The first attempt for this appeared at the end of the
19t century. It was a Swiss engineer Ritter (1899) and a German engineer
Morsh (1902) independently published their papers proposing truss model
for the shear design, for the first time. One main disadvantage of truss
model was that it neglected the shear caring capacity by the concrete. As a
result of that, application of truss model in designing of reinforced concrete
members without shear reinforcement could lead to unsafe designs.
Therefore, from the early stages designers preferred empirical methods for
design of beams without shear reinforcement. As a consequence,
development of empirical methods also took place in parallel to the truss
analogy.

Partial collapse of the Wilkins Air Force warehouse in Shelby, Ohio,
USA in 1955 questioned the shear design provisions of ACI building code




at that time. Also it emphasised the necessity of safe, rational and accurate
shear design procedures to researchers all around the world. Extensive
researches were carried out all around the world on this propose.

As a result of that, truss model was remarkably improved by various
researchers to give safe and accurate predictions. As mentioned
previously, in traditional truss approach the inclination of truss was
assumed to be 450 to the longitudinal reinforcement and shear carrying
capacity was neglected. This traditional approach is called “Standard Truss
Model with no Concrete Contribution”. One new approach was to add a
concrete contribution term to the shear carrying capacity obtained,
assuming 45° truss (ASCE-ACI Committee 318-95M - 1962). A combination
of variable angle truss and a concrete contribution was also proposed (CEB
1978; Ramirez and Breen 1991). This procedure was referred to as “
Modified Truss Approach”. The concrete contribution of above methods
was taken as the combined effect of shear transfer across cracks due to
aggregate interlock, dowel action of longitudinal steel and the shear
transfer across the uncracked concrete compression zone. Also it was
calculated using more refined empirical formulas.

Further truss models with crack friction were proposed (Gambarova
1979; Dei Polli et al. 1990; Kupfer et al 1979; Kirmair 1987; Reneick 1990). In
this model, it was assumed forces were transferred cross cracks by friction
in the failure plane. And this force was added to the 45° truss to obtained
the final shear capacity. Most advanced procedure to propose based on
truss analogy was Rotating Angle Softened Truss Model (Belarbi and Hsu
1991,1995; Hsu 1993; Peng and Hsu 1995). This was a more rational
procedure which used equilibrium conditions, compatibility conditions and
stress-strain relationships of diagonally cracked concrete to predict load
deformation response of a section subjected to shear.

After the warehouse tragedy, other than the truss analogy and the

empirical methods, attention was drawn towards developing better models




to describe shear behaviour of reinforced concrete beams. As a result of that
several new approaches were proposed. One of them was fracture
mechanics approach. A number of different fracture mechanics models
were proposed. Among them well known ones are the Fictitious Crack
Model (Hillerborg et al 1976) and Crack band Model (Bazant and Oh 1983).
Fracture mechanics approaches account for the fact that there is a peak
tensile stress near the tip of the crack and a reduced tensile stress
(softening) near crack zone. Fracture mechanisms can be considered as
more rational than empirical.

Another early attempt to develop a rational model was Kani’s Tooth
Model (1964), in which the secondary diagonal cracks were believed to
result from bending of concrete “teeth”. The concrete between two adjacent
flexural cracks was considered to be analogous to a tooth on a comb.
Hamadi and Regan (1980), Reneck (1991) further developed the Tooth
model.

Based on the Tension Field theory developed by the German engineer
H.A.Winger(1929) to explain the shear carrying mechanism of a thin web
steel girder, Collins (1978) developed new method to explain the shear
behaviour of cracked concrete beams which was known as Compression
Field Theory (CFT). This approach is used equilibrium conditions,
compatibility conditions and stress-strain relationships of diagonally
cracked concrete to predict load deformation response of a section
subjected to shear. This approach is further developed to account for the
influence of tensile stresses in the cracked concrete by the same author in
1986. The new approach was called the Modified Compression Field
Theory.

Another new approach to the shear design was developed based on
the Shear Friction. The shear friction concept was first introduced by
Brikeland in 1966. it was originally developed to deal with forces transfer

across joints in precast concrete construction. This model is further




developed by Paulay et al (1974); Mattock et al (1976); Nielsen et al (1978);
Walraven (1981) and Loov and Patnaik (1994). Based on shear friction Loov
presented a new shear design approach in 1998. This approach is discussed

in this study apart from five major codes.

1.3 Overview of Current Design Procedures

In most of the major design codes, shear design procedure for one
way flexural members is based on truss model with concrete contribution.
Some of them use a parallel truss model with 45 constant inclination
diagonals supplemented by an experimentally obtained concrete
contribution, where as others use variable angle truss model with
empirically obtained concrete contribution. General method of Canadian
Code is based on the modified Compression field Theory.

Truss model is widely used for designing of deep beams. But design
procedure for deep beams given in the Japanese code still relies on

empirical formulae.

1.4 Objectives

The principal objective of this study is to carry out a state of the art
review and to evaluate the shear design approaches. This involves finding
when such theories are justifiable for reinforced concrete. Also it is aimed at
evaluating the practices followed in design offices in Sri Lanka for shear
design and recommending the best practises to ensure the adequate safe

guards against premature failures.




1.5 Scope

When evaluating several shear designing methods, the scope of this
study is limited to reinforced concrete beams. Shear design procedures for
both deep and slender beams will be evaluated. The focus of this study will

be on beams without axial forces and prestress.

1.6 Organization of Thesis

This thesis consists with five main chapters. Chapter 1 gives an
introduction to the subject area and a overview of the current design
procedures.

Chapter 2 presents and discusses the available methods found in the
literature.

Chapter 3 deals with the methodology, discussion on the
preparation of the database, development of the each design method.
Flowcharts for computer based calculations are also presented in the same
chapter.

A comparison between the results obtained by using various design
methods and the test results are presented in Chapter 4. Results and a
discussion about the results obtained from the Multinomial Logistic
Regression is also presented in this chapter.

Chapter 5 covers the conclusions and recommendations for further

research




2. Literature Review

2.1 Introduction

Structural use of reinforced concrete began in the middle part of the
19t century. After that, gradually it became a popular material in
construction industry all over the world. Knowledge about mechanisms of
reinforced concrete started to spread among practicing engineers in the
beginning of 20th century as books, technical articles, and codes presented
theory. Since then a large number of papers have been published around

the world.

As discussed earlier in the Truss Model was first introduced as a
conceptual tool for the analysis and design of reinforced concrete beams.
Since then various researchers have proposed more refined truss models.
Also a lot of empirical equations have been put forward to estimate the
shear strength of a reinforced concrete beam. Interestingly, still the shear
design procedures of most of the major codes rely on the truss model as
well as the empirical methods. During the last few decades more rational
design methods which were equally capable of handling both beams with
and without shear reinforcement have been published. Among them
Compression Field Theory (1978) and Modified Compression Field Theory
(1982, 1986) were quite impressive. In addition to that several methods
have been postulated based on shear friction.

This chapter presents a brief discussion on the shear behaviour of
the reinforced concrete beams and parameters affecting the shear strength.
Also some of shear design models which have been the basis of the some of
the major codes, have been presented with a brief discussion of their

applications in various codes.

2.2 Behaviour of Beams Failing in Shear

In a reinforced concrete beam, two main actions have been identified

to transfer the shear force from load to support. Namely, they are Beam




Action and Arch Action. The behaviour of beams failing in shear varies
widely on the relative contributions of the beam action and the arch action.
Beam Action exists when there is a shear flow between load point and
supporting point as shown in Fig 2.1c. Arch action occurs if the shear flow
cannot be transmitted due to the steel being unbonded or if the transfer of
shear flow is prevented by an inclined crack extending from the load to the
reaction. In such a case shear is transferred by Arch Action rather than beam

action as illustrated in Figure 2.2.
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2.2.1 Behaviour of Beams without Web Reinforcement

The moments and shear at inclined cracking and failure of
rectangular beams without web reinforcement are plotted in Fig. 2.3(b) as a
function of the ratio of the shear span to effective depth (a/d).[Ref.2.1]. The
beam cross section remains constant as the shear span is varied. The
maximum moment and shear that can be developed correspond to the
nominal moment capacity, My, of the cross section plotted as a horizontal
line in Fig. 2.3(b). The shaded area in figure shows the reduction in strength
due to shear at different a/d ratios. Web reinforcement is provided to

ensure that beam reaches the full flexural capacity.

Fig. 2.3(b) suggests that the shear span can be divided in to four
types: Very short, short, slender and very slender. The term “deep beam” is
also used to describe beams with very short and short shear spans. Very
short shear spans, a/d from 0 to 1, develops inclined cracks joining the load
and support. These cracks, in fact, destroy the shear flow from the
longitudinal steel to the compression zone and the behaviour changes from
beam action to arch action, as shown in Fig 2.2 and Fig. 2.4. Here the
reinforcement serves as the tension tie. The most common failure in such a

beam is an anchorage failure at the end of the tension tie.

Short shear spans, a/d from 1 to 2.5 develop inclined cracks and,
after a redistribution of internal forces, are able to carry additional load, in
part by arch action. The final failure of such beams will be caused by a
bond failure:, a splitting failure, or a dowel failure along the tension
reinforcement as shown in Fig. 2.5(a), or by crushing of the compression
zone over the crack, as sown in Fig. 2.5(b). The latter referred to as a “shear
compression failure”. Because the inclined cracks generally extend higher
in to the beam than a flexural crack, failure occurs at less value than the

flexural moment capacity.
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In slender shear spans, a/d from above 2.5 to about 6, the inclined cracks
disrupt equilibrium to such an extent that the beams fail at the inclined
cracking load as shown in Fig.2.3b. Very slender beams with a/d grater

than about 6 will fail in flexure prior to the formation of inclined cracks.

Figure 2.4 e e | Compression
Modes of failure of Beams, ks % / Strut
a/d=051t020 J_..-'// 7 \\_\
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Loss of bond due to
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(a) Shear Tension Failure (b) Shear Compression Failure

Figure 2.5.

Modes of failure of beams with
Short Shear Spans, a/d =1.5t0 2.5
(Adapted from Ref 2.1)

Fig. 2.4 and 2.5, present an excellent description of the behaviour of

beams falling in shear. It is important to note that for short and very short




beams, a major portion of the load capacity after inclined cracking is due to
load transfer by the compression struts shown in Fig. 2.4. If the beam is not
loaded on the top and supported on the bottom in the manner shown in
Fig. 2.4, these compression struts are not effective and failure occurs at, or

close to, the inclined cracking load.

Because the moment at the point where the load is applied is M=Va
for a beam loaded with concentrated loads, as sown in Fig2.3a and 2.3b, can
be re-plotted in terms of shear capacity, as shown in Fig.2.3c. The shear
corresponding to a flexural failure is the upper curved line. If stirrups are
not provided, the beam will fail at the shear given by the “Shear Failure”
line. This is roughly constant for a/d grater than about 2. Again the shaded
area indicates the loss in capacity due to shear. Note that the inclined
cracking loads of the short shear spans and very slender shear spans are
roughly a constant. Inclined cracking causes immediate failure if no web
reinforcement is provided. For very slender beams, the shear required to
form an inclined crack exceeds the shear corresponding to flexural failure

and the beam will fail in flexure before inclined cracking occurs.

2.2.2 Behaviour of Beams with Web Reinforcement

Due to inclined cracking, the strength of beams drops below the flexural
capacity as shown in Fig. 2.3(b) and (c). The purpose of web reinforcement
is to ensure that the full flexural capacity can be developed.

Prior to inclined cracking, the strain in the stirrups is equal to the
corresponding strain of the concrete at the same level. Since concrete cracks
at very small strains, prior to inclined cracking the stress in the stirrups are
very low. Thus stirrups do not prevent inclined cracks forming: they come

to play only after cracks have formed.




2.3 Factors Affecting Shear Strength of Beams without Shear

Reinforcement.

The shear capacity of a beam without web reinforcement is taken
equal to the inclined cracking shear. This is because, beams without web
reinforcement generally fail when inclined cracks occurs or shortly
afterwards. The inclined cracking load of a beam is affected by five
principal variables.

1. Tensile Strength of Concrete
The inclined cracking load is a function of the tensile strength
of the concrete. The flexural cracking which precedes the
inclined cracking disrupts the elastic stress field to such an
extent that inclined cracking occurs at a principle tensile stress

of roughly a one third of splitting tensile strength ( fct).

2. Longitudinal Reinforcement Ratio, p
The shear capacity is a function of the longitudinal
reinforcement area ratio p = As / bwd. When the steel ratio is
small flexural cracks extend higher into the beam and open
wider than would be the case of large values of p. As a result,

inclined cracking occurs earlier.

3. Shear Span to Depth Ratio, a/d
The shear span to depth ratio a/d has a significant effect on
the inclined cracking shear and ultimate shear particularly for
beams with low shear spans to depth ratios. With the increase

of the a/d ratio its effect gets reduced.




4. Depth of the Beam
As overall depth of the beam increases the shear capacity of
the beam tends to decrease. As the depth of the beam
increases the crack widths at points above the main
reinforcement tend to increase. This leads to reduction in
aggregate interlock across the crack, resulting in earlier

inclined cracking.

5. Axial Force
Axial tensile forces tend to decrease the inclined cracking
load, while axial compression forces tend to increase it. As the
axial compressive force is increased, the onset of flexural
cracking is delayed and the flexural cracks do not penetrate as
far in to the beam. As a result, a larger shear is required to

cause inclined cracks.

2.4 Shear Design Methods

2.4.1 Empirical Methods
The simplest approach, and the first to be proposed by Morsch

(1909) was to relate shear strength to tensile strength of the concrete. Many
other empirical equations have since been proposed. Some of them have
been presented below. These equations typically contains the following
parameters: the concrete tensile strength, usually expressed as a function of
compressive strength of concrete f; the longitudinal reinforcement area p =
As/bwd; the shear span to depth ratio a/d or M/Vd; the axial force or
amount of prestress; and the depth of the member d.

A simple lower bound average shear stress at diagonal cracking is

given by the following equation
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This well-known equation is the basis for the ACI Code Equation
11.3 and the Simplified method of the Canadian Code which is based on the
ASCE -ACI committee 326 report presented in 1962. Zsutty presented the

following equation in 1971.

1

v, = 59( f.p ET (2.2)
a

Considering all the main parameters Okamura and Higai in 1980

presented the following empirical equation.

Y3 2.3
o P 1.40 (2.3)

This equation may be considered as one of the most reliable
empirical formulae.

With respect to the various empirical formulae, considerable
difference exist as a result of following factors: the uncertainty in assessing
the influence of complex parameters in a simple formula; the scatter of the
selected test results due to inappropriate tests being considered (for
example, bending failures or anchorage failures) and the poor
representation of some parameters (for example, very few specimens with
low reinforcement or high concrete strength). These issues limit the validity
of empirical formulas and increase the necessity of rational models and

theoretically justified relationships.




2.4.2 Strut and Tie Approach

Since the beginning of the 20t century the truss model has been used
for designing of concrete members (Ritter 1899 and Morsch 1902). One of
the main advantages of using truss members to represent key resisting
elements of a concrete member is that the flow of forces can be easily
visualized by the designer. The flow of compressive stresses is idealized as
compression members called struts and tension is taken by tension tie.
Another advantage of using truss model to idealize flow of forces is that the
influence of both shear and moment are accounted for simultaneously and
directly in the design.

The strut and tie model is equally applicable for deep members with
very short shear spans: 0 < a/d < 1.0 or short shear spans: 1.0 <a/d <25

(Figure 2.6) and for slender members with shear spans: a/d > 2.5.

Figure 2.7
(Fig ) | a l

! |

a) Main Reinforcement and Crack control Reinforcement

b) Truss model

Figure 2.6
Truss Model for a Deep Beam (a/d <2.5)
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c) Simplified Truss Model

Figure 2.7
Truss Model for Slender Beams.

The strut and tie model is particularly useful in designing of disturbed
regions where the normal assumption of plane strain and uniform shear
stress distribution is inappropriate. Therefore most of the major codes uses
strut and tie model for the designing of deep members.

A strut and tie model for slender members have been illustrated in
Figure 2.7. The truss shown in Figure2.7b is statically indeterminate but can
be solved if it is assumed that the force in each stirrup causes it to just reach
yield. Then the truss in Figure 2.7b is referred to as the Plastic Truss Model
since we are depending on yielding of the stirrups to make it statically

determinate.




Figure 2.7c illustrates another manner in which a truss model is
developed for the design of a slender member, according to the ASCE-ACI
Committee 445 report. Further it gives the design steps as:

1) A reasonable angle, 0y, for compression struts is chosen. Typical

angles vary from 18° to 65°.

2) The truss model used for design, having a depth equal to the flexural
lever arm, jd is simplified to a statically determinate truss as shown in
Figure 2.7c. each vertical member represents a group of stirrups
within a length jd cot6y. Each diagonal member of the simplified truss
represent a zone of diagonal compression which is equal to jdbwcosby,
where by, is the width of the web. Once the diagonal force, D, is found,
the diagonal compressive stress in the concrete can be found from:

D \Y

f, = -
* b,jdcosd,  b,jdsind, cosd, 2.4)

3) Solve the forces in the truss members and design the transverse and
longitudinal reinforcement. Check the compressive stress in the
concrete diagonals. Check the anchorage of reinforcement at critical
points.

The truss model ignores the shear contribution from concrete and the also
from the dowel action of the longitudinal reinforcement and the shear

reinforcement is design to resist the entire shear.




2.4.2.1 Truss Approach with Concrete Contribution

The traditional truss model assumes that the compression struts are
parallel to the direction of cracking and no stress is transferred across the
cracks. This approach has shown to yield conservative results when
compared to test evidence. More recent theories have recognized the
importance of shear carrying capacity of cracked concrete. As a results of
this shear capacity of a non-pre-stressed beam (V) has been modified as the
addition of:

Vy =V +V; (2.5)

Where V5 is the shear carrying capacity of shear reinforcement which
is found from the truss model and V. is taken as the shear contribution of
concrete. Most of the times value of V. is found from empirical formulae.
In such case, the value of V. stand for the net effect of shear transfer across
the cracks by interlocking of aggregate particles, shear transfer across the
uncracked compression zone and the dowel action of the longitudinal
reinforcement. Most of the major codes use this approach for the

calculation of shear capacity of slender beams.




2.4.3 Compression Field Approaches

The web of a concrete beam cracks due to principle tensile stresses
and subsequently resist shear by means of compression struts between the
cracks and tensions in stirrups, as described in the truss analogy. Away
from the load and the reactions this load carrying mechanism is referred to
as compression field. Collins and Mitchell (1974) developed the Compression
Field Theory to explain the strength and behaviour of such web.

Small transverse tensile stresses can develop in concrete struts
between the cracks due to the bond between the stirrups and the strut.
These tend to increase the shear carrying capacity of the beam. Collins and
Mitchell (1986) extended the compression field theory to include the effect

of these tensions and it was called the Modified Compression Field Theory.

2.4.3.1 Compression Field Theory

Figure 2.8c shows the average shear distribution over a cracked web
of a beam. In the Compression Field Theory (CFT) it is assumed that this
shear stress distribution can be represented as a uniformly distributed
shear stress over the depth dv as shown in Figure 2.8e. where dy is the
distance between resultant compression and tension force due to flexure. A
further major assumption is that web of a crack beam as shown in Figure

2.8 can be approximated with the uniformly strained reinforced concrete

panels having an €xand €y in longitudinal x and y directions.
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Equilibrium - Consider the equilibrium at the section X-X of the reinforced

concrete beam where the bending moment is zero, as shown in Fig. 2.9.

Compressive stress in concrete: The vertical Component of the diagonal

compressive force in the concrete, which inclined at 6 to the longitudinal
axis, must be equal to the shear force.
ie. V= (f,b,d, cos0)sin0d (2.6)

Where f> is the principle compressive stress.

f, = v (tan 8 + cot 8) = v(tan 6 + cot 6)

w v (2.7)
f, =v(tan 6 + cot 6)

It should be mentioned that it above equations were derived on the

assumption that concrete does not carry tension after cracking.

Tensile Stress in Stirrups: Consider the equilibrium of part of the beam

shown in figure 2.9b. the diagonal compression in the concrete transfer

vertical force to the stirrups.

ie. A f = (f,b,s sinb) sinb

A, =Y tang ——> p.f,=vtand (2.8)
sb, )" \d,b,
Tensile Stresses in Longitudinal Reinforcement : the longitudinal

component of the diagonal compression in the concrete is equilibrated by
the Longitudinal Reinforcement.

N,= A f = Vcotd

d,b

v

A
[ X j = d\l]) coth ——> prX=VCOte (29)

Vo w




Strain Compatibility - Consider the average strains of a element taken from

the cracked web.
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Figure 2.10
Strain Compatibility for cracked web

Using the Moht’s circle of strain in Fig. 2.10c, following useful relationships

can be derived:

_ 2(e, - &,) (2.10)
VT T ang
& te, =8 +¢, (2.11)
tan?g=5"f HTH _H78 &5 (2.12)

E,m& & & £,7& &€




It should be noticed that these compatibility equations are expressed in
terms of Average Strains. i.e. strain measured over a based lengths long
enough to include several cracks.

Also it should be mentioned that for the derivation of these relationships it
was assumed that the inclination of the diagonal compressive stress

coincides with the inclination of the principle compressive strain.

Stress-strain Relationships for Cracked Concrete: Based on the results of a

series of intensively instrumented beams, Collins (1978) suggested that the
relationship between principal compressive stress, f» and principal
compressive strain, € for diagonally cracked concrete would differ from
the usual compressive stress strain curve derived from a cylinder test
( Figure 2.11). The relationships proposed were
__ 36 (213)
= Ty, /2

Where ym = diameter of the strain circle ( i.e €1+€2); and €'c = strain at which
the concrete in cylinder test reaches the peak stress f'c. for values of f> less
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In addition, the reinforcing steel is assumed to behaves elastically:
f=Ege, (2.14)
f,=Eg, (2.15)

Thus we have three equilibrium equations, two strain compatible
equations, and three stress-strain relations to solve three stress unknowns
f5, fy, £y, four strain unknowns &y, &y, €1, €2 and the angle of the diagonal
compression. In other words a total of eight equations are there to solve for
eight unknowns. With these relationships, it is possible to predict the shear
strength as well as the load-deformation response of reinforced concrete
members subjected to shear. Finally the shear capacity of the beam is given
as:

_AL d (2.16)

2.4.3.2 Modified Compression Field Theory

Modified Compression Field Theory (MCFT) (Vecchio and Collins
1986) is a further development of the CFT that account for the influence of
tensile stresses in the concrete. The key simplifying assumption of the
modified compression field theory is that the principal strain direction
coincides with principal strain direction. This assumption is justified by the
experimental measurements which show that the principal stress and strain
are parallel within + 10°. Also this method has recognized the effect of shear
transfer across the cracks.

When it comes to the derivation of MCFT, the first two assumptions
of CFT are taken as valid. That is, the average shear stress distribution of a
cracked web can be represented as a uniformly distributed shear stress over
the depth dv as shown in Figure 2.8e where dy is the distance between

resultant compression and tension force due to flexure. And the web of a




cracked beam as shown in Figure 2.8 can be approximated with the
uniformly strained reinforced concrete panels having an & and &y in
longitudinal x and y directions.

For the Derivation of Modified Compression Field Theory Consider the
cracked beam web shown in Figure 2.12.

Equilibrium - As in CFT, Consider the equilibrium at the section X-X of the
reinforced concrete beam where the bending moment is zero, shown in Fig.
2.12. . Hear £ is the principal compressive stress act on a plane which is
perpendicular to the cracks. The other principal stress fi is the average
tensile stress in compression struts between the cracks. Shear in the section
is resisted by the diagonal compressive stress f together with the diagonal
tensile strength fi.

f, = - (AB+BC)

AB=vcot0
BC=vtan0
fo=fi-v(cotb+tan0) (2.17) where v=

b,.d,

Above equation shows that diagonal compressive stresses push apart the
flanges while diagonal tensile stresses pull them together. The vertical
balance has to be carried by the tension in the web reinforcement.

Considering Fig.2.12b, force in a stirrup can be written as:

A f,= (f,sin’0 - f,cos’0) b, s (2.18)

Similarly the longitudinal imbalance force must be carried by the

longitudinal steel.

A f = (f,cos’0 - f,sin’0) b d

v

Equilibrium across crack-Failure of the reinforced concrete element may not

be governed by the average stresses, but rather by local stress that occurs at




a crack. In checking conditions at crack, the actual complex crack pattern is

idealized as a series of parallel cracks all of which occurs at an angle 6
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to the longitudinal reinforcement and space a distance s, apart (Fig 2.12a).
The two set of forces, at a crack and between cracks shown in Fig 2.13 a and
b. must be statically equivalent to maintain the equilibrium.

Considering the vertical equilibrium, it can be shown:

d b. d d
A f Y|+ f ¥ B =Af | ——|+v.b. d 2.19
Vv(stanej ! sinGCOS Vw(stanﬁj VaPwly 2.19)

To maintain this equality the average tensile stress, f must be:

f,= v tan + ﬁwvs (f,-£,)

(2.20)

Figure 2.13
Forces at Cracks
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From above equation it can be seen that the value of f; is tied to the

shear that can be transmitted across cracks by aggregate interlock. The




ability of the crack interface to transmit the shear stress v.; depends on the
crack width w. Using the experimental data of Walraven (1981) Vecchio
and Collins (1986) developed the following expression for the limiting

value of vei:
0.18,/f.
Vi~ = 94w
03+ 24w (2.21)
a+16

Where f'c = Compressive Strength of Concrete in MPa

a = Maximum Aggregate Size

w = 81Sme
S = ;
m0 sind N cosH (2.22)
Smx va

Smx is the spacing of vertical cracks which would occur in a beam subjected
to an axial tension force and smy spacing of horizontal cracks in a member
subjected to transverse tension force. These, in turn, are functions of
spacing and cover of the horizontal and vertical reinforcements

respectively.

Strain Compatibility : the compatibility equations for the average concrete

are the same as described in Compression Field Theory.

£, tE, =618 (2.11)

E —& 81—8 6‘1—8 E —&
tan249= x 2 _ y _ Yy _ Zx 2
E,m6 & & 76 &€ (2.12)

X X

Stress Strain Relation ship of Cracked Concrete: Based on test of reinforced
concrete panels Vecchio and Collins (1986) suggested
£ 1 (2.23)

2,max __

£ 0.8+170e,

C

2 2.24
f2= f2,max [2 (e_'zj - (E_'Z] } ( )
ec ec




Where {5 ma= Maximum Compressive Stress of Cracked Concrete
e. = The Strain at Maximum Compressive Stress.
Collins and Mitchell (1991) suggested
If e,<e, thenf =E_¢, (2.25a)
a,a,f, (2.25b)

1+,/500¢,

Where &g, fo = Cracking Strain and strength of Concrete

If e,>e, thenf =

a1, a2 = factors accounting for bond characteristics (deformed or
smooth bars) and type of loading ( short term, cyclic or
sustained)
Finally the shear capacity V, of the beam is given by the equation:

V=£b,d,cotd + 2ol g cotd (2.26)
S

The above equation together with equations for equilibrium, compatibility
and stress-strain properties provide a complete solution by which to

predict shear strength of a beam.

2.4.4 Shear Friction Approach

The shear friction approach, as it is known today, was first
introduced by Birkeland (1966). It was originally developed to deal with
forces transfer cross joints in precast concrete construction. Eventually
various researchers have develop this concept to apply even for the
reinforced concrete. The method used in this evaluation was proposed by

Loov (1998). And this method is presented here.




2.4.4.1 Shear Friction Method by Loov

The base equation used to calculate shear friction strength in this
method is:

v= k(of;)% (2.27)

This equation was developed by the Patnaik (1992) in which v is the
average shear strength on potential shear failure plane, ¢ is the average
normal stress on that potential shear failure plane, f'c is the compressive
strength of the concrete and k is a constant. Based on various push-off tests
done by Kumaraguru (1992), Loov (1998) suggested 0.6 for the k value.
For the inclined plane shown in Fig.2.14 with v =S/A and ¢ = R/A, the

above equation becomes:
1

S = k(Rf,A)? (2.28)

b h
sin O

where A=

Solving for R and S using force equilibrium:

S=(T-N)cos0 - (V-ZXT,) sin (2.29)

R=(T-N)sin0 - (V-XT,) cos0 (2.30)

The basic equation for the shear strength V is derived using above three

equation

1
Y o5k [( T-N _, cot29)2 i cot@](l + cot?0) - T'CN coth + z% 2.31)

C 0.25k*C
Where C=fb, h
T,=Af,

For various 6 values this equation gives shear strength of various crack

planes.




0 Figure 2.14
A4 Free-body Diagram of a Inclined Plane

Through. a Crack.

For designing purposes it is necessary to calculate a suitable value
for 0. Based on his work Loov (1998) proposed two more equations to use
for the designing purposes.

Shear strength of the flattest plane bypassing stirrups occurs when
(Fig.2.15):

coth = Where s - Spacing of stirrups

S
d, .
ds - Length of stirrup centre to centre of bars
forming top and bottom of stirrup
Then the corresponding shear strength can be calculated from:

V = 0.25Ck* d (2.32)
s
Further he proposed the following equation to calculate the shear strength

of weakest plane which passes trough stirrups;

V= k[CT $j1/2-T (239)

v
S

Figure 2.15 «— S —»

Possible Shear failure plane




3. Methodology

3.1 Introduction

As discussed earlier the main objective of this study is to present a critical
evaluation of shear design procedures used in the industry. In addition to
major codes of practices a recently developed shear design method based
on Shear Friction, proposed by Loov (1998) has also been considered for
this evaluation. The major codes that have been used for this study are
American Code (ACI - 2002), Canadian Code (CSA A23.3 - 1994), British
Code (BS 8110 - 1997), Australian Code (AS 3600 - 2001) and Japanese Code
(JSCE SP-1 - 1986).

The first step of the methodology was to build a database which consists
of beam test results compiled from technical literature. Then shear strength
of each and every test beam was predicted using every design method
separately. Then the predicted shear strength was compared with the test
result to assess the accuracy. Also a Multinomial Logistic Regression
analysis was formulated to identifying the key parameters influencing the

accuracy of each design procedure.

3.2 Database Preparation

To evaluate the design procedures a data base of test results for
more than 950 beams was compiled from technical literature. The test
results included in this data base mainly consists of ACI research papers
and the data base used by the Prof. R.E. Loov. All beams were selected
from those reported to be failing in shear. General rules for selecting test
results for the data base were as follows:

-Reinforced concrete beams (no limit on concrete strength)
-Rectangular, T or I beam sections
-No axial loads, no prestressing

-Steel reinforcement (no limit on yield strength)




-Deformed bars have used for the main tensile reinforcement

-Normal weight concrete

-Simply supported or continuous beams with point loads

-Beams are loaded on top chord and supported on the bottom chord

-Reported anchorage and bond failures were removed

-No geometrical limits on member size were used

For each beam, a total of 39 input entries were used to describe its
material and geometrical properties, critical shear-span properties at the
instant of failure. Fig. 3.1, 3.2 and 3.3 show the typical elevation, end
anchorage properties, and cross-section of a possible beam in database. The

definitions of the 39 input entries are also given below.

— i

1 T

[
Figure 3.1

Elevation Layout for a typical beam in the database

oh

Figure 3.2
Anchorage Properties
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Figure 3.3
Cross-sectional details for a typical beam in the
database
Beam elevation definitions (figures 3.4 and 3.5)
0 L (m) Span length centreline to centreline
1 Lon (m) Anchorage length of tensile longitudinal reinforcement
2 a (m) Length of critical shear span
3 W, (m) Width of load bearing plate
4 w; (m) Width of support bearing plate
5 End anchor: Flag =-1 tensile reinforcement anchored to

end bearing plates

Flag=0 tensile reinforcement ends in
straight anchorage length

Flag =1 tensile reinforcement ends in a 90°
standard hook

Flag=2 tensile reinforcement ends in a

180° standard hook




Concrete properties

6 fe (MPa) Uniaxial compressive strength of 150 x 300 mm
standard cylindrical specimens. Whenever the concrete
strength was given for another size or shape of a
specimen, the following modification factors were
applied:
for 2.75” (70 mm) cube, multiply by 0.72
for 4” (100 mm) cube, multiply by 0.76
for 6” (150 mm) cube, multiply by 0.80
for 8” (200 mm) cube, multiply by 1.00
for 3”7 x 6” (75 x 150 mm) cylinder, multiply by 0.92
for 4” x 8” (100 x 200 mm) cylinder, multiply by 0.95

(mm) Nominal maximum aggregate size for concrete mix,

taken as 19 mm if not specified.

Concrete cross-section (figure 3.3)

8 h (m) Total height of beam cross-section

9 hty (m) Thickness of compression flange at its free edge

10 Ahgy (m) Increase in compression flange thickness at its junction
with the web

11 hy (m) Clear web height between flanges

12 Ah¢, (m) Increase in tension flange thickness at its junction with
the web

13 hs, (M) Thickness of tension flange at its free edge

14 bty (m) Width of compression flange

15 by (m) Thickness of web

16 bs, (m) Width of tension flange

17 s, (m) Spacing between layers of crack control reinforcement

18 A, (m?) Gross cross-sectional area




19

20

21

Moment of inertia of gross cross-section about its c.g.

Distance from extreme tension fibre to c.g. of gross
cross-section

Distance from extreme compression fibre to c.g. of

gross cross section

Conventional longitudinal reinforcement

22

23

24

25
26
27
28

29
30

Ag 7 (mm?2) Total area of tension steel at maximum moment section

Ag ¢ (mm?) Total area of tension steel at critical shear section

d (m)

dp (mm)
f, (MPa)
Ay (mm?)

ds (m)

d (mm)

f; (MPa)

Depth to c.g. of tension steel measured from extreme

compression fibre

Average diameter of tensile reinforcement bars
Average yield strength of tensile reinforcing bars
Total area of compression steel

Depth to c.g. of compression steel measured from

extreme compression fibre

Average diameter of compressive reinforcement bars

Average yield strength of compressive steel bars

Stirrups (uniformly distributed, perpendicular to the beam longitudinal axis)

31
32
33

34

35

36

A, (mm?)
s (m)
dbv (mm)

f,y (MPa)

Stirrup

Ce (M)

Area of one stirrup

Stirrup spacing

Diameter of stirrup steel

Yield strength of stirrup steel

Flag =0 Beam without stirrups

Flag=1 Beam with stirrups

Clear concrete cover from stirrup to extreme

compression fibre




37 ¢t (m) Clear concrete cover from stirrup to extreme tension

fibre

Forces

38 V; (MN) Test shear strength

39 N (MN) Applied concentric end axial force, positive if tension

3.3 Shear Strength of Slender Beams

Most of the design codes handle designing processes of slender
beams and deep beams separately. In fact all design codes which have been
selected for this study do the same. Different codes recognize Deep Beams
and Slender Beams in different manner. Therefore every code has its own
definition for Deep Beams and Slender Beams. The definition for Deep
beams in each code will be given in Flow Charts given for each design
method. But it can be found some common requirements that have to be
satisfied by the slender beams which are being designed using any of the
design methods considered.

1) Support reactions, in direction of applied shear introduce
compression into the end region of the member;
2) Loads are applied at or near the top of the member;
3) No concentrated loads occur between the face of the support and
the location of the critical section.
Shear strength of slender beams which satisfy the above requirements were
adopt in each and every design method separately. It should be noted that
except for the limitation on the maximum shear strength of a section, all the
other limitations on material strength, reinforcement areas and spacing
have been neglected in this study. This is to ensure that the study of shear

behaviour is within range of the parameters defined.




3.3.1 ACI Code - Shear Design Provisions (ACI - 2002 )
In the ACI code the basic equation for shear design of a beam is
given as:
Vu<®V,  where Vy - Factored shear Force at a section
Vi - Shear Resistance at the same section
® - Strength reduction factor
In this equation, the shear resistance of the section is based on the parallel
truss model with 459 constant inclination of diagonals supplemented by an
experimentally obtained concrete contribution.
Vin=Vc+ Vs where V. - Shear strength carried by Concrete (Based on
Empirical Formula)
Vs - Shear strength carried by Stirrups (Based on
Truss Model)

Shear strength carried by concrete V.

In the ACI Code, two equations have been given to Calculate Shear
contribution of concrete: Equation 11.3 and: equation 11.5. The concrete
contribution is considered to represent the net effect of three main shear
transfer mechanisms namely Shear transfer across cracks due to aggregate
interlock, Shear transfer across uncracked concrete in the compression

chord and the dowel action of longitudinal reinforcement.

Equation 11-3
V. =2/fb,d (31)
where f = Compressive Strength of Concrete (psi)

b,, = Width of the Beam (in)
d = Effective Depth (in)




Equation 11-5

3.2
V.= (1.9\/E +2500p,, \Bf/}djbwd < 35/fb,d 42)
wherep = A, and V,d <1
b, M,

A_= Area of Longitiudinal Tensile Steel(1n*)
V, and M, are the ultimate shear force and
the moment occurs simultaniously at section

considered.

Shear strength provided by the shear reinforcement V.

d cot 450

b) Simplified Truss Model with parallel compression chords

Figure 3.4
Simplified Truss Model for Slender Beams

For the calculation of shear carrying capacity of stirrups of a slender
beams, the real beam is considered to be represented by a simplified
parallel chord truss with depth equal to effective depth d (Fig. 3.1b). In this
simplified truss model each vertical member represents a group of stirrups

within a length d. And each diagonal member represent a zone of diagonal




compression which is equal to dbwcos 45° where by is the width of the
web.

Then the total shear force carried by the stirrups within the length d is

given by:
V- Af,d (3.3)
) s

where A = Area of Shear Reinforcement
s = Spacing of Stirrups
f,,= Yield Strength of Stirrup

In the ACI Code maximum stirrup spacing has been limited to 0.25d and
maximum concrete compressive strength of concrete has been limited to
10000 psi.




Flow chart for spread sheet calculation:

Step 1

Calculate Parameters and identify slender beams

Calculate Required Parameters:

fe
d

bw

Ay

As

fyt

ay

- Cylindrical compressive Strength

|
- Effective Depth

- Width of the Beam

- Spacing of Stirrups

- Cross Sectional area of a Stirrup

- Cross sectional Area of Longitudinal

tensile Steel

- Yield Strength of Stirrup Steel

- Shear Span

- Overall Height of the Beam

Calcul

ate av/h

Ifav/h>25

l

Deep Beam

l

Slender Beam




Step 2

Predict shear strength (V.) of beams without Shear reinforcement

Slender Beam without
Shear reinforcement

For Beams without Shear Reinforcement V, = V.

|

Calculate the Vn
v, =2/fb,d

I

Predicted Shear
Strength from
Equation 11-3

V= (159 f +2500p,,

Calculate the Vn

v.d

u

]bwd
M

I

Predicted Shear
Strength from
Equation 11-5




Step 3

Predict shear strength (V.) of beams with Shear reinforcement

Slender Beam with
Shear reinforcement

For Beams with Shear Reinforcement Vi, = V. +V;

v

Calculate the V.
V.=2/fb,d

Calculate the Vs
_ Af,d]

S

V.

s

]

Predicted Shear
Strength from
Equation 11-3

'

Calculate the V.

V.= [1.9@ +2500p,, V“d]bwd < 35,/fb,

M

u

Calculate the Vs +
Af,d]

vyt

S

S

l

Predicted Shear
Strength from
Equation 11-5




3.3.2 BS Code - Shear Design Provisions (BS 8110 - 1997)

Shear design procedure of the BS Code is also based on the parallel
chord truss model with concrete contribution. As in the ACI Code, this
method also assumes the inclination of compression struts to be equal to
450 to the axis of longitudinal tensile reinforcement. As a result, it can be
said that this method is also based on a parallel truss model with 45°
constant inclination diagonals supplemented by an experimentally

obtained concrete contribution.

Shear strength carried by concrete V..

In the BS Code the shear contribution of concrete is given by the
following empirical equation:

1 1 1
! 1 !
V.=0.79 x 1004, x[@j“x Lo “b.d (3.4)
b,d d 25

where A = Area of Longitiudinal Tensile Steel(mm)
f,,= Compressive Strength of Concrete(MPa)
b = Width of the Beam(mm)
d = Effective Depth(mm)

Following limitations have been imposed for the above equation

The maximum value of 12)025 limited to 3

v

1
For Beams without Shear reinforcement (4_00j4 > 067
d

1
For Beams with shear reinforcement (@T > 1
d
Also in BS Code maximum concrete compressive strength of concrete is
limited to 40 MPa - Cubical Compressive Strength or 32 MPa - Cylindrical

Compressive Strength




Shear strength provided by the shear reinforcement V.

Similar to the ACI code, shear carried by the shear reinforcement is
given based on the truss model as:

At d (3.5)

S

v

S

where A_ = Area of Shear Reinforcement
s, = Spacing of Stirrups
f,,= Yield Strength of Stirrup

In the BS Code maximum stirrup spacing has been limited to 0.75d and the
Minimum Allowable area of shear reinforcement Asv min has been limited to:

_ 04bs, (3.6)
SV min fvy




Flow chart for spread sheet calculation:

Step 1

Calculate Parameters and identify slender beams

Calculate Required Parameters:

feu - Cubical compressive Strength

d - Effectilve Depth

by - Widthlof the Beam

Sy - Spacinlg of Stirrups

Asy - Cross Sectional area of a Stirrup

A - Cross lectional Area of Longitudinal

tensile Steel

|
fyv - Yield Strength of Stirrup Steel

|
a - Shear Span

|
I - Clear Span

Calculate 1n/d ratios

Ifl/d <2 IF ln/d > 2

l l

Deep Beam Slender Beam




Step 2

Predict shear strength (V.) of beams without Shear reinforcement

Slender Beam without
Shear Reinforcement

For Beams without Shear Reinforcement V, = V.

|

Calculate the Vi
1 1 1
3
V=079 x [ 1004 ', (4000 [ Py 4
b.d d 25
Predicted Shear

Strength from
BS 8110




Step 3

Predict shear strength (V.) of beams with Shear reinforcement

Slender Beam with
Shear Reinforcement

For Beams with Shear Reinforcement V, = V. +V;

v '

Calculate the Vs Calculate the V.

Af,d 3 : .
V= =2 4 V,=0.79 x 100A, ¥« (ﬂj4 X f*“jz b.d
s b.d d 25

v

I

Predicted Shear
Strength from
BS 8110




3.3.3 Australian Code - Shear Design Provisions (AS 3600-
2001)

Shear design procedure of the Australian Code is based on the
variable angle truss model with concrete contribution. Similar to the
previous two codes, concrete contribution of the Australian Code is also
based on an empirical formula. But depending on the magnitude of the
shear force the Australian Code allows designers to use different strut
angles for the truss model when it comes to the calculation of shear

carrying capacity of stirrups.

Shear strength carried by concrete V.

In the Australian Code the shear contribution of concrete (Vuc) is

given from the following empirical equation:

Vie =B1P2Psb,d, ::j_(tif; (3.7)
where A, = Area of Longitiudinal Tensile Steel(mm?)
f = Compressive Strength of Concrete(MPa)
b, =Width of the Beam(mm)
d, =Thedistance from the extreme compression fibre of the concrete to the
centroid of the outermost layer of tensile reinforcement(mm)
B, =1.1(1.6-d,/1000)>1.1
B, = Lor

=1-(N" /3.5A,)>0 for members subject to significant axial tension; or

=1+(N/ 14A, ) for members subject to significant axial compression
B, = 1;or may be taken as -
=2d,/a, but not greater than 2, provided that the applied loads and the
support are orientated so as to create diagonal compression over the
length a,
N = Magnitude of Axial Force
A, =Gross Cross - Sectional Area of the Member




Shear strength provided by the shear reinforcement Vs.

Unlike in previous two codes, this method allows designer to select a
suitable strut angle (0v) for the truss model given in Fig.2.7c. According to
the code, depending on the applied shear force, 6y can be a value between
300 to 450. Further it defines 6y to vary linearly from 30° when V* = ®Vy min
and 45% when V*= OV y.max where @ is a strength reduction factor and Vumin
is the shear resistance of a beam with minimum shear reinforcement and

Vu.max1s the maximum allowable shear for a section.

V,

u.min

=V, +0.6b d, (3.8)
Vu.max = OZf;bde (39)
Then the total shear force carried by the stirrups within the length dcot6,

can be calculated:

A f d 3.10
- sv-sy.f Ocote ( )

us T v
where A_ = Area of Shear Reinforcement
s = Spacing of Stirrups
f, ; = Yield Strength of Stirrup

0, = Strut angle of the truss model
As we are dealing with ultimate shear capacity of beams, value of 0y was
taken as 450 for this study.

In order to prevent web crushing, the Australian Code limits the maximum

shear (Vu.max) that can be carried by a beam to:

V, . = 02fb.d, (3.11)

u.max




In the Australian Code, maximum stirrup spacing has limited to the lesser
of 0.5D or 300 mm. When V* < ®Vymin, the maximum spacing limit can be
increased to the lesser of 0.75D or 500 mm, where D is the overall depth of
a cross-section in the plane of bending.

Also mminimum allowable area of shear reinforcement Asy min is limited to:

_ 0.35b,s

sv.min
fsy.f

(3.12)




Flow chart for spread sheet calculation:

Step 1

Calculate Parameters and identify slender beams

Calculate Required Parameters:

f'e - Cylindrical compressive Strength
|
do - The distance from the extreme compression fibre of the
concrete to the centroid of the outermost layer of tensile
reinforcement
by - Width of the Beam
|
S - Spacing of Stirrups
Asy - Cross Sectional area of a Stirrup
A - Cross sectional Area of Longitudinal tensile Steel

|
fsys - Yield Strength of Stirrup Steel

ay - Shear Span
|
I - Clear Span
D - Overall Depnth of the member

Calculate 1./D ratios

If /D <3 IF 1/D >3

l l

Deep Beam Slender Beam




Step 2

Predict shear strength (V) of beams without Shear reinforcement

Slender Beam without
Shear Reinforcement

For Beams without Shear Reinforcement Vy = Vyc

|

Calculate the V.
A_f
V= Bp,B;b,dy —=

bde

Predicted Shear
Strength from
AS 3600




Step 3

Predict shear strength (V) of beams with Shear reinforcement

Slender Beam with
Shear Reinforcement

For Beams with Shear Reinforcement Vy = Vyc + Vs

v

'

Calculate the Vs

— Asvfsy.de

us

S

cotO,

+ Vuc =

Calculate the Vyc

A_f

b d st™c
[31[32[33 v Ob do

v

I

Predicted Shear
Strength from
AS 3600




3.3.4 Japanese Code -Shear Design Provisions ( JSCE SP-1 -

1986 )

The Japanese Code also uses the parallel chord truss model with
concrete contribution to calculate shear strength of a slender beam. This
method also assumes the inclination of compression struts to be equal to
450 to the axis of longitudinal tensile reinforcement and the concrete

contribution is calculated using an empirical formula.

Shear strength carried by concrete V.

The Japanese Code uses the following empirical equation to
calculate the shear contribution of concrete:

=f_b.d (3.13)

ved

where

o =0.9BB,8, 0 (kgf/em?)

By =W < 1.5 (d:cm)

B, =3100p, <15 : p, = (As/b,d)

B, =(1+My/M,; ) <2 when (N,=>0)

B, =(1+2M,;/M; ) >0 when (N,<0)

f ,= Compressive Strength of Concrete (kgf/ cm )

b, = Width of the Beam (cm)
d = Effective Depth (cm)

A= Area of Longitiudinal Tensile Steel (cm?)

S

M, = Design moment
M, = Decompression moment necessory to cancel the fibre stress
due to axial force at the tension fibre corresponding to design

moment M

N, = Design axial force ( compression +ve)




Shear strength provided by the shear reinforcement V4.

The shear carried by the stirrups within a distance of d is given from:

V,= —%7  where A= Total Area of a Stirrup (3.14)
s

s

LA

s, = Spacing of Stirrups
f.ya= Yield Strength of Stirrup

z = Distance from compression resultamt to

centroid of tension steel

Generally, may be taken as d/1.15

Maximum Stirrup Spacing has been limited to 0.5d and the Minimum
Allowable Area of Shear Reinforcement Agsy min has been limited to:

A, .. =00015b,s (3.15)

In order to prevent web crushing, the maximum shear carrying capacity of
a cross section has been limited to;

V,u=foabod where f, =4.ff, (kgf/cm?) (3.16)




Flow diagram for spread sheet calculation:

Step 1

Calculate Parameters and identify slender beams

Calculate Required Parameters:

fea - Cubical compressive Strength

|
d - Effective Depth

|
bw - Width of the Beam

Ss. - Spacing of Stirrups
Asy - Cross Sectional area of a Stirrup
|
A - Cross sectional Area of Longitudinal

tensile Steel

|
fwya - Yield Strength of Stirrup Steel

|
h - Overall depth of the member

|
1 - Span length

Calculate 1/h ratios

Ifl/h<2 IF1/h>2

l l

Deep Beam Slender Beam




Step 2

Predict shear strength (Vyq4) of beams without Shear reinforcement

Slender Beam without
Shear Reinforcement

For Beams without Shear tReinforcement Vyd =V

|

Calculate the Vca

Vyd= 0‘9ﬁdBan X f;d bwd

I

Predicted Shear
Strength from
JSCE SP-1




Step 3

Predict shear strength (Vyq4) of beams with Shear reinforcement

Slender Beam with
Shear Reinforcement

For Beams with Shear Reinforcement Vyq = Veq +Vsd

v

Calculate the Vsq
_ Awfwyd
sd ™ Z
SS

Calculate the Vg

Vcd =

f

Vi

Cdbwd

I

Predicted Shear
Strength from
JSCE SP-1




3.3.5 Canadian Code - Shear Design Provisions

(CAN A23.3-1994)

In the Canadian Code, two different procedures have been given for
shear designs: A Simplified method and A General method. Simplified method
is based on the parallel chord truss model with concrete contribution where
as general method is based on modified compression field theory. The
simplified method is permitted for flexural members which are not
subjected to significant axial tension. And for other cases it is recommended

to use the general method.

Simplified Method of Canadian Code

This method is also based on the parallel truss model with 450
constant inclination diagonals supplemented by an experimentally

obtained concrete contribution.

Shear strength carried by concrete V..

In order to calculate shear contribution of concrete, Canadian code
presents two different equations depending on the effective depth of the
beam.

when d < 300mm

V, =0.167,/f b, d (8.17)
d > 300mm
260
- d (3.18)
Ve (1000 dj*/_

where f = Compressive Strength of Concrete(MPa)
b,, = Width of the Beam(mm)
d = Effective Depth(mm)




Here the first equation which is permitted to use when d < 300mm and the
equation 11.3 of ACI code, are based on the empirical equation proposed in
ASCE-ACI - 318 committee report.

In the Canadian Code maximum value of f. has been limited to 80MPa .

Shear strength provided by the shear reinforcement V.

As mentioned above the shear contribution of shear reinforcement is

based on the truss analogy. And it is given as:

_Afd

S

\Y%

S

where A = Area of Shear Reinforcement (3.19)

s = Spacing of Stirrups
f,= Yield Strength of Stirrup

The maximum spacing of stirrups is limited to the lesser of 0.35d or 300mm

and the minimum area of shear reinforcement is limited to:

0.06,/f.b
= # (3.20)

y

v, min

Also it limits the maximum shear that can be carried by the shear

reinforcement to:

V, = 08f b, d (3.21)

This limitation is given to guard against excessive crack widths and to

provide safety against the web crushing in reinforced concrete beams.




Flow chart for spread sheet calculation:

Step 1

Calculate Parameters and identify slender beams

Calculate Required Parameters:

f'e - Cylindrical compressive Strength

d - Effective Depth

|
bw - Width of the Beam

s - Spacing of Stirrups
Ay - Cross Sectional area of a Stirrup
|
A - Cross sectional Area of Longitudinal

tensile Steel

fy - Yield Strength of Stirrup Steel
a - Shear |Span

I - Clear |Span

h - Overalll Height of the Beam

Calculate a/d ratio

Ifa/d<2.5 Ifa/d >2.5

l l

Deep Beam Slender Beam




Step 2

Predict shear strength (V:)of beams without Shear reinforcement

Slender Beam without
Shear Reinforcement

For Beams without Shear Reinforcement V: = V¢

|

Calculate the V;

‘ 260 ;
V,=0.167\f b d V.= f.b
= 0167{Eb,d or V= (120,

|

Predicted Shear
Strength from
CAN Simplified
Method




Step 3

Predict shear strength (V) of beams with Shear reinforcement

Slender Beam with
Shear reinforcement

For Beams with Shear Reinforcement V; = V. +V;

v

Calculate the Vs
B Avfyd

S

S

Calculate the V.

V.=0.167,/tb,d or

V=

c

(

260
1000+d

j\/ﬁbwd

I

Predicted Shear
Strength from
CAN Simplified
Method




General Method of Canadian Code

The General method is based on he modified compression field
theory. According to the general method also, shear resistance (V:) of a
reinforced concrete beam is given by:
V=V +Vs

where V. - Shear force carried by Concrete

Vs - Shear force carried by shear reinforcement.

The value of V. is given from the equation:

V. =g,/fb,d, (3.22)

where 3= A funstion of principale tensile stress f, of the cracked beam
b,, = Width of the beam
d, = Distance between resultant of compressive force and tension force

The value of Vs can be calculated using following equation:

v AL (3.23)
S

where A = Cross sectional area of a stirrup
f. = Stress of the shear reinforcement
0 = Inclination of the cracks to the longitudinal axis

Predicting the shear strength of a slender beam using above equation,
separately for beams without and with shear reinforcement are illustrated

below.




Beams without Shear Reinforcement

As mentioned above, In the general method, the shear resistance of a

beam without web reinforcement is given as:

V.= p)\/gbwdv (3.22)
where f = flc?tﬂ

C

Here f1 is the principal tensile stress in cracked web and the value of f; is

given as:
- %, (3.24)

f = < v_tan0
' 1+,/500¢, “

where v ; = shear stress transmit across a crack and

Bhide and Collins (1989) proposed: v =
de,

a,, a, = Factors accounting for bond characteristics
and type of loading

f., = Tensile stress at cracking

6 = Crack Angle

g, = Principal tensile strain of cracked concrete web

a = Maximum Aggregate Size

s = 1
md gind N cosO

S Sy

mx

S = Spacing of vertical cracks which would occur in a
beam subjected to an axial tension force
S = Spacing of horizontal cracks in a member subjected

to transverse tension force

Finding the value of f; and consequently the ultimate shear resistance is an

iterative process. Steps involved in this procedure are given below:

Stepl:
o1=1, for deformed bars

a2 =1, for short term loading to failure




Step 2: Estimate a value for 0.

Step 3: Choose a value for €1. A good first estimation is the concrete strain
at cracking e
0.33Jf. (3.25)
1= E

where E_ = Young's Moduls of concrete

Step 4 : Calculate mean spacing of inclined cracks, Sme:

_ 1 (3.26)
Smo = 5ind N cosd

S S

mx mv

For beams without shear reinforcement, due to the absence of
stirrups Sme depends only on Smx, which is the spacing of vertical
cracks which would occur in a beam subjected to an axial tension
force. Canadian code defines this parameter as the smaller of the dv

or the distance between layers of crack control reinforcement.

Step 5: Calculate Principal tensile stress in cracked concrete, f1, using the
constitutive relationship proposed by Collins and Mitchell (1991):
Ife,<e, then f=Eg,
a,a,f,

1+ /500¢,

* the value of f. is assumed to be equal to 0,33\/E

Ife,>¢, then f =

Step 6: Calculate V; from equation:

V,=B\fb,d, (3:27)

f,cotd

A

where p =




Step 7: Calculate the principal compressive stress, {2 of the cracked beam
using the stress relationship:

(3.28)

f, =f - bV(r'ji (tan® + cot0)

w v

Step 8: Calculate the allowable maximum value of f in order to safe guard
against the web crushing using the following relationships:

f2,1'nax _ 1 (3 29)

£ 0.8+170¢,

C

If f2< fo max then calculate €; using the relationship:
g, =-0.002 (1-(1- £,/f,.)

If f2> fo max then return to step select a smaller €;

Step 9 : Calculate the Strain in longitudinal tensile steel €« using the

Equation:

0.5V, cot0 + 3/[

= v 3.30
g, EA. (3:30)

where M= Bending moment at the section concidered

E, = Modulus of elasticity of steel
A, = Area of longitudinal tensile steel.

If calculated value of &x is greater than the yield strain, & of
longitudinal tensile reinforcement then return to step 3 and choose
a smaller &1 value.

Note: When calculating the yield strain of longitudinal tensile strain

modulus of elasticity of steel was assumed to be equal to 250 GPa.

f

y

T (3.31)




Step 10: Calculate the principal compressive strain €; using the relationship

between strains:

tan? @ = &8 (3.32)
81 _ax

Check weather the €1 value obtained from this equation matches
with the estimated value of €1 in Step2. If not return to Step 2 and use

this &1 value as the new initial estimation and continue the

procedure.
Step 11: Calculate the shear stress transfer across the crack v.; using:
“ 24,5, (3.33)

Step 12: In order to prevent slip alone the cracked, the maximum value of f
has been limited to:
f, < v, tan®
This has been done considering the equilibrium of forces along a
crack and between two cracks.
If calculated value of f; satisfies above condition proceed to the next

step else return to Step 2 and choose a higher value for 6.

Step 13: Predicted shear strength of the beam V;;

3.22
V= ByEb,d, o)
where B = flccf)tB

C

Note: for a particular beam shear strength was calculated for crack angle 6,
varies from 159 to 60° and the maximum predicted shear strength

was selected.




Beams with Shear Reinforcement

In the general method, the shear resistance of a beam with web
reinforcement V;, is given as:

A fd f,cotf (3.34)
S

A

V.= ﬁ\/gbwdv + = cot0 where ( =

Therefore it can be rearranged as:

V.=fb, d, cotd + Mcote (3:33)
s

Predicting shear strength using above equation is also an iterative
process. Steps involved in that procedure is given bellow:
Stepl:

o1 =1, for deformed bars

a2 =1, for monolithic short term loading to failure

Step 2: Estimate initial value for 6 value

Step 3: Chose a value for €1. A good first estimation is the concrete strain at

cracking &

Step 4: Estimate a value for the stress in the of the stirrups fs. A good first

estimation is the yield strength of the steel.

Step 5 : Calculate mean spacing of inclined cracks, Smo:

-1 (3.26)
sinf + cosb

S S

mx mv

Sm@

In the Canadian code spacing of inclined cracks has assumed as
305mm. it is believed that this value is appropriate for the full range
of beams containing stirrups. Therefore smo was taken equal to

305mm in this study too.




Step 6: Calculate Principal tensile stress in cracked concrete, f1, using the
constitutive relationship proposed:

Ife,<e, then f=Eg,

o, A, f,

1+ /500e,

* the value of f.; is assumed to be equal to 0.33\/E

Ife,>¢_, then f =

Step 7: Calculate V; from equation:

V=fb,d.cotd + 2 opg (3:35)
S

Step 8: Calculate the principal compressive stress, f2 of the cracked beam
using the stress relationship:

(3.28)

£, =1 - bV(r:ll (tan® + cot0)

w v

Step 9: Calculate the allowable maximum value of f, in order to safe guard
against the web crushing using the following relationships:

f2,1'nax — 1 (329)
£ 0.8+170¢,

C

If f2<f> max then calculate &2 using the relationship:
g, =-0.002 (1- (- £,/f,,.0)

If f2< 5 max then return to step select a smaller &

Step 10 : Calculate the Strain in longitudinal tensile steel x using the

Equation:

0.5V, cot 6 + E/I

- v 3.30
e, EA (3.30)

where M = Bending moment at the section concidered

E, = Modulus of elasticity of steel
A, = Area of longitudinal tensile steel.




If calculated value of &x is greater than the yield strain, €&, of
longitudinal tensile reinforcement then return to step 3 and choose
a smaller & value.

Note: When calculating the yield strain of longitudinal tensile strain

modulus of elasticity of steel was assumed to be equal 250 GPa.

f

y

5T E (3.31)

Step 11: Calculate the principal compressive strain €1, using the relationship

between strains:

_ & (3.32)

Check weather the €; value obtained from this equation matches
with the estimated value of €1 in the Step 2. If not return to step 2 and
use this €1 value as the new initial estimation and continue with the

procedure.

Step 12: Calculate the strain in stirrup steel & using the relationship
between strains:
g =g te,-¢g
and calculate the stress in stirrup fs:
fs =Ey &
here the modulus of elasticity of the steel is assumed to be equal to
250GPa.
Check weather the fs value obtained from this equation matches with
the estimated fs value in the Step 3. If not return to step 3 and use

this fs value as the new initial estimation and continue the procedure.




If calculated value of fs exceeds the yield stress of stirrups then

return to step 2 and increase the 0.
Step 13: Calculate the shear stress transfer across the crack v.; using:

T 03+ 2488w (3.33)

Step 14: check whether f < v_ tan6
If calculated value of f; satisfies above condition, precede next steps

else return to step 2 and choose a higher value for 6.

Step 15: Predicted shear strength of the beam Vi,

3.35
V=fb,d.cotd + v org (3:35)
S

Note: for a particular beam shear strength was calculated for crack angle 6,
varies from 150 to 60° and the maximum predicted shear strength

was selected.

Other than the design limitation for maximum allowable shear resistance of
a section, all the other design limitations given for Simplified method is
equally applicable to the General method.

In the General method maximum shear resistance of the section is given as:

V,=025fb,d, (3.36)




Flow chart for spread sheet calculation:

Step 1

Calculate Parameters and identify slender beams

Calculate Required Parameters:

fe
d

bw

Ay

As

dy

—Cylindrical compressive Strength

-Effective Depth

|
- Width of the Beam

-Spacing of Stirrups

-Cross Sectional area of a Stirrup

- Cross sectional Area of Longitudinal

tensile Steel

|
-Yield Strength of Stirrup Steel

|
-Shear Span

-Distance between resultant of

compressive force and tension force

Calculate a/d ratios

Ifa/d<2.5o0r

IF a/d > 2.5 and

l

Deep Beam

l

Slender Beam




Step 2

Predict shear strength(Vn)of beams without Shear reinforcement

Estimate a value for 0

/

— > Choose a value for €1

Calculate mean spacing
of inclined cracks, Sme

Calculate value of fi /

Calculate initial value for Vi,

e

If NO Check Whether f2 < fZ,max

Calculate value of f2

If YES

Calculate €2 using Constitutive equation  [¢

Calculate €1 using strain relationships

i

Check whether the calculated €1 matches IfNO

with the initial estimation of the €1

If YES R Calculate vei

L

rd

Check whether fi<vcitan 0 IfNO

If YES Calculate V;
V,=1b,d, cotd

v




Predict shear strength (Vn) of beams with Shear reinforcement

Estimate a value for 0

/

—

Choose a value for €1and & »

Calculate value of f2

IfNO

Calculate value for fi /

Calculate mean spacing
of inclined cracks, Sme

Calculate initial value for V;

Check Whether 2 < £ max

Calculate €2 using Constitutive equation [

If YES

pd

S

Calculate €1 & €t using strain relationships

matches with the initial estimation of values

Check whether the calculated €1 & &t IfNO

If YES

Calculate vei

L

v

Check whether f1 < vcitan 0

IfNO

If YES

Calculate V:

v

V.=1fb, d cotd +

S




3.3.6 Shear Friction Method - Loov (1998), El Metwally and
Loov (2001)

The basic equation used in this method has been derived for beams

with shear reinforcement which was published in 1998:

d \"* d
Vv, = k(C T, —Sj -T, £025C Kk? == (3.37)
s s
where k=0.6
C= f;bwh
T,= Avfy

f = Compressive Strength of Concrete(MPa)

d, = length of stirrup centre to centre bars formig
top and bottom of the stirrup (mm).

s = Spacing of Stirrups(mm)

h = Height of the beam

For beams without shear reinforcement Loov and El Metwally (2001)

proposed an equation to incorporate shear friction model:

v, = V45£ N M, (3.38)
acl acl
30) 7 (500
where V,, = BV\/EAW : B,= 0.36[?] (Tj

M,, = Cracking moment for the beam,according to
CSA A23.3-94 clause 8.6.4

£1
M, =% (A233-1994 Eq.9-2)
Yy

f = Compressive Strength of Concrete(MPa)

a, = Clear distance between load and support (mm).
f. = modulus of rapture = 0.6\/E
I, = moment of inertia of uncracked beam section

y,= Distance from centroid to extreme tension fibre
h = Height of the beam

A = Cross sectional area assumed to resist shear




As for all other methods, this method is also has design limitations to avoid

unsafe designs. Loov has suggested to adopt all design limitations given for

Simplified Method in Canadian code (1994) for his Shear Friction Model.

Flow chart for spread sheet calculation:

Step1

Calculate Parameters and identify slender beams

Calculate Required Parameters:

f'c -Cylindrical compressive Strength
ds - Length of stirrup centre to centre bars
forming top and bottom of the stirrup

bw - Width of thle Beam

s - Spacing of |Si%irrups

Ay - Cross Sectional area of a Stirrup

Aw -Cross sectiolnal Area of beam

fy - Yield Strength of Stirrup Steel

ac - Clear distance between load and
support |

y: - Distance from centroid to extreme
tension fibre

Calculate-a/d ratios
Ifa/d<2.5 IF a/d>2.5

l

Deep Beam

l

Slender Beam




Step 2

Predict shear strength (Vi)

Shear Friction Method

v

Beams without Shear R/F
V.=V, £+ M
acl acl
Predicted Shear

Strength for Beams
without Shear R/F

Beams with Shear R/F

d

1/2 d
Vn=k(CTV—sj -T, <025CK*=

S

]

Predicted Shear Strength
for Beams with Shear
R/F




3.4 Shear Strength of Deep Beams

Among the selected design codes of practices and shear design
method only US, Canadian, Australian, and Japanese codes have given
guidelines for designing of deep beams. Except the Japanese code design
procedures of other codes are based on Strut and Tie model. Japanese code

uses empirical formula to predict the shear strength of deep beams.

3.4.1 Selection of Strut and Tie Model
Ideally, it is possible to identify infinite number of suitable strut and
tie models for a particular deep beam. Fig 3.3 shows some possible strut

and tie models for the beam in Fig.3.3a.

a. Deep Beam

c. Model 2 d. Model 3

Figure 3.5
Strut and Tie models for a deep beam




All three strut and tie mechanisms shown in Fig3.3 satisfies
equilibrium and compatibility relationships. But shear capacities calculated
from different mechanisms will be different. Therefore care must be taken,
such that the truss model chosen is appropriate for the beam. Based on the
recommendations of Schlaich et al. the model that contains the least strain
energy is likely to be the most appropriate model.

For this study strut and tie models shown in figure 3.3 b & c was
selected as suitable models. For these two models based on the failure load
of the specimen, total Strain energy of each model was calculated for each
specimen. For each element in the truss model (struts and ties), the strain
energy is calculated separately, then they were summed to determine strain
energy stored in the entire truss.

The stepwise process of finding the strain energy has been illustrated
below.

1) First of all dimensions of nodal zones at supports were determined.

2(h-d)

Figure 3.6
Dimensions of nodes at supports

Here h, d and w represent height of the beam, effective depth of the beam

and width of the bearing plate respectively.




2) Dimensions of the node under load point and the other places on the top

face were calculated using hydrostatic node.

— ]
— |
L
Figure 3.7

Height of the Hydrostatic Node

The height of the hydrostatic node, h can be calculated as

h=d -atana (3.39)
where o = tan™{-L[ 1+ (1- 2w2a
2a' d
gmgq AW W
e 2 2
W = (lc-a)W




3) Calculate the strain energy of elements.

Strain energy of a strut P.:

2
p = LEF (3.40)
2 A,
Strain energy of a Tie P, :
1EF’ (3.41)
P ==
2 A,

where E_, E, = Modulus of elasticity of Concrete and Reinforcement respectively
A, A, = Cros sectional area of the strut and Tie respectively

F = Force in the element.

Due to the small volume, strain energy contain in the nodal zone is
small compare to the other elements. Therefore when calculating the strain
energy nodal zones were neglected.

Obviously for beams without shear reinforcements the strut and tie
model shown in figure 3.3c is not suitable as there is no steel to form
vertical ties. Therefore, for beams without shear reinforcement, shear
capacity was calculated using model shown in Fig.3.3b. For beams with

shear reinforcement both models in Fig.3.3b & c were considered.

4) Total strain energy of each strut and tie model was calculated for each
and every beam. Then the model that contains the least strain energy was

taken for the evaluation.




3.4.2 ACI Code -Shear Design Provisions for Deep Beams (ACI- 2002 )
The capacity of strut and tie model is depends on three factors:
Strength of Nodal zones; Strength of Struts; Strength of Tie. Each of these

elements have been illustrated in Fig 3.4.

Nodal

Figure 3.8
Elements of a Deep Beam

In the ACI Code, Strength of each element is defined separately.

Strength of Nodal Zones

Nodes are classifies according to the sign of forces meeting at that
node. ACI Code identifies four types of nodes. Namely they are: CCC
Node:, CCT Node:, CTT Node: and TTT Node. A CCC node resists three
compressive forces; a CCT node resists two compressive forces and one

tensile force and so on.




Strength of nodal zones, Fuy, is given as:

FI’IH = fce AI\Z

(3.42)

where A.; = The area of the face of the nodal zone on which the force

in strut or tie acts, taken perpendicular to the force.

fce = Effective compressive strength of concrete in nodal zones

fce = O‘SSan'c

Bn = 1.0 for CCC nodes
= 0.80 for CCT nodes
=0.60 for CTT argl TTT nodes

d) TTT Node

C N /° / T /C
\ / /
‘ ) ' T / T \ /
/ /
/
C C /
a) CCC Node b) CCT Node ¢) CTT Node
Figure 3.9

Classification of Nodes




Strength of Strut
The strength of strut Fys is defined as:

Frs = fee Acs (3.43)
where Ac. = smallest cross sectional area of the strut.
fee = taken as the smaller of a and b
a) Effective compressive strength of
concrete in nodal zones
b) Effective compressive strength in
nodal zones:
fee = 0.850sf'c
Bs = 1.0 for struts with uniform
cross sections
0.75 for bottle shaped struts
with crack control
reinforcement.
0.60 for bottle shaped struts
without crack control

reinforcement.

Strength of Tie
The Strength of tie, Fy, is defined as:

Fnt = Ats fy (3.44)
where Ais = Cross sectional area of Longitudinal tensile
reinforcement.

fy = Yield strength of reinforcement.




Ultimate shear capacity of the beam is governed by the strength of the
weakest element. The ultimate shear is calculated based on the strength of
weakest element.

Initially the shear capacity is calculated using the strut and tie model which
was used for calculating the strain energy. Then the strut angle o is
increased and shear capacity of the modified strut and tie model is
calculated. This process is carried out to find the optimum dimensions for
the strut and tie model which gives the maximum shear capacity of the

beam.




Flow chart for spread sheet calculation:

Predict shear strength (V.) of beams without Shear reinforcement

Deep Beams

Select a suitable Strut and tie
Model

|

\4

Establish the dimensions of element in

strut and tie model

'

'

Calculate Strength
of Nodal Zones Fun:
Fns = fce Acs

Calculate Strength
of Struts Fus:
Frs = fee Acs

Calculate Strength
of Ties Fu:
Fnt = Ass fy

A 4

Based on strength of the Weakest element Calculate the Shear

Capacity for the Model

!

Ultimate Shear Capacity of the Model from

ACI Code




3.4.3 Australian Code - Shear Design Provisions for Deep Beams

(AS3600 - 2001 )

Australian Code Method is also based on the strut and tie model. Therefore
calculation procedure is similar to the ACI Code method. Calculation procedure is
started with the same model used to determine the strain capacity. In Australian

code the strength of nodal zones is given as:

Fin = fc.cal An; (345)
where A,, = The area of the face of the nodal zone on which the
force in strut or tie acts, taken perpendicular to the

force.

fc,cal = (0.8 - f'c/ZOO) flc

The strength of a strut is given as:

Fns = fecal bede (346)
Whel’e f(j,ca] = (0.8 - f'c/ZOO) f’c
be = The width of the compression strut

dc = The depth of the compression strut

Finally the strength of a tie is given as:

Fnt = Ass fy v (347)
where A = Cross sectional area of Longitudinal tensile
reinforcement.

fy = Yield strength of reinforcement.




Final shear capacity of the beam is calculated based on the strength of the
weakest element.

As in the ACI Code, different dimensions for the strut and tie model is
selected by increasing the initial strut angle a used for the strain energy
calculation. Then the model with highest shear capacity has been taken to

the study.

Flow chart for spread sheet calculation:

Predict shear strength (Vi) of beams without Shear reinforcement

Deep Beams

Select a suitable Strut and tie
Model

|

Establish the dimensions of element in
strut and tie model

' '

\4

Calculate Strength Calculate Strength Calculate Strength
of Nodal Zones Fn: of Struts Fas: of Ties Fut:
Fnn = fccal Anz Fns = fc.cal bedec Frt = Ags fyv

A 4

Based on strength of the Weakest element Calculate the Shear
Capacity for the Model

]

Ultimate Shear Capacity of the Model from
AS3600




3.4.4 Canadian Code - Shear Design Provisions for Deep Beams

(CSA A23.3-1994)

Shear design procedure of the Canadian Code is also based on the Strut and
Tie model. Therefore a suitable strut and tie model is selected based on the
minimum strain energy. Dimensions of this model are initially selected to start the
calculation procedure.

Similar to the previous two methods, Canadian code is also gives the
strengths of the elements of the strut and tie model separately. Then the ultimate

shear capacity of the beam is calculated based on the strength of the weakest

element.
Strength of Nodal Zones
The strength of a Node, Fuy, is defined as:
Fon = fee Anz (3.48)
where Anz = The area of the face of the nodal zone on which
the force in strut or tie acts, taken perpendicular
to the force.
fee = Effective compressive strength of concrete in
nodal zones
fee =P £ B = 0.85 for CCC nodes
=0.75 for CCT nodes
=0.65 for CTT and TTT nodes
Strength of Struts

The strength of a strut, Fys, is defined as:
Fns = fcu Acs (349)

where A, = smallest cross sectional area of the strut.
fo=—t
0.8+170¢,
e, =&+ (g,+ 0.002) cot’a,
g, = The strain in the reinforcement crossing the strut
a, = The angle between the reinforcement and the axis

of the strut




Strength of Ties
The Strength of a tie, Fy, is defined as:

Fnt = Aws fy (3.50)
Where A = Cross sectional area of Longitudinal
tensile reinforcement.

fy = Yield strength of reinforcement.

In order to find the maximum load that could be carried by the beam the
dimensions of the elements were changed and the calculation was repeated.

This is done by increasing the strut angle o from the initial value.




Flow chart for spread sheet calculation:

Predict shear strength (Vn) of beams without Shear reinforcement

Deep Beams

Select a suitable Strut and tie
Model

|

\4

Establish the dimensions of element in

strut and tie model

'

'

Calculate Strength
of Nodal Zones Fun:
Fns = fce Acs

Calculate Strength
of Struts Fus:
Frs = feu Acs

Calculate Strength
of Ties Fu:
Fnt = Ass fy

A 4

Based on strength of the Weakest element Calculate the Shear

Capacity for the Model

!

Ultimate Shear Capacity of the Model from

CAN Code




3.4.5 Japanese Code - Shear Design Provisions for Deep Beams
(JSCE SP-1 - 1986)

In contrast to previously described methods the Japanese Code uses

a single empirical formula to predict the shear strength, Va4, of deep beams.

Vi = faabyd
where b = Width of the Beam (cm)
d = Effective Depth (cm)

fia= O'6Bdﬁpﬁa\/g (kgf/cm2 )

By = 4100/d < 1.5 (d:cm)

B, =3100p, < 15:p,= (As/b,d)

5
B, = ———
(1+ (a,/d)’)
a, = Distance between face of the support
and the load point

(3.51)




Flow diagram for spread sheet calculation:

Predict shear strength (Vg44) of deep beams

Deep Beams

Calculate parameters

fea - Cubical compressive Strength

|
d - Effective Depth

|
bw - Width of the Beam
|
A - Cross sectional Area of Longitudinal
tensile Steel

Ay - Distance between the face of the
support and the load point

l

Calculate Shear Capacity Vdd:
Vaa = faabd

!

Ultimate Shear Capacity of the Beam from
JSCE SP-1




3.5 Application of Multinomial Logistic Regression
3.5.1 Introduction

When evaluating a shear design process it is essential to figure out
critical parameters which critically influence design process and their effect
on the accuracy of that process. Ideal way of doing this would be carrying
out a laboratory experiment to find out the influence of a particular
parameter at time while keeping all the other parameters constant. But this
would be difficult when there are large numbers of parameters to be
checked for the influence. A good possible solution to overcome this
problem may be to use a suitable statistical model. Therefore a Multinomial
Logistic Regression is used in this study to find the critical parameters

influencing each design method and their effect.

3.5.2 Multinomial Logistic Regression

The Logit and Logistic Transformations

In multiple regression, a mathematical model of a set of explanatory
variables is used to predict the mean of the dependent variable. In logistic
regression, a mathematical model of a set of explanatory variables is used
to predict a transformation of the dependent variable. This is the logit
transformation.

Suppose the numerical values of 0 and 1 are assigned to the two
categories of a binary variable. Often, the 0 represents a negative response
and the 1 represents a positive response. The mean of this variable will be
the proportion of positive responses. Because of this, one might try to
model the relationship between the probability (proportion) of a positive
response and the explanatory variables. If p is the proportion of
observations with a response of 1, then 1-p is the probability of a response
of 0. The ratio p/(1-p) is call the odds and the logit is the logarithm of the

odds, or just log odds. Mathematically, the logit transformation is written




I = logit(p) = ln(%j (3.52)

The logistic transformation is the inverse of the logit transformation. It is

written as:
1

p = logistic(l) = 1n(1 i e,j (3.53)

The Logistic Regression and Logit Models

In multiple-group logistic regression, a discrete dependent variable
Y having G unique values (G = 2) is regressed on a set of p independent
variables X1,X>,...Xp. Y represents a way of partitioning the population of
interest. For example, Y may be presence or absence of a disease, condition
after surgery, or marital status. Since the names of these partitions are
arbitrary and are referred to them by consecutive numbers. That is, in the
discussion below, Y will take on the values 1, 2, ...,G.

In the discussion to follow, let

ﬂ 8P
The logistic regression model is given by the G equations

P P
In(=2) =In(-2) + B, X, + By Xy + oot B, X,
P, P, (3.54)

P
= In(=%)+ XB
P

1

8

Here, p; is the probability that an individual with values , X1,X5,...Xis in
group g. That is,
p, = Pr (Y=¢1|X) (3.55)

= 1 (that is, an intercept is included), but this is not
necessary. The quantities P;,P,....Pc represent the prior probabilities of

group membership. If these prior probabilities are assumed equal, then the




term ( Pg/P1) becomes zero and drops out. If the priors are not assumed
equal, they change the values of the intercepts in the logistic regression
equation.

Group one is called the reference group. The regression coefficients
P11,P12,....P1p

for the reference group are set to zero. The choice of the reference group is
arbitrary. Usually, it is the largest group or a control group to which the
other groups are to be compared. This leaves G-1 logistic regression
equations in the multinomial logistic model.

The B's are population regression coefficients that are to be
estimated from the data. Their estimates are represented by b’s. The B' s
represents the unknown parameters, while the b’s are their estimates.

These equations are linear in the logits of p. However, in terms of the
probabilities, they are nonlinear. The corresponding nonlinear equations
are

e
1+ + e 4.2 (3.56)

since ¢*% =1 because all of its regression coefficients are zero.

p, = Prob (Y=¢|X)=

Estimation of Regression Coefficients

In logistic regression, regression coefficients are estimated using
maximum likelihood. Roughly the idea behind the maximum likelihood is
as follows. Consider the probability of a particular beam with set of
parameters Xi,X»,...X, falling in to the group p is equal to P,, Similarly P1
can be interpret as the probability of that particular beam falling in to the
group 1, logistic regression model was developed to the log value of the
ratio Pg/P1,

)

ie. In(

19|




Maximum likelihood finds those coefficients f¢1,B, ..., fep which makes the
value of ln(?j) as large as possible. The process of estimating regression
coefficients is given bellow.

Consider N number of beams with each beam having p number of
parameters, X1,X>,...X, Then the probability of jth beam fall in to group g

can be written as,
p, = Pr (Y=g|X;) (3.57)

To improve the notation, let

_ _ 3.58
Ty = Pr (Y—g|X].) ( )
erBx
= X.B X.B X.B
T+e7 7 +e2 +....e7°
erBx
=N
zerBs
s=1

The likelihood of sample of N observations is given by

where y; is one if the /" beam is in the group g and zero otherwise

G
Using the fact that Dy 4 =1, the log likelihood, L, is given by
g=1

L=In(l)= i i Y In(z,) (3.59)

j=1 g=1

Maximum likelihood estimates of the B's are found by finding those values
that maximize this log likelihood equation. This is accomplished by

calculating the partial derivatives and setting them to zero.




Interpretation of Regression Coefficients

The interpretation of the estimated regression coefficients is not as
easy as in multiple regression. In multinomial logistic regression, not only
is the relationship between X and Y nonlinear, but also, if the dependent
variable has more than two unique values, there are several regression
equations.

Consider the previous example, taking group 1 as the reference
group, the regression equation was written as

P, P,
IH(F) = ln(F) + X+ BX, +..... + B,X
1 1
Now consider impact of a unit increase in parameter X; while keeping all
other coefficients constant. The logistic regression equation becomes
Py _incB
ln(?) = ln(?) + Bi(X +1) + BX, +et BX,
1 1
Taking the difference between two equations f; can be written as

P, P
fi=In() - In(H)

1 1

B =In p1

pr=In

That is, p1 is the log of the ratio of the odds for a unit increase in X; while
keeping other variables constant. Removing the logarithm it can be written
as:

A _ Odds
Odds

The regression coefficient B1 is interpreted as the log of the odds ratio

comparing the odds after a one unit increase in X; to the original odds.




Note that, unlike multiple regression, the interpretation of B1 depends on
the particular set of X value of since the probability values, the p’s, will

vary for different set of X values.

3.5.3 Application of Multinomial Logistic Regression

Our calculated results have to rearrange in a systematic manner in
order it to use it for multinomial logistic regression. Therefore, first of all,
the shear strength predictions were categorized into three different
categories depending on their Vi/V, ratio. Where Vi is the ultimate shear
capacity observed in the beam testing and Vi is the predicted shear

capacity from a particular method.

Table 3.1
Categories of Shear Strength Predictions
Category Range
[C (Over Predictions) Vy/V.<0.9 Code has over
Estimated the Shear
Strength

B * (Accurate Predictions)] 0.9<Vy/V,<1.1 Code has Accurately
Estimate the Sear
Strength
A (Under Predictions) Vy/V.>11 Code has under
Estimated the Shear
Strength

* Category B was selected as reference category




Selection of Parameters

From literature survey it was found there were about thirteen
parameters which might influence the shear capacity of a reinforced
concrete beam:

1) Concrete Grade - f./
2) Effective Depth-d
Width of the beam - b

=~ W

Percentage area of Longitudinal Tensile Steel for Shear - p

Q1

Percentage area of transverse steel - ps

N O

Yield Strength of Long. Tensile Steel - fy,

0

Anchorage of longitudinal Tensile Steel

O

)
)
)
)
) Spacing ratio of transverse reinforcement - s/d
)
)
)

Proximity of rigid support to point load - a /d or a
10) Cross Sectional Shape
11) Influence of Crack Control R/F
12) Maximum Aggregate Size - ag
)

13) Yield strength of transverse steel - fvy

These parameters were selected to for this study as explanatory
variables in the Multinomial Logistic Regression analysis. Then the
Multinomial Logistic Regression was carried out using SPSS software to
study the influence of each parameter on the accuracy of the each design

procedure.




3.6 Industrial survey

Parallel to this study a questionnaire survey was also carried out
with several intentions: 1) Identify methods used for shear designs in the
industry 2) Find out how comfortable they are with shear design method
they use 3) Find out how often they use research information : 4) Find out
their opinion of practicing designers on shear designs. A questionnaire was
prepared with eighteen questions. Ninety eight designers were interviewed
and their opinions were obtained. The model questionnaire paper is given

in the next two pages.




h't.n

@ Evaluation of Shear Design Procedures Adopted in Industry for Reinforced

& Concrete Design
Leapec]
QUESTIONNAIRE
1 |What are the Shear Design methods you usually user
[0 BS Code Method [ Australian Code Method [0 Japanese Code Method
0 Euro Code Method [0 ACI Code Method O Canadian Code Method
O Other
2 |How comfortable are you in using usual code equations, tables etcr
O Easy process [0 Moderate process 0 Tedious process
3 |What is the most convenient code you use in the design of reinforced concrete
beams for shear?
4 |How often do you come across situations in which shear design is governed by the
limits imposed by the codes?
O Frequently O Rarely O Never
5 |How often do you feel design guidelines are over conservativer
O Frequently O Rarely O Never
6 |How often do you feel design guidelines are not adequate?
O Frequently O Rarely [0 Never
7 |How have you overcome these situations of lack of sufficient guidelines:
O Go for Expertise O Refer Hand Books O Refer Research Papers
O Anyother method
8 | How often do you use research information in design office practicer
O Frequently O Rarely O Never
9 | Do current codes of practice provide sufficient guidelines to understand the shear
behaviour as opposed to design?
0 Yes [0 To acertain Extent [0 No
10| What are the structural elements you often design which require special attention
on shear designingy
] Beams [ Slabs O Deep Beams
O Footings O Walls O Columns
Any other elemeénts
Figure 3.10 a

Questionnaire Page 1




h'h

@ Evaluation of Shear Design Procedures Adopted in Industry for Reinforced

e Concrete Design
kﬂ;

QUESTIONNAIRE

11| If you use several Codes for shear designing what is the basis for selecting a
particular design method for shear calculationsr
[ Based on the Element [0 Based on the Parameters
O Use only one method O Any other Basis
Please give a brief explanation about yourbasss

12| In your opinion what are the parameters that would influence shear design?
O Concrete Grade  [Depth of the Beam [ Amount of Flexural Tensile Steel
[ Spacing of stirrups [ Area of Shear steel [ Width of the Beam
O Aggregate size OYield Strength of Flexural Tensile Steel
Any other parameters

13| Out of the following list have you heard a procedure outside the coder

[ Truss model Compression Field Theory
[ Shear Friction Modified Compression Field Theoq’
0 None

14|Is shear design a critical problem in structural design practice for members
without shear links?

O Yes O No

15| Is shear design a critical problem in structural design practice for members with
shear links?

O Yes O No

16| Are we designing for shear or avoiding it by elimination of shear failures prior to
flexural failurer
O Designing for Shear O Avoiding Shear Failures

17| Have you experienced any shear failure in your career?

O Yes O No
18| How often would you end up with problems related to shear being unresolved?
O Frequently O Rarely O Never
Figure 3.10 b

Questionnaire Page 2




4. Results and Discussion

4.1 Introduction

The main objective of this study is to critically review the shear
design procedures used in the industry. Therefore accuracy of each shear
design method and consequently the safeness of design method are
assessed. Also critical parameters influencing the accuracy of the methods
are identified and their influence on the accuracy of the design methods is

discussed in this chapter.

Predicted shear strength was calculated using Microsoft Excel
worksheet as illustrated in flow charts in Chapter 3. First of all, the set of 39
input values (Given in Chapter 3.2) describing the beam was entered into
the Excel sheet. Then code equation was fed into the Excel sheet and
predicted shear strength was calculated. It should be mentioned that all the
safety factors including material as well as design were neglected during
this calculation. Other than the design limitation on maximum shear
carrying capacity of a section all the other limitations were neglected. As
anchorage of longitudinal tensile reinforcement is very important on the
shear strength, it was checked whether the tensile reinforcement is properly

anchored or not. A sample of the final spread sheet is given in Appendix A.

Design procedures for slender beams and deep beams are assessed
separately. Slender beams are further divided into two categories: beams
without shear reinforcement and: beams with shear reinforcement. They
will be discussed separately. Thirteen numbers of parameters were selected
as explanatory variables in the Multinomial Logistic Regression analysis
and their effect on the accuracy of shear design procedure has been studied.

Description of selected parameters is also given in Appendix A.




After identifying the parameters affecting the accuracy of a
particular design method, an attempt is made to estimate when they

become critical on the accuracy of the method.

4.2 ACI Code

Among the test beams in our database 539 beams were classified as
slender beams according to the ACI code recommendations. Out of 539
slender beams, 396 beams were found not to contain shear reinforcement.

And 143 slender beams were found to contain shear reinforcement.

4.2.1 Slender Beams without Shear Reinforcement

In the ACI Code two separate equations have been given to
calculate shear strength of a slender beam: Equation 11-3 and: Equation 11-

5. The equation 11-3 is discussed first here.

Equation 11-3 (ACI Code - 2002)

V.=2fb,d (4.1)

Figure 4.1 compares the Predicted shear strength (V) vs the Tested
shear capacity(V:). Straight line with unit gradient is the perfect fit line. The
points above this line indicate safe predictions whereas points bellow
indicate unsafe predictions. From this Figure it can be seen about 78%

predictions of this equation has fallen into safe category.

Figure 4.2 has been plotted using the Vi/V, ratio vs the Tested shear
capacity. The horizontal line Vi/Vy, = 1 is the perfect fit line. This graph
gives a better idea about the deviation of predicted shear strength from
tested value. This graph clearly shows that there are cases in which the

predicted shear strength is more than twice the actual strength. Also there




are cases where the predicted shear strength is less than half the actual
value. This type of predictions may lead to very uneconomical designs or
on the other hand very unsafe designs. Table 4.1 gives some descriptive

statistics of Vi/Vy, ratio.

V- Tested Vs V- Predicted
ACI11-3

800.0

78.3%

600.0

500.0

=7 4000

300.0

200.0

100.0

0.0 100.0 2000 3000 400.0 500.0 6000 7000 200.0

Figure 4.1
Tested Shear Strength Vt Vs Predicted Shear Strength Vn - ACI Equation 11-3
Beams without Shear Reinforcement
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Figure 4.2

Vi/Va Vs V, Tested Shear Strength - ACI Equation 11-3
Beams without Shear Reinforcement

Table 4.1
Descriptive statistics of Vi/V, ~ACI-Equation11-3
Beams without Shear Reinforcement

Vit/Vn
Nean 1.45
Median 1.38
Standard Deviation 0.58
Range 3.7
Minimum 0.36
Maximum 4.05

In order to find the critical parameters and their influence on the accuracy
of the predicted shear strength a multinomial logistic regression was
carried out using SPSS software. Ten parameters were selected as
explanatory variables for study their influence on slender beams without

shear reinforcement. Selected variables are given bellow:




Continuous Variables

1) Concrete Grade - fc¢’ -

2) Effective Depth - d (dm)

3) Width of the Beam - b (dm)

4) % of Longitudinal Tensile Steel for Shear - p

)
)
5) Proximity of rigid support to point load - a/d
6) Yield Strength of Long. Tensile Steel - fy

)

7) Maximum Aggregate Size - ag

8) Cross Sectional Shape

9) Anchorage of longitudinal Tensile Steel

10) Presence of Crack Control R/F
A description about the parameters has given in Appendix A.

The Vt/Vn ratio was selected as the dependent variable (Y) and it
was categorized into three categories: Under Predictions: Accurate

Predictions: Over Predictions. Table 3.1 gives definitions for each category.

First, set of Continuous variables and Categorised variables were
defined in the SPSS software and then inputs relevant to all 396 beam
specimens were fed. It should be mentioned that the effective depth and the
width of the web was entered in decimetres (dm). The outputs of SPSS

Software are given below.




Table 4.2
Case Processing Summary - ACI Eqn 11-3
Beams without Shear Reinforcement

Marginal
N Percentage
Y A 282 71.2%
B E1 12 5%
C 63 15.5%
Cross Sectionzal Shape 2 136 34 3%
3 260 65.7%
ag 1 49 12 4%
2 261 65.9%
3 a6 21.7%
fy 1 13 3.3%
2 50 12 6%
3 49 12 4%
4 116 25 3%
] 121 30.6%
G 47 11.5%
Crack control RiF 0 11 2.8%
1 385 97 2%
Anchorage 0 274 69 2%
1 122 30.8%
Walid 396 100.0%
Missing 0
Total 2396
Subpopulation 3517

a. The dependent variable has only one value ohserved in 379
(99 5%) subpopulations.

This table presents a summary about number of cases fallen in to each
category of every categorize variables including the dependent variable Y.

The definitions of category A,B and C are given in Table 3.1

Next SPSS presents three tables which can be used to describe the
appropriateness of our regression model consisting of selected eleven

explanatory variables for predicting the results.




Table 4.3
Output of SPSS for ACI 11-3 - Beams without Shear Reinforcement
a) Model Fitting Information b) Goodness of Fit c) Pseudo R-Square

a) Model Fitting Information

Model Fitting Criteria Likelihood Ratio Tests
-2 Log
Likeliho Chi-
|_Model AlC BIC od Sguare df Sig.
Intercept Only | 633.301 G41.354 G29.391
Final 267.151 384 556 203.151 426,240 a0 000

b) Goodness-of-Fit

Chi-Sguare df Sig.
Fearson 1604.684 730 000
Deviance 200378 730 1.000

c)Pseudo R-Square

Cox and Snell 659
Magelkerke 827
McFadden G674

Two models are referenced in the "Model Fitting Information" table
above: (1) the "Intercept Only" model, also called the null model; it reflects
the net effect of all variables not in the model plus error; and (2) the "Final
Model”, also called the fitted model, which is researcher’s model comprised
of the predictor variables; the logistic equation is the linear combination of
predictor variables which maximizes the log likelihood that the dependent
variable equals the predicted value/class/group. The difference in the -2
log likelihood (-2LL) measures how much the final model improves over
the null model.

Therefore a well-fitting model is significant at the 0.05 level or better,
as in the Model Fitting Information Table above, meaning researcher’s
model is significantly different from the one with the constant only. That is,
a finding of significance (p <= 0.05 is the usual cutoff) leads to rejection of
the null hypothesis that all of the predictor effects are zero. When this

likelihood test is significant, at least one of the predictors is significantly




related to the dependent variable. Alternatively, the likelihood ratio test
tests the null hypothesis that all population logistic regression coefficients
except the constant are zero. Finally it can be stated that, the likelihood
ratio test reflects the difference between error not knowing the
independents (initial chi-square) and error when the independents are
included in the model (deviance). When probability (model chi-square)
<=0.05, we reject the null hypothesis that knowing the independents makes
no difference in predicting the dependent in logistic regression.

The "Goodness of Fit" table gives two similar overall model fit tests.
Both are chi-square methods, but the Pearson statistic is based on
traditional chi-square and the deviance statistic is based on likelihood ratio
chi-square. The deviance test is preferred over the Pearson (Menard, 2002:
47). Adequate fit corresponds to a finding of non-significance for these
tests. As the both goodness-of-fit test statistics are non-significant for our
model, we fail to reject the null hypothesis that there is no difference
between observed and model-predicted values, implying that the model's

estimates fit the data at an acceptable level.

Next table called Psedo-R? attempt to measure the strength of
association. But in logistic regression there is no widely-accepted direct
analog to Ordinary Least Square regression’s R2. Therefore they are not
widely accepted. They presented here give the complete out of the SPSS

software.




Table 4.4
Output of SPSS for ACI 11-3 - Beams without Shear Reinforcement

Likelihood Ratio Test
Model Fitting Criteria Likelihood Ratio Tests
-2 Log
Likeliho
AIC of BIC of od of
Reduce Reduce Reduce Chi-

Eifect d Model d Model d Model Sqguare It Sig.
Intercept 267.151 394.556 2.032E2 .000 0
fcMPa 355 556 474999 295 556 92.406 2 000
bw_dm 263.895 383.337 203.895 744 2
ds_dm 323774 443 216 263.774 60623 2 000
ad 283.789 403.231 223.789 20.638 2 000
rhoshearlong . Steel 371.381 490.823 311.381 108.230 2 000
CrossSectionalShape 266.829 386.271 206.829 3.678 2
ag 268.247 379.726 212247 9.096 4 045
Ty 257.825 345 416 213.825 10675 10
CrackcontrolRF 278.038 397.480 218.038 14.887 2 001
Anchorage 263.601 383.043 203.601 450 2

Next table is called “likelihood Ratio Test”. In here likelihood ratio
test has been used to identify the more important variable for the strength
of the model. It has been done by comparing the different in -2LL for the
overall model with a nested model. The nested model is created by
dropping a variable from the full model. In this situation, the likelihood
ratio test tests if the logistic regression coefficient for the dropped variable
can be treated as 0, thereby justifying dropping the variable from the
model. A non-significant likelihood ratio test indicates no difference
between the full and the reduced models, hence justifying dropping the
given variable so as to have a more parsimonious model that works just as
well. In SPSS output, the "Likelihood Ratio Tests" table contains the
likelihood ratio tests of individual model parameters and it shows that the
models without bw, fy and Cross sectional shape are not significantly
different from the full model and therefore Age should be dropped based

on preference for the more parsimonious reduced model.




Next set gives an important table which contains the estimated
parameter values for regression coefficients. The “b” values of Table 4.5 are

the estimators of (3 values in the logistic regression model:

. P
Loglt (PA) = ln [P_Aj = ﬂA0+ ﬂAlxl + IBAZXZ *o + ﬂAllxll (42)
B

Similarly the “b” values of Table 4.5a are the estimators of  values in the

logistic regression model:

Logit (P.) =1In (i—;j = Loyt P Xy + B X, Fot S Xy 4.3)
It should be noted that the Category B of Dependent variable has been
taken as the reference category. Interpretation of this “b” values will be
discussed later.

The final table of the SPSS output is the “Classification table” ( Table
4.6). The columns are the predicted values of the dependent, while the rows
are the observed (actual) values of the dependent. In a perfect model, all
cases will be on the diagonal and the overall percent correct will be 100%.
This table indicates that more than 90% predictions of our model is correct.
It should be mentioned here when classifying the predicted category the
cutoff probability has been taken as 0.5. For example, all beams for which
the predicted probability of a beam fallen in to category “A” greater than

0.5 counts for the predictions of category “A”.
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Table 4.6
Output of SPSS for ACI 11-3- Beams without Shear Reinforcement
Classification Table

Predicted
Percent
Observed A B C Correct
A 273 8 1 96.8%
B 18 25 a 48 0%
C 1 8 A4 85 7%
Owverall Percentage T3.7% 10.4% 16.9% 288 9%

As it was discussed earlier likelihood ratio can be used to identify
more important variables for the strength of the model. When discussing
about the parameters affecting accuracy of predictions it is convenient to
have a more parsimonious model consisting only of significant variables
that works just as well as the full model. There are two possible ways to
have a nested model: first one is to manually identify the more significant
parameters in the full model using likelihood Ratio Test and then selected
them to have the nested model: second method is to use Stepwise
regression offered by the SPSS. In Stepwise regression using the Likelihood
ratio Test SPSS determines automatically which variable to add or drop
from the model. As it is a data driven method, the first method is preferred
over the second method. Therefore in our study when discussing about the
critical parameters affecting the accuracy the full model or the manually
created nested model has been preferred whenever possible. But in some
situations, when calculating the full model, numerical problems occur in
calculating likelihood ratio for some variables. In such situations stepwise
logistic regression method has been used to identify significant parameters.

SPSS output for nested model is given bellow.




Table 4.7
Case Processing Summary -Nested Model- ACI Eqn 11-3
- Beams without Shear Reinforcement

Marginal
M Percentage |
Y A 282 71.2%
B 51 12.9%
cC 63 15.9%
ag 1 49 12.4%
2 261 65.9%
3 B6 21.7%
Crack control R/F - 0 11 2.8%
1 385 97.2%
Valid 396 100.0%
Missing 0
Total 396
Subpopulation 380°

And other tables are also presented below.

Table 4.8
Output of SPSS for ACI 11-3 - Beams without Shear Reinforcement -Nested Model
a) Model Fitting Information b) Goodness of Fit c¢) Pseudo R-Sauare

a) Model Fitting Information

Model Fitting Criteria Likelihood Ratio Tests
-2 Log
Likelino Chi-
Madel AIC BIC od Square df Sig.
Intercept Only | 633.391 641.354 6529391
Final 250.878 314.581 218.878 410.513 14 000

b) Goodness-of-Fit

Chi-Sguare df 5id.
Pearson 1220.269 746 000
Deviance 216106 746 1.000

¢) Pseudo R-Square

Cox and Snell 645
Nagelkerke 509
McFadden 649




Table 4.9
Output of SPSS for ACI 11-3 - Nested Model
Likelihood Ratio Test
- Beams without Shear Reinforcement

Model Fitting Criteria Likelihood Ratio Tesis
-2 Log
Likeliho
AIC of BIC of od of
Reduce Reduce Reduce Chi-
Eifect d Model d Model d Model Sguare df Sig.
Intercept 250.878 314.581 2.189E2 .000 0
fchPa 369.696 425.436 341.696 122.818 2 .000
ad 264.300 320.039 236.300 17.421 2 000
CrackcontrolRF 268.053 323.793 240.053 21175 2 .000
ag 254.070 301.847 230.070 11.192 4 024
ds_dm 364.340 420.079 336.340 117 462 2 000
rhoshearlong.Steel 400.984 456.724 372.984 154.106 2 .000

The next table of SPSS output which lists the b coefficients also lists
the standard error of b, the Wald statistic and its significance and the odds
ratio (labeled Exp(b) ) as well as confidence limits on the odds ratio. This is
the "Parameter Estimates" in SPSS (Table 4.11). The values are the “b”
estimates of the regression coefficients, “3”. The Wald statistic is use to test
the significant of the individual logistic coefficients for each independent
variable (that is, to test the null hypothesis in logistic regression that a
particular logistic coefficient is zero). There fore in order to make global
statement about the significant of an variable the parameter estimated “b”
should be significant.

In section 3.5.2 the interpretation was given as: The regression
coefficient P1 is the log of the odds ratio comparing the odds after a one unit
increase in X; to the original odds where Xj is the parameter associate with
the regression coefficient $1. For example, the “b” value estimated for the
variable: Percentage longitudinal tensile reinforcement-p in the regression
equation for category A, In( Pa/Ps) is 3.875. This means:

“1% increase of percentage of Longitudinal Tensile Steel, 3.875 times

increases the Log (Pa/PB)”




1% f, == 3475 TLOg(PA/ Pp)

As we know: when 10g(%)>0<:> %<1<:>PA>PB

B B

P P
log(?*‘]<0<:> FA<1<:>PA<PB

B B

Alternatively, for a particular beam one increase of the percentage of

longitudinal tensile steel while keeping other parameters constant,

increases the log value of the ratio of the probability that the beam can fall

in to under predicted category to the probability that it can fall in to the

accurately predicted category.

Therefore we can conclude that ACI Equation 11-3 tends to under

predict the shear strength of beams when percentage of longitudinal

tensile steel increases.
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This factor is further emphasized from the corresponding regression
coefficient of category C, In( P./Ps). The “b” value for the variable of
Percentage longitudinal tensile reinforcement-p is -1.888. which implies
that: 1% increase of percentage of Longitudinal Tensile Steel, 1.888 times

decreases the Log (P./Py).

From Table 4.11 six critical parameters can be identified to have
influence on the accuracy of the ACI Equation 11-3. Other than the
percentage of longitudinal tensile steel, there are three other variables on
which we can make global statements on their effect, based on the results of

this study. Other three parameters and their effects are given below.

1) Effective depth of the beam (d) - With the increase of the effective
depth of the beam ACI Equation 11-3 tends to over predict the
shear strength of a beam.

2) Compression capacity of concrete (f'c) ~ACI 11-3 Equation tends to
over estimate the shear strength of beams when compression
capacity of concrete increases.

3) Crack control reinforcement - It can be identified that the ACI -
Equation 11-3 has underestimated the influence of crack control

reinforcement on shear strength of a beam.

Estimated regression coefficients for other three variables are either
significant only in one regression equation out of the two regression
equations for two categories of the dependent variable or they are not
significant in any regression equation. Therefore the corresponding
parameters are not taken to make global statement on the accuracy of the

method.




Finally SPSS output present the Classification table (Table 4.11). According

to which 89% predictions of over regression model are correct.

Table 4.11
Output of SPSS for ACI 11-3
Classification Table
- Beams without Shear Reinforcement

Predicted
Percent
Obsenved A B C Correct
A 274 T 1 97 2%
B 16 28 7 54.9%
c 4 7 52 82.5%
Overall Percentage T4.2% 10.6% 15.2% 89.4%

Estimating Critical Values for parameters affecting the Accuracy.

After identifying the significant variables affecting the accuracy of
the shear strength predictions it is important to estimate when that
particular parameter begin to influence the accuracy of the prediction.
Multinomial logistic regression can be used to have a rough estimation for
this turning point. The steps involves in this process is given below.

1) Sort the database according to the parameter selected to study the
influence.

Note:- Data is sorted in ascending order.

2) Database is divided into blocks depending on the value of the
selected parameter. (Ex:- For the parameter d, beams with effective
depth 0 to 3 dm is categorised as the first block, next for every 1 dm
increment a new block is created. Beams with effective depth greater

than 1000 dm is taken as last block)




3) Then multinomial logistic regression is carried out for the data in the
first block and then the next block is added. Likewise blocks are
added one at a time until effect of that parameter become significant.

4) Value of the starting point of the last block is taken as the estimation

for the critical value of that parameter.

A complete set of multinomial logistic regression results for estimating
the critical value for Effective Depth for the ACI Equation 11-3 are given in
Appendix C. Approximated critical values for variables with significant

effect is given below:

1) ACI Equation 11-3 tends to over predict the shear strength of a beam
without shear reinforcement when effective depth, d is approximately
greater than 500mm.

2) ACI Equation 11-3 tends to under predict the shear strength of a
beam without shear reinforcement when Percentage of Longitudinal
Tensile Steel, p is approximately greater than 1.0%.

3) ACI Equation 11-3 tends to over predict the shear strength of a beam
without shear reinforcement when Compression capacity of concrete,

(f'c) is approximately greater than 50 MPa

Equation 11-5 (ACI Code-2002)

Vc=(1.9ﬁ +2500p,, \I\Z/}djbwd (4.4)

Figure 4.3 shows the predicted shear strength using above equation
Vs the Tested shear strength. This graph shows that only about 75% of

predictions of this equation are under predictions.
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Figure 4.3
Tested Shear Strength V; Vs Predicted Shear Strength Vn - ACI Equation 11-5
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Figure 4.4

V¢V, Vs V; Tested Shear Strength - ACI Equation 11-5 - Beams without Shear Reinforcement

Figure 4.4 plots the Vi/V, value vs the predicted shear strength. It
shows when predicted shear strength is high most of the time it gives an
over prediction. Descriptive statistics of the Vi/V, ratio are given in Table

4.12.




Table 4.12
Descriptive statistics of Vi/V, ~ACI-Equation11-5
- Beams without Shear Reinforcement

Vi'Vn
Mean 1.32
Median 1.30
Standard Deviatio 0.42
Range 2.46
Minimum 0.38
Maximum 2.84

These Figures and table highlight inaccuracy as well as the unsafe
practices of the predictions of the ACI Equation 11-5. As we did early,
Multinomial Logistic Regression can be carried out to identify the critical
parameters influencing the accuracy and their effect. Explanatory variables
are same as what we used in previous case and are explained in Appendix

A.

Results of Multinomial Logistic Regression have been given in
Appendix B and only the “Parameter Estimates” table (Table 4.13) is

presented here.




Table 4.13
Parameter Estimates -ACI-Equation11-5
- Beams without Shear Reinforcement

N B Std. Error Wald df Sig. Exp(B)

A Intercept 4886 1248 | 15317 1 000
fcMPa ~106 018 | 34259 1 000 899
ds_dm -1.018 157 | 42185 1 000 361
rhoshearlong. Steel 3.316 541 | 37.544 1 000 | 27537
ad -540 219 6.097 1 014 583
[ag=1] 836 860 944 1 331 433
[ag=2] 000 566 000 1 999 1.000
[ag=3] 0” 0
[CrackcontrolRF=0] 5.083 1.861 7.462 1 006 | 161.246
[CrackcontrolRF=1] 0® | . . 0

c Intercept 4051 1861 4736 1 030
fcMPa 081 019 | 17.562 1 000 1.085
ds_dm 802 180 | 19.974 1 000 2231
rnoshearlong. Steel -2.153 604 12.707 1 .000 116
ad 123 362 116 1 734 884
[ag=1] 860 1.020 712 1 399 2.364
[ag=2] 2061 731 7.952 1 005 127
[ag=3] o” 0
[CrackcontrolRF=0] | -4.820 1415 | 11613 1 001 008
[CrackcontrolRF=1] o” 0

a. The reference category is: B.

Four parameters namely: Compression Capacity of Concrete,
Effective depth, Percentage Area of Tensile Reinforcement and Presence of
Crack Control Reinforcement are significantly affect the accuracy of the
ACI equation 11-5 in the similar manner as for Equation 11-3. Their effects

can be listed as:

1) Percentage Area of Tensile Reinforcement p - ACI Equation 11-5
tends to under predict the shear strength of beams when
percentage of longitudinal tensile steel increases.

2) Effective depth of the beam (d) - With the increase of the
effective depth of the beam ACI Equation 11-5 tends to over
predict the shear strength of a beam.




3) Compression capacity of concrete (f'c) ~ACI 11-5 Equation tends
to over estimate the shear strength of beams when compression
capacity of concrete increases.

4) Crack control reinforcement - It can be identified that the ACI -
Equation 11-5 has underestimated the influence of crack control

reinforcement on shear strength of a beam.

Other parameters influencing the accuracy are: Maximum Aggregate
size: Presence of Compression Reinforcement and: a/d ratio of the beam.

Unfortunately the effect of these parameters can not be clearly identified.

Influence of above parameters are not discussed here as the

discussion is similar the discussion of the ACI Equation 11-3.

Estimating Critical Values for parameters affecting the Accuracy.

As explained in earlier an estimation for the critical value of the
parameter after which it become significant for the accuracy of the equation
is done using the Multinomial Logistic Regression. The relevant SPSS
results have given in Appendix C. The estimated critical values for

significant parameters are given below:

1) ACI Equation 11-5 tends to over predict the shear strength of a beam
without shear reinforcement when effective depth, d is approximately
greater than 400 mm.

2) ACI Equation 11-5 tends to under predict the shear strength of a
beam without shear reinforcement when Percentage of Longitudinal
Tensile Steel, p is approximately greater than 1.25 %.

3) ACI Equation 11-5 tends to over predict the shear strength of a beam
without shear reinforcement when Compression capacity of concrete,

(f'c) is approximately greater than 45 MPa




4.2.2 Slender Beams with Shear Reinforcement

According to the guidelines given in ACI Code 2002, 143 numbers of
slender beams can be identified in our database. All thirteen parameters
given in Appendix A have used in the Multinomial Logistic Analysis for

the slender beams without shear reinforcement.

Equation 11-3 (ACI Code-2002)

, Af d 45
V,=2/fb,d +—2— *.5)
S

The predicted shear strength from above equation vs the tested
shear strength given in Fig.4.5. Also descriptive statistics have been in

Table 4.15.
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Figure 4.5
Tested Shear Strength V. Vs Predicted Shear Strength V,, - ACI Equation 11-3
- Beams with Shear Reinforcement




Table 4.14
Descriptive statistics of Vi/V, ~ACI-Equation11-3
- Beams with Shear Reinforcement

V.V,
Mean 1.29
Median 1.31
Standard Deviatio 0.27
Range 1.26
Minimum 0.61
Maximum 1.87

Then the results were further analysed using SPSS. Due to the numerical
problems occur in the likelihood ratio test calculation for some variables
stepwise logistic regression has been used to identify the significant
variables. Complete SPSS output of the full model and the model obtained
using stepwise process have been given in Appendix B. only the
“Likelihood Ratio Test” Table and a part of “Parameter Estimates” table of

the stepwise process have given below.

Table 4.15
Likelihood Ratio Test - ACI-113-3 - Beams with Shear Reinforcement
Model Fitting Criteria Likelihood Ratio Tests
-2 Log
Likelino
AlC of BIC of od of
Reduce Reduce Reduce Chi-

Effect d Model d Model d Model Square df Sig.
Intercept 121.484 174815 85.484° 000 0
dsm 181.024 228429 1.490E2 £3.540 2 .000
CrackControalCheck 126.865 174 270 94 865 9.381 2 009
ag 129 441 176847 97441 11.957 2 003
Ty 134 241 163.869 114241 28757 8 000
rhostirrup 124 254 171.660 92 254 6770 2 034




Table 4.16
Parameter Estimates - ACI-113-3 - Beams with Shear Reinforcement

Ya B Std. Error Wald df Sig.

A Intercept 10.753 2447 19.310 1 000
dsm -1.500 354 17.936 1 .000
[CrackControalCheck=0] -19.123 | 6723.876 .000 1 998
[CrackControalCheck=1] 0° 0
[ag=2] 1.770 .B86 3.995 1 046
[ag=3] 0 0
[fy=1] 11.577 | 1619903 .000 1 954
[fy=2] -5.202 1.561 11.104 1 001
[fy=3] -2.307 1.349 2928 1 087
[fy=4] -4.693 1.565 8.990 1 .003
[fy=5] 0° 0
rhostirrup - 057 089 412 1 B21

c Intercept -20.146 1193.393 .000 1 887
dsm 797 B30 1.600 1 206
[CrackControalCheck=0] -24.322 .000 1
[CrackControalCheck=1] 0° | . ) 0
[ag=2] -3.688 2.564 2.069 1 150
[ag=3] 0° 0
[fy=1] 19.339 | 2449211 .000 1 994
[fy=2] 14.042 | 1193387 .000 1 991
[fy=3] 17.849 | 1193387 .000 1 988
[fy=4] 3333 | 1272669 .000 1 998
[fy=5] 0° 0
rhostirrup 122 050 1.810 1 79

a. The reference category is: B.

Six parameters namely: Effective depth: Percentage Area of Tensile
Reinforcement, Presence of Crack Control Reinforcement, Maximum
aggregate size and Yield strength of longitudinal tensile steel have been
identified to affect the accuracy of this method. But their influences cannot

be clearly identified.




Equation 11-5 (ACI Code-2002)

Vud b d + Avfytd (4'6)
M w

u

V.= (1.9\/E +2500p,,
s

Here also the graph predicting shear strength from above equation

vs the tested shear strength is presented first (Fig.4.6). Also descriptive

statistics have been displayed in Table 4.17.
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Figure 4.6
Tested Shear Strength V; Vs Predicted Shear Strength V,, - ACI Equation 11-5

- Beams with Shear Reinforcement

Table 4.17
Descriptive statistics of Vi/ Vi, ~ACI-Equation11-5
- Beams with Shear Reinforcement

V.V,
Mean 1.05
Median 1.03
Standard Deviation 0.20
Range 1.00
Minimum 0.56
Maximum 1.57




As usual the complete SPSS output of the full model and the reduced
model is given in Appendix B. only the “Likelihood Ratio Test” Table and a

part of “Parameter Estimates” table are given below.

Table 4.18

Parameter Estimates — ACI - 13-5 - Beams with Shear Reinforcement

vy B Std. Error VWald df Sig. Exp(B)

A Intercept 22.896 6.302 13.201 1 .000
ad -2.127 704 9.137 1 .003 119
ds_dm -1.116 433 6.641 1 .010 328
[fy=1] 11.969 7539.928 .000 1 999 157850.503
[fy=2] -4.643 2.278 4.154 1 042 .010
[fy=3] -11.021 4.085 T.279 1 .007 1.636E-5
[fy=4] -12.385 4110 9.082 1 .003 4 182E-6
[fy=5] 0t | . . 0
[fwy=1] -2.967 1.259 5.5562 1 .018 051
[fwy=2] -.830 .830 1.001 1 317 436
[fwy=3] -10.215 3.036 11.321 1 .001 3.662E-5
[fwy=4] -1.943 943 4.246 1 039 143
[Fvy=5] 0t | . . 0

[ Intercept -1.573 3.096 258 1 611
ad -.232 592 (153 1 695 793
ds_dm 611 235 6.765 1 .009 1.841
[fy=1] 642 000 |. 1. 1.901
[fy=2] 1.400 1.079 1.683 1 194 4.056
[fy=3] .188 1.009 035 1 .852 1.207
[fy=4] -.540 1.455 (138 1 710 582
[fy=5] 0" | . . 0
[fwy="1] -3.139 1.671 3.528 1 .060 043
[fwy=2] =577 1.115 268 1 .605 562
[fwy=3] -2.176 1.490 2.133 1 144 114
[fwy=4] -1.491 1.309 1.299 1 254 225
[fvy=5] 0" | . . 0

a. The reference category is: B.

Four parameters namely: a/d ratio, Effective depth, Percentage
Area of Tensile Reinforcement, Yield strength of longitudinal tensile steel
and Yield strength of transverse tensile steel have been identified to affect
the accuracy of this method. Influence of the Effective depth can be

identified as:




Effective depth of the beam (d) - With the increase of the effective
depth of the beam ACI Equation 11-5 tends to over predict the shear

strength of a beam.

4.2.3 Deep Beams

According to the ACI guidelines 66 beams could be categorised as
deep beams. The predicted shear strength by the ACI Code Vs the tested
shear strength is plotted below in Fig.4.7
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Figure 4.7
Tested Shear Strength V; Vs Predicted Shear Strength V,, - ACI -Deep Beam

Table 4.19
Descriptive statistics of Vi/ Vi ~ACI-Deep Beam

Vit/Ve
Mean 1.03
Standard Deviation 0.27
Range 1.37
Minimum 0.37
Maximum 1.74




The complete multinomial logistic regression results for this model has
been given in Appendix B and only the “Parameters Estimate” tables has

been presented here.

Table 4.20
Parameter Estimates - ACI-Deep Beam
N B Std. Error | Wald df Sig, Exp(B)
A Intercept -204.830 | 8270.777 001 1 974
fcMPa -714 550 1.682 1 195 490
[fy=21 27.262 | 6227.078 .000 1 997 | 6.911E11
[fy=3] -59.128 | 6270.799 .000 1 992 | 2.095E-26
[fy=4] 42.075 | 6271.825 .000 1 995 | 1.874E18
[fy=6] o | . ) 0. .
[CrackControlcheck=0] 25117 | 739.003 001 1 973 | B8.094E10
[CrackControlcheck=1] o |. ) 0 .
bwm 977.184 000 | . 1 b
c Intercept 23.095 2.506 84.903 1 .000
fcMPa 073 093 611 1 435 1.075
[fy=21 -21.186 1.762 | 144.500 1 .000 | 6.294E-10
[fy=3] -20.527 1.909 | 115.571 1 000 | 1.217E9
[fy=4] -23.491 .000 1 6.2B0E-11
[fy=6] o |. } 0 .
[CrackControlcheck=0] 297 1.200 061 1 805 743
[CrackControlcheck=1] o 0
bwm -19.432 19.602 983 1 322 | 3.636E-9

a. The reference category is: B.

Four parameters namely: Compressive Strength of Concrete, Yield
Strength of Longitudinal Tensile steel, Presence of Crack Control
reinforcement and Width of the beam can be identified to influence the

accuracy of the ACI deep beam guide lines.




4.3 BS Code
According to the guide lines given in BS 8110:
Total number of Slender Beams - 705
Slender beams without shear reinforcement - 524
Slender beams with shear reinforcement - 181
4.3.1 Slender Beams without Shear Reinforcement

1 1 1
: ' i
v =079 x [ 1204 'y (ﬂj“ X (f—j3 b,d
b.d d 25 4.7)

v

Predicted shear strength (Vn) vs the Tested shear capacity(V:). has
been presented first and then the descriptive statistics of Vi/Vy ratio is

given in the table below.
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Figure 4.8
Tested Shear Strength V; Vs Predicted Shear Strength V,, - BS 8110 - Beams with Shear r/f




Table 4.21
Descriptive statistics of Vi/Vx -BS 8110-Beams
without Shear r/f

Vi'Vin
Mean _ 1.20
Standard Deviation 050
F!ange- 2.50
Minimum .61
Maximum 311

Complete SPSS output has been given in Appendix B. Only the Parameter

Estimated table containing significant variables is displayed here.

Seven numbers of parameters have been found to effect the shear
strength prediction of BS8110: Compressive Capacity of Concrete (f'c), a/d
ratio, Percentage Area of Tensile Reinforcement (p), Cross Sectional Shape,
Yield strength of the Tensile Steel, Presence of Crack Control Reinforcement

and Anchorage condition of the Tensile Reinforcement.
The influence of four parameters can be clearly identified as:

1) Compression capacity of concrete (f'c) -BS 8110 tends to over
estimate the shear strength of beams when compression
capacity of concrete increases

2) Effective depth to shear span ratio (a/d) - With the increase of the
a/d ratio BS 8110 tends to over predict the shear strength of a
beam.

3) Percentage Area of Tensile Reinforcement p - BS 8110 tends to
under predict the shear strength of beams when percentage of
longitudinal tensile steel increases.

4) Cross Sectional shape - It can be identified that the BS 8110 has a
tendency of underestimating shear strength of T beams

compared to rectangular beams.




Table 4.22
Parameter Estimates - BS 8110 - Beams without Shear r/f

& B Std_Error Wald df Sig.
Intercept 1.997 764 4 368 1 037
fcMPa -.034 009 13.004 1 000
ad -.685 {098 49.025 1 000
rhoshearlong. Steel 1.060 139 57.915 1 000
[CrossSectionalShape=2] 3T 2380 3.758 1 053
[CrossSectionalShape=3] Db . . 0
[fy=1] 1.750 629 7.750 1 005
[fy=2] -.066 620 011 1 915
[fy=3] 1.075 2330 4.110 1 1043
[fy=4] 1.037 470 4.875 1 027
[fy=5] 876 ATT 3.373 1 066
[fy=6] 0° | . 0
[CrackcontrolRF=0] 3677 958 14727 1 000
[CrackcontrolRF=1] 0® | . ) 0
[AnchorageCheck=0] -1.619 641 6.377 1 012
[AnchorageCheck=1] 0 0
Intercept -18.016 835 465 668 1 000
fcMPa 056 010 33419 1 .000
ad 782 193 16.459 1 000
rhoshearlong. Steel - 719 240 9.000 1 003
[CrossSectionalShape=2] -3.837 1.320 5.450 1 .004
[CrossSectionalShape=3] o® | . 0
[fy=1] -1.536 1.069 2.067 1 151
[fy=2] 1.430 q14 4012 1 045
[fy=3] -1.150 840 1.873 1 AT
[fy=4] -.485 691 493 1 483
[fy=5] 393 715 302 1 583
[fy=6] o” 0
[CrackcontrolRF=0] -21.972 5795.959 .000 1 997
[CrackcontrolRF=1] o® |. . 0
[AnchorageCheck=0] 13.519 000 | . 1
[AnchorageCheck=1] 0° | _ 0

a. The reference category is: B.
b. This parameter is set to zero because it is redundant.




Estimating Critical Values for parameters affecting the Accuracy.
As done for the ACI Code, critical values for parameters affecting the
accuracy of this method are also estimated using the SPSS software.
Complete output of this process is given in Appendix C. The
estimated critical values have given below:

1) BS 8110 tends to over predict the shear strength of a beam without
shear reinforcement when Compression capacity of concrete, (f'c) is
approximately greater than 60 MPa

2) BS 8110 tends to over predict the shear strength of a beam without
shear reinforcement when a/d ratio is approximately greater than 3.5

3) BS 8110 tends to under predict the shear strength of a beam without
shear reinforcement when Percentage of Longitudinal Tensile Steel, p

is approximately greater than 4.0 %.

4.3.2 Slender Beams with Shear Reinforcement

1 1 1

3 s 3 A f.d

V,=0.79 x 100A, 7« (ﬂj4x Ly b + s (4.8)
b,d d 25 s

As usual the graph predicting shear strength from above equation vs
the tested shear strength has been presented first (Fig.4.9). Also descriptive

statistics have been given in Table 4.23.

The SPSS output of “Log Likelihood Test” table and the “Parameter
Estimates” table have also been presented below. Complete output of SPSS

is given in Appendix B.
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Tested Shear Strength V: Vs Predicted Shear Strength V,, - BS 8110-Beams with Shear r/f

Table 4.23
Descriptive statistics of Vi/V, -BS 8110-Beams
with Shear r/f
Vv,
Mean 1.19
Standard Deviation 0.24
Range 1.57
hinimum 0.74
Mazcimum 2.3




Table 4.24
Likelihood Ratio Test -BS 8110-Beams with Shear r/f

Model Fitting Criteria

Likelihood Ratio Tests

2 Log
Likeliho
AIC of BIC of od of
Reduce Reduce Reduce Chi-
Eftect d Model d Model d Model Square df Sig.
Intercept 305.114 445 848 217T1E2 .000 0
fcMPa 301.803 436.140 2.178E2 689 2 709
bw_dm 301.829 436.165 2.178E2 715 2 700
ds_dm 281.589 415.926 1.976E2 2
ad 310.988 445.325 2.270E2 9.875 2 007
sd 290.458 424,795 2.065E2 2
rhoshearlong.Steel 288.169 422 9506 2.042E2 2
rhostirrup 307 941 442 277 2 239E2 6.827 2 033
CrossSection 299 595 427 534 2 196E2 2481 4 648
ag 296.951 431.288 2. 130E2 2
fy 301.863 410.612 2.339E2 16.750 10 .080
fuy 293732 408.878 2.217E2 4.618 8 T97
CrackControalCheck 301173 435.510 2.172E2 059 971
Anchorage 284.485 418.822 200.485




Table 4.25

Parameter Estimates - BS 8110 - Beams with Shear reinforcement

Y B Std. Error Wald df Sig. Exp(B)

A Intercept 4611 2252 4192 1 041
fcMPa -.008 012 518 1 471 992
bw_dm 344 394 760 1 383 1410
ds_dm -.063 213 088 1 767 939
ad -1.168 526 4923 1 026 311
sd -331 160 4258 1 039 718
rhoshearlong.Steel 823 414 3.955 1 047 2278
rhostirup 2235 1.081 4525 1 033 107
[CrossSection=1] 576 2.269 064 1 800 1.778
[CrossSection=2] 1.635 1.092 2244 1 134 5131
[CrossSection=3] o” 0
[ag=2] 507 708 513 1 474 1.660
[ag=3] i 0
[fy=1] 2186 2.197 989 1 320 8.897
fv=2] -832 1.136 536 1 464 435
[iy=3] 249 1.045 057 1 811 1.283
[iy=4] -1.581 1.127 1.967 1 161 206
[fy=5] 426 1.275 11 1 739 1.531
[fy=6] o” |- )
ffvy=1] 917 1.697 292 1 589 400
[fwy=2] 062 983 004 1 950 1.064
[fvy=3] -1.344 1.201 1.254 1 263 251
[fvy=4] -1.077 841 1639 1 200 340
[fvy=5] o® |- 0
[CrackControalCheck=0] -.062 1.699 001 1 971 940
[CrackControalCheck=1] Db 0 .
[Anchorage=0] 8736 000 1 6225.297
[Anchorage=1] Db 0

C Intercept 2684 14315 035 1 851
fcMPa -a01 019 003 1 955 999
bw_dm 702 673 1.086 1 297 2.017
ds_dm 421 309 1.855 1 73 1.524
ad -328 1.106 088 1 767 721
sd 235 216 1.174 1 279 1.254
rhoshearlong. Steel 415 850 239 1 625 1.515
thostirrup -693 2.999 053 1 817 500
[CrossSection=1] -693 7.385 .009 1 925 500
[CrossSection=2] 209 2799 .006 1 940 1.233
[CrossSection=3] " 0
[2g=2] 431 1.306 1.200 1 273 4.181
[ag=3] " 0
[fy=1] 631 4.181 023 1 880 1.879
[v=2] -598 2265 070 1 792 550
[fy=3] 650 2.012 105 1 746 1.916
[fy=4] -624 2289 074 1 785 536
[fy=5] 2,062 3.050 457 1 499 127
[fy=6] o . 0
[fy=1] -1.869 7.0850 069 1 792 154
[fvy=2] 099 1.856 003 1 958 1.104
[foy=3] 580 2342 455 1 500 206
[fy=4] 086 1.854 339 1 560 338
[fey=5] 0" 0
[CrackControalCheck=0] -3.038 4522 452 1 502 048
[CrackControalCheck=1] Ob 0]
[Anchorage=0] -9.005 13.482 446 504 000
[Anchorage=1] 0" 0

a. The reference category is: B.




4.4 Australian Code (AS 3600)

According to the guide lines given in AS3600:

Total number of Slender Beams - 658
Slender beams without shear reinforcement - 517
Slender beams with shear reinforcement - 141

Total number of Deep beams - 24

4.4.1 Slender Beams without Shear Reinforcement

Af, (4.9)
b.d,

v

V.= B,B,B5b.d,

Predicted shear strength (Vn) Vs the Tested shear capacity (V). and the

descriptive statistics of Vi/Vy ratio has given in the table bellow.

V- Tested Vs V- Predicted
AS 3600

and -

Va

Figure 4.10
Tested Shear Strength V. Vs Predicted Shear Strength V,, - AS 3600 - Beams without
Shear r/f




Table 4.26
Descriptive statistics of Vi/ Vi, - AS 3600 - Beams

without Shear r/f
V.V,
Mean 1.19
Standard Deviation 0.43
Range 2.33
Minimum 0.58
Maximum 2.91

Multinomial logistic regression results of this method is also given in

Appendix B. Only the “Parameter Estimates” table has presented here.

Table 4.27
Parameter Estimates - AS 3600 Beams without Shear reinforcement

v B std. Error | wald dr Sig.

A Intercept 7.072 881 | 64.395 1 000
fcMPa -026 010 7174 1 007
dsm -135 065 4.368 1 037
ad -1.956 198 | 97.899 1 000
[CrossSectionalShape=2] 2.644 442 | 35728 1 .000
[CrossSectionalShape=3] o® |- _ 0
[ag=1] 1.320 467 7.996 1 005
[ag=2] 115 385 090 1 765
[ag=3] ” 0
[CrackcontrolRF=0] 2087 895 5.433 1 020
[CrackcontrolRF=1] a® 0

c Intercept -5.789 825 | 49.234 1 .000
fcMPa 041 008 | 27.076 1 .000
dsm 301 083 | 22671 1 000
ad 498 103 | 23318 1 000
[CrossSectionalShape=2] |  -1.861 681 7.464 1 .006
[CrossSectionalShape=3] Gh . . 0
[ag=1] 506 526 1.326 1 250
[ag=2] 467 398 1.380 1 240
[ag=3] ® 0
[CrackcontrolRF=0] -21.927 000 | . 1
[CrackcontrolRF=1] o® | _ 0

a. The reference category is: B.
b. This parameter is set to zero because it is redundant.




Above tables indicates six numbers of parameters which effect the
shear strength prediction from AS 3600. Namely they are: Compressive
Capacity of Concrete (f'c), Effective depth of the beam (d), Effective depth
to shear span, a/d ratio, Cross Sectional Shape, Maximum Aggregate size
and Presence of Crack Control Reinforcement. The influence of four

parameters can be clearly identified as:

1) Compression capacity of concrete (f'c) ~AS 3600 tends to over
estimate the shear strength of beams when compression
capacity of concrete increases

2) Effective depth (d) - With the increase of the Effective depth AS
3600 tends to over predict the shear strength of a beam.

2) Effective depth to shear span ratio (a/d) - With the increase of the
a/d ratio AS 3600 tends to over predict the shear strength of a
beam.

4) Cross Sectional shape - It can be identified that the AS 3600 has
a tendency of underestimating shear strength of T beams

compare to rectangular beams.

Estimating Critical Values for parameters affecting the Accuracy.

Estimation of critical values of parameters affecting the accuracy of
this method is given below. Complete SPSS output of this process has been
given in Appendix C.

1) AS 3600 tends to over predict the shear strength of a beam without
shear reinforcement when Compression capacity of concrete, (f'c) is
approximately greater than 60 MPa

2) AS 3600 tends to over predict the shear strength of a beam without
shear reinforcement Effective depth, d is approximately greater than

900 mm.




2) AS 3600 tends to over predict the shear strength of a beam without

shear reinforcement when a/d ratio is approximately greater than 4.5

4.4.2 Slender Beams with Shear Reinforcement

NN (4.10)
V= BiByb,d, | Dele | Dl g
b d, s

V-Tested Vs V- Predicted
AS 3600
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Figure 4.11
Tested Shear Strength V. Vs Predicted Shear Strength V,, - AS 3600 - Beams with Shear
r/f

Table 4.28
Descriptive statistics of Vi/ Vi - AS 3600 - Beams
with Shear r/f
V.V,
Mean 1.12
Standard Deviation 0.19
Range 0.97
Minimum 0.72
Maximum 1.69




The predicted shear strength from above equation (V.) Vs the tested
shear strength (Vi) given in Fig.4.11. Also descriptive statistics are given in

Table 4.28.

The “Likelihood ratio Test” and “Parameter Estimates” tables of the
SPSS output are also presented below. Complete SPSS output has been
given in Appendix B.

Table 4.29
Likelihood Ratio Test - AS 3600 Beams with Shear reinforcement

Model Fitting Criteria Likelihood Ratio Tests
-2 Log
Likeliho
AIC of BIC of od of
Reduce Reduce Reduce Chi-

Effect d Model d Model d Model Square df Sig.
Intercept 232.785 | 356.633 | 1.488BE2 .000 0

fcMPa 231940 | 349.8%0 151.940 3.155 2 206
ad 231.956 | 349.906 151.956 3.171 2 205
bw_dm 231.241 349191 151241 2456 2 293
ds_dm 230.3R2 348.313 150362 1.578 2 A54
sd 233708 | 351.659 153.708 4924 2 085
rhoshearlong.Steel 228875 | 346.825 148.875 090 2 956
rhostirrup 230817 348.767 150817 2032 2 362
ag 237499 | 355449 157 499 8714 2 013
fy 242.181 342.439 174.181 25.397 ] 001
Anchorage 238335 | 356.288 158.335 9.551 2 .0o8
CrossSection 231.937 343.950 155937 71583 4 128
fwy 230444 | 330.702 162.444 13.660 8 091
CrackControalCheck 229.061 347.011 149.061 276 2 871

From the results of multinomial logistic regression analysis it can be
seen that Ratio of Stirrup spacing to Effective depth, s/d, Maximum
Aggregate size, Yield strength of longitudinal tensile steel, Anchorage of
longitudinal tensile steel are the parameters affecting the accuracy of the
shear strength predictions of AS 3600 for beams with shear reinforcement.
But unfortunately the effect of any of the above parameter could not be

clearly identified.




Table 4.30. Parameter Estimates — AS 3600 Beams with Shear r/f

Y‘ B Std. Error ngd df Sig.

A Intercept 1.706 4766 128 1 720
fcMPa 012 017 465 1 495
ad 1.389 247 2.152 1 42
bw_dm 928 707 1.758 1 185
ds_dm 237 261 826 1 363
sd -531 256 4316 1 038
rhoshearlong Steel -142 6835 050 1 823
rhostirrup 4.083 3.532 1.337 1 248
[@g=2] 3.684 1593 5.346 1 021
[ag=3] o | . 0
[y=1] 15.139 | 5305.589 .000 1 998
[y=2] -4.900 1767 7.688 1 006
[iy=3] 2923 2.250 3.039 1 081
fy=4] 4842 2457 3.883 1 049
[fy=5] o” 0
[Anchorage=0] 3.400 2.110 2.598 1 107
[Anchorage=1] 0’ 0
[CrossSection=1] 2.605 2743 902 1 342
[CrossSection=2] 21782 | 6146.116 .000 1 997
[CrossSection=3] 0" | . 0
[vy=1] 2515 2,051 1,626 1 202
[vy=2] 3.424 1708 4019 1 045
[vy=3] 1122 2.260 247 1 520
[vy=4] 211 1142 034 1 354
[fvy=5] 0" | . 0
[CrackGontroalGheck=0] -071 1.826 002 1 959
[CrackGontroalGheck=1] o | . 0

C Intercept 19.818 7.268 7.195 1 007
fcMPa 038 023 2.864 1 091
ad 803 1.185 459 1 498
bw_dm 732 788 864 1 353
ds_dm 263 438 360 1 548
sd -108 302 124 1 725
rhoshearlong. Steel -253 1.101 053 1 818
thostirrup 3473 6.067 328 1 567
[ag=2] 147 1836 006 1 936
[3g=3] o | 0
[fy=1] 16.655 | 9B877.346 000 1 999
[fv=2] 18.087 2683 | 45461 1 000
y=3] 18.007 2023 | T79.217 1 000
fy=4] 16.282 000 1
[fy=5] o | 0
[Anchorage=0] 4530 2505 3.270 1 o7
[Anchorage=1] Db . 0
[CrossSection=1] 1169 | 3644.457 000 1 1.000
[CrossSection=2] 17 .000 1
[CrossSection=3] o | 0
[fry=1] 15.633 | 3640.765 .000 1 997
[fy=2] 2755 3.192 745 1 388
[fy=3] 2321 2987 604 1 437
fvy=4] 788 1616 238 1 626
[fy=5] o | 0
[CrackControalGheck=0] | -16.817 .000 1
[CrackControalCheck=1] Ob . 0

a. The reference category is: B.




4.4.2 Deep Beams

According to the Australian Code there are only 22 number of deep
beams in our database. Fig. 4.12 plots the predicted shear strength from
Australian Code (Vn) Vs the tested shear strength (Vi). Also descriptive

statistics have been presented in Table 4.31.

V-Tested vs V-Predicted
AS 3600

4] 1(‘30 2&0 3“30 40‘0 5&0 E‘IJD ?éﬂ 8“30
V.

Figure 4.12

Tested Shear Strength V; Vs Predicted Shear Strength V,, - AS 3600- Deep Beams

Table 4.31
Descriptive statistics of Vi/ Vi, - AS 3600 - Deep
Beams
Vv f,-’q’:rr
Mean 1.51
Standard Deviatiod 0.19
Range 0.66
Mindmum 1.22
Maxdimum 155

It should be noted that all the points in Fig.4.11 has plotted above the

perfect fit line and also the minimum value for the Vi/V, is 1.22. This gives




an indication of the conservativeness of Australian Code guidelines on
deep beam design.
Unfortunately the multinomial logistic regression could not be used

for this method due to the lack of data.

4.5 Japanese Code ( JSCE SP-1)

According to the guide lines given in JSCE beams in the data base can be
classified in to two categories and the number of beams in each category is

given bellow:

Total number of Slender Beams - 698
Slender beams without shear reinforcement - 519
Slender beams with shear reinforcement - 179

Total number of Deep beams - 16

4.5.1 Slender Beams without Shear Reinforcement

V,=0.98,8,B.Yf, b,d (4.11)
Predicted shear strength (Vn) Vs the Tested shear capacity (Vi). and

the descriptive statistics of Vi/Vy ratio is given in the table below.

Complete results of Multinomial logistic regression of this method is
also given in Appendix B. Only the “Parameter Estimates” table has been

presented here (Table 4.33).




V-Tested Vs V- Predicted
JSCE SP-1
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Figure 4.13
Tested Shear Strength V, Vs Predicted Shear Strength V,, - JSCE-Beams without Shear

r/f

Table 4.32
Descriptive statistics of Vi/V,, - JSCE- Beams
without Shear r/f
V.V,
Mean 1.61
Standard Deviation 0.90
Range 5.46
Minimum 0.69
Maximum 6.15




Table 4.33

Parameter Estimates - JSCE beams without Shear reinforcement

Y B Std_Error | Wald i Sig, Exp(B)
A Intercept -.551 1.176 220 639
ad -509 096 | 27.898 .000 601
fcMPa -032 008 17.462 .000 969
[CrackcontrolRF=(] 20624 | 5387.605 .000 997 | 9.059E8
[CrackcontrolRF=1] 0°
[ag=1] 866 429 4.073 044 2.377
[ag=2] -100 345 084 772 905
[ag=3] 0°
[CrossSectionalShape=2] 1.258 430 8.548 003 3.517
[CrossSectionalShape=3] 0°
[fy=1] 2.371 1.159 4.184 041 10.712
[fy=2] 2.167 1.180 3.376 066 8.736
= 1.8492 1.7 - . b
[fy=3] 1.895 1.107 2.929 087 6.652
fy=4 1.005 1.071 881 348 2732
[y
[fy=51] 366 1.057 120 729 1.442
[fy=6] 0°
rhoshearlong.Steel 1.121 155 | 52.146 .000 3.068
C Intercept -20.161 1171 | 296.643 .000
ad 329 168 3.827 050 1.38
fcMPa 014 .008 2.804 094 1.01
[CrackcontrolRF=0] 538 | 9250617 000 1.000 58
[CrackcontrolRF=1] 0°
[ag=1] -310 811 146 702 73
[ag=2] 486 459 1121 290 1.62)
[ag=3] 0"
[CrossSectionalShape=2] -1.350 974 1.922 166 25
[CrossSectionalShape=3] 0° : :
[fy=1] 17.912 996 | 323.351 000 | 50144671.49
[iy=2] 18.017 994 | 328538 000 | 66760558.84
[iy=3] 16.846 900 | 350.305 000 | 20698226.65
[fy=4] 16.855 854 | 389475 000 | 20885420.12
[iy=5] 16.246 .000 11364089.85
[fy=6] 0°
thoshearlong.Steel -.060 264 051 821 94

a. The reference category is: B.




Seven numbers of parameters have been identified to effect the shear
strength prediction from JSCE. Namely they are: Compressive Capacity of
Concrete (f'c), Presence of Crack Control Reinforcement, Maximum
Aggregate size, Cross Sectional Shape, Yield strength of tensile
reinforcement and Percentage Area of Tensile Reinforcement (p). The

influence of only one parameter can be clearly identified as:

1) Effective depth to shear span ratio (a/d) - With the increase of the
a/d ratio JSCE SP-1 tends to over predict the shear strength of a

beam.

Estimating Critical Values for parameters affecting the Accuracy.

Estimation for critical values of a/d ratio affecting the accuracy of
this method are given below. Complete output of this process is given in
Appendix C.

1) JSCE SP-1 tends to over predict the shear strength of a beam without

shear reinforcement when a/d ratio is approximately greater than 6.0

4.5.2 Slender Beams with Shear Reinforcement

, A f 4 (4.12)
V,=0.9B,8,B,3fa b,d+ — 2z
s

The predicted shear strength from above equation (V.) Vs the tested
shear strength (Vi) are given in Fig.4.14. Also descriptive statistics have

been presented in Table 4.34.
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Figure 4.14 Ve
Tested Shear Strength V, Vs Predicted Shear Strength V, - JSCE-Beams with Shear r/f

Table 4.34
Descriptive statistics of Vi/V,, - JSCE - Beams
with Shear r/f
V qu"’ n
Mean 1.21
Standard Deviation 0.22
Range 1.19
Minimum 0.63
Maximum 1.82

Complete results of the Multinomial logistic regression using SPSS
software is given in Appendix B. The “Likelihood Ratio Test” table and

“Parameter Estimates” table of the SPSS output have been presented below.




Table 4.35
Likelihood Ratio Test - JSCE- Beams with Shear r/f

Model Fitling Criteria Likelihood Ratio Tests
-2 Log
Likeliho
AIC of BIC of od of
Reduce Reduce Reduce Chi-

Eifect d Model d IModel d Model sSquare df Sig.
Intercept 230.699 370.944 1427E2 000 0

rhostirrup 262.210 396.080 178.210 35511 2 .000
rhoshearlong Steel 254231 388101 170.231 27 532 2 000
ad 239.225 373.095 155.225 12.526 2 002
sd 243707 377577 159.707 17.008 2 .000
ds_dm 227 853 361.723 143 853 1.154 2 562
bw_dm 228 969 362.839 144 969 2270 2 an
fcMPa 234.391 368.261 150.391 7.691 2 021
CrackControalCheck 228224 362.094 144 224 1.524 2 ABT
Anchorage 234.949 368.819 150.949 8.250 2 016
iy 241.078 355824 169.078 26.379 8 001
Ty 229672 331.668 165672 22 972 12 028
ag 228 967 362.837 144,967 2.267 2 322
CrossSection 233.958 367.828 145 958 7.259 2 027

The multinomial logistic regression results shows eight parameter which
affect the accuracy of the Japanese Code shear predictions of beams with
shear reinforcement. But unfortunately their effect on the accuracy of the
method can not be clearly identified. Parameters influencing the accuracy
are : Concrete Grade, f'c, Effective Depth, Percentage of Longitudinal
Tensile Steel for Shear , p, Proximity of rigid support to point load, a/d,
Yield Strength of Long. Tensile Steel, fy, Cross Sectional Shape and

Anchorage of longitudinal Tensile Steel.




Table 4.36, Parameter Estimates - JSCE Beams with Shear r/f

a B Std. Error wald dr Sig.
Intercept 7.608 3.155 5816 1 018
rhostirrup -8.910 2.181 16.693 1 000
rnoshearlong. Steel 2.208 585 14.243 1 000
ad 2198 698 9924 1 002
sd -823 237 12.050 1 001
ds_dm 237 235 1.020 1 312
bw_dm -230 418 304 1 582
fcMPa -014 015 aa7 1 360
[CrackControalCheck=0] 17.007 | 4309.385 000 1 937
[CrackControalCheck=1] 0° 0
[Anchorage=0] 481 759 401 1 527
[Anchorage=1] 0° 0

= -4 . R tu R
[fwy=1] 4633 1913 5.865 1 015
[fvy=2] 331 1.259 069 1 792
[fvy=23] -2.655 1,639 2626 1 108
[fvy=4] 125 1.104 013 1 910
[fvy=5] 0° | . . 0
[fy=0] 19.059 | 5898757 000 1 997
[fy=1] 22032 | 2030892 000 1 991
Ify=2] - 642 1.508 181 1 BT1
[fy=3] 999 1.369 532 1 AB6
[fy=4] -1.894 1.568 1.458 1 227
[fy=5] 791 1670 224 1 636
[fy=6] 0°¢ 0
[ag=2] 1.145 858 1779 1 182
[ag=3] 0°¢ 0
[CrossSection=1] -5.738 3.886 3.007 1 083
[CrossSection=3] 0°¢ 0
Intercept -16.653 | 1728748 000 1 992
rhostirrup 4287 2975 2076 1 150
rhoshearlong. Steel -2.443 1.819 1.805 1 ATS
ad 483 1.830 070 1 792
sd -316 444 506 1 ATT
ds_dm - 168 600 079 1 779
bw_dm 2.079 1688 1517 1 218
fcMPa 074 039 3.610 1 057
[CrackControalCheck=0] 7.212 | 8092570 000 1 999
[CrackControalCheck=1] o 0]
[Anchorage=0] -4.558 2396 3.619 1 057
[Anchorage=1] 0° 0
[fwy=1] 3610 | 2410746 000 1 999
[fvy=2] 14.738 | 1728730 000 1 993
[fvy=3] 19.985 | 1728732 000 1 991
[fvy=4] 20546 | 1728732 000 1 991
[fvy=5] o° 0
[fy=0] -1.103 000 1
[fy=1] 3424 | 5299096 000 1 999
[fy=2] -3.902 3.269 1.425 1 233
[fy=3] -8.390 5227 2576 1 108
[fy=4] -3.220 2519 1.634 1 201
[fy=5] 22545 | 3161814 000 1 994
[fy=6] 0° 0
[ag=2] 1578 3202 243 1 622
[ag=3] 0° 0
[CrossSection=1] 15.465 10.379 2220 1 136
[CrossSection=3] 0° 0

a. The reference category is: B.




4.5.2 Deep Beams

According to the Japanese Code there are only 16 number of deep
beams in our database. Fig. 4.15 plots the predicted shear strength from
Australian Code (Vn) Vs the tested shear strength (Vi). Also descriptive

statistics have been used in Table 4.37.

V-Tested vs V-Predicted
JSCE SP-1
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Figure 4.15
Tested Shear Strength V. Vs Predicted Shear Strength V,, - JSCE- Deep Beams
Table 4.37
Descriptive statistics of Vi/V, - JSCE - Deep
Beams
ViV,
Mean 1.26
Standard Deviation 0.22
Range 0.70
Minimum 0.91
Maximum 1.61

Unfortunately due to the lack of data multinomial logistic regression could
not be used for this method for the identification of the parameters affecting the
accuracy of this method.




4.6 Canadian Code ( CSA A23.3)

According to the guide lines CSA A23.1:

Total number of Slender Beams - 507
Slender beams without shear reinforcement - 381
Slender beams with shear reinforcement -126

Total number of Deep beams - 75
4.6.1 Slender Beams without Shear Reinforcement

4.6.1.1 Simplified Method

when d < 300mm
V, =0.167/£ b, d
d > 300mm

A (10%%0 d]f d (4.13b)

Predicted shear strength using above equations (Va) Vs the tested shear

(4.13a)

strength (Vi) given in Fig.4.16. Also descriptive statistics have been
presented in Table 4.38.

Complete results of multinomial logistic regression analysis using SPSS
software is given in Appendix B and only the “Parameter Estimates” table

has been presented here (Table 4.30).

Table 4.38
Descriptive statistics of Vi/V, - CSA A23.3 -
Simplified Method - Beams with Shear r/{

Vv i/ A% 7
Mean 1.48
Standard Deviation 0.601
Range 3.88
Minimum 0.45
Maximum 4.33




V-Tested Vs V- Predicted
CSA-A23-Simplified Method
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Figure 4.16
Tested Shear Strength Vt Vs Predicted Shear Strength Vn - CSA A23.3 - Simplified
Method - Beams without Shear r/f

Six parameters have been identified to influence the accuracy of this
method. Namely they are: Compressive Capacity of Concrete (f'c), Effective
depth to shear span, a/d ratio, Percentage Area of Tensile Reinforcement
(p), Cross Sectional Shape, Maximum Aggregate size and Presence of Crack
Control Reinforcement. The influence of only three parameters can be

clearly identified as:

1) Compression capacity of concrete (f'c) - CSA - A23.3 Simplified
Method tends to over estimate the shear strength of beams
when compression capacity of concrete increases

2) Percentage Area of Tensile Reinforcement p - CSA A23.3 tends to
under predict the shear strength of beams when percentage of

longitudinal tensile steel increases.




3) Crack control reinforcement - It can be identified that the CSA -
A23.3 Simplified method has underestimated the influence of

crack control reinforcement on shear strength of a beam.

Table 4.39, Parameter Estimates - CSA A23.3 - Simplified Method- Beams without

Shear r/f

s B Std. Error Wald df Sig. Exp(B)

A intercept 1.254 961 1.703 1 192
fcMPa -077 015 | 27.389 1 .000 926
ad -.820 269 9.308 1 002 440
roshearlong. Steel 2.754 437 | 39720 1 .000 15.707
[CrossSeciionalShape=2] 3.330 1.295 6.607 1 010 | 27.940
[CrossSectionalShape=3] o® | ) 0 )
[ag=1] 210 598 123 1 725 1.234
[ag=2] 246 457 290 1 590 1.279
[ag=3] i ) 0 )
[CrackcontrolRF=0] 2.626 982 7.182 1 007 | 13.819
[CrackcontrolRF=1] o 0

c Intercept 533 1.319 163 1 686
fcMPa 066 015 | 19.106 1 .000 1.068
ad 198 381 270 1 804 1.219
rmoshearlong. Steel -3.559 770 | 21.245 1 .000 028
[CrossSectionalShape=2] | -14.682 .000 1 4.204E7
[CrossSectionalShape=3] Gb . . 0 .
[ag=1] 582 741 847 1 357 1.978
[ag=2] -1.657 676 6.009 1 014 191
[ag=3] o 0
[CrackcontrolRF=0] -2.501 1.186 4.445 1 035 082
[CrackcontrolRF=1] o° | _ 0

a. The reference category is: B.

Estimating Critical Values for parameters affecting the Accuracy.

Estimation for critical values of a/d ratio affecting the accuracy of
this method has been given below. Complete SPSS output of this process is
given in Appendix C.

1) CSA A23.3 tends to over predict the shear strength of a beam without
shear reinforcement when Compression capacity of concrete, (f'c) is
approximately greater than 35 MPa

2) CSA A233 tends to under predict the shear strength of a beam
without shear reinforcement when Percentage Area of Tensile

Reinforcement, p is approximately greater than 1.25%.




4.6.1.2 General Method

Vv, =Bfb,d, (4.14)
Predicted shear strength using above equations (Vn) Vs the tested
shear strength (Vi) are given in Fig.4.17. Also descriptive statistics have
been presented in Table 4.40.
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Figure 4.17
Tested Shear Strength V. Vs Predicted Shear Strength V, - CSA A23.3 - General
Method- Beams without Shear r/f

Table 4.40
Descriptive statistics of Vi/V, - CSA A23.3 -
General Method- Beams without Shear r/f

V.V,
Mean 1.12
Standard Deviation 0.29
Range 2.15
Minimum 0.57
Maximum 272




Complete results of multinomial logistic regression analysis using SPSS software is

given in Appendix B and only the “Parameter Estimates” table has been presented

here (Table 4.30).

Table 4.41, Parameter Estimates - CSA A23.3 - General Method-Beams without

Choar +/f
Parameter Estimates
A B Std. Error Wald df Sig, ExpiB) |
A Intercept 3.286 757 18.853 .000

fcMPa -.033 011 9.601 .002 967
ds_dm -.348 112 9.601 ooz 708
ad - 776 130 35.453 .000 A60
rhoshearlong.Steel .881 168 27.521 .000 2412
[CrossSectionalShape=2] 2.496 510 23.993 .000 12.132
[CrossSectionalShape=3] Db

[ag=1] -1.087 833 4167 041 337
[ag=2] -.953 419 5185 .023 386
[ag=3] 0"

Intercept -5.827 1.142 23.429 .000

fcMPa 063 o1 35.599 .000 1.065
ds_dm .205 o077 6.979 008 1.227
ad 638 216 8.704 003 1.894
rhoshearlong. Steel -1.088 277 15.373 .000 337
[CrossSectionalShape=2] -1.421 1.360 1.082 296 241
[CrossSectionalShape=3] Db

[ag=1] 1.788 600 8.885 003 5979
[ag=2] 70 501 15 735 1.185
[ag=3] o°

a. The reference category is: B.

Six parameters have been identified to influence the accuracy of this

method, namely: Compressive Capacity of Concrete (f'c), Effective depth, d,

Effective depth to shear span, a/d ratio, Percentage Area of Tensile

Reinforcement (p), Cross Sectional Shape, Maximum Aggregate size and

The influence of four parameters that can be clearly identified as:




1) Compression capacity of concrete (f'c) - CSA A23.3 General
Method tends to over estimate the shear strength of beams
when compression capacity of concrete increases

2) Effective Depth (d) - CSA A23.3 General Method tends to over
predict the shear strength of beams when Effective depth
increases.

3) Effective depth to shear span ratio (a/d) - CSA A23.3 General
Method tends to over predict the shear strength of beams when
a/d ratio increases.

4)Percentage Area of Tensile Reinforcement p - CSA A23.3 General
Method tends to under predict the shear strength of beams

when percentage of longitudinal tensile steel increases.

Estimating Critical Values for parameters affecting the Accuracy.

Estimation for critical values of a/d ratio affecting the accuracy of
this method has been given below. Complete SPSS output of this process is
given in Appendix C.

1) CSA A23.3 General Method tends to over predict the shear strength
of a beam without shear reinforcement when Compression capacity of
concrete, (f'c) is approximately greater than 50 MPa.

2) CSA A23.3 General Method tends to over predict the shear strength
of a beam without shear reinforcement when Effective Depth (d) is
approximately greater than 600mm.

3) CSA A23.3 General Method tends to over predict the shear strength
of a beam without shear reinforcement when a/d ratio is

approximately greater than 4.0.




4) CSA A23.3 General Method tends to under predict the shear strength
of a beam without shear reinforcement when Percentage Area of

Tensile Reinforcement, p is approximately greater than 1.75%.

4.6.2 Slender Beams with Shear Reinforcement
4.6.2.1 Simplified Method

(4.15)

V,=0.167,/tb,d + Avsfyd

The predicted shear strength from above equation (Vi) Vs the tested
shear strength (Vi) given in Fig.4.18. Also descriptive statistics have been
included in Table 4.42.

V-Tested Vs V- Predicted
CSA A23 - Simplified Method
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Figure 4.18 Ve
Tested Shear Strength Vi Vs Predicted Shear Strength V, - CSA A23.3 - Simplified
Method - Beams with Shear r/f




Table 4.42
Descriptive statistics of Vi/V, - CSA A23.3 -
Simplified Method- Beams with Shear r/f

'||'r__? r,-"i" .
Mean 1.29
Standard Deviation 0.25
Range 1.17
Minimum 0.69
Maximum 1.86

Complete results of the Multinomial logistic regression using SPSS software

is given in Appendix B. The “Likelihood Ratio Test” table and the

“Parameter Estimates” table of the SPSS output have been presented below.

Table 4.43
Likelihood Ratio Test - CSA A23.3 - Beams wit Shear r/f
Model Fitting Criteria Likelihood Ratio Tests
-2 Log
Likeliho
AIC of BIC of od of
Reduce Reduce Reduce Chi-
Fifect d Model d Model d Model Square df Sig.
Intercept 106.725 135.088 B85.725" 000 0
fchMPa 118.512 141.202 102.512 15.787 2 2000
CrackControalCheck 109.662 132.352 93.662 6.937 2 031
ad 114.600 137.291 98.600 11.876 2 003
rhoshearlong. Steel 166.433 189123 150.433 63708 2 2000

Table 4.44, Parameter Estimates - CSA A23.3 - Simplified Method-Beams with

Shear r/f
Y B Std Eror | Wald df Sig. Exp(B)
A Intercept 2879 1.878 2349 1 125
fcMPa -035 015 5.314 1 021 965
[CrackControalCheck=0] | -15.230 | 4438502 .000 1 997 | 2431E7
[CrackControalCheck=1] 0° |- . 0
ad -2.239 695 10.363 1 001 107
rhoshearlong Steel 2.990 712 17.633 1 000 19.879
c Intercept 13.359 14.286 875 1 350
fcMPa 057 027 4513 1 034 1.059
[CrackControalCheck=0] | -23.411 000 1 6.804E-11
[CrackControalCheck=1] o° |- . 0
ad -4.418 4911 809 1 368 012
rhoshearlong Steel -3.053 1.337 5.217 1 022 047
a. The reference category is: B.




Four parameters can be identified to affect the accuracy of the
general method for beams with shear reinforcement. They are:
Compressive Capacity of Concrete (f'c), Effective depth to shear span, a/d
ratio, Percentage Area of Tensile Reinforcement (p) and Presence of Crack
Control Reinforcement. The influence of Compressive Capacity of Concrete
can be clearly identified as:

1) When of Compressive Capacity of Concrete increases Canadian

Simplified method tends to over predict the shear strength of beams

with shear reinforcement.

4.6.2.2 General Method

, 41
Vv, =BJfb,d, + ALy g (4.16)

s
The predicted shear strength from above equation (V.) Vs the tested
shear strength (Vi) are given in Fig.4.19. Also descriptive statistics have

been used in Table 4.45.

V-Tested Vs V- Predicted
CSA A23 - General Method
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Figure 4.19

Tested Shear Strength Vt Vs Predicted Shear Strength Vn - CSA A23.3 - General

Method - Beams with Shear r/f




Table 4.45
Descriptive statistics of Vi/V, - CSA A23.3 -
General Method- Beams with Shear r/f

V./V,
Mean 1.12
Standard Deviation 0.22
Range 1.10
Minimum 0.60
Maximum 1.70

Complete results of the Multinomial logistic regression using SPSS
software is given in Appendix B. The “Likelihood Ratio Test” table and
“Parameter Estimates” table of the SPSS output for Stepwise Logistic

Regression are presented below.

Table 4.46
Likelihood Ratio Test - CSA A23.3 - General Method Beams with Shear r/f
Model Fitting Criteria Likelihood Ratio Tests
-2 Log
Likeliho
AlC of BIC of od of
Reduce Reduce Reduce Chi-
Effect d Model d Model d Model Square df Sig.
Intercept 174 655 248.398 1.227E2 .000 0
rhostirrup 182.396 250467 134.396 11.741 2 003
sd 183141 251.212 135.141 12.486 2 002
ds_dm 209.815 277.88B5 161.815 39.160 2 .000
Ty 193.022 244 075 157.022 34 367 8 .000
Twy 181.000 232.053 145.000 22345 8 004
ad 178.917 246988 130.917 8.262 2 016

Four parameters have been identified to influence the accuracy of
this method namely: Effective depth, d, Stirrup spacing to Effective depth,
s/d ratio, Percentage Area of Shear Reinforcement (py), Yield strength of

longitudinal tensile steel), Yield strength of Shear steel and Shear Span to




Effective depth, a/d ratio. Influence of Percentage Area of Shear
Reinforcement (pv), can be clearly identified from this study. Interestingly,
the estimated values for regression coefficients in logistic regression Model
A and Model B have become a negative value for this parameter. This
implies when the Percentage Area of Shear Reinforcement increases the
probability of shear strength being under predicted as well as the
probability of shear strength being over predicted decreases. So we can

conclude:

1) Percentage Area of Shear Reinforcement p, - CSA A23.3 General
Method tends to accurately predict the shear strength of beams

when percentage of longitudinal tensile steel increases.




Table 4.47, Parameter Estimates - CSA A23.3 - General Method-Beams with Shear r/f

e B Std. Error | Wald df Sig. Exp(B)
A Intercept 41540 | 124.827 A1 1 739
rhostirrup -8.216 3.506 5.493 1 019 000
sd 786 282 7.761 1 005 455
ds_dm -3.435 1.043 10.850 1 .001 032
[fy=1] 7.139 | 6484.825 000 1 999 | 1260.071
[fy=2] 11.317 4.141 7.470 1 006 | 1217E5
fy=2] -16.780 | 124.338 018 1 893 | 5.159E-8
[fy=4] 19774 | 124.351 025 1 874 | 2.584E9
[fy=5] 0° 0
[foy=1] 3.977 1.598 6.198 1 013 53.369
[fey=2] 107 961 012 1 912 1112
[fvy=2] 9475 | 124216 .006 1 939 | 7.673ES5
[fvy=4] -1.537 1.039 2.190 1 139 215
[fvy=5] 0° 0
ad -2.051 B71 5.541 1 019 129
c Intercept 6.119 9.389 425 1 515
mostirup | -23.306 10.900 4572 1 032 | 7.556E-11
sd 034 308 012 1 912 1.034
ds_dm 925 668 1.919 1 166 2,523
Ify=1] 5.469 000 1 237.292
[fy=2] 2135 1.548 1.902 1 168 8.454
[fy=3] 257 1.295 039 1 843 1.293
[fy=4] 6.518 5.193 1.575 1 209 £76.939
[fy=5] o° | . 0 :
[fvy=1] -11.979 | 6378.725 .000 1 999 | 6.275E-6
[fvy=2] -1.960 1.810 1.173 1 279 141
[fvy=3] 2,596 3.277 628 1 428 13.409
[fvy=4] -792 1.532 267 1 605 453
[fvy=5] 0° 0
ad -.202 815 061 1 804 317

a. The reference category is: B.




4.6.3 Deep Beams

According to the Canadian Code guidelines 62 beams could be
categorised as deep beams. The predicted shear strength by the Canadian
Code Vs the Tested shear strength is plotted below in Fig.4.20.
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Figure 4.20

Tested Shear Strength V Vs Predicted Shear Strength V, - CSA A23.3-Deep Beams

Table 4.48
Descriptive statistics of Vi/V, - CSA A23.3 -
Deep Beam
V .*/"V H

Mean 1.61
Standard Deviation 0.39
Range 1.87
Minimuam 0.54
Maximum 2.40




The complete multinomial logistic regression results for this model has
been given in Appendix B and only the “Case Processing Summary” and

“Model Fitting Information” tables have been presented here.

Table 4.49, Model Fitting Information - CSA A23.3 - Deep Beams

Model Fitting Criteria Likelinood Ratio Tests
2 Log
Likelino Chi-
Model AIC BIC od Square df Sig.
Intercept Only |  45.493 49747 | 41.493
Final 58.509 | 109.561 10.509 30.983 22 096

As we can see from the Case Processing Summary table more than 90% of
the predictions have fallen into the category “A” of the dependent variable.
Only two and three cases are there in category “B” and “C” respectively.
This type of situations weakens the logistic regression model. Therefore the
non-significant value in the Model Fitting Information table above indicates
that our regression model can not be considered as a good model.
Therefore we can not identify parameters affecting the accuracy of the
method. But it can be seen that more than 90% of predictions are in the

conservative side.




Table 4.50, Case Processing Summary - CSA A23.3 - Deep Beams

Marginal
N Percentage
Y A a7 91.9%
B 3.2%
C 4 8%
Cross Sectional Shape 0 43 69.4%
1 8 12.9%
2 T 11.3%
3 4 6.5%
ag 0 4 6.5%
2 3 50.0%
3 27 43.5%
Anchorage 0 20 32.3%
1 42 67 7%
Overall Crack Control 1 52 100.0%
Check
Ty 2 15 24 2%
3 27 43 5%
4 16 25.8%
6 4 6.5%
Valid 52 100.0%
Missing 0
Total 52
Subpopulation 61°




4.6 Shear Friction

According to the guide lines Proposed by Loov (1998):
Total number of Slender Beams - 507
Slender beams without shear reinforcement - 381

Slender beams with shear reinforcement - 126

4.6.1 Slender Beams without Shear Reinforcement

4.17
Vn = V45£ + Mcr ( )
a a

cl cl

Predicted shear strength using above equations (Vn) Vs the tested shear
strength (Vi) given in Fig.4.21. Also descriptive statistics have been in Table
4.51.

V-Tested Vs V-Predicted
CSA A23.3
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Figure 4.21
Tested Shear Strength V, Vs Predicted Shear Strength V, - Shear Friction method-Beams
without Shear r/f




Table 4.51
Descriptive statistics of Vi/V, - Shear Friction
Method - Beams without Shear r/f

V./V,
Mean 1.53
Standard Deviation 0.64
Range 3.84
Minimum 0.59
Maximum 443

Complete results of multinomial logistic regression analysis using SPSS software is
given in Appendix B and only the “Parameter Estimates” table has been presented

here (Table 4.42).

Table 4.52, Parameter Estimates - Shear Friction Method - Beams without Shear r/f

a

Y B Std. Error Wald df Sig, ExpiB)

A Intercept -4.235 1.274 11.055 1 001
rhoshearlong.Steel 2122 624 11.555 1 001 8.346
fcMPa o072 025 8.145 1 004 1.075

c Intercept 24972 1.313 5127 1 024
rhoshearlong.Steel -2.704 1.049 6.639 1 010 067
fcMPa -.003 033 .008 1 528 997

a. The reference category is: B.

Two parameters have been identified to influence the accuracy of this method.
Namely they are: Area of Tensile Reinforcement (p) and Compressive
Capacity of Concrete (f'c). The influence of one parameter can be clearly

identified as:

1) Percentage Area of Tensile Reinforcement p - Shear Friction
Method tends to under predict the shear strength of beams

when percentage of longitudinal tensile steel increases.




Estimating Critical Values for parameters affecting the Accuracy.

Estimation for critical values of a/d ratio affecting the accuracy of

this method is given below. Complete SPSS output of this process is given

in Appendix C.
1) Shear Friction Method tends to over predict the shear strength

of a beam without shear reinforcement when Area of Tensile

Reinforcement (p) is approximately greater than 1.5%.

4.7.2 Slender Beams with Shear Reinforcement

d 1/2
\A =k(CTV—Sj -T, (4.18)

S

Predicted shear strength using above equations (V.) Vs the tested

shear strength (Vi) given in Fig.4.20. Also descriptive statistics have been in

Table 4.43.

Table 4.53
Descriptive statistics of Vi/Vy, - Shear Friction
Method - Beams with Shear r/f

vV i/ v n
Mean 3.08
Standard Deviation 1.12
Range 4.61
Minimum 0.81
Maximum 5.43
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Figure 4.22
Tested Shear Strength V; Vs Predicted Shear Strength V,, - Shear Friction method
- Beams with Shear r/f

As we can see in the Figure above this method tends to give excessively
conservative shear predictions. As there are very few data points in the
category B and C of the dependent variable, it is not possible to do a

multinomial logistic regression analysis.




4.8 Results of Industrial Survey

é Ewvaluation of Shear Design Procedures Adopted in Industry for Reinforced
e Concrete Design
L]
QUESTIONNAIRE
1 |What are the Shear Design methods you usually use?
BS Code Method-100% Australian Code Method-4% Japanese Code Method-0%
Euro Code Method-7% ACI Code Method-0% Canadian Code Method-0%
Other
2 |How comfortable are you in using usual code equations, tables etc?
Easy process-43% Moderate process-36% Tedious process-1%
53 |What is the most convenient code you use in the design of reinforced concrete
beams for shear? BS 8110 (100%)
4 |How often do you come across situations in which shear design is governed by the
limits imposed by the codes?
Frequently-51% Rarely-37% Never-12%
5 |How often do you feel design guidelines are over conservativer
Frequently-27% Rarely-57% Never-16%o
6 |How often do you feel design guidelines are not adequate?
Frequently-7% Rarely-49%% Never-44%
7 |How have you overcome these situations of lack of sufficient guidelines?
Go for Expertise-30%  Refer Hand Books-69% Refer Research Papers-7%
Any other method — All three methods above-3%, Internet search- 3%,
8 |How often do you use research information in design office practicer
Frequently-4% Rarely-75% Never-21%
9 | Do current codes of practice provide sufficient guidelines to understand the shear
behaviour as opposed to design?
Yes-24% To a certain Extent-64% No-12%
10| What are the structural elements you often design which require special attention
on shear designing?
Beams-81% Slabs-26% Deep Beams-32%
Footings-60% Walls-8% Columns-58%
Any other elements
Figure 4.23 a

Results of Industrial - Survey Page 1




Evaluation of Shear Design Procedures Adopted in Industry for Reinforced

\:/ Concrete Design
Rz

QUESTIONNAIRE

1

—

If you use several Codes for shear designing what is the basis for selecting a
particular design method for shear calculations?
Based on the Element-28% Based on the Parameters- 22%
Use only one method-56% Any other Basis-3%
Please give a brief explanation about your basis

12

In vour opinion what are the parameters that would influence shear design?
Concrete Grade-74% Depth of the Beam-90% Amount of Flexural Tensile Steel-62%
Spacing of stirmups-53% Area of Shear steel-36% Width of the Beam-74%
Aggregate size-1%  Yield Strength of Flexural Tensile Steel-24%

Any other parameters

Out of the following list have you heard a procedure outside the coder
Truss model-28% Compression Field Theory-6%o

Shear Friction -3% Modified Compression Field Theory-0%
None-72%

14

Is shear design a critical problem in structural design practice for members
without shear links?
Yes-69% No-31%

._.
wn

Is shear design a critical problem in structural design practice for members with
shear links?
Yes-38% No-62%

16

Are we designing for shear or avoiding it by elimination of shear failures prior to
flexural failurer
Designing for Shear-64% Avoiding Shear Failures-36%

Have you experienced any shear failure in your careerr
Yes-23% No-75%

How often would you end up with problems related to shear being unresolved?
Frequently-1% Rarely-58% Never-40%

Figure 4.23 b
Results of Industrial - Survey Page 2




4.9 Discussion
Beams without Shear Reinforcement

There are four major parameters affecting the shear strength of
reinforced concrete beams; Longitudinal Reinforcement Ratio, p; Tensile
Strength of Concrete; Shear Span to Depth Ratio, a/d ; and Depth of the
Beam. Most of the design methods have identified these parameters as key
parameters governing the shear strength of a reinforced concrete beam. But
unfortunately, this study shows that still these parameters significantly
affect the accuracy of the shear strength predictions, indicating the inability
of design methods to properly identify the influence of these parameters on
the shear strength. Apart from that several other parameters have been
identified to influence the accuracy of the shear strength predictions
namely: Maximum Aggregate size, Presence of crack control reinforcement:
Cross sectional shape and Yield strength of longitudinal tensile steel.
Influence of these parameters on the accuracy of shear strength predictions
of each design method are discussed below.

First, the Area Ratio of Longitudinal Tensile Reinforcement has a
pronounced effect on the basic shear transfer mechanisms. An important
factor that affects the rate at which a flexural crack develops into an
inclined one is the magnitude of the shear stress near the top of the crack.
The intensity of principal stress above flexural crack depends on the depth
of the penetration of the crack. The greater the value of p the lesser the
penetration of the flexural cracks resulting in lesser principal stresses for a
given applied load. Consequently the greater must be the shear required to
cause the principal stresses that will result in diagonal tension cracking
(Elzanaty, Nilson and Slate, 1986). Increase of p also increases the dowel
capacity of the member which will also give rise to higher shear capacity of
the beam. Also increasing p affects the aggregate interlocking capacity.
Beams with low p will have wide, long cracks in contrast to the shorter

narrower cracks found in beams with high p. As aggregate interlock




capacity depends on the crack width, increasing p will increase the
aggregate interlocking capacity. Most of the design methods considered in
this study under estimates these favourable effects of longitudinal tensile
reinforcement on the shear strength of reinforced concrete beams. ACI
Code, BS Code, Canadian Code-General Method and Shear Friction

Method are examples for it.

It has been identified by various researchers that the shear strength
of a beam decreases with the increase of the depth of the beam (d or h).
This effect can be seen clearly from this study too. As mentioned in the
literature review, the reason for this may be that, as the depth of the beam
increases the crack widths at points above the main reinforcement tend to
increase. This leads to reduction in aggregate interlock across the crack,
resulting a lower shear capacity. Results of this study shows that the ACI
Code, Australian Code and Canadian Code-General methods have failed to
properly identify this effect while the BS Code, Japanese Code and Shear
Friction Methods seems to identify this effect properly. Figure 4.23
illustrate the variation of shear stress of a beam section with the effective

depth according to several design methods.

Variation of Shear Stress with the Effective Depth
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Figure 4.24
Variation of Predicted Shear Stress at the Critical Section with the Effective Depth




It can be seen from Fig.4.33, the predicted shear stress at the critical section
from BS and Japanese Code methods decrease with the effective depth
while the shear stress predicted from the ACI Code method remains a

constant. In fact, both BS and Japanese Codes take shear capacity

A
Va (%) . Results of this study shows that this approach is much

accurately predict the actual behaviour of the beams.

The inclined cracking load is a function of the tensile strength of the
concrete. As a result of this, the shear strength of concrete depends on the
compressive strength of concrete, f'c. Tensile strength of concrete increases
with the compressive strength of the concrete. But the relationship is not
linearly proportional. Also up to cracking load, shear is resisted mostly by
the shear stresses in concrete. After cracking, shear is resisted by aggregate
interlock, dowel action of main reinforcement and the resistance of
uncracked concrete at top of the beam. The aggregate interlock capacity
depends strongly on the crack width and the surface roughness of the
crack. Various researchers have reported that for the higher concrete
strength crack surfaces were distinctly smoother, indicating that the shear
force carried by the aggregate interlock decreases with the increase of
compressive strength of concrete. Figure 4.24 illustrate the variation of
predicted shear stress of a beam section from different methods with
Compressive capacity of concrete. Results of this study shows that none of
the design methods have been able to correctly identify the influence of
concrete compressive strength on the shear capacity of a reinforced
concrete beam for the entire range of the concrete compressive strengths.
However it can be seen from the results that it is a much better approach to
correlate v ¢o g/? , e Va 3/? as it has done in BS, Australian and Japanese
Codes.




Shear Stress

Variation of Shear Stress with Concrete Compressive Strength
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Figure 4.24
Variation of Predicted Shear Stress at the Critical Section with the Compressive
Strength of Concrete

In general, it has been recognized that increasing a/d decreases the
shear strength. For the same applied load, larger a/d ratios result in higher
bending moments in the shear span; thus the depth of the penetration of
the flexural cracks increases, reducing the shear capacity. This effect is
found to significantly influence the accuracy of BS, Australian, Japanese
Codes and Canadian Code General Method. As a result of this, these
methods tend to over predict shear strength of beams when a/d ratio

increases.

This study also shows that the maximum size of the coarse aggregate
has an effect on the accuracy of the shear strength predictions of many
design methods. But unfortunately the effect could not be directly
identified. But when we find estimation for the critical value when f. it can
be observed that the effect of the size of aggregate is significant particularly

for higher strength grades. In normal strength concrete cracks go around




the aggregate forming a rough crack surface which transfer shear by the
aggregate interlock. But when concrete strength is high cracks may go
through aggregates forming much smoother surfaces; thus affecting the
aggregate interlock capacity. This phenomenon should be studied
separately.

The presence of crack control reinforcement in the web, resist the
widening of shear cracks in the web. This leads to a higher aggregate
interlock capacity along the crack surface. And ultimately it increases the
shear capacity of the beam. Most of the design methods have not been able
to identify this favourable effect. Therefore their accuracy is found to be
affected by the presence of crack-control reinforcement except the Canadian
Code General Method and Shear Friction Method. In the Canadian Code
General Method crack control reinforcement is considered to reduce the
crack spacing. This reduces the average crack width hence increase the

shear capacity of the beam.

When calculating the shear strength of a flanged beam, generally
shear capacity of flange is conservatively neglected. Thus under estimate
the shear strength of T and I beams when compare to the rectangular
beams. This effect can be clearly seen on the accuracy of BS and Australian
Code Methods.

Even though its effect could not be clearly identified it was seen that
the yield strength of longitudinal tensile steel, fy affect the accuracy of the
design methods. As discussed earlier the intensity of principal stress above
flexural crack depends on the depth of the penetration of the crack. For a
given value of Area of Longitudinal tensile steel ratio p, higher the value of
fy, the lesser the penetration of the flexural cracks, resulting lesser principal
stresses for a given applied load. Therefore much higher shear is required

to cause the principal stresses that will result in diagonal tension cracking




which will ultimately lead to the failure of the beam without shear

reinforcement.

Beams with Shear Reinforcement

The presence of stirrups in beams increase the shear carrying capacity of
a beam not only by carrying shear by themselves but also enhancing the
other shear transfer mechanisms. The stirrups provide support to
longitudinal steel to prevent bars being split from the surrounding
concrete, hence increasing the dowel action. At the same time stirrups
contain the crack, limiting its propagation and keeping its width small.
These effects increase the aggregate interlocking capacity and the shear
strength of uncracked concrete zone. Also shear reinforcement increases the
strength of compression concrete by providing confinement. Although
stirrups have a little effect on the diagonal cracking load, they enhance the
shear capacity of concrete by increasing different shear transfer

mechanisms.

Therefore the presence of stirrups in a beam found to rectify effect of
many parameters of each and every design method. Also it was found in
several occasions that the Ratio of Stirrup spacing to Effective depth, s/d
affect the accuracy of the design, in several design methods. It is obvious
when the number of stirrups crossed by an inclined crack is high then the
shear carried by the stirrups as well as the enhancement of other shear

carrying mechanisms by the stirrups will be high.

It should be noted that the Shear Friction method for beams with
shear reinforcement has produce over conservative results. Predicted shear
strength from this method depends only on the shear carrying capacity of
the stirrups and the shear force transfer along cracked surfaces. It neglects

the shear contribution from dowel action of longitudinal tensile steel and




the shear contribution of uncracked concrete in flexural compression zone.
This may be a reason for this method to give over conservative shear

predictions.

Deep Beams

Among the selected design codes of practices only four of them have
given guide lines for deep beam design. BS 8110 does not have provisions
for deep beams. Results of this study shows that all the design methods
have produces conservative results for deep beams when compared with
the results of slender beams. The Truss model has been the key tool for
analysing deep beams in ACI, Canadian and Australian Codes. Truss
model neglects the shear contribution of concrete. This leads for over
conservative results. Even though Japanese Code uses an empirical formula
for prediction shear strength of deep beams this study shows that this
method also produces excessively conservative results. Due to lack of
experimental data Multinomial Logistic Regression analysis was not very

successful for deep beams.

Industrial Survey

BS 8110 is widely used for shear designs in the Sri Lankan industry.
Very few designers were found to be familiar with ACI and Australian
Codes. Designers were found to be comfortable with the shear design
process given in the BS 8110. But BS 8110 has not been able to provide a
better idea about the shear mechanisms of a reinforced concrete beam. It
was found that most of the times their design is governed by the design

limitations imposed from Design Code.




Also it was found that they rarely use research information for
design. Therefore most of the designers’ knowledge about the theory
behind the shear design process was found to be very weak and also it is
not getting updated.

Majority of the designers consider that the shear designing is an
important section of a beam designing process. Some of the senior
designers were not satisfied with the limitations on the minimum shear
reinforcement of the BS 8110. They considered those limitations were not
conservative. But unfortunately there are designers who do not consider
shear designing as a critical section especially among the young design
engineers. Most of them consider that shear design for beams with shear
reinforcement is not a critical although they may critical for beams without
shear reinforcement. Most of them seem to worry only about punching

Shear.




5. Conclusions and Recommendations

5.1 Introduction

The first analytical model for shear behaviour of reinforced concrete
beams was published by Ritter (1988) and Morsch (1902). Prediction of
shear behaviour of the reinforced concrete beam was been uncertain from
the beginning. Despite of the extensive research, still none of the methods
seems to predict the shear strength accurately to match the test results. On
the other hand shear failure is brittle which usually occurs with little
warning hence the soundness of shear design procedure is vital.

The principle objective of this study is to carry out a state-of-the-art
review of the shear design approaches. Under that we have selected five
major codes including the BS 8110 and a developing method based on the
shear friction concept and successfully found when these theories are

justified for reinforced concrete.

5.2 Conclusions

From the literature survey thirteen numbers of parameters were
identified to influence the shear capacity of reinforced concrete beams
which are not subjected to axial forces. Unfortunately the influence of each
parameter on the shear capacity of a reinforced concrete beam could not be
verified directly using the test results due to the inadequacy of the
database. Therefore a statistical method called Multinomial Logistic
Regression has been used.

This method can be used to identify the influence of explanatory
variables on a categorized dependent variable. In our case; dependent
variable is the accuracy of predictions from each design method. Therefore
using the Multinomial Logistic Regression parameters affecting the

accuracy of each method was identified.




Various parameters could be identified to affect different design
methods. For example: For beams without shear reinforcement the
accuracy of shear strength predictions from equation 11-3 of ACI Code has
been found to be significantly affected by six number of parameters.
Namely they are: Percentage of Longitudinal Tensile Steel, Effective depth,
Compression Capacity of Concrete, Crack Control Reinforcement,
Maximum Aggregate size, and Shear Span to effective Depth Ratio, a/d. As
discussed earlier, the effect of first four parameters on the accuracy of that
method could be clearly identified using the Multinomial Logistic
Regression Analysis results. But unfortunately the effect of the other two
parameters could not be clearly identified. Possible reason for this may be
that the effect of these parameters might depend on the value of another
parameter. For example as we discussed earlier the effect of Maximum
aggregate size was found to depend on the Compressive capacity of the
concrete. In order to study this type of relationship, interaction term of
parameters should be studied. But it is not covered in this study.

In the previous example of ACI Code equation 11-3, there were five
variables which were found not be significant for the accuracy of the
method while others were found to be significant. There are two possible
reasons for a parameter to become none significant for that particular
method. First one is that the shear design method has correctly identified
the effect of that parameter on the shear strength of a beam. And the other
one is that the particular parameter does not affect the shear strength of a
beam at all.

After identifying the significant parameters for the accuracy of the
method an attempt was made to statistically find when these parameters
become significant for the accuracy of the method. Therefore a critical value
for each parameter whose effect could be clearly identified was estimated

using the Multinomial Logistic regression Analysis.




It should be noted that the Multinomial Logistic Regression can not

be used to compare the accuracy of two different methods. Rather it can be

used to identify the weaknesses in the design methods. Results of this

study have identified reasons for each design method to loose the accuracy.

Parameters identified in this study to influence the accuracy of each design

method and their safe limits are important for practicing designers to

minimize the risk of doing unsafe or over conservative shear design. On the

other hand researchers can use these identifications to improve the

accuracy of design methods.

All together twelve numbers of parameters were found to affect the

accuracy of shear design methods, namely they are:

1.

Percentage of Longitudinal Tensile Steel - p
Effective depth - d

Compression Capacity of Concrete - f.’

2
3
4. Shear Span to effective Depth Ratio - a/d
5.
6
7
8
9

Ratio of Stirrup spacing to Effective Depth - s/d

. Percentage area of Shear Reinforcement - ps
. Yield strength of longitudinal tensile steel - fy
. Yield strength of transverse steel - fyy

. Anchorage of the Tensile Reinforcement

10. Presence of Crack Control Reinforcement

11. Maximum Aggregate size - ag

12. cross sectional shape

Following table presents the percentage of predictions falling into

each category for particular design method. This table gives an idea about

the accuracy of each design method.




Table 5.1, Percentage of Predictions Falling into Each Category

Beams without Shear r'f Beams with Shear r'f Owerall accuracy

A B c A B c A B c
ACI-11.3 71.2% 12.9%% 15.9% TT.6% 13.3% 9.1% T29% 13.0% 14.1%
ACI-11.5 B2.7% 14.4% 16.9% 35.0% 44.1% 21.0% 59.8% 22.3% 18.0%
BS 8110 53.4% 33.0% 13.5% 58.7% 34.3% 6.1% 55.0% 33.3% 11.6%
AS 3600 43.9% ar.ee 18.8% 50.4% arE% 12.1% 45.3% 1% 17.4%
JSCE B74% 24.9% 7.7 67.6% 26.8% 5.6% 68.6% 25.4% £.0%
CSA-Simplified £9.3% 17.3% 13.4% 77.0% 16.7% 6.3% 71.2% 17.2% 11.6%
CSA-General 45.2% 36.0% 17.8% 42.9% 43.7% 13.5% 45.4% 7.9% 16.7%
Shear Friction 74.0% 11.68% 14.4% 98.1% 0.9% 0.9% 84.2% T1% B.7%

Above table shows that Canadian Code General Method has the
highest overall percentage of accurate predictions.

From the industrial survey it could be seen that most of the
designers in Sri Lanka are familiar only with BS 8110. They seem to be
comfortable with using Shear design procedure given in BS 8110.
Whenever the shear design guidelines of BS8110 are not adequate most of
the times they refer handbooks or go for expertise to overcome the
problem. Few designers were found to read research information on the
shear designing. Therefore most of the designers have a little knowledge
about the shear behaviour of reinforced concrete beams.  And
unfortunately considerable percentage of designers considered that shear

designing is not a critical parameter in the beam designing process.




5.3 Recommendations

This study has identified the parameters affecting the accuracy of
each design procedure. Among them some are new parameters for that
method. Others are already used in the design process but their effects have
not been correctly represented by the design equations. Further
experiments should be carried out to clarify the effect of newly identified
variables and include them in design equation. And also research should be
carried out to improve the shear design procedure by rectifying the effect of
parameters which are already in the design equation but their effect has not
properly recognized by the design method. This study should be further
extended to cover deep beams with continuous spans and deep beams with
complex loading systems.

Behaviour of beams without shear reinforcement has a larger
dispersion compared to once with shear reinforcement. Code approaches
such as: Australian Code, Japanese Code, British Code, Canadian Code,
American Code (ACI 11-5) give safe values for design predictions for
beams with shear reinforcement with a narrow dispersion. Shear Friction
method with shear links is excessively conservative for test results
considered in this study. For most of the cases, deep beams give
conservative results but require more data to verify confidently.

Within the limitations specified in the code, Canadian General
Method and Australian Code give most accurate results. The next best
method is British standard which can also be recommended for application.
Japanese Code gives conservative results without any restrictions on
parameters. However this method is less accurate compared to Canadian

General and Australian Code approaches.
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Appendix A

EXPLANATORY VARIABLES

1) Concrete Grade - fc’
Effective Depth - d

Width of the Beam - b

= WN

Percentage area of Longitudinal Tensile Steel for Shear - p

N Gl

Influence of Crack Control R/F

N

Maximum Aggregate Size - ag

o]

)

)

)

)

) Yield Strength of Long. Tensile Steel - fy

)

)

) Proximity of rigid support to point load - a /d or a
)

\O

Cross Sectional Shape

10) Anchorage of longitudinal Tensile Steel - p
11
12

)
) Percentage area of transverse steel - ps
) Spacing ratio of transverse reinforcement - s/d
13) Yield strength of transverse steel - fvy
For beams with shear reinforcement all thirteen variables are used in
the multinomial logistic regression analysis. But for beams without shear
reinforcement only first ten numbers of variables are used. And for deep
beams only first ten numbers of variables are used.
These explanatory parameters are further divided into two
categories:
1) Continuous Variables
1) Concrete Grade - fc’
2) Effective Depth - d

3) Width of the Beam - b

4) % of Longitudinal Tensile Steel for Shear - p

)
)
5) Proximity of rigid support to point load - a/d or a
6) Amount of transverse steel -ps

)

7) Spacing ratio of transverse reinforcement - s/d




2) Categorized Variables

1) Yield Strength of Long. Tensile Steel - fy
1 - 500 MPa < fy < 600 MPa
2 - 450 MPa < fy <500 MPa
3 - 400 MPa < fy <450 MPa
4 - 350 MPa < fy <400 MPa
5 - 300 MPa < fy <350 MPa
2) Maximum Aggregate Size - ag
0 -30mm < ag
1-20 mm<ag <30 mm
2-10 mm< ag <20 mm
3-0mm<ag <10 mm
3) Cross Sectional Shape
1 -1 Beams
2 - T Beams
3 - Rectangular Beams
4) Anchorage of longitudinal Tensile Steel
0 - longitudinal tensile is R/F fully anchored
1 - longitudinal tensile is not R/F fully anchored

5) Long. Compression Steel

0 - Beams with Long. Compression R/F
1 - Beams without Long. Compression R/F

6) Crack Control R/F

0 — Beams with Crack Control R/F
1 - Beams without Crack Control R/F




RESULTS

Beams without Shear Reinforcement

Vo (V)
Cres
| o @ | A |t s |E]zl2|2|8|8|8|s
i fe or v . = - = = ; @ @
Author Beam Soij‘ (MPa) (r:?n:- f:: sfllear] (m) (mm? | (M Pral (m) = £ =] =1 2 g o “QJ %
Shap (mmd) @ = | d |« |=|2
-]
Kani et al. 147 | 3 | 168 | 19 |0.152| 306 | 0.287 0 0 0.000) 42 | 31 | 30 | 30 31] 21
Kani et al. 149 | 8 | 18.0| 19 |0.152| 323 | 0.272 0 0 0.000| 44 | 32 | 29 | 80 32| 28
Kani et al. 151 | 8 |1 19.3| 19 |0.152| 326 | 0.278 0 0 0.000 | 36 | 33 | 30 | 31 33| 24
Kani et al. 152 | 3 | 19.7 | 19 |0.152| 319 | 0.270 0 0 0.000) 32| 33 [ 30| 31|30 3 33) 23 | 49
Kani et al. 153 | 3 | 19.7 | 19 |0.152]| 317 | 0.273 0 0 0.000) 33 )33 |31 ]31]31]30 33) 23 | 49
Kani et al. 102 | 3 | 253 | 19 |0.152| 314 | 0.269 0 0 0.000 | 49 | 35 37| 25
Kani et al. 103 | 8 | 29.4 | 19 |0.152| 314 | 0.274 0 0 0.000)| 39 | 37 | 37 | 37 | 38 | 3B 37| 26 | 32
Kani et al. 105 | 3 | 26.2| 19 |0.152| 320 | 0.272 0 0 0.000| 42 | 36 | 35 | 36 36| 26
Kani et al. 106 | 3 | 28.8| 19 |0.152| 314 | 0.268 0 0 0.000)| 45| 37 | 36 | 37 | 37 | 35 37| 26 | 32
Kani et al. 111 ] 3 | 27.0| 19 |0.152| 317 | 0.272 0 0 0.000)| 43| 36 | 36 | 36 36| 26
Kani et al. 112 | 8 | 27.0| 19 |0.152| 317 | 0.278 0 0 0.000 )| 39 | 36 | 36 | 36 36| 26
Kani et al. 114 | 3 | 25,5 | 19 |0.152| 330 | 0.270 0 0 0.000 | 61 | 36 38| 26
Kani et al. 115 | 3 | 26.2| 19 |0.152| 319 | 0.272 0 0 0.000 | 45 | 36 | 35 | 36 36| 26
Kani et al. 25 | 3 | 245 19 |0.152| 774 | 0.271 0 0 0.000 | 104 47 50| 48
Kani et al. 26 | 3 | 274 [ 19 |0.152| 774 | 0.271 0 0 0.000 | 78 | 49 52| 50
Kani et al. 27 3 [ 298| 19 |0.152| 774 | 0.271 0 0 0.000 | 51 | 51 | 37 | 41 | 38 | 45 51| 52 | 82
Kani et al. 28 | 3 | 29.2| 19 |0.152| 774 | 0.271 0 0 0.000 | 54 | 50 | 37 | 40 | 37 | 45 50| 51 | 382
Kani et al. 29 | 3 | 245 19 |0.152| 774 | 0.271 0 0 0000 43 | 47 | 34 | 35| 34 | 42 48| 48 | 38
Kani et al. 30 | 3 | 252 19 |0.152| 774 | 0.271 0 0 0000 46 | 48 | 34 | 36 | 35 | 42 48| 49 | 38
Kani et al. 35 | 3 | 261 [ 19 [0.152| 761 | 0.269 0 0 0.000)| 45| 48 | 35 | 37 | 35 | 42 48| 49 | 44
Kani et al. 36 | 3 | 261 [ 19 [0.152| 781 | 0.273 0 0 0.000)| 52 | 48 | 35 | 37 | 35 | 43 48| 50 | 44
Kani et al. 81 3 [27.5] 19 |0.152]| 1161 | 0.274 0 0 0.000 | 51 | 57 | 36 | 38 | 37 | 48 57| 51| 25
Kani et al. 83 | 3 | 27.4 | 19 |0.152| 1161 | 0.271 0 0 0.000 | 65 | 56 | 36 | 41 | 36 | 48 57| 50 | 54
Kani et al. 84 | 3 | 27.4 | 19 |0.152| 1161 | 0.271 0 0 0.000 | 55 | 56 | 36 | 39 | 36 | 48 57| 50 | 39
Kani et al. 85 | 3 | 255 19 [0.152| 1129 | 0.274 0 0 0.000 | 234 | 110 109| 49
Kani et al. 87 3 [27.2] 19 |0.152]| 1129 | 0.269 0 0 0.000 | 240 | 110 112| 50
Kani et al. 91 3 [27.4] 19 |0.152]| 1122 | 0.269 0 0 0.000 | 51 | 55 | 36 | 37 | 36 | 47 56| 50 | 25
Kani et al. 94 | 3 | 253 [ 19 [0.152] 1161 | 0.273 0 0 0.000 | 111 55 58| 49
Kani et al. 95 | 3 | 253 [ 19 [0.152] 1161 | 0.275 0 0 0000 73| 55| 35| 41 55| 49
Kani et al. 96 | 3 | 253 [ 19 [0.152] 1161 | 0.275 0 0 0000 )| 56 | 55 | 35 | 38 | 35 | 47 55| 49 | 38
Kani et al. 97 3 [27.2]| 19 |0.152]| 1129 | 0.276 0 0 0.000 | 62 | 56 | 36 | 41 | 37 | 48 56| 51 | 53
Kani et al. 99 | 3 | 26.2 | 19 [0.152] 1129 | 0.272 0 0 0.000 | 77 | 55 | 35 | 41 | 35 | 47 55| 50 | 65
Kani et al. 100 | 3 | 27.2| 19 |0.152| 1136 | 0.270 0 0 0.000 | 112 56 59| 50
Kani et al. 52 | 3 | 248 19 [0.152] 568 | 0.138 0 0 0000) 29| 32 |17 | 19 [ 17 | 25 29| 27 | 24
Kani et al. 55 | 3 | 251 [ 19 [0.152| 568 | 0.135 0 0 0000 33|32 |17 | 19|17 | 25 29| 26 | 35
Kani et al. 83 | 3 | 27.4 | 19 |0.152| 1161 | 0.271 0 0 0.000 | 65 | 56 | 36 | 41 | 36 | 48 57| 50 | 54
Kani et al. 84 | 3 | 27.4| 19 |0.152| 1161 | 0.271 0 0 0.000 | 55 | 56 | 36 | 39 [ 36 | 51 57| 50 | 39
Kani et al. 63 | 3 | 26.2 | 19 [0.152| 2323 | 0.543 0 0 0.000) 93 ) 93 | 70 | 77 [ 71 | o1 88| 83 | 64
Kani et al. 74 | 3 | 27.2 | 19 [0.152| 2265 | 0.523 0 0 0.000 | 108) 92 | 69 | 78 | 71 | 90 88| 82 | 87
Kani et al. 79 | 3 | 261 [ 19 [0.152| 2316 | 0.556 0 0 0000 84 | 94 |72 | 74 | 72| 92 87] 85 | 35
Kanietal. [3043[ 3 | 26.9| 19 [0.152| 4555 | 1.092 0 0 0.000 | 165 158 | 143 | 162 | 107 | 164 | 176] 142 | 146
Kanietal. | 3044 | 3 [ 29.5| 19 |0.152] 4555 | 1.097 0 0 0.000 | 1569 163 | 150 | 163 [ 112 | 171 | 181] 147 | 112
Kanietal. | 3046 3 | 267 | 19 [0.152| 4594 | 1.097 0 0 0.000 | 154 143 | 147 [ 107 | 165 142 | 61
Moody etal. |A-A1| 3 | 30.3| 25 [0.178| 1006 | 0.282 0 0 0000 60 | B1 | 43 | 46 | 43 | 54 62| 59
Moody etal. [A-A2| 3 | 31.0 | 25 |0.178| 1020 | 0.267 0 0 0.000 | 67 | 62 | 44 | 48 | 44 | 55 63| 60
Moody etal. |A-A3| 3 | 31.0| 25 [0.178| 1058 | 0.268 0 0 0.000 | 76 | 63 | 44 | 48 | 44 | 56 63| 61
Meody etal. [A-Ad4| 3 | 31.5| 25 |0.178| 1136 | 0.270 0 0 0000 71 | 65| 45| 49| 45| 58 65| 61
Moodyetal. |A-B1| 3 | 21.2| 25 [0.178| 768 | 0.267 0 0 0000 56 | 50 | 36 | 39 | 36 | 45 50| 53
Moody etal. ([A-B2| 8 | 21.6 | 25 |0.178| 774 | 0.268 0 0 0.000 | 60 | 50 | 37 | 89 | 37 | 45 51| 54
Moody etal. |A-B3| 3 | 19.2| 25 [0.178| 768 | 0.270 0 0 0.000 )| 56 | 48 | 35 | 388 | 35 | 43 49| 52
Moody etal. [A-Bd4| 3 | 16.8 | 25 |0.178| 800 | 0.272 0 0 0.000 | 56 | 47 | 33 | 36 | 33 | 42 47| 50
Moody et al. [A-C1| 3 6.3 | 25 |0.178| 387 | 0.268 0 0 0000) 20 | 26 | 20 | 21 | 20 | 24 27) 18
Moody et al. [A-C2| 3 6.1 25 [0.178| 400 | 0.272 0 0 0000 25 | 27 | 20 | 21 | 20 | 24 27| 20
Moody et al. [A-C3| 3 6.9 | 25 |0.178| 387 | 0.273 0 0 000025 | 27 |21 | 22 | 21 | 25 28| 20
Moody et al. [A-C4| 3 6.8 | 256 |0.178| 400 | 0.274 0 0 0000 25 | 28 |21 | 22 | 21 | 25 28| 20 | 43
Moody etal. [B-B1] 3 | 36.7 | 25 |0.152| 774 | 0.268 0 0 0.000 ) 58 | 54 | 41 | 43 | 41 | B0 55| 55




Cros
: f ?5 A, f s Ele|ee “E) % -
i ' or v ' ~ = = - ] @
Autbor | Beam |57 Ve — (t:n”;, Sﬁear] - oot [P0 | m || B |5 | 5|88 Slw |
Shap (mm?) L T I - " e
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Moody etal. [B-B2] 3 | 16.7 [ 25 [0.152] 774 [0.268 | 0 0 |0000] 36|41 |28 | 30|28 |36| 42 42
Moody etal. [B-B3[ 3 | 258 25 [0.152] 774 [ 0.268 | 0© 0 |oo000] 52| 48 | 34 [ 37 [ 35| 43 ] 48] 49
Moody etal. [B-B4] 3 | 154 [ 25 [0.152] 774 [ 0.268 | 0 0 [0000] 41|40 |27 [ 20|27 |35 41[ 41
Moody etal. [B-B5| 3 | 30.7 | 25 [0.152| 774 [ 0.268 | 0 0 |ooo0| 52|51 | 38|40 |38 | 46| 51| 52
Moody etal. [B-Bs| 3 | 158 | 25 [0.152] 774 | 0.268 | © 0 |0000] 35|41 |27 [ 29|27 |35 41[ 41
Moody etal. [B-B7] 3 | 30.9 [ 25 [0.152] 774 [ 0.268 | © 0 [0000] 51|51 [38]40[38 46| 51| 52
Moody etal. [B-B8| 3 | 12.2 | 25 [0.152] 774 [0.268 | 0 0 |0000] 31|37 |24 | 26| 24| 32| 38| 38
Moody etal. [B-Bs| 3 [ 41.2| 25 [0.152] 774 | 0268 | O 0 |0000] 53| 56| 43| 45 [ 44 | 52 | 57| 57
Moody etal. B-B1d 3 | 23.9 [ 25 [0.152] 774 [ 0.268 | © 0 [0000] 49|47 [ 33 ] 35[ 33|42 47| 48
Moody etal. B-Bi{ 3 | 381 | 25 [0.152] 774 | 0.268 | 0 0 |0000] 60| 55| 42| 44 [ 42 | 50 | 55] 56
Moody etal. B-Bid 3 | 20.2| 25 [0.152] 774 [ 0.268 | © 0 |0000] 47 | 44 | 30 | 33 [ 31 | 33| 45 45
Moody etal. B-Bid 3 [ 37.8 | 25 [0.152] 774 | 0.268 | 0 0 000056 |54 |42] 43|42 50 5555
Moody etal. B-B14 3 [ 226 25 [0.152] 774 [ 0.268 [ © 0 |0000] 43 | 46 | 32| 34 [ 32| 41| 46| 47
Moody etal. B-B19 3 | 37.4 | 25 [0.152| 774 | 0.268 | O 0 |0000] 51|54 | 41|43 [ 42 | 50 | 55 55
Moody etal. B-B1f 3 [ 16.3| 25 [0.152] 774 [ 0.268 [ © 0 [0000] 38|41 |27 3027 |3 42 42
T~ ho-3-3] 3 [ 20.8 [ 10 [0.152[ 1530 [ 0.298 [ 0 0 [0000] 645634 40 [ 35 46 | 59[ 50
phonde & Franp0-3-3] 3 | 27.1 | 10 [0.152[ 1058 | 0.2908 | © 0 |0000] 67 |57 | 39| 42| 40 | 48 | 57| 55
phonde & FranpO-7-3] 3 | 37.7 | 10 [0.152[ 1530 0.298 | © 0 |0000] 82|69 |46 51|47 | 59 [ 72[ &1
phonde & FranhO-7-3] 3 [ 41.6 | 10 [0.152[ 1530 [ 0.298 | © 0 |0000| 83| 71| 49| 54|49 | 62| 75 63
phonde & Franj0-11-4 3 | 74.9 | 10 [0.152| 1530 | 0.298 | © 0 |0000] 89|87 | 65| 60 66| 78] 91 77
phonde & Fran|O-11-4 3 [ 74.6 | 10 [0.152[ 1530 [ 0.298 | © 0 [0000] 89|86 |85| 696678 9177
phonde & Franj0-15-4 3 | 81.3 | 10 [0.152][ 1530 0.298 | 0 0 |oo0o0[ 93|89 B8 [ 726880 9379
phonde & Fran{O-15-4 3 | 93.7 | 10 [0.152] 1530 [ 0.298 | © 0 |0000[100| 93 | 73| 77 [ 74 | 85| 98] 83
phonde & FranjO-15-d 3 | 91.8 | 10 [0.152][ 1530 0.298 | 0 0 |0000[97 |93 |72 76 [73 |84 97| 82
Ahmadetal. | A1 [ 3 [60.8] 13 [0.127[ 1020 0.203] © 0 |0000| 58|50 |33 |36 |34 45| 57 45 | 23
Ahmadetal. | A2 | 3 [60.8] 13 [0.127[ 1020 0.203 | 0O 0 |0000] 69|50 | 33|38 |34 |45] 57| 45 | 23
Ahmadetal. | A3 [ 3 [60.8] 13 [0.127[1020] 0.203]| © 0 [0000] 69|50 |33|38[34|45] 57] 45| 23
Ahmadetal. | A8 [ 3 [60.8] 13 [0.127] 471 [ 0.208 ] © 0 [0000] 49|43 |34 [ 3534|338 | 44| 46 | 23
Atmadetal. | Bt | 3 [67.0] 13 [0.127[ 1290 | 0.202 | © 0 |0000] 51|52 | 35|30 |35 49| 64 46 | 23
Ahmadetal. | B2 [ 3 [67.0] 13 [0.127[ 1290 0.202 | © 0 [0000] 69|52 |35[40[35]49 ] 64 46 | 23
Ahmadetal. | B3 | 3 [67.0] 13 [0.127[ 1290 0.202] © 0 |0000[100| 52 | 35 | 41 [ 385 | 49 | 64| 46 | 23
Ahmadetal. | B7 | 3 [67.0] 13 [0.127| 600 | 0.208 | © 0 |0000] 45| 48 | 36| 37 [ 36 | 42 | 49| 47 | 23
Ahmadetal. | B8 [ 3 [67.0] 13 [0.127] 600 [ 0.208 | © 0 [0000] 47 |48 | 36| 38|36 | 42| 49 47 | 23
Ahmadetal. | B9 [ 3 [67.0] 13 [0.127] 600 | 0.208 | © 0 [0000] 80|48 | 36| 38|36 42| 4947 | 23
Atmadetal. | C1 | 3 [64.3] 13 [0.127| 1548 | 0.184 | © 0 |0000] 54|48 |31 ]3| 31|47 ] 67 42| 23
Ahmadetal. | C2 [ 3 [64.3] 13 [0.127[ 1548 0.184 | © 0 |0000][ 76|48 |31[38[31]47] 67] 42| 23
Ahmadetal. | C3 | 3 [64.3] 13 [0.127[ 1548 | 0.184 | © 0 [o.000] 69 [ 48 31| 47 | 67| 42| 23
Ahmadetal. | C7 | 3 [64.3] 13 [0.127| 852 | 0.207 | © 0 |0000] 45|52 | 35|37 |35 44| 55/ 46| 23
Ahmadetal. | C8 | 3 [64.3] 13 [0.127] 852 | 0.207] © 0 [0000] 44|52 | 35| 38|35 44| 55 46 | 23
Ahmadetal. | C9 | 3 [64.3] 13 [0.127] 852 [ 0.207] © 0 [0000] 45|52 | 35|30 [ 35 44| 55/ 46 | 23
o |OA1] 3 [225] 19 [0.310] 2580 | 0.461 [ © 0 [0000]167]138
esler & Scorde| OA-2| 3 [ 23.7 | 19 [0.305[ 3225 0.466 | O 0 [o0.000][178] 150
esler & Scorde| OA-3| 3 | 37.6 | 19 [0.307 3870 | 0.462 | 0 0 |0000][189] 186
Xieetal. [NNN-3 3 | 37.7| 19 [0.127] 568 | 0.216 | © 0 |0000| 37 | 40 | 28 | 30 | 28 | 35 | 40] 40
Xieetal [NHN-3 3 [98.9 [ 19 [0.127] 568 | 0.216 | © 0 [0000] 46 | 55 | 45| 46 [ 46 | 51 | 55| 55 | 23
Yoonetal. | N1S[ 3 | 36.0 | 20 [0.375[7000] 0.655 | 0 0 [ 0.000]249 | 296 | 245 | 269 | 232 | 284 | 293[ 267
Yoonetal. | MiS| 3 | 67.0 | 10 [0.375[7000] 0.655 | © 0 | 0.000 [ 296 | 364 | 334 | 354 | 316 | 342 [ 360[ 329
Yoonetal. | HIS| 3 [87.0| 10 [0.375[7000 [ 0.655 | 0 0 | 0.000]327 397380308 | 360 | 379 | 393[ 359 | 197
Taylor, H.P.J| A2 [ 3 [ 254 ] 19 [0.400| 5026 | 0.930 | 0 0 | 0.000[328| 285|311 325 253 | 294 | 297] 297 | 323
Taylor, H.P.J| B2 | 3 [ 237 19 |0.200| 1257 | 0.465 | © 0 |ooo0| 87 |83 | 75| 79[ 80| 80| 80| 86| 90
Taylor, H.P.J| B3 [ 8 [305] 9 [0.200[1257 [ 0.465| 0O 0 [0000][ 85|90 85|88 [ 91|84 87 94|70
Taylor, H.P.J] G1 [ 3 [244] 19 [0.100] 314 [ 0.233] © 0 |ooo0| 23|25 | 19| 20| 19| 22| 24| 26 | 26
Taylor, H.P.J| C2 [ 3 [244] ¢ [0.100| 314 [0.233 | 0O 0 |0000] 24| 25 | 19 [ 20 [ 19 [ 21 [ 24] 26 | 26
Taylor, H.P.J] C3 | 3 [26.2] 9 [0.100| 314 [0.233] © 0 [oooo] 28|25 |20 [ 2120 [ 22] 25] 27| 27
Taylor, H.P.J] C4 [ 3 [19.8] 9 [0.100| 314 [ 0.233 | © 0 |oo00[ 23|23 |17 [ 18 [ 17 [ 20 22[ 24 | 25
Taylor, H.P.J] C5 | 3 [21.3] 9 |0.100] 314 [ 0.233] © 0 |oo00| 27 |24 | 18| 19 [ 18 | 20| 23] 25| 25
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Taylor, H. P.J] CB 3 [27.4 2 |0.100| 314 | 0.233 0 0 0.000) 28 [ 26 | 20 [ 21 20 | 21 25| 27 | 27
Taylor, H. P.J] D1 3 | 288 2 |0.060| 113 | 0.140 0 0 0.000 | 12 | 11 7 g 8 8 a] 10 6
Taylor, H. P. J| D2 3 [ 288 2 |0.060) 113 | 0.140 0 0 0.000 | 12 [ 11 7 g 8 8 g] 10 6
Taylor, H. P.J| D3 3 [ 288 2 |0.080) 113 | 0.140 0 0 0.000 | 11 11 7 g 8 8 9| 10 6
Taylor, H. P.J] D4 3 [ 288 2 |0.080) 113 | 0.140 0 0 0.000 | 11 11 7 g 8 3] 9] 10 3]
Podgorniak-Stq B100| 3 | 36.0 | 10 [0.300| 2800 | 0.925 0 0 0.000 | 225 | 217 | 276 | 279 | 225 | 217 | 226| 186
Podgorniak-Std8100-H 3 | 36.0 | 10 [0.300| 2800 | 0.925 0 0 0.000 | 249 | 217 | 276 | 279 | 225 | 217 | 226| 186
Podgorniak-St4B100B| 3 | 39.0 | 10 [0.300| 2800 | 0.925 0 0 0.000 | 204 | 223 | 288 | 290 | 234 | 224 | 232| 191
Podgorniak-St4B100L| 3 | 39.0 | 10 [0.300| 2800 | 0.925 0 0 0.000 | 223 | 223 | 288 | 290 [ 234 | 226 | 232|191 | 210
Podgorniak-St4100L-f 3 | 39.0 | 10 [0.300| 2800 | 0.925 0 0 0.000 | 235|223 | 288 | 200 | 234 | 226 | 232|191 [ 210
Podgorniak-StgBN100[ 3 | 37.2 | 10 [0.300| 2100 | 0.925 0 0 0.000 | 192 | 199 | 281 | 279 | 229 | 205 | 208| 141
Podgorniak-StgRL10¢ 3 | 94.0 [ 10 | 0.300| 1400 | 0.925 0 0 0.000 | 163 | 237 | 447 | 433 | 363 | 251 | 247| 128
Podgorniak-StgB100H 3 | 98.0 | 10 |0.300| 2800 | 0.925 0 0 0.000 | 193 | 303 | 456 | 450 | 371 | 318 | 316] 260
Podgorniak-Stf100Hf 3 | 98.0 [ 10 | 0.300| 2800 | 0.925 0 0 0.000 | 217 [ 303 | 456 | 450 | 371 | 318 [ 316| 260
Podgorniak-StqBH100[ 3 | 98.8 | 10 [0.300| 2100 | 0.925 0 0 0.000 | 193 [ 276 | 458 | 448 | 373 | 292 | 288| 196
Podgorniak-Stg BNs0| 3 | 37.2 [ 10 | 0.300| 1100 | 0.450 0 0 0.000 | 132 119 | 137 [ 136 | 148 | 118 | 117| 89
Podgorniak-Stg BH50| 3 | 98.8 | 10 [0.300| 1100 | 0.450 0 0 0.000 | 132 | 165 | 223 | 218 | 241 | 170 | 162| 123
Podgorniak-Stg BN25| 3 | 37.2 [ 10 |0.300| 600 | 0.225 0 0 0.000) 73 | 73 | 68 | 68 | B9 | &7 71| 57
Podgorniak-St§ BH25| 3 | 98.8 | 10 [0.300| 600 | 0.225 0 0 0.000 | 85 [101 [ 111 109|112 | 98 29| 80
Podgorniak-Stg BN12| 3 | 37.2 [ 10 |0.300| 300 | 0.110 0 0 0.000 | 40 33 (33| 34| 36 30
Podgorniak-StgB100D[ 3 | 36.0 | 10 [0.300| 2100 | 0.925 0 0 0.000 | 320 | 197 | 276 | 275 | 225 | 268 | 206| 140
Podgorniak-StgND10] 3 | 37.2 | 10 [0.300| 2100 | 0.925 0 0 0.000 | 258 | 199 | 281 | 279 [ 229 | 272 | 208| 141
Podgorniak-StgHD104 3 | 98.8 | 10 [0.300| 2100 | 0.925 0 0 0.000 | 278 | 276 | 458 | 448 [ 373 | 401 | 288) 196
Podgorniak-StHD100{ 3 | 98.8 [ 10 | 0.300| 2100 | 0.925 0 0 0.000 | 334 | 276 | 458 | 448 | 373 | 401 | 288| 196
Podgorniak-StgBNDs(| 3 | 37.2 | 10 [0.300| 1100 | 0.450 0 0 0.000 | 163|119 | 137 | 136 | 148 | 147 | 117| 89
Collins & Kuchg100A-{ 3 | 50.0 | 10 [0.295| 2800 | 0.920 0 0 0.000 | 201 | 239 | 319 | 322 | 260 | 250 | 247| 208
Collins & Kuch{100A-4 3 | 50.0 | 10 |0.295| 2800 | 0.920 0 0 0.000 | 236 | 239 | 319 | 322 | 260 | 250 | 247| 208
Collins & Kuchg100A-{ 3 | 86.0 | 10 |0.295| 2800 | 0.920 0 0 0.000 | 184 [ 286 | 418 [ 416 | 341 | 301 | 296] 249 [ 207
Collins & Kuch|ES0A-4 3 | 525 | 10 |0.189| 800 | 0.459 0 0 0.000 | 69 [ 83 | 93 | 94 | 100 | 83 80| 72 [ 59
Collins & Kuchg50A-4f 3 | 525 | 10 |0.169| 800 | 0.459 0 0 0.000 | 81 | 83 | 93 | 94 | 100 | 83 80| 72 [ 59
Collins & Kuch|ES0A-§ 3 | 91.0| 10 |0.169| 800 | 0.459 0 0 0.000 | 73 | 99 | 123 [ 122 | 132 | 101 96| 86 | 59
Collins & Kuchg100B-{ 3 [ 50.0 | 10 |0.295| 2800 | 0.920 0 0 0.000 | 281 [ 239 | 319 | 322 | 260 | 326 | 247| 208
Collins & Kuch{100B-4 3 | 50.0 | 10 |0.295| 2800 | 0.920 0 0 0.000 | 316 [ 239 | 319 | 322 | 260 | 326 | 247| 208
Collins & Kuchg100B-{ 3 | 86.0 | 10 |0.295| 2800 | 0.920 0 0 0.000 | 365 | 286 | 418 | 416 | 341 | 398 | 296| 249 | 207
Collins & Kuch|100B-§ 3 | 86.0 | 10 |0.295| 2800 | 0.920 0 0 0.000 | 364 | 286 | 418 | 416 | 341 | 398 | 296| 249 | 207
Collins & Kuch|ES0B-4 3 | 525 | 10 |0.169| 800 | 0.459 0 0 0.000 | 87 [ 83 | 93 | 94 | 100 | 95 80| 72 [ 59
Collins & Kuch|ES0B-§ 3 | 91.0| 10 |0.169] 800 | 0.459 0 0 0.000 | 101 99 | 123 | 122 [ 132 | 116 96| 86 | 59
Angelakos et alDB120] 3 | 21.0 | 10 |0.300) 2800 | 0.925 0 0 0.000 | 179 | 181 | 211 | 217 [ 172 | 179 | 189] 156
Angelakos et aPB0.53| 3 | 32.0 | 10 |0.300| 1400 | 0.925 0 0 0.000 | 165 | 166 | 261 | 256 | 212 | 173 | 173| 90
Angelakos et a|DB130] 3 | 32.0 | 10 |0.300| 2800 | 0.925 0 0 0.000 | 185|209 | 261 | 264 | 212 | 208 | 218| 179
Angelakos et a|DB230| 3 | 32.0 | 10 |0.300| 5600 | 0.925 0 0 0.000 | 257 | 263 | 261 | 281 | 212 | 252 | 274| 266
Angelakos et a|DB140| 3 | 38.0 | 10 |0.300| 2800 | 0.925 0 0 0.000 | 180 | 221 | 284 | 286 | 231 | 222 | 230| 190
Angelakos et alDB165] 3 | 65.0 | 10 [0.300] 2800 | 0.925 0 0 0.000 | 185|264 | 372 | 369 | 302 | 273 | 276| 227
Angelakos et a|DB180] 3 | 80.0 | 10 |0.300| 2800 | 0.925 0 0 0.000 | 172|283 | 412 | 408 | 335 | 295 | 295| 243
Adebar & Collil ST1 | 3 | 525 | 19 |0.360| 1570 | 0.278 0 0 0.000 | 128 | 139 | 120 | 124 | 121 | 135 | 137|151 | 78
Adebar & Colli) ST2 | 3 [ 525 | 19 |0.360| 1570 | 0.278 0 0 0.000 | 119|139 | 120 | 124 | 121 | 135 | 137|151 | 78
Adebar & Collil ST3 | 3 | 49.3 | 19 |0.290| 1570 | 0.278 0 0 0.000 | 108 118| 94 | 99 [ 95 | 112 | 116] 119 | 63
Adebar & Colli) STs | 3 | 46.2 | 19 |0.290| 1570 | 0.278 0 0 0.000) 81 [115] 91 [ 96 | 92 | 109 | 114| 116 | 63
Adebar & Collif ST16| 3 | 51.5 | 19 |0.290| 1570 | 0.178 0 0 0.000 | 75| 99 | B2 | 64 | B2 | 84 94| 84 | 43
Adebar & Collif ST17| 3 | 51.5 | 19 |0.290| 1570 | 0.378 0 0 0.000 | 119 [ 136 133] 145
Adebar & Collif ST23| 3 | 58.9 | 19 |[0.290| 800 | 0.278 0 0 0.000 | 90 103 | 102 | 103 [ 101 99| 83 [ 63
ddadin & Mattq A1 3| 58.9 | 19 10.290| 800 | 0.278 0 0 0.000 | 90 99| 78
ddadin & Mattq C1 3 [ 259 ] 19 |0.178| 2580 | 0.381 0 0 0.000 | 87 57 | 65 | B5 | 82 95| 75
ddadin & Mattq E1 3| 25.9 [ 19 |0.178| 2580 | 0.381 0 0 0.000 | 87 77| B1
Ghannoum 220-4 3 | 34.2 | 20 [0.400| 900 | 0.180 0 0 0.000 | 103| 91 | 74 | 76 | 74 | 82 90| 85
Ghannoum 220-11 3 | 342 | 20 [0.400| 1500 | 0.180 0 0 0.000 | 122|108 | 74 | 80 | 74 | 93 | 106]| 108
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Ghannoum N350-| 3 | 342 | 20 [0.400] 1500 | 0.313 0 0 0.000 [ 158 | 133 | 121 | 126 | 145 | 128 | 134|127
Ghannoum N350-| 3 | 342 | 20 |0.400| 2500 | 0.313 0 0 0.000 | 179 | 158 | 121 | 133 | 145 | 144 | 158| 158
Ghannoum N485- 3 | 34.2 | 20 [0.400] 2100 | 0.440 0 0 0.000 [ 188 | 172 | 171 | 177 | 186 | 171 | 169| 163
Ghannoum N485-| 3 | 34.2 | 20 |0.400| 3500 | 0.440 0 0 0.000 [ 215|204 | 171 | 187 | 186 | 194 | 200| 205
Ghannoum N9s0-| 3 | 342 | 20 |0.400| 4200 | 0.889 0 0 0.000 [ 373 | 291 | 345 | 357 | 286 | 307 | 298| 273
Ghannoum N960-| 3 | 342 | 20 |0.400| 7000 | 0.889 0 0 0.000 | 391 | 345 | 345 | 376 | 286 | 350 | 354| 347
Ghannoum H220-| 3 | 58.6 | 10 |0.400| 900 | 0.190 0 0 0.000 | 106 | 109 | &7 | 98 | 97 | 97 | 107|104
Ghannoum H220-| 3 | 58,6 | 10 [0.400| 1500 | 0.190 0 0 0.000 [ 135|130 | 97 | 102 | 97 [ 111 | 127|131
Ghannoum H350-| 3 | 58,6 | 10 |0.400| 1500 | 0.313 0 0 0.000 | 158 | 160 | 159 | 161 | 190 | 151 | 160| 154
Ghannoum H350-| 3 | 58.6 | 10 |[0.400| 2500 | 0.313 0 0 0.000 | 190 | 189 | 159 | 168 | 190 | 172 | 190| 192
Ghannoum H485-| 3 | 58.6 | 10 |0.400| 2100 | 0.440 0 0 0.000 | 199 | 206 | 224 | 227 | 243 | 202 | 202| 198
Ghannoum H485- 3 | 58.6 | 10 |0.400| 3500 | 0.440 0 0 0.000 | 199 | 244 | 224 | 237 | 243 | 231 | 239| 249
Ghannoum H960-| 3 | 58.6 | 10 |0.400| 4200 | 0.889 0 0 0.000 | 320 | 348 | 452 | 458 | 375 | 355 | 357| 332
Ghannoum Has0-| 3 | 58.6 | 10 |0.400| 7000 | 0.889 0 0 0.000 | 341 | 413 | 452 | 478 | 375 | 411 | 423| 422
Elmetwally BH-100 3 | 88.0 | 14 |0.300| 2800 | 0.921 0 0 0.000 | 242 | 292 | 430 | 425 | 351 | 315 | 305| 251 | 210
Elmetwally BH-100 3 | 80.0 | 14 |0.300| 2800 | 0.884 0 0 0.000 | 228 | 278 | 394 | 390 | 327 | 298 | 295| 246
Elmetwally BH-100 3 | 87.0 | 14 |0.300| 2800 | 0.887 0 0 0.000 | 220 | 286 | 412 | 407 | 342 | 308 | 304| 253 | 210
Elmetwally BH-100 3 | 86.0 | 14 |0.300| 2800 | 0.876 0 0 0.000 | 348 | 283 | 405 | 400 | 338 | 305 | 303| 252 | 210
Elmetwally BH-100 3 | 78.0 | 14 |0.300| 2800 | 0.895 0 0 0.000 | 249 | 277 | 394 | 390 | 325 | 298 | 293|243 | 210
Elzanty etal. |F11 3 | 207 | 13 |0.178| 568 | 0.267 0 0 0.000| 44 | 45 | 36 | 37 | 36 | 40 45| 43
Elzanty etal. [F12 3 | 207 | 13 |0.178| 1161 | 0.267 0 0 0.000 | 53 | 57 | 36 | 39 | 36 | 47 57| 54
Elzanty etal. |F8 3 | 400 | 13 |0.178| 458 | 0.267 0 0 0.000 | 45 | 52 | 50 | 49 | 50 | 49 52| 43 | 38
Elzanty etal. |F13 3 | 400 13 (0178 568 | 0.267 0 0 0.000 | 45 | 55 | 50 | 50 | 50 | 52 56| 53
Elzanty etal. |F14 3 | 400 | 13 |0.178| 1161 | 0.267 0 0 0.000 | 63 | 70 | 50 | 52 | 50 | &1 71| 67
Elzanty et al. |F1 3 | 655 | 13 |0.178| 568 | 0.267 0 0 0.000 | 57 | 65 | 64 | 63 | 64 | 63 66| 63
Elzanty etal. |F2 3 | 656 | 13 |0.178| 1161 | 0.267 0 0 0.000| 66 | 83 | 64 | 66 | 64 | 73 84| 79
Elzanty etal. [F10 3 | 6565 13 |0.178| 1530 | 0.267 0 0 0000 77 | 89 | 64 | 67 | 64 | 78 92| 79
Elzanty etal. |Fg 3 [ 793 13 |0.178| 768 | 0.267 0 0 0000 62 | 77 | 70| 70 | 7A 73 78| B4 | 38
Elzanty etal. |[F15 3 | 793 | 13 |0.178] 1161 | 0.267 0 0 0000 67 | 88 | 70 | 72 | 71 79 89| 84
Elzanty etal. |F3 3 | 69.0| 13 |0.178| 568 | 0.267 0 0 0.000 | 79 | 67 72| 64
Elzanty etal. |F4 3 | 69.0 | 13 |0.178| 1161 | 0.267 0 0 0.000 | 113 | 84 91| 80
Elzanty etal. |F& 3 [ 634 13 |0.178]| 1161 | 0.267 0 0 0.000 60 | 82 | 63 | 63 | 63 | 73 83| 78
Walraven & Le|A1 3 | 229 16 |0.200]| 208 | 0.125 0 0 Q000 | 32| 26 | 20| 20 | 20 | 22 24| 17 [ 40
Walraven & Le|A2 3 | 229 16 |0.200| 622 | 0.420 0 0 0.000 [ 71 62 | 67 | 67 | 74 | B2 61] 43 | 84
Walraven & Le|A3 3 | 232 16 |0.200| 1138 | 0.720 0 0 0.000 [ 101 | 95 [ 115|116 | 105 | 99 91| 70 [ 123
Mathey and Will-3 3 [ 219 25 |0.203| 1538 | 0.403 0 0 0.000 | 262 | 108 118| 85
Mathey and Will-4 3 | 264 | 25 [0.203| 1538 | 0.403 0 0 0.000 | 313 | 115 125] 91
Mathey and Willl-5 3 | 257 | 25 |0.203| 1513 | 0.403 0 0 0.000 | 289 | 114 124| 90
Mathey and Willl-6 3 | 256 | 25 |0.203| 1513 | 0.403 0 0 0.000 | 291 | 114 123| 90
Mathey and WiIV-7 3 | 241 | 25 |0.203| 1522 | 0.403 0 0 0.000 | 291 | 112 121| 88
Mathey and WilV-8 3 | 249 | 25 |0.203| 1522 | 0.403 0 0 0.000 | 304 | 113 122| 89
Mathey and WiV-9 3 | 2341 | 25 |0.203| 949 | 0.403 0 0 0.000 | 224 | 94 102| 67
Mathey and WiV-10 3 | 27.0 | 25 [0.203| 949 | 0.403 0 0 0.000 | 268 | 99 107 71
Mathey and WiVI1-11 3 | 254 | 25 |0.203| 957 | 0.403 0 0 0.000 | 224 | 97 106| 70
Mathey and Wivl-12 | 3 | 25.7 | 25 |0.203| 957 | 0.403 0 0 0.000 | 268 | 98 106| 70
Mathey and WiV-13 3 | 224 | 25 |0.203| 614 | 0.403 0 0 0.000 | 222 | 80 87| 43
Mathey and WiV-14 3 | 267 | 25 |0.203| 614 | 0.403 0 0 0.000 | 224 | 85 93| 45
Mathey and WiVI-15 | 3 | 25,5 | 25 [0.203| 614 | 0.403 0 0 0.000 | 180 | 84 91| 45
Mathey and WiVIl-16 | 3 | 22.8 | 25 |0.203| 614 | 0.403 0 0 0.000 | 189 | 81 88| 43
Mathey and Willla-17| 3 | 29.2 | 25 [0.203| 2078 | 0.403 0 0 0.000| 88 | 100 | 73 | 79 | 82 | 92 | 100| 94 | 65
Mathey and Willla-18| 3 | 252 | 25 |0.203| 2078 | 0.403 0 0 0.000 | 81 95 | 68 | 74 | 76 | 87 o5 89 | 72
Mathey and WiVa-19| 3 | 23,5 | 25 [0.203| 761 | 0.403 0 0 0.000 | 63 | 66 | 66 | 66 | 73 | 67 67| 54 | 70
Mathey and WiVa-20| 3 | 256 | 25 |0.203| 761 | 0.403 0 0 0.000 | 66 | 68 | B9 | 69 | 77 | 69 68 56 | 72
Mathey and WiVIb-21| 3 | 26.1 | 25 [0.203| 887 | 0.403 0 0 0.000 | 71 67 | 69 | 70 | 77 | 68 67| 51 99
Mathey and WiVIlb-22| 3 | 258 | 25 |0.203| 687 | 0.403 0 0 0.000| 62 | 66 | 689 | 70 | 77 | 67 66 50 | 99
Mathey and WiVIb-23| 3 | 30.6 | 25 |0.203| 687 | 0.403 0 0 0000 75| 70 | 75 | 76 | 84 | 72 70| 53 | 65
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Kanietal. | 147 | 3 | 16.8 | 19 |0.152| 306 | 0.287 | 0 0 [0.000) 42| 31|30 30 at] 21
Kani et al. 148 [ 3 | 18.0| 19 [0.152| 323 | 0.272 0 0 0.000 | 44 | 32 | 29 [ 30 32| 23
Kani et al. 151 3 [ 193] 19 |0.152| 326 | 0.273 0 0 0.000 ) 36 | 33 | 30 [ 31 33| 24
Kani et al. 152 [ 3 | 19.7 | 19 [0.152| 319 | 0.270 0 0 0.000] 32 | 33 | 30 [ 31 30 | 30 33[ 23 | 49
Kani et al. 153 [ 3 | 19.7 | 19 [0.152| 317 | 0.273 0 0 0.000 | 33 [ 33| 31 [ 31 31 | 30 33 23 | 49
Kani et al. 102 [ 3 | 253 | 19 [0.152] 314 | 0.289 0 0 0.000 | 49 [ 35 37| 28
Kani et al. 103 [ 8 | 294 | 19 [0.152| 314 | 0.274 0 0 0.000 )| 39 [ 37 | 37 | 37 | 38 | 36 37| 26 | 32
Kani et al. 105 [ 3 | 26.2 | 19 [0.152| 320 | 0.272 0 0 0.000 | 42 | 36 | 35 [ 36 36| 26
Kani et al. 106 [ 3 | 28.8 | 19 [0.152| 314 | 0.268 0 0 0.000| 45 | 37 | 36 | 37 | 37 | 35 37| 26 | 32
Kanietal. | 111 | 3 | 27.0] 19 |0.152] 317 0272 © 0 | 0000 43| 36| 36| 36 36| 26
Kanietal. | 112 | 3 | 27.0| 19 |0.152| 317 | 0273 | © 0 |0.000) 39|36 |36 3 36| 26
Kani et al. 114 [ 3 | 255 | 19 [0.152| 330 | 0.270 0 0 0.000 | 61 | 36 38| 26
Kani et al. 115 [ 8 | 26.2 | 19 [0.152| 319 | 0.272 0 0 0.000 ) 45| 36 | 35 | 36 36| 26
Kani ot al. 25 3 [245] 19 |0.152| 774 | 0.271 0 0 0.000 | 104 | 47 50| 48
Kani et al. 26 | 3 | 271 ] 19 |0.152| 774 | 0.271 0 0 | 0.000) 78 | 49 52| 50
Kani et al. 27 3 [ 298| 19 |0.152| 774 | 0.271 0 0 0.000 | 51 | 51 37 [ 41 38 | 45 51| 52 | 32
Kani et al. 28 3 [292] 19 |0.152| 774 | 0.271 0 0 0.000 | 54 | 50 | 37 | 40 | 37 | 45 50| 51 3z2
Kani et al. 29 3 [ 245 19 |[0.152| 774 | 0.271 0 0 0.000 | 43 | 47 | 34 | 35 | 34 | 42 48| 48 | 33
Kani et al. 30 3 [ 252 19 |0.152| 774 | 0.271 0 0 0.000 | 46 | 48 | 34 | 36 | 35 | 42 48| 49 | 33
Kani et al. 35 3 [2641 ] 19 |0.152| 761 [ 0.269 0 0 0.000) 45 [ 48 | 35| 37 | 35 | 42 48| 49 | 44
Kani et al. 36 3 [ 2641 ] 19 |0.182| 781 | 0.273 0 0 0.000 ) 52 | 48 | 35 | 37 | 35 | 43 48| 50 | 44
Kani et al. 81 3 [275] 19 |0.152| 1161 | 0.274 0 0 0.000 | 51 | 57 | 36 | 38 | 37 | 48 57| 51 25
Kani et al. 83 3 [ 274 ] 19 |0.152]| 1161 | 0.271 0 0 0.000 | 65 | 56 | 36 [ 41 36 | 48 57| 50 | 54
Kani et al. 84 | 3 | 274 19 [0.152] 1161 | 0.271 0 0 |0.000) 55|56 |3 | 39|36 | 48 57| 50 | 39
Kani et al. 85 | 3 |255| 19 |0.152[ 1129|0274 | © 0 | 0.000)|234]110 109| 48
Kani et al. 87 3 [27.2] 19 |0.152| 1129 | 0.269 0 0 0.000 | 240 [ 110 112| 50
Kani et al. 91 3 [27.4] 19 |0.152] 1122 | 0.269 0 0 0.000 | 51 | 55 | 36 | 37 | 36 | 47 56| 50 [ 25
Kani et al. 94 3 [ 253 ] 19 |0.152| 1161 | 0.273 0 0 0.000 | 111 [ 55 58| 49
Kani et al. 95 3 [253] 19 [0.152| 1161 | 0.275 0 0 0.000 | 73 [ 55| 35 | 41 55| 49
Kani et al. 96 | 3 | 253] 19 |0.152[ 1161 0.275| 0 0 [0.000) 56|55 |35]| 38| 35| 47 55| 49 | 38
Kani et al. 97 3 [27.2] 19 |0.152| 1129 | 0.276 0 0 0.000 ) 62 | 56 | 36 [ 41 37 | 48 56| 51 53
Kani et al. 99 3 [262] 19 |0.152| 1129 | 0.272 0 0 0.000 )| 77 [ 55 | 35 [ #1 35 | 47 55| 50 [ 65
Kani et al. 100 [ 3 | 27.2 | 19 [0.152] 1136 | 0.270 0 0 0.000 | 112 | 56 59( 50
Kani et al. 52 3 [248] 19 |0.152| 568 | 0.138 0 0 0.000 ) 29 [ 32 | 17 | 19 | 17 | 25 29 27 | 24
Kani et al. 55 3 [251 ] 19 |0.152| 568 [ 0.135 0 0 0.000) 33 (32 |17 | 19 | 17 | 25 29] 26 [ 35
Kani et al. 83 3 [ 274 ] 19 |0.152| 1161 | 0.271 0 0 0.000 ) 65 | 56 | 36 [ 41 36 | 48 57| 50 [ 54
Kani et al. 84 3 [ 274 ] 19 |0.152]| 1161 | 0.271 0 0 0.000 | 55 | 56 | 36 [ 39 | 36 | 51 57| 50 | 39
Kani et al. 63 3 [26.2] 19 |0.152| 2323 | 0.543 0 0 0.000) 93 [ 93 |70 [ 77 |71 | 91 88| 83 | 64
Kani et al. 74 | 3 |27.2| 19 |0.152[2265]| 0523 | 0O 0 |[0.000)108| 92 69| 78 | 71| 90 8g| 82 | &7
Kani et al. 79 | 3 | 261] 19 |0.152[ 2316|0556 | 0O 0 [0.000) 84 |94 (72|74 |72 92 87| 85 | 35
Kanietal. |3043| 3 [ 26.9| 19 |0.152]| 4555 | 1.092 0 0 0.000 | 165 | 158 | 143 [ 162 | 107 | 164 | 176]| 142 | 146
Kanietal. | 3044 | 3 [ 29.5| 19 |0.152] 4555 | 1.097 0 0 0.000 | 159 163 | 150 [ 163 | 112 | 171 | 181|147 [ 112
Kanietal. | 3046 | 3 | 26.7 | 19 |0.152| 4594 | 1.097 0 0 0.000 | 154 143 | 147 | 107 | 165 142 | 61
Moody etal. |[A-A1| 3 | 30.3 | 25 |0.178| 1006 | 0.262 0 0 0.000 | 60 | 61 | 43 | 46 | 43 | 54 62| 59
Moody etal. |A-A2| 3 [ 31.0| 25 |0.178( 1020 | 0.267 0 0 0.000 | 67 [ B2 | 44 | 48 | 44 | 55 63| 80
Moody etal. [A-A3| 3 | 31.0 | 25 |0.178| 1058 | 0.268 0 0 0.000 | 76 | B3 | 44 | 48 | 44 | 56 63| 61
Moodyetal. |A-A4| 3 [ 31.5| 25 (0178 1136 | 0.270 0 0 0.000 ]| 71 | 65| 45 | 49 | 45 | 58 65| 61
Moody etal. |[A-B1| 3 | 21.2 | 25 |0.178| 768 | 0.267 0 0 0.000| 56 | 50 | 36 | 39 | 36 | 45 50( 53
Mcodyetal. |A-B2| 3 [ 21.6 | 25 |0.178| 774 [ 0.268 0 0 0.000 | 60 [ 50 | 37 | 39 | 37 | 45 51| 54
Moody etal. [A-B3| 3 | 19.2| 25 |0.178| 768 | 0.270 0 0 0.000 )| 56 | 48 | 35 | 38 | 35 | 43 49| 52
Moodyetal. |A-B4| 3 [ 168 | 25 |0.178| 800 | 0.272 0 0 0.000 | 56 | 47 | 33 | 36 | 33 | 42 47| 50
Meody et al. [A-C1| 3 6.3 25 |0.178| 387 | 0.268 0 0 0.000) 20 [ 26 | 20 [ 21 20 | 24 27| 19
Meodyetal. |A-C2| 3 | 61 | 25 [0.178] 400 | 0.272 | 0O 0 |[0000) 25|27 [ 20| 21 | 20 | 24 27| 20
Moody etal. [A-C3| 3 | 69 | 25 |0.178| 387 | 0273 | © 0 |[oooo) 25|27 |21 | 22|21 | 25 28| 20
Moody etal. |A-C4| 3 6.8 25 |0.178| 400 | 0.274 0 0 0000|2528 | 21 | 22 | 21 | 25 28| 20 | 43
Meody etal. [B-B1| 3 | 36.7 | 25 |0.152| 774 | 0.268 0 0 0.000 | 58 | 54 | 41 | 43 | 41 | 50 55| 55
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Moody etal. [Il-20b| 3 | 20.4 | 25 |0.178 4032 | 0.533 0 0 0.000 | 369 | 266 214[ 90
Moody etal. |IV-g 3 [ 234 | 25 |0.178| 516 | 0.305 0 0 0.000 | 80 | 48 58| 39
Moody etal. |IV-h 3 [ 259 25 |0.178] 798 | 0.305 0 0 0.000 | 89 | 57 69| 63
Moody etal. |IV-i 3 [ 241 ] 25 |0.178]| 1140 | 0.305 0 0 0.000 | 86 | B3 75| 63
Moody et al. |IV-j 3 [248) 25 [0.178] 1553 | 0.305 0 0 0.000 | 106 | 70 84| 63
Moody etal. |IV-k 3 [ 25.0| 25 |0.178| 1498 | 0.305 0 0 0.000 | 112 B9 83| 63
Moody etal. |IV-I 3 [ 27.0| 25 |0.178| 2584 | 0.305 0 0 0.000 | 1083 | 73 101] 65
Moody stal. |V-b 3 [26.0] 25 |0.178]| 798 | 0.305 0 0 0.000 | 95 | 86 104| 63
Moody stal. |V-d 3 [ 248 25 |0.178] 1553 | 0.305 0 0 0.000 | 113 ] 105 126| 63
Moody etal.  |V-f 3 [ 23.3| 25 |0.178| 2584 | 0.305 0 0 0.000 | 111 ] 108 144| 62
Moody etal. |VI-a 3 [ 282]| 25 |0.178| 516 | 0.305 0 0 0.000 | 108 | 57 69| 42
Moody etal. |VI-b 3 | 287 | 25 |0.178| 798 | 0.305 0 0 0.000 | 172 | 66 80| 65
Morraw B14-B] 3 | 146 | 6 |0.305| 2078 | 0.368 0 0 0.000 | 367 | 207
Morraw -El 3 | 127 | 6 [0.305] 851 | 0.375 0 0 0.000 | 278 | 138
Morrow Al 3 |2266| 6 |0.305| 2760 | 0.362 0 0 0.000 | 512 | 257
Morrow Bl 3 |[263| 6 |0.305| 2078 | 0.368 0 0 0.000 | 500 | 252
Morrow E| 3 |289| 6 [0.305|1393| 0.368 0 0 0.000 | 512 | 228
Morraw Al 3 | 454 | 6 [0.305]|4154 | 0.356 0 0 0.000 | 801 | 335
Morrow B6 3 [468| 6 |0.305) 2078 | 0.368 0 0 0.000 | 778 | 306
Morrow Bz2iB2| 3 | 139 | 6 |0.305| 2081 | 0.367 0 0 0.000 | 239|135 143|102
Morraw E2 3 [11.3]| 6 |0.305| B51 | 0.375 0 0 0.000 | 212 | 88 90| 37
Morrow Ad 3 | 298| 6 |0.305)| 2763 | 0.368 0 0 0.000 | 523 | 193 202| 132
Morrow B4 3 | 274 6 [0.305| 2078 | 0.368 0 0 0.000 | 386 | 170 178|128
Morrow E4 3 | 242| 6 |0.305)| 1381 | 0.365 0 0 0.000 | 423 | 141 150] 102
Morrow E4R 3 [81.9] 6 |0.305]| 1393 | 0.368 0 0 0.000 | 434 | 157 164|112
Morrow F4 3 | 314| 6 |0.305] 1320 | 0.370 0 0 0.000 | 468 | 154 161] 105
Morraw A6 3 [ 453 | 6 |0.305]| 4154 | 0.356 0 0 0.000 | 579 | 223 266| 148
Morrow B6 3 [455| 6 |0.305]| 2080 | 0.375 0 0 0.000 | 579 | 207 212| 155
Morrow BasB2) 3 | 147 | 6 |0.305| 2075 | 0.362 0 0 0.000 | 201 | 101 109] 103
Morrow E2 3 [137] & |0.305| 646 | 0.372 0 0 0.000 | 130 | 70 72| 39
Morraw Ad 3 [275]| 6 |0.305| 2763 | 0.368 0 0 0.000 | 324 | 141 147|129
Morraw B4 3 [323] 6 |0.305]| 2078 | 0.368 0 0 0.000 | 257 | 135 142]| 136
Morrow E4 3 [ 3341 6 |0.305]| 1393 [ 0.368 0 0 0.000 | 268 | 119 125| 113
Morrow A6 3 [47.2] 6 |0.305]|4118 | 0.353 0 0 0.000 | 335 | 168 202[ 149
Morraw Bs 3 [439| 6 |0.305| 2078 | 0.368 0 0 0.000 | 324 | 150 157|151
Morrow B40B4) 3 | 348 | 6 |0.305| 2078 | 0.368 0 0 0.000 | 158 | 134 | 110 118 [ 126 | 117 | 134| 140 | 87
Morrow B56B2) 3 | 147 | 6 |0.305| 2078 | 0.368 0 0 0.000 | 103|100 | 72 | 77 | 82 | 83 | 100| 105 | 89
Morrow E2 3 [147] 6 |0.305] 652 | 0.368 0 0 0000) 83 |68 | 72| 71 | 82 | 63 68| 40 | 89
Morraw Ad 3 [250]| 6 |0.305| 2754 | 0.375 0 0 0.000 | 141|133 | 95 | 103 [ 108 | 111 | 131|127 | 104
Morraw B4 3 [27.2| 6 |0.305| 2078 | 0.368 0 0 0.000 | 125123 | 97 | 102 [ 111 | 106 | 123|129 | 107
Morraw E4 3 [284| 6 |0.305]| 1383 | 0.368 0 0 0.000 | 112|109 | 99 | 101 [ 114 ] 98 | 109| 108 | 87
Morrow A6 3 [399] 6 |0.305|4111) 0.356 0 0 0.000 | 181 | 160 | 114 | 126 [ 131 | 142 | 176| 142 | 87
Morrow Bs 3 [ 457 | & |0.305]| 2074 | 0.372 0 0 0.000 | 140|147 | 127 | 130 [ 145 | 130 | 146| 154 | 87
Morrow B7oB2] 3 | 163 | 6 |0.305| 2072 | 0.365 0 0 0.000 | 93 |103| 75| 78 [ 86 | 86 | 104/108| 71
Morrow Ad 3 | 27.2| 6 |0.305| 2763 | 0.368 0 0 0.000 | 136 | 135 | 97 | 102 | 111 | 114 | 135|128 | 83
Morrow A6 3 [450]| 6 |0.305]| 4154 | 0.356 0 0 0.000 | 182 | 167 | 121 ]| 129 | 140 | 149 | 183| 148 | 87
Morraw Be4B4) 3 | 27.2 | 6 |0.305] 2084 [ 0.363 0 0 0.000 | 116|123 | 96 | 97 | 110 [ 106 | 123)| 127 | &7
Morrow B113B| 3 | 326 | 6 |0.305| 2072 | 0.365 0 0 0.000 | 112 130 | 106 | 105 [ 121 | 113 | 131|136 | 51
Bhal B1 3 | 232 | 30 |0.240| 898 | 0.297 0 0 0.000| 71 | 69 | 57 | 59 | 57 | 66 71| 69 | 88
Bhal B2 3 [ 29.6 | 30 |0.240| 1814 | 0.600 0 0 0.000 | 120 | 127 | 130 | 134 [ 127 | 133 | 118|126 | 109
Bhal B3 3 [ 27.5] 30 |0.240| 2722 | 0.900 0 0 0.000 | 167 | 167 | 188 | 194 [ 155 | 182 | 171] 167 | 186
Bhal B4 3 [ 252 30 |0.240] 3629 | 1.200 0 0 0.000 | 185) 202 | 240 | 249 [ 171 | 223 | 220) 201 | 224
Bhal B5 3 | 26.6 | 30 |0.240| 907 | 0.800 0 0 0.000 | 106 | 97 | 123|122 (121|109 | 90| &1 | 139
Bhal Bs 3 [ 247 | 30 |0.240| 907 | 0.600 0 0 0.000 | 114 | 95 | 119|118 [ 116 | 106 | 88| 59 | 136
Bhal B7 3 | 27.2| 30 |0.240| 1361 | 0.900 0 0 0.000 | 140 | 132 | 187 | 186 | 154 | 153 | 135| 83 | 186
Bhal Bg 3 | 27.7 | 30 |0.240] 1361 | 0.900 0 0 0.000 | 128 | 133 | 189 187 | 156 | 155 | 136| 84 | 187
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Aster & Koch |8 3 [ 34.1] 30 [1.000] 3150 | 0.500 | © 0 | 0.000 [ 287 | 371 | 463 | 450 | 483 | 411 | 355|233 | 280
Aster & Koch |9 3 |1 19.9 | 30 [1.000| 3150 | 0.500 0 0 0.000 | 261 | 320 | 370 | 362 | 387 | 342 | 306| 201 | 244
Aster & Koch [10 3 | 20.0 | 30 [1.000| 3150 | 0.500 0 0 0.000 | 262 | 320 | 371 | 363 | 388 | 342 | 306)| 201 | 245
Aster & Koch |17 3 | 28.7 | 30 [1.000| 3150 | 0.750 0 0 0.000 | 364 | 428 | 667 | 649 | 597 | 503 | 416| 205 | 551
Chana 2.1a 3 1493 | 20 |0.203)| 1221 | 0.356 0 0 0.000) 96 | 95 | 84 | 87 | a7 | 91 96| 102 | 58
Chana 2.1b 3 | 49.3 | 20 |0.203)| 1221 | 0.356 0 0 0.000) 97 [ 95 | B4 | 87 | 97 | 91 96| 102 | 58
Chana 2.2a 3 | 416 | 20 |0.203| 1221 | 0.356 0 0 0.000 )| 87 | 89 | 77 | 81 89 | 85 91| 96 | 58
Chana 2.2b 3 | 416 | 20 |0.203| 1221 | 0.356 0 0 0.000 | 94 | 89 | 77 | 81 89 | 85 91| 96 | 58
Chana 2.3a 3 | 452 | 20 (0.203| 1221 | 0.356 0 0 0.000| 99 | 92 | 81 | 84 | 93 | 88 93| 99 | 58
Chana 23b | 3 |452] 20 |0.203|1221 | 0.356 | O 0O [0000| 96| 92|81 | 84]| 93] 88 93] 99 | 58
Heger, F.J., an/SW14 3 | 49.0 | 19 |0.914| 1624 | 0.191 0 0 | 0000|197 218|203 202|204 | 205 | 217|176 | 145
Heger, F.J., an[SW14{ 3 | 49.0 | 19 [0.914| 1632 | 0.186 0 0 0.000 | 196 | 216 | 198 | 196 | 199 | 202 | 217|177 | 145
Heger, F.J., an|SW1B{ 3 | 48.3 | 19 |0.914| 2085 | 0.184 0 0 0.000 | 203 [ 233 | 194 | 195 | 195 | 210 | 234 225 | 144
Heger, F.J., an|SW1B{ 3 | 48.3 | 19 [0.914| 2089 | 0.180 0 0 0.000 | 223 [ 231 | 190 | 191 | 191 | 207 | 234 | 226 | 144
Yoon, Cook, M[N1-5 | 3 | 36.0 | 20 [0.375|7000] 0.655 | 0 0 | 0.000 [ 249|296 | 245 | 270 | 232 | 284 | 293| 267 | 197
Yoon, Cook, MM1-8 | 3 | 7.0 | 10 |0.375| 7000 | 0.655 0 0 0.000 | 296 | 364 | 334 | 355 | 316 | 342 | 360| 329 | 197
Yoon, Cook, M[H1-5 | 3 | 87.0 | 10 [0.375| 7000 | 0.655 0 0 0.000 | 327 | 397 | 380 | 399 | 360 | 379 | 393|359 | 197
Konig grimm &fs1.1 3 1901 ] 16 [0.300| 615 | 0.153 0 0 0.000| 70 | 84 | 72 | 72 | 73 | 76 85| 82 | 42
Konig grimm &s4.1 3 |1110.89] 16 [0.300| 615 | 0.153 0 0 0.000| 74 | 90 | BO | 79 | 81 | 83 91| 88 | 42
Kenig grimm &[s2.3 3 | 93.7 | 16 |0.300| 981 | 0.348 0 0 0.000 | 123 [ 140 | 168 | 164 | 195 | 146 | 142| 115 | 84
Konig grimm &{s3.3 3 | 944 | 16 |0.300) 1858 | 0.746 0 0 0.000 | 193 [ 239 | 361 | 352 | 324 | 263 | 234 180 | 168
Konig grimm &[s1.2 3 ]191.2] 16 |0.300)| 1008 | 0.152 0 0 0.000)| 76 | 99 | 72 | 73 | 73 | 85 | 101| 91 | 42
Konig grimm &|s4.2 3 |110.89] 16 |0.300| 1008 | 0.152 0 0 0.000 | 90 [106| 80 | 80 | 80 | 93 | 107| 97 | 42
Kenig grimm &/s2.2 3 1913 16 |0.300/ 1963|0348 © 0 | 0.000 (187|175 166 | 167 | 192 | 171 | 178|181 | 84
Konig grimm &/s3.2 3 1937 16 |0.300/ 3705|0718 © 0 | 0.000 259|295 |346 | 347 | 316 | 309 | 294|315 168
Konig grimm &{s1.3 3 | 93.7 | 16 |0.300| 1848 | 0.146 0 0 0.000 ) 99 [107| 70 | 75 | 71 | 96 | 124| 88 | 42
Konig grimm &|s4.3 3 |110.8] 16 |0.300| 1848 | 0.146 0 0 0.000 | 122|114 | 77 | 81 | 77 | 103 | 132| 94 | 42
Konig grimm &[s2.4 3 | 941 | 16 |0.300)| 3700 | 0.328 0 0 0.000 | 230 [ 197 | 159 | 168 | 187 | 191 | 222| 175 | 84
Konig grimm &[s3.4 3 1941 ] 16 [0.300| 7390 | 0.690 0 0 0.000 | 379 | 345 | 333 | 350 | 309 | 356 | 370| 306 | 168
Pendyala and finf(30){ 3 | 34.0 | 10 |0.080| 516 | 0.140 | © 0 | 000025 ]| 20 21] 16
Pendyala and llinf(30){ 3 | 34.0 | 10 |0.080| 340 | 0.140 0 0 0.000 | 17 [ 20 | 11 11 11 15 18| 16 9
Pendyala and llinf(60){ 3 | 3.0 | 10 |0.080| 470 | 0.140 0 0 0.000 | 31 [ 24 25 20
Pendyala and linf(60)| 3 | 63.0 | 10 |0.080| 243 | 0.140 0 0 0.000]| 16 | 22 | 15 | 15 | 15 | 18 20| 20 9
Pendyala and [linf(100{ 3 | 87.0 | 10 |0.080| 507 | 0.140 0 0 0.000 | 35 | 27 28| 22
Pendyala and llinf(100f 3 | 87.0 | 10 |0.080| 261 | 0.140 0 0 0.000) 18 [ 25 | 17 | 17 | 17 | 21 23| 22 9
Adebar DF-1 3 |1 21.0] 20 |0.500|11250| 1.000 0 0 0.000 | 429 | 418 | 380 | 445 448| 409
Adebar DF-2 | 3 | 18.4 | 20 [0.500| 8850 | 1.000 0 0 0.000 | 315 | 370 | 356 | 404 396| 391
Adebar DF-2R| 3 | 18.4 | 20 [0.500|10600] 1.000 0 0 0.000 | 378 | 392 | 356 | 417 420| 391
Adebar DF-3 | 3 | 184 | 20 |0.500| 9250 | 1.000 | © 0 | 0.000 [329| 375|356 | 407 402 391
Adebar DF-4 | 3 | 255 20 |0.500| 9250 | 1.000 | © 0 | 0.000 (387|418 | 419 | 467 448 436
Adebar DF-5 | 3 | 25.5| 20 [0.500| 9064 | 0.996 0 0 0.000 | 381 | 415 | 418 | 462 445| 435
Adebar DF-6 | 3 | 21.0 | 20 [0.500|20250| 1.000 0 0 0.000 | 771 | 460 545| 409
Adebar DF-7 3 | 20.6 | 20 |0.500|11550| 1.000 0 0 0.000 | 435 | 419 | 377 | 443 449| 406
Adebar DF-8 | 3 | 224 | 20 |0.500|13500| 1.000 0 0 0.000 | 531 | 454 | 393 | 473 487| 418
Adebar DF-8R| 3 | 22.4 | 20 |0.500|14750| 1.000 0 0 0.000 | 579 | 468 | 393 | 482 501| 418
Adebar DF-8 | 3 | 31.7 | 20 [0.500|11400| 1.000 0 0 0.000 | 532 | 482 | 467 | 528 516 469
Adebar DF-10| 3 | 31.7 | 20 |0.500/11200| 1.000 0 0 0.000 | 524 | 479 | 467 | 527 513| 469
Adebar DF-1Q 3 | 31.7 | 20 |0.500|12950| 1.000 0 0 0.000 | 605 | 503 | 467 | 540 539| 469
Adebar DF-11] 3 | 19.5 | 20 |0.250)| 8000 | 1.000 0 0 0.000 | 330 | 225 274|199
Ch and Shin  |H4300] 3 | 49.1 | 16 [0.130] 5798 | 0.500 0 0 0.000 | 337 | 151
Oh and Shin  |H4500] 3 | 49.1 | 16 |0.130| 1931 | 0.500 0 0 0.000 | 113 | 94 98| 84
Kani T-Beams| 4850| 2 | 17.9 | 19 |0.155| 2323 | 0.273 0 0 0.000 | 71 | 51 38 | 30 | 49 63| 45
Kani T-Beams| 4851) 2 | 17.9 | 19 |0.155/2319] 0273 | © 0 | 0,000 52| 51 32 | 30 | 49 63| 45
Kani T-Beams| 4852) 2 | 17.9 | 19 |0.157 2298 | 0.270 | 0 0 | 0,000 97 | 51 41 | 30 | 49 63| 46
Kani T-Beams| 4853 2 | 17.9 | 19 [0.155| 2298 | 0.273 0 0 0.000 | 62 | 51 36 | 30 | 48 62| 45
Kani T-Beams| 4854| 2 | 17.9 | 19 |0.156| 2304 | 0.272 0 0 0.000 | 56 | 51 33 | 30 | 49 63| 46
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Kani T-Beams| 4857| 2 | 17.6 | 19 |0.153| 2285 | 0.275 0 Q 0.000 | 77 | 50 39 | 29 | 48 61| 45
Kani T-Beams| 4858| 2 | 17.6 | 19 |0.154| 2287 | 0.276 1] 0 0.000 | 74 | 51 40 | 30 | 48 62| 45
Kani T-Beams| 4830) 2 | 19.0 | 19 |0.155| 1184 | 0.272 0 0 0.000 | 64 | 50 36 | 31 | 44 50| 46
Kani T-Beams| 4831| 2 | 19.0 | 19 |0.155] 1134 | 0.271 0 [ 0.000 | 59 | 50 34 | 31 | 4 50| 46
Kani T-Beams| 4832] 2 | 19.0 | 19 |0.156| 1133 | 0.272 0 Q 0.000 | 56 | 50 33|31 | 44 50| 46
Kani T-Beams| 4833| 2 | 19.2 | 19 |0.155| 1134 | 0.271 0 0 0.000 | 47 | 50 32 | 31 | 44 50| 46
Kani T-Beams| 4834| 2 | 18.9 | 19 |0.155| 1134 | 0.271 0 0 0.000 | 51 | 50 | 30 | 32 | 30 | 44 50| 46
Kani T-Beams| 4836| 2 | 18.5 | 19 [0.153| 1144 | 0.272 0 0 0.000 | 49 | 49 | 30 | 32 | 30 | 43 50| 45
Kani T-Beams| 4837 2 | 185 | 19 [0.154| 1148 | 0.272 0 0 0.000 | 49 | 50 | 30 | 31 | 30 | 43 50| 45
Kani T-Beams| 4838| 2 | 18.0 | 19 [0.152] 1103 | 0.279 0 0 0.000 | 52 | 49 | 30 | 32 | 30 | 43 48| 45
Kani T-Beams| 4838| 2 | 18.0 | 19 |0.152] 1125 | 0.273 0 0 0.000 | 44 | 49 | 29 | 31 | 29 | 42 49| 45
Kani T-Beams| 4840 2 | 18.0 | 19 [0.1562| 1141 | 0.275 0 0 0.000 | 45| 49 | 29 | 31 | 30 | 43 49| 45
Kani T-Beams|4840A| 2 | 17.6 | 19 |0.153| 1182 | 0.274 0 0 0.000 | 49 | 49 | 29 | 33 | 29 | 42 49| 45
Kani T-Beams|4840C| 2 | 20.6 | 19 [0.153] 1137 | 0.295 0 0 0.000| 45| 53 | 34 | 35| 34 | 48 51| 50
Kani T-Beams|4840D| 2 | 20.6 | 19 |0.152] 1145 | 0.269 0 0 0000 54 | 51 | 31| 35| 31 | 44 51| 46
Kani T-Beams|4840E( 2 | 20.6 | 19 [0.1563] 1153 | 0.271 0 0 0.000 | 60 | 51 | 31 | 35 | 31 | 45 52| 47
Kani T-Beams| 4810| 2 | 18.2 | 19 |0.154| 762 | 0.272 0 0 0.000 | 47 | 43 | 30 | 30 | 30 | 40 43| 45
Kani T-Beams| 4812 2 | 19.3 | 19 [0.155] 753 | 0.273 0 [ 0000 58 | 44 | 31 | 34 | 31 | 41 44| 47
Kani T-Beams| 4813| 2 | 19.3 | 19 [0.154| 762 | 0.269 0 [ 0.000 | 48 | 44 | 30 | 32 | 30 | 40 44| 46
Kani T-Beams| 4814 2 | 18.3 | 19 [0.154| 764 | 0.271 0 0 0.000 | 51| 44 | 30 | 32 | 31 | 40 44| 46
Kani T-Beams| 4815 2 | 19.2 | 19 |0.156| 765 | 0.271 0 0 0.000 | 53 | 44 | 31 | 34 | 31 | 41 44| 46
Kani T-Beams| 4818 2 | 17.6 | 19 [0.165| 738 | 0.272 0 0 0.000 | 43 | 42 | 29 | 32 | 30 | 39 42| 45
Kani T-Beams| 461| 2 | 30.1 | 19 [0.153| 3412 | 0.275 0 0 0.000 | 73 | 60 | 38 | 42 | 39 | 65 84| 54
Kani T-Beams| 462 2 | 30.1 | 19 [0.153| 3400 | 0.275 0 0 0.000 | 80 | 60 | 38 | 46 | 39 | 65 84| 54
Kani T-Beams| 463| 2 | 254 | 19 |0.153| 3392 | 0.273 0 0 0.000 | 109 57 | 35 | 48 | 35 | 60 78] 50
Kani T-Beams| 464| 2 | 26.3 | 19 [0.153| 3412 | 0.276 0 0 0.000 | 69 | 58 | 36 | 39 | 36 | 61 80| 51
Kani T-Beams| 466 2 | 26.8 | 19 [0.155| 3412 | 0.279 0 0 0.000 | 77 | 69 | 37 | 47 | 37 | 63 81| 53
Kani T-Beams| 467 2 | 26.8 | 19 [0.156| 3384 | 0.273 0 0 0.000 | 75 | 59 | 37 | 42 | 37 | 62 82| 52
Kani T-Beams| 468| 2 | 256 | 19 |0.154] 3401 | 0.271 0 4] 0.000 | 140| &7 | 35 | 53 | 35 | 60 80| 51
Kani T-Beams| 471| 2 | 254 | 19 |0.153| 3416 | 0.269 0 [4] 0.000| 98 | 56 | 34 | 47 | 35 | 59 78] 50
Kani T-Beams| 472| 2 | 26.2 | 19 |0.154| 3396 | 0.267 0 0 0.000 | 95 | 57 | 35| 48 | 35 | 60 80| 50
Kani T-Beams| 473| 2 | 26.2 | 19 |0.154| 3401 | 0.268 0 0 0.000 | 95 | 57 | 35 | 48 | 35 | 60 80| 50
Kani T-Beams| 474| 2 | 26.6 | 19 |0.154] 3401 | 0.270 0 [ 0000 90 | 57 | 36 | 48 | 36 | 61 81| 51
Kani T-Beams| 475| 2 | 26,6 | 19 |0.153| 3379 | 0.269 0 Q 0000 95| 57 | 35| 48 | 35 | 60 80| 51
Kani T-Beams| 476| 2 | 28.3 | 19 |0.152| 3381 | 0.269 1] 0 0.000| 65| 58 | 36 | 38 | 36 | 62 82| 51
Kani T-Beams| 478| 2 | 27.1 | 19 |0.152| 3312 | 0.271 0 0 0.000 | 72 | 57 | 36 | 40 | 36 | 61 80| 51
Kani T-Beams| 480| 2 | 27.2 | 19 |0.152] 3368 | 0.277 0 [ 0000 77 | 58 | 36 | 48 | 37 | &2 80| 52
Kani T-Beams| 481] 2 | 27.2 | 19 |0.152] 3344 | 0.276 0 Q 0.000| 77 | 58 | 36 | 47 | 37 | 62 80| 52
Kani T-Beams| 443| 2 | 244 | 19 |0.155| 2329 | 0.250 0 0 0.000 | 129 | 53 32 | 52 69| 47
Kani T-Beams| 444| 2 | 244 | 19 |0.155| 2334 | 0.251 0 0 0.000 |101) 53 | 32 | 43 | 32 | 53 70| 47
Kani T-Beams| 447 2 | 26.2 | 19 [0.155| 2305 | 0.278 0 0 0.000 | 68 | 59 | 37 | 42 | 37 | 58 71| 52
Kani T-Beams| 448/ 2 | 20.9 | 19 [0.154| 2337 | 0.279 0 0 0.000 | 68 | 61 | 39| 42 | 39 | 62 74| 54
Kani T-Beams| 448| 2 | 29.0 | 19 [0.155] 2284 | 0.266 0 0 0.000 | 63 | 59 | 37 | 39 | 37 | 59 73| 52
Kani T-Beams| 450| 2 | 29.0 | 19 |0.154| 2283 | 0.270 0 0 0.000 | 162 | 59 37 | 59 73| 53
Kani T-Beams| 451| 2 | 26.1 | 19 [0.154| 2317 | 0.273 0 0 0.000 | 57 | 58 | 36 | &7 | 36 | 57 71| 51
Kani T-Beams| 453| 2 | 25.9 | 19 |0.154| 2300 | 0.274 0 0 0.000 | 96 | 58 | 36 | 47 | 36 | 57 70| 51
Kani T-Beams| 454| 2 | 254 | 19 [0.153] 2313 | 0.270 0 0 0.000| 70 | 56 | 35| 43 | 35 | 56 70| 50
Kani T-Beams| 455| 2 | 26.3 | 19 |0.154| 2294 | 0.266 0 0 0000 | 79 | 57 | 35| 43 | 35 | 56 71] 50
Kani T-Beams| 456 2 | 26.3 | 19 [0.1563| 2202 | 0.268 0 0 0.000 | 85 | 57 | 35| 43 | 35 | 56 70| 50
Kani T-Beams| 457| 2 | 26.6 | 19 |0.153| 2330 | 0.272 0 0 0.000 | 78 | 657 | 36 | 45 | 36 | 57 71| 51
Kani T-Beams| 458 2 | 27.1 | 19 [0.152] 2277 | 0.268 0 [ 0000 63 | 57 | 35| &7 | 35 | 57 71] 50
Kani T-Beams| 458| 2 | 27.1 | 19 |0.152] 2277 | 0.268 0 [ 0000 63 | 57 | 35| &7 | 35 | 57 71] 50
Kani T-Beams| 423| 2 | 27.0 | 19 [0.153| 1132 | 0.276 0 0 0.000 | 109 | 56 56| 52
Kani T-Beams| 424| 2 | 30.1 | 19 |0.153| 1136 | 0.276 0 0 0.000 | 69 | 58 | 38 | 43 | 39 | 53 58| 54
Kani T-Beams| 426 2 | 32.7 | 19 [0.155| 1138 | 0.275 0 0 0.000 | 56 | 60 | 40 | 41 | 41 | 55 60| 56
Kani T-Beams| 428| 2 | 27.4 | 19 [0.154| 1131 | 0.269 0 0 0.000 | 58 | 56 | 36 | 87 | 36 | 51 57| 51
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Kani T-Beams| 428) 2 | 27.4 | 19 |0.154| 1131 | 0.273 0 0 0.000 | 64 | 56 | 37 | 39 | 37 | 51 57| 52
Kani T-Beamns| 430| 2 | 26.3 | 19 |0.153] 1144 | 0.271 0 0 0.000 | 66 | 55 | 35 | 39 | 36 | 50 56| 51
Kani T-Beams| 431] 2 | 26.3 | 19 |0.153| 1140 | 0.270 0 0 0.000 | 58 | 55 | 35 | 37 | 35 | 50 56| 51
Kani T-Beams| 432| 2 | 26,7 | 19 |0.153| 1119 0.272 0 0 0.000 | 58 | 55 | 36 | 37 | 36 | 50 56| 51
Kani T-Beams| 433| 2 | 26,7 | 19 |0.153| 1115 0.273 0 0 0.000 | 57 | 55 | 36 | 37 | 36 | 50 56| 51
Kani T-Beams| 403| 2 | 27.4 | 19 |0.152| 752 | 0.275 0 0 0.000 | 120 49 49| 52
Kani T-Bearms| 404| 2 | 26.3 | 19 |0.154| 757 | 0.276 0 0 0.000 | 56 | 49 | 36 | 39 | 36 | 46 49| 52
Kani T-Beams| 405| 2 | 29.4 | 19 [0.154] 754 | 0.275| 0 0 [0.000| 50| 51 | 38 | 40 | 38 | 48 51| 53
Kani T-Beams| 406| 2 | 26.9 | 19 [0.154| 755 | 0.280 | 0 0 [0.000| 49 | 50 | 37 | 38 | 37 | 47 49| 53
Kani T-Beams| 407| 2 | 30.1 | 19 [0.154| 754 | 0.275 0 0 0.000 | 51 | 51 | 39 | 39 | 39 | 49 51| 54
Kani T-Beams| 408| 2 | 31.3 | 19 |0.155| 754 | 0.275 0 0 0.000 | 43 | 52 | 40 | 39 | 40 | 50 52| 55
Kani T-Beams| 412 2 | 26.5| 19 |0.155] 759 | 0.269 0 0 0.000 | 52 | 49 | 36 | 36 | 36 | 46 49| 51
Kani T-Beams| 4134| 2 | 26.5 | 19 [0.153| 763 | 0.274 0 0 0.000 | 46 | 49 | 36 | 36 | 36 | 46 49| 51
Kani T-Beams| 141| 2 | 26.3 | 19 |0.153] 770 | 0.269 0 0 0.000 | 101 [ 48 35 | 45 49| 50
Kani T-Beams| 415| 2 | 26.3 | 19 |0.153| 764 | 0.270 0 0 0.000 | 55 | 48 | 35 | 37 | 35 | 45 49| 51
Kani T-Beams| 4186 2 | 26.5 | 19 |0.153| 746 | 0.274 0 0 0.000 | 83 | 48 48| 51
Kani T-Beams| 417| 2 | 27.2 | 19 |0.152] 741 | 0.274 0 0 0.000 | 55 | 49 | 36 | 38 | 36 | 46 49| 51
Kani T-Beams| 418 2 | 27.2 | 19 |0.155] 729 | 0.275 0 0 0.000 | 49 | 49 | 37 | 39 | 37 | 47 49| 52
Kani T-Beams| 4892) 2 | 35.0 | 19 |0.154| 3401 | 0.274 0 0 0.000 | 168 | 64 | 41 | 59 | 42 | 70 89| 57
Kani T-Beams| 4893 2 | 35.0 | 19 [0.154| 3372 | 0.271 0 0 0.000 119 B3 | 41 | 53 | 41 | 69 88| 56
Kani T-Beams| 4894| 2 | 35.0 | 19 |0.154| 3376 | 0.271 0 0 0.000 | 93 | B3 | 41 | 51 | 41 | &9 88| 56
Kani T-Beams| 4895| 2 | 357 | 19 |0.185]3377 ) 0.270 | 0 0 [0.000| 89 | 64 | 42 | 47 | 42 | 70 89| 57
Kani T-Beams| 4896| 2 | 35.0 | 19 [0.155]3377]| 0273 | 0 0 [0000| 75| 64 | 42| 44 | 42 | 70 89| 57
Kani T-Beams| 4897| 2 | 36.6 | 19 |0.208]| 3357 | 0.274 0 0 0.000 | 92 | 87 | 57 | 64 | 58 | 91 | 109 78
Kani T-Beams| 4898| 2 | 36.6 | 19 |0.155| 3377 | 0.271 0 0 0.000 | 85 | B5 | 42| 45 | 42 | T 90| 57
Kani T-Beams| 4900| 2 | 34.8 | 19 |0.155] 3369 | 0.267 0 0 0.000 | 87 | 63 | 41 | 44 | 41 | 69 88| 56
Kani T-Beams| 4901| 2 | 38.3 | 19 [0.153| 3375 | 0.272 0 0 0.000 | 87 | 65 | 43 | 46 | 43 | T2 91| 58
Kani T-Beams| 4902 2 | 35.1 | 19 |0.154| 3401 | 0.271 0 0 0.000 | 88 | 63 | 41 | 44 | 41 | &9 89| 56
Kani T-Beams| 4903| 2 | 351 | 19 |0.154| 3359 | 0.273 0 0 0.000 |109| B4 | 41 | 54 | 42 | 70 88| 56
Kani T-Beams| 4904| 2 | 345 | 19 |0.155| 3376 | 0.274 0 0 0.000 | 99 [ B4 | 41 | 52 | 42 | 70 88| 57
Kani T-Beams| 4905| 2 | 35.0 | 19 |0.155| 3339 | 0.273 0 0 0.000 |128| 64 | 42 | 56 | 42 | 70 88| 57
Kani T-Beamns| 4882) 2 | 354 | 19 |0.155| 2289 | 0.274 0 0 0.000 | 150 | B4 | 42 | 53 | 42 | &6 78| 57
Kani T-Beams|4882A| 2 | 38.3 | 19 |0.154| 2304 | 0.273 0 0 0.000 | 127 | 65 | 43 | 54 | 43 | 68 80| 58
Kani T-Beamns| 4883| 2 | 37.4 | 19 |0.155| 2293 | 0.271 0 0 0.000 | 85 | 65 | 43 | 50 | 43 | 67 80| 58
Kani T-Beams|4883A| 2 | 345 | 19 |0.154| 2291 | 0.271 0 0 0.000 | 86 | B3 | 41 | 49 | #1 | &4 77| 56
Kani T-Beams| 4884| 2 | 37.4 | 19 |0.155| 2293 | 0.269 0 0 0.000 | 78 | B5 | 42 | 47 | 43 | 67 80| 57
Kani T-Beams| 4885| 2 | 37.4 | 19 [0.156]2300) 0.273 | 0 0 [0.000| 77 | 66 | 43 | 46 | 43 | &8 80| 58
Kani T-Beams| 4887| 2 | 37.7 | 19 [0.156|2295) 0.273 | 0 0 [0000| 74| 66 | 43 | 46 | 44 | 68 80| 59
Kani T-Beams| 4888| 2 | 37.7 | 19 |0.156| 2300 | 0.272 0 0 0.000 | 68 | B6 | 43 | 45 | 44 | 68 80| 58
Kani T-Beams|4888A| 2 | 35.0 | 19 |0.154| 2287 | 0.273 0 0 0.000 | 73 | B4 | 41| 43 | 42 | 65 78| 56
Kani T-Beams| 4868 2 | 34.5 | 19 [0.154| 2283 | 0.272 0 0 0.000 | 96 | 63 | 41 | 50 | 41 | 65 77| 56
Kani T-Beams| 4890 2 | 34.5 | 19 [0.154| 2286 | 0.268 0 0 0.000 | 72 | 62 | 40 | 42 | 40 | &4 77| 55
Kani T-Beams|4890A| 2 | 345 | 19 [0.155] 2281 | 0.272 0 0 0000 | 85 | B3 | 41| 48 | 41 | &5 77| 56
Kani T-Beams| 4872| 2 | 348 | 19 |0.152] 1153 | 0.269 0 0 0.000 | 71 | B1 | 40 | 45| 40 | 55 61| 55
Kani T-Beams|4872A| 2 | 34.5| 19 [0.154| 1139 | 0.271 0 0 0.000 | 77 | 61 | 41 | 45 | 41 | 56 61| 56
Kani T-Beams|4872B| 2 | 345 | 19 |0.154| 1135 | 0.273 0 0 0.000 | 77 | 61 | 41 | 46 | 41 | 56 61| 56
Kani T-Beams| 4873| 2 | 34.8 | 19 [0.153[1144] 0.270| 0 0 [0.000] 70 | 61 | 40 | 43 [ 41 | 56 61| 55
Kani T-Beams|4873A| 2 | 34.1 | 19 |0.153| 1136 | 0.271 0 0 0.000 | 71 | 60 | 40 | 43 | 40 | 55 61| 55
Kani T-Beams|4873B| 2 | 34.1 | 19 |0.154| 1139 | 0.274 0 0 0.000 | 62 | B1 | 41 | 44 | 41 | 56 61| 56
Kani T-Beams| 4874| 2 | 34.8 | 19 |0.154| 1144 | 0.271 0 0 0.000 | 63 | B1 | 41 | 42 | 41 | 56 61| 56
Kani T-Beams| 4878 2 | 354 | 19 |0.153] 1144 | 0.272 0 0 0.000 | 61 | 61 | 41 | 45| 41 | 56 62| 56
Kani T-Beams|4878A| 2 | 36.7 | 19 |0.154| 1147|0278 | 0 0 [0.000| 69 | 63 | 43 | 47 | 43 | 58 63| 58
Kani T-Beams|4878B| 2 | 36.7 | 19 |0.155] 1146 | 0.279 0 0 0.000 | 74 | B3 | 44 | 48 | 44 | 59 63| 59
Kani T-Beams| 4878| 2 | 354 | 19 |0.154| 1139 0.271 0 0 0.000 | 65 | B1 | 41| 43 | 41 | 56 62| 56
Kani T-Beams|4880B| 2 | 35.7 | 19 [0.155| 1138 | 0.271 0 0 0.000 | 65 | 62 | 42 | 45 | 42 | 57 62| 57
Kani T-Beams|4880B| 2 | 35.7 | 19 [0.153| 1144 | 0.273 0 0 0.000 | 64 | 62 | 41 | 456 | 42 | 57 62| 56
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Kani T-Beams| 4862 2 | 354 | 19 [0.153| 761 | 0.269 "] 0 0.000 | 64 | 53 | 41 | 43 | 41 | 51 54| 56
Kani T-Beams| 4863| 2 | 354 | 19 |0.154| 765 | 0.273 0 0 0.000 | 61 54 | 42 | 43 | 42 | 52 54| 57
Kani T-Beams| 1864| 2 | 354 | 19 |0.153| 775 | 0.271 0 0 0.000 | 49 [ 54 | 41 41 | 41 | 51 54| 56
Kani T-Beams| 1865| 2 | 37.0 | 19 |0.155| 763 | 0.269 0 [4] 0.000 | 84 | 55 42 | 52 55| 57
Kani T-Beams| 1867 2 | 37.0 | 19 [0.156| 765 | 0.274 "] [4] 0.000 | 61 | 55 | 43 | 44 | 43 | 53 55| 58
Kani T-Beams|1868A| 2 | 34.4 | 19 |0.154| 775 | 0.272 0 0 0.000 | 65 | 54 | #1 43 | 41 | 51 54| 56
Kani T-Beams|4868B| 2 | 34.4 | 19 |0.155| 770 | 0.270 0 0 0.000 | 58 | 54 | #1 43 | 41 | 51 54| 56
Kani T-Beams|4868A| 2 | 34.4 | 19 |0.154| 772 | 0.271 0 0 0.000 | 61 53 | 41 42 | 41 | 51 54| 56
Kani T-Beams|4869B| 2 | 344 | 19 |0.154| 765 | 0.270 0 [4] 0.000| 69 | 53 | 40 [ 42 | 41 | 51 54| 56
Kani T-Beams| 6041| 2 | 27.7 | 19 [0.152] 3875 | 0.275 0 0 0.000 | 75 [ 58 | 37 | 44 | 37 | 63 85| 52
Kani T-Beams| 6042| 2 | 26,8 | 19 |0.152| 3880 | 0.271 0 0 0.000 | 77 [ 57 | 35 [ 41 36 | 62 84| 51
Kani T-Beams| 6043| 2 | 26.8 [ 19 |0.152| 3870 | 0.268 0 0 0.000 | 67 | 57 | 35 [ 3% | 35 | 61 84| 50
Kani T-Beams| 6044| 2 | 28,7 | 19 |0.152| 3879 | 0.275 0 0 0.000 | 134 | 59 | 37 | 58 | 37 | 65 86| 52
Kani T-Beams| 6045) 2 | 28,7 [ 19 |0.152| 3869 | 0.277 0 0 0000 | 79 [ 59 | 37 | 49 | 38 | 65 86| 53
Kani T-Beams| 6046| 2 | 26,8 | 19 |0.152| 3875 | 0.275 0 0 0.000| 99 [ 58 | 36 [ 51 36 | 63 84| 51
Kani T-Beams| 6048| 2 | 258 | 19 | 0.152| 3872 | 0.271 0 0 0.000 | 77 | 56 | 35 [ 37 | 35 | 61 83| 50
Kani T-Beams| 6050| 2 | 254 | 19 |0.152| 3876 | 0.273 0 0 0.000 | 73 [ 56 | 35 [ 3% | 35 | 61 82| 50
Kani T-Beams| 6021| 2 | 27.4 | 19 |0.152] 1874 | 0.274 0 0 0000 84 | 58 | 36 | 43 | 36 | 56 66| 51
Kani T-Beams| 8022 2 | 27.4 | 19 [0.152| 1849 | 0.274 0 0 0000 63 | 58 | 36 | 40 | 36 | 56 66| 51
Kani T-Beams| 6023| 2 | 27.4 | 19 |0.152| 1865 | 0.272 0 0 0.000 | 60 | 58 | 36 | 38 | 36 | 56 66| 51
Kani T-Beams| 6024| 2 | 257 | 19 |0.152| 1856 | 0.275 0 0 0.000 | 82 | 57 | 35 | 42 | 35 | 54 65| 50
Kani T-Beams| 6025 2 | 257 | 19 |[0.152] 1859 | 0.273 0 0 0.000 | 67 | 57 | 35| 40 | 35 | 54 65| 50
Kani T-Beams| 8026| 2 | 257 | 19 [0.152| 1864 | 0.275 0 0 0000 62 | 57 | 35| 37 | 35 | 55 65| 50
Kani T-Beams| 6027 2 | 27.5| 19 |0.152| 1862 | 0.271 0 0 0.000 | 112 58 | 36 | 45 | 36 | 56 66| 51
Kani T-Beams| 6028 2 | 27.5| 19 |0.152| 1859 | 0.273 0 0 0.000 | 67 | 58 | 36 | 38 | 36 | 56 66| 51
Kani T-Beams| 6030| 2 | 24.9 | 19 |0.152| 1874 | 0.271 0 [4] 0.000| 76 | 56 | 34 | 40 | 34 | 53 64| 49
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Hsiung & FranfA 3 [ 43.0] 10 |0.152]| 1161 | 0.419 | 36 | 283 | 0.107 | 110|116 | 109 | 106 | 110 [ 119 | 117|122 | 49
Hsiung & FrantB 3 | 43.0| 10 |0.305]|2322 | 0.419 | 71 303 | 0.114 | 200 | 233 | 219 | 213 | 200 | 239 | 235[ 244 | 98
Hsiung & FrantC 3 | 43.0| 10 |0.457)|3483 | 0.419 | 107 | 283 | 0.107 | 339 | 348 | 327 | 319 | 339 | 358 | 352 366 | 146
Hsiung & FraniD 3 | 43.0 | 10 |0.457|3483 | 0.419 | 107 | 283 | 0.107 | 348 | 348 | 327 | 319 | 348 | 358 | 352| 366 | 146
Debaiky & ElnifA1 3 | 245 19 10120 900 | 0.260 | 48 | 318 | 0200 | 72 | 60 | 45 | 45 | 72 | 58 62| 57
Debaiky & Elni{B1 3 | 245| 18 |0.120] 900 | 0.260 | 48 | 318 | 0.200| 68 | 60 | 45 | 45 | 68 | 58 62| 57
Debaiky & Elni{C1 3 | 280 19 |0120] 900 | 0.260 | 48 [ 318 | 0200 | 71 | 62 | 47 | 46 [ 71 | &1 63| 58 | 55
Debaiky & Elni{D1 3 | 298| 19 |0.120) 900 | 0.260 | 48 | 318 | 0100 | 82 | 82 | 68 | 67 | B2 | 80 85 79 | 25
Debaiky & ElniiD2 3 | 306 | 19 |0.120) 900 | 0.260 | 57 | 318 | 0.200| 74 | 67 | 52 | 51 | 74 | 66 68| 63 | 25
Debaiky & Elni{F5 3 | 202 | 19 |0120| 750 | 0.260 | 57 | 314 | 0.200 | 66 | 59 | 47 | 46 | 66 | 57 60| 58
Mphonde B50-3-| 3 | 221 | 19 |0.152|1530| 0.298 | 16 | 303 |0.089 | 76 | 73 | 52 | 51 | 76 | 72 76| 66 | 62
Mphonde B50-7- 3 | 39.8 | 19 [0.152[ 1530 | 0.298 | 16 | 303 | 0.089 | 94 | 85 | 64 | 62 | 94 | 87 89| 77 | 36
Mphonde B50-11 3 | 59.7 | 19 |0.152| 1530 | 0.298 | 16 | 303 | 0.089 | 98 | 96 | 74 | 72 | 98 | 100| 100| 86 | 36
Mphonde B50-19 3 | 83.0| 19 |0.152| 1530 | 0.298 | 16 | 303 | 0.089 [ 111 | 105| 85 | 82 | 111 | 113 | 109] 94 | 36
Mphonde B100-3 3 | 27.9 | 19 |0.152[ 1530 | 0.298 | 36 | 266 | 0.089| 95 | 93 | 72 | 70 | 95 | 93 97( 86 | 96
Mphonde Bioo7 3 | 471 | 19 |0.152| 1530 | 0.298 | 36 | 266 | 0.080 | 94 | 104 | B84 | 82 | 94 | 107 | 109] 97 | 36
Mphonde B10o1 3 | 68.6| 19 |0.152| 1530 | 0.298 | 36 | 266 | 0.089 | 152|114 | 94 | 92 | 152 | 120 | 119|105 | 36
Mphonde B1oo1 3 | 81.9 | 19 [0.152] 1530 | 0.298 | 36 | 266 | 0.089 [ 116 ] 119 | 100 | 98 | 116|127 | 125{ 110 36
Mphonde B150-3 3 | 28.7 | 19 |0.152| 1530 | 0.298 | 51 284 | 0.089 | 139|110 | 90 | 88 | 139|111 ] 115/ 104 | 36
Mphonde B150-7 3 | 46.6 | 19 [0.152| 1530 | 0.298 | 51 284 | 0.089 | 133|121 | 101 | 99 | 133|123 | 127114 | 36
Mphonde B150-1 3 | 69.5 | 19 [0.152| 1530 | 0.298 | 51 284 | 0.089 | 161|131 | 112 | 110 | 161 | 137 | 138[ 123 | 36
Mphonde Bi50-1 3 | 827 | 19 [0.152| 1530 | 0.298 | 51 284 | 0.089 | 150 | 136 | 118 | 115 | 150 | 143 | 143[ 127 | 36
Elzanty et al. |G6 3 | 207 | 13 |0.178| 1161 | 0.267 | 59 | 379 | 0191 | 79 | 86 | 67 | 65 | 79 | 80 89| 85
Johnson & RarfNOC. 1| 3 | 36.4 | 19 |0.305[ 4095 | 0.539 | 64 | 479 | 0.133 | 339 | 317 | 288 | 282 | 339 | 363 | 316[ 309 | 130
Johnson & RarNo.2 | 3 | 36.4 | 19 [0.305|4095| 0.539 | 64 | 479 | 0.267 | 222 | 258 | 226 | 220 | 222 | 301 | 252| 247 | 130
Johnson & RariNo. 4 | 3 | 72.3 | 19 [0.305[ 4085 | 0.530 | 64 | 479 | 0.267 | 316 | 310 | 294 | 284 | 316 | 376 | 300| 295 | 130
Johnson & RafNo. 5 | 3 | 55.8 | 19 |0.305[ 4095 | 0.539 | 64 | 479 | 0.133 | 383 | 348 | 328 | 319 | 383 | 407 | 345|338 | 130
Johnson & RarNo.7 | 3 | 51.3 | 19 [0.305|4095) 0.539 | 64 | 479 | 0.267 | 281 | 282 | 257 | 249 | 281 | 337 | 274|270 | 130
Johnson & RarNo. 8 | 3 | 51.3 | 19 [0.305|4095| 0.539 | 64 | 479 | 0.267 | 258 | 282 | 257 | 249 | 258 | 337 | 274|270 | 130
Roller & Russe 1 3 [120.1) 13 |0.356)| 3276 | 0.559 | 64 | 407 | 0.216 | 297 | 374 | 429 | 411 | 297 | 453 | 356( 403 | 158
Roller & Russe| 6| 3 | 724 | 13 |0.457)| 6036 | 0.762 | 142 | 445 | 0.381 | 665 | 552 | 619 | 594 | 665 | 683 | 572| 587 | 278
Roller & Russe| 7] 3 | 724 | 13 |0.457 6552 | 0.762 | 142 | 445 | 0.197 | 788 | 676 | 737 | 712 [ 788 | 791 | 711|705 | 278
Roller & Russe| 8| 3 |125.3| 13 |0.457 | 6552 | 0.762 | 142 | 445 | 0.381 | 483 | 653 | 774 | 741 | 483 | 837 | 673| 679 | 278
Roller & Russe| 9] 3 [125.3) 13 |0.457| 8190 | 0.762 | 142 | 445 | 0.197 | 749 | 807 | 892 | 860 | 749 | 980 | 843|798 | 278
Roller & Russe| 10| 3 [125.3| 13 |0.457 |10060| 0.762 | 142 | 445 | 0.133 | 1172 | 958 | 1009 | 976 | 1172 | 1122 | 1008| 914 | 278
Bresler & ScorgA-1 3 | 241 19 |0.307| 2580 | 0.466 | 64 | 325 | 0.210 | 234 | 185 | 163 | 158 | 234 | 202 | 189] 192 | 203
Bresler & Scor¢B-1 3 | 248 | 19 |0.231| 2580 | 0.461 64 | 325 | 0,191 | 222 | 165 | 138 | 185 222 [ 177 | 170| 160 | 183
Xie et al. NNW-1 3 | 40.7 | 19 |0.127| 826 | 0.203 | 64 | 324 | 0.102 | 87 | 84 | 69 | 68 | 87 | 81 90[ 80 | 28
Xie et al. NHW-1 3 | 98.3 | 19 (0127|1136 | 0.198 | 64 | 324 | 0.080 (102 | 98 | 83 | 82 | 102|103 | 1183] 92 | 28
Xie et al. NHW-1 3 | 90.0| 19 |0.127 | 1136 0.198 | 64 | 324 | 0.076 | 108 | 108 | 94 | 93 | 108 | 112]| 125|103 | 23
Xie et al. NHW-1 3 [103.2| 19 [0.127[ 1136 | 0.198 | 64 | 324 | 0.064 [ 123|121 | 107 | 106 | 123 | 125 | 140|116 | 23
Xie et al. NHW-{ 3 | 98.8| 19 |0.127|1136| 0.198 | 64 | 324 | 0.099| 94 | 98 | 83 | 82 | 94 [103| 113] 92 | 23
Yoon et al. N1N 3 | 360 20 |0.375| 7000 | 0.655 | 100 | 430 | 0.325 | 457 | 378 | 331 | 322 | 457 | 443 | 376|350 | 197
Yoon et al. N2§ 3 | 36.0| 20 |0.375| 7000 | 0.655 | 140 | 430 | 0.485 | 363 | 376 | 330 | 320 | 363 | 441 | 374[ 348 | 197
Yoon et al. Nz2N 3 | 36.0 | 20 |0.375)| 7000 | 0.655 | 140 | 430 | 0.325 | 483 | 411 | 366 | 357 | 483 | 478 | 412[ 384 | 197
Yoon et al. M1N 3 | 67.0] 10 |0.375| 7000 | 0.655 | 100 | 430 | 0.325 | 405 | 446 | 421 | 407 | 405 [ 509 | 442| 415 | 197
Yoon et al. M2s 3 | 67.0| 10 |0.375| 7000 | 0.655 | 140 | 430 | 0.325 | 552 | 479 | 455 | 441 | 552 | 538 | 478 450 | 197
Yoon et al. M2N 3 | 67.0| 10 |0.375)| 7000 | 0.655 | 140 | 430 | 0.230 | 689 | 527 | 505 | 491 | 689 | 582 | 531 500 | 197
Yoon et al. HiN 3 | 87.0| 10 |0.375| 7000 | 0.655 | 100 | 430 | 0.325 | 483 | 479 | 467 | 451 | 483 | 560 | 473| 445 | 197
Yoon et al. H2§ 3 | 87.0| 10 |0.375| 7000 | 0.655 | 140 | 430 | 0.270 | 598 | 536 | 526 | 510 | 598 | 611 | 536| 505 | 197
Yoon et al. HzN 3 | 87.0| 10 |0.375| 7000 | 0.655 | 140 | 430 | 0.160 | 721 | 631 | 627 | 611 | 721 | 696 | 642| 605 | 197
Kriski 1 3 | 27.5| 14 [0.360| 2500 | 0.345 | 51 600 | 0.150 | 249 | 200 | 178 | 174 | 249 [ 209 | 218| 215
Kriski 3] 3 | 27.5| 14 |0.360| 2500 | 0.345 | 51 600 | 0.150 | 225 | 209 | 178 | 174 | 225 | 209 | 218| 215
Kriski 5 3 | 286 | 14 |0.360| 2500 | 0.345 | 51 600 | 0.150 | 293 | 211 | 180 | 176 | 293 | 211 | 220| 217
Kriski 7/ 3 | 706 | 14 |0.360) 2500 | 0.345 | 51 600 | 0.150 | 305 | 262 | 243 | 236 | 305 | 276 | 271|268 | 101
Kriski 9 3 | 732 14 |0.360| 2500 | 0.345 | 51 600 | 0.150 | 242 | 265 | 246 | 239 | 242 | 279 | 273| 271
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Peng B-1 3 | 297 | 14 10.280) 2100 | 0.274 | 50 587 | 0.355 | 114|128 | g2 | 90 | 114 | 121 | 130[ 120
Peng B-2 3 | 302 14 |0.280)| 2100 | 0.274 | 50 587 | 0.300 | 119|132 | 97 | 95 | 119|126 | 135[ 125
Peng B-3 3 | 311 14 |0.280)| 2100 | 0.274 | 50 587 | 0.250 | 121|139 | 103 | 101 | 121 | 132 | 141[ 131
Peng B-4 3 | 314 | 14 |0.280)| 2100 | 0.274 | 50 587 | 0.195 | 143 | 147 | 113 | 110 | 143 | 141 | 151|140
Peng B-5 3 | 308 14 10.280)| 2100 | 0.274 | 200 | 456 | 0.355 | 181 | 174 | 141 | 138 | 181 | 167 | 180[ 169
Peng B-6 3 | 278 | 14 |0.280)| 2100 | 0.274 | 200 | 456 | 0.300 | 191 | 183 | 150 | 148 | 1€1 | 175 [ 190|178
Peng B-7 3 | 306 | 14 |0.280)| 2100 | 0.274 | 200 | 456 | 0.250 | 187 | 202 | 170 | 168 | 187 | 193 [ 211 198
Clark A1-1] 3 | 246 | 19 (0203|2457 | 0.393 | 142 | 331 | 0.183 | 224 | 194 187
Clark A1-2| 3 | 236 | 19 [0.203| 2457 | 0.393 | 142 | 331 | 0.183 | 211|193 186
Clark A1-3| 3 | 284 | 19 [0.203| 2457 | 0.393 | 142 | 331 | 0.183 [ 224 | 192 185
Clark Al-4] 3 | 248 | 19 (0203|2457 | 0.383 | 142 | 331 | 0.183 | 246 | 194 187
Clark Bi-1| 3 | 234 | 19 [0.203| 2457 | 0.393 | 142 | 331 | 0.183 [ 281 | 195 185
Clark Bi-2| 3 | 254 | 19 |0.203| 2457 | 0.393 | 142 | 331 | 0.183 | 258 | 198 188
Clark B1-3| 3 | 23.7 | 19 [0.203| 2457 | 0.393 | 142 | 331 | 0.183 [ 287 | 196 186
Clark Bl-4| 3 | 233 | 19 [0.203| 2457 | 0.393 | 142 | 331 | 0.183 [ 269 | 195 185
Clark Bi-5| 3 | 246 | 19 [0.203| 2457 | 0.393 | 142 | 331 | 0.183 [ 243 | 197 187
Clark C1-1| 3 | 2556 | 19 |0.203| 1638 | 0.393 | 142 | 331 | 0.203 | 280 | 199 178
Clark C1-3| 3 | 240 | 19 [0.203| 1638 | 0.393 | 142 | 331 | 0.203 [ 247 | 197 176
Clark C1-4| 3 | 29.0| 19 |0.203| 1638 | 0.393 | 142 | 331 | 0.203 | 288 | 204 181
Clark Di-1| 3 | 262 | 19 [0.203] 1280 | 0.393 | 142 | 331 | 0.152 [ 303 | 255 209
Clark D1-3| 3 | 245 19 |0.203| 1290 | 0.393 | 142 | 331 | 0.152 | 258 | 252 207
Lyngberg 5A-0 1 | 257 | 19 |0.120| 2515 | 0.540 | 100 | 674 | 0.160 | 435 | 291 | 282 | 280 | 435 | 327 | 315| 293 | 267
Lyngberg 5B-0 1 266 | 19 |0.120[ 2515 | 0.540 | 100 | 647 | 0.160 | 435 | 283 | 274 | 272 | 435 | 320 | 306| 284 | 269
Rangan I-1 1 1347 | 19 |0.074| 3480 | 0.563 | 101 | 485 | 0.050 | 453 | 208 | 590 | 590 301[ 595
Rangan 1-2 11287 | 19 |0.074| 3480 | 0.563 | 57 485 | 0.050 | 371 | 208 | 346 | 346 250 352
Rangan 1-3 1 1296 | 19 |0.063| 3480 | 0.563 | 101 | 485 | 0.050 | 369 | 177 | 581 | 581 219| 586
Rangan 1-4 1 | 83.9| 19 |0.064| 3480 | 0.563 | 57 485 | 0.050 | 416 | 180 | 343 | 344 256| 348
Kong & RangalS1-1 3 | 604 7 10.250) 2046 | 0.292 | 40 569 | 0.102 | 228 | 189 | 159 | 157 | 228 | 175 | 196] 181 | 61
Keng & Rangal|S1-2 3 | 604 | 7 |0.250)| 2046 | 0.202 | 40 569 | 0.102 | 208 | 189 | 159 | 157 | 208 | 175 | 196[ 181 | &1
Kong & Rangal|S1-3 3 | 604 | 7 10.250)| 2046 | 0.292 | 40 569 | 0.102 | 206 | 189 | 159 | 157 | 206 | 175 | 196] 181 | &1
Kong & RangalS1-4 3 | 604 | 7 |0.250)| 2046 | 0.292 | 40 569 | 0.102 | 278 | 189 | 159 | 157 | 278 | 175 | 196] 181 | 61
Kong & RangalS1-5 3 | 604 7 10.250) 2046 | 0.292 | 40 569 | 0.102 | 253 | 189 | 159 | 157 | 253 | 175 | 196] 181 | 61
Kong & RangalS1-6 3 | 604 | 7 |0.250)| 2046 | 0.292 | 40 569 | 0.102 | 224 | 189 | 159 | 157 | 224 | 175 | 196[ 181 | 61
Kong & RangalS2-1 3 | 689 7 10.250) 2046 | 0.292 | 40 569 | 0.152 | 260 | 174 | 144 | 141 | 260 | 163 | 179] 164 | 61
Kong & RangalS2-2 3 | 689 | 7 |0.250(2046 | 0.292 | 40 569 | 0,127 | 233 | 183 | 153 | 150 | 233 | 170 [ 188 | 173 | &1
Kong & Ranga|S2-3 3 689 | 7 |0.250(2046 | 0.292 | 40 569 | 0.102 | 253 | 195 | 166 | 163 | 263 | 181 [ 201 | 186 | &1
Keng & RangalS2-4 3 | 689 | 7 |0.250( 2046 | 0.292 | 40 569 | 0.102 | 219|195 | 166 | 163 | 219 | 181 [ 201 | 186 | 61
Keng & RangalS2-5 3 1689 | 7 |0.250[2046 | 0.292 | 40 569 | 0.077 | 282 | 215 | 187 | 185 | 282 | 193 | 224 | 207 | 61
Kong & Rangal|S3-2 3 | 640 7 (0250|1232 | 0.297 | 25 632 | 0.099 [ 178 | 155 | 146 [ 142 159 | 167
Kong & Ranga|S3-3 3 | 640 7 |0.250| 2046 | 0.293 | 25 632 | 0.099 | 229 | 174 | 144 | 141 179 | 165
Kong & RangalS3-4 3 | 640| 7 |0.250(2046 | 0293 | 25 632 | 0.099 | 175 | 174 | 144 [ 141 179 | 165
Kong & RangalS4-4 3 829 | 7 |0.250( 2046 | 0.282 | 40 569 | 0.102 | 258 | 203 | 176 | 172 | 258 | 191 [ 210 | 194 | 61
Kong & Ranga|S4-6 3 1829 | 7 |0.250(1380 [ 0.198 | 40 569 | 0.102 | 203 | 147 | 119 [ 117 | 203 | 129 | 149 | 140 | 44
Kong & Rangal|S5-1 3 1849 | 7 |0.250| 2046 | 0.292 | 40 569 | 0.102 | 242 | 204 | 177 [ 173 | 242 | 192 | 211 [ 195 &1
Kong & RangalS5-2 3 1849 | 7 |0.250( 2046 | 0.282 | 40 569 | 0.102 | 260 | 204 | 177 | 173 | 260 | 192 [ 211 | 195 | &1
Kong & Rangal|S5-3 3 1849 | 7 |0.250( 2046 | 0.282 | 40 569 | 0.102 | 244 | 204 | 177 [ 173 | 244 | 192 | 211 | 195 | &1
Kong & RangalS7-1 3 | 714 7 |0.250) 3284 | 0.294 | 40 569 | 0.152 | 217 | 180 | 147 | 144 | 217 | 185 | 203 | 166 | 61
Kong & Rangal|S7-2 3 | 714 7 |0.250) 3284 | 0.294 | 40 569 | 0.127 | 205 | 188 | 156 | 153 | 205 | 193 | 212 | 175 | 61
Keng & Ranga|S7-3 3 | 711 7 |0.250) 3284 | 0.294 | 40 569 | 0,102 | 247 | 200 | 169 | 166 | 247 | 204 | 226 | 188 | &1
Kong & RangalS7-4 3 | 711 7 |0.250) 3284 | 0.294 | 40 569 | 0.082 | 274 | 216 | 185 | 182 | 274 | 218 | 243 | 205 | &1
Kong & RangalS7-5 3 | 714 7 |0.250) 3284 | 0.294 | 40 569 | 0.071 | 304 | 227 | 197 | 194 | 304 | 228 | 255 | 216 | 61
Kong & RangalS7-6 3 | 714 7 |0.250) 3284 | 0.294 | 40 569 | 0.061 | 311 | 242 | 212 | 210 | 311 | 242 | 271 | 232 | 61
Keng & RangalS8-1 3 709 | 7 |0.250| 2046 | 0.282 | 40 569 | 0.152 | 272 | 176 | 146 [ 143 | 272 | 165 | 180 [ 165 [ &1
Kong & Rangal$8-2 3 | 709 | 7 |0.250(2046 | 0.292 | 40 569 | 0.127 | 251 | 184 | 154 | 151 | 251 | 172 [ 189 | 174 | &1
Kong & Rangal$8-3 3 | 709 | 7 |0.250( 2046 | 0.282 | 40 569 | 0.102 | 310 | 196 | 167 | 164 | 310 | 182 | 203 | 187 | 61
Kong & Ranga|S8-4 3 | 709 | 7 |0.250| 2046 | 0.282 | 40 569 | 0.102 | 266 | 196 | 167 | 164 | 266 | 182 | 203 | 187 | 61
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Kong & RangalS8-5 | 3 | 70.9 | 7 |0.250) 2046 | 0.292 | 40 | 569 | 0.082 | 289 | 211 | 183 | 181 | 289 | 190 | 220 | 203 | 61
Kong & RangalS8-6 | 3 | 709 | 7 [0.250| 2046 | 0.292 | 40 | 569 | 0.071 | 284 | 223 | 195| 192|284 | 204 | 232 | 215 | &1
Ozcebe stal. ACISE 3 [ 58.0| 15 |0.150) 1600 | 0.310 | 25 | 255 [ 0.120 | 94 | 96 | 75 | 73 [ 94 [ 99 | 102 | 88 | 38
Ozcebeetal. |THS56| 3 | 63.0 | 15 [0.150| 1600 | 0.310 | 25 | 255 | 0.100 | 104 | 102 | 81 | 79 | 104 | 105|108 | 93 | 38
Ozcebeetal. |ACISY 3 | 82.0| 15 [0.150| 2000 )| 0.310 | 25 | 255 [ 0.120 | 97 | 106 | 86 | 84 | 97 | 117|120 97 | 38
Ozcebeetal. |TH58| 3 | 75.0 | 15 |0.150| 2000 | 0.310 | 25 | 255 | 0.090 | 119 109| 89 | 86 | 119 | 119|123 | 100 | 38
Ozcebeetal. |TSS59| 3 [ 82.0| 15 [0.150| 2000 | 0.310 | 25 | 255 | 0.060 | 125|122 | 103 | 100 | 125 | 133 | 138 | 113 | 38
Ozcebe etal. |ACI36 3 [ 75.0| 15 [0.150] 1200 0.310 | 25 | 255 [ 0.120 [ 105] 99 | 83 | 81 | 105|103 ]| 102 | 94 | 38
Ozcebeetal. |TH36| 3 | 75.0 | 15 [0.150| 1200 | 0.310 | 25 | 255 | 0.100 | 141 102| 87 | 84 | 141 | 106 | 105 | 98 | 38
Ozcebeetal. [TS36| 3 [ 75.0 | 15 [0.150| 1200 | 0.310 | 25 | 255 | 0.070 | 156 | 110| 95 | 93 | 156 [ 113 | 114 | 106 | 38
Ozcebsetal. |ACI39 3 | 73.0 | 15 |0.150| 1400 | 0.310 | 25 | 255 | 0.120 | 112|103 | 82 | 80 | 112 | 105|105 | 94 | 38
Ozcebestal. [TH32| 3 [ 73.0| 15 |0.150) 1400 | 0.310 | 25 | 255 | 0.080 | 143 | 110 91 | 88 [ 143 [ 113 | 114 | 102 | 38
Ozcebeetal. |TS39) 3 | 73.0 | 15 [0.150| 1400 | 0.310 | 25 | 255 | 0.060 | 179 | 118 99 | 97 | 179|120 | 123 | 110 | 38
Podgorniak-St4EM10g 3 | 47.0 | 10 [0.300| 2100 | 0.925 | 142 | 508 | 0.600 | 342 | 321 | 427 | 412 | 342 | 394 | 331 | 264 | 210
Colling & Kuch(SE100) 3 | 71.0 | 10 [0.295| 2800 | 0.920 | 200 | 522 | 0.440 | 516 | 476 | 598 | 581 | 516 | 554 | 500 | 452 | 207
Collins & Kuch{SE100] 3 [ 75.0 | 10 |0.295| 2800 | 0.920 | 200 | 522 | 0.440 | 583 | 481 | 609 | 591 | 583 | 561 | 505 | 456 | 207
Collins & Kuch|SE50A 3 | 74.0 | 10 |0.169| 800 | 0.459 | 51 593 | 0.276 | 139 | 141 | 161 | 156 | 139 | 151 | 142 | 131 | 59
Collins & Kuch{SE50B 3 | 74.0 | 10 |0.168| 800 | 0.459 | 51 593 | 0.276 | 152 | 141 | 161 | 156 | 152 | 151 | 142 | 131 | 59
Yoshida YB2000/8 | 36.0 | 10 [0.300| 4200 | 1.890 | 645 | 467 | 2.700 776 | 749 420
Yoshida YB2000/6 | 36.0 | 10 |[0.300] 4200 | 1.890 | 284 | 467 | 1.350 751|723
Angelakos et alDB120] 3 | 21.0 | 10 |0.300)| 2800 | 0.925 | 142 | 508 | 0.600 | 282 | 287 | 322 | 313 | 282 | 328 | 296 | 267 | 347
Angelakos et alDB140 3 | 38.0 | 10 [0.300| 2800 | 0.925 | 71 508 | 0.300 | 277 | 326 | 395 | 382 | 277 | 395 | 336 | 301 | 210
Angelakos et alDB165 3 | 5.0 | 10 [0.300] 2800 | 0.925 | 71 508 | 0.300 | 452 | 370 | 483 | 465 | 452 | 465 | 380 | 338 | 210
Angelakos et alDB180, 3 | 80.0 | 10 [0.300| 2800 | 0.925 | 71 508 | 0.300 | 395 | 389 | 523 | 504 | 395 | 494 | 399 | 354 | 210
Adsbar & CellifST4 3 [ 49.3| 19 |0.290| 1570 | 0.278 | 100 | 460 | 0.313 | 158 | 156 | 135 | 131 | 158 | 165 | 156 | 160 | 63
Adsbar & CellifST5 3 [ 493 ] 19 |0.200) 1570 | 0.278 | 100 | 460 | 0.192 | 169 | 181 ) 161 | 157 | 169 [ 190 | 182 | 186 | 63
Adebar & CollijSTe 3 [ 493 ] 19 |0.200) 1570 | 0.278 | 100 | 460 | 0.123 | 230 | 216 | 198 | 194 | 230 [ 224 | 219 | 223 | 63
Adebar & CollifST18 | 3 | 49.8 | 19 |0.290)| 1570 | 0.278 | 100 | 460 | 0.172 | 246 | 189 | 169 | 165 | 246 | 197 | 190 | 193 | 63
Adebar & CallifST19 | 3 | 49.8 | 19 |0.290)| 1570 | 0.278 | 100 | 460 | 0.172 | 201 | 189 | 169 | 165 | 201 | 197 | 190 | 193 | 63
Gupta & Collin{PC1 3 [622)] 10 |0.488) 2400 | 0.340 | 157 | 520 | 0.210 | 437 | 351 | 350 | 341 347 | 378
Gupta & Collin{PC4 3 [ 8341 10 |0.375) 1800 | 0.335 | 112 | 509 | 0.210 | 401 | 279
Gupta & Collin{PC7 3 [399)] 10 |0.375) 1800 | 0.335 | 112 | 509 | 0.210 | 387 | 237
Haddadin & MgA2 2 [29.2]| 19 |0.178| 2580 | 0.381 | 64 | 359 | 0.190 | 195 133 124
Haddadin & M4A3 2 [301] 19 |0.178) 2580 | 0.381 | 142 | 345 | 0.190 | 292 | 183 177
Haddadin & MgA4 2 [ 286 | 19 |0.178| 2580 | 0.381 | 142 | 345 | 0.102 | 343 | 262 260
Haddadin & MgA5 2 [263| 19 |0.178| 2580 | 0.381 | 142 | 345 | 0.064 | 388 | 339 367
Haddadin & M4B3 2 [27.7 ] 19 |0.178| 2580 | 0.381 | 142 | 345 | 0.190 | 272 | 180 | 157 | 156 207 | 174
Haddadin & MgC2 2 [27.8| 19 |0.178) 2580 | 0.381 | 64 | 359 [ 0.190 | 173 | 131 | 105 | 104 149 | 122
Haddadin & M4C3 2 [ 241] 19 |0.178)| 2580 | 0.381 | 142 | 345 | 0.190 | 260 | 177 | 154 | 152 203 | 171
Haddadin & MgE2 2 [152| 19 |0.178| 2580 | 0.381 | 64 | 359 | 0.190 | 169 | 115 108
Haddadin & M{E3 2 [ 137 ] 19 |0.178) 2580 | 0.381 | 142 | 345 | 0.190 | 189 | 162 158
Haddadin & MgE4 2 [ 134 | 19 |0.178) 2580 | 0.381 | 142 | 345 | 0.102 | 252 | 242 243
Haddadin & M4E5 2 [ 17.1] 19 |0.178)| 2580 | 0.381 | 142 | 345 | 0.064 | 308 | 313 356
Haddadin & M4F3 2 | 449| 19 |0.178)| 2580 | 0.381 | 142 | 345 | 0.190 | 330 | 196 188
Haddadin & M3G3 2 [ 262] 19 |0.178) 2580 | 0.381 | 142 | 456 | 0.190 | 333 | 209 205
Haddadin & MqG4 2 [ 268 19 |0.178) 2580 | 0.381 | 142 | 456 | 0.127 | 384 | 271 270
Haddadin & MJG5 2 [ 261 | 19 |0.178)| 2580 | 0.381 | 142 | 456 | 0.076 | 428 | 339 399
Haddadin & MgH2 2 [282] 19 |0.178| 3870 | 0.381 | 142 | 345 | 0.190 | 319 | 181 175
Haddadin & M3J3 3 [ 304 19 |0.178| 2580 | 0.381 | 142 | 345 | 0.190 | 263 | 183 177
Haddadin & MqJ5 3 [325| 19 |0.178| 2580 | 0.381 | 142 | 345 | 0.064 | 434 | 339 arz
Rodriguez etalE2A1 | 3 | 255 | 19 [0.152] 1290 | 0.318 | 142 | 346 | 0.254 | 130 | 119 117
Rodriguez etalE2A2 | 3 | 19.3 | 19 |0.152| 1290 | 0.318 | 142 | 347 | 0.254 | 120 | 114 112
Rodriguez etalE2A3 | 3 | 201 | 19 [0.156] 1290 | 0.316 | 142 | 351 | 0.254 | 129 | 116 114
Rodriguez etallC2A1 | 3 | 22.6 | 19 |0.154| 1290 | 0.318 | 142 | 355 | 0.254 | 100 | 119 117
Rodriguez etalC2A2 | 3 | 221 | 19 [0.157 | 1290 | 0.311 | 142 | 349 | 0.254 | 123 | 116 114
Rodriguez etalE3H1 | 3 | 24.8 | 19 |0.152)| 1290 | 0.305 | 258 | 331 | 0.152 | 214 | 226 224
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Rodriguez stalE3H2 | 3 | 27.5 | 19 |0.152| 1290 | 0.326 | 258 | 316 | 0.191 [ 190 | 205 197
Rodriguez et allC3H1 | 3 | 22.6 | 19 |0.152| 1290 | 0.316 | 258 | 318 | 0.152 | 190 | 226 223
Rodriguez etalC3H2 | 3 | 22.8 | 19 |0.152| 1290 | 0.315 | 258 | 318 | 0.191 | 174 | 193 189
Gayed 3001B-| 1 | 25.5| 14 [0.100] 2000 | 0.264 | 50 608 |0.185| 95 | 77 [ 65 | B5 | 95 | 84 | 67 | 75
Gayed 3001B-| 1 | 25.5| 14 [0.100] 2000 | 0.264 | 50 608 | 0.185 |101| 77 [ 65 | 65 | 101 | 84 | 92 | 75 | 64
Gayed 4001B-] 1 | 257 | 14 |0.100| 2000 | 0.364 | 50 608 | 0.250 |107 | 88 [ 75 | 74 |107 | 90 | 75 | 85
Gayed 4001B-{ 1 | 25.7 | 14 |0.100)| 2000 | 0.364 | 50 608 |0.250 | 93 | 88 [ 75| 74 | 93 | 90 | 100 | 85 | 79
Gayed 4001B-] 1 | 26.6 | 14 |0.100| 2000 | 0.364 | 50 608 | 0.250 |[115| 89 [ 75 | 75 | 115]| 91 | 101 | 86 | B1
Gayed 4001B-] 1 | 27.3 | 14 |0.100| 2000 | 0.364 | 50 608 | 0.250 |102| 89 [ 76 | 75 |102| 88 | 76 | 86
Gayed 5001B-] 1 | 227 | 14 |0.100| 2000 | 0.464 | 50 608 | 0.320 |120| 95 [ 81 | 80 | 120|103 | 102 | 91 | 84
Gayed 5001B-) 1 | 23.8| 14 |0.100| 2000 | 0.464 | 50 608 | 0.320 | 110| 96 | 82 | 81 | 110|104 | 85 | 92
Gayed 600B-) 1 | 26.8 | 14 [0.100| 2000 | 0.564 | 50 608 | 0.390 | 133 | 107 [ 92 | o1 94 | 102
Gayed E00IB-| 1 | 26.8 | 14 [0.100] 2000 | 0.564 | 50 608 | 0.390 | 127 | 107 [ 92 | o1 107 | 102
Gayed 600B-) 1 | 25.9 | 14 [0.100| 2000 | 0.564 | 50 608 | 0.390 | 149 | 106 | 92 | 90 107 | 101
Gayed 600IB-| 1 | 26.5| 14 [0.100| 2000 | 0.564 | 50 608 | 0.390 | 126 | 107 | 92 | 91 94 | 101
Gayed 600B-] 1 | 26.86 | 14 |[0.100| 2000 | 0.564 | 50 608 | 0.300 | 127 | 107 [ 92 | o1 107 | 102
Gayed 600IB-| 1 | 25.9 | 14 [0.100| 2000 | 0.564 | 50 608 | 0.390 | 149 | 106 | 92 | 90 107 | 101
Gayed 600B-| 1 | 26.5 | 14 |0.100| 2000 | 0.564 | 50 608 | 0.390 | 126 | 107 [ 92 | 91 94 | 101
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Haddadin & Matt|A1 2 29.56 | 19 [0.178| 2580 | 0.381 0 0 0.000) 117 | 318 | 218
Haddadin & Matt|E1 2 13.9 | 19 10.178| 2680 | 0.381 0 0 0.000 ) 100 | 150 | 114
Clark AT-1 1 24.6 | 19 [0.203| 2457 | 0.383 | 142 | 331 [ 0.183 | 224 | 303 | 168
Clark Al-2 1 23.6 | 19 [0.203| 2457 | 0.383 | 142 | 331 [ 083 211 | 291 | 162
Clark A1-3 1 23.4 | 19 [0.203| 2457 | 0.383 | 142 | 331 | 0183 | 224 | 288 | 161
Clark Al-4 1 24.8 | 19 [0.203| 2457 | 0.383 | 142 | 331 | 0.183 | 246 | 304 | 169
Haddadin & Matt|A2 2 29.2 | 19 [0.178| 2580 | 0.381 | B4 | 369 | 0.180) 195 | 316 | 217
Haddadin & Matt|A3 2 30.1 | 19 [0.178| 2580 | 0.381 | 142 | 345 | 0.180 | 292 | 324 | 222
Haddadin & Matt|A4 2 28.6 | 19 [0.178| 2580 | 0.381 | 142 | 345 | 0.102 | 343 | 308 | 213
Haddadin & Matt|A5 2 26.3 | 19 [0.178| 2580 | 0.381 | 142 | 345 | 0.064 | 388 | 283 | 198
Haddadin & Matt|E2 2 15.2 | 19 10178 2680 | 0.381 | B4 | 359 | 01890 [ 189 | 1683 | 123
Haddadin & Matt|E3 2 13.7 | 19 |0.178[ 2680 | 0.381 | 142 | 345 | 0190 [ 189 | 147 | 112
Haddadin & Matt|E4 2 13.4 | 19 |0.178[ 2680 | 0.381 | 142 | 345 | 0402 | 262 | 144 | 110
Haddadin & Matt|ES 2 171 19 10.178[ 2680 | 0.381 | 142 | 345 | 0.064 [ 308 | 184 | 137
Haddadin & Matt|F2 2 44.9 | 19 |0.178| 2680 | 0.881 | 142 | 345 | 0190 | 330 | 484 | 308
Haddadin & Matt|G3 2 26.2 | 19 [0.178| 2580 | 0.381 | 142 | 456 | 0190 | 333 | 282 | 198
Haddadin & Matt|G4 2 26.8 | 19 [0.178| 2580 | 0.381 | 142 | 456 | 0127 | 384 | 288 | 201
Haddadin & Matt|G5 2 26.1 | 19 [0.178| 2580 | 0.381 | 142 | 456 | 0.0v6 | 428 | 282 | 197
Haddadin & Matt|H2 2 28.2 | 19 [0.178| 3870 | 0.381 | 142 | 345 | 0190 | 319 | 304 | 2283
Gayed B00IB-39 3 26.8 | 14 [0.100| 2000 | 0.564 | 50 | 608 | 0.390 67
Gayed B800IB-39 3 26.8 | 14 [0.100] 2000 | 0.564 | 50 | 608 [ 0.380 67
Gayed B800IB-39 3 25.9 | 14 [0.100| 2000 | 0.564 | 50 | 608 | 0.380 65
Gayed B00IB-39 3 26.5 | 14 [0.100| 2000 | 0.564 | 50 | 608 | 0.390 87
Walraven & LehyVo11 1 16.1 8 |0.200] €14 | 0.360 0 0 0.000 ) 226 | 219 | 161 | 164 | 215
Walraven & LehyV012 1 21.8 ] 8 [0.200] &14 | 0.360 0 0 0.000 ] 322 | 296 | 204 | 213 | 250
Walraven & LehyV013 1 221 8 |0.200] 814 | 0.360 0 0 0.000 ) 344 | 301 | 206 | 216 | 252
Walraven & LehyV0o14 1 243 8 [0.200| 814 | 0.360 0 0 0.000 | 425 | 330 | 227 | 233 | 264
Walraven & LehyV021 1 13.9 ] 16 ]0.200] 814 | 0.360 0 0 0.000 ] 220 | 189 | 143 | 144 | 200
Walraven & Lehyv023 1 201 | 16 [0.200| &14 | 0.360 0 0 0.000 ) 374 | 27 197 | 199 | 240
Walraven & LehyV024 1 25.2 | 16 [0.200| &14 | 0.360 0 0 0.000 ) 396 | 243 | 234 | 240 | 269
Walraven & LehyV031 1 20.0 | 16 [0.200| &14 | 0.360 0 0 0.000 ] 323 [ 27 191 | 198 | 239
Walraven & LehyV032 1 18.2 | 32 |0.200] 814 | 0.360 0 0 0.000 ] 318 | 248 | 17 183 | 228
Walraven & LehyV033 1 19.8 | 32 10.200] 814 | 0.360 0 0 0.000 ) 246 | 269 | 190 | 196 | 238
Walraven & LehyV034 1 26.4 | 32 [0.200| 814 | 0.360 0 0 0.000 | 437 | 359 | 242 | 250 75
Walraven & Lehyv0711 1 18.1 | 32 10.200] 486 | 0.160 0 0 0.000) 165 | 123 | 116 | 128 | 132
Walraven & LehyV022 1 19.9 | 16 10.200| 814 | 0.360 0 0 0.000) 27 71 | 191 | 197 | 239
Walraven & LehyVbs11 1 19.8 | 16 |0.200| 1254 | 0.560 0 0 0.000 ) 350 | 404 | 250 | 203 | 329
Walraven & LehyV411 1 19.4 | 16 10.200| 1628 | 0.740 0 0 0.000 | 385 | 6528 | 347 | 300 | 400
Walraven & LehyV211 1 20.0 | 16 [0.200| 2009 | 0.930 0 0 0.000 ) 505 | BBO | 423 | 329 | 478
Morrow B14-B2 1 14.6 | 6 |0.305| 2078 | 0.368 0 0 0.000 ) 367 | 269 | 257 | 224
Morrow -E2] 1 12.7 ] 6 10.305] 51 | 0.878 0 0 0.000) 278 | 232 79 1 191
Morrow A4l 1 22.6 | 6 [0.305]| 2760 | 0.362 0 0 0.000) 512 | 444 | 404 | 369
Morrow B4| 1 26.3 ] 6 [0.305| 20781 0.368 0 0 0.000 ) 500 | 484 | 418 | 370
Morrow E4| 1 289 | 6 [0.305| 1393 | 0.368 0 0 0.000 ) 512 | 532 | 421 | 399
Morrow ABl 1 454 | 6 10.305] 4154 | 0.366 0 0 0.000) 901 | 946 | 776 | 683
Morrow B& 1 46.8 | 6 |0.305] 2078 | 0.368 0 0 0.000) 77 861 | 667 | 558
Morrow B21B2 1 13.9 ] 6 ]0.305] 2081 | 0.367 0 0 0.000) 239 | 194 | 136
Morrow E2 1 11.3 | 6 ]0.305] 651 | 0.875 0 0 0.000) 212 | 141 83
Morrow A4 1 29.8 | 6 [0.305| 2763 | 0.368 0 0 0.000 | 523 | 405 | 266
Morrow B4 1 7.1 6 [0.305] 2078 ] 0.368 0 0 0.000 ] 396 | 368 | 242
Morrow E4 1 242 6 [0.305]| 1381 ] 0.365 0 0 0.000 ] 423 | 340 | 202
Morrow E4R 1 31.9 | 6 [0.305| 1393 | 0.368 0 0 0.000 ) 434 | 433 | 251
Morrow F4 1 31.4 ] 6 [0.305] 1320 | 0.370 0 0 0.000 ] 468 | 416 | 240
Morrow AB 1 453 6 |0.305] 4154 | 0.356 0 0 0.000 ) 579 | 713 | 43
Morrow B& 1 455 6 |0.305] 2080 | 0.375 0 0 0.000 ) 579 | 569 | 348
Morrow B28B2 1 14.7 | 6 10.305] 2075 | 0.362 0 0 0.000 | 201 | 168 | B84




A

Ci . N - é o = a
Author Beam Seé?\ilia e ag Be fre . ds A'E_ by S = Q = % EL'
| Shape (MPa) | (mm) | (m) s.:heazw.] (m) {mm®) | (MPa) (mj - :2( g 2
(mm®) = =
Maorrow E2 1 13.7 | 6 |0.305| B46 | 0.372 0 0 0.000 [ 130 | 136 63
Morrow A4 1 27.5| 6 |0.305| 2763 | 0.368 0 0 0.000 | 324 | 292 | 145
Morrow B4 1 32.3 | 6 [0.305] 2078 | 0.368 0 0 0.000 | 257 | 343 | 165
Morrow E4 1 33.1 6 [0.305] 1383 | 0.368 0 0 0.000 [ 268 | 351 | 154
Morrow AB 1 47.2| 6 ]0.305| 4118 0.353 0 0 0.000 | 335 | 596 | 266
Morrow B& 1 43.9 | 6 10.305| 2078 | 0.368 0 0 0.000 | 324 | 466 | 210
Carlos G. Al 1 22.0 | 10 |0.150] 1652 | 0.370 | 64 407 | 0.136| 261 | 337
Carlos G. A2 1 22.0 | 10 |0.150] 1652 | 0.370 | /4 407 | 0135 | 237 | 337
Carlos G. A3 1 22.0 | 10 |0.150] 1552 | 0.370 0 0 0.000 | 221 | 229
Carlos G. Ad 1 22.0 | 10 |0.150] 1552 | 0.370 0 0 0.000 | 196 | 229
Carlos G. Bi 1 324 | 10 |0.150[ 1140 0.375 | 64 545 | 0.165 | 456 | 496
Carlos G. B2 1 32.4 | 10 |0.150] 1140 | 0.375 | 64 545 | 0.165 | 426 | 498
Carlos G. B3 1 32.4 | 10 |0.150] 1140 ] 0.375 0 0 0.000 [ 468 | 439
Carlos G. B4 1 32.4 | 10 |0.150] 1140 ] 0.375 0 0 0.000 [ 458 | 439




Appendix B

B.1 SPSS output of ACI Code

B.1.1 ACI Equation 11-3

B.1.1.1 Beams without Shear Reinforcement

B.1.1.1.1 Beams without Shear Reinforcement-SPSS output for all explanatory

variables
Case Processing Summary
Marginal
N Percentage
Y A 282 71.2%
B a1 12.9%
C 63 15.9%
Cross Sectional Shape 2 136 34.3%
3 260 65.7%
ag 1 49 12.4%
2 261 £5.9%
3 86 21.7%
y 1 13 3.3%
2 a0 12.6%
3 49 12.4%
4 116 29.3%
5 121 30.6%
6 47 11.9%
Comp. R/F Check 0 31 7 .8%
1 365 92.2%
Crack control R/F 0 11 2.8%
1 385 97.2%
Anchorage 0 274 59.2%
1 122 30.8%
Walid 396 100.0%
Missing 0
Total 396
Subpopulation 381"

a. The dependent variable has only one value observed in 379
(99.5%) subpopulations.




Model Fitting Information

Maodel Fitting Criteria Likelihood Ratio Tests
-2 Log
Likelino Chi-
Model AlC BIC od Square df Sig.
Intercept Only | 633.391 641.354 629.391
Final 267191 394.558 203.151 426.240 30 .000

Goodness-of-Fit

Chi-Square df Sig.
Pearson 1504.684 730 000
Deviance 200.378 730 1.000

Pseudo R-Square

Cox and Snell 629
Magelkerke 827
McFadden 674
Likelihood Ratio Tests
Model Fitting Criteria Likelihood Ratio Tests
-2 Log
Likeliho
AIC of BIC of od of
Reduce Reduce Reduce Chi-

Effect d Model d Model d IModel Square df Sig
Intercept 267.151 394.556 2.032E2 .000 0
fcMPa 355.956 474.999 295.556 92.406 2 .0oo
bw_dm 263.895 383.337 203.895 744 2 6B9
ds_dm 323774 443.216 263,774 60623 2 oo
ad 283.789 403.231 223789 20638 2 000
rhoshearlong Steel 371.381 490.823 311.381 108.230 2 oo
CrossSectionalShape 266.829 386.271 206.829 3.678 2 159
ag 268.247 379.726 212247 9.096 4 049
Ty 257.825 345416 213.825 10,675 10 383
CrackcontrolRF 278.038 397.480 218.038 14 887 2 2001
Anchorage 263.601 383.043 203,601 450 2 798

Classification

Predicted
Percent
|_Opserved A B C Correct
A 273 8 1 96.8%
B 18 25 8 49.0%
C 1 8 54 85.7%
Overall Percentage T3.7% 10.4% 15.9% 88.9%
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explanatory variables

Case Processing Summary

B.1.1.1.2 Beams without Shear Reinforcement-SPSS output for selected

Marginal
N Percentage |
Y A 282 71.2%
B 51 12.9%
cC B3 15.9%
ag 1 49 12.4%
2 261 65.9%
3 86 21.7%
Crack control R/FF - 0 11 2.8%
1 385 97 2%
Valid 396 100.0%
Missing 0
Total 396
Subpopulation 380°

Model Fitting Information

Model Fitting Criteria Likelihood Ratio Tests

-2 Log

Likeliho Chi-
©Model AIC BIC od Sqguare df Siqg.
Intercept Only 533.391 G41.354 529.391
Final 250.878 314 581 218.878 410513 14 000

Goodness-of-Fit
Chi-Square df Sig.

Pearson 1220.269 744 000
Deviance 216106 744 1.000

Pseudo R-Square

Cox and Snell
Nagelkerke
McFadden

645
809
649




Classification

Predicted
Percent
Qbserved A B C Correct
A 274 7 1 97 2%
B 16 28 7 54 9%
C 4 7 52 82 5%
Overall Percentage 74.2% 10.6% 15.2% 89 4%

Likelihood Ratio Tests

Maodel Fitting Criteria

Likelihood Ratio Tests

2 Log
Likeliho
AIC of BIC of od of
Reduce Reduce Reduce Chi-
Effect d Model d Model d Model Sguare if Sig.
Intercept 250878 | 314581 | 2.189E2 000 0
fcMPa 369.606 | 425436 | 341696 | 122.818 2 000
ds_dm 364.340 | 420079 | 336.340 | 117.462 2 000
ad 264.300 | 320039 | 236.300 17.421 2 000
rhoshearlong.Steel | 400984 | 456724 | 372984 | 154.106 2 000
ag 254070 | 301.847 | 230.070 11.192 4 024
CrackcontrolRF 268.053 | 323.793 | 240.053 21175 2 000
Parameter Estimates
v° B Std_Error Wald di Sig. Exp(B)
A Intercept 4532 1190 | 14513 1 000
fcMPa -105 018 | 33.407 1 .000 900
ds_dm -830 134 | 38147 1 000 436
ad -868 232 | 13952 1 000 420
rhoshearlong.Steel 3.806 600 | 402231 1 000 | 44953
[ag=1] -389 864 203 1 652 678
[ag=2] 468 566 683 1 408 1.596
[ag=3] 0° 0
[CrackcontrolRF=0] 4589 1664 7.609 1 006 | 98404
[CrackcontrolRF=1] 0" | . 0
c Intercept 4187 1663 6.339 012
fcMPa 074 017 | 19.750 1 000 1.077
ds_dm 595 139 | 18.404 1 000 1.813
ad 244 297 672 1 412 1.276
rhoshearlong. Steel -2.000 584 | 11735 1 001 135
[ag=1] 090 867 011 1 918 1.094
[ag=2] -1.660 669 6.161 1 013 190
[ag=3] 0° 0
[CrackcontrolRF=0] |  -2.645 1222 8.891 1 003 026
[CrackcontrolRF=1] 0° 0

a. The reference category is: B.




B.1.1.2 Beams with Shear Reinforcement

B.1.1.2.1 Beams with Shear Reinforcement-SPSS output for all explanatory

variables
Case Processing Summary
Marginal
N Percentage |
Y A 111 T77.6%
B 19 13.3%
C 13 9.1%
Cross sectional shape 1 18 12 6%
3 125 87 4%
ag 2 50 62.9%
3 53 37 1%
fy 1 4 2.8%
2 19 13.3%
3 G5 45 5%
4 46 32 2%
5 | 6.3%
Crack Confroal Check 0 2 1.4%
1 141 96.6%
Anchorage 0 118 82.5%
1 25 17.5%
fuy 1 17 11.9%
2 a7 32.9%
3 35 24 5%
4 22 15.4%
5 22 15.4%
Valid 143 100.0%
Missing 0
Total 143
Subpopulation 1287




Classification

Predicted
Percent
Observed A B C Correct
A 111 0 0 100.0%
B 0 18 1 94 7%
C 0 0 13 100.0%
Overall Percentage 77 6% 12 6% 9.8% 99.3%
Likelihood Ratio Tests
IModel Fitting Criteria Likelihood Ratio Tests
-2 Log
Likelihoo
AIC of BIC of dof
Reduced | Reduced | Reduced Chi-
Fifect Model Model fModel Sguare df Sig.
Intercept 83.962 202.475 3.962° 000 0
fcMPa 84 472 197.060 8_4?2b 4510 2 105
bwm 79.934 192.522 3.934b 2
b
sd 105.853 218.441 29.853 25891 2 .000
ad 80.084 192 672 4.084° 122 2 941
rhoshearlong.Steel 110.746 223.334 34.?45b 30.784 2 .000
rhostirrup 119.410 231.998 43_41Dd 39.448 2 aoo
dsm 80.836 193 424 4_836b 875 2 646
Crosssectionalshape 118.760 231.348 42_?Bl}b 38.798 2 .000
ag 80918 193.506 4_91Bb 956 2 620
Ty 68.500 163.311 4_5DDb 538 8 1.000
CrackControalCheck 85211 197.799 g211° 5250 2 a7z
Anchorage 2 413E4 2. 424E4 2 405E4 2 405E4 2 aoo
b
Ty 115.278 210.089 51.278 47.316 8 .000




B.1.1.2.2 Beams with Shear Reinforcement-SPSS output for Stepwise Logistic

Regression
Case Processing Summary
Marginal
N Percentage
hd A 111 T7.6%
B 19 13.3%
C 13 9.1%
Cross sectional shape 1 18 12.6%
3 125 87 4%
ag 2 90 62.9%
3 53 37 1%
fy 1 4 2.8%
2 19 13.3%
3 G5 45.5%
4 46 32.2%
3 9 6.3%
Crack Controal Check 0 2 1.4%
1 141 98.6%
Anchorage 0 118 82.5%
1 25 17.5%
fwy 1 17 11.9%
2 47 32.9%
3 35 24.5%
4 22 15.4%
5 22 15.4%
Walid 143 100.0%
Missing 0
Total 143
Subpopulation 128°




Model Fitting Information

Model Fitting Criteria Likelihood Ratio Tests
-2 Log
Likelino Chi-

IModel AlC BIC od Square df Sig.

Intercept Only 199.280 205.206 195.280

Final 121.484 174.815 85.484 109.796 16 000

Goodness-of-Fit
Chi-Sguare df Sig.
Pearson 492 408 238 000
Deviance 85.484 238 1.000
Pseudo R-Square

Cox and Snell 536

Magelkerke 720

McFadden 562

Classification
Predicted
Percent
| Obsenved A B C Correct

A 108 2 1 97.3%
B 5 10 3 52.6%
C 2 0 1 84.6%
Overall Percentage 81.1% 8.4% 10.5% 90.2%




Parameter Estimates

_Crrar = | 10
A B Std_E Wald df Sj
A Intercept 10.753 2.447 19.310 1 .000
dsm -1.500 354 17.936 1 000
[CrackControalCheck=0] | -19.123 | 6723875 000 1 998
[CrackCaontroalCheck=1] 0 ]
[ag=2] 1.770 886 3.995 1 046
[ag=3] 0 | . 0
[fy=1] 11577 | 1619.903 000 1 994
= = e} L .
[fy=2] 5.202 1.561 11.104 1 001
[fy=3] -2.307 1.349 2.928 1 087
=4 =& il w ] = .
[fy=4] 4.693 1.565 8.990 1 003
[fy=5] 0° 0
rhostirrup -057 .089 412 1 521
C Intercept -20.146 | 1193.393 000 1 987
dsm 797 630 1.600 1 206
[CrackControalCheck=0] -24.322 000 1
[CrackControalCheck=1] 0° 0
[ag=2] -3.688 2.564 2.069 1 150
[ag=3] 0 | . 0
[fy=1] 19.339 | 2449211 000 1 994
[fy=2] 14.042 | 1193.387 000 1 991
[fy=3] 17.849 | 1193.387 000 1 988
[fy=4] 3.333 | 1272.669 000 1 998
[fy=5] 0° 0
rhostirrup 122 .090 1.810 1 79

a. The reference category is: B.




B.1.2 ACI Equation 11-5

B.1.2.1 Beams without Shear Reinforcement

B.1.2.1.1 Beams without Shear Reinforcement-SPSS output for all explanatory

variables
Case Processing Summary
Marginal
N Percentage
Y A 272 68.7%
B 57 14.4%
cC 67 16.9%
Cross Sectional Shape 2 136 34.3%
3 260 65.7%
ag 1 49 12.4%
2 261 65.9%
3 86 21.7%
fy 1 13 3.3%
2 50 12.6%
3 49 12.4%
4 116 29.3%
5 121 30.6%
B 47 11.9%
Crack control R/F 0 11 2.8%
1 385 97.2%
Anchorage 0 274 69.2%
1 122 30.8%
Valid 396 100.0%
Missing a
Total 396
Subpopulation 381°




Model Fitting Information

Model Fitting Criteria Likelinood Ratio Tests
-2 Log
Likelino Chi-
AlC BIC od Square df Sig.
Intercept Only 664 614 672577 660614
Final 254 146 381 552 190 146 470.468 30 000

Goodness-of-Fit

Chi-Sguare df Siq.
Pearson T41.281 730 378
Deviance 187.374 730 1.000

Pseudo R-Square

Cox and snell 695
Nagelkerke 855
McFadden 709
Likelihood Ratio Tests
Model Fitting Criteria Likelihood Ratio Tests
-2 Log
Likelino

AIC of BIC of od of

Reduce Reduce Reduce Chi-
Effect d Model d Model d Model Square ol Sig
Intercept 254.146 381.552 1.901E2 .0oo 0
fcMPa 335229 454 672 275.229 85.083 2 000
bw_dm 251.528 370970 191.528 1.381 2 A01
ds _dm 325653 445095 265.653 75.506 2 000
rhoshearlong.Steel 333.242 452 684 273.242 83.095 2 000
ad 258.703 378.146 198.703 8.557 2 014
CrossSectionalShape 255.534 374977 195.534 5.388 2 0&38
ag 264200 375.680 208.200 18.054 4 001
Ty 246 865 334 456 202.865 12718 10 240
CrackcontrolRF 270.762 390.204 210.762 20616 2 .0oo
Anchorage 253.600 373.042 193.600 3453 2 178

Classification
Predicted
Percent
|_Opzerved A B C Correct

A 263 8 1 96.7%
B 17 33 7 57.9%
c 1 6 &0 89.6%
Overall Percentage 71.0% 11.9% 17.2% 89.9%
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B.1.2.1.2 Beams without Shear Reinforcement-SPSS output for selected

explanatory variables

Case Processing Summary

Pseudo R-Square

Cox and Snell B76
MNagelkerke 832
McFadden B73

Marginal
N Percentage

Y A 272 68.7%

B a7 14.4%

C a7 16.9%
ag 1 49 12.4%

2 261 65.9%

3 a6 21.7%
Crack control R/F 0] 11 2.8%

1 385 97.2%
Valid 396 100.0%
Missing 0
Total 396
Subpopulation 380°

Model Fitting Information
Maodel Fitting Critena Likelihood Ratio Tests
-2 Log
Likelino Chi-
Model AlC BIC od Square df Siq.
Intercept Only 664 614 672577 660.614
Final 246 065 309.768 214.065 446 549 14 .0oon
Goodness-of-Fit
Chi-Sguare df Sig.

Pearson 1271.435 744 {000
Deviance 211.293 744 1.000




Classification
Predicted
Percent
Observed A B C Correct
A 265 7 0 97 4%
B 17 30 10 52.6%
c 1 10 56 83.6%
Overall Percentage | 715% | 119% | 16.7% 88.6%
Likelihood Ratio Tests
Maodel Fitting Criteria Likelihood Ratio Tests
2 Log
Likeliho
AlIC of BIC of od of
Reduce | Reduce | Reduce Chi-
Eifect d Model d Model d Model Sguare df Sig.
Intercept 246.065 309.768 2. 141E2 000 0
fcMPa 362.066 417.806 334 066 120.001 2 000
ds_dm 414.424 470.164 386.424 172.359 2 000
rhoshearlong Steel 374756 430.496 346756 132.691 2 000
ad 247 891 303.630 219.891 5.825 2 054
ag 254982 302.759 230982 16.917 4 002
CrackcontrolRF 268.032 323.771 240.032 25.966 2 000
Parameter Estimates
N B Std. Error Wald df Sig. Exp(B)
A Intercept 4886 1248 | 15317 1 000
fcMPa -106 018 | 34259 1 000 899
ds_dm 1018 157 | 42185 1 000 361
rhoshearlong.Steel 3.316 541 | 37.544 1 000 | 27537
ad -540 219 6.097 1 014 583
[ag=1] -836 860 944 1 331 433
[ag=2] 000 566 000 1 999 1.000
[ag=3] 0° 0 .
[CrackcontrolRF=0] 5.083 1861 7.462 1 006 | 161.246
[CrackcontrolRF=1] o” 0
c Intercept ~4.051 1861 4736 1 030
fcMPa 081 019 | 17562 1 000 1.085
ds_dm 802 180 | 19.974 1 000 2231
rhoshearlong. Steel 2153 604 | 12707 1 000 116
ad 123 362 116 1 734 884
[ag=1] 860 1.020 712 1 399 2364
[ag=2] 2,061 731 7.952 1 005 127
[ag=3] 0° 0
[CrackcontrolRF=0] |  -4.820 1415 | 11613 1 001 008
[CrackcontrolRF=1] 0° 0

a. The reference cateaorv is: B.




B.1.2.2 Beams with Shear Reinforcement

B.1.2.2.1 Beams with Shear Reinforcement-SPSS output for all explanatory

variables
Case Processing Summary
Marginal
N Percentage |
Y A 50 35.0%
B 63 44 1%
C 30 21.0%
Cross sectional shape 1 18 12.6%
3 125 87.4%
ag 2 50 62.9%
3 53 37 1%
Ty 1 4 2.8%
2 19 13.3%
3 G5 455%
4 46 32 2%
5 g 6.3%
Crack Controal Check 0 2 1.4%
1 141 98.6%
Anchorage 0 118 82.5%
1 25 17.5%
Ty 1 17 11.9%
2 47 32.9%
3 35 24 5%
4 22 15.4%
5 22 15.4%
Valid 143 100.0%
Missing 0
Total 143
Subpopulation 1287




Model Fitting Information

Pseudo R-Square

Cox and Snell 630
MNagelkerke Nar
McFadden AT

Likelihood Ratio Tests

Model Fitting Criteria Likelihood Ratio Tests
-2 Log
Likeliho Chi-
|_Model AIC BIC od Square df Sig.
Intercept Only 293717 299.643 288717
Final 227.439 345.953 147.439 142277 38 .000
Goodness-of-Fit
Chi-Square df Sig.
Pearson 188.757 216 910
Deviance 138.286 216 1.000

Model Fitting Criteria Likelihood Ratio Tests
-2 Log
Likelino
AIC of BIC of od of
Reduce Reduce Reduce Chi-
Fifect d Model d Model d Model Square df Sig.
Intercept 227435 345953 1.474E2 .000 1]
fcMPa 228312 340.900 152.312 4872 2 087
bwm 224 673 337.261 148 673 1233 2 540
sd 227.523 340111 151.523 4.084 2 130
ad 229706 342294 153.706 6267 2 044
rhioshearlong.Steel 224 802 337.391 148.802 1.363 2 506
rhostirrup 225978 338.567 145978 2539 2 281
dsm 238 584 351173 162.584 15.145 2 001
Crosssectionalshape 224811 337.400 148.811 1.372 2 504
ag 227 541 340129 151.541 4101 2 129
fy 246110 340921 182110 34671 8 000
CrackControalCheck 227 843 340431 151.843 4.404 2 A1
Anchorage 226822 339.410 150.822 3382 2 184
fwy 233513 328.324 169.513 22073 8 005
Classification
Predicted
Percent
|_Observed A B C Correct
A 38 12 0 76.0%
B 8 49 6 77.8%
C 0 1 19 63.3%
Overall Percentage 322% 50.3% 17.5% 74.1%




Parameter Estimates

25% Confidence Interval for Exp
Gl
‘(a B Std. Error Wald df Sig. Exp(B) Lower Bound Jpper Bound
A Intercept 30.055 10.526 21582 1 004
feMPa 018 020 .a68 1 414 284 248 1.023
bwm -7.833 7278 1.188 1 276 ooo 2.290E-10 5682317
sd 330 249 1.848 1 174 J13 437 1.162
ad -2.248 1.225 2.362 1 087 106 .010 1.167
rhoshearlong Steel -.004 831 oao 1 gL} felel} a5 5.082
rhastirrup 230 382 403 1 525 788 -3 1815
dsm 847 793 1.428 1 z32 288 .0sz 1.824
[Creszzeciionalshape=1] 1.707 3.357 258 1 811 5514 .oos 3080 440
<]
[Crosszectionalzhape=3] o 1]
[ag=2] -1.277 1.152 1228 1 268 27 029 2.688
" 0 i .
10208 | Ti84.517 oao 1 Boa | Z7071.158 oon | ©
-3.453 3265 1119 1 a0 3z 5.2681E-5 18.031
-12.185 G486 3.552 1 o532 5.108E-5 1.801E-11 1623
-13.754 6301 4765 1 29 1.063E-5 4.605E-12 245
o° o
[CrackControalCheck=0] -20.801 .Doo 1 1.120E-2 1.130EQ 1.130E-9
]
[CrackControalCheck=1] o 0
[Anchorage=0] -871 1.318 437 1 509 A8 03z 5537
[Anchorage=1] Z]D o
[fwy=1] -4.474 2233 4.012 1 045 o1 .0oo a0a
566 17et oo 1 752 588 017 12.008
-10.877 4741 5263 1 22 1.BEBE-5 1.730E8 205
-1.605 1.065 2270 1 a3z 201 .025 1.820
]
[fwy=5 0 0
c Intercept -3.208 4.879 AT0 1 403
feMPa 038 020 3.108 1 075 1.035 .oag 1.078
bwm -4.258 G.876 383 1 536 014 1.987E-8 10082.701
=d 253 227 242 1 285 1.287 828 2.007
ad 838 BET T45 1 382 2,208 348 15.338
rhoshearong Steel 878 To8 213 1 a7 415 0BT 1888
rhastirrup 225 177 1.618 1 204 1.253 885 1.774
dsm 1.04% 457 5.041 1 25 2.854 1.143 713z
[Crozszectionalzhape=1] 5357 5710 -850 1 343 212.038 003 153681281402
]
[Cresszectionalshape=3] o 0
[ag=2] -2.541 1430 3.158 1 076 ora 005 1.209
[ag=3] :JD 1]
[fy=1] 581 -noo 1 1.787 1.787 1.787
[w=2] 4228 2190 3720 1 053 68.611 838 §016.387
[fy=3] 322 1.808 .03z 1 859 1378 040 47 560
[fy=4] 620 251 .0a3 1 80z 1.876 .014 257273
P ]
fiy=5] 0 0
[CrackControalCheck= -5.555 3082 2310 1 082 004 0.744E6 1.528
[CrackControalCheck=1] o” o
[Anchorage=0] -2.008 1.741 2.088 1 0s4 D40 .002 1407
[Anchaorage=1] !]D 0
[fvy=1] -5.518 4.056 239 1 286 004 24327 668.560
fuy=2 -17 188 25 3 16 g 202
fwy=2] 1788 g1 25 1 364 a5 003 5023
-3182 2.581 530 1 216 o4 .0oo G454
-1.862 1.602 500 1 2 141 008 3247
o° o

a. The reference category is: B.




B.1.3 ACI Deep Beams

B.1.3.1 Deep beams-SPSS output for with all explanatory variables

Case Processing Summary

Marginal
N Percentage
Y A 45 68.2%
B 8 12.1%
C 13 19.7%
CrossSectionalShape 1.00 15 22 7%
2.00 51 T7.3%
ag 0 4 6.1%
2 27 40.9%
3 35 53.0%
fy 2 15 22 7%
3 27 40.9%
4 20 30.3%
6 4 6.1%
Anchorage .00 28 42 4%
1.00 38 57.6%
Crack Control check 0 18 27.3%
1 48 T2.7%
Walid 66 100.0%
Missing 531
Total 297
Subpopulation g2”
Model Fitting Information
Model Fitting Criteria Likelihood Ratio Tests
-2 Log
Likeliho Chi-
Maodel AlC BIC od Square df Sig.
Intercept Only 111.702 116.082 107.702
Final 73.358 130.289 21.358 86.344 24 .000

Goodness-of-Fit

Chi-Square df Sig.
Pearson 611.707 98 000
Deviance 18.586 98 1.000

Pseudo R-Square

Cox and Snell 730
Nagelkerke 898
McFadden 782




Likelihood Ratio Tests

Model Fitting Criteria Likelihood Ratio Tests
-2 Log
Likeliho
AIC of BIC of od of
Reduce Reduce Reduce Chi-
Effect d Model d Model d Model Sguare df Sig.
Intercept 73.358 130.289 21.358"° .000 0
fcMPa 70.030 122582 22.030b 672 2 715
bwm 55602 108.154 ?_EDQb 2
dsm 55635 108.187 ?_ESSb 2
rhoshearlong. Steel 60.093 112,645 12.093b 2
StrutAngle 72620 125172 24.620b 3.262 2 1596
CrossSectionalShape 73.358 130.289 21.358° .000 0
ag 136.837 185.009 92.837° 71478 4 .000
Ty 59.324 107.496 15.32:1b 4
Anchorage 75.106 127.658 27.106° 5748 2 056
CrackControlcheck 70419 122.970 22.419b 1.060 2 588




B.1.3.2 Deep beams-SPSS output Stepwise Logistic regression.

Case Processing Summary

Marginal
M Percentage
Y A 45 68.2%
B 8 12.1%
C 13 19.7%
CrossSectionalShape 1.00 15 22 7%
2.00 a1 T7.3%
ag 0 4 5.1%
2 27 40.9%
3 35 53.0%
Ty 2 15 22 7%
3 27 40.9%
4 20 30.3%
6 4 6.1%
Anchorage 00 28 42 4%
1.00 38 57.6%
Crack Confrol check 0 18 27.3%
1 48 72.7%
Valid 66 100.0%
Missing 531
Total 597
Subpopulation g2°




Model Fitting Information

Maodel Fitting Criteria Likelinood Ratio Tests

-2 Log

Likelino Chi-
Model AlC BIC od Square df Sig.
Intercept Only 111.702 116.082 107.702
Final 59.636 90.291 31.636 76.067 12 .000

Goodness-of-Fit
Chi-Sguare df Sig.

Pearson 36.730 110 1.000
Deviance 28.863 110 1.000

Pseudo R-Square

Cox and Snell 684
Nagelkerke 842
McFadden 689
Likelihood Ratio Tests
Model Fitting Criteria Likelihood Ratio Tests
-2 Log
Likeliho
AlC of BIC of od of
Reduce Reduce Reduce Chi-
Effect d Model d Model d Model Sguare df Sig.
Intercept 59.636 90.291 31.636° .000 0
fcMPa 66.128 92.404 42128 10.492 2 005
fy 89995 107512 73.995 42 359 6 000
CrackControlcheck 70.455 96.731 46 455 14.820 2 001
bwm 106.662 132.938 82662 51.026 2 000
Parameter Estimates
¥ B Std. Error Wald df Siq. Exp(B)
A Intercept -204.830 | 6270.777 .001 1 974
fcMPa -714 550 1.682 1 195 490
[fv=2] 27.262 | 6227.078 .000 1 997 | B.91EN
[fy=2] -59.128 | 6270.799 000 1 992 | 2.095E-26
[fy=4] 42075 | 6271.825 .000 1 995 | 1.8T4E18
[Fy=6] o | . 0 )
[CrackControlcheck=0] 25.117 739.003 .001 1 973 | 8.094E10
[CrackControlcheck=1] 0° 0 .
bwm 977.184 000 1 K
c Intercept 23.095 2.506 84.903 1 000
fcMPa ar3 093 611 1 435 1.075
[fy=2] -21.186 1762 | 144.500 1 000 | 6.294E-10
[fy=2] -20.527 1909 | 115571 1 .0oo 1.217E-9
[fy=4] -23.491 000 1 .280E-11
[fy=6] 0° 0
[CrackControlcheck=0] -297 1.200 061 1 805 743
[CrackControlcheck=1] 0° 0
bwm -19.432 19.602 983 1 322 | 3.636E-9

a. The reference category is: B.




B.2 SPSS output of BS 8110

B.2.1 Beams without Shear Reinforcement

B.2.1.1 Beams without Shear Reinforcement-SPSS output for all explanatory

variables
Case Processing Summary
Marginal
I Percentage
Y A 280 53.4%
B 173 33.0%
C 71 13.5%
Cross Sectional Shape 2 143 27.3%
3 381 72.7%
ag 1 129 24 6%
2 284 54 2%
3 111 21.2%
iy 1 24 4 6%
2 51 9.7%
3 144 27.5%
4 128 24 4%
5 131 25.0%
6 46 8.8%
Crack control R/F 0 11 21%
1 513 97.9%
AnchorageCheck 0 449 85.7%
1 75 14.3%
\alid 524 100.0%
Missing 0
Total 524
Subpopulation 508°
Model Fitting Information
Model Fitting Criteria Likelihood Ratio Tests
-2 Log
Likeliho Chi-
IModel AlC BIC od Sguare df Sig.
Intercept Only | 1013E3 | 1.021E3 | 1.009E3
Final 656228 | 792596 | 592228 | 416289 30 000




Goodness-of-Fit

Chi-Square di Siq.
Pearson 1377.064 984 .000
Deviance 583.571 984 1.000

Pseudo R-Square

Cox and Snell 548
MNagelkerke 640
McFadden 409
Likelihood Ratio Tests
IModel Fitting Criteria Likelihood Ratio Tests
2 Log
Likeliho
AlIC of BIC of od of
Reduce Reduce Reduce Chi-
Eifect d Model d Model d Model Sqguare di Sig
Intercept 656.228 792.596 | 5.922E2 .000 0
fcMPa 731.548 859.393 671.548 79.320 2 000
bw_dm 553.428 781.272 593.428 1.189 2 549
ds_dm 652.602 780.447 592 602 374 2 830
ad 743.501 871.346 683.501 91273 2 000
rhoshearlong.Steel 769.578 897 423 709578 117.350 2 000
CrossSectionalShape 668.614 796.459 6508614 16.386 2 000
ag 651.318 770.639 595.318 3.089 4 543
fy B74.775 768.528 630775 38 547 10 000
CrackcontrolRF £91.324 819.168 6531.324 39.095 2 000
AnchorageCheck B560.283 788.128 500.283 8.054 2 018
Classification
Predicted
Percent
|_Observed A B c Carrect
A 233 44 3 83.2%
B 35 122 16 70.5%
C 5 20 48 64.8%
Overall Percentage 52.1% 35.5% 12.4% 76.5%




Parameter Estimates

y2 B std. Error | wald df Sig. Exp(B)

A Intercept 1406 961 2139 7 144
fcMPa -033 o010 | 11190 . 001 968
bw_dm -037 148 062 1 303 964
ds_dm -032 083 153 1 596 968
ad - 669 0sa | 45869 1 .000 512
rhoshearlong.3teel 1.036 140 54 564 1 000 2817
[CrossSectionalShape=2] 544 408 1.808 1 78 1.73
[CrossSectionalShape=3] o 0
[ag=1] 200 506 350 . 564 1.349
[ag=2] 500 411 1535 1 215 1.663
[ag=3] o® 0
[fy=1] 1.812 661 7.509 1 006 6.124
[fy=2] 180 830 051 . 822 1.208
[fy=3] 1302 587 4.920 1 027 3676
[fy=4] 1.064 520 4183 1 041 2.898
[fy=51 872 541 2,597 1 07 2.392
[fy=6] o® _ 0
[CrackcontrolRF=0] 3.936 1020 | 14878 1 .000 51.196
[CrackcontrolRF=1] o 0
[AnchorageCheck=0] 1656 656 6.370 . 012 191
[AnchorageCheck=1] o° _ 0

C Intercept A9.277 1281 | 226400 1 000
fcMPa 059 010 | 33275 1 .000 1.081
bw_dm 162 167 042 . 332 1176
ds_dm -049 081 200 1 500 952
ad 802 208 | 14.892 1 .000 2.231
rhoshearlong. Steel -T727 252 8.328 1 004 483
[CrossSectionalShape=2] 2922 1370 8.198 . 004 020
[CrossSectionalShape=3] o° 0
[ag=1] 999 779 1,643 1 200 2715
[ag=2] 413 453 830 . 362 1511
[ag=3] o® 0
[fy=1] 1812 1.273 2.026 1 155 163
[fy=2] 1.888 1.005 3,531 1 060 5.508
[fy=3] - 621 1.021 370 . 543 538
[fy=4] 012 833 000 1 989 988
[fy=51 899 841 913 1 339 2.457
[fy=61 0" | 0 .
[CrackcontrolRF=0] 21857 | 59342815 000 . 907 | 2931E-10
[CrackcontrolRF=1] o° 0 .
[AnchorageCheck=0] 13.636 000 1 2835475 491
[AnchorageCheck=1] o® 0

a. The reference category is: B.




B.2.1.2 Beams without Shear Reinforcement-SPSS output for selected explanatory

variables
Case Processing Summary
Marginal
M Percentage
Y A 280 53.4%
B 173 33.0%
C 71 13.5%
Cross Sectional Shape 2 143 27.3%
3 381 72 7%
Ty 1 24 46%
2 51 9.7%
3 144 27.5%
4 128 24 4%
5 131 25.0%
6 46 8.8%
Crack control R/F 0 11 21%
1 513 97.9%
AnchorageCheck 0 449 85.7%
1 75 14.3%
Valid 524 100.0%
Missing 0
Tatal 524
Subpopulation 507"
Model Fitting Information
Model Fitting Criteria Likelihood Ratio Tests
ikeiing Chi-
AIC BIC od Square df Sig,
Intercept Only | 1013E3 | 1.021E3 | 1.009E3
Final 644847 | 747123 | 596847 | 411671 22 .000




Goodness-of-Fit

Chi-Square df Sig.
Pearson 1325.805 990 .000
Deviance 588.189 990 1.000
Pseudo R-Square

Cox and Snell 544

Nagelkerke 635

McFadden 404

Parameter Estimates
B Std. Error Wald df Sig.

Intercept 1.597 764 4368 1 037
fcMPa -034 .009 13.004 1 .000
ad -685 098 49025 1 .000
rhoshearlong.Steel 1.060 139 57.915 1 .000
[CrossSectionalShape=2] 3T .380 3.758 1 053
[CrossSectionalShape=3] Db 0
[fy=1] 1.750 629 7.750 1 005
[fy=2] -.066 620 011 1 915
[Fy=3] 1.075 2530 4110 1 043
[fy=4] 1.037 A70 4 875 1 027
[fy=5] 876 ATT 3.373 1 066
[fy=6] 0 0
[CrackcontrolRF=0] 3.677 958 14727 1 .000
[CrackcontrolRF=1] 0° 0
[AnchorageCheck=0] -1.619 641 6.377 1 012
[AnchorageCheck=1] 0° 0
Intercept -18.016 835 465668 1 .000
fcMPa 056 .010 33.419 1 .000
ad .7ez2 193 16.469 1 .000
rhoshearlong.Steel -719 .240 9.000 1 .003
[CrossSectionalShape=2] -3.837 1.320 5.450 1 .004
[CrossSectionalShape=3] Ub 0
[fy=1] -1.536 1.069 2.067 1 151
[fy=2] 1.430 g4 4.012 1 045
[fy=3] -1.150 .840 1.873 1 A7
[fy=4] -.485 691 493 1 483
[fy=5] 393 715 302 1 583
[fy=F6] 0” 0
[CrackcontrolRF=0] -21.972 | 5795.959 .00 1 997
[CrackcontrolRF=1] 0” 0
[AnchorageCheck=0] 13.519 .000 1
[AnchorageCheck=1] 0° 0

a. The reference category is: B.




Classification

Predicted
Percent
|_Observed A B C Correct
A 229 49 2 81.8%
B 34 124 15 T1.7%
C 5 21 45 63.4%
Overall Percentage 51.1% 37.0% 11.8% T6.0%

B.2.2 Beams with Shear Reinforcement
B.2.2.1 Beams with Shear Reinforcement-SPSS output for all explanatory variables

Case Processing Summary

Marginal
N Percentage
Y A 108 99.7%
B 62 34.3%
cC 11 6.1%
Cross Section 1 18 9.9%
2 16 8.8%
3 147 81.2%
ag 2 128 70.7%
3 53 29.3%
fy 1 4 22%
2 34 168.8%
3 G5 35.9%
4 49 27.1%
5 10 5.5%
] 19 10.5%
vy 1 17 9.4%
2 49 27 1%
3 36 19.9%
4 a7 31.5%
3 22 12.2%
Crack Confroal Check 0 2 1.1%
1 179 98.9%
Anchorage 0 179 98.9%
1 2 1.1%
Valid 181 100.0%
Missing 0
Total 181
Subpopulation 166"




Model Fitting Information

Model Fitting Criteria Likelihood Ratio Tests
-2 Log
Likelino Chi-
|_Model AIC BIC ad Square df Sig,
Intercept Only | 300.869 307 266 296.869
Final 305114 445.848 217.114 79.755 42 000

Goodness-of-Fit

Chi-Square df Sig.
Pearson 699.030 288 000
Deviance 209.745 288 1.000
Pseudo R-Square
Cox and snell 396
MNagelkerke A3T
IMcFadden 261
Likelihood Ratio Tests
Model Fitting Criteria Likelihood Ratio Tests
-2 Log
Likeliho
AlIC of BIC of od of
Reduce Reduce Reduce Chi-
Effect d Model d Model d Model Sguare df Sig,
Intercept 305.114 445848 2171E2 .000 0
fcMPa 301.803 436.140 2. 178E2 689 2 709
bw_dm 301.829 436165 2. 17T8E2 J15 2 700
ds_dm 281.589 415926 1.976E2 2
ad 310.988 445325 2270E2 9.875 2 007
sd 290.458 424 795 2.065E2 2
rhoshearlong Steel 288.169 422 506 2.042E2 2
rhostirrup 307.941 442 277 2.239E2 6.827 2 033
CrossSection 299.595 427 524 2.196E2 2.481 4 648
ag 296.951 431.288 2.130E2 2
fy 301.863 410612 2.339E2 16.730 10 .080
vy 293.732 408.878 221TE2 4618 8 J97
CrackControalCheck 301.173 435.510 2.172E2 059 2 971
Anchorage 284 485 418822 200.485 2

Classification

Predicted
Percent
|_Observed A B C Correct
A 90 17 1 83.3%
B 19 38 5 61.3%
c 2 4 5 45.5%
Overall Percentage 61.3% 32.6% 6.1% 73.5%




B.2.2.2 Beams with Shear Reinforcement-SPSS output of Stepwise Logistic

Regression
Case Processing Summary
Marginal
M Fercentage
Y A 108 99.7%
B 62 34.3%
C 11 6.1%
Cross Section 1 18 5.9%
2 16 8.8%
3 147 81.2%
ag 2 128 70.7%
3 53 29.3%
fy 1 4 2.2%
2 34 18.8%
3 65 35.9%
4 48 27 1%
] 10 2.9%
B 19 10.5%
Ty 1 17 9.4%
2 49 27 1%
3 36 19.9%
4 a7 31.5%
5 22 12.2%
Crack Controal Check 0 2 1.1%
1 179 98.9%
Anchorage 0 179 95.9%
1 2 1.1%
Valid 181 100.0%
Missing 0
Total 181
Subpopulation 166°




Meodel Fitting Information

Maodel Fitting Criteria Likelihood Ratio Tests
-2 Log
Likelino Chi-
_Iodel AlC BIC ad Square df Siq.
Intercept Only 300869 307 266 296 869
Final 266968 330938 226 968 69.901 18 000
Goodness-of-Fit
Chi-Sguare df Sig.
Pearson 273626 312 943
Deviance 219.599 312 1.000

Pseudo R-Square

Cox and Snell 2320
Nagelkerke 393
McFadden 228
Likelihood Ratio Tests
Model Fitting Criteria Likelihood Ratio Tests
-2 Log
Likeliho
AlC of BIC of od of
Reduce Reduce Reduce Chi-
Effect d Model d Model d Model Square df Sig.
Intercept 266.968 330.938 2270E2 000 0
sd 288.665 346.238 252 665 25 697 2 000
ds_dm 269.045 326617 233.045 6.077 2 048
fy 281.107 313.092 261.107 34.139 10 000
CrossSection 276.899 328075 244 899 17.931 2001
Classification
Predicted
Percent
| Observed A B C Correct
A 90 17 1 83.3%
B 18 43 1 69.4%
c 2 9 0 0%
Overall Percentage 60.8% 38.1% 1.1% 73.5%




Parameter Estimates

i B Std_Error Wald df Sig, Exp(B)
Intercept 4.432 1.194 13.783 1 .000
sd -484 127 14.445 1 .000 516
ds_dm 197 151 1.693 1 193 821
[fy=1] 17.181 | 6641.052 000 1 998 | 28944509.900
[fy=2] -1.968 838 5.518 1 019 140
[fy=2] -116 673 029 1 864 891
[fy=4] 2.496 720 12.003 1 001 082
[fy=5] -.459 939 239 1 625 632
[fy=6] 0 | . : 0 :
[CrossSection=1] 2.322 1.133 4.204 1 040 10.200
[CrossSection=2] 2.307 984 5.504 1 019 10.049
[CrossSection=3] 0" | . ) 0
Intercept -4.113 1.951 4.441 1 035
sd 212 168 1.606 1 205 1.237
ds_dm 321 210 2.337 1 126 1.379
[fy=1] 517 000 1 1.677
[fy=2] -787 1.500 275 1 600 455
[fy=23] 364 1.261 083 1 773 1.439
[fy=4] 121 1.350 008 1 929 1.129
[fy=5] -18.774 | 9646.803 .000 1 998 7.022E-9
[fy=6] 0 | . 0
[CrossSection=1] | -16.767 | 8478.621 000 1 998 5.225E-8
[CrossSection=2] | -15.991 | 8028.115 000 1 998 1.136E-7
[CrossSection=2] 0 |. } 0

a. The reference category is: B.




B.3 SPSS output of AS 3600

B.3.1 Beams without Shear Reinforcement

B.3.1.1 Beams without Shear Reinforcement-SPSS output for all explanatory

variables
Case Processing Summary
Marginal
N Percentage
il A 227 43.9%
B 193 37.3%
c a7 18.8%
Cross Sectional Shape 2 146 28.2%
3 371 71.8%
ag 1 129 25.0%
2 284 o4 9%
3 104 20.1%
fy 1 52 10.1%
2 48 9.3%
3 177 34.2%
4 102 19.7%
5 126 24 4%
6 12 2.3%
Crack control R/F a 11 2.1%
1 506 97.9%
Anchorage a 412 79.7%
1 105 20.3%
Valid 517 100.0%
Missing 0
Total o7
Subpopulation 501°




Model Fitting Information

Model Fitting Criteria Likelinood Ratio Tests
2Log
Likeliho Chi-
| Model AIC BIC od Square df sig.
Intercept Only | 1.076E3 | 1.084E3 | 1.072E3
Final 694.681 | 830618 | 630681 | 441.044 30 .000

Goodness-of-Fit

Chi-Square dr Sig.
Pearson 1140.309 970 .000
Deviance 623.749 970 1.000

Pseudo R-Square

Cox and Snell 274
Nagelkerke 655
IMcFadden 409
Likelihood Ratio Tests
Model Fitting Criteria Likelihood Ratio Tests
-2 Log
Likeliho
AIC of BIC of od of
Reduce Reduce Reduce Chi-

Effect d Model d Model d Model Square df Sig
Intercept 694681 8320.618 6.307E2 000 0
bw_dm 695.115 822 556 635.115 4.434 2 109
ds_dm T05.675 833.117 645675 14.994 2 001
rhoshearlong.Steel £591.530 818.971 6521.530 849 2 654
fcMPa 740.044 867.485 680.044 49363 2 .000
ad S37.217 1.065E3 877217 246.536 2 .Doo0
CrossSectionalShape 712.061 5§39.503 652.061 21.381 2 .000
ag T07.374 826.320 651.374 20.654 4 000
Ty £91.780 785237 647.780 17.100 10 072
CrackcontrolRF 717.498 844.940 657.498 26.818 2 .000
Anchorage B96.714 824 155 636.714 65.033 2 069

Classification

Predicted
Percent
| Observed A B C Correct
A 197 26 4 86.8%
B 44 122 27 63.2%
o 5 35 57 58.8%
Overall Percentage 47.6% 35.4% 17.0% T72.7%




Parameter Estimates

v B Std. Error W ald df Sig. ExpiB]

A Intercept 6.901 1.651 17.469 1 .0oo
bw_dm -.270 206 1.729 1 189 763
ds_dm 040 094 181 1 {70 1.041
rhoshearlong. Steel 040 .0oa 166 1 624 1.041
fcMPa -.023 010 5.021 1 .025 978
ad -2.091 242 74.733 1 .0oo 124
[CrossSectionalShape=2] 2.104 A543 15.032 1 .000 8.196
[CrossSectionalShape=3] []b 0
[ag=1] -1.842 532 12.008 1 .0t 158
[ag=2] -.049 424 014 1 ao7 952
[ag=3] 0° 0
[fy=1] -.576 1.233 218 1 541 562
[fy=2] -1.068 1.259 720 1 386 344
[fy=3] 337 1.149 086 1 769 1.401
[fy=4] -133 1.139 014 1 ao7 875
[fy=5] 833 1.085 578 1 A47 2.300
[fy=6] 0° 0
[CrackcontrolRF=0] 2129 919 5.368 1 021 8.409
[CrackcontrolRF=1] 0° 0
[Anchaorage=0] 433 425 1.037 1 309 1.541
[Anchorage=1] []b 0

C Intercept -5.313 1.401 14.387 1 .0oo
bw_dm 138 108 1.640 1 .200 1.148
ds_dm 299 .0z0 13.905 1 .0oo 1.349
rhoshearlong. Steel - 088 128 500 1 442 807
fcMPa 048 .0og 26.653 1 .0oo 1.047
ad 545 A21 20.447 1 .0co 1.725
[CrossSectionalShape=2] -1.350 826 2.670 1 02 259
[CrossSectionalShape=3] []b 1]
[ag=1] 518 594 756 1 385 1.676
[ag=2] 752 A46 2.8 1 0&2 2121
[2g=3] 0° 0
[fy=1] 305 1192 066 1 748 1.357
[fy=2] {060 1212 002 1 961 1.062
[fy=3] -1.083 1.142 .899 1 343 339
[fy=4] -.714 1.115 410 1 522 4490
[fy=5] -.375 9a3 145 1 703 6a7
[fy=6) o 0 .
[CrackcontrolRF=0] -22.332 .0oo 1 2.001E-10
[CrackcontrolRF=1] 0° 0
[Anchorage=0] -1.103 553 3.982 1 048 332
[Anchorage=1] []b 0

a. The reference category is: B.




B.3.1.2 Beams without Shear Reinforcement-SPSS output for selected explanatory

variables
Case Processing Summary
Marginal
N Percentage

Y A 227 43.9%

B 193 37.3%

C a7 18.8%
Cross Sectional Shape 2 146 28.2%

3 371 71.8%
ag 1 129 25.0%

2 284 o4.9%

3 104 20.1%
Crack control R/F 0 11 21%

1 506 97.9%
Valid o217 100.0%
Missing a
Total o917
Subpopulation 473°

Model Fitting Information
Model Fitting Criteria Likelihood Ratio Tests
-2 Log
Likeliho Chi-
Lodel AlC BIC od Square df Sig,
Intercept Only | 1.062E3 | 1.071E3 | 1.058E3
Final 682925 | 750.894 | 650925 | 407.277 14 .000
Goodness-of-Fit
Chi-Sguare df Sid.

Pearson 937.807 930 422
Deviance £32.196 930 1.000

Pseudo R-Square
Cox and Snell 545

Magelkerke 622
McFadden 378




Likelihood Ratio Tests

Model Fitting Criteria Likelihood Ratio Tests
-2 Log
Likeliho
AIC of BIC of od of
Reduce Reduce Reduce Chi-
Fifect d Model d Model d Model Square df Sig.
Intercept (82925 750.894 6.509E2 000 0
fcMPa 731.606 791.078 703.606 52.681 2 .0oo
dsm 717.839 Ti7.312 689.839 38.914 2 .0oo
ad 965.363 1.025E3 937.363 286.438 2 .0oo
CrossSectionalShape 737.573 797.045 709.573 58.648 2 000
ag 689.404 740.380 665.404 14.479 4 .0oe
CrackcontrolRF 703.959 763.432 675959 25034 2 .0oo
Parameter Estimates
y? B Sid.Error \Wald df Sig.
A Intercept 7.072 881 64.395 1 .000
fcMPa -.026 010 7174 1 007
dsm - 135 065 4.368 1 037
ad -1.956 198 97.899 1 .000
[CrossSectionalShape=2] 2.644 A42 35.728 1 .000
[CrossSectionalShape=3] o” 0
[ag=1] -1.320 46T 7.996 1 005
[ag=2] - 115 385 090 1 765
[ag=2] 0° 0
[CrackcontrolRF=0] 2.087 895 5.433 1 .020
[CrackcontrolRF=1] 0" 0
c Intercept -5.789 825 49234 1 .000
fcMPa 041 .0os 27.076 1 .000
dsm 301 063 22 671 1 .000
ad 498 103 23.318 1 .000
[CrossSectionalShape=2] -1.861 681 7.464 1 .00s
[CrossSectionalShape=3] Ub 0
[ag=1] 606 526 1.326 1 250
[ag=2] A67 398 1.380 1 240
[ag=2] 0" 0
[CrackcontrolRF=0] -21.927 .000 1
[CrackcontrolRF=1] a° 0
a. The reference category is: B.
Classification
Predicted
Percent
M‘i A B C Correct
A 194 29 4 85.5%
B 50 121 22 62 7%
c 9 33 55 56.7%
Overall Percentage 48.9% 35.4% 15.7% 71.6%




B.3.2 Beams with Shear Reinforcement
B.3.2.1 Beams with Shear Reinforcement-SPSS output for all explanatory variables

Case Processing Summary

Marginal
M Percentage
Y A 71 50.4%
B 53 37.6%
C 17 12.1%
ag 2 90 53.68%
3 51 36.2%
fy 1 4 2.8%
2 19 13.5%
3 63 44 7%
4 4B 32.6%
5 9 6.4%
Anchorage 0 125 58.7%
1 16 11.3%
Cross Section 1 18 12.8%
2 3 2.1%
3 120 85.1%
vy 1 17 12.1%
2 47 33.3%
3 33 23.4%
4 22 15.6%
5 22 15.6%
Crack Controal Check 0 2 1.4%
1 139 98.6%
Valid 141 100.0%
Missing 50
Total 191
Subpopulation 127°




Model Fitting Information

Model Fitting Criteria Likelihood Ratio Tests
2 Log
Likelino Chi-
Model AIC BIC od Square df Sig.
Intercept Only | 264.722 | 270619 | 280.722
Final 232785 | 356.633 | 148785 | 111.937 40 .000

Goodness-of-Fit

Chi-Square df Sig.
Pearson 199 . 681 212 718
Deviance 139.631 212 1.000

Pseudo R-Square

Cox and Snell 048
MNagelkerke 640
McFadden 410
Likelihood Ratio Tests
Model Fitting Criteria Likelihood Ratio Tests
-2 Log
Likeliho
AIC of BIC of od of
Reduce Reduce Reduce Chi-
FEffect d Model d Model d Model Square df Sig.
Intercept 232785 356633 1.488E2 000 0
fcMPa 231.940 349890 151.940 3.155 2 206
ad 231.956 349.906 151.956 3171 2 205
bw_dm 231.241 349191 151.241 2.456 2 293
ds_dm 230.362 348313 150.362 1578 2 454
sd 233.708 391.659 153.708 4.924 2 .085
rhoshearlong Steel 228 875 346 825 148.875 090 2 956
rhostirrup 230817 348 767 150.817 2.032 2 362
ag 237.499 355449 157 .499 8714 2 013
fiy 242 181 342 439 174.181 25397 8 001
Anchorage 238.335 356.286 158.335 9551 2 008
CrossSection 231937 343990 155.937 7.153 4 128
fury 230.444 330702 162 444 13.660 8 091
CrackControalCheck 229.061 347 011 145.061 276 2 871




Classification

Predicted
Percent
L QDserved A B < Correct
A 59 10 2 83.1%
B 9 11 T7.4%
C 1 3 11 64.7%
Overall Percentage 48.9% 39.7% 11.3% T8.7%
Parameter Estimates
85% Confidence Interval for Exp
{B)
¥ =] Std, Error Wakd df Sin. ExpiB) Lower Bound Upper Bound
A Intercept 1.708 4768 128 TF20
fohiPa 012 o7 AGS 485 1.012 .a78 1.048
ad -1.258 47 2152 142 248 038 1.585
bw_dm o38 Tav 1.758 185 2554 838 10.213
ds_dm -237 2 .826 383 Teg ATa 1.215
sd -531 258 4.218 Rk 588 358 870
rhashearlong. Stee! -142 835 050 5823 -B&s 250 3014
rhastirmup 4 [B83 3832 1.237 245 50342 D58 80185801
[ag=2] 3684 1.583 5,346 021 30.815 1.753 004524
b
[ag=3] o ] .
[fy=1] 15.138 0o 995 | 3755883517 ooo | F
[fy=2] -4 800 1767 7.858 005 0o7 000 238
[fy=13] -3.823 2250 2038 Aoe 020 000 1.828
[fy=4] 4842 2457 2.852 ] nos 5.381E-5 874
b
[fy=5] i 0
[Anchorage=0] 2.400 2110 2508 07 20870 420 1872.885
. (-]
[Anchorage=1] o o
[CrossSection=1] 2805 2743 .20z 342 13.537 0&3 2820.483
[CrossSactio 21.782 5146.118 .0ao <l 2.8B2ED 000 .c
b
[CrossSection=3] i} (]
[Foy=1] 2815 2051 1.828 202 13.668 248 Ta0.814
[foy=2] 2424 1.708 4018 045 30820 1.078 272.807
[fwy=3] -1.122 2260 247 520 A28 D04 27230
[foy=4] =21 1.142 034 254 810 0&g 7801
b
[fey=5] o . i
[CrackCeontroalCheack=0] -071 1828 .00z Relie] 821 026 33.372
b
[CrackControalCheck=1] i} (]
c Intercept -18.818 7388 7.185 007
fohiPa 0328 nz23 2.864 A0e1 1.038 094 1.088
ad 203 1185 450 485 2233 218 22787
bw_dm 732 728 264 353 2.020 444 9.740
ds_dm 263 438 .260 548 1.301 551 3.050
sd -.108 a0z 124 725 =[] = 1.825
rhoshearlong. Stes! -253 1101 .052 518 7T 020 8.718
rhostirmup -3473 6.087 .328 i 031 21ITET 4523274
[ag=2] 47 1.838 006 825 1158 032 42208
b
[ag=2] a . 1] E .
[fy=1] 16.858 pa7v.248 .0ao 290 | 17105026.838 000 .c
[fy=2] 18.087 2883 45.461 000 | T1850070.534 3IT3104.423 1.378E10
[fy=3] 18.007 2023 T8.217 000 | 88121007556 1253760120 345720
[Fy=2] 16.282 000 11783004 327 | 11783094327 | 11733004 327
b
[fy=5] i i
[Anchorage=0] -4 530 2605 3.270 o7 o1 7.850E-5 1483
- (e]
[Anchorage=1] o a .
[CrossSection=1] 1.158 3644 457 .0ao 1.000 3.218 000 .c
[CrossSection=2] A17 000 124 1.124 1.124
. (t]
[CrossSection=3] o . ] .
[fey=1] -15.833 | 2640.785 .0oo a7 1.825E-7 oo | °
[Fey=2] -2.755 3182 745 3es D& 000 33184
[Fey=3] -2.32 2887 B804 437 =] 000 34.188
[Foy=4] 788 1618 238 528 2200 023 52234
b
[fvy=15] 0 a
[CrackCentroalCheack=0] -18.817 000 4972E-8 4.0972E-8 4.872E-8
[CrackCentroalChack=1] o* 0

a. The reference category is: B.




B.4 SPSS output of JSCE

B.3.1 Beams without Shear Reinforcement

B.4.1.1 Beams without Shear Reinforcement-SPSS output for all explanatory

variables
Case Processing Summary
Marginal
N Percentage
Y A 350 67.4%
B 129 24 9%
cC 40 7.7%
Cross Sectional Shape 2 146 28.1%
3 373 71.9%
ag 1 129 24 9%
2 285 54 9%
3 105 20.2%
Ty 1 a3 10.2%
2 48 9 2%
3 177 34.1%
4 103 19.8%
5 126 24.3%
6 12 2.3%
Crack control R/IF 0 11 2.1%
1 508 97.9%
Anchorage 0 318 61.3%
1 201 38.7%
Valid 519 100.0%
Missing
Total 519
Subpopulation 503°




Model Fitting Information

Pseudo R-Square

Model Fitting Criteria Likelihood Ratio Tests

2 Log

Likeliho Chi-
Model AlC BIC od Square df Sig.
Intercept Only 838.436 846.940 834 436
Final 653 977 790.038 589977 244 459 30 000

Goodness-of-Fit
Chi-Square df Sig.

Pearson 760.506 974 1.000
Deviance 585479 974 1.000

Cox and Snell 376
Nagelkerke 468
McFadden 291
Likelihood Ratio Tests
Model Fitting Criteria Likelihood Ratio Tests
-2 Log
Likeliho
AlC of BIC of od of
Reduce Reduce Reduce Chi-
Effect d Model d Model d Model Sguare df Sig,
Intercept 653.977 790.038 | 5.900E2 000 0
fcMPa 681.873 809.430 621.873 31.896 2 .ooo
bw_dm 652.661 780.218 592.661 2684 2 261
ds_dm 650.203 T77.760 590.203 226 2 893
rhoshearlong.Steel 748.555 876.113 688.555 98.578 2 .ooo
ad 698.247 825.804 638.247 48.269 2 .ooo
CrossSectionalShape 662.269 789.826 602.269 12292 2 .00z
ag 659.121 778.174 603.121 13.143 4 011
Ty 657.454 750.996 613.454 23477 10 .009
CrackcontrolRF 679.700 807.257 619.700 29.723 2 .ooo
Anchorage 654.310 781.867 594.310 4.332 2 115
Classification
Predicted
Percent
| Observed A B C Correct
A 313 35 2 89.4%
B 73 48 8 37.2%
(o} 13 20 7 17.5%
Cverall Percentage 76.9% 19.8% 3.3% 70.9%




Parameter Estimates

v B Std. Emmor Wald df Sig. Exp(B)

A Intercept 736 7232 357 1 550
fcMPa -034 008 | 18472 1 000 967
bw_dm 125 105 1438 1 231 1124
ds_dm -031 066 220 1 639 969
rhoshearlong. Sigel 1.139 59 51.549 1 000 3123
ad 5§32 093 | 20166 1 000 587
[CrossSectionalShape=2] 1147 444 B.674 1 010 2150
[CrossSectionalShape=3] o® 0
[ag=1] 723 440 2704 1 100 2061
[ag=2] -433 387 1255 1 263 648
[3g=3] o® | _ 0 .
[fy=1] 2169 1175 3.405 1 065 8748
[fy=2] 1797 1218 2176 1 140 6.033
[fy=3] 1905 1118 3136 1 o074 7353
[fy=4] an1 1077 700 1 403 2463
[fy=5] 453 1,064 186 1 667 1.581
[Fy=6] o® | _ 0 .
[CrackcontrolRF=0] 21.007 | 5360.166 1000 1 997 1.327E9
[CrackcontrolRF=1] of 0
[Anchorage=0] 653 355 3.380 1 086 1.921
[Anchorage=1] Db . . 0
Intercept 20134 1260 | 255198 1 000
fcMPa 014 009 2793 1 095 1014
bw_dm -076 148 266 1 606 927
ds_dm -008 083 008 1 9238 004
rhoshearlong. Siegel -074 267 076 1 783 829
ad 350 173 4318 1 038 1.432
[CrossSectionalShape=2] 1448 987 2150 1 143 235
[CrossSectionalShape=3] 0" | . 0 .
[ag=1] 050 863 003 1 954 1.051
[ag=2] &77 547 1529 1 216 1.967
[ag=3] of . 0 .
[fy=1] 18.100 1050 | 207427 1 000 |72582613.483
[fy=2] 16.228 1081 | 205208 1 000 | 82498260.700
[fy=3] 16.825 918 | 335818 1 000 | 20270398448
[fy=4] 16.939 837 | 384738 1 000 | 22733527166
[fy=5] 16.207 .000 1 10932837.471
[Fy=6] o® | _ 0 .
[CrackeontrolRF=0] 619 | 0460.621 000 1 1.000 538
[CrackeontrolRF=1] o® | . 0 .
[Anchorage=0] 217 533 166 1 684 805
[Anchorage=1] Db 0

a. The reference category is: B.




B.4.1.2 Beams without Shear Reinforcement-SPSS output for selected explanatory

variables
Case Processing Summary
Marginal
N Percentage
Y A 350 67.4%
B 129 24 9%
c 40 7.7%
Cross Sectional Shape 2 146 28.1%
3 373 71.9%
ag 1 129 24 9%
2 283 54.9%
3 105 20.2%
fy 1 53 10.2%
2 48 5.2%
3 177 34.1%
4 103 19.68%
5 126 24.3%
6 12 2.3%
Crack control R/F 0 11 2.1%
1 508 97.9%
\alid 519 100.0%
Missing 0
Total 519
Subpopulation 503"




Model Fitting Information

Model Fitting Criteria Likelihncod Ratio Tests
-2 Log
Likelino Chi-
Lodel AlC BIC od Square df Sig,
Intercept Only 838 436 846940 834 436
Final 649 156 759706 597 156 237 280 24 000
Goodness-of-Fit
Chi-Sguare df Sia.
Pearson 789.901 980 1.000
Deviance 592 657 980 1.000
Pseudo R-Square
Cox and Snell 367
Nagelkerke A58
McFadden 282
Likelihood Ratio Tests
Model Fitting Criteria Likelinood Ratio Tests
-2 Log
Likeliho
AIC of BIC of od of
Reduce Reduce Reduce Chi-
Fifect d Model d Model d Model Square df Sig.
Intercept 649,156 759.706 5972E2 000 0
ad 690616 792 662 642 616 45 460 2 000
fcMPa 676.386 778432 628.386 31.230 2 000
CrackcontrolRF 671.804 773.850 623.804 26.648 2 000
ag 651.757 745299 607 757 10.601 4 031
CrossSectionalShape £59.526 761.572 611.526 14.370 2 001
Ty 654.217 722.248 622217 25.061 10 005
rhoshearlong Steel 743912 845 958 695912 98.756 2 000
Classification
Predicted
Percent
|_Observed A B C correct
A 310 38 88.6%
B 76 45 34.9%
C 14 20 15.0%
Overall Percentage T7.1% 19.8% 3.1% 59.6%




Parameter Estimates

e B Std. Error Wald df Sig. Exp(B)

A Intercept -E551 1.176 220 1 639
ad -509 096 27.898 1 .000 601
feMPa -032 008 17.462 1 .000 969
[CrackcontrolRF=0] 20624 | 5387.605 .000 1 997 | 905855355.630
[CrackcontrolRF=1] 0° 0
[ag=1] 866 429 4.073 1 044 2377
[ag=2] -100 345 084 1 772 905
[ag=3] 0° 0
[CrossSectionalShape=2] 1.258 430 8.548 1 003 3517
[CrossSectionalShape=3] 0" 0
[fy=1] 2.371 1.159 4.184 1 041 10712
[fy=2] 2.167 1.180 3.376 1 066 B.736
[fy=3] 1.895 1.107 2929 1 0ev 6.652
[fy=4] 1.005 1.071 881 1 348 2732
[fy=5] 366 1.057 120 1 729 1.442
[fy=6] 0° 0
rhoshearlong. Steel 1.121 1585 52,146 1 000 3.068

c Intercept -20.161 1.171 296.643 1 .000
ad 329 168 3.827 1 0850 1.389
fcMPa 014 008 2804 1 094 1.014
[CrackcontrolRF=0] -538 | 9250617 .000 1 1.000 5ad
[CrackcontrolRF=1] 0" 0
[ag=1] -310 811 146 1 702 733
[ag=2] 486 459 1121 1 290 1.625
[ag=3] 0° 0
[CrossSectionalShape=2] -1.350 974 1.922 1 166 259
[CrossSectionalShape=3] 0" . 0 .
[fy=1] 17.912 596 323351 1 .000 60144671.498
[fy=2] 18.017 994 328538 1 .000 66760558.845
[fy=3] 16.546 900 350.305 1 .000 20695226.659
[fy=4] 16.855 854 389.475 1 .000 20685420.124
[fy=5] 16.246 .000 1 11364089.854
[fy=6] 0° 0
rhoshearlong. Steel -.060 264 051 1 821 842

a. The reference category is: B.




B.4.2 Beams with Shear Reinforcement

B.4.2.1 Beams with Shear Reinforcement-SPSS output for all explanatory variables

Case Processing Summary

Marginal
M Percentage |
Y A 121 67.6%
B 48 26.8%
C 10 5.6%
Crack Controal Check 0 2 1.1%
1 177 958.9%
Anchorage 0 133 74.3%
1 46 257%
fwy 1 17 9.5%
2 47 26.3%
3 36 20.1%
4 57 31.8%
G 22 12.3%
fy 0 1 6%
1 4 2.2%
2 33 18.4%
3 53 35.2%
4 49 27 4%
5 10 5.6%
6 19 10.6%
ag 2 128 71.5%
3 51 28.5%
Cross Section 1 ] 3.4%
3 173 96.6%
Valid 179 100.0%
Missing 8
Total 187
Subpopulation 167"




Model Fitting Information

Model Fitting Criteria Likelihood Ratio Tests
-2 Log
Likelino Chi-

Model AlC BIC od Square df Sig.

Intercept Only 278 657 285.032 274 657

Final 230.699 370,944 142.699 131.958 42 .00o

Goodness-of-Fit
Chi-Square df Siq.
Pearson 302.599 290 293
Deviance 138.540 290 1.000
Pseudo R-Square

Cox and Snell 522

Nagelkerke B61

McFadden AT3

Likelihood Ratio Tests
Model Fitting Criteria Likelihood Ratio Tests
-2 Log
Likeliho
AIC of BIC of od of
Reduce Reduce Reduce Chi-

Effect d Model | _dModel | dRModel Square di Sig,
Intercept 230.699 370.944 1.42TE2 000 0
rhostirup 262210 396.080 178.210 35511 2 000
rhoshearlong.Steel 254 231 388.101 170.231 27.532 2 .000
ad 239225 373.095 155225 12.526 2 002
sd 243707 SYRRTHE 159707 17.008 2 000
ds_dm 227.853 361.723 143.853 1.154 2 562
bw_dm 228.969 362.839 144.969 2.270 2 321
fcMPa 234 391 368261 150.391 7691 2 021
CrackControalCheck 228224 362.094 144.224 1.524 2 A48T
Anchorage 234.949 368.819 150.949 8.250 2 016
vy 241.078 355824 169.078 26.379 8 2001
fy 229672 331.668 165672 22972 12 028
ag 228.967 362.837 144 967 2.267 2 322
CrossSection 233.958 367.828 149 958 T7.259 2 027




Classification

Predicted
Percent
|_Observed A B o] Correct
A 113 8 0 93.4%
B 15 30 3 62.5%
Cc 1 2 7 70.0%
Overall Percentage T2.1% 22.3% 5.6% 83.8%
Parameter Estimates
25% Confidence Interval for Exp
{81
¥ B Std. Error Wald df Sig. Exp{8) Lowrer Bound Upper Bound
A ntercept 7.608 5 1 01
rhostirrup -8.810 2181 1 ooo Lili] 1.881E-6 Rkl
rmosheariong.Stee 2.208 585 1 oog a.0ee 2800 28.843
ad -2.198 i) 1 ooz an nze
=d -8z3 23T 1 ooi 438 276
ds_dm 237 235 1 a1z 1.268 800
bw_dm -230 A8 1 582 Tod 350
foMPa -014 015 1 360 el 58
[CrackControalCheck=0] 17.007 | 4302.385 1 BO7 | 24335355162 ooo | °
[CrackControalCheck=1] il i . . .
[Anchorage=0] A4z 750 401 1 527 1.817 3885 7.160
[Anchorage=1] il o . .
[Fey=1] -4 633 5.865 1 015 010 oo
[Fay=2] 31 D&g 1 7a2 1323 A1
[Fey=3] -2.855 2826 1 103 ] noz
[Fuy=4] 125 013 1 g1 1.123 30
[Fey=5] il i .
[fy=0] 18.058 ooo 1 Bar oo | B
[fy=1] 22.032 ooo 1 eo1 ooo | P
[fy=2] -4z 1.508 181 1 671 526 07 10.121
[fy=3] 090 1.369 532 1 468 2714 188 30743
[fy=4] -1.894 1.588 1.458 1 227 150 o7 3.254
[fy=5] T 1.670 224 1 638 2.206 D24 58.261
[fy=8] 0® 0 . . .
[ag=2] 1.145 A58 1.778 1 182 3141 534 18.887
[ag=3] il 0 . . .
[CrossSection=1] -6.738 3.888 1 083 001 §.837E-T 2406
[CrossSection=3] il o
c niercept -16.653 1 Bo2
rhostirrup 4237 2975 1 150 72718 214 24784.570
rnosheariong. Stee -2443 1812 1 178 [0ET .oz 3.068
ad 483 1.830 1 o2 1.821 045
=d -318 244 1 477 b 308
ds_dm - 168 800 1 778 845 281
brw_dm 2078 1.638 1 218 7.096 293
foMPa 074 30 1 057 1.077 oo 1162
[CrackControalCheck=0] 7312 | 8082570 1 Bog 1487.501 oo .D
[CrackControalCheck=1] 0® o . . .
[Anchorage=0] 3819 1 057 010 0.531E-8 1.148
[Anchorage=1] o -
[Fuy=1] ooo 1 Bog oo .D
[Foy=2] ooo 1 Ba3 ooo | °
[Foy=3] ooo 1 eo1 ooo | P
[Fuy=4] ooo 1 ea1 ooo | °
[Fuy=5] o . .
[fy=0] 1 322 33z a3z
ooo 1 Bag 30634 oo | B
1.425 1 233 020 3.335E-5 12.248
2576 1 108 .ooo 8.071E-8 g.2m
1.624 1 201 040 ooo 5.566
ooo 1 Bas 1.613E-10 oo | B
i} . . .
243 1 622 206 oo 108,838
o . .
[CrossSection=1] 2220 1 138 | 5205024382 noe 3.560E15
[CrossSection=2] o

a. The reference category is: B




B.5 SPSS output of CSA A23.3

B.5.1 CSA A23.3 Simplified Method

B.5.1.1 Beams without Shear Reinforcement

B.5.1.1.1 Beams without Shear Reinforcement-SPSS output for all explanatory

variables
Case Processing Summary
Marginal
M Percentage
Y A 264 69.3%
B 56 17.3%
cC 51 13.4%
Cross Sectional Shape 2 140 36.7%
3 241 63.3%
ag 1 49 12.9%
2 246 64.6%
3 86 22.6%
Ty 1 42 11.0%
2 33 B.7%
3 86 22.6%
4 84 22 0%
5 124 32.5%
6 12 3.1%
Crack control R/F 0 11 29%
1 370 97.1%
Anchorage 0 274 71.9%
1 107 28.1%
\alid 381 100.0%
Missing 1
Total 382
Subpopulation 366°




Model Fitting Information

Model Fitting Criteria Likelinood Ratio Tests
2 Log
Likelino Chi-
Model AIC BIC od Square df Sig.
Intercept Only | 630.072 | 637.958 | 626.072
Final 299545 | 425715 | 235545 | 390527 30 000

Goodness-of-Fit

Chi-Sguare df Sig.
Pearson 548.336 700 1.000
Deviance 231.386 700 1.000

Pseudo R-Square

Cox and Snell 641
Nagelkerke 793
McFadden 620
Likelihood Ratio Tests
Maodel Fitting Criteria Likelihood Ratio Tests
-2 Log
Likeliho
AIC of BIC of od of
Reduce Reduce Reduce Chi-
Effect d Model d Model d Model Square df Sig
Intercept 299545 425715 2.355E2 000 0
fcMPa 359.256 477.540 299.256 63.711 2 000
bwm 298993 417.277 238993 3.448 2 78
dsm 299.120 417.404 239.120 3.575 2 167
ad 308.506 426.790 248.506 12.961 2 002
rhoshearlong.Steel 386.403 504.687 326.403 90.858 2 000
CrossSectionalShape 306.846 425130 246.846 11.301 2 004
ag 303.082 413.480 247082 11.537 4 021
fy 289.3186 376.058 245316 9.771 10 461
CrackcontrolRF 311.483 429767 251.483 15.938 2 000
Anchorage 297.798 416.082 237.798 2253 2 324

Classification

Predicted
Percent
| Observed A B C Correct
A 255 7 2 96.6%
B 16 38 12 57.6%
c 2 T 42 82.4%
Overall Percentage T1.7% 13.6% 14.7% 67.9%




Parameter Estimates

o B Std_Error Wald df Sig, ExpBl

A Intercept 17762 1657 | 114860 r 000
fcMPa 075 016 | 21728 1 000 028
bwm -429 268 2567 1 100 651
dsm -206 112 2378 1 068 814
ad -a54 267 | 10247 1 001 426
rhoshearlong. Stesl 2560 ATT 28843 1 000 12942
[CrossSectionalShape=2] 3502 1.358 7.000 1 008 36.316
[CrossSectionalShape=3] o® 0
[ag=1] 414 1.054 154 1 694 661
[ag=2] 668 85T 1.441 1 230 1.051
[ag=3] o® . 0 _
[fy=1] 13747 1131 | 147.830 1 000 | 1.071E6
[fy=2] -14.285 1450 | o741 1 000 | 6.252E7
[Fy=3] 43771 1051 | 171612 1 000 | 1.045E-6
[Fy=4] -14 957 1048 | 202863 1 000 | 3.193E7
[fy=5] 13534 000 1 1.325E6
[fy=8] o® _ 0 _
[CrackcontrolRF=0] 3384 1.33g 5.385 1 012 20478
[CrackcontrolRF=1] o® 0
[Ancharage=0] 703 549 1637 1 201 405
[Anchorage=1] o | . . 0

C Intercept 19371 | 11064082 000 1 099
fcMPa 065 017 | 13947 1 000 1.068
bwm -0a5 144 354 1 552 o8
dsm 008 104 006 1 938 1.008
ad 228 408 311 1 57T 1.256
rhoshearlong.Steel -3.219 044 11.639 1 001 040
[CrossSectionalShape=2] | -11.314 | 2100.608 000 1 997 | 1.220E5
[CrossSectionalShape=3] o | . . 0 .
[ag=1] 1529 1.089 2044 1 153 4614
[ag=2] 4237 874 2002 1 457 290
[ag=3] o® | _ 0 _
[Fy=1] 18340 | 11064082 000 1 098 | 1.074E-8
[fy=2] 19210 | 11064.082 000 1 098 | 4.503E-0
[fy=3] 18844 | 11064.082 000 1 990 | 6.552E-0
[fy=4] 19.758 | 11964.982 000 1 999 | 2627E0
[fy=5] 35550 | 12443458 000 1 998 | 3.639E-16
[Fy=6] of | _ 0 _
[CrackcontrolRF=0] -2083 1165 3147 1 074 125
[CrackcontrolRF=1] of | _ 0 _
[Ancharage=0] - 690 761 821 1 365 502
[Anchorage=1] Db 4]

a. The reference category is: B.




B.5.1.1.2 Beams without Shear Reinforcement-SPSS output for selected
explanatory variables

Case Processing Summary

Marginal
N Percentage
Y A 264 £9.3%
B 66 17.3%
c 51 13.4%
Cross Sectional Shape 2 140 26.7%
3 241 63.3%
ag 1 49 12.9%
2 246 64.6%
3 86 22.6%
Crack control R/F 0 11 2.9%
1 370 97.1%
Valid 381 100.0%
Missing 1
Total 382
Subpopulation 365°
Model Fitting Infarmation
Maodel Fitting Criteria Likelihood Ratio Tests
-2 Log
Likelino Chi-
Kodel AlC BIC od Square df Sig,
Intercept Only | 627.875 635.761 623.875
Final 296.870 | 359.955 | 264.870 | 359.005 14 .000
Goodness-of-Fit
Chi-Square df Sid
Pearson T743.457 714 218
Deviance 259.089 714 1.000

Pseudo R-Square

Cox and Snell 610
Nagelkerke 755
McFadden .70




Likelihood Ratio Tests

Model Fitting Criteria Likelihood Ratio Tests
-2 Log
Likeliho
AIC of BIC of od of
Reduce Reduce Reduce Chi-
Effect d Model d Model d Model Sguare df Sid.
Intercept 296.870 359.955 2 B49E2 000 0
fcMPa 385.220 440.419 357.220 92 350 2 000
ad 304 522 359.721 276.522 11852 2 003
rhoshearlong.Steel 473.168 528.367 445168 180.298 2 .000
CrossSectionalShape 304.211 359411 276.211 11.341 2 003
ag 295.639 346.953 275639 10.769 4 029
CrackcontrolRF 310.158 365.358 282158 17288 2 000
Parameter Estimates
B Std. Error Wald di Sig. Exp(B)
Intercept 1.254 961 1.703 1 192
fcMPa =077 015 27.389 1 .000 926
ad -.820 269 9.308 1 .002 440
rhoshearlong.Steel 2.754 A37 39.720 1 .000 15.707
[CrossSectionalShape=2] 3.330 1.295 6.607 1 010 27.940
[CrossSectionalShape=3] Ob 0
[ag=1] 210 .598 123 1 725 1.234
[ag=2] 246 437 290 1 590 1.279
[ag=3] 0° 0
[CrackcontrolRF=0] 2.626 982 7.152 1 .007 13.819
[CrackcontrolRF=1] 0° 0
Intercept 533 1.319 163 1 686
fcMPa 066 015 19.106 1 000 1.068
ad 198 381 270 1 .604 1.219
rhoshearlong.Steel -3.959 770 21.345 1 .000 .028
[CrossSectionalShape=2] -14.682 .000 1 4 204E-7
[CrossSectionalShape=3] 0’ 0
[ag=1] 682 T4 847 1 357 1.978
[ag=2] -1.657 676 6.009 1 014 191
[ag=3] 0" 0
[CrackcontrolRF=0] -2.501 1.186 4.445 1 .035 .082
[CrackcontrolRF=1] 0’ 0
a. The reference category is: B.
Classification
Predicted
Percent
| Observed A B C Correct
A 255 8 1 96.6%
B 24 28 14 42 4%
c 3 6 42 82 4%
Overall Percentage 74.0% 11.0% 15.0% 85.3%




B.5.1.2Beams with Shear Reinforcement

B.5.1.2.1 Beams with Shear Reinforcement-SPSS output for all explanatory

variables
Case Processing Summary
Marginal
N Percentage |
Y A 97 77.0%
B 21 16.7%
cC a 6.3%
Cross Section 1 10 7.9%
3 116 92 1%
ag 2 79 62.7%
3 47 37.3%
fy 1 4 3.2%
2 16 12.7%
3 52 41.3%
4 45 35.7%
5 | 7.1%
Ty 1 10 7.9%
2 46 36.5%
3 29 23.0%
4 19 15.1%
5 22 17.5%
Crack Controal Check 0 2 1.6%
1 124 98.4%
Anchorage 0 111 88.1%
1 15 11.9%
\alid 126 100.0%
Missing 0
Total 126
Subpopulation 113°




Model Fitting Information

Model Fitting Criteria Likelihood Ratio Tests

-2 Log

Likelino Chi-
Model AIC BIC od Square df Sig.
Intercept Only 174108 179.781 170.108
Final 98.829 206.608 22829 147279 36 000

Goodness-of-Fit
Chi-Square dr Sig.

Pearson 18.969 188 1.000
Deviance 22.829 188 1.000

Pseudo R-Square

Cox and Snell 689
Nagelkerke 930
McFadden 866
Likelihood Ratio Tests
Model Fitting Criteria Likelihood Ratio Tests
-2 Log
Likelihoo
AIC of BIC of d of
Reduced | Reduced | Reduced Chi-
Effect MModel Model Model Sguare df Sig.
Intercept 98.829 206.608 22.829° 0oo aQ
fchMPa 96.161 198 267 24.161b 1.332 2 514
bw_dm 106.569 208.675 34.569b 11.740 2 003
ds_dm 115107 217.214 L13.1[J?kl 20278 2 000
ad 94.029 196.135 22.[]29b 2
sd 110.099 212.205 38.099b 15.270 2 000
rhoshearlong.Steel 98.745 200.851 26.745° 3.915 2 141
rhostirrup 122.737 224843 50.737° 27.908 2 .aoo
CrossSection 98.829 206.608 22.829a 000 0
ag 124.928 227.035 52.928° 30.099 2 .aoo
fy 112.763 197.852 52.763" 29.934 8 .aoo
vy 118.149 208.910 54.149b 31.320 B 000
CrackControalCheck 122.432 224538 50.432 27.603 2 .00
Anchorage 120.136 222242 48.135b 25.306 2 .aoo




B.5.1.2.1 Beams with Shear Reinforcement-SPSS output for Stepwise Logistic

Regression
Case Processing Summary
Marginal
M Pearcentage
Y A 97 77.0%
B 21 16.7%
C 8 6.3%
Cross Section 1 10 7.9%
3 116 92.1%
ag 2 79 62.7%
3 47 37.3%
fy 1 4 3.2%
2 16 12.7%
3 52 41.3%
4 45 35.7%
5 g 7.1%
fwy 1 10 7.9%
2 46 36.5%
3 29 23.0%
4 19 15.1%
5 22 17.5%
Crack Controal Check 0 2 1.6%
1 124 98.4%
Anchorage 0 111 88.1%
1 15 11.9%
alid 126 100.0%
Missing 0
Total 126
Subpopulation 1137
Classification
Predicted
Observed A B C E%Iﬁiﬂtt
A 93 4 0 95.9%
B 14 5 2 23.8%
C 0 2 ] 75.0%
Overall Percentage 84 0% 8.7% 6.3% 82.5%




Model Fitting Information

Pseudo R-Square

Cox and Snell A84
Magelkerke 653
McFadden A490

Likelihood Ratio Tests

Maodel Fitting Criteria Likelihood Ratio Tests

-2 Log

Likeliho Chi- )
Modal AlC BIC od Square df Sig.
Intercept Only 174.108 179.781 170.108
Final 106.725 135.088 86.725 83.383 a 000

Goodness-of-Fit
Chi-Square df Sig.

Pearson 92.284 216 1.000
Deviance 85.725 216 1.000

Model Fitting Criteria Likelihood Ratio Tests
-2 Log
Likeliho
AIC of BIC of od of
Reduce Reduce Reduce Chi-
Effect d Model d Model d Model Square df Siq.
Intercept 106.725 135.088 86.725" .000 0
feMPa 118.512 141.202 102.512 15.787 2 000
CrackControalCheck 109.662 132,252 93.662 6.937 2 03
ad 114.600 137.291 98.600 11.876 2 003
rhoshearlong.Steel 166.433 189.123 150.433 63.708 2 .000
Parameter Estimates

y? B Std. Error Wald df Sig. Exp(B)
A Intercept 2.879 1.878 2349 1 125

fcMPa -.035 015 5314 1 021 965

[CrackControalCheck=0] -15.230 | 4438.502 .000 1 997 2431E-7

[CrackControalCheck=1] 0" . . 0 .

ad -2.239 .695 10.363 1 .001 107

rhoshearlong.Steel 2.990 712 17.633 1 .000 19.879
C Intercept 13.359 14.286 .B75 1 .350

fcMPa 057 027 4.513 1 024 1.059

[CrackControalCheck=0] -2341 000 1 6.804E-11

[CrackControalCheck=1] 0" . . 0. .

ad -4.418 4.911 809 1 .368 012

rhoshearlong. Steel -3.053 1.337 5.217 1 022 047

a. The reference category is: B.




B.5.2 CSA A23.3 General Method

B.5.2.1 Beams without Shear Reinforcement

B.5.2.1.1 Beams without Shear Reinforcement-SPSS output for all explanatory

variables
Case Processing Summary
Marginal
N Perceniage
Y A 176 46.2%
B 137 36.0%
cC 68 17.8%
Cross Sectional Shape 2 140 36.7%
3 241 63.3%
ag 1 49 12.9%
2 246 64.6%
3 86 226%
Ty 1 42 11.0%
2 33 8.7%
3 86 22.6%
4 84 22.0%
5 124 32.5%
6 12 3.1%
Crack control R/F a 11 2.9%
1 370 97 1%
Anchorage 0 274 71.9%
1 107 28.1%
\alid 381 100.0%
Missing 0
Total 381
Subpopulation 366"




Model Fitting Information

Model Fitting Criteria Likelinood Ratio Tests
2 Log
Likelino Chi-

Model AIC BIC od Square df Sig.

Intercept Only | 784.930 | 792.815 | 780.930

Final 493386 | 619.556 | 429.386 | 351543 30 000

Goodness-of-Fit
Chi-Square df Sig.
Pearson 4565.054 700 .000
Deviance 423.841 700 1.000

Pseudo R-Square

Cox and Snell 603
MNagelkerke 690
McFadden 447
Likelihood Ratio Tests
IModel Fitting Criteria Likelinood Ratio Tests
-2 Log
Likeliho
AIC of BIC of od of
Reduce Reduce Reduce Chi-
Effect d Model d Model d Model Sqguare df Sig.
Intercept 493 386 6519.556 4 294E2 000 0
fcMPa 567.800 6586.084 507.800 78.413 2 000
bw_dm 489 801 6508.085 429801 415 2 813
ds_dm 500.351 6518.634 440.351 10.964 2 .004
ad 554.330 672.614 494 330 64.944 2 000
rhoshearlong.Steel 542 451 6560.735 482 451 53.065 2 000
CrossSectionalShape 518.099 6536.383 458.099 28713 2 000
ag 495.151 6505.549 439.151 9.765 4 045
y 487 661 574.402 443 661 14274 10 161
CrackcontrolRF 4594 993 613.277 434 993 5.607 2 061
Anchorage 489.805 6508.089 429.805 418 2 811
Classification
Predicted
Percent
|_Observed A B C Correct
A 144 3 1 81.8%
B 24 99 14 72 3%
[ 0 20 48 T0.6%
Overall Percentage 44 1% 39.4% 16.5% 76.4%




Parameter Estimates

Y E Std_Eror | Wald df Sig. Exp(B)

A Intercept 1.355 1.404 930 1 335
fcMPa -037 o2 10.334 1 001 963
bw_dm A37 207 441 1 507 1.147
ds_dm -.281 138 4272 1 039 755
ad -.759 132 32.955 1 000 468
rhoshearlong. Steel 875 181 23.403 1 000 2.400
[CrossSectionalShape=2] 2704 578 21.858 1 000 14.935
[CrossSectionalShape=3] IJb 0
[ag=1] - 534 779 471 1 4493 5B8
[ag=2] - 648 493 1.724 1 189 523
[ag=3] Db . . 0 .
[fy=1] - 769 1.503 262 1 609 463
[fy=2] BO7 1.507 113 1 Tar 1.660
[fy=3] 1.712 1.129 2.297 1 130 5.537
[fy=4] 1.032 1.033 998 1 318 2.807
[fy=5] 1.080 970 1.239 1 266 2.045
[fy=6] 0 0
[CrackconirolRF=0] 1.269 1552 669 1 414 3.659
[CrackcontralRF=1] 0° 0
[Anchorage=0] D42 480 .008 1 A3 1.043
[Anchorage=1] Db . . 0
Intercept -20.542 1.431 206.120 1 000
fcMPa 07e 014 31.499 1 000 1.079
bw_dm 016 119 018 1 805 1.016
ds_dm 180 (0BT 4301 1 038 1.198
ad 715 238 9133 1 003 2.044
rhoshearlong. Stegl -1.123 349 10.332 1 001 325
[CrossSectionalShape=2] -1.528 1.460 1.096 1 295 217
[CrossSectionalShape=3] IJt= . . 0 .
[ag=1] 1.763 755 5.459 1 019 5832
[ag=2] ovo 629 012 1 an 1.072
[ag=3] 0° | _ 0 _
[fy=1] 15.091 921 268.435 1 000 | 3581823149
[fy=2] 14.436 1.105 170.828 1 000 1859911.759
[fy=3] 13733 926 215.828 1 000 920525 457
[fy=4] 15.008 884 291.712 1 000 | 3604753.204
[fy=5] 14.291 000 1 1608603.654
[fy=5) 0° 0
[CrackcontrolRF=0] -2135 1.058 4073 1 044 418
[CrackeontrolRF=1] 0" 0
[Anchorage=0] -.342 548 388 1 A33 AR
[Anchorage=1] Db 0

a. The reference category is: B.




B.5.2.1.2 Beams without Shear Reinforcement-SPSS output for selected

explanatory variables

Case Processing Summary

Marginal
N Perceniage
Y A 176 46.2%
B 137 36.0%
C 68 17.8%
Cross Sectional Shape 2 140 36.7%
3 241 63.3%
ag 1 49 12.9%
2 245 64.6%
86 22.6%
Valid 381 100.0%
Missing 0
Total 381
Subpopulation 358"
Model Fitting Information
Model Fitting Criteria Likelihood Ratio Tests
-2 Log
Likeliho Chi-
L Iodel AlC BIC od Sguare df Sig.
Intercept Only 778.913 786.799 774.913
Final 476.814 539.899 444 814 330.095 14 000
Goodness-of-Fit
Chi-Sguare df Sig.
Pearson 2916.337 700 .000
Deviance 436.600 700 1.000
Pseudo R-Square
Cox and Snell 2380
Nagelkerke 664
McFadden 420
Classification
Predicted
Percent
|_Observed A B C Correct
A 139 36 1 79.0%
B 23 104 10 75.9%
C 0 26 42 61.8%
Overall Percentage 42 5% 43.6% 13.9% 74.8%




Likelihood Ratio Tests

Model Fitting Criteria Likelihood Ratio Tests
-2 Log
Likeliho
AIC of BIC of od of
Reduce Reduce Reduce Chi-
Effect d Model d Model d Model Square df Sig.
Intercept 476.814 £539.899 | 4.448E2 .000 0
fcMPa 550.337 605536 522337 77523 2 000
ds_dm 497 723 552 923 469.723 249509 2 000
ad 540.582 595.781 512.582 67.768 2 000
rhoshearlong.Steel 544,924 600.124 516.924 72.110 2 .000
CrossSectionalShape 505.251 560.450 477.251 32.437 2 .000
ag 487 808 535.122 463.808 18.994 4 001
Parameter Estimates
y° B Std_Error Wald dt Sig. Exp(B)
A Intercept 3.286 a7 16.853 1 000
fcMPa -033 011 9601 1 002 9B7
ds_dm -.348 112 9601 1 .00z 708
ad -776 130 35453 1 .000 460
rhoshearlong.Steel 881 V168 27521 1 000 2412
[CrossSectionalShape=2] 2 496 510 23993 1 000 12132
[CrossSectionalShape=3] o ) 0
[ag=1] -1.087 533 4 167 1 041 337
[ag=2] -953 419 5185 1 023 386
[ag=3] i ) 0
Intercept -5.527 1.142 23429 1 .000
fcMPa 063 011 35599 1 000 1.065
ds_dm 205 077 6.979 1 .008 1.227
ad 638 216 8704 1 003 1.894
rhoshearlong. Steel -1.088 277 15.373 1 .000 337
[CrossSectionalShape=2] -1.421 1.360 1.092 1 296 241
[CrossSectionalShape=3] Db . 0
[ag=1] 1.788 600 §.885 1 003 5979
[ag=2] AT0 2501 15 1 735 1.185
[ag=3] o 0

a. The reference category is: B.




B.5.2.2Beams with Shear Reinforcement

B.5.2.2.1 Beams with Shear Reinforcement-SPSS output for all explanatory

variables
Case Processing Summary
Marginal
M Percentage
Y A, 54 42.9%
B 55 43.7%
C 17 13.5%
Cross Section 1 10 7.9%
3 116 92.1%
ag 2 79 62.7%
3 47 37.3%
fy 1 4 3.2%
2 16 12.7%
3 52 41.3%
4 45 35.7%
5 9 T.1%
vy 1 10 7.9%
2 46 36.5%
3 29 23.0%
4 19 15.1%
5 22 17.5%
Crack Confroal Check 0 2 1.6%
1 124 98.4%
Anchorage 0 111 856.1%
1 15 11.9%
Valid 126 100.0%
Missing 0
Total 126
Subpopulation 113"




Model Fitting Information

Model Fitting Criteria Likelihood Ratio Tests
-2 Log
Likeliho Chi-
Model AlC BIC od Square df Sig.
Intercept Only | 250.638 256.311 246.638
Final 191.315 295.094 115.315 131.323 36 .000

Goodness-of-Fit

Chi-Square df Sig.
Pearson 228.069 188 024
Deviance 111.156 188 1.000

Pseudo R-Square

Cox and snell 84T
Nagelkerke 750
IMcFadden 524
Likelihood Ratio Tests
Model Fitting Criteria Likelihood Ratio Tests
-2 Log
Likeliho
AIC of BIC of od of
Reduce Reduce Reduce Chi-
Fifect d Model d Model d Model Square df Sia.
Intercept 191.315 299.094 1.153E2 .0oo 0
fcMPa 191.122 293.228 119.122 3.807 2 149
bw_dm 187.496 289.602 115.496 181 2 913
ds_dm 204.913 307.019 132913 17.598 2 .0oo0
ad 191.367 293.474 119.367 4.052 2 132
sd 196.333 298.439 124.333 9.018 2 01
rhoshearlong.Steel 187.749 289.855 115.749 434 2 805
rhostirrup 196.747 298.853 124.747 9.432 2 009
CrossSection 191.315 299.094 1.133E2 .0oo 0
ag 186.872 290.978 116.872 1.557 2 459
fy 209.533 294 621 149.533 34218 8 .0oo0
fwy 188.761 279.522 124.761 9.446 B 150
CrackControalCheck 187.613 289.719 115613 298 2 861
Anchorage 188.507 290614 116.507 1.192 2 551




Classification

Predicted
Percent
| Observed A B C Correct
A 43 11 1] 79.6%
B 8 44 3 80.0%
C 0 7 10 58.8%
Overall Percentage 40.5% 49 2% 10.3% T7.0%

Logistic

B.5.2.2.2 Beams with Shear Reinforcement-SPSS output of Stepwise
Regression
Case Processing Summary
Marginal
N Percentage

Y A o4 42.9%

B 55 43.7%

C 17 13.5%

Cross Section 1 10 7.9%

3 116 92.1%

ag 2 79 62.7%

3 47 37.3%

fy 1 4 3.2%

2 16 12.7%

3 52 41.3%

4 45 35 7%

Gl 9 7. 1%

fwy 1 10 7.9%

2 46 36.5%

3 29 23.0%

4 19 15.1%

9 22 17.5%

Crack Confroal Check 0 2 1.6%

1 124 98.4%

Anchorage 0 111 88.1%

1 14 11.9%

Valid 126 100.0%
Missing 0
Total 126
Subpopulation 113"




Model Fitting Information

Model Fitting Criteria

Likelihood Ratio Tests

-2 Log
Likeliho Chi-
Maodel AIC BIC od Square df Sig.
Intercept Only 250.638 256.311 246 638
Final 174 655 248.398 122 655 123.983 24 .000
Goodness-of-Fit
Chi-Square df Sia.
Pearson 162.777 200 4575
Deviance 118.496 200 1.000

Pseudo R-Square

Cox and Snell 526

Nagelkerke 725

McFadden A94

Likelihood Ratio Tests
Model Fitting Criteria Likelihood Ratio Tests
-2 Log
Likeliho
AlC of BIC of od of
Reduce Reduce Reduce Chi-

Effect d Model d Model g Model Square df Siq.
Intercept 174.655 2483598 1.227E2 2000 0

rhostirrup 182.396 250467 134.396 11.741 2 003
sd 183.141 251212 135.141 12.486 2 002
ds_dm 209815 277.885 161.815 39.160 2 .000
Ty 193.022 244 075 157.022 34 367 8 .000
Twy 181.000 232.053 145.000 22.345 8 .004
ad 178.917 246988 130.917 8.262 2 016

Classification
Predicted
Percent
| Observed A B o} Correct

A 42 12 0 77.8%
B 8 43 4 78.2%
c 0 6 11 64.7%
Overall Percentage 29.7% 48.4% 11.9% 76.2%




Parameter Estimates

. Error a ig. Xp
v B Std. E Wald df Si Exp(B)
A Intercept 41540 | 124.827 111 1 739
rhostirrup 8216 3.506 5.493 1 019 .000
sd 786 282 7.761 1 005 455
ds_dm 3435 1.043 10.850 1 001 032
[fy=1] 7139 | 6484825 000 1 939 | 1260071
[fy=2] 11317 4.141 7.470 1 006 | 1217E5
[fy=3] 16780 | 124.338 018 1 893 | 5.159E-8
[fy=4] 19774 | 124351 025 1 874 | 2.584E8
[fy=5] 0° 0
[fvy=1] 3977 1598 6.198 1 013 53 369
[fvy=2] 107 951 012 1 912 1.112
[fvy=3] 9475 | 124216 006 1 939 | 7.673E5
[fvy=4] 1537 1.039 2190 1 139 215
[fvy=5] 0° 0
ad 2051 871 5541 1 018 129
c Intercept 6119 9.389 425 1 515
rmostirup | -23.306 10.900 4572 1 032 | 7.556E-11
sd 034 306 012 1 912 1.034
ds_dm 925 668 1.919 1 166 2523
[fy=1] 5469 000 1 237 292
[fy=2] 2135 1.548 1.902 1 168 8.454
[fy=3] 257 1.295 039 1 843 1.293
[fy=4] 6.518 5.193 1.575 1 209 676.939
[fy=51] 0" | . 0 .
[fvy=1] 211979 | 6378.725 000 1 999 | 62756
[fvy=2] -1.960 1.810 1.173 1 279 141
[fvy=3] 2 596 3277 528 1 428 13.409
[fvy=4] 792 1.532 267 1 605 453
[fvy=5] 0° 0
ad 202 815 061 1 804 817

a. The reference category is: B.




B.5.3 Canadian Code - Deep Beams
B.5.3.1 Deep beams-SPSS output for all explanatory variables

Case Processing Summary

Marginal
N Percentage |
il A 57 91.9%
B 3.2%
C 4.8%
Cross Sectional Shape 0 43 69 4%
1 8 12.9%
2 7 11.3%
3 4 6.5%
ag 0 4 6.5%
2 3 50.0%
3 27 43.5%
Anchorage 0 20 32 3%
1 42 67.7%
Overall Crack Control 1 62 100.0%
Check
fy 2 15 24 2%
3 27 43.5%
4 16 258%
6 4 6.5%
Valid 62 100.0%
Missing 0
Total 62
Subpopulation 617

a. The dependent variable has only one value observed in 61

{100.0%) subpopulations.




Meodel Fitting Information

Model Fitting Criteria

Likelihood Ratio Tests

-2Log .
Likeliho Chi- ]
| Model AIC BIC od Square df Sig.
Intercept Only 45493 49,747 41.493
Final 40479 48,987 32479 9.014 2 011
Goodness-of-Fit
Chi-Square df Sig.
Pearson 80.957 118 996
Deviance 32479 118 1.000
Pseudo R-Square
Cox and Snell 135
Nagelkerke 277
McFadden 217
Likelihood Ratio Tests
Maodel Fitting Criteria Likelihood Ratio Tests
-2 Log
Likeliho
AlC of BIC of od of
Reduce Reduce Reduce Chi- )
Effoct d Model d Model d Model Square df Siq.
Intercept 42.927 47.182 28.927 £5.449 2 040
StrutAngle 45493 49 747 41.493 9.014 2 011
Parameter Estimates
y? B Std. Error Wald df Sig. Exp(B)
A Intercept 3237 2527 1.641 1 200
StrutAngle 004 078 002 1 963 1.004
C Intercept 138,657 1.260 | 12113.782 1 000
StrutAngle -6.835 000 1 001
a. The reference category is: B.
Classification
Predicted
Percent
Observed A B C Correct
A 57 0 0 100.0%
E 2 0 0 0%
C 3 0 0 0%
Overall Percentage 100.0% 0% 0% 91.9%




B.6 SPSS Output of Shear Friction

B.6.1 Beams without Shear Reinforcement

B.6.1.1 Beams without Shear Reinforcement-SPSS output for all explanatory

variables
Case Processing Summary
Marginal
N Percentage |
Y A 108 74.0%
B 17 11.6%
C 21 14.4%
Cross Sectional Shape 3 146 100.0%
ag 1 22 15.1%
2 85 58.2%
3 39 26.7%
Ty 1 20 13.7%
2 23 15.8%
3 o5 3T 7%
4 38 26.0%
5 10 6.8%
Crack control R/F 0 4 2.7%
1 142 97.3%
Anchorage 0 134 91.8%
1 12 8. 2%
Valid 146 100.0%
Missing 0
Total 146
Subpopulation 136"
Model Fitting Information
Model Fitting Criteria Likelihood Ratio Tests
-2 Log
Likelino Chi-
Model AlC BIC od Sguare df Sig,
Intercept Only 222 287 228.255 218.287
Final 128.904 212.445 72.904 145383 26 .000




Goodness-of-Fit

Chi-Sguare df Sig.
Pearson 208.156 244 953
Deviance 71.518 244 1.000

Pseudo R-Square

Cox and Snell 631
Nagelkerke 811
McFadden 662
Likelihood Ratio Tests
Model Fitting Criteria Likelihood Ratio Tests
-2 Log
Likeliho
AIC of BIC of od of
Reduce Reduce Reduce Chi-

Eifect d Model d Model d Model Square df Sig___|
Intercept 128.904 212.445 72.904° 000 0
fcMPa 137.816 215.389 85.816 12912 2 002
bw_dm 125.853 203.427 73.853 949 2 622
ds dm 125.510 203.084 73.510 606 2 738
ad 126.559 204132 74.559 1.655 2 437
rhoshearlong.Steel 144.962 222 536 92.962 20.058 2 .0oo
CrossSectionalShape 128.904 212,445 72.904" .000 0
ag 127.525 199.131 79.525 6.620 4 157
fy 127.521 187.193 87.521 14.617 8 067
CrackcontrolRF 126.300 203.874 74.300 1.396 2 498
Anchorage 130.209 207.783 78.209 5.305 2 070

a. This reduced model is equivalent to the final model because omitting the effect does not
increase the degrees of freedom.

Classification

Predicted
Percent
| _Qbsened A B C Correct
A 105 2 1 97 2%
B 7 9 1 52.9%
c 2 0 19 90.5%
Overall Percentage 78.1% 7.5% 14.4% 91.1%




Parameter Estimates

td. Error a ig, xp(B)

¥ B Std. E Wald df Si Exp(B

A Intercept 42430 | 4379.325 000 1 992
fcMPa 084 033 6.544 1 01 1.087
bw_dm -.810 926 765 1 382 Ad45
ds_dm -.094 23 165 1 685 A1
ad 79 683 {069 1 793 1.196
rhoshearlong. Steel 334 T25 212 1 645 1.396
[CrossSectional Shape=13] Ub . . 0 .
[ag=1] -21.950 1621.495 000 1 989 2.904E-10
[ag=2] 619 1.031 361 1 548 1.857
[ag=3] 0" | _ 0 .
[fy=1] - 4TS | 3744.490 000 1 1.000 B19
[fy=2] -24.422 | 3615.868 000 1 995 2.4T6E-11
[fy=3] -24.162 | 3615.868 000 1 .995 3.209E-11
[fy=4] -22.114 | 3615.867 000 1 .995 2.488E-10
[fy=5] 0" | . . 0 .
[CrackcontrolRF=0] 17.026 | 7058.145 000 1 998 | 24784069.568
[CrackcontrolRF=1] 0° | . _ 0 .
[Anchorage=0] -20.260 | 2470619 000 1 993 1.589E-5
[Anchorage=1] Ub . . 0
Intercept 31.049 | 3066302 000 1 992
fcMPa 035 .048 535 1 465 1.036
bw_dm 105 577 033 1 856 1.110
ds_dm 144 251 328 1 567 1.1585
ad -1.375 1.282 1.150 1 284 263
rhoshearlong. Steel -5.273 2151 6.008 1 014 005
[CrossSectional Shape=13] Db . . 0 .
[ag=1] -110 2833 001 1 969 896
[ag=2] 957 2016 226 1 B35 2.605
[ag=3] 0° | . _ 0 .
[fy=1] -14.402 | 3066.299 000 1 .996 5561E-T
[fy=2] -18.429 | 3066.301 .0oo 1 .995 9.921E-9
[fy=3] -18.416 | 3086.300 000 1 995 1.005E-8
[fy=4] -13.640 | 3066.299 000 1 .996 1.192E-6
[fy=5] o® |. _ 0 .
[CrackcontrolRF=0] - 144 | 9799.050 .0oo 1 1.000 866
[CrackcontrolRF=1] o® | . 0
[Anchorage=0] -7.362 .000 1 001
[Anchorage=1] Db 0

a. The reference category is: B.




B.6.1.2 Beams without Shear Reinforcement-SPSS output for selected explanatory

variables
Case Processing Summary
Marginal
M Percentage
Y A 108 74.0%
B 17 11.6%
21 14.4%
Walid 146 100.0%
Missing ]
Taotal 146
Subpopulation 1217
Model Fitting Information
Model Fitting Criteria Likelihood Ratio Tests
-2 Log
Likeliho Chi-
Model AlC BlC od Square df Sig.
Intercept Only | 218.704 224 671 214704
Final 130.202 148.103 118.202 56.502 4 000
Goodness-of-Fit
Chi-Square df Sig.
Pearson 216.280 236 817
Deviance 113.807 236 1.000
Pseudo R-Square
Cox and Snell 484
Nagelkerke 622
McFadden 439
Likelihood Ratio Tests
Model Fitting Criteria Likelihood Ratio Tests
-2 Log
Likeliho
AlC of BIC of od of
Reduce Reduce Reduce Chi-
Effect d Model d Model d Model Sguare if Sig.
Intercept 170.434 182.368 162 434 44232 2 000
rhoshearlong.Steel 183.934 195.869 175934 87732 2 000
fchMPa 152614 164.548 144 614 26.412 2 000




Parameter Estimates

y° B Std. Error Wald df Sig. Exp(B)
A Intercept -4.235 1274 11.055 1 001
rhoshearlong. Steel 2122 624 11.555 1 001 8346
icMPa 072 025 8.145 1 004 1.075
C Intercept 2972 1.313 5127 1 024
rnoshearlong.Steel -2.704 1.049 6.639 1 010 067
icMPa -.003 033 008 1 928 897
Classification
Predicted
Percent
|_Observed A B C Correct
A 105 0 3 97.2%
B 12 0 5 0%
C 5 0 16 76.2%
Overall Percentage 83.6% 0% 16.4% 82.9%




Appendix C

SPSS OUTPUT FOR CRITICAL VALUE
ESTIMATIONS

ACI Code Equation 11-3

Effective depth, d
d<3dm
Case Processing Summary
Marginal
M FParcentage
hd A 239 89.2%
B 23 8.6%
C 5] 2.2%
ag 1 29 10.8%
) 213 79.5%
3 26 9.7%
Crack control R/F 1 268 100,09
Yalid 268 100.0%
Missing 0
Total 268
Subpopulation 264"
Likelihood Ratio Tests
Model Fitting Criteria Likelihood Ratio Tests
-2 Lo
Likelihgo
AIC of BIC of od of
Reduce Reduce Reduce Chi-
Effect d Model d Model d Model Square df Sig.
Intercept 99.676 149.950 71676 .000 0
fcMPa 167.532 210623 143,532 71.856 2 000
ds_dm 116.303 159.395 92.303 20627 2 000
ad 109.711 152.803 85711 14.035 2 001
rhoshearlong. Steel 190.876 233.968 166.876 95.201 2 .000
aq §3.089 128.999 73.089 1413 4 .B42
CrackcontrolRF 99.676 149,850 71,676 000 0




Maodel Fitting Information

Maodel Fitting Criteria Likelihood Ratio Tests
-2 Log _
Likeliho Chi- )
Model AlIC BIC od Square df Sig.
Intercept Only | 217.286 224 468 213.286
Final 99.676 149.950 71.676 141.610 12 000
Goodness-of-Fit
Chi-Square df Sig.
Fearson 692436 514 000
Deaviance 71676 514 1.000
Pseudo R-Square
Cox and Snell 410
Magelkerke T48
McFadden 664
Parameter Estimates
v B Std. Error Wald df Sia. Exp(B)
A Intercept 8.341 2.966 7.908 1 005
fcMPa - 169 040 18.002 1 .000 844
ds_dm -2.238 1.041 4.608 1 032 A07
ad -1.311 417 9.903 1 .00z .269
rhoshearlong. Steel 5.984 1.397 18.336 1 .000 396.959
[ag=1] 031 1.565 .000 1 984 1.031
[ag=2] 1.011 1.144 782 1 377 2.749
[ag=3] b 0
[CrackeontrolRF=1] Ob 0
Intercept -35.121 19.441 3.264 1 071
fcMPa 153 073 4,342 1 037 1.165
ds_dm 10.940 6.101 3.215 1 073 | 5B5366.858
ad 441 773 225 1 569 1.554
rhoshearlong. Steel -4.305 2.191 3.861 1 .049 014
lag=1] -14.001 .000 1 8.206E-7
[ag=2] 1.679 3.090 295 1 587 5.360
[ag=3] ob 0
[CrackcontrolRF=1] ot 0
a. The reference category is: B.
Classification
Predicted
Percent
Observed A B C Correct
A 237 2 0 99.2%
B 6 17 0 73.9%
C 1 1 4 66.7%
Overall Percentage 91.0% 7.5% 1.5% 96.3%




d<4dm

Case Processing Summary

Marginal
M Parcentage
Y A 262 88.8%
B 20 8.8%
C 7 2.4%
ag 1 29 9.8%
) 225 T6.3%
3 41 13.9%
Crack control R/F - 1 205 100.0%
Walid 295 100.0%
Missing 0
Total 205
Subpopulation 2887
Model Fitting Information
Model Fitting Criteria Likelihood Ratio Tests
-2 Log
Likeliho Chi-
Maodel AlC BIC od Square df Sig.
Intercept Only | 244.839 252213 240.839
Final 133.912 185.529 105.912 134.927 12 000
Goodness-of-Fit
Chi-Square df Sig.
Pearson 856.725 562 000
Deviance 105.912 562 1.000

Pseudo R-Square

Cox and Snell 367
MNagelkerke 654

McFadden 5E0




Likelihood Ratio Tests

Maodel Fitting Criteria Likelihood Ratio Tests
it
AIC of BIC of od of
Reduce Reduce Reduce Chi-
Effoct d Model d Model d Maodel Square df Sig.
Intercept 133.912 185.529 1.058E2 000 ]
fcMPa 191.269 235512 167.269 61.357 2 .000
ds_dm 134.258 178.501 110.258 4246 2 114
ad 146.662 180.905 122.662 16.750 2 .000
rhoshearlong. Steel 220.878 265121 196.878 90.966 2 .000
ag 127.576 164445 107.576 1.664 4 J97
CrackcontrolRF 133.912 185.529 1.058E2 000 ]
Parameter Estimates
'S B Std. Error Wald df Sig. Exp(B)
A Intercept 3.751 1.839 4,158 1 041
fclMPa =115 025 20.864 1 .000 891
ds_dm -175 499 123 1 726 839
ad -1.080 294 13.470 1 000 340
rhoshearlong. Steel 4.261 888 23.001 1 000 70.856
[ag=1] - 545 1.314 172 1 678 580
[ag=2] 158 690 053 1 819 1171
[ag=3] o° 0
[CrackcontrolRF=1] Clb 0
C Intercept -7.396 4 407 2817 1 093
fcMPa 053 026 4.051 1 044 1.055
ds_dm 1.802 1.083 2.870 1 090 6.080
ad 191 611 097 1 755 1.210
rhoshearlong. Steel -2.782 1.706 2659 1 103 062
[ag=1] -14.200 .000 1 6.807E-7
[ag=2] 1.607 1.531 1.101 1 294 4.989
[ag=3] o° 0
[CrackcontrolRF=1] Clb 0
a. The reference category is: B.
Classification
Predicted
Percent
Observed A B C Correct
A 257 4 1 98.1%
B 12 14 0 53.8%
C 1 3 3 42.9%
Overall Percentage 91.5% 7.1% 1.4% 92.9%




d<5dm

Case Processing Summary

Marginal
M Parcentage
Y il 268 83.2%
B 35 10.9%
C 19 5.9%
ag 1 41 12.7%
2 229 71.1%
3 52 16.1%
Crack control R/F 0 3 9%
1 319 99.1%
Walid 322 100.0%
Missing 0
Total 322
Subpopulation 3147
Model Fitting Information
Model Fitting Criteria Likelihood Ratio Tests
-2 Log
Likeliho Chi-
Maodel AlC BIC od Square df Siq.
Intercept Only | 365.279 a72.828 361.279
Final 166.875 | 227.267 134.875 | 226.405 14 000
Goodness-of-Fit
Chi-Square df Sig.
Pearson 1765.153 612 000
Deviance 134.875 612 1.000
Pseudo R-Square
Cox and Snell .505
MNagelkerke 749
McFadden B27




Likelihood Ratio Tests

Model Fitting Criteria Likelihood Ratio Tests
it
AIC of BIC of od of
Reduce Reduce Reduce Chi-
Effect d Model d Model d Model Square df Sig.
Intercept 166.875 227.267 1.3409E2 000 0
fehPa 255.208 308.152 227.308 92433 2 000
ds_dm 182629 235472 154.629 19.754 2 000
ad 181.636 234479 153.636 18.761 2 000
rhoshearlong. Steel 286.981 339825 258.981 124.106 2 000
ag 161.858 207.153 137.858 2.984 4 561
CrackcontrolRF 169.665 222.509 141.665 6.791 2 034
Parameter Estimates
! B Std. Error Wald df Sig. Exp(B)
A |ntercept 4.870 1.771 7.565 1 006
feMPa -134 026 27.138 1 .000 874
ds_dm -738 375 3.870 1 049 AT78
ad -1.106 .290 14.497 1 .000 33N
rhoshearlong.Steel 4.823 864 31.126 1 000 124.301
[ag=1] -.885 1.002 780 1 377 413
[ag=2] 554 661 702 1 402 1.740
[ag=2] b 0 .
[Crackcontrol RF=0] 3.289 1.801 3.333 1 068 26.805
A [CrackcontrolRF=1] 0" ]
C Intercept -9.150 2.860 6.249 1 02
feMPa 072 023 9.521 1 002 1.075
ds_dm 1.864 638 8.528 1 003 6.449
ad 371 412 a2 1 367 1.450
rhoshearlong. Steel -2.454 1.177 4.352 1 037 086
[ag=1] -.276 1.225 051 1 822 759
[ag=2] 593 1.101 .290 1 590 1.809
[ag=3] b 0
[CrackcontralRF=0] -2.865 2181 1.758 1 185 057
[CrackcontrolRF=1] 0 0

a. The reference category is: B.




Classification

Pradicted
Percent
|_Observed A B C Correct
A 265 2 1 98.9%
B 12 20 3 57.1%
C 2 4 13 £8.4%
Overall Percentage 86.6% 8.1% 5.3% 92.5%
d <6dm
Case Processing Summary
Marginal
M Percentage
hd i} 271 B2.6%
B a7 11.3%
C 20 6.1%
ag 1 44 13.4%
2 232 70.7%
3 52 15.9%
Crack control R/F O 3 9%
1 325 99.1%
Yalid 328 100.0%
Missing 0
Total 328
Subpopulation 3207

Madel Fitting Information

Model Fitting Criteria

Likelihood Ratio Tests

Pseudo R-Square

Cox and Snell
MNagelkerke
McFadden

A1
749

823

-2 Log
Likeliho Chi-
Maodel AIC BIC od Square df Sig.
Intercept Only | 380.831 aB8.M7 a76.831
Final 173.932 234.620 141.932 234.899 14 .000
Goodness-of-Fit
Chi-Square df Sig.
Pearson 1890462 624 000
Deviance 141.932 624 1.000




Likel

ihood Ratio Tests

Model Fitting Criteria Likelihood Ratio Tests
kit
AIC of BIC of od of
Reduce Reduce Reduce Chi-
Effact d Maodel d Maodel d Model Square df Sig.
Intercept 73.922 234620 1.418E2 000 0
fcMPa 264.514 37616 236.514 94 582 2 000
ds_dm 187.744 240.846 159.744 17.812 2 000
ad 189.587 242689 161.587 19.655 2 000
rhoshearlong.Steel 303.293 356,395 275.293 133.361 2 000
ag 169.681 215197 145.681 3.749 4 441
CrackcontrolRF 176.170 229.273 148170 6.239 2 044
Parameter Estimates
y? B Std. Emror Wald df Sig. Exp(B)
A Intercept 5125 1.734 8.735 1 003
fchMPa -137 026 28.233 1 000 872
ds_dm -827 355 5.440 1 020 437
ad -1.093 292 14.055 1 .000 335
rhoshearlong. Steel 4.861 862 31.812 1 000 129.101
[ag=1] -972 989 966 1 326 378
[ag=2] 536 BB5 651 1 420 1.710
[ag=3] ob 0 _
[CrackcontrolRF=0] 3_:529 1.794 3.849 1 050 33.787
A [CrackcontralRF=1] 0 0
C Intercept -6.548 2.837 5.325 1 021
fchPa 064 021 9.390 1 002 1.066
ds_dm 1.272 482 6.964 1 008 3.567
ad 487 .36 1.826 1 A7T 1.628
rhoshearlong. Steel -2.755 1.135 5.894 1 015 064
[ag=1] -1.042 1.1585 814 1 367 353
[ag=2] 087 1.014 007 1 932 1.091
[a0=3] oP 0
[Crackcontrol RF=0] -2.229 1.991 1.253 1 263 108
[CrackcontrolRF=1] C'b 0
a. The reference catagary is: B.
Classification
Predicted
Percent
| Observed A B c Correct
A 268 2 1 98.9%
B 13 21 3 56.8%
C 2 ] 12 60.0%
Owerall Percentage 86.3% 8.8% 4.9% 91.8%




d<7dm

Case Processing Summary

Marginal
M Fercentage
Y A 272 81.2%
B 39 11.6%
C 24 7.2%
aqg 1 44 13.1%
2 235 70.1%
3 56 16.7%
Crack control R/F - 0 3 9%
1 332 99.1%
Valid 335 100.0%
Missing 0
Total 335
Subpopulation 327"
Meodel Fitting Information
Model Fitting Criteria Likelihood Ratio Tests
G | cni
Model AIC BIC od Square df Sig.
Intercept Only | 411.607 419.235 407.607
Final 198.182 | 259.208 166.182 | 241.424 14 .000
Goodness-of-Fit
Chi-Square df Sig.
Fearson 1161.666 538 000
Deviance 166.182 638 1.000
Pseudo R-Square
Cox and Snell 514
MNagelkerke T30
McFadden 592




Likelihood Ratio Tests

Model Fitting Criteria Likelihood Ratio Tests
kel
AIC of BIC of od of
Reduce Reduce Reduce Chi-
Effect d Model d Model d Model Square df Sig.
Intercept 198.182 259.208 1.662E2 .000 0
feMPa 284378 337776 256.378 90.196 2 000
ds_dm 242.204 295602 214.204 48022 2 000
ad 208.735 262,133 180.735 14.553 2 .00
rhoshearlong. Steel 321413 374811 293413 127.231 2 000
ag 193.150 238.920 169.150 2.968 4 563
CrackcontrolRF 201.433 2548231 173433 7.251 2 027
Parameter Estimates
¥ B Std. Error Wald df Sig. Exp(B)
A Intarcept 5229 1.463 12.773 1 .000
feMPa - 107 019 20.515 1 000 898
ds_dm -1.068 284 14.158 1 000 344
ad -829 251 10.924 1 001 436
rhoshearlong. Steal 3.840 658 24,042 1 000 46.542
[ag=1] -524 912 330 1 566 592
[ag=2] 335 807 305 1 581 1.399
[ag=3] o 0 .
[CrackcontrolRF=0] 3.398 1.710 3.947 1 047 29.891
A [CrackcontrolRF=1] 0 . 0
C Intercept -6.306 2222 8.057 1 005
fcMPa 066 021 10.269 1 001 1.068
ds_dm 1.262 389 10.532 1 001 3.533
ad 449 347 1.675 1 196 1.566
rhoshearlong.Steeal -2.509 804 7.697 1 006 081
[ag=1] -1.312 1.146 1.310 1 252 .269
[ag=2] -674 914 544 1 461 510
(ag=3] o 0
[Crackcontrol RF=0] -2.696 2013 1.794 1 180 067
[CrackcontrolRF=1] Clb 0
a. The reference category is: B.
Classification
Predicted
Percent
Observed A B C Correct
A 266 4 2 97.8%
B 14 21 4 53.8%
C 1 7 16 66.7%
Overall Percentage 83.9% 9.6% 6.6% 90.4%




d<8dm

Case Processing Summary

Marginal
M Percentage
Y A 272 80.2%
B 39 11.5%
C 28 8.3%
aqg 1 45 13.3%
2 238 70.2%
3 56 16.5%
Crack control R/F 0 3 9%
1 336 99.1%
alid 339 100.0%
Missing 0
Total 339
Subpopulation 3317

Meodel Fitting Information

Model Fitting Criteria

Likelihood Ratio Tests

Pseudo R-Square

Cox and Snell
Nagelkerke
MecFadden

-2 Log
Likeliho Chi- .
Model AlC BIC od Square df Sig.
Intercept Only | 432.110 439.762 428110
Final 198.304 259.520 166.304 261.806 14 000
Goodness-of-Fit
Chi-Square df Sig.
Pearson 1195.781 645 000
Deviance 166.304 645 1.000




Likelihood Ratio Tests

Model Fitting Criteria Likelihood Ratio Tests
ke
AIC of BIC of od of
Reduce Reduce Reduce Chi-
Effect d Model d Model d Model Square df Sig.
Intercept 198.304 259.520 1.6623E2 000 0
fcMPa 284,854 338418 256.854 80.550 2 000
ds_dm 252,385 305.949 224385 58.081 2 000
ad 208.905 262469 180.905 14.600 2 001
rhoshearlong. Steel 323547 377111 295547 129.243 2 000
ag 193.298 239.210 169.298 2.994 4 .559
CrackcontrolRF 201672 255,236 173672 7.368 2 025
Parameter Estimates
y? B Std. Error Wald df Sig. ExpiB)
A Intercept 5,222 1.463 12.741 1 000
feMPa -107 019 30,532 1 000 898
ds_dm -1.066 284 14.080 1 000 345
ad -830 251 10.935 1 .00 436
rhoshearlong. Steel 3.840 658 34.029 1 000 46.507
[ag=1] -524 A1 330 1 566 592
[ag=2] 340 607 313 1 576 1.404
[ag=2] o . . 0
[CrackcontrolRF=0] 3.394 1.710 3.94 1 047 29,800
A [CrackcontrolRF=1] o . . 0
C Intercept 6412 2.201 8.486 1 004
fcMPa 067 021 10.470 1 001 1.069
ds_dm 1.296 372 12.169 1 .000 3.655
ad A56 247 1.725 1 189 1.578
rhoshearlong. Steel -2.567 886 8.388 1 004 077
[a0=1] -1.360 1.137 1432 1 231 257
[a9=2] -528 898 490 1 484 533
[ag=3] ot | _ 0
[CrackcontrolRF=0] -2.742 2013 1.855 1 A73 064
[CrackcontrolRF=1] C'b . . 0
a. The reference category is: B.
Classification
Predicted
Parcent
Obseryved A B C Corract
A 266 4 2 97.8%
= 14 21 4 53.8%
C 1 7 20 71.4%
Overall Percentage 82.9% 9.4% 7.7% 90.6%




d>8dm
Case Processing Summary

Marginal
M Percentage
Y A 282 71.2%
E 51 12.9%
C 6.3 15.9%
ag 1 49 12.4%
2 261 65.9%
3 86 21.7%
Crack control R/F O 11 2.8%
1 385 97.2%
Yalid 396 100.0%
Missing 0
Total 396
Subpopulation 3807
Meodel Fitting Information
Madel Fitting Criteria Likelihood Ratio Tests
-2Log
Likeliho Chi-
Model AlC BIC od Square df Sig.
Intercept Only | 633.391 841.354 529.391
Final 250.878 314.581 218.878 410,513 14 000
Goodness-of-Fit
Chi-Square df Sig.
Pearson 1220.269 744 000
Deviance 216.106 744 1.000
Pseudo R-Square
Cox and Snell 645
Nagelkerke 809
McFadden 649




Likelihood Ratio Tests

Maodel Fitting Criteria Likelihood Ratio Tests
ket
AIC of BIC of od of
Reduce Reduce Reduce Chi-
Effect d Model d Model d Model Sqjuare df Sig.
Intercept 250.878 314.581 2.189E2 000 0
feMPa 369.696 425436 341.696 122.818 2 000
ds_dm 364.340 420.079 336.340 117462 2 000
ad 264.300 320.039 236.300 17421 2 000
rhoshearlong. Steel 400.584 456.724 372.984 154.106 2 000
ag 254.070 301.847 230.070 11.192 4 024
CrackcontrolRF 268.053 323793 240.053 21175 2 000
Parameter Estimates
'S B Std. Error Wald df Sig. Exp(B)
A Intercept 4532 1.190 14.513 1 .000
fcMPa -105 018 33.407 1 .000 800
ds_dm -.830 134 38.147 1 000 436
ad -.868 232 13.952 1 .000 420
rhoshearlong. Steel 3.806 600 40.231 1 .000 44953
[ag=1] 389 864 203 1 652 678
[ag=2] 468 566 683 1 408 1.596
[ag=3] ob 0
[CrackcontrolRF=0] 4589 1.664 7.609 1 006 98.404
A [CrackcontrolRF=1] 0 0
C Intercept -4 187 1.663 6.339 1 2
fcMPa 074 017 19.750 1 000 1.077
ds_dm 595 139 18.404 1 000 1.813
ad 244 297 672 1 412 1.276
rhoshearlong. Steel -2.000 .584 11.735 1 001 135
[ag=1] 090 867 011 1 918 1.094
[ag=2] -1.660 669 8.161 1 M3 190
[ag=3] o° 0.
[CrackcontrolRF=0] -3.645 1.222 8.891 1 003 026
[CrackcontrolRF=1] Clb 0
a. The reference category is: B.
Classification
Predicted
Percent
Obseryed A B C Corract
A 274 7 1 97.2%
B 16 28 7 54.9%
C 4 7 52 82.5%
Overall Percentage 74.2% 10.6% 15.2% 89.4%




