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NOTATIONS

The symbols are defined when they first occur in the text. The

frequently used notations are listed alphabetically below.

»

ce

[ c

P-

Clear shear span
Internal work
Area of cross~section

Shear span, measured from concentrated load to the reaction
for beams or measured from concentrated load to the face of

column for corbels
Cross-sectional area of main tensile reinforcement
Cross-sectional area of compressive reinforcement

Cross-sectional area of horizontal web reinforcement per

unit depth

Cross~sectional area of vertical web reinforcement per unit

length

Web width of beam

Width of noavﬂmmmwdm flange

Internal cohesion of material

Resultsant QOinnmedm_mownmmmmwnwlmﬂnmw.

P ¢

Parameter, C.= ° *

Nk )

o Constants -

* *
1-2(n +¢ ) ’
Parameter, OH = 0 ’

* *
1-2(n -¢ ) ’
Coefficient of variation

Effective depth of beam. Length of

(-2 * P—
x— - *<3Z
Parameter, D = 4
=3
| 0 ¢ > 5
2T/bht"
[ Hom2T/bhi,
V,o
Parameter, oo = 9
L 0
= *
-2(n +
A
Parameter, UH = 9 0
* ok
IN n -
L A

Distance from extreme compression
compression reinforcement

stirrup depth
Separation resistance

Uniaxial compressive strength of ¢

=*+9»A W
n*-¢*< 3 < n+e”
W < :*lo*
line
* tO
e\vwmn < re
%* t0
e\van > 5
n*+e*< w
=$IG$M W w =*+$*.
m &l *
5 <n =¢

fibre to centroid of

oncrete

Plastic compressive strength of concrete, defined as

* .
mn = cwo




F_: Effective prestress acting on the section .
se . . : N: Normal force
£i: Tensile strength of concrete : ) . .
: . . :#u Effective normal force degree, Qmmwumn.mm n = Z\vﬁmo
mmu Plastic tensile strength of concrete, defined as mM = uﬂmﬁ :
' . ! P: External load
£ : vield strength of tensile reinforcement i . . s
¥ : . i xr: Function of curved yield line: Polar coordinate
£t Yield strength of compressive reinforcement .
Y Ho.nwn parameters in polar coordinate system
£, Yield strength of web reinforcement . .
Y N r,: Length of line
foum’ Yield strength of horizontal web reinforcement h
v mwn Equivalent yield stress of web reinforcement, defined as
h: Depth of cross-section m% = vm£<n<£\u or m% = vmtvmms\u
hl: Depth of compressive flange t: Tangential direction. Distance
* ’ ! T: Resultant force of tensile reinforcement
h”: Effective shear depth m
. : v Relative displacement in yield line
k: Material constant, k = (1l+sing)/(1-sin¢). Length of loading ’ .
platen. . Vs dwﬁwswﬂm.pown. Volume
kg oKyt Constants v . Veal? calculated ultimate load
1: Material constant, 1 = 1-(k-1)f,/f, M VerVeest? Observed ultimate load in test
I
i
Lyt Span of bean Ws Internal plastic work per unit volume (dissipation)
. I
ms: Material constant, m = plaw+wvmﬁ\m0 W Wy External work
My Bending yield Hmﬁmsn . L , Ww:  Internal work
Effective dimensi .HmWM U@ﬁnwnwwaWHﬂ moment, defined as _ w,: Dissipation per unit length
. \ g I T ; SRR M
ot = spalel S S S
P P ¢ . : o Ce X3 Depth of rectangular stress block. Cartesian coordinate.
oo RS A R o Distance : .

" u
ests E . : ) |




Distance

»

Mean

?l

y: Distance measured from bottom of cross section to centroid
of tensile reinforcement. Cartesian coordinate )

Yol Distance from top of cross section to neutral axis

z: Internal moment lever arm

f

a: Angle. Ratio, a = &O\Q

s *  *
a Ratio, a, = oss\ﬁv

Pn
95~m\4u Angles

+_,: Shear strain in s‘ﬁlooonmwnmﬂm system

nt’®

8,6,,643 Relative displacement rates.
A; Width of deforming zone idealized as yield line
€11€51840 vﬂwuowwwu strains |
€ rEyt Strains in n- and t-directions, respectively
ne Rotation rate. Ratio, 1 = W

@:  Angles. Polar coordinate

9, 8,3 Angles

10

At Proportionality factor in flow law. Material constant,

A = 1-(k-1)p"

Al mnovonnHOlmPWﬂ% factor in flow law

H lQ
Q *=
Q

Al Material constant, 70 = 1~k

6**La

coefficient of friction, u = tane. Material constant

*
p o= 1-(k+1)p

Q
- Hy ‘Q
Q ¥

[T Material constant, Bo = 1~k

e

" Effectiveness factor for the compressive strength of

concrete

: Effectiveness for bending

b
vys Effectiveness factor for the tensile strength of concrete
a*+e» R =*+@* < mmw
. _ ) k-2 *_ % k-1 * *
E: Parameter, §f =1 7% ' n-¢ £ 3% £ n+¢
* %k -1 * &
n -¢ ’ mmw < n +¢
n*“ ~ Effectiveness factor, t* = mM\mM

Normal stress. Standard deviation

nw.aw.nu" Principal stresses

010yt Principal stresses
QU.Q<" Stresses
Qx~qwu Normal stresses in x,y-coordinate system

11




Shear stress
Shear stress in x,y-coordinate system

Angle of friction for concrete. Reinfordement ratio, defined
as ¢ = vm\vw

Reinforcement ratio for bending, defined as Py = vm\vu
Horizontal web i i =
eb reinforcement ratio, defined as ¢, >m£u\u

Vertical web reinforcement ratio, defined as v = wmzc\v

Effective reinforcement nmanmm..nmmwnmm as s* = »mmw\UWmm

Effective reinforcement degree for bending, @M vmmw\vamm

mmmmOﬁwcmoosvﬂmmmw<mHmw:mownmambﬂmmonmm~ eM u >mnm%0\vmwm

Effective UOﬂwnonﬁmH H@»ﬁ»OHnmam:ﬂ degree, em = wmw%\uvmm +

*
>m£#m<£\vmo

Effective horizontal web reinforcement degree, ¢M£ =
. :

>msvm<£\vmn

Effective vertical web reinforcement degree, s“ =

*

A
c

ms<w&€ /bt

Critical web reinforcement degree

n +¢ m { tang

Parameter, x =
2 tane

=]

i

-
o

Angle
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CHAPTER I. INTRODUCTION

tests on deep concrete . beams without web
reinforcement in 1985, I became interested in limit state analysis
for concrete inspired by the achievements of plastic theory of
concrete in shear, which had been developed since the 1960's in

Denmark [67.1], [74.3), [75.11, [75.41, [76.3], [76.6], [77.13,
[77.2], (78.3] and [79.1]. :

During shear

Deep beam is the beam having a depth comparable to its span. It
has been widely used in such structures as tanks, bins, silos and
in buildings. Because of the geometry, deep beams may have

relatively low  shear span-to-depth  ratio compared with

conventional slender beams wsn.HwHwnw<mww low reinforcement ratio
because of the bigger concrete web. Shear is very often a dominant
factor in deep beams without web reinforcement.

For a long time deep beams were classified and treated as an
independent kind of structural members different from beams and
corbels. Shear in reinforced concrete deep beams has been studied
extensively for mmnmmmM. There have been conducted a lot of work
on shear behavior and shear capacity of deep beams. The literature
on the subject is almost overwhelming. Most papers,
report specific test series and supply empirical formulae to fit
the results obtained. Just as most building codes contain little
more than -empirical formulae deduced from a large number of tests.
The traditional design approach for deep concrete beams based on
accumulated experience may be sufficiently safe, but they need not

however,

be particularly economical.

compared to the hitherto dominating empirical methods, the
rational mathematical theory of plasticity has considerable
advantages. Firstly, as a general theory, it unifies the shear

analysis in beams with that of deep beams and corbels. According

to the limit state analysis, so far as the shear problem is

concerned, the only difference between beams, deep beams and

13




corbels is the shear span-to-depth ratio. Normal beams have
relatively large shear span-to-depth ratios, while corbels have
very small shear span-to-depth ratios and deep beams lie between
them. Secondly, as a rational mathematical model describing the
mechanism of the shear members, it leads +to a thorough
understanding of the failure mechanism in concrete. Therefore, by

means of this theory one can calculate the ultimate shear capacity

effectively and simply, and also dimension and detail the shear

members economically.

Furthermore, it is easy to extend the theory into applications
within related areas not directly covered by cases studied, while

such an extension is more or less impossible or at least extremely

difficult and uncertain when dealing with empirical methods. An
example of extending the plastic solution to fibre reinforced
concrete can be found in (87.3]. Since many examples [73.7],
[76.63, [77.71, [78.5] and [80.2] have fully proved that the
plastic: approach is simple, consistent and able to predict
remarkabiy” ‘well ‘the ‘shear failure load of reinforced concrete
beams, it is natural to investigate whether the ultimate strength
of deep beanms with and without web .reinforcement can also be
solved by this theory. It has been found that the simple plastic
solutions [78.2] with the so-called square yield 1locus and
corresponding » formula in qu.pu.mnm not suitable for deep beans
and corbels, because they neglect the tensile strength of concrete
in the web. Therefore, the exact solutions regarding the concrete
as a perfectly plastic modified Coulomb-material with a small, but
non-zero tension cut off have been derived in Chapter IV. The
complete solutions are compared with the simple solutions and the
modified simple solutions for conventional beams are then presen-

ted.

Results derived by plastic: theory have - to - be modified in an,

empirical manner- because. of the “well .known :fact that concrete is
not -perfectly plastic and:the=whole nwwwano:msnmwnm will not be
fully active. To- take:zthis:sinto ‘account :in a' simple way the
,ﬁswmxwww.ooawnnmm%<m strength f_ is teduced by the effectiveness
which must be correlated with the experimental evidence.

‘factor v

ne to develop a

in this paper a big effort has been do
n approximate

Therefore, 1
d rational approach for evaluating a

more general an
v-value in some shear cases, especially for shear members without

web reinforcement.

culations are compared with a wide range of

The theoretical cal
deep beams and corbels found in

available test results of beams,
literature. A satisfactorily good agreement has been found.

15




CHAPTER II. PLASTIC THEORY FOR CONCRETE

Fa a eld crit.

Failure and yield criteria are the criteria that must be satisfied
for the stress field at yielding. The purpose of formulating
failure and yield criteria for a material is to enable us to
determine their behavior by means of simple tests from which we
can evaluate the risk of failure or yielding for complicated

stress fields.

since our knowledge of the structure and composition of materials
does not wmﬂgwswupo us to develop the failure criteria based on
known natural laws, most failure criteria appear as hypotheses
whose application to various materials will have to be evaluated

,VKMbmvnmwm was presented in 1773 by C.A.
r awuwnn ﬂwwmnwwwcﬂm in stone prisms subjected
X li OWMmHmmn.mHosn certain surfaces. These
nmwwww,mwwnw:o.ﬂsﬂmwomm~ and this type of failure is

s.sliding failure.

had

PR

d: mahwumnnm is assumed to occur in a section if the shear
H,ﬂHWMM ]*| in this section exceeds the sliding resistance, which
v nm: be determined by two contributions. One contribution is the

internal cohesion, denoted ¢, which is a material constant. The
other contribution comes from a kind of internal friction and
equals a certain fraction p of the normal stress o in the sliding
plane. The quantity p is called the coefficient of frictien. If o
is a compressive stress, it gives a possitive contribution; if o
is a tensile stress, it gives a negative contribution. The
‘condition for sliding failure therefore is

16

_4_.u c = po’ (2.12.1)

where ¢ and p are positive constant and o is counted positive as a
A material complying with failure condition

tensile stress.
Coulomb's failure hypothesis

(2.1.1) is called a Coulomb material.
is governed entirely by two parameters, e.g. © and p.

Fig. 2.1 shows Coulomb's failure wxuonvmmwm.&mvwnwmﬂ in a (o, T)
coordinate system. The figure includes Mohr's circles for the

stresses at a point at which the fajilure U%vOﬂwmmwm.wm satisfied.

-T=C-}u0

Figure 2.1. Coulomb's failure hypothesis with Mohr's circles.

The angle ¢ given by tgy = p is called the angle of friction.
rmulated by O. Mohr in 1882. Mohr

A more general hypothesis was fo
tresses in a section satisfy.

assumed that failure occurs when the s
the condition :

f(o, 7) =0 (2.1.2).-

where f(o, T) is a function characteristic of the material, and

17



where o and 7 are normal stress and the ' shear stress,
respectively, in the section. Coulomb's failure hypothesis is thus
a special case of Mohr's theory.

Coulomb material

For a large group of materials it appears that reasonable failure
conditions are obtained by combining Coulomb's sliding hypothesis
with a bound for the maximum tensile stress. The resulting failure
criterion makes it natural to distinguish between two failure
modes, sliding failure and separation failure. In bothe cases the
name of the failure refers to what we imagine the relative motion
between particles on each side of the failure surface to be. At
sliding failure there is motion parallel to the failure surface,
while at the separation failure motion is perpendicular to the

failure surface.

Separation mmeﬂwm‘oompnm.ssmn the biggest tensile stress o, 1n 2
‘gection - exceeds the separation HmmMde:nn £, -1.e.

{2.1.3)

which results from a combination of
.called s Coulomb's modified failure

; Tpa B oer d et .

terial complying with (2.1.1) m:m,ﬁw.w.uv is called a modified
coiilsiib < #fiatérial: ~ As -is - clear, Coulomb's modified failure

bm@wwmmmwma&mn:wﬂ»m three parameters to be determined, e.g., ¢, u
and" f,. Fig. 2.2 shows the modified Coulomb's failure hypothesis
illustrated in a (o, r)=-coordinate system.

18

LN

i
i
i
i
i
H

/Mi Sliding failure -T=c-}{0
Separation failure c=fa
o .

H o

“ fa

__Sliding failure T=C~HO

\

td

Figure 2.2. Failure criterion for a modified Coulomb material.

The straight lines, which represent the fajlure criterion, divide
the plane into two regions. When the stresses in ar section
hr's circle lying within the boundary lines, no

correspond to a Mo
stresses corresponding to circles

failure will occur, while
touching the lines represent stress combinations which in fact

involve failure. The fajlure mode depends on whether the contact
point lies on the lines Ir} = ¢ = po, which involve sliding
which involves separation failure.

failure, or on the line o = mv‘

t is easy to investigate

By means of drawing Mohxr's circle i
whether the stress field in a point, given by the principal
stresses 0., Oy and o4, where o, > O, > 044 will cause mmwwmnm.
Because on Mohr's circles the peoints closest to the boundary lines
1ie on the circle with (¢, - qu as diameter, we have only to
focus on the mowlﬁm on this circle. If the circle with diameter

qu - Qwv l1ies within the poundary lines, failure will not occur

(see Fig. 2.3).

19




~N
DTS
03 02 ) o
. P

Figure 2.3. Mohr's circles of principal stresses and the failure
criterion.

N

tozstiding, mwwwﬁﬂm~ a mwpmwno mwwwcnm may occur in
symmetry, (see Fig. m.»v

wolisectdionsy Aﬁﬁvkﬁwmpmm ©

.v...&%wﬁnTF

T

Figure 2.4. Mohr's circles at sliding failure.

20 .

anavm.orﬂmpmuzwnu diameter . AQ |.nuv touches the boundary lines

.avﬁ condition for sliding failure can

If the circle touches the line corresponding to separation

failure, a separation hmpwznm will then take place, (see Fig.

2.5).

03 04 \L»

Figure 2.5. Mohr's circles at separation failure.

By means of the Fig. 2.4, we f£ind that egquation (2.1.1) for
mppa»:n failure can be written in principal stress form in the

nOHHOSPSQ way?

1 1 ' .
NAQH - qu c cosy |.MAQH + qumwsﬁ

(2.1.4)

If the mutual magnitudes of the

which is valid for o, >0, > o,.
equation (2.1.4) must be altered

principal stresses are altered,

correspondingly.

Introducing

cosy vu -1+ sing _ ﬂmswam + Wv (2.1.5)

k= ("¢siny 1 - siny

be written in the simple
form

ko) -0y = 2evk (2.1.6)

21



(2.1.7) -

The uniaxial compression strength £, of a material is determined

by a test, where the stress field at failure is given by AQH~ Y
(o, 0, -£.). Since the uniaxial compression test always

o,) =
3
involves sliding failure (see Fig. 2.6), we find from eguation
(2.1.6)

-0, = £ u,.unosn (2.1.8)
whereupon equation (2.1.6) can be written as

koy = o5 = £, (2.1.9)

']
Figure 2.6. Mohr's circle at pure compression.

In a similar way the uniaxial tensile strength of a material £,

can be introdu

AQP~ QN~ Qwv = AH ’ Os Ov.

the tensile test holds the

As seen clearly from Fig. 2.7,
paration failure.

possibility of sliding failure as well as se

22

ced as the stress field at failure that is given by

|

fi . O

Yz

Separation failure.

sliding failure.

Figure 2.7. Mohr's circle at pure tension.
In the case of sliding failure we have, applying equation (2.1.6)

£, =%t (2.1.10)

t c

In the case of separation failure we get, applying equation
(2.1.7)

(2.1.11)

This means that the tensile failure is a sliding failure when

(2.1.12)

=i
(1)
A
)

and a separation failure when

1
: f. > I (2.1.13)
In the case of W £, < far the equation (2.1.6) can then be written
as . :
o o
mw - mw it (2.1.14)
t c

23



A lot of tests have shown that in many respects concrete can be

red as a modified Coulomb material, the parameter k being
The

conside
about 4 [84.1]. The agreement has been found to be reasonable.

modified Coulomb's failure hypothesis can .thus be used as yield

condition for concrete.

With X = 4, we find the constant p = tany

= 0.75 (2.1.15)
corresponding to an angle of friction
o
¢ = 37 (2.1.16)
From.equation (2.1.8), we get
£, . .
c 1, ’
c = —= =f 2.1.17
2k 4C ( )

In ﬂdm.ﬂnmnm we find that both the tension failure and m#m shear
failure are separation failure. If the tensile strength is mﬁ. we

therefore have

mb = hﬂ (2.1.18)

The failure condition (2.1.6) and (2.1.7) then get the final form

(2.1.19)

. (2.1.20)

The failure condition for concrete in the (o, T)
is shown in Fig. 2.8.

-coordinate system

24

.need a very "accurate failure cond

(A
v
Ko

Figure 2.8. Failure condition for concrete in a (o, r)-coordinate

system.

ified failure hypothesis

It's worth to notice that Coulemb's mod
riterion for concrete.

does not completely describe the failure ¢
According to Coulomb's failure hypothesis the intermediate
has no effect on the carrying capacity.
greement with the
-1.2

principal stress o,
tests show that it has an effect in disa

Some biaxial compression tests show that Qw\mo =
to -1.4 for Qp\nn = =0.6, whereas Coulomb's failure hypothesis
gives Qu\mo = =1.0. Biaxial tensile tests and tensile/compressive
tests also show that the Coulomb's modified failure hypothesis is
convex and is a little on the unsafe side when tensile’

However,
hypothesis.

not always
stresses occur.

is must anyway be described as usable
and because there is a
test

Even then, the hypothes
pecause the deviations are often moderate,

the strength vuovounwmm on the
Furthermore, in plastic theory we do not
ition because of the large
getting agreement between

great dependence of
circumstances [77.1].

empirical modifications necessary for
tests and theory (the v-value).

25



1 throughout assume that the
ic material with the modified
ndition and the associated

In the following chapters we wil
concrete is a rigid, perfectly plast
Coulomb's failure criterion as yield co
flow rule (normality condition) as constitutive equations.

eo of stic

A rigid-plastic material is defined as a material in which no
deformations occur for stresses up to a certain limit,
point. The yield condition describes the states of stress which
may result in failure of the material. For stresses at the yield
point, arbitrarily 1large deformations are possible without any

change in the stresses.

A Nwawmlbwmmnwn material does not exist in reality. However, it is

vommwmwmaﬁo use the model if the plastic strains are much larger:

than the elastic strains.

For #h isotropic material we may express the failure condition in

terms of the principal stresses as
mAQH~ 0% Qwv = 0 (2.2.1)
This means that stresse

that can be sustained by

combinations give no strain,
fields which the material cannot sustain and £

plastic deformation may take place.

the material and thus these stress

while £ > 0 corresponds to stress
= 0 means that

The relationship between the strains is then determined by the

yield law (also called associated flow rule)

e uym..uml_.: S w=1,2,3 (2.2.2)

In. -a 3 dimensional ,ﬂmvﬂmmmzﬂwﬁwou. with o4, Qu. and o, as

coordinate axes, (2.2.1) produces a so-ca
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the yield’

s rendering £ < O correspond to stresses

lled %wmw@,m&%nwom. If im

Hmownaau.u.nvmmm vector in the o,, 05, leﬂOOHmwsmﬂm system, it

is a normal vector to the yield surface at the point AQH‘ oY qu.
Equation (2.2.2) is therefore called the normality condition.

:

As the plastic work qw»mw is assumed to be non-negative, it is

seen that .

A2 O (2.2.3)

Thus the vector Amw~ €ge muv becomes an outward-directed normal to
the yield surface. If the yield surface is a differentiable
surface, the normality criterion uniquely determines the direction
of the strain vector for a given stress field on the yield
surface. If the yield surface consists of piece wise
differentiable surfaces, the strain vector for stress fields lying
on the curve of intersection of two surfaces must be located in

the angle between the normals to the mmuwawbﬂ surfaces.

The load carrying capacity of a body consisting of a rigid-plastic
material is the 1load at which plastic deformations become
wommeHm. The load carrying capacity js also called the yield load
or the failure load. For determination of the yield load of a
rigid-plastic body the following extremum principles are very

useful.

First we define some important concepts which will be used in

formulating the extremum principles.

A safe and statically admissible stress field is a stress field
resses within or on the yield surface and
jum conditions and the statical boundary

corresponding to st
satisfying the equilibr
conditions.

A geometrically admissible failure mechanism is a deformation
field that satisfies the compatibility conditions and the

geometrical boundary conditions.

The extremum principles can be described as follows:
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B

he er-Bound Theorem:
joad found from the work equation for an arbitrary,
is greater than .or

Any
geometrically admissible failure mechanism

equal to the yield locad of the body.

a safe and statically admissible stress

Any load corresponding to
o the yield load of the body. )

field is smaller than or equal t

The Unigueness Theorem: n
If the lowest upper bound and the highest lower bound coincide, ) :
then an exact solution has' been found, the coinciding upper and ]
. ! Figure 2.10. Mathematical jdealization of a narrow deforming

lower bound being the yield load of the body.
zone.
Now let us consider a narrow deforming zone of yield line in plain

2.3 Internal work for plain concrete . )
concrete having ‘the width 4, the length one and breadth b, (Fig.

Here, concrete is identified as a rigid-plastic modified Coulomb i 2.11).
material. A yield line in concrete is a kinematical discontinuity W
separating two rigid parts. One part is moving relatively to the w b
other with the displacement rate Vv inclined at the angle a to the ; =t
yield line, (Fig. 2.9). _ ]
. Part 1 Part I
| y Yo -FEasi
1 , .ﬂ ] - - :
.. . vsina| & _ .
. ot Part II A .
o I | | _
11 | | — R
. v .
v | Part II
i ; n _<nomQ._

S Yn .
; . . - . ) i
Figure 2.9. Yield line in concrete.. ;

Wrm discontinuity is a mathematical idealization. of a .narrow

mmmmmimwwon.nosm. (Fig. u.wov. . ' . ‘ *  Pigure 2.11. Deforming zone

of yield line in plain concrete.
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The strains in this narrow deforming zone are

e =Y sina
n A
€y = 0 (2.3.1)
_ v_cosa
2%t = T3
The principal strains are found from (2.3.1)
e. = Y (sina + 1) (2.3.2)
1 2A o
e, = >-(sina -~ 1) (2.3.3)
2 2A «3
From equations (2.3.2) and (2.3.3) we find that
v
€q - €, =7 (2.3.4)
€q 1+ mwmn
= = - f~sina (2.3.5)

2

The internal work (dissipation) for a material deformed

corresponding to the strains AmH~ LY muv is

A= % AQHmH + 0,6, + Qumuvn< = % W dv (2.3.6)
v v
W is the internal work per unit volume being
: W=) oy (i=1, 2, 3) (2.3.7)
Mw Using Mohr's mﬂﬂwwv circle, we find
g (2.3.8)

tan 2 = cota

30 -

Here, w\wm the angle between the displacement rate vector and the

first principal axis, (Fig. 2.12).

II

Y
n

Figure 2.12. The relation between the relative displacement rate
vector and the principal axes.

Solving equation (2.3.8) yields
B = WAW - a) (2.3.9)

It means the first principal axis bisects the angle between the
relative displacement rate vector and the yield line normal.

rain field is defined as a strain field in which the

A plane st
strains in directions perpendicular to a plane are zero, For.
In this case the

simplicity we assume e, = 0 and o, 2 04 2 Oy
yield criterion is composed of the following two criteria

ko, - 0 (2.3.10)

1 -f, =0

2

(2.3.11)

o, - hn = 0

1

The macwﬁMOl (2.3.10) corresponds to sliding failure while

equation (2.3.11) corresponds to separation failure.
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For the sliding failure, the related strains can be found Qwﬂmodww

from the normality criterion (2.2.2) .

Here, we get

(e, €0 €3) = (AK A, 0) (2.3.12)

Tt is easy to find that

(2.3.13)

€y €, = A(k + 1)

&
1o k=~ WLwlmmmw 2.3.14
k== 1T -sine ( )

Comparing equation (2.3.13) with (2.3.4) and equation (2.3.14)
with (2.3.5), we have

1 -wamw (2.3.15)

v v
A= T D b

and

. ' si | (2.3.16)

Equation (2.3.16) yields

a = A “ . . Am.u.pqv

Inserting equations (2.3.12) and (2.3.15) into (2.3.7), we get

W= Aok - 0y) = M = ¥ iosine ¢ (2.3.18)

mow,nrm separation failure, the related strains will be

(2.3.19)

¥(2.3.19) with (2.3.2) and (2.3.3), we find that

.32

(2.3.20)

A= m (2.3.21)

Then the internal work is easily found by inserting equations
(2.3.19) and (2.3.21) into (2.3.7)

W= ANf = m f (2.3.22)

At the intersection of the two yield surfaces, corresponding to
equations (2.3.10) and (2.3.11) being satisfied simultaneously,
the strain vector will be an arbitrary positive linear combination
of the strain vectors belonging to the two surfaces. The related
strains then can be found to be

(eqr €5r €3) = (AK + Ay, =7, 0) - (2.3.23)

Comparing equation (2.3.23) with (2.3.3) and (2.3.2), we find that

v .
A =zp (1 - sina) (2.3.24)
and
A =Y (1 + sing) Ak = § sine - sine (2.3.25)
124 A 1 - sing oFe

In this case, the ranges of a are

¢ L af

e

(2.3.26)

or Sa{T=-¥y

L)

The internal work will be found by inserting equations (2.3.23),
(2.3.24) and (2.3.25) into (2.3.7)

vE £ .
= c - t sina -~ siny
W =737 [(1 - sina) + 2 mm 1 = Sing ] . (2.3.27)
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It should be noticed that when a = W~ equation (2.3.27) is

identical to equation (2.3.22), and when a = ¢ OX T = ¢4
(2.3.27) changes into egquation (2.3.18}.

equation
\

The formula (2.3.27) thus gives the internal work per unit volume

of concrete in plane strain field.

If Oq1 QN
stresses and strains, analogous amﬂw<mﬁpo:m can be made and the

solutions are the same.

The dissipation per unit length W, is

W, = WbA (2.3.28)
where b is the dimension of the body in direction perpendicular to
the plane. Inserting (2.3.27) into Au.u.umv~ we get the complete
formula for the dissipation per unit length of a discontinuity

line in concrete in plane strain:

— mmmmln|mmwmu valid mo& ¢ {a Ty

W, = Iv £Vl - sina + Nmo T = sine
_ (2.3.29)
Introducing the parameters
wuw|ummllm|w.m$|| (2.3.30)
£, 1 - siny ‘ o
f .
[ - 1 .
m=1 2 mo Wuﬂl.mlw_lmﬂ (2.3.31)
The brief version
Wy = b £y - m sina) for ¢ S a S T-¢ (2.3.32)

A cbtained.

The yield condition mdn,nrm.wmmoowwnmn flow rule for concrete in
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and 0,4, and e,, €5 and e, can mean any of the principal

plane strain are shown in Fig. 2.13.

02,62

ﬁ
— —

K,

PUnd

4;#

(0,A,0)

F—t |
Z,,.Zne V\4 \»\\--._;oe .?.T —

\\ \ 01 &1
T

,UTlier.M

meTGAQAW

Kf,
=Y -

(AK,-A,0)

Figure 2.13. Yield condition m:nvmmmonwmﬂmm flow rule for concrete

in plane strain.

A plane stress field is defined as a stress field in which the
stresses in sections parallel to a plane are zero; this plane is a
principal section, and the normal to the plane is a vnwwnwwmw
direction with the corresponding principal stress equal to zero.

Denoting the principal stress in sections perpendicular to the
plane as o and Opy, the yield condition can be expressed as

follows:
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For oq > o0qq > 0, we om.m o, =0g and o4 = 0, which.gives
. 02,82
: op = £ (2.3.33) i
f gt
as the condition for separation failure. A < X n.__.
Kfy f;
= = $ 4 4 L Il*l JIT
For og >0 > 0gq, we have o, = Oy and g4 Oryr and the condition =% 2K 0) A 8.7.8
for sliding failure is ! ' / 4 e (X.0.0) .?
] ) . - { .\ A} -
i : B aﬂﬁ Xﬂo 1 &
! - = T A U1, 89
xop - ogp = £ (2.3.34) ;
i ! _T
i 5 Q.l..M.
while the me._&wdwos for separation failure is the same as (=0 AK) / f
(2.3.33). A , . W0, 2 .
For 0 > 0, > 0O we smﬁw o, =0 and 0, =0 and only sliding 29 Kfy
1 11’ 1 3 1I’ : 4 3} (AK -, 0)
failure is possible, the condition being o= T~ -x
12
; —oyr = £ (2.3.35) (0,-A,AK)
With the same vnowmacﬂm as in plane strain, we can find the yield
conditions and the corresponding strains in plane stress. . .
- . Figure 2.14. Yield condition and associated flow rule for concrete
m In Fig.- 2.14 the yield conditions and associated flow rule have in plane stress.
_W been drawn in a AQH. valoooH.&.smﬁm systen. . .
m v Comparing (2.3.37) with (2.3.2) and (2.3.3), we get
The areas :ow covered by the formulae for plane strain are the
v .
lines 3-4 in Fig. 2.14. ‘ e, = gp(sina + 1) =0 (2.3.38)
_ . . : v :
Along 3-4, the yield condition is e, = Mwamwbn - 1) = =A (2.3.39)
o, = -, (2.3.36) It yields
The related strains are found to be T
: a=-3 (2.3.40)
(egs epr £3) = (00 A, AR (2.3.37) na
Th strains in. the deforming zone in Fig. 2.11 are again given by A=z (2.3.41)
) ; The internal work then is
37
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or d =3w  (2.3.42)

h4 = -
W= o056, = wmo =71 mn for a =

nf

At point 3, the strain vector can be an arbitrary positive linear
combination of the strain vectors belonging to the two sides.

The related strains are

AmH\ Eqr €,

Comparing equation (2.3.43) with (2.3.3), we find that

-~ .
A+ yp = MNAP - sina) An.u.»»v
The internal work at point 3 then is
cwn

W=o0,, =35 1 - sina) (2.3.45)

In this case a will be
T 3 )

-3 {afy¢ or 3T a2 Ty (2.3.46)

When a = -~ W or a = .wa. equation (2.3.45) is identical with

equation (2.3:42).

The dissipation per unit length aleng line 3-4 and at point 3 can

thus be expressed as

bf
W, = WbA = Imm v(1 - sina) fora { pOr a2 T (2.3.47)

It should be noted that in a plane stress field corresponding to
line 3-4 and point 3 in Fig. 2.14, there must be inhomogeneous
transitional zones petween the homogeneous deformation field and

Jﬂﬂm“wwmwn.uwnﬁ 1 and II in Fig. 2.11, pecause of the strain é,.

yﬂﬁmnaosﬁﬂwdcﬂMOS from these transitional zones to the internal
work is neglected in formula (2.3.47).

38 -

)y = (\k, =(A + ) A k) (2.3.43)

The complete dissipation per unit length of a discontinuity line
for concrete in plane stress can be obtained by combining
equations (2.3.32) and (2.3.47)

bf
c
W, = —= v(1 = sina) for a £ or -
1 z $ or a2 Ty (2.3.48)
c R
- v(l - m sina) for ¢ { a £ T=¢

The expression (2.3.48) will be strongly simplified, if £ = 0, as
then in the whole a=-interval, we have ¢

bf

o .
Wy = v(l - sina) (2.3.49)

In Fig. 2.15, the so-called square yield locus is depicted for
concrete with a zero tension cut-off.

hﬂﬁ

Figure. 2.15. Square yield locus for concrete in plane stress.
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rmulae for yield lines in Coulomb materials and
jals were developed by B.C. Jensen [77.2]

The dissipation fo
modified Coulomb mater
and Nielsen et al [78.3].

ine corresponding to rotation

around an arbitrary point in the plane.
In this section, all derivations- are based on a 2ero tension
cut-off in plane stress.

vz

a concrete disk with breadth b in a

Fig. 2.16 shows
polar-coordinate system, r,0.

a: Concrete disk with b: Element of yield line.

curved yield line.

wwasnm 2.16. Curved yield line corresponding to rotation around an

arbitrary point.

A curved yield line r = r(6) separates the disk into two rigid
UmWﬁm I usa II. The two end points are vﬁﬂo. mov and wﬁﬂw, mwv
mmﬂwnwﬂ 2ly. The part II is rotating in the plane relatively to the

vmnn H muocaa nwm mowm o with rotation rate 7.
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By using. (2.3.49), the dissipation of yield line element with
length ds has been found to be

wpds = 2 u»onﬂhu.u + 1% - r')ae (2.4.1)

Here, r' = mw has been introduced.

The total dissipation of the curved yield line vm.nmu be found by
integrating along the curve

1
2 bt % F(r, r')dse (2.4.2)

W =2

o
where

F(r, r') = NA_n.m + Hw -r') (2.4.3)

The Euler equation, i.e. the necessary condition for getting an
extreme value of W, corresponding to the function r(8), is

aF d 3F

-5 &) =0 . (2.4.4)
Inserting equation (2.4.3) into (2.4.4) yields

rerm - 3(r)2 -2r2 = 0 (2.4.5)

The solution of this differential equation (2.4.5) is

0 . n
H .H
= % _1J|||||||l||ll
r SIn[Z(6 = owvu. <wwwamon SIn[2 (0 = ONVH vo AN.A.mv
where OH and ON are arbitrary constants which must satisfy the

edge conditions. Inserting equation (2.4.6) into (2.4.2), we get

N | -l
=2 vHOA ﬁ|0p now MMﬁAmomvnuw u phn u v An.p.qv
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Transforming the polar coordinate system "into Cartesian

coordinates by

x = recos(f - ONV (2.4.8)

y = resin(é - nwv
We find a simple form of the curve determined by (2.4.6) (see Fig.
2.17) :

c (2.4.9)

Nl

wi = U-

In the Cartesian coordinates, equation (2.4.7) can be simplified

into

uy = dnlbty rgacs + 12k eine - ) (2.4.20)

Here, ., 4, B and v are 4 parameters in cartesian coordinates
m

(see Fig. 2.18).

C2

Figure 2.17. Transforming of coordinate systems.
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I Alx,,Yo!

Figure 2.18. H:WHOQGOﬂwos of 4 parameters.

d being the length of straight line AB, r the length of line OM,,
where M is the centre of line AB, B the angle between line OM and
x-axis, and =~ is the angle between the 1line AB and the

y-direction.
Introducing & = Ha_:_ and

a, =7 -B for n > 0

ap = -7 ~B) form < 0 (2.4.11)

we get the internal work of the whole curved yield line

H . A
SH =3 ma UmeAH - sin nsv Aw.a.HuY

Here ms is the relative awmvwmwmamnﬁ of point M and L is an angle

petween line AB and the direction of & .

It should be noted that equation (2.4.12) is only valid when
(2.4.13)

The dissipation of curved yield 1lines corresponding to rotation
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around an arbitrary point in the plane was developed by J.F.

Jensen [81.3].

o apply the theory of plasticity to

it is necessary to define concrete
But in fact, concrete is
the fact that the
re characterized by strain
lue of the stresses is

As mentioned before, in order t
reinforced concrete structures,
as a rigid, perfectly plastic material.
not a perfectly plastic material due to

stress-strain relations for - concrete a
softning; that is, as soon as the maximum va

reached, the stresses decrease with increasing strains.

A typical stress-strain curve in uniaxial tension and compression

has the form shown in Fig. 2.19 [87.2].

o {MPa) Axial Strain

Lateral Strain

gauge length: 40 mm

) 0.002 0.000 -0.002
50 10 Apml

Uniaxial compressive
stress-strain curve
(Kupfer, 1969) .

Figure 2.19. Uniaxial tensile
stress~-elongation
curve (Peterson, 1981).

r of dounnmnm in tension is almost brittle

- In reality, the behaviou A
rete in compression is very limited.

and the ductility of conc

Because of the limited deformability of the concrete and the
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unstable nature of the concrete failure we cannot expect the
concrete stress to equal the maximum compressive strength at all
points of the yield Hw:mw at failure. It means that the
redistribution of stresses, as assumed in plasticity, can only
take place at the. expense of losing some strength.

In order that the theory may .ow<m a reasonable gquantitative
prediction of the observed shear capacity, a method that has been
proved useful is to modify the exact plastic solutions by
inserting in the theoretical formulae a concrete strength which is
smaller than the strength measured by standard tests.

This suggests the introduction of the effectiveness factor v, for
the compressive strength, and v,, for the tensile strength, as two
empirical measures of concrete ductility and as two absorbents of
all other shortcomings of the theory as well.

If £, is the uniaxial compressive strength of concrete measured by
a standard compression test and if f is the uniaxial tensile
strength of concrete measured by some standard procedure, the

corresponding plastic compressive strength of concrete mm and the

corresponding tensile strength of concrete mm are

t (2.5.1)

ot *Q *

z £ (2.5.2)

In the remaining sections, the notations nm and nm are always used
in formulae. Since it is difficult te determine the tensile
strength of concrete by an ordinary tensile test, the plastic

tensile strength of concrete mM will be compared to the plastic

compressive strength nM by introducing the factor v» defined by

(2.5.3)

The quantities » and n» are called effectiveness factors. The

values of v and n* normally must be determined by experiments.
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6 Basic assum ons

Reinforced concrete beams (including deep peams and corbels) are

very important structural members in concrete structures. ] : : o

In the following chapters the plastic theory of reinforced

concrete beams is treated based on the assumptions: m<

1) The beam is in a state of plane stress. i . m:!
| ‘ , fy

2) Anchorage failure and bearing or supporting failure are

prevented by special anchorage vﬂo¢wmwosm. guch as steel plates 3 ”
welded to the bar ends, and adequate design of the bearings and §

load platens so that the proper transfer of reinforcement tension :
to concrete compression will be possible. . 1 Figure 2.20. Uniaxial stress-strain relation for reinforcement.

3) The reinforcement is rigid, perfectly plastic with a 5) The weight of the beanm is disregarded.
stress-strain relation for tension and compression as shown in .
Fig. 2.20. The yield strength of Hmwsmonnmgm:m is denoted mn. For
steels without a definite yield point, the £ is defined in a

Y
suitable manner (e.g., as the 0.2% offset strength) .

Furthermore, we assume that the reinforcing bars are o:w% capable
of carrying longitudinal tensile and compressive stresses.
According to this assumption, the reinforcement bars are unable to
resist any lateral forces, i.e., the dowel effects are neglected.

The assumption that the materials are rigid and perfect plastic
means that any elastic deformations and work hardening effects are

neglected and unlimited ductility is assumed.

4) The concrete is rigid, perfectly plastic with the modified
W Coulomb's failure criterion as yield condition and. the associated
flow rule (normality condition) as constitutive equations (see

Fig. 2.14).

. S * *
The tensile and compressive strength of concrete are md and ho.

nmwwmoﬁw¢mH<. where mm and nm are defined v< (2.5.3) and (2.5.1).
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. AND CORBELS

ic solution of pure pending is described
termination of the bending capacity of
an old vHOUHm!. which may be treated
he literature and in design codes.
plastic theory in bending is to
provide available tools to exclude the possible flexural failure
when the shear problems are dealt with. The following solutions of

bending were presented by M.P. Nielsen et al. [84.1], ﬁm».mumsm
p beams with horizontal web

(78.3], except for solution of dee
reinforcement, which is derived by the author at section 3.3.

In this chapter, the plast
only briefly, since the de
reinforced concrete beams is
by many methods described in t
The purpose of reviewing the

The beams treated in this section are assumed to have a

rectangular cross section beh and to be loaded in pure bending.

The tensile reinforcement with the yield strength n< and area Ag

is assumed to be concentrated in a stringer at a distance d from

the top of the cross section as shown in Fig. 3.1.

:

The concrete 1is assumed to be perfectly plastic with the

compressive strength mM = cvmo. Here vy is an effectiveness factor
for bending and £, is the compressive cylinder strength of

concrete.

The complete solutions for the bending failure aoambn‘wﬂm given by

1 % % . *
. (1 -3 evvov valid for ¢, <1
(3.1.1)

valid for ew 21

(S

of reinforcement, defined by om =
mmmmn#»<m yield moment 5m.

Here, the effective degree
* . N .
mew\wnwo~ and the apamﬁmvoswmmm

48

. t N»
defined by Bv = zv\um mn~ SmcmvmmSM:dHoucnma.wonmmnmwwm
concerning the derivation of (3.1.1) see, for example, [84.1].

, b ;

o= e m‘ <_umn L <Uﬂn
A -
| - F

et . ! ™
hl | Mp d Mo ¥o=d _ - M,

00>..m0 o« _ - >WH‘< o+ .— - | DmQ’
kN : (o<f,)

a) Normally reinforced section b) Over reinforced section

Figure 3.1. Normal stress distribution at the yield moment.

Fig. 3.2 shows a typical corbel with the rectangular cross section
beh.

The complete solutions of bending capacity for such corbels are
given by _

%*
- $p) - m valid for sm <1

(3.1.2)

<mwwn.n0H ew 21

Y
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Figure 3.2. Bending capacity of rectangular corbel.

3.1.2) can easily be found by inserting equations

Equation (
x .
o (3.1.3)
My = Pe(a + 3 )
x = P (3.1.4)
fo) *
bf

into (3.1.1).

solution (3.1.2) may pe identified with the exact solution found

by B.C. Jensen [79.73.

tensile and
is * assumed

with the same

reinforcement

strength m<0 and area A .

a distance Qn from the top of the

the compression

compressive yield
concentrated in a stringer at
cross section. All other data a
with those mentioned in section 3.1.1.

nd assumptions are in agreement
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The dimensionless effective yield moment is found to be

* *
+ap’ - Leon + +0)? valid for (sy + $) <@

b
1.2 * . * % * *
Za° + (1 - a)éy, valid for (¢, + ¢.) 2 a2 (o = ¢o)
*
= «
Bv * * 1, . * * 2 * * * *
$y, = av, = (¢ - LI valid for (¢, —- ¢.) > @ 2 a(d- ¢.)
1 * * *
|z 7 (1 - a)é, valid for (¢p = ¢.) > 1
(3.2.1)
Here, the following parameters have been introduced
d
@ = mm : (3.2..2)
A £
*
by = X8 (3.2.3)
vmmo

Because the vertical web reinforcement has no contribution to the
bending capacity of the beam, we will only discuss the influence’
of horizontal web reinforcement.

The horizontal web reinforcement with the same tensile and

compressive yield strength mwsv is assumed to be uniformly
distributed in the cross section. The area of the horizontal web
reinforcement per unit of height is denoted as VWzv. All other
data and assumptions are the same as those mentioned in section

3.1.1.
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Wwhen a flexural failure occurs, the.stress distribution in the

cross section will be as shown in Fig. 3.3.

ey i _ (1+ 07 b _ (1+ 0N bfS
Tm TT [
xmq‘w

._H >mi7 J_r ' <onn_ '

h d — oot )M Y
il _ T Alfy : » A0

oo A Jﬁl - o

* "R (o<f,)

a) Normally reinforced section. b) Over reinforced section

Figure 3.3. Normal stress distribution at the failure moment.

We easily obtain the dimensionless effective yield moment am as

follows:

1, % *x 2 * * *
M.a@U + Gwﬂﬂ_v \AH + Nﬁwﬂﬁv for #U - Qwﬂﬂ {1

for ¢F - 45 > 1
or ¢ = ¥ny 7

(3.3.1)

*
Here the effective degree of horizontal web reinforcement &, ..,

defined as ews = >m£5.m&£5\dmw has been introduced.

The influence of the horizontal web reinforcement on the ultimate

* *
flexural load is shown graphically in Fig. 3.4, vhere a; = ars\eu
The three curves in Fig. 3.4 are drawn for
e - case without horizontal web

= 0.5 and a,= 1.0, respectively.

has been introduced.

a,= 0, which corresponds to th

reinforcement, formula (3.1.1), ay

e ]

:uu\fv

2 0.0

o

25 O,/

0 0.5 1.0 1.5 2.0

Figure. 3.4. Bending capacity of beams with horizontal web
reinforcement.

For pure bending of a rectangular section with only tensile
reinforcement, the effectiveness factor vy has been analytically
M»Mmﬁawsmm by Exner [79.5] using stress-strain curves measured vx.

.T. Wang et .
g al. It turns out that vy is a function of the

uniaxial compressive stren
gth £ th i
reinforcement f£_ and the Hmwsm0H0MNr:n MM#MHJWQ Mmemww o
m =
wm\vm. Y o ned "

For i 4
practical purpose, v,, can be calculated approximately by a

simple empirical formula
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m% < 900 MPa
’ (3.4.1)
60 MPa :

£ £
= - K - C
vy = 0.97 = 3500 ~ 300 for £ <
[«

will be 1less than 600 Mpa, and

For most practical cases m%

conservatively we get
£ < 600 MPa

mn b4
vy, = 0.85 ~ 355  for e <
. . =

(3.4.2)
60 MPa

ost 300 conventional beam tests from many
5mw3ﬂ.ﬁuo =U|<wwcm of
(3.4.1), can be found in [84.1] and [84.6]}. Here, we will only
treat the deep beams with and without horizontal web reinforcement
failing in flexure. The dimensions and material properties and

measured ultimate loads of th
ix A. The statistical value

Comparison between alm
different test series and formula (3.1.1),

s for the ratios of test to

Append
theory using (3.3.1) and the uuucmwsm of (3.4.2) are shown in Fig.
3.5.
itenm number| mean standard coeff. of
deviation variation

| cases . n X a c,
deep beams without horizontal

4

e tested deep beams are listed in

web_reinforcement 74 | 0.999 0,069 0.06
deep beams with horizontal
web HmH:mOHomamaﬂ 29 0.998 0.072 0.07

ues of the ratios of test to theory

The statistical val
4 without horizontal web

for deep beams with an
reinforcement fajiled in flexure.

Figure 3.5.
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The good agreement can also be seen from Fig. 3.6, where the curve
drawn is the solut : , .
ution (3.1.1) with the ewl<wwco from (3.4.2), and

Fig. 3.7.
me
6 P L
5 A . H
4 A
«3 4
2
I
.0 . ” ” .
.0 .2 . ;
Figure 3.6. The plasti ‘golut o D tests of e
plastic solution compared with tests of deep vwmaw.
v (t)
&0 test . ) )
s | ” ” ”
: . B P T T L
. g :
40 | : .
- . X IR e e ne e e e -
s (-]
30 A
] nmmw beams with ! .
2 1. :mv”nwubmonumaowﬂw horizontal
O deep beams with ronnuounmw
web, reinforcement
10 d. . . L
o L . . - : . . Veal
10 20 30 40 0 g0

Figure 3.7. The comparison of tests with wroon% for deep beans.
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SHEAR CARRYING CAPACITY OF BEAMS, DEEP BEAMS AND
CORBELS_WITHOUT WEB REINFORCEMENT |

CHAPTER IV.

y treat beams subjected to concentrated

In this chapter we will. onl
simply supported rectangular

loading. Consider a horizontal,
concrete beam loaded by two m%ﬂ;mnuwomw loads P, (Fig. 4.1).

S S 4
—
|

o T

+2 -

Figure 4.1. Rectangular reinforced concrete beam subjected to

concentrated loads.

depth of the peam are termed b» and h,
denotes the clear shear span, which
tween the inside edge of support

The beam is reinforced with the area Ag along the bottom face of

the beam. The breadth and
respectively. The quantity a
is defined as the distance be
platen and the outside edge of load platen.

er and lower bound
nt of the tensile

In this section we will derive coinciding upp
solutions of non-webreinforced beams taking accou

strength of concrete.

The coincident upper and lower bounds in the over reinforced case
[81.3). The complete solutions with

was found by J.F. Jensen in
their boundaries were derived by the author. These solutions can
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be used not only for conventional beams but also for deep beams
nMHMmHm and joints. The solutions are compared with a great acavmw
() est series on non-webreinforced slender beams, deep beams and

corbels sub _mnﬂmﬂ to .00500 p P
ntrated ocads e t CO:! e O
loa on th O; mpression

A really good agreement has been found.

Let us consider the beam element A~B between dsm. loading and
supporting platen in a stringer beam.

The stress distribution is as shown in Fig. 4.2

- Oow Compressive stringer C
] QN N 1
I QWM N h-xtg®
h vq . 9% o} -,
e hv
11 0, QM L xtg 6
y . 0
.u_r‘lov l_v VO\ m .q.
A Tensile stringer B
X % X=Q L
\_r Q -
\__s '

Figure 4.2. Stress distribution along the clear shear span
SMHMmmcsm that if the tensile stringer is not strong enough, it
s N !
W yield at a point 0. The distance between point O and the

section B is denoted x. The tensile force at point 0 .is T.

We must have
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< (4.1.0)
X a

When point O reaches point A, i.e. x = &, the stress distribution

in the shear span may change into the case shown in Fig. 4.3.

Co C
o em—— dppr—
o, QW
01 Qu
h A 2 A_n
9 I
2
vk
qf < ._.o > 6 Wl
x w_f ! g —

mwacnm 4.3. Stress distribution along the clear shear span of a

stringer beam with small shear span.

In the areas marked I, the stresses are

QH = QHmOmwo + 0 mmnwm 4.1.1
I_ 25 + olsi 29 4.1.2
o o,cos ,sin ( )
rI = - ol .1.3
| x<_ _QP Qm_mwbe cosb (4 )

i i not
As mentioned in our pasic assumptions, the stringers can

resist any lateral forces.

This leads to

(4.1.4)

Inserting (4.1.4) into equation (4.1.2) yields
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I . o cot?s “.1.5)

L 1

From equations (4.1.1), (4.1.3) and (4.1.5) we easily get

I 2
o, = 0,(1 - cot”8) (4.1.6)

I i .
I7gyl = oqc0te (4.1.7)
In area marked II, the stresses are

*

II

oy = xap - mn (4.1.8)
II II 2 s 25 * 2

oy = o0, cos 0 + o,8in 6 = o, + Axnpumnlnpvnow :] (4.12.9)
II; _ Iy - _ * . .

_4x<_ _qH o, |siné cosé = (o,-ko,+f )sind cos® (4.1.10)

The first principal stress o, in Fig. 4.2 and Fig. 4.3 is
depending on the angle 6.

As mentioned in section 2.3, the first principal axis bisects the
angle between the relative displacement rate vector and the yield
line normal. It is demonstrated in Fig. 4.4.

2
h B X
T
7B
g A lo\o N
n B W\ 17
t \y
" -+ a ¥

Figure 4.4. The relations between §, « and 6.
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The relations between B, @ and 6 can be easily found ﬁo be

6 =p + m - m (4.1.11)

cotp = m (4.1.12)
The magnitude of the first principal stress o, HM

o, = £y = P when a > ¢ (4.1.13)

0¢ o, < mm . when a = ¢ A»Jp.p»v

g, = o when a < ¢ E A».H.pwv
The relation between o, and 6 may then be found to be

o, = P when 6 > B + £-% (4.1.16)

0<o, < fy when 6 = B + £ - (4.1.17)

@, =0 when 6 < B + m - m (4.1.18)

At first, let us consider the case of x = a.

. . 4
Using equilibrium conditions to section B in Fig. 4.3, we n%ﬁ
that ,

I iz - tgb valid for x 2 a (4.1.19)
P = _4x<_vw tgb + _4x<_vA5 a tgf)

11 I= 4.1.20
I, pen-atgd)o, +balryl =20 ( )

T + ba tgb oy

. into
Inserting eguations (4.1.6), (4.1.7), (4.1.9) and Aw.w 10) i

equation (4.1.19) and (4.1.20) yields

z a
®°+1-%*h . C . (4.1.21)
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(4.1.22)

Here, 4.n.mm has been introduced as ﬂvw,m<mwmmm shear stress in
the section in question.

The parameters yo, By and Uo in formulae (4.1.21) and (4.1.22) are
as follows

Ro = 1o K PO (4.1.23)
c e
ag ag
1
o =1k ” mm (4.1.24)
c fe
T
bg = 2 *
. bher
Po = A . (4.1.25)
- O

Inserting equation (4.1.21) into equations (4.1.16), (4.1.17) and
(4.1.18) yields

_ ok _k __D a
o, =p £ valid for tgy Sosy < h (4.1.26)
* : c a D
0 < o, < mn valid for tg¢ Sosy < R $ tge - Gose (4.1.27)
o,= 0 valid for 2 < tgy - == (4.1.28) .
1 h cosy i
Here, the parameters
C=1-2 T - (4.1.29)
bhf
c
and
B -2 I *
meo
D = Ah.P.@Ov
. z . )
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have been introduced.

The parameters A and p are as follows

) *
N=1-k +0p (4.1.31)
p=1-%k - p* (4.1.32)
In the case of 2 5 tge - D we have
h cose’
(4.1.33)
(4.1.34)

Now we determine the highest lower bound by maximizing equation
(4.1.34) with respect to the tensile force T.

L USHM. the highest lower pound is owmmwbmm.swﬂa the

For T ¢ 5
maximum tensile reinforcement force, i.e.

T = ¢*bhf), (4.1.35)
. AT
Here, the effective reinforcement degree ¢ = .|||m has been
Ubno
introduced.

For T > W UumM. the highest Jlower pound is obtained with T =

-3 * =
= pnf,, i.e. D 0.

Thus, the highest lower bound is

(4.1.36)

b=-_2¢
b= Y : valid for o* < w
(4.1.37
o] valid for 9* 2 W v
In the case a - L
of g < tgy Sosp’ Ve easily find that
cotd = Amvm tr nw ! m
e (4.1.38)
=
*
iy (4.1.39)
with
1 - 24" i *¢ 2
valid for ¢ ¢ 5
c= :
. (4.1.40
0 valid for o* 2 W v
In the case of tgy = c a
< 3¢ tge - =2
Gosy 5 g , the highest 1
bound may be found b i a1 ’ e to
y maximizin
. . g equation (4.1.22) with respect to
mu. .
c

Through lengthy and tedious derivations, we get

-5i * 2
- (1 -sing)[(1 - 2¢ ) - (sihe - m cose) ]
(4.1.41)

sing]

6wdh8

2cosy [cosy -

Sl

Inserting equation (4.1.41) into equation (4.1.22) yields

- a2
@+ 20 -sing) - 20" (@ cosy - sing)

(4.1.42)

Hh

* a
c 2[f sine + cose]

1 n A 1. v~ A .1. v hadd
Solutions 4. 36 4 39 and Ah 1 th are OuwHK valid when the
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* . B
- (4.1.43)

I *
a5 > Whﬁ - f

is satisfied.
Inserting equations (4.1.5) and (4.1.33) into (4.1.43), we get the

condition

(4.1.44)

When the equation (4.1.44) is not satisfied, the location of the
yielding point of the tensile reinforcement O may depart from A
and vary between A and B.

Inserting x = a into equations (4.1.33) and (4.1.34), we find
solution in this case

_Amvw +1-p%+% “
valid for x < a (4.1.45)

coth =

= valid for x < a (4.1.46)

The optimum value of W can be found by maximizing equation

(4.1.44) with respect to m. It's easy to find that

valid for x < a - (4.1.47)

This value coincides with the mncmmwos :..H..»i. It means that
when the shear span ratio reaches and surpasses some special
value, the wdnwwsmﬁwod,om,naﬂ‘wwvmmwvwﬁvnwﬂwnwwowimlwuncm lower
bound will Be independent of the shear:span.rati®.

Inserting equation . (4.1.47) ‘into.(4.1.46) yields
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4|*n...ﬂ9~u:~1pucmv 2;;8
b4 .

c

It's worth noticing that when ﬁ* 2 W (D =0), i.e. in the case of
an over reinforced beam, the stress distribution in the shear span

may become homogeneous, as shown in Fig. 4.5.

h nq 9z um h_u

To T
A B
17
a

X

Figure 4.5. Stress distribution in the shear span of an over
reinforced beam with large shear span ratio.

Solution Ap.p.»mv.wm valid only when the condition

3
LoD s opgp - =2 (4.1.49)

is satisfied. It yields
A+u+ D>1 (4.1.50)

Inserting equations (4.1.31), (4.1.32) and (4.1.37) into (4.1.50),
we get

« * *
*ek- k(2 + xe* - ¢%) valid for ¢* ¢ £E=1  (4.1.51)

p £
k(k - 1) 4k

and
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* 1
P < 3%

valia for ¢* > E=2% - (4.1.52)

The highest lower bound may be found by differentiating equation
(4.1.48) with respect to u*.
I+ is found that for A + p + D 2 .1, the highest lower bound is

given by formulae (4.1.36), (4.1.39), (4.1.42), and (4.1.48). For
A +p + D < 1, the highest lower bound will be obtained when

*

«_x -k 4 xe® - 9"
K(k - 1)

for ¢* ¢ w»m 1 (4.1.53)

p

* .k l ,
o* = % for % 2 B2 (4.1i50)

ot

It's coincident with the equations (4.1.51) and (4.1.52).

In this case the highest lower bound is

b= G e oo -l g eorge -1 -1l

T
£ Kk - 1)2
valid for ¢ ¢ X2 (4.1.55)
4k ,
T 1 . * k-1
— e valid for ¢ > (4.1.56)
£ 2% 4k
c
when equation
Sine *
1+ 2 22— g
22 [2 1 sing - cote (4.1.57)
sine . oL
is satisfied.
. sing: * - o P
. 1+ 2 $
a bW\ l - sing - . .
In the case of oy < siny coty, solutions (4.1.39)

and (4.1.42) are valid.
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o
N

* o\

Figure 4.6. Failure mechanism in shear span for beams without web

reinforcement.

Fig. 4.6 shows the shear span of a concrete beam subjected to the
concentrated load P. Consider a failure mechanism consisting of a
single straight yield line inclined at the angle B to the beam
axis and running from A, which is the outside edge of the load
platen, to point O, which may vary along the clear shear span.
This yield line subdivides the beanm into two rigid parts marked I
and II in Fig. 4.6. Failure is assumed to take place along this
yield line. The relative displacement rate is v, inclined at the
angle a to the yield line. This mechanism is kinematically
admissible, since it does not violate any support condition.

We assume that the reinforcement is yielding in tension, i.e.

Zs@+p) & (4.1.58)

The range of the angle B is

6 <BSE (4.1.59)
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The lower limit of B is imposed by the geometry of the beam, where

cotd = m (4.1.60)

The upper limit of B ensures that the reinforcement is yielding in

tension.

The rate of internal work dissipated by this failure mechanism is

v bhf
SH = Mﬁylt mm:avmwmm -~ T v cos(a+B) valid for ¢<aflmr=¢
R (4.1.61)
v bhfx :
Wy = wﬁplmwuavmwmw - T v cos(a+8) valid for afy or a2w-¢
(4.1.62)

where T is the tensile force of the reinforcement at the

intersection with the yield line.

Here, the parameters A and p defined as

b

A=1-2S 80 gt o (4.1.63)
f 1 - sine :
c

and

*
fy 1 *

p=1-2-— =1-p(k+ 1) (4.1.64)
mn 1 - sing

have been introduced.

It is obvious that when (a + B) > W. the reinforcement must be

yielding. In this case we have

(4.1.65)

T = bmmw
When a + B = W~ we are in the over reinforced case.
The rate of external work done vw the reaction is
W, = Pevesin(a + B) © (4.1.66)

E
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The work equation Wy = sm.wwmpmm the upper bound

A - u sin(a + B)cosp + (u - 2¢”)sinp cos(a + B)

T -
mm 2sinB sin(a + B)
valid for (¢ ¢ w $ wT=9) (4.1.67)
T__ 1= sin(a + p)cosp + (1 - 2¢*)sing cos(a + B)
£, 2sinp sin(a + B)
valid for (a £ ¢ or a 2 T=¢) (4.1.68)

Here, the effective reinforcement degree o» has been introduced

=Y for (a + B) > W
*» _ | bht
¢t - c (4.1.69)
. T ]
for (a + B) =3
bh), : 2
3 (r/£5)
It appears that = 0, for
da
A cos(a + B) = ~(u - 26" )sinB (¢ £ a & T=¢) (4:1:70)
cos(ax + B) = (1 - 2¢*)sinp (@ $ ¢ or @ 2 T=p) (4.1.71)
*
a(r/f,)
e = 0, for
ap
(A-p sina)sin(a + 28) = 2¢”sin’f  (eSasm-y) (4.1.72)
(1 - sina)sin(a + 28) = 2¢"sin®s  (age or alw-y) (4.1.73)

Solving equations (4.1.70) and (4.1.72), we find that
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sin(a + B) = n cosp valid for o* ¢ W ' (4.1.74)

cotp = B8 (4.1.75)

sina = E
mn+ D

and ¢ S a § 7=y (4.12.76)

Here, the parameters 7 and D are mmmwsma by

A A (4.1.77)

b - _2¢ for ﬂ.Am.
(4.1.78)
(o} for o* 2 W

Inserting equations (4.1.70), (4.1.74) and (4.1.75) into equation
(4.1.67) we get the lowest upper bound

=% a2 - p?ya - %) (4.1.79)
no )
Tt should be pointed out that equation A».H.qmv is only valid when

g>8 (4.1.80)

and

a2 ¢ (4.1.81)
Inserting equations (4.1.75) and (4.1.60) into equation (4.1.80)
and inserting equation (4.1.76) into equation (4.1.81) yield the
following condition for equation (4.1.79) to be valid C

(4.1.82)

and -
70

A+p+D2 1 (4.1.83)

If equation (4.1.82) is not satisfied, it means that B £ 6. Thus B

must be restricted to the value (4.1.60), i.e.

cotp = m (4.1.84)

Solving equations (4.1.70) and (4.1.84) yields

m%ﬂmvm +1=-D>+D

sina = valid for ¢ { a § T=¢ (4.1.85)
@2+

The lowest upper bound is obtained by inserting equations (4.1.70)

and (4.1.84) into equation (4.1.67). ’

= Wﬁy_amvw +1-D°-p ma . (4.1.86)

*
HQ

The condition for equation (4.1.86) to be valid can easily be

found by inserting equation (4.1.85) into masmﬂwos (4.1.81). This
leads to

a D
m Nﬂmsl Sose (4.1.87)

¥When egquation (4.1.87) is not satisfied, it means that a must be
equal to or less than ¢ and eguation (4.1.70) is not valid

anymore.

solving equations (4.1.71) and (4.1.84) yields the solutions.

sina = siny valid for tge |,0Mm£ < m < tge - OWms (4.1.88)

: a ¢
valid for § £ t9¢ = Gosp

sina = =3

(4.1.89)
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Here, the parameter C has been introduced

. * * H
1 - 2¢ when ¢ < 3
c = . (4.1.90)
* 1
0 when ¢ 2 3
As in the case corresponding to equatién (4.1.88), the lowest

nMVMn bound can be easily found by inserting equations (4.1.84)
and (4.1.88) into equation (4.1.68).

_ MAWYN + p_ﬁp - sing) =~ me*Am cosy = siny)

r_-L1h — (4.1.91)
mo . umm sing + cose]
When m $ tge - nmms~ we find the lowest upper bound by inserting
equations (4.1.84) and (4.1.89) into equation (4.1.68)
r__ 1[[&72 _ 2.2
mu = wﬁ @°+1-c A:_ (4.1.92)
c .

In the over reinforced case, i.e. when o* 2 m corresponding to ¢ ¢

a {T - ¢, or when e* 2 w corresponding to a { ¢ or a M T - ¢, We

may find the lowest upper bound in two ways.

One way is to use the same procedure as above which is done first.

When the beam is over reinforced, it appears that

a(r/£y)
da

>0 (4.1.93)

It means that we find the lowest upper bound when a equals the

smallest vommwvwm value. From the condition (4.1.58), we have

a+p=1 (4.1.94)

Inserting equation (4.1.94) into equation ﬁ».p.mqv yields
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I_.2-pocos valid for ¢ S @ { T = ¢ (4.1.95)
£
It appears that

=0

5

for

- = tga (4.1.96)

7% -1

cotp =

Inserting equation (4.1.96) into equation (4.1.95) yields

valid for ¢* 2 & (4.1.97)

This solution is only valid if equations (4.1.80) and (4.1.81) are
satisfied. From equations (4.1.80), (4.1.81) and (4.1.96), we get
the condition for equation (4.1.97) to be valid:

2 1 (4.1.98)

and

A+p21 (4.1.99)

When equation (4.1.98) i5 not fulfilled, we find the lowest upper
bound by inserting equation (4.1.84) into equation (4.1.95)

r_ -1 _ a,2 _, a i *yu

m» uﬁy 1+ va u v_ valif for ¢ 2 S (4.1.100)
c

The condition for equation (4.1.81) to be valid in this case be-

comes
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a
i 2 tagy

In the case of & ¢ tge, we can easily find the solution by

h
inserting equations (4.1.94) and (4.1.84) into equation (4.1.68).

e -

Another way to find the lowest upper bound in the case of an
overreinforced beam is minimizing the equations (4.1.79), (4.1.86)

L (4.1.102)

£

]

"valid for o* 2 W

*
c

and (4.1.92) £w¢suuﬂmwmoa to 6*. The same solutions mm.mnzww»osm
(4.1.97), (4.1.100) and (4.1.102) have been found in this way.

As mentioned above solutions (4.1.79) and (4.1.97) are valid only

when equations (4.1.83) and (4.1.99) are fulfilled. When they are

_not satisfied, the lowest upper bound may be obtained by

differentiating equations (4.1.79) and (4.1.97) with respect to
. .

P

It has been found that for A + p + D < 1, the lowest upper bound

can be reached only when

A+p+D=1 (4.1.103)

Inserting equations (4.1.63), (4.1.64) and (4.1.78) into equation

(4.1.103) yields

Tk -d1 + o¥x - 1)

valid for e» < mww
¥ = Tk - 1)

(4.1.104)

1 . * ., k=1
5% valid for ¢ 2 i

In this case curves corresponding to equations Ah.v.mwv and

(4.1.98) are overlapping the curves oouummmo:&wam to equations
(4.1.87) and (4.1.101). Inserting equation (4.1.104) into solu-
tions (4.1.79) and (4.1.97), we find that
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(4.1.101) -

2 ﬁﬁl -1+ ¢¥(x npvuﬂhwap + 97k = 1)) - ww or¢ X1
: ix

i_=

* 2

mo (k - 1)

. (4.1.105)
T 1 * k-1 \
I = —= ¢ 2 T (4.1.106)
£ 2wk 4k

c -

Now equation (4.1.87) becomes
;H + e -1 : * k-1
a2 ¢ (k=1) . coty for ¢ € 3E- (4.1.107)
sing

a * k-1
72 tge for ¢ 2 7R (4.1.108)

when equations (4.1.107) and (4.1.108) are not satisfied,
solutions (4.1.91), (4.1.92) and (4.1.202) will still be valid.

Fig. 4.7 shows the domains of the different failure mechanisms in’

our upper bound analysis with the u*t<wwnm satisfying muduﬁ»on

A».H.mwv.asm GOﬁ:an»mmmﬂmuwonﬂmn mo&.ﬁ = uqo~ i.e. X = 4 and

p¥ = 0.1.

In the case of large u*|<mwcmm~ ji.e. when condition (4.1.83) is

violated, the failure mechanism marked 3 and 4 in Fig. 4.7 will

disappear, because their upper and lower boundaries overlap, while

the failure mechanism marked 1, 2, 5, 6 and 7 remain applicable.
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———
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Figure 4.7. Domains of the different failure mechanisms for small

* v
p -values.

We have derived both the highest lower bound solutions and the
It is easy to note that they are

lowest upper bound mowcﬁwoﬁm.
are exact according to our

jdentical. These solutions thus
assumptions in section 2.6.

The complete plastic solutions are summarized in Fig. 4.8 and Fig.

4.9.
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A+ u+D21

a " o
a £*
2 c e.m.w_.. WMG.MW onw.w.
< 2 1 Z-pH) (1 7 ._\l]
h 3 i) (1 - D7) 1 AT
__D_ .a 1-D A, /3
a0 SRS/ RT-1 TP +1 =D =u gl T Bier-ugl
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tan® -z55p LR S YW g |
nAm sing +cosy)
a - .c 1 a2 4 7
R S tanv - 555% 7 L/ +1-c? =gl WH Amun‘fé..mmu

Figure 4.8. The complete plastic solutions for small v*|<mw=mm.

In Fig. 4.8 and 4.9, the parameters are defined as follows.

*
* _ MM _ 1 + siny
P *x ! k=1 "=sins
f
c
%
A=1-p(k=1), n =2
m R
A_f
*
p=1=p(k+1), o* = =X
Uvmo
TV
* *
HO Uﬁmn
*
1 - 2¢ for ¢" ¢ %
C =
0 for o* > W
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- *
rylw.hﬁl for Q m W
D =
* t
0 for ¢ > W
A¥p+D<
% ¢* x=1 k-1 1
2 %= A Y kst sz
XD [V/E=- /TTRC1I6%) [ /KTTT (i) 9%)= 1) 1
Thﬂﬂﬁﬁ,ggum 2 =112 ik
[@)2 +11{1-5in0) - 2¢* (f cosw-sinv)
c a T+ (k- - h h
tane - 5oep SR S 8ino cote 2(§ sino + cosw) )
2 < tane - 5o @241 -c? =f] W CEERES 3|

*

plastic solutions for large p -values.

Figure 4.9. The complete

* .
These solutions are also valid when p = 0, which correspond to

the so-called sguare yield locus (Fig. 2.15). It is easy to find
that in this case the complete solutions will be very much

simplified and we get

(4.1.92)

i

for o* <

" (4.1.102)

i

o
for ¢ >

78

In what follows we will name equations (4.1.92) and (4.1.102) the
simple solutions to distinguish them from the complete solutions

considering the tensile strength of concrete.

Fig. 4.10 shows the domains of the complete plastic solutions for

small uwt<mwcmm in the Ae*. mv parameter plane. The boundaries are

plotted for ¢ = 37°, i.e. k = 4 and p* = 0.1,

A+uy+b21
a
h
ETal
10— .
oAﬂ
iré
0.5
e @?- 807
.eo
0 P-Asing 01 _-w,é 0.3 0.4 0.5 0.6 0.7

Figure. 4.10. Domains of the complete plastic solutions for beams
subjected to point loading and without web

reinforcement.
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e s ]

Fig. 4.11 shows the domains of the complete plastic solutions for

large p*-values in the (4%, mv coordinate plane. The boundaries W
are plotted for ¢ = 37°, i.e. k = 4 and p* = 0.2. |
| R
A+u+Dc<1 “
!
S I _,,
% L 2 N N NN
mun-us “
AR E NI [ S
& ' © :
. ; Figure 4.12. Shear carrying capacity of a beam subjected to
m concentrated loads versus clear shear span and
H m longitudinal reinforcement degree.
o* |
0.4 05 0.6 0.1

Domains of the complete plastic solutions for large

Figure 4.11.

*
p - values.

In Fig. 4.12 the shear carrying capacity ﬂ\mm is plotted against

a/h for different values of o* and b».
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p* = 0,03
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Figure 4.12 (continued).
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Fig. 4.13 shows the relation between the shear capacity and the
longitudinal reinforcement degree for different shear span ratios

and ntn values.
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%

] .6

Figure 4.13. Shear capacity of a beam  loaded by concentrated force

versus longitudinal reinforcement degree.
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From Fig. 4.12 and a.mu. it is very clear that the shear carrying
capacity, in general, increases with an increase of the
longitudinal reinforcement degree and decreases with an increase
of the clear shear span ratio before it reaches some special val-

I
w ue. This special value is very much influenced by the n&l value.

R ] : In mMm..a.HA the influence of the uﬁl value to the shear capacity

uamummb shown in different values of m w:a ttr

....... X |
|
_u i a
: 5 4 il .
oA ...w«......‘..J.........”.”. B R EREEEEE ....w...... . W ” : m m :
. “ “ ” . . . . . . .
% 1 .2 .3 4 S . 8 ] : : X : :
g ‘ w W3 R R
" ; .
. ”
.0 o1 .2 .3 o4 .5 .6
: *

M Figure 4.14. The influence of p to shear capacity for different

_ values of m ula **...

. . . . m

. . R VY 3 m

i e : : |
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Figure 4.13 (continued).

84 85




= 0.5

ad
e

%} X .. . ‘” ! !
.+ ...... ..... o
30 FOTTUTRRRROT PRRRTREE R ) : “
p* =0 : . :
s ; ik
2 4 L T et .
0.03 . “ '
5.0,/ : : : “
404 1.....:?......1..wA. e .M‘Z.....I.n.. :
: : : “ m .
° % 1 .2 .3 4 .5 .6

Figure 4.14 n005ﬂw=cmmv.

ks
$* = 0.10
MM .
.u . . . . . . ” .- “
T PP SUUDUUU TP §
Y 2.0 4.5 5.0

«0

Figure 4.14  (continued).
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i s

The difference between the cases of considering the tensile
strength of concrete and neglecting it can be seen very clearly in
Fig. 4.14, especially for beams with large shear span ratio and
for corbels with low reinforcement degrees.

T

£33 ¢* > 0.50
.S " ,

J s I N N NN el NP, e L
. . . . . . .
. . . . . .
. . . . . . . .
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B d i N B R R IIPN R P A
. . . . . . .

“ : ” . o . : .
.2 L EEERTRE TR N, ..m......m......m......w. PR I I
. . D . 0.03 . . .
e . 0:00 D e .
. . . . . . . : a
.0 — ; ” . : "
.0 %] 1.0 1.9 2.0 2.5 3.0 3.5 4.0 4.5 5.0

the effectiveness factors v and v& in our

As mentioned before,
complete solutions must be determined by experiments.

Inserting HM = vf_ into the ooavumﬂm plastic solutions shown in
Fig. 4.8 and mow<usa it with respect to we find the
oonnmmbo:nwsa mogmwum of ﬂum ulHOHBcme as mvozﬁ in mwn. 4. ww. Hsm

v,

wocsnmuwmm are vwonﬂon for ¢ = uq » e. k = A u:u v = 0. H.
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w It is worth noticing that when we determine the v=-value for shear
! from test results, we should exclude flexural failures and local
failures and preferably use the test data from ﬂmmﬂ.mwmnwams with
high reinforcement ratios. Otherwise, it may prodice very
unreliable results mwvmuwmwww in the case of tests with very low

reinforcement ratios.

: A great number of test data for non-shear reinforced beams, deep
y44+ ﬁvn-:m beams and corbels subjected to concentrated loads have been found
in literature. The detailed test data, including the dimensions,
material properties and measured ultimate loads of beams, deep
beams and corbels, and the sources are shown in Appendix B.

It is obvious that the v-value is very much dependent on the n*n

i value that we have chosen. We may decide the n»n value from the
beam failure model. According to our plastic solutions, for the

]
{
i

overreinforced case, when equation (4.1.98) is satisfied, the a\mm
is independent from a/h. This conclusion has been verified by -the
tests. A great number of tests have shown that ﬂ\uo is almost a
constant for beams with relatively big shear span ratios failed in
shear. When the shear. span ratio is less than a definite value,
the /£, is decreasing with increasing shear span ratio. The cri-
tical shear span ratio is about 2.5.

u Inserting a/h = 2.5 into equation

2 o i
e , 8- _%l (4.1.109)
Ve @2-3 | n°- 1
w we get the u*l value about 0.03. This value satisfies the
e i requirement of equations (4.1.51) and (4.1.52).
i
caaca— !
.ﬁ\\*n W Parametric analysis "indicates that the effectiveness factor v
i mainly is a function of the uniaxial compressive strength £ the
i . .
. a.o N.o . ! . ratio of reinforcement ¢, defined as ¢ = A /bh, the clear shear
o ) . S W span ratio a/h and the absolute depth of the specimen.

.mwacnm 4.15. The domains of the p-formulae.

Fig. 4.16 and Fig. 4.17 show some examples of the dependence of v
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It is very clear that v decreases with the increase of the

on mo.
e strength.of concrete.

uniaxial compressiv

the relation between v and £, may be described

For simplicity,
proportional to Amm.

empirically by assuming that v is inversely

That is

(4.1.110)

ta
-

\

Q

Here, k, is a constant and f. is in MPa.

For comparison, such kind of curves is drawn in Fig. 4.16 and Fig.

4.17 together with the tests. A good agreement is found.
v A &
.u . . 0 : . . .
"p% = 0.03]
. . ‘b = 9.00.4n
4 4
3
.2 4 : : :
m : . . . -
ade o N ARRREE RERRRE ..M.I...Iw... . :
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“ : . . . ” ” o)
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4.16. The p-dependence on hn~ [62.2]}.

Figure
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o o e T

M
i

.5 . . -
4 4t
B4t

p* = 0.03 m

b= 6. :
.N.......m“.o.o.... H

h'="12.00" in : :

a/h = 2.50 . .

= 1.67% . . . .
Y L......“......h....,.h.............~......h......z......h......h. R A

: ) “ ) ) ) : : £
0 . . . . : . . (MPa)
e 5.0 10,0 15,0 20,0 25,0 30.0 35.0 40.0 45.0 50.0

Figure 4.17. The v-dependence on wn~ [54.2].

For high strengths of concrete, the v-dependence on mo may be
better expressed as

= (4.1.111)

The comparison of equations (4.1.110) and (4.1.111) with some
tests with high strength of concrete can be seen in Fig. 4.18.
Unfortunately, we have only found a few shear tests with high.
strength of concrete. In the following sections we will only use
(4.1.110) to describe approximately the v-dependence on £
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Figure 4.18.
concrete [84.5].
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v~-p relations

5.0

Some

are depicted in

Fig. 4.19.
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4.19. The p-dependence on ¢ [63.2].
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Figure 4.19.
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(continued)

2.3

8.5 4.0

[66.1].




s increasing almost

g.4.19, the p-value i
for example ¢ <

As clearly shown in Fi
inforcement ratios,

linearly with ¢ for lower re
2.0, and is independent of ¢ for higher ratios, i.e. ¢ 2 2.0.
The v-dependence on a/h may pe expressed as
(4.1.112)

» = ky(3.5 - mw , am $ 2.5)

Here w~ is a constant

Some experimental evidence is shown in Fig. 4.20.

[62.21.

The v-dependence on m.

Figure 4.20.
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Figure 4.20. (continued) [67.3].
. .
Mbvwnmamnnwn analysis has shown that the p-value decreases with
creasing specimen depth. Some evidence is provided wl Fig. 4.21
i
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Figure 4.21. The v-dependence on h(m) [67.3].
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4 shear failures of

nalysis of 657 observe
rical v formula

the following empi

From the parametric a
beams, deep beams and corbels,

with u* = 0.03 is suggested
a
0.35(3.5 = &) (¢ + 2) (1 - 0.2h) Rt 25
v = < 1.0 ¢ » 2.0
ﬂ h 1.2
(4.1.113)
Here f_ is in Mpa, ¢ in percent and h in meter.

s verified by tests having n ¢ 100 MPa, a/h ¢
ut of these ranges, more ﬁmmﬂm are needed.

p beams and corbels from 30 w<mwwmvwm
o the complete solutions in wpn. 4.8

Formula (4.1.113) i
70.0 and h ¢ 1.20 m. ©
Results of 657 beams, dee
references were compared ﬁ
using (4.1.113).

s of test to theory are

al values of the ratio
has been found.

The statistic
4.22. A very good wnﬂmmam:ﬂ

<nmmn (kN)

400 {.........

Veal

(kN)

(o]

]

Figure 4.23. The comparison between theory and tests of beams

1000

presented in Fig.
ltem Observed shear failure Theoretical shear failure
&,
(
Q
m&,,.. number | mean | standard coeff..of | number | mean standard coeff. of.
o&o& deviation | variation deviation | variation
o4 B
JC
) Y - -
cases N n x o <, n x a c,
—
beams 412 1.004 0.152 0.151 353 1.015 0.148 0.146
deep beams 127 1.018 0.146 0.143 101 1.022 0.136 0,133
corbels 118 1.002 0.140 0.140 110 1.008 0.142 0.141
total 657 1.006 0.149 0.148 564 1.015 0.145 0.143

Figure 4.22. The statistical values of the ratios of test to

theory.

The comparison petween theory and test results is also shown in

Fig. 4.23.
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Figure 4.23. The comparison between theory and tests of deep beans

(continued).
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To demonstrate the general applicability of the complete plastic
. solutions, Fig. 4.24 shows the comparison of theory with the
1200 X . : . " +” results of the shear tests of beams, deep beams and corbels for
: different shear span ratios. The v-value has been calculated from

4000 4ot PR el ' . % . (4.1.113).
. . . . ' X a
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Fig. 4.23 (continued) . :
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Figure 4.24. Theoretical shear capacity compared with tests.
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Fig. 4.23. (continued). - ” .0 .
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‘gure 4.24. (continued).
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Figure 4.24.
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Figure 4.24. (continued).
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Figure 4.24. (continued).
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0.40 < § < 0.50 . . 0.20 < m < 0.30
.6

0 . : N 0%
.0 1 .2 .3 .4 .5 .6
Figure 4.24. AnonﬂHSﬂmnv. Figure 4.24. (continued).
x 0.30 < § < 0.40 . v 43 0.05 < & < 0.10
34 . 6 = ‘ . :
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(continued) . Figure 4.24. Aoosnwacowv .

Figure 4.24.
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exact beanm shear

In section 4.1 we have derived the complete
solutions for structural - members without web
subjected to concentrated loads. For practical use, it may often

be considered to be too complicated to use. Further as a matter of
nsion is almost brittle.

reinforcement and

fact, the behaviour of concrete in te
Therefore, in most cases, it is reasonab
strength of concrete. The exact simple s
pased on the yield condition reducing to the so-called square
yield locus (Fig. 2.15) were presented by Nielsen and Brastrup
(78.2] and {78.3]. The corresponding empirical v. formula were

proposed by*Roikjer [79.4].

le to neglect the tensile
olutions of beam shear

In this section, an alternative derivation gdving identical

solutions is developed.

4.2.1 Lower_ bound_solution

Fig. 4.25 shows a stress mwmﬂHwU¢Wwo= in a rectangular concrete
peam with concentrated Hommwbu..arm longitudinal reinforcement is
firmly connected with the lateral steel plate. The beam is
subdivided into a number of areas with homogeneous stress
conditions. The shaded regions are in a state of biaxial,
hydrostatic compression with a stress termed oy. The part I is in

a state of biaxial compression with horizontal stress 0y and

vertical stress termed Q<" The part III is in a state of uniaxial

compression with stress op.
uniaxial compression with stress o,
some bond stress with the reinforcement. In the bending section,
T and the resultant compression

This stress state is statically
equilibrium

The part II is also in a state of
but along line AB there is

the reinforcement force is termed
force of concrete is termed C.

admissible in the sense that it satisfies the
-equations and the statical boundary conditions on the upper and

lower face.

104

Fig. 4.25. Stress di
. stribution in a rect
angular beam subj
symmetrical two-point loads. subjected to

The length of the lo
ad platen k
relation is determined by the geometrical

X tanw = h-x

X a+x ,
(4.2.1)

with the solution
1
k= Mﬁ%MMHMMMMHMM - mﬁ :
(4.2.2)

The depth x- of the
compressive co:
horizontal equilibrium ncrete zone is determined by

NB%& .
' .Ab.u.uv

The s ear oad V corres Ou—nmmnuw to "wﬂH“ stress gHmﬂHchﬂHONH u.m
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> _ _ | 4.2.4)
v = boyk = llwﬁ aZ+4x(h=-x) - ma (

(4.2.4) yields

Inserting equation (4.2.3) into

(4.2,5)

= .w.:1|v + 4T (hboyT) - mva

st lower bound by smxvawnwno (4.2.5)

, e
We now determine the high T oy mwvmwnm e

with respect to the statical

variables 0Oy,

av always

——— (s}

mqv ] . (4.2.6)
$ % noo

&z o0 for T > 3 hbo,,

daT ,

d with the maximum concrete

+ lower bound is obtaine
5Um the highest lower

* *
i.e. T=¢ U#mn

highes .
Thus the g o

For T £ 5

*
stress, i.e. 0y F £
ent force is maximum,

obtained when the reinforcem

Tnserting into equation (4.2. 5), we get
* ¢k (4.2.7)
N -y .
I = wz @) 2+a9™ (1-¢") - L for ¢ £ 3
fe
da with anl vwm
* i wer bound is obtaine
For T>3 bhf, the highest, 10
and we find
r et > L (4.2.8)
> =
o 3[@% - g cor +* >
= T 2[1'h h
e

s with the solution derived by Nielsen et al

i jution coincide
s a stributions [78.2], [(78.31.

using different stress di

106

4,2.2_Upper_bound_solution

Consider a failure mechanism consisting of a curved yield line in
the shear span of the rectangular concrete beam subjected to the
concentrated load V, (Fig. 4.26). The yield line is running from
2, which is the outside edge of the load platen, to B, which is
the inside edge of the support platen. The part I rotates
relatively round an arbitrary point O with angular velocity of n.
The inclination of the straight line AB is determined by the angle

6, where cot8é = m. M is the centre of line AB and the relative
displacement of point M is 6 inclined at the angle a  to the

line AB. The length of line OM is termed T inclined at the angle
B to the horizontal direction. The means of the parameters t, 1
and y can be clearly found in Fig. 4.26.

- 2
A
} 1]
N N
2
I o, I
T M h-y -+ h
| h
t 2 .
/0 U”v\ - ir ’
94
* tesl _..To,,Cr

Fig. 4.26. Failure mechanism for shear span subjected to
concentrated load.
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i i i i nsion, i.e.
e that the reinforcement 1s yielding 1in tension,

We assum
s (4.2.9)
ﬂg + 0 2 3
i i is
The rate of internal work dissipated py this mechanism
_ 2,4n? _ 25-ntanp-a
=3 * +21+a ﬁ a“+h“- |1+tan”p
=32 Umﬂdﬁann )
(4.2.10)
+ 2 WMMNHAwd+ww+mvnmnnlﬂvlwmvuv
bf

, ‘ ibution
sswﬂwsm5w<m¢mmn maﬁmﬁwos (2.4.12) to compute the contr

from the web concrete.

The external work is

(4.2.11)

=2 .
Sm Nﬁwﬂ+wvd<
W, = W iel r ind for the
i yields an upper boun
The work ecuation I E then A

ultimate shear stress:

ﬁmﬁ+mw+wVA_w +s _H+dm= B-htanp-a)+2¢ SHANﬁ+NH+wVﬁmnu (h-2y) 1]

2h{2t+1)

(4.2. HS

n*%d"

mocbmAuw.gwswawnwnm equation

er bound can then be
The lowest upp o Y .

(4.2.12) with respect to the variables

It appears that

e *d .2.13
m?\mmv = 0 for sinp = cinge (1-2¢%) (valid for ¢ <3) (4.2 )
g (tanB)
c (4.2.14)
|®IMH|\|HIQ|v| = 0 ﬁON» £t
3t
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Inserting equations: (4.2.13) and (4.2.14) and cot8 = m into
(4.2.12), we get the lowest upper bound

(4.2.15)

H

1 * * *
= m: @) 24a8™ (14" - m_ for ¢”¢3
c .

For ¢ vw~ minimun is ovﬂmwnmn with B=0 m:m t-»» since the
reinforcement can not be in compression.

In this case the lowest upper bound is easily found to be

LA .w.: @ %4 - m_ for ¢*>1 (4.2.16)
£
p .
This solution is valid when the longitudinal reinforcement is
sufficiently strong, it no 1longer contributes to the shear
capacity, which is determined by the web concrete alone.

Solutions (4.2.15) and (4.2.16) coincide with the solutions
derived by Nielsen et al assuming a different failure mechanism,
which consists of a straight yield line running from the load to
the support and with a relative displacement inclined at an angle
to the yield line, [78.2]. We note that the lowest upper bound is
identical with the highest lower bound. This means that we have
determined the <correct value of cHnwamﬁw shear strength
oonnmmvosnwso to our assumptions.

It should be noticed, as only the shear problem is concerned in,
our analysis here, that the ultimate shear capacity is independent
from the location of the horizontal reinforcement. But, the
distance y in Fig. 4.25 and Fig. 4.26, which is measured from the
bottom of the cross section to the centroid of horizontal
reinforcement, does mﬁwo:nww influence the bending carrying
nmvwnwnw of the beam, - because the increasing of y 1leads to.
decrease of the effective depth d of the beams and then to
decrease of the ultimate bending capacity.
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and Ap.n.pmv.

(4.2.7) and (4.2.8), ©F (4.2.15)

1.1), which is the moment capacity
e horizontal Hmw:nonowam:ﬁ,mo.

Compare equations
with solution (3.

may find the critical position of th
For ¥ < Yo the shear will govern the carrying capcity of the

peam, while for Y > Yo the beam will fail in flexure. Same
influence can pe found for the length of supporting platen & in
Fig. 4.25 and Fig. 4.26. In ([81.2] and [81.3], some solutions had
Jensen and B.C. Jensen for the nosvwammwoum
acity of the peam. Those
rs, such as the clear
the beam depth h,
and are somewhat

formula, we

peen derived by J.F.
of bending, shear and bearing carrying cap

solutions are the functions of many paramete
shear span 2, the length of mﬁﬁ@o««w:@ platen e,
the Q»mﬁwnomf@ and the nmwsmOﬂomawsﬁ degree o*,

complicated.

rs solution are fully jidentical with

1t has been found that Jensen
But the way

the combining equations (3.1.1) and (4.2-7) (4.2.8)
of the latter, i.e. to calculate the pending and shear carrying

capacity separately, is more easY., convenient and vnmnmnmwwm from

a Uﬂwonwnmw point of view.

fied_simple formula

= 83 <A

12
[19)

[1e%
e

The comparison of the simple solutions with the complete solutions
can be seen in Fig. 4.14. t the simple solutions
have some obvious disadvantages. In the first place, it declares
r capacity will continuously decrease along with the
According to the simple

It appears tha

that the shea
jncrease of the shear span to depth ratio.
se of wn,o<mnnmwdmonomm peam, the shear capacity

formula in the c&

of beams with shear span ratio equal to 5 will only pe half that

of beams with shear span ratio equal to 2.5. It does not agree
the shortage of the simple

with the tests. in order to £i11 up
formula, the corresponding empirical v formula [79.4] consists of
a ﬁwﬂwwowwn contribution with the purpose of increasing the v
value in the case of big shear mvml Hwnwow. The v value is very
often bigger than unit in such cases.
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Secondl it
waumowwwsm it gives zero shear capacity for beams without
e nt and underestimate the shear carrying c e
- ) apacit
o tis wws Mm»:noncmamnd degrees, especially when the Mwom
s rather small. In conv i maes
| . entional be
R ien at & . ) ams it perhaps make
Qo<mWﬁma - nwm.vww since the requirement of reinforcement wm
ending design. But for specimens with very s HM
ma

shear span ratio
, such as deep beams
: corb
result in too conservative results ' els and joints, it may

HgHWHwQHEOHms for the reason Qm.cﬂn WUOcmw u-ﬂ M.m not vommPvH.w to

extend the MHu.ava mOHCWWO=m Hnﬂo H.MWHQ concrete beams and to shear

in corbels with
tensile normal fo
: r
found in section 4.3. ce, in which an example can be

By utilizing the
. properties of the
modify the . complete solutions, w
shortage of Mwwwwm solutions to eliminate the first Vmsmw e
it of 2 e simple solutions. The simplest way is gi »osma
.5 to the shear s : giving a
pan ratio -wh 3
solutions, i. when using the si
, i.e. when the shear span ratio is larger than 2 wmwﬂvwm
. S

UCW QQCNH to 2.5. It means that the unonm.Hurmnm oW
.
mu’gbu-m mopﬁﬂwonm n

Hﬁ a, 2 * *
= (E - a
T - [ @™ - §] for +*sd
£ @+ 2.5) 2
c 1[[2. 2 a (4.2.17)
S+ - .._. *
h for ¢ vW
The v formul .
(4.2.17) vmmmvoonnmmwosm?a to the modified simple solutions
een found by the parametric  analysis om, Apu.

conventional
c m_ beams from 21 references in the 1lit e
ppendix B). The result is erefure . tse?

Y-t
. 0.60(2-0.42) (#+2) (1-0.25h) §* 2.5
Hmm 1.0 ¢ ¥ 2.0 (4.2.18)
h $ 1.0
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¢ in percent and h in

vmws ma:wﬂwo: A».H.wwuv. mn is in MPa,

meter.

ed simple
1f we compare them to the
)y and (4.2.18) are
nd OOHEmHm~ the
of the

a of the Hmﬁwom of tests to modifi

n Fig. 4.27.
4.22, the equations (4.2.17
For deep beanms a
Comparisons

The statistical dat
theory are presented i

values shown in Fig.
sfactory for beans.
somewhat better.
1¢s can also be s

seen to be sati

solutions are
ae with test resu

complete
een in

modified simple formul

Fig. 4.28.

d

Observed shear failure

standard
deviation

coeff. of

standard
variation

deviation

deep beams

corbels

total

to the modified

tios of tests

Fig. 4.27. The statistics of the ra

simple theory.
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Theoretical shear failure
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luence the shear
The best 'upper
ncrete for

The theory then is
e and

lem how normal forces inf
rete beams is treated.
he tensile strength of co

In this section the prob
capacity of reinforced conc
nd solution considering t
gular beams is presented i
4 with the tests of corbel
compressive normal force.

bou
rectan
compare
beams with
been found.

n what follows.
s with tensile normal forc
A rather good agreement has

s a shear span of a rectangular beam, subjected to

Fig. 4.29 shovw
ad P and the normal force N.

the concentrated lo

II

B

pan with normal force.

Fig. 4.29. Failure mechanisn for a shear s

The yield line pattern is the same as in 4.1.2.

The range of the variables a and B in this case is
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I . A-psin(a+P)cosf+(u=-2x)sinf cos (B+a)

atf { T t
) (4.3.1)
and
6 < B
: (4.3.2)
The rate of external work is

Wg = Pvsin(a+B) + Nvcos (a+8)
(4.3.3)

mm..ﬂnms N Mm th
- e normal H.O”ﬂ@\ Mvom..m..ﬂu. e as a Qogvﬂnmmmu.. e for
v \' ce.
. N
Hwﬂ@, rate of m.:ﬂ@ﬁnmu. SOHW QPWWM“W#@Q Uw\ ﬂw.wu..m NWHHSH-@ 5@0»&”59.@? w.m
.

W, = =(A=~ + + ™=
H NA t.m.m.ﬁﬂv s SQ H;\_Oom Aﬂ Wv _ WOH. .V.WQM '] A& 3.4
| I..H.'. . 3. v

bhfx*
W, = Vi1~
Hmﬂpmwsnv —FC 4 Tv|cos (a+p) |

s1
B for afle or alw-¢ (4.3.5)

evmsonxmmn = i
qu Awo: EH = zm Yields the upper bound

2sinf sin(a+f) for e¢Salm-¢  (4.3.6)

I_ - i-sin(atp)cosp+(1-2x)sinf cos(B+a)

for ale¢ or alw-¢

T ¥ r
mo 2sinf sin(a+fB)
. (4.3.7)
Here the mnma.
P eter x and the normal force degree 5# = N ha
s
been introduced. The pa , | vvn»
parameter x is defined by °
T N *
+ + = ¢ +n* .
o - for +8)>Z
. =" e (@+B)25  (4.3.8)
x * Lo =n" e*
il - for z
bhf, bb*. (P 3 - 3e9)
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we may find the lowest upper bound by |

In the case of p>8 and a>¢,
minimizing equation (4.3.6) with respect to a and p. Following the

same procedure as in 4.1.2, we f£ind the lowest upper bound

L w Aymlu~vnwuuwv (4.3.10)
£
- Te
Here the parameter UH is awmwnmu.mm
-2 5*+6* LIS
X for n +¢ < 3
D=4 " O for n*+e*2 &2 n*-¢* (4.3.11)
*  *
thmﬁ -¢ ) i *_ *
N for 3 <n =-¢$

The range of validity of equation (4.3.10) has been found to be

a 1-p? - .
2> |3 . . (4.3.12)
n° -1
*  k * .
n +¢ 2-p (it means Upmw.ov (4.3.13)
and
7+t+UHVP.o Aa.u.H»v

For the case of p=0 and a>¢, .the lowest upper bound may be

Yy differentiation of equati

obtained b
qual to 8. It yields

and making B e

T _ 31 _ a,2,..p2 - pu2

*
c

a».uerv

which is valid for
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on (4.3.6) with respect to a.

2
a, 1-p;
h 2_, .
n : (4.3.16)
* % * .
n +¢ 2=-p
(4.3.17)
and
D
a
.IV»- - H. .
AT T 4
v (4.3.18)

: g P
CmH:, the condi tion unm and a=e th 1
. ’ e lowest C.VUQH. bound &-m @m.m..—.. Y
Y g = i
found b inser ﬂH: u 0 and a=yp into Qﬂ ua WM.OU ﬂh 3.7 v . It appears

a2 ;
Hﬂ - HAUV +HuAHIMPﬁﬁleXAWOOMSlmhﬂﬁv
a_ .
fo 2 (psing+cosy) (4.3.19)

In this case x becomes

e %
for § tane (4.3
.3.20)

i

n -
¢ for > tang (4.3.2
.3.21)

ol

The :mﬂmmmmﬂm ﬂOu—QMﬂMOn— for mﬂcmﬂu.nuﬁ ﬁh.U-HWv to be vaHMONUHO Hm

¢ D

1 < a
Cose < h § tane -

1
cosy

tany -

(4.3.22)

and the ¢ iti
. onditions (4.3.13) and (4.3.14). Here th
as been introduced as ° pazaneter ©

1

*
1-2(n +$*v“ =*+9*A 1
. 2
c, = .0 . d ok
* ' n"+4"2 3 2 o'’ - (4.3.23
1-2(n*-¢%); 1 % -3.23)
)i M <n -¢
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the lowest upper bound can
h respect to « and

we get

n the case of p=0 and a<y,

when we are i a7y wit

be found by minimizing equation | R
keeping B=86. Following the same step as

(4.3.24)

1 _ a,2,4.02 a
Hﬂ =3 (&)%+1-c] - 3
£ c h h
i v oikj=r [78.3]
i jcal to the expressilons derived by w . »]
which is identica o o

jeld locus as
using the so-called square Y

i valid is:
The condition for solution (4.3.24) to be
| .25
e (4.3.25)
3 < tene - Gosp
- . (4.3.26)

*
n*+* 2 -p

(4.3.27)
:*lo* 1.0
nd can only
r bound by
keeping

+D.€1.0, the lowest upper bou
e est uppe
We may find the low

4.3.7) with respect to P and

In the situation when A+
be obtained with a £ sm
differentiation of equation (

a=p. It has been found that

(4.3.28)

R+ (k-1)1£1] (TR[IF (k-1 E1-11
2 (x-1)°

T -

*
fe

. . . i
Here the parameter E is mmmwsmﬂ a

s
1
1=

|

* *
*ie® n+p <

=]
+
-
&
o
=

.3.29)
:*+e* > 5 S*IQ* wh.

Iz
A

~
4
=

* *
<n -¢

=}
*
1
-
*
>
~
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The condition for solution (4.3.28) to be valid is

2> F—[TF (D)X - cose]

o (4.3.30)
=*+s*;N |n* .
‘and
e (4.3.32)

If equation (4.3.30) is not satisfied, B is 1limited .v% the
geometrical condition and it is necessary that it equals 6. In
this situation, solution (4.3.19) is valid, but the necessary
condition is changed into
C
1 a
Cosy < h

tany - <

H .
Sinp ({TF(R-1)X - cose) (4.3.33)

and equation AA.uupqu

In the case of =0 and a<y, the solution (4.3.24) and the range of
validity of madwﬁwo:m (4.3.25), (4.3.26) and (4.3.27) are still
valid.

The regions for the different failure mechanisms for small

*
p ~values in the upper -bound analysis. and the corresponding

plastic solutions are depicted in Fig. 4.30 and Fig. 4.31 in a

=, mv coordinate system. The boundaries are plotted for p* =

0.06 and ¢* = 0.15.

erw conditions for big h»l<wpsmm and the ooﬂwmmwosnwsa,ﬁwmmﬁwn
solutions are depicted in Fig. 4.32 and Fig. 4.33. The uoplnwnumm

are plotted for n* = 0.25 and s* = 0.15.
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n® = =(p* +4*)

n* = 14+4*

m
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The solutions are shown in Fig. 4.34, Fig. 4.35 and Fig. 4.36 for
some values of the parameters. For low values of ﬁdo normal force,

the shear capacity increases with increasing normal force, while

for high values of the normal force the shear nwmmowﬂm decreases

with increasing normal force.

In Fig. 4.36 the jnfluence of the n*|<mwsnm to the shear capacity

has been shown mon.awmmmﬂmbd m and @w.

of considering the tensile

The difference petween the case
seen very clearly in

strength of concrete or neglecting it can be
Fig. 4.37.

hear with normal tensile forces, the simple

hear carrying capacity
In the case of big
ions may overestimate

In the case of beam S
* ’ .
p = 0) may underestimate the s
ranges of shear span ratio.

e forces, the simple solut
in beams for large shear span ratios.

solutions (
throughout all
normal compressiv
the shear capacity

ty of course might govern the load carrying

s of the parameters. For th
see [84.1]. ’

The f£lexural capaci
capacity in some region
pbending with normal force,
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degrees. .w»:monnmsmsn
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Fig. 4.34.

(continued).

125 -




.6
n*
P.N. . . H.40
4 Fig. 4.36. .
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Fig. 4.37. (continued).
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4.3.2_Experimental verification

To test the validity of the complete set of equations in Fig. 4.31
for shear specimens with normal monom~ m:.w:<mm#wamﬁ»oz has been
made for corbels with tensile SOHEmH force and beams with’

compressive normal force reported in nvw Hwnmnmﬂcﬂm~ [65.1],
[60.1] and [57.1].

The detailed test data are shown in Appendix c.

A parametric analysis of 24 observed shear failures of corbels
with normal monom 3mm given the mOHHOSw:Q best empirical » formula

with p *a 0.1 as

b = 0.055(2.0-0.8 mvas+AVApuo.mm h) < 1.0 (4.3.34)

Here y should be in percent and h in meter.

The mean value X of the ratios of test to theory is 1.000, while

the standard deviation o is 0.076 and the coefficient of variation
G< is 0.07s. ’

The comparison of test results with theory is shown on Fig. 4.38.

eum very good agreement between tests and theory can also be seen
mnoa Fig. 4.39.

The complete solutions shown in Fig. 4.31 may be a little,

For the shear specimens with
we are forced .to consider the tensile
mnnmnmﬁv of concrete to get the agreement with ‘tests, especially

vhen the tensile normal force is bigger than the force that the
reinforcement can take.

However, in some cases we may simplify the calculation according
to the actual mwﬁcmﬁwon. For example we may only use equation
(4.3.15) in stead of the complete solutions to calculate the shear
mmvmowﬁw of corbels subjected to the combined shear and normal

tensile force.
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Using (4.3.15) with p*=0.1 and (4.3.34) for 24 observed -shear

failures of corbels, the mean value % is 1.014, while the standard

deviation o is 0.092 and the nommnwoum:n of variation Cy is 0.090.

The results is still quite satisfactory and the calculation

becomes more easy and simple.

For the specimens subjected to combined shear and compressive
normal force, we may mwsﬁwumw the complete solutions by modifying

equation (4.3.24) for ¢ # 2.5, just as we did in section 4.2.

In this case the corresponding v formula has been found by the
parametric analysis of 47 stub beams with axial loads and knee

frames from 2 reports in the literature, [60.1], [57.1].
Veest (KN) .
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o I R B AR . L L
D00 dovvvne s i P N S RN |
. . . . . . . Veal
° : : . . . (kN)
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Fig. 4.38. The comparison of test with theory for corbels
subjected to combined shear and normal tensile force.
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The result is’
0.58 (9+2) (2-0.42) (1-0.25h) (1+0.75 )
p = EY ¢ 1.0 (4.3.35)
hmﬂ

[§$2.5 ¢ %20 and h } 1.0)

As before mn is in MPa, ¢ in percent and h in meter.

The mean value X of the ratios of 47 observed shear tests to
theory is 0.997, while the standard deviation o is 0.094 and the
coefficient of variation Cy is 0.095.

The comparison of test results with theory is shown on Fig. 4.40.

To demonstrate the general applicability of the theory, Fig.4.41
shows the results of shear tests of stub beams with axial loads
and knee frames for different shear span ratios. The » value has
been calculated from (4.3.35). v

v (kN)

test
700
. . . .v . ) ]
600 d.viiiiii il e e e s N §
800 4.0 o0... e Sl A
; : : . m :
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200 4...... . F N L P . P IR A N T I I
. » . . .
- . .D[60.1]
100 . SR A N U X
: ; : : . ; Veal
. . . = (kN)

(o] 100 200
4.40. The comparison of tests with theory of stub bemas

axial loads and knee frames.
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The problem how prestress influences the shear capacity of
concrete beams -without web reinforcement has only been very
preliminarily studied. According to plastic theory, prestress does
not influence the theoretical shear solution in any sww. The
reason is that the prestress introduces an internal,
self-equilibrated stress system, which does not affect either the

failure mechanism, nor the stress distribution at collapse.

However, the existence of an initial, non-zero stress state does
influence the amount of stress redistribution which must take
place before failtire, and this has an effect on the ultimate load.

In the following, we will use the complete plastic solutions in
Fig. 4.10 and we will try to modify the v expression for

prestressed beams.

The effect of prestress seems to be that it increases the
effectiveness factor swdu.wsoﬂmmmwsn level of effective prestress.

An investigation how the prestress influences the effectiveness
factor v has been made for 286 prestressed beams without web
reinforcement reported in the literature [58.2], [59.2], [60.3],

[60.9], [63.3], [65.5] and [69.4].
The detailed test data are shown in Appendix D.

A treatment similar to that reported in 4.1.4 has shown that the
effective prestress in the section increases the v value and that
prestressed beams do not exhibit an a/h dependence to a degree
that has been found for non-prestressed beans. In fact for a

we may consider the influence of the

carefully chosen n*l<mwﬁm~
for prestressed beans to be

shear span to the v value
non-existent. A proper u* value is found to be 0.003 _ 0.005 for

prestressed HmOﬂmbaswmw beams reported in [59.2].
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Fig. 4.42 shows an example of the dependence of v on m.mm\womos
which is the average effective prestress ratio in the section of
the beams. Here A, is the area of the section and F_, is the
effective prestress acting on the section. Similar to the v-¢
relation shown in Fig. 4.42, the v value is increasing almost
linearly with increasing the average effective prestress ratio
wmo\vnmn. Beyond a certain linit of mmm\wonn the » value seems to

be independent of F /A f.. This 1limit may be chosen as 0.15 for

simplicity.

A parametric analysis of 54 observed shear failures of prestressed’
beams with rectangular section [59.2] and [69.4] has given the

following empirical » formula assuming vw = 0,003

¢ 3 2.0

m.mm
0.575(p+1.5) (1-0.2h) |1+8 5—F
p = : (- h+ 1.0 (4.4.1)
[t F__ °
€ . o %+ 0.15
c C

Here ¢ should be in vmﬂnmuﬂ. mn in MPa and h in meter.

cbﬂ
©+2] p* = 0.005
- .
® [59.2] -
: + [69.4]
: ‘h=8~121in

“f=1.3~3.8

DS T I B R

120 e

.00 . :
.00 .08 .10 .15 .20 .25 .30

MMn. 4.42. The v's dependence on mmm\vono
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The mean value X of the ratios of test to theory is 1.007, tﬁwwm
the standard deviation o is 0.089 and the coefficient of variation
Cy is 0.088. The comparison of tests with theory is shown in Fig.
4.43.

The good agreement between tests and theory can also be seen from
Fig. 4.44. '

For practical use, we may simplify our theory by neglecting the -

tensile strength of concrete, i.e. let u* = 0 and use the simple
formulae (4.2.15) and (4.2.16). The corresponding v formula then

is -
mmm ¢ 3 2.0
0.52(¢+2) (1~0.25h) [1+6 5%
v = ce h 1.0 (4.4.2)
E3 : F
¢ 5o + 0.15
cc

Units are as before.

In this case the mean value X of the ratios of test to theory is
1.007, while the standard deviation o is 0.133 and the oamnnuowmbw
of variation Cy is 0.132. The comparison of tests to theory is
shown in Fig. 4.45. The agreement between tests and theory can
also be seen from Fig. 4.46.
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Viest (KN p* = 0.0 In practice, a lot of prestressed beans are with T cross section
100 ‘ : : or I cross section. The considerable _influence of tension or
. : . compression flanges on the maximunm shear omvmmwnw.. of beams without
6 4.0 o .......... B s 1 shear reinforcement has been studied in [78.3]. The upper bound
: : : - : technique for such beams is somewhat complicated. An alternative
. . L Y . method has been developed in this section. We may employ the
60 {.veen e P AT i o] i complete plastic shear solutions shown in Fig. 4.10 for the web
: : opn - : and take account of the influence of the flanges in the » formula.
: - ° . . = [59.2) . 4
40 . Ca ceeg e ae “ .. .ar. . A N . o R § A parametric analysis of 286 observed shear failure of prestressed
: o by : B [639.4) beams without web reinforcement has shown a relatively simple and
”,_u % ._n nﬂn : : quite good empirical v formula assuming na = 0.007
. . . v
0 ; : . cmmvp Feo | [2c ¢+ 2.0
o 20 40 60 80 100 0.445(¢+2) [1+8 =5 |pR Fee
p = ec a1 010 (4.4.3)
Fig. 4.45. The comparison of simplified theory with tests of ._.m vo ¢
prestressed beans. Mm $ 1.8
.mm p* = 0.0
S : : : : : : Units are as before.
- 4 _ ...... , e Do ceeees N & The mean value X of the 286 ratios of test to theory is 1.000,
. . while the standard deviation o and the coefficient of variation Cy
: : : : : : ® [59.2]. are 0.166. The comparison of tests with theory is shown in Fig.
.3 4 B PR R PR PR Siaaand B R EEREE TN J 4.47.
: In practice, it's more convenient to use the modified simple,
2 4 cheenee e feenees IR AR AR A PERRRRRS 3 solutions (4.2:17) to calculate the shear capacity of vnmmnnmmmma.
. . . beams. The corresponding v formula can be taken as
. £ <230 ! - . e W™ waw "
.4 4 e T T -
, : : : . . Fge Ag e+ 2.0
o . : : : ) 0.505 (¢+2) AH+0 mrﬂhﬂi m wun* 1.8
. .0 ¥ .2 .3 o4 .S .6 .7 . .8 .9 1.0 v = ﬁml ws (4.4.4)
Fig. 4.46. The simplified plastic solutions compared with tests. ° vMMn $ 0.12
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Using formulae (4.2.17) and (4.4.4), the mean value X of .the 286
while the standard

ratios of the test to theory is 1.004,
deviation is 0.188 and the coefficient of variation Cy is 0.187.
The comparison of tests with theory is depicted in Fig. 4.48.

The simplified plastic solution (4.2.15) and (4.2.16) may also be

used for prestressed beams. In this case we may use - the

corresponding » formula as

0.655(p+1.5) |1+6 Fse || 2c M P
) ) Af )| bh £} 1.8
v = Bn T 1 (4.4.5)
£
c F
e ¥ 0.12
- fcte

The calculation using formulae (4.2.15), (4.2.16) and (4.4.5) has

been carried out for 286 prestressed beams. The mean value X is
1.005, while the standard deviation o is 0.200 and the coefficient

of <mnwwnwo=vo< is 0.199. Fig. 4.49 shows the comparison of theory

with tests.
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Fig. 4.47. The comparison of theory with tests of 286 prestressed
beams without web reinforcement.
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Fig. 4.48. The comparison of theory with tests of prestressed
beams using the modified simple formula (4.2.17) and’
oonﬁmmw05&wdo v formula (4.4.4). ’
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Fig. 4.49. The comparison of theory with tests of prestressed
beams using the simplified formulae (4.2.15), (4.2.16)
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The complete plastic shear solutions listed in Fig. 4.8 can be

easily extended to solve the shear problem of concrete joints,

which are shown in Fig. 4.50.

=3 reinforcement

>—]

Section A-A

H
|

a) Test specimen b) Schematic diagram

Fig. 4.50. Joints of monolithic concrete.

Inserting m noMﬁnOﬂmemHmcm:nnonacwmmmwonmﬁvm H»Bo m now:
Fig. 4.10, we get the shear carrying capacity of reinforced

monolithic concrete as follows:
W.y _HIUN e* < mnwmmmﬁ (4.5.1)

wnwmmh (4.5.2)

1
>
n
-

‘;
A
©-

*

A

H|mH:m.*
2 cosy + e toe

oxl?

(4.5.3)

[
[=}
!
]
("8
lg
A
©
»
A
[

1 L *
3 < ) (4.5.4)

(ST
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Inserting equations (4.1.31), (4.1.32), (4.1.37) and (4.1.40) into

eguations (4.5.1) - (4.5.4), we may rewrite the shear capacity

into
L 0N [(2-30") - (0" 40™)1  ¢" < 0.2-1.6"  (4.5.5)
0.25 + 0.75¢" 0.2-1.6p" < ¢* < 0.2 (4.5.6)
I -
3
Io* (1-9%) 0.2 < ¢* < 0.5 (4.5.7)
[ o.57 0.5 < ¢ " (4.5.8)

Solutions (4.5.5) - (4.5.8) are identical with the solutions given
firstly by B.C. Jensen [77.2].

The shear carrying capacity of Jjoints versus effective

. *
reinforcement degree for some p -values is depicted in Fig. 4.51.

It is obvious that the tensile strength of concrete plays an
important part in shear carrying capacity when the reinforcement

degree is rather low.
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T
MM a/h =0

0 ¥ .2 .3 4
Fig. 4.51. Shear carrying capacity of uowﬂnm versus effective

reinforcement degree for some p v<chwm.

The theory with uw = 0.035 and » = 0.665 has been compared with
joint tests of monolithic concrete performed by Hofbeck et al.
[69.1). The agreement between the formulae for the carrying

capacity and the test results is exceptionally good.

The noawunwmon between theory and test results is depicted in Fig.
4.5.2. To mmao=mnnmﬂw the applicability of the complete plastic
shear solutions to the monolithic concrete joints, Fig. 4.53 shows
how better the test results fit the theoretical curves. :
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Fig. 4.53. The theoretical curve compared with test results.
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In this chapter we will only treat beams with vertical stirrups
and subjected to point loading. Besides the assumptions that we
have made in section 2.6, we further assume:

5) The web reinforcements is rigid, perfectly plastic. The
stirrup spacing is sufficiently small to permit a continuous
distribution of the stirrup forces. The cross-sectional steel
area per unit length in both directions is vmtu and Ay
respectively. The yield stress of the web reinforcement is
m<£.

Fig. 5.1 shows a shear span of a concrete beam subjected to the

shear force V. The breadth and depth of the beam are termed b and

w*. respectively. The failure mechanism is assumed to be consist-

ing of a single yield line inclined at angle B to the beam axis.

The relative displacement rate is v inclined at the angle a to the

beam normal.

For the beams with web reinforcement, it is reasonable to neglect

N )’
sl

the tensile strength of concrete.

A\B

el

Fig. 5.1. Failure mechanism of beam with vertical stirrups
subjected to point loading. )

on the above assumptions, the following upper bound solutions were
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derived by Nielsen and Brastrup [76.7]. Most of these upper bounds
are backed by coincident lower bound solutions, but some of them
are still missing the lower bound solutions [79.1].

*
*h .
*
% <3 *n =3
*
¢y
* % 1 a [2 * *  a * a 1 a |2 a * a
¢ <¢ Iﬁ 2| “+4¢, (1-¢ vu||~+e Iy Iﬁ a_ +p||l~+e A
v 'vo 2 _ﬁb*_ h h v* v 5* 2 v* s* v r*
* * 1 * *x. * * * *
ob cokek | 2fon (100105 (2-07) A [ c1-00)
* 1 * *
*v2 [onca-op 3
(5.1)
Here
. * 1
valid for ¢, £ 3
*
$vo = 1 (5.2)
* 1
for sw >3

148

o* - bmm< + vmsammm
h o pn*e?* be”
[ K>
(5.3)
o o At
v . *
Ghn

solutions (5.1) is also visualized in Fig. 5.2 for deep beams with

m\zw = 0.3.

0.6
0.5
0.4
0.3
0.2
0.1

e N
0. 01 02 03 04 05 0.6

Fig. 5.2. Shear capacity 6f beams with vertical stirrups versus
the reinforcement degree in both directions.
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The regions of complete upper bound solutions and the correspon- .
for rectangulaxr beams, since the experimental -

*
ding failure mechanisms are:illustrated in Fig. 5.3 and Fig. 5.4, cide h

tion is lacking.

respectively. The boundaries are UHOﬂﬂmm for m\:* = 0.5.

- LP
F | —t
| hod ds
In order to be able to use the theoretical solutions (5.1) in %
practice we need to assess the values of the effectiveness factor w
v and the effective shear depth h*. These two parameters are in- “ . S §
terrelated in the sense that an assessment of the effectiveness ” -1

factor v from experimental results of shear tests is influenced by

. *
i 5.5. Illustration of effective shear depth h

the choice of w* and vice versa.
Fig.

In our plastic analysis, the effective shear depth n* is defined
as the distance between the tension and compression stringers.
It's rational to consider the tensile reinforcement as the tension
stringer. Concerning the compression stringer, things become more
complicated and vague. For T-beams, we may take the compression
stringer as being identical to the compression flange. If for
conventional rectangular beams, the compression zone is choiced,
iteration must be used in the analysis of existing tests.

combining the physics of our theory with practice

with the view of :
of test results described below, the effective

in the analysis :
is defined as the distance measured from ﬂwm
tensile reinforcement to the centre of the com-
for T-section beams and as the 0.85 d for the

shear depth w*
~centroid of the
pressive flange
rectangular beams.

we can proceed to determine v. Towards
g a. wide range of various
X to strong, both
Hmmm from

Having decided upon v
this end we need test Homcwnm coverin
parameters such as concrete strengths from wea
jile reinforcement degrees and shear reinforcement deg
shear span ratio from mamww to large and so on.

Besides the distance between the two stringers there may be anoth-

er possibility of defining the effective shear depth n*. The usual
practice and standards are to relate the nominal shear stress to
the effective depth of the beam. The Danish Code of Practice re-
quires the use of the internal moment lever arm Z calculated at
the section of maximum moment. It has been found that the internal
moment lever arm may not be suitable for the effective shear mmvdv

tens
lower to higher,

Unfortunately, not very man
found in the literature.

y available web failure tests have been

h* in the analysis of existing shear tests of rectangular beams r v from nvm.mxwmn»nm

with both strong tensile reinforcement and shear reinforcement. A

In order ﬁo.mmmmmm the effectiveness facto
inserting m* = vf into the
g ﬁwma with ﬂmmvmoﬁ to
ions as shown in

experimental results of shear tests,
complete plastic eguations (5.1) and solvin

more rational way may be to define the effective shear depth n* as

the stirrup depth d,, as illustrated in Fig. 5.5. Unfortunately, E », we get the v formulae and the oonwmmmonawsu reg

up to now we cannot propose a rational and convenient way to de-

i pEoR ’ Fig. 5.6. The boundaries are plotted for m\u = 0.5.
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0 | 10 o

T/t

Fig. mum. Regions of the v formulae of beams with shear reinforce-
ment.
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5.3.1 Conventional thin-webbed beams

In order to verify the plastic solutions for the web failure mech-
anism and to investigate the dependence of the web effectiveness
factor v on the concrete strength, the width of the web and the
reinforcement details, (i.e. the number and dimensions of the
longitudinal bars, their distances from the edges of the beam, and
whether they are supported by stirrups), several series of T-beams
with shear reinforcement had been tested at the Structural
Research Laboratory of the Technical University of Denmark since

1973, [76.6]}, [80.2].
The test data are summarized in Appendix E.

The results are generally in good agreement with the web crushing
criterion (Eg. (5.1)). Because all these tested beams are with the
same shear span ratio, it's impossible to investigate whether the
web effectiveness factor v is dependent or independent upon the
shear span ratio from these tests.

The concrete strengths of most beams in these tests are between 5
. 25 MPa, only very few beams are with concrete strength around 35

amm‘ wherefore even using the constant v value the coefficient of
variation C, is nearly the same as the case considering the v

dependence on mn.

For 106 observed shear failures, the Ummﬂ correspondance umﬂammb
test results and the theory are obtained for v = 0.725, when the

shear effective depth is defined as in 5.2. The mean value X is
1.001, while the standard deviation o is 0.120 and the coefficient

of variation n< is 0.120.

The tendency of v ﬁo.amnﬂmmmm.swﬁv.wbnﬂmwmwsm concrete strength
has been found even though it's not very clear since the tests
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didn't cover a wide range of concrete strength. A linear relation-
ship . .

Moazwmv

v = 0,79 -~ 560

(5.4)

may vm used when h* is defined as in 5.2.

If the experimental results are compared with this model,

the
correspondance is reasonably good, (see Fig. 5.7).
The mean value is 1.003, while both the standard deviation o and

the coefficiéht of variation C, are 0.113.
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o : . . . : : weal
o 50 100 150 . : ¢ : =y
uo 200 .2350 300 350 400 450 500
Fig. 5.7. The comparison of theory with tests of T-beams with

shear reinforcement and subjected to point loads.

To demonstrate the general applicability of the web crushing cri-
terion (Eq. (5.1)), Fig. 5.8 shows how the test results fit the
theoretical curve.
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Ffig. 5.8. Theoretical shear capacity compared with tests.

Results from previous applications of the plasticity theory to
r in beams without shear reinforcement have shown that the
variation of v may be described by an inverse square root depen-

dence v = xw\gmn where xp is a constant (see Fig. 4.16 to 4.18).
it has been found from the shear test series mentioned
-value for the con-

shea

However,
above that such model may underestimate the v

crete strength no > .20 MPa when v» is defined as in section u.u.u

But, if the tvowm beam depth h is used instead of z*. just like we
do for beams without shear reinforcement, this ‘inverse square root
umvmsnmsom. model may also give a satisfactory agreement with
tests. For all these series of tests, the best correspondance
vmﬂtmmb.ﬂmmn.nmmspnm and the theory is obtained for

"(5.5)

v = p.um\amm (£, in MPa)
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With » according to (5.5), and comparing tests with theory (5.1),
we find the mean value is 1.001, while both the standard deviation
o and the coefficient of variation c, are 0.107. It's a H%nﬁwm
better than using the » model (5.4).

To establish a final conclusion, more test data which cover a wide
range of concrete strength are needed.

5.3.2_Deep beams_with web reinforcement

Here only 35 deep beam tests reported by Prof. F.K. Kong et al
[70.2] are analyzed. These tests consist of seven different types
of web reinforcement. The detailed test data are shown in Appendix
F. Twenty beams subdivided into 4 types, have only the horizontal
web reinforcement. For such deep beams, which have no vertical web
reinforcement, the failure mechanism shown in Fig. 4.7 and the
corresponding complete theoretical sclutions presented in Fig. 4.8
together with the empirical » equation (4.1.123) are available.
The comparisons of test to theoretical calculation prove our con-
fidence. A rather good agreement has been found in the statistics
of ratios of test to theory.

If we exclude the horizontal web reinforcement in calculation of
the mechanical reinforcement degree ¢ defined by

BhE .. (5.6)

for 20 beams, the mean value is 1.051, while the standard devia-
tion and the coefficient of variation c, are 0.113 m:on.pom,
respectively. The comparison of tests with calculated results is
shown in Fig. 5.9.

However, if we include the horizontal web reinforcement in the
reinforcement degree ¢ defined by

s = Aty + Aswh” fywh . 5.
vbmn UHO . .7
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““to use the . former way to calculate
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.

X . LY PEE BTSRRI
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. .
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s
.
K

Fig. 5.9. The comparison of theory with tests of 20 deep beams
with only horizontal web reinforcement.

where A . and £ n are the area per unit length and the %wmpm
mﬁnwbaﬂhtom vonwwwwﬂmp web reinforcement, respectively, then the

calculated results are a 1ittle higher than the tests.In this
case, the mean value % is 0.936, while the standard deviation o
’ .

.114
and the coefficient of variation C, are 0.107 and O P
We note no considerable difference between the nro
statistics, except the mean value. The former calculation is too

conservative and the latter is too unsafe. It may be that the.

horizontal web reinforcement is not so effective on shear capacity
: (of course it may be useful in

as ‘the main reinforcement,
decreasing the shear crack width in the web) . Until more dicisive
for the safe reason, we prefer

experimental evidence is available,
N the shear carrying nmvuowﬁ<z0n

e horizontal web reinforcement

respectively.

such deep Umwsw. i.e. excluding th
in the calculation of the reinforcement degree.

For the other 15 deep Umnlm with <mwnw0ww.cmu reinforcement, which

consist of 3 types of vertical web reinforcement arrangements, a
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statistical analysis has been shown that the best agreement be-
tween theory and test may be reached by using o

(5.8)

Amo MS.EMNV

when the whole depth of the deep beam is used as the shear depth.
e:w mean value is 0.999, while both the standard nm<wmﬂwo=.a and
the coefficient of variation c, are 0.100.

The comparison of theoretical calculations with tests is shown in:

Fig. 5.1. In these tests the concrete strength only varied in a

small ranges whereby the v dependence on uo is also not quite

clear.

Hn.sm put. the mnnooﬂw<m shear depth of rectangular beams equal to

0.85 d, the statistics for different » expressions can be seen in
Table 5.3.1.
wOO<nwun:nzv N X
2%0 .......,....w...........m..........m : :
v : R T PRI S R AU
H . .. . .8 []
w00 oo e
: . : SRR m... R &
190 4o, RUTTUINS - U :
200 4oererii i s T T ; :
: i i SRF ERCPRRREERS AERRERRRRERE ¢
uo...........,....................‘..................a....., ”
: : ; : v
: : . . cal
° . " - (kN)
0 S0 100 150 200 2%0 300
Fig. 5.10. The plastic solution for beam shear with web

Hmwnmonnmam:ﬂ,ooavmﬂmm with deep beam test results.:
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£
v 0.72 0.8 - === 3.3
200 e
(o]
x 1.006 1.030 1.002
o 0.146 0.146 0.139
c, 0.145 0.142 0.139

Table 5.3.1. mﬁw«pmﬁwom of the ratios of tests to ﬂsmonm«womw.

calculations for different v expressions.

It seems that the difference can hardly be said to be striking.
in order to be unique and jdentical with the T-beams

However,
equation (5.4) appears preferable to the in-

described in 5.3.1,

verse square root model v = WH\LHQ. where ww is a constant, since
WP. in these two cases deviate too much. from each other.

5.3.3 Prestressed beams_with web reinforcement

entioned in Section 4.4, according to the theory of

stressing should have no effect on the shear carry-
for con-

As we have m
plasticity, pre
ing capacity of a perfectly plastic structure. However,
the existence of prestressing does influence the

crete beans,
fore failure and results in the change of

stress redistribution .be
the ultimate load.

the effectiveness factor v of concre-
as only been very preliminarily
failure tests of prestressed
[73.31, (73,41,

How the prestress influences
te beams with web reinforcement h
investigated for 93 observed shear
beamns wmwonﬁmm in the literature [64.2}, [71.2],

and [76.31-

The detailed test data are shown in Appendix G.
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The experimental investigation of the shear capacity of prestres-
sed concrete beams with shear reinforcement has shown that the
effective prestress in the section doeés increase the v value but
the dependence of v on the average effective prestress in the
section is smaller than for beams without shear reinforcement. For

the available test results, defining the effective shear depth n*
as in Section 5.2, the best correspondence between tests and theo-
retical calculations is obtained for

£ F F

c se se
vefos-t)reeie] [t o) (5.9

200 vomn Nrnmo *v

The mean value X is 1.002, while both ‘the standard mm<uwﬁwo: o and
the coefficient of variation C,, are 0.151.

The comparison of tests with calculations is shown in Fig. 5.11.

The applicability of the plastic solutions for beams with shear
reinforcement can also be seen in Fig. 5.12, although the scatter
is considereable. However, it is believed that as 1long as the
effectiveness factor v is only considered to be depending on the
concrete compressive strength and the average mnmmnﬁw<m,vﬂmmﬂnmmm
on the mmOﬁwou~ it will be difficult to obtain better results from
any theory.

If the inverse square root model of concrete strength is consid-
ered in the » expression, the best correspondence between tests
and theory is found to be

A

W ﬂ . .
v =2:8[1 4 2 ;52 [+ 0.5 a.ps
cc ’

Now the statistical results are: amm=.<mwsm.m is 1.006, and the
standard deviation ¢ and the coefficient of variation Cy are 0.159
and 0.158, separately.
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Fig. 5.11. The comparison of calculations with tests of prestres-
sed beams with web reinforcement.
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Fig. 5.12. Theoretical shear capacity for beams with shear rein-

forcement compared with tests of prestressed beams.
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In Chapter IV it is .shown that the main parameters governing the
p-value for ordinary beams with rectangular section and without
shear reinforcement are the concrete strength, the amount of lon-

gitudinal reinforcement and the shear mvm:\mwvﬂwlﬁmn»o. Besides -

the above major factors, the scale effect, represented by the
absolute value of the depth, also gives a  smaller effect on the

p=value.

The dependence on the concrete strength is ‘easily understood,
since increasing concrete strength leads to decreasing ductility.

The dependence on the reinforcement ratio is vuovwvww due to the
dowel action of the reinforcement, which is :mnwmmﬂmn in the plas-
tic theory model according to our assumptions in Section 2.6, and
to the fact, that increasing reinforcement ratios leads to decrea-
sing crack widths at rupture.

The decreasing v-value for increasing a/h-values up to about 2.5
is probably due to the dowel action and to the fact that the re-
gquired stress redistribution is strongly increasing for increasing

a/h-values in this interval.

The slight decreasing p-value for increasing amMﬁv of the section
may be explained as a result of an unstable crack propagation at a

lower load if the crack is longer, therefore the shear compression
nmvmowmw is not proportional to the depth of the section but less.
For prestressed beams swﬁv.ﬁmmﬂwnosHmH section and without shear
reinforcement, the main parameters governing " the v-value are the
same as for ordinary beams except that the shear span/depth-ratio
has only a small influence and that the average effective pre-

stress on the section has an influence.

The experimental investigation has shown the p-value is increasing
almost proportional to the average effective prestressing of the
section up to about 0.15. This phenomenon is probably due to the
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fact: that the prestressing effectively delays the monﬁmﬂwos and
prevents the propagation of the inclined shear cracks. Therefore
prestressing increases the mmmmﬁ of shear compressive zone of
concrete and raises the shear carrying capacity of the beams.

Indeed, pre-tensioned prestressed beams do not exhibit such a
strong a/h-ratio dependence like that found for ordinary beams.

The explanation may be that small span-to-depth ratios enable the
dowel action to develop in ordinary beams, provided that there is
a well anchored reinforcement. However, in pretensioned prestres-
sed- beams the mwowonsa capacity of the strands will 1imit the
dowel effects. But some tests still show more or less the depen-
dence of v on the a/h-ratio. To draw a more convincing and defini-
te conclusion, more available test data are needed. Before these
are available,and in order to be on the safe side and finally to
be convenient in practice,the slight increasing of v for small
a/h-ratio should not be taken into account.

The précise plastic shear solutions for beams with T-section or

I-section and without web reinforcement are somewhat complicated.
To . find a more rational and precise v dependence is even more
difficult. For the sake of simplicity and in order to utilize the
eéxsisting conclusions for beams with HNQﬁNSQﬁpWH section, we may
employ the plastic solutions to the web area of such beanms but
include the favourable effects of the compressive flange into the

v éxpression. We must point out that the physical meaning of v
‘Here is somewhat different from it's original difinition, i.e.

it's not only an empirical measure of concrete ductility and the
absorbent of other shortcomings of the theory (for example, the

,.ﬁmawmndwso of dowel action), but also a conversion factor of an
.wwdmﬂvmdw<o simple method. This is the reason why in such. cases

the v-value may become larger than unit.

A parametric analysis of prestressed beams without web reinforce-

_ment has shown the v-value in such cases increase approximatively

proportional to the (whole area)/(web area) ratio until about 1.8.
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It's an unfortunate consequence of the above mentioned conclusions
that the resulting empirical formulae of v for beams without shear
reinforcement are rather different from the v expressions for
peams with shear reinforcement in Chapter V. Among the possible
reasons for the difference found, we would l1ike to mention the

following:

1) The ductility is probably increased and the dowel action may
be decreased by supplying shear reinforcement.

2) Different measures of the shear depth are used for beams with
shear Hmhswonomamnn. and beams without shear reinforcement,
i.e. for beams without shear reinforcement we use the whole
depth of the beam as the shear depth, while for beams with

shear reinforcement we use the effective depth 5* as the shear
depth. _

3) In order to determine the v dependence for high concrete
strengths and shear span/depth ratios more available data are

needed.

In order to unify the v expression in various cases, more research

is needed in this field.
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" For plane structural membex

SUMMARY

This pape
crete theory.
joints are mainly treated.

r deals with some elementary problems. in reinforced con-
shear resistance of beams, deep beans, corbels and

The classical plastic¢ theory has been used under the assumptions
of the modified Coulomb fajlure criterion with non-zero tension
cut-off as yield condition and the associated flow rule (normality

condition) as constitutive equations for the concrete.

s without shear reinforcement an exact
solution (i.e. with corresponding upper and lower bounds) has been
found for beams, deep beams, corbels and joints.

over an upper bound solution is presented for members subjec-

More
which is proved to be

ﬁmaAﬂo combined shear and normal force,
jdentical to the exact shear solution without normal force.

Due to the well-known fact that concrete is not the perfect plas-—
tic material the exact plastic solutions are then modified by
replacing the compressive strength of concrete mn and the tensile

strength of concrete hﬁ by the reduced values c.mo and b».no re-

spectively. The v and n* are .called effectiveness factors.

more general and rational
—value in various shear

A lot of work has been done to develop a
method for the assessment on approximate v

cases, especially for members without shear reinforcement.

The ﬁvmonmﬂwnmw predictions are lastly compared with a great num-

per of experimental results from the literature.

A good agreement has been found.
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RESUME

Rapporten omhandler en beskrivelse af nogle elementazre teoretiske

:

problemer i armeret beton.

Der behandles forskydningsproblemer i slanke bjzlker, heje biel-

ker, konsoller og fuger.

Den klassiske plasticitetsteori anvendes under forudsztning af, at
den associerede flydelov gzlder. (Normalitetsbetingelsen).

Betonen antages at vare et modificeret Coulomb materiale med en
e
trzkstyrke, der er forskellig fra nul.

For plane elementer uden forskydningsarmering udledes en eksakt
lgsning (dvs. med sammenfaldende gvre- og nedrevardi), der finder
anvendelse bade for slanke bjzlker, konsoller samt fuger.

Ligeledes prasenteres en ovrevardilgsning for xonstruktioner be-
lastet med kombineret forskydning og normalkraft, der ses at vare
jdentisk med den eksakte forskydningslgsning uden normalkraft.

,ww grund af forskellen mellem den rigtige spazndings- tejningssam-
menhzng for beton og det sammenhzng der eksisterer for et stift
plastisk materiale, skal de eksakte plastiske lg¢sninger reduceres.

*
Dette geres ved at indsztte de reducerede vzrdier u.no og p .mo

for henholdsvis den plastiske nnwxmﬂwwwm.no og trakstyrken mﬁ.

v og v* kaldes effektivitetsfaktorer.

Der er blevet lagt et stort arbejde i at udvikle en mere generel

og rationel metode til at vurdere tilnzrmede v-vardier for for-.

skydningstilfzldet, is=zr for mOHmwwm:w:Qmmw<wmeQm legemer uden

forskydningsarmering.
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De teoretiske beregninger er herefter sammenlignet med et stort

antal forssggsresultater fra litteraturen omhandlende slanke bjel-
ker, heje bjzlker og konsoller.

Der er fundet ﬁmamuwmﬁ.o<mH05MMﬁmsamHmm.
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APPENDIX A
APPENDIX A (CONTINUED)

TEST DATA OF DEEP BEAMS FAILED IN FLEXURE
TEST DATA OF DEEP BEAMS FAILED IN FLEXURE

BEAM LO b h d acc 1 fc As | Fy vt
MARK oM cM cM CM CM CMKG/CM2 CM2 KG/CM2 T BEAM Lo b h d acc 1 fc as Fy Vt
: (62,41 MARK cM CM cM cM CM CM KG/CM2 CM2 KG/CM2 T
I1I----0 110 12.1 60.3 55.0 55.0 10 198 8.04 2800 21.20 [82.4] (CONTINUED)
ITI-6--V 110 12.3 60.2 55.0 55.0 10 198 8.04 2800 20.00 I------7 150 10.0 60.0 57.0 75.0 12 277 7.60 2620 14.00
M---I--3 120 12.5 60.3 55.0 45.0 10 301 2.03 3983 9.00 I------8 150 10.0 60.0 57.0 50.0 12 276 7.60 2620 21.00 ;
M--—-I--4 120 12.0 60.5 53.0 45.0 10 301 2.04 3810 7.00 I------9 150 10.0 60.0 57.0 37.5 12 331 7.60 2620 27.50
M--1I--1 120 12.5 60.5 57.0 45.0 10 301 3.08 2785 9.50 J-----10 150 10.0 60.0 57.0 50.0 12 313 6.28 2580 17.40

. I-----12 150 10.0 60.0 54.0 50.0 12 318 8.54 2630 23.70

M--II--2 120 12.6 59,1 55.0 45.0 10 293 3.31 3153 11.00 v .
M--II--3 120 12.6 59.8 54.0 45.0 10 293 3.17 4158 14.50 m-—==14 240 10.0 60.0 57.0 80.0 12 34
M--II--4 120 12.7 60.4 53.5 45.0 10 293 3.13 4045 14.00 ¥ I-----15 240 10.0 60.0 57.0 60.0 12 upw w.mw WMWM ww.wm
M-TII--1 120 12.2 60.9 57.5 45.0 10 293 3.95 2767 13.00 : AL L : .
M-III--2 120 13.0 59.5 56.0 45.0 10 313 4.09 3124 15.00 | = 48 12.0 47.8 43.0 16.0 10 264 1.57 309
: — . . . 0 13.00
Al1.5-—-1 72 12.0 47.5 42.8 24.0 10 264 1.57 3090 9.00

M-III--3 120 12.9 60.6 54.5 45.0 10 313 3.77 3367 14.50 Al.5---2 72 12.0 47.0 42.3 24.0 10 264 4.0
) . . . . .02

M-III--4 120 12.6 60.7 53.0 45.0 10 313 4.23 4158 20.00 Al.5---5 72 12.0 47.5 42.6 24.0 10 223  0.77 wwmm HM.MM

M--IV--3 120 12.8 61.0 55.0 45.0 10 313 5.86 2851 19.00 Al.5---6 72 12.8 48.0 43.2 24.0 10 240 3.14 3090 16.00

52.0 45.0 10 313 5,03 3367 20.00

Al,.5-==~7 72 13.0 48.0 43.2 24.0 1210 252 4,71 3090 22.00

M--IV-~-4 120 12.8 59.3
M---V--5 120 12.2 119.5 115.0 45.0 10 211 4.64 2712 30.00 1 A 1
. . & 5== 12.0 48.0 43.2 24.
M-0.5-17 100 12.0 49.5 47.0 37.5 10 130 2.26 2473 7.00 ; Al.5---9 72 12.5 47.5 43.0 mp.m wm wmm w.ww WMMN ww.oo
M-0.5-18 100 12.2 50.2 45.0 37.5 10 330 5.34 2830 17.00 i A2-----1 96 12.5 48.0 43.2 32.0 10 292 1.57 3090 q.oo
M-0.5-19 100 12.1 50.0 '45.0 37.5 10 330 6.16 2861 17.00 , A2-----2 96 13.0 48.0 43.2 32.0 ‘10 207 4.02 2400 pu.mw
M-1.0-2A 100 12.4 100.4 95.0 37.5 10 282 6.04 3040 40.00 , : .
M-0.6--1 80 10.5 48.0 45.3 30.0 10 239 3.08 2944 12.00 WWumlnuu 96 13.0 47.5 42.7 '32.0 10 305 6.28 2650 22.00
, .5——-1 120 12.0 47.5 42.7 . . :
M-0.6--2 80 10.5 48.6 43.3 30.0 10 239 3.02 2127 9.00 & A2.5-~-2 120 12.0 47.0 42.3 Mm.m ww www w.ww wmww 3.00
M-0.6~-—4 80 10.7 48.7 41.2 30.0 10 239 4.02 2127 11.50 . A2.5---3 120 12.5 47.0 42.3 40.0. 10 305 6.28 2686 11.00
M-0.6--5 80 11.1 48.5 44.3 30.0 10 261 4.52 2549 15.00 ; Bl---~-1 50 16.0 50.3 45.3 25.0 10 317 4.27 3984 ww.mw
M-0.8--2 80 10.7 64.4 57.0 32.0 10 261 3.02 2288 12.00 : .
M-0.8-~4 80 10.5 64.4 57.0 32.0 10 344 4.02 2288 15.00 wwuannnw mo 16.2 50.0 45.0 25.0 10 309 4.27 3888 25.00
. — 0 16.0 50.5 A45.0 25.0 X :
M-0.8--5 80 10.5 64.2 53.3 32.0 10 344 4.02 2288 15.00 , B1.5---1 75 16.0 50.3 45.3 25.0 wm www M.WW wmww wm.ww
M-0.8--6 80 10.2 63.2 59.5 32.0 10 344 5.34 2732 25.00 ; Bl.5---2 75 16.5 50.0 45.0 37.5 10 309 4.27 3720 19.00
M-1.0--1 80 10.7 80.0 77.4 32.0 10 337 3.08 2662 19.50 B1.5---3 75 16.1 50.0 45.0 25.0 10 415 4.27 3741 25.00
M-1.0--2 80 10.3 80.1 71.2 32.0 10 337 3.02 2433 17.50 . . .
M-1.0--3 80 10.3 80.1 77.4 32.0 10 337 4.02 2670 25.50 F1.5---1 68 15.0 45.0 40.5 22.5 10 425 4.27 2621 20.00
M-1.0--5. 80 10.3 80.1 69.0 32.0 10 353 4.02 2288 20.00 [85.1]
M-1.0--6 80 10.7 80.0 75.5.32.0 10 353 6.16 2662 35.00 . SI--B--2 90 11.0 60.0 56.5 30.0 15 266 3.08 3812 19.00
M-1.0--8 80 12.3 80.3 75.5 32.0 70 321 6.18 2597 40.00 . SsL-~C--2 90 11.0 45.0 '41.5 30.0 15 266 3.08 4612 18.00
M-1.07% 30 11.1 48.0 46.7 40.0 10 167 3.16 2468  8.50 SL~-D--3 90 11.0 30.0 26.5 30.0 15 266 7.60 4003 19.00
: mwn”mnup 90 10.0 20.0 15.2 45.0 10 266 8.54 2820 4.50
E--2 90 10.0 =20.0 16.5 30.0 10 266 3.08 3141  4.30

g----109 116 8.0 60.0 54.0 42.0 10 150 4.52 2850 14.00 .
Z----202 90 12.0 90.0 81.0 45.0 15 214 12.06 2500 50.00

Z----204 180 12.0 90.0 81.8 90.0 15 214 12.06 2900 27.50 & SL--E--3 90 10.0 22.5 18.0 30.0 10 266 6.28 2823 . 7.40
7----208 180 12.0 60.0 54.0 90.0 15 253 12.56 3050 22.50 .
7---700A 110 10.0 75.0 67.0 37.5 15 3241 7.60 2850 36.25

g----801 125 10.3 75.0 67.5 40.0 20 269 7.79 3067 36.40
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APPENDIX A (CONTINUED) APPENDIX B-
TEST DATA OF DEEP BEAMS WITH HORIZONTAL WEB TEST DATA OF CONVENTIONAL BEAMS FAILED IN SHEAR.
REINFORCEMENT AND FAILED IN FLEXURE [82.4]
. BEAM b h d acc 1 fc As Fy vt
BEAM L0 b h d acc 1 fc As Fy sy vt MARK IN IN IN IN IN KSI  IN2 KSI KIPS
MARK CcM CM CM CM CM CM KG/CM2 CM2 KG/CM2 KG/CM2 T
: 54.2

III-4--2 110 12.3 60.9 55.0 55.0 10 198 8.04 2800° 14.1 24.60 III--24A 7.00 24.00 21.00 uw.oo um.oo 2.58 4.000 45.70  66.50
mmwumuuw 10 ww.w Mm.w wm.o 55.0 10 198 8.04 2800 10.7 21.30 R ITT--24B  7.00 24.00 21.00 32.00 8.00 2.99 4.000 45.70 68.00 ;

ITI-6--I 110 12t %03 um.m 55.0 10 198 8.04 2800 5.3 21.40 : ITI--25A 7.00 24.00 21.00 32.00 8.00 3.53 5.090 45.40 60.00

It . . .5 40.0 10 282 3.14 2938 9.9 9.25 . IIF--25B 7.00 24.00 21.00 32.00 8.00 2.50 5.090 45.40 65,00

. 20 10.8 40.3 37.5 40.0 10 269 3.14 2953 7.5 9.75 III--26A 7.00 24.00 21.00 32.00 8.00 3.14 6.250 43.80 94.50

WHW.MHHW wwm wm.w Mm.m 46.7 40.0 10 209 3.15 2858 10.4 11.50 17I--26B  7.00 24.00 21.00 32.00 8.00 2.99 6.250 43.80 89.00

A o 1.2 »m.m Mm.q 40.0 10 207 3.19 2960 7.3 12.00 III--27A  7.00 24.00 21.00 32.00 8.00 3.10 4.000 45.70 78.00

MO, -2 . .0 45.0 40.0 10 196 3.19 2960 10.8 13.50 & ITI--27B = 7.00 24.00 21.00 32.00 8.00 3.32 4.000 45.70 80.00

. 80_11.0 48.6 46.0 25.0 10 277 3.16 2957 9.9 18.75 : ITI--28A 7.00 24.00 21.00 32.00 8.00 3.38 5.090 45.40 68.00

M-0.6-8A 80711.0 48.5 46.5 25.0 10 279 3.16 2957 7.3 19.50 ¥ ITI--28B 7.00 24.00 21.00 32.00 8.00 3.25 5.090 45.40 76.50

wuunuwmw pwm ww.w ww.w MM.M 22.5 10 289 2.26 3500 2.0 34.80 III--29A 7.00 24.00 21.00 32.00 8.00 3.15 6.250 43.80 87.50

L i 120 5018 aen0 ww.m 10 328 2.26 3500 2.0 23.50 ITI--29B 7.00 24.00 21.00 32.00 8.00 3.62 6.250 43.80 98.00

Z----506 135 12.0 900 &40 2 .8 10 328 4.52 3500 2.0 45.00 A-----A1 7.00 12.00 10.30 31.50 4.00 4.40 1.560 45.00 13.50

2507 13512 . .0 54.8 20 230 6.78 3500 2.0 37.00 A-—--<A2 7.00 12.00 10.50 31.50 4.00 4.50 1.580 45.00 15.00

12.0 90.0 81.0 57.5 20 230 8.54 3500 2.0 36.25 v A-=—=-A3 7.00 12.00 10.55 31.50 4.00 4.50 1.640 45.00 17.00

MWHWHHHW ww WM.M mw.w Mw.w wm.o 10 317 4.52 3490 11.9 32.50 : A-----A4  7.00 12.00 10.63 31.50 4.00 4.57 1.760 45.00 16.00

¢l.5---2 75 16.5 50.3 43.3 mw.m 10 309 4.52 3890 11.5 24.00 . A--=-=Bl 7.00 12.00 10.50 31.50 4.00 3.07 1.150 45.00 .12.65

Ol 5 e at ool anle uu.w 10 415 4.52 3500 12.2 36.00 A-----B2  7.00 12.00 10.55 31.50 4.00 3.13 1.200 45.00 13.50

2ol 00 ey oo . .3 10 415 4.52 3770 12.0 25.00 , A-—m=mB3  7.00 12.00 10.63 31.50° 4.00 2.79 1.190 45.00 12.50

.3 50.0 45.6 33.3 10 317 4.52 3730 11.6 25.00 A-—--—B4 7.00 12.00 10.69 31.50 4.00 2.43 1.240 45.00 12.50

Cmme—-=4 68 15.0 45.0 40.5 22.5 10 438 4.15 2580 - 5.6 20.00 : Awmwm—=Cl 7.00 12.00 10.55 31.50 '4.00 0.92 0.600 45.00 . 4.50

Fl.5---1 68 15.0 45.0 40.5 22.5 10 349 4.15 2630 3.5 20.00 A=-=—=C2  7.00 12.00 10.70 31.50 4.00 0.88 0.620 45.00 5.50

MW.m||-H 72 12.0 48.6 43.7 24.0 10 - 345 0.77 3650 6.6 8.00 - Am—=—=C3  7.00 12.00 10.75 31.50 4.00 1.00 0.600 45.00 5.70

np.mnunw 72 12.0 48.7 43.8 24.0 10 340 1.01 2440 14.4 9.00 j A--—--C4 7.00 12.00 10.80 31.50 4.00 0.98 0.620 45.00 5.65

. 72 12.0 48.0 43.2 24.0 10 305 5.59 2504 6.6 26.00 . Be———=-1  6.00 12.00 10.56 36.00 6.00 5.32 1.200 45.00 13.00

Gl1.5---5 72 12.0 48.0 43.2 24.0 10 288 4.02 2530 6.6 21.00 3 Bem===-2 6.00 12.00 10.56 36.00 6.00 2.42 1.200 45.00 8.00

G2——---1 96 12.0 48.0 43.2 32.0 10 246 5.59 2920 3.3 19.00 Be-=—-=3  6.00 12.00 10.56 36.00 6.00 3.74 1.200 45,00. 11.75

G2mm===2 96 12.2 48.0 43.2 32.0 10 250 5.59 2920 7.1 19.00 Bem-——-4  6.00 12.00 10.56 36.00 6.00 2.23 1.200 45.00 9.10

G2.5-—-1 120 12.0 48.3 43.5 40.0 10 246 5.59 2920 3.3 15.00 Bem=—=-5  6.00 12.00 10.56 36.00 6.00 4.45 1.200 45.00 11.70

B=-—-——6  6.00 12.00 10.56 36.00 6.00 2.29 1.200 45.00 7.75

Bem—=-=7  6.00 12.00 10.56 36.00 6.00 4.48 1.200 45.00 11.50

Beme—-=8  6.00 12.00 10.56 36.00 6.00 1.77 1.200 45.00 7.00

Bem-——-9  6.00 12.00 10.56 36.00 6.00 5.97 1.200 45.00 12.00

: . Bem==-10 6.00 12.00 10.56 36.00 6.00 3.47 1.200 45.00 '11.00

_ ; Bem=—-11 6.00 12.00 10.56 36.00 6.00 5.53 1.200 . 45.00 13.50

Bem-=-12  6.00 12.00 10.56 36.00 6.00 2.93 1.200 45.00 10.60

Be--—-13  6.00 12.00 10.56 36.00 6.00 5.48 1.200 45.00 12.50

B---—-14 6.00 12.00 10.56 36.00 6.00 3.27 1.200 45.00 9.70

B-—---15 6.00 12.00 10.56 ~36.00 6.00 5.42 1.200 45.00 11.50

Bom—--16 6.00 12.00 10.56 36.00 6.00 2.37 1.200 45.00 8.50
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APPENDIX B (CONTINUED)
TEST DATA OF CONVENTIONAL BEAMS FAILED IN SHEAR

;o TEST DATA OF CONVENTIONAL BEAMS FAILED IN SHEAR
P A ) .
- BEAM b h a acc 1 fc As Fy vt BEAM - b h d acc 1 fc As Fy vt
MARK IN IN IN IN IN KSI  IN2 KSI KIPS MARK IN IN IN IN IN KSI  IN2 XSI KIPS
LI , [57.1] : [63.2] (CONTINUED)
B---14B2 12.00 16.00 14.50 '17.50 5.50 2.12 3.220 67.60 82.50 E III----6 8.00 18.00 15.86 24.00 3.50 3.71 2.352 71.00 65.35
_ B--~14E2 12.00 16.13 14.75 17.50 5.50 1.84 1.014 67.50 62.50 Z IV=-—=-7 8.00 18.00 15.86 24.00 3.50 3.50 2.361 64.30 65.38
B-~-14A4 12.00 16.00 14.25 17.50 5.50 3.27 4.272 61.70 115.00 IV-----8 8.00 18.00 15.86 24.00 3.50 3.61 2.361 64.30 68.35
B---14B4 12.00 16.00 14.50 17.50 5.50 3.82 3.220 58.60 112.50 £ {y=—==-=~9  8.00 18.00 15.86 24.00 3.50 3.35 1.476 101.20 50.35
B---14E4 12.00 16.00 14.50 17.50 5.50 4.19 2.150 61.20 115.00 3 Yew===10 8.00 18.00 15.86 24.00 3.50 3.91 1.476 101.20 60.35
B---14A6 12.00 16.00 14.00 17.50 5.50 6.59 6.431 65.00 202.50 m yI-~--11 8.00 18.00 15.86 24.00 3.50 3.68 1.479 105.20 50.35
B---14B6 12.00 16.00 14.50 17.50 5.50 6.78 3.220 65.90 175.00 g YI----12 8.00 18.00 15.86 24.00 3.50 3.72 1.479 105.20 60.35
. ; 15.86 24.00 3.50 3.25 0.954 103.20 50.00

B---21B2 12.00 16.00 14.44 24.50 5.50 2.01 3.220 63.40 53.50 ; Vome==13 8.00 18.00
E Veme==14 .00 18.00 15.86 24.00 3.50 3.87 0.954 103.20 50.35

; B~--21E2 12.00 16.00 14.75 24.50 5.50 1.64 1.014 67.20. 47.50

! B---21A4 12.00 16.00 14.50 24.50 5.50 4.32 4.272 58.70 117.50 4 VI----15 8.00 18.00 15.86 24.00 3.50 3.70 0.951 101.20° 40.35
; - £

! B---21B4 12,00 16.00 14.50 24.50 5.50 3.93 3.220 61.30 89.00 ; yI----16 8.00 18.00 15.86 24.00 3.50 3.31 0.951 101.20 42.40
m B--~21E4 12.00 16.00 14.38 24.50 5.50 3.51 2.150 62.40 90.00 , IITA--17 8.00 18.00 15.86 60.00 3.50 4.24 3.229 73.20 19.80
! B~--21E5 12.00 16.00 14.50 24.50 5,50 4.63 2.150 60.40 90.00 ] IIIA--18 8.00 18.00 15.86 60.00 3.50 3.65 3.229 73.20 18.15
i B-~-21F4 12.00 16.00 14.56 24.50 5.50 4.56 1.953 66.20 95.00 VA--~~19 8.00 18.00 15.86 60.00 3.50 3.41 1.182 100.00 14.23
! B-~~-21A6 12.00 16.00 14.00 24.50 5.50 6.57 6.431 64.90 130.00 ' VA-~--20 8.00 18.00 15.86 60.00 3.50 3.71 1.182 100.00 14.83

B---21B6 12.00 16.00 14.75 24.50 5.50 6.60 3.220 63.40 130.00 ] VIB---21 8.00 18.00 15.86 45.00 3.50 3.79 1.067 102.50 16.05
15.86 45.00 3.50 3.74 1.067 102.50 14.03

B---28B2 12.00 16.00 14.25 31.50 5.50 2.13 3.220 68.30 45.00 ” VIB---22 8.00 18.00
' VIB---23 8.00 18.00 15.86 45.00 3.50 4.43 1.067 102.50 16.88

B---28E2 12.13 16.00 14.63 31.50 5.50 1.99 1.014 67.20 25.00 ;
B---28A4 12.00 16.00 14.50 31.50 5.50 3.99 4.272 48.20 72.50 . VIA--~24 8.00 18.00 15.86 60.00 3.50 3.82 0.594 100.90 12.25
B---28B4 12.00 16.00 14.50 31.50 5.50 4.69 3.220 64.00 57.50 ] VIA--~25 . 8.00 18.00 15.86 60.00 3.50 3.74 0.594 100.90 11.23
B---28E4 12.00 16.00 14.50 31.50 5.50 4.80 2.150 62.20 60.00 : (60.1]
B--~2836 12.13 16.00 13.88 31.50 5.50 6.84 6.431 66.00 75.00 4 Le—==-=1 .00 12.00 9.94 20.00 6.00 3.05 2.000 44.00 26.10
B~--28B6 12.00 16.00 14.50 31.50 5.50 6.36 3.220 65.50 72.50 ” L-=—===2  6.00 12.00 9.94 30.00 6.00 3.12 2.000 45.00 17.00
B---40B4 12.00 16.00 14.50 43.50 5.50 5.04 3.220 54.80 35.00 | L===—-2A 6.00 12.00 9.94 30.00 6.00 5.32 2.000 41.00 18.00
B---56B2 12.00 16.00 14.50 59,50 5.50 2.13 3.220 68.30 22.50 : 1------3 6.00 12.00 9.94 40.00 6.00 4.06 2,000 45.00 12.00
, , L--——=-4 6.00 12.00 9.94 50.00 6.00 3.74 2.000 44.00 11.50
B---56E2 12.00 16.00 14.50 59.50 5.50 2.13 1.014 67.00 17.15
B---56A4 12.00 16.00 14.75 59.50 5.50 3.62 4.272 47.80 31.00 m L~——===5 6.00 12.00 9.94 60.00 6.00 4.05 2.000 48.00 11.45
B--~56B4 12.00 16.00 14.50 59.50 5.50 3.95 3.220 63.90 27.50 . {~-——-1R 6.00 12.00 9.%4 20.00 6.00 3.05 2.000 44.00 37.00
B-~~56E4 12.00 16.00 14.50 59.50 5.50 4.12 2.150 62.20 24.50 . L---——2R 6.00 12.00 9.94 30.00 6.00 3.12 2.000 45.00 16.80
B---56A6 12.13 16.00 14.00 59.50 5.50 5.78 6.431 63.60 40.00 L----2AR 6.00 12.00 9.94 30.00 6.00 5.23 2.000 41.00 20.80
, : . L~---=3R 6.00 12.00 9.94 40.00 6.00 4.06 2.000 45.00 13.95
B---56B6 12.00 16.00 14.63 59.50 5.50 6.63 3.220 67.60 30.75 :
B~--70B2 12.00 16.00 14.38 73.50° 5.50 2.37 3.220 67.00 .20.00 ] Ae——===1 6.00 12.00 10.00 23.00 6.00 4,07 0.600 66.50 16.50 -
B--~70A4 12.00 16.00 14.50 73.50 5.50 3.95 4,272 63.20 29.75 Aem—====2  6.00 12.00 10.00 33.00 6.00 4.57 0.600 68.00 9.40
B---70A6 12.00 16.00 14.00 73.50 5.50 6.52 6.431 63.10 40.00 ! Ae—===—=3  6.00 12.00 10.00 43.00 6.00 2.82 0.600 65.60 7.70
B~---84B4 12.00 16.00 14.31 87.50 5.50 3.95 3.220 67.40 25.00 A-—=e==4 6.00 12.00 10.00 53.00 6.00 3.89 0.600 66.60 7.90
§F pe——==11 6.00 12.00 10.00 23,00 6.00 4.10 2.000 49.50 23.25
B-~113B4 12.00 16.00 14.38 116.50 5.50 4.73 3.220 68.00 23.45 B . :
4 A=——==12 6.00 12.00 10.00 33.00 6.00 3.87 2.000 45.50 13.25
[63.2] » A-m==-13 6.00 12.00 10.00 43.00 6.00 3.21 2.000 57.00 10.55
I~=---~1 8.00 18.00 15.86 24.00 -3.50 3.68 3.864 38.70 70.35 : A-——==14 6.00 12.00 10.00 53.00 6.00 3.99 2.000 52.80 12.30
I--=~=-2 8.00 18:.00 15.86 24.00 3.50 3.33 3.864 38.70 69.85 . A==—==15 6.00 12.00 10.00 63.00 6.00 3.63 2.000 48.10 11.10
II~----3 8.00 18.00 15.86 24.00 3.50 3.17 2.391 67.50 58.85 . : .

IIwe——-4 8.00 18.00 15.86 24.00 3.50 3.83 2.391 67.50 70.35
III----5 8.00 18.00 15.86 24.00 3.50 3.73 2.352 71.00 64.85
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APPENDIX B (CONTINUED) APPENDIX B (CONTINUED)

TEST DATA OF CONVENTIONAL BEAMS FAILED IN SHEAR
BEAM b h d acc 1 fc As Fy vt BEAM b h d acc 1 fc As Fy vt
MARK IN IN IN IN IN KSI IN2  KSI  KIPS | MARK IN IN IN IN IN  KSI  IN2  KSI  KIPS
[51.3] [67.3]
A-O--=-1 8.00 18.00 15.30 36.00 3.50 3.12 1.198 53.71 20.02 B-----83  6.14 12.00 10.68 32.04 3.98 1.800 49.70 14.600
A-O----2  8.00 18.00 15.30 36.00 3.50 3.77 1.198 53.71 24.27 B-----84 5.95 12.00 10.67 42.72 3.98 1.800 49.60 12.450
A-O--=-3  8.00 18.00 15.30 36.00 3.50 3.44 1.198 53.71 26.77 B-----91  6.08 12.00 10.58 64.08 3.98 1.740 52.80 11.4%3
B-O----1 8.00 18.00 15.30 30.00 3.50 3.42 1.198 53.71 27.21 B-----93  6.10 12.00 10.74 69.42 4.39 1.740 54.00 12.099
B-0----2  8.00 18.00 15.30 30.00 3.50 3.47 1.198 53.71 21.19 B-----94  6.03 12.00 10.76 21.36 3.67 1.800 51.00 24.850
B-O0----3  8.00 18.00 15.30 30.00 3.50 3.41 1,198 53.71 28.78 B-----95  6.04 12.00 10.83 26.70 3.67 1.800 49.00 16.350
C-0--=-1 8.00 18.00 15.30 24.00 3.50 3.58 1.198 53.71 39.19 B-----96  6.03 12.00 10.83 42.72 3.67 1.800 48.60 12.650
C-0---=2  8.00 18.00 15.30 24.00 3.50 3.41 1.198 53.71 39.94 B-----97  6.00 12.00 10.88 32.10 3.95 1.750 53.10 14.050
C-0----3 8.00 18.00 15.30 24.00 3.50 3.42 1.198 53.71 37.53 B-----98  6.03 12,00 10.81 26.75 3.80 1.750 53.10 17.150
D-O----1 8.00 18.00 15.30 18.00 3.50 3.75 1.198 53.71 49.81 B-----99  6.00 12.00 10.70 26.75 3.80 1.750 53.10 17.350
D-0----2  8.00 18.00 15.30 18.00 3.50 3.80 1.198 '53.71 58.44 B----100 6.03 12.00 10.62 21.40 3.95 1.760 53.10 25.150
D-0--==3  8.00 18.00 15.30 18.00 3.50 3.77 1.198 53.71 50.19 B----271 24.06 12.00 10.58 64.20 3.91 6.990 54.60 48.820
B----272 24.05 12.00 10.66 53.50 3.91 6.990 54.60 51.200
, [67.3] . B---=273 24.10 12.00 10.68 42.80 3.94 6.990 54.60 46.330
Bem==-40 5.97 6.00 5.50 29.42 3.83 0.850 56.20 7.195 B----274 24.10 12.00 10.64 32.10 3.94 6.990 54.60 56.225
B-----41 6.00 6.00 5.56 13.38 3.95 0.870 55.20 11.565 . : _
B-----43 5.96 6.00 5.40 32.00 "4.06 0.880 56.80 6.545 B-=-3041  6.00 48.00 43.20 86.40 3.90 7.060 54.60 73.300
B---=-45 5.95 6.00 5.23 10.70 3.70 0.880 56.80 14.520 B---3042  6.06 48.00 43.10 107.75 3.83 7.060 54.40 53.250
B-----46 5.95 6.00 5.35 10.70 3.70 0.880 56.80 15.520 B---3043  6.05 48.00 43.00 129.00 3.91 7.060 54.50 37.100
: B---3044  6.00 48.00 43.20 171.80 4.28 7.060 54.50 35.750
B---==47 5.95 6.00 5.20 26.70 3.59 0.880 56.80 6.335 B---3045 6.10 48.00 43.20 215.00 4.10 7.080 55.20 34.250
B-----48 5.95 6.00 5.25 26.70 3.59 0.880 56.80 6.095
B-----52 6.00 6.00 5.45 21.40 3.60 0.880 56.80 6.495 B---3046 6.10 48.00 43.20 331.00 3.87 7.120 52.20 34.650
Be=-=-53 5.95 6.00 5.20 5.34 3.87 0.880 56.80 34.900 B---3047  6.10 48.00 43.10 373.80 3.87 7.060 54.50 33.050
B-----54 5.95 6.00 5.35 5.34 3.87 0.880 56.80 34.450 , -
[66.2] :
B-----55 5.92 6.00 5.30 16.00 3.64 0.880 56.80 7.325 1I---4A3 8.00 18.00 15.36 36.00 4.44 2.530 24.700
B-----56 6.03 6.00 5.41 18.73 3.95 0.870 58.40 6.295 II---5A3  8.00 18.00 15.36 36.00 4.33 3.800 38,300
B-----57 6.03 6.00 5.46 29.42 3.83 0.860 54.40 7,095 II--11A2 6.00 15.00 12.36 36.00 4.38 2.530 16.500
B-----58 6.00 6.00 5.45 18.73 3.95 0.870 60.40 6.500 II--12A2 6.00 12.00 9.36 36.00 4.36 2.530 14.400
B-----59 6.08 6.00 5.50 14.68 3.86 0.880 56.80 11.275 III-18A2 - 6.00 15.00 12.44 36.00 2.80 2.000 14.200
B-----60 6.10 6.00 5.46 16.02 3.88 0.880 56.80 8.835. ITI-18B2 6.00 15.00 12.44 36.00 2.88 2.000 16.200
B-----61  6.16 24.00 21.32 42.72 3.88 3.350 50.60 36.700 III-18C2  6.00 15.00 12.44 36.00 3.28 2.000 16.500
B-----63  6.08 24.00 21.37 85.44 3.80 3.600 51.00 20.950 III-18D2  6.00 15.00 12.44 36.00 3.20 2.000 13.500
B-----64 6.15 24.00 21.28 170.88 3.73 3.600 51.00 17.750 IV--13A2 . 6.00 15.00 12.56 36.00 2.89 0.600 10.900
B-~---65. 5.89 24.00 21.75 53.50 3.91 3.610 54.20 25.250 Iv--14A2  6.00 12.00 9.56 36.00 3.00 . 0.600 7.900
B-----66 6.15 24.00 21.31 128.16 3.83 3.600 51.00 20.400 Iy--15A2  6.00 15.00 12.44 36.00. 2.92 1.000 10.300
B-----67 6.19 24.00 20.80 21.36 4.40 3.540 59.00 123.150 Iy--15B2  6.00 15.00 12.44 36.00 3.00 1.000 11.700
B-----69  6.11 24.00 21.35 21.36 3.97 3.480 54.10 131.600 Iy--16A2 6.00 12.00 9.44 36.00 3.22 1.000 9.400
B-----71  6.10 24.00 21.42 64.08 3.97 3.480 54.10 22,950 Iv--17a2 6.00 12.00 9.56 36.00 3.19 1.200 9.900
B-----72  6.00 24.00 21.62 42.80 3.60 3.510 55.70 44.250 Iv--18E2  6.00 15.00 12.44 36.00 2.87 2.000 18.400
B-----74  6.00 24.00 20.60 64.20 3.95 3.510 53.00  24.200 IV--19A2  6.00 12.00 9.44 36.00 2.98 2.000 10400
B-----75  6.00 24.00 20.63 64.20 3.96 3.510 53.20 24.250 Iy--20A2  6.00 12.00 9.36 36.00 3.05 2.530 11.400
B-----76  6.00 24.00 20.38 53.50 4.46 3.510 54.00 25.800 Iv--21A2 8.00 12.00 9.36 36.00 2.89 3.800 17.200
B-----79  6.03 24.00 21.90 149.80 3.79 3.590 55.30 -18.800 Y---—2AC  6.00 12.00 10.00 48.00 3.34 0.790 8.500
B-----R1  6.04 12.00 10.80 64.08 3.99 1.800 49.80 11.500 y----3AC  6.00 12.00 10.06 48.00 3.02 1.200 9.900
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TEST DATA OF CONVENTIONAL BEAMS FAILED IN SHEAR TEST DATA OF CONVENTIONAL BEAMS FAILED IN SHEAR

BEAM b h d acc 1 fc As Fy vt BEAM b h: a acc 1 fc As F vt
MARK IN IN IN IN IN KSI IN2 KSI KIPS MARK IN N IN N IN KSI IN2 Nmm KIPS
[66.2] (CONTINUED) ) [66.2] (CONTINUED)
V====4AC 6.00 12.00 10.00 48.00 2.39 1.580 8.500 .xwlflmnb 6.00 12.00 9.86 72.00 5.26 2.530 12.000
Ve=-=5AC 6.00 12.00 9.94 48.00 2.66 2.000 9.400 XI---PCB 6.00 12.00 9.86 72.00 5.26 2.530 12.000 .
Vw===6AC 6.00 12.00 9.86 48.00 3.31 2.530 12.000 : 6.00 12.00 10.00 60.00 ) 5.18 1.580 10.900
V----3CC  6.00 12.00 10.06 60.00 2.97 1.200 8.000 §iT--OCB  6.00 12.00 1.0.00 60.00 5.66 1.580 11.800
y----4CC  6.00 12.00 10.00 60.00 2.98 1.580 9.000 S<TI-OCA 10.00 20,00 17.94 72.00 5.55 4.000 33.000
y----5CC  6.00 12.00 9.94 60.00 2.95 2.000 10.000 §-II-OCB 10.00 20.00 17.94 72.00 5.55 4.000 30.000
V====6CC 6.00 12.00 9.86 60.00 2.98 2.530 10.000 ’ .
V====4EC 6.00 12.00 10.00 72.00 3.08 1.580 9.400 o . 162.2] .
Ve===5EC 6.00 12.00 9.94 72.00 2.83 2.000 8.900 o LTm— | 9.00 16.50 14.14 49.50 8.50 5.500 34.000
Ve===6EC 6.00 12.00 9.86 72.00 2.77 2.530 9.500 Demmm—=2 9.00 16.50 14.14 49.50 7.33 5.500 29.500
De=====3 9.00 16.50 14.14 49.50 6.16 5.500 29.000
«llllbmn 6.00 12.00 10.00 84.00 3.05 1.580 8.300 ) A 9.00 16.50 14.14 49.50 6.06 5.500 32.500
———=5GC 0.00 HN.OO 0.0& NA.OO u.Pm N.OOO W.AOO - o et 02 e o 9.0 Hm-mo 14. 4 bw.mc 7.3 WoWOO Nw.moo
Ve==-=6GC 6.00 12.00 9.86 84.00 3.10 2.530 9.100 O : 0 . 4-1 ) 3 .
VII--=-6C 6.00 12.00 9.94 36.00 2.92 2.000 11.500 De=====6 9.00 16.50 14.14 49.50 7.05: 5.500 31.500
VIII3AAC 6.00 12.00 10.06 36.00 5.01 1.200 12.500 Dr=m===7 9.00 16.50 14.14 49.50 m“mo 5.500 31.000
- De=m===8 9.00 16.50 14.14 49.50 4.35 5.500 26.500
VIII4AAC 6.00 12.00 10.00 36.00 4.24 1.580 13.000 Deimm===9 9.00 16.50 14.14 49.50 2.57 5.500 . ’ 20.000
VIIISAAC 6.00 12.00 9.94 36.00 4.76 2.000 12.800 pDm====10 9.00 16.50 14.14 49.50 4.55 5.500 28.500
VIII6AAC 6.00 12.00 9.86 36.00 4.99 2.530 ©13.500 : ’ - .
VIII-3AC 6.00 12.00 10.06 48.00 4.62 1.200 12.000 De====11 9.00 16.50 14.14 49.50 3.26 5.500 24.500
VIII-4AC 6.00 12.00 10.00 48.00° 4.42 1.580 12.100 Dme===12 9.00 16.50 14.14 49.50 u“Wﬂ m”moo Nb.ooq
D-===--13 9.00 16.50 14.14 49.50 3.55 5.500 22.300
VIII-5AC 6.00 12.00 9.94 48.00 4.76 2.000. 12.200 D~==—=14 9.00 16.50 14.14 49.50 4.08 5.500 24.000
VIII-6AC. 6.00 12.00 9.86 48.00 4.95 2.530 13.300 Dem==—=15 9.00 16.50 14.14 49.50 3.81 5.500 23,000
VIII-4CC 6.00 12.00 10.00 60.00 5.57 1.580 11.800 .
VIII-5CC 6.00 12.00 9.94 mo.oo 5.43 2.000 12.900 D=====16 9.00 16.50 14.14 49.50 4.42 5.500 25.000
VIII-6CC  6.00 12.00 9.86 60.00 5.57 2.530 14.200 D-====17 9.00 16.50 14.14 49.50 3.78 5.500 23.500
: D-==---18 9.00 16.50 14.14 49.50 4.16 5.500 23.500
VIII-BEC 6.00 12.00 9.94 72.00. 5.43 2.000 12.000 3 Dee=—=19 9.00 16.50 14.14 49.50 4.68 5.500 26.000
VIII-6EC 6.00 12.00 9.86 72.00 4,90 2.530 11.000 ] P=m===20 9.00 16.50 14.14 49.50 4.13 5.500 24.000
IX=--~3AAC 6.00 12.00 10.06 36.00 1.82 1.200 9.100 ] :
IX--4AAC 6.00 12.00 10.00 36.00 1.87 1.580 9.600 £ | Dpa—— 9.00 16.50 14.14 49.50 11.22 5.500 33.500
HNIJm>>O 6.00 12.00 9.94 36.00 2.23 2.000 11.300 1 Eemm———2 9.00 16.50 14.14 49.50 8.06 5.500 32.500
E-=—===3 9.00 16.50 14.14 '49.50 7.06 5.500 29.000
IX--6AAC 6.00 12.00 9.86 36.00 1.94 2.530 14.000 : S’ 9.00 16.50 14.14 49.50 ‘6.19 5.500 29.000
IX=--=-3AC 6.00 12.00 10.06 48.00 » 1.99 1.200 8.300 B Emmme==5 9.00 16.50 14.14 49.50 3.41 5.500 22.000
IX---4AC 6.00 12.00 10.00 48.00 . 1.87 1.580 9,000 : : i
IX=---SAC 6.00 12.00 9.94 48.00 2.23 2.000 9,800 j iy p— 9.00 16.50 14.14 39.00 7.44 5.500 40.000
IX---6AC  6.00 12.00 9.86 48.00 1.80 2.530 9.200 A-4--=-2 9.00 16.50 14.14 54.00 6.64 5.500 30.000
’ A=q-===3 9.00 16.50 14.14 57.00 7.13 5.500 30.200
IX--=3CC 6.00 12.00 10.06 60.00 1.77 1.200 7.000 ) Amd—e—mig .00 16.50 14.14 60.00 6.64 5.500 30.350
IX---4CC 6.00 12.00 10.00 60.00 ~2.48 1.580 7.900 Asq—m==5 9.00 16.50 14.14 49.50 6.75 5.500 30.000
IX--~5CC 6.00 12.00 9.94 60.00 2.13 2.000 .7.700 . .
IX---6CC  6.00 12,00 9.86 60.00 - . 1.98 2.530. . 8.900.. A-fj~=-=—6 9.00 16.50 14.14 60.00 7.66 5.500 32.000
X=-=—--C  8.00 21.00 19.00 60.00 2.43 2.370 . 1s.000 : A-4====7 9,00 16.50 14.14 49.50 8.59 5.500 - . 32.000
: : A-4—---=8 9.00 16.50 14.14 63.00 7.30 5.500 28.000
A-4=-—==9 9.00 16.50 14.14 66.00 8.12 5.500 . 29.500
’ A-4---10 9.00 16.50 14.14 69.00 6.05 5.500 27.500
196 197
.




APPENDIX B (CONTINUED) APPENDIX w (CONTINUED)

TEST DATA OF CONVENTIONAL BEAMS FAILED IN SHEAR :
. TEST DATA OF CONVENTIONAL BEAMS FAILED IN SHEAR

BEAM b h d acc 1 fc As Fy vt
MARK IN IN IN IN IN KSI  IN2 KSI KIPS ‘BEAM b h d acc 1 fc As Fy vt
MARK IN IN IN IN IN  KSI IN2 KSI  KIPS
: [62.2] (CONTINUED)
A-4---11 9.00 16.50 14.14 30.00 6.83 5.500 55.000 [60.8]
A-4---12 9.00 16.50 14.14 39.00 7.50 5.500 40.000 ---18---  6.00 12.00 10.50 18.00 3.34 1.500 25.900
A-5--=-1 12.00 16.50 14.14 49.50 7.59 5.500 41.500 w-—30-=- 6.00 12.00 10.50 30.00 3.41 1.500 12.130
A-5--==2  9.00 16.50 14.39 49.50 3.47 4.660 22.500 ---42---  6.00 12,00 10.50 42.00 3.38 1.500 10.360
A-5----=3 9.00 16.50 14.52 49.50 4.01 3.440 21.500 -—-48--- 6.00 12.00 10.50 48.00 3.68 1.500 - 9.200
gm—ee=-=h  7.50 10.00 8.75 36.00 4.35 0.589 8.600
A-5---=4 9.00 16.50 14.47 49.50 3.90 3.160 . 21.500
A-5----5 9.00 16.50 14.55 39.00 4.26 2.250 23.000 2=-w===B ' 7.50 10.00 8.75 36.00 4.16 0.589 9.260
A-5----6 9.00 16.50 14.44 39.00 4.59 2.830 27.000 2=--=-=C  7.50 10.00 8.75 36.00 4.10 0.785 11.020
A-5--==7  9.00 20.00 17.62 49.50 4.51 5.500 34.500 2e—e===D 7.50 10.00 8.75 36.00 4.72 0.785 8.930
= 2-~e-==E 7.50 10.00 8.75 36.00 4.56 0.982 10.140
[(84.5] 2ee====F 7.50 10.00 8.75 +36.00 4.11 0.982 10.140
AO--3-3B  6.00 13.25 11.75 42.00 3.01 2.370 14.500 , '
AO--3-3C  6.00 13.25 11.75 42.00 3.94 1.640 15.000 9eieem=G  7.50 10.00 8.75 36.00 4.05 0.982 9.150
A0O--7-3A  6.00 13.25 11.75 42.00 5.46 2.370 18.500 3---m==H 7.50 10.00 8.75 36.00 4.06 0.982 9.700
A0O--7-3B  6.00 13.25 11.75 42.00 6.04 2.370 18.600 2e—-===I 7.50 10.00 8.75 36.00 4.43 1.178 10.030
A0O-11-3A  6.00 13.25 11.75 42.00 10.87 2.370 20.200 2=m====J  7.50 10.00 8.75 36.00 4.29 1.178 10.030
2-—-e==K 7.50 10.00 8.75 36.00 3.80 1.534 10.250
A0O-11-3B  6.00 13.25 11.75 42.00 10.83 2.370 20.100
AO-15-3A  6.00 13.25 11.75 42.00 11.80 2.370 21.000 geem—==I, 7.50 10.00 8.75 36.00 4.47 1.534 11.790
A0O-15-3B  6.00 13.25 11.75 42.00 13.59 2.370 22.500 3e—-===M 7.50 10.00 8.75 36.00 4.45 1.534 ~11.020
AO-15-3C  6.00 13.25 11.75 42.00 13.32 2.370 22.000 3me—-==N  7.50 10.30 9.05 36.00 4.41 1.534 11.130
AO--3--2  6.00 13.25 11.75 29.38 2.99 2.370 17.500 2-—-===P 7.50 10.30 9.05 36.00 3.91 1.534 11.570
, , 3-—e===A 7.50 10.00 8.75 36.00 3.36 1.178 9.920
AO--7--2  6.00 13.25 11.75 29.38 6.55 2.370 26.500 : .
AO-11--2  6.00 13.25 11.75 29.38 © 11.50 2.370 25.000 3e—e-=-B  7.50 10.00 8.75 36.00 3.18 1.227 10.47
AO-15-22  6.00 13.25 11.75 29.38 12.35 2.370 40.000 3e—e===C 7.50 10.00 8.75 36.00 3.83 1.190 9.81
AO-15-2B  6.00 13.25 11.75 29.38 10.07 2.370 46.200 3e—m===D 7.50 10.00 8.75 36.00 4.76 1.178 10.25
AO--3--1  6.00 13.25 11.75 17.63 3.35 2.370 26.100 3=--===E 7.50 10.00 8.75 36.00 5.00 1.227 10.25
. 3==—e==F 7.50 10.00 8.75 36.00 4,56 1.190 , 11.02
AO--7--1  6.00 13.25 11.75 17.63 6.07 2.370 70.000
AO-11--1  6.00 13.25 11.75 17.63 9.54 2.370 97.200 3mmee==G  7.50 10.00 8.75 36.00 5.18 1.178 11.13
A0O-15-1A  6.00 13.25 11.75 17.63 11.52 2.370 62.000 -~ 3-e—==-H 7.50 10.00 8.75 36.00 5.34 1.227 12.46
A0-15-1B  6.00 13.25 11.75 17.63 11.79 2.370 111.200 H 3=ee===J 7.50 10.00 8.75 36.00 6.36 1.178 11.68 )
3ee—===K 7.50 10.00 8.75 36.00 6.01 1.227 12.13
[68.3] _ “ e _
§-----13  5.99 12.25 10.43 44.00 3.44 1.080 95.00 9.000 , : :
§--—-==1  6.06 12.25 10.18 44.00 5.30 0.880 95.00 8.000 - O-A=mm==1 12.20 21.90 18.15 72.00 5.50 3.27 4.010 80.50 37.50
§-—==--2  6.06 12.25 10.44 44.00 4.80 0.620 95.00 8.400 ﬂ O-A-mm-2 12.00 22.10 18.35 90.00 5.50 3.44 5.000 80.50 40.00
§==-===3  6.00 12.25 10.50 44.00 4.20 0.510 76.00 6.990 O-A-——-3 12.10 21.90 18.17 126.00 5.50 5.45 §6.020 80.10 42.50
S§--——--4  6.00 12.25 10.56 44.00 4.80 0.440 76.00 6.300 P (60.5] :
§m===-=5  6.00 12.25 10.31 44.00 4.05 0.327 258.00 7.550 . R------3 4.00 8.00 6.87 20.00 2.00 4.75. 0.990 38.00 8.00
§------9  5.98 12.25 10.30 44.00 36 0.327 288.00 5.500 |  R---=--=7 4.00 8.00 7.25 20.00 2.00 3.68 0.990 38.00 6.25
§------6 5.94 12.25 10.53 44.00 2.50 0.218 258.00 6.150 | Ro-—--32  4.00 8.00 6.75 16.00 2.00 5.95 1.200 38.00 9.75
S---===7  6.00 12.25 10.56 44.00 4.15 0.160 258.00 ~ 6.750 W Ro-m--34  4.00 8.00 6.75 23.00 2.00 4.40 1.200 38.00 5.50°
S-----12  6.03 12.25 10.57 44.00 4.30 0.160 258.00 5.530 :
198 . o
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BEAM
MARK

Re=mmmml
R----=~2
R--====3
el
D------2

3Gl

IIB--=~1
IIB----2
IIB~~--3
IA----1A

———]———
- mem ] -

e

Ammommml
Ammmmen2
B-----=1
B-~--=-2
Be~mmm=3

O
Cmmmmmn2
C---m=-3
C-mmmmnt
C-===--5

Cmmmmmnt
D------1
D-~=mm-2
Dm--mm=3
Dmmmmmet

sic1/4
sicz/1
sicz/2
s1c2/3
s1C2/4

s1¢3/1
s1C3/2-
$1C3/3
$1C3/4

APPENDIX B (CONTINUED)

TEST DATA OF CONVENTIONAL BEAMS FAILED IN SHEAR

b
IN

6.00
6.00
6.00
6.00
6.00

6.00
6200
6.00
6.00

6.00
6.00
6.00
6.00

15.70
15.70
7.85
7.85
7.85

3.93
3.93
3.93

3.93 .

3.93

3.93
2.36
2.36
2.36
2.36

3.94
3.94
3.94
3.94
3.94

3.94
3.94
3.94
3.94

h
IN

12.00
12.00
12.00
12.00
12.00

12.00

14.00
14.00
14.00
14.00

13.00
13.00
13.00
13.00

39.40
39.40
19.70
19.70
19.70

9.85
9.85
9.85
9.85
9.85

9.85
5.91
5.91
5.91
5.91

7.87
7.87
7.87
7.87
7.87

7.87
7.87
7.87
7.87

d .
IN

10.70
10.70
10.70
10.70
10.70

10.03

12.50
12.25
12.12
12.06

10.70
10.70
10.70
10.70

36.80
36.80
18.40
18.40
18.40

9.20

9.20.

9.20
9.20
9.20

$.20
5.52
5.52
5.52
5.52

6.65
6.65
6.65
6.65
6.65

6.65
6.65
6.65
6.65

acce 1
IN IN
[71.7]
36.00
36.00
36.00
36.00
36.00
[81.1]
30.00 3.00
[60.4]
42.00 4.00
48.00 4.00
54.00. 4.00
30.00 4.00
[71.3]
16.00 1.50
16.00 1.50
21.40 1.50
21.40 1.50
[72.5]

110.30 6.00
110.30 6.00
55.15 3.00
55.15 3.00

55.15 3.00
27.58 1.50
27.58 1.50
27.58 1.50
27.58 1.50
27.58 1.50
27.58 1.50
16.55 0.90
16.55 0.90
16.55 0.90
16.55 0.90
[74.2]
2.66
3.33
3.99
4.66
5.32
5.99
6.65
7.32
7.98

200

fe
KSI

3.80
3.80
3.60
4.07
4.40

5.40

3.58
3.03
2.85
3.30

4.56
5.19
4.29
4.36

5.28
4.62
4.93
4.50
5.81

4.64
4.64
4.98
3.77
4.06

5.22
5.80
5.80
5.80

5.80-

3.36
3.89
3.89
3.89
3.89

3.67
3.67
3.67
3.67

As
IN2

0.630
0.940
0.940
0.940
0.940

0.114

1.148
1.148
1.148
1.148

1.570 .

0.614
1.570
0.614

7.744
7.744
1.936
1.936
1.936

0.484
0.484
0.484
0.484
0.484

0.484
0.174
0.174
0.174
0.174

0.380
0.380
0.380
0.380
0.380

0.380
0.380
0.380
0.380

Fy
KSI

169.00

46.80
46.40
46.60
47.00

65,80
56.00
65.80
56.00

62.50
.62.50
62.50
62.50
62.50

62.50
62.50
62.50
62.50
62.50

62.50
62.50
62.50
62.50
62.50

39.85
39.85
39.85
39.85
39.85

39.85
39.85
39.85
39.85

vt
KIPS

10.10
10.60
10.10
12.20

1l.80

42.37
21.37
22,24
15.28

80.70
73.90
23.40
19.60
19.20

5.06 -

5.39
6.18
5.06
6.06

6.18
2.62
2.72
2.38
-2.56

22.48
17.92
19.58
18.39
15.22

13.47
12.34
14.12
10.75

. BEAM
MARK

T-B--—-1
TeBommm2
T=B-===5
T-B--—-6
T-B-~--9

T~B===10

B-18---1
B-18---2
C-18=-=~1
C-18---2
D~18~==1

D-18-=-2
E-18---1
E-18===2

b
IN

5.91
5.91
5.91
5.91
5.91

5.91

8.00
8.00
8.00
8.00
8.00

8.00
8.00
8.00

IN

11.81
11.81
11.81
11.81
11.81

11.81

18.00
18.00
18.00
18.00
18.00

18.00
18.00
18.00

d.
IN

9.84
9.84
9.84
9.84
9.84

9.84

15.90
15.90
15.90
15.90
15.90

15.90
15.90
15.90

APPENDIX B AOOZHHZCNUV

acc 1
IN IN
[84.3]
19.69
19.69
19.69
19.69
29.53
+29.53
[58.3]
24.00 3.50
24.00 3.50
24.00 3.50
24.00 3.50
24.00 3.50
24.00 3.50
24.00 3.50
24,00 3.50
201

fc
KSI

2,55
3.00
3.40
3.40
3.67

3.71

3.68
3.33
3.71
3.83

" 3.72

3.91
3.25
3.87

As
IN2

0.616
0.616
0.889
0.889
0.889

0.889

3.880

'3.880

2.353
2.391
1.488

1.476
0.954
0.954

TEST DATA OF CONVENTIONAL BEAMS FAILED IN SHEAR

Fy
"KSI

55.47
55.47
55.47
55.47
55.47

55.47

38.70
38.70
.71.00
67.50
105.20

96.90
99.50
99.50

vt
KIPS

20.72
18.74
24.80
27.56 -
13.01

10.47,

70.00
69.50
65.00
70.00
60.00

60.00
49.65
50.00




‘BEAM
MARK
CO-—==-1
COmmmwmm3
CO-mm=4
COmmm=mb
CO-=--=<6
COmmmmmT
COmmmmm8
CO=====9
COm=m=11
CO----14
COmmm=15
CO-~=-17
CO~=~=18
CO----19
CO----20
CO~mm=21
COmmmm22
CO-===23
COmmmm=24
CO=mmm25
COmmm=26
COmmmm27
COmmm=28
CO~-=-=29
CO----30
CO-m==31
Co----32
CO=—=~33
CO----34
CO----35
CO~---36
CO---=37
CO=~==38
Co-~--39
COmmm=40
CO--—-41
COmmm=q2
COmm=~43
COmmmm=44
CO----45

TEST DATA OF CORBELS FAILED IN

b h d
IN IN IN

8.00 22.00 20.20
8.00 26.00 24.20
8.00 18.00 16.10
8.00 22,00 20.10
8.00 26.00 24.10

8.00 18.00 16.10
8.00 22.00 20.10
8.00 22.00 20.10
16.00 14.00 12.10
8,00 26.00 24.20

8.00 18.00 16.20
8.00 18.00 16.20
8.00 18.00 16.20
8.00 22.00 20.20
8.00 22.00 20.20

8.00 26.00 24.20
8.00 26.00 24.20
8.00 26.00 24.20
8.00 18.00 16.10
8.00 18.00 16.10

8.00 18.00 16.10
8.00 22.00 20.10
8.00 26.00 24.10
8.00 26.00 24.10
8.00 22.00 20.00

8.00 26.00 24.00
8.00 26.00 24.00
8.00 18.00 16.10
8.00 18.00 16.10
8.00 22.00 20.10

8.00 26.00 24.10
8.00 26.00 24.10
8.00 18.00 16.10
8.00 18.00 16.10
8.00 18.00 16.10

8.00 18.00 16.10
8.00 26.00 24.10
8.00 26.00 24.10
8.00 26.00.24.10
8.00 18.00 16.10

APPENDIX B (CONTINUED)

acc 1
IN IN
[65.1])
2,75 1.50
2.75 11.50
2.7% 1.50
2.75 1.50
2.75 1.50
2.75 1.50
2,75 1.50
2.75 2.50
4.00 1.50
6.00 1.50
6.00 1.50
6.00 1.50
6.00 1.50
6.00 1.50
6.00 1.50
6.00 1.50
6.00 1.50
6.00 1.50
6.00 1.50
6.00 1.50
6.00 1.50
6.00 1.50
6.00 1.50
6.00 1.50
6,00 1.50
6.00 1.50
6.00 1.50
6.00 1.50
6.00 1.50
6.00 1.50
6.00 1.50
. 6.00 1.50
9.50 2.50
9.50 2.50
9.50 2.50
9.50 2.50
9.50 2.50
9.50 2.50
.50 2.50
9.50 2.50
202

fe
KSI

3.79
3.82
3.52
3.84
3.97

3.26
4.17
6.50
3.90
4.54

4.50
3.99
4.21
3.79
3.55

3.92
3.74
3.95
4.25
6.41

4.28
4.32
4.63
3.73
4.26

4.04
4.39
3.83
4.07
3.82

3.96
3.77
4.70
4.49
4.34

4.20
4.85
4.14
3.84
4.28

SHEAR

As
IN2

0.614
0.620
1.198
1.206
1.195

2.396
2.396
2.396
2.401
0.407

0.622
0.622
0.622
0.614

0.614

0.620
0.620
0.620
1.198
1.198

1.198

1.206°

1.195
1.195
1.584

1.574
1.574
2.396
2.396
2.396

2.391
2.391
1.198
1.198
1.198

1.198
1.195
1.195
1.195
2.396

Fy vt
KSI  KIPS
45.30 100.03
45.30 109.00
43.60 100.08
43.30 136.52
47.00 137.47
43.30 140.39
45.80 175.27
45.00 265.32
47.70 184.69
51.00 84.02
48.10 72.60
95.80 85.54
47.30 81.00
43.20 92.44
95.80 86.13
43.20 95.06
95.80 104.93
45.00 88.48
47.30 89.00
46.60 130.09
53.30 110.64
47.30 114.97
47.30 124.93
47.50 123.39
45.60 135.04
46.60 150.14
45.60 139.97
47.30 113.99
53.30 123.52
47.30 132.18
47.30 155.01
54.30 155.98
53.00 85.52
54,50 86.81
44.30 86.94
44.40 78.05

52.50 150.00
45.70 119.92

.45.40 112.02

50.50 120.04

BEAM
MARK
CO==-~46
COmm—=47
CO=—-==48
CO---~49
CO=--~54
co----55
CO---~56
CcO---~58
Cco-~--~59
CO=-=-60
CO----61
CO----62
CO----64
CO--==65
CO~----66
CO----67
CO--~-69
co=--=75
CO----76
CO-===77
CcOo----80
co----81
Cco----82
co----83
co----84
CO----85
cOo----86
co~---87
Cco-~--89
co----90
CcOo--=--91
CO----93
Co----94
CO~---95
CO=--=--96
co----98
co---~99
CO~-~100
CcO--~102
COo---103

APPENDIX B (CONTINUED)

TEST DATA OF CORBELS FAILED IN SHEAR

b h
IN IN

8.00 18.00
8.00 18.00
8.00 26.00
8.00 26.00
8.00 18.00

8.00 22.00
8.00 26.00
8.00 18.00

'8.00 18.00

8.00 18.00

8.00 18.00
8.00 22.00
8.00 26.00
8.00 26.00
8.00 26.00

8.00 26.00
8.00 18.00

.8.00 45.00

8.00 45.00
8.00 26.00

8.00 22.00
8,00 22.00
8.00 18.00
8.00 18.00
8.00 18.00

8.00 18.00
8.00 26.00
8.00 26.00
8.00 22.00
8.00 22.00

8.00 18.00
8.00 18.00
8.00 18.00
8.00 26.00
8.00 26.00

8.00 22.00
8.00 22.00
8.00 18.00
8.00 18.00
8.00 18.00

d
IN

16.10
16.10
24.10
24.10
16.20

20.20
24.20
16.10
16.10
16.10

16.10
20.10
24.10
24.10
24.10

24.10
16.10
41.70
41.70
24.20

20.20
20.10
16.00
16.20
16.10

16.00
24.20
24.10
20.20
20.10

16.00
16.10
16.00
24.20
24.10

20.20
20.10
16.00
16.10
16.00

acc 1 fc
IN IN KSI
.[65.1] (CONTINUED)
9,50 2.50 3.84
9.50 2.50 4.06
"9.50 2.50 4.92
9.50 2.50 4.18
10.00 1.50 3.95
10.00 1.50 4.01
10.00 1.50 3.77
10.00 1.50 3.72
10.00 1.50 3.51
10.00 1.50 3.82
10.00 1.50 4.11
10.00 1.50 3.26
10.00 1.50 6.54
10.00 1.50 3.66
10.00 1.50 4.04
10.00 1.50 4.06
10.00 1.50 3.68
12.50 1.50 4.11
12.50 1.50 4.09
3.50 2.50 2.21
6,00 2.50 2.43
6.00 2.50 2.57
4.75 2.50 2.11
8.50 2.50 2.31
8.50 2.50 2.29
8.50 2.50 2.17
3.50 2.50 4.18
3.50 2.50 3.88
6.00 2.50 4.0l
6.00 2.50 4.24
4.75 2.50 4.06
8.50 2.50 3.98
8.50 2.50 3.94
3,50 2.50 6.31
3.50 2.50 6.43
6.00 2.50 .m.mH
6.00 2.50 6.57
4.75 2.50 6.43
8.50 2.50 6.68
8.50 2.50 6.59
1203

As
IN2

2.396
2.396
2.391
2.391
0.622

0.614
0.620
1.198
1.198:
1.198

1.198
1.206
1.195
1.195
1.195

1.195
2.396
3.169
3.169
0.929

0.792
1.512
1.574
0.622
1.198

1.574
0.929
1.793
0.792
1.512

1.574
1.198
1.574
0.929
1.793

0.792
1.512
1.574
1.198
1.574

Fy B4
KSI KIPS

44.30 104.84
44.40 104.46
45.40 138.43
48.00 138.04

45.00 44.97

45.30 60.44

45.30 58.27-
44.60 56.03°
43.30 54.61

44.30 79.86

54.30 75.09

43.60 70.11

46.60 95.05

53.20 100.06
44.10 92.74
52.80 88.30
44.30 86.04
45.40 213.84
46.70 249.87
45.30 91.77
43.50 83.22
44.60 108.06
45.10 84.35
45.80 51.45
47.30 69.94
44.60 63.36
46.30 169.98
44.30 155.01
44.80 110.05
46.50 155.49
46.70 123.01
47.50 90.03
46.70 113.66
45.30 189.92
46.50 250.64
44.50 127.18
46.50 184.92
47.50 171.52
46.50 97.12

47.50 118.02
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APPENDIX B (CONTINUED

TEST DATA OF CORBELS FAILED IN SHEAR
TEST DATA OF DEEP BEAMS FAILED IN SHEAR

BEAM - b h d acc 1 fe As
Fy vt
MARK IN IN IN IN IN KSI IN2 XsI1 KIPS BEAM b h d ace 1 fc As Fy vt
’ MARK IN IN IN' IN IN  KsI IN2 KSI KIPS
[65.1] (CONTINUED) ’
[73.5]

CO~=~=2E 8.00 26.00 24.10 9.50 2.50 4.44 1.195

CO~~=~=3E 8.00 26.00 24.10 6.00 2.50 3.98 1.195 MMHWW WWM“WW
CO====4E 8.00 26.00 24.10 6.00 2.50 4.20 1.195 44.90 145.56
CO=~~~5E 8.00 18.00 16.10 2,75 2.50 4.01 1.198 44.50 114.50
CO-=~-=6E 8.00-18.00 16.20 6.00 2.50 4.14 0.622 48.10 mu”wm

R10~-==~=1 4.00 18.00 16.00 4.80 6.00 4.90 0.620  59.40 100.00
‘R10=-~==2 4.00 18.00 16.00 4.80 6.00 5.10 0.620 59.40 100.00
R10==-=3 4.00 18.00 16.00  4.80 6.00 4.37 0.620 56.80 82.50
R10~----4 4.00 18.00 16.00 4.80 6.00 4.63 0.620 59.40 90.00
Rlle-=-1 4,00 18.00 16.00 4,00 '6.00 4.60 0.400 44.60 87.50

CO====7E 8.00 18.00 16.10 6.00 2.50 4.49 1
— . . . . .198 44.50 109.48
MWI 8E 8.00 26.00 24.10 9.50 2.50 4.58 1.195 46.50 139.97
OOllllmM 8.00 26.00 24.10 9.50 2.50 4.79 1.195 53.30 148.84
-~10E 8.00 26.00 24.10 9.50 2.50 4.75 1.195 46.50 127.06

Rll-=--4 4.00 18.00 16.00 4.00 6.00 4.60 0.620 58.60 102.00
R1l---=5 4.00 18.00 16.00 8.00 6.00 4.60 0.620 58.10. 90.50
R1ll====7 4.00 18.00 16.00 8,00 6,00 5.35 0.880 62.60 109.50
R11---10 4.00 18.00 16.00 14.40 6.00 5.52 1.200 54.20 .66.00
R11---11 4.00 18.00 16.00 17.00 6.00 4.68 1.200 54.20 61.50

2

. [68.2] ,
A-m=—=-4  3.00 30.00 28.50 8.50 4.00 3.96 0.110 46.00 . 36.50
A--—-—4R  3.00 30.00 28.50 8.50 4.00 1.78 0.110 46.00 24.40
Be-m---1  3.00 15.00 13.50 8.50 4.00 2.96 0.307 46.00 15.25

B=m-—=-2  3.00 20.00 18.50 8.50 4.00 3.09 0.307 46.00 20.25
Bemmem=—=3  3.10 22.50 21.00 8.50 4.00 3.60 0.307 46.00 27.80

Be--=--4  3.10 30.00 28.50 8.50 4.00 4.11 0.307 46.00 .42.55
@em—=—=1 3.00 15.00 13.50 8.50 4.00 3.12 0.307 46.00 20.25
Ce-====2  3.10 20.00 18.50 8.50 4.00 3.54 0.307 46.00 31.60
Cmm—w—=3  3.00 22.50 21.00 8,50 4.00 2.84 0.307 46.00 26.65
Gum—=—=4  3.10 30.00 28.50 8.50 4.00 2.38 0.307 46.00 31.15
Kl=----1  3.09 15.00 13.50 13.50 4.00 2.21 0.110 46.00 12.55
[65.4] ,
G33S11 3.00 9.00 8.00 8.00 4.00 3.38 0.400 47.30 19.20
633831 3.00 9.00 8.00 8.00 4.00 .2.89 0.620 45.20 24.05
[82.2]

OAO--~44 4.00 14.00 12.00 12.00 4.00 2.97 0.930 62.50 31.37
OAO~~=-48 4.00 14.00 12.00 12.00 4.00 3.035 0.930 61.13 30.60
OBO~--=~49 4.00 14.00 12.00 14.50 4.00 3.145 0.930 61.13 33.50
0CO~=-=50 4.00 14.00 12.00 18.00 4.00 3.000 0.930 61.13 26.00
ODO=~~-=47 4.00 14.00 12.00 25.00 4.00 2.830 0.930 61.13 16.50

204
205




7.5-1.32-7
10--0.42-3
10~-0.84-3
10~-0.84-5
10~-0.84-7

10--1.32-3
10--1.32-5
10--1.32-7

Ammmmmme==2
A--eeo=e--3
A-==mmmeed
A-—mmm—emeb
A-r—m=m==6

O

B--mm-mnm-3

Bmmmmmemg

Commmmmmmem] .

R

C-mmmmmm-3

Cmmmmmmmetg

Cmmmmmmmn5

D------—-1

Dm=mmmm=n2

D--=-==--3

14.9
15.1
15.2
14.9
15.0

14.9
15.3
14.9
14.9
14,9

15.5
15.2
15.2

16.4
16.4
16.4
16.4
16.2

16.5
16.5
16.5
20.3
20.2

20.3
20.2
20.3
20.5
20.3

20.2

APPENDIX B (CONTINUED)

TEST DATA OF CORBELS FAILED IN SHEAR

h
CcM

24.7
25.0
23.7
24.3
24.6

24.4
25.0
24.8
24.8
24.9

25.2
24.8
24.6

35.0
35.0
35.0
35.0
35.0

35.0
35.0
35.0
52.5
52.5

52.5
52.5
52.5
52.5
52.5

52.5

d
CcM

20.0
20.0
20.0
20.0
20.0

20.0
20.0
20.0
20.0
20.0

20.0
20.0
20.0

25.0
25.0
25.0
25.0
25.0

25.0
25.0
25.0
45.0
45.0

45.0
45.0
45.0
45.0
45.0

45.0

acc 1

cM cM

[82.1]

6.0 3.75
10.0 3.75
14.0 3.75

6.0 3.75
10.0 3.75
14.0 3.75

6.0 5.00
6.0 5.00
10.0 5.00
14.0 5,00
6.0 5.00
10.0 5.00
14.0 5.00
[81.2]
22.5 5.0
22.5 5.0
22.5 5.0
22.5 5.0
22.5 5.0

22.5 5.0
22.5 5.0
22.5 5.0
5.5 5.0
5.5 5.0
5.5 5.0
5.5 5.0
5.5 5.0
7.88 5.0
13.5 5.0
22.5 5.0

206

fec As
KG/CM2 CM2
240.5 2.53
240.5 2.53
240.5 2.53
240.5 3.97
240.5 3.97
240.5 3.97
240.5 1.27
240.5 2.53
240.5 2,53
240.5 2.53
240.5 3.97
240.5 3.97
240.5 3.97
202.9 4.51
177.4 4.02
177.4 6.03
177.4 8.04
177.4 10.04
217.2 9.03
217.2 8.04
217.2 12.05
177.4 2.26
177.4 3.39

107.1 4.52
107.1 9.05
157.0 10.05
157.0 10.06
217.2 10.05

217.2 10.09

Fy Vvt
KG/CM2 T
3325 18.15.
3325 14.25
3325 10.425
3848 18.80
3848 18.25
3848 12.90
3325 13.50
3325 20.00
3325 15.00
3325 11.50
3848 26.00
3848 18.10
3848 15.00
3212 15.09
4864 17.13
4864 23.66
4864 23.55
4864 25.80
3518 27.53
4864 26.51
4864 28.55
3426 33.14
3426 40.79
3589 33.14
3589 40.38
4864 54.04
4864 53,53
4864 45.89
4864 38.24

BEAM
MARK

II-======0
II1--====0
Me==Ve=—=1
Mr=rVe==—2
M=-==V-===3
M=m=Vom——ig
M--0.8-=2A
M--0.8~-4A
M-=-1.0-=2A
M=--1.0--3A
M--1.0--4A
M--~1.0-=5A
M-=0.6-~=3
M-~0.6--=6
M~=0.6-=~7
M--0.8-==3
M--0.8---6
M-=-0,8-==7
M--0.8-~=8
M--0.8---9
M--0.8--10
M--1.0---1
M-~1.0--~3
M~=1.0-~-6
M-=1.0-~-7
M--1.0---8
M--1.0---9
M--1.0--10
M--1.0--11
M-=-1,0--12
107
202
203
204
205
206
1207
208
700A
700B

cM

12.0
12.1
12.2
12.2
12.3

12.8
12.4
12.4
12.4
12.2

12.0

12.3
10.5
10.5
12.4

10.4
10.2
12.4
12.7
12.4

12.4
10.7
10.3
10.7
12.3

12.3
12.5
12.0
12.3
12.2

8.0
12.0
12.0
12.0
12.0

12.0
12.0
12.0
10.0
10.0

APPENDIX B (CONTINUED)

TEST DATA OF DEEP BEAMS FAILED IN SHEAR

h
cM

90.6
60.3
72.0
85.1
95.4

108.4
80.0
80.0

100.4
80.0

80.0
80.0
48.4
48.5

48.5

64.0
63.2
63.8
64.7
64.5

64.7
80.0
80.1
80.0
81.0

80.3
81.0
80.2
80.3
80.0

60.0
90.0

90.0.

90.0
90.0

90.0
90.0
60.0
75.0
75.0

a
CM

82.0
55.0

68.0 .

80.1:
91.0

104.0
75.0
75.0
95.0
75.0

75.0
75.0
45.0
44.0
44.8

61.5
59.5
58.0
57.8
58.2

59.0
77.4
77.4
75.5
75.8

75.5
73.2
73.4
76.0
75.3

54.5
81.0
82.6
81.8
81.0

80.4
81.0
54.0
67.0
67.0

acc 1 fc
cM CM  KG/CM2
[82.4]

7.5 12.0 206.0
55,0 12.0 198.0
45.0 12.0 257.0
45.0 12.0 257.0
45,0 12.0 257.0
45,0 12.0 257.0
37.5 12.0 318.0
37.5 12.0 313.0
37.5 12.0 282.0
30,0 12.0 314.0
30.0 12.0 355.0
30.0 12.0 355.0
'30.0 12.0 239.0
30.0 12.0 .261.0
30.0 12.0 258.0
32.0 12.0 344.0
32,0 12.0 344.0
32.0 12.0 359.0
32.0 12.0 359.0
32.0 12.0 359.0
32.0 12.0 359.0
32.0 12.0 337.0
32.0 12.0 337.0
32.0 12.0 353.0
32.0 12.0 353.0
32.0 12.0 321.0
32.0 12.0 353.0
32.0 12.0 321.0
32.0 12.0 321.0
32.0 12.0 321.0
42.0 10.0 150.0
45.0 15.0 214.0
67.5 15.0 214.0
90.0 15.0 214.0
30.0 15.0 294.0
45.0 15.0 294.0
60.0 15.0 294.0
90.0 24.0 253.0
37.5 15.0 341.0
37.5 15.0 305.0

207

As Fy
CM2 KG/CM2
12.06 2790
8.04 2800
3.65 3392
4.64 2712
4.64 2712
4.64 2712
6.16 2850
10.18 3820
6.04 3040
6.16 2920
7.82 3060
10.10 3680
4.02 3092
5.34 2944
6.16 2859
4.02 2780
5.34. 2732
6.78 2434
7.60 2632
8.54 2622
9.10 3286
3.08 2662
4.02 2670
6.16 2662
8.16 3268
6.18 2597
7.60 2592
9.24 2857
11.36 3960
7.10 2804
4.33 2900
12.06 2900
12.06 2900
12.06 2800
12.06 2900
12.06 2900
12.06 2900
12.56 3050
7.60 2850
7.60 2850°

vt
T

30.00
21.20
14.00
20.00
23.00

25.00
28.00
48.00
40.00
37.50

43.00
45.40
17.60
20.50
25.00

19.50
25.00
31.50
30.50
33.00

35.00
19.50
25.50
35.00
33.80

40.00
35.50
42.50
48.00
37.50

12.00
50.00
31.25
27.50
55.00

48.75"
40.00
22.50
36.25
32.50
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TEST DATA OF DEEP BEAMS FAILED IN SHEAR

TEST DATA OF DEEP BEAMS FAILED Hzﬁmmmvw
fc As Fy vt

. 1

BEAM b h d acc 1 fc As Fy Vvt BEAM b . h d acc M2 KG/CM2 T
MARK cM cM cM cM CM KG/CM2 CM2 KG/CM2 T MARK cM cM cM cM CM  KG/CM2 c /

[82.4] (CONTINUED) Hmmmwupo 0 223.0 9.36 2823 28.00
801 10.3 75.0 67.5 40.0 20.0 269.0 7.79 3067 36.40 SL~--A---1 10.0 -90.0 85.5 45. 0.0 2230 308 3141 28.50
802 10.5 75.0 67.5 40.0 20.0 319.0 7.79 3067 38.00 SL---A---2 11.0 90.0 86.5 30.0 po.o 223 2.8% 2823 30.00
803 10.3 75.0 67.5 40.0 20.0 278.0 7.79 3067 35.00 SL---A---3 10.0 90.0 85.5 30.0 ww.o 220 7.e0 2473 37.90
8032 10.0 75.0 .67.5 40.0 20.0 263.0 7.79 3067 33.50 SL-~-A~--4 11.0 90.0 86.5 30.0 15.0 223.0 o0 3473 42.50
802A 10.0 75.0 67.5 40.0 20.0 317.0 7.79 3067 36.50 §L---A---5 .11.0 90.0 86.5 30.0 . .

i ' ' . .60 2473 32.50
801a 10.7 75.0 67.5 40.0 20.0 324.0 7.79 3067 37.50 SL~~-A--=6 10,0 90.0 86.5 30.0 wm.m ,wwm w w.wm 3141 29.00
804A 10.7 75,0 67.5 40.0 20.0 267.0 7.79 3067 35.00° SL---B---1 11.0 60.0 55.5 45.9 5.7 22370 6.28 2823 23.00
8052 10.4 75.0 67.5 70.0 15.0 273.0 7.79 3067 21.80 S§L-==B--=3 10.0 Mw.m wm.w wm.w 15.0 223.0 6.28 2823 25.60
06A 0.5 75. .5 '70. . . . . ~==B-==4 10.0 . . . . . .28

8 1 5.0 67.5 '70.0 15.0 252.0 7.79 3067 21.80 mw;:-wcuum 100 €0.0 36.5 30.0 15.0 223.0 6.28 2823 25.00

: .0 8.54 2823 19.00
---C---1 10.0 45.0 40.5 45.0 15.0 266.
MWar|0||JN 10.0 45.0 41.5 wo.w Ww.w WMM.W W.MM NMWW Wm.ww
SL=--C---3. 11.0 45.0 41.5 30. . . .
v . 0 6.28 2823 19.60
~-—C~==4 11.0 45.0 41.5 30.0 0.0 223.
MWI!IUI!iH 11.0 30.0 25.5 45.0 15,0 223.0 8.54 2823 11.00

I-======~1 10.0 60.0 57.0 45.0 12.0 236.0 7.72 2620 18.10
I-w====--2 10.0 60.0 57.0 30.0 12.0 284.0 7.72 2620 24.05
I-=====~--3 10.0 60.0 57.0 22.5 12.0 283.0 7.72 2620 40.10
I~=====---4 10.0 60.0 57.0 30.0 12.0 330.0 6.34 2580 '35.00
I-w===---5 10.0 60.0 57.0 30.0 "12.0 248.0 9.78 2440 29.25

30.0 26.5 30.0 15.0 266.0 7.60 4003 19.00

I--~-----6 10.0 60.0 54.0 30.0 12.0 298.0 8.85 2630 -25.00
10.0 266.0 8.54 2823  4.50

I-=====--7 10.0 60.0 57.0 75.0 12.0 277.0 7.72 2620 14.00
Iw=ww==v-8 10.0 60.0 57.0 50.0 12.0 276.0 7.72 2620 21.00
I-=m===--9 10.0 60.0 57.0 37.5 12.0 331.0. 7.72 2620 27.50
I--=----10 10.0 60.0 57.0 50.0 12,0 348.0 6.34 2580 17.40

SL===D---3 11.0
SL---E---1 10.0 20.0 16.5 45.0

I--===--11 10.0 60.0 57.0 50.0 12.0 297.0 9.78 2440 23.75
I-=w=-==~12 10.0 60.0 54.0 50.0 12.0 318.0 8.85 2630 23.70
I--=----13 10.0 60.0 57.0 110.0 12.0 286.0 7.72 2620 6.90
I-v===~~14 10.0 60.0 57.0 80.0 12.0 348.0 7.72 2620 14.20

I-~=~===~15 10.0 60.0 57.0 60.0 12.0 310.0 7.72 2620 17.55
II--===--2 10.0 75.0 69.0 25.0 12.0 317.0 10.17 2920 31.25
II-==~--=3 10.0 75.0 69.0 75.0 12.0 308.0 15.20 2620 27.50

IJ-======4 10.0 75.0 69.0 90.0 12.0 301.0 15.20 2620 21.60
II~=--===5 10.0 75.0 69.0 102.5 12.0 326.0 15.20 2620 19.50
II----=---6 10.0 75.0 69.0 25.0 12.0 288.0 8.04 2900 34.40

II-~=-=-~-9 10.0 75.0 69.0 50.0 12.0 362.0 10.17 2920 25.50
II--~--~10- 10.0 75.0 69.0 50.0 12.0 277.0 12.57 2670 25.50
II---~--11 10.0 75.0 69.0 50.0 12.0 345.0 15.20 2680 31.00
II---~--21 10.0 75.0 689.0 50.0 15.0 225.0 12.57 2670 25.50
II-=~===22 10.0 75.0 69.0 50.0 21.0 317.0 12.57 2670 36.00

II»---~-23 10.0 75.0 69.0 50.0 15.0 389.0 12.57 2670 36.00
II------24 10.0 75.0 69.0 50.0 12.0 285.0 6.16 .2770 28.00
Al.5-===-=7 13.0 48.0 43.2 24.0 10.0 252.0 4.71 3090 22.00
Al.5~--=7A 12.0 48.0 43.2 24.0 10.0 252.0 4.71 3090 20.00
Blw==~~~-1 16.0 50.3 45.3 '25.0 10.0 317.0. 4.27 3984 28.00

Bl-=-=~-~-2 16.2 50.0 45.0 25.0 10.0 309.0 4.27 3888 25.00
Blw-==~~~3 16.0 50.5 45.0 25.0 10.0 415.0 4.27 3918 26.00
Bl.5--=~-~1 16.0 50.3 45.3 25,0 10.0 317.0 4.27 3692 27.00
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TEST DATA OF BEAMS SUBJECTED TO SHEAR AND NORMAL COMPRESSION TEST DATA OF KNEE FRAMES [57.1]
BEAM b h d acc 1 fc As F :
oAR y vt N . N
* IN IN  IN IN  IN  KSI IN2 KSI KIPS  KIPS mwwm ™ e wz ™ mmH 2 mmu. mem Kres
60.1

A-—-=1  6.00 12.00 10.00 230008 00 4.07 0.60 66.50 16.50 0.0 F-21B2 12.00 16.50 14.50 21.60 1.47 3.262 54.60 46.30 46.30
BT 100 12,00 10.00 33.00 6.00 4.57 0.60 68.00 9.40 O. 0 P 2ha 12.00 16.50 14.50 21.60 2.04 3.262 54.60 63.60 63.50
A 3 .00 12.00 10.00 43.00 6.00 2.82 0.60 65.60 7.70 0.00 Fal-Ba 12.00 16.50 14.50 21.60 4.31 3.262 54.80 83.%0 83.10
A-——-2 6.00 12.00 10.00 53.00 6.00 3.89 0.60 e6.€0 7.90 o.mw F21B4R 12.00 16.50 14.50 21.60. 4.23 3.262 54.80 91.90 91,90
A4 600 12.00 1000 B2 00 100 3.78 0.0 .50 25.70 20.00 F21-C4 12.00 16.25 14.50 21.60 3.86 2.769 62.90 62.90 62.90
Beee—2  6.00 12.00 10.00 33.00 6.0 F21C4R  12.00 16.25 14.75 21.60 4.48 2.769 64.80 99.70 39.70
B----3  6.00 12.00 10.00 43.00 600 .10 0.0 2 i 10.90 20.00 R Ch: 13.00 16.25 14.50 21.60 4.57 2.114 65.60 100.10 109-20
bosa  €.00 12.00 10.00 53.00 6.00 4.10 0,60 66.50 9.45 29.00 Tol-B4 12.25 16.50 15.00 21.60 4.45 1.470 62.60 91.20 91.20
N 11 .00 12.00 10.00 23.00 6.00 4.10 2.00 49.50 23.25 0.00 Ta1_P4 12.00 16.50 14.50 21.60 4.35 1.299 62.00 77.10 77.10
A3 .00 13.00 10.00 33.00 6.00 3.87 2.00 45.50 13.25 0.00 To1-A6 12.00 16.50 14.50 21.60 7.02 4.113 54.60 141.40 141.40
A---13  6.00 12.00 10.00 43.00 6.00 3.2 , F21-B6 12.00 16.50 14.50 21.60 6.52 3.262 54.80 140.00 140.00
A-——12  €.00 12.00 10.00 53.00 6.00 32 20 o ey 10.58 999 P B 12.00 16.50 14.25 38.60 1.80 3.262° 54.20 25.50° 25.90
ATl €100 1300 10.00 63.00 6.00 3.63 2.00 48.10 11.10 0.00 Tao-ps 12.00 16.50 14.50 38.60 2.05 0.866 56.30 20.60 20.60
B II11 €100 12.00 10.00 23.00 6.00 3.66 2.00 48.10 32.25 20.00 Tao-B4 12.00 16.38 14.75 38.60 4.55 3.262 55.90 38.90 38.90
bT13 600 12.00 10.00 33.00 6.00 3.93 2.00 56.80 16.85 20.00 Tag-D4 12.13 16.38 15.00 38.60 3.90 2.401 53.40 38.00. 38.00
B-—-13  6.00 12.00 10.00 43.00 6.00 4.05 2.00 51.40 13.90 20.00 F38-E4 12.00 16.50 14.88 38,60 4.66 1.631 53.40 33.20 33.20
DIy o060 13.00 10.00 53.00 6.00 4.25 2.00 52.60 11.90 20.00 T36-A6 12.00 16.50 14.00 38.60 6.61 4.885 52.80 53.00 53.00
T le  €.00 12.00 10.00 63.00 6.00 4.11 2.00 47.30 10.55 20.00 B b 12.00 16.50 15.00 38.60 6.03' 3.262 54.90 44.50 44.59
A7 . 0. B e s 13.00 16.50 14.50 55.60 1.72 3.262 54.30 21.20 21.29

P s 15.13 16.13 14.63 55.60 3.83 3.514 58.80 33.90 33.90
FS55-B4  12.00 16.50 15.00 55.60 4.28 3.262 55.70 28.30 28.30

Foo-p4 12.13 16.13 15.00 55.60 3.71 2.638 62.70 28.30 28.30

TS P4 12.1» 16.88 15.25 55.60 4.11 1.732 61.30 29.30 29.3%

Too_a6 12.00 16.50 13.75 55.60 6.10 5.484 55.00 42.40 42.40

Foo_Be 12.00 16.50 14.50 55.60 6.34 3.262 54.50 31.80 31.80

F70-B2 12.00 16.50 14.25 70.00 2.09 3.262 55.50 20.30 20.50

T70-as 12.00 16.13 14.25 70.00 4.21 3.692 54.50 31.80 31.80

T70-A6 12.00 16.50 14.50 70.00 5.61 5.808 51.40 38.50 38.90

Te4-p4 12.00 16.38 14.75 84.00 4.30 3.262 55.30 29.30 29.30
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APPENDIX C (CONTINUED)

TEST DATA OF CORBELS SUBJECTED TO SHEAR AND NORMAL TENSION

BEAM: b h d acc 1 fc
As Fy vt N/VE
MARK IN IN IN IN IN KSI IN2 KSI KIPS m
[65.1] ‘
CO-104 8.00 18.0 16.20. 2.75 1.50 4.21 v
- . .20 2. . .21 0.622 45.70 56.25 0.
mw|wmw 8.00 22.0 20.20 2.75 1.50 3.86 0.614 45.70 62.05 m.ww
go-106 M.mm wm.w mm.mw w.ww w.mo 4.04 0.620 47.30 69.31 0.50
. .0 16. . .50 4.08 1.198 48.50 79. :
CO~108 8.00 22.0 20.10 2.75 1.50 3.86 1.206 47.70 ww.ww m”wm
CO-109 8.00 26.0 24.10 2.75 1.50 4.24
- . . . . .24 1.195 48.20 100.06 O.
mw-www w.ww ww.w ww.wm w.wm w.wo 4.25 2.396 47.50 Hmo.wm w.wm
.00- 22. . .75-1.50 3.90 2.396 48.80 127.51 0O
CO-112 8.00 26.0 24.10 2.75 1.50 4 70 . ‘50
- . . . . .31 2.391 48.70 139.97 O.
CO-116 8.00 18.0 16.10 6.00 1.50 3.87 1.198 48.30 62.21 W.wm
mw”www 8.00 22.0 20.10 6.00 1.50 3.88 1.206 44.70 72.52 0.50
co-118 N.wm mm.m wm.ww M.mw w.mo 4.24 1.195 48.40 87.53 0.50
. . . . .50 4.21 2.396 48.50 104.97
CO~120 8.00 22.0 20.10 6,00 1.50 4.1 . 157 0.5
- .0 20. . . .13 2.396 47.70 114.97 O.
CO-121 8.00 26.0 24.10 6.00 1.50 3.97 2.391 48.20 114.91 o.wm
mwuwwm 8.00 26.0 24.10 10.00 1.50  4.12 1.195 47.00 64.97 0.50
go-135 w.mm WM.M ww.wm w.mm 1.50 6.43 1.200 46.80 75.02 0.75
. . . .75 1.50 4.00 1.195 45.30 64.97
CO-142 8.00 18.0 16.10 2.75 1.50 4 . ‘o1 1.00
- . . . . .27 2.396 44.30 85.01 1.
CO-143 8.00 22.0 20.10 2.75 1.50 4.11 2.396 47.20 mu.hw w.mm
CO-144 8.00 26.0 24.10 2.75 1.50 4
- . . . . .25 2.391 48.80 102.57 1.
mmnwww w.mw ww.m ww.ww M.ww 1.50 4.23 2.396 45.30 69.94 w.mw
, . . . .00 1.50 4.13 2.396 48.50 B82.4
CO-169 8.00 14.0 12.10 3.00 1.50 6.65 2.401 46.80 wm.pw w“mw

212

BEAM
MARK

Ams-=2
As——=4
A=~+==5
A~-—-6
A=mm=7

A%m——8

Am——g

A=-~10
A---11
A=-~-=12

A=---13
A=-=14
A---15
A=-~16
A-=-=17

A---18
A=---19
A===20
A---21
A=--22

A---23
A---24
A~--25
A---26
B----2

Be—==4
Bem==5
B===-6
B-===7
B---=8

B--=-9
B--101
B--102
c----1
Cmmm=2

C-===3
c----4
Cmm==5
c--~61
C-=-62

APPENDIX D

TEST DATA
b h
IN IN

2.00 9.00
2.00 9.00
2.00 9.00
2.00 9.00
2.00 9.00
2.00 9.00
2.00 9.00
2.00 9.00
2.00 9.00
2.00 9.00
2.00 9.00
2.00 9.00
2.00 9.00
2.00 9.00
2.00 9.00
2,00 9.00
2.00 9.00
2.00 9.00
2.00 9.00
2.00 9.00
2.00 9.00
'2.00 9.00
2.00. 9.00
2.00 9.00
2.00 12.00
2.00 12.00
2.00 12.00
2.00 12.00
2.00 12.00
2.00 12.00
2.00 12.00
2.00 12.00
2.00 12.00
2.00 12.00
2.00 12.00
2.00 12.00
2.00 12.00
2.00 12.00
2.00 12.00
2.00 12.00

OF PRESTRESSED CONCRETE BEAMS FAILED IN SHEAR

d Ac acc 1 fc As Fy Fse
IN IN2 IN IN KSI IN2 KSI KIPS
[65.5]
7.90 34.00 36.00 4.400 0.119 20.50
7.90 34.00 36.00 6.480 0.119 22.30
7.90 34.00 18.00 6.480 0.119 23.00
7.90 34.00 18.00 5.200 0.119 23.80
7.90 34.00 18.00 5.200 0.119 22.00
7.90 34.00 18.00 5.120 0.119 23.50
7.90 34.00 18.00 5.120 0.119 24.50
7.90. 34.00 18.00 4.960 0.119 24.70
7.90 34.00 18.00 5.120 0.119 23.90
7.90.34.00 18.00 4.960 0.119 24.70
7.90 34.00 18.00 6.080 0.119 22.90
7.90 34.00 18.00 4,960 0.119 25.60
7.90 34.00 18.00 5.120 0.119 24.70
7.90 34.00 18.00 5.040 0.119 25.00
7.90 34.00 36.00 5.600 0.119 24.70
7.90 34.00 36.00 6.000 0.119 23.90
7.90 34,00 36.00 5.600 0.119 22.60
7.90 34.00 36.00 6.400 0.119 23.20
7.90 34.00 36.00 5.840 0.119 . 23.80
7.90 34.00 36.00 5.760 0.119 23.50
7.90 34.00 27.00 6.240 0.119 24.80
7.90 34.00 27.00 5.440 0.119 23.30
7.90 34.00 27.00 5.920 0.119 24.70
7.90 34.00 27.00 5.200 0.119 24.00
10.70 40.00 36.00 5.920 0.220 32.80
10.70 40.00 18.00 7.040 0.222 33.70
10.70 40.00 27.00 7.200 0.222 36.00
10.70 40.00 18.00 5.600 0.222 32.40
10.70 40.00 18.00 7.440 0.222 31.90
10.70 40.00 27.00 7.200 0.222 ' 32.80
10.70 40.00 36.00 5.920 0.222 32.20
10.70 40.00 12.00 7.520 0.222 33.80
10.70 40.00 18.00 7.520 0.222 33.80
10.70 40.00 18.00 6.160 0.222 32.40
10.70 40.00°12.00 6.720 0.222 33.10
10.70 40.00 24.00 6.160 0.222 33.70
10.70 40.00 15.00 6.000 0.222 32.10
10.70 40.00 15.00 7.040 0.222 35.20
10.70 40.00 12.00 7.200 0.222 35.20
10.70 40.00 12.00 7.200 0.222 35.20
213

vt
KIPS.

5.600
5,900
11.000
11.800
12.000

11.200
10.600
11.200

9.000
10.400

14.500
13.600
13.800
12.600

7.200

7.500
7.000
7.800
7.700
7.200

10.100
9.000
10.000
9.000
10.900

18.000.
14.800
17.600
22.400
14.300

8.600
33.800
21.500
19.300
31.500

15.000
14.000
24.400
37.500
30.300




BEAM
MARK

c---72
c---81
C---82
c---83
D=~-~1

D-=~=2
E===-1
E--==2

S=m=m2
§===-3
Smmmmg
§=—=-5
§=mm=7

S-=-=-8
Smmmm9
§===10
§---11
S---12

§---13
S---14
§~==15
S---16
§m===17

§---18
§---19
§==-20
§mm=21
Smm=22

S==~=24
§===25
S---26
S~=~=27
5---29

§---30
S---32
§---34
§=~=35
§~--36

APPENDIX D (CONTINUED)

TEST DATA OF PRESTRESSED CONCRETE BEAMS FAILED IN SHEAR

b
IN

2.00
2.00
2.00
2.00
2.50

2.50
3.00
3.00

4.00
2.00
2.00
2.00
2.00

2.00
1.90
1.30
1.90
1.40

1.30
2.00
2.00
2,00
1.30

1.30
2.00
1.30
2.00
1.40

1.40
2.10
1.40
2.00
2.00

2.00
1.40
1.10
1.30
1.20

Ac
IN2

h d
IN IN

acc
IN

1
IN

fc As.
KSI IN2

{65.5] (CONTINUED)

12.00 10.70 40.00 24.00
12.00 10.70 40.00 18.00
12.00 10.70 40.00 18.00
12.00 10.70 40.00 18.00
12.00 10.70 44.00 36.00

12.00 10.70 44.00 42.00
12.00 10.70 48.00 30.00
12.00 10.70 48.00 30.00

- [63.3)]

12.00 9.90 48.00 24.00
12.00 10.50 36.00 42.50
12.00. 10.50 36.00 42.50
12.00 10.50 36.00 42.50
12.00 10.50 36.00 36.00

12.00 10.10 36.00 55.00
12.00 10.10 35.40 50.80
12.00 10.00 32.40 55.00°
12.00 10.10 35.40 55.00
12.00 10.10 33.00 55.00

12.00 10.10 32.40 55.00
12.00 10.10 36.00 45.00
12.00 10.00 36.00 45.00
12.00 10.00 36.00 45.00
12.10 10.30 32.70 45.00

12.00 10.10 32.40 45.00
12.00 10.10 36.00 37.00
12.00 10.00 32.40 45.00
12.00 10.10 36.00 37.00
12.00 10.30 33.00 37.00

12.00 10.10 33.00 37.00
12.00 10.10 36.60 37.00
12.00 10.00 33.00 37.00
12.00 10.10 36.00 28.00
12.00 10.10 36.00 28.00

12.00 10.10 36.00 28.00
12.00 10.00 33.00 28.00
12.00 10.10 30.60 28.00
12.10 10.30 31.93 28.00
12.10 10.30 31.32 28.00

214

7.200 0.222
-6.880 0.222
6.880 0.222
'6.880 0.222
5.760 0.222

6.560 0.222
6.320 0.222
7.200 0.222

5.630 0.796
5.380 0.442
5.060 0.994
5.100 0.601
4.900 0.785

4.150 0,601
4.430 0.785
4.430 0.785
4.730 0.442
4.730 0.601

5.220 0.442
4.390 0.785
4.040 0.442
4.930 0.601
5.420 0.785

4.350 0.601
4.350 0.785
4.080 0.442
4.080 0.442
3.480 0.785

5.350 0.442
5.350 0.601
5.150 0.601
5.130 0.785
4.140 0.602

5.100 0.440
4.670 0.443
4.910 0.602
5.700 0.787
5.180 0.194

Fy
KsI

Fse vt
KIPS KIPS
33.70 16.800
33.40 18.200-
33.40 18.900
33.40 21.900
34.00 13.300
33.00 11.300
32.00 12.900
32.80 15,000
13.10 23.750
12.30 10.550
12.30 14.750
16.60 13.000
18.80 16.950
29.20 . 8.200
28.90 11.000
27.60 7.700
22.40 8.600
22.50 7.600
21.30 8.450
21.80 11.400
21.90 9.650
22.10 10.750
18.20 '7.500
20.70 7.400
20.60 11.100
23.30 7.500
24.60 12.000
19.50 8.500
19.90 8.150
20.80 11.900
20.00 8.350
19.40 14.900
18.40 14.500
23.70 17.700
18.30 9.100
18.30 10.900
17.60 13.300
14.50 6.700

APPENDIX D (CONTINUED)

TEST DATA OF PRESTRESSED CONCRETE BEAMS FAILED IN SHEAR

b
IN

2.20
1.20
3.10
3.10

1.30
1.40
1.30
1.10
1.20

1.20

1.50
1.50
1.50
1.50
1.50

1.50
1.50
1.50
1.50
1.50

2.40
2.45
2.00
2.00
2.00

1.50
1.50
1.50
1.50
1.50

1.50
1.50
1.50
1.50
1.50

1.50
'1.38
1.38
1.44
2.00

h
IN

6.00
12.20
6.00
6.00

12.00
11.80
12.00
12.20
12.00

12.00

10.04
10.04
9.57
9.57
9.06

9.06
10.00
10.00

9.92

9.92

9.80
9.80
9.92
9.92
9.92

10.04
10.04
10.04
10.04
10.04

10.04
10.04
10.04
10.04
10.04

-10.04
10.08
10.08
10.04

9.92

ace 1
IN IN

d Ac
IN. IN2

As
IN2

fc
KsSI

[63.3] (CONTINUED)
2,10 6.00 5.00 17.10 20.00

4.80 17.40 20.00
10.40 32.64 28.00
4.30 18.60 20.00
4.00 18.60 20.00

10.00 32.40 28.00
9.40 33.92 28.00
10.00 32.40 28.00
10.40 30.82 28.00
10.00 31.80 28.00

10.00 31.80 28.00

[60.3)
7.05 40.00 20.40
7.05 40.00 30.30
6.57 36.60 30.20
6.57 36.60 15.10
6.10 33.00 15.30

6.10 33.00 29.90
7.09 34.50 14.90
7.09 34.50 29.80
7.05 36.70 29.60
7.05 36.70 14.80

6.93 43.40 14.60
6.93 43.40 29.10
6.97 41.90 14.60
6.97 41.90 30.00
6.97 41.90 20.20

7.05 40.00 14.80
7.05 40.00 30.30
7.05 40.00 45.10
7.05 40.00 14.80
7.05 40.00 30.30

7.05 40.00 45.10
7.05 40.00 14.80
7.05 40.00 30.30
7.05 40.00 14.80
7.05 40.00 30.30

7.05 40.00 45.10
7.09 39.60 14.90
7.09 39.60 30.50
7.05 40.00 45.10
6.97 41.90 39.70

. 215

6.330 0.559
7.010 0.785
4.710 0.118
4,790 0.119
4.790 0.119

5.260 0.443
5.740 0.441
5.300 0.443
4.910 0.441
5.500 0.443

6.260 0.443

4.800 0.314
4.800 0.314
4.240 0.314
4.240 0.314
4.160 0.314

4.160 0.314
4,280 0.314
4,280 0.314
4.400 0.314
4.400 0.314

4,720 0.314
4,720 0.314
4,480 0.314
4,480 0.314
4.480 0.314

4,040 0.314
4,040 0.314
4.040 0.314
4.800 0.314
4.800 0.314

4.800 0.314
4,120 0.314
4,120 0.314
4.680 0.220
&.mmo 0.222

4.680 0.222
4,640 0.157
4.640 0.157
4.640 0.157
4.480 0.314

Fy
KSI

Fse vt
KIPS  KIPS
12.40 7.050
11.70 6.500
11.30 6.850
11.80 3.950
14.10 4.200
24.10 8.050
24.20 10,050
24.60 9.600
22.70 9.700
22.70 9.050
24.00 8.250
36.00 12.290
36.00 7.850
34.20 6.750
34.20 12.800
36.00 12.880
36.00 6.020
35.90 15.550
35.90 7.630
38.00 7.150
38.00 16.550
36.45 20.800
36.45 11.000
36.00 18.000
36.00 9.160
36.00 13.650
36.00 14.450
36.00 7.250
36.00 5.320
20.00 14.700
20.00 6.990
20.00 4.480
0.00 10.000
0.00 4.650
25.00 14.620
25.00 7.070
25.00 4.800
18.50 12.570

18.50 6.000.
18.50 7.200
36.00 7.620
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"PEST DATA OF PRESTRESSED CONCRETE BEAMS FAILED IN SHEAR

TEST DATA OF PRESTRESSED CONCRETE BEAMS FAILED IN SHEAR

BEAM b h d Ac acec 1 fc As Fy Fse vt

BEAM b h d Ac ace 1 fc As - F. Fse vt 3 ;
MARK IN IN IN IN2.  IN IN KSI  IN2 wa KIPS  KIPS ‘MARK: IN IN IN IN2 IN IN KSI IN2 KSI KIPS KIPS
. 60.3] (CONTINUED {59.2] (CONTINUED)
P--26A 2.05 9.92 6.97 41.90 pm.mo 1 4,720 o.ww» 36.00 7.800 Al4-39 6.00 12.00 8.35 72.00 24.00 8.0 3.350 0.218 218.0 25.51 14.475
P--26B 2.10 9.92 6.97 41.90 492.50 4.720 0.314 36.00 7.240 Al4-44 6.00 12.00. 8.50 72.00 24.00 8.0 3.350 0.249 218.0 29.38 15.990
, A14-55 6.00 12.00 8.53 72.00 24.00 8.0 3.320 0.311 218.0 36.39 18.125
[60.9) A14-68 6.00 12.00 8.42 72.00 24.00 8.0 2.440 0.280 218.0 33.01 14.935 ¢
A21-29 6.00 12.00 8.45 72.00 54.00 8.0 3.350 0.156 218.0 9.53 4.000

4.509 0.198 217.6 0.00 m.mwo
4.509 0.198 217.6 0.00 #6.512

B3001A 1.97 9.84 8.90 40.92 25.59 9
9
.9 3,513 0.198 217.6 14.09 10.141
9
9

B3001B 1.97 9.84 8.90 40.92 25.59
B3002A 1.97 9.84 8.90 40.92 25.59
B3002B 1.97 9.84 8.90 40.92 25.59
B3003A 1.97 9.84 8.90 40.92 25.59

3.130 0.218 218.0 12.84 5.430
5.630 0.467 218.0 27.60 8.575
5.350 0.176 208.0 10.77 7.235
3.470 0.147 208.0 8.66 7.020
3.850 0.176 208.0 10.56 6.930°

A21-39 6.00 12.00 8.95 72.00 54.00
A27-51 6.00 12.00 8.12 72.00 54.00
A22-20 6.00 12.00 8.45 72.00 36.00
AZ2-24 6.00 12.00 8.80 72.00 36.00
A22-27 6.00 12.00 8.38 72.00 36.00

.

3.513 0.198 217.6 14.09 9.700
5.586 0.198 217.6 33.25 9.938

-

5.586 0.198 217.6 33.25 9.938
7.157 0.198 217.6 51.84 11.260
7.157 0.198 217.6 51.84 11.900
5.874 0.297 217.6 0.00 4.483
5.874 0.297 217.6 0.00 4.311

B3003B 1.97 9.84 8.90 40.92 25.59
B3004A 1.97 9.84 8.90 40.92 25.59

5
5
5
5
5
5
5 V A
B3004B 1.97 9.84 8.90 40.92 25.59 5. 3.480 0.176 208.0 8.68 6.440
5
5
5
5
5
5
5

3.530 0.176 208.0 15.73 7.455
4.150 0.234 208.0 13.81 6.875
2.890 0.176 208.0 15.49 7.350
2.580 0.176 208.0 6.35 5.350

A23-28 6.10 12.00 8.75 73.20 36.00
A22-31 6.00 12.00 8.06 72.00 36,00
A22-34 6.00 12.00 8.31 72.00 36.00
222-36 6.00 12.00 8.35 72.00 36.00
A22-39 6.00 12.00 '8.80 72.00 36.00

.

el e e e ] 0 ™ ®o
.
[eNeReRe ol [=l=RoReRe)

B4501A 1.97 9.84 8.90 40.92 35.43
B4501B 1.97 9.84 8.90 40.92 35.43

.

6.542 0.297 217.6 19.96 8.230
6.542 0.297 217.6 19.77 8.230

9
9
9
9
9
B4502A 1.97 9.84 8.90 40.92 35.43 9
9
.9 6.577 0.297 217.6 32.78 10.949
9
9
9
9
9
9
9

B4502B 1.97 9.84 8.90 40.92 35.43
B4503A 1.97 9.84 8.90 40.92 35.43
B4503B 1.97 9.84 8.90 40.92 35.43
B4504A 1.97 9.84 8.90 40.92 35.43

5.790 0.381 208.0 27.43 13.195
4.760 0.381 208.0 21.64 11.465
4.990 0.176 208.0 0.00 5.670
4.290 0.176 208.0 . 4.22 7.020
2.800 0.176 208.0 1.76 6.240

A22-40 6.00 12.00 8.20 72.00 36.00
A22-49 6.00 12.00 8.20 72.00 36.00
' A32-19 6.10 12.00 9.03 73.20 36.00
. A32-22 6.00 12.00 9.38 72.00 36.00

A32-27 6.00 12.00 9.16 72.00 36.00

6.557 0.297 217.6 34.04 11.219
6.528 0,297 217.6 50.01 12.615

0 00w
.
o jlojofoRo)

6.528 0.297 217.6 48.98 13.154
.8.576 0.363 217.6 45.74 7.992
8.576 0.363 217.6 45.74 8.971
8.320 0.363 217.6 45.74 12.963
8.320 0.363 217.6 45.74 16.020

B4504B 1.97 9.84 8.90 40.92 35.43
B6001A 1.97 9.84 8.90 40.92 62.99

5
5

B6001B 1.97 9.84 8.90 40.92 51.18 5. 6.120 0.381 208.0- 1.91 8.755
5
5

4.760 0.381 208.0 12.95 10.450
4.525 0.178 236.0 21.98 6.850
4.190 0.239 199.0 29.64 8.570
4.500 0.359 199.0 42.00 10.350

.

' A32-37 6.00 12.00 8.20 72.00 36.00

A32-49 6.00 12.00 8.20 72.00 36.00
Bi1~-20 2.95 12.00 10.21 52.63 54.00
B11-29 2.95 12.00 10.00 52.80 54.00
B11-40 2.95 12.00 10.00 52.80 54.00

B6002A 1.97 9.84 8.90 40.92 39.37
B6002B 1.97 9.84 8.90 40.92 29.53

.

o oo
[=ReReNee)

B6003A 1.97 9.84 8.90 40.92 19.69 5.9 6.713 0.363 217.6 45.74 16.975
5.600 0.121 213.5 14.88 7.870
4.570 0.121 213.5 15.13 8.425
3.850 0.121 213.5 14.88 8.370
2.890 0.121 213.5 14.79 8.590
4.460 0.233 212.0 25.63 11.650

0 ® W m
.
[o RN o]

B12-10 3.06 12.00 11.11 53.77 36.00
B12-12 3.00 12.00 21.13 53.40 36.00
B12-14 3.00 12.00 11.14 53.40 36.00
BI2-19 2.98 12.00 11.09 53.28 36.00
B12-26 3.03 12.00 10.06 54.40 36.00

]
Al11-43 6.00 12.00 8.24 72.00 54.00 8.0 6.220 0.440 208.0 51.04 12.150
211~51 6.00 12.00 8.44 72.00 54.00 8.0 2.900 0.249 218.0 28.39 6.925
yHHlmwm.ooww.oom.omqw.oom».oom.o».wmoo.uquNHm.o»mp»»,m.wpo
mo
mo

Al1-96 6.00 12.00 8.41 72,00 54.00 2.900 0.467 218.0 54.17 9.395
wleww 6.10 12.00 9.33 73.20 36.00 5.650 0.249 218.0 28.41 13.440 4.180 0.238 236.0 28.96 12.550
4.825 0.349 212.0 37.48 14.375
3,210 0.238 236.0 28.80 11.390
2.950 0.299 199.0 34.68 11.430 '

2.980 0.359 199.0 41.11 11.930

© 00
ocoooQoO

B12-29 3.00 12.00 9.76 53.40 36,00
Bi2-34 3.08 12.00 10.18 55.00 36.00
Bi2-35 3.08 12.00 9.99 55.64 36.00
Bl2-50 2.96 12.00 10.20 53.15 36.00
Bl12-61- 3.00 12.00 9.90.53.40 36.00

Al12-31 6.00 12.00 8.64 72.00 36.00 8.0 5.800 0.311 218.0 35.45 13.275
Al12-34 6.00 12.00 8.20 72.00 36.00 8.0 7.990 0.440 208.0 48.40 16.495
A12-36 6.10 12.00 - 9.19 73.20 36,00 8.0 3.440 0.232 206.0 26.42 10.760
8.0
8.0

Al2-42 6.00 12.00 8.30 72.00 36.00 6.260 0.440 208.0 45.50 15.515

Al2-46 6.00 12.00 8.20 72.00 36.00 4.660 0.352 208.0 46.25 13.965 5.540 0.179 199.0 22.46 13.200

4.600 0.239 199.0 29.64 14.425
4.320 0.359 199.0 42.54 15.815
4.470 0.238 236.0 14.83 6.150
6.320 0.119 236.0 7.56 7.045

.

o 00 ™ W
.
[~ ReRoNoRea]

B13-16 3.00 12.00 10.38 53.40 28.00
Bi3-26 2.94 12.00 10.03 53.03 28.00
B13-41 2.90 12.00 10.04 52.78 28.00°
B21-26 2.96 12.00 10.21 53.15 54.00
B32-09 2.96 12.00-11.07 53.15 36.00

A12-53 6.00 12.00 8.60 72.00 36.00 8.0 3.400 0.311 218.0 33.68 12.080
Al2-56 6.00 12.00 .8.59 72.00 36.00 8.0 3.790 0.362 213.5 43.62 13.195
A12-69 6.10 12.00  8.12 73.20 36.00 8.0 2.950 0.342 218.0 39.67 12.305
8.0
8.0

A12-73 6.00 12.00 8.44 72.00 36.00 3.550 0.440 208.0 45.89 .14.020
A12-81 6.00 12.00 8.66 72.00 36.00 2.600 0.362 213.5 43.40 11.530

216 217




BEAM
MARK

B22~23
B22-30
B22-41
B22-65
B22-68

B31~15
B32-11
B32-19
B32-31
B32-34

B32-41
B32-54
c12-09
c12-18
Cc12-19

c12-32
c12-33
C12-40
Cl2-44
c12~50

Cc12-57
c22-29
c22-31
c22-36
c22-39

c22~40
c22-46
c22~62
c22-73
c32-11

c32-22
c32-37
C32-42
c32-50
c32-80

4A
8A
7B
7A
3A

TEST DATA OF PRESTRESSED CON

b
IN

3.00
3.11
3.16
3.12
3.00

2.95
2.98
3.12
3.10
3.20

2.96

2.78

1.75
1.75
1.79

1.86
1.88
1.75
1.75
1.80

1.83
1.84
1.77
1.86
1.85

1.75
1.79
1.89
1.75
1.77

1.82
1.83
1.88
1.84
1.81

1.50
1.50
1.50
1.50
1.50

h
IN

12.00
12.00
12.00
12.00
12.00

12.00
12.00
12.00
12.00
12.00

12.00
12.00
12.00
12.00
12.00

12.00
12.00
12,00
12.00
12,00

12.00
12.00
12.00
12.00
12.00

12.00
12.00
12.00
12.00
12.00

12.00
12.00
12.00
12.00
12.00

10.00
10.00

10.00

10.00

‘'10.00

d
IN

10.03
10.15
10.02
9.95
9.90

10.21
10.40
10.21
10.20
10.11

10.59
10.38
11.04

9.69
10.11

9.86
10.08
9.69
9.50
10.00

9.91
10.40
10.88
10.23
10.18

9.85
10.11
9.00
9.91
11.06

10.00
10.01
10.10
10.68
10.00

7.09
7.09
7.09
7.09
7.09

APPENDIX D (CONTINUED)

Ac acc 1 fc As
IN2 IN IN KST IN2
{59.2] (CONTINUED)
53.69 36.00 8.0 $.120 0.238
54.95 36.00 8.0 2.770 0.175
55.84 36.00 8.0 2.710 0.233
55.30 36.00 8.0 1.750 0.233
53.40 36.00 8.0 2.670 0.359
52.97 54.00 8.0 5.820 0.178
53.28 36.00 8.0 5.220 0.119
55.07 36.00 8.0 4.330 0.175
55.12 36.00 8.0 2.720 0.175
56.15 36.00 8.0 2.510 0.178
53.15 36.00.8.0 3.275 0.299
52.04 36.00 8.0 3.200 0.358
47.56 36.00 8.0 6.460 0.121
47.56 36.00 8.0 5.310 0.187
47.79 36.00 8.0 6.040 0,233
49.26 36.00 8.0 3.620 0.233
49.00 36.00 8.0 5.470 0.373
48.19 36.00 8.0 2.390 0.187
48.81 36.00 8.0 2.890 0.249
47.85 36.00 8.0 3.020 0.299
48.65 36.00 8.0 3.100 0.359
49.27 36.00 8.0 2.490 0.116
47.68 36.00 8.0 2.700 0.181
48.63 36.00 8.0 3.300 0.241
49.08 36.00 8.0 2.150 0.176
48.81 36.00 8.0 4.620 0.373
48.11 36.00 8.0 3.160 0.299
48.99 36.00 8.0 2,060 0.233
47.56 36.00 8.0 2.910 0.419
48.55 36.00 8.0 7.310 0.179
48.47 36.00 8.0 3.870 0.176
48.90 36.00 8.0 3,060 0.233
49.19 36.00 8.0 2.690 0.233
48.71 36.00 8.0 3.230 0.356
47.91 36.00 8.0 3.060 0.478
[58.2]
39.75 0.00 4.400 0.314
39.75 3.50 4.400 0.314
39.75 7.00 4.400 0.314
39.75 10.00 4.400 0.314
39,75 15.00 4.400 0.314

218

CRETE - BEAMS FAILED IN SHEAR

Fy
KsI

236.0
212.0
212.0
212.0
199.0

236.0
236.0
212.0
212.0
236.0

199.0
199.0
213.5

218.0

212.0

208.0
218.0
218.0
218.0
1992.0

199.0
208.0
213.5
213.5
208.0

"218.0

199.0
208.0
199.0
199.0

208.0
208.0
208.0
236.0
199.0

211.6
211.6
211.6
211.6
211.6

Fse vt
KIPS KIPS
13.16 9.300
9.92 7.500
11.93 8.700
13.96 5.450
21.18 9.435.
0.00 4.400
0.00 5.450
0.00. 5.250
0.00 3.800
0.00 4.835
0.00 8.000
0.00 7.225
15.25 8.315
21.26 9.045
25.89 11.170
24.00 8.150
43.04 12.750
21.60 6.050
25.17 6.425
34.89 9.050
42.00 13.000
6.96 4.625
11.22 6.200
14.46 5.450
9.59 3.610
33.12 8.995
17.25 6.385
12.65 5.125
23.17 6.665
0.00 5.000
0.00 5.175
0.00 4.640
0.00 4.075
0.00 5.300
0.00 5.290.
25.18 55.110
25.18 41.730
25.18 29.940

25.18 22.770°

25.18 15.720

TEST DATA
b h
"IN IN
1.50 10.00
1.50 10.00
1.50 10.00
1.50 10.00
1.50 10.00
1.50 10.00
1.50 10.00
1.50 10.00
1.50 10.00
1.50 10.00
1.50 10.00
1.50 10.00
1.50 10.00
1.50 10.00
1.50 10.00
5.00 10.00
5.00 10.00
5.00 10.00
5.00 10.00
5,00 10.00
5.00 10.00
5.00 10.00
5.00 10.00
5.00 10.00
5.00 10.00
4.00 8.00
4,00 8.00
4.00 8.00
4,00 8.00
4.00 8.00
4.00 8.00
4,00 8.00
3.00 12.00
3.00 12.00
3.00 12.00
3,00 12.00
3.00 12.00
3.00 12.00
3.00 12.00
3.00 12.00

d
IN

7.09
7.09
7.09
7.09
7.09

7.09
7.09
7.09
7.09
7.09

7.09
7.09
7.09
7.09
7.09

7.00
7.00
7.00
7.00
7.00

7.00
7.00
7.00
7.00
7.00

6.00
6.00
6.00
6.00
6.00

6.00
6.00
9.00
9.00
9.00

8.50
9.00
8.50
9.00
8.50

APPENDIX

Ac acc 1
IN2 IN IN
(58.2]
39.75 20.00
39.75 25.00
39.75 30.00
39.75 43,00
39.75 55.00
39.75 81.50
39.75 15.00
39.75 30.00
39.75 47.50
39.75 15.00
39.75 30.00
39.75 47.50
39,75 15.00
39.75 30.00
39,75 47.50
[69.4)
50.00 35.00
50.00 35.00
50.00 24.50
50.00 21.00
50.00 28.00
50.00 27.00
50.00 29.00
50.00 27.00
50.00 35.00
50.00 28.00
32.00 21.00
32.00 24.00
32.00 27.00
32.00 28.00
32.00 21.00
32.00 30.00
32.00 30.00
55.50 '29.75
55.50 29.75
55.50 29.75
55.50 21.25
55.50 21.25 .
55.50 17.00 "
55.50 29.75
55.50 24.00
219

D (CONTINUED)

fc As
KSI IN2
AOOZBHZGMUU

4.400 0.314
4.400 0.314
4.400 0.314
4.400 0.314
4.400 0.314
4.400 0.314
5.520 0.314
5.520 0.314
5.520 0.314
3.760 0.314
3.760 0.314
3.760 0.314
5,040 0.314
5.040 0.314
5.040 0.314
5.210 0.157
5.050 0.126
4.180 0.300
5.000 0.300
4.065 0.240
4.380 0.300
4.950 0.300
4,900 0.300
4.610 0.300
5.060 0.240
4.230 0.240
4.640 0.240
4.065 0.240
4.380 0.300
4.810 0.240
4.830 0.240
5.140 0.240
5.125 0.300
5.600 0.300
5.000 0.300
4.410 0.300
5.640 0.240
4.900 0.300
4.900 0.300

0.300

5.100

Fy
KSI

211.6
211.6
211.6
211.6
211.6

211.6
211.6
211.6
211.6
211.6

211.6
211.6
211.6
211.6
211.6

201.0
201.0
214.0
214.0
214.0

214.0
214.0
214.0
214.0
214.0

214.0
214.0
214.0
214.0
214.0

214.0
214.0
214.0
214.0
214.0

214.0
214.0
214.0
214.0
214.0

OF PRESTRESSED CONCRETE BEAMS FAILED IN SHEAR

ve
KIPS:

Fse
KIPS

25.18 11.460

25.18 9.350
25.18 8.220
25.18 6.130
25.18 5.290.
25.18 4.210
25.18 17.280
25.18 7.390
25.18 6.040
25.18 12.040
25.18 6.240
25.18 4.060
25.18 16.420
25.18 7.720
25.18 5.420
18.00 5.941
14.52 5.390
18.59 12.320
23.56 15.400
11.00 8.583
18.57 10.122:
28.30 9.864
32,77 12.112
32.77 9.021
23.10 9.791
11.00 . 6.385
10.86 6.492
9.26 5.722
13.40 6.053
14.72 8.914
14.72 5.834
18.59 7.481
23.49 15.400
28.37 15.951
32.72 15.513
18.70 14.743
23.13 19.582
32.89 24.202
32.89 14.304
24.00 13.754



BEAM
MARK
I--=21
Dw===1
D====2
D====3
D====4
D====5
De~e=6
Dewem?
D-=--8
D==--9

TEST DATA

b h
IN IN

12.00
12.00
12.00
12.00
12.00

3.00
2.00
2.00
2.00
2.00

2.00
2.00

12.00
12.00
2.00 12.00
2.00 12.00
2.00712.00

OF PRESTRESSED CONCRETE BEAMS FAILED IN SHEAR

d
IN

9.00
8.50

8.50

8.50
8.50

8.50

8.50
8.50
9.00
9.00

Ac
IN2

55.50
43.50
43.50
43.50
43.50

43.50
43.50
43.50
43.50
41.88

APPENDIX D (CONTINUED)

acce fe As

IN KSI IN2

[69.4] (CONTINUED)
34.00 5.100 0.300
17.00 5.075 0.157
29.75 5.075 0,157
21.25 4.460 0.300
34.00 5.050 0.300
29.75 4.460 0.240
17.00 4.460 0.240
34.00 5.000 0.300
42.50 5.050 0.300
54.00 5.050 0.300

220

Fy
KSI

214.0
201.0
201.0
214.0
214.0

214.0
214.0
214.0
214.0

214.0

Fse
KIPS

28.79
21.05
21.05
27.78
27.78

26.31
26.31
32.72
32.11
23.95

S BEAM b
Ve s
KIPS MARK.

11.005
17.165

9.572
16.614
10.454

T6005-E

92.904
22.005
10.561

9.353

6.492

T6018-W
T6018~E
T6022-W
T6022-E
T6025-W
T6025-E
T6029-W

T6029-E
T6032-W

'6032-E
9025-W
79025~E

.T9032-E
T9036-W
T9040-W
‘T9040~E
T9043-W

20
20
20
20
20

.T9.043-E
T9047-W
79047-E
T9060-W
T9060~E

20
20
20

T9065-W
_T9065-E
T9071-W
.T9071-E
T9078~W

20
.T9078-E 20
. T6018DW
T6018DE
'T9029DW
T9029DE

20
20
20

CM

bl
CM

80
80
80
80
80

80
80
80
80
80

80
80
80
80
80

80
80
80
80
80

80
80
80
80
80

80
80
80
80
80

80
80
80
80
80

80
80
80
80

80

h hid
CM CM CM
40 9 35.9
40 9 35.9
40 9 35.9
40 9 35.9
40 9 35.9
40 9 35.9
40 9 35,9
40 9 35.9
40 9 35.9
40 9 35.9
40 9 35.9
40 9 35.9
40 9 35.9
40 9 35.9
40 9 35.9
40 9 35.9
40 9 35.9
40 9 35.9
40 9 35.9
40 9 35.9
40 9 35.9
40 9 35.9
40 9 35.9
40 9 35.9
40 9 35.9
40 9 35.9
40 9 35.9
40 9 35.9
40 9 35.9
40 9 35.9
40 9 35.9
40 9 35.9
40 9 35.9
40 9 35.9
40°9 35.9
40 9 35.9
40 9 35.9
40 9 35.9
40.9 35.9
40 9 35.9

acc

CM CM KG/CM2 CM2 KG/CM2 CM2

105
105
105
105
105

105

105
105
105
105

105
105
105
105
105

105
105
105
105
105

105
105
105
105
105

105
105
105
105
105

105
105
105
105
105

.105

105
105
105
105

APPENDIX E

1

15
15
15
15
15

15
15
15
15
15

15
15
15
15
15

15
15
15
15
15

15
15
15
15
15

15
is
15
15
15

15
15
15
15
15

15
15

15.

15
15

fc As
[76.6]
109.3 12.06
105.2 12.06
105.2 12.06
107.9 12.06
107.9 12.06
105.0 12.06
115.9 12.06
115.9 12.06
112.0 12.06
112.0 12.06
105.5 12.06
105.5 12.06
104.5 12.06
104.5 12.06
107.6 12.06
107.6 12.06
119.8 12.06
119.8 12.06
127.9 12.06
127.9 12.06
100.6 12.06
107.3 12.06
114.8 12.06
114.8 12.06
105.2 12.06
105.2 12.06
128.5 12.06
128.5 12.06
121.3 12.06
121.3 12.06
102.4 12.06
102.4 12.06
111.3 12.06
111.3 12.06
114.7 12.06
114.7 12.06
98.1 12.06
98.1 12.06
109.9 12.06

109.9 12.06
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Fy

5745
5621
5769
7336
7336

7411
7374
7374
7360
7360

7360
7360
7360
7360
7349

7349
7274
7274
9151
9151

9151
9152
9151
9151
9185

9185
9292
9292
9151
9151

9151
9151
9151
9151
9151

9151
7360
7360
9151
9151

Asc

2.26
2.26
2.26
2.26
2.26

2.26
2.26
2.26
2.26
2.26

2.26

2.26
2.26
2.26
2.26

2.26
2.26

‘2.26

2.26
2.26

2.26
2.26
2.26
2.26
2.26

2.26
2.26
2.26
2.26
2.26

2.26
2.26
2.26
2.26
2.26

2.26

3.39
3.39
3.39
3.39

Fyc dc Sy
KG/CM2CM KG/CM2 T

4562
4562
4562
4562
4562

4562
4562
4562
4562
4562

4562
4562
4562
4562
4562

4562
4562
4562
4562
4562

4562
4562
4562
4562
4562

4562
4562
4562
4562
4562

4562
4562
4562
4562
4562

4562
4562
4562
4562

4562

TEST DATA OF R.C.T-BEAMS WITH WEB REINFORCEMENT AND FAILED IN mmnww

vt

19.4 21.9
24.6 22.4
25.4 21.7
6.9 16.1
7.1 16.1

14.2 19.4
19.5 24.2
19.9 22.7
24.2 24.5

. 25.7 23.5

30.7 23.9
29.7 22.4
34.7 22.4
35.6-24.2
39.8 26.5

39.2 24.5
40.3 24.3
43.0 24.5
35.8 27.5
35.4 26.5

46.5 26.3
51.7 28.6
49.2 26.5
51.7 25.4
55.2 28.6

56.7 27.6
62.6 28.6
60.3 30.4
68.9 24.5
68.9 24.3

78.9 24.5
78.9 24.5
88.4 26.5
88.4 24.5
98.5 28.6

98.5 26.5
25.3 18.4
24,5 .18.2
38.3 24.5
39.0 26.5




APPENDIX E (CONTINUED) APPENDIX E- (CONTINUED)
TEST DATA OF R.C.T-BEAMS WITH WEB REINFORCEMENT AND FAILED IN SHEAR TEST DATA OF w.nfelwm53m.tHHm.Smw.wMHZMO%hMEMZH.BZUﬁﬁﬁHﬁMUwHZ SHEAR

BEAM. b bl h hid accl fc - As. Fy  Asc Fyc dc sy Vvt BEAM. b bl h hla accl ‘fc As ° Fy '+ Ascr. . L

MARK CM CMCM CM CM CM CM KG/CM2 CM2 KG/CM2 CM2 KG/CM2CM KG/CM2 T MARK CM CM CM CM CM CM CM KG/CM2 CM2 KG/CM2 .CM2 N@\O&mﬂg Nm\ozm T

[(80.2] (CONTINUED) ° : .
51.9 32.2

[76.6] (CONTINUED) : ,
T6018MW 20 80 40 9 35.9 105 15 106.8 12.06 7360 2.26 4562 3.1 21.8 22.4 § = U4222ME 20 80 40 9 34.0 105 15 161.1 38.48 4594 2. 26 4660 3.1 .
T6018ME 20- 80 40 9 35.9 105 15 106.8 12.06 7360 2.26 4562 3.1 25.5 22.4 U4230MW 20 80 40 9 34.0 105 15 171.3 38.48 4594 2.26 4660 3.1 65.0 34.4
T9029MW 20 80 40 9 35.9 105 15 116.2 12.06 8886 2.26 4562 3.1 40.9 28.6 U4230ME 20 80 40 9 34.0.105 15 171.3 38.48 4594.2.26 4660 341 65.07:31.2°
T9029ME 20 80 40 9 35.9 105 15 116.2 12.06 8886 2.26 4562 3.1 38.3 30.2 U4244MW 20 80 40 9 34.0.105 15 168.3 38.48 4594 2.26.4660 3.1.89.4.35.4-
. v : U4244ME 20 80 40 9 34.0 105 15 168.3 38.48 4594 2.26 4660 3.1 89.435.4
, 80.2 :
V6002-W 20 80 40 9 34.3 105 15 %mh.oupm.mu 6669 2.26 4660 3.1 8.8 25.0 X6009-W 20 80 40 9 35.8 105 15 74.4  9.05 9422-2.26 4660 3.1 9.4:13.6:
V6002-E 20 80 40 9 34.3 105 15 364.0 19.63 6669 2.26 4660 3.1 8.8 25.8 X6009-E 20 80 40 9 35.8 105 15 74.4 9.05 9422 2.26 4660 3.1 9.4 14.6
V6004~W 20 80 40 9 34.3 105 15 371.2 19.63 6669 2.26 4660 3.1 14.1 31.2 X€018-W 20 80 40 9 .35.3 105 15 95.9 9.05 9422.2.26 4660 3.1.18.2 24.0
V€004-E 20 80 40 9 34.3 105 15 371.2 19.63 6669 2.26 4660 3.1 14.1 35.4 i X6018-E 20 80 40 9 35.3.105.15 95.9° 9.05 9422 2.26 4660 :3.1 18.2.22.3
U6002-W 20780 40 9 34.3 105 15 198.8 19.63 6669 2.26 4660 3.1 4.4 19.8 X9032-W 20 80 40 9 34.9 105 15 86.7 9.05 9422 2.26 4660 3.1-30.3 18.8
U6002-E 20 80 40 9 34.3 105 15 198.8 19.63 6669 2.26 4660 3.1 4.4 20.4 X9032-E 20 80 40 9 34.9 105 15 86.7 9.05 9422:2.26 4660 3.1.31.5 20.8
U6004-W 20 80 40 9 34.3 105 15 215.2 19.63 6669 2.26 4660 3.1 8.8 22.8 X9043-W 20 80 40 9 34.9 105 15 83.6 9.05 9422 2.26 4660 3.1°41.5 18.8
U6004-E 20 80 40 9 34.3 105 15 215.2 19.63 6669 2.26 4660 3.1 8.8 24.2 X0043-E 20 80 40 9 34.9 105 15 83.6 9.05 9422°2.26 4660 3.1°41.4 20.5
U6007-W 20 80 40 9 34.3 105 15 149.9 19.63 6669 2.26 4660 3.1 14.1 20.8 B6009-W 38 80 40 9 35.4 105 15 109.1 16.08 7184.8.04 7184 3.3: 8.9 29.2
U6007-E 20 80 40 9 34.3 105 15 149.9 19.63 6669 2.26 4660 3.1 14.1 22.2 B6009-E 38 80 40.9 35.4 105 15 109.1 16.08 7184 8.04 7184 3.3 8.2 25.0
U6010-W 20 80 40 9 34.3 105 15 168.3 19.63 6669 2.26 4660 3.1 19.2 27.0 BOO25AW 38 80 40 9 35.4 105 15 125.4 16.08 9463 -8.04 7184 3.3 27.2 44.8
U6010~E 20 80 40 9 34.3 105 15 168.3 19.63 6669 2.26 4660 3.1 19.2 26.5 BS025AE 38 80 40 9 35.4 105 15 125.4 16.08 9463 8.04 7184 3.3 29.7 41.6
U6017-W 20 80 40 9 34.3 105 15 205.0 19.63 6669 2.26 4660 3.1 25.6 31.2 B9020-W 38 80 40 O 35.4 105 15 98.9 16.08 9463 8.04 7184 3.3 31.5 39.6
U6017-E 20 80 40 9 34.3 105 15 205.0 19.63 6669 2.26 4660 3.1 31.9 33.2 "BS029-E 38 80 40 9 35.4 105 15 08.9 16.08 9463 :8.04 7184 3.3 28.9 43.6
v U6007CW 20 80 40 9 34.3 105 15 186.6 19.63 6669 2.26 4660 3.1 15.1 25.0 BO040~-W 38 80 40 9 35.4 105 15 87.7 16.08 9463 8.04 7184 3.3 42.6 39.6
U6007CE 20 80 40 9 34.3 105 15 186.6 19.63 6669:2.26 4660 3.1 15.1 25.0 B9040-E 38 80 40 9 35.4 105 15 87.7 16.08 9463'8.04.7184 3.3 42.6 45.8
. U6010CE 20 80 40 9 34.3 105 15 196.8 19.63 6669 2.26 4660 3.1 20.5 29.2 US617IW 20 80 40 © 34.5 105 15 182.5 19.63 7306 2.26 4660 3.1 29.7 33.2
5 U6013CH 20 80 40 9 34.3 105 15 126.4 19.63 6669 2.26 4660 3.1 20.5 22.8 US617IE 20 80 40 9 34.5 105 15 182.5.19.63 7306.2.26 4660 3.1 27.4 33.2
: U6013CE 20 80 40 9 34.3 105 15 126.4 19.63 6669 2.26 4660 3.1 20.5 20.8 | U5604PW 20 80 40 9 34.5 105 15 245.7  8.04 6541 2.26 4660 3.1 10.7 26.0
U6017CW 20 80 40 9 34.3 105 15 187.6 19.63 6669 2.26 4660 3.1 33.8 31.2 UBSE04PE 20 80 40 9 34.5 105 15 245.7 8.04 6541 2.26 4660 3.1 10.7 24.0
_ U6017CE 20 80 40 9 34.3 105 15 187.6 19.63 6669 2.26 4660 3.1 35.5 27.0 RSE51TW 20 80 40 9 35.9 105 15 94.8:16.08 6541 6.03 5715 3.3 45.4 28.0
3 U6023CW 20 80 40 9 34.3 105 15 175.4 19.63 6669 2.26 4660 3.1 40.2 28.0 RS651TE 20 80 40 9 35.9-105 15 94.8 16.08 6541.6.03 5715 3.3 43.6 26.0
, U6023CE 20 80 40 9 34.3 105 15 175.4 19.63 6669 2.26 4660 3.1 40.2 28.0 : :
U6029CW 20-80 40 9 34.3 10515 203.9 19.63 6669 2.26 4660 3.1 49.3 35.4
U6029CE 20 80 40 9 34.3 105 15 203.9 19.63 6669 2.26 4660 3.1 49.3 31.2 ,
U6044CH 20 80 40 9 34.3 105 15 154.0 19.63 6669 2.26 4660 3.1 87.2 27.0
U6044CE 20 80 40 9 34.3 105 15 154.0 19.63 6669 2.26 4660 3.1 87.2 27.0
U6007HW 20 80 40 9 34.3 105 15 158.1 19.63 6669 2.26 4660 3.1.15.1 24.0
U6007HE 20 80 40 9 34.3 105 15 158.1 19.63 6669 2.26 4660 3.1 15.1 24.7
U6010HE 20 80 40 9 34.3 105 15 182.5 19.63 6669 2.26 4660 3.1 20.5 25.0
U6017HW 20 80 40 9 34.3 105 15 207.0 19.63 6669 2.26 4660 3.1 34.0 30.2
U6017HE 20 80 40 9 34.3 105 15 207.0 19.63 6669 2.26 4660 3.1 34.0 28.8
U4213MW 20 80 40 9 34.0 105 15 144.8 38.48 4594 2.26 4660 3.1 28.7 27.0
U4213ME 20 80 40 9 34.0 105 15 144.8 38.48 4594 2.26 4660 3.1 28.9 26.0
U4222MW 20 80 40 9 34.0 105 15 161.1.38.48 4594 2.26 4660 3.1 51.8 36.4
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APPENDIX G

APPENDIX F
TEST DATA OF DEEP BEAMS WITH WEB REINFORCEMENT [70.2] A :
e b B a . , TEST DATA OF PRESTRESSED BEAMS WITH WEB REINFORCEMENT
acc 1 fc As F wh wv
MARK IN IN IN IN IN KSI INz KSI % % mszH <Mme b '~ a A ' acc 1 fc  As Fy Sy  Fse .. .Vt
1-30 3.0 30.0 g IN IN CIN2 IN IN KSI IN2 KSI KSI. KIPS. KIPS
- .0 30.0 28.5 10.0 3.0 3.120 0.884 41.60 0.00 2.45 40.6 53.
K1-25 3.0 25.0 23.5 10.0 3.0 3.560 0.884 41.60 0.00 2.45 »o.m ww Mw [64.2]
K1-20 3.0 20.0 18.5 10.0 3.0 3.080 0.884 41.60 0.00 2.45 40.6 42.60 3.00 15.80 102.0 < 48.00 3.0 6.65 0.902 260.0.0.117 91.7 32.00 .
K1-15 3.0 15.0 13.5 10.0 3.0 3.080 0.884 41.60 0.00 2.45 40.6 36.90 3.00 15.80 102.0 30.00 3.0 6.82 0.902 260.0 0.188 92.3 60.07
K1-10 3.0 10.0 8.5 10.0 3.0 3.140 0.884 41.60 0.00 2.45 40.6 20.10 3.00 15.80 102.0 40.00 3.0 6.55 0.902 260.0 0.117 88.3 49.98
K2-30 3.0 30 . : 3.00 15.80 102.0 40.00 3.0 6.84 0.902 260.0 0.084 87.7 40.00
- 0 30.0 28.5 10.0 3.0 2.785 0.884 41.60 0.00 0.86 44.0 56. 3.00 15.80 102.0 - 50.00 3.0 6.41 0.902 260.0 0.081 87.0 .32.20
K2-25 3.0 25.0 23.5 10.03.0 2.700 0.884 41.60 0.00 0.86 44.0 5040 :
K2-20 3.0 20.0 18.5 10.0 3.0 2.880 0.884 41.60 0.00 0.86 44.0 48.40 3.00 15.80 102.0 100.00 3.0 6.23 0.902 260.0 0.047. 88.%  °3.23
K2-15 3.0 15.0 13.5 10.0 3.0 3.300 0.884 41.60 0.00 0.86 44.0 31.40 13.0015.80 102.0 60.00 3.0 6.62 0.902 260.0 0.094 93.7 29.10
K2-10 3.0 10.0 8.5 10.0 3.0 2.920 0.884 41.60 0.00 0.86 44.0 22.40 3.00 15,80 102.0 70.00 3.0 7.05 0.902 260.0 0.048 91.3 24.80
3-30 3.0 30.0 . v . "3.00 15.80 102.0 48.00 3.0 6.65 0.902 260.0 0.117. 91.7 37.60
- 0 30.0 28.5 10.0 3.0 3.270 0.588 41.60 2.45 0.00 40.6 62. 3.00 15.80 102.0 30.00 3.0 6.82 0.902 260.0 0.383 92.3 . 64.40
K3-55 3.0 5.0 23.5 10.0 3.0 3.040 0.894 41.60 .45 0.00 40.6 56.70 A
K3-20 3.0 20.0 18.5 10.0 3.0 2.790 0.884 41.60 2.45 0.00 40.6 46.70 3.00 15.80 102.0 40.00 3.0 6.84 0.902 260.0 0.287 50.40
K3-15 3.0 15.0 13.5.10.0 3.0 3.180 0.884 41.60 2.45 0.00 40.6 35.80 3.00 15.80 102.0 50.00 3.0 6.34 0.902 260.0 0.150 : 39.80
K3-10 3.0 10.0 8.5 10.0 3.0 3.280 0.884 41.60 2.45 0.00 40.6 19.40 3.00 15.80 102.0 50.00 3.0 6.41 0.902 260.0 0.18%. - -40.30
A , . -3.00 15.80 102.0 60.00 3.0 6.62 0.902 260.0 0.125 34.60
K4-30 3.0 30.0 28.5 10.0 3.0 3.190 0.884 41.60 0.86 0.00 44.0 54.40 3.00 15.80 102.0 60.00 3.0 6.88 0.902 260.0 0.156 37.00
K4-25 3.0 25.0 23.5 10.0 3.0 3.040 0.884 41.60 0.86 0.00 44.0 45.20 . .
K4-20 3.0 20.0 18.5 10.0 3.0 2.920 0.884 41.60 0.86 0.00 44.0 40.60 3.00.15.80 102.0 90.00 3.0'6.66 0.902 260.0 0.056 22.70
K4-15 3.0 15.0 13.5 10.0 3.0 3.190 0.884 41.60 0.86 0.00 44.0 24.60 3.00 15.80 102.0 80.00 3.0 6.50. 0.902 260.0 0.084 88.6 .25.00
K4-10 3.0 10.0 8.5 10.0 3.0 3.280 0.884 41.60 0.86 0.00 44.0 21.50 3.00 15.80 102.0 90.00 3.0 6.76 0.902 260.0 0.075 91.5 23.00
5-30 3.0 30.0 28.5 3.00.15.80 102.0 50.00 3.0 7.41 0.902 260.0 0.188 89.8 40.00
- .0 30.0 28.5 10.0 3.0 2.690 0.884 41.60 0.61 0.61 40.6 53.80 , - .
K5-25 3.0 25.0 23.5 10.0 3.0 2.790 0.884 41.60 0.61 0.61 Mm.m ww.ww - [76.31] :
K5-20 3.0 20.0 18.5 10.0 3.0 2.920 0.884 41.60 0.61 0.61 40.6 38.80 4.72 21.26 247.4 59.06 5.9 4.73 2.006 185.9 0.474 141.9 113.70
K5-15 3.0 15.0 13.5 10.0 3.0 3.180 0.884 41.60 0.61 0.61 40.6 28.60 4.72 21.26 247.4 59.06 5.9 4.92 2,006 185.8 0.494 141.4 115.80
K5-10 3.0 10.0 8.5 10.0 3.0 3.270 0.884 41.60 0.61 0.61 40.6 17.50 4.72 21.26 247.4 59.06 5.9 4.51 2.610 142.6 0.510 .94.6 109.90
K6-30 3.0 30.0 2 4.72 21.26 247.4 59.06 5.9 3.99 2.610 142.8 0.480 - 94.6 97.34
- 0 30.0 28.5 10.0 3.0 3.782 0.884 41.60 0.51 0.00 44.0 €9. : 4.72 21.26 247.4 59.06 5.9 4.57 3.253 119.9 0.491 48.8 105.40
K-35 3.0 25.0 23.5 10.0 3.6 3.640 0.84 41.60 0.€1 0.00 44.0 59,50 ; _ , .
K6-20 3.0 20.0 18.5 10.0 3.0 3.782 0.884 41.60 0.77 0.00 44.0 55.00 4B-----1 4.72 21.26 247.4 59.06 5.9 4.41 3.253 120.4 0.506 47.0 102.10
K6-15 3.0 15.0 13.5 10.0 3.0 3.782 0.884 41.60 1.02 0.00 44.0 38.80 5A-----0 4.72 21.26 247.4 59.06 5.9 3.73 3.898 105.2 0.518 0.0 97.79
K6-10 3.0 10.0 8.5 10.0 3.0 3.640 0.884 41.60 1.53 0.00 44.0 22.10 5B-m=--0 4.72 21.26 247.4 59.06 5.9 3.86 3.898 106.3 0.497 0.0 97.79
K7- A 3.0 30.0 28.5 10.0 3.0 3.640 0.884 41.60 0.00 0.00 44.0 56.80 v . (71.2] .
K7- B 3.0 30.0 28.5 10.0 3.0 3.782 0.884 41.60 0.17 0.00 44.0 67.40 2-A----3 1.00 8.88 32.5 17.75 4.90 0,359 1.259. 80.7 18.20
K7- C 3.0 30.0 28.5 10.0 3.0 3.640 0.884 41.60 0.34 0.00 44.0 58.30 -A----4 1.00 8.88 32.5 8.88 5:03 0.359 1.259 79.8 28.35
K7- D 3.0 30.0 28.5 10.0°3.0 3.085 0.884 41.60 0.68 0.00 44.0 59.30 2<B----2 1.00 8.88 32.5 17.75 6.23 0.359 © 1.259 68.0 22.53
K7- E 3.0 30.0 28.5 10.0 3.0 3.085 0.884 41.60 0.85 0.00 44.0 66.80 2-B----3 1.00 8.88 32.5 17.75 6.37°0.359 1.259 48.4 22.93
2-B=-=-4 1.00 8.88 32.5 17.75 5.52 0.359 . 1.259 .34.9.17.78
2-B----5 1.00 8.88 32.5 17.75 5.65 0.359 1.259 14.0 17.02
"3-B=---6 1.00 8.88 32.5 17.75 6.46 0.359 -~  1.259 0.0 .16.25
3<G---m2 1.00 §.88 32.5 26.63.  4.82 0.359 . - 1.259 66.4 17.02
3-G----3 1.00 8.88 32.5 26.63 4.88 0.359 _  1.259. :46.6 17.70
3iG----4 '1.00 8.88 32.5 26.63  4.42 0.359 - . 1.259..34.0..12.67
225
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APPENDIX G (CONTINUED) APPENDIX Q,AOOZHHZGMUV

TEST DATA OF PRESTRESSED BEAMS WITH WEB REINFORCEMENT : :
) “PEST DATA OF PRESTRESSED BEAMS WITH WEB REINFORCEMENT

BEAM b a Ac acc 1 fec As Fy sy Fse . . . ) -
MARK IN IN IN2 IN IN KSI IN2 KSI KSI . KIPS b d - Ac. ace 1 fc As Fy Sy Fse . Vt
. IN IN 1INz ~ IN IN - KSI IN2 KSI KSI KIPS KIPS
[{71.2] (CONTINUED : - : : :
3-C---~5 1.00 8.88 32.5 26.63 4.58 0.359 1.259 13.9 S .[73.2] (CONTINUED) ; :
3-D----1 1.00 8.88 32.5 26.63 6.42 0.359 1.887 65.7 5.90 10.60 131.0 39.00 6.45 0.747 161.1 0.094 112.0 36.00
3-D----2 1.00 8.88 32.5 26.63 6.42 0.359 1.250 67.8 5.90 10.60.131.0 59.00 - 6.58 0.747 161.1 0.064 112.0 24.50
3-D--==3 1.00 8.88 32.5 26.63 5.85 0.359 0.839 63.4 5.90 11.00 131.0 39.00  5.90 1.247 93.0 0.094 0.0 27.00
‘3-D----4 1.00 8.88 32.5 26.63 5.71 0.359 0.628 65.0 5.90 11.00 131.0 59.00.  6.21 1.247  93.0 0.064 0.0 20.20
5.90 11,00 131.0 59.00  6.28 1.247 93.0°0.104 0.0 24.50
3-E----3 1.50 8.88 35.3 26.63 - 5.91 0.359 0.839 53.1 S - R S s ‘
2-F----1 1.00 16.63 56.5 33.25 5.68 0.479 1.078 103.3 5.90 11.00 131.0 26.00 6.24 1.247 93.0 0.155 - 0.0 36.00
2-F====2 1.00 16.63 56.5 33.25 5.68 0.479 1.078 88.2 5.90 11.00 131.0 39.00. 6.38 1.247 93.0 0.000 0.0 15.70
2-F----3 1.00 16.63 56.5 33.25 5.68 0.479 .1.078 60.3 5.90 10.80 131.0 39.00 - 6.17 1.682 123.3 0.000112.0 " 36.00
2-F----4 1.0 16.63 . 56.5 33.25 5.80 0.479 1078 22.1 §.90 10.60 131.0, 39.00 - - 5.97 0.747 161.1 0.000 70.0 31.70
. 5.90 10.80 131.0 39.00 .5.48 1.682 123.3 0.155 112.0° 42.70
73.4 A o : L o . :
NL-6-240 2.00 12.00 44.0 um.ow um.mp 0.801 127.2 0.104 50.0 5.90 10.80 131.0 39.00 5.97 1.682 123.3 0.290 112.0° 51.70
NH-6-240 2.00 12.00 44.0 36.00 4.77 0.801 127.2 0.170 49.8 : B e S - . .
NL-6=160 2.00 12.00 44.0 36.00 5.26 0.801 127.2 0.156 49.6 . . [73.3] :
NH-6~160 2.00 12.00 44.0 36.00 5.22 0.801 127.2 0.254 50.1 5.31 9.21 54.4 31.50 3.9 3.76 0.526 116.7 0.000 0.0  9.26
NL-6-~80 2.00 12.00 44.0 36.00 5.35 0.801 127.2 0.313 50.0 . 5.28 9.21 54.1 23.62 3.9 3.27 0.526 116.7 0.000 0.0  9.24
734-—-43 5.16 9.21 52.8 23.62 3.9 3.31 0.526 116.7 0.094 0.0 16.42
NH-6--80 2.00 12.00 44.0 36.00 ' 5.21 0.801 127.2 0.509 49.9 734---35 4.96 9.25 56.0 31.50 3.9 3.52 0.526 116.7 0.000 9.0  9.00
NL10-160 2.00 12.00 44.0 36.00 5.18 0.801 127.2 0.355 49.9 5.35 9.25 55.0 31.50 3.9 2.48 0.526 116.7 0.000 23.1 11.02
NM10-160 2.00 12.00 44.0 36.00 - 5.14 0.801 127.2 0.584 50.2 :
PL~6-~240 2.00 12.00 44.0 36.00 5.94 0.801 127.2 0.104 53.9 734---41 4.96 9.29 51.1 23.62 3.9 1.97 0.526 116.7 0.000 11.7 11.02
PH~6-160 2.00 12.00 44.0 36.00 5.43 0.801 127.2 0.254 70.5 734---42 5.35 9.21 54.8 23.62 3.9 3.68 0.526 116.7 0.000 23.1 14.33
: a 924---1A 5.12 9.29 52.8 23.62 3.9 2.35 0.701 112.5 0.000 18.5 11.02
PL-6--80 2.00 12.00 44.0 36.00 5.89 0.801 127.2 0.313 71.2 24---2A 5.39 9.25 55.4 23.62 3.9 5.18.0,701 112.5 0.000 ~25.6 17.64
CH-6-240 2.00 12.00 44.0 36.00 7.7 0.801 127.2 0.170 49.9 03----1 5.12 9.21 52.4 -23.62 3.9 3.12 0.526 125.0 0.000 20.7 12.96
CL-6-160 2.00 12.00 44.0 36.00 7.89 0.801 127.2 0.156 50.0 e o . . : ,
CH-6-160 2.00 12.00 44.0 36.00 7 08 0.801 127.2 0.254 49.8 803----2/5.12 9.21 52.4 23.62 3.9 3.63 0.526 125.0.0.000 " 23.1 13.23
CL-6--80 2.00 12.00 44.0 36.00 8.11 0.801 127.2 0.292 50.2 24--—1B 5.20 9.33 53.8 23.62 3.9 5.29 0.701 112.5 0.108  15.4 26.12-
24---2B 5.16 9.29 53.2 23.62 3,9 3.27 0.701 112.5 0.114 28.0 26.17
CM-6--80 2.00 12.00 44.0 36.00 8.00 0.801 127.2 0.424 50.7 54---1C 5.20 9.21 53.2 23.62 3,9 1.99 0,701 112.5 0.212 18.7 19.84
CH-6--80 2.00 12.00 ~ 44.0 36.00 7.52 0.801 127.3 0.509 50.1 03-<-2§ 5.12 9.21 52.4 23.62 3.9 3.63 0.526 125.0 0.052 23.1 16.98
' 173.2) 03---1S 5.12 9.21 52.4 23.62 3.9 3.12 0.526 125.0 0.052. 20.7 . 19.09
Pemm——=8 5,90 10.70 131.0 39.00 6.19 1.058 141.1 0.094 112.0 42-+--2 5.16 9.33 53.0 23.62 2.0 3.60 0.701 112.5 0.000 26.9 -15.21
P--====9 5.90 10.70 131.0 59.00 5. 86 1.058 141.1 0.064 112.0 42----3 5.16 9.25 52.8 23.62.3.9 3.76 0.701 112.5 0.000. 26.9 17.20
P-----10 5.90 10.60 131.0 39.00 6.03 0.747 161.1 0.000 112.0 2:-—-4 5.12 . 9.25 52.2 123.62 2.0 4.24 0.701 112.5 0.000 " 27.3. 15.87
Pem===11 5.90 11.10 131.0 39.00 5. 65 0.839 123.1 0.000 38.0 42---=5 5.12 9.29 52.4 23.62 3.9 3.63 0.701 112.5 0.000 28.0 16.53
pP-----12 5.90 11.10 131.0 59.00 6.13 0.839 123.1 0.000 38.0 . : . . " L i . .
, 42----6 5.16 9.29 53.2 23.62°3.9 5.85 1.052 108.3 0.116 26.9 29.43
pP--==-13 5,90 11.10 131.0 39.00 5.71 0.839 123.1 0.094 38.0 42---7B 5.16 9.25 52.8 23.62 3.9 4:53 1.052 108.3 0.116 28.2 '29.10
pe-m--14 5.90 11.10 131.0 59.00 6.40 0.839 123.1 0.064 38.0 42----8 5.20 9.29 53.6 23.62 3.9 7.14 1.052 108.3 0.153 30.2 36.03
pe=---15 5.90 10.70 131.0 39.00 6.40 1.058 141.1 0.000 112.0 3---10 5.16 9.25 53.0 23.62 3.9 6.44 1.052 108.3 0.078" 26.3 24.14
p-ww==16 5.90 10.70 131.0 59.00 6.10 1.058 141.1 0.000 112.0 42---11 5.16 9.29 52.8 39.37 3.9 6.41 1.052 108.3 0.078. 26.5 $20.50
P~~===17 5.90 10.60 131.0 59.00 5.75 0.747 161.1 0.000 112.0 Lo o - S L
_ _ 42---12 5.16° 9.29 52.§ 15.75 3.9 6.79 1.052 108.3 0.078. 24.0 42.99
- do---13 5.20 9.37 53.0 31.50 3.9 6.79 1.052 108.3 0.077 24.0 27.45
‘g42---14 5.16 9.29. 53.2 23.62 3.9 5,19 1.052 108.3 0.116 9.3 24.47
842---16 5.16 9.17 52.6 23.62 3.9 6.55 1.052108.3 0.116 15.9 35.38
843---18 5.28 9.20 54.4 .23.62 3.9 4.70 1.052 108.3 0.113 0.0 23.48
\.\\ ) . ) . .
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