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1.0 INTRODUCTION

Single span, one-way reinforced concrete slabs hawve
a broad application in bridges, elevated highways and
industrial buildings. Large combined shear and torsional
stresses can develop in such structures when they are
subjected to concentrated loadings, especially if the
loads are not symmetrically applied.

A broad effort has been devoted to the analysis and
experimental observation of rectangular (Refs. 1 & 2), T
(Ref. 3) and L (Refs. 4 & 5) cross—sectional reinforced
concrete beams under combined flexure, shear, and
torsion. Howewver, no such study has been made for the
analysis and experimental observation of one—way
reinforced concrete slabs under combined flexure, shear
and torsional loadings.

At the present time, ACI Code 318-83 (Ref. ©6) has
recommended formulas for the design of reinforced
concrete beams under combined flexure, shear and torsion.
These recommendations are based on the above mentioned
research studies. Applicability of these formulas for
non—-symmetrically loaded one—-way reinforced concrete

slabs are, however, questionable.
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During a study of channel beams (Ref. ?7), it was
found that post cracking torsional rigidities obtained
from torque twist tests of thin rectangular concrete
plate specimens, were larger than calculated values. The
ratio of experimental to calculated values were of the
order of 1.71 to 1.92. Post cracking torsional rigidity
is a function of the cross—-sectionali dimensions, moduli
of'elasficity of steel and concrete and the reinforcement
ratio of longitudinal steel and hoop steel.

An experimental study of the orthogqnally reinforced
concrete slab elements subJjected to pure torsional
momenfs was conducted by Marti, P. and et al. (Ref. 8).
They achieved this purpose by applying two concentrated
loads at the ends of one diagonal axis and supporting at
the ends of the other diagonal axis of the plates. 1In
this study, it was observed that peak torsional moments
were 8 to 117X greater than the ACI Code 318-83 allowable
torsional moment. The observed increased torsional
moment capacity of plate elements were as follows:

Plates without stirrups:

8% for Jox = fy = 0.0025

ny = 0.005

24% for f’x

Py = o0.00s

65% for _/ox
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afy

61% for Jox

- - 0.01
87% for fx =2f{y =o0.01
117% for { x -fy =o0.02
Plates with stirrups:

16% for fx =Ly = 0.0025
83% for fx =4afy=-o0.01
116x for f x = fv =o0.01

This study shows that increasing reinforcement ratio in
both directions of orthogonally reinforced concrete
slabs, top and bottom, increases torsional moment
capacity of concrete plates under pure torsion. Use of
stirrups increases torsional capacity of reinforced
concrete for light and medium reinforcement ratios, but
not for heavily reinforced concrete slabs. No
experimental study of combined shear and torsion in
reinforced concrete slabs with or without stirrups has
been found in the open literatures.

The obJjective of this thesis is to develop methods
suitable for predicting the strength of one-way
reinforced concrete slabs subject to non-symnetrical
loadings. The problem was first encountered when

attempting to estimate the load carrying capacity of
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a4
actual slabs subJjected to heavy wheel loads. Predictions
of capacity using the ACI combined shear and torsion
interaction indicated the possibility of owverload of
these plates while no apparent distress was obseried in
the field. A preliminary study, phase "I" experimental
study, was performed to further investigate this
discrepancy. The test program is described in
Appendix B.

During the Phase "I" experimental study, it was
found that non—-symmetrical loaded reinforced concrete
slabs without stirrups have significantly higher combined
shear and torsional capacity than that computed from the
current ACI Code 318-83. The following conditions were
found to be necessary to make the results of the Phase
»I" study correlate with the ACI shear and torsion
interaction formula:

(a) Shear and torsional stresses must be properly
determined, employing an analytical plate solution rather
than using an equivalent beam analysis.

(b) Due to non-homogeneity of reinforced concrete,
it is also required to employ appropriate flexural
rigidities in both the longitudinal and transverse plate
directions. Therefore, effective moment of inertia based
on the cracked section will be used instead of moment of

inertia of gross concrete section (see 2.5).
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(c) In order to evaluate torsional strength of
concrete plates in combined shear and torsional
strength, the actual shear strength value
should be included in the computation.
Therefore, experimental values of shear

- strengths, based on the beam tests with
identical concrete strength, longitudinal
reinforcement, load span and load condition
should be included in the study, rather than
calculated values based on the ACI Code 318-

83 allowable shear strength for beams.
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2.0 RESEARCH PLAN
2.1 OBJECTIVE

It is the main purpose of this thesis to develop an
interaction formula that can be considered in the design
of one-way reinforced concrete slabs that are subjected
to combined shear and torsion. As mentioned earlier, the
current ACI Code contains provisions for the design of
reinforced concrete beams subjected to combined shear and
torsion. There are no provisions or recommendations for
the design of one—-way reinforced concrete slabs in
current codes.

An extensive set of experimental data are developed
and these data are used to dewvelop parameters of an
interaction formula that is modeled after the ACI 318-83
combined shear and torsion provisions for concrete beams.
The general form of this interaction formula is taken as:
L

+

—— (2.1-1)

( ch
Vepo Tcpo

where:
Vcp = shear strength provided by concrete of

concrete plates under torsion and shear
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Vepo = shear strength provided by concrete of
concrete plates with zero torsion

Tcp = torsional moment strength provided by
concrete of concrete plates under torsion
and shear

Tcpo = torsional moment strength prowvided by

concrete plates in pure torsion
O(gp= parameters to be determined by experimental
data

Esq. (2.1-1) is the general form of the shear and
torsion interaction formula of Eq. (2.2-3) that was
suggested by Kemp (Ref. 1) and accepted by current ACI
Code for beams under combined shear and torsion. The
values of‘%’andfyggre equal "2" for beam design according
to the ACI 318-83.

In search for appropriate values for Vcp, Vcpo, Tcp
and Tcpo in Eq. (2.1-1) that will be applicable for
reinforced concrete slabs without stirrups under combined
shear and torsion the following approaches were taken
into account:

For Vcp and Tcp, the following wvalues were taken
into consideration:

(a) The flexural shear and torsional moment

developed under non-symmetrical load condition
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were calculated based on the simple beam
analysis at failure.
Vep = Vcbf, Tcp = Tcbf
(b) The flexural shear and torsional moment
developed under non—-symmetrical load conditions
were the maximum values based on the plate
solution at failure.
Vcp = Vcpfm, Tcp = Tcpfm
For Vcpo and Tcpo, the following values were
taken into consideration:
(a) The current ACI Code wvalues based on the Kemp
suggestions see section 2.2-1:
Vecpo = Vo, Tecpo = To
(b) The values suggested by HSU see section 2.2-2:
Vcpo = Vcro, Tcop = Tecro
(c) The wvalue suggested herein based on the test
results of the experimental study (see

fippendix C):

Vepo = Vfo, Tepo = Tfo

vielding:
(Vop/VFo)2 + (Top/Teolz = 1 2.1-A}
(Vop/Vfo)2 + (Top/Torol)z = 1 (2.1-B)
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For definition of Vo, To, Vcro and Tcro see section
2.2, for Vfo and Tfo see Tables C-5 and C-6.

Shear and torsional strength values suggested by
Kemp and recommended by the ACI Code for beam design are
based on the cracked concrete capacity while HSU suggest
the same wvalues for cracked sections with stirrups, but
higher value only for torsional strength before and at
cracking stage for concrete sections without stirrups.

Shear and torsional values suggested by Kemp (Ref.
1) and ACI Code (Ref. 6) are based on the assumption that
the effective concrete area of the cracked section to
resist shear and torsion is less than the uncracked
section. For concrete section with stirrups that will
resist extra shear and torsion after cracking stage, this
assumption is reasonable. For concrete section without
stirrups the total area is effective before cracking and
at the cracking stage. The concrete specimen will fail
at cracking stage. Therefore, values suggested by HSU
(Ref. 9) are valid for reinforced concrete without

stirrups.
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2.2 BACKGROUND MATERIAL FOR INTERACTION FORMULA
2.2-1 ACI CODE 318-83

| Shear and torsional strength of reinforced
concrete without stirrups in combined shear and torsion
according to the current ACI Code 318-83 can be

determined from:

Ve = (2.2-1)

Vs ( oi;v )2

Tc = (2.2-2)
‘ 0.4 Vw 2
\/1'*(5{;{“ )

Combining Egs. (2.2-1) and (2.2-2), one can

obtain interaction formula for combined shear and torsion

as follows:

() + (E=
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Where:
Ve = nominal shear strength provided by concrete
under torsion and shear
Vo = shear strength of the concrete with zero
torsion
- a.9 \[fec + 2s00f M )bd
M w
Vu = factored shear force at section
Mu = " moment at section
Tu = " torsional moment at section
Tc = nominal torsional moment strength provider by
concrete under torsion and shear
To = torsional strength of concrete in pure
torsion
= 0.8\2 f'e x 2y
b = width of cross—section
d = distance from extreme compression fiber to
centroid of longitudinal tension reinforce-—
ment
x = shorter dimension of cross—section
¥y = longer dimension of cross—-section
f'c = compressive strength of concrete in psi
Ce = factor relating shear and torsional stress

properties = bd/ xRy

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



12

Originally, the interaction formula of Eq. (2.2-3)
was presented by Kemp (Ref. 1). Eqs. (2.2-1) and (2.2-2)
are presented in the current ACI Code are derived from

the interaction formula (2.2-3).

2.2-2 SUGGESTED BY HSU (Ref. 9)
The interaction of torsional and shear
cracking for reinforced concrete beams without stirrups

is introduced by HSU (Ref. 8) as follows:

2 2

<Vcr) Ter )
_—) +{— = (2.2-4)
VCI"O —rcro

The cracking shear and torsional strength are as follows:

Vero

Ver = (2.2-5)

\/1 C.gTu)

Tero

Ter = (2.2-6)

\/1 *(ct'm)
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Where:

Ver =

Vcro

Tcr =

Tcro =

And Vo, To,

defined.

13

diagonal cracking shear under torsion
and shear

diagonal cracking with zero torsion

Vo = (1.8 [/ f'c + zsoof vug/Mu) bet

diagonal cracking torque under torsion
and shear

diagonal cracking torque under pure
torsion

2.5To = 2 f'c xey

Vu, Tu, and Ct are as previously
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2.3 SIMPLIFIED ANALYSIS FOR NON-SYMMETRICALLY LOADED
PLATES
Shear bending and torsion developed in a
non—-symmetrically loaded plate as shown in Fig. 1, can be

expressed in terms of the applied load as follows:

VvV -= P/2 (2.3-1)

M = Pxis2 (2.3-2)

T = (Pr2) x (b) (2.3-3)
Where:

P = applied load, V = shear, x1 = shear span
M = bending moment, T = torsional moment,
b = eccentricity of the applied load
v = width of the partially distributed load
parallel to the supports
Therefore, it is anticipated that a concrete plate
under non-symmetrical loading conditions, which has
adequate flexural reinforcement to prevent bending
failure, will fail under diagonal spiral shear and
torsional cracks.
Therefore, shear and torsion at failure can be
expressed in terms of failure load as follows:
V cbf = Pg/2 (2.3-4)

T cbf = (Pg/2) x (b) (2.3-5)
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2.4 PLATE SOLUTION FOR NON-SYMMETRICAL LOADED PLATES
Bendings, torsion and shears developed in a

non-symmetrical loaded plate can be expressed in terms of

deflection, w, flexural rigidity, D, and poisson‘'s ratio,

V, as follows:

— 2. -
My =-D ‘sz +7)?32) 2.4-1)
ey
MH —D (_032 —‘D_;(Z‘—) (2.4-2)

Mxy = Myx =-D ‘—'V)(,D 1)3 (2.4-3)

2 2
y _._') 7’ oW LW 2.4-4)
X2 Y2

otw

Q3= 'Dzj (‘DXZ ‘Déz

(2.4-5)

Where deflection is in terms of applied load, 'Pz (xJ),
and flexural rigidity, D. For complete plate solution

see Appendix "A".
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2.5 FLEXURAL RIGIDITY OF CONCRETB SLABS

The flexural rigidity of elastic plates is
classically defined as D = EI/(1-Jvzd. However, for
reinforced concrete slabs subjected to non—symmetrical
loads, many hairline bending cracks will dewvelop before
shear or torsional cracking occurs.

The flexural rigidity is, therefore, influenced by
these cracks. For one—way construction, concrete beams
and slabs, the current ACI Code recommends the use of
modulus of elasticity of concrete, Ec, and effective

moment of inertia, Ie, for computation of deflection, as

follows:
3 3
. Mecr Mer J
Ie = (—M—a>1'3+ - Ma> Ier (2.5-1)>
EcT
D = > (2.5-2)
(1- 2?)
Where:

I =1Ig for Ma < Mcr

I = Te for Ma > Mer

Ec = moment of inertia of gross concrete section
about centroidal axis, neglecting reinforce-

ment.
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le = effective moment of inertia for computation
of deflection.

Icr = moment of inertia of cracked section trans-
formed to concrete.

Ma = maximum bending moment in member at stage
deflection is computed.

Mcr = cracking moment.

= frlg/Ye

fr = modulus of rupture of concrete, psi
=?-5\/'W

Y+ = distance from centroidal axis of gross—

section, neglecting reinforcement to extreme
fiber in tension.
f'c = compressive strength of concrete, psi.

)} = poisson's ratio of the concrete.
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3.0 SUMMARY OF PRELIMINARY STUDIES (APPENDIX "B“)

A limited set of experiments were performed using
10" wide, 22" long and 2" thick one-way plates and
subjected to non-symmetrical loading. Detail of the test
program are given in Appendix B.

The results of the test program based on the simple
beam analysis are given in Table B-5, and based on the
plate solution are given in Table B-6.

As may be seen, all of the interaction equations
give values greater than unit indicating that the ACI
Code predicts failure loads smaller than measured by
experiments by at least a factor of 1/\//—_3. Note that
load condition and plate dimensions for all preliminary
studies were identical and loads were applied with
eccentricity of 4 inches. This eccentricity created a
T/V ration of 4 for beam analysis and about 1.2 to 1.4
for the plate analysis.

Experimental studies of plates having different
widths and various eccentricity were conducted to further
investigation ACI formula with various T/V ratios. For

detail of experimental studies see Appendix C.
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4.0 EXPERIMENTAL STUDY
4.1 INTRODUCTION

As discussed previously, the motivation for the
research was developed when the ACI Code provision for
evaluating the combined shear—~torsion capacity of
flexural members was found to be overly conservative when
applied.to non-symmetrically loaded one-way slabs. In
this study, an experimental evaluation was undertaken to
determine the applicability of the code recommendation to
plate configuration.

A preliminary study of the one-~way reinforced
concrete slabs during the phase "I" program (see Appendix
B) revealed that a more comprehensive test series of beam
and plate specimens was required in order to study the
shear/torsion behavior of one-~way R.C. plates.

It was found that the true shear strength of the
reinforced concrete beam specimens is an essential part
of the plate shear/torsion study. A comérehensive series
of beam specimens were, therefore, cast and tested to
evaluate the shear strength of the concrete test
specimens.

The shear strength results collected from the

beam specimens tests were then used to eliminate the
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uncertainty associated with the shear strength value used
in the combined shear/torsion study. The results of this
study are presented in Section 4.2.

During the preliminary plate study, the
eccentricities of the applied loads and pléte width were
kept constant. In order to generalize the behavior of
one-way R.C. slabs under non—-symmetrical loading, it was
necessary to vary both the width of the plate specimens
and the load eccentricities about the transverse "y"
axis. A comprehensive series of plate specimens with
various widths were cast and subjected to loads with
various eccentricities about the transverse "y" axis.

In addition to the load patterns and plate
specimens widths, the transverse reinforcement ratios and
transverse reinforcement location (i.e., a top or bottom

reinforcement), were varied in the plate specimens. The

results of this study are presented in Section 4.3.
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4.2 SHEAR STRENGTH STUDY
4.2.1 DISCUSSION

In order to study the combined effects of
shear/torsion on the capacity of the R.C. plates, the
shear strength of the concrete specimens must be defined.

Forty beam specimens, with longitudinal reinforcement
similar .to the plate specimens, were cast and tested to
determine the actual shear strength of the concrete
specimens.

All the beam specimens were 3" thick 28" long
with No. 3 rebar at 2.5" c/c and placed at a depth of
2.0625 inches. The widths of the beam specimens were
2.5, 5.0, 7.5, 10.0, 12.5 and 25 inches for beam series A
through F respectively.

Beam specimens were tested under the action of
two symmetrically placed concentrated loads, with the
shear—span/depth (a/d) ratio varying from 1.94 to 5.94.
The specific test beam data and load conditions are giwven

in Table C-4.
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4.2.2 ANALYSIS OF THE BEAM TEST RESULTS

The obserwved failure loads, calculated ultimate
shear strength values and comparison with theoretical
values are summarized in Table C-5. Non—-dimensional
values of the (1000 Vd/M}/f'c) and (V/bd,/ f'c) are given
in Table C-5a and were used on Fig. 2.

- Comparison of the experimentally determined
shear strength with the ACI-ASCE Committee 316 report are
shown graphically on Fig. 2. As may be seen, all of the
test beams had higher shear strengths than that predicted
by the ACI Code 318-83.

Although the shear strength values of the test
beams are more than twice the values suggested by the ACI
Code, the comparison of the test beams shear strength
values with results reported by the ACI-ASCE Committee
326 indicate that this test data is about 30 to 70
precent higher than the ACI-ASCE data.

The higher shear strength values of the test
beams are the result of the higher reinforcement ratio
( jomax) at the shear span section.

As explained earlier, a series of short span
beams, similar to those of the short span test plates,
were cast and tested. A large reinforcement ratio
(‘/Qmax) was used to avoid bending failures and to force

combined shear/torsion failures.
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In actual practice, some of the reinforcement
would normally be cut off and the shear span section
would thus, have a smaller reinforcement ratio than the
_f;ax. Therefore, the 30 to 70 percent increase of the
shear strength values of the test beams could be dus to
the heavily reinforcement (f’max) at the shear span

section.
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4.2.3 SUIMMMARY

A comparison of the theoretical and experimental
values indicate that the experimental values of shear
strength of the heavily reinforced test beams were much
higher than the theoretical wvalues based on the ACI code.

Also, it was observed that the shear stress
capacity of the beams were independent of the beam
widths. Thus, the shear capacity of the beams are
directly proportional to the beam width. A comparison of
the theoretical and experimental wvalues of shear strength
for load conditions 4 and S (correspondiﬁg to the loading
of the test plates), indicate that shear strengths of the
beams are higher than the predicted- values by ACI by a
factor of 2.71 and 2.15 respectively.

These experimental wvalues were used to represent
the shear strength of concrete in the plate analysis
under the combined effects of shear and torsion.

Theoretical and experimental shear and torsion
values used in the anlaysis of the plate specimens for
load conditions 4 and 5 and Batch Nos. I, II and III are

given in Table C-6.
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4.3 COMBINED SHEAR/TORSION STUDY
4.3.1 DISCUSSION

In order to determine the ultimate shear and
torsional capacity of reinforced concrete plates
symmetrical (with respect to the center line between the
two free edge of the one-way plate) and non-symmetrical
load conditions were imposed on fifty-four plate
specimens.

Three different categories of reinforced
concrete plates were used: narrow plates with
width/length (B/L) ratios of 0.28, 0.38 and 0.48; wide
plates with B/L = 1; and extra wide plates with B/L = 2.
All the plate specimens ueré 3" thick , 28" long and were
cast with #3 longitudinal reinforcement at 2.5 inches
spacing c/c and 0.75 inches cover. Plate series C, D,
and E were 7.5, 10 and 12.5 inches wide respectively.
Plate series F to M and P121, P122, and P123 were 25
inches wide. Plate series M, 0 and P131, P231, P132,
P133 and P233 were 50 inches wide. In addition to the
longitudinal rebar, plate series H, I, J, K, L, M, N and
0 were cast with 5 bottom, 5 top, 3 bottom, ? bottom, 3
top, 7 top, 5 top and 5 bottom #3 transverse
reinforcement respectively. Top transverse bars had 0.75

inches and bottom transverse bars had 1.125 inches cover.
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These plates were subjected to partially
distributed loads, the applied loads were symmetrically
placed relative to the longitudinal "x" axis and sSymme—
trically and non—-symmetrically placed relative to the
transverse "y" axis. Details of the test program are
given in Appendix C.4.0.

It was found that the test beam specimens under
load condition 4 and S failed due to diagonal tension
with the obvious presence of the bending cracks. Since
test beams undef load condition 6 with slightly higher
a/d ratio failed in bending, the shear—-span/depth (a/d)
ratio of load conditions 4 and S were chosen for the
plate test study.

Plate specimens in each series were loaded in
three different load patterns (see Fig. C-2). Load
pattern "I" was center strip loading with small and
negligible torsional moment. Load pattern "II" was
center strip loading with moderate torsional moment.
Load pattern "III" was edge strip loading with
considerable torsional moment. For plate specimens data,
eccentricity of the applied load b and loading patterns,

see Table C-7.
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4.3.2. ANALYSIS OF THE PLATE TEST RESULTS

The observed failure loads and comparison of the
experimental value with the theoretical predictions ure
given in Appendix C, Section C. 4.

The results of the test program based on the
simple beam analysis and the plate analysis using Levy's
Method are given in Table C-8 for shear forces and
torsional moments and Table C-8a for flexural shear
stresses (Vobf) and torsional shear stresses (Tobf).

Nondimensional flexural and torsional stresses
of the experimental results are given in Table C-8a and
shown graphically on Figs. 3 and 4 for the simple beam
analysis and the plate solution'by Levy's Method
respectively.

A comparison of the experimental shear/torsion
values with the theoretical values are given in Tables
C-9 and C-10 for the simple beam analysis and the plate
solution by Levy's Method respectively.

A comparison of the interaction equation values
are given in Table C-11 for the simple Beam analysis and
Table C-12 for the plate analysis by Levy's Method.

The comparison of the interaction equations
values indicate that the interaction equation 2.1-B gives
the best correlation between the measured and predicted

data.
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The interaction equation 2.1-B values are shown
graphically in Fig. 5 and Fig. 6 for the simple beam

analysis and the plate solution by Levy's Method.
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4.3.2.1 LOAD CARRYING CAPACITY

As discussed before reinforced concrete plates
with and without transverse reinforcement were cast and
tested to determine their ultimate load carrying
capacity.

Based on the observed failure loads and mode of
failures of the test plates, the following observations
are made:

a) The load carrying capacity of narrow

plates, 7.5, 10 and 12.5 inches,
decreased as eccentricity of the applied
load was increased. This decrease was
due to the combined effects of the shear
load and the torsional moment.

b) The load carrying capcity of wide plates

25 inches, and extra wide plate, 50

inches wide, without transverse rebar

did not decrease as eccentricity of the
applied load increased except for the
extreme case of edge strip loading

applied to the extra wide plate. This

was due to the presence of large positive
transverse moment in the plates that werse
loaded at the center strip or middle strip.

Both center strip and middle strip loaded
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plates basically failed by longitudinal
cracks, as a result of positive trans—
verse moment. While edge strip loaded
plates failed by spiral diagonal crack,
as a result of combined shear and torsion.

c) The load carrying capacity of the wide
plates with transverse rebar did not
increase for edge strip loading while
there were increases for center strip and
middle strip locading as follows:

1) Center strip loading

3 Top bars 30 to 40%
S Top bars 40 to 50%
7 Top bars 40 to 50%
3 Bottom bars 30 to 35X
5 Bottom bars 40 to 50%
7 Bottom bars S5 to 65%

2) Middle strip loading

3 Top bars None
S Top bars 30%
? Top bars 15%
3 Bottom bars None
S5 Bottom bars 25%
7?7 Bottom bars 30%
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4.3.2.2 SIMPLE ANALYSIS (BEAM SOLUTION)

Simple analyses (see Section 2.3), are made for
all fifty—four test plates. Details of the tests are
given in fippendix C, Section C.4.

fis may be seen from the Table C-11 and Fig. 3,
all of the interaction equations give values much higher
than unity for the simple beam analysis. These wvalues
for wide and extra wide plates are very high so that the
comparison with unity is meaningless. This is due to the
unrealistic assumption used to predict the torsional
stress distribution in plates subJjJected to the non—symme—
trical loadings.

The simple beam analysis assumption is based on
the linear distribution of the torsional stresses with
the maximum values occurring at the edges and zero value
at the center of the plates. The typical stress distri-
bution of this theory is depicted in Fig. 7.

While the interaction approach using simple beam
analysis for plates is found to be unrealistic, the
effective plate width approach can lead to realistic
data. The effective width approach predicts load
carrying capacity of non-symmetrically loaded plates
based on the effective width and shear capacity of

concrete only.
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A comparison of experimental simple plate
analysis results with the experimental beam shear results
indicate that the effective shear width Be = (Vobs/Vfo)B
was less than plate width (B) (see Table C-8 for Be/B
ratios).

In plates subdectéd to non—-symmetrical loading,
as eccentricity increases and torsional stresses
increase, the effective width decreases. fAs the plate
width increases, the effectiwve width increases for plates
without transwverse reinforcements and considerably for
plates with transverse reinforcement.

The effective width increases with increasing
plate width and supplying transverse reinforcement for
center strip and middle strip loadings. Transverse
reinforcement does not increase load carrying capacity of
plates when the loads applied at edge strip. Effective
width does not increase due to plate width increase after
L/B ratio reaches "1". In another word, the load
carrying capacity of wide and extra wide plates are
almost identical.

Although the effective width approach was not
the topic of this research study, it seems that based on
the experimental results the following formulas can be

taken under consideration for future research studies:
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For plates without transverse reinforcement:

Be = \/ (1-b/B) VL (4.3-A)
vwL < Be

For plates with transverse reinforcement:

Be = \/ (1-b/B) (1.56wvL) (4.3-B)
1.56vl. £ Bz
where:

Be = effective plate width

B = plate width
L = plate length
v = width of the partially distributed load,

parallel to the supports
b = eccentricity of applied load about
transverse "y" axis
For values of B, Vv and b see Tables C-7.
A comparison of experimental effective width
to plate width ratios (Be/B = Vopfs/Vfo) with suggested
Be/B ratios based on the equation 4.3-A and 4.3-B is

given in Table 1.
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4.3.2.3 PLATE SOLUTION (LéVY'S METHOD)

Plate solution by Lévy's Method are made for all
fifty—four test plates. Computer programs were made to
calculate shear forces and torsional moments induced by
non—-symmetrical loading. For computer programs and
outputs see Appendix D.

- A comparison of calculated values with
theoretical values are given in Appendix C, Section C. 4.

As may be seen in Table C-12, column 2, the
interaction equation of the current ACI Code (eq. 2.2-3)
gives values much higher than unity. In another word,
this interaction equation underestimates the load
carrying capacity of the non-symmetrically loaded one—way
concrete plates even when the plate solution is applied.

The plate solution predicts the realistic
distribution of the shear forces and torsional moments
across the plate width. The shear and torsional moment
distributions resulting from the application of this
theory are shown in Figs. 8, 9 and 10 for center strip,
middle strip and edge strip loadings of the wide plates
(for numerical values see Appendix D).

There are two reasons that the ACI Code
interaction equation is overly conservative. First, it
underestimates the shear capacity of the heavily

reinforced concrete beams and slabs. All of the plate
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specimens were cast with a reinforcement ratio ( _P max)
to prevent failure due to the longitudinal bending
moment .

In order to account for the true shear strength
values in the interaction equations, the corresponding
concrete beams were cast and tested to obtain the true
shear strength values (for details see C.3.0 and Table
C-6).

Secondly, it underestimates the torsional
capacity of R. C. slabs.

In order to find appropriate torsional strength
value of the concrete plates, the following values were
considered:

1) Topo = Teo = 2To = 1.8\/2Z xy
2) Topo = Toro = 2.5To = 2 ';c’ kzj

" The values of the interaction equation 2.1-A
that considers Topo = Tfo is given in Table C-12, column
4 and values of the interaction equation 2.1-B that
considers Topo = Toro is given in Table C-12, column 5.

The results of the interaction equation 2.1-B
for plate'solution by Levy's Method are Bhoﬁn graphically
in Figs. 4 and 6.

Obgservation of Figs. 4 and 6 reveal that the
interaction equation 2.1-B based on the plate solution by
Levy's Method is the best solution for predicting the
load carrying capacity of the one-way concrete plates

under non—-symmetrical loading conditions.
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5.0 CONCLUSION

This research study leads to the following
conclusions:

a) Shear strength values of the concrete beams
having reinforcement ratios equal to j’max, are hisgher
than the values suggested by the ACI Code.

b) The load carrying capacity of one—way
reinforced concrete plates loaded in the center strip or
in the middle strip, increases when top and/or bottom
transverse reinforcements are used. Use of the
transverse reinforcement in concrete plates under edge
strip loading does not increase the plate capacity.

c) Interaction equations for the combined
effects of shear and torsion are not applicable for
non—symmetrically loaded one-way concrete plates, when
simple analysis (beam solution) is used to compute plate
shear and torsions.

d) Interaction equation for the combined
effects of shear and torsion are realistic when the plate
solution (Levy's Method) is used to compute plate shear
and torsion. It is found that, based on the plate
solution, the torsional strength of the non-symmetrically
loaded one~way concrete plates are at least 2.5 times

higher than that recommended by the ACI Code.
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concrete beams is found to be 2.5 times the recommsnded

value by the ACI Code. This has also been reported by

HSU (Ref. 8), see Section 2.2-2.
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6.0 RECOMENDATION
Based on this research study, the interaction
equation of shear/torsion to predict load carrying
capacity of non—-symmetrically loaded one-way concrete

plates is presented in the following form:

2 2
VGP-Fm) Tepsm
_ + — ) =1 (6.1)
Vepo 'rcpa
Vepo
\epem = (6.2)

ARNC s

Tepo
TCPf'm = (6.3)

Vi (@2%)

where:

Vopfm, Topfm, Vu, Tu, Ct are defined in Section 2.0.
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and

: P Vud o
Voro = Vo = (1.9VF, +2500 ———Ybd { 35V bd

Ve po= 1.9(f. + 2500 fVud £ 3.5(¢,

My =

Topo = 2.5To = 2\/?5 1'23=2Eé hz

%Po""‘ 3‘;5 ;‘o = 6\/—@

h = thickness of the plate

It must be noted that even higher shear strength
values were observed in this research study but current
ACI Code values are recommended. The reason for this is
the recommendation of the ACI — ASCE Committee 326 "“shear
and diagonal torsion" that are based on a broad research
study.

Therefore, the above recommended interaction
equation is conservative even considering higher
torsional strength capacity.

Note:

Load carrying capacity of the one-way concrete
plates subjected to non—symmetrical loadings can be
increased by providing transverse reinforcement and
increasing thickness of the plates in the edge strips

parallel to the free edges.
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7.0 RECOMMENDATION FOR RESEARCH CONTINUATION
This research study indicates that concrete plates
have higher load carrying capacity than predicted by the
ACI. Load carrying capacity of the partially loaded
one-way concrete plate is a function of the partially
distributed load area, longitudinal reinforcement ratio,
top and bottom transverse reinforcement ratio and
thickness of the plates.
The following studies are recommended for
continuation of this research study.
a) Partially Distributed L?ad Size Study
A series of identical concrete plates subject
to various partially distributed load to study
load width and length effect on the load
carrying capacity.
b) Reinforcement Ratio Study
Series of identical concrete plates to be cast
with various reinforcement ratios to study
reinforcement ratio effect on the load

carrying capacity.
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c e Stri t
A series of plate with various edge strip
width and thickness to be cast and subjected
to the identical load condition to study
edge strip effect on the load carrying

capacity of the concrete plates.
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APPENDIX A
PLATE SOLUTION FOR ONE-WAY SLABS USING LéVY'S METHOD
A.1 INTRODUCTION
For laterally loaded plates that have two opposite
edges simply supported at x=o and x=a; M. Lévy suggested
taking the solution in the form of a series. [Ref. A1,

A-2]

o0
w(x,*j)=£ Yor (49) Sin "’zn 1)
m=|

where w is deflection of the plate in the vertical (2)
direction.

Eq. (A-1) satisfies the boundary conditions in the
x direction (simple supports). It remains to determine
YTﬂ (¥) in such a form so as to satisfy the boundary
conditions in the y direction and the equilibrium
equations.

In applying this method to simply supported edges in
the x direction and free edges in the y direction, with
the lateral load only a function of x, a further
simplification can be made by taking solution of Eq.

(A-1) in the form of:

W(x,y) = Wy + wp A-2)
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Where w4 represents the solution of the homogeneous
plate equation; that is, LT must satisfy the equation

[Ref. A-2]

v wH= 0 (A-3)

wp is a particular solution of the plate subjected to

lateral loads, and satisfies the equation [Ref. A-2]

4 'Pz(x)
v P-_—_—_D_ (Aa-4)

where:
4w_‘a4w ‘2-)4'10 + 340
v T ox¢ oxZdy? 2y¢
£ h3

h = Thickness of the plate, ]} = Poissons Ratio.
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For the particular solution, we expand the

displacements in the form:

o0
w > m” X
p(x) ——m§='\/\/m Swn — (A-5)

This form satisfies the boundary conditions at the

edges x=o and x=a. The applied load is expanded in a

similar fashion as:

oo . p
fz()l)zz Pm Swn ﬁa__f. (a-6)
m=|

substituting Eqs. (A-5) and (A-6) into Eq. (A-4) yields:

W — e 4?777 -7
n= () 2

For the homogeneous solution, we define:

% < mITX
Wy (*,4)= % Ym(j)sm = (A-8)
m=i
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This expression satisfies the assumed simply
supported boundary conditions at x direction.

Substituting Eq. (A-8) into Eq. (A-3), yields:
14 2 4
Y (3) =2 (20) Y (9)+(25) Y (=0 ca->

The integral solution of this linear, homogeneous,
differential equation of the fourth order can be taken in

the form of hyperbolic functions:
mmy mry - mmTy

mmy

- MY mmry
+CpSnh == + Dp—g= Cosh —z— (A-10)

The integration constants Ay , By, . Cyp > and Dy
will be determined from boundary conditions in the y
direction. With unsymmetrical load conditions with
respect to y direction, all of the constants are nonzero.

Now by expressing IMx, My, Mxy, Qx, Qy, Vx and Vy in
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terms of deflection, one can find stresses developed in

the plate at any point.

It has been found [Ref. A-1, 8-2] that:

Mx =

My =

%

g

Vx

'ao
—D ( Xz +v—‘>32 )
D
—D (-037. +v_wz—
>
= yx-—D(l-‘v)?)(’DJ
2 2w | 2w
Y ox (axz + ‘D}j?)
- 2
2 /%W | 9w
D35 (3t 357)
3 3
7w 07w
- ax3+(z-v 5% 052

(A-11)

Aa-12)

(A-13)

(A-14)

(A-15)

(A-16)
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Aa-17)

Vy = ——I)

'DUBX

From these the corresponding stresses can be found
as follows:

Normal flexural stresses:

6, = Lz_/:\%Z_ (10>
6. = —6-—/?—x- (A-19)
mex (2=h/2) h
E‘J = 12 l/:‘; < (A-20)
M
6'y :—e-—-“‘1 (a-21)

max (2=h/2) h?
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Torsional stresses:

7) 12 Mxy 2 (A-22)
xy— h3

‘I" 6 Mxy
:’ — —2— (Q—23)
mex (2=nh/2) h

The shearing stresses Xz and ; ] 2 can now be
determined by assuming that they are distributed across
the thickness of the plate according to the parabolic

law. Then:

IIJXZ_ = -3—Q—§-— (A-24)
mex (2 =o) 2h

3Qy
T — = X (A-25)
IZ | mex(z=0) 2h

and shearing stresses at supports:

:B_V—x— (A-26)
XZ lmex (Z=0) 2h
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A.2 FOURIER EXPANSIONS OF PARTIALLY DISTRIBUTED LOADS

Fourier theorem states that any arbitrary function
y=f(x) can be expressed by an infinite series, consisting
of sine and cosine terms. Herein, we are interested in
expanding the applied loads in terms of fourier sine
series. -

Aiccording to Fig. (A—-1):

P -G  for xgixdn+d @
f;(x)ﬂr for xz*%(*("z*‘-lz- (b) (a-27)

P.E('x) =0 otherwise )

To express 13 (x) in terms of Fourier sine series,

one can write:

0
102-“)7' Z 'Pms,'n ”"(;"x (A-28)
mn=)

or

&« &
[ (odx = [ P sin 20 sy
o % o @
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multiply both sides with sinﬂ_g_’i

(2

0 for n # m
P&t for n=m

2

- &
»F . mx ? s ommrx _. DX
S“-n—-d —_— ‘Sb S
Jo 2 (05T jo m = e T

Therefore:

* a P
[ £ (0 sin BT ax =20
(<]

or

.
Pamte| fpto sin2e s
(o4

substituting Eq. (A-27) into Eq. (A-29), yields:

X,-l-V/Z X2+ Y2

D 2 o T X o MK

Im"?c I ¥sin— alx-:-/ F sin == elx
x,‘U/Z (]

50

(A-29)

(a-30)
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Integrating and simplyfing Eq. (A-30), yields:

7 5
. " mr
Pm_ _n'—:(s"" mrx, gy M ;Z)sch‘;‘L (A—31)

Substituting Eq. (A-31) into Eq. (A-7), yvields:

(et & X
- Al MJ-Xl .m 2 - Iy
Wr= vrr%z, T 20 (Ams2>

Substituting Eq. (A-31) into Eq. (A-28), yields:

o0
X : ; . mrx
Pz(x) = 4}:"2 ’1"'1‘1 (s‘" __m:x:_i_ Stn m:,\'z Sen ’;’;U Sen ’"——a (A—33)
m=\

is shown in the following paragraphs that a total of 11
modes yields a good approximation to the applied pressure
distribution. Therefore, for calculation of W.,, and
Integral constants Ap,, Bm, Cy» and Dy, M=11 will be

ﬁsed.
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A.3 DETERMINATION OF INTEGRAL CONSTANTS OF DEFLECTED
SURFACE FOR EDGE STRIP LOADING

According to Fig. (A—1), there will be two different
types of deflection surfaces for the partially loaded
plate. For the unloaded portion of the plate abowve, the
line ts, the deflection surface can be expressed in the

form of:

00
= m mry oo p M inn T Y
U,—E-'(QMCosh__;.ﬂ_‘,BMl &= Smh T Oy, Sinh T

miry mny) omnx
— C, — n —
+D Ry osh r Stn — (A-34)

and for the loaded portion of the plate below the line

ts, the deflection surface can be expressed in the form

of:

o0
- mmry mrYy .. - . t
uz_rnzé.(Am2C°5h & *Bnia S‘”H%y*szs'"hma:.rJ

mmy may o M TX
+ Dy, —5 Cosh T +Wm>'5t'ﬂ = (A-35)

now, it is necessary to find the constants in the Egs.
(A-34) and (A-35) so as to satisfy boundary conditions in
the y direction and continuity conditions along the line

ts.
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Continuity conditions along line ts, yi = o0 and yz = 0,

are:

W 2 ? 3 3
ow_PY2 plw,_dwr o 2Pwi_dwe

WER Sy T By 2T Ay 243~ y3

! 2

W, =w, Yeelds

‘qrm—'qmz_—_ Wm (A-38)
2y 'Dj
Cm,+Dm|" sz" Dm7_=0 (A-37)
2%, _ Dw
' — 2 Yields

—DHZ ’032
A+ 2B =PRy,~2Bn, =0 (A=38)

3 3
o _ Chled’ ‘dl'elds

DyYy3 DYy3
Cm|+3Dm'—Cm2—3sz=O (A-39)
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Conditions in the y direction.

B.C. at vy, = -b; , free edge, My] = o and Vy; = o
z 2
D wi owi
= = Celels
My, =0 sz TV oxz =0 Y

(1-V)B p, Cosh matl + By, (2Coshmay+ (1-) mal Sinhmatl)

- (V) Cpmy Sinh md) +Dml(.zs,);hmd|-(|-v)mou (oshmd1)=0 (A-40)

3 3
% w .
Vfﬂ = —D;:I3+ (2—1)):3’ lea =Q Yelds

(1-2z)pm,s'bh mdl +B,, (.(m;) sinh ma1+(1-v) md| (osh me | )

+ (7-1)Cp, Coshmal 4D, ((1+7) Cosh 1)+ (v-1) mall Sinhmey)=() <o

B.C. at Y2 = bz » free edge, My2 = o and Vy; = o

vzwz 7) ’Dzwz

Myz:O _0322_ -+ p— = 3(819(5

(l-?))ﬁmzcosh md? +Bm(z Coshmadlg +(1-p)mad 2 Scnpy m°‘z)+( 1-V)Cmy

sinhmd, +D,,,, (z Sinh mdy +(1-») md2 Cosh md 2) =) Wm (a-42)
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2
3
Pwy AV .
= 2- =0 elds
ng 0 2453 + (2-v) »y7ox? Yi

(V-1) A p,Sinh md ,+B,, ((u-v) sithmdy + M-1)may Coshmd2)+ (y_,)cm
Coshmdy+]) 2((:4)) (oshmety +(V-1)md2 Sinhmy2) =0 (13>

where, from Eq. (A-32)

467‘0-4 f m X X mi
z . | o< MirX2 \ <,
W = 2 % \Sn + Sin >Sm

and
b
o(' =—a——
oL, = mbe2
/2
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Now we have to solve eight equations with eight

unknown, which can be placed in the form:

€Al {C } = F } (A-44)

The coefficients of Eq. (R-44) are found as follows:

( =~
A, O 0 o A g O o 0
) ] As Aze O 0 A,3 BRa2,3
A3 A2 O ° A3,s A3 O o
Al = o o Ag¢3 A4 O o A43 RAeg
Ag; Ag, Ag3z Age O 0 0 s]
Ag,) fAg,2 Re3 RAe ¢ O 0 o o
o 0 0 o A3 Ajg Az Ayg
o o 0 o Ags Ags Ag3 Agg
~ -
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Where:
a(,1) = 1 A (3,2) = 2

a (1,8 = -1 A (3,8 = -1

a 2,3 = 1 a (3,8) = -2

a (2,4 = 1 a 4,3 = 1

a 2,7 = -1 A (4,8 = 3

A (2,8) = -1 A @,? = -1

a 3,1 = 1 A (4,8) = -3

A (5,1) = (1=v) Cosh ms4

A (5,2) = 2 Coshm + (1-v)(S'nh met)) M|

a (5,3) = (V=1) sinh md|

A (5,4) =-2sinhmadl - (1-V)ml Coshme,

A 6,1) = (1-v)Senhms|

A 6,2) ==0+V) Sinhm ol —(v_))mal Gsh me|
A (6,3) = (V-1)Coshma|

a 6,4) = (14V) Cosh mal] +(V~j)mR| s'nh M|
a (7,50 = (1-v) Coshmd?2

a2 = 0-v)sSmhna2

A (7,86) = 2Coshma2 +(1-p)Md2 Sinhmo2

a (7,8 = 2 smhmd2 +(1-v)mdy Coshmd?2

a 8,5 = (y-1)Ssmhmo2

a 8,6> = (1+V)Sinh nd2 + (V=1)mA2 Ggshmdl
a 8,70 = (V-1) Coshmal2

a @8 = (1+V) Gsh ma2 +(p-1)mdz sinh md 2
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The poisson's ratio, 7/ , of .15 has been

considered for normal concrete.
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A.4 DETERMINATION OF INTEGRAL CONSTANT OF DEFLECTED
SURFACE FOR MIDDLE AND CENTER STRIP LOADING

According to Fig. (A-la), there will be three
different types of deflection surfaces for the partially
loaded plate. For the unloaded portions of the plate,
above the line °'pr' and below the line 'ts', the
deflection surface corresponds to the Eq. A-34.

For loaded portion of the plate, between lines ‘'pr*
and ‘'ts', the deflection surface corresponds to the Eq.
A-35.

Applying continuity conditions along lines ‘pr' and
‘ts' at y = -b/2 and y=b/2, respectively, and free edge
boundry condition at y = -bl and y=b3, the coefficients

of Eq. A—44 are found as follows:
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Where:
A (1,1)
(1,2

(1,3)

> D D

1,4)

(2,1)
2,2)

2,3

» » D» D

2,4)

S3,1)
(3,2)
3,3
3,4)
3,5)
3,6)

3,7

» » » D D D D D

S,8)

4,1)
4,2)

4,3)

> » D» D

4,4)
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(1- v) Cosh ¢
2Coshk| + (1-v)(Sinheti)s¢)
(W=1)Simh ol |

-2 simhoi+ (p-1)(Coshat) «I

(1-v) Sinh oL |

- (1+V)Simh &1 4+ (1-) =1 Coshu|
(-1) Coshl
(1+V) Cosh | +(p-1)t} Smh ot}

Coshd2

&2 Smho2
-~ Smh o2
— o2 Cosh?
-~ Cosholl
= — 2 S(nhZ

L]

it

= Sinh «2
= X2 Coshet?2

= —Smh 2
= ~(smhd2 422 Coshat2)
Cosh 2
CoshA2 4-x2 S'mhal2
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A (4,5 = smhe2

A (4,8) = Sinhol2 4+ ¥2coShet?2

A (4,7 = — Cosho?2

A (4,8) = - (Coshx2+«2 Simhal2)

A (5,1) = Coshx 2

a (s,2) = 2Cosh o2 +x2 Simhal2
A(5,3) = — SInhK2

a,4 = —(2simho2 +X2Cshx?)
a(,5) = — Cosheal2

a (5,6 = —(2Coshod2 +et2 Simhat2)
a(s,? = SImMh« 2

A (5,8) = 2 Sinhod2 +X2 Cosh?2
A (6,1) = = Simho2

a 6,2) = —(3sSmha2+x2Cosht2)
A (6,3) = Cosh«2

A (6,4) = 3 Cosh X2 42 Sinhx2
A (6,5) = Smhad2

a (6,6) = 3 SMhod2 +x2 Cosh2
A6,? = =— (OSh¥2

a6,8 = —(3CoshxX2+x12 sinhozz)
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(?2,5)
(?,6)
2,7
(?,8)
2,9
(?,10)

(?,11)

> » » » » » D D

(?,12)

(8,5)
(8,6)
8,?)
8,8
(8,9)
8,10)

(8,11)

» » » » D D D D

8,12)

(9,5)
(9,6)
9,7
(9,8)
(9,9)
(9,10)

(9,11)

» » » » » » D D

2,12)

63

Cosh«2
X2 SinhX2
Simh 2
o2 CoshXz
-~ Coshel2
- o2 smhod2
~ Sinho2
—~ d2Cosho2

Sinh« 2
Simh 2 Qy-oez Cosha{2
COShst2
Coshol2 + *2S(nhX2
— sinh«2
— (smho2 + &2 cosha2)
— Cosho2
- (Coshx2 + o2 sinhal2)

Coshd2
2 Cosh oz +¢2 sSmhol2
Simh o2
2 SIMhol2 + 2 Coshe2
— Coshod2
~ (2coshol2 + Xy sinhol2)
—~ Sinho 2
- (23mhsy + A Gshol2)
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A (10,5) = simhal 2
A (10,6) = 3 Sinh o2 +2 Cosh X2
A (10,?7) = Cosh « 2
A (10,8) = 3 Coshx2 +d2 SImh&2
A (10,9) = — SIMh«2
A (10,10) = - (3Smh&2 4«2 Cosh«2)
A (10,11) = ~ (Cosh«2
A (10,12) = — (3Cosh®2 + &2 Snh?2)
A (11,8 = (1-9) Cosh %3
A (11,100 =  2Coshaz + (1-V) o3 Sinhol,
A (11,11) = (1-V) Simh <3
A (11,12) = 2 Smhoty +(1-V) A 3C05h3
a 12,8 = (Y-1) Sinheg
A (12,100 = (1+7) S/mhx3z +(V-1)3 (0Shx3
A (12,11) =  (VY=-1) Coshel3
a (12,12) = (1+Y) Coshdz +(V-1)ol3 Simhd3
and:
<, - mgbt
o<y = mof{bz
<y - mrb3
o
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A.5 COMPARISON OF FOURIER EXPANSION TO ACTUAL APPLIED
PRESSURE PROFILES

The theoretically applied pressure, PZ ( ® )y
has been expanded in terms of Fourier sine series (see
A.2). The Profile of the actual partially distributed
pressures and the Fourier expansion of the applied load
with 1, 3, 5, 7, and 8 terms are plotted in Figs. A-2,
A-3, A4, A-5, and A-6. It is observed that summation of
S to ? terms yields a reasonable approximation to the

actual pressure.

Since the even terms of this sine series are equal
to zero, summation of "m+1" terms is equal to summation
of "m" terms, where m=odd.
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APPENDIX B

PRELIMINARY EXPER;HENTQL_STUDIES
3.1 INTRODUCTION

In order to observe the ultimate shear and torsional
capacity of reinforch concrete plates without stirrups,
non-symmetrical load conditions were imposed on a series
of small plates in an attempt to estimate the load
carrying capacity.

During this limited experimental program, six plates
were cast and loaded until failure or major diagonal
cracks occurred. All six test models were 2 inches
thick, 10 inches wide and 22 inches long. Three of these
plates were cast with one layer of wire mesh while the

other three were cast with two layers of wire mesh.
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B.2 MATERIAL DESCRIPTION

The wire mesh used as reinforcement in these pPlates
was gage No. 20, with a wire diameter, 4, of .037 inches
and wire spacing, s, of 0.5 inches.

A concrete mix with 0.58 and 6.8 water-cement and
sand-cement ratios by weight, respectively, was used for
the plate test models. This mix had a slump of 2 to 3
inches.

Eighteeﬂ dog bone shape specimens with one inch
square cross—section at the throat, were tested under a
tensile loading yielding an ultimate tensile strength,
f;, of 370 psi and a standard deviation of 35 psi (see
table B-1 and Fig. B-1). Five cylinderical speciments 2"
in diameter and 4" high, were tested under direct
compressive loading yielding an ultimate compressive
strength, f'c, of 3800 psi and a standard deviation of
380 psi (see table B-2 and Fig. B-2). Five cylinderical
specimens, 2" in diameter and 4" long, were tested by
means of split tensile test yielding an ultimate
splitting tesile strength, f'sp, of 660 psi and a
standard deviation of 84 psi (see table B-3 and Fisg.

B-2).
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B.3 TEST SETUP

The concrete plates were loaded at two points with
partially distributed loads. The locad was transferred to
the specimen through a distributing beam as shown in Fig.
B-3. Distributed loads were symmetrial about the
longitudinal "x" axis and non—symmetrical about the
transverse "y" axis. Vertical deflgctions of test plates
were measured at points A and B at different load levels.
Point A was located at the center of the plates and point
B was located at the middle of the loaded strip one inch
from the free edge. Details of <the test setup and
location of points A and B are given in Figs. B-3 and

B-4.
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B.4 MODE OF FAILURE
The obserwved mode of failures of these plates are
classified in three groups as follows:
a) Bending failure without presence of
significant shear and torsion:
Plates No. I and III were cast with one layer
of wire mesh. They failed by bending with no
apparent significant shear and torsional
stresses (see Figs. B-5 and B-8). For
failure loads, shear forces and torsional
moments at failure and comparison of theo—
retical and experiment values (see tables

B-5 and B-6).

b) Bending failure with considerable shear and
torsion:
Plate No. 1II was cast with two layers of wire
mesh. This plate failed by bending with
considerable shear and torsional stresses
but without any diagonal shear and torsion
cracks (See Figs. B-6, B—7 and Tables B-5

and B-6).
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c) Shear and torsion failure:

1) Plates No. 1V and VI were cast with two
layers of wire mesh. First diagonal
spiral cracks occurred at both ends of
the loaded strip. These diagonal spiral
cracks were propagated from the loaded
edge up to about 1/5 to 1/4 of the plates
width. These diagonal spiral cracks
followed by a top longitudinal crack
across the middle of the plates. These
plates failed after the longitudinal
crack was fully dewveloped. The top
longitudinal crack was the result of
negative transverse moment after redis—
tribution of stresses due to diagonal
cracks. Therefore, these plates failed
by shear and torsion with considerable
positive longitudinal moment but without
any Vvisible transverse vertical cracks
due to positive moment (See Figs.

B-S, B-1i1, B—-12 and tables B-5 and B-6).
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2) Plate No. V was cast with one layer of
wire mesh. This plate failed by combi-
nation of shear and torsion but without
any longitudinal cracks. (See Fisg.

B-1C and table B-5 and B-6).

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



B.5 ANALYSIS OF TEST RESULTS

The observed load deflection behavior of plates II,
IV and VI are compared with the predicted behavior on
Figures B-13 to B—-18. The predications are based on the
plated solution developed in Appendix A. The effective
plate stiffness is modified as discussed in section 2.5
to account for the reduced cross—sectional moment of
inertia which occurs as the plate cracks. As may be
seen, the stiffness prediction for the plates are in
excellent agreement with the measured data up to loads
approaching the failure load. This result supports the
use of the plate equation to determine shear and moment
distributions in the plate throughout the load history.

The predicted shear/torsional strength of the plates
are compared with the observed failure loads on Tables
B-5 and B-6. The data on Table B-S are dewveloped using
the simple status relationship given in section 2.3 to
compute the internal shear and torsional loads in the
plates. The plate equation, dewveloped in fippendix A and
sumarized in section 2.4, is used to evaluate the

internal shear and torsional locads used to dewvelop the

data in Table B-6.
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In each of these tables the theoretical strength
predictions are given in the upper portion of the table.
The first three rows correspond to the standard combined
shear/torsion equation:in the ACTI Code. The strength
prediction is given in these forms. First, the predicted
shear strength (Eq. 2.2-1), given the actual shear/torque
ratio; second, the predicted torsional strength (Eq.
2.2-2), and third, the failure load based on the
interaction equation (Eq. 2.2-3). The same set of
predictions are made using the higher zero
shear/torsional strength result. The corresponding
equation numbers used for the calculation in the next
three rows in the table are (2.2-5), (2.2-6) and (2.2-4).
The lower portion of the table contains data developed
from the experimental results (failure load, shear at the
failure load, and torsion at the failure load).

It may readily be seen that the experimental values
are significantly higher than those determined by the
standard interaction and strength equation. The large
conservation (and scatter) in prediction based on the
interation equation can be seen in the last two rows of
the tables. The sum of the interaction equation terms is

much larger than unity as suggested in the ACI Code.
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B.6 SUMMARY

A comparison of the theoretical and experimental

values leads to the following conclusions:

a)d Shear and torsional capacity of the test
pPlates under combined torsion and shear
were about 4 and 2.5 times higher than those
predicted using the ACI Code 318-83 for
simple, i.e., beam, and plate analyses,
respectively.

b) Experimental values of the interaction formula
of Eq. 2.2-3 were more than 14 and 6 times
the theoretical wvalues for simple and
plate analyses, respectively.

c) Experimental values of the interaction
formula of Eq. 2.2-4 were more than 2.5
times the theoretical wvalues for both
simple and plate analyses.

d) Observed deflections of the test plates were
in agreement with plate analysis and contra—
dicts simple analysis. Simple analysis
considers uniform deflection across any
transverse cross—section, where plate
analysis predicts a non~uniform

deflection due to non-symmetrical loading.
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APPENDIX C
EXPERIMENTAL PROGRAM
c.1.0 INTRODUCTION

In order to study the ultimate capacity of
reinforced concrete plates without shear reinforcement
and subjected to loadings that introduée both shear and
torsional effects, a series of beam and plate specimens
were cast and tested. The loading patterns were varied
to produce different ratios of shear to torsional
effects.

A series of beam specimen with wvarious widths
were cast and tested to study the sensitivity of shear
strength of the reinforced concrete beams to beam width.
These beam specimens were subjected to symmetrically
distributed loadings, with the load placement varied to
give a range of shear spans. These data are also used to
select a shear span/depth ratio for the plate testes so
that shear failure rather than bending failure will
develop. The shear span/depth (a/d) ratios of the tested
load conditions number 1 through 6 were 5.84, 1.84, 2.67,
3.39, 4.36 and 4.85 respectively.

A series of reinforced concrete plates with the
widths and transverse reinforcement wvaried were cast and

tested to study the combined shear/torsion behavior of
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the one-way reinforced concrete plates. These plates
were subjected to two concentrated loads, these loads
placed at an equal distance from the free edge of the
one—way plate. The distance from the edge of the plate
was varied from test to test, one test series, the loads
were located along the center of the plate, while for
second test series the loads were at the free edge of the
plate. For the third test series, the loads were placed
midway between the locations for the first two test

series.
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c.2.0 MATERIALS DESCRIPTION

All reinforcement wused for the beam and plate
specimens were #3 deformed bars of grade 50, with yield
point of 50 ksi. Concrete was purchased from the Bronx
Ready Mix plant with specified compressive strength of
f'o = 3000 psi. Three different batches were used since
the plates were cast over a period of sewveral months.

Cylindrical specimens, 6" in diameter and 12"
high, were cast and tested under direct compressive
loading for each batch yielding ultimate compressive
strengths, f'c of 3600, 3700 and 3000 psi for batches No.
I, No. II and No. III respectively (For test results see
Table C-1).

Also cylinderical specimens, 6" in diameter and
12" high, were cast and tested by means of the split
tensile test vielding ultimate splitting tensile
strength, f'ap, of 327, 344 and 300 psi for batches No.
I, No. II and No. III respectively (For test results see
Table C-2).

For batches No. II and No. III unreinforced beam
specimens, 8" x 6" x 20" were cast and tested to obtain

estimate of flexural strength, yielding the modulus of
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rupture, fr, of 550 and 530 psi respectively (For test
results see Table C-3). The ACI corresponding moduli of
rupture predicted from the ACI Code formula ( -Fr =725 £ )
vields 455 and 410 psi respectively for Batches II and
IIT. A comparison of the split tensile tests and
flexural strength tests with ACI Code values are given in
Table C-3a.

As one can see the test results of the split
cylinder tests were lower, while the flexural test result
were higher than the wvalues predicted by ACI Code based
on the compressive strength. Therefore, modulus of
rupture from the ACI Code was used in the strength

estimated for the beams and plates.
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c.3.0 BEAM TEST PROGRAM
Forty beam specimens were cast and tested to
study the shear strength of the reinforced concrete
members of ths experimental study.
Beam specimens were tested wunder the actin of
two loads. Beam specimens data and load conditions are

given in Table C-4.

C.3.1 BEAM TEST SETUP

The concrete beam specimens were simply
supported at both ends with sepcimen lengths of 28 inches
and span lengths of 26 inches. A concentrated load was
applied by a hydraulic Jjack at the middle of the
distributing steel beam.

The beam specimens were then tested under
flexural shear and bending with no torsion (For test

setup see Fig. C-1) applied to the cross—section.

c.3.2 MODE OF FAILURE

Beanm epecimens series with a/d ratio of 5.84 and
4.85, (load conditions 1 and 6), failed by bending or

combined shear and bending (see Figs. C-3, C-8 and C-8).
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Beam specimens series with a/d ration of 1.384 to
4.36, (load conditions 2, 3, 4 and 5), failed by shear.
The diagonal shear cracks for these beams can be seen in
Figs. C-4 to C-7 and C-8(a) to C-8(c).

Failure loads, shear strength of the tested beam
specimens and comparison of experimental shear strength
with predicted values obtained from ACI Code formula are

given in Tables C-S5 and C-5a.

C.3.3 BEAM TEST RESULTS

The observed failure loads and ultimate shear
strengths calculated based on the simply supported beam
solution are given in Table C-4 for all forty beam

apecimens.

c.3.4 SUMMARY
A comparison of the experimental values of the
shear strength of heavily reinforced ( fma.x ) test
beams with theoretical wvalues are given in Table C-5.
Non-dimensional wvalues of (1000 Vd/HV?'_c) and
V/bad f'c of the test results for comparison with

ACI-ASCE committee 316 report values are given 1in Table

C-5a.
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It was found that the test beam specimens under
load condition 4 and 5 failed due to diagonal tension
with the obvious presence of the bending cracks. Since
test beams under load condition 6 with slightly higher
a/d ratios failed in bending, the shear—-span/depth (a/d)
ratio of load conditions 4 and S5 were chosen for the
plate test study.

The experimental shear and torsion wvalues used
in the analysis of the plate specimens for load

conditions 4 and S are given in Table C-6.
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c.4.0 PLATE TEST PROGRAM
Fifty-four plate specimens were cast and tested
under both symmetrical and non—symmetrical loadings to
study the combined shear/torsion behavior of the one—-way
reinforced concrete plates.
. Plate specimen data, eccentricity of the
partially distributed applied locad, and loading patterns

are given in Table C-7.

cC.4.1 PLATE TEST SETUP

The concrete plates were loaded at two points
with partially distributed loads. The 1load was
transferred to the test plates through a distributing
beam at twoc points. The load was applied by a hydraulic
Jack placed vat the midpoint of the distributing beam.
The hydraulic Jjack was calibrated before the plate test,
between individual plate tests, and after the tests. The
conversion factor to convert the hydraulic jack pressure
(psi) to apprlied beam load (lbs) was found to be 4.6. All
distributed loads were symmetrical about the longitudinal
"x" axis. Distributed loads were symmetrical and

non—-symmetrical about transverse "y" axis.
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Eccentricities of the distributed locad about y axis from
the center of the plate, were 1.5, 1.75, 2.25, 3.5, 4.5,
4.75, 8.5, 12.5 and 21 inches. A sketch of}the test
setup and description of the 1load conditions is given on

Fig. C-2 and Table C-7.

C.4.2 . MODE OF FAILURE
fdequate longitudinal reinforcements were
provided in the test plates, so that no major transverse
cracks due to the moment about the x axis, were obserwved.
The obserwved mode of failures of the test plates
during this research study are classified in the
following three groups:
a) Failure due_to_the major shear cracks
1. Plate Nos. C 1-1, C 1-2, C 1-3, 7.5 inches
wide, D 1-1 and D 1-2, 10 inches wide, and
without transverse reinforcement failed by
shear but without any longitudinal cracks
(See Figs. C—-10 and C-11).
2. Plate Nos. H1, Ki, 25 inches wide, 01 and
02, 50 inches wide, were cast with consi-
derable bottom transverse reinforcements.
Plate No. N1, 50 inches wide, was cast

with considerable top reinforcement. In
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these plates diagonal spiral cracks
occurred without any major longitudinal
cracks. These diagonal spiral cracks were
propagated from the loaded area toward
the corners and free edges. In plates H1
and Ki1, cracks extended over the full
width of the plates, while in plates 01,
02, and N1 the cracks extended only up to
half of the plates width. Failure of all
of these plates was associated with magjor
cracks near to and almost paralled to the
supports, similar to those of the flexural
shear and cracks failure (See Figs. C-12
to C-17).

3. Plate Nos. I1 and M1, 25 inches uiae, and
plate no. N2, 50 inches wide were cast
with considerable top tr#nsverse rein-
forcements. In these plates, spiral
diagonal and longitudinal cracks were
observed to be parallel and about 8 inches
apart, which corresponds to the width of
the distributed load. The longitudinal
cracks extended from the middle of the

plates toward the supports with the crack
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lengths being about two-thirds of the
Plates length. Failure of these plates
was associated with major diagonal spiral
cracks that followed the longitudinal
cracks. Again, at failure major cracks
near to and some sort parallel to the
supports (See Figs. C-18 to C-20) were

observed.

b) Failure due to jor longitu cr

followed b ir a3 onal cr

1.

Plates Nos. Ei-1 to‘EZ-Z, 12.5 inches
wide, P121, F1, G1i, P122, G2 and P123,
25 inches wide were cast without
transvérse reinforcements. Failure
of these plates was associated
with longitudinal cracks and diagonal
spiral cracks immediately following
the dewvelopment of the longitudinal
cracks (See Figs. C-21 to C-28).
Plates Nos. IZ2 and L2, 25 inches wide
with top reinforcements. Failure of
these plates was associated with

longitudinal cracks followed by
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the development of diagonal spiral
cracks (See Figs. C-28 and C-30).
Plates No. J1 and L1, 25 inches wide,
were cast with three bottom and top
reinforcements respectively. Failure
of these plates was associated with
longitudinal cracks followed by the
development of diagonal spiral cracks

(See Figs. C-31 and C-32).

c) Failure due to the combined shear and

torsional cracks

1.

Plate Nos. €C 3-1 to E 3-2 were cast
without transverse reinforcements.
Failure of plates was associated

with diagonal spriral cracks,
extending from outside of loaded areas
toward the supports with about 45
degree angles with free edsge and
supports (See Figs. C-33 to C-35).
Plate Nos. H2, J2, K2, H3, J3, K3 and

03, were cast with bottom transverse

87

reinforcements. Failure of these plates

was associated with diagonal cracks
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with presence of longitudinal cracks

(See Figs. C—-43 to C-48).

C.4.3 PLATE TEST RESULTS

Plate analyses based on the Levy's method and

simple beam analysis were made for all fifty four plates.

The observed failure loads for each of the plates
together with the shear and torsional loads calculated
using the beam solution (Eqs. 2.3-4 and 2.3-5) and plate
solution (Appendix A) are given in Table C-8.
Non-dimensional values of the Vobf/m; 7::;9/ VEec
for the beam solutions and Vopfm/ \/’7;:;, T opem/\/F'c
for the plate solutions are given in Table C-8a and wsre
used in Figs. 3 and 4 for comparison with theoretical
values.

A comparison of the shear and torsional values,
consistent with the measured failure loads, with theore-
tical strength values of the experimental beam test
results (Vfo) and assigned torsional strength value (Tfo)
are made in Table C-9 and €-10 for both the simple
analysis and Levy's method respectively.

A comparison of the interaction equation values
based on the experimental shear/torsion results are made
in Table C-11 and C-12 for both the simple beam analysis

and Levy's method respectively.
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In Tables C-11 and C-12, plate interaction

equations 2.2-3, 2.2-4, 2.1-1A and 2.1-B are given

Columns 1, 2, 3, 4 and 5 respectively.
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D.1.0

FOURIER EXPANSION PROGRAM
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$.JOB

49

12

14

3

-

a

g2

DIMENSION F(30)

READ X1 X2sU,2,A:M

PI=3.141592454

IA=A

00 2 N=1:M:2

TLAFPR=0.0

WRITE (&:40) X1:XZ2:UsGHAsMrIA

FORMAT (1H1//712Xs 'X1=/ s FB.2/712X s ' X2=" s F2.2/12Xs "0 =/,F3.2/
112X /3 =/ +F2.2/712X0 A = 3sF8.2/712%Xy'M =/, IS/12X ' 1A= 1377)
DO 1 J=1,1IA

X=FLOAT (J)}

FX=0.0

D2 S I=1yN
FXI=(1/FLOAT(I} ) *(SIN(I*PI*X1/A)+SIN(I*PI*X2/A))*
ISIN(I*PI®I/(2%A)I*¥SIN(IXFPI*X/A)

IF(X.5E.2) GOTO Se

TLI=((4%0%A) / ((I*PI)%%2) )% (SIN(I*FPIxX1/A)+SIN(I*PI*X2/4))
1%SINCI*FI*U/ (2%A) ) *(1-COS(I*FI))
TLAFPFR=TLAPPR+TLI

CONTINUE

FX=FX+FX1I

FX=FX*(4%2/F1)

F(J)=FX

MODE=(N+1)/2

WRITE(4A:7) MODE,N

FORMAT(1Z2Xs ‘MODE=',13/12X»‘N3. OF SERIES TERM USED=',13)
WRITE(&,11)
FORMAT(12X /X' s 15X+ 'FACT +2X» ‘FAFPROX )

o 12 I=1,1A

X=FLOAT(I)

IF(X.GE.(X1=1/72)) GOTO 10

FACT=0.0

GOTO 12

IF(X.GT.(X1+1/2)) GOTO 20

FACT=k!

GOTO 12

IF(X.LT.(X2-U/2)) GOTO 20

IF(X.GT.(X2+U/2)) GITO 36

GoOTo 15

WRITE(&s14) X»FACT,F(I)

FORMAT (12X sFS5.2:SX»2F12.2)

TLACT=2% 1%t

WRITE(&»2) TLACTTLAPFPR

FORMAT(4X//7/712X, 'TATAL LOAD ACTUAL= "WyFR.27/

112X, *TOTAL LOAD APPROXIMATE=',FE.2)

CONTINUE
STOP
END

$ENTRY
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COMPUTER OUTPUT FOR FOURIER EXPANSION
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X1= 7.09

X2= 19.00

U= 4.00

= 500.00

A= 26.00

M= 11

Ia= 26

MODE= 1 -

NO. OF SERIES TERM USED= 1

X FACT FAPFROX
1.00 0.00 27.49
2.00 6.00 24.53
2.00 0.00 £0.88
4.00 .00 105.9%
J.00 . D00.00 12%.36
£.00 500.00 151.24
7.00 500.00 17@.72
2.00 500.900 127.70
$.00 D00.00 201.99
10.00 .00 213.25
11.00 0.00 221.45
12.00 .00 226.41
1=.00 8.00 222.08
14.09 0.00 226.41
15.00 .00 221.45
16.00 .90 213,25
17.00 S00.00 201.95
12.90 500.00 127.79
1¥.00 S00.00 178.72

20.00 D060.900 151.24

21.00 S5e00.00 129.56

22.00 0.00 195.9%

23.00 .00 20.28

24.00 0.00 24.58

25.00 0.090 27.49
26.00 0.00 ¢.00

TOTAL LOAD ACTUAL= 4000.00

TOTAL LDAD AFPROXIMATE= 3773.13
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X1l= 7.90

Xz= 19.00

U= 4.00

@ = 500.900

A= 26.00

M= 11

IA= 26

MODE= 2

ND. OF SERIES TERM USED= 3 -

X FACT FAPFROX
1.00 .00 24.13
2.00 .00 140.40
>.00 .00 222.44
4.00 .00 264.70
S.00 000.00 284.77
L£.090 500.00 2e2.82
7.00 500.00 2641.54
£.00 S00.00 225.94
7.00 0500.00 132.62

10.00 0.00 132,94

11.00 .99 1et1.7%

12.90 0.09 7&.92

13.00 0.00 LiZ.20

14.00 0.00 76.93

15.00 0.00 1e1.72

1£.00 .00 122.96

17.09 000.00 182.62

1&.00 000.00 2235.96

17.00 000.00 261.54

20.00 De0.00 282.82

z21.00 000.0@ 224,79

22.09 0.00 264.70

23.00 .00 222.44

24.00 .90 149.49

23.00 .00 24.12

26.00 0.00 ¢.00

TOTAL LOAD ACTUAL= 4000.00

TOTAL LOAD APPROXIMATE= 4457.2%2
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X1= 7.00
X2= 19.00
U= 4.90
# = 500.00
A= 26.00
M= 11
IA= 24
MODE= 3 .
NO. OF SERIES TERM USED= S
X FACT FAFFPROX
1.00 0.00 -35.58
2.00 .00 =36.33
S.00 .00 17.74
4.00 9.00 124.99¢
S.00 200.00 239.38
£.00 000.00 320.79
7.00 200.00 443.21
2.00 20¢.00 435.295
9.00 o00.00 340.4%9
19.00 .00 1237.41
11.00 0.00 27.02
12.00 .00 -26.38
1Z.00 0.00 =142.43
14.00 0.00 =%4.58
15.00 0.00 27.02
14.00 0.00 129.41
17.00 -00.00 340.49
12.00 0090.00 4335.25
19.00 S00.00 445.21
20.00 D06.00 320.79
21.90 D0e.00 259.38
22.00 .00 124.960
2%.00 0.00 17.74
24,00 .00 -34.33
25.00 0.00 =33.98
26.00 6.00 -0.0¢0
TOTAL LOAD ACTUAL= 4000.90

TOTAL LDAD AFFROXIMATE= 295%.2%9
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X1= 7.00

X2= 19.00

U= 4.00

R} = 500.00

A= 26.00

M= i1

IA= 26

MODE= 4

ND. OF SERIES TERM USED= 7

X FACT FAPFROX
1.00 6.00 -23.51
2.00 06.00 ~100.0%
3.00 .09 -12.43

. 4.00 0.00 149.22
5.00 500.00 3146.07
4£.00 59006.00 440 .64
7.09 500.00 470.922
£.00 500.00 405.560
2.00 D00.00 272.32
10.00 0.00 1236.72
11.009 6.00 12.30
12.00 0.00 -54.12
13.00 06.00 -738.60
14.00 6.00 -54.12
15.00 .00 19.30
14.00 ¢.00 136.72
17.909 500.00 278.32
12.00 500.009 405.59
17.00 506.90 470.92
20.09 500.00 440 .46
21.00 500.00 214.07

22.00 8.00 140,22
2z.00 2.00 -12.463

24,00 .00 ~-100.0%
26.00 .00 -90.00
TOTAL LOAD ACTUAL= 4000.09

TOTAL LOAD APPROXIMATE= 2807.2%
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X1= 7.00

2= 19.00
u= 4.00
2= 500.00
A= 26.00
M= 11
IA= 26
MODE= 5
ND. OF SERIES TERM USED= ¥
X FACT FAPFROX
1.00 .00 14.59
2.00 @6.00 -7.06
Z.00 0.00 -32.26
4,00 .00 24.52
5.00 500.00 231.4¢&
4,00 5¢0.00 447 .71
7.00 S5¢e.00 5g8.42
=2.00 500.00 420.446
7.00 500.09 238.23
10.00 .00 24.50
i1.00 6.00 -44,92
12-00 0-00 -1-59
1Z.00 6.00 34.45
14,09 .00 -1.5%
15.00 .00 -44 .91
14.00 .00 24.50
17.09 569.90 238,23
12.00 500.09 479 .44
17.00 500.00 520.42
206,00 5¢0.09 447 .71
21.00 S00.00 221.44
22.00 .09 24,52
22.00 0.00 -32.2
24.00 .09 -7.04&
25.00 0.00 14£.59
26,00 .00 -0.00
TOTAL LOAD ACTUAL= 4000.00

TOTAL LOAD APFROXIMATE= 40135.50
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7.00
19.00
4.00
000.00
26.00

K o~
[T L T I [ T

XD C XX
—
-

g
[
o

MODE= &

NJ. OF SERIES TERM USED= 11

X
1.60
2.00
.00
4,00
5.00
4£.00
7.00
£.00
.00
1¢6.00
11.00
2.00
13.00
14.00
i5.00
14.00
17.60
12.00
19,00
20.00
21.00
22.00
22.00
24,00
25.00
26.00

FACT
.00
.00
.00
0.00

n00.00

S00.00

D00.00

500.00

0006.00
0.00
0.00
0.00
.00
0.00
9.00
.00

500.00

200.00

000.00

200.00

200.00
.00
.00
.00
.00
0.00

TOTAL LOAD ACTUAL=

FAFFROX
22.39
-4.04

-37.11
29.18

233.76

474.15

J21.44

474.49

234.55
28.79

=39.17
~Z.14
27 .96
~-2.14

-3%.17
22.29

224.55

474.40

S81.44

474.15

233.746
29.19

-37.11
-4.04
22,39

-8.00

4000.00

TOTAL LOAD APPROXIMATE= 4025.55
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D.2.0

COMPUTER PROGRAM FOR LEVY'S SOLUTION
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D.2.1

MIDDLE AND CENTER STRIP LOADING
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00

Nt

el DI AMAT(12,13),0(12) »BMAT(12,13)

L MEYI. MEYIIT,MXE,MXITI,MYS,MYITT
D TAL,£1:B1,B2:B2 X1, X2 0 H,POISH,EFFI»FPRC,PYyNMODES
E’—CU -r': =

B/ (2% (I%E2) )
S7600% (FPRI#*),5)
¥EFFI/ L 1-FOISPOIS)
TR 2} Al +B+BI,BIT,BIIT,H/FPRC,EFFIFILIS,ESD
FORMAT (1H1,15X: 'LEVY SOLUTION FOR PLATE ANALYSIS'//

19X FPLAT A*"//

:DIW:DDJEI:-'II
U]

b
by
el

TTX s JLENETH OF PLATE {INY/»F12.2/
J=X"“ OTH OF PLATE {IN}F12.2/
4ZX, 'LNLDADED WIDTH OF PLATE CINY/»F12.2/
'SA? LDADED WIDTH 0OF PLATE (INY ' sFi2.2/
:a»’“MLHAHED WIDTH OF PLATE (INY 7 »F12.2/
'qu: 1ICRNESS OF FLATE (IN) “»FLi2.2/

u‘\"F’E! IZ COMP. STRENGHT OF CONC. (FSI) 7 F12.2/
#3%,'EFFI I3 EFF. MOM. OF INERTIA (IN.**4) ' ,F12.,2/

75X"PDI“

YL MXY Do MXY R MEYI T MXL s MXT»MXZ s MXTTMY LMY ISMYZ

INY S RATIO OF PLATE WFL1Z.2/
25X, 'ELASTIC MODOLUS OF PLATE (FSI)/s1PELZ.2/

102

sMYII

FSA 'FLEXURAL RIGIDITY OF PLAT (#-IN)‘»1PELZ.2/)

WRITE{L,Z) Xi1pXZyldsihF
FORMAT (SX 'LDAD DATA'//
LSK:/CENTER LOCATION OF “IR:T LA (IN) 7 F12.2/
254, CENTER LOCATION OF SECOND LoaD (IN)/sF12.2
54, CLENGTH 0OF EACH B:JTQIB“TED LOAD (IN)/F12.2/
FsI
(#

pod

45X, "INTENSITY OF DISTRIBUTED LDAD ¢ YFLZ.Z/
25X, TOTATAL LDAD yF1Z2.27)
WRITE(4,4) NMODEZ

FORMAT (SX» “NUMBER OF 3SERIES TERM USED 72112/

1SK,‘%=0.0 % X=Al ARE SIMPLY SUPPIRTED EDDBES’/
3EX, 'YL AND Y3Z ARE UNULOADED WIDTHS’/
45X,'Y2 IS LODED WIDTH’ &}
K=Al+
K“B'/:.u
K2=B2/2+1
K3=B2/2.5
NROWS=12
MCCLS=NROWS+1
1=2, 131592654
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X=9.9

Do &1 I=14K

WRITE(A13)

FORMAT(IHL//712X» "X 24X /Y1 08Xy “WL1 723Xy "X 1 s 7Xs 'VUXL?

p7Xy MAL 7R MXY L /33X TRY L TN UYL TX MY L)

Yi=-B1

DO 51 J=1,K1

Wi=0.0

#X1=0.9¢

VXi=0.0

e MX1=2.9

R MAY1=0.0

}Y1=0,9

VY1=¢.0

MY1=6.9

D 109 MODE=1,NMIDES,Z2

CALL EVAL(AMAT sAL1»BL1 B2 B X1 X2 HyFOIS,E»Dy Ry MIDESPI)

CALL SOLVE(AMAT yNROWS ,MZOLSC)

CALL EVAL(AMAT»AL:BL B2y B3 X1 X2y HyPOIS,E» Dty MODELPI)

IETA=MOOESEI#Y1/A1

WIsS(C(1)*oOSH(ZETA)+C(2)#ZETA*SINH(ZETA) +2(2) #SINH(ZETA)Y +

1IC(2) % ZETA%COSH(ZETAY Y #SIN(MODE*F 1€ X/AL)

Wi=i+lI

GXI=(~D% (MODE4FI/ALY*¥%2) « (2¥C(2)%COSH(ZETA+2%0(4) #

1SINH(ZETA) Y#C0S (MODE*PI*X/AL)

BX1=0XI+5X1

VEI=(~D (MODE*FI/AL1)%*2) (01 )% (1=-FOIS)Y*COSH(ZETA)

IHCI2Y* ( {A-24P 0TS COSH(ZETAY + (1~-POIS ) % ZETA*

ISINHOZETA I+C () (1-POIS)*SINH(ZETAI+C(§)

1 {A=2POIS %S INHCZETAY+ (1 PRI #ZETA®DOSH(ZETA) ) ) %

ICDS (MODE*FPI*X/AL)

VA1=VXI+YXL

GYI=(=D¥(MIDE*FI/AL)%¥2) % (20 (2)*SINH(ZETAY+Z#2(4) *

TCDER(ZETAN I XS IN(MODE#PI*X/AL)

GY1=2tYI+GYL

YWYIz=(=-D#(MODE#FI/AL%%3) % (L{1)#(FPOIS-1)%SINH(ZETAI+C(2)

1#({1+POIS)I*SINH(IETA)+(POIS-1) #ZETA*COSH(ZETA) }+C(3) *

1(POIS—1)Y*C0SH(ZETA+C(2) ¥ ( (1+FPOIS) #COSH(ZETAY+(POIS-1)*

1ZETAXSINH(ZETAI I IS IN(MODE#F T*X /A1)

VYi=VYI+VYL
XI=(~=D*(MIDE*FI/A1)#*2)#(C(1)#(POIS-1)*»C0SH(IETA)

THC () #(2#POISC0SH(ZETAY+(POIS—1)*ZETAXSINH(ZETA) )

1+C (3 #(FOIS-1)*SINH(ZETA)+C(4) % (2¥POIS*SINH (ZETA) +

1(POIS-1)*ZETA*COSH(ZETA) ) ) *#SIN(MODE+«PI*X /A1)

MX1=MXI+MX1

MYI=(=D*(MODE*FI/AL1)%*2)%{C(1)*(1-POIS)*COSH(ZETA)

1+C( 2y 2 (Z2C0SH(ZETAY +(1-POIS ) *ZETA*S INH(ZETA) )} +

1Ty #(1-POIS)*SINH(ZETAI+C(4) % (2*SINH(ZETA) +

[
(O]
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P(I-POIS)*ZIETA¥COSH(ZETA) ) ) #SIN(MODE*FI*X/AL)
MY 1=MYI+MYi
MY I=(-D*(1-FPOIS)*(MODE*FI/AL1)%%Z)%(C(1)%SINH(ZETA)
1+C (2% (SINH(ZETAY+ZETA%COSH(ZETA) ) +C (2 *COSH(ZETA)
140 (2% (COSHCZETAY+ZETA*SINH(ZETA) 3 ) #COS (MODE*FI*X /A1)
MXY1=MAYI+MXY1
180  CONTINUE
WRITE(A:14) Yo Y1 oWl 3AX1 VX1 sMXIsMXYL Y1 ,VYL MY
14 FORMAT(11X,F4.1,1X:F35.1,1PSE10.2/31X,1P3EL0.2)
e T IZ (ABZ(Y1}).LE.ABS(B2/2+1}) Y1=-4.9
v WRITE(L»20)
30 FORMAT(IHO 11X /X7 28X 'Y2 18X s W2 +8X» 'RAXZ 27Xy ‘VUX2/
LaTXy ‘M2 2 7Ry "MXYZ /33X "RAYZ 27X VY27 57X 'MYZY)
Yo=-B2/2
oD 71 L=1,kK2
W2=9.0
MAZ2=0.9
VXZ2=0.6¢
MiZ=0.9
MXYZ2=0.9
#YZ2=0.0
VYz=9.0
MYZ2=9.0
Do 191 MODE=1,NMODES.Z
TALL EVAL(AMAT,A1B1 BBy X1 » X2y HPOI2,EsDy3sMIDE,FPI)
CALL SOLVE(AMAT : NROWS,MCOLS,»C)
CALL EVAL(AMAT»AL»B1»BZ2 B3 X1 2 X201y HPOIS,2>0,RMOIDELPI)
ZETA=MODE*FIxYZ/Al
WII=(AMAT (3, 12)+C(S)*00SH(ZETA)Y+C(A) #ZETA*SINH(ZETA)+C(7 ) #
SINH(ZETA)+C(2)#ZETA¥DOSH(ZETA) I *SIN(MODE«FI*X/AL)
Wo=W2+WII
BXII=(-D%(MODE*#FI /A1) %23 2 ((—AMAT (3, 13) )40 (L) 2% COSH(ZETA) +
1C(S)*222INH(ZETA) )*COS(MODEYF %X /A1)
QRAZ=LGXII+RX2Z
VXII=(-D¥(MODE#FI/AL)#%3)%(-AMAT(Z, 12 +2(3)#(1-PDIS) *
ICOSH(ZETAY+D (&) ¥ ((4-2%P0IS) #C0SH(ZETA)+ (1-FOIS) *ZETA*
ISINH(ZETA) J+C (T (1 -POISYESINH(ZETAY () ((4-2%P 315 ) *
1ISINH(ZETA)+(1-PRIS) #ZETA*COSH(ZETA) ) ) *CIOS(MODE*PI*X /A1)
RKe=VXITI+VX2
GYII=(-D* (MODE#FI/AL1)¥%2) % (2#C (L) XSINH(ZETAY+2%C(8) *
1COSH(ZETA) ) *»SIN(MODE*PI*X/AL)
OYZ=RYII+QY2
VYII=(-D*(MODE#PI/A1)%%3)%(C(5)*(POIS-1)*SINH(ZETA}+2(4)
1#((1+POIS)I*SINH(ZETA)+(POIS-1 ) *ZETA*COSH(ZETA) }+C(7) %
I(FOIS=1)#C0SH(ZETAY +2(2) # ( (1+FJIS) #COSH(ZETAY+(POIS-1) *
1ZETA*SINH(ZETA) ) ) *#SIN(MODE*FI€X/AL)
VYZ=VYII+VY2
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: MXII=(~-D¥(MODE*FI/AL)#%2) ¥ (-AMAT (2, 1 3)+C(S)*(PDIS-1)*C0OSH(ZETA)
14+C(EY ¥ (2PQIS*COSH(ZETA) +(POIS-1) *ZETA*SINH(ZETA) )
1+2(7)#(POIS—-1 ) 3 INH(ZETAY+C(2)  (2¥POIS*SINH(ZETAY +
1(POIS~1)*ZETA*COSH(ZETA) ) Y *SIN(MODE*PI%X /A1)

MA2=MXII+MX2
MYTII=(-De(MODEXPI/AL)%%2) % (~POIS*AMAT (3, 12 +C(5) % (1-POIS)»
ICOSH(ZETA)+C (L) ¥ (2¥C0SH(ZETAY+( 1-POIS) *ZETA*SINH(ZETA) ) +
IC(7 1% (1=-POIS) %S INH(ZETAY+C(2) % (2SS INH(ZETA)+
1(1=-FOIS)*ZETA*COSR(ZETA) ) ) *#SIN(MIDE*PI*X/AL)
MYZ2=MYII+MY2
MXYII=(-D¥(1-PRIS)*(MODE*FI/A1)*#%2) % (C(S)*SINKH(ZETA)
1THC{E)# (SINH(ZETAY+ZETA*COSH(ZETAY Y+C (7 ) *COSH(ZETA)
(S (COSH(ZETA)+ZETA*SINH(ZETA) 3 ) #COS (MODEXFI*X /A1)
MAYZ2=MXYII+MXYZ
161 CONTINUE
WRITE(Ar31) XY W2 XD P VXS MRAZ»MAYZ s QY22 VY2 MY2Z
Il OFORMAT(LIXsF4.11XsF3. 1 1PSE10.2/21X»1P2ELG.2)
7 YZ=YZ+2.0
WRITE{(&»15)
15 FORMATILHO 11X X 23X /Y2 24X, "WE/ 223X '0IX3/ s 7Xs 'VXE/
17Xy TMXT p TRy MY /3T RS 2 TR INYS s TX s I MYSY )
Y3=B2/2
oo 51 J=1,K3
WZ=0.9
#X2=9.9
X3=0.0
MX3=3.9
MXYZ=9.0
BY3=6¢.0
vyYZ=2.9¢
MYZ3I=6.9
oo 102 MODE=1,NMODES,2
CALL EVAL (AMAT AL »B1,B2, B3, X1, X2y HyPOIS, 22D 3y MODESFPI)
CALL SOLVE(AMAT - NROWS »MCOLS, )
. CALL EVAL(AMATA1:B1,B2,B3»X1:X2yH,POIS,E,D»3yMODE,PI)
% ZETA=MODE*PI*YZ/Al
' WIII=(C(P)*C0SH(ZETAI+C(12)#ZETA*SINH(ZETA)+C(11 ) *SINH(ZETA) +
10(12)#ZETA*COSH(ZETA) ) *#SIN(MODE*PI*X /A1)
WZ=WITI+WZ
RXIII=(-D*(MODE*PI/A1)%%2)%(2%2(10)*COSH(ZETA)+2%C(12)*
1SINH(ZETA) ) *#C0S (MODE*PI*X/AL)
RXT=RXIII+LEXE
UXIII=(-D*(MODE*FI/A1)*%Z)%(C(?)#(1-P3IS)«COSH(ZETA)
1+C(10)%#((4=-2%PRIS)*COSH(ZETA)+(1-POIS)I*ZETA*
1SINH(ZETA) Y+C(11)%(1-POIS) S INH(ZETA)+C(12) %
1((4-2*FRIS)*SINH(ZETA)+(1-POIS)*ZETA*COSH(ZETA) ) )%
1C0S (MODE*FPI*X/A1)
RI=VXIII+VXE
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H BYIII=(-Dx(MODE#FPI/AL1)#22)%(2¥C(18)*SINH(ZETA)+2%C(12) %
ICOSH(ZETAY Y #SIN(MODE*F I¢X/AL)
Y 2=aYIII+nys
UWIII=(~-D*(MODE*PI/AL) %%} (C(P)#(POIS~-1)#SINH(ZETAY+Z(10)
1%((1+PIIS)I*SINH(ZETA) +(POIS-1 ) ZETA*COSH(ZETAY )+C (11 ) %
T(POIS~1Y%00SH(ZETAY+C (12 % ( (1+PDIS) #COSH(ZETA)+(PDIS—1 ) *
TZETA*SINH(ZETA) ) Y*SIN(MODECFPI*X/AL)
VYI=VYIII+VY3
MXIII={-D*(MODEXFI/AL1)#%2Y%(C(2)*¥(POIS~1)*COSH(ZETA)
14010 #(2¥POIS*COSH(ZETAY +(FDIS-1)*ZETA*SINH(ZETA))
LHC(L) ¥ (POIS-1)*SINH(ZETA)+C (123 % (2#POIS*SINH(ZETA) +
L(POIS~1)*ZETA®COSH(ZETAY ) )T IN(MIDE*F I %X /AL)}
MY{3=MXIII+MXE
MY III=(~De(MODE4FPI/AL)#+2) (S0 x(1-POIS)*COSH(ZETA)
THZO1Q R (2R COSH(IETAY+(1~POIS)I*ZETA*SINH(ZETA) ) +
LR (1-POIS) S INH(ZETAY+C (123 % (22 INH(ZETAY +
1(I-FOIS) R ZETA#COSH(ZETA) ) *SIN(MODE#P I*X/AL)
MYZS=MYIII+MY3
MEYIII=(~D*(1-FOIS)#(MOCE+FI/ALY®2) % (C()*SINH(ZETA)
1+0(12)#(SINR(ZETA) +ZETAYCDER(ZETA) I+C( 11 Y *COSH(ZETA)
1+5(123 % (COSH(ZETAY+ZETA®SINH(ZETA) ) Y20 (MODE*FI*X/AL)
MAYI=MXYIII+MXYZ

102 CONTINUE
WRITE (4,283 X, Y3 W3 0X3 VXS ME2 MXYS, BY3, VY3 MY3

24 FORMAT(11X,F4.1+1X,FS.1,1FSEL0.2/31X, 1F3EL0.2)
IF (Y3.5E.5) 60 TO &t

51 Y3I=YE+2.S

A1 X=X+
ETOF
END

r\‘ ———————————— -

SUBROUTINE EVAL(A»A1:B1:BZ.BZy X1 X2 U HyFOISE DRy MODE,PI)
DIMENSION A(12,13)
ALFHA1=MODE*FI*B1/Al
ALPHAZ2=MDDE#*FI*B2/ (2¥%Al)
ALPHAZ=MODE*FI*BZ/Al
BETAL=MODE#*PI*X1/Al
EETAZ=MIDE*FI*XZ/Al
GAMMA=MODE*FI*#L/ (2%Al)
Do 5@ I=1,12
Dl 59 J=1,1i3

Se A(I»J)=0.9
A(1,1)=(1-POI3)#C0SH(ALFHAL)
A(L,2)=2%C0SH(ALPHAL)Y + (1~PDIS) *ALFHAL1#SINH (ALPHAL)
A(1,3)=—(1~-POI3)*2INH(ALFHAL)
A(1,4)=-2%SINH(ALFHAL)Y+(POIS-1)*ALFHAL1 *CIOSH (ALFHAL)
A(Z2,12=(1-P3IS) *SINH(ALFHAL)
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A(Z2:2)==(1+FOIS)*SINH(ALPHAL Y +(1-2013) *ALPHA1 *COSH(ALPHAL)
A(Z,y3)=(POIS-1)*C0SH(ALFHAL)
A(2,8)=(1+FP0IS)#COSH(ALPHAL) +(P2I2-1) *ALPHA1*SINH (ALFHAL)
A(Z,1)=C0SH(ALFHAZ)
A(Z,2)=ALFPHAZ*SINH(ALPHAZ)
A(Z,3)=—SINH(ALFHAZ)
A(?’4)'-ALFHA:*CUSH(ALPHAE)
(ZD)==A(Z» 17
4(;:&)--9(-7~
A(q»75—-ﬁ(4ru)
A(Zy2)=—=8(2,4)
A(uibd. ((3%CeA1%%8) / (D* (MODE#FPI)*5) ) (SIN(BETAL)
1+ZIN(BETAZ) Y S IN(5AMMA)
A(S,1)==3INH(ALPHAZ)
A(4,2)=<(SINH{ALPHAZ) +ALFHAZ«CDSH(ALPHAZ) )
A(L,2)=COSH{ALFHAZ)
A(4:4)=COSH(ALPHAZ ) +ALPHAZ*S INH (ALFHALZ)
A(2,5)=-A(3:1)
A& b==A (2, 2)
A(d,7)==4/(2:3)
A(4,2)=—A(4:+4)
A{S,1)=COSH(ALFHAZ)
A(qy-)'“*LUﬁH(HLPHA-)+ALFHA 2 #SINA(ALFHAZ)
A(Ty2)=—-SINH(ALFHAZ)
A(S,4)=-(Z*SINH (ALPHAZ ) +ALPHAZ¥COSH (ALFHAZ) )
A(S,5)==A(S5,1}
A(SHE)=—A(T2)
A(S,7i=—A(5:3)
A(S,3)=—A(5,4)
ALl )==SINH(ALFHAZ)
A(é’hl‘-(J*JINH(ALFHA~)+ALPHA~*'U H(ALPHAZY)
ALy 2)Y=CROSH(ALPHAZD
A(&:4)=3*CGSH(ALPHA2)+ALPHA2*SINH(ALPHA2)
A(LyD)=—=A(&s 1)
AL &)=—A(L2)
ALY T)==A(L3)
AllsB)=—A(Ls4)
A(7:+5)=A(3,1)
A(726)=A03,2)
AT 7)==A(Z»3)
A(7+2)==A(2,4)
A(7:+9)=A(3:3)
A(7:103=A(3:4)
A(7211)==A(3:7)
A(7,12)==A(2,3)
A(7212)==A(3»13)
A(2,3)=—A(4,1)
&(2,4)=—A(4,2)
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A(Z,7)=A(4, )
A(Z,2)3=A(4,4)
TA(R2,9)==A(4,5)
AlS:10)==A(4,4)
A( 5y 11)3=A(4,7)
Sy12)=A(4,3)
A(9r5)=é(5r1)
A(F E)=A(5,2)
A(Fy7)==A(5,3)
A(PrSi==A(5,4)
A(F,¥)=A(5,3}
A(P212)=A8(54)
A("y11)—-A( r/)
APy 12)==A(5,3)
A(1075)=—A(6’1)
A(1DsL)=—AL2)
A(19,7)=A0L,3)
A(10:2)=A(5:4)
A(L10,9)==A(L,T)
A(10,19)==48(&sb)
ACL0:,11)=A(5:T)
A(10,12)=A0L,30
Al11,7)=(1-POIS)*CISH(ALFHAZD
A(ll:10)=2*CDSH(AL:HAu)+(I—FUIb)*ALPHAE*EINH(ALPHA?)
A(11:113=(1-FPOIS)*SINH(ALFHAZ)
A(1l,12 )=ﬁ*CINH(A PHAS) +(1-P2IS) #ALPRAZ#COSH (ALFHAZ)
A(IZ:)=(FOIS-1Y*SINH(ALFPHAZ)
A(12:,19)=(1+FDIS) ¥ INH(ALFPHAZ )Y +{(POIS-1 ) AL PHAZ#CISH (ALPHAL)
A2, 11)=(PLIS~1)*COSH(ALFHEAL)
{12, 12 1+POIS) ®OOSH(ALPHAD) + (PO IS-1) #ALPHAS*S INH (ALFHAZ)
RETLURN
eND

SUBROUTINE SSGLVE(AsN»Ms X3
DIMENSION A(12,12),X(12
L=N-~-1

oD 22 K=1,L

JJ=k

BIG=ABI(A(KK))

KR1=K+1

)

SEARCH FOR LARGEST POSSIBLE PIVOT ELEMENT
Do 17 I=KF1:N
AB=ABS(A(IK))
IF(BIG-AB) 14,17,17
BIG=AR
JJ=1
17 CONTINUE

L]

,.‘
>
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v

C DECISION ON NECESIITY OF ROW INTERCHANGE
IF(II-K) 15,20,12

(M

C ROW INTERCHANGE

12 o 19 J=ileM
TEMF=A(JJ»J}
A(JI s I)=A(K D)

1% A(K» JI=TEMF

£ CALCULATION OF ELEMENT OF NEW MATRIX
29 DD 21 I=KP1,N
BUAT=A(I K)/7AGLKD
Do 2 J=skpl.M
21 A(I»J)=AC1,J)-RUAT*A(K,.J)
oo 22 I=KFl.N
22 A(I»)=0.0

C FIRST STEP IN BACH-SURSTITUTION

XINI=A(NMI /AN N

C
C REMAINDER OF BACK-SUBSTITUTIOCN
T 24 NN=1,L
SiM=3,0
T=N-NN
IFt=1+1
oo 23 J=IPLsN
2T EUM=SUM+A(TI . J)*X(J)
28 X{IY=(A{IMI=-SIMY/ACL, I
RETLIRN
eND

[
SENTRY
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D.2.2

EDGE STRIP LOADING
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DIMENSION AMAT(S:7)C(2),BMAT(E,»®)
_ REAL MXY1,MXYI,MXYZ,MXYII,MX1,MXI+MX2)MXII,MYL,MYI,MYZ,MYII
READA1»BLBZ X1 » X2 HyFDIS,EFFIIFPRC,P,NMODES
) B=B1+B2
S P T =R/ (2% (U%E2))
e S R =357089%(FFRC*%0.3)
D=C#EFFI/ (1-FOIS#*POIS)
WRITE(L22) AL»EB,BLsB2)H,FPRC,EFFI,POIS,E,D
2 FORMAT(1HL,23X.'LEVY SOLUTION FOR PLATE ANALYSIS’//
112X, 'PLAT DATA'//

212Xy 'LENGTH OF FLATE (IN)"»Fi2.2/
212X, 'WIDTH OF FLATE (IN)‘»FL2.2/
412X, 'UNLDADED WIDTH OF PLATE (IN) ' »F12.2/
S12¢,'LOADEL WIDTH OF FLATE (IN) " »F12.2/
&1ZX, 'THICKNESS QF FLATE (IN) 7 Fi2.2/
LH1ZX,FRRC IS COMP. STRENGHT OF CONC. (F2I)7,Fl2.2/
412X, 'EFFI IS TFF. MOM. QF INERTIA (IN.*%4)',F12.2/
712X, /PDISSON’ 'S RATIO QF PLATE aF1Z2.2/
212X, 'ELASTIC MODOLUS OF PLATE (F2I)’»1FELZ.2Z/
FLZX 'FLEXURAL RIGIDITY OF FLAT (#=IN)'»IFEL12.2/)

WRITE(L»3) X1,X22U5104P
> FORMAT (12X, 'LDAD DATAY//
112X, 'CENTER LOCATION OF FIRST LOAD CIN) H»FilZ.2/
212X /CENTER LOCATION OF SECOND L3AD (IN)’»F12.2/
Z12¥%) 'LENGTH OF EACH DISTRIBUTED LOAD 1 (IN)'»F12.2/
212X, "INTENSITY OF DISTRIBUTED LDAD (P3I)’sFi2.2
S12X, ' TOTAL LIOAD (#)/,F12.27)
WRITE(Ls4) NMODES
4 FCREMAT(12X:/NIUMEBER OF SERIES TERM ULISED 112/
- 112%,%X=9,9 % X=Ai ARE SIMPLY SUPPORTED EDGES‘/
.. Coe 312X, Y1 IS UNLODADED WIDTH'/
212%,'Y2 IS LODED WIDTH'//)
K=A1+1
K1=B1/4+2
K2=B2/2+1
NROWS=3
MCOLS=NROWS+1
FI=3.141592454
X=90.08
DO 41 I=1,K
WRITE(&,13)
13 FORMAT(IHL/Z /12X "X 28X "Y1 08X ‘W1 s 23X *RXL+7Xs 'UXL
1r7X s 'MXL/ 37Xy "MXYL /33Xy PRAYL 27X VYL 7X 'MYLY)
Yi==B1

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



112

D3 51 J=1,K1

Wi=%.9

3Xi=9.9

VX1=¢.9

MX1=¢.9

MXY1=0.90

FY1=9,0
T VY1=0.¢

MY1=9.9
e D2 1900 MODE=1.NMODES,2
C CALL EVAL(AMAT»A1»B1sB2X1:X2»10sHPOISE,DsRMODEPI)
v CALL SOLYE(AMAT » NROWS » MCOLS,2)

CALL EVAL(AMAT »A1:31,»32,X1»X2»1J»H.POIS,E»D»2»yMODESPI)
ZETA=MODE*FI*Y1/A2
WIS(C(1)*COSH(IETAI+C (2 #ZETA®SINH(ZETA) +C(2) *SINH(ZETA) +
1C{3)*ZETA%*TIDSH(ZETA) ) *SIN(MODE#FI*X /A1)

Wi=Wil+WI .

BXI={=D% (MODE*FI/AL)%¥2) % (20 () *COSH(ZETA)+2%C(4) %
ISINH(ZETA) Y*COS(MODE*FI%X/AL)

FX1=0XI+3X1
UXI=(~De(MOLE*FPI/AL)#¥3) % (C(1)%(1-POIS)*COSH(ZETA)
1+ (2)*((Q=2%POIS)#COSH(ZETA)+(1-POIS)«ZETA*
1SINH(ZETAY J+C(2) #(1-POIS) *SINH(ZETAI+C(4) %
1((2=2%FDIS)*SINH(ZETA) +(1-POIS) *ZETA®COSH(ZETA) ) ) *
LCOS(MIODE+FPT*X/AL1)

VX1=VXI+VX1

RYI=(=D% (MODE*PI/AL)%%3) (2% C(2)*SINH(ZETA)+2% (4 )+
1COSH(ZETAY ) *SIN(MODE*PI*X/AL)

GYI=RYI+RY?
VYI=(~D*(MCDE*FI/AL) %6222 (C(L)*(POIS-1)*SINH(ZETAI+C(2)
16 ((L+POIS)*SINH(ZETA)+(POIS-1)*ZETA®CISH(ZETA) )+C(3) *
1(ECIS=1)%COSH(ZETA)+C(2) # ((1+POIS) #TISH(ZETA)Y +(POIS-1) %
1ZETARSINM(ZETAY ) IS IN(MODE*FI#X/AL)

VY1=VYI+yyl

MXI=(=D#*(MIDE*FI/A1)#¥2) % (C(1)*(FPOI3~-1)+C0SH(ZETA)
1+5(2) 6 (Z¥POIS*COSH(ZETAY - (POIS-1)«ZETA*SINH(ZETA))
1HC(EI R (POIS=1) #SINH(ZETA)+C () # (2#POIS*SINH(ZETA) +
1 (FOIS=1)%ZETA*COSH(ZETA) ) y*¥SIN(MODE*PI*X/A1)
MX1=MXT+MX1
MYI=(-D%(MODE#PI/AL)#*2) % (C(1)*(1-POIS)*COSH(ZETA)
1+ % (2*COSH(ZETA) +{1-FPOIS)I*ZETA®SINH(ZETA) )+
1IC(2)*(1-POIS)*SINH(IETA)+C (43 (2%xSINH(ZETA) +
1(1=-POIS)*ZETA®COSH(ZETA) ) ) *SIN(MODE*PI*#X/7AL)
MY1=MYI+MY1

MXYI=(-D*(1-POIS)*(MODE*PI/AL)**2)# (C(1)*SINH(ZETA)
1+C(2) % (SINH(ZETA)+ZETASCOSH(ZETA) Y +C ()Y *COSH(ZETA)
1HC(A) ¥ (CNSH(ZETA)+ZETA*SINH(ZETA) ) ) #L0S(MODE*PI*X /A1)
MXV1=MXYI+mXY1
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100 CONTINUE
WRITE(ArL18) XoY1aW1eRX1 VX1 oMXL,MAYL,RY1,VYLsMYL
14 FORMAT(11X,F4.1:,1X,F4.1,1P1ES.2»1P4E10.2/21X»1P2ELQ.2)
IF (YL.5E.-1) Yi=-4
S1 Yi=Yi+é
WRITE(4»20)
39 FORMAT(IHO» 11X X 238X’ YZ2/ 54X ‘W27 »8X» *QX2 17X, 1VUX2/
Ll TR IMEZ TRy T MXYZ /33K TRYZ 07X VY2 s 7K MYZY)
YZ2=9.9
D2 71 L=1,K2
BNy WZ2=4.0
- XX2=9.9
VXZ2=0.9
MXZ2=¢.%
MXY2=9,9
RY2=9,0
VYZ=9.9
MYZ2=9.9
T 101 MODE=1,NMODES,2
CALL bVAL(ANATpA‘,B'yB:’XerQ’U HyPOIS,E-DyQMIDE,PI}
CALL SOLVE(AMAT »NROWS»MCOLE,C)
CALL EVAL{AMAT»A1,B1:32, X1 X220 H,POIS,E,D»3,MIDE,PI)
LETA—““DE*FI*Yﬁ/Al
I=(AMAT (L1 » ) +2(S)*¥COSH(ZETAI+C (L ) #ZETA*SINH(ZETAI+2(7 ) *
LNH(Z:TA)+“(5)*7ETA*LU°H(L"TA))*°IN(WDDE*PI*X/A1)
N2=N2+NII
GXII=(=D%(MODE*FI/A1)%%2) % ((=AMAT (1, 9) ) +C (L) %2#COSH(ZETAY+
1IC(2)*2#SINH(ZETA) ) #C0S(MODE*FI*X/AL)
RXZ=0X I I+2X2
XII=(~D% (MIDE*FI/A1)%%3)#(—AMAT (1, ¥ )+C(5)%(1-POIS)*
IDSEH(ZETA)+C(E)*((4-2*9015)*CDSH(ZETA)+(I-PDIE)*ZETA*
ISINMOZETAY )+C( 7)) % (L~FOIS) *SINH(ZETA)+C(3)* ((4-2%F013) *
1::NH(":TA)+(1'“01“)*ZETA*|UCH(ZETA)))*Lﬁ (MODE*PI*X/Al)
WXE=UXIIHVXE
nYII—(—U*(MODE*FT/A‘)**u)*("*r(b)*SINH(ZETA)+2*C(S)*-
COSH(ZETA) Y*IIN(MODE+«PI*X/AL}
UY“‘“YII+QY“
VYII=(-D* (MICE+PI/ZAL)#*3)#(C(S)(POIS~-1)*SINH(ZETAI+C(4)
1% ((1+FIIS)*SINH(ZETA)+(POIS-1)#ZETA*COSH(ZETA) ) +C(7) *
L(F2IS=1 ) %COSH(ZETA)+C(2) # (( 1+PDIS) #COSHIZETA) +(POIS-1)*
1ZETA*SINH(ZIETAY ) }*SIN(MIDE*FI*X/AL)
VYZ=VYII+VY2
MXII=(-D%(MODE*FPI/A1)%¥2)%(~AMAT (1, )+ (S) % (POIS-1)%COSH(ZETA)
1+ (4) ¥ (2%PDIS*COSH(ZETA) +(POIS-1)*ZETA*SINH(ZETA}))
1+C(7) % (POIS—1) *SINH(ZETA)+C(2) # (2*¥POISxSINH(ZETA) +
l(PDI:-i)*ZETA*CD”' (ZETA) ) )*SIN(MODE*FI#X/Al)
MXZ2=MXII+MX2
MYII=(-U*(NQDE*= JAL)Y*2)#(=FRIS*AMAT (1» M) +C(S) #(1~-POIS)*
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1COSH(ZETAY +C (4 ¥ (2¥COSH(ZETA)I+(1-POIS)*ZETA*SINH(ZETA) ) +
1IC(7) % (1-POIS) *SINH(ZETAI+Z(2) * (Z¥SINH(ZETAYI+
1(1-FPOIS) *ZETASCOSH(ZETA) ) ) #SIN(MODE*PI*X/AL)
MYZ=MYII+MY2
MXYII=(-D*(1-FOIS)*(MODE*PI/ALl)*%x2)*(C(S)*SINH(ZETA)
1+C(&)* (SINH(ZETA)+ZETA*COSH(ZETA) Y +C(7) *COSH(ZETA)
1+C(2)Y#(COSH (ZETA)+ZETA*SINH(ZETA) ) ) #COS(MODE*PI*X/AL)
- MXY2=MXYII+MXYZ
CONTINLE
WRITE(4:31) XsoYZrW2y@XZ»VXZ2aMXZyMXYZ QY2 VY2 MY2
FORMAT(114,F4.1,1XsFb6.1,1PLER.2,1P4E10.2,/31X,1P3ELQ.2)
Ya=Y2+2 -
X=X+1
STGF
END

Fe
LS4
re

L NTA)
R

[y

SUBROUTINE SVAL(A A1»B1»B2y X1+ X2y HPOIS,ED»QsMODEPI)
DIMENSION A(S,9)
ALFHAL=MODE*FPI*PR1/Al
ALFHAZ=MODE*FPI+*B2/A1
BETAL=MODE*FI*X1/Al
BETAZ=MOIDE*FPI*#XZ/Al
SAMMA=MODE*F I %13/ (2%4A1)
oo Se I=1,2
Do S0 J=si.?
50 A(I,J)=0.9
Al(l,1)=1
Al1,5)=-1
ACL,?)=((3%Q%A1%%4) /(D% (MODE#P] ) #+35) ) #(SIN(BETAL)
1+SIN(EETAZ) ) #SIN(GAMMA)
A(Z,2)=1
A(Z,48)=1
Al(2,7)=-1
A(Z,2)==-1
Al3s1)=1
A(Z,2)=2
A(Z,S)=-1
A(D4)==2
A(4,33=1
Al(3,83=3
A(4,7)=-1
A(4,2)==3
A(S,1)=(1-POI3)*IOSH(ALPHAL)
A(S,2)=2%C0SH(ALPHAL )+ (1-POIS) #*ALPHA1#SINH(ALPHAL)
A(S,2)=(POIS-1)*SINH(ALPHAL}
A(5:4)==2%SINH(ALPHAL1 )= (1-POIS) *ALPHA1*COSH(ALPHAL)
Alb6,1)=(1-POI3)*SINH(ALFHAL)
AlLy2)==(1+PDIZ) %S INH(ALPHAL1)~(FDIS~1)*ALPHA1 #*COSH(ALPHAL)
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AL 2)=(POIS-1)*COSH(ALPHAL)
Al{s»4)=(1+POIS) #COSH(ALPHAL) +(POIS-1)*ALPHAL1*SINH(ALFHAL)
A(7,5)=(1-POIS)*COSH(ALFHAZ)
A(7,4)=2%CDSH(ALPHAZ) +( 1 -PDIS) #*ALPHAZ*SINH(ALPHAZ)
A(7:7)=(1-PDIS3)*SINH(ALPHAZ)
A(7,3)=2#SINH(ALFHAZ)+(1-PDI3) *ALPHA2*COSH(ALPHAZ)
A(7,2)=POIS*A(1,D)

©A(S,S)=(POIS-1)#SINH(ALFHAZ)

A(2,4)=(POIS+1)*SINH(ALPHAZ) +(POIS—1)*ALFHAZ2*COSH(ALFHAZ)
A(S,7)=(POIS-1)#COSH(ALPHAZ)
A(2,2)=(1+POIS)*COSH(ALPHAZ)+(FOIS-1) *ALPHAZ*SINH (ALPHAZ)
RETURN .

END

1é
17

[y}

[y

o0

o0

SUBROUTINE SOLVE(A»N:M»X)
DIMENSION A(S,?),X(3)
L=N-1

DD 22 K=1,L

J.J=K

BIG=ABI(A(K,K))

KPR1=K+1

SEARCH FOR LARGEST FPOSSIBLE PIVOT ELEMENT
oy 17 I=KF1:N
AB=ABS(A(IK))
IF(BIG~-AB) 14&:17,17
RIG=AR
JJ=1

CONTINUE

DECISION ON NECESSITY OF ROW INTERCHANGE
IF(JI-K) 12,208,132

RiOW INTERCHANGE
D 19 J=K,»M
TEMP=A(JJ,.J)
A(JI»J)=A(K,»J)
A(K».J)=TEMF

CALCULATION OF ELEMENT OF NEW MATRIX
Do 21 I=KP1.N

RAAT=A(I K} /7A(K»K)

00 21 J=KP1.M
A(L,J)=A(IJ)-RUAT*A(K,.])
DO 22 I=KP1,N
A(I/K)=0.0

FIRST STEF IN BACK-SUBSTITUTION
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XINY=A(N:M}/ANsN)

O

REMAINDER OF BACK-SUBSTITUTION
DO 24 NN=1,L
SUM=0.0
I=N-NN
IP1=I+1
© DO 22 J=IP1,N
23 SUM=SUM+A(I,.J)*X(J)
T 24 X(DI=(A(I,M)=-SUM)/A(I,1)
SRR e RETLRN
T END

)

SENTRY
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D.3.0

COMPUTER OUTPUT FOR WIDE PLATES
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D.3.1

CENTER STRIP LOADED PLATES
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LEVY SOLUTION FOR FLATE ANALYZSIS

FLAT DATA

LENGTH 0OF FLATE (IN) 2L.90
WIDTH OF FLATE (IN) 25.00
UNLDADED WIDTH OF FLATE (IN) 2.50
LOADED WIDTH OF FPLATE (IND .00
UNLOADED WIDTH OF FLATE (IN? 2.50
THICKNESS OF PLATE (IN) .00
FFRC IS COMP. STRENGHT OF CONC. (PSI) 24600.00
EFFI I3 EFF. MOM. OF INERTIA (IN.**4) 0.5=
FOISSONS RATIO OF FLATE .13
ELASTIC MODOLIEE OF PLATE (FSI) Z.4ZE 04
FLEXURAL RIGIDITY 0OF FLAT (#-IN) Z2.70E 84
LOAD DATA

CENTER LOCATION OF FIRST LOAD (IN) 7.09

CENTER LOCATION OF SECOND LOAD (IN) 1%.00@

LENGTH OF EACH DISTRIBUTED LOAD (IND 4.00

INTENSITY OF DISTRIBUTED LOAD (P21 12,50

TOTATAL LOAD (#) 20000.90

NUMBER OF SERIES TERM LISED b=

X=9.0 % X=A1 ARE SIMFLY SUFPORTED EDGEZ
Y1 AND Y3 ARE UNLOADED WIDTHS
Y2 IS LODED WIDTH
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0.0 -1¢.0

Wi

0.00E-01
8.00E-01
0.00E-01
9.00E-01
0.090E-01
Wz

9.90E-01
6.00E-01
9.60E-01
@.00E-01
¢.00E-01
Wz

9.90E~01
0.00E-01
0.00E-01
@.00E-01
@.20E-01

X1
Byl
S.1Z2E 02
0.00E-01
S.20E o2
0.00E-01
T.E4E 02
%.00E-021
4 ,32E @2
?.00E-21
4 .L5E 02
?.00E-01
BX2
Yz
4 LSE @2
2.09E-01
5.13E @2
$.98E-01
S.24E oz
8.00E-21
S.13E o2
8.00E~01
4 .L5E Q02
$.00E-01
X3
LYz
4.L3E o2
9.90E-01
LIBE 62
@.90E-081
S.E4E 92
¢.00E-01
T.ZOE o2
2.09E-01
T.11E o2
9.00E-01

VX1

VY1

Z2.AEE Q2
¢.00E~-01
2.47E 02
9.00E-01
T.EEE ez
@.20E-01
4.43E 02
¢.00E~-01
S.17E @z
@.90E~01
VX2

vz

S.17E @2
9.00z-01
A.12E 02
¢.00E-01
A.D4E 02
¢.00E-01
S 132E 02
@.00E-01
S.17E @2
¢.09E-01
VXE

VY=

2.17E 02
92.0%E-01
4.45E @2
9.90E-01
2LEZE ez
8.00E-01
2.45E 62
2.00E-01
2JELE 02
¢.90E-01

MX1

MYl

9.00E-01
¢.00E-01
?2.00E-01
3.00E-01
9.00E-01
2.00E-01
¢.00E—-01
0.00E-01
0.00E-01
0.20E-01
MXz

MY:Z

@.00E-01
3.20E~01
@.00E-01
?.00E-01
@.00E-01
8.00E-01
@.00E-01
3.00E-01
@.90E-01
%.00E-01
MX32

MY

@.00E-01
0.00E-21
¢.00E-01
9.00E-01
0.00E-01
@.00E-01
@.00E-01
%.00E-01
0.00E-01
%.00E-91
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X

Yi

1.8 -12.5

1.0 ~12.9

1
1
1

.0
Io
IO

-7.3

-Slo

2X1

=Yl

2. 0%E

—4--~

2.17E
1.04LE
S.AZE
: ot 1 E
4.49E
T.20E
4,73
2.44E
Xz

Y2

4.732E
2.44E
S.27E @92
2.04E 01
S5.31E o2
4.74E-04
S.29E 62
-2.04E 01
4,73 oz
-2.44E o1

-
(F)-$C]

RYZ
4,73E
-Z.44E
4 _49F
.20k
2. EZE
-2.91E
3.17E
-1.05E
. 05E
3.97E

Wi

02
0o
ez
01
02
o1
02
o1
02
21

8.20E-03
2.43E-02
2.79E-03
Y.22E-03
T.33E-03

92
o1

0z
o1
ez
00

VX1
VY1
2.43E 82
~-Z.44E-01

2.45E @2
1.72E o1
Z.29E ez
Z.135E @1
4.L2E @2

Z.05E
S.24E
2.02E
VX2
vyzs
D.24E
Z.0Z2E
£.328E
1.90E 01
L.72E 02
Y LA4E-04
L£.Z0E 92
-1.9@E @1
S.24E 0%
-2.8ZE @1
VX3
VY
S.24E
-2.8Z2E
4. 4AZ2E
Z.O2E
TeZYE
~2.15E
ZJASE 62
-1.72E 91
2.EZE @2
-Z.04E-0%

o1
a2
21

oz
01
0z

(25
21
62
91
oz
21

4.13%E o2
2.95E 01

o
oz
4.17E @z
L35
22
oz
oz
oL
82
oz

S
L2
92
2.¥2E 01

ZL.P3IE o2
2.22E o1

2.71E
-Z.LLE 60
?.ETE 0z

S.79E-01

92

121

MXY1
1.644E 82

-2.%0E 02

4.02E o=
4.22E oz
.85 9z
MXY2

T.85E oZ
-Z.28E 02

&H.BYE-04
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><

[ X

f-3
-
[~ S [\~ [ S

[

i w

]

=.9
7.5

106.9

[y
2
L

1.34E-02
1.%1E-02
1.92E-02
1.71E-02
1.2¢E-02
W3

1.24E-02
i.22E-02
1.74E-02
1.47E-02

1.435E-02

X1

Y1

Z.00E
-2.47E
Z.82E
Z2.18E
S.O3ZE
5.8%E
4.41E
7.12E
4., 59E
.30
X2

Ry:

4,29
£.A0E
S.67E
4.,45E

(S o
=t e q:"--‘E

7.79E-

S.LT7E
-4,43E
4.39E
=&, 40E
EIXE
LY
4. 29E
-&.40E
4.41E
-7.12E
Z.52E
-5.8%E
S.02E
-2.10E
T.00E
7.%9E

oz
09
ez
a1
o2
o1
ez
01
oz
21

ez
o1
0z
ot
oz
%4
oz
o1
02
01

ez
o1
ez
81
ez
o1
0z
o1
oz
00

VX1
VY1
Z.55E ez
-5.A45E-01
2.597E @2
2.45E o1
.19 ez
L.S6E @1
4,59E 02
7.47E 61
S.39E @2
LJ22E 81
VX2
Vys
S.37E ez
EL23E 01
L.708E @2
4.50E o1
7.14E @2
1.52E-0¢2
L.70E 02
-4 .50E 01
S.39E ez
—£.22E 91
) oc
VY=
S.IYE 0%
-£.2Z2E 01
4.59E 02
-7.47E 01
S.19E o2
—-4H.DHE 61
Z2.97E @2
-3.43E 01
Z.25E o2
-5.70E-0=

MX1
MY1
7.02E 02
Y.46E-01
7.24E 02
-3, 77E 00
7.54E @2
4.26E 01
2.35E eéZ
1.76E @2
S.4LE 02
Z.45E 02
MXz
MYz
2.44E
Z.44E
S.6ZE 82
2.63E 62
S.70E 62
4,022 02
S.L2E 62
Z.AZE 02
S.44E 02
Z.45E oz
MX=
MYy:=
Z.4LE
2.45E
2.35E
1.74E
7 .S6E
. 30E
7 .35E
-7.70E 090
7.04E 02
Y. 46E-01

-
0 o

ez

oz
ez
ez
oz
ez
o1
0z

122

MXY1
-1.56E 0z
-Z.50E 02
~3.92E 02
~4,21E 02
-3.28E 02
MXYZ
-2.58E 02
~2.29E 0z
1.34E-03
Z.29E 0z
3.85E 02
MXY3
3.88E 0%
4.21E 0z
3.92E 02
2.20E 02

1.54E @2
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X Y1 Wl LIX1 VX1 MX1 MXY1
Y1 AR MY1
3.8 -12.5 Z2.41E-02 Z.38%E 02 2.4ZE @X 1.04E 03 -1.44E @2
-1.2%E @1 -5.85E-01 7.52E-01
3.0 —-10.0 2Z.42E-02 2.93E 02 2.44E @2 1.0%E 032 -2.4ZE oL
S.13E @1 S.12E @1 -1.4%E o1
Za =7.% 2.592E-0z Z.22E 0z 2.03E 6z 1. 17E 03 -3.72E 02
7.73E @1 1.03E 02 4.12E 01
2.2 -5.0 2.71E-92 4.34E 02 4.44E 02 1.24E 03 -4.1ZE @2
' 1.21E 02 1.32E @2 Z2.S4E 62
2.0 ~4.9 Z2.7LE-0Z2 S.00E 02 S.47E X 1.29E @3 -3.3SE el
1.27E 02 1.3Z2E @2 32.47E ez
X Yz 2 HX2 VX2 MX2 MXYZ
QY2 VYZ MYz
2.9 =-4.0 Z.74E-02 S.00E 02 TS.47E @X  1.ZYE @2 -3.8SE oz
1.27E 02 1.32E @2 2.47E @2
.9 2.0 2.23E-92 L.03E 0Z 7.8LE @2 .34E 03 -Z.ISE 02
7.32E 01 =2.17E @61 S.55E o2
9 0.0 2.24E-0: LL.3I3E Q2 7.30E 92 1.Z7E @3 2.Z22E-0T
7.73E-04 1.43E-03 AJ1VE Q2
2.0 2.9 2.93E-02 4.03ZE 02 T7.04E 02 1.324E 032 2.23E o2
”

-7.328 el -2.17E @1 S.55E 6
4.0 Z.7LE-0Z T.00E @02 S.47E @X 1.2%E @3 3.2DE o
=1.27E @2 —-1.32E 02 Z.47E @2
X Yz W2 LIRE VXZ MX:= MXY3Z
Yz VY= MY
4.0 2.7LE-0Z2 T.00E 02 T.47E @2 1.E2¥E 03  3I.33E 0%
—1.27E 02 —-1.32E @2 TZ.47E 02
5.0 2Z2.71E-6: LILE 82 4.44E 92 1.24E 063 4.1ZE 02
—1.h1E 02 —-1.32E @2 Z.S4E o2
7 2.98E-02 3.32E 062 3.903E @X 1.17E @z 3.7ZE 6:
-7, 7=E 01 —-1.03ZE @0z &.11E @1
@ 42E-0Z Z.93E 92 Z.44E @2 1.09E @32 2.43E 0
-2.13E 01 -5.17E @1 -1.ZZE o1
12.5 2.41E-0Z 2.35E 02 2.42E 06X 1.04E 0= 1.44c 0
1.17E @1 -7.45E-0Z 9.52E-01
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X Y1 Wi X1 VX1 MX1 MXY1
Y1 VY1 MY1
4.0 —-12.5 Z.14E-02 Z.4TE 02 Z.24E 02 1.34E 03 -1.2EE 62
=1.34E @1 -Z.94E-01 4L.71E-01
4.0 -10.0 3.24E-02 2. 73E 02 Z2.28E 02 1.42E @2 -2.3%E @2
4.09E @1 L4.Z6E 01 -1.90E 61
4.0 -7.5° Z.IBE-0X Z.14E 02 LZ.21E @2 1.53E @32 -3.3I9E 02
1.94E 02 1.43E @2 7.40E @1
4.¢ -5.0 Z.04E-02 4.14E o 4.19E @ 1.42E 0T -3.24E @2
1.20E 82 2.1%E 62 3.27E @2
4.29E 02 S.Z1E 62 1.7SE @2 —3Z.4ZE 62
Z.11E 02 Z.45E @2 4.34E 02
Y& Wz HXZ VX MXz MXYZ2
RYZ VY2 MYz
-4.9 Z.41E-0Z 4.27E @6X S.31E @2 1.75E @32 —3.42E 62
2.11E 02 Z.45E @2 4.24E o2
-2.06 3.71E-02 (.04E o: 7.02E 02 1.25E 02 -Z.11E @2
1.06E 62 27E 82 T7.4LE 02
4.35E @2 T7.45E 02 1.S9E 6T Z.9EE-03
4.70E-04 1.07E-0= 2.Z27E o2
2.8 3.71E-02 £.04E 02 7.02E 02 1.85E 0T 2.11E o2
-1.94E @2 ~1.27E 02 7.44E @2
4.0 Z.AIE-QZ 4.29E @0: S.31E 02 1.79E 03T Z.L42E o2
~2.11E @2 -2.43%E 86X 4.24E 02
Y= W GXZ VX3 MXZ MXY:z=
RYZ VY= MYz
4.8 32.LIE-0Z 4.2%E 02 S.IZIE X 1.73SE @3X  T.LZE ez
-2.11E @2 -Z.45E @: 4.2LE 62
S.0 2.54E-02 4.14E 02 4.19E 00X 1.48E 02 =Z.Z4E @2
—-1.26E @2 -Z.1%E @2 3.27E o
» 3.14E X 2.Z1E 02 1.5S3E 62 I.3IFE o2
-1,%4E 92 -1.43E 02 7.40E @1l
10.0 Z.24E-02 Z.73E @X 2.28E @2 1.4ZE 02 2.3I9E @2
-4.0%E 01 ~4£.20E 01 -1,77E 01
Z.45E 02 2.24E 062 1.34E 03 1.2%E @2
1.99E 01 -2.44E-02 4.73E-01

4
[
i
S
[
2

)
[y
m
|
54
k23

[~ S » L) (]

»
]
[0h)
~
on
i
(4
¥

4> + + $a > + + 4 - 2 X
- - L] - L]
[~ () S [

~N

A

0l

()

[xn)

m

|
L
(]

+
(=]
[y
]
i
(O
—
o~
m
|
[
(%]
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X Y1 XL
LY1
2.40E

-1.77E
2.47E
4.95E

- S
A ol

1.27

Z.71E
2.3%E
4.40E
Z.01E
RXZ

Yz

4.40E
T.0LlE
3. 428
1.27E
3.7-E

2.0 -12.5 3Z.83E-02
5.0 -10.0 =2.FLE-OZ
S5.8 -7.3 &
5.6 -5.0 4.IZE-92
5.9 -4.8 4

X Y.

3
=
(X

4.4Q0E-02
4.52E-02
4.37E-02

4,.53E~-02 3 4%k
-1.27E
4.49E
~-Z.01E

4.40E-02

& [\~
|
[ SOOI :\] -Q

i
SR Ol SV ]

|

5 4
N
N~
mm

Z.40E
1.74E

02
e1
0z
o1
oz
ez
o2
ez
o2
ez

9z
oz
9z
oz
9z

4. 2LE-05

0=
oL
oz
ez

o2
0z
.
9z
ez
9z
L]
<

92
a1
0
o1

VX1
VY1l
2.92E ez
~&£.S1E-02
Z2.09E 02
Z.21E 01
2.54E ¢2
1.79E 02
2.74E 62
Z.02E o2
4,77E 02
Z.4AZ2E 02
VizZ
vy
4,77E 92
S.AZE ez
AH.IZE 02
1.74E oz
L.A9E 02
1.~-E-04
ITE 92
-1 74E 8z
4,77E @2
~Z.L2E 02
VXz
vyz
4.77E
_E: . J:E
Z.74E
~Z.0ZE
Z2.24E
-1.7%E
2.93E
-2.21E o1
2.02E oz
-2 .SEE-02

ez
oz
02
ez
0z
LS
9z

MX1

MY1

1.45E @2
1.22E-01
1.72E 9=
-Z.15E @1
1.284E 632
2.60E o1
Z.97E 0=
Z.Y0E oz
2.17E @3
S.9E 02
MXzZ

MYz

2.17E o=
D.PEE @2

2. 34E
7« 25E
2.40E
1.0ZE
2. 24K
7 25E
2.17E
S.P6E
MXZ
MYz
2.17E
S.P46E
Z.87E
Z.YOE
1.24E
v.00E
1.72E 8z
L1Z2E 81
1 LSE @3
1.25E-01

oz
ez
8=
/2C]
3]
e:
0z
ez

LX)
e:
ez
0z
0z
e1

125

MXY1
-1.11E 92
~2.0%E @2
-2.74E @2
-3.33E @2
-2.15E @2

MXYzZ
=2.15E @2
-1.32E @2
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X

£.0 -12.5

Y1

L.0 -10.0

£.0

-7.5
-5.0
-4.0
Yz

-4.9
-2.0

W1

4,47E-02
4.61E-02
4,30E-02
S.03E-02
S.1ZE-02
Wz

S.1z2E-02
S.26E-02
S.IZE-02
S.2LE-02
S.12E-02
W&

S.1ZE-02
S.03E-02
4,20E-02
4. 41E-02
4.4%E-02

=X1
BY1
Z.11E o2
-1.22E o1
Z.18E ex
S.644E 61
2.4ZE @2
1.34E @2
Z.04E 02
2.27E 02
Z.oZE ez
T.74E 02
Xz
BYZ
T.OZE o2
S.76E 82
4,27E 82
1.62E 82
4,4LE @2
S5.9%E-64
4.~7E 02
-1.42E @2
T.O3E @2
-2.7AE 82
RX=
Y=
=.5%E ez
-3.7LE 02
T.84E o2
-2.27E 92
2.4%E 02
-1.44E 02
Z.12E o2
~-S.64E 61
Z.11E o2
1.71E 91

VX1
vyl
1.72E oz
2.71E-91
1.87E o2
7.23E 91
2.24E o2
2.07E o=
Z.10E ez
2.71E 82
TOEZE e
4.L1E B2
VXz
Yz
3.82E ez
4.41E @2
4.92E ez
J—.l E OJ—
S.17E ez
-?.47E-04
4.92E @2
-2.12E 62
S.232E ez
-4.L1E @2
vXz
VY3
S.83E ez
-4.461E 92
2.10E e:
-3.71E 0:
2.24E 02
-Z2.07E @z
1.87E o2
-2.22E 01
1.73E ez
-7.43E-02

MX1

MY1
1.91E @c
-4,.L2E~01

1.99E @3
L.QnE 01

2.14E
1.04E
Z.41E
4.45E
2.54E
&.SPE
MXz
My=
2.54E
L.EPE 82
2.7LE 0’
1.87E 92
2.23E o=
1.12E ez
2.74E @3
1.07E o=
Z.04E @3
L EVE 92
MX=
My:=
2.44E
b JSPE
2.41E
4.4%E
2.14E
1.04E
1.99E
-2.17E o1
1.91E @3
~4.LLE-01

63
oz
832
oz
02
ez

oz
0z
0
ez
X
ez
0z

8z -
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X Yi Wi X1 VX1 MX1 MXY1
Gyl VY1 MYI
7.9 -12.5 5.07E-0X 1.Z0E 02 1.3zZE @2 .14E @32 -7.55E @1
—1.27E 81 5.44E-01 J.,aE—Ol
7.0 -10.06 S.20E-0Z2 1.325E 02 1.A4E @2 2.21E 02 -1.3ZZE o2
4.13E 61 ?.SOE 81 -1.41E @1
7.9 -7.5 5.40E-02 1.93E @2 .71E 82 2.38E @3 -1.74E @z
: .37 o2 2 21E @2 1.24E ez
7.0 =5.0 S.44E-0Z Z.21E 02 Z.Z4E 82 2.4LLE 03 -1.42E 0%
Z.13E 02 4.0LE 62 4.94E 2
7.6 -4.06 S.74E-02 2.34E @2 Z.40E 06X 2.381E 03 -1.51E o2
4.17E @2 S.1ZE 02 7.41E @2
X Y2 Wz GX2 VXz MXZ MXyz
QY2 vYz MYz
7.9 -4.6 S.75E-0Z2 2.34E @2 Z2.L0E @Z 2.321E @3 -1.31E oz
4.17E @2 S.1Z2E @2 7.41E 6Z
7.0 -Z. S.91E-02 2.S2E o2 2.92E @@ 2.0SE 02 -IZ.43E 01
1.75E @2 Z.Z1E @2 1.12E o=
7.9 8.0 S.97E-0Z 2.44E @2 3.09E 02 32.13E @8z 2.7ZE-03
' , -1.81E-0% —-1.77E-02 1.29E 03
7.9 2.6 S.91E-0X Z.92E @@ LZ.99E 02 Z.0T5E ¢z S.42E 01
-1.75E @2 -2.Z1E @2 1.12E @3
7.9 4.9 S5.75E-06: Z.3LE 8T Z.40E 02 2.31E 03 1.51E o2
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D.3.2

MIDDLE STRIP LOADED PLATES
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LEVY SOLUTION FOR FLATE ANALYSIS

FLAT DATA

LENGTH OF PLATE (IN) 26,90
WIDTH OF FLATE (IND 25.00
LINLOJADED WIDTH OF FLATE (IN) 1=.090
LOADED WIDTH OF FLATE {IN) £.00
UNLDADED WIDTH OF FLATE (IND 4.00
THICKNESS OF FLATE (IND 2.00
FPRC IS COMP. STRENGHT OF CONC. (F3I) Z000.09
EFFI IS EFF. MOM. OF INERTIA (IN.**%4) 9.33
POISSON/S RATIO OF FPLATE 8.15
ELASTIC MODZLLYS OF FPLATE (FSI) 22128 04
FLEXURAL RIGIDITY 0OF PLAT (H#-IN3 2.63E 94
LOAD DATA

CENTER LOCATION OF FIRST LOAD {IN) .00
CENTER LOCATION OF SECOND LOAD (IN) 17.09
LENGTH OF EACH DISTRIBUTED LIAD (IN3 4.09
INTENSITY OF DISTRIBUTED LIDAD (FSI) 212,50
TOTATAL LDAD (#) 20000.00
MJIMBER OF SERIES TERM UZEDR S

X=90.0 % X=A1 ARE SIMPLY SUPFORTED EDGES
Y1 AND Y2 ARE UNLOADED WIDTH=
Y& IS LODED WIDTH
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D.3.3

EDGE STRIP LOADED PLATES

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



150

LEVY SOLUTION FOR PLATE ANALYSIS

FLAT DATA

LENGTH OF PLATE (IN)} 26.00
WIDTH OF FLATE (IN) 25.00
UNLOADED WIDTH OF PLATE (IND 17.00
LOADED WIDTH OF PLATE (IN? 2.00
THICKNESS OF FLATE (IN) 2.00
FFRC IS COMP. STRENGHT 0OF CONC. (FSI) 3700.00
EFFI 1S EFF. MOM. OF INERTIA (IN.*%4) 0.22
POISSON’S RATIOD OF FLATE 8.15
ELASTIC MODOLUS OF FLATE (F=I) Z.47E 04
FLEXURAL RIGIDITY OF FLAT (#-IN) 2.94E 94
LoAD DATA

CENTER LOCATION OF FIRST LOAD (IN) 7.00
CENTER LOCATION OF SECOND LOAD (IND 17.00
LENGTH OF EACH DISTRIBUTED LOAD 1 (IN) 4.00
INTENSITY OF DISTRIBUTED LOAD (F=I) S12.50
TOTAL LiDAD (#) 200900.00
NUMBER OF SERIES TERM LUSED b

X=0.0 % X=Al ARE SIMFLY SUFPFORTED EDGEZ
Y1 IS UNLOADED WIDTH
Y2 IS LODED WIDTH
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TABLE 1: COMPARISON OF THE TEST RESULTS WITH THE
SUGGESTED EFFECTIVE WIDTH TO PLATE
WIDTH RATIO

PLATE Be _ Veho Be/B Bes/B
NO. B Vro (Eq. 4.3-A) (Eq. 4.3-B)

Ci-1 0.384 1.00 -
Ci-2 1.00 1.00 -
Ci-3 1.05 1.00 -
Di1i-~-1 - 0.85 0.88 -
Di1-2 0.97 0.88 -~
Ei-1 0. 80 0.71 -
E1-2 0.72 0.71 -
E1-3 0.86 1.00 -
P121 0.57 0.58 -
F1 0. 56 0.58 -
G1 0.53 0.58 -
Hi-b 0.85 - 0.72
I1 0.79 - 0.72
Ji-b 0.73 - 0.72
Ki-b 0.87 - 0.72
L1 0.77? - 0.72
Mm 0.78 - 0.72
P131 0.33 0.29 -
P232 0.34 .28 -
N1 0.41 -~ 0.36
01-b 0.42 - 0.36
D2-1 0.81 0.81 -
D2-2 0.8% 0.81 -
E2-1 0.83 0.66 -
E2-2 0.82 0.66 -
P122 0.52 0.52 -
G2 0.58 0.52 -
H2 0.60 - C.65
I2 0. 72 - 0.65
Jz2 0.71 - 0.65
K2 0.74 - 0.65
L2 0.598 - 0.65
Mz 0.65 - 0.865
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TABLE 1: CONTINUED

PLATE Be _Vfbo Be/B Be/B
NO. B Veo (Eq. 4.3-R) (Eq. 4.3-B)
P132 0.31 .25 -
N2 0.45 - 0.31
02 0. 49 - 0.31
C3-1 0.77- 0.84 -
C3-2 0.71 0.84 -
D3-1 - 0.72 0.71 -
D3-2 0.72 0.71 -
E3-1 0.44 0. 56 -
E3-2 0.47 0. 56 -
P123 0.51 0. 41 -
G3 0.57 0.41 -
H3 0.55 . - 0.51
I3 0.61 - 0.51
J3 0.58 - 0.51
K3 0.60 - 0.51
L3 0.57 - 0.51
M3 0.57 - 0.51
P133 0.22 0.22 -
P233 0.22 0.22 -
N3 0.25 - 0.28
D3 0.28 - 0.28
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Tab B—1: D
Test Area Failure Load f'e
No. (In.2) (lbs.} (poi)
1 1 430 430
2 1 355 355
3 1 320 320
4 1 420 420
S 1 340 340
B8 1 375 375
? 1 38% 385
8 1 380 380
S i 430 430
10 1 340 340
11 i 350 350
12 1 345 345
13 1 325 325
14 1 375 375
1S 1 335 335
16 1 355 355
 r 1 375 375
18 1 410 410
(f't) ave = 370 psi, E- = 35 psi,
6 = standard deviation
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TABLE B—2- core
Test Dimension of Failure Load f'o

Test Cylinder

No. (In.) (1bs.) (psi)
1 2x4 12, 500 3,978
2 2 x4 14,000 4,456
3 2 x 4 10,600 3,374
4 2 x4 11,000 3,501
S 2 x 4 12,000 3,820
(f'e) ave. = 3825 psi

6 = 382 psi
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IAab B—3: T
Test Dimension of Failure Load f'sp
Test Cylinder

No. (In.) (1bs. ) (psi)
1 2x4 8,925 789
2 2 x4 8,500 676
3 2 x4 8,500 676
4 2 x 4 8,000 636
S 2 x 4 6,625 527
(f'ap) ave. = 660 psi

6 = 84 psi
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IABLE B—-4: T PLA

Plate
No. I II I1I Iv v VI

Size
(In.) 22x10x2 22x10x2 22x10x2 2Z2xA10x2 22x10x2 22x10x2

Layer

of

Wire 1 2 1 2 1 2
Mesh

Span
Length 20 20 i6 16 18 18
(In.)

Partial

Loads

Span 10 10 10 10 10 10
Length

(In.)
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EXPERIMENTAL VALUES THEORETICAL VALUES

TABLE B-5: COMPARISON OF THEORETICAL AND EXPERIMENTAL VALUES BASED
ON THE OBSERVED FAILURE LOADS FOR SIMPLE ANALYSIS

PLATE NO.

lve  (1b/in)
Eq. 2.2-1

Tc (in-1b/in)
Eq. 202—2

Pult (1bs)

Ver (1lb/in)
qu 2.2_5

Ter (in-1b/in)
qu 2.2-6

Pult (1bs)

Pf (1lbs)
Ve (1lb-in)
Tc (in-1lb/in)

Interaction
Eq. 2.2-3

Interaction

Eq. 2.2-4

48

192

960

106

II

48

192

960

106

=14>>1

=3.0>1

192

260

106

Iv v VI
48 48 48
192 192 192
260 260 960
106 106 106
424 424 424
2120 2120 2120
4,200 3,600 3,740
210 180 187
840 720 748
=19>>1 =14>>1 =15>>1
=3.9>1 =2.8>1 =3.1>1

=3°)



‘uoissiwgad 1noypum pauqiyosd uononpolidas Jayung “Jaumo 1ybuAdoo ayy Jo uoissiwiad yum pasonpoldey

THEORETICAL VALUES

TABLE B~6: COMPARISON OF THEORETICAL AND EXPERIMENTAL VALUES BASED
ON THE OBSERVED FAILURE IL.OADS FOR PLATE ANALYSIS

PLATE NO.
Ve (1b/in)
qu 2.2-1

Tc  (in-1b/in)
qu 2.2-2

Pult (1lbs)

Ver (1b/in)
Eq. 2.2-5

Tcr (in-1lb/in)
Eq- 202—6

Pult (lbs)

Pf (lbs)
Vc  (lb-in)
Tc (in-lb/in)

Interaction
Eq. 2.2-3

Interaction

EXPERIMENTAL VALUES

qu 2.2-4

121

161

1418

186

=1.9>1

=,85<1

121

l6l

1418

186

156

1456

190

128

156

1456

184

117

l64

1464

184

117

164

1464

409.2

g97
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IaB =1 COMP
BATCH NO. I

TEST NO. AGE (DAYS) FAILURE LOAD (1lbs) f'c (psi)

1 28 100,000 3,537
2 28 91,000 3,218
3 28 103, 000 3,643
a4 28 102, 000 3,608

AVE. 3,496
5 34 103,000 3,640
6 34 112,000 , 3,958

AVE. 3,738

Note: Compressive strength of f'c = 3600 psi is

adapted for batch No. I.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



168

TABLE C-1 COMPRESSIVE TEST RESULTS (CONTINUED)
BATCH NO. II

TEST NO. AGE (DAYS) FAILURE LOAD (1lbs) f'c (psi)

1 28 101,000 3,572
2 28 107,000 3,784
3 28 91,000 3,236
4 28 103,400 3,657

AVE. 3,562
S 51 112,400 3,875
6 51 107,000 3,784
? 51 115, 500 4,085

AVE. 3,948

Note: Compressive strength of f'c = 3700 psi is

adapted for batch No. II.
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TABLE C—1 COMPRESSIVE TEST RESULTS (CONTINUED)
BATCH NO. III

TEST NO. AGE (DAYS) FAILURE LOAD (lbs) f'c (psi)
1 28 84,000 2,870
2 28 75,000 2,652
3 28 81, 000 3,218
4 28 80,000 3,183

AVE. 3,005

5 41 85,000 3,006
6 41 91,000 3,218
7 a1 85,000 3,006

AVE. 3,077

Note: Compressive strength of f£f'c = 3000 psi is

adapted for batch No. III.
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TABLE C-2 SPLIT CYLINDER TEST RESULTS
BATCH NO. I

TEST NO. AGE (DAYS) FAILURE LOAB (1bs) f'sp (psi)

1 28 35,000 308

2 . 28 39,000 345

BATCH NO. II

1 28 39,000 345
2 28 38,000 336
3 51 39,600 348
4 S1 38,400 348

BATCH NO. III

1 28 31,000 274
2 28 34,000 300
3 41 31,000 274
4 41 33,000 292
S 41 34,000 362
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y C-3 TENSI NG TE

OF RUPTURE
BATCH NO. I

TEST NO. AGE (DAYS) FAILURE LOAD (1lbs) fr (psi)

BATCH NO. II

1 14 6, 725 S60
2 14 5,425 452
3 28 6,775 565
4 28 7,450 620
BATCH NO. III
1 14 6,600 550
2 14 6,650 554
3 28 6, 500 S42
4 28 5, 700 47S
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TABLE C-3a COMPARISON OF TEST RESULTS WITH ACI

CODE VALUES

BATCH

NO.

f'sp (psi)

fr (psi)

Actual ACI Code

Actu

al ACI Code

II

III

327 402
344 407
300 367

550

530

450

455

410
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TAaB —4 TES AM DATA

LOAD CONDITION 1

BEAM LENGTH SPAN WIDTH aszd £'e

NO. (in.) (in.) (in.) RATIO (psi)
A 11 28 26 2.5 5.94 3, 700
a1z 28 26 2.5 5.94 3, 700
a 12 28 26 2.5 5.94 3, 700
A 13 28 26 2.5 5.94 3,700
a 14 28 26 2.5 5.94 3, 700
B 11 28 26 5.0 5.94 3,000
E 11 28 26 12.5 5.94 3,600
E 12 28 26 12.5 5.94 3,700
F 11 28 26 25.0 5.94 3,700

LOAD CONDITION 2

A 21 28 26 2.5 i.94 3,000
B 21 28 26 5.0 1.94 3,000
B 22 28 26 5.0 i.94 3,000

LOAD CONDITION 3

A 31 28 26 2.5 2.67 3,600

A 32 28 26 2.5 2.67 3,000
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TABLE C—4 TEST BEAM DATA

LOAD CONDITION 3

174

BEAM LENGTH SPAN WIDTH asd f'c
NO. (in.) (in.) (in.) RATIO (psi)
B 31 28 26 5.0 2.67 3,600
B 32 28 26 5.0 2.67 3,000
E 31 28 26 12.5 2.67 3,600
LOAD CONDITION 4
A 41 28 26 2.5 3.39 3,600
A 42 28 26 2.5 3.38 3, 700
A 43 28 26 2.5 3.38 3,000
B 41 28 26 5.0 3.38 3,600
B 42 28 26 5.0 3.39 3, 700
B 43 28 26 5.0 3.38 3,000
D 41 28 26 10.0 3.38 3,600
D 42 28 26 10.0 3.38 3,700
E 41 28 26 12.5 3.38 3,600
E 42 28 26 12.95 3.39 3,700
LOAD CONDITION S
A 51 28 26 2.5 4.36 3,000

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



175

TABLE C-—-4 ar a

LOoAD CONDITION S

BEAM LENGTH SPAN WIDTH asd f'c
NGC. (in.) (in.) (in.) RATIO (psi)
B 51 28 26 5.0 4.36 3, 700
B 52 - 28 26 5.0 4.36 3,000
B 63 28 26 5.0 4.36 3,000
B 54 28 26 5.0 4.36 3,000
C 51 28 26 7.5 4.36 3,700
C 52 28 26 7.5 4.36 3,000
C s3 28 26 7.5 4.36 3,000
D 51 28 26 10.0 4.36 3, 700
D 582 28 26 10.0 4.36 3,000
E 51 28 26 12.5 4.36 3,000

LOAD CONDITION 6

A 61 28 26 2.5 4.85 3,000
B 61 28 26 5.0 4.85 3,000
C 61 28 26 2.5 4.85 3, 700
D B1 28 26 10.0 4.85 3,000
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TaBLE C-S5 BEAM TEST RESULTS AND COMPARISON
WITH CODE VALUES

LOoAD CONDITION 1

- FAILURE
TEST LOAD, Pg a’/d Vfox Vooxx
NO. : (lbs) Ratio 1lbs/in. lbs/in. Vro/Voo
A1l 2,530 5.84 490. 7 276.5 1.77
f2% 24 2,668 5.84 517.4 276.5 1.87
Al3 2,990 5.984 579.9 276.5 2.10
Alg 2,300 5.94 446.1 276.5 1.61
Bi1l 5,428 5.94 526. 4 252.8 2.08
El11 12,880 5.94 489.6 273.3 1.83
El12 13,110 5.94 508.5 276.5 1.84
Fi1 26,220 5.94 508.5 276.5 1.84
AVE. 1.87
LOAD CONDITION 2
A2l 7,268 1.94 1,408.5 324.5 4_.34
B21 8,200 1.94 892.1 324.5 2.75
B22 8,200 1.94 892.1 324.5 2.75
AVE. 3.28
LOAD CONDITION 3
[A31 5,520 2.67 1,070.5 320.0 3.35
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TABLE C-5_ BEAM TEST RESULTS AND COMPARISON
WITH CODE_ VALUES

LOAD CONDITION 3

177

FAILURE .
TEST LOAD, ‘asd  * Vsox Vooxx
NO. (lbs) Ratio lbs/in. lbs/in. Vfo/Voo
A32 4,692 2.67 910.0 299.5 3.04
B31 9,830 2.67 953.0 320.0 3.00
B32 7,360 2.67 ?13.7 299.5 2.38
E31 23,000 2.67 892.1 '320.0 2.78
AVE. 2.91
LOAD CONDITION
Ad1 4,600 3.339 892.1 302.0 2.95
A4z 4,600 3.39 892.1 305.2 2.92
A43 4,370 3.39 847.5 281.5 3.01
Ba1 9,200 3.39 892.1 302.0 2.95
BA2 8,280 3.39 802.9 305.2 2.63
BA3 8,050 3.39 780.6 281.5 2.77
D41 17,940 3.39 869. 8 302.0 2.88
D42 14,720 3.33 713.7 305.2 2.34
E41 20, 700 3.39 802.9 302.0 2.66
E42 15,640 3.39 606. 6 305.2 1.89
AVE. 2.71
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IABLE C-5 BEAM TEST RESULTS AND COMPARISON
WITH CODE VALUES

LOAD CONDITION S

' FAILURE
TEST LoAD, Ps asd Veox Vooxx
NO. (1bs) Ratio lbs/in. lbs/in. Ve£o/Voo
AS1 3,818 4.36 740.5 266.6 2.78
BS1 6,800 4.36 6683. 1 290.3 2.30
B52 6,348 4.36 615.6 266.6 2.31
BS3 5,980 4.36 573.8 266.6 2.24
BS4 6,210 4.36 602.2 290.3 2.26
Cs1 8,200 4.36 594.8 280.3 2.05
Cs2 8,165 4.36 §27.8 266.6 1.88
CSs3 7,498 4.36 484.7 266.6 1.82
D51 12,328 4.36 587.7 280.3 2.086
D52 12,374 4.36 599. 89 266.6 2.25
ES1 16,100 4.36 624.5 266.6 2.34
AVE. 2.22
LOAD CONDITION 6
(2531 2,880 4.85 579.9 261.3 2.22
B61 6,072 4.85 588.8 261.3 2.25

xVeo = Pe/2 b
*xVoo, Sse© section 2.2-1
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TEBLE C-Sa BEAM TEST RESULTS

BEAM BEAM WIDTH 1000 f VJ/M@ V/ bd {-FZ

NO. IN.
a11 2.5 0.122 4.033
a1z 2.5 0.122 4.253
Aa13 ' 2.5 0.122 . a.767
a4 2.8 0.122 3.667
B11 5.0 0.122 4.327
E11 12.5 0.122 4.107
E12 12.5 0.122 4.180
F11 25.0 0.122 4.18

A21 2.5 4.13 12.867
B21 5.0 4.13 5. 488
B22 5.0 4.13 5. 488
A31 2.5 .274 8.921
A32 2.5 . 300 8.773
B31 5.0 .274 7.992
B32 5.0 . 300 6.515
E31 12.5 .274 7.434
A4l 2.5 .216 7.434
A4z 2.5 .213 7.333
43 2.5 .237 ?.737
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TABLE C-5a BEAM S

BEAM BEAM WIDTH 1000 f Vcl/ mife V/bdVeL

NO. IN.

B41 S.0 .216 7.434
B42 5.0 -213 6.600
B43 ' 5.0 .237 ?7.126
D41 10.0 .216 7.248
D42 10.0 .213 5.867
E41 12.5 .216 6.691
E42 12.5 .213 4.987
AS1 2.5 .184 6. 758
BS1 5.0 .166 5. 500
BS2 5.0 -184 5.618
BS3 5.0 -184 5.294
BS54 5.0 .184 5.487
C51 7.5 .166 4.888
Ccs2 2.5 .184 4.818
CS3 7.5 -184 4.425
DS1 10.0 .166 4.913
D52 10.0 .184 S.477
ES1 12.5 .184 S. 701
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TAB
BEAM BEAM WIDTH 1000 f Vd/M e V/ TUIA
NG. IN.

a61 2.5 .165 5.294

B61 5.0 .165 5.375

ce1 2.5 _165 4.888

D61 10.0 .165 4.888
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TABLE C-6 SHEAR _AND TORSION VAILUES OF CONCRETE

THEORETICAL EXPERIMENTAL
BATCH LoAaD
NOC. CONDITION Vo To Tcro Vfo Tfo
lbs 1lbs—-in in-lb lbs in-1b
4 302 432 1080 818 864
I
5 287 432 1080 837 864
4 305 438 109S 826 876
II
S 290 438 108S 643 876
4 281 3984 885 761 788
I11
5 267 384 88S 592 288
Note: Tfo = 2To = 1.6 /' f'c x2y

based on the study by Marti, P. and et al
(Ref. 8), for heavily reinforced concrete
plates.
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IABL -7 DA G

CENTER STRIP LOADING

PLATE B RX = asd b uxwv Load f'c
NO. in. Ratio in in.xin. Condition psi
TOP BOTT. No.
Ci-1 2.5 O o) 4.36 o 3x3 5 3,000
Ci-2 2.5 O 4] 4.36 o) 3x3 5 3,000
C1-3 2.5 O 0 4.36 o 3x3 5 3,000
Di-1 10.0 O o) 4.36 e 3x3 5 3,000
Di-2 10.0 O (o) 4.386 0o 3x3 5 3,000
E1i-1 12.5 O o 4.36 0 3x3 5 3,000
Ei1-2 12.5 O 0 4.36 o 3x3 5 3,000
Ei-3 12.5 O 0 4.36 o 3x6 5 3,000
P121 25.0 O 0 3.39 o 4x8 4 3,600
F1 25.0 O 0 4.36 4] 4x8 ) 3, 700
G1 25.0 O 0 4.36 o] 4x%8 5 3,000
Hi 25.0 O 50 4.386 0] 4x8 5 3, 700
11 25.0 SO o) 4.36 o 48 5 3, 700
J1 25.0 O 30 4.36 0 4x8 S 3, 700
K1 25.0 O 70 4.36 0] 4x8 ) 3, 700
L1 25.0 30 o) 4.36 0 438 5 3, 700
Mm 25.0 70 o 4.36 (o) 4x8 5 3, 700
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-7 P a
CENTER STRIP LOADING
PLATE B RX x a/d b U x v f'c
NO. in. Ratio in 1in.xin. Condition psi
TOP BOTT.
P131 S50 O o 3.38 0 4B 3,600
P231 S0 O 0 3.39 o) 48 3,600
N1 50 SO o 4.36 (o] 438 3, 700
o1 SO O 50 4.36 (¢ 4x8 3, 700
MIDDLE STRIP LOADING
D2-1 10.0 O o 4.36 1.5 3x3 3,000
D2-2 10.0 O 0 4.36 1.5 3x3 3,000
E2-1 12.5 O 0 4. 36 1.5 3x3 3,000
E2-2 12.5 O (o) 4.36 1.5 3x3 3,000
P122 25.0 O o 3.39 4.5 438 3,600
G2 25.0 O 0 4.36 4.5 4x8 3,000
H2 25.0 O 50 4.36 4.5 4x8 3,000
12 25.0 50 o 4.36 4.5 4x8 3,000
Jz 25.0 O 30 4.36 4.5 4x8 3,000
K2 25.0 O 70 4.36 4.5 4x8 3,000
L2 25.0 30 0 4.36 4.5 48 3,000
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MIDDLE STRIP LOADING

PLATE B RX x asd b ux v Load f'c
NO. in. Ratio in in.xin. Condition psi
TOP BOTT. No.
M2 25.0 70 o) 4.36 4.5 4x8 5 3,000
P132 50.0 O o 3.39 12.5 4x8 4 3,600
N2 50.0 SO o) 4.36 12.5 4x8 S 3,000
02 50.0 O =10) 4.36 12.5 4x8 S 3,000
EDGE STRIP LOADING
C3-1 7.5 o] o 4.36 2.25 3x3 5 3,000
C3-2 7.5 o (o) 4.36 2.25 3x3 5 3,000
D3-1 10.0 (o] o 4.36 3.50 3x3 5 3,000
D3-2 10.0 0 o 4.36 3.50 3x3 5 3,000
E3-1 12.S5 o 0o 4.36 4.75 3x3 5 3,000
E3-2 12.5 0 0] 4.36 4.75 3x3 5 3,000
P123 25.0 (o) 0 3.38 8.50 4x8 4 3,600
G3 25.0 O o) 4.36 8.50 4x8 5 3,700
H3 25.0 (o) 50 4.36 8.50 4x8 5 3,700
I3 25.0 SO 1) 4.36 8.50 4x8 S 3, 700
J3 25.0 O 30 4.36 8.50 48 S 3, 700
K3 25.0 0 70 4.36 8.50 4x8 S 3, 700
L3 25.0 30 o 4.36 8.50 4x8 S 3, 700
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IABLE C—-7? TEST PLATE DATA AND LO NG _PATTE

EDGE STRIP LOADING

PLATE B R% x a’d b uxvwv Load f'c
NO. in. Ratio in in.xin. Condition psi
TOP BOTT. No.
M3 25.0 70 o] 4.36 8.50 4x8 5 3,700
P133 S50.0 (0] (o] 3.39 21.00 48 4 3,600
P233 50.0 (0] 50 4.36 21.00 4x8 5 3,600
N3 S0.0 SO (0] 4.36 21.00 4x8 ) 3, 700
03 50.0 0 S0 4.36 21.00 4x8 : S 3, 700

Transverse Jo
*RX = x 100
Longitudinal f

f'oc (Batch No. I) = 3600 psi
f'oc (Batch No. II) = 3700 psi

f'c (Batch No. III) = 3000 psi
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TABLE C-8: EXPERIMENTAL TEST PLATE RESULTS

PLATE Failure Simple Analveis Lévy's Method

NO. Load Vobs Tobs Vopfm Topfm
Ps (1lbs) 1b/in in—-1lb/in 1b/in in-1b/in
Ci-1 8,372 558 o] 639 Q
Ci~-2 8,855 S80 o] 676 o]
Ci1-3 9,338 622 o 713 0
Di-1 10,120 S06 0] 664 0
D1-2 11,500 575 (o] 754 (8]
Ei1-1 11,868 475 6] 710 (0]
Ei1-2 10,848 437 (o] 754 0
E1i-3 14,260 570 0 573 0
P121 23,460 469 o} 803 0
F1 18,170 363 0 622 (o]
G1 17,020 340 (0] 583 0
H1i 27,600 552 (0] 745 (o]
I1 25,484 508 0 873 0
J1 23,460 463 0 803 8}
K1 28,060 561 0 961 0
L1 24,840 4396 0 351 0
M1 25,576 511 o 876 o
P131 27,600 276 o} 663 0
P231 28,060 280 o 680 o
N1 26,680 266 o 645 0
01 30,360 303 (9] 736 (o}
p2-1 10,810 540 811 722 337
D2-2 10,120 506 758 676 316
E2-1 12,420 4386 868 r{. Y4 346
E2-2 12,180 487 852 734 340
P122 21,620 432 1,944 638 668
G2 17,020 340 1,530 562 525
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TABLE C-8: CONTINUED

/

PLATE Failure Simple Analysig Levy'gs Method
NO. Load Vobsf Tobs Vopfm Topfm
Ps (lbs) 1b/in in-1b/in 1b/in  in-1b/in
H2 17.840 358 1,611 529 554
J2 22,448 449 2,020 662 604
J2 21,160 423 1,903 624 654
K2 22,080 441 1,984 651 682
L2 17,480 349 1,570 515 540
M2 18,320 386 1,737 570 597
P132 25,300 253 3,162 793 360
N2 26,680 266 3,325 836 380
02 28,980 289 3,612 208 413
c3-1 6,808 453 1,019 424 718
C3-2 5,980 399 897 373 631
D3-1 8,510 42s 1,488 541 a28
D3-2 8,510 42s 1,489 541 928
E3-1 6,532 261 1,241 379 712
E3-2 6,800 276 1,311 401 252
P123 20, 700 414 3,518 667 1563
G3 18, 400 368 3,128 438 289
H3 17,710 354 3,010 624 1408
J3 19, 780 3ss 3,362 636 1573
J3 18, 768 375 3,180 661 1432
K3 19,320 386 3,284 680 15386
L3 18, 400 368 3,128 648 1463
M3 18, 400 368 3,128 648 1463
P133 17,340 178 3,767 573 1,623
P233 17,940 179 3,767 573 1,623
N3 15,870 159 3,332 507 1,436
03 17,710 177 3,718 565 1,602
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TABLE C-8a _EXPERIMENT TEST PLAT ULT
SIMPLE ANALYSIS LEVY'S METHOD
PLATE Vebgp Tebg Vep £m Tepfm
NO. VEZ N £Z Vel VEZ
ci-1 . 4.94 ) 5.64 0
c1-2 5.22 0 5.97 o
c1-3 5.50 0 6.30 0
D1-1 4.47 ) 5.80 o
D-2 5.08 ) 6. 66 o
E1-1 4.20 ) 6.28 0
E1-2 3.85 ) 6.28 )
E1-3 5.04 ) 5.086 0
P121 3.78 ) 6. 48 0
F1 2.89 0 5.02 o
61 3.01 ) 4.65 0
H1 4.486 o 7.53 0
I1 a.11 0 6.95 0
J1 3.79 0 6. 40 0
K1 4.53 ) 7.66 0
L1 4.01 0 6. 77 0
M1 4.13 ) 6.99 0
P131 2.23 0 5. 40 0
P231 2.26 0 5.48 0
N1 2.12 o 5.13 o
01 2.42 0 S. 41 o
D2-1 4.78 4.94 6. 39 2.04
D2-2 a.47 4.62 5.99 1.92
E2-1 4.38 S.28 6.61 2.10
E2-2 4.31 5.19 6. 50 2.086
P122 3.48 10.80 5.15 3.72
62 2.99 9.31 4.97 3.20
H2 3.17 9. 80 4.67 3.36
12 3.97 12.29 5.86 3.67
J2 3. 74 11.58 5.51 3.98
K2 3.90 12.07 5. 77 a.14
L2 3.09 9.55 4.56 3.29
M2 3.42 10.57 5.04 3.63
P132 2.04 17.57 6. 40 2.19
N2 2.35 11.08 7. 40 2.32
02 2.56 12.04 8.03 2.52
c3-1 4.01 6. 20 3.75 a.38
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TABLE C—8a CONTINUED

130

SIMPLE ANALYSIS LEVY'S METHOD

PLATE Vebp Te bfg Vepfm Tepfm
NFZ N7s A
c3-2 3.53 5. 46 3.01 3.84
D3-1 3.76 S.06 4.79 5.65
D3-2 3.76 9.06 4.79 5.65
E3-1 2.31 7.55 3.35 4_.33
E3-2 2.44 7.98 3.55 4.58
P123 3.35 19.55 5.38 8.68
G3 2.93 17.14 3.49 5.42
H3 2.82 16. 49 4.96 7. 71
13 3.15 18.42 5.54 8.61
J3 2.99 17,48 5.61 8.17
K3 3.08 18.00 5.43 8.42
L3 2.93 17.14 5.16 8.02
M3 2.93 17.14 5.16 8.02
P133 1.45 20.93 4.63 9.02
P233 1.45 20.93 4.63 9.02
N3 1.27 18.26 4.04 ?.87
03 1.41 20.38 4.50 8.78
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TABLE C-8: COMPARISON OF THE EXPERIMENTAL SHEAR/
TORSION VALUES WITH THE THEORETICAL VALUES
BASED ON THE SIMPLE ANALYSIS

PLATE Vob £ Tobse Tobs Vobf Tobs
NO. Vo To Toro Vfo Tro Bes/B

CENTER STRIP LOADING

Narrow at wit i

Cci-1 2.08 c 0 0.94 (0] 0.94
Ci-2 2.22 0] 0] 1.00 (0] 1.00
Ci-3 2.33 o 0] 1.05 (s) 1.05
D1-1 1.80 o (9} 0.85 (¢] 0.85
D1-2 2.16 o 0 .87 0 0.97
Inter jat itho t i

Ei-1 1.76 (0] o 0.8 (0] 0.8
E1-2 1.64 0] (0] 0.72 0 0.72
E1-3 2.14 o 0o .96 (0] 0.86
Wide plat it tra i t

Pi21 1.55 o 0 .57 (4] 0.57
F1 1.25 (0] O 0. 56 O 0.56
G1 1.17 0] (o) .53 0 0.53
Wide plat ith t i t

H1 1.90 c (9 0.85 (0] 0.85
J1 1.75 o 0 0.79 (o) 0.7
J1 1.67 o (8] 0.73 (0] .73
K1 1.83 (0] (o) 0.87 o 0.87
L1 1.71 (8] o .77 (0] 0.77
M 1.76 (8] (0] 0.78 0 0.78
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TABLE €C-8: CONTINUED

PLATE Vobf Tobs Eobf‘ Vobf Tobs

NO. Vo To Toro Vro Tfo Be/B
Extra_ wjde i r rej

N1 0.391 o 0 0.41 0 0.41
o1 1.04 (0] o] 0.47 0] 0.47

D2-1 2.02 2.05 0.82 0.91 1.03 .91
D2-2 1.80 1.82 Q.77 0.85 0.396 0.85

Wide at i o t

P122 1.43 4.5 1.8 0.5 2.25 0.52
G2 1.27? 3.88 1.55 0.58 1.84 0.59
Wide plates with trapsverge reinforceomept

H2 1.35 4.09 1.64 0.60 2.05 0.60
12 1.69 5.13 2.05 0.72 2.57? 0.72
J2 1.58 4.83 1.93 0.71 2.41 0.71
K2 1.66 S.04 2.02 0.74 2.52 0.74
L2 1.31 3.98 1.58 0.58 1.88 0.S8
M 1.45 4.41 1.76 O0.65 2.20 0.65
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TABLE C-8: CONTINUED

PLATE Vobf Tobs Tobs Vob#f Tobs
NO. Vo To Toro Vo Tro Be/B

EDGE STRIP LOADING

Narrow at witho tr ver: i o

C3-1 1.70 2.59 1.03 0.77 1.28 0.77?
C3-2 - 1.50 2.28 0.81 0.67 1.14 0.67
D3-1 1.60 3.78 1.51 0. 72 1.88 0.72
D3-2 1.60 3.78 1.51 0. 72 1.89 0.72
Intermediate plates witho trangver. i rcemoe
E3-1 0.88 3.15 1.26 0. 44 1.58 0.44
E3-2 1.04 3.33 1.33 0.47 1.66 C.47
Wide plates without tra i nt

P123 1.37 8.15 3.26 0.51 4.08 0.51
G3 1.27 7.14 2.86 0.57 3.58 0.57
Wide plates with transverse rei or

H3 1.22 6.87 2.75 0.85 3.44 0.55
I3 1.36 7.68 3.07 0.61 3.84 0.61
J3 1.28 7.28 2.91 0.58 3.64 0.58
K3 1.33 ?.50 3.00 Q.60 3.7% .60
L3 1.27 7.14 2.86 0.57 3.57 0.57
13 1.27 7.14 2.86 0.57 3.57 0.57
Extra wide ateg witho tr i r t
P133 0.58 8.72 3.49 0.22 4.36 0.22
P233 0.58 8.72 3.49 0.22 4.36 Q.22
N3 0.55 7.61 3.04 0.2% 3.80 0.25
03 0.61 8.49 3.40 0.28 4.28 0.28

Be = Effective with = (Veo/Vobsf)B
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TABLE C-10: COMPARISON OF THE EXPERIMENTAL SHEAR/
TORSION VALUES WITH THEORETICAL. VALUES
BASED ON THE PLATE SCOLUTION BY LEVY'S

METHOD
PLATE Vobf Tobs Topfm Vopfm Topfm
NO. Vo To Toro Vf£o Tfo

CENTER STRIP LOADING

Wide plat witho tr. me

P121 2.66 0 (o} 0.98 o]
F1 2.14 o o 0.97? o
G1 2.01 o o 0.91 o]
Wide plates with transverse reinforcemont

Hi 3.26 o} (o} 1.47 0
I1 3.01 o (o} 1.386 o]
J1 2.77 o o 1.25 o
K1 3.31 o (o} 1.48 o
L1 2.83 0 o 1.32 0
M 3.02 o o} 1.36 o]
Extra wigde w3 i

P131 2.22 (o o 0.82 o
P231 2.25 0 (o} 0.83 0
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TABLE C-10: CONTINUED

PLATE Vobsf Tobs Topfm Vop£fm Topfm
NO. Vo To Toro Vro Tfo

Wide a wit

P122 2.11 1.55 0.62 0.78 0.78
G2 1.89 1.34 0.54 0.85 0.67
Wide plates with transverge reipnfgorcement.

H2 1.99 1.41 0.56 0.89 0.71
iz 2.41 1.71 0.68 1.08 0.886
Jz2 2.35 1.66 0.66 1.05 0.83
K2 2.45 1.73 0.69 1.10 0.87
L2 1.94 1.37 0.55 0.87 0.69
¢ 74 2.14 1.52 0.61 0.96 0.76

P132 2.63 0.83 0.33 0.97? 0.42
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TABLE C-10: CONTINUED

PLATE Vobf Tobs Topfm Vop£fm Topfm
NO. Vo To Toro Vfo Tro

EDGE STRIP LOADING

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



197

TABLE C-11: COMPARISON OF THE INTERACTION EQUATION
VALUES BASED ON THE SIMPLE ANALYSIS

CENTER STRIP LOADING

PLATE Eq. Eq. Eq. Eq.
NO. 2.2-3 2.2-4 2.1-1(A) 2.1-1()

c1-1 - - - -
c1-2 - - - -
Cc1-3 . - - - : -
D1-1 . - - - -
D1-2 - - - -
Ei-1 - - - -
E1-2 - - - -
E1-3 - - - -
P121 - - - -
F1 - - - -
G1 - - - -
H1 - - - -
I1 - - - ~
J1 - - - -
L1 - - - -

P131 - - - -
P231 - - - -
N1 - - - _
01 - - - -

MIDDLE STRIP LOADING

D2-1 8.32 5.16 1.89 1.87
D2-2 7.29 4.20 1.60 1.32
E2-1 8.3 4.23 1.89 1.46
E2-2 8.01 4.08 1.84 1.41
P122 22.3 5.28 5.33 3.51
G2 16.7 4.02 4.11 2.75
H2 18.5 4.51 4.56 3.05
I2 28.15 7.06 7.18 4.78
J2 25.86 6.25 6.31 2.43
K2 28.16 6.84 6.80 4.63
L2 17.56 4.24 4.31 2.88
Mz 21.55 S.20 5.26 3.52
P132 S54.43 8.29 13.57 8.68
N2 72.23 12.42 18.01 11.63
02 85.28 14.66 21.22 13.71
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TABLE C-11: CONTINUED

EDGE STRIP LOADING

PLATE Eq. Eq. + Eq. Eq.
NO. 2.2-3 2.2-4 2.1-1(A) 2.1-1(B)
Cc3-1 38.60 3.95 2.26 1.65
c3-2 ?7.45 3.08 1.75 1.28
D3-1 16.85 4.84 4.08 2.80
D3-2 16.85 4_84 4.Q08 2.80
E3-1 | 10.88 2.55 2.69 1.78
E3-2 12.17 2.85 2.98 1.99
P123 68.30 12.50 16.91 10.89
G3 52.59 8.79 13.14 8.50
M3 48. 69 8.05 12.14 7.87
I3 60.83 11.27 15.12 8.80
J3 54.66 10.13 13.598 8.8
K3 58. 02 10. 77 14.42 9.36
L3 52.59 9.7 13.07 8.48
M3 52.59 8.79 13.07 8.48
P133 76.38 12.53 18.06 12.23
P233 76.39 12.53 18. 06 12.23
N3 58.21 9.54 14.50 9.30
03 72.45 11.93 18.18 11.64
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TABLE C-12: COMPARISON OF THE INTERACTION EQUATION
VALUES BASED ON THE PLATE SOLUTION
(LEVY'S METHOD)

CENTER STRIP LOADING

PLATE Eq. Eq. Eq. Eq.
NO. 2.2-3 2.2-4 2.1-1(A) 2.1-1(B)

c1-1 - - - -
c1-2 - - - -
c1-3 . - - - -
D1-1 - - - -
D1-2 - - - _
E1-1 - - - _
E1-2 - - - _
E1-3 - - - _
P121 - - - _
F1 - - - -
61 - - - : -
Hi - - - -
11 - - - -
J1 - - - -
L1 - - - -

P131 - - - -
P231 - - - -
N1 - - - -
01 - - - _

MIDDLE STRIP LOADING

D2-1 8.08 ?.46 1.69 1.60
D2-2 ?.09 6.55 1.46 1.40
EZ2-1 8.67 8.02 1.78 1.71
E2-2 8.36 7.3 1.72 1.65
P122 6.85 4.84 1.22 0.8s
G2 5.37 3.86 1.17 1.01
H2 5.85 4.22 1.30 1.11
I2 8.73 6.30 2.03 1.74
Jz2 8.28 5.86 1.73 1.54
K2 8S.00 6.48 1.97 1.69
LZ 5.64 4.07 1.23 1.06
| ¢ 74 6.88 4.95 1.50 1.28
P132 7.61 7.03 1.12 1.05
N2 10.78 10.01 2.22 2.14
0z 12.73 11.80 2.62 2.52
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TABLE C-12: CONTINUED

EDGE STRIP LOADING

PLATE Eq. Eq. Eq. Eq.
NO. 2.2-3 2.2-4 2.1-1(A) 2.1-1(B)
c3-1 7.18 4.41 1.35 1.0
c3-2 4_52 2.37 1.04 0.81
D3-1 8.69 S.00 2.22 1.71
D3-2 . 9.69 5.00 2.22 1.71
E3-1 5.28 2.53 1.24 0.93
E3-2 5.93 2.86 1.38 1.04
P123 17.88 6.99 3.85 2.7°7
G3 16.13 8.77 3.81 2.82
M3 14.93 6.29 3.53 2.61
I3 18.60 ?.78 4_41 3.24
J3 16.83 7.05 3.95 2.91
K3 17.80 ?.44 4,19 3.08
L3 16.13 6.77 3.81 2.82
M3 16.13 6. 77 3.81 2.82
P133 17.75 S. 86 4.23 2.74
P233 172.75 5.86 4.23 2.74
N3 16. 90 5.78 4.07 2.85
g3 21.4S5 ?.54 4.25 3.56
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Fig. 1
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Fig. 7

a=Applied Non Symmetrical Load

b=Shear Reaction

c=Torsion Reaction

* For Interaction of Combined Shear&Torsional

Reactions SeeFigs. 3 & S.
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Fig. 8

a=Applied Symmetrical Load

b=Shear Reaction

c=Torsion Reaction

* For Interaction of Combined Shear&Torsional

Reactions See Fig. 4 &6.
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Fig. 9

a=Applied Non Symmetrical Load

b=Shear Reaction

c=Torsion Reaction

* For Interaction of Combined Shear&Torsional

Reactions See Fig. 44.6.
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Fig 10

a=Applied Non Symmetrical Load

b=Shear Reaction

c=Torsion Reaction

* For interaction of Combined Shear&Torsional

Reactions See Fig. 4&6.
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FIG. A-1
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Fig. B~1 Direct tedsile test specimens
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Fig. B~2 Compressive & split tensile test specimens
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Fig. B-4 Photograph of test set-up
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Fig. B-5 Bending failure, Plate No. I
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Fig. B-6 Bending failure, Plate No. II
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Fig. B-7 Bending failure, Plate No.II
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Fig. B-8 Bending failure, Plate No. III
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Fig. B-9 Combined shear & torsion failure, Plate No. IV
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Fig. B-10 Combined shear & torsion failure Plate No. V
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Fig. B-11 Combined shear & torsion failure, Plate No. VI
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Fig. B-12 Combined shear & torsfon failure, Plate No. VI
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FIG. B-13 LOAD DEFLECTION CURVE, PLATE NO. II, POINT A
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FIG. B-14 LOAD DEFLECTION CURVE, PLATE NO. II, POINT B
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Fig. C-3 Bending failure of beams All to El2

FIG. C-4 Shear failure of beams A2l to B22.
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FIG. C~5 Shear failure of beams A3l to E3l.
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FIG. C-6 Shear failure of beams B4l to E&42.
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FIG. C-7 Shear failure of beams A5l to E51.
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Fig. C-8 Bending failure of beams B61, C6l, D61.

FIG. C-8(a) Photograph of tested beams.
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FIG. C-8(b) Photograph of tested beams.

FIG. C-8(c) Photograph of tested beams.
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FIG. C-9 Combined shear & compression failure beam Fll.

FIG. C~10 Shear failure, plates Cl-1, Cl-2 & Cl-3.
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FIG. C-11 Shear failure, plates Dl-1 & D-2.

FIG. C-12 Shear failure, plate No. Hl.
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F1G. C-13 Shear failure, plate No. Kl.

FI1G. C-14 Shear failure, plate No. Ol.
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FIG. C-15 Crack patterns of plate 01, 03 & N3.

FIG. C-16 Shear failure, plate No. 02.
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FIG. C-17 Shear failure, plate No. NI,

FIG. C-18 Shear failure, plate No. Il.
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FIG. C-18 Shear Failure, Plate No. IMi

FIG. C-20 Shear failure, plate No. N2,
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FIG. C-21 Combined transverse moment & shear failure,

plates No. El-1, El-2 & El1-3.

FIG. C-22 Combined transverse moment & shear failure

plate No. E2-1 & E2-2.
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FIG. C-22(a) Combined transverse moment & shé;f‘fgilﬁre

plated No. E2-1 & E2-2,

FIG. C-23 Combined transverse moment & shear failure

plate No. P12],
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FIG. C-24 Combined transverse moment & shear failure plate No. Fl.

FIG. C-25 Combined transverse moment & shear failure plate No. Gl.
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FIG. C-26 Combined transverse moment & shear failure plate No. P122,

FIG. C-27 Combined transverse moment & shear failure plate No. G2.
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FIG. C-28 Combined transverse moment & shear failure plate No. P123.

FIG. C-29 Combined transverse moment & shear failure plate No. I2.
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FIG. C-30 Combined transverse moment & shéar failure plate No. L2.

FIG. C-31 Combined transverse moment & shear failure plate No. Jl.
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FIG. C-32 Combined transverse moment & shear failure plate No. Ll.

FIG. C-33 Combined shear and torsion failure piate No. C-3-1 & C3-2.
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FIG. C-33(a) Combined shear and torsion failure plate No. C3-1 & C3-2.

FIG. C-34 Combined shear and torsion failure plate No. D3-1 & D3-2.
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FIG. C-34(a) Combined shear and torsion failure plate No. D3-1 & D3-2.

.

FIG. C-35 Combined shear and torsion failure plate No. E3-1 & E-32,
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FIG. C-36 Combined shear and torsion failure plate No. H2.

FIG. C-37 Combined shear and torsion failure plate No. J2.
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FIG. C-38 Combined shear torsion failure plate No. K2.

F1G. C-39 Combined shear and torsion failure plate No. H3.
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FIG. C-40 Combined shear and torsion failure plate No. J3.

FIG. C-41 Combined shear & torsion failure plate No. K3.
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FIG. C~42 Combined shear & torsion failure plate No. 03.

FIG. C-43 Combined shear & torsion failure pla'te No. G3.
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FIG. C-43(a) Photograph of crack patterns.

FIG. C-44 Combined shear & torsion failure plate No. M2.
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FIG. C-45 Combined shear & torsion failure plate No. I3.
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FIG. C-46 Combined shear & torsion failure plate No. L3.

FIG. C-46(a) Photograph of crack patterns.
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FIG. C~47 Combined shear & torsion failure plate No. M3.

FIG. C-48 Combined shear & torsion failure plate No. N3.
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