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INTRODUCTION

Compression members with thin-walled open sections,
because of their low torsional rigidities and because their
cross-sectional configuration is such that the centroid and
the shear center often do not coincide, can buckle at loads
well below the Euler load by interaction of torsion and
bending. Fast expanding applications of such sections in
civil and architectural engineering call for an extensive
investigation of torsional-flexural buckling.

Basic theory of torsional-flexural buckling is treated

by & number of authors,l’2

and simplifications of the basic
theory in the elastic range for the design purposes together
with some test results were reported previously.3 Some in-
vestigation of inelastic torsional-flexural buckling of
as-rolled, thick-walled I-beams by application of bi-axial

moments has been reported.6’7’8

However, there has not been
sufficient investigation of axially loaded columns with thin-
walled open sections in the inelastic range.

All inelastic buckling problems are inherently non-
linear and non-static. In view of the even more complex
nature of torsional-flexural buckling, simplifications of
the basic theory for practical purposes are necessary. While
the simplification may reduce the design procedure to an
easier form, the computed values must also be reasonably
accurate when compared to the actual buckling loads.

This investigation, primarily semi-empirical, was con-
ducted for the following objectives:

1



1. To develop and verify an approximate inelastic
torsional~-flexural buckling theory based on certain simpli-
fying assumptions,

2. To recommend a practical design procedure and a
formulation of code provisions against torsional-flexural

buckling covering both the elastic and inelastic ranges,

A series of tests on specimens of various cross-
sectional shapes and dimensions were made to verify the
basic theory. The test results agree with the predicted

values within reasonable limits.

BASIC THEORY

Axially compressed members with thin-walled open
sections, because of their low torsional rigidities, can
buckle by twisting at loads well below the Euler load. Also,
because of their cross-sectional configuration, the centroid
and the shear center frequently do not coincide and, there-
fore, torsion and flexure interact.

Members having singly symmetrical cross-sections may
buckle in pure flexure or in the torsional-flexural mode,.

Based on linear theory,l’z’3

the critical torsional-flexural
stress in the elastic range is given by the following quad-

ratic interaction equation:

(50p)s = 7k Loyt @) =\ flag + 0% b oy oy 1 (1)

in which

(°cr)E = the elastic torsional-flexural buckllng stress;
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X, = the coordinate of the shear center with regard to

the centroid;

T the polar radius of gyration about the shear center
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rx = the radius of gyration about the x-axis;
A = the cross-sectional area;
IP = the polar moment of inertia about the shear center,

Far thin-walled open sections comprising plate elements
which do not significantly restrain each other rotationally,
Eq. (la) gives rather accurate account of the interaction
of the two fundamental modes.

For members of small or moderate slenderness with walls
of greater thicknesses, the average compressive stress prior
to buckling may exceed the proportional limit of the material.
In this case failure occurs at an inelastic torsional-flex-
ural stress which is less than the computed elastic buckling
stress,

According to the tangent modulus theory, the flexural

buckling stress in the inelastic range (buckling about the



x-axis) is given by the well-known Engesser-Shanley equation:

2
ﬂEt

Wt TTE)? (2)

In the analysis and derivation of the equations governing
torsional-flexural buckling in the elastic range, the so-called
Euler method is used.l’3 Many practical column problems
including torsional-flexural buckling in the elastic range
can be treated as static buckling problems for perfect math-
ematical models, A static stability criterion may not be
useful, however, for nonlinear problems, Shanley pointed
out that the time factor and behavior of loading must be
taken into account in the inelastic column buckling, which
leads to the tangent modulus concept, in contrast to the
double modulus theory of v, Karman which is the result of a
mere extension of the Euler method,

The critical average compression stress of the purely

torsional mode in the inelastic range is then

2
E,.Cn
1 t7w
(6.), = [6,J + —2—1 (3)
q:tT;t 1.2
in which Et is the tangent modulus defined by Q% » and
dr

Gt = the tangent modulus of shear defined by T5 ° Eq. (3)
comes directly from Eq. (1d) because during bucKing in the
inelastic range, infinitesimal shear stresses dt are super-
imposed on axial compressive stresses, the ratio t/} between
excess shear stresses and excess shear strain being Gt' The
second term in the bracket of Eq, (1d) represents the com-

ponent of internal resisting torque due to warping of column



as it twists, E refers to the axial stress thus caused;
hence in the inelastic range, it becomes E, by applying the
Shanley inelastic buckling concept.

Thus the critical torsional-flexural buckling stress

in the inelastic domain can be given by

- 1 ( 2 \
(o0p)g = 25 Llogy + ()= (o )p+(o,) ) Sbrlo)y (0,001 ()

There are several theories and suggestions for computing
the inelastic moduli in Eq. (4)., However, most of the theories
and methods lead to quite complicated and inconvenient pro-

10

cedures, For example, P, P, Bijlaard derived the fol-

lowing expression for Gt:

Gt = E/(2 + 2y + 3e) (5)

in which

v Poisson's ratio;

0]
}

(E/EJ) - 1;

v
"

the secant modulus.

F. Bleich2 suggested the relationship

G = G\|]— (6)

If these expressions are substituted in Eqs. (3) and (4) and
combined with an appropriate expression for the stress-strain
relationship of the material, the resulting equation needs
laborious and time-consuming solution., (See Appendix D.)

We shall assume now that the ratio of tangent modulus

of shear to elastic modulus is equal to that of tangent



modulus to Young's modulus, namely, Et/E, so that

Et Et
Gtng:._(T—Q +\;-) (7)

This is equivalent to saying that the ratio of the two
moduli remains constant. This assumption is in accordance

with that made by K. Roik9 and F, Bleich.2

It cannot be
proved rigorously but may be justified practically because
for most cases of torsional buckling, the shearing stresses
play only a minor role (although the case of the equal legged
angle seems to deviate somewhat from this reasoning). Hence,
even relatively crude approximations in the shear terms have
comparatlively little effect on computed critical loads.

The relation (7) leads to somewhat smaller value of Gt
than other expressions, and therefore, to a more conservative
buckling stress, The computation is greatly simplified,
however, by this approximation. Eq. (3) can then be written
as
%_ [G,J + gﬁ_gﬂi,]

D L°
E E, Con

1 t
T Gotrray 7 ¢ 5t (8)

(°¢)t

Thus, if one has an expression for Et as a function of
stress, for given E, proportional limit and yield strength
of the material, the inelastic torsional-flexural buckling
can be easily calculated.

In order to determine stress-strain curves of the
columns, stub column tests were made. Typical effective
over-all stress-strain relationship of the specimens are

shown in Figs. 2, 3, 4 and 5.



All stress-strain curves reflected the well-known
effects of cold forming.5 They were practically linear up
to at least half of the yield strength determined as the
stress corresponding to 0.2% residual strain. Above the
proportional limit, they gradually deviate from linearity
and rapidly curve as the stress approaches yielding. In
the present case, the non-linearity above the proportional
limit is due to the effect of cold forming which produces
zones of higher yield strength at corners.

To obtain the stress-strain relationship, we assume
that the Et/E ratio follows a parabolic law; thus, the

expression for Et can be written as

2
E, = CE [-§~ - <g-> ] (9)
y y

where

C = f(o, Y oy)

Hence, C is a numerical parameter, dependent on the full
section proportional limit which in turn is dependent on
the properties of virgin material, amount of cold forming
and on the cross-sectional dimensions,

From the stress-strain curves of the stub column tests,
E, was measured using a "tangentiometer," A tangentiometer
is a semi-transparent mirror fixed perpendicularly to a
straight base. Holding the mirror perpendicular to the
paper on which the stress-strain curve is drawn, one can

adjust the position of the mirror until the reflected image

of the curve coincides with the image transmitted through



the mirror; the surface of the mirror is then normal to the
curve at that point., The slope of the curve at the point
can be read at the base. The Et/E ratlos are plotted against

—%— as shown in Fig, 6. If a curve is drawn through the

cegter of the scatter band, C i1s seen to be 4.5, Tor
comparison, & curve based on C = 4 is also plotted, and

seen to represent the lower limit of the scatter band. This
value, C = 4, is the one currently used for steel column de-
sign for flexural buckling, taking the proportional limit as
one-half of the yield strength.

For most practical cases, the majority of buckling
stresses fall under 90% of the yielding strength. It is
seen from Fig, 6 that the curve corresponding to C = 4 1is
the lower bound of the group of the experimental data.

For a more gradually yielding stress-strain curve, C tends
to be lower, as is the cases of hat and lipped angle
sections, Figs, (4) and (5)., Conversely, C tends to be
higher for angle section, Fig., (2), while for channel section
it is about the intermediate, Fig. (4). This effect can be
observed later from the buckling test results plotted in
Fig, (14). The points for hat and lipped angle sections
generally fell somewhat below the theoretical curved based
on C = 4.5 and those for angle section are generally above
the curve, with those for channel section being in best
agreement with the theoretical curve.

The tangent modulus can then be expressed as

E, = 4.5 E [g-— (1 - g-—)] (10)
y y



To derive a stress-strain curve from this equation, one
notes that

_do
E"e

t d

and substitutes this differential into Eq. (10) to get

- 1 do
€ - u.SEJ + Cl
(o] g
g“(l ~- 6"’)
y y

carrying out the integration

a/o

_ 1
e=C tymp In | 5 |

y

The constant of integration, Cl’ can be determined by the

condition of the proportional limit, i.e.,

Et

Flo. -1
P

whence, Eq. (10) becomes

e . (p)°
1= s [ (B ]

y y
o]
Solving for ;R , one obtains
g p_2
oy 3
from which the proportional % above which Eq. (10) applies,
is
p 3y
g
Noting that el , -2, = § =,
p 37y
g
= A
C1 0.513 5

one finally obtains

a a/o :
¢ = iz (2.306 + 1in | j (11)

i-
c/oy
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Eq. (11) depicts the stress-strain curve above the propor-
tional limit up to the yield strength, corresponding to
Eq. (10), Stress-strain curves based on this equation are
plotted as dashed curves in Figs. (2) to (5), for com-
parison with measured curves. Agreement is seen to be
reasonable,

At incipient buckling, o becomes (oc ). in Eq. (10), i.e.,

r't

(c..) ( )
Ep = 4.5 E [ “er’t {1 - _ZEE_E} ] (12)
%y °y

Substituting Eq. (12) into Egs. (2) and (8),

(O' ) (O' )4.
(o) = 4.5 =2 L1 - 8CF g, (13)
cy o] X
(0,...) to..)
(6)g = 4.5 —E2[1- 57, A
Yy y
Eq. (4) together with Egqs. (13) and (lu4) becomes
(a..) (o0..)
(0,), = 4.5 —SXE [y _Crb g (g
cr’yg cy °y cr E

and finally the torsional-flexural buckling stress in the
inelastic domain becomes

c

- y
(ocr,)t = oy (1 - G (ccr) ] (15)
E

where (GCP)E is the elastic critical torsional-flexural
buckling stress computed by Eq. (la).

One obtains the same result by defining an effective
slenderness ratio as follows,

In flexural buckling, if one knows the slenderness ratio,

L/r, one can compute the buckling stress
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in which (°x)E is the computed elastic Euler stress, which
is higher than the actual buckling stress in the inelastic
range.

If one equates (gcr)t of torsional-flexural buckling to
the above flexural buckling stress and solves the resulting
equation for (A/r), one gets the effective slenderness ratio;
or conversely, one can compute the torsional-flexural buckling

stress if one knows the effective slenderness ratio, (A/r)eff'

ant
(ccr)t z (A/P)z (186)
eff
Rewriting Eg. (16) analogously to the flexural case, one
E 2
obtains (ccr)t = Et mk ) (17)
(x\/7r)

" eff

Then 71 _ (15) -
oI L (6 ) -
2 cr’E
(A1) _pp

which is the computed elastic torsional-flexural buckling
stress given by Eq. (la). Therefore (L/r)eff can be com-

puted by

A2 7" F

) = (19)

T err —Toé;jé
In the elastic domain, i.e., below the proportional limit,
Eq. (19) gives the actual elastic torsional-flexural buckling

stress.

Substituting Eq. (10) into Eq. (17),

(o ) (0.
- cr’t cr't
(Ocr)t = 4,5 — L 1- ——;———] (%r)E
y y
and finally
o
(6 ), =0 [ 1-—FL ] (15)
cr’t y
4,5 (OCP)E

as before,
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Both approaches are based on the assumption expressed
in Eq. (5). However, the physical meaning is better vis-
ualized in the first derivation.

It is now possible to extend the calculation pro-
cedures of the elastic case into the inelastic range and by
applying Eq. (15) to obtain the critical torsional-flexural
buckling stress in the inelastic range. The computed values

in Table II are based on Eq. (15).

EXPERIMENTAL INVESTIGATION

The purpose of the experimental investigation was to
verify the basic theory in the foregoing. Altogether, 30
tests were conducted on specimens having various sectional
shapes and dimensions.

The main parameters which must be considered in choosing
specimens are as follows:

1. w/t ratio of the plate elements of specimens.

As this ratio increases, there may be local buckling
premature to the over-all column buckling under axial com-
pression. For the present investigation, the w/t ratios
were chosen such that premature local buckling was avoided.
Within such range of w/t ratios, a variety of cross-sectional
dimensions were designed.

2. Wall-thickness,

If wall thickneczs is sufficiently small, the torsional
rigidity of the cross-section is correspondingly reduced and
the buckling load is so low that the average compressive

stress cannot reach the inelastic domain. Therefore, steel
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sheet thicknesses of 10 to 13 gages were selected,

3. Yield strength of material,

As discussed in the basic theory, the basic yield
strength of the material is of great consequence to the
column buckling stress and also to the local buckling.
Hence, materials having relatively low yield strength were
used,

4, Shape of specimen.

Tests were confined to shapes having singly symmetrical
sections, to which most of the commonly used shapes belong.

5. End conditions.

Fully fixed end conditions were chosen. This was to
eliminate the complex end fittings necessary for testing
column with other end conditions. Moreover, the simpler
the arrangement of the end restraints, the less error would

be involved in aligning the specimen.,

Specimens and Test Procedure

Specimens are grouped into four categories: plain equal
legged angles, lipped angles, plain channels and hat sections,
The cross-sectional configuration is shown in Fig. 1. A
summary of specimen shapes and their dimensions is given in
Table 1.

All tests were conducted on columns with length less
than 70 in. The fixed end conditions were achieved by welding
steel plates of 3/8 to 1/2 in. thickness to both ends of the
specimen, which were then set in hydrostone placed on the

base and head of the test machine.
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The materials used for the specimens were 10 gage hot
rolled sheets and 12 and 13 gage cold reduced sheets.

Column specimens were made by press braking at a local shop
(Champion Sheet Metal Co., Cortland, N.Y.) to specified
dimensions.,

Stub column compression tests were made to evaluate the
effective over-all stress-strain relationship of the spec-
imens, A stub column is a short piece cut from the specimen
to be tested. While details of the stub column test pro-
cedure are fully described elsewhere,5 a brief explanation
will be given below.

A schematical setup of a stub column test is depicted
in Fig. 7. The specimen was surrounded by hydrostone cast
in a steel pipe to limit plate local buckling. SR-4 strain
gages were attached to the plate elements of the stub col-
umn and were then coated with wax in order to secure water-
proof, ©Each strain gage was then covered with a half section
of metal tube approximately 7 1/2 in. long split longitudinally.
Water-proofing wax was again coated along the tubing. The
specimens were then greased and wrapped in aluminum foil to
minimize friction between the surface of the specimen and
hydrostone. The entire assemblage was cast in hydrostone
contained in a 4 in. steel pipe or 6 in. square tube of
7 1/2 in. length, depending on the size of the specimen.
Before the stub column was placed in hydrostone, the ends
were cut so that the end surfaces were perpendicular to the

longitudinal axis; both ends were milled to smooth surfaces
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after the specimen was cast in hydrostone. After the
hydrostone had hardened completely and heat generated was
dissipated, the specimen was brought to test,

In testing, the specimen was placed on a milled plate
of 1-1 1/2 in. thickness which was fixed by hydrostone on
the base of the testing machine. The plate was checked to
be horizontal by means of a bubble tube. Under the head of
the machine, the same arrangement was made.

The stub column cross-sectional area was determined
accurately by measuring the weight and length of the spec-
imen. The average stresses were computed and plotted
against the average strain readings of the strain gages.
Typical stress-strain curves are shown in Figs, 2, 3, 4
and 5. (Others are included in Appendix A,)

Basic instrumentation of the column tests consists of
two needles attached to the column walls at mid-height and
a circular ring with scale increments of 0.01 inch to
measure the rotation of the column as indicated by the move-
ment of the needles; dial gages to measure the column de-
flection at mid-height; and electrical resistance strain
gages at certain points on the column walls mainly to check
the column alignment. The vertical alignment was first
checked by a plumb-bob and also by a bubble tube,

The column specimens were loaded in a hydraulic test
machine with load increment of 500 to 2000 1bs., depending
on the specimen and the predicted buckling load. As the
buckling load was approached, the load increment was re-
duced. Typical test setup and testing are shown in Figs, 8

and 9.



16

The applied average stresses, P/A, were plotted against
the measured rotations at mid-height and against the deflec-

tions in the direction perpendicular to the axis of symmetry.

Discussion of Results

Typical stress-deformation curves are shown in Figs.
10, 11, 12 and 13, (The curves for all other specimens are
given in Appendix B.) It is seen that the behavior of the
specimens is similar to that of an axially loaded column
with imperfections. The stress-deformation curves show
gradually increasing rotations and simultaneous lateral
deflections in the intermediate range, with rapidly in-
creasing deformations as the buckling stress was approached.
The stress-deformation curves show that failure occurred
at the stresses in the inelastic domain. They also show that

there was no apparent post-buckling strength. This confirms

¢]

again that post-buckling strength depends on ;Z ratio, i.e.,

the greater the ratio, the smaller will be thecsifference
between the buckling load and the failure load, as reported
before., Since the inelastic buckling stress is close to the
yielding strength, post-buckling strength cannot be expected.
An interesting discussion was presented by N, J,. Hoff"
concerning the definition of buckling load of an inelastic
column. He observed that there is no definition of experi-
mental buckling locad in a manner acceptable to all research
men. The maximum load has the most clear-cut physical sig-

nificance and is also easily observed experimentally. So-

called critical load is based on the classical concept of
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stability and is obtained as the Eigenvalue of the load
at which neighboring, slightly deflected equilibrium con-
figuration exist simultaneously with the initial config-
uration of deflections., The extension of this concept
leads to the double modulus load which gives a value higher
than the maximum inelastic column load. The tangent modulus
load has the merit that it can be easily calculated as soon
as the stress-strain curve is known. It also agrees, on
the average, with the maximum load observed with actual,
somewhat imperfect columns.

In view of this, the maximum observed stresses (i,e.,
the P/A at maximum load) are given in Table II for compar-
ison with the computed values. A quick over-all comparison

is presented in Fig. 1l4. A non-dimensional curve is plotted

/O o
taking A = % —%— (L/rgffvs. 393 as shown. The scat-
y

tering of the experimental data is not large in general, and
the agreement with the theoretical curve is close.

It is seen that the only significant unconservative
deviations from the C = 4,5 curve (up to 15%) occurred for
three hat sections. Hat sections had the largest number of
corners of all sections tested and therefore, probably the
largest imperfections. This is confirmed by the over-all
shape of the load-deformation curves at the hat secticn

columns.

), based on C = 4,5 are computed

For comparison, (o, +

and are listed in Table II. Two additional curves based
on C = 5and C = 4 are also plotted in Fig. 14, the latter

corresponding to CRC column curve except (L/r) is (L/r)eff
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in this case. The buckling stresses of angle sections are
closer to the values computed by using C = 5, while those
of lipped angle and hat sections are closer to the values
by C = 4, This is to be expected since the stress-strain
curve for angle section is more of the sharp yielding type,
while for lipped angle and hat sections it 1s more of a
gradually yilelding pattern.

It is seen from Fig, 14 that, if desired for simplicity,
one may get more conservative, yet reasonable, torsional-
flexural buckling stresses for all tested shapes by replacing

4.5 by 4,0 in Eg. (15).

SUMMARY AND CONCLUSIONS

1. The most difficult factor in the analysis of in-
elastic torsional-flexural buckling is the determination
of the appropriate tangent mecdulus of shear, In order to
simplify the computations and yet obtain reasonably accurate
value of computed buckling stress, an assumption was made
in Eq. (7). This makes possible the simple extension of
the computation procedure of the elastic case into the
inelastic range.

2. As the best fit to stub column test results, the

tangent modulus, L was expressed in the parabolic form:

-t9

o o\
E, = 4,5 E = (1 - =—)
t oy oy

to represent the over-all stress-strain relationship of

the columns.
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3. The torsional-flexural buckling stress in the
. . . _ 2
inelastic range (i.e., for (Gcr)t :pp = ¥ oy) can be

computed by the following formula:

¢}
(UCP)t = Oy [l - WOLC:TE] (15)
in which

- 1 2 . %o
(o ) = '-—-——-—}z;—; [GX + O¢‘/\/(0x + O’¢) - Ll[l—( ;;)2]0X.0¢ J
2[1-(£2)°]
o}

4, Thirty tests on full size columns were made, The
experimental results agreed with the computed values within
a close range,

5. More conservative values of buckling stress may be
obtained by replacing the numerical factor 4.5 in Eg., (15)
by 4, In this case, if (L/P)eff is used in place of (L/r),
the CRC parabolic column curve for flexural buckling can also
be employed for thin-walled members which buckle in a torsion-

al-~flexural mode.
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TABLE 1. SUMMARY OF SPECIMENS

Dimensions (in)
Section Specimen a b c t L cy(ksi)
A-1 1.93 0.135 56.0 u4y.7
. A-2 1.83 0.135 40.0 4,7
Plain A-3 2.35 0.135 55.0 Uul.u
Angle A-4 2.39 0.135 55.0 u4l.u
A-5 2.60 0.135 30.0 4l1.4
A~6 l.438 0.103 39.98 30.0
LA-1 2.135 0.568 0.1365 40,0 47,0
LA-2 2.635 0.8175 0.135 50.0 u5.¢6
. LA-3 2.135 0.568 0.1365 65.02 41.0
Lipped LA-4 2.635 0.8175 0.135 65.04 45.6
Angle LA-S 1.8u47 .8086 0.1028 59.97 31.7
LA-6 2.007 .9166 0.103 49,98 31.7
LA-7 1.584 0.780 0.0908 49,97 32.2
LA-8 1.582 0.8125 0.103 50.4 34,25
LA-S 1.675 0.825 0.090 49,97 32.2
CH~-1 2.135 1.568 0.135 55.03 45,25
CH-2 1.603 1.552 0,103 3u,0 31.0
CH-3 1.603 1.552 0.103 4g.03 31.0
CH-u 1.5468 1,5684 0.1032 60.05 31.0
Channel CH-5 2,057 2.069 0.103 60.0 30.4
CH-8 2.068 1.8298 0.1023 54,97 30.4
CH-7 1.546 1.568 0.1045 50.03 31.0
CH-8 2.047 1.819 0.1028 55.0 30.4
CH-9 1.584 1.534 0.0866 45,0 31.0
HA-1 2.135 2.135 1.068 0.135 45,0 u46.9
HA-2 2.635 2.135 1.318 0.135 49,94 46.9
Hat HA-3 2.135 2,135 1.068 0.135 60.0 46.9
HA-4 1.587 1.857 0.8085 0.103 50.03 36.5
HA-5 1.581 1.811 0,775 0.090 50.0 36.5
HA-6 2.098 2.058 1.059 0.1019 +60.0 30.7
Note: Cross-sectional dimensions a, b and ¢ denote inside

middle-line dimensions.



TABLE 2 TEST RESULTS

Buckling Stress (ksi)

Specimen Tested Computed
C=y % Diff.  Czu.5 % Diff.
A-1 38.31 35.6 - 7.07  36.65 ~ 4.53
A-2 38.26 36.6 - 4.34 37.50 - 2.02
Angle A-3 33.20 28.5  -1u.1 29.89 ~11.10
A-Y 33.18 2.1 -12.3 30.43 - 9.04
A-5 32.2 27.4  -14.9 28.90 ~11.4
A-6 22.49 23.8  + 5.82 24.57  + 8,25
LA-1 36.6 36.0 - 1.64  37.22  + 2.31
LA-2 34 .6 37.9  + 9.53 38.76  +10.8
. LA-3 30.3 30.9  + 0.99 32.71  + 8.0
Lipped [, 4 30.23 29.6 - 2.08  31.28  + 3.45
Angle LA-S 26.”’6 2”’-3 - 8-16 25-10 - 5.3
LA-6 23.90 23.8 - 0.u42 246.73  + 7.0
LA-7 24.96 25.7  + 2.96 26 .40 4 5.45
LA-8 27.17 28.0  + 3.05 28.70 +5.23
LA-9 27.05 25.5 - 5.74  26.21 - 0.34
CH-1 38.79 39.8  + 0.05  40.82 + 4,95
CH-2 29 .46 28.2 - 4.28 28.49 - 3.4
CH-3 27.95 27.5 - 1.61  27.93 - 0.71
CH-U 24.98 25.4  + 1.68  25.98 - 3.85
Channel oy . 25.21 265.8  + 2.22  26.27 - 4.18
CH-6 27.28 26.4 - 3.22 26.90 - 1.41
CH-7 27.05 26.4 - 2.u0 26.94 - 0.ul
CH-8 26 .40 26.5 - 0.38 26.96 + 2.1
CH-9 26.73 26.6 - 0.u87 27.13 +1.u8
HA-1 38.19 38.7  + 1.33 39.58  + 3.52
HA-2 38. 91 38.9 - 0.10 39.72 +1.96
Hat  HA-3 31.60 34.1  + 7.91 34,95 + 8,27
HA-Y4 23.75 26.9  +13.7 28.00 +15.20
HA-5 22.57 25.6  +13.4 26.83  +15.60

HA-6 23.32 23.9 + 2.42 24.68 + 5.50



: \yé
il
‘/ - X
O\ .
0\:',/\/\’
? [
t
1
_ | }
01 4 —= X ‘I_‘ - — X
—L L CL . . | —
o] ' o

!

FIG1. SINGLY SYMMETRICAL SECTIONS



e WAL LEWON THLTERAn0D TYREROD

€02 REwail fa < s (el KR Fuveta B Rl wowaes Booa Puc vt PUpe i =T el Eviorie Scsioan b g ariare ers o Fe7sad] Dusowes Larts | P B s peakd Sowist b1 :
| LESEXGRT §OaNd Hne S Gl [l (S cuirs il Sed Moy xS s e P i Sl doe: S adTs s Dl s S s SaTs ot datrs ek e i — = e
s e o o O e s e s e e o e s e MY G ) R B B e e e e o B e P e

! 5 B I S Py fenss besna ros B~ — s e e e T e L, o S e e e o= Sux
i Ergmd v, wmc

]

|
i

o 1] i:iikmaia::'__ﬂ

£ ATRRRL ACTRER O

4+

giiid

—

H

Tyl ]
1T 1. e

|ISE AEEaS

I
T T
1 T
' 11 -
T I ) -
e R QRSS! [ ¥
- "] 41 1 1l 1 1]
! =u s BR ! T ! i1 : inggnsnE
s 1 i B + L + 1 i oo d
i S W T i S i
i Rmae e g L T 1 T SR T HrH HH i 4 BEE
P + ' T T 1 — -
i T HHr 1 H T T
i = n MR ] f I 5 e
RN : SRR REsest o : _ T
T TTT1 B W] T | & T .* 1 “
¥ SN .IL.M EEL | NS WEE X 1 I - -
+--io o amA ! s Ban S0 o - 1 - - HH
) SeEEsERe 5. wEn T e " T i - = — e
— : : : : r
HEF 8 RIS Y 7 1 ! o i T f i 1 |.|._Hn_u
- ~ 1 T T 1 T = T ue
| 1 L 4 H et - —44
- “_ T ] + I nEn us
ires - 1 I e
H 1 an a=
- - et
- 1 | o |
1 T T
1 1 1
- : _ : _
B R T ! HHHH m 1 HH 1
i i T T T T I T - 1 1 A B I H =y
AN ARCEE A RN 1 55 1 I I 1 I T 1 1 i I
a
R - e - - o —1-- 1oL ! + - -
“w 348 Basan Eax i f H-r e mman hmuns . HHE HEHH
' W 1 s 2 L et b L L L LR ! ANENE FEURE SN
L] - e i mmE ! :
i B W T T T T T N B B T fgEEs e 13 1
—++1-+4 - + e - - . ] - -] e a e ¢ are b
..uw-i amus ERunn . SEEEEEE SESGNEEEEE Smmasnsay s EEENGERRAR SRUmASUE EEESEE FEERY A=Y
A NS INESY BaEE ERa el i S e - e =TT S m ) P L R G "
m . EREEE BN 1 T s o unE ES _ I MR SRS B K S RN Y
T h E T "F T EEEE RSN . —+ gm0 lr 111 +
auL gEiu Pune ! I o I SR EREE B ERE i L
T T t g% BEE
B SEARE ANEEE §In T T T T £ I B ] A % B ES T
$u iienad mans et T H T H L mmn haman RmEwE ) .’ JEaEs Abans aam
L S Tma = S R rastew e = = = mmce | o1 S5 LIRS RS P £ G
et | et e ma RN R RNE T omma . Tt Rmn S S R e e i SSuns seaxs ameas
| N RS B b iy nans TEEEE _ emrTes exi Bamad . g3 Suams progn sesi 5ok 5 G DA FmEER
- = " pas
(g e i == EEREE S o
: HH : T OENE S X % 5iii 2 RO RS BRES T
”:. 1§ Bu - ..—lui. — yags
+- S —— 1 i T
i 4 T T as = = ] I 1
_|u bl N FEE TRED N SN ED DESE N DEXN BT B XD .!|r._.,ll ; i Tt T T
v 1 Tl T T 1
L

—
] 13 1 ImEN
i L 1 r m

—+ !
: _ - "

- L | B

LR | n 1 Tttt

e LID B2 2R PRRALECE £ Ey)

1

-

E




1

IBEEE 8

1113

1

IHSE DN R nE En

| T

S BaEs 1 } DRSS

1‘1‘3’:‘"5
I__

¥

1 | _
anmBN I !
i | i it
S il
+ _ % i
|
. il il
i R i B
Heaasanmanas aunaEs - Hh
i1 Eisig il i
g gl .
LAl R

é TR
| BREEN

. HH T um TH 388 m J]. ]1 I b= =u
ng A T ___ HH- S L
g ﬁ g aed _ T ....[[m.., T ?
H ﬁ _ H “u . _ EEssnsasdseadss H R
SO T e TR HHEEHHHH HHHHH T TR
| LT r . 1 HEEHE HESREARRRERRE | - {1
P : FHHH “_ [ ] Bunk HHHEH . ,
® | TR i S1EAE i ;
T ST aEEaEn my, -+
JFACcEEEeR: Exeeeheet adad ESEEE BMERE R e et RRRagas A i
R TR EisieictiRichcanel dEetcatebl RIRIERL. ) SaRd i
H N SRR R AT IRt SEeiRsanl dsand st pass i
' — REgEsEs Sanbis ] T i HHEH __
. H +H 5 EEsimmmmassmmaas ] 1 HE A § -
: FHHHHHHR + u i NS SRR ) T
: SiESaEEEEs i EEEEEEES SasasyBREEEEEIEaE 1
] mEEEEERES . EREEEE T T i dmEme
i HE -l 11 :: SEEnc. SespasRss a5 T T S HH
HH HEHTE , A R _ § ]
. i i e | |
: : : _ _ I
i : g FEHTHLE " |
. it THE it i HHEH] HiH]
H EEEEWARE s T I -
: - EMNSamEAmHMEsaRNAN “ .#:J.ﬁ_,t _ H I ;
B EiS SEEiEas ARAnE - ! tl
H Lh*l..,l 5 EnEaEEN - I LLLL]




o VAT LI R T VR AT VTN
o it oo S (NS frator:
+ 11— Sy MR SR B O
4.2 + = St = S
— e P

)
EErmE e e SeEmn
Tl 3 A b el | L LA R






4. e - — ——— - - -l.‘l. - —
Fesgsaes: : & { ! =
fheifery oo S Pt B ISR fEemcia b — i
. 094 0204 faudg Dot 0 S RPE) fperedl s
T L5 Bt L G O] ISR IR IO
mrl H 55 B ESis SR Doty Samn et M) i e = s I
9 1 X pche Sraraa i SCIDN LX) G2
1 I 3 s N sy Ladey bk ra
Sy e |.....|..
FSUSE SEEON BIAE PR B s el - i asinie e . e A
I8 ) o A N A
IERES SH0AN BN EK N6 EOD {00 G
W BE N SE BB jnsnes
T Isau
N .}..ll. 5
T T !ﬁnll.
- -
1 NSRS pEEEE
TTLL ! u
am il /N
mEw T Nl BEE
T . e BEa
+ + - -
| ” Ve IT T i
| o I
T I T mu N T
1 e 1 It 8 B
I : |W% SEES B } T + 11
1T n R TN iR (R 1 1 T s aEEEd ! = I
1 S AP B § INEEN §N =i 1 T 1 T 1 4
1 it T 1 i 8 BEEEE B T
5w €T mEES R T T s L]
H 1 T t T T T I
1
+ T
H - - - H-+ + 1 - < 1t
T T t_ T "y T T T
TE e T ] T 1 !
! I e 't T X B 1 /8§ ! T NN R i 1
£ nEES EENENSHE BNEE ! - “_. T !
t H1 t t t 1 H 1+ . 1t !
! _m.ﬂT 7 IREES NSNS da I 1 1 T ut T HH manul 1
4 4 L i 4 '
T uN SmEEE au 7 . ma SEAAE SRS AN EREES B8 5 SN B RSB T 1 v
. bk L 1 Ll 1 i T 1 - 18 .1 T 1 i | 1 T Ll L1l L 1
o IEEEEENYEN SNEEI T T T T 1 e Eu 8 EEE R B T T T m
T TIT 8 SR EE) T 11 I 1 I IS EEESE PR I SEEEE RN T T
5 Sisfasns saastntas tat S8 Saes e e e e et EEEEIEEERY St FES ] SERRe ecad s 8
t 1 .
1 I N 1 I I M. T 1 [ I I 1 samm ) . 5 1 L0 ) 1
1= i T 1T I 1 5 mEn " I I ] 1 I 1 T T 1 T
T1 1 T ERELENEE SNEANUNENS SRS RN INUE UNEEE NN i 4 A VE SEEEEEEE I L B | ImEE BRI 1 1 1 (BE ARENI 8§ T T 1
1 T S SRENE ) NEEEEEN NI E NS N 19 S EONES i L Y NEEES 13 BREE i T NESE ARl 1 NEEERE T T T I Y |
jENS NSNS dREEA 55 11 ESE NS SNSEE ST EE B Tt 1 =) I AR SNEESSNS SRNEE ANNNY SN 1 T | T I 5 Tt
L L 1 L T L 111 Ll 1 Ll 1 L T 1 | 1 § 11 1 T L T T T11 T T T T 1 T 1 1 |
= T T T T ITNNE IEPE A AR N T TN T = T R R SRR R T T RSl SRR
I IS uE I Tt SRS NS (ANEE SEEEN NNEDS RN SN EEEEE SEA V) =S BEEEI T NS BEEEABEES) IBESSNENE T 1 o
e SuasaEEaEmaasanss aswLEREndaal NG _ Eus BumM MRS SESENENEES SAERSASEELSeussEmaasanua HH
= . 1 i 1 L1 I 1 1 1 11 | 4 i |
L ] 11 T I U 1 Tt (NS SEEEEL VE] § AR5 i T IS T T T I
1 T 1 1 I W SN I N N ] I i 1 T THT T 1 T T T
T T T T IS N REE A TT N RN ﬂ t ! EENE BN Tt TTIT T T I 1
| L 1 T I T T T jNE B | ] 1 I 1 1 1 I L X ]
1] i T T NSNS SR TITH Iug B ) T I 1 i
1 I L 1 SESESESEE BE T it it = o 1 L mm 1
L 1 1 1 1 1 1 111 1 1 11 11 1 11 1 1 i 1 1 1 T
1 1 1 1T 1 T T 3 1 1 1 ! 1
: L 1 1 T I 1 T 1 1 I 1T 1 I
1 1 1) 1 1 1T T 10 T T 1 1 1 1 1 T
I mmal 1 1 INEE B T T T T 1
T T | T T IS 1 1 1 T I T
Ll B L T 19 T T I 1 1 i) Il 1 T 1 T
anel L1 1 1 T 1 T i 1 T 1 I T 1 1 | 1
T I : ! — = o o s GBS B 1
T i inNe Aw f x| I 53 Buaaamal 1 1
= s ._.Hq S 1 m Isu s 1 ! T ! INAEA GESA IESIS T I 34 41 15 T
1 IITT TT T RN BEEEE R 1 I sas T I T T e
HHHHH T HH | HH + Tt 1 1 + 1 H .
[ 1 H I ! . ! | 1
BN USESuR N . T inwE| 1 1 T T 1 T BmR T 8| 1 T
N T O T 1T | 1T I T EEES NS 1 T | 1 1
i s Smmme aa & aam I 1 I 1
| : k. 11 1 i 1 | 1 i i 1
NS VNS S NS SN FE T I 7 T 1 1 H T
5% [531 I8 Ee] ERssegess: mesaseusy pusss seust e SR —opn s H T T i e
I T - . - - : T - H
+ 111 *.Lr.l - I + e ] . . ] - - ++ i IBEEE W - ! : = - 1” ._.
4+t N | I ' 1 1 1 HEENENEEN ENEE NN N I | EE S SN SNE . I L -
 WE e I m NS AN EEA N s BT L O R Eeiene R NS EE DA RN GARAS RaRRE ERERE NS 2N IEENE NSNS SNNENNNNE) INEENUSANE ERSNNEESNE X }
L1 INES GNENE BEEEY GEE 111 I8 Nl .“._ HMENENNEN OCNEEY EERNE RO HE EEE B 0 LA LA PR O Y i I I ImEnuE u g # H_w
T . T ] P al N EE RS I 2N SN NS NN S ENNEY ANRYY SEONS SAENN SANNN NANEY SN S G:T ISEEE SEEN N san!
—— - 4 S - e 1 —y —— — b e . — R e s - N 1 : |
EEa B N X EUREE SN SNE SN RS SRN AL NN ANENE NAENY Sman i iR A B W i v G N B T Ty YT
e —- . - - e e —— - e E SRATE AN RS RN SRR | DR ERER RS B D . L e P S R
aEai: ! TREh . EEnauaae: oa 04 4} e amaa b g : 1 mas am
I- I = iaEmoEa b T 1 e 1 .
wad Bnm FH maEE i 1 i EmEs sm T INE N RS G R 1 i
I I . ! 1 T 3 0 N}
£) I T i 1 ] T T s T T 11 T T
yaus BEuay Wmm—n nry am T Pt i —— = : s gas o :
AN R FEASN ) AN SY PEEE T 1 | o SR EE 1 T T T
e - — gt = == 1= 248 B3 s ! ~ = . !
T L IT I i m 5 T e ]
IS0 POUNE  BESE RAW ¥ LS R e .|1|.*.i|} S R L 3 2 ; o SN ENASS RNUNN SNESE G0S00 QNN £ T
P CEHE G 1 o I AL G S 06 M UL A LT = 1 n e INOE &I 0 A HW_.vH i
e T st onts Tones Rost Russ s sz Swm ! S B nanAnmma nnuy pa Oa MBS K !
H++H-L I Ry SEASY FENES FUERE B A } —f -t e o : e b ! 4 - .
1] (B SN DIFRGA D6 BN (M IR W e N RS T | T TS D T T 11T
T e 53 JESSIEeEE: : T — e e ] T e
e jSass snannsaasy Susns Sesay in mu i I = 53/ ©. 520K Ml IUMAE bt H SR N r o e S 1= " SRS SEaEEREEE H, i
SEERaNY FERSE SIENE FFNAN ENSNN & IS hanhE S NS aEwm EEETY T P e WA OEe ! i e 1 ! I A= WS wa 11 na DA KArm )
- _ T = - = h r..&_..... Enan AnRE s -
A= o ~—s . -4 pie




MACHINE HEAD

RN R R TR L STy )
R A R LT SR ML AR g o>

Y
T ]? T—T [\\HYDROSTONE
b [ !
| | |
: E ! i : : MILLED STEEL ®
Lol Col
B | o
e [ R— SPECIMEN
¢ | o | !
= N
1
IR I A A A A T R
SO [ A
! | | I
oo [
| ] |
bbby i
A i I\—STEELPIPE CASING
bl b i '
Loy, ! | {
| I ! 1 1
" HL 1 1 i /—MILLED STEEL

4 HYDROSTONE

ek LTRSS

ATIFRR
oty L7000

7 et ,/ / S '/ I e
MACHINE BASE

SR~4 STRAIN GAGE
METAL TUBING
HYDROSTONE

STEEL PIPE CASING

FIG.T STUB COLUMN TEST SET-UP



N
)
|
|
Ll
2
(Vo)
L
. =
s
2
-
s
o
_ ()

FIG. 8




P A bbbt bbb bbb bbbttt b b bbbt
e hepeepe e gapape b fopepo pogobege b bode bl

.J_.._.—.wd.-m.-tm-_.@ PR e e R

4 ?éé.»@« :

%e&%g@

e

o hh _.Q..-.\:v.la.- o Wikl ¢‘.I‘§l}§’-"v¢l=ﬁ._...!...«. LT T A T T L R LT T TR A

¥ Wive Wy et AR TR TR TR ST L L TR SLLERL B LS o
LR R e A4a @ ohue SPIROREFIRDRIURAREN AL UL AR 1l WY

.lA..i...ll...!‘.l.lj..t-o.--

TR T T Y Y s 2 TR E VR PR ERIP PRI PP PPPP PP

—— ————rr——— E— I——

(CHANNEL SECTION)

COLUMN TEST

1G9



r T
1 L+
T H e3
mEanEngmaan. . a L
. HHRA L TH !
m., T : i
aas snman :
[EERE RaaRs BaR:
et e 1]
i -
(T n
Ll
bt
EEENE =] o § -
e SEEasasamamnas
i 1t
1+ :
i
H 1 we
11 -
£ Aﬁrmnuua g n__w L
+ T
1H 11
- i
I
1 H T m
oo N 2
T
mEE e
t T
| RN N
i 44 EREEs =8
{ S smnme anEs
HHH HHT
i . H1H
T SRESe s mman .
a 132 4 =
1 r mEa ; T
i e :
1 L
-;u.r“_.i.
] 1
! : .Hm
J. T
T
e pans g Badns HH al
MR 1 e .
et ¢ rJ[H . ]
* S U
1+ H - B _.. M + H
:..r.mu _- i M T T
= - Fm
T a
5 T 8
: FHH - fEiiE
Sasasaass 1ben HE T
T T T L e u -
: w.ﬁ_ EEESEREEE L H ! T r W«:I
ST ,ﬁ HH ] B
R _ _ ~aaas
0H +4 1 i i ] ﬁu._.lu
S 1 = AT
L. mEEnE T ..Tlm
e 1 T
aefasa H 1 i e
; S L T T
1 T t T
! a — f m,,
t 5t
: aEEEEE:




Y

ITTTHTT T rT

T

T

LIl

T

T
_ilTu

T

Tt

4

T

1

ey

0

111

Ll

T1tL

I

1}
TTT

L . |

=
-
=x

T'![

T —

111

ﬁ_

11731
Ty

]‘_'l

BB E RATR)

3

J111

Ty

8 ma
o+

b i
1N

1T

FEREI
1

1

et

y
—r

LITY

AL

L

INEEE REW

11

1LLY

-

I3 F
e

i

=
IABEaEE]

Colimith CO-CFESATIVE BOCILTTS JTIAGA. N.da




gEg i saaa heas : TR

ang 1 T T 1 H] T

L] } H i S ESESEs an . EEs=am

4+ b+ t _% v -

1 1 ; *

H W -
mm i - - -
am AR mms
RS —+ 14 31 vl - NS RN L.

L4 1 —t—t 4 I 111 44t L

b1 s naaaass dananaRant hekatistss

== _ 1 _ : n

s 8 T i _

] R

- -

1 n - mm

me 1 i

E _ . JHH m TT
H FHH T 1

4

| .

TTT
o -

Tt

BB
=
1
-

el

jEREREEEESN RS
- . 11
= e
am T -] ]
=t | - 444 J A -
L . ﬁ B H-
i A
R i
- -
P4 A .H HHF
R L
L1 A -
i T jiss
]
T n T
s . 1 =
T =
4 . T '
A" TF T
; - : EENENE NS NS
_, Bum
| EBEENENE AN R ] ki |
; } T 5 L I nm
_ 7 T _ T :
HH - musSEEny o HHHH = H
173 - » AT EEEEEEE 1
! 1t - - BERRSReER ! c &
_ _ 11 1 - SEsEEE & -+ttt 1
| BEBEE REs 4] J - T
{ : o A R 1
U i3 SEEEjEEEEzRziii.’amte I
- -F NEEREEEEEREw - 44 n - - 1 - ﬁ _ ¥
<8 e - 1 g T FT F 4 2 _
a ] = ® ] b T 1 T 1 &
E EuuE SR 2 Tt . THAH T :
. 5 T i
L Rl EREE 44 .- . 14 1 = T
4 A H L BR . - - { 0
7 s o | e
- - ] _ s
111 1T 1 1 1 o
.s et -+ - g A . }
T e
HHH SSEERaER s E inn. T ] s { ﬁ m He a8 _
| L t I - - .
HaiE 11 T
HHHH HH HH HEHHHH bt ,
g HHH- S A T FEH i
- 4 IR - pead 44
CHHH CHT 8 TEEE T HHHHHH HH
. | REmms - HH u ST B ERERE ..
8 1 | L4 2 A Raaal SaunaRassy RRRRRRaLEY
BESEREREIESEE e H B SAEECRESSSSoaTang IRas T
gus u.n._._. BuE . eSS e SESRENENES Bl fEENEENERY RO
3 1+ -1 . EmEEEn | ] 1
—1- B a NERE RN Sam = -] RS . <+
Sl _' a HAH ] T T ] 11
RuE R WS . HH 1 winpy
HEH 2 e : H “ HHH
44 . & = - | bt b 4 - -
Ll r HEmm H
A - — us L1 1
s - HH u-l.nr.lﬂ“ r :
= zam 18 B ! BEEERESanE 1
R T H SNERSES  EmEAENED o - mEEE SR
% E ATHH = aR HESEE NNl SRR AN AR H
N - | - i L ] X
- 1 EEEES - ] SEEEE
E = s e HHHH
Ll 1 T
1 H N HHH
i 1
i




CORMELL GO-OPERATIVE BOCIETY, JTHAGA. N.Ts

i , m ‘“ s .
a 1 e ] -
EANEER A EEN a . S ] 11
- ] . r EEEEEER 11 1 i .._.Ulur
H - ERas ARRRSREEE H - ! 1
H T i H g ae
H - HH A ann aaas anual H
HE-HHEH HHHH HH i HHHH R H
HEEHHH i : S 1 - HHE 1
aaa SRR T = §un NE - smupEEw
: i i SeRRERAY fod] THEH o
: T T ERREREmANE sammmanun ]
= i 1 s m EEEEE 11T nEEl I
: HHH | H i
g i r Ju EEamEmEmEE e T | -.11. HEE i
a T - 1T e A_ an m 4
I . - EESEEEEE S I T
_ : H T ] ] Hasmus 5 :
T HHHH T T FH T . HH H
HHHH i .,;, HHEH 2 1 [, T ﬂ | FH HH
mn_m BEE=S §at FH T m,..F. ! h_ ‘
3 THHFEH HHFREEEHHH ,_ HH H
isafl 1 EEe - TR % HHHHH _ _m HH
o | . ST T SO ] HHH i
. _ EEEENESEES T T 1 . + 1 & A—
Eil T b H m
n LR FEEE LHEERRERR]FhcRH ) P T it
e - S o e s 1 H L
§ H : R eassiee | ! £
i ! JESE R R ARRARE RN RRRR AR SR R _
. Lt T f : :
an , SSSEREEES SN ERRARNEE AAnARE S it I
H 1 T g T _
EEHH A THHH T . 1 _ '
EHH i H T + :
T __ m L TH _m_ HiR ]
i I T BEEs H H 2
e HHHE T ”
S A , S HEE ‘ :
S o i |
ZEEEE _ T : T £8
i | ; Siiteas :
L e i :
= T . . 1 ] HT HH
o '.7“ ANEERER N 1] T HH = EEEEEEEE I
i HHH HHH i is
§ _ R HHH - ] i __
E I A4 H HEH 1 EREES 4111
=T SEN| SN SEapsnason H HHHH ]
T IIRES RS T H REEERERE ] ] T T
T ¥ I__”... .1..1_., HHH _. 1 HH THHY m .@
HHHH | BRRRSE 1 ERE
MH e HH "’ 4 ? | 5 _4 { HH
T T i i IRERREER FHHHH ! HH :
EEEEENY, EEENERNY- SEREEES L ] - * i K
H .“mmmT.u i iaaasaksangaaans L
TH ST
H . .MV i
F isnsBEnEas shEnEERanE in PR
11 .I_m._ru _r HH1 b 41




3 f H T S ﬁ

i b EEEcacREe: SSEncoicohadpesn

L _L._L: . i HiE Riidsaiat nanneni

A, il : I

it | _ T il eeas . RH ISR et

g : T % r P
_

B S
i jiRRasRsssEsais T
H “ W N H A T 5 FHHHEHH _
..1.1,.‘...1..,.hnuﬁ..n T i u .g _ 8
L B : HHIT _
I | ] s !
- 1113 1 | 1]
P S i ___ ; H |
dud AR ERRERAE ARaA R RARR . i _ _ =
e e L
SERiiRza: gangas ¥ ¢
] g _ i
FE R HH _ _
T u u._T. THTH ”
4 u I | " e
it & W H w : _ | A
r T 1L SEE NN SRS }
HHEHH HH H .. I HH |
: T § SRERARES T
H - ms HHHEE
+ HHHH HEEEE HEH H o _
-+ BEEdRaReRadd dSREREARARES | ;, | 16
558 HH i : H _
EFiEEEEEN 18111
e s o H | | |
i Hit _ s LR ‘r
4 IEcaaRRRRRat ARARRRRRRERRRE Ry, HIHH 8P
HHH i A b L b _ k
: . : aaEaRIRSNNSEz S2EREEE
H T - b HHH 8T :
T H by amss .
HiHH T H F BEES T
st R A e
R aEEmE ‘oo 44 1 1
H1t 1
FHEH ,.mﬁ T p |
HHH R
R T + "
HHE H SR
HH +H HHHHHHHH -
FH R
e 1 T
FHH un.u_s._m: : & i
i R




APPENDIX A

Stub Column Stress~Strain Curves

21



§5% fanaas e
N B =
CH R

rei e

| NE

HH

R T TS PRSI
1
T
I
1

i

...|1 l..
o
1] Ll ]
o o 4
! ]
T
HE RS 13

|
NN
It
IVl
i

4
1

! ._ .-.J-_.L,,,.J[m_ L F_ TR NG g T E HHH i

H
HT
tt

H EREESS T HHHT H 4 F
: HHH ar 1 i SENE SNaARRmRENS
& T H :
T -+ H HH
s -+t M S
HATT TR NEESEEAS ST ENI EREER R
T FH B SRl ARRAAREEd: aanaERanEs
SEaEC i amnaNauat smannnnsy
. » TR B EESESENESRNSSRRARR) SnananEss

FEF HEREERE HEa i
: : HHHH |
41
- HaEES .
: m
i 44
1 b4+
1 e !
: s
L nuny
L
1§ p g
=
T -
1 i
i i “. :
L 3 1§ bt 44
=11




|
i 1 .
T e HH == T e SEREE EREEEEEEES B85 o g T T T ™
AJHMH T T 11 1 N ISESSSSE EESEE Sum N Hiia 1 mA RN EREEE T e e e 141
ML 1 B N H +—+ - 1 1 11 1T T I8 RRE T I (N B 1 4
In| BN 1 : . i e T T EEE FREE 1 EEEIEEEE R o i BB
[ I ! ! " ImEE SRD ) -
! > H T 1 1 T ] 5 e sEEmua: A I
1 pEmn] ! 1 | m| I | a 1 E 0 188 N I
! S i H T : HH HHHHH — - - I RS an ammmE AmEaN o ] T SEREEEEEE ENENNE
- il t T 1 | 11 IREEREE B 1
| 3 't 1 1 1 1 i - 11
i 4 L 1 T 1 W 1 1 T ) T 1 | 1 1]
I BANEERER] T T -t { + e =t t 1 T + u
HHH e Sase bosss pame: e S e
] . 1SN AU N Imm I D A e w1 I Tt = 1 ! mE DRSS K ! HH
T T SEAna RANRERANEE ERANN MRS Aniua i Raman MW A I NN R R S har A aaa H
o INEE SN EENAEEES 1 = EEE - T T 11 ymE A b 1 17
i _ 333 S R e
t 11 I i 1 T T B T W EmmEe 4=
1 T 1 113 T . H
1+ - | 1 1T ]
IBEENE I HE! NS FEUES AEEEE i T HHHH ) AR ABEES AERERRRRRE ]
H - - . - ! ) 1 1 T + T t T 1T 11 1t I
B N imm %..Ir T T g Tt 1 ! H “
T T S T a T i 11 1 1 ] B :lﬂ mEns
. + - - A NN sREE HHH T T I (HEE B I ﬁ 1 ]
b 1 ] i -
4 1 1§ 1
HH s Reeey Eage Sanaaans ansotSun: ] mas S I : R SERRaEanas nannBEEE:
MSENEREDE - T - . i > ERANENEEY A I T 1§ Bl {m M
1 ! IBEE IRE I RAEER u I [ 111 SEEEANERENENEN GENAEE -
SEEBEARERE . T . : : ] i I 1T T I mm -t
- 11 T I..I1..|..J._1-J| e 1 ! | IENI Il i HE AR -
™ T I T I I 1T SN EEENE ANENE SRR pEEn ! ENEEREED ESENRERS FREN ! [
0 1 i I B r N BN ~ERE mm. b 1 I snB SEENEENERS 55, i6E2ED =
Rt 1 i H 1 T T= ] : = ! =
1 i I I 1 1 1 1 I 1
T s 1l i 1 1] 1 i 1
H 1 - Ll
1 i 4 Ll
i | + | m
HH : ] WEEEEN
T - :
T
8§ — mEE
: s s=s
o i
1 1...- 1N | s
TH S==zs mma: ‘==ss
1 t ] i T EEEp BEE an
T AEN u =
._ HH - T A
I I 8| i T
1 1 1 N R
t T
L I i i
1 T s | HH
L . - - -
1 T HH ma
T 11 I T - - Inmi H
1 I I 1 H+H T T HHH mu
H " - - u
I A i 1 L1l 1 ! i L_ - u— _.J— - »
FREE 1 1 1 EEREEE ERAEEBE 1 :
¢ ¢ 1 1 1 i | T11
! | 1 1T
! }
1 1 =
1 . m..
“ v n ]
! T 1 B 111
imma| T 1 i ' ug
L ==
111 i 1 1 ! T
I I EEEE AR T T 1 111 1
SRSESSERE SuEE) H ! nn s
suswnEEaEy En oA + - - faat AT s
Ty I T T T
HH 1 in AR 1w} T
11 i 1 | T 11
I 1 IS IRENERSE] HH 1
maEE SRS i i - — . ]
P T T S BeEas Ea e, E aaae
- -- - - i 1 sae
4 1 1 T . .
1 X
! T I t T
1 - 1
117 1 LEl 1
I I R B - e s
! 1B N ! T i
R Bala Baasiass taaselinn RRSE NmmmE R
1 INESE INESENNNER ARRE]
T 1 A T
- -+ !ll*ltlluvll]]l.:l i||L_| . o nan be 1
SRS EEEER NN T m— i1 £ A I
— . e e o m
T =2 S NN
T T ~ IS RENEE BN
] ! EHJV. 4
ERna NENED S8 AN A —1
RNS AREBS NS ANNES SRRESNAN R pRumE Nun N
it 14 |
T i 1 .
d4 i | ! i
++ i1 Wi SPREE RN R N AW 5535
HHE E ] . S ETaa NERy
- - =T IR E SR 1
1 —— L b &8 W R
AL W 11 hie B s s Eiel B
=2 EREER PR i -




- I
H T —IF : s SasEeanas 7 T o EMmSESEEEE SARRENNN] jaBannS SuamSsssss samasassss SRRNE AN
HH1 ! - I W8 A 1 1 Tt ! T T S EESSE SEASS ERSEE
| T 1 1 - . + - ] P E +T - +1 1 1 . ' EEREN
-+ b ! 1 & W = EH K T 1 - o "
1 1 1 = ! . B B E e H 1 3 un AN FEEES
1 1 1 o + T 4 EEAEE FWREE b i G ERE N S I ; i b -
e T B R e - -1 T [ »
. I T auuE NS ENANN ENERR INNRE RSN e e e I S —~}-+= waEEE,
+ X T 4
1 1 S BanES o . " T i HH 1 BB GRS RS RN N m i R paaas um
1 T t 1 17 | 1 L NN N 1T RN ENS SNEWI T T 1
T ERAR eSS 1 T 1T - +1 - u I T I 1 ! I N 1 rwn s | ._l_ll
- — {- 5 T » T T 1 1 t HHHHH T ! +H -
: B N 1 T Tt t T 1T [ +
I A I 1 t - - e - + T T t ENE R T —
+ - Il 1 =+ |..1Tl 11 1 T 111 111 11 . . . - ™
1 = T s T : T _ — : s H
. TH 1 SR EEeE) 1 T 1 1 NN i Inant -
[ b T 1 1 111 1 111 1 | 1 I -
- . 1 11 TTTI 1 T T T 1 1 i L
- mu T I T ! T H T N 1 .
wfh% s mm I 1 t ImSEEEENE) SEEEEENEEE BRAN H
I I W N R » iR W | 1 1 T nm| -ty
H T T i . - | ! ) s - i - 4 b——%- SEE NG ANWEE N
1 R rHHH T T T T R EEEEEEEEES SmENREEEES SEMSE SN HHH
1 T T —t t =R B AEEE 1 t o EEE ERME NNENE RRAEREE NN EEED
sEEs T Tt 1T T 1 T T T E  Emas
] T t 1 1 T i 1 T 1 T
! - I NSRS EEEEE IEEEE INE B NN RN ! -
I T ] T i=a S ammms mEw Eass 5
1 ! 1 ymE § e 1 1 1T T T J!.__ﬂ ll“._qhﬂ..l 1
1] | 1 1 1 T T 1 T = T T mE EEEE
M ~ L4 4
IRNNE & 11 T T I —lﬂ....m.. T T N ¥ 1
1 1 1 IRENEE. T T 1
1 I 1 1 I I T
1 I ] | i il
i -
- " T I
1 t1iT
T I 1
| T i
I | NNEE B
+ i - II
1 T . -
A TR T H T y
A s : ; ima B
IENEE N 17 1} = ¥ T
. : 1 u iyl 1 T .
o B g t = pma) i T 1 s
1 L 1 L1 1 T
t . 1 i ENNEESEEEE 5 [ (NN T 1 1 5
T 1 1 T i I _ :
o 1 T T
¢ + . . : - 1
w 1 n_m T 1 1 mm m_ ;
L e 1 1 Buw H-
1 L]
1 L am
1) 1 5 RE t i Tl
1 I 1 ' 1 .
T T 5 I 1
S| u | T T I 1
inm ) 18| T RN 1 I .
NN B 1 | I 1 1 1 T n
T 1 ¥ 1 1
Tt mama 1 1 i 1 1 1T Tt ~a T :
1 1 i1 11 EREE 1
18 1 1 T 1
— -
sam n |
i 41
11
e .
L —_—
e §
1 T nEw
i1 veres s
: T 5
T T
11 i 1+
T | 1
_“ I
T EmuE
- —fa .lLil.I-.ﬂ I
—— ——
1N SR - T
I 1 1
T T t
IBENA s E | T
T T mE Enna: amu N
T T T 11
i i T 17 m | {1 N
T T I 1 -t
ASNEE A EEE ua T T ﬁ Hx
ISEEE FENAL RER) o 4 T
T
HaE pEs!
+ e R 4 d
IEEEE TR | B W
R SRS WS S T S
IEn NN FREAY ER iny
SREENE REEEN ERADE N
b+ - 44 . i
IR WD S e SN B D R




i Ll ' 1 - * - T 1 1 111 1
HIT 1 T + HHHHHH B EEBEA ANEASREE AREE Hq;“m__“ BSRBEREREAE)
1 . g+ 1 1 1 ]
EEN I ¢“__1w| -1-- S T L 1
: - - . L 1 I
1 RN f t e ! —1- IBa g - masBamEE A1
I i I T 1 + T SEEE BN =
. I 1 # { T T INNEN BN ] _ I T
1} T ) W - . = T T
+ 1 LT 1 T 1 BE RN 11 __.. .___ ?.
HET ! Saasas Sama aaaaEz au: =3 Enm e Ras v pan
HHE oS L0t Saceean bee T B : Seseaen H
T ! mENR T . T : he 28 = . = mEER N EEEES R T
L INEEENNEES B I i T T T A 1 NS FEEEN NI R T [ 1
- - 4 i 4 1 1 4 - — P & +
1 I ] ] T 1 1N EEE ) ) T T 1 R A I I IENEE IRREE &
1 1 t = - 2 - T +1 S R
T : e t 1 ____ “ 1 T = T T j T ___ :_ = I __ .____ g
1 1 . - - t1 T “ T 1 | __"
+ Il I 1 i 1 ¥ 1 1 | | 1 N i\ N N T 1|
i 1 [N AR T 1 1 - i T | IRE
! m T 1 1 : ._..___ 1 t 1 1 BEEEERE R T T WHEE S
! 1 0 T N B NS B t rt T 1 1 I 1 ANEE SEAXE L
i . T 11 T T 1 1 11 - -t =
5 EaEEEns | RN EEERSIIESSINIIIIniiniins S S I SsiIEninaiies T
+ U e - - R - - t t : i T AN REE R
SENENEANE T ! ! e 1 s R e I S AEEEE BEmEE uE ! H
b+ + T 1] -y 1T 1 ¥ T I i +
] 1 ] I ) 1 1 iEmE ENEEE E 1 IEENESEREEE B RN
H HEE i N __._I_. g 1 _.“_ I T 1 T T 11...1|.|L....l.|.. —
am 1 11 I i T 1 T TITT T I R T | -
=)= T - 1 - - ——t - +t 11 T 1 " _ + 1
T T T 1 ;W 1T T i .
1 | REEE N 1 +H B E B =un MR N T IR 1
| M I 1 S ! I Ll 11y
T T 1 T 1T I T
i 1 T 1 I 1
T T 1 ﬁn 1 Tl
I 1 L I i I 1 1 11
IS S ¥ 1 T 1N} N T
4 11 : A i = I
* T T
1 1 TH T T T
i _ +H f i
t 1 1 L . x
T e 1 T a5 i
1 I 1 1 1 |
+-444 - . 1 T T 15 L
AN 1 | AEmE 1 1 ] 1
1 = T 1 T
) T 1 T T T ! T
1 1 11
SR S R _ : i EEE
s 1 1] 1 1 | [} 1 ! 1 1 "
1] T 1 } I 1 1 1
1 | ] | 1 1 1 1 1
! N 1 i - - - . -
Ll ol 1 1 1
. T 1 T
! ' 1 T T
3 i 1 Ht 1 N amE a1 T t 1 i !
1 1
g..rl__ “ _. 1 1 1 i 1 1 11 1 T T T 1 T 1
1 1 1 - i
: SN 152 o :
1 I 1 N ! 1 I 1 T
1 ImEE N TS p INNEE P 4i T 1 ! 1
1 I | 1 1 1 NN H
1 f 1 1 T 1
1T T T !
1 i T 1 H 7In AN 8 BEEE Tt 1 I
1 1 1 I ¥ I It 11
| 1 |W N 1 1 I T _L 1 1 I 1
I 1 1 L B 1 11 1 N 1 1 1
Ir 1 | Il B l 1 1 ¥
1 1] 1 1 I | B ] 1
T ] 1 e wan
T 1 1H N1 1 EEE
1 1 T
. - . uES
K |
1 1 I T 1 T
1 1 1
i t + t
1 1 1 1 1 1 L
| —lﬁp 11 1 T 1 1 1 T T [
T T TTTTTT ._.ﬁ_ 1 T I T T m T T T I
3
1
1




.
T
T 53 sasassna AN T T S35RSazaa dhas) s e sssaaas tans
- s BEEE NS I T yRLAT UEEWH 7 I 1 S 1 i
- SEEESERET SREEN ] BEBE BN T T T I !
- 1 1 “ 1 1 ! - t r ol
. i o
1 B . T | I 1
\ : SSEeE : 258 $Ssus suses pags SRS iasiiimcd:iiiiiis se Y immeaasasies:
s m 1 - NSNS AEARS IRRRS pu! InN . e
- = ¢ 1 1 T 1 1 s i a8 8
1 TIrT mm! T Ema ani T i 1 11 1T nany = IEE 5 t
4 1 | 11 | 1 Ll u | 2 '3 NN HE mm: ima H +— I
1 1 T 1 1] SRS D 1 m . B Fal 7
. t 1 3R T 1 1 I " -
! | ) T | 1 I O I O O G R 00 O 1 f+- g T
. m ___ = - T _J” W__.+ .w t t - + 1 1 T B! 1 1
5 B D <4 SEREE NEEEE SRR EREE B W = i 1§ G N AR T A T
e " i AR I I : : __ . - - T 4 .
T _ﬂlw‘ln . 1T I T 1 1 1 1 N e =
rlruruﬂ,.. I rHI S T 1 new . i - : e I
- T 1 __ 1 — T T n) ) I IR E e t EEEEEEEN 11 i _
H- - I 1 I T <F 1 I T 1 1 m & 1 -
- T T T T
HY I ! ] 1 I B i ey . - T ! !
1 I I HHHHHH HHH _ 1N T 1 . 1 et H T
- - t + I 1 ml N i e - : ;
- 1 IBEEE N ENEE EO HTHT - nS 1 1 1 T .. . ]
T T + 1 T | 1 1 1
+HHH ““ T1 - 1 T e I EEBaS Ses! o 1 ] ) . HHH
il i1l ! S -
R Em 1 1] T T LT 1 T 1 FEEES R EEE N
4 ENEN | _.___ i i i, uln : T T 111 } ImEE] ) . 'S8 B8 T 1
1 | 1 T 1 TITTTTTL T TT 1 1 T T IR 1 YN ENE RN 11 T |} | St H1T
- 1 I 1 T T 1 11 =1 B BE N T T T T 1T 1) ! 1 iNFNEEEREE SSS S -
+ - + + T ) 1 1T 1 1 T
1 = T I T T T T 1 T T = 3 —H peRs
| | 1 1 I i I 1 1 | H -
r 1 1 1 T 1 v T 1 1 !
.“ [ I _: H '8 1 i - 1 1 H
o T mm . ] T H
Il | 111 4 s
11 1l .
) 1 I 1
11 T Im1 -
ISWH § i 1 + T 1 i s s
1 IR 1
| tn !
1 T 1 T 1 I 1 M 1 I 1 T ! I | 1
il T T 1 1 -
i “ | | i
1 : 1 1 Il ! 1 __ ]
q._,. : 1 __ 4 +
I — 1]
™ T T T . - H
1T ] ] 1 I a =EE
. ! T 1 T mEEpum! T H ' !
. - N T 4 T TT T i : + =
} 1 1 i, 13 I .
I | 1 1
T 1 T T 1
L ] ? aw
1 - T i
T T 3 | T T
HNSH AT S :
1 i i 1 ) 1 .
1 1 ] 1 | T ) ]
) e B | N el :
1] : 1 1 1t 1T R 1T .
! . - mn) amE T - il H s
Samiazaisast i . : 3 T i = :
1 h 1 TT e
1 ]
! .
1 % 8
+
! .
>
1 1
1 1
1 1 1
1 1 11 I
1 1 I H 1 I 1
= W = o 1 ! 1 T 1
1 i L} -y 11 1 1 1 1 ] 1
I ! I
T 8 FEEEE EERES s
T T
| IR NN 1
- :
1 1 NN N
1 1 ! 1 L1 1
I 1 T1 T T
1 T 1111 T
T ! .
17T T 1
1 I T
T T e
444 " s +
IHEER SN WA I
s AN AMEENADNES FANRE AEERD B}




=
H- 1 . | T T T I T T - T T TIT TN 11 ]
I8 BN 1 D T SN 1t 3 JmE aa B W 1] T I B SRS B T T T Tt s
i I NS N ym H s e e ! e IREE] e 17 1 A I S ms Ea } . l|_.1. EREEE 3
I 1 2 S Sasn At NS RESREREA T MMM AN REE A ENEE AN RS {1 ENESIERAAS AREEESREEE
- NN T I - I~ [ aas
S BEIEEss: teesaseett Iseetes : 1 - _ EEAE EaEaEEEEE smmEs s HHH
5 | i T mm 1 1 BN N - 1 1 H
18 B 1 e b INEEE guANE §R 8| inEEan ImuEE JRREERuE HH JSlas Seas 1T T3 11 mEEE ) N AN NS .l.nﬁuf. SNESAYEEEEEENE
R 1 11 11 - - e e ESEENEES SNEE| 1 _r y IN NEE NN NN EEEN I Y HH T
1 | -t ~ - - T - -
T 1 T T - = . -
: ; T T e T IEB i - y=; R b i T HEm S B e e SRS ms
HHH 1 -1 i H 1 s T T T BRI DB T it I mEEN ER AW N ESPNEESAS BRARE ESREY § H
T I I T s — s e b - - - 4 - - 1 I S T T ]
T mam : = SEE ENEENEREN T T ™ X ST D 1 i T SN BEENS AN —HH
BRBE S T 1 NESSEEEN ENEENENNEE D S ERNNE RS - - s ke e I mEE AmEn) FRENA AnsES AENENNNEET I8’ 1SSERSE
. L 1 1 1 1+ T T T ~t =t -+ 1 1 1 B i mE N
. ! - 1 1 Tt 1|M -+ 1 1 4 ! - + t 117 EREEOEEENE u.|_
. I ) T T T 1T T 1 1 I T I I ] NS NNS SRERE NI .
1 1 ! I 1 S EME T 1 N 1T THHH T E B O T
11 1 ! W i I 1 1 I T o -
! I H T 58 ams  Ammm ma t Sl T FHHHHH 1
. T - |
! : H 1 T IS P ! - H 1 ! i -
1 B I T T - - ' r + :
| _n H : TErTIT u i ~ . s T I I R anE ! |1..._|.Ll|. 3 i
- in i 1 1 T T al 7 T = NN B N BN REN ]
T o] a = Swma n - T T g
IRENENE i =5 1 et T 1T
fioee |1 T T ] HH B D B RR B sEn 1 I i I N AN SRR R 4
- ! H ! T T  REAREEE ARRE HHH i i HHHH t t 8’ ¢ gmEERRRR
il - - - = SRR B T u B |
4 + 1 ye T ! 1 1 1 1 B il il
i I ) t 1 t :_ 1 nm| 1 1 T .p 1 |_r_ 1 L
Ty NS EE
RS 1 Tt T I i 1 1 T ISEENEENEE N
1 1 1 Ll 1
11 I T | IEEEERERE
‘3 T 1 1 1 1 1 1 I
+ . 1 t I T 1 - I _« H i _. ]
n 1 .ﬂ —_ 1 “ h_ “ “
N I T 1 . H
I N ] I __ -
wum'ﬂrn 4 { t
HH
. - - . S S 1 1 .
WEE * N ! -
T T - —— ]
1 1 T T1 T T 10 I L]
1 i1 1 11 |1 1 1 1
I T 1 I 7.4 nmi I IEEEEEE
. g - 1 + T T T
ml 7 : 11 — : - : 1 EE A
. T 1T 11 1 ) 1 .
1 t - - 1 1 1t it : Mt i L
! 1 ani T i¥ 4 B I T 1
: i 3gass e : ;
1 N un oe i 1
- 1 ] | 11 | 1 -+ L 1
T TIT I T
I NS 11 I T
| ! 4 L "
HH NG ] I i
i BEES 1 1 1 s ]
§ EEE I B
- ]
. &
1
__ : H H
b : !
1m . I m;
1 TT T T i
§ SRR RS RERE HE
4 J 4 | ! 'S 1
1] .l;_.“ “___ |.LI—.lLll ..HL.._ + ! “ 1 -
3 1 1 - T -
17 ) SRS ERESS RS B EESSY EEEE I RS _
[ .T_Jn IBENEBAE; R ¥ SEEEE B | @ B
1 1 i i~
| 5 | T t
e e _
m. | S SENEE AEEED B I T 1 1 1 I I
T T ; T T ! T
01 | | AN in +
] . 1
[T1 ) I
i 1+ -
u L
nm i 0 <
-y Fus A E H ]
m - PO 1 I
1 - T I T T
R RERE ' — -t - = HH
11 I\ T 4 1 _
IBEEN | SN SN R NN | _ = T
4 44 44 4 1 I 1 T T T 7
HHH =8 “___j massanzs sas. ! H
NS TENEN SRS A T ]
T 1 |.._.._L.._. Jild s NEE R T 1
S EBI WS TR REE 1 B WS G m
IREEEE EmEN EEEEau INEE S| I T
T ST T T i 1 ¥
1 T T =+ - B
gesiess : | | HH
I 1 T -+ + ;
T HHEHH HTH T B S
1 HE BEEE T 1113 i Tttt 1+ + TTT1T
1 I ImE T ‘_l..___i._._ll_n__ .IJ.“.,_:. NN AN AR
- 1 L1 1 I 3 L1 L L1 Ir1t T T it L i)




d EEREEEE =ammasEmas - 1 -+ T T I b

i T i A i SR i
g H SasassEptiee: HH S§ESSESEESiESiiinRinisefesacin PR R fSamasanss

= - L HEAEEEEHAEE ] u EES . . EEEE S . T ] ] HE S AREE S

B = T o S N EEEEE T i

~ “amafnl EE NN IS B RN MEARMRA AR RN R 1 T ._4 -

il m BRESERREES T HHHHHH H 11

e | ] i T ERRSRRRANE H] +H |

+ 1
4
| i Eital et IR RSSU AR R RAAR E2jit |
=1 JREREE ERSEREEE HHH : HE R R R R H
it T an HuEnE =E T aEEEEEE saEal %._ |
& =5 {AERSERES HHH e T 1 _ & i ok
aa: g8 SHESEE TR A A J.* H 14 EHH h |
aai GRS SEEREERERSROEER: EEESREERRREEENRasEsRasd s SEERd dRRAS T _
uH. . - - . .. HEE NSNS NN RN ARG AN semEEn
- -+ " @ L um 1 BEREREE |
R : A e HHAH i
mn 7 P R T { ﬂm HHHHHSHH !
SO == - ... - 0 :
My EEEEENE ARENE RN 1 5 Hob T H H R |
ied o T i 1 S= samammmmnn RESREisaansnadas a8 ﬁ ! 1 Y,
At | HHEEHHTTH HHHHH HH ,
b .
,mh L n.. Al .|H| = BaE gme N 40 HH
] uA -+ Bae o !
H HH a8 8
; | i |
- SRS amuanas sanns T
et - - 1
il i HHH i
1 B e
_v. ; HH ._“ - - L =
T | | i i !
e ] "= - M | : “ 1 T
| | i
] T R Eesecesase teaain iEH
,Hh]n‘l bt 4 T iﬁl- 1
- : : SEEEEEE T i
L L ] HE SRS ANEER SR L _ #
R AR e sttt e
adagst T T
L = 11
T N HHH R T

CORMELL. m‘lli‘ SOCIRTY. ATHAGA. M.l

inenE ++tett b - 11T
i AT SEEdERRRRREES +
HH S m EEEEE A H L
EEC TS Sadie gas
] - EEEEE ! | = I
-
4t iNENEEEnSN 411 113
. HHHT I mEEE A NEmEES T
i ] T Ll
: T TR T .-; HH HHH
= f 1 ENEE . H-HHHHHH
HAH SRR +H o T = ans HH- a
FEEE = ' . Snnsis Ly T
Frrr . 5 H mEEs amass ST
FHT : : HHH L Seafaaasimsaaei
] SHEEES T [ SR 18
- T EEEEEEE H SRENE N HH A L
T _. - L1 EEEE R e : . EERE & t
Tt ......lﬁ S 11 111 s I HEN i . ]
am -t 4+-1+1 ¢+ L4441 g = - T wm ]
S ANE NN - mr..__n . It n 1
= i 4+ SuEREEENN - 1 1
nEEs N LEE AN 1T ] - T 2 a
1 1+ SEmEswnE H- - L 1
R ; HE ! sass23%s 2e
- snm - T
HH ] . ] H HHHH H :
Ssunns O ST I 1 ] LEEHHLUHHHH H- +i4 '
EnENER s ENNEESEEE H T L ul !
t
lnﬁ.LHUrr_l.“ | F CEEET EEEESaEE L L 444 +
1
111 - = 4 11 L I
AR T sums SRS EEANIREBENEEEESNSAES
xgmaesaEsss : HH HH - oah RAdREaaaat
+ P44 4 R ¥
. T AR R a
. H nm NS NS SN RS EA SN NGNS RN RRNAE AN
mwm r EEEEEEE EEEE
[T sEm Eusansan
111
1T 1




HHH h 1

W.MW @.w. H H ﬁ : T.m HHHHHH HHH i HH
1 ' L 1 113 u o x - 5
| JREataaa3scecaecet Rt AR AL i T
14

11
!

i
T
'l L
i
11
e
T
T
e
T
1117
4
T
11
1
¥

8% 18 i HHHHEEER F T H T
MEH N HHHE HoE T HHHHHH H A * HH
i i |
HA T E _
T m £33
T H H ﬁ_

1
10

1

1

I

|
-

1
1
B3 ORI B A &S
I
1
)

s = |

ST T A I

: .
. " -t
ANEERE SRR EA S
R - - 4
e
i i
i i
uinw
—+1 B
w
L
LI LI L L4444 44 44 -
T F S
P " -
T - s sa
ol B nug . AEESE I I
) T T . . . nnd
BE B . _...
i : i
T ! .
.
¥

BEREE

T

.,

g B
| mEE B
T
1
1
1

1

11
41
iR
HT
T




ru TVEVHLT Tliwmos 00 _TrIWEed
— B EEEEEEEEEE ¥
- H . ] I S : e - 1N W e W .l et B HH
- 3 W ins FuRER b LS B8 bl FID I8 A ) S - P B aannd Rumns seaas aa S EEESE §
L || I ENENE SN R ima T 15 T - — 1 Lt g RE BmI e [ mras S SAEEE GG DS BRETE RAUUE BHENT B T m I -
_ s - BEE - EEEEE EENEE FESEE NN SRR B SIS i —+1
m_ { I T 1 i it - H e 1] 1 “
- . L : Ot IS AN SEERS ISUAS N TEEE INRLE DaSS DI NN SRENE By e
: H ] T - i I B Y IR IR :
HEHHHH 1 m 3 o n mimer o e s I b
HHH S Sena s B Seaal e - T
[ I imn T — emaux =
Ioe e L 1 S A 11 I
T jEan Emans G i Ht JU G W e S B DU SRR SEDE L
1 - ! ! “ T
v I R S . R .
EmaanaE gan; 1 T T 1+ e . ESaaauns daas:
] S EEnE Sae: - A B 1 T IS INEEEREEEL BES — e + 1
T = T _. N EEEE I
BN BN 1 I g I 1| T | T ! .
- ~ - e o Bt e - HHHHHT i
I !___ 1 T+ L t 1 1 1 1 =
11 1 ! ] Ima = I BN NS0 0 § W ] +
et HH s R S R et b s T I 11 T
T RRER. aay i Eaane nuu T N ABwan ! e ®
-1 T i 1 I . -3 v - 1 1
BEEEEEES8S tES REEEE REN : B5s et R gats o H j n swuss aw
s T 11 H " 2= a1 T T H T mmssam
ﬂ imem I I e =% Ll 1 1 .
1T b 0 IS T 1
B U I INEEE T 1 1 1
nmmm T T : t T
jmna u i ! I e
T I3 1 ma ¢ I
imamaiRaay Eu zainan: £
n 11 1 41 1 TPt
. | b - . 1 S
I mum I 11 11 5N B
TR I INESABEE Tt Tt 11
_H_ . B L __ W EmE R 8
4 Lid ’
T I T Tt I jEEEE A
_.H - T T 1 1 1 T 1 Il 1 1 am
T 1 T I 1 1 “ 1 I IR W 1 1l
INENE B 1 1 A 1 1 T 1
HT t } 1 T . T T 1
i . 1 T T T - s -
W 1 [ IBAEE EREEE N T I I Tt
™ TT 1T 1 T 11 1 Tl
A Tl I : 1 _# I 1 T
T T t I 8 25 1N BREEA & T ua 1
ALLE 1T 1 I} 1 ) 1 I
T s T 1 T ;s
S - HHE : = ]
T I I T T
: - EpEsss seane s
! - I 1 i1
! . = t B en
TT i T
1 ] ! 1T
1 I8 T * -
—— 1 1 ! 8 i
- __u 1 “
I 1 T I
1 H
L
T
|
- -
T t T 1
i I 5N B T IR N ™
i M o =8
- 1 na I 1 < -
? T3 1 5
. L ; 1 i s ! - . T mmm
11 EEEEREEE 11 IERE SR | I N ENEEE N IANEEN) 1
—1 S - .- - T Tt - EREE R
1T 1 1 I T M B E § BN A
T 1 1 T 1 11 + T 1+
A 1 T H amaa naa | —t R R
FEEHH H = Hr e e
1 EREEEm T nau ;i HH T NS S AR SN 6
I z ym 4= T ima S xEAS AEE! =
T I I I NN B i I S I
I T T 1 T I
T | T T i S BN ] T
! I T [ I I 1 2
- i 1 + + H t
T 1 | T T I |ns B 8N B i N I
L iENY N mE gmmas ) e . | A I imea:
| | | 1 4
PODBE 0 LS T 1
1/ s e T e e e e s oo :
T | T T T T o m i T T (|
I T TT 1T I 1 WS u | 1T T
L 1 - . TT 1 = T Va1 1 1 I S EEEE
1 T i I I T T I
T T T T + N
T T T TH T 11 m T S AEEEE R inE N T
T ! I 19 8 E I 1 T | 1 1 IS8 W 1288
1T I T i 1 i [ I 5 BN o
1 " - =
N T ¥ Ty T e
T NN i I T IS BN A B IS EEN SREES SE T
T EEARENE ERASE B H 1 I T | H S WA HED h HH w__:.H ..r.: ! :T :“. HHHHT
. F- ¥ 4 4 4 —— g — :

- INBEN N e . T . T 1 I ESE =N ! L I8 IESEEEENN]
T e e e e o3E Set soust bressboses bass | R Seaes SeRassEsas saney .. O famaziaas! insisiiil
f B B e e . N B NS SNEEN SNNEN SNNES ANNENSNEN SENES NS SN ES AN s I EEEEY BN ITEENSE IEEEEE: ‘SNSSS SRAEAESEE
" i - — - m il o0 b sl o i it - 1 1 s = L HH 1 «m s
i i T i T 1 T T T 3 i 1 i 1 7 HIH HH I
T mwn : : H - i .+.Jl —okt e :
easases . isesseas: = _ T

oy I T L W .
Sesitiast IR EEEN EISSERSEE EEEEeE [ ===
= EEEEEEEEE S e P s R
e
2 _— —— —




o YEVMLE LLWSoY TALLYNTS0-00 TTINWOD -

B o BV Y

T 1 I i . -
+111 [aas ana HH TR 1
1 > e InEES BEans B - 1 . 1
T v[.[l{( 1 on S Numas Smmn BE 1 R
HH I+ a8 B SRS BanEn B i
o i o AERESRSEHS EEREE BEENE RANLE S
ismgaEss sus nxn H EES BmwanSBaRE SHANA ERRRE BEEUE L
++17 r . - ; Y SR R T
i 3u pe=REBEELE FNEEEAEES I !
T innng i 3 ) IBEe: o
=t | IESUE MEEEE SRREA RRERE |IESE BEEES SERes ST EE S T Tt 1T
¥ tmumnn BT S B PP = -
| 1 IRuNE PUREN ERNE B .
- t R s R i
...... SN R Y .
1 5 . i f et ! s T 1
SEEEEEEE) 1l + TTTITIT 1 1
R N8 SuuRs BaEnn unu s e o nn e nas a
- C I I I I L :
T T u i S + .
H e ] S 1
1T 1T T w T I T_ﬂ__ o 1 b
] . i 7 e
L 1 ) I 3 — - ++11 T T
SIS NEEET URENNREENS 4N ; T inny g ot ; e HH
& — ] 11 1 e 1 1 L .
!!!!! 31 EEEREESE ERNNE RS inm s 3 L W . tt 1 T 1
- SENENS FESSNEAN DR SNA NSRS N T T — s 1
gEesaiTasisaiasisaas fanas R BEiaaaiaae T s=ani T T T e SENN smassBSEEE sug aEm
aaudiaas ia \na e AEissas suuBERanas pemsNBa T T 2 Busnnnewnd Buaas TH T
[ e | ym; n T T -
¥ = - T wms L A A n ! = I e -
: . __ - I - 1 T .M ”d ..T?«... 1. ! «. T __ q uss
! i ] mEEEsaS: EERaRESES RRRELL : !
3 1 1 1 i + 4
T 1 1 1 T ul i I 1 # :
T 1 T 1 1T 1 1 I 1 T 1 T
1 T 1 1 1l i 1
w : : iaae ga_aasaats dasnd et IX! - : H : :
! I - T T # s T
IEENE § T 1 T 1 1] 18 1 1 1 1 LIl
. : ! _ : : : Sttt
.jlﬂl 11 1 I l EEE A 1 t 1T
-t - = 1 - - T ] + 158 B 1 1
4 : 111 1 4 el 1 i
A - -1 H TT 1 1 i | | t nEs 8
! ﬂuﬁu.n. 1 3 N 1 IS BRI 1 . B 1 s 11 i i1
L eSS e tas Euns H EEEEERE NS 81 AEmES 5 T imEp AEEEN N H Suisaasasans
T L1 8 B 11 1Ll 1 Il R 1 4 0 I 1 ] Ll Tl 4
- H_ S . e b 15 asmassuuEd B SEEEEEERED ENAURERREY I T i . e
! ! 1 1] ImEENE - 1 T T T
AnEmmEaS ‘5 Bmma: : I HTH s Batnsaeusl gusmunal ;1 aauwausans smanssaanssan ! sasaanasysnasss
SEEEEENE ! ! T I f 1
ITT 1 n L K 1 | [ |
] T EEEEEEEES SEEND SNENE SHSNE (SU) 8 SR T ! 1 I R
] 4_4 T nas 1 I BESEEEERED B L i iad 8 smmaas [ < T !
11 T ' T 1 1 aw T R ! I
- 1 T 1 Y
1 4 1l 1 1l | 111 + ! I | 1
T TT T 1 T T 1T 1 1 11 i1l 1 T =
T T - L T T T T us
I I IEEEEENE 4||$ 1 T 1 T T
T T 1 ! ! i 1 I
! ] S e I BEE Sua: t s 8 wa)
T T | NS BERES ‘B o e I = 4 e -
| i . + =- - = -
H 1 T o T T Bas B H =
T T T i s SEAREEEES I
1 1 ) 1 1 I 1 L !
1 1 1 ‘ 1 4 1 IR 1 ) 1 L |1
1 1 T I 1 1 Tt =
1 T e - Ll Ll 11 1 1
+ t t 1= T B 1 1
T T 1 T 1 i T 1 T
1 1 X 1 Ll 1 i
H 1 1 i 1
T 1 Ll 1 i
| & § 4 11 1 1Ll
Ll | i 1T L i LLL]
- Tt 1 mE T ! T
i i I Imal I 4 + I i LLLLLL
i S S e e e W
HH ] _ 2 SamanmmEEE Baw. ! ! SaEANEEE SknanEEaas tanssuns, man ! Bis
1 = T I "__. - YL =TT T T mmm
T 1 jmEn I . T I smuE BN IESES & H3E Tt T i EEEE & IERE]
I mu I s a i . i 1 - - -
IREE ES 1 1 'm T TT IT T T RENE NS EEN N 1
LR 1 T T L1 1 1 Lt i - AN ENN .
++ 11 1 ) T = i i I T (S EEEEESEE IRER I
T Tt T3 1 N B B | ;___ InEEE & ! - __ A Eenee 1
1 e + = T - It 1 W T 1 EEEEEEEE &R n
t 1t t N 1 T T 1
t - - 1 1 T T + T HT
1 T1 T 1 1 1 1
m 14 1 T ) I mEn T I % mEEE A mn Sl “ - — s
1 HHH ! i : E B T 1 T T 1 1 ImS S8 =
t t - - ™ - -
] INANE SNEES SENNEE R T ! +H (SN auw BEY BEE [EEEERERE] T 1 i
rerl T T T Jlll._ 1 T T T T1 T T [ I T1 + 1 ™ T1 T1 | _— { "
1 T T T T T1 L 11! 1
T L. . i . WEE . L 1
1 | 1 I ! 1 - 1
mﬂ. T W W nunE 5w W imi T us ma EEEaEEn S T T
EEEESUR BN NS FEAE EEEE E T T T T I T T 11 !
imurE» 38 § Sue muE B 1 ! i T imn sy i ] 1T m
T 1 SN SEEEE AEEE) 1 I 1 T me T - AN = 1
L T isEasnEE o = 1 H mE & I 1 ENEEAEESE EEEERREEE: - I g
HEH INEE T T o T o oo o o T o T e o o e o Mt S i S DAt 2000 0 HAA 0 10 2 S o B 1 = mm3 L 1 =
tH 1 i AT 1 T = T ! Tt ~
T T 1 I | - | 1 1 IENEES SRR SR 1 I R R NS N
H T - i 5E § SO N iE SN REEGEEENAE AR BEEEEEESESEEEANEES SHEEEEREE.
- P . i i H " — i f —— o S— — e B — - — I
Saaate : T = H = Easaa T F
11 1 ) g 3 L1 IREEEnERN;
| B Ea N T I N [ ] T | T [N Y A LA O ) I T FHEES AN TEE I TSI It T IENDEEDE) FNONEEBE|
ISEEEEE & i 1§ SES NN SN SN _ U_ T T T | EmE s am mmr RERERRENE REERE SN S8! IEERSESEE)
1 I I immas ma ! M S e 2 O LA S S o NS A0y Saan S Ean ImasuE pmeas) I S A NREE FERRS |
T SRR &: a= : ? . s —h ;i . e
t - o R O O T O IS RS NS SN o, L B O Iy
-+ T + . : i
! ! 1 T ! undh o - 1 i
- e 1“%... T m . J..I.T‘TL..IILEH 1 ..TJ,_' .FJL ImEEE ARy . I
InEaN SN : - . il 1 i + 1 1 i 1 IS NEan. & e T | I . uJ.llI.T.I.I.l ’
eSS a st IESEIERERt FRSStSRCHS ISt : : 3882 5352 8S8s8 Sedes F00 FRgss fasss poage Josss pess: B
j=gabaas snscssnsss pesndtante ansng g .

S 1

s R S el Era et San ey nan R aat

= Maaatasd 5 =



T
| THHHH 1T ] NEEEE amum S5 AEmEEREEE
¥ T 1 I =11t 11111 " T
e F - -1 ¥ 44 - mEan 1
: - R ERE RN EmEREn e » 117
BT + ER SRR SNENENEEE T
tH . 1 T 1 1
HH- I A s
Y TI_ T - t Tt " - =
W H maE T
Ere L 1 HHEH saum 1
BT H FHA 1 1
| ranp R _ ] i AR HE zpn ]
 imEN ! - 1 = S L i L1 -
HH _ EEnE mm pe i S RN AR | SNERm R nmn aE 11 CT
: o A R ,
n_m ! & 0 ] A ne
W T g HEHHHHH H
#
e : o EEEEE e SESEENEN SERE NN A
- HES 1 s EBuNEaEnE Emaa T
uai NN N L ] HENENE SN NN A i
| |iaasgEm T R SEsmEsRs - - F
|juuma T AT mn aun T 2
ass ST H aEEEE aa FHFH
| I T T 3 E T
ST I s T EEN RN E
iEEad A i ..f”,,
ol i m bt - -4
A -n . |—“.IA 4+ o -
L - 1 R R SN IENE L
| | r-I. - -
W fine SANE ARG EAaaS EENEEEREEENEEREESEEA N
mge bbb b i t 44+
[l 1 2 r B A T
L HHIHH T i
. I TTTHTT THT 3 1T
Tl . ] A

I
T
!

1

|
| 1
]
18 8 ENREE § FEAN ERANY SEE RN

S e

1 Hil
“ FHH T HH
ol ..II#I[[TI-!. i t +44
| | i |
- . 1 T : _
i . :rll.ll_. ..T_w..- - _
[ | [ENENN aE :
8 i . z o H 1
o« - - -4 ++41 1
- ! BERNREEE 80 _
i HHHH 4
| : 1 . :
: HHHH ﬂ
1 e R I HH : ﬁ
i T e H
i R TS b HHH HH
HHHEHEE Hit | il i
. : + T - . mann
f Ruc S AERRNERES " L T aaEne S Hrs i
L} FHHEEARL L 1 W - SRAAENNERNREE bR
A . : F R B THHT wur B8l
+ SN B E EEEEEEE. EEEEEES +HHH HT __
4 EESES b - (AN ¢ 1
. N ESSERRENEENEREE e
1 FrE ,
m.... H mEmam N aEdRuss ns
18 " " - ds .- R 4 -
HHHHHH T T 1 # !
HH T EEmaRE TR “ugERang [
i am L umr, mm .4|., F T 4 » SR 14
e = i !
i . o - - i - INR SRS
R e e RRR e SEEsE A e R A R T e R
s T HHE ST :

is
B C 1 - 4
T HEEHEEEEE - : ot L + W ,
[ B 5 sERRsaas: E HHH
| | 1 - 11} I 4 +
m -
i — to1 +
N " R RS
B L L] o nARE - T 11 |*
L 4 4 b+ 11 -1 SRR =+ sEn =

11 g .

" - EESEEESEEEREEERSS
- 2
L 1] mEEREE ﬁ

1

1

1

:
aEnaE )

%)

. .J_J_Fi i i
COoRMALL CO-GPERATIVE SOCHTT. ITAAGA, M.Jds

raaersnnns nEens snn e Fui
T

-
H- :
HH ] -
M
SN A me - . H
ssam .
A T
!nl}U e .
T T : |
L - in




H1 - HEEEEE NN T + +
m]1| v - HI_,lu 1 T _ 1 .__ aaEEE ' W
H | R !
H11H N m 1 IRes
H 1 ik - 1 HEEE .. T Ll 1 w.‘
ias g : H ! { 1 HH
i “4... - HH A 1 EE . o & RN i THH :
] l..j..lu.l. - - . 11 1 .J_.. 1 bttt g F _ ] .
| 1
HHHHHT _ HHH m Hr _ S HHH i % a8
A HH S ERERES mESEsan Auans HH 1 #
1] : T T T —
N RN 1 e Iu_”..l.u | .
mENEEEE 4 - R J 4
T a - I r T m .
T 1 HH AT HHHH T
I ® = ._ I mEu. EEETN SRR N T
H . ] 0 0 O S n B 6 as
H =t} - - s ENEEE i g
T T . T RS w T =
an q,.. RS T B - 1 . - .,; Smm H
EESEEEE REEE THIHF . T ' Tt
C1 B NEEEEEEES T 111 L. SEEEEEEENE R
i T HH HrH
e i T o T T
HelL T JER t - e
HH T HHH+ [ 1 NaEnE .“..,1n$ s
Tk T = T m EENEEE
H 5 11 T T
: tHHH T
: I . T
14 - . 4 b4t - vn - — + R RS
EEn - 1 mOmm
11 ” RN AEE . . N N BEEE L T
T _ +HHHHH HHHH HHEHHTHE LR
| T 1 I n 4
_ | _ ! - | B REREe IEERaiaanedansaetan
|l_ T H b1 rd 1+ + +4 |
T rT B SRS T 1 = 1 | i 1
T i : L 1 144 4
_ 1 7 A ﬂ . - - T EREEEE .
! HO T
) . 1 = L _ — 1 I _M RN
TrE aw Hy
3 _.l_... SR SEEEEN 1 } +1 1+
. o mESESSN fuags I S H
i 5 I ERSEENEEE RN, . ame
] jEun 1
'
IF H s HH L._ _ Ll + :
: - HHHH- i it ..L =4 -
R ; 33 IRERT.SEEEREREE
SN NS AR 1 Oy - [T
I Attt EAEEEEEEE Ttk Amm
T u A EEEEAE 5 O HHE
r T I . H T
. R . s . Hi
s ns HHH - iyt
- g . SN NEESS AN RN S 1T ..Am ] i
3 T : TR
I @D -+ - r - ol ENEEE
44 - 2 Has ] _nu I~
x 3 HES NS ES N SN AR AR AR Wam
" HH T T 13
H . = - =
[T REN - 41 +1111 -
- 1.” P M TET A EH A
L H HHHH- HHHHHH HHEE : =
. - u SEEEEE w0
8 T 1 - 41+
B 1 TLLLLE
T iR isa e adne . HH
u - ﬁ HEEEEEE S 414 r
- H FEE e Nn S
k HH - R T
L I
SHRERIRL HER s R EEs EaRRESEH Eok
1 u T1H SRRRES R RS
R T sEE e EEEREN
A u . 1 HHH SeB3RE
s . H + R . 3
R RSEERE=smmanm== e +H 3
H H__1 AR k - 1+ T 1%
e - mEE . H H ] !
u B 4 - T
HHH RN H T H EEEEESE . 8 HH ._._m.-,& i 1 * * 1 g5
Y R HHH s3aasa8d f182a000d pansnnaad Ias, g
L T T r I TH5
REEEEREY Ievnna e T 155 H e 1 FHH R 3
H A Iijhﬁ.u.._ -H A4+ 41 i AEBEERNEES ST : -l-.
LA e w “ = T e T HAH =
A uUUﬂH.ﬂ!lT ] I SREEEEE T HHH ]
peeaadd iRl e H 1 535 1
HHHHT O
- EEEREE BERREES h*
i ;mu » u...umn..u B |_' SRR HHH L
: Mlu e T T T
i e Sediiid] i s e s B L
T




e WAALT YLLEDOS SALLYIRG-60 TTIWNGD
e 1 I T a0 1 1
S iEianas BRansRaasl Sasnasaat: anasac $2354 fazstanss
asan pamss pRSesanans BAANADasEE Snundiasns BRasEdunay SRES0 22
I~ NN 1 - :
Y juSh BOSUE BEESH AuRAE FESRE URARE Sunas nunad RRASS COOC] -
L8 NS EEENNNNDAS SESNSSEEEI Ne. - SENSE GRNNEUANAL SUNLS RSN ARSEEREENT SENEE SERES CRE0E BEEEE SEnat BEnss soonnsatnl IBSES RENGS AR BRI gt . ISSEE BRSESs 855 S HH T t T
igaas Bunas lusng sasns SRSET RS E: ' s
4 | + SR SEWRWEuLEE 54 T
: IBBuNBASRA BHEE 11 .T#L.—Um.ll -J__.nwl__ T oy - 1
seas + EREES el Roaas BB T +
ASSAS EAEEs SNSAESnauk AnssnEnsE s nannnnt AUCCC Tl Cana 1 : .
£ m——— e e s — IEERE FEEEE BRSSP B el R T ]
¢ ;.. T w8 8 4‘1&“....1.1 N ERSs REhEs SERE T 11 H_
T+ . ANSERSEES B! 58 BBSNERNENS BE A I
1 ~+-rT +1+ T T Tt !
EEEe uY w < -
I . . H BERE EEASERA I
£ I I T 1 1 .
.5 1 1 .. dﬂ I .. '
T T Tt 1 [
. 1 n!
¥ - ImEEn SRR T ,.,Iy . an
- ym T 1T | T .
e R . : -
ui s aiascusus unnasdwans sua T ERa BmnmsaEusy AREE
S nEan THITT i H_ -t " it t ]
e 5 auanaiisnanadahan 1 B !
14t u Oy ImE AR EEE ] H-1
g s Euws ...TJ-W ﬂHTnL S heiinds _w ! HH ! |
HE + T 1 T 11 1 -
- - - e T+t T T I u s
L I = A I ?#_ TEaiiies: !
e -
. H r - T T 1]
rﬁ T HH T T 1
1Y i . :
IEmsssEns :
|E - bboan :
M | 1 1
- ) I 1T
5 8 HHEHT
2 T : =2 g
1 PR aas % aues : : 5
REaat + — .
5 A e : 1 1 1 1 H-H s
. 1 - : . i
T - t maam " 1 = T
5 SEEREES aees. : I T T T jmEm N o T | =
1 ! T 11 1 s e 1 i 1 1 1
1 1 1 - NSRS I I =
Lo o T T 1 i I 1 L1l !
v A\ T T 1 i T T T
IO HL T T 111 T . t T
I mm T HH T . 441 - 11 t -
1 L Ty 1T 1
T A ety - . T = W T 1
e I SBEE S aRENS 81 T 1
HH T T B -
1 T I I . |
- . e
! | T 1T
i 58 T s
1 1 ““
T
T
i 1
T S 1
1 It
I
i 1]
1 1
1 L
1 T —
Ll
T
Ll
111 1 1 L -
1 Se
1 1 1 B H
I o I
Ty 1Y I T r
NSNS SN T 117
JSSEy Bsnas sansapa s
== 1= I v
immmmmmas semm S
Im S . R |
NESERNE N B RN T i m
H 1t
g ik dey ks S E
s issauisSainnus HHE

VT, e YT ) -




APPENDIX B

Stress-Deformation Curves of Column Specimens

22



T
RN

e e

-]

T
IAEEE R
IESHE SEEEN INEE]

-

SEEEd RNERE BN

11

T

]

Il
11

T

1111

il
||

IRES

H

L

"3{_5. &

T I
WU BEANES R

(e

=N _ N ___3

o b m

o i 325

El ae REES

o A = T

> FHHHE - 288
_ == T H .

: | R it H

T

1T

111

| ¥

1
T

R

t
43

R L S

TR

|

Ead

IEE EEE

R R
1
Tl

mm e T H T
=)

-] | o 1 1
s A= 11
H - 4 »
B o 5
.1 a*.L. IBE

= =

8
2L Ll m. H 5 §
= Tt +— o |




F R +H T R R R
R HHH a2sss ] HHEH sEmiamsiEng :.M ﬁ “I..-“ .:.. o mm -
| ==k HHH ] HoH HrHHH H FHRE .ﬂ.ﬂ HHH

B . §i8 : e R R PR R j SREg faageasang ians, Hir 2
1~ BEENE m 113 RSN EE . | o o
. 1 B HHEE _ H
o i . - 0 0 I ! I t HHH 1
2 B ERE: HE TR R FEH Sssszeceiaasae: HH T | HH T _ -
i [ - - I S T it L HH
H- - HEEHE - 1 +H1H T A t
| HHHH i g fauaasNuad s AEaEas RS :
| = mu ! S 1 EES gmEmEEnE b -i..ll_n. ¥ 1 g
H R H R R FE R R R +H has .
Hl e F HHHH ; -HHHHHHHHE aE Na : T ;
B HH BESRARaE daNmSamsas snasanaas HHH FHAHHE . _
. -+ iyt mn EENSESENE L1 # " L S . = 1
SEEEESEUERCREESESECERE jREREE S i TR - & FHH
T R e SRR AMSEMEmmEE AmammEwEEs NS o FREEH HH
o SSiaasspazazees Rumms peas SIEEEEE=EEsasEEREE immmmsassasssessnsan = T
B HHH T HEEEaE imeEmauSaSmmaasanaasaansaass . HH ST ]
g HH T RTH T e SaacaE dRaRARsicaasISed [ReReaasd IERREH HA BEii [RERAREHEV Y
il HiseaisgEgi . HHHEE iat IEnRRnRE il
- HEH AR : H * HH i
= . T A SSEuuN usnaanas aaas HHH
- o | : SeESSsiEdEsed . H ﬂ H
: T i ] _
T
=8 " L EH R R T sEEEESs SEa A T ! i
SRS AAERAEEEE AT | feekfdis R
88 S HH _
s _ T H1H trH A {
R 1 Hh 8 &l SEARAE!
tH - . 4 T
SR IR | W S AR ASRR] R
o i = T B3R Ea!
SRR HEHH : HHH &
e H R o H
- _ . » mENa W- SEREENS _ w {1
ik HHEH R T e T HH
e EESESEag) fannn aagacasaeazaatas SiSaidatiaasassesasssancant Hit gt i
HH — n 11 1T " HiH T f b
| i T . T [
ESS HH : 1 Ea CEEEE :
. Tt . 5 T SN seEsEEREw A I 1 ﬁ !
B FHHE R HEEEEH HHEH L B t _
& s L.-r — LT .ﬁu HHHHH HHHH mu HHHA '
H A TING IR HH HHH HHL
Ll s ia e H L INNE NS N I I
e T T O ; - T TS - . ]
HH HoH H 2 H - HHE FHHHHH 1“m aasan ]
- RERSSSaSSw ENE e R ; ! _ ]
et - A A R R sefumsnans insnan 11 _ -l
e i . SESEEESESSEE S e lr_ SRR ma 4= 444 4 T _I—l _ 4 B! u_
4 o . — 1 E - t At R = - B :
- 1 r ¥ 1
- - .- e . - s ] H
] ieaHEEcRaRIRNIRRIReR: dnes - VeRHIRREEHICHH ERICHESEA MARRRRNSE RCHCHERGH RURMAR
EEEEicE A - T Hw T T HHIE . i
-
e 1] H HEEE R MESREL T SaREwEd SR 1
HHH e e H SESssSsmssmad gaand mLH'._ = e
T HHTH EHHEEHHEHE RS RaMNMRNSRANRGedEmaadzsammsasssBesuuEs!
- T AEEw HEEES sEs HHHEHHH
SjsuinecessamziaanasacEs AARANRRRRY 7 i30aguuasdtensasanedisadsesied Rosasgagsl pRsaiati HHH _
nEm bl - bttt 44 o +tF H i
- .- = T = - e
e +H HHHHH HHHH
- L...a 1 L +H HFEH A mmui.l.i.,. H HH fr-- - .mm.r.[. H HHHHHH i
”n. . “‘ T 1 1 1 1 =8 T . m
- HH-HH R HiHH + i HHH &
T HH HH T T g
HH it TR R 13
P T R 5
H Sgasasdseaisd asa: }“ .m:.H- assssaus i.-,.-:”.m




TIoN o)

L84

13 Iy g, W
| = A e

e e ——

| ™

——

- B W




o w.
I ~ O
14 Fipi=
T i EERE m s ﬂ -~
it & H .
i . Il
G i e R s e e ) o W9
e o BT
T s St I S
; T .. o 6 | _ [ L,
T =t [+ W 10

P L‘,_é_,,d‘_._i

Be Eaad

{ET
;uilﬂ:

1

42

ALLigid

bew

11l
1 Lllli

e

1

=

IFEn

-
s
1
+
11+
..... 1
AL
T
wf..nr
=

1

R gRRA

H ]
1B Paa

TH
1

‘!.

WV

Hi

1
e f et
T

11

mahai
I ..r ,
wma 3 .
ELET i 4
1 1
=
s

15

et
it ...
= i i
:_-.I It !
- | f
b . :
: i~ ,.,_o...
H =
i ﬂ. L ”,w
i 51 LS

I EEE]

1T

J.‘ ;:ili r:-..'

Hio
T

i

1

ik

1

11IT
W R
1EE R

1

1
1

FEEe IRned Laoel Ioent )

| ool

jauus ERERE

TRESS -

m

=
L

T

T

I
¥
+

il
i
'
Il

|

¢
T

4 RREBEANERS
il

iR

- H -
1

I
i

11

JiieE

I
1
Ll

T

T TTIRE R RS
g‘il i
L
Tt -
INEEE BN
| S X R TTLT
1 INEN

jnuEn

]
_..n. - i
SEEIIREE i
HH s T”
] i
i =
saaEpRRiass i
um..;m J_W..H H.




ﬁl . ||—| - - -“_...‘”L..
HHH T
it | Eafseasiinsazcine
H H R R
, SHASARSEaEN AN e A .
CEEEEHEE R
§SSssdssssassumesNanassaaus snn
1 R R R T v
i -+ SR T
T R T
4 t+ + . g R e HH-
¥ e T
H B A SESRESS T
4 B .. 44 4 - 4
SREEHE BEA HEwa. H H HHHT T
H - BiiH EaEdpisadid Wit
e A SRRERERES
+ T H HA ]
111
R BE
H T +F + T
wpmm.u : :
$ 4 - _--
1 §5s. & s = T
N Ban: a =
S T I
. ; T
o N - 11 3
T Ll
H HH _ T -
.ﬁ. ¥ F Tt H * -+ -
lw .# L L [ I
! HH ﬂq- REERISEEE
] . !
o5 T
K
. P - R
I
L -+
HE HHHH 1
AT HHHH -
N _ e
r R T
i EduindniERh e Ehadel HiH _
HH R A HHHH ] , 0 H
Al R ”__ i
: B 158 T HH + ] EES _
1H R HHHH - - , o
i 0L e eeen e TS
: S ENESEASWANEESNEmEEE Emuas HT HH HHHH
fRN| SnusSasaNEmNaY EE S SN E A Ay H HEH : O
—4-14 2 . IJ._n ..| t4 I| 44+ 44 .AI +4+4+3+
: H hme._.. R S R HHEF
] + TH F B - ES RS amms u 8 - T site
| H- e CH T H A + HH H T "
§ BEEEEaE: SR R SRR EREREEE! ERiRERE HH-HH H B ]
N B o T WEEEmE. B T e o
) 11 4 FL H-H+HHH +4-H-H - 1 -
444 - o b4+ b 4 - 8 4 ui aN
. 3 T HH R T I HE o T
A N R R R B T
i EEsmmEan T I - 1 x
T T EEn H SREESEE ) HHE
B maa + HHHH O HEER . HH-
W .- el
r 8 e RN S AR SR A S sw S T
- A R S . - . : i !
EEEAEEEE EEBEEESEES AR ERRSAEESRINNAENEERRI ERERA e P &
CEEEET OB N S CEEHE TH ] # ]
-, P samsmw H T TR R HH H +H
EREE RS SEENS A mm S - A S N A LT 5
- - n EREERE . o EuE a
T e T HH HHH
. bk bt b 4
1 _._ ._”“: i T lf.f |._.1. i T-L.LW. -




sascheased fanshs HH SSafsEsssssamassssssnasnssssssnanzs S EERRERE M
SiIEEREEER: FHHHE - T HH i5d TR
Ir.l.-. I l. : : ... = : ; - - 1 " : I.L,,J
HE M | HEEHHH HHHH ESEEEESE EasdEERssEssaa ki i
oEm i 1 | . I S R N Ty o T
- 7 _ W FEHHET m = HH FH A H HHHH * EamEE: an - &
B H HHH PR R 5 ]

: SEgRgasns! s HHH

T
17T

—

| St T R R SSE SN B
i i ] - - - - L 11 1 T 1 0

i R L n i e d e 1 B R
- .. 4 nm - 2
i L AL . o L mw

1
1
1
1
T

|m ..”L. L i n”|.|||..” o + 4] .I ”||. B i - u
ik L R il | :

tH #nadn ianees 1 SERaSdEeisssmnes | o
__ iu. +H HH _ i -
i L HHH RRCHEcaRciat
: R T e H [
; . HEEEE SRR SR AR AR Eii e §
o5 T k H T
; | ] THHHT E il ] f
11 : : HHHHH ; SEEREEs IaEn: U
Wl...h‘ - I.m. HH ” dv.. an : A MT | ..M - & H fi i c.u -
| L AT 2
: HAH H HH HHHH : ] T Bn
ST HIHHH | 4 FHH a Ty aske
i =R cdReRceazciid RCERRRtARREaRast R cienaRl RaRtERRti dRRCRAS) : |
s ;
i | | EREeRRaEct RusRaReRcaRRRsEinant ant) Shanat EERAE 2E3842d dagasats A Re a5
HH HH EEas SHeaREESRRRaRE: t HH 1 : || HE

-

|

|
T
—
-

1

1
11
-
T
T
:

|
T
L1

T
T
IBEN3
11
1

t
a
1
el

1
1
T
™ _'_"'T
T
1

1

&

]
Fa)
L=
AN

wi - A - ] [ EEmaEE EEEEEEEEE -
- 1 S EEEEE o Emmma - S sume P
B I - EEEEE an . | anam H !
- - R & - -~ btob ot ERE = t - Y
EELE - HHEE . . W -
| I ﬁ ! ] 11 - . 1 H 1
m-- SEE - -] H4HH - - F
- 1 S - 4L - L
. B H4 1 HEREEE
' o T 1 - - -t R e 4 L] .M r
mESE =S i 1 i ma = . smEwE SEESE EEEENEE " o d s
- - A1 T TEL
. - . . - . - 1
= = o EnEn T .
R EAEES NN -1 = L a B
- 0 = Es —— ]
: - - NN W .. -
- - EEEw N . aEEEy H
= -
HT SENW HENSEEESENEELSEEEsEEaE L - |
= = FmE T =] nm
. - - - v -
w po pedod $- 1 --F-1 ] - “I - -

et
T
1

8

LLLY
i 5 4 BB
T

-
,-.ﬂ I - T
- " -t 4 -t -4 EE .
_ HE it i HE EEEiRaENpadancemcin:
4 414 2 - -+ - R - - T ot o
EH T T : SEREst HE
8 e T ] C IERES
daae e . ; I L 11




4+ T H B H TR I_l_._hlr.,IIU] m——— ]|Iﬁ._LLL -
. BN NSRS NS SR EEN NS SO RN SN SRR T -
. R R N BB R, A - . bt b
PR R R HH
0 ® SERESEE. EEEENEE SN . EREEEEEE R
5 e EREEEReE
NEEEEE |H_| IESS AN FEnETREEas R LII.I._ - e -
: - - = R H 1 . - 431
m 0 EerHe ey I
AR . T b
T . mna . n
_ o mEEa g : :
— - - B . -
- - - -
i i .8 TH-
. A . . A r 1F
L1 v 4 ' 5 - ]
= - e
= R N
- + Irr ] ] H
ARSSREssEN & &
HHHAF a8 . 6
| HANNEEENN b A |
EHT ﬁ T HHH A T S
! . an CEEEEE -
EEERE S . SRS NNy SemuEn g T
RS _ r b I,I._|I|J...lL - - | ——4 4 4 + » =
HEE HH a @ mEE N
B HH . I 1 ” A
a8 _ = SN NS ESN NN RN IS N RN A (e SR By 1H
o5 _ I gEs N T o HE
: B TN .. e
2 v - } e e [ i e o B S8 USRS S o S N
m_ TEEETE I S e _”
HE B § e F
- - - N
: T THTT EEEENREEE NS o r
= O R i - - B
T R R N “
E T S 1 P L
y N Nm T HH [l
H- ssu - - S EA. P
4 441 141 SEREESEE S A
HEEE .- THHT
l B TEEEH .
SREIEaREREEasIERRRAERERE = ™
EESNRES A T [ -
T we . m =
o 20k~ ] T
1 ] T . .
2 TH
T - - a
1 FEEEREE f 1
H HHHH T , 2T
i . ! i ! 1}
s maSEEEaE e i .
T il
. - L A g i
i _". I 1] - _
” 11T { ' [N
] R HE g
] 1 - 1
S e s En RS S EEREE tmE »U - -4
2 i .
= .._r — _ ﬂ“
T - t {
S+ B .. i L = - | -

W LEEr Eumal S PRI ~ H
H e o SRS Enn SRE A I -
R b LL A T M |
e r I r F T SR RN NN
BT n I # R R EEEE R R B H] _
b - SERaESupEanESEESS O - - -1 -1 L L
Fh -+ H SEnaRrFEEsTEnsRRean T ] TT1 3 11 ” .._.Il_lll[i Tt 1Tl
T u " N R RN EOE SR aN T n :
EeEes SRR R BRSNS ASNRENN s i ; O ™
CrEE EEEE SR i SERGEEGHE RamumEE .
T R - a
PRENS aEEaw AN = g
ES GuEe
T A - BEEE Il
- 1 7 T A
Eun L 1 I 0 11
T NSNS EO AR EAE R .. BRES 1 p 1
T AR 1 ENEENNE anENEENE. s ANERE BN
11 HH HH BES 50 i
m_.“,r.T A HHHT IR 2R - P
R e T
T : EEa . - 5=
Bl R |
.o ]
H CHEEEEEHH - [ -
T EEA NS - ] ; 111
]
R CEEE 1 __ _
1 § T ] i .,

6|
T
o

BT
o
e

11T

Ty

SamaEusauspeeny pesns

BSESE

[

]




: e e e
§ HH $4{EESaAses SeRnsiatn RRERAREE IS
. T §iasieaeasanascezanidass sadndsEess
H aEsaa :
R A ,J.”..- Jn- : |1g F
r R R HHHHH
g I : T .“..h. | ﬁ
9 Emm ] L RS -...|..JH . ] .._
H HHE FEH R TR
: BRdRaeaascz ciasagasn eankanas iaznatat
i T SESSEERaRESESEIRESIREEE
i | e NN RN 4 - o m ._
: | .- mm. |
i _r% HHH ﬁ m_
WH | ‘ ﬁ -- | w _ _“ _ﬁ }
il I
L5 T | SN
- - t b 1
i e ,m #, HHE

.8
.
1

P EEER SN ERCE |

o M 8 . TN LA | |
i TN i ] N | Hi
. _ | ‘ 1 S _ ~H J.. I
11! _ | 1 | 8 “
i JiEH i IS R RS
i . i HHH ] i |
A | SIS cERRH R RREcE iR iCEE R e
H - HHHF - - H |..1|.,.. bt tt w
sas u.__ . H i HEEE e Tﬁ M _ _
HHH 1; HrHHHH W HHH _ N . u__ _
1 M- IS ENENEENEE T - T sEsEEw JREENEEER
aSiud i ﬁl- 1] b T FERESEREEE AR Bisss AN T Fr
EnEEasEN TS SNnEN AN NNANAES O NN ESSNS AR aRREEE B T H H
HHH i ...Tr_rr AR i R FEHE A H T %Y
.n...Tr. H ..|,n.pm FHE e HHH n HEH -,!.-[ T 1 L
T B H e T :
BESEEREEEE IR oH EEEEEREES HHT 5 jARRERRHE B! : 3
e - EEmE T I -n._n. . -
11 “+11 1 11 1 -+ I ﬁ t— H
H BEgiiSEaaasnas IRRANERaR anas 1 FH A HHEH e : i : : m
] SEEREESEAEE SEETLL mEAE RS H aaasunl AERRESE 15
s ARRARES i T A Beadsa: s L-_.“-m
HH ! EasdREsal inaas HHHH R R .“ HE HHHHHHH 11..m
: e iaciand AeandRintddacdasisdidnstniasdifacdatty ladaiaeat
T o3 HEH BRRRESS SERREARRRARSRN m




1 1 LiLll 1
oty 4 -~ T 1 m T 1
|num L 1 ZL. T
e 1 I T
T S :
1 1 1
“h |.I|, 1
1
1
1 1
mus
T
T H.“ i
fESEsmSsES smmamaamnsaaas
=. _ mn naakl
i T

i SEEREkEd hcsctsace asRune:
s T +H - TN e -
o= s saEs T i
G55 REmEEERSas SEE i 8 7 s
HH H § an 18 un .#”._ Smna e :T 2 ua
i IR f H HH
1

_i-
!

i
i;"

a4

NN

1

1l

Ii

T

i
++1
1
|

A LTRSS

At s

ITE 0]
1

3

1
1

. = - R
DHEER _, il
r T A T
| H w
8 B S -
B i smn +H
. B yun man = ==
! TR = 5 T
_ - e w e
i o o i
1 % i I 52
e e 1+ b=
“ =11 hE . Tt
mamatl R ! T
1 T T
T H
SRamURNRES Rug : s sEuNN 68 Tt
SESEgEssEspusansmE o
o s
1 R nh B 1 i1
R 5

Tr
Hit

SWRE

]
o b e

Htr
1
1

11

L

L

HIEiERiii, ik

ek

HEHEHH
T

& 1

i




sl R A A s : 7 m

PR R == T ;

H __ Eammmaanassauil .“ SHEE R R A J +
N EE R i e
AR (A RRANAA SEifieaianinRarq tennntacy e nRRRn Al i T
iERRERR e canuE RERRIREE R | S HEninee e
iR MRAch lacacheatricanncee SiEEaiemcain) cocimunimammmeneiREcERERd HERRRES EEECREEH] [HRanRRd afmRERiE
T T R e S TH R
I il T e R T e e i HastEEED

i I i il
P SiEESEsiasasssnssiasEssEsasfmmssssas: . B! _“ Y
1 gass . SeEssanasnazzass : ]
A . e i R i [BHE i
i HHEEE , g HHH H , m f : ] T g cEt
i L CHT T ST i * | | i iikshints a5
ELEEET P ; _....._.u.ﬂ,”r - : p.wm. : B 1 § . : : # h 1
T i §esfacsasisadiesses §aie - T | i i

,_
. . - _
il S G il Hil:
H -H 1 : 1_ 5 I FHH TR !
a + i HHH S amme - . -
HH : ; HHH T : T _ _ W
. ) 1 1
A + EHHHH] i i 1
i HHE HH HEHE St
i - +-H m- - brort - L (1
i T Hsin s it it Qﬁ% i
- L L LE] . 411 ' ~ J 1
Hiia il HiFE . dElisaicti i i5ad =
TR S 1 I - T HHHH ;
iE ot T & . guss HHH ﬁ ,_rm :
HHHHHH HH T SR A aEs
T I e ﬁ 1T - ] : 4 - T H 11 1_ n v, = g
T T u=
g fEatsscnaaseaats i 8t R
; il T e e T
1 : HHH ! 1 8 :
e EEEEEERIEEERRRSSY T HHHH JSEES=ERZESCEES T T ST
. = e H R R 1 EEmERES 1
_ HE I T 7 11 = o o SEEEEE SR B AP SN OE o L m i o
L ik
2 .= TPt FEEF
+H H- F Saussmas HH
H e e R HH T ERal
HH T HH HHH R SSEEEERERS T
_ EREEEEEEE T PR R HHEH . A
T THE amm =mm T FHHEE I EEEESEEE SRS H
N T e
- .“ i ]- . .JM ™ m:.., - .,nn_‘ 1 11_.]7. mjﬁ T HTH ....iu.. 2588 T ! : r. ..m
- t
Hi 1 a i -+ HH HH R e m
T -+ T +tt SEEEE Lt _, HEA S
SEs - Samammeyims T Hs
; A -HH Sapasnsgiasasnssndiassssazmssasas o m
H - T R P
S i EESfBeasstessassBsl a8 ssEaasass
I E ' 5 WL 117 .._r.J.m T ] m
1 s | 1 i ]
i Basassit .




11111 I _... a. 1] T - .,.: I~ i THT
| Jm H T _ .w W HHHH T m SEmsmmmaE sy asgfsasadsis 5 HrHT
O e L e
b T T T EEEE T FE e e R PR R R R R RS RSt L RRERH IEEnRREHR [ESHCHREE
1

Ly !I_!JJ.
1
T
i
1]

Loty
1
T
1
T
Ll
T

Sipaaasis : HHEH o e
B T ; ] I i THHEH ]
| =un 111 oF NSNS SN EEE S HHT I T T 8

= == TTF T ]
HH a ] - SEfSSomfocoumas ; . HHHH
HH . - H R HH 2 8 : i
EaEas . e N e SESSEEEEGEEE ESESSES pEaasEE: T ] i
=5k mEEfaEs gessmsEEEas Sftsdsassmadimszssnas: mar sssasinggess T
.
- I EEEEEN b4+ 11 4 - +-13 = =
THF o sEER EHSEEE TEEE ERSEREES.“BSEE:

: s : T au :

E: : +H 8 1518 T e 4 . I -
Fdt 4 r ERL RS - 1S - R R R ot bboe t R EE S -
o SSsades geSmas _ aEissscassaasass aaa s o = oaes
. HHH Basaas apaaasEata T T aansagased Tt
. - +1 e b 4 1 44 1+t - Ht 1 bt 1 -
ESEER sREst EaSsEEsssass Segts s H HH :
i akes i o SN AREGNRSnaEsRanasaaEs s HEH T H

jL1Y
T
¥
T
T
&
1
1
T
!
;
1
t
T
1
H
™
B
5L
e

BEEES Eaa8 (aeasi THHHH T EESEEmuEE | s
L RnNNNNESEaRREat s SRR 0S Hit T .LL CHHHHTH ia amaas
- R R - -4 41+ 14 P + 4
L 430 4AAIRARARSERR0s 32 ienaqciantchuy PeanccaniRned (Ranadatadasndnacel |nNRqannadinsnananel (a8} |
IREHEREREES + _ H T - H1H #, EEEE +H e 3
B M- _ T T T ! d_, f _ _ ; ¥
SERRNRE k R HH : ! HERE _ i ﬁ
ki HH R iEHCHEL IR | |9
Bt i T AiiEESEuaaEEssasisaRREEESE SRR § : ERE f h{EER | H
{ASRRRERANARAREAS: = ST HHHH H 8§ faagasasng) i c Hil w
i ) e ERRER FecGRACREACCR AR Thechaces et neice! AR RRS] ERHARRERL RR1EL
T S i e S
i | 1t i aee . | HIE | i
- - . ; ] _ HHH ] 1 3
- T = 1 H T : ESREEEE : A
1 _. E SEEE (SR eSS 1 mmma AF, _ 1 : W ._ | i 4
3 HE R HHH HHHHEEH _ | | 5t
a T 2 R T : HH L { H n ; _ ! ” _ W “ 1 g :
W,H . _ T — 8 - Jmfl - ] +H lm_nl _ _ i i J: Hoeg H | i
FEHH HiH SRENSE (NamuRENSdAassssmsmsaus : T HHH r : i 588 15!
ESSEEEE: H : BESs iSSEEEES= AuEs S SEmas=aalERESEoRRRE RREE | i - ;
| HHH “ HES (EEmaMmmas ana: +HH {25588 SRRREE! E + i .n_h H
naE 1] i m EEEEEEEE S I T ] " - 2 +1 L
S S H H HHH HHHHH ; HHH T t HHHT =+ _ .
L L - L] T = - B I = -
EH L HEE R R HH HHHHH HU T HiH T - )
HH S BEERSES 48,5888 Hasasasaass HH HH T THH : . SHESS " a8 :
HHH - HHH EREunAamuaudsussas T : SRS mmmmE gmn H
i - 1 = s 4 . (1irid L mEEN
T i S esA AR e e ESSReER A i eanteseatad
SR R R R e T T
H FEH HHHH HHHH ! HHH 1
SR S HAHH HH HHE _
ERSREEEREEEE HHHH 1 ]
S e +HHHH T HHH Rl ua H =
R k - : - e m
1 i T ..r.f HHHEHS
SERESSE T 1 ! 38 BEidRuums A mmaammnn o ..P,[Hnm
. EEEEEEE N 1] 3 — e 3 H .“.. = m
sEsmEEEm m
TH 1 |, BRSNS Sgszasas r.m
gSaunn




L mmmmmmg a=gEs=EE B RN S nmsAmES mmaeEnaE. 1
EERpERE THTE = R EE SRS § NS SRR S ...
= _..__ T ENESENEESEEEEEE REN . + - _U..Tll -
FHHHH T H EEESmNRaEEmssmmasss=aas
SSREEE; H 0 W O B SR N
.1._ f_. R ._u.....hu_m,r_n_p.”...h.”y..n_... - n.;.n B ] _
EEREEEREERE H T EESE H: = HEHHH- -
¢ up HH FF - 3 . T o
L e e |
= i SERREEEE EEaEE EEEW=Sa & ENEEREEE SESEEEEuES - i J
1 | T + ] ¥ HHY SREEmE HHET ] |
, THH Hod e S EEEESEE=SRR: TH
W ] HHH H R H I H :
1 TEETHTHAT EEERENE AEEE HH T T
g U g HEHHHH |
1 & SRR e R T S EEEEERSSSEEH i I
r 1 ? HH I ,ﬁu.l.uw._%hnp H T o .rk i
R e el e
e H T HEEE T SEEEEEE | = .
- SSEEEes EERanAEEN n_“ﬂ.. “T H A o Y
» - SEREL INgEEE 1 TH H- -
B | HHH | T u
1 T TR s ] I _ r .- 3 m Tq
T 1t 1 HE 11 r 1 B NRE
: 14 TIITr E .‘t [ iz INSENEN 1 T 1 . L]
= R - R = 4 m g 0 T
-4 131 { [ .41 L4 L L1 1] - L == BE N
REEE:izaisRasads: N ol H T
1 HHHH ; i . 5§ ﬁ g8t
HEHH . BRRS L
RS ﬁ.,; I H &s . i 11 _ NI
= "t EeEzmsmeemma: s +H
e e e R R ERY nRR AR e AR RGN ] H
I T i T .‘.r.i]i,i, -
LD R | )
; _ ‘ as
T T e T e e e e Tea
EEEsdSeaRdRcecd aods ! :
sissai IstEnNE IR SAREEd andntany danas S i o
35 1 1] BEEREESE SN I F » -
SEmEE :.ﬁjrriltilrr.]i[.._.ﬁ - 2 IR il
CEEH R IHHE -+ T T
T A [lm“[.n. | * THE 1 r i

I n.,,nr%rrr_ HHHHNA - SRERESE RRSEERS - : :
CHHEHEER PR HH . T
4+ 4ttt d -t 4 - r 44 oY T
T . BESEmEE B ] ! mmae suER -
HEHEEE J 3 . R E L]
S SN N o 1m 1] b : I
T - EEeEEsEas s TIT " n
Ll - b4 RES B SESEE {44 4 4 - 1 - |
- 441 _r- ]u[.“ _u SRE b4 4 4 = 4 E t+ -u%
. ! 2 1 T ] T i
il 1I . u”w-_. = - ‘o “ul -4 r w EEE RS 11 ] 1 1 ] ” || -
B . 4 ....r_. o1 - R AR b ERRRE S8 s - 4 ]
i H " 1 T 1 1 ] .S EEm
EEE BE 11 - sabeaamERRRE R = -_m. EEaE B SEEEESSAREsEEEEnE) ou R e
| {44 HEmE B 4 | R 4= 14 -1 nE b L L4 [ I
14 ] HiE I,l. -] H - T - 1 1 - 1 EEEEED HE) ESESSEEEEy
- ; wnm H WEENEE! (EENSEN. SEEEEESESBEEEEEEEE T T
- ._,J ...r L4l LY. .— i -1 B b T._ - .__. 44 . - = + b .. . 41
1 1 r nE T SEmE Ty . sEEEEEE A EEEEEREEREY § 2 T
is W HH gassmsmafEzdtsimas: PR T H - HHHHTH
- ] N L - = by »
nx_ | I ] HEHH | - T 1
He | 1] et 4 ! : N |
B - - - - =i im = ¥
" ! HHE . 1T . Liit " 5 o e
S ! EmE e gt
B = t L, - - 4+ 4
2 L EEEHEEEE R T T 1 | HH
: wmmn - e - P et
] HAET SEcAEdsa amuan e E e e e e BHEEE HHHH B
] HTHEE MENEY o SN B ) ERSEEEES |, SEEESN T EE ] TH HF me
; MwdEm 5 0 e = . . . 11T
e me - -; SENEERSEL A EAE RN SN B 8 o H H HHH-
; , RS ERERE FEmn s m s n S HEE - FEH B T 0
] T ASRERHRERRE = Heah e SR NN RAN RS - SEESRE - & - g 1 o
- gt 4 - +4 t 4 - 44 = R -1 ++4 H- 141 1 .-
= =l HHHH H - = L L 1 T
-4 EEnE EDE T I O T - e i -
P e e e giE SRSSSEREE .
CELE Eas = I » I




I - - B 4
s3dgas TF : T
SRR R 4 IREAREEE i
o R ot -1 R RE v - b L H-
e b b 1 RS RN IR pEa BEES B s H- Ly L1
- t- |rI||.. T H1 . 1 b+t _HL 4 |..||[u .I.LJ|I|
H SEsEEEEE - SEEEEEEEGe SRS .. - H-H HE SusSunEE an Suus ans

= 0 .- 1 T T == I - T TTT
A T - T 1 . -
] 1 I S SN, 1 1] n_. - ]
n .- EEsaSanEl g = -
EHH ERERES REEERERES SR8 H ] SR BEEEESEEY PR T
IJ ] - r .. 3131 X EL ] - . ; EFT igEEEE EEEN
an o ol S ESE O ] - ' N L1
- - - = - 4 - ] - - -
u,l HEEES s i 4 - L. 1, -+t 4 - - ﬁ _ R e )
] T ] 1] . 1 C u i TR T
= HH 4 - A RERE 141 R e .
- g - 3 - - - .y f F L L SRR Ranes
B FEER . m.. 4 o I o
LT NSNS 3 i ] ¥ T
m - " T LamsEsEmsnE - ERENE REE Ay S EEeh
. - t41 - 111 0 e e e
. . 4 1 R =1 - 3 g r b F11-1 |+t
] HE nEEREEEEE = s m ST T
’ T = BBy NEEEEEE. SRS e EEEESEEES EE Yy R T
2 ! 5 | . T L +H NESESsEE EEE e = 4 as Hu...uﬂn;w
1 11 SEFESEEEEEN A D e EESSEESEEN
. 141 T NEEEE B . 44 SEESEEEENARNEANES ENEENanEEsnN m SEEElSEEEREENuE B S L
SERNRRS : T NEESSEEES=sEEd=d=a=msses === HHEHHH R
] . FEE S EEEEEEEENE AN SR FEE - EmEl . LT
1 o B Suslass
» NS S SR § T ] T T T e
s - @ s o 8 TH RN . o FESEEIREE iGN NS -
. 1 T EEEEEEEE O Sumsi i H
. ] T 411 O SEREEE . e - 1] T
= . EEES S T - e . WA aSmws mws
& . - S ERS S - n - T SEEEEEEEE gunEE
| ] H T ] T mEEEE e
. . =e . SRy EEREEAEES. T HAH EEEassan .
mSsull a8
#70 T . T - T TF
t1 b 4 - bt || - N .. EEEEES = H- 4 L ¥ L
e T T e 1 4 I e u HH
-4 N ey . = + L4 4 44 R - -- .
- = T T - T T o 1 . T Emm o
8 ] A EEEsERS . E s .
. .- . H - L1 L - - - r ]
5 T . T Suws 1 - 1
7 + I*I.T.l]rsli.. amEnss
’ " ] sEEES ne -
] TR 7 [ﬁU HEs M
¥ 1 ImEE e = 1 ] H -
I . L EERSEE EuEEsaEnEg . ol
uw T - ] - TT - -
L TN T mEny 1 .
HHE N HH-HAHAH s ] H4H
sEi o8 n 1T -
ENESEENE: o
; EEEEE EEEN NEEET AL FY NG S RERERS SN SE RS 1_ ; mEEE
mmm . - i anE Hl 1
4 -+ 4- E bt . ] HET
4 4 343 — 4 l
" EEmEnEL = 144 = mEEEE 8 11 A_ SEERSE . 11
-4 g 444444 - R R - J—L I_.l 1 1 JI - -
EEGEEH ERSRERHAAIEECAAHIN N
T . T 11
| 4 -4 us . . - - b4 = + ot f -+ H +
- - T HHF HHHH . [ ]
- mmwa - - = . - -
_u_. HHHHH 1 L 1 L +H 4 H E vﬂ. |
~ SEEsEmEE . JHHA ] i ] S EN
SEEsESEa
= 1 " TR A 1 . .
5 ] R _n H-E . [ L i
B 1 31 m.rlu.. .,.ﬁ. 444454 a8 I - .El ; "
- ’ = T ] = . - 25 , -
o . - 1T ] =T - e - 1]
ml THAA m CEEH S |._ ] .Bm
] = 3 SESEEEsSk saNGnENaEl uS i | P
= ] ] SENNEBNE 8§ TN 7 1
t | | - m T q L
- ] I B : ms I % . I
11 1 ] e | .. 1T 1
| E ] H - - HH- - ¥ ] -
- THHRIH T = i - -
_ ._ﬁ - = —+4 - 44 ERARE —1 - - -
ESi8 - T : HH %
t - - - . 1
1 ] - - H 1T T . . ¥ 1T i
T - 4 SEmESEENns - n
B | HH HihReE S R i
i + 4 S0 - - - u - . 4
4 - 4 N .. NESEREEFEwE. | L o
1 -1 R = -1 | f v+ b RIEEE = - ' 4 4 -
B Enn - = 4 i ans T 1 1 o _1 I 11
= 4+ L ] 4 S 2 S .. - EEE = SEEN u 1R ]
iE T B e HiH
L HT 1 iSRS A sEEEEE BEEEEEE. INSSEaNN BEE .. a ui
<] +H- - B EEE Ll igaEEeESpEEsnEnnE L x -
i il ] - F- ] s o 31 41 TR - ] I F
£ FE R T HiH e
ol T 1T SEENNSEENE S REEEE THIT 1
§ SS § B . i BRE ] AT -
- HH B EREaE J14 lm T 1
—v HHH 4 = o -
EspEw B m T T P
EREn . Il SRS - L H 1 NaE
HHHH , : B R .
INEEE a .
13 HH e T HYAHFF HEHH S
] 4 & EEE. 1] BEmmE L] S T
9 p T =11 141 4 -4+ 4 | 44
. =8 | S 4 -1 4 L + 14 1]
EEEEES " . SSwws T =T
HH == EEEEEE s
1 HHHH THEEHR : T HHH SaEEsasa:
- - BERENEE . SN EESEEEEEES N EREERE wEEsS i
n TH A 1T - -+ .
L4 ER. 4 s - 2 Tl ae 11
£ H - _ L T
441 - . e = :
8 H] s 4 SESSEEESERER SRR RRERRERES
b 4 L 1] o o - » . T T
¥ . 1 1 SEEEs S TN m
44 4 - 44 - B L. 1
H 1 . 3 = Tl- TR
+ . =k - . -
' H ] i - NEwn EinC M 1
_ TIrT
EEEEEEE SEsm——- SEEEELAEEEEEEE - = =
BT 1 T SN EEEE SEEEEs RN EE. u
o - k- - ¥ W i7 1] = |_1 Tt M - : - a =
-1~ - b H L - 4. b - - = o f.. I u
bt sy | .
b -y 4 b 9 - -y 4 - sSSsaEs b
] = - S & - mam I - - 4 b
- ] - 7 me - T _m.rl..n.l - = It . [ 11
B iEmnE = S +H RN - |} ] . L Eas
m " - = - === ; T u = = man
i AEEEEE HHHHH o - - + F-4 =L ISEEl B uSsEsEn N
EHEEE + mn mExE Suw EEEE NP B i
H T H EEaaa EEE S Ras T S T
o AT T anw “_un SnsSN e e e e
; mAE RSN CEEEEE T e SEne e E
FEREEESS E ] - . - - LT 0 o B -
it - 1 = L1l 4L LLL L LTS AEEEEmEE
THNEEANE N r o= FTT1 1141 <414 ot .~.|It[.| 4
= - SnEEn ns 1 e e B
-4 1 SESAEEES S . FEEFREEE
sEm=n ] ] - EESEES Y SEEREES mE e EEEREEEENY
iizisen ] H R o H A HEH




SEEES; HH
TR FH
HEaEREan. HH H
C = }
H . H una T
T T H ]
= memn mamm s mmm— - = - ammmms
T - 1 T
I R A T u 1 = T 1T SEERNREEE
us am
+ {414 BESRE 8- R nER
- . g b 4t e R e R
EEEE R = ] F HH Cose T
_ } . - - o - . " - - - -
SREE = s
1 T H HHHEEH HH EEuRERNARE ARa ARy H
H u O -1 u 1 1 1T 1 -
- 4 - = 4 . 4t 4
- 44 - b . b b4 4 lTl e Ead
89, HHEHH : H ™
1 . 4 11
4| ] fEREENE A ESREE RN § ] T
B T T : T
L i LI 1 n e L1
1 ™ S ] || L L -
R R R R RS EEREEERREREEEEEEE ] HHH : 1
I I A e I
. oz 1 HH anRE
WS REEY EREEE R R T T wEI EERAE
1 _ T S EEBEENE . - .ﬁ ] s
i i - SEEUESEGESRaRSRnE N D - 4+ - . - . E
E ;i SIS E BERRERSERDERSIECIEE: : i EREENE: T E-TEEEE
o | - H : EnsEsnEny 1 : x me NI BEER RN FErd
S e + T 5 HH H .
u 5 m SRy SRy - K - - N
N 2= HEH H H S HH ] £ T HH H
I S mma SESEEaEEEn . <4} u
Ll T 1 + . Eum EEESEEEE SNERANE AENEREE - 8 NI B
1] H + o 41t ' me L SEE BN L ]
L] I SESESEEEEEEEEEE - — u k= — L .
_ _ l bt P4 4+ 14 1N]ﬁ B 4 - NEEN! BNk u 1
o i - ] . aus
. il {1 s H N L . SRRRE ITU
- F+ t - -
i SERaaN . :
. - HEHH T v g RS -+
- A - | e
i ) HEas 1] - L » . 1]
Eaqes HH H HHH H et R
4 ) B R 4 RE _ -
amm 14 HH I 1 @ in I
S 1 saEm T i .
< ame WEH T HAHT T . -
3 T4 ENE. " = mme T 5
T AR S §igsazsasisass - [T i
am | 1 B bt # o mea
EE EEEEEEE S . 1 AT 1 + m
o I = vt R 44
H S H HH | H . :
o 1 T H 1 z ST
-+ . Tt REEEEEE . : -
e 1 HITT FHE h 13 . - 1T
v r e v £ - = - “+ -
_ CHAHH + ] Cr A H : 1+ i
{ ] EEEmmaEAasds HHT IEEEREESSL SENEAE ] g - - RSy anas
I __ 11 mENE. 4 r_r
> EERAREE 1 sEEsasiss HH T
- T L 1 H a S HHH 1 - E
_ i gt et 4 Lo . *
ik _ 1 _ _ R SEEERaSRS FHH HH ;
| | THIH + S HH ;
" T T -
; : 1
_ -1 ~
{ 4 14444 44+ H = L bt r
b | - lri - 1 e B
. : S HHHE HiHEH HH RO L
EEEREEERNEENE BE NS AN § ¥ s [ X S ANENS » SE: T8
i . s - mEmEES s smmEE a5 8
i H HA i - i .
11 aln
] ] H T SEp e pe ]
mE A mas ] L .. L ] [
| 117 T SRR RECESRSRINaRERasEs SENBES SNSAEmsSEE NS RR SRS : B TEH
.T i 1H T CHEH FEHH T 5 T T H
- | | 1 k-1 41 14 = E tt | =
H BiEnsmssusEsEs : g r T | 1
H a= SERmmmmm .. HH 188
, . N ue memEnasn EHEHEE THH
- mE e =an - e mumsnnsws -
3 TELL +H +H - . . = m oa| .
H R HH EEamanaas EEEEED SRR .
L1 M.J 34 g a4 44 H 44 - pEE .
|1 - - R R . R B - s R - SRR R SR e s || = .. L4444
. HAT — HEH itk bt bbb H L Ee ESERRR + - - - -HHH
L4441 - + = - = H- H
AR . L 1 I 1 -
HTN ! ﬁ[ EEE HTE RERERS H Bul sRmmsas
# ™ . . am ] T 1 BRSNS NS S
H e T o H i A
W e - t b 441 —=t=1-1 —+1 m 11 = . - f
- i e h44 . 4 ) - 4 b - 4444 + b - JI
i : 8 T A EEsaassEaassasaias Sasaanns e f . i FE
- S - = - 3 EEE o .
i T . m - 4 = . NI EEEaaRE L { BEEEE. ¥
¥ it PEERmEGs N NN R 1 ettt LU UL L w CEE ] W
i SEBRENEFEEEs AEEAEEE S H - ENENENEENE SN = L
e . B b i ———- T
, T 5 SREEEEEAREEREEE i ; AEAEEEI SRR ;
i EHE SEMBSREE.wesdaam = Hiat A RumauEEEa nadEeannay AAaaaaaes sxananagnt
- e @ : ” - = - - .
H T = e T
a m HH M HE Eeahaams T :
mwe -
258 IREBetE: e ] FHHHHH BEssasimsssassas
M 0 A i L] . L I
EHHHH- T £ 1 Rassaas ﬁ] T
e mna ! H SEEREREE Bun " mam
141 = 1 P FEHE T




amm T T T o RS REEmE ka3 ERES
T i | o , H = amasa: HaSEEaE fu e SERE e s
S e S SESEiaacRRRERs FRAn & +H EEE SRRESREEEE i
sua. ] H i S e e e R SRERMERARN am 1 * .W

i i H HEHEE R R Rl

mr:_rls am mmen rm . - = T T

_-u I P = ... 2 NN . § SR i

: EEEE: s b =aag
.n._ { i - +-t T R RS .

_u_m_1 HHHE R AT T T HHH

H _ HHH i T HHHTHHEH T

H HHE I EEsaus gae 2388 - 1

a8 | EERERESEAR REEEESSS HH SEssaass TEFaRa F
-3 . A= e AR SSSEREaagisanaiasas 188s ST RRRN Inauauannn
=t -4 1 1 Attt 111 - ]

L | R L e T : i

HH BERREEEEIAERAR SREEERSSE SRAEES N8 B REERES ARERAE EERaE tHhHH EFaEl H
T HH HH R H T EEmEamERRaadn iummamadas iamBans H ol HHHH
H TR - ; > T
L] EREES L1 L mn - nE- aEEEE

FHHH &s W 8258 H
B EESaEasl HHHH i HH R ! HH
e aEasmsssd s ARaRisERaRaaas = _r H
.., t 1 T 11 = S NN - E r 4
“ i S
T ' HHHHHHHE } HEH
- I

T
|
INE N
L
|
L
|
IES 8 FERE

4
T
I

T

I ]
|
i
i

4 + e L
28 7 saas T fH
| T - !
| _ L H
1
1 | G !
- T 2 i me EEEEEREE
y 1 | } r i . .
5 RRARER 5 ¥ P ] T
T L &S ,
: _ : = ok
. £ | EgEE 2 1
[ - tH = - H 111 = 4 b
- T -+ % RESsRE=E ]
1] . = = o 4 L3 - - b
] A T 1 3 )
Ir = = 4 411 E R b I
g ERES aRi = mEdiedas - H pesssifnadeass
B 52 HHHH aSaEdsE : 1
Hf H i : . TR Sams . . HEH
H - T 1 HH
B + L S SRR HHH HHH _ tF
HH L HHHH : HH 1 : HHH i
" . T . T .
am SR gel s RasesaRis HREERY ! Hr SEEssseEEaaE _ |
" : - T | ! : | 1
HT ] . o T : P gue=zp
- i 11 T - : T | _ THghE Biges
&
+{ R t b1 -+ vt b 11 s 4 1 + 4 1
- - bl R = e bt 4 rr i+t b4 -+ o r
H1od H i = rﬁ —m._l_ ..__H H 1 - ﬂﬂ = 8 1
el -1 - ERFEERNEE 4 - . L
H- - T HE T HHHHDH HHH
= | -] = 4 i i 4 bt
ma + r T ma
Ml 1= 1 I ' 11 = W 1 — e ._L.. h LA
T 1 111 H111HH 14 + 4+ 4 L I T r - == T sEm
Hemgaand s : HESE=SE2aS : 4 ASnRinanEns hu s H Bpasuuma H HHH
aE 3 s . HHH AR AN H
came m e n BN 4] - IRREEEEE FEEnE EESEEEE A 11T ] T .
S PR e HHHHH BiasassssuEsausasanas R gasssis
-1 A - -1 R EEmERE trt . . -
BT L EE .uuﬂ g - sizaisssiiastas U : R
SESENSEE A EAENSE R SRR An it e e T 1 L 1] o . I
H-H Hﬁ HHH HA i I 222 H Eamas A HEH T
- . T H T IE 1 t
H +H T pummmmamEa r T
EREse R e H R S S
L - 1 - O o SEsEmsEnESE 11 E - 3+ ; 4 B
H- - SR o i EEEREE I EARA AR REN AR - H S
o B - = + H1 - ot HH-
- T a asss s T : mawdunan
T HEEEEEN SEEEEEE . AR BENEEREERY §
EE EREERERAmama. maEEss EEaRE= 1 sE7NEesiindnaanaal jREERRasis HHHE
- H fEERSS on) & BESESusamEEmmEmEs 3 = Sus s daat T
R REEAmmmmN T
FHHH R s= 1588 ) ARas ARRN A
o o 4443 o - EamuEE v 12 e 1 14 444
HHH B SEESEREpatsmcat HHHE FE
HEHH HH TH FEEEr T R R R
A 818 o ST Rasansaa:
THEH wEEw am= T "
- H H Hih ] H
. . 11

- CORMELL COROVERATIVE SOGINTY, ATHAGA Ruls



28 t A =+ aaas 11
H M A BEfEp=azsass - f. HH
t i 1 u !
i “ _ + SiasapamasseumEsassss sEAEt HH
e it . SSERRRIRAS -
{1l _ Y A H SESSESEEaE HH

o A M ! I SENEESEEEsEEEaEsEsnEEEEEE SRS .
L R : - SSEEm pmamnnnnmn HiH HH
SREREEEEERREERE HHEH H o T
o8 * HHH ; - HEas e mmm AT A HHHH
a8 § ieaas SESEREESRE SRR T HEHEE 1
: H e AmasmEsmaane H
T - . ST =
mm HE : s2: S ISESEdisEsamsaas HHHHH HHHHHH i
+H NS R RRMARNNaSaENMEERma | E=2 EESHSSESSSSIRS +
e S . : +HH SRR ,
HH sad HHHHHHH REd Smdnn R R H R T H- HHHH
s = .- = = - HH = 1 . - H + 11
- HHAEAH T - AEEEES SEEEEuas iasas THEFHT . * ] - M T
T jEEEmsssssuasssas IRREERER R i
== T - HHEAHT H # _ _ _

ww : -+ - HHT H H : 1_,.“--u|w,.., H d_ _ L,h._.
F _ | _ T 28 ....h”, T v S H
i H H HAHHH HEHEHH .._._l ._ : _

}
8
I
I
I
4+
1

EaEE

P T

il L S
T s I A (81 RRRSRES SoRSRuRREd SERRRRERA RARHRERER EEESR | .
1 | R ans TR _ _ _
i B e e |
" T 3 SR SSaasecas IRRRSRESaS tucs B8R ! ,
§ il T : it HHHRIR i f |
il T i _ .... -+ ﬁ n R TH W HHH ] ,.rw A _
| T REfREcEae:ci dexncRatiaRsREnates HHTHH T : q W
i T R e e e EE R T BT T
s H ] o H i !
H _ : 1 , : u H HHHHHH i _ - _ git
t L] i T FEEEHH T _ ﬂ _ i i
i ] . ' HHH HH T m_ sietk .
AR AR s g idEE R TR
i R R T
SEnpaed iimanaaasssaaanasas Ennanns gesscisssasiad: spesassis S2Ssssami ddaniss : HEHHH
EEEREEE IEESSEEEENEEERERENES SEssssasssssssgssss HHHHH 2 T
S : . Sr iSRacsfsntass SSssaissssssssarasssasaay il aediasasnanes i 1
L diishiii SSEssaEasssasgsazass HHH ﬁ_ IEHTH
SsssamENsummsmas ; EEsams=sasssmsssssmsnssssssaasssgy e - !
B H HHHEH T L R R : 1 HETHAH
..”_u_._ .. HHH - FHEE SEEnEsmEEn EE s H HiH T § o ,, T ; m 1 I i L- - HHH
mm EEmm l!sll.r.z_..MT.h.r 1% W _MHI T T T ..1 ””n g [.I.ul T HH. e ] T
. |||. - ,r.“._ - iEEEEaEaER 1. o " - a..u. % :
g ] g HEHE R TR R B TR
: 44 i Hhb H aa H RRRRE RS T & saesss
i SR R

CORNELL CO-OPERATIVE BOCIETT, JThAGA. Ma



I
13

|
11
1
IRAN]

1

%TTI

il

111

N
RN

1

T
T

L E EE

T

111

17

(BB

i L

11

I

i & 5
R
IR E

4

L L

11

(R B

Il

H

3

I

T+t

ISR EE

1T

11

EEN|
o

it L L L

1T

in )

e
1l

11

T
11

|
B8
R
Tt
I FRR

1

(HERS

TLE1
IR
1L

W A
1

Ll

i
T

Ty
LLL
11Ty

L

gt dd L f L

4

TTIT

+

1l

i

T

17

PIE

NN

1+

i~

T

1l

i )
1

|

5

1
TIT

)

T

. CORMELL CO-OFERATIVE SOCIETY, [THAGA. Ndu




H F ,ﬁﬁ T =2
8 EEEREsa FrrH TIF PR ]
| ima T HEHE 5 g T EEEaEsasaasaE H
| T HHHHHH AR HHEEH HH H
H T T e T HH
1 ] NS - o ] u T ﬁ 1]
u T 5 T - o T
1 HHT 1 HH - HF HHAH T ,,.uﬁ.
i H T SRR R RS R e R R R R R R :
-+ S -+ R §
=+ A - :
&E a HHHH & s
L1 : s L "
H T HACHH ; -.| T m
] e r i THHHH HHH
44 m - - L
1] a an e S 1] 1 T
1 T -H HHHH
. t 1
- ggsass TR T
ﬁvl. - +H ) |
i T : HH H-
HHL,'_. 1] i : T , M
o i
+H i
] ST HH 1 ;
s PR ias g !
: HHHH __ ] !
n - T ~ E W M
“. - = +
E SREREE F . 0
) | i i S
mE A -
i . i Rl b 1t
H HH _ RESRSRSS ._ T T %
i R i SHAIEY SRRt Eedpoand ecad snddAotd
E : T . . T T - _
.... CCEErr ”u : H _ 1 ,mh. Q 1
e :
i i .f T i
RiEE HE T HHHT 1 i
H HHHH HH 1
EEE! HH R 1 HE HHEHHIH
188 Hamaass + B sasmaszmgl
H HH T : HH T
i _ it SRR T
- : = H . ' +HH
1 W ..L HHHHE . L _ TIT
i i s . HHHHH - T
i H + HHHHH HHT
i | H
el 2 . SR sssgasaEazass ST H . 1
L 11 . T ST H S8s - T
T B, S R R B i
- v [ I” 11 k = . T 11 L u -
i o R R R ﬁ ,
= -
i T T R PN L §EEEEeERRacE LEEs :
g . et LA H HH H HH H
il RS SEaasEEa: sasEuRRaRi baREscases aroush ,, HHHE
it EiE ERBERERSEaRaRTaES i is T i HH a5 aa T
s - = 44 'y - L
» - ] = ] -
e 1=} 11 " - R " - Y
T = Sasmsiasumns g - T mas
T maEy H FEE e
1 1 mm. H T SR - s 1
THARTH enes TR T T T = ST
= H Hr

- CORMELL CO-OFERATIVE BOCIETY, [TNAGR.. Mula

N
1
..]
1T




M TTEEAT TH
T ey A
m- _ H- M “g .. HHH ,mr..., ERSEEERER 1
L R N L R fH H
 s=ERIRREE! HH R - T
- ZiemmRERNR . HHHH H H
FEm v EEEEiEE ESspEssEszussmsaz=sassans
] EEmmAEdn .. 1 HH H HEHE FEH
HH SEEREAE AuanERuE.n E
[ T - AERESEHSE in - SRS AEREREEEE ! g H
A SESmEamms gab in 8 Einasamsaassas 1 : f m EEamas (mmmamEa ERass
SHH gaissess HT jEeasan annsass T r H a8 858 F R T
S F Er-dsaa HEAHHHHH - HHH : . 4...,,# is -
| i : H us i HH T
M - b4 th 11 - -4 I
S gEasBesad id - - T Eaas ! H T
1 H HHH : 1 HHE T
- i : T T Ho R s RS T ISRER 3RS
PR +H T j HH T _ , _ nm ;
i H ; FEE ; T ﬁ ti
ix - _ _f - HEEHH HH aa w HHHH s .._1.: |L : :
] T ™
s HHH i} ] T 1 au: P R T i
1 r | i z 1 T F * 4 & # HiH u"
| HF T i H-HHEHE R HHH R =
" - - v T 5 ] pe=m - - T ] ¥
L REEBEEESad as RERSEEamE ASk I THE ! ‘, o SN 1_
T EERE —++-1 H bt . -
i i HHHH REaEs ARRGEREERS S THEHHH ] H ﬁ . ;
5 H : SERassaRagRasss das S Hr : _ 1 . 8
Rias H _ FH R R R R R FEH HHHH : ,__ J
P T + 1 ] T ; Hi
H H 1H H H g T H T
& _ + HH H SEssa amsauea HHEHH Reas f ]
RagEas I _ T : _ 11 E semaaaift 18] -
8ESRY gussdamsassds . H1 S . __ ﬁ + i N
cr T mEe I T ENEE SENSS SN N AESEEE semauE I
o ,,;jx _ 11 mng w r.r..._ T NSNS EERESENEN SR RSNEEREE AN s * 1 m: 1 .
HH HHH A HEHH HHHHHH T HHHETHE % _ :‘_ +
1] - - M - — .
e T R T e R R e
- o aen =44+ 44 g 4 + » =
R H Sass 88 - T | w tH HH
H T s:ns:L. 1 T o= E 1 HHH H HHHH H g
ai HH s HHL T H H bs B
a8 - SEEEEEEES AN S HiH , man -
I 1 T T T T T IF 3 T
- . - 1 R 1 +++11 1¥ + + 7
e T Ft . T I ' I “_ TR |
H THT SERERIRESS e R I HHHHHH
HHH 7 BEE8 (2hat HEEH SesEEsaissaciaacadanERasgaat: | T
T T+ aE - H - 1 T ] * HHHT
HE HH : H e e EaERRaaRREERRRRRRaana T asassan H mas :
- &8 RESRERRGES EEERSEs SR BREaS S T § BT HH
0 ) EL NN RS HAEE HHEHHHHT [ CEES
| o " mEp NN - NN ESEN A ENEEEEES | 3 . 1T 1]
1 L ] o 3 -H mE 144 T d Ft ot A 47 - L 4+ A L1
amm -2 HH NS 4 . P 4 . H - Li
N . HAHHHHH- = H S EEn T HHHHE e
1 HEFH HHH 1t +1 HH : CEEEHH
S HH R -mmmm_1-; SESESERRdest 8 T nm_|[ Sgssaiss tasat HH HEHHT
T HHHEE RER: ERRSEI SE R REEEAEEIRnERuESRusSssmanss BESREEEE : T -~
H1T A J_ W ma HHEH TR TR SHSSANSRmaRmmnS anuas HHEH
-+ T 52 <. soeEN IURY T HH e R
sEEwe e : T sgoee
- T | 8 =
-+ 1 R - =3
R b=t 4 bt 4 ' e ' 1-- e -
a8 REdSRN B EaRmE
Z H = Bamman pumw
- - A 4 £ e R
4 T ] 11
g ] 4 TH

. COMMELL CO-OMRATIVE BOGHITY, ITrAGh. Mls



SEREESREESES HA : HH HEH

aEaEm . B _IAH.._.F“] =zn o LT AnEm ITT _ rm .__ulu.M b1
i R T R e e

EERER) TR EEi IERERRSEE ARReaRNRssREnETaRESS LESRERRRERRESES SRagaRRES £ TR

3§EBSES RRERIRARES ARnnanes sssE=s EEEmEEEEEs f M 1 ]

SERRREETRIERREE | . T “

EEH EHEE S o sasERaEsEs T

S aEeceds asendbil Radgpices shpfsRagn ceR R R ERRRE i it Sl
R R T e e fesaidsisd HEAE) i S ISR 1o
IR - ] 1 + H " 1 1F - - =y
T R SR e et fe : SER328: 2RE. 20008t dRt e oks gess
2B 4 by R EERE - -
. - H - = F -
1 W“. ] e gﬁ i e NN . % I N P 1 1 T m
-4 4 FESEEEEEEEEE b1 1 4 ft +1 444 4 & 1 1 - 1
HHHH 8] - H sEssss s T T . T
TR i : . 1 o n T
e S s REEREEu. Al . 8 T us | E I .
- 1 I t [ = .- .. o o EEEES NN I m
HH g S Eaas aaanssaasass Ssmsas e R Sna HH
] | TR T T HHEH S : A
] - . r bl SRS RE | 4441 = ] 1 b T
| \ HEE AT R
AaaNg I maws BEEREENS EEEEEE - JEE SEaaE N .r..-ﬁr? EREE AEE -
il e A - HHHHH ;2 HHHHHH
o 1 EmE= - L] EEE - s (11 -
“agmeib Hitl NG S I ER A SR
a I e b HAH e A T
iq ] e 1 - o » B N .
pelssesEEs HH H MO & -+ H u
T snmmmns uw T : =

]
1l

4
RER|
-
b~
Ins
1

iy
b
17

i
L1
T
A

» G mm ..”_H 4 T P ] L ]
1 EEan E == L
” _ i HHHH HHHHHT . g :
4 ,. 1 H . 3 I B W
. ; e 1 HHHHE T 3 oas e i
] * m » ] mmn T ..‘._..H HAH ul._“ n ] HE u geel =
- f i . m 1 1111 —_
_, .ﬁ_n 1 H- . R EEEEEE - L £ Lmr C 1]
1
it

i ) L1 1 N = I
. | B i 7. EEEEE RN - ] W . .
H B! EEE RN SR ,.7 A T _ : I 5t t
- HH - e T RIEEE B -
- 7 Rue Y 1 n B ® T ¥ ;
I ! 4 - | .
e L 4 . - ot 4 P KR - |
- . T T r e
R ny f I SEEEsEEEEEaEES S . »
- . I - - L I
,...... b t + + | . b4+ 114441 B L . EEs . { =z
- - 414 - 4 - 4 n 4 4
L e . ] NEEEENE T it T "
= . r - EumEEE e - wmmn C aﬂ
EHH i . ' T f T SEEmEn ; : b
: Ht HH i A a HHH B! H
'S me bty b i
L .l._.ll. -t a HH_.. T |-+ 1 - - = - -
- . Emss SHERSEE ERENEEREEL SN § NN 1l
= r = T
4414 - L1 = B R R,
2 1444 - _..,. T T == 21
L ; HH TR HHH - HEHHH -HH
T
- A u H L L - = mm um
u & g ] s BEEESE I T -
IR A HEHERHRkct SRR EoRR) RCRERC-HHERRRRRHE R ERURE : sisfce .
] ] Ei s E ] e < H 11
P - SEEESEES I R HEHT
-+ttt 1 t 141 14 41 +41 " I .
SERESEN 4 - L = - -+ =4 - - ,-.4 C1 ”.“._ul 137 T EEEEEEN n I
LRI T o = m } L L .. 4] = 1] 11 N n =E
] uu.u. ] winm i o :n.. ] i T ] SNEEEEEE o ] SNy EREN ..In.
L1} b =g hws - x t 4= 4 mmas - -
EBREEE 4 L3 | S8 { 2 SEENEEEES | - .
FEEHEED FEEE H HH H i T A T
T mE »
4 4 - -4 4 b4 f & i N m 5 . T
u. ..qm“ u 1 am o N SEES. P T m L
g A Bas - HHH I - " 1
= - 4 [t~ -1 LY L EEEEER » I I RS -1 F
i T - n i R T T T . * i -H
HH et - 4] - - s 1] 1T “ -
EEEEE -
e T TN LW | . s = = 1 1T 1
o8 ] T e T e . 1 : v
[l ] = HEHEEEE = r 5 A
CFLTE THFF = H 5 EENERES. ' oW T .ﬁ r® LEL
-4 N . B 1T 1T =TT
HAH o . BEEEEmmaE S s S A SIREEassasas EaasEnn
: HEEEEEE R e e e
] EREERERE SaCES RS : - TR T T T
= " Ll ! EEEmRENE i " INEREEE
5@ Ny 1 B I Fmis H 1
s e 5 HH T +-
EngEnuEl EEEAN pEE e HHH 1 .
I H SESEsaN = 444




e

4 i } 4
] EEEEEES N .E—. | I
HH BEEESEadamsmaszauiasnmsmann ] HHEH :
b4 R R R S SRS B i . 4+ P 14—
EEr saESEasasEas - aasaa: +HH
L] SEEEmENE 117 -
2538 ww..m_ml..a._n... BEES: & S SEESEEEEESEERRESEE FHE
i EESEuESEN 2 - ] [ | .
] EESSSRRRREERE S HHHH SEaEsmas
g HHHH EIEEEEsREREEEEmE:iEREEEESEE SR HHE
NEEEEEEN N - =N ENE NN 4
= HHHH HH T _ L - -
] SEmEEEERE. SR .. 5 HENN I == B
: mRa=sss H T - HH
gEet EEsEsasaTETEIasae - D ]
; . HHEH R HHH H H- FSEENEE If Sagssaas
T H L azsgms saszzascsss=as H pmm: o). ammmme amun
3 T T T Toass
b+ {4 EmEd b o ottt 4 b4 b4 s 4 = 28 b 41
Bt AT EEEasoaar A SR
1] ' T HIOT mmn T EEE SEFIREEE -
g
H- i - 1 4 11 - - .y - . - . 44
B H HHH R H SSssaamas=ssasssmman ; HH
5 14+t EEEEE = 44 e -
41 R EEEE = 4 44+44 444 HEESE RS E bttt HEEER. -
" I+ Pp | .!I.!.i ENE |_.|_ |4+ v e} EEEE AEEE EEEEEE EEmE NS HAu. L1 - - " i A
EEEERSIpEEEIREERAR R R e SisEaiansssanass SR 1
EEEREEES REassasERss SEEERSESIEEas: EESEEAREEEE 1aS REBREEERSESEIEIEEE 1
B L HEmEGemnasaunns _.u_r EE S RERREE (AR AEEE T EuEa s ] T
== i i SEpESsuEEEEREREEEY EEEE - T WS - -

N ] - - mmn EmEnn a EEEESD e I~ 1T TR 11
1H o - SUIESESa S .nw R a8 n T C g
EERIERRIRESEaEREas SERE BESH e N R HEEE § HHH
-2aggsas: 8 A i H H e O ] FHHH . R
, _ ; H ....7.1. l BEESIRESSRRSERLY u._Lu HHHH ..L.....-.. i mw . NG
T - T . T -
1 _]: “ T H R T ~
i mme pem : H teanmsw ! =
: : It H T 5 T HHHH . w -
o A

IT
TT
T
L
1
T
L
i
T
I
i
i
B 8
i

Tt

4 SERE . [ - H L 1

SSIILTI

"N B RRE .. A.- I ] ] wes X I I
.,_1 . I 1 B aEE R 5 in I - ]
: i SmaEEEEE . Y H T
4 EEESE _ ] . B mmw r 11 i
=ms I A it 8 i . i
- _ 1 . =am .. wn - = T
- 1] ] i § 1k it I RS NN _
e -1 {1 {1 SEESERES R L 1 -
8 H A 3 T HHHHE _ _
. 1 et p
: T aw s A ] = !
THHL bt 1 H H |
-t $41 4+ 44 .._ m 4 R - - ff vt m
. . 1 N R0 Esmas r T
- = r - - = T
M gEERES 4 SEESEEREREESES 5
. . ~. A T
- - 4 aEEEEnE NEEEREEEE e R
S R R H i
1T ] * R W INEENEAEEESEENEEE ] 1
meEm . pEEmmgEnss nEE -
i HHHT w— B EEaE rummEEREENmsame Aaman : T : VEtL=
: ] i . REEE (RN EES AR ARE N,
r Ho -
T SEmEEEESE SEmE e SRS T
8 | 1] 1 5 AEE EE SN SRS N § : 1
_ AH NS T EEERN s r HAAI - pm
, t . [ - 1 SEEEERS -4 - -t
r = 1F = | ¥ Emm S - LT T -
3 __ SEENEEEEAE Sy B BEnns nnhna HENES 1 SEEEE &
s THT ue T i anm - 8
Easinans e A7) BERAEEEE - BEiRas:anss = T
: _ _ T EEE SR RRRRERaaaE Sanna E - na
H : HAEH A L T AEENE NS RN S mA we :
T AEsEuEnEy Sm _ .r.mn SENESENS. )\ BENAS s .,,uu“,.nla,}.uu}:ﬁ L o ]
§ T mEEnEuSEEELlBES sanssms r . .
- - =11 NS B x 8 ot -4y = b -4t + SNESEEEEEEERE E! - ~E
1 i 3 LT 1] WSS RN NS SNl ESNEEl SESE aeEE Hl. SmSEmsEEEE . NEN ENEEE AN REEE . -
ERENE s FH n T m SR EENS SN EEEEs ARESE S L
-H SREE N . EESEEEEE SnE 11 A R T FEEET un HH
o - . bt -- 4 BR SRR - R 4 b4 $ - .
SEEEIISEEESEESEER 855 -+ gsEsdasiEs: HHHHE NS SRRSECEESY IERERRECE: Lazani
HENamGus SEMAEEENNE ERNNNREEEY REnEE RN 55" JupRmanEEnas EESEEESREREEN T HEH Y
SHosENESEEEEEREREE ] T e . suEEEsE =T T H
EEE e T i HIH FE T % - R EHH R R
am f 4] 1 ue i _ LR RS REREE RE -1 A b ] b HH ] N T m
=TT ! T = T = T u
ENpHeSEy ERaEEEEEEy R SINT T SEs EmEENS e T . _
S HEEH e SSsSNwEl Easu g b
. BESSE=amEas HS R HH T 1T T _ =
a8 A HHHHHHHHHH HHH -+ H : o e
i e = tn 8 ,um_|u1n.1|. ._I_...ﬁ.-n“..u W EEEEENE = 1 | |
L i vy o B S - PEEEEEE _ Hr EEEAN
1 = u SEEEEns 1 !
- - - 1. . b A= o4} - -
-1 - : i . A L 1 IR r
Fl 1 i 1 O CH o=, U 1] L
=
1 aEENs BEREE HEEE e = T 1T 1 T
e 2 8 L LU HEHH i
mEm - e . A SEnmanw HA- T H e e } -
HHT RIS 4 I_I.|L o I -
T Suswwsun =0 E SESEEnN : SagnE ey
EEELEEE - nan EEEEEEEE N . “FI- .T mmus
- Lt L} REuN HEESE-- . | 414
e m T .
SEW ... ll...__H_ . et i EREEEe
r.ﬁ.nm_d_n. wh = 1T mms SRR
i HHH I FHEEE A
+ LT : HHEH




APPENDIX C

Suggested Code Formulation

23



24

SUGGESTED CODE FORMULATION

It is suggested that the following may be substituted
for the existing Sections 3.6 in the Manual to cover axially
loaded compression members including torsional-flexural
buckling.

3.6 AXIALLY LOADED COMPRESSION MEMBERS
3.6.1.1 The average axial stress, P/A,in compression

members shall not exceed the values of Fa, as follows:

L/r less than 24,200
fyQ

- QfyL/r.2
F, = 0,515 Qfy - ( prigpy)
L/r equal to or greater than;%%&zgg :

yQ
p = 149,000,000
a 2
(L/r)

For steel having minimum yielding point of 33,000 psi
L/r less than 132/./Q:
F_ = 17,000Q - 0.485Q% (L/r)?

L/r equal to or greater than 132/,./Q:
. 149,000,000
2 (L)’

3.6.1.2 To prevent torsional-flexural buckling of
axially compressed members with singly symmetrical cross-
section, the average axial stress, P/A, shall not exceed

the values of F; given below:

2 .
fTF greater than =x fyQ:
2.2
J L 0.515Qf - _Q_fL_
a Y 8,8 f

TF
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fTF equal to or less than % fyQ:

frp I

1 - -
Fa T 7.8, T 1.38s

In the above formulas:

sl
1t

total load, 1b.;

A= fﬁll, unreduced cross-sectional area of the member, in.2;

maximum allowable average axial stress in compression, psij;

3
]

Fé = maximum allowable torsional-flexural buckling stress, psi;

unbraced length of member, in.”;

e
"

radius of gyration of full, unreduced cross-section, in.;

>
u

f = yield point of steel, psi;

a factor determined as follows:

O
L

(a) For members composed entirely of stiffened elements,
"Q" is the ratio between the effective design area, as de-
termined from the effective design widths of such elements,
and the full or gross area of the cross-section. The ef-
fective design area used in determining Q is to be based on
the basic design stress f, as defined in Section 3.1.

(b) For members composed entirely of unstiffened
elements, "Q" is the ratio between the allowable compres-
sion stress fC for the weaker element of the cross-section
(the element having the largest flat-width ratios and the
basic design stress fb; where fC is as defined in Section

3.2 and fb is as defined in 3.1

s

“L = in frames which depend upon their own bending stiffness,
the effective length L in the plane of the frame shall be
determined by a rational method and shall not be less than

the actual unbraced length.
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(c) For members composed of both stiffened and unstif-
fened elements, the factor "Q" is the product of a stress
factor Qg computed as outlined in paragraph (b) above and
an area factor Q, computed as outlined in paragraph (a)
above, except that the stress upon which Qa is to be based
shall be that value of the unit stress fc which is used in
computing Qs; and the effective area to be used in computing

Qa shall include full area of all unstiffened elements.

fTF = elastic torsional-flexutral buckling stress which shall
be determined as follows:

For members whose cross-sections have one axis of
symmetry (x-axis), fTP is less than both fX and ft and its

value shall be such that

-1 2
fTF = 3% [(fX + ft) 'm/(fx + ft) - ukfxft]
where
ﬂ2E
fx = -—-—.—-—-2-. 5 psi;
(L/rx)
1 C ﬂ2ECw
f, = GJ + 1, psi;
t Tp L2

2!
"

X ,;ﬁ , in.;

Arg = polar moment of inertia about shear center

2 2 .4
= Ayos in. 3

L}
u

= IX + Iy + Axo

1 - (x /v )%,

modulus of elasticity = 29,500,000 psi;

shear modulus = 11,300,000 psi;

length of compression member, in.;

H -t MR
1

I = moments of inertia of cross-section about

, . . » .
X centroidal principal axes, in. %y
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X , y_ = distance from shear center to centroid along
o o T ; X .

the principal directions, in. (xO and Yo
formulas for commonly used sections may be
tabulated);

r, = polar radius of gyration of cross-section
about the shear center, in. (may be tabulated
for common sections);

J = St. Venant torsion constant of the cross-
section, in. For sections composgd of
straight line elements,J = (1/3)1t7;

t = thickness of the member wall, in.;

1 = over=-all length of cross-section middle line,in.;

Cw z warging constant of torsion of the cross-section

in."%, (waormulas for commonly used sections
will be tabulated,)

3.6.1.3 Point symmetrical sections do not buckle in the
torsional-flexural mode; they buckle either purely flex-
urally or purely torsionally., For the former mode, the
average axial stress shall not exceed Fa defined in Section
3.6.1.1. For the latter, the average axial stress shall

not exceed F; given below:

f, greater than % fyQ

t
F" = 0.515Qfy - ~—Y
a
4 8.8f
t
2£yQ
ft equal to or less than —gx—

F" = =
a Sofa -95
where
F; = maximum allowable torsional buckling stress, psi

f_ = elastic torsional buckling stress, defined
in Sec. 3.6.1.2.
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3,6,1.,4, For members whose cross-sections do not have

any symmetry, either about an axis or about a point, f

TF
is less than the smallest of fx’ fy and ft and its value
is such that

3 2 2 2
S NI O Rk o AR ¢ S ¢ S ¢ SN
F‘F‘F‘ T, RS TG 3 4 T 3 T
X'yt X'y X N t

fTF may be found from the above relation by trial and error,

in which case the following gives a first approximation.

fTF=‘foxffxft+fyft)- Gxfytf et in 2o Gdyfo dxdt ikt iy,
2?fx3 +Ek 4 £,
in which
2g
kil
f_ = 2 s1
x © (L7 )" P
2g
fy = d7e ) pot
EC
1 W
ft T o [GJ + LT]’ psi
X
h=1l- 2% - (2
o o
y
i1 - (5290
o)
X
- 0,2
k=1- (]—."_—
o)
Cw = (No simple expressions can be given in contrast to

the case of singly symmetrical sections. If specific un-
symmetrical sections were agreed upon, specific expressions

could be calculated and tabulated.)
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Alternatives:

1.

In Section 3.6.1.2, the equation for Fé is based on

C = 4.5, which is the most accurate value developed in the

body of this report. Alternatively, one may, for simplicity,

employ the CRC column curve based on C = 4,0 which gives

computed torsional-flexural buckling stress in the 1lnelastic

range which 1s slightly more conservative. In that case,

Section 3.6.1.2 and Section 3.6.1.3 become as follows:

2.

With C = 4.0:

Section 3.6.1,2

f. . greater than (1/2)Qf :

TF
¢ 292 y
Bt = - -
} = 0.5150f _715"71,}'
fTF equal to or less than (l/Z)ny:
£
Pt = ..____'I..‘.E_.
Ta l~95

Section 3.6.1.3

f, greater than (1/2) ny:
£ 2A2

Fg = 0.515ny - —7%gf;—

f‘,C equal to or less than (1/2)ny:
f

F"::..__t.—-—-

a 1,95

Effective Slenderness Method

The effective slenderness method may be used as an

alternative approach to Section 3.6.1.2, and 1t 1is presented

here for ready reference.

For C = 4.,5:
(L/r)eff less than -3942%%::



Qf _(L/r)
= - y eff.2
Fé 0.515ny [ §5:§00 ]

(L/r) equal to or greater than 20,900
eff /T O
y

B o= 1u9Lpoo§900
(L/r)eff

where

(L/r)eff = an effective slenderness ratio given by

(L/7)pp =J291,%00,ooo

TF
For C = 4.0:
(L/r)eff less than 234322:
/ny
Qf _(L/r)

= eff.2
F, = 0.515Qf - [“"%77566"‘]

(L/r) equal to or greater than _&ﬂ;@%l,
eff Fa
rr = 149,000,000 v
“Q 2
(L/r) eff

All notations are as defined in the foregoing,
3. The explicit expression for the torsional-flexural
buckling stress, fgp, has been chosen in Section 3.6.1.2

instead of the less explicit interaction formula

f f £
__%EL _TF_ o (—TF 2 -
X ' ft k! fxft) !

It is suggested that this interactlon formula and its use
be shown in the Commentary.

5. Section 3.6.1.3 concerning point symmetrical sectlons
is somewhat tentative because no shapes of thls type have

been tested.

6. The provision against torsional-flexural buckling of

30
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unsymmetrical sections 1is shown on a separate page. It is
up to the Sub=committee to decide whether and where it should
be included.

Derivations and Explanations:

1. The proportional limit corresponding to a particular
value of the parameter C 1is determined as follows:
In the body of the report the following relation was used:

Ey

—£ = o2 - (=29)?] (9)
E oy oy

Since at the proportional limit, o_, Et/E is unity,
o} o]
1= o[- (D]

g. ¥ y
Therefore, solving for —E, one gets
%y
0 -
£ = ¢ + /2o i
y 2C
tthen C = 4,5:
oo o2
Oy 3
.2
hence op 3 °y
When C = 4.,0:
= (1/2
oy (1/ )oy

2. The equation for p} when f. 1s greater than (2/3)ny

F
is derived from Equation (15),(see the Basic Theory) as

follows:

1
2
o

Q
o
~
'.-—l
-
L]
13
Q
(@]
|
t1
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Q fy
= 0.515Qf - et
y 8.8 fTF

F; expression in Section 3.6.1.3 is derived in the
similar way
3. The criterion for the elastic-inelastic boundary by
the effective slenderness ratio method is derived as follows:
When C = 4,5, we know that the proportional limit is
2/3 of the yield strength, fy, so that when the torsional-

flexural buckling stress just coincides with the proportional

limit,
2 2
2 7" E 7 E
(L/r) = =
eff T 2
TF 5 Qf,
Whence (L/r) ) 3Tr2B ) /u36x106
ff  “{TF :
e N S s
_ 20,900
/ny
The expression for Fé is then
o}
= 1 N A
Fy =19y 9y L2 7. ]
m°E
b5z
(;)
eff
2 2
(f. Q) (L/m)
= 0.515Qf - —Y egf
y 2,555 x 10
= 0.515Qf - [ny(ur)eff]2
= Y y 50,500

The derivations of other formulas are similar to those
in the foregoing and therefore need no more explanations,
4, A table of formulas for the distances between the shear
center and the centroid, principal moments of inertia, and

the warping constants is attached.
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5. The computer programs in FORTRAN language are also at-

tached for computing warping constants.,

FORMULAS FOR WARPING CONSTANTS,

Angle Section

J
(1) Plain angle

X 4%¢Q§b C.=0
A%;? % I = a3t

Q§\§ (2) Lipped Angle
\@ o - tzauc3

z (4a + 3¢)
3/ W 18 Tx

I = E(a3 + c3 + 3azc + 3ac2)
X 3
y Channel Senction
k_—__b__.l (1) Plain channel
|l 1Te ¢ o_ta’bd b+ 2a
SR ) w "TI2 T A
| a2t
= +
‘[ ' + ﬂ IX -—iT— (a 6b)
et o { :

(2) Lipped Channel
20 7aa? _ b2, 2 A . 2.3 .22
€ {{—5“3— [ 2 + m - mb] +=— [m“a +b"c“(2c+3a)]

Cv © & T 3 3T
I m2 2 2
- i [2a+u4c]+ mg {Bb c+2m[2c(c-a)+b(20-3a)]}
2.2 2. 4
+ B 2 [(3c+6)(uc+a)-6c2]- mua }}

A= (a+ 2b + 2c)t
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Evd pt(b+2¢)
2
_ abt 4 ¢
m = ﬁf;— [ab + 2c(a - EREY )]
3 2 3
. ta 2bta 2tc a C\2
o Tt 7g — t Tt etz - )
Hat Section
2 2
. a -2 a‘A
Cw Ty [Iy + X A(l-n-i—;)]
Y 2.3
+ 2b3tc - ab’e?t
b -
*4 + azbtcaxA _ ubztzc6
_ HIC 3IX QIX
4
a »let % = bt(iC‘i‘b)
X
I = t [a3+6ba2+6ca2+12ac2+8c3]
1 X 12 )
_ tb 2
u Iy " 3(a+25?20)[2ab+b *
y l | Ubc+6cal
4 )
Z-Section
-t - .-3.2
X c = tb¥a“ b+2a
A W 12 2b+a

Hat Section (Computer Program for Evaluafirg Warping Constants)

C Program for Hat Section Warping Constant

C x = (Flange Width/Web width)
C Y = (Lip/Web Width)

C A = Factor of Area

C B = Component Factor of C

C C = Xbar factor

C D = I(x) Factor

C E = Component Factor~6f F



o0 O 0

OO O o 0O

x v o=

o > 0w

> =

ns B v B O B v v

v/

2 B )

I(Y) Factor

Component Factor of C(W)
Component Factor of C(w)
Component Factor of C(w)
C(W) Constant

Thickness of Wall

Web Width

Warping Constant

= W5

1 IX

3]
(-
-
(s

= X + 0.1

-]

—

<
it

1,11

= B/A

= E/A

= F + 3.% (1-3.% A/D) % A * C **

= % (2.%y - 3.) % (x % y)xx 2
= x ® Y %% 3

= (48, * B * Q - 64, #* Q %% 2)/D
= N+ P +R

= .015

P y +

2

ot
«
.
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Ve Y & Y (3.+2_,‘:y)

y)



Dé 1 IT = 1.4
T=T+ .03
D¢ 1 IH =2, 8
H = IH

7 = (T#S¥H¥%5)/12.
PRINT 2, X, Y, T, 2

FORMAT (LE 15.8)

36
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APPENDIX D
Torsional-Flexural Buckling Stress 1n the Inelastic Range on
the Basis of ”Gt/G = .}Et/E" Theory and Biljlaard's Effective

Inelastic Shear Modulus Theory
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TORSIONAL~-FLEXURAL BUCKLING STRESS IN THE INELASTIC RANGE ON

THE BASES OF "Gu Gt = /Et7E" THEORY AND BIJLAARD'S THEORY

COMPUTED BY ITERATION METHOD

In order to compare the results based on the assumption
stated in Eq. (7) of the main body of this report, computa-

tions are also made based on the more complicated expressions

Gy By
- VT (D-1)

= E/[2 + 2v + 3(E/Es -1)] (D=2)

of G i.e.,

t’

Gt
where ES = the secant modulus,
the latter expression, (D-2), belng Bijlaard's theory.
We shall start with Eq. (D-1). Assuming that the
parabolic equation of Et/E
2t
E

= a - 2 -
= },5 c (1 Gy) (D=3)
holds, the relationship is substituted into Eq. (D-1),,

thus
E
_ t
Gy = &)~
1.06E o ¢ g
- T - (D~1)
+
1 v Oy oy
Then Egs. (2) and (3) of the main body of this report become,
respectively,
2
(0.) = 3B 21 - & (D-5)
¥t (/ry) v y
1 LQb6EJ /© S EL»«ﬂT -6
(o) = = BB /- (1 - =) + BET0-6)
¢y Ip L1V 9y %

One sees that, upon substituting Egs. (D-5) and (D-6) into
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1
(Ocr)t T 72K [(Ox)t * (°¢)t -
N 2
o)+ (o) 12 = BE (o) (o) ] (D=7)
X 7 g 0y 77
(0 ) 1s expressed implicitly as
er’y
(ccr)t = f[(ocr) , E, Uy’ J, Cw] (D=-8)
t
noting that at the incipilent buckling, ¢ = (Ucr) in
t

Egqs., (D-5) and (D-6).

The explicit expression of (°cr) would be in the form

t
(6 )3+ £, (0 )24+ (s ) +°¢ =0 (D-9)
cY t 2' ¢cr £ 1" ¢cr £ 0
where
fi =f, (E, Oy, dimensions of column)

The solution of Eq. (D-9) is very laborious. TFortunately,
with the aid of an electronic computer, one can utilize an
iteration technique to get a good approximate solution,

The procedure can be written in a form of flow chart
for an electronic computer program as in Fig. (D-1). The
variable, x, in the flow chart corresponds to (ocr)t of
the torsional-flexural buckling problem,

As to Bijlaard's theory, (D-2), the secant modulus,
E,, can be expressed by the use of Eq. (11) (see the Basic
Theory) as follows:

(o ) “.SE(Ocr)

cr £ _ £
ES £ (ch_) /Uy

t
o [2.306 + in| -
Y 1 - (ogy

1]

|7 (D-13)
)t/°y
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This expression 1s then substltuted into (D-2) for G The

£
resulting equation for (ocr)t by substitution of these moduli
expressions into Eq. (4)(see the Basic Theory), 1s very com-
plicated., However, the iteration method can also be appliled
to thls case,

The computer results are listed in Table (D-1) together
with the values computed by Eq. (15) for ready comparison.

It can be seen that the values computed from Egq. (15)
are slightly lower than those from the other, presumably
somewhat more rational theories. The differences, however,
are small and of no practical consequence. Since Eq. (15)
provides much the simplest analytical tool, and since it
leads to results satisfactorily confirmed by tests, 1its use

rather than that of one of the two other, more involved

expressions appears Justified.




START

T

CoMPUTE A, Iy, Iy,
:'EP, J—J ?’ R.! CW"

SET X1, X2
( TRIAIL VALUES)
r .

KK =0
XX =0, X=X2
P

IC OMPUTE (T, E

COMPUTE
TERM= F(x) —x

KK= KK+ 1

Y{=TERM| No KK<17> R
X=X — X = X4

X2 %Y1 =X1eY2
Y2—-Y14

q
X% = x*NeLABS (xx=x)< 0.00 | P—YE2,

T
STOP

Flg. D-1 Flow Chart for the Iteration Method.



TABLE D -1

(gcr)t ksi
Section Specimen
Eq. 15 Based on Bljlaard
G /G = JE/E

A-1 35.87 37.08 39.43

A=2 37.06 38.74 41,40

Plain A=3 30.80 31,07 33.18
Angle A=Y 30. 47 30.59 32.58
A-5 28.85 28.27 29.61

LA~-1 36.85 37.78 38.36

LA=2 35.05 35.56 35.79

Bipped a3 32,52 32.79 31.96
Angle LA-4 31.59 31.76 31.32
CH-1 37.48 38.33 38.53

CH-2 27.91 28.31 28.68

CH-3 27.06 27.53 27.93

Channel CH-4 24,05 24,49 24,70
CH-5 24,89 25.19 25.38

CH=6 25.79 26.16 26. 44

CH=-7 25,45 25.97 26.34

CH-8 25.74 26.12 26.40

CH=-9 25.80 26.19 26.46

HA-1 39.34 39.73 39.99

Hat HA=2 39.86 40,20 40.46
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