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ABSIRACT

FINITE BEEBVENT MCODELLING AND ANALYSES OF
BEAMSAND CONNECTIONS BY MSC/NASTRAN

Arthit Limpaisarn
Master of Science
Youngstown State University, 1986
The objectives of this work were to demonstrate the
capability of the finite element analysis program MSC/NASTRAN
in modelling different kinds of stress analysis problems en-
countered in civil engineering discipline, and to compare and
assess the accuracy of the results obtained by using different
modelling options of the MSC/NASTRAN for the same problems.
The problems studied were :
1. the analyses of beam structures, which include

1.1. a simple thin-walled curved beam,

1.2. a continuous double-tee beam subjected to
symmetrical and unsymmetrical uniformly dis-
tributed loading,

1.3. a continuous horizontal curved beam subjected
to out-of-plane loading,

2. the riveted connections, which include

2.1. a butt joint ,

2.2 . a beam-to-column connection:

Different element options available in MSC/NASTRAN element

library were used as modelsfor each problem. The results ob-



tained from these types of analyses and from the experiments
are also presented.

Good results were obtained from some finite element
models when compared with the solutions from the theory and the
experimental results. Some finite element models failed to give
accurate results. From this investigation there is evidence
that the finite element models provided in the MSC/NASTRAN
should be selected with care to achieve good results from the
finite element analyses. The users should have sufficient
background in finite element theory in order to choose the

proper finite element for the structures to be analyzed.
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INTRODUCTI ON

The finite element nmethod (FEY) is a ponular numeri-
cal technique used for determning the stresses, strains,
and di splacements in structures. A nunber of genera
purnose finite el enent commuter »rograms, such as MSC/-
NASTRAN, ANSYS, ADI NA, ABAQUS etc., are available for
the solution of the problenms in elasticity, plasticity,
fluid flow, and so on. Most inportant to the success of
a finite element analysis is the accuracy of the nodel -
ling technique utilized to develon the discretised nodel
of the structure. Thus, the accuracy of the finite
element results is a matter of »rimary concern to those
who performfinite element analyses and to those who are
responsi bl e for conclusions derived therefrom

The FEM has undergone an extrenely active develop-
ment neriod since its beginnings in the late 1950s. Dur-
ing the first six or seven years, the application of the
FEM spread very slowly, and the research efforts concen-
trated mainly on new el enent develooment. A nore signifi-
cant prelimnary to the devel opnent of the FEM was the
matrix generalization of structural theorv in which the
analysis was fornul ated as a form of coordinate transforna-

tion. The classic work, which comnletely stated the



matrix formulation of the structural theory and which
clearlv outlined the parallel procedures of the force
and disnlacement methods, was the series of articles first

published in Aircraft Engineering by Argyris (1). It

was this work which denonstrated that the conceats of
matrix structural analysis are not restricted to the
traditional truss and beam analysis only (1) and it can
be generalized for avnlication to assenbl ages of any type
of structured el enents.

The true finite element concept is concerned prinmarily
Wi th the discretization process, not with the procedure
used to analyze the system after the discrete el enents
have been identified and evaluated. Specifically, the
FEM di scretization involves the assunption of strain or
stress fields defined on a regional basis, rather than
replacement Of the actual continuum by a set of substi-
tuted el ements. This general concept apnlies to well
known approxi mation methods of continuum mechanics, such
as the Rayleigh - Ritz nethod. The unique feature of
the FEM is the idea of defining the strain field indepen-
dently for the various regions or elements into which the
continuum is divided.

Although this regional discretization concent had

been proposed earlier, it was only when it was used by



Boeing Aircraft Conpany as a neans of avoiding the diffi-
culty of nhysical discretization by bar assemblages that
the nethod reallv began to devel op (1. Since 1965,
advances in finite el enent nethodol opy have been very
rapid and diverse because of the availability of digital
conputers. More recently, there has been a natural trend
t owards work focussing on applications of the method.

One of the first tasks facing a potential user of
the FEM is an appropriate selection of a suitable el enent.
At this stage, one is confronted with a large nunber of
el enents that have resulted fromover twenty years of
research activity. 1In 1984,;\43cNea1 and Harder (2,3)
presented a proposed standard set of problenms to test
finite el ement accuracy. The intended purpose of the
proposed problem set was to heln users and develovers
of the finite elenment prograns to ascertain the accuracy
of particular finite elenents in various applications.
However, the problens solved by using MSC/NASTRAN are
too small to be the references for the users and devel opers
of the finite element prograns.

The primary objective of this work is to denonstrate
the capability of the finite element anal ysis program

MSC/NASTRAN in nodelling different kinds of stress
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anal ysi s probl ens encountered in the civil engineering"dis-
cipline. The nroblems are carefully chosen to observe
the behavior of different elenents available in the
MSC/NASTRAN's elenent library. The other obiective of
this study is to cormare and assess the accuracy of the
results obtained by using different nodelling options of
MSC/NASTRAN for the same problem This is done to develon
a set of general guidelines for the selection of appro-
priate elements for various FE anal ysis applications;

In Chapter 1 a brief theory and mat hematical fornu-
| ation of the FEM is presented for the sake of conplete-
ness. Chapters2 and 3 describe the exact geonetry and
the FE nodels of the sinple thin-walled curved beam the
continuous beam and the riveted connections resnmectively.
A discussion of results along with a conparison with the
theoretical and experinental results is also nresented
I n these chapters. The concluding remarks with reconmenda-
tions are discussed in Chapter 4. The sanple input data
for different finite elenent nodels are given in appen-

di ces.



CHAPTER 1
THEORY OF FINITE ELEMENT METHOD

The Finite El ement Method (FEM) is a nunerical
procedure for solving continuum mechanics problens with
an accuracy accentable to engineers. |n structures, the
met hod can be understood as an extension of earlier estab-
| i shed anal ysis techniques in which a structure is revore-
sented as an assenbl age of discrete truss and beam el enents
(4). The same matrix al gebra procedures are used, but
I nstead of truss and beam menbers, finite elements are
enpl oyed to represent the region of plane stress, plane
strain, and axisynetric, three-dinmensional, plate, or
shel | behavi or.

1.1 The Mathematical Formulation of FEY

For the equilibriumof a general three-di mensional
body shown in Fig. 1.1, the external forces acting upon
the body are surface traction, fS, body forces, fb, and
concentrated forces, Fi, whi ch in the rectangul ar coor-

di nate system are

(fxb £xS in
LI 1 T R PV . FLo= Byl (1D
fzb £2° Fz?!

The di splacements of the body from the unl oaded



configuration are denoted by U, where

U = [ u \ WJ (1.2)

The strains corresponding to displacenments, w; , are

€7 = | € € € T ¥p sz] (1.3)

and the stresses corresponding to € are

6T =] 6ix G 6z Txy Ty Tz] (1.4)

To cal cul ate the response of the body, the governing
differential equations of equilibriumare established
with the heln of the princinle of virtual work. These
equations are subjected to appronriate boundary conditions.
According to this principle, the equilibriumof the hodv
requires that for any conpatible, small virtual displace-
ments inposed onto the body, the total internal virtua
work is equal to the total external virtual work, thus

jv‘e‘fsdv = f

v

T feav + {TJ"'F‘o/s + ;i‘f”i—‘f (1.5)
S

where, € is virtual strain vector witten as

"o [ G Ew Be T Tux ) (1.6)

M

is virtual displacement vetor given by
U'=[a v w (1.7)

ol

The superscript s denotes that surface displacenents are



consi dered and the superscript i denotes the disnlacenments
at the point where the concentrated forces Fl are apnlied.
The equation (1.5) is an expression of equilibriumcon-
taining the conpatibility and constitutive requirenments
inthe finite element fornulation.

In finite elenent analysis,the body in FHg. 1.1 is -
approximatedas an assenbl age of discrete finite elenents
with the elenents being interconnected at nodal points
on the el ement boundaries. The disnlacenments neasured
in a local coordinate svstem X, v, Z wthin each el enent
are assuned to be a function of the displacenments of the

Nfinite element nodal points. Therefore, for element m

u™ (x,y,2) = B™ (x,y,2) U (1.8)

where H™ s the di spl acenent intergolation matrix, the
superscript mrefers to element m and U is a vector of
the three global displacement components u,,v, and w; at

all nodal points. U is a vector of dinension 3N,

T = (v, u, U

LUy Ug wuw Un ] (1.9)
where Ui = {ui vy wi} , i = 1,2,3, . , N
With the assunption on the displacenments in (1.8), the

correspondi ng el ement strains, can he evaluated as



EM™ x,y,2) = 3™ (x,v,2) O (1.10)

where B is the strai n-di spl acenent matrix; the rows
of g (™) are obtained by appropriately differentiating

and conbining rows of the matrix (™ | The stresses in
afinite element are related to the elenent strains and

the element initial stresses, and expressed as foll ows:

G(M) _ C(M)e(m) + 61("’) (1.11)

wher e c(m) Is the elasticity matrix of element m and

67 are the element's initial stresses. The equilibrium

equati ons corresponding to the nodal point displacenments
of the assenblage of finite elements are rewitten as a
sum of integrations over the volune and areas of all

finite el enents:

> gmTgm gym o T T £8™ o yem)

vem) mjym)

+ 2[ FsemT f5 ygem + 5 TITF (1.12)

m S(m)

By substituting (1.8 to(1.11) in (1.12),

[z Bmcmpmaven] §

m Jyem)

GT[{ 5 H(m)Tf‘a<m> d V[m)} + { ;/ Hsrm)T_Fsrm) dsm)}

™ Jyem) s ¢m)

il

—{ B"’”To’“"”dvf*"’} + F (1.13)

m Jym)



The surface displacenent interpolation matrices Hs(m)

are obtained fromthe vol ume displacenent internolation
matrices M(™ in(1l.8) by substituting the elenment surface
coordinate, and F is a vector of the externally apnlied
forces to the nodes of the elenent assenblage. The
equations for the unknown nodal point displacements.are
obtai ned by inposing unit virtual displacements in turn

at all displacenent conponents. Thus,

5T = identity matrix
Letting6 = U so,
KU = R (1.14)
where the load vector, R =Ry + Ry - Ry + R (1.15)

The matrix K is the stiffness matri x of the el enent

assenbl age,

K = Z| B™C™B™dV™, (1.16)

yem)
()T L B(m) cm)
The body force vector, Ry = Z R R Ik
m Jiem)

(1.17)

The surface force vector, R _ X HSMTLSM™ ygem (1. 18)

M Jgem)
The elenent initial stresses vector,

Ry = S| pmTgimgymm (1.19)
m vim) .



And the concentrated | oads, Re = F (1.29)
Therefore, the formulation of the equilibrium equation
in(1l.14) above includes the assenbly process to obtain
the structure matrices fromthe elenment matrices. It is
usual ly referred to as the direct stiffness nmethod. The
resulting linear sinultaneous equations are solved for

t he unknown nodal variables using the nunmerical technique.
Stresses can be determ ned by calculating the strains and
usi ng Hooke's Laws.

1.2 Derivation of HMatrix for an |soparanetric El enent

For the isoparametric quadrilateral elenent, the
geonetric and the displacenent shape functions are defined
by the sane interpolation formulas. Since.the nunber of
nodesis four, a conplete polynom al cannot be used (5.

The best choice is a bilinear polynom al

e} = {1 &y &y

i 4
51 g 3156 7)
&
-1~ 21 (1,-1) >
X
s = {5 77} X = {x )/}

El enent in Local Coordinate El enent in Grobal Coordinate




Note that the displacenent field, u(&,7) - {B}{af

linear on each side of the element & = 1

Si nce, {€37 ={-1 1 1 -1}
{nt ={-1t-11 1}
matrix (Bn) is as follows: )
t -1 -1 1
1 1 -t -1
(Bn) = 1 1 1 1
-t 1 -1
The inverse of (Bn) is found as
11
-1 _ T _ |1 ¢
(Bn) = % (Bn) = 4 1 1
1 -1

Therefore, the interpolation matrix (H

H

Since it
H,

S

over the el ement

= {B}[Bn] ! - {H, n
% (1-8) (1-7),

2

5(1+8) (1-7),
5(1+8) (1+7)),
K (1-8) (1+7) .

becomes

and N o= 1

, and

, constructed

g
1

1 1
1 -1 |

IS given by

Hy Hyf, where

an isoparanetric element, the shape function,

of reference and the geonetrica



transformation functions, {H} , are the same. Hence

{at = {n whi ch | eads to

and

1
Dz
%
/)

Y&, ={ H H H H]




CHAPTER 2
THE ANALYSES OF BEAM STRUCTURES

In this chanter, a simnle curved beam and two differ-
ent types of three span continuous beans are anal yzed
by the MSC/NASTRAN. The sinple beam has an | cross sec-
tion. The first continuous beam has a doubl e-tee cross
section, and the other continuous beamis a horizontally
curved beamwith an | cross section. Various types of
finite element nodelling techniques are enployed to
anal yze these probl ens.

2.1 Sinple Thin-Walled Curved Bean

This problemis chosen fromreference (6) to conpare
the results obtained fromfinite el ement analysis using
MSC/NASTRAN for the different boundary conditions of
sinple supports and fixed supports for a horizontal curved
beam wth the exact solutions of reference (7). This
problemis selected to verify the application of the three-
pl ate beam el enent concept described in (7). Thi s speci al
model I ing technique is used to nodel the out-of-plane
bendi ng of flanges due to non-symmetric | oading.

The configuration of the beamis shown in Fig. 2.1

\When the appronriate nultipoint constraints (MPC) are



specified, the three elenents, then, behave as one I|-shape.
The ends of the web element are located at nodal points i
and j, those of the top flange at i+l and j+1, and those
of the bottom flenge at i+2 and j+2, as shown in Fig. 2. 2
Al'l displacenments and rotations of the flange nmesh points,
except the rotation about the Z-axis, are equated to those
of the web. The resulting three-plate beam el enent has

ei ght degrees-of-freedom three displacements and three
rotations of the entire section and two fl ange-war ping
rotations. For symmetrical sections, the warping rota-
tion of the bottomflange is opposite to that of the top
flange. The degrees-of-freedom are then reduced to

seven. The boundary conditions specified for pinned sup-
ports are wreo) = W)= gco) = gre)y= 0 ; and for those

of the fixed support are we) = wite) = g = #(ked= wio)= wite=(,
wherewi s the displacement in Z direction,# is the war p-
ing rotation, w’is the first derivative ofw, which physi-
cally neans the rotation about Z axis, and Leis the length
of the beam along the curve. Each plate is divided into
4 straight beam el enments. The beam then has 15 nodes and
12 el enments.

The Solutions and Results of the Sinple Thin-Walled

Curved Beam




The results are shown in Table 2.1. The finite
el enent analysis results from(6) and MSC/NASTRAN are com
pared to those fromthe exact solution (7). It can be
seen that the results for pinned supports from MSC/NASTRAN
are much closer to the exact solutions than those from(6).
The sanme beamis then used as a fixed supported beam w th
the | oading being the same. The results given by the
fixed support conditions are poor conpared to those of
t he pi nned support conditions.

2.2 The Conti nuous Doubl e-Tee Beam

The doubl e-tee beans are w dely used structura
forms in civil engineering. It is highly functional, as
it not only neets structural requirenents, but also pro-
vides a flat.useful surface. In this case, the symmetri-
cal and unsymetrical uniformy distributed |oads are
applied on the mddle span. Fig. 2.3 shows the geonetry
of the beam and the | oading conditions. The beamis
fabricated fromsteel which has the nodulus of elasticity, E,
30.0 KN/mm2 and the Poisson's ratio, v, 0.3. The speci-
fied boundary conditions for supports A, B, C, and D are:
u=w=4¢ =0 and v(o) = ¢"(o) = 0. The u, v, and w are
the translations in x, v, and z direction respectively,

4 is the torsional rotation, and ¢" is the second



derivative of 4. The value of ¢" equals to zero physi-
cally neans that the cross section can warp freely. The
MSC/NASTRAN program does not nrovide the capability to
specify ¢ as a degree of freedom

Four finite element nodels consisting of beam el e-
ment, rectangular plate element, solid brick el ement, and
t hree-pl ate beam el enent using MPC, shown in the Fig. 2.4,
are construct ed.

2.2.1 Beam El ement Model

The continuous beamis constructed from60 200-mm
beam el ements. Since the beam elenment is the straight
el enent which, herein, passes through the neutral axis
of the beam the unsymmetrical unifornmly distributed |oad
has to be applied in the formof a symetrical uniformy
distributed force and a uniformy distributed torque
whi ch have the magnitudes of 1200 KN/mm and 7.2x10°
KN-mm/mm respectively. The boundary conditions of the
beam are shown in Table 2.2

2.2.2 Rectangul ar Pl ate El ement Mbdel

The assenbly of three rectangular plates -is con-
structed conposed of two vertical plates and a horizonta
plate, as shown in Fig. 2.4(b). Each plate is divided

into 200 x 600 - mmrectangular plate elements. Since



Kirchhoff's hypothesis is applied for flat plate and

shel | element fornulation in the MSC/NASTRAN finite ele-
ment anal ysis program the rotational degree of freedom
about the normal to the plane is omtted, |eaving five
degree-of -freedom at a node (3). There are 427 nodes

and 360 elenents in the finite element nodel. The boundary
conditions of the beam are shown in Table 2.2.

2.2.3 Solid Brick El enent Mbdel

This type of elenent contains only translational
degrees-of -freedom It is a nodified isoparametric ele-
ment whi ch uses selective integration points for different
conponents of strain. There are three different schenes
of integration points avail able, whose sel ection depends
on the number of edge grid points which have been del eted
(9. Here a 2x2x2 integration schene is used. The naterial
coordi nate system used corresponds to the el enent coor-
dinate system In this case the beamis conposed of
560 small brick elenents with 8 nodes per el enent, as
showsai in Fig. 2.4(d). The boundary conditions of the
beam are shown in Table 2.2.

2.2.4 Three-Plate Ream El enent Model

The webs and flange are considered as three senarate

el enents. The ends of the two web elenents are | ocated



at node points i+l and j+1 and at i+1 and i+1; those of
the flange are at i and j and at i and j respectively,

as shown in Fig. 2.5. The offsets of the flange are
placed at the appropriate locations relative to the web.
Bv specifying appropriate multipoint constraints, all dis-
pl acements and rotations of the flange mesh points, except
the rotation about the Z axis, are equated to those of

the web so that the three el ements behave as one double-
tee shape. The resulting three-plate elenment has seven
degrees-of-freedom three displacenents and two rotations
of the entire section, one rotation for web, and one rota-
tion for flange. The boundary conditions are shown in
Table 2.2.

The Sol utions and Results of the Continuous Doubl e-Tee Ream

Two | oading cases are considered. The results at

the sections |ocated at 3000 mm 6000 mm and 9000 mm from
the left end are conpiled for comparison purposes. The

di spl acenents and flexural stresses at 300 nm above the
bottom and at the top fiber of the cross section (point E,
F, and Gin Fig. 2.3(b)) are calculated and shown in
Tables 2.3 and 2.4. For the symmetrical |oadings, nost

of the nodels give good results, except in a few cases.

The beam el enent gives very good results for both the



stresses and the displacements. Comparing the results
for stresses and disnlacenents fromthe beam el enent to
t hose obtained fromthe sinple beam theory (19), it was
found. that the difference was only -0.74% and 6.2%
respectively. For this beam the cross section is rela-
tively Il arge; however, the beamelenments are considered
as joined at their center lines so that the actual clear
span distance and thus flexibility of the member is
reduced and should he taken into account (8).

The rectanqul ar plate el ement does not yield accurate
results for the stresses in unper fibers. However, the
accurate stress results in the webs are obtained. The
solid brick elenment usually is nore flexihle than anv
ot her type of elements, i.e. it gives larger displacenments
and smal l er stresses. (Good stress results are obtained
fromthe three-plate beam el enent; however, it gives
very poor results for displacenent.

For the case of unsymmetrical |oading, the effects
of warping cannot be included for the beam el enent and
the three-plate beamel ement, as shown in Table 2.4. Even
t hough the webs of the three-plate elenent are offset,
the actual condition of |oading cannot be used, i.e.

i nstead of applying unsymmetrical uniformy distributed



force, the uniformy distributed force and torque are
applied on the flange. Comnaring the exact solution
(10), which is the sinple beamtheory, the rectangul ar
plate el enent and the solid brick element do not give
good results for both displacenents and stresses.

For the exact solution (10), given in Table 2.3 and
2.4, the sinple beamtheory is used. The simmle beam
theory is also used to conpute the flexural stresses for
the beamelement as in the follow ng exanple. For the
conti nuous doubl e-tee beam which is subjected to synme-
trical load, at point G for the first support, the bend-
I ng nmoment obtained fromthe finite elenment using the
beamelement is M = 270 x 10 KN-mm.

The flexural stress at point G 6= Mc/I, where

6 = flexural stress,

M = bending monment,

c = 126.2 mm= distance fromneutral axis to the
point G, and | = 5.4054 x 104 it = t hemoment of

inertia along neutral axis. Therefore,

3
6

2.70 x 10 x 126.2 / 5.4054 X 10
63.04 XN/mmZ.

It should be noted here that for the nlate el enent and
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the solid element, the conditions of the suoports are
different, as shown in Table 2.2, so the different stresses
are obtained at the internmediate supnorts (1/4 length and
3/4 length in Table 2.3 and 2.4).

2.3 The Horizontal Curved Beam

The use of curved girders in highway bridges |ocated
on horizontally curved alignnents has increased progressively
due to the nodern enphasis on asthetic considerations as
well as sinplicity of arrangement, details, and construc-
tion. The curved girders of a horizontally curved bridge
are primary nenbers that determne its |oad carrying
capacity and, therefore, need careful consideration. In
this case, a.W33x118 beamis used and a uniformy dis-
tributed force of magnitude of 1.25 kips/ft is applied over
the entire span of the beam For the continuous hori -
zontal curved beam four finite element nodels are pre-
sented. The results fromthe anal yses are conpared to
those fromthe V-1 oad nethod (11). The geonetry and the
properties of the cross section are shown in Fig. 2.6.

The boundary conditions of all cases are shown in Table
2.5.
2.3.1 Rectangular - Coordi nate Beam El enent Mbdel

The straight beamelenents are used with the noda



points in rectangul ar coordinates and each beam el enent

has ~the length of one foot. To define the boundary
conditions for the supports, since the alignments of

the supports B, C, and D in Fig. 2.7 are locsted radially,
the three new coordinate systens are established so that
the local Y-coordinates of the supports B, C, and D are

the tangents of the curve of the beam Then the restraints
can be specified according to the new coordi nate system

2.3.2 CQylindrical - Coordinate Beam El enment Yodel

The one-foot beamelements are also used in this
case, but all nodal points are specified in cylindrical
coordinates. By using these coordi nates, the boundary
condi tions of each support can be specified in r,e -, and
Z directions, so new |ocal coordinate systems are not
necessary to be established. The alignment of the beam
using cylindrical coordinates, including the significant
angles, is shown in Fig. 2.8.

2.3.3 Continuous Strai ght Beam Mode

A straight continuous beamis created in such a
manner that the length of each straight girder segment
Is set equal to the respective curved-girder arc |ength.
This nodel is set up to conpare its results to those of

the curved bearns.



2.3.4 Three-Plate Eeam El enent Model

The sanme concepts applied to the sinple thin-walled
curved beam have been used. The sanme arrangenent of the
three parts of the beamused is also shown in Fig. 2.2
The resulting three-plate el ement has eight degrees-of-
freedom three displacenments and three rotations of
the entire section, and two flange-warping rotations.

The Sol utions and Results of the Continuous Horizontal

Curved Beam

For the continuous horizontal curved beam the dis-
pl acements and the bending noments are obtained fromthe
MSC/NASTRAN finite elenment analysis and the V-load
analysis (9), as shown in Table 2.6. The bendi ng nonents
obt ai ned fromevery solution are also plotted, as shown
in Fig. 2.9. The results fromthe ¥-load method are
very good conpared to those fromthe MSC/NASTRAN finite
el enent analysis. The bending noment at the m ddle of
the second span, given by the Y-load analysis, is nore
conservative than that fromthe MSC/NASTRAN finite el enent
analysis. In this case, the three-plate beam el ement
does not give good results for the displacenments; how
ever, the results for the bending nonents are good. In

addition, it should be noted that the curvature of this



beam is considerably small, SO that the results obtained
from the straight beam and from the curved beam are not

much different.
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CHAPTER 3
THE RI VETED CONNECTI ONS

The riveted connections have been nopularly used
as the conmponents of nultistory building frames. Many
full-scale tests were conducted to observe the behavior
of these type of connections (12, 13, 14). In this chap-
ter the MSC/NASTRAN finite element analysis programis
used to analyze two types of connections, a butt joint
and a beamto-col um connection. The results fromthe
finite el ement anal yses are conpared with the experimental
results of references (12) and .(13).

3.1 The Butt Joint

The butt connection selected for this study is one
of the eight full sized bolted butt jointsused in static
tension tests, conducted at Lehigh University in 1965 (13).
The butt joint is fabricated from 1-inch plies of A 440
steel plates and connected by 7/8-inch ASTM A 490 high-
strength bolts. The detail of the butt joint and the
properties of the plates are illustrated in Fig. 3.1
The stress - strain relationships used to determ ne the
I deal i zed nonlinear elastic material behavior of the

A490 bolt are shown in Fig. 3.2 (16). Due to symetryv,



only half of the structure is analyzed.

3.1.1 The Rectangular Plate Elenment Model

The finite element nodeling of the rectangul ar
plato elenent is shown in Fig. 3.3(a). For the full-
Sized test, when installing a high strength bolt to the
structure, it is torqued to a high tension. This vnroduces
a high clanmping force and consequently a frictional
force devel ops between the flaying surfaces. In bearing-
type connections, it is assumed that the loads to be -
transferred are larger than the friction caused by tighten-
ing the bolts with the result that the nenbers slip a
little on each other, putting the bolt in shear. To
utilize this behavior in the finite elenent nodel, rod
el ements are used. One rod elenment is discretized to
carry the pretension load of the bolt and the other rod
to resist the shear load. The rod elenents replacing
these two bolts are shown in Fig. 3.4(15). Two rod ele-
ments, nunbered 1 and 2, carry the pretension of the two
bolts, and one rod el ement, nunbered 3, carries the shear
load to be resisted by the same two bolts. Hence, in
each shaded area, there are three rod el ements sinul at-
ing the behavior of two bolts. The finite el enment nodel

in Fig. 3.3 then has 52 nodes, 24 nlate elenments, 8 rod



el ements carrying tension force, and 4 rod el enents
carrying shear force. For the boundarv condition of
this nodel, as it is assumed to be the plane stress analy-
sis, the degrees of freedomof the translation in the
direction normal to the plate, which is Z direction in
Fig. 3.3(a), are fixed, as are all the translations of
the nodes at the left end and the bottom of the bottom
pl at e.

3.1.2 The Solid Brick Elenent Mde

The sanme connection is also analyzed using solid
brick elenments. The nodelling of the three-di mensional
butt joint using -the eight-node -gsolid brick element is-shown
in Fig. 3(b). The tension property of the bolts as
used for the bolts in the rectangular plate el ement case
Is used again. However, in this case one bar elenment is
used to represent one bolt, and each bar elenent carries
both tension and shear forces. The finite elenment nodel
of the butt joint then has 112 nodes, 36 solid brick
el ements, and 8 bar el enents.

The Results of the Butt Joint

The translationsin x-direction at the right end of
the structure, node 51 for the rectangul ar plate el enent

case and node 64 for the solid elenment case, are plotted



in Fig. 3.5 to conpare with the experinental results (16).
Since this is an elastic analysis, the relation of |oad
and deformation is a straight line. The shear forces in
rod el enents are also shown ir Table 3.1. It can be
seen that the outer rivets carry more |o0ad than the
inner rivets. Simlar behavior is also observed in the
experiment (16).

3.2 The Beamt 0-Col utmm Moment Connecti on

This type of connection is widely used as - com-
ponents Oof a tyvoical nmultistory steel building frane.
In recent years, the use of ASTM A325 and A49n high
strength bolts have beconme popular for field erection.
Full-scale tests of the beamto-col unm connections were
conducted at Lehigh University (12). Even t hough the
full-scale tests give realistic results, it is not
feasible to carry out an extensive testing program for
each type of conbination of these connections in order
to assess accurately their response because of cost and
time involved. In addition, for the beamto-col um
moment connections, the geometry is too conplicated to
obtain a closed form solution

In this section, the beamto-col um connection

shown in Fig. 3.6 is analyzed by using the MSC/NASTRAN



finite element program Two tvpes of finite el ement
model s are constructed using the plate el ement and the
solid elenments. Also in this case, due to symetry,
only half of the structure is analyzed.

3.2.1 The Plate El enent Model

The finite element nodeling of the plate el ement
Is shown in Fig. 3.7(a). Two shapes of the plate ele-
ments are used, the rectangular and the triangul ar plates.
To represent the behavior of the pretensioned bolts in
the finite element nodel, the rod el ements are used again,
as shown in Fig. 3.4, The finite element nodel then has
172 rectangul ar plate elenments, 2 triangular plate ele-
ments, 16 rod elements carrying tension forces, and 8
rod el enents carrying shear forces. Since, in this case,
the structure is analyzed as a plane stress problem all
the translations normal to the nlane of the plate el e-
ment, which is the translation in Z-direction as shown
in Fig. 3.7(a), are fixed. The boundary conditions
specified for the structure are: for all the nodes on
the plane of synmetry, the translations normal to the
pl ane of symetry, which is x-direction as shown in
Fig. 3.7(a), are fixed. The concentrated forces of the

total magnitude of P/2 = 100 Kips are anplied to the



nodes on the top of the colum in the dowward direction
(negative y-direction in Fig. 3.7d)
3.2.2 Solid Element Model

Two types of solid elenments are used, the brick
(HEXAhedral) and the wedge (PENTAhedral) shapes, which
are represented by CHEXA and CPENTA elenents in the
MSC/NASTRAN respectively. The three-dinensional finite
el ement nmodel is shown in Fig. 3.7(b). The finite ele-
ment model,consisting of 1088 nodes,has 466 HEXA ele-
nents, 2 PENTA el ements, 16 bar elenments connecting the
monent plate and the beam and 3 bar el enents connecting
the shear plate and the beam For this type of elenent,
only translational degrees of freedom are retained at
each node. Since the plate element case is a plane
stress analysis, the z-translation at every node of the
structure is fixed, leaving only 2 degrees of freedom ner
node for the whole structure. The boundary conditions
specified are: the translations of the nodes on the plane
of symmetry in x-direction(horizontal) and the transla-
tions of the nodes at the supnorts on the right end of
the beamin y-direction (vertical) are fixed. The con-
centrated forces of the total magnitude of 100 kips are

applied on the top of the colum in the downward



(negative v-) direction.

The Results of the Beam-to-Column Connecti ons

The translation at the bottom of the colum, node
1in the plate el ement case and nodes7 and 11 in the
solid el ement case, in vertical (y-) direction with the
| oad, obtained fromthe MSC/NASTRAN is plotted in Fig. 3.8 »
along with the test results and the predicted results by
the elastic plastic analysis perforned in reference (12).
The plot shows that the results fromsolid element are
closer to the test results than those fromplate el ement.
The stress distributions in beam and col umm conponents
are plotted and conpared with the test results. Fig. 3.Q
to Fig. 3.11 show the variation of the horizontal stresses
at the end of the nonent nlate, the variation of horizon-
tal stresses at the colum innerface, and the variation
of the vertical stresses along the colum innerface. The
test results (14) and finite elenment results show fairly

good agreenent for all these three cases.



CHAPTER 4
CONCLUDING REMARKS AND RECOMMBENDATIONS

The finite element analysis is a powerful tool for
solving engineering analysis problems. MSC/NASTRAN isS
one of the finite element computer programs which provides
several options of finite element representations for the
same problems. A number of civil engineering structures are
analyzed by using the MSC/NASTRAN program.

For the simple thin-walled curved beam using MPC
modelling technique, the good results are obtained only for
the case of pinned-end. It can be seen that the beam element
model gives very good results for the continuous double-tee
beam subjected to symmetrical uniformly distributed load,
however, it is not able to show the torsional effect, when
subjected to unsymmetrical uniformly distributed load. The
plate element model and the solid element model do not give
the good results for the continuous double-tee beam both in
case of symmetrical loading and unsymmetrical loading. For
the horizontal curved beam, all the finite element models
give very good results except the MFC model, which gives in-
accurate results for the displacements. In general, the MT
model gives good results for stresses in both types of beams.

For the butt joint analysis, both plate and solid

element models give very good results when compared to the



experimental results (14). For the beam-to~columnc connection,
accurate results are obtained for both the stresses and dis-
placement. It can be seen that the more accurate results are
obtained when the three-dimensional solid elements are used to
model the connections. However, one should be aware that it is
time consuming to set up the model and the computer time will
be much more in the case of the solid elements than in the
case of the plate elements. As it can be seen,in the case of
the beam-to-column connection, the number of nodes of the
solid element model is more than four times that of the plate
element model. For the general beam structures without torsional
effect, the beam element is the most suitable to use.

Although the MSC/NASTRAN is a powerful finite element
analysis program and provides many types of elements, the user
must have sufficient understanding of the problems and the
finite element theory to choose suitable elements to make a

finite element model.
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Finite element

Fig. 1.1 General Three Dimensional Body



31

- 2
L. = 180 in. 7 A = 14.61 in
E = 20.0x10%ksi I, = 273.2 in"
v = 0.3 |, = 93.0 in6
= —!
Kp = 139 in

Concentrated Load and Torque at Midspan,

PC = 2.0 kips , TC = -20.0 kips - in

Fig. 2.1 Single Span Horizontal Curved Beam

Fig. 2.2 Three-Plate Beam El ement of Horizontal Curve
Beam
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Solid Brick Element (1230 nodes, 560 elements)

(d)

2.4 The Finite Element Models of the Continuous

Fig.

Doubl e-Tee Beam

T

Three-Pl ate Beam El ement of Doubl e-Tee Seam

2.5

Fig.
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Fig. 2.7 The Alignment of the Continuous Horizontal
Curved Beam Using Rectangul ar Coordinates

Fig. 2.8 The Alignment of the Continuous Horizontal
Curved Beam Using Cylindrical Coordinates

(X=0.08783, f = 0.1975, T = 0.2852)
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Fig. 3.1 Geometry and Properties of Butt Joint
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Fig. 3.2 Idealized Nonlinear Stress-Strain behavior for
the Bar Element used as A499 Bolt
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52 Nodes , 24 Plate Elements
8 Bar Elements (tension)

4 Bar Elements (shear)

(a) Rectangular Plate Element

N
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(b)  Solid Brick El ement

Fig. 3.3 The Finite Element Models of Butt Joint
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TABLE 2.1

L7

RESULTS FOR SI MPLE THIN-WALLED CURVED BEAM

(a) Pinned Supported Condition

Method of Sol utions

Deflection. in inches

1/4 Span 1/2 Span 3/4 Snan
Exact Sol ution (7) 0.6000 0.7980 0.6000
Three-Pl ate Beam El ement * 0.5899 N.8120 0.5899
Three-Pl ate Beam El ement 0.6470 0.9270 0.0470

(6)
(b) Fixed Supported Condition

Exact Solution (7) 0.00984 0.02900 0.00984
Three-Pl ate Beam El ement * 0.02536 3.03098 0.02536
*From MSC/NASTRAN



TABLE 2.2

BOUNDARY CONDI TI ONS OF CONTINUOUS DOURLE-TEE REAM

Fi xed Degrees of Freedont

Modelling +
15" Syoport | 27 Su/o/oorf 3"’&//0/00# 4" Syopor? Every ook
Beam El enent /,2,3,5,6 | 1,3,5,6 | /3,56 | 43,56 /,5,6
Pl at e El enent *2 /52,3 43 /,3 /,3 A 5,25
Solid El ement 42,3,4,56 |1,3,4,5,6 | 1,3,4,56 |43.45,6 4,5 6
Three-Pl ate
Beam El enment /,2,3,56 | 1,3,56 | 1,3,5,6 |»32° ,5,6
*1 1 = x-translation , 2 = y-translation,
3 = z-translation , 4 = x-rotation,
5 =y-rotation , 6 = z-rotation.
*2 In addition to the listed fixed degrees of freedom

for the plate el enent, all

axes nor mal

to the plane of the plate are fixed.

the rotations along the
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TABLE 2.5
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BOUNDARY CONDITIONS OF HORIZONTAL CONTINUOUS CURVED BEAM

Fixed Deprees of Freedom for Every Modelling

1st Support

2nd Supvort

3rd Support

4th Suvnort

1,2,3,5

1,2,3,5

1,2,3,5

1,2,3,5
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Table 3.1 SHEAR FORCES IN BOLTS FR BUTT JOINT

250 kppos

250 koS

Bolt No. Shear Forces in Bolts (kips)
Calculation* | Plate Element |Solid Element
Model M odel
1 125 130.18 148.67
2 125 120.74 101.67
3 125 12%.05 101.77
4 125 128.03 148.37
Total 500 500.00 500.00

* The simple theory is used for this calculation.
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Input Data for Pinned-End Simple Thin-Walled Curved Beam

NASTRAN EXECUTIVE coNTROL DECK ECHO
| D CURVE BEAN
SOL 24
TINE 10
CEND
CASE CONTROL D ECRK ECHO

CARD

COUNT

1 TITLE=SIMPLE CURVE BEAM USING #nPC

2 SUSTITLE=REFER TO "THIR-WALLED CURVED BEAM FER"

3 DISPLACEMENT=ALL

4 FORCE=ALL

S SPCFORCE=ALL

6 LoAD=100

7 BPC=1

8 BEGINBULK

IRPUT BULK DATA CARD COUNT = 70
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. Input Data for Fixed-End Si npl e Thin-Wall Curved Beam

NASTRARAN EXECUTIUVE CONTROL DECK ECHDO

| D CURVE BEAHN

SOL 24

TIME 10

CEND

CASE CONTROL DECK EC HO

CARD
COUNT

1 TITLE=SIMPLE CURVFE BFAM |JSING MPC BOTH ENDS ARE FIXED )

2 SUBTITLE=REFER TO " THIN-WALLED CURVED BEAM FER™

3 DISPLACEMENT=ALL

4 FORCE=ALL

5 SPCFORCE=ALL

6 LOAD=100

7 MpC=1

8 BEGINBULK

INPUT BULK DATA CARD COUNT = 70
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Input Data for Double-Tee Beam Using Bean Element

Subjected to Symmetrical Load

NASTRBRAR EXECUTIVE CONTROL DECK ECHDO

ID THESIS, WIN3
SOL 2y
TINE 30
CEND
) CASE CONTROL DECK ECHDO
CARD
. COUNT

% TITLE=DOUBLE-TEE BEAN

SUBTI = .

5 BPE Lg&EREH?gXE{ED TO UNSYMETRIC UNIFORM LOAD

4 ELFORCE=ALL

5 LOAD=190

6 BEGIN BULK

INPUT BULK DATA CARD COUNT = 168
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Input Load Data for Double-Tee Beam Using Beam Element

Model Subjected to Unsymmetrical Load
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Note: All other input data are the same as i n symmetrical
load case.
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Input Data for Double-Tee Beeam Using Plate Element Model

Subjected to Symmetrical Load

HNASTRANXN EXECUTIVE CONTROL DECK ECHO

S51S,41834

CASE CONTROL DECK ECRDO
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[ ]
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.
O UMSYMMETRIC UNIFORM LOAD USING PLANE STRESS.

@NONES WO
™
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~
[=]
=
2]

I8PUT BULK DATA CARD COUNT = 8175
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Model Subjected to Unsymmetrical Load

OHNODOINOD
ONI O~ —mINY
———————— O NN N

VM OV D MY e ON P
ONIFIN e 2O
g g g e OO NV

ODO=NODOIN
Orm™MN~ON IO
———————NON I

A A P
P MNP OOMND D
OV o m e = NN NN

NO DO NODL
Fe=M= o OMNMN
OV o~ o o g o NI N

LM = RN
=T O VO NN
o R e ekl 14 1o 1o ]

DODO0O0DODINO
[el=lelalelelalalelo]

e =

NN AN N N N A
as@ansazas
G W L
QD200 NV00
Jc o P Pt P DU Jlc e §
040, Q) SO O O O D

LI T T I I B I |
_—NT P DD O
ORI IS
R e aa ]

Note: All other input data are the same as in symmetrical
load case.



76
Input Data for Double-Tee Besm Using Solid Element Model
' Subjected to Symmetrical Load

M ASTRARAR EXECUTIVE CONTROL DECK ECHO

ID ART,NIN3S
SOL 2a
TINE 10
$ BEGINNING QP RF ALTER 24374
$ GENERATE stgsP BULK DATA CARDS FOR EFFICIENCY IN SYMMETRIC DECOMP.
5 THE FOLLOWING ARE USER INPUT PARAMETERS
S VALUE OPTION
$§ SEQOUT--OOTPUT OPTIONS FOR SPRQGP CARDS
H U DEFAULT-NO PRINTED OH PUNCH OUTPUT
3 T  PRINT TABLE OF INTERNAL/EXTERNAL SEQUENCE | N | NTERNAL ORDER
$ 2 TRANSMIT THE SEQGP CARDS TO THE SYSTEM PUNCH FILE
H 3  PRINT TABLE AND PUNCH SEQGP CARDS
$ MEWSEQ--OPTIONS FOR SEQUEYCINC LOGIC
$ =1 DO NOT RESEQUENCE
L 1 USE ACTIVE COLUMN SEQUENCING OPTION
$ 2 USE BAND SEQUENCING OPTION
$ 3 UEFAULT-RUN BOTH ACTIVE COLUMN AND BAND SEQUENCING--SAVE THE sgqo ENCE
i WITIH THE LOWEST TIRE ESTIMATE FOR DECORPOSITION
SUPER--OPTIONS FOR TYPES OF SEgu NCING
s 0 DEFAULT-US® PASSIVE COLUCN SEQUENCING OPTION
$§ -1 USE SUPERELEMENT szngmmnnc OPTION
$ FACTOR--USED FOR THE GENERATION OF THE INTERNAL SEQUENCE NURBER
SEQID = FACTOR 3 SEID ® SEQ NURBER
s DEFAULT = 10000
f NPCX--OPTION FOR MPC PROGESSING
-1 DO _NOT_PROCESS mpC ByLX DATA CARDS OR RIGID ELERENTS
s 0 DEFAULT-PROCESS RIGID ELERENTS ONLY
$ N POSITIVE INTEGFR |S THE NUMBER OF THE MPC SET TO PROCESS
g ALONG WITH ANY RIGID ELERENTS PRESENT
START--STARTING POINT OPTIONS
s U DEFAULT-PROGRAR SELECTS STARTING POINT
XLTEQ BINTEGER |'S NUNBER OF POINTS TO BE USED TO START SEQUENCING
ggﬁg NOSEQP, NEWSEQ §
GEO [+ GERMY , /CRONIQyNATEANN/Cy Ty SEQOUT -0/ T, Ty WLRD ¢
81i,gﬁﬂﬁﬁzawc,x,rAcroA=10000/c,i,upcx=0/c,r,srinr=o£¥ 31/
EQUIV GEON1Q,GEON1/ALWAYS §
LABEL HNOSEQP
5 END OF RP ALTER 24874
CEND

cCaset CONTROL 0D ECK
ARD ECHDO

C

COUNT

TITLE=DQUBLE-TEE BEAN 3-D )

iggg£¥5g=SUBJECTED TO UNSYMMETRIC UNIFORMLY DISTRIBUTED LOAD.
STRESS=ALL

ISPLACEMENT=ALL

PCFORCE=ALL

LFORCE=ALL

EGIN BULK

@~ UNEWNE
QN b
amawn

=0

INPUT BULK DATA CARD COUNT = 2445
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SORTED B ULK DATA ECHO

T v, 4 es S ee 6 ee T se B8 es 9 ws 10
1 12 13 2 n 42 1
2 13 14 3 32 43 a2
3 1 15 4 33 44 +A3
4 15 16 5 3U 45 +Al
5 16 17 6 35 u6 +A5
6 17 18 7 36 a7 +R6
7 18 19 8 37 uB +A7
8 19 20 9 38 49 +A8
9 20 21 10 39 50 +A9
10 21 22 11 40 51 +A10
14 23 24 15 44 53 “aan
19 25 26 20 49 55 +a12
23 27 28 20 53 57 +A13
25 29 30 26 55 59 14
31 42 43 32 61 72 +A15
32 43 44 33 62 73 tA16
33 uy 45 34 63 74 *A17
34 45 46 35 64 75 +A18
35 06 47 36 65 76 19
36 a7 48 37 66 77 +120
37 48 49 38 67 78 Y2
38 49 50 39 68 79 +h22
39 50 51 40 69 80 *A23
40 51 52 41 70 81 +A24
a4 53 54 45 74 83 +a25
49 55 56 50 79 85 +h26
53 57 58 54 83 87 +A27
55 59 60 56 85 89 +A28
61 72 73 62 21 102 +a29
62 73 74 63 92 103 +A30
63 7U 75 64 93 104 AN
64 75 76 65 94 105 +A32
65 76 77 66 95 106 +A33
66 77 78 67 96 107 +A3l
67 78 79 68 97 108 +A35
68 79 80 69 98 109 +A36
69 80 81 70 99 110 *A37
70 81 82 71 100 111 4138
Tu 83 84 75 104 113 +139
79 85 86 80 109 115 +A40
83 87 88 By 113 117 Al
85 89 90 86 115 119 +Al2
91 ,' 102 103 92 121 132 *A43
92 "' 103 104 93 122 133 sauu
93 104 105 o4 123 134 +AU5
94 105 106 95 121 135 +AlU6
95 106 107 96 125 136 +au7
96 107 108 97 126 137 +AUB
97 108 109 98 127 138 +A49
98 109 110 99 128 139 +AS0
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SORTED BULK DATA ECHO

. 3 .. 4. . 5 .. 6 oo 1 s+ 8 es 9 .. 10
?30 99 110 11 100 129 140 +A51
9 100 111 112 101 130 14t *A52
3! 104 113 1My 105 134 143 +A53
%jz 109 115 116 110 139 145 +ASU
ftm 113 117 118 114 143 147 +A55
51346 115 119 120 116 145 149 +A56
%52 121 132 133 122 151 162 *A57
9ca 122 133 134 123 152 163 +A58
?5“ 123 134 135 124 153 164 +A59
%55 124 135 136 125 154 165 +A60
fse 125 136 137 126 155 166 +A61
f57 126 137 138 127 156 167 +A62
fss 127 138 139 128 157 168 463
51359 128 139 140 129 158 169 +A6U
9 129 140 141 130 159 170 +R65
%Zi 130 141 142 131 160 171 tA66
51365 134 143 144 135 164 173 +A67
%70 139 145 146 140 169 175 *A68
o, 143 147 148 144 173 177 +169
9 145 149 150 146 175 179 +A70
%;i 151 162 163 152 181 192 AN
%83 152 163 164 153 182 193 +A72
?au 153 164 165 154 183 194 +273
51385 154 165 166 155 184 195 +ATH
fse 155 166 167 156 185 196 +A75
9 156 167 168 157 196 197 *A76
9 s 157 168 169 158 197 198 A7
94 158 169 170 159 188 199 *AT8
99, 159 170 171 160 189 200 +AT9
9 160 171 172 161 190 201 +A80
%;‘5 164 173 174 165 194 203 *hel
9 159 175 176 170 199 205 +A82
ggi 173 177 178 174 203 207 +AB3
906 175 179 180 176 205 209 +A84
9 181 192 193 182 211 222 +A85
%12 182 193 194 183 212 223 +ABE
élz 183 194 195 194 213 224 +AB7
215 184 195 196 185 214 225 +A88
9 185 196 197 196 215 226 +A89
g'e 186 197 198 187 216 2217 +190
57 187 198 199 188 217 228 A9
§° 188 199 200 189 2148 229 +292
%;z 189. 200 201 190 219 230 +293
9 190 ' 201 202 191 220 2 +R94
823;; 194 203 204 195 224 233 +495
3 199 205 206 200 229 235 +A96
§§2 203 207 208 204 233 237 +A97
236 205 209 210 206 235 239 +A98
gllZ 211 222 223 212 241 252 +A99
9 212 223 204 213 242 253 +2100

243
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SORTED BUL K DATA ECHO

3 we 8 ee 5 4e 6 ae T es B es 9 s 10
213 224 225 214 243 258 +B1
214 225 226 215 2u4 255. +82
215 226 227 216 245 *256 +B3
216 227 228 217 246 257 +BU
217 228 229 218 247 258 +BS
218 229 230 219 248 259 +b6
219 230 2 220 249 260 +87
220 23 232 2 250 261 +88
224 233 234 225 258 263 +B9
229 235 236 230 259 265 +B10
233 237 238 234 263 267 +B11
235 239 2640 236 265 269 +812
211 252 253 242 27 282 +B13
242 253 254 243 272 283 +B1L
243 254 255 244 273 284 +815
204 255 256 245 278 285 +B16
245 256 257 2u6 275 286 +B17
206 257 258 247 276 287 +B18
207 258 259 208 277 288 +819
208 259 260 219 278 209 +B20
209 260 261 250 279 290 +B21
250 261 262 251 280 291 +B22
254 263 264 255 284 293 +B23
259 265 266 260 299 295 +B24
263 267 268 264 293 297 +B25
265 269 270 266 295 299 +826
271 282 283 272 N 312 +827
272 2823 284 213 302 113 +B28
273 284 285 274 303 Iy +B29
274 285 286 275 304 315 +B30
275 286 287 276 305 316 +B31
276 287 289 277 306 317 +B32
2117 288 289 278 307 318 +B33
278 289 290 279 308 319 +B34
279 290 291 280 309 320 +815
280 291 292 29 310 N +B36
284 293 294 285 N 323 +B37
289 295 296 290 319 325 +B38
293 297 298 294 323 327 +B39
295 299 300 296 325 329 +BLO
301 312 313 302 n 342 +B11
302 313 N 303 332 343 +BY?2
303, 318 315 304 333 344 +BU3
308 7 35 316 305 334 345 +BUY
305 316 37 306 335 3u6 +845
306 336 337 307 317 a7 +BUG
307 337 338 308 318 3ug +BU7
308 318 339 309 319 49 +8U8
309 339 340 310 320 350 +BU9
310 340 3 3N N 351 +B50
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423 43y u3s 424 453 464 +B99
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+C42
«Cl3
+CUYy
+CUS
+Cl6
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+Cus
+CU9
+C50
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sS4 552 553 542 571 582 +C53
542 553 554 su3 572 583 +C58
543 554 555 sug 573 534 +c55
sS4 555 556 545 574 585 +CS6
545 556 557 5u6 575 586 +C57
546 576 577 547 557 587 +c58
547 577 518 548 558 588 +c59
548 578 579 549 859 589 +C60
549 579 580 550 560 590 +C61
550 580 581 551 561 591 +C62
554 563 560 555 584 593 +C63
559 565 566 560 589 595 +CHY
563 567 568 564 593 597 +C65
565 569 570 566 595 599 1C66
571 582 583 572 601 612 +C67
572 583 584 573 602 613 +CH8
573 584 585 574 603 614 +CH9
574 585 586 575 604 615 +C70
575 586 587 576 605 616 N
576 606 607 577 587 617 sCc72
577 607 608 578 588 618 +c73
578 608 609 579 589 619 +CT4
579 609 610 580 590 620 +C75
580 610 611 581 591 621 +C76
584 593 594 585 614 623 +C77
589 595 596 590 619 625 +c78
593 597 598 594 623 627 +C79
595 599 £00 596 625 629 +C80
601 612 613 602 631 642 +c81
602 613 614 603 632 643 +co2
603 614 615 604 633 6u +C83
64 615 616 605 634 618 +C84
605 616 517 606 635 646 +C85
606 617 618 607 636 647 +CB6
607 618 619 608 6317 648 sc87
603 619 620 509 538 649 +c88
609 620 621 610 639 650 +c89
610 621 622 611 610 651 +C90
614 623 624 615 64l 653 +Cc9
619 625 626 620 649 655 +C92
623, . 627 628 624 653 657 +C93
625 ° 629 630 626 655 659 +c9y
631 642 6u3 632 661 672 +C95
6132 643 644 633 662 673 +C96
633 sul 645 634 663 674 +C97
634 645 646 635 664 675 +C98
635 66 6u7 636 665 676 +C99
636 647 648 6137 666 677 +C100
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3 .. a .. 5 .. 6 .. 7T .. 8 . 9 .. 1
637 648 649 638 667 678 +D1
638 6u9 650 639 668 679 +D2
639 650 651 640 669 680 +D3
640 651 652 641 670 681 +pU
644 653 654 645 674, 683 +D5
649 655 656 650 679 685 +D6
653 657 €658 654 683 687 +D7
655 659 660 656 685 689 +D8
661 672 673 662 691 702 +D9
662 673 674 663 692 703 +D10
663 674 675 664 693 704 +D11
664 675 676 665 694 105 +D12
665 676 617 666 695 706 +D13
666 677 678 667 696 707 +D14
667 678 679 668 697 708 +D15
668 679 680 669 698 709 +D16
669 680 681 670 699 710 1017
670 681 682 LA 700 m +D18
674 683 684 675 704 ns3 +D19
679 685 686 680 709 715 +D20
683 687 688 684 713 AN +D21
685 689 690 686 7ns 719 +D22
691 702 703 692 21 732 +D23
692 703 704 693 122 733 +D24
693 704 705 694 723 734 +D25
694 705 706 6995 724 135 +D26
695 706 707 696 725 736 +D27
676 707 708 697 726 737 +D28
697 708 709 698 727 738 +D29
6738 709 7o 699 728 739 +D30
699 710 EAR) 700 729 740 +D31
700 711 72 701 730 741 +D32
704 713 714 765 734 743 +D13
709 715 116 710 139 745 +D3Y
713 717 718 714 743 47 +D35
715 79 720 716 74s 749 +D36
™ 732 733 722 751 162 +D37
722 733 734 723 752 7163 +D38
723 734 7135 724 753 Teu +D39
124 7135 736 725 754 765 +DUO
725 736 7317 726 755 7656 +DU1
726 737 738 727 756 161 +DU2
727 738 739 728 757 768 +D43
728 - 739 740 729 758 769 +Duu
729 740 741 730 159 770 +DUS
730 741 742 731 760 771 +046
734 743 Tay 735 Teu 713 +DU7
739 745 746 740 769 775 +pus
743 747 748 744 773 177 +DU9
7485 749 750 746 775 779 +050
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752 763 764 753 782 793 +D52
753 764 765 754 783 . 794 +DS3
754 765 766 755 78n 795 +D54
755 766 767 756 785 796 +D55
756 767 768 757 786 797 +D56
157 768 769 758 787 798 +D57
758 769 770 759 788 799 +p58
759 770 M 760 789 800 +D59
760 m 772 761 790 801 +D60
764 773 774 765 794 803 +D61
769 775 176 770 799 805 +D62
773 177 778 774 803 807 +D63
775 779 780 176 805 809 1064
781 792 793 782 811 822 +D65
782 793 794 783 812 823 +D66
783 794 795 784 813 82y T ep67
784 795 796 785 814 825 +D68
785 796 797 786 815 826 +069
786 197 798 787 816 827 +D70
787 798 799 788 a7 828 01
788 799 800 789 818 829 _ +D72
789 800 801 790 819 830 +073
790 801 802 791 820 831 D74
794 303 804 795 824 833 +p75S
793 805 806 800 829 835 +D76
803 807 808 804 833 817 +077
805 809 810 806 835 839 +n78
811 822 823 812 8u1 852 +D79
812 823 524 813 842 853 +090
813 a2u 825 81y 843 854 +D81
81y 825 826 815 ‘sun 855 +D82
815 326 827 816 8us 856 +pa3
816 827 828 817 846 857 +D34
817 828 829 818 Bu7 858 +DAS
£18 829 B30 B19 sug 859 +D86
819 A30 831 820 849 860 +pB7
A20 231 832 821 850 861 +088
824 8133 834 825 854 863 +D89
829 835 836 830 859 865 +D90
833 837 838 83u 863 867 +p91
835 839 ) 836 865 869 +D92
Ul ., 852 853 8u2 871 882 +D93
su2°~" 853 854 843 812 883 +D9y
au3 854 855 8uy 873 884 +D95
8u4 855 856 8uS R74 895 +D96
8us 856 857 8ug 875 886 +D97
846 857 858 847 876 887 +D98
au7 858 859 8ug 877 888 +D99
8up 859 860 819 878 839 +D100
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874 88s 886 875 908 915 +E10
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884 893 894 885 914 923 E1T
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933 9uu 945 934 963 974 +E37
934 945 946 935 964 975 +E18
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940 951 952 941 970 981 +EGY
9uy 953 954 945 974 983 +EUS
949 955 956 950 979 985 +EU6
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Input Load Data for Double-Tee Beam Using Solid Element

Model Subjected to Unsymmetrical Load
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Note: A || other input data are the same as in symmetrical
load case.
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Input Data for Double-Tee Beam Using Three-Plate Beam

ENCE

4
Element Model Subjected to Symmetrical Load
MASTRAMN EXECUTIVE CONTROL DECK Ecuo
ID THESIS, VIN33
50L 24
PINE 30
BEGINNING OF R? ALTER 24§74
$ GENERATE SEQGP BULK DATA CARDS POR EFFICIENCY IN SYNMETRIC DECONP.
THE FOLLOWING ARE OUSER INPUT PARANETERS
$ YALDE OPTION
szsour--onrpur OPTIONS FOR SEQGP CARDS
DEFAULT-NO PRINTED OR PUNCH QuUTPUT
1 PRINT TABLE OF INTERNAL/EXTERNAL SEQUENCE IN INTERMNAL ORDER
2 TRAMSHIT THR SEQGP CARDS TO THE SYSTEN PUNCH FILE
3 PRINT TABLE AND PUNCH SEQGP CARDS
lBHS!g-—OPTIOHS FOR SREQUENCING LOGIC
-1 O BOT RESEQUENCE
1 0SB ACTIVE COLUNN SEQUENCING OPTION
2 USE BANMD SEQUENCING OPTION
3 DEFAULT-RUMN BOTH ACTIVE COLUMN AND BAND SEQUENCING--SAYE THE SEQU
WITH THE LOWEST TINE ESTINATE FOR DECONDOSITION
SUPER--OPTIONS FOR TYPES OF SEQUENCING
0 DEFAULT-USE PASSIVE COLUNN SEQUENCING OPTION
-1 USE SUPERELEMENT SEQUENCING OPTION
FACTOR-~USED FOR THE GEKERATION OF THE ISTERNAL SEQUENCE XUMBER
SEQID = PACTOR & SEID + SEQ NUMBER
3 ULT = 10000
$ MPCX-——OPTION POR HMPC PROCESSING
-1 DO _NOT PROCESS WPC BULK DATA CARDS OR RIGID ELENENTS
$§ 0 DEFAULT-PROCESS RIGID ELEMENTS ONLY
M POSITIVE INTEGER IS THE NUMBER OF THE NPC SET TO PBOCESS
ALONG WITH ARY RIGID ELEMERTS PRESENT
START--STARTING POINT OPTIONS
0 DEFAULT-PROGRAM SELBCTS STARTING POINT
“erg BIHTEGBB IS MUMBER OF POINTS TO BE USED TO START SEQUENCING
COND NOSEQP NZHSES s
SEQP GEOM1,GEon2,GEoM4,/GEONIQ MATRARM/C. Y, SEQOUT=0/¥ 1.uzusz¥=03//
c,f,supeh= 0/c; Y, FACTOR=10000/C, ,APCi=0/cC, T, 5ThRT=0
PQUIY GEonig,ceont/alukys s
LABEL NOSEQP
$ END OF BF ALTER 20§78
CEND
CASE CONTROL DECK ECHDO
CARD
COUNT
1 TITLE=DOUBLE-TEE BEAN HPCL
2 SUBTITLE=SUBJECTED TO NSYHMETRIC UMIFORM LOAD.
3 DISPLACEMENT=ALL
U ELFORCE=ALL
5 LOAD=100
6 mpC=3
7 $PC=13
H BEGIR BULK

INPUT BULK DATA CARD COUNT = 1082
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Input Load data for Doublt-Tee Beam Using Three-Plate Beam

Element Model Subjected to Unsymmetrical Load
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Note: All other input data are the same as in symmetrical
load case.



115

" Input Data for Continuous Horizontal Curved Beam Usi ng
Rectangular Coordinates - -

NASTRAN EXECUTIVE CONTROL DECK ECHO
ID ARTHIT,WIN2
soL 24
TIME 20
CEND
CARD CASE CONTROL DECK ECHO
COUNT
A
B LE=131 USING LINEAR BEAU “ENT.,
3 DISPLACEMENT=ALL ELERENT
4 $TRESS=ALL
5 SPCFORCE=ALL
6 ELFORCE=ALL
7 SUSCASE 1
8 LOAD=100
9 SUBCASE 2
10 LOAD-1
11 SUBRCASE 2
12 $OAD=14
13 BEGIN BULK

INPUT BULK DATA CARD COUNT = 600
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Input Data for Continuous Horizontal Curved Beam Usi ng

Cylindrical Coordinates

N ASTRHAN EXECUTI VE CONTROL
ID ARTHIT,WIN24
SOL 24
TIRE 20
CEND
C ASE CONTROL D ECK

CARD
COUNT

1 TITLF=CURVE BEAHM

2 SUSTITLE=131 NODES , USING LINEAR BEAM ELEMENT.

3 DISPLACEMENT=ALL

4 SPCFORCE=ALL

S ELFORCE=ALL

6 SUBCASE 1

7 LOAD=100

8 BEGIN BULK

INPUT BULK DATA CARD COUNT = 601

DECK

ECHO

ecno
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Input Data for Continuous Straight Beem Used to Compare

Curved Beam

the Continuous Horizontal
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USING LINEAR BEAR ELEMENT.
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Input Data for Continuous Horizontal Curved Beam Usi ng

Three- Plate Beam Element Model
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| D ARTHIT,WIN2S
SUL 24
TI®E 20
CEND
C A S F cCoNT RS L D ETK TC RO
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DISPLACEMENT=ALL
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ELFOLCE=ALL
& Bii=3
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3 B2CINM CULK

INPUT BULX DATA CAPD COUNT = 2213
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Input Data for Butt Joint Using Plate El enent Model

HNASTRAN EXECUTIVE CONTROL D ECK ECHO

1D TEST,PILOT1
S50L 24
TIAE 30
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C A3 E CuUNTROL D & < K ECHDO
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COUNT
1 TITLE=PLLOT TEST USLING PLANE 5ThZE53
2 SUUTITLE=COUP. ¢ STRUCTURLS VOL.Z1 KU.3,2501-511,1985
3 UIOPLACLAELNT=ALL
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7 3eGIN BULK

INPUT HULR DATA CARD COUNT = 10V
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Input Data.for Beam-to-Column Connection

¢ Using Plate Element Model

MASTRAN EXECUTIVE CONTROL DECK ECHO
LD TEST.IIOI
SOL 28
TINE 10
BEGINNMING OF RF ALTER 24874
GENERATE SEQGP BULK DATA CARDS FOR EFFICIENCY IN SYMNETRIC DECOMP.
THE FOLLOYING ARE USER INPUT PARAMETERS
VALUE OPTION
SEQOUT--0UTPUT OPTIONS TOR SEQGP CARDS
DEPAULT-NO PRINTED OR PUNCH OUTPUT
1 PRINT TABLE OF INTERNAL/EITERNAL SEQUENCE IN INTERNAL ORDER
2 TRANSMIT THE SEQGP CARDS TO THE SYSTEN PUNCH FILE
.3 PRINT TABLE AND PUNCH SEQGP CARD3
WEUSZQ--OPTIONS FOB SEQUENCING LOGIC
—1" DO WGT RESEQUENCE
1 9sE ACTIVE COLUNH SEQUENCING OPTIOI
7 USE BAND SEQUENCING OPTION
1 3 DEFAULT-RUN BOTH ACTIVE COLURN AND BAWD SEQUENCING--SAVE THE SEQU ENCE
WITH THE LOWEST TI|RE ESTIMATE FOR DECOMPGSITION
SUBER ~OPTIONS FOR TYPES OF SEQUENCING
0 DEFAULT-USE PASSIVE COLUM SEQUENCTNG OPTION
4 USE SUBERELERENT SEQUENCING OPTION
FACTOR= - USED FOR THE GENERATIONM OF THE INTERNAL SEQUENCE NUMBER
SBQID = FACTOR ¥ SEID + SEQ NUNBER
DEFAULT = 10008
NPCX--OPTIQN FOR RPC PROCESSING
DO 101 PROCESS WPC BULK DATA CARDS OR RIGID ELEMENTS
—Q DEFAULT-PROCESS RIGID ELERENTS ONLY
W POSITIVE INTEGER IS THE NUNBER OF THE NPC SET TG PROCESS
ALONG WMITH AN1 RIGID ELEMENTS PRESENT
START- — STARTING POINT OPTIONS
0 DEFAULT-PROCRAB SELECTS STARTING POINT
iLrp) IVTEGER |S NOMBER OF POINTS TO BE USED 10 START SEQUENCING
COND  NOSEQP,NEWSEQ $
SEQP GEOM1,GEOM2,GEOHU,/GEOM1Q,MATPARN/C,Y,SEQOUT=0/YV, ugusz?=03//
C, t,supER= 0/C;Y FACTOR=10000/C,Y,APCR=0/C,Y,5ThRT=0
EQUIV GEohlo,ceEomt/7ALukYs ¢
LABEL NOSE
$ END OF RF ALTER 24874
CEND
CASE CONTROL DECK ECHO
CARD
COUNT
1 TITLEZANALYSIS OF A FULLY BOLTED MOMENT CONNECTION
2 SUBTITLE=CONPUTER *+ STRUCTURES VOL 21 NO 3 P 505,1985
3 DISPLACERENT— ALL
g STRESS=ZALL
5 ELFORCE=ALL
6 LOAD=100
7 SPCFORCE=ALL
3 BEGIN BULK
INPUT BULK DATA CARD COUNT = U63
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Input Data for Beam-to-Column Connection

Using Solid Element Model

®ASTBRBAN ZEXECUTTIVE CONTROL DECK ECHO

CONN . WINT2

L 2U

HE 5

YD

CASE CONTROL D ECK ECHDPO

CARD
COUNT

1 TITLESANALYSIS OF A FULLY BOLTED MOMENT CONNECTION.

2 SUBTITLE=ELASTIC ANALYSIS , THREE-DIHENSIONAL CONFIGURATION.
3 ELFORCE=ALL

q SPCFORCE=ALL

S STRESS=ALL

6 DISPLACEMENT=ALL

7 LOAD=100

8 BEGIN BULK

INPUT BULK DATA CARD COUNT = 2111



166

DATA ECHRO

BUOULK

SORTETD

10

©C - N M T N W~ 0O O - NMm DN O DO NM2INO~ DO —
P o 2 oo TR N 72 T ¥~ B o - = B~ T B ol i ot — e e NN N N NN NN NNMmMm MM Mmoo Mmoo Mmoo MMM m Mmoo
- - K e e - - - e e A - - - o er e - e o WC G A& e e e - e - eg e o - e A W o e
. -* * * L4 * > + * +* L d * -+ + * L d * - + 4 - - - +* - L4 L d + +* - - * - + +* +* -> - * - + -
.
)
o
VWO N D 0O D e NM 3N W0 OO e NMo
MO NM AN M O e NMW T N YO 0 0 - N W W WY W W WO WY~~~

. NN N M MM MmoMmeMmS o2 WU N W N W DO e e o e o oe e T e e - - -
L]

@®

~ D OO - NMZI WO~ D O - Nm
- M~ @ O MmN~ = MM ® M N RM 2NN WO - TV ! WYY YW

. N NN N NN MMM IS T TN WM O S D OO0 D e oo e e e T oo e - -
. .

~

© 2O DN T QO OO O T O DN T O DD OO T W DN MT N O~ D OO - MT Y

. N D O O D e e NNMNNNMM MM DT D WNUWNN N WY WYY WY OSSN~
L

©
ND NS~ SR O S Mo O
NOHAO N NMO =3 I M~ D == OO O M M 2 VO OO T WO NMII O OO T OO NMI W OO MI N OV M~ND OO = NDINO N
il DD~ OOOOOT O = = = = = = N 6 A M M M MM M3 3 I3V IND DN WGODD RSN~ S DD 0O © 0
.

n
P D= NNO D= O RO N M —

NONUNO VT N NO vz P P = = DO D - NN MG N MWV ™M IN S - NMme S NM I N VN DO - MmN

e e e DO DDOVOM N O m = o = = = O N N M M @A MMMm:IT 23 OWBLEOOONDSSR~ASRRS OO0 ©O
.

=

MmN ONEMOICNOTM
DMONMNOM MO OO GNNON M N~ e MWD~ DM N - MW DM N e NMZ N O~ DD NMm TN

P EeFNSNININNMMe= M )~ D B e o= NN N NN ANM MM T D 3TN WO WY VW e w0~~~
.

™

© 00O O - &N = o ]
9999999999999999999 N2 W OO PO W OO0 F WL DTNV IN W O - M0 A S I 5 IR 5 v}

———— NNV 292939393939“9“9“9“9“959 LI OMN M OVD OV OV D OVON VR OV OF Do O O 4= Oy O = Do Oh 00 D e O e O e O e O e O e O 0 O e Oy O8
L)

~

o~ o 0 O - AN MmN WV~ D 0 N M o
CmNMIINON OO © D OO BNOMNTMNIO O DOORNOO— = NOMO PO e DM~ 2 DO OO OO — B MO MO D LND DB O O e Ofm o=

S NMIUNOL —v—— ¢2233Q353637333901u1ﬂ15151515151516l72829212121212121212131313131313131313131“1“
.

- « K M M M K e @ A K € W e o a a w af o a a W A e £ & o«
o OO O DI PR O DS O DG PRI LS B Bd DL DC D Dd B B O D BN DT IAT? L PO DI O DEON O Iy BN 21 PP AL 2D BT SO 3 O I Dt DEON ) Df DAL A0 DA e 00 2k 1 2D Dk
o o o ] ] A o o ] 2 2 o 0] o PN e B3 N EIVY B2 5P BRI BIND DA (1160 IO e By €03 g B g 3 g (10 g 3 g B D50 e D e SRIONI3 N 63O BN 2N BTN GRION 62 4 IO B3 N 1) 30 DI £ 036 BT ) B3 ) R 3 MY B2 Bl B
033 £ 3 0 €0 00 00 €0 £ (01 13 00 60 3 £ 003 0 £ 5T 3 ! 52 o T X o 10 X o O o T X o I T2 o 35 o 12 I o T I T I G T X T X e T ] T X o T X X T2 IS X G S TS I w3 O o £
oCCCCCCCCCCCCCCCCCCCCOCQCQCOCOC&CQC#CQC.'COCOCGCQCQCOCOCOC&COCGCOCQCQCQCQCOC}COCOCiCQC&C#COCGCQCQC&C’C

T_..__..._.._..._..__.__._.___._...._..____._______......_..__...._._._.__...__......___.._._...‘..__
O e NMPUNO OO 123“567890123“561890‘23“567890123“567890123“567890123“567890‘23“567890‘23“567690123“567890
D clnlcl-lcl1'11‘22222222223333333333“““u““uuuusss555555566666666667777777777886888688899999999990
<o -
CC



167

SORTED 8 0L K DATA ECHDO

R Rl PR P00

> o e o
DO UKO & W00 NICD =00 O
N PO O 0 N

&

Xq;man:nuuu

[T LATIV taU Ul

> >

+O+OA+O+O+D+ O+ O+ QA+rO+
-

e T e T o T e S 0 3w K (e

movTioy MV
><-‘§O 240 X D,

@)
I

>
P O © ® N O Wn

Rl RRRRRRPR R R Rl BR PR PR Rales PR PR PR PR R R e
N

w

(2]
|

QOONOUTRWNRFROWE UITARWNRFR OO~

00 N NNNNNN~NNNOOD O DO DO MUIUIUTUIUTAUT U1

=
I
W N P O W & N O & W N PP O © 0 N

00 0000 0O

TAWN

L
~

[<2]
I

ONION ORI CONI GORI GORI ORI EBRI GO GO R ORI 00 R NI IR wdhd ~IR) ~dN) =3 ~IR ~IR) ~IRI IR BYRI ORI DR DRI IR TN DN D O DR N (1= U1 =1 U= N =i g1 i 01
w N P O © 00 N O

R LWOW OWW NN UINEN WN NN PN ORNONOR w=0 I 8= WR NP RPROR 0000 N0 O0UI0 &0 WO NO RO OO KO

NRRRRRRR R R PRRPR RR PR PR RRRRRR PR RR R RPRRRRRRRR PR R R

OO (OO OO WO OW OO0 COCO O
QOWONOUTRWNR OO

4. . 5.. 6.. 7.. 8 .. 9 . 10 .
76 87 88 77 164 175 +AU42
77 88 89 78 165 176 +AU3
78 89 90 79 166 * 177 AUy
79 90 91 80 167 178 +h45
80 91 92 81 168 179 +Al46
81 92 93 82 169 180 +A47
85 96 97 86 173 184 +A49
86 97 98 87 174 185 +AU9
87 98 99 88 175 186 +A50
88 99 100 89 176 187 +A51
89 100 101 90 177 188 +A52
90 101 102 91 178 189 +153
91 102 103 92 179 190 A5
92 103 1048 93 180 191 +AS55
94 105 106 95 182 193 +AS6
95 106 107 96 183 194 _ +aS7
96 107 108 97 184 195 +458
97 108 109 98 185 196 +A59
98 109 110 99 186 197 4160
99 110 111 100 187 198 +161
100 111 112 101 188 199 +162
101 112 113 102 189 200 +A63
102 113 114 103 190 201 +46l
103 114 115 104 191 202 +A65
107 118 119 108 195 206 +466
108 119 120 109 196 207 +A67
109 120 121 110 197 208 4468
110 121 122 111 198 209 +169
111 122 123 112 199 210 +170
112 123 124 113 200 211 AT
113 12U 125 114 201 212 272
14 125 126 115 202 213 +A73
116 127 128 117 204 215 +A7u
117 128 129 118 205 216 +175
118 129 130 119 206 217 276
119 130 131 120 207 218 +A77
120 131 132 121 208 219 +278
121 132 133 122 209 220 +479
122 133 134 123 210 221 +280
123 134 135 124 211 222 +281
124 135 136 125 212 223 +282
125 136 137 126 213 220 +283
127 138 139 128 215 226 YT
128 139 140 129 216 227 +185
129 140 181 130 217 228 +186
130 141 142 131 219 229 +A87
131 142 143 132 219 230 +r88
132 143 144 133 220 231 +489
133 144 145 134 221 232 +1190

134 145 146 135 222 233 +A91



£ EWWWNW
SN &
N e W

o
@

(=]

[ N |
e N

8 8 £ £ W N NN

w

&=
-]

NREpPRRRRPRPRRPRPOO
o

WNH?LOM\IG)U'IJ}(A)I\)HOLDCD
[ I
N BN ® &

DIO MO NI N O AINO NAB N RO N N G N N OND N ONONID e
@

SOWNNOOUVINESWOND=ECOD W & & N
L R I - L L T
-]

~4

PO NONONONONONOCOCVIOVIOVIVE@ ENENEN
[=]

~i
&

- o~
N n

-~

UIRWNRF OOWONOUTRAWNR OOONOUIA
@

(ST ST T NTRY ST STST ST STSTSTOTSTST TS TSTSTISTSTSISTSTSTRISTISHSTISTIS] SIS TSSO
N

DANDANDNDNWWWWWWWWWWNINNNNNNNN

[e2]
I
@ @

(L) o ) e i 1 (kL ) ) o L e ) e g e L) b o ot ) L o ) e DD D b B b I b DD b ) ek Nt ) o ) b ) ot T b (D ) B ek 3 b B ot N b B b N ot ) = BILO AN WO RO N WO WO I WO DIV e

EEE 510l L Ll 1 e LN (D s B W W I N NI N = N =4 N =2 h) O N D NV N O MO N 10 = D b (O =\ 9 (D e () b () b (D) =t (D) b o] =t
VTPV TV, TRV YTV TIVLV. Y 1V, YOUIV- T VIV, TIRIVO YOIV, YOIV YOUIV. T VRTV. TINTV- YORLV. TV YUVIV. TOVTV- ORIV DNV U WAV T S IV-T T S AV- TR RF-3 P I LS L oA [ e LI LR el e

- UMD EONDDLONNNUNOER NN =NNO=QODDNENNVIRENWENWNOR OV NRN NS NONDEFWNNO=RODW

. 168

SORTED BULK DATA ECHO
3 .. 4 .. 5 o 6 e T e 8 .. 9 .. 10 .

135 146 147 136 223 234 +A92
136 147 148 137 224 23S +A93
151 162 163 152 237 T 239 +A94
162 173 174 163 2319 241 +195
173 184 185 174 241 2u5 +896
1682 193 194 102 243 247 +197
183 194 195 184 244 2us8 +A98
184 195 196 185 24s 249 +1299
195 206 207 196 249 253 +A100
206 217 218 207 253 257 +B1
217 228 229 218 1257 259 +B2
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239 281 242 240 261 265 +BU
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243 247 2u8 244 267 2N +86
2ua 248 249 245 268 272 _ +B7
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309 EAR) 312 310 313 335 +B36
313 33 314 32 335 337 +837
313 37 318 314 337 LA +B38
315 9 320 316 339 343 +B39
316 320 321 317 340 34y +BUO

317 kPl 322 318 341 345 +BU1
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