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SUMMARY

The grillage'beam problem is one which is encountered
many times in the'desigh of ﬁedern Stfuctures. Its solution
is generally accomplished by approximate means. A rigorous
tfeatment'of the problem invelves a highly theoretical
mathematical treatment which is beyond the scope of most
.practical design offices. ‘

This study undertakes en investigatiog_of'thefgrillage
beam problem'from & numerical approach., Two basic numerical
solutions are developed which involve numerical integration.
The first solution is based en the use of apparent spring
constants."This invelves treating each beam of the grillage
system separately and censidering cress beams as be1ng elastic
‘supports., The computation proceeds through the grillage
system in a systematic manner and each spring constant value
is cerrected.in‘an iterative manner, At the end'offeach cycle
the system is made to satisfy the statics of thé grid. Most
.problems will converge to the correct solution. The limitation
of this'appreach_ie that some problems will not converge te
the selﬁtions bqt requirela trial and error approach. This

phencmenon is-discuseed and explained,
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The other methoﬁ developed is the correction configura-
_tion solution. This is a general approach and does not have
special limitations, In this procedure the overall grid
defermation configuration 15 assumed by treating only the
deflections at each node point in the firat cycle assumptions.,
" Then the loads caﬁsing tﬁié configuration are calculated for
each beam. By_inspection it is seen that loads at cross

node points"0£ two beams dd not agree, An.averaging correcfion
is made and theaeinew loads applieq'to the system. An
iterative solution evolves which _systematic-ally corrects the
loads aﬁd- then the deflections in each cycle, Probléms are
generally observed to diverge by this process and answers

must be extrapolated after the completion of three cycles,

A check cycle is nextacondﬁctad using these extrapéolated
values in order to ensure desired accﬁracy.::Accuracy“which is
sufficiént”f§r ﬁost.ehgihéering.prdblems has been found after
three cycies on all probieﬁs attempted by this method.
_'However; the correctnéss of the first assumption partially
controls this. Some sﬁecial grillage systems will converge to

an answer bu}'theSe are the exceptions.




CHAPTER I
INTRODUCTION

The grillage beam problem is one that is encountered
countless times in design and analysis engineering Although
the grillage bean system is- often present in the floors of

buildings and the decks of bridges, it is not discussed in the
- standard text books, and.standard engineering literature con-

tains very limited information of a practical nature_on the
grillage system. Approximate methods of analysis are most _
often used. Other épbreaches are of such a highly_theoreticsl
mathematical nature that they are limited in practice.

.It was with thislbackground that the'investigation and

development of numerical solutions-to.the grillage beam problem

were attempted. Solutions tendito be long.and.time-consuming

by the very nature of both"fhe grillage problem and the numeri-

cal approach. It appeared that the best method of approach

would be that of attempting to develop a solution from the
numerical beam solutions presented by Dr. Newmark (1)*; This

| appronch was undertaken and the results are_presented herein.

The general background of the methods used are diScussedIand

examples cited, It is believed that this wdrk is self- -

- contained and the methods deveioped are useable without

recourse to other matter for reference,

*Numbers in parentheses indicate references listed in
the "Literature Cited" section in the bibliography.




CHAPTER 11

REVIEW OF DR, NEWMARK'S NUMERICAL PROCEDURE FOR COMPUTING
DEFLECTIONS, MOMENTS AND BUCKLING LOADS |

" The numerical procedure presented'by Pr., Newmark (2) is
actually a bookkeeping arrangement that allows fast accurate
numerical integration to be systematically performed. It is a
step-by-step calduiation system of performing integration by
the classic concept of obtaining an areé under a curve, The
numerical value df this area is taken as the value of the desired
integral, -Thé following well-recognized beam principles are

utili;ed in this process:

1. Shear 1s-équa1 to the integral of lcading timés.distance.
N

2. Moﬁent is equal to the integral of shear timéé-distance.
M= I’V dx

3. Slope is equal to the integral of moment times distance
divided by the modulus of elasticity times the beam moment of

inertia.

o = ’[u dx/ EL




4, Deflection is equal to the integral of slope times distance.

S = f@-dx

Thus it can be seen that an 0rdér1y progression can be
made from thé kﬁown loading to'fhe resuiting.deflection of any
given beam. By the ﬁature of the Newmark bookkeeping systen,
the process requires the use of only concentirated lcads.
 Distributed loads are handled by the selection of equivalent
concentrated lcads which produce the same shears and moments at
certain specified sections. Formulas for these equivalenf
concentrated loads are given in Fig. 1l: Due to the nature of
problems in this study the straight 1iﬁe"formu1a5'wili be used
almost exclusively. The_sign convention is as shown in Fig. 2.
IThis convention ié used throughout this thesis.

"The general steps involved in the use of the ﬂewmark

process are as follows:

l, At the top of the calculation sheet sketch the.beam with its
applied loading. Divide the beam into an arbitrary number of
divisions. It is easiest if the divisions are taken to be of
equal length and if a division falls on each concentrated load.
Uniform loads ére reblaced by equivalent cancéntrated loads as

discuséed above,




2; Label horizontal lines downward as follows:

Loads
‘Shear Trisal
_loment Trial

Mcoment Correction

Moment
~ Shear
. Angle Change Ordinate (M/EI)

Equivalent Concentrated Angle Change (E.C. M/EI)
. 8lope | _
- Deflection Trial

Deflection Cofrection

Deflection

3. 8tart the calculations by recording the lcading values in
the first line. The value at each diviﬁiqn point may be com-
prosed ef two numerical figures. Each division line may have a
loading composed first of a concentrated load and secondly of
‘an equivalent concentrated load caused by uniform Ioading in

either or both of the adjacent divisions.

4. The shear is generally unknown and as such a value is
assumed for any one division. Note that this is not true for a
cantilever structure where the shear is known. The remaining

values are cﬁlculated by algebraically adding or subtracting




successive loads from the preceding line. Always remember to
add values if proceeding from left to right but subtract

(change signs) when proceeding from right to left.

5. Complete the moment trial line next. .The-momeﬁt over a
suppert for a simple beaﬁ is known to be zero. This is used

as the starting peint. The shear trial values are added across
the line in succession. If the moment at the far end is zero
then the values are correct for & simple beam. This ﬁill only
be the case when the shear is correctly assumed in step four

above.

6., If the far end moment value igé not zero, make a correction.
This is done in the moment correction line. A linear correction

is apﬁiied;

7. Add the moment correction to the moment trial to produce
the final moments at each division point. The algebraic dif-
ference in the final mements produces the true average shear

value.

8. Conmplete the angle change ordinate line. The numerical
value of the angle change ordinate {M/E1) is merely the moment
Jvalue_with the sign reversed, providing the EI term is placed
under the common factor column and the beam is of constant

cross section,




9, Find the eguivalent concentrated angle change values by use
of thé formulas of Fig. 1. If the moment diagram consists of
straight lines (only concentrated loads applied) then use the
straight line.formulas, but if the applied loading'is uniform

use the curve formulas.

10. Assume the slope for one division and calculate the
remaining values. This is analogous to the method of handling

the shear line,

11, Record the first deflecfion value, noting that the
deflection ig known to be zero over a support. The slope values
are then successively added to obtain the remaining deflectiOn

. values, If the deflection is zero at the far suppdrt, the
values are.correct. This is true dnly when the_ddrrect value

of slope is assumed in step ten above.

12, Otherwise apply a linear correction and then add the two
deflection lines to obtain the true deflection. |

The calculations are simplified by removing‘all”common
factors from the arithmetical section. The common factors are
pPlaced to the right of the b@okkeeping framework, An example
of the Newmark process is containéd in F%g. 3. This is an
example of a simple beam loaded iny with éoncentrated loads.
The beam is of uniform cross section. The calculations faliow

the- general steps already outlined. Values must be multiplied




by their appropriate common factor to obtain answers in'useable
units; |

| This has necessarily been a éh@rt review of the Newmark
method., It is alsoc applicable to indeterminate beams, beams

of variable cross section, anrd columns. More detailed infor-

mation is available in Dr. Newmark's paper (3).




00

; - CHAPTER 111I
REVIEW OF ITERATION PROCEDURE FOR BEAMS ON ELASTIC FOUNDATIONS

The iteration procedure for beams on elastic founda-
tions (4) is a numerical procedure which invelves no new
principlés.. This appreach follows directly from the Newmark
| method discussed in Chapter II. 1t basicélly consists of
assuming the deflected shape énd from this assumption calculating
'the-forces exerted by the elastic foundation. Then the de-
flecfi@ns“caused.by the forces are calculated. If the
calculated deflectioné agree with those assumed, the problem is
soived. Oﬁherwise the calculated deflections are used as the
assumed deflections in the next trial. The solution to most
problens will.converge to an answer, The divergent problem
will be discussed later.

One of the fundamental conceptis of this method is that of
the spring constant, whicn.is defined-as the force exerted by
the elaatiC'fouﬁdatidn per unit amount of deformatiop; Thus, it
has units of.a_fdfce'per length (Hips'per 1nch5.” It is
important that this value be known, It 4s rather difficult
in some cases to decide on an accuraté value for a spring
constant. In other cases such as & single beéﬁ supported on one
O MOTe€ Cross beamép the sﬁring constant ﬁay he accuratei&

calculated,




The general steps required for solution of a single beam
on an elastlc foundation by the iteration procedure are as

follows:

1. At the top of the calculation sheet sketch the beam. Indicate
- the presende of the elastic foundation by sketching springs at
'thelappropriate division points. Note that the elastic

foundation can act ohly at a4 division point due to the nature of
the Newmark calcplati@ﬁ pr@cédﬁre.' If it acts at other points
than division point8 then either change the location of division
lines or approximate the elasstic action as closely as possible

at appropriate division peoints.

2. Label horizontal lines aownwarq gs_follows:

Assumed néf1e¢t1an

Spring Loadiné

Actual Loading

Total Loading

Shear

Moment Trial

Correction Moment

Moment

Angle Change Ordinate (M/EI)}

Equivalent Concentrated Angie Change (E.C. M/EI)
Slepe _ _
Deflection
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Correction Deflection

Deflecticn

3. Start by assuming a deflection in inches. Multiply this
assumed deflection by the spring constant to give the spring
loading. This is the resisting force offered by the elastic

foundation.

4, Add the actual beam loading to obtain the total loading
acting on the beam. Complete the usual Newmark process as

previously oqtiined.

5. Compare’ the calculated deflection with the asSumed
deflection. If they are the same the problem is solved.. It

not, another trial is indicated.

6. Use the calculated deflections found at the end ¢f the

preceding trial as the assumed deflections in the next trial.

In most cases the procedure cdutlined will converge on

the correct answer by this approach. Generally three to four

cycles are sufficieﬁt to obtain an"answer to the desired
accuracy. H@wevef9 using this method; the solution to some
problems will diverge. The criterion for solution behavior

may be stated as follows:

l. The problem will converge when the elastic foundation is

- weaker (not as stiff) than the main beam.
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2, The problem will slowly ccnverge, oscillate or slowly diverge
when the eléstic foundation is-apprbximately as stiff as the

main beam.

3. The problem will diverge when the elastic foundation is

stiffer than the main beam.

A detailed study Qf this divergent or convérgent question
has been made (5). 1In general, the question of whether a giéen
soiution will di&erge, osciilate, or converge is dependent on
the numerical value of the spring constant as comparéq with the
stiffness of the beam. The numerical value of the first criti-
cal spring constant is the critical value and is aﬂalogous to
the natural frequehcy of vibrations for the latérailf
#ibrating main beam. The above-mentioned reference . fully covers
this secondary problem and exact methbds are presented to.
explain and—analyze this phenomenon,

Diverging problems may still be solved by thé iterative
method but a trial and error approach must be used. An average
of eight or nine cycles ;s.usually reguired., Divergent prob-
léms may best be solved by the stepwby-step.solufion which will

be reviewed in the next chapter,
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CHAPTER 1V
REVIEW OF STEP-BY-STEP PROCEDURE FOR BEAMS
ON ELASTIC FOUNDATIONS

The iteration procedure deséribed.in the preced;ng
chapter does not efficiently solve those preblems which are of
) divergent nature. The scolution of such ‘problems by this
mefhod basically evolves into a trial aﬁd error approach,

This process is;frequently_quite 1ab@fiogs; Thé'step-by-step '
procedure (6) is the most effective numerical method for the |
solution of those elastic foundation problems which are
divérgent;“”lt also holds trué for convergent probléms but is
usually not as effiCiéni as the iféfati@ﬁ approach,

The step-by-step procedure is an adaptation cof the
numerical calculation system given by Dr. Newmark {7). The
computations are conducted vertically instead oflborizontally
and possible errors are intr@duced.into the system by assuming
.nuﬁerical values for all'ﬁnknown quantities. Obvieﬁsly 8
correct assumptioﬁ does ﬁdt result_in ﬁn introduced error.

Then cdrrections are applied to the system as a whole for any
introduced errors. Finally, the original and cofrective cal-
culations are so combined as to result in the correct

golution,

+
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The general step-by-atep process is as follows:

1. At the top of the calculation page sketch the beam and divide
it intc the desired divisions. A large number of divisioﬁs
resuits in a more mccurate solution. The elastic foundation
must act as independent single springs at each division point.
¥here such is the case, obviocusly no error is introduced.
However, when the elastic foundation is distributed; slight
éfrdra:are intr@dqcéd:by this assumption.' In such a case the
assumed concent;ated spfing constant will have & value equal to
%hé préduct of the spring constant.@f the distributed elastic
foundation and the effecti#e }ength over which'it;aets. For
intefior division points this length is the division length
while for exterior points it is half the diviéionllength."ﬁhen
the eiastic foundation has a spring constant ﬁhich is variﬁble
along:the beanm, theuassumed concentrated spri;g constant must
be found by use of the équivalent concentrﬁted load formulgs

given in Fig. 1.

2, Compute the equivalent concentrated applied loads at each
division point. (This is 'only necessary when loads are applied
at locations other than the division points.) Otherwise, record

the applied concentrated loads.

3,::L@bélthe framework for the calculations.. Draw vertical lines
threugh each division point and label horizontal lines down as

follows:
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Loads

Deflectiqns

Spring Loads

Summation of Loads

Shear

Moment

iﬂngle Change COrdinate

Equivalent Concentrated Angle Cnange
Slope

Deflecticn

4. Proceed with the computation by listing all known quantities
in the first two divisions. Note that there ﬁfe two unknown
values, Assume values for these  unknown qqantities. Note that
an inéorrgg?ly assumed value will introduce'errors into the

calculations.

4

5. Complete the calculations across the framework by proceeding
vertically from one division to the next. No other quantities
need be assumed. On completion note that the two known end
.conditi@ns of the beam are vieolated. This error is due to the
incorrect values introduced by the preceding step. The coriginal

calculations are now completed,

6. Compute a corrective calculation for a unit change of each of

the assumed quantities, This involves two separate calculations




on beams containing no loads and results in obtaining the

effects ¢of a unit amount of the introduced errcr,

7. Two equations may’be_forﬁed from the results of the above
step. Solve these two simultanecus equations so as to combine
the origiﬁﬁl and corrective calculations in such a way that the
Kknown end conditioms.are satisfied. Add the correct proportions
of each correction to the original éalculationa to obtain the
true answer. The numerical details involved in settihg up

these simultaneous equations and éémﬁining the corrections with

the original calculations are illustrated and explained by the

example which follows.

The above general procedure 1s simpler than,it might
appear and can best be followed by an example. 1In Fig., 4, the
numbers in parentheses indicate the order of computation. The

- step-by-step process is conducted as follows:

1., At the top of Fig. 4 sketch fhe beam and record the per-
tinent data regarding the momept’of inertis and spring constant
for the elastic foundation. Then the horizontal lines are

labeled as shown and the known loads applied to the beam,

2. In division one record the four gquantities known to have

zero value, The moment and deflection are obviously zero.

3. All pertinent guantities in division one are known. To

proceed to division two, the values of shear and slope are
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required. Since both of these quantities are unknown, it is
necessary to assume some value, Thus, assume the shear to be
ten. Add the shear to the moment in division one to obtain the
moment in division two. Ch#nge signs to obtain the angle

change ordinate,

4. Assume the slope to be twenty and add to the deflection in
division one to obtain the deflection in division two, Multiply
this deflection by the cdmmon factor to obtain the deflection

in inches and recerd this #alue at the top of division two.

5. Multiply the deflection by the spring constant to cbtain the
spring load in division two. Add the spring load te the applied

load to cbtain the total i@ad at division two.,

6. Td the shear assumed add_the total'load_in division two.
This gives the shear to ﬁe recorded between divisions two and _‘
three. Pfoceed down to the angle change ordinate'as préviously
done. The eduivalent concentratéd angle changé.in divigion two
may now be computed, The straight line formula is used due to

the applied concentrated loading.

-7, Next find the slope and deflection. Repeat this process
until the end of the beam is reached. There are two dis-~

crepancies-at the end.-_Neithef the deflection nor the moment
is zef@, This viclates tﬁe known end conditions of a simple

beam. The error is due to assuming incorrect values for the




shear and slope at the left end. Corrections must now be made

for each of these values.

8. Compute correction ‘A’ for the error in shear. This is
done exactly as thé original calculationé except that ihe'beam
has no load, A unit shear and a zero‘siope arélassumed. The
calculations are shown in Fig: 5. Note_discrepancies in de-

flection and moment at the right end.

9. Compute correction 'Bﬁ-for the error in slope. This is done
the same way. It is shown in;Fig. 6. The opposite assumption
of a unit slope and zero shear is made. Note the discrepancies

in deflection and moment at the right end.

10. By the use of simultaneous equations find the correct
amounts of each correction calculation to add to the original
calculation in order to produce zero déflection and moment at

the right end, This is done in Fig. 6.

11. Combine the three deflection values in the amounts found
above to obtain the correct deflections. Fig.JGIgives the

correct deflections.

To show thé accuracy of the step-by-step method, the
problem is checked in Fig. 7 .by the Newmark numerical method,
using the answers found above. The true deflections are found

to agree with the assumed deflections. The solution is correct.
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. CHAPTER V
AVAILABLE NUMERICAL SOLUTIONS FOR THE GRILLAGE BEAM PROBLEM

The griliage beam problem is not covered in the.standard
engineering textbooks in English and has ﬁét received the
attention in this country that it has in'Germany'and.France.

As such, the available solutions are limited in scope. Only
within the past year has a specialized book appéared“ﬁhich
covers the grillage problem (8). | |

The basic methods of sqiution_can be placed in categoriés

as follows:

1. Solutions which are based on a type of relaxation principle

i

such as mOment distribution.

2. An analysis which utilizes plate theory to explain grid

action.

3. Methods which over-simplify the prcblem as to grid con~

struction or type of deflection.

4., A harmonic analySis approach to the solution of differential

eugations for the applied beam loading.

5. .4 system of equating deflections at cross grillége node

. points and thereby setting up a series of simultaneous equations.




19

The relaxation method applies to all problems of the
grillage variety. The arithmetical work is laborious and too
lengthy for all but the simplest probiemé. No general solution
is possible and this prevents the use of a éOmputer.

The plate theory approach is complicated and mainly
épplicable to grillage systems composed of the séme size'beams.'
The difficulty of_éXten#ing this idea fo a system compbsed of
several different sized beams precludes its use.

Oﬁer-simplification'of the problem can easily lead to
completely erroneous results and experience is needed to be
able to ascertain which simplificationé are permissible. This
over-simplification solution is not recommended unless, one has
considerabie experience in gfillage type problems. |

The harmonic analfsis method has only recently been
developed (9), and the mathematical complexity of it rendérs
- an explanation beyond the scope of this discussion.

The simplest grillage beam solution (10) known to the
writer involves the solution of a set of simulfaneous equations
which havé'as the unknowns the interaction loads between beams
at the node'points. This method is an efficient one for-small
grids. However, as the grid size is increased the number of
simultaneous-eqﬁations rapidly rises until scon the use of a
computer is needed. The preparatory work required in setting up
the equations is usually laborious. Upon solutiOn of the

equations only the interaction loads are known and further effort
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is required to obtain moments, she#rsa and deflections. For
small grids this solutiom is still the best available, but its
limitations must be recognized fdr the ﬁost.efficient use.

The procedure is based upon the applicafion of the
method of consistent deformations. The interseéting beams must
have fhe same deflection and interaction load at the common
point of intersectionm. -This forms the basis of the simultaneocus
equations. Each beam is considered independent of the grid and
then forced to conform to the grid pattern. The general approach

is as follows:

1. Consider each beam'independently of the grid. Find the
deflection at each node point due to the applied loading on the
individusl beam. Note that ary applied‘ioading on other beams
is not received directly but in the form of interaction loads

at the nocde poihts. Next fiﬁd the deflection at each node point
due to unit interaction 1@5@5. This is done successively for
loads at each ndde point. This procedure can be conducted
easiest by the moment-ares method or the Newmark numerical
approach. These valuesg are known as deformation coefficients

and are labelled as follows:

- P1
d

Al
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- The sﬁbsgript igdicates:the beam under consideration and the
supérscript'indicates the 1oad'0ﬁ that beam causing"the de~-
fiection at the node-poiﬁﬁ for which the equation is writtenm.
Note that thé 10&& may be either a unit interaction load or the

applied problem load.

2. Write an equation for.eécﬂ node point. The deflection of
the nodq peint on one beam is equated to that of thé_other
Ié@mmon.;ntersecting-beam. The only unkﬁéwns are the 1ntér-
action loads and there are the same number of equations as

unknowns .,

3. Solve these equations for the interaction loads. Each beam
is then loaded with the known loads and interaction loads and
solved fqr_mqment and deflection. The grillage beam problem is

now sclved,

The required individual equations are f@und-by.writing
_ the.equatiqn_for the deflection at each node point on each beam.

A general example of this follows:

, ood Pl P2 L
SA], = 8:\1 + 8 P + ‘8 Pﬂz 5w e .

AX "Al Al

This equati@n'merely states that the total deflection of point
one on beam A-A is equal to the de:lection caused by the applied

loading plus the sum of the individual deflections caused by the
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interaction loads acting at the node points along beam AA. -
Sudh an'equati@n is written for p@int A on beam_l;l and the
two equated to give thé final equation fdr node point AA-1
‘and 11-A.

The main difficulty in applying this methad lies in the
sign convention to be ﬁéed for the simultaneous equations.
For convenience, downward épflectioﬁ should be takeﬁ as positive
in most problems, ;since the dsual deflection of standnrd.grids
is d@ﬁnward in most practical problems and thus positive sighé
- may be maintained. The direction of all interaefion 1oad$ is
assumed. A downward inte:acti@n losd produces dowﬁward
deflection“and the appropriate term is thus positive. 1t is an
incorrect-ﬁrocédure to assign p@éitive signs to all tefms and
- axpect them to end-c@rrectly. An absolute check is to load the
beaﬁs with the loads and solve for the defiectidn-at the nodes.,
A comparison of the node'deflectioné’is p@sitive proof of the
correctness of the Sdiution;'

A'grillaée be&m'example-has.beenlw@fked-out’using this
- -method and is presented to enable cdmpléfe uﬁdérstanding of the

process. 'Refer to Fig._B. The computation foll@ws-these steps:

1. The grillage system is sketched in Fig. 8. The directions
df the interaction loads are aséumed ag shawn,h_;nawnward

deflection is taken to be positive.

2. The deflection coefficients are calculated next in Fig., 9.
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Due tc the symmetry of the grillage system only one computation
Zis needed. (Usually several.separaté calculations.are involved
| here.) The effect of the-applied ten kip load=is-ava11ab1é ffom

this figure and is merely ten times thé_deflection caused byla
'éﬁéfiip load.

3. In Fig. 10 the simultane@us equati@ns.are set up and solved.
- One equation is writiten for each node point. The deflection

'ef one bea@ at the node is equated to the deflectidn on the

Cross beam_af_the same node,

;o

;4. Thése equations are sclved for the 1nteracttqnﬁieads. The
prdblem is now solved except for the final deflec#ions which
are obtained by the pr1ncip1e of superp@sitlon aqd ‘shown at

‘the hottom of Fig. 10.

The problem Jjust solved is the simplest possible for B
this method Likewise, this method is the best for this par-

_ticular pr@blem.'
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- CHAPTER VI
APPARENT SPRING CONSTANT SOLUTIiON FOR THE GRILLAGE BEAM PROBLEM

The apparent spring constant solution f@f the grillage
beam problém is a direct extension of the iteration procedure
‘for beams on elastic foundations and the Stepubywstep procedure
for beams on elastic_f@undati@ns. It would appear that if a
‘single beam supperted partially by an elastic foundation can
. be solved, then a series of these solutions can be so combined
Fas te produce é soluti@n to the grid.: The apparent spring
constant solutioﬁ d@es'just this in an iterative process fog
meét_grillage systems. There are exceptions to this statement
aﬁd such problems will be discussed in this chapter.
| Heretofore the term spring constant hés meant the force
per unit of deflection exerted by the elastic foundation
mQéiﬁS%nthe main beam. This fofce pér unit of deflection has
truly beeﬁ a constant since it has been implied that.plastic
conditfeﬁéidf rupture never occurrad,. From the original hdn-
deflected ﬁQSit;eﬂ of the main beam,.this force was constantly
exerted by fhé assumed spring as the beam deflected under
load. In other words, the base of thia 1maginary Spring
rémained stationary as the beam deflected._ For purpoeses of
'this discussion, it has been assumed that a ﬁonlinear.elastic

foundation does not apply.
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Now consider the grillage system. Each beam may be
'considered as an elastic support for the other beams. But
the differénce is that as the grillage-system deflects the
effect is that the elastic support is lowered with the system.
- This causes the spring constant to be v@riable. Since the
.spring constant'is-defined as a force per unit of-def}ectioﬁ,
it actually becomes smaller aé the system deflects. The
concegt of an apparent spring constant is used in order to
avoid having a spring cénstant that varies with deflection
in some ﬁnknbwn manner,. An appgﬁent spring constant is good
for only one condition of loading and changes with-fhe loading.
It really is an average value which takes into account the
deflection'of'the system asaa_whale. Thus, an apparent spring
constant may be defined as the interactigon load divided by the
true deflection of the respective node point,

An’ iteration procedure is conducted by procéeding
systematically around the grillage system and correcting fhe
apparent spring constants each time. -Care'must be taken to
proceed in such a way that the statics of the system are not
violated at the end. Different loading conditions on the saﬁe
grillage may cause a different systematic procedure to be
necessary. This will be shown iﬂ this chapter.

The general steps necessary to solve a grillage beam

problem by the apparent sprimg constant method are:
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1. Decide on the systematic manner to proceed around the
izgrillage syétem. Up@n.completion of o;e cycle, check to see

| that the compatability of deflections is satisfied. The end
must connect with the.begihning point. {(If not, there must be
some provision for & correction to be madeu) It ig important

. here to ensure that the procedure to be f@li@wed is reasconable.
A.helpful guide to this will be presented later in this

chapter.

" 2, Either assume or calculate spring constants for each node.
'.The closer the assumed spring constant is to the true apparent
spring constant the faster the solutidn.* Calculate thé spring
: constantlas if the beam.was net part of the remaining grid in
order to obtain a value of approximately-the same ordér as the
appafent spring constant. This will give a value which is too
high in most cases. Another approach is to assume all spring
censtants for the first.cycle. In general, closer values are

cbtained by a rough czlculation ﬁhan by a straight assumpfidn,

3. Take the beams as free bodies acted upon by loads and
partially'supp@rted by elastic foundations. 8Solve the system
by one of the methods previously presentéd. Pfoceed through
the grillage system and correct previous values of the apparent
spring constant., This is done on solution of each beam. At
the end of the first cyéle, cofféct'the initial'valué §f the

applicable apparent spring constant. Continue this process
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for three cycles. Plot the values of each of thé apparent

spring constants. 1f the values appear to be convergihg to
an ﬁnswér, b@ntinue the process, If is possiblé that divergency
or imposgsible solutions may reéult. This will be taken up

~ later.

'  4. The correct solution will be reached when the_initial
: cycle value of the apparent spring constant is equal the value
| calculated. The deflections of the node points on each cross

beam will also agree.

The manner of proceeding arednd the grillage system has
been statéd to be of paramount iﬁportance. 'Evidence for this
statemént will now be given. In the following examples nofe
i that not only the geometry of the grillage system but also the
:appiied ioading'determines the procedqre.'I00nsidéf the gril-
lage system of Fig. 11 (a). Theﬂcerféct prmcedure for this

system is:

1. Consider beam B-B with the ﬁpﬁlied load and elastically
supported by beams 1-1 and 2-2. Solve this beam as previously

shown.

2, Consider bheam 2-2 with the applied locad taken to be the
spring load as found in step one above, Beam 2-2 is elastically
supported by beam A-A. Solve'this system} Correct the apparent

- spring constant.afuﬁéint two on beam B-B. The new apparent
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spring'constant is.the interaction load divided 'by: the de-

flection found in this step.

3. Consider beam l-l'with the applied load taken to be the
spring load as found in step one above. Beam l-1 is elastically
supported by beam A-A. ”Sque this system“and correct the

apparent spring constant at point one on beam B-B.

4, Consider beam A-A with the applied loads taken to be the
spring loads found in steps two and three above, Solve for

deflection,

5. The entire system must now be tied together. Do this by
obtaininglnew apparent sprihg constants for points one and two
cn beam A-A. The new spring constants are equal to thé spring
loads found in steﬁs two and three above divided by_the

deflection found in step four.

6. The first cycle is now completed. Repeat using the new
values of apparent spring constants., The system is a complete
cne and the atatics of the grillage syétem'have nqt heen

violated.

‘The grillage system of Fig. 11 (b) should be solved in
a similar manner. Beam C-C wifh elastic‘supports at points one
and two is first saived. Then beam 2-2 is loaded at peoint C
and solved considering elastic supports at points A aﬁd B.

Correct the apparent spring constant at point two on beam C-=C,
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Next solve beam 1-1 in a similar fashion and correct the
apparent spring.constant #t point'bne on beam C—C. Beams A-A
and B-B ar&,now_loadedtwith the spring.forces-found.above.
The deflections are found and the remaining apparent spring
constants corrected. _The systematic. approach to this grid is
now complete.

The grillage system of Fig. 11 (¢) involves a somewhat
different apppbach.for a systematic scolution. The easiest
method in this case is to sol?e-all of the main beams with the
applied Ibading3 The secondary beams are to be considered as
elastic supports. Then abply'the.Spring forces found above to

the secondary beams. Use the def1ections thus found to ohtain

the new apparent spring consiants. This completesfthe systematic

procedure,

The apparent spring constant method is an iteration
procedure, and as such, is self—eliminating as far as errors
are concerned. The method will now be demonstrated by an
example. Problem One shown in Fig. 12 is the grillage system
already discussed. The beam sizes and dimensions are shown.
The initial spring constant values were determined by the use
of the moment-area prihciple. Beam B-B 1s then solved. The
problem is of a converging natureland the solution is reached
in_three=cycles. Beam 2-~2 is next solved.. The problem is

known to be divergent since the spring is much stiffer than the

actual beam. Nine trials were required to solve the prchlem




by the trial and error method. These are showﬁ in Fig. 16
through 24, Note that the method is not systematic and an
attempt to bracket and close in on the answer must be made,
In contrast to the trial and error apprdach; the step-by-step
solution is presented in Figs. 25, 26, and 27. The step-by-
step solution is the most efficient approaph to this problen,

Beam 1-1 is solved in three trials in Fig. 28 through
30. New apparent spring constaﬁts are calculated.aé the
iterative procedure progresses., Beanm 1-1 is also solved by
the step-by-step idea in Fig. 31 through 33. Beam A-~A is now
1oaded.and the remaining spring constants are evaluated again.
This completes cycle one, Figure 35 shows the new spring
constants, _

Cycle two and three are completed in Fig, 36 through 55.
The process is seen to be conﬁergent and as such is continued,
Cycle four is completed and in Fig. 63 the error is checked.
The error is the difference in deflection of the cross beam
and the main beam at the node points. It is less than 0.01
inches in 511 cases. Fig. 63 is a plot of the values of.the
spring constants against the number of cycles; ‘The percentage
of error is shown, The accuracy is considered sufficient for
most engineering purposes.

Unfortunately, the apparent spring constant method_is
not applicable to alil grillage beam problems, The nature of

the difficulty lies in the definition of the apparent spring
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c@nstant. As long as the elastic spring acts so as to resist
the deflection of_thelmain heam, the method is applicable,
The method will not iterate correcily if the elastic spring
exerts a downwar& force on a downwardly deflecting beém. The
evaluation technique used for the spring constant is not cof-
rect in this situation.
An example of this type probiem is presented as

problem two in Fig. 64. The iteration procedure has already
been discussed. - The numerical calculations are conducted as
outlined in'fig. B85 ."through 88, Only the first four cycles
are included. Bucceedihg"cycles were calculatéd in the same
manner but afé omittéd to conserve space and prevenf dup-
licaticon of'calculéfion. Fig. 89 is a graph of spring constant
values versus cycies, and it presents the results of thirfeen
cycles of computation. The graph appears to be cénvergiﬁg on
the correét value but thié assumption is in?errof; -~ Fig. 90

shows the results of divi&ingggne beam’'s node deflection by
| the defleﬁtion of the cross beam node point. From this it is
evident thatlthe interior defléction values are not converging
but are remaining almost cqnétant. Thé explanation lies in
the value of the spring constant for the interior node. Due
' t@.the configuration of the grid éhd the applied loading,
beéms 1-1 aﬁd 2-2 are below Eeém B-B if it is imaginéd that
the beams are not connected at the interior nodes. To connect
the grillage systém these beams must'be pulled up by beam B-B.
This results in_a downward force on beam B-B and invalidates

the process.
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The problém can.stiil be sdl@éd by the apparent spring
constant pfocedure but must be so done by a trial and error
appfoach. sThis_method was used ahd the correcf solution found
iﬁ eleven cycies. _Thé last cycle is ﬁresénted in Fig. 91
through 95.. The correct solution can be found in a problem
of this type, but it is difficult. |

The Qpﬁafent spring constant method can be used for all
grillage beam prablems but is not an automatic convergent
iterative solution. It is arithmetgqally long and maj"evolve

into a trial and error approach. Sfill it 1s a valid procedure.
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CHAPTER VII
CORRECTION CONFIGURATION SOLUTION FOR THE GRILLAGE BEAM PROBLEM

The correction configuration sglution_for the'grillage
beam problem is an iterative type épproach which eliminates
human errcers. Unlike the appargnt spring constant method; it
is not a special apprcocach but holds trué for all type grid
problems, It is a general method. This does not imply that
all problems coﬁvergé'to a solution for such is not the case,
On the contrary, the large majority of grid systems will diverge
by this method. However, this f%ct does not hinder the useful-
ness of the methed or detract from its accuracy, sincé a true .
answer may be successfully‘ektrapolatedﬂ, A solution is
generally possible_within four cycles and certain short cuts
are available which establish this method as being a feasible
one for certain grillage problems, |

One of the first conceﬁts to be developed is that of
revefsing the’Newmark'procedure. The basic Newmark approach
is to proceed from known leads to deflections in an*ordérly
systematic manner. There is one and only one configuration
aésociatéd with a given;setmbf loﬁdqg Similarly; for a known
canditidﬁ,of 1oaaing and a known configuration, fhere is

associated one and only one set of loads. This is the case
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in the grillage problem. The known condition of loading is
that loads can only occuf'at points of known application and
' at'node points, Then if a configuration is assumed the
magnitude of these loads may be calculated by revgrsiﬁg the
,NeWmark ﬁrocedure. |
The-géneral steps invelved in reversing the Newmark

. procedure are as follows:

1. At the top of the calculatiﬁn sheet sketch the beam and
divide it into an arbitfary number of divisions, It should be
divided in such a way that a division falls at each possible
loéding location. This is not essential to the_sdlution but

simplifies the work.

2. Label horizontal ;ines down in the following manner and
order: | |

Loads

Sheér

" Moment

Angle Change Ordinate

Equivalent Concentrated Angle Change

Slope.

Deflection

Deflection

3. Calculations proceed from the bottom line to the top in a

line by line manner, This approach enables the computer to
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maintain the basic Newmark framework. In the bottom deflectiqn
1line record all the assumed deformation configurations’in inch
units. There must be a deflection for each vértical_division

line, At the ends the deflection will be zero.

4, Divide each of these deflections by the h3/6EI common
factor and record'the value sc obtained in the upper deflection

line.

5. Record the slope next between division lines. Its value is

the algebraic difference in the deflection values;

6. The difference in slope figures gives the eduivalent
cancentratéd:angle_chénge values. Record these on the division
1ines:' Note that there is no equivalent Eoncentrated'angle'
change value for either end of the beam. Only the interior

values can be cobtained.

7. The main difficulty in this process is te proceed upward

to the ahgle cﬁange_line. First record the end values since
they are known to be zerc for a simple beam. Next observe that
due to the known cqncéntrated-loading the moment diagram will
consist of straightllinés. The use of the fo;mulas in Fig., 1
.ié warranted. Thi; provideé the key to solution and énables

a series of simultanecus eqﬁations fq be written. - The solutidn
of these equations yields the values to be recorded in the

anglé change line.
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8. Find the moment line vélues’by éhanging the sign and

recording the same values as found above in step seven.

9. Record the shear between diviSiOns. Each shear value is

the difference between adjacent moment values.

10. Record the loads as the difference between adjacent shear
values, The problem is now solved.

8

These steps closely follow the Newmark method in a
reverse procedure. “The only disadvantége is that of the
necessity of solving simultanecus eguations. 'Therelwiil be the
-same number of simultaneous eguations as there are interior
division linéé.provided the problem deals with simple beams.
This disadvantage'is eliminated later. This prdcéss.is used_
on.the firsf\illustrative.prdblem for the sake of basic under-
sfanding. | |

The corrective configuration method is an iterative
idea based on assuming a deformation configuration and then
calculating the loads assoclated with that configuration.

- These loads are then observed to disagree with stétics. For
example, lcads af the node points of cross beams‘may not

agree and there may be interior loads at locations where there
are known to be no loads., The loads are cdrrected so as to
agree with statics. This is done by an averaging methed. The
beams aré then solved for deflections under this locading. The

il

deflectiohs are found to disagree with the principle of consistent




- 37

deformations since node deflections of cross beams may not be
the same. The cycle is completed when the déflections are
averaged to agree with compatability requirements., A new

- configuration is obtained. The cycle procéeds from deformation
cdnfiguration to loadsrto deformation configuration. In one.
cycle, both loads and deflections are corrected.

The generai steps in this process are as follows:

1. The direction and magnitude of interaction loads at all
node points are assumed.. This is necessary in order to cbtain
;n initial deformation configuration of the same approximate
magnitude as the frue one. It has_béen found éasier to obtain
an answer oflthe approximate'order of magnitude as the true

one by assuming interaction ioads than by assuming deflections.
af the grillage system., This is a-personal cheoice and dees
.not affect the cdrrectness#of'ihe method or solution. The
basic idea'being to start off as closely as possible to the

answer.

2. The deflection ratio values aSEQCiated with each possible
loading application are now calculated. A known load is

applied tc each beam and & separate caiculation conducted for
each position of ldading; This is a required step and will be

explained in step four bélow.

3. Each beam is sclved for the deflections resulting from the

assumed interactiéh 103&5 and the known loading. Note that in

o e L=
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general cross beam node deflections do not agreé. 'AVerage

these values to obtain the new node deflections.

‘4, For each beam there is now a deflection for each node
point. ﬁ@wever, this leaves -unknown deflections at every
division ﬁdint which is not a node., These unknown defleqtions
nust be obtained. ngefal methods present themselves hége.
One way is to draw a smooth.curve through the known déflection
poinfs and graphically obtain the values of the unknown
~deflections. This method has the advantage of éatisfying

the factlthat the deflected beam will have a smooth curve
shape. However,-the inacCuyacy of this and other similar
selective methods renders the célculatidﬂs useiess;” It is
essential to start with a cdnfigufation—which is closély
associéted'with a beam leaded only at the same locations as
the grillage beam under consideration, In order tolachieve
this, the calculations of step'two_afE"required;' By the use
of simultaneous equations.the desired deflection values are
determined. There'will be one eduﬁtion for each'hode'poiﬁt.
The first configuratidn has now been found. This'configuration
could'have-beeh_assumed, but the auth@$'s-experience indicates

the calculation method described to be the preferable apprbach.

5. The loads associated with the grillage configuration found
above are next calculated by the reverse Newmark procedure

previously described.
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6. These loads are averaged and forced to agree with statics.,

7. The new lcads are applied to the system and the deflections

computed as in step four above.” This completes one cycle.

8. Three cycles are completed and the results plotted.
Corrected values are then interpolated from the plot and a
check cycle calculated to observe the accuracy ¢f the inter-

polated values.

9. If the accuracy is not sufficient for the desired purpose

repeat steps one through eight,

It is obvious that this process is quite long. The
required solution of several sets of simultaneous equations
. renders the calculations quite tedious. Severai steps are
poséible which simplify the process and will be presented
after a pfoblem is solved by thé'briginal approach.,
Problem"three-starts with Fig. 96. This is the same
problem that was solved by the apﬁarent spring constant method
and presented as pr@blem'oné; Thé interaction-l&adS'are_as_
sumed as shown at the bottom of Fig.96., Next the deflection
ratio is determined in Fig._Q?. .Values are shown for hoth
main and support beams. The beams are then lcaded with the
~ assumed interaction loads and solved for the'defiéctidns.
Fig. 103 contains the averaging calcuations for the deflectioms.

The deflections are averaged according to the relative
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deflection values,éaused by the same 103&5. In this particular
case it is the same as a#efaging in proportion.to the beam
moments of_iﬁértia. This is shown in Pig. 99. Simultaneocus
equationé must now be set up to comvert the calculated de-
flection intc the averaged-deflecfion. 'Af the same time the
interier defiection values must agree with a no interioer load

. condition. This is done by the application of two c@rrections
to the original deflection line. The final result is the new
grillage configuration and is shown as the last line of

Fig. 98 through 102.

These deflected shapes are theﬁ'solved for the resulting
loading. Note that small loadéfappear iﬁ the interior divisions.
Loads here'shauidlbe Zero, SLight errors in the calculations
reéult in these loads. The 10ads'found in Fig. 104 through
107 afe'averaged as indicated in Fig. 108. These lcads are
then applied to the beams and the deflections averaged as
preéiously done. This completes the cycle,'.

This process is continued for three cycles. The
results are plotted in Fig. 134 and 135, Fig. 134 shows the
‘plot of interaction loaﬁs and Fig. 135 shows-the.plot'of
-deflectidn values. The first value is the assumed one made
as & start, Both plots are clearly diverging. An inter-
polation is made in Fig. 137 by avéraging adjacent values and
then double weighting the first average. The final average |
is taken to be close to the true deflection value. One more

cycle is run as a check.
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In running the next cycle, certain'changes are intro-
duced which tend to considerably_shdrten the ﬁork 1nvolved..
The calculations are conducted as shown in Fig. 138 instead of
conducting a reverse Newmﬁrk process to obtein the loads
associated with a configuration., The loads are fbund directly
by the use of simultanecus equations formed with the deflecticn
ratic data oquig. 97. This approach considerably shortens
the numerical work. The cycie is éontinued'to‘Complefion;
'The new deflectidﬁs are found in ?ig. 145 and the difference
' ia seen to be less thah 0 .01 inches from the values obtained
by the apparent spring constant methed.

Problem four is the same grillége system composed of
four identical beams. The purpose in this problem is to show
that all pr&blems do not diverge but ma? oscillate for all
prgctical'purposes even though this requires a special system

of equally sized beams symmetrically arranged, Figs. 147

through 159 corntain the calculations for the first three cycles.

The shorter method discussed above is used. PFig. 160 shows a-
graph of defiéctions against cycles, The same method of\
avéraging adjacent values and then a#efaging these figures is
used. By symmetry BB-1 and AA-2 must have the same deflection.
As a result, the usual values were averaged to obtain similar
figures. Another cycle is started using these deflection
results. Fig. 163 indiéates the loads found. These are seen

: to satisfy the symmetry of the prob}em and théir close agree-~-

ment before averaging indicates correct values.

e e o L ik T B
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Problem five starting with Fig.‘164 is the same as
problem twe. By the apparent spring censtant method this
problem presented difficultieé ﬁnd had to be sglved by a trial
and error approach. The solution is-self-explanatqry and
~ follows phe same general pattern. The correction configuration

method easily handles this'problem.
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CHAPTER VII1
CONCLUSIONS

This study has presented two different numerical
solutions to the grillage beam problem. The first is the
apparent spriﬁg censtant method and is not a general method.
It basically is a special approach but in theory is
applicable to many problems. Its usefulness as an efficient
analysis procedure is limited. The second method developed
1s the Qorrgction configuration method. This solution is of
a general nature and is applicable to all type grillage
problems. 1t is considered a valugble analysis method and
efficient‘fbr many problems. As in all statically indeterminate
problems, particular solutions are better adapted to certain
problems due to their inherent characteristics. Experience is

néeded for'efficient choice.
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APPENDIX A
GLOSSARY OF ABBREVIATIONS

Heights of diagram in equivalent concentrated lcad
formulas |

Common factor

Correction

Increment of beam length

Modulus of elasticity

Equivalent caﬁcentrated

Division length in Newmark process

Moment of inertia |

Spring_constant in kips per inch

Loading | |

Moment at a given seétion_in ; beam

Angle change ordinate |

Spring load -

Reaction in equivalent concentration formulas
Shear at a given section in 2 beam

¥Wide flange beam

ﬁeflection
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Deflection

Summatioﬁ of

Slope at a given section in a beam (or average slope
inla given division)

Integrai.sign_

Load applied to a beam

Simple pin supporf for a beam

Spring support for a beam
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12,2 #1804 ~15.6
0 | =184

12.2 2.2 w602

16.8 33,6 504

29 45,8 4442

Figure 3, Newmark E:rocesé Example
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=oB

=34

8.8

1.8

91_98

9958
=40,2
67.2

27

-4
=11

11

_"l o-a

0
=1+8

43,8

®

h/BT
n°/6ET
h?/&$:

b°/6E1

.1 /6ET

b®/6E1

6%




R R S
- 3 5 5 7 e

| Division 1 2 3 4 5 6
‘Loads -2 -2 -2 -3
Y (1) 0o = (6)0,2998 02783 204876 6,805 13,0028
Sp. Load (7)0.5986 =o5566 409752 «13,61
s Load (8) <1.4014  =2,5566 <6,9752 =16.61
_ Assume o ' . .
v - (2) 10 (9) 8.5986 6,042 =09332 ~17.5432
M (1) o (3} 10 {10)18.5986 - 24.6406 23,7074 6.1642] - h
MET {1) 0 (4) <10 (11) 18,5986 24,6406 33,7074  -6.1642  h/RI
EoGe M/EI . {12) =58,5986 109,036 ~140,8684  <125,6344 n2/6B1
Siope 20 (13) 38,5986 ~147,6336  =288,502 = =414.1364  h°/6EI
¥ (1) o (s) 20 (14)-~18.5986 .==166°2322 =454 ,7342 =868,87 -_h3/6_E];
Main Beam 14WF61 with I of 641.5 K (spring constant) equals 2 kips per inch
‘ ' ) : 3 L amie

or; ;ﬁkl}pquals 0014964925
R Ve S o

——— X Q 1' ] ._- s ,;; .
Figure 4: Basie% S?P‘epaByaStep Process Caleulation S



VAN L IS

Y 0 0 -0.0898 -0.3564  ~0.8657 ~1.6119
Spring Losd 0 -0.1796 -0.7128  -1.7314
Agsunme
v T 1 0.8804 0.107 -1.6238
X 0 1 2 2.8204° 2,928 1.3042 | n
M/ET o . A -2 -2.8204  -2.928 . -1.3042 K/EI
E.C. M/EI -1 - 11,8204 -16.2096 -15.8366 n /SEL
R Agsume _ _ . e o .
Slope : 0 -8 =17.8204 -34,03 -49.8666 - . h"/6EI
Y 0 o -6 -23,6204  -57.85  -107.7166 ~  B/6EI

Obvious errors exist at the right end for both deflection and moment which ars known to be zero.
This ¢an be combined with Correction ‘B’ so as to eliminate these errors in the original calcu-

letion.

Figure 5. Correction 'A' To Step-By-Step Calculation
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Y
8po Load
v
M
w1

__qu; M/BI

Slope

Y

T Original
Y Corr A

YGorr B

True Y Value

Assume

0.

Assume

7
9,0149

0.,0298

"'50298

_Z

_ -:%;\

 £.0295 0.0404
0 .0590 ~ 0.0808
0.0298 1 0.0888

0.0298 - 0.1186

-,0298 =01186 -

202378 ..7924
0,.9702 0728 |

1.,9702 2,7026

_Z

0.,0395

©.0790

0.1696

0.,2882
=:2882

=1.8082

"‘-‘oos

2,6426

Similtaneous Correction Equations

~1.6119A< 01168 = 13,0025

1,30424 4+ .5366B

0,2993
0
0.1188

0.4181

=6,1642
~52783

0,7192

0.2352

0 .6761

2,4876
2.8544
03222

'_0 689

- =1,8682

C.F.

.0116

0.2488

=, 0368 h./EI

b®/6E1

0.7744

A 5 -8,0081

B = 7.9755
«6,805
69334
0,315

00,4434

=13,0025
12.9099 -
0,0925

0

Figure 6. Correstion 'B* To Step=By-Step Oalculation And True Deflection Determination -

|§o$368_‘ : h - |

2 /6R1

3 :
h /6E1 -

A+



Y

|

!
I 3

/. i AN
Loadas =] =3
Y 0 0.4181 0.6761 004434 0
Sp. Load 008362 © 1.3522 0.8068
3 Loads 0 -1.1638 <6478 ©2,1152
v 1.8116 0.6478 -.622 27352
M Trial 0 1.8116 2,4594 2.4594 1,8374 =o8978 1
Corr M [ 001795 0.3591 0 +5386 0 .7182 0.8978 b
M 0 19911 2.8185 2,998 2.56556 0 b
W/ET 0 ~1,9911 «2,8185 2,5556 0  b/EI
E.Co WET  <1.9911 =10.7829 1642631  =17.3661 ©13.2204  =2.5556 Hz/sg___x.ﬁ.-
‘Slope | 27,046 16,2631 ° ©17,3661 «30,5865 - ha/@;_:,
Y 0 . 87046 43,3001 43,3091 . 25,043 ~4.6435 v°/6RT
corr ¥ 0 0 .9287 1.8574 27861 3,7148 4,6435 b°/6RT
_ir 0 27,9747 45,1665 46,0952 29,6578 0 hs/t-:_.:gzj:
' 0 0.418 0.676 0 689 0 0443 0  inches

Figure 7. Check Solution Of Step-By-Step Answers

es



_ . Agssume Interaction loads
1 as follows:

All beems 10WF45 with I of 248.6

Figure 8, Grillage System To Be Solved By Equation
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Load

¥ Trial

Corr M
B.Go M/EY

‘Slope

' Gorr Y

Figure 9. Deflection Coefficient Celeulation

" Point Point
e ;
- ] | ] | T
ol 0 0 0 0 SR
0 -1 ol -1 -1
0 0 1 -2 .3 o4 =5  h
0 0,833 1,666 2,499 3,333 4,166 5 1
0 0 .833 0.666 0,499  0.333 0.166 0 h
0 =0833 =e666 20499 =053 =166 . 0 nB/EI
o833 =3.998 23,996 =20995 ~1,997 20997 ;166 b /6ET
7,994 3,996 0 “2,995  =4.992 5,989 hZ/6EI
0 7,994 11.99 11.99 8,995 4,003 1,986 h°/6EI
0 0 +331 0662 0.993 1.324 1.655 1,986 b°/6ET
0 8.325 12,662 12,983 110,319 5,658 o  n’/er1
0 0.32148  0.48857  (.50135 0.39848  0.21849 O  inches

oG
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§ . z3.2148 §

s 2.1849
BB-2 _

Node BB-2 end 22-B-equation: -

3,2148 - 0.32148W - 0.21849Y = 0,32148W - 0.21849 Z

- Node BB-1 and 11-B equation: -

'2,1849 - 0.21849W - 0.32148Y = 0,32148Y - 0.21649 X

Node AA-1 snd 11-A equation:

0.21849 Y - 0.32148{ = 0.32148X + 0.21849Z
~ Node AA-2 and 22-A equation:
0.32148Z + 0.21849X T 0.21849W - 0.32148%
The simmlteneous solution of these equations results in:
X=0 Y = 1.698 W5 Z = 1,698

Thus the following node dsflections are correct:

BB-1 0.5465 inches BB 1.2365 inches

11-B 0,5459 inchea .. 28-B 1.2365 inches
Ab-1 0.3709 inches ' AA-2 0.5459 inches
11-A 0.3709 inches 22-A 0.5465 inches

Accui'acy is sufficient for most engineering purposes.

Flgure 10. ©Simuiltaneous EqQuation Solution
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-

support
/ besm /
1 —f— 1 .
Figure lla.
Top Grillege

wein ' o Figure

Figure 11b.
. Middle Grillege
Figure

——
C.'l.___*__

Figure 1llec,
. 'Bottom Grillage
ma in . Figure
beam :

bk k

Figure 11, Possible Grillage Systems
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“All beams
pinned to
fixed supports.

Mein beam
14WFE1
I of 641.5

Support beam
GWFLT
I of B6,4

A _ B

Dimensions

10¢

10° 407 } 10¢

40°

10

Figure 12, Problem One Grillage System




10 . S Point
¥ kipe _ -1
' h =.120"

losds =10 0 0 0 0 K= ,705

Assumed Y (inches) 0.2 - S © 0.l ' kips/inch
Spring Load 8.141 T . 0 .0705 S

Total Loads 0 -9,859 .. 0 0 -0 - 04075 0

V Trial 0 . =9,859  -9.859 9859 29,859  =9,7885

M Triel 0 0 9,859 219,718 29,577 39,436 49,2245 h.
Corr M .- 0 8,2041 16,4082 24,6123 528153 : '41o0204 49,2245 1
M | K 8,208 6,5492 48943 595655' 1.5844 L0 n
v o | 82041 16549 ~1.6549 1,665 =1.6549 =1.56844

WRI S0 =8,2041 \;30.5492 w4 ,B8943 e.s'_.;zezsg_s*: 015844 0 .h/m_:_r__.'
EiCo WEI oB.204L 39,3656 ;39929_52 ~29,3657  -19.4359  =9.5769  =1.5844 n2/6ET
Slope 39,3656 0 =39,2952 'ussoséoéh,'_ 88,0968 97,6737 hZ/6EY
Y e 59.5656  59.5656 0704 -68,5%5  -156.6875  -254.361
YCorr = O 42.393 - 84,786 127,179 169,572  211.965 254,361

Y 0 §1.7586  124.1516 127,249  100,9615  55.2777 O h/6RI

Y = 1,224 inches Y3 .e28 inches
T " Use these values imn next trial.-

Figure 13, Problem One - Beam B-B Cycle 1 Trial 1
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10
l kipa

AN ) | T A
loads . 0 =10 0 0 0 0 0
Y Assumed 1.2 0.8
Spring Loads ©.846 0.564 K = .705
) kips/inch
Total Loada O <9,154 0 0 o 0.564 0
v Trial 0 '_ ~9.154 9,154 =9.15¢ -9,154 -8.59
M Trial 0 0 =9.154 -18.308  =24,462 =36.616 45,806 b
Gorr M 0 7.534 15.068 22.602 30.136 37.67 45,206 h
M 0 7.534 5,914 4,294 2,674 1.054 0 b
M/EI 0 =7 .534 -5.914 = ~4.294 -2.674 ~1.054 0  b/EI
E.C. M/RI -7.534 =36 .05 ~35.484 =25.764  ~16.044 =-é-039 -1.054 h2/6RI
Siope 36.05 0 =35.484 61,248 ~77.292 -84.182 0?/6ET
Y 0 36.05 36,06 0.566 60,682  -137.974  -222,156
Y Corr 0 37.026 24,052 111.078 148,104 185,13 222,156
Y 73,076 | 47,196 nO/6ET
Y = 1,094 inches Y = .707 inches '

Figure 14. Problem One - Beam B-B Uycle 1 Trial 2




Loads
Asgumed Y

Spring Loed
Total Loads
¥ Trial
. M Trial
Corr M
N
N/EI
E.C. M/EI
s;opé
Y

gorr Y

Y = 1.106 inches

Solut_ion accurate enough.

l 16 Point
kips - }—
A | i Z
=10 0 0 0 0 K = .705
1.1 Q.72 kips/inch
0. 776 10.507
0 -9.224 0 0 o 0.507
0 ~9.224 ~9.224 . 9.224 -8.717
o, 0 -9,224 118,448 . -27.672 -36.896  ~45.613 h
0 7.602 ¢ 15,204 22,806 30.408 38.01 45.619 h
0 mdz_' 5,98 - 4,358 2,736 1.114 0 h
0 -%#oz 5.98 -4.358 -2.736 ~1.114 0 b/EX
7,602 =.3é_osae ~35.68 26.148 __-1604i6 -7.192  -1.114 hzfexx
36,388 0 35,88 -62,028 ~78.444 -85 .636 n2/6E1
0 36.368 36.388 .508 S1.52  -139.964 -225.6
0 37,6 75,2 112,8 150.4 188 225.6
0 73,988 | | 48.036

Y = .72 inches

Figure 15. Problem One - Beam B-B Cycle 1 Trial 3
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Assumed Y
Loads

V Trial
M Trial

‘Corr M
M/BT
E.G. M/EI

8lope

Gorr Y

Point A

Point l
N B3 Sana _N\
0 .04 'K = 8.02 kips/inch
0 0.32 0 0 0 =776
0 0.32 0 .32 0.32 0.32 - o456
0 o 0.3 0.64 0.96 1.28 0.824 b
O 1 <137 -.274 - 411 - 0548 -.685 ~.82¢ h
0 137 0.046 0.229 0.412 0.595 0 h
0 - 0.13? -.086 -.229 -.412 -.595 0 h/EI
0.137  0.502 _5_,a7é -1.374 -2.472 -2.792  -.595 hg/én___
| 0.778 0.27 0 -1.374 - -3.846 -6.638 hz_/én;
0 0 .778 1,054 1;054 -.32 -4.166 -10.804 )
o 1.8 3.6 5.4 7.2 9 10.804
0 2,578 " 4.654 §.454 6.88 4.834 o hs/_é:p;

Y = 438 inches

" Note that this problem is of = diverging nature. BMist uze & triel end error spproach.

Figure 16, Problem One - Beam 2-8 Cyele 1 Trisl 1

e
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Assumed Y
Loads

V Triel
M Trial
Corr M

M

M/EI
 E.C. WEI
Siope.

¥

Corr Y

Polnt

. Point A B
P o® N
0.02 K = 8.02 kips/inch
0.16 o 0 0 e
0 e 1s 0.16 0.16 0.16 -.616
0 0 @_.,16 0.32 Q.48 0&4 .024 h
0 - 004 -.008 -.012 -.016 - .02 -.02¢ b
0 ~.004 9.152 0.308 0.464 0.62 0 h
0 0.004 ~,152 -.308 =464  -.62 0 h/BRI
0.004 -.136 -.912 -1.848  2.78¢ 2,944 -.63 K/GET
1.048 -912 0 -1,848  -4.632 ~7.576 12 /6ET
0 1.048 1,96 1.96 2112 - -4.52 -12.096
0 2.0l 4.082 6.048 - 8,064 10.08 12.096
0 3,064 5,56 0 n®/em1

Y = .522 inches

Rext trial use Y {assumed) of 0.05 inches.

Figure 17. Problem One - Beem 2-2 Cycle 1 Trial 2

29




Aaaumad. Y
Loads

¥ Trial
M Trie)
Corr B4

v

WEL

E.C. M/EI

Slope
b 4
Gorr Y

Y

_ Point 'l
Point A : B

K = 8,02 kips/inch

0-05
0 0.401 0 o 0 ~.776
0 0.401 0.401 .  0.401  0.401
0 0 0,401 0.802 1,203 ' 1.603
0 -.204 -+408 -.612 -.816 -1.02
0 -.204 -.007 0.1 0.387 0.583
0 0.204 0.007 -.19 - 387 ~.583
0.204 0,823 0.042 -1.14 -2.321 -2.719
0,275 1.098 1.14 0 - -2.321
0 0.275 1.373 2,513 = 2.513 9.192
0 0,808 1.616 2.424 3.252 4.04
0 1,083 . 4.282

Y = .,1845 inches

Next trial assume Y of .048 inches.

Figure 18. Problem One « Beem 2<2 Cyele 1 Trial 3

LN

0

1.2e8 b

-1.228- h

0 h

0 h/EL
-.583 h°/6BI

n° /6R1

-4.848

4.848

0 R°/6ET

¥9




Assumed Y
._Loada

"ﬂ' Trisl -
H Triel

Corr M

WEL

E.C. MET

Slope

Corr Y

Point
' B

E

0.048
0 0385 0
o '0.385
0 0 0.385
0 -.191 -.382
0 -1 0.003
0 - 0.9 -.003
0.151 0.761 ~.018
-.743 0.018
0 | -+ 743 -.725 |
o 1.949 3.898
0 1_;205

Y = .205 inches

05385

0 0
Q.385 O_o585
Q.77 1,155
-.573 -.764
Q.197 0.391
-y 19'?. -.391
-1.182 -2 .346
| ~1.182 _ -_305_28
=-o785 ~1.907
7.796

5.847

Next. trisl sssume Y of 0.052 inches.

Figure 19. Problem One - Beam 2-2 Cycle 1 Trisl 4

e

K 2 8,02 kips/inch

- 776 0
~.391
1.54 1.149 h
-.955  -1.149° h
0.585 0 n
-.565 0  h/EL
2,731 ~.585 n2/6ET
~6.259 n°/6ET
-5.435 -11.694
9.745 11.694
4,31 0 n’/eEI

g9



,Po_intl

Point A _ B
Assumed Y 0,052 - K 5 8.02 kips/ineh
Loads 0 0.417 - 0 0o 0 0776 0
|V Trial o 0.417 0.417 0.417 0.417 ~0.369
zg'rrial_ 0 0 0.417 0,834 if._25_1 1.668 1.309 b
Corr M 0 0,218 0,436 -0.654  -0.872 1,09 -1.309 b
o 0 0,218  -0.019 0.18 0.379 0.578 0 h
M/RT 0 0,218 0.019 <0.18 -0.379 0,578 0 /Rl
E.C. WEI  0.218 0.891 0.114 -1.08 -2.274 2,691  -0.578 LY/6ET
Siope -1.005  -0.114 0 -1.08  -B.354 ° -6.045 . p¥eEr
Y 0 41,005  -1.119  ~1.119 2,199 5,553  -11.598
Y Corr 0 1,933 3,866 5,799 7.732 9.665 11.598
Y . 0 0.928 | 4,112 0 h‘_’/éEI_

Y = 0.158 inches

Next triel assume Y of 0.054 inches,

Figure 20. Problem .One - Beam 2-2 Gyele 1 Trial 5
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Aspumed Y
Loads

¥ Trisl
M Trial
) ’ N

Corr M

M

W/RI

E.C. WEI

5lope
b 4

Corr Y

Y

Point A

Point ]L

Y = 0,137 inches

Next trisl assume Y of 0.056 inches.

Figure 21. Problem One ~ Beam 2-2 Cycle 1 Trial 6

e = =
0.054 K = 8,02 kips/inoh
-0 0,433 0 0 0 -0.776 0
0 0,433 'o 433 0.433 0.433 ~0,343
0 0 0,433 o,eés 1.299 1.732 1.389 h
0 =0,231 -0.462 -0.693 <0,.924 Q1°155 -1.389 h
0 ~0.831  -0,089 0.173 0.375 0.577 0 h
0 0.831 0.029 ~0,173 -0.375 =0 577 0  Nn/EI
0,231 0.953 0.174 -1.038 -2.25 ~2.683 -0,5?.1_? hzqu__I_
~1.127 ~0,174 0 -1.038 -3.288 ~5.971 nz/s___m_\
0 . =1.127  -1.301 ~1.301 -2.339 5,627 -11.598
0 1.933 soaés 5,799 7.732 9.665 11.598
0 0.806 0 h3/612_1

49



_Assunﬁﬂ Y
__:I_.ga’ds‘
¥.7rial
¥ Trial
Gorr M
WL

B.C. M/BI

~Slope
Y
Gorr ¥

Y

Point Point \L
A B
00055 ' __K_a_-8=02 kips/ :l.ncﬁ
0 0.449 _ 0 0 o -__o:?és 0
0 0.449 0,449 0.449 0.449 -0,527
0 0 0,449 0.898 1.347 1.796 1.469 b
0 - =0.245 0,49 0,735 ~0.98 -1.225 -1.469 h
-0 ~0:245 0,041 0.163 0.367 0.571 0 h
-0 0.245 0.041 -0.153 ~0.367 ~0.571 0 h/ET
0.245 1.021 0.246 0,978 -2.202 2651  -0.571  hY/6EI
1267 -0.246 0.978 <818 <5881 n°/em1
o 1,267 -1.513 -1.513 -2,491 -5.671  -11.502 h?’/ij_._
0 1,917 3.834 5.751 7,668 9,565 - 11.502 ,h"/é}ﬁ:___'
0 0,65 o ha/s;i:;

Y= 0.1105 inches

Next trisl assume Y of 0.06 inches.

Figure 22, Problem One - Beam 2-2 Cyele 1 Trial 7
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Point Po'mj
iy Rl
Asmined Y 0.06 | K = 8.02 kips/inch
Losds 0 0.4812 0 0 o -0.7% 0
vV Trisl 0 0.4812 0.4812 0.4812 . 0.4812 -0.2948
M Trial .0 0 0.4812 0‘_,9.624 1,4436 i_,_éma | ;063 n
cm{g 0 -0.27 ~0.54 0.61 +1,08 -1.35 -1.63 )
u 0 0,87 0.0588  0.1524 0.3636  0.5748 0 n
M/BT o 0.87 0.0588 -0.1524 -0.3636 -0.5748 0 h/EX
- __E_,__é_.? WED 0.27 1.1388 0.3528  -0.9148  -2.1816 26628 -0.5748 1h°/6RT
Slope -1.4916 -0,3528 0 -0.9144 -_:5,096 -5.7588 hz_/sﬁx___
R . o s_-1,4915' -1.8444  -1.8444 -2.7588  -5.8548  -11.6136
GorrY 0 1.9356 3.8712  5.8068 7,7424 9.678 11,6156
Y o 0.444 | o n°/emI

Y & 0.0756 inches

Hext trial assume Y of 0,061 inches.

_ Figure 23, Problem One - Beam 2-2 Cycle 1 Trial 8
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Assuned ¥
_ioada
fw?rial
M Trial

Corr M

I~33Q1J“V§;-'

Slope

Gore ¥

__Point
A

" Point l
—-B

0 . 0.488

K2 I

0.488 0

¢ 0.488

0,277 -0,554

-0.277 0,066 -

0,066 -

0.396

0,277

1,174

-1.57 0,596 0

1.57  -1.966

‘1,912 3.624
0:342

¥ = 0,0563 inches-

Accurste enough for an

0.488

0&9?5'
fOoBSI
0.145
50:145-
-0.87
=-0.87
f}oQSG

5,736

early e’i"clen

0.488

-2,136

'_A—
K & 8,02 kips/inch
0 “0.77%6 0

0468 -0.288

1§454 16953.WM_L,354..2 h -

-1.108 -1.385  -1.664 h

0.356 0.567 0 h

-0.356  -0.567 0 - n/EI
-2.624  -0.567 h%/6EI

. ~8.006 ~5.63 ha/ﬁﬁl;

-2.836 -5.842 -11.472

7.648 ' 9.56 11.472

 3.78 0  nd/em1

Y = 0.635 inches

Rew support beam apfing constent = 0.776 /*0»635 or 1.22 kips per inch.

'Figure 24, Problem One - Beam 2-2 Cyele 1 Trisl 9
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Point - " Point l

_ A . B ¥y

~ —2 _ - — _ A

K= 8.02 kips/inch | -
Loed o ) 0 0 0 0.776 0
Y 0 2.5531 - 14529 [ -777.6212
__-_Sp?ing__Load_ | 20.475 0 0 | 0 | 0
Totel Losd 0 20,475 0. o o ~0.776 0

L ~ Assume | ' L _ -

Shear 10 30.475.  30.475  30.475 30475 29.699
Noment 0 10 40,475 70.95 101.425 131.9 161.5%9| &
H@‘I_ Y ~10 ~40.475-  =70.95 . -101.425 -131.9 ;161;599 h/EI
EC. WEI -10- 80,475 - -242.85 - -425.7 ~608,55 ~790.624 - -455.098 h2/6]!1
_Sl’ope o '-A-B'ggm ~65.475  -308,325  -734.025 . -1342,57 -2133,199 RIS
Y o 15 50,475  -358.8 -1092.825  -2435.4 -4568.599

O'b_t?'r'i_dus' errors exist for deflection and moment at the right end. This indicates that the aas,umad

shear and slope made in division ome are incorrect. Two eorréctioﬁa mst now be made.

Pigure 25, Problem One - Step-By-Step Solution Beem 2-2 Cycéle 1
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VAN

Y

Spring Loads

Shear
Moment
M/ET

B.C, HV?I
S_lope

xr

Similtapecus equations obtained from_pdrreetions ‘AT amd B'.

=1

0
)

Assume

1
l
-1
Assume
- g

0
1l 1
- &
_ie
-18 .-36
-24

~35.744A - 28,0208B = 777,7212

6A + 6.825B = -161.599

A T -20.275

B = ~14.6445

-20.425
0 0
| 1
4 5
4 -5
-24 -30
60

Figure 26. Problem One - Correction ‘A’ Step-By-Step ‘Solution Beam 2-2 Cycle 1

=35 . 744
1
6 h
-6 Db/EI
a1 h?/##l_
-90 nZ /6B1
-220  B®/6EX
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_'I'rue Y V_alu,ea :

Point Point
j. . _ S

T o 0.1702 -14.018¢ |-28.0208
Loads 1.365 0 0 0 0 |

S Assume -

v - 0 1.365 1,368 1.365 1.365

M 0 0 1.365 2,75, 4,095  5.46 5.625] h
- M/EI 0 0 ~1.365 -2.73 ~4.095 -5.46 -6.825  h/EI
E.C. WEI 0 1,365 -8.19 -16.38 -24.,57 32,76  -19.11 h°/6EI

D e S e - &

Slope 1 -0.365 -8.565  -24,935  -49.505  -82.265 hZ/GRI
b4 0 1 0.635 -7.92 -32.855 -62,36 -164,625
I__-‘_Or._tginal 2.5531 =414 529 -777 8212

Y Gorr 'A° 0 209.8691 367.2699

Y Corr B’ | -2,4925 205,2924 4103516

0.0606 0.6325 0

New support spring constant = 0.776 / 0.6325 or 1.22 kips/inch which checks with Fig. 24 value.

Figure 27, I_’xfobleﬁ_one_ = Gorrection ‘Bf Step_fqustep Sc_)mtion__Bean 2o2.oyé_1_e 1
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. Point - o Po:l-.nl

-_A_-?'_z | [ AN

Assumed Y ol,pal : _ K= 8,02 kips/inch -

Loads 0 0.249 0 0 0 -0.507 0

¥ Trial 0 0.249 0.249 - 0.249 0.249 -0.258

M Trial o 0 0.249 0.498 o_.:-n?r' _00998 -~ 0.738 b
Gorr® . 0 . -0.123 _'-9;.248 -0.369 -0.492 0.615- 0.738 -  h

M 0 0,125 0.003-. 0,129 0.255 0381 - 0 n
/I S0 . 0,123 0,003 0,129 - _{o'.s_zss -0.381 0 - h/EI
EGWEI 0:123 .0.439. - =0.018 - -0.774 - - -1.53 21779 --0.381 h""/sm
' Slope 0489 - 0 0,018 -0.792  -2.322 -4,201 v2/6ET.
T 0 0,489  <0.489 -0.507  -1.299 __-306.21 | --v-mz_g_-h"-”/“sg;_‘
Gorr ¥ o 1,287 2.574 3,861 5.148  6.435 7,922 n%/6ET
Y 0 0.798 - | R 0 |

| Y= 0;136 inches

Next trial assume Y of 0.034 inches.

Figure 28, Problem One - Beam 1-1 Cycle 1 Triel 1
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. As_sun_pd Y
:‘_I;o_ad's

- V Trial
M Trial

Corr. M
wer
E.Co WEI

Slope’

' Cbi‘r._.Y

Y = 0.102 inches -

Next trial assume Y of 0.04 inches.

Figure 29. Problem One - Beam 1-1 Cycle 1 Trial 2

Potnt Point l
A | B -
.S T R B B
10,034 | K= 8.02 kips/ 1neli
0 0.273 0 o -0 -0.507 0
0 0.278 0.273 0.278  0.273 -0.234
0 0 0.273 | _0.546 _0;319 1.092 0.858 h
o 0.143  -0.286 0,429  -0.572 0.715  -0.858 h
o ) 0,143 -0.013 04117 0,247 0.377 0 h
6 ' 0.143 0.013 - 0.117 0.247 0,377 0 h/EI
0,143 _. 0,585 0.078 0.702  -l.ag2 1785 -0.377 hzfé__g:_
| -0.565 0.078 0.624  -2.106  -3.861 nz_/g_'_i;l,_,
0. -0.585 - -0.585 ~0.507 _-1__1_,1;31 -3.237  -7.098 n?'/gﬁ;__
o 1.183 2366 - 3,549 4,732 5,915 7,098 n"’/sisj_;{_
0 0.598 ' 0  ®O/6EI

G4




- Assumed Y

Loads
V Trial
M Trial

Gorr M

E.Q. MEL

. 8lope

_Oorr Y

Y = 0.036 inches
'_Acen'rate enough for trial ome.

New spring constant equals 0.507 / 0.411 or

Poiin'i-
B ;

Point
s e— | N
~ 7 | |
0.04 K © 8.02 kips/inch
0 0.2 0 0 o -0.507- o
o 0.32 0,32 0.32 0.82 <0.167
0 o - 0.3 0.64 ‘o_.,ss" | 1.28 1.093  h
0 0,182 -0.364- -_0_.646 | -0.728  -0.91 ~1.093 b
0 -0.182  -0.044 0.094 0.232 0.37 0 b
0 oaee 0.4 0,094  0.282  -0.37 0 - n/EI
0.182  0.772 0.264 0.564 L2382 -1.72  -0.537 B/GEI
| _7-1.035 -0.264 0 -0.564 -1.956  -3.668 n®/6ET
0 -1.03 -3 -L.3 l.see 3.82  <7.488
0 1,248 :_3.493 3.744 4.992 6.2¢  7.488
0 0.212 | 2.42 0 n®/6EI

Y = 0.411 inches

1.23 kips/inch which checks.

Figure 30. Problem One - Besm 1-1 Cycle 1 Trial 3
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Er?ors exist in deflectior end mement for the right end and two cor;éctidns mst be made se before.

Figure 31. Problem One - Step-By-Step Solution Beam 1-1 Cyele 1

b
h/EI

b2 /6E1

Point Point

- _B
Loads 0 0 o 0 0 -0.507 0
Y 0.3404 -48.4621 [ -91.6994 |
Spring Load 2.73
Total Losds 0 2.73 o 0 0 ~0.507 0
v ‘1 3.73 3.73 3.73 3.73 3.223
Mo o 1 4.73 8.46 12.19 . 15.92 19.143
WEL 0 -1 -4.73 -8.46 12,19 -15.92  -19.143
B.C. M/EL - -1 - - 875 - . -28,38 -50.76  -73,14 ~ -95.013  -54,206 hZ/6EI
Slope 2 -6.73 -35.11  -85.87 -159.01  -254.023
Y o 2 4,73 -39.84 -125.71 .  -284.72 -538.743

Ld



, Point ) Point |
. A _ ' '.
. | __ZfSL_' _;é; | |' [ _fJﬁik__.

R4 o 0 -  -40.8504 | -71.4882

Spring Load 0
' B Agsume o '
v . 2 . 2 2 2 2 2

RS 0 2 4 6 8 10 12 h

M/EI 0 ~2 -4 -6 . -8 =10 -13 _ h/EI

E.C. M/BI -2 -12 -24 -36 -48 -60 . -34  h2/6EI

Slope - 0 -12 © -36 -72 -120 -180 . hP/6E1

Y K 0 Y -48 -120 - -240 420 n°/6BT

Simltaneous equatlons obteined from Corrections ‘'Atand 'B'.

=71.4882A - 28.0208B = 91.6994

12A+ 6.820B = -19.143 A -_0_=5898

W
"

~1.7678

Figure 22, Pi‘qblem .One - Correction TA? To Ste_p-By-_S_tep Solut_ion Beam l—i_l. Cyecle 1.
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¥

Spring Load

v

_M
E.C. M/ET
.

Original Y
Corr *A* ¥

Corr 'B' Y

Point Point
| o Fol
| 0.17021 -14.0184  [-28.0208
1.365
-Assume : : - : : _
CH 1.365 1.365 1.365 1.365 1.365

0 0 1.365 2.73 4.095 = 5.46 6.825 h

0 0 -1.365 -2.73 -4.095 = -5.46  -6.826 h/EI

) -1.365 -8.19 16,38  -84.57 . -32.76 -19.11 h2/6RI

1 -0.365 8,555 24,935 49,505 -82.265 h?/6E1
1 0,636 ~7.92 32,855  -82.36 -164.625

0 10.34042 -48.46219  -91.6994

0 0 24.0935 42.1637

0 ~0.30089 24,7817 49.5351

0 0.4131 0

True Y Fglue

0.03953

New spring constant equals 0.507 / 0.4131 or 1.227 kips per inch. Checks. -

Figure 33. Problem Cne - Correction ‘B' To Step-By-Step Solution Beam 1-1 Cycle 1

b&



Loads
V_??ial
M Trial

Corr M

New spring constant equals 0.488 / 0.088 or 5.55 kips per

lPo_;ht lPoint
L 2 1
0 -0.488 ) 0 -0.32 0
0 -0.488 -0.488 ~0.488 -0.488 -0.808
0 0 ~0.976 7_1.464 -1.952 2.7 b
0 . 0.46 1.__53 1.84 2.3 2%
0 0.46 0.404 0.37 0.348 0 h
0 -0.46 -0.404 '-_0,?:_5?6 -0.348 0 h/EI
-0.46 -2.272 -2.424 -2.256 -1.768 -0,548 b®/6E1
0 -2.272 -4354 -7.288 -9.548  -11.312 n® /681
0 0 -7.136 -14.424  -23.968  -35.28
o 5.88 17.64 23.52 . 29.4 35.28
0 5.88 5.432 - 0  O/6EI
Y = 0.0813 inches

Y = 0.088 inches

inch for point

New spring conatant equals 0.32 / 0.0813 or 3.94 kips per inch for point

Figure 34. Problem One Beam A-A Gycle 1 Trial

_2 on beam A-A.

1 on besm A-A.



support beem

K = 3.94 kips/inch

main
beam

support beam

K = 5.55 kips/inch _ K = 1.22 kips/inch

A B

Figure 35, Problem One - Spring Comstent Values End Of Cyele 1

K = 1.22 kips/inch

18



Agsumed Y

Spring Load
Loads

Tdtal Loads
V Triel

M Trial
Corr x

M

E.C. M/EI
Slope

Corr Y

Y

Point

Point
| l 2 \ 1
11 0.64
1.34 | 0.78
0 ~10.0 0 0 0 0 0
0 ~8.66 0 ) 0 0.78 0
0 -8.66 -8.66 -8.66 ~8.66 -7.88
0 0 - -8.66 -17.32 -25,98 ~34.64 - -42.53
) 7.086 14.172 21.258 28,344 _3’5,"_43 42,52
o  7.08 5.512 3,938 2,364 0.79 o
0 -7.086 -5.512 -3.938 2,364  -0.79 . 0
-7.086 -53.856 -33,072 25,628 14,084 5.52h 0.7
66.928  33.072 0 23.628  -37.812  ~43.3%6
0 66.928 100 100 76.372 38.56 ~4.776
0 0.79 1.592 2.388 5,164 - 3,98 4.776
0 67.724 101.592 102,388 79,556 42,54 0

Y = 1,01 inches

Figure 36. Problem One

Y = 0.63 in'cne's

- Beam B-B fycle 2 Trial 1

h
h
h

h/z:;_

h® /6ET

n?/6ET

13/6ET
n®/em1

h®/6E1

28



l Point Point
| 2 1
a2 I R

Assumed Y 1.01 0.63
~ Spring Load 1.23 - 0.77

Loads 0 =10 0 0 0 0 o
Totel Loads O 8,77 0 0 0 0.77 0

V Triel. R & -8.77 ~8.77 -8.77 -8
MTriar 0 o 8,77 -17.54 -86.31  -35.08 -43.08
Gorr M 0 7.18 14,36 21,54 28,72 35.9 43.08
Mo 0 718 5,59 4 2.41  0.82 0
m/ﬁ:_:_ 0 ~7.18 -5.59 -4 2.41 -0.82 0
E.C. mfn 7,18 -34,31 33,54 -24 ~14,46 -5.69 ~0.82
Slope .85 33.54 0 24 38,46 -44.15

Y 0 67.85 101,39 101.39 77.39 38.93 -5.22
Corr Y 0 .87 1.74 2.81 3.48 4,35 5.22
¥ o 68.72 43.28 0

Y = 1.025 inches S a Y 2 0.648 inches
. ;. Sufflcient ecouracy,
'.Figu_xi-e 37, Problem One - Beam B-B c'yci; a Trial 1

h/RT
n®/6ET

1% /6E1.

n°/6eI
- ®/6ET

13681



Y | 0 1.436

Y = 0.244 inches

Next trial essume Y of 0.13 inches.

Figure 38, Problem One - Beam 2-2 Cycle 2 Trial 1

Point  Point l
A - B i
I T 7

Assumed Y 0.18
Total Loeds 0 0.665 0 o 0 -1.23 0
V Trial -0 0.665 0.665 0.665 - 0,665 ~0.565 -
M Trial 0 0 0.665 1.33 1.995 2.66 2,085  h
Corr M 0 -0.349 0.698 ~1.047 -1.396 -1.745  -2.095 .. h
¥ 0 0,349  -0.033 0,283 0.599 - 0.915 0 B
M/ET 0 0.349 0.033 -0,283 -0.599 -0.915 Y
E.C. M/ET 0,349 1.426 - 0.198 -1.698 -3.594 -4.259  -0.915 ha/éx:
é!l..ppa. -1.624 -0,198 0 ~1.698 -5.292 -9.551 ha/lsigx.
Y 0 -1.624 -1.822 ~1.822 =3,52 -8,812 -18.363 '___'h?/s;_z
Gorr Y o 3,06 6.12 9.18 12,24 15.3 18.363 h°/6EL

o nl/eEr



Point . Point
A _ B

Assumed Y 0.13 | | K = 5.55 kips/inch

Totel Loads O 0.721 0 0 0 -1.23 0

V Trial | 0 0,721 0.721 0.781 0.721 «0.509

M Triel 0 0 0.721 - 1.442 2.163 2.864 2.375 h
Corr M 0 -0.39 0,792 -1.188 A.584 1,98 2,375 h
u o -0.3% -0.071 0.254 0,579 0.904 0 1
M/ET 0 0.3% - 0.071 -0.254 _0.579 -0.904 0 b/RT
E.C. M/EZI  0.39% 1.655 0.426 -1.524 3,474 -4,195 ~0.904 h2)§31_
" Slope | - -2.081 ~0.426 0 -1.524 . -4,998 -9,913 - nz/isﬁ_:_
Y o -2,081 -2.507 -2,507 -4,031  -9.029 -18.222 hs/BEI__
CorrY . - O 3,037 ‘ 18,222 156w
Y o 0.956 - | ] | ) 'hs/sﬁ_

Y = 0,163 inches

g'e"xt trial assume Y of 0.134 inches,

Figure 39, Problem Cne - Beam 2-2 Cyéle 2 Trial 2
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Point : . Point l
A . B
i | ——

Asauméd Y 00134_ , o K = 5.55 kips/inch
Totel Loads O 0.744 0 0 0 -1.23 0
V Trial 0o 0,744 0.744 0,744 0.744 -0.486
M Triel 0 0 0,744 1.488 2.232 2.976 2.49
Gorr M 0  -0.415 ~0.83 -1.245 -1.66 -2.078 -2.49
M 0 ~0.415 -0,086 0.243 0,578 0.901 0
W/RT 0 0,415 0.086 -0.243 -0.572 -0.901 - 0
E.G. WEL  0.415 1,746 0.516 -1.458 3,432 -4,176 -0,901
Slope -2,262 -0.516 0 1.458 -4.89 -9.066
Y 0 . -2.262 -2.778 -2.778 -4,25,6 ~9.126 -18,192
Gorr Y 0 3,032 | o 15.16 18.192
Y 0 0.77 ‘ o 6.034 0
| Y = 0.1312 inches Y = 1,03 inches

Sufficient sccuracy.
New support beam spring constant equals 1.23 / 1.03 or 1.194 kips/inch for point 2.

Figure 40. Problem One - Beam 2-2 Cycle 2 Triel 3

h/BI

h2/6R1
v"/681

1% /6B

n°/6ET

b3/6E1
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Point Po:l.nt\L
_ A S - BN '
- 7 |  —

Loed ~1.23
Y 0 0.34042 -39.304  -73.689%4
Spring Load 1.8893
Total Load 0 1.8893 o 0 0 -1.23 0

Agsume : '
v 1 2.8893 2.8893 2,8893 . 2,8893 1.6593
¥ 0 1 3.8893 €.7786  9.8679 12,5572  14.2165 . h
M/EI 0 -1 -3.8093 -6.7786 -9,6679 -12.5572  -14.2165 &
E;c; M/EI -1 =7.8893 -23.3358 ~40.6716 -58,0074 ;74,1152"' -40,9902 h?/sz;
.Siope assgme . -5.8893  -29,2851  -69.8967 -127.904 _202,0173 n?/esi
Y o 2 -3.8893  ~33.1144 -103.0111  -230.9152  -432,9325 h3/é$1

Two corrections required due to errors in deflection end moment at right end.

Figure 41, Problem One - Step-By-Step Solution Beam 2-2 Cycle 2
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Point : Point

A | B _ -
Y 0 0.1702 | -9.4388  -19.0762
Loads 0 0.9448 0 0 0 0 0

Assume ' _ " : _
v | 0 0.9446 0.9446 0.9446 0,.9446 0,9446
M 0 0 0.9446 1.8892 . 12,8338 3.7784 4,723
M/EI o 0 ~0,9446 -1,8892 -2.8338 03,7784  -4,723
E.C, M/EI 0 . -0.9446  -5.6676 -11.3352  =17,0028  -22.6704 -13.2244
S Agsume ' . , '
Slope 1 0.0554 -5.6122 -16.947  -33,9502 ~56 .6206
Y | o 1. 1.0554 -4.5568 = -21.5042 -55.4544 -112.075
Similtaneous equations obtained from gorrections *A' and YBY .éfe: :
-35.744A - 19.0762B = 73.6894
6A  4.723B = -14,2165 |

Correction 'A* seme as Fig. 26. A= -1,4134 B = =1,2146
Original Y O 0.34042 -39.304 -73.6894
Gorr 'A°Y O ‘ 0 28,8686 50.5205
Gorr 'B'Y .0 -0,2087 11.4643 23,1699
True Y Values 0.13372 1.0289 0

Figure 42, Problem One - Goi'rection *A’ and 'B* To Step-By-Step Solution Beam 2-2 Cycle 2

n
h/ET

n®/6EI
n?/6E1

n®/6B1
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Assumsd Y
Total Loads
¥ Trial

¥ Trial
Gorr M

M

W/EL

E.C. M/EY
Slope

Y

Corr Y

Y

Point

' A
A
o 0.1

0

0.2

-0.842

0,394 0

0,394
0 0,394
-0.2 0.4
0.2 -0.006
0.2 0,006
0,806 0,036
-0.036
-0.842 -0.878
1.922
1,08

Y = 0,184 inches

Next trial sssume Y of 0.12 inches.

0.788

~0.6
0.188
-0.188

—l o 128

0,394

1:\1‘82"

. "Oua
0.382
-0.382

"‘20_292

-19128

-0.878

-2,008

Figure 43. Problem One - Beem 1-1 Cycle 2 Trial 1

Point )
B

VAN
K = 3.94 kips/inch
0.7 0
0.394 -0.376 -
1.57%- 1.2
-1 -1.2
0.57% - 0
~0.576 0
-2.686 -0:576
-3.42 -6.106
-5.426 -11.532"
9.61 11.532

0

68




Point. o Poini
B

© Assumed Y 0.12 | K = 3.94 kips/inch
Total Loads 0 0.472 _ 0 0 0 -0.77 o -
V Trial 0 0.472  0.472 0.472 0.472 -0.298
M Trial 0 0 0.472 0.944 1.416 1.888 . 1,59 h
Corr M 0 -0.265 -0.53 -0.795 -1.06 -1.325 . -1.59 . .h
u o 0 -0.265 . -0.058 0.149 0.356 0,563 0 h
M/ET 0 0.265 0.058 0.189 -0.356  -0.563 0  n/EI
E.C. n/ﬁ: 0.265 1.118 0.348 -0.894 . -2.136 -a-&oa . -0.563. ha/éE-I_
Slope - -L.486 -0.348 0 -0.894  -5.03  -5.638  h%/emI
Y 0 -1.466 -1.814 -1.814 2.708  -5.738 -11.376 13-’/51;1
Corr Y 0 1.89 | - 11.376 HO/8RI .

Y 0 0.43 - | 0 wO/6RY

Y = 0,0732 inches

Hext trial sssume Y of 0.1) inches.

Figure 44. Problem One ~ Beam 1-1 Cyele 2 Trial 2
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Apsumed Y
Tofai Loads
¥ Trial
M Tfial
Gorr "

M

M/EX

E.C. IVEI
slope
Y

fﬁprr Y

Y

Point Po_iptl
A B
AN Z ] ,[ ANl
0.11 | o
0 0.433. o o_r _ 0. 0 097 - .0
0 - 0,433 . 0,433 0,438 0.433 0,337
0 0 0.433: 0.866 1.299 -1,932 _ 1.395
0 -0,232 . -0.464 -0.696 - . -0,928 - -1.16 .  ~-1.395
- 0. -0.232 -0.031 0.17 0.371 0,572 - 0
o 0,232 0.031 -0,17 <0,371 -0.572 0
0.232 0.959 0.186 -1.02 2,226 2.659.  -0.578 .
-1,145 -0.186 0 -1.02 -3.246 - -5.905
0 -1.145 = -1.331 -1.331 -2,351 -5.597 =11.502
o 1.917 3.854 5.751 7.668 9.585 11.502
0 0.772 3.988 0

Y = 0,131 inches

Sufficient accuracy. -

Y = 0.68 inches

New éuppoi't beam spring constant for point one equals 0.77 /- 0.68 or ZL‘,-J.:’a'l":i.ps/inclzln

Figure 45. Problem One - Beam 1-1 Cycle 2 Trial 3

W
h/ET

12/6EI

b /681

B> /6ET

po/eBT

h3/6E1

16



Y = 0,129 {inches
New spring constent point two equals 0.744 / 0.129 or 5.76 kips/inch.

New spring constent point ome equals 0.433 / 0,117 or 3.7 kips/inch.

Figure 46. Problem One - Beam A-A Cycle 2 Trial 1

lpom \lrpoi'nt
s e |
AN - VANE
Loads 0 -0.744 0 0 0 . -o,;ssf.z, o
V Trial . 0 : ‘0=744 0,744 -0.744 - 0,744 ..-1.177
M Trial 0 0 -0,744 ~1.488 -2,232 -2,976 . -~4,153. .
Corr M 0 0,692 1.384 2;07sm-- - 2,768 - 3.46 4,158
M o 0.692 .  0.64 . . 0.588 0.5%6. - 0.484 . 0
M/ET 0 -0.692 -0.64 0.588 . -0.536 -09484- '- 0
E.G. M/EI -0.692 5408 -5.84 3,588 - -B.216. . -2.472.. 0,484
Slops  7.208 3.84 0 . -3.528 .74 -9.216
Y 0 7.248 11.088 11,088. 7.56 0.816 . 8.4 ..
Corr Y 0 1.; . 2.8 4.2 ' 5.6 7 8.4
Y o 8.648 7.816 0

Y = 0.117 inches

h/ET

:hzfgg;_.
n°/6E1 -
n®/6B1

1o /6BT

° /6E1

26



A | B

support besm .
N / PP m -

= 1.13 kips/inch

& 3.7 kips/inch

Suppoft beam s

K = 5.76 kips/inch K = 1.19 kips/ineh

" Figure 47. Problem One - Spring Comstent Values At End Of. Gycle 3
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Assumed Y
Loeds
spring Load
| 'fotal Loads
¥V Trial |
M Trial
QOfr.M

” :

we

E.C. M/EY
Slope

.

Corr ¥

Point _ ' . Point
8 o o 1

1.03 | 0,85
10 :
1.225 0.735
0 -8.775 o 0 0  0.735 0
o - -8.775 -8.775  -8.775 -8.775 -8.04
0 0 8,775 -17.55 -26.325  -35.1 -43.14
re 7.19 14.38 21.57 28,76 35,95 43.14
0 7.19 5.605 . 4.02 2.435 . 0.85 K
0 -7.19 -5.605 -4,02 - 2,435 0,85 0
7,19 -34.365 | -33.63 -24.12 - <14.81 -5.835 ~0.85
67.995 33.65 = 0 2412 -38.73  -44.565
0 87,995  101.625 101.625 77.505 38.775  -5.79
0 0.965 1.93 2,895 3.86 4,825 5.79
0 68.96 f o 43.6 o

Y = 1.03 inches ) - Y = 0.653 inches
Sufficient accuracy. .

Figure 48, Problem One -~ Beam B-B Cycle 3 Trial 1

h/EI
b%/6E1
b2 /€ET

b /6EY

. h?/sm:

13 /6EI
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Point Point
‘ A B l

e v
Agsumed Y 0.129
Totel Loads O 0.743 0 0 o -1.225 0
V Triel 0 0.743 0,743 0.743  0.743 0,482 .
M Triel 0 0 0,743 1.486 2,229 2.972 2,49
Corr M 0 -0,415 -0,83 -1.245 -1.66..  -2.075 -2.49 .
M - 0 -0.415  -0.087 0.241 0.563  0.897 0
M/ET o 0.415 0.087 " -0.241 -0.569 -0.897 0
E.C. M/EI  0.415 1.747 0.522 -1.446 3,414 -4.157 -0.897
Slope -2.269 -0.522 -1.446 -4.86  s.017
Y 0 2,269 2,991 -2.791  -4.237  -9.097 -18.114
Corr ¥ 0 3.019 6.038 9,057 12.0%  15.095 18,114
Y 0 0.75 5,998 0

Y - 0.128 inéhes

New spring constant for point two support beem equale 1.225 / 1.02 or

Y = 1.02 inches

Figure 49. Problem One - Beem 2-2 Cyele 3 Trial 1

1.2 kips/inch,

n
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h

b/EX

¥ /6E1

n2/6EL
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Assumed Y
Total Loads
¥V Trial
k Trial
corr M

M

WED

EG M/EL
Sloype ..
Y

Gorr Y

Y

Point

Y = 0,009 inches

Next trial essume Y of 0.11 inches.

Point
A B
0.118 K = 3.7 kips/inch
0 0.437 0 0 0 -0.735 0
0.437 0,437 0.437 0.437 -0.298
0 0 0.437 0.8 1.311 1748 1.45 h
0 -0.24 -0.48 -0.72 0.9 -1.2 -1.45 h
0 -0.24 -0.043 0.154 0.351 0.548 0 'S
0 0,24 0.043 -0,154 -0.351 -0.548 0 h/EI
0.24 1.003 0.258 -0.924 -2.106 -2,543 -0.548  h2/6EI
-1,261 - -oozss 0 0,924 -3.03 -5.573 h?/iEi
0 -1.861 = -1.51¢9 -1.519 ~2.443 5,473 ~11.046 h?/ssl
0 1.841  3.662 5.523 7.364 $.205 11.046  hO/8EI
o 0.58 0 B> /6EI

Figure 50. Problem One - Beam 1-1 Cycle 3 Trial 1
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Point _ . Point

A | B

Assumed Y G.11 ' . K = 3.7 kips/inch
Total Loads O 0.407 0 0 o -0.735 0
V Trial 0 0,407 0.407 0.407 . 0.407  -0.328

M Trial 0 0 0.407 0.814 1.221 1.628 1.3
Corr ¥ 0 0.216  -0.432  -0.648 -0.864 1,08 -1.3
M o -0.216  -0.085  0.186 0.387 0.548 0
M/EI 0 0.26  0.025  -0.166 0.357  -0.548 0
E.C. M/EI 0.216 0.889 0,15 -0,99 2042 -2.549 -0.548
Slope 1.039 -0.15 0 0.99% . 3,138 -5.687

Y 0 -1.039 -1.189  -1.189  -2.185" 5,323 -11.01
Gorr Y 0 1.835 3,67 5,508 7.34 917 11.01
Y | 0 0.79% 0

Y = 0.1357 inches

Next trial assume Y of 0.112 inches.

Figure 51. Problem One - Beam -1 Cycle 3 Trial 2

h

h i,

h/EI

nZ/eET

h2/6E1
n®/6E1
b°/6RI

b¥ /621
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Point

Point l
A B

Assumed Y 0.112

Total loeds o 0.415 9 ) 0 -0, 735 0

V Trial N 0 0.415 0.415 0.415 0.415 -0.32

M Trial 0 0 0.415 0.83 1.245 1.66 1.34 h

Corr M 0 ~0.223  -0.446 -0.669 -0.892 -1.115 -1.3¢  h

N 0 0.223  -0.031 0.161 0.353 0.545 0 b

M/ET ) 0.223 0.031 -0.161 0,353 -0.545 0 h/RT

E.C. M/EI 0.223 0.923 0.186 -0.996 -2.12 -2.533 -0.545 h3/6EI

Slope -1.109 -0.186 0 -0,996 - . -3.086 -5.619 b?/6ET
Y 0 -1.108  -1.295 -1,295 -2.26) -5.347 -10.966 h°/6RI

Gorr T 0 1.828 3.656 5.484 7.512 9.14 10.966 h°/6EI

Y 0 0.719 o  nd/E1

Y = 0.1224 inches

Hext trisl sssume Y of 0.113 inches.

Figure 52. Problem One Beam 1-1 Cycle 3 Trial 3

—
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Asgumed Y

Total Losds -

¥V Trial -
M Trisl
Corr M

M

M/EI

E.C. M/EI
Slope

Y

Corr Y

Point Point
: -
0.113 . . K = 3.7 kips/inch - .
0 0.418 0 0 0 -0.735 . -0
0 0.418 0.418 0.418 0.418 -0.317
0 0 0.418  0.836 1.254 1.672 1.355 b
0 -0.226 -0.452 -0.678 -0.904 -1.13 41356
0 -0.226  -0.034  0.158 0.35 0.542 0 a
o 0.226 0,034  -0,158 -0.35 -0.542 0  h/EI
0.22% 0.938 0.204  -0.948 -2.1 -2.518 _0.542 n®/6EX
11,142 -0.204 -0.948 -3.048 _5.566 n®/6e1
0 -1.142 -1.346 -1.346 -2.294 -5.342 -10.908
0 “1.618 3,636 5,454 7.272 9.09 10.908
0 0,676 3,748 o KP/eE1
Y £0.115 inches Y = 0.64 inches

Nawspr:lng constant for support'_ beam point one equals 0.735 / 0.64 _Qr 1.149 kips/inch.

Pigure 53. Problem One - Beam 1-1 Cycle 3 Trial 4
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_T@tal‘;é&da

V Trial .
M Trial
orr X
.

W/EL
Efc. M/EI
Slope

e

Corr Y

Y

Point
m'a

 Point
-...1

VAN

- =0.743

) 0 : . ﬂ-o?n ?4‘3-

o . - .0
o 0.689

0 0.689

0 -0se9

-0.689  -3.391
7,201

0 7;30%

o | 1.365

0 B.56&

-0.743

1.378.
0.635.

-0.635

-3.8].

3.8L

11.011

2.73

13.741

Y ='0.128 inches

~1.486%

2,067
0,581

~0.581

~B3.486

-0.743. . _01743__
: _3@239”

2,706

0.527

705527'..”

+3.162 .-

0 “3f48‘

11.011
4,095

- 15.106

7.525

5.46

12.965

VAN

-0.418.
- -lasd
?;3T973H, _ ;4+?35m
3445 438
074?3“'. R
fo?igaﬂuﬂ.. -0
2.419 . 0.473.
6648 _-é;oéz |
o,sv% | -8.19
' 6.835 8.19
r7z 0

¥ = 0,1153  inthes

New: spring comstant main beem point one equals_o,gle_/ 0,1153 or 3.53 kipg/inehg

_R@ﬁ'gpring-cdﬁstgnt“main beam point two qqugls 0:?43 [ 0.128=or_558 kipg/inch,

Figura'S4. Problem One.- Beam A-A Cycle 3 Triel 1

b/ET

1%/6E1

00T



E = 3.53 kipa/inch K » 1.15 kips/inch

E = 1,2 kips/inch

/lj £ 5.8 kips/inch

A B

Figure 55, Problem One - Spring Coustent Values End OF Gycle
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l Point Point

| 2 '
K = 1.2 kips/ tneh E = 1.15 kips/inch
hssumed ¥ 1.028 | - 0,849
Spring Losds. 1.28 : 0.746
Totel Loads O -8.77 a 0 0 - 0.746 0
v Trial 0 -8:77 -8.,77 -8.77 -8.77 -8.02¢
MTrial O 0 -8.77 -17.54 -26.31  -35.08  -43.104 h
Gorr ¥ ° 7.184 14.368  21.562 28.73% 35.92  43.104 b
M _ 0 7.164 5.598 +.012 2.426 0.84 °© b
WEI 0 ~7.186  -5.598  -4.012  -2.426  -0.84 0 h/EI
E.C. M/EI 7.184 -34.33¢ -33,588 -24.072 -14,556 -5.786  -0.84
siope o e7.922 33.568 0 -24.072 -38.628  -44.414  h3/6RI
| Y 0 §7.922 . 101.51 101,51 | 77.438 38.81 -5'.504 |
" Corr Y 0 0.934  1.868 2,602 3.736 4,67 5.604
_ir 0 $8.856 - 43.48 -0
Y = 1.03 inches | | Y = 0.649 inches -

‘Sufficient scouraey.

Figure 56. Problem One - Beam B-B Gycle 4 Triel 1.
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Y = 0.116 inches

Next trisl essume Y of 0.128 inches.

Figure '57. Problem .'0:_16_"?.- ~ Beem 2~2 Cycle 4 Trial 1

h

h

n/ET
v¥/eE1

v3/6ET

Point Point l
. A - B

- 7 | | | — -
Assumsd Y d;lag.-. . | K = 5.8 kips/inch
Totel Losds . O 0.8 o 0 o -3 0
¥ Trial 0. 0.8 0.748 0.748  0.748 -0.482
M Trial 0. 0. 0.748 1,496 2,244 2.992 2.51
Corr M 0 -0,42 -0.84 1.2 | 168 -2.1 -2.5)
M 0 0,42 -0.,092 _0..336 0.564  0.892 0
WEI O . 0.42 0.092 0.2% 0.564  -0.892 0
B.C, M/ET 0,43 1772 0.562.  -1.416 3,384 -4,132  -0.892
Slépe’ -2.324 -0.552 1416 4.8 -8.932
‘e o -2.32¢ 2,87 -2.8%6 -4.292  -9.082  -18.024
Corr Y. 0 3.004 6.008. . 9.012 12.016  15.02 18.024
Y o 0.6 o

n° /6BT

01



__ﬁo int

0.742
0.742
-0.826
~0.084
0.504

=0.504
-2.744

‘ oO?‘L

A
Assumed Y ~0.128
Total Loads 0 0.742
V Trial 0

M Triel 0 o
Cor‘r_ﬁ .0 -0.413
M 0 -0.413.
M/ET o '6.'413__
E.C. M/ET  0.413 1.736
Slope ~2.24

Y 0 ' -2.24
Corr Y 0 3.038
Y 0 0,798

Y ¥ 0.136" inches

Next trial assume Y of:0.:1284

inches,

0.084

0.742

0 0
0.742
1.484 2.226
-1.239  -1.652
0.245 0.574
0.246  -0.574
~1.47 ~3.444

-1.47.
2744 ~4.214
9§114

12.152

Point
B ‘L

L
-1.23 0
0.742 -0,488
2,868 ' 2.48
2,065 ~2.48
0.903 0
-0.903 0
. ~4.186  -0.903
-4.914 9.1 .
-9.128  -18.228
15.19 18.228
6.062 . o

Figure 58, Problem One - Besm 2-2 Cyéls 4 Trial 2

b/RI,

b?/6ET

n® /6E1

¥%/ ‘EI
h*"’/cn;z_

B3/6ET,
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Point : . Point
A b l

e

‘Aseumed Y 0.1284 N
Total Loads o 0,745 - CEE o o - .0
v;?fial.' 0 o.7¢5~ o 0;14Sw__ - -0.745. 0.745 - - <0.485
¥ Trial e 0 0.745 1.49 2.235 2.9  2.495 h
Corr M 0 -o;gié' -0.832 - ~1.248 --_+1,§€4- . 52,68~ -2.495- -k
'y 0 0.416 . -0.087 0.242 0,571 . 0.9 0 h
M/ET o 0.416 . 0.087 -0.242 ~0.571 -0.9 0. . B/EL
E.C. M/EL  0.416 1,761 0.522 -1.452 -3.426 -4.171. =09 h?féﬂl;‘
Stope . -2.273 -0,588 0 | -1:452 . -4.878  -9.049 h?/étx
Y o —2%373; C-2.795 2,795 4,247 _-9‘155; -18.174
Oorr‘.l' .0 ' 3,029 . é.088. . . 9.087 12_’_11;. o 15,145 . 13,1'34
Y | Q. 'o;?sﬁ . S &02 0

Y = 0.129 inches. o - T = 1.024 inches.

New ‘spridg constant for point 2 on bean B-B squals 1,23/ 1.02¢ or 1.2 kips/ineh.,

Figure 59, Problem One - Beam 2-2 Cycle 4 Trial 3
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Corr M - o

M Lo

P Yl _ o °  : *d€84

Point
A

Point
poin

Assumed ¥ 0.115

Total loads . 0 0.406 0

V Trel 0 0.406
=0,214 - . -0.428
-00214 o o ‘00022
WEL 0

B.C, WEL 0214 0.708 0.132

0.214 - - 0,022

%;ng: | Y 7 - =0.132
0,972
CorrY o
Y 0 0,986
| Y = 0,168 inches

Next triel assume ¥ of 0.12 inches,

0.406.

©1.826. 3.652

. 0.408 -

0,812

0842

.. 0' 1!? .

'..;001?-."

=1.02.

- =1 .03
~0.972

5.479

Lae

2172

~1:992.

7..304.

A
. K = 3.83 kips/inch. . -
.76 . o

0.408  -0.34

-1.07- -1.284. . b - -

0.564 o B _ h

-0.554 o b/EI

-2 njs‘?_e -055.54 N

-3.192 =577
-5.184 -10.954

9,13 . 10.954

0 bP/eEI

Pigure 60. - Problem One - Besm.l-1 Cysle 4 Triel 1

n®/6ET
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~ Point Point l
| iy

Assumed Y 0.12
) To;g;~_Lp§ds 0 0.424 0. o .0 -O;M..‘.. .0
¥ Trisl 0 0.424 0.424  0.424 0.424 -0.322
MTrial 0 0 _' 0.42¢  0.848 1272 1.6% 1374 - b
Gorr M o -0.229 -0.458 0,487 0.9%6 -1.145  -1.374 no
Mo 0 -0.229  -0.034 0.161. 0.356 ~ o.551 0 h
WEL 0 0.229 0.034 0,161 -o-.zs_gi. ~0.851 . 0 , B/ET
E.e, WEI 0.229 0.95 0.204 ~0.98% -2136 a6 fo..ssl._ na/em
_Slope 1,154 0.204 0 -0.986 a2 .82 ha-/#_i::
T LI “1.154  -1.358 -1.358 -2.344 - 5.6 1.8
gorr Y 0 1.858 3.71% 5.574 7._432 9.29 11.148
Y 0 0.704 o 3.824 o  nP/eEr
.Y = 0.12 inches Y- 0.652 inches

New'poir_it one support beam_spring qqnstant equals 0.746 / 0.652 or 1.144 kips/inch.

Figire 61, Problem One - Beam 1-1 Cycle 4 Trial 2
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8:611

Y_=.0.1289 inches

\L Point Point
s %
Total i;qaag -0.745 0.42¢ |
V. Trial 0 -0.745 «0.745  -0,745 -0.745 -1.189
M Trial 0 0 -0.745. -1.49 2.235  -2.98 -4.149
c__drr M o ' 0.6915 1.383 2,0745 2.766 3.4575 4.149
M | 0 0.6918 0.638 0.5845 0.531 0.4775 0
MW/EL K} -0.6915  -0.638 -0.5845  -0.531 -0.4775 0
E.0, M/RT - -0.6915 - =-3,404 -3.828 =3.507 -3.186 -2.44]1 -0.4775
 Slope 7.232 3.628 0 -3.507 . -6.693 ~9.134
Y 0 7.232 11.06 11.06 7,563 0.86 -8.274
Corr Y 0 1.379 2.758 4.137 5.516 6.895 8.274
Y 0 7.755 0

Y = 0.116 inches

New spring constant for point two on beam A-A €quals 0.745 / 0.1289 or 5.78 kips/inch.

New;apring constant for point one on beem A-A equals 0.424 / 0.116 or 3.66 kipa/inch/

Figure 62. Problem One - Beam A-A Gycle 4 Trial 1

h
h

h
n/ET

v®/6E1

n2/6E1

n°/6ET

h /6E1

13 /6ET
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10 -+

‘. Error
—e 0,08 %
5
[ -}

B

% I
=
o 4 _

__ E . Error
- 3.4 %
O
[

g 2 1
cof
& -

2 1
_ _ - Erroi‘
1 4 - : . 0.58%
- - “Error
h _ _ 0.47%
l 2 3 : 4
| | ! Cyclea

Figurs 3. Problem One - Greph Of Spring Constents Versus Cycles
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110

101

107

10
kipe |

~ .All Dbeams pinned-co_n_nec_ted to fixed supports.

Figure 64. Problem Two - Grillage System




K = 1.305 K = 1,305

Figure 5. Problem Two - Initial Spring Gonstants From Moment-Area Calculation
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Y = 1.74 inches

Next trial assume Y of 1.7 inches.

l?oiﬁt | lPQint,
1 2
= 7 | | %
Aséumed Y 1,30 1.30
Loads 0 -10 0 0 0 -10 0
Spring Losds 1 1.7
Total Loads. 0 -8.3 0 0 0 -8.3 0
V Trial 0 - 8.3 -8.3 -8.3 -8.3 -16.6
MTriel 0 o -8.3 -16.6 -24.9 -33.2 -49.8 h
Gorr v 0 8.3 16.6 24.9 38.2 41.5 49.8 b
M 0 8.3 8.3, 8.3 8.3 8.3 0 ~ h
M/EL o -8.3 -8.3 -8.5 -8.3 -8.5 0  h/EI
E.C. M/EI -8.3 = -41.5 -49.8 -49.8 -49.8 -41.5 -8.3  h2/6ET
‘siope 116-.-;_2 S W 24.9 -24.9 74,7 -116.2 _ h2/6ET
Y 0 126.2 190.9 2i5.8 190.9 116.2 0 h3/EI

Figire 66. Problem Two - Beam A-A & C-C Oycle 1 Trial 1
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l Point

K= _g:

Assumed Y 1

Loads o =10 0
Spring Losd. 2.22

Totel Loads O ~7.78 0
V. Trial - 0 -7.78

M Trial 0 0 -7.78
goh_- M 0 7.78 15.56
M 0 7,78 7.78
M/EI 0 -7.78 ~7.78
E.C, MEI -7.78 -38,9 -45.68
“Slope ’ : 108,92 70.02
R | 0 108.92 178.94

Y = 1.628 inches

Next trial assume Y of 1.63 inches.

Figure 67. Problem Two - Besms A-A & G-C Cycle 1 Trial 2

LPoint .
hire
._ji__ AN
1.7
-10 0
2.22
-7.78 0
-15.56
3112 -46.68
38.9 46.68
-7.78 o
-3s.§ -7.78
-108.92
108.82 0

B/E1
n?/6E1
/BT

n3/6ET

oTT



Assumed Y 1.63 - 1.63..

I._‘Io.ads R 0 D 0 10 0.
sagion  nas s

T_oial{Lgads 0 2.8 o 0 o .87 o

V Trial 0 -7.87 -7.87 -7.87 -7.87 _15.74

M Trial 0 0 -7.87 -15.74 -23.61  -31.48  -47.22  h
goir'u__ o 7.87 15.74 23.61 31.48 39.35 .22 b
M 0 C7.87 0 9.87 7.87 7.87 7.87 o h
M/ET 0 -7.87 -7.87 -7.87 -7.87 -7.87 0 h/EI,
B.C. M/EI  -7.87 -39.35 47,22 -47.22 ~47.22 -39.35  -7.87  b2/GEI
Slope - 110,18 70.83 25.61  -23.61  -70.83 -110.18 v /6RI
Y o 110,16 181.01 204163 161.01 110.18 o ndEI

Y = 1.65 inches

I{_gi:t trial assume Y of 1.65 ‘inches.

Figure 6s. Problem Two - Beams A-A & C-C Cycle 1 Trial 3
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Aseuned ¥
Loads
Spring Load
Totel Losd
v Trial

M Triel
Gorr M.

x

M/BI

Slops

T

1.65 1.65
0 -10 o 0 0 -10 0
2.18 - | 2.15
o -7.85 0 0 0 -7.85 - 0
o -7.85 7.85  -7.85 -7.85 -15.7
0 0 -7.85 -15.7 ~-23.65 . -31.4 -4?1 b
0 7,85 15.7 23.55 514 89.25 #.1°  h
0 7.85 7.85 . 7.85 7.85 7.85 o b
0 -7.85 -7.85 -7.85 - -7.85 ~7.85 0 B/ET
-7.85 . -39.25 -47,1 ~47.1 -47.1 -39.25 -7.85 h?/é;:_:_._
109.9° 70.65 - 23.55 -23.55 ~70.85 ~109.9 na/éE;
0 . 109.% | 180.55 204.1 _180.5'5 109.9 o b°/eE1

Y = 1.642 inches Sufficient accuracy.

Figure §9. Problem Two - Beams' A-A & C-C Cycle 1 Trial 4
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Assumed Y
Loads o

Spring Load

Totel Load 0.

V_Trial

M Triel o
c__cf:rr M 0
.n. | 0
wE 0
_Slope. .

Y 0

1.9 1.9
-10 0 0 0 -10 0
1.4 1.4
-8.§ 0 0 Q -8.6 0
0 86 - 8.8 -8.6 - -8.6 - -17.2
o a6 -17.2 -25.8  -34.4  -5l.6
8.8 7.2 25.8 | 54,4 43 '_ 51.8
8.8 e,§ 8.8 8.6 8;5 0
-8.6 -8.6 8.6 -8.6 8.6 . 0
-43 -51.6 -51.4 -61.6 - 43 . -8.6
120.4 - 77.4 25.8 -265.8 -77.4 -120.4

120.4 - 197.8 223.6 197.8 120.4 0

.Y = 1.8 inches

Next trial assume Y of 1.8 inches.

Figure 70. Problem Two - Bsam B-B Cycle 1 Trial -l

h/EX
b%/6E1
n2/6ET

n3/6EY
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A__lz ] |_l2 A

Assumed Y _ 1.8 1.8

Logds 0 <10 o 0 o -10. 0
Spr ing Loads . 1,3:_25_ - ' 1.325
__"'ifqltgl___;i_.péds_ 0 8675 o 0 0 -8.475 0
v "f;‘ial_ 0 . 8.7 -8.675  -8.675 -8.675 -17.35
n Trial 0 o -8.675 -17.35  -26.025 -34.7 -52.05 h
Corr M | 0 8.675.  17.35 26.025  34.7 43375 52.05 h-
u 0 8.675 8.675  8.675 8.675 8.475 0 h
WET 0 875, -8.475 -8.675 -8.675 -8.475. 0 n/EI
-k,_c,-zl_ws_x__ 8,675 43.375  -62.05 - -62.05 -52.,05 43375  -8.675
Slope 121,45 - 98.075 26.025  -26.025  -78.075  -121.45  h2/GEI
Y 0 121,46  199.525 . 225.55 = 199.525 121.45 0 nd/eex

Y = 1.81_5 inches

Next trial sssume Y of 1.81 inches.

Figure 71. Problem Two - Beam B-B Gycle 1 Trial 2.
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!

Assumed Y 1.8 1.61

Loads o -10 0 0 0 -10 o

Spring Loads 1.33 1.5 .

Totel Losds O -8.47 0 0 0 -8.67 0

Vol 0 8,67 8,67 .67 1786 .

m_:\_"rﬁal B 0 -8.67. ~17.34 -26.01 -34.._68. . -52.02.  h
Corr M 0 8.67 17.34 26.01 34.68 £#.35 5202 b
M 0 8.67 a.#v q..§7 8.67 8.67 0 h
M/ET 0 -8.67 -8.67 -8.67 8.67 . -8.67 Y 5 4
.0, WEL - -8.67 - ~43.35 -52.02 - -52.02 52.02  -43.35 “6.67 W2/GEI
Slope 12138 78.08 _26,9-1- -35.01 -78,03  -121.38 n?/6E1
Y 0 121.38 100.41 225.42 199.41  121.38 o  w/eer

.Y = 1,814 inches

_ Sufficient accurac

Figure 72. Problem Two - Beam B-B Cycls 1 Trial 3

Y.
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-8.fi

Loads
_?:Txial
M. Trial
corr u
w/er
- B.C. MET
Slope
Y

L {

AN ' - VAN
o -2.15 133 -2.15 0
0 ~2.16 ~3.48 5.3
o 0 - -2.15 _-5.&3 : .26
0 .. z.85 5?63~-- © 8.445 - . 11.26 -
o 2.815 . 3.48- 2.815 - O
O . -2.815 348 2,815 - - 0
2,815 ~14.74 - -19.55 gi4.74-- - ~2.815.
24.515 9.775 -9.775 -24.,515
0 24,515 34,29 - '24.515 0
Y = 4,17 Y>5.84 Y= 4.7

qu'exterior"spring-ebnstant‘equals 2.15 / 4.17 or 0.516 kips/ineh.

Hew'interior spring constent equéls 1.33 / 5.84 or 0,228 kips/ineh.

Figure 73. Problem Two - Beams 1-1 & 2-2 Cycle 1

h/ET

¥R /6B1

n?/6ET

K3/6ET
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= 0.516

/. K = 0,516

Figure 74. Problem Two - Spring Gonstent Velues End Of Cycle 1

z 0,516

ozt



Assumed Y

‘Sprirg Loads

Total Loads -

|

AN

0
0

_'9

0

E.C. M/ET  -9.484

132,776

2

1.0
=10

0.51é

 -9,.484

-9.484

0
9,484

9,484

9,484

-47.42

132.776
'Y =1.98 inches

Next trial essume Y of 1.9 inches.- _

Figure 75. Problem Two - Beeams A-A & C-C Cycle Two Triel 1

-9.484

. -B5.358 '~28«452-; =98 ,452 - - -

- 218.132

A

K = 0.516.

-_9.434._. -18.9‘8_

0 -
0
~-55,904 ~h
56;904- h .
0 h
o B/EL

-9.484¢ 12/6EI

-132.776 b®/6EL

0  b3/6ET
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Assumed Y - 1.9 - ' 1.9

Loads 0 -0 0 0 o -0 0
Spring Loeds - - 0.98 | | | | 0.98 -
‘Total Losds 0 -9.02 0 o 0 902 o
Vv Irial o - %02 -§.02 - -8,02- =9.02- - -18.04.. |
HTrial 0 . e o .-9_'“202 L -18.04 - ;27.5.0.5 _33°08 -54.12 h
Corr M 0 ez 18.04  27.06 36.08 5.1 5432 n
M o 9.02 2.02 - 19.02 9.02 - s9.02 | 0 b
M/ET e 9,02 -_9'.02 - -9.02 -9.02 -9.02 0 b/ET .
E.C. WEIT =9.02 -45.1 -54.12  -5e.l2  -54.12 -45.1  -9.02 hz/égI__l
Slope L 126.28 81.18 27 06 -27.06 -81.18  -126.28 hz_/@;
Y 0 © 126.28  207.46 23452 . 207.46 igc.ze 0 h"’(__ép:__;,

Y = 1.89 inches Sufficient accuracy.

TFigure 76. Problen Two - Beams A-A & C-C Cycle 2 Trial 2
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Assumed Y
Loads
spring Load

‘I._'olfal_ _Lbads

E.C. M/EY "9."-‘"544.

~ Slope

Y

0

0

9.544
9,544
-9.5*4
_4?_?2[
-1355615

133.616

85,898 -

L -57.264 -

219.512

Y = 1.999 inches

'Figiré 77. Problem Two - Beem B-B Cyele 2 Trisl 1.

.28,

0 0

233532 -38.17¢ -

9,544'~ 9,544
-9.544 . -9.544
57,264 -57.264
633 -28.632
248.144 | 219,512

Suffic lent accursey.

’ "9-544 ., -—9.65“ -

-=38.176 .

-85.80¢

0456 -

9544 0

~ -1s.088

. mﬁ_5??g54 _ _h
47.72 5?;3§4. h
9.544 : o h-.
-9.544 0 b/E1
-47.72 '
-133.616  h7/GET

133.616 0

- -9.54¢  h%/GET

T -
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'?' Trial 0 ) :__Q?.gg. . -1.436 . _3,415
M Trial |

M 1.208 - 1.436 1208 0 B

corrl[ S R ._.._1__.°3(:)3. 2.416 3.624 4..952:.. - h

| )

M/ET 0 -1.208 -1.436 -1.208 o nEr

' E,C, M/RI  -1.208 .'-6_._2;3 _'—_8__.1; -saca -1.2087 hz/sg;x__"

Slepe 1038 408 -a08 0.8 /e

Y 0 10.348 14.428 10.348 0 n3/;_
| Y2173 Yz Y= 176 |

New spring constent exterior point equals 0.98 /.la?SG or 0.556 kips/inch,

~ New spring constant interior point equels 0.456 / 2,46 or 0.185 kips/inch.

¥

Figure 78. Problem Two - Beems 1-1 & 2-2 Gyele 2 Trial 1
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K = 0.556¢ /K = 0.185 K = 0.556

Figure 79. Problem Two - Spring Constant Values Emd Of Gycle 2
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Assumed Y
Loads |
Spring Loads
‘i‘ot_’al Loeds
V. Trial

M Trial

1.85 1.65 K ;--o_,_a-s.s
0 -10 0 0 0 -10 0
1.03 N 1393H :
0 -8.97 0 0 0 -8.97 0
0 -8.97 -8.97 - -8.97 -8.97 -17.94
0 0 -8.97 -17.94 -26.91 -35.88 -53.62 h
0 8.97 17.94 26.91 35.88 44,85 53.82 h
0 8,97 8.97 8.97 8.97 8.97 0 B
0 8,97  -8.97 -8.97 -é.,.gv -8.97" 0 h/ET
-8.97 . -44,85 - . -53.82 -55.82 -53,82 -44.85 -8.97 hzfs_EI
 125.58  80.73 26,91 2691 8073  -125.58  x2/eEI
o 125.58  206.31 235.22  06.51 125.58 o  n¥/E1

Y T 1.88 inches

Next trial assume Y of 1.88 inches.

Figure 80. Problem Two - Beams A-A & C-C Gycle 3 Trisl }
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| |

A ___EL_
Assumed Y 1.88
Loads .0 ~10 0
Spring Loads 1.045
_fotalapﬁads o - ~8,955 0
v Tria] -8.955
Hrrtal 0 0 8.8
c | 8.955 . 17.91
M 0 . 8.955
S/ o
-8.955

8.955
-8.955 -8.955
.75 5573
125.37 , _39.595

Y = 1.875 inche._a.

-8.955

26,865

125.37 205,945

o o -10 )
1.045
~8.955 0

. -8.955  -8.955 217,91

-17.91  -26.865.  -35.82 -53.73 b

26,865 35.82 44.775 53,73  h

8.955 8:985. 8,955 0 b

-8.955 -8.955 -8,955 0 h/EI

53,73 53.73  -44.775

-26.865 -80.595  -125.37

232.83 205.965 125,37 0 h3/4ET

Sufficient accuracy.

 Tigure Bl Problem Two - Beams A-A & O-C Cycls 3 Trial 2

-8.955 h%/6EL

b2/6ET
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AN

Assumed Y
igads
_Spr_in’g Load
Totel Loads
’ﬂ; Triel
M Trial
cd:p;_- ) §

"

MET.
E.C. M/EI
Slope |

T

-9.83 -

154.82

~9.63 -9.63.

o S =963

9:63 19.26 £8.89

9.63 9.63 9.6

-9.63 -9.63.

N '--—48..15-' _.5?_.:73 : _.7.57..?‘3

86.67 28.89

134,82 221.49 250.38

Y = 2.007 inches

-19.26

. __38 .89

_9;.’63 oo

~9.63

38.52
9.63

‘9-‘3'

-57 o 78
“28.89

221.49

=10
1) ‘57

79.53 -0

=9.683 -=19,26

.-38.52 - -57. 78

48,15 57.78 -

9.683 2]

-9.63 0 h/ET

-48.15 -9.63 hZ/GEI

-86.67 -3e.82  B/eRI

134,82 o n3Er
- ,f . -

_Su_fi‘ ic ient accursacy.

Figure 82, Problem Two - Beam B-B Cycle 3 Trial 1
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L

) L_Oads 9 =1.045 0,37 -1 0D o

V Trisl | 0 - =1,045 1,415 -2.46

M Trisl o 0 -1.045 - 2.4 -4.92

Corr M O 1.28 2.46 369 4.92
M o 1.23 L.415 1.23 o
0

-1.23 -1.415 - -1.23 0

E.C. M/EI = -1.25 -6.335 -8.12 -6.335 -1.23

Slope . 10.395 4.06 . -4.06 -10.395

RS o 10.395  14.455 0.3 0

Y =377 T = 2462 Y=1.77

Exterior point spring constant -equals 1.045 -/ 1.77 or 0.59 kips/:lnch,

- Interior point spring constent equals 0.37 / 2.462 or 0.15 kips/imch.

Figure 635. Problem Two - Beams 1-1 & 2-2 Gycle 3

/L
n®/eEL
W/6E1.

w3/6ET
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J

Aaaumeq Y

Logda 0

Spring Loads
Total Loads ' 0

[V Triel

MTrisl 0 -

_COrrjM - Q

M o
M/EI 0

B.C. M/EI 8,925

_S;ope

X o

-8.925
- =44 ,625

124.95

1.075
-8.925 - . . .. O _ 0
-8.925 . - -8.985 = --8.925

0 - ~-8,925 ~17.85

8,925 17.85 26.776

_81925 . 8,985 . 8.925

-8.925 -8.925

53,55 -53,55

80.325 26.775 -26.775

124.95 205,375 232.05

- ¥ = 1.87 inches

Ngxt trial assume Y of 1.87 inches.

fq.:.

._355??$M
35,?-
8925
-8.925

205.275

)

2

.}faa. . _
0o
1.075

—8. 925 0

: -8 .935 - -17: 85 .

-35.7. . . .-53.56

--4415253 53.55.
8.925 0
-8.925 0
~44.625  -8.925
-124.95

124.95 [o

Figure 84. Problem Two - Beam A-A & C-C Cycle 4 Trial 1

- K = 0059
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Ass_u_med Y
Losds

Spring Load

Total Loads -

v _f_I_‘rial
M Trial
Gorr M
"
w/ex
 Siops
T

S S S
L= 4 | — 1 5 2

1.87 | e
0 10 o 0 o -0 T
1.103 1.103
o -8.897 0 0 o -e.897 0
0 -6.897  -8.897 -8.897  -8.897  -17.7%
0 0 8.8 -17.7%  -26.691  -35.588  -53.362 b
o - 8.897 17.794 gﬁ.#gl . 35,588  44.485 53,362 h
o '8.897 8.897 8.897 8.697 8.897 0 b
o -8,897 -8.697 -8.897 +8.897 .__—_e.ag? ' 0 h{EI.:J
-8.897 ~44.465  -53.382  -53.362  -50.3682  —44.465  -8.897 4°/GEI
124.558  80.073 . 26.691 26.651  €0.075  -124.558  4%/6EI
° 124.556  204.651 231322  204.631 124.556 O S /GEI

Y = 1,863 inches Sufficient accuracy.

Figure 85. Problem Two - Beams A-4 & C-C Cycle 4 Tris} 2
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Assuned Y 2. |
Loads o a0 o o o -0 0
Spring Losd f 0.3 | 0.3 |
Totsl Losds 0 o o o o - wr o
v _T_rial S o _'.'9_'_? - -.9.'?' =99 . _9.7 =19.4

¥ Trial

Corr M 9.7 19.4 29.1 ~ 38.8 48.5 56.2 h

©o © o

M 9.7 9.7 9.2 9?7 9?7 - 0 b

wer o my . s a3 wr 3 o s

ﬁ_,c_, WEL - 8.7 “35 | 982 se2 ~6.2 -83 87 hz/#‘..

Sl.op. o 135_3 7.3 29.1 | _29.1 | {7,3.._ . . -335.8 @,ﬂ;

Y ° 135.8  223.1 252.2 223.1 135.8 o ﬂ/és;_
Y =-2.03 itiches

Hext trial sssums Y of 2.03 inches.

Figure 6. Problem Two - Beam B-B Cyole ¢ Trial 1

get



o '__As_sum_nd Y .

Loads O

Sprﬁg Load;s a

_Total Loada 0 o
i vnn1 o
: HTrial e 0
Coru o
" E.C. nvnl
- :_'Slopo |

—9 - 695

135 73

-9'0‘9.5- .

0.305
-9.695
"f9f‘9
o
19,695

9.695

~48,475

87.255

135,73

~9.695

| -9.695

5 . . -9;69

19.39. -

9.695

-58.17 e
ééibas

228 985

Y = 2.028 inchea

Problem Two ~ Beam B-B Cycle 4 Trial 2 . -

]

1. 39
| 29.035,_
9;595 =

-9.695

-58 17

7 282.07

9,695

-29.085
38.78
9,695

58,17 =

-29, 085

222 985

_-9 €95 -

"-38 78

-8, 255 :

2.03

-10
0, 305
-9 495

: -19 39

18,475

9. 695"

o -9 §95

-48 475
-135 75

155 ?3

Suffic jont aceuracy.

58,17

l_-9 595

.

hzfﬁEI

0w /531

b

' h- -

wE

QQI"



T

Q ’ o
Loads 0 -1.103 -0.305 -1.103 0
.V Triel .0 -1.103 -1.408 -2.511

M Triel ) 0 -1.103 -2.511 -5.022
corr M 0 1.2565 2.511 3.7665 5.022
M 0 1.2555 1.408  1.2565 0
M/EY 0 -1.2555 -1.408 ~1.2555 o
E.C. M/RBI <1.2555 = -6.43 -8.143 -5.43 '-153555
Slope 10.5015  4.07m5 -4,0715  +10.5015
Y | o 10.5015 14.573 10.5015 0

Y =1.79 Y =248 Y =1.79 inches .

h/EL
n2/6EI.
n2/6E1

K3/6ET

New exterior point spring constant equals 1.103 / 1.79 or 0.616¢ kips/inch,

New interior point spring constant equals 0.305 / 2.48 or 0.123 kips/iach,

This completes Cycls 4.

Figurs 86. Problem Two - Beam 1-1 & 2-2.Cycle 4




. Spring Ocnstant Velue

o8 4

<71

.5

o _

o3

'

Exterior Po int

Interior Poi.nt

1 i i L ! [ H [ . . ) ———'-

f J | ! i ! ] J | - - L

1 2 3 4 S ‘ 7 8 9 10 u L3
Cycle Number

Figure 89, Problem Two ~ Graph of Spring Constants Versus Cycles
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Cycle Number ~ Exterior Point o Interior Point
| Y of mein beam Y of main 'Béam
Y of support beem Y of suppert beam
1 m9.avede s 31,0616 $
2 107.20% 81.2601
3 105.9322 - . 81,9252
4« - io#.bvéé'*f?“" o 81,774
5 105;00553' l © 81.1646
& 102,7222 _ 82,4617
7 | 101.939 o 88,3859
8 _' | 101.9444 :f_ - 83,0586
9 | 100.8264 -  se0
10 1008264 | §3.,004
1  iel.osar 83,3991
12 O 100.6841 | 85,2853
1 100.5852 sa.;aas

" The error is clearly ghown by this comparison., ‘l‘he correct
solution would indicate one hundred per cent at each point. Instead
the interior point has & seventesn per cent error after thirteen
eycles and '1; not- improving . Tﬁis indicates a negative spring con-
stant at the interior point and a trisl and error approach is needed,

The support beam actually pulls down on the mein beam in this problem,

" Figure 90. Comparison of Deflection Values




|

|

Sl

Spring Constant 1.1 kips/inch

Loads 0 -10 0.
Assumed Y 1.71

Spring Losds 1.88

Total Loads O -8.12 0

E.C. M/EI  -€.12 = -40.% -48,72
Slope 113.68 73,08 24.36
Y 0 113.48 166.7%

Y = 1.70 inches

Next trial essume Y of 1.7 inches.

1.1 kips/inch

0 0 ~10 .0
1.71
1.68
0 0 822 0
. -48.72 48,72 -40.6 - -8.12 hZ/6EI
-24.36 -73.08 -113.68 - b2/6E1
211.12 186.76 - 115.68 0 n§/331

Figure 91. Problem Two - Beams A-A & C-C Cycle 25 Trial 1

et




. | 1
T

Spring cpna'i;alg't 1.1 kipa/inch 1.1 _k'i_p's/incn
Assumed Y 170 ' 1.70

Loads 0 | -10 . b 0 0 -10 - 0
spfing Load ' 1.87 : 1.87

Total Load 0  -8.13 o 0 0o -8.13 o
E.C. M/EI  -8,13  -40.65 48,78 -48.78 -48.78  -40.65  -8.13-
s;dpa 113.82 7817  24.39 24,39 -73.17 . -113.82

Y o 115,82  166.99  211.38 186.99 13,82 O

Y = 1.702 inches

Sufficisnt accuracy.

~Figure 92. Problem Two - Beems A-A & C-C Cycle 25 Trial 2

n2/6E1
12 /61

b°/6EI

8€1



N

|

A

Spring Constant

I

- «0.4 kips/inch

Assumed Y 2.2

Loads 0 -10 0
Spring Loads -0.88

Total Loads 0 ~10.88 0
/EI o - =10.88 -10.88
E.C. M/EI -10.88 54.4  -65.28
Stope 152,32 97.92

Y 0 152.32 250,24

Y = 2.27 inches

Next trial assume Y of 2.27 inches.

Figure 93, Problem TWo - Beam B-B Cycle 25 Trial 1

0
-10.88
-65.28

_-32.64

282.88

0

. "10088

-65.28

250,24

_j%_ VAN

-0.4 kips/ineh

2.2

~10 0

-0.88 |

-10.88 : 0

-10.88 0 h/EI

54.4 -10.88
[152.32  B2/GEX

152.32 0 b2/6EI

621




1 R S
=% 1 T 1 1z =

Spring Constant -0.4 kips/inch | -0.4 kips/inch
Loads o -10 o o 0 00 0
Assumed Y 227 | 2.27
Spring Loads -0.908 - I - -0.908
Total Loads 0 -10.908 . 0 .. .. 0 o -10.908 0
 MW/EI o ©-10.908.  -10.908 ~ -10.908 -10.908 -10.908 . ©
E.C. M/EI ~-10.908 . .- -B4,54  -65.448 --'_'-55.;4'8- . -$5.448  -54.54 -  -10.908
Slope |  152.712  98.172 32.724  -B2.724  -98.172  -152.712 K /GEI
Y o 152.712  250.884 . 265.608  250.884  152.712 0 BO/GEI

Y ? 2.28 inches

Sufficient sceurscy,

Figure 94. Problem Two - Beam B-B Cycle 25 Trisl 2
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R

Loads o 0 . -1.87 . 0.98 = -1.87 0

¥V Trial : o -1.87. -0.962 -2.832

M Trial . 0 0 - - -l.87 . -2.832 ~5,664 - B
Corr ¥ 0 1.4 2.832 4.248 5.664 . .h .
X o 1.46 - 0.962 1.426 0 n
E.C. M/ET - - =1.416 6,626 -6.68 . --6.626  -1.416 - BP/AED
Slope. . 9.9¢6 3.5 - - -B.34  -9.966 - WR/eEL
Y | 0 9.966 13,306 9.9 0 WO/eEI

Y = 1.698 Y S 2.267 Y= 1.698
Exterior point deflection error check squals 1.702 / 1.698 or 0.267 per cent error,
Interior point deflection error check equals 2,284 / 2.267 or 0.758 per cent error.

The error in both cases is less than one per cent and the problem is solved.

Figure 95. Problem Two - Beams 1-1 & 2-2 Cycle 25

1




Problem Three Grillage System. '  Assume Initis]l Interaction Loads
' As Follows:

A | B 0.8
/ ) o . / . 008 .
1 , support be.am . 1. :

in : * main
beam _ _beanm

10/
kipﬁ E

/ - support beam

A B

Each beam pinned to fixed support at both ends.
Main beams are 14WF6l with I of 641.5
Support beams are SKF17 with I of 56.4

Grillage system is identieal to thet of Problem Ome. A1l dimsnaioﬁs are the sams.

Figure 96. Problem Thres Grillage System

25T



Loads
V Trial
M Trial
Gorr M
M

M/ET

E.C. M/EX

Slope
Y
Corr Y
X

Main Beam
30

Support
Besm Y

.A—
0 -2
0
0 0
0 1.66-
0 1.66
0 -1.66
-1.66 -7.96
7.96
0 7.96
0 8.48
0 - 16.44
0 0.246
0 1
0 2.8
0 1

-2
3.32
1.32

-1.32

-7.92

7.96

16.96

24.92

0.373
1.518

4.24

1.514

-4

4.98

0.98

"0 a 98
5,88

-7u92

0.04

£25.44

25,48
0.381
1.55

4,34
l¢55

-2

6.64
0.64
-0.64
.3.84
_13.8
-13.76
33.92
20.16

0.301
1.285

3.43
1.225

-8
8.3
0.3
-0.3
-1.84
-17.54
~31.4
42.4
11

0.1645
0.668

1.87
. .0.668

-19.48

-8

o w/m
-0.3 1%/6EI1
n3/sE1
~50.88
50.88
o 1%/

Q inches
0 inches
0 inches
0 inches

Second deflection line gives deflection values in inches for a one inch deflection at division

two.

Figure 97.

This deflection is caused by a load at divisiorn two.

Problem.Three - Deflection Ratio Caleulation

4 A



Point Point A |
2 1 )

VAN | VAN

Loeds ) g 0 o c{ 1.2 0

. V Trial 0 s -8 -8 -8 6.8

MTrial 0 0 -8 -16 -24 w32 8.8 |
Corr M 0 .46 12.92 19.38 25.84 32,3 38.8 h
¥ 0 6.46 1,92 . 3,38 1.84 0.3 0 n
M/EI 0 ~6.46 4,92 -3.38 -1.8¢  -0.3 0 B/EI
E.C. M/BI -6.46- -30.76 29,52 -20.28 -11.04 -3.04 0.5 W2/6EI
Slope . §0.28 29.52 0 20,28 31,32 -34.36 1 /GBI
Y Trial 0 60.26 89.8 89,8 69.52 28.2 3.84 h°/6EI
Corr Y 0 ~0.64  -1.28 -1.92 -2.56 3.2 -3.84 h°/6EI
T o 59.64° 88,52 8.8 66.96 35 0 n3/E1
Y 0. 0.895 1.323 1.312 1.0 0.524 0  inches
Corr ‘A’ 0 0.098 0.1486 0.152 0,12 0.0655 0 inches
Corr *B* 0 0,019 -0,0348 ~0.044 -0.043 -0.0284 0  inches

Total 0 0.972 1.4368 1.42 1.077 0.5611 0 inchea

Figure 98, Problem Three - Beam B-B Cyocle 1
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In the correction configﬁration method the deflections of cross beams
at the nodo-pointswmnat=£ewaveraged*by-some-nnthod. The beat method
18 to aversge according to the relative deflection thet an equal load
causes on each beam or—in=this-pqrficu1ar cass according to the relative.

1 valﬁé'(this is the-aams-as;averaging sccording to relative deflections).

641.5 / 56.4 equals 11.4 Tius the main besm is 11.4 times ss stiff es

the support beam if the grillage comnection is ignored.

$41.5 / (641.5+56.4) = 91.9% *
56.4 / 697.9 = 8,1% |
Therefore proportion as follows:

91.9 per cent of the main besm value

8.1 per cent of ths support besm value

Figure 98 correction values were obtained as follows:

0,972 - 0.893 = 0.079 o 0.561 ~ 0.524 = 0.037

0.079 = A4+ 0,668B

0.037 = B+ 0.6684

Solving similteneously gives: A = 0,098 B s -0.0284
These velues were multiplied by the deflsction retio figures of Figure 97

to obtain the values recorded in the correction lines.

Figure 99. Problem Three - Deflection Proportion & Corr



Loads 0 1 0 ] 0 0 -3 0
¥V Trial ¢] 1l 1l 1l 1 -1 .

MTrial O 0 1 2 3 4 3 h
Gorr M 0O 0.5 -1 1.5 00 -2 2.5 -3 b
M 0 -0.5 o 0.5 1 1.5 0 n
M/ET 0 0.5 0 -0.5 1 15 0  h/EI
E.C. WEL 0,5 2 o -3 -6 . -1.5 h3/GEI
Slope -8 | 0 0 ' -3 -9 -16 h?/6EI
Y Triel O 2 -2 =y 5 14 -30 bO/6EI
Corr Y 0 5 | 10 18 20 25 30 hO/6EI
Y 0 5 8 13 15 1mn 0 b°/6EI
Y 0 - 0.511 1.363 2.218 2.5  1.873 0 inches
Corr 'A' O 0.553 0.839 0.857 0.678  0.369 0  inches
Corr 'B' © 0,849 -1.555 -1.97 -1.926 -1.87 0 inches

Total 0 0.215 - 0.647 1,105 1.312 0.972 O inches

Figure 100. Problem Three - Beam 2-2 Cyecle 1
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lPoint : : Point

_ 8 Jr1

/\ ' ' AN
Loads 0 -1 0 0 . 0. -0.8 0
V Trisl - o -1 -1 -1 -1 -1.8
MTrial = 0 0 -1 -2 -3 - 4 5.8 kb
Gorr M 0 0.96 - 1.92 2.88 . 3.8 4.8 5.8  h
M | 0 0.96 0.92 - 0.88 0.84 0.8 o h
WEI -0 - -0.96 . -0.92 -0.88 -0.84 0.8 o  hmr
B.C. M/EI  -0.96 -4.7 . . -5.52 . -5.28 . . -5.04 ~4,04 -0.8 -hzfsgl;-
Slope . 10.28 5,52 0 -5.28 . -10.32 - -1'4.35‘_' - nPeEx
¥ 0 © 10.28  15.8 15.8 10.52 0.2 1416
Gorr Y 0 2.36 4,72 7.08 9.44 ne 14.16
Y 0 12.64  20.52 22.88 - 19.96 12 o hP/6EI
Y 0 0.189 0.307  0.342 . 0.2984 0.1795 0 inches
Y Corr 'A' 0 0.05846 - 0.0885 0.0906 0.0716 0.039 0
Y Gorr 'B* 0O «0,0328  -0.0595  -0,0754 -0.0737 -0.0486 0
Total Y 0 0.215 0,336 0.3572 0.2963 0.17 0 inches

Figure 101, Problem Three - Beam A-A Cycls 1
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Loads

V Trial
M Triael
Corr M

M

M/EI

E.C. M/EI
Siope

| Corr Y

Y

Y
Y Gorr 'A'
Y Gorr 'B'

Total Y

0.681

Figure 102. Problem Thres - Besm 1-1 Gycle 1

Point Point
pe N
AN ' VAN
0 0.8 0 0 0 ~1.8 ¢
0 0.8 0.8 0.8 0.8 0.4
0 0 0.8 1.6 2.4 3.2 2.8 n
o -0.46 0,92 -1.38 - -1.84 -2.3 -2.8 h
0 -0.46. -0.12 0.22 0.56 0.9 0 . n
0 0.4% 0.12 -0.22 -0.56 -0.9 0 h/EX
0.46 1.9 0.72 ~1.32 -3.36 -4,16 0.9 n2/4EI
-2.68 -0.72 0 | -1,32 -4.68 -8.84 hz/SEI'
0 . -2.68 -3 -3.4 -4.72 9.4 -18.24 h®/6EI
5 3.04 .08 9.12 12.16 15.%2 18,24 W2 /681
0 0.36 2.68 5.72 7,44 5.8 0  n3/EI
0 0.0613  0.456 0.975 1.268 ' 0.988 0  inches
0 0.7099 1.074 1.1 0.869 0.473 0
0 -0.602 ' -1.103 -1.394 -1.363 0.9 0
0 0.17 0.438 T 0.774 0.561 0  inches
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Simultaneous corrsction equations for Fig, 100:

~0.296 = A+ 0.668B

-0.901 = B + 0.6684

Simultanecus correction equations Fig. 101:

0.026 = &4+ 0.668B

=0,0095 = B+ 0.6684

Simltanecus correction equations for Fig. 102:

0.1087 = 1A + 0.668B

-0.427 = 1B+ 0.668A

A = 0.553 B
A = 0,05844 B
A = 0.7099 B

i

Deflection averaged according to relative values of Fig.

Node  Value
BB-1 0.524
11-B 0,988
New vslue

BB-2 | 0.893
22-B 1.873
New value

Average
0.481
0,08

0.561 inches

0.82
0.152

0,972 inches

Value

‘Node
Ab-1 0.1795
114 0.0613
New value
Ap-2 0.189
22-@ 0.511
Neﬁ valus

149

"102?

! "0 0048‘

99, -

Average
0.165
Q.905

0.17 inches

0.174
- 0,041

0,215 inches

Use these values of deflections to start Cycle 2 and obtein loads.

Figure 103, Problem Thres - Deflection Average Cycle 1 .



1.077

Simltanecus equations needed to obtain values for angle change (M/EI) line,

4A+ B = -33.9

A+ 4B+ C
B+ 40+ D
C+4D + E

D+ 4E = -3

= -32.2

= «21.9

= "1105

Figure 104,

Solution
A= 7,187
B = -5.392
C - -3.855
D= .1.802
E = -0.277

Problem Three - Bsam B-B Cycle 2

_ T AN
Loads 3 -8.862 -0.002 0.026 0.148 - 1.338 0
v 7.127 -1.735 ~1.737 -1,766 -1.615 -0,277-
M 0 ?7.127 5,392 3,655 1.892 0.277 0 h
M/RT 0 --7.127 -5.392 -5.655 ~1.892 -G.277 0 h/EI

B & B c -~ D E

E.C. M/EI -7,127 -33,9 -32.2 -21.9 -11.5 -3 -0.277  nP/6ET -
Slope 5 31.1 -1.1 -23 -34.5 37,5 n?/6E1
Y 0 65 9.1 95 72 37.5 0 h3/6EI
Y 0 0.972 1.4368 1.42 0.5611 0 inches

0SSt



ralil D U S,

Loads 0 - 0.59 0.018 -0.024 -0.018 -1.048 0
v 0311 0.279 0 0.297 0.273 0.255 -0.793
M - @ - -0.311 - -0.032 0.265 0.538 0.793 0 h
M/EI o 0.311 | 0.032 -0.265 -0.538 -0.793 -0 h/EI
C & - B c D E

" E.C. M/BX 1.27 0.162 -1.49 -3.21 -3.71 | h2/6EI
Slops . 1.268 2.538 8.7 1.21 -2 -5.71 K2 /6ET
Y d, 1.262 3.8 6.5 7.7 5.7 0 n®/eEI
Y 0 0.215 © 0.647 1,105 1.312 0.978 0 inches

Simltanecus -equations neesded to obtain values for the angle change (M/Ei) line:

4A-+ B = 1.27¢ - ' Solutions
A+ 4B+ C = 0.182 A = 0.311
| | P = 0.032
B+ 4C+ D.= -1.49 ¢ = -0.265
o _ D= -0.538 _
C+ 4D+ E = -3.21 E = -0.793 : -

D+ 48 = -3, 71

15T

Figure 105. Problem Thrse - Beam 2-2 Cycle 2




l 2Po1nt T\ ‘L | T lPiint

X 0

Simultaneousﬂoqpationa

42+ B = -6.31

A+m+c -Gn‘a

B+44C-+D = -5.55
C+ 4D+ E = -4.33

D+ 4E = -3,94

0.215 0.3572 0.17 0

needed to obtein velues for the angle change - (M/EI) lirie:

Solutions:

= -1,303
- =1.098
0,94
=-B.708.
-0,5%8

Ho o
H W8 N n ot

Figure 106, Problem Three - Besm A-A Cycle 2

A _
Loads ) -1.508 0.047 -0,074 0.082 0.408 0
v 1.303 - -0.205 -0.158 -0.232 ~0.15 ~0:.558
M 0 1,302 1.098 0.94 0.708 10,658 0 h
M/ET 0 -1.303  -1.098 0,94 -0,708 -0.558 0 h—/ﬁI
A B c D E
E.C. M/EL -6.31 - -6.62 -5.55 4,33 -2.9¢ h®/6ET
" Slope 14.38 8,07 1.45 a0 sas ~11.37 02 /6E1
Y 0 14.38 22,45 23.9 19.8 11.52 o n®/6E1
0.336 0.2963 inches

2CT




S R
| _A

Loads 0 0.242 0.064 -0.054 0.014 -0.576
v -0.126 0.116 0.18 0.12¢ 0.14 -0.436
'} -0 ~0.126 -0.01 0.17 0.296 0.436
M/EI 0 0.126 0.01. - -0.17 -0.296 ~0.436.

A B c D E

'E.C. M/EI 0.514 -~0.082 -0.95 -1.79 -2.04
Slope 0.998 1.518 1,49 .54 ~ -1.25 -3.29
Y 0 0.998 2.51 4 4.54 3.39

RaN o 0.17 0.428 0.681 0.774 0.561

_S__m._nlteneo_u's -e-g_uationis needed to obtaln values for the ang_le change (WEI) line;

4A+ B = 0.514

. Solutions:
At 4B+ C =~ ~0.022 _ '
o A =0.126
B+4C+ D =~ ~0.95 ‘B = 0.01
’ . C = =0.17
C+4D+ E = -1.79 D = -0,296
' TE S -0.436

D 4+ 4E = -2.04

 Figure 107. Problem Three - Beam 1-1 Cycle 2

Q_

h/EI

" n®/eET

b2 /6EL
b8 /4ET

inches

€8T



Straight aversge of interaction loads:
Nods  Losd . . Nods  Load
'BB-1  1.338-up o BB-2 1,138 up

11-B 0,576_down 22-B 1,048 down

2| 1.914 _ 2 | 2.18

0.957 . o | | 1.093

AA-l 0,408 down o AA-2 1.508-down

11-4 0,242 up- . 22-A . 0.59 up
2| 0.5 _ B 2 | 2.09

0.325 ; | 1.049

Next apply- these-interaction-loads to -sach beam and then average the

resulting deflections to complete Cycle 2.

Figure 108, Problem Three - Cycle 2 Interaction Loads




Loads.
V Trial

M Trisl

) Icorr M

K
M/EX

E.C. WET
Slopi
Trial'Y.
Corr Y.

4

Y gorr ‘A
¥ Gorr 'B*

Total Y

LP?mt f ‘Potnt
- 2 |
0 -8.907 0 0 0 0.957 .0
~8.907 -8.907 -8.907 -8,907  -7.95 '_
o 0 -8.907 -17.814 26,721 -35.#28- -43.578 b
0 7.263 14.526 - 21.789 29.052 *3;.515.- 143;573.‘ h
o 7.263 5,619 3.975 2.331 0.487 0 b
o -maes -5.619 -3.975 -2,351 ~0.687 © eI
-7.263 34,671 -33.714 -23.85 -13.986 5.079  -0.687 HZ/GET
8.385 33.714 -23.85 57,636 | -42.915 ¥/emr
) 68.385. 102.099 102.999 78,249 40.413 —z;soa.n?/ézx
0 0.417 0.534 1.251. 1.468 2.085 2,502 1n3/6EI
o ¢8.802 102.933 103,35 79.917 42.498 o  n¥feEr
0 1.03 1.54 1.546 1.194 0.635 0 inches
0 -0.11445  -0.1735 -9.1%74 0,14 -0.0764 -0
o 10.0744 0.1365 0.1727 0.1689 0.11145 0
o 0,99 1.503 1.541 0,67

Figure 109. Problem Thres - Bsam B-B

1.223

v @ inchea
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Total Y

0,.5189

Figure 110. Problem Three - Beam 2-2

. T Point. Point
A B
Losds 0 1,049 0 0 o -1.093 0
V Trial 0 | 1.049 1.049 1.049 - 1.049 -0.044
M Trial . 0. 0 1,049 2,098 3,147 4,19 4,158
Gorr ﬁ:_ 0 -0.693 -1.384. -2.076 -2.768 -3.46 -4.152
i 0 -0.698 - -0.335 . 0.022 0,379 0.736 6
WEL o 0,692 0.385  -0.022 -0.379  -0.73% - 0
E.c,-uxﬁx__oassz 3,103 2.01 0,132 2,274 -3.32 0.3
" Slope -5.113 -2.01 0 0,132 -2,406 -5.729
Y Trial 0 -5.113  -7.123 -7.125 -7,255 -9.661 £15.39
Corr Y o 2.565 5,13 7.695 - 10.26 12.825 15,39
Y 0 -2,548  -1.993 0.572 3.008 3.16¢ - 0
Y o -0.4337  -0.3392 0.0974 0.5114 0.5385 0
Y Corr 'A* O 0.4372.. 0.6628. 0.67?6_ 0.5356 0.292 0
Y Gorr 'B' 0 0.1065  0.1953 0.2471 0.2417 0.15946 0
0. 0,11 1.082 1.268 0.99 o

inches

9GT



Point Point
X z3 . ' 1

Loeds 0 . -1.049 0 o 0 -0.325 0o

v 0 -1.049 -1.049. -1.049  -1.049  -1.374

M Trial o 0 -1.049 -2.098 3147 --4.;'19'6. -5.57 ‘h
_“Q_q.‘i:rr_M_ o ~ 0.928 _1-,3'_55__ 2.784 3,713 4.641 - 5.57 “h
u 0  ° 0.928 0.807 0.686. 0.566 0.445 0 h
M/EI 0 . -0.928  -0.807 -0.686 -0.566. -0.,445 @ . b/EI
B.C. M/EI -0.928 - -4.519 ~4,842 -4.117  -3.395 -2.346  -0.445 bP/GEI
Slope 9.361 4.842 4217 7512 -9.858 n2/6ET
¥ Trial 0O 9,361 14.203 14,208 10.086 2,574  -7.284 KWO/GEI
Gorr Y o 1.214 2,428 3,642 4._35@ 6.07 7.28¢ n°/6BT
Y 0 10.578 16.631 17.845  14.942 B.644 o  nd/m
Y 0 0.1582 = 0.2488 0.267 o_._azzﬁ 0.1293 0 inches
YCorr 'A* © -0,11923  -0.1807 -0.1848  —0.1460. -0.0796 0

Y Corr 'B* O 0,671 0.1302: 0.1648  0.1612 0.10634 -0

Total Y 0 0.11. 0.198 0,247 0.239 0.156 0 inches.

r;gg.__r:. 111, Problem Three -__Bpﬁm_\h-_-_il_
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Tptal Y 0

0.156

Figure 112, Problem Three - Beam 1-1

Point Point
S A [ VB
Loads 0 0.325 0 0 0 -0.967 0
¥ Trial 0 0.325  0.325 0.325 0.323. -0.632
M Trial 0 0 . 0,325 0.85 0.975 BRI 0.468 h
Corr M O -0.111 0.222 0,335  0.445 0.566  0.668 b
M 0 =0.111 0.103 0,317 ~ 0.58 0.744 0 h
_ M/EI o 0.111 -0.103. . -0.317 -0.53. -0.744 0 - b/ER
E.C. M/EI 0.111 - 0.341 .68 1,901 ~3,181 -5;50§ . -0.744 nB/GEI
Slope 0.277 0.618 0 -1.901 -5.088 ~8.588 n®/6E1
;Y;ffial. 0 ; 0.277. 10.895 0.895 -1.006 -$.088 -14.676 n°/4E1
Corr'Y 0 2,46 4.892 7.338 9.784 12.23 14.676 1°/4E1
Y o 2.723 '5.787 8.233 8.778 6.142 0 hP/6EI
Y .oj 0.4634 0.988 1.401 1.494 1.045 @ inches
Y Gorr 'A' O -0.1027 -0.1556 -0.1591  -0.1258 -0.0686 0
Y Corr 'B' O - =0,2047. ~0.3754 -0.4749  -0.4645 -0.30644 0.
| 0.454 0.747 0.9037 inches

0.67 0
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Simlisnecus correction equations for Fig. 109:

-0.04 = A+ 0.668B

10:035 = B+ 0.6684

Simltaneoﬁs‘.corrqction equations for Fig. 110:

0,5437

09:4515

A+ 0.668B

B+ 0:6684

‘Similteneous correction equetions for Fig 111:

-0,0482 = A4 0.668B

© 0.0267 = B 0.6684

Simhlteneous correction equations for Fig. 112:

~0.3074 = A+ 0.668B

 -0.375 = B+ 0.668A

__.Averagc_ .of deflection values as follows:

Node . Deflection
BB-1 - 0.635
11-B - 1,045
New value
AE-1 0.1293
114 0.4634
New vsalie

Cycle 2 is now completed.

Eigura -113. P_roblcm Thres - Deflection Average éycls 2

= 0.11145

159

A = -0.11445 B =
A = 0,4372 B = 0,15946
A = -0.11923 B'= ©,10634
A = =0,1027 B 3.-0,30644
_Ave_'z_-hge' _ 'Node  Deflection Average
0.583 BB-2  1.03 0.947
1 0.084 22-B  0.5385 | 0.044
0.667 0.991
0.1188 Ap-2  0.1582 0.145
10,0375 28-4  =0.4337 - =0.035
0.1563 0.11



el S R S
AN _AN

Losds 0 -8.0182 0.0656 - -0.065 0.0862 0.0002 0 ]

v 6.6488 -1.3694 ~1,3038 -1.3694  -1.3032 -1.303

M 0 6.6488 5.2794 3.9756 2.6062 1.303 . 0 h

meI 0 -6.6488  -5.2794 -3.9756 2.6062  -1.303 | 0 h/EI

_ A B . c D E

| E.C, M/EI -31.8746 -31.7408 -23,789 -15.7034  -7.6182 n?/6E1

Slope 66,1547 34,2801 2.5393 -21.2497  -36.953  -44,7713 n?/GET
Y 0 66,1547  100.4348 102.9741  §1.7244  44.7713 o  nd/eEI

Y 0 0.99 1.503 1.541 1.223.  0.67 O  inches

Simn]tanecus equations needed to obtain angle change (M/EI) line ',v_aluea:'

4A+ B = -31.8748

: : Solution:
A4 4B+ C = -31.7408
' Az -6.6488
B+4C+ D = -23.789 B = -5.2794
. ¢ = -3,9756
C+4D+ B = -15.7034 D = -2.8062
E =z -1.303

D +4E = -7.8182

Figure 114, Problem Three - Beam B-B Cycls 3
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Point Point

._ fa T | T 2

A

Loads 0 0.7387.  0.0038 - -0.0102 0.012 - - -1.207% 0
v | Qa.use £ 0.3329 0.3247 0.3165  0.328% -0.8788 .

M 0 -0.4158 = -0,0929 -_-072$38 0.5508 0.8768 0
‘M/ET 0 .0.4158  0,0929  -0,2338  -0,5503  -0.8768 o

- _ A B c D E

“E.C. M/EI ' 1.7561 - ©0.5534  -1.3929  -3.3136 = -4.0654

siope 0.6462 2.4023 2.9587 1.5628 ;1._75_03.' -5»_81‘2
Y 0 0,6462 = 3.0485 §.0042 7.567 5.8162 0

0

T Q 0.11 0.5189. 1.022 l.288. 0.99

Simulteneous: equations needed for ghg_la change. (M/EI) line values:

A+ B = 1.7561

o : Solution:
A+ 4B+ € 5 0.5534
a : A = 0.4158
B+ 4C+ D # -1.3929 B = 0.0929
- \ - ‘€ = -0.2338
C+ 4D +E = -3.3136 D = -0,5503
' ) E.s -0,87879

D+ 4F = -4,065¢

Figirs 115, Problem Three - Beam 2-2 Gycls' 3

b/EI

Be/6ET

n?/6ET

y"'_/s_EI,

inches.
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Similtaneocus equations needed to obtain values for'.the angle change (M/EI} line: .

4A+ B = -1.4701
At 4B+ C = -2.6061
B+4C+ D = -3.8089 -
c+1n+3--&mn

D448 = -4.878

1

Solutions:

-0.2606
-0.4277
= ~0.8347
- -0.842
-1.009

LRI S
TR B

E;guroi .116. Problem Three - Beam A-A Cycle 3

i?gint T T L_ l?;int
‘Loads 0 ~-0.0935  0,0399 0.0003 -0,0403 -1.176 0
v 0.2606 0.1671 0.207 0.2073 0.167 ~1.009
M 0 0.260% 0.4277  0.4347 0.842 1,d99 0 h
M/ET 0 -0.2606  -0.4277 -0,6347 -0.842 -1.009 0 h/EI
A B e D E
E.C. M/EI -1.4701  -2.6061 - -3.8089 -5.0117 -4.878 ha/sEI
Slope - 7.3505 5,8804 3.2743. -0.534% -5.65463  -10.4243 1% /6ET
Y 0 7.3505 13.2309  16.5052 15,9706  10.4243 0O 2 /sET
Y 0 0.11 0,198 0.247 , 0.239 0.156 0  inches
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Point J( T l Point

| a | o i
Losds @ . 0.396 -0.0065 0.0073 = -0.8062  -0.7359 - o
v .- 042051 - ©.1915 0.185 0.1923 0.1861 -0.5498
) o -0.2051  -0.013& 0.1714 0.3637  0.5498 ©  n
M/ET. o 0.2051 - 0.0136¢ - -0.1714 -0.3637  -0.5498 0 h/EI
'. | | A 3 r oo T :
E.C. M/EI - 0.8342 0.0882 -1.0358 -2.1761  -2.5632 n®/6ET
~ slope - £ 0.91465 1.7507 1.8389 0.8031  -1.873 = -3.9862  h°/GBI
Y 0 0.9165  2.6672 4.5061 '5.3092  3.9362 o n%/6Er
Y 9 0.15% 0.45¢ 0.767 0.9037 | 0.67 0 inches

' _Sim1tanequs-9qﬁatio_n-fs---needed to obtain values for the engle change (M/EI} lipe:

4A+ B = 0.8342

Solutiona:
A+ 4B+ ¢ = 0.0882 o '
A ' A = 0,208615
B+ 44+ D = -1.0358 B = 0.013¢
' o ¢ = -0.1714
C+4+E - -2.,1761 D = -0,3837
I E =

_ -0.54987
D+ 4 = -2.5632 L

291

Figure 117, Problem Thres - Beam 1-1 Cycle 3




_ Straight average of interaction loads:

- Node

BB-1

ilf_.lB_'

Node

Ah-1

11-a

Yalue o | Nods
£ 640002 up - ' BB-8
_03?559 down ; ' _22-B
2 |_of?351 2
o 0.368
Velue | Node
| 1.176 down AA-2
© 0.3966 up 22-A

164

Yalue
© 1,9818 up

1.2073 down

3.1891

1.594

- VTalae

0.0935 down

- 0.7387 up

2 ‘ 1;5?26 2 | 0.8322

-o,?aé

O.QBGT

0.416

Figurk 118, Problem'Thrcq - Interac¢tion Load Average



.~ Loads

v ffia;_
‘M, Trial
Corr 1

M

M/ET

E.C. M/EI
Slope

Y Triel
Gorr ¥

¥

Y .

Y Gorr ‘A’
Y Corr 'B'

Total Y.

‘Point | - 4 Point

2 . . L1 -
o | | | _A
-8.406 0 0 0 0.368 - o
_8.406  -B.406- . -8.406 -8.406-  -8.038 .
o -8.406  -16.812  -25.218 -  -38.62¢ -4l.&62 b
6.9436. | 13.8873 - 20.8309 - 2701946- 34,7183 415652- n
 6.9436 | 5.4813  4.0189 _235556; 1.0943 0 h
1“r9‘3" -5.4813  -4,0189  -2.5566  -1,0943 0 b/EI
| -33.2557 32,8877  -24.1135 -15.389. . -6.9338 | -1.0943 h¥/6EI
66,1434 32,8877 0 840135 -39.4581 463869 B3/GEI
66.143¢4 99.0314 99,0314 74,9179 | 35.;548 -10.9221
1.8203 -5;6407 5.461 7.2814 : _9}101+ 10.9221
 67.964 108.6781 '104f4994 82,1993  44.5665 e n®/6ET
1017 1.5365 15637  L.as01 '_o.sssg [ 1ncy§g
_9;2107 0.3194 - 0.3266 . 0.2581 0.1407 0.
-0.1427 -0.2616  -0.3311  -0.3288  -0.2136 )

- 1.085 1.5943 1.5692 1.1644 0.594 0 inches

Figure 119. Problem Three - Beam B-B
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Loads

M Trial. .

Co:rﬁMi

M/EI

E.C, M/EI
Slops.

Y Trial
Corr Y

Y

; Y-

Y Corr ‘A’
Y -Corr 'B*

Totel Y

Poirt | _Point

. A | B .
o 0,416 o ) 6 -k5% 0
0 0.416 ‘.16 0,416_ 0,416 -1.178
0 o 0.4 0.832 s '1&64 0.486
-9 _-’6,081 _-o,lus'a =<0.243 -0.324 | -0.405  -0.486
0 ~0,081 0.25¢ 0.589 0.924 - 1.259 G
0 0.081  -0.25¢ -0.589  -0.924 ~ -1.259 0
04081 0.07 ~1.524 - -3.534 -5.544 __-5._9; -1.259
4,988 | 5.058 3.534 0 . 5.5 -11.504
0 © 4.988  10.046 . 13.58 13.58 8.03% - -3.468
) 0.578 1.156 1.73¢ 2,512 2.89 - .48
o 5.566 1i_.20_2. 15.314 15.892 10.926 0
Ny © 0.9474 1.9@6‘7' 2.6066 2,705 - 1.8597 0
0 0.4412  -0.6668  -0.6838  -0.5404  -0.2947 o
o 0.3206  -0.588 0.744  0.7877.  -0.48 0
0 0.1856 0.6499 1.1788°  1,4369 1.085 0

Figure 120. Problem Three - Beam 2-2

h
k

h

-
h?/6EI

18 /6ET -

n®/6E1

hé/4EI

n3/sE1

inches

inchea
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g ar o mm . pm A T o Sy —f

Y -

JlPoint' . L‘Pomt
2 _ YL

Loads o ~0.416 0 0 o o8 o

v | 0 . -0.416 - -0.416 - -0.4% 0.4 -l.202

¥ Triel o - X T .46 -0.888  -1.348. 1664 -3.866 - h. "
Corr ¥ 0 0.4776  0.9553 . 1.4889  1.9106 - 2.388 2.866 B
M 0 0.4776  0.5393 0.6009  0.6626 - 0724 0 b
M/EI e 0.4776  -0.5298  -0.6009  0.6626-  -0.734 0  b/EI
E.C. MEIT -0.477  -2.447  -3.2357  -3.5055  -3.9750 . -3.558¢ -0.72¢ hZ/EI
‘Slope. - 9.2909 G.8alz  5.6055 O . -3.9753  -7.5339 n?/6EI
Yoriel 0 9.2009 16,1321  19.757%  19.787  15.7623  8.2284 h°/GEI
Y Corr o -1.3714 -2.7428  -4.1142 - -5.4856 ~6.857 -8.2284 n8/6EI

0 7.9195  13.3695  15.6254  14.352 8.9053 o  n¥usEr

Y 0 0.1185  0.2003 o.gssé 0.2183 0,133 0  inches
Yoorr tA' O 0.2082 0.3156 0.3227 0.255 0.1391 0

Y orr 'B' 0O 0.1411  -0.2588  -0.8275  -0.3208  -0.2113 0

Total Y 0 0.185%¢  0.2571  0.289 = 0.148  0.06l 0  inches

Fi_guro 121. Problen Three - Beam A-#
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TPgmt \LPQ.’gnt
A B X
Loads o 0.786 9 0 @I  -0.368 0
v 0 0,786 0.78 .  0.786 0.786 0.418
M Tr-i_al 0 o 0.786 1.572 2,356 3,144 3.562
Corr M 0 \._....o.-,sgzé  -1.1873 ~1.7809 -2.3746 -a.'gses - -3.562
M o ~0,5936  -0.4013 -0.2089 -0,0166 0.1757 0
M/ET - .'9.5_955 0.4013 0.2089 0.0166 -0.1757 0
E.C. WEI 0.5986  2.7757  2.4077 1.25%5 0.,0996 -0.6862  -0.1757
Slops -5.,1834 - -2.4077 0 1.2535 1 .3_531 0.6669
Y Trial 0 . -5.1834 -7.5911 -7.5911 $.3376  -4.9845 .-4._3176
Corr Y 0 10,7198 1.4392 2.1568 2.8764 3.598 . 4.3176
Y _ é-_ -4.4638 . -6.1519 -6,4323 -3.4598 -1.3865 0
Y 0 1 -0.7598  -1.0471 -0.8246  -0.5888  -0,2359 )
Y Corr 'A' 0 0.4811 - - o."zzga 0.7457 0.5893 0.3213 0
Y Sorr 'B' - 0 0.3397  0.6229 10,7882 0.7709 0.5085 0
Total Y o 0,061 10.3051 o.sa.éz_s 0.594 0

0.7714

‘Figure 122. Problem Thres - Beam 1-1

h

b

h/ET

n?/6EL

h®/6ET
b’ /GBI
b/6ET
*/em

inches

inches
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Simultaneous correction equations for Fig. 119:
0.068 = A 0.668B

-0.0729 = B 0.6684 . | ‘A = 0.2107

Similtenecus correction equations for Fig, 120:

-0.7618 = A 0,688

-0.7747

Simulteneous correction-equations for Fig 121:
0.0871 = A  0.668B

-0.0782 =B 0.6684 = AT 0.2082

Simlteneous correction -eguations for Fig. 122:
0,8208 = A 0.668B

0.8299 = B~ 0.6684 A = 0.4811

_ _,qulc@tion'-éverage according to Fig. 99 values:

'- Hod_e Yﬁluo - Average - Node  Value

‘BB-1 0.6669 0.6138 . BB-2  1.017

11-B -0.2359 _-0.0181 - 22-B 1,859
05937

A<l 0.1332 - 0.1224 AA-2  0.1185

11-A -0.7598 -0.0615 . 28-A 0.947¢
0.0609

This completes Cycle 3,

B @u “BA A - . "0 o“lg

v+
H

of
1

- =0,21366

-_"0%48

= -0,2113

bl
l

0.0085

:m ’
"

Aversge
- 0.9348

0.1506

1.0852

9,1089
.,@.@7_6?_

10.1856

Figure 123. Droblem Three - Deflection Average Cycle 3
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Point | ‘Point

S S N SO S & iy

Loads 0 -10.1321  -0.0342  ©0.018¢  -0.0051 2.1463 0
_# | . 8.1004 -2.0317  -2.0659 ~2,0463  -2.0514 0.0949
¥ 0 8.1004 6.0687  4.0028  1.9565 -0.0949 0  h
QVE; e -8.1004 -6.0687  -4.0028 -1.9566 0.0949 0 h/ET
A B B D B |
_E.C. M/ET - ~38,4703 -36.3781  -24.0363 _-11,?341 _-1.5#7 ' . ha/SEI;
s;opo' 72.503 34,0327 -2.3464  -26.3817  -38.1158 -39.6928  h3/GEL
X K] 72,508 106.5357 1041903 77,8086 39,6928 o . nd/eEI
Y [ | 1.085 1.5943 1.5592 1.1644 0.5%4 0 . inches

Simltanecus equations needed to cbtain valuss for the angle chﬁhgc jMfEI) line: .

4A+ B = -3B.4703 -

: Solutions:

A+ 4B+ C = -36.3781 - .
_ A= ~8.1004
B+ 4C+ D =.-84.0363 - B = -6.0687
' : - g = -4,0028
C+ 4D+ E = -11.7341 D = -1.9565
"E = 0,09489

D+ 4E = -1.577

Figure 124, Problem Three - Beam B-B Cycle 4
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(I !

!

l Point

A | - _’B —

_Loads o 0.7249  -0.0049  0.0081 . -0.0054  -1.2562 = O

v -0.3937  0.3312 . 0.3263 0.334¢  0.339 -0.9272

M @ 0.3937  -0.0625.  0.2638 0.598  0.9272 - - n

MEI @ 0.5937  0.0625  -0.2638  -0.5982  -0.9272 @ - b/ET

- g . A B G D E

2.0, WEI . 1.6373 0.379¢  -1.5909  -3.5838 -4.307 n®/6E1
_Slope 1.090¢ '_2;7277 3.1073 1.5;64 | -2.0674  -6.3744 b2/6E1

Y 6  1.0%4 3.8181  6.925¢  8.4418 . 6.3744 o  nd/eEI

Y o 1 0.1856 0.6499  1,1788  1.4369 1.085 0 inches

Si@.ll‘_aaneoud correction equations for values of anéle change (M/EI} line:

4A+ B = 1.6373 - -
- - Solutjon:
A+ 4B+ € =-0.3796 :

o T A <.0.3937
B+4¢ + D = -1,5%09 B = 0.0625
: o ' _ ¢ = <0.2638
6+ 4D+ B = -3,5838 D = -0.5982

E -

D+ 4B = -4.307

Figure 125. Problem Three - Besm 2-2 Cycle

-0,9278

e
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Polint - pPoint
A S

_simltaneous equat-ilona--
'-4A+ B = -7.6245

AT 4Bt € =:-6.6655
B4 4C+ D = -3.5349 - -.
q+m+m=«mw1

D4 4R = 1,7374

AN

Loads . - © -2.1483  0.0003  -0.0055  ©.0086 0.9668 0

# ©1.6288 - -0.5195 ;9.5192 ~0.5247  -0.5161  0.4507

¥ o 1.6268  1.1095  0.5961  0.0654  -0.4507 0 h
W/ET 0, -1.6888  -1.1093  -0.5901  -0.0654 0.4507 0 B/ET

A B 3 D " E o -

E.C. M/EIL. -7.6245  -6.6555  -3.5349  -0.401 1.7374 12/6E1
‘S1ope 12}4@23 4.7778  -1.8777 -5.4126  -5.8136  -4.0762 b2/6EI
Y o | 12.4023  17.1801  15.3024  9.8898 - 4.0762 o  nd/eET
Y o - 0.1856 0.2571 0.229 o.;4é.  o.061 ©  1inches

needed to obtain values for the angle change (M/EI) _i‘ine':

- Solution:

-1.6288
= -1,1093 -
29,5901
- -0,0654
0.4507

Hu'lc:n:u:n-
Wwowonw e

' Flgure 126. Problem Three - Beam A-A Cycle 4
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T‘éqinr r LI

A | ‘B

Loads 0 0.4477  0.0072  -0.0108 0.0078  -0.7271 0
v 0.9 0.8 0.1 0.2 0.198 -0.5291

n - 6 -0.2539  -0.0601 0.1409  0.3311  0.5291 0o n
M/BI o 0.2539 0.@69_1 -9.1409 -0.3311  -0.5201 @ hn/RI

A B S D S
E.C. M/ET 1.0756  0.3532  -0.8349  -1.9945 -2.4475 n? /6ET

_ Slope 0.3584 1,434 1.7872 0.9523  -1.0422 -3.4897 12 /6E1
Y o 0.358¢  1.7924 3.5796 45819 . 3,4897 o  b¥eEr

Y 0 0.061 0.3051  0.6093 0.7714  0.594  ©  inches

Similtaneous needed to obtain values for the angle changs (H/EI) line:
44+ B = 1.0756 |
aAt+4te

BY4ac+ D

SO__l_ut. ion:

-0.3532 S
| = 0.25389
0.0601
-0.1409
-0.3311
-0.529098

-=0.8349 -

Ct+4abt+ B =-1,9945 -

BOYOwr -
"R

D+ 4B = -2.4475

Fig_u-re 127. Pr_oblém __‘_I‘hrae - Beam 1-1 Cycle 4
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Average of interaction loads:

‘Node Load

AA-1 0.9868 up
1lf$ -9:3532;22 |
o 9.2595.up on AA-1
down on 1ll-A
Node 'Logd
33-1 .2.1463”up .

1i-B 0.7271 down

1.4367

0.21??

Node

AA-2

22-A

Nod

- BB-2 -

_22-B

174

Load o

2.1483 down

6,7349 up

- 1.43686

.Logd

- 0.138% down

1.2562 down

T

1.4366

0.562 up on BB-2
dowm on 22-B

1.4867

Figure 128. anblem_Thrqe_-JInt@raQtion-Load Averege Cycle 4
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Problem Throe. - Bear_n B=-B

Point Point
r 2 1 _
0 -9.438 o o 0 1.44 0
0 -9.438  -9.438 -9.438 .59;433 ~7.998
0 0 - -9.438 _-18.376 -28.314  -37.752  -45.75
o 7.625 15.25  22.875 30.5 38.125  45.75
0 7,625  5.812 3.999 2.186 0.373 o
° -7.625 -5.812 -3.999 -2.186 50f3?3;' o
*7;625--~~ww-§sf312-~-5f54;avzq - -23.994 13,116 3.678 -0.373
71.184 - 34.872 0 -23.994 . --37.11  ~40.788
o 71.184 106.056 106.056 82,062 44.952 4.164
e -0.694 -1.388 -2.082  -2,776 -3.47 ~4.164
) 70.49 10¢.668 103.974  79.286 41.482 o
[ 1.0548 1.5663 1.5659  1.1865  0.6207 o
Pigure 129.
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}nada
Shear
U Trial

COr: M

W/ET
B0, wE
Siope
Y Trial

Gorr ¥

T_Point Point
: el
—A l VAN
0 1.44 0 0 0 -0.562 0
0 1.44 1.44 1.44 1.44 0.878
0 0 1.44 2.88 452 5.76 6.638
-9 - -1.106 -2.212 -3.318 -4.425 ;5.531 | -6.638
o - - -1.308  -0.772 -0.88  0.205  0.229 . 0
o 1.106 0.772 0.438 0.108  -0.239 0
1.106 5.196 4.632 2.629 0.629  -0.811  -0.229
© -9.828 -4.632 0 2.629 | B.288 2.447
o -9.828 '-14._.;4_6 - 1446 -11,831 8578 -6.126
o 1,021  2.042 3.063  4.084 5.105 | 6.126
e -8.807 -12.418 : -11.397  ~7.747 3,468 - O
o 1,499 -2.10%0 -1.9399  -1.3186 0.5%08 0
Figuro 130. Problem Three - Bsam 2-2

b/EI
n®/6ET

u?/eny

n’/6ET

n®/6E1

n%/6R1

ih§hos

94T



Loads '

IShsaf_

M Triel

Corr M
M.
MET

E.C, M/EI -1.156

S_ldpé

Y
Corr Y
¥

T

Po
1

int

1.156
1.156
+1.153
5,497
10,734 5.257
10,734
-0,218
10.518

0.1574

- 1 044
2,313

0,073

-6.875 . -

-5.237.

15.971

“1044

_gfag
3.469

0.589

"ﬂ_gfggg.

..-5;535.

15,971

 -0.648

-1.44
432
ess
0.@95 |

-9.306

. -1.836

~3.535 . -5,371
121436'

=0.864

-1,44

0.26. .

5,76

5.783

0.023

-0.023

7.065
-1.@3
5.985

0.0896

A

-1.18

-6.94
6.9¢
0 .

0

-5.769
1.296
~1.296
0

0 .

-+ =0,023

h

h

"
/81
h&/ﬁﬁ;
hgqul .
B®/6ET
b /6ET
n’/681

iﬁches

F;gufp_léi; “Problem Three. - B,;m_gfg_

44T




.Ppinﬁ : : |Point
A _

quds ' o - -@,26 - o ! o o ;1b44.._ 0

Shear - -e._' - -0.26 .-e._-,zs'.. . -0.26 ~0426 1.7
H.___‘]_'._‘r_ial.. 0. 9 -0.26. '-e-,.s_e - 0,78 ' --.1_.9'_4- -2.74
corr ¥ 0 0.456 0.913 1,369 1‘.@36 2.265. - 2.74
M - 0.456  0.653  0.849 1.046 1.24% °
M/EL 0. -0.486 . -0.65B - -0.849 -1.046  -1.243 0.
E.C. M/ET -0.456 = -~ -2.477 . .=3.917 = 5,095 -6.,876 = '~6.018 = -1.243
Slope 1489 9.012 5.095 0 -'5'.'.3_75 -12,294-

Y 'f_z‘-iél | _11_;._489.. - 20,9501 25.59.5_- 25.596 19.32 7,026
Corr Y 21171 -2.342 -3.513 -4.684 5,855 -7.026

Y 10,218 | 13,465 0

© o © ©

¥ 1.7562 | - 2.2919 0

Figure 132. Problem Three - Beam 1-1
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179

_-_Dq?fielct'ion'_ velue average according-to Fig. 99:
Node  Valus - = Average Node Value | A-?eraige
BB-1 ©.6207  0.57 BB-2 -  1.0548  0.969
11-B 2.2919 . _0.185  22-B -0.5903  ~0.047

0.755 - - 0,932
A<l 0.0896  0.0823 AA-2 041574 0.1446
11-A L7862  _0.1482 22-5  -1,499 -0.1214

0.2245 | . 0.0232

This completes four oycles of operstion. Plots of both' deflection

and interaction losd valués follow.

Figure 133. Deflsction Average Cycle 4 of Problem Three



]
©
Il
&

&
/

- ':':nteraction'.Légd fg_ltyq

i
[
L

1.

14367

Node BB-1
11-B

1.594

Node BB-2
" 22:B

0,562

~0.786

Hode AA-1
R Sy

Node 44-2
T 28-A

-0,416

2 I _ ] 3 | L *.
Cycle Number

Flgure 134.. Problem Thres - Interaction Loed Graph




Deflection VgluQ'inJInches

~ Node

Node

BB-1
11-B

Node

BB-2 -
22-B

AA-2

22-A.

Node

Ak=]

181

0,755

. goﬁ? ‘_//—.
— __‘___ T

J.__ R
0,561 0.594

1.985

0.922

9.215

0.061

, 1
: g
Cycle Number

Figure 135. Problem Three-- Deflection Graph
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182
Interpolation of interaction loed values :

BB-1 0,957 10,368

1I-B_0.368 _1.4%6 2(0.662) = 1.524

2 |1.325 2 |1.804 | . 0.902

0.662 0.902 3 ‘2.226

0.742 = New value

BB-2 1.093 1.594

22-B 1,594 0,562 2(1.343) = 2.686
o — | 1.078

2 206&7 8 [2-156

_ 3| 3.764
1343 1.078 S
L 1.254 = Rew value

AA-1 0.325 0,786

11-A 0.786 . Q.26 ~ 2(0,555) "® 1,11

2l 1,111 2 |1.046 0,528

0.555 0.585 | 5151;635

.0,544'=;N§w'vaiuq

AA-2 1,049 0.416

22-A  0.416 . 1.4 2(0,732) = 1.464

g_llbéss 2-' 1.e86 _0.928

. 0.782 © 0,928 3 |-3,392

0,?9?.;-Hew~valﬁe

| Figure 136. Problem Three - Interaction Load Interpolation



' _Intgr_poiatiorr of deflection values:

EB-1 0.67 0.5%4
11-B 0.594 0.755

2 | 1.264 2 ‘ 1.349

0.632 0.674

B2 0,99 . 1.085
28-B  1.085 0.922

'2Jszgav5_

1.037 - 1.008

AA-2 0.1 9.1856
22-A  0.1856 0,033

2| 0,2956 2| 0.2086

0.1478 0,1043

AA-1 0.156 0.061
11-4  0.061 .  0.224

2| 0.217 .2:f®.235 .

0.103.' 9,142

:

2(0.632) = 1.264
0.674

3N 1.938

D.646 = ;-Ncﬁ value

2(1.037) = 2,074

1.003 -

1,026 = New value

2(0.1476) = 0.2956

0.1043

'3_| @fgggg

0.133 = New value

2(0.108) 7 0.216

0 0114_2 ’

3| 5,358 @

© 0.119 = New value

13
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Point

Point

|2 Beam B-B 1 |
AN AN
Y o 1.026 0,646
Load ' X Y
0.123X + 0.08B2257.1.026
0.08285X + 0.123Y.=.0,646
X = 8.7348 down Y = 0.5882 up |
A . Beam 2-2 B
AN
Y | 0.133 1.026
Losd X Y

1.4X + 0.935Y = 0,133
0.935X + 1.4Y = 1.026

X = 0.7119 up

Figure 138. - Problem Three - Besm B-B & Besm 3-2 Cycle 'S

Y = .1._,2083_down

BT



|Point.
a Beam A-A

Point

'Y. ] 0.133

Losd x

0.125x+ ©0,08225Y =.0.133

- 0,08225X 1 0.123Y = 0.119.

X = 0.7856 down

Point o
1 A Beam 1-1

0.119

.= 0.4422 down

-Point
B

A

Y - 0.119
Load. : X

| 1.4X + 0.935Y %-0_5119 -
0:935K T 1.4 = 9,646

X = 0.4028 up

Figurs 139. Proble_m Three - Beam A-A & Beam 1-1_Cj'cle 5

©.646

¥

.= 0.7305 down

g8T



.Node

BB~

11-B

Load

@.5882 up

0.7305 down

1.3187

0a§59-=;ﬂew-yaluo

0.4422 down
0;40381up

0 .8450

. 0.422 = New value

Nbde

BB-2.

22-B

AA-2.

B2-A

186

Load

1.2652 up

1.2083 down

 2.4735

1.236 = New value

0.7856 down
027119 up

1.4975

0}7;8 *_Ngw‘va;uo

Figurs 140, Problem Three - Tnteraction Loed.Average Cycle 5




. l Point TPoint
i 1

A —T | _A

Loads 0 -8.764 o o - o - _0,559_ 0

¥ Trial 0 -8.764 = -B.764  -8.764 . -B.764 -8.105

M Trial 0 e -8.764 -17.528 . -26.292  -85.086 - ~43.161 B
Corr M o 7,193 14.387 21.58 28.774 - 55,96"7 43.,151 h
M o - 7.193 5.623 4.052 2,462 - 0911 0 b
M/ET o 7195 -5.623 -4.052 -2.482 -0.911 o  nB/El
E.C. M/EI -7.198  -34.305  -33.737 - -24.318  -14.891  -5.126 -0.911 h?/6ET
Slope 68,182 | :53._,75?-- 9 ~24.313 -39.204 _-45._33_ h?'/éE;
Y 0 68,132 . 101.869 101.869  77.556  38.35% -6.978 h®/6ET
Corr Y 0 1.163 2.326 3.489 4.652 5.815 6.978 h3/$E_1
Y 0 69.295 : 44.167 o . n¥/6er

Y 0 1,0369 | 0.6609 O  inches

Figure 141. Pz_"oblém'_'r_hree ~ Beam B-B Cyele 5

481



Point

Figur 142. Problem Three

~ Bean 2-2 Cycle 5

. J{.Pﬂnt. |
A B
I\ ' ' VA
Loads . 0. 0.748 0 0 Q -1.236 0
V Trial 0 0.748  0.748 0.748  0.748 -0-_;;-48_3- _
M Triel o 0 - 0.748 1,496 2.244 2.992  2.504
Corr M o -0.417 -6-@3_4 -1.251  -1.669 -2.085 . -2.504
M K | -0.417  -0.086 0.245 0,575 0.906 °
M/ET 0 0.417  0.086 -0.245  -0.57% -0.906 0
E.C. M/EI 0.417 1_.,954_' .0_.,5.1.5'- -1.469  -3.451 -4.199 . -0.906
_Slops -0.801  0.953 1.469 e -3.451 -7_,55
Y Trial o --0.801  0.152 1.621 11.621 -1.83 -9.48 -
" Y Gorr o 1.58 3.16 4.74 6.32 7.9 9.48
¥ 0 0,779 6.07 0
Y i 0.1325 . 1.0331 0

B3T



| B

\I{P_o int

Figure 145. Problem Three - Beam A-A Cycle 5

2 1
A | | | A
Loads 0 -0.748 o 0 0 -0.422 o
|V Trial o -0.748 0748 -0.748  -0.748 -1.17
MTriel 0 o 0748 -1.496 _z.om -2.992  -4,162 h
Corr M 0 0.693 1.387 2. 08 2.974 3.468 4.162 h
M 0 0.695 0.6  0.584 0.53 0.476 ©. b
M/ET ) ~0.693 -0.639  -~0.584 -0.53 -0.47%6 0 h/EL
E.C. M/EI -afass -3.411 ~5.833 ~3.505 -3.18 -2.43¢  -0.476 h%/6EI
Slops , 7,244 3.833 o -3.505 -6.685 -9.119 b/681
¥ Tria) 0 7.244 11,077 1077 7.572 0.887  -8.232 hO/6EI
Corr Y o 1.372 2,744 4.116 5.488 6.86 8.232 w3681
Y 0 8.616 7.747 o /Rl
Y 0 0.1289 0.1159 "0  inches
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Point

© 0.0385.

Posnt
A B
N ) A

Loads o 0,422 ° 0 0 ~0.659 0
V Triel 0 0.422 0.422 0.422 = 0.428 . -0.287

M Trial 0 o 0.422 0.844 1 ,-zsé - 1. 688 1.451
Corr M ) 0,841 -0.488  -0.725 -0.967 -1.209  -1.451
M 0 0,241  -0.061  0.119 0.299 0.479 o
M/ET 0 0,241 L0,061 . - -0,119 -0,299 -0.479 o
E.C. M/ET 0.241 1.025 0.366  <0.714 -1.794- -2.215  -0.479
Slope -0.677 0.248 0, 714 o ~1.794 -4.009

Y Triel 0 -0,677 -0.329 0.385 0.385 -1.409  -5.418
Gorr Y o 10.903 1.806  2.709 3.612  4.515 5.418
Y 0 0.226 5,106 0

Y o 0.5286 = 0

Figure 144. Problem Three - Beam 1-1 Cycle 5

h/EI
n® /681

n2/6R1

n¥/6E1

®/6E1

inches

06T
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Cycle 5 average of deflection values:

BB-1 0.6609 0.6073 BB-2. 1.0369  0.9529
11-B - 0.5286 0.0428 22-B - 1.0331 0.0836
New value 0.6501 | 1.0365
AL 0.1159 . 0.1065  AA-B 0.1289 0.8
11-4 - 0.0385 - 0.0081  g2-n  6.1385  0.0107
New value’ 0.1096 | - 0.1291

Cémparison of the deflsction values-of Cycle 4 end Cycls 5 follows:

‘Node BB~1 end -11-B differs by 0.904 inches
Node BB-2 end 22-B differé by 0.01 inches

Node AA-1 and 11-A differs by 0:0094 inches

Node AA-2 end 22-A differs by 0.004 inches
In 81l ceses the srror is-less then 0.0) inches and iz considered

sufficiently -gmall -for most --eng—:_lne's_r-ing purposes. Ths px"éble_m-is

solved.

Fi’é_uru 145, Problem Three - Deflection Average
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A B
// support beam )/ 1.

main
besam

supporﬁ_beam

/

A

A1l beams a?e pinned to fixed suppoftao_
‘Main beam = 16WP4S with: I of 248.6
‘Support beam = 1OWFAS with I of 3486

Dimensions are the sems as Problem Ome,

Assume initial interecfion loads as foiloyg;'

oy

Figure 146. Problem Four --Grillags System
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Figufa 147. Problem Four - Deflectiom Ratio'Ca;cqlation

AT | —

Loed 0. -1 0 0 0 . 0 o
v -1 -1 -1 -1 -1
¥ Triel 0 o S -2 - -3 . -4 -5 h
c_o;-r.-ﬁ 0 0.833 1{6-5.6 2.499 3.353 4.166 5 b
' o 0,833 Q,esé 0.489 0.333 . 0.1866- 0 b
M/EI 0 -o,_a.tafs -0.666 -0.499 0,335 ~0.166 - 0 h/ET
E.C. M/ET ~0.835  -3.998 3,996 -2.995 - ~1.997  ~0.997 -0.166 -h?/6ET
Siops 3.996 0 -2.995 4,992 . -5.989 12 /6E1
Y Triel 0. 7.994 11.99 11,99 8.995 4,003 ~1.986 b°/6ET
GorrY 0 0.381 0.662 0.993 1,324 1.655 1_.985 n®/6ET
Y -3 8.325. 12.652 12,983 10,319, 5.658 o K/6RI

0 0.32148  0.48857  0.50135  0.39848  0,21849 0 inches
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} Loa_dﬁ-
YTPt'3
Y Pt 1

Final Y

-},_oada
TPt A
YPt B

Final Y

s Boum 53 Potnt
-3 . 1 s 5
2.5718 1.7479
-0.3277 -ofiszz
2,2441 1.2657
Point Point
1 -2
.-0,3214 -9.2184
0.4368 0.6428
0.1154 0.4244

Figure 148. Problem Four - Beam B-B & Besm 2-2 Cyolo- 1
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Aﬁerdgo =_0,?865

_Averag‘e = 1.3342

Average = 0.2373

Figure 149. Problem Four - Beam A-A & Beam 1-1 Cycle 1

Point | Point
2 Beam A-A i !
VAN ' AN
Loads -1 -0.8
TPt 2 0.3214 0.2184
YPt 1 0.1748 0.2571
Finel Y 9.4962 0.4755
" A Point _ lpoiﬁt
Ao - Beam 1-1 B
AN | A
Loads G.8 ~1.5.
Y Pt A -0.8571 ~0.1748 .
Y Pt B 0.3277 0.4823
‘Pinal Y 0.0706 0.3074
BB-1 1,2657 BB-2 -~ 2.2441 AA-1 0.4755 AA-2° 0.4962
11-B  __0.3074 22-B . _0.4244 11-A  _0.0706. 23-A 0.1154

Average = 0.3058

51



-Leéd

: N__siw" Loads

v :

Load

_Nﬁﬁ Loads

Fig‘ur._e 150, Problém_:.lfoqr'4-3gam_ B<B & Beem 2-2 Cyelg 2

Poi) -
l 2 Bean B-B

| Point
1

1.3342

0.32148X + 0.21849Y = 1.3342

| 0,21849% 4+ 0.321467 = 07865

X = 4.6223 down

el Bean 2-2

VAN
0.7865

'Y .

Y-=,0¢5943 up

J{Poi_n_t
. B.

’ 0 05058 )

X

[}

9.32148X + 0.21849Y 20,3058

0.21849X + 0,32148Y

- 1,3342

X = 3,4739 up

A
1.3342

Y .

Y = 6.5113 down

95T



i?oint _ Point_.
v 2 __ _ Beam A-A _ Yy 1

Y . 0.3058 | 0.273
Load ' X _ Y
0,32148X+ 0.21849Y = 0.3058

0.21849X + 0,.32148Y = Q.273

New Loads X = 0.6952 down - | Y = 0.3769 down
: _Ppin_f: J’Péigt
A - Bean 1-1 B .

Y 0.273 | 10,7865
Load X . 4

0.32148X + 0.21849Y = 0.273

0.21849X o;_ézl_wt = 0.7865
New Loads X =1,5117 up Y= '3.474_52_ down

Figure 151. Problem Four - Beam A-A & Besm 1-1 Cycle 2
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�o-.gl.849Y

Node Point Load Value .

BB-1 0.6948
11-B  B.4743

2 | 4.6
New value- 2.084
AA-1 0.3789. .
11-4 1,5117

2 | 1.8886
_N§w~vaiue 0.944

Direction

up

-down '

down

up

Node Point ~ Losd Value

BB-2 5.3777
. 23-B | 6,5113

2 | 11.889
5 a 94*
- AA-B 0.6952
23-4 35,4733
z|~4,1591
- z.08¢

These loads are used to obtain the final cycle two deflection velues.

Figure 153, Problem Four - Interaction Load Average Cycle 2

Direction

u-_p

-down

down

up

861



L_oé_ds
YPt 2
YPt 1

Pinel Y

_.Loads-
YPt A
_ _YIPt B

Fiﬁal‘ Y._.

let - T-Pom
_A_ 2 - Beam B:-B_ -'._|_.
-4 .056 2.084
1.3039 ooseél
~0.4553 -9.6699
908486 6.2162
TPMM LPMM_
‘ A Beam 2-2 vy B
3 =3 -
2,084 -5.944
' -0.8699 ~0.455%
1.2987 1.9108
0.6288 1.455%

Figurs 153. P'r'obi'em Four - Besm B-B & Beam 2-2 cjrc_:l_e- 2
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Figﬁré 154, Prob;lem Four.- Beam A-A & Beam 1-1 Cycle 2

lPoin‘t. . Poipt
e , L2 _Beam A-A Y —
Losd -2.084 -0.944
Y Pt 2 0.6699 0.4553
TPt 0.2062 0.3034
Finel Y o.avél_ 9.7587
' TPqint : lP_omt
A Beam 1-1 y B
Ipaﬂ 0.944 -2.084
TPt A -0,3034 -9.2062 .
YPt B 0.4553 0.6699
Final Y 0.1519 0.4637
BB-1  0.2163 . BB-2 0.8486 AA—; 92,7587 AA-2 0.8761
11-B 0,4637 22-B 1.4555 11-4 0.1519 22-4  0.6288
Average 0.3399 Average  1.152 Average  0.4553

Average 0.7524 -

002




Loads

Loads -

lP‘?in* ~ Beanm B-B 1‘ Tolnt

1.152 ' - | 10,3399

x | Y
0,32148X + 0,21849Y = 1,152
0.21849X + 0.32148Y = 0.3399

X = 5.3231 down Y = 2.5602 up

Point ' - | Point
] A Beem 2-2 y3 _
. 0.753¢ 1.152 |

b ¢ ' : Y
0.32146X + 0.21849Y = 0.7524
0.21849X + 0.32148Y = 1.152

X= 9-?1‘?63 up Y. = 33,7036 down

Figure 155, Problem Pour - Beam B-B & Beanm 3-2 Cycls 3
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Load

Load

Point : pPoint
jl 2 Beam A-A 1
0.7524 0.4553
X Y

0.32148X 1+ 0.21849Y = 0.7524

0.21849X + ©.32148Y = 0.4553

X= 2.5605 down

Y =.9.3237 up

Point | . l Point
4 Doem ©1-1 B__
0.455% 0.3399
X Y

0.32148X + 0.31849Y = 0,4553

0,21849X + 0.32148Y T 0.3399

X 2 1,2965 down

Figure 156. Problem Four - Beam A-A & Beam 1-1 Cycls 3

Y = 6.1763 down

bR =T TiInsm MTTTRe - - e s e o
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_Node

BB-1

11-B

AR-1

11-A

Load ?hlue D;rection

2,5602 . up

0.1763 . . down

3 i 2,7365

1.3682 = qujvalpe-

0.3237 up

1.2965 down

2 | l.62082

0.8101 = New velue

Node

BB-2

22-B

Ah-2.

22-4

Loéd Value Direction

4.6769 up
5.7036 . down

2 ‘ 8.3805

4.1902 = N@w_value

2.5603 ‘down
0.1763 up
2.7566

1.3683 = New value

Thege loads are used to obtain the final cycle three deflections

Figure 157. Problqm_Four-- Interaction Load Average Cycle 32
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Loads
Y Pt o2

Y Pt 117

Final Y-

Loads

Y Pt A

Y Pt 'B*

Final Y

A

AN

Figure 158. Problem Pour - Beem B-B & Beam 2-2 Cycle 3

- Point Point
2 Beam B-B 1
-5 089_98 1 © 3582
1.8677 1.2693
-0.2989 -0.4398
1.5688 0.8295
Point  Point
A . Beam 2-2 y B )
| . A
1.3682 -4,1902
-0.4398 -0.2989
0.9155 1.347
0.4757

1.048]1

PoT



Point o \Point

g Beam A-A 1
Loads ~1.3688 @.8101
Y Pt 2! 0.4398 0.2989
Y Pt 17 - -0,1769 -0.2604
Finsl Y 0.2629 0.0385

Point [Potnt _

) A Beam 1-1 B ‘ o

Loads -0.8101 -1.3682
Y Pt a4 0.2604 0.1769
Y Pt B 0.2989 0.4398
Final Y 0,5598 0.6167

BB-1 0.8295
11-B 0.6167

Areragé. 0,7231

BB-2 1.5688
22-3 l 99481

1.3084

AA-1  0.0385
11-A 0.5593

0.2989

Use the above computed averagze values as the final cycle three values.

AA-2 0.2629

22-A  0.4757

0.3693

Figure 159, Problem Four - Beem A-A & Beam 1-1 Cycle 3
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_Deflection Velue in. Inches

206

1.3342 Node BB-2
' ~ Average = 1.236

1a3084

1,152

0.7865 |
Node BB-1

Aversge = 0,546 0.7231

0.3399
b
0.7524
Node AA-2
 Average = 0,546 N
0.30858 - 0.3693

-0,4553

Node AA~]

To.zrs " Aversge = 0,371 0.2989
' 1 . )
bycle Number

~ Figure 160. -Probiem Four - Deflection Versus Cyels



.Po_i,nt _ Point
L = : Beam B-B | 1 _
/N ' __44&__
Y 1,236 0.546
Load x | Y
0.32148X + 0.21849Y = 1.236
0.21849X + 0.32148Y = 0,546

X' = 4,9994 down

Y = 1.8989 up

Point ‘LPo_in_t
e Beam 2-2 B
Y 0.546 1.236
Losds © . 1.6989 up 4.9994 down

This cese is e:;actiy the reverse of Beam B-B.

Figure 161. Problem Four - Beam B-B & Beam 2-2 Cycle 4
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Load

Y.

Loed

lPo-int;_ : : Point

2 Beam A-A 1 -
___lﬁu_. — A
| 0.545 0.571
X X
0.32148X  0.21849Y = 0.546
0.21849X  0.32148Y = 0,371
X =.1.6983 down ‘Y=o
|Point | J{_P{amt
A : Beam 1-1 B

0,371 0,546

0 ' | - 1.6983 down

Note thet this. is. the reverse of Beam A-A.

Figure 162. Problem Four - Beam A-A & Beam 1-1 Cycle 4

— T F G RETE. Wt e e = e o .. L.
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Node " Load Value Directibn Node Load Value Direction

BB-1 1.6989 up | BB-2 5.0006 up
1-B 1.6983 down 22-B  4.9954 down
2' 3.3972 o - 2 l_l_@_
1.6986 = New velue _ ' 5 = New value
AA-1 ® AA-2 1.6983 down
11-A o 22-A _ 1.6989 up
6 2| 3.8972

1,§986 =-HQW valua

-

These values-are cbviocusly correct due to the symmtiry of ths‘problomo Inspection shows that

the deflections at eross node points will agree. The problem ia.abived.

Figure 163, Problem Four - Deflection Average Cycle 4
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. Sams beams and
dimensions as
Problem Two.

Agsume initial interaction loads as follows:

Due symmetry Beams A-A and G-G and also Beems 1-1 end 2-2 have the sams

interaction ldads. Adventage of this symmetry is $aken in the solution.

Figure 164. Problem Five - Griliaga_System'




Load
¥ Trial
M Trial

Corr M

M/EI
E.C. M/EI

Slbpe

Corr Y

Figure 165.

9 0.12458  0.1893 - 0.19428

Problem Fivg - Deflection Ratic Calculation For Beams A-A, B-B, C-C__

A | A
) -1 0 0 [} - 0
0 -1 A -1 -1 S |

o o -1 2 -3 - -5 h
6 0.83% 1.665 '3,499 3.333 4,166. . 5 h
© 0.833 0.666 0,499 0.333 0.166 ° h
© - -0.835 . -0.666  -0.499 -0.333  -0.166 o  n/EI
-0.833  -3.998 -3°99$  -2.995 -1.897 . ~0.977 -0.166 h?/6EI
7.994 3.9 0 -2.995 -4.992  -5.989 1 /681
-y  7.994 11.99 11.89 8,995 4.003 -1.986 no/6EI
o 0.331 0,662 0.993 1.3 1.655 1.986 h®/6EI
o 8,325 . 12.e52 12,983 10.319 5.658 0 h?/SEi
0.1544 0.08467 0 inches

ite



AN | VAN
Losd ° -1 ® °
¥ Trial 0 -1 | a -1
M Tpial 0 0 -1 -2 -3
Corr M 0 0.75 1.5 2.25 3
u | 9 0.75 0.5 0.25 0
MET 9 -0.75 0.5 -0.25 0
E.C. M/EI -0.75 -3.5 -8 -1.5 -0.25
Slope 3.5 0 -3 -4.5
Y 0 3,5 3.5 0.5 -4
Corr Y é 1 2 3 4
Y ' ) 4.5 5.5 3.5 0
Y ) 0.76595  0.93617 | 0

Figure 166. Problem Five - Deflection Ratio Caelculstion For Bea_mé- 1-1 And 2-2

0.59574
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Load

vV Prial
¥ Priel
- Corr M
M
M/EI
E.C. M/EI
Slope
.

dorr Y
T

Y

Figure

AN
0 0 -1 0 o
0 -1 -1
0 0 0 -1 -2
9 0.5 1 1.5 2
8 .995 1 0.5 9
9 fd,s_ -1 0.5 0
a-q.s -3 -6 . -0.5'
3 -6 -9
o 3 3 - 12
o 3 6 g 12
0 6 9 6 0
0 1.02127 1.5%190 1.02127 el

167.

h/E1

n® /68T

R

n? /6B1
B> /6ET
3

1" /6ET

inches

Problem Five - Deflection Ratio Calculation For Bsems 1-1, 3-8

18



_ 'I_-';oint _ : ’ Point
L 2 _. Beam A-A & C-C vl

Loads o -8 | -8

Y Pt v2e 0.9966 | | ' 0,677%
YPt 11 0.6773 : ' 0.9966

Finel ¥ - 1.6739 | | 1.6739

‘L Point _. lpomt-
V2 ___ Beam B-B 1

— _ . _. v L

Loads : -ll ' _-ll

Y Pt '2° | 1.3703 ' _ ' 0.9313
Y Pt 1  0.9815  1.3703

Finel ¥ 2.3016 2.2016

¥tz

‘Figure 168. - Problem Five - Beem A-A , B-B, C-C Cyole 1




Point Po iﬁt Point
l}a ‘T"B _ lﬁn'

Besm 1-1 & 2-2

 Loads . 2 1 -2
Y.Pt 'A* '1,5$19 . 1.8723 . 1.1914
TPt 'B* -1.0212 -1:5319  -1.0212
TPt v a8 1.8723  1.5319
Finel Y ez 2.2127  1.7021

Proportion d@fléc’t ione according to.the ratio of stiffness at the node point as_ determined in

Fig. 165 through 167, These ratios are-as follows:

Aa-1 ooh BB-1 92.48%
1A a8 ‘-8 7.52%
Node Peint ©  Value . Proportion .____'Nod'e_' Point . Value Proportion
: __AA41 - 1.6739 1.4441 | BB-1 - 2.3016 2.1285
A 1.7021  _0.2283_ . 1-B 2.2187  _0.1663.
| ' 1essé4-=;n9w Value. _ New'ﬁalue'-- | 2.2948

- Figure 169. Problem Five- Completion of Cyecle 1 -
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Load

Load

(Point

12 Beem A-A & G-C

lP_o int

AN
1.6824

X

0.12458X + 0.08467Y

It

0.08467X + 0,12458Y

X = 8,04 down

f‘?.int

1.6824

- 1.6824

1.6824

-Point

Y = 8,04 down_

2 ‘Beém B-B
2.2948

X

0.12458K + 0.08467Y

0.08467X + 0.12456Y

X 20.967 down

Pigure 170. Problem Five - Bsams A-A, B~B, C-C

'8;3948

2,2948

Cycle 2

R.3948

Y

Y = 10,967 down

912



Point Point Point
Y A B y ©

_.L Beem 1-1 & 2-2
Y 1.6824 2.2948  1.6824
Load X Y 2

0.76595X + 1.02127Y + 0.59574Z = 1.6824
10.93617X + 1.5319Y + 0.93617Z = 2.2048
0.59574X +1.02127Y +0,765952 = 1.6824 -

X = 13443 down Z = 1.3443 down

Y ='0.14508 up

~ Average of losds is calculatsd as follows:

_Outéido nedh Ab~] 1.9 up Inside mode  BB-1 0.967 down
| S 11-A | 1.3443 down . 11-B 0.14508 up
| 2 | 3.3043 - 2 | 1.11208
1.652 = New Value o 0.556 = New value

Use these loads for the final_cyclé'a defle¢tions)

Figure 171. Problem Five - Beams 1-1'& 2-2 Cycle 2
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Potat o Poiat
# _Beams A-A & C-C yt
Loads -8.548 -8.348
TPt ‘2 1.0399 0.7068
Y Pt orit 0.7068 1.0399
Finel Y S 1.7467 1.7467
lrf;n;t. Bbem. BB \I/Point.‘
Loads : -10.556. ~10.556
Y Pt 2" | 1.315 0.8937
Y Pttt . 0.8937 1.315
2.2087

Final Y 22087

_ Figure 172. Problem Five - Beem B-B , A-A , C-C Cycle 2
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Loads

Y Pt 1A
Y Pt B’
Y Pt '’

,FinalnY

Outside Node

Figure -173..

| ll?q int Tp.g int lpé int

A | B [ ¢
— Beams 1-1 & 2-2

0  -1.652 . 0.556  -1.652 0

1.2653 . 1,5465 0.9841

-0.5678  -0.8517 -0.5678

0.9841 1.5465 1.2653

1.68l6  2.2413 1.6816

Yaiuq _ Ayﬁgage o

AA-1. 1.7467  1.5021 ‘Ingide Node.  BB-1
11-A 1.6816  0.2854 " - 11-B

1.7375

‘Problem Five - Besms 1-1 & 2-2, Deflection Averege Gycls 2

Value

2 .2087

2.2413

Aversge

2.0426
0.1685

2.2111
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‘ch';:int_ - . Point
- 2 Beams A-A % C-C y 1 |
| E _ Y 2
Y | 1.7375 1.7375
Losa x Y
0.12456K + 0.08467Y < 1,7875 |
' 0,08467X + 0.12456Y = 1.7375
X ='8,303 down o Y = 8.303 down
fPoat | ot
P Beem-B-B 1
AN —A
Y 2.1 2,2111
.I;‘f’-ad : X, T
| 0.12458K + 0.08467Y = 2.2111
0.08467X + 0.12488Y = 2,8111
X = 10.567 down Y = 10,567 down

" Figure 174. Problem i‘_ive - Besms A~A, B-B, €-C Cycle 3
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Point Polrit, | Potnit
e 1B ¢

A

. Beams 1-1 & 2-2

T ) 1.7375 2.2111 1.7375 0

Loed : x T z

2.7375

0.76595K+ 1.02127Y + 0.59574% =

0,92617X + 1.53190Y T 0.93617Z = 2.2111

0.59574X + 1.02127Y + 0.76595Z = 1.7375
X = 2,3208 down Z = 2.%208 down

_T-=';13931-up

Outside Node  AA-1  1.697 up Inside Node - BB-1
| | 11-a 2.3208 down | 11-B
2| 40178

2.@039

Figuré 175. Problem Five - Beems 1-1 & 2-2, Load Average Cyecle 3

9,567 down'

1.3931 up

" 1.9601

0.98
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_ Léads

Y Pt 3¢

Y Pt '

‘Finsl Y

Loads _

Y Pt '3

Y Pt 1

Finel'Y

Figure 176. Problem Five - Beams A-A, B-B, G-C Cycle 3

l Point | LPO'mt
2 Beems A-A & C-C 1
: _ _ |
-7.9911 =7.9911
0.9985 _ans?éé
' 0.6766 0.9955
1.6781 1.6721
{Potnt l?@nﬁ
l-a_ _Beam B-B , 1 .
-10.9¢ -10.98
1.3678 0,9297
- 0.9297 1e5573:
| 2.2975 2.2975
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Loads

Y Pt 'Af

Y Pt 'R

Y Pt G

Finel Y

‘Outside
Node

Point

Point Point
W Is c
Beems 1-1 & 2-2
o -2,0089 0.98 -2.0089
1.5%87 . .1.8806 1.1967
-1.6008  -1.5012 - -1.0008
1.1967  1.8806 . 1.5387
1.7546 2.26 1.7346
Value Average - Value
A-1  l.6721 1.438 BB-1 2.2975
C11-A 1.7346  _0.2428 11-B 2:26
11.6808

- Average

2.1247

0.1699

-2..39_46

Figure 177. _Pi‘db_ien} Five - Beams 1-1 & 2-2, Do;_floc.ti;:m Average Cycle 3
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Deflection Value in Inchss

1,7375

Outside Node
Average .= 1,709

Checks Problem Two .

1.6824 . 1.6808

| 3.2948 2.2946

_IngidcrNQGQ"
Average = 2?253.
Checks Problem Two.

.Solution Completed.

L $,2111
y | . | .

1 - -1
_ Cyele Number " . .
Figure 178. Problem Five - Deflaction Versus Cycle
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