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SCOPE AND CONJENT

~

The project aims a¥ developing a method to be used for the
inelastic analysis of single span composite beams., Ac an integ?ﬁl

part of the project, a computer program is also presented, vwhich works

-
/

for béth shored and unchored beams with or yithéﬁt cover plate qé?.
sympetrical ioading cases, After sdcc;ssful teasting of the program
agaiﬁsp-experimenﬁal results, camputation§ were performed to determine
the low?f limit to the degree of partial connection permissible in -

-
W) .

practical composite beams, . ) "
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INTRODUCT ION

In the ficld of compdaite atructures, much work has been

done to‘gnnlyze single span composite beams., Several successful

+
-

ways have béen established fo; the analysis within the elagtic limit.
Howéver. when thé axteréal loading excolds a certain value,.ﬁhéz |
strains in‘tho‘steel be;m or in tha co?creto.slaﬁ exceed theif
reséécti#e yield limits, those methods approp?iate for the eI;stic
nnaljﬁis are no longer valid. This §ausea difficulties in the study
of the properties of the composite bcam;.sincé many of the.feaiures
will not manifést themselves until the composite beam is well'in o

the inelastic stage. So‘faf. most of the research.into this aspect

has been done mainly by experiments which are either inconvenient or-

insufficent for many purposes. For this reason, an inelastic

analysis must be developed.

: fhe tgrﬁ ‘analysis® used here is explained as the study of |
the deflgction of the beam, forces at the connectors, the moment — /:
carry?né_ca%acity. as well as many other quantities related to the

behaviour of composite beams at various loading stages. This project

'

aims at developing a method cﬁpable of“carrying.out the above analysis.

. Becguse of the non-linear nature of the behaviour'bf thala

. composite beam in the inelastic zone, some nonlinear dquutioqf are

encountered and are difficult "to solve. To ovekcduie this difficulty,

+
r
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an 6asentia11y itprative method is employed. This'can be acdomplished T

conveniently wi h the aid of a computer; .
- |
- There are three distinguishable parts included in this

project. Developing a method, and writing_a-computgr prograo are the

1

Tirst two parts. Determining a practical 1ower limit to the degree

of connection which should be permitted in conposite bean forms the

third part.




CHAPTER 1

BASIC EQﬁATIONS‘-

Thonanalysis in this project is élose to that given by’
Thiruvengadam (4) in his Ph.D. thesis at Unlverslty of I1linois.
The project initially stanted with setting up a computer program
usxng Thiruvengadam's method.l However when the program was tested
by computing some examples, many difricultieé weré encountered.
They were found to be directly related to th? iterative teéhniques,
#a&en from Thiruvengada; and stated in ;rtiéles 277.4 and 2.7.5 in -
this projecf. In-order to overcome the difficulties, the analysis
- was firs£1y ﬁodified in many ways; but without much success. It
was found that only the local modifications themselves could not
renove thé”diff&cnl;iea effectively. It requires a hewlapprbach
) adopting a smooth ;oadQBIip curve and‘without~necessari1y so}ving
"the finite differe;de equafions. The development of this method
forms a primary part of thq_projecé. Since it is “one of the disqfate
* methods, some uséfui techniéues applicaﬁle to discrete ﬁethods and.
.-deacribed in Tﬁiruvengadam'a thesis were'adopted. To attain a clear
picture of the origin of the nuperical ditficulti?ﬂ‘\lt may be
appropriate to first jntroduce his method, and subaequently glve

the necessary changes.




-
.In*éhia chapter, most of the equatioha are fundamental -to
any discrete approach. Some equations, which are used in Thiruven-
T - . | . : .
gadan's method-and will not.bg used in this project, will be mentioned

3

in the appropriate places. R _— ‘

4,1 General Definition
) N ‘
The composite beam, shown in figy(1.1), is a single-spun

compoaite'beam{uith r panels and n+1 shear connectors. The space
betwesn connector i and i+1 is refefred to as the ith panel. if
parentheses are not used, the letter 'i' denotes the ith connector

in stead of the panel.‘ In thq analysis, the connector Torces are

dafined as szitivq uhen{theyiact in the direction shown in fig. :

(1.2). Tenqile'normai forces and moments producing tension in the

. bottom fibre.are defined as positive.

1.2 Basic Assumptions

The basic gssumptiond used thfoughout this analysis are
the following: ~ -~ ‘ | ) . _ |
1) Concrete slab and steel beam deflect-€qually at all
p&iﬁts along the span.,

2) The strain distribution along the d

steel beam is linear.’
3) The shear connection between the slab and beam is
provided by shear connectors placed at discrete points along the

span of the bean.
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Fig. (1.1) A Composite Beam Showing the Position of

Connectors and Panels
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Fig;.(1.2)-Positive Direcfion of the Qonnecfor Foices
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Fig. (1.3) Free Body Diagram of a Slab and a. Steel Bear with
] orisontal Forces Only
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1.3 Eyuilibrium Condition _ - °
‘The condition required for the eguilibrium of forces at a
sectior in the middle of panel (i), as sﬁpwn in fig.(1.3), is given by
Fb(i) = —Fs(i) saesse st s srsrtsrivesnanene ( 1-1)

The external moment M(il is~equﬁl to the internal moment in magnitdde,

which can be found by referring to fig.(1.4).

In the figure, the stress distribution at a cress-section

through a point at panel (i) is shown. J// ‘
I3 : . -
All the forces represent their magnitudes without sign in

the following derivation.

-C(i) compressive resultant force in the slab

F1(i) = the resultant force from negative stress in the beaﬁ

i

'Fa(i) the resultant force from'poéitive stress in the beam

T

1l

the resultant force in the beam
[ ] . .

(1)

Foro) ~ Fawd

.7 |
Other quantities are clearly shown in the figure. The moment can be

S

found by using one of the following methods:
(A) One couple method

M(i) = C(i)d°= T(i)do spsesssscscnsnnBass (1"'2&) .

(B) Two couple method

LR -

. H(i) = C(i)e + F,‘(i)?' sessvsasensecssssm (1"2b)

(C) The method in terms of the moments of the beam and siab

'

From\eq.(1-2b), one obtains

H(i) = C(i)(zc-l- 2 +z-2) ‘l" F1(i)e'

]




Mgy = Ceiy®e * CriyZa * Fyq)(a'emy) + Ciya

1]

CZe * S t Fap)®a t P+ C(qh@

=Ciy%e * (C(5)*Faa))%a * T * C(p)?
= Moqy * Mygy ¢ F(i)g. sreceessncsass  (1-2¢)

- : -

The last step is obtained if wc‘dcfine

‘J - Ms(i) = C(i)zc 1 the force in the slab times t?e distance.

from the force center to the ncutral axis of the

Blaﬁ

Moci) = TatiyZe * Fa( @

= T(i)zb ' the resultant force times the distance

¢ . between the’ forée center and the neutral axis

v C of the steel beam :

- s 1 t
F(i) Fb(i) C(i)_, the magnitude of the force due-to
interaction. The derivation gives the meanings of“the'terms,,ms(i) and

Mb(i)' Eq.(1-2¢) can. also be obtained simply by referring to fig.(1.5)

and'applying the equation for eguiliﬁrium of moments,
' e
- ) 1 ;F'JJ : N N
Thg mompnt Ms(i) or Hb(i) is the sum of the products

+

obtained by mﬁltiplying_the force at each elemental area at the cross-
section with the corresponding distance to the neutral axis.. In the

elastic case, the force at each elemental area can be sepafnfed into

-



two pvarts, the force produced by pure bending and the force due to
‘iinternction, since the latter part produces no net m&%ent. The o

moment, Hs(i) or Hb(i)" is that produced by rure bending, namely,

Hoc) = P uBoly a8 Haggy = PaqnFals weeeeeer (13)

In the inelastic case, eq.(1-2¢) is still valid.
Because the superﬁogition principle fails, the moments can not be

obtained from the pure bending formula.

Now turning back to fig.(1.3); from the equilibrium of

. horizontal forces acting on the beam, one obtains

4

L"b(‘i) - Fb(i_1) = Qi c.voo‘ooo---------------ooo---- (1:"11’)

M-

' =5
and Fb(i) J='Q T EEEX I N B NI SN NCEE N BRI B R R BN A N R A ) (1 _;)
- ] . “ . "]
Ly 1 s he " it . P
Fron nowfpn F(l) is u e% té represents the magni ude of Fb(;) o? FS\l)

without sign. o L E . ' ‘

1.4 Compatibility Condition

?he relafive moveme@t betwegn the slab ;nd the bean, calfed“
slip, is resisted by the shear connectors placed discretely along the
sran. Theﬂconnectors'deform to permit slip wﬁeé interacgibn exists
between the beam and=£he slab. Fig.(1.5) shows the deformed shape of

A

a composite beam.

" The strain of the.slab and beam é and 'eb , and the slip

’of the connectorsu, r, satlsfy the followlng re 1onsh1p.
“8gy * J‘ 50 )6 ds + T, = J‘ S() b

r -r =J (€ -C‘ )ds '(1?6)'
8(1) _ ) '

or
i+ i

&



Fig. (1.4) Forces in the Slab and Beam at a

i

Cross-Section

/7 ! : B i L

™My (
{

. Fié. (1.5) 'The Relationship Between the Total Bending

Moment and the Moments in the Slab and Beam

Fig.(1.6) Bending of a Panel with Slip
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or ri+1 = ri +J~B.(i)(€b- Ea)da o-ou-cocv-.‘-co'o-o (1"?)

Eq.(1-7) is the basic equntionﬁfor the method outlined in this
projobf.

The ascumption of equal deflection gives equifl curvature if
-tho deflection is small and theAdiffercwgd in curvature is hegligiblc.

.Then

4>b= ‘ba =_(f’ , ;1-8)

[

1.5 Finite Difference Equations

e

/

If the load-slip curve &f n connector is assumed to be

linearly elastic, the lond-slip relationshin nay be expressed as

Q = Kr ...-‘-c-.-,...:........‘...... (1-9)
where K is the slopeof the load-slip curve.

Substitution of eq.(1-9) in eq.{(1-6) yields

Cw ——

k . k ( 6 - e ) ds SV PTrRsTRIPIOREES (1-10)

. Qi+1 Qi.= J.
i+1 4% B(1) .

b ) '
Substitution of eq.(1-4) in eq.(1-1C) yields

- F F, '
: (4-1) 1 (141): “f
‘ e O ) F g ——i (E - € )da
' ki k 1 (1) ki+1 5

dTeassssndossnannte (1‘11)
I' _ ) - .
Eq.(1-11) is written for panel (i) . For a composite beam

having n,pandlé, there are n such equations‘fesulting in a set of

simhltnneous equations as givaq below .

\



F F — ' '
(0) 1 1 (2)
____(-—+—-)F + = : (E—E)d
k, ky "k ()T Ky 81y P 8 ° '

=

F .
R okl = R 20 j (€,-€) as

5(2)

LK K B B I 2R AL BL B BN BB B B BN BE BN N O B O BN B BN NN NN NN Y BN OB ORE AN A R RN RN

-

F F e
(i) 1 1 (1+1) . J ..

—_— e - ( — ) F § e—m—— (E —.6 )ds
k, I ko Kiigq (1). 7. k 5(3) o B

i+l

L B B B AN B BB B N BB BB BN BN BN B BN AR B BB NN N NN N B BN B BN BN B BN B RN NN NN N AN N

F ‘ F )
(n-1) 1 1 (n+1) j -

—— " L (= 4 =R )} F § em—— = - (&, - E )ds
kn kn kn+1 (n) knl-'l “(n) b 8

;o.ooofuca-vcooooooo-. (1-125

The boundary conditions are
= a’ = 0
Floy _ ° and F(n+1) :

\

: ( . The set of .simultaneous equations for n panels can be written
in a comract form by using matrix notation:” |
.‘ . ‘ [B] [F] = ‘[li] ........;‘.......C‘l.‘. (1-13)

(B is a symmetric tridiagonal matrix whose components are:

-~ . 4 1
By, = =( 7=+ 57
AL ky K
1 A7
B,, = i—
112 he k2
B _ = -( %— + k1 )
nn n - n+l
. ' : 1
B = = ~
n(n’-‘l) .kn
T 1ei< B = 3
tor o 1(i-1) "~k -



| p
E 1 1
B.. = = { =— )
11 ki Ky
T AN 1 &, }
B.,. =
/.‘ ‘ i(i+1) C r .
all other B., =0
. 1j

[F]' i5 a vector whose ith term is F(i)'

[A] is. a vector whose ith tern, A(i)’ is

Ap,y = " (€.-€) dS veeeennnnnaes (1-14)
(i). J.s(i) b s .

The eq.(1-11) is derived for linearly elastic connectors.
For inelastic shear connéctbrs, the equation should be nodified.

Moreover, if the stress-strain relationship remains in the elastic

‘region, a simpler form may be obtained. All these modifications are

.

given in the following paragraphs.

Eq.(1-11) and its matrix représentafibn eq.{1-13) are

‘referred to as the basic equation inAThifuvengadam's method.
. _ ;'

g ' £
1.6 Modification of Terms in Basic Equations
All of the following modifications are used in Thiruvengadam's
‘method. Only those stated in 1.6.1 are used in this project.

P

1.6.1 Elastic Case

Yhen the beam and the slab are both elastie, the straian in the
beam or the slab can be expressed in terms of force and moment

M. c
bbb )

F
€. = =— (.
b - E AT T

..oo.o._o.o.o.o.oo.ooooltO. ’ (1-153)
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;

. : My c f . '

: 1 - -
68 .=E'- ( 'R'I:" + 4 = ) y-coo-.----.;...... (1—15b)

i

where Ah’ Ib and Eb refer to the area moment of inertia and modulus

of elnﬁticigy of the materinl of the beam respectively, and AS. IB
aﬁd Ea refer to thé corresponding quantities for ﬁhc‘slnb.
Substitution of eq.{1-15) in eq.(1-14) yields
H.e.w MHe

1 1 . b b 5 8 o -
A = [ ( F( > + ) - (,.:. + ))(]S ase ! (1-16) :
(1) ‘ 3(4) B Ay EBAB_ £, I, 7 E I A

é The combination of eqs.{1-8) and (1-2¢) gives

M - ZF '
:B[ = W I Sesessesnenvee (1-1?)
5 .

b1 Lk
f‘bb+83

T M- M., N

b
=R - m I
ble  Pals %bIb+“s

Substitution of eq.(1-17) in eq.(1-16) yields

'
. 2 ;

B

1 1 2 HZ "
A = . (K + temm ) - == ) ds
E‘ (1) j.,( ) EA,  EA. TYEI TEI
1 , : .
E where ZEI = BbIb + EmI5 ' ' ‘ . , -.r
. 2
= + + 7

- PTEM, | Eghy T EET
L X :
. and ) mﬁ?:;szﬁ%- ) : y -~

F ’
A(i) can be expresced as

- 4

“dB ;n.-:cooo-bo-c.;o-.'o (T-18)
e ,

Acy® Frowrl®a - Js{i

. In the last step, F is taken out of the integration sign, as F is a

' constant through the length of the panel. By using gq.(1-18), eq.(1-11)

can thon be written ks -

W



.A-Aﬁ_A_;,T__._,_‘.,_.Av,

N —

*R PSP OSBRSS R peETSESS

"except for the following changes:

for 14i¢n

B +

1 .
m—— - ..o-qo\o‘o--o--
i TE ki+ (£)5(1)

and A = - S l Mds .0.00-......--0.‘..00
(1) 5§ ' - |

-

méthod.

1

F - '

(i-1) 1 1 (i+1) ‘ E

—_— ( —_— —'—""OL )F + Mds
K ki Tt ) R (iF

(1-19)

Eq.(1-19) reduces to the same matrix notation as given by ‘eq.(1-13)

(1-20)

(1=-21)

This is a simplified form of the basic equation in Thiruvenpgadam's

If the modified form of Aty shown in eq.(1-18) is used to
exp;éss the integration of the differential strains in éhe beam‘and'the

slab along the interface of panel (i), a convenient fprm of the integfation‘

A B N

Lu){ €pm &9 = FrydiySy) — L(if*“ds_f-- (1-22)

is obtained

[}

By virtue of eq.(1-22); eq.(1-7) can be written as . -

.r1+T = ri + F(i)d(i)s(i) - J‘ s(iﬁnds '.o.--..‘.‘o (1-23)
'Eq.(1-23) is a convenient form of the basic equation used in this

project for the elastic case. - ‘ -

1.6.2 Inelastic Shear Connectors
In deriviné equation (1-11), it was assumed that the connectoi

1oad—slip relationship is lépear; thus

4
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= 9
. r =
¢ K g

However, if the load-slip curve is non-linaar; then the load~ *°~
slip relationghip is expressed in the following modified form (see

| fig.(1-7))

. AR | r = %+ a .,.....‘....>.'......... (1-24)

i

where k is the-slope of the tangent®at a point corresponding to Q and r,

and d i& the intercept with sign of the tangent on the axis representing

-

Ld

sliv. The compatibility cdndifion_is‘ the same as before:

ri+1 -r, = J 9(1)(‘é5- € )ds "7';"';";; (1-6)

Substitution of eq.(1-2k) interq.(‘.l-G) yields

-

i1 . i

( +'d Y« (== +4d; ) = j ( - }a

ki+,.l i+1 ki i 8(:[) éb 6s 8

or ;—i—tl - k—i- = J '(_:ﬁnb-- e )dB + ( d - d 1 ) '...I"“ (1-25)
iv1 1 JB(y) B S o "

Equation (1-25), simplified in a manner similar to equation (‘1-1ﬁ) and

~ expressed in matrix notation yields

(8) (F) = LORNONE

where D(i.) = di - di+1

——

-

1.7 A Brief Discussion of the Sclution for the Term ,[s (é.b'- EB)ds '
o ‘ (1)

“for the Inelastic Beam and Slab
: % .
If the stress-strain relationship for the material of the slab

or beam is ndh-—linear, the strain diffiei'ence at the interface, that is,
(€,- 65) can no longer be expressed as a linear combination of F and M
as was done with the elastic case (eq.(_1-15)). It is possible, of

course, to express (Eb" é;) as a non-linear function of F and.M.

L
)

/
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However, this.nonlinearity cﬁuses'difriculty‘iq solving the basic
equation. 'Furthermore, for different streps-rstrain curves and different
crosa-sectiqna hapes, different nOn-linear functions of F and M must

be de;ivedi For this reasory no ﬁttempt has. been made to éxpreés
(Et;-és) as a function of F and M. Since fhe,bomputatiops'are perforned
using a digital cbmputer; it is pfeferable to use numoricél.teehﬁiques
to'determine ( ét;-ég) corresponding‘to the given F and M. These

- . J? b
techniques are described in detail in chapter 2.
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. 4
A load
BTN
slip
Fig. (1.7) Load Slip Curve for a Connector
; ’



CHAPTER 2

METHOD OF ANALYSIS

r
»

The method used here is close to Thiruvengadam's method, bu

’ -

7‘ a‘grent chanre and ﬁodification have been made to remove the nuilerical
difficulties and reduce the computer time, The distingﬁishable
difference is ‘that the method in this project does not necessarily
need to solve the finite differencé equations, and, hence, qaq ac-
commodate a smooth load-slip curve ieven,with negative slipalif necessary)
while Thi;uvéngadam's method must use a series of sﬁraight'linés to
approxinate a_smooth curve,

y | | A\

N :
2.1 Ghored and Unshored Beanms ’ o ﬂﬁ

The method is devised to study both shored and unshored beams.
In practice, genérally the beam ié rlaced on the suprorts znd then the.
con;;ete is cast on t;p to form a slab. This kiﬁd of conmposite beam is
called an ﬁnshored bean. For an unshored bean, the dead 1oad‘is carried
by the steel beam,albne; an initial strain and éurvatufe due to dead
load exists. The slab has no sirain and the connectors subject to no
foncelbefofe the live load is added on. When live 1oadlexist$, it will

be carried by the comvosite section. The shored beam case is quite

different from that above. It is the composite section which carries

\

18
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the total loading from the very beginning.

2.2 The Slab with Celiular Deck

In fhergomputation of the force-and.mﬁment'in the slab wiﬁh
cellular deck, the solid_porfion alone is used. However the sirain,
€ v in eq.(1-6) or in any equation derived from equation (1761\pust
take into account the vMlue of strain of the slab at the interface

between the slad and the beam. ,

2.3 Cracking

' ‘The concrete is assuhed as not being able to supfort ténsipn;
When the tensile stress aﬁpears, the poftion'of'the slab with tensile
stress is said to be crackéd. The effective area for computing lorce

and moment ip the slab is reduced to the area of the rortion havifrn

-

compressive stress only.

hAY

2.t Load-Slin Curve for the Connector

~\4/ - Thiruvengadan used a series of straight liﬁés'to aéproximate
2 a smooth load-slip curvé.
In this project, a smpoth cufve defined analjtically is used
to represent thé load=-5lip curve derived from.push-out tests. For the
‘composite beam with cellular deck, a hyﬁefbola in the form of

C : :
= Sees P PIEESROEIITEERSIIBPOOERTS "1
Q=75 +B oo .- (2-1a)

is preferred to represent the load=-slip relaiionship. A, B and C are

three constants to be determined from the values given by three_points
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f

vhich are to be paassed by the curve$\H0ne of them is the origin denotjd
as (0,0). The other two are properly choaser to define the curve. They

are‘denotad as (rZ.QZ) and (f3'q3 . By using-these three sets of values,
‘ \

eq.(2-1a) is solved for the three constants. The expressions obtained,

are

Q% - T5%Q,

_-c--fnoocco-o'-d.. (2"12‘)‘;:

r2Q3 - rjga
24
Bran - B r, ’ _ A
C‘ﬂ Q . LR R RN NN NI N R RaaPY (2-1C)
2
. E . o Cl’ll...‘..‘.'...p. (2—1(1)
A= B

In choosing. a curve, a hyperbolic representation gives more

freedom than an exponential repreaenfation which is‘hn the form
- - . -
Br )

X LS .
values of the two points to be passed by the curve. In the latter

Q=A( 1-e with Q and B as two constants determined by the

Ease. it is neceasary to chooge the two points.nnder the condition that
the s8lip of one point is two times of the slip of the other. The
- hjberpglic representation also gives a beitor result for the composite -

beam having a cellular deck.

e

The hyperbola used in the computation Qf‘all the examples in

.this project is shown in fig.(2.1). | ;' ) ' .

hY

2.5 Stress-Strain Curve for the Stébl Beam .

The nnalyais can accomodate either linear or smooth stress-

struin;curvea. The carve. shown in fig.(z 2) is generally used in this

project.

* This form was suggested in Reference (6).
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«Q ' .
2.6 .Streds-Strain Curve for the Slab R Xi

Similar to the case of the beam, the choice of stress-strain
curve for the slab can be very flexible, but for simplicity, the curve

shown in fig.(2.3) is used in all the examples.'

2.7 lethod of Comrutation

Though the method stated below is apvlicable for both elacstice

and inelastic cases, 1t ”yill not be used in the elactic chse, Since

- a much simrler method is available.

L]

2.7.1 Strain Distribution

If the, top or bottom fibre strain and the curvature are ~iven,

the strain distribution is given. -Referring to fig.(2.4) (L) ¢ b and

)

ebb" vle, are:known. The strain in the steel beam at any voint

with o distanfte y from the ‘bottom fibre is

=€bb -(.‘Pby :ooo-oooo&-.oooo...looto (2-2)

The strain in the slab is computed in a similar way by replaciﬁg(bb by

(Ps and the quantities for the beam by that for the 51ab1; q>b and CPS

>

ar¢ not tuocindépéﬁdent quantities; they are related by tHe expresgeion
!

Py= b+ by
o1,

For a shored bean _(bbL = 0, wvhile for an unshored beam cbDL = T
. _ “b7b

_2.7.2 Computation of Force and its Location in the Slab from & hno'm

Strain Distribution ‘ °

'The.term 'location' used here means the force center or the
poinf of application of -the reshltant force:

If ghe forc;s in the beam and in the slab and tﬂeif 16catioq;
are known, the roment of the composite beam caﬁ.Bé found by applying

A
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Tige (2.2) The Streas-S8train Curve Used for Steel
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Fig. (2.3) The Stress-Strain Curve Used for
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'l If the 5lab has a rectangular shape and if the curve shown in

ig.{2.3) is token for the stress-strain curve of the. concrete, an exact

calculation can be made very ecasily. In the case where a smooth stress-
strain curve for the concrete is represented by a series of stranisht

-

| lines, it is nore cecnvenient to use the method of subdivision which was

the only method used in Thiruvengqﬁam's,aﬁaiysis. ‘éhe exact method is
given in the fol}owing ﬁaraﬁraph.. The method af subdivision applicd

to a‘slab is very similar~to that appliéd to a beam. To avoid reretition,
it is not riven in this article. |

i

Refer to fig.(2.5) which includes all the possibie cases of

stress and ctrain distributions in the glab. The strain distributions
ty - f

f are shown in fig.52;5(al) and the stress distributions in fig.(2.5(b)).

Fig.(2.5(c)) s drawn to shoy the quaﬁtities used in the computation of F

{ the force and its‘locgtion. Though the strain and stress distribution
‘ :

i shown in fig:(2.5(c))-is'only'one of the cases, ‘it serves to derive a
‘ .ge’neraﬂl-lequation for az;y of thé» cases. L=l |
In fact, the distribution 2 is the limiting case of 1 or 3,
and case é i§ the limiting case of case 4 or 8. Similarl& case 7 is.
thaﬁ of 5 or 9. . o , : W
| However the computaﬁion is general for any-c#se.

’ The depth of the uncracked vortion is

. N
. - B= 3 (.11_'- Py Tt Hr-‘t)

n
bl

In the foliowing derivation , for'simplicity, the values of -
* force, noment, strain and stress are their gbsolute-values,‘ihat is the ,

Y
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(a) Strain Diagram

Kr
6.

7 ' 8

f

(b) Stress Diagram

(¢) A Typical Diagram Drawn for Computation

Fig. (2.5) Possible Caaeﬁ'of.SFrain and Stress Distribution in the Slab

-

-y

- —
. Yol
m_.._:L... ‘XNIAs,—
N_&.«-——————J—_—f
\ ”~ 2 .‘.
“ -. ‘ k__ _—*
(a) Cross-Sectional Shape (h) Strain Distribution %
' : (c) Stress
‘ Distribution
Figc (2.6) A Typical Strain and Streaq Diatribution | .

1n the Steel Bean.
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magnitudes without sign,
EssEs -
Ogs = : :
85 ogy if ess 2 Gay

. Replace & __ by &€_,y o7,is obtained in a simingwgfy.
65 s'' Y8 o

¥+ You

1

o;;s- O;.

e —651‘.‘ 'e. e,_..l ' - g
l (-f a3 . . )
IO e aa |

H otherwise

n

1 &8
a0
Fo = =2 b0
| F=F, -F, = g Hb - £¥Zhb veeas (2 3)
- 1 2 = BB 2 .-to.o.Ofuooocr... \ -

-

‘The point of aprlication of force F measured from the 1ow§r[eﬁge of the
uncracked portion of the slab is

_ . FH Fh
y ='( —2— - —3""" ) / ( F1 - Fa ) (EEETREENRERE TN N] (2"‘")

If necded, the moment L is
1 ' l’ '

M =‘( g‘- S-r ) ) -0...5.—--..-.-.o.oq,c.o-.’ (2-5)

2.7.3 Computation of the Force and its Location in the Steel Beam

1 .

from a Known Strain Distribution

As the cross-sectional shape of the steel bean is'notgo
regular and the stress-strain curve may not be a simple curve formed
by a series of very few straight lines, it is much more coﬁvenient teo

use the method of subdivision for thé computation. Unlike. the exact
s .

kY . -
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method used in the slab, this méthod can bc easily modified to accommodate

various shaJLs and various kinds of stress-strain curve.

First, the cross-coction is subdivided into sufficient number

of small elements ac shown in fig.{2.6a).
E, €A, if &, £ e,
F = z}}‘ F = b ~ivi i yi

i— .
oyt AT &y 2 €y

The point of application from the top of the steel bean is

zFiyi

b-' - —ET—_— *esssssrss0estncvivenare (2"?)
. i . .

If one cmrloys eq.(1=-2c) for total‘momenf. the term ”b is obtained as

Moo= (3 -

F
b ).

| T
I? the calcﬁlution above, a question may arise concerning an
unshored begm; One may ask which of the ctrain distributions shodld
be .used, the strain distributiogjfrom live load or the total ctrain
distribution produced by the dend load and live load? It seems logical
to argue in this way: the force eki#ts only when live load exists, hence,
the force can be obtained from the strain distribution produced by the
iive load gloné taliing into account the effect of dead load by noting
that vhen the sum of the steellstrnins exceeds the y?el& goinq value,

the,corresponding stress should take the yield point stress. According

to‘thia'one nay Eompute the difference between the total strain and the

ks
~

dead load strain in order to get the live load strain for the comrutation
of the force. However this is only rartially correct. Because the
principle of superposition applies orly within the elastic limit, outside of

which the system no longer retains its linear properties, the principle
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of superposition faila.

It iz very simple to solve this problem ﬁy realizing that
the forco'required is the actunl force_exinfzkg in.thc otecl beam due
to the total strain—distxibution, Qhoykﬁrc directly related; nnﬁcly.
the totnl strﬁin distribution always pives the total forcg‘at the beam,
ovcn‘thounh ghe live load may not have been added. An nlternative wnj
bf visualising this problpm is that the total strain yrovides the force
which arises onlf‘when live load nﬁista. because the dead load, renerates - .

a forco—free symmetrical initial strain,

€

2.7.4 - Comrutation of the Wxtreme Fibre Strain in the Slab for {(iiven

Forces nnd Curvature

.

This wroblem requires a strain distritwution such that it

- T

pronises a lixed given force, since after the extreme fibrc strain is
found, topcther with the given curvature, & unique strain distribution
corresponding'tﬁ th; given force will b; estublished. Foé fhis purrose,
a numerical technique, developed by Gurfinkgl and Robinson (10), and first
uppliéd to coﬁposite structures by Thiruvenpgadam, may be conveniently
used.

As just stated, the given force is uniquely determined by a

. b]
strain distribution, which , in term, is determined by the curvature

g ‘ |
Q) and one of the extreme fibre strains. After fixing ¢ . Fis a
fuction of € only. Setting ¢}to tiie given value ¢5 and writing
F = FOE, )

and using Taylor's expansion to express the force F, retaining only

the linear term, one obtains
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IRED) | '

F(e¢) & F(e¢) ‘l"e"—-—'ig" de crescsenree (2"'8)
A€ g

- ‘
where E io tho known atrnin oorroaponding to a known forco B,
4)0 ia the given curvature. _' -
€ 1is tho extreme fi_bre strain required which togother with d)o
gives the strain distribution resulting in a force squel to
the given force, F(_€-|¢°)°

F(E.(.h)) ia the given foroe.

Eq.(2<8) provides n good npproximation only whon F{€, 4) ) is

close to l'(E 4> ), that is, F(& 4) ) lies in the omall noirhbom .1ood of

F(E.d)o). If d¢ can be found, the required atrain is
€=E+de ' ' .‘OIIDS:UO‘CI.-.!OQ'O-tl.UCDOCl (2"'9)

QF(E D) -

In order to find d€ , the torm ——————— in eq.(2-8) must first be
2€ ez .
computed. For this purpose, a small incroment of €, called AE , is

-— 1
‘added to € . The sum is called € , that is
€' = €+ AE
| From the known curvafure q)o and strain €', the forca.F(E‘.(%) can be oy

computed using the method in.article 2.7.2. Then the foroe-strain

gradient is npproxim;ted 88:

r

| Fle', - Fe,0p)
BF‘ -'?'- (G ¢0) e ¢o ......Il..'......li (2-10)
. F Ae ) i N ra

The combination of eqs.(2-8), (2-9) and (2-10) givea the reAquirod. strain:
NP Fl€,$) '
€ ¢ &+ (PG -FED) I/ 3........3 e'q’o

o (red) -REDD ac

e: é + ‘ F@'|¢o)‘ﬁ€1¢°) - o.--.‘-'-o.--- (2"'11)
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Corresponding to the computed € , the force is computed and

-

1

éompdred with the given force F(eﬂq%). If both forces gre Quff}ﬁiently;
close, thetébmputéd € is acceﬁtablel o

‘ N ‘

If F(E.q%) is not in the smull-nqighbourhooﬂ of Fgf,q%).

eq.(2-8) is a poor approximation, and the value of € obt;ined will
not provide the desired accuragy. fLen the procedure should be.repcatcd
by taking the 1ast_E comruted 40 [4 uﬁd. correapondingly: the force F
camppted from € znui¢% as F. This prgéess converges rapidly,
especially when the firét.é is chosen properly. The required accuracy

~

is usually obtained after not morfe than three cycles.

‘2.7.5 Comrtutantion of Strain Distribution for the Comrosite Benm Ior a

Given Iorce and E:xternal lioment

.The.ex;epnal moment and the force oféinteraction between the -
beam and the slab at a roint aléng the bpan'are given. The problem
requires the strain distribution throughout fho'depth at a cross-scction)
of the composite beam sgch that the force and total internal goment
cooputed from the strain distribution equal the ﬁrescriﬁed forece and "\
the external moment.

Before'proceeding, let us examine wﬂat is the minimun number
of indevendent variables requi;ed to find the moment and forcerf the
compos;te beam. Four variables are apparentlyi needed. Thﬁse are 6b1
the extreme fibme gtrain in the beam? ES. the extreme fibre strain in
the slab; q)b‘ the curvature of the beam and {Ps' the curvature in the

slab. However this is an overestimation, since (bb and (PS are related

-~

by | : . ;
q)b = (Pb + (PDL wassevesescsessesasanse .(2-12)



The clurvature due fo dead load ¢DL vanishes for a shored beam and haa‘

a known value for an unclfhored beam. Therefore fba can be oliminated.

.If eb m;d df)b are known, the force Fb in the beam is also known by

using tha method in 2.7.3. Then employing eq.(1-1), F, can be found.
After ¢5 and Fs are obtained, .yrith reference fo the method

described in 2.7.4, Es. the oxtrome .fnibre_ strain in. the elab is found.
Therefbre' E‘B and q)a. are substantially two dependent variablos.

The only tHO'-écting'aa independenf: variables are Eb and (t)b. Then one

may write

F = F( eb. Cl)b) and M = M( S ,.¢;;)

Now, to find F and M, €, and (, should be known at first, othor
quantities aré_dexivable in the intermediate Btepﬁ. "However, in the

preaent‘case, probiem arises. F and lare pi‘eﬂci‘ihed, while Eb, q)b

and other depen.dent quantzties have to be computed.

To start uith. two knowm values of E and d) are jidentified

as Eb and 251,' The cerresponding force and moment are computed, g.nd
- denoted as F and N respeatively. Applying Taj‘lor'a expansion formula for

the two dimensional case, again 'onlyl the linear terms are retained.
For simplicity.- Eb and (bb are dex_zoted as’ £ aﬁd ¢) in the _remaining

_ pgrf_or this article, 2.7.5. The expansion is
FE,G)=FE, P+ | ge . §F|e=§¢’- vee (2-13)

a¢ieng
fb'F ¢=F

The computational procedure is very similar to the one¢ dimensional

"H(E,D)aN(E, $)+3"i de +;’“ ad oo (2218

probien in 2.7.4. It can b; auinmm_rized in the following steps.
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(A) Add a small increment of strain, &€, to €, obtain
e' = € + A€ , maintnining the curvature ¢ =¢ .
(B) Compute F(E'.@);,H(e';@) from e"and &y.
a. The force.aﬂd its locatiapn in the beam is found

using the method in 2.7.3.

b. With the aid of eq.(2-12) q)a :% - cbm , and
'y ' ‘ '

F_ = -F,, the method in 2.7.4 is applied to find the extreme fibre

gtrain in the slab. )

c. ‘The force and its location in the slab are comput'ed
after knowing ¢5 and’ EB using the method in 2.7.2.

d. One of the equations of {1-2) is used_,'to compute the

noment., M, of the composite beam.

(C) Add a small increment of cur"\ratuxje. Aq) y to ff), to obtain
CF' = g'f) +A¢n. maintaining 'VE = € . ' i - -~
g _ s
(D) Compute F(E,d#), M(E,4}) from €,¢J. The computation is
very similar to (B). The only difference is that the strain and curvature

of the beam are now € and ¢ .

(E) Compute the force and moment gradients by the following

approximation: *
a_l': _ F(é' ,_@) - F(éyé) - (2-15a)
9€ .f,.'% Y. ¥ '
| aﬂ = "(e.é — H(§’¢) ..............‘....;-.‘.... (2-15b) / |
L OERS A€ | ‘ |
oF FE, &) + FED
-a-$e=g= ( ¢ esesssessnsacssnssvecer (2-153)
6B

a¢
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M(E.d) - wEH
--.'-_- . Pees O INRPRNERIOIRNSERNOIBAOSSY (2"'156-)
E=C .
$=% o¢ '

(F) Solve equations (2-13) and (2-14) for d¢ and d¢:

2 CrEeP-FER - L CuepREP ) -
3 cesesnes (2-16)

AP
(L
@ Ge

F—I-?-é—- . a€

d¢ = P ob-c-ooo:o.c-.;--o.o----.

d€ =

f

(nl ) (']I.

(2-17)

i~

3,

%

Tn the‘exp}essions fof d€ and dq).abqve. all the partial derivatives

are evaluated at € = € and ¢7= @ .
(¢) € and ¢)are then obtained AS
€ =€ + d€ and 43_=‘¢+d¢)r

which are used to compute F and M in a way similar to that in (3).

mhe results are compared with the required F and il. If the computed

values are.satisfactorily close-to the prescribed values, the computation
|

ia conrlete.
(m

the requlred accuracy may not be reached in one trlal.

Since eqs.(2-13) and (2-14) are a linear approximation,

The same steps are

“enﬂnted for the next cyele with the last vnlues ox € and d) as € and §

- the corresnonding I and U computed are taken as P and {l resrectively.

This process converges rapidly; after a few cycles the desired accuracy
- :

can usually be reached. ' ,

absolutely necessary to take Eb and 4.‘1, ns t,heb

It is not

irderendent variables. If E; and 435 are chosen as independent variables,

other quantities become dependent variables., The analysis proceeds in

similar fashion.

n



. 2.7.6 Information Required Prior to Comﬁutation

The

can be made.
(1)
thaldimenaién
(B)
%roviding the
| ©)
(D)
curves of the
(E)
(¥)
The

- (&)

following information is required before any computation

Tho geometry of tho steel beam and slab, length of span,
of'tﬁe cross-gsection of the beam and thg s8lab.

The weight of the steel beam and slab, or other information
" - o .
value of dead load.

The number of connectors and their Fpaoiﬁg.‘
The 1§Qd slip curve for each connector, the stress~strain
stecl and the cbnorete. : ‘ ‘ ‘
The lo;ding and tﬁe support condition.

Whether the beam is shored or unshored .

1}

following values may be obtained from the computation.

The strain distribution at each panel, namoly the

curvatures and extreme fibre strains in the steel beam and the slab.

(B)
(c)

The slip and force at gnch connector.

The derleotibn'at each panel.
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2.7.7 Procedure for Thiruvenpadam's Computation

(A) The terms in the basic éhuatioh
Thiruvengadam's éasic eéuation for ith paﬂal with the
modification for cdnsideratién of the inelgstic con;ectors éan be
written in the form, below -

B

21-1F(a-) * BatF(n) * BaserFaen) T Ay * Py oo BN
b

Let n be the number of panels, then
!
q .
By = Bypy1 =0

Ir the ith panel is elastic, for 1<i<n

1
Bas1 = &,

for 1=i=n

Bzi = = ( ;C_- + 'E_l_ +%i)‘s(i).') oooo.;oo-;ooo--o . (2-19)

S T . .
When the ith panel is inelastic, the expression for B,y is - v
Bzi = - ( -:F- + k ) : . :..:...a.-.--oo - (2-20)

) : - i+ _ e '
for 1<i<n, The basic equation for all'panels'expressed in matrix
notation is o L w0

(8] (F) = (a] + (D] | .,....;;L}f,;;;..l. (2-18b)

To consider inelastic connectors, the ith term, D(QS'éfu[b] is
- ' - .o.ooo;-o-oco-.........:“ —21
Degy = 93 =~ Y340 eneese (2-21)

r .

where di is the intercept on the slip axis of the tangent to the 16ad-

slip curve for ¢onnector 1 at a point correspoﬁding to the ‘connector

J

force, Q;. The element A (4 of (A] for the elastic case as derived

o
T

in article 1.6.1 is | . T

-.-_\
/
b
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A(.j_) = -J s, . [3 ¥as ....'.‘..'...........'___"(‘1-21)
| (1) |

This intégral can be evaluated directly or replaced by a summ&éion.
For the latter case, the panel is divided into tho désired number of

subpanels. I there are H(i) subpanels in panel (i) and S(;j) is the
length of subpanel (j) .within the panel (i) and M(ij) is thc‘éomcnt‘ﬁt”’

. . . F ) o e <
the middle of subpanel (j), then o T

M,
(1) ) . ‘ . .
Ay 7T J=1{?,(i3)"‘(ij) S(iq) reeeeeeeseeees (272200

When the panel (i) is inelastiec, A(i) is

A(i) = 1}- (E.b/- ES) ds i----t..ooo..-o'- (1"14)

_ (i)

hE

Because (E - £ ) may vary nonlinearly within the pahel (i), subdivision

~——of nanel (1) is made to 1ncreaﬁe accuracy. Then eq.(1-1%) aprproxinated

o S
A(i) = ;1 (Eb— EB)(lj)AS(i:j) oo'oouool.o- (2-23)

in a ranner similar to ecq. (2-22) gives |

where (E € ik is'the differentiﬁi'slip strain evaiuated at the
nmid- po*nt of subuanel {( uithln ‘panel (). |
(B) Derlnltlon of elastxc and 1ne1ast1cltreatﬂent

Under the given loadifg, if the bean and- the slab are
elastic at all peints in the composite beam, the problem iz solved by
the method derived.speciallxcior'the elastic case. However, if the
loading is such. that the stfaiﬂs ineeither ‘the Ppam or thé slab at any
point exceed the elaséic limit,.tﬁe problemqis solfed by thg methodi

for: thie inelastic case. The method by which the inelastic case is

“



37

B

Lolved is a general method and can be used to solve the elastic case

e B X I

also. - | ' t .
" (C) Elastic case
The methéd'bfﬁsolution when fh; slab and the beam are
lqutlc consists of the followlng stepsh . _‘ S

r

(j), Comrute the moment at the nid—p01nt5 of each panel
or subpanel.
(2) aultablo trial values of k are ascuned for each of

the connectQrs, if suffic1ent 1nformat10n is. not available to estimate

suitable valueo 1or k, the initinl slope of the load-slip curves can

be assumed for k of all connectora— o o

r

3 From the trlal Valucu of k, thc corresponq{ng values °

1
»o -

..of 4 are determincd from the 1oad-slip curves. .
W) From eq. (2 19), ‘the. terms in [B] are computéd;‘

(s). From eq. .(2-21), the terms in . [D] are computed.

(6) ‘Since [B] g-[D] and (Al are knowﬁ, thé unknown

[?} can ﬂé solved by the Gauss-Sqidpl uethod.

s

. {7) Since F 'is known, thehconncctor 1ocads, Q, are cal-

culated from!ﬁhe relationship: : : ¥
’ R ; ; Lo . .
.= - oc.noc..o-o' cessneseseen 1-‘4'
9 = Py 7 Fa-n prasensresnes (070

1]

~

s ' £8) The slope of the loqd-slip curve, K corres;oﬁding °
‘tﬁ the conﬁector 1oad Q, just computed. isﬂdetermined for each o; the
connectors from their respectlve load—alip curves. Tﬁe calcﬁlateé ’
vhlues are tben compared with thg trial vulus assumed at step (2).

“1f for any connector, the calculated k is different from the assumed

k, the new value .of k is taken as the next trial value and the

u
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u

' . - L] . .
computations described in steps (3) to (8) are repeated until the trial
values of k are equal to the calculated values.

\9) The curvature and strain distribution at ény scction

of the cbmpbsite beam .are determined.
- . ‘
' |

From one dimensional beam theory

9

d) H-ZF é} ' ‘ K -

ZEI '0.-..-..ooc-..cco-c.-ofo&...o. (1-17) ’

for the éhored'bcam,“_is?the total rioment due to dead load and live

load, and (t)b = d)_s =;¢‘)" ’ oL

for the unshored‘beam. H is the nomerit due to live load alone,

<‘\ ¢DL and(L) =¢.

For both the caces ‘above, the followlng formulas can be

used ) ) “

L) - . ) 'q

Io .
E - " +¢5CS nooocoo‘c.tooo..ono (2"24)

mﬂ'\
n

"

m
)

!
6€P
&

E =._—-_- C .....‘...J....Qll..l (2-25) .
b= E A (bb b | . o
So = & bDb

where D and D are the total depth of the slad and tha_hsgm res;ect1ve1V.
(10) If either the strain in- the bottom fibre of the
beanm, € vb* °F the stréin in the top fivbre of the slab, Ess. at a franel (1)
exceeds its respective yield strainm, then ﬁénel'(i) jc declared inelastic.
The treatment of inelastic panels is given in article 2.7.7 (D)..
(11) Since the curvature at any point is known fron

‘step (9), the dqflection'at any point is obtained by numerical integration

of the curfatures along fhe length of the beam.
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[4]

(D) Inelastic case

a. Hethod 1

This method is general and can be used to solvo voth
symmetric and unsymmetric problems. It consists of the' folloving steps:
(1) Suitable trial value of F are assumed for all

the yield ranels. To begin, the values of F in the previous loading

stape can be assuned.

(2) Each of the yielded panels is divided into a

suitable number of Subpanels. | A _ . - .

~

(3) The moments due to live load and dead load at

mid-yoints .of all subpanels are determined. - ,

(&) For any subpancl (j) the force and momeni at its

center is -I:noim; therefore the strains, E_b and € 5" at th'- interface
can be determined by the methed described in article 2.7.5. The terms
in [A] for all ylclded panels are detern1ned from eq.(2- 23).

(5) The terms in [A] for all the elastlc panels are

conruted from eq.(2-22). _
| (6) Steps (2) to (6} in the elaétic method {article
2.7.7(c)) are then folloued. -

(7) The computed values of F for the yielded ranels
are'compafed‘with the assuned values in step (. It ‘the difference
btetween the computed aﬁd assune values of any Fis greater than the
allogable error limit, the computa ion descrlbed in steps (2) to (?}

P4

are repeated with the new values as the ne"t trinl values.

(8) If after two succ6851ve'trlals, it is found that

the solution diverges, th cfz —— method proposed by Aitkin{11). can be used
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to get a new trial value. The method states that, if any three successive

jterates, ZK; ZK+1 and ZK+2 are known, the'relationship

2
7 = Zy Z‘K+2" 2y +1
T By T Chgeqtiy

affords an extrapolation which may provide an improved estimate for the

trial value Z.
(3) Steps (7) and.(8) in the™1astic method (article
2. ? 7 (C)) are then followed.

(10) For a11 the elastic panels, step(9) in the elastic

method (article 2.7.7(C)) is followed.

/

(11) For-all inelustic panels, the extreme fibre
strains and the curvatures of the beam and the slab were computed in

step (4). The values computed in the last cycle are taken.>

(12) The strains jn the top fibre of the glab and
the bbttoﬁ fibre of the'peam aré checked to determine whether they have
exceeded their respective yield limit. If any'neu_panals have yielded,
these panels are included in the jnelastic method and steps(1) to (12)
are fepeayed. . |

| (13) The deflection'at any point‘ié obtained by

numerical 1ntegrat10n-of the curvaturps over the length of the span.

b. Hothod 2

In tﬁe case of symmetric'problems.alcdmparatively
rapid convergence is obtained by using this ‘method. ;
- The panel adjacent to the center ;r the span i8
designated as'(m) and it is,assumed that (i) is the leftmost yielded

panel. Because of synmetry, only one~half the span ne¢d‘be considered.
: N



b1
4 .
The panéels to the left of panel (1) are elastic an ﬁé panelo from
(1j.to (m) are inolastic. Beocause of symmetry-, the load on the central
connector m+1, Qm

1" ip zero and the slip r = 0.

m+1
The method consists of the following stopu:i
(1) The ylelded pancls are subdivided into suitable

number of subpanels and the moments due to live and dead londs are

dcterminod at ‘the mid-voints of all these. oubpnneln.

(2) A trinl value of forge for the pnnel (1, Feiye
! ’
in accumed. : :

(3) For a subpanel (J) iﬁ panel (1), the force and

moment at the gcenter Seing known, the atgaiép Et)nnd Ea can be found

by the method described in article 2.7.5.

-

(W) Stép (3) is carried out for all subpanels in
panel (i) and A(i) is computed from eq.(2-23). | | '
| . (5) By asoumption, (i) is the 1eftmoat yielded panol.
Since panels (1) to {i-1) are eclastic, steps (1) to (8) of the elastic
mothod (article 2.7. ?(C)) are followed. Thus, forces F(1) to Fry q)

und connectorloads Q1 to Qi are obtained corresponding to an assumed

‘

vnluo of F(i)

(6) The slip of the connector i, r;, corresponding

| i
to Qi is determined from the load-slip curve of the ith connector.‘

(7) The slip of the connector i+1 is given by

/

"141 = vy Ay

L

(8) From the lond-slip curve of connector i+1, the
connector load Qi 1 corresponding to Tyl is obtained.

(9) Then Fry 4 is given by

LY



| F = :
(1em = ) *
(10)  For the (i+1)th panel, A, .,y 18 detormined
" in the manner similar to that descrided in steps (3) and (W).
(11) The slip of the .connector i+2 io obtained from
Tie2 = et A |
(12) Steps (8) ‘to {11) are followed for succeosive
panels until r {o detcrmined.
| o+ _ _ .
(13) If the first trial’of F(,, is close to tho
correct value, then rm*1é 0. However, if the desired accuracy io .
not obtained, a new trial value of F(i) is aspumed and the dyclo of
computations repeated. The convergence can be accelerated by using

/ L sl ' .
Regula Falsi or bisection techniques for determining successivo trial

values of F(i). .

(14) Steps (9) to (13) in method.1 for inel#stic

case (article 2.7.7(D)a) are then followed.




CHAPTER 3

& COMPUTATIONAL DIFFICULTIES

Several kinde of numerical difficulties may arise in
Thiruvengadam's computation.

' 3.7 Very often the oomputation can not prooeed at tho stage of
computing € and § from the given force and moment as stated in article -

2.7.5.

Because tha_iinear approximation for Taylor's expnﬁston is

used in the computation of € and d the'initial_values for Eb andtﬁb

nust be close to the required values of &€, and ¢b' If € and $ chosen
1ie in the small neighbourhood of the required € and dﬁ. the computed -
values of € and 4) in the first iterative.broceau. or first';yole,
will be cioser to the required values than the atarting values of e
and @. Then the iterativl pfocasa converges. If the starting values

Qf € and § are not close enough to the roquired values of € and q)

the ;alues of € and ﬁ)computed in a cycle may be farther away from the
required valuea. Taking these values for € and § for next cyole, the
divergent tendency becomes: morq severs. Finilly the oompptnfion.reaohes
the stage where € and 5 take excessively large valuaes. Tﬁe respective
increments of A€ of € and NPof @ will result in the force and moment
which do not differ from B and fi respectively. Then all the forca and

"l'} | R . -
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moment gradients, FTAISYR) %? and %%-beoomo rero. The computation in
4 )

eq.t2-16)~or eq.(2-17) cannot be performed due to zero denominators.

Taking the computed value of € andﬂb from the previous loading stage

~as the value for ¢ and'E;, as auggeatod by Thiruvengadam, is not a good
choice, since not only does it take more cyclea to attain the desired
accuracy, but also it may not give the values of & and ?E close //;

enough to the required ones, at high loading stages. The numerical

aifficulties just mentioned are unavoidable.

AV
Ol
+

3.2 Even if‘g and ﬂ)are well chosen, some numaribal difficulties

may still arise in the cbmputaéion stated in 2.7.5., especially uhén
‘ the method of subdivision is used to coppute the force and its location
in ﬁhe,slab from a known strain dia?ribution, as wae stated in article
2.7.2.

. while computing the ternm ?ﬂ. as stated in articles 2.7.5(A)

T

and- (B), the force F(€ +Aé',$) jn the beam and in the slab is first
found. Then the extreme fibre strain in the élaﬁ is cbmﬁuted corres-
ponding to the known curvature and forcn by using the iterative method
in 2.7.4. If the subdivision in the slab is not fine enough, or the
proscrlbed accuracy for the iterative oomputation ig not great enough,
or/the strain increment A€ 18 too smallﬂi_; the combination of these,
the strain aistribution computed in the slab may not be accurate
enough to.giva the}réquireg'totﬁl vending moment H(&Q+A&.E5). This
results in the moment M(€ +AE,35) which is no{/accurate, or worse, has
the sumé value as N(€,$), or even is sﬁalier than H(€,$). In this
caae. a@ is either gzero or a negative number. The computation of

moment gradient with respeo} t:)j;rain fails vhich, in ternm, affects
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the’computation of € and ¢>. A sipilar case occurs when

Qs
-e-l::

computed.

3.3 For convenience of description, let us firat define the

term 'main cycle' in Thirﬁvengadam'a computation. . is term.
represents the computation starting vith assuming a se &Y trial forces
for the inelastic panels and ondn‘when ghe simultaneo equations are
solved. ‘;1:‘
A éood cHoice of-é and $ for the main‘oycle dther than the
.

first main cycle is difficult or ever impoasible 1n some cases, if

solving the Blnultaneous equations is neceaaary, as in the method used

by Thiruvengadam. In order to apply Aitkin® B‘S oorroction method for
thd’burppso of convergence, the force F aasumed for ith panel for the
second maiﬁ cycle must take the computed values of force in the =zame
panol from the first main cycle. and similarly, that ror-the'third .
main cycle must take that. computed value from t;} aecond main cycle.
" Because the computed value is farther ava; from the'required value of
force than the assuuod value of the force, the assumed value in the
uocond main cycle is worse than the assumed value in the first ‘pain
cycle, and similarly the assumed value for the third main cycle is
worst of all among the three nain cycles. This divergent nature is
shown in fig.(}.i). | | |
Fig.(3.1) shows the divergence of the value of ¥ for the
Bnccoaalvo three main cycles for the ith panol. A oinildf case

occurs at each 1nolaetic-panel. After three successive main cycles,

a rmuch better assumed value is obtainod for the fourth main cyclo 134 )

_/



using the JZ correction method, However, at high loading stages, o
becuusé of the severe divergence, corresponding to the divergent F
and fixed M at ith panel, the computation of € and o fr-equenltly
encounters the numeri;:al difficulties stated in article 3.1. Since
the values of € and E’ s cannot be prop.erly. chosen, no uatter what
incremonts of € and-?f\ are used to fit.xd the grqdienta; the conmputation
cannot give.the required value of € and ¢ for tﬁe given divergoent F
and fixed M ‘at panel (i). |

Other methods of choosing the aasumed force for the next
cycie. whether emj:loying Ja correction teéhnique or nc.it, cannot provide
convergence in‘the iterative process within a reasonable number' of cycles.

| Thilruvengadam'a moi;hod 2 in article -2.7.7(D5b can avoid the

difficulties caused by the divergence of F, but the difficulties utqted

in 3.1 and 3.2 still exist. | ' B

-

- -
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agaj?ed: ooyfutod

| —> value of F
(18t main cycle)

computed

> vilqo of F
(2nd main oyole)

‘after cfz correction

‘computed

4‘—% value of F
. , (3rd main cycle)
roqulred-f&:bo r(i) .

- . .' ) : . Q
Fig. (3.1) Divergénce of the Panel Force
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' CHAPTER 4

METHOD DEVELOPED 70 OVERCOME THE NUMERICAL DIFFICULTIES

4,1 General ) - \

~

-~

As stated in article 3.3, the divergonce of the assumed force
F at successivo ¢cycles causes serious numerical difficulties. To avoid
these difficulties, a method without neoessarily solving the simultaneous

equatlona must be developed.

The method in this project was estahliahed after the study of

- all the dgifficulties mentioned above. In this method, a value is first

assumed for the end slip, the slip at the first connector.t The force

F(N+1) at the other end beyond the 1ast connector’ ia then computed. Iz

this force iBs sufficiently close to gzero, & solutlon is obtained.

The detailed description is given in the subsequent paragraphs
{rom which. it can be seen that the difficulties in artiole 3.3 will no
longer exist. The method to remove‘the diff%oulties atated in articles

3.1 and 3.2 is given at the end of this chapter..

4.2 Computation of the Panel Force F’i‘ and the Connector Sl;p"_i 1

from the Known Panel Force F’i 1) and Connector Slip r.

If the slip at connector 1 is knovn. the oomputation of the

slip at. the i+1 th connector is accomplished by the method stated below

47
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(see Tig.(B.1)):

(1) The force at the connector i is found from tﬁe analytical

expreasion of the load-slip curve for connector i, that is
Q =Q Ury )
where Qi(r ) is the exprasaion of the load-slip curve for connector i.
\2) By using eq. (1-4). the force in the panel(i) is computed
as: |

F('i) = (1 1) + Q oo-oc-.o...oo-ooco_--o \1"'"")

.’

(3) The slip r, 1 15 found in the following computation

(1) If the panel is elaatic. 0q.41-23) is used to find -

the slip at the i+1 th connector as

ri+1 = r +J\i (i) j ‘i)pn dx . asvpesssnce \1"23)

The integral can be evaluated or roplnced by equation (=22} as:
. J Ne1) :
= (3" ax 2 - Z— NCICEY BapBSy ‘2‘22’

(B) 1If the panel is inelnstlc‘ 8q. \1-7) must be used.
thu;. . '

‘r- = X "‘ 5 - e )dB cessssscsssse “ (1-7)
i i 3(1) b ,

The integral J (E - € )dq is found by the approxination expressed
li)

in eq. (2-23) , : L

N o
. (1)

Since I‘(“ is computed in step (2). the strains G.b, and EB' can be

found by using the method in article 2.7. 5.

Ve

2
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4,% . The Computational Procdﬁure

i (1) First dotormine the constants used in the nnalytical

v

.expression for the smooth 10ad-311p curve for each connector. R
(2) Compute the moment from the external loading. |
(3) Asdumoln trial value of r, Ior'tho end connector. By

knowing F(0)=0. the foroe F(1)Land:the alin.ra are found using. the

method in article 4.2 with the'general‘index_i-sot to 1. _ K
. In this step and the following étepn,/all the panels

are first assumed to be oiastic.-un}eao thej are found to be inelastic

in the previous computation.‘ | | | |

s

? L) After Feq)- and r, are found, by sotting i = 2, 3y eves K.

F(z) and rs, r(3’ and r“, coes P(N) and r, , are found successively.

“(5) Q" 1 is obtained from the 1oad-alip curve for N+1 th

=Y

connector, namely - ,: i
_ . B e

Qs = 2 et m@’ ’ o L

and then F(N+1) is fonnd as:
F(u‘...‘, = F(IK) +QN+1 o'o‘bocooo-oo..cooo.ooooo {f‘h’)

It the difference between zero and the value of P(N 1) is Jithin the
& ot ‘

. desired limit, the assumed value of r, is correct and the aolution is ’
. obtained. For convenience, the computation fron steps (3) to (5} are

referred to as the main cycle for this uethod.F ‘

\6) If after a trial the solution is not obtained, a revised..
;aluefof r, is used’ for the diext cycle. The’ steps trom (3) to (5)
are repeated. jnio conputntion continuaa until the uolution ia obtained.

(?) Through‘the computation, the forces in the panels and at

-
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the connectora are already obtained, the curvature and the qt;ain ror"
the elastic panels are found by employing 0q8.%(1-17), (2- 24) and
(- 25). The method is dascribcd in article 2.7.7 (C) (9). For the
' inelnstic panela the curvaturoa and the straina are obtained through
the computution (rafer to 4.2.3(B)).

_ .(8) The Btrains in the top fibrc of the slab and the bottom'
fibre of the beam are checked to~§etermina vhether they have exceeded .
their respective yield limita. If any nev panals have’ yielded. steps
(3) to \7) nust be repeated with theae panels treated inelastically in

the conputation described in article 4.2.3.

For symmetric problems, only the half span needs to be consider-

[}

}

ed, The computation is performed until the slip at the mid-epan connector
r. is found. If T is aufficiently closes to zero, tho aolution is
‘obtained. If thera ia no connector at the nid—span in the composite
becm. an imaginary connector baving similar load-alip characteriatics
"can be placed in the computation. Bince for a real solution the connector
‘at thié point is énbject to no force, this assumption will not affect
the crigfnal solution. | | i

From novw on, the'dtscnaaion is limitcdztofthe aymmetricﬁcaaec.
Thc principle for unsymmetric’ caaeﬁ 4is the eame as that for the aymmotric
cases. Hoat'methoda and formulas applied to the symaetric case can also
apﬁliad to the unsynmetric caae.' Only small modifications are requirod
for a fev formulas and some nunerical values used in nrticle 4.6.1.
: <

qgc Soue techniques omploycd in the. oonputation ‘are givcn in the
(X , .

i £;f!3uing articles.



51

L.4 Method of Choosing the Firat Tria].anue of End 5132

‘ It 1a diffiuult to ohoouo a cloao trinl vulue of sand slip 1n

general for the first mnin cycle for each loading. bnt rolatively oany

N for the two initial loadinga. It becomes much easier to do if the' two

\\initiul loadings are small, well within tho elastic 1imit. and also if
spome oxperionco has been obtained from the previoun oomputation-'

The difficulties are further reduced if the finite differenco

~

equations are aé}loyed.‘ Only thé_qlastio finite difference equations

F . o ¥
(1+1) (A, 2 (1-1) g
Kk - (g *k +°)‘(1)S(i))F(1) + "7 J s

0 (3 Mds
1+1 1+1 1

.

'(1‘-19')
are employed. After theso.are written for all the panels, a set of
aimultaneous equations are obtained. Th§ conutaﬁts ki for each cqnnectgr

_can be  approximated by‘a.aingle value k = ;Q (mee fig.(k.2))e roy 2

(o) ]
: . : 0 .
small value of slip, is chosen by estimation, and QO' the connector
force corresponding fo fo. is computed from the load-slip expression.

If eq.(2-1a) is used,

After aubstituting‘the value ki for each connector, tbe equations
are solved. The value of F(1) is than'obtaino¢ and the end slip T,

is computed as:

-

s

~F 3 |
A——)/'—L_ —Q' 'C.‘..t.l...... (l’-‘l)

This value 3is then taken for the trial value of end slip in tho firnt

main cycle.
i
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Because the starting portion of any smooth load-slip cu?vo
is close to & straight line, the value k used for each connector is
generally close to the avefage valuo‘of the slope of all connectors -
from a eolution baned on the smooth analytical curve, Thia mothod
providea a good estimation for the assumed value for the firut main
ycle of the two initial loading stages. .

After computing two initial loading ée;goa. the trial value
of r, fsr the first main oycle in the third loading can be found easily

fr -y
using

Ti2) T Ta() B '
r st + ( , | - H ) esene !0-2
W3 @) Wy - By )T @) (4-2)

The number within parenthesea in the uuhacript refers to the number of

the loadingrstage. Eq. (h-ZJ is derived from the assunption that in the
_ initial part of the mqment - end slip. curve, end slips are proportional
to the external bending momenta. This is a very good assuaption fof
sﬁall 1oadings. _ 1 |

"Whenever throe consecutive loadings are computed. the trial
value of the end slip for the firat main cycle for the next loading

stage is obtained from the Lagrangian Interpolntion Formula.

4,5 Prediction of Tqa € and § from the Intergglation Formula'

The Lagrangian Interpolation Formula playa an important role
in tha prediction of a trial valuo of end slip for the first main cycle
for the fourth or subsequent 1oading staées.q Hhon any panel becomea
inelastic, the starting values of strain and curvature , E . Gb and ¢ Pb'

can also be obtained from the computed values in previous loading stages

by employing the Lagrangian Interpolation Formula.




o 5k
The formula is in the form of
' n o onox Lex,
- . ned 3
y(x ,q) EEH ;Eg ( =y ) 3(x,)  seneneseccecees (4-3)
P

i

whare X, y(x )4 Xar Y(X) 5 eanee X0 ¥ix, ) are a set of knoun ¥aluoa.
y(*n’1) ip the interpolated value 9orroaponding to x 4

To prodiot y(x ), by uaing tho formula an (n-1)t\
polynomial is constructed, which pabses through the pointn (x1.y(>: )).
(xz.y(xz)). seses (xn,y(xn)). For the ”pruont case, X 1, xz. e X
are the provious consecutive loadings, and ‘y(x."). y(xz), caens y(xn)
roprosent tho corresponding known quantities, r,, 'éa ' Gb or ¢b‘
found in the previous ooqputn_tion. X e is ‘tha loading for which
the valuon are. to be predicted yhiio y(x;;,‘) represents tho values
‘of Xy E_B. (:'b or lT).b trom the intorpolating fox:muln.

TR

4.6 Mothod of Finding a Revised Value of End 8lip ai‘te:'tho.}’irst Trial

4.6.1 Method of Using Hultiplioation Factors

f“  This method stated here is that used to find a rovised value
of end slip for the noxt oycle before uhioh nll tho assumed values of
ry produce the mid-span slip r @ith the sanme aign. Hiun‘evor there is
a change of nign of the mid-span nlip. two better methods stated in the
subsequent .;arag:"apha are used. .
'Aa‘ mentiénéd vefore, the method for symmetric problens is under
diacusaion. for non-symmetric probloﬁa only slight modification 11!' needed.

For the aymmetrio problems, the slip at.the mid-span should bp gero, or

sufficiently cloae to sero for prnotioul purpoaoa. If it is found to
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be nogative after a main cyols, the trial end olip is iqo omall. If it
jo found to be pouitivo. tho asoumed end slip is too large. To asoume
a trial'vnluo for the noxt cycle, a multiplication fﬁctor is applied to
,rqviﬂﬂ tho trial value. An example is given here fo% the cane whore H
all the pnnolo are elastic,

if rp4 - .05 , r(a) n r(1) X 5.04

if -.05 < T 4 -,001, r(a)a r(1)x 1.02

irf =,001 < T L0, r(Z) n r(1)x 1.004 o

if r, = .05 g, 'fr(a)‘n r(1)x (2-1.04)

4

if ,001,& r, Z .05 , r(2)= r(1)x (2-1.02)

if 04 r .00, (2 L 2 (2-1.004)

(1)

whore r. is tho.end slip oorroupondiﬁg to the cycio just comfﬁtod and
r(ZQ is the ,assumed value of ond glip for the noxt cycle. The.;umberu
1.0, 1,02, coesse (2-1,004) , are all multiplication factors.

Tho Jhoico of the ranges of T and the values of the multipli-
cation factors is quite flexible. ;Se only condition impoaed i=s that
the factors should not differ from unity ‘too much auch that the Regulu
- Falsi mcthod stated in the lator.part of this nrticle. can work effectiJ;-
1ly to acceloraio the.convergence.,uowever. for the inelautic case, for ‘
vhich one or more panels yield, extra ocare uhodld.be tagop in the choice
of the falues of the modificntion Iactora. If they ares choeen to differ
very slightly.froﬁ unity, the required value of end slip cannot be
obtainod within-a fev cyclea. However, when they difrer aignifionntly

from unity, it may cause numericnl difficulties in the computation of

€. and O for the next cycle, since € and $ obtained'from the oydle
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Li

junt computed may not bae in a small neighbourhood of.& nnd<b for tho

upooming cyolo. o L, _
‘ .

Aftor two or more oyolaa,-%ho mid-span slip, v may chango
sign. Whonever it doea, it implien that the correct valun'of ond slip
{o located betwoan the lant two trial vuiuea used. +Then one of tho
following methqda may bo used to mccelorate the prooens of convergonoo.

o

£ Al

h.6,2 Biuootioa Method

Lot XL be the value of undwglip produoing a negntivc nid-span
‘slip roe Let XR he tho slip whioh produces a poaitivo T Whenaover a
iffaron% aign for mid-span slip Ty appears, the values of end alip tor“
the lant two oycles are taken for the prodioti&h‘or and alip for the

noxt cyolo.

The equntion usaed for the new trial value X is

xn + XL

X -] —'1—' : oouoooo-ootn‘go.;noo (h""l")

After the computatidn. if X produoes a positive T X will be

taken for xﬁ in another préQiction for thoe next cyole, Otherwise X is

A

takaen for xL. The same procedure -ia ropoutod'ﬁntil rm‘ia‘aufticiently

close to %ero.

i

4.6.3 Repula Falsi Method

This mathod givca bottar prediotion than the Bipection Mathod

, 1
for a function close to linear.

Let the aubncript n denote the cycle number. Let X be the value’

-—

"

of the end slip. Then k is the assumed value of end slip at the nth

03019- (X)) in uged to roprosont tho value of nid-span 81ip- obtainod
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from assuming X at nth oyolo.

Whenover mid-npnn ulip changos sign,-the Regula Falsi Mothod

cnn be applied.

ascunme that tho mid—upan aslip T at nth cycle takes the sign

opposite to that from n-1 th eycle. The two quantitina, xL and XR,

are dofined in t:! same way as in the Biseotion Mothod:

< .
if f(xn) 0 [} xL = xn . xR = xn-1

s

othorwise ‘ XL " xn_1. XR - X,

The predicted value i
XRI(XL) - th(xu) _ s
f(AL) - f(xR )} !-c-...........T -5

Xpey ®

If the solution is still not obtained after using this new

trial value, the procedure is repecated using xn+1 to renew one of the
' |
values, XR or XL , a8 follows: B

L

ifr f(xﬁ+1)-= 0 . XL = X1 e XR unchanged
, ' ’ ' \ . :
if f(xn+1):>-0 EE Xg = Xpeq X upchunqu

Equation (4=5) 4is then used for a new trial value xn o The
Regula Falsi Hethod is a linang:npproximation. This becomoa more clear

when referring to fig.(4.3).

L,7 Tochniques Used to Ovarcome Computational Difficultioa

 The difficultiea atated in artiolo 3.3 no 1onger exist when
the method described in this ohaptor is adopted. The other difficulties

‘are all related to the computation of’Eb and<bb for s given F and M.

aaes




Those difficulties desoribed in articles 3.1 and 3.2 can be considered

to bo the same type, ﬁﬁz\frqm diffevent sources.

4,7.1 To overcome the dirtiouities_outlined in artiole 3.1, the
following techniques were used. ‘

(A) The values of E , eb and $b for the first main cyole at
a now loading are obtained from the Lagruﬁgiun Interpolntion Formula.

(B) At the same 1oading atase. the vnluea of& ' Gb\and.¢
computed from one sain cycle are taken for e . Eb and @b in the noxt
cycle.

(C) 1If numerical dif!icultiea ippoar in the computation of
the gradients of F and H, or a desired acouracy is not obtained aftor
an expected number of cyoloa. the computation is begun again_with the

same €, and @b. but different incromenta of'aéb and b@b

(D) Should diffioultioa atill ariae. the following modificationa_

uﬁbuld be made.

(1) Reduce tﬂ;.increnehf of'loadiné £ron.the preceding
: loading if the difficulty occurs in the firut oain cyclo.

(2). 1¢ di.tficultieu are encountered in a oain cycle
other than the first main cycle, choose another set of multiplication
factors which are closer to unity than the original aet. This change
reduces the.diffe;enca between the two sets of valuea of E and ¢)b
for the two .coqsocutivo min‘cycles. Hence the valuea of Eb and dP b
obtained’ from ihe conﬁutation in the proceding main cycle can well
serve as the €, and @b for the current cyocle.

(3) For the very rare case in vhich many panels become

inelastic and the oonputntion happenu to reach the portion on the load-
d
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slip curve uﬁoro a rqlng}voly ;cuto rate of change of slope ocours, the
mothods listod above may not work well, For this Aaao. the loading
{noremonta should be adjuated. 'The inorement uhoﬁld be reduced,
étnrting-nt loant from the socond 1onding atape counting snck {from tho
curront loading stago. This wngthod will give bottor prodiction of r1
from the interpolnting polynonial. This chango coats additional

computer time, bdbut always lecads %to solution of the problom.

h,7.2 To e¢liminato tho difficultien'dodcribod in article 3.2, the
following mothod may Lo employed.

{tA) If tho otrose-strnin curve for the concrete and tho

croﬁé-uootionnl ghape of the slab aro not too conplicated to adopt tho

exact mothod of computntion for the force and ita looation in tho alab; .
the mothod described in 2 7.2, as one of the exact mothoda. can be uuod.
This méthod not only can pave computer timo, but also eliminate tho
tﬁoublp‘duo toqcoarae subdiviasion.

\B)Y 1If thc mothod of aubdivision is used, a aufficiont
numherot’diviniona should be made 80 thnt after tho 1norement of A€ is
pado, M(E+ 4€, 3) obtnined is larger than M(E @). and after the inore- .
ment of ¢ ie made, M(E, ¢+A¢>) is smaller than H( €% Yo ¢ .

(C) The preascribed accuracy, , should be groat onough oo that the

computod values 7}*& aﬁd d are sufficiontly close to the required oncs.

L,7.3 1! thb techniqueﬁ mentioned above are applied proporiy. all
the difficulties in Thifuvongadam's method can be aveided. However, '

because of the nature of the pethod in this project, some minor

computational difficulties are introduced unavoidably. Those difficulties
. ] {
 are not severe and.can be eliminated 3}th relative esse. These

]
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L

difficulties and their solutions are described in the following

\\paregrnphs.

(A)' Referring to article 4.4, before some experience is
gained, it may not be easy to make a good estimation of To {from thGh
the assuned veleea of T, in the first main cycle of the tirst tvo inltial
loading stages are computed. Under this eircumstgnce..a rough ostimation
ol r, can be-made for the first trial run of the computer program.
Though a solution cannot be obtained from a quite poor estimation, the
output -of the computatioe does give”some useful information. If the
mld-spnn 811p correspending to every main cycle is positive, it indicates
that the eetlmated value of r, and the assumed value of r, are larger

than the respecfive required values. In order to get a smaller value

[
]

for r, for the next ¢ mpetetion, a smaller ro-eorreepeeding to a larger
initial siope k is uéZd. A similar treatment can be used for the case
where all‘the mid-span slipa turn out to be eegative, If an object
deck is used, & tfial run of the eemﬁeter program just tekee a few
seconds of computer time. ' ’
(B) Because of a poor eetimation of o and, hence, a poor
aeeumed value of Fa in the ftirst main cycle of the first two 1nitia1
- loading etegee, a negative connector force 'with extremely large
magnitude may be produced in the proximity of midspan. Hhen the S
magnitude of that force exceeds the allovable 1imit of the computer,.
the computation will stop. To prevent this, .a negative number with
a large magnitude should be chosen and set in the program as a limiting

value of connector force. When any connectorrforce js smaller than this

value, the computation ‘in the main ¢ycle is suztched to the initial
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state with a largér revised.valuo assumed for the end slip and the main
cycle ip renewed. |
(C) As stated before, for the symmetric problems, the
aol;ZEDn is based on a condition where a value of mid-span slip
| sufficiently close to ze;o is §btained. However, in some cases, this
condition ‘alone is not sufficient to obtain a solution.
Sometimes after the computation,.a solution is obtained
'uitﬁ several connectors having neggtive slip. The 8lip distribution
may be in a fashion illustrated in fig.(h.%). Thiﬁ. of course, 15-
unacceptable. To avoid this, either of the following methods can be
~ employed. |
(1) Reduce éhellcading stage. A new c;mputntion with
better prediction of r, is started.

(2) r the computation of a main oycle, if a fairly

large . negative slip appears at a cvctor other than the’ mid—apan

connector, a multiplication factor wi¥h a value larger than peity is-

' applled to enlarge the assumed value of end alip. The original

computation is rejected and is replaced by & computation-with the

revised aabumed value for end Blip. » . .
The difficulty Jjust mentioned does not appear explicitly

when some panels are ylelded. because the .diffioculty in the computntion ‘

éf Eb and<b$ will appear before any connector slip tends to Pave pegativo

value., In this casq; the method of reducing 1oadipg incremént is usually

effective for solving this problem. <

All of the techni%des Btated above are well suited for computer

programaing.

N

\

N,
N
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After going through tﬁl'éizvq, it may be asked why the
techniques described. in articles 4.7.1 and #.?.2 were not applded to
Thiruvengadam's methéd 2 and this method retained without develo?ing'
'a new approach. These techniques cnndbe applied to both of Thiruven-
gadan's methods to assist in reducing the computational difficulties.
However they cannot completely oliminate the difficulties. Xs for
Thiruvengadam}a method 2, because of the necessity of solvi-g the
similtaneous equations, the load-slip curve has to be approximated bj

a series of straight lines. For convenience, call the left-most yielded

panel the (i+1) th panel, loc tod between the i+1 th and i+2 th connsct-

ors. At a new 1oading stage 31+1 th coonector reaches the state.

where its load-sllp characterda cs switches from-the initial straight

line, corresponding to the. preceding 1oading atage, to the next straight

11ne on the 1oad-slip curve, thereo ‘will be an abrubpt change of the alope
i 1 at the i+1 th connector. " After solving the aimultaneoua equatlons
for panel (1) up to panel (i), the solution obtained will be affected =

by this change. Because of this sudden change. the force computed in

A_each‘inclaatic panel caunnot be easily predicted, and ddfficultles in

choosing Eb-and.$b will be encountered.

o L. : i




CHAPTER 5

. MISCELLANEOUS COMPUTATIONAL TECHNIQUES .

Hopt of the fo;lowing techniques are used to save ceﬁputing
time and gpace or for the convenience of writing a computer program.

Some are invented for higher accuracéy of the results,®

5.1 Pseudo Connectors or Pseudo Panels

The pscudo connector concept is introduced purely for the
convenience of writiné a program and saving computing space. It is

only a mathematical transformation without poeseasiﬂg‘nny physi

meaning.
Earlier, when the spacing of. a panel was not small, the

integration of (€,- €) was roplaced by the summation

: N
' ' (1) ‘ -
A(i) = "[B(i)( eb- Es) dB = JE-=1 ( eb- eﬂ)(ij)asdj) sedenanas (2—23)

-3
iz

In ordex to evaluate the terms of this summetien, the panel is sub-
divided into several sactions. If the subdivision was-actually nade,
considerable inconvenience would be caused in writing the conputer
brogram, since’ many one dxmeneional quantities would now require two
dinensions. A better way of treating ‘this problem is to 1ntroduce the
concept of pseudo connectors. A pseudo connector is an imaginary
connector possessing alip and without carrying any ‘force. After.
introduczng sorie pseudo connectors to a panel (1), the panels are’
divided into several sections called pseudo panels which are treaped

as ordinary panels.. Beceuaé the spacing of thesec pseudo pancls is
small, subdivis;on {8 unnecossary when the term A(i) in evaluated

Then, the computatmon for the original panel with subdivision is
replaced by the computatlon for the pseudo panels. In fig.(5.1) and
the following description. each pseudo connector or panel is identified
by placing a bar on the top.

Referring to fig. (5.1) and applying eq. (1-7) for each pseundo

. connector, because or_emqll spacing, one zay replace the integral by

6 ' .
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1 } ’
s myltiplication as followt
4
ry =T, + (€, €, ) a
1 z (1) 1:
rz L] I'-,‘ + (C -G‘ }(Z)QQE) .
rieq = Tt €y € A
Summing up all the oxpressions above, ono furthur obtains
N oo “
r1+1 H-ri + 12;1 (eb“' 65)(3) AS(SJ o-oooo-.no.‘o.-- (5"1)

Eq.{5-1) is the same as eq. (1-7), it can bo seen {rom the

following:’
i ' : -

(1) Bqual spacing .

Asd)ngsij

(2) . The force at each pssudo panel is squal-to the force at

each pubdiviaioﬁ. that is,
Fay =t T = T,

-Fa)‘rsﬁ'""°‘WM“Fﬂ)‘ﬁn

since. Q({) = 0 for all pseudo connectors. ‘ ’
{3) From (2) abdove, for a fixed moment at the midepoint of
each section and equal forces, the differontial strain { é

3
cqual to ( G € )(3)

Therefore when N subdivisions ‘are to bo pade in panel (1),

-----

the actual subdividing procoaa can bo convenient y replac:ﬁ/by putting

N-1 pseudo connectors at the appropgigto places in the p.no}. '

.- g o ' ? Co o / 1/ .
T - . N i .
T A . . S ’ ! Jj / .
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By uosing a peeudo connector or nubdiviaioﬁ. the diporete

" mothod in applicable for tho composite beam uithlnny kind of apaocing,

large or omall, uniform or non-uniform. Thio is convenlont for tho
thoonotiOnllutudy of a beam having very tow connectoro,

Becouse of the discrote naturt of tho mothod. ghe ntrnino
are’ found only lt the nid-points of ouoh panel or puoudo panel. If
the otrains at mid-span gro roquired, a pseudo conneotor should be
placed very close to miq-apnn to oreate a ppeudo panel which has ita

mid-point vory close to the mid-span of the beanm.

Al

5.2 . The Desired Acouracy for the Solution in the Inelantic Loading Stage

L

* When one or more panels hocomo inelautio, the acouracy of the

-

solution at each loading utaga is bottor presoribod by two valuon. The
firat value is the vnluo of mid-apan slip, and the second value is the
porcentage difference ot € or Q) at the moat yieldod panel botwoon two
oonuecutivo‘maip oycles. If° tﬁo magnitude of, tho nid—npan alip is
spaller than the first value and thb percentage deviation of the value

of € or ¢)at the most yieldod panel from two consecutive cycles in

smaller than the second value, the requifbd solution is obtained,

5.3 The Dosired Accuracy for the Comphtation of € and § for the Given

F and M ' B ‘ i

*

As mentioned botdre. mont of the numerical diffioulties are
\
encountered in this computation, eapeoially when many panela bocomo

inelastic, or in the cases in which the interpolation forzula cannot |

vgive a good.prodiotion. Hhen the raqaired nccuraoy is not reached
1]

)

| . o a
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pftor nn- oxpeotod numbor of oyolos, it in not.fpnniblo_go apply the
toohniquen stated in artiole h,7.1 imm;diﬁioly. ninc; it roquirﬁn
nddltionnl computor t?qo in ordor to institute a chango. It io bottor
tofpropona anothor value as & ntnndnrd—for iouor aoo;rnoy. Through
chocking, 4f the foroe and moment corrooponding to gho gomputod - Qnd
e dirror ffom t%} givon force and.momont ;1thin tho limft oot by thio
value, tho oomputoﬁ € and ¢ are oonditionally acoepted, and tho comput---
ation in thio nmain cyclo ioc executed. Tﬁodgh tﬂo nolution from thic
mnin cyclo can not be noéoptod nﬁ/g final solution of the loading, it
doon pfoQiUo réugh‘information rogérding tho.éorrootnouu of tho asvumed
valuo of ond olip. whether it io too lnrgu .or too omall.

Becauue rm obtajnod from this cycle io not npournto onourh.—

the Roguln Faloi or Binection Method should not be uuod 1r one of tho

valucu of x or x ,or both,in to be takon from the valuo of cnd slip

nuuum&% in thiv cyolo., The method of finding a reviped vnlue of blip

’ /j}d{;d in article h.6.1 qhould be used. ' '

'



_GHAPTER 6
COMPUTATION FOR'ThEkEXPERIﬂENTAL BEAMS -
’
' To‘vorify the method and to check the oomputerfprogr;ﬁ,
" poveral tent’bonmu ue:; taken as examples for‘oomputatioh. The

reuulﬁn agree with those for the experimontal bheams.

The .four composite beama. toat@d by Robinson né Wallace
(3). are dosignntod B1, B2, B and Bh4. All the boams had the same
goomotry except the number of oonnootorn and thoir spacing. Tho <

stecl beam used was a W12x19. The Blab was 68" wide and n in totnl

* depth, of which, 2.5" was the depth of the solid portion and 1.5"
: i

was the dopth of the cellulnr floor. All the beams. vere unshored

and simply supported. For each caae, tho span between the two supporte
uaé_asa" and a single- point load was applied at the mid-npan. "The

dead 10ad of each beam was 22 “1b/in, producing a moment of 17h 6 ksi

at mid-span. 3" long and 3/4" diameter single studs were , used. The
_stud connector 1ayout for thoao beams ia shown in fig. (6 1).. Among
"the beams, B1 and B4 were 1dentioa1 except that Bh had one more

connector placed at the"n}d-apan{

'Tho Joad versus slip curves from the push-out tests are

shown in Fig.(2}1). To study hoi'thq\reaults-vould be affected when

- e

. ) .
.
, . ) . .
.
- . } . - . - «
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cbsnging.the iond-nlip ourves, in the computation, two hyporbolha ware
uned. Of thene two)_fﬁr the same valuo of ulfp;.tha one whioh giVoul
smaller ﬁugnitudq:of }oroc:is On;iod'tho lower hyporboin, tho othoer
{s called tho hiéhor hyperﬁoln. .Thoilowor hyperbola fogothor with the
‘oxpurimental curves is first shown in fig.(2.1). - "
Theo two hyperbola and an axponontinl ourve, QnA(1 -0 r), are
shown in fig.(ﬁ.Z) for comparision. Eaoch curve ie dotarminod gb two
points which are to be paasod.through. Tho following nra the curves /-
 and the met of pointo. ' |
higher hyperbdola (. 01, 6), (.12, 11. 3).
lower hyperhola (.02, 6.2), (.12.11.3)!_
: eprnontinl curve (.06, 1), (.12,11.3).

The first values in parentheseca abovo reprosont the slips (inoheu), 0 '.

necond vnlues repreacnt the oorrasponding nnoctor forces (kips) | All
the curves pass through the point (.12, 11 }). which is assumed to bo'the
“pqint of maximum connectqr force and_maximum allowable siip.” 11.3 kips
was originhlly taken as the value 6f stud strength by Robinson and
Wallace. _ - :
~ . The afael atraas-étrain curve is shown in fig.{2.2). A vglue'
of 29x103 ksi iu taken for-Eb, and hh kai for the yiold stress of the

.ateel beam. The oncroto stress versus strain curve is shown i%-fig.

(2 3), with the stress yield value 3 ksi and E 3x103 kei. The roason:
for using those practical denign values for the oomputation is to check

the degree'of agreement between the computed and axparimantal resulta.'

If the agreement is found to bé satisfactory other,praotical boamb can
_ ‘ ‘ ; |
_be analyzed by a similar treatment. o i
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' +

[}

The strain hardening factor od takes the value 0.004, otarting

at a point having the ptrain 0.015.

Eor further comﬁar{niﬁn. a épmputation ofuB1 and B4 ia porformod
once moro using-the lower hyporbola load-s8lip curve with the yield_séroun,
- 41,2 kai in the boaﬁ flgﬁga._lnd 46 .4 kai in the web, takon froﬁ the oame
pource, roferenco {3). In the computation the c&ncfota yibld otrain tekeo
lnnothur higher value.of 3.886 kei which is the average value of 95% of the
maximum strength listed in the reference, Tho rouu}té from all the
compﬁtations arc shown in fig.(6.3) to rig.(6.19). Thoy'aré discussed
in the folloying artiqios.. | | -

L 4

6.1 Tho Load Veraus Deflection Curves (Figs.(6.3) to (6.6))

According .to the nafuro_ot a shored beam and an unshored beam,
the deflection for a shored beanm is mo(auréd by_tnkiné the top level of
the supports as tho datu;. uhile for an unshored beam, the dorleofién is
rmeaaurad by taking’ tho deflected position of the atoel baam due to dead
load alone as the datum. The dead load deflection can bc added to the
doflection of the unshored beam just montionod to give the dofleotion
Amuaaured from the top level of the two sgppdrtn. Becauss all the beamsh
computed in this project are unshored.beams. in all }oad veragqﬁﬁg!lect{on'
curveu, the abscissa repreaonts the deflection measured frdm.the'doflocted
pdsition of the: Bteel beam dus to dead 1oad‘alono. and the‘ofdinate is
the live londing or the mouent dus to live load. A short'segmont of a

~atrgight line is draun doun and to the 1eft from the origin at each \
load-deflection curve. The horizontal projection of this segmont

Rrovides‘the deflection of- the steel bean due to'de d.EBad alone. The

»
PR
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\

vertical projection of thin ooegmont provides the valuo of dead lond or

tho moment due to dead load,

Ohuorvtﬁg tho oxpnrimonta] ourvou, one mny notica thn trinnrulnrt

G

mark placed on each curve. Thia mnrk indicntou tho point of mnximum
londing, or tlie lond-carrying capacity of the compouito beam. At thio
jondinn._it in danumodithnt eithor tho conorfto crushao or ono or more of
the cénnoétora have ronohqd thei: maximum otrength and otarted reoducing
their capncity.
Boforo the trinngular mnrku. all tho computed ourves ngrco

woll with tho cxpnrimontnl curveu. Gonorally. uping the lawer hyporholn
as the 1oad-nlip curve for the computntion producea ulightly hettor
results.  Thereforo thz_lpwor hyperbola is omployod f&r any futuxo.

Jf
quantltntlvo ntudies,

To dotormxne the load- carrying oapacity of tho compooite boam,
n ctrain value of 0 006 was nuaumod ne the oonoroto cruohing strain and

11.3 kips wan aasﬁmbd as the maximum conneotor strength. A letter ‘A’

was placed beoide each load-dofloction curve togothor with-
' [1* to mark the point on the ourve uh;ro the cbncréte agrﬁin ranches
{ts crushing valuc. A letter 'B' was pldcod bosﬁﬁ;
" with th; symbol Qv to mark
its maximum 1oad. The - load— *{Tying capacity of tho compouite ‘bean is
determined by either tho loaﬁ ﬁroducing the concreto cruuhing strain or
the connector failure load. whichever io roacpod first.

Table (6.1) shows the lond-carrying capacity'detdrmined by L
the computntlon and the oxpurxmenta. For boam B1 nnd Bk the approxi- . '

'matcly full connection case, (95%), .crushing of the qgncroto governs the

/

1
LR )
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‘ / .
o ' 1
\\‘\ ‘ . B B I — L ‘ -
. Beams B1 ™ BAY B3
N e -
. . f‘l’ i 1= = - ——— t—
percentage : - ~ e
connection = - 35 Coe % 76 - 5
i . . A i e e e o / P _14 e et h e
load-~carrying ‘ : L S a ’ v
capacity from 34.5 35 T 31,75 27 -
{ the experiments ) Coe oy o b _
(kips) - o | ' !
| Tt e S s mae e -‘i".-"r-'*"“ = e : R i .
concrete " 2k e ! L
"crushing load 34.75 e %75 33.75 ot
' (kips) - - - : ~i ; :
o — et e ’—. | ) Ji— \\-.—-_—._...._._...
cénnector R L : 1
l failure 1°ad ’ ,. 35'75 . 35.75 . 33005 - - 28-5
LGy e '
computed load-~ b . o i ) T _
carrying capacity 34.75 . 3475 33.05 28.5 = -
(kips) . . - o - ,
percentage © . | - i
difference - 0.6 ‘ : 0.6 - "3.8, ; .6'5 b
. ; L% . - | : T .
+ type of - .- concrete econcrete : connector  connector -
failure L crushing _crushing ' . failure  fallure i

( * the conpntation vas terningted at tha load of 31.25 kips which -
gives a concreto strnin 0.004?) ' ] ' . ‘

Table (6.1) The Computed and Exporinental Load-Ceryins Capaoity of
' : the Expcrinental Beans
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load-carrying capncity of the composite bean.3 For beama B3 and Bz, ’

failure of a connoctbr governs the load-carrying capacity, as erQr vt

L)

connoctors were used. The results .in table(6.1) show that the computed .

-~
T

1oqd—carrying cnpncity is clone to that from the experimenta, especially

for the beams with high pégcentage of connection.

6.2 The Load Versus Conciete Fibrolstrain Curves (Figs.(6.7) to (6:10))

H

The agréement between the theoretical computed -curves and the
experimental ones is satisfactory. ‘Some small diségnconont‘ia found.
Dver the range conoidered. oxperinontnl curves for bonms B1, Bh and-ﬁ}
are highor than the computed curves at the high loading atngca. This
can be interpreted by noticing that the yiold stress used in tho conput-

ation is 3 kai, a denign value. whioh is lowcr than the actual conérete

-

strength. For ‘bean B2 the nsroenent is good at high loadingo. because -

]

thc beam has 1oweat perccntagc of connection, and exce ively 1arge

deflection appears before the occurenoo of largo concrpte otrain. The

oxperinental

straine computed have not reached the portion lhero t

curve is considerably highor than the curve used for th' conpntation.
'This can be nndoratood vhen roforring to fig.(ﬁ M). ,'“ ﬂ

Anothor dingroemcnt is: found in that the portion of the load
versus: top concrcto fibre strain curves, co ospoﬁﬁinh to intorncdinte// (/

hoading stages, the exporinentnl curve provide 1nrgcr values of strains

1

than the computed curves, rhic alno cat be nttribntod to the ditforence
- of the nssumcd and nctunl concreto ctrons-strnin cnrvo choun in fig.

(6.11). For the same otrocc, the actual. strcos~ntrain curve requires

higher strain thnn the nnonnod curve at intorlcdikto loading ntascs.
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Because the loading is ‘directly related to the force of tnterection.
. + ! - - i . V ' .

which is directly relsteg to the strees, for the same loading, the’

experimental curves show higber etraiﬂ thﬁn the oompdfed_curvee.

t
Il

.6;3 The Load Versus End 51ip Curves {Figs.(6.12) to (6.15) -

L

Apparoﬁtly the agreement is pooxr betwaen tﬁe computed end.tcstod-f
curves at low ioadings. The ag:eement ia good at intermediateeloading'
etage, and slighfly_worse at high loading .stages. . .
The initial part of fhp'experiqental curves show smaller alipe.
_than those shown by the computation.' Because the shear connect&on

prov1ded by the bond was not taken into account by the computation. the

value of connector force given by the load versus elip urve used in

: n
the computatlon 18 lower than that from the actual 1oud-alip relationschip.

Hence,the computed ‘slips are larger than the measured pnec; Yhén the

"y - -

1oading wase pufficiently large, the bond jaa:destrcyéd. The .experimental
‘1oad'vereue sliﬁ curves reflect this fact by showing a reletiVely higy
race oflchange of curveture and then agree closely vith the computed
curves. At hig“\loadi&g stagea. the experimental curves diverge
from the computed curves showing higher wvalues of end slip. Tbisi
difference comes from the’ crackicg of the eleb, especially at the ribs,l
as Btated in referedce (3). | |

The curves computed by using fhe’higher hyperbola give better i;’ |
agreement at low loading stagee. In fact. the higher hyperhola has .
implicitly taken. partially into account the contribntion of aheaf force

from the bond. ﬂ ' A ) - N
:;\ ‘ . . . . .- .

. \ . T . .‘ , -.‘ . . .



) - . . ..“ . . .. L . .\‘ - n..

[Reopp—

oG

»

am—aab st

)
i

P

i

U VY S

Py
PO

B e

e

i

b
PR Y

14 .

!

T T
ke
a—dd

.
gt

i

PSRRI VeI

. 1
B T
|

4

3
I

[

—t —s ——d

I
.

L
7

-

4

N e ]

bl H
e

:

FAPUUEDUR TR S

R 3

)

JURUDERERR S P
! "
g 1t
P SV
T
JUIEUETES Y M S S )
e
RIS TS
] +

R

P

B P e &
|

T
o A

R T ottt




86 -

‘.Sao

Mﬁ_on_LuakI mem_I Eo»u

,uwWh. ;

RS o I

ﬁ:

+

e mam b B — e

.- *...'-,.ul

.

————pan

{

JPOUIF T S S

IR P
R

R PRSP

rs

SNSRI S
. ﬂ—&l b Gt s

e T T g

T

PRI SRy S

-t ..-l-,....«..dl—-,

¥ S,

_”..
1 ' m
i T
! I R
IRAN %ﬁ. A
doridad Sded —
aEEs8 R !
|

. — _'.-T_»L..

P S e

PR

I S B

-

s v =

ot+o!

poo patiddy b

”~ - P c
a
29 wvag 40} SaAdn) &G._ocwl.uuo._ _ucvsm:%u puv _B:uE:maxw Am_ou 4 i
. \ . . = - pebii
e R L RN : RN
IEERSE ,. “ - ) R ¥ m_:
R SN EUE PR TR _‘ LSS it T-_T_”
: : ot . : R . ) !
o~ : ook Tr i ”" ,.se?;
;! . - P SRRE 1.5 . Jor i
s U en .:_.S:w e HNIARER
T y ! ., .,..w, ,.., . ﬁ_ “.NL i H 4w»‘
B LN R HEIHE AREERARE iR
: i s I SRRE FRAE i w At
s - Pt T T fa
@Eonbmxr\..u?o._ Eo.i @ SERRERRR i b LY e
1 gt SEA L
| i b

| . . ~-+0
ARy
‘. t PR s
b i AR
. P ! + |..‘.m“ﬂ
._ o _ S
g T : T 1 Lids
[ R . ’ Lid i)
S ” ! o _hp 1 [ R I
-u,'l-” M ! . v . m, _~
E L 1 .-l . ' i _,.
.._.ﬁ“ SR I : .f: 1]
i i ; B T
. ‘ E
EEEH R : |
P . . -0 il
_ w.n—l|nl le e — - :
e T ! ; m
R R i .
!
"— .
i L PO R PR -




S O~ - .
) . _ : : .
) € G Wwoag 404 AT dg puj— 3yndwoy puv d+:vE:ma_x. (419 -6 . :
. . . ‘ 3 y,AI 2 I ! 14
; N — T , . . 4 = — T T T UL 1 IR :
RS RSO I S B L B Ehchd S Eu S Eun s paand s JM SRny bt .
Ce e B . 3 ; o | Fhidb b b Phyapptriy b
) Sl _.Ww.|.- B0 I8 S ; q i L. T Ui T ABRESS INaRNS L .
B e xS Frea iyt R Seeied iamshssarxEERsdFase
D O £ _uw.m.. _L..J‘ 1T g+ S RSN :
R Y - ; FERE O U6 S S UF S SO I O S B3 ' b
L Er i 9 - Lol Sriidriges i A0: :
ﬁ_ R . s L .1_,—,. ANSEY FEN IR .
+ [ + v : b 1
N . .. PR S ! - sl i ! - - I O A e
: SIS s SARREES REEEReRE IS RARY] t%
. C P . . H _"l -t b . 1 4-4- rr 4*rr B .—.+‘ ‘
T T atohandir AaMod  wors - - 3 i I U SRR RS NN NN .
T mieneadh oo weus . Rt Bl o o .
;s b plora3 Cagybol woag g . Pl e RN s : g
it saub wdad i NN HIN ] o
T T ; ; ; T ; : SEEEREN
[ waysde | O . REFSRRRSRESS SR EEE FRRESEOES .
o REEN R L d m H 71 t “? ﬁﬁ.ﬂ-% “#lwv.l. :
A RS Y SR dir el BRERESEEE . iu
. i R N EE e R cipbrbier
. SAREDE SUCEE SRR SIS ESE FaR RS Rt i
H H ! M . H T i LY
- B IR kw :»u B RpEy Yi.‘w..._Yp_,_' mu m\_“ v *
- [l ] ' . i [ [ 1 i
B .3 DR b . ‘ P [ H __ I
" W SCREEESS LR SRR LERRERREE PORNAS
i P I R A RRERE B
: il R et D Sd S ESE PR N =
. Syl R IR I A | o
w w =3 : : . : w D., -
: - N m-.
. LT T 3
LG A
- i
E : i
i V : e Bl
- ' i . . N X
m ; _ I B ." w,
. . : o . . N ~
: S L . ! !
S S e T S R oh
i { . ! v
i w w ! ."
. [ . _L | |
S [
1 -
i




. ) . ; .
i o . . ) . ‘
3 . : o e TN ‘b
N ) &En.u puo _dchE.Luoxw ﬂm_ 9 _u

" pup SurcsS 4ot saaany dijg pu ludﬁ pay .
hgd P () ¢l ¥ Any ails 3 . T T T
R St S S ., C ﬁm T

IR “ n SERNNEE
IR R i ._iu:\w
R R PR ERRER RERRE NN
. W I I A P T
o L : s Mu_m__m.ﬂ
. ! .., 24 HEM] [ {

. gy T —— —1 T
ui : ~ R " S RN A EEEEE EEEE .*WA.‘ML‘
| - SN I . : il I .MM R SR B 44 IRERARRERN
B R R : AN HERRRRRERE RERR L ER AR RbRRRRE | IR TN}

Peoobo]o ; SR RAEREEEES IR RRERASRRERRREY § K RES AE S

T L bty e pauEa A PSR RSRNRREERE EERRESARY 3 ENEE T.‘ IS
“ — i : ,p._ Lo PRI H . w#“ﬁ 1 T -_,H »wm L
. L . H : il u,»»ﬁw datd b1t B i .*w NERRE, *r.ﬂ.r N
4 ‘ siribod e S R SRS AR RN BRREA A 3N By AP R s B
— - SRR ; Ul : . s b —f U !
,hm%zm;b.utscsas RS SEss panEaenE puRE RRRRR EERRR FR/ I PSR RERRE
. H ‘e # w.w p‘wm. p‘,_ m ‘.L” 4 ' . Co e .ﬂu _.M. m i
I R R A N EEEES SN R B B ERE
A Y L FUURE N 3% S S O 4 FE R Y A RS
[ ' .w_,w._ “_..ﬁ_ _ : _._». ‘|.r.‘mr4|.wlﬂ,|
R R EE L“ ERE i1t .,,..,xa.m_.““
EEEE IS BN ERE BRI i _,T. O
IR Shat itae dnfian B O 1 ] N A SO SRR B
R EEAR S B SEE B RN RGN RN Ry SRR o) B
RS TN F g €
R e R Ta ey Sl L
RN B i iRy o R
B EEE SRR A RE N EEEE N BRI v _m...Jl -
t M_ : _quﬁ R ..§ ] IO
.WHH 14 1. IR mw trort ._ _ . . -
“.ii_ SRS EEERR ERRS el HE I
H NN [ R A i Dt
' i IRRE , EEEIRE 2l M....)
B ERERE ‘i Y EREEN >
Pl s P T
. 1 RSuN A SR
— i ' ” N .
it
N RS
SRl £ [
T m‘4 ‘e : ‘uﬂa m.
S . +.~L u 1 !
~ . - RN . B : 4
. X1 ARERRERER
- R bl i S
. ,
I d




6.4 The Load Versus Bottom Steel Fibre Strain Curves (Fige.{ﬁ.dG) to

The agreement between the computed and experimental curves

are not good for beams Bh and B1 at high loading, also for beams B2

\

and B3 at intermedin%e loading. . . T

At the experiments, heceuee the valuea of etraine of‘ beams
' Bacnnd B3 are excessively large at high loading, nlready out of the
scale of the measuring inetrument, only very few sets of the teet
valués were obtained and plotted. If nll Bets of the atrein values
could be measured and plotted. it can be imagined that the experimental
.curvee will agree vell uith the computed curves for B2 end B3>. The
reason that the computed strain ‘curves of beame B1 and B4 are below

the experimental ones can be explained by a similar argument as that

mede for the concrete strain curve. Referring to fig (6. 11) because .
the aseumed concrete strees strain curve is lower then the actual curve ~
when strain value is high the etiffnesa of the composite beam is |
underestimated and the computetion leads to the curvatures being elightly .
larger than the aetual curvatures, By drewing the effein end stress l
distribution diagram through a oroee-eection, one can judge that
corresponding to the given force nnd moment a slight increase of the

”~
curvature wil produce a relatively lerge increase of the bottom fibre

steel strak

Further evidence is provided by the reduction of the
differenfe betw he two load versus strain curvee shown in fig.(6,19),
where the computation edopted a higher concrete yield stress value.
Simillar argument can be used to interprete the dieagreenent at inter-
;mediate loadings.“ : l

o ‘ . ‘, ' ] " ' . ) .
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6.9 Summqgll
* (A) -Ey properly choosing tﬁe concrete crushing atfgfn end
.the maximum connector atrength, the computation provides a good S .
: prediCtlon of the load—carrying capacity of the composite bean.
- '(B) Using a aimplified concrete stress-strain curve does not
/ affect'the overall reaclts very—much " The nq;iceapIB difference pro~
duced by this aimplification_is'tgzeincreaee of the' top conLrete fibre
straic and the bcttom steel fibre Btrain at high loadings ehich nay
elightly reduce the concrete cruahing load and the connector failure
1cad and hence, the 1oad~carrying capacity. -
‘ " - For design purposea, the resulte are .on the safe side.
. If the rednc%ion of the lofd-carrying capacity just

mentioned above is to be eliminated, slfghtly higher values should be

used for the concrete crushing strain and for the maximum connector

- atrength.

(c) Throﬁgh the comperieion of the curvee generated by ceing
the different hyperbolas. a conclnsion may be drawn. -

The lower hyperbola generally gives better fﬁfting ot

-the experimental points, except the poShte representive the ipitial
part of the load versus end slip ‘relationship vhich hne smaller valnca
dHe:to.the-contribution of bond. Referring to fis.(G 2), if an o
experimental curve is choaec for the load-elip curve and is to pass the
two prescribed pointe. (0 O) and (.12, 11.3). the results from the
eomputation will be ‘slightly voree than that previoualy shown. The .

i
exponential curve has a relntively low rate of change of curvature than

a hyperbola between its initial portion and its niddle'portion! a portice

IR SN

. - . .
. ’ i A
E . ) ' ) . N - - . -
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corresponding to the s8lips betweon“ths origin and the maximum aiip.
1f the middle portion is propefly chosen to give good,fiﬁt{ng, the
initial portion will be éoo.iow, 1ower than ‘that of the lower
hyperbola, and not suitabie,fof'fitting; If the initial portion is

chosen appropriately, the middle portion will be too high to be used.




CHAPTER 7
DETERMINATION OF THE PRACTICAL LIMIT

70 THE DEGREE OF CONNECTION FOR UNIFORMLY LOADED BEAMS
c\ u ' ) L

”~

™

7.1 General

-—

In order to determine the llwer limit to the percentago of
connection appropriate tg practical deaign, a group of composite beams
wkih various percentage of éonneofion is taken aﬁ exﬁmples for the ﬁﬁaqm
computﬁtion; o | ' \"‘ oo R

‘The composite beam with full connection designed for an

interior bayeof an pfficé building is taken from reference (7). Py /,//S\r

reducing the number of connectors, different partial connection cases .

gre obtained. The following valneb are common .for all the cases;

Values- for the slab: S,

f; = 3000 psi -
EB = 31106 psi

»
o

rking streas of the ooncr9t0.= 1350 psi
total thicknq.a of the alab, & 4n

offective width of the slab. =69“ .

* The effective width of the ulnb is doterninod froa the thryo in-
‘equalitiea° b -4-L/4. b £ the’ distan ® betwaen the center of tno
adjacent floor beans, and b & 2x8 £+ width of the ﬂa.ngo of the

steel beam, to: this case , tho third 1noqua11ty governs,



—
-

Valupa for the steel beam and cover Plate: -

.!‘y f‘l‘ikﬂi

Eb = 29:106']:31

working stress ot;the ato;ils 29‘kni ‘.

Tho Qteo} pédh.gaod is a W1kx22 ' -

vidth_of the cover pla?efn 3"

tﬁicknesa‘qf fhe cgver platQ'- 0.5"
Values fqr fho conposite. beam:

podular ratio = 9

' span length = 360" _ o -
D. L. = 400 1b/ft -

411 the beams were aiiply supP6rted'und.ﬁgjgormly loaded.
The cover plate extends through the vhole‘apaﬁ. Single stud §ohnootors,
L3N 1053 and 3/4" in‘diametor. ve}e‘naed to‘prqviQQ shear connection.
Since the types of slab and the comnectors are the aane as that uaed
in beams series B in chapter 6 the sane nnalytioal representation for-:
the load-sl?p charactenistioa was enploye# for the'computation.‘ From
this repreaqntation..tho'naxinum_oonhedtor stréngth-uns chosen to be -
11.3 kipé. Then 31. connectors are required tdi th§ full connection
case. The propdied.perc;ntngen oflcénnection for tudy‘ariz 100%,
80%, 60%, 50%, 40%. 30%. 20%, ‘and 10%. pecause jpy of conatruction
limits the commector npacing auch that the spuoigg cén only take the
* yalues 6" or a uultiple o:'Gf the above propoaod poroentagen cannot
be precisely obtained. An uitcrn;tivo set of perecniasea chosen for

the utudy are: 97%.80.6%, 61.375. 51.6%, AZ%. 32.21%. 22-6% and 9.7%. _ '

!
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4 ’ ' | | ‘
If after a'uniform placement of connectors thers ars. oextra

connectors, it is botter to place them fii}ing the vacancies ciose to -
the eupporta'whero onoarhforco is largorg The layout of obnnectorg
for all the beams is shown.in fig. (7. 1). ‘

,The stress versus strain curve for both oha atool and the - C
concrete were taken fro chapter 6.

d

. 7.2 The Load Versus Deflootion Curvos

The load versus doflection curves are ahown in fig.(7. 2)..

vw‘ While computing, no det1nito limitation was impoaad on the terdination

of the computation, except one deflection condition. Since the loading
o -~ : - ' ‘ '
‘causing a deflection of 12" is already above the actual load~carrying

oapacity for these beams, the computation was terminatod'nt this 1nrgo,'

deflection. _ : ' ) L .

For uniformly loaded beans, the top oconcrete fihre strain develop
thelr mngn:tudea puch mora alow;y than that for the singlo point load
case. Taking the 9?%’0&30 aB an exnnplo, at the termination of 1oading
the top fiRre concrete otrain has a onnll nagnifnoe of '003f Bafore this
loading connootor failuro QCCuUrs. Bocnuse fewer connectors are used in .
the other boans. thay have smaller nagnitudeq/ﬁ?\%ho top Iibro concrete
strnins at the maximum load. Thorofore oonnootor.tnilnro.governa the
1oad-carrying capacity for all tho cases. -; |

A synbol tXt is naed to -ark enoh curve in tig.(7. 2) to

1ndicate the 1oadin3 oausing first connector failurse.

i~
N o

7.} Moment Versus Maximum Connector Fbrocicurvoa and the Connector «

\

. - : . ’ o S
- . : : .
. | . o i
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Foroe Distribution Curves (Figs.(?.3) and (7.4)) A o

, The variation o:'the'oonneptor foroces in each beam with
_—

_moment increase is shown in rig.(7.35. Corresponding to the same
moment 4 thé maxioum conneqtqr.foroc takes a lnréog value when peruontagﬁ
of copnootion ;n reduced. The inc;eaﬁo in tgo mgiimum connector force
from one beam to next beam having lowed parcont;go.of conneotion'ﬁro
approximately uniform except for the came from 97% connection to 80.6%
cpnneétién.. The beam with 80.6$ gonneo! on.hha a relatively small
connector force, slighily'largér'thun the beanm with 97% oonnectibn,
for low and intermediate loadings. The resson for this oan be found
by observing the eonné&for forco-daatribution ourve shown in tig;t?;h);

_Iﬁ *ig.(7.4), the connector force distributions were plotted

for the 9?%; 80.6% and 51.6% beams at loadings close to the working

" loads and the ultimate loads for  each beam respectively. Here the
term 'ultjﬁate load' meahs the léad at which the tirst 6§nnoctor reachea
its. ultimafe load of 11.3 kipa; Cuﬁvo (1) vaé.plottod at 100% of the
ultlmnte load and’ curve (4) was plotted nt 98% of the working load for
the beam vith 97% cpqneotion. Curve (2) and curve (5) were plotted
corresponding to 100% and 98 5% of the respective ultiuate load and
‘working 1oad for the bean vith 80.6% oonno;tion. Gurvo (3) and curve

(6) are for the beam with 51. G% connection corrcaponding to 98% of its .
ultinato load and 99 5% of ita working load rospeotivoly.ﬂdrhc compari-
sion of the nasnitudo of forco at a connector from each curve does not

have much noaning.lainoo the curves vere plottod at different loadinsa. _

( .
It is more niélﬁ.ﬂcant to compars the oonnootor dintributiona anaong 111 _

a, L
the beams. Thc oonnoctor distributio?s are rolativoly ROTS nnirorn for .

i"_\ X . A
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[

the beam with 80.6% connection. ' In other words, the force or,interaotion

L)

of the composite beam ie relatively equally shared by the 'connectors.

—

’

2.4 Morking Loads and Ultimate Loads

% The uorking load momencs-and the ulfimntc load moments ure
tabulated in table (7. 1).. For the partial connecfion caaea. the‘working
load moments are found by, reducing the effoctive width of the slnb by |
multiplying by a fnctor, %? y With n, being. the number of connectorn

‘required for the, 100% cnaeoand n. being the nnmber of. connector used
in the partial connection cnse. |

. The working load is taken from the smnller ‘of the follouins '
two loada- the load causing the steel workins etress to be 29 ksi at

tho bottom steel fibre and the lond cnueing the concrete working atress )

to be 1350 psi. at the top concrete fibred

r

ﬁhrec types of ultimate moments are 1ieted in table (7.1).
" The most sign;ricant one is the moment HB’ which causes the firat
connector to reach its ultinnte lond of 11.3 kips. This moment yas v
taken as the 1oad-carr11ng capacity of .the conpoeite beam. For
comparision, another two nonenta. H and H nre also 118ted in the

A
table. H is the moment computed from the etreea block end H in the

moment at vhlch the nxerngé of the connector forces is 11.3 kipa..

L

These two nonents are for roference only, and not to be uaed to @
-represent the lond-oarrying cepnoity of the conposite benn.

Referring to fig.(? 5), it can be eeen that vhen the percentage ’
‘of connection is high, around 90%,. Hc haa 1 higher vnlue than H‘ To

.,explnin this nnexpected reenlt, firet exnnine the vn: of oonpnting the

[ R L
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“A ——-u}tiﬁaté moment computed from stress block
. LV
HB-—— moment at uhich firat connector reaches 11.3_kips
Hc -—-mpmeht at which average connector force is 11.3 kips ~

—
Q. x — the maximum connector force at working load

S o 7 e - !
percentage | | ' Tﬁ o ] . ! .
connection 9.7 aa.§ ; 32.2‘| ha E 51.6 61.3 ="éf§ N 97

no. of i i , ] o S | .
connectors ‘ 5 o 7 | 1@ LA 1 19 : 2 - 30 '}?
Yoot T R S S S e - +- - L. & = epymea A . et ——— < ]
M o : - -
A, 2329 . 2749 | 3050 | 3300 | 3469 3580 . 3805 , 3918
ow \ ] ',

Gl 1812 T 2225.5 2496 28034 3112.8 3348.3 3723 3889

(k-ig y- 1997 2572.5 2900 316k . 3370 3538 3795 3960

. F i emriien s mEmma mwm—— et ————
i b e e+ b —— =t i

. A \; . - e e s e ,
king leoad . ' : . . .
: '°Zom25t 984 W12 ;1580 1602 1622 1631 1658
" (k-in.) | 1

“Reax 6.775 2.7 7.869 6.239 i 5.28 B.779  3.659
( kips ) _ ; )

flexural load . | B
rlii::ﬁr * 2:37° 0 1.95 . 1.93 2.06 | 2.1% 2.195 2.29
from HA__; B ' .. . ‘

flexural load

factor 1.84  1.578 1.579 1.7 @ 1.92 " 2,06 2.25 2.33
from Mgy L

" flexural load . ' . N ' .
. factor 2.05 1.82 & 1.8% 1,98  2.08 @ 2.17 2.29 2.37 .
‘ f‘:‘ om H c . - . .‘ . ! R : . ) -

—— e m——— - —_— - - . e e ¥

1067 1.8 | .51 181 2. 2.36 3.09  3.120

l

connector

load factor

1
Bt ST D L P
~ .governs the . concrete : steel steel jatqol g ateel nteel 5te§1 co,
working load : ) 'l j' l ’
. el -

g . - ~

Table (7.1) The Value Of Ultimate Moments,Working Load Moment, and Load
' .+ Factors for Each Beam ‘

[ LIV

1. ) ~
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R
maxicum load by using the stress block. A factor 0 85 18 multiplied

[
by f to create a rectangular streas block approximately replacing

. J . .

N
the original curvilinear stress distribution at the croas-aectlon of the
511;. Recalling that for the concrete stress~-strain curwe used in all

the computations in this ﬁfoject, r; was directly taken as the maximum
ooncr;ta stress without being multiplied by any faotor. Therefore'the,'
concrete force in the alab computed in the latter case is larger than
that in the former case.  This leads to an Hc.nlightly greater than M,.
This occurs only when the percentage of connection of a beam is suffic-
jently high, becguse onlf‘for the boamiwith high nercentagq, cdnnection,
at the'1§adingicorreaponaing to Hc,'thé‘strQBE distribution can be very

close to that assumed in the stress block computation.

7.5 Load Factors

Two load factors are to be conﬁidefed, the connector lo$d

-

factor and the flexural load factor. The comnectar 1oad'factor-;a

defined as: . . 4
1 . | . ‘ . B
ultimate strength of connector

the maximum connector force at
the working load - X

‘connector load factor =

) .....“l.".......I '(7-1) )
where the ultimate atfangth of a connector is 11.3 kips. The flexural

load factor is defined as:

: ﬁ o btltimate moment cesncess (7=2)
Fle;ural 1oa ctor vorking load woment _ ‘

When one of the three types of ultimate moments, "A’ "B and HG' is
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substituted in eq.(?-2), a flexural load factor is obtained. Taking

HB as the ultimate moment at which the first connector reaches its

uwltimate capacity and as the governing moﬁent'capnoity, the

most significant flexural load factor can be expressed as:
¢ ' . . .

connector failure moment -

working load moment ° : ?

} HB ' . &
working load moment

Flexural load factor =

A1l the load factors are also tabulated in table (7.1).

! ) ) 1
Fig. (7.6) shows a connector load factor curve and three

flexurél load factor curfes deyivea from HA' HB and Hc. A common
featﬁﬁre exists in éach curve: there is a rise at the portion close to
tho ‘left end of each curve, This hneipocted effect can bq’oxplaized by.
referring to fig.(?ﬂﬁ); ‘Observing the working load curve in' fig.(7.5),
the descendihg pértion close to the left end of fhe curfo'cp:reéponds
" to the low percentage of connection cases;.fThiB portion 1§ computed by
taking the load vhich rirst'produces the:concreto';orking séreps at the
top fibre of slab. Hgitaw\ﬁﬁa 9.7% connection ‘case has a very low
.uorking<lohd. Thi; makes all the load.facﬁors related to fﬁia ;asé
beéqomé large and raises up the left epd of the curves. | '
Considering the lowest degree of connection for design pur-

-

poseé and,obsérving the variation of tke load t&ctor curves in fig.

(7.6), it 18 founq that 39% is the percentage of connection abovovvhich, f

no mgtter_uhicﬁ curve is used; the flexura; 10&d;faétbr iu nlwa;s 1arge‘“

than 1.7 while 47.5% ip.the fefcentage above uhiéhzthe‘anpectorjload Jﬂ':
factor ig larger than 2. 1.77¢nd.2 are values gbnerall:hapgg;sted AB

-n
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 the respecﬂive flexural and connector load faotdrs used for design.

L
»

Therefore to meet both requirements, 47.5%, or ;pproximately 50%
should %e taken as the lowest percentage allowed for partial connection

in the‘deqign of single 8pan composite béams; This agrees with

“the kpecirication of thajCanadian‘code (8) which sets 50% to be the

minimum percentage of connection for loading.

Howéver, the American Specification (9), clause 1.11.2.2
permitq the use of partial connection fanging from 100 to zero”

percent by meang-bf a formnla\vﬁicﬁ reduces the offective section

a

mo?ulus of a composite beam,

-

»



CHAPTER 8
SUMMARY "AND CONCLUSION

~_ -

8.1 Summary L

A method for the analysis of A,Bingle span composite beam

1

wvith discrete shear connections has been‘develobed. Tha.two basic

-

assumptions on which the analysis is based are that the slﬁb.ﬁnd beam
‘ ~ Q-
deflect equally at all points along the span and the atrain distribution

in the 5lab and beam is linear.

¢

Theiproject conzists of both the elastic and inelaatic
analysis of the composite bean. In all the inelastic c&aeaJ the shear

connector, the concrete slab and the steel hegm. are included in the

]
consideration. Though the simplified stress-strain curve Bhoun in

[y

tig.(2.3) was used in the ‘computations in this project the analysio
is quite flexible, capable of employiqg'various kinds of'the strese-

strain.curvés for the steel and concréte. For the'éonnectpr load-slip

- 1

charncteristics, a smooth curve is adopted;,

In spite of the nature of the analyaia being . esaqntially trial
and error, by employlng various nunerical fgéhniquea and using the
computer, the analysia leads to an officient method which rapidly
provides fhe solution for various quaﬁtitiea of general interest in .
the study of composite beam, such as straiﬁ distribﬁtionp,.;onnector -

-

forces and deflections.

111
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The original objective of thie project was to form a eomputer
program based on the research result preaented by Thiruve;gadam (M. -
In‘his method, a set of aimultaneous equatione written for each panel
was formulated and solved. Upon solving the equations the solution
obtn1ned can be used to compute the quantities neceesary for study, as
mentioned in the procedlng paragraph. However when his-method was
applied to the computation of some composite beams, very.often, the
computation could not proceed at hiéh load;ngé ﬁecause'ef nuﬁerical
difficulties encduntered. These difficuities were found to ee‘directly
related to the iterative technique used in the computation of strain
and curvature of the beam. ~In order to overcome these ‘difficulties, -
‘an entlrely new apnroach was created and developed. This forms the

method presented in this project. Starting with assuming trial values

of end slip, by using the equilibriumland compafibility equations, a

set of values for the connector slips and panel forces is derived,
baged on the assumed end Blip. ir the panel force at the'other end

of the copposite beam is zero, the solution’ is obtained, otherwlse the

-

assumed value is reviaed._ This metﬁgd, not only eliminates the
numerical dlfflculties of Thirqvengadam[a method, but also redncee the
number of cychs in the iterative procedﬁre of computﬁng_the strain and '

curvature of the beaﬁ, and, hence, reduces-the'50mputer time. o

i

[} . *
The method and the computer program attached in the appeéndix

-was tested by comparing the computed results of some experimental beams

vith the test results. The computed results agree well with the experi-

mental, even through a simplified fdrm of the concrete stress- strain

curve was used. Therefore the method and the computer program cen be

-
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auccesafully appliod to analyze uinglo span composite beams for the
aolut1on corresponding to the 1oading ranélng from the very low stagea
to the ultimate loading stages. . |

Significant studies can be made.by empléying the computgf
Frogram. Oné of them is the dotermination of the ‘lower degree of
connection which should be permitted for design, as done in chapter 7.
In that ohnpte;i a set of uniformly loaded composite beams with v;rious
.percentages of connection-was aﬁalyzed. lThrough the study of the |
variation of the flexural load factora and the c¢connector loadV?actorB ' -~
derived from e computntional results, a practical limit to the degree
of conﬁec;ion ;as proﬁosed. Since the rééults are'based on fhe study
of afset of uniformly loaded simply supported composite beams with

particular geometry and load-slip characteriatics._thﬁy should not be

token as general values to guidg the design. Nevertheless, it does
demonstrate a method of approach. Horé repfesentative values. can
;ndoubtedlj be obt;ined through more extensive studies on various
#ompoaite beama with various loading conditions and properties by using
the same method, | - | C : & |

All the composit§ beams computed in this project are aimpiy
supportéd with symmetric léadings. For other support conditiona,*br'
for noﬁfsymmetric loadings, or for both,'ihercomputer program requires
only a slight modifzcation. | J

The success of applying the numerical techniquea in aolving
this problem is one of* the many.examples which indicate a pqasiblo way of

solving relatively complicated nonlinear problems,
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i

8.2 Conclusion,

The‘atudy made'iﬁ chapter 7 presents the value for the“
1ower permiasible 11mit to the degree of connection of. practical‘
beams. If the value 2 is taken as the connector load factor and
the valus 1.7 as the flexural load factor, the lower limit to the
degreo of connection should be approximately 50%. - ~

' If 1.7 !u taken to be both the connector. lo;d ractor and
the rloxural load factor, the lower permissible 11nit for partial

‘ connectiqn will be approximately Lok. .
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APPENDIX : Cl# T 15

PROGRAM FOR THE ANALYSIS OF COMPOSITE BEAM | oo
B AE 6B I I I I A NI NN R

i /) ‘ '

| | | -
GENFRAL DESCRIPTION v ™S . . f/

THIS PRCGRAM 1S DESIGNED TO COMPUTE THF_SLIPS AND fhE FORtES
AT- THE CONNECTORS.THE EXTREME FIRRE STRAINS IN THE SLAB AND THE
STEFL RFAMAND THF DEFLECTION AT THE MID-POINT OF THE PANELS IN

THF COMPOSITF REAM, THE (CMPOSITE REAM MUST RE SYMMETRICAL IN ITS

~ PORTION OF RFENDING NOHENT CALCULATION TN THF MAIN PROGRAM,

GEOXFTRY AND SUBJFCTED TO A SYMMETRICAL LOANING ABOQUT TS MID-SPAN.
THE STRESS-STRAIN RELATICNSHIPS FOR STEEL AMD CONCRETE ARE FLASTIC

_PLAGTIC. STRAIN HARDFNING OF THF STEFL CAN BF.CONSIDFRFD, ALSO

S{¢rLERENT VALUFS OF YIFLD STRESS CAN BF ASSIGNFD TO THE:WFHsTHE
FLANGF AND THF COVFR PLATE. ' .

THF PROGRAM 1S DFSIGNFD FOR RECTANGULAR SLAR AND STFEL I-

"aEAM WITH OR WITHOUT COVER PLATE. FOR OTHER CROSS-SECTIONAL SHAPES .

AND OTHER STRESS—STRAIN RELATIONSHIPS»THE PROGRAM REQUIRES ONLY’
SLIGHT MODIFICATIONG : . -

THE- PROGRAM 1S WRITIEN IN FORTRAN IV LANGUAGEsAND TO RE RUN BY
CNC 6600 SYSTFM. k |

LOART NG

-————— ——

SYMMETRICAL LOADING MUST RE USED IN THIS kROGRAM. AT PRESENT
THE PROGRAM 1S5 DESIGNFD FOR SINGLE POINT LOAD»TWO POINT LOADS
AND UNTFORMGY DISTRIBUTED LOADS. 1F SOME OTHER TYPE OF SYMMETRICAL
LOANTNG 18 NFSIRFD,THFE CHANGFS WILL RFE NFCFSSARY CMLY IN THE

Tue NEFLFCTION FOR A SHORED BEAM AND AN UNSHORED REAM

-...__—_--——__—_—___—__———__-m.——a—-—————--——_—_——--—"‘-'——ﬂ———

THE EFFECT OF DEAD LOAD HAS. BEEN CONSINERFD AND THE PROGRAM
CAN TAKE INTO ACCOUNT ROTH SHORED AND UNSHO D:CASES. THE DEFLEC-
TION €cOMPUTEN.'IN THESFE TWO CASFS. ARE EXPLAINAD IN DETAIL. IN ARTICLE
fdl [DT]}. ] . . . ’ ’ '

v

NAME OF, THE SUBROUTINES USED : &

[ ————— g e kL e L]

THIS PROGRAM USFS THE S5UB UTINES EXTRAsTERMSsREGULAsSTRAINS
STAMS+FAMR AND FAMS, .THE LIBRA SUBROUTINE USED IS. 'ENDSOL'.

[
”

SURROUTINF EXTRA o _ . X ' : -

. o ——— —— T e T, —

-~

SUBROUT INE .EXTRA PREDICTS THE VALUE OF SLIP»CURVATURE AND
THE EXTREME FIBRE STRAINS THROUGH EXTRAPOLATION ‘BY EMPLOYING THE
LAGRANGE INTERPOLATION' FORMULA. ' -

SUBROUT INE TERMS.

e — T —— —— T —



116
SUBROUTINE TERMS COMPUTES THE TERMS WHICH MAY CHANGE THETR

VALUES WHEN THE CONCRETE "SLAB CRACKS. THEREFQRE THIS COMPUTATION
¢HOULD BE DONE AT EACH LOADING OR EACH MAIN PROGRAM CYCLE TO

PROV 1 DE CURRFNT VALUE OF “THE OUANTITIE%. _ : : - ‘

u

suRRAUT INF RFGULA

- —

SOHROUTINE REGULA FIRST. TESTH 1HE CHANGE UF o1GN UF. «HE mID-
SPAN SLIPS. IF THERE 1.5 NO CHANGE|OF SIGNsTHE SUBROUTINE IS ESSEN-

TIALLY NOT USFDe 1F THERE 1S A CHANGE OF SIGNs THE REGULA FALS!
MFTHOD OR THF ATSFCTION METHOND ISIUSED TO PREDICT THE VALUE OF

FND, SLTP FOR THF- NFXT CYCLE. [

CURRNUT INE STRAIN d Q}g\\

 SUBROUTINE STRAIN COMPUTES THE CURVATURE AND STRAIN DISTRIBU—
TIONIN A COMPOSITE BEAM FOR A GIVEN INTERACTIONAL FORCE AND
MOYFNT, THIS SURROUTINE ONLY COMES INTO PULAY FOR INFLASTIC
DANFLS . - .

v

SURRNUT INF STAMS -t

o —— T S — . — A — — m-

SUSROUT INE STAMS COMPUTES THE MOMENT AND EXTREME FIRRE STRAIN\r
IN THF SLAR OF A COMPOSITE BEAMs FOR A GIVEN RQRCF AND CURVATUPE-

3
N

SHRRALITINF FAMB

SUBRQUTINE FAMB COMPUTES FORCE AND MOMENT IN. THE BEAM OF A
COMPOSITE RFAM FOR A GIVEN STRAIN DISTRIRUTION, ANY SHAPE OF THF
REAM CAN RF ACCOMMODATED BY JUST MODIFYING THIS SURRCUTINE AND THE
RELATED PART!DIVISION IN THE CRSSS~SECTION OF STEEL's IN THE MAIN
PROGP AN, ' .

SU“ROUTINE FAMS

SURROUT INE FAMS COMPUTES THE FORCE AND MOMENT IN THE SLAB OF
A COMPOSTTE RFAM FOR A GIVEN STRAIN DISTRIBUTION. THE STRESS-STRAIN
RELATIONSHIP 1S ELASTIC-PLASTIC. THE CROSS-SECTIOMAL SHAPE OF THE
- SLAB IS5 RECTANGULAR. FOR THIS SIMPLE CASE s THE-EXACT METHOD OF C{OM-
PUTATION 1S USED, THE TE\SION IN "THE SLAB IS NEGLECTED. FOR GOMPLI~-
CATEN . SHAPE OF SLUARsA MODIFICATION USEING THE METHOD or SUBDIVISION' ;
" SIMILAR TO THATLUSED IN FAVB IS PREFERAHLF.-_-'- oL !

* . K "

NOTATION R ‘ ' o
I******* - : .

-

AR--ARFA OF REAM WITHOUT COVER PLATE(IN*INI

ACURA--PFRCFNTAGF DIFFFRENCE OF THE CURVATURES FROM TWO CONSECUTIVE CY&LES
“+THIS 1S ONE OF THE TWO KINDS OF ACCURACIFS PRESCRIBED FOR THE SOLUTION

ARFAP-~AREA OF COVER PUATE (IN®*IN) »IF THERE 1S NO PLATE AREAP=0,

) i . .
- ; ’ ~

. H
) . . : ¥
. ~ i
» I . . .

L
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ho--AREA OF THE 'SLAR (IN*IN).

RE--WIDTH OF FLANGE (1N -

a1--NOWFNT OF JINERTIA OF STEEL BEAM NIIHOUT COVER PLATE (IN**4)

ﬁ]FmMOVENT OF INERTIA OF STEEL BEAM WITH COVFR PLATE"WIN**Q)

nM"$XTERNAL BRENDING MIMENT ON THE COMPOSIIF BEAM (LR-IN)

‘

RMAE-—AENDING MOMENT ON THE STEEL BEAM LLB?IN)
RUpL=-NFNNTNG MOMFhT DUE TO DEAD LOAD (LR-IN)
qvq,_prNOING MOMENT ON THE SLAB (LB—=IN) '
nuﬁuJCOUDUTFD TOTAL INTERNAL MOMENT (LB~ IN)

ns--WINTH OF qLAF (IN)

7

cA-=THF NISTANCF FROM THE FORCE CENTER 05 THE RAEAM IO THF TOP OF THE BEAM

CHW“JHE DISTANCE FROM THE FORCE CENTER OF THE .BEAM TO THE BOTTOM OF THE
BEAM

CFST—=THIS IS A FIXFD VALUE OF STRAIN. WHFN THE STRAIN AT THE PANEL NEXY
10 THE MID- SPAN 1S LARGER THAN THIS VALUE;THE MULTIPL!CATIOK FACTORS

FAC ARF REPLACED RAY FAC?

Ll

It

CS-—HALF OF THE DEPTH - OF THE UNCR&CKED PORTION OF THE SLAB

 CURSCUR]—=CURVATURE QOF THE COWPOSTTE BEAM

CIRR, CLRR1--CJIRVATRUE OF IHE BEAM = LuR + CuRD

 CURD L CURN] == ﬁRVATUREQOF THE "BEAM DUE TO DeLea=0.1F THE REAM 1S SHORED

URS»CURSI-—CURVATURE OF THE SLAB tUR :

| .
DW"ﬂFDTH OF THE QTEFL BEAM WITHOUT COVER PLATE (IN)
DRT--TOTAL DEPTH OF THE STFEL BEAM NITH COVFR PLATE (IN)
— ¥ :

NC-~NFPTH OF THF CFLLULAR RIB (IN)

DEMAX—-~THE PRFSCWIEFD MAX IMUM VALUE OF DEFLFCTION (INY) o IF DEFLECTION
AT ANY POINT EXCEEDS THIS VALUE THE COMPUTATION 1S TERMINATED

DL--DFAD LOAD (LB/IN) .

[}

DA-~THF DFPTH OF THE UNCRACKFD PORTION OF’THE SLAR

DS-=-NDFPTH OF SLAB (IN)

PH1sDW2eesoneassDWT—=0OW1. 1S THE INITIAL COADING INCREMENT sWHEN THE
COMPOSITE BEAM YIELDS DW1 IS REPLACED BY DW2. IF THE LOADING «GEe WW3»
THE INCREMENT 1S DW3. IF THE LOADING oGE. WWas THE INCREMENT IS DW& s

€TC. ALL. ARF IN UNIYT OF POUNDS.

4




3

B
o8

\(--MULTIPLICATION FACTORS USED TO ENLARGE THE END SLIP ASSUMED FOR NEXT
ST1C COMPUTATION. (2.-EAC) ARE USED TO MULTIPLY THE END

CYCLE JN.ELA
sLIp TO GET A SMALLER ASSUMED VALUE FOR TH%,NEXI CYCLE. f

ep--MODULUS OF FLAS
iOF FLASTIVCTY OF THE SLAB (PSI)

i

TICITY OF. THE BEAM -(PSI)

Es--MODULU§
~A MULTIPLICATION FACTOR SIMILA

END SLIP ‘ _ v

ATION FACTOR USED TO REDUCE THE SLIP = 2.~EACL

R TO EAC USED 10 ENLARGE IHE ASSUMED

»”

EACS
»——THF LOWER ACCURACY ORESCRIBED IN *STRAIN ¢ SIMILAR TO ERR1

(N THF DIFFFREFCES - RETWEEN THE COMPUTED FCRCE AND MOMENT
OMNFS AREZ GREATER THAN FRR1 ' aAND FRR2+WHILE SMALLER THAN
NDITIONALY

FRE]FRE
AND ERRZ¥H
AND THE GIVEN (
FRF1 AND FREZ2 THE cSquTEU STRAIN AND CYRAVATURE ARE {0

4

ACCFPTEDY ‘

FRIN=-- = FR12? FOR THE INITIAL STARTING THREE LOADING STAGES WHICH MAY '
nf ALLOWED TO HAVE LOWER ACCURACY IF THE TRIAL END SLIPS ARE DIFFICULT
10 FSTIMATE o y : :

ERR1sFRR2--THF ACCURACY PRESCRIRBED IN SUBRROUTINE. STRATININ THE FORM
OFLMX!ﬂUN ALLOWARLE DIFFFRENCF FOR, FORCE AND MOMENT R

FRGT--THIS 1S AN PERCENTAGE ACCURACY INITTALLY PRESCRIRED. IN SUBROUTINE
SiRAIN AT INTFRMEDTATE LOADING STAGES IN THE COMPARISION OF THE

cOMPUTED FORCF AND MOMENT witH THFE GIVEN ONES.

ER1G-=THIS 1S & SMALL POSITIVE NUMBER USED TO PRESCRIRE THE DESIRED
ACCURACY FOR INELA&TIC COMPUTATION.'IFLTHF MAGNITUDE OF MID-SPAN SLIR
" guALLFR THAN ER1B AND 'THF PERCENTAGE DIFFFRENCE OF THE ‘CURVATURES IN.

THE PANEL NFXT TO THE MID-SPAN AT THE TWO CONSFCUTIVEucYcLEs 15 ALSO

SMALLER THAN 'YACURA' THE SOLUTION 15 OBTAINED. ‘
CELASTIC COMPUTATION,SIVILAR TO gRio

i

15 |

£R]12--THE PRESCRIBED ACCURACY IN

FAC-—ﬁIMIgAR TO EAC»USED FOR INELASTIC COMPUTATION

JHE DIFFERENCE BETWFEN THE MULTIPLICATION’

FRACT--A MUMNER USED TO REDUCE
COUNTERED IN THE °

FACTOR AND UNITYs WHEN NUMERICAL DIFFLCULTY IS.EN
SECOND bR THE SUBSEGUENT MAIN CYCLES '

£AC2--SIMILAR TO FACsUSED FOR HIGHER LOADING

FALA—=A MULTIPLICATION FACTOR USED TO ENLARGE THE ASSUMED END SLIP WHEN
NEGATIVE ' CONNECTOR FORCES WITH LARGE MAGNITUDE APPEAR IN ESASTIC

COMPUTATION

CE THE INCREMENTS OF LOADINGS WHEN

FACTOR-—A NUMBER USED TO REDU
OUNTERED IN THE FIRST MAIN CYCLE

NUMERTCAL DIFFICULTY, IS ENC

FANEG-=-A MULTIPLRCAf!ON FACTOR USED ‘TO ENLARGE THE ASSUMED ZND
SLIP WHENEYER.A NEGATIVE VALUE OF PANEL FORCE. APPEARS 1IN INELASTIC

COMPUTATION

6C+6S+GST +GSL-—THE VALUES OF THE CURVATURE OF THE-BEAM ., THE STRAINS OF .
THE BOTTOM STEEL FIBRE AND TOP CONCRETE FIBREsAND THE END SLIPS AT THE
. ) '\‘ . . . ' ' Bl ! r

+ ' ' % LI 4 . 2
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CONSFCUTIVF LOADING STAGES RESPECTIVELY ( IN THE EXTRAPOLATING
COMPUTATTON) . !

GSNH-—AN FXTRAPOLATED VALUE OF STRAIN AT TMF PANEL NEXT TO THE MID-SPAN

(1.03-=(IN) (LB
62)02NZ¢TOR FORCES WH
v

HYPERBOLIC Q-Y CUR

HE VALUES OF THE KNOWN SLIR | ORRESPGND!NG
I NTS T Y THE '

E S
SPECIFY THE TWO POINTS TO BE

4

6T--THF STRAIN FROM WHICH ON STRAIN HARDFNING IS INTRODUCED

YaT
ICH
E

HAR
lNHA-—RFPRFSFNTS THE PANELS WHICH BECOME INELASTIC

JMK--NUMBER OF THE LOADING STAGES

(--REPRESENTS THE NUMNER OF INELASTIC PANELS

-

xER-=INPICATFS THE OCCURRENCE OF NUMERICAL DIFFICULTY

KKCC--THE NUMRFR OF TIMES IN MAK NG CHANGES TO VARY THE INCREMENI OF
CURVATURE AND STRAIN IN COMPUTING F AND M _GRADIENTS :

(M--THE NUMRER OF TIMES IN MAKING THE CHANGFS TO REDUCE THE LOADING
INCREMENTS . . \

¢N--THF NUMBER OF - TIMES IN MAKING THE CHANGES TO VARY THE VALUES OF
MOLTIPLICATION FACTORS' : .

)

LABAL-THE NUMNERS CORRESPOND TO THOSE PSEUDO CONNECTORS WHEN ALL THE
CONNFCTORS ARF NUMBERED'AS 1392seveeoNH+1s51ARITNG FROM THE END

CONNECTOR . .

\4

LOAN-—4 VALUE TO INDICATE THE TYPE OF LOADINGS DESIRED ;_use 1 FORY
¢INGLF POINT LOADSsUSF 2 FOR TWD POINT LOANS AND 3 FOR UDL :

MER'sMFR] +MER2--THESE THREE NUMBERS ORGINALLY ARE SET ARBITRARILY  SUCH
THAT MER1- AND MER2 DIFFER FROM MERMN, WHEN THE COMPUTED STRAIN AND
CURVATURE ONLY SATISFY THE LOWFR "ACCURACY £EREL AND .FRE2) MERM IS5 SETV
TO EQUAL MER1 OR MER2. THE BND SLIP ASSUMED IN THIS CYCLE SHOULD s
NOT 3F USED TN REGULA FALSI ME THOD. RISECTION METHOD MAY BE USED
WITH CARF, IN THE .CASE THE END SLIPS FROM THE TWC CONSECUTIVE CYCLES
DIFFER VFRY SLIGHTLY AND THE SOLUTION IS STILL NOT OBTAINED,THE
AISFCTICN MFTHOD SHOULD., RE -REPLACED AY THF MFTHGD USING MULTIPLICATION

FACTORS .

UMM-~NUMBFR- OF MAIN CYCLES = 7

N--NUMRER OF CONMECTORS IN'THE WHOLE SPAN INCLUDING THE ACTUAL OR”IMA-
GINARY CONMFCTORS AT THE MID-SPAN St 1

NCEs NC--NUMRFR OF CYCLES ALLOWED FOR THE MAIN CYCLE. COMPUTATION FOR THE
ELASTIC AND THE INELASTIC CASES RESPECTIVELYsIF. THE CORRESPONDING VALUE

. 15 EXCEFDFD THE COMPUTATION IS TERMINATED

NCHA-~THE NUMBER OF TIMES ALLOWED FOR REDUCING THE LOADING INCREMENT » IF

. REING. EXCEEDEDsTHE COMPUTATION WILL BE TERMINATED _

NFUsNWoNFDsNPL-~NUMBER. OF SUBDIVISION ASSIGNED-TO THE UPPER FLANGE» THE WEB
JTHE LOWER FLANGE AND THE COVER PLATE OF THE STEEL BEAM. IF THERE

1S NO COVER PLATFSNPL=0 : . e S

~
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NLA-NUMBER OF PSEUDO CONNECTOR

NH-— THE NUMBER OF PANELS IN HALF SPAN.
NSHOR--ZERO/FOR SHORED. BEAM AND ONE FOR UNSHORED BEAM

pcUT--THE DISTANCE FROM THE SUPPORT TO IHE CU! OFF POIN‘ OF IHE COVER
PLATEs PCUT= 0. IF TQ? PLATE EXTENDS TO THE WHOLE SPAN '

0--CONNECTOR FORCE ' g .
QIN-~THE CONMECTOR FORCE COMPUTED.FROM SLIN

pPF-—STRATN MARDENING FACTOR | N o /
SA5--ASSUMED FND SLIPS FOR FACH MAIN CYCLE

spuMOMENI OF INERT[A OF THE UNCRACKED PORTION OF THE SLAB

‘ qJN—-THF VALUE OF QLIP WHICH GIVES THE SLOPE REQUIREN WHEN ESTABLISHING
THF SIMULTANEOUS EQUATIONS IN THE INITIAL TWO LOADING STAGES - ;

ch4--N1STANCE FROM THE SUPPORT TO THE FIRST CONNECTOR (IN):
clL--CONNECTOR SLIPS

CLVAX-—THE ULTIMATF VALUE OF SLIP SWHFEN THE SLIP AT ANY CONNECTOR EXCEEDS
THIS VALUE THF COMPUTATION WILL RE TEIMIMATED .

'
<

$5--CONKFCTOR SPASING

STRT,5T7R-~STRAIN AT THE TOP AND BOTTOM FIBRE OF BEAM

STSTHSTSR==S5TRAIN AT THE TOP AND BOTTOM FIBRE OF SLAB

rs

STRSY .S TRPY s STRUY+STRFY-—YTELD STRESS OF COMCRETE»COVER PLATE.WEB
AND FLANGE {PSI) : S

STch,qunF,QTRTF,GTBRF-—THE ULTIMATE VALUE (FA!LURE VALUE)Y OF THE
STRAINS AT THE TOP AND THE BOTTOM FIBRE OF SLAB AND BEAM RESPECTIVELY»
WHFN THF STRAIN EXCFEDS THE CORRESPONDING VALUE.THE COMPUTATION IS
TFRNINATFD : o

- . X .

TE-~THICKNESS OF FLANGE (IN)

TPL--THICKNESS OF COVER PLATE (INY

)
TRYLD=~ =0, IF THF LOADING INCREMENTS ARE SFT BY THE INPUTs =1e WHEN THE
INCREMENTS ARF AUTOMATTCALLY SET BY THE PROGRAM
Tw--THELKNESS OF WEB (IN) . ' - . o k

WTQISIANCE'OF THFE FIRST LOAD FROM L..H.%% FOR'THE CASF OF TWO POINT

W-=INITTALLY 1S THE STARTING LOADING’AFTFR THE FIRST LOADING S$TAGE IT
REPRFSENTS THE LOADING AT ANY LOADING STAGE (LBIIN FOR UDL-OTHERHISE

LRI L P
T~y \ . . » - N - . : B
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‘

WW%.NWQ..-.&...WW?--A SEf OF LOADING INCRFMFNTS (SFE DWI Dwz......nw?)

¢ WWB——THE MAXTIMUM VALUE OF WsWHEN "BEING EXCEFDFD’ THE COMPUTATION wlLL
¢ RE TFRMINATED

X-~D1STANCE FROM THE. L.HsS. TO CONNECTORS

™

XX--DISTANCE FROM THE L .H«S. TO THE CENTE% OF PANELS

7L--TOTAL LFNGTH OF THF COMPOSITE REAM (IN)

IMPORTANT 'NOYE -
- ****I§§f***** . oy
le THE VALUFS OF THE MULTIPLICATION FACTYOR 'FAC AND FAC? ARE FLEXIBLES
AUT SHOULD NOT DIFFER MUCH FROM UNITY. THFY CAN BE AJUSTED TO AVOILC
NJMFRI(AL D!FFI(ULTTFQ AND SAVF THF COMPHTFR TTMF. THF OinR ﬂUMﬁRIF:
FACTORQ USUALLY NFEFD NOT RE CHANGFD.
2, THE LOAD-=-SLIP CURVE SHQULD BF SMOOTH SUCH THAI EXIRAPOLAIION CAN
FFFFCTIVFLY PRFEDICT THE VALUES. ,
3, HOW TO INPUT THE 'PSFUDO CONNEFCTORS=—-AFTER THE INPUT OF THE SPACING Qi
THE ACTUAL CONNECTORSHYINPUT THE TOTAL NUMBER OF CONNECTORS INCLUDING
THE PSEUDO OMES (N} AND THE NUMBER OF THE PSEUDO CONNECTORS {(NLA).
THE NEXT INPUT WILL BE THE CONNECTOR SPACING AFTER INTRODUCING THE
PSFURD COMNFCTORS (5S11))s FINALLY GIVE. THE CONNECTOR NUMNER {HI(H

CORRESPOND TO THE DSEUDO CONNECTORS (LABAL(I)) _
1F NO PSFUDO COMNMNECTOR 15 ADDEDSIMPUT THF ORIGINAL NUMBFR OF coNhtCTv
. FOR Ns+O FOR NLA AND THE ORIGINAL CONNFCTOR SPACING FOR sscr;. ‘
FOR LABAL(T)s LT JUST NEEDS TO PUNCH AN 10'.
4. TO SAVE THE CCMPUTER TIMEs OBJECT ' (BINARY) DECK AND 'OPTIMIZATION'
1S SUGGESTED TO. USE ‘WHENEVER IT IS POSSIBLE.

5. AECAUSF THIS PROGRAM INVOLVES MANY VARTARLES. FOR B
A SPECTAL JO3 GARD 1S SUGGESTFD TO USFs SUCH THAT T

OF ALL THF VARTARLFES ARF PRINTED. : . > ‘ 5
6« THF LOADING INgREMENT AT HIGH LDADING SHOULD RE SMALLER.

[ Tt T Wi e M T WY N Wiae Mo i M T e W Sl o W o I O e T T T e Te T T T T |

A DATA ITNPUT FQR A PRACTICAL BEAM 1S5 GIVEN HERF FOR REFERENCE.
*i*i**********************************************************

20 PFR CENT CF CONMNFCTIONs 7 CONNMECTORS AT HALF SPAN

12,77 .%a «335 540 197. 245 69 .
fyN . NyN 1.5 . 33,3 «N15 « ON4 15

RERE 440004 - 44000, 440004 <18 .18 -

PCOGhra,  20000C0C, _ : . 5
N : 540 3.0 8.0 © 345 . 2.5 2.0 i
" 7.0 10. 120, 150. 170, 900, . S

18 1 3,100 3 6 14 _ . L

. 0.5 O T ) - g
ne «12 . 6200, ' 11300, . 0006 _ _ 3
50 . 50 ,00001 . «0001 015 Ce . ' &

O0s 1,008 1.008 N , | , ‘ o
209 1.00R 1,008 ' B : - i
4 1.02 1.004 : o ' P
ooy 01 9 - 1.045 96 1.04 ' 5 S
"Nn04 1.006 : : . ' . iﬁ
Le Phe P4. 30.  24. 24. 30, . . : B
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6 810

" mewas  PROGRAM BEGINS  s#esuw

TVTYTY Y Y Y Y

NIMFNSTON TITLF(?O)

NEMENSTON DFF(G11."MDL(5“190(51)09L(51!o(URh(51)|ARFA!5]i
NIMENSTON GCURO4A T aGREBNA Y GSLISN A1 GSTIENWG)

CPIMENSTON LARALISO) »TOTRAMIROYsFACLE)

TPIMENSTION ANTFGIROIWvHRIAO) o FACIAIWFAC? {6

NDIMENSTON INFLAISO)oCURSi%O)y(URH(SO)oTRSL(ﬂ}
DIMENSTON XX](BI)v?K(S]}va51)~A(3'50)-H(50)

DIMEFNSTON Bl(bO)ckOUleﬂ)uTARFA(51!

cOMMON/FlOCKI/wMth) '

COMMON/RLCCKP2/FSI50)4CS51

COMMONZR| NCKA/RVMMEIROY) |
(ONWON/HlOFK“/QNQ{GOI'HMGC5”IvHIT(GﬂjoTW1TF9PF DS'quARvDC
(OMMON/RLOCKSIRTQY|§TR§Y.§TRPY-%TRWY0GTRFY FB»QTFY.EQ;EBP
COMMON/BLOCKG/FRIS50)

COMMANZBL OCKT/CURT 150

COMMON/RLCCKR/CUIRRTI(50) 7

CORMMONZIW OCY I /CURSTISD) .
(OHHON/RLOCKIOIAS(Q”)09[(“010vFI(50}OFAB(SO}0FIR(5“)$7(50!0C5(501
(nuunn/n[OFVI]/ﬂFT(SO)-A[P(GO);HR(%OIvSSISGi
COMMON /8L OCK 12 /DN (S0)
COMMON/RLACK 14 /RM(S0)
CUM“ﬁN/HlOCKI?/DHT()OJ'LHD(BO)tCB(SO}
COMMONZRLOCK 16 /CURDIIA0) -
COMMON/RLOCKITZETSTIH0) »STRARISO) A
C””MﬂN/P!OCK1ﬂ/STSP(501
(OM“ON/RLOCKIOIRTRTISOI)

SCOMMANRLACK 2N /LCUR(S0O) " ..
COMMON/RLOCK?IIHH‘165)000q(1651\nFAllbﬁiaHARQToNFU NFO'NW!NPL.PCUT
COMMON/ZRLOCK 22 /CURTIS0) «STRATIS50) «STS TTan)
COMMON/RLOCK 24 /BMBF (501 s RBMSLI50) «BMFD(50)
COMMON/Z/RLOCK 25 /MA s JMaNHeKERWKFM? .
COMMON/ZBLOCK 26 /5TC{S50Q)»CUC(50)
(1VNO\/BLOCK?7IKKCCoMER“oNMM
CONMOV/RLOCK?BIG%NHsERSToSCALIoSCAL? |

_ rovmoN/nLCCKPQ/UU.VV.xL.xR,MFRl.MERZ.SAS{SO),SLMISOJ.LAG
COMMON/RLOCK A0 /XX (80

’

THIS PRO. USES HYPFRROLIC G-Y CURVE - - ;

DATA OF COMPOSITE BEAM - | -

e Ta e T

DEAR(S 45300Y TITLF
AP0 . FORMAT(20A4)

WRITF(A+5301) TITLF
5101 COR“AT(1Xi20AQo///).
READ (5449) DB, TWOTF;BFOBI.DSiBSOZL
WRITELG6+5C) DBsTWeTFsBF sBIsDSsBSHZL
READ:-{5+49) -SUﬁQDCQDLvHARSToRPFQSLMAXoDEMAX

WRITE(6350) UySD4sDCaDL +HARST +RPE vSLMAX 9 DEMAX _
READ'5’49) QTRSY.QTRPYvSTRWYvQTRFY|§T9TF.ST§BF0§TBTF0§TBBF

.
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WRITELG+5C)STRSY 9 STRPY 4 STRWY s STRFY s STSTFWSTSAF »STRTF 3 STBAF
RFEAD(54+2) ESWFAR .

WRITE(6+2) ESER

READ (5431) DW1sDW2+DW3 ¢DW4 +DW5 s DWE 9 DWT

WRITE{(63s85) DWIsDW2+DW3 sDW4 sDWS + DWE s DWT
READ (59311 WeWWIsWWEL 4 WWS s WWE o WWT7 + WWB

WRITF{6165) WeWWAsWHAWWS s WWH s WWT 4 WW8
READ (591) NoNSHORSLOAD sNVLaNFUSNFD oNPL
WRITE(6e1) NINSHORILOAD yNWesNFUNFD sNPL
READ(S+9) WPLsTPLWPCUT . )
WRITF(AQIWPL s TPLPCUT :
FORMAT(RF10,.5)

FORMAT(RF1545)

FORMAT(2F10.0)

 FORMAT(TF10.25 | | g

rnRMAT(?F15 2)

FARMAT (715

FORMAT(3F1(.5) ' |
REAN(S+1000) G2+G3902+Q3,5LIN '
WRITF{6+10001G2 oG3u02'03’SLIN

FORMAT(GF 15,4}

READ (547371 NCEWNC+ER12+ER1O ACURA TRYLD
WRITF{&s?23T7) NCF.NC-FRI?-ER]O.ACURA.TRYLD
FORMAT(2T11044F1046)

READI(A«22RMIFACIT ) s 1=143)

FrAP(R 23 (FAC2(TYa1=143)

RFEAC (54 238) (FAC(T)el=1+3)

FORMAT{=FS 5

No 7776 =143 - .

FAC{T1+3)y=24~-TAC(T)} , . o e
FAC?2(140y=2.,=FAC2I(1) ' ‘
FAC(IT43)Y=2.,~FACI(T) _
WRTTE(AGTT55) IvFAC(IioFACZtI)oFAC!I) '

FARMAT (% NMO%¥ 312 45X s %FACH s FOaS 39X W #FAC2ZH,4F9, GsSXs*FAC *3F9,.5)
REAN(S 4 T79) FRINGCFSTsFRACTHFACLIFACSsFALASNCHA ,
WQITF!6179)EPIN9CFSTQFRACToFACLOEACSOFALA|N(HA
FORMATU(GEF10L75110)

REAN(S+7)Y ERST+FANEG

WRITE(&+7) ERSTHFANEG

FORMAT(2F10.6) = ‘
INMITTIAL VALUF OF THF CONTPOL FACTOQS o '
=0 - -
MA=0 ‘ .
MK =0 : : s _ -
KKCC=0 . - .
KER=0 g )

KSCH#O Lo

VM= -

KM=
"FACTOR=1. ' : R
KMuL=0O ‘ ‘
SCALl=1, _ \

SCAL?=10C, ‘ 5 . . ’
KEM2=0 . o
¥NFG=0

-

i

AR=D X TF¥RF+TW* (DR=24#TF) "
STSY=STRSY/ES -
STRY=STRPY/ER

"
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STFY=STRFY/EB
FRP=RPE*ER

DIVISTON IN THE CROSS-SECTION OF STEEL
w ) .

[ T T e N

. NN=NFU+NW+NFD+NPL
DO 131 KL=1+NN . ]
DDB(KL)—TF/FLOAT(NFU)'
CIF(KL <L TNFUY DDAIKLYI=(DR- 2.*TF)/FLOAT(NW)
IF(KLBTe (NFU+NV ) DDB(KL)=TF/FLOATINFD}
LE (KL +GTo (NFUNW4NFD) ) DDBIKL) =TPL/FLOAT (NPL)
RL (KL Y =AF X
IF(KLGTLNFU) RH(KL)=TW __
1F(KL+GTa (NFUSNW) ) RH(KL)=BF (
lﬁ(KL.GT.(NFU+NN¥NFDl)HH(KL!:NPL
121 CONTINUF '
DEFAL11=DDARLT1)
NO 1372 1=2sNN
117 DEALTI=PFALT=T114PDA(TY
NRITF‘ﬁolh“)((DDR(leDFA(L)tBH(L)}9l'1oNNl
142 FORMAT (2% 93E20.6) .

( LOAD-SLIP CHARACTFRISTICS

RV={G2%#02*Q3-G3*03%02) / (GZ*Q3-G3*Q2)
CV=(RVG2*¥Q2-AVHAVEGZ) /07
AVECV /Y o A
NG 1109 1=1430 '
C SL{1)=FLOAT(1)7200, N
Q{I)=(CVZISLIT)I=AV) 148V
1100 WRITE(6+46005) SLUTIQ(T)
6005  FORMAT(* SLIP AND FORCE#*sF7. a.F13.2)_

MU= (M=1Y/2
MH] =MH4+ ] .
r ’ :
¢ CONNECTOR SPACING AND THE COORDINATES OF THE CONNECTORS afp
s PANFLS o
¢ .
READLS+32) (S5(1)sI=1sNH) *
WRITE(6+23) {SSITIYse1=1sNH) <
12 FORUAT(16F5])
pLe] FORH%T!* CONNECTOR SPAC!NG*g16F6.2) . _ V-
A3 IF(JMK LT.3) GO TO0 54 : - '

READ(Ss61) NsNLA
WRITF(6+35)NsNLA :

16 FORMAT(®* NO OF TOTAL CONNJAFTER INTRODUCING PSEUDO" ones*.la.sx.

1#NO OF PSEUDD CONNe#s13) ]

NH-(N -13y/?

NH1=NH+1 ' _

READ(5532) {SS{1)s1=1,NH) - : ’
WRITE(6+64) (SS(T)sl=]eNH)

&4 FORMAT (# NEW CONNFCTOR SPACING%*s16F7.2)
READ(S5s71) (LARAU{I)eI=1sNLA)
WRITE(G6+75) (LARAL(I)}sI=1sNLA)"

75 FORMAT (# PSEUDO conn=cT0 #,4013)

71 FORMAT (4013

61 FORMAT(21S
W=WST /"

H

L



qh

akd
-~

1002

180

2?

Q9

1001

Y Y Y

A

4y
46

4R

A

‘PRT(1)=NP

"AMDL (1120 : ‘ “

Jm=0

XXt1)= SD4+.5%#55(1) .

nn 4 1=2+MH -
XXL1)=XX(T=1 )+ S*(SSUT- =114SSt1)Y

X(1)=506 o

AN 26 1=2sNH]

X(1)=X{T1=1)1+55(1=1)

QIN={CV/ISLIN=-AV))+RV -

PO 1002 T=1sNH1

Z¥iT1=0IN/SLIN .

NN &8 1=1NH :
INFLA({11=0 K . . j
DN(1)=DS

TOTAL MOMENT OF INFQTIA FROM THE COMRINATION OF REAM % COVFR PLATE

ARFAP=TPL *WPt -
YCu=(AR® (O, 5*0R+T°L)+ARFAP*0 S*TPLl/(AB+AREAP)

AL =RT+AR* ({0, 5%DR- (Y M- TPL})**2)+(WPL*1TPL**3))/12.
1+ARFAP* (L YCHM=0, S*TPL)**Z)

DO 360 I=1sKK
aiT{11=2]

CR{11=0,5%DA ,
CANt1)=0,5%NA N
TF(XX{1)1.LF.PCUT) GO TO 360
AarT(1y=RpP]

CANIT)=YCH

CRITY=NR4TPL=YCM

DAT{])=DR4TPL

CONT INUE
COMPUTATION OF R M, DUF TO DHelLe
TRL?=5#DL*2|

PO 22 1=14NH
RUNLIT)I=TDL2*XX(I)I-DLEXX{ ) #XX(])1%,5

L WRITEL6+99) ({XXUT)+BMDLIEY)sI=1sNH)

FORMAT( #* XX*2FRe238Xs¥PuMeDUE TO DeLe#sF12. 2)
BVALM=TOL2# (0 6% ZL ) -DL*({ZL*0,5)%%2)%0,5
WRITEL4,70G1) RMDLM -

anunrt * MID~SPAN ReMe NDUE TO Dele %*9F12.2)

THF TREATMENT OF THE MOMENT AND THE CURVATURE DUE TO Da L-

SHORFN AND UNSHORED BEAM “

[F (NSHOR.GT.0) GO TO 43

CURVATURF DUE TO DeLs WILL BE ZERO IF THE BEAM IS SHORED

-
NO 44 T=1eNH

CURDIT1=0.

GO TO 45

DO 46 I=1+NH

CURDIT 1= BMDL(!)I(EB*B[T(III
DO 48 I=1sNH

TF(IMK . FRe34 AND . IM, EQ.O) GO TO 300 .
GO TQ 301

FOR .THE



104

107

31y

112

am

i X T |

18

anpn

ann
77

£100
6101

6103
274

TIM= UM

CIF{WLGF W3 ) DFLW=NW3

' N ” ! - ‘ ' 126

THIS "RRANCH 1S FOR THE COMPUTATION OF THE DaLo EFFECT FOR UNSHORtD
REAM -

IFINSHOR=1) 10143024302 - -

wW=0se

RMLL=0.

AMMSP=RMDLM

NO 1304 1=1sNH

CURCTY=CURDI(T)Y

CURBLI)=CURDI(T)

STAT(11==CURR(TINCRLT)

sTAR{ ) =CURAR(TI*CRAN(])

WRITF(6+303)

FORMATA/Z//// 4% AT THIS LOADING THE Dot FFFFCT !S COMPUTED*)
WRITF(63311) ; ,

FORMAT C1HO o /96 X o X R 3 X HSTHTH, 1OX W HSTRA R, /)
WRITELG+312) (IXXUT)+STRT(IISTBRII))s1=1+NH)
FORMAT{1HO»FRe2+2F1648)

- G0 TH 20K

CANTITNUF

LOADING INCREMENT AND THE INITIAL VALUF-OF OTHER CONTROL FACTORS
L?EVVALUF OF MFRl §/&ER2 ARE SET ARBITRARILY SO AS TO.DIFFER FROM
MMM = 1 ul

We&T=W

NELW=NW]

CONTTHUF

MFRM=C

MFR1=100 ' o
MER2=100 .

CURP=0, - : |
LAG=0 p

.

JMK = IMK +1 |
IF(TRYLD.FRe1e) GO TO BOOO
[F(K,NFoD) | DFLW=NW2

[F(W.GFWW4) DELW=DW&
IF(WeGE «WWS ) DELW=DWS
IF(WeGEWWE) DELW=DWH
IF{WeGFaWW7) DFLW=DWT

GO TO 77 o
NFLW=1500, - .
IF{KNFo0}) DFLW=1500.
IF{JMKLLEL6) GO TO 900
IF(STRR(NH)+GT«0.008)DELW=500.
IFISTRP(NH) . GTa0.02) DFLW=250,
IF(LOADEQe3IDFLW=(2/2ZL) *JELW
G0 YO 17
IF{LOADFRL3IPELW=(2+ /2L I *DELW | ' :
W=W+NDFLW*FACTNR = : e - -
IF‘JM.FO 1. AND.NSHOR.FQ.O) W=O.

TFLIM=4) 610046100, 6101 .

WMIJMY =W

. GO TO 6102

DO 6103 1=143 .. )
WMET)=WMIT+1) ' )
wHia)=w - ‘ A)_ . , —



L ‘ ! . .- . . s 12?
p10?  WRITF(6934) W - |
, FORMAT (1HOw //7224H W =4F1143) ‘ ,

c NeMe CALCULATION

RFACL=W¥045 - . ‘ .
) !F(LOAD.FQ.?) GO TO 102 :
TFILOADFfe3) GO TO 1991
nO -4 1=1eNH | ‘
RN(I!=REACL*XX(I)+RMDL(l)‘ ' .
* 4 CONTINUE . S . ) =
BMLL=RFACL*#(ZL*0.5) -
6O TO 107 ;
107 Do 10R T=1sNH
[FIXX (1) eGToULAND XXUT)oLF o (ZL/243) AMCT)=AMDL (1) +REACL*U
10A TFIXX{TYaLFat)} AM{ 1Y =BMDL (T )+RFACL*XX({])
AL =RFACL*U. , v
6O TN 1073
1001 RFAC| =%7) .5
DO 1902 1=1eNH
AMIT y=BMDLII)4REACLAXX ()~ 5*w*xxtl)*xx([1

1992 CONTINUE .
RMLL=REACL* { 6¥ZL 1 =o 5H#WH ( (,5¥ZL) %22}
101 RO & 1=1 ¢MH

IFINSHOR ,FO,0) TOTRAM( ]
IF{NSHORLED1Y TOTRMIT
& CONT I NLIF
‘ PMMAD =MD M+ERML

y=aM(]
1=RMIT

) - | |
Y (TR 2%XX T =DPLEXXL 1) #XXUT)I*0.5)

USE THF LIRRARY FUNCTION TO SOLVE THE FINITE DIFFERENCE FQU.FOR .
THE FIRST 2 TRTAL VALUES OF SFIP v

e alale

STF(UME ,GTW6) GO TO R :
#Tchx (Te3) GO TO 2001
PO 5101 [=14MH
CALL TERMS(TZERVES)
ny FORMAT(F4048)
AlT1Y=RR(1)
Al2sI)=={1e/ZK(])+1. /2K(I+1)+ALP(11*SStI)1
Al34101=1472K(T141) ) , ,
10T Af1s701=1,72K(T)
AlYe1)1=0,
AL34NH) =0, .
Al2+NHY=—-1{1. /ZK(hH)+ALP(NH)*SS(NH))
CALL BNDSOLIAS 9.3,1,NH>
N(1Y=R(1)Y
DO ST05 1=2+NH -
c1ne Q{IYy=RITY-0(1-1

; DO 5665 1=14NH
S6AF  SLITYI=Q(T)/ZK(T)
SLINH+11=0,.
TRSLUJMKY=SL (1)
IF{JUMK.LTL3) GO TO 18
IF(JMK EQG.3) GO TO 63

Y

m M

ST. BARsCUR, BAR AND STSTT BAR ARE FOUND HERE BY EXTRAPOLATION

CALL .EXTRA(1+GSLsSUML)
“  WRITE(6+92) SUML

1 .



: 128
GSL {14 )=5UML ; . ‘ .
DO 902. I=14NH ‘ | - \ "
CALL FXTPA(I.GCQQUML) P .
GC{Tyh)=SUML ,
CALL FXTRA(I +GSsSUML) - ' - »
GS(1s4)=SUML - ‘o oo
CALL FXTRA(I3GSTsSUML) '
GST (1 v4)=SUML
T 90y CONTINUE . .
GSNH=GS(NHe& ) : T -
NFGSNHGFLCFST) GO TO 9250 L
GO TO 851 ' : - - .
0255 PO 9253 T=146 o o ' : ‘
a1 FAC{1YSFAC2(T) .
Ag SAS(MMM) =GSL (14 4)
© WRITF{6+2858B) SAS(MMM)

5858 FORMAT(//+% SLIP ASSUMED*+F15.6)

F

~

GRFFN CARD=THE REGINNING OF ELASTIC COMPUTAT JON®® %135 33 5 4 4 4 1 0% 26 3 %
T IFIXGNF D) GO TO 70 | : Lot e
2001 TFIJMK.FQa4) SAS(MMM)= TRqL(I)

TF(JMK.EQe5) SASIMMM}=TRSL{2)

TFIEIMK ,FQeb) QAS(MMM)-GQL(1v2)+((GSl(IsZ)‘GqL(I’l)l/(NM(2)—NN(1)l)

TH (WM ) =MD ) .

1604 SLEY)=GAS (MMNV)
1=1

. NLAR= ’

tht  OUII=LCV/ZISLITI=AV) J+RY
IF(I.FO.LAHAL(NLAR)I GO TO 15
GO TO 16

15° NLAR=NLAR+]

'O(])=0. N
14 CALL TERMS(1+ERsES)
[F{i~1) RCO4RO0D4R0O1
My RETYI=Q({IY+R(1-1) , .
. GO TO 802 ; & -
a0 - a(1Y=Q(1) '

RNy CHR{[)=R([I*ALPIT)I*SS(II+RBII) :
SLIT+1)=SLIT)I+HB( T} ;-
IF(B(1)eLTs(=2000004)) %GO TO 289

~ IF(QI11.LT4-200000.)) GO TO 289
TGO TO 200 :

289 SAS(MMM)=SAS (MMM)*FALA
KSCH=KSCH+1 : o
WPITE(64291) -

291 FORMAT{(* ORIGINAL SLIP ASSUMED I TOO SMALL*)

IF(KSCH.GE+80) 6O TO 26 -
GO TO 1624 : )

on =141

IF{I.LT.NH1)} GO TO 565 , ,
%LM(MMM)-CL(\Hl) : .
IF{JMeLFe3.ANDLARSISLM({MMM) ) ,LE.FRIN) GO T0 57

TF(ABS(SLMIMMM})-ER12) 57+57+2323

7323 WRITF(6+1239) MMMySAS{MMM) ¢ SLM{MMM)

MMMz VM4 ] : .

IF{MMM.GT«NCE) GO JO 26 ‘ *

PRFNICT THF VALUF OF SLIP FOR NEXT CYCLE

TFISLM(MMM=1) ,LFe (=403 )) SASIMMM)=SAS(MMM=-))*EAC(1)

~




&7

LN

a7

L T B 1

“14

111

Ry,
89

129

TF{SLMIMMM=1)4GT 4 (=403 ) o ANDWSLMIMMM=1)4LEs (=001 }) :

1SAS(MMM)=SAS{MMM=1)*EAC(?2)
IF(SLMIMMM=1)4GT.(-,001 ) «AND ¢ SLM(MMM=1) .LE,0,) SAS(MMM>-
fSAS(MMM—1)#FAC(3)

IF{SLMIMMM=114GE« (0403 )) SAS{MMM)=SAS{MMM=1)*EAC(4)

IF(SLMIMMM=1) oL T4 (0403 )oANDSLM(MMM=1)4GE4 (4001 ))
1S5AS (MMM =SAS (MMM =1} *EAC(5)

IFISLMIMMM=1) 4L T4 4001 4AND, SLM(MMM”I) GEeDe) SAS(MMM)=
15AS {MMM=1 )} *FAC(6)

IFISLM{MMM=1)¢LFael=0al}) SAS(MMM)—SAS(MMM—])*EACL
IFESLMIMMM=1)aGFele) SASIMMM)=SAS{MMM=— 1)*FACS

IF{MMM LFe2) GO .TO 1624

CALL REGULA (MMMsMERN) | : .
TFOARG(SASIMMM=]) =SaS (MMM~ 2)).LF 0. 0000003) SASIMMM) = (XL+XR)*0.5
6O TO 1624 : ‘
wR1Tpta,1719)MuM,9A%thM).SLM¢MMM)
WPITF(65124R)

SREC=HAS (MMM}

MEAR =AM ]

VMM =]

KSCH=0

LAG=0

IF(SLI(NH1- 2).LE 0.) GO TO 470

Gh TO 471

CMUL=KMUL Y
1’h-(ﬁfl”/FLOAT(KMUL+1))
[FIXMULLFQ.5) GO TO 26 .
[FLiM.GT.4) GO TO 204

WML MY =y

GO TC 6102

I(_P_-'lll_:Q

L]

GREFN CARD~THF FND OF FLASTIC COMPUTATION************************

"
2

DO 14 I=1sNH - ‘ '
CUR(I)—(PM(I) CII*Z(TIY)/SET(])
CURSIT)I=CURIT)
CURA(TI=CUR{T}Y+CURNDIT)

CSTSTLIY==R{TY/(ES*ASII)I-CS{I)*CURS(I)

STSAUTY=CURS{T)*#DS+STST(I)
STRT(1)1=RI{T) /{ER*AR)~CURR(] }*#CR(1)

STER(T)=R(1)/{EB*AB)+CURB (I Y#CRD (T}
DN!I)-—STQT(I)/CUR(I)

TF{ON{I)eGTeDSeORDN(I)«LTo00) DN(11=05'

CONTINUE
WRITF(69330) (S TVrse1=1sNH)
FARUAT( * STRR¥WE1G5,.5)

CHFCK .FOR THE YIELDING-OF THE PANELS

DO 52 I=14NH -
IFLARS(STSTI1))eLELSTSYAND STBB(I).LE.STBY) GO TO 52
IFIK.EQ.0) GO TO 53

NO R4 LL=1a¥ . :

TFLINFLAILL)FO.T). GO TO 52 .

CONTINUE Co L

K=K+1 ' '

INELA(K)Y=1

“

[



. | 130
" hY
52 CONTINUE ~ : \ " o -

IF(K.EQ.0) GO. TO 55 ' -
SAS (MMM)=SRFC - - o
« 70 L=l :
C S '
¢ THE AFGINNING OF LNFLASTIC COMPUTATION——~— = e e e e
C | | =T |

KOUT(LYI=K = :
WRITE(6+72) (FAC(IVNsI=196)
77 FORMAT (/3% FAC*»8F10464/)
NE=MH-K o
NE1=NGtl . - - R
¢YRFPT=0 ' : - -
77 SL{1)=SAS (MMM}
WRITE(6+3151 )1 MMM, » SAS (MMM

7151 FORMAT(1Xs ¢ + CYCLE NO *.15s9x|*5LIP ASSUMED*:FZO a8)
MLARZT S .
C cOMPUTATION OF THF ELASTIC PANELS T - \3

1=1 .
765 + QUT1={CV/ISLIT)-AV)L)+BY o ' n
IF(1.FQ.LARALINLAR)Y GO TO 56 ‘
GO TO 67 °
56 NLAB=NLAR+1 o
- Qty=0, .o . S
67. CALL TERMS({IYERIES) o ‘
© - IFt]-1) 700,700,701 s . - .
=701 R(I)=Q(II+BLI-1) ' -, , ' a
6O TO N2 : . o :
THha agIy=0Ln
707 Hntr)-ntl)*ALP(r)*ss(11+nB<I)
SLIT+1)=SL{TY+HBILTY ,
1=141 - v
IF{1.LTNEY) GO TO 765 R '
DO 50 1=1sNE Lol .
(UR(I)—(RM(II-R(I)*Z(I))/SEI(I)
CURS{T)=CURIT) .
CURA(T)I=CUR(T)I+CURDI(IT} ' .
QT%T(I)-—R(I)/(FS*AS(I))-CS(I)*CURS(])
STSRITI=CURS( 1) *DS+STST(1) ‘ L.
STRT(I)1=8{I1)/(EB*AB}- CURR(I)*CB(I’
STRB(I)=R{1)/(ER*AB)+CURR(T)I*CBD{I)
DN{T)==STST(I)1/CUR(T)
IF{DN(T)GT.NS.OR. DN(T)ot.TaO0 ), DN(I!-DS E _
60 COMTIMNUE . e Yo ,
IT=NF1 ST [, )
O(NF1)=(CV/(SLINELI-AV)I+BV -
IFINE]1.EQ.LABAL{NLAR}) GO TO 113
GO To 20¢C .
1137 MUAR=NLAR+] ' ‘ : T
QINE>)=0. " ‘ '
270 B(IT1)=BINEI+Q{NF1)
WRITE(6+78) BINE)sQINE1}»SLINEL)
7" FORMAT(3F30,.2) ,

¢ COMPUTATION OF THE INELASTIC PANNELS : -
1235 STSTTUITNI=GST(IT+4) \
STBRT(T11=GS(1144) , .
CURTUIT)I=GC(TT+4) \ £ s :
CURD1{111=CURD(IT) o " - - v



11.

“hHA

1247

20

A

6112
i

202

131
PMREP=RMIIT)

" IF(MERMJEQ.MFR1,OR.MERM,EQ, MER2) GO TO 11 - N ;
60 TO 68 ' J
TF (ARS{SAS(MMM=1)=SAS(MMM=2)).GT.0,0000001) GO TO 68

SCAL2:SCALL . ‘ o~
SCAL1ESCAL1®0.5 L .

CALL STRAIN({RsAMyCURD1IT)

nuw(j1)=RMREP
"FORMAT (*$$$$$$%%$$$$$%$$$$$$$$$$5$55$$$$$$s$$$$$$$$%*,/)
JF(KKCCoGT ot « ANDJMMMOEQL]) GO TO 201 -

[F{KKCCeGT ol o ANDJMMMNF 1) GO TO 202

6n TO 61C6 \
IF(KM,EQe6}Y GO TO 26
W= (WM{3)+WMI4) ) #0045
IF(KREPT.EN.1) GO TO 6
IF(KM.FR.1) GO TO 6
FACTNP=0,75 °

MMM 4Y

WRITE(G+6112)

FORMAT (# THE LOADING INCREMENT IS. CHANGED To A SMALL VALUE-r———=—=

3

GO TO 204

"TF{KN+EQa NCHA) GO TO 26
GAS(MMM)-QAS(MMM—l)+(SAS(VMM)-SAS(MMM 1))/5.

YN=K¥N+1 a

T IF(KMLEQL1Y GO TO Lant o : . ,

e

6111
Liahid

A110

A1 N4

AT A

12
1234

1276

00 6111 1=1,46 , |

1F{I.LF.2) FACIT)=(FACII)-14)*FRACT+1.

IF{I.GE.4) FACII)=24=FAC(I=3)

FAC2(11=FACIT]

CONTENUE

WRTTF (A36110) ' . -
FORMAT (e THF VALUF OF SLIP. IS anqunEn-4e---~--—--—-----—-~--

o m— S e SN2

co TO 73 . : > )
CUR(TI)=CURLITY) .o .
CURSIIT)=CURSIC(ID) ' .lﬁf
CURR{LT)=CURBL(II) , ‘

PDN(TIY==STSTLIT)I/CURS(I1Y

TFIPN{TT) «GT eDSeORGDNITT}eLT20s) DNITIT)I=DS
STSRI(TT1)1=STSBITII+CURYI(TII*DC : )
\TFG(II)—(STPT(II)—ST%HI(II))*SS(II) S
5L:II+1)-5L(111+Amr€G(II) : .

QtIT+1)=(CV/ISLITI+1)=AV))+RY
[F{LTI+1)EQaLABALI{NLAB)} GO TO 10&.

G0 To 12 - o |

NLAR=NLAR+] o

NLiT+11=0. Lo ' . B \

IF(IT~-NH)Y IZBQ’123691236 , |

11=11+1 : o !
P(II)‘R(II -1)1+Q(11) B
IF(B{I1)aGTe0s) GO TO-1235

KNEG=KNFG+1

SASIMMM) = SAS{MMM)*FANEG

IFtKNEG.FEQ.10) GO TO 26 %

GN TO 73 :

FR11=0. ) " .
IF(ABS(CURB(NH)-CURP).LE.(ACURA*CURB(NH)l) FR11l=1.

CURP=CURB(NH)




1219

42273
-

&

R

Y

* WRITE(6+1239)MMM o SAS(MMMY 3 S (NH+1)

SLM(MMM)=SL{(NH+1) ‘ . 2
IFIARS(SLMIMMM) } s LE.ER10.AND.ER11.EQ; l) "GO TO 59

FORMAT (% CYCLF*,13+5X+*#END SLIP ASSUMFD*vFl? 8-6Xg*MID-SPAN SLIP*
1+9F12.8) ‘ .
WRITE {6,4333} .° o ' ' - e
FnDMAT(* ——————————————————————————————————————— w-;*-*-—-*———ﬁ~*|

MMM=MMM+ 1 | e - Ty
KNEG=0 - -, . ’
CIF (MMM GT.NC) GO TO 26 -

PRFDIC THF VALUF OF-SLIP FOR NFXT CYCLr

TF(SLM(MMM=1) oL Ee(=-2025)) SAS(MMMY=SAS (MMM~ 11%¥FAC(1) ;
JF{SLM{MMM=11)¢GT o {=,025) 4 AND . SLM ( MMM— 1}elFe(-a0021)" -
ISAS(”MM)-SASIMMU-I)*FAC(?) .

FISLM{MMM=1) ,GT,.(=-,002),AND, -
1én,cuMM N S A S 21 4 AN SLMtMMM ll.LE 041 SAS(IMMM) =
SILM(MMM=1) (GF .

TE(SLI(rn-1) 4 GE L (0. 8%2%’;\385’2{‘3’? ua“%it’%?”.}IBSQ‘f
1SAS (MMM ) = SAS (MMM ) #FAC(S) -

TFISLMIVMM=1 1L Te00020ANDSLMIMMM=1) sGF e 00} SAS(MMM)= . | |
1546 (MMM—] ) XFAC (6] Felad s S( e . -

1

{4)
),

- SASRF=SAS (MMM)

Q

247

421

R Y

66

DO 62 1=1sNH

TF (MMM LF.2) GO TO 73
CALL ,REGULA (MMM yMERM)

.!F(AP%(SAS(VVM 1}—5A5thM 2)1)aLELD. 00000031 SAS(MMMj=5ASRE ' ‘
Gh TO. 73 o o -

‘HQITF16,121°J MM”;SAS(MM“)-SL(NH+1]

WRITE (A+1248) ) “ : T I
FORMAT (*#$33355F555 THIS IS LAST CYCLESS$$$%$$$S*(
SREC=SAS (MMM) _ .
MMB=MMM~1 L /
MVM:] . - K
LAG=0 : " P
CURP:O. . . . ‘ N o l
MFR2=100 . - o ' :
MERM=0 o

MFR1=100

SCAL1=1. o

SCAL?=10. . . E

i
v

THE ERD OF INELASTIC COMPUTATIOR—r——=-m=——ea———— wm=========RED--———~=
. [} . .

DA 433 [=14NH '
_CURT(I)=CURB(1) ‘

STRBT (1)=STRR(T) o Do .
STSTTAI)1=STST(I) oL '
CONTIMUIE ~ ' ' -
CHECK FOR: YIELDING OF PANELS. _IF SDME NEW PANELS BECOME INELASTIC
TREAT THEM INELASTICALLY S S -

KO=X

IF(AHS(STQT(I)).LE %TSY.AND STHB(

DO 66 LL=14sK
[FCINFLAILL)«EQe1) GO TO 62

CONTINUE
K=K+1
INELA(K =1

)«LE.STBY) GO TO 62



: |
67 CONTINUE 133
L=l+) : ) ‘ .
KOUT (L) =K ) . " . "
KNEW=KOYT (L) -KO P o . :
WRITE(6+2352)KNEW A
2152 FORMAT (1Xs% NO OF NEW YIELDED PANELS IS ‘#514)
"WRITF(611247) ~
NE =NH~K
NFY=NF+]
MMM =] ' .
IF (KNEW.FQ.0) GO TO 55
SAS (MMM) =SREC
KREPT=1
DO T4 1=1sNH
GST(1+4)=STST(1) -
GClI+6)=CURAITY , _ -

T4 neflsh)=CTONR(T) : . ' : N

: GO TO 73 '

q . @
ah CANT I NUF

DO 76:1=1sNH )
CURTI{T1=CURR( 1)
CSTRAT L TY=STRA(TY
STSTTUIYI=STSTIT)
76 CONTINUF '
No 1110 =1 yMMA
DSAS=5AS(1)1=-SREC
RATS= SREC/SAS(T)
WRITE{6+1117) ]'DSASORAJSOSASlI)OSLM(])
1117 FORMATI( % NO®,13,5X+%SLIP DIFF*sF9, 7’5X!*RATIO‘0F10 8'5Xo*9A5*9
IFII BeySX e *¥MIN-SPAN QL!p*oF]ﬂ T
1110 CONTTNUC )
MMM = | : : |
QINH1)={CV/{SL(NH1}=-AV))+8BYV

A

NE1=NH+1-K

DO 432 T=1,NH .

AMRE(T)=CURR(I) * EB % RIT(1)

AMSL (T)1=CURSI(TI) = £¢ » ST(]) : ,

RMFD(TI-PNRF(II+HM§L(I)+R(II*Z(I) : oo
432 CONTINUE ‘

DO 141 1=1sK

INT=INFLAL]) : oo .

"BMBECIN1)=BMAR(INI) - . ~ .

AMSLU{IN1Y=RMS(IN1) . :

AMEDTIN1YEBMM(INT) '
141 CONTINUF -

DO 9951 1=1sNH

,lF(DN(Ié-DS) 9950499519950
9950 WRITE(6+9952) 1.DN(I) .

G952 FORMAT( #* PANEL NO %#+13+5Xs*DN#sF10.3)
0051 CONTINUE '

c COMPUTATINN OF DEFLECTION , ' | oo
. | | |
305 XK1(1)=e66666667%5D4 - ,

AREA{1)=CUR{1}%*,5%5D4

MRS -, L



37

1qQ
40
38

1001

7008

e

- IF(JM.FQ,0, AND.NSHOR.FO 1) GO TO 301

C
417
AT

144

1
1607

. 15™M

143

B e W T e

a1

o0

91 -
96

94

TAREA(1)=AREA{1)

DO 37 I=2+NH1

XX1(1¥=XX{1=1)

ARFALT)I=CUR{ -1 I #55( T~ 1)
TARFA(TI=TARFA{T=1)+ARFA(]) -

REACT=TAREATNH1)

NO 38 J=1,NH1

DDIO=REACT*X ()Y

SUM'-"OO

N 40 1=1+NH1

TFAXXT(I)e6TeX(J))L GO TO 40

SUM=SUM+AREATT YR IX(JY=XX1(11Y) . /
CONTINU=

DEF LJ) =DDJI0O-5UM

conTINUE

WRITE{653001) WeBMLL

FORMAT(1Xs///s* LIVE LOAD FORCE*,F1143+8X+*LTVE LOAD MOMENT AT MID
1-SPANA 4 F13,.0)

WRITF(6+TNCR) RMMSEP ,
FORMATI* TOTAL R.M, AT MID-SPAN¥*,F14,2}
WRITF(6+41) (DEF(T)sI=1sNAD) )

FORMAT LIHO+*NEF*413F%,5)

WRITF(64612)
FORNATlIHLv/vvx9*X*vQXv*Q*910XO*SL*O/)
WRITE(69+411) (1 Xl!)vOiI)oSL(I)!OI 1+NH1Y
FOPVAT(lHnoFB 2y Fl12404F12.7

WRITF.LAs1464)
FOR”AT{lHqSEXO*xX*!11XO*QTQT*Q1?X‘*Squ*!1?!|*STBT*OIZXO“qTBB*O]?x
]s*CUR*!l?Xi*CURHfol?Xo*Fﬁoli
WRITF(6|31)((XX(II!STST‘])’ST“B‘I!OSTBT(I)tQTBBf[lQCUR(I)'CURH(I‘?
1IR{1IYYal=19eNH)

FORMAT{1HO+FBa237F1648)

WRITF (641807} '
FORMATt1H0,5x.*xx*.12x.*BMSL*-12!-*QNR¢*v12!’*%NFn"1?xo*TOTB“*l
WRTTF (615011 ( (XX{T)9BMSL(T) sRBMAF(T) ¢RMED(F) s TOTRMIT) ) s I=1 o NH)
FORMATI(1Xs FRe?s4F1648)

IF(X4FNe0) GO TO 145 : \ -

WRITE(69143)1 Ke{INFLA(L)L=1+K) .
FORMAT{IHOO*NP. AMD. INELASTIC PANELS *91601814/) ‘ '

CHFCK AGAINST FXCFS%IVF Y!ELDING-OF THF PANFLS AND CONNECTOR FATLURF
THAT 1S FXCESSIVF SLIP IN THE CONNFCTOR. IF IT IS5 SO STOP OTHERWISE

INCRFASE THF LQOAD

NN 93 T=14NH - . ,
IF(STBB{])GFeSTBRF +ORMARS(STAT(1)1)1.GF«STBTF } GO TO 94
IF(ABS(STSTI1)) eGFeSTSTE«ORSTSBII1eGELSTSBF) 0 TO 95
CONTINUF : T

DO 90 1=1sNH]
IF(ARSISL(T}1)4GELSLMAXIGO TO 91
IF(NFF{1)aGT«NTMAX) GO TO 5000
CONTINUF

GO TO 100 .

WRITE(61+96) ;- (\

FORMAT {*FAILURE OF\CONNECTORI(S)#*)
GO TO 26 L

WRITE(6+97) 1+STBB(1)+STBT(I)

T




25
67 FORMAT(1HOs32HEXCESSIVE YIFLDING IN PANEL NO. vy 14415H STRAINS AR
1F +?2F 1544} ) .
GO TO 26

a6 WRITF{A+98) D+STSTII)1STSBII)Y . . . :
98 FORMAT (1HOs26HCONC CRUSHES IN PANEL NO. »14315H = STRAINS ARE +2€1
25.41 . . ' | |
6O 10 26 ” -
ennn WRITF (A 300N} ‘
A000  FORMAT(* DEFLFCTION EXCEEDS THE ALLOWARLE .LIMIT#) -

Gn TN 26
100 IF(JM,GF.6) GO TO 6000
¢ RFCORD  THE VALUFS USFD IN EXTRAPOLATION IN NEXT CYCLE

NO 901 1=1sNH
GS(T s IMI=STRAT () -
GClTaIMY=CURT (1
LTy IMY=SL LT

any GETL{T »y M) =STSTTIT)
6 To 6104

000 DO 6001 T=14NH
nO 60C1 MI=142 .
GSUTaMII=GS(TeMI+]) "
GCLTyMII=GC (1 sMI+])
GSTUTAMIY=GST(T4{J+1)

60NY GSLET oMUY =GSL{T M+
PO 6003 T=14NH

GSI1+2)=STRRT(1)
GCLT42)=CURT(T)
GSLLT o+ 31 =SLLTY
6003 GST(T193)=0TSTTILY
F\]N-' IF “\'.LFQNWB) GO ‘TO ].R
26 STOP _ , s
FND : L '

SUBROUT INE EXTRA{1s6YYsSUMLY

g ——— - D S — g i T s, S T Sy . S gl S oo

~ N

DIMENSION GYY(5044)
COMMON/BLOCK 1 /WML 4)
SUML=0,40
DO T273 J=1s2. ’
PROL=GYY(1s.0)
DO 7283 L=1s3
FF(J=L) 7293472837293
. 7793 -PROL=PROL*{ (WM(4)=WMIL))/(WMIJI-WMILY))
7283  CONTINUE
7273 SUML=SUML+PROL

RETIIRN .
END N
¢ .
" SUBROUTINE TERMS(1+EB4ES)
C ___________________________________
c

‘COMMON/BLOCKQ/BMSfSO)-RMB(SO)tBIT(SO)'TNoTFvEF quBSuABvDC
COMNON/PLOCK10IAS(ROIsﬁI(SO)sSEIF5ﬂ)vFAB(SO\»FIR(SO\yZ(BO)9C§(50’

COMMONIBLOCKI]/BFT(50)gALP(SOloBB(SO)'QS(501
COMMON/RLOCK12/DN(50)

COMMON/BLOCKIBIDB$(50)|CBD(50).CB(SO) o -
COMMON/RALOCK14/BM(501) ) : _



136

AS{1)=DN{T)*RS B
CSITI=45%DNCTY . . |

S 211 ={DS=CSIINI+CRITI+NC /
SI(T)=ASKDN(T )1 #%3,/12,.
SFI(T)=FR*ATT(TI+FS*SI( 1)

‘ FAHIIl—&P*AR*FS*AQ(I!/(FH*& +ES*AS(IY)
FIRIT)=SFILTY+FARCT 1 #2 (1) **7 v ’/

RETL1)=20E)/SFILT)

ALP (T =FTR(I)/(EARCTI*SET (1))
nn(l)r—RFT(I)*RM(!J*QG(II
RFTURN

END

. SURROUT INF REGUL A TMMM ¢ MERM)
¢ phcieanint<niniiniaint S

COMMON/BLOCK 29 7UUsVV s XL s XRsMER1 4MER? s SAS(50) s SLMI50) sLAG
IFHLAGLLT 1) GO TO 2007
[F{SLM{“MNM=1)%#VV) 2009,2709,2010
2010 XL=SAS{MVM-1) - -
VV=SLM(MMM=1 )
MER ] =MMM=]
GO TO 2005
2000 XR=SAS{(MMM=1)
©UU=SLMEMMM=1 )
MER2=MMM-1
G0 TO 2005 _ - S
2007 TF(SLMEMMM=] ) #SLM(MMM=2)) 2002+2N002425
20?7 LAG=LAGH] , : )
IF(SLMIMVMMT )Y 20032,2003,2004
20N7 7YY= SLM MMM ) -
UU=SLM{MMN=-2 )
XL=SAS (MMM=1).
XR=SAS (MMM=2) Y
MER1=MrM-] ‘
MFR2=MMM.2
GO TO 2008
P04 UU=SLMIMMM=1) .
VV=SLM(MMM=2) _ : .
XR=SAS (MMM=11) ' '
XL=SAS (MMM-2) . .
MER2=MMM~1 . : : A .
_ MFER1=MMM-1 ‘
2005 SAS (MMM )= [ XL #Ut1-- —XR®VVY 7 (HUSVV)
IF (MERMeFQMFR]4ORMERM4SCa NFRZiSAS(MMM)-(XL+XR}*0 5
75 DF‘TUQM - .
END

Y

SUBROUT INE STRAIN(FST+BMST4CURD1I1)

NIMFNSTON FST{501)y RMST(S“).CURDIISO) S
COMMON/RLCCK3/RMM(50) - -
COMMON/HLocxa/aMS(soa,BMHt501'PITtsol-TonF-BF-DSvRS’AB'DC g
COMMON/BLOCKS/STSY s STRSY s STRPY s STRWY s STRFY+FBeSTFY1ESEBP
COMMON/BLOCK6/FB(50) }
COMMON/BLOCK 7/CURL(50) ‘ :
COMMON/BLOCKB/CURB1(50)
COMMON/RLOCKS/CURS1(50)



604

AC12
7051

7052

58

59

coMMON/nLOCK13(0a7t501.cq0(501.cnt501
COMMON/RLOCK1T/STST(50) s STBRI50)
COMMON/BLNCK 1R/STSBI50)
COMMON/BLOCKIQISTBT(50}
COMMON/BLOCK 20/CUR(50)
COMMON/HLOCKZBICURT(SO).%TBHT(SO)o%TSTT(SO)
COMMON/RLOCK 25 /MA ¢ JMsNHoKER sKEM2 :
COMMON/RLOCK 26 /STC(60) s CUCISN)
COMMON/BLOCK 27 /KKCC s MERM ¢ MMM
(OMMON/RLOCKZBIGSKH ERST+SCAL19SCAL2 '
KER=0 . ;
KKCC=0 : .
KkK2=0 -
CUR1(T1)=CURT (1) :
STAR(T)=STRRT (1) ' o )
MST(I)-GMSTiI}+CURDI(I)*FR*BIT(I) .
CURRL (1Y=CURI(T)
WRITF (A s604) I.rnn1t1).qrqqtr> : ‘ o :
FORMAT( * TINFLASTIC PANFL MNO¥*412+5Xs*¥CURVATURE BAR#*sE13.695X21¥5T
1RAIN BAR¥3sE1444) . ' '
CALL FAMB(STRBsCURRB1s1)
CURS1{I)=CURBL(1)-CURD1(1).
CALL STAMS (FB;CURS};])
FR2=FR{ 1)
AMA?=RMM (T}
FR4=FR{ T}
AMB4=BMM{ 1}
CUC(11=0.1E~C7
STC(1)=041E-07
NLK=0 E
NLM=0
NLL=0
-n Tn 2
CUC(11=0,1F-N5
STC(I)=0.1F=-0%
NLK=1
GO TO 2
CUC{11=0,1E-D6 . :
SYC(T1=0,1F-D8 .
NLLL=1 ' '
GO TO 2
CUC{T)=0.,1E-0R
STC(1)=0,15-06 - - o ,
NLM=1 : ' »
IF(KKZ.GE 2 GO TO 58 '
GO TO sk
CUC(11=0,5E~-08
STC(1)=0,5F-NA
CURRI(1}=CURI{T)+CUCIT)
CALL FAMR(STRRsCURR1T)
CURS1(T)1=CURR1(1)-CURDI(T)
IF (FB(I)eLE«Os) GO TO 8019‘
MA=1
CALL STAMS (FBaCURSloI)
MA=0
IF(KEM2.FQ.1) GO TO BO019
FRC=FR(1) ’
BRMRC=BMM(T)Y .
CURR1(11=CUR1(I)




' 138
IF(KKCC.FN.0) GO TO 505 |
WRITEL6+606) CUC{T) +FRC+RMBC

406 FORMAT {# DEL CUR¥3E164Bs4Xe*F DEL CUR*sF15.694Xs#M DELT CUR*,F16.

18) -
enG  STRA(T)= STRR(T)4STCLT) L
' CALL FAMB(STRBsCURB1+1)
CURS1(1)1=CURBI(11=CURDI(I}
CALL STAMS (FRyCURSI 1)
IF{KEM2.EQes1) GO TO 8019
. FRST=FR{T) ) :
RMAST=AMM(T)
IF(KKCC.FR.0) GO TO 5N6
WRITE(6+60TISTCUI) sSTARIT) +FRST+RMRST )
607 FORMATUIHO 2 #DFLT ST#,1F1245+4Xe*STRATN PX31F13,5s5Xs%F DFLT ST#yF
112.1+6Xe%¥M DFL ST*41F1146) ‘

s, DFPC=(FRC=-FR2)/7UC(T)
DMDC= {AMAC=RMB2) /CUC( 1)
DENST=(FRAT=FR2Y/S5TCI{ 1)
NMRST = (BMRST-AMRBR2)/STCI( )
IFINFNSToLF e NaeORNDUNSTLELNe) GO TO 3
DENO=DFNSTADMNC-DMDST*NFDC : _
TF(DFNONFeCeaANDJDFDCNFEeOs) GO TO 7060

3 KFR=1

ARN1O KKCC=KXCCH]

KKP=1" '

C WRITF (& WAL KKee ' '

a0 0 FORVAT(///Ilo*OOOOOOOHOOO0000000OOGOOOOOOOOOOOO“OKKCC 1S *.13./(:
[FIKKCCeGTod) GO TO & :
CURI(11=CURTI(I) |
STRR(T)=STRAT( I} .

FR2=FR4 g
. RMRD=AMAY _

IFINLKFN.0) GO TN 7081

IFI{NLL.FQ.D) GO TO 7052

IF{NLM.FG.C) GO TO 7053 :

7060 STRAZ2N=(NMDCHIFSTL )= FR?I-DFDC*(HMST(]!—HM%?))I(DFDST*DMDC -D
1FDC*DMDSTY

CURINZ={FST(I}=-FR2- DFNST#STRB2N) /DFNC
IF(KKCC.EQ.0) GO TO 10

 WRITE(6+989) R
089 FORMAT (% . . _ DFoc » g DMDC . L X%
1 DFDST .- DMDST -DELT?ST *y

2%DELT CUR*)
_ WRITE(RT) DFDCoPVQ'vDFDSTsDMD%T.STBBZNoCURINZ
7 FORMAT(2X+16F20.8) .
10 STRR(I)Y=STBR{I)=~ STC(I)+STBBZN
' CURI(I1)Y=CUR1{I}+CURINZ2 '
IFIKKCCLEQR.0) GO TO 122
WRITE(6+y960)STRB(I)»CURLIT)
LT FORMAT(* STR PRIME AND CURVATURE PRIME®*#42E1445)
122 CONTINUF
IF(STBRII)«GTe1+40R, CURI(I].GT.I.) GO TO 8019
CIF(QTRA(T ), GT.O.-AND.CURI'I!’GT 0.} GO TO 8 o~
GO TD BO19 ) .
R. CURB1(])= CURLILT) . o
CALL FAMB{STBB,CURB1ls1) o | .
CURSI(I)=CURBL(Ir-CURD1I(I}
CALL STAMS (FBsCURSI 1) » -




637

121

IFIKEM?FQe1) GO TO 8019

FA>P=FAILT)

AMRZ=AMM( 1) : -
KK2=KK2+1 : ' i
ERFAC=ERST

IFIGSNHeGF40.008) ERFAC=ERST /4.

IF(GSNH.B54D.05) FRFAC=FRST/25.
FRR1=ARSIFST (1) }#ERFAC*SCAL1 , ' E
FRR?2=ARS(AMST (1)) *FRFACKSCAL] |
IF(KKCCLFN.0) GO TO, 121 \
WRITE(6+632) FSHIII.FB?sQMth!l,BMRZ

FORMAT(* FORCE ASSUMFED IN THE PANNEL%sF124125Xs#F SOLVED
1#3F15e6 95X s ¥MOMT ASSUMED*sF1340, SXo*MSOL*aFIS.&)

CONTINUF .
]FIARS(FST(Il—Fﬂz).LF.bRRJ.AND.ARS(RMST(l)-RMBZ}-LE.ERRZ)
160 TO 4 _ ' :

1F(rve D ,~F4) A TO 4

6o TO D '

CONT INUE .

IF(KK24EQeli} HERM=MMM

FRE1=ARS(FST{1))*FRFAC*SCAL?2
ERF2=ARS{BMST(T) ) *FRFAC*SCAL?2 ‘
TF{ARSIFSTI1)=FR2)+GT e RE1.,OR, AB%(RWST(I)-PMR21.GT ERE21

160 TO RO19 | o -
START(1)1=STaA(T) : ' : ‘

STSTT(TI1=5TST(1)
CURT(IY=CURILD)

CURI(II=CURSII T
WRITF(6+6) KK241

F

FORMAT(2X 20000 0OC0LTL KK2= *}121* 1111100 )) )% #PANNEL NO#*4

112, /)
RETURN - ; _
END- . : -

SUBROUTINE STAMSIFBoCURSl-Il

DIMENSION FB(50)+CURS1(50)4FB1(10)
COMMON/RLOCK2/FS(50)+CS1
COMMON/BLNCKI/RMM(5N) :
comwoufaLOCKa/RNS(soa.nmatSO).BITtSO).Tw-TF.BF.os,asoaa.oc
"COMMON/RALOCKS/STSYsSTRSY s STRPY 4 STREY 3STRFYSFRSTEY»ESHERP
COMMON/RLOCK13/NBT(501+CBD{50)+CR(50)
COMMON/BLOCK17/STST(50)»STBB(50)

COMMON/BLPCK]B/STSB(SO)
COMMONIBLOC(ZBICURT(SGI’STBRTCSOIvSTSTT(SO’
COMMON/ZBLOCK 25 /7MA 3 JM g NH o XER 9 XEN2
COMMON/BLOCK?B/GSNH.ERSToSCALIs CAL2

KFvm2=0 '
XC=0 2

NNA=0
NNB=0 _ : , , :
STST{I)=STSTT11) : : -

CALL FAMS(STST+CURS1s1) '

FB1{1)=FS(I1)
PETST==5,NE-6
CONTINUE '
DO 2 L=1+6

TIF(MALEQ.1) DSTST DSTST*( =1.0)

139




: , 140 :
STST(I1)=STS T!I) + DSTST . : : , :

CALL FAMS(STSTsCURS1s1) - . )
FN1=zFS{T) : '
NENFE(FN1=FRI{LY)/NETST
IFINFDPF 4NF O GO TO 6
STST{I)=8TSTT(])

IF(NNALFO.1) GO TO 7
NSTST==1.0F=04
NNA=1 . . A
G0 TO 6. . ' ‘ . -

7 IF(NNRB.EQel) GO TO 9 :
NSTST==hH0F~N73
NNA=]
Ho TO 6
o TKFM2=1
6O TO &4
g NSTST1=(FRIT)-ABSIF]Y{L))I/DFDE

STST(II=STSY(T1)1-DSTS5T1~DSTST
CALL FAMSISTSTSCURSIH1) -

FRCOF=0,0001 :
IFIGSMHGF 4 04,015). FRCOFE=0,00001
-1F{GSNH.GF«0a045) FRCOE=0,000002
ERR3=ABS{FB([))*ERCOE
IFIKFR.GF41) -FRR3I=FRR3I*C, 0001
IF{MAFQel) DSTST=NSTST#(~1,0)
IF(ARSIFRITI-ARS{FS(1})).LE.ERR3}Y GO TO 3
FRI(L+1)=FSIT}

? CONTINUF
21=CS14CRLT)
AMMI 1) =AMP T Y+RMS (1Y +FR(T ) %21,

4 RFTURN

_ f‘FND

]

SURROUT INE FAMR(STBBoCURHIoI)

HIMENSTON STRR(SO)oCURBl(ﬁO);FBB(165?-QﬂBH(165);TFBB(165)s
STAMAB(165) sSTBN(165) +STRAD(165)

covMON/nLocKa/pMStsou.nMn(aoy.ant50».Tw.TF.BF.os.nq.aq,nc

COMMON/BLOCKE/STSY s STRSY s STRPY» STRUY s STRFY s FBrSTFYESSERP -

COMMON/BLOCK6/EB{50) |

COMMON/BLOCK13/DBT(501,CBD(50)+CB(50) o

COMMON/RLOCK19/STRT(50) :

COMMON/RLOCK 21 /BH (1651 sDDB(165) sDFAL165) sHARST NFU'NFD’NWqNPL.PCUT

COMMON/BLOCK 30 /XX (50) _

STRT(1)=STAB(T)=CURRL(11*D3T(I)

STAN{11=STRTIT}Y - ‘

STRAN{1)=STRD{1)*FB : -
IF(STBD(1) «GEeSTFYoAND<STBD (11 +LE+HARST) STBBD(ll—STRFY ’

IF(STBD(1) GT.HARST)STRBD(1)—STRFY+(STBD(1)-HARST1*EBP .

IF(XX{1} LE<PCUT) NN=NFU+NFD+NW

IF(XX({T)eGToOCUT) NN=NFU+NW+NFD+NPL’

DO & KL=YsNN ]

STRY=STRFY '

TF((KL+1) «GT«NFU) STRYESTRWY ‘

IF{(KL+1)eGTo (NFU+NW)} STRY=STRFY

IF ((KL+1) 4GT o INFU+NW+NFD) ) 'STRY=STRPY

STBY=STRY/EB

STADIKL+1)=STBD(KL) + CURB1(1)%DDE (KL}




oF

11

STRRAN{KL+1)1=STRAND(KL+1)*ER ) :
IF(APS{STRADIKL+1))GELSTRY, AND.A“Q(QTQD(KL*])) LEJHARST)
19TRHD!KL+1)-STRY*STBD(KL+1)IABS(%TBD!KL+]!)
IF(ARS{STAD(KL+1)) «GT JHARST STRBD(KL+1,BISTRY+(ABS{STBD(KL+1)l-
1HARS T Y #ERP) #STBD(KL+1 ) /ARS(STRDIKL+1)) .
FRH(KL)-(RTRHD(KL+1)+STRHD(KLI)* 5#DDRTKLY*AH(KL)
AMRR (KL Y= (DFA(KL)Y=DDBIKLI*.5)%FBR(KL )
IF(XLGT«1} GO TO 8
TFRA (K| Y =FRR (K] )
THMAR{KL ) =AMRA(KL)
G0 TO 4
g TERER(KLY=TFRAR{KL=-1) + FBRI{KL)
TAMRRIKLYy=TBMBBIKL-1) + BMBBI
4 CONTINUE '
Fnl!l‘TFﬂn(NM)
YYY= hnTillv(TRMRR(NN)/FBII)! :
_nMQ(I)~Aq%((ﬂDtI)-YYY!!FR(I)
RFTURN  ~
FND
o ' .

KL)

SUBROUTINE FAMS(STSToCURSloI!

DIMENSTION STSTIS50)sCURSYII50)
COMMNNZ/R]I NCK2/FS(50)4C2 :
COMMON/BLOC(QIUMS(SD)gHMB(SO)sRIT(50}-TW»TF.BF.DS.BQ-ABvDC
COMMON/RLOCKS/STSY s GTRSY s STRPY s STRWY s STRFYsFRsSTFY2ESWERP
COMMON/BLOCK 18/STSBI50) . : . :
STSAI)=5TST([)+DS*CURSL (1)
NNAS=ARSISTST(IN)Z7CURSL(T) :
1F(DNAS.GE.NS)  DNAS=DS )
CS1=NS=—5%¥DNASHNC | , : .
STRO=STSTtI)+DNAS*CUR51(Il .
IMANO=STRO*ES*(~1,
IMAT= STST{I)*FS*(—I.) '
IF(ARSISTST{I))eGFeSTSY) ZMAT= STRSY
DFZMA=zZMAT=ZMARD
H={STSY- ARQ(STROIIICURﬂlfli
IF{H.GTDNAS) H=DNAS
FI1=7MAT*NNAS®RS
F2=DEZMA®O S#H*RS -
FS{1)=F2~F1 ' ‘ :
YBA=(F1*DNAS*#Q,5—(F2#%H)/3.)/(F1=-F2} X )
. BMSIT)=(0.5%DNAS=YBAY*FS(]) - ) : -
RETURN .
A FND '

' 6600 FND NF RFCORD -
REM2A RD, . IJSF THF FINAL PROGRAM ‘ ' :

]?016 3 .24 .349 ‘0.01 130. 205 680 ’252.\

040 - C.0 1.5 2240 <015 +004 «30 840
000, 464000, 44000« . 44000, 18 18 «9 o9
IPNO0N0. 29000000, 1 . ‘
500, 2000, 250, 2000. . . 1000. 500, 250.
fen 500s 7 1000, ° - 25000, 27000, 29000, 34C00.
27 1 1 100 3 & 0 - _
O o - 127 g .
02 ' 12 6200. 11300 ' . « 0008

50 40 400000 . +0001 4015 0e0




1.008 1.006 1.005,

1.005 1,004  1.004

104 1.009  1.004

L0N002 «01 .9

, 0004 1.006

17 17 12 12« 12 12
25 1 ' o

12« 124 12« 12. 12, 12

12

1 ~ END OF FILE -

1.045
12 12

12 12.

CD TOT

«96

" 12. 1l2.
124 12,
1190

142
1.04 5 .
Ga
959 0.1






