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C H A P T E R V 

The multilayer sandwich beam 

5.1 Mathematical formulation of the multilayer sandwich beam 

problem with simple supports and synunetrical loading 

There is no basic difference between the multipier shear wall 

problem and the multilayer sandwich beam problem, if the multi-

layer sandwich beam is simply supported and synnnetrically loaded 

(Fig. 5.1.1). 

The shear constant k for each interface must be known in the first 
m 

place, since k is now a constant of the shear core (glue, studs, ••• ) 
m 

between the layers. However the mathematical meaning of k remains 
m 

the same. 

For simple supports and symmetrical loading the slope of deflection 

y (x) is zero at midpoint, i. e. at the axis of symmetry. We observe, 

that the boundary conditions for shear walls (Chapter 3.1) and for 

simply supported multilayer sandwich beams under symmetrical loading are 

the same. Therefore we can say, that the mathematical formulation of 

the simply supported multilayer sandwich beam under symmetrical 

loading and the multipier shear wall problem is identical (Chapter II 

and III). 
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5.2 Ex~le 

The example will demonstrate some characteristic properties of a 

multilayer sandwich beam. A large number of layers was chosen in 

order to show, how the strains in a cross-section deviate from the 

linear strain distribution for complete interaction or homogeneous 

material in a way, which is similar to the. strain distribution of 

plates and obviously is due to the influence of shear deformation 

(Fig. 5.2.2). 

In Fig. 5.2.3 the normal force intensities in the interfaces are 

plotted. Between the lower layers we obtain tension and between 

the upper layers we obtain compression. 

In Fig. 5.2.4 the shear intensities in the interface are plotted. 

Slip is defined as the relative displacement of originally adjacent 

points of opposite layer in the undeformed state. Therefore shear 

intensity and slip are proportional and slip can be calculated from 

the shear intensity by 

.slipY"n (X):; (5.2.l) 

From Eq. (5.2.1) it follows that Fig. 5.2.4 also can be considered 

as the plot of slip (x), if only the scales are changed. 
m 
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In Fig. 5. 2. 5 the normal forces N""' ( '/..) in the layers are plotted 

and Fig. 5.2.6 shows the bending moments M (x) which have to be 
m 

equal for all layers. 

The properties of the multilayer sandwich beam, which was chosen for 

this example, are specified as follows: 

All layers and interfaces have the same properties. 

The dimensions can be assumed as ( kg, cm ] 

Note: kg • looo grams • 2,2o lb 

cm • o,394 inch 

Further 

E • 3 • lo 6 kg/cm 2 

H • loo cm 

p -loo kp 

x • So cm p 

A • l ,o 2 cm 
m 

I - 0,0834 
4 cm 

m 

a • l ,o cm 
m 

r - 2o • number of layers 

Kml • lo 4 kg/cm 2 

In order to compare the strain distribution for a lower degree of 

interaction a second example was computed with k • o 25 • 104 kg/cm2 
m2 ' 
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5.3 Discussion of the results of chapter 5.2 

a) The results of Fig. 5.2.2 show, that the strain distribution 

varies between linear strain distribution for a homogeneous beam 

or complete interaction respectively and the strain distribution 

for zero interaction, i. e. if the sandwich beam behaves as 

separate layers of beams. 

We also may notice? that between x = 100 (midspan) and x = 50 

(point of load application) an increase of strains takes place. 

This is due to the fact, that in this section contrary to the 

case of complete interaction already slip and shear intensities 

occur •. 

b) From experience we know, the upper layers tend to separate from each 

other and create small gaps. The lower layers tend to compress each other. 

According to this experience we would have expected 

positive normal force intensities in the interface of the upper part 

and negative normal force intensities (compression) in the interfaces 

of the lower part of the sandwich beam. However in this context we have 

to remember assumption (e) and Eq. (2.2.1). This assumption says, that 

we assume each layer loaded according to Eq. (2.2.1) in the first place. 
4t 

The lamina forces Cl (x), n (x) and N then are determined to "correct" -m m m 

this assumed statically determinate system. From there it is obvious 

that assumption (e) (Chapter 2.2) influences the normal force 

intensities n (x) in a way, which can not be predic~ed. Adekola <7> 
m 

has shown, how uplift forces can be determined without assumption (e). 
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For a two-layer sandwich beam this leads to differential equations, 

whfch only can be solved by finite difference methods. 

c) Let us consider the slip in the multilayer sandwich beam and the 

deformation due to shear in a homogeneou~ beam as being similar. Then from 

Fig. 5.2,5 and Fig. 5.2.6 we can see, that the bending moments M (x) in the 
m 

layers are concentrated under the points of load application and de-

crease rapidly up to the center line, while the normal forces N (x) 
m 

are nearly constant in the section between the points of load application. 

With respect to plasticity this would mean, that the plastic zones would 

be concentrated under the points of load application and would decrease 

up to the center lines. This shape of the plastic zones in a simply 

supported homogeneous beam under two point loads already has been observed 

in experiments. The theory, which says that the degree of plastification 

of a cross-section only depends on the magnitude of the applied moment, 

would mean for the simply supported homogeneous beam under two point 

loads, that the propagation of the plastic zones is constant in the 

section between the points of load application, because in this section 

the moments are constant. From there we assume, that shear deformation 

comes into play and gives rise to a loss of interaction similar to 

the multilayer sandwich beam. 
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C H A P T E R VI 

Development of programs 

6. 1 The multilayer sandwich beam program 

Based on the results of chapter II and chapter III the multilayer 

sandwich beam program was developed. The program is restricted to the 

simply supported multilayer sandwich beam under two synnnetrical point 

loads. The load dependent coefficients A for this special load case n 

can be determined from Eq. (3.5. 1) assuming a negative load-P at x = 0 

and a positive load•P at x = xa. Superimposing these two load cases 

we obtain from Eq. (3.5.1) 

4 p 
(211-1 > rr 

~ 
1 
n _ ( 2 YI - l _) _JI_ _ )S o __ 

2 H 

The program c01dists of the following steps: 

(a) The input 

The input required for this program is 

(i) Material properties -

E and the shear moduli K of the interfaces. 
m 

(6.1.1) 

(ii) Geometrical properties - area, moment of inertia, thickness and 

distance of the center lines of the layers and the beam length. 
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(iii) Load data - load and point of load application. 

(b) The B-matrix is built and inverted by subroutine MINV. The coefficients 

[ YYl ~ are calculated Eq. (3. 3. I. I I) • 
I 

(c) For each n of the Fourier series: 

-
The~ -matrix is built and solved by subroutine SOLVE [Eqs. (3.2.12) -

(3.2.14)]. With the resultant coefficients G-J"' , with Eq. (6. I. I), 
I 

and with Eqs. (3.3.1.12), (3.3.2.3), (3.3.3.2), (3.3.4.1) the reactions· 

~ 
~W\ l'!I.) , Yo.....,<Y.), N""", N""'tY.)and M""tX) and slip(~) are 

calculated. Each set of coefficients 

set of coefficients C -J 1 • If for all 
' 

accuracy is assumed to be satisfactory, 

is checked with the initial 

C-J"' ~ [ • 0.0000 1 the 
c ~.· 

otherwise the calculation 

is repeated for n -t \. The resultant reactions and slip are the sum 

of reactions and slip for all vi • 

(d) From and N l'V\ ( ')(.) the strains are determined. 

(e) Output of reactions, strains and slip. 

6.1.1 Limitation on the use of the program 

(a) Load case -

The program was developed for a simply supported multilayer sandwich 

beam under two symmetrical point loads. Other symmetrical load 

cases could easily be incorporated. 
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(b) Structural properties -

For each layer area, moment if inertia and thickness have to be 

constant all over the length of the beam, but can vary from layer to 

layer. Also the shear moduli k have to be constant for each inter­
m 

face but may be different for different interfaces. 

(c) Capacity of the program -

The actual capacity of the program is limited to ~ \ '"~o layers and 

to steps subdividing x. from 0 to H • However the 

capacity can be extended by extending the storage capacity 

6.2 The shear wall program with piecewise trapezoidal load 

For the shear wall program a very general type of loading was 

chosen i.e. the piecewise trapezoidal load. This type of loading 

includes uniformly distributed loading, triangular loading, 

piesewise uniformly distributed loading. Arbitrary shaped loading 

can be approximated as well. 

The load-dependantcoefficien.ts A'n are given by Eqs. (3.5.5) or 

(3.5.6). 

The program consists of the following steps: 

(a) The input 

The input required for this program is 

(i) Material properties - E and ratio shear .modulus to E 



(ii) Geometrical properties - area, moment of inertia, width and 
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length of piers and connecting beams, effective shear area of 

connecting beams, story height and distance of center lines of 

piers. 

(iii) Load data -

piecewise trapezoidal loads and points of load application. 

(b) The shear moduli k of the connecting medium, i. e. the connecting 
m 

beams is calculated for each interfase. Then the \~ -matrix is 

built and inverted by subroutine MINV. The coefficients [ ""' " I 

.are calculated [Eq. (3.3.1.ll)]and from the structural properties 

the stiffness parameters g ..... are determined. 

(c) For each n of the Fourier series: 

-
The o -matrix is built and solved by subroutine SOLVE 

{Eqs. (3.2.12) - (3.2.14)]. With the resultant coefficients C ~ \'\ 
\ 

with Eq. (3.5.6) and with Eqs. (3.4.1), (3.4.3), (3.4.4) and 
c.. 

(3.4.6) the reactions Q....., < )(.) and N...., < x) in the 

connecting beams are calculated. Each set of coefficients 

is checked with the initial set of coefficients C -J 1 
I 

If for all 
c..,, " -c..,, I 

I 

~ t. ~ 0.00001 the accuracy is · 

assumed to be satisfactory. Otherwise the calculation is repeated 

for v-+ \ . The resultant reactions are the sum of reactions for 

all n . 
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(d) From Q (x), Nc(x) and M (x) the bending moments and normal 
m m o,m 

forces of the piers are determined from equilibrium 

considerations. 

(e) The deflection of the shear wall is determined for the actual degree 

of interaction and for comparison for full interaction. A method 

is used considering the piers loaded with 
M,,,.... (><) 

tl""' 
Assuming the fixed and free end exchanged the resultant moments 

are the deflections. 

(f) Output of stiffness parameters, reactions and deflection. 

6.2. I Limitation on the use of the program 

(a) Structural properties -

For each pier moment of inertia, area and width have to be constant 

all over the shear wall height but may vary from pier to pier. The 

shear modulus of the connecting medium has to be constant for each 

interface but can be different for different interfaces: this means 

that for constant storey height all connecting beams of each 

interface must have the same properties while for the last 

connecting beam on the top of the shear wall the effective shear 

area and moment of inertia must be half of the conn~cting beams below. 
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(b) Capacity of the program 

The actual capacity is limited to N \ .. 'LO piers and N S 4 O 

stories, but the capacity can be extended if the storage 

reservation of the program is enlarged. 



C H A P T E R VII 

Conclusions 

7.1 Conclusions 

The multipier shear wall problem and the multilayer sandwich beam problem have 

been solved by means of Fourier series. Normal deformation of piers and 

layers have been taken into account. The mathematical formulation and 

solution of the problem is easier and less complex than the solutions 

given by other authors (4), (5), (6), since for the set of linear 

inhomogeneous differential equations describing the problem, the particular 

solution already is the complete solution (chap. 3.2). This allows a 

better insight into the nature of the structure. It was possible to 

determine stiffness parameters which describe the degree of interaction 

between the layers or piers. It was found that for ~ ....... • I 60 full 

interaction for interface \.'V\ can be assumed (chap: IV). 

Further, the Fourier solution allows for a great variety of load shapes, 

as for instance for the piecewise trapezoidal load, which can be used to 

approximate nearly all other kinds of load shapes as well. 

The Fourier solution was compared to the re~ults of Beck( 2) (chap. 3.6) 

and numerical coincidence was observed. However experiments to confirm 

the theoretical results for the multipier shear wall are desirable. 
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The multilayer sandwich beam problem was analysed to find out, if the 

propagation of plastic zones in homogeneous beams can be simulated by 

the multilayer sandwich beam. It was found, that the results can be used 

to explain the shape of the plastic zones, which deviates from the shape 

calculated by conventional plastic theory. But in this stage of 

development it is not clear, wether the multilayer sandwich beam model 

can be extended to a detailed explanation of the shape phenomenon of the 

plastic zones in homogeneous beams under two symmetrical point loads 

or if the multilayered beam model only gives useful suggestions as how to 

improve the plastic theory. 

7.2 Future developments 

Shear wall problems have been analysed by different mathematical 

approaches as for example by the finite difference method and the 

matrix displacement method. These methods are merely numerical and they 

do not inform much about the nature of the structure, for instance, they 

would not be able to trace parameters, which describe certain structural 

properties, as the continuous method does. 

Though the matrix displacement method is very powerful and very complex 

three dimensional shear wall problems have already been solved, it seems to be 

desirable to extend the continuous method used here to more complex 

shear wall problems and structures because of the reasons des~ribed above . 
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Possible future developments could be 

- to analyse the multipier shear wall under vertical loading 

- to analyse three dimensional shear wall problems 

- to analyse the dynamic response of the multipier shear wall. 



Appendix A 

Details of the multilayer sandwich beam computer program 

Introduction: The program analyszs the simply supported multilayer 

sandwich beam under two symmetrical point loads. 
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For sign convention and coordinate axis see Fig. 2.3.1 and Fig. 5.1.1. 

Input: Details of input data are given on the following pages 

Output: I) Geometrical properties 

II) Material properties 

III) Load data 

IV) Reactions: shear intensity 

normal force intensity 

singular normal force at layer ends 

normal forces, bending moments 

V) Strains, slip 



Input data 

9o 

!JI sl I ol 
l IS! 2o/ 3ol 4ol sol 6~ 19 Bo! 

[I NII N~ N31 I I I I I 

NI = number of layers (I-Format) 

N2 = number of interfaces (I-Format) 

N3 = number of steps for 'l SI • ~ L (I-Format) [ O ~ X SI ~ 0.S ] 

EM = Youngs modulus in kg/cm2 (E-Format) 

BL = Length of beam in cm (F-Format) 

P = Point load at x,.. in kg (F-Format) 

XSIA = Point of load application = ~~ (F-Format) 

u __ A_(_I)~l __ A_(_2~)j ___ _.__ __ A_(~I~)j ___ _.__ __ A~(N_l~)l __ B_I(~I~)l __ B_I(~2~)' 
l__._l ___ _.___B_I-.:.(_I )_.._I ___ ...__BI-.:.(_N 1...:...) ........ 1 __ H -'-(I-'-') l'-_H_(:__2;...J_)l ___ _._l __ H.......:(I IJ 
11 H(Nl )j B( I )j B(2)1 I B(I)I I B(N2) I 

A (I) = Area of layers in cm2 (F-Format) 

BI (I) =Moment of inertia of layers in cm4 (F-Forrnat) 

H (I) = Thickness of layers in cm (F-Format) 

B (I) = Distance of center lines of layers in cm (F-Format) 

II SK(l )! SK(2) I SK(l)I SK(N2)1 

SK (I) = Shear moduls of connecting caterial in kg/cm2 (E-Format) 
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As example the multilayer sandwich beam of chapter 5.2 with NI = 5 layers 

was chosen 

SI Joi IS! 201 3oj 4ol sol 60! 7g 
• 

I I _3( _____ ]J i o 

11 3. oooooE+o6j 200.ol loo.ol o. 2s! 

Bo) 

CI_ t.ol I.al t.ol 1.ol J.ol o. o83i±J 0.083~ 1 o.o834i 

11 0 .08341 0.08341 t.o! J.ol 1.0! I I .O! 1.d I.~ IT ___ 
1.QL 1.ol i.ol I I I I 

[ I I . o~oE+o31 I . oo~E+o3 i I . oooE+o3j I . oooE+o3I I I 
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( 

c 
c 
c 
c 
c 

MULTILAYtR SANDWICH~tAM SOLVFD ~!Tit D.E. AND FOURIERSERIES 

Nl=l"-;J;:sER UF.. L1\YERS 
f'l2=~ll-l · l<LJ ... ,f~Er-< OF I1'HF.RFACES 
i J 3 = ~: U :. [! E f.( C:: F STEPS CF X ') I , ,.;,.; X. 1 ·! U >1 f~ E f-.; 2 n 
:'J d'~ ~j' ', [: E [( c F F 0 u '.-~ I un E r< ' s T 0 () tj T f, I N (-',cc u i~ t, c y f:Y s 
E PS= t\ CC u P I\ CY 0 F F ~)Ji~ I ER T ~y ivi S 
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:.l I I I l =r/Ul:F.'H CF I '.'JERT If\ OF LAYERS 
i::-~;.=YO__;"JGS 1/. 1)'.)ULU,:, 
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RL=T()T/\.L LE''.STH OF P~f\:~ 
XSJ=X/RL CO~R~TNATFS cnu~TING FRO~ LEFT E~D 
XSIA=POINT ~F LOAGAPPLICAfION 
P=PGI~TLOAD~ AT XSIA A~D 1-XSIA 

C R E A C T I 0 N 5 
c 
( 
C V ( I , J l = S H r ,• f< J ~ T !=" N S I T Y 
C SN(I,Jl=~1R~~LFORCES AT INTERFACES 
c ~ "! s ( I ) = ~ I ~~ G \..) L Ar< ,'JO rw ALF c [~(_Es 1H I N TE RF Ac Es 
C f''J(I,Jl=M::-<1·/\LF(~f.'CES IN LAYF:i<:J 
( H\1( J ,j):f<f-'llJil°':G'·'.0:'.r:~ns l:'! LAYf-:l~S 
C STU(!tJ):'.>fl~APJS Ir'~ UPPE:.f·! Fllli·:t- OF Li\Yrl~ 
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C ~,TL(Idl='.Jf'.\/d~J::.i HJ LC) 1 • .Jt.!< Fll~ifr OF li\Y:::I-.< 
C SLIP( I ,Jl=i<lLATIVF CISPU\CEt-TNT CF /'.[)JflCFNT POP!TS OF TOuCHli\Ci LAYERS 
( 

c 
c 
r 

-
'-
( 
c 
c 
c 
r 
c 
C BEGIN SlORAGE RESERVATION AND R~ADING OF DATA 
c 
( 

c (') r 1.~ r. ·~ ~~ 1 n ~ 1 ,'\ ( .,, u i , 0 t ! ?, '..; 1 , r:i, c ?, o 1 , 11 ( 1 o > , :, K < 1 u i , x c; r < ? i 1 , c l ( ? ·' i , c? c 3 o 1 , 
'f cc 1 C ., '-' l 'c r? ! 1 v l , c r ?, ( "· ~· l • c_ ( 11 ! 10 l 'c C ~ ( ? u l 'r c 6 c 3 v l '\/ ( 3 l) ' 7 l l ' 
~.;:,I\] ( 1 \., ' ? l l ' '.) ·'-: '.) ( 1 Cl } • p: I ( 1 :I ' ,? l l 'n :.: ( 1 n ' 2 1 l • ~~ T \ .• ( ?, r, ' ?. 1 l ' :: TL ( '( ~; ' 2 l ) ' 
:, '.J L T P ( '~; , 2 ] l , n i::- ( q CJ U l , r. ( 3 0 , 3 0 l , r; ( 3 ') , '3 0 l , LL ( 10 l , ,v >1 ( 1 0 l , D 1 C 3 ::i , 1 0 l 

RI: I\ f) ( ';, ?. l ,'Jl 'N 2 , N 3 
? F () r~ r • /\, T ( '3 ( I s l } 

i~ E/I. ~) ( C:. ' '3 l ~ ·:. ' f~ L ' P , XS I /\ 
1 F C f·W 1\ T ! F ? '· • 'i ' ?. ( F 1 0 • :J l l 

R !=" /\ ri ( "· ' L+ l ( f\ ( r ) ' I = 1 ' N 1 ) ' ( R I ( I l • r = 1 ' N ] ) ' ( I I ( I ) ' I = l • f'l l l ' 
c:; ( P ( I l ' I = l , f·J ? l 

4 F 0 f~ ;.•AT ( 8 Fl v • u l 
l~F-Ai!( r; '''l (~\:'..(I)' I=l ,N2 l 

5 FOl~:<Al(R[Jv.3) 

DO ~I I= 1, N2 
Kl =I-1 
K2=I+l 
DO lG J=l ,N2 



L L L = ( J - l l *I~ 2 + I 
::iF:(LLL)=G.u 
IFCJ.f0..K11 ~JDTO 11 
IFCJ.~0.I 1 GnTO 12 
IFCJ.E0.K2l GOTO 13 
GOTO 10 

11 :':E(LLLl=l•'-'/LHCil 
GOTO lU 

17 ~E(LLLl=-l•v/BICil-1•0/Rl(K2l 
GOTO lJ 

]~ nF(LLLl=l.~/~I(K2l 
l'--' CGNTI,'JUE 

a CONTI::UE 
CALL ~INV(~f,N2,HH,LL,MM) 
DO 19 I=l,N2 
DO 2v J=l,N2 
Kl=J-1 
K2=J+l 
"'~!·11 = ( J- ll *N2 +I 
:.'.~'.11 = ( J-? l *~~2+ I 
'-'. .'< 12 = J ;~ N 2 + I 
IF(J.lO.ll GOTO 21 
IFCJ.lO.N2l GOTO 22 
GOTO 23 

? 1 E ( I , J l = - B E ( :•',:vi 1 l * 0 • 5 * H ( J l I ~ I ( J l + ( BE ( i•'d/, l l - 9 t: ( r: 1•i 1 2 l l * 0 • "': * H ( K 7 l I t3 I ( (( 2 l 
GOTO 20 

? ") r:: ( I 'j l = ( P. F ( \1 >" l 1 ) -r. F ( r.if'.i 1 l ) * 0. "i * H ( J) If~ I ( j l + f< E ( t>',,.'11 l {:· 0. 5·:'c-1 l ( r: 7 l I b I ( K 7 ) 
GOTO 20 

? ".l F C I 'J l = ( Q F (: '. t/ 1 1 l ~ E ( ~·'I'·" 1 l l * 0. "i *I I ( J l It: I ( J l + ( ~ ~ ( , .... 1:•i l l -i-, E ( ''.>\ l ? l l *O • 5 * 
~f-1(K?l/r<I(K2l 

2" C»'H PJU E 
lo CONTINUE 

~ATRIX E IS GUILT 
fJFCilN 1'"i\li'l P/\iH OF Pf~OGl<A1··,=DETER,,;1NE RE/,CTIONS 

PS I = 3 • l '• 1 5 9 2 6 5 L1 
S l N r~ I = ~' • U 
DO ?u I=l,Nl 
SU~·~l3 I =.SUi'rn I +f~ I (I l 

'31.1 cornr~:uc: 
DFLXST=U.~/FLOATCN3l 
N :-.! = .~! ~ + 1 
[Jr; t,. 1,,, I = 1 'N ~l 
X ~ I ( I l = D F L X :-~ I * ( FL 0 I\ T ( I l - 1 • 0 l 
C 0 r-..1 T I I'- U ::· 
r; 0 lJ; m 1 ::: x ~ I 1\ I [)EL x:., I + l • \.) 
[) 1 =:p-1; f' L -i;.p LI ( t1. u* Ei•l* S-.J:v'.Fl I l 
G?=P·:H3L/SU:''1U I 
DO 5v I=l,N2 
~l=I+l 
fl~=D?·:tP,I (I l 
i)t4=r)1-l(·(H{ I l+fl(Kll l 
S"!S<Il=u.v 
DO "il J=l ,NN 
n CU ~W 7 = F L 0 f, T ( J l 
V(J,J)=\JeU 

·SN(J,J)=CJ.U 
P ~·! ( I , J ) = 0 • u 
IF(RnLJMO/.GF.R0UNn11 GOTO "i2 
f1,~/,( I ,J)=D?*l\SI CJ) 
S L I P ( I , J l = D t, -~ C X .'.:i I ( J l * XS I ( J l + X ~ I f\ 1<· X S T A - X ~ I 1\ ) 
(,OTO 51 

5 2 F~ ~I ( I , J l = D 3 * X S I A 
SLIP( J,J)=U4*17.0*XSIA*X~l(J)-XSIAl 

~ l C fHH I N lJ E · 
"i U CC'~lT I ~!UF 

')')=!J?"H' I (NJ l 
nn A'-' J=1,r·m 
r.< nu rm 2 =FL o /\ 1 ( J J 
Hf\l(~~l ,Jl=v•'-' 
IF (b0UND2.GE.AOUNDll GOTO 61 
~H(Nl ,Jl=D5*X~I (J) 
GOTO 68 
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61 BMIN1,Jl=D5*XSIA 
6v CC:NTINUE 

c C BEGIN TO EVALUATE FOURIERCONSTANTS ANU FUNCTIUNVALUES 
c 

DO 7v I=l,N2 
Kl=I-1 
K2=I+l 
DO 71 J=l,N2 
IF ! J. E 0. K 1 l GOT 0 7 2 
IF (J.EQ.Il GOTO 71 
IF IJ.EQ.'<21 GOTO 73 
Dl!f,Jl=G(J) 
GOTO 71 

7? f)] (I ,JJ=BIK1 l-SU''1f'..J/(/\( I >*RI Ill 
GOTO 71 

7-; DJ(J,Jl=91K2l-SUr:,f3I/!A(l(2)*BIIl) 
71 CONTINUE 
1:.... CONTINUE 

c 
C ALL T E RH S 0 F MA T ~ I X D Af~ E E VAL u AT E U t. X C l P T D If, G 0 i U\ L T E I-..'.: i S 
c 
C PFGIN ~0-LOOP FOR N 
c 

M=l 
?u8 F1=2.~*FL0AT!Nl-1.0 

F?=P~l*P~I*Fl*Fl/(Lll*~L) 
F'3=HL/Fl 
DO ~'J I=l,N2 
'<J=I+l 
C?lll=F3 
DG Sv J=l,N2 
IF II.FQ.Jl GOTO 79 
DCidl=Dl(f,Jl 
GOTO BG 

7 ci D I I ,J l = 13 I I l + SU :--18 I * I 1 • 0 I A ( I l + 1 • u I A I K 1 l l I l3 ( I l +::, U: -m I * E i':, 0:- F ? I ( 8 ( I l * 
'.!.51( I I l l 

RJ cmn I ~JUE 
Cl\LL SQt_VF([),C?tID,~!?,10) 
I F ( 1'~ • GT • 1 l GOT 0 9 0 
DO 89 I=l,N2 
CllI!=C21Il 

RC/ CONTINUE 
9U Al=Fl*PSI*XSIA 

A2=SL"lli\l l 
A1=-4.U*P*Fl*A2/(RL*RL) 
/\4=4.~*P*f\2/IPSI*Rll 
A5=4.v*P*A?/!Fl*PSI*PSJ) 
AB=BL/IEK*PSI*Fll 
DO lvv I=l,N2 
CC2 ( T) =u.1_, 
DO lvl J=l,N? 
CC? CI l =CC2 CI l +E (I ,J l *C2 ( J l 

101 cmnr:wF 
CCl(Jl=f\4*C21Il 
CC?! I l =fd'-<CC2 ! I) 
CC?.( I >=CC?! I J-':.-/\4/A3 

J 0U cmn I ~!UF 
CC4 C 1 l =/\5*C2 ( 1 l 
CC4CNll=-A5*C21N2l 
DO llu 1=2,N2 
K=I-1 
CC t~ ( I ) = ! C ? ( I l - C 2 ( K l l * /\ 5 

1 J 0 C 0 N T ! f\~ U E 
r;F,=u.u 
DO 12U I=l,N2 
Afi=/\6+l3! I l*C?.C I l 

l?U CO~TTNUE 
A 7=·'\5~·/\()/SU~~rn 
80 llu T=l,Nl 
C C '' C I l = fl I ( I l * /\ 7 

11U cnrHINUE 
DO ll~v I=l,N2 
K=I+l 
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CC A ( T l =AP '~- ( C ( t+ ( I l I A ( I l -Cc__ 4 ( K l I fl ( K l + H ( K l * ( C S ( K l I ( 2 • C * H I ( K l l + H ( I l * 
~cc 5 (I ) I ( 2. ~*13 I (I ) ) ) 

1 1., ~J c n r·n r /\Ju E 
DO l':>v J=l,NN 
F 1., = F 1 -::- P S I * X ~ I ( J l 
F5=SI~~(Fl+) 
F6=COS(F4l 
DO 151 I=l,Nl 
IF (I .EO.Nl l GOTO 152 
V (I, J l =V (I' J l +CC 1 (I l *F6 
S ~.1 ( I , J l = S ~ l ( I , J l + C C ? ( I l * F i; 
SLIP( I ,,))=SLIP( J,J)+CC6( I l*F6 

1 c:, 2 P, ~! ( I 'J ) = m.: ( I 'J ) +c CL+( I ) -)(- F 5 
FW ( I , J l =R~ ( I ,J l -CC 5 ( I l *F5 

l 5 1 C 0 NT I /\! U E 
15G CONTINUE 

DO 16li I=l,N2 
Sf'1S I I l =SNS I I l +CC3 (I) 

16U CONTINUF 

CHECK ACCURACY OF COMS T Ml r S C2 ( I l 

K=l 
EPS=U. (JVOv 1 

1~0 IF(C?(V..J.GT.EPS*Cl(l<.)l GOTO 170 
IF CK.FQ.N2l fiOTO 190 
K=K+l 
r10TO l8u 

170 N=N+l 
GOTO 200 

CALCULATE STRAINS WITH HN AND BM 

190 DO 191 [=l,Nl 
F 7 = J • v I I Ff.'* I\ ( I l l 
F~=ve'°J*l1( I)/ (FM*P.I (I)) 
no 191 J=l,NN 
F 9 = P,i'~ ( I 'j ) * F 7 
FlV=P,:-~( I ,Jl*F8 
STU< I ,Jl=F<1-FJ(J 
STL( I dl=F9+Fl0 

191 CONTINUF 

DATA OUTPUT FOLLOWS 

':.JPJTr(6,?1Ul 
?. . FOf-<:·'A-1 '86Hu f'.!O.LAYEr-< AREA 1:,0;·1,. OF I1'-lffH IA THICKf'-.;t:SS Dl~TAiKE 

$OF CENTfR LAYER~HEAR~ODULUS //l 
DO ?2u 1=1,~H 
IF (J.Er;.Nll GOTO 221 

't.' p r T F ( A ' ? 7 ? ) I ' A ( r ) ' fl. I ( I ) ' H ( I ) ' 9 ( I ) ' s K ( I ) 
GOT() 22U 

?71 dPITF(6,??'J.l I ,A( I l ,1~I (I l ,H(-I l 
2?.J CONTI~~ur:: 
7?? F 0 r~ ;:, fl T ( I fi 'L 1 ? • 3 , [ 1 S • ti- , E 1 ? • 4 ' E 1 9 • 4 ' E 1 9 • 4 l 
223 FOR~AT(I6,[l2.3,ll5.4,El2.41 

':JR I TE I A ,;r>u) 
23U FOW~AT(f)ulll E-tl,QDUL LOAD UJADPOiiH BEAMLENCJTH //) 

JRTTF(A,?~1) F~,p,xSil\,AL 
?11 FOR~~T(4f12.51 

v.' R I T F ( 6 , 2 t, iJ ) 
?. 4 u F 0 R '.', /\ 1 I 3 v f 11 R F. S iJ L T S I I / I l 

~·i R I TE ( f, , 2 t, 1 l N 
? 4 1 F 0 R' 1 AT ( 2 611 u N lJ (\-1 BER 0 F F 0 u R I E rn Ef~ ,,~ s N = ' I 3 ' I / I ) 

\•J R I T F C 6 , 2 'J u ) 
/C)G FClR;':AT(lHh*IFAC[ XSI SHtARINT[r·JSlTY NOl<HLAYFOl-\CE LA 

1YFNDFORCE SLIP*////) 
no ?61v I = 1, r\2 '\;., 
00 261 J = 1, NN 
-,.IRTTE (r,, ?7Jl' I' XSI(Jh V(J,JJ, SN(I,Jl, SN.'.:.d(i~LJP(1'Jl 

261 CONT T /\JUE 
•<IR I T E ( 6 ' 2 7 1 l 

760 CONTINUE 
? 7 l) F 0 R ~-4 AT ( I 6 ' F 7 • -, , lf ( F 1 7 • A l l 
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2 71 F CRr.i/\ T ( 1 H I I I I I/) 
',·! P I T E ( f, , 2 R 0 l 

7 R v F 0 R "~I\ T ( Hl1 ' :(- L A Y E r~ X S I N 0 i-.Z Ii A L F 0 f < C E b E h: U H ~ G i ·, 0,., E i, T u P tJ E R .S 1 R. 
iAIN LC~ER SlRAIN*////) 

DO ?qu I = l, Nl 
DO 291 J = lt NN 
V!R IT F ( A ' 7 0 7 l I , XS I ( J l ' 8 N ( I , J l , R 11 ( I , J l , STU ( 1' J h ;, TL ( I , J l 

29] C0NTil\lUF • 
vi PI TE ( 6, 2 7 1 l 

? q G CG \l T f ~,JUE 
292 FORr1AT (J7, Fp.3, L+!El5e6ll 

STOP 
END 

CD TOT 0311 
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Appendix B 

Details of the shear wall program with piecewise trapezoidal load 

Introduction: The program analys s the multipier shear wall under piecewise 

trapezoidal loading. 

For sign convention and coordinate axis s. Fig. 2.3.1. 

Input: 

Output: 

Details of the input data are given on the following pages 

I) Geometrical properties 

II) Material properties 

III) Load data 

IV) Shear modulus of connecting 

medium and stiffness parameter 

V) Reactions: Shear forces and normal forces in connecting beams, 

bending moments and normal forces in piers 

VI) Deflection for actual and complete interaction, total 

bending moment 



Input data 

98 

I 1 I sj lo! 1 sl 2ol 3o! 4ol .?_Qt_ 6o' 7ol ~cl 

l 1 NPL_l I I l ~ 

NP == number of problems (I-Format) 

II NIJ N2] N31 NN!l 

Nl == number of piers (I-Format) 

N2 == number of interfaces (I-Format) 

N3 == number of stories (I-Format) 

NNI == number of trapezoidal sections (I-Format) 

EM == Youngs modulus in Mp/m2 (E-Format) 

GE = Ratio of shear modulus to EM (F-Format) 

• BLJ = Shear wall height (F-Format) 

AS == Story height in m (F-Format) 

11 A( I)! A(NI )! Bl ( 1)1 BI(NI)! H( I)! J 
[I I H~ I) l ___ AftW! I AB{N2}1 BIBU21 BIB(N2)J 

LL ___ ~LB_(_I ): I BLB(N2)1 B(I )I I B(N2)1 ____ ] 

A (I) = Area of piers in m2 (E-Format) 

BI (I) =Moment if inertia of piers in m4 (F-Format) 

H (I) = Width of piers in m (F-Format) 

AB (I) == Effective shear area of connecting beams in m
2 

(F-Format) 

BIB (I) M f . . f . b . 4 ( ) = oment o inertia o connecting earns in m F-Format 

BLB (I) Length of connecting beams in m (F-Format) 

B (I) == Distance of center lines of piers in m (F-Format) 
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fR ·~~~l_a~' --~~_2o~I 
LI __ p 1 cul_ pz < 1 ) 1 x 1 c 1 21 ---~~c__1_2l ____ __.__ ___ .L--___ __. __ =i 
[l _ _!>J_(NN~)j -P2lrffil)j _>;I (NNI )j X2(NNI )[ _J 

PI (I) = Load coordinate at XI (I) in Mp/m (F-Format) 

P2 (I) = Load coordinate at X2 (I) in Mp/m (F-Format) 

XI (I) = Begin of trapezoidal section in m (F-Format) 

X2 (I) = End of trapezoidal section in m (F-Format) 



loo 

As example the synnnetrical five-pier shear wall of chapter 3.6.2 was chosen. 

The load shape is shown below 

T 

Iii sl 1 oJ 1 sl 2o! 

u 11 
[I sl 41 20! 4, 

fl 3. 00000 E+961 

rJ l.o! I. o~ 

I J 2 I ii z~r 5,ol 

f T 0. ii 0. 1 I ~ 
I[ l.o! J.ol 1.ol 

n 7. 241 7. 241 o.o! 

L[ 7. 241 3. 1 ~I 5. 2! 

u-- 3. 1_sl 3. 1 s! 33.4! 

n-- 2. 76] 2. 76j 51. al 

5.o: 

o. 0036! 

6_._Q' 

5. 21 

33.41 

51.81 

7o.oL 

x = o. o (m) q = _}_~ 2~_ (Mp/1!12_ 

x = 5.2 (m) q = 7.24 (Mp/m) 

x = 33.4 (m) q = 3.18 (Mp/m) 

x = 51.8 (m) q = 2.76 (Mp/m) 

2. 1 ! 2. 1! 

5,or 5.ol 5 f .o_. 
I 

o. 0036. o. 00361 o. oq36! 

6,ol 6.o! 6.o! 

2_.J_ 
-., 

o. I 

1.0'. 
I 
I 



l~UN ( S) 
SET I NDF . 
REDUCE . 
LGO. 
I 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

64u~ END OF RECORD · 
Pl·WGr<AJ'.-, T~T ( I1\JPul , 00IPU f,T/\PE~= INPuT,T APE6 =0UTPuT l 
1v1uLl I P il l-<-:::iHti".K 'i<ALL CALCULATEU '"" I fH [).t:.. AND Fuu1<IEl-<.SEl-<IC::.S 
LOADCASE PIE EW ISE TRAPEL0ID LOAD 

I 
I 
l pl 
I-----
1---­
I---
I-­
I 
l 
I 
I 

PZ 

NP=NLi >;HER OF PF<Ot3LEr1iS 
N 1 =NJ>1!:3.E:.R OF PI El~S 
i''l2=1 1-1 f\lui·;[..IE I~ OF 11 TEr~FA i....tS 
N3=NU1•; t3C::I~ OF STOl~ IES 
N =i~u· · ·lH:r~ uF FOUi~ I un Ef..(,.;s j\j ECE ~S/\R y T () vl3 TA I N J\ACCURAC y L PS 
NN != rw;,~t:)EI-\ OF SECTIO l'l~ P!-P2 
Pl(IJ,P 2 (ll=T f~APEZO ID LO/\[) 
Xl( I) ,xz( I )= lJEG I 1 AN[) E [)OF H-</\PEZvID LOAD 

A(l l= AREA UF PIER 
B I (I l= •"i 0i•"iE~T CF I NERT I A Or· PIC:RS 
At3 ( I l = E F F EC T I VE SHl:Al<.:d~b\ OF Cvi'l i tCT I NG l3i:.Ai"'.S 
f3IB(I )= i·IOi iEi'-:T OF l ~~EIO IA CJF COi>NECT I NG b tAil,S 
EM=YOUNGS MCOU L~S 
GE=.SHEAKM0DULU5/E ~ 
B ( I l = D l .S T A f'. C E l3 E HJ E E N C !:::: N T E R L I ~ E S 0 F '. ) I t. R S 
H(IJ=11IiJTH OF P lE fb 
t3L1:3 (I l =Lt: : •GT ti JF COi'll\ECT l i'IG i.JU\1"1S 
AS=STv K. YHEIGH T 
BLl=hE IGllT 0F SHEARl:JALL 
SK(ll=SHEAR~ODuLUS OF CO NN ECTI NG BEAMS 

R 0 ( I l = If T E f< A C T I 0 NC 0 E F F I C I t. N T 

R E A C T I 0 N S 

VD(I,Jl=SHEARFORCES I N COl'.NECTING BEAMS (DISCRETEl 
SND ( I ,J l =N01 <;~: AL FOl~CES I N CONi\lEC TI NG bEAMS <DISCRETE l 
BN(l,JJ=NOR~ AL FORCES IN PIERS 

Io I 

.c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

Bi-1. ( I ,JJ= BE1~D I NG,vlQi/1E~HS IN PIERS (tJELm-1 CONNECTING bEA1"il 
BMU(I,Jl=BENDINGMOMENTS IN PIERS (ABOVE CONNECTING bEAMl 
DEFF( I )= DEF L ECTION OF SHEARwA LL 
DEFC(l )= DEFLEC TI ON OF SH EAR wALL (C OMP LETE INTERACTIO ASSUMED! 



c 
c 
c 

BEGI N STORAGE 1-<ESERVATION AND READING OF DA TA 
lo2 

DHl: ENS! O N A(20 l ,sr (2 v ) ,A B (2 0 J , g r LH20) , B ( 20 ) ,H(2 0 J , BLB (20) , SK (20)' 
Si XSI C41J ,(1( 2 0 ) ,(.2( 2 0 l , (( 1(2 0 J , ((2 (2 0 J ,(( 3 (2 0 J, 
$ BN ( 2 0 , 41 l , Bi•1 ( 2 ~l , 41 l , IM O ( lf-1 l ., RO ( 2 0 l , 
:l> VD!2 lJ ,41 l , ::.iN D! 2v ,4ll , y1-\lJ ( 20 ,41 l , ,S LJ,"i i•i (2 0 J ' ~uMLlf\! ( Zl! l, 
$ SU HS1 0(20) , sui•'1B f,;vt ( 20 } ,f->F(41) , f->( (41) ' DEFF ( 4. ]} , OEFC ( 4 1)' 
$ 1:3 E ! li. J 0 l , E ( 2 0 , 2 0 l , D ( 2 U , 2 0 l ' D 1 ( 2 0 ' 2 0 l 'LL ( 2 0 J , ;,1 M ( 2 0 J ' 
s Pl (2 J J ,p2( 2 0 l , Xl(Z O l ,X 2 (2 ·J ) ,x s rl(2 0 l ,X S ! 2 (2 0 ) ,X(41) 

READ(5,ll NP 
1 FO R. '.AT ! I 5 l 

DO 4 UJ Y. =l,f,~P 
READ(5,2J Nl , N2 , N3 , NN1 

2 FOR:v'. A Tl 9 I 5 l 
RE/\0 ( 5, 3 l EM, GE , BLl, AS 

3 FOR~ATC E2 U . 5 , 3F l \., . O J 
READ ( 5 , 4 J ( A < I J ' I = 1 ' N 1 l ' ( l3 I ( I J ' I = 1 ' N l l , ( H ( I l , I = l ' N 1 l , 

$ ( /\ n ( I ) ' I = 1 ' >J 2 J ' ( lJ I t3 ( I ) ' I = 1 ,,·112 ) ' ( a LB ( I l ' I = 1 ' N 2 ) ' 
'.£ ( b < I l , I = 1 , f'l 2 l · 

4 FORi" ATC B F l v . v l 
VIRITE < 6~3v v ) 

300 FOR~A T C lH v ' * E- MOD ULU S 
$GHT * // // l 

G/E SHEAR W/\LLH E IGHT STORYHEI 

WRI T E < 6 43~ 1> EM ,G E , BL1, AS 
301 FOR i'. A T l E 15.6,3Fl5.6l 

~'1RITE<6,J\.,2) 
3U2 FOR:11/\ T C1H l' * ! ERNO . PIERAREA MOM . OF I NER TIA PI ERW I DTH* ////l 

DO 3 J 5 l =l , ,U 
WR ITE( 6,304l J,A(J), B J(ll ,H(ll 

3 (.) 3 C 0 NT I t'- U£ 
304 FOR~AT C J 7, 3El5 .6l 

\v R I T E ( 6 , 3 1., 5 > 
305 FO f~ ~l/\TClH l, *I F A C E CO NN . llE/\M/\f-<E/\ M01"1.0F I NER T!/\ BEAfv1LE NGTH 

5ANCE OF P I ERCENTERLINES*////l 
DO 3 L.. 6 I = 1 ' I' 2 
\'JR ITE< 613 • .. : 7> I ,A B ( I J , B f f1 ( I l , eL B ( I J , B ( I l 

306 C01 Ti i l.:E 
3U7 FOR~ATCJ5,4El5.6) 

~\RITE ( 613 l vl 
31C F DR~ATClHl'* PIECEWISE TRAµ EzOI D LO AD 

DO 32 0 . =l t NN l 
RE/\0 ( 5~325 > Pl(I ,,p2( Il, Xl( Il,X21I} 
'.vR IT E ( 6 ·1 3 3"' l I , Pl ( I > , P 2 ( I l , X 1 ( I l , X 2 ( I l 
xsr 1 <I J:1.; .5 *Xl (I l / BLl 
XSI21 I )= v . 5*X2 ( I J/ Bll 

32C CONT I 1' H ... E 
325 FOR .'v'. A T (4Flv . • ) . 

*////) 

Dl.JT 

33ll F OR~AT£15'* Pl =* •El5.6' * P2=*,El5.6'* Xl=*,FlG.4,* X2=*•Fl0.4) 
BL=2. 0•3Ll 
DO 5 I = l , r·i 2 
S K ( I l = l . v I < A 5 * B L B ( I l """ * 3 I ( 1 2 • 0 i:· E 1 •1 * B I B ( I l l + /, S * G L B I I l I ( G E * E ,\1 * A 1:3 ( I l l l 
vR ITE( 617 l 1 , SK (Il 

5 CONTH uE 
7 FOR~AT<lH v , *SK* ,f3, * =*•El5.6) 

c 
C BEG I N BUJLD 13E - i·1.t>.TR!X'11'NE fH t>E - ,-i A T l~I X AND BUILD E-MATRIX 
c 

DO 9 I = 1 , N2 
Kl=l-1 
K2= 1+1 
DO ll.i J=l , NZ 
L LL = ( J - l l * f" 2 + I 
BE (LLL }= v . 0 
IFIJ. EQ .. <l l GOTO 11 
IF<J. EQ.Il G~ T O 12 
IF<J. f~ .K2l GO TO 13 
GOT O l ;_. 

11 BE (LLL l=l . v / S l<Il 
GOTO 1 0 

12 BE (LLL }=-l. 0 / B I(J)-l. 0 / 8 l( K2 l 
GOTO l () 

13 BE(LLLJ=l•v/ B l( K2 l 
10 CONTINUE 

9 CO NTi f.l UE 

- . -·--- - .. -· ... 



· C 

CALL MI NV ( UE , N2, HH ,LL, MM J 
E C 1 ' 1 l = 1:1 E ( J l * ( L: . ::> * H C 2 l I ri I ( 2 l - l) • 5 * H ( 1 l I B I ( l ) ) 
I F CN1. E~ . 2 l GOTO 25 
DO 19 I =l , N2 
DO 2v J =l ,N2 
Kl=J-1 
K2=J+l 
:"ll'11 = ( J - 1 l * N 2 + I 
MM l l= ( J-2 l *f~2+ I 
ivifV, 1 2=J-r-·N 2+ I 
IFCJ.E Q.ll GO TO 21 
IFCJ.E Q . N2 ) GO TO 22 
GOTO 23 

Jo3 

21 ECJ,Jl=-~E ( M~ ll*0 · 5* ( H (JJ + B LB (J) l/ Gl(J)+( 8E ( MM ll- UE( MM1 2 ll *0 .5 * 
'.Ji ( H ( K2 l + BL B < J J) / 6 I ( r(2 l 

GOT O 2 0 
2 2 E ( I , J l = ( 5 E ( 1"i ;-.: l 1 l - BE ( ,v, M 1 l l * 0 • 5 * ( H ( J l + BL B ( J ) l I 6 I ( J l + t3 E C ,·,\;v1 1 l * 0 • 5 1i­

$ ( H ( K 2 l + b L Li ( J)) / 8 l ( K 2 l 
GOTO 2 0 

2 3 E ( I , J l = C RE U ~ t-. 1 1 l - BE ( i ,\ :·.t\ 1 l l ·* 0 • 5 * ( H ( J l + G L B ( J l l I B I ( J l + ( 8 E ( MM 1 l -
SBE Ci'-'.M l2}) *li • 5* (H( K2 l+ BLB CJl l/ BI(K2l . 

20 CO NT I NUE 
19 CONTINUE 

C MA TR IX E I S BU ILT 
C BEG I MA IN PAIH UF P i~OGl~A1.t,= DE rt.1~ M l1"1Jt: RU\C. TIONS 
c 

25 P S I=3.l~l5 9265 4 
SU fl'iB I= O. O 
DO 30 I=lt Nl 
SUMB I= SU~O I+ e I<I l 

3 C CONT I NUE 
DELXS I =v .5/ F-OAT CN3 J 
NN=IB +l · 
DO 4u I=lt NN 
XS I CI J= :)ELXSl* CFL OA TC I l-1.0l 

4 0 CONTINUE 
DO 41 I = 1 ,m 
BMOCIJ= u . u 

41 C01 TIN UE 
DO 4 5 I= 1 , N 1 
T 1 =X S I 2 <I )- XS I 1 ( I l 
T2 = RL* L* <Pl ( I J- P2C I l J/(6. 0-q l) 
T3= BL* Bl* PlCIJ/2.0 
T4= f3L·:1-gL*Tl*Tl* <P2( I l +2 . 0* Pl< I l )/6. 0 
T5= 8 L* Rl*Tl *C P1 C ! l+P 2 CI l l /2. IJ 
DO 45 J=l, NN 
T6=X S I CJJ-XSi l( I l 
T7 =XS I CJJ - XSI 2 C I l 
IF CXSILJ). Gf . X~ IlCIJ. AND .XSI(JJ.LT.X S I2(Ill GOTO 46 
IF CXSICJJ. G~ .X S I2CIJ l GOT O 47 
GOT O 45 . 

46 RM0(J l= 9MO CJl +T2*T6**3 -T3 * T6*T6 
GOTO L~5 

47 BMO CJ)=8~0 ( J) -T4-T5*T7 
45 CONT I NUE 

DO 6 lJ I=l, Nl 
DO 6U J=l, NN 
IF (l. EQ . Nl l GO TO 61 
VD< I ,J)= v . O 
SND< I , J} = U. J 

61 RN < I ,J >= 0 . u 
B ~:, ( I , J > = B I ( I 1 * R ti. 0 ( J l I SUM B I 

6 0 CO NT I NUE 
c 
C BEGIN TO EV AL UATE FCURIERCONSTAN TS AND FU N CTJ ON VAL~E S 
c 

DO 7u I=l,N2 
Kl=I -1 
K2=1 +1 
ROI I l= SK ( I l *B L* !:3L*CB ( I l* B ( I J/ .SUMB I+l. O/A( I l+l.O/ACK2l )/(EM*P.'.::>I* 

SPSI l • 
DO 71 J =l, f\JZ 
IF (J.E . Kll GOTO 72 



c 

IF (J. EQ . I l GOTO 71 
IF (J. EO. K2 l GO TO 73 
Dl(I, J l = L3 (J l 
GOTO 71 

72 Dl (I ,JJ = f3 ( Kl l- SUMt:l I/(A( I l *tJ ( Ill 
GOTO 71 

73 Dl(I ,Jl =B I K2 J-S UMB I/(A( K2 l *B llll 
· 71 CONTINUE 

7 0 CONTINUE 

Jo4 

C ALL TER MS OF MATRIX D ARE EVALUA T ED EXCEPT DIAGONALTER MS 
c 
C BEGIN DO-L OOP FOR N 
c 

N=l 
Z=l. U 

200 Fl=2 . 0 *FLOATIN J-l. G 
F2=PSI*P:I*Fl*Fl /C OL *B ll 
F3=8L /F l 
F3l=F3 / PSI 
DO 8v I=l,N2 
Kl= I+l 
C2(Il=F3 
DO 8U J=l, N2 
IF (I. EO . J l GOTO 7 9 
D I I ,Jl= Dl (I ,J) 
GOT O 80 

7 9 D ( I , J l = e ( I l + SU :"1 B I * ( 1 • 0 I A ( I l + 1 • 0 I A ( K 1 l l I t3 ( I l +SU 1'1 B I *E M* F 2 I ( t3 ( I ·l * 
$SK (Il l . 

80 CO NT H~UE 
CALL SO LV E ( D •C2,I D , N2 ,2 0 l 
IF ( N . GT .ll GOTO 9C 
DO 89 I=l, N2 
Cl(Il=C 2 !1) 

89 CO NTI NUE 
90 DO 91 I=l, N2 

CCl!Il=v.u 
91 CONTINUE 

Z=Z*!-1. 0 ! 
D 0 9 5 I = 1 , i~ N 1 
Rl=X S I2!IJ- XS I11Il 
R2=P2( I )-Pl( I l 
R 3 = P 1 ( I l *X S I 1 ! I l - R 2 *XS I 1 ! I l *XS I 1 ( I l I (I< 1 * R 1 l 
R 4 = - P 1 ( I l + I~ 2 ·* XS I 1 ( I l I R 1 
R 5 = G. 5 *I~ 2 I rn 
R 6 = u • ? * ( P 2 ! I l + P l ! I l l * I< 1 
R7=4 . 1.1 /P S I 
Gl= R7 * ! R3+R4·*XS ! 2! I l+ R5* XS I2( I l*XSI21 I J- R6 
G2=2. ~*R 7 *R~/ ( PS I *PS I l 
G 3 = R 7 * ( R 3 + k 4 * X S I 1 ! I l +I~ 5 *XS I 1 ! I l *XS I 1 ( I l l 
G4= R7 ·* ( R4+2 . ui(·XS I 2 ! I l -r•R 5 l /P S I 
G 5 = R 7 -:t- ( R 4 + 2 • 'v * XS I 1 ! I l * I~ 5 l I P S I 
R8=Fl*P S l *X~ Jl( I l 
R9=Fl,-:·X ~ J 2 ( I l 
G6=G2/1Fl *Fl l 
Rl~= ! Gl - G6 l *S J N ( R9 ) -(G3-G6 l *S I N (R8l+G4*C OS ! R9 l/Fl-G5*COS ( R8 l/Fl 

$-Z*L• . G*R 6/P.'.:i I 
DO 9 5 J = l, ~ 2 
CCl(J l= CCl( J l+ R l 0 *C2 (J) 

95 CO NT I 'WE 
Rll= !-Fll ~~PS I/ B L 
DO lv4 I= l , /· 2 
CC31 J l= v . v 
DO l v5 J=l, N2 
CC 3 ( I l =CC 3 < I l + E ( I ' J J ,,,. CC 1 ( J l 

1U5 CONTI NU E 
CC2(ll= Rll*CC3 1Il 

1U4 CONTI NUE 
DO 15v J=l, i-m 
IF ( J.E Q . l l GOTO 152 
IF (J. E tJ. f'~l"-J l GO TO 153 
F4l=Fl *PSI* ! XSI (Jl+ 0 . 5*DFLXSI J 
F4 2=FJ *PSI* IXSJ(J)- 0 . 5*DELXSi l 
GOTO 154 

- · - ---L 



c 

1 52 F4l= F l*PS I *0 . 5*DELXS 1 
F42=U . O 
GO TO l 5t+ 

15 3 F4 l =F l ,-l-PSP·XS I CJ) 
F42= F l*PSI* I XS ICJ) - 0 . 5*DE L XSl l 

154 F5 l = F 3l* I S IN I F4 11- S I N I F42 l I 
F6l=F3 l * CCOS I F 4 2 l -COS CF4 1 1 l 
DO 15 1 I =l , f'-l2 
VD < I ,J) =\/ D I I ,J)+CCll I l *F51 
SND < I dl =SiW C I ,J)+CC2 1 I P-F 61 

1 5 1 CONT I NUE 
15 0 CON TI NUE 

DO 16U I =l , N2 
SN D < I ' 1 l = SN IJ < l ' 1 l + CC 3 < I l 

16 0 CONT I NUE 

lo5 

C CHE CK ACC URA CY OF CONS TANrS C2 C Il 
c 

K=l 
EPS=O . OJLU l 

16 5 I F I C2 <K l. GT . EPS-* ClC K ll GOT O 17 0 
I F < K • E Q • • ·~ 2 l G 0 T 0 1 6 2 
K=K+l 
GO TO 16 5 

17 0 N=N+ l 
GOTO 20v 

1 6 2 SU~l,A =v . O 
DO 186 I = l, Nl 
SUMA=SUMA+A <I l · 

186 CON T I r-~UE 
YS=U . v 
SUM !3 = u . U 
DO 1 8 7 I= 1 , N 2 
K= l + l 
SU iVtf~ = S Ul"11 B + B ( I l 
YS= YS+SUMA*i\ ( K l 

1 8 7 CON T I 1~UE 
YS= YS / SUMA 
B IT OT =SUMB I+Y S* YS*A lll 
D I ST= YS 
DO 188 I= 2 , Nl 
K=I- 1 
D I ST=D I ST - t: l r<. l 
B IT OT =o ITOT+D I ST*D I S T*A II l 

188 CO H I "!UE 
c 
C CALC ULA TE 8END I 1 Gf\i01''1 ENTS AND hluR1'1A LF OR CES IN P! El~ S 
c 

DO 1 9 2 I= 1 , .'l 1 
S U~l;Ql-'1 < I l = \J . v 
SUi'-'lQN <I l ='-' • v 
SUiV'SND < I l =v . u 
SUM RN i>'. < I l = u • U 

19 2 CON Ti f\U E 
DO 196 I= l , Nl 
K=I- 1 
D 0 1 9 6 J = 1 , i\i N 
B l-'1 U (I, J I = l:3r'1 < I, J I + SUM0 1'1 <I l +SlJMBf--:;"i <I l 
IF CI. ELl . 1 1 GOTO 193 
IF CI. EO. Nl l GO TO 194 
I F IJ. EO. NN l GOTO 19 7 
SLJ ,'vl Qf': ( r ) = .SUf/;Cr1i (I) - 0 . 5-:t ( H (I) + BL B (I) ) *VD (I' J) -0. s ~- ( H (I) + SL B ( K )) * 

$ VD CK , JI 
19 7 Su <S~D I I l= SUi"l SND < I l+SND I I ,J)-5 1\J D ( K ,Jl 

SU;v!QN( I l = SJ !'ION ( I l +VD ( I ,JJ-VD ( K ,Jl 
GO TO 195 

19 3 I F ( J . EQ . NN J GO TO 198 
SUMCM < I l =Su t -~01'1 1 I J- 0 . 5* 1H ( I l +E3 L B I Il l *VD ( I ,JJ 

198 SUMSND IIl= SU~SND CIJ +SNG II,Jl 
S U iV. G 1\J I I l = S J ,'-1\ 0 N I I l + V D I I , J l 
GOTO 195 . 

1 9 4 I F IJ. EO . NN l GO TO 199 
SUMQM1Il =SU MQM CI l- 0 . 5*1H l l l+BL B I K ll *VD CK ,Jl 

199 SU~SND < Il =~UMSN D CIJ- ~ND ( K ,Jl 



c 

SUMQN IIl =SUM QN IIl-V D I K,Jl 
) 95 RMI I ,JJ =P i'- i l I , JJ+S UH Q;,1 1 I l+ SU r;;Bi'lr-1 1 I l 

IF IJ. EO . NN l GOTO 2 (.; J . 
B N ( I , J l = l~ N ( I , J l + S UMQ N ( I l 
GOTO 2 0 2 

2Jl 0N (I, Jl= B1'J II, N3 ) 
2 0 2 SUMGN ~ lll=SU~B NM I I l +SUMSND I Il*AS 
1 9 6 CONTI NUE 

Jo6 

C CALC ULATE DE FL EC TI ON 
c 

DEFFI NN J= ll . O 
DEFCI NN ) =J .v 
SUMPF= G. U 
SUMPC= CJ . O 
DO 2 U5 I=l, N3 
K= I+l 
PF I I l = - f1 S * v • 5 ~< ( g , I U ( 1 , i< l + ri ,,1 I 1 , I l l I I EM* B I I 1 l l 
PC I I l =- 0 . 5~</\S* I B,,;o I K l + 8 1 .. 10 I Ill I I Ei'i·*B 1 TuT l 

2v5 CO NT I i"JUE 
DO 2v6 I=l, N3 
Kl=NN-I 
K2 = Kl+l 
DEFFI Kll= DEFF I K2 l +SUMPF+ 0 . 5*AS*PFIKll 
DEF C I K 1 l =DEF C I K 2 l + S U i•l PC+ ".:: • 5 ·* 1'\ S *PC I K 1 l 
SUMPF = SU1'1PF +AS *P FI K 1 l 
SUMPC=SUMPC+AS*PC I Kll 

2J6 CONTI NUE 
c 
C OUTPvT OF RE~ULT ~ 
c 

vJR ITEl6, 2lv l 
21 0 F OR ~ f\Tll H l'* RESULTS*////) 

WR IT E l 6 , 215 l N ' EPS 
215 FOR~ f\T l lHv , *NU~BER OF FO~~ I ERTER~S ~=* ,I3,* WITH ACCURACY lPS=* ' 

i>Fll .7./////l 
DO 2 1 6 I = 1 , 1\J 2 
WRITE(6,217l l'RO(I) 

216 CO i' Ti i'.iUE 
217 FOR~ f\T l 1Hv , *RO* ,I3,*= * 'El 5 .6l 
240 F OR r' .I\ T (I I I I I I l 

WR ITE16,24 5 l 
245 FO l~l,i A TllHl,*IFACE x SHEAR I N CUN l'-l . l3EM;S NUl~iVJi1L Fv1-<CE I N Cui-; 

'.bN . BEA :\ * ////l 
DO 25 u I =l , N2 
DO 255 J= l , f\, 
WR IT E (6, 26 v l 1,X(J), VD(I,JJ,S1\JDII,Jl 

255 CONTif~ U E 
WR IT E 16 ,24 0 l 

250 CO NTI NUE 
26 U FOR~A TII6,F S .3,2E2 0 .6l 

vJR IT E l6,2 65 l 
265 FOl ~1 ·I A Tll H l, *P I El-U·lO . X BENDI N G 1~101 1.Er" T BEl\DING 1"10i'1 ENT 

$ NOR ,·1 ALF OR CE I N PI Ef~* l 
~·JR ITEl6,2 66 l 

266 FCR ."IAT ( lH ·-.1'* ABOVE CO NNE CT. BEAM BELOW CONNECT. t;EA1i*/ 
'li I I I l 

DO 270 I=l , Nl 
DO 2 7 2 J = 1 , 'l N 
111 R I TE ( 6 , 2 7 5 l I , X I J l , B1"l U ( I ,J l '[3 1-'l I I 'J l , t; N I I , J l 

272 Cm ' T I NUE 
'wR I TE ( 6 , 24v l 

27 0 CON Ti f'UE 
275 FOR i' 1'. A.T I I 6 ,F 8 . 3,3E20 .6J 

\IJ R I T E I 6 ' 2 8 v l 
28 0 FOR MA TIIHl' * X DEFLECTION SHEARWA LL DEF L.IC OMP L.I NTERACT.J 

$ BMO* ////J 
DO 28 5 J=l, NN 
':JR ITE1 6 , 29v ) X(J)' DEFFIJJ ' DEFC IJl , B,''1 0IJ) 

2 85 COfH H.iUE 
290 FOR~A TIF8.3,3E2 0 .6) 
4 00 CO NT I 1\lUE 

STOP • 
END 
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