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ABSTRACT 

An incremental non-linear finite element program taking 

into consideration the nonlinear behaviour and failure of mor­

,tar joints in masonry is developed and applied to the analysis 

of reinforced concrete frames with masonry filler walls. Tension 

cracks in reinforced concrete frame and brick elements are taken 

into consideration also . A railura criterion is adopted for mor­

ta~ joint elements to simulate their failure.Several failure 

criteria,material properties of roortar and loading types are 

used to study th~ir eFfects.Resulting crack patt6rns and load-



OZET 

Tugla duvarlarda ki harcl~rln do~ru8al olmayan davran1-

~1nl ve catl~malar1n1 dikkate alan do~rusal olmayan bir sonlu 

al~manlar programl geli~tirilmi~ vc betonarme cergeve icinde 

ki tut]la dolgu duvarlar-a uyqulanmJ.$tll" .. Retonarme cerc;evede ki 

ve tu~lalarda ki gerilme catlaklarl da dikkate allnml~t1r.Har~ 

el~manlarlnLn klrllmalar~nl simule etmek uzere bir k1r~lma kri-

teri kul13n~lml~tlr.De~i~ik etkileri incelemek amac1yla ge~it­

Ii klr~lma kriterleri,har~ ma12em~ o2ellikleri ve yuk16m~ tip-

le~i uyqulanm~stlr.Sonuc ola~ak ~lde edilen catlama ~~~il1eri 
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lIST or SYmBOLS 

{u} :Displacements within the finite element 

{d} %Nodal displacem nts 

[N ] ! S hap e fun c t ion s 

[e.] :Strain vector 

[Ll J : Lin ear 0 per a to r 

(GJ :Strain matrix 

{b} :Stress vector 

(D] : E 1 as tic i t y rna t r i x 

fs] ~5lress matrix 

TT : Pot e n t i ale 1 J J! 1· 0 y' 

U :StrBin ene~9Y 

IU :Work done by external loads 

{Pb} : Body for ce vector 

{ps} -:Distributed force vector 

{p .}: 'Iodal force vector 

[k] :Element stiffness matrix 

(6' O} : I nit i a 1 s t res s e s 

{to} : I nit i a 1 s t l' ~ « r'\ S 

{?J ~\.oa·a VectO.i.' oj' the system 

~ut :Relative displacements of joint element 

(K] :System stiffness matrix 

{r} : Un i t for c eve c tor 

[kuJ :Joint unit property matrix 

k Unit shear stiffness of joint element 
s 

k :Unit normal stiffness of joint e1em nt 
n 

t :Joint thickn S8 
m 
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T :11a11 thickness 

(T] :Transformation matrix 

f :Dimension1ess coordinate in x-dirBction 

~ :Dimensionless coordinate in y-dir ction 

b
1 

:maximum princio~l stress 

b
2 

:ninimum principal stress 

~c} :stres s vector of reinforc6d concrete element 

{~S } :Princioal stress vector of reinforced concrete element 
cn; 

{s } :Princioal stress vector of cracked . reinforced concrete 
~ ccp 

e :Angle of principal direction 

b : A s u f fie i e n t 1 y sma 11 n urn b e r 



1 . IrJTRODUCTION 

1 . 1 GENERAL 

In structures walls and partitions are created by infill -

ing frames with construction materials such as bricks or concre -

t. blocks . Although it is common practise that these masonry in-

fil1$ <3f''5 not included in· dBsign calculations of framed struc -

tures,thay obviously have some effect on the overall behaviour 

of the structure . Unless they are separated from the frame,their 

interaction with the structure has to be into account in design 

calculations.Overall stiffness, energy absorbtion capacity and 

shear distribution throughout the structure may then be predic-

ted more realistically. 

At 10m str~s5 levels masonry can be considcr~d as an as~ 

5embl': J ~'t r:~ f brick ar1 ·:.t {flortar joints with isotropic and linear 

~ 

~13stic behaviovr.At higher stress levels,hoillever , behaviour of 

mortar joints are nonlinear. Due to this fact and also due to the 

cracking of some! mortar joints and bricks at certain areas stress 

r~distributi6ns occur,which can not be neglected.methods such as 

~sing equivalent struts to represent the action of the infill 

panel may be useful in an approximate analysis at low stress le-

vsls,but at higher stress levels,8specially near failure of th~ 

infill,a more sophisticatBd method accounting for the nonlineari-



ties and cracks in masonry should be used. 

1.2 F RmER STUDIES ON mASONRY INFILL PA ELS AND THEIR 

I TERACTION WITH FRAmES 

8 haviour of masonry itself and its interaction with 

Frames has been a subject of interest for a long time.Benjamin 

and lliilliams(4) performed a sat of tests on one-storey roinfor-

ced concrete frames with brick masonry infills under lateral 

loading.Main variables in these tests were wall dimensions,mor-

tar properties and scale o~ the structure. Results were expressed 

in load-deflection curves for various types of walls.S mith and 

Carter(15) examined the behaviour of multistorsy infilled frames 

under the effect of lat~ral lOeding,Lateral strength was examin-

ed and eHipirical formulas and design graphs were given to predict 

th~ crflcking and crushing strenqth of concrete and brickwork. 

Yak 1 and Fattal(l6) made various studies about the load capaci-

ties of clay masonry walls subjected to a diagonal compressive 

load combined with a compressive edge load acting in the plane 

of the wall and normal to the direction of mortar bed joint .A 

failure YP the,:~s !\J35 a1.so developed accounting for the obser­

ved failut-e n,odes. Te5ts lIIere made by flle1i (17) on full scale ma-

:-I'Jnry panels subjected to lateral loads. Walls encased in concre-

to framos
1
wall s with concrete tie columns and interiorly rein-

forced walls were included in this study.Strength,stiffness,mo-

des of failure and postcr-ackinq behaviour of the walls were dis' 
(,..., \ ' 

c us sed. Urn e m ur a eta l. \ (, pOI' for me d a s e r i 8 S' 0 f t est son P 1 a in 

rick 1113115 of one QU3rter size model \,!Jith cement Inortar and 

lime fnortar,with and llJithout frames. The PJrpose of these tests 
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were to ob8e~v the behaviour of plain brick walls und r the BC-

tion of a co. bination of lat ral and vertical foroes.An analyti-

cal aoproach to the behaviour of masonry as deep beams was mads 

by Page(3).rn his study Page used the Finite element m~thod to 

predict the cracking Datterns of mortar 'oints in brick masonry 

deep beams,where he considered the nonlinear mortar joint defor-

mation characteristics also.He made USB of a failure criterion 

for joint elements,which he dev~10p8d as a result of tests per-

for.~cd on masonry panels. stress-strain curves of mortar joints, 

~gBin resulting froro testsfwere presented also.Effect~ of infill 

panels on overall seismic re ponse ~f structures were investiga-

t J b D " (20) ~1 t ' l (B) . t.h· t' eo Y owrlCI<. i: ayes e a.. pres8rd.8~J: ~ ,-. el.r s, uoy a 

s urn mar y 0 f wo r k son t h 8 e val ua t ion 0 f the S 8 ism i ~ :1 e s i 9 n sec t ion 

of th~ 1972,1973~1974 and 1976 tUniform Building Codes',and the 

reco~m8nded 'Comprehensive Seismic Design Provisions fot Ouil-

dinas f prepared by the Applied Technology Council. 

1.3 08J£ CT AtJD SCOPE 

T'lis .st(J~.y deals with masonry p.anels encased in reinforced 

concrete frames sub .iected to lateral loading or a' combination of 

lat~ral and vertical loading.The main object of the study is to 

d~velop an analytical model which predicts the type and degree 

of cracking of the masonry panel at various load levels and to 

stu d Y t h B 8 f f e c t 0 f mas 0 n r yin f ill son the '- ~ a \J i Cl IJ r 0 r t h 8 rei n 0-

forced concrete frames. 

An incremental finite element p~ogram modeling 

a J ron lin 8 arb e h a v i 0 ur () f m 0 r tar . 0 i n t s 

b)Tensile splitting in brick~ 



4 

c)Effect of t nsile cracks in reinforced concrete frame 

has he·n develop d.The model allows prog~essive laint failur0 

to occur. 



5 

2. FINITE ELEME~~T FOR1UlATInN 

2.1 INTRODUCTION 

lUith the advances in digital computer·s, the finite element 

- .. thad became 8 very popular technique in handling complicated 

engineering problems.By this method,a continuum is discrstized 

and problems can generally be solved readily even for very com­

plicated boundry conditions.In this chapter,after a general for­

mulation of the finite element methodJelement details used in th 

structural model are oresented. 

2 • 2 G £ N£ R A L r I p.! I TEE l ErnE ~~ T FOR m lfL 1'.\ T ION 

The str~8s an81ysi~ Of a continuous system can be performs 

by di~cretizi~g the syst6ffl into a gridwork of finite sized,two 

dimansional Biements interconnected at their corners.To avoid 

conceptual difficulties the oroblem is illustrated with a v~ry 

simple example of plane strass analysis of a thin slic5 t shown 

in Fig. 1. 

Fig. 1: Finite Element Discretization of a Plane Stress Region 
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A typical finite element,e,is defined by its nodes i,j,m and 

straight lin boundaries.let the displacements u at any point 

within the element be expressed as a column vector, {u J. {u lean 
be written as a function of the nodal displacements as 

(2.1) 

Here,{d} Tspres nts the nodal displacements for a particular ele­

tn .nt. [N) is the vector of shape functions and has to be so chosen 

.~ to give appropriate nodal disp1acements,when the coordinates 

of the appropriate nodes are inserted in equation (2.1). 

iuith displacements known at all points within the element, 

strains at any point can b~ determined by the relation: 

wh e 1:' e f Ll J is a sui tab 1 eli n ~ a r 0 per a tor • Us in 9 e q ua t ion ( 2 • 1 ) 1 the 

above equation can be expressed as: 

are 

{E}=fGJ{d] 

;G ; =rL~J[N] . ... .... 

(2.2) 

is called the strain matrix 

rOT a plain stress case,strains are defined in terms of 
. (l ) 

displacements by well-known relations J which dsfin [Ll]! 

d/dx 

{f}== 

\ fA] 
In general,ths material within the elemsnt boundaries may 

· be subjected to initial strains due to temperature changes,shrin· 

kags etc •. If such strains are denoted by {EO},then str 858S will 

be caused by th difference between the actual and initial strain: 
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In additiontit is convenient to assume that at the beginning of 
• fe } 

the analys~s tha body is stressed with initi'"'l Gtresses t 0
03· Thus, 

assuming general linear elastic behaviour,the relationship bet-

we~n s:r saes and strains will be of the form: 

wher" ). r 1 

[Dl ::=.-L-I ) 
.J 1 V 2 

- L 0 

..; 
1 
n u 

· th 1 .. . t .. (1) 1.5 Ie e astl.Cl. y mal;rl.X ' r. 

{6 }:[D) ( [C]{d}- {EO} )+{60} 

[S]{d}- (D ){EO}+{GO} 

it} tlJ hie h [S l= r 0 ) [ G J i 8 C a 11 edt h ~ s t res sma t r i x • 

(2.3) 

(2.4) 

8 e c a us e the dis pIa c em e n t mod 61 s a r 8 s epa rat ely ass UiTl e d for 

for each element of the continuum with intsrelement compatibility 

maintained to the necessary degree,total potential energy of the 

continuUffitTItCan be thought to be eoual to the sum of th~ potent i-

a1 ener~ies of individual elements: 

The potential energy functional n~ ~f an element is: 

TI~= ~ f if}! {6}dV- [ r {uV {ps} dV + J {uf {pst dS+{dJ1 {P N} 
\.-f~ 1 LJ v----y I 

V U v ill 

U: strair. energy 

ill. work done by external loads 

{P
B
!: bo dy fa rce Vt'.'} eta!' 

f a 1 t di5tribut~d 
t SJ 

{p N J! n ad a 1 for c e 

force vector 

vector 

.. 
( s ur f a C 8 t rae t ion s ) 

Us ing eouations (2 ~ 2) and (2 .. 3) 1fe is obtained as: 
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ITe"" ~ lJct)T[GV[Dj[Gj{d}ctV- ~ J{dV[G]T[Dj{CD}dVt 

. + V~ J {d V [G ]T [GD} ctV- J {d Y [N]T {PS}dV- j {ct V [N]T {ps} ds­

- {d }T {P"N} 

By the principle of minimum pot6ntial energy,of all the 

displacement configurations satisfying kinematic and geometric 

boundary conditions, the configuration which makes the potential 

enorqy minimum satisfies the eouilibrium conditions. For the po -

tential ~nergy to be minimum,its first variation must vanish . 

Thus f 

Ii If" = 0 =~ d ]I [( f (G r [ D J [ G J d V ) {d 1- ~ ( J [G] T d v) [D ]{ co} t 

+ ~( J [Gr dV*O}- J (N JT {P8}dV~ J [N]T {pJcts-[PN} ] 
y S 

Since the variations of the nodal displacements {Sd} are 

arbitrary,the expression in the brackets must vanish. This gives 

the equilibrium equations for the element: 

(2 • 5 ) 

with 

Her [k] is called the stiffness matrix of the element. 
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The next step is to form the system stiffness matrix [KJ 

and system lQ~d vector {P}.An efficient way of doing this is the 

code number techniQue(lO).Thus equilibrium equations for the 

system takes the form: 

(2.6) 

where {d}SYS is vector of system nodal displacements~ 

After solving equation (2.6) for {d} ,displacements for 
s ys 

each element can be obtain d from {d} ,and stresses in each 
sys 

element can be calculated using equation (2.4): 

2.3 STRUCTURAL mODEL 

The system under consideration is a brick masonry pan~l 

encased in a reinforced concrete frame. The inplane behaviour of 

masonry is modeled using an elastic continuum of plane stress 

brick elements with superimposed linkaqe elements simulating the 

mortar joints.ror reinforced concrete frame,again plane stress 

elements are used takinq into consideration the nonhomog~niuty 

caused by the reinforcing steel bars. 

2.4 ELEm£NT DETAILS 

2.4.1 JOINT ELEmENTS 

In modeling the mortar jQint elements between brick e1e-

ments,a one dimensional element capable of undergoing relative 

displac ments is used. This element type was developed by Goodma 

et ale (2)in their study of rock-joints,but it has been adopted 
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(3 ) 
to masonry also .Element geometry in local coordinate system 

is shown 
d4 

>t I /2L--~~...I...l /..r-2 __ ~,f _ 

X 
(}\ 

rig.2. Joint Elt:!ment (After Page ') 

Since the joint elements are extremely thin,pa~rs of nodes 

(1,2) and (3,4) in Fig.2 are specified by the sarna coordinates. 

Thus as far as geometry is concerned the thickness of the element 

is zero. However,s thickness t is used in computing joint element 
m 

.:-;:- :.Jper ties. 

It is assumed that normal and shear displacements along the 

element vary linearly,and that the one dim~nsional element has 

z~ro thickness,as mentioned above.Since the joint element can de-

form only in normal and shear directions,the relative displace­

ment vector {ill} at any point along the joint is given by: 

f 
top bottom} ill -UJ 
S S 

fllJ 1::: .1-
~ 1 1 l,on bottom w t: UJ 

n n 

(2.7) 

Subscripts sand n denote shear and normal (x and y),respective-

ly.lf the vector of forces per unit length of joint element is 

:. ~. can b 8 8 X pre sse din t e r m S 0 f the e 1 8 men t r 8 1 at i v 8 dis p 1 ace ~ 8 n t s 

where [k
u

) is a diagonal material property matrix expressing 

'oint stiffness per unit length in shear and normal directions: 
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r 1 rks OlJ' l k 1::::1 
vl 10k 

L n 
For the shear dir e ction,substitutinq 

t 

A=T"L and L=t 

<" Ot t 

repr s nts wall thickness) 

Pt 
into the formula a-'-- AG 

solving for P 

k is found as 
s 

Simi.larlYt for 

b:::: m 
r·L-G 

the normal 

k is determinsd 8S 
n 

m 
(where T 

C and E ,~ ~ instantan~aus shear and elastic moduli at the parti-

cular shear ~nd n~TMal stress levels and can be determined from 

stress-strain curves for mortar. 

Th~ strain energy of the joint element is 

7f ~ 

. 11= ~ J fill t T {r t d x:;:.-1:. Jf {UJ Jl T rl< )rw l d x ( 2 • 8 ) 
L l.# .. 2 ~ ul* 

- .... -l.tL ~. 1 . t -l;i I \. .. t (::" ~elZ Ive C1SP acem.n s ~J can De expresseo ln erms 01 the The 

n!:J'd a 1 dis p 1 ace men t s through linear displacement formulas 

bottom 11 
ill ;:;\- -

s 2 

top 1 x 1 ~ ) d S Ws ~(- L)d_+(~ + 2 ) L.. 

top 1 ~ )d4 t( ~ ~)d 
Uj =(-- - t 

n 2 L 6 
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Substituting into eQuation (2 .7) 

r top bot tom} [ A 
{tU}=f~op-tU~ottom ""-i- -

ill -ill 0 n n 

where 

This 

with 

A =1- 2x 
L 

eq ua tion 

{w}u[C]{d} 

G =4l: 

, 

can 

0 

-A 

8-1+ 2x L 

be written 

A 0 B 0 

0 A 0 B 

0 

-A 

as 

-8 

0 

A 0 

0 A 

o 1 
-BJ 

Substituting (2.9) into equat~on (2.8) 
Yz. 

1T=4 Jfd}T [G]T [kJ [C]{d}dX 
_L,£ 

d 1 
d 2 

-:J 
d 3 

B 0 -B d
4 

0 8 0 
d

5 
d

6 d7 
dB 

(2 .. 9) 

(2.10) 

Carrying out the triple matrix multiplication yields 

A2 k 0 _A 2 k 0 -ABk 0 ASk 

AS: l s s s s 

0 A
2

k 0 _A 2 k 0 -ASk 0 
n n n n 

-A k 0 A
2

k 0 A8k 0 -ASk 0 
2 s s s s 

0 A~( 0 A2k 0 ASk 0 -ASk 

.{ G 1 T[k u1[c J = 
- r< n n n n 

-A8k 0 ASk 8 2 k 0 8 2. 0 - K 0 
S g S S 

0 -AP,k 0 ARk 0 8
2

k 0 _S2k 
n n n n 

A Bk 0 -ASk 0 _S2k 0 8
2

k 0 
s s s s 

S2k
n 
j 0 ASk 0 -ABk 0 _ 8 2 k 0 

n n n 

.~ 
4 

(2.11) 

In equation (2.11) the only terms varying along the x-direction 

2 2 . 2x 2 2x 2 2x 2x 
( ) (1) (1 - -l')(l+ -L \,-s reA ,8 and A 8, t hat i 8, 1 -L ' , + Lan d 

There are thus three types of integrals to be evaluated: 

~ r ' 2 X) 2 dx 4 L J (1- l ~3 

-Lft. 
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2x\ (1 2x) d - 2 l -} + - x--L L 3 

Substituting the resulting integrals inmequation (2.10) and ta-

king respective derivatives of U with respect to d . , iO! n t element 
1 ~ 

stiffness matrix [ k] is obtained: 

r- -,. 

I 2k 0 -2k 0 -k 0 k 0 I 
s s s S I 

0 2k 0 -2k a -k 0 k ! 
n n n n 

-2k 0 2k 0 k 0 -k 0 
s S 3 S 

0 -2k 0 2k a k 0 -k .-1:. [kJ = n - . n n n 

-k 0 k 0 2k 0 -2k 0 
6 

s s s s 

0 -k 0 k 0 2k 0 -2k 
n n n n 

k 0 -k 0 -2k 0 2k 0 
s S 8 S 

0 k 0 -k 0 -2k a 2k 
n n n n 

For horizontal joint elements local coordinates (x,y) and 

global coordinates (X,V) coincide.Howav r;to obtain the stiffnes 

matrix of vertical joint elements in global coordinates a trans-

formation from local to global coordinates is necessary. The tran 

m;.;trix [TJ is 

r cos 6 
r tJ= I 

l-sine 

"'l' 0 [t J= -1 

qenerated as folloUFS: 

sin~ 

cos~ 

where ~J is a matrix of direction cosines. 
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(TJ has the form: 

., 
o o o 

o o o 

o o o 

o o o 

and the stiffness matrix in global coordinates is obtained a c:: • «J • 

[k) X Y ::: [T ] T [k ] x y [T ] 
The tr i pI,e matrix multiplication gives: 

2k 0 -2k 0 -k 0 k 0 
n n n n 

0 2k 0 -2k a -k 0 ks 
8 S s 

-2k 0 2k 0 k a -k 0 
n n n n 

[k ]xy== 
1 a -2k 0 2k 0 k 0 -k L s s s S e_ 

-k 0 k 0 2k 0 -2k 0 
6 

n n n n 

0 -k 0 k 0 2k 0 -2k 
s s s s 

k Q -k 0 -2k 0 2k 0 
n n n n 

0 k 0 -k 0 -2k 0 2k 
s s s s 

In horizontal joint elements,element displacements in glo 

b~it and member axes are identical,but in vertical joint element 

a transformation has to be applied to obtain element displacem~1 

in m8mb~r axes, after tha system of equations (2.6) are solved 

and element displacements are obtained in global axes. Tho trans 

formation is dons by using the matrix [rJ again: 
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This process is 
y 

illustrated in Fig.3~ 
dB 

d d d 
7 

y 
• Lx 

==[T] 

xy 

r 
d2XY 

-d1XY 
d 4XY 

-d 3XY d6XY 
-d 5XY d SXY 
-d 

XY 7 XY 

Fig.3. Coordinate Transformation For Joint Element 

The element displacements are then used to calculate the 

stresses in the jolnt elements. Stresses arc calculated at the 

middle of the joint elements,i.e. at x=O,as follows: 

Since A~8=l at the middle of the element: 

r d1 

h}~~r~s :] [-~ 0 1 0 1 0 -1 °l~~~ 1 ~T , b ! lO -1 0 1 0 1 0 
-1 ld 6 

~7 
d S 

~. 2 
~ ... REINFORCED CONCRETE ELEmENTS 

A rectangular element developed by Colville and Abbasi(S) 

is used for modeling reinforced concrete.Linear edge displace-

ments are assumed and non-dim nsional coordinates are used in th 

derivation of element properties. This type of an element is showr 
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r . 

Since the stresses are not constant over the element ar~a, 

the element is divided into 9 subregions and stresses are compu-

ted at the at the centroids of these subregions . 

Stiffness matrix of the reinforced concrete element, [k 1 . c, sJ 

must be computed as the sum of stiffnesses of steel and concrete 

components. Considering concrete as a linearly elastic,isot~opic 

and ho I,ogenious material, 

[kJ = J fC]T [DcH G ]dV=T J [r;]T [oJ [G JdA 
Explicit Form of [kc] is given in Apoendix 1. 

(2.13) 

[k~ l=Jrc JT(15J [G ]dVs 
uti th 'lis 

m: number of reinforcing steel bars in the element 

o elasticity matrix of steel 
s 

o elasticity matrix of concrete 
c 

Thus [kg] is obtain e d by taking the line int gral over th 

volume of steel contain~d in the element: 



where 

r 11 us t rat i n 9 the procedure 

r-~ 0 ---0- 0 
a 

0 
1- ~ [G]= : _l~f 

b 

l_l-f -l::Il l:1 _ .'L 
b a b a 

with 

and V ==A 1 s s s 

17 

o 

A :steel 
s 

area 

for hil with 

-2l- .0 
a 

0 -~-
b 

~ _fl __ 
--l.-

b a 

Dsll 

Dl1 = -2-
a 

I-a 
a 

0 

_...1. 
b 

0 

_ --.L 
b 

l.=-Q 
a 

1 :st8el length 
s 



18 

E a chi t e m a f [k 9 J is in the for m V s ( 1[+ ~+ 'fill ) , and the ex pre s -

. f I 1/ d /I( • • A d' 510ns or ~,~ an ~ are Qlven In . ppen lX 2. 

R peating the orocedure for evaluating [k s 1 for each rein­

forcing bar in the element, [k 1 is obtained using equation (2.13 
c,s 

2.4 .. 3 RICK E L E m [ NT S 

Rricks are modeled using conventional eight - parameter rec-

tangular plane stress elements with isotropic and elastic proper-

ties shown in Fiq.5. 

The strain matrix [eJ and the stiffness matrix [k] are gi -

V~n in explicit form in Apoendix , 
J.. • 

<\ 31\ d<,. 

t d d s 
® ® 

I 
)( ~ 

~ ~a fl- b 
b 

I ~ b 
IX-;=: - ~= 'i" 

dh 
~ 

i d 
@) \ 

l.. 

d~ -~lf 'X: de 
0. 

Fig .. 5. Pr ick Element 
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3 • E SSE NT I A LAS PEe T S 0 r s n L L'T InN PRO CEO UR E 

3.1 INTRODUCTION 

Nonlinearities in ~aterial behaviour and local failures 

necessitate a nonlinear analysis procedure.Thsrefore an incremen 

tal step-iteration m~thod and failure criteria for joint, brick 

ane reinforced concrete elements are adopted.These features are 

oresented in thIs chapter.The finite element model of the struc-

ture is illustrated also. 

3 • 2 r A I L UR E CR IT E R I A 

.3 • 2 • 1 r ~ I L UR E C R I T E RIO N r 0 R ] 0 I N TEL E mE f\J T S 

Failure criterion simulating joint failure characteristics 

under various types of stress combinations has been derived by 

Paoe(3).This type of criterion is given in Fig.6.It has be n ob-

tained by plotting the test results in terms of ultimate shear 

and ultimate normal stresses.Two linear best fit curves have be 

used for simplicity in the compressive stress reqion.The change 

in slope corresponqs to a change in the failure modes from pure 

bond failure to a combined joint-brick failure. 
/ 
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2 Reqion 3 

compression n4 ult. normal s ress-psi 

Fig.6. Failure Criterion for Joint Elements(After Page(3)) 

The relations adopted for the criterion are: 

fi ~q ion 1 t :;:-0.666" -29 u nu 

Region 2 ?: =-0 .. 87 f:) -29 
u nu 

Reqion 3 (~-O.llb - 277 
u nu 

liJh e n us e din the a n a 1 y tic a 1 mod e 1 , t his c r i t e I' ion allows pro 9 res -

sive joint failure to occur.If the failure criterion is violate 

for a joint element,element prooerties are modified and the pro 

lem solved sQBin.The residual properties allocated depend upon 

the stress state present. IF the criterion of Reqion 1 is violat 

t~nstle bond failure is assumed to occur, and no residual capaci~ 

i s ass i 9 n e Q tot hat e 1 e men t ( E "" G :: 0 ) . Iff ail ur e 0 c c UI' sun d era C 

h L nat ion n f c. 0 i(j 0 res s i v a and she a r s t res s ( Reg ion s 2 and 3) a 

shear bond failure is simulated . The stiffness of the joint elem 

in the normal direction is assumed to remain unchanged,and 

cad shear stiffn~ss is allocated depending upon the magnitude 0 

compressive st.r 58 present . l!Jh~n the normal stress is high, some 

frictional shear capacity remains in thft joint after failure, 

which will diminish as the compressive stress on the joint deer 

ses. onsequentl y for loU! 't / G' r<1tios (Ragion 3), a cons tent ro­
u u 

sidual value for shear modulus r, of 3630 psi is allocated . For 
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hiqh 1: IoU ratios (Reoion 2) to shear modulus value varying from 

3 G 3 0 0 s i lIlb en b ::: 3 34 0 S i 1 t 0 Z r 0 for t h 8 con d i ti on 0 f pur 8 she a:' nu 

is used. 

3.2.2 FATLURF CRITERIO~ FOR REINF~RCED cnNCRETE ELEMENTS 

In order to consider the effects of tension cracks in rein-

forced concrete elements,it is necessary to establish a criterion 

fo r th e occurance of tension cracks. According to the criterion 

vs~d by 7 ' i' . (6) d' k t . . 1 . h' h ~lenKleWlCZ reqar lng roc ype materla s c:no U! .le 

can be employed for concr~te . also,crack in an element occur per-

~~ndicular to the principal directions of the stress tensor,when 
./ 

the value of the principal stress exceeds the uniaxial tensile 

strenqth,6L ,of concrete.Procedure is as follows: 
l..C 

r Gx 1 
\ b y Ii s c} := [ D cJ [ G ]{ d } 

l t:x yJ 
Principal stress vector {Sep} is computed as! 

8,anqle defining the plane of the maximum or minimum normal str~ 

is given by~ 

2T. 
xy 

tan28 (5' -G' ) 
\ x Y 

In order to find which one of the principal stresses act on the 



27. 

plane defined by 8,8 is substituted into the equation 

I b -6" S -b" 
b:::X Y+ x Y 2 2 cos28 ~ L sin28 

xy 

I 

If b=b1 ,then b1 acts on the plane defined by 8,but 
I 

if b:b
2 

,then 6
1 

acts on the plane defined by 8+90° 

Arter Finding 8,61 and b 2 are compared with allowable tensile 

stress btc : 

I f G"2<b1<b tc 

b2<6 tc<G I 

G tc<b2 < 61 

no tension crack (case 1) 

crackinQ in one -direction (case 2) 

crackinq ln both directions (case 3) 

In case that any crack occurs (case 2 or 3) a pS8udoload vector 

~u~ to this crack has to he evaluated and added to the original 

lo~d vector of the system. 

Case 2: Element subdivision cracks only due to 6 1 and it is as-

surned that no stress is 

tor IS. } has the form c: cp; 

leased stresses. 

t3ken anymore in that direction.So 

S S d~ 11 , {s } rep res 8 n tin 9 the 
l ccpJ-lo J ccp 

vec-

r6-

Case 3: Element subdivision cracks due to both 6 1 and b 2 and it 

In the nExt step 
r 
!~ 
l'"':::cx 

1 - "' 11 S lScd= ccy 

s 
c ex 

\.,. 

:::: 

2 
cos 8 

. 28 g In 

sin8cos8 

. 2 
Sl.n 8 

? 
cos-8 

-sin8cos9 

-2sin8cos8 

2sin8cos8 

28 . 29 cos -Sln· 

These stresses are treat~d as a case of initial stresses at the 

next iteration. Thus from equation (2.5) th unbalanced forcBs at 

nod,", 8 ad .. ace n t tot hat elm e 'I t ( P s e U dolo ads) due toe rae kin gar e 

calculated as: 
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Jpo }-;!:!V[GJT{S Jl l cc I. C c (2.14) 

\liher~ 

pseudoload vector 

v a·b·T volume of Alement subdi / ision,8Qual to 9 

T wall thickness 

3.2.3 F A I l UR E C R I T E RIO N FOR R RICK E l E mEN T 5 

Same principles as derived for reinforced concrete elements 

in chapter 3.2.2 are applicable to brick elements also. 

3 • 3 THE rio I LIN EAR A N A L Y SIS PRO CE D UR E 

Element types qiven in chapter 3.1 are incorporated into 

an incremental finite element program.The procedure used is a 

stap-iteration utilizing a combination of incremental and itera-

tive schemes. The load is apolied incr~ment8lly,but after each 

incr~ment successive iterations are perfor~ed • 

At the . th . . . t 1 
1 Increment,lncremen 8~ 

t h a eo Ue t ion 0 f' the s y s t em 

r K j". 1 {d }.::: {~p} . 
L 1- ;1 1 

(3. 1 ) 

is solved for the system stiffness matrix 

:om the previous increment.Rut because of the nonlinear behavi-

our of 8ort~r joints and probable tension cracks in reinforced 

con c ret e 2' n d b ric k s , the s y s t ,m h~' s not rea c h e dan ~ qui 1 i b r i urn 

und~r {d}i yet, that is the applied force f.6P}i is not complete­

ly equilibrated due to the nonlinearity of mortar joint elements 

and due to the unbalanced forc~s in reinforced concrete and brick 
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elements in case of cracking. 

Regarding mortar joints,stresses in each element are cal-

cu1ated as: 

• according to equation (2.12).Corrected unit joint stiffness mat­

rix [kuJi corresponding to the stress state is obtained. 

The stresses in each reinforced concrete and brick element 

subdivision is calculated as: 

~ .: co r din t 0 ~i'; US t ion (2., 4 ) 

If,aft~r checking for cracks,any tension cracks are detec­

ted,corresponding pSBudoload vector {pqcc} is calculated accor­

ding to eauation (2.14) as! 

(3.2) 

and this element subdivision is not checked for cracks in the 

fol1 wi 9 it-e. ... , tions of this increment. 

7he system stiffness matrix is rea~ranged due to the chan­

ges in [k Ji 's of .joint elements to obtain [KJ i . The equilibrated 

part 0 r {flP} i can be represented as: 

After placinq the pseudoload vectors of individual rein-

forced concrete and brick elements to their corresponding loca-
( , 0 ) . 

tians in the system by means of code number technique 1 ,qua-

t ion (3. 1) can be wr itt e n as the new e qua t ion 0 f til s Y s t em as 

follows: 



25 

(3.4) 

where part I l' presents the unbalanced force vector due to mate-

rial nonlinearities in joint elements and part II represents the 

unbalanced forces du~ to crackinq in reinforced concrete and 

brick elements. 

After the neces~ary arrangm nt of equation (3.4),it takBS 

the form 

which means solving equation (3.1) with corrected system stiff-

ness matrix and considerinq the effects of tension cracks,to 

obtain a new {d}itThiS process continues 

il{d}i,n-{d L,n-l~ 
II {d L, nil 

until 

where 6 is a sufficiently small number Clnd II· If indicates a 

suitable norm of vectors. 

~t this staqe joint elements are checked for cracks and 

r~~j:jvdl stiffnesses are allocated as described in chapter 3.2.1 

and the srocedure upto this point is repeated until no more 

cracks in joint · elements occur.Now the load on the system can 

h~ increased by one more incre~ent .At the beginning of every 

new incre ment ,incre3sed stresses are calculated in already crack-

ed element subdivisions of brick and reinforced concrete elem~nts 

also,due to the incremented load on the system.In following itera 

tion8,howev er Jthes~ element subdivisions shall be skipped,as men-

tioned before . Py this way the aIr ady existing pseudoload vectors 

are corrected accordinq to the increased stress s resulting from 

_______________ ~_ ..... ~AI\ \ ON\\I£RS\lE.Si KU1UPHANES\ 
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the increased load on the system.(for a detailed flowchart of 

the solution procedure see Appendix 3.) 

3.4 FINITE ELEmENT mODEL OF FR~mE WITH MASONRY INFILL 

The system under consideration is brick masonry panel en-

cased in a reinforced concrete frame,finite element subdivision 

of which is shown in Fig.? and Fig.B. 

Iii I I 
~I J I I j 

II I II 
JI Jll I Iii 

Jil It J I 
III II q 10 

JII /1 II J 

Fig.? Finite Element model of Frame-masonry Panel 

1 -

. .".~ 1 
c. t.. r 

l 
r-- '--~'-' ~--~.' 

0 @rd 

- - -
Fig.B. Close-up View of lower Left Corner of Fig.? 

It is assumed that at point A in Fig.8 nodes a,b and c coincide 

and so do' nodes d,e and f at point B,although they are apart by 

finite distance in reality. Consequently nodes of joint element A 
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are a-c-e-d. 

3 . 5 mATERIAL PROPERTIES 

Bricks are assumed isotropic, inherent variability of brick 

proporties and small degree of anisotropy is neglected . Brick and 

reinforced concrete body in equilibrium is elastic only for the 

uncracked Dart of the body,and oerfect bond exists between the 

ste~l and concrete.loints nre assumed to behave nonlinearly and 

,i 0 i n t d e for mat ion char act e r i s tic s un d ern 0 r mal and she a r for c e s 

are obtained from strRss-strain curves derived from tests on ma-

sonry panels (3) d . h . . r ' 9 performed by Paqe ,an Wh1C are glven 1n 19 · 

and riq.lO. 

200 

100 

100 [J 
Strain 10- 5 2000 

r i q . 9. it - t Cur v e 0 f rf\ 0 r tar (i n S. ~ a r D i r ~ c t ion ) 

800 L 
Iw 

0.. 
I 

600 U) 
U1 

400 

400 1600 8 no l2J~5J 
Strain 10 

Fiq.10. h - L,. Curve of mortar (in 'ormal Direction) 



28 

4. APPLICATIONS AND RESULTS 

4. 1 I TROf)UCTION 

The structure used i n sho Ul n in Fig.ll. 
"tt---+-r-------=------=---------_--=---:--1

1 
--=--"""'t t 

the applications i s 

~J/ 

+----1--- ---- r--t 1 
I I I._~IIL-------...Jl( I-------Jl [~---Il 
I I 01 II \I 10 I I 
I f~::::-;:::=::.-=l [-::::=:-::~=-=1 {::::::::=:-;===::..=:1 {::::::::::-;::~I I I 25. I}' 

I IDI
1r 

It J( ]Olt I"t l 
t I I r 11 lr 1 I 

T I t:==:::-:::::::::::.I~I ::::::::-;:::==~l l::=::::::;;:~J~r ==::;-;:::::!J I 1 I 

, I~I~[J==I~=I=[~~)=(~=ID~I--~JI 1 ~ I I I [ II Jr 1, 
LI a ll T_ 

35 ------------~>~~- ~ ~ 
H .9 -k~-----

'5 e c t ion A - A 

It 1 All II II II III 1\ 

8 in 
2 reinforcement in frame - , 

L it -3.0' [ Or ick 
9// 

rig ~ 11 . C8neral View of Frame Encased nasonry Panel 

The values of some ~aterial constants used in the 3~alysfs 

ar ~ nS follows : 

rod u 1 us 0 f e 1 a s tic i t Y 0 f s tee 1 29 800 000 psi 

modulus of elasticity of concrete 3 500 000 psi 

oudulus of elesticity of mortar 292 100 psi 
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mod u1 us of e1Flsticity of br ick 650 000 psi 

Shear modulus of mortar 128 000 psi 

Poisson ratio of concrete 0.20 

Poisson ratio of brick 0.17 

Allowable tensile str es s of b . k(8,9) 
rlC : 55 ps i 

Allowable tensil stress of concrete 650 psi 

Poisson ratio of stF!el 0017 

The incremental Finite element program isapplied to the 

s .ructure oiven in rig.ll.Py doing this,failure criterion of 

P4ge(3) and two modifications of it were used for mortar joint 

e m n t S toe' tt. u} ate the i r c r a c kin 9 pat t ern. The rea f t e I' , us in 9 

f~ilure criterion of Paqe,the structure is analysed for inves-

tiqating the effect of 

a) vertical loading 

b) an increase of mortar jo~nt elastic and shear moduli 

(E and C) by 50'% 

Finally the frame is analysed without the infill oane1 1 in order 

to investiqate the effect of infill panel on the frame . 

4.2 A~ALYS'S WJ1H T~REE TYPES or FA.ILUR£ CRITERIA 

.. r, 1 
... • L • 1. rAT L UP E r:R r T ERr 0 N T Y P:: I ( Aft e r P age) 

The criterion illustr~ted in Fig~6 is used and th structure 

is load d horizontally upto 10000 Ib in ten increments.Resulting 

cracking oattern is illustrat d in Fig.12. 
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% '1 % ~ ti::l -10000 110 

% ~ 
I 
I , 
I 
I 

I 
! 

riq~12.r.rack Pattern According to Failure Criterion Type I . 

4 . 2 . 2 -AllURE CRITEPION TYPE II 

Failure criterion illustrated in Fig .l 3 is used . 

\" 
I 

iio.13 . failure Crit~rion Type II . 

adonted For this criterion are: 

Peqion 1: L ;;-1 . 06" - 42 
u nu 

Peqion 2 : C ==-0.836' -42 u nu 

Reqion 3~ 't =-O.llb -277 
u nu 

'<!h~ :" l used in the analytical model this criterion yields the 

crack pattern illustrated in Fiq:14.The structure is again 10-

a cL d ttl i t h 1 0 0 n 0 1 b h 0 r i Z 0 n tally i n ten inc rem e n t s • 
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~. ~~-----------------------------, 
t1'i 
~ 

H- 40000 • 

Fig.14. Crack Pattern Accordin~ to Failure Criterion Type II 

FAILURE CRITERION TYPE III 

Failure criterion illustrated in Fig.l5 is used. 

Fig.15. Failure Criterion Type III 

The relations adopted for the model are: 

Region 1: 'tu -1.446 -42 nu 

Region 2: 't'=-O.836 -42 u nu 

Region 3: t' :;-0.116 -277 u nu 

IlJhen used in the analytical model this criterion yields the 

crack pattern illustrated in Fig.16.The structure is again 

loaded with 10 000 Ib horizontally in ten increments. 
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~ -1 __ ------------------------, 

~ 
t1i 

M-40ooo .. 

T~n~,()r\ c.n:.c.k.. 

~~ or c.n:..c:.k 

Fig.l6.Crack Pattern According to failure Criterion Type III. 

4.3 EFFECT OF VERTICAL lnADING 

The structure is loaded vertically ~ith 4550 lb in addition 

to the horizontal load of 10 000 lb,again at ten increments and 

usinq failure criterion type I.Resulting crack pattern is shown 

in Fig.l? in comparison with crack pattern of only horizontal 

loading. 

-
4.4 EFFECT OF AN INCREASE IN ELASTIC AND SHEAR mODULI OF mORTAR 

In order to find out to which extent a variation in joint 

d~formation characteristics (E and G) effects the behaviour of 

the masonry infill panel,elasti9 and shear moduli of mortar joint 

elements are increased by 50~.Resulting crack pattern of the 

structure is illustrated in Fig.l? in comparison with crack pat- . 

tern of the structure with original joint deformation character-

istics.A horizontal load of 10 000 Ib is applied 

4.5 ANALYSIS OF THE FRAmE WITHOUT INFILL PANEL 



Fig.l7.Effect of Variation in Loading Condition and material Properties of mortar 

Vertical Compression Ori q inal C ,ase , -
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H-7000 lb Vs:3185 Ib H/3 H-40001b 
H/3 
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H/3 
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H/3~ ____________________ ~ 
H~ 

HI 
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H/3 

~ 
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In drder to investigate the effect of masonry infill pa-

nel on the beha~iour of reinforced concrete frame,the frame 
I 

without the infill pan~l i.s loaded horizontally at 10 000 Ib as 

shown in Fig.18,with tension cracks ir reinforced concrete mar-

ked also. 

. ~=::r--H~~OOOO\'" 
~--1 r---.-----------------~ 

I 

} Fig. lB. Analysis without the Infill Panel 

4.6 LOAD DEFLECTION CURVES 

Fc;.a~~ cr,k."';on +:1~ :n:. 
~ 

rig.19~Load Deflection Curves 



5. DISCUSSION AND CONClD~ION5 

In this study an incremental finite element program was 

prepared for analysing reinforced concrete frame encased masonry 

panels and this program is applied to a one-storey,one-bay frame 

under co~binations of horizontal and vertical loading. 

Fig.l~ shows that lateral stiffness of reinforced concrete 

frames is increased by a great amount,if the effect of the infil 

is incorporated into the calculations. Comparing Fig.l? and fig.l 

it can be seen that the extent of tension cracks in reinforced 

concrete columns is red"ced,so that in the analysis with the in­

fill considered also,in the frame no more tension cracks appear, 

due to the stiffening of the structure. 

Energy absorbtion caoacity is increased also,whBn the in­

fill is tRken into account.As a result of this fact the areas 

under H-o curves of - frames with infill in Fig.l9 are greater 

than that of the empty frame. 

Load deflection curve of the empty frame is linear until 

first cracks appear at load level 8 000 lb. After this load level. 

nonlinearity of the curv~ become~ easily visible.Although it is 

~ardly visible in Fig.l9,load deflection curves of frames with 

infill are from the beginninq on nonlinear due to the nonlinear 

behaviour of mortar joints.This nonlinearity becomes asily vi­

sible as cracking in the mortar ioints increase with the increa-
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sinq load on the system. 

Presence of vertical loading increases the lateral stiff­

ness Of the structure furthermore,as the cracking in mortar 

joints are reduced (Fig.l7).This reduction in cracks is obvious, 

because under vertical compression a horizontal joint alement 

--n~eds-greater stress ~vEflu~ orde-r to fail;This deletion of 

cracking increases the lateral stiffness of the structure. 

As to be expected,an increase in material properties of 

mortar joints cause mor~ joint elements to fail,in both tension 

and shear. 

The computer program used demands a size of 97 K,for the 

problem in chapters 4.2,4.3 and 4.4,which is a fairly large size 

and is a conseQuence of assigning three joints at each node of 

the infill panel. For the same problem the execution time is ap­

proximately 30 minutes,a long but inevitable execution time due 

to the ~any successive iterations.The size of the problem could 

he reduced considerably by making use of symmetry of the struc­

ture,iF loading were symmetrical also. (e.g. only vertical load-

inq).But in this case,where loading is 8ntisym~etrical,such an 

aoolication would be very complicated if not impossible. 

The conclusions which can be derived are as Follows: 

1. Masonry inFills increase overall stiffness of the structure 

considf!rably. 

2. (nergy absorbtion capacity is increased also. 

3. Infill panels carry considerable portion of shear force. 

4. Application of the computer progra~ to a Frame and tnFill wit 

larger dimensions would not be practical and also not feasible. 

5. Results lead to the conclusion that infills should be incor-
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porated in the analysis and design of framed structuree,if eco­

nomy is desired.In case that the in fill panel happens to fail in 

the analysis,this failed panel should be deleted and the ana­

lysis - repeated. 

-0-
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APPENDIX 1 

RECTANGULAR PLANE STRESS ELEMENT 

Explicit forms of strain matrix [GJ and stiffness matrix 

[kJ for an eight par arneter plane stress element in dimension-

less coordinates: ~/1 
Ceo 

d4- 6~ d5 
+ 

~ (§ 
I 

b J d~ I cl. 
(1) { ... X,t ~d\ 

d
f -;t----- - ~ c:t- K 

.... r -.L:!l -...il- -1 ~ 1 0 0 0 0 a a a 

[c J ::: a l::f 0 l:i a F 
0 _.1.. - b b -b-

b 

1 
I-f ~ .l::1 - ...LL.. ..l -.if-- _.-1. --l::4 --b - b b a b a b a &... ...... 
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APPENDIX 2 

STIFFNESS CoE FFI CIENT CONTR 18 UT IONS FRom REINFORCING BARS 

OF R. c. ELEmENTS 

",I If" 
'fIN 

kll C1
PI-C2

P 2 -T -T 
2 4 RI 

k12 C3
P5 -T 6-T

8 H2 

k13 C1 P3·- C2 P2 
T

4
-T 17 

-R1 

k14 -C
4

P
S

-C
S

P
7 

T
8

-T14 
-R 2 

k lS - C1 P3 - C2 P 4 T 7-T R 
1 18 1 

k16 -C4
P6- CSP7 -T

14
-T15 R2 

k 17 -C
1

P1 -C2
P4 T

2
-T18 

-R 
1 

k18 C
4

P6-CSP
5 

T6-T1S 
-R 2 

k22 C6 P2 -C7
Pl -T10-T

I2 R3 

k23 C
4 

P
7

- C
5 

P5 
T8 -T13 

-R 2 

k24 - C6 P2- C7 P3 T10-T20 -R 3 

k25 -C
4

P7 -C
S

P6 
T13 -T 16 R2 

k26 -C 6 P4- C7 P3 -T 19-T20 R3 
-

k27 -C
4

P S-CSP
6 

T6-T 16 
-R 2 

k2R C6 P
4

-r:
7

P1 
T12-T

19 
-R 3 

k33 C1 P9 -C 2
P2 T1-T 4 Rl 

k ._ , -C3 P7 TS-Ts R2 .:> >I.~ 

k3S - C1 Pg - C2 P 4 -T 1-T 1S 
-R 1 

k36 -C
4

P
S

-C
S

P
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-T s -T15 -R 2 

k37 -C1 P3-C 2 P 4 T17-T 18 R1 
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k44 C
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P
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7

P
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-T10 -Tn R3 

k
45 C

4
P

7
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s
P

a 
-T 5-T16 -R 2 

k46 C6 P 4 - C7 Pg -T11-T I9 -R3 



k48 

k55 

k56 

k57 

k58 

k66 

. k67 

K68 

k77 

k78 

kS8 

C4
P5- C5 P8 

-C6 P 4 -C7 P3 

CIP9-C2PIO 

C3 Pa 
1;1 P3 -C2 PIO 

-C4 PS-C5 P6 

C6P10-C7P9 

C4P6-C5P8 

- C6 P10-C7 P3 

C1 P1 -C2
PIO 

-C3
P6 

C6 P10- C7 P1 

Dl1 
C1=--Z 

a 

D12 
C =-

4 ab 

D 
c =-11.. 

5 ab 
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-T19-T20 

T1-T3 

TS-T7 

-T3-T17 

-T7 -T 13 

Tg -T11 

-T7-T14 

-Tg -T 20 

-T2-T3 

-T6-T7 

Tg -T12 

v = A L 
s s s 

-2 
P1= ~ 

P =¥2 
2 

P3= ~rtl 

p 4;;: ~ fl 

P5= 1~ 

P6= 1 ~l 
P?= f)1 f 
Ps= 11 f 1 

2 
Pg= 11 

PIO: ~i 

(C 5 2 _ C C2 ) L 2 

R - 1 2 s 
1- 3 

C3 S CL; 
R2= 3 

(c C2 _ C 52 ) L 2 

R - 6 ? s 
3- 3 
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RI 

R2 
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R3 

-R2 
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T 12= C7~SLs 

T1f" C(C41rC51)Le 

T _ c(c4n-C n )L 
l~ I 5 \1 s 

2 

T 1-== S (C 4 h -c5f) L 
:; 2 s 

T _ 5 (C4 f -C f )L 
Ib 2 5 1 s 
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A P PEN D I X :; • FLO If} C H ART 0 F PRO CED URE 

AJSTIF' 
r.enerates joint 
element stiff­
ness coeff .. 

Reads in loading 
type,material pro­
perties,atructure 
geometr 

AJBAND 
Gene rat es code 

numbers 

ABSTI r 
Generates brick 
e 1 e me n t 9 't: iff­
ness coe ff (j 

AGENER 
Generates system 
stiffness matrix 
and load vectors 

Gaussian elimi-

A CST I r 
Generates R. C. 
element stiff .. £ 

ness coeff. 

AGSEL ] 

nation 
~--

AlONST 
stresses in 
joints,corec­
tion of E,G 

t"'r'--A-P-R-'-I-S -r ---:"'I A CO N ST. ;] 

stresses in stresses l~n R.C. 
bricks,pseu- pseudoload vec- I 
doload vectors tors -------- --

-----~ 

yes J 
------~-----------
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Crack check, 
allocation of 
residual pro­
perties 
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THESIS*AMEF(t>.AMEF 
.. 1 - . HEAL JL;KS'KN,KSIt,KSt?,NU1 ,NU?,KST8I\R,NURI\R 

2 0 I MEN S ION U E F ( n 0 0 ) , C; M ( 36) , t\J con F ( R ) , L L ( 6 0 0 ) , EO E P ( 60 n ) , S 't' ? 6 0 0 0 ) 
3 ' 0oIIMENSION ~Klr(tl0,q),JON(~O)'rTntR(30)'~AG(30),pnCC(R) 
4 . MENSION uOX(600),~OY(600),NOJf(50b'4),TETA(5nO) 
5 DI~~ENSION A(SOO) ,R(')OO) ,SJ(2,A' ,SRC3,B) ,ITTP(SOQ) 
6 DIMENSION ~KIP1(250)'GJJ(2~O),FJJ(?50),PRTNST(t?,tO) 
7 ' [CJIMENSION ~TRESS(2'iO~. 2) ,TI\U!NC"50) ,StGTN(250) ,EDEFCR) 
8 O~MON STRL SS,T~UIN,SIGIN'ITER'SIG~L8,PR'INST'LY 
g COflAtJON VUS' VlJA, JOX, JOy, NonF, TET A, JL, Jf1I\Nn, 1\ , R, LJR, ~ .IJn, ~R, KS I 

10 CO~MON N'J,X,SJ,KS,KN'SIG~L;ITIP,SKTP1,GJJ,FJJ,DELTn,IcH 
11 COMMON MSS'TJ,EDEP,SKIP,MJ,JON,IDIR,MAG,pnCC,NJ,TH,ME,tC,ES,FP,Vur. 
12 CO~~ON N,M~'INT'IINT,NC,~EC,MEJ,GJ,FJ,SM,NrOOE'LL,S,NLuAO,MAXS,MER 
13 LOC(II'J)=T.~ .. I*~S-II*(TI-l)/?-(MS-J) 
t4 DEFINE FIL~ to(600,~n'V'LV) 

5 DEFINE FTLr- ?Q<tl0,R,V,LY) 
16' C MAIN PROGRAM 
17 C FILE 10 STORtS ELEMfNT STIFFNESS COEFF. AND conF NLJMRERC; 
1B C FILE 29 STORt.S PSEunOLoAO VFCTORS FOR R. r. • . F' _ E~ENTS ' . 
lq C X: ~OINT OF JOTNT ELEMENTS WHERE STR~SC;ES ARF CI\LCUL~TED 
20 C MAXS: CAPArTly OF SYSTE ~ f:QlJATIOf\!S MI\TRIX 

1 C lINT: INCREM~NT 
22 r ~ss: SIZE OF ONE nlMfNSIONAL ELEvENT STIFFNESS ~ATRIX 
23 C NLOAD: NO. o~ LOADING CAC;ES 
24 C JOAND: HALFR~NDwtnTH OF ,S, 
25 C NC: NO. OF CUR~JF.RS 
~6 r PQCC~ .• PSEUOOlOI\OVECTon FORR.C. ~LE~~NTS 
27 C NC~Dr: CODE NUMAERS 
~8 C N: NO. OF UNKNOWNS 
?g C TAUIN: CUMULATIVE SHEAR STREC;S If\! JOTNT [LE~FNTS 
30 C SIGIN: CUMULI'\TTVE NORMAL STRr:-SS TN JOINT ELF~FNTC; ... 

1 C SKIP: IF ,0, .ENTER THE SUBRfGION IN rONSTDFRATION nF p.r· ELF~FNTS F 
32 C OR CRACK CHECK 
33 C SKI P 1:VARIAHLF nETEPMINING wHFTHER TO E~ITER A JOINT ~OR STRFSC; rALC 
~4 C ULATIONS OR ~OR CRAr.K CHECK ' 
~5 C ITIP: TYPE o~ r::LErJ.ENT(l:JOINT,?:qRtCK,~:R.C.) 
36 C EnEP: CUMULA'IVE DISPL!\CEMENTS Of. THE SYSTF~ 
37 X=o 
38 MAX~=26000 
~g IINT=1 
40 MSS=36 
41 MS=a 
u2 NLOAO=l 
43 JB~NO=O 
44 NC=4 
45 00 40 I=l, R 
46 40 PQCC<I):O. 
47 00 50 LE=t'110 



48 . 50 ~~I 'TE(29'L~)(PQCC(I)'I=t'A) 
49 LL ADATR·· 
50 DO 8 I=l,Mt.J 
51 TAUIN(I)=O. 
52 SIGIN(I)=O· 
53 8 SKYP1CI)=O. 
54 DO 10 I=l,MEC 
55 DO 20 L=t,Q 
56 ?O SKrPCI,L):U. 
57 10 CONT~NUE 
~8 00 8 . 0 t=l'ME 
59 LD=! 
60 · CALL AJRI\N1J(I) 
61 GO TO (A01'802,80~) ITIP(T) 
f)2 801 CALL AJSTI~(I) 
63 GO TO 81)0 
64 802 CALL ABSTI~(I) 
65 GO TO 8t10 
f)6 803 CALL ACSTr~(y) 
67 AOO I.NRITE (10,L l) (S~(K) ,K=1' '''''SSl , (NCOnECM) , M=l , tJ:S ) 
68 00 ~3 J=.1.,N . 
f)9 23 EOF (J)=O. 
70 ?2 PHtNT 600,IINT 
~1 600 FOR~I\T(/40X'10HINCREMENT '12/) 

2 24 DO 25 J=t,N 
73 25 DEF(J)=O. 

4 27 ITFR=1 
'75 28 OEPNOR=O. 
76 OONOR=O. 
'77 LX=O 

8 PR~NT 6t)O,JTFR 
9 650 FO ~I\T(40X'1nHITERASYON ,1 2 ) 

80 CALL AGEt--IE 
01 CI\LL AGSEL 
82 00 30 J=t,N 
83 K=LL(~+l)+J 
84 DEr=S K) 
~5 OO=DEP-OEF<J) 
86 OEPNOR=OFPNoR+n~p*nEP 
87 OONOR=DnNO~+nD*nn 
88 30 DEF(J)=Orp 
A9 ' OEPNOR=S0R' (DEPNOR) 
gO DDNOR=SQRT(DDNOR} 
91 ONORM=OD~JO~< InFPNOR 
92 PRtNT 1,DNuRfv1 
93 1 FORMAT(40X'F6.4/) 
94 DO 900 t = 1 ' ~-1E 
95 GO TO (501'502,503) ITlr(T) 



~9 501 Ei~~ !~d2~ffl) 
g8 GO TO 900 . 
qg 502 CALL ABRIS' (T) 
00 GO TO 900 ' 

101 503 CALL ACONS 'l (T) 
1"2 900 CONTINUE 
1n3 ITER=ITER+l 
104 IF(ITEH.EQ·15) GO TO 1001 
In5 IF(ONORM.G'.OELTA) GO TO 28 
106 ICR=O . 
iD7 00 1000 I=l,ME 
ln8 GO , TO (504'('i05,506) ITIP(l) 
Inq 504 CALL ASJONI) 
110 CALL AJCRAC(!) 
111 GO TO 1000 
112 SOC; CONTINUF 
113 GO TO 1000 
114 506 CONTTNUE 
115 1000 CONTINUE 
116 IF(ICR.E~.l) GO TO 2A 
117 DO 169 J=l'N 
1 tA 169 EDrP (J) =FOt.P (J) +nEF C.J) 
119 IFCMEJ.EQ.'I) GO TO 171 
l~n DO 170 T=l'MEJ 
121 TAUIN(I)=T"UINCT)+STRESS(T,l) 
122 170 STGIN(I)=SIGIN(1)+STRESSCI,2) \ 
123 171 CONTINUE 
i24 TINT=TINT+l 
125 PRINT 2 
"6 ? FORMAT136X'21HCONVERGENCE ACCHT[VEn 

7 IF(~EC.FQ.U) GO TO 172 
_8 PRTNT 176 
?q 176 FORMAT(17X~5~HOISPLACEMENTS OF CONiRFT~ fLrMFNTS AT THlS LOAn LFvr 

130 *L ://2X,7H~LM. NO,6X~2Hnl'11X,2Hn?'1'X'2Hn~,11X,2Hn4'ltx,~HO~,ttX, 
1~1 *2H06,11X,2H07,11X,?HD8/) 
32 LK=MEJ+ME8+t 

1;3 DO 177 Ln=LK,ME 
134 HEAO(lQ,LO' (Sf'J(K) ,K:l,r-JSS), (NCOOE(M) ,M=1'~~S) 
1~5 00 9 J=1,8 
1 ~6 EOEF(J>=O . 

37 SAYN=t. 
38 IN=NCODE(J) 

139 IFCIN) 21,4'~6 
40 21 IN~-IN 

141 SAYN=-l. , 
142 26 FDEF(J)=EO~P(IN)~SAYN 
143 9 CONTINUE 



144 
145 
146 
.147 
1413 
149 
150 
151 
152 
153 
154 
1'35 
156 
157 
158 

177 -PFROINT 11,L(
1
),(EnEF(J),J=1,81 

11 R MA T ( 4 X, ·3 ·, A ( ~)( , FR. 6 ) ) 
PRINT 4 

4 FORMAT(/17 X,44HSTRESSESAT X-SFCTYON A-A AT THTS L0An ~EVfl/~X'AHE 
*LM. NO.'2X'5HSIGX?,SX,5HSIGy?,fiX'4HTAlJ?'5X'5HSTGX'1,5X,~HSJGY5,6X,4 
*HTAU5,5X,SHST.GX8,C;X,5HSIGYA,6X,4HTf\UA/) 

no 29 l=1,12 
2q PRINT 5,(P~IN~T(I,J)'J=1,tn) 

5 FORMAT(2X'~5.1,9(4X,F6.1» 
172 IF(IINT.LE.INT) GO TO ?? 

GO TO 1002 
1001 PRINT 13 ' 

13 FOR~AT(3?X'25HCONVERGFNCE NOT ~CCHIEVEn/) 
1002 STOP 

END 



THf:.SIS*A 
1 
2 
3 
4 
5 
6 
7 
8 
9 
o 
1 

12 
13 
14 

5 
16 

7 ' 
8 

19 
20 
21 
?2 
~3 
24 

5 
6 
7 

28 
29 
30 
~1 
32 
~3 
34 
~5 
~6 

7 
38 
39 
40 
41 
42 
'4-3 
44 
45 
46 
47 

EF(l).ADATRE 
SUBROUTINE AnATRE 

c 
C 
C 
C 
C 
c 
e 
c 
c 
c 
C 
c 
c 
C 
C 
C 
C c 
r:: 
c 
C 
c 
c 
c 
c 
c 

OI~ENSION JOX(~00),J0Y(600),NOnE(~OO'4),TrTA(~OO) 
[) I MEN S ION 1\ (50 0 ) , R ( C; 0 0 ) , S R ( 3 , ~ ) , F n r P ( 6 0 0) , S K T P ( 1 1 0 , q) , J 0 ~l'( ~ 0 ) 
DIMENSION IDIR(30),~AG(30),p~Cr(A),SM(36),NCOOE(B) 
DIMENSION LS_ L(600),S(~6000),SJ(?'A)'TT!P(500) 
DIMENSION KIP1(250)'GJJ(2S0),~JJ(~50) 
DIMENSION ~TPESS(250'2)'TAUIN(~50),STGTN(2~O),PRINST(1~'tO) 
COMMON STR~SS,T~UIN,SIGJN'TTER'SIGAL8,PRINST'LX 
COO~MON VUS' VlJR, JO X, JOy, NODI: , TE._~ A, J'- , JR I\NO ,.f\ , B, LJB, NJR , ~R , KS T 
C MrJON NU' i~,SJ,KS,KN'SIGAL,ITI ,SKTP1,GJJ,FJJ,nELTI\,TC n 

COMMO~ MSS'TJ,~OEP,SKIP,MJ,JON'IOIR,~~G,P~CC'NJ,TH,~E,tr,[S,Fp,vur 
. COM ~ 0 N N, M ~ , IN T , t. tNT, N C , M F r , ME J , G J , E J , SM .' NCO 0 F , L L , c; , 1" LOA D , ~ A X S , ~ E n 

SUBROUTINE FUR READING IN DATA ANn EVALlJATTNt; SYSTF~ GFO~ETRY 
~J: NO. OF NODAL LO~OINGS . -
JON: JOINT NO. 
IOIR: DIRECTION 
MAG: tJAGNITUuE 
MEJ: NO. OF JOINT ELEMENTS 
MEB: NO. OF HRTCK ELEMENTS 
MEC: NO. OF ~.c. ELEMENTS 
ME: TOTAL NO· OF ELEMENTS 
NJ: NO. OF JOINTS 
TH: WALL THtLKNESS 
TJ: JOINT THICKNESS 
TNT: NO. OF INCREM~NTS 
DELTI\: A.St.lFt-. Sf'.1ALL NIJMRFR 
SIGAL: I\IlL. 'ENSILE STRESS OF CONCRETE 
EJ: ELAST1C ~ODULUS OF MORTI\R JOTNTS 
GJ: SHEAR 0 0 n 0 
EC: ELASTrf MonULUS OF CONCRFTE 
ES: Q 0 fJ STFFL 
EB* (j . 0 0 RRICK 
vue: PQISS. HATIO OF CONCRETE 
VU8: 0 ' 0 (; rR1CK -
vus: 0 .. 0 n STFFL 
JNN: JOINT NO. ' OF THE" LI\STLY RESTRICTEP JOINT 
VJN: JOINT NO.,S OF RESTRICTED JnTNTS 
OX: IF, 0, UN R F 5 T R t C T FJ1 I N X n I R • , 0 THE n W T S E R F S T q t f T r. 0 
DY: T F ,0, n q Y (j n (; 

PRINT 750 . 
750 FORMAT ( 1 H 1 ' L~qX, gHLO I\D O.l\T AI 1~7'( , 8HJO TNT NO, 7X , ClHn Tf'[CT lON, c; X, qHtJAf; 

*NITUOE/) 
REI\O ' 710,MJ 

710 FORtJAT(I2) 
00 720 t=l'MJ 
READ 730, JU N ( T ) , In! R ( I ) ,M A (; ( T ) 

730 FORMAT(~I1U) 



48 
49 
50 
51 
52 
53 
54 
55 
'16 
57 
58 
')9 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
-'1 
72 

3 
4 

-'5 
6 

~7 

8 
9 

AO 
A1 
A2 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
q5 

7C>O PRINT 740,dON(I),tD!R(I)'~~ ,AG(I) 
740 FORMAT(~7X'3T10'2X,2HLB) 

READ 92,MEL,MEJ,MEB,NJ,TH,TJ 
~ E = ~ E C + M E J: ~1 E B 
PRINT 93,Mt,MEC,MEJ,MEB,NJ,TH,TJ 
REA 0 90, I N ~" , n EL T A , 5 T. GAL, SIr; A L 8 

gO FOR~AT(I3,3FI0.4) 
PHINT A9,I!\JT,OF.LTI\,SlGAL,SrGI\LR 

gg FORMI\T(/30 X,17HNO. OF TNTERVALC;='I3/~OX,1.7POELTI\ =,F'1.4 
130X,17HSIGMA ALL. OF RC=~F~.1,~X,3HPSI/30~,?O~SrG~A ALL. OF BRICK= 
2,FS.l,2X,3Hp5I) -

HEAD 96, EJ' G.J, EC, ES, EA , vue, VUS, VUA 
PH I NT 95, [.j , GJ, EC , ES, fA, vue, vue; , vun 
PRINT 7nn 

700 FORMAT(lHl~lX,130(,*,)/~OX,7HRFSULTS/1X'130('~,) 
00 5 I:t,Mt:J 
EJJ(I)-EJ -

5 GJJ(I)=GJ 
N=O 
IJ::1 
READ ' 91,JN 

91 FORMAT(I,) 
70 READ 94,VJN,DX,OY 
94 FORMAT(3FI U .o) 

IN=VJN 
IF (IN.EQ. r .. J ) GO TO ?f1 
J Nn=JN-l 
DO 10 J=TJ'JNO 
N=N+l 
JOX(J)=N 
N=N+l 
JOY(J)=N 

10 CONTINUE 
26 JOX(JN)=O 

JOY(JN)=O 
IX=1 
IY=1 
IF(DX) 41,I-l3'4._~ 

41 OX=-DX 
IX=-l 

43 N=N+1 
JOX(JN)=N*IX 

4? JF(Oy) 44,46,51 
44 DY= - DY 

IY=--1 
46 N=N+1 

JOY(JN)=N*ly 
51 IJ=JN+l 



~9 qa 
99 

100 
101 
In2 
ln3 
In4 
105 
1n6 
.1f)7 
108 
109 

10 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
1'1 
122 
123 
124 
1?5 
126 
t27 
\28 
1~9 
~O 

131 
132 
133 
1 34 

I~~~N:~~:~~~)G8°TC0168 
00 1A9 J=IJ,NJ ' 
N=N+l 
JOX(J>=N 
N=N+1 
JOY(J)=N 

lA9 CONTINUE 
.tOO PRINT 9q,N 

99 FORMAT(//4 U X,16HNO. OF UNKNOWN5=,T4) 
00 20 I=l'~E 
READ 97,VI'Ol,D2,03,04,A(I),A(T),TETA(!),ITIP(T) 

97 FORMAT(8F5.0,TS) . 
II=VI 
T F ( I I - I) ~ 1 ,36,31 

31 PRINT 903,1,11 
903 FORMAT(/lljOX,7HELEMENT,r6,5x,15Hr~ OUT OF ORDFR,I4 

CALL EXIT 
36 NOnE(I,t)=Ul 

NOOE('!'2)=1)2 
NOOE(I'3)=1l3 
NOD E ( 1 , l~ ) =" 4 

20 CONT!NUF 
93 FORMAT(/30~'26HNO. O~ FLFMFNTS =,T4/30X.26HNO. OF CONeRF 

1~E ' ELEMENTS='I4/30X'?6HNO. OF JOINT FLFMFNTS =,T4/3 UX,27HNO. 0 
2F RRICK ELtMENTS =,I4/30X,?nHNO. OF JOINTS =,I4/~OX, 
326HWALL THICRNESS =,Fln.3,3X'2HTN/30X,~6HJnT~T THICKNESS 
4 =,Fl0.3,3X'2HINII) 

q6 FORMAT(AFIU.O) 
q5 FORMAT(/~OX,34HMonULlJS OF FLASTICITY o~ MORTAR =,Fl0.1,?X,3HPST/~ 

10 X, 3 l+HSHF AK MonULUS OF ~ORT AR =, F 10. 1 , 2X , ~HPSl/30 X , ~/tHr.AOn 
2ULUS OF FL 1\5T .1. CITY OF CONfRETE":, F to. 1 ,? X , ~HPS I I ~n '( , 3/~HlV!onUL US OF F 
3LAC;TICITY OF C;TF:EL ='Fl0.1'?'('3H"'ST/~OX.~4H~OnIJLtJS 0 .... FLI\STrC!TY 
4 OF BRICK =,Fl0.1,2X'3HPSII/~OX,~4HpnISS0N · RATTO OF CONCRETF 
5 =,F5.3 / 30X,34HPOTSSON PATIo OF STEEL ='F~.~/~OX,34HP 
60 ISSON RATIO OF RRICK =,rS.3) 

q2 FOR~AT(4IIU,~F10.n) 
RETURN 
ENO 



THE(';IS*A 
1 

~ 
4 
5 
6 
7 
8 
9 o 

11 
12 
13 t4 _5 
16 
17 
18 

9 
20 
?1 
22 
23 
?4 
:?5 
:>6 

7 
8 
g 

30 
31 
32 
33 
34 
35 
~6 

EF(t).AJBANf) 
. SUBROUTINE AJBANnCI) ~ 

DIMENSION NOnE(500,1~),JOX(600)'JOY(600),NC0DFCA),GJJC?~O),FJJ(?50) 
DI~ENSION lETA(500)~A(500),R(5"O),~R(3,8),rDFP(6no) . 
DIMENSION SKIP(110,q),JON(30),TOTR(30),~Ar,(30),pncr{A) 
DIMENSION LL(600),S(26000)~SJC?'A),SM(~6)'IYIPC500',SKIP1(?5n) 
DIMENSION ~TRESS(~~0'2)'TAUIN(?50),SIGTN(? .. ~n)'PR!NST(12'10) 
COMMON STR~SS,T~UIN,SIGIN'TTER'SI~ALn,PRINST'LX 
CO~MON VUS'VUA'JOX,JOY'NOn~,TETn,JL,J8AND,A,B'IJP,NJn,~R'KS 
COM ~ 0 N N U , X , S J , K 5 , K N , S t r, A L -, I T .t P , 5 K T P 1 , ~ J J , F J J , n E L T 1\ , T C til( 
COMMON MSS'TJ,EOEP,SK!P'MJ,JON'IOIR,MA~,pnrC'NJ,TH,vE,tc,ES,Ep,vur 
COMMON N,M~'INT,ItNT'NC,MFC,MEJ,GJ,EJ,SM,NCOOE'Ll,S,NLUAO,MAXS,~Eq 
IM=O 
DO 801 J=l'NC 
IM=IM+l 
,IN=NODECI,.J) 
NCOOE(IM)=JOX(IN) 
IM=IM+l 
NCOOE(IM)=JOY(IN) 

801 CqNTtNLJE 
MSM=MS-l 
DO 802 J=l'MS 
JF!=J+l 
IJ=NCODE(J' 
-IFCIJ) 1?,AO?,13 

12 IJ=-IJ 
13 00 803 K=J~,M5 

IK::NCOD(K) 
IFCIK) tt+,HO~'15 

14 IK::;-IK 
15 KF=ABS(IK-IJ)+l 

IFCJBANO-K~) 61,A03,RO 
61. JRAND=KF 

803 CONTINUE 
80? COENT I NUE 

R TURN 
ENn 



) 

THESI~*AMEF(l).A~S~~~ROUTINE AJSTIF(Y) 
2 REAL JL,KS'KN,K1,K' 
3 DIMENSION A(~OO),A(500),S~(36)'TFTA(~On) 
4 OIMENSIPN JOX(600),JOY(6nO),NOnE(500'4),SR(~'B"Fnrp(600) 
5 DIMENSION ~KTP(110,g},JON(30),TDIR(3n)'MAG(30) 
6 OI~ENSION ~QCC(8),NCOnE(8),Ll(~OO),S(?AOOO) . 
7 DIMENSION ~J(2,A),!TIP(500),SKTplC25n),GJJ(25n),FJJ(2~O) 
8 DIMENSION STRESS(250'2),TAUIN(~50),SIGTN(2~O),PRINST(12,tn) 
9 COMMON STRt"-SS,TAutN,SIGTN,TTF.R,SIG"LR,PRINST,LX 
o COM M 0 N V US, V l J A , J 0 X , I.J () Y , ~; 0 0._ F , T ETA, J L. ' J. B" N D , ~ , R , L J R , N J P , ~ R , K C; I 

11 COMMON NU.X,SJ,KS,KN'SIGAL,ITIP,SKTPt,~JJ,FJJ,nElTA,TrH 
12 \ COMMON ~C;S'T,J,FOFr.SKIP'MJ,J(')N' InIR,M"G,PorC,NJ,TH,ME,t:.C,ES,FP,VUr 
13 COM~ON N,M~'TNT'ItNT'NC,MEC,MEJ,GJ,EJ,SM,NCOOE'LL,S,NLuAO,~AXC;,MEn 
14 C STIFFNFSS OF JUINT ELEMENTS 
15 JL=A(I) 
16 K 5 = G J J ( I ) * 'l H / T J 
17 KN=EJJ(I)*JH/TJ 
18 IFCTETA(I).NF.O.) GO TO 101 
19 Kl=KS 
20 K2=KN 
21 GO TO 10? 
22 101 Kl=KN 
23 K2=KS 
24 102 5M(1)=2.*Kl*JL/A. 
25 SM(2)=0. 
~6 SM(3)=-2.*Kt*JL/6. 
~7 SM(4)=O. 
28 SM(S)=-Kl*JL/6. 
29 SM(6):0. 
30 C;M(7):Kl*JL/6. 
31 SM(8)=0. 
32 SM(9)=2.*K2*JL/6. 
33 S~(10)=O. 
~4 SM(11):-?.*K?*JLI6. 
35 SM(12)=O. 
36 SM(13)=-K2*JL/6. 
37 SM(14)=O. 
38 SM(15)=K?*JL/6. 
~g SM(16)=2.*Kl*JL/6. 
40 SM(17)=O 
41 SM(lB)=Ki*JL/6. 
42 S~(lg)=O. 
43 SM(20)=-Kl~JL/6. 
44 SM(21)=O. 
45 SM(22)=2.*K2*JL/fl. 
46 SM(23)=O 
47 SM(24)=K~*JL/6. 



~~ 
~O 
51 
52 
c)3 
';4 
55 
56 
57 
58 
59 
60 
61 

SM(2,)=O. 
SM(26)=-K2*JL/6. 
5~(27)=2.*Kl*JL/6. 
S~(28)=O. 
SM(2~)=~2.*Kl*JL/6. 
SM(30)=O. 
S~(31)=2.*K2*JL/6. 
SM(32)=O. 
SM(33)=-?*K2*JL/6. 
SM(34)=2.*Kl*JL/6. 
SM(35)=O. 
SM(36)=2.*K2*JL/6. 
RETURN 
END 



THl:.C;It*AMEF(1.).ABS~6~ROUT · NE ARSTtF( ) 
2 D!MENSIbN ' A(~OO)'Al500)'S~(3~)'TFTA(~OO) 
3 DIMENSIO~J JOX(600) ,JOY(600) ,NOnE(SOO,4) ,SR(3,8l ,F.OFP(6 0 0l 
4 DIMENSION ~KTP(110,q),JON(~O),TOIR(30)'MAr,(30) 
S DIMENSIOf\1 t J QCC(8) ,NCOOE(8) ,LL(~OO) ,<;(26000) 
6 DIMENSION ~J(2,8),TTTr(500),SKTP1{250),GJJ(25n),FJJ(?~O) 
7 DIMENSION ~TRESC:;(250'. 2) ,TAtJINC'50) ,SIGTN(250) ,PRTNSTCl2,ln) 
8 COMMON STRr- SS,T ,A')TN,SIGYN'ITER'SIGI\LB,nRl~ST'LX . 
9 COMMON VlJS'VtJ8'JO'J(iJOY'NOnE,TETA'JL,JRANO,,,,R,LJP,~JR,~R,KSI 

10 COMMON NU'~,SJ,KS,KN'STGAL;!TIP'C:;KTPt,GJJ,rJJ,nELTA,TCH 
11 CO~MON MSS'TJ,EDEP,SKIP,MJ,JON'Inlq,MAG,PQCC'NJ,TH,MF,~C,ES,Fp,vtJr 
.12 COM~ON N, M~, tNT, lINT, NC, MFC, ~EJ, GJ, EJ, SM, NCOOE, LL, C:;, f\IL (JAD, tJJ\XS, tJ.EP 
13 C STIFFNESS OF BHICK ELEMENTS 
14 COA=EF3*TH/(12.*(I.-VUn**?» 

5 AH=A(I) 
16 88=8(!) 
17 ALFA=AB/AR 
18 BETA=8A/~A 
19 SM(1)=(4.~HETA+2.*(1.-VUR)*ALF~)*COB 
?O SM(2)=3./2·*(1.+VlJR)*COn 

1 SM (3) = (2. *t1ETA-2." ( t. -VUR > *ALFl\) *C0A 
?2 SM(4)=3./2·*(1.-3.*VtJB)*COR 
23 S~(5)=(-2.~BETA-(t.-VUR)*~LFA)~COR 
24 SM(6)=-3./?*Cl.+VlJR)*COR 
'-'-5 SM(7)=(-l~.*8ETA+(1.-VUA)*J\L FA)·COf) 
26 SM(S)=-3./?*(1.-3.*VUEl>*CdR 
::>7 Sf'} (9) = (4. *J\LFA+2. * ( t. -VUA) *8ET") *C(')8 
~8 Sr-JCI0)=-3. 1?*(1.-).*VlJR)*C08 
29 5M(11)=(-4.*ALFA+(t.-VUn>*8ETA'*r.OR 
~O SM(12)=-3. 1 2 *(t.+VlJn)~c()p · 
31 SMCI3)=(-2.*ALF~-(1.-VUq)*RETA)*CO~ 

2 SMCI4)=(;./2.*(l.-3.*VUR»*COR 
33 SMCI5)=(?*ALFA-2.*(1.-VljR>*8ETA)*C09 
~4 SM(16)=(4.~nrTA+?*(1.-Von)*ALFA>*ro~ 
35 SM(17)=-~./2.*(t.+VlJn)*C08 

6 SM(1A)=(-4~*8ETA+(t.-VU9).~LFA)*con 
7 SM(19)=3./ tJ .*Cl.-3.*VlJA)*C()B 

38 S~(20)=(-2·*AETA-(1.-vun)*ALFA)*CO~ 
39 Sr-J(21)=3./~ *(l.+VUR)*COR 
40 SM(22)=(4.~lLF~+2.*(1.-VUB)*RETA)*rOR 
41 SM(23)=-~.I?.*{t.-3.*VUR)*COn 
42 Stv'(24)=(2.*ALFA-2.*Cl.-VUP,*f1ETA)*rOn 
43 SM(25)=3~/~.*(1.+VU8)*C()A . 
44 SM(26)=(-2·*ALFA-(1..-VUR)*nETA)*rOn 
45 SM(27)=(4.*nET~+2.*(1.-VUR)*ALFA)*COA 
46 SM(2~)=3./~.*(1.+VUR)*COB 
47 SM(2Q)=(2.*8ETA-2.*(1.-VUP>*ALFA)*rOR 



48 
49 
50 
'it 
52 
53 
54 
55 
'56 

S~(30)=3.1?*(t.-3.*VUB)*COA 
SM(31)=(4.·AlFA+2.·(1.-VUQ>*AETA'*COR 
~M(32)=-3./2 *(1.-3.*VUn)*COA 
S~(33)=(-4~*AlFA+(1.-VUA)*RETA)*con 
S~ (34. ) = (4,/*8. ETA+2. * (t ,-\It). 8. ) *ALF A) *COR 
SM(3c)=-3. 2.*Cl.+VUn ,*COA . 
SM(36)=(4.*AlFA+2.*(1.-VUB)*8ETA,*rOR 
RETURN ' 
END 



THESIS*AMEF(1).ACSTIF , _ 
1 SURROUTINE ACSTTF(Y) 
2 HEAL KSll,t<.:SI2,NU1,NU2,KSIRAR,NLJAI\P. 
3 OIMENSIOH 1\(500),Jl(SOO),S~(3n)'TtTI\(500),KC::;tl('O) 
4 DIMENSION KSI2(10) ,NlJ2 (.1n) ,SL(10) ,C:;A(10) ,5\1(10) ,NUl (to ')' ,PQCC(8) 
5 DIMENSION' ~JOX(6f), 0) ,JOY(600) ,NOIlE(500,4) ,SR(~'8l ,r.OFP(600) 
6 DIMENSION ~KIPCtl0,q) ,dON(30) ,TDTR(30) ,MI\G(30l .. 
7 DIMENSION NCOnE(A),LL (nCO),S(2~OOO),SJ(2,A),ITTP(~OO),SKTP1(250) 
8 OIMENSIO~J t"JJ(?'10),EJJ(?50) 
q DIMENSIO~I ~TREC;S(250'2) ,TI\IJIN('?50) ,STGTN(?50> ,PRTNC;TC1 2 ,10> 

10 COMMON STR~SS,T~UIN,SIG!N'rTER'S!GAL8,PRINST'LX , 
1 COMMON VUS' VUB, JOX, ~Joy, NOOF, TET A, JL, J8ANn, f\, A, LJR, NJA, ~R, KS'J 

12 COMMON NU,x,SJ,KS,KN'SIGAL;ITlu'~KTP',~JJ,FJJ,OELTA,tCH 
13 COMMON MSS'TJ,EOEP,SKIP,MJ,JON'InJR,~AG,PQCC'NJ,TH,Mr,~C,ES,f8,VUr 
14 , COMMON N,M~,TNT'IINT'NC,MFr,MEJ,GJ,EJ,SM,NCODE'LI~ ,S,NLUAD,~AXS,~E 
15 C STIFFNESS OF k.C. ~EMBERS . , 
16 COC=EC*TH/(12.*Cl.-VUC**?» 
17 DS11=ES/(1.~VUS**2) 

B 0512=VUS*D~lt 
19 0522=0511 
~O DS33=ES/(2·*Cl.+VUS» 
21 DC11=EC/(1~-VUC**2) 
~2 OC12=VUC*O~11 
23 DC?2=DCll I 

?4 nC33=EC/(2·*(1.f-VUC» 
25 REI\D S9,nR 26 Aq FORMAT(IS) 
27 IF(NR.EQ.O)' GO TO 1~ 
:58 READ gO,(KSl1(L),NU1(L),KSY2(L),NU?(L),SACL),SL(1 ),L=l';NR) 

9 gO FORMAT(nF 1U.O) 
10 C READ I NG IN Rt- I NFORCF~E~'T DA T 1\ 
31 r. NR: NUMBER Ot- REtNFORCtNG A~ns 
~2 C KSll,KSI2tNU1,NU2 ARE COORDINATES OF STFFL 8~RS 
33 C SA:STEEL I\RE~ 
34 C SL:STEEL Lf:"NGTH 
35 C SV:STEEL VnL~!ME 
~6 13 Cl=(DS11-n~11)/A(Y)**2. 
37 C2=(0533-0C33)/8(1)**2. 
38 C3=(DS12-0~1?+n~33-nC33)/(A(T)~8(I» 
39 C4:(OS12-D~1?)/(A(I}*n(I» 
40 C5=(OS33-DC33)/(I\(I>*P(IJ) 
41 C6=(DS22-0L 2?)/ACI>**2. 
42 C7:<0533-0<-3)/I\(!)**2. 
43 ALFA=I\(I)/H(T) 
44 BETA=A(l)/A(T) . 
45 C STIFFNESS COtFF. OF C0NCRETE PART OF THE RC ELE~ENTS 
46 SM(1):(/.4·.*t1ETA+2.*(1.-VlJC)*ALF")*cnc 
47 5M(2):3./?·*(1~+VUC)*COC 



48 
49 
o 

!=11 
52 
53 
54 
'15 
56 
57 
58 
')9 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
'70 
'71 
72 
'73 

4 
75 
'76 
'77 

8 
'79 
AO 
Al 
82 
A3 
A4 
85 
A6 
A7 
A8 
A9 
qO 
ql 
q? 
93 
q4 
qs 

r. 

SM(3)=(2.*HETA-~~*(t.-VUC)*ALF~)*COC 
SM(4)=3;/2·' *(t.~3.*VIJC)*COC 
SM(5)=(-2.~BETA-(t.-VUC)*ALFA)*rOC 
SM(6)=-3./2 .*(1.+VUC)*COC 
SM(7)=(-4.~RETA+(1.-VUC)*AlFA)*COC 
SM(8)~-3./2.*(t.-~.*VUC)*COC 
SM(g)=(4.*nLFA+2.*(1.-VUC)*RFT~)*COC 
SM(10)=-3. 1 2 *<1.-3.*VUC>*ror 
SM(11)=(-4.*lLFA+(1.-VUC)*~ETA)*cor 
S ~r ( I? > = -3 • I 2 • * ( t • + V lJ C ) * CO C 
SM(13)=(-2·*ALFA-(1~-VUC)*RFTA'.cor 
SM(14)=<3. / 2.*(l.-3.*VUC»*COC 
S~(15)=(2.*ALFA-2.*(1.-VUC>*BETA)*COC 
SM < 16) = (4. *BETA '+2. * (l.-VUC) *"LFA) *COC 
SM(17)=-~./2.*(1.+VUC)*COC 
SM(18)=(-4,.*RETA+(1.-VUC)*ALFA'*COr. 
S~(19)=3.1?..*(1.-).*VUC)*COC 
~IV (20) = (-2,' *RET A- < 1 • -VUC) *ALF A) *COr. 
SM(21)=3./2 .*(1.+VlJC>*C0C 
SM(22)=(4.*ALFA+2.*(t.-VUC)*RETA}.COC 
SM(23)=-3. / 2.*(1.-3.*VUr>*coC 
SM(24)=(2.~ALFA-2.*(1.-VUC)*AETA)*CO 
SMC25>=3./().*Cl.+VUC)*COC 
SM(26)=(-2.*ALFA-(1.-VUC)*nETA'*COC 
5~(27}=(4.*BFTA+2.*(1.-VUC>*~LFA)*COC 
SM(28)=)./~ *(l.+VUC)*COC 
SM(29)=(?.~8~T~-2·*(t·-VUC)*~L~A)*rOC 
SM(30)=3./2 .*(1.-1.*vUC)*COC 
SM(31)=C4.*J\LFA+2.*<1.-VUC>*RETA)*COC 
SM(32)=~3./2 *(1.-3.*VUC>*COC 
SM(33)=(-4.*lLF~+{1.-VUC)*RETA}*Cor 
SM(34)="C4.*SFTA+?.*(1.-VUC>*ALFA>*COC 
SM(35}=-3. / 2.*(1.+VlJC>*COC " 
SM(36)=(4.~ALFA+2.*(1.-VUC)*f1ETA)*rOC 

STIFFNESS COt'-FF. CONTRIBUTIONS OJ: REINFORCTNG BARS 
DO 21 L=t,NR " 
C = ( K 5 12 ( L > - K S t .t (L ) )/ S L ( L > 
SS=(NU2(L)-NU1CL»/SL(L) 
KSIBJ\R=l.- KSll(l) 
NURAR=l.-NUl(L) 
SV (L) =51\ (L "' *SL (L) 
P1::NUBAR**2 
P2::KStBAR**2 
P3=NUBAR*NU1CL> 
P4=KSIBAR*KStl(L) 
P5=NU8AR*K~IRAR 
P6=NUF3AR*K~Il(L) 
P7=NU1(L)*KSIRAR 



~ 9 ~ ~ ~ ~ ~1l f l: J' : ~ ~ I 1 ( L ) 
98 Pl0=K~Il(L)**2 
qg Rl=(C1*SS**2+C2*C**?)*SL(Ll**2 / 3. 
00 R2=C3*SS*C~SL(L)**2/3. 

101 R3=(C6*C*~2+C7*SS**?)*SL(L)**2/3. 
102 T1=Cl*NU1(L)*SS.SL(L) 

n3 T2=Cl*NUBAH*SS*SL(L) 
04 T3=C2*KSI1(L)*C*SL(L) 

105 T4=C2*KSIRAR*C*SL(L) 
106 T5=C3*NU1(t)*C*SL(L)/2. 
107 Tn=C3*NURAK*C*SL(L)/? 
iOB T7=C3*KSIt l L)*SS*SL(L)/? 
109 TR=C3*KSIBAR*SS*SL(L)/? 
110 T9=C6*KSlt(L)*C.SL(L) 
1 1.1 T10=C6*KSI·~AR*C*SL(L) 
112 Tl1=C7*NU1(L)*SS*SLCL) 
113 T12=C7*NUA"R*SS*SLCLl 
114 T.13=C*(CI~*NI.J1(L)-CC:S*NUAI\R)*SL(I )/? 
115 T 14=C* (C4*'\lURAR-Ct')*NIJl (L) ) *SL (L) I? 
116 T15=SS*(r4*KSI1(L)-C~*KSI8~R)*~L(L)/? 
1 17 T16=SS*(C4*KSIAAR-C,*KSll(L»*SL(L)/? 
1 18 T17=C1*S<;* (NUt CL) -t--llJRAR) *SI. (L) 12. 
1 19 TIA=C2*C*(KSTA~R-KSI1(L»*SL(L)/? 
120 r1g:C6*C*(KSTRAR-KSll(L»*SL(L)/? 
121 T20=C7*SS=*lNU1(L)-NlJHAR)*SL(L)12. 
122 C STIFFNESS COFF~.OF CONCRfTE ~Nn ST~FL PARTS ARf SU~MEO U~ 
i 23 SM(1)=SM(l'+SVCL)*(C1*Pl+C2*P2-T?-T4+R1) 
124 SM(2)=SM(?)+SV(L)*(C~*P5-T6-TA+R?) 
125 S~(3)=S~{3J+SV(L)*(C\*P3-C~*P2·T4-T17-Pl) 
126 SM(4)=SM(4'+SVCL>*(-l4*P5+rS*p7+T8+Tt4-R?) 
{?7 S~(5)=SM(~)+SV(L)*C-Cl*P3-C2*P4+T17-T1A+R') 

8 S~(6)=SM(6)+SV(L)*(-r4*P6-C5*P7-T14+Tl~+R2) 
1 29 S ~ ( 7 ) = 5 tJ. ( 7 J + c:; V ( L ) * ( -C 1 * P 1 + (' 2 * P II + T ? + T 1 8 - R 1 ) 
"30 SM(R)=SM(8)+SV(l)*{C4*P6-Ct')*r5+T6~Tl~-R2) 
1 ~1 SM(9)=SM(9'+SV(L,*(Cn*P?+C7*rl-Tl0-Tl?+R3) 
132 5M(10)=S~(10)+SV(L)*(C4*P7-C5*P5+TR-T13-R') 
I ~3 SM(11)=SM(lt)+SV(' _ )*(-Cfi*P2+C7~P3+110-T20-R3) 
134 SM(12)=S~C12)+5V(L)*(-C4*P7-C5*P6+Tl~-T16+R?) 
135 SM(13)=SM(13)+SV(L)*(-C6*P4-C7*P~-Tlq+T?O+R~) 
136 SM(14)=SM(14)+SV(L)*(-C4*r~+C~*P6+T6+T16-~?) 
1 37 ~~(15)=SM(15)+SV(L)*(C6*P4-C7*ul+T1?+T19-R~) 
138 S~(16)=SM(16)+SV(L'~(Cl*rQ+C?*P2+T'-T4+R1) 
1 ~9 SM(17)=SM(17)+SV(L)~(-C3*P7+T5-TA+~?) 
140 SM(lR)=S~(18)+SV(L)*(-C1*Pq+C2+P4-Tl+T18-~1) 
1. 4 15M. ( 1 q ) = 5 M ( 1 9 ) + S \I ( '- ) ~d - C 4 * P A + C 5 + P 7 - T 5 - T 1 5 - R? ) 
42 SM(20)=SM(?O)+SV(L)*(-Cl*p~-r?·r4+Tt7-T18+Pl) 

143 S~(21)=SM(21)+SV(L'*(C4*r8+Ct')*o5+T13+T15+q?) 



144 
145 
146 
147 
148 
149 
150 
1~~ 
53 

154 
155 
156 
157 . 
158 
1'59 
160 

APRt7~ 

SM(22)=SM(?2)+SV(L)*(C6*r2+C7*~g-T10+T11+R~) 
S~(23)=SM(~3)+SV(L)*(C4*P7-C5*P8-T~+T16-R2) 
S~ (24) =SM (?4) +SV (L) '+' (C6*P'~-C7*P9-T 11+T 1 q-R~) 
SM(25)=SM(2')+SV(L)*CC4*P5+C5*PA-T14-T16+R?) 
SM(26)=SM(26)+SV(L)*(-C6*P4-C7.P3-T tQ+T20+R3) 
SM(27)=SM(~7)+SV(L)*(Cl*P9+C'*P10+Tl+T3+Rl) . 
SM(28)=SM(2R)+SVCL).(C3*PB+T5+T7+R?) 
SM(2q)=SM(~9)+SV(L)~(Ct~r~-C2*p10-T3-T1. 7-R1) 
SM(30)=SM(~O)+SV(L)*(-C4*PR+C5*P6-T7-T13-R') 
S~ (31) =S~1 (~1) +SV (L)" (C6.PI0+C7*PQ+Tq+Tll+R~) 
S~ (32) =SM ( :-"2) +SV (L) * (CI~*P6-C5*P8-T7+ T l4-n~) 
SM(33)=SM(~3)+SV(L)*(-C6*P10+C7*P3-Tq-T20-R3) 
SM (3q·) =SM ( ~~4) +SV (L)" (Cl*Pl+C2*P10-T2+T3+Rt) 
S~(35)=SM(>5)+SV(I_)*(-C~*P6-T6+T7+R2) 
S M ( 36 ) = 5 M ( .36 ) + C; V ( L ) * ( C 6 * P 1 0 + C 7 * P 1 + T 9 - T 1 2 + R:3 ) 

21 CONTINUE 
RETURN 
END . ~ 

AYEF.AGENfR'.AGSEL,.A~JON'.AJnNST'.AJCRAC'.AsnEr. .3/.1+ISK=I~K 
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EF(l) AGENER 
• . SU8ROUT NE AGENER , OIMENSI~N JOX(6GO),JOY(6Qn',NCODF(~',SM(~6),S(?6nOO)'IIIP(50 

, DIMENSION MAG(~0),JON(30)'TDTR(30),SKtPl(?~O) 
DIMENSION f\JODE{'500,Q) ,T[TI\(500 1 .A(C)OQ) .RCc)OO) ,SR<:~,R) 
DIMENSION ~OEP(600),SKIP(110,gl'LL(600),SJ(?'A) 
DIMENSION ~QCC(8),GJJ(2~O),EJJ(2C::;O) 
DIMENSION STRES5(250~2),TAUIN(?50),SIGrN(?C::;O),PRTNST(12"o) 
CO~MON STRtSS,TAUIN,SIG1N'ITER'STG~LR,PRINST'LX 
COMMON VUS'VU8'JnX,JOY'NODE,TETA'JL _ ,JP~NO,A,A,LJR,NJP,~R,KS1 
COM M 0 N N U , x , S J , K S , K N , 5 I GAL ; I TIP , c:; K T r 1. , G J J , F" J J , IJ FJ. T l\ , T C K 
COMMON MSS'TJ,EDEP,SK1P'MJ,JON'1nTn,MAr"p~i.C'NJ,T~.ME,tC,ES,Fp,VUC 
COMMON N .'~~'T, NT'IINT'NC', MEC,MEJ'GJ'EJ'. C:;. M'NrODF'LL,C:;'NLUA~,~AXS,MER 

C GENERATION OF ~Y5TE~S E~UATTONS ~ATRTX (tJNTDI~~NSIONAL) 
C WITH COOE NUMn~R TECHNIQUE , 

LOC(II'J)=II*MS-It*(II-l)/?-(~S-J) , \ 
1 UCGEf\ ( I )::: ( I -N+JRI\Nf1-1 ) * ( r -N+J~~AND) /? 
NHEP=(N-JBANn)*JRI\Nn+JAANO*(JR~Nn+')/2+N*NLOAD 
IF(NHEP-MA~S) 70,70,71 

71 PRINT 72,N~~EP,M~XS 
72 FORMAT(///16HPROnLE~ SIZE TOO lI\RG~ Fon S ~ATRIv,'rC) 

PRINT 777 
777 FORMAT{lHt) 

CALL EXIT 
70 'CONTINUE 

00 6;:> I=,., NHEP 
62 5(1)=0. 

00 9 NM:::l, !VlE 
LO=NM I 
READ (10,L"> (S~(K) ,K=1,rvSS), (NCOf"E(f'-A) ~ ~1 =1,f\lS) 
LJR=NLOAI')+J8AND 
NJR=N-J8I\NI) 
00 A L=1,M~ 
SAYN=l. 
l=NCODECL) 
IF(I) 20,R'2? 

;:>0 SI\YN=-l. 
1=-1 

22 CONTINUE 
IX=(I-l)*LdR-I+l 
Iur=IUCGEN(I-l) 
DO 77 M::l, tVts 
SAYN?-:::l. 
J=NCOOE(M) 
IF(J) 30,7 ' ,32 

30 SI\YN?=-l. 
J=-J 

32 IF(J-I) 77'7R,7A 



48 78 TD=L 
49 JD=M 
50 'IF(L-M) 122 ,12?,123 

1 123 ID=M 
52 JD=L 
53 122 LC=LOC(tn,JO) 
54 LO:IX+J 
55 IF(I-NJB-l) 79,7Q,80 
56 80 LO=LO-IlJC . 
':)7 79 S(LO}=SCLO'+SAYN*SAyr--'2*SM(LC) 
58 77 CONTINUE 
59 8 CONTINUE 
60 9 CONTINUE 
61 DO 700 IK=l,MJ 
62 W!=MAG(IK)/INT 
63 IJ=JON(IK) 
64 IO=IDIR(IK' 
65 GO TO (At,'1)2) to 
66 R1 NU~=JOX(TJ 
67 GO TO 83 
68 R2 NtJM=JOY(TJ) 
69 83 SAYN=t. 
70 I=NUM 
71 IF(I) 51,7UO,52 
72 51 5AYN=-1. 
73 NUM=-NUM 
~4 52 I=NUM 
75 LO=(I-1)*LJO+JAANn+l 
76 IF(I-(NJR+l» 791,7g1,801 
"'7 AOl LO=LO-IUCGt.N(I) 

8 791 S<LO)=S(LO>+SAYN*W 
9 700 CONTINUE 

80 ~C=~EJ+l . 
Al 00 10 MN=MC,ME 
A2 LO=MN 
A3 LE=LO-MEJ 
84 READ (10,LU) (SM(K) ,K=1'~~SS), (NrOOE(M) ,~A =l,MS) 
AS READ(29,LE'(P~CC(I),I=1'B) 
86 DO 45 NA=l'A 
R7 NN=NCODE(N~) 
P8 TF(NN) 46,45,48 
89 46 SAYN=-l 
qO NN=-NN 
ql 48 LO=(NN-l).LJR+JRANO+1 
q2 IF(NN-(NJR+l» 4q,4q'5~ 
93 S!i LO=LO-IlJr.Gr~ N(NN) 
94 49 S(LO)=S(LO,+pnCC(N~) 
95 45 CONTINU~ 



q6 
97 qa 
qg 

lOa 
1'l1 
ln2 

IF(ITER.NE-l) GO TO 10 
00 16 IM=l'A 

1n PQCC(IM)=a· 
WKrTE(29,Lt)(PQCC(I)'!=1, 

lO ReoENT I NUE 
TURN 

END 

1:7 
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EFCt).AGSEb 
S AROUTlf\JE AGSEL 
DIMENSIOf'J LL(600) ,C:;(?600Q> ,Z{2600f)) ,TTTP(~OO) ,C:;KTP1 (?~O) ,GJJ(2C)n) 
DIM ENS 1 0 f\l \ J 0 X ( 6 f) 0 ) , JOy ( 60 0) , NOn E ( 50 0 , 4 ) , T F T A ( ~ no) 
DIMENSION ~(500),R(~OO),SR(3'A"FOFP(6nO),C:;KIP(tln,O),~ON(~O) 
DIM ENS ION [ 0 T R ( ~ 0 ) , ~~ 1\ G ( ~ n ) , P Q C C ( A ) , S M ( 36 ) , f\1 con F: ( A ) 
DIMENSION ~J(2'A),F.JJ(2,)O) 
OIMENSIO.N ~TRESS(_ ~50'?) ,TAIJIN. (?~O) ,.5tGTN(250) ,PRTNST(lZ"n> 
COMMON STRtss,TAlJTN,STGrN'TTER'~TGI\LR,PRINC;T'LX 
COMMON VIJS' VUB, JOX, JOy, NOOF, TETA, JL, JP ~NO' A, A, LJR, t\JJn, ~p, KS I 
CO~MON NU,X,SJ,KS,KN,SIGAL,ITIP,SKTPt,GJJ,FJJ,OELTA,TcH 
COMMON MSS~TJ,EOEP,SKIP'~J,JON'InTn,~AG,p~rr'NJ,TH,ME,~C,ES,Fp,vuc 
COMMON N,M~,INT'IINT'NC,M~C,MEJ,GJ,EJ,C:;M,NrODE,LL,S,NLUAD,wAXS,MER 
EGUIVALFNct (5,2) 
JR=JBAND 
NE=N-l 
Nl=N+l 
NL=N+NLOAO 
NM=NLOI\O-.1 
JBE=JA-l 
NF=N-JAE 
NO = J B E + N L 0 '\ 0 
LL(l)=O 
J2=O 
JCOR=O 
00 40 I=l,N 
Jl=J2+1 
IF(I~NF) 4 1 ,41,4? 

41 J2=J1+Nf') 
GO TO 43 

42 J2=Jl+NL-! 
43 no 1000 J=Jl,J2 

JCOR=JC()R+l 
1000 Z(J)=7(JCO~) 

J3=J2-NLOAU 
JA=J3+Jt 
DO 44 K=Jl'J3 
J=JA-K 
IF(Z(J» 5 U ,44,50 

44 CONT!t\UE 
50 LT=J-Jl+1 
, IF (L T + l-L L ("1 » '.5 t , C;;> , 5;:> 
51 LT=LL(!)-l 
52 JT=J3-Jl-L f tl 

IF(JT) 40,/~! 0,5~ 
')5 JP=J3+1 

00 56 J=JP'J2 
K=J-JT 



tl~ 56 3~~~~~~V) 
50 40 LL(I+.1)=LT 
51 NX=O 
52 00 7 I=l,N 

3 NX:NX+LL(I+l)+NLOAD 
54 7 LLCI+1.)=NX-I 
55 NX=LL(N)+N 
56 NY::N*NLO,l\O 
57 NZ=NX +NLO .f\U 
58 NT=NZ-NY 
59 C ELIMINASYON 
nO 00 10 K:l,NE 
61 NBK=LL(K) 
62 KK=NRK+K 
63 Q=l.IZ(KK) 
64 Z(KK)=Q 
65 IB=K+1 
66 K2=LL (IA) +K 
67 IS=K2-NAK-~LOAO 
68 IF C I S-N) .t 2, 11 , 11 
69 1,1 IE=N 
70 r5=NL 
"71 GO TO 17 
"'2 12 lE=IS 
73 IF(IA~I[) 2?,~2,10 

4 22 K1=K2-NM 
5 17 J2=NRK+IS 

"76 IN=IS-IE 
77 DO 13 I=yA'I 
7£1 KI=NRK+l 
7g IF(Z(K1» 14,13,14 
80 14 TA=Q*Z KT) 
Al IH=LL(I)-NHK 
R2 no tl:) KJ=Kl.J2 
83 IJ=KJ+IH 
A4 Z(TJ)=Z(!J'-T,l\*Z(KJ) 
85 15 CONTINUE 
A6 IF(IN) lA,18,1~ 
87 .t8 IH=LL(T+1)+1-K2 
AA 00 ~6 KJ=Kl,K2 
89 TJ= J+IH 
gO Z{TJ>=Z(IJ'-TA*Z(KJ) 
91 16 CONTINUE 
q2 13 CONTINUE 
q3 10 CONTlt\UE 
94 C YfRINE KOYMA 
95 KI=NX+1 
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EF(l).i\SJON 
R
SE·· RROUT If\lE ASJON ( t ) 

AL JL,KS,KN 
DIM ENS I 0 ~J ~ J ( 2., A ) " P ~ C C ( R) , 5 M ( 3 n ) , NCO 0 F.: ( 8) , L L ( 6 n n ) , C; ( ::> 6 0 0 t') ) 
DIMENSION ~OX(600),JOY(6nO),NOnE(500'4),TETA(~nO),A(~nO>,R(~On) 
DIMENSION SR(3'A),FDEP(600),SKtP(110'9),JON(3n),rDIR(30),MAG(~n) 
DIMENSION ~TTP(~OO),SKIPl(250)'GJJ(250),EJJ(25n) 
OIMENSION 5TRESS(250'2)'TAUIN(250),SIGIN(250),PRINST~12,10) 
COMMON STRI"-SS, TAU IN, S IG IN, T TER, S T G "LR, PR INST, L y. 
COMMON VUS'VlJ8'JOX,JOY'NODF.,TETA'JL,JRANO,fI,8,LJR,NJR,~R,KSI 
COMMON NU,X,SJ,KS,KN,SIGAL,ITr P ,SKTPl,GJJ,FJJ,rFlTA,TCH 
COM~ON MSS'TJ,EnEP,SKIP,MJ,JON'In!n,~AG,PQCC'~J,TH~ME,tC,E~,Fp,VUC 
CO~~ON N,M~trNT,rINT,NC'M~r,~EJ,GJ,EJ,~M,NrODf'LL,s,NLUAa,~AXS,~FA 

c SURROUTINE FUR "OEVELOPING STnFSS MATRIX OF JOINT ELE~ENTS 
JL=A(!) 
AC::1.-2.*X / JL 
8C=1 .... 2.*X/JL 
KS=GJJ ( I ) *1 HIT J 
KN=EJJ ( I ) * tH/T.J 
SJ(1,1)=~Al/2.*KS 
SJ(1,2)=O. 
SJ(1,3)=I\C / 2.*KS 
SJC1,4)=O. 
SJ(1,s)=nC / 2.*KC; 
5J(1,6)=O. 
SJ(t,7)=-8C/~.*KS 
SJ(l,g)=O. 
SJ(2,1>=O. 
SJ(2,2)=-~CI?*KN 
SJ(2,3)=O. 
'SJ (2,4) =ACI 2. *KN 
SJ(2,5>=O. 
SJ (2·,6) =RC 12. *KN 
SJ(2,7)=O. 
SJ(2.B)=-AC/2.*KN 
RETURN 
ENO 
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EF(1 ).AJONST 
, SlJAROUTINE AJONSTCT) 

REAL JL, KS', KN 
DI~ENSION SM(36),NCODECB)'EOEF(8),LL(600),SJ(2'8) 
DIMENSION ~TRESS(~50~2)'EOEP(6nO),S(?60001,SEOFF(A),TE!A(500) 
OIMENSION 'AUIN(2~0)'SrGTN(250),CEnEFC8),PRINSTC12,10) 
DIMENSION JOX(nOO),JOY(600),NOnE(500'4},A(~OO)'BC500) 
DIMENSION SR(3,!1),SKIP(110,9),JONC)O),rOIR(30),MAG(30) 
DIMENSION ~QCC(A),TTTP(500),SKTP1(,?50)'GJJ{250),FJJ(?50) 
COMMON STR~~SS,TAlJtN,c.;IGIN,!Tr=::R'SIGALA,PRINST'LX , 
COMMON VUS'. VUFJ, JO,)(, Jf1y, NODE, TET A, JI , J8hNn, A, A, LJR, NJR, ~R. KS 1 
co r.r1 M 0 N N U , x , S J , K S , K N , 5 I GAL , I TIP , S K T P 1. , C; J J , F J J ,DE L T A , let-( , 
CO~MON MSS'TJ,EDEP,SKIP'MJ,JON'InIR,MA~,p~rC'NJ,TH,MF,~r,ES,F~,VU 
COM M 0 N N, M S , TNT, T TNT, N C , ME C , ME.J , G J , E J , S M , NCO 0 f , L L , S , N L ~ A 0 , ~ A X S , ME 8 

C STRESS CALCULATION TN JOYNT FLEMFNTS AND REARRA~C;E~ENT Of ELASTIC 
C AND SHEAR rv,OUUL T Ace. T 0 5Tr~F.:SS ST" TE PRF.SENT 

IFCSKIPt(I'.Fn.l.) ~[TtJRN . 
LD=! 
READ C10,LtJ) CSMCK) ,K=,t,tJSS), (NrODECM) ,~=l'~)S) 
00 20 J=l,MS . 
EDEFCJ)=O. 
CEDEF(J)=O· 
SI\YN=l. 
IN=NCOOE(J' 
IF(IN) 21,20'2~ 

21 IN=-IN 
C;I\YN=-l. 

?? IX=LLCIN+t'+IN-(NLOI\O-l} 
. EOFF(J)zS(IX)*SAYN 

CfDEF(J}=EUEFCJ)+EOEP(IN>*SAYN 
20 CONTINUE 

00 24 J=l,H 
SEOEFCJ)=E!JEF(J> 

4 CONTINUE 
C TRANSFORMATI()N OF ELEMENT DISPLACEMENTS IF JOINT ELE~ENT IS 
C !N VERTICAL ~OSITtON .. 

IF(TETA(T)~EQ.O.} GO TO 201 
EDEF ( 1. ) =SE')EF (2 ) 
E[)EF(2)=-St:.OEF(t) 
EOEF(3)=SE~EF(4) 
EDEF(4)=-S~DEF(3) 
EOEF(5)=SEI)EF(6l 
[DEF(6)=-SEDFF(5) 
EDEF (7) =SE') EF (A) 
EOEF(8)=-S~DEF(7) 

201 CONTINUE 
[JO 30 L=.l, 
SUM=O. 



ft~ 
50 
51 

2 
3 
4 

55 
6 

57 
58 
Sq 
60 
61 
62 
63 
64 
65 
£"6 
67 
68 
69 
70 
71 
72 
73 
."4 
75 
-'6 
-'7 

A 
-'g 
80 
81 
A2 
83 
A4 
A5 
86 
87 
88 
89 

c 
c 

40 ~8M~gU~~~~7~'M)*EnFF(~) 
30 STRESS(I,L""=SUM/TH 

TAU=TAUtN(I)+STRESSCT,l) 
SIGMA=SIGIN(!)+STRESS(T,2) 
TAU=A8S(TAU) 
IF(SKIPl(I'.EG.O.' GO TO 35 

ASSIGNING NEW MATERI~L PROPEhTIES TO ALREADY CRACKED JOTNT 
Ace 0 R 0 ! N G TO ,c. C t\ Leu LA TEn en M PRE SST V EST RES S 

IF(SIGMA~L~.(-334.» GO TO 1 
GJJ(I)=-~I~MA*3630./~34. 
GO TO 3000 

15 GJJ(I)=363LJ. 
GO TO 3000 

35 IF(SIGMA.LE.?A •• ANO.SIGMA.Gt.(-lOO.') FJJ(T)=2q2ton.-AHS(S!GM~)/tn 
*0.*122000. . 
IF(SIGMA.LE.(-100.).AND.ST~~A.~T.(-2no.» ~JJ(T)=170100.-(~AS(S!G 

*A)-100.)/I UO.*44100. 
IF(SIGMA.L~.(-200.).ANO.SIGMA.~T.(-300.» EJJ(T)=1'6000 .-(~BS(SIG~ 

*A)-200.)/1UO *2R200. 
IF(SIGMA.L~.t-306.).ANO.SIG~A.~T.(-400.» EJJ(I)=q7ROO: -(ABS(ST~~ 

*)-300.)/10U.*15300. • 
IF(SIGMA.L~.(~400.).AND.stGMA.rT.(-500.» EJJ (T)=A,~nO~-(ARS(ST 

*)-400.}/I0V.*17400. 
IF(SIGMA.[E.(-5~0.).ANO.St~MA.r,T.(-6DO.» FJJ(r)=6S1nO~-(APS(STG~~ * > -500. ) IIOU. *16noo. .. 
rFCsrGM~.Lt.(-600.).ANO.SIG~A.RT.(-7~O.» FJJ(T)=4A~nn: -(ARS(ST~~ 

*)-600.)/10U~*~400. ~ 
I F ( S I G M A • Lt.. ( - 7 0 0 • ) • 1\ N n • 5 T r, rJ A • r:: T • (-8 f') 0 • » F J J ( I ) = L~ ? q no. - ( ~ R 5 ( S I G ~ " 

*)-700.)/l0U.~nnQO. 
IF(SIGMJ\.Lt..(-800.» EJJCI'=~6~0\ . • 
IF(TAU.LT.25., - GJJ(!>=1?Aono.- TAlJ/?5.*72500. 
IFCTAU.GE. =~ 5 •• ""Nn. TAU.LT .50.) GJJ(T )-=55500.-(TAU-~C;. )/2~.*3330 \1 . 
IF(TAU.GE.;'O •• /\NO. TAU.L.T. 75.) GJJ(T. >=22200.-(TI\LJ-sn. )/"5.*AQOO. 
IF(TI\U.GE.'5 •• AND.TAU.LT.1QO.' GJJ(I)=t3300.-(TAlJ-75.>!?~.*460n. 
I F ( T 1\ U • G F • 1 00 •• ,r, N n • T 1\ lJ • LT. 1 2 Ii • l G J J ( I ) = 8 700 • - ( T A 11- 1 0 n • " I? 5 • * 3500 • 
IF(TI\U.Gr.t~5 •• ~~n.TAu.I_T.t50.' GJJ(I)=S200.-CTAU-125.'1?5.*1570. 
IF(TAU.GE.~?'5.) GJJ(T)=~6)O. 

3000 CALL AJSTlr(T) 
WHITE(lO,LU )(S~(K) , K=l , MSS) 
RETURN 
EN 
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EF(t).I\JCRAC 
SURROUTINE AJCRAC(I) 
REAL JL,KS'KN 
DIMENSION ~M(36),NCODE(R)'EOEF(8),LL(600),SJ(~'8) 
DIMENSION ~TRESS(250'2) ,EOEPU;nO) ,S(2600Q) ,SEOEF(8) ,TEIAC'SOO) 
[}IMENSION 00X(6rJO)'00Y(600;,NODE(500,4),AC500),8(C500) 
DI~ENSION ~R(3'11) ,SKIP(110,9) ,JONC~O) ,TOIR(30) ,MAG(30) 
Q I MEN S I 0 t\J ~~ Q C C C 8) , .T T T P C SO 0) , S K T P 1. C? 50 ) , G J J ( 250 ) , E J J ( 25 U ) 
DI~ENSION !AUIN(250) ,ST~IN(2~O) ,PRTNST( 12,1.0) 
COMMON STRtSS,TAUIN,SIGTN,ITER'STGALR,PRINST,L 
COMMON VUS' vun, JOX, JOy, .~'-lOOE, TET A,' JL, JAANO, A, R, LJB, t!J'l, ~R, KS 
COMMON Nll,X,SJ,KS,KN'SIG/\L;ITIP,S~TP1,GJJ,~JJ,nELTh,TCK 
COMMON MSS'TJ,FnFr,SKIP,MJ,JON'IDyn,MAG,p~rC'NJ,TH,Mf,~C,~S'EA,VUC 
COM~ON N,M~,rNT,JTNT'NC'MEC,MEJ,GJ,EJ,SM,t\JrODF'LL,S,NL~Ar,~I\XS,~E 

C SUBROUTINE F~R CHECKING CRACS IN JOINT FIFMENTS nN~ I\SST~NTNG 
C RESIDUAL MATfRIAL PROP~RTIES IF NECESSARY . 

IFCSKIP1(t).NF.n.) HE.TLJRN 
LD=I' . . 
TAlJ=TAUIN(1)+STRFSSCT,1) 
StG~A=SIGIN(I)+STRESS(I'2) 
T AU=ARS C T I\t"J) . 

C IREG:RFGION UF JOTNT ,FAILURE,IF t TENSILF,I~ 2 OR ~ SHEAH FAILURE 
TREG=O . _ 
IF(SIG~A.Lt.n.) GO TO 100 
IFCSIGMA.Lt.?A.) GO TO 50 
IHEG=l 
GO TO 1000 

~o UTAU=-1.5*~IGMA+42. 
rF(TAU.GT.UTAU) yRFG=l 
GO TO 1000 

100 IF(SIGMA.Lf.(-~34.» GO TO 200 
UTAU=-O 75*STGvA+42. 
IF(TI\U.GT,UTAIJ} IREG=2 
GO TO lOOr) 

?nO lJTI\U=-0.lt*SIGMI\+?C54. 
IFCTAU.GT.UTI\U) IREG=3 

1000 IF(IREG.EQ.O) RETURN 
ICn=1 
TAU=TALJIN(l)+STRF.SS(I,l) 
GO TO (210'220'23~) IREG 

21.0 GJJCY)=0. 
EJJ(T)=O. 
SKIP1(I)=1· . 
PRINT AO,I'IRFG,TI\U,STGMA 

AO FORMAT(100(,*,)/Sf))(,1AH CRACK IN JOlt-IT ,I3/40X,?uHTyt-IE O~ FAILlJR 
*E: TENSILE'6X,8HP~(;TON: ,Il/QOx'6H TI\U=,Fl0.2'A'(,~HC;I(,~A=,FlO. 
*00(,.*,» 

GO TO 3000 



a~ 220 ~~~~II¥T~~~MA*3A30./~34. 
50 PRINT qO,!'IREG,TAU,SYGMA 
51 go FORMAT(100(,*,)/50X']AH CRACK IN JOTNT tT3/4nX'24HTY~E OF.FATLUq 
52 *E: SHEAR '6X,AHREGION: ,It/40 X '6H TJ\U=,Fl0.2'6X,nHSIG~"=,Fl0.2/1 
53 *00(,*,» 
54 GO TO 3000 
55 230 GJJ(IJ=363U. 
56 SKIPl'(I)=2. 
57 PRINT 90,I'IREG,TJ\U,SIG~A 
58 GO TO 3000 . 
59 3000 CALL AJSTI~(T) . 
60 WHYTE(!O,L!l) (SM(K) ,K=l,MSS) 
61 RETURN 
62 ENO 



THE~IS*AM£F(l).ASREC 
1 SUBROUTINE ASREC(I) 
2 REAL KSI,NU 
3 DIMENSION ~QCC(A),SJ(2'A)'ITIr(500) 
4 DIMENSION ~KIP1(250)'GJJ(250),EJJ{?5n) 
5 DIMENSION /\(r:;OQ) ,8(500) ,SRC3,Al ,SM(36) ,NCOnE(8) ,LL(600 T ,S(?60CH1) 
6 OI~ENSION ~OX(600),JOY(6DO),NO~E{5nO'4',TETA(snO' . 
7 DIMENSION EO[P(600),SKTP(110,gl'JO~C30),InTR(3n),~A~(3U) 
8 DIMENSION ~TRESS(, 250,2) 'TAUIN(?~O) ,· SI,. GTN(~SO) ,PRINSTf1 2, ,1('}) 
9 COM~ON STRf,SS,TI\UIN,SIGIN,ITER';::,IGALR,PRYNST,Lv : 
o COMtJON VIIS' VUB, JO)(' JOy, NODE, TET A, Jt , JR1\NO, l\, R, LJR, NJ8, ~R, KS 
1 COMMON NU,X,SJ,KS,KN,SIGAL,ITIP,SKTPt;GJJ,FJJ,OrLT/\,ICt!< . 

12 COMMON MSS~TJ,EOEP,SKIP,MJ,JON'InIR,~AG,rGCC'NJ,TH,~E,tC,ES,EA,VU 
13 COMMON N,M5'INT,!INT'NC,MEr,MEJ,GJ,fJ,SM,NrODF,LL,s,Nl~An,MAXS,ME 
14 C SUAROUTINE FUR CALClJlATtNG STRES~ MATRIX OF p.e. FLFMFNT~ 
15 C=EC/(l.-VIJC*VUC) . 
16 SR{l,l):-C*Cl -NU)/A(I) 
1 7' S R ( 1 , 2 ) = -C • V lJ t * ( 1 • - K S I ) / B ( I ) 
.18 SRC1,3)=-C*NU/f\CI) 
19 SR(l,l~):C*vUC*(l ..... KST)/n(I) 
?O SH(l,'j>=C*NU/I\(t) 
~l SR(1,6)=f*VUC*KSI/R(I) 
?2 SR(1,7)=C*tl.-NU)/A(T) 
23 SR(1,8)=-C*VUC*KSI/R(I) 
24 SR(2,t)=-C*VUC*(1.-NlJ )II\(I> 
~5 SHC2,2):-C 1r (1.-KST)/H(I) 
26 SR (2,3) =-C"'VlJc*NU/ A ( J ) 
27 SR(2,4):C*<1 -KSI)/R(I) 
28 SR(2,~)=C*VUt*NU/~(T) 
?g SR{2,6)=C*KST/R(I> 
30 SR(2,7)=C*vUC*(1.-NU)/I\(I) 

1 SR(2,8)=-C*KSI/A(t) 
.32 SR(3,l)=-C*Cl.-VUC>*(1.-KSr)/('.*f1CI» 
33 SR(3,2)=-C*(1.-VIJC)*(1.-NU)/(;>.*AC!» 
34 SR ( 3,3) =C * ( 1 • -VUC ) * ( 1 • -KS T ) / (2 • *n ( r ) > 
35 SR (:3,4) =-C* (l. -VlJC) -tcf\JlJl (? */\ ( I ) ) 

6 SR(3,~)=C*(1.-VUC)*YC:;I/(2.*B(I» 
7 S R C 3 , 6 ) = r * ( .1 • - V tJ C ) * ~,I IJ / ( ? • * f\ ( I ) ) 

38 SRC3,7)=-C*(1.-VUC)*KST/(?*R('1» 
39 SR(3,8)=C*(1~-VUC)*(1.-NU)/{2.*A(I» 
40 RETURN 
41 ENO 

APHr,s AMEF,ACONST,.ASBRIC,.A8RIST • EUNITNUC 0001 



TH~CIS*A~EF(l) ACONST -
.l 1 - • SRlEJAROUT INElJACONST (t ) 

2 . AL KSI, N . 
3 OIMENSION ~M(36),NCOnE(R),~OFF(8),LL(600),~(5nn),R(5nOr 
4 DIIMENSION ~R(3'A),SC(3)'SC~(~)'SCC(3),S(26000)'EOEP{hOO) 
5 0 MENSION ~KIP(110,g),PGCC(A) 
6 DIMENSION JOX(600),JOY(600),NOnE(~OO'4},TETA(5no) 
7 DIMENSION ~ON(3Q),!DTR(30),MAG(30),SJ(?'8)'ITtP(~nn)'SKIP1(250) 
8 DIMENSION bJJ(?50),EJJ(250) 
9 DIMENSION ~TRESS(~50'2) ,TAtJIN(?50) ,SIGTN(?'iO) ,PRJNST(1. l ,10) 

10 COMMON STRtSS,T~UIN,SIGIN'TTFR'SIG~LR,PRINST'LX 
11 COM M 0 N V! IS' \llJ B , J 0 X , .,J 0 Y , NOn F , T ETA, J L , J 8 AND , ,r.. , A , L J H , N"J n , ~ R , K S T 
12 COM~ON NU,~,SJ'KS,KN'SIGALiITTP,SKIPl,GJJ,EJJ,DELT~,TCH 
13 COMMON MSS'TJ'EOFP,SKIP'MJ,JON'InIR,MAG,pnCr'NJ,TH,ME,~C,ES,Fn,vur 
14 CO~MON N,M~,INT,ItNT'NC,MEc,MEJ,GJ,EJ,C;M,NrODF'LL,S,Nl.UAn,~AXS,M~R 
15 C SUBROUTINE FUR CALCULATING STRFSSES TN R.C ELFMENTS,('HFCKINC'; 

6 C FOR TENSION CRACKS AND ASSIGNING THE ACC0ROJNG PSEtJnnLOA~ VECTOR 
17 C SC:STRESS VECTOR . 
18 C SCP:PRINCIPAL STRESS VFCTOR 
19 C TETAP:PRINCt~LE ANGLF 
20 C SCC:STRESS~S IN CRACKFn CONCRETE ELEMENT 
:> 1 C I R: NU~BER OF St IRREG T ON 
~2 IUCGEN (NN) = (NN-N+JRI\ ~jD-l)" (NN-N+JnJ\NIi) 12 
?3 LD=I 
~4 LE=LO~MEJ . 
~5 IF(LD.EQ.161.0q.Ln.EQ.170.0R.L~.EQ.?Ol.0R.LO.EG.?OA) GU TO 16 
26 GO TO 1~ 

7 16 LX:LX+l 
8 DL =LO 

29 PRINST(LX,l>:DL 
'30 I 15 IR=O 
31 READ (10,LU)(S~(K),K=I'MSS),(NCODE(M),M=1'~S) 
32 00 2n J~l,MS 

3 EOEF(J)=O. 
34 SI\YN=1. 
35 IN=NCOOF(J' 
36 IFN(IN) 21'?O,2~ 
37 21 I =-IN 
38 SAYN=-I. 
~g 22 IX=LL(IN+l)+IN-(NLo~n-l) 
4Q . EOEFeJ)=S(IX}*SAYN+FOEP(IN)*SAYN 
41 20 CONTINUE 
42 KST=1./6. 
43 no 30 IJ=1'3 
44 NU=1./6. 
45 no 40 IK=1'3 
46 IR=IR+l 
47 IFCSKIP(LE'IR).NE.O •• AND.lrER.NE.l) ~o TO u6 



48 
49 
C;O 
51 
52 
53 
C;4 
55 
C;6 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
(,9 
70 
71 
72 
'73 

4 
5 

76 
"17 

8 
"19 
AO 
81 
A2 
R3 
84 
AS 
A6 
87 
88 
A9 
gO 
q1 
q2 
q3 
q4 
qS 

CO"LL ASREC) I ) 
n 50 L=l , ,~ 
SUM=O. . 
DO 60 M=l,MS ' 

60 SU~~SUM+SR(L,M)*EOEF(~) 
50 SC(L)=SUM 

IFCLO.EQ.t61.0R.Ln.EG.17D.OR.L~.EQ.201.0R.Ln.EQ.~nq) GU TO 17 
GO TO 31 

17 IFCIR.EG.2.0R.tR.EO.5.0R.ln.EQ.8) GO TO 18 
GO TO 31 

18 I R1=IR+2 
J=O 
DO 10 LI=t H,!Rl 
J=J+l 

10 PRrNSTCLX,LI)=SC(J) 
31 CONTINUE 

SCr(1)=(SC(1)+SC(~) )/2.l-5~RT( «(5C(1 )-SC{2) )/?)**?+SC(j)**?) 
SCP(2)=(SC(1)+SC(?»/~.-SORT«(SC(1)-Sr{2»/2.)**2+SC{~)**?) 
SCP(3)=0. 
TETAP=0.C;*ATAN(2.*SC(3)/(SC(1)-SC(?») 
PI = AT AN ( 1 • , *4 • . . 
TOL=0.onOo 1 . 
SIGx=(SC(i)+sC(2»/2.+(SC(1)-SC(?»/?*COS(~.*TETAP)+5e(3)*STN(~.* 

ITETAP) -
tF(AAS(SIG~-SCP(l».lE.TOL) GO TO ?5 
TETAP=TETA~+PI/2. 

25 IF(SCP(1).LE.StGI\L) GO TO 46 
OTETAP=TETAP/PT*1AO. 
IF(SCP(2).LE.SIGAL) GO TO qO 
IF(SKIP(LE'IR).F.O.O.) PRINT l,t,IR,DTETAP,c:.;C(ll ,SC(?) ,~r(~) 
GO TO 10n 

80 SCp(2)=O~ 
t F (S K T P ( L E ' 1 R ) • E ('} • 0 .) P R I f\J T ?, T , T R , n T ETA P , c:; C ( 1 ) , S C ( ? ) , ~ c ( ~ ) 

1 FORr'JI\T(2t;X'13,9H. F:LErJAN ,Y1,2'lH. ROLGf IKT YONrJF CATLAK,C;'<, 
113 H CAT L 1\ K 1\ CIS I = , F 5 • " , 2 X , 7 H S I G ~ 1\ X = , F 6 • , , 2)( , 7 H S T G v .1\ y = , F b • , , ? X , ,~ H T ", U 
2=,F6.1) 

2 FORMI\T(2~X'I3,qH. Fl EMA N ,T1,24 H. nOLG~ ATR YONDF CI\TLnK,~x, . 
113HCATLI\K ACISI=,F~.0,2X,7HSIG~AX=,F6.1 ,?X'7HSTGMAY='F~.1 ,?X'4HT~U 
2='F6.1) 

10·0 SCC(1)=SCP(1)*cnS(TETAP)*CnS(T~TAP)+SCP(?)*SI~(T~TAP)*~TN(TETAP) 
SCC(2)=SCr(1)*SIN(TETAP}*StN(TFT~p)+srp(?)*COS(T[ThP)*COS(TETAP) 
SCC(3)=srp(1)*SIN(TF.TAP)*COS(TFTAr)-scr(?)*SIN(TET~P)*COS(TETAP) 
REAO(?g,LE) (f"'GC:C(KJ) ,KI=t ,~) 
P Q C C ( 1 ) = P Q ~ C ( 1 ) + ( - n ( T ) * ( 1 • - N U ) '* sec ( 1 ) -" ( ! ) * ( 1 • - K C; T 1 * c; C t ( ~ ) ) :+ T ~J 1 q • 
P Q C C ( 2 ) = P <1 C C ( 2 ) + ( - A ( T ) * ( 1. • - K c:; I ) * S C C' ( ? ) - 8 ( t ) * ( 1 • - t 11.1 ) * S r ~ ( "3 ) , * T ~j 19 • 
P Q r C (;3 ) = P Q (. C ( 3 ) + ( - R ( I ) * f\1 U * c; C c ( , ) + A ( I ) * ! 1 • - K c:; I ) * S r C ( ~ ) ) ~ T J-ll Q • 
PQCC(4)=PQ~C(4)+(A(I)*(1.-KST)+5rC(?)-R(I)*KSI*srC(3»-T~/q. 
PQCC(5)=PQC C(5)+(R(I)*NU*SCC(1'+A(I)*KSI*c:;rr(3»*TJ~/a. 



~9 qa 
qg 
(')0 
f'll. 

I n2 
103 
104 
1t)5 
-06 

PQCC(6)=~QLC(6)+(A(I)*KSI*SC~(?)tR(I)*Nu*srC(3»*TH/n. 
PGCC (7) :PQCC (7) + (R ( t ) * ( 1 • -NlJ) *SCc -( ll-A ( I ) *KS T *scr (~) ) * ,IH/g. 
PQCC(8):PQLC(A)+(-A(I).KSI*SCC(?)+RCI)*(1.-NU)*SCCC3»*TK/g. 
WRrTE(29,Lt)(PQCC(KI)~Kt=1'8) . 
SKIP(LE,tR'=.I. 

46 NU=NU+l./3. 
40 CONTINUE 

KSr:KSI+l.'3. 
30 CONTINUE 

RETURN 
END 



THEc,IS*AMEF(l).ASBRIC 
1 SURROUTINE ASARIC(I) 
2 REAL KSt,NU , 
3 0 I MEN 5 I 0 ~J ..., Q C C ( A ) , S J ( 2 , A) , t T t P ( 50 0 ) . 
4 DIMENSION ~KTPt(250)'GJJ(2~O),EJJ(~5n) 
5 OIMENSIO~J 1\(')00) ,RC50Q> ,SR(3,B) ,SM(36) ,NCOrE(A) ,LLC600 l ,SC?600 0 ) 
6 DIMENSION JOX(600),JOY(600),NOnE(')nn,4),TETA(500) 
7 DIMENSION t.OEP(600) ,SKIPCl10,9' 'JO~J(30) ,TOTR(~() dJ;I\G(3 0 ) 
8 DIMENSION ~TRESS(250~2>'TAUIN(?50>,STGTN(?~O),PRT NST(ll'10) 
g COM ~ 0 N S T R I ... 5 S , TAU IN, S I GIN, T T E R , S 1. G ~ L R , P R t N S T , LX , , 

to CO~~()N VtJS'VUB,JOX,JOY,NOnE,TETI\,JL,JRI\NO,A,B,LJR, NJP,':5R,Kc;r 
11 COMMON NU'~,SJ,KS,KN'SIGI\L,ITIP,C;KTP1,r,JJ,FJJ,nF.LTI\,TCK 

2 COM~ON MSS'TJ,EnEP,SKIP'MJ,JON'InIP,MAG,POrC'NJ,TH,ME,~C,rC;,FR,VUC 
13 COMMON N,M~,rNT,!tNT'NC,MF.r,MEJ,GJ,EJ,C;M,NrODF'Lt ,S,NLOl\n,~}AXS,~Fn. 
14 C SUUROUTINE FOR C"LCULATING STRFSC:; MATRIX OF flnICK El.EMFN .,!. S 
1.5 C=EB/(l.-VuR*VUA) , 
16 SR(l,l)=-C*(l.-NlJ)/A(I) 
17 SR(1,2)=-C*VUn*(1.-KSI)/R(T) 
18 SR(1,3)=-C*NIJ/A(t) 
19 SR(1,4)=C*VUn*(l,-KST)/RCT) 
?O SR(1,5)=t:*NU/AC!1 
?1 SR(1,6)=C*vUA*KSt/A(1) . 
?2 SR(1,7):C*(1.-NU)/A(T) 
?3 SHC1,A)=-C*VLJA*KST/RCI) 
24 SRC2,1)=-C""VUR*Cl.-NtJ)/f\(I) 
25 SH(2'2)=-C*(l.-KST)/ f ~(t) 
::>6 SR(2,~)=-C"'VUn*NU/A(r) 

7 SR(2,4)=C*(1.-KSt)/R(I) 
A SR(2,5)=C*VUB*NU/A(T) 

?9 SR(2,6)=C*KST/R(T) 
~O SRC2,7)=C*vUR*(t.-NU )/A(I> 
31 SR(2,8)=-C~KSt/nct> 
~2 SH (3, 1 ) =-C* ( 1 • -Vl In) * ( 1. -KS r ) / (? *R ( r ) ) 
33 ' SR(3,2)=-C*(1.-VlJR) :4d l.-NU)/C2.*ACT» 
~4 SRr3,3)=C*(1.-VUR,*(1.-KSJ)/(?*RCT» 
~5 SR(3,1~)=-C'4tC1.-VUB>*NU/(?*A(t» 
~6 SRC3,5>=C*(1..-vun>*KSI/(2.*R(I) 

7 SH(3,6>=C*(i.-vun>*NU/(? *A(T» 
8 SR(3,7)=-C*Cl.-VUA>*KST/l?*R(T» 
9 SR(3,A)=C*(1.-VUR'*(1.- NU)/C2. 1c I\(Il) 

40 RETURN 
41 END 



THE c: ! 5 * A ~~ E F ( 1 )A F3 R 1ST ' . 
1 1 • 5UnROUTtNE ARRIST(T) 

2 REAL KSt,NI) 
3 OI~ENSION ~~(36),NCOnE(A)'FnEF(8),LL(6no),A(~nn)'B(50nr 
4 DIMENSION ~R(3'R),SC(3),SCP(~)'SCC(3).S(?6000)'E~FO(600) 
5 DIMENSION ~KTP(110t9}.P~CC(8) 
6 OI~ENSION JOX(600),JOY(6nn),NOnE(~nO'4).TFTA(~OO) 
7 DIMENSION ' ·~ON(30) ,TOTR(30) ,~AG(30; ;SJ(?d3> ,ITIP(SOO) ,SKIPl (?C)O) 
A DIMENSION ~JJ(250),EJJ(?~O) 
9 00IMENSIOn STRESS(;:>50'2) ,TI\LJIN("5(l) ,STGTN(?!lO) ,PRTNST{1 2 ,tO) 

10 C MMON STRtSS,TAUyN,SIGIN,rTFR,SIGALR,PRINST,Lx 
1 COMMON VUS' VlJF3, JOX. JOy, Non. f, TET A ,', JL ,JB"Nn, "', B, LJR, NJr, ~R. KS I 

12 COMMON NlJ"'~J,KS,KN'SIGI\L;ITIP'SKTP1,GJJ,FJJ,OELTI\,TC~ 
13 COMMON MSS'TJ,EnEP,SKIP'MJ,JON'IntP,MA~,pnrC'NJ,TH,MF.,fCfES'Er,Vur 
4COM~ON N,M~'TNT'IINT'NC,MFr,MEJ,GJ,EJ,SM,NrOOE'LL,S.~'LUAn,~AX~,~F~ 

15 C SUAROUTINE FUR C~LCtJLATIN~ STRFS~ES TN RRICK FLEMENTS,rH~CKTNG FOR 
.6 C TENSION CRACKS AND ~SSTGNING PSElJOOLnAn VECT0R IF NECESSARY 
.7 IUCGEN (NN) = C NN-N+JAAt·J O-l) * (NN-"J+JRI\Nn) 12 

18 LD=I 
9 LE=LD-MEJ " n -o IF(LO.EQ.IU5.0R.LO.E~.112.nR.L.EQ.ltq.OR.LD.Fn.12A.0R.LO.EQ.t~3. 

?1 *R.LD.EQ.ll~ U .OR.ln.FQ.147.0R.Ln.EQ.t54) GO TO 2-' 
?2 GO TO 15 
?3 27 LX=LX+! 
?4 QL=LO 
?5 PRINST(LX,l):DL 
26 15 IR=O 
2 7 . . R E 1\ 0 (1 0 , ,-I) (S M ( K ) , K = 1 , fVlS S) , (N COO F. ( ~~ ) , ~} = 1 , ~. S ) 
28 DO 20 J=l' ~ S 
29 EDFF(J)=O. 
30 SAYN=l. 
31 IN=NCODE(J' 
32 IF(IN) 21,20,22 
33 21 IN=-IN 
34 SAYN=-l. 
35 22 IX=LLCIN+l)+IN-(NLOAO-l) 
36 - EDfF(J)=S(lX)*S~YN+EDEP(IN)*SAvN 
37 20 CONTINUE 
38 KSI=1./6. 
39 DO 30 IJ=1'3 
40 NU=1./6. 
41 00 40 IK=1'3 
42 IR=IR+! 
43 TF(SKIP(LE~IR).NE.O •• AN O .ITER.~E.l) ~O TO 46 
44 CALL AS8RI~(T) . 
~5 DO 50 L=l, ~ 
46 SUM=O. 
47 00 60 M=l, MS 



tt~ 
50 
~1 
52 
'13 
54 
55 
56 
57 
58 
'19 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
'74 
'75 
"'6 

7 
78 
79 

o 
Al 
82 
83 
84 
85 
86 
A7 
A8 nq 
gO 
ql 
q2 
q3 
q4 
q5 

60 SUM=SUM+SR{L,M)*EDEF(M) 
50 SC(L)=SU~ 

IF(LDtEQ.IU5.0R.Ln.EQ.112.nR.L~.EG.11q.OR.I . n.E~.t2~.OR:LD.EG.l~3.0 
*R.LO.EQ.14lJ.OR.Ln.EQ.147.0R.LD.EQ.'~4) GO TO ?A 

GO TO 31 
2A IF(IR.Eb.2.0R.tR.EQ.~.OR.IR.EQ.8) ~O TO ?Q 

GO TO 31 
29 IR1=IR+2 

J=O 
00 10 Lr=r K,IRl 
J=J+l 

10 PRINST(LX,LI)=SC(J) 
31 CONTINUE 

. S C p ( 1 ) = ( C; C ( 1 ) + S C ( ? ) ) / 2 • + S Q n T ( ( (S r C 1 ) - S C ( 2 ) ) /? • ) '*' * ? + S r ( ~~ ) * *? } 
SCP(2)=(SC<1)+SC{2) )/2.-S~RT«(Sr(1 )-sr(?)}/2.)**?~C;C(j)**2) 
SCp(3)=O. 
TETAP=O.5*ATAN(2.*SC(3)/(SC(1)-SCC?») 
PI=I\TAN(1.'*4. 
TOL=O.OOOOl 
SIGx=(scci'+sC(2»/2.+(SC(1)-SC(2»)/2.*COS(?*TETAP)+St(3)*STN(2.* 

ITETAP) . 
IFCAAS(StGX-SCP(l».LE.TOL) GO TO ?S 
TETAP=TETAtJ+PII? 

25 IF(SCP(f).LE.SIG~'-A) GO TO 40 
D1ETAP=TFT~P/PI~lRO. 
IFCSCP(2).lE.SIGALR) GO TO 80 
IF(SKIPCLE'IR).EQ.O.)PRtNT l'I'IR,nTrTAP,SC(l),SC(?),st(~) 
GO TO 100 

80 SCp(2}=n. 
. IF(SKIP(LE'IR}.EO.O.) PRTNT 2,T'IR,DTFTAP,~C(1),SC(~)'~C(~) 

1 FOR MAT ( 2 S X ' I 3 , q H • T tJ (-; LA, T 1 , ~, Q1. ~ 0 L G F T K T YON n F. r 1\ T L A K , C) 'l( , 
It3HCATLAK ACISI=,F5.0,2X,7HSIG~AX=,Fo.1,2X'7HST~M~Y=,F~.1.2X'4HTAU 
2='F6.1) 

? FORMAT(2r:;X'I"t"qH. TIJGL" ,tl,2t-lH. r10LGr 8TR YONnF CATL:AK,5X, 
113HCATLAK ~CIS!=,F5.0,2X,7HSTGvAX=,F6.1 ,2X,7HSIG~I\Y=,r~.t,?X'4HTAlJ 
2='F6.1) 

100 SCC(1)=SCP(1).(OS(TETAP)*rOS(TFTAP)+SCP(2)*SIN(TfTAP).~IN(TETAP) 
SCC(?)=SCr(t)*S!N(T~TAP)*STN(TfTAP)+SCP(2)*COS(TET~P)*tOS(TETAO) 
SCC(3)=SCP(1)*S!N(TETAP)*COS(TF.TAP)-SCP(2)*SI~(TETAP)*LOS(TETAP) 
READ(29,LE)(POCC(KI)'KI=1'~) 
PQCC(1)=r~~C(1).(-R(I)*{1.-NU)*SrC{1)-A(T).(1.-KST)*Sr~(~)*TH/q. 
P~CC(2)=PQ~C(?)+(-n(t)*(1.-KSI)*scr(?)-A(T)*(1.-NU)*SrC(~»*TH/9. 
'pQCC(3)=PQCC(~)+C-R(T)*NU*SCC(1)+A(T)*(1.-f<SI)*srr(~})¥TH/o. 
PQCC(4)=PQL C(4)+(A(!)*(1,-KS!).SrCC2)-p(I).K5T*srCC3»~T~/q. 
PQCC(5)=pncC(5)+(R(T)*NU*c:;rC(1)+I\(T)*K~I*srC(~»*TH/Q. 
PGCC(6)::PQcC(6) +(A(!)*KSI*SCC(") "R(T'*F'Ju*src(~) )*TH/o. 
PQCC(7)=PQCC(7)+(R(T)*{l.-~U)*SCC(1)-A(I)*~SI*~cr(~»*~~/Q. 
PQCC(A)=PQ(JC(A)+(-A(T)'*'KST*SCC(?)+n(T)*(1.-NU)~SrC(3))*TH/q. 



~9 qa 
qq 

Ina 
!n! 
1(')2 
In3 "PRr,s 

~~I~~~~?fh~!I~aCC(KT)'KI=l'B) 
46 NU=NU+l./3. 
40 CONTINUE 

KSI=KSI+l./3. 
30 CONTINUE 

RETURN 
END 

AMEF.AMEF,.AOATRE,.AJHANO,.AJSTIF,.A8STIF'.ACSTIF • non1 OT UG 
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