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Summary

The article presents some aspects about Newton method and algorithm and a
numerical example. The C++ program illustrated the important steps and
advantages to apply the Newton method to solve the nonlinear equations.
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1. INTRODUCTION NEWTON METHOD (TANGENT METHOD)

The Newton Method (or Tangent Method) is used to solve the un-linear equations,
and to reduce substantially the number of iterations.

If we considered X - a separate solution of equation f(x) = 0 on [a, b] interval and
f(x) is continue and monotone on this interval, the values of function in a and b
points f(a) and f(b) have opposed signs (such as in Figure 1).

Y E 3
A (a, f{(a))

B (b, f(b))

Figure 1.

We write the tangent equation in A(a, f(a)), point
y—fa)=1"(a) (x-a)
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intersect the Ox axis.

fla) —_ fla)
b ()

From geometrical point for view (figure 1) signifies the fact that the arch/spring
curve is replaced by the tangent, and the place of the exact value solution x; (the
abscissa/x-coordinate of the intersection point of the curve and the axis Ox) it is
taken as an approximate value x; (the abscissa of the intersection point of the
tangent at the curve with the axis Ox).

We obtain XxX=a-

By repeatedly applying Newton’s method we can correct the first approximation,
finding closer values to the exact one.

The approximate values result from the series:
— _ f(xnfl )
Xy =X '
f (xn—l )

2. THE ALGORITHM OF THE TANGENT METHOD
(NEWTON)

e We draw the tangent at the curve in the point B(b, f(b)) and we find the
intersection point of the tangent and the axis OX — (x;,0). The abscissa of this point
x1 is taken as I the solution approximation.

e Computing the function value in x; we could deduce the tangent at the
curve in the point with the coordinates (xy, f(x;)). The tangent will intersect the axis
OX in the point with the coordinates (x, , 0). The abscissa of this point x, 0 taken as
I solution approximation.

¢ Continuing this process several times, we can observe that we obtain a
value series x1, x2, x3, ... , which tend towards the equation solution x°.

3. NUMERICAL APPLICATION

We propose to solve the equation x* — 2x — 5 = 0.

Solution: We notice that if we note f(x) = x° — 2x — 5, then
f(1)=-6; f(2) =-1; f(3) = 16.

From the conditions f(2) < 0 and f(3) > 0 we deduce that a solution of the equation
appears in the interval (2, 3).
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We consider the first approximation x; = 2.

We determine x, =2 — &
/'2)
For f(x) =x’ —2x - 5, f(x) = 3x* =2 and f(2) = -1; °(2) = 10

X, =2+%=2+0.1=2.1.

We repeat the sentence and we get: x, =2.1- M

/(2.1)
where f(2,1) = (2,1)* - 2:(2,1) — 5=10,061.
£(2.1)=32,1-2=3-441-2=1323-2=1123.

Itresults x, =2.1 _ 0061 2.1-0.0054 =2.0946
11.23
Then we determine x, = x, — f' (x3)
f (x3)
By substitution we get: x, =2.0946 —M =2.09455.
7'(2.0946)

We approximate x4 = 2,095.

The value of the function is:

C.V. Anghel

£(2,095) = (2,095)’ — 2 (2,095) — 5 =9,195 - 4,190 — 5 = 9,195 — 9,190 = 0,005

hence £(2,095) > 0.

From the conditions f(2) = -1 < 0 and {(2,095) > 0 we determine that the value x =

2,095 can be considered the solution of the given equation.

As an observation, we can affirm that if the graphic of the function f(x) is almost
parallel to the ax Ox, i.e. the size of the derivative f’(x) is closed of zero, then the
Newton method is not applicable, but another method is recommended, for

example the string/cord method.

4. PROGRAM C++

The program written in C++ which determines the solution of the function given in
the above mentioned example, using the algorithm of the tangent method (Newton)

1S:

#include <stdio.h>
#include <conio.h>
#include <math.h>
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float Func(float x)
{
return x*x*x-2*x-5;
}
int Newton(float Func(float, float *x), float *x)
{
const float eps=1e-6;
const int itmax=100;
float df, dx, f;
int it;

for(it=1; it<=itmax; it++){
f=Func(*x, &df);
dx=(fabs(df) > eps) ? -t/df : -f;
*x += dx;
if (fabs(dx) <= eps*fabs(*x)) return 0;
h

printf("maximum no. of iterations exceeded within the Newton method! \n");
return 1;

}

The following notations were used:
Func — for the user function
a, b - the limits for the search interval
*x - the found zero (output)
it - the number of iterations
itmax — the maximum number of iterations

The error number is returned:
0 — for a normal execution
1 — if the maximum number of iterations is exceeded
2 — when the interval does not contain a root.

After each partition of the interval, not only the ends of the interval are upgraded,
but also the corresponding values of the function f(a;) and f(b;).

5. CONCLUSIONS

This method helps us to efficiently obtain the solution of the problem. The small
number of iterations necessary for the determination of the equation solution from
the presented example indicates that the choice of the tangent method (Newton) in
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the solving of this equation was the right one. These observations can be picked out
from the analysis of the results obtained after the development of the program
implemented in the above presented programming language C++.

If the graphic of the function f(x) is almost parallel to the Ox axis, i.e. the size of
the derivative f’(x) is closet o zero, then the Newton method is not applicable, but
another method is recommended, for example the string/cord method.
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Summary

Brick chippings are the waste which can partially substitute the cement. Therefore
this waste is utilized, in light of the environment, into the useful new product - the
concrete. The finely ground brick body is characterized by certain pozzuolana
activity which enables the partially substitution of the energetically demanding
binder which is the cement. The paper indicates the observations concerning the
tests of concrete in which the cement was substituted by 10% and 20% of finely
ground brick bodies from the brick plants Kryry and Slapanice.

KEYWORDS: brick body, concrete, additive to concrete, pozzuolana activity.

1. INTRODUCTION

The brick plants produce on the average 1 till 5 % of waste, which is recycled only
in low range and utilized as opening material. The rest is stored in deposits. The
price of this waste material rarely overreaches 5 till 10% of the cement price. It is
true that for the utilization as substitute for cement it is necessary to prepare it
(by grinding, separation etc.). However also after this preparation its price does not
overreach 20% of cement production costs. The finely ground brick body shows
pozzuolana activity so that we can hold it for the active pozzuolana admixture and
we can substitute the part of binder in cement composite by this material.

By the addition of finely ground brick body we can achieve, with comparable
concrete parameters, the decrease of production costs.

The reaction extent of the burned brick body with the hydrating cement is given on
the one hand by the composition of raw materials and on the other hand by the
burning conditions.

The brick products are on the present as a rule burned at the temperature 1000 —
1100°C. The brick body is formed by raw glass surrounded by other crystals and it
can show variable pozzuolana activity in dependence on the used earth and on the
burning temperature. The greatest portion in the resulting product forms as the rule
the glassy phase with high content of silicon and of alkalis and it contents further
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also aluminiuum, different iron oxides, calcium and magnesium surrounded by
crystals of mullite, silicon and sometimes also cristoballite. The brick products
with high lime content can also contain considerably amounts of feldspars which
support the increase of activity.

The reaction activity is highest mostly in the temperature range between 600 —
900°C. Higher temperature causes nucleation and crystallization of new phases in
the body and the reaction activity rather decreases. The glassy phase excels during
cooling and it is in dependence on the composition more or less active [4].

The following active admixtures were applied in practice:
- Finely ground brick body from the brick plant KRYRY
- Finely ground brick body from the brick plant SLAPANICE

The effect of the cement substitution in concrete by finely ground brick body, on
its physico-mechanical characteristic, was tested in experimental work.

2. METHODS OF EXPERIMENTAL WORK AND THE
COMPOSITION OF CONCRETE

The experimental work is based on the properties comparison of concrete made
with different batch of finely ground brick body (substitution 10 % and 20 % of the
cement weight) with the properties of reference concrete which was made without
the use of brick body.

2.1. Input materials:

The following components were used for the production of concrete:

— cement CEM 42,5R from cement plant Mokra

— sand fraction 0-4 mm from the locality Zabgice

— crushed aggregate fraction 4-8 mm from the locality Zelesice

— crushed aggregate fraction 8-16 mm from the locality Zelesice

— admixture: finely ground brick body from the brick plant KRYRY and
SLAPANICE

— The volume weight of these brick bodies are 2750 kg/m’

— Additive: poly-carboxyl-ether ACE 40, from the firm BASF which shows
liquefying effects, increases the initial and the final strength of concrete

- Dbatch water — it fulfils the demands of the EN 1008.

The basic parameters of the aggregate are in table 1.



“Computational Civil Engineering 2007”, International Symposium

Table 1: Basic parameters of the aggregate

Parameter Unit Zab&ice  Zelesice  Zelesice
0/4 mm 4/8 mm  8/16 mm
Volume weight [kg/m’] 2630 2650 2730
?t;g weight in shed ke/m’] 1770 1670 1710
Porosity [%] 32,7 37,0 374
2.2. Composition of concrete
The composition of concrete is in table 2.
Table 2. Composition of concrete in 1 m’
Concrete  Concrete

Component Reference with10%  with 20%

p concrete of brick of brick

body body

CEM 142,5 R Hranice cement 400 kg 360 kg 320 kg
Finely ground brick body 0kg 40 kg 80 kg
Sand 0 to 4 mm from the Zabcice
Gravel Pit 745 kg 740 kg 739 kg
Aggregates 4 to 8§ mm from the
Zelesice Gravel Pit 235ke 230ke 229ke
Aggregates 8 to 16 mm from the
Zelesice Gravel Pit 980 kg 972kg 971 kg
Plasticizer BASF ACE 40 4 kg 4 kg 4 kg
Mixing Water 151 kg 147 kg 141 kg
Water/Cement Ratio 0,38 0,37 0,35

2.3. Observed parameters

The following parameters were observed with tested concrete:

— fresh concrete - flow table test F (EN 12350-5 Standard)

— density of fresh concrete D (EN 12350-6 Standard)
— density of hardened concrete D (EN 12390-7 Standard)

— compression strength f; ., (EN 12390-3 Standard) in the age of concrete

1, 3,7, and 28 days

— bending strength f,/(EN 12390-6 Standard) in the concrete age 28 days

289

— depth of penetration of water under pressure #,, (EN 12390-8 Standard)

— dynamic modulus of elasticity Ep, (CSN 731371 Standard) in the age of

concrete 1, 3, 7, 14 a 28 days.
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Marking of individual tested concrete:

REF - reference concrete (strength class C 55/67)

S10 - concrete with 10% substitution of cement by finely ground brick body
from brick plant Slapanice

S20 - concrete with 20% substitution of cement by finely ground brick body
from brick plant Slapanice

K10 - concrete with 10% substitution of cement by finely ground brick body
from brick plant Kryry

K20 - concrete with 10% substitution of cement by finely ground brick body
from brick plant Kryry

3. TEST RESULTS

The test results are in table 3 and for selected parameters they are
represented graphically in figures:

- Fig.1: Effect of the finely ground brick body addition on the compression
strength of concrete with different age

Fig.2: Effect of the finely ground brick body addition on the bending
strength of concrete and on the ingress of pressure water - age of concrete
28 days

- Fig.3: Effect of the finely ground brick body addition on the dynamical
elasticity modulus — for different ages of concrete.

Table 3: Results of concrete tests

Age

Properte [days] Unit REF S10 S20 K10 K20
FRESH CONSCRETE
F - [mm] 370 435 450 420 435
D - [ke/m’] 2500 2480 2460 2470 2460
HARDENED CONCRETE
D 28 [keg/m’] 2520 2490 2480 2490 2480
1 398 302 20,8 286 204
3 498 404 349 365 33,6
Jocu 7 MPa] - s0's  sa6 431 526 441
28 740 68,6 566 69 521
fir 28 78 65 55 66 55
h, 28 [mm] 11 8 6 10 7
1 475 428 403 408 407
3 522 465 445 446 445
Ey, 7 [GPa] 56,7 528 503 51,1 498
14 571 530 51,7 522 515

28 574 54,6 520 525 525
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Figure 1.Compression strength in dependence on the quantity of added brick body and on
the hardening time of concrete
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Figure 2.Effect of the quantity of added brick body on the bending strength and on the
depth of the pressure water ingress
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Figure 3.The dynamical elasticity modulus in dependence on the quantity of added brick
body and on the hardening time of concrete.

4. CONCLUSION

Experimental works proved the usability of finely ground brick body as active
admixture into concrete. The test results showed that the utilization of this active
admixture is also adequate for the improvement of some special concrete
properties.

a) Compression strength:

The concrete with the substitution of 10 % cement by finely ground brick body
achieved after 28 days 92 - 93% of the reference concrete compression strength
values.
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The concrete with the substitution of 20 % of cement by finely ground brick body
achieved after 28 days 71 — 73% of the reference concrete compression strength
values.

b) Bending strength:

The bending strength decreases with the increasing content of the brick body. The
highest strength had the reference concrete.

c¢) Depth of the pressure water ingress:

The depth values of pressure water ingress into the reference concrete were
comparable with the water ingress into concrete with the addition of brick body
and they are very favourable.

d) Dynamical modulus of elasticity:

The dynamical modulus of elasticity decreases with the increasing content of the
brick body. The reference concrete had the highest value.

The results of experimental works show that better values of compression strength
are achieved in the case of 10 % cement substitution by brick body — the concrete
class corresponds with the concrete class of the reference concrete. Concrete with
20 % cement substitution by brick body achieves values which are by a class
lower.

We can conclude that the utilization of finely ground brick body in concrete is
useful from the ecological and also from the economical point of view.
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Summary

Based on inequalities method and on possibilities of solving by automatic
computation mathematical computation model of minimum weight steel structures
is presented.

KEY WORDS: optimum design, minimum weight, inequalities method, linear
algorithm.

1. GENERAL PROBLEMS

Optimization computation due to weight criterion can be done in many ways,
according to structure equilibrium equations which are designed function of weight
reduction condition formulation. Most important ways are presented below:

1. Establishment, function of a certain cross-section previously chosen, of all
possible solutions, determination for each of it of the allowable load and choosing
from all “sure” (for which the capable load is bigger than real load) of the one with
the smallest one. The procedure is very elaborated and represents an empirical way
for obtaining of some economic solutions.

2. The computation is based on choosing the most efficient solution from a variety
of solutions, using one of the post-elastic computation methods. Such a possibility
is given by the bending moments distribution in plastic domain, in its usual form or
in a generalized operation form with mechanical work measures. [1] Using of this
method supposes a certain experience in choosing the adjusting way of nodes, bars
and kinematic chains equilibration, respectively in choosing of some combinations
and constructive constraints which have to be taken in view.

3. Static methods, based on plastic yielding conditions (safety) corresponding to
critical cross-sections of the structure, as presented below:

=S, S8 <8, (1)

I,
1

where: S, is the capable effort (plastic) of the critical cross-section

[73+1)
1.

S; is the effective effort in the critical cross-section
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In the case of bar structures subjected mostly in bending, relation (1) becomes:
M, SM, <M, (2)

Choosing a statically determined system and writing the bending moments M; as:

_Mi:M0i+/1'M(;i+th'mgi (3)
h=1
where: M, - bending moments on the base system, produced by permanent loads;
A -loading coefficient;
M ;i - bending moments in the base systemby A =1;

x, - statically undetermined values;

mé’i - bending moments produced in the base system by each x, =1.

The limit state computation is reduced to a linear algorithm problem consisting in
increasing at maximum the loading factor A in obtained relations by replacing the

equations (3) and (2) By utilizing bending moment diagrams in equilibrium
with external loads, disposed on base systems, judiciously choused, and which can
differ from a load case to another, the plastic yielding conditions become [7]:

0
—M,<SM)+> x-m<M, (4)
where ( for a critical cross-section “i” ):
M , - plastic moment of the cross-section;
M 2 - bending moment produced by several loads on a certain base system;

x, - proportionality coefficients (statically undetermined values);

m, - bending moments from auto equilibrium diagrams.

Using unknown factors decomposing or axes translations, are obtained resolvable
formulations by simple procedure, due to which is determined the minimum of
weight function.

4. The method based on using the elementary mechanisms combination and on the
minimum weight solution theory elaborated by J.Foulkes and B.G.Neal.

5. The method proposed by J.Heyman and W.Prager, based on the general
conditions of the limit state computation and on the minimum weight design
theories and following the static way, in a two cycles of solving, each cycle
consisting of two stages.
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Generally, additionally to general hypothesis of the post elastic
computation domain, at minimum weight structures design are also taken into
consideration some supplementary hypothesis:

a) There exist an infinite variety of cross-sections (rolled steel shapes or
composed cross-sections);

b) It is known the variation law on the weight per unit length of elements (q),
due to plastic strength modulus (W,). If there are graphically represented the
pairs of values of (q, W,) for the usual :I” rolled steel shape, is obtained the
curve presented in figure 1 (approximated as being a continuous curve), which
can be expressed by an exponential relation as :

q=k-W; (5)
or:
M\
q:k[af’j =k M (6)
q(dan/cm

Wi(em’)

Fig. 1

The coefficients k and a vary function of the cross-section type.

Since for a certain structure the used cross-sections don’t vary generally between
very high limits, the curve (q, W,) can be approximated with a polygonal diagram.
For example, if the values of plastic module corresponding to points A and B from
the figure 1 have a 1:2 ratio, the error coming from the approximation of the curve
on the specified portion with a straight line, is only of 1%. Due to this assumption,
the weight per unit length of the element can be written as a linear function:

g=a+b-M, (7)

The total weight of the structure is:

0=g-1,=a+b-M,p)l=a-31+b> M1 8)
i=1 i=1 i=1

i=1
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where [; represents the lengths of the bars, M,; are the plastic bending moments of
the bars cross-sections, and the number ,,n” is the number of bars having different
values of plastic bending moments.

n
Because a- ZIi and b are constant, results that the determination of the
i=1
minimum weight is reduced to determination of the minimum solution of the
equation:

X:Z:Mp(i).li (9)

called weight function.

Regarding the loads considered for minimum weight structures
computation, according to American norms, they will be considerate as follows:
 for the combination consisting of permanent and live loads, they will be
multiplied with a unic coefficient 1,7,
» for the combination consisting of permanent loads, live loads and wind action
or earthquake action, they will be multiplied with a unic coefficient 1,3.

2. COMPUTATION MODEL BASED ON INEQUALITIES
METHOD

Adaptation of the inequalities method for optimization computation

Inequalities method, usually used as determination way of loading limit factor can
be adapted for a structure weight optimization computation, representing some
important advantages, as simple and direct way of writing the constraining
relations (especially of plastic yielding conditions), and the fact that it can be taken
into consideration in the optimization computation of axial force influence, fact
that can influence a lot the conceiving and behavior of certain structures categories.

Adaptation of inequalities method for weight optimization computation requires
two important elements:
a) Taken in consideration as unknowns — in the relations that express plastic
yielding conditions — of the plastic moments and introducing in these relations
of the loading factor with imposed values by real loads acting on the structure.
b) Joining to these relations the weight function (linear or nonlinear) which has
to be optimized.

The relations which compose the mathematic model for optimum design in this
way are the following:
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1. Static equilibrium equations:

a) for loaded bars ( ﬁgure 2.a):
Db+ MP e MY a, =4, a, b, (10)
where: k=1,2,...b (b being the number of loaded bars over the length).

!

g ) +M|( )};bk —Mg‘)}

Iy

'el -92

Fig.2

b) for kinematic chains:
-unequal columns over the level ( figure 2.b ):
s () 4 MS(I')
s(uest), "
i=1 i

where: i=1,2...s ('s being the number of the columns from a level );
k=1,2...m ( m being the number of levels of the structure );
hi=column height;
Hk=sliding load for a level.

- unequal columns over the level (figure 2.c ):
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hy level height.

c) for nodes:

Y[ af]=o0 13)

k=1,2...n (n being the number of nodes).

2. Relations which express plastic yielding conditions:

—~M, <M, <M, (14)
where: My 1s the plastic moment of the critical cross-section®“i”
the problem);

(the unknowns of

M; is the effective bending moment in the critical cross-section “i”, i=1,2...c (c
being the number of critical cross-sections).

Totally are written a number of (e) statically equilibrium relations (e=b+m-+n) and
a number of (2c) inequalities — plastic yielding conditions.

3. Weight function, which has the usual form:

2
Xzzlli 'Mp(i) (15)

i=1,2...n ( n being the established number of different plastic bending moments of

the structure ).

In a matrix form, the relations can be written as:

- statically equilibrium relations:

[8]-tv}= {7} (16)

- plastic yielding conditions:

M, j<Mi<im, | (17)
- weight function:
x-cy -} (1)

where:
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=)

] is the matrix of coefficients from the statically equilibrium relations;

~ =

M } vector of bending moments in the critical cross-sections;

Y
N

is the vector of constants from statically equilibrium;

5

» } is the vector of plastic moments in critical cross-sections;

{C } is the vector of plastic moments coefficients from the weight equation.

Removing from the plastic yielding conditions a number of (e) bending
moments by their replacing with the values obtained in the (e) statically
equilibrium equations, function of the other (c-¢) bending moments, will result (2¢)
inequalities with [p+( c-e )] variables, [p necessary plastic bending moments and
(c-e) bending moments in the critical cross-sections, as:

[4]- {M)= {2} (19)

Some inequalities will be eliminated, obtaining a reduced number of constraining
conditions which, together with the weight function, compose the relations of
programming problem for minimum weight determination.

From the constraints number reducing problem, the most important are the
following:

a) Imposing — constructively taking — of some ratios between necessary plastic
moments, meaning:

Mpi><Mpao (20)

which will have as effect the decreasing of the unknowns number of the
optimization problem and also will eliminate some constraining relations referring
to plastic joints appearance possibility on each bar in nodes.

b) “Selection” of inequalities meaning eliminating the least restrictive relations
(which are satisfied including the remained inequalities).

c) Partially or totally knowing the shape of failure bending moments distribution
(based on static and loading schemes), which makes possible to write — for critical
cross-sections where is certainly known the sign of bending moment — only some
simple inequalities, instead of double ones which usually appear in plastic yielding
conditions:

-M,, <M, (21)
or:

M, <M, (22)
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In case of a linear weight function, simplex method can be used for
solving, when is necessary the transformation of constraints inequations in

equalities relations, by introducing of some compensation variables M , so the
matrix relation [19] becomes (eventually after elimination of some constraints
conditions):

[4]- (v} [E]- (M }={2) (23)

where: {M } is the vector of compensation variables;
[E ] is the unit matrix.

Or, can be used the extended form of the problem, by introducing of some auxiliary
variables M :

[4]-{pr}-[E]- rf+ [E]-or | = {2} (24)

or:

[4]- () +[E]- v = {2) (25)
where:
b j= for |- (26)

in this case, is necessary to respect the negativity conditions for all three variables
categories:

MMM >0 (27)
and the extended weight function (the lower bound of the weight function X) is:

X = (CF A+ 0 -t )+ - for') (23)

where: {M » } is the vector of necessary plastic bending moments, which makes the

minimum weight structure;
{M ; } is the vector of remain bending moments;

{M " } is the vector of auxiliary compensation variables.

The simplex solution contains also the values of “p” necessary plastic bending
moments, and the values of remain bending moments in (c-e) critical cross-
sections; the other (e¢) values of bending moments are determined with statically
equilibrium equations, so it is possible a complete statically analyze for checking
the plastic yielding conditions fulfill, and also the failure mechanism establishment.
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In case of some big dimensions, the problem will be solved with a linear or
nonlinear computer program.

3. COMPUTATION EXAMPLE

Determination of minimum weight solution for the frame in the figure 3.a.

F
. i AN
4F 3

2 s PN
Mo E
X
My Mo
1 5 1 5
Y/ 777 N 7
=1,5L b=1,5L
v al1,5L v b=1,5L % v a=1,5 ,
/] /1 /] /1 /1 /1

AN
4-F > 2 K
T
0 /0=5,/¢e ©
6226'9
1 5
5?
(¢)
Fig. 3

It is considered: F=1; L=1.

It will be noted: M,1)=Y; si M,»=Y, which are the necessary plastic bending
moments for the columns and beams.
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Will be noted the bending moments in the five critical cross-sections (1,2,3,4,5) of
the frame, as: M3:Y3; M4:Y4; M5:Y5; M1:Y6; M2:Y7

The relations which compose the mathematical model of the minimum weight
frame design problem by inequalities method are the following:

1) Statically equilibrium relations:

a) bar equilibrium (figure 3.b):
M,-0+ M3-0+M;-0+M4-0=F-5;
or: ML,+M;+M;+M,=F-a
having the established notations:
Y +Y5+Ys+Y4=F-1,5L
or Y.+2:Y;3+Y4=1,5

b) displacement equilibrium (figure 3.c ):
M, -6+ M,-0+M,-6+Ms-6=4-F-5,
or:M;+M,+M,4+Ms=4-F-e
having the established notations:
Yot Y +Y4+Ys=4-F-L
YetY+Y4+Ys=4

2) Plastic yielding conditions:

Y iY<Y -Y <Y<Y -Y oY <Y ;- Yo=Y 3SY 5- YoV <Y 55- Y iSYusSY -
Y <Y<Y,

These relations can also be written:
Yﬁ‘YgZO; Y1+Y7ZO; Y2+Y7ZO; Y2+Y320; Y2+Y4ZO; Y1+Y4ZO; Y1+Y52
respectively:

Y1-Ye=0; Yi-Y720; Y5-Y720; Y»-Y320; Y2-Y42>0; Y1-Y4=0; Yi1-Ys>0

3) Weight function:

XZEI:L M)
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SO: X:2'Mp(1)+3'Mp(2)+0'M3+0'M4+0'M5+0'M1+O'M2
or: X:2'Y1+3'Y2+O'Y3+O‘Y4+0'Y5+0'Y6+0'Y7

Using a usual computation program for solving linear problems, will be obtained
the following results:

-plastic bending moments values:

Y =M,1=1.625; Y,=M,2=0.375

-valorile momentelor din sectiunile critice:

Y:=M;=0.375; Y~=M,=0.375; Ys=Ms=1.625; Y=M,=1.625; Y,=M,=0.375
-value of the weight function:

X=4.375

Knowing the values of plastic bending moments on the columns and beams will be
established the cross-section of bars:

a) the column:

. M)
Mp(l) =0, VVcolumn S0 . VVcolumn =
bcolumn i hjolumn
ot W, = 2
Will be imposed: 4., =15-b,
(5. M
and results : column ( ’5 bca/umn) — P(l)
4 o,
4 Mp(l)

Where bcolumn =3
2,250,

[4-M
h\ — 1,5.3 —p(l)
sy 2,250,

b) the beam:

M
M, =0, W,,, deci:W,, =—"2

beam beam
O-C
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By P
or: Vnggm — “beam beam
4
It will be imposed: 4, =1,5-b,,,.

bbeam ) (1’5 ) bbeam )2 — MP(Z)

and results:

where: b, =3

eam
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Summary

The aim of this paper is to point out some scientific perspectives for future research
work in fundamental properties of short-lived radionuclides from decay and from
in-beam studies, arisen in the frame of our research project. The project
approaches one of the most important themes of nuclear physics. In recent years
the investigation of unstable short-lived nuclei has gained world-wide interest as
well on the experimental as on the theoretical side. These nuclei are characterized
by unique structure properties: the weak binding of the outermost nucleons and the
effects of the coupling between bound states and the particle continuum.
Particularly, the modification of the effective nuclear potential leads to the
formation of the nuclei with very diffuse nucleon densities, to the occurrence of the
nucleon skin and halo structures. Our first goal is to formulate a reaction theory
for cluster decay in which the clustering and reaction amplitudes will be
represented by means of resonance formulas. A brief outlook of the experimental
results and theoretical ideas which define the field is presented toghether with
quantitative estimations for the resonance decay widths and relative intensities.
The resonance solution of systems of coupled equations is obtained by a direct
numerical integration using step-by-step methods on computer. Thus, we obtain
most complete information on the development of typical structures from stable to
exotic losely-bound nuclei by: improving the structure models in order to describe
essential features and to obtain spectroscopic information on a number of nuclei
that can then tested against data extracted from decay and in-beam studies;
extending the range of applicability of reaction models by using accurate reaction
channels methods (e.g. via additional channels including deformation, exchange
effects, antysimmetrisation, etc); including microscopic structure information in
coupled channel reaction models and treating more carefully of "intermediate"
systems that are more or less bound or have mixed composition.

KEYWORDS: short-lived radionuclides, cluster decay, numerical integration of
coupled channel equations, computational methods.
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1. INTRODUCTION

In recent years the investigation of unstable short-lived nuclei has gained world-
wide interest as well on the experimental as on the theoretical side. These nuclei
are characterized by unique structure properties: the weak binding of the outermost
nucleons and the effects of the coupling between bound states and the particle
continuum. Particularly, the modification of the effective nuclear potential leads to
the formation of the nuclei with very diffuse nucleon densities, to the occurrence of
the nucleon skin and halo structures. These phenomena will also affect collective
vibrations and rotations of unstable nuclei, particularly the electric dipole and
quadrupole excitations, and new modes of excitations and decay might arise in
nuclei near the drip line.

Apart from general structure aspects in the physics of nuclei far from stability,
there is also strong relations to the question of clustering in nuclei and to few-body
physics. Furthermore, there will be a strong coupling to the continuum both in
static and dynamic descriptions. Nuclear clustering and fine structure are two of the
most important typical structures in nuclear physics which are strongly connected
to the stability and deformation.

Superheavy elements (SHE) probe the extremes of nuclear structure with respect to
the number of nucleons that can form a bound system. Their existence and decay
properties are one of the most fundamental problems in nuclear physics [1-4].
There are data that confirm the existence of Z=111 and 112 and their connection to
lighter decay chains [1]. The first data for Z=113,114, 115 and 116 also exist 3, 4],
with suggested A=288-292, respectively, but the A values are not certain since the
connection to lighter nuclei is not known. A new element with atomic number 118
was synthesized for the first time in the **Cf + **Ca reaction.

Atomic and mass numbers of the isotope of element 118 were determined from the
measured excitation functions and decay characteristics of the daughter nuclei
produced in cross-bombardments [5]. Theoretical models for SHE have evaluated
from microscopic-macroscopic models [6] to fully microscopic deformed Hartree-
Fock (HF) models [7]. In addition to their importance for many-body nuclear
structure, theoretical models for the prediction of the decay properties of the SHE
are important when designing experiments since the technique used will depend on
half-life and decay mode.

In order to obtain the most complete information on these new nuclei, effects and
phenomena a use of radioactive beams in a wide range of isospin and energy is
necessary. High energy beams produced byin- flight fragmentation and post-
accelerated beams proved to be complementary with the respect to their intensity,
purity, and optical quality. When one analyses a proper reaction model, the
measurements of core or halo momentum distributions after breakup, can provide
important information on the structure of a such nucleus. The detection of gamma-



“Computational Civil Engineering 2007”, International Symposium 309

rays from outgoing fragments allows to access experimentally whether core excited
components are present in a halo state.

The experimental signatures of clustering and "fine structure" (FS) far from
stability are supported by data from selective excitation in nucleon and a-transfer
reactions, a-decay, heavy cluster decay, and by rotationally spaced energy levels,
enhanced transition strengths and intensities, and appreciable emission width for
the resonant states above the decay threshold. Recent decay and in-beam studies of
unstable nuclei are revealing an unexpected diversity and richness of shapes, and
new decay modes and typical structures which are related to very low binding
energy and the strong influence of the continuum.

To treat the decay rates for these nuclei we describe the nuclear clustering and
penetration of the particle through the potential barrier taking into account the
correspondence between different decay channels and different final states of the
daughter nucleus.

The decay process being governed by nuclear clustering and quantum tunneling
over the Coulomb barrier is strongly influenced by couplings of the relative motion
of the fragments to several nuclear intrinsic motions. We address to effects of
coupling between the intrinsic degrees of freedom and relative motion by solving
numerically the coupled channel equations, including all the relevant reaction
channels.

Our first goal is to formulate a reaction theory for cluster decay in which the
clustering and reaction amplitudes will be represented by means of resonance
formulas. A brief outlook of the experimental results and theoretical ideas which
define the field is presented together with quantities estimations for the resonance
decay widths and relative intensities. The resonance solution of systems of coupled
equations is obtained by a direct numerical integration using step-by-step methods
on computer.

Thus, we obtain most complete information on the development of typical
structures from stable to exotic loosely-bound nuclei by: improving the structure
models in order to describe essential features and obtain spectroscopic information
on a number of nuclei that can tested against data extracted from decay and in-
beam studies; extending the range of applicability of reaction models by using
accurate reaction channels methods (e.g. via additional channels including
deformation, exchange effects, anti-symmetrization, etc); including microscopic
structure information in coupled channel reaction models and treating more
carefully of "intermediate" systems that are more or less bound or have mixed
composition.

The modern facilities (EUROBALL, GAMMASPHERE, RIA, etc.) or recent
research projects (SPIRAL-2, etc.) of the important international centers in Oak
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Ridge (USA), Darmstadt (Germany), Dubna (Russia), etc., are mainly devoted to
the laboratory investigation of exotic nuclear structures [6].

The very large number of publications and conferences in this field underlines its
importance and define it as an excellence research area. The research team has a
long-term experience in the research fields approached by the project, as:

- short lived nuclear production with secondary beams;

- spectroscopy of exotic nuclei by transfer and breakup reactions. One notes
experimental methods like resonant particle spectroscopy (RPS) method [8],
recoil decay tagging (RDT) method [9], cross-sections measurements in
breakup reactions and theoretical methods (highly wunstable states
spectroscopy, semiclassical models for the evaluation of one-nucleon breakup
reactions at intermediate energies, calculation and design for detection
methods, RPS and RDT);

- theoretical modelling of spontaneous decay, transfer and break-up reactions
(clustering and “fine structure” at limits of stability, coupled channel
approximation for cluster decay including rotational degrees of freedom,
quantum tunneling induced by rotational coupling, multichannel resonant
decay).

In the following we will shortly present the current status and directions within the
topics related to our project.

2. RESULTS AND PERSPECTIVES

2.1. Short lived nuclei production with secondary beams

One tries to estimate the most favourable projectile - target combination to
maximize the fusion cross section at energies near the Coulomb barrier, taking into
account the deformation degrees of freedom and mass assymetry.

These thematics investigate the orientation effect by considering the role of
quadrupolar and hexadecapolar deformations for the projectile and the role of
rotational degrees of freedom for the target. In this propose one developes coupled
channel approximation for the Schrodinger equation, treating the cold fusion as a
scattering problem with appropriate boundery conditions.

Both Numerov and Runge-Kutta numerical methods will be use for the computing
of the radial wave functions. One establishes the succesfull application to the
description of fusion of **Ca on actinide nuclei ***U and ***Cm, recently performed
at the Flerov Laboratory Dubna. It was estimated that this projectile-target
combination is one of the most promising one to reach the superheavy island of
stability [1,2,10].
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2.2. Spectroscopy of decay, transfer and breakup reactions

One attempts to measure one nucleon breakup cross sections for proton and
neutron rich nuclei. One estimates breakup cross sections for weakly bound exotic
nuclei. One performes the design and simulation of complex experimental setup for
reactions with secondary beams.

Exotic nuclei (far from stability valley) play an important role in the structure
studies, as well in the modern astrophysical studies (nucleosynthesis, structure an
evolution of neutron stars, black holes, etc.)

One of the most sophisticated and succesful experimental methods has been
proposed by Romania (C. Borcea et al.) in which a measurement of total reaction
cross section and the inclusive breakup one nucleon cross section for *B and ''Be
have been proposed for the definite establishment of the existence of halo states
[11]. In these experiments, a secondary beam of (e.g.) ''Be has been produced by
fragmentation of a primary beam of 'O at 70 MeV/nucleon on a thick target of
Be. Fragmentation products have been separated with the doubly achromatic
LISE separator in GANIL (France). An approximately 1000 ''Be counts/sec has
been obtained in impinged on a stack of 17 Silicon detectors which served as a
degrader, target and analysing media for reaction products. In front of the telescope
a position sensitive detector x-y (position sensitive parallel plate avalanche
detector-PPAD ) has been placed to define the beam spot on the detector. The
telescope segmentation allowed identification of the reaction products as well as
the identification of reaction mechanisms such as stripping or nuclear dissociation.
The first mechanism has been identified by an increased rate of reaction events in
adiacent segments of the telescope, following an reaction event in a given segment.
Later on in a subsequent experiment at Michigan the nuclear dissociation
mechanism has been identified by a supplementary energy loss deposition by the
proton in the breakup reaction of *B on a silicon target. The method is based on the
assumption that to a good approximation after breakup the heavy fragment will
have 10/11 or 7/8 from the incident energy. This is based on the common
understanding of halo states (i.e. low separation energy and low angular
momentum characterising the state). This small change in the energy translates into
a different range in the detector which can be measured. Backwards to the
telescope an array or 32 neutron detectors has been placed in an attempt to better
identify reaction mechanism such as nuclear dissociation.

A similar experiment has been performed recently in a Oberlin -Michigan -
Bucharest collaboration. A cocktail of proton rich nucleai has been impinged on a
silicon telescope. The experiment allowed identification of new candidates for
proton halos, weakly bound nuclei, close to the proton drip line, which shows a
very low separation energy and a wave function dominated by low angular
momenta (p-waves). This work is in progress. These exeperments have a very nice
future. New plannigs are projected at GANIL for studies of neutron rich nuclei in
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the f-shell with the improvements that core states will be identified by an array of
efficient gamma detetectors [12-16].

2.3. Spontaneous decay, transfer and breakup theoretical modelling

The experimental results and theoretical ideas which define the clustering and "fine
structure" is presented together with quantitative estimations for the resonance
emission widths. We present both formal considerations, derived from a
microscopic (shell model) formulation of the reaction theory, and practical
computational programs based on coupled channel methods, with many-body
effects included in formation and reaction amplitudes, energy shifts and total
decay widths.

The main conceptual issues in reaction theory are identified and their relative
importance is assessed: these include, couplings between the relative motion of the
fragments and several nuclear collective motions, the existence and convergence of
the resonance scattering solution, account the effects of non-linear couplings to all
orders, self-consistence of the scattering potential, and the rotational excitation of
nuclei by the cluster transfer.

The cluster decay properties of heavy drip-line nuclei are considered and some
spectroscopic information on the continuum states populated in the unbound
intermediate systems in the decay channel is obtained. The limitations and
advantages of current computational approaches are addressed, with particular
regard to quantitative experimental comparisons for superheavy nuclei [1- 4], [17,
18].

2.4. Numerical computer codes for nuclear reactions with exotic nuclei

The aim is to obtain with good accuracy the eigenstates (bound and resonant) of
deformed nuclei for realistic studies of phenomena like fission, alpha decay and
proton emission.

The motion of a particle in a deformed potential is governed by the tri-dimensional
Schrodinger equation. When the potential is axially symmetric, the wavefunction
can be expanded in partial waves with angular and radial components. The radial
wavefunctions are the solutions of a set of coupled differential equations of second
order. In order to obtain the eigenstates (either bound, resonant or antiresonant) one
has to solve (numerically) the eigenvalue problem for this system subject to some
physically consistent boundary conditions. For this purpose several tasks should be
accomplished: the calculation of the solution at the boundaries of the numerical
domain (near the origin and at large distances), the propagation of the solution on
the integration interval, the determination of the eigenvalues and the construction
of the normalized wave functions. Many investigations have been devoted to this
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subject. See for example [19-24], including our own experience [4,17,18,25]. In the
present project one intendes to improve the existing procedures, increasing the
accuracy and reducing the amount of computer time and memory requirements.
Thus realistic cases with important deformations and large number of equations
could be handled, allowing the study of nuclear processes in complex systems (like
exotic and heavy nuclei).

2.5. Role of charge density in cold fusion reactions

Cold fusion barriers are studied with respect to the change of the charge density
within the overlapping region. Charge evolution from separated target and
projectile up to the compound nucleus is taken into account by meaning of a
deduced transition formula which depends on geometric parameter variation
defining the shape. Macroscopic shell correction and total deformation energy for
fusion like configurations are calculated for different charge density paths.

The way geometric parameters influence on the total deformation energy is also
studied and compared with already published work [26, 27]. Influence of changes
on isotopic composition of the reaction is emphasized in final shell corrections, and
an analogy is made with isospin equilibration observed and calculated in [28].
Total barriers are computed as a function of charge density taken as free parameter,
a procedure also accounted in [29]. Minimization along this coordinate produces
variations of about 4 MeV for light nuclei and up to 8 MeV for superheavy
synthesis, for the deformation energy in the last part of the process.

4. CONCLUSIONS

The aim of this paper is to point out some scientific perspectives for future research
work in fundamental properties of short-lived radionuclides from decay and from
in-beam studies, arisen in the frame of our research project. Our first goal is to
formulate a reaction theory for cluster decay in which the clustering and reaction
amplitudes will be represented by means of resonance formulas. A brief outlook of
the experimental results and theoretical ideas which define the field is presented
toghether with quantitative estimations for the resonance decay widths and relative
intensities. The resonance solution of systems of coupled equations is obtained by a
direct numerical integration using step-by-step methods on computer.

The degree of novelty is given by the field of the proposal itself: exotic nuclear
systems are intensively investigated by different experimental and theoretical
groups in all important international centers during the last decade. Important
experimental and computing facilities were assigned to this field in this period and
many conferences and workshops were organized in order to analyse the obtained
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results. The complexity is given by sophysticated experimental techniques and
theoretical methods.

The participants are well recognized scientists in several related to this field areas.
This project is a good opportunity to enlarge the international cooperation with our
foreign partners and to prepair the participation within the framework of various
international projects.
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Summary

Confinement of concrete by suitable selection of transverse internal reinforcement
or by externally bonded reinforcement results in significant increase in both the
compressive strength and the ductility of concrete subjected to compressive
loading. Traditional confinement solutions have been developed using steel hoops
or steel jackets and only recently fibre reinforced polymer composites (FRP) have
been perceived as reliable confinement solutions for concrete elements. Extensive
research projects have been performed since 1990s and theoretical and
experimental results confirm the validity of confinement with FRP composites
Jjackets. An experimental program has been initiated at the Faculty of Civil
Engineering, the Technical University of lasi, to evaluate the confining effect with
glass fibre/epoxy and carbon fibre/epoxy composites. The influence of the material
type and the thickness of FRP confining jacket were the variables involved.

The results obtained have proven the effectiveness of confinement solutions based
on FRP composites. Both compressive strength and ductility of the confined
specimens have shown dramatic increase compared to unconfined concrete
specimens. The experimental set-up, the testing procedure and the main results are
presented, emphasizing the influence of the composite nature and the thickness of
the confining jacket.

KEYWORDS: confining, FRP jackets, compressive strength, ductility

1. INTRODUCTION

To establish the mechanical characteristics of unconfined concrete, cylindrical
specimen and standard cubes adequate to compression test were cast. Also in order
to determine the concrete class and the compressive strength, 9 concrete cylinders,
100 mm in diameter and 250 mm high, and 9 cubes, 100 mm in side, have been
tested in uniaxial compression under standard condition. To avoid a rapid failure of
the unconfined concrete cylinder and determine the complete stress-strain curve
including the post peak strength domain of the material it was necessary to use a
special installation for the post elastic testing of brittle materials. The arrangement
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of all transducers is illustrated in figure 1, for both unconfined and confined
samples.

Figure 1. Instrumentation of test samples with LVDTs a. unconfined concrete cylinder
specimen; b. confined concrete cylinder specimen

The compressive strength determined on plain concrete samples, after 28 days is
31.64 N/mm?2 on the concrete cylinders and 32.16 N/mm?2 on the concrete cubes,
and a complete stress-strain curve for unconfined concrete is illustrated in Figure 2.

2. EXPERIMENTAL PROGRAM

To avoid a rapid failure of the unconfined concrete cylinder and determine the
complete stress-strain curve including the post-yielding domain of the material it
was necessary to use a genuine installation for the post elastic testing of brittle
materials. Before the experimental testing of the specimen, the testing machine had
been calibrated and the equipment had been prepared for data acquisition, fig. 2.
Data processing was done with a developed soft based on “Test Point” program.

- | “Test Point ’| software |

— 3T,

Data acquisition
— T, Strain indicators |— interface
32 channels

Concrete
Specimen

—13T;

Figure 2. Acquisition and processing experimental data

Stress-strain curve obtained on unconfined concrete cylinders (fig.3) has two
branches, a rising one associated with elastic, viscous and plastic strains, and a
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falling one corresponding to pseudo plastic strain and characterized by an
accelerated decrease in load and increase in strain over time. The maximum value
on the curve corresponds to the ultimate compressive strength of concrete. The
compressive strength determined on plain concrete samples, after 28 days was
31.64 N/mm? on the concrete cylinders and 32.16 N/mm? on the concrete cubes.

Stress, o [WPa)

Ltz N

i

N

-7

|

0ooz2 0

-0.01 -0.008
Radial strain, g

-0.005 -0.004 0002 0004  0.006

Axial strain, g,

Figure 3. The complete stress-strain curves for unconfined concrete specimens

Nine specimens with 2, 3 and 4 unidirectional CFRP and GFRP layers (three of
each type) with main fibers orientated in the hoop direction have been prepared
using a wet hand lay-up technique. Prior to the application of the FRP layers the
surface of the samples has been properly prepared to provide a hard, dry and clean
surface. The main characteristics of GFRP for epoxy resins are presented in table 1
whilst the properties for glass and carbon fibers are given in table 2 and table 3.

Table 1 - Properties of epoxy resin

Appearance Component A: light/yellow to amber
Component B: pale yellow to clear
liquid

Mixing ratio A:B=100:34,5

Density 1,16 g/cm’

Tensile strength (ASTM D 638)

7 days at +21 °C: 55N/mm’

Tensile modulus (ASTM D 638)

7 days at +21 °C: 2000N/mm’

Fracture elongation (ASTM D 638)

7 days at +21 °C: 3,2%

Confined concrete specimens with GFRP and CFRP have been tested with the
same installation used for the unconfined concrete samples. The confined
specimens have been kept under laboratory conditions kept for 7 days to enable the
complete cure of the polymeric resin after confinement.
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Table 2 - Properties of

lass fiber reinforcement

Fiber type E-Glass fibers
Fiber orientation 0°C (unidirectional)
Construction 93% warp, 7% weft
Areal weight 920 g/m’

Fabric thickness 0,36 mm

Density of glass fibers 2,58 g/em’

Tensile strength of fibers 2250 N/mm”
Tensile E-modulus 72400 N/mm”
Ultimate fiber strain 3,7%

Table 3 - Properties of carbon fiber reinforcement

Fiber type Carbon fibers - high modulus
Fiber orientation 0°C (unidirectional)
Construction 97% warp, 3% weft
Areal weight, [g/m” ] 610
Fabric thickness, [mm] 0,34
Tensile strength of fibers, [N/mm®] 3900 (nominal)
3700 (minimal)
Tensile E-modulus, [N/mm®] 231000
Ultimate fiber strain, [%] 1,5

Three stages have been observed on the

specimens:

319

stress-strain curve of confined concrete

* the first stage is linear and it corresponds to the stiffness of the unconfined

concrete specimens, fig.4;

* in the second stage the concrete specimen exhibits larger lateral strains and
the GFRP jacket creates a confining pressure on the concrete core. When the
concrete specimen is cracked, a dramatic change in curve configuration
occurs. At this stage much higher stresses and strains are attained than in the

case of unconfined concrete;

* in the third stage, the concrete specimen is thoroughly cracked and the GFRP
maintain the concrete confined specimen intact till the explosive failure of the
jacket occurs. The stress-strain curve increases by a constant angle up to the

rupture, fig.4.

A comparative set of curves for unconfined and CFRP confined samples is
illustrated in fig.5; the confined samples have been wrapped with 2, 3 and 4 layers

of CFRP composites.

The stress-strain curves of the CFRP composites have a bilinear shape with sharp
softening in the transition area around the strength of the unconfined concrete. In
the first stage the slope of the stress-strain curve is similar to that of the unconfined
concrete. In the second stage the concrete is cracked and the confinement is
activated. The stress of the confined concrete linearly increases with increasing the
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CFRP strain. All experimental results confirm the similar work published in the
field of structural rehabilitation with composites [1].
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Figure 4 - Stress-strain curves of compressed unconfined and confined concrete specimens
with GFRP
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Figure 5 - Stress-strain curves of compressed unconfined and confined concrete specimens
with CFRP

When the test is properly carried out the maximum stress is reached at the CFRP
rupture. Some samples failed prematurely due to separation of the composite layers
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at the lap joints. A step forward of the experimental program has been the cyclic
loading of the confined samples as a first stage to seismic retrofit with polymeric
composites. Some preliminary results are shown in fig.6 [2].
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Figure 6 - Stress-strain curves of confined specimens subjected to cyclic load

3. NUMERICAL ANALYSIS

In order to verify the suitability of a FEM based software (LUSAS) for modelling
concrete confinement problems, a numerical analysis was performed.

A statical non-linear analysis was conducted on a model that was built under the
same dimensional conditions with the experimental program.

The concrete cylinder was modelled as a 3D solid element. In order to obtain a
radial regular meshing it was first modelled a quarter of the final concrete element.
The CFRP jacket was modelled as a sum of thick shell elements, “glued” onto the
concrete surface using the SLIDELINE option, proper for contact problems, as in
this case. The attributed thickness of the jacket was equivalent to a 3 layers
disposal of CFRP sheets.

3D solid elements were used for the concrete cylinder meshing, as long as for the
jacket, 3D surface elements were used. Although the software allows the use of
higher order finite elements, only linear interpolation between nodes option was
used in order to reduce the total number of elements and nodes for having a
reasonable solving time.
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The cylinder was considered as simply supported at the top end and totally
restrained at the bottom end. The load was applied as a uniformly distributed force
at the top end of the concrete element. In order to ensure a good convergence of the
load increments, an initial value of 1 N/mm?” was used and variable load increments
(3 and 10) were used afterwards in the Solution Software Manager.

Figure 7 Support and load conditions of the concrete cylinder; radial meshing of the
concrete volume

A Ducker-Prager material model based was used for defining the material
properties for concrete as long as for the composite CFRP jacket an orthotropic
material model available in the software’s material options was used.

The mechanical properties for both concrete and composite jacket were defined in
accordance with the materials that were used in the laboratory tests, and then
attributed to the geometric elements.

From the large range of numerical and graphical results available after performing
the run of the program, representative data charts and maps were selected and
presented below. They are related to stresses, strains, displacements data needed in
order to realise a good picture of the confined concrete cylinder behaviour under
axial loading.
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Figure 9. Normal stresses (CFRP confined
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. Figure 15. Transversal stress resultants in
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the CFRP jacket

Characteristic stress-strain curves for both confined and unconfined concrete were
obtained; they are very similar to those obtained from the experimental analysis.
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4. CONCLUSIONS

The use of FRP confinement significantly improves compressive strength and
ductility of concrete. It should be noted that epoxy resins adhere well to the
concrete surface, being also an excellent adhesive. Strengthening solutions with
FRP used for reinforced concrete columns prove to be very good for several
reasons. On the one hand, the strength and ductility values obtained are favourable
and on the other hand, the weight of the consolidated system and the cost related to
execution time and work are considerably reduced. Experience has shown that the
failure modes of FRP are different and they depend on a series of factors which can
influence the results obtained, such as: the characteristics of the concrete to be
confined, casting moulds and vibration methods, fibre volume fraction,
confinement techniques and accurate application by qualified workers.
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Rayleigh models coefficients
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Summary

The propose of this work is to study the effect of the superior vibration modes on
the energy dissipation in the backlash between two plots of a idealized concrete
dam.

The intern energy dissipation inside the structural material is generating material
internal variations or hysterical damping. For viscous damping this energy is
frequency balanced. The Rayleigh damping could be considered as a linear
combination between structural masses matrix and stiffness matrix. The damping
matrix is obtained from the Cauchy sequence:

p-1
C=M) a(M'K)" (1)
k=0
Where the coefficients a, k=1,2..p are obtained from p simultaneous equations:

l{a
& :5£—°+ala)i+a2a)i2+...+ap12”3] (2)
Forp=2:
C=aM+ pK 3)
Where o and [ are constants that can be obtained from two dumping ratios of two
different frequencies.

This study is made for an idealized symmetric concrete dam

1t was used two calculus models for the dam-foundation ensemble; a plain one and
spatial model, with simultaneous calculation.

KEYWORDS: Rayleigh, spatial mesh, excitation, dumping
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1. STRUCTURAL ANALYSYS

The plane finite element mesh is made by 80 quadrilateral elements for the
foundation and 56 elements for the dam. The elasticity modulus for the dam was

pick £, =300000daN / cm® and for the foundation E, =150000daN / cm’ , with
the dam’s high of 30m and the slope 4, =4 =0,5.

The dam is made by two plots 15m width each other separate for a backlash of
Imm. The two plots adjacent nodes, corresponding with the space, have the same
quota on x and z axis. This nodes can be connected with the help of springs in
order to model the friction.

We can notice that in the case of plane mesh the fundamental vibration mode is
flexural on upstream-downstream, the second mode is flexural too but on the high
of the dam, the others modes are of torsion.

For the spatial mesh the first vibration mode implies a symmetrical displacement
and flexural on upstream- downstream direction of the two plots, and for the
second mode a antisymmetrical displacement. To start with the 6’s vibration mode
it appear also a rotation of the two plots, imples a relative moving of the plots
surfaces in the spae between them. The propose of this work is to study the effect
of the superior vibration modes on the energy dissipation in the backlash between
the two plots.

Because both masses and stiffness matrix are orthogonal, damping matrix is
orthogonal too. From orthogonal condition we obtain:

¢' (aM + BK)p, = 2w 4)

Where ¢i,¢j are eigenvectors, ; is circular frequency, & fraction of critical

dumping. The equation become:
a+po’ =2ws

For determine the o and B coefficients influence, it was made a parametric study
for plane and spatial dam- foundation discrete mesh. Critical damp fraction was
taken as constant & =0,05 for whole vibration modes because of the fact that
massive structure as a concrete dam is, it is possible to obtain, after the structure
excitation (with a value lower that the seismic value), only the fraction of critical
dumping corresponding to the first vibration mode.

The calculus was made in both cases of finite elements, for the first 10
vibration modes.
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If we coupled @, + @, and solving the equation systems obtained result o
and S coefficients. So for plane discrete mash o =1,44, f =1,51F -3 for , and
w,and a =197, =5.66FE -4 for 0, and 0,0 . We can observe that the effect

of the mass matrix increase and the effect of stiffness matrix decrease in the same
direction with the increase of the second frequency taken into account.

In spatial mesh case, the fundamental vibration mode is reduce
®, =13,48rad /s and for the plane mesh @, =21.3rad/s. This difference
appears because in spatial mesh we take account of the torsion vibration modes
also.

For the spatial mesh and for the frequency w, and @, @=0,893 and
P=2,5E-3 while if use the frequency @, and @, a=1,063 and
P =156E-3.

In the case of spatial discrete mash we can notice a mass matrix influence

grow and a stiffness matrix influence diminution in the same time as the pulsation
value grow. The variation of the a and [ factors is much reduce when is use the

spatial mash. For the spatial mash case we obtain a mean value «,, = 0,99 and for

the plane mesh ¢, =1.72 . All the results are presented in tables 3.1 and 3.2

Table 1 Plane mesh

Num. Q; (rad/s)

1 21.3

2 38.59

3 44.43

4 79.44

5 87.59

6 96.43

7 109.0

8 118.8

9 121.3

10 155.1
o, + o, a p
1+3 1,44 1,519E-3
1+5 1,71 9,17E-4
1+7 1,78 7,67E-4
1+10 1,97 5,66E-4
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Table 2 Spatial mesh

Num. o,

1 1

2 17,44

3 26,49

4 34,28

5 37,21

6 2,17

7 45,64

8 49,8

9 50,25
o+ |° p
143 0,893 2,5E-3
145 0,989 197E-3
1+7 1,041 1,680E-3
149 1,063 1,567E-3

The calculus was resumed for a critical dump fraction 8% in witch case we
obtain for spatial mash and the pears ®; and wy the following results a=1.69 and
B=2.51E-3, results with no big difference compare with the case of critical dump
fraction of 5%.

It is obvious that only for a spatial discrete mash the obtained results are
close to reality. The influence of superior modes use in the case of spatial mash
have no significant effect on the a and B coefficients as it presented in table 2.

It is noticed that in the same time with the increase of the frequency the
mass matrix effect increase to and also the stiffness matrix effect decrease.

So, we can say that the stiffness matrix effect connected with frequency is
major.

After coefficients calculus, it was analyzed the dam response at the same
excitation with and without damping matrix effect. It was followed the effect of
using vibration modes 1-3, 1-5,1-7,1-10 in mass end stiffness matrix coefficients
on the stress and displacement response. In the table 3,4,5,6 are presented stress
and displacement values for different coefficient pairs a and f3, for plane and spatial
mesh.

1.1 Plane mesh-displacements compare

(nods was select on a vertical for the coping of the weir to the foundation of the
dam)
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Table 3
Node Wlthout a)l + a)3 a)l + a)s a)l + a)7 a)l + a)l()
damping
161 0.728E-2 0.4200E-2 0.4184E-2 0.4178E-2 0.4104E-2
152 0.6079E-2 0.3508E-2 0.3495E-2 0.3490E-2 0.3429E-2
143 0.4149E-2 0.2407E-2 0.2399E-2 0.2396E-2 0.2876E-2
124 0.3706E-2 0.2154E-2 0.2147E-2 0.2144E-2 0.2107E-2
94 0.2404E-2 0.1406E-2 0.1401E-2 0.1399E-2 0.1375E-2
1.2 Plane mesh-stress compare (stress are presented in upstream-downstream
points)
Table 4
gﬁ;ﬁtg e @, + O o+ O+ @y
o(-)daN/cm’ -18.2 -10.93 -10.92 -10.91 -10.75
0(—1—)daN/cm2 14.9 7.57 7.54 7.53 7.37
1.3 Spatial mesh-displacements compare (nods was select on a vertical for the
coping o the weir to the foundation of the dam)
Table 5
Without 0;+o; a)l + 605 a)l + a)7 a)l + a)lo
damping
161 0.433E-2 0.3319E-2 0.3326E-2 0.3325E-2 0.3326E-2
152 0.3646E-2 0.2778E-2 0.2783E-2 0.2786E-2 0.278E-2
143 0.3096E-2 0.2352E-2 0.2357E-2 0.236E-2 0.236E-2
124 0.2328E-2 0.1764E-2 0.1769E-2 0.1771E-2 0.1773E-2
94 0.1593E-2 0.1205E-2 0.1209E-2 0.1212E-2 0.1213E-2
1.4 Spatial mesh — stress compare (stress are presented in upstream —
downstream points)
Table 6
Without (O Ra O} a)l + a)s a)l + a)7 a)l + a)lo
damping
o(-)daN/cm® | -12.03 92 92 9.2 9.2
o(+)daN/em® | 7.16 52 52 52 52

It is presented in the table 7 displacement comparative values for the spatial mesh
for two critical dumping ratios of 5% and 8%.




“Computational Civil Engineering 2007”, International Symposium 331

Table 7
5% Rayleigh 8% Rayleig Diference %
323 -0.3878E-3 -0.3623E-3 -6.57
-0.8799E-2 -0.7545E-2 -14.25
-0.2340E-2 -0.2272E-2 -2.9
314 -0.2895E-3 -0.2678E-3 -7.49
-0.7398E-2 -0.6348E-2 -14.19
-0.2276E-2 -0.2210E-2 -2.89
299 -0.1890E-3 -0.1738E-3 -8.04
-0.5644E-2 -0.4849E-2 -14.08
-0.2144E-2 -0.2082E-2 -2.89
278 0.1383E-3 0.1354E-3 -2.09
-0.4047E-2 -0.3480E-2 -14.01
-0.1965E-2 -0.191E-2 -2.79
256 0.1032E-3 0.1024E-3 -0.77
-0.2943E-2 -0.2529E-2 -14.06
-0.1779E-2 -0.1731E-2 -2.69

The displacement comparative graphics are presented in figures 1 and 2 and the
stress calculus points in figure 3.

Displacement comparation
Spatial mesh
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Figure 1 Displacement comparison for spatial mesh

It is also notice that as well as for plane and spatial discrete mash, if damping
matrix is used, the stress and efforts values are almost similar for all the coefficient
pairs o and B used. It was also noticed that for Rayleigh models use, only the first 3
vibration modes are required.
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Major response differences of 14% are obtained only between 2 critical dams of
2% and 8%.
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Summary

Assessment and retrofitting of existing buildings made by masonry structure
represent a huge engineering challenge as a distinct problem versus the design of a
new building. Structural Strengthening and Thermal Renovation have to be applied
at the same time.

This article refers to Two Non-Destructive Testing Devices in Diagnostic and
Assessing under realistic conditions of Old Masonry Buildings evaluated to the
real performance. It focuses on flat-jacks technique to determine the state of stress
in masonry, and on monitoring of buildings health using IR thermal-graphic
method. Minimum Equipment for Compressive Strength Qualifying Test on
Masonry Large Specimen, and Minimum Equipment for Infrared Thermal-Graphic
Test in Quality Control of Thermal Insulation are presented.

The results deal with the Masonry Strengths of walls and columns for the
computation of Nominal Assurance Degree of Seismic Action of the existing
masonry dwellings and monumental buildings according to the Strengthening
Structural Design for Compressing Loading and Lateral Loading of damaged
buildings.

Other results deal with the Surface Temperature Distribution and Moisture
Content in Visible and Infrared Images for Quality Control of Thermal Insulation
according to the Thermal Renovation Design for Heat Losses and Yearly Thermal
Balance of damaged buildings.

The measured values are random variables. The characteristic values of random
variables as fractiles for a given probability will be computed using the
Probabilistic Approach.

KEYWORDS: monitoring, non-destructive testing (NDT), flat-jacks technique,
infrared thermal-graphics, masonry characteristic compressive strength, surface
temperature, random variables, input data in strengthening design.
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1. INTRODUCTION

Many masonry structures were built over long periods of time using different
technologies and materials. There are hidden damages out of a professional control.
There are dwellings and monumental buildings made by masonry structure, placed
on seismic hazard zone that need to be retrofitted at new performance levels.

The Romanian law L10:1995 concerning the quality in constructions defines one
main component from 11 ones of quality system such as serviceability behavior
and remedies during the life span of buildings.

Investor and/or owner or users have to be able to define correctly the users’
requirements on custom mode offer and contract form of technical project for
assessment or retrofitting.

Structural Safety (strength and stability) and Thermal Protection (thermal
insulation and moisture protection for heat energy saving) are two essential
performance requirements of buildings. Assessment and retrofitting of existing
buildings made by masonry structure represent a huge engineering challenge as a
distinct problem versus a new building design. Framing of damages into potential
risk degrees has a cultural, social and economic impact.

Structural Strengthening and Thermal Renovation have to be applied at the same
time.

The existing buildings are big consumers of energy. The volume of existing
buildings is so big and it contains many masonry buildings that need an upgrading
of the insulating by thermal retrofitting that means no interstitial condensation risk
and no surface dew point temperature. There are almost 8.0 million of dwellings as
2.8-rooms conventional apartments with an amount of fuel required for one
season’s heating of 10.4-21.5 mil tones conventional fuel per year. By summing-up
almost 20% for other buildings, the Romanian annual energy consumption for the
heating of buildings is between 12.5-25.8 mil tones conventional fuel per year.

There are damaged old buildings placed on seismic hazard zones. Local remedies
were been applied from economic reasons. Few local inventories were been
performed with modest results. The existing buildings with classified damages
need an upgrading of cross walls structure in order to reduce the seismic risk for
users’ safe.

No general rules are expected. Case-studies will be performed. Few official
inventory and preliminary decisions of alternative spaces of living or working
about were been performed. This is a worried factor.

There will be a sustainable activity to restore old buildings and monuments, not
matter where. The trends in building costs in Germany (7) for new buildings and
existing buildings are presented in the Fig.1.
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Fig.1. Trends in building costs in Germany

This article refers to the non-destructive testing device in assessing of old masonry
buildings which were originally built over a long time ago, and it is focuses on flat-
jacks technique to determine the state of stress in masonry, and on health
monitoring using IR thermal-graphic method, as input data for strengthening
structural design of masonry members in compression, and thermal renovation
design.

2. DIAGNOSTIC SURVEYS

Diagnostic strategy is presented in the Fig.2. Keywords of diagnostic strategy using
the probabilistic approach are the followings: sources of risk, damages, weak
points, indicators, probability of failure, limit states, monitoring, early damages
survey, random variables, input re-design data, costs etc.

Diagnostic
Survey
S J
I | | 1
Weak Direct ( Adaptive ) Measuring Data
Points Monitoring Model Technique Management
S J

Fig.2. Diagnostic Strategy

Preliminary surveys focus on:
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(i) geometric survey using topographic method and photogram-metric
technique to identify the geometry of building;

(i1) crack-detection using piezoelectric arrays to identify static pattern and
probable causes of instability.

Final aim of preliminary surveys of the overall pattern of cracks is the framing of
existing buildings with classified damages into 4 potential classes of seismic risk
RS /5/. RS1 means a high risk of collapse. RS2 means a low probability of
collapse but there are major damages of bearing elements. RS3 means that the
damages of bearing elements do not disturb the structural safety but there are major
damages of nonbearing elements. RS4 means that the expected seismic answer of
the existing building and the designed seismic answer for a new building are the
same.

Note that should be kept in mind the influence factors of quantifying: the design
seismic zone, the structural pattern on height, the aseismic conformity of structure,
the nominal assurance degree to seismic action, the probable nature of collapse of
bearing elements (either a ductile nature, a semi-ductile one or a breakable one),
the reinforcement details, the building importance factor, the building life span, and
the building inventory.

Diagnostic surveys focus on:
(iii) coring survey using coring and sampling technique to provide specimens
for material testing;
(iv) X-ray survey inside the boreholes using a rotating micro-camera to provide
3-D image of wall;
(v) non-destructive testing using flat-jacks technique (6) to determine the state
of stress in masonry realistic specimen, and the strengths of masonry:
the f, compressive strength, the f,, shear strength, and the f,, tensile strength in

bending, and the f,, shear strength of mortar layer;

(vi) sonic testing using an ultrasonic pulse excitation through, to perform a
detailed survey of sound velocity distribution over;

(vii) radar-screen survey using high frequency electro-magnetic waves to
investigate the interfaces between material layers having different dielectric
constants;

(viii) health monitoring using fiber optical sensors and IR thermal-
graphics for data capture to control any change in behavior, such as temperature
distribution, moisture distribution, strains in all directions, relative movements,
inclination etc;

(ix) material-destructive testing on coring samples using axial compression and
other tests to assess the masonry strengths, and the degree of physical-
chemical damages.

The calibration is a very important step.
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3. FLAT-JACKS TECHNIQUE

Characteristic values of the compressive strength for the computational design
purpose of new masonry structures are only regulated by design codes. Hence, the
behavior of old masonry structures in compression has to be investigated to provide
strength values.

Flat-jacks technique is a non-destructive testing method for quantification of
phenomenon with regard to the state of stress in masonry.

Minimum Equipment for Compressive Strength Qualifying Test on Masonry Large
Specimen consists of:

Loading Devices: Electric Drill, Core Drill, Hydraulic Pump, Hydraulic Flat-Jacks,
Hydraulic Presses, Service Gauges, and Flexible Hose;

Recorder and Dataloggers: Data Acquisition Board, Inductance Strain Gauges
Transducers, Wheastone Bridge Circuit, Graphic Recorder (Printer), Deformeters
(Comparing Devices), Micrometers, Dilatometers, Sonic Detector, and Software.

Testing Method consists of: Stress-Strain Analysis of Large Specimen in
Compression, Modulus of Elasticity, Shear and Dilatometer Tests on Masonry
Sample Area, Diagnostic Surveys, Sonic Surveys, Structural Monitoring, and
Structural Strengthening.

f

Fig.3. Flat-Jacks Compressive Starter Kit

Flat-Jacks Compressive Starter Kit is shown in the Fig.3. It contains: 5 flat-jacks,
10,000 psi capacity hydraulic hand pump, 1,000 psi test quality pressure gauge,
2,...,6 feet hydraulic hoses with quick connect fitting, removable extensometer of
0.0001 inch resolution, inch reference bar, marking gauge, 100 extensometer gauge
points, rugged field case, where 1 psi=10" ksi=10" kip.sqin"'=0.006895
MPa=0.006895 N.mm?>, 1 in=25.4 mm, 1 ft=12 in=0.3048 m.
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Fig.4. Flat-Jacks Shear Starter Kit

Flat-Jacks Shear Starter Kit is shown in the Fig.4. It contains: 10,000 psi capacity
hydraulic hand pump, 10,000 psi test quality pressure gauge, 5,000 psi test quality
pressure gauge, 10 feet hydraulic hose, 10 tones capacity hydraulic ram with tilt
saddle, 2-3.5 inch x 2.0 inch x 0.5 inch hardened steel bearing plates, 2 inch @ x
1.4 inch cylindrical aluminium spacer, 2 inch @ x 4.0 inch cylindrical aluminium
spacer, rugged field case.

Fig.5. Survey to perform flat-jacks test

The survey using flat-jacks technique carried out without scaffolding is presented
in the Fig.5.

Masonry sample will be marked by two horizontal cuts into which two flat jacks
will be inserted and it will be subjected to an axial compression. The pressure of
flat-jacks will be increased up to the re-establishment of the initial degree of
deformation. It is possible to find the masonry compressive strength f, in
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MPa=N.mm™ by increasing of compression load until the first vertical crack will
arise in the brick (1), (2), (3) because the lateral strain of mortar will only meet the
effect of adhesion and friction between bricks and mortar.

Masonry sample will be marked by two vertical cuts, a brick will be removed out,
and two small horizontal-acting hydraulic flat jacks will be inserted. It is possible
to find either the shear strength of mortar layer f,, or the friction angle between

bricks and mortar by modifying the vertical and horizontal stresses.
Masonry strengths are random variables. By the probabilistic approach (9), the

characteristic value of a material strength is the probability p=0.05 of lower values
than this. The fractiles x, will be computed as follows:

tko, (1)

where,
m
k is the factor or standard deviation number depending on the p probability
and the type of distribution;
o, is standard deviation.

« 1s the mean of random variables;

X

From the field data arranged into an increasing row, data selection, graphic
probability distribution such as histogram and frequency polygon, on recommends
Henry’s line for checking of the theory-testing concordance, and the elimination of
the absurd results. If the mean line that rectifies the plotted line is very close by the
middle field points, it will be a concordance between the measured values
distribution and the theoretical distribution. A few values will be rejected, and a
few values will be kept.

The intersection of Henry’s line with the abscissa is m, point. The intersection of

Henry’s line with the 16% line is the a angle between Henry’s line and the
ordinate, where o, is tangent ofa. The intersection between Henry’s line with the

5% line means the X, fractile.

Mean value with relative frequency named first moment or math hope and the
variance named central second moment are computed using locating and spreading
of statistical evaluation from Table 1 and Table 2, using Eq.2 and Eq.3.

Fractile is computed using Eq.1 for 0.05 probability of lower value than X .
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Table 1. Data selection
Intervals Central Absolute Relative Sum Diagram of events
Value frequency on interval
Frequency
R N.mm_2 N fi=nj/n Inj Ify N;j
%
1.46-1.50 1.48 6 0.1111 6 I XXXXXX
1.51-1.55 1.53 8 0.1482 14 26 XXXXXXXX
1.56-1.60 1.58 9 0.1666 23 43 XXXXXXXXX
1.61-1.65 1.63 12 0.2222 35 65 XXXXXXXXXXXX
1.66-1.70 1.68 8 0.1482 43 80 XXXXXXXX
1.71-1.75 1.73 6 0.1111 49 91 XXXXXX
1.76-1.80 1.78 5 0.0926 54 100 xXXXX
7 1.63 54 1.0000 54 100 5 10
Table 2. Mean and standard deviation computation
Central Relative Multiplication Central Variance
value frequency deviation
X; Fi=nj/n fi X Aj= o=
2
Xj -my fi(Xi—my)
1.48 0.1111 0.1644 -0.1424 0.0022
1.53 0.1482 0.2267 -0.0924 0.0012
1.58 0.1666 0.2632 -0.0424 0.0002
1.63 0.2222 0.3621 0.0076 0.0001
1.68 0.1482 0.2489 0.0576 0.0005
1.73 0.1111 0.1922 0.1076 0.0013
1.78 0.0926 0.1648 0.1576 0.0023
1.63 1.0000 1.6224 0.0078
8
m, = > f X;=1.6224 2)
1
o, = | fi(X;-m,)* =0.0883 3)

The characteristic compressive strength of masonry large specimen f, computed
as fractile of 1.4771 MPa:

X, = 1.6224 - (1.645)(0.0883)=1.4771

“4)
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4. IR THERMAL-GRAPHICS

The key feature to reduce the amount of heat losses through the building envelope
to a very low value is a very high standard of thermal insulation. Hence, the
thermal behavior of masonry envelopes has to be investigated to provide thermal
resistance R -values and thermal transmittance U -values (4).

Lock in thermal-graphics is a picture-based method for visualization and
quantification of phenomenon with regard to the heat transfer.

The thermal energy caught by the IR camera from an object is focused by the
radiation detector and the electronic system converts the electrical signal produced
by detector into a video signal on monitor screen.

The total energy emitted by a body’s surface is defined by Eq.5:

o0

E; = |¢E,dA=¢;0T* (5)
A=0
where,
E, is the total radiation energy emitted with the wavelength A at

T temperature;
g, I1sthe body’s emissive power for the radiation with the wavelength A ;

E, is the radiation energy emitted with the wavelength A ;
g7 1is the body’s emissive power for the radiation with the whole wavelength

spectrum,;
c =5672-10% W.m2K"* is Stefan Boltzmann’s constant.

Minimum Equipment for Infrared Thermal-Graphic Test in Thermal Insulation
Quality Control consists of: Thermnocouples Meters and Probes, Equipment for
Recording, Stocking, and Processing, Thermal CAM P-Series (professional
infrared camera), and Thermal CAM Connect Software.

Testing Method consists of: Data Acquisition of Temperature, Temperature
Control, and Thermal Imaging System.

IR equipment can catch the body’s thermal image in real time using a receiving and
recording system (IR camera), and a processing system of the thermal images
(computer and software). IR camera consists of a scanning system, an infrared
radiation detector, an electronic system, and a microprocessor.

Working parameters are as follows: temperature range from -20°C till 500°C with
the sensibility increment of 0.1°C, working autonomy of 3 hours, and operation
temperature from -15°C till 45°C. The calibration between the surface emissive
power and the surface temperature is given.
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A few results are presented (11). In the Fig.6, the visible image and IR image with
cold bridges zones are presented. In the Fig. 7, the earth moisture infiltration at the
building ground floor level (12) is presented. In the Fig.8, temperature values on a
window with the layering effect are presented as screened results.

Fig.6. Visible and infrared images with defects due to the cold bridges

12.1°C

Fig.8. Screened results of temperature distribution
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5. CONCLUSIONS

There will be a sustainable activity to restore old buildings and monuments, not
matter where it will be. In Germany, trends in building costs for new and existing
buildings confirm this.

Assessment and retrofitting of existing buildings made by masonry structure
represent a huge engineering challenge as a distinct problem versus a new building
design.

Inspection techniques via monitoring and parallel testing i.e. the diagnostic surveys
under realistic conditions are presented.

Flat-jacks technique as a non-destructive testing method is suggested for input data
capture of masonry strengths in strengthening design of damaged old buildings.
Note that for high buildings, few experts have to be rock-climbers.

Lock in thermal-graphics as a picture-based method for visualization and
quantification of phenomenon with regard to the heat transfer, but not only is
suggested for input data capture of masonry thermal resistance in thermal
renovation design of damaged old buildings. It is attractive. IR thermal-graphics is
an important instrument to stimulate the interest concerning the quality of works.
The right decision is taking the best insulation available. Note that for high
buildings, few experts have to be rock-climbers, too.

Lock in acoustics and thermal-graphics is suggested for research.

On recommends the equivalent rigid frame pattern for simplified structural design
(10), and for the best approximation to the specimen experimental behavior (8),
and for actual brick shear walls structure, as well.

The equivalent rigid frame consists of columns with the same features as posts, and
slabs with the same features as lintels. The frame columns will substitute the posts
spanning between posts centre lines. The slabs will substitute the lintels on the
entire span of columns centre lines.
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Summary

This article refers to the 2-D thermal field computation in the steady-state
conditions for thermal design of the building envelope. A procedure to analyze the
heat transfer through the opaque wall is provided. The results are as follows: Heat
Flow Image and Density, Surface Temperature Distribution, and Isothermal Lines.
Computing programs are very useful instruments in the designing of adjustment to
R-value and in the solving of problems.

KEYWORDS: building, envelope, opaque wall, heat transfer, steady-state
conditions, computational analysis, surface temperature visualizing.

1. INTRODUCTION

The Romanian standard SR EN 10211-2:2001 /1/ is identical to the European
Standard EN ISO 10211-2:2001-Thermal bridges in construction-Calculation of
heat flows and surface temperatures-Part2: Linear thermal bridges.

Solving problems by 2-D analysis has required using the dedicated software and
computer aided design systems.

2. THERMAL FIELD

The thermal field represents all temperatures 0(x, y, z, T )-values, where X, y, z are
the spatial co-ordinates of the point and T is the time.

The thermal field is computed from the Laplace’s Eq., as follows:

7\.A6=Cp@+| @))
ot

where,
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is the thermal conductivity of the material, in W.m'. K"
is the heat capacity of the material, in J. kg "K',
is the density of the material, in kg.m™;

=D 0 >

is the source of heat, in W.m™.

There are many heat transfer problems from which 2-D problem in steady-state
conditions is the most useful formula for®(x,y)-values computation by the
Numerical and Computational Techniques:

in steady-state conditions T =0, and in transient ones T # 0;

in linear conditions with A,C,p=constants, and non-linear ones with

1(0),¢(0),p(0):

1-D problem of 8(x), 2-D problem of 6(x,y), and 3-D problem of 8(x,y,z).

3. MATHEMATICAL MODEL

By the Finite Difference Method or Finite Element Method, the Differential
Equations with second partial derivative of © with respect to dx* squared at
constants (m, n) have to be changed into a system of Algebraical Linear Equations
using difference operators or finite operators:

2 2
A 6_? +A 6—? =0 2)

ox oy
The digitization after x and y in elementary layers supposes the nodes disposal at
the borders, at intermediary surfaces between different materials, and in the same
material. The differential operators could be approximated with the help of two
levels schemes resulted from G(X, y) development in the Taylor’s series around the

node with (m, n) co-ordinates.

Finally, the formulae have resulted by the imposed, uniqueness conditions, initial
and at the limits ones:

the 1* case condition (Dirichlet’s one) in steady-state conditions has indicated that

the inside air temperature 0; and the outside air temperature 0, are fixed;

the 2™ case condition (Newman’s one) has indicated the occurrence of a
continuous density of heat flow qgat the boundaries, i.e. we have to consider

many nodes up to the breadth of the influence zone | of the cold bridge limited by

the normal heat flow on both surfaces of the element:
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AO
qs =F

the 3" case condition (Fourier’s one) has indicated the heat transfer on the internal
surface and external surface of the element:

esi — e2
A

3)

e3 - 0se
Ay

the 4™ case condition has indicated the heat transfer between different materials
deduced from the conservation Eq.:

(Xi(ei - Osi ) =X and A =0, (ese - ee) “4)

2.a=0 5)

4. HANDLING THE PROGRAM

There are thermal bridges as parts or portions of a built element, given by the
technological or structural reasons, in which the insulating material is completely
absent, i.e. the insulation is bridged.

The heat flow increases across the thermal bridges and the inside surface becomes
cooler, giving the reason of “the cold bridge term”. There is also an increased risk
of condensation.

Sometimes, it is necessary to calculate the thickness of the additional insulating
material in order to produce the same specified Ry-value as in the current section.
The best position of thermal insulating material is at the outside surface of building
element.

Thermal resistance of the envelope Ryin m?. K. W' can be found from the Eq. as:
Ro=R;+R+R, (6)

All details selected can be developed for the claimed input data.

The results of computational approach are as follows:

the image of heat flow;
the density of heat flow q, in W.m™;

the distribution of the outer surface temperature , 0 (x, y) in°C;
the distribution of the inside surface temperature 0, (x, y) ,in °C;
the isothermal lines O(x, y)=constant;

the zones of almost constant temperatures;
the lines of almost constant densities of heat flow;
the zones of almost constant densities of heat flow.
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Considering a case-study /2/ of a building outer wall joint subjected to 2-D heat
flow through, in the winter time conditions, for a masonry wall with a cold bridge
due to a concrete column with and without adjustment at the outside surface using
an EPS layer, the results are shown in the Fig. below. Wall structure thermal
properties and indoor-outdoor surface resistances are taken, and the temperatures
remain steady.

Wall Joint Digitization is presented in the Fig. 1.

Fig.1. Wall Joint Digitization

The image of lines of conductive heat flow through the outer wall after the thermal
adjustment is presented in the Fig.2. There is a non-uniform heat flow through
because of the effect of lateral heat flow is significant.
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Fig.2. Image of Heat Flow through
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The distribution of heat flow density and surface temperature on a wall joint with
and without adjustment of Ry-value is compared in the Fig. 3,4, 5, 6, 7, and 8.

W/m2
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Fig.3. Variation of the Density of Heat Flow after the Adjustment
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Fig.4. Zones of almost Constant Densities of Heat Flow after the Adjustment
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Fig.5. Variation of the Density of Heat Flow before the Adjustment
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Fig.6. Zones of almost Constant Densities of Heat Flow before of the Adjustment
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Fig.7. Zones of almost Constant Temperatures after the Adjustment

After the adjustment, the isothermal lines are almost parallel to the wall external
surface and the effect of lateral heat flow is not significant.
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Fig.8. Zones of almost Constant Temperature before of the Adjustment
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5. CONCLUSIONS

Thermal comfort and protection requirements mean a positive state of mind due to
a friendly inside environment, and a lower cost of heating for energy conservation
resulting from the best thermal isolation available concerning the improvement of
relative humidity, condensation risk, comfort temperature, thermal resistance,
thermal transmittance, and heat losses.

2-D FEM wall pattern in the steady-state conditions is suggested for the design of
the adjustment of Ry-value. After the adjustment, the effect of lateral heat flow is
not significant. Note that the best position of thermal insulating material is at the
outside surface of building element.

IT Approach is an important instrument to stimulate the taking of right decision by
heat transmission visualizing. It is attractive.

On recommends the dynamic heat transmission through the building envelope with
solar gain and material thermal storage, for research and effective design, as well.
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Summary

The main load of a hydraulic gate is the water pressure, especially for the
submerged gates. A good accuracy of the computation methods leads to a more
secure structure.

The paper presents a comparison between different computation methods of this
type of structures. A radial gate was analyzed. The size of the submerged outlet is
4,0 x 4,0 m and the water depth is 20,0 m

The following methods were used in the analysis:
o The finite elements method, using a mesh of the structure of the gate.

o Model studies. An 1:4 scale model was built in order to perform this study.
The model was subjected to water pressure. In several points of this model,
Strain measuring devices were installed and the strains were measured at
several water pressure magnitudes.

The results of the first two computation methods are compared in some points of
the structure. With the aid of the second method, the strains were computed in
order to compare them with the strains measured on the model.

These comparative studies try to establish the accuracy of each of the methods
presented above.

KEYWORDS: radial gate, water pressure, experimental study

1. STUDY’S OBJECT

In this paper it is analyzed a depth radial gate, which have the dimensions
4,00x4,00m, located on 20,00m depth. The structure of radial gate is presented in
figure 1.
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Figure 1. The structure of analyzed radial gate

The main dimensions of the 1:4 scale model are:
- the outlet dimensions Lxh = 1050x1000 mm;
- the plate radius is 1300 mm;

- the plate thickness is 2,5 mm, in order to be 1:4 by the thickness of the gate's
plate (10 mm);
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Fig 2 Assembling the scale model
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2. THE HYDRAULIC PRESSURE TEST OF THE SCALE MODEL

In order to apply water pressure on the model, a steel tank was built such
as the model would fit on one of the tank's lateral faces. The tank was made out of
6 mm thickness sheet, which was stiffened with angle steel shapes.

3

\ TANK

Fig. 3. The scheme of the hydraulic pressure test

The sealing between the model and the tank was made using siliconic sealant with
good elastic properties, in order to allow the displacements between the tank and
the model.

The boundary conditions were made similar to the real ones, when the gate is
closed.

A vertical pipe was attached to the top face of the tank. This pipe allows the
increase of water pressure in 1 m steps, the maximum pressure being 6 m above the
tank.
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The deflections of the model were measured in 6 load steps; the water pressure was
increased with 1 m in each step.

The deflections of the model in the upstream - downstream direction were
measured with the aid of some measuring devices with 1/100 mm precision. The
points in which these measuring devices were placed are shown in fig. 4 and 5. In
pts 1 and 2 (where the displacements should be 0) two measuring devices were
installed in order to correct the other measured deflections.

Fig. 4. Aspects during the test
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Fig. 5. The points where the measuring devices were installed

The corrected deflections in points 3 to 7 are shown in fig. 6. The corrections were
made using the deflections measured in points 1 and 2 (which are the bearings
where, theoretically, the displacement is null)

displacements [mm]

0.350

0.300

0.250

0.200

0.150

0.100

0.050

0.000

_# 0.3
a55 A 0.260
0.140
110
0.115
1066
0.015
[Py T
1 2 3 4 5 6
load step

Figura 6. The corrected deflections in points 3 to 7.
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3. COMPARRISON BETWEEN THE RESULTS OF THE TEST AND
THOSE OBTAINED BY COMPUTATIONS

A finite elements model was build, having the same characteristics as the scale
model. The load steps were similar to the ones from the test.

The graphs in fig. 7, 8 and 9 shows comparisons between the displacements
obtained in the test and in the computations.

One can notice a good match between the results obtained using the two methods,
especially in the first four loading steps.
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Fig 7. Displacements in point 3
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Fig 8. Displacements in point 6
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Fig 9. Displacements in point 7

In points 3 and 6, situated in areas of the structure having rather big stiffness, one
can see the results are very close, the maximum differences being of about 19 %
for point 3 and about 26% in point 6.

As a conclusion, the closeness between the results confirms the reliability
of the finite element method, if the mesh is appropriate and sufficiently detailed.
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Summary

This paper discusses a non-linear constitutive model for modelling of masonry in
2D. The model consists from two independent parts: the model for mortar and the
model for bricks or stones.

The reason of using two different constitutive models is our need to be able to
modell individual bricks (or stones in the case of a stone masonry) and the mortar
between the bricks.

We have decided to use a smeared crack approach for the modelling fo a mortar. It
is an approach that is widely and successfully used for a constitutive modelling of
concrete and we assume that it can be also applied to a mortar that is very similar
to a concrete.

The model of mortar is based on an equivalent one-dimensional stress-strain
relation that depends also on 2D state of stress (through the Kupfer's failure
criteria that is used to obtain the limit stresses for the one-dimensional stress-
strain relation) and on some special material properties such is fracture energy of
mortar.

Bricks are modelled in a different way, As a generally brittle, they often can't be
effectively modelly by the smeared crack approach. The damage of the brick (a
crack) usually goes through the whole brick and it can be assumed that its
occurrence depends on a stress intenzity on an area and not on the stress size in an
individual material point. Thus we have decided to use a simple approach that can
be describes as a very basic non-local material model.

After the ckack on the brick is detected the material properties are changed in a
moment. Unlike the model for a mortar, it is assumed that there is no unloading
curve for this model,

KEYWORDS: finite element method, constitutive modelling, masonry, mortar,
bricks, crack band model, smeared cracks.
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1. INTRODUCTION

The static analysis of masonry can be done in several ways. The most common is
approach is a linear elastic constitutive modelling. It allows to provide a relatively
simple computational analysis and many structures can be analysed with very
simple computational models (beams and frames) and often even without need of a
computer. Also the finite element analysis can relatively easy and non-complicated.
It is often said that linear elastic modelling is enough for a design of masonry
structures because they are not allowed to work in situations when their behaviour
can be non linear (under tension loads, for example).

But there are situations when the assumption of the linear elastic behaviour is not
sufficient. For example there are often needs of analysis of already existing
buildings or of historic structures and monuments that can work in an non-optimal
mode for masonry. For these cases a lot of different non-linear constitutive models
have been developed by many authors (for example [1]). Many of these approaches
are very complex and they can offer a high level of accuracy of results if they are
properly used. But it isn’t often easy (or even possible) to get all the necessary
input data that are needed for such models. In these cases the results can be even
less precise than the traditional computing approaches. There are also a lot of not
so advanced models that cannot offer so high precision of results but they usually
require lower number of input data and may they may be easier to use.

In this paper we present a constitutive model for masonry that we are developing.
This model was designed as a compromise between needs and possibilities of
computing and access to input data (however, the proposed model still can be too
complicated in some cases).

2. CONSTITUTIVE MODEL DESCRIPTION

2.1. Overview

The constitutive model includes two independent parts: the model for mortar and
the model for bricks. These parts are based on different assumptions and they are
impemented in different ways. The mortar is implemented using the smeared crack
approach and the crack-band model. Bricks are modelled with a simple variation of
a non-local model approach. This division of the model into two parts allows us to
create a models that can include individual bricks (or stones in a case of stone
masonry that is common in historic buildings) and also locate the mortar in
positions that are correspond with the real structure.

The proposed constitutive model is developed for 2D cases (for the plane stress
case).
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2.2. Model for mortar

The constitutive law for mortar is controlled by an equivalent uniaxial stress-strain
relation. The simplification of the problem from 2D to 1D is not ideal but it is
relatively easy to develop and understand. To make the uniaxial relation to be more
corresponding with the real behaviour the limits of the relation (strenghts in tension
and in compression) are computed from a 2D failure criteria (the Kupfer's criteria
is used here) and depends on the actual 2D stresses.

fyt |

fyc

Figure 1. Uniaxial stress-strain relation for mortar

There used approach has several disadvantages. The one of the most important is
that results depend of properties of a finite element mesh. It is obvious, because
when a “damage” is detected the properties of the material became be reduced and
they are reduced on whole area of the element (or — in our case — on a whole area
that corresponds with an integration point of a finite element).

This issue can be minimized by usage of the Bazant's crack-band model when the
properties of the stress-strain diagram (the “Ez” value in Figure 1) depends on the
size of the cracked area (value L on Figure 2) and the material properties (the
fracture energy Gr). The fracture energy can be obtained from special experiments
or it can be (with limited precision) computed (Karihaloo []).

The behaviour of the material in the compression is modelled in a similar way.



“Computational Civil Engineering 2007”, International Symposium 365

Figure 2. Lenght L of the cracked area

2.3. Model for bricks

The real bricks (or stones in stone masonry) have a different behaviour. They
usually are much more brittle than the mortar. The material model for mortar can
be also used for a modelling of bricks but it usually isn't ideal for this purpose.

We have prepared a different constitutive model. We assume that behaviour of
bricks is linear elastic until the damage (crack) is detected. Usually, the crack goes
throught the full height (or width) ob brick so it is obvious that the failure condition
must respect this.

We have proposed a use an approach that is similar to non-local material models:
the stresses in the brick are controlled on an area A with dimensions that are
comparable with height of the brick. It should guarantee that crack is detected if the
stresses in the brick are big enough to be able to create a crack. Thus a brittle
demage of the brick should occur.

After the brick is damage the material properties should be changed. Now we have
adopted the elasto-plastic behaviour of a material. After the crack is detected then
the normal stiffness of the material (represented by Young's modullus) is reduced
to zero. It is not an ideal approach because it means that the cracked material still
carry the previous stresses but we selected it for the relatively ease of the
implementation. After we will test the other parts ot the alghorithm (namely the
computation of the failure condition) we will improve the behaviour of the cracked
material to be more realistic.
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3. ILLUSTRATIVE EXAMPLE

Model description

To show the behaviour of the model we have prepared a simple (not very realsisic)
numerical example. The geometry is shown on the Figure 3. The sizes of bricks are
270x160 mm and the width of mortar is 10 mm in all cases.

uFEH 8.2.19

€5: CART
Tine: 1

L

ZZ. BE. ZOOY

Figure 3. [llustrative example — finite element model

The Figure 4 shows the load-displacement relation that was obtained from the
analysis of the model.

The relatively sharp change of the stress-strain curve is the result of a selected
constitutive model of mortar — the bricks under the loading cracked in a moment
and then the strength of the structure became reduced. From the Figure 4 it is
obvious that the mortar has a relatively small influence of the results in this case.

The relatively high strength of a damaged material in this case was a result of a
relatively large residual stiffness of a bricks (we used a elastoplastic model with
hardening for the bricks here to help the convergence of solution).
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The results show that the model features a behaviour that we have expected to
obtain.

“gpa2™ using 231 ——
"88a" using 231 ——
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Figure 4. Computed stress-strain relation

4. CONCLUSIONS

The article shows a basic material model for masonry. It can be improved in
several ways, namely in the area of the modelling of bricks.

Acknowledgements

The works are supported from the Czech state budget through the Czech Science
Foundation. The project registration number is GA CR 103/03/P389.

References

1. Bazant Z. P., Planas, J., Fracture and size effect in concrete and other quassibrittler materials,
CRC Press, Boca Raton, 1998.

2. Cervenka V., Constitutive models for cracked reinforced concrete, ACI Journal, vol. 82, 1985.

3. Cervenka V., Inelastic finite element analysis of of reinforced concrete panels under in-plane
load, University of Colorado, Colorado, 1970



“Computational Civil Engineering 2007”, International Symposium
Iasi, Roménia, May 25, 2007

Behavior of newly developed FRP reinforcement in structures
under various load schemes

David Horak', Martin Zlamall, Petr Danek®

!Department of Concrete and Masonry Structures, Brno University of Technology, Czech Republic
’Department of Building Testing, Brno University of Technology, Brno, Czech Republic

Summary

An own reinforcement based on glass or carbon fiber reinforced polymers in frame
a Czech ministry of industry and trade research task was developed. A set of
experiments was made for reinforcing of concrete structures with this FRP internal
reinforcement.

The developed reinforcement was used for reinforcing of several concrete
elements. These elements were exposed to different types of loading. Their
behavior was monitored to verify the functionality of new reinforcement. Based on
this results it is possible to determine required properties of reinforcement used for
every sort of reinforcing (longitudinal or shear reinforcement).

This reinforcement was also used to additionally strengthen the masonry vaults
loaded with static and dynamic loads. Obtained results are compared with
theoretic results of nonlinear numerical analysis of constructions.

KEYWORDS: Longitudinal and shear GFRP reinforcement, reinforced concrete
structures, strengthened masonry vaults.

1. INTRODUCTION

At present non-metallic reinforcement is used very frequently (because of their
resistibility) in constructions that are exposed to aggressive environment’s
influence. It makes possible to reduce costs needed for special arrangements for
protection the common reinforcement and eventually consecutive repairs.

However the price of the non-metallic reinforcements is quite high (see Fig. 1).
And because this reinforcement form the significant part of the final costs of the
cross-section price, it is very advisable to (next to economical optimizing of the
cross-section [1]) use local non-imported (i.e. probably cheaper) materials.
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Figure 1. Comparison of the average prices in the Czech Republic
(common materials and developed reinforcement)

The economic aspect mentioned above isn’t in the Czech Republic so strong,
because there isn’t any native producer of this kind of reinforcement. While using
it is necessary to import the reinforcement from abroad, which makes construction
sometimes more expensive.

In terms of research in frame of the Czech Ministry of Industry and Trade,
development of “home” reinforcement based on glass and carbon fibers has begun.
It is of course necessary to check out functionality of this system — i.e. functionality
of interaction of reinforcing bar and surrounding concrete.

But not only new concrete structures are in the centre of interest. Masonry
continues to be popular because of its relative simplicity of application in the
technical practice. Indeed, for a new use of structural masonry reasonable
constructional rules are required, because conventional approach based on the
experience is unacceptable nowadays. In addition, most methods of carrying
capacity assessment and of strengthening for the existing masonry construction are
increasingly based on analyses of mathematical simulation and appropriate (linear
and nonlinear) computational models. One method of load-bearing elements
strengthening is application of additional external non-prestressed reinforcement
into chases in masonry on intrados of vaults, which will provide stiffening and
increasing of load carrying capacity of the individual load-bearing elements.

The existing and especially historical masonry structures are nowadays
considerably monitored. Many of them are in need of some retrofitting or
strengthening. In such cases the non-metallic with minimal requirements for
reinforcement cover even in aggressive environment could be the best solution.
Therefore some tests were undertaken to learn about behavior of masonry vaults
additionally strengthened with GFRP bars. These test logically followed previous
research of the additionally strengthened masonry structures.

To achieve good usable results it is necessary to provide also statistical evaluation
and theoretical backgrounds for further designs of such structures. Therefore all
data obtained from the tests are used to create and verify the numerical model of
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FRP reinforcement material used in calculations. This model should allow to
predict as accurate as possible the behavior of concrete and masonry structures
reinforced with FRP bars.

Mathematical model is created in physically non-linear FE software based on
fracture mechanics of quasi-brittle materials. Results obtained from real tests are
used as input data for all materials. It means all material characteristics for both
concrete (strengths, modulus of elasticity, fracture energy, etc.) and non-metallic
bars (tensile strength, load-deflection diagram, modulus of elasticity). The cohesion
between reinforcement and concrete (grouting) is modeled via cohesion parameters
for each type of the surfacing.

Comparison of the real and numerical results shows very good correspondence
(some results are shown in the text below and in [2] and [3]).

1.1. Concrete reinforcement

Tests are performed in several partial fields:
* obtaining physical-mechanical characteristics of reinforcement,
* obtaining cohesion between reinforcement and concrete,
* monitoring behavior of specimens reinforced with non-metallic reinforcement
(i.e. real function of reinforcement in loaded construction).

The first two research points were completed and all the results were analysed [2].
Choice of the most suitable type of reinforcement was achieved based on obtained
results. The best cohesion with the concrete, material properties and demand factor
of the production of the reinforcement and the surface preparation were confronted.
All these parameters influence the price and the efficiency of the developed
reinforcement.

After the decision about the surfacing of the reinforcement it was necessary to
confirm the functionality of the reinforcement. Therefore several tests were
performed on the concrete specimens. GFRP bars were used as both longitudinal
and shear type of reinforcement.

1.2. Strengthening of the masonry structures

The method of additionally inserted non-prestressed reinforcement allows
additional strengthening of masonry structures without a necessity of large
intervention into vaults especially in case of external application. This system is
capable redistributing newly originated stresses from load that act on a
strengthened construction. The aim of reinforcement is to restrict the development
of existing cracks and eliminate possibly an origin of the new ones, and to improve
load-bearing capacity of vaulted masonry constructions.
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From the static viewpoint, unreinforced masonry structure is unable to transfer
tensile forces that can originate on existing structure from following action:

* action of the higher imposed load against the designed one,

» action of either identical or the lower load against the designed one.

Another consequence of the retrofit reinforcement application into masonry
structures is the rigidity improvement. The effect is evident especially at the
structures cracked by the previous traffic utilisation. Nevertheless, from the
practical viewpoint this consequence could be smaller for railway bridges.

For reinforcing the masonry structures it were used two types of reinforcing
materials (shape of this reinforcement bars can be seen in Figure 2):

» commonly used steel reinforcement (Helifix),

+ non-metallic reinforcement (GFRP bars).

Figure 2. Shape of Helibar and wrapped surface GFRP

As a binding (transferring) medium between reinforcement and origin masonry was
used special mortar (grouting substance). It is important to mention that it is
essential the reinforcing bars compose with grouting substance and with origin
masonry the reliable and durable system.

2. CONCRETE MEMBERS WITH LONGITUDINAL GFRP
REINFORCEMENT

These tests are related to concrete beams (dimensions 350 x 100 x 2200 mm)
reinforced only with longitudinal GFRP reinforcement (diameter 14 mm, one-side-
wrapped bars).

This test was classical four-point bending test (Figure 3). The span of the beam was
2.2 m and the loading forces were applied at 1/3 of the length of the beam. Beams
were designed to obtain failure caused by a bending moment. During the
experiment following input data were monitored — force load, deflection on several
points and strain of the reinforcing bars (monitoring units build into the
reinforcement [2]).

Three specimens with the longitudinal reinforcement were exposed to load forces.
Also three specimens without the reinforcement were loaded to provide reference
data and to make possible the comparison of effects of the reinforcement. Results
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of specimens without reinforcement allowed also validating the input data (i.e.
material model of the concrete) used in FEM numerical model.

e [

Figure 3. Deflection of the loaded beam before the collapse

All three reinforced beams collapsed because of exceeding the tensile strength of
the GFRP bars. Two of them collapsed under the load force, one beam collapsed in
the middle. Maximal average load carrying capacity of this beam improved from
total 6.11 kN (calculation presumption 6.09 kN) to 17.19 kN (calculation
presumption 16.38 kN - according to ACI 440.1R-03 without any safety factors).
The tests results demonstrated the functionality of the developed non-metallic
reinforcement.

The development of the load-deflection curve is in Figure 4. Also comparison of
the behavior between reinforced beams (specimen 1-3), non-reinforced beams
(reference specimens 1-3) and numerical model of the reinforced beam (Atena 3D
results) can be found there.
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Figure 4. Deflection of the beam with longitudinal GFRP reinforcement
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2. CONCRETE MEMBERS WITH LONGITUDINAL AND SHEAR
GFRP REINFORCEMENT

The non-metallic reinforcement was tested also as shear reinforcement. The
longitudinal reinforcement in these beams were the GFRP bars (diameter 14 mm,
one-side-wrapped bars — same as mentioned before). The shear reinforcement was
created from one GFRP bar (diameter 8 mm, one-side-wrapped bars) shaped into
spiral looped around all longitudinal reinforcement bars — see Figure 5.

This reinforcement had to be shaped before hardening. Thus the curing method was
changed and the curing of the already shaped and fixed reinforcement proceeded at
the room temperature. The hardening of the bar took more time, but the material
characteristics were not reduced.

Figure 5. Shear reinforcement shaped into spiral

All beams (dimensions 115 x 240 x 2100 mm) were loaded by the same way as the
beams with longitudinal reinforcement only. It means the load scheme was
classical four-point bending test with load points at 1/3 of the span. Supposed
failure mode was exceeding the shear capacity in the area near supports.

Again the test set was made from three test specimens with shear reinforcement
and from three “reference” specimens without shear reinforcement. The
reinforcement influenced positively the shear capacity of the tested beam and
confirmed its functionality. The shear capacity improved from 54.7 kN (reference
specimens without shear reinforcement) to 82.2 kN (reinforced specimens).
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Figure 6. Cracked beam with GFRP shear reinforcement
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Figure 7. Deflection of the Beam with GFRP Shear Reinforcement
(REF Specimens are Reference Specimens Without Shear Reinforcement)

The tests results demonstrated the functionality of the developed non-metallic
reinforcement.

3. MASONRY STRUCTURES STRENGTHENED WITH GFRP
BARS

Within experimental parts of the project three sets of masonry vaults with for
various loading types were manufactured. For the distinction of individual vaults
are used notation jKi, where ,,j” corresponds to series number (1-3) and ,,i” to the
strengthening method (1-3). The vaults were symmetrically loaded in 'z of the span
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- l.series (j=1), asymmetrically in % of the span - 2.series and symmetrically in
both quarters of the span - 3.series (j=3).

1.SERIES

Figure 8. Loading scheme of the vaults and distribution zones of the load in the vaults

Each series consists of three vaults: non-strengthened — comparative (i=1), a vault
reinforced in two chases (i=2) and a vault reinforced in three chases (i=3). The
vaults were bricked up from full burnt bricks on lime-cement mortar of the width
890 mm, span 2600 mm, deflection 750 mm and radius 1500 mm.

Into every reinforcing chases were embedded 2 bars. First experiments were
performed with reinforcement HeliBar of special helical shape of diameter 8 mm
and the second set of test specimens were reinforced with GFRP bars of diameter 6
mm (one-side wrapped). Only unsymmetrical loading in %4 of the span was used for
testing vaults with non-metallic reinforcement (it is the case of the biggest
influence of the additional strengthening [4]).

3.1. Behavior under static load

From the comparison of the load-bearing capacity of the individual vaults in the
series results that essential growth of the load-bearing capacity was achieved
especially in the case of 1st series and 2nd series of the vaults, namely more than
eight multiple growth. This growing of carrying-capacity can be watch for both
cases of reinforcement — helical metallic and non-metallic. It was related to the
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vaults stressed by either concentrated or one-sided load, at which the vaults were
loaded by the interaction of normal forces and bending moments.

In the case of 3rd series the experiments did not prove the effects of strengthening
by additionally inserted reinforcement on the vaults load-bearing capacity; no
effects of reinforcement demonstrated themselves because the vaults were mainly
compressed.

In the case of non-strengthened vaults of 1st and 2nd series the failure was acute,
main crack was opened and the vault ruptured. In the case of the strengthened
vaults of 1st and 2nd series came to the gradual opening of separate cracks until the
failure, which was accompanied by the rapture of the metallic reinforcement from
the chases. All glass reinforcing bars were in the ultimate limit state ruptured.
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Figure 9. Comparison of deformations on vaults loaded in % of the span strengthened with
GFRP and metallic helical reinforcement
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On the basis of thus obtained results from numerical studies and on the base of the
designed algorithm, it will be possible to obtain (substantiate) simple constitutive
relations for the evaluation and design of strengthening by simplified designed
methods used in the practice and to set up simple algorithms for design and
checking calculation of the masonry vaulted construction with additional
reinforcement for the practice.

3.2. Behavior under dynamic load

Dynamical tests were performed on vaults loaded asymmetrically in 1/4 of the span
and reinforced with glass reinforcement (GFRP) only. From results of first
dynamical tests it is visible increasing of load-bearing capacity of the reinforced
vaults (2K2, 2K3) compared to the non-reinforced vault (2K1) (Figure 10).

FORCE F [KN]

DEFORMATION [MM]

—%= S 1/4 without load [mm] - 2K1 - glass ——S 1/4 with load [mm] - 2K1 - glass
—— S 1/4 without load [mm] - 2K2 - glass —5-S 1/4 with load [mm] - 2K2 - glass

- S 1/4 without load [mm] - 2K3 - glass —6- S 1/4 with load [mm] - 2K3 - glass

Figure 10. Comparison of deformations on vaults loaded in Y4 of the span strengthened with
GFRP reinforcement — dynamical test

Unfortunately the low set of tested specimen prohibited comparison with the test
data from statical experiments. The results are also influenced by the big non-
homogeneity of masonry structure. Also the fracture mode (i.e. failure of the vault
by opening of tension cracks in the bed joint) is not uniform and the position of
cracks can influence the final load bearing capacity.
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Strengthened vaults can be partially compared by relation of their load-bearing
capacity. Ratio of the load-bearing capacity of the vaults with three reinforcing
chases and with two chases (2K3/2K2) at statical loading is 1,33 and at dynamical
loading is 1,29.

3. CONCLUSION

The tests showed that the developed system is functional. The reinforcement bars
can work as concrete reinforcement and they are capable to transfer the load forces
generated in the construction during the loading.

There is also very positive benefit for the strengthening of the masonry vaults. This
system can be used to repair the historical structures with minimal impact to the
structure itself (thanks to low requirements for cover — there is no need to provide
additional layers of cover materilas).

So far only short term tests were performed. To fully confirm the functionality and
safety of the newly developed reinforcing system it will be necessary to verify the
long term characteristics of the reinforcement. The main subjects of research will
be the behavior of the reinforced structures under the long term loads. Also the
resistibility of the reinforced structures in the aggressive environment has to be
verified.
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Summary

Composite structural members consisting of steel and concrete parts utilize the
advantages and suppress the disadvantages of individual material components. The
shear loading between steel and concrete parts is transferred by shear connectors.
They have to be designed to maximize the shear load capacity and ductility and to
minimize the overall manufacturing costs.

At the Technical University of Vienna, Institute of Steel Constructions, new shapes
of shear connectors for composite steel and concrete beam structures are being
developed. The composite structure consists of steel I-beam with connector welded
lengthwise in the middle of the flange and surrounded by a concrete reinforced
slab. The first sheet-type crown shaped connector has already been accepted for
patent procedure. To verify its efficiency both numerical analyses and physical
experiments with push-out tests were carried out. For numerical analyses of
composite structures the well-established FE-program ABAQUS is used. Results
depend on many material and control parameters therefore first an extensive
parametric study was necessary /1/. Here missing information is given, originally
suppressed in /1/ because of patent protection procedure. Further numerical
experiences with different loading velocities, with ABAQUS option NLGEOM and
experiences relating to results evaluation are described. Different results of
ABAQUS versions 653 and 662 are mentioned. Necessity of a very careful
preparation of numerical simulation and of using realistic material data for
concrete is emphasized.

A comparison in /2/ shows a very good matching between physical tests and
numerical simulation.

KEYWORDS: Composite steel and concrete beam structure, welded shear
connector, push-out test, finite element modeling, ABAQUS, material model for
concrete, loading velocity, geometric nonlinearity, kinetic energy, total strain
energy, new shape of shear connector.

1. INTRODUCTION
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Developing of new sheet-type connectors at the Technical University of Vienna,
Institute of Steel Structures consists of physical tests with push-out specimens and
of their numerical simulation as well. A recent extensive parametric study /1/ of
options given in the known FE-program ABAQUS /3-5/ was concerned with a new
sheet-type crown shaped connector. After accepting it by European Patent Office in
Vienna for patent procedure under proposed name "VieCro", the information
originally suppressed in /1/ can here be given for completeness.

The welded steel parts of the specimen can be seen in Fig. 1. In Fig. 2 the complete
specimen with reinforced concrete slabs is ready for testing in a horizontal loading
machine. In Fig. 3 the basic parts of the FE-model utilizing twofold symmetry are
shown. Because of their very high stiffness, the head plate and the I-beam could be
removed from the FE-model and replaced by corresponding boundary conditions.
The loading was simulated by prescribing boundary condition on the lower surface
of the steel connector (welded to the I-beam) in longitudinal direction. ABAQUS
static and dynamic nonlinear procedures have been invoked, using quadratic FE-
elements C3D20R and linear FE-elements C3DS8R, respectively.

In /1/ results of 123 FE-calculations are given in form of P-d diagrams, d being the
actual value of the prescribed connector displacement, P being the corresponding
total reaction force in supported right side surface in Fig. 4. In diagrams the in-
fluence of ABAQUS material parameters, of friction coefficient in frontal and la-
teral contact surfaces and of clamped or contact support while using static and dy-
namic solution procedures can be observed.

2. DIFFICULTIES WITH NUMERICAL SIMULATIONS

The difficulties are caused by highly nonlinear character of the problem and by
missing specific material parameters for concrete. If there is no P-d diagram from
physical test and/or if the material data are not reliable then it is not easy to decide
whether the calculated peak load, post-peak response and failure load are "true" i.e.
whether they correspond to the parameters chosen only or whether they are influen-
ced also by potential "internal" numerical instabilities.

In a recent EU-Project FE-packages ABAQUS, ANSYS, DIANA, GEFDYN and
LUSAS used for solution of concrete dams have been compared /6/. It has been
confirmed that the result of a complex highly nonlinear problem often depends on
nonlinear control parameters used. According to /6/, correct estimating of the
failure load using a non-convergence stopping criterion is problematic because
with a "wrong" criterion the non-convergence on relatively small loads can occur.
The quotation marks signalize some uncertainty always present while solving
complicated nonlinear problems: The result depends on the solution path, this
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again depends on a set of parameters used. Every change in parameters used means
a different solution path, sometimes with surprising effects.

Because of problems described a very careful preparation of solution strategy and
mesh data and a very thorough results evaluation is necessary. Even then it is
always useful to carry out more calculations with slightly changed parameters to
check the result sensitivity.

Throughout the study /1/ emphasis has been placed on the highest possible
accuracy and reliability of the system answer rather than on efficiency of
calculations. As far as possible, for the most control and material parameters
ABAQUS default values were used uniformly throughout all calculations.

With static calculations maximum number of iterations as a general stopping
criterion was set sufficiently high (and never reached), for starting and minimum
increments very small values were set. With dynamic calculations the ABAQUS
default automatic incrementation with global stable increment estimator was used.

3. SOLUTION PROCEDURES

From ABAQUS nonlinear procedures tested in /1/ (*STATIC,RIKS,
*STATIC,STABILIZE, *DYNAMIC,EXPLICIT) the last one seems to be the
most suitable for simulation of physical push-out tests. The reasons why just an
explicit integration package like ABAQUS/Explicit should be used for solving
highly nonlinear problems are convincingly given in /7/. Practical comparison of
results obtained by particular procedures is given in /1/.

4. FE-MODEL FOR DYNAMIC ANALYSES

With the *DYNAMIC,EXPLICIT procedure of ABAQUS/Explicit package only
linear elements can be used. However, the FE-model has to take into account
material and contact nonlinearities and the geometry of the connection.

The authors prefer a rather conservative solution with some "FE-overkill". The
mesh for dynamic analyses (Fig. 4) consists of following parts: steel connector:
6474 linear 8-node hexahedrons C3D8R (3 elements crosswise on the half-
thickness of 10 mm), concrete slab: 30495 elements C3D8R, reinforcement: 525
elements T3D2, each anchor rod: 1 element T3D2. This mesh is able to register
high stress gradients occurring in interactions between sheet connector and
concrete parts near connector.
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5. MATERIAL MODELS

ABAQUS material models used are completely described in /1/, thus the descrip-
tion will not be repeated here. It is to emphasize that for concrete parts a character-
ristic material curve with loss of strength after reaching the tensile strength has
been used instead of artificial material features.

For steel parts an elastic-ideal plastic model without hardening was used.

6. FRICTION IN CONTACT SURFACES

In /1/ each calculation has been carried out three times with friction coefficients
0.3, 0.5, 0.7. For simplicity, between frontal surfaces (Fig. 5) the same friction
coefficient was used as between lateral surfaces (Fig. 6). Generally, P-d curve from
physical experiment, especially in post-peak area, can better be approximated in
numerical simulation using small friction coefficient. Calculations in /8/ confirm
this conclusion and analyse the contribution of frontal and lateral friction.

7. RESULTS EVALUATION — ENERGIES AND VISUAL
INSPECTION

In dynamic calculations used for simulation of quasi-static processes an important
role plays the ratio of kinetic energy to internal energy ALLKE/ALLIE with a peak
value accompanying distortion. ABAQUS-recommendation that ALLKE/ALLIE
should not be over 0,05-0,1 has to be used with some caution. The ultimate value
can be different if the distortion is localized in a small area and the energy output in
history output request is required for the whole FE-model. This is the way how the
ratio ALLKE/ALLIE is judged usually, at least in first calculations. In all
calculations described in /1/ and here energies were output for the whole model.

It turns out that in the curve ALLKE/ALLIE-d sometimes the existence of the peak
regardless of its magnitude determines the distortion process. Usually, the peaks
are very narrow and disappear soon. Often they can not be observed because of
such a trivial reason as too big distance between output points. Also in such cases a
careful visual inspection of deformed mesh using deformation scale factor > 1 can
detect beginning of distortions or numerical difficulties since the accompanied
oversized unnatural displacements do not disappear.
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8. LOADING VELOCITY

Dynamic explicit calculations in /1/ have been carried out conservatively with a
very small constant velocity of v=0.5 mm/s (prescribed connector displacement
linear increasing with time). Using higher velocities can shorten the computer
times substantially, on the other side inertial forces can arise and influence the
result. Therefore it would be useful to find the upper bound of admissible velocities
for quasi-static calculations of structures in question.

First, push-out test simulations based on an anvil connector shape (red in Fig. 7)
and utilizing two planes of symmetry have been carried out. ABAQUS concrete
material model CDP with dilation angle y=30°, friction coefficient f=0.5 between
interaction surfaces, clamped support surface and loading in the same way as in /1/
but using five constant loading velocities v were used. The corresponding Pmax-v
diagram (Fig. 8) was however unacceptable, contradicting expectations. By
detailed inspection of particular solutions it has been found out that, in contrary to
/1/, the pre-peak response in P-d diagrams is characterized by several irregularities
(Fig. 9). For example, upon velocity v=1 mm/s, the first peak value at d=0.5 mm
(blue in Fig. 9) is followed by a downcome caused by local numerical problems
which can clearly be seen in Fig. 7 (excessive local displacements; deformation
scale factor: 10) and on ALLKE/ALLIE-d curve in Fig. 10. Just the curve for v=2
mm/s could be accepted for estimating Pmax as a measure for inertial effects.
Differences in Pmax and irregularities are not caused by inertial forces directly but
by the extreme numerical instability of the solution: Already a negligible parameter
change (in this case the loading velocity v) effects on the solution path. Thus,
simulations based on an anvil connector shape could not be used to identify the
range of admissible velocities.

After this experience the influence of the loading velocity has been examined using
the simplest possible example. The test beam 100x100x200 mm consisting of con-
crete only (without any contact interactions and steel parts) was clamped on one
end and loaded by prescribed displacement of -25 mm on the opposite surface.
Again, linear increasing displacement was prescribed. Following constant
velocities were used: v=0 (static solution), 0.5, 5, 25, 100, 500, 1000 mm/s.

ABAQUS CDP material model and C3D8R elements were used. Because of
twofold symmetry only 1/4 of the beam has been meshed. In Fig. 11 the final de-
formed shape with Mises stress upon v=5 mm/s can be seen. The corresponding
Pmax-v diagram in Fig. 12 conforms to expectations. In Fig. 13 the pre-peak res-
ponse up to v=5 mm/s is free of irregularities (diagram parts with d>2 mm do not
contain any substantial information and are omitted). Clear visible is the force
delay upon v=100, 500 and 1000 mm/s due to the distance between the surface on
the left with applied displacement d and the clamped surface on the right with the
reaction force P. Thus, upon higher velocities the solution is ever more dominated
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by inertial effects unacceptable in a quasi-static structural response.
ALLKE/ALLIE values in Fig. 14 confirm the conclusion that in this type of prob-
lems the constant loading velocity should not exceed, let's say, just to be sure, 10
mm/s.

However, also the difference between ABAQUS procedures is to be noticed. With
the procedure *STATIC (v=0) the peak load of Pmax=115.2 kN is slightly higher
than with the procedure *DYNAMIC,EXPLICIT (v=5 mm/s: Pmax=109.9 kN),
both being used with NLGEOM=YES..

At last, push-out test simulations based on a crown shaped connector (in /1/ loaded
by v=0.5 mm/s) have been recalculated using additional loading velocities v=5, 25,
100, 1000 mm/s. As in /1/, support with contact interaction, concrete material CDP
M2, dilation angle y=36.31, friction coefficient {=0.3 and NLGEOM=YES were
used.

Corresponding P-d curves can be seen in Fig. 15 (diagram parts with d>10 mm do
not contain any substantial information and are omitted). The P-d curve for v=0.5
mm/s was already given in Fig. 27 of /1/.

Generally, P-d curves for support with contact interaction are characterized by
oscillations, the same curves for clamped support are smooth (Fig. 28 in /1/). In
Fig. 15 only the curves v=0.5 and v=5 mm/s are acceptable. The bifurcation of P-
values after reaching peak area could not be explained yet. The reason is probably
again an extreme numerical instability of the solution process.

With v=25 mm/s and more, oscillations become dominant and influenced by
inertial effects. Also the force delay is clear visible. The ALLKE/ALLIE values in
Fig. 16 are acceptable for v=0.5 and v=5 mm/s only.

In Fig. 17 Mises stress is shown to demonstrate the influence of inertial effects.
Upon the velocity v=1000 mm/s the lower red part of the steel connector moving to
the right is already upon d=0.76 mm (ideally) plastic, whereas the support reaction
force on the specimen right side still equals zero. The yielding area in this case is
not originating around contact points with concrete as usually but due to prescribed
fast growing displacement on lower connector surface.

A general recommendation concerning the highest admissible loading velocity for
numerical simulation of push-out tests can not be given. It is not easy to distinguish
whether the difference in peak values and/or calculation break were really caused
by inertial effects or by taking a different solution path. The critical velocity value
depends on many parameters, e.g. connector shape, mesh quality, boundary
conditions used, way how the loading is applied, and so on. Therefore, not only P-d
curves should be compared but also ALLKE/ALLIE values have to be checked and
the deformed mesh should be carefully visually inspected throughout the solution.
At least two calculations with different loading velocities are to be carried out. If
the results differ substantially, the reasons have to be investigated in more detail.
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9. USING NLGEOM AND DOUBLE PRECISION

This option on the data card *STEP controls the inclusion of nonlinear effects of
large displacements. With static procedures in ABAQUS/Standard default setting is
NLGEOM=NO, with the procedure *DYNAMIC,EXPLICIT in ABAQUS/Explicit
default setting is NLGEOM=YES.

In /1/ all calculations have been carried out taking into account the nonlinear effect
of large displacements. In dynamic calculations in post-peak response this has led
to very long calculations offering at last nonrealistic distorted FE-mesh by far not
corresponding to the brittle behavior of concrete especially in situations with no or
little reinforcement. E.g. the curve v=0,5 mm/s in Fig. 15 ends at d=23,6 mm, but
between d=11,8 mm (expressive ALLKE/ALLIE-peak) and d=23,6 mm
(calculation collapse) the structure in Fig. 18 (suppressed Fig. 30 in /1/) is
nonrealistic distorted and the calculation does not give any real information.
Therefore, using NLGEOM=NO can be a reasonable alternative generally, not only
if BRITTLE material model is used.

Generally, always DOUBLE PRECISION solution should be used. Upon SINGLE
PRECISION the solution process aborts prematurely and using NLGEOM=YES
does not change the situation substantially.

10. ABAQUS VERSIONS 653 AND 662

For calculations in /1/ ABAQUS version 653 was used. At TU Vienna shortly a
new computer system came into service using ABAQUS version 662. Calculations
on both systems with the same input file showed in P-d diagram considerable
differences in post-peak area. The reason could not be explained yet.

11. CONCLUSIONS

The basic question is which goals are to be fulfilled by numerical simulation of
physical push-out tests. A pure matching of the P-d curve from an existing physical
test can be achieved also by using a coarse FE-mesh, inadequate material model
"sometimes without regard to the reasonableness of the material input variables" /9/
and controversial calculation parameters. Such a simulation, of course, keeps the
simulation costs minimal. However, it proves rather the versatility of the FE-
program and the user's inventiveness than an accurate representation of the
physical behavior itself.
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A consequent numerical simulation should not only match the data record from a
foregoing physical test. It also should be able to reduce the number of physical
tests in the course of selecting more effective connector shapes. This goal can be
achieved only by a detailed visual inspection of analysis results get by a reliable
FE-calculation. This has to be based on a sufficiently fine mesh (one linear finite
element crosswise the modeled steel connector half-thickness is not sufficient to
follow stress gradients), on a realistic material model (no "ideal plastic concrete" in
tension), on a tolerable loading velocity (for safe excluding of additional inertial
forces), etc. In case of doubts the influence of an unknown (e.g. material)
parameter has to be checked by changing its value and repeating the calculation.

In near future the authors will continue developing of new connector shapes
accompanied by exploring the influence of reinforcement location on properties of
specific connector shape in composite steel and concrete beam structures.
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Fig. 1 Push-out specimen's welded steel parts

Fig. 3 Basic parts of the FE-model with twofold symmetry
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Fig. 2 Complete push-out-specimen ready for testing

z

|
Fig. 4 FE-mesh for dynamic analyses incl. reinforcement, contact support on the right
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Fig. 5 Frontal master contact surface of the steel connector

Fig. 6 Lateral master contact surface of the steel connector
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Summary

Considering the fact, that steel cables are structural elements forming statically
determinated systems, their rupture can lead to catastrophe. In this context, the
structural assessment of steel cables represents a primary necessity, generated by
the requirement to assure security and safety in use.

Generally the main causes which induce degradation/deterioration of cables are:
fatigue and corrosion.

The effects of corrosion and fatigue are displayed usually through fiber laceration
sequent to a certain service time, after which the number of ruptures and
lacerations increases exponentially.

This paper covers some problems of structural expertise along with numerical
simulation aspects of corrosion and fatigue, as well as a methodology for the
deduction of the presumed service life of steel cables.

KEYWORDS: steel cable, structural expertise, corrosion, fatigue.

1. INTRODUCTION

The irrefutable qualities of bearing cable structures justify, from one part the
extension of their application area, from another part the remarkable effort for
world-over research concerning a better insight and knowledge about their
behavior under corrosion and fatigue, envisioning a safer and more judicious
design.

The aim of the authors through the submission of this paper is to present some
aspects of their research done by the Faculty of Civil Engineering and Building
equipments from the Technical University of Cluj-Napoca.

Since the middle of 70’ the pursuit of this kind of research was focused in the
following directions:
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* Tests carried out in situ (generally considering only statical behaviour, just
infrequently considering dynamical too), including the exact quantification of
cable structure geometry based on survey techniques. Due to the fact that
those kinds of structures are located usually at considerable heights, the
applicable survey techniques have a dynamic character, recording also the
swing and vibration of the structure and the movements induced by dynamic
loads (wind, functioning equipment, traffic).

* Laboratory tests, in order to identify the structural materials through physico-
mechanical and chemical analysis.

+ Statical and dynamical analysis and calculus, including the evaluation of the
service time for every structural component considering possible future loads
and actions over the operative period.

It has to be pointed out the complex and time consuming character of any credible
structural expertise in this field, considering the vastity of involved factors which
are combined with the unstationary character of the loads (wind, temperature,
vibrations from equipment and traffic etc.) [9], [10], [11].

Figure 1. The Agigea Bridge from Romania
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2. CABLES AND TIE-BACKS IN MEMBRANOUS CABLE
STRUCTURES

Common materials used in cable fabrication during history were: papyrus, camel
hair, flax and hemp, until in 1834 when the first cables and ropes from steel wires
were made. This new building material soon became indispensable in many fields,
due to its special properties — high breaking strain compared to its self weight,
great flexibility and durability [17]. In the field of construction, cables were used
initially as bearing parts for suspended bridges, and much more lately for covering
large areas without intermediate holders [18].

In the last period, in highly corrosive environments, cables made from
polypropylene (specific cable weight / specific water weight = 0.91), polyester and
nylon (specific cable weight / specific water weight = 1.14) are used.

2.1. Steel qualities and brands for cables and tie-backs [19], [20]

Cables and tie-backs are made from high- and very high-grade steel, with an
average carbon content of 0.5% and a breaking strain around 60 daN/mm’.
Considerable growth of mechanical strength can be obtained through repeated
deformations applied on steel rods during the fabrication process of wires. Thus, a
cylindrical steel bar is transformed on the drawbench in wire, while its breaking
strain rises up to 120 — 200 daN/mm”. After that, the wire is subdued to a thermal
treatment and hereby the material regains its plastic properties. The wire yarns are
entwisted on a central wire, in one or more layers, composing strands. At their turn,
the strands are coiled around a central core, forming the cable.

Nowadays in Romania two types of steel are used in the fabrication of wires which
can be embodied in cables:

- carbon steel with 0.6 — 0.9% C and 0.3 — 0.7% Mn,

- thin alloyed steel, usually with manganese and silicon.

From carbon steel are wires with smooth (SBP) or marked (SBPA) surface made,
each type in two qualities (I and II). From thin alloyed steel, high strength rods
(PC90) are produced, with geometrical, chemical, mechanical and technological
properties prescribed by the STAS438/1-74 standard.

The semi-product which is used in the fabrication of strands and cables is the
proprietary carbon steel wire (through initial thermal treatment the steel is heated
up to 880 — 930 °C, followed by a quick cooling to 450 — 500 °C in a lead bath
after which the cooling continues slowly in the air) and drawn SBP type wire (the
laminated wires are forced on a drawbench through a smaller hole than the actual
diameter of the wire) without final annealing treatment.

The cables can be classified upon several criteria:
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* Classification based on shape: The cables can be flat or round shaped. At their
turn, round shaped cables can be simple (made from a single strand), double
(composed from several strands) or coupled (formed by wrapping double
cables around a central core).

« Classification according to the number of strands: Cables can be made from 1,
6, 8, 18 or 36 strands.

* Classification upon the core material: The cable core can be manufactured
from vegetal, mineral, metallic or synthetic wires.

+ Classification after the quality of fibers: Steel cables can be produced from
uncoated (mat) or zinc coated wires.

* Classification upon the laying of strands: The wire yarns can be coiled in a
strand towards right (Z) or left (S). At their turn, the strands can be wrapped
within a cable towards right (Z) or left (S).

2.2. Bearing structures with cables

From the point of view of structural analysis, bearing structures with cables can be
divided in the following two categories:

- isolated cables,

- cable nets and suspended structures.

Considering these structures, cables can be:
- isolated parallel or twisted wires,

fascicles of stranded wires,

- ropes,

thin steel rods,

ribbons,

chains,

arranged in one direction or in different directions (Fig. 2).

UNIDIRECTIONAL DIFFERENT DIRECTIONS
IS O 2 DIRECTIONS
CUSTOM ORTHOGONAL
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>
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Figure 2. Different cable types

A synthetically exhibition of bearing structures with cables is presented in fig. 3.
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Figure 3. A classification of bearing structures with cables.
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3. EXAMINATION FACETS FOR STRUCTURAL CABLES

In case of structural cables the problems which are generating noticeable
modifications of the structural safety can be grouped in the following classes:
* Problems concerning the quality of the constitutive material (cold flow, brittle
or breaking in different manners etc.).
* Fatigue problems due to repeated stress.
* The problem of considerable displacements caused by static and dynamic
loads.
* Corrosion and erosion problems.

Bearing structures with cables are characterized by loads which are strongly
depending from the basic geometry of the structure, namely by the initial balanced
state (including also the geometrical and physical imperfections) induced by the
steady and working loads and by eventual prestressing.

The expertise and checking of these structures must be done by studying the
nonlinear geometrical (eventually physical) behaviour and all the factors upon
which relies the structural safety. As a decisive element rises in this context the
occurrence of corrosion and endurance to oligocyclic fatigue. The resistance to
oligocyclic fatigue will be studied from secondary stresses (from vibrations or from
daily thermal expansion — contraction) considering the intensity of the stress range.

3.1. Loads on structures with cables

The main loads applied on bearing structures with cables are arising from self
weight, wind pressure, temperature, working loads with connected dynamic effects
and support displacements.

3.1.1. The influence of weight

The following effects will be considered from dead load, combined also with other
loads and forces from different causes:
- active loads, containing self weight and snow build-up, ice (frost);
- inactive loads, containing the self weight of the structural element and other
permanent loads.

3.1.2. The influence of wind

This action will be considered in the context of KARMAN vortices, combined
from case to case with the phenomena of galloping and fluttering.
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3.1.3. The influence of temperature

The low environmental temperature must be considered in any cases. Structural
elements with lower working temperature than 0 °C will be additionally loaded
with ice (frost) through the condensation of the moisture from the atmosphere.

In case of cable sustaining tubular structures with closed ends, through the cooling
of the built-in gas or steam the inner pressure can drop enough to create vacuum
inside the tube. In such case these tubular structural parts must bear up to the
external pressure at low temperature.

3.1.4. The influence of dynamic effects

Buildings with structural cables are checked against the detrimal effects of
vibrations that can arise from several sources, such as:
- impact forces;
- resonance developing from the operation of equipments (including air
conditioning and ventilation appliances, loud musical gears, traffic etc.);
- seismic actions and wind.

3.1.5. The influence of thermal effects (expansion, contraction)

Thermal effects should be considered in combination with loads and forces from
other causes:
- thermal actions through constraints and restraints;
- effects due to different coefficients of thermal expansion in case of structures
with mixed materials (like steel and aluminium).

3.2. Case of laboratory-tests

The minimal bench tests which are carried out in a laboratory in order to identify
the compounding materials of bearing structures with cables are:
- axial extension test, at different velocities;
repeated bending test;
torsion test;
chemical test of the base material;
simulation of corrosion and fatigue.

3.3. Site investigations [21]

Examining the behavior in time (ageing property) of steel cables is a special assay,
imposed primary by the necessity to insure operational safety. In situ tests will
pursue:



“Computational Civil Engineering 2007, International Symposium 403

* Diminution of cable section, namely loss of metallic cross sectional area
(LMA) due to corrosion, plastic deformation (afterflow) etc. [22].

* Modification of the shape (geometry).

* Broken wires, laceration and other /ocal faults (LF) due to fatigue [22].

In principle the following methods are used for site investigations:
- visual inspection,
- electrochemical (potential, electrochemical sounds, magnetic etc.) methods,
- other nondestructive testing (microscopical examination, gravimetry, infrared
thermography, gammagraphy, radiography and radar processing) [23], [24],
[25].

For structural cables only a few of these methods give adequate results.

For visual inspection carried out in site, the authors are advising a new method:
MOV_CAM (currently under patenting), using sliding digital cameras in order to
view and process the image of the cable (fig. 4).
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Figure 5. Sample results from LF and LMA testing.
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For LMA and LF type investigations electromagnetic processes are successfully
used lately, based on a magnetic head equipped with strong permanent magnets
and sensors with distance meter. The software enables to inspect and to display the
local faults (LF) and the sectional area diminishments (LMA) in a synthetically
manner (fig. 5).

The investigation of the occurrence of corrosion in situ has a peculiar meaning, on
one side due to the increasing intensity of the polluting agents in the environment,
on the other side due to the requirement regarding the prolongation of the
operational service time of cables.

Cables are highly sensitive to corrosion because their self constructional
embodiment enables the penetration and stagnation of moisture.

One of the most delicate problems of structural engineering is to track and to keep
under control the evolution of degradations caused by corrosion, because this
aspect entail in time changes in the physico-mechanical properties and therefore in
the strength of materials, leading also to stress redistribution in the structural
elements. That is the reason why in the following part a method for monitoring the
corrosion of steel cables and the principle of numerical simulation for this process
will be described.

The acquisition of primary data about corrosion, in the case of cables, can be done
with the method of electric resistance, which is easily applicable in situ. The
method of electric resistance is based on the principle that cable corrosion is
accompanied by cross sectional reduction. In this way, if there is no intercrystalline
corrosion, the raising of electric resistance is produced by the diminution of the
cross section.

In case of intercrystalline corrosion, the area of the cross section is not modified
significantly, but the specific resistance increases. Thereby, measuring the electric
resistance on different portions of a steel cable, considering 500 — 1000 mm long
segments, the commencement of corrosion can be promptly recorded. Monitoring
the corrosion of steel cables by the means of the electric resistance method enables
the undelayed signaling of the occurrence of corrosion, including intercrystalline
corrosion. This method is simple, safe and relatively cheap, implying low costs.

4. NUMERICAL SIMULATION OF CABLE CORROSION

The numerical simulation of corrosion can be done in order to study the
phenomena in time, using probabilistic degradation functions or data acquired
through monitoring. Some of the most frequently encountered fault types are
presented in table 1.
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Table 1. Typical patterns of wire rope degradation and failure [25]
Ilustration Short explanation

= A “bird cage” caused by sudden release of tension and
resultant rebound of rope from overloaded condition.
These strands and wires will not return to their original
positions.

A close-up of a rope subjected to drum crushing. The
distortion of the individual wires and displacement from
their normal position is noticeable. This is usually
caused by the rope scrubbing on itself.
A wire rope jumped from a sheave. The rope itself is
deformed into a “curl” as if bent around a round shaft.
Close examination of the wires show two types of
breaks — normal tensile “cup and cone” breaks and shear
breaks which give the appearance of having been cut on
an angle with a cold chisel.
Localized wear over an equalizing sheave. The danger
of this type wear is that it is not visible during operation
of the rope. This emphasizes the need of regular
inspection of this portion of an operating rope.
A wire which has broken under tensile load in excess of
its strength. It is typically recognized by the “cup and
e T cone” appearance at the point of the fracture. The
— necking down of the wire at the point of failure to form
the cup and cone indicates that failure occurred while
the wire retained its ductility.
An illustration of a wire which shows a fatigue break. It
is recognized by the squared off ends perpendicular to
T the wire. This break was produced by a torsion machine
which is used to measure the ductility. This break is
similar to wire failures in the field caused by excessive
bending.
A wire rope which has been subjected to repeated
bending over sheaves, under normal loads. This results
in “fatigue” breaks in individual wires, these breaks
being square and usually in the crown of the strands.
An example of “fatigue” failure of a wire rope which
has been subjected to heavy loads over small sheaves.
The usual crown breaks are accompanied by breaks in
the valleys of the strands, caused by “strand nicking”
resulting from the heavy loads.
A single strand removed from a wire rope subjected to
“strand nicking”. This condition is the result of adjacent
strands rubbing against one another and is usually
caused by core failure due to continued operation of a
rope under high tensile load. The ultimate result will be
individual wire breaks in the valleys of the strands.
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The SACOC (Structural Analysis of Corrosion for Cables) software package is
based on the finite element method and it proved to be very useful in the study of
the corrosion of structural cables. A schematic block diagram of this program is
presented in figure 6 [21].

The user can take advantage of several available degradation functions simulating
cable corrosion in time, or he can use quantifications from site investigations
gathered in a data base.

1. GLOBAL BEARING CAPACITY ESTIMATION
BASED ON F.E.M., IN STATIC AND DYNAMIC
RANGE

2. COMPUTATION OF ACTUAL STRESS

3. CORROSION MENU
|
| |
4. CORROSION SIMULATION DATA BASE

WITH TIME FUNCTIONS 5. STRUCTURAL DEGRADATION
THROUGH CORROSION, BASED
ON TESTS IN SITU.

RESULTS FROM
NONDESTRUCTIVE TESTING

6. ALTERATION OF THE GEOMETRICAL AND
MECHANICAL PROPERTIES DUE TO
CORROSION

7. ACTUAL STRESS RESULTED FROM
CALCULATION, CONSIDERING THE EFFECT
OF CORROSION (STEP 6)

8. COMPARISON BETWEEN THE RESULTS
FROM STEP 7 AND STEP 1

9. RESOLUTION FOR INTERVENTION
YES/NO

Figure 6. The schematic block diagram of the SACOC software.
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5. CABLE QUALITY CERTIFICATION

The quality of cables is guaranteed by the manufacturer through quality assurance
certificates, released for each product range. Deviations in dimensions, properties
and shape shall not exceed the prescribed limits from the relevant Romanian
technical regulations, nor those stated by the manufacturer. The list of standards for
wires and steel cables is presented in table 2.

Table 2. The list of Romanian standards (STAS) in use

Pos. Title STAS
code
1 Materials 880-66
2 Cold-drawn steel wires for drag ropes 1298-80
3 Steel cables. Concept and classification. 1710-79
4  Steel cables. Simple structure cables. Shapes and dimensions. 1513-80
5 Steel cables. Technical requirements. 1352-78
6 Sfteel cgbles. Double cables. Combined structure. Shapes and 1689-80
dimensions
Steel cables. Combined cables. Double cables. Ordinary
7 . . 1535-71
structure. Shapes and dimensions
] Sjteel cqbles. Combined cables. Triple structure. Shapes and 2693-80
dimensions
9 Sjteel cgbles. Combined flexible double cables. Shapes and 1353-80
dimensions
10  Steel cables. Flat cables. Shapes and dimensions 1559-80
11  Alternate bending test for steel wires 1177-74
12 Testing of metals. Torsion test for wires 1750-80
13 Testing of metals. Coiling test for wires 6622-70
14  Testing of metals. Tensile test for wires 6951-76
15 Testing of metals. Tensile test for steel cables 2172-74
16 Combined double concentric cables 2590-80
17  Steel wire for prestressed concrete 6484-77

6. CONCLUSIONS

Bearing structures with cables are liable to generate unappointed phenomena in
comparison with conventional structures. Thus, beside the great displacements
originated from their custom designed structural shapes, displacements arise due to
the 0 prearing / E tatio. While this ratio in case of conventional structures, considering
OL37 steel is 3700/2100000 =1/568, in case of using cables becomes
15000 /1650000 = 1 /110, namely five times bigger.
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Zinc coated cables are able to withstand to corrosion approx. 10 — 15 years. For
this reason, in case of highly corrosive environment should be remembered that
high quality ropes and cables made from synthetic materials with outstanding
endurance are available too.

The required anchoring of cables must be done by wrapping their end with cast
zinc inside threaded pipes instead of using clamps, because the cable may slip out
from the clamp at high dynamical stress.

Cables should be prestressed in a jointly manner with their anchors (thus the
anchoring is tested) before installation, with a force equal to approx. 1.10 times the
computed actual stress, in order to consume the significant remnant elongations
and to avoid subsequent loosening and relaxation.
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Summary

One of the main and also generally obligatory tools for building site works
management is the site diary. The building code orders to building manager the
building diary leading. In the sense of the code, the building site diary is the
document, which is the part of documentation available on building site and in the
document are noticed all relevant events, which have happened on the site.

The article describes possibilities of better building diary leading, as the main
document for managing and monitoring of works on building site by computer
support. Also describes design, structure and architecture of electronic tool as well
as collaboration of database environments. The article presents real examples of
computer aided building site diary paper forms.

KEYWORDS: building, site diary, electronic tool

1. INTRODUCTION

The code also determines that the building diary has to be written from the first day
of preparation works till construction works finish and also who is competent to
write into the diary. According to law, by which are executed some dispositions of
the building code, into the building diary are written all important conditions
concerning a structure building up:

= notes about divergences from project documentation verified by surveyors
office in building process or from conditions dedicated in building
permission or in other resolution or proceeding,

= facts influencing building works and building process, especially time flow
of works, temperature in relation to building works, especially with wet
production process, weather,

= date of building site visit, found facts and steps of the person competent to
do state building surveyor and the person doing state inspection,
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= records of project engineer and of partial projects designer or of
architectonic product author, geodesist and cartographer of the structure,

= records of investor or his empowered person or the structure owner, if he is
not investor,

= records of the person making building inspection or capable person, which
manages building process, building contractor,

= data about elimination of building faults and back-logs according to
structure inspection decree conditions.

But the reality on many building site is such, that the records are not written daily,
often are made after longer time period, sometimes only before the building
disposition. Then they are only short information about weather, worker and
equipments amount, in better case are written performed building processes but
only in outline version.

2. THE BUILDING DIARY VALUE

The building site diary leading has its purpose, as well as irreplaceable value for all
building participants. That is why are in following text presented some principles
and good advices how write the diary in the manner, that the diary should be an
effective management tool. The building diary presents also the most effective
form of communication among building participants, which flows from law
practice principles, demanding reliable presentation of all facts connected with
building. The building diary in the sense of effective management tool must imply
complex data, which are necessary not only for real state monitoring, but also for
the building process management. The records written into building diary by
particular building participants are the basis for follow change management what is
inseparable part of every building activity. That is why the building site diary is the
main tool of operative works management on building site.

The areas, which management is for the building diary essential:

» the building processes performance (data about workers, machines, products,
materials, practices, ....)

» time schedule of works, building works quality

»  occupational health and safety

*  environment protection

=  conditions of building site (production, social, operative, climatic...)

» financial controlling (performed works billing, internal accounting, ...)
»  contract parameters accomplishment ( eventually change actions)
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In small or technically simple buildings can be the diary retrieved by simple record
about the structure, which investor writes and also person who special inspections
do, signs the record. In the record must be written also building works amount,
which perform on building site other corporate and natural persons besides the

investor.

RECOMMENDED STRUCTURE (MAP) OF THE SITE DIARY

INTRODUCTION PAPERS
= Contractor
Cover front @ Diary number

page "

General part =

Registration numbers of records sheets
The building

Main sheet — the building name, place and date of the
beginning, building number, contractor, project engineer,
building manager, technical supervyor of investor, investor,
subcontractors

List of main evidences about building: contracts of
building participants, protocol of building site transmission,
additions and changes of contracts, ...

List of building documentation — evidence of
documentation available on building site

Survey of performed exams and measurements — evidence
of protocols from exams and measurements of building
constructions, technological equipments, nets, ...

List of other documents originated in time of building
production — records from control negotiations, protocols,

DAILY RECORDS

Site diary C
establishment

Record of contractor about works beginning

Record of investor about empowered workers competent for
records into the diary writing (building supervisor) and for
the project engineer (author supervisor)

Record of contractor about empowered workers to do notes
into the diary

Name of contractor employer responsible for OHS and FP on
building site

Verification of investor about acceptance of the diary front
page
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Beginning of
works

Products,
machines and
equipments
taking

Occupational
health and
safety and fire
prevention
insuring

Works on
building site
performance

Works breaks
and
technological
breaks

Continuation
of works

Works
covering

Auxiliary
works
specification

Changes
specification

Coordination
of (sub)

Works beginning date
Found facts, which influence negatively the working process
Requirements on the faults elimination (limitation)

Appeal to investor into preparation of materials, machines
and equipments, if they are not the part of contractor supplies
Appeal to transport and supplying of supplies on building site
in limitation

Found inadequacies of investor supplies

Skull session on building site including workers roster
Record about control of workers certificates validity, special
works performance competences

Difference from safety arrangements in works race condition,
with investor operations or with other contractors works
Records about work accidents

Records about building site control performed by
occupational safety inspectorate

Climatic conditions influencing works process and quality
Type, amount and time schedule of performed works
Works assurance by workers, machines and products, ...
Building site readiness for subcontractor taking up
Building parts finishing

Requirements on investor in connection with restrictions in
works performance

Writing of all facts, which menace or preclude works
continuance
Writing of all and also short-time break

Date and time of interrupted works beginning and break
reason record

Requirements on correction and revisions performance
Appeal to control of quality and covered works integrity
Record about control resuls

Investor writes the works amount approved by him and by
contractor

Contractor specify amount and process of performed
auxiliary works, capacity and terms point

Record of all found divergences from executed and approved
plans

Record of performed divergences from previous plans,
including their approbation, documentation and evidence

In field of transport - requirements on transport with object
and term introducing
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contractors on
building site

Facts
necessary for
billing

Exams and
measurements
performance

Extraordinary
events

The building
acceptance and
handover

Competent
institutions
standpoints

Complex
examination

M. Kozlovska, M. Danko

In building works field — requirements on amount and terms,
verification about their performance

Works performance requirements — building site equipments
demands

Other works — lending of machines and equipments, method
of using of building site objects, building site patrol, ...
working out hours amount (works charger by hour tariff)
undone machines-hours, time of machines and equipments
using

increase of costs from reasons of impossibility of expected
calculation incompliance because of changed organizational
and technological conditions

usage of energies (electrics, water, gas, ...) taking method,
operation time, used equipments

time, process and results of exams and measurements
investor statement into their result (in detail in control and
exam plan of building)

raised damages on possession — reason writing (natural
forces, swag, ...), damage amount, names and address of
witnesses, performed arrangements

illegitimate using of machines and equipments

date of written appeal to transfer action beginning

= place, date and time of transfer action beginning

transfer action process

= place, date and time of transfer action finish (writing of

protocol about transfer and acceptance between contractor
and investor, including list of faults and inadequacies

record of competent workers and institutes about their
determinations
competent institutes statements

appeal on participation on equipments examination
exams process, including achieved results

complex examination beginning and finish date
list of complex examination participants

Nowadays the form of the building diary can be various. From standard “blind”
form, which can be bought in shops with paper forms (standardized notebooks) to
structured forms, which form and structure is selected by firm itself in dependence
on data management system. Basically the investor must accept the form of the

building diary.
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In contract relations writing, concerning often used formulation of commercial
code “if contractor parties do not agree otherwise...” right and careful leading of
the building diary has got big importance. The records in building diary are often
only obligatory verification presenting real building process and accomplishment
of duties among building participants. Timely and good made record in the
building diary is also often an only entry basis for conventional sanctions, damages
reparation, changes or additions of contract applying.

3. E-BUILDING DIARY — APPLICATION ENVIRONMENT

The building diary can be considered as some collection of information and
records. In order to make work with these information and records easier and more
effective, it is necessary to use computers with suitable software. This software
must be dedicated specially for wok with information. Also it has to be able to
observe all functions and conditions for the building diary leading. A useful
alternative presents the product of company Microsoft — Access, which is part of
today often used office packs Microsoft Office. By this program is possible to
create database applications, which are the most suitable for work with
information. Particular database applications are made from database objects
namely from charts, into witch are inserted information, questions, paper forms,
combinations, data pages, macros and modules.

The main characteristic of the program Microsoft Office is simple and especially
wide possibility of work with information. Besides that it has got many other
advantages, which in the case of the site diary leading as fully functional program,
can do leading of the diary and work with it do more effective. At the present is
communication by net and internet connection a common stuff. Similar
possibilities provides also Access 2003, from which is possible to export data into
different external database systems. Also is possible to install all database software
Microsoft Access into computer net server or publish application data at the
internet. The advantage is also the form of outgoing records by program Word or
joining of tabs from program Excel. It is possible to join own databases of
companies with the site diary database, by what is user work easier. User will not
must write some data (about machines or employers), but only choose from
database.

Next advantage of Access is database application insurance. There are many
possibilities how to non-authorised entries. Database applications created in Access
2003 version is possible to sign by electronic signature. The user by his signature
confirms that information contained in this file is valid and from sign immediate
was not changed. If the file will not be changed, is possible to add signatures of
other users. Added digital signature informs that, signature author insure the
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project safety. This possibility is in case of the building diary very important,
because records in the diary have to be signed.

4. E-BUILDING DIARY — APPLICATION OF STRUCTURE AND
VISUAL ASPECT

Application of building diary e-form structure comes from higher presented map
(tab. 1) of building diary. This application consists of 28 paper forms (fig. 1) which
are each other connected. They are divided into two groups, into forms for data
import into database and forms for browsing the data yet saved in database

The main structural element of electronic building diary is the forms. Each form
consists of three parts: head-line, body and heel. In head-line is presented the name
of database “Site diary” and “date” which is daily actualized. In place of heel of
forms generality is inserted command button “Back” which can switch over the
user into past form. Body of forms is different depending on contents and function.
The forms dedicated for data insert are similar, only fields describes are different.
In order to visual site of program will be agreeable for user, all forms are orange
with black texts. Pictures 2 — 11 present selected forms (screens).
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Fig.2 Opening screen
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List of basic documents about building
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List of other documents
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Fig.2 Main formular
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Fig.3 Basic information
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Fig.8 List of machines
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5. CONCLUSION

The high rate of construction, necessity of fast transport of information, including
their fidelity, create force on new tools development, which can effectively insure
activities connected with building realization. Development and design of
application supporting electronic leading of the site diary is a contribution,
supporting these necessities. Nowadays information and communication
technologies including personal computers are more often the natural “co-operator”
of building managers. Developed application presents the tool, which can
essentially do work of managers more effective.

The article is the part of the project KEGA 3/4004/06 MM program for building
educate support.
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Determination of the heat flows, of the solar and luminous
characteristics of the glazing and of the devices for the solar
protection. Automaton calculus program “SOLAR”
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Summary

The automaton calculus program “SOLAR” has resulted from the activity for
establishing the annex A94 from “THE METHODOLOGY FOR CALCULUS THE
ENERGETICS PERFORMANCE FOR BUILDINGS - PART I, for the applying of
the requirements of the law 372/2005.

The calculus program has at its basis the stipulations of the normative EN 13363-
2:2005.

With the help of the automaton calculus program, it can be determined for any type
of glazing with or without solar protection devices, the solar energy total
transmission factor, luminous transmission factor and the normalized thermal
emission flow.

KEYWORDS: heat engineering for constructions, solar protection devices, energy
savings, rehabilitation of buildings.

1. CALCULUS ALGORITHM

1.1. Calculus program description

The calculus program is realized using the programming language Delphi under
Windows system.

The calculus program was made out taking into consideration the stipulations from
the normative SR ENISO 10211/1-98 concerning the geometrical model, the layout
of the sectioning plans through the glazing system with the solar protection that
forms the calculus network. Regarding the convergence conditions of the obtained
solutions a more important requirement then the one in the normative SR ENISO
10211/1-98 was imposed. The requirement considers obtaining the convergence of
the numeric calculus results by assuring the energy balance condition, in every
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node of the calculus network, according to relation (17), with a accuracy of
0,0001W.

1.2. Glazing system and the solar protection devices

The glazing unit and the solar protection devices are made from a sequence of
layers of material separated by spaces filled in with gas. The layers of the material
are considered homogeneous and with thermal conductivities, that are not varying
with temperature.

The heat and solar radiation flow are considered to transfer unidimensional. For the
ventilated spaces, the expressions for the two-dimensional convection are
converted into unidimensional formulas.

The layers for material and spaces are numbered with the subscript j from 1 to n,
space n representing the interior environment and space O the exterior
environment. The physical model does not limitate the number of layers.

The basis formulas indicated for the solar radiation and for the heat transfer express
the energy balance for each layer.

For resolving the non-linear dynamic system of equations obtained, it is
recommended the use of a iterative calculus process.

1 2 3 4 5 i 7
Tﬂ' Ti

TI'&
)
8 LR ] - ew

Figure 1 . System made of layers of material and spaces

Legend

T. Exterior air temperature 1 Exterior 8 Solar radiation

T,. Exterior radiating temperature 2 Layer 1 9 Direct solar and luminous
transmission factor
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ve Exterior wind speed 3 Space 1
T; Interior air temperature 4 Layerj 10 Direct solar and luminous
reflection factor
T, Interior radiating temperature 5 Space j
6 Layer n 11 Radiative and convective
(direct and indirect) thermal transfer
7 Interior

NOTE: The interior and exterior environs are characterised by the interior air
temperature and the radiating temperature; the exterior environment is also
caracterised by the speed wind.

1.3. Solar and optical characteristics of the glazing

For each wave length 4 and for each layer of the glazing j, next equilibrium
equations can be written (Figure 2) for the normalized spectral radiative flow I; si
I’ji

Ij(/l): Tj(/l)'Ij—i(/l)"'p'/‘(/l)'lvf(ﬂ)

1(3)=p, ()1, (3£, (0)-1(2) N
where:

T j(A) spectral transmission factor of the face exterior oriented ;

7’i(A) spectral transmission factor of the face interior oriented ;

pi(A) spectral reflection factor of the face exterior oriented ;

p’i(A) spectral reflection factor of the face interior oriented ;

Ii(A) normalized spectral radiative flow interior oriented ;

I’j(A) normalized spectral radiative flow exterior oriented ;

PAA) p(A)
{(A) . 7' (A)
—i J —_—n
1a(A) L(A)
- -
Ta(A) I'{A)

Figure 2. The scheme with the characteristic data of the layer j and related spectral flows
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By writing the equation (1) for each layer j of the glazing, a system with n
equations will result, having as unknowns the values for [;(4) si1’;(A).

The limit conditions for resolving the system of equations will be:
I,(A)=1and I,(1)=0 )

After resolving the system of equations and obtaining for each layer j the values for
the spectral radiative flow /j(4) si Ij(4), the next factor will be obtained:

spectral transmission factor : 7, (1)=1,2) (3)

spectral reflection factor :  p, (l) =1 (/1) “4)

spectral absorption factor:
a,(2)=-p,(2)-7,2)-1,,(A)+ - p,(2)-7,(2)-1,(2) 5)

The direct solar transmission factor z,, the direct solar reflection factor p.,and the
spectral absorption factor a.j for each layer will be calculated taking into account
the spectral data, determined according to the methodology from SR EN 410:1998;

In the same way the direct luminous transmission factor 1, and direct luminous
reflection factor p, will be calculated.

1.4. Heat transfer
1.4.1 Thermal radiation

The heat flow through radiation depends upon the temperature of the system
double with other heat flows that appear in the system.

For the thermal radiation the scheme from figure 3 is used, where the next
characteristics are presented for each face of the layers that compose the system,
glazing or solar protection layer.

T;  absolute temperature ;

T direct solar transmission factor ;

g  effective emissivity of the face exterior oriented ;
g’; effective emissivity of the face interior oriented ;
qm; radiative flow density towards interior ;

q’n; radiative flow density towards exterior.
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LT

& Tth. &
—_— —
fih-1 b,
| L | e
q thi1 ¢ ‘th

Figure 3. Characteristic data of the layer j and related radiative flow densities

The effective emissivity € is derived from the normal emissivity ¢,, determined
with the help of a infrared spectophotometer, with the related correction from
the procedure described in SR EN 673 annex A.2.

For each layer j of the system of the glazing equations of radiative energy balance
will be written resulting a complex equations system, where the temperature are at
the forth value :

3 . , , 4
9 =Ty 9in,ja +(1_‘9j _Tth,j)'%h,j—i t+é; 'O-'Tj—l

, 3 : 4
91 = (1_5;‘ _Tth,j)'qth,j—l TThAm; TE; 'O_'Tj (6)

Limit conditions are given by the interior and exterior radiative conditions, T, si
Tri .

9o = O"Tri 5 Yupn ZU'T; (7

After resolving the system of equations and determining the temperatures 7}, the
next will be calculated :

the net radiative flow toward exterior

9o = o = Do @®)
the net radiative flow toward interior

q, = qt'h,n i )
retained net heat, from thermal radiation, in layer j

r ' 4
Qna; =€ G j-1 —€; D, +(5j +gj)-0'-Tj (10)
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1.4.2 Heat transfer through thermal conduction and thermoconvection in enclosed
spaces with glazing surfaces

1 2 3
hghu"

I | = | I
qcvl

- & ———»

j:/'

Figure 4. Scheme presenting the characteristic data for an enclosed space and the heat flow
density through thermal conduction and thermoconvection

Legend
1 Layer j
2 Space of gasj
3  Layer j+1
.. . . (T J +7T j+1 )
kj Thermal conductivity of gas in a space j at temperature 7, = T

5i The thickness of the gas layer from the layer j

hg,j Thermal conductance of the gas in layer j

qc,j Heat flow density through thermal conduction and thermoconvection
starting from layer j to j + 1

Thermal conductivity of gas in a limited space j, at medium temperature

_ (Tj + Tj+1)
" 2 , enclosed between glazing surfaces (Figure 4), is given by the
relation:
Nu, -4,
h,, =——= (11)
S
where:

Aj  thermal conductivity of the gas from the enclosed space j ;
sj  the thickness of the gas layer ;

A thermal conductivity of the gas at the temperature Tm;
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Nu Nusselt dimensionless number, determined according to the stipulations
from the standard SR EN ISO 673:2000;

Limit conditions for exterior are:

for the air temperature : 7o = Ty ;
for the thermal transfer through thermoconvection:

hg,0= he,e; (12)
Limit conditions for interior are:

for the air temperature : 7,,; = T;;
for the thermal transfer through thermoconvection:
hg,n= hc,i; (13)
After resolving the system of equations and after determining the temperatures Tj,
in each node of the calculus network, the next will be calculated :

resulted net heat in layer j (through thermal conduction and thermoconvection), is
given by :

Qe =heyu (T =T )by, (T, -T)) (14)

heat flow density through thermoconvection toward exterior environs is given by :
9ee =Y9cap :hg,o (Tl _Te) (15)

heat flow density through thermoconvection toward interior environs is given by :
9ei =Gean =hen (1,-T,) (16)

A non-linear algebraic system of equations will result, after writting the equation
for the energy balance, in each node of the calculus network. Because of the
dynamic and non-linear nature of interaction between temperature and the
radiative and convective heat transfer, for resolving the resulted system of
equations, it is recommended the use of an iterative process. The dynamic nature is
assess a rewritting for the system of equations, because of the modification of
coefficients belonging to the system of equations, for each step of the iterative
calculus.

2. VALIDATION OF THE “SOLAR” AUTOMATON CALCULUS
PROGRAM

The validation of the automaton calculus program was made using the examples
from annex C of the norm EN 13363-2:2005.
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Next entry data were used:
1. exterior blind: blind- 50 mm air space- 4 mm glazing- 13 mm air space- 4
mm glazing
2. interior blind: 4 mm glazing- 13 mm air space- 4 mm glazing- 50 mm air
space- blind.
3. inbuilt blind: 4 mm glazing - 13 mm air space- blind- 13 mm air space- 4 mm
glazing.

Propeties of the materials:

Glass:
* 4 mm clear normal glass;
* solar energy transmission factor t.= 0,82, reflection factor p.= 0,07;
* thermal emissivity = 0,84.

Blind:
* solar energy transmission factor t.= 0,2, reflection factor p.= 0,4;
* thermal emissivity e=0,9;
 without thermal radiation transmission.

The obtained results depend on several factors:
- number of decimals with which the thermotechnic parameters are taken
(2,3,4,...);
- number of decimals for working (algorithm calculus accuracy);
- number of calculus steps at which the thermotechnic parameters of air are
changing numarul;
- interpolation manner of those parameters, when this operations are made etc .

After performing the calculus in double precision, is inferred that the values
displayed in norm EN 13363-2:2005 in the annex C, are obtained as intermediate
calculus values before the energetic balancing of the glazing system layers with
solar protection.

After carrying out the calculus up to the energetic balance, until assurance with 3
decimals the energetic balance, the obtained results differ meaningful from the
displayed values in annex C of the norm EN 13363-2:2005. The obtained results
with the automaton calculus program “Solar” are the proper one by the
thermotechnic point of view, taking into consideration the energy balance in each
layer of the glazing assembly with solar protection.

The listing with the obtained results is given for the analyzed examples.

In the listing the results are obtained for: direct solar transmission factor T,
radiation factor Gy, convection factor G, ventilation factor G,, secondary thermal
transfer interior oriented Gy, total energy transmission factor Gycy+r

On the right side of the tables in the listing is presented the energy balance for each
surface of the glazing assembly- solar protection. It can be observed that the results
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displayed in tables in annex C of the norm EN 13363-2:2005, are the intermediate
calculus values before the energy balancing of the surfaces of the system.

3. CONCLUSIONS

The automaton calculus program “SOLAR” has a prompt practicability in the
designing phase and also in the phase for energetic rehabilitation for new and
existing buildings.

This program covers the required necessity of the experts in the field. Its
applicability is general and can be taken into consideration for any type of glazing,
filled with various gases, with the surfaces of the clear or treated glass, with or
without solar protection in three variants of emplacement: in exterior, in interior
and between leaves of glass.
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Summary

The aim of the work was to describe moulding humidity influence on the properties
of dry pressed ceramic tiles from fly ash — clay mixture (70 % fly ash and 30 %
Stoneware clay). It was determined properties of green body (bulk density) and
fired body (water absorption, bending strength, bulk density and apparent porosity
according to EN ISO 10545 standards) by the mathematical functionalities.

KEYWORDS: Dry pressed ceramic tiles, pressing water content, bulk density,
water absorption, green ceramic body, fired ceramic body.

1. INTRODUCTION

The enormous amount of fly ashes generated during mineral coal burning is still far
from being used in its totality as a product or by-product, making technological
alternatives needed in order to reduce its possible environmental impact. The paper
present one of the possibilities how to use fly ashes — as a basic raw material for
the production of ceramic tiles. It is evident, that moulding moisture influenced
properties of dry pressed green or fired ceramic body very much. It was determined
optimal water content to get maximal compact green body and the best properties
of the firing fly ash - clay bodies according to EN ISO 10545 standards (e.g. water
absorption, bending strength) and properties of the fly ash body microstructure.
The properties of firing fly ash — clay body (water absorption, bending strength)
were compared in accordance with requirements of EN 14411 for dry pressed for
ceramic tiles (Table 1).

Table 1 - The choose properties of ceramic tiles - group B

Characteristics Bla BIb BIla B IIb B III
Water  absorption | average <0,5 0,5-3 3-6 6-10 | >10%
[%] individually | Max. 0,6 | Max. 3,3 | Max. 6,5 | Max. 11 | Min. 9
Bending  strength | average >35 >30 >22 >18 > 15")
[MPa] individually | Min. 32 | Min. 27 | Min. 20 | Min. 16 | —

Breaking strength (t > 7,5 mm) 1300 N 1100 N 1000 N 800N | 600 N
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2. RAW MATERIAL PROPERTIES

The fly ash utilized in this work was originated in the burning process of mineral
brown coal in a pulverized coal-fired plant of Thermoelectrical Power Station,
which is located in Melnik (Czech Republic). This thermoelectrical process has
good efficiency in the combustion of the mineral coal and the residual carbon is
very low - 1,2 wt%. Stoneware clay (from region Postorna CZ) was used as a
binder for non plastic fly ash grains. The chemical composition of raw materials is
showed in Table 2.

Figure 1. Microstructure of used fly ash (2000x).

Table 2. Average chemical composition of used raw materials
[mass-%] Si02 A|203 F0203 Ti02 CaO MgO Kzo NaZO S |IL
Fly ash 5591293 | 47 | 1,7 122 |14 |16] 01 |0,1]1,2
Clay 622 188 | 42 | 15114 ]| 14 2,3 9,3

Particle size distribution of fly ash was studied by using of the floating method
through the 0,063 mm sieve. The fly ash was grinded in the dry laboratory ball mill
with clay together to get minimal residue on the 0,063 mm sieve.

Table 3. Particle size distribution of fly ash
Original | After Ball grinding with clay
Sieve residue 0,063 mm [%] 432 5,9

3. SPECIMEN SHAPING AND FIRING

The mixture of raw materials (70 % mass fly ash + 30 % mass clay) was milled in
dry ball mill together. Test specimens measuring 100 mm x 50 mm x 10 mm were
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shaped in a laboratory press from granulate = moistened mixture with a different
water content were pressed through a 1 mm sieve. The pressing pressure
corresponds to used values for dry pressed ceramic tiles industrial production from
spray-dried granulates (40 MPa).

The firing of test specimens proceed in the industrial tunnel kiln — maximal firing
temperature 1020 °C with 5 hours soaking time in this temperature. After firing, It
was determined properties of firing body: E — vacuum water absorption, B — bulk
density (B, — bulk density of green (not fired, only after drying) body, B — bulk
density of fried body), P — apparent porosity, T — apparent relative density
according to EN ISO 10545 — 3 and capillarity in dependence on moulding
humidity. Frost resistance of firing body was determined by using indirect method
- T — value (saturation value according to DIN 52253 — 3) describes the amount of
open pores capable of filing with water under atmospheric pressure, in relation to
the pores which fill with water at a vacuum of 30 mbar. Frost resisted bodies
embody low T — values (under 0,75).

5. RESULTS

According to figures 2, 3 and tables 4, 5 it is evident, that all determined properties
of green or fired bodies are depended on the pressing moisture of pressing
granulate — it is concerned linear dependence. With increasing of pressing moisture
the body is more compact and decreased the capillarity of fired fly ash — clay dry
pressed body.
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Figure 2. Fired body water absorption in dependence on pressing moisture of granulate
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Figure 3. Bulk density of green and fired body in dependence on pressing moisture of
granulate

Table 4. Properties of green and fired body

Moisture B, B¢ P E T T-value
[Yo] [kg.m”] | [kgm™] | [%] | [%] | [kg.m®] [-]
10,6 1458
11,4 1475 1741 32,4 | 18,6 2577 0,988
15,2 1505
15,6 1519 1798 30,0 | 16,7 2568 0,981
16,3 1523 1804 29,7 | 16,5 2569 0,976
19,1 1542
19,5 1548 1852 27,7 15 2563 0,963

Table 5. Capillarity of fired bodied in dependence on pressing moisture of pressing
granulate
Moisture Capillarity [mm] — after 5-10-20-30-40-50-60-70 min

[%o] 5 10 20 30 40 50 60 70

11,4 47 64 76 85 all

15,6 40 54 65 74 83 95 all

16,3 36 50 60 69 77 83 all

19,5 34 45 54 62 69 75 86 all
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6. CONCLUSION

Possibility of dry pressed ceramic tiles production explicitly on base of Czech fly
ashes is quite real. To get optimal properties of final fired body it must be
determined optimal water content of pressing granulate.
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Summary

The predictive modelling of the masonry structures behaviour, in the non-linear
range represents a challenge due to their semi-discrete and composite nature. An
adequate computational model should include the fundamental mechanisms that
characterize the masonry behaviour at failure. This paper present the application
of a damage model, based on the finite elements method, to simulate the ultimate
response and the mode of failure of different masonry structures. To take into
account the mechanical properties degradation, a damage variable is introduced
in the constitutive law of the material.

KEYWORDS: Masonry structures, damage model, computational simulations

1. INTRODUCTION

The masonry structures are widely used in civil engineering. These structures are
characterised by a softening response. Indeed, the non-linear behaviour of masonry
is due to the damage and plastic micromechanical processes. From a microscopic
point of view the damage is linked to the growth and coalescence of micro-cracks,
leading to the formation of macro-cracks which can induce the collapse of the
structure. The plasticity is due to intergranular displacements and accounts for
inelastic deformations occurring during the loading process. Various nonlinear
models have been proposed in the literature to describe the softening response of
masonry structural elements. The available models adopted for structural
computations are mainly based on macro-mechanical approaches using damage
mechanics and plasticity theory.

As known, any macro-model of masonry structures always includes some
approximations, since the different failure mechanisms of masonry (cracking of the
mortar joints, sliding along bed and/or head mortar joints, cracking of the bricks
under direct tension, masonry crushing) are not exactly reproduced, but are
smeared out in the continuum.

This paper present the application of a damage model, based on the finite elements
method, to simulate the ultimate response and the mode of failure of different
masonry structures.
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2. THE CONCEPTION OF DAMAGE MODEL

The nonlinear behaviour of masonry can be modelled using concepts of damage
theory. In this case an adequate damage function is defined for taking into account
different response of masonry under tension and compression states. Cracking can,
therefore, be interpreted as a local damage effect, defined by the evolution of
known material parameters and by one or several functions which control the onset
and evolution of damage. The model takes into account all the important aspects
which should be considered in the nonlinear analysis of masonry structures such as
the effect of stiffness degradation due to mechanical effects and the problem of
objectivity of the results with respect to the finite element mesh.

A useful concept for understanding the effect of damage is that of effective stress.
The damaged o4 and effective undamaged ¢ stress tensors are correlated,

according to continuum damage mechanics, by the relation:
o,=(1-d)De=(1-d)o (1

where d is a scalar value, ranging from 0 to 1 and representing the local damage
parameter, D is the elastic stiffness matrix and € is the strain tensor.

The damage function g(7,r) defines the limit of the region of undamaged response
and is written at time t as:

(e(@r) = @) () <o @)

where the undamaged complementary energy norm is defined as:

(@) =120°((c)) 3)

where A’ (g) is the elastic complementary energy.

For Simo’s damage model y=1.

(r)t in the damage function of Equation (2) is the current damage strength
measured with an energy norm and can be given as:

(1) = max{() .7 } @
where (r)o denotes the initial damage threshold of the material.

The initial damage threshold (r)o , can be considered to carry out a similar function

to the initial yield stress in an analysis involving an elasto-plastic material.
However, in a damage analysis, the value of the damage threshold influences the

degradation of the elastic modulus matrix. A value for (r)o may be obtained from:
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0 G;
(r) - (Eo)l/z (5)

where o is the uniaxial tensile stress at which damage commences and Ej is the

undamaged Young’s modulus. The damage criterion is enforced by computing the
elastic complementary energy function as damage progresses:

B(c™ D, o) - () <0. ©6)
The damage flow rule defines the damage softening and is given by
. a(G(f‘,d)‘)
d=p' ———~ 7
i o (7

where [1>0is the damage consistency parameter and defines damage
loading/unloading conditions according to the Kuhn-Tucker relations

120,g(z,r)<0,ag(7,r)=0. (8)

In addition, to simplify the calculations in damage analysis, the damage multiplier
1t is defined so that

p=r. ()]
From the consistency of the damage condition in Equation (2) it is given that
T=tf=[. (10)

According to Equation (10), the definition (3) we have

c

y2
i="0¢'D;'6. (11)
T

(6G/6T)t defines the damage rate with respect to the undamaged elastic

complementary norm. If the damage potential function G is assumed to be
independent of d, substitution of Equation (10) into Equation (7) will lead to:

d=G (12)

with the undamaged condition being enforced so that

{G(rt](r)ew j=0. (13)

Damage accumulation functions is given by:
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G((r)t )= 1- % - A exp[B((r)O —(r) )] (14)

For no damage, G(r)' = 0. The characteristic material parameters, A and B, would
generally be obtained from experimental data.

3. DAMAGE CRITERION

The damage criterion is defined as a function of the free energy ¥,of the

undamaged material, expressed in terms of undamaged principal stresses o :

F=K(GP’OL/2pO‘I’0 4:%[%%/23:(01’70)2 -1<0 (15)
i=1

where: p, is the density in the material configuration.

The terms of the above equation have the following meaning:

k()= T -1 ’ (16)
o) o e,

> (o)
r=-=——0 (17)

2ot

i=1
200 (#0), = (£ 02, (18)
i=1

(), = (®?), +(®), . (19)

In these equations (‘I’O )L represent the part of the free energy developed when the

t,c

tension/compression limit is reached. Taking into account that the tension and

compression strengths are f, =1112p0‘Pt0E0 iL and f, =/(2p,¥)E, ) respectively,
and substituting the last definition in the Equation (16), the damage function can be
written as:

F=5-f,<0 (20)

where
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g=[l+r(a-1)] |3 (or°f 1)

3
P

1

f
with n =-% . The advantage of the yield criterion written in Equation (21) is that
t

any yield function F can be used always as long as it is homogeneous and of first
order in stresses (Mohr-Coulomb, Drucker-Prager).

4. GLOBAL DAMAGE IMPLEMENTATION

The idea for global damage indices definition stemmed from a macroscale analogy
with the microscale local damage index definition. Thus, the starting point for
deducing a global structural damage index is Equation (22), which defines local
damage as a relation between the actual free energy ¥ of the damaged material and
the elastic free energy ¥, of a fictitious undamaged material.

P(s,d)=(1-d)¥,(e)=(1- d)[ZLsTGO] : (22)

0
It seemed natural to reach this objective by integrating the pointwise Equation (22)
over a finite mass, as follows:
¥=(1-d)¥ =W, = J' P PdV = _[(1 -d)p,¥,dV = (1-D)W’ (23)
14 v

where D* is the global damage indices of the considered structural mass,

W;) = Ipo‘{"odV is its fictitious ever-elastic potential energy due to the actual
|4

strains and W, is the actual potential energy. Solving Equation (23) for D, yields
the final expression:

[po®udv = [(1-d)p,¥eav  [dp,¥,dV
Wy _ v v

vV

Wr? IPO\POdV ) ij‘I’OdV .
v v

24

In a finite element context, expression (24) takes the following operational form:

ZaT IBT ocdV
D =1._° V© 25)

z a IBT c'dv

Ve
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where 2 denotes the sum over a number of finite elements, a is the mesh nodal
e

displacement vector, B is the strain displacement matrix, V® is the volume of
each finite element (e), o is the actual stress vector and o, is the stress vector

should the material preserve its original characteristics and undergo the actual
strains.

CONCLUSION

In this paper the author presented a damage model which can be applied
successfully to asses the structural conditions and estimate the safety level and
durability of historical masonry constructions under static and dynamic loading.
The global damage indices provides accurate quantitative data on the state of any
component subpart of a damaged structure and its importance to the overall
structural behaviour, being of invaluable help to the task of assessing the reliability,
safety and definition of adequate repair of retrofitting strategies.
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Summary

The paper desires to pay a tribute to Professors A. Sesan and N. Orlovschi, which
professed last century at the Faculty of Civil Engineering and Installations from
lasi.

These professors imagined a calculation procedure for frames, named active
moment method, as a response to the displacement (deformation) method.

The structure calculation by displacement methods is conducted on a base system,
obtained by introducing fictive connections which deters the possible displacement
of the nodes — revolutions and translations.

The elements in question in the displacement method are the nodes real
displacements (written Z;). Under the exterior forces action and displacements, on
the elements in question direction, in the complementary connections appear
reactions. Total reactions from complementary connections must be equal to zero.
This way it can be obtained the condition equations.

Despite the active moments method, the basic system is similar to that in the
displacements method, but the element in question are “active moments” of nodes
M; and displacement (kinematic chains), M 4,

The active moment is defined as the moment which by its action on the base system,
on the node “i” or in the degree of freedom “a”, creates the real displacement of
the node “i”, and the real displacement of the nodes which are part of the
kinematic chain “a”.

The condition equations from the active moments method expresses the structure
static equilibrium and has two types: nodes equilibrium equations and kinematic
chains equilibrium equations. Must be mentioned the fact that none of the papers
written by the authors didn’t demonstrated the way in which the equilibrium
equations have been obtained.

In the present paper have been obtained the equilibrium equations by active
moments method by using the girder, node and nodes and beams chain equilibrium
conditions with the help of the methodology "Gh. Em. Filipescu". This way has
been obtained calculation relations for the extremity moments more general than
the ones used in the displacements method, relations (4.6.) and (4.19.).

Also, it has been distinguished an alternative of the active moments method, where
the elements in question are node active moments and active displacement forces.



“Computational Civil Engineering 2007”, International Symposium 449

KEYWORDS: structure calculus, condition equations, active moments, active
forces, displacements, rigidities.

1. INTRODUCTION

The engineering technique evolution, in different time periods, has been
determined by the necessity of refuge and attendance of the human activities which
imposed a diversified volume of constructions. Due to this fact, has increased the
number of problems connected to the search of different constructive forms which
could better undertake the actions with a minimal construction materials consume.

The resistance structures composition and calculation has been made, long ago,
based on the experience and only slightly on the theoretical elements.

Latter, based on the phenomena observation have been established constructive
rules and calculation models, repetitively verified on the constructions.
Generalizing the experience and development of the experimental researches have
been developed the theoretical calculation basis for the constructions.

The current stage of theory development and structure calculus is due to engineers
and science people who have discovered the solutions for the problems of the
resistance structures design and execution for different constructions by
experimental methods but also by theoretical ways.

Considering the investigations, have resulted general calculation methods, main
principles of construction organization and future horizons of the researches in the
area of one of the most interesting branches of the Construction Mechanics and
Construction Dynamics.

In the science people gallery, which have contributed to the development of
Construction Mechanics can be mentioned J.C.Maxwell, O. Mohr, K. Culman, L.
Cremona, pe S. Timosenko, I.P. Prokofiev and others.

In Romania, great engineers and professors as Gh. Em. Filipescu, A. Beles, M.
Hanganu, C. Avram, Alex. Gheorghiu, A. Sesan, M. Ifrim, N. Orlovschi and others
have obtained remarkable results in the area of Constructions Static and Dynamics.

2. STATEMENT OF EQUILIBRIUM CONDITION

In the paper “The frame calculation by circumvolution method” published by A.
Sesan and N. Popescu, in 1954, in the Journal of University “Al. I. Cuza” and
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Polytechnic Institute in lasi, are presented several definitions regarding the static
structures calculus undetermined by displacements method.

It is mentioned that in that moment were known two methods of expressing the
equilibrium equations. The first one had been published in Wien, in 1943, by R,
Guldan. The equilibrium condition was expressed by two types of equations:

e Equilibrium equations on node (XM;= 0):
dp,+> Ko, +K A, +K,A +S =0 @2.1)
3

e Equilibrium equations of floor (XT=0) :
D Kp,+Y Kp,+D,+S5,=0 (2:2)

In these equilibrium equations have been made the notations:
" ¢, ¢ ¢;—nodes unknown angular displacements;
»  A;—unknown liniar displacements of the nodes;
= Ky —rigidity at circumvolution of a bar extremity;
= K, - rigiditatea la deplasare transversald a unei extremititi de
bari;
= S, D,siS,— terms resulted from the actions effect.

Starting from the same base system with stucked displacements, I.P.Procofiev has
published, in 1948, another form of static equilibrium equations:
= Node equilibrium equations:

N G
dnZ,+Y nZ 4R, =0 i=12..N (2.3)
~ -

» Kinematic chain equilibrium equations:

r.Z + erze +R, s=ab,...,G (2.4.)
i=1
Where: Z,, . . .,Z; are nodes angular unknown displacements ,
Z, . . . .,Z,—nodes linear displacements.

Analyzing the two forms of the equilibrium equations statement, it can be observed
that the first way in which it is used the forces equilibrium (T = 0), expressed by
forces projections on perpendicular directions on beams, diminishes the application
area only to frames with floors parallel beams. The second way, presented by
Prokofiev, is based on effects overlapping (of the diagrams) and it is more general
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than the first one, because it increases the methods area of application also to the
frames with inclined pillars.

It must be mentioned also the paper of P. Mazilu, in Bucharest, in 1946, entitled:
“The Frames Calculation — Displacements and Virtual Mechanical Work in Cross
Method”. The paper has been elaborated, as the author says, between 1942 —1943
and “introduces in Cross Method the principle of virtual displacements and virtual
mechanical work”.

In the same direction is written also the paper “Another Form of the Condition
Equations for the Deformation Method” with the authors: A. Sesan and N.
Popescu. The authors demonstrate that “the use of mechanical work for the
condition equations establishment — node and displacement — can be generalized
for any frames type”.

The cited article and the paper named “Variants and Simplification of the Moments
Distribution Method “, published by A. Sesan and N. Orlovschi, puts the basis of
active moments method by introducing the notions of node and chain active
moment.

In this paper, it is mentioned the use of “revolutions and displacements” as
unknown elements of the condition equations which is a “disadvantage”, because
it operates with “insignificant” values, “modified” by multipliers and because of
that the authors propose to express the equilibrium condition by elements in
question - “active moments”.

3. ABOUT THE “ACTIVE MOMENTS” METHOD

The “active moments” method was created in 1954 by professor A. Sesan and his
collaborators: N. Orlovschi and N. Popescu. This is an alternative of displacements
method which operates with unbalanced moments: “active moments* of nodes, M;
and displacement (kinematic chains), M,

The active moment is defined as the moment which by activating, on the base
system, on “i” node or in the liberty degree “a”, determines the node “i” real
displacement, also the real displacement of the node which are part from the
kinematic chain “a”.

The condition equations in the active moments method express the structure of
static equilibrium and are of two types:

Nodes equilibrium equations:

N G
DM=0; M+ M A g M, +m=0; (i=12,.,N); (3.1
i Jj=1 a
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e Kinematic chains equilibrium equations:

dYM=0, -M, +Z,umM+Z,uuhM +m=0; (a = ab,..,G);(3.2.

i=1

Where have been done the notations:

=—dt ;s Hyi = —djty; My # My (33
H, = Ziv;-,a; Via = X Kf”f 1”; T (34)
y
y75 =ﬂiaza:dy(1+tij)ﬂw; M, # s (3.5)
=——MZI;(V,,U+V,,,,)/3,,”, Hio# My (3.6)
m=Xm: M= (AL DR 67)

For these coefficients calculation are used the rigidities for the rotation of the bars
extremities and for the transversal displacement of the bars extremities, Kj; si Kj;",
the distribution and transmission: d;j, and t; and two proportionality coefficients:

Bij s1Pa.

The proportionality coefficient of the bar rotation ij noted By is calculated by
considering a bar rotation which is equal to the unit, by which can be determined
the other bars rotations.

If we consider that on a fictive bar acts an active moment, My, than the
proportionality coefficient of this bar is Pa. The calculus is done with the
relation:

Z(K"’ + K"’) B
Z(K; K/ +K)pB,,

(3.8)
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4. DIRECT DEVICE FOR CONDITION EQUATION DEDUCTION
IN THE METHOD OF “ACTIVE MOMENTS”

The deformed position of a certain frame can be defined by the mean of nodes
displacements: rotations and translations.

The nodes angular displacements (z;, i = 1, 2, 3, ..., N) are independent variables,
while the linear displacements (z,, s = a, b, ¢, ..., G) are interdependent by the
mean of a number of parameters equal to the number of liberty degrees of the
kinematic system, obtained by introducing articulations in nodes and in bearing
constraint. The result is that the number of independent parameters, which
geometrically define the deformed position of a structure, equals the nodes number
to which is added the number of degrees of the frame elastic liberty. The nodes
translations are part of a kinematic chain which relies on a single parameter, z.

For a bar ij, the rotation noted w;; is expressed considering the parameter z; with the
relation:

Wi, =Bz, 4.1)

Where B is the bar rotation ij when the parameter z,= 1.

4.1. The girder equilibrium conditions

We extract a bar ij from a base system, of a certain structure, corresponding to the
displacements method, activated by burdens and displacements (nodes rotation and
bar rotation), fig.4.1. The general expressions of the end moments can be expressed
as:

(4.2)
M/'i = M/'i(Zi) + Mji(Z_l'j)+Mji(l//j/)+ Mji(p)
Or as notations in fig.4.1:
M, =Kz +1,K,z, - Kjy, —m @3)

_ kv,
M, =1;K;2,+ Kz, = Koy + )

In the case in which the bar ij, considered in the research, is component of different
chains and nodes corresponding to the liberty degrees a, b, ¢, ..., G, than the
expression of bar rotation can be written as a sum of rotations corresponding to
each liberty degree:
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G
Wy =Wyt Wy T Wt = D W,
S=a

or taking into consideration the relation (4.1):

. M;i(z)=tiiKjzi
Sr —u

Mij(z)=Kijzi

Mii(z)=K;iz;

— H\J

Mij(z)=t;Kiiz;

Mi(wi) = - Ky

J -

Mii(wy) = - Kii* v

Y v P
v R

M;j(P) = - mi M;i(P) = my;

C. Ionescu

4.4)

(4.5

Fig. 4.1 Situations of girder and node loads considering the statement of equilibrium

conditions — bar end moments i for different load situations
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The end moments, the relations (4.2.), as per relations (4.4.) and (4.5.) and
notations from fig.4.1, become:

M; =K,z +t,K,z, _Z 7 BysZ =
(4.6))
— 4
M; =K,z +K,z, _ZKJI' j.sZs T 1M}

4.2. Node equilibrium conditions

Considering a node i taken from a certain structure, fig, 4.2., in which compete
several bars, activated by a couple M;. The node will rotate. The node rotation
measurement, z;, will equal each bar extremity rotation measure which competes in
the node. In each bar extremity the end moments, which appear are proportional to
the rotation measurement z; (M;; = K;jz;).

Qk

Mik(zi) = Kikzi

Mi/v y72i

Zi

T\JD

7z Mi(z) = Kz Mii(zi) = t;iKijz;

Mi(z) = Kizi )

rl(Zl) tlr irZi
T

Fig. 4.2 The end moments of the bars which compete in node i when the node is loaded
with a rotation of node, z;, or with an active moment of node, M;

Expressing the node i equilibrium, by a moment’s equation:

N;
D> M, =0; =M, =) K,z 4.7.)
i Jj=1

Where:
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N Y (4.8

i Ni i
ZK”
vl

J=1

Where - N; represents the number of nodes connected by bars to node i.

4.3. Chain equilibrium condition

It is detached, from a certain frame, fig. 4.3.a., a chain of bars and nodes
corresponding to a liberty degree, depending on the parameter z,, We act on this
chain with an active moment, Mg, which determines the real displacement, z, or,
the rotations, y;j, without the node to have the possibility to rotate.

We express the equilibrium of these bars and nodes chain by a moment’s equation:

B,
> M=0 =M, =) (K/ +K)y, (4.9.)
s ij=1
And considering the relation (4.1.) it is obtained:
B,
M, =z (K +K")pB,, (4.10.)
ij=1
Where:
1
A —— M, (4.11)
2 (K +KDB;,

ij=1
Where - B, number of bars for the chain s.

In order to determine the reaction from the connection of liberty degree it turns to
the faulty in fig. 4.3.c. and the displaced in fig.4.3.d. The articulated scheme of the
nodes and bars chain loaded with the moments on the bars and the reaction Ry is in
equilibrium. The equilibrium is expressed by an equation of virtual mechanical
work by producing a kinematic displacement compatible with the connections. It
results:

B, ___
RA =Y (K! +K"w, w =0 (4.12)
i
Or
R —
RA“ =D (KY +K')B,.z,B, A" =0 (4.13.)

ij=1
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Where

B, ___ _
R =) (K} +K})p; 2, (4.14.)

ij=1

And
1

z R (4.15.)

S

s B,
2
DK +KDB,

ij=1

ol
h Mii(wij. ) =K5" wijs r

Mii(yii o )=Kii" Wi

\Vkr,s:Bkr,sZs

\

7" Wij.s=PijsZs

Fig.4.3. Loading situations for a nodes and bars chain in order to express the equilibrium
condition: a. Bars and nodes chain loaded with the active moment of displacement, M,;
b. the connection between the bar rotation, ;s and displacement z;
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Fig .4.3 (continuance) Loading situations for a nodes and bars chain in order to express the
equilibrium condition: d. The articulated scheme for a bars chain having in the bars
extremities applied end moments, M;; and the reaction from the liberty degree hardcore; c.
Nodes and bars chain loaded with the real displacement z,, on the liberty degree direction
has been introduced the corresponding reaction R,

Equalizing the relations (4.11.) and (4.15) it results:

B, .

Z(K; +K") 5,

B =— :v; —— (4.16.)
(KL +KD B,

ij=1
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B
2K +KDB;,

R =BM =12 — M, (4.17)
ij=

Bs is, from the active moments method point of view, the rotation of a fictive bar on
which would act the active displacement moment.

Based on the relations, (4.8.), (4.11.) and (4.16.) can be written the general
expressions of bar moments loaded with burdens, with node active moments, M;,
and active displacement moments, M;, or with node active moments and active
displacement force, Ry:

K, K, G K!B,,
My =5—"—M +1,~ M= M, -m (4.18.)
> K, YK, XK HKDA,
J=1 i=1 ij=1
Kl" . _1 ij,s
M, =t; 5= ——-2. LM, - (4.19)
ZKU Z ”Z( +KB,,
J=1 i=1 ij=1
Also,
=d,M +1,d,M, ZVUXMS m
(4.20.)
M, =t,d,M +d M, ZV]”MY-I-H}
And
d M, +tﬂdﬂM Zvys g
(4.21)
M, =tdM +d,M, ZVU” m
Where
dlj = Nl- v ; Vij,s = Bs y 45 , Vlj = Bs y UEL ,(422)
2K, YKL+ KB, S (KL +K5)B,

j=1 ij=1 ij=1
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Observation: 1. the expressions 4.8 and 4.11 indicate the fact that the real
displacements of the nodes can be determined based on the node and displacement
active moments.

2. Analyzing the relations (4.3.), (4.6.) and (4.20.) we can say that the last
two relations are more general, because the end moments are applicable to any
straight bar from a static undetermined structure, with rigid nodes, loaded with
burdens, node rotations and parameters of liberty degrees, node active moments
and active displacement moments.

It is considered, a certain structure driven by a force system. The structure will
deform and in the bars extremities appear bending moments, determined by the
relations (4.5), (4.18) and (4.19). In order to determine the elements in question:
nodes different displacements (z; si zs) or, node and displacement active moments
(M; si M) we will use the methodology of Gh. Em. Filipescu. In this method are
being used the labile base systems activated by the given forces and the end
moments (Mj;, M;i). Are being used two types of equations:
=  Continuity equations. In the case studied, here, in the paper, these
equations reduced to the level of each bar, brought us to the
relations (4.5), (4.18) and (4.19);
= Static equilibrium equations:

N;
> M;=0; i=123,.,N (4.23))
j=1
LMV, =0; s= a,b,c,....G (4.24))

Explaining the equations (4.23) and (4.24) by end moments, the relations (4.5),
(4.19), and (4.21), can be obtained these equation systems:

N N G N
ZK’Zi+~1Z” iz, =Y K!'f,.z, —lem,- =0 (4.25.)
Jj= Jj= s=a J=l

B, B, G B, ___

DK, (1+4,) 8,2 +2.K, (1+4,) 8,2, —ZZ;(K;.” K] B, B2+

ij= ij= s=a ij=

B, N,
+> (-m+m)B,. + +2 RS, =0 i=12,..N: i#j; e=ab,..G;
i k=1

(4.26.)
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YiZi z 2 ZF,SZS+R i# j; i=12,.,N; (4.27)
Z = Z 1z erezﬁR izj;  e=12,.,G;  (4.28)
And
N; N; G N N,
DAM+Y 1 d M =D v, M ->m=0; i#j i=12..N;
J=1 J=1 s=a j=1 j=I
(4.29.)

B, B G B
>, (L1, By Mo+ 3 d (L1, B, M =30 vy +v, DB, By M+

ij=1 ij=1 s=a ij=1

B, N,
> (-m+m)B,. + +D RS, =0; i=12,..N; i#j; e=ab,..G;
ij k=1

(4.30.)
Or
M+ oz, + > M +m,=0; (4.31.)
J s
DM A u M+ M, +my =0; (4.32.)
i J e
Also
N, G N N;
Z‘d M. +2tﬂ M, ZZV;J‘»SRS —Z;rq =0; 1z#j; 1=12,...N;
Jj= s=a j= J=
(4.33)

B, B, G B, ' '
.4, (1 Yy )ﬂij,eMi +2.d, (1 +iy ) By M; =22V 4V, OB, By R+

ij=1 ij=I s=a ij=1
B, N,

+> (-m+m)B, . + D RS, =0; i=12,..N; i#j; e=ab...G;
ij k=1

(4.34.)

Regarding the previous relations certain comments must be done, such as:
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» The relations (4.27) and (4.28) represent the condition equations
system for a structure static undetermined, in the displacement method.
The elements in question are the displacements. The free terms are
reactions, and the coefficients are unitary reactions and are determined
with the above relations:

N;
v, = ZK:‘/‘; L, =1,K,;; (4.35)
j=1
N —— B
n==2 KB =2 K0+1)B; (4.36.)
Jj=1 ij=1
B N,
=2 Ky +KDB By Ry == m; (437)
ij=1 k=1

B, N,
R, =2 (-m+m)p;, +> Fd ,; (4.38.)
k=1

ij=1

= The relations (4.21) and (4.32) represent the condition equation system
for a structure static undetermined, in the method of active moments.
The elements in question are node and bars active moments. The free
terms and coefficients are determined with the relations:

N[
Hi = Zdij; My = tjidji; 1# ]; (4.39.)
=1
N; B,
== Vs py=> d,(1+1)B, 5 i#] (4.40.)
J=1 ij=1

B, B,
Hy = Zdﬁ A+2,)5;.5 He = —Z (Vi t Vi) By 05 (441)

ij=1 ij=1

MM M= CMEmA, YRS, @G42)

j=1

=  The relations (4.33) and (4.34) represent the condition equations
system for a structure static undetermined, in an alternative of active
moments method. The elements in question are node active moments
and active displacement forces.



“Computational Civil Engineering 2007”, International Symposium 463

4.5. The indirect device for condition equation deduction from active
moment methods starting from the equation system of the displacement
method.

Corroborating the relations (4.8) with (4.35) and (4.11) with (4.16) and (4.37) for e
= s, can be obtained the expressions:

1

z=—M; (4.43.)
r;

z, = B—SMS ; (4.44.)
v

Sss

Are introduced the relations (4.43) and (4.44) in the condition equation system of
the displacement method (2.3) and (2.4), results:

”M+Z <M, +z “M +R, =0 (4.45)
7. -

ii J s

B M, +R, =0; (4.46.)

Z SIM. +Z M, +zr

i J s sy

After dividing the equation (4.46.) by P it is obtained:
Z,us,.Mi +z,ustj +z/uesMe +m, =0; (4.47.)
i J e

M+ w2+ M, +m, =0 (4.48.)
J s

The equation system (4.45) and (4.46) is identical with (4.31) and (4.32), and the
system (4.47) and (4.48) is identical with the equation system formed from (2.3)
and (2.4). Consequently, between the coefficients and free terms of displacement
method and active moment method are the relations:

v }/; }/;‘s

My === My = —; Hig =5 (4.49.)
r. r. I
ii Ji s
r. 1 ry 1 .

Hg=—""r3  Hg=—"—"r) He="7] (4.50.)
’;’i ﬂs ' ¥ ﬂs rss

R
=R,; =L 4.51.)
m, m, B (

N
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3. CONCLUSION

Have been obtained the equilibrium equations from active moment method by
using the equilibrium conditions for girder, node and nodes and bars chain by the
mean of "Gh. Em. Filipescu" methodology. The equation system obtained in
subchapter 4.2., and the relation (4.27.), has interchangeable lateral coefficients.

Has been identified a variant of active moments method, where the elements in
question are node active moments and displacement active forces.

Have been obtained calculus relations for end moments more general than the ones
used in displacement method, the relations (4.6) and (4.19).
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Summary

In the last half of century, the mankind is confronted with a new, most serious
problem, determined by the global warming phenomenon and in particular, in the
last years, Romania has already been confronted with the severe consequences of
these climatic changes. A dramatic increase of the number of strong winds with
speeds over 100 km/h in temperate climatic zones had been the cause of disastrous
effects in terms of human lives and enormous material.

The design of very high buildings is a current modern concept but a greater
complexity is imposed even from the first stage because of the importance of a
realistic evaluation of the costs of investment. The balance between the investment
costs and the safety level imposed during the service life time or in fact the risk
involved by its exploitation is the designers most capital decision.

The latest solutions of steel glass facades are in fact glass panes of grate
dimensions sustained in various manners by steel lattice structures or steel rods.
Their important sensibility to every movement of the main structure, the influence
of temperature variations upon the fixing details and hence upon the glass itself
are almost exceeded by the effects of wind dynamic action directly supported by
this envelope.

The last decades brought many scientific studies on these intricate systems and
almost all of them are directed towards a more realistic evaluation of all the effects
of the wind pressure upon light curtain walling.

Along the conditions imposed in the design of these elements in order to cope with
wind pressure, the paper presents some of the results of several studies on models
in the wind boundary layer wind tunnel of the Laboratory of Aerodynamics from
the Faculty of Civil Engineering in lasi. These results are directed towards a
thorough evaluation of extreme values of wind pressure coefficients and also focus
on the vibrations induced to the elements of the envelope by the dynamic effects of
wind action, a most important comfort and safety criteria.

KEYWORDS: steel-glass envelopes, maxima wind pressure coefficients, spectral
power, frequency of vibration, wind boundary layer tunnel
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1. INTRODUCTION

Neglecting due to lack of knowledge of the extension of wind effects upon the
antropic area had in the recent past year most disastrous consequences [1]. The last
decades of the XX ™ century are marked by the development of the science of
building aerodynamics, a domain where the meteorology and the theory of
probabilities meet and mix together with the structural engineering concepts. The
design of a multi-storey structure is a process with a high degree of complexity and
the important effort involved in the project justifies the equilibrium between an
economic cost of execution and the risk assumed for the exploitation period of
time. After a rich experience has been achieved, it seems that the design of the
envelope of a multi-storey building affects in a highest degree the safety level for
the exploitation period of time. The light materials used for these envelopes, like
glass, thermo-insulating materials, steel or aluminium skeleton vary widely their
mechanical characteristics: dilatation coefficient, elastic modulus, strength and
strain but in the process of design of the perimetral cladding the common factor of
all these materials is that together they have to stand up against the effects of wind
dynamic action.

In these conditions the design of a multi storey structure to strong wind gusts and
their effects upon the envelope becomes an important preliminary stage because by
modelling the interaction between the wind and the future structure and
anticipating the structural response, benefic modifications of its acrodynamic shape
may improve the dynamic behaviour. Also, by studying the environmental
conditions imposed to the building important decisions may be taken in order to
avoid unpleasant effects of the urban implantations. Notorious laboratories for the
Aerodynamics of Structures from all over the world play an important role in this
preliminary process.

For at least 50 years the humanity is confronted with a new and most serious
problem: the dramatic climatic changes due to global warming, whose multiple and
severe consequences Romania has already experienced. A rather realistic
prognoses of wind motion at global scale along with the estimation of the local
effects inside the structure of the boundary layer in different environments became
priorities in insuring the security in the exploitation of the buildings because their
consequences at the economic scale are huge. The amplification of the number of
strong winds with speeds of more than 100 km/h in temperate zones and of the
number of hurricanes with wind speeds of more than 200 km/h in tropical and
subtropical zones increased dramatically the costs of reconstructions and repair in
the last decades and unfortunately they were the cause of important human
casualties, and sometimes disasters at human scale. In the same time, the
insurances costs increased in some countries, like Great Britain ten times in the last
50years [2].
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Many of the environmental conditions imposed to a high rise building amplify the
effects of wind dynamic actions: increased speeds in shore areas, turbulences due
to perturbations of urban wind profile in the big cities area, vicinity with other
buildings of similar size etc., the implication being the distribution of the wind
pressure/suction on the surface of the building [3]. Due to an important scientific
knowledge accumulated in this respect, the architects and engineers are able to
master the shape and types of structures adopted for these high rise buildings. A
good example is the Milo Turning Tower, project of the Spanish architect Santiago
Calatrava and for the time being, the highest building in Europe (245 m), whose
torsioned shape reduces the vortices and diminishes the local pressures on the
surface of the envelope [4].

2. PARTICULARITIES IN THE DESIGN OF MODERN CURTAIN
WALLING

2.1. Types and design criteria

The requirements for transparent envelopes of the buildings are, no matter to which
codes for practice we are referring to, based on the following criteria [5], [6], [7]:

* dimensions and tolerances;

+ strength and serviceability;

« fire protection;

* thermal and physical functions insured;

» other specific criteria imposed by serviceability functions.

As steel and glass are preponderant in the structure of transparent facades, a
fundamental need is to predict the glass behaviour in facades, in order to achieve
both performance and economy.

The conventional supporting structures of steel-glass facades are those in which the
glass pains carry their dead load and the afferent wind load depending on their
surface; the panes are supported by steel window frames which transfer the loads to
the main structure of the building. Normally, the glass frame producer designs the
panes including glass, sealing and fasteners and gives the necessary requirements
for the designer of the load bearing structure.

In the last decades, a very wide number of studies were directed towards the
behaviour of the glass panels under different exploitation conditions. Vertical
movements of the main structure of he building may be important but usually are
situated between +5.0 mm and -25 mm but the expansion/contraction of the glass
itself in vertical panels determine movements of 17.5 mm to -12 mm, important
tension stresses being accumulated at the corners of the panels or on the edges,
depending on the supporting system.
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As the movements of the supporting system of the glass panels must follow the
movements of the main structure of the building, after a rich experience was
gathered in research studies, limitation of the maximum deformations of the glass
under wind action in the middle of the panels are imposed: &, is 1:175 from the
span; also, deformations of the supporting frame must be limited so J,, d; are no
more than 1:175 of the span.

Also, preventing the lateral buckling phenomenon for the supporting elements
under local pressure/suction impose limits for their slenderness; it was assumed of
1:100 from the span for steel beams and 1:360 from the span in the case of lattice
girders [5].
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Fig. 1. Deflections of the steel-glass panels: 8;- deflection in the middle of the panel; d,, 5
— deflections in the middle of the edges, on the supports [5]

The last decades imposed new solutions for transparent facades on the market,
being the result of applicability of new technologies combined with the demand of
higher performances. Hybrid —supported facades are greater surfaces of glazing
whose supporting structure is characterized by the replacement of either a
horizontal beam or a vertical column by a stainless steel cable or rod (fig.2.a., fig.
3) [6]. In the solution presented, the vertical cables take dead load of glass panes
and the wind load also. If greater surfaces (higher glass facades) are considered, a
horizontal truss (or more) is designed in order to take the wind action and to limit
the deflections of the glass consequently. A particular type represents the
suspended glass facades for which the cable supported mechanism prevents only
wind loads, the glass panes supporting their own weight (fig. 2.b).

The hybrid-supported structure concept is based on the fact that the cables and rods
remain in tension so one of the key structural design problems for these envelopes
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is the thermal expansion, which might cause structural instability so normally, the
cables are pre-stressed. If the height becomes too big, the pre-stressing force into
the cables is not enough to overcome the effects of thermal expansion and for these
situations, springs are used for each vertical truss to pre-stress the cables and rods.
The design imposes for a non-linear analysis for obtaining the stresses,
deformations and the natural frequency response. The literature specifies that a
certain amount of trial and error is required to balance the rod and catenary system
with the floor spring (fig. 4.).

Stalnless steel coble

Tensloring spring

a b

Fig. 2.a, b. Steel-glass fagades: a)-hybrid-supported glass fagade; b)-cable supported
suspended glass fagade [6]

For these types of envelopes, deformation becomes of capital importance and the
permissible deformation is established for the most frequent wind loads compatible
not only with the glass or cladding system involved but also with the joints and the
fastening systems. As the deflections of the cable truss are concentrated around the
holes drilled in the glass, uncontrolled values of efforts may increase the risk of
producing the fatigue phenomenon in the glass [6], [7].

Requirements for the design of the glass panels in limit states design impose the
validation of the relationships for maximum stresses and maximum deflection
defined with the following relationships [6], [7]:

2
O_max :k(%J 'qd (1)
4 k
G =K' @
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where:
e a-length of shorter edge of the pane;
o t- thickness of the glass pane;
e (4 — uniform pressure load on the panel in the ultimate state for design;

e k, k’- coefficient that takes into account the aspect ratio of the panel and also
the normalized value of the load necessary to reduce the calculations from
non-linear to linear case.;

e E-clastic modulus of the glass pane;

o (i~ the value of wind load pressure in the limit state of serviceability.

2.2. Studies considering the security in exploitation of light envelopes
design

2.2.1. Accuracy in the determination of realistic values of wind pressure action

The cladding is generally designed to sustain the efforts due to wind dynamic
action. Several factors influence the design criteria in this respect [7]:
» wind attack angle;
* internal pressure inside the building;
* risks involved by the presence of accidental wide openings in the facade
which would lead to the alteration of internal pressure;
+ amplification of wind suctions in the corners of buildings;
» effects of the alteration of the environmental conditions during the life time
upon the distribution of wind pressures on the surface of the building and also,
the effects of vicinity.

Imposed by the necessity of national standard regulations of design, execution and
exploitation of curtain walling systems in Romania and in order to insure the
security level imposed by the Romanian legislation a code for practice was
elaborated: NP 102-04, issue nr. 170/15.02.2005 [8], according to which,
whichever is the curtain walling system proposed by the designer, it must be tested
for the comfort criteria, particularly from the wind action point of view (chapter
5.2.5. Efforts upon curtain walls due to wind dynamic action). The tests will
consider for each system separately: local reference wind pressure according to the
height above the ground, gust factor considering the specific dynamic behaviour of
the structural main system and the peak factors applied to local pressure
coefficients, considering the dynamic characteristics of the facade panel.

Serious lack of data makes these requirements onerous. For example, if a safety
level is imposed, a reference wind pressure value superior to that corresponding to
a 10 years recurrence will be adopted. The recommendation is to extrapolate the
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values of a Gumbel I or Frechet II distribution of extremes based on the
observation data from of I.N.M.H. Bucuresti, Filaret station. But since, the
distribution regards only one station it will not correspond with accuracy for all
over the surface of the Romanian territory and since the recommendation specify
that the designer should adopt any other type of data in order to insure the security
level, in fact it is non-operational for other zones than the one mentioned.

tension in back rod in front rod

Decreased tension in ‘I ' Increased tension in
catenery cable —increased an I catenery cable — decrease
K Py
(kv B

crvcroems — 11

d Wind
%w_ loading

Fig. 4. Dissipative system for the wind: floor spring joint (Korean World Trade Center) [7].

Testing the curtain wall panels considering the cumulative effects of both dynamic
behaviour of the main structural system and the dynamic behaviour of the steel-
glass panel is difficult to achieve. The safety factor adopted in the limit state design
theory is a function of two other random variables: safety index, f and the
coefficient of variation of the wind action (speed/pressure), v. Considering a log-
normal distribution, the safety factor is defined by [9]:
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6= VT3P 3)

It is important to observe that, if a normal distribution is considered, then the safety
index has usually values between 2.5 and 4.5; in this case the probability of failure
during the service life is placed between 1/100 and 1/10°.

The usual formulation of the wind pressure in the codes for design against wind
action all over the world is:

W=q,, ¢, C,-C, A 4)

where:
* g, reference wind dynamic pressure;
* c.-exposing factor;
* co-peak factor;
* c,-pressure coefficient;
* A-surface of the area exposed to wind pressure.

Bearing in mind that all the measured values are random and analyzed through the
statistics methods, a global coefficient of variation of wind action will be obtained
from the formulae:

V= \/quwf +Ve, +VE HVE 5)
In the process of design, the extreme values of wind pressure or suction themselves
influence the security level imposed. Modern techniques of measuring in boundary
layer wind tunnels have an increased degree of accuracy and the latest values of the
variation coefficients reported are considerably lower than the ones stipulated by
the various design codes, mostly due to the variation of the pressure coefficient c,,.
As a general conclusion, the variation coefficient according to design code is 0.36
the partial safety factor being thus 2.25 in opposition with a variation factor of 0.18
obtained through wind tunnel measurements leading to a safety factor of 1.59 (fis
3.0 in both cases). An increased value of safety factor is based on local pressure
coefficients obtained from general tests which are not giving a certainty of the
pressure coefficients and offer only a rough and sometimes insecure evaluation of
the wind action on the surface of the building [9], [10].

As the instantaneous pressure coefficient ¢, is a process fully described through
statistic methods, the maxima/minima values of pressure are defined by the
algebraic sum between the mean pressure values and the product of the
amplification of the variation factor which is named in all the codes for structural
design to wind action as the peak factor, g or ¢, with the value of the standard
deviation (or the r.m.s.):
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¢, (D, (1) =C,, ()

O_p,k(t)

g (== (6)

where:
+ g,(?)- local peak factor in the point k on the surface of the building at the
time ¢;
¢, (0)(C,,(?)- local extreme values of maxima/minima of instantaneous

pressure in the point £ on the surface of the building at the time ¢;
* ¢, ;(#)- local mean value of the instantaneous positive (or negative) pressure

in the point k and at the time ¢;
* 0, () - root mean square (or standard deviation).

Although the codes specify that a conservative value of the peak factor may be
taken as 3.5 to predict the extreme values of wind pressure from the mean values
obtained for a certain position on the surface of the building, numerous studies
developed showed that since in certain situations this peak factor may have values
three times bigger, it is not wise however, when it comes for the design of the wall
cladding of a high rise building to limit the evaluations of extremes only to the
value mentioned above.

2.2.2. Consideration of wind-induced vibrations in design of light envelopes

In the design of glass facades slenderness and long spans are often imposed for
both glass panes and frame structures and this may lead to dynamical problems
when a flexible structure with low natural frequency is exposed to gusty winds
[11]. Wind induced vibrations may damage the sealants, loosen fasteners and cause
inconvenience to occupants of the building. In ENV 1991-2-4, 1995 it is stated that
the fundamental natural frequency f; should be always higher than 5 Hz, regardless
to the wind speed in order to avoid vibrations induced by dynamic wind loads [7].
Under the mentioned value, the dynamic behaviour of the structure must be
separately analyzed, though the methods are not specified. A F.E.M. modelling of
the glass pane and its frame provide an accurate analysis [6], [7], but in this case a
time-history description of the wind dynamic action is desired as an input.

2. STUDIES IN THE LABORATORY OF BUILDINGS
AERODYNAMICS CONCERNING CURTAIN WALLS DESIGN

During the last decade, the studies in the laboratory of Aerodynamics of the Civil
Engineering Faculty were directed towards developing the local instantaneous
pressure measurement techniques of sampling on rigid models of buildings placed
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in urban environment and with different levels of height along with refining the
acquisition methods and processing the data obtained [13], [14], [15].

In parallel, a calibration of the results was developed, showing where the accuracy
of measuring must be increased. By elaborating a module of programs under
MATLAB the statistic data were analyzed, mainly for the coefficients of wind
pressure. Several programs were developed:

* TB1.M...TB3.M — program for the determination of the pressure/suction
coefficients-mean, peak and standard deviations, tracing the isopleths with
polynomial interpolation functions and graphics of wvariation of the
aerodynamic coefficients on the surface of the models;

* GPD.M- program for the determination of the peak factor c, of the local
instantaneous pressure (mean, r.m.s. and maxima values, histograms and
regression lines); also for the validation of the acquisition data (fig. 5.a, b);

* TREC.M — program of determination of the variation coefficient v for
different averaging periods;

* TST PSD.M — program for the determination of the spectral power and
spectral density in its normalized shape (fig. 6.a, b).

The last program enlighten the values of the frequencies that gather the majority of
the spectral densities, the frequencies around 5 Hz being very important for the
study as it was mentioned in the subchapter 2.2.1. This program was considered to
be the best way to identify the critical values of frequencies that might superpose
on the natural frequencies of the glass-steel panes.

27m_f..p09....c_max...g_med =2.543...s_g=0.4494 27m_f..p12...g+=0.9127...g-=-3.739
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Fig. 5.a, b. Programs under MATLAB elaborated during the studies in the boundary layer
wind tunnel in the Civil Engineering Faculty in Iasi: a)-Program GPD.M for the
determination of peak factors; b)- Calibration of the peak factor values.
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Fig. 6.a, b. Spectral densities normalized and traced in the program TST PSD.M.: a)
pressure signal processed; b)- suction signal processed.

3. CONCLUSIONS

Modeling the turbulences localized on the surface of the buildings and responsible
of numerous accidents more or less severe was transferred into the numerical
simulation sphere. The analysis of the fluctuating pressures was put into evidence
by a spatial evaluation of the spectral density all over the surface of the structure,
allowing the elaboration of an accurate method of design to wind dynamic action at
least of the most common shapes of buildings [10] are presented in Eurocode 1 and
also in the Romanian code NP 082-04. Design Code. Basis of the structural design
and evaluation of the actions on structures. Wind action [16], [17].

Still, by refining the methods of evaluation of wind tunnel data of pressure on the
surface of the buildings many precious data for specific situations imposed by the
environmental conditions or architectural solutions are put into evidence.

The design of the transparent facades of glass and different solutions for the steel
framing call for simulations by F.E.M. methods of the system dynamic behaviour
using time history registrations of wind pressure. These simulations can be
validated afterwards by tests on larger scales (or natural scales) of specimens of
facade panels.
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FEM 3D analysis of RC frame foundations
of rotary cement kiln
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Summary

Results of 3D finite element analysis of damaged foundations for cement tubular
oven are presented in a paper. The foundation consists of four RC frames modeled
for analysis using solid FE with 24 d.o.f. each. Serviceable and temperature loads,
as well as loads from pre-stressing are taking into account. The frames, primary
designed as 2D structures, are sensitive for out-off-plane and temperature loads.
The additional effects of stresses from these loads should be taking into
consideration during FEM analysis.

KEYWORDS: rotary cement kiln, RC foundation, spatial numerical model, FEM
analysis

1. DESCRIPTION OF THE FOUNDATION

The support structure of rotary kiln under consideration was built in the early
1950s. It consists of four reinforced concrete solid frames spaced at equal intervals.
The lowest frame is denoted by number 1 and the other by respectively 2, 3 and 4.

As part of rotary kiln retrofitting, frame 4 was to be torn down and an additional
frame was to be placed next to frame 1 whereby the latter practically would not
carry any loads. The other two frames: frame 2 and frame 3 were to continue to be
in service and be subjected to additional loads. Because the two frames were
considerably damaged it was necessary to determine their serviceability.

The foundation named frame 2 had been made as an RC frame embedded in the
foundation plate. A static scheme with one column in the form of a rocker with
both its ends articulated had been adopted. The other column had been rigidly fixed
in the plate. The frame’s spandrel beam had been thermally protected with an about
20 cm thick concrete overlay. In the course of its service considerable horizontal
displacements of the kiln’s foundation were observed. Therefore in the early 1980s
the structure was strengthened by tensioning. The rigid-rigid column, the frame’s
spandrel beam and the joint connecting the members were subjected to tensioning.
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The bowstrings were made from ¢5 mm strings combined into L1+6+12+18 ropes,
with two ropes running on each side of the foundation and concreted.

The technical condition of frame 2 varied. The foundation plate was found to be in
good condition. The foundation had not undergone settlement and was undamaged.
The columns were in satisfactory condition. The concrete reinforcement cover was
found not to have loosened or cracked. The frame’s spandrel beam was in bad
condition. It was found to have sagged by 3-4 cm. The spandrel beam’s
undersurface was cracked and its reinforcement cover was loose over a
considerable area. When the loosened cover was removed, reinforcement in the
form of superficially corroded #35 square bars was revealed. Also the spandrel
beam’s entire top surface was found to be corroded.

The foundation named frame 3 had been built as a stiff frame, considerably long
(8.6 m) along the kiln’s axis, embedded in the RC plate. There were two platforms:
one for a motor and one for the kiln’s rotary bearing on the frame. The top surface
of the frame was thermally protected with a 20 cm thick concrete overlay. The
foundation plate was in good condition: no excessive settlements or damage were
found. The columns were in satisfactory condition. They were uncracked and their
reinforcement cover was found not to be loose. The frame’s spandrel beam was in
bad condition since it had been subjected not only to considerable service loads and
temperature impacts but also to the destructive action of grease escaping from the
motor driving the rotary kiln. Lubricant leaks were visible on the spandrel beam
plate’s undersurface.

2. FOUNDATION MATERIALS’ STRENGTH PROPERTIES AND
EXPLOITATION CONDITIONS

2.1. Concrete

On the basis of the fragmentary documentation which survived in the cement
plant’s archive it was found that the design strength of the foundation concrete had
been assumed to be R,, = 160 kG/cm” which corresponds to current concrete grade
B12.5-B15. According to non-destructive test results, the concrete in the frames
could be classified as class B10 at the most. Therefore concrete parameters: Ry, =
4.8 MPa and R, = 5.8 MPa were assumed for further calculations.

2.2. Reinforcing steel

In the surviving fragment of the design, smooth reinforcing steel $20, $30 and ¢35
with allowable stress 64 = 1200 kG/cm?, corresponding to a design strength R, of
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about 106 MPa, was specified. The lower steel strength had probably been adopted
in view of the considerable diameters of the structural reinforcement.

2.3. Foundation tensioning

The spandrel beam, the column and the joint of frame 2 had been tensioned using
double steel ropes, made from ¢5 mm strings forming a steel rope of type
L1+6+12+18, running on both sides of the foundations. The nominal rope breaking
force of 1130 kN had been assumed. The ropes were tensioned with a force
amounting to 60% of the nominal force. Thus the tensioning force had been S =
2700 kN. From the way in which the ropes were secured it one could be concluded
that the spandrel beam had been tensioned above the neutral axis, as shown in
Figures 1 & 2.

2.4. Exploitation temperature

Considering that the concrete overlay protecting the foundation against temperature
effects was 20 cm thick the foundation had been assumed to be subjected at its

surface to a temperature field of +40°C, decreasing at every 10°C/m towards the
column’s base.

Directions of tensioning the structure

with circumferential bowstrings
S Prot ective concrete topping
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Figure 1. Frame 2. Structural and tensioning scheme
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Figure 2. Frame 2. Division into finite elements

3. ANLYTICAL MODELS OF FOUNDATIONS

Program MES DIANA was used for the numerical analysis [4]. Linear physical
and geometric relations were assumed for the material and the structure.
Isoparametric 3-D finite elements HX24L., described by eight nodes, were used to
build the models (Figure 3). In order to obtain more precise results a 3x3x3
Gaussian points integration scheme (triangles in Figure 3) was adopted.

In such finite elements stresses Gy, and strains G,, are constant in direction x and
they can linearly change in directions y and z. Stresses oy, and G,, and strains Gy,
and o, respectively in directions x, y and z behave similarly. A uniformly
distributed load or a load linearly variable along each edge can be applied to each
wall of the finite element. The latter can also be loaded with temperature which
may be different in each of its nodes. The displacements and deformations of the
frames are given for the nodes while the stresses are given for the finite element’s
centre of gravity.
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Figure 3. FEM element HX24L

The division of frame 2 model into finite elements is shown in Figure 2. 1022
nodes and 640 brick elements were used to create the model. The articulated joint
between the spandrel beam and the rocker column was modelled using short
articulated-articulated bars.

Protective con crete topping
o

7 ] o
S
o
N
N
/ N
w0
<
w0
Dimensio ns acc ¢rding =
to existingdesigf &
| 165 445 165 |
1 1

Figure 4. Frame 3. Structural scheme
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The model of frame 3 was created using 1660 nodes and 1104 brick finite
elements.

The following load schemes were adopted for frame 2:
* the foundation dead load,
* the characteristic rotary kiln load,
* the design rotary kiln load,
* the frame tensioned with bowstrings,
* loading with a temperature field.

The following load schemes were adopted for frame 3:
* the foundation dead load,
* the characteristic rotary kiln load,
* the design rotary kiln load,
* loading with a temperature field.

The numerical 3-D model calculations were verified for a static flat bar scheme.

4. ANALYSIS OF RESULTS

The check of the deformations of frame 2 confirmed the latter’s susceptibility to
horizontal loads. The total horizontal displacements of the spandrel beam,
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calculated in the elastic phase, exceeded 5 mm. Taking into account material
plasticization, deformations about 2.5 cm were yield, i.e. above the permissible
values.

The results of the numerical analysis, in the form of oy and o,y graphs for frame 2
are shown in Figure 6 and for frame 3 in Figure 7. In both structures the stresses in
the elements lying on the spandrel beam’s edge and in its middle (along axis Y)
were analyzed. In addition, stresses in the region of the elevated spandrel beam
under the motor driving the kiln were taken into account in frame 3. The results are
presented for the design service loads, the tension of frame 2 and the temperature
increase load.

The total force tensioning the undersurface of the spandrel beam in frame 2 was
3326.4 kN. The load-bearing capacity of the reinforcement with a surface area as in
the design was to 2259 kN, which means that it was insufficient to carry the loads.
Similarly in frame 3, the total force tensioning the spandrel beam’s undersurface
was 3345 kN, which means that for the same assumed reinforcement it exceeded
the spandrel beam’s load-bearing capacity.

An analysis of stresses oy, in the spandrel beam of frame 2 shows only a slight
influence of the temperature load on the degree of strain of the structure. The
stresses due to an increase in temperature amount to merely 10% of the service
loads, which confirms that lowly over-rigid structures are resistant to this kind of
load.
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1.27 « tension 12
+ serviceload
0.81 Section 0.8 1
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—— middle
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Figure 6. Frame 2. Stresses Gy, and oy,

The effect of the stresses produced by tensioning was somewhat stronger. But due
to the point of application of the steel ropes in the spandrel beam the expected
reduction in tensile stress in the spandrel beam’s bottom zone was slight (below
10%) while the deflection of the spandrel beam increased. The increase in tensile
stress oyy in the middle of the spandrel beam thickness was significant: considering
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that the design tensile strength is 580 kPa it may explain the appearance of cracks
propagating perpendicularly to the kiln’s axis. This means that the spatial aspect of
the behaviour of the spandrel beam should have been taken into account in the
design.
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Figure 7. Frame 3. Stresses Gy and oy

In frame 3 the temperature load impact was much greater. Stresses oy produced by
temperature were nearly as high as the ones due to the design service load whereas
stresses oy, exceeded them significantly. Interesting was the appearance of tensile
stresses in the spandrel beam’s top zone thickened in order to mount the motor.
The stresses did not exceed the concrete’s tensile strength but as a result of the
long-lasting action of temperature they might cause cracking in and damage to the
spandrel beam’s top surface.
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Similarly as in frame 2, the share of tensile stresses oy, (acting along the kiln’s
axis) produced by the service loads was found to be considerable. The stresses
were responsible for the appearance of cracks perpendicular to the rotary kiln’s
axis.

Figure 8 shows the deformations of frame 2 under the service load, the tension and
the temperature field. The deformations of frame 3 under the service load and the
temperature field are shown in Figure 9.
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Figure 9. Deformation of frame 3

5. CONCLUSIONS

From the numerical analyses the following conclusions were drawn:

The load-bearing capacity of the spandrel beams in the investigated rotary kiln
support frames was insufficient to carry the design loads.

The originally adopted static scheme in the form of a frame with one rocker
column was susceptible to horizontal displacements which might increase if
disturbances in the operation of the kiln occur or if the kiln components would be
nonaxially assembled.

The cracks in the spandrel beam of frame 3, running perpendicularly to the kiln’s
axis, were the result of the spandrel beam’s spatial work neglected in the original
design.
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When designing rotary kiln support frames it should be taken into account the
increase in stress, due the thermal field, particularly when the static scheme should
be changed for one with two rigid columns.

The 3-D frame model calculations have confirmed the fact that tensile stresses in
the column and in the spandrel beam were concentrated closer to their axes and not
at their outer surfaces. Therefore additional reinforcement should be provided to
carry these stresses.
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Summary

The environment 'Femme’ ("a flexible environment for mathematically modelling
the environment’) is used to model ecological processes as the transport of
nutrients and polluents. The program is user-friendly and based on a Fortran
modular open source code and uses a lot of integrated integration tools. For the
study of the interaction of ecological processes and flow in the river, a realistic
modelling of the surface water flow is necessary. Here, the implementation of a one
dimensional hydrodynamic model for surface water flow in ‘Femme’ is reported.

Because of the lack of hydrodynamic information in the ecological model, the
kinematic and parabolic equations are implemented first. They describe accurate
the time shift of the wave. The simplification to the parabolic and the kinematic
equations allow a faster and easier solution. The parabolic model is known as the
convection-diffusion equation and describes the translation and attenuation of the
wave in open channels and is valid for short stretches with mild slopes. The
kinematic model doesn’t take into account the flattening of the wave and
corresponds less with the realistic deformation of waves.

First, the context of the research is presented in the introduction. Further, the
importance of hydraulic modelling is illustrated. The study area and the modeling
environment are further developed. As a conclusion, some calculation results are
enclosed.

KEYWORDS: ecosystem modelling, environmental engineering, flood routing,
vegetated rivers.

1. INTRODUCTION

This paper is part of the multidisciplinary research project ’A fundamental study on
exchange processes in river ecosystems’ (University of Antwerp, Vrije Universiteit
Brussel, Ghent University, 2004 - 2007). The overall research aim is to study the
diverse physical and biological processes in margins and inundation areas of water
courses and how their interactions determine the exchange of water, dissolved
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compounds and particulate matter. This paper will give an introduction on
hydraulic modelling. The first action is exploring the possibilities of surface water
modelling, to add in a later phase the vegetational processes. Simplified modelling
equations are used.

2. FLOOD ROUTING

2.1 Importance of Hydraulic Modelling

River hydraulics is characterised by changing discharges and water levels due to
rain fall. Studies about this topic have although to take into account this non-
permanent character of the flow. Time shift and flattening of the peak of the wave
can be remarked by studying waves at two different places in rivers as can be seen
on Figure 1. The hydrograph of the wave is shown in section I as well as in the
more downstream section I1.

Hdrodraph in 2 sedions of the river : oL

0 tim & shift I i

peak flattening

Figure 1: Hydrograph in 2 sections of the river

Description of this phenomenon, i.e. non-permanent flow of surface water is done
by the Saint-Venant equations which include the continuity equation (1) and the
momentum equation (2):

Q. g% _y (1)
ox Ot

86? + ;x(QAj = gA(So - Sf - 8%x) 2)
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with Q = discharge [m3/s], B = section width at water surface [m], h = water depth
[m], g = gravity [m/s?*], A = wetted cross section area [m?], Sy = tan oo = bottom
slope [m/m], Sf = energy gradient needed to overcome frictional resistance of
channel bed and banks in steady flow = friction slope [m/m].

2.2 Study Area: the river Aa

Focus of the study is the downstream part of the river Aa (Fig. 2), this is the stretch
between weir 3 and weir 4, a distance of 1.4 km, near the village of Poederlee. In
this area the interaction between groundwater, surface water and vegetation will be
studied. Regular measurements of discharge and water level allow to gather data to
calibrate the model.

The catchment basin of the river Aa is situated in the region of Antwerp and is
hydrographical part of the Nete basin. More than 40 % of the water in the Nete
basin is going to the river Aa, which is although an important river. The river Aa
flows into in the Kleine Nete near the city of Grobbendonk. The origin of the river
Aa is found near the communities of Merksplas and Turnhout and is streaming
through Turnhout, Gierle, Gielen, Poederlee and Vorselaar. The river Aa has a total
length of 36.8 km and the drainage area is about 23,700 ha.

A5
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Figure 2: The river Aa
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2.3 Simplified Saint-Venant Equations

The Saint-Venant equations can be simplified in some typical cases which can be
easily solved. For rivers with a small slope, the acceleration terms are negligible
and the equation is known as a parabolic model, which is the convention-diffusion
equation. The model describes the attenuation of the wave due to storage and
friction.

The maximum discharge will decrease and the minimum discharge will increase in
the downstream direction, due to the influence of the diffusion parameter D. So, the
wave will become flatter and wider, because the total amount of water has to be the
same.

When also the distance between two sections is short, the peak flattening is
negligible and the most simplified model is the kinematic model which includes
only the friction and the translation of the wave. Peak flattening is not
incorporated.

Equations (3) and (4) present respectively the parabolic and kinematic wave model,
with D = diffusion parameter, responsible for peak flattening and C = convection
parameter, responsible for the translation of the wave. D and C are variables and
depend of the values of the discharge and the water level. Therefore, the solution
can only be obtained by numerical models.
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The values of D and C depend of the discharge and the water height and can be
found in a numerical way. Values mentioned in (Verhoeven, 2006) are 10* to 10°
m/s for D and C = 1.5 to 1.8V (with V the average velocity). Calculations in this
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study resulted in other values as D = 250 m/s and C = 0.29 m/s, which is the
translation velocity of the wave and can also be seen on Figure 3. Best values are
obtained by fitting the calculation result on measured values or on more detailed
simulation results as obtained with the Saint-Venant equations.

In a first phase, the cross sections are simplified to rectangular or trapezoidal
sections. Comparison with the effective geometry of the river Aa has shown that
the differences are only small (De Doncker et al., 2005).

2.4 The Hydraulic Model ‘Femme’

’Femme’ or ’a flexible environment for mathematically modelling the
environment’ is developed by NIOO (Netherlands Institute of Ecology) (Soetaert et
al. (2004)). ‘Femme’ is a modelling environment for the development and
application of ecological time dependent processes by use of numerical integration
in the time of differential equations. The program is written in Fortran.

‘Femme’ consists of a wide range of numerical calculations and model
manipulations (as integration functions, forcing functions, linking to observed data,
calibration possibilities, etc.). These technical possibilities allow the user to focus
on the scientific part of the model and detailed research of the model without the
confrontation with real program linked problems.

‘Femme’ is focused on ecosystem modelling, is open source (no black box) and
exists of a modular hierarchical structure (implementation of different models next
to each other). What was missing up till now was the implementation of a
hydrodynamic surface water model to couple ecology and surface water in each
timestep.

For the study of the interaction of ecological processes and flow in the river, a
realistic modelling of the surface water flow is necessary. Here, the implementation
of a one dimensional hydrodynamic model for surface water flow in ‘Femme’ is
reported.

2.5 Implementation of the Flow Equations in ‘Femme’

The hydrodynamic model for the transmission of the wave in the river has to be
implemented in ‘Femme’. Differential equations were converted into algebraic
equations using the finite difference scheme. Forward discretisation of the
equations in time and central discretisation in space is carried out.

Implementation of the hydrodynamic model in ‘Femme’ can be done by using the
characteristics of this environment. Discretisation in space has to be implemented
in the code, the integration routine for timestepping is incorporated in the code.
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Further, ‘Femme’ will be used for the integrated hydrodynamic — ecological
modeling. Therefore, it is not advisable to model complex ecological processes
with simplified conceptual hydrodynamic models. In this multidisciplinary
approach, different research areas have to be integrated to study properly the
interaction between surface water and vegetation.

2.6 Calculation Results

2.6.1 Kinematic versus parabolic wave model

The kinematic and the parabolic model are built into the ‘Femme’ environment. As
a first verification of the model, a stretch of a river is modelled. The wave,
measured upstream, has a triangular hydrograph Q(t) as indicated in gray dashed
line at Figure 3 and Figure 4.

1.10 s . . .
| r | \
1y s ¥4 }i___
106 T— — ‘ - ‘ 7 o] upstream T
Q [rres] i — Qkn-x=204m
oot —p e
102 — — —} L VL, O R O R A
1.00 ' =
| i
0.98 ‘ ‘ | ‘
0 1000 2000 3000 4000 5000

Time [s]

Figure 3: Use of the kinematic wave model: results at different distances

The kinematic as well as the parabolic model calculates the transmission of the
wave. The resulting hydrograph at 20.4 m, 388 m and 796 m from the upstream
boundary is indicated at Figure 3 and Figure 4. The total length of the channel is
1000 m. The channel is rectangular, has a bottom width of 10 m and a water height
of 1 m. The Manning coefficient is 0.05 m™”s

In Figure 3, the use of a kinematic model is illustrated. The time shift indicates that
the wave moves from upstream to downstream with a constant celerity, without
peak flattening. The small decrease of the peak discharge is due to the numerical
(non-physical) dispersion as a consequence of the discretisation. Small wiggles at
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the base flow are due to the triangular hydrograph, which is not natural and
contains discontinuities.
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Figure 4: Use of the parabolic wave model: results at different distances

In numerical modeling, a good choice of timestep At and cell width Ax is
necessary. These values have to be sufficient small to not to miss any effects (e.g.
peak discharges) and to be sufficient large to minimize the calculation time. The
Courant-Friedrichs-Lewy condition (CFL, Cunge et al.) determines a relation
between the time step and the grid size separation to solve the partial differential
equations in a convergent way.

For an explicit scheme, it means that the solution will be numerical stable. So, for
using the explicit solution scheme of the kinematic and parabolic model, attention
have to be paid at this criteria.

This condition can be avoid by using an implicit scheme for solving the Saint-
Venant equations (as the Preissmann scheme). Time steps can be taken larger,
which is useful for long simulation periods, and the solution will be stable.

The parabolic model, used for the results of Figure 4 contains an extra diffusion
term. Next to the time shift, also the peak flattening in the downstream direction
can be seen.
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2.6.2. Variation of the Manning coefficient

Further, some calculations about the influence of the roughness coefficient n are
carried out. Three different values of this friction factor are used: n = 0.05 m™”s, n
=0.2 m"s and n = 0.5 m™"’s. These are values derived from the research carried

L. De Doncker, P. Troch, R. Verhoeven

out in the river Aa. Winter values were low, due to the low amount of vegetation in

the river. In spring and summer, biomass starts to increase and results into higher

Manning coefficients.
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Figure 5: Use of the kinematic wave model: result at the same distance (x = 388 m) for
different values of the Manning coefficient n
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Figure 6: Use of the parabolic wave model: result at the same distance (x = 388 m) for
different values of the Manning coefficient n
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Differences between winter and summer up to a factor 10 are not rare. As can be
seen, the presence of more macrophytes cause obstruction in the channel. For a
certain amount of water, it is more difficult for the water to pass and so the
discharge will be lower, just as the peak value of the discharge. More vegetation in
the river results in a higher friction coefficient of Manning.

2.6.3 Use of the Saint-Venant equations

After having modeled the simplified kinematic and parabolic equations, the
proliferation of the triangular hydrograph is also modeled using the Saint-Venant
equations. These results can be seen on Figure 7 and Figure 8. Figure 7 shows the
resll/13lts at different sections when the Manning coefficient is set constant (n = 0.05
m™s).
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Figure 7: Use of the Saint-Venant equations: result at different distances

At Figure 8, the influence of this friction coefficient in a certain section (x = 299
m) can be seen. The total stretch is 10,000 m and upstream and downstream
boundary conditions have to be added, which is different compared to the
simplified equations.

The parabolic and kinematic model use the upstream boundary condition and start
to calculate one cell after the other. In contrary, the Saint-Venant equations use
both boundaries and need well balanced initial conditions. Calculation of the
surface water level for permanent steady state flow over the total length of the
channel can be a good start and can serve initial conditions. Further more,
boundary conditions are important because both of them have influences in the
different cells.
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Figure 8: Use of the Saint-Venant equations: result at the same distance (x =299 m) for
different values of the Manning coefficient n

Concerning the morphology of the channel, the slope is important for the water
levels in the channel. This bottom slope has an influence on the friction slope St
(water surface slope). A constant slope of 0 can eliminate that influence.

3. CONCLUSIONS

‘Femme’ has been used as environment for the description and propagation of
waves in rivers. As a study area, the river Aa was selected and its characteristics
were implemented in ‘Femme’.

By this, three kind of models to simulate the propagation of waves in channels are
considered. As can be seen, the one model is more accurate as the other, but
accurateness includes also a higher degree of complexity. So depending of the
situation and the kind of results that have to be obtained, one model can be chosen.

While studying a variety of ecosystem cases, different wave models (based on the
kinematic, parabolic and Saint-venant equations) or even a constant discharge can
be used in the hydraulic calculation.
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Simulation of cooling tower collapse on the basis of non-linear
concrete model and FEM analysis
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Summary

In this paper authors attempt to take advantage of a non-linear model of material
to create a mathematical model of the cooling tower, and further, taking advantage
of the non-linear FEM analysis, they try to recover numerically the course of the
collapse. Both for concrete, as well as for steel, an elasto-plastic model of material
characterized by specific plasticity criteria has been assumed.

KEYWORDS: cooling tower, non-linear analysis, elasto-plastic material model,
FEM analysis

1. INTRODUCTION

The main purpose of design process is to bestow an object a form, shape and
guarantee proper technical parameters in order to fulfill its functions and safety of
service. As soon as the erecting process begins the object is under influence of
destructive factors and interactions tending to ruin it. The purpose of the structure
designer is to predict these factors and to counteract properly. Nevertheless crashes
do occur. Therefore the new assignment appears: to determine causes and failure
sequences. Being in the know with the failure course we are able to determine the
safety conditions of a similar already existing structure and to undertake proper
improving actions.

In this paper the authors have tried to create a proper numerical model of the
reinforced concrete (RC) cooling tower and to investigate the failure course of RC
cooling tower in 1987.

2. THE FAILURE SEQUENCE

The failure of over 100 m high RC cooling tower was one of the most spectacular
crashes in Poland. On 7th February 1987 at 7 p.m. the RC cooling tower suddenly
collapsed. At the level of 38th concreting cycle almost the whole perimeter of its
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shell was cut. Only from the north-east side a deep interstice appeared (Fig. 1). At
the moment of the failure the RC cooling tower was under regular service. Till that
day the object had been exploited uniterruptedly for 23 years and it was considered
to be in the best technical state of all six identical RC cooling towers in the battery.

The most characteristic in this failure was the lack of clear cause. On that day it
was light windy: 3—5 m/s, so the wind factor could not be the main reason. The
unusual influences such as sound waves caused by supersonic airplanes or
underground earthquakes were excluded, too. The RC cooling tower collapsed as if
under its own weight.

According to the initial investigations [8] — carried out from February to April
1987 — it has been established that at the most of the fracture the concrete was
crumbled, cracked and not condensed. At the whole of the fracture perimeter
reinforcement bars without any traces of rapture were found. Some of them were
strongly crumpled, some cambered downwards only. A few of them were
cambered upwards, too.

o—
= B - 2y e

Fig. 1 RC Cooling tower after the collapse

The examination of the concrete and reinforcement strength of the RC cooling
tower confirmed their satisfactory quality. The strength of most of concrete
samples reached over 20 MPa.

The initial estimation of collapse causes has revealed concrete corrosion of the
operating contact zone leading to loss of the shell stability [8]. However this
phenomenon seamed to be too simple and incomplete especially in consideration of
the fact of strong winds occurring only a few days before the failure.

A following hypothesis has been proposed: the proximate cause of failure was the
improperly performed operating contact zone which in result of variable winds and



500 P. Siwiec, S. To$

corrosion factors led to loss of the whole shell stability. In order to prove this
hypothesis the nonlinear FEM analysis on the numerical model of RC cooling
tower has been performed, with use of the DIANA system.

3. DESCRIPTION OF THE NUMERICAL MODEL

3.1 Geometry

In order to properly analyze the proposed thesis the numerical model of 100 m high
RC cooling tower has been created.

Eight-node shell elements of CQ40 [13] type have been used for creating the
numerical model of the bicurvature shell structure. These elements allow to
introduce the variable shell thickness in every node so the numerical model has no
rapid stiffness changes.

elementy
tacznikowe

Fig. 2 Numerical model Fig. 3 Elements of upper shelf

The structure has been divided into 17 rings with 12 final elements in every ring
(for the half of the structure) — see Fig. 2 [3].

The stiffening ring has been created with the three-node rod elements of CL18B
type (Beurnoulli) with 6 degrees of freedom in every node. Their cross-section has
been eccentricitaly founded (shifted in relation to) on the net of nodes in order to
model the stiffening shelf properly. Due to possibility of unrestricted cross-section
shape modeling, the actual trapezoid-shaped shelf has been created — see Fig. 3.

The load carrying poles have been modeled with the rectilinear elements of L13BE
type (circle-shaped in cross-section) and they have been connected in a rigid way
with the shell elements and with the fundaments.
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The DIANA system allows to model the reinforcement as the settled inserts, bound
with the mother element and make its stiffness increase. The reinforcement
elements have no degrees of freedom of their own so their deformation is
determined by the deformation of the mother element. It means that there is no slip
phenomenon between the concrete and the reinforcement. Generally it is possible
to insert the reinforcement in the mother final element in unrestricted way —
regardless of its geometry.

Two kinds of the reinforcement have been used in the numerical model of the RC
cooling tower: the linear inserts (rods) settled in rod elements, and the net inserts
settled in shell elements. Tab. 1 shows the area of used inserts [8].

All final elements used in the numerical model have been numerical integrable and
for each of the groups the modified integral-points-set has been used:

* Poles elements had eight Gauss’s integral points at their cross-section surface,
evenly distant from the rod center. Three integral zones with 8 points in each
one at the rod length have been used (according to the Gauss’s rule).

» Upper shelf elements had nine Gauss’s integral points at their cross-section
surface (3x3) and three integral points groups distributed at the rod length
(according to the Gauss’s rule).

Tab. 1. The reinforcement area

Element Area
Load carrying poles 0.34%
Upper shelf 0.28%
Outer horizontal reinforcement 0.25%
Inner horizontal reinforcement 0.25%
Outer vertical reinforcement 0.20%
Inner vertical reinforcement 0.20%

* The reinforcement settled in elements had the integral schemes analogical
with their mother elements: three Gauss’s points at the length for rods and
3x3 Gauss’s integral points for reinforcement nets of shell elements.

In order to investigate the simulation of the failure course, the FEM numerical
model has been created in which the connecting elements have been used in order
to model the linear damage zone properly [13].

The characteristic feature of these elements is the possibility of physical
disconnection into two parts after exceeding the tensile strength. The connecting
elements of the N6IF type have defined stiffness against compression/tension and
shearing.
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Tab. 2. The material parameters

Parameter

Young’s modulus 26-106 kPa
Poisson ratio 0.1667
Density 23 kN/m3
Compression strength 11 500 kPa
sin ¢ 0.5

sin ¥ 0.5

Tensile strength 900 kPa
Damage energy G 500 kKNm/m2
Weakenig model Hordijk
Tangential stress ratio 0.01

In order to create the numerical model properly in accordance with the actual
structure, the connecting elements in damage zone (3 to 5 elements long) had the
stiffness of the weakened concrete (Hordijk’s model - see Tab. 2) and their
shearing stiffness has been equal with the reinforcement bar shearing stiffness. The
stiffness of the rest of the connecting elements has been defined as equal with the
stiffness of the shell elements.

3.2. The material

All final elements had nonlinear characteristics [2] and their parameters have been
based partly on published investigations results of the analyzed object and partly on
the design project documentation and expert opinions on the cooling tower [7, 8].
There has been taken into consideration the material ductility described by the
Drucker-Prager’s constitutive model in the compressed zone for the concrete
elements.

For the tensile zone the smeared cracks model has been used [14, 15]. The
winding effect of the load carrying RC poles has been modeled by increasing the
strength parameters of concrete. On the basis of the in situ investigations the
concrete strength of /=20 MPa has been assumed whereas for the RC poles it has
been increased to f;=25 MPa [8]. The Tab. 2 shows the nonlinear concrete
parameters.

Tab. 3 Values of the o parameter

d_ . [mm]
8 4
16 6
32 10
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The most important parameter describing the material in the cracked zone is the
damage energy Gy Its value has been based on the recommendations of the CEB-
FIB Model Code (1990), which allowed to estimate the damage energy on the basis
of the strength investigations according to the relationship:
0,7
Gy = af

(M

where f; is the compression strength, depends on the maximum aggregate size
(Tab. 3).

Fig. 4 shows the concrete performance for the biaxial state of stress. Fig. 5 shows
the H-M-H criterion for steel.
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Fig. 4 Biaxial state of stress for concrete Fig. 5 The steel stiffening model

4. THE LOADS

In the calculation carried out only the deadweight and the wind have been
considered [1]. They were the most important factors and most significant for the
structure effort. Other loads such as: temperature, hydraulic pressure, unequal
insolation effects, unequal foundations subsiding and other exceptional loads have
been neglected. As far as the general question is considered taking into account all
of these loads will allow to determine the global state of the structure effort.

During the numerical analysis process the structure has been loaded in a few
phases:
» First the deadweight was loaded (incrementally) till the nonlinear load
coefficient Lf reached the value equal to 1.0.
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* Then the wind load was added (incrementally) till the nonlinear load
coefficient Lf reached its maximum value.

5. THE TECHNIQUE OF THE NONLINEAR PROBLEM
TRACING

In order to solve the nonlinear problem the standard Newton-Raphson’s algorithm
and the energetic norm of the results convergence control have been used. In
nonlinear process the arc-length technique based on tracing the selected node
displacement has been used in order to control the load growth. At each stage of
the load increment the node displacement (degree of freedom) towards the selected
direction has been analyzed. Every time the most deformated node - in the previous
stage of the analysis - has been taken into account. Calculations have been stopped
as soon as the lack of convergence has occurred.

construction without damages

12

\ear load coefficient L,

onlin

02 04 06 08 10

020 020 040
node displacement [m]

Fig. 7 The deformation development in
RC cooling tower under the wind load

Fig. 6 The structure answer curves
The structure performance under the increasing load has been investigated with use
of the structure response curve, which described the chosen node displacement as a
function of the load increase (defined as the nonlinear load coefficient L ).

6. THE NUMERICAL SIMULATION OF THE COLLAPSE
SEQUENCE

According to the proposed hypothesis it has been assumed that the primary damage
area of the operating contact zone reached up to 21 m (three elements of the half-
ring). In order to fulfill the symmetry conditions the interstice has been located at
the windward side. This is a particular case yet it is sufficient for the essence of the
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analyzed matter. The numerical analysis indicates the possibility of the primary
shell damage development caused by the wind loads without collapse of the whole
structure.

Assuming the variable wind directions, it is probable that the progressive interstice
growth up to the whole perimeter would occur. At the next calculation stage the
interstice has been assumed as long enough and the cooling tower has been
deadweight loaded only. At further stages the size of the totally damaged material
in the interstice has been varied. The run of the structure response curve is shown
in the Fig. 8 and the deformation development - in the Fig. 9.
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Fig. 8. The structure response curves due Fig. 9. The deformation development in
to development of initial crack. RC cooling tower under the deadweight

The deformation character confirms the conclusion of locally violent variable
displacement character. Displacement occurs within the area of one ring above and
one ring below the interstice. What is worth noticing is the deformation form of the
upper part of the shell.

At the area close above the interstice the shell goes outwards from its perimeter
while the rest of the shell goes towards the inside. According to the above scheme
only a small part of the shell should collapse outside the cooling tower and the
whole rest of it should collapse towards the inside.

7. THE FAILURE SEQUENCE DETAILS

Phase 1 — improper composition of the concrete mixture, its impurities or not
sufficiently careful assembly phase caused the material imperfection which
increased during the service of the cooling tower [5, 6]. The negative coincidence
was localization of this imperfection in the zone of the highest structure effort —
i.e. at of the tower height [3]. At this moment it is impossible to exclude the
geometrical imperfection in the analyzed zone, too.
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Phase 2 —increasing material degradation process caused by accelerated corrosion
of the cracked concrete brings about the interstice or the weakened material zone.
Then the variable winds and frost penetration cause enlarging of this zone. It is
possible that the weakened zone still holds its geometrical shape in spite of total
loss of its strength parameters due to internal cracking. This would explain the fact
that the Electric Power Station employers had not noticed the shell defect.
Undoubtedly the interstice initiation took place at the operating contact zone.

Phase 3 — when the strong winds cause the increasing of the interstice up to its
critical length, further interstice length growth begins which results from the
deadweight of the cooling tower only. At first this process was not violent as it was
restrained by the reinforcement and could last even for a few days until the moment
of a violent collapse. If only the stronger puff of wind occurred during this time,
the collapse would undoubtedly have taken place sooner.

The confirmation of the presented above hypothesis of the failure sequence is the
occurrence of the most of the concrete debris at the eastern side of the cooling
tower. According to the presented model the failure process started exactly above
the area where the concrete debris was found outside the cooling tower.

8. CONCLUSION

In this paper the numerical model of the RC cooling tower has been created with
consideration of material and geometrical nonlinearity. This model has been
investigated on the basis of 100 m high RC cooling towers commonly built in
Poland. The presented numerical model enables simulation of the process
occurring during regular RC cooling tower exploitation. The numerical model
analysis allows the precise determination of the causes and the failure course. Due
to possibility of failure results verification — especially the concrete debris
localization — the presented numerical model has been proved reliable.
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Unsteady axial Poiseuille flow of a Bingham fluid in an annulus
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Summary

Several fluids which are of interest in civil engineering, as bentonite,
montmorillonite, slurries, behave as Bingham fluids, i.e. fluids which present a
yield stress. This paper investigates numerically the start-up, the cessation and
some pulsating flows of a Bingham plastic between two coaxial cylinders. The
constitutive law presents a discontinuity for zero shear rate which introduces
severe difficulties in solving any problem of unsteady motion, both analytically and
numerically. A suitable way to avoid the obstacle is to regularize the constitutive
equation using a smooth function to approximate the Bingham law. The adopted
function depends usually on a parameter: as it tends to infinity the model tends (in
distribution theory sense) to the true Bingham law. Several models have been used
in literature to regularize the rheological behaviour of a viscoplastic fluid: in this
paper a new constitutive equation is proposed, based on the error function (erf).
The velocity fields have been calculated using an implicit finite difference method.
The numerical results confirm that the time required to reach the final steady state
is infinite for start-up, whereas it is finite for stopping. In the pulsating flow the
mean velocity of the plug in a period and the mean rate of flow increase owing to
the non linearity of the material.

KEYWORDS: Bingham fluid, unsteady flow, Poiseuille flow, flow in annulus.

1. INTRODUCTION

Bingham fluids such as bentonite and montmorillonite are used to solve many
engineering problems for example in drilling, in pile works and in rock
consolidation. Bentonite is the base material in drilling: it cools the drill and
reduces wear, consolidates the excavation, goes back up in the annulus between
wall and stick bringing to the surface the debris.

Bingham fluids require the application of a greater shear stress than a critical value,
the yield stress, to begin to move. After yielding, the rheological behaviour is that
of a Newtonian fluid, while in the core region the material moves as a solid body.
Many unsteady flows of Newtonian fluids admit analytical solution in closed form:
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the same problems for a Bingham fluid are obviously more difficult to solve
because of the non linearity of the constitutive law.

The discontinuity in the constitutive equation at zero shear rate introduces severe
difficulties for analytical and even for numerical solutions. To overcome that,
Glowinski [1] suggested regularising the constitutive law, substituting the
discontinuous function with a continuous one, which, when a given parameter
tends to an assigned limit, usually zero or infinity, tends (at least in the sense of
distributions theory) to the true Bingham law. Several proposals for regularisation
have been made in literature; the most used is that proposed by Papanastasiou [2].
An interesting analysis of advantages and disadvantages of continuous models with
exhaustive literature is given by Frigaard and Nouar [3].

Characteristic of a Bingham fluid is the fact that its stopping time is finite, whereas
Newtonian fluids and generally any fluid without yield stress need an infinite time
to stop. Glowinski [4] and Huilgol et al. [5] give a theoretical upper bound for the
stopping time for pipe and plane flow. Chatzimina et al. [6] study numerically the
cessation of the Couette and Poiseuille flow of a Bingham fluid using the
Papanastasiou model comparing the numerical results with the theoretical
predictions. Many authors have written in the past about unsteady flow of Bingham
fluids; among these we recall for example Duggin [7] which gives a numerical
solution for the start-up flow in a circular pipe; Papanastasiou and Boudouvis [8]
solve numerically flow problems in generalised conduits. Hammad [9] studies the
pulsatile flow for different waveforms of the pressure gradient. Dapra and Scarpi
give an analytical solution to the start-up problem in a circular pipe.

This paper investigates numerically the start-up, the cessation and some pulsating
flows of a Bingham plastic between two coaxial cylinders. A new model based on
the error function is proposed to regularize the constitutive equation.

2. CONSTITUTIVE EQUATIONS

Being v, T and y the velocity vector, the stress tensor and the rate of strain
tensor, the constitutive equation of a Bingham fluid is

vY=0 T<71,

. 1
TZ(T—er,uJV T27, M
v

where 7, is the yield stress and g is the viscosity of the fluid. To avoid the

singularity in the constitutive equation, it is possible to substitute the rheological
law (1) with a continuous function. In 1987 Papanastasiou suggested the equation
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T r{l—exg(—m?)]_ul 5 o
v

The authors propose the following relation which is continuous and infinitely
derivable everywhere

Tz{r—ferf(kf)ﬂu}? 3)
e
where, as usual,
erf (x) = 2 fe’z dt 4)
Jr g

is the error function.

3. AXTAL FLOW IN A CONCENTRIC ANNULUS

3.1. Steady flow

The geometry is shown in Fig. 1. The flow is one-dimensional and the momentum
equation is:

op 10(rr)  ou
ox r Or p@t ®)

where x is the direction of the motion, r the radial coordinate, p the pressure, 7
the shear stress, u the velocity, o the fluid density and ¢ the time. Eq. (1)

becomes
%20 77,
"
6
Z'_Z'Sl’la—u+%2'>’[ ©
058 or ”ar -0

where
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R; R, R, R, r

Fig. 1. Flow geometry

-1 8_u< 0
ou or
sgn(@j - ou ™
1 —=0
or
Putting —Z—p = P, the steady solution for a Bingham fluid is then
X
5.2
u=u, =l(—i+alnr—ror+bl] R <r<R
7 4
5.2
u:uzzl[—PL+alnr+ror+b2J R, <r<R, ®)
Y7 4
u:ul(Rl):uz(Rz) R <r<R,

R, <7 <R, being the unyielded region, where the material behaves as a solid. The

equation
R, (—2'0 +4/7s +2al_’)
R, (To +4/70 + Zaﬁ)

allows to evaluate a and

Jiz +2aP IS(Rf—Riz):O )

aln tro| R +R - D
P 4

PR?
b =—

—alnR, +7,R, (10)
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PR}
by=———alnR —7,R, (11)
—Ty ++/7¢ +2aP
R = a (12)
P
T, ++/70 +2aP
Ry=——"——— (13)
P
the amplitude of the plug is then
27,
R, —R = ?0 (14)

The rate of flow O, which allows to calculate the mean velocity V', is

R R,
0= I27rru1dr+ 7[(R22 —Rlz)u1 + IZﬂruzdr (15)
R, R,
. o 7(R;-R') R -R
Using the hydraulic radius R = =—2 1 as reference length, eq. (8)
27 (R +R,) 2
and (15) give
2D 4 2.2 2.2
A c(mznjlnnlne_n_e+772m +,7i277e2_77177e)+
u(m-n?) w2 2 2
4 4
Y YA NI
+?—§+g(m—m) = (= )+ S (m = m)- (16)
3 3 3
77 778 i 2
'L?l—?—?—mni =3 I, +f7§m}
a

WheI‘C ﬂe:Re/R’ ﬂi:Ri/R’ 771:R1/R’ 772:R2/R and cszﬁ

3.2. Unsteady flow

Introducing the following dimensionless quantities: £=x/R, n=r/R, v=ulV",
O=tR/uV, 0y=1R/uV =Bn, P=PR*/uV , K=kV/R, T =tul pR*, eq. (5)
becomes:
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o(né
pyL0(n0) _ov (17)
n on oT
The constitutive equation
0 = Bnerf K2 +ﬁ (18)
on) on
is plotted in Fig. 2.
1.2
0.8
0.4+
* 0
-0.4 1
-0.8
-1.2 T T
-0.004 -0.002 0 0.002 0.004
ol én

Fig. 2. Regularized constitutive equation

Substituting (1) in (17)

2 2
P QKB”eXp _ Kﬂ +1 81;+l 2-Ianerf K2 _ (19)
Jz on) )" \on® " mlon onj) er

For a coaxial pipe of dimensionless internal radius 77, and external radius 77,, the

boundary conditions are:

v(n,,T)=v(n,,T)=0 vT (20)
Moreover
ov ov
) =21 =0 = 21
on ) on § V(771) V(772) (21)
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3.2.1. Start-up flow

A suddenly positive pressure gradient P =F, is applied to the fluid at rest. F,

gives rise to a unit non-dimensional mean velocity in steady state and must be
greater than 2Bn in order for the fluid to move. The initial condition for eq. (19) is

V(T],T)ZO n<n<n, T<0 (22)
3.2.2 Cessation of flow

The constant pressure gradient F, applied to the fluid in steady flow is suddenly
cancelled.

Conditions at 7 =0 are

2

P
VZVIZ—%-FAIIIT]R—T]BH"FB] n,<n<n,

By’
\/:\/2:—T+Aln77R+inn+B2 m<nsn, (23)
V=V1(771)=V2('72) msnsmn,

where, referring to egs. (9)-(11), 4 -4 , B, :i and B, :b—2
1714 y714 1714

3.2.3 Pulsatile flows

Two different pressure wave are imposed to a fluid at rest

a) rectangular wave

P:Poi[H(T—n(Tl+T2))—H(T—n(T1+T2)—Tl)] (24)

n=0

where H(T ) is the unit step function; in a period 7, =7, +7, the pressure
gradient P is equal to F, for the first time interval 7, and P=0 for the
second one 7.

b) sinusoidal wave superimposed to a constant pressure gradient F,:
P=P()(1+gsin27rfT) (25)

where f is the frequency.
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4. NUMERICAL RESULTS

The numerical calculations have been carried out for coaxial pipes with 77, =8 and
1, =10: the annulus width is thus 20% of the radius of the external pipe; the
dependence of the unyielded core extension 77, —7, on the Bingham number in
steady state is plotted in Fig. 3.

1.8 4
1.6 4
1.4 4
1.2 4

72711

0.8 -
0.6
0.4 -
0.2

Bn

Fig. 3. Solid plug amplitude versus Bingham number

Eq. (19) with boundary conditions (20), (21) and the appropriate initial conditions
is solved using an implicit finite difference method. The numerical procedure has
been first validated for a Newtonian fluid, for which the analytical results are well
known.

Numerical experiments indicated that the maximum value for parameter K in

order to obtain valid results can be estimated as K = 5000%. If K exceeds
n

this value, the numerical procedure can exhibit instabilities. An uniform spatial
grid of 1000 points has been adopted, using a time step equal to 4-107°. Smaller
time steps give the same results, whereas greater ones can generate instabilities.
The difference between the steady-state velocity profile obtained with the
numerical solution and the theoretical one for a true Bingham fluid is less than 1%.

a) Start-up

Fig. 4 illustrates the numerical steady velocity profile for Bingham fluids, with
Bn=1,2,3,10 and for a Newtonian one, which can be considered as a Bingham
fluid with Bn=0. Fig. 5 shows the development of the plug velocity versus time
for the same values of Bn.
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Fig. 4. Steady velocity profiles
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b) Cessation of flow

Fig. 5. Start-up: solid plug velocity versus time

1. Dapra, G. Scarpi

Unlike Newtonian fluids and generally any fluid without yield stress which need an
infinite stopping time, Bingham fluids require a finite time 7, to reduce to zero the
velocity. Glowinski [5] [6] and Huilgol et al. [7] gave a theoretical upper bound for
the stopping time for Poiseuille and plane flow. Fig 6 shows the rate of flow as
function of time at different Bingham numbers. As expected, the rate of flow
decreases the more rapidly the greater Bn is. Fig 7 shows the time needed to

reduce the rate of flow to 10 and 10~ respectively, as function of Bn: the
difference between the two obtained values of time becomes appreciable only if

Bn>10. The time required to reduce the rate of flow to 10~ can be considered as

the stopping time.
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T

Fig. 6. Cessation of flow: discharge as a function of time
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Fig. 7. Cessation of flow: stopping time 7, versus Bingham number

c) Pulsatile flows

For a rectangular wave, Fig 8 illustrates the core velocity versus time for some
values of Bn; referring to eq. (24) 7, =2 and 7, =7,/10. For Bn=10 the fluid
completely stops for a time length about equal to 7, /2.

For a sinusoidal wave like eq. (25), putting Bn=5, Figs 9-10 show the time
development of plug velocity for some values of ¢ and frequency f =0.05 and

f=0.5 respectively. For f=0.05 and £=0.5 the movement stops for a time
length of about 15% of the period. Calling v,,

and the minimum plug velocity respectively, v —v,  is always greater than

max s

V.., the steady, the maximum

vmax 2
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v, — V... » for all values of ¢. The quantity 6 = [(v -v,) —(vs ~Viin )]/vs can be

considered as an index of the asymmetry of the velocity with respect to the steady
value. Fig. 11 shows & versus frequency at different ¢. Being always 6 >0 it is
casy to deduce that the mean rate of flow in a period increases owing to the non
linearity of the constitutive equation.

=~ 0.8 1

0.4

0O 04 08 12 16 2 24 28 32 36 4 44
T

Fig. 8. Rectangular wave: plug velocity versus time
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Fig. 9. Sinusoidal wave: plug velocity versus time; Bn =35, f =0.05
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Fig. 10. Sinusoidal wave: plug velocity versus time; Bn =5, f=0.5
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Fig. 11. Sinusoidal wave: ¢ versus frequency

5. CONCLUSIONS

Unsteady motion of a Bingham fluid in coaxial pipes has been examined
numerically. The momentum equation has been written using a regularized
constitutive equation proposed by the authors, based on the error function. The
solution has been carried out via an implicit finite difference method; numerical
experiments indicated that the maximum value for the parameter of the rheological
02—

. If K exceeds this value,
Bn

model in order to obtain valid results is K =500
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the numerical procedure can exhibit instabilities. An uniform spatial grid of 1000

points has been adopted, using a time step equal to 4-107° . Four different motions
have been considered: start-up, cessation and two pulsatile flows. The analysis of
start-up flow has been useful to validate the numerical procedure comparing the
obtained asymptotic solution to the well known analytical one. In the cessation the
rate of flow decreases the more rapidly the greater Bn is: the stopping time which
is infinite for Newtonian fluids becomes finite for Bingham fluids and decreases
for increasing Bn. In pulsatile flow, applying a rectangular pressure gradient the
flow can completely stop for some time if the Bingham number is sufficiently
great. The superposition of a sinusoidal wave to the steady pressure gradient gives
rise to an increment of the mean discharge in a period, owing to the non linearity of
the constitutive equation.
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Summary

Many specialists from all over the world occupied themselves with the problem of
efflorescence formation on concrete and on concrete products. This problem is
nearly as old as the concrete itself. The fact that to this very day, the problems of
efflorescence formation course and of formed efflorescence elimination is not yet
clearly defined up to now, shows how extensive and difficult is this task. This paper
concerns the problems of efflorescence formation on concrete and concrete
products depending on some conditions to which the concrete is exposed.

KEY WORDS: concrete, concrete product, lime efflorescence, primary, secondary

1. INTRODUCTION

Is the efflorescence on the surface of concrete the demonstration of its degradation?
This form of degradation is in contrast with the sulphate corrosion or with other
forms of corrosion not dangerous in light of structural properties and the
efflorescence has not major effect on the durability of concrete structures.
Nevertheless the efflorescence which occurs on the surface of concrete products
mostly in the form of white “spots” or layers is an esthetic defect which can
significantly influence the quality of concrete soffit products.

The efflorescence consists from inorganic salts or hydroxides which are leached
out from concrete (from the cement stone or from the aggregate). The hydrous
solution of these salts is transported by the system of capillary tubes in concrete. It
evaporates on the surface of the concrete and reacts with atmospheric CO, or SO,
(produced in a high degree by the industrial production). The efflorescence is
formed largely in the form of salts (chiefly as sodium, potassium and mainly as
calcium sulphates or carbonates). The main component is as a rule CaCOs.

The occurrence of efflorescence is typical on the surface of concrete alternately
soaked and dried or exposed to the action of pressure water. Less frequent factors
of efflorescence formation on concrete surface are:
- The proportion of individual concrete components and their total concentration
in the bearing hydrous solution,
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- The relative air humidity in the surrounding atmosphere (¢ [%]). It depends on
the solubility degree of individual components and on RH whether the given
salts crystallize in the pores or on the surface of the material. The
crystallization in pores is one of the building materials significant destruction
factors [1, 2, 3 ].

2. LIME EFFLORESCENCE

It is formed by calcium carbonate (CaCQO;) which is formed by the action of
atmospheric carbon dioxide (CO,) in humid medium on calcium hydroxide
(Ca[OH],) liberated during maturing (hydration) of concrete [3].

2.1. Primary lime efflorescence

The primary lime efflorescence is formed only for a limited period from the
concrete or concrete products production by the reaction of calcium hydroxide (this
is the component of both, the hardened concrete and the hardened lime mortar)
with the atmospheric CO, under moisture, in the surface layers of concrete
products.

2.2. Secondary lime efflorescence

The secondary lime efflorescence is formed during the whole service life of
concrete by reaction of the calcium hydroxide leached out on the surface of
products with the atmospheric carbon dioxide under presence of moisture.

By the effect of atmospheric CO, the in water insoluble calcium carbonate is
transformed after a longer period in the in water soluble calcium hydrogen
carbonate Ca[HCO;],.

The secondary efflorescence does not in contrast to the primary efflorescence form
only lighter spots on the surface of concrete but it constitutes on the surface
crystalline substance, which dusts off as removable dust.

Consequently, after this transformation of the calcium carbonate the lime
efflorescence disappears. The time of calcium carbonate conversion into calcium
hydrogen carbonate is approximately 1,5 till 3 years (in dependence on internal and
outer conditions, first of all on climatic effects) [2, 3].
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3. MECHANISMS INFLUENCING FORMATION OF LIME
EFFLUESCENCE

The frequency of lime efflorescence formation on concrete depends on many
variables. These are first of all the water content (w and @) and the content of the
atmospheric CO, [3].

It is necessary to mention that no less than from 75 % the formation of all
efflorescence on concrete is caused by the “lack of technological discipline” in the
production and the remaining 25 % is the result of the concrete components
chemism.

3.1. The main conditions supporting the formation of lime efflorescence on
concrete:

- The high w/c ratio,

- Temperature,

- Porosity,

- Improper admixtures,

- Mixing and compacting conditions,
- Additives,

- Water tightness,

- Treatment conditions,

- Capillarity,

- Content of free lime,

- Proportion of cement and aggregate in concrete,
- CO, content in the atmosphere,

- Time of products storing,

- Type of construction,

- The storing of products [1,2,3].

4. MEASURES ELIMINATING THE FORMATION OF LIME
EFFLORESCENCE IN THE PRODUCTION

4.1. Measures and methods limiting the efflorescence formation used in
production

¢ Elimination or limiting of causes mentioned in chapter 3.1,
e Utilization of additives which contribute to following possible effects:
- Interruption of capillary tubes and on this way the undesirable mass
transfer,
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- Increase of water tightness, waterproofing of capillary pores,
- Chemical fixing of lime to insoluble product [3].

4.2. Means and methods removing the already formed efflorescence

As a rule the lime efflorescence can be removed sufficiently mechanically, for
instance by sweeping it up. Also special means can be used. The concentrated
preparation is diluted with water and after the concrete surface was saturated with
water and the superfluous water was removed, the diluted preparation is applied on
the surface of the product by means of a brush or sponge. After the efflorescence is
dissolved the surface is washed down with water.

If it is not possible to remove the lime efflorescence by one of readily available
products, it is possible to apply a special procedure. We can use for instance the
3% solution of hydrochloric acid, phosphoric acid or the solution of some organic
acid (for instance acetic acid or oxalic acid etc.) It is necessary to take into account
that in the case of lime efflorescence dissolution with acids the shade of concrete
products colour and the structure of the surface can change, because the acids
attack and disintegrate together with the efflorescence also the cement stone [1, 3].

5. EXPERIMENTAL MEASUREMENTS

5.1. Division of experimental works

Considering the fact, that the formation of efflorescence is influenced by quite a
number of factors, the most important effects were selected for testing, namely the
general effect of the surroundings and of the concrete composition.

5.1.1. Determination of efflorescence formation conditions

The aim was the laboratory testing of concrete samples of concrete with exactly
defined variant composition, exposed to different types of surroundings.

5.1.2. Determination of concrete composition on the formation of the efflorescence

Test pieces with exactly defined proportion of concrete components were prepared
in this phase. The test pieces were tested consequently for the dependence of lime
efflorescence formation on the type of used concrete, on the method of concrete
compacting during the production of these test pieces, on the proportion of cement
and aggregate and on the value of w/c ratio.
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5.1.3. Determination of efflorescence formation conditions in dependence on the
composition of concrete

The aim was to make test pieces with the constant w/c ratio and with variable
proportion between cement and aggregate and to expose it to different types of
surroundings.

5.2. Methods of testing

5.2.1. Determination of conditions for efflorescence formation

The made concrete prisms were stored in following surroundings:
- Water bath (t =20 £+ 2°C),
- Laboratory surroundings (t = 20 + 2°C, RH = 40 — 60 %),
- Air tight chamber with 98 % of CO; concentration,
- Hot air drier (t = 50°C),

The influence of these surroundings was monitored on the formation of
efflorescence. The extent of concrete surface coverage with efflorescence was
determined and evaluated by optical microscopy and its mineralogical composition
was detected by means of X-ray diffraction analysis.

5.2.2. Determination of the concrete composition influence on the formation of
efflorescence

The made test pieces were exposed to surroundings in which the most
efflorescence was formed during the preceding phase and the effect of the concrete
composition was described on the efflorescence formation at varying:

- Kind of cement (locality),

- Way of concrete compacting,

- Proportion of cement and aggregate,

- Water-cement ratio.

5.2.3. Determination of efflorescence formation conditions in dependence on the
concrete composition

The prepared concrete prisms with the cement and aggregate proportion 1:5 or 1:6
were placed into following surroundings:
- Climatic chamber — for the period of 24 hours, temperature 28°C and RH 95
%,
- Normal atmospheric surroundings (outdoor) — for the period of 24 hours,
- Drier — for the period of 6 hours, temperature 60°C.

The effect of climatic conditions on the formation of efflorescence was
subsequently monitored on these test pieces and the results were compared with
results obtained in the phase I (article 5.2.1.)
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5.3. Results of individual phases of work

5.3.1. Determination of efflorescence formation conditions

All efflorescence which arises on the test pieces during this work is so-called
primary efflorescence. This is formed only during the limited period from the
concrete or concrete products production by the reaction of calcium hydroxide with
atmospheric CO, in humidity on surface layers of concrete products.

The secondary efflorescence is formed by the effect of atmospheric CO, and it is
transferred after longer period from the in water insoluble CaCO; into in water
soluble calcium hydrogen carbonate Ca [HCOj3],. This process lasts longer time.

The test pieces made from the cement CEM 1 42,5 R from the cement plant Mokra,
and from the aggregate BratCice with constant proportion of cement and aggregate
1:3 and with the water-cement ratio w = 0.5 with vibration and by manual
stamping. The test pieces were exposed for 28 days to individual surroundings and
we can state that:

- The formation of efflorescence does not take place in surroundings with
fluctuating pressure and relative air humidity with the temperature 50°C and
higher,

- In laboratory surroundings at t = 20 + 2°C, constant atmospheric pressure and
in relative air humidity varying from 40 to 60% the efflorescence is
admittedly formed but not so quickly as in the water medium with the
temperature t = 20 + 2°C. On the other hand the efflorescence which was
already on the surface of the test pieces before they were placed into this
surroundings increased moderately their volume,

- In the chamber with constant atmospheric pressure and the temperature
t=20+2°C with the content of 98% of CO, is the efflorescence formed only in
small quantity, but when we have put into the chamber a sample which
already contained on the surface efflorescence the efflorescence quantity
increased (volumetrically, no the surface area),

- Unambiguously the most favorable conditions for the formation of
efflorescence is the aqueous medium with the temperature of t = 20 + 2°C. In
this medium even after 14 days of storing always new efflorescence was
formed while in other media the growth of it was stagnating,

- The most important factor influencing the formation of efflorescence is
besides the temperature of surroundings the value of the relative humidity
(RH) and the rate of air circulation,

- Quick overlapping of the surface with efflorescence takes place after placing
the prisms in the chamber with elevated concentration of CO, but in a definite
moment the formation of new efflorescence stops. The elevated CO,
concentration in the atmosphere results in the closing of pores on the surface
by the formed efflorescence and in the stagnation of its further formation,
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- We observed the rapid increase of efflorescence after placing the concrete into
water bath at the temperature t = 20 + 2°C for the period of at least 28 days,

- When we have taken out the samples from the water storing after 28 days,
have removed the efflorescence and placed the samples once more into this
surroundings, the growth of efflorescence did not start again.

5.3.2. Determination of the concrete composition influence on the formation of
efflorescence

- We can state that the intensity of efflorescence formation is not direct
proportional to the increasing value of water ratio, i.e. the value of water ratio
doesn't affect the size of efflorescence formation,

- We can further state that with the increasing proportion of cement and
aggregate the intensity of efflorescence growth increases,

- The type of cement has an effect on the formation of efflorescence. The
intensity of concrete surface coating with efflorescence was in our case with
both types of cements nearly identical but in some cases we observed still a
higher intensity of efflorescence formation in the case of concrete made from
cement CEM I 42.5 R from the cement plant Mokra. The contributing case
can be the higher content of CaO in the cement CEM I 42.5 R Mokré in
comparison with the cement CEM 142.5 R from the cement plant Hranice,

- The way of compacting in the concrete manufacture can have a significant
influence on the formation of efflorescence. The efflorescence during water
storage was formed practically on all samples, naturally the concrete
compacted by vibro-pressing was much more resistant against the formation
of efflorescence in comparison with concrete made only by ramming.

5.3.3. Determination of efflorescence formation conditions in dependence on the
concrete composition

The test was carried out in laboratory conditions to precise the hypothesis
concerning the efflorescence formation in hot air driers which is connected with the
velocity of surface desiccation and with the water vapour diffusion. Two sets of
prisms with different ratio of cement and aggregate were placed into the hot air
drier, in the damping box and in the laboratory surroundings.

- In the phase I more efflorescence was formed on the concrete surface in the
case of the cement : aggregate proportion 1,5 contrary to the proportion 1:6,

- The main effort was of course to describe the processes in the hot air drier
during the period of 24 hours since the placing of samples. The rapid
desiccation of concrete during the first 8 hours caused intensive formation of
efflorescence. Of course the surface of concrete is after 24 hours practically
without efflorescence,

- The obtained efflorescence was submitted to X-ray diffraction analysis, which
confirmed the similarity of efflorescence concerning the mineralogical
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composition. In cements of CEM 1 42.5 R type from both the cement plant
Mokra and the cement plant Hranice the prevailing mineral component in
efflorecence is calcite.

6. CONCLUSION

We can state following the theoretical analyses and practical realized tests that the
less favourable atmospheric conditions under which the formation of efflorescence
takes place in a high degree are the temperatures 0 — 5°C in the morning hours of
autumn months. The period of fresh concrete products storing has no effect on the
quantity of efflorescence, it is rather the measure against their formation which can
be easily realized in every manufacturing plant or during the production.

The first condition for the minimization of the lime efflorescence formation is the
dosing of optimal batch water quantity for perfect hydration and for achieving of
concrete high compactness with small rate of absorption. This can be achieved by
the addition of adequate additives and admixtures.

It is further necessary to prevent during the hardening of concrete both its
desiccation and the water condensation on its surface owing to the cold
surrounding atmosphere. This can be achieved by the use of so-called maturing
chambers during the hardening of concrete products.

The type of the used cement with different chemical and mineralogical
compositions can affect the formation of possible lime efflorescence.

The tests which we have performed verified the influence of some variables on the
possibility of lime efflorescence formation on concrete. It is necessary to remember
that the efflorescence formation is influenced by a number of further factors which
could not be included into this work.

The further development in this area should be directed towards the deeper
understanding of the efflorescence formation reasons under the effect of further
outer factors. This research should help to prevent or at least to minimize the
formation of efflorescence on concrete and in this way to increase the esthetic
value of concrete.
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Summary

Teaching the Descriptive Geometry by the means of the computer is a recent
attempt to make the subjects more understandable and to facilitate the approach of
the students to some difficult subjects. This work makes a connection between a 3D
representation of some examples of this chapter and there orthogonal projections,
the final target of the Descriptive Geometry using the possibility of animation
provided by an adequate "software", for example the program "AutoCAD 3D".

KEYWORDS: ruled surfaces, Descriptive Geometry, orthogonal projections,
paraboloid, cylindroid, helicoid, hyperboloid.

1. INTRODUCTION

Teaching Descriptive Geometry is, without any doubt, unless a first for the system
of university Rumanian education, but a recent attempt to align itself with the last
tendencies of education. A particular effort of those who teach is presumed in order
to provide such a course of Descriptive Geometry, regarding the adaptation of the
means of presenting the matters using an adequate "software", for example the
program "AutoCAD 3D".This is why this work is a first step in attempting to build
a system of teaching and of evaluation based on the computer.

The subject of this work belongs to the applicable part of this matter and, although
it attracts the interest of the student, it is considered as having a high level of
difficulty. The presentation in 3D of the ruled surfaces, axonometric, apply the
intuition of onlooker and this is why provides a complete sight of the subject
however complicate would be.

The successive transformation of that, in images 2D, meaning in orthogonal
projections, can easily be done by using the Autocad 3D or other programs which
makes possible to use animation 3D. This manner of presenting simultaneously the
two methods to visualize can provide a certain easiness to discern the main
orthogonal projections in a unit space and can lead to obtain the capacity to
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represent in orthogonal projection on any plane of the objects however complicated
they are.

The authors also consider that the 3D representation based on the computer of the
various types of ruled surfaces, as well as the connection between these views of
the examples suggested to be solved and their orthogonal projections could make
this subject not only understandable but also more attractive. The elements, which
compose certain surfaces, are proposed to be identified in the assembly and to be
represented in the usual system of projections.

The following stages were established in the presentation of the subject, in order to
fulfil the requests of the problem: the view of the final representation of the defined
surface, the 3D representation of it, the turn around of the 3D view, the orthogonal
projections due to this proceeding, the 3D and 2D view of the constituent elements
and finally, the way to form the surface.

Figure 1. Paraboloid — axonometric representation and projection on the plane [W]

2. EXAMPLES

2.1. Paraboloid
2.1.1. Paraboloid. First example

The figured paraboloid could have the following parameters: first directix — line
AB, second directrix — line CD, with A, B and D in [H] and C in [V]. AB is
parallel to Oy, BD parallel to Ox (see Figure 1).
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2.1.2. Paraboloid. Second example

The application could also require the representation of the symmetrical surface in
relation with base plane (see Figure 2).

Figure 2. Paraboloid — axonometric representation and projection on the plane [W]

2.2. Conoid
2.2.1. Conoid. First example

This complex problem demands to draw the ruled surface with directrix I a
semicircle with the centre the point M and radius 30mm, which belongs to
the plane that makes a 60° angle to plane [H], and directrix II the segment
ST, 20 mm long, on a line perpendicular to [W].

S

Figure 3. Conoid — axonometric representation
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Figure 4. Conoid — projection on the plane [W]

The other request is to represent also the symmetrical surface to the plane
that includes points s and T and is parallel to plane [V] and finally to solve
the problem of intersection between the rolled surface and plane [H], the
requirement could modify as follows: (see Figures 3 and 4).

Figure 6. Cylindroid —projection on the plane [V], [W] and [H]

2.2.2. Conoid. Second example

The surface which is suggested to represent is formed by two symmetrical conoids.
The first one has the first directrix in a plane inclined at an angle of de 60° to the
horizontal, composed of 2 circle arcs with a 65 mm radius, passing through points
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S and T in [H], positioned between [H] and their point of intersection, above [H]
with S and T while directrix II segment MN, which belongs to a line which is
perpendicular to [V].

The second conoid is the symmetrical of the first relative to [W] passing through M
and N (see Figures 5 and 6).

Figure 8. Cylindroid — projection on the plane [V], [W] and [H]

2.2.3. Conoid. Third example

The surface of this exemple is made by three units, from among the first conoid has
the first directrix in a plane oriented at an angle of de 60° to the horizontal,
composed of 2 circle arcs with a 65 mm radius, passing through points S and T in
[H], while directrix II segment S1T1 from [H], (see Figure 7).
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The second conoid has directrix I in a plane oriented at an angle of de 60° to the
horizontal, composed of 2 circle arcs with a 80 mm radius, passing through points
S1 and T1, positioned between [H] and their point of intersection, above [H] while
directrix I segment S2T2 in [H].

The third conoid has directrix I in a plane oriented at an angle of de 60° to the
horizontal, composed of 2 circle arcs with a 95 mm radius, passing through points
S2 and T2, positioned between [H] and their point of intersection, above [H] while
directrix II segment S3T3 in [H] (see Figure 8).

—
= G
a b

Figure 9. Proposed application. Cylindroid — axonometric representation

2.3 Cylindroid
2.3.1. Cylindroid. First example

The request of this problemis to make an axonometric representation of the
cylindroid with directrix I — two semicircles with centers B and D respectively, in a
plane parallel to [H], directrix II — two semicircles with centers b and d
respectively, in plane [H].

:

Figure 10. Cylindroid — the rotation of the surface until we see the projection to plane [W]
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The semicircles with centers b and D are between plane [V] and a plane parallel to
[V] determined by points A, E and a. The semicircles with centers B and d are on
the other side of the plane determined by A, E and a, mentioned above (see Figures
9,10, 11 and 12).

Figure 11. Cylindroid — the rotation of the surface until we see the projection to plane [V]
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Figure 12. Cylindroid — the rotation of the surface until we see the projection to plane [H]

The problem may be extended by adding the request to repeat the obtained
cylindroid surface several times, or by rotating the surface and so changing the data
(see Figures 13 and 14).

Figure 13. Cylindroid — axonometric representation

2.3.2. Cylindroid. Third example

It is required to draw the ruled surface that has both curves circle arcs with a radius
of 30 and 50mm respectively, in a plane that makes a 60° angle to plane [H]. Point
M is the middle of the segment representing the cord sub-stretched by both
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directrixes. It is also required to represent the symmetrical surface to this one
relative to the plane that includes point N and is parallel to plane [V] (see Figure

/A
..t e ".

Figure 14. Cylindroid — projection on the plane [V], [W] and [H]

AN/

Figure 15. Cylindroid — axonometric representation and projection on the plane [W]

2.3.3. Cylindroid. Fourth example

The problem requires the representation of a ruled surface that has the following
parameters: first directrix the segment ST, second directrix a circle arc with a
radius of 225mm and the corresponding cord SR. It is also required to represent the
surface that is symmetrical to it relative to the parallel plane [V] that includes
points S and T (see Figure 16).

S

Figure 16. Cylindroid — axonometric representation and projection on the plane [W]
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2.3.4. Cylindroid. Fifth example

The surface to be represent is a cylindroid that has directrix I is a circle arc on the
semicircle with the radius 45 and the center S, in a plane parallel to [V], above [H],
inscribed between its point of intersection with [H] and point R on the semicircle,
directrix II is also a circle arc, in a plane perpendicular to [H], that makes with the
plane of directrix I an angle of 150, derived from a semicircle with a radius of 70,
above [H], that intersects directrix I in point R. Also draw this cylindroid’s
symmetrical relative to the plane of the first directrix (see Figures 17, 18, 19 and

20).
‘ | %
S

Figure 17. Cylindroid — axonometric representation

SR
P

Figure 18. Cylindroid — projection on the plane [V], [W] and [H]

Figure 19. Cylindroid — the rotation of the surface until we see the projection to plane [H]
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Figure 20. Cylindroid — the rotation of the surface until we see the projection to plane [W]

2.3.5. Cylindroid. Sixth example

The problem demands to represent a ruled surface with directrix I in a plane
parallel to [W] determined by points S and T, made up of circle arc derived from a
semicircle with a 20mm radius, centre S, with all points more distanced from [H]
than from S and the tangents to this circle, symmetrical to the sS segment, starting
from point T and T1 respectively, T’s symmetrical relative to s. Directrix II has the
same shape as directrix I, is parallel to it at a distance of 20 mm, in a plane parallel
to [W], at a distance of 90 mm from it. Figure also the ruled surface symmetrical to
this one relative to the plane of the second directrix. Figure also the ruled surface
which is symmetrical to the one obtained up to now, relative to the plane of the last
figured directrix (see Figure 21 and 22).

Figure 21. Cylindroid — axonometric representation

Figure 22. Cylindroid — projection on the plane [V], [W] and [H]
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2.4 Helicoidal Surfaces
2.4.1. Helicoidal Surfaces. First example

The problem target is the axonometric representation of the group formed by 4
identical adjoining helicoidal surfaces (see Figures 23 and 24), with directrixes
belonging to a cylindrical surface generated thus:

= surface [, directrix I starting from point A and directrix II from B,

= surface II, directrix I starting from point B and directrix II fromC,

= surface III, directrix I starting from point C and directrix II from D,

= surface [V, directrix I starting from point D and directrix II from A.

D
A B

Figure 23. Helicoidal surfaces — axonometric representation and projection on plane [W]
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Figure 24. Helicoidal surfaces — axonometric representation and projection on plane [H]
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The first rulings of each surface belong to plane [H] and make up a square ABCD
with a side of 30 mm. The plane containing the second rulings for each surface is at
a distance of 30 mm from [H], while these rulings together make up a square,
rotated to the previous one in [H] by 30°. Each of the next ruling planes is at a
distance of 30 mm from the previous one and the square made up by these rulings
is rotated by 30 to the previous plane.

The last directrixes are in a plane situated at a distance of 120 mm from [H].

Figure 25. Helicoidal surfaces — axonometric representation and projection on plane [W]

Fig. 26. Helicoidal Surface — rotation of the surface until the projection to plane [H] is seen
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2.4.2. Helicoidal Surfaces. Second example

It is demanded to represent the helicoidal surface with a directrix plane in plane
[H], which has directrix I a line perpendicular to [H] through the point H(60,60,0)
and directrix II a curve belonging to a conoidal surface, with the basis a circle with
center H and radius 48 mm. Each ruling is to be in a plane situated at a distance of
5 mm to the previous ruling’s plane, rotated by 450, and with a length 2mm less
than it (see Figures 25 and 26).

.

T

_
<

i

Figure 28. Helicoidal Surface — the rotation of the surface until we see the projection to
plane [H]

2.5. Hyperboloid
2.5.1. Hyperboloid. First example

It is required to trace the ruled surface with both basic curves circles, directrix I is
the circle with centre S and radius 50 mm in [H], directrix II a circle with radius 30
and centre T in a plane parallel to [H] at a distance of 90 mm from it. The
divergence between the horizontal projections of the ends of the segment
representing a directrix, is 120° for each directrix (see Figure 27 and 28).

2.5.2. Hyperboloid

If the ruled surface described by the above data, but with a divergence of 150° is
represent (see Figure 29 and 30) some differences will be noticed, the main one
would be that the interior diameter is smaller in the second case than in the first.
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Figure 30. Helicoidal Surface — the rotation of the surface until we see the projection to
plane [H].

3. CONCLUSIONS

The new manner of teaching provides not only a maximum efficiency of the study,
but, essential more, it radically changes the approach of the students to the
geometrical representation. It also makes them involved and responsible in the
relationship with their own training to fulfil the university conditions and
stimulates simultaneously their creativity.
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Summary

For many years, the basic intent of the building code seismic provisions has been
to provide buildings with an ability to withstand intense ground shaking without
collapse, but potentially with some significant structural damage.

The damage to buildings, transportation structures and lifelines wrought by the
1989 Loma Prieta earthquake, the 1994 Northridge earthquake, and the 1999
Hanshin earthquake near Kobe, has forced structural engineers, disaster response
agencies and building officials to carefully consider seismic response of the
building environment in terms of performance rather than life-safety.

Civil engineering structures normally rely on their ability to dissipate energy to
resist dynamic forces such as strong earthquakes. In recent years, to keep the
vibration of these structures within the functional and serviceability limits and to
reduce structural and architectural damage caused by extreme loads, different
passive protective systems have been proposed. Addition of energy dissipation
devices (EDDs) is considered one of the viable strategies for enhancing the seismic
performance of building structures. For many building structures, EDDs may
provide considerable performance improvement or cost saving.

This paper provides a comparison of the performance indices of a three story
building with three different structural systems — moment frame, viscously damped
frame and a base isolated frame. Fluid viscous damping and base isolation have
the same objective of significantly decreasing the response of a structure to
earthquake excitation. With both fluid viscous damping and base isolation it is
possible to have a structure remain within the elastic region, so there is no
permanent deformation from a seismic event. Each of the models were analyzed as
linear structures and subjected to time histories for 3 different earthquakes of
Vrancea type. The non-dimensional performance indices considered for the models
are: Peak Drift ratio, Peak Base Shear and Peak Level Acceleration.

In summary, the viscously damped frame has the best overall relative performance
of the three framing schemes. The base isolated frame is better than moment frame.

KEYWORDS: steel frames, passive control, base isolation, viscous damper, time
history analysis.
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1. INTRODUCTION

Earthquakes represent one of the most damaging disasters. Repairing an area that
has experienced an earthquake is an expensive and difficult process. Engineers
have introduced different techniques to prevent a large amount of the damage
typically caused by earthquakes. The use of passive energy dissipation devices
represents a feasible alternative to improve seismic behavior of structures by
reducing the structural damage resulting from environmental disturbances [1].

Damping is one of many different methods that have been proposed for allowing a
structure to achieve optimal performance when is subjected to an earthquake. The
level of damping in a conventional elastic structure is very low, and hence the
amount of energy dissipated during transient disturbances is also very low. During
strong motions, conventional structures usually deform beyond their elastic limits,
and eventually fail or collapse.

The concept of supplemental dampers added to a structure assumes that much of
the energy input to the structure will be absorbed by supplemental devices [2]. An
ideal damper will be able to reduce both stress and deflection in the structure. Fluid
viscous dampers operate on the principle of fluid flow through orifices. A stainless
steel piston travels through chambers that are filled with silicone oil. The pressure
difference between the two chambers cause silicon oil to flow through an orifice in
the piston head and seismic energy is transformed into heat.

Seismic isolation is another alternative for protecting structures from earthquakes.
The philosophy behind this method is based on minimizing the earthquake induced
forces transferred to the superstructure. During the past 20 years, seismic isolation
has emerged as one of the most promising retrofitting strategies for improving the
seismic performance of existing buildings. It is also an attractive approach for new
construction when conventional design is not suitable or economical [3], [4].

Japan, New Zealand, and a number of European countries pioneered the use of
seismic isolation in civil engineering structures. More recently, the United States
has begun to implement isolation technology in bridges. In the seismic isolation
approach, the superstructure mass is uncoupled from seismic ground motions. This
is also referred to as "superstructure" isolation. It uses special types of bearings
called "seismic isolation bearings," which are placed below the superstructure and
on top of the substructure (foundation). In the event of a strong earthquake, they
add flexibility to the structure, by elongating its period and dissipating energy. It
could also give rise to large relative displacements across the isolator interface; this
can be controlled by incorporating damping elements in the bearing or by adding
supplemental dampers.
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2. THE STRUCTURE, DAMPERS, BASE ISOLATORS, LOADS

2.1. The structure

Because the majority of buildings in Romania are less than three stories in height, a
three story steel frame was selected as a reference frame. The structure was
designed as a conventional SMRF (Figure 1) to provide a benchmark for seismic
performance comparison with passive control systems. The following design
parameters according to P100-1/2006 were used to design SMRF [5]:

- importance class II y=1,2

- design ground acceleration ag=0,24cm/sec2
-Tc=1,6 sec

- behavior factor g=6

All connections between beams and columns are assumed rigid connections.
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Figure 1. 3 Storey Moment Frame

The structure was then modified by the addition of fluid viscous dampers (Figure
2) or base isolators (Figure 3) to improve the seismic performance, with no attempt
made to redesign the main frame elements.



“Computational Civil Engineering 20077, International Symposium 547

4 IPE3E0

m

35
HEBZ240
HEEBZ40

3 IPE360

-

5]
HEEZ240
HEEZ40

2 IPE360

o

4.5
HEBZ40
HEBZ40

|
i §U

6.0
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Figure 3. 3 Storey Frame with Base Isolators

2.2. The dampers

The linear viscous dampers (Figure 4) will be installed with a diagonal brace
configuration. The inherent damping ratio of the structure is assumed to be 5%, and
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the total effective damping ratio of the whole system is designated at 20% of
critical.

The damping cofficient used for all dampers is c=245kN-sec/m. In this example,
the linear effective stiffness is set to zero so that pure damping behavior is
achieved.
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Figure 4. TAYLOR DEVICES Viscous Damper

2.3. The base isolators

The isolators are of elastomeric type (Figure 5) and have been chosen from FIP
INDUSTRIALE catalog, according to the vertical reactions requirements [6].

Figure 5. FIP INDUSTRIALE Base Isolator

The selected isolators SI-S 400/78, have the following specifications:
Mechanical properties: Vertical load V=570kN; Horizontal stiffness=0.64kN/mm.

Geometrical characteristics: Diameter D= 400mm; Total height Z=450mm.
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2.4. The loads

The seismic performance of these structural systems was studied using linear
response-history analysis. Three scaled artificial earthquakes of Vrancea type, that
matched on average a P100-1/2006 Provisions response spectrum were used for
analysis.

3. NUMERICAL RESULTS

The results of the time history analyses are presented and discussed. Comparisons
are made of estimated base shear, interstory drift and floor acceleration.
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Figure 6. Base Shear for Vrancea type earthquake
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Figure 7. Normalized Maximum Value of Base Shear
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3.1. Base shear

Figures 6 and 7 show a comparisons of base shears for the three structural schemes
that were studied. Viscous dampers are extremely effective in reducing the base
shear of the frame, whereas the addition of base isolators results in a modest
reduction in base shear.

3.2. Interstory drift

This is a code design parameter and is something most engineers focus upon during
the design process. From a damageability perspective, it is a measure that impacts
damage to the framing system, building facade and windows, piping, ductwork and
partitions.
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Results proved that control methods were successful in reducing the floor
displacements of the structure (Figure 8). The viscously damped frame reduced the
maximum drift by 63.30%, whereas the base isolated frame reduced the maximum
drift by 23.90%. Figure 10 shows a comparison of maximum values of interstory
drift for all framing schemes, normalized to the moment frame.

Moment
Frame

Peak Drift/ Moment Frame Drift

Structure Type

Figure 10 Normalized Maximum Value of Interstory Drifts

3.3. Floor accelerations

This parameter is almost never taking into account in the design process, because it
requires a time history analyses to obtain it. From the damageability perspective it
is the measure that impacts damage to the ceiling and lights, electrical and
mechanical equipment, elevators and the building contents.
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Figure 11 Top floor accelerations
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In assessing the acceleration performance, the viscously damped frame has the best
performance (Figure 11). The viscously damped frame reduced the maximum floor
acceleration by 66.90%, whereas the base isolated frame reduced the maximum
floor acceleration by 9.20% (Figure 12).
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Figure 11 Normalized Peak Floor Accelerations

3.4. Performance indexes

For each control approach considered (i.e. viscous damper and base isolation), the
uncontrolled response of the structure was compared with the controlled response

[7].

The non-dimensional performance indexes considered in this study are Peak Base
Shear (PI;), Peak Drift ratio (PI,), Peak Level Acceleration (PI5).

They are defined as follows: P/, = # ; PI, = %; PI, = )_C_fn — ; Where:
bu u u

F 5 FY - the maximum base shear of the uncontrolled/controlled frame;

0,0 - the maximum inter storey drift ratio of the uncontrolled/controlled
frame;

smax

XXM - the maximum absolute floor acceleration of the uncontrolled/controlled

u

frame.
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The results presented in Table 1 show that the viscouly damped frame was the most
effective in reducing the building’s response.

Table 1. Performance index for peak base shear, peak drift and peak acceleration

Cases Performance Index % Reduction

PI; PI, PI; Base Shear | Story Drift | Acc
Viscous Damped | 0.367 | 0.367 | 0.331 | 63.30 63.30 66.90
Base Isolated 0.869 | 0.761 | 0.908 | 13.10 23.90 9.20

4. CONCLUDING REMARKS

The objective of the paper is to evaluate the efficiency of two passive control
systems. This paper has presented a comparative study of seismic performance
(base shear, interstory drift and floor acceleration) of a three story steel building.
The three story moment resisting frame was designed according to P100-1/2006
Provisions and than retrofitted with viscous dampers and base isolators. The
structure was subjected to linear time history analyses for different earthquakes of
Vrancea type.

The above numerical results presented for the three story one bay frame can not be
generalized. The analyses show that the seismic performance of the viscously
damped frame significantly exceeds that of the other framing schemes. The three
story base isolated frame had better performance than the three moment frame.

These parameters indicate that structural and non-structural damages are
significantly reduced in the case of viscously damped frame.

The results emphasis that seismic performances of the building depend upon the
structural framing scheme chosen for that building.
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Summary

The need to identify the nonlinear systems subjected to stochastic actions leaded to
the development of the classical and/or deterministic methods toward some
methods capable to take into account the improved models for structure and
excitation.

The identification of the nonlinear systems can be carried out using specific
approaches that are based on the reparability hypotheses or on the change of the
nonlinear system with an equivalent linear system that has the features closely
related to the initial one.

Current nonlinearities that occur in the structural response during a strong
earthquake are geometrical and/or physical (nonlinearity of the stiffness and the
damping). In order to underline the nonlinearity of the stiffness, in this paper we
take advantage of the modeling method for the structural response using a non-
Stationary linear model and the parameter identification of the equivalent
stationary linear model, both for the SDOF and the NDOF systems.

Explaining the nonlinearity of the stiffness can be done in two specific ways: the
Structure response modeling through the nonstationary linear model and the
parameter identification of the equivalent stationary linear model; the real stiffness
valuation of the structure during each vibration cycle using the internal force
calculus of the structure.

KEYWORDS: nonlinear system, stationary linear model, nonlinearity of the
stiffness, structural response.

1. INTRODUCTION

In the context of continuous efforts to improve the knowledge in the field of
dynamic-seismic behavior of a building, the direction is toward the study of
structural behavior starting from the tests in situ.

This kind of approach gives the means for: structural quality and security level
checking in the conditions of real exploitation; validation of the existent analytical
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models of behavior, also for the a-priori hypotheses of the structural response
prediction; knowledge accumulation, necessary to improve the dimensioning
methods and the well argued working out of the new behavior models.

Knowing precisely or often good enough the features of a system implies the
discerning use of various theoretical and experimental approaches. The system
identification doesn’t mean anything else but the convenient processing of some
information achieved from the tests, in order to obtain a physical or mathematical
model, as sample and easy-to-use as possible.

An identification process consists of: the choice of the model structure; the choice
of the criterion to compare the model with the real structure; estimation of the
model parameters.

The need to identify the nonlinear systems subjected to stochastic actions leaded to
the development of the classical and/or deterministic methods toward some
methods capable to take into account the improved models for structure and
excitation. For this reason, the non-linear system identification can be carried out
using specific approaches that are based on the reparability hypotheses or on the
change of the nonlinear system with an equivalent linear system that has the
features closely related to the initial one.

Current nonlinearities that occur in the structural response during a strong
earthquake are physical and/or geometrical. In the case of physical non-linearity
the equations of motion settled in the hypothesis of visco-elstic linear behavior do
not remain valid already, and generally, the forces that occur are expressed using
non-linear functions, with respect to displacement and velocity, this leading to the
non-linear stiffness and non-linear damping.

To underline the non-linear stiffness, two methods are usually carried out: the
structural response modeling using a non-stationary linear model and the parameter
identification of the equivalent stationary linear model; the estimation of the
effective structural stiffness during each cycle of vibration using the computation
of internal structural forces.

2. THE EQUIVALENT LINEARIZATION METHOD

Using the fact that linear systems are solved easily, the study of the nonlinear
systems can be performed with sufficient accuracy by changing the nonlinear
system with an equivalent linear system having the features closely related to the
initial one. This technique of linearization for the systems subjected to stochastic
actions was proposed for the first time by Booton in 1953.
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2.1. SDOF Systems

The simplest mechanical system is the SDOF oscillator, which has the equation of
motion as follows:

my(t)+h(y,y) = f(1) (1)
where:
y, vy, y are denoting the displacement, velocity and acceleration;
h (y,y) denotes a function that describes the nonlinearity of the oscillator;
f(t) denotes the stochastic action.

The linearization method consists of the change of nonlinear oscillator with an
equivalent linear one. Equation (6.6) becomes:

my (1) + ¢, ¥ () +k,, F(1) = £ (1) (2)
where:

y,y,y are denoting the displacement, velocity and acceleration of the

equivalent linear system;

Ceq denotes the viscous damping of the equivalent system;
keq denotes the stiffness of the equivalent linear system;
(ceq and keq must be found out).

It is normaly to say that the nonlinear system and the equivalent linear system do
not have identically motions, so the solutions y,y,y do not verify exactly the

equation (2), this becoming:
my () +h(7,5) = [ (1) +&(1) 3)

where: g(t) is the error that allows the measurement of the difference between the
equations (1) and (2).

(1) =h(7,7) =, ¥ (1)~ k,,7(1) 4)

In order to find out c.q and kg, the error g(t) must have the minimum value. This
method suggests a minimization process for g(t), starting from the identity:

OE[(t)'] _OE[(t )]
ocC,, 0K

=0 (E[g(t )2 | —math.operator) (5)

Developing the equation (5) we obtain the system:
_ Elh-FIELY? 1= ELh-F105 - 5]
Y E[IE)- BT ©)
_ Elh-FIE[F* )= Elh- 715 - 5]
Y EIVIEL - BT
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where:
h is as a matter of fact h(y,V);

E[¥,h(¥,¥)] and E[¥,h(¥,¥)] can be expressed as functions of y and
y and cq and ke, are functions depending on the terms of the covariance matrix,
denoted cov[Y] and having the following format:

cov[Y]= E[y:’f] E[y:’ﬁ] (7
Ely,y] E[y.y]

2.2. NDOF Systems

The nonlinear NDOF system has the following equation of motion:
My(1)+h(y,y) = f(1) (8)

where:
f(t) is a representative gaussian process of the excitation;
W(t) is a stationary gaussian process;
g(t) is a vector with terms as functions that are measurable in time;
y is the displacement vector.

J()=w(t)-g(t) ©9)
The equivalent linear system has the form:

My+C, y+K, 7 =f(t) (10)

e

where:
C¢q 1s the equivalent damping matrix that depends on the time (because g(t) is
not constant);
Keq 1s the equivalent stiffness matrix.

The vector of errors is defined by the relation:
(1) =h(7,7) = C, ()Y =K, ()7 (1)

This vector is computed as a function of variables of the linear system and it is
minimized using the least square criterion. The Cj(t) and Kjj(t) coefficients from
the Ceq(t) and Kq(t) matrices are computed from:
A
GBS (1)s()] g 1Ly n e
0Cy(t) (12)
GE[& (1)e(1)] _,
OK;(1)

Using equation (11) we can write:
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E[h(3, )5 1-C,,()E[¥, ¥ 1- K, () E[7,5"1=0
E[h(3,3%)y"1-C,,()E[7, 5" 1- K, ()E[¥,5"1=0

(13)

From above, the Cjj(t) and Kjj(t) terms can be obtained.

The excitation is a gaussian one, this leading to a gaussian response and allowing
to write the E[h(},fz),}T] and E[h(ji,f/),fzrfterms as functions of the Y(2n x 2n)

covariance matrix terms. The computation of the E[h(},j),}’] and E[h(}j)jr]

terms is easily carried out if we assume the fact that the displacements and
velocities are two by two independent.

C - E{ah(?, 7] EXA7) (14

| KO=H7%" |
EY') EGY] s
vy e

The linear system has n(n+1)/2 unknowns, which are the Cjj(t) and Kijt) i=1,n
terms and they are computed with respect to the terms of the Y(t) matrix.

3. NONLINEAR SYSTEM IDENTIFICATION. THE MODEL OF
THE NONLINEAR OSCILLATOR

It is considered the fact that the measured response at the roof level can be modeled
using the nonlinear oscillator, which has the equation of equilibrium as follows:

Assuming for the mass and the damping to remain constant, and for the stiffness to
be variable, the force f has the expression:

f=cy+k,()y (17)

where:
C, is the damping constant over the unit of mass;
ko(t) is the structural stiffness over the unit of mass.

The equation (16) can also be written:

j}+c()y+k0(t)y:_pj}ter (18)

In order to compute the response of the assumed model, the non-linear differential
equation (17) must be solved for each iteration step of the numerical algorithm for
minimization.
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The equation of equilibrium in incremental variables is:

A +c, Ay +k, (1) Ay = —pAj,, (19)
where:
Ay = y(t+ At)— ()
Ay = y(t+Ar)— (1)
Ay = y(t+Ar)— (1)
AV, =3, (1+ A1) =7, (1)

There are many ways to solve the equation (19). The best one is the step-by-
step approach. The dynamic equilibrium is stable at the beginning and at the
end of each time step At, inside in which it is assumed a linear variation of
acceleration and the structural features remaining constant during all the
range (fig.1).

(20)

g =d0) +—
i . 2
() = (D) +(e)
Pt &5
2 Ay F
w7 = u(E) +ulg) f+ﬁ(-f:'? Hars
Fats
t L+ M
Figure 1. The dynamic equilibrium
The incremental values for velocity and displacement are:
At
Ap(1) = J(OAL+ AF(0) — 2D
At? At
AY(1) = DA+ 50 =+ A0 22)

Using the incremental displacement as a basic variable, one can obtain the
incremental acceleration from equation (22), which is after substituted in equation
(21), this leading to:
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6 6
A(e) =17 Av(0) =5 Ap(0) = 35(0) (23)

3 At
AY(D) = 15 Av(D) =35(H) ——§(1) (24)
Substituting equations (23) and (24) in equation (19) we obtain:

{6Ay<r> iAy(,) 3y(r)}+1<{ ;Ay(r)—sy'(t)—Az’y(r)}Ko(r)-Ay(z)=—pm. (25)

A 2
or.:
K(t)- M(1) = AV, (26)
where:
N 6 3
= 27
K(1) Ty Gt K (27)
~ . 6 . .. . At .
Ay = =P, + - (O +35() + C{3y(z) + 2y(r>} (28)

Therefore, the incremental displacement is computed starting from equation (26)
and dividing the effective incremental load by the effective stiffness.

4. CONCLUSIONS

A nonlinear system can be defined as a system that doesn’t obey to the
superposition principles. This “non-property” occurs to the extremely various
systems for which it doesn’t exist general solving methods, but only special
methods, adapted to each class of problems.

The identification of the nonlinear systems can be carried out using specific
approaches that are based on the reparability hypotheses or on the change of the
nonlinear system with an equivalent linear system that has the features closely
related to the initial one.

Current nonlinearities that occur in the structural response during a strong
earthquake are geometrical and/or physical (non-linearity of the stiffness and
damping). In this paper we take advantage of the modeling method for the
structural response using a non-stationary linear model and the parameter
identification of the equivalent stationary linear model, in order to underline the
nonlinearity of the stiffness.
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