Revista Romana de Inginerie Civila, Volumul 13 (2022), Numarul 3 © Matrix Rom

Aspecte privind calculul peretilor structurali din zidarie

Aspects on the masonry structural walls computation
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Rezumat.

Codul romanesc CR6-2013, pornind de la EC6, propune 3 tipuri de perefi structurali din
zidarie, care pot sa fie utilizati la cladirile cu structura de rezistenta din ziddarie. Prezentul
articol, isi propune identificarea raspunsurilor acestor tipuri de pereti, pentru diferite
niveluri de forte axiale Nia si dimensiuni ale peretilor structurali.
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Abstract.

The Romanian code CR6-2013, starting from EC6, proposes 3 types of structural masonry
walls, which can be used for buildings with masonry resistance structure. This article aims
to identify the answers of these types of walls, for different levels of axial forces Ngq and
dimensions of structural walls.
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1. Introduction

Traditional design is mainly based on increasing capacity in proportion to demand and
increasing ductility. The structures are designed according to the principle "Strong
columns and weak beams" so as to develop an optimal plasticity mechanism. An
acceptable level of building performance during a seismic motion is the intrinsic ability
of the structure strength to absorb and dissipate energy in the most stable manner and
for as many cycles as possible. In the case of masonry buildings, although the oldest as
a building material, this is quite little understood and calculated.

The three types of masonry presented in CR6 were considered, namely: URM, CM and
WRM.
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Taking into account all the CR6 recommendations, in all the case studies considered
we have:

For Unreinforced Masonry (URM)
According to CR6-2013, for Mr4 the relations are:
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Figure 1 — URM masonry wall

For Confined Masonry (CM)
According to CR6-2013, for Mrgq the relations are:

Equivalation of RC to masonry equivalent area into relation of the ratio n =
fea.
fa’
From n ratio we obtain A,,,, = (n — 1)A.. so b, = AeTm = %
Ngd .
0.85f4’

The eccentricity of axial force is yy;

The compressed area is A, =

. . . fk Kfl?j 1%3
The compression design strength is f; = i —
M M

Mgy = Mpy(URM) + Mg, (As) where Mgpy(URM) = Nggy,. and Mg, (As) =
Aslsfyd
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Figure 2 — CM masonry wall

For Web Reinforced Masonry (WRM)
According to CR6-2013, for Mrq the relations are:

Equivalation of RC to masonry equivalent area is proposed into relation of the

. f : .
ration = fL: so the dimensions of t; ¢qyipgient DECOME tc1

NEd |
0.85f4’

The eccentricity of axial force is yyc;

The compressed area is A,. =

. . . fk Kfl?j 7(,)[3
The compression design strength is f; = i —

Ym

MRd = MRd(URM) + MRd(AS) Where MRd(URM) = NEdyZC and MRd(AS) =
0.2502 f,q
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Figure 3 — WRM masonry wall



Robert Draghici, Ana Maria Parvanus, Daniel Stoica

2. Proposed and completed case studies

The case studies (1365) we focused on consisted of:

455 studies for URM, wall lengths ly between 1 and 10 m (every 10 cm),
thickness t=0.25m, for 5 levels of axial force Ngq (100, 200, 200, 400 and 500
kN), for a masonry with f3=200 kN/m?; The relations from CR6-2013 were
considered using the MS Excel program.

455 studies for CM, wall lengths 1, between 1 and 10 m (every 10 cm), thickness
t=0.25m, for 5 levels of axial force Ngq (100, 200, 200, 400 and 500 kN), for a
masonry with fe=200kN/m?, one reinforced concrete tie column (with
f.e=2000kN/m?) at each end of the wall (with dimensions 25x25 c¢m) and with 4
reinforcements ¢p12 of a steel with f,¢=300000kN/m?; The relations from CR6-
2013 were considered using the MS Excel program;

455 studies for WM, wall lengths 1y between 1 and 10 m (every 10 cm), a total
thickness t=0.25 m (of which 10 cm concrete web and on the outside two layers
of masonry having 7.5 cm each), for 5 levels of axial force N4 (100, 200, 200,
400 and 500 kN), for a masonry with f5=200kN/m?, concrete in the web with
f.a=2000kN/m?, with reinforcements ¢8/100mm from a steel with
f,¢=300000kN/m?. Because the relationships in CR6-2013 were considered too
simple, the Sekon® program was used for the calculations (developed at UTCB
by Daniel Stoica) and which uses reinforced concrete theories. In this case,
instead of equating concrete with masonry, masonry was equated with concrete.
Three walls were selected (with 3, 6 and 9 m length for Ngq = 100, 200, 300, 400
and 500 kN) for which other answers obtained with Sekon ® are presented.

All calculations were made only to determine the Mgrg capable bending moments

(regardless of capable axial forces Nra).
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Figure 4 — URM, CM and WRM masonry walls for case studies
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Figure 5 — WRM —[,=3.00 m
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Strain Stresses in concrete and reinforcement

4000

3000

2000

1 25 29 33 37 41 45 49 53 57 61 1000
0
-1000
-2000
-3000
-4000

NEd=100 kN —1,=6.00 m

4000
3000
2000
21 25 29 33 37 41 45 49 53 57 61 1000

[

-1000 1
-2000
-3000
-4000

NEd=200 kN —1,=6.00 m

4000

3000

2000

1 25 29 33 37 41 45 49 53 57 61 1000
0 Seees
-1000
-2000
-3000
-4000

NEd=300 kN —1,=6.00 m

-

4000
3000
2000
25 29 33 37 41 45 49 53 57 61 1000

(o
-1000 1
-2000
-3000
-4000

NEd=400 kN —1,=6.00 m

4000

3000

2000

1252933 37 41 45 49 53 57 61 1000
0
-1000
-2000

-3000
-4000

NEd=500 kN — 1,=6.00 m

Figure 6 — WRM — 1,=6.00 m
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Strain Stresses in concrete and reinforcement
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Figure 7 — WRM — ,=9.00 m
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3. Comparisons between calculations performed for the three types of masonry,
according to case studies
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4. First attempt to obtain simple, empirical relationships to obtain Mra capable
bending moments

Conclusions about the case studies comparisons:

Looking at the diagrams of Mrq capable bending moments, for the 3 types of
masonry walls, it can be seen immediately that the lowest values are for URM
and the highest values for WRM. A maximum possible for CM compared to
URM and WRM being about half.

It can also be seen that the formulas in CR6 are absolutely "linear" compared to
the calculations made with the Sekon ® program.

Also, although we do not take into account the Nrq, it is observed that with the
increase of the axial forces Neq on the walls, the Mrq becomes zero at some point,
for URM.

Therefore, it is very clear that the walls of the URM respond poorly to seismic
actions, even if out-of-plane actions are not taken into account.

Considering the trendlines resulting for all the case studies performed, we tried
to obtain some simpler relations for the Mra calculation, in the followings:

Considering all the numerical simulations performed for URM, CM and WRM, the
following empirical relations of approximation of the capable bending moments (Mrq)

resulted:
For URM:
o Ifl, < 2.4P it turns out that Mp,; = 0;
e Ifl, > 2.4P it turns out that Mp; = 50P(l,, — 2.30P)
For CM:
Mgy = (0.1n + P%99)12 + (2.50mAg + P315)1,
For WRM:

With:

Mgy = (0.93mAg,, + P*7*V)I2 + 4nPl,

Where:

n= ];Ld first transformation factor
d

fyd .
m = =2 second transformation factor
cd

N
p=20-24
fa

fea — design compressive strength of concrete in [kN/m?]
f4 — design compressive strength of masonry in [kN/m?]
fya- design tensile strength of the reinforcement in [kN/m?]
Ng4 — axial force on the masonry element in [kN]

l,, — the length of the masonry wall in m
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As — the area of the reinforcements in the tensioned tie column in [cm?]
As,, — total vertical reinforcement area on the linear meter of WM concrete web
in [cm?]

5. Conclusion

Conclusions about the case studies comparisons:

For the new generation of design codes, we believe that the relationships in CR6
should be improved and updated, trying to be homogeneous and not starting from
things established in various other codes in the world.

The objectives of this article were only about Mrp and we intend to continue this
study, so as to obtain structural answers as close as possible to reality, possibly
with simple but consistent calculation relationships.

Here I used as a correct comparison the Sekon® program, made by one of the
authors of the article, but also other calculation programs, postprocessors such as
CSICol, Graitec, etc. can be easily used.
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