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1. ABSTRACT

In the current study, an innovative way of upgrgdihe lateral behavior of existent
concrete buildings is researched, through the eqpdin of sandwich steel strips along the
diagonals of a masonry infill wall. For this reasanFinite Element model of Sandwich
Steel Reinforced Masonry (SSRM) in short-scale vaaalyzed both in tension and
compression as if it would behave under horizofdates. The outcomes unveiled the
theoretical contribution of masonry-steel interfagdarge stress concentration around the
drilled-hole and a diminishing ultimate tensile aaiy as steel-plate thickness declines.
Furthermore, a rational model was introduced falying this kind of retrofit, based on
the findings of this paper as well as the appradatesign codes.

2. INTRODUCTION

Aging of structures as well as the obligation tmigiish seismic risk in buildings of great
importance such as hospitals, gave rise to the mdedpgrading their behavior in
alternating lateral loads. In this context, seveealofitting techniques, upgrading methods
and assessments were proposed for masonry stmictbmgte Element (FE) analysis
offered a great assistance in this direction byigling a rational model approach to the
problem. The current study attempts to simulate |#teral effect of a Sandwich Steel
Reinforced Masonry (SSRM) as a means of structeisrsc behavior upgrading, through
evaluating its axial performance under monotonid alternating seismic loads based on a
FE model.



3. THEORETICAL MODEL

There are numerous models that have been proposdtie evaluation of masonry in-
plane lateral behavior in concrete buildings. Hogrewthe model of diagonal masonry
compressive strip (Fig. 1) expresses in a satigfyimnner the seismic behavior of
masonry infill without openings and is widely udegl many seismic upgrade regulations
[1] and researchers [2,3].
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Fig. 1: Compressive strip diagonal model for masonry wall

Moreover, suggestions for the masonry diagonal caffe width and thickness are
described, based on the material quality, wall etsp&tio and other characteristics. An
assumption of masonry effective width, &, may be derived by eq. (1) [1]:
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where: Ly is wall length, 0 Is diagonal compression angle,
Hw iswall height, Enm, Ec are Young’s Moduli for masonry and concrete,
tw is wall thickness, . is Moment Inertia for concrete column.

For usual concrete structures with outer infill iwadf t,=20-40 cm and clear storey height
less or equal to 3,0 m, a value @fda~ 0,15L,, could be well applied. For this reason, the
application of structural steel strips of equivalemdth along the masonry would upgrade
the diagonal behavior and enhance the overalldbtbaracteristics of the structure.

4. FINITE ELEMENT APPROACH

This study is an attempt to evaluate the diagoelbbior of SSRM by assessing its load
carrying capacity. The basic assumption is thataked lateral force is transferred through
the steel strips, which presupposes their anchdmgee concrete frame mechanism. This
assumption is close to the actual lateral behasfothe SSRM mechanism only at the
beginning and at the ultimate load application stepile a stress distribution along the
SSRM section is more probable at the middle loagsstbut still with the steel stresses
governing. In this way, the FE approach is focusedsteel behavior and the interaction
between the different materials.



4.1 Finite Element Modea Formation

Let us consider a masonry wall that is composedrbynner and an outer masonry shell
with insulation between them. Several types of BEcsnens have been created for this
study in order to simulate the behavior of SSRMarrgkismic loads. The masonry panels
under consideration have a nominal thickness o€r@510 + 5 + 10) where 5 cm is the
middle gap that accounts for possible insulatidme Ppanels are reinforced with diagonal
structural steel (S235) strips of thickness randiegween 3 and 8 mm on the outer
masonry faces (one internal and one external), exied with M12 studs in distances
equal to the steel plate width (Rg=25cm). The inherent complexity of the problem kad
us to apply simple models using commercial finiemeent software (ANSYSv12). Due to
better addressing volumetric locking in thin soliaisd simplicity in calculations, 180
Series element type and specifically brick-8nodé&.IBA85 was preferred.

Fig. 2: 3D SSRM FE model, sectional preview and contact interfaces

Initially, a sectional preview of SSRM under axi@ads is monitored and a symmetrical
model of only 1/8 of the original section (Fig. 3) was analyzed. Eheal loads were
applied to the steel area assuming that the slwae fwould be primary transferred
through the steel plates. This offers the posgbtlh monitor the material stress-strain
conditions during this ultimate load state. In ortie also observe the influence of the
contact to this mechanism, two models with différnateraction between the two materials
were constructed; one with a gap of 0.1 cm, igrgpfiiction between plate and masonry,
but without omitting the M12 stud contact, and dtker, with a fully attached plate. The
contact interfaces are illustrated in Fig. 2 amgl Biand their attributes in Table 1.

Masonry Steel Contact interface
E (kN/cnf) 940 20000 u 0.15
\% 0.15 0.3 FKN 0.1
Model Elastic Bi-linear Inelastic Flexible between Areas
Element SOLID185 SOLID185 CONTA174

Table 1: FE model properties per material

From detailed approaches to coarser simplifiedogat, orthotropic or homogenized ones
[2], masonry due to its bulk, defines the effeatiees of a model. In the proposed model,
due to the huge discrepancy between the Young’'su@d) of steel and masonry and for
time effective solutions, a linear isotropic modeds adopted for unreinforced masonry
material properties, based on the most commonlg aeastituent elements (b: brick, mo:
mortar) thickness height (H) and Young’s Modulug & eq. (2). Moreover, Table 1
illustrates the mechanical characteristics adofiethe masonry.



(Hb+Hmo) =(Hmoj+(mJ (2)
Em Emo Eb

There are two steel parts in this model. The gikés of thickness 3, 5 and 8 mm and the
steel stud connectors of 12 mm diameter, placelstances equal to the steel plate width.

4.2 FE Loading and Results

The FE model was both tested in compressive arsilédonading, gradually loaded with a
load step of 1 kN/cfy until failure occurs. The Von Mises stress, the-af-plain
deformation and the contact pressures are someotiptaticular interest that are depicted
in the following figures (Fig. 3 to Fig. 5).
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Fig. 3: Von Mises total stress in compression and in tension for: (a) t=3 mm, (b) t=8 mm.
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Fig. 4: Out-of plane plate deformation during compression for t equal to: (a) t=3 mm,
(b) t=5 mm, (c) t=5 mm without plate contact and (d) t=8 mm
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Fig. 5: Contact pressures and friction at interfaces at ultimate compressive load state for:
(a) t=3 mm, (b) t=5 mm, (c) t=8 mm and (d) t=5 mm without plate contact

Moreover, the out-of-plain deformation during coegsion, on the distinct poing 3, 4
and5 (Fig. 6) of the structure are depicted in the psapf Fig. 7.



Fig. 6: Steel plate Point definition
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Fig. 7: Out-of-plane displacement curves for: (a) t=3 mm, (b) t=5 mm, (c) t=8 mm

5. COMMENTS

As it is illustrated in the figures, the higher th@ckness, the more severe the stress
concentration on studs and on masonry holes (FigM®&reover, the steel plates in
compression behave elastically until the yield sstris reached, followed by the onset of
plastic strains around the stud area (Fig. 3hdflbad continues to rise, the plastic strains
magnitude escalates, hindering the steel plate femohing the ultimate load. On the other
hand, in tension, the ultimate load can be payti@hched. This might be explained by the
stress variation along the section of the stedkeptaused by stud connector support. This
can be expressed by the induction of ghfactor that can be seen in Fig. 8. This factor
expresses the ratio of the tensile load streseehat the last convergent solution to the
ultimate tensile stress of steel platgsAs can be seen, the influence of stud connectors
diminishes as the plate thickness becomes grdatenould be mentioned that the short



scale of the analysis data, as well as the lacgkxpkrimental data on this sector to verify
the results, hinders the certain definition of ‘factor. The contact stress pressure is
transferred to masonry locally, posing potentiak#t for loosening of the hole with the
appearance of diagonal cracks. The out-of-planplatisments in compression and the
buckling behavior, in general are highly affectasl expected, from the differentiated plate
boundary constraints applied and from the platektiéss. For thin plates (Fig. 4(a)), this
variation can lead to a lower critical buckling doand to less effective steel area. This
behavior is depicted by the curves in Fig 7(a), nehthe fluctuation of out-of-plain
deformation becomes greater at an earlier loadatefor a lower plate thickness. Given
the sectional properties of SSRM, the lateral behanf the global model relies on two
diagonal strips, one in compression and the othetension, with different ultimate
mechanical properties as shown in Fig. 9 and TablEhe bearing capacity of SSRM, as
far as lateral loads are concerned, may be regasl@th aggregate of the bearing capacity
of the constituent materials.
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Fig. 8: Tensile stress reduction factor induced “n” along thickness

Following the European regulations [4,5], Masonhe& strength and Steel Plate Axial
strength are given by egs. (3) and (4):

fu =0.5f,,+0.404 , but not greater than 0,045br “low quality” masonry 3)
n2E -t}
fy <o,=K- -————, forsteelplatesn compressio
12-b%. (1-v?) (4)
n-f, , for steelplatesn tension
where:

fu is the characteristic shear strengthK is Euler buckling co-efficient,
fuko IS the characteristic initial shear Es is steel Young Modulus,
strength, ts  is steel plate thickness,
oq Isthe design compressive stress, b is steel plate width,
fp  is the normalized unit compressivev  is steel Poisson’s ratio,
strength, fy, fu are steel yield & ultimate strength stress.

It should be mentioned that the shear strength abtamry is purely based on its
compressive strength. In the calculations, the “tpality” estimations have been applied
in eq. (3). Masonry tension strength is consideredligible and thus omitted from any
calculations.On the other hand, steel plate compression stresgtighly related to the



Euler buckling coefficient “K”. This leads to highplate thicknesses, but also to high local
pressures at masonry holes. The equilibrium betwibese two states governs the
application of SSRM through the model in Fig. 9this mechanism two sections, one in
compression “S,c” and the other in tension “S,& ggsponsible for shear transfer.
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Fig. 9: Sandwich Steel Reinforced masonry global model

Sectional branch | Masonry Steel Plates
CompreSSIVe \/t (L,C 't,W) 2 fy (ts'b,m,eff) Wlth fySG(;r
TenSI|e = 2]1'fu (ts'b,m,eff)

Table 2: Theoretical shear contributions via diagonal mechanism for each material

With the SSRM, while the compressive wall strutasforced, the structure benefits also
from the tensile strength of steel at the tendiat.sThus, the struts have different sectional
properties for each load state and their theoletazget value is shown in Table 2. There
are still issues, as in every retrofitting methwdorder for this mechanism to be applied,
such as the plate anchorage and foundation enlargertdowever, the proposed method
appears to have many advantages. Through furtbeareh, this could be a competitive
method of concrete frame building retrofit.
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ITEPIAHYH

H avaykn ywo avafabuion kmpiov peyding orovdorotntag (Nocokoueio, Movcelakoi
Xdpot) 6& GEIGUOYEVEIG TEPLOYES AMOTEAEGE KIVITPO Y10 TNV EPAPUOYN TOIKIA®V nebddmv
evioyvong tov @épovia opyavicpov tovs. H epyacia efetdlet por evaAloktiky pHéBodo
EVIOYVONG TOV TOWOTANPAOCEMY, HECH TNG EQEAPUOYNAS TAOKAV yYdAvBo o€ pHopen
chvtourte. Me tov TpOTo 0uTO LEAETATOL 1 EVEPYETIKT] GUUTEPLPOPU TNG GVVEPYACING TOV
00 VAMKOV 610 Avytoud (tomikd, péhovg) Tmv YaAOPOVOY TAAK®V KOl OTH OLOTUNTIKN
dvokapyio tng toyominpwons. [ tov Adyo owtd, Onpovpyndnkav  povtéla
TEMEPUCUEVOV GTOLYEIOV KATAAMNAN SLOUOPPOUEVO KO POPTIGUEVE VIO GTOTIKT POPTION
OMyMg Kot epelkucpov. H dt-xahvBovn dratopun pikpod méyovg epoppdletar apginievpa
oTNV TOWOTAP®oT UE TV Pondela KLAVIPIKGOVY cuVOETPLOV MoV (KOYAOUEVOVY Kot
GLYKOAMNTOV avd TAevpd). H dt-xaddpovn evioyvon datpéyel oe popen ylooti pafdmv
TO PATVOUO LE OTTOTELEG O 1] OPTION TNG VA eivan Kupiwg abovikn. ['a tovg okomovg g
£pEVVOG ONUIOVPYNONKAY KOTAAANAO Slapop@®Uéve LOVTEAN avAaAvoTg, LIKPNG KAMLoKAG,
oto poypappa merepacuévov ototyeiov ANSYS v12.1étor dote va avadsiybovv ta
UNYAVIKE YOPAKTINPIGTIKA QVTNG TS LOPPNS EVIGYLONG.

Ta amoteréopata g Epguvag cuvoyiloviol 6TV GLYKEVIP®OT TACEMV GTY| OETIPAVELD
TOLYOTAPOGCNC-GVUVIETHPLOL NAOV KOl GTIV AGTOYI0 OE EPEAKVGUO TPOTOL TO GUVOAO TG
YaAVBOWNG datouns-thdkag eBdost 6to Opro Bpavong. To TococTd TAPAAAPNS OpLaKng
TAONG €PEAKVGIOD QOIVETOL VO EYEL CAPN EMPPON OO TO TAYOG TNG XOALPIVNC TAGKOG
KOl GULYKPLTIKG €KQpAleTal pe v elooymyn ovvteieotn «m». Télhog, pe Pdon ta
GULUTEPACHOTO Omd TNV TOPOLGH E£PEVVE KAOME KOl TNV GCUVEIGPOPE GUYXPOV®V
KOVOVICULGV, Heletdtal 11 OsmpnTikn avtoy g dt-xaAdPdtvng evicyvomng g Tolyomotiag,
pe Pdaon to povtého tov Xiaoti OMmThipa - EAKLGTHPA.



