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Abstract. This article describes the results of tests on a spatial
masonry structure with a prestressed floor. The walls of the test
model were constructed from autoclaved aerated concrete (AAC)
blocks using thin-joint and without filling the vertical joints. The
model walls were restrained with vertical cores and horizontal tie
beams. A unidirectionally acting prestressed composite floor was
used. The model was tested under vertical loading in two stages.
Stage I involved testing half of the model, including the wall
with a window opening, and stage II involved testing the
remaining part of the model, including the full wall. The article
describes the test technique and tests results of Stage I.
Keywords: autoclaved aerated concrete (AAC); confined walls;
compressed walls; full-scale tests; eccentric loading.

asic investigations of masonry structures are typically

carried out on small specimens with an area of

approximately 1 m? In accordance with the PN-EN

1052 series of standards, the following masonry
strengths can be determined: compressive strength [1], flexural
strength in two orthogonal planes [2], shear strength [3], shear
strength of masonry incorporating an insulation layer [4], and
flexural tensile strength [5]. However, tests performed on small
specimens do not account for the specific behavior of masonry
structures, including, for example, the effects of load eccentricity and
second-order effects. Furthermore, it is difficult to incorporate the
influence of local stiffening elements, such as confining reinforced-
concrete cores and bond beams, into small-scale specimen testing
[6+8]. Toaccount for these factors, testing of large-scale specimens
is required, preferably full-scale wall specimens [9 + 11]. Even
greater agreement with the actual structural response of walls can
be achieved by testing large three-dimensional structural models
incorporating floor systems [12].

This paper presents the results of experimental investigations
conducted on a three-dimensional masonry structure built of
autoclaved aerated concrete (AAC) blocks and equipped with a pre-
stressed floor slab. The model was subjected to vertical loading in
two stages. Stage I involved testing one half of the model, inclu-
ding a wall containing a window opening, while Stage II com-
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Streszczenie. W artykule opisano wyniki badan murowanego prze-
strzennego obiektu ze stropem sprezonym. Sciany modelu badawcze-
20 wzniesiono z bloczkéw z autoklawizowanego betonu komorkowe-
2o (ABK) na cienkiej spoinie i bez wypelniania spoin pionowych oraz
skrgpowano je pionowymi rdzeniami i poziomymi wiencami. Zasto-
sowano jednokierunkowo pracujacy sprezony strop zespolony. Mo-
del badano pod obcigzeniem pionowym w dwoch etapach. Etap pierw-
szy obejmowal badania potowy modelu wraz ze $ciana z otworem
okiennym, a etap drugi badania pozostatej czgsci modelu wraz ze $cia-
na pelna. W artykule opisano technike i wyniki badan etapu 1.
Stowa kluczowe: autoklawizowany beton komorkowy (ABK);
mury skrepowane; mury $ciskane; badania w skali naturalnej; ob-
cigzenie mimosrodowe.

odstawowe badania konstrukcji murowych prowa-

dzi si¢ na matych probkach o powierzchni ok. 1 m?.

Zgodnie z normami z serii PN-EN 1052 mozna

okre§la¢ wytrzymato$sé muru: na $ciskanie [1],
na zginanie w dwoéch prostopadlych ptaszczyznach [2],
na $cinanie [3], na Scinanie z warstwa izolacji [4] oraz na roz-
ciaganie przy zginaniu [5]. Badania na matych probkach nie
uwzgledniaja jednak specyfiki konstrukeji murowych, w tym
np. wptywu mimosrodu oraz efektéw drugiego rzgdu. W ba-
daniach matych probek trudno jest ponadto uwzglednic
wplyw lokalnych elementéw usztywniajacych mur, takich
jak krepujace rdzenie i wience [6 + 8]. W celu uwzglednie-
nia wymienionych czynnikoéw konieczne jest badanie na du-
zych probkach, najlepiej na $cianach w skali naturalnej
[9 = 11]. Jeszcze lepsza zgodnos¢ z rzeczywista praca Scia-
ny uzyskuje si¢, prowadzac badania duzych przestrzennych
modeli wraz ze stropem [12].

W artykule opisano wyniki badan murowanego z ABK
przestrzennego obiektu ze stropem spr¢zonym. Model
badano pod obciazeniem pionowym w dwoch etapach. Etap
pierwszy obejmowat badania potowy modelu wraz ze Sciana
z otworem okiennym, a etap drugi badania pozos-
tatej czesci modelu wraz ze §ciana pelna. Przedstawiono me-
tody i wyniki badan etapu I. Zasadniczym celem pracy byla
eksperymentalna weryfikacja zachowania si¢ modelu budyn-
ku jednokondygnacyjnego, ze Scianami skrgpowanymi zelbe-
tem, poddanego obcigzeniom pionowym.
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prised testing the remaining part of the model, including a solid wall
without openings. The paper describes the testing methodology and
presents the results obtained during Stage I. The primary objecti-
ve of the study was the experimental verification of the structural
behavior of a single-storey building model with reinforced-concre-
te-confined masonry walls subjected to vertical loading.

Research model

The research model was designed to meet the assumed expe-
rimental objectives. The following design criteria were adopted:

e the building model was constructed using SOLBET
masonry units made of autoclaved aerated concrete (AAC),
180 mm thick, employing conventional masonry technology;.

o the walls were built using a thin-layer mortar system: bed jo-
ints were filled with proprietary M5 mortar, whereas head joints we-
re left unfilled owing to the tongue-and-groove interlocking system;

o the building model consisted of AAC masonry walls and
a floor slab;

e the initial compressive stresses in the walls corresponded
to those occurring in a single-storey building (in addition to
self-weight, a uniformly distributed load of 4.59 kN/m? was
applied to the floor slab);

e a window opening was incorporated into the model, with
dimensions representative of those commonly used in
residential construction.

The building model was constructed on a square plan
measuring 4.0 x 4.0 m. The model height was 2.85 m, while the
wall thickness was 0.18 m. The geometry of the model was
based on previous investigations of similar specimens subjected
to shear loading, as reported in references [13] and [14]. The
model consisted of three solid walls and one wall containing an
opening. The walls were circumferentially confined with
reinforced concrete. The bottom tie beam was reinforced with four
?12 mm B500SP longitudinal bars and @6 mm B500B stirrups
spaced at 150 mm intervals (Photo 1), and subsequently cast using
C25/30 concrete. AAC walls with a density of 600 kg/m* were
constructed on the beam. The masonry walls were erected in
stages, beginning with a levelling course. After completion of the
masonry work, the walls were cured for 28 days, corresponding
to the period required for the mortar to achieve its full strength.
A view of the walls after construction is presented in Photo 2.
Openings were intentionally left at the wall corners to
accommodate reinforced-concrete confining cores. The cross-
sectional dimensions of these elements were determined by the
wall thickness and the geometry of the toothed masonry joints,
resulting in sections of 0.18 x 0.18 m and 0.23 x 0.23 m. The
specified concrete strength class was C30/37. The cores were
reinforced with four @12 mm longitudinal bars and @6 mm
stirrups spaced at 150 mm. The reinforcement of the cores was
anchored into both the bottom and top bond beams. Concreting
of the cores was performed in two stages. In the first stage, the
cores were cast up to mid-height; in the second stage, concreting
was completed up to their full height.

The floor slab was designed as a prestressed panel system.
Prior to wall construction, the slab was supported on a steel
supporting frame; after the walls had been completed, it was
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Badany model

Model budynku zostat zaprojektowany w sposdb umozli-
wiajacy realizacj¢ postawionych zatozen:

e wybudowanie obiektu z elementow murowych SOLBET
wykonanych z autoklawizowanego betonu komérkowego
(ABK) o grubosci 18 cm, w technologii tradycyjne;j;

e wzniesienie Scian w technologii spoin cienkowarstwo-
wych: spoiny wsporne wypetniono systemowa zaprawa M5,
a spoiny czotowe pozostawiano niewypetnione (zastosowa-
no potaczenia na pioro i wpust);

e model budynku sktadat si¢ ze $cian murowanych z ABK
oraz plyty stropowe;j;

e wstgpne naprgzenia $ciskajace w $cianach odpowiadaty
obcigzeniu budynku jednokondygnacyjnego (oprocz cigzaru wia-
snego na strop przytozono obciazenie o wartosci 4,59 kN/m?);

e w modelu wykonano otwor okienny o geometrii odpo-
wiadajacej rzeczywistym wymiarom takich otworow w bu-
downictwie mieszkaniowym.

Model budynku wzniesiono na planie kwadratu o wymia-
rach 4,0 X 4,0 m. Jego wysoko$¢ wynosita 2,85 m, a grubo$¢
$cian 0,18 m. Geometria modelu nawiazywata do wczesniej-
szych badan podobnych modeli z uwagi na $cinanie, opubli-
kowanych w pracach [13, 14]. Model sktadat si¢ z trzech
$cian petnych oraz jednej z otworem. Sciany modelu skrepo-
wano obwodowo zelbetem. Belkg dolng zazbrojono czterema
pretami $rednicy 12 mm gatunku BSOOSP i strzemionami
$rednicy 6 mm (B500B) co 15 cm (fotografia 1), a nastgpnie
zabetonowano betonem klasy C25/30. Na belce wniesiono
$ciany z ABK o gestosci 600 kg/m?. Sciany murowane wyko-
nywano etapami, rozpoczynajac od pierwszej warstwy pozio-
mujacej. Po zakonczeniu robot $ciany poddano pielggnacji
przez 28 dni (czas potrzebny na osiagnigcie petnej wytrzyma-
losci zaprawy). Sciany po wymurowaniu pokazano na foto-
grafii 2. W ich naroznikach pozostawiono miejsca na zelbe-
towe rdzenie. Przekroj poprzeczny tych elementow wynikat
z grubosci $cian oraz z glgbokosci strzepi i wynosit
0,18 x 0,18 m oraz 0,23 x 0,23 m. Projektowana klasa beto-
nu to C30/37. Rdzenie zbrojono czterema pretami Srednicy
12 mm i strzemionami $rednicy 6 mm w rozstawie co 15 cm.
Zbrojenie rdzeni zostato zakotwione zardéwno w wiencu dol-
nym, jak i gornym. Betonowanie rdzeni realizowano w dwdch
etapach: w pierwszym zabetonowano rdzenie do potowy ich
wysokosci, a w drugim do samej gory.

Plyta stropowa zostata zaprojektowana jako konstrukcja pa-
nelowa spr¢zona. Przed murowaniem $cian strop ustawiono
na stalowej konstrukcji wsporczej, a po ich wymurowaniu
opuszczono i osadzono na zaprawie. W badaniach [13, 14] pty-
ta stropowa petnita wylacznie funkcje sztywnej tarczy przeno-
szacej obciazenie poziome na §ciany murowane i zostala zapro-
jektowana do wielokrotnego uzycia. W badaniach opisanych
w artykule zalozono zniszczenie plyty stropowe;j.

Stanowisko badawcze

Model obciazano za pomoca dwoch sitownikdéw o zakre-
sie 1000 kN, zamontowanych do dwoch stalowych ram, za-
mocowanych w ptycie wielkich sit Laboratorium Wydziatu
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Photo 1. Reinforcement of the lower beam of the model
Fot. 1. Zbrojenie belki dolnej modelu

lowered and seated on a mortar bed. In the studies reported in
[13] and [14], the slab served solely as a rigid diaphragm
transferring horizontal loads to the masonry walls and was
therefore designed for repeated use. In contrast, the
investigations described in the present paper assumed ultimate
failure of the floor slab as part of the experimental programme.

Test setup

The model was loaded using two hydraulic actuators with
a capacity of 1000 kN each. The actuators were attached to two
steel loading frames anchored to the strong floor of the Labora-
tory of the Faculty of Civil Engineering at Silesian University
of Technology, arranged symmetrically at 0.75 m spacing. The
load applied by the actuators was distributed into two concen-
trated forces through steel spreader beams. In addition, the flo-
or slab of the model was loaded using 12 sets of three concrete
weights, each having a diameter of 600 mm, a height of 300 mm,
and a weight of 2.04 kN (6.12 kN per set). The weights were su-
spended from the slab by means of 16 mm diameter steel han-
gers (Photo 3). The loading procedure commenced with the uni-
form application of the concrete dead weights to the floor slab.
Subsequently, the load was increased uniformly through the lo-
ading frames until failure of the model occurred. Loading was
applied continuously by gradually increasing the hydraulic pres-
sure in the actuators using automatic hydraulic pumps.

During testing, displacements were recorded at the
measurement bases shown in Figure 1, and the forces were
monitored using load cells installed beneath the loading

Photo 3. The weights attached to the ceiling
Fot. 3. Obcigzniki mocowane do stropu

Photo 2. The model walls after construction
with a ceiling slab on a steel support
structure
Fot. 2. Sciany modelu po wymurowaniu z ply-
tq stropowq na stalowej konstrukcji wsporczej

Budownictwa Politechniki glqskiej, w rozstawie co 0,75 m,
symetrycznie. Obciazenie z sitownikow rozktadano na dwie
sity skupione za pomoca stalowych belek trawersowanych.
Dodatkowo strop modelu obciazano za pomoca dwunastu ze-
stawow po 3 odwazniki betonowe o $rednicy 60 cm i wyso-
kosci 30 cm oraz wadze 2,04 kN kazdy (6,12 kN na zestaw),
podwieszonych do stropu na pretach $rednicy 16 mm (foto-
grafia 3). Obciazenie przykladano roéwnomiernie z betono-
wych odwaznikéw na strop, a nastgpnie rownomiernie przez
ramy, az do zniszczenia modelu. Byto ono przyktadane w spo-
sob jednostajny, przy zwigkszaniu ci$nienia w sitownikach
za pomoca automatycznych pomp.

Podczas badan rejestrowano przemieszczenia na bazach po-
miarowych pokazanych na rysunku 1 oraz sity w sitomierzach
zabudowanych pod ramami. Rejestracj¢ przemieszczen wyko-
nywano przy uzyciu 29 transformatorowych przetwornikow
przemieszczen liniowych o doktadnosci 0,02 mm. Oprocz po-
miaru przemieszczen wykonano rowniez bezdotykowy pomiar
optyczny systemem Aramis, co wymagato naniesienia nieregu-
larnego wzoru na $ciany. Model obcigzano w dwoch etapach:
najpierw od strony $ciany z otworem — badanie oznaczono sym-
bolem BSO-Z1, a nastgpnie od strony przeciwleglej — symbol
BS-Z1. Na fotografii 3 pokazano uktad obciazen stropu od-
waznikami, a na fotografii 4 stanowisko do badan z I etapu.

Wyniki badan

W tabeli podano catkowite sily niszczace i rysujace badany
model. Za sily calkowite uznano sume obciazenia ze stalowych
ram, powigkszong o cigzar stalowych trawerséw, obciazenie
z uktadéw z obciaznikami oraz cigzar stropu przypadajacy
na $ciang. Na rysunku 2 zamieszczono zalezno$¢ sita—odksztat-
cenie, mierzong na ramkach pomiarowych usytuowanych
przy otworze okiennym. Podano usrednione wyniki z czujni-
kow, zabudowanych z kazdej strony modelu. Warto$ci odksztat-
cen pionowych w kazdym modelu przyjeto na podstawie wska-
zan czterech czujnikéw srodkowych (oznaczonych na wykre-
sach symbolem Y). Oddzielnie analizowano wartosci odksztat-
cen poziomych z czujnikow zabudowanych wyzej (oznaczone
symbolem X1) oraz nizej (oznaczone symbolem X2).

712026 (nr 647)
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frames. Displacement measurements were obtained using 29
linear variable differential transformers (LVDTs) with an
accuracy of 0.02 mm. In addition to the LVDT measurements,
a non-contact optical measurement system (ARAMIS) was
employed. This required the application of a random speckle
pattern on the wall surfaces. The model was tested in two
stages. In the first stage, loading was applied from the side
of the wall containing the opening; this test was designated
BSO-Z1. In the second stage, loading was applied from the
opposite side; this test was designated BS-Z1. Figure 2
presents the arrangement of the concrete weights on the floor
slab, while Figure 4 shows a photograph of the test setup.

Test results

Table presents the total cracking and ultimate failure loads
obtained for the tested model. The total load was defined as
the sum of the load applied through the steel loading frames,
the self-weight of the steel spreader beams, the load
introduced by the suspended concrete weight assemblies, and
the tributary floor self-weight acting on the wall. Figure 2
shows the load—strain relationships measured using the strain
gauge frames installed adjacent to the window opening. The

Podczas badan zaobserwowano znaczne ugigcie i zarysowa-
nie stropu oraz jego obrét na Scianach. Doszto do zarysowan
na styku muru i rdzeni $cian prostopadtych do $ciany z otwo-
rem. Rysy te mialy duze rozwarcie u gory, a nizej zamykaty sie.
Pierwsze rysy na murze wynikaly jednak z obrotu stropu i roz-
szerzenia si¢ gornej spoiny wspornej. Model w gornej partii
Sciany i wienca ulegl wybrzuszeniu. Nastgpnie pojawily si¢ za-
rysowania pionowe i poziome w dolnych partiach $ciany z otwo-
rem (strefa podokienna) oraz drobne zarysowania nadproza.
Strefa podokienna jest zawsze szczegdlnie narazona na powsta-
nie zarysowan [15]. Nie doszto jednak do zniszczenia $ciany,
a model zniszczyt si¢ przez uszkodzenie stropu w styku prefa-
brykatow. Podczas badan odpadt fragment dolnej potki stropu.
Na rysunku 3a pokazano pierwsza rys¢ na $cianie z otworem,
uzyskana z pomiardw systemem Aramis, natomiast na rysun-
ku 3b zarysowanie modelu w momencie zniszczenia. Fotogra-
fia 5 przedstawia zarysowania wzdhuz rdzeni na $cianach pro-
stopadtych, fotografia 6 rozwarcie gornej spoiny pod wieficem,
a fotografia 7 zarysowania stropu. Strop pod obciazeniem ulegh
znacznemu ugigeiu i sklawiszowat w styku strefy obciazonej
i nieobciazonej. Doszto do obrotu pierwszej belki trawersowe;.
W styku rdzeni z murem $ciany z otworem doszlo do prze-
mieszczenia na zewnatrz §ciany wzgledem muru.
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4 | 3 —rama stalowa, 4 — sitownik, 5 — sitomierz
bebnowy, 6 — trawers, 7 — baza pomiaru

confined walls
Rys. 2. Zalezno$¢ sita-odksztalcenie uzyskane
z badan budynku ze Scianami skrepowanymi
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Test results of the building in stage I
Wyniki badan budynku w etapie [

Tested element/ . A . . Mark/ Average force/ Srednia sila [kN]
Schemat Series name and description/Nazwa serii oraz opis Oznaczenie - - —
cracking/rysujaca | destructive/niszczaca
QE@. gg—g gﬁgf;r?:lf Ellclrlcl;‘;glv%av;;}l;: gggﬁgrlllieidnjizgl;sp/elnionymi spoinami czofowymi BS-ZI-1 87,5 3158
presented results correspond to the average values obtained @) T S [%]
from sensors mounted on both sides of the model. ‘ 0.500
The vertical strain values for each model were determined
based on the readings of the four centrally located sensors e
(designated as Y in the graphs). The horizontal strain values
were analyzed separately for the sensors installed in the upper e
part of the measurement field (designated as X1) and for those
installed in the lower part (designated as X2). 0.000
During testing, significant floor slab deflection, cracking,
and rotation of the slab at its supports were observed. Cracks -0.150
developed at the interface between the masonry wall and the
reinforced-concrete cores of the walls perpendicular to the -0.300
wall containing the opening. These cracks exhibited larger
openings at the top and gradually closed towards the bottom. A0
The initial cracks observed in the masonry were primarily
caused by slab rotation and the consequent opening of the upper -0.652
bed joint at the support. Out-of-plane bulging was also observed
in the upper portion of the wall and the bond beam. At later ~ P) (%]
stages of loading, vertical and horizontal cracks developed in 0.500
the lower part of the wall containing the opening (the spandrel
zone below the window opening), together with minor cracking 8560
in the lintel region. The wall area beneath the opening is known
to be particularly susceptible to cracking [15]. However, no & yEs
failure of the wall itself occurred. Instead, the model failed due
to damage to the floor slab at the joint between the precast 0.000
elements. During testing, a fragment of the lower slab flange
detached. Figure 3a shows the first crack detected in the wall -0.150
with the opening, as identified from ARAMIS measurements,
while Figure 3b presents the crack pattern of the model at -0.300
ultimate failure. Photograph 5 shows the cracks developing
along the reinforced-concrete cores in the transverse walls, “0.450
while Photograph 6 presents the opening of the upper bed joint
beneath the bond beam. Cracking of the floor slab is shown in -0.652

Photograph 7. Under loading, the slab underwent substantial
deflection and exhibited differential displacement (stepping) at
the interface between the loaded and unloaded zones. Rotation
of the first spreader beam was also observed. At the interface
between the reinforced-concrete cores and the masonry of the
wall containing the opening, outward displacement of the cores
relative to the masonry wall was recorded.

Conclusions

Based on the experimental investigation of a single-storey bu-
ilding constructed from 180 mm thick autoclaved aerated concre-
te (AAC) masonry units and subjected to monotonically increasing
compressive loading, the following conclusions can be drawn:

Fig. 3. First crack (a) and model destruction (b)
Rys. 3. Pierwsza rysa (a) oraz zniszczenie modelu (b)

Whioski

Na podstawie wykonanych badan jednokondygnacyjnego
budynku, wykonanego z elementow murowych z autoklawizo-
wanego betonu komérkowego grubosci 180 mm, poddanych
monotonicznemu obcigzeniu §ciskajacemu, wykazano, ze:

m model zniszczy?t si¢ przez uszkodzenie stropu, a nie
uszkodzenie $cian;

m rysy pojawity si¢ na $cianach modelu juz na pozio-
mie 28% obciazenia niszczacego;

ATERIALY

m.
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Photo 5. Cracks on walls perpendicular to the wall with an opening
along the rim

Fot. 5. Zarysowania scian prostopadtlych do Sciany z otworem wzdtuz
wienca

m the model failed due to damage of the floor slab rather
than failure of the masonry walls;

m cracks appeared in the walls of the model at
approximately 28% of the ultimate load;

m The test results were influenced by the eccentric loading
applied to the floor slab;

m in the tested building, the load eccentricity was significant
and generated a bending moment of approximately 220 kNm.

m the floor slab arrangement was unfavourable, as the precast
slab elements were placed parallel to the investigated wall.

Photos: authors
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Photo 6. Opening of the weld under the ring
Fot. 6. Rozwarcie spoiny pod wiericem

Photo 7. Cracking and deflection of the ceiling
Fot. 7. Zarysowanie i ugiecie stropu

m wplyw na wyniki badai mialo mimo$rodowe obciazenie
przyktadane do stropu;

m w badaniach budynku mimos$réd byt znaczny i1 genero-
watl moment zginajacy rz¢du 220 kNm;

m ulozenie stropu byto niekorzystne — prefabrykaty uktada-
no réwnolegle do badanej $ciany.

Fotografie: autorzy
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