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Abstract. The article presents the results of experimental tests of
reinforced lintels made of autoclaved aerated concrete assembled
incorrectly. The subject of the tests were models diversified in
terms of the width of the cross-section and the geometry of the
reinforcement. Failure loads, loads causing the loss of anchorage
of the tensile reinforcement, deflections and cracks were tested.
The test results were compared with the results of load-bearing
capacity tests of lintels assembled correctly.
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ailures of roof slabs made of autoclaved aerated

concrete (AAC) which happened in the United

Kingdom in 2023 caused concerns also in Poland.

Precast reinforced lintels are among the most common
reinforced autoclaved aerated concrete units used in Poland. A
specific arrangement of transverse reinforcement in this type
of'element is forced by technological aspects of prefabrication
and anchorage of longitudinal reinforcement with transverse
rebars (shaped as open stirrups) welded with main rebars which
control extension of main rebars. Anchorage of longitudinal
reinforcement of reinforced autoclaved aerated concrete units
was described in research papers published in Polish [1, 2] and
international journals [3].

Because of the variety of structures of lintel reinforcement
concerning the quantity of longitudinal reinforcement and a
method of its anchorage in the compression and tension areas,
manufacturers of precast beams use additional symbols and
labels to minimise the risk of incorrect assembly of lintels in the
masonry wall. However, incorrect assembly of lintels still
happens as shown in Photo 1. The question therefore is what
consequences for lintel resistance, and therefore the safety of the
building structure, can arise from this type of construction error.

This paper presents results from testing bending resistance
of the incorrectly assembled lintels. The aim of the described
results is to determine the effect of reduced longitudinal
reinforcement in the tension zone on lintel resistance. The
determined values of ultimate forces were pmg
compared with test results for lintels
correctly assembled as specified by the
manufacturer. The analysis also included
load resulting in the loss anchorage of
tension reinforcement, bending and crack
formation.

Photo 1. Incorrectly assembled lintel [4] ) ! o
Fot. 1. Nieprawidlowo zamontowane nadpro- 1M1 T0ZC14Zancgo, ugiecia oraz zaryso-
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ze [4]

Streszczenie. W artykule przedstawiono wyniki badan doswiad-
czalnych zbrojonych nadprozy wykonanych z autoklawizowane-
go betonu komoérkowego utozonych w nieprawidtowy sposob.
Przedmiotem badan byty modele zréznicowane pod wzgledem
szerokosci przekroju poprzecznego oraz geometrii zbrojenia. Ba-
dano sily niszczace, sity powodujace utratg zakotwienia zbrojenia
rozciaganego, ugigcia oraz zarysowania. Wyniki porownano z wy-
nikami badan no$nosci nadprozy utozonych w sposob prawidlowy.
Stowa kluczowe: autoklawizowany beton komdrkowy; nadpro-
za prefabrykowane.

warie plyt dachowych wykonanych ze zbrojonego

betonu komoérkowego (ABK), do jakich doszto

w Wielkiej Brytanii w 2023 r., wywotaty zaniepoko-

jenie takze w naszym kraju. Jednym z najpopular-
niejszych elementow ze zbrojonego betonu komorkowego sto-
sowanych w Polsce sa zbrojone prefabrykowane nadproza.
Specyficzny uktad zbrojenia poprzecznego tego typu elemen-
tow wymuszony jest wzglgdami technologii prefabrykacji
oraz zakotwieniem zbrojenia podtuznego przez prety po-
przeczne (ksztaltowane w formie strzemion otwartych) zgrzewa-
ne z pretami gldwnymi, ktore przeciwdziataja wysuwowi pretow
gtéwnych. Tematyka zakotwienia zbrojenia podluznego elemen-
tow zbrojonych z betonu komérkowego byta podejmowana
w pracach badawczych krajowych [1, 2] i zagranicznych [3].

Ze wzgledu na zrdznicowanie konstrukcji zbrojenia nadprozy
pod wzgledem iloSci i sposobu zakotwienia zbrojenia podtuzne-
go w strefie $ciskanej i rozciaganej producenci prefabrykowa-
nych belek nanosza dodatkowe oznakowania i etykiety, aby zmi-
nimalizowaé ryzyko niewlasciwego zamontowania nadprozy
w murze. Mimo tych staran nadal zdarzaja si¢ przypadki niewta-
Sciwie zamontowanych nadprozy, co przedstawiono na fotogra-
fii 1. Nasuwa si¢ wigc pytanie, jakie konsekwencje moze mie¢
taki btad wykonawczy na no$no$¢ nadprozy, a zarazem bezpie-
czenstwo konstrukcji budynku.

W artykule przedstawiono wyniki badania no$nosci na zgi-
nanie nadprozy ulozonych W sposob nieprawidtowy. Celem
prezentowanych badan byto okreslenie
wplywu zmniejszenia ilo$ci zbrojenia
podluznego w strefie rozciaganej na no-
$no$¢ nadprozy. Uzyskane wartosci sit
niszczacych porownano z wynikami ba-
dan nadprozy utozonych w sposob pra-
widlowy, zgodny z wymaganiami pro-
ducenta. Analizowano takze obciazenia
powodujace utrat¢ zakotwienia zbroje-

wania.

812025 (nr 636)

(nypedAzid wnipmg) Apnis ase)

80usl0s/|d 0Jul'auRIMOPNgA|BIIBIBW

N
~



28

SCIENCE IN CONSTRUCTION — SELECTED PROBLEMS
Research models, test stand Model i stanowisko badawcze
and testing procedure oraz procedura badan

The experimental tests included four series of beams which Badania do$wiadczalne obejmowaty cztery serie belek
differed in geometry, and a structure of longitudinal and  zréznicowanych pod wzgledem geometrii, struktury zbroje-
transverse reinforcements. Elements of series ND had a cross-  nia poprzecznego i podtuznego. Elementy serii ND mialy prze-
-section 116 x 240 mm (nominal dimensions120 x 240 mm),and  kr6j poprzeczny 116 x 240 mm (wymiary nominalne 120 x 240
elements of series G and NE had a cross-section 176 x 240 mm  mm), a elementy serii G i NE 176 X 240 mm (wymiary nomi-
(nominal dimensions 180 x 240 mm). A length of all elements  nalne 180 x 240 mm). Dtugo$¢ wszystkich elementéw wyno-
was 2000 mm. The beam reinforcement was a spatial frame  sita 2000 mm. Zbrojenie belek wykonano jako przestrzenny
made of one or two bent reinforcement meshes, in whichrebars ~ szkielet sktadajacy si¢ z jednej lub dwoch wygigtych siatek
with a diameter of 8 mm formed the longitudinal reinfor-  zbrojeniowych, w ktorych zbrojenie podtuzne stanowity pre-
cement, and U-shaped open stirrups were made of rebars witha  ty o $rednicy 8 mm, a strzemiona otwarte wygigte w ksztatt
diameter of 4.5 mm. Longitudinal spacing of stirrups was constant  litery ,,U”, wykonano z prgtow o $rednicy 4,5 mm. Rozstaw
along the whole length of beams and was equal to 150 mm.  podluzny strzemion byt staty na catej dtugosci belek i wyno-
Longitudinal reinforcement and stirrups were welded and  sit 150 mm. Zbrojenie podtuzne oraz strzemiona zgrzewano
coated with a protective anti-corrosion layer. Reinforcement i pokryto antykorozyjna powloka ochronna. Zbrojenie nadpro-
in lintels was made a) G.NE . G o8 55, NE o8 zy wykonano ze stali
of steel in grade __l_ 2 + -~ gatunku St3S-b-500
St3S-b-500 (class ‘ ‘ [ ‘ ‘ ‘ ‘ ‘ 190T r\ 1240 190 2401\ (klasy B wg EC-2
iztcsatzvzcirgst]e)& 100 12 x 150 = 1800 100 ZSTAOM?"\QS 2s] /30,4,30~08 1[35]). Zlf stosp;;v .

" 350 1500 2307 % bk A sion, KOmOTLowy

concrete had a class  + + 3000 4t 176 176 o klasie ggstosci 650
density of 650 and i wytrzymatosci na
compressive strength  ©) ND-1 $ciskanie 4,5 N/mm?>.
of4.5N/mm?. Rese- Modele badawcze
arch models from poszczegdlnych serii
individual series przedstawiono na ry-
are showninFig. 1, 4 12 x 150 = 1800 100 sunku 1, a program
and the testing pro- 350 ] 1500 L 220 badan w tabeli 1.
gramme is presen- T 2000 K Badanie oraz sta-
ted in Table 1. nowisko badawcze

The test and the ©) ND-2+4 zostaty wykonane
test stand confor- zgodnie z wymaga-
med to the stan- niami normy [6, 7].
dard requirements Wszystkie modele
[6, 7]. All the mo- 100 12 x 150 = 1800 100 podparto symetrycz-
dels were symme- T %5, ) 1500 ] 250 nie na stalowych
trically placed on ¢ 2000 t podporach w taki
steel supports to . sposob, aby diugosé

. Fig. 1. The test models of series: a) G and NE; b) ND-1; ¢) ND-2+4 . -

provide the support Rys. 1. Modele badawcze serii: a) G oraz NE; b) ND-1; ¢) ND-2+4 oparcia o, = 250 mm

length o, =250 mm

in accordance with the manufacturer’s re-  aple 1. The research tests program
quirements (a blue strip on the lintel with 7Zabela 1. Program badarn

byta zgodna z zalece-
niami producenta (niebieski pasek
na nadprozu dtugosci 250 mm). Roz-

a length of 250 mm). The theoretical span Test elements/ Number of I pigtos¢ teoretyczng |, = 1666 mm wy-
1,= 1666 mm was determined as a distan- | Badane elementy “}:’i‘i;:fahl’:;:]/ Sposéb uloze-  znaczono jako odleglo$¢ pomigdzy
ce between two points situated in a 2/3 | series/seria model delj [szt.] nia belek dwoma punktami zlokalizowanymi
length of the support zone. Load was ap- 1 w 2/3 dhugosci strefy oparcia. Obciaze-
plied through a steel crossbeam in the G 2 3 pr:g,?;%%vy nie przyk_iadano przez sta}owy trawers
form of two concentrated forces exerted 3 w postaci dwdch sit skupionych, przy-
on the top surface of beams at 1/4 of the 1 ncomect! tozonych do gornej powierzchni belek
. . . INCOITH . ;. . . .
theoretical span. Deflection of lintels was NE 2 3 nieprawidlowy W 1/4 rozpigtosci teoretycznej. Ugigcie
measured with LVDT sensors. Tips of 3 nadprozy mierzono czujnikami prze-
rebars in the longitudinal reinforcement ND 1 1 correct/ mieszczen LVDT. Dodatkowo na kon-
were additionally uncovered at ends prawidlowy .ach belek odkryto zakonczenia pre-
of beams,. LVDT sensors were appli.ed b ; 5 incorrect/ | tOW zbrojenia podingegq, do ktc').rych
to these tips. Force was measured with y nieprawidlowy ~ takze przylozono czujniki przemiesz-

electro-resistant dynamometers with an

812025 (nr 636)
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operating range of 50 kN. A scheme of the
test stand scheme and its view with the
research model are shown in Figure 2
and Photo 2. The beams were subjected
to monotonic loading until their failure.
Force was measured and recorded with
a dynamometer, and displacements were
measured with LVDT sensors during
the tests using the automated stand for
measurements (ASM). Additionally, one
side of the beams was coated with a
pattern for the non-contact recording of de-
formations and cracks using the ARAMIS
system based on Digital Image Correla-
tion (DIC).

First cracks in lintels of the series G in
the correct assembly caused by bending
were curved. Then, diagonal cracks
appeared running from the support to the
point of load application. The ultimate
force for the lintel G1 and G 3 was 32.775
and 28.362 kN respectively, and the
corresponding deflection was 5.252 and
4.740 mm. The ultimate force for the
model G2 and the corresponding
deflection were 39.048 kN and 5.434 mm,
respectively. First displacements of rebar
ends with reference to the beam end were
recorded when the models G1 + G3 were
loaded with force 21.578, 23.895, and
20.048 kN respectively. The model G3
after tests is shown in Figure 3.

First cracks in the models of the series !

NE (the incorrect assembly) were
observed in the central zone of the
elements between points
application. Cracks were vertical and
slightly curved. At the moment of failure
cracks propagated towards the top
reinforcement. Some cracks disappeared
when the force was not exerted. The
element NE-1 was destroyed at the for-
ce of 36.070 kN and the deflection of
4.983 mm. The loss of anchorage of the
longitudinal reinforcement began at the

of load |

1
4

bj]u.

r 5

2417, 416, 416 ) 417

167 ot 1666 A 167
L, 2000 L
4l 7

Fig. 2. The scheme of test stand, where:
1 — hydraulic jack; 2, 3 — bearing; 4 — force
gauge; 5 — LVDT transducer; 6 — steel sheet
Rys. 2. Schemat stanowiska badawczego,
gdzie: 1 —silownik hydrauliczny; 2, 3 —lozysko;
4 —sitomierz; 5 —indukcyjny czujnik przemiesz-
czen, 6 — stalowe blachy

Photo 2. Test stand: a) front view; b) side
view

Fot. 2. Stanowisko badawcze: a) widok z przo-
du; b) widok z boku

ly zastosowano sitomierze elektrooporowe
o zakresie 50 kN. Schemat stanowiska oraz
jego widok wraz z modelem badawczym
przedstawiono na rysunku 2 oraz fotogra-
fii 2. Belki obciazano monotonicznie az
do zniszczenia. Pomiaru oraz rejestracji si-
ly z sitomierza, a takze przemieszczen
z czujnikéw indukcyjnych LVDT dokony-
wano w trakcie badan za pomoca automa-
tycznego stanowiska pomiarowego (ASP).
Dodatkowo z jednej strony belek naniesio-
no wzor pozwalajacy na bezdotykowa reje-
stracj¢ odksztatcen i zarysowan za pomoca
systemu ARAMIS bazujacego na cyfrowej
korelacji obrazu (CKO).

W nadprozach serii G badanych w pra-
widtowym ulozeniu pierwsze powstate
rysy od zginania mialy zakrzywiony
ksztatt. Jako kolejne pojawity sig ukosne
zarysowania biegnace od podpory do

| punktu przylozenia obcigzenia. W nadpro-

7zu G1 1 G3 uzyskano sil¢ niszczaca na po-
ziomie 32,775 128,362 kN oraz odpowia-
dajace im ugigcia 5,252 oraz 4,740 mm.
W przypadku modelu G2 sita niszczaca
i odpowiadajace jej ugigcie wyniosty od-
powiednio 39,048 kN i 5,434 mm. Pierw-
sze przemieszczenia koncow prgtow
wzgledem konca belki zarejestrowano
przy obciazeniu modeli G1 + G3 odpo-
wiednio 21,578, 23,8951 20,048 kN. Wi-
dok modeli G2 oraz G3 po badaniu
przedstawiono na rysunku 3.

W modelach serii NE (utozonych nie-
prawidtowo) pierwsze zarysowania zaob-
serwowano w Srodkowej strefie elemen-
tow pomigdzy punktami przylozenia ob-
cigzenia. Rysy mialy pionowy, nieznacz-
nie zakrzywiony, przebieg. W chwili
zniszczenia propagowaty one do pozio-
mu goérnego zbrojenia. Po odciazeniu
czgs$¢ rys ulegata zamknigciu. Element
NE-1 ulegt zniszczeniu przy obciaze-
niu 36,070 kN i ugigciu 4,983 mm. Po-
czatek utraty zakotwienia zbrojenia po-

Fig. 3. Front view of model with cracks obtained from the Aramis system: a) G2; b) G3
Rys. 3. Widok z przodu zarysowania modelu uzyskany z systemu Aramis: a) G2; b) G3
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force of ca. 25.389 kN and the deflection of 2.160 mm.
Ultimate force for two other models NE-2 and NE-3
was 40.240 and 39,210 kN respectively and the
corresponding deflection was 7.599 and 7.269 mm. Rebar
extension for the beam NE-2 was observed under the load
18.786 kN and the deflection 2.866 mm, and for the
beam NE-3 under the load 17.931 kN and the deflection
2.526 mm. After completing the test, the test cut in tension
reinforcement was performed at a junction with stirrups.
The joint was damaged and longitudinal reinforcement and
stirrups were detached. The model NE-3 after tests is shown
in Figure 4.

dtuznego nastapit przy obciazeniu 25,389 kN i ugig-
ciu 2,160 mm. Kolejne dwa modele osiagnety sil¢ niszcza-
ca na poziomie 40,240 i 39,210 kN oraz ugigcia 7,599
17,269 mm odpowiednio w przypadku modelu NE-2 i NE-3.
Wysuw pretow nastapit przy obciazeniu i ugigciu belki wy-
noszacym odpowiednio 18,786 kN i 2,866 mm w przypad-
ku belki NE-2 oraz 17,931 kN i 2,526 mm w przypadku bel-
ki NE-3. Po badaniu dokonano odkrywki zbrojenia rozcia-
ganego w miejscu potaczenia ze strzemionami. Zaobserwo-
wano uszkodzenie potaczenia i odspojenie zbrojenia podtuz-
nego i strzemion. Widok modelu NE-3 po badaniu przedsta-
wiono na rysunku 4.

a)

/\

Fig. 4. Cracks of the NE-3 model: a) rear view; b) front view obtained from the Aramis system
Rys. 4. Rysy modelu NE-3: a) widok z tylu; b) widok z przodu uzyskany z systemu Aramis

Beam ND1 correctly assembled in the models with a width
of 120 mm was destroyed at the force 51.12 kN and the deflec-
tion4.771 mm. Extension of the bottom rebar was 0.959 mm. The
damaged specimen had diagonal cracks characteristic for shear de-
struction. The cracking force was 33.358 kN, and the deflection
was 3.036 mm. The loss of longitudinal anchorage was observed
at the force of 14.753 kN and the deflection of 1.446 mm.

In the models of the series ND with incorrectly assembled
beams, first cracks were observed at the bottom edge of
elements when the force was exerted, and other cracks were
found in the central part of the beam. The element ND-2 was
destroyed at the force of 45.115 kN and the deflection of
7.404 mm. The extension of longitudinal anchorage was
observed at the force of 11.757 kN and the deflection of 0.641 mm.
Ultimate force for two other models ND-3 and ND-4 was
achieved at the level 0f 38.987 and 39,770 kN respectively and
the corresponding deflection was 4.385 and 3.232 mm. The
loss of anchorage of the longitudinal reinforcement for the
beam ND-3 was observed under the load 13.039 kN and the
deflection 1.182 mm, and for the beam ND-4 under the load
10.154 kN and the deflection 0.704 mm. After completing the
test, the test cut in tension reinforcement was performed at a
junction with vertical reinforcement. The joint was damaged,
and longitudinal and transverse reinforcements were detached.
Damaged elements are shown in Fig. 5 (the model ND-1) and
in Fig. 6 (the model ND-4).

812025 (nr 636)

W badaniach modeli o szerokos$ci 120 mm belka utozona pra-
widtowo i oznaczona jako ND1 ulegta zniszczeniu przy sile wy-
noszacej 51,12 kN i ugigciu 4,771 mm. Wysuw preta dolnego
wyniost 0,959 mm. W zniszczonej probee stwierdzono rysy
ukosne charakterystyczne w przypadku zniszczenia przez Sci-
nanie. Obciazenie rysujace wyniosto 33,358 kN, a ugig-
cie 3,036 mm. Utrata zakotwienia zbrojenia podiuznego nasta-
pila przy obciazeniu 14,753 kN i ugigciu 1,446 mm.

W modelach serii ND, utozonych nieprawidlowo, pierwsze
zarysowania zaobserwowano na dolnej krawedzi elementow
w miejscach przylozenia obcigzenia, a kolejne rysy w $rod-
kowej czgsci belki. Element ND-2 ulegt zniszczeniu przy ob-
cigzeniu 45,115 kN i ugigciu 7,404 mm. Poczatek wysuwu
zbrojenia podtuznego nastapit przy obciazeniu 11,757 kN
iugigciu 0,641 mm. Kolejne dwa modele osiagnety sil¢ nisz-
czaca na poziomie 38,987 139,770 kN oraz ugigcie wynosza-
ce 4,385 mm i 3,232 mm odpowiednio w przypadku modeli
ND-3 i ND-4. Utrata no$nosci zakotwienia podtuznego nasta-
pita przy obciazeniu i ugi¢ciu belek wynoszacym odpowied-
nio 13,039 kN i 1,182 mm w przypadku belki ND-3
oraz 10,154 kN i 0,704 mm w przypadku belki ND-4. Po ba-
daniu dokonano odkrywki zbrojenia rozciaganego w miejscu
polaczenia ze zbrojeniem pionowym. Zaobserwowano uszko-
dzenie potaczenia oraz odspojenie zbrojenia podtuznego i po-
przecznego. Widok zniszczonych elementéw pokazano na ry-
sunku 5 (model ND-1) oraz na rysunku 6 (model ND-4).
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a)

Fig. 5. Cracks of the ND-1 model: a) rear view; b) front view obtained from the Aramis system
Rys. 5. Rysy modelu ND-1: a) widok z tytu; b) widok z przodu uzyskany z systemu Aramis

a)

]

i

Fig. 6. Cracks of the ND-4 model: a) rear view; b) front view obtained from the Aramis system
Rys. 6. Rysy modelu ND-4: a) widok z tytu; b) widok z przodu uzyskany z systemu Aramis

The test results for lintels representing the cracking and
ultimate forces with respect to their deflection are presented
in Table 2. The test results for extension of ends of the
longitudinal reinforcement with respect to the beam end are
presented in Table 3. The relationships load-deflection and
load-extension of longitudinal reinforcement in lintels for all
test series are illustrated in Figure 7.

Analysis of test results

For lintels with the nominal width of 120 mm, the ultimate
force was greater than in case of lintels with the nominal width
of 180 mm. The ultimate force F_ for the element ND-1 was
greater by 53.1 and 32.8% than for lintels with a width of 180 mm
from the series G and NE respectively. Values of the force

W tabeli 2 podano wyniki badania nadprozy, przedstawiajac
sit¢ rysujaca oraz niszczaca w odniesieniu do ich ugigcia, a w ta-
beli 3 wyniki badania nadprozy w odniesieniu do wysuwu kon-
cOw zbrojenia podtuznego wzgledem konca belki. Zaleznosé
obciazenie — ugigcie oraz obciazenie— wysuw zbrojenia po-
dhuznego nadprozy wszystkich serii badawczych przedstawio-
no na rysunku 7.

Analiza wynikéw

Nadproza o szeroko$ci nominalnej 120 mm uzyskaty wigk-
sze obcigzenie niszczace w porownaniu z nadprozami o sze-
rokosci nominalnej 180 mm. Element ND-1 uzyskat sit¢ nisz-
czaca F wigksza o 53,1 i 32,8% niz nadproza o szeroko-
$ci 180 mm odpowiednio serii G i NE. W przypadku obcigze-

Table 2. The results of research of lintels: cracking and failure load and deflection at cracking and failure load
Tabela 2. Wyniki badania nadprozy: sita rysujqca i niszczqca oraz ugiecie przy zarysowaniu i zniszczeniu

Test element/
Element badany Ugiecie przy zarysowaniu f, [mm] Sita rysujaca F_ [KN/m]

series/
seria

average value/
warto$¢ Srednia

average value/

model element element

1 1359 12,104

G 2 1570 1434 13,997 13,076
3 1374 13,127
1 1,166 19,717

NE 2 242 1,676 18,670 16,514
3 1440 11,156

ND 1 1,175 1,175 12,560 12,560
2 1,168 15,695

ND 3 1495 1,221 15,634 15,143
4 1,001 14,101

Deflection at cracking f_[mm]/  Cracking force F_ [kN/m]/

wartos$¢ Srednia

Deflection at failure f [mm|/  Ultimate force F [kN]/
Ugiecie przy zniszczeniu f, [mm] Sita niszczaca F, [kN/m] Przyczyna
average value/ average value/  Zniszezenia
element 2 A element & 5
warto$¢ Srednia warto$¢ Srednia
5,252 32,775 achieved shearing
5,434 5,142 30048 33305 esistancelosiag-
nigcie no$nosci na
4,74 28,362 $cinanie
4,983 36,070 achieved bending
7,599 6,617 40,240 B ey
nigC1e NOSNOsSC1 na
7,269 39,21 zginanie
achieved shearing re-
4,771 4,771 51,118 51,118 sistance/osiagniecie
nosnosci na $cinanie
7,404 45,115 achieved bending
4385 5,037 38,987 g[S
niecie no$nosci
3,323 39,770 na zginanie

812025 (nr 636)
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Table 3. The results of research of lintels: movement of bars at failure load, deflection and load at the moment of loss of the anchorage capacity
Tabela 3. Wyniki badan nadprozy: wysuw zbrojenia przy sile niszczqcej, ugiecie i obciqzenie belki w chwili utraty nosnosci zakotwienia

Extension of reinforcement f, at ultimate

Loss of anchorage capacity/Utrata no$nosci zakotwienia

Test el q o
Elee,;ef,teﬁ?ﬂ,y failure F, [mm]/Wysuw zbrojenia f, beam deflection f, [mm]/ Load for beam [KN]/
przy sile niszczacej F, [mm] ugiecie belki f, [mm] obcigzenie belki [kN]
series/seria model element average value/warto$¢ Srednia  element average value/wartos¢ Srednia  element  average value/wartos¢ Srednia
1 0,758 3,055 21,578
G 2 0,121 0,397 3,016 2911 23,895 21,840
3 0,312 2,662 20,048
1 0,999 2,16 25,389
NE 2 0,908 1,027 2,866 2,517 18,786 20,702
3 1,173 2,526 17,932
ND 1 0,585 0,585 1,446 1,446 14,753 14,753
2 1,063 0,641 11,757
ND 3 1,058 1,109 1,182 0,842 13,039 11,650
4 1,207 0,704 10,154
a) A Obciazenic F [kN] b) A Obciazenic F [kN] C) A Obciazenic F [kN]
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Fig. 7. Relationships of the load-deflection and load-extension of the reinforcement of the lintels of the series: a) G; b) NE; ¢) ND
Rys. 7. Zaleznos¢ obciqzenie — ugiecie oraz obciqzenie — wysuw zbrojenia nadprozy serii: a) G, b) NE; ¢c) ND

F_ were similar in case of cracking load. The inverse situation
was observed for the load resulting in the loss of anchorage of
the longitudinal reinforcement, where extension of longitudinal
reinforcement under smaller load was found in the beam with
a width of 120 mm and four-legged stirrups. Extension of the
reinforcement in the element ND-1 occurred at the force of
14.753 kN, which contributed to 28.9% of the total load. For
the series ND-2+4, the average load at a loss of anchorage was
equal to 11.650 kN, which contributed to 28.2% of the total
load. The initial phase of extension of longitudinal rein-
forcement in the beam models with a width of 180 mm was
observed under the load of 21.840 kN (the series G) and 20.702 kN
(the series NE), which contributed to respectively 64.5% and
53.8% of the ultimate force. The inverse assembly of elements
of the series NE had a positive impact by increasing the
ultimate force by 15.3% despite the reduced quantity of tension
reinforcement by 33.3% when compared to elements of the
series G in the correct assembly, and also the changed method
of anchorage. In the models of the series ND-2 + 4 (tested in
the inverse assembly), reduction of the longitudinal
reinforcement by 50% when compared to the element ND-1
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nia rysujacego uzyskane sity F_ byty na zblizonym poziomie.
Odwrotne zjawisko zaobserwowano w przypadku obciazenia
powodujacego utratg zakotwienia zbrojenia podtuznego, gdzie
w belkach o szeroko$ci 120 mm i strzemionach czterocigtych
dochodzito do wysuwu zbrojenia podtuznego przy mniejszym
obciazeniu. W elemencie ND-1 wysuw zbrojenia nastgpowat
przy obciazeniu 14,753 kN, stanowiacym 28,9% catkowite-
go obciazenia, a w serii ND-2+4 $rednie obciazenie w chwi-
li utraty zakotwienia byto na poziomie 11,650 kN, stanowia-
cym 28,2% catkowitego obciazenia. W modelach belek o sze-
rokosci nominalnej 180 mm poczatkowa faza wysuwu zbro-
jenia podtuznego nastapita przy obciazeniu 21,840 kN (seria
G) oraz 20,702 kN (seria NE), co stanowito odpowied-
nio 64,5% i 53,8% obciazenia niszczacego. Odwrotne utoze-
nie elementow serii NE wptyngto pozytywnie na zwigkszenie
obciazenia niszczacego o 15,3% pomimo zmniejszenia ilo$ci
zbrojenia rozcigganego o 33,3% w poréownaniu z prawidtowo
utozonymi elementami serii G, a co za tym idzie do zmiany
sposobu zakotwienia. W modelach serii ND-2 + 4 (badanych
w odwrotnym utozeniu), redukcja zbrojenia podtuznego
0 50% w poréwnaniu z elementem ND-1 (badanym w prawi-
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(correctly assembled) caused a drop in the ultimate force
slightly by 19%.

In the analysis of results, the ultimate force F  in all tested
models was converted into the corresponding bending moment
M, and also the tensile force in the longitudinal reinforcement,
which were then compared with the results obtained from
calculating bending resistance M,,, shear resistance and
anchorage capacity of transverse rebars F, ,. Anchorage capacity
of longitudinal rebars was determined in accordance with point
A.10.3 of'the standard [8]. The results and summarized analyses
are presented in Table 4. The results from material tests on
autoclaved aerated concrete and reinforcing steel [9] were used
to determine analytically bending resistance, shear resistance,
and anchorage capacity of longitudinal reinforcement in
accordance with the standard [8]. Tension reinforcement in the
models of the series G (correctly assembled) was composed of
three rebars with a diameter of 8.0 mm, and two rebars formed
the compressed reinforcement. Bending resistance M, was
6.963 kNm, which contributed to 42.5% of the design resistance
(M,, = 16.383 kNm), and shear resistance V = 16.698 kN
contributed to 114.1% of the design resistance V,,, = 14.637 kN.
Anchorage resistance of the longitudinal reinforcement was
obtained by anchorage resistance of transverse rebars F, was
35.707 kN and was greater by 162% when compared to
analytically determined resistance (F,, = 13.635 kN).

Table 4. Comparison of research results and analytical calculations

dlowym utozeniu) spowodowata spadek obciazenia niszcza-
cego zaledwie o 19%.

W analizie wynikow obciazenie niszczace F| wszystkich ba-
danych modeli przeksztatcono na odpowiadajacy mu moment
zginajacy M, a takze sitg rozciagajaca w zbrojeniu podtuz-
nym, ktore nastgpnie porownano z wynikami uzyskanymi na
podstawie obliczenia no$no$ci na zginanie M_,, no$nosci
na $cinanie i no$nosci zakotwienia poprzecznych pretow ko-
twiacych F ,. No$nosé¢ zakotwienia podtuznych pretow zbro-
jenia wyznaczono wg pkt A.10.3 normy [8]. Wyniki oraz pod-
sumowanie analiz przedstawiono w tabeli 4. Na podstawie
wynikow badan materiatowych betonu komoérkowego oraz
stali zbrojeniowej [9] wykonano obliczenia analityczne no$no-
$ci na zginanie, $cinanie oraz nos$nosci zakotwienia zbrojenia
podtuznego zgodnie z norma [8]. W modelach serii G (badanych
w prawidlowym utozeniu) zbrojenie rozciggane stanowily 3
prety o $rednicy 8,0 mm, a zbrojenie $ciskane 2 prety. Nosno$é
na zginanie M wyniosta 6,963 kNm, co stanowito 42,5% no-
$nosci uzyskanej z obliczen (M,, = 16,383 kNm), a no$nos¢
na Scinanie V= 16,698 kN i stanowita 114,1% nos$nosci obli-
czeniowej V, . = 14,637 kN. Nosno$¢ zakotwienia zbrojenia
podtuznego realizowana przez no$no$¢ zakotwienia poprzecz-
nych pretow kotwiacych F wyniosta 35,707 kN i byta wigk-
sza 0 162% w poréwnaniu z no$noscig okreslona w sposob
analityczny (F,, = 13,635 kN).

Tabela 4. Poréwnanie wynikow badan doswiadczalnych i obliczen analitycznych

Results from experimental tests/Wyniki badan

Theoretical values determined from analytical
calculations/WartoSci teoretyczne uzyskane na

Comparison of experimental results and
theoretical values/ Poréwnanie wynikéw

Test'n . r . 0 0
seriles/g do$wiadczalnych podstawie obliczer analitycznych badan doétvgloﬁ:yz:zlg‘c; i wartosci
Seria
badaw- Shearing force bending mo-  force acting on longi- bending resistan- shearing resis- anchorage capa-
@ V,u [kNJ/sila ment M, [kNm]/ tudi{lal reinfon:ceglent/ ce MR!{'[kNm]/ tanfe VRk3 [k'N_]/ citry F,R,; [kN]/ VIV M /M F JF
Scinajagca  moment zgina- sila w zbrojeniu no$nos¢ na zgi- nos$no$¢ na Sci- nosno$¢ zakot- v " Ri3 v Rk 1K
V, [kN] jacyM, [kNm]  podiuznym F, [kN] nanie M, [kNm]| nanie V. [kN] wienia F, [kN]
G 16,698 6,963 35,707 16,383 14,637 13,635 1,141 0,425 2,619
NE 19,254 8,029 41,173 10,806 14,637 7,434 1,315 0,743 5,538
ND-1 25,559 10,658 54,657 15,834 18,169 33,878 1,407 0,673 1,613
ND-2+4 20,646 8,609 44,150 9,546 15,743 14,875 1,311 0,902 2,968

In case of the lintels from the series NE, tested as inverse
with regard to the elements of the series G, tension
reinforcement was composed of two rebars, and compressed
reinforcement contained three rebars with a diameter of 8 mm.
Bending resistance M was 8.029 kNm, which contributed to
74.3% of the design resistance (M, = 10.806 kNm), and shear
resistance V| =19.254 kN contributed to 131.5% of the design
resistance V, , = 14.637 kN. The maximum resistance F,_
determined from the tests was 41.173 kN and was greater by
454% than design resistance (F,, = 7.434 kN).

Considering beams with a nominal width of 120 mm, the
beam ND-1 with tension reinforcement containing four rebars
and compressed reinforcement containing two rebars with
adiameter of 8.0 mm. Bending resistance M was 10.658 kNm,
which contributed to 67.3% of the design resistance
(M,, = 15.834 kNm), and shear resistance V= 25.559 kN
contributed to 161.3% of the design resistance (V,, = 18.169 kN).
The determined anchorage resistance F, was 54.657 kN

W przypadku nadprozy serii NE, badanych jako odwréco-
ne w stosunku do elementow serii G, zbrojenie rozciagane sta-
nowity 2 prety, a zbrojenie $ciskane 3 prety o $rednicy 8 mm.
No$nos$¢ na zginanie M wyniosta 8,029 kNm, co stanowi-
fo 74,3% no$nosci uzyskanej z obliczen (M,, = 10,806 kNm),
ano$nos¢ na scinanie V_ = 19,254 kN, tj. 131,5% no$nosci uzy-
skanej z obliczen (V,,, = 14,637 kN). No$nos¢ zakotwienia
F,, uzyskana w badaniach wyniosta 41,173 kN i byta 0 454%
wigksza od no$nosci uzyskanej z obliczen (F,, = 7,434 kN).

W przypadku belek o szerokosci nominalnej 120 mm, bel-
ka ND-1, w ktorej zbrojenie rozciagane stanowily 4 prety,
a zbrojenie $ciskane 2 prety o $rednicy 8,0 mm, uzys-
kata wigksza silg niszczaca w poréwnaniu z elementami ba-
danymi jako odwrécone. No$no$¢ na zginanie M wyniosta
10,658 kNm, co stanowito 67,3% nos$nos$ci uzyskanej z obliczen
(Mg, = 15,834 kNm), a no$no$¢ na Scinanie V| = 25,559 kN, co
stanowito 161,3% nosnoSci uzyskanej z obliczen (V,, ,= 18,169 kN).
Nos$noé¢ zakotwienia F| uzyskana w badaniach wyniosta
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and was greater by 61.3% than the design resistance
(Fy, = 33.878 kN). For the beams of the series ND-2 + 4 with
expected resistance to be the lowest, the determined bending
moment was M = 8.609 kNm and contributed to 90.2% of the
design value (M, = 9.546 kNm). Shearing force had a value
V, = 20.646 kN which contributed to 131.1% of design
resistance V., = 15.743 kN. The maximum axial force in the
tension reinforcement F;, was 44.150 kN and was greater by
197% than the design resistance (F,, = 14.875 kN).

Summary and conclusions

The analysis of test results for two types of beams made of
reinforced autoclaved aerated concrete, which differed in
cross-section and reinforcement geometry, tested in the correct
and incorrect (inverse) assembly did not unequivocally indicate
whether resistance of lintels in the incorrect assembly was
lower than that of lintels in the correct assembly. For the
elements with a width of 180 mm in the incorrect assembly (the
series NE), ultimate force was greater by 15.3% than in case
of the elements in the correct assembly (the series G) despite
the number of rebars in the tension reinforcement was reduced
by 33.3%.

For the lintels with a width of 120 mm with elements in the
incorrect assembly (the series ND-2-4), the ultimate force was
smaller by 19.3% than in case of the element ND-1 in the
correct assembly and longitudinal reinforcement reduced by
50%. Regardless of the number of rebars in the longitudinal
reinforcement, lintel resistance in the tension zone was
determined by the anchorage method of the compressed
longitudinal reinforcement.
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company for its cooperation with Department of Building Structures,
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54,657 kN i byta o0 61,3% wigksza od no$nosci uzyskanej z ob-
liczen (F,, = 33,878 kN). W przypadku belek serii ND-2 + 4
o teoretycznie najmniejszej spodziewanej no$nosci, uzyska-
ny w badaniach moment zginajacy M = 8,609 kNm stanowit
90,2% no$nosci uzyskanej z obliczen (M, = 9,546 kNm). Sita
Scinajaca miata warto$¢ V, = 20,646 kN i stanowita 131,1% no-
s$nosci obliczeniowej V,,,, = 15,743 kN. Maksymalna warto$¢
sity osiowej w zbrojeniu rozciaganym F , wyniosta 44,150 kN
i byla o 197% wigksza od nos$nosci uzyskanej z obliczen
(F,, = 14,875 kN).

Podsumowanie i wnioski

Analizujac wyniki badan dwoch typow belek ze zbrojonego
autoklawizowanego betonu komorkowego, rozniacych sig sze-
rokos$cia przekroju poprzecznego oraz geometrig zbrojenia, ba-
danych w prawidtowym oraz nieprawidlowym (odwrotnym)
utozeniu, nie mozna jednoznacznie stwierdzi¢, ze no$no$¢ nad-
prozy utozonych w sposob nieprawidtowy bedzie mniejsza niz
no$no$¢ nadprozy utozonych prawidtowo. W elementach o sze-
roko$ci 180 mm belki utozone nieprawidtowo (seria NE) uzy-
skaly obciazenie niszczace wigksze o 15,3% w pordwnaniu
z elementami utozonymi prawidlowo (seria G) pomimo zmniej-
szenia liczby pretdw zbrojenia rozciaganego o 33,3%.

W przypadku nadprozy o szeroko$ci 120 mm elementy ba-
dane w utozeniu nieprawidlowym (elementy serii ND-2-4) uzy-
skaty obciazenie niszczace mniejsze o 19,3% niz element
ND-1 badany w prawidtowym utozeniu przy redukcji zbro-
jenia podtuznego o 50%. Niezaleznie od liczby pretow zbro-
jenia podluznego, w strefie rozciaganej o no$nos$ci nadpro-
zy decydowal sposob zakotwienia rozciaganego zbrojenia
podtuznego.

Autorzy badan wyrazajq szczegolne podziekowania firmie Solbet
Sp. z 0.0. za podjecie wspolpracy z Katedrq Konstrukcji Budowla-
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konstrukcji murowych.
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