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Abstract

The paper presents the results of the Authors’ tests on the joints in AAC masonry walls. The shape of the tested element
and the test stand were fitted innovatively based on the Authors’ own experience as well as on the literature overview and
numerical analysis. Cracking morphology and mode of failure were investigated. The relationship between the load and dis-
placement for different types of joins was compared. The obtained results were also compared to the results obtained on the
reference model, which was a model with a traditional masonry bond. In the remaining testing elements, the connection was
realized with the use of steel connectors. Various mechanisms of cracking and failure have been observed as well as the
behaviour and load-bearing capacity of joints were different. The obtained results encourage to further analyses focused on

detailing the joints and application of new methods in the construction of the joints.

Keywords: Masonry structures; Stiffening walls; Wall joints; Connectors; Bed joint reinforcement.

1. INTRODUCTION

The overview of laboratory tests of joints presented in
[1] shows that there are no complete works related to
the investigation of the behaviour of wall joints. This
concerns not only walls made of AAC blocks but also
the walls made of other masonry units. Because the
problem of joints and co-operation between the walls
is poorly investigated, calculations of such structures
are hardly made. There are no code regulations for
determination of internal forces and stresses acting in
the intersection of the walls as well as for ULS and
SLS control. A few existing tests do not allow to
describe the mechanism of work of a wall joint, let
alone to formulate the rules for design or construc-
tion. Therefore, the authors defined the following
goals of their research:

* To investigate the mechanism of cracking and fail-

ure of the walls made of AAC blocks (most popular
ma-sonry units currently used in Poland),
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* To compare the load-bearing capacity of wall joints
made with traditional masonry bond and with the
use of steel connectors,

e To aim at formulating simplified models of the
behaviour of unreinforced and reinforced wall
joints.

2. OWN RESEARCH PROGRAM

In the pilot tests where the models were composed of
a web wall and two perpendicular flange walls, the ob-
tained results were difficult to interpret and it was
impossible to evaluate the behaviour of a single joint.
To avoid this drawback, in the main phase of the tests
the shape of the test elements and the test stand were
changed. The tests were performed in the dedicated,
specifically designed test stand, composed of a steel
frame and vertical confining elements. The force caus-
ing shear in the joint was induced by a hydraulic jack
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Figure 1.
Scheme and view of the modified testing set-up

of 1000 kN range and measurements were recorded
with a force gauge of 250 kN range. The models were
loaded in one cycle until failure by applying the force
with 0.1 kN/s speed. The distance between the sup-
ports was equal to 87 cm. Vertical load generating
shear was transferred linearly along the whole height
of the wall; thanks to that uniform shear stress was
induced in the joint. Static scheme of the test models
and the view of the test stand are shown in Fig. 1.
During the test continuous recordings were made of
the loading and displacement of the loaded wall with
respect to the non-loaded wall. Recordings were
made with two independent systems. One side of the
test model was monitored with the use of the optical
displacement recorder ARAMIS. The other side was
monitored with the use of three inductive displace-
ment transducers of PJX-10 type with 10 mm range
and 0.002 mm accuracy.

The tests were performed on the models made of
AAC masonry units and system mortar for thin joints,
with unfilled head joints. Compressive strength of
masonry, determined acc. to PN-EN 1052-1:2000 and
presented in [2], was equal to f, = 2.97 N/mm?, mod-
ulus of elasticity was equal to E, = 2040 N//mm?,
initial shear strength, determined acc. to PN-EN
1052-3:2004 and presented in [3] was equal to
fro = 0.31 N//mm?, and shear modulus, determined
acc. to ASTM E519-81 and presented in [4] was equal
to G = 329 N//mm?.
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Three series of three models of identical shape and
size were made and tested. The models were mono-
sym-metric and had a T shape with a web and a flange
of ~89 cm length. A joint was formed between the
loaded and non-loaded wall, which structure was dif-
ferentiated. In the series of models denoted as P, a
traditional masonry bond was made between the web
and the flange (Fig. 2a). These were the reference
elements which mechanical parameters and behav-
iour during loading and failure were compared with
the results of other tests. In the next two series of
walls (geometry acc. to Fig. 2b) the joint between the
walls was realised with the use of steel connectors,
with no bond of masonry units. In the elements of B
series, the joint was formed by immersing horizontal
single punched flat profiles in bed joints (Fig. 2c). In
the elements of F series ¢p10 steel bars of 36 cm
length were applied, anchored in each layer of
masonry units (Fig. 2d). Bars were placed into the
previously drilled holes across the whole thickness of
the flange wall and anchored by 18 cm in the web
wall. The bars were additionally stabilised with PUR
foam. The names of the elements with the shapes of
connectors as well as their geometrical and mechani-
cal parameters are collectively presented in Table 1.
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Geometry: a) of P type reference masonry wall, b) masonry walls with steel connectors (wall B and F), ¢c) method of the anchorage with
steel punched flat profile, d) method of connection with a wall junction strip

Table 1.
Testing program
. . / A 1 Iy E; No. of walls
Series name Type of joint 5 4 5 5 . -
mm mm mm N/mm N/mm 1n series
P Traditional masonry bond -- - - - - 3
Perforated wall junction strip
bxt=22x1 mm
B / 300 (300 ) 22 1.83 144 66225 3
Steel bar ¢$10

F Pl 300 (30 ) 79 491 536 190500 3
I — connector’s length, A — cross-sectional area, I —a moment of inertia, f, — average yield strength steel,
Es — modulus of elasticity steel
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Figure 3.

Failure of a P series model a) first cracks in the reference model P_2 b) view of the joint at the moment of failure P_3
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Relationship between the total force and mean relative displacement of the joint — test and calculation results

3. TEST RESULTS AND ANALYSIS

3.1. Unreinforced models

All the tested unreinforced models behaved in a sim-
ilar manner. In the initial phase of loading, no crash-
es were heard and no spalling of side surfaces of the
elements were visible. This phase lasted until first
slanted cracks appeared in the direct vicinity of the
joint (Fig. 3a). The increase of loading caused signif-
icant development of cracks at the joint and their
propagation towards the reinforced concrete column
transferring the load. The high-est value of force was
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registered in this phase. Further loading caused an
important increase of relative displacements and
rotation of the joined walls. After the failure the joint
was dismantled (Fig. 3b) which revealed almost verti-
cal shearing of the elements in the joint. No visible
damages were noticed in other elements.

Mechanism of cracking of the elements is also visible
in the diagrams of the relationship between the load N
and the relative displacement u of the joined walls
(Fig. 4). Force N was taken as a difference between the
load (induced force) and support reaction. Before
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Table 2.
Test results
Cracking force Force at failure Residual force Displacement at Fhe Dlsplacemept right . Residual
Model moment of cracking  before failure dis-placement
ode
Ner Ncr,mv Ny Nu,mv N, Nr,mv Uer Ucpmy Uy Uy, my Uy Urmy
kN kN kN kN kN kN mm mm mm mm mm mm
P_1 27.3 56.3 20.7 0.07 0.31 6.36
P2 42.6 33.7 50.0 48.3 10.2 14.9 0.12 0.10 0.25 0.24 6.97 6.32
P3 312 38.6 13.8 0.12 0.16 5.64
cracking of the joint, which occurred under the level of Table 3.
load of N,, = 27.3-42.6 kN, displacements increased Joint stiffness
almost proportionally, and this phase was referred to ElaS.ECJ'Oim ReSi‘_if‘;al joint | o idual force
as an elastic phase. After cracking, in the post-elastic Model stiffness stiffness
phase reduction of stiffness was observed, but the Ko Komy o Kp o Koy Ke Kymy
joints were still able to transfer the load. - l\g\l]gm MN/m Mll\llgm MN/m MIZ/ m | MN/m
This phase finished under the maximum forces of P2 341 341 60 114 6 5
N, = 38.6 — 56.3 kN. Further loading in the failure P3| 268 163 5

phase caused a visible decrease of forces registered
by the strength meter, accompanied with an increase
of relative displacements. Forces did not drop to zero
and the joint was able to transfer some load. In the
final phase, hard-ening was observed — an increase of
the registered force. The last registered forces, tenta-
tively called residua forces, preceded failure which
was connected with the complete loosening of the
joined elements and their rota-tion and were equal to
N, = 10.2 — 18.8 kN. The values of forces and corre-
sponding displacements are collec-tively presented in
Table 2, while linear approximation is shown in Fig. 5.
In each phase of work stiffnesses of the joints were
determined according to the Egs. (1-3) and collec-
tively presented in Table 3:

elastic joint stiffness:
N,

K, =—=, ()
o Her
. post-elastic joint stiffness:
K, :M, )
Uy —Uep
. residual joint stiffness:
K NNl 3)
" u—u,

Based on the performed test an attempt was made to
describe the work of the unreinforced wall joint ana-
lyti-cally. The following assumptions were made:

a) walls are made of the Group 1 elements without
holes with thin joints and unfilled head joints,

c) thickness of the stiffening wall is not bigger than
the thickness of the transverse wall,
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d) there are two phases of work of the wall joint: elas-
tic, post-elastic and failure,

¢ Elastic phase in the range of loads 0 — N, and dis-
placements 0 — i,

* Post-elastic phase in the range of loads N.— N, and
displacements u — uy,,

* Failure phase in the range of loads N,, — N, and dis-
placements u, — u,,

in which the relationships between the load and dis-
placement N — u are approximated with straight lines.

A conceptual scheme of joint’s work is shown in
Fig. 5 while the comparison between the tests and
calculation results are shown collectively in Table 4.
In [5] the authors presented a simplified empirical
model for determi-nation of mechanical parameters
of the joints based on the standard code tests per-
formed according to ASTM ES519-81 [3] and PN-EN
1052-3:2004 [4]. The form of the functions describing
the work of the joint in each phase was defined with
the following relationships:

¢ elastic joint stiffness and displacement:

K, =0Kpy = uc = Neyp /Ky, (4)
N =ontey prA, (S))
* post-elastic joint stiffness:
K, =BK; = u, =t +(Ny =N )/ Ky (6)
Ny =Bty reA, (7)
where: A = 0.26 m? — area of the joint, @ = 2.8,

a; = 0.6, B = 0.33, ;= 0.9 — empirical coefficients.
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Figure 5.
Linear approximation of joint’s behaviour

Table 4.
Comparison of test and calculation results

Uer uy u, u

—_—

phe;se:
failure

Joint model test

Calculation results

Cracking force

Failure force

Residual force

Cracking force (7)

Failure force (9)

Residual force (11)

Ncr,mv Nu,mv Nr,mv Ncr Nu Nr
kN kN kN kN kN kN
33.7 48.3 14.9 30.0 45.9 15.3
Cracking Failure Residual Cracking Failure .
dis-placement dis-placement dis-placement displacement (6) dis-placement (8) Residual force (10)
Ucrmy Uy my Upmy Ucr Uy Uur
mm mm mm mm mm mm
0.10 0.24 6.32 0.09 0.24 4.27

In the failure phase, when a dry slip of the loosened
walls occurred, the behaviour of the joint was mod-
elled based on the standard tests according to PN-EN
1052-3:2004. In this type of tests measurements were
made of relative displacements of two masonry ele-
ments joined with mortar. Fracture energy of the
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joint, which accord-ing to continuum fracture

mechanics allows describing the behaviour of a brit-

tle material in the failure phase, was determined to

be Gf' = 2.37-10* MN/m [6]. Assuming that the frac-
. . . 1 -

ture energy in a unit area of the joint Gy is equal to

the one obtained in the test G]{I, residua displace-
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Figure 6.

View of the models at the moment of failure: a) model B_2 with wall junction strips, b) model F_3 with bars

ments u, were determined from the relation-ship:

1
GII=GIU=1(Nu_Nr)(ur_uu)3u —u + 2GfA (8)
A 4 (N, = N,)
where:
N, — residua force equal to:
N, =7t pe4, )

where: y = 0.3 — empirical coefficient.

Using the obtained semi-empirical relationships dis-
placements were calculated; the results are collec-
tively pre-sented in Table 4 and Fig. 5.

3.2. Reinforced models

In the models reinforced with steel connectors (B and
F series) no cracking was observed as in unreinforced
models. In the initial phase displacements between
the joined walls were not visible. At a certain
moment, a sudden, clearly noticeable increase in dis-
placements occurred. However, it was still possible to
further load the models until failure. Failure was sud-
den and caused by shear of the joint and visible verti-
cal displacement (by approx. 17 mm) of the web wall
— Fig. 7a, which settled on wooden protection. View
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of the models at the mo-ment of failure is shown in
Fig. 6. Failure of the models of B series with punched
flat profiles was caused by plasticisation, bending of
steel flat profiles in the joint (Fig. 7b). Thanks to the
holes in the flat profile there was no slip of the con-
nector in the mortar of bed joints: the mortar pene-
trating the holes was not sheared but acted as a dowel
eliminating movement. The walls of F series, like the
walls of B series, failed due to displacements of the
loaded wall edge with relative to the unloaded edge.
However, in this case, there was no plasticisation of
the steel element. The steel bar was pressed into the
concrete block under the shear force (Fig. 7c).

Phases of work of the element could be also present-
ed in the diagrams of the load N — relative displace-
ment u relationships of the joined walls (Fig. 8).
Before cracking of the joint, which appeared under
the load N, = 12-24 kN in B series models and
25-27kN in F series models displacements were
increasing almost proportion-ally; the phase was thus
called an elastic phase. After cracking, in post-elastic
phase displacements increased and forces decreased
visibly to the values of N; = 9-17 kN in B series mod-
els and 12-13 kN in F series models. In the post-elas-
tic phase stiffness of the joint was reduced but the
joint was still able to transfer loading.
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Figure 7.

Failure of B and F series models a) view of a damaged model with dimensioned displacements between the bed joints in perpendicu-
lar walls (B_1) b) typical cambers in the wall junction strip flat profile within the joint (B_3) c) view of a bar joining the walls, pulled

out after the test (F_2)

N, kN

Figure 8.

Relationship between the total force and mean relative displacement of the joint

The observed phases of work of the reinforced joint
allowed to create an N — u relationship of the joint of
walls made of AAC composed of a sequence of straight
lines (Fig. 9). Elastic phase was defined in the range
of loads 0 — NV, post-elastic phase in the range of loads

N¢ — Ng, and failure phase in the range Ny — N,,.
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The values of forces and accompanying displace-
ments are collectively presented in Table 5, while lin-
ear ap-proximation of the results is shown in Fig. 9. In
each phase of work stiffnesses of the joints were
determined according to the Eqs. (1-3) and collec-
tively presented in Table 6.
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Linear approximation of work of reinforced joint (I — connector)

Table 5.
Test results
Model Cracking force Dowel force Force at failure Displacement at Fhe . Dowel Dlsplacemept right
moment of cracking  displacement before failure
Ner N, crmy Ny Nd,mv Ny N, wmy Uer Ucrmy Uq Udmy Uy Uy my
kN kN kN kN kN kN mm mm mm mm mm mm
B 1 24 17 10 0.12 0.82 3.36
B2 16 176 7 it 1t 106 005 2% s o0so se0 080
= ’ ’ ’ : (0.09¢) : ’ : (6.86¢)
B 3 12 9 11 0.09 0.52 8.61
F 1 25 13 21 0.12 1.29 6.96
= 0.09 8.31
F2 28 26.5 14 13.0 20 20.2 0.07 1.94 1.75 9.17
= (0.9¢) (0.839)
F3 27 12 19 0.08 2.01 8.81
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Table 6.
Joint stiffness
Ela§t1c joint Resu.iual joint | b dual force
stiff-ness stiffness
Model
Ky Kt,mv Kq Kd,mv Ky Kr,mv
MN/m | MN/m  MN/m | MN/m | MN/m | MN/m
B 1 202 10 3
B2 330 221 9 9 1 1
B3 132 7 0
F 1 215 10 1
F2 400 320 8 8 1 1
F 3 344 8 1

To theoretically represent phases of work of the joint

it is necessary to perform auxiliary tests of the ele-

ments and conduct advanced FEM-based analyses of

the models. However, to describe the behaviour of

the joint some simplifications can be used derived

from the literature of the subject [7, §].

The following assumptions were made:

a) walls are made of the Group 1 elements without
holes with thin joints and unfilled head joints,

b) thickness of bed joints allow assuring proper cover
of the connectors,

c) thickness of the stiffening wall is not bigger than
the thickness of the transverse wall,

d) there are two phases of work of the wall joint: elas-
tic and failure,

* Elastic phase in the range of loads 0 — Ny and dis-
placements 0 — u,;,

* Failure phase in the range of loads N — N, and dis-
placements u, — uy,

In which the relationships between the load and dis-

placement N — u are approximated with straight lines.

e) in all phases of work shear load is transferred by
the connectors acting as bars fixed at both ends in
the bed joints mortar,

f) the value of force causing displacement u is
expressed with the following relationship:

12E1
V=—su, (10)
e
while the corresponding moment is equal to:
6FE!
M = e—zu N (11)

where:

EI - flexural stiffness of the connector, u — relative
displacement of the connector’s ends, e — the effec-
tive length of the connector (distance between the
fixation points).
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g) the model of the reinforced joint can be used
under the following conditions:

* In the elastic phase, when equations of the dis-
placement method are used, the influence of nor-
mal forces on the elongation of the bar is neglected
and vertical displacement u is small with respect to
the connector’s length e, .4 < 0.05e was assumed,

Relative displacements determined at the moment
of plastic hinges formation in the connectors satis-
fy the conditions: u < u, and u < ug,, (1g-— displace-
ments causing pulling out of the connector from
the wall, ug,, — displacement causing yielding of the
connector),

Length of the connector in the limit state must sat-
isfy the conditions: e, < e = [ (I — initial connec-
tor’s length).

Stresses in the outermost fibres of the connector
fixed in bed joints increase proportionally to the dis-
placement u. At a certain level of displacement
these stresses reach plasticity limit and bending
moment, as well as transverse force, are described
with the following formulas:

6EI oM,
Moy = fy Wy =— e s Ve =—. (12)
€l el

where: W, — elastic bending index of the connector’s
cross-section, f, — yield strength of the connector’s
steel, e, — connector’s length in the elastic phase.

With an increase of relative displacement of the con-

nector’s ends the whole cross-section of the connec-
tor yields and the reactions at the end are equal to:

6El 2M
M =I5 Wp1 === tpl s Vpr === (13)
€pl pl

where: W), — plastic bending index of the connector’s
cross-section, f, — yield strength of the connector’s
steel, e, — connector’s length in plastic phase.

Apart from the material parameters such as plastici-
ty limit of elastic modulus, in Eqgs. (12) and (13) there
appear also the lengths of connectors e.; and . In [7]
it has been experimentally shown that in flat-profile
connectors the lengths of the connectors were equal
to (1.6-2.5)t while for the bar connectors to 0.9¢.
Following [8], after transformation of Egs. (12) and
(13) and by considering forces obtained in each phase
of the work, the lengths of the connectors were cal-
culated with the following formulas:

ENVIRONMENT 4/2018
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2nf W, 2nf W
€cr = fy o , €4 = > €y =M7 (14)
Ncr,mv Nd,mv u,myv
The obtained results are collectively presented in

Table 7.

Table 7.
Lengths of connectors determined based on the condition of
forces acting in the joint

Elastic  Post-elastic| Failure
Mean value
Type of phase phase phase
connector ey edmy eumy e
mm mm mm mm

B 0.35(0.35) 0.56 (0.56t) 0.87 (0.87¢) 0.59 (0.59)
F  23.8(24) 48.6 (4.9¢) 53.0 (5.3¢) 41.8 (4.18)

The connectors lengths e were noticeably different in
each phase of work. In case of B-type connectors, the
lengths did not exceed 0.59¢ while for F-type connec-
tors they were equal to around 4.18¢. In both cases,
the greatest lengths of connectors were obtained in
the failure phase and they were equal to around 0.87¢
for flat profiles and 53¢ for bars. Therefore, the
obtained results deviate from the ones presented in
[7], because in the case of flat-profile connectors the
obtained lengths were about 50% higher while in the
case of bar connectors significantly higher.

Assuming that the length of the connector is equal to
e, the values of bending moments causing yielding of
the outermost fibres as well as total yielding of the
connector, can be determined. The values of forces
and accom-panying displacements were determined
with the formulas:

2nf Wl lee2
Nep=2Ve =%, uel=%7 (15)
2nf W, /4 ]62
N, =Sy =—2 P, ==Y P (16)
pl Z pl e pl 6El

where: V- force causing yielding of the outermost
fibres of a single connector, V}; — force causing yield-

Table 8.
Calculated lengths of connectors

IN AAC MASONRY WALLS

ing of the whole cross-section of a single connector,
e — mean connector’s length equal to 0.59¢ for
punched flat pro-files and 4.18¢ for bars.

The obtained results of failure forces are collectively
presented in Table 8.

As a result of the applied procedure for the determi-
nation of the connectors length, the obtained values
of forces inducing yielding stresses in the outermost
fibres of the connectors were smaller than experi-
mentally-determined cracking forces. The difference
was equal to 69-76%. On the other hand, in the
phase of complete yielding undesirable overestima-
tion of load-bearing capacity was obtained as the cal-
culated forces were by around 21%-32% higher than
the forces obtained in the tests. The obtained dis-
placements results, which were significantly smaller
than the experimental ones require also some com-
ment. It was assumed that the connectors have ends
fixed in either bed joints or masonry elements. As
shown in Fig. 9 under large vertical displacements
occurring in the failure phase horizontal displace-
ments &, should not be neglected as it was done in
elastic phase. Under full fixation of connectors in the
wall horizontal displacements can induce important
tensioning of the connector (force T in Fig. 9) while
in reality the bond between mortar and connectors is
broken and connectors slip from the wall. The effect
of horizontal displacements can be additionally mag-
nified by constructional imperfections (voids within
the connectors zone) which are hard to eliminate.
Visual inspection of B-type connectors indicated irre-
versible deformations (Fig.7) and the distance
between plastic hinges e was visibly larger than calcu-
lated and shown in Table 7. In the case of F-type con-
nectors, no characteristic irreversible deformations
were observed but spalling of masonry element under
the local pressure was noticed.

The ultimate value of vertical displacement can be
determined assuming that at vertical displacement of
the connector the force 7 is equilibrated by the load-

Displacements Forces Ultimate displacements
Type . P )
of Elastic phase = Failure phase | Elastic phase | Failure phase | Negmy |~ Nugmy Astiuemnrl) ;?:)Sd()f erlgztdc:;’lsrrla()ftl?rlz (C;) 111)
connec- N Ny p
tor Uel Up| Nei Npi Uel,gr Ugry
mm mm kN kN mm mm
B 24810 3.72:10™ 10.4 15.6 1.69 0.68 0&820122;11 0.04 (0.047)
1.1
F 1.64-10°! 2.7810°! 15.1 25.6 176 0.79 0 912”;;’ 3.14 (0.314)
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bearing capacity of the connector anchored in the bed
joint’s mortar. The horizontal component of the force
results from elongation of the connector 8, caused by
vertical displacement u,,. From these simple geometri-
cal relationships, it can be concluded that:

O =+J€s +ug —e, (17)

and a corresponding force is equal to:

E A E A
T = es Oy — es (1/e§+u§r—eu). (18)

u u

The force causing elongation of the connectors
should be equilibrated by the adhesion force Tyong

between mortar and the connector, which can be
determined as:

T}Jond = f}mndlbOb > (19)

where:

frona — ultimate bond stress of mortar to the connec-
tor determined experimentally,

I, — the active length of the connector in bed joint
reduced by half of the distance between plastic
hinges,

Oy, — the perimeter of the active part of the connector
in bed joint.

Finally, the ultimate vertical displacement can be
written in the following form:

EA( [+
TST;Jond - e ( ej +u;r _eu)SﬁorldlbOb -

u

2 20
f;wndlbob +1 _1 ) ( )

EA

— U, =e

8gr u

Additionally, a condition must be taken into account
of yielding of the connector’s cross-section due to
elongation, then the additional condition can be

expressed as:
A
el +ug2r,y —e, < f,A—>

r<fA4- E,

e

2D

The ultimate vertical displacements expressed with
Egs. (20) and (21) depend on the value e,, so on the

length of the connectors and the ultimate bond
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stresses fpona. Both values must be determined exper-
imentally with the use of small testing models allow-
ing to eliminate the factors present in the wall mod-
els. For example, the ultimate displacements of the
connector determined with Eq. (21), in which the
value of e, was assumed to be equal to 0.59¢ and
4.18 ¢, obtained at the moment of yielding (Table 7)
were equal to, respectively: 0.04z = 0.04 mm (B-type
connector) and 0.31¢ = 3.1 mm (P-type connector)
(Table 8). One can think that the calculated ultimate
displacements are too safe as the joints were charac-
terised with significantly higher deformability.
Moreover, no permanent elongation of the connec-
tors (signifying yielding) was observed.

Relatively scarce research material allows determin-
ing the displacements and stiffnesses of joints cur-
rently only based on the results of experimental tests
results. Taking into consideration the results of con-
nectors displace-ments the substitute lengths of the
connectors were determined from the formulas:

6u EI
Corn = cr,my ’ (22)
fy Wer
6u EI
Cyu = e (23)
nypl

The obtained results are collectively presented in
Table 9.

Table 9.
Lengths of connectors determined from the conditions of dis-
placements

Type Elastic phase Failure phase I;;,T;(lrel?égtloorf
of
connector Celu eplu ‘o
mm mm mm
B 11.2 (117) 80.5 (80¢) 300 ¢
F 30.7 (3.1 ¢) 228.5(22.9 ¢) 30 ¢

Of course, the equivalent lengths of connectors do
not have a physical meaning because they were deter-
mined for a hypothetical state of yielding of the out-
ermost fibres or entire cross-section. In the B-type
connectors, the lengths of around (11-80)¢ were
obtained while for determination of force a mean
length of a connector was equal to 0.22t. In case of
F-type connectors the substitute lengths of connec-
tors for determination of displace-ments were equal
to (30-228)¢, so much more that the lengths allowing
to determine the values of V,; and V), forces in which

the length of 1.43¢ was used.
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Summarizing, the values of forces and displacements,
as well as the stiffnesses of the joint, can be deter-
mined using the engineering models of the joint with
the following formulas:

¢ Elastic phase — B-type connector:

2nf W,
Ne — #’ (24)
=< 0,59

& = 1.7 — empirical coefficient for determination of
the value of force causing yielding of the outermost
fibres of the connector,

y :J?V’;LZS“)Z, 25)
12nEl

0,59:(11¢)°

¢ Post-elastic phase — B-type connector:

2nfy
=050 059t ’ @)

t:

(26)

&1 = 0.65 — empirical coefficient for determination of
the value of force causing yielding of the whole cross-
section of the connector,

2
_ nypl (SOt) (28)
T eEr
Npr =N
Kr =u’ (29)
Upl —Uel

* Elastic phase — F-type connector:

2nf W,

N, =0 30
el 5 4,1 8¢ ( )
W, (309)*
o «B09) G31)
6EI
12nEl
K=(6—FT—,
7 4180(30) ¢2)
* Post-elastic phase — F-type connector:
2nfy
=G — 418 ¢ (33)
229t
u, = fypl(—), (34)
r 6EI
Np1 = Nei
Ky =—t—=, (35)
pl ~Uel

The values of empirical coefficients £ and & used in
the equations were determined by comparison
between empirical values and the values calculated
acc. to Table 8 assuming equal values in case of
B- and P-type con-nectors. The values of forces and
displacement calculated according to the above equa-
tions are shown in Fig. 10.

= = technical model (conector B type)
— = itechnical model (conector P type) i

0 2 4 6

Figure 10.

10 12 14 16
iy mm

Comparison of test results with the calculation results according to the engineering model
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4. SUMMARY

The presented tests are a part of the research per-
formed currently at the Laboratory of Civil
Engineering Faculty of the Silesian University of
Technology in the topic of joints of walls made of
AAC blocks. Hereafter are presented only three
models with traditional masonry bond.

The process of damage and development of cracking
in the wall with masonry bond was progressing in
stages and was relatively smooth. Before failure, visi-
ble cracking developed within the joint. Individual
phases of work were defined based on which an
empirical method was proposed for the determina-
tion of forces and displacements in wall joints using
the results of simple standard tests. With such an
approach satisfactory compliance was achieved. The
paper presents also test results of joints with steel
connectors: wall junction strip (B models) and bars
(F models). Analogically as in case of unreinforced
walls, the phases of work of the joints were identified
and de-scribed. Base on the well-known relation-
ships, an engineering approach was proposed for
determination of the values of cracking and maxi-
mum forces in the joint.

Future works should include testing of additional
model elements for the statistical definition of empir-
ical pa-rameters of the models as well as the parame-
ters defining anchorage of the connectors in bed
joints or in the masonry wall. FEM-based analyses
are also necessary for proper characterization of
joints behaviour and mostly for determination of
their realistic length — e. The final model should also
take into consideration the softening phase in the
joint and should sufficiently precisely estimate the
values of N, Ny and N, forces as well as correspond-

ing displacements.
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