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Abstract

The increasing demands and needs of human beings reveal the need to increase the performance of
construction techniques and materials in the construction sector. Recently, the use of ultra high
performance concrete (UHPC) on building facades has been increasing due to their superior mechanical
and physical properties. Since UHPC products are relatively heavy, it is important to examine the lifting
apparatuses for safety. In this study, pull-out and shear behavior of lifting sockets embedded in UHP precast
panels produced in real geometry and dimensions were investigated. UHPCs consist of two different
mixtures as A and B. Two different types of lifting sockets with the trade names RD and TF were used. Pull-
out and shear test results proved that lifting sockets are sufficient as safety in both mixtures. The results
obtained can contribute to the literature in this area and provide insight into the reliable lifting and handling
procedure of precast facade panels.

Keywords: UHPC, lifting socket, pull-out, shear, precast panel

Prekast UHPC Panellerindeki Kaldirma Soketlerinin Gekme-Cikarma
ve Kesme Davranisinin Deneysel Olarak Incelenmesi

Ozet

insanoglunun artan istek ve ihtiyaglari, ingaat sektdriinde yapi teknikleri ve malzemelerinin performansinin
artinlmasi ihtiyacini ortaya koymaktadir. Son zamanlarda, bina cephelerinde ultra yiksek performansli
beton (UHPC) kullanimi Gstin mekanik ve fiziksel 6zellikleri nedeniyle artmaktadir. UHPC Urtnleri nispeten
agir olduklarindan dolayi kaldirma aparatlarinin glivenlik agisindan incelenmesi 6nem arz etmektedir. Bu
calismada gercek geometri ve boyutlarda Uretilen UHPC prekast panellerine gémuli olan kaldirma
soketlerinin gekme-gikarma ve kesme kuvvetlerine kargi davraniglari incelenmistir. UHPC paneller A ve B
olmak uzere iki farkh karisimdan elde edilmistir. Ticari isimleri RD ve TF olan iki farkh tip kaldirma soketi
kullaniimistir. Cekme-gikarma ve kesme test sonuglari kaldirma soketlerinin her iki karisimda da guvenlik
acisindan yeterli oldugunu kanitlamistir. Elde edilen sonuglar, literatiire bu alanda katki saglayabilir ve
prekast cephe panellerinin givenilir bir sekilde kaldirma ve tagima prosedurinde fikir olusturabilir.
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1. INTRODUCTION

Recently, the application of ultra high performance concretes (UHPCs) as precast panels for building
facades has become widespread. UHPCs are concrete types that have many advantages in terms of both
structural, durability and architecture. High strength and modulus of elasticity, continuity and long life, low
creep, low permeability and long-term cost reduction are most important of the features of ultra-high
performance concretes (UHPCs). The most important usage areas of UHPCs can be modern building
facades, shell structural elements and bridge elements. In the last two decades, with significant
developments in concrete technology, significant efforts have been made for UHPCs that can be used in
modern bridge engineering [1, 2]. According to different classifications, the compressive strength of
UHPCs should be over 120 MP. In order to produce such a concrete, fine aggregate (< 5 mm), micro silica
fume, high performance cements and other powder additives must be included in the mixture [3,4]. To
significantly reduce the water need, select SP additives must be used. Also, the flexural, tensile and shear
strength of the UHPC to be produced can be increased by adding an amount of fibers that do not adversely
affect the compressive strength. Considering the number of articles published on UHPCs related since 2015,
a significant increase is observed. This shows how much application potential UHPCs have in the
construction industry [3]. In addition, the durability of UHPCs against chemical and physical factors has
been examined by many researchers and it has been confirmed that they have superior performance
compared to conventional concretes [5-7].

For the production of UHPC, Portland cement with a strength class of CEM | 42.5 MPa or CEM 1 52.5
MPa and low C3A ratio is generally preferred. In order to eliminate the brittleness due to high compressive
strength, approximately 2% of steel fibers are used in volume. C-S-H gels are formed as a result of the
reaction of slaked lime formed as a result of cement hydration with silica fume. Silica fume fills even the
very fine spaces between cement and aggregates, creating a denser, more homogeneous, tighter micro
structure and a high strength matrix. Microstructure develops due to pozzolanic reactions between C-H
resulting from hydration of cement and complementary materials such as silica fume and nanosilica [8].
Well-chosen steel fiber dosage can increase ductility and reduce autogenous shrinkage of UHPC, which is
very important especially for fragile materials. Adding the amount of steel fiber can increase the tensile
stresses of the concrete, but the added high amount of fiber can reduce the workability of the UHPC mixture
and cause a decrease in the compressive strength [9].

Steel sockets are embedded in UHPC elements produced for building facades for both carrying-lifting and
mounting purposes. In either case, the bond level between the socket and the UHPC is very important as
security. The bond between the embedded socket and the UHPC is directly related to the adherence strength.
The adherence between concrete and steel socket consists of three main parts; Chemical bond, slip and
geometry of the socket. The chemical part is related to content of concrete and additives used and should
not be ignored [10]. Superplasticizer additives used can have a positive or negative effect between the
socket and the UHPC. Using the optimum amount of pozzolanic additives can increase the contact area
between the socket and UHPC and lead to the development of adherence strength. In the design of cement-
based structural elements, the bond level between the steel bar and the matrix has an important effect as
engineering, and for this reason, it is very important to carry out different analysis and experimental studies
in this area [11-13].

In this study, pull-out and shear tests of two types of sockets used in UHPC precast panels applied in real
size and geometry were experimentally considered. The sockets are used for convenience during carrying
and lifting by connecting with the crane. The aim of this study is to examine the connection of sockets with
UHPC composites in order to avoid possible safety problems during lifting at the construction site. Studies
conducted for similar purposes in the literature are quite limited. Therefore, the results obtained in this study
will contribute to closing the gaps in the literature in this field.
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2. EXPERIMENTAL

2.1. Materials

Precast facade panels are produced from two different UHPC mixtures. CEM | / 52.5 R white Portland
cement has been used as a binder in the mixtures. Silica sand with a grain size range of 90-850 um and
quartz powder with a grain size range of 2-850 um were used as filling material. The SiO2 content of the
guartz sand used is 96% (minimum), its specific gravity and specific surface area are 2.2 g/cm3 and 15m2/g
(minimum), respectively. Microwhite silica fume (SF) was added to the mixtures as pozzolanic material.
This pozzolanic material is often used to improve the properties and performance of high performance
concrete and specialty mortar formulations. This SF, which is also reactive, is often used to improve the
properties and performance of high performance concrete and special mortar formulations. Stainless micro
steel fiber (MSF) with a length of 12.5 mm and a diameter of 0.175 mm was preferred as the fiber in
mixtures. The tensile strength and modulus of elasticity of the fiber used are 2800 MPa and 210 GP,
respectively. Polycarboxylate ether based plasticizer was used in all mixtures. Two types of sockets known
as RD and TF were used. RD socket had a Diameter of 12 mm and a length of 300 mm. Also, TF socket
had a Diameter of 15 mm and a length of 70 mm. The connecting portions of both sockets had diameters
of 17 mm. After the sockets were fixed on wooden molds in 40 x 25 x 7 cm dimensions as shown in Fig.1,
prepared UHPC mixtures were placed in the molds. For each test, 3 samples were produced from the same
mixture. Since the main aim of this study is to determine the load capacity carried by the lifting sockets
used, it was not deemed appropriate to share the mixture detail also due to the company's privacy policy.

Fig. 1. RD (a) and TF (b) socket connected molds.

2.2. Test Methods

Pull-out and shear test methods were performed on the precast panel samples produced. Test setup image
for both test methods is given in Fig. 2. For the realization of pull-out and shear tests, suitable support
apparatuses were previously prepared and mounted on the device in order to ensure that the samples were
attached to the test device as fixed. The apparatus used in the pull-out test setup was L-shaped, the horizontal
part was fixed to the device, and the plate sample was fixed to the vertical part (Fig. 2-a). A bolt-shaped
apparatus was connected to the hole of the socket embedded in the sample and subjected to tensile with a
10-ton universal test device. Pull-out tests are generally performed on cubic or cylindrical samples in
accordance with standards such as ASTM C900 [14], ACI 440.3R-04 [15], CAN/CSA S806-02 [16] and

84



ALKU Fen Bilimleri Dergisi 2021, Say1 3(2): 82-93 Experimental Investigation of Pull-Out and Shear Behavior
of Lifting Sockets in Precast UHPC Panels

ASTM C234 [17]. However, the samples used in this study were produced in real size, to be applied in
Fibrobeton's own projects. In the shear test, the sample was placed horizontally on the apparatus fixed to
the device and connected to the apparatus with rigid elements (Fig. 2-b). A bolt-shaped apparatus was
attached to the hole of the socket embedded in the sample and subjected to a tensile load perpendicular to
the socket. Images in Fig 2 are typically given. The connection types were the same for the precast plates
(RD and TF and A-B mixes) used in all tests. The RD socket was 300 mm long, 12 mm diameter ribbed
anchor type and the TF was 70 mm long, 15 mm diameter flat pipe type. However, as shown in the figure,

the end of the TF socket has been crushed in a special way and made recessed-protruding for better
adherence in the concrete.

a)

Support apparatus

Fig. 2. Pull-out (a) and shear (b) test setups.

3. Results and Discussion

Slump flow diameters of the produced A and B UHPC mixtures were measured as 240 and 235 mm,
respectively, according to the ASTM-C 1611/ C 1611M - 05 standard [18]. Also, compressive and flexural
strengths were obtained as 116 and 18.5 MPa for mixture A and 140 and 19.5 MPa for mixture B,
respectively. According to EN 206: 2013 standard, the compressive strength of the UHPC should be above
100 MPa [3]. Also, ASTM C1856 [19] has specified the compressive strength of UHPC at least 120 MPa
and the amount of slump flow between 20-25 mm.

The force-displacement curves obtained after the pull-out test applied to two different lifting sockets
embedded in two different UHPC precast panels are compared in Fig 3. According to the results, RD socket
showed a higher pull-out strength than TF. When the RD embedded A and B mixtures were compared, the
pull-out strength of the panel obtained from the B mixture was found to be 15% higher than the panel
obtained from the A mixture. Mix B contains more fiber than A, and this difference in strength may be due
to this. Also, the displacement behavior of the panel produced from the B mixture after the pull-out
experiment was 17% more than A. The strength of the RD socket embedded in the A mixture first decreased
rapidly and increased again at about 28 mm displacement. This is because the fibers intervene and prevent
the socket from being removed.
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Considering the pull-out behavior of the TF sockets in A and B mixtures, behaviors similar to that of the
mix difference in RD sockets were observed. In other words, both maximum pull-out strength and
displacement values of the panels consisting of B mixture were higher than A. The maximum load value
and maximum displacement value of TF-B panel were high than TF-A panel, as % 38 and % 50,
respectively. When the pull-out maximum load level is compared according to the socket type, the lifting
load of the RD type socket was 94% higher in the A mixes than the TF type socket. Also, the lifting load
of the RD type socket was 58% higher than the TF type socket in the B mixes. Similarly, the RD socket
showed 36% displacement in the A mix and 6% in the B mix, more than the TF socket.
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Fig. 3. Force-displacement curves of two different lifting sockets after pull-out test.

The damaged views of precast UHPC panels containing two different socket (RD and TF) types produced
from two different mixtures (A and B) are given in Fig. 4. As the slipping continued, the ribbed anchor was
constantly stopped with the steel fibers in the UHPC mixture, increasing the amount of load. Considering
the RD-A, as shown Fig. 3, the interaction between the socket and the concrete completely disappeared,
with a crack formed in the specimen parallel to the socket ( Fig. 4) after the maximum load was obtained
after approximately 28 mm slipping. Similarly, in the RD-B sample, the amount of load has been increased
as the socket slipped. After 76.7 kN loading, approximately 36 mm slip was observed in the socket. In this
case, the socket came to its ultimate strength and suddenly broke. However, no damage was observed in
the UHPC sample. This is related to the fact that the B mixture is stronger than the A mixture, as mentioned
above. The damaged images of TF-A and TF-B samples were similar, however, as with the RD samples,
the TF socket showed greater resistance to tensile load in B mixture. Mixture A deformed after the TF
socket slipped 22mm, whereas the sample with mix B was deformed after the socket slipped 33 mm. As a
result, a great effect of steel fibers against slipping of sockets through concrete was observed. This
interaction is provided by ribs in RD sockets and recessed-protruding in TF sockets. Many studies have
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confirmed that steel fibers increase the toughness of the concrete and improve the adhesion between the
reinforcing elements [20-22].

Fig. 4. Damage appearance of RD-A, RD-B, TF-A and TF-B samples after pull-out test.

Bond stress between concrete and socket can be calculated from the tensile load values obtained as a result
of pull-out test. Using the ultimate tensile loads in this study, bond stress has been calculated from Equation
1, assuming an even bond stress distribution along the bond length. In this equation, Tmax iS the bond
strength, MPa; P is the ultimate pull-out load, kN; d is the socket diameter, mm; and la is the bond length,
mm.

P 1)

Tmax:ﬂdl
.d.l,

Maximum pull-out loads and bond stress values are compared according to two different mixtures and
sockets in Fig. 5. The bond stress between the RD socket and the B mix was 13% higher compared to the
A mix. Also the bond stress between the TF socket and the B mix was 39% higher compared to the A mix.
This situation is parallel to the pull-out loads obtained for two different mixtures. While the maximum pull-
out loads of RD sockets are higher compared to TFs, the bond stress values on the contrary are obtained as
low. The reason why RDs have high maximum pull-out loads is that these sockets are longer compared to

87



ALKU Fen Bilimleri Dergisi 2021, Say1 3(2): 82-93 Experimental Investigation of Pull-Out and Shear Behavior
of Lifting Sockets in Precast UHPC Panels

TFs. The reason why TFs have high bond stress is due to the notch on the ends of these sockets. Of course,
the reason why the bond stress of RD is half low may be that the diameter of the RD socket is thin. The
bond length of TF was 23% of RD, the maximum pull-out load was 56% and the bond stress was 195%.
Bond stress between a steel bar and concrete is affected by the interaction between the bar and cement,
cracks in the concrete and steel fibers in the concrete mixture. Due to these factors at the beginning of the
loading, the bar resists elusion, but after reaching the maximum bond-stress, it is stripped from the concrete
with a constant friction coefficient [23]. Bond between reinforcement and concrete is measured as a shear
stress, or bond stress, at the interface between the two mate- rials, distributed over the surface of the rebar
along the embedded length. Following this definition, bond stress is the ratio between the rate of change in
axial force along the rebar and the area of rebar surface over which this change takes place. In addition to
this shear stress there are other aspects involved, especially in the case of deformed, ribbed rebars [24,25].
A shear component, parallel to the rebar axis, and a radial component which affects the sur- rounding
concrete. Therefore, bond implies not only bond stresses but radial stresses as well [13].

m Bond stress @ Load

18 90
16 80
[ ]
<
% 14 o 70
g 12 60
T 10 50 £
(@] ~
m =]
8 40 §
6 30
4 20
2 10
O 1 1 1 0
RD-A RD-B TF-A TF-B
Socket-Mix

Fig. 5. Comparison of bond stress and lifting load on RD and TF sockets.

The behavior of two different types of socket against shear load is compared in Fig. 6. When the results are
evaluated in terms of minimum-maximum values, a parallelism is observed with the pull-out test results.
This applies to both load and displacement. RD socket carried 16% higher shear load in the B mix compared
to the A mix. Also TF socket carried 4% higher shear load in the B mix compared to the A mix. Considering
the displacement results in shear loading, the displacement value of the RD socket was 31% higher in the
A mix than the B mix. Also, the displacement value of the TF socket was 27% higher in the B mix than the
A mix. When examined according to different socket types in the same mixture, it has been observed that
both sockets in the A mixture bear the same load. Also, it was shown that the RD socket carries 11% more
load than the TF socket in the B mixture. Similarly, when displacement values are examined according to
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the same mixtures, the RD socket showed 91% more displacement in the A mixture than the TF socket.
Also, 14% more displacement of the RD socket was observed in the B mixture compared to the TF socket.
Fluctuations in force-displacement curves are caused by fibers in concrete. This was also noticed by the
sound of the fibers being broken in tandem during the test. When the shear force coincides with the large
volume of the fibers, larger peaks are formed in the downward curves with the breaking of the fibers after
a certain strength.

In this study, the socket pull-out and shear tests of the experimentally investigated plate samples were
subjected to higher loads than the loads carried in practice. The load that the sockets are exposed to during
transport and assembly is only the loads of the precast plates themselves. The values obtained from the
pullout and shear test results can be used for the production of larger sized precast plates in future studies.
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Fig. 6. Force-displacement curves of two different lifting sockets after shear test.

The shear test is generally designed to indicate the shear strength of UHPC panels, not sockets. The damage
to the samples after testing is shown in Fig. 7. The reason why the test setup was designed in this way is to
specify the strength of the samples in case they are lifted in this way at the construction site. The reason for
the gap in the middle of the steel support placed on the sample is that the socket and the concrete
surrounding the socket can be released while the shear force is applied.

When the RD-A and RD-B samples are examined, it is observed that RD-A is more deformed although
RD-B carries more load. In the RD-A sample, the socket suddenly suffered fiber breakage after
displacement of 5 mm. This case during 7.3 kN loading and visible cracks occurred in the concrete. For
this reason, there was a decrease in the loading, then other fibers stepped in and the load amount increased
up to 25 kN. After reaching this level of load, the bond between the socket and the concrete was completely
lost and the specimen became completely deformed from both sides of the socket, as seen in Fig. 7.
Considering the damage condition of the RD-B sample, it is understood that it is more elastic and stronger
than the other mixture, as seen in the curve in Fig. 6. Similarly, strength loss was observed in the RD-B
sample after 4 mm displacement, then the load amount exceeded 28 kN by effect of other fibers surrounding
the sockets. In addition, while the RD-A specimen fractured more symmetrically and softly, RD-B was
deformed on one side. This is again due to the compactness of the B-mixture and the intervention of the
fibers against breakage. When the damage conditions of the samples containing TF socket were examined,
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the damage status of TF-A was observed more than TF-B due to the strength of the B mixture. The load-
displacement behavior of this socket also confirmed this in two different mixtures.

4. CONCLUSIONS

In the present study, based on experimental test methods, the behavior of two different types of lifting
sockets embedded in real-size UHPC precast panels against pull-out and shear loads was investigated. Two
different mixtures, A and B, were used as the UHPC mixture, and three samples were produced for each
test and average results were obtained. Bond stress behavior was evaluated according to socket type and
mixture properties. The following results can be obtained from the data obtained.

When the compressive and flexural strengths of the produced UHPC samples were compared with the
literature, it was found that the results were satisfactory. It is stated that the compressive strength of UHPC
elements used in building facades is generally above 100 MPa. The compressive strengths of the A and B
mixtures used in this study provide this criterion as 116 and 140 MPa, respectively.

The RD socket showed a maximum pull-out load capacity of 67 KN in the A mixture and 76 KN in the B
mixture. TF socket showed 22 and 47 KN, respectively. The B mixture, which has high compressive and
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bending strength, exhibited superior results compared to the A mixture due to its high adhesion and friction
feature with the socket in pull-out tests. Bond stresses of RD and TF sockets were also calculated, and TF
was obtained approximately 2 times higher than RD. It was explained that this was due to the notch on the
ends of the TF sockets.

According to the shear test results, the RD socket withstood a load of 24 and 29 KN, respectively, in the
mixture of A and B. For the TF socket, 25 KN and 26 KN shear forces were recorded, respectively, in the
same mixtures. According to the pull-out and shear test results, mix B exhibited higher displacement for
both sockets compared to mix A.

As a result, the suitability of both sockets used in the Project in terms of safety has been confirmed. The
results particularly proved that RD sockets can be used as lifting sockets for larger precast plates to be
produced from the same mixtures. This study may be useful in the safety examination of the lifting socket,
mounting apparatus and other embedded additional elements that are planned to be implemented for precast
UHPC facade elements in the future.
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