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ABSTRACT

On site joints of prefabricated elements are oftalized with mechanical anchors; it is specificall
the case for wooden houses. The anchors are partjcimportant for buildings undergoing seismic
loads. On one hand, this study presents experiineggialts obtained on tests carried out on differen
types of concrete specimens with mechanical exparaichors. Different loading histories are also
applied in this experimental approach. Load-disgteent curve, residual strength and failure modes
are observed. On the other hand, two numerical fecate developed in order to reach non linear
load-displacement curves of anchorage and damagmmirete. Hypothesis and results of these
different approaches are presented and a compabestreen models and between experimental and
numerical results are performed.

INTRODUCTION

Constructive solutions using prefabricated elemefitsn use mechanical anchors post-installed on
site. For seismic design situations, under the etfzbof capacity design with development of tardete
cyclic plastic zones and other zones oversizinghars shall stay in elastic domain. It is for exénp
the case for timber frames with mechanical anchomsall ties or wooden bracings with anchors in
basement (Fournely et al., 2011). Figure 1 give#lastration of these kinds of anchorage.

Figure 1. Example of two types of mechanical anagerfor wooden components of usual building in
reinforced concrete ties.
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The proposed study is based on experimental resuits on finite element simulations.
Experimental approach is carried out on two sidesytindrical specimens, 16 and 25 cm diameter.
Two axial externally threaded anchors are set upamh specimen and they are loaded in monotonic
or cyclic tension. The strength and, more generallg mechanical behavior of each anchorage is
recorded and studied. The finite element simulaqrerformed with two different modellings: one in
“2D" axisymmetric mode for pure traction and one3iD in view of introducing imperfections on the
location of the anchorage component (Torre-Casaabah, 2012).

The configurations, the hypothesis and the resaoftthese experimental and numerical
approaches are presented and analyzed in this. sthdyeffect of confinement is particularly studied
and discussed in order to appreciate to reliabifitthis kind of assemblies.

2 EXPERIMENTAL STUDY

The experimental campaign is carried out on cyigadrconcrete specimens, outfitted with externally
threaded anchors (Hilti HST M8x75/10). The dimensiof the two kinds of concrete specimens are
16 cm in diameter with 32 cm in high, and a diamete30 cm with a high of 40 cm. The anchors are
located along the longitudinal axle of the specimeneach face. Dimension of the hole (diameter,
length) are those given in technical manual of iHitm (Hilti, 2013). The specimens are not
reinforced and the effect of confinement varieshwite diameter of the specimen. The set up of this
experimentation is illustrated on figure 2. Fig@&gives information on the anchorage itself and on
the installation process.
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Figure 2. Experimental setup
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Figure 3. Anchor configuration

Mechanical and geometrical parameters are givetabte 1 in order to define the concrete
characteristics and dimension and the locatiohetile for the anchorage. The low value of stathdar
deviation of the parameters can be noted. Valuef &br concrete are determined on matched
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specimens realized at the same time as the specimsted with anchors. 12 16x32 specimens and 12
30x40 specimens are realized for anchors testsl@rgpecimens are tested in compression (Livolsi,
2011).

Table 1. Geometrical and mechanical characterisficencrete specimens

concrete anchor
slump test str_ength | hole depth driling centgrlng
compressiop  tension angle dril
(cm) (MPa) (MPa) (mm) (deg) (mm)
mean valug 6.4 28.9 2.8 71 0.4 2
standard| -, / 11 05 3 0.1 2
deviation

The applied loads are monotonic, with differentesator cyclic fitted to the normative
requirements. Tests are carried out with globaloseg displacements. The specific behavior of each
anchor is recorded, but the load history (in disphaent) integrates the effect of the behavior ef th
two anchors put in a specimen. The effect of theswd the specimen is integrated in the value ®f th
load applied on the upper and the lower anchor gfpecimen. For each specimen dimension set, 4
tests are carried out with a low rate monotoni@ldisement (x mm/mn), 4 with a rapid monotonic
loading (y mm/mn) and 4 with increasing cyclic sexces signal as shown on figure 4.
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Figure 4. Specific cyclic loading history

The behavior is locally and globally analyzed: agrpace of cracks, slip measurement between
concrete and anchor, strength, damage... Elemem®dfanical behavior are given on table 2 and on
figures 5 and 6. Figure 5 gives examples of cuntatsined for 16x32 and 30x40 specimens with
monotonic and increasing cyclic loadings. The gs&ais well distributed between the upper and the
lower anchor as indicated in table 2. The modefitire (cracks in concrete or extraction-slip of
anchors) are also well distributed for 16x32 specis) but for 30x40 specimens, the strength is
mainly dependant of pull-out friction. Regarding tHifferent loadings and sizes of specimens, the
strength increases with the diameter of specimehdatreases with the rate of loading while the
standard deviation varies between 10% for monotiaidings to 30% for cyclic ones.
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Figure 5. Example of experimental results for monat and increasing cyclic loadings

Table 2. Experimental results

16x32

30x40

maximum of load Fmax (kI

maximum of load Fmax (kI

mean standard | gap with slow| mean value & standard | gap with slow|
value deviation | rate results | gap / (16x32) deviation | rate results
monotonic  slow rate 12.9 1.2 16.7 (+29%) 1.2
loading ~ rapid rate 12.4 1 -4% 15.1 (+22%) 0.1 -9%
specific cyclic loading 11.1 3.2 -14% 12.2 (+10%) 1.3 -27%

displacement for Fmax (mm)

displacement for Fmax)mm

mean standard gap with slow| mean value & standard gap with slow
value deviation  rate results | gap / (16x32) deviation  rate results
monotonic  slow rate 6.9 1.9 6.1 (-11% 1.3
loading  rapid rate 6.1 2.3 -11% 7.5 (+23% 32 [ +24%
specific cyclic loading 10 5.4 +45% 12.5 (+25% 7.5 +106%

Figure 6. lllustration of failure modes
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NUMERICAL MODELLING

FEM modeling is divided in two approaches, one 2D™ axisymmetric mode for pure traction and
one in 3D in view of introducing imperfections dretlocation of the anchorage component, cf. figure
7.4 120 elements are included in the axisymmetiodel and 25 960 elements are needed for the 3D
mesh. Numerical modeling takes into account thetiém between concrete and anchor (Coulomb
friction) and damage of concrete with regularizea@zsks’s model (Mazars, 1984) (La Borderie,
2003), with different configurations of concreteninement. Elementary parameters are defined from
results of compression testg;.(f) or taken in literature (friction ratio...). Cal@tions are conducted
with CAST3M software in two phases corresponding fireloading and then a mechanical loading.
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Figure 7. FE modeling: a) axisymmetric mesh, b)m3&sh,

Preloading

The tightening torque of the anchorage is modelea Initial thermal loading. For the 3D model,
figure 8 illustrates this thermical loading equivat to torque sequence. Temperature varies lingarly
order to simulate the shape variation of the expansleeve of the anchor. The maximum value of
temperature is calibrated to correspond of the @nsbtup prespription.

b)

Figure 8 mesh of the anchor, a) temperature magt|diation

a)




Mechanical loading

This second loading corresponds to imposed axiglatement of the upper part of the anchor with a
step by step procedure. Due to the different noealities, the convergence of the non linear MEF
computation is difficult; the erratic nature of tf@ce-displacement curve (Figure 9) exhibits these
convergence difficulties.

Numerical results

The curves presented on figure 9 exhibit a first phbehavior quasi elastic with a light softenemgd
then a second part coresponding to succesive stipeen anchor and concrete. A similar behavior is
obtained for the two diameter values of tested ispats, even if the gap observed on experimental
strength for these two configurations is slighttgater than the one given by numerical models.
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Figure 9. Mechanical behavior of anchorage in Hbnditer specimens
with different confinement pressures

Nevertheless, the experimental and numerical brgakwce-displacement curves are similar
both in their pattern-ship than in singular valu€aking into account a lateral confining pressure
allows to highlight its influence on the global befor of the anchorage. Numerical results exhibit
also a threshold effect on lateral pressure omptitleut strength, which can be multiplied by twag(f
9). Indeed, we can observe than 1MPa lateral presdoes not significantly affect the load-
displacement curve. In a same way, there is no itapb difference between 5 and 10 MPa
confinement effects.

Figure 10. Example of damage map for with 3D model
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Figures 10 and 11 give illustrations of damage Itesuth 3D and 2D models. Figure 10 is given as
an example of "3D map"obtained. The analysis o¢h8D maps implies 2D projections or scalar
evaluations like index damaged volume for a spedifading level. The damaged volume obtained
with 3D and 2D models are quite comparable. For6av@lue of damage threshold, the difference of
damaged volume is less than 20 % at the end oirlgad

For the further comments, 2D model is used. Fidureresents for a same imposed displacement 4
maps of damage: without confinement and for 1, & Hd MPa values of lateral pressure. On these
maps, the conclusions on the effect of confinerdesavn from figure 9 are confirmed.

Wlt_ out
confinemen

Figure 11. Damage maps in different configuratiohsonfiment for 16cm diameter specimen

CONCLUSION

This study presents tests carried out on two sifespecimens. Results in terms of relationship
between load an displacement are obtained anddaiodes are pointed out. The hypothesis of FEM
models developed in this study are presented. Besfilmodeling are in a good accordance with
experimental results and results of 2D and 3D n®flelwell for an axial loading. The analysis of

damage map or damaged volume is an interestingealeto study the residual strength and the



reliability of these kinds of assemblies. In thee®&f a combination of axial and tangential loading
only 3D model can be used. At the moment, the nsoaled applied for monotonic loading.

Further studies will be performed on one hand guedrental approaches and on the other hand on
numerical developments. Specimens with reinforaauciete will be tested in order to identify the
relation between lateral pressure and ties andugsir The numerical models will be tested with
combined loadings (3D model) and also with cyatiadings (2D and 3D models), closer to seismic
situations. Finally, a stochastic approach to caeploe statistical moments of the output parameters
and build surface responses in order to deternhiegtobability density functions and to carry out a
sensitivity analysis will be developed.
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