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ABSTRACT

The effect of anchor embedded length and impact load on the mechanical properties of adhesive
concrete joint under different dynamic loading rate was studied [1]. Hopkinson pressure bar was
used to apply dynamic load to specimens. Specimens with through hole and embedded anchor
lengths of 2.5 cm and 5 cm were used in the study. The specimens were hit with strain wave induced
using air pressure of 1 and 1.5 bar respectively. The result showed that as the embedded length
decrease the maximum load of failure increase also as the pressure increase the specimen tend to
absorb most of the wave in the adhesive joint. While as the load wave magnitude decrease the
portion of the wave transmits to the concrete part of the specimen causing rupture or cracking of this
part increase.

Keywords: Epoxy, Anchor, Split Hopkinson Pressure bar, Shock Wave.

1. Introduction

Anchor bolts are used commonly in repairing structural concrete [2-5]. In a general use
of the term, anchor bolts attach machines to the concrete. Or, more specifically, to anchor
something may mean to provide some kind of attachment so that something doesn't slide
off, or move with respect to the concrete [6].

The anchor bolt applications generally put the bolt in either tension (bolt trying to pull
away) [7] or shear (load parallel to face of concrete) or both. In general, bolts installed in
concrete may be either cast in place or post installed. Post-installed anchors are installed
after the concrete has cured and is used extensively in maintenance processes. There are
two main categories of post-installed anchors, mechanical and adhesive. Both types of
anchors are installed into concrete that has already cured. Since the anchors are installed
after the concrete has cured this allows for a more flexible design. The adhesive typically
consists of a two-part epoxy, polyester or vinylester system which must be mixed prior to
installation. Since the load is carried through the bonding agent along the length of the rod,
the anchor’s capacity is directly related to the embedment depth. Fig.1 [8,9and10] gives a
visual representation of how bonding between an adhesive and concrete transfers a load.
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Fig. 1. Mechanism of Load transfer of a bonded anchor

Also, Fig. 1 shows the mechanism for load transfer in bonded anchors (1t = bond shear
stress at the anchor) when the crack propagates through an anchor it will theoretically
cause destroyed to one half of the anchor's bond surface area to the concrete .

To ensure better bonding between the mortar and the anchored element, deformed bars or
threaded rods are usually used.

The behavior of the adhesive anchor under static tensile force depends on interaction
between the following parameter: concrete strength; steel strength; adhesive material
strength, interaction strength between adhesive and concrete or interaction strength
between adhesive and steel.

The most common anchor failure modes are shown in Fig. 2[11 , 12] steel failure mode
(same as cast-in and mechanical expansion anchors); concrete breakout(same as cast-in
and mechanical expansion anchors); and bond failure (a failure mode similar to bond of a
reinforcing bar embedded in concrete).
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Fig. 1. Failure modes for adhesive anchors

Important of studying the behavior of anchors under static and dynamic load has
dramatically increased because of the trend to build more complex architecture designs, the
increase of the design loads and altitudes in the modern constructions. Anchors in buildings
subjected to high winds and earthquakes need to be specially designed to avoid
catastrophic failure.

Universal testing machine was used to determine the failure load under static load
condition.

Hopkinson split pressure bar is the only test apparatus that can cover the range of
dynamic loading that need to be studied with adequate accuracy because of the nature of its
measuring system that element stress wave superposition opportunity. In this work a
cylindrical concrete specimen with centered through hole in which a steel bar (corrugated
or threaded) installed in it using epoxy for fitting was investigated. The fractured
specimens’ surfaces were examined carefully to understand the mechanism of failure and
the role of each of the compounds in the failure process.

2. Specimen preparation

The specimen used in this work consists of three main parts:
1. Concrete cylindrical 100mm in diameter and 100mm in height with central through
hole 12mm in diameter as shown in Fig.3.Table 1 shows the used composition of
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three types of concrete element [13-14]. Compression tests were carried out for
standard cubic specimens of each type of concrete. The obtained strength of each
type was 185, 231 and 311 kg/cm®.

Table 1.
Concrete specifications and its compositions
Typel Type2 Type3
Failure stress 231 kg/cm?2 311 kg/cm?2 180 kg/cm?2
sand 23.7kg 23.22 kg 24.5 kg

water 5.55L 6L 6L
grave 35.58 kg 34.8 kg 36.7 kg
cement 9 kg 10.5 kg 7.5kg
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Fig. 3. Concrete block sample

2. Commercial mild steel threaded bolt 10mm in diameter with concrete impeded
lengths of (2.5cm and5cm) respectively.

3. Epoxy type (KEMAPOXYM 165) adhesive material with the following
specifications that shown in Table2 and Fig.4 was used [15-17].
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Table 2.
Kemapoxym165 Specifications

Parameters Values
Firm particles 100%
Density 1.75 kg/m3
Color White, gray and colored
Mixing ratio 12A: 1B
Processing time 30 min. @ 20 0C
Final strength After 7 days @ 20 0C
Compressive strength CA. 600 kg/cm2
Bending strength CA. 250 kg/cm?2
Adhesive strength on concrete more than 25 kg/cm?2 (cracks in concrete)

T

Fig. 4. Kemapoxym165

Specimens were prepared as follows:
e The concrete elements were mixed in concrete mixer and poured in a steel mold
having the same dimension of sample. Steel bar of 10mm diameter was used to

make a center hole in the sample as shown in Fig.5 the steel bar is to be removed
before the concrete fully cured after 24 hour.

e The specimens were immersed in water for 28 days.
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Fig. 5. The mold, centric bar, and the sample during preparation

o The center hole is widened to 12 mm using drill to take the epoxy adhesive around
the steel bar. The hole was cleaned using compressed air then the epoxy mixture is
poured into the hole.

e The steel threaded bolt is inserted into the hole and moved in / out to several times
to ensure good distribution of the epoxy [18-20].
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e The embedded length of the steel rod is adjusted using plastic clamp on the steel
rod and by filling the rest of the hole length by a piece of foam to prevent the rod
from going deeper in the hole.
e The steel rod remaining length is to be chipped of to keep only 2.5 cm of its free
length to prevent buckling of the steel rod during tests Fig.6.

Fig. 6. Samples after preparations

3. Experimental procedure

Experiments were carried out on a 1000kN universal testing machine, Tinios Olsen
Machine Model 290 Display Fig.7 equipped with a data acquisition device [21]. Data
acquisition was performed using a system composed of computer, data acquisition card and
application software, which performs the A/D conversion. The relationship between load
and overhead stroke is plotted and displayed directly on screen and saved on Excel work
sheet for later manipulation. The overhead of 1.15 mm/sec was considered to be quasi
static speed.
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Fig. 7. Tinios Olsen Machine Model 290 Display

For dynamic loading Hopkinson split pressure bar is the only test apparatus that can cover the
range of dynamic loading that need to be studied with adequate accuracy, because of the nature
of its measuring system that eliminate stress wave superposition opportunity[22 and 23]. A
compressive stress wave is generated and then propagates towards the specimen, moving the
bar material towards the specimen as it sweeps by. When the wave arrives at the interface
between the incident bar and the specimen, part of the wave is reflected back into the incident
bar towards the impact end and the rest transmits through the specimen into the transmission
bar. Laboratory instrumentation shown in Fig.8 [24 and 25] can record the stress waves in the
incident bar propagating towards the specimen and being reflected back from the specimen and
the wave in the transmission bar. Under this arrangement the impact event is controllable and
quantitative. The impact velocity and specimen size may be varied to achieve different strain
rates. Further analysis on the waves recorded in the impact event results in information
regarding the loading conditions and deformation states in the specimen. In this work a
cylindrical concrete specimen with centered through hole in which an anchor installed in it

using epoxy for fitting is investigated.
Split Hopkinson
: pressure bars
s arrangement

Striker bar speed measuring arrangement

I WLCT specimen
/
s : Damper
External Impact Spegmen
Incident Bar Transmission Bar

Fig. 8. Split Hopkinson pressure bar
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The experimentally obtained relation between air gun pressure and striker bar velocity
are shown in Fig.11 [26] the stress waves in the incident bar (incident and reflected) are
monitored using strain gage station mounted at the middle of the bar. The transmitted bar is
1.5 meter long and used to support the back of the specimen.

The strain gauge stations attached to the incident and transmitted bars record three strain

gauge signals namely &\l ,gf (t) and & (t) which are the incident, the reflected and the
transmitted strain waves respectively

By knowing the distance between the strain gauge station and specimen it is possible to
calculate the time of beginning of each signal. The net displacement of the specimen can
then be determined as:

5(0)= 1, 1) 12, 0)= Co [ &, (1) 1), (e i n

Where

P
E  isthe Young modulus of the incident and transmitted bar material.
p Is the bars material density.

Dimensional theory of elastic wave propagation as:

C, 1is the elastic wave speed in the Hopkinson bars materials = / E

ey — 2
P0) _o A=EA [, (0)+2,(0)] and Po(t)=0, A<EA £, () @
And their average is:
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Fig. 9. The relation between air gun pressure and the striker bar speed
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Fig. 10. power supply photographed

The system shown in Fig.11 consists of:
e Specially built three channel amplifier with built in 12 DC volt power supply as
clearly photographed and shown in Fig.10[27].
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Fig. 2. Split Hopkinson pressure bar measuring system

e Digital oscilloscope with memory TDS-420A (Tektronix 200 MHz maximum
analog bandwidth; 100Mega-sample /second digitizing rate; 4 channels; attached
floppy drive 1.44 MB).
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4. Results and discussions

The results obtained were classified into quasi static and dynamic results.
4. 1. Static results

Several specimens were tested with embedded lengths of 2.5 and S5cm with different
types of concrete specimens which have Failure stress (oc) of 231, 311and180 kg/cm2,
under static load. The load and displacement curve for each of the tested specimen with
different embedded length is shown in Fig.12.

embedded g€ ebedded
= length2.5cm J’{( 3 length 5cm
= L0 S ——
elpr £ 40 - '
£ 3p
20 = JA)
El[l | ; £ ig /S L
N w
< " o 2 4
Displacement in mm displacement in mm

Fig. 3. Load displacement curve under different embedded length

For small embedded length (2.5cm) the bar subjected to little tiling because the epoxy is
not enough to sustain linearity of loading when loading the anchor, the anchor collide with
the hole wall which support the anchor increasing the loading capacity of the system.

While in case of deep embedded length (5Scm) the epoxy ensure the straightness of the
bar and the whole load is carried by the week epoxy layers which fall at the lower load
than the previous case.

Effect of different types of concrete on failure load is shown in Fig.13.

For the specimen with strength of 185 kg/cm?2 the failure load occurs after displacement
of 3.5 mm which is the highest displacement through other specimens, while the stronger
specimen has shorter displacement. This is due to low cement quantity that weakens the
sample which in turn minimizes the progress of the crack. The crack behavior was random
because of the un homogeny of concrete matrix.
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Fig. 4. Load displacement curve under different type of concrete
4. 2. Dynamic results

Several specimens were tested with embedded lengths of 2.5and 5 cm under air pressure
of 1 and 1.5 bar that produce striker velocity of 17 and 20 m/sec respectively [28 and 29].
The specimen is centrally positioned between the incident and transmitted bars. The
specimen is then subjected to the stress wave produced from hitting the incident bar by a
23cm striker bar. The incident, reflected and transmitted stress wave were recorded during
the test using strain gauge stations on the incident and reflected bar that converted into load
and displacement curves using equations land 3 respectively. The load and displacement
curves for each of the tested specimens with the fractured specimens' photography are
shown in Figs.14and 15.

The effect of dynamic speed on the failure load is shown in Figs.14 and 15. [30] in which
the more kinetic energy causes high deformation and then distorts the specimen.
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The scenario of failure can be recognized from the analysis of load-displacement curves
of the tested specimens. The shock wave transferred from the anchor steel bar to the epoxy
layer which deliver it to the concrete hole wall as shown in Fig. 16.

Wave

Wave
Incident transmitted transmitted
Wave Wave Toepoxy To concrete

Epoxy tearing

Anchor bar

Concret

Fig. 7. Wave propagation through specimen and epoxy tearing mechanism

As the adhesive layer elastically deformed and direct contact occur between the steel bar
and concrete causing excessive loading to transfer as shown in Fig.14point (A) where max
load before adhesive joint begin to fail, the concrete began to crack then the epoxy layer
turn apart as shown in Fig.14 point (B) and the steel bar began to drill deeper in the hole in
a dynamic manner which can be recognized from analyzing the load displacement curve
shown in Fig.14 point (C). However for small stress wave amplitude induced by air
pressure of 1 bar was not enough to cause adhesive failure in most of the test. The adhesive
layer absorbs the shock wave by tearing the week part of the adhesive layer however the
rest of the joint remain unattached and the mechanical interlock prevent the anchor
separate in from the joint. For the 1.5 bar the wave tear the adhesive joint and overcome
the interlocking mechanism between the adhesive and concrete causing the wave to
transfer to the concrete block. The concrete block cracked and sometime explodes into
small parts releasing the anchor and destroying the joint completely. The area under the
load displacement curve for each specimen was measured and the collective toughness data
of the tested specimen drawn against the embedded length are shown in Fig.17 [31]. It is
clear that as the embedded length of the anchor increases as the specimen decreases energy
until failure. This strange trend indicates that the epoxy layer length increase will not
increase the overall strength of the anchor. This is mainly due to the fact that the epoxy
layer is the second item that the stress wave transfers to it after leaving the steel bar and the
whole system inherit the characteristic of the epoxy layer which is the weakest between the
three components of the anchor system composed from. So by increasing the epoxy length
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the whole system become weaker at higher loading rates. While at static loading conditions
the anchor system become stronger as the epoxy layer length increase. The optimum
anchor design concluded from this relation is to produce anchor with changeable diameter
where epoxy cover parts of the embedded length of the anchor while the other parts are
directly in contact with concrete to transfer the load directly to the concrete in case of
dynamic loading.
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Fig. 8. Relation between embedded length and energy absorbed

5. Conclusions

1. A small embedded length of anchor increasing the loading capacity of the system.

2. The low cement quantity weakens the sample which in turn minimizes the progress
of the crack. The crack behavior was random because of the non homogeny of
concrete matrix.

3. The effect of dynamic speed on the failure load, the more kinetic energy cause high
deformation and then distorts the specimen, the increase of the velocity of striker bar
decrease the wave transmits to the concrete part of the specimen causing rupture or
cracking of this part.
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