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Abstract

This project aimed to confirm the relationship between installation technique and anchor
performance according to HILTI specifications. Controlled testiag performed in order to
collect sufficient data to accurately determine a relationship. Testing results were used to predict

anchor performance and impact of installation errors.
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1 Introduction

Post installed anchors are used in construction to facilitate the connection of structural
elements to existing cured concrete. Oatahle use of poshstalled anchors is in the Big Dig,
where concrete panels were suspended from the ceiling as part of the tunnel ventilation system.
A catastrophic failure of the anchors resulted in the release of three ton concrete ceiling panels
into lanes of traffic. The National Transportation Safety Board investigated the incident and
concl udetdh athattheiépr obabl e cause of the July 1C
an epoxy anchor adhesive with poor creep resistance, that is, an epaxydtion that was not
capable of sustaining loAggrm loadsThis is cause to examine pésstalled anchoring systems
and how the installation process affects the performance of the anchor and potentially public
safety.

HILTI offers many anchoring systes. Although HILTI anchor systems were not used in the
Big Dig their systems will be used to analyze the effect of the installation process and creep
resistance. During the examination of HILTI post installed anchor systems, different types of
anchorsvere reviewedThe investigation of the installation process will occur through
controlled laboratory testing and observation. HILTI offers five different adhesive systems and
morethanhalf a dozen mechanical systems for specific conditions.

The anchoring stems offered by HILTI were designed to connect objects to concrete after
curing. The adhesive systems provide a permanent anchor while some of the mechanical systems
provide an anchor but can also be removed if only needed for temporary use or udesth crac

concrete. The adhesive systems will be the primary focus in this project.



2 Background

2.1 Concrete Base Material

Since this project examined the effects of proper drill hole cleaning ofinsteiied
anchors set in concrete, some properties of conaete taken into consideration. Although
these characteristics were useful to their application, they also had an effect on how well an
anchor performed.

The samplebs strength can affect anchors
fail. For exanple, a failure in low strength concrete will be more likely to result in a conical
concrete blow out. Similarly, a high strength concrete will have a higher tendency to exhibit
ductile fracture or pulbut. This concept can be utilized to minimize damegg costs in the
event of a failure. Depending on the situation, it may be more beneficial to replace a bolt, rather

than a concrete structure.

2.2 Loadings

Before an effective anchor bolt can be designed, it is crucial to know the magnitude and
type of allloads that it will be expected to withstand. Due to the variety of proprietary and
application specific bolts, the type of loads must be known first in order to achieve the desired

outcome.

2.2.1 Static Loads

Static loads are forces that are constantly bgipdjed to the structure and anchor. The
major source for static loads is the weight of the actual structure and how it is distributed
throughout its connections. These loads are present in virtually every structure and must be
accommodated. The load®dairly predictable once construction materials, material weight,

and quantities are known.

2.2.2 Dynamic Loads

Determining dynamic loads is more involved than determining static loads. First off,
dynamic loads develop from different sources which includeremviental factors and human

interaction. Second, they can be of varying magnitude as well as location. Environmental loads

4

by



can be a result of wind, snow, seismic activity and other forms of weather. These can be
calculated by analyzing historic trendsdeknown extremes.

Once the anticipated loads have been determined and the structural elements designed, it
is time to look at how these loads will be carried to the different anchors and connections. With
regard to anchors, the loads will result impuatrily tension and shear forces, which are explained
in more detail below. These forces are crucial in determining anchor design because they are

ultimately what the anchor will need to resist.

2.3 Types of Anchoring Systems

Many types of anchors that have bekeveloped haveistinct advantages and
disadvantagedost anchors can be classified into two main categoriesircgéace and post
installed. Anchors are placed in the appropriate category based on the time of installation. Cast
in-place anhors are installed prior to concrete pouring, so that they are correctly positioned

when the concrete hardens. RPostalled anchors are installed after the concrete has cured.

2.3.1 Cast-in-Place

Castin-place anchors refer to anchors that are set in corduetgg the initial
construction. They are positioned either before the concrete is poured or before it has fully
hardened. There are several types of-kaptace anchors which are suitable in various

applications, as shown Figurel.

Headed Bolt L-Bolt J-Bolt Stud-welded Plate

Figure 1: Cast-in-place Anchors

Engineers must know the design specification of the bolt before construction in order to

use castn-plaa anchors. There is the possibility that the anchor can be placed in the wrong



location during construction, resulting in delayed construction time and loss of money. They also
limit design changes that may be needed.

2.3.2 Post-Installed

There are two mainategories of poshstalled 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. More will benexipddout

postinstalled anchors in the following sections.

2.4 Working Principles

Since mechanical and adhesive anchors transfer load in different ways, the working
principles on posinstalled anchors must be examined. Each anchor utilizes a combination of
these principles in a unique way that is designed for a specific use. In order to select an

appropriate anchor it is necessary to understand how the anchor secures itself to the base
material.

2.4.1 Bonding

Bonding is the process by which a threaded rodaisqal into a hole which has been
drilled in concrete and secured with a structural adhesive. The adhesive typically consists of a
two-part epoxy, polyester or vinylester system which riveshixed prior to installation. Since
the load is carried throughtheo ndi ng agent along the | ength of
directly related to the embedment depilgure2 gives a visual representatiohtbe how
bonding between an adhesive and concrete transfers a load. The difference in diameter between
the hole and rod is also important because the adhesive used may have a specific drill hole

diameter relative to the rod diameter where performanaghest.
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Figure 2: lllustration of Bonding Forces




2.4.2 Friction

Expansion anchors use friction between the anchor and concrete transfer load. Friction
occurs when expansion causes the sleeve of a mechanical anchor to expand and press against the
side walls of a drill hole as shownHiigure3. The resistance created by the frictional force
transfers the load from the anchor to the concrete. The expansion stresses generated by the

anchor corresponds to the frictioriafce that is created, which dictates the capacity of the

anchor. (Hilti, 2006)
w*\\eﬁp\ \ \ 5 o

i B ——n

ﬂ@ E ,ﬂﬁy‘m

"
\\\& Fem?\\\\\\.\ /]

Figure 3: Illustration of Friction Forces

2.4.3 Keying

Keying is the process in which the load is transferred to the concrete by forces in the
same direadbn of the loading. (Wollmershauser, 2006) Keying occurs when a surface of the
anchor expands so that it is no longer perpendicular to the surface of the céigoeesl

shows how the angled surface transfers the load to the concrete.

SRR
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e A

Figure 4: lllustration of Keying Forces

2.5 Adhesive Systems

The performance of adhesive anchor systems depends on the two main components, the
type of adhesive and the type of threaded rod, as well as their suitability for any given
application. Different adhesives can be more suitable for a combination of factors including
temperature, embedment depth, gel time, base material, loading, imstaltaidition, and

corrosion resistance. HI LTI 6s adhesive produc



following section. Threaded rod selection can be influenced by expected loading, diameter,

installation conditions, and base material.

2.5.1 HILTI Adhesives

Tablel: HILTI Adhesive Productshows the different HILTI adhesive products along

with animage and description (HILTI, 2006)

Table 1: HILTI Adhesive Products

HVU Capsules

Pt
Swess bwesns U BRRs

A heavy duty, two component adhesive anchor
consisting of a self - contained adhesive
capsule and either a threaded rod with nut

and washer or an internally threaded insert.

HIT HY 150 MAX

MAX holding power. MAX performance.

HIT ICE

ot [

Specifically formulated for cold weather
fastenings, installed when the base material
temperatures drop as low as -10°F (-23°C).

HIT HY 20 Adhesive

Fastening through masonry construction. Can

be used where the quality of brick and mortar

is inconsistent, and where voids are present
between wythes of brick walls.

A high strength, two part adhesive epoxy with
along working (gel) time. Used in solid based
concrete applications.




2.5.2 Threaded Rods

Table2: HILTI Threaded Roghows the different HILTI threaded rods along vath
image and description (HILTI, 2006).

Table 2: HILTI Threaded Rod

HAS Threaded Rod Threaded rods for use with HVU capsules and

HIT adhesive anchoring systems.
( 3

HIT TZ Rod A time and money saving anchor to be used
with HIT HY 150.

2.5.3 Installation

Once design specifications have been determined, the first step is to drill the hole with an
appropriately sized drill bit and drill. For a lot of systems the next step is to clean the hole to
remove any debris, which may create a barrier between thenadseal and the adhesive,

decreasing performance. This can be easily done by either using a metal wire brush or blowing
out the debris with a bulb or compressed air. Next, the adhesive must be dispensed into the hole.
This can be done differentlydepend g upon the type of adhesive.
products are two part adhesives, which means that they are comprised of two separate chemical
agents that must be mixed before installation. Cartridge systems have individual tubes for each
componentand when dispensed mix in a special nozzle to exact proportions. The components of

a HILTI cartridge system can be seerFigure 5.

Figure 5: HILTI Cartridge System

Capsule systems contain the components in separate capsules that break when the
threaded rod is drilled in place. HILTI primarily uses cartridge systems to dispense adhesives
although they also manufacture capsule systems. After the adhesive has bewed|spe



threaded rod is inserted into the hole and allowed to rest while the adhesive has time to fully cure

before any loading can be applied.

2.6 Mechanical Systems

The performance of the mechanical systems depends on the strength of the anchor and the
suitability for the given application. Undercut anchors, expansion or sleeve anchors, and screw in
anchors all have differé mechanical uses. The condition of concrete will influence the style of
anchor to use. Cracked concrete would lead to the use of undercut anchors while anchors that

screw in are best for quick installation without-pirdled holes.

1C



2.6.1 HILTI Systems

Table3: HILTI Mechanical Anchorshows the various HILTI mechanical anchors along

with animage and description from the HILTI North Aneam Product Guide.

Table 3: HILTI Mechanical Anchors

HDA Undercut 2003 IBF: compliant self - undercutting

mechanical anchor for heavy duty and safety

— ! fastenings into concrete. Combines high load
C%———-l—" UL oy ) E capacity with close edge distances. ICC-ES

ESR-1546 supports ACI 318 design.

HSL-3 Expansion 2003 IBC compliant heavy -duty expansion
anchor. Designed for high performance in

static and dynamic load applications. ICC -ES
m ESR-1545 supports ACI 318 design.

HSL-1 M12 Flush Try the HSL mechanical expansion anchor for
your heavy -duty applications.

HSLG-R Stainless Steel Try the HSL mechanical expansion anchor for
your heavy -duty applications.

HILTI Kwik Bolt TZ 2003 IBC compliant high - performing medium
duty expansion anchor. Especially suited for

"o seismic and cracked concrete applications.
ICC -ES ESR -1917 supports ACI 318 design.

Kwik Bolt 3 (KB3) With performance values that meet or exceed
the Kwik Bolt Il, the new KB3 boasts the best

approval rating in its class.

2.6.2 Installation

Once design specifications have been determined, the first step is to drdléheith an
appropriately sized drill bit and drill. For a lot of systems the next step is to clean the hole to
remove any debris. This can be easily done by either using a bulb or compressed air. After the
hole is properly cleaned insert the anchorngs drill undercut or expand the anchor locking it

in place.

11



2.7 Building Codes and Standards

There is the need to have standards that engineers must follow in the engineering and
construction industry in order to prevent failures due to poor planning ampaudrners. The
main purpose of establishing building codes is to protect the health, safety, and welfare of those
affected by the project by stating the minimum required level of safety that is necessary. These
codes are typically established by gaweg bodies on a national and local level. They can vary
between city, region, and country. For this project A.S.T.M standards as well as International
Building Codes (IBC) will be adhered to. To determine the compressive strength and indirect
tensile srength of concrete cylinders we will follow the ASTM C80d8 and C496/C496N)4.
The steel the anchors will be made from will concur with ASTM F5BMClass 5.8 steel.

12



3 Methodology

The purpose of this study was to evaluate the effects of installatbnigue of post

installed adhesive anchors with regards to the effectiveness of the bond. The experiment was
designed so that the only variable is the condition of the drill hole prior to the anchor installation.
This was to be accomplished by keepingstrof the other variables constant by using the same
concrete batch, anchors, sample dimensions, as well as curing times.

All project work was completed on the Worcester Polytechnic Campus between August and
May of the 20072008 academic school year. Tpm@ject used buckets to form 11.25 in.
di ameter in order to test concrete and anchor
bonding was used for testing. The anchors were installed in concrete that had cured for 28 days
or more and tested ing the Instron testing machine in the Materials and Structures Lab in
Kaven Hall. Drill hole cleanliness and diameter were taken into consideration for testing
procedure.

Prior to the above testing, smaller scale tests were used to determine the zangpid s
predict results. These utilized HIT TZ Rods, HESRods, and HIT RE 500 Epoxy. Existing

concrete blocks were used for the base material.

3.1 Experimental Testing Design

Before the actual testing was performed, many variables in the testing seteg ttebd
identified and isolated. To accomplish this, a total of five preliminary tests were performed.
This allowed us to create an accurate, as well as repeatable test procedure by determining how

the various materials would respond to testing.

3.2 Preliminary Testing

The first three preliminary tests were performed using HILTI HIT RE 500 Epoxy and
3/ 80 HIT TZ r edosls. ahesk teSts were intehAesl to provide an understanding
of the anchor behaviprodand adhesive properties as well as saguhe test sample in the
testing machine. Two 3/ 80 rods and one 5/ 80
2 ft X 2 ft X 1.5 ft, which had cured for over one year. The block was then secured into the
Instron Testing Machine using an adinum Fbeam and threaded rod as showhigure6. A

13



gripping fixture that consisted of a steel block that had been tapped with the appropriate diameter
and thread was used to grip the anchors. The anchor failed at a loading of apphpSifsade
pounds, which is shown frigure?.

Figure6: Pr el i minary Test 1: 3/80 TZ rods.

Figure 7. Failure of TZ anchor Test 1 and gripping fixture

Test2 3/ 8 A TZ rod was tested and failed due
loading of 8,739.50 pounds$:igure8 shows the Load vs. Deformation response for Test 2 It is
important to note that the deformation values come from a variety of sources, including the steel

anchor rod, concrete, the reactiebdam deflectin, as well as slippage.

14
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Figure 8: Load vs. Deformation behavior for Test 2, 3/8" HIT TZ rod

Test 3 T h e -BrodBwas tés#edEin tension. A concrete edge failure
occurred at a loading of 22,366 pounds. Due to the size of the block, the required edge
distance was not adequate. As showkiglire9, several fracture planes were created,

ultimately exposing the anchor and epoxy.

Figure 9: Preliminary Test 3: Concrete Edge Failure

During the test, thelbeam and théhreaded rod were deformed as a result of the

high loading. This makes it difficult to calculate an accurate deformation or strain in the

15



rod. Figurel0andFigurellshow the extent of the deformation in the threaded rod and

[-beam.

Figure 10: |-Beam Deformationin Preliminary Figure 11: Threaded Rod Deformation

Testing

25000

20000
. //
10000 /

5000 /

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

Deformation (in)

Load (lbs

Figure 12: Test 3 Load vs. Deformation Curve

16



3.3 Preliminary Testing Observations

Through the preliminary testing, it was made evidbat changes must be made to the
testing set up. These changes allowed for a consistent test that could be repeated. The primary
concern that arose from this round of testing was the required loading that was needed to cause
failure. Thiswas achievdly a combi nati on of <changes. By u
drastically reduced. Since the maximum loading was reduced, there were lower stresses exerted
on the tbeam during tests. To minimize interference that resulted from the supports, twb Y
30 steel bars were used t o s elsausedThishnateds a mpl e.
any deformation and settling resulting from applied loads.

The size and shape of the concrete base sample had to be adjusted for future tests. Plastic
buckets as shown irFigure13, were used as fornier thesamples These were chosen for
convenience as well as to minimize the amount of concrete used per sample. The samples were
cylinders with approximate di menskigareld of 110
Test cyl i ndedisammeetaesrurbiyngl 2600 | engt h sampl es wer
strength and indirect tensile strength of the concrete according to ASTM standare34@8id3
C 496/C 496M04.

Figure 13: Bucket for Forms Figure 14: Sample with Installed Anchor

We used HIT RE 500 and -HRod.1ThéOHAEpomwas and 3/

chosen becausergquired a smaller edge distance.

17



3.4 Revised Testing Procedure

Two more tests were performed after problems in the first set of tests were
addressed. Tests f ouTZrodathht were mstalledioto si st ed
cylindrical samples usingIT-RE 500 Epoxy, as shown Figure1l5. The samples were
loaded into the Instron testing machine using the two steel bars and threaded rods, as

shown in Figurel6. The samples were formed from concrete with an unknown max

compressive strength.

Figure 15: Test 4 ard 5 Sample Figure 16: Test 4 and 5 Set Up.

Test 4 failed at a loading of840 pounds, concrete failure occurred in a spider
web pattern originating from the anchor. Test 5 failed at a loadin@62 gounds
concrete failure also occurred, as showRigure17 andFigurel8. A plane was formed
along the diameter of the cylinder. The concfaileire can be partially explained by the
HIT-TZ rods. The geometry of the rod creates a horizontal compressive force when
tension is applied. This force created internal tensile force within the sample and

contributed to its failure.

Figure 17: Test 4 Failure

Figure 18 Test 5 Failure

18



3.5 Revised Testing Observations

According to the HILTI manual, tRE ultimate
pounds. The tests shohat the ultimate strength is betwee(® pounds and, 840 pounds.
This additional strength could be contributed to a boikafety factor. The ultimate tensile
strength in a 5/806 HAS Super is 28, 76@atpounds
strength was multiplied bgload adjustment factor of .76, which was determined by the
embedment depth and provided edge distance. This gives an adjusted maximum tensile strength
of 22,433 pounds, which is close to the value determined by te3{3%&pounds. Through
these tests, we learned that the sample needed to be securely fastened in order to gain accurate
results.

The minimum edge distance must also be provided in order to see how the anchor and
epoxy reacts. Smaller diameter anchorsanxeneficial to use due to their lower load capacities
and smaller edge distancebhey allowedess concrete to be used per sample. Most
importantly, these tests showed that our test setup needed to be improved before our next round
of testing.

Inordert o provi de adequate edge distance, a st

out of the middle, as shown Figure19was used.

Figure 19: Steel Ring Dimensions

The inner radius of the ring was equal to the edge distance of the selected &iglner.
20 andFigure21 show the experimental setup, which is explained below. The ring waedpba
top of the sample and the steel bars were placed on top of the ring. The threaded rods were
secured to the base of the machine usisipT connections and bolted through the steel bars,

where they were be anchored.
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Figure 20: Proposed Setup

Figure 21: Testing setup without steel ring

This set up allowed the sample to be secured to the base while not interfering with the
required edge distance, as showkigure22. The steel ringverlappedhe outside edge of the
sample. There is also 3/160 between the requi

Figure 22: Steel Ring and Sample
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