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1.. INTRODUCTION

Currently, overhead signs are permanently attached to
exisfing bridge structures by 3/4-inch-diameter threaded
rods bonded in l-inch-diameter drilled holes with either
portland cement (PC) grout or epoxy(i,g,g); Occasionally,
where design loads are small, mechanical expansion anchors
are uséd(i,ﬁ). Often only limited embedment depths and
edge distances are available.

‘Using either of these approved bonding systems in shallow
horizontal holes is risky because it is difficult to, 1)
fi11 horizontal holes with such pourable materials, and 2)
retain the material in the hole while it is setting. In:
addition, there are two inherent problems when either PC
grout or epoxy are used to anchor threaded rods in drilled
holes. Both materials, 1} shrink while hardening -- a
definite disadvantage'when attempting to develop maximum
bond strength -- and 2) require that the components be
carefully weighed and mixed to ensure adequate strength.

‘Current guidelines used by the California Department of
Transportation (Caltrans) for installing post-bonded
“threaded rods with epoxies emphasize to "never use bonding
(epoxy) for sustained axial loading because of the plastic
flow characteristics of epoxy.“(i) This recommendation is
based on the known tendency of current Ca]trans?approved
epoxies to creep under sustained tensile load. Use of
portland cement grout {a neat cement paste made from

- Type Il modified portland cement and water) requires that,
1) a curing compound be applied to the exposed grout sur-
face to prevent rapid loss of water, and 2) before loading,
the threaded rods be left undisturbed for at least three



days to allow the grOut t&gdeVelop adegquate strength.
Compliance with these requirements can increase the total
cost of the installed anchors considerably.

European countriés have used prepackaged polyester resin
capsule anchors~%dr some time with good success. Recently,
three companies, Hilti, Molly, and U.S.E. Diamond, which
have typically mgrketed mechanical expansion anchors, have
offered resin capsule anchors manufactured in Europe for
use in the United States, and tout them as a superior
alternative to bonded systems using epoxy or portland
cement grout. Pullout and shear strengths of these resin
capsule anchor syStems have been determined by these
companies. However, creeb characteristics have not been
fully determined or verified, especially for anchor rods
which have been embedded Tess than the minimum hole depths
recommended by the manufacturers, or which have been
installed at extremely small edge distances.

A Titerature search was performed tb determine if studies
had heen done toieva1uate the effects of shallow embedment
depth and small édge distance on tensile strength and
short-term creeﬁlof polyester resin capsule anchors. No
pertinent jnformhtion was found.

‘Since resin capsﬁle ancho?s appear to be superior for many
applications to either of the currently approved bonding
Systems and mechan1ca1 expansion anchors, especially for
attaching overhead s1gns to existing bridge structures, the
Caltrans' Office of Structures Design requested that the
'Transportation Laboratory (TransLab) test commercially
available 3/4-inch-diameter resin ca§$u1e anchor systems
under sustained axjal loads of 6300 and 3150 pounds in
unreinforced concrete slabs, evaluate short-term creep



performance under sustained tensile loads, and provide
recommendations concerning their performance where
installed at minimum embedment depths and edge distances
(see Appendix A).

The 6300-pound tensile Toad value is based on AASHTO's
recommended allowable unit stress for ASTM A-307 fasteners,
the tensile sfress area, and the allowable 140% stress
increase permitted by AASHTO for Group II loads (see
‘References 2 and 3). This 6300-pound load was further
reduced by 50% for instances where a minimal embedment
depth of 4 inches and small edge distances would be encoun-
tered, and the resulting 3150-pound Toad was also tested.

The purposes of conducting these tests were:

1. To determine, if at the minimum embedment depths
specified by Caltrans Office of Structures Design, commer-
cially available 3/4-inch-diameter polyester resin capsule
anchor systems could withstand direct tensile loads of 6300
and 3150 pounds with acCeptab]e creep, and

2. To evaluate short-term creep after 100 hours of sus-
tained loading on the above anchor systems,

A total of thirty-six 3/4-inch-diameter threaded rods were
installed using prepackaged polyester resin capsules (12
from each of three anchor companies - Hilti, Molly and
U.S.E. Diamond) in unreinforced Class A concrete slabs.
'Creep tests were performed for 100 hours using procedures
‘detailed in California Test 681 (see Appendix B} and
following the work plan shown below:



Actual
. . ‘ Desired Sustained
Embedment ~ Edge Working Tension Jest

Test No. of . Depth Distancel, Loads, Loads®,
Series Tests Inches - Inches Kips Kips

1 9 -5 4 3/8 6.30 9.450

2 9 4 4 3/8 3,15 4.725

3 9 - 2 3/4 6.30 9.450

4 9 4

2 3/4 3.15 4,725

1 Edge distances shown are the distance from the center of
threaded rods to the edge of concrete slabs.

2 For test purposes, a safety factor of 1,5 was applied to
both of the desired working loads to obtain actual sus-
tained tension test loads.

Following the creép tests, resin capsule anchors were loaded
in direct tension to failure.

Resin capsule ancﬁbrs were ‘evaluated at two edge distances,

2 3/4 and 4 3/8 inches (five hole diameters), as reqguested by
Caltrans Sfructuréﬁ Design, and at two different sustained
‘tensile test Toad%ﬂevels. In addition, two embedment depths
were used. < '

The resin capsu1eeﬁnchors hositioned at an edge distance of
2 3/4 inches were installed in horizontal holes (see Figure
1) simu]ating posﬁ#bonded anchors embedded in the edge of a
bridge deck_overh&hg to attach bridge-mounted signs. The
resin capsule anchors installed in vertical holes and tested
at an edge distance of 4 3/8 inches {(five hole diameters) -
the minimum distaﬁte specifdied in California Test 681 -
represent those which would be installed away from edges, as
in a bridge deck or exterior girder stem (see Figure 2).



Figure 1. Creep test in progress on polyester resin capsule anchors in-
stalled in horizontal holes at a 2 3/4-inch edge distance.

Figure 2. Creep tests on polyester resin capsule anchors installed in
vertical holes at a 4 3/8-inch edge distance.







2. CONCLUSIONS.AND OBSERVATIONS

General Conclusions:

° Test results confirm that the desired static tension
loads of 6300 pounds for resin capsule anchors embedded 5
inches, and 3150 pounds for those embedded 4 inches,
could consistently be maintained with a safety factor of
1.5.

A11 three brands of 3/4-inch-diameter resin capsule
anchors evaluated in this research performed well with
the limited embedment depths and small edge distances
tested. Creep observed during short-term sustained
tensile 10ad1ng was generally less than that found in
previous testing of mechanical expansion anchors, and was
much less than the max imum creep allowed in Section’

75- 1 03 of the Caltrans Standard Specifications(6).

° The typical failure modes observed in ultimate tensile
tests conducted in this research were either a cone-type
failure or a tensile splitting in the unreinforced

concrete slabs. Bond strengths of the resins were excel-
lent, and did not appear to limit the ultimate tensile
loads applied to the threaded rods.

2.1 Resin Capsu]e Anchors fmbedded 5 Inches and Creep
Tested Under a 9450-pound Sustained Ax1a1 Tensile
Test lLoad

Resin tapsu1e anchors installed at a 5-inch embedment depth
and at two edge distances, 2 3/4 inches and 4 3/8 inches,



'Satﬁsféctori1y fé§%sted a sustained axial tensile test load
of 9450 pounds,fok*lOO hours with small anchor rod creep
displacements varyﬁng from 0.009 to 0.025 inch. These
~values are from oné-fifth to one-half of the allowable
creep of 0.050 inch previously allowed for mechanical
expansion anchors iested for the sameIIOO—hour time period.
The u]timate tensiile strengths of these capsule anchors,
determined after the completion of the creep test varied
between 13.4 and’ 15 3 kips when installed in concrete slabs
having compress1ve strengths from 5300 to 5400 psi.
'U1t1mate strengths of these resin anchor systems varied
between 15.3 and 21.1 kips when installed in concrete slabs
" with compressive Sirengths_ranging from 6000 to 6900 psi.

''2.2 Resin C&psu1e Anchors Embedded 4 Inches and Creep
~ Tested Under a 4725-pound Susta1ned Axial Tensile
Test Load

For resin capsu]e anchors installed in 4-inch-deep holes at
edge disances of both 2 3/4 inches and 4 3/8 inches, a
‘constant axial ten511e test load of 4.725 kips was main-
tained for 100 hours with negligible creep displacements _
(from zero to 0.0Q4 inch). The ultimate strengths of these
resin anchor sysféms, determined after the completion of
the'creeb tests,‘ﬁaried between 10.7 and 14.1 kips when
installed in concrete slabs having compressive strengths
ranging from 5000 to 5300 psi. Ultimate strengths of
similar resin. capsu]e anchor systems varied between 13.2
and 15.1 kips when installed in concrete slabs with
compress1ve strengths ranging from 5800 to 6000 psi.



2,3 Observations

It was observed that the ultimate strengths of polyester
resin anchor-systems tested rose and creep was significant-
1y reduced when the compressive strengths of the concrete
test slabs were increased. - Additionally, it was observed
‘that the anchorage system's ability'to resist creep under a
sustained axial tensile test load was not reduced at an
edge distance as small as 2 3/4 inches.

It should be noted that in the ICBO research reports on two
of the resin capsule anchors tested (see Appendix C), resin
anchors are not permitted for use in walls (horizontéf
holes) or for overhead applications.. This is because when-
ambient temperatures of surrounding concrete or rod temper-
atures become elevated, the bond strength of the resin
decreases significantly. Also, long-term direct exposure
of the resin to excessive amounts of UV radiation may also
cause resin degradation and loss of bond strength}_

The minimum specified cure time - 10 minutes - for the
mixed polyester resin capsules at the ambient temperature
of approximately 70°F present during this research was
short. Longer cure times are required for resin anchors
installed at lower ambieht temperatures; for exampﬁe, a
one-hour cure time is specified for ambient concrete tem-
peratures for between 32°F and 50°F. This range of curing
temperature will frequently be encountered when anchor
installations must be performed during winter months. or at
night and lane closures must be made on busy freeways. On
such occasions, it is desirable but not always:possib1e
with these cool temperatures to preload the resin capsule
~anchors immediateTy after installation so as to reduce work
time and duration of lane closures.






3. RECOMMENDATIONS AND IMPLEMENTATION

Based on results of this research, it is recommended that
the 3/4—inch-diameter.polyester resin capsule anchor
systems as tested be considered as alternatives equal to or
better than mechanical anchors (see proposed Standard Spe-
cial Provision in Appendix B) or other currently approved
grouted or bonded anchor systems because of the tendency of
the mixed resin to stay in the hole and its quick set time.
Other brands of resin capsule anchors may be acceptable but
must be evaluated by the vendor or contractor using the
Revised California Test 681 (Appeﬁdix A).

It should be cautioned that certain variables such as con-
crete compressive strength, the various tools and methods
available for drilling, cleaning and installing anchors,
and general undesirable conditions experienced in field
work may affect the performance of resin capsule anchors
and result in lower loads than were obtained 1in this study.
Also, resin capsule anchors should not be used in walls or
overhead applications where the temperature of the
surrounding concrete will be elevated, or where the resin
will be directly exposed to excessive UV radiation, as
anchor bond may be significantly reduced (see Appendix c).

It is recommended that:

* parameters for the installation of 3/4-inch-diameter
resin capsule anchors be limited to the following
values for conditions similar to those used in this
research:



- : Min. Edge Max. Tensile
Hole Diameter, Min. Embedment Distance, Load (no shear),

inch. Depth, Inches Inches Kips
7/8 .. 5 2 3/4 to 3 6.30%
7/8 ' - 4 2 3/4 to 3 . 3.15

*Maximum;ﬁe31gn load values recommended are based
on allowable 1oads calculated from AASHTO
specifigations (References 2 and 3) and have been
verifiei‘by tests performed in this research
study: " '

* The qda]ity of'%he concrete in éxisting bridge siructures
be assessed pr1or to u51ng resin capsu]e anchors, and
edge distances and embedment depths be increased when
concrete_strength is less than that used in this
research. '

* When both shear;and tensile loads are present, the
number/spacing of the threaded rods be determined by
using an appropfiate combined stress ratio formula.

As'only 36 creep festé were conducted in this research
study on only one 'size of resin capsu]e anchor, additional
research may be needed to ver1fy sat1sfactory short-term
creep performance for other anchor sizes. In addition,
limited data on 16ng¥term creep perforhance of resin
anchors under sustained loads are available from manufac-
turers and verification tests ‘need to be performed to
confirm their su1tab111ty.
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Future Research Recommended

It is recommended that the following additional research be
~“conducted in the future:

Evaluation of other sizes of resin capsule anchors,

Development of more complete performance spetifica--‘
tions for resin capsule anchors,

Determination of the limits for allowable shear and
combined shear and tension loading on resin capsule
anchors, ' '

Determination_of the effect of close spacing of
resin capsule anchors having shallow embedment
and/or small edge distances, and .

Development of specifications for materials
contained in resin capsules to include controls on:

(a) resin quality

(b) aggregate size and quality, and

(c) mix proportions of resin, aggregate, and
caté1yst. | '
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4. DESCRIPTION OF EXPERIMENTAL PROGRAM

4.1 Testing Program

In this research, four separate test series_weré per formed
to determine the effects of 1imited edge distance and
embedment depth on creep behavior of 3/4-inch-diameter
threaded rods bonded using speéia1 prepackaged capsules
containing a polyester resin adhesive, aggregate, and an
accelerator. In each test series, nine rods were installed
and their creep was monitored simultaneously using an elec-
tronic data acquisition system. '

4.1.1 Determination of Sustained Tenéi]e Test
Loads '

The a]]owabie‘tensile load, 6.30 kips, was determined by
multiplying the basic:a11owab1e bolt load for a 3/4-inch-
diameter fastener, 4.5 kips, by the allowable stress
increase of 140%, permitted for Group II loads, as shown in
section 1.2.6 - GROUP LOADS(2).

The allowable bolt load was calculated by multiplying the
allowable working stress of 13.5 ksi, permitted by AASHTO's
"Standard Specifications for Highway Bridges," Table
1.7.41C, page 171(3), by 0.334 inch, the tensile area of
the 3/4-inch-diameter threaded rod, as recommended in
Section 1.3.4(A) of reference 2.

12



To qccbunt'fdr fhe negative effects of a minimum embedment
depth of 4'inches{ the initial 6300 pound tensile load was
‘reduced by 50% and also tested.

For test purposes; a séfety factor of 1.5 was applied to
both of the above desired design tensile loads. The
resulting tensile test loads of 9450 pounds and 4725 pounds
were used to evalﬁate creep and ultimate tensile strength
for embedment depfhs of 5 inches and 4 inches, respectively.

4.1.2 Important Test Parameters

The fdl]owing'par%meters were considered important when
testing resin capgule anchors in this research project:

- Embedment depth: 4 and 5 inches.

- Edge distance: fz 3/4 and 4 3/8 inches (5 hole

 diameters). - |

- Magnitude of sustained tensile test loads: 9450 pounds
on resin capsule anchors embedded 5 inches, and 4725
pounds on anchors embedded 4 inches.

- Brand of resin ¢apsule anchor: Threé brands were tested
" _in each of the four test series. '

- Type of threaded anchor bar: 3/4-inch-diameter threaded

anchor bars made of steel conforming to ASTM Specifica-
tion A-307.

13



- Hole diameter: 7/8-inch-diameter holes as'recomménded”by
vendors of the 3/4-inch-diameter threaded rods.

- Hole orientation: “Vertical and horizontal.
4.1.3 Work Plan

A flow chart outlining the various possible testing
sequences is ‘shown in Figure 3.

The following table shows the actual sustained load tests’
conducted in this research:

No. of " Sustained

‘Sustained Embedment  Edge ‘ - Tensile
Test Tensile Depth, Distance, Test Load,
Series Tests Inches Inches Hole Orientation Kips
1 9 5 4 3/8 Vertical 9.450
2 9 4. 4 3/8 Vertical 4,725
3 9 _ 5 2 3/4 Horizontal 9.450
4 9 4 2.3/4 Horizontal 4,725

4.2 Materials

4.2.1 Concrete: Mix Design, Compressive
Strength, and Dimensions of Test Slabs

A number of unreinforced Ciass A concrete stabs having
dimensions of 3'x8'x7 1/2" and 3'x7 1/2'x 5 1/2" and |
previously cast for another research project were used for
the creep and uitimate strength testing. Compressive
strengths of concrete as determined from cores taken from
the old slabs or cylinders made while placing the new slabs
‘were as follows:
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" 3)4" ® RESIN ANCHORS- |1

INSTALL IN VERTICAL .
-HOLES AT: 4-3{8" EDGE
DISTANCE:IN. A 7-1/2"

THICK CONGRETE, SLAB,

EMBED ats ]

" TEST_
" UNDER, 9450-Ih.
. _TENSILE 1d.

~TEST
UNDER:"4725-Ib.
“S~__TENSILE 1d,

" EMBED AT 6-S/8°

~"TEST
“UNDER 9450-Ib.
~TENSILE Id.

EMBED AT 5"

INSTALL IN"HORIZONTAL
HOLES AT 2-3/4" EDGE
DISTANCE'IN A" 5-1f2* "

THICK CONCRETE SLAB.

' 3/4* ¢ RESIN. ANCHORS - |

“TEST T
~~UNDER 4725-b.
~~TENSLLE d;

T

" EMBED AT 5°

~TEST
UNDER 9450-Ib.
TENSILE K.

FAIL

_EMBED AT 4°

“TEST
UNDER_4725-b.
TENSILE 1d.

' EMBED AT 6-518*

S e i NESra

~TUNDER '9450-ib, s, F AL
— TENSILE Id. :

Reenet™Sl

PASS

FAIL

g et

"EWBED AT 5

<7 ' UNDER 4725-Ib.
" TENSILE id,

REPORT WRITING

| Passsran
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Concrete Compressive
Slabs Used for Strength (psi) @ Time

Test Series Slabs Cast On  Creep Testing On of Creep Test
1 5-10-84 6-22-84 5300-5400
2 3-20-84 7-9-84 ) 5000-5300
3 3-9-83 7-31-84 6000-6900
4 3-9-83 8-15-84 5800-6050

4.2.2 Types of Resin Capsule Anchors Tested

Each resin capsule anchor system used was composed of a
threaded rod and a sealed glass capsule which contained
polyester resin, quartz aggregate, and a benzoyl peroxide
catalyst. Resin capsule anchors available from three
companies - Hilti, Molly, and U.S.E. Diamond (see Figures 4
to 6) - were used for the tests. The 3/4-inch-diameter
threaded rods used in this research had a yield strength of
71.4 ksi and a tensile strength of 80.2 ksi. In two of the
resin systems evaluated - Molly's Parabond and U,S.E.
Diamond's SUP-R-SET - the large outer capsule contains a
mixture of premeasured amounts of polyester resin and
~quartz aggregate. In both of these systems, the benzoy!
peroxide catalyst is contained separately in a small glass
vial within the main capsule. In the third system tested -
Hilti's HVA adhesive anchor - the main capsule contains
oh1y the polyester resin, and aggregate coated with the
benzoyl peroxide catalyst was contained in a separate inner
vial,

16



Figure 4. Hilti's: HVA resin éépsu]e anchor system (HBP M19-3/4%
capsule with HAS threaded rod, washer, and nut).

Figure 5. Molly's 'Parabond M20-34' resin capsule with threaded rod,
washer, and nut.




Figure 6, U.S.E. Diamond's 'SUP-R-SET' resin capsule with threaded
rod, washer, and nut.
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4.3 Test Method and Apparatus

California Test 681 with revisions {see Appendix A) was
followed for determining short-term creep behavior of the

resin capsule anchors (see Appendix A). Because the creep
| behavior of the polyester resin under sustained axial load
was a major concern in this research, the 48-hour creep
perjod required in Test 681 was extended to 100 hours in
all creep tests performed in this study. A suitable creep
test apparatus used in this research is shown in Figures 8
and 9, During each test series, nine identical sets of
apparatus were used siﬁu]taneous]y.

4.4 Hole Preparation and Installation of Threaded
Rods with Resin Capsules’

Holes seven~eighth inch in diameter were drilled with a

rotary impact drill and carbide tipped bit to specified

depths as shown in the work plan (Section 4.1.3). After
drilling was completed, dust was blown out using a blow

nozzle and compressed air.

Appropriate résin capsules were inserted into each hole
(see Figure 7). A threaded rod was installed into the
adaptor unit of the rotary impact hammer and then jammed in
the hole in order to break the glass capsule. The rotary
impact hammer was immediately turned on, and while pressure
was applied to seat the rod, the glass capsules and
contents were mixed and ground up until the threaded rod
bottomed out in the hole. The rotary impact hammer was
then immediately turned off. After the installed rod set
for 10 minutes, the drive unit was disconnected. The
installed threaded rod was then cured for approximately 24
hours prior to testing.

19



Figure 7. Unbroken glass resin capsule inserted in a
drilled hole.

4.5 Test Procedure

For each of the four creep test series performed in this
research, nine threaded rods were bonded in drilled holes
with three different brands of resin capsules following
parameters previously described in Section 4.1.2. All nine
creep tests of each series were performed simultaneously
using nine sets of testing apparatus previously described.

Each installed threaded rod was readied for creep testing
using the following procedure: A base plate, to which a
load collar and deflection bracket were welded, was placed
over each rod and held securely against the concrete sur-
face using a washer and nut. A torque of 160 ft-1b was
applied to each nut. The external test load was applied to
the base plate through the load collar.

{
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Pﬁior to app1yiﬁgjan 9xterﬁé] load, an initial displacement
reading of each potentiometer was made.

The spring systemﬁused to sustain tensile loads was
assembled as shown in Figures 8 and 9. The appropriate
sustained'tensiTeftest load, as specified in the work plan,
Section 4.1.3, uag'applied”to each rod by means of a 60-ton
jack. The 1oad'w35'measured using a load cell and a
transducerlstrafﬁfindicator. For each anchor rod, creep
disp]acéhénf'was'%ecorded on paper tape using an electronic
data acQuiSitidn éystem (see Figure 10). Readings were
taken immédiate]jiafter eath anchor rod was loaded and sub-
sequentiy, eVery'Ewo hours until the‘lUO—hoUr test duration
was. reached. ? :

 HW2D L 1 ] -70T'LOAD CELL
2D ‘ , |
“ TRANSDUCER!STRAIN | | 60T JACK
~ " INDICATOR - - ~

T PULL ROD

| | __SPRING
-' | STEEL STAND TO
.~ SUPPORT SPRING
_ ASSEMBLY
HYDRAUL.IC
" PUMP

P?TENHOMETERS ~RESIN ANCHOR SYSTEM

Figure 8. Testing apparatus used to apply sustained Toads
to resin capsule anchors.
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Figure 9. Testing apparatus used to apply sustained loads to resin
capsule anchors installed in the edge of a stab in hori-
zontal holes (Test Series 3 and 4).

POTENTIOMETER
: BRACKET

HP 3489A P [ ]

PAPER TAPE ! | S— "2

PUNCHING UNIT

1|

DIGITREND 210
PRINTER

CONNECTION
BOARD

DIGITAL CLOCK HF 6289A

\D.C. POWER SUPPLY
UNIT

Figure 10. Displacement recording system.
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After theﬁldb-hdur'creep'tests'were completed, the sus-
tained load was ré]eased and the spring apparatus was
removed. Using the pull bar, hydraulic jack and support
system (shown in Figure 15), the resin capsule anchors were
subjected to short-term tensile loading to failure.




5. SUMMARY OF TEST RESULTS

General Summary:

A11 three brands of 3/4-inch-diameter resin capsule anchors
evaluated in this research performed satisfactorily as
tested. For all short-term creep tests, displacements
measured after 100 hours of sustained loading were less
than the. maximum allowed for mechanical expansion anchors
as specified in Section 76-1.03 of the Caltrans Standard
Specifications.

In all pullout tests performed to determine the ultimate
strengths of the resin anchorage systems, peak loads were
Timited by the strength of the concrete. MWhere threaded
rods were installed in vertical holes, failure of the
systems typically occurred when the cohcréte surrounding
‘the rods spalled in a classical conical shape. Where rods
were tested in vertical holes, the tensile cracks formed
below the embedment depth and.extended through the entire
thickness of the unreinforced concrete siabs. |

The bond strengths of all three of the polyester resins
tested were excellent. No ultimate failures resulted from
either low resin bond strength or tensile failure of the
‘threaded steel rods.

Values of maximum creep/displacement of the resin capsule
anchors tested are presented in Tables 1 to 4. Creep data
of displacement versus time for these anchors are presented
in Tables 5 to 8, and are graphically shown in Figures 16
through 27

The following sections are summaries of the four test
series performed in this research project.
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5.1 Test Series L. _fh this series, resin capsule
anchors were émbeﬁded 5 inches in vertical holes at a

4 3/8-inch edge distance and were creep tested under a
sustained axial tensile load of 9450 pounds.

From test resu1ts?shown in Figures 16, 17, and 18 (see
pages 41 to 43), ‘it was observed that, with the exception
~of one U.S.E. D1amond resin capsule anchor which failed
premature]y, all capsu1e anchors performed satisfactorily.
As shown in Table: ‘5, d1sp1acement values after 100 hours of
suystained toading” for the e1ght remaining resin capsule
anchors ranged from 0.009 to 0.025 dinch., These displace-
‘ment values are one third to one- ha]f of the 0.050-inch
d15p1acement 11m1t previously specified for mechanical
expans1on anchors tested for a s1m11ar 100-hour sustained
10ad1ng per1od. '

Anchor No. 3, bonded with a U.S.E. Diamond resin capsule
experienééd'groséls]ip and failed sometime between 21 and

23 hours after thé”initiaT‘test load ‘had been applied. The
sudden failure géﬁerated an impact Toad which fractured the
concrete test s]éb {see Figure 12). The resulting crack

" passed through holes No. 7 (bonded with a Hilti capsule)
and No. 9 (bbndedeith a Molly capsule). This impact
loading and resuTting crack caused both of these adjacent
dowels to fail. '

The, SpeC1f1C 1ocat1ons of test specimens in the concrete
test slab ‘are shown in F1gure 11.

it was obServed‘ﬁhat‘doweiiNo; 3 was #fully bonded for only

one-half of the deaired'é?ﬁdchrembedment depth. The cause
of the lack of full bond s unknown.
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Figure 11. Plan view of slab used for Test Series 1 showing anchor
locations.

After creep tests, resin capsule anchors were subjected to
short-term tensile tests until failure occurred. As shown
in Table 1, page 33 ultimate strengths varied between 13.4
and 15,3 kips. A typical failure mode is shown in Figure
13,

5.2 Test Series'z. In this series, resin capsule

anchors were embedded 4 inches in vertical holes at a
4 3/8?inch_edge'distance, and were creep tested under a
sustained axial tensi]e load of 4725 pounds. .

Because the potentiometers used for the Test Anchor No. 2
were faulty, the data collected for that test were deemed
invalid. Creep displacements of the remaining eight resin
capsule anchors subjected to a 100-h0ur'sUstained axial
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Figure 12. Fractured concrete slab used in Test Series 1.

‘Figure 13. f}pical'cone failure in concrete slab after an
ultimate Toad test on a resin capsule anchor

bonded in a 5-inch-deep hole and installed at a
4..3/8-1inch edge distance.
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tensile test load were very small -and varied'between zero
and 0.004 inch. Data and pioté of'creep—versus—time for
these resin capsule anchors are presented in Table b and
Figures 19 through 21.

After creep tests, resin capsule anchors were subjected to
short-term tensile load tests until failure occurred. As
shown in Table 2, their ultimate strengths varied between
10.7 and 14.1 kips. o

5.3 Test Series 3. In this series, resin capsule

anchors were embedded 5 inches in horizontal holes at a
2 3/4-inch edge distance, and were creep tested under a
sustained axial tensile load of 9450 pounds.

As shown in Figure 14, resin capsule anchors in this test
series were installed horizonta]]y'at a2 3/4finch edge
distance to simulate anchors located in the edge of a 6 to
7-inch-thick bridge deck overhang and used for attaching
overhead signs. Results of Test No. 7 were deemed invalid
as the nut was threaded only half way onto anchor rod No. 7
and could not withstand the above mentioned sustained load.
The nut threads stripped sometime between four-and'seven '
hours of sustained load testing.

From test results shown in Table 7 and Figures 22,‘23,,and
24 (see pages 39 and 47 to 49}, it was observed that, with
the exception of test anchor No. 7 which failed premature-
‘1y, all resin capsule anchors performed satisfactorily.
Creep values for those remaining resin capsule anchors
tested for 100 hours ranged from 0.005 to 0.009 inch.

These are very small and are cons1dered negligible when
compared to the 0.050-inch displacement limit *previously
permitted for mechanical expansion anchors. |
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"U]timaté'Stfengfhg'of the ﬁééin capsule anchor systems
determined following the creep tests varied from 15.3 to
21.1 kips. - )

The slabs used in ‘this test series were cast on March 9,
1983 and'exhibite& a 28-day compressive. strength of from
5090 to 5110 psi. At thé‘pime creep testing was performed,
the compressive strength‘of.the well-aged concrete slabs
had increased to between 6000 and 6900 psi. This was much
higher than that of the slabs used in Test Series 1.
Despite the smaller 2 3/4-inch edge distance, creep values
détérmined-in Test. Series 3 were significantly lower and
ultimate strengthé; limited only by the tensile strength of
the concrete, wera higher than those found in the first
test series. Eviient1y, higher concrete strength caused a
significant 1ncre§se'in”thé tensile capacity of the
toncnete and a}somh reduction in creep of these anchors.

5.4 Test Series 4. In this series, resin capsule

énehors were inst&11ed in 4-inch~deep horizontal holes at a
2 3/4-inch edge qjstante, and were creep tested under a
sustained axial ténsile test load of 4725 pounds.

Displacements due " to creep were very small and varied
between zero and 9.004 inch. Data and plots of
creep-versus-time: for the test anchors are presented in
Table 8 and Figures 25 through 27.

After‘creeb tests; resin capsule anchors were subjected to
short-term tensiTé loading until failure occurred. As.
shown in Table 4, ultimate strengths varied between 13.2
~and 15,1 kips.
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Figure 14, Resin capsule anchor installed in a horizontal

hole at a 2 3/4-inch.edge distance (Test
Series 3). .

Figure 15. Typical failure in concrete slab after ultimate
tensile Toad test on resin capsule anchor
bonded in a 5-inch-deep horizontal hole and

installed at a 2 3/4-inch edge distance (Test
Series 3).
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E“As'dTSCusSEd previously, the well aged concrete stabs used
in this test series (compressive strength of 5800 to

6000 psi) were stronger than those used in Test Series 2
(compressive'streﬁgth of 5100 to 5300 psi). Since the
tensile strength of concrete appears to govern the ultimate
strength of these Sha110w1y embedded vesin anchor systems,
resihfcdpSU]e anchors tested in Test Series 4, even though
installed at a smaller edge distance of only 2 3/4 inches,
could resist higher ultimate loads than those in Series 2,
installed at a 4 378-inch edge distance.
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Table 5. Displacement/Creep versus Time of Resin Capsule Anchors During
100-Hour Creep Test, Test Series No. 1

Test Date: 6-22-84 | | Rod Diameter . 3/4 inch
Hole Diameter : 7/8 inch
Magnitude of Sustained Load: 9450 pounds Hole Orientation: Vertical
S1ab Thickness : 7 1/2 dnches Embedment Depth : 5 inches
Concrete {ompressive Edge Distance : 4 3/8 inches
Strength @ Creep Test +  5300-5400 psi
Installation Torque - ¢ 160 °ft-1b
1 2 3 4 5
U.S.E. Diamond U.S.E. Diamond U.S.E. Diamond Hilti
Time Move Time Move Time Move Time Move
0 0.000 0 0.000 0 0.000 0 0.000
0 0.007 0 0.005 . 0 0.004 0 0.010
11 0.010 1 0.008 1o 0.007 2 0.013
15 0.011 5 0.012 32 0.009 16 0.016
31 0.013 11 0.017 48 0.010 32 0.018
47 0.014 15 0.021 64 0.012 48 0.019
63 0.014 19 0.027 80 0.013 64 0.020
79 0.016 21 0.033 98 0.013 80 0.021
97 0.016 23 0.458 98 0.021
invalid
6 7 _ 8 9 10
Hilti Hilti Molly Molly Motly

Time Move Time Move Time Move Time Move Time Move

0 0.000 0 0.000 0 0.000 - 0 0.000 -~ O 0.000
0 0.005 0 0.006 0  0.004 0 0.004 0 0.014
12 0.009 0 0.010 17 0.007 2 0.007 4 0.017
16 0.009 13 0.014 33 0.007 9 0.010 16 0.019

32 0.011 17 0.014 49 0.008 15 0.011 32 0.022
48 0.012 25 0.493 65 0.009 25 0.504 48 0.023

64 0.014 Invalid 81 0.009 Invalid - 64 0.024
80 0.014 99 0.009 80  0.024
LS 0.015 _ ‘ 96 0.025

112 0.025

NOTE: Cumulative displacement/creep is shown in inches. Time is shown in hours. -
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" Table 6.wr5%5p1aééhentlcréep versus Time ‘of Resin Capsule Anchors During
' 100-H0ur Creep Test, Test. Series No. 2

Test Date: . 7-9-84 - : Rod Diameter : 3/4 inch

J Hole Diameter : 7/8 inch
Magnitude of Sustained Load: 4725 pounds Hole Orientation: Vertical
ST1ab Thickness i+ 7 1/2 inches Embedment Depth : 4 inches
Concrete Compressive . : Fdge Distance : 4 3/8 inches
Strength @ Creep Test "~ 1 5000-5300 psi
Installation Torque g : 160 ft-1b
1 ' 2 s o3 4 5
Hilti ~ Hilti Hilti U.S.E. Diamond
Time Move Time Move Time Move Time Move
0 0.000 0, 0.000 0 0.000 0 0.000
0 0.0609 10. 0.003 16 -.000 16 0.000
4 0:028 16 0.003 - 32 -.001 32 0.000
16 0.027 32 0.003 - 48 -.001 48 0.001
20 0.034 48 0.003 66 -.001 66 0.001
30 0.029 66 0.003 82 -.001 82 0.001
32 0:028 82 0.004 98 -.001 98 0.001
44 0.033 - 98 0.004 114~ -.001 114 0.001
48 0,032 114 0.003
66 .0.030
68 0.033
82 0.031
94 0,035
98 0.034
108 - 0:030
114 0.033
6 7 C 8 g 10
U.S.E. Diamond U.S.E. Diamond - Molly Molly Molly
Time  Move Time Move Time Move Time Move Time Move
0 0.000 0  0.000 0 0.000 0 0.000 0 0.000
16 0.002 16 -.001 16 0.002 17 -.000 17 0.000
32 0.002 32 -.001 32 0.002 33 0.000 33 0.000
48 0.002 48 - -.001 48 0.002 49 0.000 49 0.000
66 0.003 66 -.000 66 0.062 67 0.000 67 0.000
82 0.003- 82 -.000 82 0.002 83 -.000 a3 0.001
98 0.002 g8 - -.000 98 0.003 99 0.000 99 0.001

114 0.003 114 0.000 114 0.002 115 -.000 115 0.001

NOTE: Cumulative displacement/creep is shown in inches. Time is shown in hours.
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Table 7. Displacement/Creep versus Time of Resin Capsule Anchors During
100-Hour Creep Test, Test Series No. 3

Test Date: 7-31-84 | Rod Diameter  : 3/4 inch

' , Hole Diameter : 7/8 inch
Magnitude of Sustained Load: 9450 pounds Hole Orientation: Horizontal
Slab Thickness: : 5 1/2 inches, Embedment Depth : 5 inches
Concrete Compressive - Edge Distance : 2 3/4 inch
Strength @ Creep Test : 6000-6900 psi
Installation Torque : 160 ft-1b
1 2 3. 4 5
U.S.E. Diamond U.S.E. Diamond U.S.E. Diamond ~  Hilti
Time Move Time Move Time Move Time Move
0 0.000 -0 0.000 0 0.000 0 0.000
0 0.003 15 0.002 2 0.003 -0 0.003
15 0.003 42 0.002 16 0.003 16 = 0.003
42 0.003 59 0.002 35 0.003 35 0.004
59 0.004 75 0.002 52 0.004 - 52 0.004
75 0.004 91 0.002 68 0.003 68  0.004
91 0.004 107 0.002 84 0.003 84 0.004

107 0.005 123 0.003 100 0.003 100 0.004
123 0.005 139 0.003 118 0.004 "118 0.004
138 0.005 155 0.004 134 0.004 134 0.004
155 0.005 ' 150 0.004 150 0.004

6 7 8 9 10

Hilti - HiTtd Molly Molly Molly

Time Move Time Move Time. Move Time Move Time Move

0 0.000 0 0.000 Q 0.000 0 0.000 0 0.000

i 0.004 0 0.006 0 0.006 0 0.004 19 0.003

16 0.006 4 0.009 18 0.008 19 0.005 40 0.003
37 0.006 7 0.523 39 0.008 40 0.005 57 0.003
54 0.006 Invalid 56 0.009 56 0.005 73 0.004
70 0.007 72 0.009 72 0.005 89 0.004
86 0.007 88 0.009 88 0.005 105 0.004

- 102 0.007 104 0.009 104 0.005 123 0.004
120 0.008 122 0.009 122 0.005 139 0.004
136 0.008 138 0.010 138 0.006 155 0.004

152 0.008 154 0.010 154 0.006

NOTE: Cumulative displacement/creep is shown in inches. Time is shown in hours.
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 Table 8. Displacement/Creep versus Time of Resin Capsule Anchors During
: 100-Hour Creep Test, Test. Series No. 4 '

Test Date: 8-15-84 - i ' | Rod Diameter : 3/4 inch
: ' Hole Diameter : 7/8 inch
Magnitude of Sustained Load: 4725 pounds Hole Orientation: Horizontal
S1ab Thickness: : : 5 1/2 inches Embedment Depth : 4 inches
Concrete Compressive Edge Distance : 2 3/4 inches
Strength. @ Creep: Test 1 5800-6050 psi
Instaklation Torque: - : 160 ft-1b
Hilt s Hi T4 Hilti Molly
Tﬁmé;' nﬁﬁﬁei ﬁ%ﬁe' ~ Move Time.  Move Time Move
0 0.000 0 0.000 0 0.000. 0 0.000
16 - -.00% 16 0.002 L% 0.003 17 0.000
40 -.000 40 0.003 4l 0.004 41 0.001
56 ~-.000: 56. 0..003 57: 0.004 57 0.001
72 -.000 72-  0.003 73. 0.004 73 0.001
88 -..000 88 0.003 89.- 0.005 89 0.001

104 ~-. 000 104 0.003 . 105 0.005 105 0.001

6 ¢ .8 | 9 10

Molly Molly = U.S.E. Diamond U.S.E. Diamond U.S.E. Diamond
Time  Move ‘ Time - Move Time  Move ‘ Fime Move Time Move
0 0.000 0 * 0.000 0 0.000 0 0.000 -0 0.000
15 0.001 .15 0.002 16 0.003 16 0.000 16 0.001
31 0.001 -~ 31 0,002 32 0.003 32 0.001 32 0.001
47  0.001 47 0,002 48 0.003 48 0.001 48 0.002
63 0,002 63 0.002 64 0.004 64 0.001 64 . 0.002
79 0.002 79 0.003 80 0.004 80  0.001 80 0.002

97 0,002 97 0.003 98  0.004 98 0.001 938 0.002

NOTE:  Cumulative diépﬁacement/créep is shown in inches. Time is shown in hours.
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APPENDIX A

State of California March 1985
Department of Transportation

Division of Engineering Services

Office of Transportation Laboratory

P.0O. Box 19128

Sacramento, California, 95819

CALIFORNIA TEST 681

METHOD FOR TESTING CREEP PERFORMANCE OF
CONCRETE ANCHORAGE DEVICES

A. SCOPE

This method describes the test procedure to be used for
'determining the creep performance of various concrete anchorage
devices, including bonded dowels or threaded bars, cast-in-place
concrete inserts, polyester resin capsule anchors and mechanical
expansion anchors.

B. DESCRIPTION OF TERMS

Creep -- includes all movement associated with the installed
concrete anchorage device that occurs while loading and during
the sustained loading periods, including short-term slip and
creep. Elastic deformations are considered small and are also
included in overall creep measurements.

C. TESTING APPARATUS

The following testing apparatus is required for evaluating
creep: -

1. A suitable hammer and setting tool, if required, for
mechanical expansion anchors being tested.

2. A testing apparatus, similar or equivalent to that shown
in Figure 1, designed so that the anchorage device is loaded
through a base plate beneath the nut on the threaded shaft of .
the device. The clear distance between the supports of the
testing apparatus in contact with the concrete test slab and
the expansion anchor stud shall be 3-1/2 times the embedment
depth for depths less than or equal to 6-1/2 inches, and 2
times the embedment depth for depths greater than 6-1/2
inches. The load collar with base plate attached and arms on
which indicators are mounted shall be designed and built
sufficiently rigid to minimize elastic deflections.

3. A pin or swivél connector near the base of the pull bar
linkage to eliminate transfer of bending moment to the
anchorage device.

4. A load cell or load monitoring device capable of measuring

the external tensile force applied to the pull bar of the
testing apparatus to within #1% of the actual applied load.

53



5. Two dial indicators, linear potentiometers, or other
suitable gages per testing apparatus, capable of measuring
linear movement to within an accuracy of +#0.001 inch.

6. A suitable torque wrench.
' D. PREPARATION OF TEST SPECIMENS

1. Concrete Test Specimen '

a. Fabricate an unreinforced concrete test specimen having
sufficient size to provide adequate edge distance and
spacing between anchors, as outlined in D.2.a., and to
accommodate anchorage devices being tested. Minimum
slab depth shall be the minimum required hole depth
(see D.2.b.(3)) plus 4 hole diameters.

b. Concrete used for the test slab shall contain 564 pounds
of "Type IXI Modified"™ portland cement per cubic yard, and
conform to requirements in Section 90-2,.01 of the Caltrans-
Standard Specifications. The aggregate used shall be
.rounded or crushed gravel or crushed rock and conform to
the l-inch maximum grading in Section 90-3.04, "Combined
Aggregate Gradings". Admixtures shall not be used. The

- maximum slump shall be 4 inches. Concrete shall be cured
by either the water or curing compound method in
accordance with the provisions in Sections 90-7.03,
"Curing Structures". At the beginning of each sustained
direct tension test, the concrete shall have an age of not
less than 21 days and a compressive strength of not more
than 5000 psi.

2, Installation of Anchorage Devices
a. Locate the hole positions on the concrete test specimen
so as to provided a minimum edge distance of 5 hole
diameters and a minimum spacing between holes {(center
" to center) of 10 hole diameters.
b. Drill holes to conform to the following requirements:
(1) Use an impact rotary hammer drill with a carbide-
tipped bit for drilling holes. Use the appropriate
drill bit diameter as recommended by the anchor
manufacturer., Dimensions of the carbide tip on the
drill bit shall conform to ANSI Specification B94.12,
(2) Drill holes so that their axes are normal to the
plane of the concrete surface.
(3) The required hole depth shall be as follows:
..for mechanical expansion anchors;

- internally threaded drop-in style anchors,
the minimum required hole depth is 1/2 inch
plus the anchor body length.

- integral stud-type anchors, the required
hole depth is the minimum depth recommended
by the manufacturer.

..for resin capsule anchors; minimum hole depths
shall conform to those recommended by the
manufacturer.
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c. After drilling the hole, remove dust and residue in
‘the hole by blowing out with compressed air, using an
OSHA-approved nozzle. Use of a brush or other
instrument to loosen dust particles or water to wash
out residual dust in hole is not permitted.

d. Install the anchor using the manufacturer's recommended
instructions. For mechanical anchorage devices, the.
top of internally threaded drop-in type anchor body
shall be installed between 1/2 inch and 1 inch below
the concrete surface.

e. Bond two small flat metal bearing plates to the surface of
the concrete at an appropriate distance from the anchorage

device so as to provide smooth surfaces for the contacts
of the dial indicators or potentiometers.

£. Position the load collar with dial indicators over the
protruding stud, and install the appropriate washer and
nut. Apply torque to the nut using an appropriate
torque wrench. In the absence of installation torque
values recommended by the manufacturer, the following
values will be used: :

REQUIRED INSTALLATION TORQUE FOR
CONCRETE ANCHORAGE DEVICES,
FOOT POQUNDS
Concrete Inserts,
Resin Capsule Anchors,
Bonded Threaded Bars,; or

Drop-in Type Integral Stud-Type
ANCHOR STUD Mechanical Expansion Mechanical Expansion
SIZE Anchors Anchors :
3/4"dia. « o o o « » +80 125
5/8%dia. « « ¢« o « s« 250 90
1/273iA. » o o« o ¢ o 30 60
3/873ia. « o ¢ « o » 20 ' 35
1/4%dia. « « « ¢ = o 10 10

E. TEST PROCEDURE

1.

Install two indicators (linear potentiometers or dial
gages), one on each end of a rigid arm securely fastened
near the base plate of the testing apparatus, and position
them so as to measure displacements normal to the concrete
surface. Tips of the indicators shall rest on bearing
plates previously bonded to the concrete surface. Mount
these indicators so that their shafts are equidistant from
and along lines perpendicular to the axis of the concrete
anchorage device at a distance not less than 10 hole
diameters apart from one another.

Immediately after the required installation torque has
been applied to set/prelcad the anchorage device being
tested and indicators have been properly oriented, read
and record each indicator before the application of the
external tensile test load. Average the two readings to
obtain the initial mean indicator measurement. '
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3. Except for concrete inserts installed in fresh concrete,
apply the appropriate sustained axial tension test load
shown in the specifications within 48 hours of
installation of the concrete anchorage device. This load
shall be applied to the base plate of the test fixure so
as to indirectly load the stud of the anchorage device
through the previously torqued stud nut. The tension test
load shall be applied at a uniform rate which does not
exceed 1000 pounds per minute.Concrete inserts shall be
similarily loaded after concrete has cured for 21 days.

4, Read and record each indicator again immediately after the
tension test load has been applied.

5. Maintain the specified tension test load to within 5%
of the required value for the duration of the creep test.

6. Monitor creep for at least 48 hours after applying the
" full test load. Read and record a minimum of 5 additional
sets of indicator values at 2 hour intervals during the
~ last 10 hours of testing. One of the readings shall be
- made at 48 hours. Determine the mean value for each set
of readings taken.

7. Subtract the mean lndlcator value of the 48-hour reading
(E.6) from the initial mean indicator measurement (E.2) to
determlne the mean creep value for the anchorage device.

'ﬁr F. SAMPLING

1. In order to quallfy an anchorage dev1ce, three identical
tests per diameter must be performed. For anchorage
devices of a given diameter and design, a satisfactory
performance for the particular embedment length tested
‘will constitute acceptance of that length as well as all
longer manufactured lengths. A satisfactory performance is
obtained when all three anchorage devices pass.

2. Any future changes in anchor design or materials will
require retesting.

' G, REPORTING: OF RESUETS

. The report of creep test results shall include the following
A mlnlmum 1nformatlon.

1, Test sponsor and test agency.
2. Dates of testlng and report preparation.
. Identlflcatlon of the anchorage device 1nc1udlng
manufacturer, type and model number, type of steel used in

"anchor parts, thickness and type of corrosion protective
“coating, dlmenSLOns, and other pertinent infomation.
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10.

11.

12.
13.
14.

15.

16.
17.

Déscription and photograph of the testing apparatus.
Photographs of the test specimen.

Mean indicator values as required per E.2, E.4, and E.6
with their respective elapsed test times.

The concrete mix design, type of aggregates used in the
concrete, and slump of the fresh concrete.

‘A phyéical description of the test slab including

dimensions and method of curing used.

The compressive strength of the concrete and age, in days,
of the test slab on the date creep testing was begun.

The length of time, in hours, from the installation of the
anchorage devices to the application of the sustained
tension test load. -

The diameter of the carbide tip on the driil bit used, if
required. :

The depth of the drilled hole, when drilling is required.
The depth of embedment of the anchorage device.

A description of the procedure and materials used to
install the anchorage devices, including installation

torque.

A description of the procedure used to apply the sustained
tensile test load and actual rate of loading used.

The number of specimens tested.

A listing of observers of the qualification tests with the
signature and title of the person responsible for testing.

‘End of Text (5 pages) of Test 68l
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10-1.

Secti
Speci

Para.

_ B75.50
APPENDIX B T-9-4-84
PROPOSED STANDARD SPECTAL PROVISION

_MISCELLANEQUS BRIDGE METAL

The twelfth, thirteenth and seventeenth paragraphs of
on 75-1.03 "!Miscellaneous Bridge Metal"™ of the Standard
fications are amended to read:

Concrete anchorage devices shall be mechanical
expansion or resin capsule types installed in drilled
holes, or cast-in-place types. The anchorage devices shall
be complete with threaded studs, hex nuts and cut washers.

Concrete anchorage devices shall be the internally
threaded type with independent stud, the integral stud
anchor type or the resin anchor type. All metal parts of
the anchorage devices shall be fabricated from steel, which
shall either be corrosion resistant stainless steel or be
protected with a corrosion-resistant coating. The coating
shall not have an adverse chemical reaction with concrete.

If the manufacturer's instructions do not include
specific torque requirements, nuts used to attach _
equipment or fixtures shall be torqued to the following
installation torque values:

Ins i T
Anchorage Dev1ce Internally Integral Stud
Stud Size Threaded and
Resin Capsule
(foot pounds) (foot pounds)
3/4" 80 125
5/8" 50 90
/2" 30 60
3/8" 20 - 35
1/4" 10 : 10

6. When in a corrosive environment, the anchorage devices
and exposed hardware which are not fabricated from
stainless steel shall be either hot-dip or

- mechanically galvanized.
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APPENDIX C-1

International Conference of Building Officials

RESEARCH REPORT

Report No. 3910
December, 1983

Filing Category: FASTENERS—Concrete and Masonry Anchors

PARABOND CAPSULE ANCHORS

MOLLY DIVISION OF EMHART CORPORATION
504 MOUNT LAUREL AVENUE

TEMPLE, PENNSYLVANIA 19560

1. Subject: Parabond Capsule Anchors.

1. Description: General: Parabond is a two-part system composed of a
threaded rod stud and a sealed glass capsule containing premeasured
amounts of a polyester tesin, quartz sand aggregate and a hardener con-
tained in a separate vial within the capsule. The threaded rods are manufac-
tured from either C-1018 or C-1020 steel. The Y-inch diameter through %-
inch-diameter rods have a minimum yield stress of 60,000 psi and a
minimum tensile strength of 74,000 psi. The %-inch, 1-inch and 1Y-inch
threaded rods have a minimum yield stress of 50,000 psi and a minimum
tensile strength of 60,000 psi.

Instailation; The anchors are installed in a predrilled hole in the con-
crete. The size and depth of the hole and the minimum spacing, edge and
end distances shall conform to the requirements set forth in Table No. [ A
rotary percussion hammer drill is to be used. The dust must be removed
from the hole. Special inspection is required as noted in Section 306 of the
code. The capsule is inserted into the hole with the rounded end facing out
of the opening. The threaded rod is installed half way into the nut, and the
screw drive unit is instailed onto the nut and secured into the chuck of the
totary percussion hammer driil. The capsule is broken with the bevel end of
the tod using the rotary hammer drili. After the stud is driven to the bottom
of the hole, the drill must be immediately turned off. The chuck may be
released and the rotary hammer disengaged. Care must be taken to ensure
that the anchor bond is not disturbed for an initial cure period of 10 minutes.
The adapter should be removed after the initial cure period without disturb-
ing the bond. The resin must be allowed to cure at the temperature and for
the time period noted in Table No. il. |

The anchor cannot be used to resist pullout forces when installed in a
ceiling or wall since the anchor values for this loading conditon are affected
by elevated temperanire conditions.

Allowable tension and shear values are tabulated for the various size
threaded rods as indicated in Table No. I. Allowable load values are

influenced by the environment in which the anchor is used. The allowable
values given in Table No. | must be adjusted in accordance with Figure No.
2 when the anchors are installed in locations where the ambient temperature
may exceed 68°F. -

Identification: The Parabond Capsule Anchors are identified in the field
as noted in Figure No. 1. The anchor stud is identified with a triangle (£4)
located on top of the flat portion of the stud.

HI. Evidence Submitted: Descriptive data and results of tension and
shear tests have been submited.

Findings

IV. Findings: That the Parabond Capsule Anchors described in this
report are alternate types of connectors to that specified in the 1982
Uniform Building Code, subject to the following conditions:

1. Allowable shear and tension loads shall not exceed the values set

forth in Table No. I.

2. Theanchor sizes, minimumnt embedment depths, minimum spac-
ing, edge and end distances shall conform to the requirements
set forth in Table No. L.

3. Allowable loads for anchors subjected to combined shear and -
tension forees shall be determined by the ratio of the actuai shear
to the allowable shear plus the ratio of the actual tension to the
alfowable tepsion not exceeding 1.00.

4. Spetial'inspection in accordance with Section 306 (a) 12 of the
code must be provided for all anchor installations.

5, Calculations and details showing that the anchors comply with
this report must be submitted to the local building official for
approvel.

6. The anchers cannot be used to support fire-resistive
construction.

7. The anchors cannot be used to resist pullout forces in overfiead
or vertical installations.

This report is subject to re-examination in one year.

TABLE NO. I—ALLOWABLE SHEAR AND TENSION VALUES FOR ANCHORS INSTALLED IN
MINIMUM £/, = 4000 PS! STONE AGGREGATE CONCRETE?235

THREADED DRILL MINIMUM TENSION SHEAR
CATALOG ROD DIAMETER DIAMETER EMBEDMENT VALUE* YALUE
NUMBER {Inchas) {inches) {Inchas) {Pounds} {Pounds)
Mi0-38 % Vs 3% 1.263 770
Miz2-12 e %6 4V 2,305 1,290
M16-58 % Ya 5 3.480 2,345
M20-34 Ya T 6% 5,070 3,335
M20-78 T 1 6% 6,400 4,525
M24-1 I 1% Hi 1.720 5,710
M30-114 v 1 10% 13,515 9.840

1The tabulated shear and tensile values are for anchors installed in concrete having the designated ultimate compressive strength st
the time of installation.

The tabulated vaiues are for anchors installed a minimum of 12 diameters on center and a minimem edge distance of six diameters
for 100 percent ancher efficiency. Spacing and edge distance may be reduced to six-diameter spacing and three-diameter edge
distance, provided the vafues are reduced 30 percent. Linear interpotation may be used for intermediate spacings and edge
margins.

3The altowable tension capacities shown reflect the higher short-tenm test values obtained reduced by 25 percent to account far the
long-term load-casrying capabilities characteristic of adhesive anchors: therefore. the allowable values noted above do not have
to be reduced for long-term conditions.

4The anchors cannot be used to resist tension forces in overhead or verticat installations.

S Alipwable loads may be increased 33%4 percent for duration of loading such us wind oF seismic forces.

ICRO research reports are issued solely to provide information to Class A members of the organization utilizing the code upon which the report is
based. Research reports are niot to be construed as representing aesthetics or any other antributes not specifically addressed nor as an endorsement or
recontmendation for use of the subject report.

This report is based upon independent tests or other technical data submitted by the applicant. The ICBO tecinical siaff has reviewed the test results
and/or other data, but does not possess 1est  facilities to make an independent verification. There is no warranty by ICBO, expressed or impiied, as to any
“Finding’ or other matter in the report or as 1o any product covered by the report. This disclaimer includes, but is not limited to, merchaniability.
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Report No. 3910

capsule anchor

PERCENT OF ALLOWABLE LOAD VALUES
NOTED IN TABLE NO. |

100%

90%

80%

70%

60%

50%

40%

30%:

20%

10%

0%

TABLE NO. Il-~RECOMMENDED HARDENING TIME FOR THE RESIN
{DEPENDING ON AMBIENT TEMPERATURE)

CONCRETE TEMPERATURE

. MINIMUM CURE TIME

68°F, and over
50°F. to 68°F.
32°F to S0°F.
23°F to 32°F.

10 minutes
20 minutes
1 hour
5 hours

made in Germany

FIGURE NO, 1—-TYPICAL IDENTIFICATION MARKING

PARABOND ANCHOR AMBLENT TEMPER
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APPENDIX C-2

International Conference of Building Officials

EVALUATION REPORT

Report No. 4016
September, 1984

Filing Category: FASTENERS-—Concrete and Masonry Anchors

HILTI HVA ADHESIVE CONCRETE ANCHORS
HILTI FASTENING SYSTEMS, INC.

POST OFFICE BOX 45400

TULSA, OKLAHOMA 74145

I. Subject: Hilti HVA Adhesive Concrete Anchors.

II. Description: The Hilti concrete anchors are stud-type adhesive
" anchors for use in regular-weight concrete having 2 minimum compressive
strength of 2000 psi or structural lightweight concrete having a minimum
compressive strength of 3000 psi. The anchors consist of a threaded rod of
zinc-plated SAE 1018 steel. a nut. washer and sealed glass tube containing
an unsaturated polyester resin, Inside the tube of resin there is a smailer wbe
containing quartz sand which has been coated with a hardening agent. The
threaded rod is identitied as “"HAS"' and the tube of resin s “HBP." The
anchor is available in Y-, Y-, Y-, ¥%-, %- and 1-inch threaded rod sizes.

Installation: The anchor is instailed into a predrilled hole in concrete that
has been cleaned, using either a brush and a stream of water, or a brush and
compressed air. The hole diameter is slightly larger than the HBP, The depth
of the hole should be sufficient to allow the HBP to be inserted flush with
the surface of the concrete. The HAS is then inserted into a rod adapter
which is attached to a rotary hammer by means of a connecting shaft. The
beveled end of the HAS rod is placed on top of the HBP and the combination
of the rotation and the hammering action pulverizes and mixes the contents
of the HBP. After the stud is driven to the bottom of the hole, the drill should
be immediately stopped.

The chuck may be released and the rotary hammer disengaged. Care
should be taken to ensure that the anchor bond is not disturbed for an initial
cure period of ten minutes. The resin must be allowed to cure, before
applying a load. at the temperature and for the time periods noted in Table
No. 1. The resin and the quartz sand combine to form an adhesive mixture
which bonds the rod to the wall of the kole. The HAS rod must be embedded
up 1© the minimum embedment ring, which ts marked on the rod.

Dimensions and installation eriteria are noted in Table No. i1,

The ancher cannot be used to resist puilout forces when installed in a
ceiling or wall, since the anchor values for this loading condition are
-affected by elevated temperature conditions. Allowable tension and shear

values are tabuiated in Table No. III. Allowable load values are influenced
by the environment in which the anchor is used. The allowable values given
in Tables Nos. III and IV must be adjusted in accordance with Figure No, 1
when the anchors are installed in locations where the concrete temperature
may exceed 68°F.

Identification: The anchors are identified in the field by labels on the
packaging indicating the manufacturer’s name, product name and the

anchor size. The HBP cartridges are marked individually as to size and the
threaded rod has an "*H'" stamped on top,

III. Evidence Submitted: Descriptive data, results of tension and shear
tests and results of dynamic tests.

Findings
1V. Findings: That the HVA adhesive concrete anchors described in
this report are alternate types of connectors to that specified in the 1982
Uniform Building Code, subject to the following conditions:

1. Allowable shear and tension load do not exceed the values set
forth in Tables Nos. II1 and ¥V,

2. The anchor sizes, minimum embedment depths, minimum spac-
ing, edge and end distances conform to Table No. II.

3. Allowable loads for anchors subjected to combined shear and
tension forces are determined by the ratio of the actual shear to
the allowable shear plus the ratio of the actual tension to the
allowable tension not exceeding 1.00. .

4. Calculations and details showing that the anchors comply with
this report must be submitted to the local building officiai for
approval.

5. Special inspection in accordance with Section 306 (a) 12 of the
code must be provided for all anchor installations.

6. The anchors cannot be used to support fire-resistive
construction.

7. The anchors cannot be used to resist pullout forces in overhead
and wall installations.

This report is subject to re-examination in one year.

TABLE NO. 1

RECOMMENDED HARDENING TIME FOR THE RESIN
(DEPENDENT ON AMBIENT TEMPERATURE)

Above 68°F.

Below 32°F

50°F 10 68°F
I2F 1o SO°F

10 min.
20 min.
1 hr.
S hr

recommendation for use of the subject repors.

ICBO evaluation reports are issued solely to provide information to Class A members of the organization utilizing the code upon which the report is
based. Evaluation reporis are not to be construed as representing aesthetics or any other attributes not specifically addressed nor as an endorsement or

This report is based upon independent tests ar other technical data submitted by the appiicant. The ICBO technical staff has reviewed the test results
andior other data, but does not possess test facilities to make an independent verification. There is no warranty by ICBO, expressed or implied. as to any
“Finding’' or other matter in the report or as to any praduct covered by the report, This disclaimer includes, but is not limized to, merchantabiiity.
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TABLE NQ. Il
HVA SPECIFICATIONS AND INSTALLATION DETAILS

BASE MATERIAL

ANCHOR M,
- AN :
BDI: |--.-_-—- + — + o -
R
BT = E 3 |

i L
] : ,
, | DETAILS HVA 3" HVA V2" HVA 84" HVA Yo~ HVA 7" HVA 17
- | BD Bit diameter {inches)! W Hin 1tAn Vi 1 1%
i |BT=E Min. hole depth = required depth 3

embed. {inches) (3%-LT. WT) 4% 5 6% 6% Bl
Lls max. thickness of material fastened 1 1% 1% 2 2% 2%
- (inches) )
L anchor length (inches) W 6 % 9% 10 12

M, "max. tightening torque (ft. lbs.) I8 35 %0 160 200 330
E Drill bit size! TE-C-"%32-12 TE-C-%n-12 TE-C-"4-12 TE-F-%-13 TE-F-1-13 TE-F-1%-17
' “Rotary hammer drill TEI1772252 TEL7727/52 TE172252 TES2 TES2 TES2
1|86 Min. base material thickness 517 ol W i B 10%
o (inches)*
DISTANCE BETWEEN ANCHORS A AND DISTANCE FROM EDGE R {Inches}?
ART LOAD GIRECTED TOWARD EDGE LOAD NOT DIRECTED TOWARD EDGE
Anchor Type - A A min. 1A R R min. L] R R min. tR
HVA IE 0.5E 0.7 1.5E 05E 0.5 I.5E 0S5SE 0.6

*Base material; Concrete with a minimum nominal compressive strength as noted in this report.

A = spacing to obtain max. load Ry = shortestdistance fromedge when there is an influence on the failure ioad in tension
A = shortestdistance between anchors when both anchors influence the failure load or shear
in tension or shear. TA _ Yuad factor of safe working load (o [ailure
R = distance from edge 1o obtain max, load - fR  load) when using R, and A,
. E = recommended min. depth of embedment

YThe nominal hole diameter is equivalent to the nominal Hilti carbide tip dril! bit diameters.
*Example: HYA %-anchors spaced 3 inches apart ¢loaded in tension) required spacing [or full design lond (stone aggeegaie conerete)
A= LOE = 1.0 « Sinches = 5inches

minimum required spacing und corresponding load factor
Aqin. = 0.5E = .5 % Sinches = 2.5 inches

which corresponds to a load factor fA = .7 % 3900 = 2730 1bs.
interpolating 5 inches—3900 Ibs. } 3 inclies—2965 Ibs.

|
|
}
E

2.5 inches——2730 |bs.
The application of load factors is cumulative

Example: Load factor for Anchot No. 12 T 3
= (R, % fRa % A, % fA; % [A,
: m (%
a |
‘ L
(4 w
g
* .
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