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CONVERSION FACTORS .

English to Metric System {§I) of Measurement

Multiply by

English unit

inches {in)or(") 25.40
.025490

feet {(ft)or (') .3048

miles (mi} 1.609

square inches (in?) 6.432 x 10~

square feet (ft2) .09200
acres .4047
gallons {gal) 3.785
cubic feet (ftd) .02832
cubie yards (yd3) . 7646
cubic feet per
Becond (ft3/s) 28,317

EY
gallons per
minute (gal/min) .06309
pounds {1k} 4536
miles per hour{mph) L4470
feet per second(fps) .3048
feet per second
squared (ft/s<) +3048

acceleration due to
force of gravity(G) o,ggy

pounds per cﬁbic

(ib/£f£3) 16.02
rounds (lbs} 4,448
kips (1000 1bs} 4.448
British thermal

unit (BTY) 1055
foot~pounds{ft-1b) 1.356
foot~kips (ft-k) - 1.356
inch-pounds(ft-1hs) 1130
foot-pounds{ft-1lbs) 1,356
pounds per square

inch (psi) 6895
pounds per sguare

foot (psi) 47.88
kips per sguare

inch square root

inen (ksi /Tn) 1.0988
pounds per sguare

inch sgquare root

inch {psi ¥in) 1.0988
degrees (°) 0.0175

degrees EP -~ 32 £C
fahrenheit (F} 1.8
1i

‘To get metric equivalent

millimetres (mm)
metres {(m)

metres {m)
kilometres (km)

square metres (m2)
square metres {(m2)

‘hectares {ha)

litres (1) :
cubic metres (m3)
cubic metres (m?)

{(1/s)

litres per second

-litres per second (1/s)
;kilograms (ko)
metres per second (m/s)

metres per second (m/s)

metres per second
squared (m/s2)

metres per seccond
squared (m/s2)

kilograms per cubie
metre {(kg/m<c}
newtons (N)

newtons (N)

joules (J}

joules (J)
joules (I}

newton-metres (Nm)
newton-metres (Nm}

pascals (Pa)

pascals (Pa)

mega pascals /Jud@tre (MPa vy

kilo pascals vYmetre (KPa /W)
radians (rad}

flegrees celsius (°C)
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1. INTRODUCTION

One extremely important safety feature of California's
current highway network is the extensive barrier system
which protects errant automobiles from fixed roadside
objects and other dangerous exposures, properly redirects
them with the normal traffic flow and minimizes injuries
to the occupants. Some of the most important barriers

are positioned aTong'the edges of bridges to provide

protection from the serious consequences of a vehicle
falling from a bridge. '

Many improvements and changes have been made in bridge
barriers since the construction of the first wooden bridge
railings in the early history of California transportation.
These changes have come about as a result of (1) changes

in mode of transportation, (2} vehicle type, design, size
and speed, (3) highway alignment and geometry, (4) traffic
volume, and (5) increasing concern for the safety of the
traveling public.

Concrete or stee] baluster-type bridge railings were popu-
Tar until the 1950's. These railings were adequate for
the early era of the automobile. However, as the Speed,
size and weight of vehicles and the traffic volumes in-
creased in the second half of this century, some undesir-
able features developed and became apparent in this type
of bridge railing. Impacting vehicles sometimes became
snagged or "trapped" on the vertical posts that support
the horizontal rail. Also these types of rails were not
always structurally adequate to retain larger and/or higher
speed vehicles under severe impact conditions.

www . fastio.com D
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Early in the 1950's, the California Division of Highways
(currently the Catifornia Department of Transportation or
Caltrans) initiated a program to develop more effective
bridge barriers for larger, higher speed vehicies. Over
the succeeding years, various types of new bridge bar-
riers were developed, tested, and used, including California
Types 1, 2, 8, 9, 15 and 20. In 1973, Caltrans developed
and began to use a bridge barrier design designated as
"Concrete Barrier Type 25", shown in Appendix A, which has
a New Jersey profile as did the earlier tested Type 20
Concrete Bridge Barrier. The Type 25 Concrete Bridge Bar-
rier is a 32-inch-high, reinforced concrete barrier and,
unlike the Type 20 Barrier, does not utilize a secondary
metal top rail system,

The overall performance of the Type 25 Concrete Bridge
Barrier has proven to be superior to other types of bridge
barriers tested and used in California to date. It ef-
fectively redirects impacting vehicles and, at shallow
impact angles, collisions with the barrier result in minj-
mal damage to impacting vehicles and occupants. The ex-
tremely low maintenance costs of this type of bridge bar-
rier also make its continued use very attractive.

Currently, an estimated 7,000,000 linear feet of the older
~style baluster-type bridge railing exist along the edges

of bridges in CaTifornia. In an effort to upgrade safety

features of older bridges, Caltrans is replacing previously

constructed bridge railings with the Type 25 Concrete Bridge

Barrier. |

Normally, the Type 25 Concrete Bridge Barrier is anchored

to concrete deck overhangs of new bridges using reinforcing
bars cast in the concrete when the deck slab is poured. The

ClibPD W fastio.com
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purpose of this research was to develop a eufficient1y strong

- yet economical method of attaching replacement barriers to

existing concrete bridge decks where the older style baluster- .
type railing has been removed. In this research, a successfuyl
attachment Procedure using rebar dowels bonded in shallow
drilled holes was tested. By using this drili-and-bond an-
chorage method, the costly process of removing and'recasting
the outer portion of the bridge deck overhang with new cast-
in-place anchorage reinforcement could be avoided. The word
"bond" is used throughout this report in its broadest sense

to mean "to secure or to cause to adhere firmly". 1Its em-
ployment is not intended to imply the usage of any one parti-
cular type of adhesive.

At the beginning of this project, an investigation was
performed to determine dynamic puilout strengths of #5
and #6 rebar dowels bonded in shallow drilled holes and
to perfect an installation procedure for developing opti-
mum pullout strengths of the bonded rebar dowels.

Following the development of a satisfactory bonding pro-
cedure for anchoring rebar dowels, six full-scale sections
of bridge barrier, attached using various rebar anchorage
systems, were constructed on a simulated bridge deck. The
full-scale barrier sections were tested by applying static

~horizontal toads to determine how strengths of replacement
: barriers anchored using grouted rebar dowels compared with

that of the conventional or standard Type 25 Concrete .
Bridge Barrier., Results of dynamic pullout tests of rebar
dowels and static load tests performed on the various
barrier sections are discussed in this report.

www . fastio.com
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2. OBSERVATIONS AND CONCLUSIONS

2.1 Discussion of Rebar Pullout Tests

A complete Tisting of the rebar dynamic pullout strength
test data is presented in Table 4, Section 5.1 of this
report. The Toad-deflection curves, shown in Appendix B,
were drawn from actual plots made during puilout tests in
a 7-inch-thick reinforced concrete slab. It should be
mentioned that important factors such as different curing
times and temperatures of bonding materials and, in the
first'phase of pullout tests, tensile failure in the re-
duced threaded sections at the top end of many #6 rebars
may have somewhat affected the shapes of the load-deflection
curves. After analyzing the data, the following conclusions
about the important parameters have been made.

2.1.1 Rebar Pullout Strength

A summary of average dynamic pullout strengths of bonded re-
bar dowels calculated from results in Table 4, page 73 of
this report is shown in the following Table 1. As seen,
average pullout strengths for #5 and #6 rebars bonded in
5-inch-deep holes with Type II Modified portland cement
grout are 22.6 kips and 21.3 kips respectively. For the
same.grout type, pullout strengths increase to 29.1 and 29.8
kips for #5 and #6 rebars respectively by increasing the em-
~bedment depth of 6 inches. 1In general, dynamic pullout
strengths obtained from rebars embedded in holes 6 inches
deep and bonded with the other materials tested are about
the same as those obtained with the Type II Modified port-
land cement grout. At the 5-inch embedment depth, pullout
strengths of rebars bonded using the other bonding materials
are sltightly lower than those bonded with the portland cement
grout.
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2.1.2 Rebar Size (#5 and #6 rebar tested)

In general, especially at embedment depths of more than

5 inches, the use of #6 rebar resulted in larger average
dynamic puilout strengths than were obtained with #5 rebar,
most likely due to greater bond area.

t

2.1.3 Embedment Depth (5 and 6 inches tested)

5-inches:
° As expected at such a shallow embedment depth, results
of pullout strengths were somewhat erratic with pullout
loads attained with some #5 rebars exceeding those of the
#6 rebars.

® Both #5 and #6 rebars bonded with Type II Modified
portland cement grout at this embedment depth, gave the
most consistent results and generally provided a constant
or stightly increasing tensile load resistance beyond the
yield point of the system (see Appendix B-1).

® .Rebars bonded with epoxy mortar, on the other hand,
seemed to provide decreasing load resistance beyond the
system yield point and inconsistent results (see Appendix
B-2).

6 inches:
° In general, for all systems tested at a 6-inch embedment
depth, pullout strength results seemed to be more consistent
and follow a more logical pattern than for systems where a
5~inch depth was used. Average pullout strengths of rebars
embedded 6 inches into the concrete slab were approximately
40 percent higher than those at the 5-inch embedment depth.

6 3
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* Highest pullout resistance was achieved using Bostik-
275 mortar.

* Lload-deflection curves of rebar spécimens bonded with
Type II Modified portland cement grout were the most con-
sistent and uniform.

* #6 rebars provided consistently higher pullout strengths
than did the #5 rebars,.

* Average puliout strengths of rebar specimens bonded

with either epoxy mortar or Type II Modified portland cement
grout were almost identical.

2.1.4 Hole Diameter, Drilling Method, and cleaning procedures

A criterion of requiring the hole diameter to be 1/4 inch
greater than the nominal rebar diameter worked well.

* The impact drill equipped with a carbide-tipped bit worked
well and produced a rough-sided hole, desirable for good
mechanical bond of grouting materjals, provided the holes were
blown clean with compressed air.

* Pullout strengths of rebars bonded in rough-sided holes
were increased considerably by additionally cleaning holes
thoroughly with a brush and water after drilling Operat1ons
had been completed (3).

* At a minimum embedment depth of 6 inches, pullout strengths
of rebars bonded in smooth-sided holes, produced using a
diamond-impregnated core bit, were high. The maximum pull-
out strengths were about equivalent to those obtained .in

tests run where rough-sided holes were made using a carbide-
tipped bit with rotary impact hammer and blown clean with
compressed air only.
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2.1.5 Choice of Bonding Materials

Initiai material costs of the four different bonding
materials tested, (1) Type II Modified portland cement
grout, (2) epoxy mortar, (3) Wil-X cement grout, and (4)
Bostik-275 mortar, have been summarized in Appendix F.
Type II Modified portiand cement grout is'obviously the
most economical and probably the easiest to use. Epoxy
mortar is the least economical.

* Although the ultimate pullout strengths of rebar bonded
with Type II Modified portiand cement grout and epoxy mortar
are comparable, epoxy mortar requires more thorough mixing
and critical measuring of the components than any other bond-
ing material tested.

Some of the additional limitations and potential problems with
using epoxy bonding material should be pointed out. These
include: '

(1) The potential danger of severe dermatitis if epoxy is
allowed to come in contact with the skin or eyes.

(2) Possible problems with obtaining satisfactory bond and
pullout strength if the epoxy mortar is applied in damp or
wet holes,

(3) The uncertainty of the effects of age or shelf 1ife of
the epoxy onrits strength.

*Neither Wil-X cement nor Bostik-275 cement are as common or
readily available as either portland cement or epoxy. Further-
more, the ultimate pullout strengths of rebar bonded with these
proprietary cements were not significantly different from the
pultout strengths obtained with rebar bonded with portland
cement grouts or epoxy resin to strongly recommend their use.
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2.1.6 Barrier Design and Rebar Dowel Installation Criteria

°

Because relatively high ultimate pullout strengths were
achieved in most tests where used, #6 rebar having an em-
bedment depth of 6 inches appears to be the most reliable
and should be the minimum rebar size and embedment depth
specified for post-bonded rebar dowel systems attaching
replacement barrier to bridge decks. This is provided

~the deck thickness is sufficient to permit this embedment
depth to be attained.

® A pullout movement or deflection of 0.01 inch seems to
be a good overall approximation of an average deflection
where "system yield" of the post-bonded rebar dowel occurs
from the drilled hole.

It should be fully understood that the results obtained

from these controlled rebar pullout tests should be con-
sidered as optimum. In order to achieve good results from
actual field installations of post-bonded rebar dowels for
anchoring barriers, all important installation details and
procedures used in this research and recommended in this
report should be clearly explained in the special provisions
or specifications, and understood by inspectors and con-
struction workers., The most important factors to be stressed
incliude:

(1) Drilling dowel holes to the proper diameter (1/4 inch
targer than nominal rebar size) using a method that will not

damage adjacent concrete.

(2) Cleaning holes thoroughly to remove dust and other
deleterious material prior to grouting.

ClihPDF - www .fastio.com
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T'(S) 'Soaking holes thoroughly with water (in instances
where portland cement grout is used) and then removing
excess water just prior to grouting.

(4) Mixing the bonding material using proper proportions.
(5) MNot allowing more water to be added than is originally
specified, in order to make the grout more pourable (in the

case of portland cement grout).

(6) Adequate curing of the Type II Modified portiand cement
grout used to bond the rebar dowels.

2.2 Discussion of Barrier Tests

2.2.1 General Comments

In the various sections of barriers evaluated in Test Series

I and"II, the static horizontal load resistance of the bar-
riers anchored to the bridge deck with grouted rebar dowels
proved to be superior to the static overturning load resis-
tance provided by the standard Type 25 Concrete Bridge Barrier.
Test Series III was conducted to confirm the design standards
for a Modified Type 25 Concrete Barrjer containing 6-inch-
diameter utility duct. A summary of the six.barrier tests
conducted in Series I, II and III is shown in Table 2.

2.2.2 Series I Tests: Three 3~-Foot-Long Barriers

The two 3-foot-Tong replacement barrier test Sections attached
to the bridge deck with portland cement-grouted #6 rebar
dowels withstood higher horizontal loads than did the standard
Type 25 Concrete Bridge Barrier section having cast-in-place

10
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#5 rebars anchoring the barrier to the bridge deck (see
Table 2). The barrier section {Test No. 1) with rebar
dowels grouted in 6-inch-deep holes withstood a horizontal
load of 41.2 kips, about 20 percent higher than the barrier
with #6 rebars grouted in 5-inch-deep holes (34.3 kips)
anchoring the barrier to)the deck, and over 40 percent
higher than the standard type 25 Concrete Bridge Barrier
anchored with cast-in-place #5 rebars (28.7 kips).

Thus, the drill-and-bond rebar dowel method used to anchor
the two 3-foot-long barrier test sections to the bridge

deck provides at least as much overturning resistance as

the anchorage system utilizing #5 cast-in-place rebars for
standard Type 25 Concrete Barriers installed on new bridges.

A weak point observed in the rebar designs of each of the
3-foot-Tong barrier segments tested was the minimal length
of the upper tails of the rebar dowels along the front

face of the barrier. These tails extended only 10 inches
above the deck surface into the barrier., Faiture of two of
the three short barriers resulted because of lack of bond
of these upper tails of anchoring rebars.

2.2.3 Series II Test: One 16-Foot-Long Barrier

| The scheme used to anchor the 16-foot-long replacement barrier
to the bridge deck in Test Series II was comprised of thirteen
#6 rebar dowels along the front face of the barrier spaced
at 15 inches and seven #6 rebars spaced at 30 inches along
the edge-of-deck side of the barrier. A1l rebar dowels were
bonded with Type II Modified portland cement grout and in-
stalled in drilled holes 5 inches deep (see Table 2). This
anchoring rebar configuration, considered to be the minimal
acceptable design which would be used on older bridges with

12
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thin bridge decks, was found to provide a horizontal load
resistance of 93 kips. This anchorage system was deemed
to provide protection equal to that of a standard Type

25 Concrete Bridge Barrier and thus ample resistance to _
contain a 4500-pound Passenger car traveling at 60 mph at
a 25° impact angle.

2.2.4 Series I1] Tests: Two 6 1/2~Foot-Long Barriers

In Barrier Test Series III, two 6 1/2~foot-long barrier
sections were tested. The first 6 1/2-foot-long barrier
section tested contained a 6-inch-diameter utility conduit
in the center of its lower base portion (see Figure 11,
page 43). This test section withstood a maximum horizontal
Toad of 34,9 kips.

The second section, having an anchorage reinforcement scheme
similar to that of a standard Type 25 Concrete Bridge Bar-
rier, withstood a maximum horizontal load of 44.5 Kips before
failure, approximately 27 Percent higher than the maximum
Toad withheld by the barrier with the conduit. The failure
mode observed was similar to that of the three foot long
standard barrier section which withheld a maximum horizontal
load of 28.7 kips (Test No. 2) which was tested in Series I.
In this second Series III test, a horizontal crack in the
concrete was initiated in the face of the standard barrier
Just above the top tails of the front row of #5 anchoring
rebar dowels and extended diagonally through the barrier
section (see Figure 38, page 96)., The crack was caused by

a lack of vertical steel reinforcement, needed to carry the
high tensile loads in the concrete near the surface of the
barrier face,

13
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Thus fhé:strength of the modified barrier containing the
6-inch-diameter conduit is not considered to be equivalent
to that of a standard Type 25 Concrete Barrier. However,
even though this relatively short 6 1/2-foot-1ong section
of barrier with conduit proved to be somewhat weaker under
a static load than a comparable short length of standard
concrete barrjer without conduit, a longer length, say 10
to 12 feet, of the barrier containing the conduit tested
dynamida]]y might prove to meet requirements for barriers
in the Transportation Research Circular Number 191(3).
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3; RECOMMENDATIONS AND IMPLEMENTATION

3.1 Recommendations

On the basis of the results of the dynamic pullout tests
conducted on rebar dowels bonded in shallow drilled holes
in a reinforced concrete slab and various static horizontal
lToad tests performed on sections of bkidge barrier during
this research study, the following recommendations are
made:

3.1.1 Rebar Size

It is recommended that #6, ASTM Designation A615, Grade 60
rebars be used for all anchoring dowels to be bonded in
dri]?ed holes.

3.1.2 Hole Depth or Rebar Embedment lLengths

Wherever possible, a minimum embedment or hole depth of 6
inches should be required for the rebar dowels installed
along the traffic side of the barrier. For these dowels,
hole depths of sTightly less than & inches should only be
allowed in special cases where deeper holes are not possible
and where the strength of the deck concrete is adequate. Re-
.bar embedment lengths of less than 5 inches should not be
allowed in any case. For the row of rebar dowels installed
at the barrier base and adjacent to the edge of the bridge
deck, a minimum embedment depth of 5 inches is satisfactory.
It should be emphasized that such small hole depths recom-
mended above will only provide acceptable puilout strengths
if rebars are installed with similar bonding materials and
following the detailed installation procedures used in this
research study and outlined in Section 3.1.3 of this report.

15
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30103 "Rebar'DoweI'Bonding Procedures

From results obtained while performing rebar pullout tests,
it is recommended that current specifications concerning the
installation of bonded rebar dowels in drilled holes, namely,
Caltrans Standard Special Provision B51.61 and Caltrans 1978
Stgndard Specification, Section 51-1.13, be revised. It is 3
felt that such specifications are incomplete when requiring
the installation of post-grouted dowels for critical struc-
tural applications, especially where high pullout strengths
of bonded rebar dowels installed in extremely shallow holes,
5 and 6 inches deep, are required. It is recommended that
these current specifications be modified to include the
following minimal information:

DRILL AND BOND DOWELS--Requirements for drilling and bonding

rebar dowels shall conform to the details shown on the plans,
and the provisions in Section 51-1.13, “Bonding™ of the
Standard Specifications and these special provisions,

The reinforcing steel dowels shall conform to the provisions
in "Reinforcement” of these special provisions.

General Procedures

Rebar dowels shall be installed using the following procedures:

(1) Where dowels are to be bonded in holes drilled into ex-
isting concrete, the holes shall be drilled by methods that
will not shatter or damage the concrete adjacent to the holes.

(2) The diameter of the drilied holes shall be 1/4 inch
larger than the nominal rebar dowel size, unless otherwise

~specified.

16
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(3) Holes shall be thoroughly cleaned of dust and other

“deleterious material.

(4) Either a Type II Modified portland cement grout or
an epoxy mortar shall be used for bonding rebar dowels
into drilled holes. Specific instructions for use of
each bonding material are to be followed carefully as
described below:

Type II Modified portland cement grout:

a. The grout shall consist of a neat cement paste, made
from water mixed with a Type II Modified portland cement
meeting the requirements of Section 90-~2.01 of the Caltrans
Standard Specifications. The mixing ratio shall be 4 gal-
Tons of water/94 pounds of cement. No change in this mixing
ratio shall be permitted unless approved by the Engineer.

b. Clean holes shall then be saturated thoroughly with
water for a minimum of 5 minutes prior to placing grout.
Immediately prior to grouting, all free water shall be re-
moved from holes,

C. Only as much grout shall be mixed as can be used in a
reasonable amount of time.

d. After the initial mixing, thinning or retempering of
grout with extra water shall not be allowed. Hardened or
set grout which has become too stiff or dry to provide a
good bond shall be discarded.

e. Dowels shall not be installed if the mean air or grout
temperatures are less than 45°F. Furthermore, after placing,

17
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the fresh grout shall be maintained at a temperature of not
less than 45°F for 72 hours, and at not less than 40°F for
an additional 4 days.

f; The temperature of the mixed grout, immediately before
placing, shall be not 1ess than 50°F nor more than 90°F.

g. The cement grout shall be cured continuously with either
wet rags or a satisfactory curing compound for a minimum
period of 3 days without disturbing the dowels.

Epoxy Mortar:

(1) The epoxy mortar shall consist of a mixture of epoxy
conforming to State Specification 8040-61J-03, described in
Section 95-2.01 of the 1978 Caltrans Standard Specifications,

and an equal volume of 16x30 mesh sand.

(2) The epoxy shall further conform to all general require-
ments in Caltrans Standard Specification 95-1.

(3) Some of the more important requirements contained in the
‘specifications are that:

a. Temperature of epoxy components shall be between
60°F and 85°F at the time of mixing,

b. holes shall be clean before placing epoxy mortar,

C. concrete surfaces of the drilled holes shall be
primed with a coat of epoxy resin just before placing the
‘mortar.

18
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3.1.4 General Reinforcing of Barrier.

With respect to reinforcement requirements for Type 25
Replacement Barrier attached to existing concrete bridge
decks using rebar dowels bonded in drilled holes for
anchorage, it is recommended that the reinforcement scheme
shown in Appendix C be adopted for use. If deviations

from this suggested pilan are necessary, results and recom-
mendations contained in this report should first be con-
sidered, then sound engineering judgment should be applied.

3.1.5 Further Research

It is also reéommended that full-scale dynamic testing of
bridge barriers which are significantly different from the
standard Type 25 Concrete Bridge Barrier, such as the barrier
containing a 6-inch-diameter duct and tested with static
Toading in this study, be carried out before such barriers
are used on bridges where impact by heavy vehicles at high
speeds and large angles is likely.

3.2 imp]ementation

Results of this research study have already been utilized in

‘a number of contracts where older baluster type bridge railing

has been successfully replaced by a Type 25 Replacement Bar-
rier attached to bridge decks with bonded rebar dowels. It
has been estimated that a savings of at least $75 per foot

of Type 25 Replacement Barrier instal]ed using doweled

rebar anchors will be realized. A large portion of this
saving results from eliminating the labor and material

costs associated with removal and replacement of the concrete

~deck overhang, tasks formerly necessary to install cast-in-

place rebars which anchor the standard Type 25 Concrete Bridge
Barrier to the deck overhangs.

19
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The satisfactory bonding procedure for anchoring rebar
dowels, developed in this project, will no doubt be

applied to other critical structural applications in
the Tuture.

ClibPDF

www . fastio.com



http://www.fastio.com/

ClibhPDF -

4. DESCRIPTION OF EXPERIMENTAL PROGRAM

4.1 Testing Program - General Discussion

In order to develop a satisfactory, economical method of
attaching a Type 25 Concrete Bridge Barr1er onto an existing
concrete bridge deck overhang, the scope of the project was
divided into a pre11m1nary testing phase to determine maximum

dynamic pullout Toads attainable for bonded rebar dowels and
three series of full-scale static horizontal load tests on

barrier sections. These series of tests on barrier sections
are further described as follows:

Series I ® Horizontal or lateral Toad tests on two short
3-foot-long prototype sections of replacement
barrier to compare the static strength of the
standard Type 25 Concrete Bridge Barrier instal-
led on new bridge decks to that of replacement
barrier prototypes attached to the existing
concrete deck with promising rebar doweling
installation methods developed in pre11m1nary
phase tests,

Series Il ° A horizontal lateral load test on a 16-foot-long
replacement barrier prototype, anchored with re-
bar dowels in drilled holes at the previously
established minimum spacing embedment depth in
order to determine the amount of horizontal load
resistance offered by a longer continuous sec-
tion of concrete bridge replacement barrier.

Series IIT ° Horizontal or lateral Toad tests on two 6 1/2-
foot-long sections of Type 25 Concrete Bridge
Barrier to compare the affect of placing a 6-inch~
diameter steel conduit, centered in the bottom

21
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portion of the concrete barrier. The conduit
would serve as a utility duct. See Figure 11A,
page 43,

4.1.1 Cdnstruction of the Simulated Bridge Deck

IW order to carry out the planned barrier load tests, a 24~
foot-long reinforced concrete simulated bridge deck overhang
test section was constructed. The dimensions and reinforcing
steel sizes and spacings were typical of olider bridges built
in California. A large beam section was formed adjacent to
and continuous with the deck overhang section in order to
stabilize the overhang while performing horizontal load tests
on various planned replacement barrier prototype test sections
and to simulate continuity provided by an exterior reinforced
concrete bridge girder. A Tlarge earth-supported concrete slab
section was built adjacent to and continuous with the deck
overhang. This slab, having a thickness of 7 inches and a
reinforcing steel pattern similar to that of a typical bridge
deck, provided a suitable concrete section to conduct pultout
tests on bonded rebar dowels. Figure 1 shows a pian view of
the test site and a structural cross section indicating con-

crete dimensions, as well as size and position of reinforcing

steel.

22
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Figure 1. Plan view of simulated bridge deck.

23

nvw L fastio.com ) B


http://www.fastio.com/

4.1.1.1 Reinforcing steel placement

The reinforcing steel used in the concrete slab, beam, and
deck overhang conformed to fequirements in ASTM Designation:
A615, Grade 60 (see Figure 2}). The rebar size and spacing
used were similar to thoseé in the Bridge Planning and Design
Manualg dated May 1970.(Figure 3). Reinforcing in the deck
overhang was positioned as for a typical Type 25 Concrete
Bridge Barrier; details are shown in Drawing B0-5, page 85
of the 1975 Caltrans Standard Plans (Figure 4),

ot

i
@

Figure 2. Overall view of test site prior to

placing concrete for simulated bridge
deck.
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Figure 3. Size and position of reinforcing steel in a
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typical bridge deck.
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4.1.1.2 Concrete design and piacement

A class "A" concrete mix design, conforming to California
Department of Transportation 1978 Standard Specifications(g)
was used in the slab, beam, and deck overhang. A concrete
mix having a maximum coarse aggregate size of 1 1/2 inches
and a consistency not exceeding 2 inches of ball penetra-
tion was used to simulate typical concrete used in bridge
decks. '

The surface finish of the concrete was performed according
to Section 51-1.17, Finishing Bridge Decks, of the 1978
Caltrans Standard Specifications(8). The surface was struck
off, floated longitudinaily, and scoured transversely with

a stiff bristled broom. Eight 6-inch~diameter by 12-inch-
high concrete cylinders were made to determine the compres-
sive strength of the deck concrete at the time the rebar
Pullout tests and barrier load tests were performed.

Curihg - The surface of the concrete was water cured for
seven days. An automatic sprinkler system adjacent to the
site was used for this purpose.

At the end of the curing period, the wooden forms were re-
moved from under the deck overhang to eliminate any additional
suppart they might provide while conducting horizontal loading
tests on the barrier sections.

4.1.1.3 Placement of anEhor bolts for barrier loading fixture

In order to anchor a hquy Toading fixture (see Figures 22 and
23, page 66) so that a ngizontal Toad could be applied to the
various sections of concrete barrier, twenty-two high strength
anchor bolts were“cast in the concrete deck and ballast beam.
These bolts were 2 inches in diameter by 16 inches long, and

27
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conformed to Specifications in ASTM Designatibn: A449, Ten
of the bolts were installed so that a specially designed fix-
ture could be attached to the concrete deck and beam section
for loading the 16-foot-long barrier test section. The
remaining twelve bolts were instalied within the deck and
beam section, four each in three adjacent locations, for
loading the three short 3-foot-long barrier test sections.

A plan view showing the location and pattern of the anchor
bolts is attached (see Figure 5).
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4.1.2 Preliminary Testing - Rebar Dowel Pullout Strengths

A total of twenty-three dynamic pullout tests were performed

in the preliminary phase tests (Phase A and B) on #5 and #6
rebar dowels shallowly embedded in holes drilled in the 7-
inch-thick simulated bridge deck slab. The rebars were bonded

- in the holes using various grouts and mortars.

Wy fas

Variables in these tests included rebar size (#5 and #6)
hole depth (5 and 6 inches), and the following types of
bonding material:

Type II Modified portTand cement grout
Epoxy mortar.

Wil-X cement grout.

Bostik-275 quick set mortar.

A further description of these bonding materials is presented
in Section 4.2.2 of this report.

The following parameters in this preliminary test phase were
held constant. ‘

‘type of rebar: Grade 60 (ASTM A615)

hole diameter: "1/4" larger than nominal bar diameter
drilling method: carbide-tipped drill w/rotary impact
hammer

strength of ¢0ncrete slab: 5100 + psi.

30
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The discussion which follows details how the preliminary
puliout tests were conducted:

4.1.2.1 Hole preparation

A rotary impact hammer with carbide-tipped bits was used to
drill all holes. This method produced rough-sided holes
which provided for good mechanical interlock and keying
action of the grout to the concrete.

Proper depths of holes were easily controlled by measuring
the shaft of the bit and placing a band of tape around the
bit at the desired point. The depths of finished holes
were again checked with a metal scale.

In order to maintain a hole axis normal to the surface of
the concrete siab, a Z—inchédiameter pipe stub three inches
long was placed so the pipe axis was perpendicular to the
concrete slab surface and the outside edges of the pipe were
spaced at an equal distance from the desired center of the
hole; while drilling, the carbide bit was kept centered in
the top of the pipe stub, To minimize the shrinkage of
bondihg materials and thus improve rebar pullout strengths,
the volume of bonding material was kept at a minimum by
drilling holes only 1/4 dinch larger in diameter than the
nominal rebar size. One of the holes in Wwhich the Bostik-275
mortar was placed, however, was drilled 3/8 inch larger in
diameter than the nominal rebar diameter because of the high
viscosity of the first batch of Bostik-275 mortar,

4.1.2.2 Preparation of rebar dowels

#6 rebar dowels for Phase A Tests: In order to attach the #6

www . fastio.com

rebar dowels to a pulling rod, two inches of the top end of
all rebar dowels were machined with a 5/8-18 UNF thread prior
to grouting. ' N
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Initial tension tests were performed in the laboratory

"on similar threaded #6 ASTM A615 Grade 60 rebar dowels to
determine maximum steel strengths in the reduced threaded
region; these tensile strengths yielded average ultimate
strengths of 28.5 kips. Even though the required miminum
ultimate strength for an unthreaded Grade 60 #6 rebar is
39.6 kips, it was felt that an ultimate pullout load of
grouted rebar embedded six inches into-a concrete slab
would be less than 25 kips.

Prior to grouting, the rebar dowels were cleaned by immer-
sion in a trichloroethane bath to remove any oil film.

#5 and #6 rebar dowels for Phase B Tests: Because many of
the threaded #6 rebar dowels in Phase A failed in the re-
duced threaded area, the root area of all rebars (both #5
and #6) ‘used in Phase B tests was increased at the coupler
junction by welding a threaded #8 rebar stub to the top of
each .dowel. R '

Tension tests, conducted in the laboratory to determine
ultimate strengths of rebar dowels welded to #8 rebar stubs,
produced -average tensile strengths of 32.9 kips and 45.4
kips for the #5 and #6 rebars respectively. The required
minimum ultimate strengths for #5 and #6 ASTM Designation:
AB15 grade 60 rebar are 27.9 kips and 39.6 kips respectively.

Again, to remove any oil film from the rebars prior to
grouting, the dowels were washed with trichloroethane.

- 32
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4.1.2.3 Temberature variation during curing of bonded
rebar specimens '

After grouting, rebar specimens for Phase A tests were cured
for 28 days (November 9, 1976 through December 9, 1976). The
average mean high and low temperatures during this 28 day
curing period were 62°F and 43°F respectively. During the
initial 7 day curing period of specimens for the Phase A
pullout tests, the temperatures were the highest of any
during the total curing period, the mean high and low for
the first week being 68°F and 54°F respectively. These

high initial temperatures during the most critical period

of the curing cycle undoubtedly contributed to the excellent
pullout strengths recorded in the Phase A tests.

In Phase B, the rebar dowels bonded with epoxy mortar were
cured for a total of 14 days. The mean high and low temper-
adtures for this period (December 13, 1976 through December 27,
1976) were 59°F and 32°F respectively. The test specimens
bonded with Type II Modified portland cement grout and Wil-X .
cement grout were cured 28 days (December 13, 1976 through
danuary 11, 1977). The mean high and lTow temperatures for
this period were 66°F and 39°F respectively. During the
first seven days of the curing period for grouted rebar
specimens of the Phase B tests, temperatures were considerably
colder than were those of the initial curing périod for Phase
A specimens, the mean high and low being 62°F and 33°F re-
spectively. The colder weather during the initial curing
period for Phase B specimens certainly affected the rate

- of strength gain .of the bonding materials.

33
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: 4.1.3 Fu11—S¢aIe.Static Load Tests on Barrier Sectiaons,
Test Series I, Il and 111

Following the completion of the pullout tests of the rebar
dowels, in which a successful procedure for anchoring bonded
rebar dowels in shallow holes was developed, horizontal

load tests were performed on a total of six barrier sections
in three series of tests,

4.1.3.1 Test Seriés I1: Three 3-foot-long barrier tests

The purpose of conducting the Series I tests was to determine
if the resistance to shear and overturning of concrete re-
placement barriers attached to a concrete bridge deck with

a grouted #6 rebar dowel system developed in the preliminary
puliout tests would be equivalent to those of a standard

Type 25 Concrete Bridge Barrier attached to the deck with
cast-in-place #5 rebars,

Three 3-foot-Tong sections of concrete bridge barrier were
constructed. Each section had the same shape and exterior
cross section dimensions as a standard Type 25 Concrete
Bridge Barrier, shown in Appendix A.

To prevent possible concrete barrier failure in the neck
region, and to purposely concentrate load on the anchoring
rebars at the base of the barrier sections, additional "hair
pin" reinforcement, consisting of four #6 rebars, was in-
cluded in the "neck" regions of each barrier section as shown
in Figures 6, 7, and 8.
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Edge of decu

31_0“

(g
2B qroutcd rebar dowels , ’
spaced at 30 inch cenlers\ ‘

’*5 Grouted rebar dowels spacea

at i5-inch centers and embedded ~ V-3
6inches into Yhe concrere dechk. \_,.. - - J L

— i
2 5/8 clearance PLAN VIEW OF STANDARD TYPE 25
BARRIER BASE SHOWING LOCATION OF '

CAST-IN-PLACE REBARS
I'-0 ———,2

e

@
|~ v

|~
_L 6"-—— \J ’ ’
|
ek
2 '/’
so‘ll - .
> *s5x2'-2"@ 15" ry \ ' r
_ _ | 10"
Deck surface
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! ]
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« 5 ®15"—
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Figure 6. Steel reinforcement in the standard Type 25 GConcrete
Bridge Barrier section, anchored with #5 cast-in-
place rebars - Series I, Test Number 2.
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) Edge of deck

3-o"
’e f
-2°6 grouted rebar dowels | | 6"
spaced at 30.inch centers\ -
. , ST : = T
?& Grouted rebar dowels spaced L
at I15-inch centers and embedded TR I'-3"
G inches into the cancrete deck. \.;_ TN Ly
. I

2 5/8"clearance

PLAN VIEW OF BARRIER BASE
SHOWING LOCATION OF
GROUTED REBAR DOWELS

.7u .

[ *s 820

Pt

L - Vo '"'
‘1,- 5x2'-2"@30

Deck surface\ _

(Rebar dowels bonded with Type IT Modified
portland cement grout )

Figure 7., Steel reihforcement ih,the Type 25 Rep]acément Barrier
prototype, anchored with #6 rebars, embedded 6 inches -
Series I, Test Number 1.
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Figure 8. Steel reinforcement in the Type 25 Replacement Barrier
prototype, anchored with #6 rebars, embedded 5 inches -
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Ohe of the three 3-foot-long barrier sections was constructed
according to the standard plans for a Type 25 Concrete Bridge
Barriery and the rebars which anchored this section to the
deck were originally cast intd the concrete when the simulated
br1dge deck was constructed The. reinforcement details and
rebar dowel locations: used for this section are shown in

g T etmk -

Figure 6.

The cthef‘twgl3éfdotéidng sections in Test Series I repre-

‘sented replacement barrjers for bridge rai]ing. These two

barriers were anchored to the concrete deck, using different
grouted rebar doweling arrangenents found to be promising in
the prelimihary pullout tests. The traffic side of one of
the repTacement barrier sect1ohs was anchored by three #6
rebar dowels spaced 15 inches apart and embedded 6 inches

into the deck. At both rear outside corners of this barrier
near the edge of the br1dge deck two #6 rebars spaced 30
inches apart prov1ded ma1n1y shear res1stance for the barrier.
(See Figure 7 ) S

‘The traffic side of the other replacement barkier section was

anchored by four #6 rebar dowe]s spaced 11T inches apart and
embedded in 5= 1nch deep ho1es as shown in Figure 8. The twe:
#6 rebar dowels along the bottom back. s1de of the barrier were
also installed 1n 5-inch-deep. holes and spaced 30 inches apart.

This 3-foot- Tong barr1er sect10n was tested to determine if

barrier strength comparab]e to a standard Type 25 Concrete
Bridge Barr1er,cou1dsbe,ach1eved with rebar dowel embedment
depths restricted to 5 tnches. Positions and dimensions of
other rebars 1ncTuded in each barrler are also shown in
Figures 6, 7, and 8. '
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4.1.3.2 Test .Series II: One 16-foot-long barrier section

As both of the dri]]-and—grout anchorage SyStems.used in
the two short replacement bridge barrier section tests in
Series I performed betterp than the Cast-in-place rebar an-

be needed where thin bridge decks exist., An anchoring re-
bar dowel configuration of #6 rebars at a 15-inch spacing
and grouted in the bridge deck at a 5-1inch embedment depth
Was chosen. The three short barrjer Sections tested 1in Series
I were removed from the deck prior to constructing this test
barrier. Holes for new rebar dowels were drilled and the
rebars were grouted using the Same procedure as was followed
in . the Series | tests, The poSitions 0f the rebar dowels
are shown in Figure 9, Altering the éxact desijired reba
dowel spacing was occésiona]]y necessary to avoid hitting
the rebar in the concrete deck.

the necessary formwork was positioned after the grouted rge
bar dowels had cyreq for 3 days, The barrier concrete was
poured and the barriep was Toad tested after the concrete
had cured for 9 days and had attained j compressive strength
of 3550 psi. At that time, the grout bonding the anchoring
rebar dowels intg the bridge deck had cured for a total of
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"4.1.3.3 Test Series I1II: Two 6 1/2-foot-long barrier tests

The purpose of condﬁtting the remaining third series of
barrier tests was to determine if a standard Type 25 Concrete
Bridge Barrier modified to contain a 6-inch-diameter steel
duct for housing highway landscape irrigation pipe, or other
utilities, would be feasib]e. The 16-foot-long barrier pre-

‘viously tested in Series II was removed from the bridge deck
‘to provide ample room-and to accommodate the testing of these
"two 6 1/2~-foot-long barrier sections, In order to determine
“the relative strength of the barrier containing the 6-inch
"duct, a length of standard Type 25 Barrier without the duct
“-was constructed and tested under the same loading conditions.
‘A cross section of the barrier with duct as constructed show-
ing reinforcement contained in the barrier, is depicted in
Figure 11, along with a.cross section of the standard barrier.

The two barrier sections shown represent those which would be

" constructed on a new bridge. The top portion of every other
- vertical rebar reinforcing the barrier face was lengthened to

provide additional bond and thus slightly more tensile load

carrying caQacity in order to prevent failure in the upper

neck. region of the barrier.

Since attaching~the two barrier sections to the existing simu-
iated;br{dge:degk.overhang'with cast-in-place rebars was not
pract{calg‘thé‘dri11-ahd-grout procedure, previously proven
effective, was utilized. To prevent any slippage of grouted
rebar dowels in drilled holes in the bridge deck and over-
hang and better approximate cast-in-place rebars, the depths
of the drilled holes for aill anchoring rebar dowels were in-
creased, as shown in Figure 12. In order to avoid installing
these new grouted'énchor rebars in the same locations on the

- deck slab where rebar dowels utilized in Test Series II had

been placed, the h0rma1 positions'bf the two barriers were
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shifted in from the deck edge 6 inches, as shown in Figure
12. Similar procedures were used for grouted hebar dowels
installed in this Test Series III as had been previously
followed in Test Series I and II. Grouted rebars were Teft
~undisturbed and were damp cured for a 3 day period. They
were then air cured for a 4 day period, while other barrier
rebar was tied (see Figure 13) and forms were being posi-
~tioned. Barrier concrete, as described in Section 4.2.1
of this report was then placed and cured for a period of
approximately 14 days, until a compressive strength of 3250
psi had been attained. As previously done, cylinders of
concrete were made at the time when the barrier concrete
was placed and were tested perjodically starting 6 days
after concrete placement. When the barrier sections had
cured for 7 days after placing the concrete, the forms were
stripped and the necessary barrier loading apparatus_was
assembled.

45

ClihPDF - www .fastio.com


http://www.fastio.com/

"$23593 JII S®LJBS “Sudlddeg 33340U0D
buo(-3004-2/1 9 OM3 2yl Ul [9893S BULIAOLULDU LB2L34BA JO SUOLLEBD07 "¢ 24nblLy

SUVE3Y TVOILH3IA 40 SNOISNIWIQ '8

1093y MV Gy HVE3Y Gk HVEIY Gy

Yiim ing 022 022
(@) sp swpg

ADqaY Py
Yitmgng
(® so awpg

®

S¥vE3Y TVIILY3A 4O NOILYDOT ONIMOHS 3SVE HIIHYVYE 40 M3IA NVId 'V

yinpuod g 9

p— 4

J81440q 40 _‘¢ w_\

apls u_ta,..r|l.m.i_

®
2 1
No T

128p yo abp3

46

www fastio.com

ClibPD


http://www.fastio.com/

4.2 Test Materials

4.2.17 Concrete

4.2.1.1 Concrete used in bridge barriers

The concrete used for constructing all of the concrete
br1dge barrier test sections for this research project
~contained well graded Fair Oaks river-run aggregates having
a maximum size of 1 inch and meeting the requirements in
Caltrans Standard Spetifications, Section 90-3, A cement
content of 564 pounds per cubic yard (6 sack mix) was used,
and an average slump of 3 inches was attained. A concrete
compressive strength of at least 3250 psi at the time of
Toading each barrier section was required. Further 1nfor—_
mation about this concrete mix design, designated as
A-1082A, is shown in Appendix D.

During the placing of barrier concrete for each test series,
a number of 6-inch x 12-inch concrete cylinders were fabri-
cated, cured at the barrier site, and tested Periodically

to determine the proper time to perform each barrier test
series. Results of these age/strength tests are plotted in
Figure 14,

4.2.1.2 Concrete for the simulated bridge deck

A class "A" concrete mix design conforming to California
Department of Transportation 1975 Standard Specifications

was used in the simulated concrete slab, beam, and deck
overhang. A concrete mix having a maximum coarse aggregate
size of 1- -1/2 1inches and a consistency not exceeding 2 inches
of ball penetration was used to simulate typical concrete used
in bridge decks. |
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The surface finish of the concrete was performed according
to Section 51-1.17, Finishing Bridge Decks, of the 1975
Caltrans Standard Specifications. The surface was struck
off, floated Tongitudinally, and scoured transversely with
a stiff bristled broom. Eight 6 inch by 12 inch concrete
cylinders were made to determine the compressive strength
at the time of rebar pullout tests and barrier load tests.
An age versus compressive strength plot of cylinders tested
to date is shown in Figure 15,

Curing of bridge deck: The deck surface was water cured
for seven days. ‘An automatic sprinkler system available
adjacent to the site was used for this purpose.

At the end of the curing period, the forms were removed
from the deck overhang to eliminate any additional support
they might provide during the barrier load tests.
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Plot of age versus compressive strength for
concrete in test slab and deck overhang.

Figure 15,
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4.2.2 Bonding Materials Used to Fasten Rebar Dowels

4.2.2.1. Bonding materials used in rebar dowel pullout tests

Four different bonding materials were used in the rebar
dowel pullout tests conducted in the 7-inch-thick rein-
forced_concrete stab. These included (1) epoxy mortar

(2) Type II Modified portland cement grout, (3) Wil-X
shrinkage compensating cement grout, and (4) Bostik-275
quick-set mortar. Their characteristics and appltication
procedures used in this research are described as follows:

<]

Epoxy Mortar

Characteristics of Epoxy, Caltrans Specification No.

8040-61J-03: The epoxy used in the epoxy martar for the

rebar pullout tests was manufactured to conform to Caltrans
Specification 8040-61J~-03. This epoxy is a two component,
Tow viscosity liquid polysulfide, with a gel time of be-
tween 15 and 30 minutes, and is recommended for bonding

steel rebar dowels in vertical holes in concrete.

The rate of strength development of epoxy No. 8040-61J-03
is temperature sensitive. It sets rapidly at 100°F and
much slower at 50°F. At temperatures near 70°F, it will
Tully cure in 3 to 5 days and have a compressive strength
of approximately 8000 psi.

Without aggregate fillers, epoxy conforming to State
Specification 8040-61J-03 has poor shrinkage and creep
characteristics and is not recommended for application
under sustained loading(4).
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" Mineral aggregate fillers (sand) may be mixed with this
dpoxy to reduce shrinkage. The use of a filler, however,
also increases the amount of time required for hardening.

Some negative aspects of using an epoxy mortar are;

(1) high cost, (2) messy to handle and clean up, (3) can
cause dermatitis, (4) very critical mixing proportions,
(5) recommended for use on dry concrete surfaces only,
and (6) Timited pot Tife (must be used within 10 minutes
of mixing).

Mixing and Placement of Epoxy Mortar: The epoxy mortar com-

ponents were measured and mixed according to general instruc-
tions contained within Section 95 of the 1978 Caltrans Standard
Specifications._ An equal volume of epoxy was then mixed with
an equal volume of 16 x 30 mesh sand. This ratio aided in
reducing shrinkage, yet still provided a mortar which would
pour easily. '

The holes in which the epoxy mortar was to be placed were
kept dry and biown out with compressed air before introducing
the epoxy mortar. The holes were approximately half filled
with the mortar; then the rebar was inserted and jiggled to
remove air voids. After placement, epoxy mortar was allowed
to cure in the open air..

o Type 11 Modified Portiand Cement Grout

Characteristics: The portland cement grout used was a mixture
of Type II Modified portland cement and water. The Type II
Modified portland cement conformed to the requirements of the
1978 Caltrans Standard Specifications. During the initial
grout curing period ({approximately 3 days at 70°F), the grout
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is very weak and should not be disturbed as slight movement
or shocks may cause fractures and reduce bond strength.

The averages of compressive strength tests on 2-inch x
4-inch grout cylinders made from the same mixture used in
installing rebars for pulTout tests are shown in Figure 16.
The grout mix proportions used were 4 gallons of water to
94 pounds of cement. Two different conditions for curing
grout cylinders were employed in an attempt to obtain and
compare compressive strengths of grout cured under ideal
conditions (kept continuousiy moist in fog room at 73.4°F)
with grout cured at the test site under less desirable con-
ditions (sealed in a-plastic bag and buried in the ground
adjacent to the test slab).

Mixing and Placement of Type II Modified Portiand Cement

www fastio.com

Grout: Small quantities of portland cement grout were
mixed by hand with mixing bowl and spoon until free of
Tumps.

To avoid absorption of water from'the grout by the old
concrete, the drilled holes were soaked with water for
15 minutes, then blown out with compressed air prior to
placing the grout and rebar dowels.

The holes were filled half full of grout, then the rebar
was s1ow]y_inserted, and jigaled to remove air and con-
solidate the grout. 1In Figure 17, a freshly grouted rebar
is shown. After placement, all the portland cement grout
was covered with wet rags and plastic sheet to retain
moisture (see Figure 18).
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Figure 17. Single #6 rebar dowel bonded with
' Type II Modified portiand cement
grout.

Figure 18. Curing of grout surrounding #6 rebar
dowels using wet rags and plastic
sheet.
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°  Wil-X Shrin kage t’:'or}{p'éfﬁs'-ati ng ‘-céme-ht' Grout

Characteristics: Wil-X cement 15 a spec1a1 base portland
cement having a h1gh percentage of calcium sulfo-aluminate
blended into the cement during manufacture. According to

the manufacturer, Wil-X cement when mixed as a grout requires
more water than Type Il Modified portland cement grout in
order to have similar flow praperties. The cement is classi~
fied as a shrinkage compensatiﬁgueement. Wil-X cement con-
tains virtually no chlorides, iron particles, or other
material known te premote corrosion of steel. The manufac-
turer's recommended mixing proportions (4 1/2 gallons of
water:94 pounds of Wil-X cement) were used for all grout in
this research. Grout cylinders (2 inches x 4 inches) were
cast and cured in the same two different environments as

were the Type IT Modified portland cement grout cylinders.
Averages of compressive strengths of cylinders tested at
various ages are_shgﬂp‘in Eigure 165

Mixing and P]acement of W11 X Cement Grout The small quantity
of Wil-X cement grout used for grout1ng the pullout test speci-
mens was mixed by hand until free of lumps.

To avoid absorption of moisture from the grout by the old con-
crete, the drilled holes were filled with water, which was
allowed to stand 15 minutes, then. b]own out with compressed
air prior to p]ac1ng the grout and the rebar dowe1s.

Next, the holes were filled half fu}l of We11 mixed grout; the
rebar was inserted and jiggled to remove air and consolidate
the grout.
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After rebar placement, the concrete/grout surface surround-
ing the rebar was covered with wet rags followed by a small
square of plastic sheet to retain the available moisture.

° Bostik-275 Quick Set Mortar

Characteristics: Bostik-275 mortar is a two-part system
consisting of a dry component, which includes an aggregate
and powdered magnesia, and a liquid ammonium phosphate
solution. This material has been found to be acceptable

and is used as a patching compound for portiand cement
concrete highways in California. The manufacturer recom-
mends the use of & mix proportion consisting of 1 gallen
of 1iquid activator to 45 pounds of dry component.

Setting time varies with temperature, When mi xed using the
recommended proportions, Bostik-275 mortar sets in 5 to 7
minutes at 72°F and in approximateiy 20 minutes between
40°F to 50°F,

One alleged beneficial characteristic of Bostik-275 mortar
is that any cracks which may develop from compressive
failure will tend to hea]Q_and strength will be regained
as the specimen ages further. Compressive strength tests
were performed in the laboratory to verify this fact.

One mortar cylinder was cast and loaded three hours later
to a maximum load. A maximum compressive strength of

3000 psi was reached., The same specimen, compressed again
two hours after the first test, withstood 3260 psi. A
third loading was performed 28 days after the initial cast-
ing date and produced a compressive strength of 4825 psi.

Water will reduce the strength of Bostik-275 mortar con-
siderably and should not be used to dilute the liquid.
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ATl water should be cleared from the area where Bostik-275
mortar is to be placed.

Limited corrosion tests conducted by the Transportation
Laboratory Concrete Section indicate that Bostik-275 mortar

should not cause or promote corrosion of steel.

Mixing and Placement of Bostik-275 Mortar: Using an impact

tio.com -

rotary hammer and carbide tipped bits, three holes were
drilled in the concrete siab in which rebar dowels were in-
stalled. The drilled holes were then blown clean with com-
pressed air and dried.

The first batch of Bostik-275 mortar was mixed in a small
quantity according to the manufacturer' s recommended pro-
portion of 84 ml of a special 11qu1d activator to 1 pound
of dry component.

Bostik-275 mortar was poured into the first clean, dry hole
until it was filled to approximately one~half of its capacity.
The rebar was then inserted and J1gg1ed to remove any trapped
air and consolidate the mortar.

This initial mix ratio was judged to be too stiff to provide
easy flow into the hole. Only one rebar dowel was embedded
using this mix. '

A second mixture of Bostik-275,whose workability was im-
proved by increasing the liquid in the mix, was prepared.
The new mix ratio used was 126 ml liquid activator to 1
pound of dry component. This second mix was used to bond
two additional rebars which were installed in a similar
manner as before. .

The Bostik- 275 mortar surrounding the 1nsta1]ed rebar was
Teft to cure in the open air.
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4.2.2.2 Bonding material used in all barrier tests

The Type I1 Modified portland cement grout because of its
economy, hand!ing ease, and excellent strength, was used
to bond rebar dowels for ail of the bridge barrier Toad
test sections. The portland cement grout was Prepared 1in
the same manner and mix ratio as was used in the prelimi-
nary rebar puliout tests conducted early in the research
project. A mix ratio of 4 gallons of water to 94'pounds
of Type II Modified portland cement was used.

The strength of the Type II Modified portland cement grout
used to bond the rebar dowels for anchoring the concrete
bridge barrier test sections was monitored for the Series
I tests only. Eight 2~inch-diameter x 4~inch-high cylin-
ders were cast at the same time the rebar dowels were
grouted for the Series I barrier tests. The age/strength
curve for the grout cylinders is shown in Figure 16. The
strength of the grout in Series I barrier tests was 9140
pst at the time when the barriers were loaded. 1In all
barrier tests, grout around the rebar dowels was cured
for the initial 3 days with wet rags covered by plastic
sheet.

The various curing times and temperature of the grouts

around rebar dowels for all three barrier prototype test
series are shown in the following Table 3.
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4.2.3 Deformed Steel Reinforcing Bar

A1l deformed steel reinforcing bar used in this research

~project for use in the concrete bridge deck prototype,
bridge barriers, and rebar dowel conformed to requirements
in Section 52-1,02 of the 1978 edition of the Caltrans
Standard Specifications. '

Further, all steel reinforcement conformed to the specifi-
cations of ASTM Designation: A615, Grade 60.
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4.3 Testing Eguipment and Procedures

4.3.17 Dynamic Pullout Load Tests on Bonded Rebar Dowels

In Qenera], equipment and procedures used to conduct all
dynamic puliout tests on bonded rebar dowels were the same.

A 1-inch-diameter threaded steel rod conforming to require-
ments in ASTM Specification A449 and a special coupler made
from AISI 4140 heat treated steel were used to extend the
short rebar dowels so that they could be loaded in tension.
As previously mentioned, the embedded dowels were threaded
on one end so that the coupler could be attached. As shown
in Figure 19, the threaded steel rod projected through a
120-kip hydraulic jack which was used to apply the tensile
Toad; the load was monitored with a Toad cell.

Figure 19. View of loading apparatus sitting
on channel beams.
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Figure 20. Pumps and tesf apparatus used in
rebar puilliout tests.

The jack was supported by two heavy channel sections wh1ch
rested on two short sections of "I" beam.

Heavy hex nuts and a plate washer were insta]1ed'at the top
end of the threaded rod to transfer the force from the jack
ram to the grouted rebars.

To approximate an impact 1oading condition which would be
experienced by rebar anchoring a bridge barrier if hit by

an automobiie, two'techniques were used: (1) a free travel
distance of approximately 1 1/2 inches was left between the
jack ram face and plate washer so that load transfer to the
grouted rebar would be sudden, and (2) two hydraulic pumps
were connected in a parallel circuit to provide an increased
fluid flow to the jack. An overall view of the assembled
test apparatus is shown in Figure 20.

63

ClihPDF - www .fastio.com


http://www.fastio.com/

Load and deflection were plotted against time using an XYY
recorder,

The lower 50-kip range of a 200-kip load cell was calibrated
in the 60-kip Baldwin testing machine in the Structural
Materials Laboratory to a readable accuracy of + 500 pounds.
Calibration of the load cell was checked with a resistance
shunt calibration box before each pullout test.

Deflection was measured with a pair of potentiometers, posi-
tioned on a line and on equal distance from the test rebar
with one attached to each end of a rigid bracket. This
bracket was slipped over the rebar dowels and attached

firmly just above the concrete slab surface with two set
screws. The two deflection readings were averaged electroni-
cally and the resulting deflection was plotted continuously
by a XYY recorder during each test.

So that only bond slippage and/or rebar elongation below the
surface of the concrete could be measured, the bracket was
attached to the rebar dowels just above the concrete surface.
Figure 21 éhows the bracket with potentiometers attached.

Figure 21. Steel bracket and potentiometers used to
measure vertical movement of bonded rebars
during pullout.
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Calibration of the potentiometers was checked before each
test with a resistance shunt calibration box.

The time sweep on the XYY recorder could be set at various
Speeds. The two rates used in the pullout tests were: 1/2
second and T second per inch of travel on the X axis.

.4.3.2 Static Load Tests on Barrier Sections

4.3.2.1 Description of the system used to load the barriers

The apparatus necessary to apply a static horizontal force
near the top of the barrier face, consisted of (1) a heavy
Toad frame, (2) a hydraulic Jack assembly consisting of a

ram head, a hydraulic jack havﬁng a 150-ton capacity, a load
cell, and a rounded bearing head, (3) a bearing pTate and pad
with socket bolted onto the barrier face, and (4) two hydrau-
'ic pumps, hoses, and fittings. The load frame constructed
of heavy structﬁra1 plates and channel sections wéided to-
gether is shown in Figure 22. It was attéched to the simu-
lated bridge deck using the 2-inch-diameter cast-in-place
steel anchor bars and provided a solid foundation against
which to jack. Prior to loading the barrier, the hydraulic
Jack assembly was held in place by two cradle supports.

The hydraulic jack was coupled to two hydraulic pumps,
plumbed in parallel to maximize the loading rate. A Joad

- cell was placed directly behind the hydraulic jack (see

Figure 23) so that the horizontal load which was applied
to the barrier could be monitored,

A heavy steel wedge-shaped 8-inch x T4-inch bearing plate

shown in Figure 24 was centered near the top of the barrier
face, approximately 26 inches above the deck surface {see
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Figure 22. Front view of 16-foot-Tong barrier,
' Series II test, shown with load frame
and testing appavratus.

Figure 23. Side view of load frame and testing
apparatus - Series II test.
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Figure 24. Heavy 8-inch x Td-inch ta

pered bearing
plate bolted to barrier f

ace,

Figure 25. $ide view of barrier in Series II test
before test showing position of Jack,
ram, and deflection bracket,
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Figure 25). The part1cu1ar position of this bearing plate
on the barrier face was chosen to represent a typical load
area and height which would be experienced In a severe jm-
pact from a heavy automobile at a speed of 60 mph and at an
impact angle of 25° with the barrier face. This bearing
plate was attached firmly to the face of the barrier with
four high strength steel cap screws. A thin rubber shim
was placed underneath the bearing plate in order to distri-
bute the horizontal load evenly to the concrete in the
barrier face. '

During the app11cat1on of a horizontal load on each barrier
section, the position of the bearing plate, bolted onto the
barrier face rose slightly when the front edge of the barrier
up]1fted and p1voted about the bottom rear edge of the bar-
rier. The hydraulic jack assembly was permitted to rotate
upward slightly about the one end which was in bearing against
the lead frame, due to two ball-and-soccket connections, one

at each end of theﬁasséhbe;
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4Q3.2.2 Instrumentation of barriers to measure deflection

In each of the three series of full-scale concrete bridge
barrier static load tests, deflections of the barriers

were measured. In the Series I tests where three 3-foot-
long barrier sections were loaded, two transducers were
positioned along the bottom front and one foot in from the
edge of each barrier section in order to measure the amount
of uplift (vertica1 deflection) of each section (see Figure
26).

Figure 26. Transducers mounted on angle brackets
at base of the 3-foot-long barrier
sections in Series I tests.
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Unfortinately, because ‘of the severe c¢racking of concrete
along the-bottom front edge of the 3-foot-long barrier
sections, this deflection measuring system did not work.

In"the succeeding Series II and III tests, horizontal de- -
flection near the top front edge of the barrier faces was
measured. A rigid bar frame (see Figure 25) was bolted

to the deck surface, and Houston potentiometers, fastened

to this frame, were used to monitor the change in horizontal
distance between the frame and the top edge of the barrier
face. Small hooks were epoxied onto the barrier face at the
positions shown in Figures 27 A and B, and wire cablies from
the potentiometers were attached to these hooks. This sys-
“tem worked well.

4,3.2.3 Data recdrdihg7hethods for barfier tests

In each of the three barr1er load1ng tests in Series I, re-
sults were recorded us1ng the XYY p]otter. Load versus time
and average vertical: def]ect1on .versus time were recorded on
the same graph. ' '

In the Series Il tests horizontal deflection of the top of
the barrier was measured at six different points using po-
tentiometers as previously described. A visicorder equipped
with a-light sensitive paper chart was used to simultaneously
record (1) timé, (ijhofizontal'force'app}ied on the bearing
plate, and (3) deflections at éach of the six selected points
near the top edge of the barrier.

An XYY recorder was used in the Series III tests to monitor
the horizontal load, time, and the horizontal deflection of
a single point at the top edge of each barrier face.
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t"edge clearance

4I_0II | 4l_’_()ll

‘ L 4'-o" ro

o o— | ————

|
5:_ +//{
B
( . Location and size of

lood bearing piate

Locations from which horizontal
deflections were measured

A, Slxiocotuons from whlchhorlzontaldeflechons were measured
- during Series II test.

.
N L

J Lecetion of load
‘ bearing piate,

Lecatian from which
horizontal deflection was
measurad.

B. Single focation from which horizontal deflection was measured
for both barriers loaded in Series IIT tests. '

Fidure 27, locations at which horizontal barrier movement
was measured - Series Il and Series III tests.
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5. TEST RESULTS AND ANALYSIS

5.1 Results of Dynamic Pullout Tests on Bonded Rebar Dowels

General'Discussibn: On the whole, the results of the pre-
‘Timinary dynamic pullout tests of bonded rebars conducted

in this research program were very gdod. High pullout loads
were attained from shallowly embedded bonded rebar dowels by
using carefully regulated grduting'procedures. Dynamic puillout
tests in this research project were conducted in two distinct
Phases, A and B. A compiete summary of results of the dynamic
pullout tests conducted in both testing phases is shown in
Table 4. As can be seen from these results, extremely high
and consistent maximum pullout loads, ranging between 25 and
35 kips, were obtained in the Phase A tests in which #6 rebars

" were bonded in 6-inch-deep holes with all of the types of

www . fas

bonding materials used. Lower u1t1mate pulTout loads were
obtained with the #5 and #6 rebars émbedded only 5 inches
into the slab in the.Phase B tests. " A basic explanation of
the tests conducted, as well as a description of the test re-
sults for pullout tests conducted in both phases is presented
in the following paragraphs

5.1.1 Discussion of Pullout Tests, Phase A

In the Phase A pullout tests, nine #6 ASTM A615 Grade 60
rebar dowels were embedded to a depth of 6 inches in a 7-
inch-thick reinforced concrete slab; the following four
bonding materials were used and the number of rebar speci-
mens bonded with each.shown in parenthesis: epoxy mortar -
(2), Type II Modified portland cement grout (2), Wil-X
shrinkage compensating cement grout (2), and Bostik-275
quick-set cement mortar (3). Al7l hole diameters were ]
inch except for one 1 1/8-inch~diameter hole which was
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necessary to facilitate the p1acement-of the visCOUS
Bostik—275 mortar. Each piece of #6 rebar was threaded
for a distance of two inches at one end with 5/8-18 UNF
threads so that the coupTér and pull bar could be attached.

The ultimate pullout load for each of the tests was 25
kips or greater."Tensile failure in the rebar occurred
at the base of the threaded stub in seven of the nine
rebar dowels teéted. In the remaining two rebar pullout
tests, Toss of tensile load was caused by combined con-
crete tensile strength failure and the loss of bond be-
tween the: grout and the concrete in the drilled hole.
The max1mum tensitle 1oads at failture for these two speci-
mens, however, were simiTar to those of other specimens
- in which the reba¥ broke in the threaded regions. The
T two specimens that failed by combination of concrete ten-
Losile cracking and bond Toss had been bonded, one with
: Bostik-275 mortar and the other with Wil-X cement grout.
“"The length of curing t1me for the bond1ng material of
l ﬂeach specimen 1n Phase A, prior to ‘testing, was approxi-
{mately 28 days. ; '

" 7U5.1.2 Discussion of Pullout Tests, Phase B

A total of fourteen grade 60 rebar dowels (eight #5 rebars
-iuand 51X #6 rebars) were bonded, two with Wil-X cement grout,
. six w1th Type IT Modified portland cement grout, and six
i;@1th:epoxy_mortar. For the two latter types of bonding
V‘materia]s the following rebar sizes and embedment.depths
" were émbloyed{

e two #5 rebars at a 5- inch depth,
_ two #5 rebars at-a 6- inch depth,
° _two_#G rebars at a 5-inch depth.
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Both #6 rebars bonded with Wil-X cement grout were embedded
5 inches,

A1l holes were'1/4 inch 1afger in diameter than the nomi-
nal rebar size. The ]ength of curing time of the bonding
materials prior to conducting the pullout tests was 14 days

~for the six rebars bonded with epoxXy mortar and 28 days for

the remaining specimens grouted with Type II Modified port-

~land cement grout or Wil-X grout.

When loaded, all specimens embedded 5 inches failed as a
result of a combination of concrete tensile failure and bond
failure at the grouting material/concrete interface in the
drilled hole. A typical rebar dowel which was bonded with
epoxy mortar‘is Shown in Figure 28 following a pullout test.

“Figure 28, Rebar dowel bonded with epoxy mortar
following pullout test, showing typicatl’
mode of failure.
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The #5 rebar dowels embedded 6 inches with epoxy mortar
and Type II Modified portland cement grout failed as a
resylt of shear toss within the -bonding material.

.Graphs of load versus deflection for all preliminary pull~- "
~out tests performed in Phases' A and B were drawn from plots

of load/deflection versus time curves made by a XYY recorder
during actual pullout tests and are included in Appendix B.’
Values of ultimate pullout loads and loads at deflections or
pullout movements of 0.01 inch and 0.02 inch are tabu]ated

. Wfor:reference and are shown in Table 4.

My fas

5.133  Discussion of pullout tests conducted in prev1ous
resl Lresearch L

A previous State-financed research study(5) was performed
to determine what effects Var1at10ns 1n the roughness of
the sides of sha1]ow dr11]ed holes have on pullout strength
of bonded rebar dowe1s In th1s research project, a total
of 21 pullout tests were performed e1ghteen on #6 and
three on #8 Grade_60 rebar., - |

Two types of equipment Commoh]y‘usédFto drill holes in
concrete, name]y} (1) a rotary imbéCt hammer with a carbide-
tipped bit, and (2) a drill motd?fwith a water cooled, dia-
mond impregnated core bit; weréﬂUsed to provide rough and
smooth sided holes, respectiveTyl Secondary variables con-
sidered important to thi§EQeréqt were:

(1) Degree of cleanliness of bond surfaces in holes prior
to installing rebars.

(2) Type of -bonding material.

(3) The effects of equivalent bond areas of different re-
bar sizes installed at different embedment depths.
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A summary and eva]uatioh of the twenty-one pullout tests
performed in this previous research project(5) are con-
tained in Appendix E of this report.

Grout types and mixing proportions and insta11ation proce-
dures were the same as those used in this research project.

5.1.3.1 General observations

From the résults of the series of pullout tests completed
in this previous study(5), the following observat1ons were
made;

* #6 Rebar embedded 6 inches in a reinforced conckete sTab

(1) In all tests conducted on #6 rebar bonded in 6-inch-deep
holes, including variations due to all parameters investigated,
averages of dynamic pullout strengths were h1gh and ranged
from 29.2 kips to 41.0 kips.

(2) In general, when the holes were cleaned with compressed
air, the variations in the foughness of the bonding surfaces
of holes had 1ittle effect on pullout strength of doweled
rebars bonded w1th Type Il Modified portland cement grout.
ATthough not tested in this previous research project, re-
bars bonded with epoxy mortar are expected to have similar
puliout strengths as indicated by results of pullout tests
shown in Table 4 of this report.

(3) A cons1derab1e improvement in average pullout strength,
from 34.4 to 41.0 kips, was observed when rough as opposed to
smooth sided holes were used and rebars, bonded with Type 1I
Modified portland cement grout, were installed in holes which
were thoroughly brushed and washed with water,
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(4) With epoxy'mortar,‘hpwerer; no 1mbrdremeht in pullout
strength resulted with rebars installed in rough as opposed
to smooth sided holes, thoroughly brushed and washed with
water, then air dried prior to.appTying_bonding material.,

. #8 Rebar embedded 4.5 inches in a reinforced concrete
slab

h 29 percent decrease in average pullout strength of rebar
(from 29.2 to 20.7 kips) was observed when embedment depth
of rebar was decreased from 6.0 to 4.5 inches and rebar
size was increased from #6 to #8 to produce equal rebar
bond area. Therefore, the re]at1onsh1p between maximum
pulTout strength and bond area of rebar is not linear. A
minimum embedment depth is ev1dent1y necessary before the

-actual strength of a rebar becomes effective and pullout

“wwvw . fas

"strength begins to increase significantly. It was deter-

mined-that the pullout strength of large diameter rebar
installed at extremely shallow embedment depths will not
equal that of a smaller diameter rebar installed at a
greater depth and having a bond area equal to that of the
larger d1ameter rebar

5.1.3.2 'Recommendations

As a result of this previous study comp]eted in March 1978(5),
it was recommended that: '

(1) Either the core or impact votary hammer drilling method
be.allowed where a ho1e depth of 6 1nches or greater is
desired, -~ '

(2) ‘For holes shallower than 6 inches where 6ptimum strength
is required, the impact rotary hammer'drﬁ1ling method should
be used and the hotes washed and scrubbed prior to bonding
the rebar.

78

[ro.com


http://www.fastio.com/

ClibhPDF -

(3) Either epoxy mortar or Type II Modified portiand cement
grout as were prepared and used in this research Project be
allowed for grouting rebar dowels where environmental cop-
ditions permit. '

(4) Epoxy mortar not be allowed for grouting rebar dowels
in wet weather or where bonding surfaces or holes are damp
or wet upon installing rebar. '

(5) Where Type II Modified portiand cement grout is used,
eéxposed grout surfaces around rebars should be cured using
wet rags where optimum strength is desired. In this pre-
vious research project, no tests were conducted to deter-
mine if any loss in the pullout strength of grouted rebars
occurred as a result of not Wet curing portland cement grout
for a period of 3 days. 'However, it is known that a hot,
dry environment will cause grout to crack or shrink without
proper curing and a Toss in rebar pullout strength may
result.

5.1.4 Discussion of Importaht Variables in Pullout Tests

5.1.4.1 The effect of hole variables on rebar pullout strength

Hole Diameter: Although no verification testing was done in

this research study, changes in hole diameter can significantly
affect the pullout strengths of bonded rebar dowels, The hole
diameter should be only slightly greater than the nominal re-
bar diameter, byt large enough to Permit complete coverage and
conscolidation of the bonding material around the rebar. In
this research Project, holes were drilled with a diameter

1/4 inch 1arger than the nominal rebar size being bonded,

The main reason for Timiting the hole diameter is to minimize

www fastio.com S o
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bonding rebar dowels; portland cement grout and epoxy for
instance. ‘Too small of a clearance between the rebar and
the hole sides, on the other hand; would prevent full wet-
ting of both the concrete surface on the sides of the
holes and the embedded rebar surface, possibly resulting
in poor consolidation of the bonding material and hence
lTow pullout strengths.

Hole Depth: From results of pullout tests conducted at both
5-inch and 6-inch embedment depths, it is apparent that pull-
out. strengths of rebar bonded in holes 5 inches deep are
generally somewhat lower and more erratic than those bonded
in holes 6 inches deep (see Table 4)}.

Averaged results from pullout tests conducted on #5 and #6
“rebars installed 5 inches into a concrete slab ranged from
16.5 kips for Wil-X cement grout to 22.6 kips for Type Il

Modified portland cement grout. | |

At a hole depth of 6 inches, average pullout strengths
ranged from 28.2 kips to 30.2 kips for the four bonding
materials tested (see Table 1). Even though relatively
high and consistent pullout strengths were obtained with
both #5 and #6 rebars bonded in holes & inches deep, that
depth is inadequate to fully develop the tensile strength
of either tfie #5 or #6 rebars as tested.

5.1.4.2" Selection of eéffective bonding material

0f the four bonding materials tested in this research, Type
I1 Modified port]and‘pement grout and the epoxy mortar were
the two most widely available which produced high ultimate
pullout strengths. The most economic material which pro-
duced consistently high pullout strength, provided that
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proper mixing'and installation procedures are followed, is
the Type II Modified portland cement grout. A cost compari-
son of equal volumes of the four mixed bonding materials as
tested is shown in Appendix F.
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5.2 Results of Static Loading Tests on Barrier Sections

5.2.1 Series I Barrier Tests

General Discussion: Three full-scale barrier load tests

were performed in this initial test series. Figures 29,
30, and 31, show pictures of the three failed 3-foot-long
concrete barrier sections and summarize vital information
obtained from the tests. As previously mentioned, each of
these short lengths of barriers were heavily reinforced in
the neck or narrow portion of the barrier. This was pur-
posely done to prevent probable cracking or failure there,
and to force failure at the base of each section of barrier
so that relative strengths of the various rebar anchoring
methods could be determined.

In general, fairly high overturning resistance to the exter-
nally applied horizontal forces resulted in all three tests.
Load-deflection curves for each 0f the three short barrier
tests conducted in Series I are shown in Figure 32. Maximum
horizontal Toads externally applied to the two replacement
concrete bridge barrier sections were 41.2 kips and 34.3
kKips for Test Nos. 1 and 3 respectively. Both of these re-
placement barrier sections, attached to the bridge deck with
#6 grouted rebar dowels, proved to be stronger than the
standard Type 25 Concrete Bridge Barrier with cast-in-place
#5 rebar dowels which failed at an external load of 28.7
kips. Because of severe cracking of concrete along the
bottom of the front edge of each of the three barrier sec-
tions tested, any deflections measured during these tests
and reported here are at best approximate.
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Edge of deck

2- % grouted rebar dowels
spaced at 30 inch centers and
| §/ embedded 6 inches inta deck ™

s"‘ (}.— 3-0"

[+

172"

My m—s

3-#5 Grouted rebar dowels spaced
ot I15-inch centers and embedded
& inches info the concrete deck.

A. Failed section of Type 25 B. Cross section at base of
Replacement Barrier shown Replacement Barrier showing
after horizontal Toad test. locations of grouted #6 rebar

dowels anchoring barrier to
concrete bridge deck.

Important Test Information:

e Maximum horizontal Toad attained

‘41.2 kips

» Elapsed loading time at maximum
load

i

10 seconds

e Barrier failure mode: Splitting tensile failure in concrete
along face of the barrier base combined with loss of bond
strength of upper leg of rebar dowels along the front edge
of the barrier.

Figure 29. Results of the static load test on the 3-foot-long section
of Type 25 Replacement Barrjer - Series I,
Test Number 1.
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Edge of deck
2- ¥5 Cast-in-place rebars,

l / spaced ot 30-inch ceniers\
6 ‘(#m~w—~———§-0" -
I1—I + -+

/2"
Il-3"

1| -

Fo 7

3-¥5 Cast-in-place rebars, Spaced

gt IS-inch centers.

A.  Fajled section of standard B. Cross section at base of

Type 25 Concrete Barrier Replacement Barrier showing
shown after horizontal load locations of cast-in=-place
test. - #5 rebars anchering barrier

to concrete bridge deck.

Important Test Information:

1§

e Maximum horizontal load attained 28.7 kips

¢« Elapsed loading time at maximum

load 5.6 seconds

e Barrier failure mode: Loss of bond of tops of front rebars
and fracture of the concrete along the front edge of the
barrier caused by splitting tension.

Figure 20, Results of the static load test on the 3-foot-long section
of standard Type 25 Concrete Bridge Barrijer -
Series I,\Test Number 2.
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Edge of deck
2- % grouted rebar dowels

spaced at 30 inch centers ond
_1 / embedded 5 inches into deck.™\

]

P
-3"

Jﬂ_(p/—:j\_/ =
4-fg Grouted rebar dowels spoaced

atil-inch centers and embedded
Sinches into the concrete deck.

A. Failed section of Type 25 B. Cross section at base of
Replacement Barrier shown Replacement Barrier showing
after horizontal 1load test. locations of grouted #6 rebar

dowels anchoring barrier to
concrete bridge deck.

Important Test Information:

e " Maximum horiionta? load attajned

= 34.3 kips
* Elapsed Toading time at maxfmum
load = 5.5 secs,

* Barrier failure mode: Loss of bond between the two center
~rebar dowels grouted in the deck, and tensile failure in
concrete -at outside corners of barrier face combined with
loss of bond of upper legs of outside rebar dowels,

Figure 21, Results of the static load test on the 3-foot-Tong section
of 'Type 25 Replacement Barrier - Series I,
Test Number 3.
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Significance of barrier fajlure modes and ﬁelationship

between reinforcing schemes used, maximum horizontal Toads
attained, and resulting crack patterns: Failure of the

first two barriers tested in Series I (see Figures 29 and
30) resulted because of splitting tension c¢racks, associated

| with rebar bond failure, occurring through the bottom front

portion of the barrier followed by a complete 1oss_of bond

in the upper leg of the three front anchoring rebars. In

Test No. 1, the surface area of the upper legs of the front

#6 rebar dowels, which is responsibie for their bond strength,
was approximately 20 percent greater than the upper portion

of the three #5 anchoring rebars along the front base of the
standard Type 25 Concrete Bridge Barrier loaded in Test No. 2
(Figure 30). This is the main reason why the Type 25 Re-

‘ptacement Barrier in Test No. 1 resisted a 41.2 kip hori-

zontal Toad, 12.5 kips greater than the toad resisted by the
standard Type 25 Concrete Bridge Barrier in Test No. 2.

In the third test performed in Series I, Test No. 3, it was
desired to test a Type 25 Replacement Barrier with four
grouted rebar dowels spaced ¢loser at 11-inch centers and

- embedded only 5 inches into the bridge deck. In this test,

the two grouted rebars instalied near the center of the
front edge of the barrier failed in bond in the bridge deck,
whereas bond failure occurred at the upper legs of the two
outer doweled rebars along the front edge of the barrier.
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Conclusions from Test Series I: Some very important points

were Tearned from the three tests in Series I.

(1) 1In both the standard Type 25 Concrete Bridge Barrier,
and the other two replacement barrier; tested, the short
bond length of the upper tails of the anchoring rebars along
the front base of the barrier and the minimal cover of the
anchoring rebars on the énds of the barrier sections reduced
their effectiveness in maximizing overturning resistance of
the barrier.

(2) Although two of the grouted rebars in Test No. 3 pulled
out .of the slab, an embedment length of 5 inches for the
front row of #6 rebar dowels at an 11-inch spacing was found
to provide greater overturning resistance than did the cast-
in-place #5 rebars spaced at 15 inches in the standard Type
25 Concrete Bridge Barrier section.

(3) 1In Test Nos. 1 and 2, the apparent common weakness in
the two barrier systems which finally caused barrier failure
was a.lack of continuous vertical rebar in the face of the
barrier. Transfer of tensile forces in the concrete, in the
lower portion of the barrier face, to the short upper tails
of the anchoring rebars along the bottom front edge of the
barriers was 1imited. Thus, tensile fracturing of the con-
crete along the barrier face of the barrier 10 inches or so
above the deck surface resulted.

(4) Longer lengths of test barrier providing more cover to
anchoring rebars near the ends of the barrier sections would
have been preferabie..

(5) With the Type 25 Replacement Barrier constructed in
Test No, 1, the 6-inch embedment length of the #6 rebar
“dowel anchors was adeguate to prevent pullout of the grouted
rebars from the bridge deck.
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5.2.2 Series II Barrier Test

General Discussion: A full-scale test on a barrier section

16 feet 1ong was condUcted to determine maximum static hori-
zontal load resistance of a barrier having grouted dowels
along the front face embedded at the Teast acceptable depth
of 5 inches and spaced 15 inches apart.‘ To prevent vertical
cracking along the front face of the barrier which was experi-
enced in Test Nos. 1 and 2 of Series I, the #6 grouted rebar
dowels along the front of the barrier were lengthened so that

~they projected approximately 24 inches above the deck surface.

As the actual barrier length, 16 feet, was one foot longer
than the length originally planned in order to provide more
end cover for the bonded rebar dowels, it was necessary to
apply the horizontal load 10 inches to the left of the geo-
metric center of the barrier. This slight offset of the
loading point was necessary because of the fixed position of
the high strength bolts securing the loading frame to the
deck.

Discussion of results: The peak load, 93.0 kips, was reached
approximately 20 seconds after initial loading had begun.

A load-deflection curve for the 16-foot~long replacement

barrier section is shown in Figure 33. As the horizontal

load was appiied, the first visible effect of Toad on the

barrier was the appeakance'of-a horizontal crack along the
base of the front edge/of the barrier (see Figure 34).
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Figure 34. Front face of barrier during Series 17
test showing crack along bottom edge of
barrier face and cracks around Toading
plate.

As the width of the crack along the front base 0f the bar-
rier began-to increase, radial cracks formed around the
loading plate.  These cracks passed diagonally through the
beam section of the barrier and were indicative of a;punch-
ing shear failure. As the horizonta] load_was increased,
the size of the shear cracks continued to grow around. the
Toading plate, and many more small cracks'running-diago-
hally across the face of the barrijer appeared'as'seen in
Figure 35. . Once the deep diagonal cracks directly adjacent
to and on both sides of the loading plate had Propagated
and appeared on the back or edge-of-deck side of the bar-
rier (see Figure 36), the horizontal load applied to the
loading plate began to decrease. The width of the crack
along the bottom of the barrier face reached a maximum
size of about 1/4 inch near the Teft end of the barrier

g1
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Figure 35.. .Front view of barrier face following
o - .Series II test.

i

Figure 36. Oblique view of edge-of-deck side of barrier
showing diagonal cracking through top beam
section 'in Series II test.
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when the maximum horizontal load of 93.0 kips was ﬁédched,
and narrowed after the load resistance of the barrier had
decreased. Some spalling of the deck concrete near one

of the grouted front rebar dowels to the left of the load~
ing plate occurred (see Figure 37).

ConcTusions: The sequence and Tocation of crack formations
of this T6-foot-long barrier is significant. It is evident
that: ‘ '

(1) The 5Zinch embedment depth of the front row of drouted
#6 rebar dowels spaced at 15 inches was adequate to resist
the overturning force applied to the barrier and develop the
ultimate punching shear resistance of the concrete.

(2) The size and Tocation of the rebar placed in the 16-
foot-long barrier resylted in a good balanced design, with

a horizontal crack appearing along the base of the barrier
(signifying the front row of rebar dowels beginning to

Pull out of the deck) just as Punching shear cracks occurred

Aaround the loading plate.

(3) The final or extreme failure mode of the barrier sec-
tion was punching shear through the top beam of the barrier,
not pulltout of the grouted rebar dowels and Overturning of
the barrier.
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“Figure 37.. Close-up view of barrier Tace in Series
IT test showing crack pattern around
bearing plate.
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5.2.3 Series III Barrier Tests

General Discussion: As previously mentioned, two additional

sections of concrete bridge barrier were built and tested in
this third test series. Each section was 6 1/2 feet in length.

. One section of barr1er was constructed similar to a standard
Type 25 Concrete Bridge Barrier; the other barrier was con-
structed with similar re1nf0rc1ng, but having a 6-inch-
diameter prestressing conduit ruhning continuously through
the center of the bottom section (see Figures 11 and 12 for
reinforcing details). Both barriers were loaded following
the same procedures as were used in Series I and II barrier
tests. The failure mode of the standard barrier section was
nearly the same as that observed in Series I, Test No. 2,
with a horizontal splitting tensile crack occurring through
the concrete just at the top of the front row of anchoring
rebaré'and‘extending to the center of the barrier base (sece
Figure 38):‘ A maximum horizontal load of 44,5 kips, reached
in about 9 seconds, was required to fail the standard Type 25
Barrier, The load deflection curves for the two barriers
tested in this third test series are shown in Figure 39.
Again as in the Series I tests, minimal overlap of the tails
of anchoring rebar along the front base of the barrier with
stirrups and vertical reinforcing bars allowed the concrete
to fail in tension.

Discussion of Results: The barrier section containing a.

6-inch-diameter conduit failed in a similar manner as did
the standard section, but at a lower load of 34.9 kips. A
picture of the failed barrier with conduit is shown in
Figure 40. The apparent reason for the Tower load failure
level of the barrier containing the conduit is because of
a loss of bond around stirrup legs along the front of the
barrier face. It was necessary to bend Tegs of the front

95

ClihPDF - www .fastio.com


http://www.fastio.com/

‘Figure 38. O0blique view of the 6 1/2-foot long
: standard Type 25 Concrete Bridge
Barrier section after horizontal
load test in Series III, Test Number
2 L ] '
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6 1/2-foot-long barrier sections in
Serjes III tests.
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Figure 40.

The 6 1/2~foot~long section of standard
Type 25 Concrete Bridge Barrier, modified
to contain a 6-inch-diameter steel duct,
foliowing Test Number 1 in Series III. -
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row of stirrups outward to provide ample room for the
6-inch-diameter conduit. When the barrier was loaded, the
bent legs of these stirrups straightened somewhat. This
caused severe spalling of concrete around each stirrup leg,
resulting in bond failure. The maximum applied horizontal
load was attained after 7 seconds of loading.

Conclusion: 1In the static load test series conducted,

Series III, the horizontal load resistance of the barrier
with conduit was 34.9 kips, 22 percent less than that

of a standard barrier. Thus, the strength of the modified
barrier containing the conduit is not considered equivalent
to that of a standard Type 25 Concrete Barrier.
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Graphs of load versus deflection from individual

pullout tests on #6 rebar dowels bonded with
Bostik-275 cement grout and embedded six inches

into a rejnforced concrete slab.
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CONCRETE MIX DESIGN DESIGNATION - No.

Maximum Aggregate Size

Minimum 28 Day. Compressive
Strength Required

"Maximum STlump (ASTM STump Cdne)
Water/Cement Ratio, by weight

Cement Content

. Fine Aggregate (No. 4 x No. 200)
l:fcbarse Aggregate (1" x Nq,'4)

1i”\Aﬂm$5tUres

A-1082-A

T inch

4000 psi
4 inches
0.50

564 1b/yd3
1280 1b/yd3
1990 1b/yd3
None Added

Append1x b - Mix des1gn information for concrete
used in bridge barrier test sections.
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Material

Epoxy Mortar
(Epoxy - State
Specification
8040-61J-03)

Type IT Modified
Portland Cement
Grout

Wil-X Shrinkage
Compensating
Cement Grout

Bostik-275 Qu1ck
Set Mortar

www fastio.com

Mix Proportions

Equal volumes of epoxy
and 16 x 30 mesh sand

4 gallons water/
94 pound sack cement

4.5 gallons water/
94 pound sack Wil-X
cement

1 galton Liquid Activator/
45 pound sack dry aggregate

bonding materials tested.

112

" Price/Ft3 of

Mixed Material

$118.10

$ 11.79

$ 38.50

.'“Cost compar1son of typ1ca1 mix proportions of
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