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5. p. 53, Figure 28: -
a. Replace chart on graph with the following:

COMPARISON OF ULTIMATE LOADS, KIps* % INCREASE
Type of Bolt Installation IN ULTIMATE
Cast-in-Place Cannister and Mortar LOAD CAPACITY

without hairpins | without hairpins jwith hairpins @t QD te B

25.8 ® 34.6 ® 86.2 @ 149 234

*Note: A1l concrete specimens contained nominal reinforcing steel.

b. Change values shown on the ordinate scale, "Applied Load,
Kips", from 10, 20, 30, 40, and 50 to 20, 40, 60, 80, and

100, respectively.

6. p. 54, Figure 29:
a. Replace chart at top of}graph with the following:

COMPARISON OF ULTIMATE LOADS, KIPS* % INCREASE

Type of Bolt Installation IN ULTIMATE
Cast-in-Place Cannister and Mortar LOAD CAPACITY

without hairpins |without hairpins | with hairpins |(@to(3d) Dto®

57.6 ® 62.4 @ 91.5 @ 47 59

*Note: All concrete specimens contained nominal reinforcing steel.

b. Change values shown on the ordinate scale, "Applied Load,
Kips", from 10, 20, 30, 40 and 50 to 20, 40, 60, 80, and

100, respectively.

7. p. 57, Figure 31: Change values shown on the ordinate scale,
"ppplied Load, Kips", from 10, 20, 30, and 40 to 20, 40, 60,

and 80, respectively.
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ERRATA

"lLateral Resistance of Anchor Bolts Installed in Concrete®

Report No. FHWA-CA-ST-4167-77-12 Dated May 1977

1. p. 42, Figure 21:

a. Change values shown on the ordinate scale, "Approved Load,
Kips“, from 10 and 20 to 20 and 40 respectively.

b. Interchange entire'description of curve on graph marked
"Cast-in-Place" (dashed Tines)} with that labeled "5" @
Cannister & Mortar.

2. p. 43, Figure 22: <Change values shown on the ordinate scale,
"Applied Load, Kips", from 10, 20, 30, and 40 to 20, 40, 60,
and 80 respectively.

3. p. 45, Figure 23: Change ultimate load average of Cannister
and Mortar instal]aEion with, nominal reinforcing (without
hairpins} from 18.6" to 18.1K,

4. p. 52, Figure 27: Replace chart on graph with the following:

COMPARISON OF ULTIMATE LOADS, KIPS* % INCREASE

Type of Bolt Installation IN ULTIMATE
Cast-~-in-Place Cannister and Mortar LOAD CAPACITY

without hairpins [without hairpins | with hairpins | (2 to 3)[()to O

13.6 @ 18.1 @ 38,4 M2 182

*Note: A1l concrete specimens contained nominal reinforcing steel.
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"have been revised and are shown in Volume IV, Bridge

Planning and Design Manual.
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I. INTRODUCTION

The increased lateral degign forces which have been used in
California bridge design since the 1971 San Fernando earthquake
have intensified interest in developing realistic values for the
lateral resistance of anchof bolts cast in concrete at super—
structure to substructure connections as shown in Figure 1. It
has been general practice to assume that the lateral resistance
provided by these bolts was governed by the allowable shear stress
for the type of bolt belng used. Another assumption has heen that
all the bolts at a given bearing assembly participated equally in
resisting applied loads. Actually, one or more bolts mey be loaded -
to near failure before the remaining bolts come into bearing in the
over-sized bolt holes normally found in the masonry plate of the
bearing assembly as shown in Figﬂre 2.

The Division of Structures and Engineering Services, Office of
Project Development of the California Department of Transportation
initiated this research project in order to determine the actual
load carrying capabilities of bearing assembly connections on
existing structures and to develop more efficient designs'for

- inclusion in new bridges.

Both 1 (25.4-nm) and 2-inch (50.8-mm) diameter bolts were selected
for testing as they are representative of the sizes normally called
for in bearing assembly applications. All bolts were emhedded a
distance of ten bolt diameters into normally reinforced concrete
blocks.

 Four loading conditions were used: static shear loads, cyeclic

shear loads, static combined shear and bending moment loads,
and cyclic combined shear and bending moment loads as shown in
Figure 3. The bolt installations reflected various design

'parameters.

www fastio.com
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Figure 1. Typical bridge superstructure to substructure
- connection using anchor bolis,
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"Figure 3. Types of loading used to determine lateral resistance.
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Significant parameters were:
1. Anchor bolt diameter: 1 (25.4 mm) and 2 inches (50.8 mm).

2. Type of steel in anchor bolt: mild (ASTM A307) and high-
strengbh (ASTM ALA49).

3. Number of bolts: single and pair.

i, Method of bolt installation: Cast-in~place, cannlster and
mortar, and drilled hole and epoXy.

5. Edge distance of anchor bolts: 4 (10l.6 mm) 6, (152.4 mm)
8 (203.2 mm) and 12 inches (304.8 mm) - distance from bolt
center to nearest concrete face.

6. Reinforcement: nominal with and without hairpin tie-back.

To determine the effects of these variables, specinens were

instrumented to measure applied load and bolt deflection. The
ultimate load achieved for a given set of parameters, together
with the corresponding load—-deflection curve, formed the basis

for evaluation.

Specimen fabrication and testlng were performed by personnel
at the Transportation Laboratory of the california Department of
Transportation (Caltrans) in sacramento. Design engineers from

the Office of Project Development of Caltrans served as'consultants}

www.fastio.com
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II. CONCLUSTONS

The lateral resistance characteristics of the various anchor bolt
systems tested in shear are summarized quantitatively in Figures
b, 5, and 6. 1In Figure 4, lateral loads at which an anchor bolt
deflection of 0.05 inches (1.27 mm) oceurs have been plotted for
the bolt edge distances considered; this deflection criterion
was chosen in an attempt to select one best single deflection
value at which yielding of the bolt/concrete System takes place.
By using this 0.05-inch (l.27-mm) deflection value, a "yieid"
point or upper elastic limit was established up to which g
linqar elastic behavior could be anticipated. By studying
1oad/deflection'curves of a specific system under consideration
within this report, a designer may find slightly higher op
lower "yield" loads to be appropriate and may want to change
allowable loads accordingly. The ultimate loads obtained from
These tests have similarly beeh compared in Figure 5, Figure 6
compares the ultimate ioad capacity of a group of bolts as
compared to g single bolt, dependent upon the spacing between
-bolts and the edge distance, ‘

The following conclusions, both qQuantitative and qualitative, are
intended to point out trends in the datga which would be of
particular interest to designers. These.conélusions are drawn

- from average test results obtained from duplicate specimens.
Where large discrepancies in test results occurred fop specimen
pairs, a third test was conducted.

"l.: TFor cést-inmplace (CIP) installations wilth nominal reinforce-
ment , where the edge distance 1s equal to or less than that required
to develop ultimate bolt shear strength,'both the load that produces
- 0.05 inches (1.27 mm) of deflection (hence forth called 0.05-inch
(1.27-mm) load) and the ultimate load attained are proportional
to edge distance. For l-inch (25.4-mm) and 2-inch (50.8-mm)

ClibPD www fastio.com B
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distance ratio for one-inch diameter anchor bolts.

-9

ClihPDF - www .fastio.com


http://www.fastio.com/

as used in this study, the anchor bolt apparently tends to
- concentrate more stress near the top surface of the concrete
leading to concrete failure at lower applied loads,

4, The use of hairpinireinforcement around a CIP bolt can
change the 0.05=inch (1.27~mm) load significantly, depending
upon bolt diameter and edge distance, but more importantly
'increéses system ductility énd ultimate load substantially
regardless of bolsg dlameter or edge distance.

~i0-
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6. ° The use of a high—strength,bdlt has little effect upon
1lateral resistance unless the bolt is supported such that the
shear strength of a mild steel bolt would be exceeded.

T Although group actlon test data is limited, Figure 6 provides
an approximation of the combined effects of bolt spacing and edge
distance on lateral resistance. As can be noted, the combined
1oad resistance of an anchor bolt pair is less than the sum of

" the individual bolt capaclties if the spacing perpendicular to

the loading direction 1s less than approximately 4 times the

minimum edge distance.

8. Combined loading (shear and bending), as was expected,
produced substantially less lateral resistance at 0. 05-1nch
(L.27-mam) loads and significantly greater deflections at a
given shear stress level, partiedlarly for the smaller dlameter
bolts.

9. Low cycle loadings with maximum loads less than 0. 05-inch
(1.27-mm) loads shown in Figure 4 have no significant effect upon
the lateral resistance. At higher load levels, the c¢yelic loads
tend to disintegrate the econcrete and thus reduce the ultimate
1ateral load resistance and ductility of the system.

-11-
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T " III. RECOMMENDATIONS

Based on the scope and findings of thié study, it is recommended
that '

1. The curves presented in Figure 4 be used when selecting
allowable lateral loads for anchor bolts. These curves are based
on the lateral load which produces a bolt deflection at the surface
of the concrete of (.05 inches, (1,27 mm) as used herein to define
the "yield" load. An appropriate factor of safety would be used
With these "yield" loads for working stress level design.

2. The cannister and mortar method of anchor bolt installation
with hairpin tie-back reinforcement be used whenever large lateral
resistance is required. This method also provides for adjustment
of the anchor bolts to fit the holes In the bearing plates.

3. Hairpin reinforcement be used whenever anchor bolt edge
distances are minimal, or whenever the design loads require the

“use of 2-inch (50.8-mm} or larger anchor bolts. Based on the test
results obtalned during this study, the following design details
for hairpins are suggested as minimums:

a. Use #4 Grade 60 reinforeing steel for l-inch (25.Y4-mm)
A307 bolts either cast-in-place or installed with mortar in
cannisters and for l-inch (25.4-mm) A449 bolts cast-in-place.

b. Use #5 Grade 60 reinforcing steel for l-inch (25, Y—mm)
All9 bolts installed with mortar in cannisters and for 2~inch
(50.8-mm)} A307 bolts cast-ln-place.

C. Use #6 Grade 60 reinforcing steel for 2-inch (50.8~mm)

- ALY bolts cast-in-place and for 2-inch (50.8-mm) A307 bolts
installed with mortar in cannisters.

“12-
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d. The hairpins should be bhent to the minimum radius as
specified for Grade 60 steel in the provisions of the Bullding
Code Requirements for Reinforced Concrete of The American Concrete
Institute for stirrups and ties, or to fit the dlameter of the
cannister where said radius would be larger. The included angle
of the hairpins should be approximately 60°.

e. The distance from the end of the hairpin to the center-
line of the bolt should be that regquired to develop the strength
of the reinfeorcing steel in bond,

g The bolt or the cannister should be in direct contact
with the interior bend of the hairpin reinforcement.

g. A minimum of two halrpins should be placed around each
anchor bolt with the upper and lower halrpins located 2 inches
and 8 inches below the bearing surface of the concrete
respectively.

h. Additional reinforcement located across the potential
failure planes of the concrete may be considered where edge
distances, bolt spacings, loads, etc. may dictate larger restraint

than can be offered by halrpin reinforcement alone.

b, The followlng areas are recommended for any future research
on the lateral resistance of anchor bolts:

a. Cyclic loading tests with complete stress reversal.
b. Impact loading tests.
c. Further experimentation with various reinforcement schemes.

d. Further group action tests.

13-
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TV. DESCRTPTION OF EXPERTMENTAL PROGRAM

A, Testing Program

The most critical location for an anchor bolt is near the edge or
corner of a column or abutment. The concrete.in this area generally
is laterally unrestrained except for nominal reinforcement, such
as #4 reinforcing bar spaced at 18 inches (457.2 mm). To simulate
lateral loading conditions on anchor bolts at this location in an
actual structure, a testing program was conducted in which a total
of 92 lateral shear tests was performed. In this testing program,
individual l-inch (25,4-mm) and 2~inch (50.8-mm) diameter bolts
and pairs of l-inch (25.4-mm) diameter bolts were installed in
concrete blocks and loaded laterally with a pull bar in a 1
million-pound (4,45-MN). capacity testing machine, as shown in
Figure_?. . ' '

Thé purpose of this program was to determine allowable design loads
for anchor bolts from lateral loads recorded during shear tests,
and the amount of ductility available in each system tested. The
complete testing program summary is showh in Figures 8A and 8B.
Tmportant parameﬁérs consgidered in the testing program include:

. Bolt diameter: 1 (25.4 mm) and 2 inches (50.8 mm).

e Type of steel in anchor-bolts: mild (ASTM A307) and
high-strength (ASTM A4449).

e Edge distance of anchor bolts: 4 (101.6 mn), 6 (152.4 mm),
8 (203.2 mm), and 12 inches (304.8 mm).

e Method of loading:

l.* static shear loading
2. statle combined shear and bending moment loading

~1l4-
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Figure 7. Test set-up.
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DIAMETER DFs?rgECE" TYPE OF LOADING*
INSTALLATION : ~ CAST - IN - PLACE CANNISTER AND MORTAR | At spoxe.
REINFORCEMENT: ! NOMINAL |wih HnAS | NOMINAL | wing el 'B:QDOMINAL
el el el 00
(W/STIRRUPS)
L1 BB B
1T b
7 el ol @ A
8
. A ®
N S e DS 0L @ @
o
S e/ o/ o/ o/ @
12 ‘ ‘
* o STATIC SHEAR LOAD / CYCLIC SHEAR LOAD
(MILD STEEL BOLTS) {MILD STEEL BOLTS)
STATIC COMBINED SHEAR & MOMENT CYCLIC COMBINED SHEAR & MOMENT
{MILD & HIGH-STRENGTH BOLTS ) (HIGH - STRENGTH BOLTS ONLY)

@ NUMBER OF SPECIMENS TESTED

NOTE : SEE APPENDIX. A FOR COMPLETE SPECIMEN LISTING.
TOTAL NUMBER OF SINSSLE ANCHOR BOLTS TESTED WAS 78.

1inch= 25.4mm,

" Figure 8A. Summary of 1esti'ng program for single anchor bolts.
_ 6. _

ClihPDF - www .fastio.com


http://www.fastio.com/

Edge Type of Reinforcement

Distance Spacing

(inches). (inches) Nominal { Nominal with Hairpins

6 12 ®

®
6 18 ® )
8 12 @)
8 16 @
8 18 @

NOTE: 1. Total number of tests on bolt pairs is 14,
2, All specimens loaded in pure shear.
3. (:) Number of specimens tested
4, 1 inch = 25.4 mm.

Figure 8B. Testing program summary for pairs of one-inch diameter,
cast-in-place anchor bolts.
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3. cyclic shear loading
L, eyclic combined shear and bending moment loading
(see;Section IV.D.2 for complete explanation)

e Method of bolt installation:
L. cast-in-place
2. cannister and mortar
3. drilled hole and epoxy

¢ M=thod of concrete reinforcement

1. nominal
2. .nominal with hairpins

" As shown in Appendix C-1, the spacing of the support beams on

which each conerete specimen was placed, was varied according

to the anchor bolt diameter and the distance from the bolt

center to thé conerete face, so that 30° failure pPlanes could
result. This 1is further discussed in Section V.D of this report.
Edge distance as used in this study is defined as the distance
from the center of the bolt to the face of the concrete regardless
of method of installation. The load on anchor bolts which

were tested in static shear was appllied at a rate of 4 kips
(17.79 kN) per minute. Some of the specimens were subjected

to cyelic loading at a low fréquency in an effort to determine
residual strength.

" The objective'of tests conducted on pairs of l-inch (25, 4-mm)

diameter mild steel bolts was to determine the effect of bolt

5'spacing at various edge distances upon the ultimate loads

attalnable, and to compare lateral resistance attained w1th

that of single or lsolated bolts,

-18-.
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B. Test Specimens

1. Design

All anchor bolts tested were embedded in reinforced conérete

blocks a distance of 10 bolt diameters using installﬁtion methods
shown in Figure 9. Individual block dimensions and anchor bolt
positions are shown in Appendix B for each test series 1 through

6. All concrete blocks were desipgned so that the width and breadth
of each block would be adequate (1) to insure sufficient bearing
area when positloned on "I" Beams of the testing apparatus (see
Appendix C-1), and (2} to pre#ent significant anchor bolt

movement via beam action or bending of the concrete block while
testing.

2. Materials

The concrete and steel reinforcement used in the fabrication of
the test specimens were of the same type and quality normally
used for bridge construction in California. A concrete mix
containing silx sacks (255.8 kgl of Type II modified portland
cement and having a water-cement ratio of 0,50 and a maximum
aggregate size of 1 inch (25.4 mm) was used. The aggregate

was a typically rounded, river run material from the American

" River near Sacramento and would be considered of better than
average quality. This mix produced an average compressive
strength, on days when anchor bolt lateral load tests were
conducted, of 4200 pounds per square inch (28.96 MPa) as
determined from compressive strength tests of concrete cylinders
made from the same batch of concrete mix as were each of the
test blocks. The median specimen age was 15 days at the time of
testing with an average age of 18 days. Average slump and unit
weight were 3 inches (76.2 mm) and 151 pounds per cubiec foot
(2.42 Mg/m3) respectively. ' Average air content was 1.3 percent.

-19-
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Concrete reinforcement consisted of Grade 60 deformed steel
reinforcing bars conforming teo ASTM Designation: A615. The test
bolts conformed to ASTM Désignations:‘A307 and A449 for mild
steel and high-strength bolts respectively. Bolts for the
drilled hole and epoxy specimens were A307 bolts threaded for
their full length. All other bolts were threaded in'a manner

to exclude threads from within the body of the concrete and

from the region of shearing stresses.

Standard weight pipe was used for the cannister and mortar
installations; 3-inch diameter pipe (88.9-mm 0.D. and 5.49-mm wall
thickness) was used for l-inch (25.4-mm} bolts and 5-inch diameter
(141,3-mm O.D. and 6.55~-mm wall thickness) pipe for the 2-inch
(50.8—mm) bolts. Square plate washers were tack welded to the
bottom of the pipe cannisters; lY-inch x 1/4-inch (10l.6-mm x 6.35-
mm) washers were used on the 3-inch (88.9—mm 0.D.) pipe, and 6-inch
x 1/2-inch (152, 4-mm x 12.7-mm) washers for the 5-ilnech (141.3-mm
0.D.) pipe. One part of Type II portland cement to 3 parts of sand
was used for the mortar.

The epoxy used for the drilled hole and epoxy specimens conformed
to Californla State Specification 721-80-28, a low viscosity
liquid polysulfide extended epoxy. Drilled holes, 1 1/4 inches
(31.75 mm) in diameter, were used for the l-inch (25.4-mm) bolts,
and 2 1/2-inch (63.5-mm) diameter drilled holes for the 2-inch
(50.8-mm) bolts. |

3. Fabrication and Curing

Since it was desired to simulate actual construction'coﬁditions,
the specimens were cast with the test bolts in a vertical position.
Field construction techniques and methods were closely followed

in the fabrication of the test specimens. The exposed surface
(top) of the concrete blocks containing the anchor bolts was

-21-
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”“:cured With a chlorinatéd'rﬁbber curing compound applied shortly

alfter placing the concrete. After a minimum curing period of
5 days the plywood side forms were stripped.

C. Test Apparatus

1. Equipment and PFixtures

The specimens were loaded to fallure 6n a 1 million-pound (4.45-MN)
capacity, electro-hydraulic, universal testing machine with eyclic
loading capabilities.‘ Thé remote console of the testing machine
could be programmed for various loading schedules. A custom loading
frame was required to support the test specimen on the upper cross-
head of the test machine and to resilst overturning moments as shown
in Figure 7. An adjustable pull bar was designed and built for

the tests performed on palrs of 1-Inch (25 Y—mm) diameter bolts

and is shown in Figure 10,

-'2.  Instrumentation

Instrumentation cbnsisted of a single displacement potentiometer
mountéd on the concrete block to measure lateral bolt deflection
up to 1 1/2 Inches (38.1 mm) and the load cell in the test machine

" to measure the applied load. A typical potentiometer set-up is

shown in Figure 11 along with probe locations for the various
tests. An "X-Y" plofter provided:in—progress visual monitoring
of the behavior of a gilven bolt under load as well as a permanent
record of the actual load and deflection.

D. . Test Procedure
The earliest date that a specimen could be tested was determined

from the results of concrete compressive Strength tests performed
on concrete cylinders molded on the day of specimen fabrication.

~22a
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' The required minimum Strength was established as 4000 pounds per
square inch (27.58 MPa). At the beginning of a test series a
minimum of three cylinders were tested to verify that the required
strength had been attained,

l. Test Installation Procedures

The specimen support beams as shown in Figure 7 were positioned
and secured to the upper crosshead of the test machine to provide
the required clear span distance as shown in Appendix C-l1. The
concrete block contalning the anchor bolt to be tested was then

" centered and lowered onto the support beams. The pull bar,
loosely attached to the anchor bolt ét this stage, passed through
the well in the upper crosshead into the grip-jaws of the loading
platen below. After the pull bar was gripped and a nominal 250-
pound (1.ll-kN) preload was applied, the bar was secured with a

' nut on the anchor bolt. The specimen restraining beams were then
connected to the support beams. The displacement potentiometer
was next installed and aligned. With the 250-pound (1.11-kN)
preload applied, the potentiometer was set at zero.

2. Loading  Procedures

a. General - The four methods of load application
used for the shear tests on individual bolts were static shear,
cyclic shear, combined shear and bending moment, and cyclic
combined shear and bending mdment. All tests on pairs of bolts
were statically run. Loading was continued until the anchor
bolt(s) had sheared or the'COncrete had cracked severely,
regardiess of method of load application.

'b. Procedure for Static Tests - A ramp function was

used for thé static tests., The load was applied at a constant

-24.
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Figure 11. Locations of displacement potentiometer probes.
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‘rate of 4 kips (17.79:kN} per minute to failure. The X-Y plotter
provided a continuous record of load and deflection up to 1 1/2

{(38.1 mm) inches of deflection.

c¢. Procedure for Cyclic Tests - Ten specimens (both 1

(25.4-mm) and 2-inch (50.8-mm) diameter bolts), representing 5
combinations of the wvarious parameters were subjected to cyclic
loading. The iéading schedule for these specimens is tabulated in
Figures 12 and 13. The cyclic load was applied sinusoidally between
nominally 0 kips and predetermined maximums for nine of the specimens.
The remaining specimen was cycled sinusoidally between two pre-

selected positive loads.

The loading procedure used was as follows: A predetermined load was
applied staticaliy with the.X-Y plotter in operation. Upon the

'~ attainment of this load, the plotter was placéd on stand-by. The
.specimen was then\cYcled. At the completion of cycling the load
was maintained at the predetermined maximum static load. Load and

" deflection were recorded at this point. Next, the applied load was
'diminished to nominél zéro. The X-Y plotter was then reactivated
for subséquent staticgloadiﬁg up to the next higher load. 2
similaf‘proéedure was followed for each subsequent load range shown
in Figﬁres 12 and 13. When it became obvious that the bolt-concrete
system was yielding, the above procedure was terminated and load was

increased statically until specimen failure.
E. Data Reduction Procedures

The raw data consisted of load-deflection curves (up to 1 1/2 inches

(38;1 mm) of bolt deflection) from a recording X-Y¥ plotter, and
a ménualiy recorded maximum load read-out from the test machine
console. The applied external load at the time of initial

=26«
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» lBGCH*CYCliC

1A6CN-Cyelie

1B6CN-Cyclie

1A6CH-H, g,

~Comb
Cyelice

1B6CH~H, g,

~Conib
Cyeclicg
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Anchor

Load Ranges

Figure 13.

v fastio.com

Tdentification No. (Kips) No. of Cycles Freguency (Hertz)
2A6CH-Cyclic o - 14.5 50 1.5
o - 19.4 50 1.5
o - 24.1 50 1.5
0 - 2%2.0 50 1.5
0 - 33.8 50 1.5
o - 38.7 50 1.5
0 - 48.1 50 1.5
0 - 72.8 Statie 4 k/minute
AopgcH~Cyclic 0 - 19.7 - 50 2.0
’ 0 - 39_'6 50 ; 2.0
40,1 = 5%.5 50 1.5
30 - 50,0 11l 1.5
32 - 48,0 220 2.0
31 - 49,0 675 1.5
0 - 55.5 Static 4 k/minute
2A6CH—H.S.—Comb ' o - 14,5 50 2.0
Cyeclic o0 - 21,0 50 1.5
‘ 0 - 28.0 50 1.5
o - 37.0 50 1.5
0 - 68.4 static I k/minute
SB6CH-H. S .~Comb 0 - 16.6 50 1.5
|Cyeclic 0 - 25.6 50 1.5
0 - 29.8 60 1.5
o - 42.5 75 1.5
0 - 67.0 static )} k/minute
Notes: 1. gee Appendlx A for explanation of specimen identification.
2, 1 kip = 4,45 kN.
1 inch = 25.4 mm.
gummary of cyclic 1oading program = £wo-inch diameter

bolts.
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visible cracking of the concrete was also noted for most tests,
The determination of this initial cracking was subjective in
nature.,

In order to automate the drawing of curve families used for
comparative analyses, the co-ordinates of selected points on
the original load deflection curves were manually transcribed
and subsequently key-punched. A4 computer-controlled X-Y
plotter was then used to reproduce the curves with adjustments
made for take-up during the initial loading stage.

A computer program was written which averaged the load-deflection
curves for replicate tests.

The averaging process causes minor discrepancies between maximum
load values obtained from the average load~deflection curve and
the average of maximum loads obtained from individual tests. The
fact that maximum loads rarely oceur at identical bolt deflections
is the cause of the variation,

-29.
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Y. TEST RESULTS AND ANALYSIS

A, General

Test results are présented in graphic and tabular form and
represent the average of duplicate tests unless noted otherwise.
A summary of test results and specifie information for all
specimens appears. in Appendix A. The discussion to follow is
based in large measure upon a qualitative comparison of the
average of two load-deflection curves for each of the various
parametric combinations, The magnitude of the initial slope
and the general curve shape tell us much about the influence of
a given variable upon the lateral resistance of an anchor bolt.

No one particular curve shape emerged from the entire testing
program.

B. Allowable Loads

As can be seen by a perusal of the many curves of load versus
‘deflection and the tabular data presented herein, the lateral
resistance of anchor bolts varies widely depending on the
parameter of interest. The‘determination of a safe working
allowable shear load that can be used by the designer will also
vary depending on the parameters chosen. To ald the designer
in assigning allowable shear loads to anchor bolts, Figure b
referred to in the Conclusions was developed based on the various
parameters examined within this study. The selection of a "yield"
"load as that load to produce a deflection of 0.05 inches (1.27 mm)
was somewhat arbitrary and in general is considered to be conserv-
ative. A study of the curves of lateral load versus deflection
indicates that the yileld load is approximately equal to the 0.05-
ineh (1.27-mm) deflection or greater. For some of the parameters
studied, yield occurs guite closely to a deflection of 0.05 inches
(L.27 mm)3; for others the yileld ocecurs at larger deflections.

In any event visual cracking of the concrete in most cases occurred

-30-
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“at a load producing a deflection in excess of 0.05 inches (1.27 mm).
Thus the selection of a yield load at a 0,05-inch (1,27-mm)
deflection, with an appropriate safety factor applied, is considered
to be a safe and reasonable design criterion to be used in determin-
- ing allowable shear loads for anchor bolts.

As the data obtained in this study was limited particularly with
regards to some of the parameters investigated, the curves of
proposed "yield" loads‘presented in Figure U4 were developed
considering factors such as the yield strength of the hairpin
reinforcement and the yleld strength of the anchor bolts, both

in shear and iIn bending. The "yield" loads presented were also
determined considering only the size of hairpin reinforcement used

in this study. The use of higher allowable loads may be reasonable
if larger hairpin reinforcement were used, particularly for instances
where 2-inch (50, 8-mm) diameter bolts are installed using the
cannister and mortar technique. In any event the use of #6 hairpin
reinforcement would be recommended for use with 2-inch (50.8-mm)

A449 bolts cast-in-place and for 2-inch (50.8-mm)} A307 bolts
installed with mortar in cannisters, although #5 hairpin reinforcement
‘was used in thils study. The shear and bending strength éf these
bolts 1s of a magnitude that #5 hairpin reinforcement cannot by
itself develop the strength of these 2-~inch (50.8-mm) bolts.

C. Specimen Behavlor

Specimen failure consisted of the anchor bolt shearing and/or a
- tensile failure of the concrete. Extensive cracking of the
concrete was observed in nearly all specimens. The concrete
- failure planes emanated from the mid-diameter of the anchor
bolt, and terminated at the inside edges of the flanges of the
supporting beams, thereby forming a 30° angle with the edge of
the concrete block face,. S
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igitéét series 2, 6 of the 10 specimens (test numbers 21-26,
Appendix A-3) were tested to determine the influence of the
spacing of the specimen support beams on the ultimate lateral
- load and the concrete failure angle of the nominally reinforced
concrete blocks, The load-deflection curves from these tests are
shown in Figure 14. As can be seen, increased spacing of the
supports results in decr?ased toughness (as defined by the
area under the load/deflectlon curve]l of the bolt-conerete
system with'littlé change in ultimate strength. It would
appear that the difference between shapes of the load deflection
curves'is.léveling off at an approximate failure plane angle of
14°, This reduction in toughness for nominally reinforced specimens
must be kept in mind when evaluating the various conclusions reached
in the'report as actual loading conditions may more closely resemble
the longer span used.

It would have been impractical to use anything less than a 30°
angle for the assumed fracture plane as this would have required

'much'larger specimens. Nonetheless, valid conclusions can be
drawn from a comparison of the tests because the 30° failure
plane assumption was constant throughout the test program.

D. Effect of Edge Distance

Figures 15 and 16 demonstrate the anticipated and pronounced
effect of edge digstance upon the lateral resistance of a given

" cast-in-place anchor bolt. The increased lateral resistance
associated with .increasing edge distance 1s, of course, due to
the greater area of concrete In tension. For a given bolt
diameter, the initial slope of the load=deflection curve appears
to be independent of edge distance. This seems reascnable in
light of the structural integrity of the concrete at these lower
load levels. Figures 15 and 16 also indicate much of this
integrity is lost before a bolt displacement of one-~tenth of
an inch (2.54 mm) is reached. Vislble cracking of the concrete
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. between the bolt and each support had become obvious prior to this

displacement. The relationship between ultimate load and edge
distance can be seen graphically in Figure 17 for cast-in-place
installations with nominal reinforcement, Approximately 4 kips
(17.79 kN) of lateral resistance can be developed for each inch
(25.4 mm) of edge dilstance regardless of bolt diameter for the
bolt diameters tested; For the case of a bolt grouted inside a
plpe sleeve with nominal reinforcement, 5 kips (22.24 kN) of

resistance is developed per one inch (25.4 mm) of edge distance

as shown in Figure 18. The increase of 1 kip per inch (175.13

N per mm) is probably due to the greater rigidity of the sleeve-
bolt combination. This increased rigidity more evenly distributes
the applied load along the length of the bolt thereby placing more

concrete in tension.

-

E. Effect of Bolt Diameter

~Figures 15 and 16 reveal the additonal stiffness attainable with

2-inch (50.8—mm) diameter Bolts as compared with l-inch (25, 4=mm)
diameter bolts for given edge distances. For a 6-inch (152.4~mm)

~edge distance, the l-inch (25.,4-mm) diameter anchor bolt-concrete

system yields at 20 kips (88,96 kNJ of applied load and 0.08 inches
(2.03 mm) of deflection. At the same edge distance the 2-inch
(50.8-mm) diameter anchor bolt-concrete system yields at 25 kips
(111.2 kN) and 0.04 inches (1.02-mm) of deflection. A similar

‘increase in stiffness of the 2-inch (50,8-mm) diameter anchor
‘bolt-concrete system as well as a substantially higher yield
‘load can be observed at a 12-inch (304,8~-mm) edge distance.

Theoretically, a 2-inch (50.8-mm) diameter bolt is 16 times more
rigid than a l-inch (25.4-mm) diameter bolt based on their
respective moments of inertia. This greater capacity is not

fully realized because of the limited restraint provided by'the
concrete and nominal reinforcing steel at the edge distances

under consideratlon. The greater stiffness of the 2-inch (50.8-mm)
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EDGE DISTANCE, INCHES
Note: 1 inch = 254 mm.
1 Kip = 4.45 kN.

17. Comparison between average ultimate loads
versus edge distances of cast-in-place one-inch
and two-inch diameter anchor bolts in nominally
reinforced concrete. |
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Fugure 18. Comparison between average ultimate loads
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versus edge distances of one-inch and two-inch
diameter anchor bolts installed in nominally
reinforced concrete using the cannister and
mortar method.
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diameter bolt causes the restraining concrete to crack to a
greater depth than for g l-inch (25.4-mm) bolt, The net result
is a longer unsupported bolt length and a disproportionately low
stiffness for the 2=inch (50.8-mm) diameter anchor bolt-concrete
system.

Regardless of edge distance, the average initial 8lopes of the
load-deflection curyes for the 2-~ineh (50.8-mm) and l-inch (25.4-mm)
diameter bolts are 940 kips per Ineh (164,.6 kN per mm) and 450 kips
per inch (78.8 kN per mm). respectively indicating a relative
stiffness of roughly 2:1,

A minimum of 8 inches (203.2 mm) or edge distance is required
before a 2-inch (50, 8—=mm) diameter bolt cast-in-place in nbminally
reinforced concrete can be used efficiently as can be seen by
comparing Figures 15, 16, and 17. Where space limitatiqns are
Present however, the 2-inch (50.8~mm} bolt can be used to reduce
deflections. It will sustain the same load as a l-inch (25.4-mm)
diameter bolt with less deflection, l.e,, less cracking of the
concrete,

F. Effect of Method of Installation

Figures 19 through 22 revesl the pronounced differences in load-
deflection behavior for the three basie methods of installation
with nominal reinforcement, namely cast-in-place, cannister and
mortar, and drilled hole and epoxy.

Of the three types of installations tested, the cast-in-place
installation provides the greatest initial rigildity and hence the
highest lateral 1load resistance at smgll deflections., This is
due to the lower compressive modulus of elasticity of the mortar

WAV fastio com
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in econjunction with the much lower modulus of elasticity of the
epoxy. '

The cannister and mortar installation method,'however, increases
ultimate lateral load carrying capacity of the anchor bolts by
approximately one-third for Both the 1 (25.4-mm) and 2~ineh (50.8-mm)
diameter bolts at the smaller edge distances and by one-tenth at

the larger edge dilstances. The effectiveness of the cannister

to restrain the lateral movement of a bolt appears to be independent

‘of bolt diameter and seems to have the greatest effect at small

edge distances. Figufe 23 summarizes these results,

These relationships demonstate the mechanics by which a cannister
increases the pesistance of the bolt-concrete system. Obviocusly,
the cannister does not strengthen the bolt. Instead it serves to
confine the mortar surrounding the bolt, and therefore the bolt
itself, while distributing the bolt load over a larger volume

of concrete. pistribution of load is cribical at the smaller

. edge distances and this accounts for the greater effectiveness
_of using the cannister and mortar method of bolt installation in

these instances.

An epoxied installation requires that the bolt be threaded full-
length for adequate ponding. The resulting reduced ecross—section
and the low elastic modulus of the epoxy causes the relatively
low stiffness for this method of installation. The load carrying

. capacity of the epoxied bolt-concrete system was generally twenty

percent less than for the cast-in—plaee'system. The 2-inch (50.8-mm)
diameter epoxied bolts, however, with 12 inches (304.8 mm) of edge
distance yielded 13 percent higher ultimate loads than the same
cast-in-place installations.

To add to the perplexlity of this last result 1s the ten percent
lower strength of the concrete for this ‘particular epoxied
insﬁallation. The individually recorded maximum loads (presented
in Appendix A) for the epoxied test pair varied by 12.3 percent
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resulting in a near overlap of data with the cast-in-place bolts.
This variation 1In data‘seems to indicate that the difference in
bolt rigidity for threaded and unthreaded 2-~-inech (50,8-mm) diameter
bolts may -not be significant at 12 inches (304.8 mm) of edge
distance. This amount of restraining concrete, while it cannot
develop the ultimate shear strength of these larger diameter bolts,
ﬁay be sufficient to allow a redistribution of the more concentrated
concrete tensile and shear stresses resulting from the differences

in bending properties of the Bolts in guestion.

-G; " Effeet of Reinforcement

The two magor types of relnforcement used to restrain the anchor
bolts were nomlnal relnforcement with and without hairpin tle-back
relnforcement. The nominal reinforcement consisted of #4 Grade

60 deformed steel bars spaced at 18-inch (457.2-mm) centers
horizonta;ly and vertically with 2 inches (50.8 mm) of concrete
cover. The hairpin tte~Backs were 24 Bars for the l-inch (25, 4=mm)
diameter bolts and #5 bars for the 2-inch (50.8-mm) diameter bolts.
They were fabricated to provide appreximately 20 bar diameters of
Jbend 1ength on each leg ﬁeasured from centerline of anchor bolt
with the exception of Test Nos. 3 and 4; the included angle of the
bend was 60°, Two were positioned around each bolt, one each at

2 inches (50.8 mm) and 8 inches (203.2 mm) below the top surface
of the concrete block.

A pair of tests, Nos. 10 and 11, was performed where vertical
stlrrups were used for additional reinforcement as shown in Figure
24, " The stirrups were fabricated from #l Grade 60 deformed steel
bers and had 6-inch (152.4-mm) long legs. They were spaced on
4—inch (101, 6-mm) cenﬁers.

1. Hairpin Tie-Back Reinforcement Around Cast-in-Place Bolts

Figﬁre 25 reveals the added resistance provided by tThe use of
hairpin reinforcement around l-inch (25.4-mm) diameter bolts.
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2u Typ.

Hairpin Reinforcement
2" x 8" below

Typical surface of concreie
Nomina! reinforcing 4 Rebar (1" Bolts)
(# 4 Rebar # 5 Rebar (2"0 Bolts)
at 18 ) '

reinforcing

_NOM!NAL REINFORCING _ ? Nominal

NOMINAL REINFORCING WITH
HAIRPIN TIE -BACKS

Nominal
reinforcing

_l_T.CII
I
N

——

—

‘ ‘ || I > .
% |
_ T—~ Stirrups

—

NOMINAL REINFORCING WITH
VERTICAL STIRRUPS

|

Note: 1 inch= 25.4mm.

Figure 24. Reinforcement schemes
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This is achieved however, only after large deflections have occurred.
The three palrs of curves exhibited the pronounced bending effect

of hairpins on the l-inch (25, 4-mm) diameter bolts (i.e., the hair-
pins tended to decrease the initial rigidity). This is apparently

-due to the discontinuity in the bolt support conditions created

by the presence of the hairpins.

The effectiveness of the hailrpin diminishes with increasing edge
distance, At an edge distance of U tnches (101.6 mm), the use

of a hairpin increases the ultimate load carrying capacity by 87
percent. At an edge distance of 8 inches (203.2 mm) the increase
is approximately 15 percent. Results from Test Nos. 1 and 2 (lALCH
and 1BUCH) are not included in Figure 25, as these tests were
terminated prior to the attainment of ultimate shear loads; these
test results are shown, however, in AppendlX D-1.

Figure 26 also demonstrates inereased ultimate load carrying

capacity for hairpin reinforced 2~inch (50,8~mm) dlameter bolts.

The percentage increases are markedly greater however. The more
rigid 2-inch L50.8—mml diameter bolt and the larger ecross—-sectional
area of the hairpins used for this bolt size are undoubtedly
responsible. This is further evidenced b¥ the substantial

gains in load carrying capaclty at lesser deflections than for

l-inch (25.4-mm) diamefer bolts. Since the 2-inch (50,8-mm) diameter
bolts did not fail, 1t ig possible that hairpins of larger bar size

would result in greater resistance. .Too large a hairpin however

might produce load-deflection curves similar to those for the
l=-inch C25.ﬂ—mm) diameter bolts, i.2., excessive bending about the
hairpin would occur thereby limiting its usefulness.

As previously mentioned, two tests were performed using stirrups

in additlon to nominal reinforcement to determine if additional
lateral resistance could be gained by their use. Some improvement
resulted, but the minor increase in lateral resistance was considered
to be insignificant. Further testing of the stirrup method of

~A9.
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reinforcement was discontinued 1n favor of hairpin peinforcement
which provided more direct support of the anchor bolts and

more efficient reinforcement‘of the concrete. A plot of the
1oad—de£lection pelationship of this Test pailr is shown in
Appendlx D-2.

2 Hairpin Tieback Reinforcement Around Cannlster and

Mortar Installations

Increased pesistance due to halrpin peinforcement 1g evident as
shown by Figures 27 through 20 for the cannister and mortar
installations of the 1 (25,4-mm) and 5-ineh (50.8-mm) diameter

bolts.

It can be noted from the curves that there exlsts a large

difference 1in initial slopes of curves for the l~inch (25.4-mm) bolts

while this 1s not so for the 2«~inch (50, §~mm) bolts. Bear in mind
that the total deflection for a cannister and mortar installation
ig the sum of 3 components: compression of the mortar, actual

' pending of the bolt, and the displacement of the restraining
concrete. 1E is conceilvable that the lesser initial slope of the
1load-deflection curve for the hairpin veinforced cannister in

- Figure 27 is a result of large compressive atrains within the
mortar 1ocalized near the top of the mortar surface. At U4 inches
(101.6 mm) of edge distance, 2 nominal reinforced cannister woulad
probably fail the vestraining conerete before crushing of the
mortar proceeded to any great degree. Thig seems tO pe borne out
by the nearly 1dentical initial slopes of the load—deflection
curves for nominally reinforced, cast-in-place, and cannister and
mortar installations shown in Figure 19. Again, as was the case’
for cast—-in-place installations, the hairpins are most effective
for large diameter polts at small edge distances.
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H. Effect of'Combined Shear and Bending Moment Loading

Combined shear and bending mement loading as used in thié report,
refers to application of the lateral 10ad a distance of 2 inches'
(50,8 mm) from the surface of the concrete. Flastomeric bearing pads
were used as the spacer to duplicate £ield installations. In this
way, an exterior bending moment'was applied to the anchor bolt in
addition to the shear load, Hairpin reinforcement and an edge
distance of 6 inches (152.4 mm) were used for all tests in this
series, except for two tests, Nos. 75 and 76 (LASCN-COMB and
1B8CN~-COMB), whose average plot is shown in Appendix D-U.

Figures 30 and 31 show the marked difference in bolt behaviof
produced by combined loading. The addition of a bending moment
causes the restraining concrete to initially crack at lower

loads: 18 kips (62.3 kN) versus 18 kips (80.1 kN) for the 1l-inch
(25.4-mm) dlemeter and 17 kips (75.6 kN) versus 25 kips (111.2 kN)

for the 2-inch (50.8-mm) bolts.

The bending moment also produced greater final deflections than
shear loadings only, 609 for the l-inch (25.4-mm) diameter bolbs

and 90% for the 2-inch’ (50.8-mm} diameter bolts. Part of the 90%
increase in deflection for the 2-inch C50.8—mm) bolts subjected

to combined loading was undoubtedly due to the use of bolts having

a 30% lower yield strength than the 2-inch (50.8-mm) bolts furnished
for the direct shear tests. |

The l-inch (25, b—mm} diameter combined load-tests showed a 13%
increase in load resistance over the l-inch (25.%4-mm) diameter

shear load tests while the 2-inch (50.8=mm) diameter tests showed

an 18% decrease. Again a portion of this decrease must be attributed
to lower yileld gstrength material.

The overall wode of failuvre however does not appear to he affected
by the introduction of an initial Rending moment. One bolt in
each 1—inch.(25.4—mml diameter pair failed in shear with the
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I. Efect of Cyclic Loading

typically at ga frequenqy of 1.5 cycles ber second., The applied load
was varied between bPre-selected upper limits ang nominal zero as
shown in Figures 12 and 13, except for specimen 2B6CH-Cyclic. The

positive limits,

' Reference to Figures 32 ang 33, where modifieq ¢yelic data has
been compared.to corresponding uncyeled tests, reveals no
discernibie difference in anchor bolt behavior due to cyclic
loading up to deflections of 1 1/2 inches (38.1 mm), Plots of
actual data obtained from load versuys deflection tests for the
Six remaining cyclic tests condudted, Nos. 79, 8o, 87, 88, 91,
and 92, are shown in Appendices D-5, D-6, and D-7 for reference.

In Figure 34, a comparison 1s made between average loads and
deflections from statiec and cyclic tests. Deflections at the
points of initial cracking of the conerete are not shown in
Figure 34 for the cyelic specimens a8, due to the hysteresis
effect, the determination of the deflections at the polints of
cracking 1s inexact. A comparison of the ultimate loads in
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Specimen
Identification Average Loads, kips, and Corresponding
Codes | Average Deflections, inches
Test Anchor Bolt’ P& a A P A P A
Nos. Tdent. No. = 0,05" | = 0.05"| Crack | Crack Ult. | U1t.
37,38 BSSCH 30.4 0.05 25.1 | 0.030 | 75.3 | »0.8
87,88 | 206CH-Cyclic — —_— 18.7 | — [66.3|<0.75
19,20 | 126cH 15.5 0,05 18.5 | 0,015 | 33.6 | 1.0
77,78 | 1B6CH~-Cyclic — S 13.7 | — | 38.1 | 51,0
21,22 | 1p60N-22 7 loewes | —— | ~—— [21.0] 0.17
79, 80 1§60N-0yclic —_— —_ 14,8 | — | 22.5 | ——
89,90 | 286CH-H.S. -~ 16,5 0,05 15.8 | 0.047 | 61.8 | »0.85
Comb,
91,92 | 256CH-H.S.- —_ — 15 — 1 67.7 | s1.0
Comb.-Cyclic
81,82 | 136CH-H.S.- i, 7 0.05 13.8 [0.28 | 38.5 |s1.0
Comb.
83,84 | 1260H-H,S.- S — 13.5 | —— | 30.4 |>1.0
Comb.-Cyclie
NOTES: 1. Refer to Appendices A-l and A-2 for an explanation of
above abbreviations.
2. 1 inch = 25,4 mm.
1 kip = 4,45 kN,
Figure 34. Comparison between average loads and deflections of

static and cyelic tests.
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influenced by the application of between 300 and 400 repeated
loadings at working stress levels. However, after 1000
repetitions of overload levels, i.e., maximum loads equal fo
about 2/3 of the ultimate static lateral resistance, a 7%
reduc¢tion in load resistance occurred with specimen 2B6CH-
CYCLIC. It is suspecﬁéd that with increasing numbers of load
cycles at the highef load levels, the restraining concrete
would fracture sufficiently to allow individual chunks to
fall éway or be otherwise displaced. This would of course
destroy the continulty of conerete between the bolt and the
nominal reinforeing and thereby provide room for additional
deflection. In the case of hairpin reinforcement it is
probable that the hairpin yields at the apex where stresses
are highly concentrated, resulbing in plastic deformation.

J. Effect of Bolt Strength

High-strengbh anchor bolts conforming to ASTM Designation: AlA4g
were used in the combined load test for both static and cyclic
loading. A 6~inch (152.4-mm) edge distance was used for all tests.

Salient data from the static tests are tabulated in Figure 3b.
The load-deflection curves for these tests are shown in Figures
36 and 37.

. The chart shows that for the edge distance in question, ultimate
load capacity is not increased by the use of high-strength bolts.

A comparison of the divergent load—deflection curves for the

l-inch (25.4-mm) dlameter bolts with the nearly coincident curves
for the 2~inch (50.8-mm) diameter bolts indicates that high-gtrength
bolts can be effectlvely used however to reduce bolt deflections
under certain conditions. The governing ecriterion appears to be
that edge distance which can develop the yield strength in shear

for a mild steel bolt of a given diameter. Any larger edge distance

-62 -
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¢ an explanation
]
|
|

= 25.4mm.

= 4.45 kN,

on codes.
Note: 1 inch

* Refer 1o appendix A fo
of specimen identificati
u
|

hairpins.

ir and

0.8
DEFLECTION, INCHES

bending moment.
0.6

: Gast-in-place
: Nominal with
Combined shear an

FORCING.

TYPE OF LOADING.
0.4

f instaliation.

Edge distance.
Method ©
CONCRETE REIN

L
0.2

sdix ‘avoi a3inddv
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fkshodid fhen make Possible the utilization Of the greater yield
8trength or the high—strength bolt,

Course require substantially greater edge distance and/or
additionail reinforcement.

K. Effect or Group Action

Group action; as It relates to anchor bolts, refers to the
Performance of a number op bolts ¢onsidered to be acting ag

As can be Seen from thig figure, g definite reduction in ber-
bolt loagqd carrying capacity exists, This reduction varies with
the spacing between the”bolts. Plots or load versys deflection
for the remaining paips of five 8roup tests, Nos. 59 ang 60, 61
and 62, 67 and 68, 69 ang 70, and 71 ang 72, are shown in
Appendix D~3 for informétion.
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1 BOLT

RATIO OF ULTIMATE LoADs, 2-BOLTS

4
RATIO OF BOLT SPACING TO EDGE DISTANCE

EDGE TYPE OF

SYMBOL SPACING DISTANCE | REINFORCEMENT
o 12" 18" e" NOMINAL
o 16" g" NOMINAL

" " u NOMINAL WITH
a 12, 18 6 HAIRPINS

P " NOMINAL WITH
o 12, 18 8. HAIRPINS

NOTE: EACH DATA POINT R

OF Two TESTS
~1inch= 25, 4mm,

Figure 39, Relohonshlp between ultimate load ratio of

Pairs of bolts

distance ratio for on

EPRESENTS AN AVE RAGE

to single bolts and ‘spacing/edge

-68
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in shear faillure of the bolt or failure of the hairpin in tension
or bond. Assuming that l-inch (25.4-mm) bolts lack the necessary
rigidity to take full advantage of hairpin reinforcement, it seems

‘peasonable to average all test results for a given edge distance

to bolt spacing ratlo. Data points shown in Figure‘39 depict these
averages, The dashed line defines the curve shape expected from
results of a theoretical approximation, with a maximum ultimate

10ad ratio at a bolt spacing to edge distance ratio of 4.0. Because
only a limited number of group tests were conducted and data was
somewhat scattered, it was not possible to validate a design curve.

It was not feasible to test pairs of 2-inch (50,8-mm) diameter bolts
but it is suspected that close spacing would have less influence

on laterial resistance where hairpin reinforcement 1is used on this
size bolt.

-69 -
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SPECIMEN IDENTIFICATION CODES

Anchor Bolt Edge Distance

Diameter (inches (inches)
' q"/,ﬂ-Suffix (see key below)

1AB8CN -~ COMB.

Testlng Sequence———’} k\_
Type of

- Method of Reinforcement
Installation (see key below)
(see key below)

Explanation of Typlcal Anchor Bolt Identification Number

Method of Type of
Installation Reinforcement Suffix
¢ = Cast-in-place N = Nominal rein- Note: Unless otherwlse
forcing (#4 specified pure
3§ = Cannister (sleeve rebar @ 18 in.) shear loading
and mortar and mild steel
H = Nominal rein- anchor bolts are
D = Drilled hole and forcing with two assumed.
epoxy hairpin rebars
around anchor CYCLIC = Cyclic loading
bolt :
COMB., = Combined shear
U = Nominal rein- and bending moment
forcing with loading
two vertical :
stirrups near H.S. = High strength
anchor bolft. anchor bolts

2 @ 18 = Two bolts
spaced 18 inches
apart

22, 33, or 44 =
Clear span dilstance
(inches) between
gupport beams

Note: 1 inch = 25.4 mm.

Appendix A-1. Key to abbreviations in the specimen identification
code seqtions of the test information summaries.

-7l =
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MATERTALS INFORMATTON
. Concrete

fe = Compressive strength of concrete, psi, at time
' of lateral shear tests,

* Anchor Bolt Steel

fs YIELD = Stress (ksi) at the yield point in the anchor
bolt steel.
fs UL, = Ultimate stress (ksi) in the anchor bolt steel,
TEST DATA '
® Lateral Loads
P at = Lateral load (kips) on the anchor bolt(s) when
CRACK first cracks in the concrete block were visually
obiserved,
P at = Lateral load (kips) on the anchor bolt(s) at
A= 0,05" - a bolt deflection of 0.05 inches.
P at 1lst = The first peak lateral load (kips) on the anchor
PEAK bolt(s}) observed at a deflection of less than
: 0.5 inches.
P at ULT. = Maximum lateral load sustained by the anchor

_ bolt(s) during the course of the test.
* Deflections

‘Aat " = The deflection (inches) of the anchor bolt(s),

CRACK measured at the probe location, when the first
crack in the concrete block was visually observed.

Aat 1st = The deflection (inches) of the anchor bolt

PEAK - measured at the probe location when the first

Peak in load at s deflection of less than 0.5
inches occurred.

The deflection (inches) of the anchor bolt(s),
measured at the probe location, when the maxi-
mum lateral load on the bolt(s) occurs.

o

A at ULT,

® Failure Modes

G = Severe cracking of concrete.
HP 3 = and failure and/or tensile failure of hairpin
reinforcement.
B = Complete shear failure of anchor bolt.
®* Ratio'of Ultimate Loads
P2/Pl = Ratlo of ultimate lateral load resistance of

bolt pairs to the ultimate lateral load
resistance of individual bolts,

NOTE: 1 ineh = 25.4 mm.
1 kip = 4,45 kyj.

Appendix A-2, Key to abbreviations in the materials information and
: test data sections of the test information summaries,

-72 -
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TEST NUMBER
TEST SERIES NUMBER

BLOCK NUMBER

HOR BOLT
|DENT|FICAT|0N NUMBER

22“

40"

32“

IBBCN @
30

*i5

1B12CN

12“

PLAN VIEW

SYMBOLS DESCRIBING “TYPE OF BOLT lNSTALLATION:

e - CAST-IN-PLACE
® - CANNISTER AND MORTAR
4+  DRILLED HOLE AND EPOXY

NOTE: ALL BLOCKS N TEST SERIES 1 ARE 24 INCHES DEEP.
BOLTS INSTALLED N ALL TEST SERIES 1 SPECIMENS
ARE ONE INCH DIAMETER..
SEE APPENDIX A FOR A COMPLETE EXPLANATION OF SPECIMEN
lDENTIFIGATlON CODES AND TEST DATA.
1 INCH = 25.4mm.

Appendix B-1. Dimensions and layout of blocks in test series 1.
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30"

24
® IB6CN-33

ABCN~-33 9

|A47,1\ 2-4 F
\/ Q| W/0"Legs
2 ¥ iBach

40’;
5"
¥
B
]

»

=

n

- | #4HaReing
of w/5" L ggg
o
‘ i\"/lD4CH ‘

PLAN VIEw
SYMBOLS DESCRIBING TYPE OF g

= CAST-IN-pLACE
®

oLT iNSTALLATION:
= CANNISTER AND MORTAR

IDENTIFICATION CODES
1 INCH = 25.4 mm,
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ChibPDF -w

S e

1 3-1 3-31 |}
2A12CN @ 41 286CN]

51 = )

- e ® =
o) 2A6CN 4z ™

<r

a3 i |

4 2A60N 3-4 \

\

™
37 3| # 4 HAIRPINS
a4 ™ B Ww/10" LEGS
2A6CH
:o )
2 ]
52 0 3-5 :
@ 2Bi12CN 1A4CU ®
e 184CU
y ‘ 1"
PLAN VIEW

SYMBOLS DESCRIBING TYPE OF BOLT INSTALLATION:
e - CAST-IN-PLACE
(® - CANNISTER AND MORTAR
4  DRILLED HOLE AND EPOXY

NOTE: ALL BLOCKS IN TEST SERIES 3 ARE 24 INCHES DEEP.

SEE APPENDIX A FOR A COMPLETE EXPLANATION OF SPECIMEN
IDENTIFICATION CODES AND TEST DATA. '

1 INCH = 25,4 mm.

Appendix B-3. Dimensions and layout of blocks in test series 3.
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ClibPD

#£ 4 HAIRPING
W/11" LEGS
2 LOCATIONS

o~
l

#4 HAIRPINS «4
W/I0"LEGs
4 LOCATIONS

,_k 39 1/2"

IE4CH

. 40" *‘
-4 1
IABCN—-Comb. 4-4 r
754
‘--...____‘_
15 a5 a6 _ [# 5HarRPINS
= = =2 @ W/14 “LEGS
1B4SH 2BE5H PBE5H 2 LOCATIONS
*76
1B8CH IBBCN-Comb.
‘—#‘ J
IABSN 4-2 4-3 f
A8 DN ,
5 &
2 2 a7 48 .
> ok “@® |
IF4CH | 2a85N 2BesN [ »
32
+_
IBSDN J'

PLAN VIEW

SYMBOLS DESCRIBING TYPE OF BOLT INSTALLATION:
® - CAST-IN-PLACE |
(® ~ CANNISTER AND MORTAR

DRILLED HOLE AND EPOXY

-+
NOTE :

TINCH=254 mm. '

ALL BLOCKS IN TEST SERIES 4 ARE 24 INCHES DEEP

SEE APPENDIX A FOR A COMPLE

TE EXPLANATION OF SPECIMEN
IDENTIFICATION CODES AND

TEST DATA.

Appendix B-4. Dimensions and layout of blocks in test series 4,

wwvw fastio.com
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# 5 HAIRPINS

/W/14 LEGS -

2A12DN .

453

2Ai2CH
4_‘9

® W

- o ® .- 2o
- - L L -

© - o 3

o Q o o

| ?I (\D ..-I 1 1 Nl
I o @ w -
© @0 <t m
= @ g e = =@

- %50
2BI2CH

2Al28N

" 8
5 5 ® -
™ o o
N |
= z o e
| Z il
g g .
®ss | B |
2BI2SN - 2BI2SH :
{#5 HAIRPINS ' '
w/ 16" LEGS
"PLAN VIEW

SYMBOLS DESCRIBING TYPE OF BOLT INSTALLATION

® - CAST-IN-PLACE
.@ ~ CANNISTER AND MORTAR
+  DRILLED HOLE AND EPOXY

NOTE: ALL BLOCKS IN TEST SERIES & ARE 24 INCHES DEER
BOLTS INSTALLED IN ALL TEST SERIES 1 SPECIMENS
. ARE ONE INCH DIAMETER.
SEE APPENDIX A FOR A COMPLETE EXPLANATFON OF SPECIMEN
7 IDENTIFICATION CODES AND TEST DATA
1'INCH = 254 mm.

Appendlx B-5. Damensnons qnd layout of blocks in test serles 5
m81.
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# 4 HAIRPINS

385" 385" o 385" w/11"LEGS
B ™ an
. 1ASCH
g HS-COMB. 6-2
§$ CYCLIC z 79
5 T
SE e .
e 16 o
‘ o« o "
#5 HAIRPINS <] =2 -1t 3
W/14"LEGS 89 89d 80 3
o v IB6CH i >= 1BGCN ® =
FOR ALL 2'¢@ Y HS-COMB. NTO CYCLIC
ANCHOR BOLTS CYCLIC ¥
I 6-4I |
I
(&)
w
o
o~
5 52
© © 6'
Q [
« 1B6CH N
CYGLIC ¥
e——— —
. 6- i
JABCH-2at18 IBSCH-2at 18
# 5 HAIRPINS - 69 . 70
-W/10" LEGS
FOR ALL1" @
" ANCHOR BoLYs] & o o o
-5 5 s 5
1 o o o 1
o . o -
o gr | L8l A
(e [5] o 5] [T ]
< 2 © 2
: mecu 2c|t18 IBECH-2 at 18
) g 3
58“ b”< 58 u q

PLAN VIEW

SYMBOLS DESCRIBING TYPE OF BOLT INSTALLATION:

e - CAST-IN-PLACE
(®) - CANNISTER AND MORTAR
<4  DRILLED HOLE AND EPOXY

'NOTE ! ALL BLOCKS IN TEST SERIES 6 ARE 24 iNCHES DEER
BOLTS INSTALLED IN ALL TEST SERIES 1 SPECIMENS
. ARE ONE INCH DIAMETER. -
SEE APPENDIX A FOR A COMPLETE EXPLANATION OF SPECIMEN
iDENTIFICATION CODES AND TEST DATA.
1INCH=25.4mm.

Appendix B-6. Dimensions and layout of blocks in test series 6.
~82 -
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) NCHOR BOUT - SoNeReTe
AT . — T
~ . |7 .| EDGE
» : @ - | | DISTANCE
- D . 4 -~
. s '
T |le——SUPPORT BEAMS
PRI B B CLEAR SPAN DISTANCE i I

TYPICAL FRONT VIEW OF CONCRETE *TEST SPECIMEN

BOLT OR CLEAR SPAN DISTANCE
SLEEVE EDGE ( INCHES )
DIAMETER | DISTANCE ° BETWEEN
{INCHES) { INCHES ) SUPPORT BEAMS
4 15
6 22
1 8 29
12 43
6 23
2 12 44
4 17
6 24
, 3 8 31
12 45
» 8 26
5 12 47

Note: { inch = 25.4 mm.

Appendix C-1. Clear span distances between support beams.
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