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ABSTRACT

!!, ort presents the results of a generic program that responds,
in par.f1RC IE Bulletin flumber 79-02. The work was performed by
Teledineering Services for a group of fourteen utilities.

,

q>erimental .?nd analytical work was perforT.ed in this generic
,

progriar-tension interaction tests and cyclic test of concrete
expan. hors was perfomed and a pre and post processor to an

exist te element program were rieveloped to facilitate base plate
analy

ortant general findings of this program are:

nerete expansion anchor holts which are not preloaded do

t deteriorate when subjected to cyclic loading.

linear assumption for shear-tension interaction loading on
ncrete expansion anchors is highly conservative. Actual
rven for shear-tension interaction are presented here.

se plate flexibility should be considered in determining
e load on concrete expan?. ion anchors.

.

ting perfomed under this program does not indicate a.

ison for applying different safety factors to different
2es of expansion anchors.

,

owinq list identifies thoe.e utilities who are members
of thu/Ti s qroup.
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1.0 INTRODUCTION

leledyne Engineering Services was authorized by fourteen utilities
to provide engineering services which would assist the utilities in
responding, in part, to USNRC I&E Bulletin 79-02, dated March 8,1979.
Bulletin 79-02 required response to a number of items associated with

base plate flexibility and its concomitant effect on concrete expansion
anchor bolts. It was determined by the Utility /TES group that a nunber
of items in the bulletin were generic in nature and could be addressed
more substantially by combining resources and technology.

The specific bulletin items addressed by the Utility /TES group
a re:

1. The experimental development of shear-tension interaction

curves to properly apply the specified bulletin safety
factors for combined loading.

2. Experimental determination nf the adequacy of concrete

anchor bolts shat ~are not'preload5d to withstand cyclic
~

loading.

3.~ - An analytical technique for detennining the effect of base
plate flexibility on concrete anchor bolt loading.

.-
1.1 Owner' . Group Responsibility,

The Owner's Group was responsible for directing the efforts
of Tf5 and reviewing the specific tasks as they were performed and
completed.

l.2 Initial NRC Meetino

On April 26, 1979, the Utility /TES group met with the NRC

in Bethesda, Maryland to discuss this generic program and its applicability

,

'

.

_ _ _ _ _ _ - _ - - - - ~ ~ ~
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to Bulletin 79-02. Representatives from both I&E and NRR were in

attend.ince and their general conclusion was "the proposed program would
addre'.. the e.oncerns over the base plate / anchor bolt installation in a
fashion that is acceptable to NRC."

2.0 SC0,PC_01 WORK

The Owner's Group formalized the scope of work to be pursued by
TES on Apri. '2,1979 at a Utility /TES meeting. The scope of work is
separated into three Tasks, as follows.

7.1 Task 1 - Shear-Tension Interaction Curves

Under this Task, TES wa . authorized to develop shear-tension

interaction curves for the concrete anchor bolts used by the participating
utilities. These curves were developed using experimental techniques

discussed in detail in Section 3 of this report. Where possible, TES
took advantage of existing published data to reduce the number of tests
required to be performed. In those cases where data made available by
others was used, TES performed at least one test to verify the received
data.

The development of shear-tension interaction curves is

important .inic it provides the nochania.m for generating a design curve
.

for evaluatinq cnndnined loading on anchor bolts. Prior to the develop-
ment of these curve's, the majority of data available was pure tension or
pure shear. Ihis required the use of linear interpolation between the
ten *. inn and shear values or some assumptions as to the shape of the
shear-tension interaction curve.

.

.-
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2.2 Task 2 - Cyclic Capability of Concrete Anchors

linder this Task, TES was authorized to perfom cyclic tests
of concrete anchor bolts used by the participating utilities. This
task was undertaken to demonstrate that preload on the anchor was not

the critical factor in the resistance of concrete anchor bolts to cyclic
loading. It was felt that the critical factor was setting of the anchor
(sleeve, wedge or shell) in the concrete. Further, since a given
manufacturer uses the same design concept and manufacturing process for
a line of anchor bolts, it was deteratined that size of the bolt was not

a factor and the tests were performed for one size only. The size
selected for testing was 3/4 inch which was generally the average size
for all manufacturers used by the participating utilities. Also,
confirmatory tests on 1/2 inch and one inch bolts were perfonned.

The cyclic test detail'. are discussed in Section 4.0 of this

report. Generally, the anchors were cycled at two frequencies with varying
inad . iepre.entative of a seismic event and norm &1 operating vibration. The
dnt. hor Wa*. Iltinitured during cyclic le'. ting to determine if pullout was
occurring and at the completion of the cyclic teit, the anchur was pulled
to destruction. The destructive te.t was performed to delermine if any
decay in the ultimate failure load occurred due to cycling.

.

Tht- test was important sinc e it was necessary to show that
' bolt :n eload was not an important f actor affecting anchor bolt adequacy in

a cyclic environment. The setting of the anchor bolt holding device
(sleeve, wedge, shell) was determined to be the appropriate criteria.
This would allow the utilities to demonstrate on a plant unique basis
that the anchoring devices were set and climinate any requiroment to

'check preload. Further, determination a ; to the ultimate static
capability of anchor bolts in a cyclic environment is important
infornution in designing and evaluating anchor devices.

.
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2.3 Task 3 - Development of Analytical Techniques for Base

Plate,,-_ Anchor Bolt Analy, sis,

Under this task, TES was authorized to develop an analytical
tool that was capable of considering the effects of base plate flexibility,
concrete-plate interaction and bolt stiffness. This tool was to be used
by the participating utilities for analyzing existing basd plates for
which flexibility was not considered.

,

it was important that the program was easy to use, did not
require considerable input or detailed evaluation of output. The ability
to consider various base plate attachnn?nt types, non-uniform bolt
configuration *., and non-linear bolt stiffnesses was determined to be

advantageous by the participating utilities. A detailed description of
the t.nn:puter program is included in Section 5.0 of this report. Part
of the verification proce".s of the developed program was tn compare the
results to that obtained by testing an actual base plate with concrete
anchor bolts. The results of this comparison are also given in
Section 5.0.

. - .

Using this program, TES developed a number of curves that
can he used for the determination of anchor bolt loads for specific
size base plates and specific types of anchor bolts. These curves

.

also appear in Sociion 5.0 of this report.

3.0 TASK 1 - SHEAR - TENSION INTERACTION

1.1 Int roduction

Althouyn most manufacturers provide ultimate load data for

pure tension and pure shear, few provide such data for combined loading,

cases. In order to develop such data, testing of certain expansion

|
.

N 6

_

l fl.
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anchors in concrete was conducted. The number of tests for each
manufar turer, type and size was detennined by their use by members of
the utility group .ind the quantity of data available from other sources.
Table 3.1 outline. the manufacturer tyue and sizes that were tested.
All testing complied with ASTM Specification E-488.

.

1. 2 Object.ive and Scope

The major objective of the Shear-Tension Interaction test
series was to develop data to be used to construct the shear-tension

interaction curve, defining the ultimate load capability of each anchor
for range of shear and tension loads.

It is important to recognize that the shear-tent. ion inter-
action testing was performed to nore represent field conditions than

laboratory conditions. Expansion anchor installation and hole drilling
was based on nanufacturer's reconsnendations and this work was performed
by a number of different individuals in order to introduce human variables

similar to field installation. The slabs were drilled outside where the
environmental conditions varied widely and would have an impact on the
human factor. There was no attempt to make environmental conditions
ideal nor was any nore control of installation required than would be
done at a field site using normal QC and QA procedures. This approach

.

was use d since the program was attempting to determine the adequacy of
expansinn anchors in existing generating facilities and tried to account

for the variables associated with environment and human factor effects.

All records were made on two X-Y recorders, one plotting
shear load versus tensile load, the other plotting tensile load versus
tensile desplacement or shear load versus shear displacement in the
case of pure shear tests.

.
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TABLE 3.1

SHEAR-TENSION IN1ERACTION TEST MATRIX

SizeCata1ogue
Mftr/Iype Designa tion 1/4 3 /11 1/2 5/8 Sf4 7/ft 1 1-1/4

i

Phillips
'

* Snap Off 5 X X X

Wedrie WS X X X X X X

Sleeve HN X X X X

Sturl Anchor JS X

Hil_t i
Kwik Bol t 5500XXX X X X X X X X

U,21

Parabol t PB .. X X X

d.".I l-
Stml X X X X X X X X

/ ~

Rawl '

j
* Snap Off 60XX X X -Q

;

Sy r"

Simi-in X X X X X

Ramset

Wed<1e X X X X

-Sleeve X X X

* Manufacturer's input stated that Rawl Snap Off and Phillips Snap Off
are identical, therefore all sizes were not tested for these types
and the data is interchangeable. -

_

. - . - - . . _ . .
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3.3 T_es t Set-up

A special purpose testing machine was designed and built to
simultaneously apply shear and tension loads to anchors installed in ,
concrete slabs. The machine consisted of a supporting structure and two

orthogonal hydraulic cylinders of 70,000 pound capacity each (see Figure
3.1). Loading of the anchors was applied through pinned joints and load-
measuring links. A feedback control based on the measured load, load
rate comnand and pre-selected shear-tension ratio was used to control the

action of the hydraulic servo-valves (see Figure 3.2).

The concrete slabs were unreinforced concrete with a specified
2minir.cm compressive strength of 3000 lb/in at 28 days and a size of

3-1/2 feet x 7 feet x 1 foot thick. The testing machine rested on the
slab and the tensile and shear loads were reacted directly back into the
slab.

A disniacement transducer was supported separately on the

concrete lab and measured the vertical displacement of the bolt, except
in the case of all shear loading. In that case, the horizontal (shear)
deflection of the shoe was measured relative to the slab.

Each hydraulic cylinder was coupled to a servo-valve driven
,

by a force-feedback differencing servo-amplifier. The comand signal,
consistinq nr a r. imp function, was simultaneously applied to each servo-
amplifier. the le vel of the signal was controlled by the chosen shear /
tension ratios. The rate of increare in the ramp's amplitude was set
according to the size of the bolt so as to apply the ulticate load in
a period of one minute or more from start of loading.

.
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LEGEND

a. Tension Cylinder
b. Shear Cylinder
c. Tension Load Link
d. Shear Load Link
e. Baseplate Shoe
f. Rollers
g. Anchor (Test Item)

s\ /- h. Concrete Slab
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| Figure 3.1 Overall View of Major Test Item Components
(Sectioned for Clarity)
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3.4 Test liardware

All concrete slabs were more than 28 days old (since pouring)
prior to testing. Holes were drilled according to manufacturers
recommenda tions. Hole spacing was based on a minimum ten diameter

radius . All holes were drilled using rotary-impact type drill motors
and carbide bits (except for self-drilling types). Installation of the
anchors followed manufacturer's recommendations. In most cases,I the
emtiedment depth was the minimum recomended by the manufacturer for the

particular bolt tested. Testing of the anchor was carried out within
one day a f ter installation.

Seven manufacturers were represented by the anchors tested.
Bolt diameters ranged from 1/4 to 1-1/4 inches. Combined with the
various types to be tested, this yielded a total of 46 different
combina tions.

3. 5 . Test Instrumentation

The load links (see Figure 3.3) were used for test control and
test recording purposes; they provided both the feedback signal for load

control purposes and the load signal for display of test results. Signal
conditioning (excitation and signal amplification) was provided by

,

Vishay 2100 series equipment. The combination of signal conditioning
and load link was calibrated against a 1/4 percent N8S traceable load
cell to 50,000 pounds.

Deflection (in either the shear or tensile loading directions)
was provided by a Trans-Tek spring loaded DCDT (Direct Current Deflection

Transducer) of one inch range. Calibration of the unit was performed by

In five cases, the combination of available anchor length and
fixture dimension. did not allow the exact recommended minimum embedment
depth. Ar.f ual te .t embedments are yiven on Finures 3.5 through 3.50.

.
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inserting Gage Blocks between the bolt or shoe and the end of the
transducer. This was accomplished before each day of testing and

periodically as required for set-up adjustments. All irif tial readings
were zeroed by mechanically position 4ng the transducer to its electrical
zero position.

This procedure allowed range changes during the course
of a test without interruption for calibration.

Two X-Y recorders Hewlett-Packard Model 7045, were used in
the voltaqe-voltage Inode to record the force and deflection data. Adjust-
ments were made to the Vishay amplifier gains and excitation for the

DCDT to produce transducer outputs resulting in full unit sensitivities.
In this way, the calibrated attenuatnr controls of the recorders were
used without the need for triming (see Figure 3.4).

3.6 Test Procedure

Depending on the size of the anchor, it was installed before
or after positioning the testing machine. Small sizes were. instal. led _

--

with the machine in its final position. In either case, the shoe was
placed over the anchor prior to setting the wedge (or torquing in the

case of shell anchors). After a check of the load link zeros the shear
yoke (connecting the shoe with the shear load link) was brought to

contact and the tension clevis was pinned to the shoe. Thereaf ter, the
-

deflection transducer was positioned and zerced,

d
lesting was started by Initiating the ramp function generator.

Loading, as deter,nined by the shear-tension ratio selector, was then
applied at a uniform and simultaneous rate until failure. Failure in
all cases was the inability to carry further loading in either direction.
At that point, both loads were brought to zero. The observed failure
mode was noted on the test record.

_
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Depending on the various factors, each test was performed at
one of f ive different, preselected loading conditions:

All Tension (S/T = 0)a.

b. Tension equals (2.414) Shear (S/T = 0.414)

Tension equals Shear (S/T = 1.0)e.

d. Shear equals (2.414) Tension (S/T = 2.414)

e. All Shear (S/T = =)

In all cases except all shear, the tensile load was plotted
against the tensile (vertical) deflection as measured at the top of the
bolt or stud. In the cases of all shear, the shear load was plotted
a ga i n". t. the shear (horizontal) deflection as measured at the aft end
of the shoe (simulated base pl&te).

1. 7 Shear-Tension Interaction Curves

_ _ _ _ _ _ _

_.. 'Yli irb 3.5 through 3.50 represent shear-tension interactiont

curve. f or the bolt types and sizes shown in Table 3.1.

ihe ordinate represents the average tensile load divided by
the ultinate tensile load and the abscissa represents the average shear

.

Ioad divieled by the ultimate shear load. Tests performed by TES are
shown as '' on the curves; the average value of these tests, which are

used as curve plot points, are shown as a ; manufacturers catalogue
data are shown as * ; additional manufacturer's data, independent data

and FFTF data are shown as C. The manufacturer's data is not used in
'

arriving at the average values but is given for comparison purposes.

.
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4.0 TASK 2 - CYCLIC CAPABILITY OF CONCRETE EXPANSION ANCHORS

4.1 In,troduc tion

This section covers the cyclic testing of concrete expansion
anchors, which was perforced as part of the generic anchor bolt program.

4.2 Tes t , Specimens

Each test specimen consisted of a 14 inch cube of concrete

with a single anchor bolt installed in it. The concrete was specified
as having a 28 day minimum compressive strength of 3000 psi. ASTM
Specifications C-150-78 and C33-78 were also specified for the concrete.>

The maximum aggregate size was specified as 1-1/2 inches.

All anchor bolts were installed according to the manufacturers,

speci fica tion. All installations utilized the turn.of the nut criteria.

rather than torque. After setting tha expansion anchor, the nuts were,

backed off and then retightened snug tight or approxinately one-quarter
turn in order to demonstrate cyclic adequacy without preload.

A simulated fixture was placed under the nuts before installation

in the test machine. The minimum thickness of the simulated fixture was
.

one bolt diameter as specified in ASTM-E488. Installations of the bolts
were inspected for straightness prior to testing. Bolts with an angularity
between the block and bolt of 3' were rejected. The 3* criteria was

j
necessary tn alinw for proper mating of the test piece and the test
cachine actua tor.

i

The following Table defines the test matrix for cyclic
testing.

.

W
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! TABLE 4.1 !

|
. CYCLIC TES1 MATRIX i
!

1

r
I

L

Catalogue SU'
Mfg / Type Design 1/2 3/4 1

Phillips,,

i Snap Off S X X(1}

.
Wedge WS X

1

Sleeve HN X

- Hilti
!

IIIKwik Dolt 5500XXX X X X

-

'

USM

Parabol t PB X ,
. - . . _ _ _ _ _ _ _ _

,

Wej-It

Stud
X X

Rawl

Snap Off 60XX X
.

Star

Sl uvi-In
. X

'

Rma,_se,t

Wedete X

Eleeve X(I}
|

(1) Also Two Tests with a Static Shear Load Applied

!

-
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<

T,est Set-up4.3 t

the cyclic tests were performed using an MTS electro hydraulic

,

test machine. Fixturing was bolted to the stationary load cell of the
test machine to provide support for the test specimens (see Figure 4.1).

tach anchor tested was a stud bolt. For the tests involving
shell type anchors, a section of threaded rod was used to provide the

,

stud required for attachment to'the test machine actuator.

The MTS was set to respond to load feedback during all of
the cyclic tests.

A record of load was taken at twenty minute intervals with
0a Visicorder oscillograph for all high cycle tests (10 cycles) and a

3single recording of load was taken for all low cycle tests (10 cycles).

Af ter each cyclic test, the anchors were pulled in tension to,

determine the ultimate load. A pullout rate of 1/2 inch per minute was
used for all anchor pullout tests.

4.4 Test Procedure

.

4.4.1 Scope

The purpose of this procedure is to define the methods
and material *, used in the cyclic testing of concrete expansion anchors.

4.4.7 Test Specimens,

Each test specirren consisted of a concrete cube

measuring 14 inche" on a side, with a single concrete expansion anchor

installed in the cube.

.

W
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Figure 4.1 Fixture for Cyclic Test
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1. Concrete Anchors

Ten types of concrete anchors were selected to
be subjected to cyclic testing, as follows:

a) Phillips Red Head Snap-off
b) Phillips Wedge
c) Phillips Sleeve
d) Hilti Kwik Bolt
e) USM Parabolt
f) Wej-It Stud
g) Rawl Snap-off

h) Star
i) Ramset Wedge
j) Ramset Sleeve

All of the above mentioned bolts were tested in
the 3/4 inch size. In addition, Phillips Red Head Snap-off and Hilti Kwik
Bolt were tested in the 1/2 inch size and Hilti Kwik Bolt and Wej-It
Stud were tested in the one inch sire.

_ _ .

Also, two tests were perfonned on 3/4 inch
Ramset Sleeve, Hilti Kwik Bolt and Phillips Snap-off with a static shear
load applied. ~

-

2. Concrete N
The test cubes are made of concrete which

confonns to ASTM C94-782. Concrete conformed to the following require-
ments: 28 day strength 3000 psi, Portland Cement Type II per ASTM
C-150-78, aqqregate per ASTM C33-78 maximum size 1-1/2 inches.

.
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3. Bolt Installation

All bolts were installed at minimum embedment
according to manufacturers installation procedures.

4.4.3 Test Fixturing

The test fixture as shown in Figure 4.1 supported
the anchor bolt in an inverted position in the test machine. The top
part of the fixture was af fixed to the stationary test machine load
cell. A simulated attachment plate with a thickness of at least one

bolt diameter was installed under the nut and washer on each bolt. A
riqid fixton' war. threaded on to the stud end of each anchor bolt.

All f ixturiny t.onf unued to ASTM E4m: with the exception that a rigid

connection was used between the test machine actuator and the anchor
bolt instead of the flexible one de'.cribed in E488.

.

4.4.4 Test Machine

The cyclic test'. were conducted on an MTS electro-
hydraul ic te ,t nwthine.

1. Calibra tion
.

The test machine was calibrated in accordance
with procedures set forth in the latest revision of ASTM E4 All standards
used fnr calibration have certificates to verify traceability to NBS.
All calibrations have been made within the preceeding twelve months.

.

W
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t

4.4.5 Testing
.

s

Each anchor bolt assembly was installed in the test
fixture and the bolt protruding from the cube was aligned with the test
machine actuator. Bolt installation was inspected for straightness
prior to t<> . ting.

After connecting the stud end of the anchor bolt to
the test mat. hine actuator, the bolt was subjected to cyclic tensile
loadings. During cyclic testing, the MTS test machine was in load
control mode.

Each type of anchor bolt assembly was cycled
according to the following table:

Frequency Number of Cycles Maximum Load Minimum Load,

3 Itz 1,000 Pu/4 Pu/$
80 !!z 1,000,000 Pu/5 Pu/7.4

The shear-tension cyclic tests were perfonned in
accordance with the following table:

Maximum Minimum Static
Frequency flumber of Cycles Tensile Load Tensile Load Shear Load

80 117 1.000,000 '/ -

Pu/5 Pu/7.4 V*/4
/

V* = Allowable _ Shear Load (V /<1)
| N.

Two tests were conducted on each type of bolt at
each frequency and load. The load applied during each test was recorded.

on an o,cillograph for permanent record.

|

,
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Criteria for failure of a bolt is a one inch pullout
during cyclic testing. After completion of a cyclic test, the amount
of pullout, if any, was measured and the bolt was statically pulled to
failure in tension.

4.5 Tes,t_ ,Resul t,s,

No anchor pullout failures occurred as a result of cyclic
loading. Pullout, when it did occur, occurred when the bolt was initially
loaded. Maximum pullout observed was 1/4 inches. Once the initial

loading was complete, no further pullout occurred as cycling progressed.

All anchors survived the cyclic testing without failure.
.

The ultimate capacity of the anchor aftfr cycling was comparable to that
obtained in the shear-tension interaction test program.

Figures 4.2 through 4.8 graphically present the results of
this test program. The results are in the form of bar charts and show
ultimate .trength of the expansion anchors,

1. As reported by the nanufacturers catalogue ( []),

2. from the TES shear-tension interaction test program (4),

3. and after completion of the cyclic testing (0 = low -

cycle,21 = high cycle).
_

.
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5.0 TASK 3 - DEVELORIENT OF ANALYTICAL TECHNIQUE FOR BASE PLATE -
ANCHOR BOLT ANALYSIS

5.1 Introduction

The lack of consistent design procedures for base plates
and expansion anchor bolts has been discussed in the literature for a
significant period of time. Base plate behavior, when subjected to
moment and vertical load, is dependent upon several variables. As the

moment increases with respect to the vertical load, the plate will bend,
the tension in the anchor bolts will increase, and the compressive stress
distribution in the concrete will becone increasingly nonlinear.

When one reviews the common methods used to design moment

resistant base plates, it becomes clear that the complexity of the
behavior requires that simplifying assumptions be made. The simplest

method used is to assume that the plate rotates rigidly about one edge
and the maximum bolt load can then be solved by static equilibrium.
This approach is reasonable only if the plate is truly rigid and
rotation about an edge does occur. _

,

A more sophisticated method involves the use of a concrete
beam analogy. This approach allows the designer to consider three -

important variables: force in the anchor bolt, reaction force in the

concrete and the location of the concrete reaction. The use of concrete
beam analogy is inherently more accurate than the rigid plate assumption
since it considers more variables. However, the plate stiffness is not
specifically included; only the assumption that a triangular-shaped
stress distribution is developed in the cencrete. For biaxial bending,
the common approach is to consider the bending moments independently,
then sum the calculated bolt load.

_

=
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5.2 Finite Element Analysis

In order to analyze flexible base plate behavior, a finite
element technique was developed using the ANSYS computer program. The
base plate is idealized as a mesh of plate elements connected at the

corners or nodal points. The concrete is represented by spring elements
attached to the nodal points and to the ground. These spring elements
have th" capability of resisting compressive forces in the vertical
direction only. Since the element cannot resist tension, the nodal
points are free to translate in the vertical up direction.

The same element type is used to represent the anchor bolts.
In this case, the element will resist tension only. However, a rotational
spring element may be activated by the user if moment resistance of the
bolt is required.

.

For the plate elements, flat quadrilateral shell elements
are used. This element has both bending and membrane capabilities, and
both in-plane and normal loads are permitted. The element can accomodate
six degrees of freedom at each node.-

The effect of varying the fineness of the finite element
mesh was studied in order to develop a mesh size that provided a -

reasonable solution without requiring excessive computer time. |

5.3 Generic Computer Program

Using the finite element techniques described in 5.2 above,
,

TES developed a pre and post processor compatible with the ANSYS

program to be used in evaluating loads on expansion anchors. From a
minimum amount of input, the pre-processor generates the entire ANSYS
input file. The post processor retrieves information from an ANSYS
binary file and computes and tabulates information critical to the base

plate. The flow diagram in Figure 5.1 defines the basic operational system.

_

.
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Figure 5.1
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A summary of pre-processor capabilities follows:

1. Generation of ANSYS input file.

2. Plot of finite element model.

3. The ANSYS STIF63 element is used to model the base
pl a te. It is also used to model the structural member attached. The
ANSYS STIF40 element is used to model the anchor bolt (hook-tension only),

the anchor bolt shear (linear), and the concrete (gap-compression only).
The structural member attached (box, wae flange, angle, channel) is
modeled with a single layer of elements. Typical base plate configurations
are shown in Figures 5.2 through 5.15. The preprocessor input parameters
are defined in Section 5.4.

4 The loading is applied to a node on the structural,

member's cross section located at the centroid. This cross section is
modeled as a rigid body in accordance with beam theory (i.e. , plane
sections remain plane). Six degree-of-freedom loading is permitted.
These loads (forces and moments) have the coordinate system orientation

of the base plate configuration. The preprocessor will prevent
execution of ANSYS if anti-syrnetric loads are applied to half models.

~

5. The preprocessor internally divides the half model loads
by two to account for symmetry.

6. Ability tc add or delete anchor bolts.

7. Wave front minimization to reduce computer costs.

8. Capability to eliminate concrete springs.

9. Capooility to move the attachtrent within the bolt line
bounda ry.

.
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10. Capability to apply a six degree-of-freedom loading at
the centroid at the attachment.

11. Linear or bilinear tension-no compression bolt properties
can be considered. Anchor bolt material laws available in the pre
processor are shown below.

Linear Tension-No Compression

F

.

K1

s

a

Bilinear Tension-No Compression

F
, .

p'
K2

./
1s

i
I

/ o ,'
1 ,'

a
< >

O
EL
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12. The theory outlined below is used by the preprocessor
to compute concrete spring stiffness. The following equation represents
the displacemeat of a half space resulting from a rectangular distribution
of load.

2
_ mP (1-v )y

AVE E /A'
.

W = deflection
AVE

= numerical factor (assumed .95) depending on them

ratio of base plate side lengths

P = total loadi

v = Poisson's ratio

E = modulus of elasticity

A = surface area of base plate

K = stiffness

The above equation is transformed to the following form
of base plate total stiffness.

K = h = - E /A ~

2
AVE m (1-v )

This total stiffness is applied to the base plate by
individual spring stiffness at nodes. These individual spring stiffnesses
are proportioned according to their contribution area. The post processor
then list each spring force as well as average concrete stress.

1

.

e



TE
|

ENGNEERINGSERVICES 1

Technical Report
TR-3501 1 -82-

!

!
13. Shear and moment anchor bolt stiffnesses may also be

used to represent anchor bolts.

Y

h
x ,

Ks

Km

IN

^^^^O 3vvvvvS "

> s
<

| Km > Kl,K2<

Af
GAP

G = supported node

Km = rotational stiffness
.

Ks = shear stiffness

Kl = axial stiffness (linear)
K2 = axial stiffness (bi-linear)

.
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Figure 5.2 I

Box Columa Half Model
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Figure 5.3 Box Column Half Model Node Numbering
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Figure 5.4

Box Column Full Model
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Figure 5.5 Box Column Full Model Node Numbering
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Figure 5.6
Wide Flange Half Model
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Figure 5.7

Wide Flange Half Model Node Numbering
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Figure 5.9

Wide Flange Column Full Model Node Numbering
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Figure 5.11

Channel Column Half Model Node Numbering
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Figure 5.12

Channel Column Full Model
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Figure 5.13

Channel Column Full Model Node h Abering
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Figure 5.14

, Angle Column Full Model
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Figure 5.15

Angle Column Full Model Node Numbering
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.

f rom the results of the last iteration in the ANSYS solution,
certain inforrIiation is required. The post processor reads an ANSYS

output file .ind computes and tabulates anchor. bolt loads, maximum plate
deflectinn and node it occurs at, the load in the concrete and shear-
element, and the average bending stresses across the length and across
the width of the plate. A sample problem is included below to show the
post pracessor printout for a typical base plate.

liodel Description: Channel column half model
18" x 18" base plate

loads: MX load = 2500. in-lbs.

6Stiffnesses : K = 0.285 x 10 #/inbolt,

6Kshear = . x 10 #/in

f ' = 4000 psi
- . _ .. c - ... --

Dimensions: A = 9.0,,

.. _ _ _ _ _ B = 18.0

C = 2.25

0 ' 2.25
.

E = 3.0

F = 4.5

G - 2.25
H = 6.75

I = 2.25

Thickness: Tl - 1.5 (Plate)
T2 = 0.5 (Column Web) |

4

T3 = 1.0 (Column Flange)
,

.

e

,_ "
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CM A%EL Cot uaa'' HAL5 Mf10EL Mx 2500,51
*

13 3 '' 00 *

2 . . . ,c

. t 5 2.25 3, a.S 2 , 2 'i 6.75
.

2

t.s .. i,

,

f

9

e

O
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e...........s.,6.. ,.... .e...................,.................a***.**a.a******^****
e P4L PkUCFJS!NG FOR BASE PLAT [ ANALYLIS e
e ....................................................... e
e *e S U M w A':Y OF INPUT 8e

*
e CHANNEL CCL4HN H a t.F MUDLL Mx:2500 *
e

*
* MODEL T Y b'E S CHANNEL, HALF MODEL *
e

ee
8

esenteaa n a e e e n na 4 6 a s a n s m e es tat a s sese eees t e e s eeeenm a a t a en ee s e n 4 8 6 e s ee n A 4 4 a t tn et a nset

.* t.0 A D 1 hb caTa 4.

FX 0,
FY 0,
FZ 0,

-

MX 2590,0
MY 0
MZ 0,

** ANCHOW GOL T l' AR ANE IF43 e n
BULT SilFraf U, wt 28500E+06
BOL T 5'IFFair M nd O.
BOL i i t I'll:( titSPL 0
Outi aiFAR ?, I r F F 'at 3 s ,30000L+0h
RO T L i t h'* A t. "i f i r F 9F. S $ 0
CO N C s< t i E. S I se t. N G T H 4000,0

i
.

** BOL T LtLAT ios; ..

15 63 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
** ELIFI!niED r O'4CRt TL $PRIN", t.0C A T ion 3 a s

2 4 6 P, 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
.

~0 0 0 (i 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

a.
019 P4 3100 5 F ' re CH A%Et H ALF MODEL * e
A 9,0300
B 18. fl 0 4
C ,* , 2 'i e 0
0 , , 2'i u o
E i,0r 49
F 's , 'i o q )
G f , J'i i g
H A ,15 :10
1 t ,2'.10

** THIC ot35t3 +*

PL & T F. t '> 0 0 0
aE0 o'.0000
F t. A N C. S. * 0090,

.

O
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e...................................................................................e P057-PROCESSING FOR BASE. PLATE ANALv3!$ e. ..................,......................,,.
e9
eo SUMMARY OF RESULTS eo
e

e CHANNEL COLUMN HALF MUDEL MXs2500 eo
eo MODEL TYPE 5 CHANNEL COLUMN, HALF HUDEL ee
ee
.............................................................e.....a........a..so ...

.. DISPLACEMENI SUMMARY (PLATE ONLY), ..

x.DTRECTION ..

Max! MUM
NO. N00E VALUE

1 37 91304E-06
2 35 .55990L-06
3 33 44921E-06
4 31 41459E-06
5 23 32498E 06

MINIMUM
NO. h00E VALUE

32 71 .la678E-06.

31 73 ..tI?57E-06
30 75 . 14723E-06
29 3 ,98039E-07
28 5 ,9309eE 07

e Y.DlRE(.T!04 .
_ . _

MartnUM
NO. N00E V AL UE

-

1 9 40 359E 03
2 7 4350eE-03
3 S 396tTE=03
4 19 53811E 03 .

5 17 37967E-03
MINIMUM

NO. NOL'E VAluE
40 79 ,tl387t-04
39 77 .,10460t=0a
36 75 ../7095E*04
37 73 ../5710E=04
36 71 ..//55dE-04

|

2.DI9tCTION *.

MAXIMOM
NO. N00E VALUE

1 47 47053E-06
2 59 .56075E*06
3 69 31084E-06
4 49 . tit 9eE-06
5 57 3d576E-06

MIN! MUM

.
NO. NUDE VALUE

,

O
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wo 29 .w 15'#t-06
39 19 40713E-C6<

30 9 . 39779E-06
37 17 .57au9E-06
36 37 ..so62aE-06

** ANCHOR HO(T3 **

801. T NUOE3 AX1AL SHEAR SHLAR
NO. F0 HCL i X

1 13 tc 83.087 .,al1ItE=02 .31096E-UI

2 63 64 0 41111E=02 .I1793E-01

* * CONC AE TE 'iPRINGs - Y DIAFCTION**

E L E.* F N T N00ES F0HCE STRESS
5 12 11 0 O.
7 14 13 0 O.

12 to 15 0 O.
14 18 17 0, 0
16 20 19 0 O.
17 22 21 0 O.
19 24 23 - 0, O.
21 2h 25 0 o.
23 28 27 0 O.
25 30 29 0, 0,
26 32 31 0, O.
28 34 33 0, 0,
30 36 35 0 O.
32 38 37 0 a. -

37 40 39 0 O.
38 42 at 0. O.
00 44 al 0, 0,
42 46 05 O. O.
44 48 47 0 O.
46 50 49 0 O,
47 52 31 c. O.
49 54 51 0. O.
51 56 55 0, 0
53 58 57 0 O.
55 60 59 0 O.
56 62 61 .37149 , t 4 ' 16
50 64 63 -1.5460 .2m:51
67 70 69 -5.5429 - 2 . ti t 3 7
68 72 71 a 'i . d i l l -4. /'io t
72 80 79 -6.4511 -6./321
63 66 65 -7.2621 -1.2911
h5 68 67 -11.866 -2.4359
69 74 73 -13.,67 's.9097
71 78 77' -15.193 -6.4982
70 Th 75 -15.629 -S. /W 4

.

6
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e avEWAGE B E P!O ! N G ~~ 7H CROSS SECTIONS uy ga3E PLATE ==

SECTION MODULUS 5xx 3,3750

- I AXIS LOCATION HOMENT ABOUT X BENDING STRESS

0 0, O.
1.13 .151E=08 .224L-09
3.44 19A. 29.3
S.82 Si. 67,4
9.15 =10? -15.3
12.4 =811 -120,
14.7 =419 -65,1
16.9 -124 =ta.4
18.0 0, 0

SECT!aN .wo0VLUS 327 6.7500

X AXI3 LOCATION 10HENl A00UT 4 8ENDINb STRESS

=9.00 0, v.
-7.88 ~7.04 =1.04
=5.50 63,7 9.43
-3.00 190 28.2
=.815 283 -

41.9
875 283 41.9

3.00 190 24.2
5.50 63.7 9.43.

7.88 ~7.04 =1.04
9.00 0 O. laseme ANSYS Ta0 01:4EN310NAL PLOIS ene x / .

eteen ENO PLuis see . '

/ '

.g.

1

. i

.

e

G
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5.4 input Parameters

the following defines the input instructions for the base
plate analye.is program.

CARD COLUMN DESCRIPTION

A Title
1-76 Problem Title

8 Model Key and Loading
-

2 0-ANSYS output
1-suppress ANSYS output

4 Model type
.

1 box column, half model
2 box column, full model
3 wide flange column, half model
4 wide flange column, full model
5 channel column, half model
6 channel column, full model
7 angle column, full model

6 Plot flag
0-no plot, run
1-plot, run
2-plot, stop

|
8 Bolt property flag

0-linear tension-no compression
/ .

1-bilinear tension-no compression

/ 21-30 FX load
31 -40 FY load
41-50 FZ load
51 - 60 MX load
61 -70 MY load
71-80 M/ load

C Anchor Bolt and Concrete Parameters
1-10 anchor bolt axial stiffness K1

11-20 anchor bolt axial stiffness K2
21 -30 anchor bolt elastic displacement a

gt
31 -4 0 anchor bolt shear s:iffness
41 -50 anchor bolt rotation stiffness
51-60 concrete strength (f'c)

-

-

6

- m n - , , - , - - g
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.

CARD COLUMN DESCRIPTION

Cl 1-3 bolt locations
1 4-6 (specify plate node numbers in

7-9 sequence, smallest to largest)
,~

10-12, etc.
t

!

C2,C3,C4 1-3 _ concrete springs to be eliminated
4-6 (blank cards if springs are not'

| 7-9 eliminated) -
'

10-12, etc.
4

0 Dimensions
,-

1-10 A

11-20 B
i 21-30 C

31 -40 0 "4

41-50 E |

51-60 F

61 -70 G

71-80 11

1

1

01 1-10 I I

11-20 J '

21-30 K I

31-40 L

E Thickness
| l-10 T1, plate thickness ~

^

11-20 T2, column thickness, web
21-30 T3, column thickness, flange

!

:i

e

i
.

. . . _ - . , , , . .- - - , - - - --,,,c -- --+ - - ~ v- - - - ^^
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5.5 Base Plate Verification Test

5.5.1 Introduction,

As a part of the verification of the analytical
techniciues used in the Generic computer program, a test was performed on

an actual base plate and the results compared with the analytical
solutior. This experimental-analytical comparison was not done to
provide Desig: Verification in a Quality Assurance sense but rather to
demonstrate the ability of the program to conservatively approximate
actual results (Design Verification was performed under TES QA requirements

and is on file in our Document Control center).

5.5.2 Scope
1

i

The following procedure defines the methods and

materials used in the testing to erify the accuracy of the base plate'
,

computt'r solutions.
9

|

6.5.3 Test Specimen

A four-bolt base plate with a rectangular attachment
was utilized to verify the accuracy of the computer base plate solution.

,

The four bolt specimen is shown on Teledyne Engineering Services (TES)

Drawing Number C-4951 (Figure 5.16). Four Phillips Red Head snap-off

anchor bolts 1/2 inch in diameter were used to anchor the plate to the

conc re te.

.

-
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'. 5. 4 Test Fixturing

The test frame shown in TES Drawing Number D-4953

(Figure 5.11) was anchored to the concrete test slab to provide support
for the hydraulic loading jack. The hydraulic loading jack, with a
capacity of 30 tons, was used to apply a vertical axial load on the
specimen and a horizontal shear moment load on the specimen.

s.

Stands assembled from 1/2 inch steel tubing were
used to support dial gages at selected locations on the test piece.

Dial gages were mounted at selected locations on

the plate of each test specimen and on each anchor bolt. The dial gages
measure vertically up from the surface of the c'ncrete. The dial gages
were resting on the surface of the concrete as a reference surface
(see Figure ',. ' 8).

'. 5. 5 Test Instrumentation
_ _ _ _ . _ . _ - - .

The test specimen was instrumented with strain gage
rosettes to mea?ure plate stresses.' ~ fivirosettes were applied to the
base pla te ae. shown in Figure 5.19.

The strain gages applied to the test base plate were
l

weldable type strain gages with a one inch gage length.

Each anchor bolt was instrumented with four strain 1

|
gages. |

Strain gages applied to the bolts were epoxy backed
with a 1/8 inch gage length. Thc gages were bonded to the bolts with
Eastman 910 cement.

.
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Figure 5.17
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A three wire system was used for all . train gages
to improve thermal stability.

A Strainsert tension link was used to measure the
force applie<l to the test pieces.

All of the strain gages and the tension link were
read with a ',trainsert portable indicator. Calibration of the portable
indicators were checked .just prior to testing.

All instrument calibrations were traceable to
National Bureau of Standards.

5.G.6 Base Plate Loadinq

Loadings applied 1.0 the four bolt base plate
included axial pullout, uniaxial moment and biaxial moment.

|

The loading table for the test plate is as follows:
i

Applied Load

Shear Moinent Shear Moment
Axial 0" 45 *

(lbs) (in-lb) (in-lb)
800 7,200 7,200

2,400 14,400 14,400
! 4,000 20,000 20,000

5,600 21,600 -, 21,600
6,800

'

i

Readings from all strain gages and dial gages were
taken at zeni load befon* loading at each load step and at zero load
after loadinq.

.
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S. 6 Comparison of Analytical and Experimental Resul_ts,

An analytical solution was performed for the four bolt plate
described in Section 5.5.3. The generic program was used and bolt load
and plate stresses are compared.

i

!!olt loads from the experimental data were calculatea using
the followinq equation.

FBOLT = AE 4

Where: A = Bol t Area = 0.11 in2 (at machined location)
6E = Young's ltdulus = 27.9 x 10

GF = Gage Factor = 2.055

c = Measured Strain

I' late Stress were calculated from the experimental data using
TES Ro.ette program, where:

__

oj = 1 q (e + vc )j 3v

I '23 + "Cl)3*1-v2 '

2

1- 3) tan 0 2
/'Ioj + c3

1-"3)\ _-MX ' "M * 2 - + 2 ~ + - --

2 N_
,

2

9 = tan ) (f c 3;\
2 ~ *1 ~ 8Where:

,

,1 , ,3

f, v, gage factor, and starting and end c values are input

parameters and the program sets cg c ' '3 equal to their respective
2 2

oc gp .
.

-

O
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5.6.1 Bolt Load Comparison

Dr.e Plate Loading Bolt Load (lbs)
Con,d,i t inn Bolt Number _. Analytical lxperimental

1 2350 1621

f|juI 2 2350 1881

(P = 6:00 lb) 3 2350 1962

4 2350 2087
..

1 2316 1658

45' Shear / 2 1024 *

Moment
3 0 44(M = 1b000 in-lb)
4 978 491

_ . _.

I 1942 1142

0" Shear / 2 19a? 1219
Moment

0 -I '(M = 15000 in-lb)
4 0 -24

'

* Strain Gage Malfunction

The above results indicate that the generic program
conservatively predicts expansion anchor bolt loads. A review of the
experimental results indicates that non-uniform loading of the bolts is ~

occurring but in all cases, the maximum load is well below that predicted
,

analytically. The non-uniformity of bolt loads is due to the rough
surface of the slab on which the plate was tested. The plate was placed
directly on the slab without groutintj or surface preparation and a number
of voids existed between the plate and the concrete slab.

TES performed twn other analytical solutions to

demonstrate the effect of voids. The first was to remove all concrete
springs around the edge of the plate and the second was to remove the

.

--

_



/

/ SPTELEDYNE
!

ENGNEERING SEMCESTechnical Report
TR-3501 1 -115-

concrete springs at the two corners adjacent to bolts one and three.
These resul1, are shown below.

Base Plate loading Bolt Load (1bs)
Analytical Experimental

Edge Springs Corner Springs
Condition Bolt Number Removed Removed

1 1700 1528 1621

2 1700 2568 1881^ 'I
3 1700 1528 1962

(P=6800 lb) 4 1700 2577 2087

1 1918 1658

45" Shear / 2 566 Not *

Moment Analyzed3 g 44
(M=lS000in-lb) 4 521 491

1 1469 1142

0" Shear / 2 1469 Not 1219
Mement Analyzed3 0 ,jg

(M=15000 in-lb) 4 0 -24

* Strain Gage Malfunction

/
-

.

5.6.2 Plate Stress Copparison

The coments in Section 5.6.1 are applicable here.
Rossette R4 wa', not located at the centroid of an element in the analytical
solution and the analytical results are the average of two elements.

.
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Ba.e Plate Loading Plate Stress (ksi)
Analytical Experimental

Condi t ion Fosette "z "x "z "x

R1 18.8 8.7 15.4 8.6
,

R2 ?.6 17.9 1.7 15.8
Axial R3 lit.8 8.7 16.:t 8.2

(P=6800 ll>) R4 6.6 2.2 7. ') 2.0
R5 P.6 17.9 2.? 20.7

.. . . . . -.

R1 ') . 4 14.3 5.4 9.0
1

R2 11.5 3.0 7.It 0.6
45 he, r/

R3 - 3.1 - 2.7 -6.1 -5.1
- 0.2 - 3.3 -7.4 -2.8 l(M=15000 in-lb)

RS - 1. 6 0.6 -2.4 0.3

R1 11.4 19.4 7.7 12.5
R2 - 1,0 1.0 -5.2 - 1. 3

0 .i r/
R3 - 1.5 - 2.1 -9.7 - 5.59 ,

R4 - 4. 3 - 0.3 -8.3 0.6(M-15000 in-lb)
R5 7.7 0.8 8.4 1.6

,

The above results indicate that the generic program
predicts the .f.ress pattern in the plate reasonably well and, with one -

exception (R's axial loading, o ), conservatively predicts the maximum
{x

stress. In e valuating the adequacy of a plate, the bending stress across

the width anal /nr length of the plate (o, and c ) would be averaged to compare7
with an allowable value and for all cases, the analytical results would

. predict a hielher average stress.

The results for the two other analytical solutions
are as shown below.

-
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Ba.e Plate loading Plate Stress (ksi)
Edge Spring Corner Spring

Removed Removed
Condition Rosette o o

f x z "x

R1 24.9 13.3 21.6 10.8

R2 4.3 25.1 3.1 20.4

Axial R3 24.9 13.3 21.6 10.8

R4 14.1 9.0 12.9 8.2

R5 4.3 25.1 3.1 20.4
_ ._.

The above results indicate what one would expect,

that removinr1 concrete-plate interface at the plate edge reduces the
p ry i nti effect (which reduces bolt load, see Section 5.6.1) which
incre,r.es pl.ile bending.

./ I:n ve- Solution to Bolt Load

; thing the generic program TES developed a number nf curves

which can be used to solve for expansion anchor bolt load <. (see Figures
5.20 through 5.46). The curves represent plate sizes which were comon

to a number of utilities in the generic program. For a fixed plate length
and width anil expansion anchor type and size, loads are given as a function
of plate thi<.kness and applied load. it can be seen that the curves are -

linear with respect to applied load so that as the applied load varies,
an analyst' r an linearly interpolate and/or extrapolate to develop a new
curve. Also. it i*. important to note that bolt force is *.ensitive to

in-pl. ice anehor stiffness which is lower than '.tif fness of bolt alone.

6.0 '1[M_MARYANDJONCLUSIONS.

P,ased on the findings of the generic program as detailed in this
report, the following summary comments ara provided. It is important

to recognize that these coments relate only to the work performed under
this program by TES and are applicabic only to the bolts tested.

.
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6.1 ';hea_r-Tension Interaction _

lhe results of this prnqram indicate the following:

1. The use of linear shear-tension interaction is
Consertalive

' The effect of shear load generally tends to increase the.

ultinute fa:iure load particularly in smaller bolt sizes. I L ,is fel t
that this ou:urs due to increasing the wedge force between the anchor and
the concrete Sufficient pure tension data was not obtained by TES on all
bolt *,pecine e. to more precisely quantify this conclusion. This effect
is no' gener ally present in the Star r,1ug-in type anchor because of the

rigidity of 1.he anchor itself. That i;. the anchor is relatively so
massive that the shear effect does not appreciably increase the wedge
ef fec t.

1. Tne data obtained by TES for Wej-It anchor bolts differs
dramatically from the manufacturers published data. We feel this results

from the fact that hole diameter is extremely critical in developing the
full potential of this anchor; this has been verified in discussions
with the manufacturer. Further, TES tests were performed to simulate

field conditions in the utility memlers plants. At the time of plant
construction, the Wej-It installation procedures did not indicate the
criticality of hole diameter. The manufacturer's data appropriate to -

the vintage of the member utilities (pre 1976) indicates lower ultimate
capacities than are presently advertised.

4. All failures that were bolt failure (i.e., not concrete)
- were examineel and determined to be shear type failures.

-

5. It is felt that sufficient data exist to use the shear-
tension interaction curves presented in this report as a design tool.

| 20 I

.

,
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6.7 Qclicppacity
.

The results of this program indicate the following:

1. Cyclic loading of anchor bolts does not decay t'ie ultimate
capacity of the anchor.

2. Constant shear loading during cycling does not decay the
ultimate capar.ity of the anchor.

3. fio justification was found in these tests to apply different
'

criteria to expansion anchort based on type. That is, shell, wedge and
sleeve all exhibited full capacity after cycling.

4 tio cyclic failure occurred for any bolts tested. '

.

5. Any slip reported occurred during the initial loading.

6. Preload as high as design load is not required to develop j
cyclic < apacity. / 3 6#

6.1 Base l* late - Anchor Bolt Generic Computer Program' ---

.

The results of this program indicate the followinu:
, _

1. Base plate flexibility should be considered in determining
bolt load.

.

2. The relative stiffness of bolt-concrete assembly and base

plate it. a more definitive criteria than just plate flexibility for determining
the arolicability of rigid plate analysis criteria. Variations'of distance
from attachment face to plate edge from 3t to 10t where t is plate thickness
were found to he limits for flexibility effects depending on the plate
size, loading and type of bolt. Bolt bending moment, which is rotation
limited. is not an important factor af f ecting bolt performance.

3. The assumption of full f ace contact between plate and concrete
prior to loading results conservative estimate of bolt loads.

.

M
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,

| 4. The generic computer program conservatively estimates |

| the load in expansion type concrete anchor bolts in a base plate assenbly
: that i; reprrr;entative of field construction.
|
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