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ErrecT OF ABANDONED HOLES ON CAPACITY
oF WEDGE Boi;rs '

asfatunyn30bohd:mﬂm,

holes as close as 1.5 bolt diameters were filled with
anchors behaved as if there were no additional holes present.
in pull-out load, even for the extreme case of holes 1.5 bolt diameters away -
from an anchor, needbewnsideredwhcnthehnlesmﬁlledwuhdry—pﬂ
mortar.

INTRODUCTION

A widely used method for anchoring structaral attachments to concrete involves
the use of a type of expansion anchor called a “wedge bolt”” or *“‘wedge anchor.”
The anchorage is accomplished by means of wedges at the end of the boit;
thcsewedg&sﬁtontotheboltmsudlamythattheboltcanbednvenmto
aholeessenhallyequalmdmmetettotheboknself but when one tries to
pullthseboltontofthe concrete, the wedges engage the sides of the hole
and resist motion. As farther load is applied, the wedges further embed themselives
in the concrete and anchorage to the concrete is accomplished.

Sometimes, in the process of drilling a hole to set a wedge bolt, interference
is encountered which prevents completion of the hole, or setting of the bolt,
or both. Insomcmscs,achangcmdesgnotafaﬂmtomeetreqmredtolmanee
necessitates the relocation of a hole. The location of the new bole is chosen
tobypuswbatcvermterfmdmththeongmldnﬂmgortosahsfytolmce
requirements. Genesally, a second try is successful; how , OD Occasion, a
number of attempts may be necessary before the bolt is set. ‘

Typically, in the process just described, the abandoned empty holes vary
in depth between 3/4 in. (l9mm)and2m.($lmm)—-thedmeomd)stmce
If, in such a case, the embedment depth of the bolt is as much as 5 in. (127

‘Prof. of Civ. Engrg., Univ, of Tennessce, Knoxville, Tenn.

*Engrg. Specialist, Bechtel Power Corp., Gaithersburg, Md.

’leyEngg.Supervisor Bechtel Power Corp., Gaithersburg, Md.

Note.—Discussion open uatil September 1, 1982. To extend the closing date Gne month,
ammmmummmwarmmmmhm
ASCE. Mnmmmsubmudfmmwformmpubmmnmmw 1981.
This paper is part of the Joumal of the Structural Division, of the American
Society of Civil Eagineers, ©ASCE, Vol. 108, No. S‘N,Aptil.lm ISSN 0044-
8001 /82/0004-0743 /$01.00.

743




“ APRIL 1982 ‘ ST4

tensile capecity of the snchor as the wedges are set well below the empty
holes. If, however, the unused holes extend the full depth of the embedded
wedge bolt, questions arise as to how far away from the bolt these holes must
be in order not to reduce tensile capecity, and what treatmeat of these holes
might be successfully used to mitigate any detrimental effects. It was the need
to address these questions that led to the tests reported herein.

Extensive use is made of wedge bolts in the installation of pipe support
systems, cable tray sapports, and other systems in nuclear power plants. Because
of the extensive use of these bolts and the fact that the probiem addressed
here is one that is often encountered, it is the opinion of the writers that structural
engineers will find the results presented here to be timely and useful.

Objective of Tests.—The objectives of the tests were: (1) To determine the
effect ‘of holes drilled to full embedment depth, in the proximity of a wedge
anchor, on the pull out capacity of that anchor; and (2) to determine whether
or not the effect of extra holes could be mitigated by leaving cutoff bolts in
the unused holes or by grouting the unused holes with dry-pack mortar.

Scope.—Scventy tests on 5/8 in. (16 mm) diam bolts were performed to
accomplish the stated objectives. The location and number of the extra holes
were varied, and the condition of the holes for a particular test was cither
empty, filled with cutoff bolts, or filled with dry-pack mortar.

Desceenion o Tests

Testing Program.—This program was defined in terms of phases and series.
Thephnennmbammedtodeﬁneboltembedmemdcpthmdtospeafy
the treatment, if any, of the unused holes. The scrics number defined the
configuration of unused holes. The following series designations were used and
arc shown in Fig. 1.

1. Series A: No unused holes. .

Z.SedesB:Twohohs, 135° apart, 1.5 bolt diam away from the ceater of
th?!bosletnesc thoks,”mlﬂboh&amawayfmthemtetof
&:bosl:nesl) Four holes, 90° spart, 3.0 boit diam away from the center of
:E:ts?a&wm,ﬁ'_mlowhdimumfmthemmof

The phase designations are as follows:

1. Phase I: 5/8 in. (16 mm) diam bolt with 3-1/2 in. (89 mm) embedment,
unused holes left empty.

2. Phase II: 5/8m.(16mm)d|mbokwnh5-l/2m (140 mm) embedment,
unused holes left empty.

3. Phase III: 5/8 in. (16 mm) diam bolt with 3-1/2 in. (89 mm) embedment,
cutoff boits in unused holes.

4. Phase IV: 5/8 in. (16 mm) diam bolt with 5-1/2 in. (140 mm) embedment,
cutofY boits in unused holes.
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5. Phase V: 5/8 in. (l6m)dimbokwith3—l/2in.(89mm)mbedmt

umnsed holes grouted.
6. Phase VI S/8in.(l6mm)dnmboltvmh$-l/2m.(l40mm)anbedm1

unused holes grouted.

i three tests
Withafcwexoepmmnotedmtheptmm?dt!wmhs, e
mpafomdfmudphu:ndmmhnmmdmmmhm—
tions tested were as follows: :

45°

N-Unused
ansion Anchor ﬁ\
ﬂg (v Hole

{(Typ-)

1
Series A

Serfes €

Series E

Serfes D

FiG. 1.—Configuration of Unused Holes in Different Series of Tests

I, Series A, B,C, D, and E.
10, Series A, B, C, D, and E.
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I.. Ahobmdtiﬂodtothcreqmedmbedmcmdepthmdmdmed
thoroughly with 2 nylon brush and vacoum clegner.

2. A wedge bolt was driven to the bottom of the hole,

- 3. Heavy washers were placed over the boit and a nut turned down flush,
utilizing an installation torque of 60 fi-Ib (81 N-m).

4. The nut was then removed in preparation for the pall out test.

The cutoff bolts were installed after an anchor bolt was in place by driving
2 bolt into the hole to a depth approx 1 in. (25 mm) from the bottom of the
hole. The bolt was then bumed off flush with the concrete and driven to the
bottom of the hole.

The grouting procedure was copsistent with the procedure described for
dry-pack mortar in Ref. 2. The order of installation for the tests with grouted
holes was as follows:

1. All the holes for a particular test were drilled.

2. The anchor was installed and torqued.

3. The unused holes were grouted with dry-pack mortar having a cylinder
strength of approximately 3,100 psi (21.4 MPa) at the time of testing.

This method of installation was considered to be more severe than if the
holes were grouted prior to the torquing of the bolts.

Test Apparates.—The test apparatus is shown in Figs. 2 and 3. Key elements
include a center hole hydraslic cylinder, a 1-1/4 in. (32 mm) thick plate on
which the cylinder rests, three pipe column supports, a 1 in. (25 mm) diam
ASTM A325 bolt gaged and calibrated to measure tensile load, and a dial gage
to measure pullout deflection. Leveling screws in the support plate were utilized
at each of the three supporting columns to assure that the plate was level,
and, in tum, that the wedge bolt was pulled straight out of the concrete. A
hand pump was used to activate the hydraulic cylinder.

Test Procedure.—The first step in the testing procedure was to locate the
test apparatus in proper position on the top of the concrete block. Special
care was taken to locate the support columns outside the area on the block
face formed by a 45° cone originating at the wedges on the anchor bolt.

Load was applied to the bolt through the activation of the center hole ram
by the hand pump. The first increment of load was taken as that required
to produce a pull out deflection (“‘slip’’) of 0.10 in. (2.5 mm). Further load
was applied, with measurements of load and deflection taken at slip increments
of 0.10 in. (2.5 mm). The load was increased incrementally. until, at some value
of slip, tho applied load did not increase. The test was continued until measured
load decreased in order to assure that the peak pull out load had been identified.
In some of the tests, the slip required to obtain peak load exceeded the travel
of the dial gage; in these cases, the dial was resct and the test comtinued.
Finally, themxmnmmeasnredloadmdthemodeoffailurewcrerecorded
on the data sheet.

WMmmnmmmmmaﬂmhmu&mng
cosrse aggregate with a Moh’s Hardness of 4. The strengths of the concrete
in the test blocks are listed with the test resuits. A typical test block was
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a 27 in. (686 mm) cube. All blocks were of this size except for two which
were 34 in. (864 mm) cubes.

Test Results

The pull out loads obtained in all the tests are listed in Tables 1 and 2.
A summary of the test results in terms of averages for a st of tot3 of a
puumhrphasemmhnmmnmmﬁg 4. For each phase of tests,
thcpaeenﬁgodecrmmpnnauﬂmduyvm,buedonSenuAunmdud.

. Mode of Fallwre.—The most commonly occurring mode of failure of the wodge
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bolts was slip failure, noted by the letter *'s” in the tabulation of test results.
Boits with this mode of failure simply slipped out of the hole in the concrete
with no visible damage done to the concrete outside the hole. Approximately
70% of the 5/8 in. (16 mm) diam bolts failed by slip.

A second mode of failure, denoted in the tabulation of results by “cs,”
wacomhinaﬁmofconqetemkingandmchorbohsﬁp. A total of 20
ofthe?ﬁbohsfaﬂedinthismode,mostofthmfaﬂnmoccminginthe
first group of tests (March-April 1980) in which concrete blocks with compressive
strengths of approx 4,000 psi (27.6 MPa) were used. In the later group of tests
(May-June), concrete blocks with compressive strengths between 4,900 and 5,500
psi (33 and 37 MPa) were used, and the proportion of cs failures was lower.
lnac:faihxreadeﬁnitemk(ormcks)appmedintheeoncreteblock.
Themekodginmdatthcbohandpmpaptedtoafrecedge.hsometests,

TABLE 1.—Results of Tests on 5/8 in. Dismetsr Wedge Anchors Performed March/
April, 1980

_-I Serias =
Tast number A A B B= C D E
n (2} (2} (4) {5} (6) i7) (8)
{a) Phase I: 5/8 in. diam with 3-1/2 in. embedment-unused holes left empty
1 8.03cs|11.04cs| 7.04s |530cs | 7.36s | 7.40s | 877 s
2 8.88cs | 10.28¢cs| 3.36s |8.8%8cs | 7.36cs | 80l cs| 8.01s
3 9.145 [10.18¢cs| 4.11s [3.79cs | 6.93cs | 8555 | 877 cs
4 —_ —_ — 8.0l s - — —_
Average 8.68 10.50 4.84 6.50 7.22 7.99 8.52
(5) Phase II: 5/8 in. diam with 5-1/2 in. embedment-iemsed holes left empty
1 10.39s 15.16 cs| 80ls — 953s (11.69s | 15.16 s
2 12.13s [12.67s | 9.64s —_ 11.69s |15.16s | 15.05s
3 11.58s |13.64s | 10.32*s| — 12.67s [19.05s | 14.18 s
Average 11.37 13.82 8.83 11.30 15.30 14.80

Now:UhﬁannﬁkLoadinkipt;s-lﬁpflihne;ct=oonmalckplnssﬁp.
Conmbbcbvithﬂ-&&l)pﬁemeptwhm’wthmf:-mlmpsiat
10 days. 1 kip = 4.445 kN.

the crack appeared just before peak load was reached, ic., the crack would
appear,butanothcroneortwohcmnmtsofloadwonldbereqniredtoreach
m:dmmpuﬂontapadty.lnothatests,themckwauldnotappwunﬁl
after the peak load had been passed and the load-slip curve was on the “‘down”
side. In neither case did the formation of th crack result in an abrupt change
in the behavior of the test anchor. '
Itisimpommtonotethntfailnreintheamodedidnotrecnhinreduced
puﬂoutlo.dsuoompamdtotestswithsfaﬂm.mssutmmtisbased
onthemuhslistedinTablesldemdistmeformwithonecmck
propagaﬁngtoonefreeedge,ortwomkspmpagaﬁngtothetwofmedges
atacoma;itistmealsowhethcrthacmcksformedbdoreoramrpeak
loadwasmd:ed;me-minimnmdgedis_tancesusedinthetesuwere 1.5
ﬁmutheembedmtdcpthoftheboh.Thsrmhsofthepnnomtensindicate
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that this criterion, which is somewhat overly conservative for many practical
situations, was adequate to assure meaningful, repeatable test results.

A third mode of failure, which occurred in these tests only once, is a concrete
““cone’ failure. This type failure occurs when the force developed at the head
of an embedded bolt—in these tests, the wedges of a wedge bolt—is large
exough to produce diagonal tension failure of the concrete. It is called a *“‘cone”
failure becanse the failare surface resembies a cone with its apex at the head
of the embedded bolt. This type failure occurred in Test 3 of Phase V, Series

TABLE 2-—Results of Tests an 5/8 in. Diameter Wedge Anchors Performaed May/
June, 1980

W

Series
Test number A B C
L)) (2) (3) 4)
(a) Phase III: 5/8 in. diam with 3-1/2 in. embedment—cutoff bolts in unmsed hales
1 10.13s 1203 s 9.39¢cs
2 12483s 971s 11.92s
3 11.72s 11.08 cs 10.02 cs
Average 11.43 10.94 10.44
(b) Phase IV: 5/8 in. diam with 5-1/2 in. embedment—cutoff bolts in unnsed holes
1 1594 s 16.93 s 15.09 s
2 1743 cs 14.78 s 13.09s
3 16.04 s 12.52s 1146 s
Average 16.47 14.74 13.21
(c) Phase V: 5/8 in. diameter with 3-1/2 in. cmbedment—unused holes grouted
i 11.08 cs 13.19s
2 11.19¢cs 11.50s
3 1193 cs 12.14 ¢
Average 11.40 12.28
(d) Phase VI: 5/8 in. diameter with 5-1/2 in. cmbedment—unused holes grouted
i 17.94s 18.47 s
2 15.83 s 17229 s
3 13.40s 17.10s
Average 15.72 17.62

Note: Ultimate Tensile Load in kips; s = slip failnre; cs = concrete crack plas slip;
undc-eonmmefnihre; mmblockswnhf’betwm49mm5500pa.
1 kip = 4.445 kN,

C, with a 5/8 in. (16 mm) diam bolt with a 3-1/2 in. (89 mm) embedment.
The failure surface was actually a partial cone, extending primarily to one side
of the bolt. At the bottom of the hole, this surface was oriented at approx
45° from the horizontal. As the failure surface approached the face of the
block, the orientation with the horizontal became somewhat flatter with an
“average” .angle of inclination on the order of 30°. It should be noted that
of the three tests in Phase V, SmesC,twofnledmshpmdonevmha‘
cone failure. The pull out load for the one with the cone failure was within
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1% of the average pull out load for the other two.

Effect of Extra Holes Left Empty.—The summary of test results in Fig. 4
for Phascs I and I indicates, with reasonable clarity, the effect of empty holes
in the vicinity of an anchor bolt. These holes, it should be recalled, were drilled
to the same depth as the hole for the anchor bolt itself.

ThcresuhsofthoSenuBtests(twoholaspwedlSdnmfmthetxt
bolt) clearly indicate a sharp reduction in tensile load capacity. The percentage
reduction varied with embedment depth, with the percentage reduction being
less for the more deeply embedded bolts. The percentage reduction varied between
approx 20 and 45%.

As the distance between the empty holes and the test bolt was increased
to 2.0 bolt diam in the Series C tests, the percentage reduction was reduoced
significantly. However, as the percentages in Fig. 4 indicate, there was still
a definite reduction in pull out load due to the presence of these holes. As
the distance between the holes and the test bolt was increased to 3.0 bolt diam
in Series D and E, any difference between the loads obtained for Series A
(no holes) and Series D and E appeared to lie within normal scatter of the
test data. In no case was the average of the Series D and E results lower
than the Serics A values by more than 8%, and the average. was, in some
cases, higher. The averages of all the test loads for Series A and for Series
D and E were within 1% of each other.

Eﬁeﬂdh&aﬂduwlthcmm-'SmBdetestswnhcmoﬁ'
bolts in the empty holes were performed. The resuits were inconclusive: for
the B-Series tests with shallow embedment (Phase IIT), the reduction in tensile
load was almost eliminated; and for the B-Series tests with deep embedment
(Phase IV), the reduction was only 10.5%. However, the resuits for the C-Series
tests for both Phases III and IV were less encouraging; the C-Series results
for the Phasc IV tests actually indicated a slightly worse case with the cutoff
bolts present in the holes than without the bolts (Phase IT).

Any beneficial effect of cutoff bolts in the extra holes would be expected
to derive from the stiffening effect of the bolts as the concrete resists the
lateral pressure. generated by the actions of .the wedges of the test bolt. If
the cutoff bolts completely filled the holes, one would expect this beneficial
effect to be significant. If the boits almost fill the holes but leave some space,
or spaces, in the vicinity of the wedges, then the beneficial effect would be
expected to be reduced sharply. The test resuits indicate that the magnitode
of the reduction in pullout capacity due to the presence of extra holes is somewhat
luswhcncmoﬁ'bohsmptesmt,thevambﬂnyofthemhsmakandlfﬁcuh
to assign a definite perceatage to this lesser reduction.

Eﬁdem:BnhFNwiﬂGmt—SermBdetestswnhthcm
holes filled with dry-pack mortar were performed. The cylinder strengths of
the mortar, as noted earlier, wns;pprox3100psl(214MPa)atthcnmethc
tests were performed—six days after the mortar was placed. Thas, the grout
was far short of reaching its maximum compressive strength or its maximnum
modulus of clasticity. The results of the two series of tests with grouted holes
were consistent and, in the opinion of these writers, conclusive. Any detrimental
effect of the extra holes on pullout capacity of an anchor was climinated by

grouting the holes.
Comments.—It is unreasonable to expect that results of pullout tests on wedge
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the sides of a hole in nonhomogeneous concrete could not be expected to lead
to perfectly consistent results. Examining the data from this viewpoint, one
finds the resuits of the pull out tests on 5/8 in. (16 mm) diam bolts to be
remarkably consistent. The B-Series tests with empty holes were, not surprisingly;
exceptions; apparently, the relatively thin walls of concrete between the hole
for the test anchor and the empty holes led to inconsistencies in the magnitude
of load that the wedges were able to develop. -

ConmcLusions

From the test results presented and analyzed earlier, the following conclusions
may be drawn. '

L l?mptyholesascloseasl.Sboltdiamfmawedgebolteanseasigniﬁcant
reduction in strength. The percentage reduction is difficult to predict; it varied
betwreen approx 20 and 45%. : E

2. The presence of cutoff bolts in the unused holes helped significantly for
the 5/8 in. (16 mm) diam bolts with shallow embedments, resulting in a load
reduction between 4 and 9% compared to 17 and 45% obtained ‘with empty
holes. A particularly dramatic change in load reduction occurred in the B-Serics
tests as the load reduction changed from approx 45-4%. Unfoitonately, no
such claim can be made for the 5/8 in. (16 mm) bolts with deep embedments;
thcreaﬂtsseemtohdiutea:ﬁghtenhncememofqpacityduetothewtoff
boits, but further testing would be required before definite conclusions could
be drawn.

3. Empty holes as close as 2.0 bolt diam cause a reduction in pullout load
between 15 and 20%.

4. When the empty holes are spaced as far away from the anchor as 3.0
boit diam, the pullout loads were esseatially the same as for the case with
no extra holes. There was no reduction in capacity for this case.

5. Whea the holes were filled with dry-pack mortar, the anchors behaved
asifthaewcnnoaddiﬁmalholupmsen(.l’hus.thzsimﬁonwithanpty
holes as close as 1.5 diam from an anchor can be fixed by placing dry-pack
mortar in the empty holes. Then, no reduction in pullout load capacity need
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BAYESIAN APPROACH TO PrOTOTYPE TesTING
By Peter Hange Madsen' and Niels C. Lind®

Asstmact:  The strength of series-produced structures is uncertain because
of modeling error and material parameter uncertainty. By testing of
hfomaﬁonmbothuwhinhahobhheiBmofwm
h o 0 idered lotn. The A

of ?
value of the load carrying capacity, i.c., a prescribed fractile
distribution, or a target value of 2 refiability index. :
Mmmmypemm.mwmbha or parts. It is

ed that even a slight correlation may have a significant infleence on
the estimated strength. .

InTRODUCTION

Manyncwsuucmrddesignoodesexpﬁqiﬂymfertoﬁmitstam,wimgfety
factors derived from probability-based rationales. Increasingly, the rationales
are explained to the professional forum in code commentaries. For example,
the National Building Code of Canada has bad a limit states design option
since 1975, and the goal is for all structural standards incident on the code
tohave a common probabilistic rationale. For the foresceable future, this rationale
is of the “level 2" reliability index type. Design by testing is an available
alternative in many of the technologies of structural production, and it is part
of the goal that a common rationale be developed to select procedures and
safety factors. ’

Testing is always an important link in the justification of a structure. Usually,
the testing is performed on material samples and yields indices of material
strength, durability, etc. on the particle level. These indices are then compared
with nominal values used in the design calculations. Occasionally, it is expedient
to test parts (e.g. bolts or connections), members, or subassemblies; sometimes
entire structures are tested. There is, therefore, a continuous spectrum of testing
and calculation on various levels of substructure. As a consequence, the common
rationsle for testing canmot be developed in isolation; it must be logicaily
teeondhblewiththnforeoqmﬁon;lalcnhﬁmsofstmaumlstrm;th.

There is a great variety of load testing situations, differing in destractivity,
objective, realism of ‘test loads, number of tests and fraction of population

') Assoc., Kispe Nationsl Lsb., 4000 Roskilde, Denmark.

. Kesearch ! . )
*Prof. of Civ. Engrg., Univ. of Waterloo, Ontario, Canada, N2L 3Gi.
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