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EFrECT OF ABANDONED HOLES ON CAPACITY
OF WEDGE Bom's '

ndElgulmen’ S

AssTRAcT: Seventy.S/Sm diameter wedge anchors were tested in direct
pull-out to determine the effect of various configurations of umused holes
mmmmofmmmpun-ommmg.mmm
indicated that for unused holes as close as appro: i

there was a measurable reduction in pull-out strength.
as far away as 3.0 bolt diameters,
holes as close as lsbohdnmmwmﬁlhdvnh

INTRODUCTION

A widely used method for anchoring stractural 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;
lhesewedmﬁtontotheboltmsudlawaythatthcboltmbednvenmto
aholeesscnmllyequalmd:mztettothebokmelf but when one tries to
pullthcboltoutoftheeoncrete,thcwedgesmethesxdw of the bole
and resist motion. As further load is applied, the wedges further embed themselves
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 compietion of the hole, or setting of the bolt,
or both. Insomem,achangcmdesponfammwmeawqwedtomnee
necessitates the relocation of a hole. The location of the new hole is chosen
tobypuuwhwmmted'mdmththeongnﬂdnlhngortosmsfytolmce
requircments. Geacrally, a sccond try is successful; however, on occasion, a
number of attempts may be necessary before the bolt is set.

Typically, mthepmeeas_ms&desaibed,theabandonedmptyholsmy
in depth between 3/4 in. (l9mm)and2m.($lmm)—-theclmeomdxstance
If, in such a case, the embedment depth of the bolt is as much as 5 in. (127
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teasile capacity of the anchor as the wedges are set well below the empty
holes. If, however, the unnsed 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 treatment of these holes
might be successfully used to mitigate any detrimental cffects. 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 nnclear power plants. Because
of the extensive use of these bolts and the fact that the problem addressed
here is one that is often encountered, it is the opimion of the writers that structural
enginecrs 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 s 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 unnsed 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.

Descwenion of Tests

Testing Program.—This program was defined in terms of phases and series.
The phase number was used to define bolt embedment depth and to specify
the treatment, if any, of the unused holes. The serics number defined the
configuration of unused holes. The following series designations were used and
are shown in Fig. 1.

1. Series A: No unused holes. i

2. Series B: Two holes, 135° apart, 1.5 bolt diam away from the ceater of
mg.bostiesC:Fourhoks,szowdiamawayfmthemtetof
&i.boslféiﬂD: Four holes, 90° apart, 3.0 bolt diam away from the center of
:E.:S:ia&ﬁmm.ﬁ’mlObohdimamﬁmthemwof

The phase designations are as follows:

1. Phase I: 5/8 in. (16 mm) diam boit with 3-1/2 in. (89 mm) embedment,

2. Phase II: 5/8 in. (16 mm) diam bolt with 5-1/2 in. (140 mm) embedment,

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,
cutoff bolts in unused holes.
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5. Phase V: 5/8 in. (16.mm) diam bolt with 3-1/2 in. (89 mm) M,

unused holes grouted. L ‘ )
6. Phase VI. 5/8 in. (16 mm) diam bolt with 5-1/2 in. (140 mm) embedment,

unused holes grouted.
Wﬁafwmmﬁu&omugof@cmm e

wet:pafomwdfmudxphumdmmbmanmofmmmm

tions tested were as follows: :

- -Eignd;;)llehor % h:::{:ed

| Bolt (Tye o

Serfes €

Series E
Series D

£1G. 1.—Configuration of Unused Holes in Different Series of Tests

I, Series A, B, C, D, and E.
II, Sexies A, B, C, D, snd E.

the following procedure:
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I.- A bole was drilled to the required cmbedment depth and was cleaned
thoroughly with 2 nylon brush and vacoum clegner. C

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

- 3. Heavy washers were placed over the bolt 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 pull out test.

The cutoff bolts were installed after an anchor bolt was in place by driving
a bolt into the hole to a depth approx 1 in. (25 mm) from the bottam 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 conmsistent 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 Apparatws.—The test apparatus is shown in Figs. 2 and 3. Key elements
include a center hole hydraulic 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 hydranlic 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 otiginating 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, the applied load did not increase. The test was continued until measured
load decreased in order to assure that the peak pull out load had boen 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, the maximum measored load and the mode of failure. were recorded
on the data sheet. )

Councrete.—The concrete used in the tests was a flyash mix utilizing limestone
coarso aggrogate with a Moh’s Hardness of 4. The strengths of the concrete
in the test blocks are listed with the test results. A typical test block was

—————TT e v v
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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 Resuirs

The pull out loads obtained in all the tests are listed in Tables 1 and 2.
Ammuyof&etenrenhsinmof:vmfwawofmof:
particular phasc-series combination is given in Fig. 4.~Fme.ldlphaeofm
the percentage decrease in pull out load is given, based on Seties A as a standard.
. 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,”
wamﬁnaﬁmofconqmmﬁngnndmchorboksﬁp.htotdofm
ofthe?ﬁbolufaihdinthismode,mostofthuefaﬂnmoccnninginthe
first group of tests (March-April 1980) in which concrete blocks with compressive
strengths of spprox 4,000 psi (27.6 MPa) ‘were used. In the later group of tests
(Mamee),eonmtebbckswithwmpuusivesuengthsbetwem4,900md5,5w
psi (33 and 37 MPa) were used, and the proportion of cs failures was lower,
haafaihnadeﬁnhemk(ormcks)appmedinthemcmeblock.
mmckodginnedatthebohandpmpaptedtoafrecedge.hwmetests,

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

| Series
Testnumber ' A A* B B* | ¢ b 13
Ve | @ o 4} 1] (8) U] 8
{a) Phase I: 5/8 in. diam with 3-1/2 in. embedment-unused holes left empty
803 cs|11.04cs| 7.04s |530¢cs | 7.36s 740s 8.77s
2 888cs |1028cs| 3.36s [8.8%8cs | 7.36cs | 8.01cs| 801s
3 9.145 [10.18cs| 4.11s |3.79cs | 6.93¢cs | 8555 377 cs
4 —_ _ —_ 80l s e — —_—
Average 8.68 10.50 484 6.50 7.22 7.99 3.52
(b) Phase I: 5/8 in. diam with 5-1/2 in. embedment-inused holes left empty
1039s {15.16cs] 8015 | — | 9535 |1.698 | 15.065
2 12.13s [1267s | 9643 —_ 11.69s [15.16s | 1505
3 11.58s (13.64s | 1032%s| — 12678 {19058 | 14.18 s
Avenage 11.37 1.8 8.83 —_— 1130 15.30 14.80

Noﬁe:UlﬁmaﬁeTuﬁleLmdinkipa;a-lﬁpflihne;cs=ommalckﬂnssﬁp.
Conaetebhctsvithﬂ-&“pﬁmwhm’wthmﬂ-ﬂ&psiat
10 days. 1 kip = 4.445 kN.

themckappegxedjnstbeforcpeakloadwasxmhed,i.e., the crack would
appear, butanothexoneortwohmmtsofloadwonldbereqnimdtorcach
mximmpuﬂontupadty.lnoth«tests,thomckwouldnotappmunﬁl
lﬂerthepukloadh:dﬁeenpusedandtbelmd-dipmvemonthe“down”
side.lnndthereasedidthefomnionofthemckmultinanabmptchmgc
in the behavior of the test anchor. ’
hisimyommmnotethnfﬂmintheamodedidmtrecnhinreduoed
puﬂoutb-dsuoompamdtotemwithsfaﬂm.mssutemmisbased
ontheresuhslistedinTableslmd2aﬂdistmeformwithonecrack
propagating to one free edge, or two cracks propagating to the two free edges
atacoma;itistmea!sowhethuthacncksformedbdoreoraﬁerpeak
an@e&ﬂe»minimmedgedimoesusedhthcmwm 1.5
ﬁmutheembedmmtdepthoftheboh.l‘hsrmhsofthepnﬂommindicate
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SERIES » A 8 R 4 2 - €
no¥set emt  nske  1s3% 1t
22, 3% ‘ I
max | |
S10.7% ! )
+1.1% J

. 0
“Blocks vith fg = 4,100 pst @ 10 duys
fhase II1: Urtn. Dfameter with $-10. Zabedment ~ Cut-off Bolts fa Empty
Holes -

SERIES + 7y 3. ¢

nat  wet  wat

Prse Iv:  S/8-1a. Diameter vith Sy-1a. Esbedeent ~ Cut-off Bolts in Empty
Holes

. 4 . !
5.0 1x naf
-10.5%
X

Phese V2 5/8-1n. Dismetar vith Sr-ia. Exbedsent ~ towed Holes Grouted .
SENIES « A 3 [ ‘

net ne 2zt

2.8 ,
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1wk B pek
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MWOTE: T4 convert kips to K multiply by .4.445.

RG. Hummm of Test Results in Torms of Averages
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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 because . the failure surface resembles 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 on 5/8 in. Diameter Wedge Anchors Performed May /
June, 1930

W

Series
Test number A B Cc
(1) (2) (3) 4)
(a) Phase III: 5/8 in. diam with 3-1/2 in. embedment-—cutoff bolts in unwsed hales
1 10.13s 1203 s 9.39¢cs
2 R2483s 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 unused holes
1 15.94 s 16.93 s 1509 s
2 1743 ¢cs 1478 s 13.09 5
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 11.50 s
3 11.93 ¢cs 12.14 ¢
Average 11.40 12.28

(d) Phase VI: 5/8 in. diameter with 5-

1/2 in. embedment—unused holes grouted

i
2
3

Average

17.94s
1583 s
13.40s
15.72

18.47 s
1729 s
17.10s
17.62

Note: Ultimate Tensile Load in kips; s = slip failnre; cs = concrete crack plus stip;
undc-emmmeflihre; eonamblocbwnhf'betwm49mm5500ps:.
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. Azthebouomofthehole,thsmrfaeewuonented;tapprox
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, Seth,twofnledmshpandonevmha‘
cone failure. The pull out load for the one with the cone failure was within
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1% of the average pulil out load for the other two.

Effect of Extra Holes Left Empty.—The summary of test results m Fig. 4
for Phases I and II indicates, with rcasonable 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.

ThcmuhsofthoSthests(twoholaspaoedlSdumfmthetxt
bolt) clearly indicate a sharp reduction in tensile load cepacity. 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 reduced
significantly. However, as the percentages in Fig. 4 indicate, there was still’
a definite reduction in pull out load duc 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
(mo holes) and Series D and E appeared to lie within normal scatter of the
test data. In no casc was the average of the Series D and E results lower
than the Series 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.

EﬂdemalNuwthMM-SenesBdetestswnhcmoﬁ'
bolts in the empty holes were performed. The results 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 results 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 boits (Phase I¥).

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 boit. If
the cutoff bolts completely filled the holes, ane would expect this beneficial
effect to be significant. If the bolts 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 magnitude
of the reduction in pullout capacity due to the presence of extra holes is somewhat
laswhmcmoﬁ'bohsmplmt,thevmabﬁnyoftherwﬂtsmakmndﬂﬁcuh
to assign a definite perceatage to this lesser reduction.

EﬁeaofEm:BduFNwﬂGmL—SmBdetestswnhthcm
holes filled with dry-pack mortar were performed. The cylinder strengths of
the mortar, as noted earlier, was approx 3,100 psi (21.4 MPa) at the time the
tests were performed—six days after the mortar was placed. Thus, the grout
was far short of reaching its maximum compressive strength or its maximum
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 unressonable 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 pexfectly consistent rcsults. Examining the data from this viewpoint, one
finds the results 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. -

ComcrLusions

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

L Bmptyholesasdoseasl.Sboltdiamfmawedgeboltcameasigniﬁcant
reduction in strength. The percentage reduction is difficult to predict; it varied
between approx 20 and 45%. s R

2. The presence of cutoff bolts in the umused 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-Series
tests as the load reduction changed from approx 45-4%. Unfortunately, no
such claim can be made for the 5/8 in. (16 mm) bolts with deep embedments:
&cmmwhﬁmeadimmmmotqmtydummewtoff
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 puliout 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. When the holes were filled with dry-pack mortar, the anchors behaved
asifthaewennoaddiﬁomlhohspnsent.l’hus.thcsimﬁonwithanpty
holes as cloge 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®

AssTRACT: strength of series-produced structures is uncertain because
ofmoddh;%mdmiglmgnwﬁmy.nyofmﬁngo(

information on both uncertainties is obtained. Becanse

10 contider the i’oﬁehﬁum‘ howledgen:nd data pu::ihed
to I test toa
characteristic value of the load carrying capacity

, i.e., & presczibed fractile
of the streagth distribution, or a target vatue of 2 refiability index.
memm.wmbhnmm. t is

ed that even a alight correlation may bave a significant inflnence on
the estimated strength. .

InTRobUCTION

Many new structural design codes explicitly refer to limit states, with safety
factors derived from probability-based rationales. Increasingly, the rationales
are explained to the professionsl forum in code commentaries. For example,
the National Building Code of Canada has had a Limit states design option
since 1975, and the goal is for all stroctural standards incident on the code
to have a common probabilistic rationale. For the foreseeable 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 continnous spectrum of testing
and calculation on various levels of substructure. As a consequence, the common
rationsle for testing cannot be developed in isolation; it must be logically
reconcilable with that for conventional calculations of structural strength.

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

" 2Prof. of Civ. Engrg., Univ. of Waterloo, Ontario, Canada, N2L 3Gi.’

Note.—Discussion opea until September 1, 1982. To extend the closing date one month,
a writtea request must be filed with the Manager of Technical and Professional Publications,
M@anmfwmfuwemﬂhﬁmmlmzl.
1982. This paper is part of the Journal of the Structeral Division, Proceedings of the
American of Civil Engincers, ®ASCE, Vol. 108, No. ST4, Aprl, 1982. ISSN
0044-8001 / 82 /.0004-0753 / $01.00. .
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