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Abstract Schroeder,W.L.; Swanston, D.N.1992. Installation and use of epoxy-grouted rock
anchors for skyline logging  in southeast Alaska. Gen.Tech. Rep. PNW-GTR-297.
Portland,OR: US. Department of Agricutture, ForestService, Pacific Northwest
ResearchStation. 12 p.

Field tests of the load-carryingcapacity of epoxy-groutedrock anchors in poor quality
bedrock onWrangell Island insoutheast Alaska demonstratedthe effectiveness of rock
anchorsassubstitutes for stump anchors for loggingsystem guylines. Ultimatecapac-
ity depends mainly on rock hardness or strength and length of the imbedded anchor.
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Introduction Southeast Alaska has extensive areas of old-growth spruce (Piceasp.) and hemlock
(Tsugasp.) forest characterized by shallow root systems, a highwater table, near-surface
bedrock, andweak soils. These conditions result in a lack of reliable anchor points (such
as trees and stumps) for attachingyarding tower guylines and tail-hold cables. Much of
the terrain is too steepfor most ground-based logging methods except for skylines, for
which high-capacity anchor points are critical.Access to potentialanchor sites is limited
by the slopes and lack of roads. Helicopter and balloon logging is possible, but the high
costs involvedand limitingweather conditions make widespread application of these
techniques impractical. This situation ledthe USDA Forest Service inAlaska, incon-
junction with Oregon State University, College of Engineering, to conduct field tests on
rockbolt anchors to learn if smicient holdingcapaclty for skyline anchorages can be
developed, with reasonableanchor length, by usingsimple installation procedures at
remote sites.

Field Test Results The Forest Service conducted research on Wrangell Islandto determinethe load carrying
capacity of epoxy-grouted rock anchors, which may serve in place of stump anchorages
for guylines used incable logging systems.1 The elements of a typical grouted rock anchor
are shown infigure 1.The information generated by this research providedguidance for
designing anchors for field applications, such as those shown infigure 2. Inthe research,
load tests were run on 44 full size anchors to determine their ultimate capacity (load
requiredto pull out the anchor). Inthe tests, the load was always aligned with the axis of
the anchor. Anchors were installed intwo different rock types commonly found at logging
sites in southeast Alaska. Each rock type displayed a substantialdegree of weathering
and fracturing and represented some of the poorest quality rock available for cable anchor
purposes in southeast Alaska. The results of the tests provided quantitative information
on the lowest available capacity for thewide range of rock conditions anticipated
regionally.The research showed that ukimate capacity was mainly dependent on anchor 
length and rock hardness or strength.

Figure 3 presents the results of the research for the rock conditions tested. The poorest
rock was a moderately to severely weathered phyllite schist. Inappearance, the rock 
was medium to fine grained, fragmented, and platy. Breakagewas along bedding planes
ranging from 1/8 of an inch to 3 inches apart. In the field, rock with this strength will show
a crater (depressioncreated by pushingaway rock from the point of impact) when its
surface is struck with a sharp hammer blow. The other rock in the anchor tests was a
weathered diorite gneiss. This rock was mediumto coarse grained and salt and pepper
gray incolor. Joint and fracture surfaces were 2 to 3 inches apart and occasionally were
separated by 1/2 inch to 2 inches of voids or soil fillings. Inthe field, rock with this
strengthwill be dented (not cratered) by a hammer blow. The harder gneiss produced
greater anchor capacity than the schist. The relations shown in figure 3 represent
95-percent prediction limits for ultimate anchor capacity for the anchors tested. This
means that 95 percent of anchors installed in similar rock should have an ultimate
capacity greater than that indicatedin figure 3. Refer to the appendix for apresentation
on the development of figure 3 from the test data.

1
Henry,V.T ,Cole, P L., Schroeder,W L. 1989 Capacity of epoxy-

grouted rock anchors for use in cable logging applications in
southeast Alaska Report. On file with. USDA Forest Service, Pacific
Northwest Research Station,Forestry Sciences Laboratory,2770
Shewood Lane, Suite 2A,Juneau, AK 99801.
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Figure 1-Elements  of a grouted rock anchor P is  total guyline force
or 'load." A 'link" is the mechanical connectron between the guyline
and the anchor. (One kip equals 1,OOO pounds.)

Figure 2- Typical riggingfor skyline loggingshowing cable attachment locabons where rock anchors
can be effective . 
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Bond length, L (inches)
Figure &Ultimate anchor capacity as a function of grouted bond length in rock. This figure is
based on results of anchor tests in rocks commonly found on Wrangell Island, southeast Alaska,
and should be usedwith care at other localitieswhere extensiveweathering, fracturing, and
discontinuousrock units are encountered

Anchor Selection
and Design Criteria

Design practice for anchors usually includes provisions for uncertaintiesby incorporating
afactor of safety .One definitionof factor of safety (FS) is,

FS = ultimateanchor capacity
actualanchor load

If the actual maximum load ina guyline, P, (see fig. 1) were equal to the ultimateanchor
capacity, then from equation (l), the factor of safety would be one. In other words, the
anchor would holdthe actual maximumloadand no more.

Figure3 representsa 95-percent prediction limit for anchor capacity, based on thefield
test data. To use this data for design of anchors, unknownor variable factors, such as
rock conditions, poor constructionof anchors, poor installationprocedure, and overloads,
must beaccountedfor. A simple approach istochoose an anchor lengththat will hold
more load than the actual maximum capaclty from the testing program. Inpractice, this
is done by usinga factor of safety greater than one inequation (1). Where reliable but
limited amounts of loadtest data are available, this factor of safety should be in the
range of 1.5 to 2. The data presented in figure 3 and developed by ForestService
Research are reliableand were derived from a relatively largenumber of tests onsome
of the poorest rock in southeast Alaska. Becauseof this, and because figure 3 repre-
sents the lower bound of capacity (rather than an average), use of a factor of safety of
1.5 to2  should besafe.

Anchor Length Selection The rock strength estimates developed by this research may be used to safely design
anchors, even though rock conditions are not precisely known, because they were
derived for some of the poorest rock types thought to exist in southeast Alaska. AnchorsEstimates

in other rock types usually will have greater actual holding  capacity than that indicated
here. When these data are used for anchor design, however, they should be used with
cautionand informed judgment, as local rock conditions could differ considerably from
those in which the load  tests were conducted. With these limitations,the results shown

From Rock Strength
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in  figure 3 may beused to determine anchor lengthwhenever the maximumactual load
of a line to beanchored is known. The followingsteps show how figure 3may be used
tochoose an anchor length for a Skip (50,000 pounds) guyline load, if the anchor is to
be installed inphyllite schist.

1. Determinethe maximum actual guyline load, P (see fig. l), to be resisted by the
anchor. This iscalled the design load.

2. Choose a factor of safety for anchor lengthselection. A minimum value of 2 is
recommended. This means that the anchor lengthselected will have the capacity to
carry twice the maximum guyline load.

3.Multiply the design load by the factor of safety to determine the requiredultimate
capaclty of the anchor. For a design load of 50 kips and a factor of safety of 2, the
requiredultimatecapacity is 2 50 = 100kips, or 100,000 pounds.

4. Determinethe requiredgrouted lengthof the anchor. For this example, with a
required ultimatecapacrty of 100 kips, the procedure is illustratedinfigure 3. The

requiredgrouted length, L, is 138 inches (11.5 feet).

Anchor Length Selection This approach isbased on the ideathat the anchor should be able to resist a load at
UsingCable Size least as great as the breaking strength of the line to beanchored. Itmay be used if the

size of the line to be anchored is known, and knownto beadequate, but if the maximum
actual load in the line isnot known.

Table 1 provides breakingstrengthfor two widely usedwire ropetypes, andthe length
of anchor (from fig. 3) in moderately to severely weathered phyllite schist necessary to
resista loadequal tothe breakingstrength. For instance,a 1-1/8-inch  6     19-IWRC
(Independent Wire Rope Core) plow steel lineshould break at a minimum loadof
98, 200 pounds. An anchor lengthof 143 inches will resist pull-out under an equivalent
load.The example of anchor lengthselection using rock strengthestimatesshowsthat
an anchor length, L, of about 138 inches is requiredto holdas much load ashis line
can exert. Inother words, the two approaches give similar resultsfor the same ultimate
capacity. Suppliersof wire rope normally recommend a factor of safety (breakingstrength
divided by actual load) of 5 for their product, but the logging industry commonly uses a
factor of a safety of 3. Thus, the lineand the anchor in this example shouldactually be
loadedto no morethan about 20,000 to 33,000pounds.This meansthat the factor of
safety of the anchor from equation (1) will be between 5 and 3  , or same as that used
for the line. If this approach is used, skyline systems that loadcable guys to near
breakingstrength will have anchors operating closer to failure. If factors of safety of 3 to
5 are used in cable selection, this approachwill result in longer anchors than would be
selected by usingfigure 3and the procedure described inthe previoussection.

Anchor Bars and
Connections

Threaded bar is usually preferablefor makinganchor bars (see fig. 4) because it is
easier to connect to a cable than is regular deformedreinforcing steel. Useof a
threaded bar allows the connectionto be madewith a nut and D-ring (see fig. 4C),
which is simpleto do inthe field. An unthreadedbar requires awelded connection
betweenthe clevis and the bar that will develop the full requiredcapacity, and it is
difficult to fit and weld such connectionsinthe field.

The term "yield strength" is used in the discussionthat follows to describethe capacity
of threaded bars.Yield strength is the loadthat a bar will carry at the point of first
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Table I-Nominal breakingstrength of 6 19 IWRC wire ropeand
correspondinganchor length in phyllite schist

a

Improved
Plow steel plow steel

Rope breaking Rock anchor breaking Rock anchor
diameter strength length strength length

Inches

1/2
5 / 8
3/4
7/8
1
1-1/8
1-1/4
1-3/ 8
1 1 / 2
1-5/8
1-3/4

Pounds

20,000
31,200
44,400
60,200
78,200
98,200

120,800
145,200
172,000
200,000
232,000

Inches

65
76
90

105
123
143
166
190
217
245
277

Pounds

23,000
35,800
51,200
69,200
89,800

113,000
138,800
167,000
197,800
230,000
266,000

Inches

68
81
96

114
135
158
184
212
243
275
311

a Breaking strength per Macwhytewire Rope Co. (1984).

Figure 4-Examples of threaded bars used for anchors:
(A) threaded bar with upset threads (Dywidag Systems Interna-
tional 1986);(6) threaded bar with machinethreads (williams Form
Engineering C o p 1988); and (C) common D-ring connection or
'link" between guyline and threaded bar.
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yielding. Belowthis load, it isdastic (returnsto original lengthupon unloading). At greater
loads it will deform permanently. The ultimatestrength of anchor bars, or load at which
the bar actually breaks, is greater than the yield strength.

Informationincluded inthis document on anchor bar strength is for commonly used
ordinary gradesteel. Steels with higher and laver strengthsare available; the user should
verify strengthbeforedesign and installation. Informationon alternatesteels and connec-
tions can be obtainedfrom manufacturersand suppliers.

Threaded bar with upset threads-Table 2gives yield strengths for a range of com-
monly availablethreadbar sizes from one manufacturer. An illustration is providedin
figure 4A. Inthis instance,the threads are formed by a process that does not reducethe
nominal bar diameter. A bar should beselectedthat has a yield strengthequal to or
greater than the breakingstrength of the lineto be anchored. For instance, table 1
shows that a 1-1/8-inch6 19-IWRC plow steel line hasa breaking strengthof 98,200
pounds. Fromtable 3, this would requirea no.14 grade 60threadbar to form a suitable
anchor. Inthis case, the bar, with a yield strength of 135,000 pounds, will have much
greater capacity than the line.

Threaded bar with rolledor machinedthreads-Threads for a retaining nut may be
provided by a manufacturer or be cut in bar stock ina machineshop. Inbothcases, the
cutting of the threads reduces the effectivesize of the bar and, therefore, its capacity to
carry a load. Table 3 shows capacitiesof commonthreadedreinforcingbar furnished by
one manufacturer.The bar is illustratedinfigure 48. The yield strengthof a no.14 bar
from table 3 may be comparedwith yield strength of the no.14bar (upset threads) inthe
previousexample.

Unthreadedbar-It is common, inthe logging industry, to use regular grade 60 rein-
forcing steel for anchor bars. It sometimes may be useful to select bars without threads,
as the latter will have greater capacity then bars of the same nominal size but with rolled
or machinethreads. Yield strengthsfor ordinary unthreadedbars are given intable 4.

Guyline Connections Guylines may be connectedto anchor bars inseveral ways. A "link" is illustratedsche-
matically infigure 1. One type of link, involvinga D-ring and nut, is shown infigure 4C.
There are many other possibleways of attachinga line to a threaded bar; for instance,
one manufacturer of threaded rebar (table 3) suppliesthreaded eyebolts, which make a
suitable attachment to substitutefor the nut and D-ringshown infigure 4C. To design
anchorages, the loadcarryingcapacity of these linkages must be determinedfrom
manufacturersor suppliers, so that the link has a capacity at least as great as the
guyline and the anchor bar. Connectionof a guylineto unthreadedbar requires a
welded connectionand link. We recommendthat the link andweld not be designedand
fabricated in the field. A standarddesign may beadopted and shop manufactured.The
design should be preparedby a registeredprofessionalengineer to suit the required
capacity of the line and anchor.

Installation of
Anchors

Basedon experienceand knowledgegainedduring performanceof this study, we
recommendthe followingsteps for installationof rock anchors:

1. Select a site for each anchor where the best quality rock is available. Try to avoid
deeply weathered or intensely jointed or brokenrock.The anchor should be embed-
ded in rock for the entire length indicatedfrom figure 3, and any lengthneeded for
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Table 2-Common ASTM A615
(grade60)threadbar sizes for
anchor rods

Rebar size Nominal Yield
designation diameter strength

Number

6
7
8
9
10
11
14
18

Inches

0.750
.875

1.ooo
1.128
1270
1.410
1.693
2.257

Pounds

26,400
36,000
47,400
60,000
76,200
93,600

135,000
240,000

Source: DywidagSystems Inter-
national 1986.

Table 3-Common ASTM A615 (grade 60)

threaded rebar sizes for anchor rods

Rebar size Minimumyield strength
designation Thread size through threads

Number Inches

~

Pounds

4
5
6
7
8
9
10
11
14
18

1/ 2
5 / 8
3 / 4
7 / 8

1
1-1/ 8
1-1/ 4
1-3 / 8
1-3 / 4
2

8,500
1 3,000 
20,000
27,000
36,000
45,000
58,000
73,000

114,000
1 59,000 

Source:Williams Form EngineeringCorp. 1989.

Table 4__Unthreaded ASTM
A615 (grade 60) reinforcing bars

Rebar size Nominal Yield
designation diameter strength

Number

6
7

9
10
11
14
18

8

Inches

0.750
.875

1.ooo
1.128
1.270
1.410
1.693
2.257

Pounds

26,400
36,000
47,400
60,000
76,200
93,600

135,000
240,000
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Service

connectorsshould be added. The rock strengthselectedfor designshould extend a
distance at least equal to the anchor lengthinall directionsfrom the anchor location.
Careshould betaken here, becausethe lateral extent of the rock may be maskedby
overburdensoils. Rock depthwill bedeterminedwhen the holefor the anchor is
drilled.

2. Drill the smallest size hole inthe rock that will accept the anchor bar. The axis of the
hole must align with the direction of the cable guy to beanchored.

3. Grout the anchor bar in the hole in accordancewith the grout manufacturer’s recom-
mendations.

Inspect all anchors inthe installationdaily duringyarding operations to determine that
no movement has occurred. Figure5 shows some examples of potential failure modes
and reducedanchor capacity.

Off-Axis Loading
and MultipleAnchors anchor bar are not aligned. Some of the test data indicated, however, that if there was

Off-AxisLoading

The researchthis document is basedon did not addressthe case where the guyline and

misalignment,applicationof load would cause bendingand yielding of the bar above the
groutedsection, until alignment of the bar and the guywas achieved. The grouted
sectionwould, of course, remain misaligned. Analysis further suggested that in this
case, for an otherwiseproperly designedanchor system, the weak location would be
where the bar bends.The bar would yield at a lower loadthan its yield strength if it were
axially loaded. For a given line load, an off-axis anchor thereforewill requirea larger bar
than one that is axially loaded.

Minor misalignments can betoleratedinthese systems if the anchor bar is selected
conservatively (larger than requiredfor axial load). It is possibleto calculatethe required
oversize if the line load and link locationon the bar relativeto the grouted anchor are
known. It is beyond the scope of this document to illustrate these calculations here. Two
general rules may be given, however:

1. The anchor bar andthe guyline to beanchored always should be alignedas closely
as possible.

2. The linkage should be placedas closely as possibleto the rock surface (seefig. 1) to
minimize bendingof the anchor bar.

MultipleAnchors It may not be possible,for largeguyline loads, to develop a single anchor of adequate
capacity. Multipleanchors are one solution to this problem. A multipleanchor system
employingblocksto equalize line tensions is illustratedschematically in figure 6. The
guylineforce, P, is divided intotether forces P1 through P4, each of which is provided
with its own anchor. It is dtfficutt to align the tethers and their anchors inan actual
installation.Thus, multipleanchor installationstypically result in the same problemsas
the misalignedsingle anchors discussedabove. It therefore is recommendedthat a
registeredprofessionalengineer be retainedto design multipleanchoragesystems.

8



Figure 5_Three common failure modes for rock anchors: (A) failure of the grout; (B)failure
      of the rock mass; and (C) failure of the anchor bar.

Figure  6-Example of a multipleanchor system for large guyline loads employ-
ing blocks to equalize line tensions. Pis total guyline force. Pi-P4 are tether
forces.
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Appendix

Analysis for Design

Grouted rock anchors fail by one mode, or a combinationof the following modes (see
fig. 5):

1. Failureof the grout itself or failure at the contact betweenthe grout and rock or
betweenthe grout and anchor bar.

2. Failure of the rock mass.

3.Failureof the anchor bar.

Anchor design must take intoaccount each of the above possibilitiesand evaluate each
part of the anchor system (rock, grout, bar, and connections) to revealthe weakest link
in that system. The propertiesof the anchor bar, connections, and grout are usually well
defined, but those of the rock are not.

The anchor pull tests performedin the field studies exhibitedfailures in the rock mass or
at the contact betweengrout and rock. The rock (phyllite/schistand diorite gneiss) there-
fore was consideredthe weakest component of the anchor system. Linear regression
analysis (leastsquaresfit) was usedto establishthe linear relation between ultimate
anchor capacity and bondedanchor lengthfor the rock types tested. For design purposes,
the lower 95percent prediction limitswere determinedfor each rock type (phyllite/schist
and diorite gneiss) and are presentedin figure 7 as predictionlinesA and B alongwith
the actual test resutts. LinesA and B infigure 7 correspondto the limits shown infigure 3.

The 95-percent prediction limit is a statisticalestimationinthe form of a line or curvethat
bounds95 percentof a set of data (Rice 1988).

The lineson figure 7 are the lower boundof 95 perce'ntof the datafor ultimateanchor
capacity for any given bond length.The prediction lines can be usedfor design purposes,
but cautionshould be usedwhen the quallty of the rock is questionable(low intact
strengthand intenseweathering andjointing). Prediction lines A and B in figure 7 can be
usedon most phyllite/schist and dioritegneiss insoutheast Alaskawith a Unified Rock
Classification(Williamsonand Kuhn 1987) of at least Dfor intact strength and Dfor
degree of weathering. Figure7 also shows that the predictionrelations are reliableonly
for anchors with bondedlengths greater than 45 inchesfor anchors in phyllite/schistand
greater than 37 inchesfor anchors indiorite gneiss. Anchors should not be installedwith
bonded lengthsshorter thanthese values.

Use of the 95-percent prediction lines infigure 7 may not be appropriatefor field installa-
tions without application of an additional factor of safety. This may be accomplished
simply by selectinga requiredultimate anchor capacity that is greater then the actual
anticipated load. For instance,for a 50-kiprequiredcapacity in gneiss, figure 7 suggests
a minimum lengthof 70 inches.A factor of safety of 1.5would be achievedby specifying
a bond length of 88 inches (75kips), and a factor of safety of 2.0 would be achieved by
a bondlength of 103 inches (100kips).

Ultimateanchor bondstrength is another way to present anchor capacity. Fromfigure 7
the ultimatebondstrength of the phyllite/schistand diorite gneiss are 150 psi (pounds
per square inch) and 209 psi (pounds per square inch), respectively, as determined by
equation (1). These values agree well with bondstrengthvalues for metamorphicrocks
given by Littlejohnand Bruce (1975):
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where

P = ultimateanchor capacity, from figure 7;

d = nominalholediameter cr 2.5 inches;

L = bondedanchor length, from figure 7; and

T = bondstrength of rock/grout/bar system.

By usingthis approachfor design, an appropriatefactor of safety should be appliedto
the ultimate bondstrengthvalues derivedfrom equation (1) and the test data, and only
bond lengths in excessof 45 inches and37 inchesshould be usedto calculate capaclty
of anchors installed in phyllite/schistand dioritegneiss, respectively.

Figure7-A plot of the ultimate anchor capactty versus bonded lengthfor
34 test sites in phyllite/schist and dioritegneiss on Wrangell Island,
southeast Alaska. LinesA and Bwere obtained by linear regression
analysisand representthe lower 95-percent predictionlimitsfor rock
types tested Anchor capacity is extrapolated above 110 kips.
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