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INTRODUCTION 
The Washington State Department of Transportation (WSDOT) has used double-twisted 
hexagonal wire mesh and wire rope cable nets for several decades as slope protection to 
control rockfall initiating from slopes along state highways.  Double-twisted hexagonal 
wire mesh has generally been applied to slopes with rock blocks less than 2 ft in size, 
while wire rope cable nets have been employed where larger blocks, typically up to 4-5 
ft, are expected.  In recent years, ring nets have been increasingly used for slope 
protection (drapery), mostly outside North America, to control large-sized rockfall. 
 
Because of the reported high strength of ring nets and the need to examine cost-
competitive alternatives to cable nets, WSDOT proposed to evaluate ring nets for slope 
protection on a Federally-funded rockfall mitigation project.  A study of ring nets was 
proposed to FHWA as an Experimental Feature in August 2007, which was accepted and 
approved by FHWA in September 2007.  At the time the study was proposed and 
approved, only one manufacturer was producing ring nets that could meet Buy-America 
steel requirements.  To compare attributes and performance of various ring nets from 
known manufacturers producing ring nets outside the US, a Buy-America steel waiver 
was concurrently sought from and granted by FHWA to use these ring nets from foreign 
manufacturers. 
 

 
FIGURE 1. Project is located on steep valley wall of the Columbia River east of Wenatchee, 
Washington around mile post 12 on State Route 28.  
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The study was incorporated into a rockfall mitigation project (Contract #7450 State 
Route 28 Rock Island – Rock Slope Nettings) located in central Washington State about 
12 miles east of Wenatchee on State Route 28 (Fig. 1).  The project was to address 
rockfall hazards from a 300-foot-high natural/cut slope approximately 700 feet in length 
(Fig. 2).  The north and south ends of the slope are near vertical.  The middle portion 
includes an intermediate slope about 80 feet in width and inclined ~45º beneath a large 
overhang that extends back into the slope about 20 feet.  Above the overhang the rock 
slope rises another 100 feet vertically to the crest of the slope.  A soil nail wall was 
constructed beyond the rock slope crest as part of previously planned, but currently 
unfunded, highway widening project. The rock slope is composed of columnar to hackly 
basalt with typical block sizes ranging from 2 to 6 feet.  The slope frequently produced 
rockfall, some of which would reach the shoulder and travel lanes.  The project entailed 
some initial safety scaling to remove large strained blocks/masses, and then a drape of 
ring net slope protection.     
 

 

North South 

overhang 

intermediate slope 

FIGURE 2. The 300-foot-high basalt slope consists of near vertical, northern and southern sections, a 
middle section with a prominent intermediate slope and overhang, and a soil nail wall beyond the 
slope crest.   
 
As outlined in the work plan submitted to FHWA (Appendix A), the study includes an 
evaluation of the ring net installation and an annual assessment of the performance for a 
5-year period.  This end-of-construction report documents the installation of the ring nets.   
 
DESIGN AND CONTRACT AWARD 
During the project design phase, four ring net manufacturers, all that possessed a U.S. 
market presence, were identified and solicited to provide product information for 
potential inclusion in the contract.  Based on product availability and the documentation 
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provided, four types of ring nets, one from each of the manufacturers, were specified to 
cover an equal portion of the slope (Fig. 3).  These included two 4:1 and two 6:1 weaves, 
referring to how many rings are woven into each ring.  The specified products included: 

• Geobrugg: 300 mm diameter – 3 mm galvanized wire – 5 wires – 4:1 weave 
• IGOR: 300 mm diameter – 2 mm galvanized wire – 7 wires – 6:1 weave 
• Maccaferri: 300 mm diameter – 3.5 mm galvanized wire – 6 wires – 4:1 weave 
• ROTEC International: 12 in diameter – 5/16 in wire rope – 6:1 weave 

 
Because the study was intended to compare the performance of ring nets to cable nets, we 
attempted to select ring nets that were close in strength and weight to cable nets.  The 
selected Geobrugg, IGOR, and ROTEC ring nets were thought to be close in this regard; 
however, Maccaferri only offered the heavier and stronger ring nets at the time of the 
contract preparation and award.   
 
The slope protection was designed to include both a standard installation, which is 
secured along the slope crest to a top horizontal support rope that lies on the ground, and 
a modified (hybrid) installation, which lifts the top of the slope protection off the ground 
with steel posts to intercept rockfall originating upslope of the installation.  The standard 
slope protection was specified for the entire southern and northern sections, and the upper 
portion of the middle section.  A section of modified slope protection was specified for 
the intermediate bench.  All ring nets and cable nets incorporated double-twisted wire 
mesh on the outside to prevent smaller rocks from passing through the larger openings. 
 

 

A B 

DC 

FIGURE 3. Photographs of (A) Geobrugg, (B) IGOR, (C) Maccaferri, and (D) ROTEC rings with 12 
inch engineer scale for reference. 
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The coverage area for the slope protection was estimated using a digital terrain model 
(DTM) created with traditional survey and ground-based LIDAR data.  Using a 
geographical information system (GIS), we estimated the coverage area for the standard 
slope protection to be about 166,000 ft2 and the modified section to be 59,000 ft2, which 
included a 20% contingency to account for slope irregularities, necessary panel overlaps, 
and other uncertainties.  The quantity estimates planned for the slope protection to extend 
to within 5 feet of the ditch line and 15 feet beyond the slope crest.  A 20-foot-long tail 
was specified to cover the upper portion of the intermediate bench.  The slope areas to be 
covered with standard and modified slope protection were divided into equal areas with 
approximately 52,000 ft2 specified for each type of ring net (Fig. 4).  In addition, two 
control sections of cable nets were included for approximately 16,000 ft2 of coverage 
area.  Total plan quantity for slope protection materials was 224,664 ft2. 
 

 
FIGURE 4. Design coverage for the specified ring nets for the sections of standard and modified 
(hybrid) slope protection, including two control sections of cable nets.   
 
For the sections of standard slope protection, the top horizontal rope was specified to 
have a maximum segment length of 40 feet supported by cable anchors on 20-foot 
spacing.  The modified section was designed with the top horizontal rope spanning a 
single 20-foot-wide section between two 10 ft posts and anchored on each end.  All posts 
were inclined downslope at approximately 25 degrees from vertical. 
 
The contract was advertized on November 13, 2007, and bids were opened December 13, 
2007.  Four pre-qualified contractors bid on the project with project bid costs that ranged 
from $2.39 to $4.10 million.  The contact was awarded to Janod Incorporated of 
Champlain, New York for $2.39 million, which was about $848,000 less than WSDOT’s 
engineers estimate.   
 
The unit bid prices for installing the four ring nets and cable nets are summarized in 
Table 1.  The unit bid prices for the fabrics are inclusive of all anchors, appurtenances, 
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and installation costs; 19 steel posts for supporting the modified slope protection are not 
included in the unit bid prices.  Scaling was completed during a long weekend highway 
closure in late March 2008.  As specified in the contract, installation of the slope 
protection was delayed due to environmental restrictions until mid July 2008.  The on-
slope work was completed and the contractor demobilized in late November 2008. 

Table 1. Summary of ring net and cable net unit bid prices 

Fabric Plan Quantity 
(ft2) 

Contractor Bids 
($/ft2) 

Geobrugg 52,248 5.55 – 10.25 
IGOR Paramassi 52,596 6.74 – 12.00 
Maccaferri 52,056 6.26 – 11.50 
ROTEC International 51,972 8.22 – 13.75 
Cable Nets 15,792 5.97 – 11.00 

 
CONSTRUCTION SUMMARY 
Prior to placing the nets, the contractor utilized climbing gear, ropes, pneumatic pillows, 
and pry bars to hand scale large detached blocks from the upper portion of the slope that 
could potentially damage the ring/cable nets if they were to fall.  The contractor utilized a 
wagon drill to drill the anchor holes for the top horizontal support ropes and for the posts 
along the intermediate bench.  Three-inch-diameter anchor holes were drilled for the top 
horizontal rope anchors.  Double, ¾-inch cable anchors were used to support the ¾-inch 
top horizontal support ropes.  The contractor elected to install anchors to a depth of 20 ft, 
which were then fully grouted with cement grout.  For the modified installation, four 1-
inch-diameter anchor bars and three, double ¾-inch cable tieback/lateral anchors were 
installed for each post to a depth of 10 ft and were fully grouted with cement grout.   

The contract required submittals from the ring net manufacturers documenting unit 
weight of the fabric, 3-ring unrestrained tensile strength of not less than 7,000 lbf, mill 
certificates for the wire/wire rope, and galvanization information.  Product information 
and test certificates are included in Appendix B, and a summary is provided in Table 2.  
The 3-ring tensile test results in Table 2 are either the average value of the test reports 
provided by the manufacturer (Geobrugg, IGOR, Maccaferri) or the value of a single test 
(ROTEC).  The contract was not specific about the number or basis of passing tests. 

Table 2. Ring net and cable net technical data  

Fabric 

Ring 
Diameter  
in (mm) 

Ring 
Weight 
lbs (g) 

Approx. Unit 
Weight 

lbs/ft2(kg/m2) 

Wire 
Diameter 
 in (mm) 

3-Ring 
Tensile Test 

lbf (kN) 
Geobrugg 4:1 11.8 (300) 0.70 (319) 0.55 (2.7) 0.12 (3.0)  8,990 (40.0) 
IGOR 6:1 11.8 (300) 0.37 (168) 0.49 (2.35) 0.08 (2.0)  6,920 (30.8) 
Maccaferri 4:1  13.4 (340) 1.22 (553) 0.84 (4.1) 0.13 (3.4)  22,900 (102) 
ROTEC 6:1 12.4 (315) 0.59 (268) 0.60 (2.9) 0.31 (8.0) 13,000 (57.8) 
Cable Nets NA NA 0.5 (2.4) 0.31 (8.0) NA 

Installation of Slope Protection 
The contract specified for the double-twisted hexagonal mesh to be attached on the 
outside of the ring nets with high tensile steel hog rings (Spenax or King Hughes) at 1 ft 
intervals prior to placing the panels on the slope.  Panels were fabricated offsite, and then 
transported to the top/base of the slope. 
 



 
The contract specified both ring and cable net panels to be seamed with 5/16” wire rope.  
The wire rope seaming of the net panels was used initially, but the contractor proposed to 
substitute shackles for wire rope as a superior seam for the ring net panels being much 
less prone to seam failure.  WSDOT agreed to the proposal, and a ½-inch screw pin 
shackle with a minimum ultimate breaking strength of 24,000 lbf was selected and paid 
for by change order. 
 
The contractor seamed the narrow panel side of either 2 or 3 panels, depending on the 
unit weight of the fabric and the size and weight of each type of ring net panel.  The 
panels were then connected to a spreader bar and lifted into place on the slope.  The 
panels were installed as they would hang, seaming the top of the lifted panels to the 
bottom of those already on the slope.  A 50-ton-crane mobilized to the top of the slope 
was used to place the upper portion of the ring and cable nets; the nets on the lower 
portion of the slope were installed with the crane set along the highway shoulder.   
 
The contractor started on the south end of the project area with the ROTEC and 
Maccaferri ring nets and worked primarily northward to the cable net, IGOR and 
Geobrugg ring net sections.  During the initial placement of the ROTEC and Maccaferri, 
the contractor noted large deformations in the ring net panels.  The contractor 
experienced increasing difficulty pulling the nets together as more were added, often 
requiring a come-along to move the nets and shackle the vertical seams together.  The 
contractor noted an extreme contrast in deformability between the stiff wire mesh and the 
deformable ring nets, with the wire mesh inhibiting conformance of the ring nets with the 
slope.  The situation resulted in extreme tensioning in the wire mesh with stresses 
concentrating in the connections of the high tensile steel fasteners.  With the addition of 
ring net panels, many fasteners began to fail.  In attempt to reduce the rigidity of the 
panels, a modification was made at WSDOT’s direction to increase the fastener spacing 
from 1 to 2 feet.  Shortly after implementing this change, a mesh panel separated from 
one of the ring net sections and fell onto two workers below; fortunately, no serious 
injuries occurred.  The contractor temporarily suspended the placement of additional ring 
nets and secured all of the wire mesh to the top horizontal rope.   
 
The contractor had previously advocated for not connecting the wire mesh to the ring 
nets.  Following this incident, WSDOT consented and allowed the remaining ring nets 
and wire mesh to be placed separately and not require subsequent connection.  The 
remainder of the placement of the ring nets, cable nets, and wire mesh proceeded without 
significant problems.  
  
The final coverage area of the different fabrics is approximately depicted in Figure 5.  
The areas changed somewhat from the coverage area shown in the plans for a number of 
reasons.  Some additional coverage area was required on the south end of the project, 
which was covered with ROTEC ring nets and additional cable nets.  Detailed survey 
locations of the different fabrics were not included in the plans.  Placement of fabrics was 
made primarily by estimating their location from photographs.  With the large slope 
heights, slope irregularities exacerbated modifications to the design layout.  Additional 
nets were also added along the entire top, due to a modification in the anchoring and top 
horizontal support rope.  These areas requiring additional fabric totaled about 22, 246 ft2.  
The final installed quantity was estimated to be 261,573 ft2, representing a 36,723 ft2 or 
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about a 16% shortage on plan quantities.  This shortage was accommodated by the 
installation of additional cable nets. 
 

 
FIGURE 5. As-built coverage for the ring nets and cable nets. 
 
The following sections summarize the construction experiences of installing the four 
different ring nets and observations of their as-built condition. 

Geobrugg Ring Nets 
As specified, the Geobrugg rings were made of 5 loops of 3-mm-diameter wire with a 4:1 
weave of interlocking rings.  The wire loops are bound together with 3 pressed steel 
bands, with the wire ends commonly protruding 3 to 6 inches beyond the bands (Fig. 3A).  
These ring net panels are intermediate in weight as compared to the other specified ring 
nets. 
 
The contractor’s crane was able to lift three Geobrugg ring net panels in a single pick, 
with each three-panel section measuring 12 feet wide by 75 feet long for a total area of 
900 ft2.  Initial placement of the upper sections of Geobrugg rings occurred with the wire 
mesh pre-attached until this requirement was dropped.  When the panel sections were 
lifted, both with and without the wire mesh backing, some contraction (necking) and 
elongation of the fabric occurred (Fig. 6).  On the vertical portions of the slope where the 
nets had little to no slope contact and the dead load was carried entirely by the fabric, 
rings slightly deformed from a circular to an ellipsoid form.  This ring deformation 
caused many of the wire ends to protrude (Fig. 7).  The contractor reported that the 
protruding wires caused the climbing ropes, wire mesh, and workers’ clothing to “hang 
up”, and felt this increased the difficulty of this fabric installation.  The contractor also 
reported several occurrences of minor puncture wounds caused by the protruding wires.   
Despite the “necking” during lifting and initial placement, vertical seaming of the panel 
sections reportedly did not require excessive effort to place properly, as compared to 
some of the other fabrics. 
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protruding end wires

FIGURE 6. Three panel section of Geobrugg 
ring nets with wire mesh; note contraction 
(necking) of panels. 

FIGURE 7. Elongation of individual rings 
caused wire ends to protrude on Geobrugg 
ring nets.

IGOR Paramassi Ring Nets 
As specified, the IGOR rings were made of seven 2-mm-diameter wires with a right-hand 
spiral lay and a 6:1 weave of interlocking rings (Fig. 3B).  The wire ends are finished by 
curling several loops over the ring.  IGOR ring net panels are the lightest of the four 
specified ring nets. 
 
The contractor’s crane was able to lift three IGOR ring net panels in a single pick, with 
each three-panel section measuring 14.5 feet wide by 111 feet long for a total area of 
1614 ft2.  The panel sections were placed mostly without the wire mesh backing.  When 
the panel sections were lifted, they maintained their rectangular shape and contracted 
very little (Figure 8).  Similar to the other ring nets, the IGOR rings elongated somewhat 
where the nets had little to no slope contact and the dead load was carried entirely by the 
fabric (Figure 9).  The contractor reported that the ring net sections were relatively easy 
to move around on the slope and to seam.   



 
               

                
FIGURE 8. IGOR ring net panels 
without wire mesh maintained their 
rectangular shape when lifted. 

FIGURE 9. Slight elongation noted in IGOR rings 
where panels were heavily loaded.   

Maccaferri Ring Nets 
As specified, the Maccaferri rings were made of six 3.5-mm-diameter wires with a right-
hand spiral lay and a 4:1 weave of interlocking rings (Fig. 3C).  The wire ends are turned 
into the ring.  Maccaferri ring net panels are the heaviest of the specified ring nets. 
 
The contractor’s crane was able to lift only two Maccaferri ring net panels in a single 
pick, with each two-panel section measuring 13.5 feet wide by 67 feet long for a total 
area of 905 ft2.  Initially, the Maccaferri ring nets were placed with the wire mesh 
backing.   During this phase of their installation, the ring net panels severely contracted in 
width as they were lifted by the crane and placed onto the slope (Fig. 10).  The 
contraction of the ring net panels contributed to the wire mesh fasteners “popping-off” 
the mesh.  Severe contraction persisted after the pre-attachment of wire mesh was 
discontinued (Fig. 11).  Due to the heavy weight of these sections, the contractor found 
that once placed on the slope it was extremely difficult to pull the rings apart and to 
shackle the adjacent panels together (Fig. 12).  
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FIGURE 10. Maccaferri ring net with wire mesh backing exhibited severe contraction within the 
panels. 
 

  
FIGURE 11. View of contracted panels 
without wire mesh backing. 

   

FIGURE 12. Seaming the contracted panels was 
extremely difficult, often requiring the use of a 
come-along to pull the seam together and secure 
the shackle. 
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ROTEC Ring Nets 
As specified, the ROTEC rings were made of a single 5/16-inch diameter wire rope joined with a 
pressed aluminum ferrule and a 6:1 weave of interlocking rings (Fig. 3D).  Being fabricated of a 
wire rope rather than a bundle of stiff wire loops, ROTEC rings are highly deformable as 
compared to the other wire rings.  ROTEC ring net panels are intermediate in weight as 
compared to the other specified ring nets. 
 
The contractor’s crane was able to lift three ROTEC ring net panels in a single pick, with each 
three-panel section measuring 12 feet wide by 75 feet long for a total area of 900 ft2.  Initially, 
the ROTEC ring nets were placed with the wire mesh backing.  When these panel sections were 
lifted, they generally maintained their rectangular form (Fig. 13A); without the backing mesh, 
the panels contracted severely (Fig. 13B).  With subsequent placement and seaming of panels, 
significant ring deformation and tension developed in the upper portion of the installation, 
around slope protrusions, and along seams (Fig. 14).  However, because the ROTEC ring is 
fabricated from wire rope, ring deformation is not permanent as it would be with a ring of 
bundled wire loops.   
 

   

A B 

FIGURE 13. (A) ROTEC ring net panels with wire mesh backing and (B) without wire mesh. 

 



 

 
FIGURE 14. Deformation in upper portion of ROTEC ring nets. 

The effort in pulling the heavy Maccaferri ring net panels together for seaming caused the 
adjacent ROTEC ring nets, which had been previously seamed to the Maccaferri ring nets, to be 
pulled laterally toward the Maccaferri nets (Fig. 15).  The contractor then had to try to pull the 
ROTEC rings back.  This was only moderately successful, and additional material was required 
for the net loss in coverage area of the ROTEC ring nets. 
 

 

M 
R 

FIGURE 15. Yellow line denotes seam between Maccaferri nets (M) on the left and ROTEC rings (R) on the 
right.  Note how the ROTEC rings have been pulled toward the Maccaferri nets. 

Maccaferri Cable Nets 
The wire rope cable nets were generically specified in the contract to be either square or diagonal 
grid with a 12-inch opening fabricated of 5/16-inch-diameter, galvanized wire rope with a 7x7 or 
7x19 construction and minimum breaking strength of 9,200 lbf.  The cable net panels were 
specified to include a perimeter rope with a minimum diameter of 5/16 inches.  The contractor 
selected Maccaferri cable net panels, which use a wire wrap to secure the cable junctions rather 

 12



 

than a pressed steel clip.  The cable nets provided also were diagonal weave rather than a square 
weave. 
  
The panels were seamed with 5/16-inch-diameter wire rope, and later with shackles.  The 
contractor’s crane was able to lift two Maccaferri cable net panels in a single pick, with each 
two-panel section measuring 21 ft wide by 64 ft in height or 42 ft wide by 32 ft in height for a 
total area of 1344 ft2.  Initially, wire mesh was fastened to the cable nets prior to their hanging, 
but this requirement was eventually dropped and the wire mesh was added after placing and 
seaming the cable nets.  As expected, the cable net panels kept their rectangular form with or 
without the wire mesh backing.  The contractor reported that the cable nets maintained their 
shape well and were relatively easy to handle and seam.  After the contractor ran short on ring 
net/cable net materials, additional cable nets were supplied by the contractor that used pressed 
clips instead of wire wraps for connecting the cable junctures.  It was noted after these cable nets 
were placed that a number of the clips had either fallen off from not being properly secured or 
were not supplied (Fig. 16).  The extent and overall effect on performance of missing clips or 
poorly fabricated cable nets has not been investigated to date.  By not inspecting the extent of the 
problem and correcting deficiencies, future performance comparison of the ring nets to these 
additional cable nets may be inaccurate.   
 

    

B A missing clips

FIGURE 16. Cable nets supplied with pressed clips had numerous missing (A) or poorly fastened (B) clips 
that fell off during handling of the nets. 

DISCUSSION AND CONCLUSIONS  

This Experimental Features study provided an opportunity to compare the installation of 
different weaves, weights, and fabrication of ring nets for a large slope protection (drapery) 
installation.   
 
Two fabrics (Geobrugg and Maccaferri) were specified to have a 4:1 weave, and two (IGOR and 
ROTEC) were to have a 6:1 weave.  As would be expected, when unrestrained by wire mesh 
backing, a wire ring is much stiffer and less deformable than a wire rope ring.  Because ROTEC 
was fabricated with wire rope, it is not easily compared to the other three wire rings when 
considering panel weaves and their associated deformation.  The 6:1 IGOR ring, being the 
lightest of the wire rings, exhibited the least contraction or stretch.  The 4:1 Geobrugg panels 
were intermediate in their weight and deformation, and the 4:1 Maccaferri were the heaviest and 
contracted the most.  The Maccaferri section, however, had the greatest percentage of free-
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hanging length with no slope contact as compared to the other ring nets.  While the reduced slope 
contact and considerable weight of the Maccaferri nets appeared to exacerbate their deformation, 
in general, the 6:1 weave experienced less ring and panel deformation than 4:1 weaves.  
Subsequent discussions with some of the manufacturers corroborated this observation.  The 
weight of the ring nets also has a significant influence on their contraction.  The lighter 4:1 
Geobrugg nets deformed much less than the heavier 4:1 Maccaferri nets (Figs. 6 and 10).  The 
heavy weight nets also reportedly made seaming much more difficult and labor intensive as 
compared to the lighter weight ring nets.   
 
In preparation of the contract, WSDOT solicited input from several contractors experienced with 
ring net draperies about the need and means to control ring net deformations as additional panels 
were added.  One method suggested by several contractors was to install support cables anchored 
at the top of the slope with their ends secured at multiple locations on the field of the mesh; these 
special support cables are referred to as “octopuses”.  A design basis for determining the number 
and spacing of octopuses could not be established prior to advertising the project, and they were 
not included in the contract.  Examination of the different ring nets revealed that all four types 
experienced some ring elongation where large panel sections were free-hanging and/or had very 
limited slope contact.  The area of ring elongation was not distributed throughout the panel but 
generally occurred near the middle of the free-hanging length.  In our judgment, the extent of 
elongation was not severe enough to diminish performance with the possible exception of the 
ROTEC wire rope rings.  As expected, the ROTEC rings were the most deformable, but also best 
conformed to slope irregularities.  However, their conformance around numerous slope 
protrusions resulted in extreme localized tensioning in small numbers of rings with the addition 
of more panels or when seaming adjacent Maccaferri panels.  The long-term performance of 
these highly tensioned ROTEC rings should be examined.  In summary, the benefit that 
octopuses would have provided for this project is judged to be minimal.  Slopes with higher free-
hanging lengths might possibly benefit from their inclusion. 
 
For those ring nets that have a tendency to deform under their own weight, the attachment of the 
wire mesh can greatly reduce their deformation.  This is well evidenced in the comparative 
photos of the ROTEC mesh (Figs. 13 A and B).  This constraint on panel deformation, however, 
is limited to the strength of and stresses on the fasteners that secure the wire mesh to the ring 
nets.  Even using high tensile steel fasteners on close spacing, the considerable weight of the 
Maccaferri ring nets and deformability of both the Maccaferri and ROTEC ring nets, especially 
after attaching additional panels, caused many of the fasteners to fail. 
 
The contract requirement for pre-attaching the wire mesh to the ring nets was based on several 
decades of its successful practice for cable net installations.  Because cable nets have fixed cable 
junctions and a perimeter cable, the rectangular panel shape as a whole is restricted in its ability 
to deform.  Ring nets panels, however, have no perimeter rope or internal junctions of fixity, and, 
depending on their characteristics (i.e., weave, weight, deformability of each ring, etc.), the 
panels generally have greater ability to stretch and deform.  Double-twisted hexagonal mesh has 
fixed wire junctions and is quite stiff.  These differences in fabric deformability and stiffness 
were not fully appreciated in the design for this project.   
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With the wire mesh specified to be on the outside of the ring nets, the contractor had advocated 
that the ring nets and wire mesh should act as two separate systems and not be connected.  The 
contractor started by placing the 6:1 ROTEC and the 4:1 Maccaferri panels, which were the most 
prone to deformation.  After the fasteners started to fail on these ring net sections and a wire 
mesh panel detached, WSDOT agreed to drop the connection requirement.  WSDOT concurred 
that by not attaching the wire mesh, it would likely still be effective in containing smaller sized 
rockfall debris that might pass through the ring nets.  This assumption will be assessed during 
future performance reviews.  Alternative installation methods that might help control panel 
deformation include: 

- using a wider spreader bar and hanging the panels in the short (horizontal) dimension 
would result in less panel load per unit width and thus might reduce panel contraction, and  

- seaming the bottom of the lifted panels to the bottom of the panels on the slope.   
If the latter method had been used, the vertical seaming could have been done after the horizontal 
seaming as the top of the lifted panel is lowered onto the slope.  This method would lessen the 
dead load acting on the point of seaming, potentially making it easier to pull the seams together. 
 
The contract quantity shortage in ring/cable nets was due to a number of factors.  First, additional 
areas not specified in the contract (estimated to be about 22,246 ft2) were added on the south end 
and along the slope crest.  Second, most of the Maccaferri panels, and Geobrugg to a lesser 
extent, representing the 4:1 weaves, contracted when lifted and typically could not be fully 
stretched out once the ring nets were placed on the slope or after additional panels were added.  
This resulted in reduced coverage area from a number of the panels (Fig. 17).  Third, the slope 
was large and irregular, which complicated estimating the contract plan quantities.  Estimation of 
the coverage area using ground-based laser scanning and GIS was a newly employed method for 
WSDOT.  To account for uncertainties with this estimating method and variable fabric 
conformance with the slope, a 20% contingency was provided for in the plan quantities.  
Subtracting the 22,246 ft2 of additional coverage area and discounting the 20% contingency in 
planned quantities, the coverage area calculated with GIS underestimated the as-built quantities 
by about 28%.  We assume that the percent loss of coverage area due to panel contraction would 
be less for shorter slope heights, for lower deformation ring nets (i.e., 6:1 rather than 4:1 weaves, 
lighter rather than heavier panels, etc.), and by tailoring installation methods to optimize 
coverage area.  For future projects, consideration should be given to controlling panel 
deformation and loss of coverage area.  This might include specifications on method of 
placement and using lower deformation ring net panels. 
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FIGURE 17. Photograph shows Maccaferri rings adjacent to Maccaferri cable nets.  Note contraction in 
width of ring nets panels and less than optimal coverage area.   
While much of the slope was near vertical and the ring nets had little slope conformance, where 
the slope was more moderate in inclination, all of the rings nets and cable nets exhibited 
reasonably good conformance with the slope. 
 
The final cost for completing this project was approximately $3.2 million.  The additional 
$800,000 above the contract award price is attributed to acquiring about 7.5% more cable nets to 
cover the required area, the substitution of U.S. steel shackles for seam ropes, and some 
additional slope stabilization measures.  These additional costs lead to the project being 
approximately 25% over the original contract award amount of $2.39 million. 
 
While no performance data is yet available, the installation phase provided useful information 
about the comparison of ring nets to cable nets for slope protection (drapery) systems.   

- The unit bid prices for the installation of the ring nets from each of the contractors were 
competitive, but on the high end, with wire rope cable nets of comparable opening size 
(12 inches).   

- The ring net panel with the least amount of deformation (lightweight IGOR 6:1 weave) 
was reportedly comparable to the cable net panels in terms of ease and time of installation.  
With the use of heavier ring nets and those utilizing a 4:1 weave (both being factors that 
result in increased panel deformation), installation effort increased substantially over what 
would be typical for cable net installations.  The contractor provided data for the time 
required to install each of the fabrics, which is presented in Table 3.  It is important to 
note that in addition to the specific properties of the ring nets, slope height and 
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construction methods/access influence installation time.  The reported differences of the 
installation rates may be significantly less for shorter slope heights or less challenging 
slope conditions.  A qualitative assessment for evaluating panel deformation and ease of 
installation might include lifting a single panel in the long direction and noting the amount 
of contraction/deformation. 

Table 3. Fabric installation rates   

Fabric 

Square 
Feet 

Installed 

Installation 
Time 
(hrs) 

Installation 
Rate 
ft2/hr 

Cable Nets 49,248 345 143 
IGOR 6:1 Wire Ring Nets 54,896 439 125 

Geobrugg 4:1 Wire Ring Nets 52,500 540 97 
Maccaferri 4:1 Wire Ring Nets 52,461 688 76 
ROTEC 6:1 Cable Ring Nets 52,200 902 58 

- Attaching the wire mesh to the ring nets, as WSDOT currently requires for cable nets, is 
likely not problematic for the installation of low-deformation ring nets.  The necessity or 
benefit of this practice in terms of performance, however, has not yet been assessed for 
this project.  If the wire mesh is pre-attached, its stiffness has the potential of limiting the 
desirable attribute of ring net deformability (and potentially increase damage) during 
rockfall impacts (up to the yield strength of the fasteners and wire mesh).  We assume that 
because cable nets do not have the capability to deform as much as ring nets, we have not 
observed any significant problems or damage on numerous WSDOT installations where 
the wire mesh has been attached to the cable nets.  If this practice is found to be adverse or 
provides no discernable benefit, eliminating the requirement would result in substantial 
cost savings, both for ring nets and cable nets.  Because of the differences in stiffness, the 
wire mesh placed on the outside of but not attached to the ring nets (or cable nets) would 
be expected not to conform as well to the slope and underlying ring (cable) nets without 
extra effort.  This variance in slope conformance is likely to be more visible viewing from 
the side than from the front of the installation.   

- Lacking performance data, the specification and installation of low-deformation ring nets 
had no significant negative or positive attributes when compared to cable nets.  One 
concern that we will be looking for in their future performance is the permanent 
deformation of wire rings due to rockfall impacts.  A positive attribute of wire rope that is 
used for cable nets (and the ROTEC ring net) is that it does not experience significant 
permanent deformation within its yield strength.  Wire rings, on the other hand, 
permanently deform within their yield strength.  The extent to which this permanent 
deformation affects performance after repeated impacts is not known.  

 
The ring nets included in the contract were explicitly specified by WSDOT so as to compare 
different attributes that included weave (4:1 and 6:1), weight, and element type (wire or wire 
rope).  These comparisons do not fully represent the quality or range of product availability 
provided by the manufacturers, or the suitability of the evaluated products for other applications.  
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Introduction 

The Washington State Department of Transportation (WSDOT) has been using 

draped wire mesh slope protection for more than four decades to control rockfall 

originating from steep slopes adjacent to highways.  Originally, lightweight chain link 

and double-twisted wire mesh were used, which have proven performance for block sizes 

up to 2 ft.  In the late 1980s, WSDOT pioneered the use of cable nets to address larger 

block sizes that would otherwise damage lighter weight wire mesh.  Until recently, 

drapery systems lacked quantitative design methodology and design primarily relied on 

past performance and engineering judgment.  In 1999, WSDOT initiated a pooled-fund 

study to identify and quantify critical design parameters and limit states, and to develop 

design guidelines for drapery systems; two reports were completed in 2005 summarizing 

the research (Muhunthan et al., 2005a and 2005b). 

More than a decade of experience with cable nets has demonstrated their 

effectiveness for block sizes approaching 4 to 5 ft, and during this time they have 

achieved widespread use in North America.  Until recently, only one manufacturer 

(Chama Valley) produced cable nets using US steel, which is required by Buy-America 

legislation for federally funded projects.  Chama Valley provides their nets to several 

different competing suppliers.  Another manufacturer (Maccaferri) is now producing 

cable nets made with US steel, but this new product has not yet been offered for a 

WSDOT project.  Within the last five years, another manufacturer (Geobrugg) has 

marketed a chain link fabric using high tensile steel wire (TECCO®), which is reported to 

be suitable for larger block sizes.  For a variety of design and contractual reasons, 

WSDOT has not yet used TECCO® for a drapery system.  To date, this situation has 

resulted in little to no competition for supplying more robust fabrics needed for rockfalls 

involving large block sizes.   

Recent interest has arisen in the use of ring nets as an alternative to cable nets for 

use in drapery systems.  Test data shows that ring nets are two to four times stronger than 

standard cable nets.  This fact has resulted in a number of manufacturers providing ring 

nets rather than cable nets for moderate to high capacity rockfall protection fences.   It 

also appears that ring nets may be less costly than cable nets.  Lastly, corrosion protection 

for ring nets is likely superior to that of cable nets.  Unfortunately, only one manufacturer 

(Geobrugg) produces ring nets using US steel; however, numerous companies are 
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producing ring nets using foreign-made steel.  It is also our understanding that ring nets 

have not yet been used for a permanent drapery system for a North American highway 

project.  We propose to use ring nets for a large drapery installation on a 300-ft-high, 

steep rock slope on SR 28 east of Wenatchee (Fig. 1). 

 

North South

overhang 

intermediate bench 

Figure 1. Project proposes draping this 300-ft-high basalt slope with ring nets. 

Plan of Study 

The rock slope is comprised of basalt with typical block sizes ranging from 3 to 6 

feet.  The slope has an irregular configuration with near-vertical upper and lower 

sections, a large overhang, and moderately sloping intermediate bench located in the 

lower half of the slope.  We are proposing to use the ring nets for both a standard and 

modified application.  The standard application entails securing the system along the 

slope crest and allowing rockfall debris originating beneath the mesh to be channeled 

sub-vertically down to the ditch.  A modified application raises the top of the installation 

10 to 20 ft off of the ground allowing rockfall originating upslope of the system to impact 
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sub-horizontally and then be channeled down to the ditch.  By using the ring nets for both 

standard and modified applications, we can evaluate their performance for both sub-

vertical and sub-horizontal impacts. 

Layout 

 The slope area is approximately 300 feet in height and 700 feet in width.  The 

entire upper portion would have a standard installation secured by a top horizontal rope 

and anchors located above the slope crest.  On the north and south ends, the ring nets 

would extend to the base of the rock slope.  The center portion would cover the overhang 

and extend approximately 20 feet onto the intermediate bench.  The approximate 

coverage area for the standard application is approximately 150,000 square feet.  A 

modified section would be constructed along the lower edge of the intermediate bench 

and extend to the base of the rock slope.  The approximate coverage area for the modified 

section is approximately 50,000 square feet. 

 

North South

Figure 2. The green-shaded slope area depicts the ring net coverage, and the pink-shaded slope area 
would be the control sections of cable net coverage.  The fabric coverage areas that extend to the 
slope crest would be a standard application secured by a top horizontal rope and series of anchors 
located above the slope crest.  The diagonal-lined portion represents the modified installation that 
would be exposed to sub-horizontal impacts from rocks exiting the upper standard drapery. 
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We propose incorporating ring nets from numerous companies that utilize either 

US or foreign-made steel for both the standard drapery and modified sections.  Products 

from different ring net manufacturers could be evaluated.  Specifications and acceptance 

criteria have yet to be finalized.  

Control Section 

 We would propose to include two 100-ft-wide sections of cable nets within the 

installation as a control fabric.  One section would be for a standard section and one 

within the modified section. 

Testing Plan 
 The occurrence of rockfalls and the performance of the installation will be 

visually monitored on a regular basis by North Central Region Maintenance and 

Materials Lab personnel.  Significant rockfall events will be photo documented.  On at 

least an annual basis, the installation will be visually inspected from the highway level by 

staff from the WSDOT Geotechnical Division to assess rockfall frequency and system 

performance. 

Reporting   
 An “End of Construction” report will be written following completion of the test 

sections.  This report will include construction details, discussion of the installation 

process, and installation costs.  Annual summary reports will also be issued over the next 

five years.  At the end of the period, a final report will be written which summarizes 

performance characteristics and future recommendations for use of ring nets for both 

standard and modified drapery systems. 

Staffing 

The North Central Region project office will coordinate and manage all 

construction aspects.  Representatives from WSDOT Geotechnical Division will also be 

involved with documenting the construction and performance. 

Contacts and Report Authors 
Tom Badger Steve Lowell Marc Fish  
Asst. Chief Engineering Geologist Chief Engineering Geologist Geologist 
Geotechnical Division Geotechnical Division Geotechnical Division 
(360) 709-5461 (360) 709-5460 (360) 709-5458 
badgert@wsdot.wa.gov  lowells@wsdot.wa.gov  fishm@wsdot.wa.gov 
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Cost Estimate 

Construction Costs 
We do not have documented cost information for the use of ring nets, but we do 

for cable nets.  We expect that construction costs will be in the range of cable nets.  Since 

the ring nets, from several different suppliers, will be installed on a Federal-aid contract, 

a waiver of the Buy America provisions will be required.  Contractors who have handled 

the ring nets do not report added installation difficulties that would result in higher 

construction costs.  Documentation costs for the initial report will be charged to the 

contract work order. 

Evaluation Costs 
Condition surveys will be conducted as part of routine maintenance activities; 

thus, no additional costs are anticipated to regularly inspect for installation performance 

following rockfall events.   Annual inspection by Geotechnical Division staff can be 

made during other routine visits to the Region; no additional cost is anticipated for these 

evaluations. 

Report Writing Costs 
The initial report will be performed and charged to the construction contract.  

Subsequent reports will be covered by the Materials Lab. 

Initial Report:  20 hours @ $100/hr = $2,000 

Annual Report: 5 hours (1 hour each) @ $100/hr = $500 

Final Report: 10 hours @ $100/hr = $1,000 

Total Cost = $3,500 

Schedule 
 The construction is scheduled for the summer of 2008.  An initial construction 

report would be completed in the Fall 2008 with annual reports to follow in consecutive 

years. A  final report would be provided in Fall 2013 summarizing five years of 

performance. 
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