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ABSTRACT

Several manufacturers have developed rock-fall barrier fences that are commonly used today. A problem in the U.S. is that no testing standard exists for comparing barrier designs and assuring that claimed capacities are valid.  A study was conducted to develop a U.S. guideline for testing fence types of rock-fall barriers. The work included a review of rock-fall barrier testing guidelines developed by state and federal agencies worldwide. 

Barriers have been developed primarily through 1:1 scale field tests.  World wide at least four different types of tests to prove barrier designs have been developed.  All of these tests deliver energy into a barrier by propelling a rock (or artificial rock) into it.  Unfortunately, the different methods of delivery of energy have resulted in different measurements, different properties of the barriers being measured, and different ways of determining capacity.  Switzerland has recently developed a national testing standard to certify any cable-type of barrier that will be used on public projects.  A committee of the European Union is presently developing a procedure.  A U.S. standard testing procedure has been recommended that is based on the combination of U.S. and European experience.

SUMMARY

The purpose of this research project was to develop a U.S. guideline for use by transportation agencies that will set a standard of testing for net fence types of rock-fall barriers.  The objective of the standard of testing is to allow direct comparison of barrier-net designs with respect to capacity and maintenance.  The scope of the research required compilation of a list of authors (worldwide) that have developed rock-fall barrier testing standards and collection of existing standards.  The standards were discussed with U.S. researchers and practicing geologists and engineers.  A review of relevant practice, performance criteria, evaluation guidelines, testing procedures, and other information related to rock-fall barriers was conducted.  Based on these findings, testing procedures were formulated.

The research concluded the following.  Numerical models adequate to fully verify rock-fall barrier systems have not been developed or proven; therefore, full-scale testing is necessary.  Rock-fall barrier-net tests conducted by rolling rocks down steep slopes have the advantage of modeling "real" conditions; however, the tests are not easily repeatable because of lack of control of impact location, angle of impact, and variations in velocities at impact. The ground may absorb some of the energy from impact so that the contribution from the barrier net is uncertain.  Inclined rope-way-delivery systems for rock-fall barrier-net testing allow reasonably close control on velocities, impact angles and impact location.  However, the testing system must be designed to easily change the location of impact.  The ground may absorb some of the energy from impact, so that the contribution from the barrier net is uncertain.  The vertical drop system allows accurate and consistent location and angle of impact and precise calculation of velocities and energies at impact.  The barrier must absorb all energy from impact.  The only "officially" recognized test and certification process for rock-fall barrier-nets was developed by the Swiss.  A European Union certification process is in development, but is incomplete to date.  It includes many of the Swiss' ideas.  The Swiss testing procedure can be adapted to several rock delivery systems and can be conducted using portable equipment.  A suggested rock-fall barrier-net testing procedure was developed using the Swiss system as a model.  It is recommended that full-scale tests be conducted using the new procedure to assure it is workable and accomplishes its purpose. 

CHAPTER 1

INTRODUCTION AND RESEARCH APPROACH

INTRODUCTION

Rock fall is a common geologic hazard along transportation routes.  Although some transportation departments in the United States (U.S.) attempted to mitigate rock-fall problems as early as the 1960s, it was only in the 1980s that it became common for engineering geologists and geotechnical engineers to attempt to characterize, analyze, and mitigate the hazard.  Interstate and highway construction and maintenance through mountain terrain led the state-of-practice for rock-fall mitigation.  From the middle 1980s to the present, rock-fall barrier design has matured from a purely experimental approach to an engineering design approach.  Several manufacturers around the world produce rock-fall barrier fences that are commonly used by departments of transportation (DOT) in the U.S.  Early designs were very low in capacity; however, presently some barriers are designed to handle loads ten times greater than 15 years ago.

Barriers have been developed primarily through 1:1 scale field tests.  Various researchers and government agencies around the world have developed at least four different types of tests, with several variations of each, to prove barrier designs.  All of the tests deliver energy into a barrier by propelling a rock (or artificial rock) into a barrier by some means.  The different test methods have resulted in different measurements, different properties of the barriers being measured, and different ways of determining capacity.  The result is that a designer or owner often cannot directly compare products or assure manufacturer's claims of capacities are valid.

In the United States (U.S.), several state DOTs have prepared  guidelines for accepting or selecting rock-fall barrier designs, although there is no standard.  In Europe, several countries have experimented with barrier testing and have developed or are developing standards.  The first and only certification procedure in effect at the time of this report was developed for Switzerland.  A working group for the European Union (E.U.) is working on a certification procedure that is expected to be in effect within a few years.

In the U.S. a testing procedure is required that will enable transportation agencies to compare and select the most appropriate barrier design for protection of the traveling public and transportation structures. 

PURPOSE AND SCOPE

The ultimate purpose of this research project is to develop a U.S. guideline for use by transportation agencies that will set a standard of testing for net fence types of rock-fall barriers.  This standard will allow direct comparison of barrier-net designs with respect to capacity and maintenance.  

The project is divided into four tasks.  This report summarizes the findings from all four tasks, which includes:

Task 1.  Construct a list of authors (worldwide) that have developed rock-fall barrier testing standards and obtain copies of the standards.  Discuss standards with U.S. authors and practicing geologists/engineers. Participate in the special meeting on rock-fall barrier testing at the 2002 Highway Geology Symposium and other meetings pertinent to the research. 

Task 2.  Review relevant practice, performance criteria, evaluation guidelines, testing procedures, and other information related to rock-fall barriers. 

Task 3.  Develop performance criteria and recommended performance evaluation procedures. 

Task 4.  Submit a final report documenting the entire research effort.  The report shall include the performance criteria and evaluation procedures as a stand-alone appendix.

METHODS

Tasks 1 and 2 were accomplished primarily by: 1) meeting with rock-fall professionals to discuss the project and obtain obscure rock-fall barrier research reports, 2) attendance of professional meetings that had an emphasis on rock-fall barrier research, and 3) literature review.  Most of the rock-fall literature consists of unpublished research reports and agency documents, so they are not easily found through normal search routes.  Therefore, eetings with key professionals were important in order to find the literature.  Two professional meetings were very important in providing the opportunity to meet with rock-fall professionals from all over the world.

At the beginning of the project, a trip was made to the California Department of Transportation's (CALTRANS) San Luis Obispo geotechnical office.  Two days of meetings were held with John Duffy and the geotechnical staff at CALTRANS.  Mr. Duffy has conducted considerable research on rock-fall barriers and is the chairman of the oversight committee for this project.  The purpose of the meeting with Mr. Duffy was to discuss the project objectives and collect hard-to-find rock-fall literature from his files.

The author attended the Highway Geology Symposium in San Luis Obispo in August 2002.  The meeting included a number of papers on rock-fall mitigation and several from international authors on the subject of barrier certification.  Two members of the European Union's working group on barrier certification presented papers on the subject.  Mr. Duffy organized a dinner meeting during the conference to allow the author to meet the international and U.S. rock-fall professionals (researchers, engineering and geologic consultants, barrier manufacturers, and contractors) and discuss the project.  The meeting proved to be key to starting the research effort.  The presentations by and discussions with representatives of the E.U. working party were important background for the discussions of certification methods later in this report.  Countries represented at the dinner meeting and HGS symposium included: Canada, France, Germany, Japan,  Switzerland and the U.S.  Participants from the U.S. represented practicing professionals from industry and DOTs in California, Colorado, Oregon, Washington, and New York.

In November 2002, the author attended the International Conference on Numerical Modeling of Rock-Fall Barriers in Wallenstadt, Switzerland with a small delegation of U.S. barrier manufactures, DOT personnel, and contractors.  This meeting was an opportunity to hear papers on the status of numerical modeling of rock-fall barriers, discuss the project with international rock-fall professionals, and visit the Swiss test site that is used for their barrier certification program.  The U.S. group met with representatives from the Swiss Agency for the Environment, Forests and Landscape (SAEFL), who were responsible for development of the certification guidelines.  The meeting proved very informative with respect to selecting a direction for U.S. testing for certification.

The literature review focused on advantages and disadvantages of rock-fall barrier testing methods that have been used in the U.S. and several other countries such as Switzerland, Italy, Japan, and France.  Guidelines and or standards used by some U.S. DOTs were reviewed and the Swiss guideline and work of the E.U. working party were reviewed.

The preliminary results of this review and synthesis of information was presented to the Subcommittee on Rock Fall and the full Engineering Geology Committee (A2L05) at the annual Transportation Research Board meeting in January 2003.  Most of the oversight committee members were present at the meeting.  The presentation outlined general recommendations for a U.S. testing procedure.  A lively discussion was held and the committee provided input and guidance to the author. 


CHAPTER 2

FINDINGS

REVIEW OF ROCK-FALL TESTING

The following is an overview of full-scale rock-fall testing related to barrier design in the U.S. and Europe.  The knowledge gained in these years of testing naturally leads to the final selection of appropriate testing methods for barrier certification.

U.S. Testing

Washington

In the U.S. the beginning of full-scale rock-fall testing is usually attributed to Arthur Ritchie, Chief Geologist for the Washington State Department of Highways.  Ritchie in 1961-62 conducted a research project HPS 1-(22) under the joint sponsorship of the Washington State Highway Commission and the Department of Commerce (Bureau of Public Roads).  The research included rock-fall observations on slopes of varying angles and heights.  He included observations of portable ditch sections and experimentation with rock fences.  The experiments were recorded on 16mm cameras which were used for analysis of rock-fall behavior (Lowell, 1).

Ritchie (2) concluded, in part, that: 1) rock fall travels down a slope by either falling, bouncing, or rolling and the trajectory will be dependent on various factors, particularly the angle of the slope.  2) The angular momentum plays an important role in the trajectory once the rock fall impacts another object.  3) Rock-fall behavior lies within certain limits, which can serve as the basis for design of mitigation (Lowell, 1).  This research formed the basis for rock-fall ditch design tables that are still useful in selecting ditch width and depth for the mitigation of rock fall. 

California

In late 1989 and 1990, the California Department of Transportation (CALTRANS) conducted full-scale field tests to evaluate rock-fall barrier nets that were engineered to absorb impact energies of up to 190 kJ (70 ft-tons) (Smith and Duffy, 3 Duffy, 4).  The nets were manufactured by Brugg Cable Products (Switzerland) and Industrial Enterprise (France).  The test site was a natural slope of 34 degrees, 40 m (130 ft) high, and 76 m  (250 ft) of slope length.  Natural rocks weighing from 136 to 5,897 kg (300 to 13,000 lbs) were rolled down the slope into the barriers.  All tests were recorded on video and slow motion cameras, for later analysis.  In excess of 80 tests were conducted.  The total kinetic energy was calculated by adding translational and rotational kinetic energy:

Total Kinetic Energy = ½ Mass*Velocity + ½ Inertia*Angular Velocity
As a result of the field tests, modifications in net design were made that reduced net maintenance.  The tests demonstrated that the barrier nets stopped rocks delivering impact energies of 1.5 to 2.5 times the design load with acceptable levels of maintenance.  Full-scale field tests verified manufacturer's claims of capacity and aided CALTRANS in improving the maintenance requirements of the nets.

The University of the Pacific and CALTRANS (Kane and Duffy, 5) conducted field tests on low energy wire rope rock nets manufactured by Brugg.  The barrier system was tested to verify if the design was adequate to stop 68 kJ (25 ft-tons) of impact energy with minimum maintenance.  

The infrastructure consisted of a perimeter rope, connections between net panels and the perimeter rope and lateral anchor rope.  The lateral anchor ropes attached to wire rope rings embedded in concrete, and friction brakes were used. The posts were steel I-beams imbedded into the ground. Two types of foundations were used: post foundations or lateral anchor rope foundations. Post foundations are easily replaced and may be imbedded or bolted into the foundation.  Lateral anchor rope foundations are generally deeper and can resists lateral and uplift forces.  Foundation depths were 1.5 to 2 m (5 to 6.5 ft). 

The test method consisted of rolling over 20 rocks down a natural slope into the barrier nets.  The slope was 20 m (66 ft) high, 34 m (110 ft) long, and an angle of 37 degrees. The shapes and weight of each rock was recorded prior to the test.  Video cameras were used to record each test.  The density of the rocks was assumed (29 kN/cu m or 185 lb/cu ft) in order to calculate the velocity of the rock on impact with the barrier.  Subsequently, calculations were made to determine the kinetic energy for each rock rolled. Energies were determined by:



K.E. =½mv2
Where: K.E. = kinetic energy on impact



     m = rock mass



     v = rock velocity prior to striking net

Small rocks (low energy) were rolled first and accumulated in the net as larger rocks were rolled.  Testing showed that the energies absorbed by the barrier exceeded the design goal of 68 kJ (25 ft-tons).  The maximum energy that the net absorbed was 90 kJ (33 ft-tons).  Rocks with energies as high as 190 kJ (70 ft-lbs) impacted the net and passed through it, but were stopped just behind the net.  Net deflections varied with energy levels.  For example, energies less than 68 kJ (25 ft-tons) had deflections of approximately 0.67 m (2 ft), while greater higher energies caused deflections of 1 to 1.3 m (3 to 4 ft). 

The authors observed that direct hits by a rock on posts cause increased maintenance problems.  Drilling foundations and anchor holes into rocky, colluvial materials was the biggest problem for rock net installation.  Based on experiences from the testing, the authors recommended the following: 

1. Foundation design, especially depth, is very important.  

2. There should be guidelines based on soil/rock material properties for installation of nets in areas where foundations are not necessary.  

3. It would be useful to measure dynamic loading on the barrier during testing.  

4. A more comprehensive analysis of forces on the barrier would be appropriate.

Other CALTRANS rock-fall testing using similar methods are discussed in Duffy (6), Duffy and Hoon (7), and Serafini and others (8).  Also, Duffy (6) discussed observations of net performance from actual hillslope failures.

Colorado

The Colorado Department of Transportation began testing a variety of rock-fall barrier systems in 1988.  Most of the tests were conducted on a 91 m (300 ft) high hillside near Rifle, Colorado.  The first tests were to evaluate rock-fall attenuators and to calibrate the Colorado Rock-Fall Simulation Program (Pfeiffer, 9; Pfeiffer and Higgins, 10; Andrew, 11). Testing methods were similar to CALTRANS' procedures described above.  Rocks were pushed over a slope with a loader at the same location each time.  Rock density was estimated, rock size measured and mass was calculated.  Distances were marked on the slope so that video of the rolling and bounding rock  could be used to estimate velocities at impact.  Kinetic energy at impact was calculated from these values.  A variety of rock-fall barrier systems were tested in a similar manner including rock-fall attenuators, flex-post fences, and mechanically stabilized earth barriers. 

Parsons DeLeuw, Inc. (12) conducted full-scale tests of mechanically stabilized earth rock-fall barriers at the Rifle test site.  The report has been used by CDOT as a design guideline for this type of barrier.  Testing procedures were similar to earlier CDOT tests.  A total of 18 rocks were rolled into the barrier.  Each rock was measured and numbered.  Rocks varied in diameter between  0.5 to 1.8 m (1.7 to 5.8 ft) , average diameters were determined and with mass was computed ranging between  269 to 8,325 kg (592 to 18,354 lbs).  The different sizes of rocks were selected to provide different levels of rock energy at the point of impact with the barrier.  The rocks were released at the same point at the top of the slope.  Small rocks were rolled first and large rocks were last to gradually increase the energy of impacts to the wall.  Following each test (rock roll), the rock was removed to clear the test area.  Damage to the test wall was not repaired during the tests; however, permanent wall deformations were measured on the front and rear faces of the wall and maximum deformations were measured on the back face after each impact.

Oregon
Pierson and others (13) conducted rock-fall tests for the Oregon Department of Transportation to determine fallout area design criteria for 0.25H:1V slopes.  Rocks were rolled down a test slope.  The research resulted in design recommendations for ditch width requirements based on percent retention of rocks by the ditch.  Slope height and ditch configurations were considered.  No barriers were tested.

Pierson and others (14) produced a design guide for rock-fall catchment area based on rock rolling experiments.  Over 11,000 rocks were rolled over vertical, 0.25H:1V, 0.5H:1V, 0.75H:1V, and 1.0H:1.0V slopes of three different heights into three differently inclined catchment areas.  No rock-fall barriers were tested.

Testing in Other Countries

Italy 

Peila and others (15) reported on a study conducted by Italian researchers, which describes the testing method preferred in that country.  Six different barriers were tested using a modified test procedure originally developed by Ballester and others (16).  The test setup consisted of a cable aligned from top to bottom of the slope, perpendicular to the barrier.  The cable was hung over the barrier and a trolley was attached to the cable 

(Figure 1).  The test procedure consisted of attaching a rock to the trolley, and as the rock slides down the cable, it is detached and allowed to fall and impact the barrier directly without bouncing on the ground.   This procedure allows for the repetition of tests under the same conditions, but the investigator would be able to change one parameter at a time to compare the affects of different parameters. Direct impact permits an analysis of the global behavior of the barrier and the velocity of the rock and the resulting displacement of the barrier net.  Video cameras were used to monitor and record each test.  The stresses or forces on the cables and posts were measured by dynamometers on the cables.  

Three of the six barriers tested had the same geometry, net type and energy dissipaters, but different diameter cable and post height.  The tests were conducted at a limestone quarry.  Different rocks were obtained from the quarry and were generally prismatic in shape.  Peila's description of the main results of the tests illustrate the usefulness of the testing method.  Among others, the following conclusions were made:

1. All the barriers withstood impacts from the tests equal to the design energy and stopped the blocks.  However, different global behavior was observed at the design energy. 

2. Many energy dissipaters did not show marks of movement or stress as was anticipated by previous static testing. This indicates that the inertia of the structure components and the loading speed influence the deformation of the various structure elements.  Therefore, the static tests can give results that are not directly applicable without taking into account appropriate safety factors.  

3. Rope junctions are a point of weakness. 

4. The foundations, both of the posts and braces showed, in several instances, large deformations or complete failure. 
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Figure 1.  Schematic of the Italian test site setup (Peila and others, 15)

Japan

Muraishi and Sano (17) described the testing procedure used by Japan's Railway Technical Research Institute to verify rock-fall barrier designs.  Certification of a net 

fence type of barrier is determined on the basis of both laboratory-scale static strength tests of individual fence elements (wire rope anchors, brakes, etc.) and full-scale field 

testing.  The full-scale test is conducted by dropping a "rock weight" from a crane into a test barrier constructed on a steep slope (Figure 2).  The barrier is installed at 35 degrees above horizontal so that impact of the rock with the fence is a fixed angle of 55 degrees. 

The test consists of four parts: basic impact test, accumulated-impact test, maximum load impact test, and special test.  The basic impact test is used to evaluate damage to the barrier at loads less than the design load.  The accumulated impact test evaluates performance of the barrier with accumulation of rocks.  The maximum load test is at the design load.  The special test includes rock fall onto retaining wire ropes and posts, generally the weakest parts of a barrier.  Each test is recorded on high-speed video cameras for detailed analysis of behavior.  

The authors concluded that the vertical drop test is desirable because location, angle and energy of impact can be reproduced in multiple tests.  Also, the accuracy of each test reduces the number of impacts required for testing relative to rock rolling tests on a hill slope.
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Figure 2. Vertical drop test set up used in Japan (Muraishi and Sano, 17).

Switzerland

Baumann (18) summarized full-scale rock-fall barrier testing in Switzerland.  Over 350 field tests have been conducted in the country since 1988, and testing methods and barrier designs have evolved considerably.  One of the early set of tests (Duffy, 19) were conducted for Brugg Cable products at a site in Oberbuchsiten, Switzerland.  The test method was similar to previous CALTRANS tests i.e., rocks rolled down a slope to impact barriers.  The slope was a hard-rock slope that allowed energies at impact to be greater than previous tests by CALTRANS and others.  Six rock-fall barriers were tested using over 100 rock rolls. Impact energies ranged between 14 kJ (5 ft-tons) to 1,000 kJ (369 ft-tons).  All designs were tested to failure.

Baumann (18) suggested that collaboration between rock-fall scientists and four manufacturers of net barriers resulted in the design of many new and improved products.  

Barrier net capacities for absorbing energy increased from about 250 kJ  (92 ft-lb) to around 3,000 kJ (1102 ft-lb) between 1988 and 2001 (Table 1).  This improvement in


Table 1. Maximum kinetic energies tested for net-fence types of rock-fall barriers in Switzerland, 1987 to 2001 (after Baumann, 18).

	Year
	1987
	1990
	1992
	1995
	1997
	2001

	Rock mass (kg)
	3,000
	1,600
	2,870
	4,000
	5,600
	9,600

	Max. Vel. (m/s)
	12
	22
	26
	27
	26.5
	25

	Kinetic Energy (kJ)
	220
	390
	970
	1,460
	1,970
	3,000


design was based primarily on realistic field tests where nets were impacted by moving rocks.  Field test methods improved also as shortcomings in testing methods became obvious with experience.

In Switzerland, four different testing methods have been used since 1988.  The first three are illustrated in Figure 3.  The first method consisted of rolling rocks down a hard-rock slope.  It became obvious from evaluating rock velocities during tests that considerable energy was lost from the rocks contacting the ground.  Some rocks even stopped before they reached the barrier.  The velocities achieved ranged considerably, between 6 and 24 m/s.  Also, the rocks impacted the nets at different locations and angles.  Neither the velocity, location of contact or the angle of impact could be determined in advance of the test; therefore, individual tests were difficult to reproduce. 

A second test method was developed to reduce the uncertainties of the first.  This test set up was located near Beckenried, Switzerland.  The method used an inclined rope way attached to a crane.  The crane was used for transporting rocks up slope and down slope into the net (Figure 3).  The rocks were hung from the rope, transported toward the net and released from the rope in front of the net.  The rock was allowed to strike the ground and roll into the net.  The impact modeled translational and rotational velocities (energies).  The major goal of the testing method was to increase rock velocities at impact.  However, the velocities achieved ranged from 10 to 22 m/s (32 to 72 ft/s).  The height and angle of impact was not consistent and could not be determined in advance.  One improvement was realized as rocks always hit the middle (laterally) of the barrier net.

In 1991 a third test method was designed.  It consisted of an inclined rope way that launched the rocks directly into the net (Figure 3).  The method was used at several 

sites.  It was found that rocks could be held to a relatively narrow range of velocities (25 to 27 m/s (82 to 89 ft/s) at the Beckenried site and 29 to 31 m/s (95 to 102 ft/s) at the Giswil site).  The predictable velocity range allowed calculation of rock energy at impact prior to the test.  Problems encountered with this testing method included: 

1. Sometimes there were problems releasing rocks from the rope at the right time to impact the net at the desired location. 

2. There was some difficulty and danger in handling large rocks for the high energy impacts. 

3. It was difficult to change the cable set up to impact the net at additional locations. 

4. Every newly tested net required the equipment to be adjusted.

5. The accuracy of impact was not totally satisfactory with respect to repeatablility.

Baumann reported that in 1997 and 1998 surveys of rock-fall practitioners indicated a need for objective, standardized tests of rock-fall nets to allow comparison of products and provide relevant information on capacity, maintenance, etc.  The Swiss Agency for Environment, Forests and Landscape (SAEFL) began development of a certification procedure for rock-fall barrier nets.  A forth testing method was designed to overcome deficiencies in the earlier methods.  Numerous tests proved the new method as 

a basis for the certification process.  Details of the certification test will be described later and only a brief description of the testing will be included here.
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Figure 3. Schematics of three rock-fall testing methods used in Switzerland (Baumann, 18).

A permanent testing facility was constructed in an old quarry near Walenstadt, Switzerland.  The test consists of dropping concrete rocks of a specified dimension and density from a crane into rock-fall barrier nets installed on a vertical rock face (Figure 4).

This configuration allows relatively easy control of impact velocity, energy, location of impact, and easy adjustments of those parameters.  The angle of impact is constant and 

the ground does not contribute to energy dissipation. The tests are video taped and multiple measurements of loading and deformations are made.

BARRIER TESTING GUIDELINES AND CERTIFICATION

Since the late 1980s barrier net designs have changed rapidly, and as discussed above, the testing methods to evaluate the designs have evolved, but there has been no standard for testing.  This has been of concern to DOTs and design professionals, because products from different manufacturers have not been tested by the same methods and are therefore difficult to compare.  As a result there has been a worldwide call for standardization of testing to evaluate barrier net designs.  In the absence of a national testing standard, some DOTs developed performance criteria, or similar, to evaluate various designs. Switzerland has developed a national certification procedure, effective in 2001.  An Italian guideline exists, as well, but it does not appear to be an official government requirement.  The European Union (E.U.) has formed a working group to prepare a certification standard for the E.U.  Copies of these documents are included in Appendix A.  The European certification tests and some examples of DOT performance criteria or guidelines will be discussed below.
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Figure 4. Rock-fall test set up at Walenstadt, Switzerland (Baumann, 18).

State DOT Guidelines/Performance Standards

California

CALTRANS was probably the first DOT to adopt guidelines for rock-fall barrier testing.  Some other DOTs have used these guidelines as is or in a modified form.  The guidelines are for use by CALTRANS personnel to evaluate barrier designs that have been provided by the manufacturer.  The testing procedure is based on the experience gained from the many full-scale rock-rolling experiments CALTRANS conducted.  The test consists of rolling 20 rocks down a slope into the barrier, starting with low impact energies and increasing to the design load.  Rocks are allowed to accumulate during the test so that cumulative effects of barrier performance can be observed.  The barrier performance is evaluated based on the relationships between impact loading, maintenance and efficiency as illustrated in Figure 5.  Impact loading is the amount of energy impacting the barrier.  Satisfactory performance within the limits of the design load requires the net to stop repeatable rock fall without immediate maintenance required.  Efficiency is the ability of the barrier to stop impacts outside the center portion of a barrier net.  A performance rating for the design is based on Figure 5.
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Figure 5.  CALTRANS’ characterization of rock-fall barrier-net behavior when design load is exceeded ( After Duffy, 20, 21).

Washington

WSDOT developed a process for approval of new products for rock-fall barrier-net projects.  It requires a questionnaire to be completed by the subject matter expert(s) (Appendix A).  The subject matter expert(s) make their recommendations (approval or rejection or modification) to the New Products Committee.  The committee corresponds with the supplier with the findings and, if necessary, may request additional information or test data.  The WSDOT criteria for rock-fall barriers include:

1. The system should be capable of withstanding repeated impacts of the rated capacity with little or no maintenance.

2. The system can easily be maintained including the replacement of damaged components and clean out of retained rock-fall debris.

3. The system has a reasonable service life, at least 20 years.

Although specific tests are not specified, it is up to the manufacturer to provide test results that show the products meet the above criteria.  Therefore, tests used by various manufacturers are likely to be different and difficult to compare directly.

Oregon

The Oregon Department of Transportation (ODOT) establishes specifications for each rock-fall barrier project.  As a part of the specifications, there is a clause that requires a "certificate of compliance" from the manufacturer that states the following:

1. The rock-fall protection barrier system is capable of absorbing the kinetic energies as specified with little or no maintenance required.

2. The system has been thoroughly tested and has demonstrated satisfactory performance in a similar application and capacity.

At present, the only official "certificate of compliance" is from the Swiss testing and certification procedure.  Demonstration of satisfactory performance appears to rely on a record of successful use over time, which is difficult to document for new products.

European Guidelines

Switzerland

The Swiss Agency for the Environment, Forest, and Landscape (SAEFL) and Swiss Federal Institute for Forest, Snow and Landscape Research (WSL) have developed and presently administer a certification program for testing rock-fall barriers systems. The program was established because individuals responsible for safety and consumers of rock-fall barrier systems needed a mechanism to evaluate the quality of new and changing products on the market.  The test is administered by a government agency to provide standardization and independent evaluation of test results (Baumman, 18).

The certification process defines approval procedures, compares different protective nets with energy categories, improves the effectiveness of protective nets and provides a useful aid to practitioners in charge of the project work, construction, and maintenance of the protective devices (Gerber, 22).  The process includes both administrative and testing procedures.  Only the testing procedures will be discussed in this paper.  A copy of the guideline can be obtained from www.buwalshop.ch. 

The official test facility is located near Walenstadt, Switzerland in an old quarry.  The full-scale test was described previously.  It consists of a vertical drop of concrete "rocks" into the center panel of a three-panel barrier net installed on a vertical rock face.  

The core of the certification process is a testing procedure that focuses on several important criteria for rock-fall barrier systems. These criteria include:

1. Design energy (main criterion)

2. Maximum displacement of the net after impact with full and half loading

3. Effective height of the net after impact

4. Reserves of the system

5. Impermeability to small rocks

6. Anchor and rope forces

7. Effective height before and after loading

8. Simplicity of the installation

9. Maintenance requirements and ease of repair

10. Ease of construction on rough terrain

11. Lifespan 

The test procedure was designed to be relatively simple, requiring a minimum of measurements. Many of these criteria are measurable, while many others are qualitative (observational).

The following discussion is based on Baumann's (18) summary of the testing procedure and Gerber's (22) guideline.  It was decided that for this testing procedure the barrier net should be able to absorb the full kinetic energy of rock without contact with the ground to absorb part of the energy.  Also, it should not exceed a maximum deformation after impact and should retain a useful height.  

The barrier nets are divided into nine energy categories from 100 to 5,000 kJ  (37 to 1,838 ft-lb) (Table 2), and the test is divided into four parts, A to D.  Tests A, B, and C are based on measurements taken during or after rock impacts on the barrier.  Test D is a qualitative assessment of the structure and an overall evaluation of tests A to C.  Concrete blocks are used for the test to control size and density.  They are dropped vertically and must be decelerated and stopped by the structure.  The velocity used is 25 m/s (82 ft/s), and the mass of the blocks depends on the energy category for the test.

Table 2.  Parameters for tests B and C from the SAEFL certification guidelines (after Gerber, 22).  

	
	
	Test B
	(50%)
	
	
	Test C
	(100%)
	
	

	Energy cat.
	Post

Lgth

(m)
	Energy

(kJ)
	Mass of

test body

(kg)
	Edge

Lgths

(m)
	Energy

(kJ)
	Mass of

Test body

(kg)
	Edge

Lgths

(m)
	Max.

braking

distance bs

(m)
	Min.

Height

of net hn

(m)

	1
	1.5
	50
	160
	0.41
	100
	320
	0.52
	4.0
	0.90

	2
	2.0
	125
	400
	0.56
	250
	800
	0.70
	5.0
	1.20

	3
	3.0
	250
	800
	0.70
	500
	1,600
	0.88
	6.0
	1.80

	4
	3.0
	375
	1,200
	0.80
	750
	2,400
	1.01
	7.0
	1.80

	5
	4.0
	500
	1,600
	0.88
	1,000
	3,200
	1.11
	8.0
	2.40

	6
	4.0
	750
	2,400
	1.01
	1,500
	4,800
	1.27
	9.0
	2.4

	7
	5.0
	1,000
	3,200
	1.11
	2,000
	6,400
	1.40
	10.0
	3.00

	8
	6.0
	1,500
	4,800
	1.27
	3,000
	9,600
	1.60
	12.0
	3.60

	9
	7.0
	2,500
	8,000
	1.51
	5,000
	16,000
	1.90
	15.0
	4.20


Test A is a preliminary test with low energies in a boundary section of the barrier net.  This test is used to evaluate the laid-on mesh and to load individual ropes or rings in the net with several small rocks.  Three drops are made using bundles of rocks of specified size.  All of these rocks must be stopped by the barrier.  Deformations of the individual ropes and mesh are permitted and recorded, but no repair work is allowed.

Test B is a preliminary test using 50 percent energy applied to the middle section of the barrier.  The test is intended to evaluate the repair effort required and the ease of 

maintenance of the barrier net.  The test block is dropped into the middle section of the barrier net at a velocity of 25 m/s (82 ft/s).  The following data is gathered from the test:

1. Deformation of the upper and lower bearing ropes

2. Position of the block in the net

3. Deformation of the net

4. Changes in the positions of the posts

5. Deformations of the individual brake elements

6. Damage to and deformations of other structural elements

7. Time and material use for repairs for full restoration of the structure

Test C is the main test at 100 percent energy (design capacity).  The full kinetic energy is to be absorbed by the structure and the bearing capacity and deformability are evaluated.  The block is dropped with a velocity of 24 m/s (79 ft/s) into the repaired middle section of the barrier.  The data recorded after the test is identical to items 1 to 6 for Test B.  The residual useful height of the structure can be calculated from the deformations of bearing ropes and the barrier net.  This must be less than the value in Table 2.  The maximum deformation of the structure with respect to the braking distance of the block is determined from video records, and may not exceed values in Table 2.

Test D is an overall assessment of the barrier-net's performance during testing.  The structure is evaluated for simplicity of construction, especially with respect to construction in difficult terrain.  Ease of repair of damage is evaluated.

Tests B and C includes measurement of tensile and compressive forces at 12 locations during deceleration of the test block.  Video tapes of the impacts and deformations allow observation of motion of the block and individual bearing elements of the structure.  The effective forces acting on the block are calculated from the motion (distance/time) and are compared with the measured forces on the bearing ropes.

This testing method is a part of the SAEFL rock-fall barrier net certification process, which became effective in June 2001.  Baumann (18) claims that the test procedure has demonstrated that it meets the intended objectives, and it is well suited to differentiate between unsatisfactory products and those that will perform well.

Italy

Peila (23) has prepared a guideline to classify and certify the behavior of rock-fall barrier nets.  It is uncertain if the guideline is an official document of the government or if it is being considered for adoption.  However, it warrants a brief description here.  Peila recommends that users of rock-fall barrier nets should request barrier specifications and the following parameters:

1. Maximum dispersible energy in safe conditions

2. Maximum deformation and loads on the structure from the maximum impact energy

3. Assembly specifications with mechanical and behavioral characteristics of the joints and brakes

4. Guarantee of the quality relative to both the construction and installation stages

The guidelines consist of a procedural scheme that allows classification of barrier nets and the specifications that must be considered when testing the barriers.  Energy categories and associated barrier-net structure dimensions are specified for testing.  The test consists of acceleration of natural or concrete blocks of a unit weight between 2200 and 3200 kg/m3 (137 to 200 lb/ft3) dropped against a structure inside an impact area with a height equal to 2/3 of the useful height of the barriers and with an incidence angle between 10 and 60 degrees.

European Union

A working group for the European Union (E.U.) is in the process of designing a certification procedure for rock-fall barrier nets.  The working group includes Austria, Belgium, France, Germany, Italy, Slovenia, and Switzerland.  Spang (24) reports a "vivid and lasting discussion" between working group members concerning the purpose of the intended tests.  One group favors testing for comparability of test results only, another favors tests that helps determine limit energy dissipation and maximum elongation, which can serve as a basis for design decisions and approval of products.

Spang (24) and Viktorovitch (25) have described the status of the guideline after its seventh working group session.  The items that have been agreed upon include:

1. Test scale will be a ratio of 1:1.

2. The ratio between the block and the height of the barrier will be 1:3.

3. The width of the tested panel will be 10 m (33 ft).

4. The barrier will consist of three panels.

5. The angle of impact will range between 70 and 90 degrees.

6. The test block will have 26 sides.

7. The assumed density of the block will be 2.5 g/cm3 (156 lb/ft3).

8. The translational velocity will be between 25 to 30 m/s (82 to 98 ft/s).

9. The angular velocity will not be considered.

10. Energy dissipation capacities will be between 100 and 2500 kJ (37 to 919 ft-lb).

Also, there will be no total energy considerations.  Instead, producers will be asked to select an energy level for which their product will be tested.   Presently, there are three different energy-level categories under discussion.

1. Zero Maintenance Level is the highest translational energy that a barrier can anticipate without any plastic deformation.

2. Service Energy Level is the maximum translational energy a barrier can repeatedly dissipate in stopping the rock.

3. Maximum Energy Level is the highest translational energy that a barrier can dissipate and stop the rock.

Spang reports that independent of the energy levels the tests will start with small blocks in the order of magnitude of the primary mesh size, or less, to prove that the system will stop these.  Still under discussion are the impact locations for the tests.  Some of the working group members want testing to focus on net edges, posts, etc. to test the weak links.  It is unlikely that the E.U. guideline will be completed in 2003, as originally planned. 


CHAPTER 3

DISCUSSION

Results of recent research on numerical modeling of rock-fall barriers shows promise for the development of sophisticated models that could be useful for verification of barrier designs in the future.  However, at the present, it is well accepted among rock-fall barrier researchers that full-scale testing provides the best evaluation of a barrier system.

The many experiences of CALTRANS, CDOT, and SAEFL with rock rolling tests on steep slopes suggests a number of advantages and disadvantages for that test method.  One of the benefits of using this type of test prior to much experience with rock-fall behavior was that rock-fall researchers gained a lot of knowledge and experience simply from observing many rocks roll and bound down slopes.  Since barriers were impacted in a realistic way, researchers learned a lot about the barrier structure behavior under field conditions, especially as rocks built up in the nets.  Also, rocks hit the net with translational and rotational energy, which models real conditions.  However, there are some disadvantages to this type of test, which are primarily with respect to running tests that are repeatable and generating high energies at impact.  With this testing arrangement the rock trajectory in all planes is not perfectly predictable.  The rock may impact the barrier net at any location in the lateral or vertical plane due to deviation of the rock's path on the slope.  The rock may impact the barrier net at any angle based on the location of the last bounce prior to impact.  Also, velocities achieved during testing are inconsistent.  These factors tend to prolong a test because many rock rolls may be required to achieve desired energies at impact and to impact the barrier net at the desired locations.

The first Swiss inclined rope-way set up that dropped the rock in front of the test barrier had several disadvantages.  Although accuracy of impact in the lateral plane was improved, energy dissipation from the rock contacting the ground caused considerable velocity variation and impact angle was not consistent.  Also, there was no simple way to vary the location of impact to test posts, ropes, or edges of the net. 

The inclined rope-way systems developed by the Swiss and Italian researchers that launch rocks directly into the barrier net perform well.  Rock impact velocities during a test sequence can be limited to a narrow range.  Impact location and angle can be controlled and predicted in advance.  These allow for repeatable tests and allow fair comparisons between products.  A disadvantage of the Swiss system was the inability to easily change location of impact.  This problem could probably be solved by a redesign of the system.

Gerber and Wartmann (26) compared the vertical drop test set up used by the Japan Railway Technical Institute and SAEFL to inclined rope-way systems. The vertical test allows an easier test procedure than the inclined rope-way systems.  In comparison the vertical crane is easier and safer, especially hoisting large, heavy test blocks.  The vertical test has a very high accuracy of impact location (+/- 10 cm, 3.9 in).  Also, the vertical test allows the most accurate determination of impact velocity and energy, and each test can be repeated under exactly equal conditions.  The location of rock impact can be easily varied with minimal effort and time so that any portion of the barrier may be tested.  A disadvantage to the vertical drop test is that there is no rotational energy at impact.  Spang (24) argues that as much as 30 percent of the total kinetic energy at impact may come from rotation (angular velocity).  This is a limitation in the applicability of the test results for design.  

The vertical drop test requires the barrier-net system to absorb all of the impact energy.  The other delivery systems allow the barrier net to use the ground to help absorb energy, which models what really happens in the field.  However, Gerber (22) suggests the advantage of the vertical drop test in this case is that each test will cause maximum loading to the barrier net.  In contrast, because the ground helps absorb energy for the other test methods, the amount of loading on the barrier net is unknown and not constant from test to test.

As of this writing the only "official" certification procedure (based on testing) for rock-fall barrier nets is the SAEFL guideline.  Although the E.U. certification guideline is expected within a few years, many details of the testing method are still to be determined.  Experience has shown that the SAEFL testing procedure is a reproducible test that allows comparison of products (capacity and maintenance) and can be accomplished without excessive costs.  It seems reasonable that as a first effort for a U.S. testing procedure, a general guideline that is based on the structure of the SAEFL tests can be helpful to DOTs.  

There are likely to be very few U.S. rock-fall barrier-net products produced in any one year, so the number of tests run each year would likely be too few to justify a national test site with infrastructure and staff.  Testing guidelines that require a simple standard test procedure and can be conducted by the manufacturer with portable equipment could be a cost-effective solution. The delivery system for rock impact can be chosen by the manufacturer and conducted at a location of their choice.  The SAEFL testing procedure can be easily adapted to this format.  A choice of delivery system allows testing of other types of rock-fall barriers that cannot be constructed on vertical slopes.  

As a substitute, manufacturers could obtain certification from the SAEFL tests or others that may be in effect.  European manufacturers likely will have obtained a SAEFL or E.U. certification, so that running tests in the U.S. would be unnecessary.  The test results from these three testing procedures should allow a fair comparison of products and, to some extent, document design capacities.  This would be a major improvement on the current situation.


CHAPTER 4

CONCLUSIONS AND RECOMMENDATIONS

CONCLUSIONS

1. Numerical models adequate to fully verify rock-fall barrier systems have not been developed or proven; therefore, full-scale testing is necessary.

2. Rock-fall barrier-net tests conducted by rolling rocks down steep slopes have the advantage of modeling "real" conditions; however, the tests are not easily repeatable because of lack of control of impact location, angle of impact, and variations in velocities at impact. The ground may absorb some of the energy from impact, so that the contribution from the barrier net is uncertain.

3. Inclined rope-way-delivery systems for rock-fall barrier-net testing allow reasonably close control on velocities, impact angles and impact location.  However, the testing system must be designed to easily change the location of impact.  The ground may absorb some of the energy from impact, so that the contribution from the barrier net is uncertain.  

4. The vertical drop system allows accurate and consistent location and angle of impact and precise calculation of velocities and energies at impact.  The barrier must absorb all energy from impact.

5. The only "officially" recognized test and certification process for rock-fall barrier-nets is the SAEFL (Gerber, 22).  The E.U. certification process is incomplete.

6. The SAEFL testing procedure can be adapted to several rock delivery systems and can be conducted using portable equipment.

RECOMMENDATIONS

A suggested rock-fall barrier-net testing procedure is included in Appendix B.  It is recommended that the procedure be tested by conducting full-scale tests to assure it is a workable procedure. 


REFERENCES

1. Lowell, Steve, "Development and Application of Ritchie's Rock-fall Catch Ditch Design."  In, Manual of Handout Material, FHWA Rockfall Mitigation Seminar, Portland, OR (1987).

2. Ritchie, A.M., "The Evaluation of Rock Fall and Its Control." Highway Research Record, Number 17, Transportation Research Board, National Research Council, Washington, DC (1963) pp. 13-28.

3. Smith, Duane D., and Duffy, John D., "Field Tests and Evaluation of Rock-Fall Restraining Nets." Report No. CA/TL-9005, California Department of Transportation, Transportation Materials and Research, San Francisco, CA (1990).

4. Duffy, J., "Field Testing and Evaluation of Rock-fall Restraining Nets." Report No. CA/TL-9005 (Videos), California Department of Transportation, Transportation Materials and Research, San Francisco, CA (1990) Video.

5. Kane, W. and Duffy, J., "Brugg Low Energy Wire Rope Rock-Fall Net Field Tests." Tech. Research Report 93-01, University of the Pacific, San Francisco, CA (1993).

6. Duffy, J., "Field Tests and Evaluation of Hi-Tech Low Energy Chain Link Rock-Fall Fence." California Department of Transportation, San Luis Obispo, CA (1996) 39p.

7. Duffy, J., and Hoon, W., "Field Tests and Evaluation of Hi-Tech 50 and 70 Foot-Ton Rock-Fall Fences." California Department of Transportation, San Luis Obispo, CA (1996) 42 p.

8. Serafini, D, Hoon, W., and Duffy, J.,  "Field Tests and Evaluation of Cuesta Grade Barrier Research Rock-Fall Fences." California Department of Transportation, San Luis Obispo, CA (1998).

9. Pfeiffer, T. J., "Rockfall Hazard Analysis Using Computer Simulation of Rockfalls." Master of Engineering Report, Colorado School of Mines, Golden, CO, (1989) 103pp. 

10. Pfeiffer, T.J. and Higgins, J.D.,  "Rockfall Hazard Analysis Using the Colorado Rockfall Simulation Program." Transportation Research Record, 1288, Transportation Research Board, National Research Council, Washington, DC (1990) pp. 117-126.

11. Andrew, R.D., "Selection of Rockfall Mitigation Techniques Based on Colorado Rockfall Simulation Program." Transportation Research Record 1343, Transportation Research Board, National Research Council, Washington, DC (1992) pp. 20-22.

12. Parsons DeLeuw, Inc., 1992, "Rifle, Colorado Barrier Wall Test: Full Scale Geotextile Rock Barrier Wall Testing, Analysis, and Prediction." Report for Colorado Department of Transportation (includes Addendum I and II, 1993) (1992-1993).

13. Pierson, L.A., Davis, S.A., and Pfeiffer, T.J., "The Nature of Rockfall as the Basis for a New Fallout Area Design Criteria for 0.25:1 Slopes." Engineering Geology Group, Oregon Department of Transportation, Salem, OR (1994) 31pp.

14. Pierson, L.A., Gullixson, C.F., Chassie, R.G., "Rockfall Catchment Area Design Guide." Final Report SPR-3(032), Oregon Department of Transportation-Research Group, Salem, OR, (2001) 77pp.

15. Peila, D., Pelizza, S., and Sassudelli, F., "Evaluation of Behavior of Rockfall Restraining Nets by Full Scale Tests." Rock Mechanics and Rock Engineering, Springer-Verlag, (1998) pp. 1-24.

16. Ballester, M.F., Fonseca, J.L.F., and Torres Villas, J.A., "Protection contra desprendimientros de rocas, Pantallas dinamica." Ministerio de Fomento, Secretaria de Estado de Infraestructures y Transportes, Direction General de Carreteras (1996).

17. Muraishi, H., and Sano, S., "Full-Scale Rockfall Test of Ring Net Barrier and Components." Seminar of Rock-fall Tests and Standardization, Davos, Switzerland (1999).

18. Baumman, Reto, 2002, "The Worldwide First Official Approval of Rock-Fall Protection Nets." Proceedings 53rd Annual Highway Geology Symposium, California State Department of Transportation, San Luis Obispo, CA (2002) pp. 40-51.

19. Duffy, J., "Field Tests of Flexible Rock-Fall Barriers." Brugg Cable Products, (1992) 79 pp.

20. Duffy, John, "Barrier Testing in North America – A Brief Summary Report." Seminar of Rock-Fall Tests and Standardization, San Francisco, CA (1999).

21. Duffy, John D., 1999, "Case Studies on Debris and Mudslide Barrier Systems in California." Seminar of Rock-fall Tests and Standardization, San Francisco, CA (1999).

22. Gerber, W., "Guideline for Approval of Rock-fall Protection Kits."  Swiss Agency  for the Environment, Forest, and Landscape (SAEFL) and the Swiss Federal Research Institute (WSL), Berne, Switzerland, (2001) 39pp.

23. Peila, Daniele, "Guidelines for the Classification and Certification of the Behavior of Net Fences & Rock Mass Protection Barriers." Proceedings 53rd Annual Symposium, Witten, Germany (1998).

24. Spang, R.M., "Certification of Rock-fall Barriers in Europe."  Proceedings 53rd Annual Highway Geology Symposium, California Department of Transportation, San Luis Obispo, CA (2002) pp.52-62.

25. Viktorovitch, M., "The European Technical Approval Guideline for Rock-Fall Protection Net Fences-The Stakes and the General Outlines of the Future Standard." Proceedings 53rd Annual Highway Geology Symposium, California Department of Transportation, San Luis Obispo, CA, (2002) Addendum CD.

26. Gerber, W. and Wartmann, S., "Field Testing of Rock-Fall Protection Barrier – Comparison between the Two Most Important Test Sites." Seminar of Rock-fall Tests and Standardization, San Francisco, CA (2001).

APPENDIX A

EXISTING ROCK-FALL BARRIER-NET TESTING GUIDELINES/PERFORMANCE STANDARDS


Washington State Department of Transportation

New Product Review of Rock-Fall Protection Fences

The following questions are answered by an expert in the subject matter.  The answers are based on the following criteria.

1) The system should be capable of withstanding repeated impacts of the rated capacity with little or no maintenance.

2) The system can easily be maintained including the replacement of damaged components and clean out of retained rock-fall debris.

3) The system has a reasonable service life, at least 20 years.

Questionnaire for Subject Matter Expert

1. Does the product meet a current WSDOT specification or is it equal to a product that we are currently using?

2. Does the product have a beneficial use to the Department?  What use?

3. Is sufficient use of the product enough to warrant evaluation?  How do we evaluate?

4. What is the potential level of use?

5. Is the product readily available?

6. Is the product likely to perform as the supplier indicates?

7. Are other products available at less cost that perform the same function?

8. Does it appear the product's life is reasonable?

9. Are there potential problems with the installation of the product?

10. Is special equipment needed to install the product?

11. Can the product be evaluated?

12. Compare the product to other products.

13. Check with other agencies for input on their experiences.

14. Calculate life cycle costs.

15. What are our recommendations on the use of these products?

STATE OF CALIFORNIA

Rock Fall Barrier Testing Guidelines

Rockfall barrier testing performed by this office will follow the guidelines outlined below. These guidelines are based on previous tests and have always served as our guidelines. We do not design the product or provide any input on design. Our intent is to test a product, evaluate the product per manufacturers expectations, and report those results.

Rockfall Barrier Testing Guidelines

1. Roll a minimum of 20 rocks into the barrier starting with low energies increasing up to barrier design load to the point of failure.

2. Allow the rocks to accumulate during the rock rolling to observe the cumulative effects on the system.

3. Manufacturer/Designer is to provide drawings and specifications of the barrier prior to testing.

4. Performance will be evaluated by comparing the relationships between impact loading, maintenance, and efficiency.
.

a. Impact loading is the amount of energy hitting the barrier. Kinetic energy will be used to describe the impact energy.

b. Maintenance indicates repair necessary at the various impact loads. Maintenance within design loads means that the net is capable of stopping repeated rockfalls without maintenance being immediately required.

c. Efficiency represents the importance of impact location. When impact loading exceeds design loads, barrier capabilities and maintenance requirements are more dependent on the impact location. Barrier flexibility decreases outward from the center of the barrier. Efficiency is used to describe this characteristic.

d. Performance Rating; the black area in this figure represents the design load limit. Within this range, the barrier will stop impacts with little or no damage. Impacts within the shaded range will be stopped but damage could be significant. Beyond the shaded area, the barrier is not effective for design purposes.
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5. The report will follow a similar format to previous reports covering the following:

A.  Introduction

B. Conclusions

C. Recommendations

D. Rock Barriers

E. Research Objectives

F. Test Procedure

G. Designs

1. Infrastructure

2. Energy Absorbing Devices 

3. Posts

4. Foundations

H. Performance and Evaluation 

1. Net Installation

2. System Maintenance



3. Cleaning

I. Discussion

J. References

6. We do not endorse a product. We only report the results of the test.

7. Time of completion of the report is approximately 3 months. Data collected during the

testing is available to the manufacturer/designer. Analysis and results developed during the report phase are available only to Caltrans.


Italy

GUIDELINES FOR THE CLASSIFICATION AND CERTIFICATION OF THE BEHAVIOUR OF NET FENCES FOR ROCK MASS PROTECTION BARRIERS

Daniele Peila

 Dept. of Georesources and Land 

Politecnico di Torino

1. INTRODUCTION

The wide diffusion of the use of net fences for rock mass protection barriers to stop falling rock blocks over recent years 

has not been followed by a parallel development of National or International Regulations that are able to make the classification and use of these structures systematic, in order to standardize the planning-technical procedures. Various contractors have therefore developed their own verification and checking classifications and methods, -based -on conceptions that differ from Organization to Organization and which are not based on updated methodological schemes.

It is therefore difficult to make an accurate comparison, in this situation, between different products, in relation to their functioning during the impact of a rock block.

On the basis (of test results of various sizes-it was possible to conclude that, to permit the correct use in safe and reliable conditions of rock protection barriers, the users should not only ask for the specifications> of the barriers but also for the following parameters:

1. the maximum dispersible energy in safe conditions,

2. the maximum deformation and loads on the structure in correspondence to the maximum impact energy,

3. the assem1bling specifications with the mechanical and behavioral characteristics of the joints

and any dissipaters,

4. a guarantee of the quality relative to both the construction and installation stages.

For this reason the following procedural scheme has been developed which contains the minimum necessary requirements for an optimal classification of net fences and the specifications that must be considered when carrying out tests for the certification of their behavior.

These certificates are very important, in particular for the users, in that they constitute a guarantee of the behaviour of the structures and therefore the level of safety that is obtained through their use.

2. DEFINITIONS

Net rock mass protection barriers are passive defense works against the fall of rock masses in that,

sliding or falling from a rocky slope, they consequently acquire kinetic energy and a quantity of movement. Such works are classified as passive in that they intervene to control the phenomena, while active works act to prevent the detachment.

Net rock mass protection barriers can be divided into two categories:

- limited deformability or elastic barriers

- high deformability or deformable barriers.

· Limited deformability barriers are structures that are planned to stop the block in movement



with a reduced deformation of the elements that it is made up of , (in a mainly elastic field) in



particular cables and vertical rods,

· Deformable barriers are able to carry out plastic work with the setting up of permanent deformations, even large ones, to absorb the kinetic energy of a falling rock.

In particular, this document refers to all those net rock mass protection barriers made up of functional coefficients that act within the energy field between 200kJ and 5000kJ and for single rock blocks no higher than 5m3 at the moment of impact.

The objective of these guidelines is that of defining: 

· the documentation that should accompany the design stage;. 

· the test procedures for the certification of behavior and the minimum requirements for the acceptance of the barriers.

3. CHARACTERISTICS OF NET FENCES

2.1 Functioning principles and general characteristics

The barriers should be able to intercept the trajectories of blocks in motion on the slopes within the interception surfaces (equal to the product of the useful height and the useful length).

The stopping of masses means that the barriers can become deformed, without breaking, carring out an elastic and plastic work of an entity that is equal to the energy of the moving block.

The stopping capacity is obviously limited to the resistence of the single elements: nets, vertical rods, cables and their connections, which therefore should be analyzed singularly and when totally assembled.

A net rock mass protection barrier is made up of

a) an interception structure, usually made up of steel cable nets, in a square, rhomboid or circular shaped mesh, with the 

function of bearing the direct impact of the mass, deforming elastically with movements of the same order of size as its height, and uniformly transmitting the stresses to the connecting structure, the support structure and the foundations;

b) a support structure, usually made up of either open of closed steel pipes or beams, with the function of maintaining the interception structure unbent, which is by nature not rigid. It can be directly connected to the interception structure or through a connection structure.

c ) a connection structure usually made up of steel cables that are laid out both perpendicularly and horizontaly to the interception surfaces, with the function of transmitting the stresses to the. foundation structure. In order to favour the deformation, devices can be installed onto the structure which permit a controlled lengthening.

d ) a foundatiion structure which is usually made up of tie rods in bars or strands or in concrete plinths, with the function of transmitting the forces derived from the block impact to the ground.

A net rock mass protection barrier should be made up of one or more identical function moduls placed in sequence, which would permit adjusting the length of the barrier to the sliding site and to the work to be protected.
.
.

Each functional module should: 

-  foresee the easy substitution of each component and permit the substitution of any damaged elements without having to completely dismantle the barrier; 

- foresee the leasy adaption of the structure to the ground profile and an easy construction on the site. .

The maximunn length of a functional module is established, for each class of barrier; in Table 1.

2.2 Materials used to make up the barriers The materials: used in these structures can be, for example, steels of different types, aluminium aloys, composed materials or others and they must be accepted by current regulations.

The constnicttor must therefore add a note to the project which states the used materials, "the properties that characterize

 these materials. and their mechanical behaviour not to- forget their reaction to e)i(position to the sun, humidity, corrosion, fire, cold, the alternation of freezing imd melting and the compatibility of the materials between each other.

The constructtor must also foresee the development of a maintenance programme which must be supplied to the user.

2.2.1 Nets

These make up the main structure of the interception of blocks. They consist of nets made up of metallic cables of different types and workmanship. The maximum surface of the void left by the main net mesh should not be more than 1000cm2.

A mesh with a finer meshwork can be placed on top in order to stop smaller stone elements.

2.2.2 Vertical posts 

Two types of vertical posts exist: 

-vertical posts that only serve to maintain the net unbent and whose collapse do not imply the collapse of the barrier, once the block is bagged by the net and which therefore do not have a relevant static: function during the stopping of the block stage;

-vertical posts whose static function is indispensible for the functioning of the barrier and, apart ITom keeping the net unbent, send a part of the forces to the ground during the impact.

2.2.3 Ground transmission and stress devices (anchorage) 

These devices should be conceived and constructed to resist the foreseen stresses both in the static

and dynamic fields.
​

It is therefore_ necessary to define the stress values that are foreseen to act during impact, during the geotechnic_ planning stage, taking into consideration safety conditions that are adequate for the actingdynamiic conditions and in accordance with existing regulations.

The elements that transmit the stresses to the ground should in particular be adequate_in dimensions and direction_s of the characteristics of the ground, and dimensioned on the basis of a specific project.

2.2.4 Break devices and/or energy dispersion devices (dissipators )

Breaks and/or energy dissipator devices are able to balance the forces acting on the structure and to transform part of the block energy into plastic work.

These devices should be placed on the structure on the basis of a project that defines the main function, the activation force, the permitted course and the behaviour in the dynamic stress field.

2.2.5 Cable_

Metallic cables connect the interception surface to the foundation and constitute the main structural

part of the barrier and should be dimensioned according to the loads that act after an impact of energy corresponding to that of the class of the barrier, with safety coefficients of 1.5 of the minimum guaranteed breakage load and be in agreement with current regulations.

2.2.6 Clamps and joints

These are the structural elements that are necessary to assemble 'a structure (for example to connect the cables to the anchorage elements ). The barrier project should contain all the relative elements

and define in ;a univocal manner their stress and assembly conditions:
,

- for the clamped parts: the tightening parts, the number of clamps... the types and the dimensions;

- for the sleeved unions: the minimum resistence guaranteed for the unthreading.

2.3 BEHAVIOUR OF A BARRIER DURING IMPACT
The nominal capacity of a barrier represents the energy that this can absorbe during an impact of a reference Mock of a mass volumne betwen 2200 and 3200 kg/m3 and in movement with a

translation velocity whose direction is on a vertical plane orthonogal to the mean plane of the interception smrfaces. On the basis of the nominal capacity it is therefore possible to classify the barriers into energy functioning classes as shown in Table 1.

Table 1 - Classification of deformable net rock mass protection barriers

CLASS






1
2
3
4
5
6
7

	
	
	dimensional requirements
	
	
	
	

	minimum useful height (m)
	2.00
	2.50
	3.00
	3.50
	3.50
	4.00
	5.00

	minimum free dimensions (m)
	0.40
	0.60
	0.60
	0.70
	0.80
	0.80
	1.00

	Minimum length of a functional
	10
	10
	10
	10
	10
	15
	15

	module (m)
	;
	
	:
	
	i
	
	

	
	
	functional requirements
	
	
	
	

	nominal capacity (kJ)
	250<
	500
	1000
	1500
	2000
	3000
	>5000

	 minimum translation  velocity that a
	22
	22
	22
	22
	22
	23"
	23

	block should have during
	the test (m/s)
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	


2.4 CHARACTERISTICS OF THE CERTIFICATION AND BEHAVIORAL TESTS

The conditions that a certification test should have in order to verify the agreement of the structure

with the proposed classification are dicussed in this section.

2.4.1 The certification test for the classification of the barriers should be carried out through the acceleration off natural stone blocks or cement blocks (artificially prepared ), of a specific weight between 2200 and 3200 kg/m3 dropped against a structure inside an impact area with a height equal; to 2/3 of the useful height of the barriers ( starting from the placing level) and with an incidence angle between 10° and 60°.
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Figure 1. Section of the test site





APPENDIX B

PROPOSED GUIDELINE FOR TESTING OF ROCK-FALL BARRIER SYSTEMS (NET FENCE TYPES)

NCHRP PROJECT 20-7(138)


INTRODUCTION
Rock-fall hazard assessment and mitigation have improved remarkably since the early 1980s.  Interstate and highway construction in mountainous regions has led the way in development of assessment methods and mitigation because of increased interests in protecting the traveling public and the transportation system structures.  Many rock-fall barriers of various designs have been installed.  This demand for barrier system products has led to marked improvements in rock-fall barrier designs and to the development of many different designs produced by several manufacturers worldwide.  

In the past, owners and designers had to decide on the purchase and use of barrier systems that were tested by different methods, which made it impossible to directly compare products.  Numerical modeling of the structures has not progressed far enough to substitute for full-scale tests, thus certification of designs by full scale testing is still desirable.  Also, standardized testing guidelines allow different products to be compared directly.  The Swiss Agency for the Environment, Forests and Landscape (SAEFL) has developed the first recognized testing guideline and certification procedure for rock-fall barriers, and a working committee of the European Union (E.U.) is in the process of designing what appears to be a similar procedure.

PURPOSE AND SCOPE

The purpose of the testing guideline for the United States (US) described below is to define a standardized test sequence, specify limit values of capacity, and classify levels of performance for rock-fall barrier systems.  These test results can be used to make intelligent comparisons between products from various manufacturers. The testing procedure closely follows the SAEFL certification guidelines and is likely to be comparable to the E.U. procedure.  This allows a certification from another country to substitute for this test procedure in the U.S.  These testing guidelines or certification by the SAEFL or E.U. methods all provide a basis for comparison of products because all require controlled, documented, standard tests and measurements.  The similarities between the testing procedures should restrict costs for the manufacturers and not hinder international business. 

These tests refer only to net fence types of barrier systems, although they are flexible so that other designs such as mechanically stabilized earth walls can be tested on inclined slopes. These guidelines are based on full-scale tests of net fence types of barrier systems and require standard measurements of loading, deformation, and damage.  The resulting classification of barriers indicates relative loading limits and performance at various loading levels.  Actual capacity of rock-fall barriers depend on many factors including the exact location a rock impacts the system.  This testing guideline establishes a basis for selection and comparison of products, but is not meant to establish ultimate capacity of a system. 

The guideline outlined in this document is nearly identical to the "Guideline for the Approval of Rockfall Protection Kits" developed by the SAEFL (Gerber, 1).  The Swiss guideline became effective June 1, 2001, and presently is the only government-accepted guideline for testing procedures in the U.S. and Europe.  There are three primary differences between this testing procedure and the SAEFL guidelines.  First, the manufacturer is responsible for conducting and documenting the tests.  Second, the delivery system to propel an object into a barrier system is optional, i.e. vertical drop, rolling down a slope, or inclined cable system.  (The SAEFL testing procedure uses a vertical drop.)  Third, the "rock" body may be actual rocks or manufactured rocks of reinforced concrete.  Some of the structure for the guideline is borrowed from the planned E.U. working party’s ideas.  Terminology used in this guideline is identical to the SAEFL guideline to avoid confusion between tests.

APPLICATION

The proposed guideline refers only to net-fence types of barriers designed to stop falling, bounding, or rolling rocks.  Its intended use is for U.S. transportation agencies to compare various products from different manufacturers, and to aid them in the selection of the product best suited to reduce the rock-fall danger.

TESTING PROCEDURE

Responsibility for the Test

The manufacturer of the rock-fall barrier system is responsible for conducting and documenting the tests described below or for obtaining certification of their barrier system design from a government approved testing procedure such as SAEFL or the E.U.

Test Facility and Setup

· The mode of delivery of an object into a barrier system will be at the discretion of the manufacturer.  The tests may be conducted on an inclined slope or by a vertical drop.

· The test shall be conducted at full scale (1:1).

· Test barrier height shall be controlled by the maximum load to be tested.  However, post height tested can be modified by up to 1.5X without additional testing.

· A test barrier system will consist of three panels and all associated posts, ropes, brakes and foundation elements.  The center panel will be impacted by the test block.  Panel width will be selected by the manufacturer, and the test results are applicable only for the tested panel width.

· The angle of impact of the test blocks must be in a vertical plane orthogonal to the line connecting the base of each post.  The angle between the net plane defined by its four edges and the block trajectory at impact must be between 70 and 90 degrees.

· A suggested block geometry (used by SAEFL) is defined in the definitions section.  If natural or artificial rocks are used, the geometry should be nearly equidimensional.   Block density must be determined.

· Energies at the moment of impact must be consistent with (within +/- 5 percent) of required energies.

· Foundation design and construction for the posts and cables must be documented in the test report.

Definitions Used in this Guideline
The terms used in this guideline, in most cases, are identical to the SAEFL guidelines.  The first nine definitions are illustrated in Figures B-1 to B-3.  The remainder is referenced to the appropriate figures.
Rock-fall barrier system--Structural system consisting of actual nets, posts and ropes.  For this test the system consists of three panels of nets.

Nets--Bearing element acting as a surface. Examples of types of nets: diagonal rope nets, orthogonal nets, flexible nets, ring nets.

Bearing ropes--Bearing elements serving to transmit the forces into the posts, ground plates and retaining ropes.

Posts--Part of the bearing structure supporting the bearing ropes and nets. Types of posts: middle section posts, boundary posts, auxiliary posts. Post materials are selected by the manufacturer as a part of the design to be tested. 

Retaining ropes --Ropes that serve to transmit the post head forces to the anchors.

Break elements—Energy absorbing elements in the ropes.

Ground plate--Part of the structure located in/on the foundation. The post, and in some cases the lower bearing ropes, are fastened to the ground plate.

Applied mesh--Wire mesh fastened to the net.

Anchors--Bearing elements that transmit forces in the ropes and posts into the ground.  Types include rod anchors and rope anchors.

Energy category--Division of the rock-fall barrier system into 9 energy categories of test energy (Table B-1).

Test energy--Kinetic energy of the test body on impact with the net (main test C, 100%).

Half test energy--Kinetic energy of the test body on impact with the net (test B, 50%).

Net height--Height (hv) of the net prior to a load in the center of a section, measured at a right angle to the ground surface (Figure B-4).

Residual useful height--Height (hn) of the net after a load in the center of the section,

measured at a right angle to the ground surface (Figure B-5).  The measurement is made before the test body is removed from the barrier.

Excursion--Excursion of the rock-fall barrier system corresponds to the braking distance (bs) of the test body as shown if Figure B-7.

Test body—The SAEFL design is a concrete block of ashlar shape with equal edge lengths (s), whereby the corners are flattened to one third of the edge length (Figure B-8).  Natural or fabricated rocks of similar size and equidimensional shape may be used.

Symbols Used in Figures

The majority of these definitions are shown in the Figures B-4, B-5 and B-6.

α (deg)

Post rotation is difference in the post's inclination from strain

ß (deg) 
Angle between the post and the perpendicular

δ (deg) 
Angle between the post and the right angle to the slope

((deg) 
Slope inclination

al (m) 

Length of the post

an (m) 
Minimum distance between upper and lower bearing ropes after an impact

as (m) 

Distance between posts

av (m) 
Minimum distance between upper and lower bearing ropes before an impact

be (m) 

End position of the test body after an impact

br (m) 

Brake change is the length change of the brake elements

bs (m) 
Length of the braking distance of the test body (measured in the video picture)

do (m) 

Sag of the upper bearing rope in the center of the section

du (m) 

Sag of the lower bearing rope in the center of the section

hn (m) 

Residual useful height is the height of net after the impact

hv (m) 

Height of net before the impact measured at right angle to slope

ln (m) 
Length of net between the upper and lower bearing rope after an impact (in end position)

lv (m) 

Length of net between the upper and lower bearing rope before an impact

s (m) 

Edge length of the test body in question

ts (m) 

Braking time is the time taken to cover the braking distance (bs)
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Figure B-1.  Schematic of a deep-anchored rock-fall barrier system (from Gerber, 1).
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Figure B-2.  Schematic side view of a rock-fall barrier system with fixed posts (from Gerber, 1).
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Figure B-3.  Schematic front view showing three panels of a rock-fall barrier system and bearing elements (from Gerber, 1).
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Figure B-4.  Definitions of angles and dimensions (from Gerber, 1).
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Figure B-5.  Position of bearing ropes after an impact (from Gerber, 1).
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Figure B-6.  Front view of the bearing ropes in the barrier center section following impact (from Gerber, 1).
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Figure B-7.  Positions of the barrier during tests B and C.  The length of the net is measured in position 3 (from Gerber, 1).
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Figure B-8.  Geometry of reinforced concrete test bodies used for the Swiss certification tests.  Rocks or fabricated rocks of similar size and equidimensional in shape may be used for testing (from Gerber, 1).


Table B-1.  Energy categories and performance criteria for tests B and C if a vertical-drop test setup is used.  Inclined tests may require higher test body masses to reach required energies, depending on velocities achieved at impact.  Edge length refers to a test body as shown in Figure B-8.  The post height tested may be modified by 1.5X without additional testing. (after Gerber, 1).

	
	
	Test B
	(50%)
	
	
	Test C
	(100%)
	
	

	Energy cat.
	Post

length

(m)
	Energy

(kJ)
	Mass of

test body

(kg)
	Edge

length s

(m)
	Energy

(kJ)
	Mass of

Test body

(kg)
	Edge

length s

(m)
	Max.

braking

distance bs

(m)
	Min.

height

of net hn

(m)

	1
	1.5
	50
	160
	0.41
	100
	320
	0.52
	4.0
	0.90

	2
	2.0
	125
	400
	0.56
	250
	800
	0.70
	5.0
	1.20

	3
	3.0
	250
	800
	0.70
	500
	1,600
	0.88
	6.0
	1.80

	4
	3.0
	375
	1,200
	0.80
	750
	2,400
	1.01
	7.0
	1.80

	5
	4.0
	500
	1,600
	0.88
	1,000
	3,200
	1.11
	8.0
	2.40

	6
	4.0
	750
	2,400
	1.01
	1,500
	4,800
	1.27
	9.0
	2.4

	7
	5.0
	1,000
	3,200
	1.11
	2,000
	6,400
	1.40
	10.0
	3.00

	8
	6.0
	1,500
	4,800
	1.27
	3,000
	9,600
	1.60
	12.0
	3.60

	9
	7.0
	2,500
	8,000
	1.51
	5,000
	16,000
	1.90
	15.0
	4.20



TESTING SEQUENCE

Rock-fall barriers are divided into 9 energy categories from 100 kJ to 5,000 kJ (Table B-1).  A barrier must pass the various test parts (A to D) of its energy category.  In the case of tests A to C, the barrier is subjected to individual tests with test bodies, while test D consists of a qualitative assessment of the rock-fall barrier and of the supplied documentation.  Tests A to D are described individually below.

Preliminary Test-A (low energies, boundary section)

Objectives

This preliminary test serves to check the deformations of the applied wire mesh and a few ropes or rings of the net are strained.

Implementation
If a vertical drop test is conducted, the test bodies listed below are dropped together per size category into a boundary section.

· 5 small test bodies approximately 10/10/10 cm, energy 3.8 kJ

· 3 small test bodies approximately 20/20/20 cm, energy 18 kJ

· 1 test body* of approximately 50/50/50 cm, energy 94 kJ

*The rock-fall barrier of energy category 1 and 2 are not tested with this test body.

If test bodies are delivered to impact on an inclined slope, the test must be conducted so that the barrier is subjected to similar energies and test body sizes.

Measurements
The deformations of the applied mesh and of the affected net components are measured and described per size category of the test bodies.  Damages to individual wires or ropes are recorded.  No force measurements are made.

Required Performance
· The test bodies must be slowed by the rock-fall barrier. 

· No punctures are allowed to take place. 

· No repair work is allowed between the individual impacts of each test part.

Preliminary Test-B (50 % energy, middle section)

Objectives
This test serves to establish the required repair effort, the service-friendliness of a rock-fall barrier and the braking distance at half the energy. 

Implementation
For a vertical drop or inclined slope test, the test body must impact the center of the middle section with the required impact energy (Table B-1).  Table B-1 may be used as a guide for test body size and mass for vertical drop tests using the SAEFL design for the test body.  An inclined delivery of the test block may require some variation of mass and size of test body to achieve the desired impact energy.

Measurement
Prior to the test, the positions of the individual bearing elements are measured and recorded.  During the test, the tensile forces on the ropes are measured and recorded at approximately 10 anchor points.

The test is filmed from two directions.  The following values are recorded after the test:

· Deformations of the ropes, brake elements, posts and nets

· The end position height (be) of the test body (Figure B-7)

· Damages to the individual bearing elements

· The above must be documented by photos taken before and after the test.

The hours and material required for repairing of the rock-fall barrier are recorded. The braking time (ts) and the maximum braking distance (bs) are determined from the video pictures (Figure B-7).

Required Performance
· The test body must be stopped by the rock-fall barrier.

· No puncture is allowed to take place. 

· The least possible repair effort is required.

Test-C (100 % energy, middle section)

Objectives
The full kinetic energy of the test body is to be transformed into deformation of the rock-fall barrier. Thus, both the bearing capacity and the deformation characteristics are to be tested.

Implementation
For a vertical drop or inclined slope test, the test body must impact the center of the middle section with the required impact energy (Table B-1).  Table 1 may be used as a guide for test body size and mass for vertical drop tests using the SAEFL design for the test body.  An inclined delivery of the test block may require some variation of mass and size of test body to achieve the desired impact energy.

Measurement
Prior to the test, the positions of the individual bearing elements are measured and recorded.  During the test, the tensile forces on the ropes are measured and recorded at approximately 10 anchor points.  The test is filmed from two directions. The following values are recorded after the test:

· Deformations of the ropes, brake elements, posts and nets

· The end position height (be) of the test body (Figure B-7)

· Damages to the individual bearing elements

· The above must be documented by photographs from before and after the test.

The braking time (ts) and the maximum braking distance (bs) are determined from the video pictures (Figure B-7).

Required Performance

· The test body must be stopped by the rock-fall barrier.

· No puncture is allowed to take place.

· The maximum braking distance (bs) must be shorter than the value specified in Table 1.

· After the impact, the height (hn) of the net in the middle section must not be less than the value specified in Table B-1 (measurement before removal of the test body).

Assessment for Special Criteria, Test-D

Objectives

This test concerns primarily the assessment of criteria that are not measurable quantitatively and the practical suitability of the rock-fall barrier.

Implementation-Assessment and Documentation
· There must be a comparison of the dimensions in the plans with those of the rock-fall barrier. It must be guaranteed that the supplied documentation corresponds to the installed rock-fall barrier.  

· The manufacturers must state the applicable standards that are met by all elements of the product, including the standards for protection against corrosion.

Assessment of the construction includes the following:

· The actual installation is documented so that it can be compared with the installation instructions.

· The simplicity of the construction is assessed and its adaptability to the natural terrain is estimated.  

· The useful life of the rock-fall barrier is assessed and documented on the basis of the life span of the individual components.

Requirements
· Plans and actual construction must correspond in all details.

· Compliance with applicable standards.

· The installation instructions should be practical.

Test report

The test report contains important data and records of the tests A to D.  The records are individually listed below:

· Dimensions of the rock-fall barrier and schematic view of the arrangement in principle of the individual parts of the bearing structure

· Records for test A consist of a written description of these tests

· Records for test B contain data on geometry changes, force measurements, evaluations of video pictures and the documentation of repair effort

· Records for test C contain the data on the geometry changes, force measurements, evaluations of video pictures and documentation of occurred damages

· Records for test D consist of a descriptive assessment

· Foundation design and documentation of construction at the test site
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