


STP 1177 

Rock for Erosion Control 

Charles H. McElroy and David A. Lienhart, editors 

ASTM Publication Code Number (PCN) 
04-011770-38 

ASTM 
1916 Race Street 
Philadelphia, PA 19103 



Library of Congress Cataloging-in-Publication Data 

Rock for erosion control / Charles H. McEIroy and David A. Lienhart, 
editors. 

(ASTM special technical publication (STP) ; 1177) 
Includes bibliographical references and index. 
ISBN 0-8031-1489-3 
1. Rockfills. 2. Soil stabilization. 3. Soil conservation. 

I. McEIroy, Charles H. I1. Lienhart, David A. II1. Series. 
TA709.R63 1993 
624.1 '51363--dc20 92-44625 

CIP 

Copyright @1993 AMERICAN SOCIETY FOR TESTING AND MATERIALS, Philadelphia, PA. All 
rights reserved. This material may not be reproduced or copied, in whole or in part, in any printed, 
mechanical, electronic, film, or other distribution and storage media, without the written consent of 
the publisher. 

Photocopy Rights 

Authorization to photocopy items for internal or personal use, or the internal or personal use of 
specific clients, is granted by the AMERICAN SOCIETY FOR TESTING AND MATERIALS for users 
registered with the Copyright Clearance Center (CCC) Transactional Reporting Service, provided 
that the base fee of $2.50 per copy, plus $0.50 per page is paid directly to CCC, 27 Congress St.. 
Salem, MA 01970; (508) 744-3350. For those organizations that have been granted a photocopy 
license by CCC, a separate system of payment has been arranged. The fee code for users of the 
Transactional Reporting Service is 0-8031-1489-3/93 $2.50 + .50. 

Peer Review Policy 

Each paper published in this volume was evaluated by three peer reviewers. The authors 
addressed all of the reviewers' comments to the satisfaction of both the technical editor(s) and the 
ASTM Committee on Publications. 

The quality of the papers in this publication reflects not only the obvious efforts of the authors and 
the technical editor(s), but also the work of these peer reviewers. The ASTM Committee on 
Publications acknowledges with appreciation their dedication and contribution to time and effort on 
behalf of ASTM. 

Printed in Philadelphia, PA 
January 1993 



Foreword 

This publication, Rock .for Erosion Control, contains papers presented at the symposium, 
Durability and Specification Conformance Testing of Rock Used for Erosion Control, held 
in Louisville, KY on 18 June, 1992. The symposium was sponsored by ASTM Committee 
D-18 on Soil and Rock and its Subcommittee D18.17 on Rock for Erosion Control. Charles 
H. McElroy of the Soil Conservation Service in Forth Worth, TX and David A. Lienhart 
of the U.S. Army Corps of Engineers in Cincinnati, OH presided as symposium co-chairmen 
and are the editors of the resulting publication. 
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Overview 

Rock  (s tone)  has been  widely used for many  years as a means  to comba t  eros ion,  especially 
tha t  caused by hydraul ic  forces. Mill ions of tons  of quar r ied  s tone are used each year  in the  
U n i t e d  States  and  th roughou t  the  world.  Because  a wide var iety of rock types and sources  
are avai lable ,  a mul t i tude  of uses are involved,  and  exposure  to climatic condi t ions  vary 
widely, no  concensus  on  cri teria exists a m o n g  those  who  must  eva lua te  the durabi l i ty  of the  
rock for the  p roposed  design life of the associated structures.  

This  Special Technical  Publ ica t ion (STP) has been  pub l i shed  as a resul t  of the June  1992 
sympos ium on Durabi l i ty  and  Specif icat ion Conf o r m ance  Test ing of Rock  Used  for  Eros ion  
Cont ro l  held in Louisvil le,  Kentucky.  The  symposium was an ou tg rowth  of work within 
A S T M  S u b c o m m i t t e e  D18.17 on Rock  for Eros ion  Cont ro l ,  a s u b c o m m i t t e e  of A S T M  
C o m m i t t e e  D18 on Soil and  Rock.  

A S T M  Subcommi t t ee  D18.17 was fo rmed  in 1878 as a result  of expressed  needs  by those  
in a t t endance  at a special Task G r o u p  meet ing  held in Bos ton ,  Massachuse t t s .  The  app roved  
scope of D18.17 is as follows: 

It shall be the responsibility of Subcommittee D18.17 to develop methods of tests and engineering 
specifications for rock (variously known as riprap, breakwater stone, armor stone, filter stone, 
and bedding material) for erosion control. 

Several  needs  were ident i f ied by Subcommi t t ee  D18.17. Genera l ly  these needs  fail in to  
one  of th ree  categories:  (1) rock durabi l i ty  test ing,  (2) rock g rada t ions  (specif icat ions) ,  and  
(3) accep tance  testing. 

A n  informal  survey of some of the  ma jo r  users of rock for erosion cont ro l  in the  U n i t e d  
States indicated tha t  the  most  c o m m o n  labora tory  tests  used for evaluat ing  durabi l i ty  of 
rock were  pe t rograph ic  examina t ion ,  wet-dry,  f reeze- thaw,  sodium or  magnes ium sulfate 
soundness ,  specific gravity,  absorp t ion ,  Los Ange les  Abra s ion ,  and  the spli t t ing tensi le  
s t rength .  The  test  p rocedures  used var ied f rom user to user,  but  were general ly  very similar  
to existing A S T M  s tandard  test  me thods  for coarse aggregates .  As  a result ,  very small  test  
spec imens  were and  still are general ly  used. Cons iderab le  var ia t ion  exists a m o n g  the  users 
on the  acceptable  cri teria for each t e s t .  In most  cases the  cri teria are based  on the  i n t ended  
use of the  rock be ing  tes ted.  

Many  designers  cons ider  the use of small  specimens  to be a ma jo r  l imitat ion to the p resen t  
s ta te -of - the-ar t  for rock durabi l i ty  test ing.  The i r  con ten t ion  is tha t  the b r eak ing  of a large 
piece of  s tone  into smal ler  test  specimens  results in b reakage  a long planes  of weakness  in 
the s tone.  This  may, in some cases, indicate  a false eva lua t ion  of the rock 's  durabil i ty.  

Test ing of small  spec imens  has evolved to its p resent  s tate  for several  reasons:  

1. S t anda rd  test  p rocedures  are a l ready available,  and some pe r fo rmance  da ta  are doc- 
umented .  

2. E q u i p m e n t  to test  larger  spec imens  is expensive  and  c u m b e r s o m e  to opera te .  
3. Large  scale tes t ing is labor  intensive.  
4. D o c u m e n t e d  pe r fo rmance  data  tha t  can be cor re la ted  back to large scale durabi l i ty  

tes t ing are lacking. 

The  second m a j o r  ca tegory of p rob lems  identif ied concerns  design specif icat ions.  Because  
a wide var iety of uses and  many  dif ferent  users exist, designers  of ten have the i r  own un ique  
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design procedure to size the rock for their particular application. Complicated,  and in many 
cases very con[using, specifications often result. Some specifications are based on mass and 
some on size. General ly ,  a range is given. Often,  quarry operations,  including equipment ,  
must be changed to meet  the specifications, resulting in a much higher unit cost. Some 
quarries simply refuse to produce a limited tonnage of rock if a change in operat ions or 
equipment  is required.  In addition, many designers do not understand quarry operat ions,  
and their specifications are often vague and impractical to meet .  

A third prolem area concerns the methodologies  used to check for conformance to design 
specifications. Gradat ions or  sizes can be specified to be checked at the quarry,  as del ivered 
to the project  site, or after placement.  The rock may meet  the specifications at the quarry,  
but hauling and placement  can alter the inplace gradations. 

Not  only is " 'when" to check gradation a problem, but " 'how" is perhaps a bigger one. 
Some inspectors have a truck dump a load of  rock on a c o n c r e t e  pad and weigh or measure 
each stone. Some may just measure the stone, and others use a visual inspection only. 

A S T M  Commit tee  DIS,  through the activities of its Subcommit tee  D18.17, has been 
developing standards to address the identified problems. A S T M  D4992, Standard Practice 
for Evaluat ion of Rock to be Used for Erosion Control ,  was the first standard developed.  
Others  include A S T M  D5121, Standard Practice for Prcparat ion of Rock Slabs for Durabil i ty 
Testing, and D5240, Standard Test Method for Testing Rock Slabs to Evaluate  Soundness 
of Rock Riprap by Use of Sodium and Magnesium Sulfate, Standard test methods  for wet- 
dry and freeze-thaw testing of  rock slabs are in the A S T M  ballot process. 

Subcommit tee  D 18.17 has also been developing a proposed specification for sizes of rock 
used for erosion control. The proposed standard has undergone several drafts and is also 
in the balloting process. 

Members  of Subcommit tee  D18.17 received approval to plan and sponsor a symposium. 
The goals of this symposium were: 

1. To provide an opportuni ty  to examine tile current technology used by scientists, ge- 
ologists, engineers,  and others to measure and evaluate  the durability and performance  
of rock used for riprap, gabions, canal and channel linings, and other  erosion control 
applications. 

2. To provide a forum for presenting state-of the-art procedures  used by construction and 
quarry personnel  for specification conformance and compliance testing. 

3. To identify areas where new standards are needed.  The organizers also hoped that the 
symposium would publicize the work being done in the subcommit tee  and generate  
additional assistance in the development  of standards already in progress and others 
that are needed.  

The symposium was organized into two sessions: (I) Durabil i ty Testing, and (II) Speci- 
fication Conformance  Testing. It featured invited authors and selected authors who re- 
sponded to the Call for Papers. 

The organizers invited a larger user (U.S.  Bureau of Reclamat ion)  to present an overview 
of the procedures  their agency uses to evaluate the durability of  rock. They also invited a 
representat ive from a large quarry operat ion to present  a paper on the equipment ,  proce- 
dures, and problems involved in producing stone for erosion control projects.  The third 
invited participant presented a paper that contained background information and a draft of 
the proposed standard specification for sizes of rock used for erosion control that was 
developed in St lbcommittee D18.17. 
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This STP will serve as an excellent reference on both durability and conformance testing 
of rock for those actively engaged in production,  testing, design, and Quali ty Assurance/  
Quali ty Control  ( Q A / Q C )  activities. Many interesting topics for research have been iden- 
tified that will challenge and direct our future work in these areas. In part I of the STP, 
new test methods,  such as the mill abrasion test for wear  resistance, were introduced.  
Ref inements ,  improvements ,  and additional data are also presented for older  test methods,  
such as the jar slake test, insoluble residue test, wet-dry test, and the freeze-thaw test. 
Ano the r  paper introduced the use of petroglyphs and Indian Rock Art  age dating as indi- 
cators of durability. A mathematical  analysis of fractals and pore potential  to explain, predict ,  
and document  durability was also presented.  

Relying on a single laboratory test to evaluate the durability of rock is impossible. One  
paper presents an excellent  summary of the importance of visual inspection and observat ion 
and historical performance documentat ion in evaluating rock for a specific use. 

In Part II an invited paper  outlines the processes used at a major  quarry to produce 
different size stones to meet  specifications. Ano the r  invited paper  gives the details on a 
proposed standard specification for sizes of rock. A S T M  Subcommit tee  D18.17 is very 
interested in any feedback concerning these proposed specifications. The results of  a survey 
of the specifications used by State highway depar tments  and two federal agencies are pre- 
sented in another  paper.  In addition, criteria for several different quanti tat ive tests are 
shown along with generic  quali tat ive requirements  listed by some users. Ano the r  paper  
focuses oll the improvements  needed in present Q C / Q A  methods and verification along with 
three case histories as examples. Discussions of correlat ion data based on field performance  
further enhancc the value of the symposium and this publication. 

Al though each paper presents specific conclusions, some gcncral ized conclusions common 
to several of the papers are: 

�9 The size of  the rock pores is important  if rock is subjected to extremes in tempera ture .  
Rocks that have small pores are generally more susceptible to damage from climatic 
changes. 

�9 Al though accelerated weathering tests are difficult to model  in lhe laboratory,  good 
correlat ion to performance has been achieved, especially with the freeze-thaw test. 

�9 Petrographic analysis is a vital e lement  in evaluating durability of rock. 
�9 In addition to laboratory evaluation,  visual observations and historical pcr formancc  

data are valuable tools for evaluating rock sources. 

Perhaps a more  important  result of the symposium is that many issues were identified 
and additional research and work are urgently needed.  Some of these are being worked on 
by A S T M  Subcommit tee  D18.17 and others. However ,  many of the issues are not being 
addressed. Readers  of the STP will discover several different avenues of research and study 
that are needed to advance the state-of-the-art  technology. Some of the more pressing issues 
are: 

�9 Consensus standard specifications for sizes of rock used for erosion control.  
�9 Bet ter  and easier methods  for model ing accelerated weathering in the laboratory.  
�9 An  evaluat ion of the size and type of rock test specimens and how well the test specimens 

represent  actual rock masses (cube vs. slab vs. rock cores vs. broken pieces). 
�9 Improved  standard test methods for Q A / Q C  at the source and at the project .  
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