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ROCK SLOPE STAB I LITY : DES IGN , CONSTRUCTION At'lD RENEDIAL TREATMENT 

CL�YTON L .  BOLTON JR . 
Engineering Geo logy Section 

Soil Mechanics Bureau 
New York S tate Department o f  Transportation 

INTRODUCTION 

The des ign and cons truc tion o f  rock s lopes with emphas i s  
on s tability began wi th the abi l i ty t o  dri l l  and blast on 
an a l i gnment whereby the final s lope produc t was sound and 
durab l e  and free o f  potential rock fall hazards . The first  
a t t emp t at  cons truc ting a p l anar surface in rock was not for a 
h i ghway but for construc t i on o f  the s ides o f  an intake channel 
for the "Niagara Power Proj e c t "  in Niagara Falls , New York . The 
ext r a  e ffort to develop a vert i c al p lanar surface for the intake 
c hannel was not to prevent poten t i al rock falls but to estab l i sh 
a surface whereby the concrete channel wall liners could be bui l t  
w i th a minimum overrun i n  c oncre te quanti ties . ( lvhen one 
considers that the maj ority 6f the l i sted 38 , 846 , 0 00 cubic yards 
o f  exc avation was in rock , and that several mil lion square feet 
o f  rock face had to be prepared wi thin a tolerance o f  six ( 6 )  
inche s , i t  i s  easy to see that qui te a problem was presented to 
the various contractors to  keep from overbreaking beyond the 
payl ine , or  " B "  line , as it was c a l l ed , with conventional methods 
o f  dri l l ing and b l asting ) . The method for constructing the 
p l anar face was named "presp l i tting" . 

The resu l t s  o f  "presp l i  t ting" in c ons tructing the vertical 
p l anar rock wal l  were so good that i t  s oon was considered to be 
w o r thy of  u t i l iz a t ion in e s t ab l i shing minimum maintenance , hazard 
free rock faces for highways , tunnel s , building foundation 
exc av a t ions and o ther },oc a tions where rock s tabi l i ty is  a maj or 
concern . New York S tate Department of  Transportation incorp o 
rated " p respli t t ing" in i t s  EXCAVATION SPECIFICATIONS on Augus t  
2 7 , 1 9 7 0  by inc lus ion in Addenda 49 to the January 2 ,  1962  PUBLIC 
WORKS S PECIFICATIONS . Once the "prespli t ting" tool was in place 
for cons true t ing a stable rock s lope , the Engineering Geologi s t  
could then put hi s knowledge t o  work t o  e s t ab l i sh a suitable rock 
s lope des ign . Thi s  method of constru c t ion l e ading to proper 
des i gn is  another example o f  empirical knowledge ' s  ab ility t o  
make theory , fac t .  

ROCK S LOPE DESIGN 

Engineering geologi sts  mus t  consider two maj or i tems in 
des i gning s l opes for a propo s ed rock cut , stabi l i ty and cos t .  
The engineering geologi s t  mus t  also use every method avai l ab l e  
t o  o b t a in the s t ru c tural dis continui ties present in the bedroc k  
b e fore designing the s lope . The mos t  rel iable information may b e  
ob ta ined from outcroppings present in the area o f  the de sign . 
O ften however , the outcrops are one dimensional and without a 
c r o s s  section view o f  subs t antial extent , the struc tural 
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information obtained may b e  misl eading . Oriented rock cores from 
s t rategi cally loc ated dri ll ho les , video taped information from 
t e l evis ion borehole c ameras , refrac tion seismic dat a ,  remo te 
s e n s ing equipment and electrical res i s  ti  vi ty are methods whi c h  
c an be employed i n  confirming surfi c i al s t ruc tural detail and/or 
portraying a t t i tudinal changes which must b e  known by the 
des igner to es tablish a struc turally sound slope des ign . 

Plot t ing 
p l anes on a 
s table s lope 

the j o int , b edding , shear 
s tereo -net wi l l  enab le the 

for any particular rock cut . 

zones and 
des igner to 

cleavage 
detai l a 

The cos t o f  excavation for the a l i gnment o f  any highway 
p ro j e c t  in rock i s  usually more expensive than for any other type 
o f  material . The present b i d  prices rec eived in New York S tate 
for rock exc avation average $ 3 0/cub i c  yard whereas soil 
exc avation averages $ 6 . 50/cub i c  yard . Many other i terns such as 
righ t - o f-way c o s t s , environmentally p rotec ted area ( swamp ) 
rep lacement and spec ial cases ( i . e .  slum evasion ) take precedence 
in corridor s e l e c tion over avo idance o f  rock exc avation . Exca
vati on and embankment balanc e i s  not as important a fac tor in 
highway corridor selections as i t  once was . The material balance 
i s  however a prime consideration in Wes tchester County since no 
s o i l  borrow areas are avai l abl e .  

Rock s lope designs in New York S tate range from vert i c al 
( rarely ) to a one vertical on one and one quarter horizontal 
( 3 8 ° -40 1 )  whi c h  approaches the s table angle o f  repo se of talus 
( 3 7 ° - 3 0 1 ) .  Common slope angl es of three verti c al on one 
horizontal ( 7 1 ° - 3 4  1 )  , two vert i c al on one horizontal ( 60 ° - 15  1 ) , 
three vertical on two horizontal ( 5 6 ° - 1 9  1 ) and one vertical on 
one horizontal ( 45 ° )  are uti l i z ed to enable cons truction o f  
ac curate templates  for the control o f  prespli t drill alignment .  

Vertical dri l l  hole9 are rarely used and never in slopes 
greater than 15  feet in heigh t  s ince they create an illus i on 
o f  topp l ing c ausing drivers to inadvertently dri ft away from the 
roc k  face and into oncoming traffi c .  Ver t ical design in shallow 
limes tone cuts i s  sometimes used to avo id inters e c t ion o f  the 
s t andard verti c al j o inting by presp l i t  drill  holes . Explosively 
generated gas s e s  intersec ting the vertical j o ints provides 
pres sures whi ch cause s l i ding of l ime s tone b locks along i t s  
b edding p l anes toward the open rock c u t  fac e .  The resulting 
produc t is an uns t able slope roc k .  

The one verti c al on one horizontal s l ope i s  used for s table 
roc k  cuts in competent shales , s i l t s tones or bedrock containing 
s t ru c tures whic h  dip toward the free fac e on a 45 ° incl ination . 

Rock s lope s are cons truc ted on the f l a tter talus slope i f  the 
material to b e  e..v::cavated i s  deep ly weathered and/or fractured . 
Poor qual i t y  horizontally b edded shales will maintain stab i l i ty 
on the talus s lope . B o th the deeply weathered rock and the poor 
qua l i ty shales will achieve total s tab i l i ty on the talus slope 
angl e  provided seeding i s  inc luded fol lowing completion o f  
cons tru c tion . Pre-splitting i s  not requ ired for the one verti c al 

l 

' 
J 



l 
j 

' _J 

, I 
' 

on one and one quarter horizontal s lope since 1 )  i t  is extremely 
di f fi c u l t  to dri l l  on such a f l a t  an angle ; 2 )  the ro ck can 
usually be broken by mechanic a l  ripp ing or l i ght explosive loads 
in ver t ical dri l l  holes before final grading with a dozer on the 
s l i ght incl ine and 3 )  seeding covers any dis continuities whi le 
greatly increas ing the s tab i l i ty and enhanc ing the e s theti cs . 

The intermediate slope inc l inations ( 3V on lH , 2V on lH , 
3V on 2H ) are used based upon their s tab i l i ty relationship with 
the inherent s t ruc tures present in the b edrock to be excavated . 

ROCK S LOPE CONSTRUCTION 

Two maj or types of rock s lope cons truc tion 
on h ighway proj e c t s , new l o c a tions and t rim cuts . 
i s  for s tabi liz ing previously cons truc ted slopes . 

are performed 
Trim cutting 

The s lopes for rock cuts on new locat ions are more di fficult 
to  d e s i gn s ince it involves programming a field evaluation of the 
s i t e ; es tab l i shment of a dri l l ing program to de lineate the 
p e r tinent s truc tures present in the bedrock ; plotting the 
s t ru c tural features on a stereo -net and finally , establi shing the 
final s lope incl ination . The des ign o f  trim cuts usually is 
qui te s traight forward since v i r tually al l of the structural 
fea ture s are avai lable for d i r e c t  measurement .  Trim cuts are 
made to remove uns table blocks o f  frac tured rock from the s lope . 
Thi s  un s t ab l e  cond i t ion was created during the original rock cut 
b l a s ting cons t ruc tion by exc e s s ive exp l o s ive gas ses  generated by 
s t andard fragmentation b l as ting methods employed prior to the 
advent o f  "presp l i tting" . 

The s econd mo s t  important cons ideration to b e  inc luded in trim 
s lope des ign ( s l ope inclina t i on is firs t )  i s  to insure that the 
s lab o f  rock to be removed from the face o f  the exi s ting slope be 
a minimum o f  five ( 5 ' )  feet in width . The control point for the 
s lo p e  face s l ab o ffset location i s  a point a minimum of five feet 
in back o f  a point on the s lope which i s  the furthes t  di s t ance 
from the centerline o f  the roadway along the rock slope cut . 
Thi s  p oint becomes the continuous paral l e l  s lope o ffset through
out the l ength o f  the rock cut . 

The five foo t  thi ckness i s  required to  as sure that the pre
s p l i t t ing charges break between the three foot spac ing o f  the 
paral l e l  prespl i t  dri l l  holes rather than towards a closer free 
f a c e  on the s l op e . Thi s  wil l  p rovide a uni form planar final 
s lope . It also greatly reduces the poten t i a l  for fly rock . 

Cons truc t ion b egins once the c ontrac t o r  i s  s e l e c ted . Usually 
exc ava ti on i s  one of the f i r s t  s tages of the contrac t work to be 
p e r formed fo l l owing the removal o f  vege t ation and topsoil .  Rock 
exc avation opera tions are no t s easonal since the work i s  no t 
l im i t e d  by temperature restri c t ions . 
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Prior to the commenc ement o f  

contrac t ,  a preb l as ting mee ting 
o f  the meeting is to : 

dri l l ing operations 
is e s s ential . The 

1 Learn the date o f  dri l ling equipment mobilizat ion . 

on any 
purpose 

2 - E s tablish the proc edure for contro l l ing the dri l l  steel  
al ignment in dril l ing the presp l i t  holes on the des ign s lope 
inclination . Dri l l  alignment is  the mos t  important cons id
eration since the s tab i l i ty of the s lope is totally dependent 
on achievement of the proper s l ope inc lination . 

3 - D e t ermine the type and weight per l inear foot o f  the pre
spli tting explosive . 

4 - Loc ate the types o f  uti l i ti e s  and s t ruc tures nearest to the 
b l a s t  site . 

5 - Spec i fy the maximum pounds o f  exp losives to b e  de tonated per 
2 5  m i l l i s e c ond delay period to  insure that blas ting induced 
ground vibrat ions do not damage any of the u t i l i ties and/or 
s t ru c tures in the vicinity o f  the b las t s i t e . ( Explosive 
loading l imi ts guide - line fol lows NYSDOT S t andard Spec i f i 
c at ions for Rock Exc avation . )  

6 - D e termine i f  a potential for fly rock is is  present and i f  
b l a s ting mats are required to  pro t e c t  personne l and property 
in the b l as t area . 

7 - Insure that the b l aster i s  in comp l iance with all Local , 
S tate and Federal permi ts , codes , l aws and l i c enses required . 

8 - Revi ew the proj ec t spe c i fi c a t ions to enable the bl as ter and 
contractor be aware o f  what they are required to do to  
cons truct minimum maintenan c e , hazard free rock slope s .  
( Current NYSDOT S t andard S p e c i f i c a ti ons fol low preblasting 
meeting subj ect  des cription . )  

9 - Agree upon the location and limi ts  o f  the rock slope tes t 
s e c tion area . 

1 0  - E s t ab l i sh the 
the prebl a s t  
personnel for 

location and types o f  
warning signal s  and 

traffic contro l .  

b l as t ing warning signs , 
the placement of flag 
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NYS DOT - ST&�DARD SPECIF ICATIONS o f  January 2 ,  1981 

as amended by ADDENDUM NO . 1 of December 9 ,  1 9 82 

S e c tion 2 0 0  

EARTHWORK 

§ 2 03 - 3 . 0 5 Rock Excavation 

Attention is directed to § 10 7 - 0 5 , SAFETY fu\ID HEALTH 
REQUIREMENTS , c oncerning rock dril l ing and b l as ting work . 

Prespli t ting is  required where the des ign rock s lope is  
one vertical on one horizontal or s teeper and the verti cal 
height of the exposed rock slope exceeds five fee t .  
Ripping w i l l  not b e  al lowed within ten feet o f  a s lope that 
requir e s  prespl i tting . T e s t  sec tions wi l l  be required at 
the outset o f  presp lit drill ing and b las ting operations for 
the evaluation o f  the presp l i t  rock slopes by a Depart
mental Engineering Geologi s t .  The Contrac tor will be 
required to comp l etely exp o s e  the presplit rock face in the 
t e s t  s e c tion for evaluation prior to any further presp l i t  
dri l l ing . 

Al l rock s l opes shall b e  thoroughly scaled to the 
s a t i s faction o f  the Engineer . For rock excavations 
involving mul tiple lifts , scaling o f  upper li fts shall be 
comp l e t e d  prior to dri l l ing and fragmenting of l ower l i ft s . 
S c al e d  rock s lopes shal l b e  stable and free from possible 
hazards o f  falling rocks or rock s l ides that endanger 
pub l i c  s a f e ty .  I f ,  after proper s ca l ing , such conditions 
s t i l l  exi s t , a determination o f  the c au s e  will be made by a 
Departmental Engineering Geo logi s t  and i f  it  i s  determined 
that the c ondi tions are the result o f  poor workmanship or 
imp roper methods emp loyed by the Contrac tor , the Contrac tor 
shall p rovide approved remedi a l  treatm ent , at no expense to 
the S tate . S uch treatment may inc lude , but is not 
necess arily l imited to , laying back the s lope , rock bolting , 
or  shotcreting . In no case sha l l  the sub grade be trimmed 
prior to the completion o f  the s c a l ing operation at any 
location . 

A .  Pre spli tting . Prior to dri l l ing presplitting holes , the 
overburden shall be comp l e t e ly removed to expose the 
rock surface along the presplitting l ine . The methods 
o f  c o l l aring the hol e s  to achieve proper incl ination and 
a l i gnment shall b e  approved by the Engineer . 

The prespli t ting ho les  shall be a maximum four inches in 
diamet e r , spaced not more than three fee t  center to center along 
the s lope , and drilled at  the designed s lope incl ination for a 
maximum s lope distance o f  60  fee t .  When excavation operations 
are c onduc ted in mul tiple l i fts , the prespl i tting holes for 
suc c e s s ive l i ft s  may be o ff s e t  a dis tan c e  o f  not more than three 
feet for a design s lope o f  one vertical on one horizontal and not 
more than one foot for s lopes o f  s t e eper des ign ; however , a 
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prespl i t ting ho le shall not be s tarted ins ide the payment line . 
I f  presp l i t ting is conduc ted in l i fts , each l i f t  shall be app rox
imately o f  equal depth .  Al l presplit ting holes shall be chec ked 
and c l eared o f  obstructions immediately prior to loading any 
holes in a round . Al l prespl i t ting ho l e s  shall be loaded wi th a 
continuous co lumn charge manufac tured especially for presp l i t t ing 
which contains not more than 0 . 35 pounds o f  exp losive per foo t . 
The top o f  the charge shall be located no t more than three feet 
b e low the top of roc k .  A b o ttom charge of not more than three 
pounds o f  packaged explos ive may be used ; however , no port ion o f  
any b o t tom charge shall b e  p l a c ed agai n s t  a proposed fini shed 
s lope . Each prespli tting ho l e  shall be f i l l ed with No . lA 
C rushed S tone S temming mee ting the gradation requirements o f  
§ 7 0 3 - 02 , Coarse Aggregates . The presp l i tting charges shall be 
f ired wi th detonating cord extending the full depth of  each ho le 
and a tt ached to a trunk line at the surf ac e .  De tonation of  the 
trunk line shall be wi th blas t ing cap ( s )  and shall prec ede the 
de tonation o f  fragmentation charges wi thin the s e c t ion by a 
minimum o f  25 milli seconds . P r e - spli t t ing shall extend for a 
minimum dis tance equal to the burden plus three feet beyond the 
limits o f  fragmentation blas t ing wi thin the section .  

B .  Fra1men tation Blas ting . Fragmentation holes , or port ions 
the reo ; shall not be dri l l ed c l oser than four feet to the 
proposed fini shed slope . Where presp l i t t ing is requi red , frag
mentation hol e s  adj acent to the pre - sp l i tting holes shal l b e  
dril l ed paral l el t o  the presp l i t ting hol e s  for the ful l depth o f  
the p roduct ion l i ft at a spacing not exc e eding the spac ing o f  the 
produ c t i on pattern . Only packaged exp l o s ives shall be used ten 
feet or l e s s  from a design s lope whi ch requires presp l i tting 
regardless o f  the cons truction sequence .  

F ragmen tation charges shall b e  detonated by properly sequenced 
m i l l i s e c ond delay blas ting c ap s .  
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EXP LOS IVE LOADING LIMITS 

In the ab sence of more s t ringent requirements , the maximum 
quan t i ty o f  exp losives al lowed per blast shall be based on a 
maximum parti c l e  veloc ity o f  1 . 9 2 inches per second at the 
near e s t  s t ructure to be pro tec ted . In the abs ence of seismic 
mon i t oring equipment , the fol lowing exp l o s ive loading l imits 
shall apply : 

1 .  

2 . 

When the distance from 
neare s t  s tructure to be 
o r  l es s , no blasting wil l 

and Twelve 

the p roposed b l as ting 
protec ted is s ix ( 6 )  

b e  a l l owed . 

area to 
linear 

the 
feet 

When the distance between the blas ting area and the neares t  
s tructure to be protected is  greater than s ix ( 6 )  and equal to 
or l e s s  than fi fteen ( 1 5 ) l inear feet , a maximum of one 
quart e r  pound o f  explosive per delay period* blas ting cap 
shall be al lowed . 

3 .  When the distance between the blast area and the neares t  
s truc ture to b e  protected i s  greater than fi fteen ( 15 ) and 
equal to or less than two hundred and twelve ( 21 2 )  linear 
feet , a Sc aled Dis tance o f  thirty ( 3 0 )  shall be utilized to 
determine the ma."'{imum pounds o f  exp losive al lowed per del ay 
p e r i od* blasting cap . The S c aled Dis t ance Formula is  as 
described b el ow : 

D 
S D  

v;-

OR 

E 
MAX 

Max 

\mere : SD 
D 

E · MAX= 

= Scaled Dis tance 
= Dis tance from blast 

area to nearest 
s tructure to  be 
p rotected in linear 
feet 

Maximum pounds of 
expl o s ive per delay 
period* blasting cap 

D i s tan c e  Greater than Two Hundred and Twelve ( 21 2 )  Feet from the 
Near e s t  S truc ture 

4 .  When the blaster elects to utilize more than fi fty ( 5 0 )  pounds 
o f  exp l o s ive per delay period* blas ting cap , a seismograph 
shall b e  employed to monitor the blas ting vibrations generated . 
The ini tial loading shall be computed us ing a S c aled Distance 
of thirty ( 3 0 )  . The resul ting particle veloc i ty measured by 
the s e ismograph shall be evaluated by a Department Engineering 
Geologis t .  His evaluation shall be the basis  for adj usting the 
S c aled D i s tanc e .  

N o  s eparate payment will b e  made for this work . The c o s t  
shall be inc luded in the appropriate excavation i tem . The above 
requi rement s  shall in no way r e l i eve the Contractor of liabi l i ty 
for any damage incurred as a result o f  his b las ting operations . 
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PRESPLIT DRILLING , BLASTING AND TEST SECTION REVIEI¥ 

A .  Prespl i t  Dril ling : The Engineering Geo logist mus t b e  
present at the rock slope t e s t  s e c t ion area o n  the date o f  
mob i l iz a tion . I t  is  very important that the Contrac tor ' s  
dril l er and the proj ect inspec tor l earn from the s tart exactly 
what is expec ted o f  them to insure that drill ing alignment 
control agreed upon at the preb l as t ing meeting i s  performed . 

The fol lowing dri ll ing check l i s t  i s  provided to assist the 
dri l l er and inspec tor in achieving the final s lope as des igned . 
E s tabl i s h  tha t : 

1 - Overburden is  s tripped from b edrock along the top o f  
the prespli t line . Insure that the bedrock surface i s  
no t overexcavated as in the c a s e  o f  weak shales . 

2 - The drill steel is  s traight and in satis fac tory 
c ondi tion . 

3 - The plumb line for orienting the dril l  st eel alignment 
is correc tly locat ed on a line parallel to the presp l i t  
line . ( Prebl a s t  meeting agreemen t . ) 

4 - The slope inclination t emp l a te is  the proper dimension 
and that a minimum two foot long carpenters level is 
a t t ached to the template . ( Preblast meeting agree 
ment . )  

5 - The dril lers a s s i s tant has achieved the proper drill 
s t eel al ignment as the dri l l  b i t  is collared by the 
b edrock surfac e .  ( Th e  alignment can only b e  assured at 
this time since once the dri l l  progre s s es into the rock 
i t  is literally on i t s  own . ) 

6 - The dri l l  hol e  is  o f  the p roper depth ( including sub 
dril l ing) for each hole . 

7 - The prespli t drill holes are located on three foot 
c en ters . 

8 -

9 -

The driller i s  using a carbide insert cro s s  b i t  rather 
than button b i t s  and a s o l i d  drill s teel rather than 
spiral drill s teel . The button bits and spiral drill 
s teel are not specifically b anned from use but are 
s trongly suspec t  to cau s e  wander in deep ( 3 0  feet plus ) 
dril l  holes . Drill s teel wander is  checked for on 
exposure of the test  s e c t ion fac e .  

The closest  row o f  production ( fragmentation ) holes to 
the presplit l ine is  drilled no closer than four feet 
to  and on the s ame angle as  the presp li t s lope holes . 

B .  B la s ting : The following check l i s t  i s  presented to enab l e  
the b l as ting inspector t o  determine that the initial t e s t  
s e c tion b l as t and a l l  future presp l i t  blasting operations are 
conduc t ed in a manner whereby the b e s t  possible rock slope 
alignment may be achieved . 
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The inspec tor shall check : 

1 -

2 -

3 -

The depth of each presplit ho l e  to insure thac no 
b lockages are pres ent prior to exp losive loading . I f  
expl o s ives are loaded fol lowing ho le check and the 
adj acent hole is b locked , you would be unable to bring 
in a dri l l  to clear the hol e . 

The presplit exp l o s ive weight to insure that it is not 
heavier than the speci fied maximum weight o f  0 . 35 
pounds per linear foo t .  I t  is  recommended that the 
inspec tor count the number s t icks o f  explosive , mul t i 
p ly by the standard l ength o f  each cartridge to ob tain 
the total cartridge l ength o f  the box and divide the 
box weight by the cartridge l ength . This  is a good 
way to check the manufacturers qual i ty control and to 
prevent manufacturers errors from the disrupting the 
proper construction o f  the presplit s lope . The explo
s ives is also very important for determining the 
maximum pounds o f  expl o s ives per delay period blasting 
c ap when blas ting vibration contro l i s  a cons ideration . 

To insure that the presp l i t  l ine is  loaded a minimum 
dis tance o f  nine feet in advance o f  the closest loaded 
p roduc tion ho le in the section . Thi s  insures that the 
greater quan tity or gas generated by the larger 
production exp l o s ives does no t fo llow an open j oint , 
f rac ture or bedding plane to a point behind the 
intended prespl i t  s lope and thereby disrupt the s l ope 
continuity . 

4 - To s e e  that the ear l i e s t  s equenced delay detonator 
i s  a f fixed to the prespl i t  trunk line detonating card . 
This w i l l  insure that the presp l i t  s lope is blas ted 
prior to any produc tion hole by a minimum of 25 mi l l i 
s ec onds . 

5 - For u s e  o f  free flowing expl o s ives (ANFO , Prills or 
Water gels ) in the produc tion blas ting operations and 
ins i s t  that none be used in any production holes 
l o cated within 20 feet o f  the presp l i t  s lope . 

6 - That the stemming material to b e  used is  a 1flA crushed 
s tone rather than c rushed gravel . Crushed gravel has 
rounded edges and shotguns out of the hole rather than 
l o c king together to keep the presp l i t  explo sive gas s e s  
i n  the hole t o  s p l i t  the b edro c k .  

C .  T e s t  S ec tion : The e s t ab l ishment o f  the t e s t  section is o f  
enormous value to the Engineering Geologi s t . 

1 - The t e s t  section exp o s e s  a l l  dis continui ties presen t  
i n  the bedrock .  S ince even the mo s t  advanced design 
exp loration me thods canno t reveal every feature 
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presen t ,  the test s e c t ion will enab le the Engineering 
Geo logi s t  to determine if the slope will  be stable as 
des i gned . I f  it is determined upon evaluation of test  
section that the slope is  uns t able , the Engineering 
Geologi s t  can change the s lope design to one which will 
be s tab l e . The contractor will  not be detained for 
more than a day and c an than proceed with the rock 
slope cons truc tion on the new slope inclination . 

2 - The t e s t  section examination will also reveal i f  the 
pres p l i t t ing explos ive is too heavy or too light as 
evidenced by the prespl i t  hole dri l l  butt trace which 
remains . 

3 - The dri l l  butt trac e also provides direct evidence 
if dri l l  attitude at the time o f  ini tial dri l l  s e t  up 
and any drill wander a s  i t  occurs from the top o f  the 
slope to the bo ttom . 

Direct measure at the top indicates i f  the ini t ial alignment 
was correc t .  D r i l l  butt traces which curve in parallel paths can 
be a ttributed to spiral dri ll s teel . Diverging or crossing drill 
butt traces c an b e  blamed on use of button b i t s  or initial 
improper dril l  alignment . D iving dri l l  steel which causes an 
over s teepened uns table rock s l op e  c an b e  related to alternat ing 
horizontal hard - s o ft: beds ( i . e .  Sandstone - Shale ) ; exces s ive 
down pres sure on the dri lls by the dri l l  head c auses dri ll s teel 
to knuckle downward in a hard b edrock medium and finally gravity 
c an b e  found to b e  the culprit in s o ft shales and s i l t s tones . A 
diving dri ll s t e e l  can be corrected by the dri l l e r  commencing the 
dri l l  at a flatter angle at the surface to ach i eve the proper 
s lope at the toe . 

Rarely does a drill kick out to cau s e  a flatter slope . I f  
thi s does occur , i t  i s  usually due t o  improper driller s e tup . 
Occasi onally a drill b i t  will intersect an open void whereby the 
dri l l  s trikes the bottom surfac e o f  the void on an acute angle 
which dip s toward the roadway . 

ROCK S LOPE STAB I L I ZATION 

We have a l l  s een signs along h ighways throughout the country 
which s tate " Caution Fal l ing Rock Zone " . Fall ing rock is 
b a s i c ally a s e a s onal phenomena . Rock which i s  cyclically moved 
toward a free f a c e  by fro s t  wedging , ice  buildup , heavy rain fall 
and snow mel t  o c curs usually in late autumn and early spring when 
i t s  center o f  grav i ty moves over the edge o f  its  adj acent prec i 
p i c e . This i s  only one smal l  inc ident which undoub tedly will 
m± s s  any auto on the roadway and i f  it does hit a vehicle , the 
operator treats i t  as an "Act o f  God" and complains to no one but 
h i s  insurance company . The fac t that there is a minimum o f  
compl aints regis t ered wi th highway agencies i s  why little i s  
done to  correct them . 
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A recent ( J anuary , 1 9 8 8 )  rock s l ide on the New York S ta t e  
Thruway a t  Elms ford resulted i n  the death o f  one woman and inj ury 
to ano ther . This event and the pub l i c i ty generated by the news 
medi a  p rompted p o l i tical pressure to be heaped on the New Yo rk 
S tate Thruway Au thority and the New York S ta t e  Department o f  
Transportation t o  delineate uns table rock slope p roblem areas and 
s tabi l i z e  them . 

The New York S tate Thruway Au tho rity budge ted $ 3 0  mil l ion 
for rock slope s t ab i lization operations to be conduc ted over the 
next s everal years . A great amount o f  this type o f  work has b e en 
comp l eted in the 20 month period s ince the acciden t .  

There are s ix maj or types o f  rock s lope failures and each has  
o c curred in New York S tate to  various degrees . The remainder o f  
this text wi l l  describe the failure typ e s , the occurrence 
location( s )  and the recommended remedial treatment which wi l l  
correct the s i tuat ion . 
1 - P l ane Failure : 

P lane failure o c curs when a geological dis cont inuity , such as 
a b edding or fol i a t ion plane s t rikes parallel to  the slope face 
and dip s into the excavation a t  an angle greater than the angle 
of  friction . 

A p lane failure on a bedding p l ane is  found along Route 5 2  
w e s t  o f  Ellenvi l l e  on Shawangunk Mountain i n  the Shawangunk 
quartz pebble conglomerates and metamorphic quartzite grit s .  
( S top 7 )  A pl ane fai lure on a foli ation p l ane in gneiss along 
Route 4 ,  between Fort Ann and Coms tock in Washington County . 

The mo s t  economi cal remedial treatment for s tabilization 
of this condition is  rock bolting . The mo st recent innovation in 
the rock bolting arena is  the introduction o f  a resin rock b o l t  
anchor system .  A ho le c apable o f  receiving a three quarter inch 
to one and one h a l f  inch diamet e r  grade 150 rein forcing s t e e l  
b o l t  threaded on one end is  dri l led to a depth three feet beyond 
the fai lure p l ane . 

Cartridges o f  a fas t s e t  ( three to "five minute set time ) 
are loaded in the bot tom o f  the hole followed by slower setting 
c ar tridge of resin ( 1 5  to 20 minute s e t  t ime ) . The bo l t  i s  
inserted and spun with an imp a c t  hammer t o  mix the two component 
res in c artridges for a ful l  minu t e  mix t ime . The pull tes ter i s  
then a t t ached t o  the rock bolt and after the fast  s e t  resin i s  
hardened , the b o l t  is  pretensioned to  the specified strain 
p r e s sure and maintained until comp l e tion of the s low set time o f  
hardening . The pull tes ter i s  then released and removed and 
appropr i a te p l ate , b eveled washer and nut are a t tached and snug 
tightened . The s train resis tance o f  the resin has not been 
determined to date . They have b een on the market for approx
imately ten years and no failures to  date have b een reported . I t  
i s  however the bes t anchorage in rock devised t o  date . An epoxy 
r e s in was tes ted previously but was found to be unable to main 
tain anchorage in wet holes . 
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The purpose o f  the rock bolt is  to increase the coeffic ient o f  

fri c tion along the shear plane thus preventing initial movement 
o f  the block to be retained . Should the block move , the b o l t s  
could n o t  hold i t  and would ei ther pull out or snap like too th
pi cks . 
2 - Wedge Failure : 

When two dis cont inui ties s t rike ob l i quely acro s s  the s l op e  
face and their line o f  inters e c t i on daylights in the slope face , 
the wedge o f  rock re s ting on these discontinuities will s l ide 
down the line of intersec tion , provided that the l ine of inter 
s e c tion o f  this l ine i s  sign i f i c an tly greater than the angle o f  
friction . 

A maj o r  wedge failure on Inters t a te Route 84 near the top o f  
Hosner Mountain in southeastern Dutche s s  County on April 15 , 1 9 8 2  
c l osed the three eas tbound lanes o f  the highway . An es timated 
2 , 5 0 0  cub i c  yards of rock was subs equent ly removed . The cleanup 
was comp l e ted by the S tate and two contractors in a three week 
t ime period . I t  was determined that the sl ide was caused by 
heavy rain fall during the week prior to the s l ide . The rain 
decreased the coe fficient of fric tion on the s l ide plane and 
c reated excessively high hydro s t a t i c  pres sures which triggered 
the fai lure . ( S top 6 )  
3 - Circular Fai lure : 

When the material is  very weak , a s  in a soil s lope , or  where 
the rock mas s is very heavily j o inted or b roken as in a rock 
f i l l , the failure will no t be de fined by a single discontinu i ty 
surface but wil l  tend to follow a c i rcular failure p ath . 

Ci rcular failures are found in the c l ays o f  Troy and Central 
Albany County ; in the talus slopes in the high peaks region o f  
the Adirondack Mountains and in the diorite talus along the we s t  
s ide o f  Route 9W in Haverstraw , Roc kl and County . 

Circular s o i l  failures are o ften b a l anced with a counter 
weight berm and s o i l  anchors and weep drains to move the water 
away from the fai lure plane . Talus fai lures are counterac ted 
with retaining wal ls . 

Circular failure in a deeply weathered gneis s  wi ll be seen a t  
We s t  Point at  the intersec tion o f  Route 9 W  and 218 . ( S top 2 )  At 
the We s t  Point fai lure are a ,  a gab ion c atch wal l  constructed 
along the front edge o f  a bench i s  used to catch rather than 
correct the probl em .  
4 - Critical S l ope Height versus S lo�e Angle Rel ationship : 
A high s t eep s lope i s  certainly muc more uns t able than a low 
f l a t  s lope . The factor of hydro s t a t i c  pres sure and frost  wedging 
created when rain fall lands on the high s teep slopes cau s e s  
maj o r  rock fall s  and s l ides t o  b e  ini t i a ted.  The deep tens ion 
j oints created by s tress release following Pleis tocene gl acial 
retreat left maj o r  rep o s i tories for water bui ldup and resulting 
hydrostatic and fro s t  wedging to  move enormous b locks of rock 
from the top of the high s teep rock fac e s . 
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A maj or examp l e  of  this  condition may b e  found along Rouce 2 1 8  
- O l d  S torm King Highway i n  eastern Orange County between \ves t  
Point and Cornwal l  along the wes t  bank o f  the Hudson Rive r .  Trim 
b l as ting at the top o f  s lope and rock b o l ts have been used in an 
a t t empt to reduce the maj or falls but small spalls o f  rock from 
the face nearly covered the hi ghway when it was c losed for the 
l imi ted rock s lope remedial treatment .  Roc k  falls of such 
enormous magni tude loca ted as far as 1 0 0 0  l inear feet wes t  of  
Route 218 fall  from the top s o f  cli f f s  over five hundred feet in 
he ight into a huge talus pile . Desk s i z ed talus spl ash material 
has reached Route 218 . No treatment or c atch scheme is avai lab le 
to deal with thi s  s i tuation . 
5 - Toppling Failure : 

A toppl ing failure occurs when a b l o c k  of  rock which is  higher 
than it is wide is posi tioned on a slope which is intersec ted by 
one or more j oint p l anes which dip s teeply into the slope of the 
rock face . The coeffic ient of  fri c t ion i s  approaching zero along 
i t s  b a s e . lvater penetrating the s teeply dipping j o int plane will 
e a s ily dis lodge the block and c ause i t  to topple . Normally the 
j oint p l ane i s  located in a rel atively parallel plane with a 
whole family o f  j oints . Once the initial block topples , a domino 
e ffec t i s  e s t ab l i shed . 

A toppling fai lure condition is  to b e  found along Route 97 a t  
Sparrow Bush i n  southwes tern Orange County . 

Rock bolting o f  subs tantial l ength i s  recommended to increase 
the width of the base of  the block to exc eed the toppl ing moment .  
B o l t  l engths would increase proportionately with the block 
height . 
6 - Ravelling S l opes : 

Smal l  spalls  o f  rock which are found a t  the base of  all rock 
s lopes are c aused by two prime factors , cyc l i c a l  wetting and 
drying and/or freezing and thawing and deterioration of the 
c ement matrix due to weathering proces s e s . 

Thi s  i s  no t a maj or problem for highway slopes as it  rarely 
c au s e s  more damage than a sma l l  dent or scratches in vehi c l e s . 
Vehicles grind them to powder and snow plows sweep them off the 
h ighway into the ditch . Larger sized spall s  o f  the size o f  
b aseballs to b as ke tbal ls  may b e  restrained and prevented from 
reaching the h ighway by a wire mesh s creen draped over the s lope . 
The screen i s  s t rung from cables attached to rock bolts . This 
method of corre c t ion has b een app lied by the New York State 
Thruway Authority at several s i tes located between Newburgh and 
Albany . The firs t applic ation o f  the wire mesh draped over the 
s lope was used on Route 52 east o f  E l lenville in Uls ter County in 
1 9 7 5 . ( S top 8 )  

S everal type s  o f  rock c atch methods have been utilized to 
contain or deflect  problem rock falls  wi thout correcting i t .  The 
mos t  common me thods are a collec tion di tch at the toe of s lope , 
rock c atch fences and doubl e  corrugated b e am guide rail ing . 
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ROAD LOG FOR ROCK- S LOPE STAB ILITY :  
DES I GN , CONSTRUCTION , AND REMED IAL TREATMENT 

TRIP A-7  

Left onto Benn e t t  S treet from 
OCCC parking l o t . 
Right at  s top s ign onto Route 
1 7 M  eas t .  
Right onto ramp for Route 
I - 84 eas t .  
T ake Exi t  4 E  t o  Route 1 7  eas t .  
Take Exi t  1 3 1  to Routes 6 ,  1 7  
and 3 2 .  
Turn right at  l igh t at  end 
o f  ramp . 
Turn l e ft a t  f i r s t  l igh t onto 
Rout e  6 eas t . 
Enter first p arking area on l e f t . 

Cumu l a t ive 
Hileage 

0 . 0  

0 . 2  

1 . 9  
5 . 5  

22 . 8  

23 . 1  

23 . 3  
25 . 2  

Miles From 
Las t Point 

0 . 2  

1 . 7  
3 . 6  

17 . 5  

0 . 3  

0 . 2  
1 . 9  
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Location Marker 
STOP 1 :  S lope has two ( 2 )  

lifts . A few bolts 6 
are in the top lift 8301 
across from the wes t 2 3 6 2  
end of the parking 
area . There are more 
bolts near the location 
marker .  

Leave parking area and cont inue 
eas t on Route 6 .  
Bear left on Route 2 9 2  north . 
Bear right onto Route 9W south . 
Park on shoulder j u s t  past exit 
for for Route 218 . 
Walk back to the exi t  ramp . 

2 5 . 3  
2 6 . 4  
33 . 3  

34 . 5  

Location Marker 
STOP 2 :  S lope has two ( 2 )  

lift s . A gab ion 
wal l  is ins talled 
on the bench . There 
are numerous bolts 
in the upper face . 
A large dike cuts 
through the center 
of the fac e .  

Continue south on Route 9W to 
traffic circle . 
Take third exi t  off circle to 
Route 6 east ( Bear M t . Bridge ) .  
Pay Bridge Tol l . 
Turn right at eas t end of Bridge 
to s tay on Route 6 east 
Pull into parking area on right . 
Walk back toward Bridge . 

9W 
8302 
1 047 

3 8 . 9  

3 9 . 0  
3 9 . 1  

3 9 . 6  
40 . 4  

Location Marker 
STOP 3 :  There are several 

areas b e tween the 
the parking area 
and the Bridge 
which have roc k  
catchment fenc es , 
rock bolts and/or 
buttre s s e s . 

Continue eas t on Route 6 to 
traffic c ircl e .  
Take first exi t  off circle 
towards Routes 6 eas t ,  9 south 
& 202 south . 

6 
8703 
1 0 0 9  

43 . 2  

0 . 1  
1 . 1  
6 . 9  

1 . 2  

4 . 4  

0 . 1  
0 . 1  

0 . 5  
0 . 8  

2 . 8  

. l j 
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Turn right at end o f  b ridge onto 
Route 9 south toward Peekski l l . 43 . 4  
Continue south on Route 9 to exi t  
for Routes 9A & 129 to Croton-on-
Hudson . 51 . 0  
Turn l e f t  at bot tom of  ramp onto 
Route 9A south . 51 . 2  
Turn l e f t  at second ( 2nd ) light 
onto Route 129 eas t . 51 . 4  
Intersec tion of  Route 129 and 
Old Pos t Road . 51 . 8  
Downtown Croton-on-Hudson on l e f t . 
( P i t  S top ? )  
Continue e a s t  on Route 129  and 
p ark a t  entrance to Croton Gorge 
P ark . 5 3 . 5  
Wal k  e a s t  on Route 129  to work 
zone on wes tbound s ide o f  road . 

Loca tion Marker 
STOP 4 :  Rock S lope 

S tabi l i z a tion 
Proj ec t . S lope is 
being trimmed to an 
inclina t i on of 1 
vertical on 1 
horizon ta l . 

Continue east on Route 129 . 
Cro s s  new b ridge over New Cro ton 
Reservo i r .  
Turn l e f t  a t  s ign for Taconic 
S ta t e  P arkway ( T . S . P . ) ( Underh i l l  
Ave . ) .  
Go under T . S . P .  and turn l e ft 
onto ramp for T . S . P .  Northbound . 
Turn right onto Bryant Pond Road . 
Take firs t l e ft onto Wood S treet . 
Bear l e f t  a t  Bul l e thol e  Road 
s i gn .  
S top a t  road work s ign j u s t  
b e fore T . S . P .  
Walk north on T . S . P .  b ehind 
j er s ey b arriers to work zone . 

129 
8701 
1022 

5 5 . 2  

5 6 . 8  

57 . 7  
6 6 . 8  
67 . 0  

6 8 . 3  

6 8 . 5  

Loca tion Marker 
STOP 5 :  Shoulder i s  b e ing 

widened and rock 
s lope i s  b e ing 
trimmed to an 
inclination o f  
2 verti c a l  on 
1 horizon t a l . 

TSP 
8402 
1045 

0 . 2  

7 . 6  

0 . 2  

0 . 2  

0 . 4  

1 . 7  

1 . 7  

1 . 6  

0 . 9  
9 . 1  
0 . 2  

1 . 3  

0 . 2  
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Continue north on T . S . P .  Turn 
right onto ramp for Route 
I - 84 eas t .  
Go east on Route l - 84 to Exit 17 
( Ludingtonvil le ) . 
Turn l e f t  at end o f  exi t  ramp . 
Go under I - 84 and turn left onto 
ramp for I - 84 we s t . 
Go wes t  on l - 84 to first rest 
area . 
Walk east on I - 84 to rock cut . 

81 . 1  

87 . 2  
87 . 5  

87 . 6  

9 0 . 9  

Location Marker 
STOP 6 :  Vertical s lopes on 

both s ides o f  
highway and in 
median . Mas s ive 
wedge failure scar 
on south s lope . ( Fig . 

Leave res t  area and continue 
wes t  on I - 84 .  
Cross Hudson River and continue 
we s t  on I - 84 to Exi t  8 
( Route 5 2 ) .  
Turn right at end o f  exit ramp 
onto Route 5 2  wes t .  
Turn l e ft at l ight in Walden to 
s tay on 5 2  wes t . 
Park on wide shoulder on east
bound s i de of 52 . 
Walk down hill  along Route 52 . 

2 )  . 

841 
8202 
1154 

9 1 . 3  

1 0 9 . 2  

109 . 3  

1 1 8 . 1  

Loc at ion Marker 

STOP 7 :  Several areas 
showing thick 
mylonite zones , 
rock bol ts & 
wedge failures . 
Catchment mesh 
at mile 134 . 9  

Continue wes t  on Route 52 
Turn l e ft onto Route 209 south 
in E l l envil l e . 
Turn l e f t  onto ramp to Route 1 7  
eas t .  
P ark on shoulder a t  top of  
moun tain . 

52 
8 60 2  
1127 

134 . 9  

137 . 3  

1 5 0 . 8  

1 52 . 8  

12 . 6  

6 . 1  
0 . 3  

0 . 1  

3 . 3  

0 . 4  

17 . 9  

0 . 1  

8 . 8  

1 6 . 8  

2 . 4  

13 . 5  

2 . 0  
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STOP 8 :  Rock slopes on both sides of  

highway . There is  a wide 
bench on the south s ide with 
a guard rail ins talled at the 
edge to act as a c a t chment . 

Continue east  on Route 17 to Exi t  
l l 8A ( Route . l7M - Fair Oaks ) .  
Turn l e f t  a t  end o f  ramp onto 
Route 17M E as t .  
Turn right on Wickham Ave . in 
Middle town to s tay on 17M Eas t 
( Route 211 Wes t ) . 
Turn l e f t  on Monhagen Ave .  to 
s t ay on 1 7M E a s t  ( 21 1  Wes t  turns 
right ) .  
Turn right on Academy S t .  to 
s t ay on 1 7M E as t .  
Route 17M E a s t  bears right onto 
Dol son Ave .  
Turn right on Benne t t  S t .  
Turn right into O . C . C . C .  
parking l o t . TOTAL 

159 . 5  

159 . 6  

1 63 . 6  

1 64 . 4  

165 . 2  

165 . 4  
1 65 . 6  

1 65 . 8  

6 . 7  

0 . 1  

4 . 0  

0 . 8  

0 . 8  

0 . 2  
0 . 2  

0 . 2  




