
Corporate Headquarters 
115 W Germantown Pike, Suite 200 

East Norriton, PA 19401 
(610) 277-0880 FAX 277-0878 

Southern New Jersey 
403 Commerce Lane 

West Berlin, NJ 08091 
(856) 768-1001 FAX 768-1144 

Central Pennsylvania 
5010 Ritter Road, Suite 116 
Mechanicsburg, PA 17055 

(717) 697-5701 FAX 697-5702 

Lehigh Valley 
149 Main Street 

Emmaus, PA 18049 
(610) 967-4540 FAX 967-4488 

eei@earthengineering.com                                                            www.earthengineering.com 

 
 

July 2, 2021 
EEI Project No. 31585.00 

 

Mr. Edward J. Weirsky, Jr. 
STV Energy Services, Inc. 
205 West Welsh Drive 
Douglassville, PA  19518 
 

Phone: 610.385.8390 
Email: edward.weirsky@stvinc.com 
 
 

RE: Response to Questions 
 Twin Oaks to Newark 14 Inch Pipeline 
 Jacobs Creek HDD Pipeline Relocation 
 Upper Makefield Township, PA 

 Hopewell Township, NJ 
 
Dear Mr. Weirsky: 
 
Earth Engineering Incorporated (EEI) reviewed the questions by STV Energy Services Inc. for 
the above referenced project.  The Questions were issued to EEI on June 24th, 2021.  Based on 
our review of these questions, the following serves as our response to each of the specific 
questions: 

 
Question #2 

 
“Also, regarding the Report of Geotechnical Investigation prepared by Earth Engineering 
Inc, dated January 7, 2020 (“Geotechnical Report”).  Boring logs in the report indicate 
that that an additional bed of red siltstone was encountered between 57 feet and 80.5 
feet in boring SB-4. The red siltstone was not encountered in borings SB-1 or SB-2.  
Based on the Geologic Map of Central and Southern New Jersey (1998), the 3 borings 
appear to be aligned generally along strike and therefore should show a similar 
lithology.  The same map shows numerous faults in the area.  Please provide additional 
information regarding the correlation of the strata encountered in the borings and 
discuss the possibility of a fault or other structure located between borings SB-3 and SB-
4. Please also assess the need to further characterize the lithology between borings SB-
3 and SB-4 with additional boring(s).” 
 

EEI Response 
 
After further review of the rock cores from the field and the referenced geologic map: we believe 
that the red siltstone encountered in SB-4 is sub-unit which is part of the Lockatong 
Formation(TRl).  The Newark Quadrangle geologic map (Geologic Map of the Newark 
Quadrangle, New Jersey, Pennsylvania, and New York 1987) shows that the Upper Triassic 
age gray and black siltstone and shale of the Lockatong Formation (TRl), contains interbedded, 
(TRl) reddish-brown, sandy siltstone in units (TRlr). 
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Our review of the rock cores indicates that this dark reddish-brown siltstone encountered in SB-
4 from approximately 57 and 80.5 feet deep is an interbedded layer (TRlr). It is noted at the base 
of this layer the rock returns to the more typical argillite of the Lockatong formation (TRl).   
 
We have also reviewed the Bedrock Geologic Map of Central and Southern New Jersey (1998) 
and agree that a fault is located in the vicinity of the site, specifically a fault is mapped 
approximately 0.5 miles to the east of SB-4.  EEI did not observe evidence of faulting (ie scour, 
breccia, or slicken-lines) within the rock cores.  It is our opinion that the siltstone encountered at  
boring SB-4 is consistent with the geologic literature and not associate with the presence of a 
fault.      
 
Consequently, we feel that the 3 borings conducted should provide sufficient geologic 
information to the perspective directional drilling contractors and no additional borings are 
needed.   
 
Topographic and Geologic Map Plates of the site location, map unit descriptions and photos of 
the rock cores are attached to this report for reference. 

 
Question #4 

 
“The boring logs in the Geotechnical Report contain information on the relative dip.  In 
each note 2 dip angles are provided.  Please describe what the 2 dip angles represent.” 
 

EEI Response:   
 
The two dip angles are representative of relative bedding dip of the formation bedding and 
relative dip of the fractures encountered.  The Bedding dip ranges from 5-10 degrees and the 
natural fracture dip is steeper between 70-75 degrees.   

 
Question #5 

 
“The Geotechnical report describes the shale bedrock as having extremely close spaced 
fractures, laminated and medium hard to very hard.  The rock was additionally 
characterized to be broken to massive with degrees of weathering ranging from highly 
weathered to fresh.  Information in the HDD Drill Analysis Report, prepared by STV, 
dated January 2021 indicated that the rock cores taken from the geotechnical borings on 
site show very little to no fracturing.  Please provide more information on the frequency 
and nature of the fractures/joints encountered at the site” 
 

EEI Response:   
 

The rock core samples recovered from the field investigation were examined and visually 
classified by EEI utilizing NAVFAC DM 7.01 Section 5 in the field.  The natural fracturing 
observed was generally filled with calcite and quartz.  With few portions where the fractures are 
open.  Also, the cores show breaks in the rock that are perpendicular (across/low angle 5 - 10 
degrees). These are mostly mechanical fracture/breaks caused by drilling.  These breaks tend 
to happen along bedding planes.  A copy of NAVFAC DM 7.01 Section 5 is attached to this 
report for reference.   
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Question #6 

 
“The Geotechnical Report indicated that slightly weathered to fresh bedrock of fair to 
excellent quality encountered in borings SB-1, SB-3 and SB-4 is characterized as 
“Difficulties May Occur” per the referenced publication.  Please describe what difficulties 
may occur and what Sunoco plans to avoid or minimize these difficulties.”   
 

EEI Response:   
 

Our Geotechnical report references a table found in Standard Guide for Use of Maxi-Horizontal 
Directional Drilling for Placement of Polyethylene Pipe or Conduct Under Obstacles, Including 
River Crossings (ASTM F1962-11).  The referenced table indicates the “Difficulties May Occur” 
for Horizontal Directional Drilling in slightly weathered to unweathered rocks.  This table in 
ASTM F1962-11 is referenced from a report entitled, Site Investigation Requirements for Large 
Diameter HDD Projects (Hair, C.W. III, 1995).  The aforementioned report states: 

Softer and/or partially weathered lithified materials offer HDD performance akin to that of 
hard strength clay.  If in a solid state, boring technology – although time consuming and 
expensive – is available to drill through more competent rock, especially in the weaker 
horizontal plane.   

Accordingly, as per the referenced ASTM standard the rock encountered should be classified as 
“Difficulties May Occur”.  What type of difficulties and preventative and/or corrective measures 
should be evaluated by the perspective HDD contractors.  A copy of ASTM F1962-11 
referenced table is attached to this report.   

 
We trust this is the information is responsive to your request for additional information 

require.  If you have any questions, please contact our office. 
 
 

Sincerely, 
Earth Engineering Incorporated 

 

 
 

David M Rude, P.G. 
Project Manager/Senior Geologist 

          

      
       Patrick McNamara, P.E. 
       Director - Geotechnical Investigations 
 



 
 

PLATE 1 – TOPOGRAPHIC MAP OF SITE 
 

Reprinted from the United States Geological Survey, Topographic Maps of Pennsylvania 
and New Jersey, Pennington, NJ Quadrangle, Photorevised 2019. 

Site 



 
 

PLATE 2 - GEOLOGIC MAP OF SITE 
 

Reprinted from the Pennsylvania Geological Survey, Geologic Map of 
Pennsylvania,1980. 

Site 



 
 

PLATE 3 - GEOLOGIC MAP OF SITE 
 

Reprinted from the U.S. Geological Survey, Geologic Map of the Newark Quadrangle, 
New Jersey, Pennsylvania and New York ,1987. 
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PLATE 4 - GEOLOGIC MAP OF SITE 
 

Reprinted from the U.S. Geological Survey, Bedrock Geologic Map Of Central and 
Southern New Jersey 1998. 
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PLATE 3 - GEOLOGIC DESCRIPTION 
Description reprinted from the U.S. Geological Survey, Geologic Map of the Newark 

Quadrangle, New Jersey, Pennsylvania and New York ,1987. 

PLATE 4 - GEOLOGIC DESCRIPTION 

Description reprinted from the U.S. Geological Survey, Bedrock Geologic Map Of 
Central and Southern New Jersey, 1998 & Bedrock Geologic Map of Northern New 

Jersey, 1996 
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Therefore,  Table 5 (Reference 4 ,  unpublished work by Ayers and Plum) i s  pro- 
vided f o r  a more use fu l  c l a s s i f i c a t i o n  of organic  s o i l s .  

For . the c h a r a c t e r i s t i c s  of t h e  Unified S o i l  C l a s s i f i c a t i o n  System 
p e r t i n e n t  to  roads and a i r f i e l d s ,  s ee  NAVFAC DM-5.4. 

3 .  TYPICAL PROPERTIES. Some t y p i c a l  p rope r t i e s  of s o i l s  c l a s s i f i e d  by t h e  
Unified System a r e  provided i n  Table 6 (Reference 5, Basic  S o i l s  Engineering,  
by Hough). More accurate  e s t ima te s  should be based on l abo ra to ry  and/or  f i e l d  
t e s t i n g ,  and engineering evaluat ion.  

Sect ion 5. ROCK CLASSIFICATION AND PROPERTIES 

1. VISUAL CLASSIFICATION. Describe t h e  rock sample i n  the  following 
sequence : 

a. Weathering C las s i f i ca t ion .  Describe a s  f r e s h ,  s l i g h t l y  weathered, 
e t c .  i n  accordance with Table 7 (Reference 6, Suggested Methods of t he  
Descript ion of Rock Masses, J o i n t s  and Di scon t inu i t i e s ,  by ISRM Working 
Par ty)  . 

b. Discont inui ty  C la s s i f i ca t ion .  Describe spacing of d i s c o n t i n u i t i e s  a s  
c l o s e ,  wide, e t c . ,  i n  accordance with Table 8. In descr ib ing  s t r u c t u r a l  fea- 
t u r e s ,  descr ibe  rock mass a s  t h i c k l y  bedded o r  t h i n l y  bedded, i n  accordance 
with Table 8. Depending on pro jec t  requirements,  i d e n t i f y  t he  form of j o i n t  
(s tepped,  smooth, undulating, planar ,  e t c . ) ,  i t s  d i p  ( i n  degrees) ,  i t s  s u r f a c e  
(rough, smooth, s l ickens ided) ,  i t s  opening (giving width) ,  and i t s  f i l l i n g  
(none, sand, c l a y ,  b recc ia ,  e t c . ) .  

c. Color and Grain Size. Describe with respec t  t o  bas ic  c o l o r s  on rock 
c o l o r  c h a r t  (Reference 7, - Rock Color Chart ,  by Geological Society of America). 
Use the  following term to  descr ibe  g r a i n  s i z e :  

( 1 )  For Igneous and Metamorphic Rocks: 

coarse-grained - gra in  diameter >5mm 

medium-grained - g r a i n  diameter 1 - 5mm 

fine-grained - gra in  diameter < l m m  

aphan i t i c  - gra in  s i z e  i s  too small t o  be perceived by unaided 
eye 

g l a s sy  - no g ra in  form can be d is t inguished .  

( 2 )  For Sedimentary Rocks 

coarse-grained - g r a i n  diameter >2mm 

medium-grained - g r a i n  diameter = 0.06 - 2mm 
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TABLE 5 (cont inued)  
S o i l  C l a s s i f i c a t i o n  f o r  Organic S o i l s  

b 

Dis t inguish ing  
I 

Organic Group C h a r a c t e r i s t i c s  
Content Symbols For Range of Laboratory 

Category 

ORGANIC 
SOILS 

SLIGHTLY 
ORGANIC 
SOILS 

Name 

Clayey 
ORGANIC 
SILT 

Organic 
SAND o r  
SILT 

SOIL 
FRACTION 
add 
s l i g h t l y  
Organic 

(%  by wt.) 

5  t o  30% 
Organics 
e i t h e r  
v i s i b l e  o r  
i n f e r r e d  

Less than 
5% Organics 
combined 
v i s i b l e  and 
i n f e r r e d  

(See Table 3 )  

OH 

- 

OL 

Depend upon 
inorganic  
f r a c t i o n  

Visua l  I d e n t i f i c a t i o n  

Of ten has s t rong  H2S 
odor. Thread may be tough 
depending on c l a y  
f r a c t i o n .  Medium dry  
s t r e n g t h ,  slow d i la tency .  

Threads weak and f r i a b l e  
near  PL--or may not  r o l l  
a t  a l l .  Low d r y  s t r eng th ;  
medium t o  high d i l a t ency .  

Depend upon the  
c h a r a c t e r i s t i c s  of t he  
inorganic  f r ac t i on .  

Test Values 

wn--65 t o  200% 
LL--65 t o  150% 
(usua l ly  p lo t  a t  o r  
near  A l i n e )  
PI-- 50 t o  150 
Y --70 t o  100 pcf 
0 - 2 . 3  t o  2.6 
Cc/(l+e0)=.20 t o  .35 

wn--30 t o  125% 
LL--30 t o  100% 
( u s u a l l y  p l o t  w e l l  below 
A l i n e )  
PI--non-plastic t o  40 
Y --90 t o  110 pcf 
G--2.4 t o  2.6 
cc/( l+e0)=. l  t o  -25 

Depend upon ino rgan ic  
f r a c t i o n s .  

- 
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TABLE 6 (continued) 
Typical Values of S o i l  Index 

( 1  Granular ma te r i a l s  may reach emax when dry o r  only s l i g h t l y  moist.  
Clays can reach em, only when f u l l y  sa tura ted .  

(2) Granular ma te r i a l s  reach minimum u n i t  weight when a t  ern,, and wi th  
hygroscopic moisture only. The u n i t  submerged weight of any s a t u r a t e d  
s o i l  i s  the  u n i t  weight minus the  u n i t  weight of water. 

(3). Applicable f o r  very compact g l a c i a l  till. Unusually high u n i t  weight 
va lues  f o r  t i l ls  a r e  sometimes due t o  not  only an  extremely compact con- 
d i t i o n  but t o  unusually high s p e c i f i c  g rav i ty  values.  

(45 Applicable fo r  hardpan. 

General Note: Tabulation i s  based on G = 2.65 f o r  granular  s o i l ,  
G = 2.7 f o r  c l ays ,  and 6 = 2.6 f o r  organic  s o i l s .  

L 



TABLE 7 
Weathering C l a s s i f i c a t i o n  

* 
DIAGNOSTIC FEATURES 

No v i s i b l e  s ign  of decomposition o r  d i sco lora-  
t ion.  Rings under hammer impact. 

S l igh t  d i sco lo ra t ion  inwards from open f rac-  
t u r e s ,  otherwise s imi l a r  t o  F. 

Discolorat ion throughout. Weaker minerals  such 
a s  f e ld spa r  decomposed. S t rength  somewhat l e s s  
than f r e s h  rock but co re s  cannot be broken by 
hand o r  scraped by kni fe .  Texture preserved. 

Most minerals  somewhat decomposed. Specimens 
can be broken by hand with e f f o r t  o r  shaved 
with knife .  Core s tones  present  i n  rock mass. 
Texture becoming i n d i s t i n c t  but f a b r i c  
preserved. 

Minerals decomposed t o  s o i l  but f a b r i c  and 
s t r u c t u r e  preserved (Sapro l i t e ) .  Specimens 
e a s i l y  crumbled o r  penetrated.  

Advanced s t a t e  of decomposition r e s u l t i n g  i n  
p l a s t i c  s o i l s .  Rock f a b r i c  and s t r u c t u r e  
completely destroyed. Large volume change. 

GRADE 

Fresh  

S l i g h t l y  
Weathered 

Moderately 
We a t  her ed 

Highly 
Weathered 

Completely 
Weathered 

Residual 
So il 

- 

SYMBOL 

F 

WS 

WM 

WH 

WC 

RS 



TABLE 8 
Discontinuity Spacing 

Description f o r  S t ruc tu ra l  
Features : Bedding, 
Fol ia t ion ,  o r  Flow Banding 

Very th ickly  (bedded, 
fo l i a t ed  ,or banded) 

Thickly 

Medium 

Thinly 

Very t h i n l y  

Description f o r  Micro- 
S t ruc tu ra l  Features: 
Lamination, Fol ia t ion ,  o r  
Cleavage 

Intensely (laminated, 
f o l i a t e d ,  o r  cleaved) 

Very in tense ly  

Spacing 

More than 6 f e e t  

2 - 6 f e e t  

8 - 24 inches 

2-112 - 8 inches 

314 - 2-112 inches 

Spacing 

114 - 3 / 4  inch 

Less than 114 inch 

Description fo r  J o i n t s ,  
Faul ts  o r  Other Frac tures  

Very widely ( f r ac tu red  
o r  jointed) 

Widely 

Medium 

Closely 

Very c lose ly  

Description f o r  J o i n t s ,  
Fau l t s  o r  Other Frac tures  

Extremely c lose  



fine-grained - g r a i n  diameter = 0.002 - 0.06mm 

very  fine-grained - g r a i n  diameter <0.002mm 

( 3 )  Use 10X hand l e n s  i f  necessary t o  examine rock sample. 

d. Hardness C la s s i f i ca t ion .  Describe a s  very s o f t ,  s o f t ,  e t c .  i n  accor- 
dance with Table 9 (from Reference 5 ) ,  which shows range of s t r e n g t h  va lues  of 
i n t a c t  rock assoc ia ted  wi th  hardness c l a s se s .  

e.  Geological C la s s i f i ca t ion .  I d e n t i f y  the  rock by geologic  name and 
l o c a l  name ( i f  any). A s impl i f ied  c l a s s i f i c a t i o n  i s  given i n  Table 10. 
I d e n t i f y  subordinate  c o n s t i t u e n t s  i n  rock sample such a s  seams o r  bands of 
o ther  type of minerals ,  e.g., dolomit ic  l imestone,  calcareous sandstone, sandy 
limestone, mica s c h i s t .  Example of t y p i c a l  descr ip t ion :  

Fresh  gray coarse  moderately c lo se  f r ac tu red  Mica Schis t .  

2. CLASSIFICATION BY FIELD MEASUREMENTS AND STRENGTH TESTS. 

a .  C l a s s i f i c a t i o n  by Rock Qual i ty  Designation and Veloc i ty  Index. 

( 1 )  The Rock Qual i ty  Designation (RQD) i s  only f o r  NX s i z e  core  
samples and i s  computed by summing the  lengths  of a l l  pieces of core equal  t o  
o r  longer than 4 inches and d iv id ing  by the  t o t a l  l ength  of the  cor ing  run. 
The r e s u l t a n t  i s  mul t ip l ied  by 100 t o  g e t  RQD i n  percent. It i s  necessary  t o  . 
d i s t i n g u i s h  between n a t u r a l  f r a c t u r e s  and those caused by the  d r i l l i n g  o r  - 
recovery operat ions.  The f resh ,  i r r e g u l a r  breaks should be ignored and t h e  - - 

pieces  counted a s  i n t a c t  lengths.  Depending on the engineering requirements 
of t he  p ro j ec t ,  breaks induced along highly an i so t rop ic  planes,  such a s  f o l i a -  
t i o n  o r  bedding, may be counted a s  n a t u r a l  f r ac tu re s .  A q u a l i t a t i v e . r e 1 a t i o n -  
sh ip  between RQD, v e l o c i t y  index and rock mass q u a l i t y  is  presented i n  Table 
11 ( ~ e f e r e n c e  8 ,  Pred ic t ing  I n s i t u  Modulus of Deformation Using Rock Qual i ty  
Indexes, by Coon and Mer r i t t ) .  

( 2 )  The v e l o c i t y  index i s  defined a s  the square of t h e  r a t i o  of t h e  
f i e l d  compressional wave ve loc i ty  t o  the labora tory  compressional wave veloci-  
ty. The ve loc i ty  index i s  t y p i c a l l y  used t o  determine rock q u a l i t y  using geo- 
physical  surveys. For f u r t h e r  guidance see  Reference 9 ,  Design of Surface 
and Near Surface Construct ion i n  Rock, by Deere, e t  a l .  

b. C l a s s i f i c a t i o n  by Strength.  

(1)  Uniaxial Compressive S t rength  and Modulus Ratio. Determine t h e  
un iax ia l  compressive s t r e n g t h  i n  accordance wi th  ASTM Standard D2938, Uncon- 
f i ned  Compressive S t rength  of I n t a c t  Rock Core Specimens. Describe t h e  
s t r e n g t h  of i n t a c t  sample tes ted  a s  weak, s t rong ,  e t c . ,  i n  accordance with 
Figure 3 (Reference 10, The Point  Load St rength  Tes t ,  by Broch and Frankl in) .  

( 2 )  Point Load Strength. Describe the  point load s t r e n g t h  of speci-  
men t e s t ed  a s  low, medium, e t c .  i n  accordance with Figure 3. Point  load 
s t r e n g t h  t e s t s  a r e  sometimes performed i n  the  f i e l d  f o r  l a r g e r  p ro j ec t s  where 
r i p p a b i l i t y  and rock s t r e n g t h  a r e  c r i t i c a l  design f a c t o r s .  This  simple f i e l d  
t e s t  can be performed on core  samples and i r r e g u l a r  rock specimens. The point  



TABLE 9 
Hardness C l a s s i f i c a t i o n  of I n t a c t  Rock 

CLASS 

I 

I1 

I11 

I V  

V 

HARDNESS 

Extremely hard 

Very hard 

Hard 

Soft  

Very s o f t  

FIELD TEST 

Many blows wi th  geologic  hammer 
requi red  t o  break i n t a c t  specimen. 

Hand held specimen breaks wi th  
hammer end of pick under more than  
one blow. 

Cannot be scraped o r  peeled wi th  
kn i fe ,  hand held specimen can be 
broken wi th  s i n g l e  moderate blow 
with pick. 

Can j u s t  be scraped o r  peeled with 
knife .  Indenta t ions  l m m  t o  3mm 
show i n  specimen with moderate blow 
wi th  pick. 

Mater ia l  crumbles under moderate 
blow with sharp  end of pick and can 
be peeled with a k n i f e ,  but  i s  too  
hard t o  hand- tr i m  f o r  t r i a x i a l  t e s t  
specimen. 

APPROXIMATE 
RANGE OF 
UNIAXIAL 

COMPRESSION 
STRENGTH 
kg/ cm2 

( t o n s ~ f  t 2 )  

>2000 

2000- 1000 

1000 - 500 

500 - 250 

250 - 10 



TABLE 10 
Simplif ied Rock C l a s s i f i c a t i o n  

COMMON IGNEOUS ROCKS 

Intermediate 

Feldspar 
& 

brnblende 

Diori t e  
P e p -  
t i te  

Diorite 

Color 

Principal 
Mineral 

Texture 

COarse, 
Irregular,  
Crystal l ine 

Coarse and 
Medium 
Crystall ine 

Dark 

Fine 
Crystall ine 

Aphani t i c  

Glassy 

Porous 
(Gas Open- 

ings) 

Fragmental 
C 

Augite and 
Feldspar 

Gabbr o 
Pem- 
ti te 

Gabbro 

Augite 
Hornblende, 
01 ivine 

Peridotite 

Light 

Quartz 
& 

Feldspar 
Other 
Minerals 
Minor 

Pegmatite 

Granite 

Dolerite 

Feldspar 

Syenite 
Pew- 
ti te 

Syenite 

Apli te 

Fels i te  

Volcanic glass  

Mabase 

Basalt 

Obsidian 

Pumice Scoria or  vesicular basalt  

Tuff ( f i ne ) ,  breccia (coarse), cinders (variable) 



TABLE 10 (continued) 
S impl i f ied  Rock C l a s s i f i c a t i o n  

COMMON SEDIMENTARY ROCKS 

Name 

Conglmerate 

Breccia 

Siliceous 
sands tone 

Argillaceous 
sands tone 

Calcareous 
sands tone 

Arkose 

Graywacke 

Si l ts tone ( i f  
laminated, shale) 

Shale 

Calcareous shale 

Carbonaceous s h d  e 

Ferruginous shale 

Group 

Clastic 

J 

Grain Size 

Mostly 
Coarse 
Grains 

More than 
50% of 
medim 
grains 

More than 
50% f ine  
grain s ize 

Cmposi t ion 

Rounded pebbles i n  mediun- 
grained matrix 

Angular coarse rock fragments, 
often quite variable 

Medim 
quartz 
grains 

Less than 10% of 
other minerals 

Appreciable quantity 
of clay minerals 

Appreciable quantity 
of ca lc i te  

Over 25% feldspar 

25-50% feldspar and 
darker minerals 

Fine to very fine quartz 
grains with clay minerals 

Micrw 
scopic 
clay 
minerals 

<lo% other minerals 

Appreciable ca l c i t e  

Appreciable carbon- 
aceous material 

Appreciable iron 
oxide cement 



TABLE 10 (cont inued)  
Simplif ied Rock C l a s s i f i c a t i o n  

COMMON SEDIMENTARY ROCKS 

Name 

Fossiliferous 
limes tone 

Dolomite 
limestone o r  
dolanite 

Bituminous coal  

Limestone 

Dolanite 

Chert, F l in t ,  
e tc .  

Iron formation 

Rock salt 

Rock gypsum 

Composition 

Calcite and fos s i l s  

Calcite a d  appreciable dolomite 

Carbonaceous material 

Calcite 

D o l d t e  

Quartz 

Iron compounds with quartz 

Halite 

Gypsum 

Group 

Organic 

Chemical 

Grain Size 

Variable 

Medium to 
microscopic 

Variable 

Microscopic 



TABLE 10 (continued) 
Simplified Rock Classif ication 

COMMON METAMORPHIC ROCKS 

Texture 

Coarse Crystalline 

Medium 
Crystalline 

Fine to 
Microscopic 

Structure 

Foliated 

Gneiss 

( Sericite) 
(Mica) 

Schist (Talc) 
(Chlorite) 
(etc.1 

Phylli te 
Slate 

Massive 

Metaquartzite 

Marble 
Quartzite 
Serpentine 
Soaps tone 

Hornf e l  s 
Anthracite coal 



TABLE 11 
Engineering Classification For In Situ Rock Quality 

RQD % 

90 - 100 

75 - 90 

50 - 75 

25 - 50 

0 - 25 

- 

VELOCITY INDEX 

0.80 - 1.00 

0.60 - 0.80 

0.40 - 0.60 

0.20 - 0.40 

0 - 0.20 

ROCK MASS QUALITY 

Excellent 

Good 

Fair 

Poor 

Very Poor 



FIGURE 3 
Strength  C l a s s i f i c a t i o n  
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load s t r e n g t h  index i s  def ined a s  t he  r a t i o  of t he  app l i ed  f o r c e  a t  f a i l u r e  t o  
t he  squared d i s t ance  between loaded points .  This index i s  r e l a t e d  t o  t h e  
d i r e c t  t e n s i l e  s t r e n g t h  of the  rock by a  p r o p o r t i o n a l i t y  cons t an t  of 0.7 t o  
1.0 depending on t h e  s i z e  of sample. Useful r e l a t i o n s h i p s  of po in t  load ten- 
s i l e  s t r e n g t h  index t o  o ther  parameters such a s  s p e c i f i c  g r a v i t y ,  seismic 
v e l o c i t y ,  e l a s t i c  modulus, and compressive s t r e n g t h  a r e  given i n  Reference 11 ,  
P red i c t i on  of Compressive S t rength  from Other Rock p r o p e r t i e s ,  by DiAndrea, e t  
a l .  The technique f o r  performing t h e  test i s  descr ibed i n  Reference 9. 

c. C l a s s i f i c a t i o n  by Durabi l i ty .  Short-term weathering of rocks,  par- 
t i c u l a r l y  sha l e s  and mudstones, can have a  cons iderab le  e f f e c t  on t h e i r  engi- 
neer ing performance. The wea the rab i l i t y  of t he se  m a t e r i a l s  i s  extremely va r i -  
a b l e ,  and rocks t h a t  a r e  l i k e l y  t o  degrade on exposure should be f u r t h e r  char- 
ac t e r i zed  by use of t e s t s  for  d u r a b i l i t y  under s tandard  drying and wet t ing 
cyc l e  ( s e e  Reference 12, Logging Mechanical Character  of Rock, by Frankl in ,  e t  
1 .  I f ,  f o r  example, wetting and drying cyc l e s  reduce s h a l e  t o  g r a i n  s i z e ,  
then rapid s lak ing  and e ros ion  i n  the  f i e l d  is  probable when rock i s  exposed 
( s e e  Reference 13, C l a s s i f i c a t i o n  and ~ d e n t i f i c a t i o n  of Sha les ,  by 
Underwood). 

3. ENGINEERING AND PHYSICAL PROPERTIES OF ROCK. A pre l iminary  e s t ima te  of 
the  phys ica l  and engineer ing p rope r t i e s  can be made based on t h e  c l a s s i f i c a -  
t i o n  c r i t e r i a  given toge ther  with published c h a r t s ,  t a b l e s  and c o r r e l a t i o n s  
i n t e r p r e t e d  by experienced engineer ing geologis t s .  (See Reference 8; Refer- 
ence 13; Reference 14, Slope S t a b i l i t y  i n  Residual  S o i l s ,  by Deere and Pat ton;  
Reference 15, Geological  Considerat ions,  by Deere; Reference 16, Engineering 
P rope r t i e s  of Rocks, by Farmer.) Guidance i s  provided i n  Reference 14 f o r  
de sc r ip t i on  of weathered igneous and metamorphic rock ( r e s i d u a l  s o i l ,  t r a n s i -  
t i o n  from r e s i d u a l  t o  s a p r o l i t e ,  e t c . )  i n  terms of RQD, percent  co re  recovery, 
r e l a t i v e  permeabi l i ty  and s t rength .  Typical s t r e n g t h  parameters f o r  weathered 
igneous and metamorphic rocks a r e  a l s o  given i n  Reference 14. Guidance on 
phys ica l  p rope r t i e s  of some sha l e s  i s  given i n  Reference 13. 

Sec t ion  6. SPECIAL MATERIALS 

1. GENERAL CLASSIFICATION AND TYPICAL ENGINEERING IMPLICATIONS. See Table 
12 f o r  general  c l a s s i f i c a t i o n  and t y p i c a l  engineer ing impl ica t ions  of s p e c i a l  
ma te r i a l s  t h a t  i n f luence  foundation design. 

2. EXPANSIVE SOILS. 

a. Cha rac t e r i s t i c s .  Expansive s o i l s  a r e  d i s t inguished  by t h e i r  poten- 
t i a l  f o r  g r e a t  volume increase  upon access  t o  moisture.  S o i l s  exh ib i t i ng  such 
behavior a r e  mostly mon tmor i l l o n i  te c l ays  and c l ay  sha l e s .  

b. I d e n t i f i c a t i o n  and C la s s i f i ca t i on .  Figure 4 (Reference 17, Shallow 
Foundations, by t he  Canadian Geotechnical Society)  shows a  method based on 
Atterberg l i m i t s  and g ra in  s i z e  f o r  c l a s s i f y i n g  expansive s o i l s .  Ac t iv i t y  of 
c l a y  i s  defined a s  the  r a t i o  of p l a s t i c i t y  index and the  percent  by weight 
f i n e r  than two microns ( 2 p  ). The s w e l l  test i n  a  one dimensional consol i -  
d a t i o n  t e s t  ( s ee  Chapter 3 )  o r  the  Double Consolidometer Test  (Reference 18, 
The Addit ional  Se t t lement  of Foundations Due t o  Collapse of S t r u c t u r e s  of 
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