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Abstract 

Schmidt hammer has increasingly been used world-wide as an index test for a quick rock strength and deformability characterization. The 
reason is mainly due to its rapidity and easyness in execution, non destructiveness, simplicity, portability and low cost. 
Twentynine different types of Carbonate rocks from Greek territory and four ones from England have been collected and tested. The tests 
include the determination of Schmidt hammer rebound hardness, (N) number, Tangent Young's modulus, (Et), and Uniaxial compressive 
strength (U.C.S.). 
Finally. these parameters were correlated and reo_ression equations, of high practical value, were estanlished among N, Et and U.C.S., all 
presenting high coefficients of determination (R~). 

Rdsumd 

Le marteau Schmidt s'utilise de plus en plus dans le monde comme un essai indicateur de qualification rapide de la resistance ~ la compres- 
sion simple et de la deformation des roches. 
Les raisons en sont surtout la rapiditd et la facilitd d'exdcution qui ne provoquent pas de destruction, la simplicitd, la portabilite et le 
faible cofit. 
Vingt neuf types diffErents de roches carbonatdes de GrEce. et quatre types d'Angleterre ont ErE rdunis et examines. 
Les essais comprennent la designation de la duretd du marteau SCHMIDT, le numEro (N) du module d'elasticitE de Young (Et) et la 
resistance ~ la compression simple (U.C.S.). 
Ces param~tres ont 6td corrdlEs et on a dEterminE les relations entre N, Et et U.C.S.. qui prdsentent routes des coefficients de correlation 
dlevds (R') d'une grande valeur pratique. 

Introduction 

Both strength and de fo rmab i l i t y  charac te r i s t i c s  o f  
rocks,  are cons ide red  to be very impor tan t  parame-  
ters, necessary  for the des ign of  s t ructures  e i ther  
upon or inside rocks.  In addi t ion,  these proper t ies  are 
essent ia l  for c l a s s i f i ca t ion  of  rock mater ia l s  and 
j u d g e m e n t  about  their  sui tabi l i ty  for var ious  con-  
s t ruct ion purposes .  

De te rmina t ion  o f  e i ther  c o m p r e s s i v e  s t rength or de- 
fo rmabi l i ty  of  a rock mater ia l ,  is t ime consuming ,  
re la t ive ly  e x p e n s i v e  - i f  we cons ide r  that in order  to 
produce  a r ep resen ta t ive  value  for a large rock ex- 
posure,  a great  number  of  spec imens  have  to be 
tested - ,  and i nvo lves  des t ruc t ive  tests. For  these rea- 
sons, subs t i tu t ion  o f  these tests with a quick ,  non de- 
s t ruct ive ,  and of  accep tab le  re l iabi l i ty  test, as 
Schmidt  hardness  test is, would  be very va luable  for 

at least ,  the p re l imina ry  s tage  o f  des ign ing  a s t ructure 
or for rock exposure  zon ing .  

The  In te rna t iona l  Soc ie ty  for Rock  Mechan ics ,  
I .S .R.M.  (1981),  p. 30, sugges t s  the use of  the 
Schmidt  hammer  as a rou t ine  test apparatus ,  for de- 
t e rmin ing  the d i s con t inu i ty  wall  s t rength in rock 
masses .  

The  Belg ian  unpub l i shed  r e c o m m e n d a t i o n s  for expo-  
sure mapping  (p. A, 11-64) po in tou t  the "necess i ty  
of  deve lop ing  var ious  r e l i ab le  co r r e l a t i ons  be tween  
Schmid t  h a m m e r  rebound  n u m b e r  ob ta ined  f rom out- 
crops,  with both s t rength  and d e f o r m a t i o n  modulus  
of  the rock" which  wou ld  be appl ied  espec ia l ly  to 
d i f ferent  pe t ro log ica l  rock types .  

Mi l l e r  R.P. (1965) p roduced  a genera l  and crude cor- 
re la t ion chart  for  Schm id t  (L) hammer ,  re la t ing rock 
densi ty,  c o m p r e s s i v e  s t rength  and rebound number  
(N), appl icable  to all rock types .  

* Dr Engineering Geologist, I0 Esopou Str., Peristeri - 12134, Athens, Greece. 



Deere D.U. and Miller R.P. (1966) suggested another 
correlation chart for Schmidt (L) hammer,  relating 
rock density, tangent modulus of  elasticity and re- 
bound number (N). 

Ege e t  at .  (1970) applied the rock test hammer  tech- 
nique to engineering geology field investigations in 
volcanic rocks. 

In this paper the results of  an investigation on the 
correlation between Schmidt rebound number (N) and 
compressive strength U.C.S., as well as tangent 
Young's Modulus, based on laboratory tests carried 
out on various carbonate rocks are reported. 

The reason of selection of  this rock type is due to 
the fact that carbonate rocks outcrop, covering a 
large percentage of  Greek territory and as a result 
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much construction ac t iv i ty  is performed into, upon 
or from this rock type. 

The  s tudy  a r ea s  a n d  r o c k s  

Thirty three different ca rbona te  rocks were sampled 
and tested for the execu t ion  of this study. Twenty 
nine rocks, out of  them, were collected from various 
sites in Greece either f r o m  working and disused quar- 
ries or from natural r o c k  outcrops (fig. 1). The rest 
four rocks were ob t a ined  from working and disused 
quarries in Nor thumber land ,  England (longhoughton 
and Mootlaw). The s a m p l i n g  procedure was strictly 
carried out according to A.S.T.M. : Spec. Tech pub. : 
483, specification. 
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Fig. 1 : Samp le  locali t ies.  



Details of  the study rocks and sampling locations are 
given in Table 1. 

Specimen preparation 

From each study loca t ion ,  b lock rock samples  o f  di- 
mens ions  approx ima te ly  25 • 25 • 20 cm were  col-  
l ec ted  and carr ied to the laboratory.  

Af te r  the execu t ion  o f  the Schmid t  h a m m e r  test, (ac- 
cord ing  to the I .S .R.M. ,  Sugges ted  Method) ,  the 
b locks  were  cored  - using a d i amond  impregna t ed  
dr i l l ing  bit of  NX core  size,  o f  app rox ima te  d i ame te r  
52 m m  (only the Engl i sh  samples  were  cored  using 
a 38 mm dri l l ing bit .)  - at a high range speed,  ac- 
cord ing  to the I .S .R.M.  Sugges t ed  Method .  The  ends 
of  the spec imens  were  made flat and pe rpend i cu l a r  
to the axis of  the spec imen .  The i r  sides were  smooth  
and pol ished,  and the spec imens  were  inspec ted  to 
be free o f  cracks,  f issures,  veins  and o ther  f laws 
which would  act as s e l ec t ive  planes of  weakness  and 
cause an undes i reab le  change  o f  the real  p roper t ies  
of  the rocks.  

Six cores  from each study rock type were  prepared;  
four for  the m e a s u r e m e n t  o f  the uniaxia l  c o m p r e s s i v e  
s t rength and two for  de te rmin ing  the de fo rmab i l i t y  
( tangent  Young ' s  Modulus)  of  Rock Mater ia l s .  The 
Young ' s  Modulus  have been ob ta ined  by using 
bonded  l inear  e lec t r i ca l  res is tance  strain gauges ,  to 
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the smooth parts on the sample  surface  ( two ver t ica l  
and two hor izonta l  stain gauges  on each  core) .  The 
strain gauges  were a t t ached  at mid  - he igh t  of  the 
spec imen  to min imize  the end effects .  Both tests were 
conducted  in accordance  wi th  the I .S .R.M.  Sugges t ed  
Methods.  

Review-Analysis 

An extensive literature review, as ment ioned in 
W.R. Dearman (1981) paper, has provided informa- 
tion and data on compress ive  strength and elastic 
modulus for various carbonate rocks (Lo, K.Y., Hori, 
M, 1979), including variet ies of  English chacks 
(Hobbs 1975), Jurassic l imestones (Bell, 1981a,b) 
and Carboniferous l imestones (A1 - Jassar  and How- 
kins, 1979). The results are plotted on Fig. 2. These 
experimentally determined results gave a relationship 
between average values of  compress ive  strength and 
tangent modulus for the rocks tested. The relationship 
showed an average modulus  ratio, which is defined 
as the spec i f ied  modu lus  o f  e las t ic i ty  d iv ided  by the 
uniaxial  copress ive  s t rength ,  o f  about  300. 

Deere D.U. and Miller R.P. (1966) experimenting 
with a great number of  various petrological  rock 
types resulted in a relat ionship correlating rock mate- 
rial density, uniaxial compress ive  strength and 

Table 1 : Rock types tested and their locations. 

Rock code 
Number 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
I1 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 

Petrological name 

Limestone 
Limestone slightly metamorphosed 
Limestone highly metamorphosed 

Marble 
Limestone 
Limestone 
Limestone 
Limestone 

Marble 
Marble 
Marble 
Marble 
Marble 

Dolomite 
Arenaceous Limestone 

Limestone 
Oolitic Limestone 

Limestone 
Limestone 

Arenaceous Limestone 
Marble 

Marly Limestone 
Porous Limestone 

Marble 
Dolomite 
Limestone 

Marble 
Limestone 

Grey Marble 
Marble 

Limestone 
Marble 
Marble 

Location 

Longhoughton, England. 
Longhoughton, England. 
Longhoughton, England. 
Mootlaw, England. 

Laeika, Kalamata, Greece. 
Laeika, Kalamata, Greece. 

!"Mpakas" Quarry, Kalamata, Greece. 
Kats~os, Kalamata, Greece. 
Grammatiko, Ag. Marina, Attica, Greece. 
Grammatiko, Ag, Marina, Attica, Greece. 
Droutsoula, Ikaria, Greece. 
Kampos, lkaria, Greece. 
Ag. Stathis, Ikaria, Greece. 
Stefani, Madra, Attica, Greece. 
Vravrona, Attica, Greece. 
Hymmetus, Athens, Greece .  
Sounio, Attica, Greece. 
Eleutheres, Attica, Greece. 
Eleusis, Attica, Greece. 
Sounio, Attica, Greece. 
Penteli, Athens, Greece. 
Eleusis, Attica, Greece. 
Eleusis, Attica, Greece. 
Merenta, Attica, Greece. 
Thassos, Greece. 
Magnessia, Greece. 
Kavala, Greece. 
Argolida, Greece. 
Ioannina, Greece. 
Dionysos, Attica, Greece. 
Eretria, Evia, Greece. 
Veria, Imathia, Greece. 
Falakro, Drama, Greece. 
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Fig .  2 : E n g i n e e r i n g  c l a s s i f i c a t i o n  o f  l i m e s t o n e s .  

( a )  the  p io t  b y  H o b b s  ( 1 9 7 5 )  i n c l u d i n g  the  E n g l i s h  C h a l k  a n d  e l a s t i c  m o d u l u s  fo r  c h a l k  g r a d e s  f r o m  W a r d  e t  a l . .  1968 .  
(b)  a d d i t i o n a l  d a t a  o n  l i m e s t o n e s ;  
( c )  a d d i t i o n a l  d a t a  o n  d o l o m i t e ,  m a r b l e  a n d  m a r l s t o n e s .  
T h e  u n c o n f i n e d  c o m p r e s s i v e  s t r e n g t h  s c a l e  is t ha t  a d o p t e d  b y  I A E G  in A n o n . .  1981 .  



schmid t  hammer  r e b o u n d  number.  The  resul ts  are il- 
lus t ra ted  in a co r r e l a t i on  char t  as shown in fig. 3. 

As it can be seen from the no ted  ave rage  d i spe r s ion  
of  s t rength ,  the coe f f i c i en t  o f  d e t e r m i n a t i o n  is re la-  
t ive ly  low. Subsequen t ly ,  the char t  g ives ,  in this  case,  
only  a rough means  o f  e s t i m a t i n g  the s t rength  o f  rock 
mate r i a l s ,  and not a very  much  r e l i ab l e  and p rec i se  
co r re l a t ion  method.  Th is  is ma in ly  due to the fact  that 
there are many  fac tors  which  af fec t  both  the com-  
p ress ive  s t rength  and the r ebound  n u m b e r  o f  a rock 
mate r i a l ,  such as m i n e r a l o g i c a l  cons t i tuen t s ,  minera l  
gra in  s ize and shape ,  deg ree  o f  g ra in  in t e r lock ing ,  
s t ruc ture ,  tex ture  and m a i n l y  poros i ty .  T h e s e  pa r a me -  
ters d i f fe r  grea t ly  e s p e c i a l l y  when a grea t  number  of  
rock types  are i n v o l v e d  and co r r e l a t ed ,  as in the case  
of  M i l l e r  - Deere  co r r e l a t i ons .  

Add i t i ona l l y ,  the resul t s  o f  S .H.R .N.  and U.C.S. ,  are 
not d i rec t ly  and p r e c i s e l y  c o m p a r e d ;  the reason  be ing  

7 9  

that dur ing c o m p r e s s i v e  l oad ing  of  a s p e c i m e n ,  it is 
caused  work  which  l eads  to a bu i ld  up o f  po ten t i a l  
energy wi th in  the s p e c i m e n  and then is r e l ea sed  on 
fa i lure ,  while  Sc hmid t  h a m m e r  test  re f lec t s  the ab- 
so lu te  hardness  wi thou t  an energy  bui ldup .  The re fo re  
these two tests  can  not  be s t r i c t l y  co r r e l a t ed .  This  
d i f fe ren t  a t t i tude  and b e h a v i o u r  in the two tes ts ,  is 
e v e n  m u c h  m o r e  p r o n o u n c e d  w h e n  a g r e a t e r  v a r i e t y  
o f  rock  m a t e r i a l s  are  i n v o l v e d  and  the i r  c o r r e l a t i o n  
b e c o m e s  p r o g r e s s i v e l y  w e a k e r .  

Fur the rmore ,  the same c r i t e r i a  are  va l id  and app l i ed  
in the case  o f  c o r r e l a t i n g  r o c k  m a t e r i a l  c o m p r e s s i v e  
s t rength  and m o d u l u s  o f  e l a s t i c i t y .  

However ,  when c o r r e l a t i n g  the above  m e n t i o n e d  
p roper t i e s  wi th in  a ce r ta in  rock  group  type ,  as car-  
bonate  rocks  are,  the c o r r e l a t i o n  should  be s t ronger  
and more r e l i ab l e  wi th  h ighe r  c o e f f i c i e n t  o f  de t e rmi -  
nat ion,  as p r o v e d  in this s tudy.  
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T a b l e  2 s h o w s  t he  r o c k  t y p e s  w h i c h  h a v e  b e e n  t e s t e d  
w i t h  t h e i r  t e s t  r e s u l t s .  T h e  b a s i c  t e s t  s t a t i s t i c s  a re  
a l so  i n c l u d e d .  

O u t  o f  t he  t h i r t y  t h r e e  r o c k  t y p e s  t e s t e d ,  e i g h t e e n  
d i f f e r e n t  r o c k s  a r e  g e n e r a l l y  d e s c r i b e d  as  l i m e s t o n e s ,  
t h i r t e e n  as m a r b l e s  a n d  t w o  as d o l o m i t e s .  

F i g u r e  4 s h o w s  t he  p e r c e n t a g e  p a r t i c i p a t i o n  o f  the  
t h r e e  m a i n  d i f f e r e n t  p e t r o l o g i c a l  r o c k  t y p e s  o f  t he  
c a r b o n a t e  r o c l s  w h i c h  w e r e  i n c l u d e d  in t he  s tudy .  

T h e  U . C . S .  a v e r a g e  v a l u e s  r a n g e  b e t w e e n  22 a n d  211 ,  
78 a n d  121 a n d ,  105  a n d  188 M N / m  2, in  t he  c a s e  o f  
l i m e s t o n e s ,  m a r b l e s  a n d  d o l o m i t e s ,  r e s p e c t i v e l y .  T h e  
E t  a v e r a g e  v a l u e s  r a n g e  b e t w e e n  8 a n d  71 ,  29 a n d  
48 ,  a n d ,  49  a n d  71 G P a ,  r e s p e c t i v e l y  as  a b o v e .  T h e  
N a v e r a g e  v a l u e s  r a n g e  b e t w e e n  16 a n d  59 ,  33 a n d  
47 ,  a n d ,  40  a n d  60 ,  r e s p e c t i v e l y  as  a b o v e .  

F ig .  5 s h o w s  a g r a p h i c  d e m o n s t r a t i o n  o f  a l l  t e s t  re-  
su l t s  fo r  e a c h  r o c k  t e s t e d .  

T h e  d i a g r a m s  p r e s e n t  a f a i r l y  c o n s i s t e n t  v a r i a t i o n  in  
the  t h r e e  p r o p e r t i e s  v a l u e s .  

! 

Limestonee 
54,596 

1 
Marbles 
39.4% 

Test results 

Dolomites 
8.196 

Fig. 4 : Percentage participation of rock types tested. 

Table 2. Test results. 

Rock 
Code 

Number 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 

Rocktype 

Tangent Young's 
Modulus 

(Et) [GPa 

Average 

71 
47 
34 

Average 

311 
106 
81 

M 57 
L 67 
L 59 
L 51 
L 64 
M 29 
M 32 
M 47 
M 31 
M 26 
D 71 
L 11 
L 38 
L 36 
L 51 
L 53 
L 8 
M 41 
L 29 
L 14 
M 48 
D 49 
L 52 
M 29 
L 29 
M 41 
M 61 
L 54 
M 46 
M 38 

88 
157 
147 
133 
153 
91 
95 

I01 
94 
83 

188 
29 
95 
82 

108 
103 
22 
85 
62 
38 

121 
105 
119 
78 
93 
89 

119 
109 
102 
92 

Uniaxial compresive 
Strength [MPa] 

(U.C.S.) 

Schmidt Hammer 
Rebound number 

(N 

STD(1) Average 

23.1 
8.7 
3.2 
5.4 

I I . l  
18.7 
10.0 
8.3 
7.6 

19.8 
21.3 
11.2 
3.7 
5.9 
0.8 
1.9 
9.7 

11.3 
7.4 
0.3 
1.7 
3.5 
2.1 

11.9 
7.3 
6.4 
3.9 
7.1 
8.2 
7.9 

15.6 
31.4 
17.3 

59 
38 
32 
33 
51 
5O 
44 
48 
39 
38 
42 
4O 
35 
6O 
17 
39 
33 
42 
42 
16 
41 
31 
23 
47 
4O 
47 
35 
40 
37 
45 
41 
43 
38 

M = Limestone, M = Marble, D = Dolomite, (1) STD = STANDARD DEVIATION 
N o t i c e  : Four specimens were tested for the U.C.S. determination, and two ones for the Et 
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Fig. 5 : Graphical representation of average test results. 

D a t a  p r o c e s s i n g  and  r e g r e s s i o n  a n a l y s i s  

Regres s ion  ana lys i s  is made  to ob ta in  the r e l a t ion -  
ships  amongs t  Schmid t  H a m m e r  R e b o u n d  N u m b e r  
(N),  Uniax ia l  C o m p r e s s i v e  S t rength  (U.C.S . )  and 
Tangent  Young ' s  M o d u l u s  (Et).  

Thus,  three r eg res s ion  ana lys i s  were  pe r fo rmed ,  
namely ,  be tween  U,C.S.  - N, Et - N and U.C.S.  - 
Et, each  one e m p l o y i n g  33 imput  da ta  (No o f  obse r -  
va t ions) .  

In al l  these  three cases ,  the bes t  f i t ted  r e l a t ions  were  
found  to be s t ra ight  l ines .  

The resul ts  of  r eg re s s ion  ana lys i s  and the i r  r e la ted  
s ta t i s t ics ,  are g iven  in Table  3. 

It can be seen f rom Table  3 that the coe f f r i c i en t s  o f  
de t e r mina t i on  (R 2) can be c o n s i d e r e d  as h igh,  indi-  
ca t ing  a very  good  d e g r e e  o f  accu racy  in us ing these  
equa t ions .  

F igu re  6 shows the p lo t  o f  the U n i a x i a l  C o m p r e s s i v e  
S t rength  (U.C.S. )  aga ins t  the S c h m i d t  N va lue  for  
th i r ty th ree  ca rbona te  rock  s amp le s  tes ted.  The  tes t  re- 
sui ts  have,  on the  whole ,  shown a very  good  fit to 
the r eg ress ion  s t ra ight  l ine .  

F igu re  7 shows  the p lo t  o f  Tangen t  Young ' s  Modu lus ,  
(Et) aga ins t  S c h m i d t  N va lue  for  the same  rock  

samples .  In this  case,  there  exis t  a g o o d  fit to the 
regress ion  s t ra igh t  l ine,  a l t hough  with a l o w e r  degree  
of  accuracy  as i nd i ca t ed  by its l ower  coe f f i c i en t  of  
de t e rmina t i on  (R2). 

F ina l ly ,  f igure  8 shows  the p lo t  o f  U.C.S.  aga ins t  Et. 
Aga in ,  the r eg re s s ion  s t r a igh t  l ine  r ep resen t s  a good  
cor re la t ion  be tween  the two tes ted  p rope r t i e s ,  indi-  
ca t ing  a r e l a t ive ly  high d e g r e e  o f  accu racy  in using 
it. 

D i s c u s s i o n  

The co r re l a t ions  p e r f o r m e d  a m o n g s t  U.C.S.  - Et - N 
va lues  sugges t  that  there  ex i s t  a c c e p t a b l y  accura te  
ma the ma t i c a l  equa t ions  r e l a t i n g  these  p rope r t i e s  in 
the group of  Ca rbona te  Rocks .  As  i n d i c a t e d  by the 
c o m p u t e d  coe f f i c i en t s  of  d e t e r m i n a t i o n  (R2), the cor-  
r e l a t ion  of  U.C.S.  and N va lues  gave  the h ighe r  de-  
gree  o f  accuracy ,  wh i l e s t  in the case  o f  U.S .C.  - Et 
and  Et - N co r r e l a t i ons ,  th is  deg ree  was found  to be 
somewha t  lower ,  but n e v e r t h e l e s s  s t a t i s t i c a l l y  accep-  
t ible .  

However ,  the popu l a t i on  o f  the a n a l y z e d  and corre-  
l a t ed  da ta  is r e l a t i ve ly  l i m i t e d  in th is  s tudy,  in o rde r  
to e s tab l i sh  the  f ina l  and  mos t  p r e c i s e  equa t ions  
which  could  be a p p l i e d  wi th  abso lu t e  conf idence .  

Table 3 : Regression Analysis results 

Parameters rela- 
ted 

Recession equation 
Y=X.A+ B 

No of 
Observations 

Std Err of 
Y Est 

I 
U.C.S.- N N = (U.C.S.) x 0.2329 + 15.7244 33 I 2.7793 

Et - N 33 

Std Err 
of Coef. 

R 2 

0,0125 0.9178 

0.0497 0.7764 N = (Et) x 0.5155 + 17.4880 4.5833 

3 U.C.S. - Et Et = (U.C.S.) x 0.3752 + 4.479 33 7.1242 0,0321 0.8151 
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8 0  

Thus,  it  is sugges t ed  that  fur ther  r e sea rch  shou ld  be 
ca r r i ed  out  in this  f i e ld  both  in the ca rbona t e  rock  
group  and in o the r  rock  g roups  such  as vo l can i c ,  ig- 
neous ,  sch i s tose ,  and  o the r  rock  types .  But ,  neve r the -  
less ,  the equa t ions  d e t e r m i n e d  by  this  r e sea rch  cou ld  
be c o n s i d e r e d  as a g o o d  i n t roduc t i on  and in i t i a l i za -  
t ion for  fur ther  work  into this  d i r ec t ion .  

In add i t ion ,  the p r o p o s e d  equa t ions  g ive  a means  o f  
e s t i m a t i ng  both the U.C.S .  and  Et o f  a c a rbona t e  rock  
f rom its Schmid t  H a m m e r  R e b o u n d  N u m b e r  (N).  The 

c o m p u t e d  r e l a t i ons  are  v e r y  use fu l  e s p e c i a l l y  when  
there is not  enough  rock  m a t e r i a l  a v a i l a b l e  to ca r ry  
out  both  tests ,  which ,  as it is known,  are t ime  - con-  
suming ,  r e l a t i v e l y  e x p e n s i v e ,  d e s t r u c t i v e  and r equ i r e  
spec ia l  t es t ing  appa ra tu s .  

There fo re ,  the p r a c t i c a l  o u t c o m e  o f  the p r o p o s e d  
equa t ions  is that  these  e q u a t i o n s  can be used ,  wi th  
accep t ib l e  accu racy ,  at t he  p r e l i m i n a r y  s tage  o f  de-  
s ign ing  a s t ruc ture  upon  o r  ins ide  a ca rbona t e  rock  
fo rmat ion ,  as wel l  as for  the  a s s e s s m e n t  o f  the  men-  
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tioned rock material properties of various carbonate 
building stones. 

C o n c l u s i o n s  

From this research, it appears that there is a possi- 
bility of estimating both Uniaxial Compressive 
Strength (U.C.S.) and Tangent Young's Modulus (Et) 
of various Carbonate rocks, from their Schmidt Ham- 
mer Rebound Number (N), by using simple mathe- 
matical relations at relatively good approximation. 

Both U.C.S. versus N and Et versus N plots show 
linear relationships. The correlating equations are as 
follows : 

1) N = U.C.S. • 0.2329 + 15.7244 with R 2 = 0.92, 

2) N = E t  x 0 . 5 1 5 5  + 1 7 . 4 8 8  w i t h  R 2 = 0 . 7 8 ,  a n d  

3)  E T  =- U . C . S .  • 0 . 3 7 5 2  + 4 . 4 2 7 9  w i t h  R 2 = 0 . 8 2 .  

These equations can be used only in Carbonate rocks 
with acceptable accuracy, especially at the prelimi- 
nary stage of designing a structure upon or inside a 
rock formation, or for assessing the properties of a 
building stone. In addition, there is a need to carry 
out further work in this area, in order to establish 
similar equations for the rest rock groups as well. 

Finally, these equations are practical, simple and ac- 
curate enough to apply and are strongly recom- 
mended to be used in practice. 
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