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Abstract: In the study, availability of tuffs around Erkilet (Kayseri), Kayseri and Mustafa Pasa (Nevsehir),
Göreme (Nevsehir) and Nevsehir for using in many stages of construction materials, especially in blocks, 
shaped production, pavement, sideways, bordure and in landscape architecture was examined and samples 
were collected. For this purpose, standards experimental samples size of tuffs were prepared and uniaxial 
compressive strength, abrasion, Shore Schlerescope, water absorption, porosity, density and specific 
gravity tests were performed on samples. Test results were evaluated by simple regression analysis and 
good correlations were found between physical and geotechnical properties of the tuff samples. In addition, 
test results could be very useful in providing information on the geotechnical properties of the studied rock. 
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INTRODUCTION

The stones that form naturally in world such as 
travertine, granit andesite, basalt, slate stone, marble 
and tuff (ignimbrite) are called natural stones and they 
are unique with different hardness, formation and
colours. They should bear some basic properties for 
industrial use such as homogenic color and figure, good 
mechanical and physical structure, polished surface,
block ext raction allowance, resistance to atmospheric 
and chemical affects.

Constrution sector is one of the fastest developing 
sectors in Turkey, so is the natural stone sector. Turkey 
has one third of the world’s total natural stone reserve 
and the diversity of the reserve is great with more than 
400 different colour and pattern. Reserves of the natural 
stones are sufficient to meet both the domestic and 
international demand. 

In this study, Erkilet (Kayseri), Kayseri and
Mustafa Pasa (Nevsehir), Göreme (Nevsehir) and
Nevsehir tuffs were used (Fig. 1). This volcanic site of 
approximately 1000 km2 has rhyolitic and dasitic tuffs. 
Tuffs have various colours and appearances due to the 
component types and chemical properties of matrix.
These affect the usage and esthetic view of it. Tuffs 
having these properties can be used at many stages of 
construction sector and in landscape architecture. Tuff 
is a type of rock consisting of consolidated volcanic ash 

ejected from vents during a volcanic eruption. Some its 
types are welded tuff, rhyolite tuffs, trachyte tuffs
andesitic tuffs, basaltic tuffs and ultramafic tuffs.
Rhyolite tuffs contain pumiceous, glassy fragments and 
small scoriae with quartz, alkali feldspar, biotite, etc. 
Trachyte tuffs contain little or no quartz but much 
sanidine or anorthoclase and sometimes oligoclase
feldspar, with occasional biotite, augite and hornblende. 
In weathering they often change to soft red or yellow 
clay-stones, rich in kaolin with secondary quartz.
Andesitic tuffs are exceedingly common. In color they 
are red or brown; their scoria fragments are of all sizes 
from huge blocks down to minute granular dust.
Basaltic tuffs are also of wide spread occurrence both in 
districts where volcanoes are now active and in lands 
where eruptions have long since ended. They are black, 
dark green or red in colour; vary greatly in coarseness, 
some being full of round spongy bombs a foot or more 
in diameter and, being often submarine. Ultramafic
tuffs are extremely rare; their characteristic is the
abundance of olivine or serpentine and the scarcity or 
absence of feldspar and quartz. 

Tuff stones used in masonry are welded tuffs and 
the masonry walls made of tuff stone is more durable 
than concrete and brick walls. After aplication on
building, tuff stones have been sticked together firmly 
each day due to their consolidation characteristic. Tuff 
stones were used densely in many buildings constructed 
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Fig. 1: Location map of the study area 

in Ottoman and Seljuq Turks era in central Anatolia 
(Fig. 2a-b). The welded tuff in porphiritic texture and 
phenocrysts consists of sanidine, oligoclase, pyroxene, 
amphibole and opaque minerals [1]. Tuff stone is very 
porous in nature so its density, thermal conductivity 
value and P-wave velocity is lower than other rocks. 

The rock strength and physical property were
studied in literature by a number of researchers [2-8].
Kan [9] investigated the usability of Pasinler (Erzurum) 
tuffs in soil mixture and determined that tuffs are
appropriate material for mortar and compression
resistance is sufficient. Isik et al. [10] investigated the 
characterization of Çayca (Kütahya) tuffs. They sized 
these tuffs and mixing with Sile tuffs amount 25% and 
accomplished floor tile mud. Kusçu and Yildiz [11]
investigated the usability of Ayazini (Afyon) rhyolitic
tuffs. The results of physico-mechanics tests show 
that the Ayazini tuffs can be used in steel concrete 
structures as filling material and it is also used on top of 

basement floors as the main structural materials.
Simsek [12] studied the engineering properties of
pink andesite found in Korgun-Çankiri and determined 
compressive strength, flexural strength, water
absorption, abrasion, Poisson ratio, resonance
frequency, dynamic modules and young modules. From 
the results, pink andesite cannot be used in the regions 
where abrasion, flexure and compressive strength gain 
importance and freezing-thawing is effective. However 
they are suitable for decorative overlaying stone. Yasar 
and Erdogan [13] studied uniaxial compressive
strength, water absorption, flexural strength and
abrasion, porosity, hardness, water absorption of
Toprakkale basalts region. The results indicate that the 
porous basalt should be used in the production of the 
light-weight construction material and column basalts 
can be used in the construction and covering material. 
Simsek and Erdal [14] determined compressive
strength, water absorption, flexural strength and
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Fig. 2: Masterpieces built with tuff stones 
a) Gevher Nesibe Madrasah (AD.1206) b) Sarihan Caravanserai (AD.1249)

abrasion properties of the ignimbrite rocks of
Bitlis -Ahlat region. The results indicate that the
ignimbrite rock should not be used in the construction 
where flexural and compressive strengths are important 
and in regions where freezing-thawing effects are
substantial. The ignimbrite stone can only be used for 

decorative cladding purposes. Öner et al. [15]
investigated engineering properties of Hinis (Erzurum) 
ignimbrites and their usability as a building stone.
They reported that Hinis ignimbrites are easily
transportable, machinable, workable, good heat
insulator, environmentally friendly, sufficiently elastic 
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to sustain seismic loading in the area under study and
more cost-effective than artificial stones. Hinis
ignimbrites are certainly a preferable option for light 
building stone. These ignimbrites are not suitable for 
use as floor covering. Korkanç [16] investigated the 
effect of geomechanical properties of Kavak (Nevsehir) 
ignimbrites on their usage as building stone. According 
to the results, it is exposed that investigated pyroclastics 
are non-welded ignimbrite and there are important
relationships between their geological, chemical,
petrographical properties and geomechanical properties. 

In this study, physical and mechanical properties of 
tuffs around Erkilet (Kayseri), Kayseri, Mustafa Pasa 
(Nevsehir), Göreme (Nevsehir) and Nevsehir were
investigated for its industrial usage availability and 
correlations estimated between them. The tuff, with its 
high porosity and high resistance features due to its 
high silica content (%60-70) are not easily influenced 
by the climate condition and corrosion and have high 
resistance and attractive structure. They can be used at 
many different stages of construction sector, especially 
in blocks, shaped production, pavement, sideways,
bordure and in landscape architecture. Futhermore, with 
the use of the tuff in construction sector, textile,
painting, iron and steel industries will be evaluated so 
environmental pollution will be avoided.

GENERALISED GEOLOGY

Eruptions in the late Miocene to Pliocene of the 
Erciyes Mountain (3,917m), Hasan Mountain (3,268m) 
and Akdag (1,325m) volcanoes covered an area of
about 11,000 km2 with layers of 400m thick pyroclastic 
ignimbrite, which solidified into a grey, buff-yellow
and pinkish andesitic tuff. These layers were later
covered by layers of dark-toned andesitic and basaltic 
lavas in the late Pliocene and Early Pleistocene 1
million years ago. 

Generalized geological map of the area is shown in 
Fig. 3. The geology of region was studied in literature 
by a number of researchers [17-21]. Thick and
extensive deposits of the volcano-sedimentary sequence 
of the Urgup formation are found in the region. The 
Urgup formation consists of Neogene sequence
composed of a tuffs, tuffite, ignimbrites, lahar, volcanic 
ash and marl intercalations [22]. Also geology of
Erkilet was studied by some researchers [23, 24].
Erkilet Basalt is the unit which belongs to Late
Miocene-Quaternary aged volcanites in the area. This
unit consists of fluvial and lacustrine sediments like 
clay, sand, sandstone, pebble and small stones and tuffs 
and tuffits exists in this unit.

COLLECTION AND 
PREPARATION OF SAMPLES

Tuffs were taken from 9 different places in
Nevsehir and Kayseri (Turkey) to prepare core samples. 
These places are around Erkilet (Kayseri), Kayseri,
Mustafa Pasa (Nevsehir), Göreme (Nevsehir) and
Nevsehir. The map of the studied area is shown in 
Fig. 1 and 3. 

Standard samples were prepared in the laboratory 
from the cautiously picked out blocks. During the
experimental studies, uniaxial compressive strength,
hardness (Shore schlerescope), abrasion, water
absorption, density, specific gravity and porosity of the 
samples were determined. Experimental study was
carried out on the basis of three sample sets. In the first 
set, 10 samples were prepared for uniaxial compressive 
strength test. Before carrying out uniaxial compressive 
strength test, water absorption capacity, density,
specific gravity and porosity were determined. In the 
second set, 10 samples were prepared for Shore
schlerescope test. In the third set, 10 samples were 
prepared for Bohme abrasion test. Uniaxial
compressive strength, Shore schlerescope and abrasion 
values were measured using samples dried in an oven. 
All samples were prepared and tested according to 
ISRM [25] Standards.

EXPERIMENTAL STUDIES

All tests accomplished at Cukurova University,
Mining Engineering Department laboratories. The
samples used for tests are shown in Fig. 4.

Uniaxial compressive strength (UCS) test was
performed using ELE Auto Test 3000 machine.
Diameter of the core samples used for UCS was NX 
size (54 mm) and height to diameter ratio of the
samples was approximately two. Perpendicularity of the 
specimens was adjusted according to ISRM [25]
Standards. All UCS tests were carried out after samples 
were oven dried. The uniaxial compressive strength was 
calculated as the maximum stress attained during the 
test. During the UCS test, deformation measurements 
were made using high-resolution dial gauge and the 
stress-strain curves were plotted. 

Hardness test were performed using Shore
Schlerescope instrument. The samples were sized at 
least 10 cm2 spaces and 1 cm height and dried in oven 
before test. The hardness was measured on 20 different 
points of each sample surface. 

Abrasion (A) test is performed by positioning a
specimen to be verified in an abrasion tester Bohme 
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Fig. 3: Generalised geology map of the study area (after Toprak ve Göncüoglu, 1993)

Fig. 4: Tested samples

Fig. 5: The relationship between UCS and hardness
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Table 1: Sample collected location and test results 

UCS A γ WA D P
Sample location (kg/cm2) SH (cm3/50cm2)  (gr/cm3) (%) (gr/cm3) (%)

Basaltic andesite (Kayseri Erkilet) 505 45 24.60 2.71 5.92 2.13 12.37
Dasitic tuff (Nevsehir-Mustafa Pasa) 361 31 51.60 2.50 13.36 1.77 19.35
Yellow tuff 1 (Nevsehir Merkez) 228 19 68.75 2.38 17.38 1.68 24.44
Cream rhyolitic tuff  (Nevsehir Mustafa Pasa) 180 17 93.60 2.40 18.63 1.51 24.21
Pink dasitic tuff (Nevsehir Mustafa Pasa) 68 13 119.25 2.31 24.70 1.39 35.21
Brown tuff  (Nevsehir Goreme) 62 11 154.30 2.34 32.48 1.32 37.81
Yellow tuff (Kayseri) 234 21 59.80 2.48 16.68 1.55 25.88
Yellow tuff 2 (Nevsehir Merkez) 118 19 102.30 2.30 20.92 1.46 29.60
Black tuff (Kayseri) 185 23 73.20 2.39 22.85 1.42 32.31

apparatus on the test track on which has been spread 
normalized abrasive; the grinding wheel it is made
rotate and the specimen submitted to the abrasive load 
of 294 N for a certain number of cycles. Before doing a 
test, establish the density at specimen by measuring 
weight and thickness. Perform the test for 16 cycles 
composed of 22 turn each, calculating at the end a worn
as an average loss in volume and weight.

Density (D), specific gravity (γ), water absorption 
capacity (WA) and porosity (P) of cylindrical 
samples were determined. The densities of the
specimens were calculated from their volume measured 
from an average of several calliper readings and weight 
of the specimen was determined by a balance with an 
accuracy of 0.01 g. Water absorption levels were
determined after submerging samples in water for 24 h.

TEST RESULTS AND DISCUSSIONS

Summary of the test results are given in Table 1. 
The values of uniaxial compressive strength (UCS) of 
62-505 kg/cm2, hardness (SH) of 11-45, abrasion (A) of 
24.60-154.30 cm3/50cm2, water absorption (WA) of
5.92-32.49%, specific gravity (γ) of 2.30-2.71 gr/cm3,
density (D) of 1.33-2.13 gr/cm3 and porosity (P) of 
12.37-37.81 were obtained respectively. Correlations
between these parameters were analyzed by regression 
analyzing method namely least-squares regression.
Different correlations (linear, logarithmic, exponential, 
polynomial and power) were tested to determine the 
relation between parameters namely uniaxial
compressive strength, hardness, abrasion, specific
gravity, water absorption, density and porosity and 
equations with the best correlations are given in 
Table 2.

Good correlations between UCS and six different 
parameters namely hardness, abrasion, specific gravity, 
water absorption, density and porosity were found. As 
can be seen from the Fig. 5-10, uniaxial compressive 
strength increases with increase hardness (Fig. 5),

Table 2: Derived equations of statistical testing
Test t pe Equations R2

UCS UCS = -0.077(SHO) 2 + 17.64(SHO)-129.0 0.93
UCS = 0.031(A) 2-9.037(A) + 705.0 0.96
UCS = -131.6(D) 2 + 1005(D)-1040 0.93
UCS = -485.7(γ) 2 + 3501(γ)-5412 0.91
UCS = 0.555(WA) 2-39.09(WA) + 734.3 0.94
UCS = 0.422(P) 2-38.47(P) + 919.5 0.93

SH SH = 530.5(A)-0.75 0.92
SH = 19.42(D) 2-28.63(D) + 17.64 0.87
SH = 82.23(γ) 2-336.1(γ) + 352.5 0.87
SH = 0.048(WA) 2-3.097(WA) + 61.24 0.90
SH = 0.048(P) 2-3.609(P ) + 81.31 0.86

A A = 348.4(D)-3.44 0.88
A = 47186(γ)-9.89 0.87
A = 3.425(WA) 1.071 0.92
A = 0.656(P) 1.458 0.86

γ γ = 0.000(WA) 2-0.045(WA) + 2.958 0.92
γ = 0.000(P) 2-0.05(P) + 3.218 0.89

WA WA = 351.12e-1,889D 0.95
WA = 0.201(P) 1.379 0.96

D D = 0.001(P) 2-0.079(P) + 2.958 0.97

density (Fig. 6) and specific gravity (Fig. 7) whereas 
increase UCS decreases abrasion (Fig. 8), water
absorption (Fig. 9) and porosity (Fig. 10).

The relationships between hardness and abrasion, 
density, specific gravity, water absorption and porosity 
are shown in Table 2. As can be seen in Fig. 11-15,
hardness decreases with increase in abrasion (Fig. 11), 
water absorption (Fig. 12) and porosity (Fig. 13).
Hardness increases with increase in density (Fig. 14)
and specific gravity (Fig. 15). 

Correlations between abrasion and density, specific 
gravity, water absorption and porosity are shown in Fig.
16-19. Abrasion decreases with increase in density (Fig.
16) and specific gravity (Fig. 17) (Table 2) whereas 
abrasion increases with increase in water absorption 
(Fig. 18) and porosity (Fig. 19).
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Fig. 6: The graph of UCS and density

Fig. 7: The correlation of UCS and specific gravity

Fig. 8: The relationship between UCS and abrasion 
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Fig. 9: The graph of UCS and water absorption

Fig. 10: The graph of UCS and porosity

Fig. 11: The relationship between hardness and abrasion
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Fig. 12: The graph of hardness and water absorption

Fig. 13: The graph of hardnes and porosity 

Fig. 14: The relationship between hardness and density
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Fig. 15: The graph of hardness and specific gravity

Fig. 16: The corralation of abrasion and density

Fig. 17: The graph of abrasion and specific gravity
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Fig. 18: The graph of abrasion water absorption

Fig. 19: The relationship between abrasion and porosity

Fig. 20: The graph of specific gravity and water absorption
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Fig. 21: The relationship between specific gravity and porosity

Fig. 22. The graph of water absorption and density

Fig. 23: The graph of water absorption and porosity
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Fig. 24: The correlation of density and porosity

The relationships between specific gravity and two 
different parameters namely water absorption and
porosity are shown in Fig. 20-21. As can be seen from 
the Fig. 20 and 21, specific gravity decreases with 
increase in water absorption and porosity. 

Correlations between water absorption and two 
different parameters namely density and porosity are 
shown in Fig. 22-23. WA decreases with increase in 
density and porosity.

Correlations between density and porosity are
shown in Fig. 24. As can be seen from the Fig. 24, D 
decreases with increase in P. 

CONCLUSIONS

Mechanical properties of tuff stones  were
evaluated using the test methods such as uniaxial
compressive strength (UCS), hardness (SH), abrasion 
(A), water absorption (WA), specific gravity (γ),
density (D) and porosity (P). Correlation between some 
properties was examined using simple regression
analysis. The testing results have been shown that there 
were found good correlation between all parameters. 

UCS was compared to each result value of these 
tests are shown in Fig. 5-10. As a consequence of these 
comparisons, UCS was found to follow an increasing 
polynomial relation with SH, D and γ and a decreasing 
polynomial relation with WA, A and P. These
relationships were proved statistically are shown in 
Table 2.

Similarly, SH was compared to other properties 
and some equations were derived. With respect to 
these results, it was found that there is an increasing
polynomial relation with D and γ, a decreasing
polynomial relation between A, WA and P (Fig. 11-15).

In addition, abrasion was compared to other
properties and some equations were inferred in Table 2. 
It was found that there is an increasing power relation
with WA and P and decrease with D and γ increase 
(Fig. 16-19).

Also, γ was compared with WA and P (Fig. 20-21).
Result of those comparison, WA and P were found to 
follow an decreasing polynomial relation with γ.

Besides, WA was compared with D and P
(Fig. 22-23). Outcome of this comparison, WA was 
found to follow a decreasing polynomial relation with 
D and an increasing power relation with P. These
relationships were proved statistically equations
(Table 2). D was compared with P (Fig. 24) and
decreasing polynomial relation was found. 
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