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Abstract

Ignimbrite is a type of pyroclastic rock that is formed by the volcanic lava. With the explosion of the Nemrut crater in the city of
Bitlis, the lava sprawling around it has cooled down. Because of these cooling, pyroclastic rocks, known as Ahlat stones (AS), were
formed in the region. The compressive and bending strength of natural Ahlat stone is very low. In this study, the compressive and
bending strength of natural Ahlat stone has been increased by the applications of drying oven curing and combined curing. Natural AS
samples were cut into sizes of 150x150x150 mm for compressive test and of 100x100x400 mm for bending test. No cure was applied
to some of the natural Ahlat stone samples brought from the quarry, which were selected as reference samples. 10 different cure types
were applied to other natural Ahlat stones with the same characteristics as Reference Ahlat stone. These 10 different curing types
included air curing, standard water curing, 4 drying oven curing types and 4 combined curing types. After curing, all samples were
subjected to compressive and bending tests. Average compressive strength of the reference samples was found to be 9.8 MPa, and its
bending strength was found to be 1.6 MPa. The highest average compressive strength of Ahlat stone was found to be 19.2 MPa after 3
days of drying oven curing at 200°C. The highest average bending strength of Ahlat stone was found to be 3.2 MPa after 3 days of
drying oven curing at 200°C. The results of the study showed that the compressive and bending strength of the natural Ahlat stone can
be increased to approximately 2 times after 3 days of drying oven curing at 200°C.

Keywords: Ignimbrite rock, Heat treatments, Drying oven curing, Combined curing, Compressive strength, Bending strength.

Ignimbirit Kayaclarimin Mekanik Dayaniminin Artirilmasi

Oz

Ignimbirit, volkanik lavlar tarafindan olusturulan piroklastik bir kayag tiiriidiir. Bitlis ilinde Nemrut kraterinin patlamasiyla etrafa
yayilan lavlar sogumustur. Bu soguma nedeniyle bolgede Ahlat tagi (AT) olarak bilinen piroklastik kayaglar olugsmustur. Dogal Ahlat
tasinin basing ve egilme dayanimi ¢ok diisiiktiir. Bu ¢alismada, etiiv kiirti ve kombine kiir uygulamalariyla dogal Ahlat taginin basing
ve egilme dayanimu arttirilmistir. Dogal AT numuneleri basing deneyi igin 150x150x150 mm ve egilme deneyi i¢in 100x100x400 mm
boyutlarinda kesilmistir. Tas ocagindan getirilen ve referans érnekleri olarak segilen dogal Ahlat tasi numunelerinin higbirine kiir
uygulanmamustir. Referans Ahlat tasi ile ayni 6zelliklere sahip diger dogal Ahlat taglarina ise 10 farkli kiir tipi uygulandi. Bu 10 farkl
kiir tipi; hava kiirdi, standart su kiirti, 4 tip etiiv kiirii ve 4 tip kombine kiiri igermektedir. Kiir sonrasi tiim numunelere basing ve
egilme deneyi uygulandi. Referans numunelerinin ortalama basing dayanimi1 9,8 MPa ve ortalama egilme dayanimi 1,6 MPa olarak
bulundu. Ahlat tasinin en yiiksek ortalama basing dayanimi, 200°C' de 3 giinliik etiiv kiiriinden sonra 19,2 MPa olarak bulundu. Ahlat
tasinin en yiiksek ortalama egilme dayanimi, 200°C' de 3 giinliik etiiv kiiriinden sonra 3,2 MPa olarak bulundu. Calisma sonuglari,
dogal Ahlat tagimimn basing ve egilme dayaniminin, 200°C' de 3 giinliik etiiv kiiriinden sonra yaklagik iki katina ¢ikarilabilecegini
gosterdi.

Anahtar Kelimeler: ignimbirit kayac, Isil islemler, Etiiv kiirii, Kombine kiir, Basing dayanimi, Egilme dayanimi.
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1. Introduction

Because of volcanic eruptions in high gas pressure, granular volcanic rocks are formed. One of these products is pyroclastic rocks
(Gevrek and Kazanci, 1994; Simsek and Erdal, 2004). Prophylactic currents rich in pumice are named ignimbrites (Karaman and
Kibici, 2008). Ignimbrite is a type of pyroclastic rock that is formed by the volcanic lava flowing to the environment. With the
explosion of the Nimrod crater in the city of Bitlis, the lava sprawling around the crater eventually cooled down (Ulusoy et al, 2019;
Akkopru and Christol, 2019). Because of these cooling, pyroclastic rocks, known as Ahlat stones (AS) with their regional name, were
formed. From the lava erupting from the Bitlis Nimrod crater, it was observed that approximately 100 km? of pyroclastic material was
spread to the environment, and these were in the form of ignimbrites with different thicknesses (Aydar et al, 2003). Ahlat stone is
easily processed because of its volcanic origin. It is a lightweight and long-lasting stone with good insulation (Boran, 1997; Ozvan et
al, 2015; Aygun and Aygun, 2016). The durability of Ahlat stone is very low due to the pores inside (Baykara and Isik, 2016; Akin et
al, 2017; Kuluozturk, 2018; Ertugral and Gunay, 2019). Thus, areas of use of Ahlat stone are limited today. It is mainly used in the
construction of stonewalls, tombstones, mosques and domes in the region. It can be used in areas such as Ahlat stone, road surface
where hardening process is performed. On the hardened Ahlat stone road surface, the maintenance factor will be beneficial in terms of
wear (Eren et al, 2017; Cengiz and Cengiz, 2018; Cengiz, 2019). One of the factors affecting the compressive and bending strength of
building materials is heat-treated curing. The aim of the heat-treated curing is to shorten the curing time of the material.

Drying oven curing and combined curing are heat-treated curing methods. Combined curing is the succession of several different
cures without interruption. In the literature, no studies were encountered on drying oven curing and combined curing of natural Ahlat
stone. For improving the compressive and bending strength of natural Ahlat stone, a total of 10 different curing types including air
curing, standard water curing, 4 drying oven curing types and 4 combined curing types were applied to Ahlat stone in this study. The
aim of this study was to extend the use of Ahlat stone in the construction sector. After different curing methods, the compressive and
bending tests of all samples were done. Besides, tensile strength, Elasticity Modulus and other physical-mechanic properties of Ahlat
stones were calculated.

The compressive and bending strength of natural Ahlat stone is very low. In this study, the compressive and bending strength of
natural Ahlat stone has been increased by the applications of drying oven curing and combined curing. After curing, all samples were
subjected to compressive and bending tests. The results of the study showed that the compressive and bending strength of the natural
Ahlat stone can be increased after drying oven curing and combined curing.

2. Materials and Methods
2.1. Materials

Ahlat stone was obtained from the Ahlat Ovakisla quarry. The natural Ahlat stones extracted from the stone quarry are seen in
Fig. 1.
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Fig. 1. Natural Ahlat Stones

The chemical properties of Ahlat stone are seen in Table 1 (Simsek and Erdal, 2004). It is stated that the sum of SiO, + Al,O3 +
Fe,03 should be at least 70% in Trass Standard (TS 25/T1, 2011).

Table 1. The Chemical Properties of Ahlat Stone

Component Na.O MgO ALOs Si0; KO CaO TiO; Fe0s
Percentage (%) 5.51 0.24 16.01 6411 4.78 164 044 491
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As shown in Table 1, the sum of SiO; + Al,O3 + Fe,O5 of Ahlat stone is 85.03%. It was shown that grinded Ahlat stone could be
used as binder with cement and lime (Hattatoglu and Bakis, 2017).

2.2. Methods

2.2.1. Preparation of Natural Ahlat Stone Samples

AS samples were cut into sizes of 150x150x150 mm for compressive test and of 100x100x400 mm for bending test. The
appearance of Ahlat stone after cutting is seen in Fig. 2.

Fig. 2. The Appearance of Natural Ahlat Stone after Cutting

2.2.2. Specific Gravity and Unit Weight Tests of Natural Ahlat Stone

Specific gravity values of natural Ahlat stone were calculated according to the TS EN 1097-6:2015 standard (TS EN 1097-6,
2013). In determining the specific gravity of natural Ahlat stone, remaining materials on sieve No. 4 were taken into account. In the
specific gravity determination of Ahlat stone filler aggregates, passing materials from sieve No. 200 were taken into consideration.
Water was filled until closing filler materials in pycnometer. Later, filler materials in pycnometer were vacuumed by heating.
Pycnometer with vacuumed samples were filled in with water and left in water bath at 25°C for 24 hours. The pycnometer removed
from water bath were dried and weighed. Specific gravity (p) of natural Ahlat stone was calculated from Eq. (1) in terms of g/cm?.

M4
P=Ma— (M2 - M3) M
Denotes in Eq. (1):

M2: Pycnometer weight + weight of water-saturated specimen + water weight in pycnometer
M3: Pycnometer weight + water weight in pycnometer
M4: Weight of dried specimen in drying oven

Unit weight (A) of natural Ahlat stone was calculated from Eq. (2) in terms of g/cm?®. In the study, sample volume (V) was 3375
cm?® in total as to be 150x150%150 mm.
_Wd
v

A (2)

Denotes in Eq. (2):

Wd: Weight of dried sample in drying oven, ¢
V: Sample volume, cm?®

2.2.3. Porosity and Compactness Calculation of Natural Ahlat Stone

Porosity (P) of natural Ahlat stone was calculated from Eq. (3) in terms of percentage.
A
P=(1—6)><100 3)
Compactness (C) of natural Ahlat stone was calculated from Eq. (4) in terms of percentage.

A
C =5 x 100 “4)
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2.2.4. Calculation of Solid and Void Volumes of Natural Ahlat Stone
Solid volume (Vs) value of natural Ahlat stone was calculated from Eq. (5) in terms of cm?,

_wd

= 5
Vs 0 ®)

Denotes in Eq. (5):

Wd: Weight of dried sample in drying oven, g
Void volume (Vv) value of natural Ahlat stone was calculated from Eq. (6) in terms of cm?.

W=V-Vs 6)
Sample volume (V) was 3375 cm? in total as to be 150x150x150 mm.
2.2.5. Water Absorption Test of Natural Ahlat Stone

The water absorption value of natural Ahlat stone was calculated according to the TS 2824 EN 1338 standard (Unsal and Sen,
2008). In the study, the samples were left in the curing pool at 20+£5°C for 3 days until constant weight. The samples were then
removed from the curing pool, dried and weighed. In this way, the initial weight (M1) of the test samples was found. The samples
were then placed in the drying oven and dried at 105+£5°C for 3 days until constant dry weight (M2) was reached. The water
absorption (Waw) of natural Ahlat stone was calculated from Eq. (7) in terms of percentage by weight (Unsal and Sen, 2008; Bakis,
2019).

waw =~ M2 00 7
aw = M2 @)

The water absorption (Wav) of natural Ahlat stone was calculated from Eq. (8) in terms of percentage by volume. Sample volume
(V) was 3375 cm?® (150x150%150 mm).

(M1 — M2)
Way = ———= x 100 (8)

For the water absorption value, three samples from natural Ahlat stones were taken, and the average of these three values was
calculated.

2.2.6. Calculation of Saturation Level of Natural Ahlat Stone

Saturation level (SL) of natural Ahlat stone was calculated from Eq. (9) in terms of percentage.

Wav
The degree of saturation is important in that it demonstrates the freezing resistance of a material. If the ice due to frost does not
completely fill the cavities, the pressure due to frost does not affect the material and does not damage the material. However, if the air
temperature constantly falls, the gaps are completely filled with ice, and if the heat continues to fall, the material is unable to
withstand the pressure of the ice and will eventually crack and break up. Therefore, to have frost damage in a material, the degree of
saturation must generally be 80% and above (Eric, 1982).

2.2.7. Los Angeles Abrasion Test

Los Angeles abrasion value (LA) of natural Ahlat stone was calculated from Eq. (10) in terms of percentage. The Los Angeles
abrasion test was done according to the TS EN 1097-2 (2015) standard. This test determines the abrasion resistance of coarse-grained
stone aggregates by the Los Angeles machine. A total of 500045 grams of Ahlat stone aggregates were used in the test. The timer was
adjusted to a speed of 32 rpm per minute and to a maximum of 500 cycles.

LA = (5000 — m) 10

After 500 cycles of the Los Angeles abrasion test device, Ahlat stone aggregates were removed from the device. Ahlat stone
aggregates retained on the 1.6 mm sieve were then placed in the drying oven and dried at 11045°C until constant dry weight (m) was
reached.

2.2.8 Curing Types of Ahlat Stone

No cure was applied to some of the Ahlat stone samples brought from the quarry, which were selected as the reference Ahlat
stones (R). 10 different curing types were applied to the other natural Ahlat stones. These included air curing, standard water curing, 4
drying oven curing types and 4 combined curing types. Combined curing is the succession of several different curing methods without
interruption.

No standard is found in the literature for drying oven curing and combine curing. It was stated in a study that the curing method
providing the highest compressive and bending strength was the combined curing applied as water curing at 20°C for 7 days, water
bath curing at 90°C for 2 days and drying oven curing at 180°C for 2 days (Hattatoglu and Bakis, 2017).
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Table 2. Curing Types Applied to Ahlat Stone Samples

iimple Curing description Curing types

R No curing applied No curing

1 7 days air curing at 20°C Air curing

2 7 days water curing at 20°C Standard water curing
3 1 day drying oven curing at 200°C Drying oven curing-1
4 2 days drying oven curing at 200°C Drying oven curing-2
5 3 days drying oven curing at 200°C Drying oven curing-3
6 4 days drying oven curing at 200°C Drying oven curing-4
7 7 days water curing+1 day drying oven curing at 200°C Combined curing-1
8 7 days water curing+2 days drying oven curing at 200°C Combined curing-2
9 7 days water curing+3 days drying oven curing at 200°C Combined curing-3
10 7 days water curing+4 days drying oven curing at 200°C Combined curing-4

As shown in Table 2, different types of curing methods were applied to Ahlat stone samples in this study.

Fig. 3. (a) Curing Pool (b) Drying Oven
Ahlat stone samples for water curing pool and drying oven are seen in Fig. 3.
2.2.9. Compressive and Bending Strength Tests of Ahlat Stones

After curing, all samples were applied compressive and bending tests. TS EN 12390-5 (2010) standard was applied in the bending
test. The TS EN 12390-3 (2010) standard was applied in the compressive test. In the specification limits, the minimum bending
strength is required to be 4.5 MPa, and the minimum compressive strength is required to be 28 MPa in proportion to the road
pavement (Tunc, 2007). Bending and compressive test devices are seen in Fig. 4.

Fig. 4. (@) Bending Test Device (b) Compressive Test Device
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2.2.10. Calculation of Elasticity Modulus and Tensile Strength

Elasticity Modulus and tensile strength of Ahlat stones were calculated according to Eq. (11) and Eq. (12), respectively (TS 500,
2000).

Ec = (3250 x VFck + 14000 (11)
Fctk = 0.35 x VFck (12)

Denotes in Eq. (11) and Eq. (12):

Ec: Elasticity Modulus, MPa
Fck: Characteristic cylinder compressive strength, MPa
Fctk: Tensile strength, MPa

The characteristic cylinder compressive strength of the Ahlat stones can be taken as 0.8 times the cube compressive strength (TS
500, 2000). In this study, Ahlat stones were prepared as cubes. Therefore, 0.8 times the cube compressive strengths were determined,
and characteristic cylinder compressive strength of Ahlat stones was calculated.

2.2.11. Calculation of Shear Modulus of Natural Ahlat Stone

Shear modulus (G) value of natural Ahlat stone was calculated from Eq. (13) in terms of MPa (TS 500, 2000). Poisson ratio can
be taken as 0.20 for Ahlat stone ignimbrite (Akkaya et al, 2019).

E

(= xa+o) (13)
Denotes in Eq. (13):
E: Elasticity Modulus, MPa
o: Poisson ratio
G: Shear modulus, MPa
3. Results and Discussion
3.1. Specific Gravity and Unit Weight Test Results of Natural Ahlat Stone
Specific gravity values of Ahlat stone are seen in Table 3.
Table 3. Specific Gravity Values of Ahlat Stone
Sample M2 M3 M4 M2-M3 M4-(M2-M3)  Specific gravity
no (9) ) @) @) @) (p) (g/em’®)
1 451.75 427.52 40 24.23 15.77 2.536
2 454.82 430.56 40 24.26 15.74 2.541
3 452.67  428.63 40 24.04 15.96 2.506
Average 453.08  428.90 40 24.18 15.82 2.528

For the specific gravity value, three samples from Ahlat stones were taken, and the average of these three values was calculated.

Table 4. Unit Weight Values of Ahlat Stone

Sample Weight of Volume Unit weight
no dried sample (g) (cm®) (A) (g/cm®)
1 5440 3375 1.612
2 5390 3375 1.597
3 5540 3375 1.641
Average 5457 3375 1.617

Unit weight values of Ahlat stone are seen in Table 4. Low unit weight of Ahlat stone indicates that it has a porous structure.

3.2. Porosity and compactness of natural Ahlat stone

The porosity of Ahlat stone is seen in Table 5. Low compactness and high porosity of Ahlat stone indicates that it has a porous
structure.
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Table 5. Porosity of Ahlat stone

Specific gravity =~ Compactness

Sample Unit weight 3 Porosity
3 (p) (g/em) Alp)

no (A) (g/em’) (%) (P) (%)

1 1.612 2.536 64 36

2 1.597 2.541 63 37

3 1.641 2.506 65 35

Average 1.617 2.528 64 36

3.3. Solid and Void Volumes of Natural Ahlat Stone

Solid volume (Vs) and void volume (Vv) values of natural Ahlat stone are seen in Table 6.

Table 6. Solid volume and void volume values of natural Ahlat stone

Weight Total

Sample SE;\C/:I'C of dried  volume Vs Vv
no (pg) @ /c;’lg) sample (cm®) (cm®) (cm®)
(Wd) (9)
1 2.536 5440 3375 2145 1230
2 2.541 5390 3375 2121 1254
3 2.506 5540 3375 2211 1164
Average 2.528 5457 3375 2159 1216

Low void volume and high solid volume of Ahlat stone indicates that it has a porous structure.

3.4. Water absorption of natural Ahlat stone

Water absorption values of Ahlat stone are seen in Table 7 (Bakis, 2019).

Table 7. Water Absorption Values of Ahlat Stone

Sample M1 M2 Volume Wav Waw

no (@ (9 Cm) (%) (%)
1 6450 5440 3375  29.9 186
2 6370 5390 3375  29.0 182
3 6570 5540 3375 305 185

Average 6463 5457 3375 298 184

Due to the high porosity of Ahlat stone, its water absorption value is high, as seen in Table 7.

3.5. Saturation Level of Natural Ahlat Stone

Saturation level values of Ahlat stone are seen in Table 8.

Table 8. Saturation Level Values of Ahlat Stone

Water absorption

Sample Porosity (P) Saturation level (SL)
no by vol Lé(r;)e) (Wav) (%) (%)
1 29.9 36 83
2 29.0 37 78
3 30.5 35 87
Average 29.8 36 83

Because water saturation level of Ahlat stone is 83% as seen in Table 8, natural Ahlat stone is not durable against freezing.

3.6. Los Angeles Abrasion Test Results of Natural Ahlat Stone

Los Angeles abrasion coefficient of Ahlat stones is seen in Table 9.
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Table 9. Los Angeles abrasion coefficient of Ahlat stones

Sample Specimen m LA
no weight (9) C)] (%)
1 5000 1290 74
2 5000 1248 75
3 5000 1271 75
Average 5000 1270 75

Due to the high porosity of Ahlat stone, its Los Angeles abrasion value is high, as seen in Table 9.
3.7. Compressive and Bending Test Results of Ahlat Stones
3.7.1. Compressive and Bending Test Results of Natural Ahlat Stones

Because the porosity, water absorption and Los Angeles abrasion values of Ahlat stone are high, its compressive and bending
strength is low, as seen in Table 10.

Table 10. Compressive and Bending Test Results of Ahlat Stone

Sample Unit weight Compressive strength  Bending strength

no. (g/cm?®) (MPa) (MPa)
R1 1.612 10.0 15
R2 1.597 10.3 1.8
R3 1.641 9.1 1.4
Average 1.617 9.8 1.6

3.7.2. Compressive and Bending Test Results of Ahlat Stones after Different Curing

Compressive and bending test results after different curing types of Ahlat stone are seen in Table 11. As shown in Table 11, the
maximum bending and compressive strength of Ahlat stone were obtained after drying oven curing-3 (3 days drying oven curing at
200°C-Sample No. 5).

Table 11. Maximum Compressive and Bending Strength of Ahlat Stone after Different Curing Types

Compressive Bending

ﬁimple Ci;{rjler;g strength strength
(MPa) (MPa)
R No curing applied 9.8 1.6
1 7 days air curing at 20°C 13.9 2.5
2 7 days water curing at 20°C 124 2.1
3 1 day drying oven curing at 200°C 15.6 2.6
4 2 days drying oven curing at 200°C 17.1 2.9
5 3 days drying oven curing at 200°C 19.2 3.2
6 4 days drying oven curing at 200°C 12.8 2.1
7 7 days water curing+1 day drying oven curing at 200°C 13.5 2.4
8 7 days water curing+2 days drying oven curing at 200°C 154 2.6
9 7 days water curing+3 days drying oven curing at 200°C 17.2 2.9
10 7 days water curing+4 days drying oven curing at 200°C 10.5 1.8

According to Table 11, the compressive and bending strength of Ahlat stone decrease in 7 days water curing at 20°C but increase

in 7 days air curing at 20°C.
| lrir ad '-

Fig. 5. Ahlat Stone Samples Broken After (a) Air Curing and (b) Water Curing
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Ahlat stone samples that were broken in compressive test device after 7 days air curing at 20°C (sample no. 1) are shown in Fig. 5
(a). Ahlat stone samples that were broken in compressive test device after 7 days water curing at 20°C (sample no. 2) are shown in
Fig. 5 (b). Ahlat stone samples that were broken in compressive test device after drying oven curing (sample no. 3) are shown in Fig.
6 (a). Ahlat stone samples that were broken in compressive test device after drying oven curing (sample no. 4) are shown in Fig. 6 (b).
Ahlat stone samples that were broken in compressive test device after drying oven curing (sample no. 5) are shown in Fig. 6 (c). Ahlat
stone samples that were broken in compressive test device after drying oven curing (sample no. 6) are shown in Fig. 6 (d). The
maximum compressive strength of Ahlat stone was obtained from sample no. 5 after drying oven curing.

Fig. 6. Ahlat Stone Samples Broken after Drying Oven Curing

The Ahlat stone samples that were broken in compressive test device after combined curing (sample no. 7, 8, 9 and 10) are shown
in Fig. 7 (a). The Ahlat stone samples that were broken in compressive test device after combined curing (sample no. 7, 8, 9 and 10)
are shown in Fig. 7 (b). The Ahlat stone samples that were broken in compressive test device after combined curing (sample no. 7, 8,
9 and 10) are shown in Fig. 7 (c). The Ahlat stone samples that were broken in compressive test device after combined curing (sample
no. 7, 8, 9 and 10) are shown in Fig. 7 (d).

a) ! R b) \

Fig. 7. Ahlat Stone Samples Broken after Combined Curing

The maximum compressive strength of Ahlat stone was obtained from sample no. 9 after combined curing. Fig. 8 shows the
compressive strength of Ahlat stone after drying oven curing and combined curing. As shown in Fig. 8, the maximum compressive
strength of Ahlat stone was obtained from sample no. 5 after drying oven curing.
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Fig. 8. Compressive strength of Ahlat stone after drying oven curing and combined curing

The relationship between compressive strength and drying oven time in drying oven curing is seen in Fig. 9.
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Fig. 9. The Relationship between Compressive Strength and Drying Oven Time in Drying Oven Curing

As shown in Fig. 9, the maximum compressive strength of Ahlat stone was obtained from 3 days drying oven curing at 200°C.
The highest compressive strength of Ahlat stone was found to be 19.2 MPa. The maximum compressive strength of Ahlat stone was
obtained from combined curing (7 days water curing +3 days drying oven curing at 200°C).

The highest compressive strength of Ahlat stone was found to be 17.2 MPa. The relationship between compressive strength and
drying oven time in combined curing is seen in Fig. 10.
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Fig. 10. The Relationship between Compressive Strength and Drying Oven Time in Combined Curing

The maximum compressive strength of Ahlat stone after different curing types is seen in Fig. 11.
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Fig. 11. Maximum Compressive Strength of Ahlat Stone after Different Curing Types

As shown in Fig. 11, the maximum compressive strength of Ahlat stone was obtained from drying oven curing. The bending
strength of Ahlat stone after drying oven curing and combined curing is seen in Fig. 12.

4

Bending strength {MPa)

R 1 2 3 4 3 6 7 8 L U]
Ahlat stone (Sample no)

Fig. 12. Bending Strength after Drying Oven Curing and Combined Curing of Ahlat Stone

As shown in Fig. 12, the maximum bending strength of Ahlat stone was obtained after drying oven curing-3 (3 days drying oven
curing at 200°C). The highest bending strength of Ahlat stone was found to be 3.2 MPa.

21
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Fig. 13. The Relationship between Bending Strength and Drying Oven Time in Drying Oven Curing

The relationship between bending strength and drying oven time in drying oven curing is seen in Fig. 13. The highest bending
strength of Ahlat stone was found to be 3.2 MPa in drying oven curing. The relationship between bending strength and drying oven
time in combined curing is seen in Fig. 14.
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Fig. 14. The Relationship between Bending Strength and Drying Oven Time in Combined Curing

The relationship between bending strength and drying oven time in combined curing is seen in Fig. 14. The highest bending
strength of Ahlat stone was found to be 2.9 MPa in combined curing. The maximum bending strength of Ahlat stone after different

curing types is seen in Fig. 15.

Bending strength (MPa)

32
29
23
21
T I
| :I
D .

Without Natural Air  Standart Dirying Oven Combined

Cuting Curing Water Cuting Curing
(Control (7 days) Curing
Sample) (7 days)

Curing types

Fig. 15. Maximum Bending Strength of Ahlat Stone after Different Curing Types

As shown in Fig. 15, the maximum bending strength of Ahlat stone was obtained from drying oven curing.

3.8. Elasticity Modulus and Tensile Strength of Ahlat Stone

Elasticity Modulus and tensile strength results of Ahlat stones are shown in Table 12.

Table 12. Elasticity Modulus and Tensile Strength of Ahlat Stone

Sample Curing Elasticity Tensile
No types Modulus strength
(MPa) (MPa)
R No curing applied 23100 1.0
1 7 days air curing at 20°C 24838 1.2
2 7 days water curing at 20°C 24236 1.1
3 1 day drying oven curing at 200°C 25481 1.2
4 2 days drying oven curing at 200°C 26021 1.3
5 3 days drying oven curing at 200°C 26737 1.4
6 4 days drying oven curing at 200°C 24400 1.1
7 7 days water curing+1 day drying oven curing at 200°C 24681 1.2
8 7 days water curing+2 days drying oven curing at 200°C 25407 1.2
9 7 days water curing+3 days drying oven curing at 200°C 26056 1.3
10 7 days water curing+4 days drying oven curing at 200°C 23419 1.0

As shown in Table 12, the maximum Elasticity Modulus and tensile strength in Ahlat stone types were obtained after drying oven
curing. The maximum Elasticity Modulus and tensile strength in Ahlat stone types were obtained from sample no 5. Calculation

results of Elasticity Modulus are seen in Fig. 16.
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Fig. 16. Elasticity Modulus Value of Ahlat Stones

As shown in Fig. 16, the maximum Elasticity Modulus in Ahlat stone types was obtained from sample no 5. Calculation results of
tensile strength are seen in Fig. 17.
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Tenzile strength (MPa)

0.3
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Fig. 17. Tensile Strength Values of Ahlat Stones
As shown in Fig. 17, the maximum tensile strength in Ahlat stone types was obtained from sample no 5.

3.9. Shear modulus (Rigidity Modulus) of Ahlat stone

Shear modulus calculation results of Ahlat stones are shown in Table 13.

Table 13. Shear modulus calculation results of Ahlat stone

Sample Curing Shear
No types modulus
(MPa)
R No curing applied 9625
1 7 days air curing at 20°C 10349
2 7 days water curing at 20°C 10098
3 1 day drying oven curing at 200°C 10617
4 2 days drying oven curing at 200°C 10842
5 3 days drying oven curing at 200°C 11140
6 4 days drying oven curing at 200°C 10167
7 7 days water curing+1 day drying oven curing at 200°C 10284
8 7 days water curing+2 days drying oven curing at 200°C 10586
9 7 days water curing+3 days drying oven curing at 200°C 10857
10 7 days water curing+4 days drying oven curing at 200°C 9758

As shown in Table 13, the maximum Shear Modulus in Ahlat stone types was obtained after drying oven curing.
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Fig. 18. Shear Modulus Value of Ahlat Stones

The maximum Shear modulus value in Ahlat stone types was obtained from sample no. 5. Calculation results of Shear Modulus
are seen in Fig. 18.

3.10. The Physical and Mechanic Properties of Natural Ahlat Stone According to Test Results

According to the test and calculation results, the physical and mechanic properties of natural Ahlat stone are seen in Table 14.

Table 14. The Physical and Mechanic Properties of Natural Ahlat Stone

Properties Value
Unit weight, g/lcm? 1.617
Water absorption by weight, % 18.4
Water absorption by volume, % 29.8
Specific gravity, g/cm? 2.528
Porosity, % 36
Compactness, % 64
Solid volume of 1 cm?® Ahlat stone 0.64
Void volume of 1 cm?® Ahlat stone 0.36
Saturation level, % 83
Los Angeles abrasion test, % 75
Elasticity Modulus, MPa 23100
Tensile strength, MPa 1.0
Shear modulus, MPa 9625
Compressive strength, MPa 9.8
Bending strength, MPa 1.6

Low unit weight of Ahlat stone indicates that Ahlat stone has a porous structure. Therefore, Los Angeles abrasion loss of Ahlat
stone was obtained to be high.

4. Conclusion

In this study, the compressive and bending strength of ignimbrite rocks (natural Ahlat stone) was increased by the applications of
drying oven curing and combined curing. The bending and compressive strength of Ahlat stone after drying oven curing and
combined curing were higher than the reference Ahlat stone samples. The maximum compressive strength of Ahlat stone was found as
19.2 MPa after drying oven curing. Moreover, the maximum bending strength of Ahlat stone was found as 3.2 MPa after the same
curing. By changing the curing type, the compressive and bending strength of Ahlat stone can be increased. In the specification limits,
the minimum bending strength is required to be 4.5 MPa, and the minimum compressive strength is required to be 28 MPa in
proportion to the rigid road pavement. Therefore, natural Ahlat stone cannot be used instead of rigid road pavement. The compressive
and bending strength of Ahlat stone in air curing was higher than the compressive and bending strength of Ahlat stone in water curing.
The compressive and bending strength of Ahlat stone is increased in natural air conditions day by day. Ahlat stone is a stone with
pozzolanic properties. It can be said that building materials with pozzolanic properties exhibit better resistance in natural environment
conditions. The compressive and bending strength of Ahlat stone decrease in water. Therefore, natural Ahlat stone is not suitable for
underwater structures such as bridge feet.
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