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Kaya dayaniminin belirlenmesi, deney standartlarinin 6ngordiigii kosullari saglayacak boyutlarda hazirlanmis
ornekler tizerinde deney yapilmasini gerekli kilmaktadir. Tek eksenli sikigma dayanimi, kaya kiitlelerinin
siniflandirilmasinda ve degisik tasarim yaklasimlarinda kullanilan 6nemli bir parametredir. Ancak tek eksenli
stkisma dayaniminin tayini i¢in deney standartlari veya onerilmis deney yontemleri tarafindan istenen NQ
veya NX c¢apli karot oOrnekleri ozellikle zayif ve ince tabakali kil igeren kayalardan c¢ogu kez
hazirlanamamaktadir. Tek eksenli sikisma dayanimi deneyiyle ilgili diger bir husus da, 6rnek hazirlama igin
gerekli slire ve harcanan efordur. Bu giicliikler ve sinirlamalar nedeniyle, tek eksenli sikisma dayaniminin
kestirimi i¢in nokta yiikleme deneyi ve Schmidt cekici deneyi (ISRM, 1981), disk makaslama dayanim
indeksi deneyi (Ulusay vd., 2001) vb. gibi diger pratik deneysel yontemler gelistirilmistir. Bununla birlikte,
kil iceren zayif kayalarin kuruma-islanma siireglerinden kisa siirede etkilenmeleri ve bozunmaya karsi
oldukca duyarli olmalari nedeniyle, bu tiir kayalardan s6z konusu pratik deneyler i¢in kiiciik boyutta
orneklerin hazirlanmasi bile oldukga gii¢ olabilmektedir. Gegtigimiz yillarda tek eksenli sikisma dayaniminin
hizli ve ucuz bir sekilde tahmini amaciyla Japonya’daki bir iretici kurulus (www.maruto-group.co.jp)
tarafindan igne penetrometresi adi verilen bir deney aleti gelistirilmis olup, bu alet bozunma derinliginin
degerlendirilmesi amaciyla da kullanilmistir (Oyama ve Chigira, 1999). Ancak aleti iireten kurulusun tek
eksenli stkigma dayaniminin igne penetrometresi direncinden belirlenmesi i¢in esas aldig1 veri tabani oldukca
stirlidir.

Bu caligmada, tek eksenli sikisma dayaniminin igne penetrasyon direnci degerlerini esas alan gorgiil bir
iliskiden kestirimi amaciyla Tiirkiye’nin 18 farkli yerinden alinmis kil igeren kaya tiirleri (¢amurtasi, silttasi,
marn ve ignimbirit) lizerinde yogun bir laboratuvar deney programi gercgeklestirilmistir. Deneyler havada
kurutulmus, suya doygun ve %90-100 goreli nem odasinda bekletilmis 6rnekler {izerinde yapilmis ve 700 g
agirhginda SH-70 model bir igne penetrometresi ile elektronik kontrollii yiikleme iinitesi kullanilmigtir.
Deneye tabi tutulan her Ornekte 3 ile 10 arasinda igne penetrasyonu deneyi gerceklestirilmis olup,
degerlendirmelerde elde edilen sonuglarin ortalama degerleri kullanilmistir. 120 &rnekte igne penetrasyon
direnci dl¢lilmiis ve tek eksenli sikisma dayanimi tayin edilmistir. Daha sonra tek eksenli sikisma dayanimi
ile igne penetrasyon direnci arasinda gorgiil bir iliskinin gelistirilmesi ig¢in gerek bu c¢alismada elde edilen
deney sonuglari, gerekse penetrometreyi lireten kurulusa ait veri tabami birlikte kullanilarak istatistiksel
degerlendirmeler yapilmistir. Bu iki parametre arasinda kuru, suya doygun ve %90-100 goreli nem kosullari
i¢in ayr1 ayr1 gorgiil esitlikler elde edilmistir. Yapilan F-testlerine gore Sekil 1°de verilen gorgiil esitligin bu
iki parametre arasinda istatistiksel olarak anlamli ve 0.87 gibi yiiksek korelasyon katsayisina sahip bir iliskiyi
temsil ettigi anlasilmaktadir. Son asamada ise, bu gorgiil esitlikten tahmin edilen tek eksenli sikisma dayanimi
degerleri deneylerden belirlenen degerlerle karsilastirilmistir (Sekil 2). Bu karsilastirma, tek eksenli sikisma
dayaniminin igne penetrasyon direnci degerlerinden oldukg¢a yiiksek bir performansla kestirilebilecegini
gostermektedir.
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ABSTRACT

Measurement of rock strength requires testing which must be carried out on test specimens of particular sizes
in order to fulfill testing standards. The uniaxial compressive strength (UCS) is an important parameter in
rock mass classification and various design approaches. But NQ or NX sizes core samples recommended by
testing standards or suggested methods for UCS determinations cannot always be obtained particularly from
weak, stratified (thinly bedded) and clay-bearing rocks. Another aspect of the conventional UCS test is the
amount of time and labor necessary for sample preparation. Due to these difficulties and limitations, some
other practical experimental methods such as point load test and Schmidt hammer test (ISRM, 1981), block
punch strength index test (Ulusay et al., 2001) etc. have been developed in order to indirectly estimate the
UCS. However, preparation of small specimens from clay-bearing weak rocks for these simple index tests is
also difficult, because they heavily disintegrate due to wetting and drying processes within relatively short
time and are highly prone to weathering. In recent years, a new and non-destructive testing device called
needle penetrometer was developed by a manufacturer in Japan (www.maruto-group.co.jp) for quick and
cheap estimation of UCS and it was also used for assessing the depth of weathering (Oyama and Chigira,
1999). However, the database used for the estimation of the UCS from needle penetration resistance by the
manufacturer is rather limited.

In this study, a comprehensive testing program was conducted on clay-bearing rocks (mudstone, siltstone,
marl and ignimbrite) obtained from 18 different locations in Turkey in order to establish a prediction
equation to estimate the UCS from needle penetration resistance (NPR). The experiments were carried out on
oven-dried and water saturated samples, and samples waited in the room with 90-100 % relative humidity. A
SH-70 model needle penetrometer of 700 g weight was employed and UCS tests were performed by
electronically controlled loading frame. The number of NPR readings from each specimen was between 3 and
10 and the mean of these readings was considered in the assessments. The NPR and UCS values were
determined on a total of 120 core specimens. Both the test results from this study and the data from the
manufacturer were employed in the statistical assessments for establishing a prediction model between UCS
and NPR. The equations were found for dried, saturated and 90-100 % relative humidity conditions
separately. Combination of all test data was also statistically evaluated. Based on the F-test, the equation
given in Figure 1 indicates a statistically significant correlation of 0.87 between UCS and NPR. Finally the
UCS values estimated from this equation and those from UCS tests were compared (Figure 2). This
comparison suggests that the suggested equation shows a good prediction performance for estimation of UCS
when the needle penetration device is used.
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Sekil 1. Bu ¢alismaya ve Maruto Corporation (www.maruto-group.co.jp)’a ait veriye gore tek eksenli sikigma
dayanimu ile igne penetrasyon direnci arasindaki iliski.
Figure 1. Relationship between UCS and NPR based on data from this study and Maruto Corporation
(www.maruto-group.co.jp).
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Sekil 2. Calisilan kil iceren kaya tiirleri icin deneysel olarak tayin edilmis ve gorgiil esitlikten belirlenmis tek
eksenli sikigma dayanimi degerlerinin karsilastirilmast.
Figure 2. Comparison between measured and predicted values of UCS of the studied clay-bearing rocks.



