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OZET

Zemin civileri, zeminler veya ayrismis kaya ortamlarinda bulunan yamac¢ ve sevlerin gecici
veya kalict stabilitesini saglamak amaciyla belirli egimlerde zemine yerlestirilen rijit donati
elemanlaridir. Zemin ¢ivileri, zemin ile enjeksiyon arasinda olusan yiik transferi ile
caligmaktadir. Sakarya-Taskisigi mevkiine yapilacak olan bir sanayi tesisinin parsel
simirindaki yamacin daha dik konumda kazilarak arazi alaninin arttirtlmasi planlanmistir. Bu
planlama kapsaminda daha once yapilan ¢alismalarla olusturulacak sevin kendini tutamama
durumundan dolay1 ayrismis kayalara uygun diisiik maliyetli zemin ¢ivili duvar destek sistemi
olarak secilmistir. Bu c¢alismada, zemin ¢ivisi uygulamasi esnasinda ve tamamlanmasi
sonrasinda secilen bu destek sisteminin performansi inklimometre ve zemin ¢ivisi ¢ekme
deneyleri ile birer 6l¢iim noktasinda takip edilmistir. Inklimometrede olgiilen yatay yer
degistirme degeri 2,00 mm ve zemin ¢ivisi ¢cekme deneyinde aderans gerilmesi degeri 190
kPa olarak ol¢iilmiistiir. Mohr-Coulomb biinye modeli kullanilarak yapilan sonlu eleman
analizleri sonuglarma gore yatay deplasman degeri 1,59 c¢m olarak belirlenmistir. Ileri
derecede ayrismig kumtasi aderans gerilmesi degeri 75 kPa olarak literatiirden yararlanilarak
secilmistir. Projeye esas tasarimda, olmasi1 gerekenden yiiksek parametreler secildigi; arazi
ol¢tim verileri ve yapilan sayisal analizler ile ortaya koyulmustur. Bu kapsamda Mohr-
Coulomb biinye modeli yerine kaya kiitlelerinde daha yaygin olarak kullanilan Hoek-Brown
biinye modeli kullanilarak hassaslik ve parametre analizleri yapilmistir. Jeolojik Dayanim
Indisi (GSI), giivenlik katsayis1 (GS) ve yatay deplasman (ux) degerinin belirlenmesi
acisindan en 6nemli parametrelerden birisidir. GSI degerinin yeniden degerlendirilmesi
yapilmig ve tasarim asamasinda belirlenenden daha farkli GSI degeri kullanilmistir.
Belirlenen yeni GSI degerinin arazi performansindan elde edilen gozlem sonuglari ile uyumlu
olmas1 i¢in hem karot sandik fotograflar1 hem de hassaslik ve parametre analizleri goz oniine
alinarak sahada elde edilen GSI degerlerine yaklasilmaya calismistir. Duvar performansinin
beklenenden daha yliksek olmasi nedeniyle yapisal elemanlarin geometrik parametrik analizi
yapilmig; sev egimi, ¢ivi boyu, ¢iri aralif1 ve ¢ivi egimi tasarim parametrelerinin giivenlik
katsayisina ve yatay yer degistirmeye etkisi incelenmistir. 65° sev egimi, 6,00 m ¢ivi boyu,
1,60 m ¢ivi aralig1 ve 15° civi egiminde tasarimda beklenen giivenlik katsayis1 degeri 1,72
olarak hesaplanmigken; yapilan geri analizler sonrasinda belirlenen yeni GSI degeriyle
giivenlik katsayis1 degeri 2,87 olarak belirlenmistir. Geometrik parametre analizlerinde, tim
varyasyonlarda yiiksek giivenlik katsayisi degeri belirlenmistir.
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Bu baglamda, tasarimin optimum performansi i¢in destek sistemindeki ¢ivi boylarinin 4,00 m
ve egimlerinin 20° olmas1 onerilmistir. Sonug olarak, ¢ivi boylarinin kisaltilmasiyla benzer
giivenlik katsayisinda daha ekonomik bir tasarimin elde edilebilecegi ortaya konulmustur.
Anahtar Kelimeler: Zemin ¢ivisi, aderans gerilmesi, yatay yer degistirme, ayrismis kumtasi,
sonlu elemanlar yontemi

ASSESSMENT OF THE PERFORMANCE OF SOIL-NAILED WALL
CONSTRUCTED ON WEATHERED SANDSTONE AT VARYING GRADES

ABSTRACT

In soil/weathered rocks, soil nails are rigid reinforcements positioned at certain angles on the
ground to provide slope stability. The slope at the parcel border needs to be made steeper in
order to accommodate the construction of a facility in Sakarya-Tagkisig1. Soil nail walls,
which are inexpensive and suited for weathered rocks, were needed as support system because
the slope was too steep to support itself. Support system performance is measured by an
inclinometer and a soil nail pull-out test observed during and after construction. The
horizontal displacement on inclinometer value was 2,00 mm and the soil nail pull-out test
yielded strength value was 190 kPa. The Mohr-Coulomb model of the finite elements method
was used to predict the displacement value during design phase as 1,59 cm. According to the
available literature, 75 kPa was selected during the design phase as the bond strength value
for highly weathered sandstone. Instrumental field monitoring and numerical analyses
revealed that higher values were chosen for the design stage parameters. The Hoek-Brown
model that’s more frequently used in rock masses was used in this situation for sensitivity and
parametric analyses instead of the Mohr-Coulomb model. Geological Strength Index (GSI) is
one of the most important variables for calculating the safety factor and displacement value. A
greater GSI value chosen during the design phase was utilized after a reevaluation of the GSI
value. A new value was determined by considering both the core boxes and the sensitivity
analyses in order to be consistent with the data acquired from the field performance. The
geometrical parameter analysis of the structural elements was done since the wall
performance was higher than expected. The effects of various geometrical parameters
including slope angle; nail’s length, spacing, angle on safety factor and displacement were
examined. Following the assessments, it was determined that the required safety factor value
should be 1,72 whereas the anticipated value during the design phase should be 2,20 for the
same conditions. The result of parametric analyses shows that high safety factors were
calculated in all variations. It is suggested that the nail lengths could be as short as 4,00 m and
the nail angle should be 20° for optimum performance. Thus, it has been demonstrated that a
more economical design can be obtained by shortening the nail lengths while keeping the
system reliable.
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1. GIRIS

Zemin civileri, zeminler veya ayrismis kaya ortamlarinda bulunan yamac ve sevlerin gecici
veya kalici stabilitesini saglamak i¢in belirli egimlerde yerlestirilen rijit donat1 elemanlaridir
(Juran, 1987). Delgilerin tamamlanmasi ile kuyuya yerlestirilen rijit donati elemant;
enjeksiyon sivisi ile doldurularak, enjeksiyonlu ¢ivi ile zemin arasinda yiik transferiyle bag
kuvveti olusturulur. Zemin ¢ivili destek sistemi uygulamasi yapildiktan sonra servis siiresince
performansi1  belirlenmelidir.  Inklinometre  &lgiimleri, duvar  deformasyonlarini
belirleyebilmektedir (Lazarte vd., 2015).



























