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Abstract 

 Hazard Warning Levels (HWLs) are widely used as strain-based criteria bounds in geotechnical 
engineering to assess the stability of excavations. However, comparing HWL predictions with 
actual field behaviour has raised concerns about their reliability. This study updates Sakurai’s 
HWLs for fine-grained soils using unconfined compressive strength (UCS) tests on 98 samples. 
First, the specimens were prepared at optimum moisture content (OMC) and maximum dry 
density (MDD) and tested under unconfined compression. The initial seating concavity in 
stress–strain curves was corrected using the axis-translation technique to derive a modified 
initial elastic modulus (Mod Ei). Lastly, logarithmic correlations between critical strain and both 
UCS and Mod Ei were utilised to redefine the upper and lower bounds of Sakurai’s HWLs, 
enhancing their ability to distinguish between stable and unstable zones. Furthermore, 
considering the ratio of rupture to failure strain (1.3) serving as a hidden safety factor, a new 
failure strain-based criterion was proposed to evaluate the stability of geo-structures in 
fine-grained soils. The new criterion addresses the overly conservative nature of the critical 
strain threshold by introducing a more realistic safety margin. Results demonstrate that this 
updated failure-based approach improves the accuracy of stability assessments, offering a 
refined alternative to traditional HWL methods. 
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 الملخص
 

 الجيوتقنية الهندسة في الانفعال على قائمة معيارية كحدود واسع نطاق على (HWLs) المخاطر من التحذير مستويات تُستخدم
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Soran University (SUN) is located in the city of Soran, which is about a two-hour drive north-east 

of  Erbil (Arbil, Hewlér), the capital of the Kurdistan Region of Iraq (KRIQ). The city is flanked by 

the famous Korek, Zozik, Henderén, and Biradost mountains. The medieval mountain village of 

Rewandiz (Rawanduz, ڕەواندز) is a stone-cast away, and the two cities share this lovely, 

harmonious upland. While waiting for its green, environmentally friendly building to be erected 

on a hilltop overlooking the cities of Soran and Rewandiz, its existing city campus has been 

meticulously set out to accommodate the lovely natural landscape. The new campus will be the 

first of its type, being walkable, balanced, powered by renewable energy, and compliant with all 

international environmental regulations. There are 5 Faculties in SUN; Faculty of Arts (FAAR), 

Faculty of Science (FSCN), Faculty of Education (FEDU), Faculty of Law, Political Science, and 

Management (FLAW/PSM), and Faculty of Engineering (FENG). Also, there is SUN research 

centre. Moreover, at SUN, there is a Language Center. SUN signed many Memoranda of 

Understandings (MoU) with many International Universities. 

 

 

 

 

How to get here  

Soran University (SUN) is located in the heart of the city of Soran. The main city campus is easily 

found on Google Maps for direction. 
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