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Preface 

 

 
 In keeping with our policy of releasing information 
which may be of general interest to the geotechnical 
profession and the public, we make available selected internal 
reports in a series of publications termed the GEO Report 
series.  The GEO Reports can be downloaded from the 
website of the Civil Engineering and Development Department 
(http://www.cedd.gov.hk) on the Internet.  Printed copies are 
also available for some GEO Reports.  For printed copies, a 
charge is made to cover the cost of printing. 
 
 The Geotechnical Engineering Office also produces 
documents specifically for publication in print.  These include 
guidance documents and results of comprehensive reviews.  
They can also be downloaded from the above website. 
 
 These publications and the printed GEO Reports may be 
obtained from the Government’s Information Services 
Department.  Information on how to purchase these documents 
is given on the second last page of this report. 
 
 
 
 
 
 
 
 Y.C. Chan 

Head, Geotechnical Engineering Office 
 February 2012 
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Foreword 
 
 

This study forms a part of a series of soil nail studies.  A 
review of local and international practice for the design of 
pullout resistance of soil nails has been carried out.  As part of 
the study, about a thousand of field pullout test data collected 
from the LPM contracts have been analysed.  The findings of 
the study set out the rationale behind the pullout resistance 
design guidelines given in Geoguide 7. 

 
The study was carried out by Dr W.M. Cheung and 

Mr K.W. Shum of the Standards and Testing Division.  
Valuable assistance in collecting field pullout test data was 
provided by the Landslip Preventive Measures Division 2.  
Many other colleagues provided constructive comments on the 
formulation of the pullout resistance design guidelines.  Their 
contributions are gratefully acknowledged. 
 
 
 
 
 
 
 
 
 W.K. Pun 

Chief Geotechnical Engineer/Standards & Testing 
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Abstract 
 
 

 Pullout resistance is one of the key parameters for the design of soil nails.  At present, 
methods for estimating pullout resistance are not unified as reflected by the many approaches 
used in different technical standards and codes of practice.  As part of a series of soil nail 
studies for the development of Geoguide 7, a review of the design methods and safety factors 
adopted by Hong Kong and overseas, including the US, Japan and some European countries 
(the UK, France, and Nordic countries), for estimation of pullout resistance of soil nails has 
been conducted.  There are basically four design methods, namely empirical correlation, 
field pullout test method, undrained shear strength method and effective stress method.  Each 
method has its own merits and limitations in accounting for the factors such as soil type, soil 
shear strength, surface roughness, grouting pressure and groundwater conditions.  As most 
of these overseas countries adopt limit state design approach, it is not appropriate to make a 
direct comparison between the global safety factor of Hong Kong and the partial safety 
factors of these countries.  Although some overseas countries adopt global safety factor 
approach, the values of these safety factors still cannot be compared directly with that in 
Hong Kong because different methods are adopted for the estimation of pullout resistance. 
 
 As part of the review, about one thousand of field pullout test data have also been 
collected from LPM sites for analysis.  About 84% of the tests were conducted in weathered 
granite and volcanic rocks.  The rest were conducted in other types of materials such as fill, 
colluvium and moderately decomposed rock.  Most of the pullout tests were only tested to 
90% of the yield strength of steel (Tp), where the ultimate pullout resistance (Tult) was not 
reached.  In general, the field test loads (Tp or Tult) are several times higher than those 
estimated using the effective stress method. 
 
 In summary, each of the design methods has its merits and limitations.  The field 
pullout test results indicate that the pullout resistance is generally higher than the theoretical 
value given by the effective stress method.  This suggests that although the method has 
limitations, it gives a safe solution under the ground conditions and construction practice in 
Hong Kong. 
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1   Introduction 

 
 Soil nailing is the most common slope stabilising method in Hong Kong.  It offers an 
effective and robust reinforcing system for a variety of ground and groundwater conditions.  
The soil nailing technique improves the stability of slopes principally through the 
mobilisation of tension in the soil nails.  The tensile forces in the soil nails reinforce the 
ground by directly supporting some of the applied shear loadings and by increasing the 
normal stresses in the soil on the potential failure surface, thereby allowing higher shearing 
resistance to be mobilised.  The resistance against pullout failure of the soil nails is provided 
by the part of soil nails that is embedded into the ground behind the potential failure surface.  
Hence, pullout resistance is one of the key parameters for the design of soil nails. 
 
 In 2008, the Geotechnical Engineering Office (GEO) published a new guidance 
document on soil nailing, entitled Geoguide 7: Guide to Soil Nail Design and Construction 
(GEO, 2008).  Modifications have been made to the previous pullout resistance design 
guidelines given in GEO Technical Guidance Note No. 23 Issue No. 1 (TGN23) (GEO, 2005).  
The changes were made based on the findings of a review of the approach for estimation of 
pullout resistance, which was part of a series of soil nail related studies initiated by GEO in 
developing Geoguide 7.  In the review, the design methods and safety factors adopted in 
Hong Kong and overseas for estimation of pullout resistance of soil nails have been examined, 
and about a thousand of field pullout test data collected from the LPM contracts have been 
analysed.  This report documents the findings of the review as well as the rationale behind 
the new pullout resistance design guidelines given in Geoguide 7. 
 
 
2   Design Approaches of Pullout Resistance of Soil Nails 

2.1   Design Approach in TGN 23 

 

 The design approach of pullout resistance of soil nails given in TGN23 basically 
followed that proposed by Watkins & Powell (1992).  The effective stress method (see 
Section 2.2.2) was used to estimate the pullout resistance of the soil nails.  A safety factor 
against pullout failure of 2.0 is applied to the estimated pullout resistance to obtain the 
allowable pullout resistance.  Although not explicitly mentioned, the safety factor accounts 
for all uncertainties associated with the estimated pullout resistance.  This includes the 
uncertainty on the surface area of grout sleeve, contact stress at the interface between grout 
and soil, grout surface roughness, change in bond resistance over time, etc. 
 
 
2.2   Design Approaches in Overseas Countries 

2.2.1   General 

 
 Soil nail design guidelines adopted overseas, including the US, the UK, France, Japan 
and Nordic countries (i.e., Norway, Sweden, Denmark, Finland and Iceland), have been 
reviewed.  Different design methods and different safety factors are used in these countries 
to estimate the pullout resistance of soil nails. 
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2.2.2   Design Methods 

 
 The pullout resistance of a soil nail is affected by many factors including soil type, soil 
shear strength, surface roughness, grouting pressure, groundwater condition, etc.  According 
to literature (CIRIA, 2005; Clouterre, 1991; FHWA, 1998 & 2003; JHPC, 1998; NGS, 2005), 
there are four practical methods for estimation of pullout resistance of soil nails, namely 
empirical correlation, field pullout test method, undrained shear strength method and effective 
stress method. 
 
 Empirical correlations of the bond stress of soil nail in soil with various soil types and 
various construction methods have been developed overseas.  This is one of the 
recommended methods in the US (correlated with soil type), Japan (correlated with SPT-N 
values) and France (correlated with limit pressure from pressuremeter tests) for design of soil 
nails.  Typical values of soil-nail bond stress are also given in some overseas design guides 
(e.g., Clouterre, 1991; FHWA, 1998 & 2003; JHPC, 1998). 
 
 Field pullout test method requires the carrying out of site-specific pullout tests.  
Appropriate characteristic pullout resistance for design of soil nails can be determined from 
the measured values.  This method is generally adopted in France and such provision is also 
given in other European countries and the US (BSI, 2002; FHWA, 2003). 
 
 The pullout resistance of soil nails in cohesive soils can be estimated based on the 
undrained soil shear strength and an adhesion factor, in a way similar to estimation of skin 
friction of pile foundation in clay. 
 
 The pullout resistance of soil nails in granular soils, and in cohesive soils under long-term 
conditions, can be calculated by considering the effective stress acting on the soil nail and the 
coefficient of interface friction.  This method is generally adopted in the UK and Hong Kong. 
 
 
2.2.3   Safety Factor against Pullout Failure 

 
 A summary of safety factor against pullout failure adopted in various design guides is 
given in Table 2.1.  As the UK, France and Nordic countries adopt the limit state design 
approach, it is not appropriate to make a direct comparison between the global safety factor of 
Hong Kong and the partial safety factors of these countries.  The global safety factors of 
Japan, US and Hong Kong also cannot be compared because different methods are adopted 
for the estimation of pullout resistance. 
 
 
Table 2.1   Safety Factor against Pullout Failure Adopted in Different Soil Nail Design

Guides 

 

Design 
Guide 

UK 
(HA 68/94) 

UK 
(CIRIA 
C637) 

Nordic 
Countries 

(NGS) 

France 
(Clouterre) 

US 
(FHWA) 

Japan 
(JHPC) 

HK 
(TGN23) 

Safety 
Factor 

1.0 (cv') 1.5 
(peak') 

1.5 1.5 
1.4 (pullout  

test) 
1.8 (chart) 

2.0 2.0 2.0 
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3   Field Pullout Test Data 

 
 For this study, field pullout test data have been collected from LPM contracts since 
2004 up to 2006.  Improved test set-up and procedures (GEO, 2004), which minimise 
friction loss along a test nail, better control the length of the grouted portion and increase the 
test load by using larger bar size, were adopted in these tests.  A total of 913 test results were 
collected.  About 84% of the tests were conducted in weathered granite and volcanic rocks.  
The rest were conducted in other types of materials including fill, colluvium and moderately 
decomposed rock. 
 
 Most of the pullout tests were only tested to 90% of the yield strength of steel (Tp) to 
avoid the risk of rupture of the steel reinforcement.  The ultimate pullout resistance (Tult) was 
not reached.  Figure 3.1 shows the plot of the ratio of the field to the estimated pullout 
resistance using method recommended in TGN 23 (GEO, 2005) against the overburden 
pressure of those tests which reached the ultimate pullout resistance.  Figure 3.2 presents the 
same plot with all the test data (i.e. those reaching either Tult or Tp).  The field pullout 
resistances are generally several times higher than those estimated using the effective stress 
method, and the safety margin (i.e. Tfield/Testimate) gradually decreases when overburden 
pressure increases.  Some of the field pullout tests (26 nos.) were carried out under saturated 
condition, and the results do not show particularly low pullout resistance when compared with 
other pullout tests carried out under dry condition. 
 
 A summary of the field pullout test data is given in Appendix A. 
 
 

 

 
Figure 3.1   Plot of Field (Tult) to Estimated Pullout Resistance against Overburden 
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Figure 3.2   Plot of Field (Tp + Tult) to Estimated Pullout Resistance against Overburden

Pressure 

 
 
4   Discussion 

4.1   Design Method 

 
 As mentioned in Sections 2.1 and 2.2, there are four practical methods for the 
estimation of pullout resistance of soil nails.  The merits and limitations of each method are 
summarised in Table 4.1. 
 
 Many overseas design guidelines recommend the use of empirical correlation.  The 
overseas experience may not be applicable to Hong Kong because of difference in ground 
properties.  To develop a correlation specific to a site in Hong Kong, sufficient good quality 
data have to be collected. 
 
 The effective stress method does not account for factors including soil arching, 
restrained soil dilatancy, soil suction, roughness of drillhole surface, over-break, etc.  All 
these factors except soil arching tend to result in higher pullout resistance than the design 
value.  Although the effective stress method has limitations, local designers are familiar with 
the method and it gives a safe solution for soil nail design in Hong Kong. 
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Table 4.1   Merits and Limitations of the Methods for Estimation of Pullout Resistance 

of Soil Nails 

 
Method Merits Limitations 

Empirical 
correlation 
 

Related to field 
performance data; can better 
account for influencing 
factors. 

Need a large number of field data and take a long 
time to establish a reasonable correlation; a general 
correlation may not be applicable to all sites. 

Field pullout 
test 

Related to site-specific 
performance data. 

Need to carry out a considerable number of field 
pullout tests during the design stage; not feasible for 
small-scale project; time consuming. 

Undrained 
shear 
strength 

Based on soil mechanics 
principles; easy to apply. 

Generally not suitable for Hong Kong because clay 
slopes are not common; many factors that affect the 
pullout resistance are not accounted for in the 
theoretical equation. 

Effective 
stress  

Based on soil mechanics 
principles; easy to apply. 

Many factors that affect the pullout resistance are 
not accounted for in the theoretical equation. 

 
 
4.2   Safety Factor against Pullout Failure 

 
 Many factors that affect the pullout resistance of a soil nail are difficult to be 
quantified in a design.  A statistical approach has been adopted to assess the probability of 
failure in pullout using the field pullout test data.  The probabilities of failure in pullout with 
safety factor of 2.0 and 1.5 are estimated by comparing the field pullout resistance with the 
allowable pullout resistance, where allowable pullout resistance is equal to the estimated 
pullout resistance divided by the safety factor against pullout failure.  Failure is defined as a 
case for which the field pullout resistance is less than the allowable pullout resistance.  The 
frequency distribution and probability density function plots of Tfield/Tallowable for safety factors 
equal to 2.0 and 1.5 are given in Figures 4.1 and 4.2 respectively. 
 
 By fitting the field test results with log-normal model as in Figures 4.1 and 4.2, nearly 
all of the statistically-modelled field pullout resistance is larger than the allowable pullout 
resistance, with mean ratios (field vs allowable) of 7.6 and 5.7 if the factor of safety equals to 
2.0 and 1.5 respectively. 
 
 
4.3   Effect of Soil Arching 

 
 The process of drilling in soil nail construction introduces soil arching at the drillhole.  
The grouting process during construction and subsequent change to the soil condition 
surrounding a soil nail, e.g. wetting and drying, will reduce the amount of soil arching along 
time.  The effect of soil arching reduces the radial stress acting on the soil nail.  This will 
theoretically result in a pullout resistance lower than that estimated from the effective stress 
equation.  In actual fact, field pullout test results show that the field pullout resistance is 
generally higher than the theoretical values given by the effective stress method.  This 
reflects the limitation of the effective stress method which does not account for surface 
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roughness, soil dilatancy, etc., as noted in Section 4.1 above. 
 
 

 

 
Figure 4.1   Plot of Frequency Distribution and Probability Density Function of Field to 
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Figure 4.2   Plot of Frequency Distribution and Probability Density Function of Field to 
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5   Conclusions 

 
 A review of the approaches to the estimation of pullout resistance of soil nails in Hong 
Kong and overseas has been conducted.  As part of the study, about a thousand of field 
pullout test data collected from the LPM contracts has been analysed.  The field pullout 
resistance is generally higher than the theoretical values given by the effective stress method.  
This shows that although the method has limitations, it gives a safe solution under the ground 
conditions and construction practice in Hong Kong.  This report documents the findings of 
the review and the analysis.  These form the rationale behind the pullout resistance design 
guidelines given in Geoguide 7. 
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Summary of Field Pullout Test Data



Table A1 - Pullout Test Data for Test Soil Nails Reaching Tp (Sheet 1 of 25) 
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Feature No. 
Pullout 

Test Nail 
No. 

Pullout Test Nail Information Geological Information 

Tp 
(kN) 

Bar 
Length 

(m) 

Bar 
Diameter  

(mm) 

Hole 
Diameter 

(mm) 

Bar 
Inclination 

(deg) 

Test 
Bond 

Length  
(m) 

Overburden 
Pressure on 

Bond Section 
(kPa) 

Soil Type 
at Bond 
Section 

GW 
Condition 

c' 
(kPa) 

' 
(deg) 

7SE-A/C342 TN1 4 25 150 20 3.0 47.5 CDG Dry 8 32 203 

14NE-B/C175 P2 4 20 100 20 2.0 50.0 CDG Dry 5 35 130 

11NE-B/C439 TN11 8 25 100 15 2.0 53.4 CDG Dry 3 35 203 

6NE-D/C1 C 5 40 150 20 2.0 57.0 CDG Dry 6 36 520 

10SE-B/C6 TN2 5 25 150 20 2.0 59.6 Colluvium Dry 3 33 203 

11SW-D/CR250 TN2 4 25 100 20 2.0 60.7 C/HDV Dry 5 37 203 

7SE-D/C77&97 P3 5 25 120 20 2.0 60.8 C/HDV Dry 5 37 203 

11NW-D/C90 PT14 6 32 100 20 2.0 66.5 CDG Dry 2 37 333 

7SW-C/C293 TN4 8 25 120 15 2.0 66.5 CDG Dry 3 38 203 

6NE-D/FR81 P1 6 25 100 10 2.0 68.4 Fill Dry 0 33 203 

14NW-D/C21 B 4 25 100 20 2.0 70.0 CDG Dry 7 38 203 

6SW-A/C670 TN02 6 25 100 30 2.0 71.6 CDG Dry 5 35 203 

9SW-D/C208 P3 8 20 150 20 2.0 72.0 Colluvium Dry 2 29 130 

7SW-C/C524 TN1 6 25 150 22 2.0 72.4 CDG Dry 4 36 203 

11NW-A/C245 TN1 6 32 150 20 2.0 72.9 CDG Dry 5 39 333 

13NE-A/C83 TN03 8 25 100 15 2.0 73.1 CDV Dry 5 38 203 

11NW-A/C588 TN1 5 25 100 20 4.0 76.0 C/HDG Dry 9 40 203 



Table A1 - Pullout Test Data for Test Soil Nails Reaching Tp (Sheet 2 of 25) 
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Feature No. 
Pullout 

Test Nail 
No. 

Pullout Test Nail Information Geological Information 

Tp 
(kN) 

Bar 
Length 

(m) 

Bar 
Diameter  

(mm) 

Hole 
Diameter 

(mm) 

Bar 
Inclination 

(deg) 

Test 
Bond 

Length  
(m) 

Overburden 
Pressure on 

Bond Section 
(kPa) 

Soil Type 
at Bond 
Section 

GW 
Condition 

c' 
(kPa) 

' 
(deg) 

11NW-D/C90 PT4 11 32 100 20 2.0 76.0 CDG Dry 2 37 333 

11NW-D/C90 PT17 6 32 100 20 2.0 76.0 CDG Dry 2 37 333 

11NE-A/C455 2TN10 5 25 100 15 2.0 76.0 CDG Dry 2 36 203 

11SW-D/C1132 TN3 7 25 150 50 2.0 76.7 CDG Wet 8 38 203 

11NW-A/C181 TN1 4 25 100 15 2.0 77.9 CDG Dry 4 35 203 

11NE-B/C439 TN14 6 25 100 15 2.0 77.9 CDG Dry 3 35 203 

13NE-A/C83 TN02 8 25 100 15 2.0 79.5 CDV Dry 5 38 203 

7SE-C/CR183 TN1 5 25 100 20 2.0 85.5 CDG Dry 5 35 203 

6SW-A/C302 TN01 8 25 100 25 2.0 85.6 CDG Dry 2 40 203 

10SE-B/C6 TN1 7 25 150 20 2.0 85.8 Colluvium Dry 3 33 203 

11SE-C/CR29 TN4 5 40 150 10 2.0 88.0 CDG Dry 1 37 520 

7SW-D/F442 TN2 6 25 150 20 2.0 91.2 CDG Dry 2 36 203 

10SE-B/C6 TN3 7 25 150 20 2.0 91.2 Colluvium Dry 3 33 203 

11NW-A/C181 TN2 6 25 100 15 2.0 91.2 CDG Dry 4 35 203 

11NE-B/C439 TN13 6 25 100 15 2.0 91.2 CDG Dry 3 35 203 

7SE-A/C314 TN7 6 25 100 15 2.0 91.2 C/HDG Dry 9 38 203 

13NE-A/C83 TN04 8 25 100 15 2.0 92.3 CDV Dry 5 38 203 



Table A1 - Pullout Test Data for Test Soil Nails Reaching Tp (Sheet 3 of 25) 
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Feature No. 
Pullout 

Test Nail 
No. 

Pullout Test Nail Information Geological Information 

Tp 
(kN) 

Bar 
Length 

(m) 

Bar 
Diameter  

(mm) 

Hole 
Diameter 

(mm) 

Bar 
Inclination 

(deg) 

Test 
Bond 

Length  
(m) 

Overburden 
Pressure on 

Bond Section 
(kPa) 

Soil Type 
at Bond 
Section 

GW 
Condition 

c' 
(kPa) 

' 
(deg) 

11NW-A/C181 TN6 9 25 100 15 2.0 93.1 CDG Dry 1 35 203 

9SW-C/C21 P3 7 32 150 20 2.0 95.0 CDV Dry 5 33 333 

7SW-D/F440 TN1 7 25 150 10 2.0 95.0 CDG Dry 2 36 203 

6NE-D/C1 B 5 40 150 20 2.0 95.0 CDG Dry 6 36 520 

14NW-A/C70 P5 5 25 150 20 2.0 95.0 CDG Dry 4 35 203 

7SE-A/C300 TN1 6 25 150 15 3.0 95.0 CDG Dry 6 38 203 

7SW-C/C524 TN7 8 25 150 15 2.0 95.0 CDG Dry 4 36 203 

7SW-D/C922 TN4 7 32 120 15 2.0 95.0 CDG Dry 3 36 335 

11NE-A/C455 2TN4 6 25 100 15 2.0 95.0 CDG Dry 10 38 203 

6SW-D/C553 TN01 8 25 100 15 2.0 95.0 CDG Dry 3 38 203 

3SW-D/C29 B 6 40 150 20 2.0 97.9 CDV Dry 6 36 520 

11SW-D/CR250 TN1 9 25 100 20 2.0 98.2 C/HDV Dry 5 37 203 

6SW-A/C670 TN01 6 25 100 30 2.0 98.8 CDG Dry 5 35 203 

7SE-A/CR312 TN2 6 25 100 20 3.0 98.8 CDG Dry 3 38 203 

7SW-D/F440 TN3 8 25 150 10 2.0 98.8 CDG Dry 2 36 203 

13NE-A/C48 TN01 7 25 100 15 2.0 99.0 CDG Dry 5 38 203 

11SW-D/FR126 TN3 6 32 150 24 2.0 99.4 C/HDV Dry 7 37 333 



Table A1 - Pullout Test Data for Test Soil Nails Reaching Tp (Sheet 4 of 25) 
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Feature No. 
Pullout 

Test Nail 
No. 

Pullout Test Nail Information Geological Information 

Tp 
(kN) 

Bar 
Length 

(m) 

Bar 
Diameter  

(mm) 

Hole 
Diameter 

(mm) 

Bar 
Inclination 

(deg) 

Test 
Bond 

Length  
(m) 

Overburden 
Pressure on 

Bond Section 
(kPa) 

Soil Type 
at Bond 
Section 

GW 
Condition 

c' 
(kPa) 

' 
(deg) 

7NW-D/C173 A 8 25 150 20 2.0 100.0 CDV Dry 5 35 203 

11SW-D/FR126 TN4 8 32 150 23 2.0 100.7 C/HDV Dry 7 37 333 

11NW-A/C245 TN2 8 32 100 30 2.0 101.2 CDG Dry 5 39 333 

10NE-B/C249 PT12 7 25 100 20 2.0 102.6 CDV Dry 5 35 203 

7SE-A/CR312 TN1 5 25 100 20 3.0 102.6 CDG Dry 3 38 203 

6SW-C/C625 TN2 7 32 150 20 2.0 102.6 CDG Dry 5 33 333 

7SW-D/F440 TN2 6 25 150 10 2.0 102.6 CDG Dry 2 36 203 

7SE-D/C77&97 P2 8 25 120 20 2.0 102.6 C/HDV Dry 5 37 203 

6SW-A/C118 TN02 10 25 100 15 2.0 104.5 CDG Dry 5 38 203 

6SW-A/C115 TN02 16 32 150 15 2.0 104.5 CDG Dry 3 39 333 

11NW-D/CR46 TN 1 12 40 150 10 2.0 104.5 C/HDG Dry 5 38 520 

7SW-D/F441 TN2 8 32 150 10 2.0 104.5 CDG Dry 2 36 335 

3SW-D/C29 A 8 40 150 20 2.0 104.5 CDV Dry 6 36 520 

11NE-D/C20 P6 6 25 120 15 2.0 104.5 C/HDG Dry 5 38 205 

13NE-B/C129 P1 8 20 150 20 2.0 106.0 CDV Dry 2 32 130 

10NE-B/C249 PT11 7 25 100 20 2.0 106.4 CDV Dry 5 35 203 

11SW-A/C108 TN1 9 25 120 15 2.0 107.0 CDV Dry 3 38 203 



Table A1 - Pullout Test Data for Test Soil Nails Reaching Tp (Sheet 5 of 25) 
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Feature No. 
Pullout 

Test Nail 
No. 

Pullout Test Nail Information Geological Information 

Tp 
(kN) 

Bar 
Length 

(m) 

Bar 
Diameter  

(mm) 

Hole 
Diameter 

(mm) 

Bar 
Inclination 

(deg) 

Test 
Bond 

Length  
(m) 

Overburden 
Pressure on 

Bond Section 
(kPa) 

Soil Type 
at Bond 
Section 

GW 
Condition 

c' 
(kPa) 

' 
(deg) 

11SW-D/FR126 TN5 6 32 150 20 2.0 107.4 C/HDV Dry 7 37 333 

11NE-B/C439 TN3 8 25 100 15 2.0 108.5 CDG Dry 3 35 203 

11SW-D/C1132 TN1 9 25 150 50 2.0 108.8 CDG Wet 8 38 203 

7SE-C/CR388 TN1 8 25 100 15 2.0 110.2 CDG Dry 7 35 203 

11NE-B/CR270 P1 7 25 120 15 2.0 110.4 C/HDG Dry 6 36 203 

13NE-A/C83 TN01 8 25 100 15 2.0 111.5 CDV Dry 5 38 203 

7SW-C/C524 TN3 8 25 150 22 2.0 112.5 CDG Dry 4 36 203 

7SW-C/C524 TN4 8 25 150 22 2.0 112.5 CDG Dry 4 36 203 

7SW-C/C524 TN2 9 25 150 22 2.0 113.0 CDG Dry 4 36 203 

11NW-A/CR296 TN1 7 25 100 20 4.0 114.0 C/HDG Dry 9 40 203 

9SW-C/C21 P2 10 32 150 20 2.0 114.0 CDV Dry 5 33 333 

11NW-D/C90 PT18 7 32 100 20 2.0 114.0 CDG Dry 2 37 333 

7SW-C/C524 TN5 8 25 150 15 2.0 114.0 CDG Dry 4 36 203 

7SW-C/C524 TN6 8 25 150 15 2.0 114.0 CDG Dry 4 36 203 

11NE-A/C455 1TN10 10 25 100 15 2.0 114.0 Colluvium Dry 2 36 203 

11NE-A/C455 2TN2 6 25 100 15 2.0 114.0 CDG Dry 10 38 203 

3NE-D/C74 P1 8 25 100 15 2.0 114.8 CDV Wet 7 35 203 



Table A1 - Pullout Test Data for Test Soil Nails Reaching Tp (Sheet 6 of 25) 
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Feature No. 
Pullout 

Test Nail 
No. 

Pullout Test Nail Information Geological Information 

Tp 
(kN) 

Bar 
Length 

(m) 

Bar 
Diameter  

(mm) 

Hole 
Diameter 

(mm) 

Bar 
Inclination 

(deg) 

Test 
Bond 

Length  
(m) 

Overburden 
Pressure on 

Bond Section 
(kPa) 

Soil Type 
at Bond 
Section 

GW 
Condition 

c' 
(kPa) 

' 
(deg) 

11SW-D/CR250 TN3 10 25 100 20 2.0 115.0 C/HDV Dry 5 37 203 

11SW-D/C1132 TN2 9 25 150 50 2.0 115.6 CDG Wet 8 38 203 

6SW-C/C167 TN3 8 32 150 15 3.0 115.9 CDG Dry 3 38 130 

7SE-C/CR388 TN2 7 25 100 15 2.0 117.8 CDG Dry 7 35 203 

7SW-D/C922 TN1 7 25 120 15 3.0 117.8 CDG Dry 3 36 203 

11NE-B/CR270 P2 7 25 120 15 2.0 117.8 C/HDG Dry 6 36 203 

11NE-B/C87 TN8 8 25 100 15 2.0 118.0 CDG Dry 2 35 203 

12NW-C/R4 P3 8 32 150 20 2.0 118.5 C/HDV Wet 5 35 333 

7SW-D/F440 TN5 10 25 150 10 2.0 119.7 CDG Dry 2 36 203 

9SW-D/C170 TN02 6 25 100 15 2.0 121.6 CDV Dry 3 40 203 

11NE-B/C87 TN9 8 25 100 15 2.0 121.8 CDG Dry 2 35 203 

10NE-B/C6 TN3 9 25 100 15 2.0 123.3 CDG Dry 5 35 203 

10NE-B/CR253 PT17 13 32 150 20 3.0 123.5 CDG Dry 5 32 333 

7SE-A/C301 TN1 6 25 150 15 3.0 123.5 CDG Dry 6 38 203 

7SE-C/C41 TN9 5 32 100 15 2.0 123.5 CDG Dry 6 38 333 

11NE-A/C455 2TN6 7 25 100 15 2.0 123.5 CDG Dry 2 36 203 

6SW-C/CR508 TN02 8 25 100 20 2.0 123.5 CDG Dry 4 37 203 



Table A1 - Pullout Test Data for Test Soil Nails Reaching Tp (Sheet 7 of 25) 
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Feature No. 
Pullout 

Test Nail 
No. 

Pullout Test Nail Information Geological Information 

Tp 
(kN) 

Bar 
Length 

(m) 

Bar 
Diameter  

(mm) 

Hole 
Diameter 

(mm) 

Bar 
Inclination 

(deg) 

Test 
Bond 

Length  
(m) 

Overburden 
Pressure on 

Bond Section 
(kPa) 

Soil Type 
at Bond 
Section 

GW 
Condition 

c' 
(kPa) 

' 
(deg) 

11NW-B/C634 P1 5 25 150 15 2.0 124.5 CDG Dry 6 35 203 

11NW-B/C634 P2 5 25 150 15 2.0 124.5 CDG Dry 6 35 203 

7SW-D/F441 TN1 8 32 150 10 2.0 127.3 CDG Dry 2 36 335 

11NE-B/C439 TN9 8 25 100 15 2.0 127.5 CDG Wet 3 35 203 

11NE-B/C439 TN6 8 25 100 15 2.0 127.5 CDG Dry 3 35 203 

11NE-B/C435 TN9 10 25 100 10 2.0 129.2 CDG Dry 2 35 203 

7SW-D/C922 TN2 8 32 120 15 2.0 129.2 CDG Dry 3 36 335 

11NW-A/C181 TN4 9 25 100 15 2.0 129.6 CDG Dry 4 35 203 

11SW-D/FR1 TN7 14 32 150 25 2.0 130.5 CDG Dry 0 39 333 

3NE-A/C144 P1 9 25 100 10 2.0 131.3 CDV Dry 5 35 203 

3SW-C/C241 P2 9 25 150 10 2.0 131.3 CDV Dry 5 36 203 

7SE-D/C77&97 P1 8 25 120 20 2.0 131.8 C/HDV Dry 5 37 203 

6SW-A/C302 TN02 8 25 100 25 2.0 132.7 CDG Dry 2 40 203 

7SW-C/CR316 PT3 8 25 100 25 2.0 133.0 CDG Dry 2 35 203 

6SW-A/C14 TN03 9 25 100 20 2.0 133.0 CDG Dry 2 40 203 

6SW-A/C14 TN04 9 25 100 20 2.0 133.0 CDG Dry 2 40 203 

11NE-A/C455 2TN17 10 25 100 15 2.0 133.0 CDG Dry 2 36 203 



Table A1 - Pullout Test Data for Test Soil Nails Reaching Tp (Sheet 8 of 25) 
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Feature No. 
Pullout 

Test Nail 
No. 

Pullout Test Nail Information Geological Information 

Tp 
(kN) 

Bar 
Length 

(m) 

Bar 
Diameter  

(mm) 

Hole 
Diameter 

(mm) 

Bar 
Inclination 

(deg) 

Test 
Bond 

Length  
(m) 

Overburden 
Pressure on 

Bond Section 
(kPa) 

Soil Type 
at Bond 
Section 

GW 
Condition 

c' 
(kPa) 

' 
(deg) 

6SW-C/C7 P1 8 25 100 15 2.0 133.0 CDG Dry 5 32 200 

6SW-C/C7 P3 8 25 100 15 2.3 133.0 CDG Dry 5 32 200 

11NE-A/C455 1TN13 10 25 100 15 2.0 133.0 CDG Dry 2 36 203 

11NE-A/C455 1TN16 10 25 100 15 2.0 133.0 Colluvium Dry 2 36 203 

11NE-A/C455 2TN8 10 25 100 15 2.0 133.0 CDG Dry 2 36 203 

7SW-C/C293 TN1 10 25 120 15 2.0 135.0 CDG Dry 3 38 203 

11SW-D/FR1 TN4 16 32 150 25 2.0 135.7 CDG Dry 0 39 333 

11SW-D/FR1 TN5 16 32 150 25 2.0 135.7 CDG Dry 0 39 333 

7NW-B/CR615 TN1 10 32 150 15 2.0 137.4 CDG Dry 5 34 333 

11NE-B/C87 TN5 8 40 100 15 2.0 138.9 CDG Wet 2 35 520 

11NW-A/C152 TN3 7 25 100 15 2.0 139.7 CDG Dry 5 35 203 

6SW-C/C88 TN1 9 32 100 15 2.0 141.6 CDG Dry 3 35 333 

6SW-C/C88 TN2 9 32 100 15 2.0 141.6 CDG Dry 3 35 333 

7SE-C/C177 TN1 8 25 150 20 2.0 142.5 CDG Dry 7 36 203 

10NE-B/C6 TN1 9 25 100 15 2.0 142.5 C/HDG Dry 5 35 203 

6SW-A/C118 TN01 10 25 100 15 2.0 142.5 CDG Dry 5 38 203 

7SE-A/C301 TN2 6 25 150 15 3.0 144.4 CDG Dry 6 38 203 



Table A1 - Pullout Test Data for Test Soil Nails Reaching Tp (Sheet 9 of 25) 
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Feature No. 
Pullout 

Test Nail 
No. 

Pullout Test Nail Information Geological Information 

Tp 
(kN) 

Bar 
Length 

(m) 

Bar 
Diameter  

(mm) 

Hole 
Diameter 

(mm) 

Bar 
Inclination 

(deg) 

Test 
Bond 

Length  
(m) 

Overburden 
Pressure on 

Bond Section 
(kPa) 

Soil Type 
at Bond 
Section 

GW 
Condition 

c' 
(kPa) 

' 
(deg) 

6NE-D/C53 P3 9 25 100 15 3.0 144.9 C/HDV Dry 5 36 203 

11SW-D/FR1 TN6 16 32 150 25 2.0 144.9 CDG Dry 0 39 333 

11NW-A/C181 TN8 9 25 100 15 2.0 148.2 CDG Dry 4 35 203 

7SW-D/F444 TN1 9 32 150 20 2.0 148.2 CDG Dry 2 36 335 

6SW-C/C7 P4 8 25 100 15 2.2 148.2 CDG Dry 5 32 200 

11NE-B/C439 TN5 10 40 100 15 2.0 148.8 CDG Dry 3 35 520 

9SW-C/C21 P1 8 32 150 20 2.0 152.0 CDV Dry 5 33 333 

11NE-A/C455 2TN16 10 25 100 15 2.0 152.0 CDG Dry 2 36 203 

7SW-D/F444 TN3 9 32 150 20 2.0 152.0 CDG Dry 2 36 335 

6SE-C/C293 P1 8 32 100 15 2.0 152.0 CDG Dry 5 36 330 

11SW-D/C1132 TN5 13 25 150 53 2.0 152.4 CDG Wet 8 38 203 

11NW-B/C658 P1 7 25 150 20 2.0 153.9 CDG Wet 10 38 203 

13NE-B/CR127 P5 14 25 150 20 2.0 154.0 CDV Wet 7 38 203 

7SE-A/C300 TN2 6 25 150 15 3.0 155.8 CDG Dry 6 38 203 

13NW-B/C135 P3 12 25 150 5 2.0 155.8 C/HDV Dry 5 38 203 

6SW-A/C115 TN04 16 32 150 15 2.0 156.4 CDG DRY 3 39 333 

6SW-A/C115 TN05 16 32 150 15 2.0 156.4 CDG DRY 3 39 333 



Table A1 - Pullout Test Data for Test Soil Nails Reaching Tp (Sheet 10 of 25) 
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Feature No. 
Pullout 

Test Nail 
No. 

Pullout Test Nail Information Geological Information 

Tp 
(kN) 

Bar 
Length 

(m) 

Bar 
Diameter  

(mm) 

Hole 
Diameter 

(mm) 

Bar 
Inclination 

(deg) 

Test 
Bond 

Length  
(m) 

Overburden 
Pressure on 

Bond Section 
(kPa) 

Soil Type 
at Bond 
Section 

GW 
Condition 

c' 
(kPa) 

' 
(deg) 

7SE-C/C533 TN2 10 25 100 20 4.0 157.7 CDG Dry 5 37 203 

2SE-D/C348 TN1 10.1 40 150 20 2.0 157.7 CDV Dry 4 33 520 

9SW-D/C208 P4 11 25 150 20 2.0 158.3 CDV Wet 3 35 203 

7SW-D/C74 TN5 7 32 100 20 2.0 158.4 CDG Dry 6 38 335 

6SW-A/C12 TN04 14 25 100 20 2.0 158.7 CDG Dry 2 40 203 

11SW-D/FR126 TN1 9 32 150 24 2.0 158.7 C/HDV Dry 7 37 333 

7SW-D/C922 TN3 9 25 120 15 4.0 159.6 CDG Dry 3 36 203 

9SW-D/C170 TN01 7 25 100 15 2.0 159.6 CDV Dry 3 40 203 

13NW-B/C135 1 11 25 150 20 2.0 160.0 C/HDV Dry 5 38 203 

13NW-B/C135 3 12 25 150 5 2.0 160.0 C/HDV Dry 5 38 203 

14NW-D/C21 A 6 25 100 30 2.0 160.0 CDG Dry 7 38 203 

6SW-A/C14 TN05 9 25 100 20 2.0 161.5 CDG Dry 2 40 203 

11NE-A/C455 2TN3 9 25 100 15 2.0 161.5 CDG Dry 2 36 203 

7SW-D/CR842 TN2 9 32 100 20 2.0 162.0 CDG Dry 6 38 335 

11SW-B/CR17 TN1 8 32 150 20 2.0 162.3 CDG Dry 7 34 333 

6SW-A/C115 TN03 16 32 150 15 2.0 162.5 CDG Dry 3 39 333 

11SW-A/C107 TN14 8 40 150 15 2.0 162.8 CDV Dry 8 40 520 



Table A1 - Pullout Test Data for Test Soil Nails Reaching Tp (Sheet 11 of 25) 
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Feature No. 
Pullout 

Test Nail 
No. 

Pullout Test Nail Information Geological Information 

Tp 
(kN) 

Bar 
Length 

(m) 

Bar 
Diameter  

(mm) 

Hole 
Diameter 

(mm) 

Bar 
Inclination 

(deg) 

Test 
Bond 

Length  
(m) 

Overburden 
Pressure on 

Bond Section 
(kPa) 

Soil Type 
at Bond 
Section 

GW 
Condition 

c' 
(kPa) 

' 
(deg) 

6NE-D/C53 P1 15 25 100 15 3.0 162.9 C/HDV Dry 5 36 203 

11SE-C/C863 TN6 8 25 100 15 2.0 162.9 CDG Dry 5 40 203 

11SE-C/C863 TN10 8 25 100 15 2.0 162.9 CDG Dry 5 40 203 

11SW-D/FR1 TN1 19 40 150 25 2.0 164.6 CDG Dry 0 39 520 

3NE-C/C77 P1 9 25 150 10 2.0 166.1 CDV Dry 5 35 203 

10NE-B/C87 TN4 12 25 120 15 2.0 166.9 CDG Dry 5 35 203 

10NE-B/C87 TN5 12 25 120 15 2.0 166.9 CDG Dry 5 35 203 

10NE-B/C77 PT6 21 40 150 15 2.0 167.0 CDG Dry 8 33.5 520 

10NE-B/C87 TN7 12 25 120 15 2.0 167.0 CDG Dry 5 35 203 

11NE-B/C435 TN8 10 25 100 10 2.0 167.2 CDG Dry 2 35 203 

10NE-B/C87 TN1 13 25 120 15 2.0 167.3 CDG Dry 5 35 203 

10NE-B/C87 TN2 13 25 120 15 2.0 167.3 CDG Dry 5 35 203 

10NE-B/C87 TN3 13 25 120 15 2.0 167.3 CDG Dry 5 35 203 

11NE-A/C455 1TN8 12 25 100 15 2.0 168.5 CDG Wet 15 40 203 

14NW-A/C70 P4 9 25 150 20 2.0 170.0 CDG Dry 4 35 203 

6SW-A/C115 TN01 12 25 100 15 2.0 170.8 CDG Dry 3 39 203 

7SE-A/C314 TN5 8 25 100 15 2.0 171.0 C/HDG Dry 9 38 203 



Table A1 - Pullout Test Data for Test Soil Nails Reaching Tp (Sheet 12 of 25) 
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Feature No. 
Pullout 

Test Nail 
No. 

Pullout Test Nail Information Geological Information 

Tp 
(kN) 

Bar 
Length 

(m) 

Bar 
Diameter  

(mm) 

Hole 
Diameter 

(mm) 

Bar 
Inclination 

(deg) 

Test 
Bond 

Length  
(m) 

Overburden 
Pressure on 

Bond Section 
(kPa) 

Soil Type 
at Bond 
Section 

GW 
Condition 

c' 
(kPa) 

' 
(deg) 

11NW-B/FR38 PT9 16 40 100 30 2.0 171.0 CDG Dry 5 35 520 

7SW-D/F444 TN2 9 32 150 20 2.0 171.0 CDG Dry 2 36 335 

6SE-C/C254 P1 9 25 100 15 2.0 171.0 CDG Dry 6 38 200 

11SW-A/CR8 TN22 12 25 100 15 2.0 171.0 CDV Dry 3 38 203 

6SW-D/C54 TN01 10 25 100 15 2.0 171.0 CDG Dry 3 38 203 

11NE-B/C87 TN4 9 32 100 15 2.0 172.3 CDG Wet 2 35 333 

7SE-B/R81&82 TN2 10 32 100 20 2.0 174.8 CDG Dry 3 35 335 

11NE-A/C455 1TN12 10 25 100 15 2.0 174.8 CDG Dry 10 38 203 

13NE-B/C129 P5 12 32 150 20 2.0 175.0 CDV Dry 2 32 333 

7SW-C/C116 P11A 15 32 100 15 2.0 175.0 CDG Dry 6 32 330 

6NE-D/FR80 P1 18 32 100 39 2.0 175.0 Fill Dry 0 33 333 

11NE-A/C153 P12 10 25 150 20 2.0 175.2 CDG Dry 5 35 203 

11SE-C/CR29 TN3 9 40 150 10 2.0 175.9 CDG Dry 1 37 520 

7SW-D/C74 TN2 9 32 100 20 2.0 176.4 CDG Dry 6 38 335 

11SE-C/C863 TN5 8 25 100 25 2.0 176.7 CDG Dry 5 40 203 

11SW-A/C108 TN3 12 25 120 15 2.0 176.7 CDV Dry 3 38 203 

11SE-C/C863 TN3 8 25 100 25 2.0 176.7 CDG Dry 5 40 203 



Table A1 - Pullout Test Data for Test Soil Nails Reaching Tp (Sheet 13 of 25) 
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Feature No. 
Pullout 

Test Nail 
No. 

Pullout Test Nail Information Geological Information 

Tp 
(kN) 

Bar 
Length 

(m) 

Bar 
Diameter  

(mm) 

Hole 
Diameter 

(mm) 

Bar 
Inclination 

(deg) 

Test 
Bond 

Length  
(m) 

Overburden 
Pressure on 

Bond Section 
(kPa) 

Soil Type 
at Bond 
Section 

GW 
Condition 

c' 
(kPa) 

' 
(deg) 

7SW-D/C74 TN6 7 32 100 20 2.0 178.6 CDG Dry 10 39 335 

6NE-D/FR80 P4 18 32 100 39 2.0 179.0 Fill Dry 0 33 333 

13NW-B/C319 B 11 25 150 20 2.0 180.0 C/HDV Dry 10 38 203 

7SE-C/CR388 TN3 6 25 100 40 2.0 180.5 CDG Dry 7 35 203 

7SW-D/F440 TN4 15 32 150 10 2.0 180.5 CDG Dry 10 40 333 

6SW-A/C14 TN01 9 25 100 20 2.0 180.5 CDG Dry 2 40 203 

7SE-A/C314 TN3 15 32 100 15 2.0 180.5 C/HDG Dry 9 38 333 

11SW-A/C107 TN13 8 40 150 15 2.0 180.5 CDV Dry 8 40 520 

11SW-A/CR8 TN31 18 25 100 15 2.0 180.5 CDV Dry 3 38 203 

11NW-D/CR46 TN 6 15 40 150 10 2.1 180.5 C/HDG Dry 5 38 520 

11NE-A/C455 2TN1 9 25 100 15 2.0 180.5 CDG Dry 15 40 203 

11NE-A/C153 P14 11 25 150 20 2.0 180.9 CDG Dry 5 35 203 

11NE-B/C254 PT21 15 40 150 15 2.0 181.3 CDG Dry 6 36 520 

7SE-C/C177 TN2 8 25 150 20 2.0 182.4 CDG Dry 7 36 203 

11SW-A/C108 TN4 10 25 120 15 2.0 182.4 CDV Dry 3 38 203 

11NW-A/C181 TN3 9 25 100 15 2.0 183.6 CDG Dry 4 35 203 

11SW-D/FR1 TN8 14 25 150 25 2.0 184.5 CDG Dry 0 39 203 



Table A1 - Pullout Test Data for Test Soil Nails Reaching Tp (Sheet 14 of 25) 
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Feature No. 
Pullout 

Test Nail 
No. 

Pullout Test Nail Information Geological Information 

Tp 
(kN) 

Bar 
Length 

(m) 

Bar 
Diameter  

(mm) 

Hole 
Diameter 

(mm) 

Bar 
Inclination 

(deg) 

Test 
Bond 

Length  
(m) 

Overburden 
Pressure on 

Bond Section 
(kPa) 

Soil Type 
at Bond 
Section 

GW 
Condition 

c' 
(kPa) 

' 
(deg) 

6NE-D/C53 P2 12 25 100 15 3.2 185.0 C/HDV Dry 5 36 203 

10NE-B/C251 PT9 14 25 100 15 4.0 186.2 CDG Dry 5 33 203 

6SW-A/C14 TN02 9 25 100 20 2.0 186.2 CDG Dry 2 40 203 

14NW-A/C70 P3 9 25 150 20 2.0 190.0 CDG Dry 4 35 203 

11NE-A/C455 1TN15 10 25 100 15 2.0 190.0 CDG Dry 2 36 203 

11SW-A/C108 TN2 13 25 120 15 2.0 190.0 CDV Dry 3 38 203 

11NW-D/CR46 TN 4 12 40 150 10 2.2 190.0 C/HDG Dry 5 38 520 

11NW-B/FR38 PT10 16 40 100 30 2.0 190.0 CDG Dry 5 35 520 

7SE-A/CR148 TN1 11 32 150 20 2.0 190.0 CDV Dry 7 38 335 

7SW-D/F441 TN3 12 32 150 10 2.0 190.0 CDG Dry 2 36 335 

3NE-D/C74 P2 9 25 100 15 2.0 191.3 CDV Dry 7 35 203 

7SW-C/C116 P2 15 32 100 15 2.0 192.5 CDG Dry 6 32 330 

7SW-C/C116 P10 15 32 100 15 2.0 192.5 CDG Dry 6 32 330 

14NW-A/C70 P1 10 25 150 20 2.0 193.8 CDG Dry 4 35 203 

7SW-D/F441 TN4 12 32 150 10 2.0 193.8 CDG Dry 2 36 335 

11NW-A/CR296 TN2 10 32 100 20 3.0 197.6 CDG Dry 5 37 333 

11NE-C/CR207 P8 13 32 150 15 2.0 197.6 CDG Dry 3 35 330 



Table A1 - Pullout Test Data for Test Soil Nails Reaching Tp (Sheet 15 of 25) 
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Feature No. 
Pullout 

Test Nail 
No. 

Pullout Test Nail Information Geological Information 

Tp 
(kN) 

Bar 
Length 

(m) 

Bar 
Diameter  

(mm) 

Hole 
Diameter 

(mm) 

Bar 
Inclination 

(deg) 

Test 
Bond 

Length  
(m) 

Overburden 
Pressure on 

Bond Section 
(kPa) 

Soil Type 
at Bond 
Section 

GW 
Condition 

c' 
(kPa) 

' 
(deg) 

11SW-A/CR8 TN18 15 25 100 15 2.0 198.0 C/HDV Dry 9 40 203 

11NE-A/C455 1TN5 12 25 100 15 2.0 199.5 CDG Dry 15 40 203 

13NW-B/C319 A 10 32 150 20 2.0 200.0 C/HDV Dry 10 38 333 

7SW-C/C116 P17 12 32 100 15 2.0 201.3 CDG Dry 6 32 330 

7NW-A/CR237 P1a 18 32 100 15 2.0 202.9 CDV Dry 5 35 333 

11NE-A/C153 P13 12 25 150 20 2.0 203.9 CDG Dry 5 35 203 

10NE-B/C251 PT8 14 25 100 15 4.0 205.2 CDG Dry 5 33 203 

14NW-A/C70 P2 10 25 150 20 2.0 205.2 CDG Dry 4 35 203 

13NE-B/CR127 P2 14 32 150 20 2.0 207.9 CDV Wet 7 38 333 

11SW-A/CR8 TN4 12 25 100 15 2.0 209.0 CDV Dry 3 38 203 

11SW-A/CR8 TN17 12 25 100 15 2.0 209.0 CDV Dry 3 38 203 

11SW-A/CR8 TN5 12 25 100 15 2.0 209.0 CDV Dry 3 38 203 

11SW-A/C107 TN12 10 40 150 15 2.0 209.4 CDV Dry 8 40 520 

7NW-A/CR237 P4a 18 32 100 15 2.0 209.7 CDV Dry 5 35 333 

11SW-D/CR1169 PT1 13 32 150 15 2.0 210.0 CDG Dry 6 42 331 

7SW-C/C116 P7 15 32 100 15 2.0 210.0 CDG Dry 6 32 330 

7SW-C/C116 P8 15 32 100 15 2.0 210.0 CDG Dry 6 32 330 



Table A1 - Pullout Test Data for Test Soil Nails Reaching Tp (Sheet 16 of 25) 
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Feature No. 
Pullout 

Test Nail 
No. 

Pullout Test Nail Information Geological Information 

Tp 
(kN) 

Bar 
Length 

(m) 

Bar 
Diameter  

(mm) 

Hole 
Diameter 

(mm) 

Bar 
Inclination 

(deg) 

Test 
Bond 

Length  
(m) 

Overburden 
Pressure on 

Bond Section 
(kPa) 

Soil Type 
at Bond 
Section 

GW 
Condition 

c' 
(kPa) 

' 
(deg) 

11SW-D/C639 TN2 10 32 150 15 2.0 212.5 CDV Dry 5 35 333 

7SW-D/F441 TN5 15 40 150 10 2.0 212.8 CDG Dry 2 36 520 

11NE-C/CR207 P6 13 32 150 15 2.0 212.8 CDG Dry 3 35 330 

11SW-A/C107 TN9 14 40 150 15 2.0 214.7 CDV Dry 8 40 520 

11NW-B/C228 TN 1 12 40 100 15 2.0 216.0 CDG Dry 5 38 520 

11SW-A/CR8 TN15 15 32 100 15 2.0 217.0 C/HDV Dry 9 40 333 

6NE-D/FR80 P7 18 40 120 39 2.0 217.0 Fill Dry 0 33 520 

6NE-D/FR80 P2 20 25 100 39 2.0 218.0 Fill Dry 0 33 203 

7SE-A/CR148 TN2 11 40 150 20 2.0 218.5 CDV Dry 7 38 520 

11NE-A/C455 2TN11 10 25 100 15 2.0 218.5 CDG Dry 2 36 203 

6SW-A/C12 TN03 14 25 100 20 2.0 219.8 CDG Dry 2 40 203 

13NW-B/C135 P2 12 25 150 5 2.0 221.9 C/HDV Wet 5 38 203 

3NE-C/C223 P1 9 25 150 20 2.0 222.3 CDV Dry 5 35 203 

3NE-C/C223 P2 9 25 150 20 2.0 222.3 CDV Dry 5 35 203 

11SW-A/CR8 TN12 12 25 100 15 2.0 222.8 CDV Dry 3 38 203 

11NW-D/C295 P1 8 25 150 20 2.0 224.0 CDG Dry 5 36 203 

11NW-D/C295 P2 8 25 150 20 2.0 224.0 CDG Dry 5 36 203 



Table A1 - Pullout Test Data for Test Soil Nails Reaching Tp (Sheet 17 of 25) 
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Feature No. 
Pullout 

Test Nail 
No. 

Pullout Test Nail Information Geological Information 

Tp 
(kN) 

Bar 
Length 

(m) 

Bar 
Diameter  

(mm) 

Hole 
Diameter 

(mm) 

Bar 
Inclination 

(deg) 

Test 
Bond 

Length  
(m) 

Overburden 
Pressure on 

Bond Section 
(kPa) 

Soil Type 
at Bond 
Section 

GW 
Condition 

c' 
(kPa) 

' 
(deg) 

13NW-B/C319 G 14 40 150 20 2.0 226.0 CDV Dry 8 36 520 

11SW-D/CR495 PN2 10 25 100 10 3.4 226.2 CDV Dry 5 34 203 

11SW-A/C108 TN11 13 25 120 15 2.0 227.4 CDV Dry 3 38 203 

7SW-C/CR316 PT4 13 25 100 25 2.0 228.0 C/HDG Dry 5 37 203 

6SW-A/C12 TN05 14 25 100 20 2.0 228.0 CDG Dry 2 40 203 

7SW-D/CR842 TN1 9 40 100 20 2.0 228.0 CDG Dry 10 39 520 

11NW-A/CR201 TN4 18 40 150 15 2.2 228.0 CDG Dry 5 37 520 

7SE-A/C157 TN20 12 32 150 15 2.0 228.0 C/HDG Dry 6 36 333 

6SW-D/C553 TN03 15 25 100 15 2.0 228.0 CDG Dry 3 38 203 

13NW-B/C135 2 12 25 150 5 2.0 230.0 C/HDV Dry 5 38 203 

7SW-C/C293 TN3 16 32 150 15 2.0 231.2 CDG Dry 3 38 333 

11NE-B/C380 P1 13 25 150 15 2.0 233.7 CDV Dry 5 34 200 

6NE-D/FR80 P6 20 40 120 39 2.0 236.0 Fill Dry 0 33 520 

7SW-C/CR316 PT6 14 25 100 25 4.0 237.5 CDG Dry 2 35 203 

13NE-B/C129 P3 13 32 150 20 2.0 241.0 CDV Dry 2 32 333 

10NE-B/C251 PT5 17 25 100 15 4.0 243.2 CDG Dry 5 33 203 

7SW-C/C115 P1 16 32 100 15 2.0 245.0 CDG Dry 6 32 330 



Table A1 - Pullout Test Data for Test Soil Nails Reaching Tp (Sheet 18 of 25) 
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Feature No. 
Pullout 

Test Nail 
No. 

Pullout Test Nail Information Geological Information 

Tp 
(kN) 

Bar 
Length 

(m) 

Bar 
Diameter  

(mm) 

Hole 
Diameter 

(mm) 

Bar 
Inclination 

(deg) 

Test 
Bond 

Length  
(m) 

Overburden 
Pressure on 

Bond Section 
(kPa) 

Soil Type 
at Bond 
Section 

GW 
Condition 

c' 
(kPa) 

' 
(deg) 

7SW-C/C116 P4 15 32 100 15 2.0 245.0 CDG Dry 6 32 330 

7SW-C/C116 P5 15 32 100 15 2.0 245.0 CDG Dry 6 32 330 

11SW-A/CR8 TN30 18 25 100 15 2.0 247.0 CDV Dry 3 38 203 

11NW-D/CR46 TN 11 12 40 150 40 2.2 247.0 CDG Dry 5 38 520 

11SW-A/CR8 TN20 15 25 100 15 2.0 247.0 CDV Dry 3 38 203 

11SW-A/CR8 TN11 15 25 100 15 2.0 247.0 CDV Dry 3 38 203 

6SW-A/C12 TN01 14 25 100 20 2.0 248.0 CDG Dry 2 40 203 

11NE-B/C87 TN6 13 40 100 15 2.0 249.0 CDG Dry 2 35 520 

13NW-B/C319 N 14 32 150 20 2.0 250.0 C/HDV Dry 10 38 333 

11NW-D/CR46 TN 8 12 40 150 10 2.0 250.8 C/HDG Dry 5 38 520 

7SW-D/C74 TN1 9 32 100 20 2.0 250.8 CDG Dry 10 39 335 

11NE-B/C435 TN1 15 40 150 15 2.0 251.2 CDG Wet 2 35 520 

7SW-C/C115 P2 16 32 100 15 2.0 253.8 CDG Dry 6 32 330 

11NE-B/C439 TN8 14 40 100 15 2.0 253.9 CDG Dry 3 35 520 

6NE-D/FR80 P3 20 40 120 39 2.0 255.0 Fill Dry 0 33 520 

11NE-B/C254 PT7 20 40 150 15 2.0 255.7 CDG Dry 6 36 520 

11NE-B/C87 TN2 15 40 100 15 2.0 256.5 C/HDG Dry 8 38 520 



Table A1 - Pullout Test Data for Test Soil Nails Reaching Tp (Sheet 19 of 25) 
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Feature No. 
Pullout 

Test Nail 
No. 

Pullout Test Nail Information Geological Information 

Tp 
(kN) 

Bar 
Length 

(m) 

Bar 
Diameter  

(mm) 

Hole 
Diameter 

(mm) 

Bar 
Inclination 

(deg) 

Test 
Bond 

Length  
(m) 

Overburden 
Pressure on 

Bond Section 
(kPa) 

Soil Type 
at Bond 
Section 

GW 
Condition 

c' 
(kPa) 

' 
(deg) 

11NE-B/C435 TN2 15 40 150 15 2.0 256.9 CDG Wet 2 35 520 

7SW-D/C74 TN4 9 32 100 20 2.0 258.4 CDG Dry 10 39 335 

7SW-C/C115 P5 18 32 100 15 2.0 262.5 CDG Dry 6 32 333 

7SW-C/C115 P10 18 32 100 15 2.0 262.5 CDG Dry 6 32 330 

11NE-B/C435 TN3 15 40 150 15 2.0 262.6 CDG Wet 2 35 520 

13NE-B/C129 P2 15 40 150 20 2.0 264.8 CDV Dry 2 32 520 

11SW-A/CR8 TN7 15 32 100 15 2.0 265.4 C/HDV Dry 9 40 333 

13NW-B/C319 K 11 32 150 20 2.0 266.0 CDV Dry 8 36 333 

11SW-A/CR8 TN8 15 25 100 15 2.0 266.0 CDV Dry 3 38 203 

11SW-A/CR8 TN3 15 32 100 15 2.0 266.0 CDV Dry 3 38 333 

11SW-A/CR8 TN13 15 25 100 15 2.0 266.0 CDV Dry 3 38 203 

11NE-B/C254 PT4 20 40 100 15 2.0 268.7 CDG Dry 6 36 520 

11NE-B/C254 PT1 16 40 100 15 2.0 269.0 CDG Dry 6 36 520 

11NW-A/C419 P4 10 25 150 10 2.0 270.2 CDG Dry 5 36 203 

7SW-C/C115 P6 18 32 100 15 2.0 271.3 CDG Dry 6 32 330 

7SW-C/C115 P7 18 32 100 15 2.0 271.3 CDG Dry 6 32 330 

3SW-C/C774 P7 9 32 150 20 2.0 271.9 CDV Dry 3 32 333 



Table A1 - Pullout Test Data for Test Soil Nails Reaching Tp (Sheet 20 of 25) 
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Feature No. 
Pullout 

Test Nail 
No. 

Pullout Test Nail Information Geological Information 

Tp 
(kN) 

Bar 
Length 

(m) 

Bar 
Diameter  

(mm) 

Hole 
Diameter 

(mm) 

Bar 
Inclination 

(deg) 

Test 
Bond 

Length  
(m) 

Overburden 
Pressure on 

Bond Section 
(kPa) 

Soil Type 
at Bond 
Section 

GW 
Condition 

c' 
(kPa) 

' 
(deg) 

7NE-C/FR24 P3 27 40 100 38 2.0 273.6 CDG Dry 8 34 520 

7SW-D/F440 TN6 15 32 150 10 2.0 273.6 CDG Dry 10 40 333 

7SW-D/C74 TN3 9 32 100 20 2.0 273.6 CDG Dry 10 39 335 

11NE-C/CR207 P2 18 32 150 15 2.0 273.6 CDG Dry 3 35 330 

11SW-D/FR522 TN1 12 40 150 30 2.0 274.9 CDV Dry 5 35 520 

11NE-C/CR207 P4 18 32 150 15 2.0 277.4 CDG Dry 3 35 330 

11SW-A/CR8 TN1 18 32 100 15 2.0 284.4 CDV Dry 3 38 333 

13NW-B/C319 H 12 25 150 20 2.0 285.0 CDV Dry 8 36 203 

11SW-A/C108 TN8 16 32 150 15 2.0 285.0 CDV Dry 3 38 333 

11SW-A/CR8 TN6 15 25 100 15 2.0 285.0 CDV Dry 3 38 203 

11SW-A/CR8 TN26 18 25 100 15 2.0 285.0 CDV Dry 3 38 203 

11NW-B/FR37 PT15 14 40 100 41 2.0 285.0 CDG Dry 5 35 520 

11SW-A/C107 TN10 14 40 150 15 2.0 285.4 CDV Dry 8 40 520 

11SE-C/CR29 TN2 14 40 150 10 2.0 286.0 CDG Wet 1 37 520 

7SW-C/C115 P3A 18 32 100 15 2.0 288.8 CDG Dry 6 32 330 

11NE-C/CR207 P3 18 32 150 15 2.0 288.8 CDG Dry 3 35 330 

7SW-D/F440 TN7 15 32 150 10 2.0 290.7 CDG Dry 10 40 333 



Table A1 - Pullout Test Data for Test Soil Nails Reaching Tp (Sheet 21 of 25) 
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Feature No. 
Pullout 

Test Nail 
No. 

Pullout Test Nail Information Geological Information 

Tp 
(kN) 

Bar 
Length 

(m) 

Bar 
Diameter  

(mm) 

Hole 
Diameter 

(mm) 

Bar 
Inclination 

(deg) 

Test 
Bond 

Length  
(m) 

Overburden 
Pressure on 

Bond Section 
(kPa) 

Soil Type 
at Bond 
Section 

GW 
Condition 

c' 
(kPa) 

' 
(deg) 

12SW-A/C124 P4 20 32 100 15 2.0 291.6 C/HDV Dry 9 38 333 

11SW-A/C108 TN5 20 32 150 15 2.0 291.8 CDV Dry 3 38 333 

13NW-B/C319 I 12 32 150 20 2.0 294.0 C/HDV Dry 10 38 333 

11SW-A/CR8 TN16 18 25 100 15 2.0 294.2 C/HDV Dry 9 40 203 

11SW-A/CR8 TN28 18 25 100 15 2.0 294.5 CDV Dry 3 38 203 

11SW-A/CR8 TN25 18 25 100 15 2.0 294.5 CDV Dry 3 38 203 

12SW-A/C129 P11 16 32 100 15 2.0 294.6 C/HDV Dry 5 35 330 

11NE-B/C87 TN1 15 40 100 15 2.0 294.9 C/HDG Dry 8 38 520 

11NE-C/CR207 P1 18 32 150 15 2.0 296.4 CDG Dry 3 35 330 

13NE-B/C129 P2 10 25 150 20 2.0 298.0 CDV Dry 2 32 203 

11NW-A/C419 P2 12 32 150 10 2.0 299.8 CDG Dry 5 36 333 

10NE-B/C255 PT1 25 40 150 15 2.0 301.0 CDG Dry 8 33.5 520 

6SW-A/C12 TN02 14 25 100 20 2.0 302.1 CDG Wet 2 40 203 

11SW-A/C107 TN11 14 40 150 15 2.0 302.5 CDV Dry 8 40 520 

11NW-D/C89 PT2 12 32 100 20 2.0 304.0 CDG Dry 2 37 333 

11SW-A/CR8 TN29 18 25 100 15 2.0 304.0 CDV Dry 3 38 203 

11NW-B/FR38 PT11 19 40 100 30 2.0 304.0 CDG Dry 5 35 520 



Table A1 - Pullout Test Data for Test Soil Nails Reaching Tp (Sheet 22 of 25) 
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Feature No. 
Pullout 

Test Nail 
No. 

Pullout Test Nail Information Geological Information 

Tp 
(kN) 

Bar 
Length 

(m) 

Bar 
Diameter  

(mm) 

Hole 
Diameter 

(mm) 

Bar 
Inclination 

(deg) 

Test 
Bond 

Length  
(m) 

Overburden 
Pressure on 

Bond Section 
(kPa) 

Soil Type 
at Bond 
Section 

GW 
Condition 

c' 
(kPa) 

' 
(deg) 

11NE-C/CR207 P5 18 32 150 15 2.0 304.0 CDG Dry 3 35 330 

11SW-A/CR8 TN23 18 25 100 15 2.0 304.0 CDV Dry 3 38 203 

11NW-B/FR37 PT16 14 40 100 41 2.0 304.0 CDG Dry 5 35 520 

13NW-B/C319 J 12 40 150 20 2.0 305.0 C/HDV DRY 10 38 520 

12SW-A/C124 P3 20 32 100 15 2.0 311.4 C/HDV Dry 9 38 333 

7SW-D/C167 TN2 16 32 150 20 2.0 311.6 CDG Dry 2 36 335 

11SW-A/CR8 TN2 18 32 100 15 2.0 312.6 CDV Dry 3 38 333 

11NE-A/C454 TN13 21 40 100 15 2.0 313.5 CDG Dry 2 36 520 

11NE-B/C254 PT5 20 40 150 15 2.0 315.2 CDG Dry 6 36 520 

11NW-A/CR472 P1 8 25 150 10 2.0 317.3 CDG Dry 5 38 203 

11NW-B/CR245 P1 10 25 150 10 2.0 321.3 CDG Dry 4 35 203 

12SW-A/C129 P10 16 32 100 15 2.0 322.2 C/HDV Dry 5 35 330 

11SW-A/CR8 TN9 15 32 100 15 2.0 322.4 C/HDV Dry 9 40 333 

11NW-D/C89 PT4 13 32 100 20 2.0 323.0 CDG Dry 2 37 333 

11NW-B/FR37 PT5 18 40 100 41 2.0 323.0 CDG Dry 5 35 520 

11NW-B/FR37 PT6 18 40 100 41 2.0 323.0 CDG Dry 5 35 520 

11SW-A/CR8 TN27 20 25 100 15 2.0 323.0 CDV Dry 3 38 203 



Table A1 - Pullout Test Data for Test Soil Nails Reaching Tp (Sheet 23 of 25) 
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Feature No. 
Pullout 

Test Nail 
No. 

Pullout Test Nail Information Geological Information 

Tp 
(kN) 

Bar 
Length 

(m) 

Bar 
Diameter  

(mm) 

Hole 
Diameter 

(mm) 

Bar 
Inclination 

(deg) 

Test 
Bond 

Length  
(m) 

Overburden 
Pressure on 

Bond Section 
(kPa) 

Soil Type 
at Bond 
Section 

GW 
Condition 

c' 
(kPa) 

' 
(deg) 

11NW-B/C658 P2 13 32 150 20 2.0 324.5 CDG Dry 10 38 333 

13NW-B/C319 E 16 32 150 20 2.0 327.0 CDV Dry 8 36 333 

7SE-A/C157 TN18 20.5 32 150 15 2.0 328.2 C/HDG Wet 6 36 333 

11SE-C/CR29 TN1 16 40 150 10 2.0 330.0 CDG Wet 1 37 520 

11NW-A/CR472 P2 12 32 150 10 2.0 330.2 CDG Dry 5 38 333 

10NE-B/C263 PT4 23 40 150 20 2.0 336.0 CDG Dry 5 33 520 

11SE-C/C863 TN1 14 32 100 30 2.0 337.4 CDG Dry 10 45 333 

11SE-C/C863 TN2 14 32 100 30 2.0 337.4 CDG Dry 10 45 333 

11NE-B/C254 PT2 20 40 100 15 2.0 339.3 CDG Dry 6 36 520 

13NW-B/C319 C 16 40 150 20 2.0 340.0 CDV Dry 8 36 520 

11NW-B/FR38 PT12 21 40 100 30 2.0 342.0 CDG Dry 5 35 520 

7SE-A/C157 TN9 20 32 150 15 2.0 342.0 CDG Dry 6 36 333 

11SW-A/CR8 TN24 20 25 100 15 2.0 342.0 CDV Dry 3 38 203 

13NW-B/C319 D 17 40 150 20 2.0 346.0 CDV Dry 8 36 520 

11NW-B/C167 TN 1 10 40 100 15 2.1 346.0 CDG Dry 8 38 520 

11SW-A/C108 TN7 20 32 150 15 2.0 352.8 CDV Dry 3 38 333 

13NW-B/C319 M1 11 40 150 20 2.0 360.0 CDV Dry 8 36 520 



Table A1 - Pullout Test Data for Test Soil Nails Reaching Tp (Sheet 24 of 25) 
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Feature No. 
Pullout 

Test Nail 
No. 

Pullout Test Nail Information Geological Information 

Tp 
(kN) 

Bar 
Length 

(m) 

Bar 
Diameter  

(mm) 

Hole 
Diameter 

(mm) 

Bar 
Inclination 

(deg) 

Test 
Bond 

Length  
(m) 

Overburden 
Pressure on 

Bond Section 
(kPa) 

Soil Type 
at Bond 
Section 

GW 
Condition 

c' 
(kPa) 

' 
(deg) 

2SE-D/C348 TN3 19.9 40 150 20 2.0 361.0 CDV Dry 4 33 520 

11NW-D/C89 PT1 12 32 100 20 2.0 361.0 CDG Dry 2 37 333 

11NW-D/C90 PT1 12 32 100 20 2.0 361.0 CDG Dry 2 37 333 

11NW-D/C90 PT5 11 32 100 20 2.0 361.0 CDG Dry 2 37 333 

11SW-A/C107 TN6 21 40 150 15 2.0 361.0 CDV Dry 8 40 520 

11NW-B/FR37 PT7 20 40 100 41 2.0 361.0 CDG Dry 5 35 520 

11NW-B/FR37 PT8 20 40 100 41 2.0 361.0 CDG Dry 5 35 520 

11NW-B/FR37 PT9 20 40 100 41 2.0 361.0 CDG Dry 5 35 520 

7SE-A/C157 TN10 20 32 150 15 2.0 361.0 CDG Dry 6 36 333 

11SW-A/C107 TN1 15 40 150 15 2.0 366.7 CDV Dry 8 40 520 

11SW-A/C107 TN8 19 40 150 15 2.0 370.5 CDV Dry 8 40 520 

7SE-A/C157 TN11 20 32 150 15 2.0 370.5 CDG Dry 9 38 333 

7SE-A/C157 TN13 20 32 150 15 2.0 370.5 CDG Dry 9 38 333 

7NE-C/FR24 P10 20 40 100 37 2.0 375.9 CDG Dry 8 34 330 

11SW-A/C107 TN5 21 40 150 15 2.0 380.0 CDV Dry 8 40 520 

7SE-A/C157 TN12 20 32 150 15 2.0 380.0 CDG Dry 9 38 333 

7SE-A/C157 TN14 20 32 150 15 2.0 380.0 CDG Dry 9 38 333 



Table A1 - Pullout Test Data for Test Soil Nails Reaching Tp (Sheet 25 of 25) 
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Feature No. 
Pullout 

Test Nail 
No. 

Pullout Test Nail Information Geological Information 

Tp 
(kN) 

Bar 
Length 

(m) 

Bar 
Diameter  

(mm) 

Hole 
Diameter 

(mm) 

Bar 
Inclination 

(deg) 

Test 
Bond 

Length  
(m) 

Overburden 
Pressure on 

Bond Section 
(kPa) 

Soil Type 
at Bond 
Section 

GW 
Condition 

c' 
(kPa) 

' 
(deg) 

7SE-A/C157 TN15 20 32 150 15 2.0 380.0 C/HDG Dry 9 38 333 

7SE-A/C157 TN17 20 32 150 15 2.0 380.0 C/HDG Dry 10 42 333 

7SE-A/C157 TN19 20 32 150 15 2.0 380.0 C/HDG Dry 6 36 333 

11SW-A/CR8 TN21 20 25 100 15 2.0 380.0 CDV Dry 3 38 203 

11SW-A/C107 TN2 17 40 150 15 2.0 386.7 CDV Dry 8 40 520 

11SW-A/C107 TN3 18 40 150 15 2.0 386.7 CDV Dry 8 40 520 

11SW-A/C107 TN4 19 40 150 15 2.0 386.7 CDV Dry 8 40 520 

11NW-B/FR37 PT13 20 40 100 41 2.0 399.0 CDG Dry 5 35 520 

11NE-B/C262 PT13 24 40 100 20 2.0 415.2 CDG Dry 5 33 520 

11SW-A/C107 TN7 19 40 150 15 2.0 418.0 CDV Dry 8 40 520 

11NW-B/FR37 PT11 23 40 100 41 2.0 437.0 CDG Dry 5 35 520 

11NW-B/FR37 PT14 23 40 100 41 2.0 437.0 CDG Dry 5 35 520 

11NW-B/FR37 PT12 23 40 100 41 2.0 475.0 CDG Dry 5 35 520 

11NW-B/C169 P9 22 40 150 15 2.0 562.6 CDG Dry 5 38 520 
 



Table A2 - Pullout Test Data for Test Soil Nails Reaching Tult (Sheet 1 of 7) 
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Feature No. 
Pullout 

Test Nail 
No. 

Pullout Test Nail Information Geological Information 

Tult 
(kN) 

Bar 
Length 

(m) 

Bar 
Diameter  

(mm) 

Hole 
Diameter 

(mm) 

Bar 
Inclination 

(deg) 

Test 
Bond 

Length  
(m) 

Overburden 
Pressure on 

Bond Section 
(kPa) 

Soil Type 
at Bond 
Section 

GW 
Condition 

c' 
(kPa) 

' 
(deg) 

11SW-D/C547 TN3 2.3 40 150 10 2.0 33.1 CDV Dry 7 35 241 

12NW-C/R4 P1 8 32 150 20 2.0 55.5 CDV Wet 5 35 246 

6NE-D/C1 TN1 6 40 150 20 2.0 57.0 CDG Dry 6 36 447 

6NE-D/C1 TN2 6 40 150 20 2.0 57.0 CDG Dry 6 36 349 

6NE-D/C1 TN3 6 40 150 20 2.0 57.0 CDG Dry 6 36 460 

11NE-B/C553 TN1 4 32 120 20 2.0 57.0 CDV Dry 8 38 66 

10SE-B/C6 TN4 7 25 150 20 2.0 68.4 Colluvium Dry 3 33 133 

11NE-B/C439 TN15 6 25 100 15 2.0 68.4 CDG Dry 3 35 87 

11SW-A/C331 TN1 5 32 150 20 2.0 69.0 CDV Dry 6 35 199 

3SE-C/C145 B 6 40 150 20 2.0 69.4 CDV Dry 5 33 62 

11NW-A/C118 TN4 6 25 120 15 2.0 71.2 Colluvium Dry 4 34 34 

8SW-C/CR46 P2 6 25 100 15 2.0 72.2 CDV Dry 3 34 87 

11NE-B/C752 P1 6 25 120 15 2.0 72.2 CDG Dry 5 35 54 

11NW-B/C739 TN 1 12 40 100 15 2.1 72.2 CDG Dry 5 35 427 

7NW-D/C90 C 9 40 100 20 2.0 72.2 CDV Dry 5 33 125 

11NW-A/C241 TN1 6 32 150 15 2.0 74.8 Colluvium Dry 3 36 163 

14NE-B/C175 P1 6 20 100 40 2.0 75.0 CDG Dry 5 35 110 



Table A2 - Pullout Test Data for Test Soil Nails Reaching Tult (Sheet 2 of 7) 
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Feature No. 
Pullout 

Test Nail 
No. 

Pullout Test Nail Information Geological Information 

Tult 
(kN) 

Bar 
Length 

(m) 

Bar 
Diameter  

(mm) 

Hole 
Diameter 

(mm) 

Bar 
Inclination 

(deg) 

Test 
Bond 

Length  
(m) 

Overburden 
Pressure on 

Bond Section 
(kPa) 

Soil Type 
at Bond 
Section 

GW 
Condition 

c' 
(kPa) 

' 
(deg) 

7SW-C/CR316 PT1 9 25 100 25 2.5 76.0 CDG Dry 2 35 134 

7NW-B/C554 A 7 40 150 20 2.0 76.0 CDG Dry 4 34 136 

12NW-C/R4 P2 7 32 150 20 2.0 79.0 CDV Wet 5 35 197 

7NW-B/C149 A 6 40 150 20 2.0 79.8 CDG Dry 4 33 154 

11NE-B/C435 TN11 6 25 100 10 2.0 79.8 CDG Dry 2 35 104 

11NE-B/C477 P1 6 32 120 15 2.0 81.0 CDV Dry 5 33 265 

7SE-A/CR148 TN1 7 25 150 20 3.0 81.7 CDV Dry 7 38 188 

11NE-B/C752 P3 8 25 120 15 2.0 81.7 CDG Dry 5 35 111 

7NW-A/C86 A 6 40 150 20 2.0 83.6 CDV Dry 5 35 435 

11NE-D/C20 P3 6 25 100 15 2.0 83.6 CDG Dry 5 38 114 

11NE-B/C87 TN10 8 25 100 15 2.0 83.8 CDG Dry 2 35 113 

7SW-C/CR316 PT5 7 25 100 25 2.5 85.5 CDG Dry 2 35 115 

11NE-B/C435 TN10 6 25 100 10 2.0 87.4 CDG Dry 2 35 105 

7SW-C/C115 N1 6 40 100 15 2.3 87.5 CDG Dry 6 32 80 

7NW-A/C203 C 7 40 150 20 2.0 89.0 Colluvium Dry 4 34 53 

11NW-A/C181 TN7 8 25 105 15 2.0 91.2 CDG Dry 1 35 70 

6SW-C/C625 TN1 6 32 150 20 2.0 95.0 CDG Dry 5 33 195 



Table A2 - Pullout Test Data for Test Soil Nails Reaching Tult (Sheet 3 of 7) 
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Feature No. 
Pullout 

Test Nail 
No. 

Pullout Test Nail Information Geological Information 

Tult 
(kN) 

Bar 
Length 

(m) 

Bar 
Diameter  

(mm) 

Hole 
Diameter 

(mm) 

Bar 
Inclination 

(deg) 

Test 
Bond 

Length  
(m) 

Overburden 
Pressure on 

Bond Section 
(kPa) 

Soil Type 
at Bond 
Section 

GW 
Condition 

c' 
(kPa) 

' 
(deg) 

11NE-B/C824 P5 7 25 100 15 2.0 96.3 CDV Wet 5 32 166 

8SW-C/CR46 P1 6 25 100 15 2.0 96.9 CDV Dry 3 34 165 

7NW-B/C554 B 7 40 150 20 2.0 100.7 CDG Dry 4 34 106 

7NW-A/CR236 B 5 40 150 20 2.0 102.6 CDV Dry 5 33 145 

11NW-B/CR245 P3 8 25 150 10 2.0 108.1 CDG Dry 4 35 139 

7NW-A/CR236 A 9 40 150 20 2.0 109.1 CDV Dry 5 33 230 

7NW-A/C130 B 7 40 150 20 2.0 109.3 CDG Dry 4 33 150 

11NE-B/C439 TN12 6 25 100 15 2.0 110.2 CDG Dry 3 35 103 

11NW-D/C90 PT10 11 32 100 20 2.0 114.0 CDG Dry 2 37 138 

 7SW-B/C10 PT1 6 25 100 20 2.0 114.0 CDG Dry 9 38 93 

3SE-C/CR89 A1 8 25 150 20 2.0 117.6 CDV Dry 5 32 122 

11NE-B/C553 TN2 6 32 120 20 2.0 117.8 CDV Dry 8 38 315 

11NW-B/CR245 P4 8 25 150 10 2.0 118.2 CDG Dry 4 35 184 

13NE-B/CR127 P7 10 25 150 20 2.0 120.9 CDV Wet 7 38 166 

7NW-A/C130 A1 8 40 150 20 2.0 127.3 CDG Dry 4 33 79 

3SE-C/C145 A1 10 40 150 20 2.0 127.3 CDV Dry 5 33 178 

3SE-C/C90 A1 7 25 150 20 2.0 128.8 CDV Dry 5 32 109 



Table A2 - Pullout Test Data for Test Soil Nails Reaching Tult (Sheet 4 of 7) 
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Feature No. 
Pullout 

Test Nail 
No. 

Pullout Test Nail Information Geological Information 

Tult 
(kN) 

Bar 
Length 

(m) 

Bar 
Diameter  

(mm) 

Hole 
Diameter 

(mm) 

Bar 
Inclination 

(deg) 

Test 
Bond 

Length  
(m) 

Overburden 
Pressure on 

Bond Section 
(kPa) 

Soil Type 
at Bond 
Section 

GW 
Condition 

c' 
(kPa) 

' 
(deg) 

11SW-B/CR17 TN2 12 32 150 20 2.0 128.8 CDG Dry 7 34 229 

7NW-A/C203 B 7 40 150 20 2.0 129.0 Colluvium Dry 4 34 154 

7NW-D/C90 P1 9 40 100 20 2.0 132.0 CDV Dry 5 33 58 

11SW-A/C331 TN3 6 32 150 20 2.0 132.7 CDV Dry 6 35 158 

11NE-A/C454 TN14 9 25 100 25 2.0 133.0 CDG Dry 2 36 137 

7NW-D/C90 B 10 40 100 20 2.0 133.0 CDV Dry 5 33 180 

6SW-C/C7 P2 8 25 100 15 1.9 133.0 CDG Dry 5 32 155 

11NE-B/C477 P2 8 32 120 15 2.0 133.2 CDV Dry 5 33 193 

7SW-D/R15 TN2 9 25 120 45 2.0 134.9 CDG Dry 5 31 98 

14NW-D/C246 P2 11 25 150 20 2.0 135.0 CDG Dry 3 35 83 

11NW-B/C167 TN 3 10 40 100 15 2.1 136.0 CDG Dry 8 38 255 

11NE-B/C752 P2 8 25 120 15 2.0 140.6 CDG Dry 5 35 61 

11SW-D/FR1 TN3 16 32 150 25 2.0 140.6 CDG Dry 0 39 228 

7NW-A/C203 D 7 40 150 20 2.0 142.0 Colluvium Dry 4 34 227 

7NW-A/C86 B 8 40 150 20 2.0 142.5 CDV Dry 5 35 372 

7SE-B/R81&R82 TN1 9 32 100 20 2.0 142.5 CDG Dry 3 35 185 

11NW-A/C237 TN1 12 32 150 15 2.0 142.8 CDG Dry 3 39 313 



Table A2 - Pullout Test Data for Test Soil Nails Reaching Tult (Sheet 5 of 7) 
 

 

47 

Feature No. 
Pullout 

Test Nail 
No. 

Pullout Test Nail Information Geological Information 

Tult 
(kN) 

Bar 
Length 

(m) 

Bar 
Diameter  

(mm) 

Hole 
Diameter 

(mm) 

Bar 
Inclination 

(deg) 

Test 
Bond 

Length  
(m) 

Overburden 
Pressure on 

Bond Section 
(kPa) 

Soil Type 
at Bond 
Section 

GW 
Condition 

c' 
(kPa) 

' 
(deg) 

11SE-C/C571 TN1 7 32 150 20 2.0 146.1 CDG Dry 3 37 187 

3SE-C/CR137 B 8 40 150 20 2.0 148.2 CDV Dry 5 32 160 

11NW-B/C739 TN 2 12 40 100 15 2.1 148.2 CDG Dry 5 35 451 

11NW-D/C90 PT15 9 32 100 20 2.0 152.0 CDG Dry 2 37 204 

11SW-A/C331 TN2 9 32 150 20 2.0 153.2 CDV Dry 6 35 128 

14NW-D/C246 P1 9 25 150 20 2.0 155.0 CDG Dry 3 35 61 

3SE-C/CR137 A 12 40 150 20 2.0 157.7 CDV Dry 5 32 193 

6SE-C/C254 P3 9 25 100 15 2.0 161.5 CDG Dry 6 38 153 

10NE-B/C87 TN6 12 25 120 15 2.0 167.0 CDG Dry 5 35 194 

11NW-D/C90 PT13 9 32 100 20 2.0 171.0 CDG Dry 2 37 160 

6SE-C/C254 P2 9 25 100 15 2.0 171.0 CDG Dry 6 38 171 

2SE-D/C348 D 8 40 150 20 2.0 174.8 CDV Dry 4 34 370 

11NW-B/C167 TN 2 12 40 100 15 2.1 186.0 CDG Dry 8 38 306 

11NW-D/C89 PT7 13 32 100 20 2.0 190.0 CDG Dry 2 37 144 

11NW-D/C90 PT16 10 32 100 20 2.0 190.0 CDG Dry 2 37 215 

7SW-C/C115 P11 18 32 100 15 2.0 192.5 CDG Dry 6 32 159 

7NW-A/C5 PT3 8 25 114 20 2.0 193.8 CDG Dry 2 39 100 



Table A2 - Pullout Test Data for Test Soil Nails Reaching Tult (Sheet 6 of 7) 
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Feature No. 
Pullout 

Test Nail 
No. 

Pullout Test Nail Information Geological Information 

Tult 
(kN) 

Bar 
Length 

(m) 

Bar 
Diameter  

(mm) 

Hole 
Diameter 

(mm) 

Bar 
Inclination 

(deg) 

Test 
Bond 

Length  
(m) 

Overburden 
Pressure on 

Bond Section 
(kPa) 

Soil Type 
at Bond 
Section 

GW 
Condition 

c' 
(kPa) 

' 
(deg) 

11NE-C/CR207 P7 13 32 150 15 2.0 197.6 CDG Dry 3 35 130 

7SW-C/C116 P11 15 32 100 15 2.0 201.3 CDG Dry 6 32 156 

7SW-C/C116 P16 12 32 100 15 2.0 201.3 CDG Dry 6 32 179 

11NW-D/C90 PT11 11 32 100 20 2.0 209.0 CDG Dry 2 37 160 

7SW-C/C116 P9 15 32 100 15 2.0 210.0 CDG Dry 6 32 145 

11NW-D/C90 PT12 10 32 100 20 2.0 218.5 CDG Dry 2 37 133 

7SW-C/C115 N2 15 40 100 15 2.1 218.8 CDG Dry 6 32 100 

7SW-C/C116 P3 15 32 100 15 2.0 218.8 CDG Dry 6 32 240 

7SW-C/C116 P18 12 32 100 15 2.0 218.8 CDG Dry 6 32 140 

11NW-B/C739 TN 3 12 40 100 15 2.1 224.2 CDG Dry 5 35 317 

11NW-D/C89 PT6 13 32 100 20 2.0 228.0 CDG Dry 2 37 149 

11NW-D/C90 PT9 11 32 100 20 2.0 228.0 CDG Dry 2 37 149 

11NW-B/C167 TN 5 12 40 100 15 2.1 234.0 CDG Dry 8 38 241 

3SE-C/CR9 A 12 32 150 20 2.0 236.4 CDV Dry 5 32 224 

11NE-B/C439 TN10 14 40 100 15 2.0 237.8 CDG Wet 3 35 287 

2SE-D/C348 TN2 14.7 40 150 20 2.0 247.0 CDV Dry 4 33 172 

11NW-D/C89 PT5 13 32 100 20 2.0 247.0 CDG Dry 2 37 193 



Table A2 - Pullout Test Data for Test Soil Nails Reaching Tult (Sheet 7 of 7) 
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Feature No. 
Pullout 

Test Nail 
No. 

Pullout Test Nail Information Geological Information 

Tult 
(kN) 

Bar 
Length 

(m) 

Bar 
Diameter  

(mm) 

Hole 
Diameter 

(mm) 

Bar 
Inclination 

(deg) 

Test 
Bond 

Length  
(m) 

Overburden 
Pressure on 

Bond Section 
(kPa) 

Soil Type 
at Bond 
Section 

GW 
Condition 

c' 
(kPa) 

' 
(deg) 

11NW-D/C90 PT6 11 32 100 20 2.0 247.0 CDG Dry 2 37 160 

11NW-D/C90 PT7 11 32 100 20 2.0 247.0 CDG Dry 2 37 171 

2SW-D/C41 A 12 32 150 20 2.0 267.9 CDV Dry 5 35 166 

12SW-A/C124 P5 20 32 100 15 2.0 268.2 CDV Dry 6 36 230 

7SW-C/C115 P9 18 32 100 15 2.0 271.3 CDG Dry 6 32 160 

11NE-B/C254 PT19 20 40 150 15 2.0 277.8 CDG Dry 6 36 446 

7SW-C/C115 P4 18 32 100 15 2.0 280.0 CDG Dry 6 32 162 

7SW-C/C115 P8 18 32 100 15 2.0 280.0 CDG Dry 6 32 220 

11NW-D/C90 PT2 12 32 100 20 2.0 285.0 CDG Dry 2 37 226 

11NW-D/C90 PT3 11 32 100 20 2.0 285.0 CDG Dry 2 37 171 

11NW-D/C90 PT8 11 32 100 20 2.0 285.0 CDG Dry 2 37 105 

11NE-B/C254 PT24 20 40 150 15 2.0 299.4 CDG Dry 6 36 175 

2SE-D/C348 C 15 40 150 20 2.0 304.0 CDV Dry 4 34 392 

7SW-C/C115 N3 20 40 100 15 2.2 315.0 CDG Dry 6 32 235 

11NW-B/C167 TN 4 12 40 100 15 2.1 336.0 CDG Dry 8 38 213 

11NW-B/CR245 P2 10 25 150 10 2.0 338.4 CDG Dry 4 35 133 

11NW-D/C89 PT3 12 32 100 20 2.0 342.0 CDG Dry 2 37 215 
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