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Table 1.1 – Examples of geotextile manufacturers by category. 

Tensar Terram

TenCate TenCate

Wrekin TMP

Don & Law Wrekin

NAUE

Don & Law

Woven Non-Woven
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Table 1.2 – Examples of geogrid manufacturers by category. 

Tensar Huesker NAUE

Tenax TenCate Colbond

BOSTD

TMP

Extruded, Punched 

and Drawn 

Coated Woven 

or Knit Yarns 

Welded Straps 

or Bars
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Product RE510 RE520 RE540 RE560 RE570 RE580 

 

Tensile Strength 44.0 57.0 68.0 93.0 123.0 142.0 

Tolerance -4 -4.2 -3.5 -4.3 -4.6 -4.7 

 

Elongation At Maximum Load 11.0 11.0 11.0 11.0 11.0 11.0 

Tolerance ±3 ±3 ±3 ±3 ±3 ±3 

 

 

 

 

 

 

 

 

 

Table 3.1. – Typical index properties for uniaxial (RE500 series) geogrids. 
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Long Term Strength Units 
Tensar RE500 Geogrids 

RE510 RE520 RE540 RE560 RE570 RE580 

Creep Ultimate Limit State (ULS) for 10°C kN/m 20.71 27.34 33.40 45.93 61.31 71.09 

Creep Ultimate Limit State (ULS) for 20°C kN/m 19.01 25.10 30.66 42.16 56.28 65.27 

Creep Ultimate Limit State (ULS) for 25°C kN/m 18.11 23.90 29.20 40.15 53.59 62.15 

Creep Ultimate Limit State (ULS) for 30°C kN/m 17.24 22.76 27.80 38.23 51.03 59.17 

  

ULS determined as a lower bound using standard extrapolation techniques to creep rupture data obtained 
following the test procedure in BS EN ISO 13431:1999 for 120 year design life. 

 

 

 

 

 

 

 

Table 3.2. – Typical performance properties for uniaxial (RE500 series) geogrids. 
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Testing 
Direction 

Load at 
Max 
Load 
(kN) 

Mean 
Strain at 

Max Load 
(%) 

Mean 
Tensile 

Strength 
(kN/m) 

Secant 
Stiffness at 
0.5% strain 

(kN/m) 

Secant 
Stiffness at 
2% strain 

(kN/m) 

Secant 
Stiffness at 
5% strain 

(kN/m) 

Secant 
Stiffness at 
10% strain 

(kN/m) 

0° 5.11 9.85 18.19 375 265.7 225.8 146.5 

30° 3.77 7.36 15.44 377.8 287.2 243.4 ~ 

60° 5.06 9.4 17.83 378.9 280.1 231.7 126.5 

90° 5.11 10.5 20.44 430.2 344.8 278.1 198.2 

 

 

 

 

 

 

 

 

 

 

 

Table 3.3. – Mean test data results for all four testing directions of a Tensar TX160 as plotted in Figs 3.25. to Fig 

3.28. 
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Product % Open Area 

TX150 92.16 

TX160 91.44 

TX170 90.96 

TX180 90.96 

 

 

 

 

 

 

 

 

 

Table 4.1. – Theoretical percentage open area of TX geogrids.
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Geometrical Feature Longitudinal Diagonal Transverse General 

Rib Pitch (mm) 40 40 -  

Mid-Rib Depth (mm) - 1.4 1.1  

Mid-Rib Width (mm) - 1.0 1.2  

Nodal Thickness (mm)    3.0 

Rib Shape    Rectangular 

 

 

 

 

 

 

 

 

 

 

 

 

Table 4.2 – Basic dimensions of the TX150 geogrid. 
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Geometrical Feature Longitudinal Diagonal Transverse General 

Rib Pitch (mm) 40 40 -  

Mid-Rib Depth (mm) - 1.8 1.5  

Mid-Rib Width (mm) - 1.1 1.3  

Nodal Thickness (mm)    3.1 

Rib Shape    Rectangular 

 

 

 

 

 

 

 

 

 

 

Table 4.3 - Basic dimensions of the TX160 geogrid. 
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Geometrical Feature Longitudinal Diagonal Transverse General 

Rib Pitch (mm) 40 40 -  

Mid-Rib Depth (mm) - 2.3 1.8  

Mid-Rib Width (mm) - 1.2 1.3  

Nodal Thickness (mm)    4.1 

Rib Shape    Rectangular 

 

 

 

 

 

 

 

 

 

 

 

Table 4.4 - Basic dimensions of the TX170 geogrid. 
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Geometrical Feature Longitudinal Diagonal Transverse General 

Rib Pitch (mm) 40 40 -  

Mid-Rib Depth (mm) - 2.6 2.4  

Mid-Rib Width (mm) - 1.2 1.3  

Nodal Thickness (mm)    6.0 

Rib Shape    Rectangular 

 

 

 

 

 

 

 

 

 

 

Table 4.5 - Basic dimensions of the TX180 geogrid. 
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Product Characteristic  Method of Testing Unit of Characteristic Declared Value Tolerance 

Radial Secant Stiffness at 0.5% Strain TR041 B.1 kN/m 360 -75 

Radial Secant Stiffness at 2% Strain TR041 B.1 kN/m 250 -65 

Radial Secant Stiffness Ratio TR041 B.2 - 0.80 -0.15 

Junction Efficiency TR041 B.2 % 100 -10 

Weight of the product TR041 B.3 kg/m2 0.205 -0.035 

Hexagon Pitch TR041 B.4 mm 80 ±4 

 

 

 

 

 

 

 

 

 

 

 

Table 4.6 – Characteristics and Properties of TX150 according to the EOTA TR41:2012. 
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Product Characteristic  Method of Testing Unit of Characteristic Declared Value Tolerance 

Radial Secant Stiffness at 0.5% Strain TR041 B.1 kN/m 390 -75 

Radial Secant Stiffness at 2% Strain TR041 B.1 kN/m 290 -65 

Radial Secant Stiffness Ratio TR041 B.2 - 0.80 -0.15 

Junction Efficiency TR041 B.2 % 100 -10 

Weight of the product TR041 B.3 kg/m2 0.220 -0.035 

Hexagon Pitch TR041 B.4 mm 80 ±4 

 

 

 

 

 

 

 

 

 

 

Table 4.7 – Characteristics and Properties of TX160 according to the EOTA TR41:2012. 
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Product Characteristic  Method of Testing Unit of Characteristic Declared Value Tolerance 

Radial Secant Stiffness at 0.5% Strain TR041 B.1 kN/m 480 -90 

Radial Secant Stiffness at 2% Strain TR041 B.1 kN/m 360 -65 

Radial Secant Stiffness Ratio TR041 B.2 - 0.80 -0.15 

Junction Efficiency TR041 B.2 % 100 -10 

Weight of the product TR041 B.3 kg/m2 0.270 -0.035 

Hexagon Pitch TR041 B.4 mm 80 ±4 

 

 

 

 

 

 

 

 

 

 

Table 4.8 – Characteristics and Properties of TX170 according to the EOTA TR41:2012. 
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Product Characteristic  Method of Testing Unit of Characteristic Declared Value Tolerance 

Radial Secant Stiffness at 0.5% Strain TR041 B.1 kN/m 540 -90 

Radial Secant Stiffness at 2% Strain TR041 B.1 kN/m 420 -65 

Radial Secant Stiffness Ratio TR041 B.2 - 0.80 -0.15 

Junction Efficiency TR041 B.2 % 100 -10 

Weight of the product TR041 B.3 kg/m2 0.315 -0.035 

Hexagon Pitch TR041 B.4 mm 80 ±4 

 

 

 

 

 

 

 

 

 

 

Table 4.9 – Characteristics and Properties of TX180 according to the EOTA TR41:2012. 
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TX150 CE Marking Properties 

Tensile strength MD 20kN/m (-4kN/m) 

(EN ISO 10319) CMD 18kN/m (-3kN/m) 

Elongation at maximum load MD 11% (± 4%) 

(EN ISO 10319) CMD 11% (± 4%) 

 

 

 

 

 

 

 

 

 

 

 

 

Table 4.10 – Properties of TX150 according to CE Marking for reinforcement specifications. 
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TX160 CE Marking Properties 

Tensile strength MD 22kN/m (-4kN/m) 

(EN ISO 10319) CMD 20kN/m (-4kN/m) 

Elongation at maximum load MD 11% (± 4%) 

(EN ISO 10319) CMD 11% (± 4%) 

 

 

 

 

 

 

 

 

 

 

 

 

Table 4.11 – Properties of TX160 according to CE Marking for reinforcement specifications. 
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TX170 CE Marking Properties 

Tensile strength MD 28kN/m (-7kN/m) 

(EN ISO 10319) CMD 24kN/m (-4kN/m) 

Elongation at maximum load MD 11% (± 4%) 

(EN ISO 10319) CMD 11% (± 4%) 

 

 

 

 

 

 

 

 

 

 

 

 

Table 4.12 – Properties of TX170 according to CE Marking for reinforcement specifications. 
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TX180 CE Marking Properties 

Tensile strength MD 29kN/m (-5kN/m) 

(EN ISO 10319) CMD 27kN/m (-5kN/m) 

Elongation at maximum load MD 9% (± 4%) 

(EN ISO 10319) CMD 9% (± 3%) 

 

 

 

 

 

 

 

 

 

 

 

 

Table 4.13 – Properties of TX180 according to CE Marking for reinforcement specifications.
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 * Note   0° is the machine direction. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 5.1 – Mean properties of TX160 (Batch Ref: 056218, TAP 1 Year) as determined in the four directions and 
tested in accordance with the EOTA TR41:2012. 

  

Load at 
0.5% Strain 

(kN) 

Load at 
1% Strain 

(kN) 

Load at 
1.5% Strain 

(kN) 

Load at 
2% Strain 

(kN) 

Load at 
Max Load 

(kN) 

Mean 
Strain at 

Max 
Load (%) 

Mean 
Tensile 

Strength 
(kN/m) 

Secant 
Stiffness at 
0.5% Strain 

(kN/m) 

Secant 
Stiffness at 
2% Strain 

(kN/m) 

0° 0.62 1.06 1.43 1.76 5.35 9.39 19.33 447.78 318.21 

30° 0.54 0.95 1.30 1.63 4.20 7.50 17.32 447.64 335.98 

60° 0.61 1.06 1.44 1.79 5.50 10.30 19.34 426.54 314.45 

90° 0.63 1.11 1.52 1.90 4.85 8.47 19.52 505.81 381.39 

Mean 0.6 1.05 1.42 1.77 4.98 8.92 18.88 456.94 337.51 
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Load at 

0.5% Strain 
(kN) 

Load at 
1% Strain 

(kN) 

Load at 
1.5% Strain 

(kN) 

Load at 
2% Strain 

(kN) 

Load at 
Max Load 

(kN) 

Mean 
Strain at 

Max 
Load (%) 

Mean 
Tensile 

Strength 
(kN/m) 

Secant 
Stiffness at 
0.5% Strain 

(kN/m) 

Secant 
Stiffness at 
2% Strain 

(kN/m) 

0° 0.60 1.02 1.36 1.69 5.08 9.47 18.39 435.99 306.05 

30° 0.52 0.89 1.22 1.54 3.99 7.49 16.65 431.52 321.67 

60° 0.57 0.99 1.36 1.69 5.34 10.08 18.91 401.32 299.32 

90° 0.61 1.08 1.48 1.85 5.14 11.00 20.82 493.92 374.33 

Mean 0.58 1.00 1.36 1.69 4.89 9.51 18.69 440.69 325.34 

* Note   0° is the machine direction. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 5.2 – Mean properties of TX160 (Batch Ref: 059839, TAP 1 Week) as determined in the four directions 
and tested in accordance with the EOTA TR41:2012. 
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Testing 
Direction 

Load at 
Max 
(kN) 

Mean Strain 
at Max Load 

(%) 

Secant Stiffness at 0.5% Strain 
(kN/m) 

Secant Stiffness at 2% Strain 
(kN/m) 

0° 5.26 9.75 
402.36  

(Range: 379.17 – 416.19) 
276.68 

(Range: 264.25 – 282.51) 

30° 3.78 7.21 
401.87 

(Range: 388.69 – 413.80) 
292.91 

(Range: 284.04 – 299.75) 

60° 5.37 10.47 
401.91 

(Range: 396.66 – 405.54) 
278.07 

(Range: 221.63 – 228.21) 

90° 4.87 9.87 
454.45 

(Range: 401.80 – 481.61) 
336.26 

(Range: 317.04 – 346.92) 

Secant Stiffness Ratio = 0.88 

 

 

 

 

 

 

 

 

Table 5.3 – Batch Ref: 056218 tested at a strain rate of 20% of gauge length straight off production tested by 

QC. 
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Testing 
Direction 

Load at 
Max 
(kN) 

Mean Strain 
at Max Load 

(%) 

Secant Stiffness at 0.5% Strain 
(kN/m) 

Secant Stiffness at 2% Strain 
(kN/m) 

0° 5.35 9.39 
447.78 

(Range: 438.21 – 457.42) 
318.21 

(Range: 312.96 – 322.69) 

30° 4.2 7.5 
447.64 

(Range: 439.54 – 461.29 
335.98 

(Range: 331.18 – 346.05) 

60° 5.5 10.3 
426.54 

(Range: 413.74 – 439.66) 
314.45 

(Range: 310.10 – 318.93) 

90° 4.85 8.47 
505.81 

(Range: 495.37 – 514.39) 
381.39 

(Range: 374.14 – 387.37) 

          Secant Stiffness Ratio = 0.84 

 

 

 

 

 

 

 

Table 5.4 – Batch Ref: 056218 tested at a strain rate of 20% of gauge length TAP for 1 year. 
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Testing Direction 
Q.C Data Taken Straight After 

Production (kN/m) 
TAP = 1year 

(kN/m) 
% Difference 

0° 402.36 447.78 10.69 

30° 401.87 447.64 10.78 

60° 401.91 426.54 5.95 

90° 454.45 505.81 10.70 
 

 

 

 

 

 

 

 

 

 

Table 5.5 – Batch Ref: 056218 Secant Stiffness at 0.5%. 
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Testing Direction 
Q.C Data Taken Straight After 

Production (kN/m) 
TAP = 1year 

(kN/m) 
% Difference 

0° 276.68 318.21 13.96 

30° 292.91 335.98 13.70 

60° 278.07 314.45 12.28 

90° 336.26 381.39 12.58 
 

 

 

 

 

 

 

 

 

 

Table 5.6 – Batch Ref: 056218 Secant Stiffness at 2%. 
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Testing 
Direction 

Load at 
Max 
(kN) 

Mean Strain 
at Max Load 

(%) 

Secant Stiffness at 0.5% Strain 
(kN/m) 

Secant Stiffness at 2% Strain 
(kN/m) 

0° 5.07 9.74 
362.44 

(Range: 352.04 – 369.60) 
268.95 

(Range: 260.97 – 276.08) 

30° 3.94 8.21 
379.58 

(Range: 372.98 – 384.03) 
292.24 

(Range: 289.03 – 295.40) 

60° 5.14 10.64 
353.56 

(Range: 243.52 – 474.25) 
272.92 

(Range: 226.28 – 326.59) 

90° 5.07 11.96 
410.24 

(Range: 344.19 – 446.51) 
331.31 

(Range: 309.16 – 343.99) 

                  Secant Stiffness Ratio = 0.86 

 

 

 

 

 

 

 

Table 5.7 – Batch Ref: 059839 tested at a strain rate of 20% of gauge length straight after production. 
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Testing 
Direction 

Load at 
Max 
(kN) 

Mean Strain 
at Max Load 

(%) 

Secant Stiffness at 0.5% Strain 
(kN/m) 

Secant Stiffness at 2% Strain 
(kN/m) 

0° 5.08 9.47 
435.99 

(Range: 430.01 – 441.48) 
306.05 

(Range: 303.90 – 308.52) 

30° 3.99 7.49 
431.52 

(Range: 424.06 – 434.37) 
321.67 

(Range: 319.84 – 323.91) 

60° 5.34 10.08 
401.32 

(Range: 387.01 – 431.39) 
299.32 

(Range: 280.93 – 308.47) 

90° 5.14 11.00 
493.92 

(Range: 448.13 – 513.74) 
374.33 

(Range: 358.12 – 382.77) 

                  Secant Stiffness Ratio = 0.81 

 

 

 

 

 

 

 

Table 5.8 – Batch Ref: 059839 tested at a strain rate of 20% of gauge length TAP 1 week. 
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Table 5.9 – Batch Ref: 059839 Secant Stiffness at 0.5%. 

 

Testing Direction 
Q.C Data Taken Straight After 

Production (kN/m) 
TAP = 1 week (kN/m) % Difference 

0° 362.44 435.99 18.42 

30° 379.58 431.52 12.81 

60° 353.56 401.32 12.65 

90° 410.24 493.92 18.51 
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Table 5.10 – Batch Ref: 059839 Secant Stiffness at 2%. 

 

Testing Direction 
Q.C Data Taken Straight After 

Production (kN/m) 
TAP = 1 week (kN/m) % Difference 

0° 268.95 306.05 12.90 

30° 292.24 321.67 9.59 

60° 272.92 299.32 9.23 

90° 331.31 374.33 12.19 
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Table 5.11 – Batch Ref: 056218 tested at a strain rate of 2% of gauge length TAP 1 year. 

 

Testing 
Direction 

Load at 
Max 
(kN) 

Mean Strain 
at Max Load 

(%) 

Secant Stiffness at 0.5% Strain 
(kN/m) 

Secant Stiffness at 2% Strain 
(kN/m) 

0° 5.04 9.73 
391.62 282.22 

(Range: 383.52 – 398.06) (Range: 280.53 – 285.90) 

30° 3.95 7.91 
410.69 309.38 

(Range: 402.65 – 418.02 (Range: 304.75 – 312.26) 

60° 5.26 11.03 
397.25 284.82 

(Range: 383.01 – 408.79) (Range: 283.32 – 287.00) 

90° 4.61 10.29 
459.54 340.02 

(Range: 455.44 – 463.11) (Range: 335.62 – 346.02) 

Secant Stiffness Ratio = 0.85   



 

  
 

3
1

 

 

 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 5.12 – Batch Ref: 056218 tested at a strain rate of 0.2% of gauge length TAP 1 year. 
 

 

 

Testing 
Direction 

Load at 
Max 
(kN) 

Mean Strain 
at Max Load 

(%) 

Secant Stiffness at 0.5% Strain 
(kN/m) 

Secant Stiffness at 2% Strain 
(kN/m) 

0° 4.67 10.87 
364.61 245.62 

(Range: 352.68 – 376.19) (Range: 241.87 – 252.06) 

30° 3.62 9.21 
353.87 255.15 

(Range: 326.86 – 377.51) (Range: 243.50 – 267.21) 

60° 4.74 12.14 
388.89 256.33 

(Range: 378.83 – 404.94) (Range: 249.24 – 265.37) 

90° 3.53 8.76 
438.81 299.65 

(Range: 432.70 – 447.42) (Range: 294.12 – 304.04) 

Secant Stiffness Ratio = 0.80  
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* Note   CRS test at 0.02% of gauge length was not taken to failure. Test stopped at approximately 3% strain.  
  Also, only one specimen tested in the 30° and 60° direction 

 
 

 
 
 
 
 
 
 
 
 
 

Table 5.13 – Batch Ref: 056218 tested at a strain rate of 0.02% of gauge length TAP for 1 year. 

 

Testing 
Direction 

Load at 
Max 
(kN) 

Mean Strain 
at Max Load 

(%) 

Secant Stiffness at 0.5% Strain 
(kN/m) 

Secant Stiffness at 2% Strain 
(kN/m) 

0° 1.40 3.03 
298.11 191.58 

(Range: 293.79 – 301.48) (Range: 188.19 – 196.14) 

30° 1.36 3.36 
  

  

60° 1.64 3.48   
  

90° 1.61 3.12 
383.59 241.33 

(Range: 366.17 – 413.87) (Range: 233.94 – 254.43) 

Secant Stiffness Ratio = 0.78  
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Load Direction 
Applied Load/m at Each 

Outer Clamp 
Average Load/m Over 
Gauge Length (kN/m) 

Radius at Average 
Load/m (mm) 

3x30kg - 0° & 60° 1.000 1.77 318 

3x30kg - 30° & 90° 1.014 2.07 270 

3x40kg - 0° & 60° 1.338 2.36 318 

3x40kg - 30° & 90° 1.352 2.75 270 

3x50kg - 0° & 60° 1.670 2.94 318 

3x50kg - 30° & 90° 1.689 3.44 270 

3x60kg - 0° & 60° 2.005 3.53 318 

3x60kg - 30° & 90° 2.027 4.13 270 

 

 

 

 

 

 

 

 

Table 6.1 – Calculations of Applied Load/m at Outer Clamps, Average Load/m Over Gauge Length and Radius 

at Average Load/m for all radial test specimens tested at 0°, 30°, 60° and 90° directions at four different loads. 
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Radii (mm) Local Load/m 
@ 40mm 
(kN/m) 

Local Strains (%) 
(0.001Hrs) 

Local Strains (%) 
(0.01Hrs) 

Local Strains (%) 
(0.1Hrs) 

Local Strains (%) 
(1Hr) 

Local Strains (%) 
(10Hr) 

560 
      

520 1.080 0.145 0.158 0.179 0.218 0.282 

480 1.171 0.157 0.171 0.194 0.236 0.305 

440 1.277 0.171 0.186 0.211 0.256 0.331 

400 1.405 0.187 0.203 0.231 0.281 0.363 

360 1.561 0.207 0.225 0.255 0.311 0.401 

320 1.756 0.232 0.252 0.285 0.347 0.449 

280 2.007 0.263 0.285 0.324 0.394 0.509 

240 2.341 0.304 0.330 0.374 0.455 0.588 

200 2.809 0.360 0.391 0.443 0.539 0.697 

160 3.512 0.442 0.480 0.544 0.662 0.855 

 

 

 

 

 

 

 

Table 6.2 – Calculated local load/m and local strains for 30kg load tested in the 0° direction. 
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Radii (mm) Local Load/m 
@ 40mm 
(kN/m) 

Local Strains (%) 
(0.001Hrs) 

Local Strains (%) 
(0.01Hrs) 

Local Strains (%) 
(0.1Hrs) 

Local Strains (%) 
(1Hr) 

Local Strains (%) 
(10Hr) 

560 
      

520 1.080 0.101 0.108 0.118 0.154 0.196 

480 1.171 0.110 0.117 0.128 0.166 0.212 

440 1.277 0.119 0.127 0.139 0.181 0.230 

400 1.405 0.131 0.139 0.153 0.198 0.252 

360 1.561 0.144 0.154 0.169 0.219 0.279 

320 1.756 0.161 0.172 0.189 0.245 0.312 

280 2.007 0.183 0.195 0.214 0.278 0.354 

240 2.341 0.212 0.225 0.247 0.321 0.409 

200 2.809 0.251 0.267 0.293 0.381 0.484 

160 3.512 0.308 0.327 0.360 0.467 0.594 

 

 

 

 

 

 

 

 

Table 6.3 – Calculated local load/m and local strains for 30kg load tested in the 60° direction. 
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Radii (mm) Local Load/m 
@ 40mm 
(kN/m) 

Local Strains (%) 
(0.001Hrs) 

Local Strains (%) 
(0.01Hrs) 

Local Strains (%) 
(0.1Hrs) 

Local Strains (%) 
(1Hr) 

Local Strains (%) 
(10Hr) 

550 
      

510 1.093 0.152 0.163 0.176 0.202 0.243 

470 1.186 0.165 0.177 0.192 0.220 0.265 

430 1.297 0.180 0.193 0.209 0.240 0.288 

390 1.430 0.198 0.212 0.230 0.263 0.317 

350 1.593 0.219 0.235 0.255 0.292 0.351 

310 1.798 0.246 0.263 0.286 0.327 0.394 

270 2.065 0.280 0.300 0.325 0.373 0.449 

230 2.424 0.326 0.349 0.378 0.433 0.521 

190 2.934 0.389 0.416 0.451 0.517 0.622 

150 3.717 0.483 0.517 0.560 0.642 0.773 

115 4.848 0.622 0.665 0.721 0.827 0.995 

         

 

 

 

 

 

 

Table 6.4 – Calculated local load/m and local strains for 30kg load tested in the 90° direction. 
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Radii (mm) Local Load/m 
@ 40mm 
(kN/m) 

Local Strains 
(%) (0.001Hrs) 

Local Strains (%) 
(0.01Hrs) 

Local Strains (%) 
(0.1Hrs) 

Local Strains (%) 
(1Hr) 

Local Strains (%) 
(10Hr) 

550 
      

510 1.093 0.195 0.203 0.232 0.291 0.346 

470 1.186 0.212 0.221 0.253 0.317 0.377 

430 1.297 0.231 0.241 0.275 0.345 0.410 

390 1.430 0.254 0.265 0.302 0.379 0.451 

350 1.593 0.282 0.293 0.335 0.421 0.500 

310 1.798 0.316 0.329 0.376 0.472 0.561 

270 2.065 0.360 0.375 0.428 0.538 0.639 

230 2.424 0.418 0.436 0.498 0.625 0.742 

190 2.934 0.499 0.520 0.594 0.746 0.886 

150 3.717 0.620 0.645 0.737 0.926 1.099 

115 4.848 0.798 0.831 0.949 1.192 1.416 

 

 

 

 

 

 

 

Table 6.5 – Calculated local load/m and local strains for 30kg load tested in the 30° direction. 
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Radii (mm) Local Load/m 
@ 40mm 
(kN/m) 

Local Strains (%) 
(0.001Hrs) 

Local Strains (%) 
(0.01Hrs) 

Local Strains (%) 
(0.1Hrs) 

Local Strains (%) 
(1Hr) 

Local Strains (%) 
(10Hr) 

560 
      

520 1.441 0.183 0.205 0.234 0.289 0.356 

480 1.561 0.218 0.244 0.278 0.344 0.423 

440 1.703 0.235 0.263 0.300 0.371 0.457 

400 1.873 0.256 0.286 0.327 0.404 0.497 

360 2.081 0.281 0.313 0.358 0.442 0.545 

320 2.341 0.310 0.347 0.396 0.489 0.602 

280 2.675 0.347 0.388 0.443 0.547 0.674 

240 3.121 0.394 0.440 0.502 0.620 0.764 

200 3.746 0.455 0.508 0.580 0.717 0.883 

160 4.682 0.539 0.602 0.688 0.849 1.046 

 

 

 

 

 

 

 

Table 6.6 – Calculated local load/m and local strains for 40kg load tested in the 0° direction. 
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Radii (mm) Local Load/m 
@ 40mm 
(kN/m) 

Local Strains (%) 
(0.001Hrs) 

Local Strains (%) 
(0.01Hrs) 

Local Strains (%) 
(0.1Hrs) 

Local Strains (%) 
(1Hr) 

Local Strains 
(%) (10Hr) 

560 
      

520 1.441 0.180 0.196 0.220 0.264 0.314 

480 1.561 0.214 0.233 0.261 0.313 0.373 

440 1.703 0.231 0.252 0.282 0.338 0.403 

400 1.873 0.252 0.274 0.307 0.368 0.438 

360 2.081 0.276 0.300 0.336 0.403 0.480 

320 2.341 0.305 0.332 0.372 0.446 0.531 

280 2.675 0.341 0.371 0.416 0.499 0.594 

240 3.121 0.387 0.421 0.471 0.566 0.673 

200 3.746 0.447 0.486 0.545 0.654 0.778 

160 4.682 0.529 0.576 0.645 0.774 0.922 

 

 

 

 

 

 

Table 6.7 – Calculated local load/m and local strains for 40kg load tested in the 60° direction. 
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Radii (mm) Local Load/m 
@ 40mm 
(kN/m) 

Local Strains (%) 
(0.001Hrs) 

Local Strains (%) 
(0.01Hrs) 

Local Strains (%) 
(0.1Hrs) 

Local Strains (%) 
(1Hr) 

Local Strains (%) 
(10Hr) 

550 
      

510 1.458 0.233 0.249 0.275 0.324 0.380 

470 1.582 0.270 0.289 0.319 0.376 0.440 

430 1.729 0.294 0.314 0.347 0.408 0.479 

390 1.906 0.322 0.344 0.380 0.447 0.525 

350 2.124 0.356 0.381 0.420 0.495 0.580 

310 2.398 0.398 0.426 0.470 0.553 0.649 

270 2.753 0.452 0.483 0.533 0.628 0.736 

230 3.232 0.522 0.558 0.616 0.725 0.850 

190 3.912 0.618 0.661 0.730 0.859 1.007 

150 4.956 0.759 0.811 0.896 1.055 1.236 

115 6.464 0.984 1.052 1.162 1.367 1.603 

 

 

 

 

 

 

Table 6.8 – Calculated local load/m and local strains for 40kg load tested in the 90° direction. 
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Radii (mm) Local Load/m 
@ 40mm 
(kN/m) 

Local Strains (%) 
(0.001Hrs) 

Local Strains (%) 
(0.01Hrs) 

Local Strains (%) 
(0.1Hrs) 

Local Strains (%) 
(1Hr) 

Local Strains (%) 
(10Hr) 

550 
      

510 1.458 0.234 0.246 0.279 0.351 0.421 

470 1.582 0.271 0.285 0.323 0.407 0.487 

430 1.729 0.295 0.310 0.351 0.443 0.530 

390 1.906 0.323 0.340 0.385 0.485 0.581 

350 2.124 0.357 0.376 0.425 0.536 0.642 

310 2.398 0.400 0.420 0.476 0.600 0.718 

270 2.753 0.453 0.477 0.540 0.681 0.815 

230 3.232 0.524 0.551 0.624 0.787 0.941 

190 3.912 0.620 0.652 0.739 0.932 1.115 

150 4.956 0.761 0.801 0.907 1.144 1.369 

115 6.464 0.987 1.038 1.175 1.482 1.774 

 

 

 

 

 

 

 

Table 6.9 – Calculated local load/m and local strains for 40kg load tested in the 30° direction. 
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Radii (mm) Local Load/m 
@ 40mm 
(kN/m) 

Local Strains (%) 
(0.001Hrs) 

Local Strains (%) 
(0.01Hrs) 

Local Strains (%) 
(0.1Hrs) 

Local Strains (%) 
(1Hr) 

Local Strains (%) 
(10Hr) 

560 
      

520 1.799 0.276 0.305 0.357 0.452 0.542 

480 1.949 0.370 0.408 0.478 0.605 0.726 

440 2.126 0.402 0.443 0.520 0.658 0.790 

400 2.339 0.440 0.486 0.569 0.721 0.865 

360 2.598 0.487 0.537 0.630 0.797 0.957 

320 2.923 0.545 0.601 0.704 0.892 1.070 

280 3.341 0.618 0.682 0.799 1.012 1.214 

240 3.898 0.714 0.788 0.923 1.169 1.403 

200 4.677 0.846 0.933 1.093 1.385 1.662 

160 5.847 1.038 1.145 1.342 1.700 2.040 

 

 

 

 

 

 

 

Table 6.10 – Calculated local load/m and local strains for 50kg load tested in the 0° direction. 
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Radii (mm) Local Load/m 
@ 40mm 
(kN/m) 

Local Strains (%) 
(0.001Hrs) 

Local Strains (%) 
(0.01Hrs) 

Local Strains (%) 
(0.1Hrs) 

Local Strains (%) 
(1Hr) 

Local Strains (%) 
(10Hr) 

560 
      

520 1.799 0.247 0.281 0.319 0.395 0.485 

480 1.949 0.331 0.376 0.427 0.529 0.650 

440 2.126 0.360 0.409 0.464 0.575 0.707 

400 2.339 0.395 0.448 0.509 0.630 0.774 

360 2.598 0.436 0.495 0.562 0.697 0.856 

320 2.923 0.488 0.554 0.629 0.779 0.958 

280 3.341 0.554 0.628 0.714 0.884 1.086 

240 3.898 0.640 0.726 0.825 1.021 1.255 

200 4.677 0.758 0.860 0.977 1.210 1.487 

160 5.847 0.930 1.056 1.199 1.485 1.825 

 

 

 

 

 

 

 

Table 6.11 – Calculated local load/m and local strains for 50kg load tested in the 60° direction. 
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Radii (mm) Local Load/m 
@ 40mm 
(kN/m) 

Local Strains 
(%) (0.001Hrs) 

Local Strains (%) 
(0.01Hrs) 

Local Strains (%) 
(0.1Hrs) 

Local Strains (%) 
(1Hr) 

Local Strains (%) 
(10Hr) 

550 
      

510 1.822 0.258 0.283 0.320 0.389 0.467 

470 1.977 0.348 0.381 0.430 0.524 0.629 

430 2.161 0.379 0.415 0.469 0.571 0.685 

390 2.383 0.416 0.455 0.515 0.627 0.752 

350 2.655 0.461 0.505 0.571 0.695 0.834 

310 2.997 0.517 0.566 0.640 0.780 0.936 

270 3.441 0.589 0.645 0.729 0.888 1.066 

230 4.040 0.684 0.750 0.847 1.032 1.238 

190 4.890 0.817 0.895 1.011 1.232 1.478 

150 6.195 1.014 1.111 1.256 1.529 1.835 

115 8.080 1.306 1.430 1.617 1.969 2.363 

 

 

 

 

 

 

 

Table 6.12 – Calculated local load/m and local strains for 50kg load tested in the 90° direction. 
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Radii (mm) Local Load/m 
@ 40mm 
(kN/m) 

Local Strains (%) 
(0.001Hrs) 

Local Strains (%) 
(0.01Hrs) 

Local Strains (%) 
(0.1Hrs) 

Local Strains (%) 
(1Hr) 

Local Strains (%) 
(10Hr) 

550 
      

510 1.822 0.303 0.336 0.393 0.500 0.606 

470 1.977 0.408 0.452 0.530 0.673 0.816 

430 2.161 0.445 0.493 0.577 0.733 0.889 

390 2.383 0.488 0.541 0.633 0.805 0.976 

350 2.655 0.541 0.600 0.702 0.892 1.083 

310 2.997 0.607 0.673 0.788 1.001 1.215 

270 3.441 0.692 0.767 0.898 1.141 1.384 

230 4.040 0.804 0.891 1.043 1.325 1.608 

190 4.890 0.960 1.063 1.245 1.582 1.919 

150 6.195 1.191 1.320 1.545 1.964 2.382 

115 8.080 1.534 1.700 1.990 2.529 3.068 

 

 

 

 

 

 

 

Table 6.13 – Calculated local load/m and local strains for 50kg load tested in the 30° direction. 
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Radii (mm) Local Load/m 
@ 40mm 
(kN/m) 

Local Strains (%) 
(0.001Hrs) 

Local Strains (%) 
(0.01Hrs) 

Local Strains (%) 
(0.1Hrs) 

Local Strains (%) 
(1Hr) 

560 
     

520 2.159 0.345 0.383 0.445 0.555 

480 2.339 0.492 0.545 0.633 0.791 

440 2.551 0.535 0.593 0.689 0.860 

400 2.806 0.586 0.650 0.755 0.942 

360 3.118 0.648 0.719 0.834 1.042 

320 3.508 0.725 0.804 0.933 1.165 

280 4.009 0.822 0.912 1.059 1.322 

240 4.677 0.950 1.053 1.223 1.527 

200 5.613 1.126 1.248 1.449 1.809 

160 7.016 1.381 1.532 1.779 2.220 

 

 

 

 

 

 

 

Table 6.14 – Calculated local load/m and local strains for 60kg load tested in the 0° direction. 
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Radii (mm) Local Load/m 
@ 40mm 
(kN/m) 

Local Strains (%) 
(0.001Hrs) 

Local Strains (%) 
(0.01Hrs) 

Local Strains (%) 
(0.1Hrs) 

Local Strains (%) 
(1Hr) 

560 
     

520 2.159 0.297 0.337 0.399 0.505 

480 2.339 0.423 0.480 0.568 0.719 

440 2.551 0.460 0.522 0.618 0.782 

400 2.806 0.504 0.572 0.677 0.857 

360 3.118 0.557 0.632 0.749 0.948 

320 3.508 0.623 0.707 0.837 1.060 

280 4.009 0.707 0.802 0.950 1.202 

240 4.677 0.817 0.927 1.098 1.389 

200 5.613 0.968 1.098 1.300 1.646 

160 7.016 1.188 1.347 1.596 2.020 

 

 

 

 

 

 

 

Table 6.15 – Calculated local load/m and local strains for 60kg load tested in the 60° direction. 
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Radii (mm) Local Load/m 
@ 40mm 
(kN/m) 

Local Strains (%) 
(0.001Hrs) 

Local Strains (%) 
(0.01Hrs) 

Local Strains (%) 
(0.1Hrs) 

Local Strains (%) 
(1Hr) 

550 
     

510 2.186 0.268 0.292 0.338 0.417 

470 2.372 0.383 0.418 0.483 0.597 

430 2.593 0.417 0.455 0.526 0.650 

390 2.859 0.458 0.500 0.578 0.714 

350 3.186 0.508 0.554 0.641 0.791 

310 3.597 0.570 0.622 0.719 0.888 

270 4.130 0.649 0.709 0.819 1.012 

230 4.848 0.754 0.823 0.952 1.175 

190 5.869 0.900 0.983 1.136 1.403 

150 7.434 1.117 1.220 1.410 1.742 

115 9.696 1.439 1.571 1.816 2.243 

 

 

 

 

 

 

 

Table 6.16 – Calculated local load/m and local strains for 60kg load tested in the 90° direction. 
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Radii (mm) Local Load/m 
@ 40mm 
(kN/m) 

Local Strains (%) 
(0.001Hrs) 

Local Strains (%) 
(0.01Hrs) 

Local Strains (%) 
(0.1Hrs) 

Local Strains (%) 
(1Hr) 

550 
     

510 2.186 0.314 0.347 0.413 0.515 

470 2.372 0.450 0.497 0.590 0.737 

430 2.593 0.490 0.541 0.643 0.803 

390 2.859 0.538 0.594 0.706 0.881 

350 3.186 0.596 0.659 0.783 0.977 

310 3.597 0.669 0.740 0.878 1.097 

270 4.130 0.762 0.842 1.000 1.249 

230 4.848 0.885 0.979 1.162 1.451 

190 5.869 1.057 1.168 1.388 1.733 

150 7.434 1.312 1.450 1.722 2.151 

115 9.696 1.689 1.868 2.218 2.769 

 

 

 

 

 

 

 

Table 6.17 – Calculated local load/m and local strains for 60kg load tested in the 30° direction. 
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Assuming a Locked-In Stress of 1 kN/m 

  CRS Radial Creep  Uniaxial Creep 

Upper Gradient 37/1 34/1 94/1 

Lower Gradient 40/1 50/1 108/1 

 

Assuming No Locked-In Stress 

  CRS Radial Creep  Uniaxial Creep 

Upper Gradient 55/1 20/1 124/1 

Lower Gradient 45/1 42/1 126/1 

 

 

 

 

 

 

 

 

Table 7.1 – Upper and lower gradients of CRS, Radial Creep, and Uniaxial Creep testing  

with and without an assumed locked-in stress
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Fig 1.1 - Examples of geotextile fabrics. To the left are non-woven examples. To the right are woven geotextile 

fabrics, in which you can see the weave pattern, Study.com (2017)  
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Fig 1.2 - Examples of the three major categories of geogrids, Koerner (2009)  
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Fig 1.3 - Outward radial load distribution of triaxial geogrids, Tensar International Limited (2018). 
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Fig 2.1 - Principal of the Netlon Process, after Mercer (1986).  
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Fig 2.2 – Biplanar junctions produced by the Netlon Process, after Mercer (1986). 
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Fig 2.3 – The Tensar Process, after Mercer (1986). 
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Fig 2.4 – Specification for Tensar SR2, after Paul (1994). 
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Fig 2.5 – Schematic alignment of molecular orientation in a biaxially stretched junction, after Mercer (1986). 
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Fig 2.6 – A grooved polymer sheet prepared for biaxial orientation, after Paul (1994). 
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Fig 2.7 – Specification for Tensar SS1, after Paul (1994). 



 

62 
 

 

 

 

 

 

Fig 2.8 – Specification for Tensar SS2, after Paul (1994). 
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Fig 2.9 – Specification for Tensar SS3, after Paul (1994).
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Fig 2.10 – Diabolo shaped punch, after Paul (1994). 
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Fig 2.11 – Diabolo punched sheet showing two yield zones upon stretching, after Mercer (1986). 
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Fig 2.12 – Specification for Tensar SR80, after Paul (1994). 
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Fig 2.13 – Specifications for the Tensar RE series geogrids, 

Tensar International Limited (no date) 



 

68 
 

 

 

 

 

 

 

 

 

 

Fig 2.14 – Specification for the Tensar RE500 Series geogrids, 

Tensar International Limited (no date) 
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Fig 2.15 – Specification for Tensar AR1, after Paul (1994). 
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Fig 2.16 – Specification for Tensar SS30, Tensar International 

Limited (no date) 
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Fig 2.17 – Specification for Tensar SSLA30, Tensar International 

Limited (no date) 
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Fig 2.18 – Polar diagram of ultimate strength response, after Walsh (2006). 

*Full scale deflection = 36kN/m 

Biaxial Characteristics Triaxial Characteristics 
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Fig 2.19 – Polar diagram of secant modulus response calculated at maximum load, after Walsh (2006). 

*Full scale deflection = 6kN/m 

Biaxial Characteristics Triaxial Characteristics 
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Fig 2.20 – Polar diagram of grid strength at 2% strain response, after Walsh (2006). 

*Full scale deflection = 18kN/m 

Biaxial Characteristics Triaxial Characteristics 
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Fig 2.21 – TriAx punch geometry, Walsh (2006). 
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Fig 2.22 – Typical TriAx geometry upon stretching the repeat cluster in Fig 2.21, Tensar Technologies Limited 

(2004). 
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Fig 2.23 – “Across the flats” (AF) dimension of the initial TriAx, Walsh (2006). 

80mm 
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Fig 2.24. – TX160 technical data, Tensar International Limited  

(no date) 
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Fig 2.25. – TX170-G technical data, Tensar International Limited 

(no date) 
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Fig 2.26. – TX190L technical data, Tensar International Limited 

(no date) 
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Fig 2.27. – TX130S technical data, Tensar International Limited 

(no date)
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Fig 3.1 – Isometric view and half section of the clamps used to determine the load-strain properties, McGown 

(1984). 
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Fig 3.2 – Typical load-strain curve for a Tensar SR2 geogrid, after McGown (1984) 
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Fig 3.3 – Typical load-strain curves for a Tensar RE560 geogrid. 

*All data starts at zero but 

for visualisation purposes 

the plots are offset. 
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Fig 3.4. – Creep performance of Tensar SR2 geogrids at 20°C when subjected to a range of loads, after 

McGown (1984) 
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Fig 3.5. – Creep performance of Tensar RE560 at 40°C when subjected to a load of 47.5% of its ultimate 

strength. 
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Fig 3.6. – Typical load-strain curves for Tensar SS20 tested in the machine direction. 

*All data starts at zero but 

for visualisation purposes 

the plots are offset. 
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Fig 3.7. – Typical load-strain curves for Tensar SS20 tested in the cross-machine direction. 

*All data starts at zero but 

for visualisation purposes 

the plots are offset. 
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Fig 3.8. – Cruciform shape of geogrid used for biaxial testing, Kupec (2004). 
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Fig 3.9. – Index test curves for Tensar SS2, McGown (1984). 
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Fig 3.10. – Comparison of uniaxial and biaxial load-strain behaviour of a geogrid with integral junctions,  

Kupec (2004). 
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Fig 3.11 – Creep performance of Tensar SS20 MD at 10°C when subjected to a load of 30% of its  

ultimate strength. 
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Fig 3.12 – Creep performance of Tensar SS20 XMD at 10°C when subjected to a load of 30% of its  

ultimate strength. 

SS20 XMD – Tested at 10°C at 30% of ultimate strength 
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Fig 3.13 – Comparison of Tensar SS20 MD & SS20 XMD creep performance. 

Comparison of SS20 MD & SS20 XMD creep results 

SS20 XMD 

SS20 MD
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Fig 3.14 – Uniaxial performance test results for a 40kN biaxial geogrid, with integral junctions, in the MD & XMD 

directions, Kupec (2004). 
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Fig 3.15 – Uniaxial performance test results for a 30kN biaxial geogrid, with integral junctions, in the MD & XMD 

directions, Kupec (2004). 
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Fig 3.16 – Uniaxial performance test results for a 20kN biaxial geogrid, with integral junctions, in the MD & XMD 

directions, Kupec (2004). 
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Fig 3.17. – Biaxial performance test results for a 40kN biaxial geogrid, with integral junctions, in the MD & XMD 

directions, Kupec (2004).
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Fig 3.18. – Biaxial performance test results for a 30kN biaxial geogrid, with integral junctions, in the MD & XMD 

directions, Kupec (2004).
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Fig 3.19. – Biaxial performance test results for a 20kN biaxial geogrid, with integral junctions, in the MD & XMD 

directions, Kupec (2004).
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Fig 3.20. – Comparisons of uniaxial and biaxial performance test results for a 40kN biaxial geogrid with integral 

junctions tested at 30 and 50% of the ultimate strength, in the MD & XMD directions, Kupec (2004).

MD XMD 
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Fig 3.21. – Comparisons of uniaxial and biaxial performance test results for a 30kN biaxial geogrid with integral 

junctions tested at 30 and 50% of the ultimate strength, in the MD & XMD directions, Kupec (2004).

MD XMD 
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Fig 3.22. – Comparisons of uniaxial and biaxial performance test results for a 20kN biaxial geogrid with integral 

junctions tested at 30 and 50% of the ultimate strength, in the MD & XMD directions, Kupec (2004).

MD XMD 



 

 
 

1
0

4
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 3.23 – TriAx testing directions devised by Walsh (2003). 
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Fig 3.24 – Triaxial testing directions as used in the EOTA TR41 document, EOTA (2012).
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Fig 3.25. – Typical wide width test data plot for a Tensar TX160 geogrid tested in the 0° direction in accordance 

to the ETA TR41 report. 

*All data starts at zero but 

for visualisation purposes 

the plots are offset. 
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Fig 3.26. – Typical wide width test data plot for a Tensar TX160 geogrid tested in the 30° direction in accordance 

to the ETA TR41 report. 

*All data starts at zero but 

for visualisation purposes 

the plots are offset. 
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Fig 3.27. – Typical wide width test data plot for a Tensar TX160 geogrid tested in the 60° direction in accordance 

to the ETA TR41 report. 

*All data starts at zero but 

for visualisation purposes 

the plots are offset. 
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Fig 3.28. – Typical wide width test data plot for a Tensar TX160 geogrid tested in the 90° direction in accordance 

to the ETA TR41 report. 

*All data starts at zero but 

for visualisation purposes 

the plots are offset. 
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Fig 3.29. – Trafficking test results, Jenner et al (2002), interpreted by Tensar International (2019), showing that 

pure tensile strength is not a good indicator of trafficking performance. 
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Fig 3.30. – Graph showing how different classes of geogrid affects the mechanically stabilised unbound layer 

and the effective thickness of that layer, CROW (2002)  
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Fig 4.1. – Process Capability (Cp), showing the relationship between the width of the spread and the 

specification width, after Nielson (2020) 
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Fig 4.2. – Process Capability Index (Cpk), showing the relationship with Cp and specification width.  

(If Cpk = Cp, the process sits in the middle of the specification limits), after Nielson (2020)  
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Fig 5.1. – Q.C test data for TX160 (Batch Ref: 056218) tested at 0° (machine direction) 
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Fig 5.2. – Q.C test data for TX160 (Batch Ref: 056218) tested at 30° (‘rib’ direction) 
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Fig 5.3. – Q.C test data for TX160 (Batch Ref: 056218) tested at 60° (‘mid-rib’ direction) 
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Fig 5.4. – Q.C test data for TX160 (Batch Ref: 056218) tested at 90° (cross machine direction) 
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Fig 5.5. – Q.C test data for TX160 (Batch Ref: 059839) tested at 0° (machine direction) 
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Fig 5.6. – Q.C test data for TX160 (Batch Ref: 059839) tested at 30° (‘rib’ direction) 
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Fig 5.7. – Q.C test data for TX160 (Batch Ref: 059839) tested at 60° (‘mid-rib’ direction) 
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Fig 5.8. – Q.C test data for TX160 (Batch Ref: 059839) tested at 90° (cross machine direction) 
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Fig 5.9. – Index test data for TX160 (Batch Ref: 056218, TAP 1 Year) tested at 0° (machine direction) 
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Fig 5.10. – Index test data for TX160 (Batch Ref: 056218, TAP 1 Year) tested at 30° (‘rib’ direction) 
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Fig 5.11. – Index test data for TX160 (Batch Ref: 056218, TAP 1 Year) tested at 60° (‘mid-rib’ direction) 
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Fig 5.12. – Index test data for TX160 (Batch Ref: 056218, TAP 1 Year) tested at 90° (cross machine direction) 



 

 
 

1
2

6
 

 

 

 

 

 

 

 

 

 

 

 

 

  

  

  

  

 

Fig 5.13. – Index test data for TX160 (Batch Ref: 059839, TAP 1 Week) tested at 0° (machine direction) 
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Fig 5.14. – Index test data for TX160 (Batch Ref: 059839, TAP 1 Week) tested at 30° (‘rib’ direction) 
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Fig 5.15. – Index test data for TX160 (Batch Ref: 059839, TAP 1 Week) tested at 60° (‘mid-rib’ direction) 
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Fig 5.16. – Index test data for TX160 (Batch Ref: 059839, TAP 1 Week) tested at 90° (cross machine direction) 
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Fig 5.17. - Polar plot showing 'Radial Secant Stiffness at 0.5% Strain' of TX160 (Batch Ref: 056218) tested for 

Q.C. purposes and TAP for 1 year. 
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Fig 5.18. - Polar plot showing 'Radial Secant Stiffness at 2% Strain' of TX160 (Batch Ref: 056218) tested for 

Q.C. purposes and TAP for 1 year. 
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Fig 5.19 - Polar plot showing 'Radial Secant Stiffness at 0.5% Strain' of TX160 (Batch Ref: 059839) tested 

straight off the production line and after 1 week. 
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Fig 5.20 - Polar plot showing 'Radial Secant Stiffness at 2% Strain' of TX160 (Batch Ref: 059839) 

tested straight off the production line and after 1 week. 
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Fig 5.21 - Polar plot showing 'Radial Secant Stiffness at 0.5% Strain' of TX160 (Batch Ref: 056218) tested by 

quality control straight off the production line and tested after 1 year, with Min, Mean & Max specifications.  
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Fig 5.22 - Polar plot showing 'Radial Secant Stiffness at 2% Strain' of TX160 (Batch Ref: 056218) tested by 

quality control straight off the production line and tested after 1 year, with Min, Mean & Max specifications. 
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Fig 5.23 - Polar plot showing 'Radial Secant Stiffness at 0.5% Strain' of TX160 (Batch Ref: 059839) tested by 

quality control straight off the production line and tested after 1 week, with Min, Mean & Max specifications. 
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Fig 5.24 - Polar plot showing 'Radial Secant Stiffness at 2% Strain' of TX160 (Batch Ref: 059839) tested by 

quality control straight off the production line and tested after 1 week, with Min, Mean & Max specifications. 
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Fig 5.25 – Graph showing Max. Load Vs 0.5% Secant Stiffness of Batch 056218 and 059839 – Straight after 

production and after curing for 1 year and 1 week respectively. 
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Fig 5.26 – Graph showing Max. Load Vs 2% Secant Stiffness of Batch 056218 and 059839 – Straight after 

production and after curing for 1 year and 1 week respectively. 
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Fig 5.27 – Graph showing Strain at Max. Load Vs 0.5% Secant Stiffness of Batch 056218 and 059839 – Straight 

after production and after curing for 1 year and 1 week respectively. 
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Fig 5.28 – Graph showing Strain at Max. Load Vs 2% Secant Stiffness of Batch 056218 and 059839 – Straight 

after production and after curing for 1 year and 1 week respectively. 
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Fig 5.29 – CRS, Load/m vs Strain plot of TX160 (Batch Ref: 056218) tested at 20% strain/min in all four 

directions.
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Fig 5.30 – CRS, Load/m vs Strain plot of TX160 (Batch Ref: 056218) tested at 2% strain/min in all four 

directions.
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Fig 5.31 – CRS, Load/m vs Strain plot of TX160 (Batch Ref: 056218) tested at 0.2% strain/min in all four 

directions.
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Fig 5.32 – CRS, Load/m vs Strain plot of TX160 (Batch Ref: 056218) tested at 0.02% strain/min in all four 

directions.
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Fig 5.33 – Polar plot showing 'Radial Secant Stiffness at 0.5% Strain' of TX160 (Batch Ref: 056218) 

tested by quality control straight off the production line and tested after 1 year at various testing 

speeds, with Min, Mean & Max specifications. 
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Fig 5.34 – Polar plot showing 'Radial Secant Stiffness at 2% Strain' of TX160 (Batch Ref: 056218) tested by 

quality control straight off the production line and tested after 1 year at various testing speeds, with Min, Mean & 

Max specifications. 
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Fig 5.35 – Graph showing secant stiffness at 0.5% strain versus time of TX160 (Batch Ref: 056218) tested at 

constant rates of strain of 20%, 2%, 0.2% and 0.02% of the gauge length. 
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Fig 5.36 – Graph showing secant stiffness at 2% strain versus time of TX160 (Batch Ref: 056218) tested at 

constant rates of strain of 20%, 2%, 0.2% and 0.02% of the gauge length. 
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Fig 5.37 – Presentation of creep test data, ASM (1988). 
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Fig 5.38 – TX160 creep curves in four directions tested uniaxially at 40kg load. 
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Fig 5.39 – TX160 creep curves of the first 10 seconds, in four directions, tested uniaxially at 40kg load. 
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Fig 5.40 – TX160 creep curves in four directions tested uniaxially at 80kg load. 
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Fig 5.41 – TX160 creep curves of the first 10 seconds, in four directions, tested uniaxially at 80kg load. 
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Fig 5.42 – TX160 creep curves in four directions tested uniaxially at 120kg load. 
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Fig 5.43 – TX160 creep curves of the first 10 seconds, in four directions, tested uniaxially at 120kg load. 
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Fig 5.44 – TX160 creep curves in four directions tested uniaxially at 160kg load. 



 

 
 

1
5

8
 

 

Fig 5.45 – TX160 creep curves of the first 10 seconds, in four directions, tested uniaxially at 160kg load. 
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Fig 5.46 – Derivation of isochronous load-strain curves from sustained loading test data, after Khan (1999) 
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Fig 5.47 – Derivation of isochronous load-strain curves from CRS test data, after Kupec (2004) 
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Fig 5.48 – Isochronous Load-Strain curves at 0.001 hours of TX160 creep data, tested in four directions. 
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Fig 5.49 – Isochronous Load-Strain curves at 0.01 hours of TX160 creep data, tested in four directions. 
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Fig 5.50 – Isochronous Load-Strain curves at 0.1 hours of TX160 creep data, tested in four directions. 
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Fig 5.51 – Isochronous Load-Strain curves at 1 hour of TX160 creep data, tested in four directions. 
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Fig 5.52 – Isochronous Load-Strain curves at 10 hours of TX160 creep data, tested in four directions. 
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Fig 5.53 – 0.5% isochronous load versus time (best fit data) of TX160 (Batch Ref: 056218) creep data, tested in 

four directions.



 

 
 

1
6

7
 

 

 

 

 

 

 

 

 

 

 

 

 

  

  

  

  

 

Fig 5.54 – 0.5% isochronous stiffness versus time (best fit data) of TX160 creep data, tested in four directions. 
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Fig 5.55 – 0.5% isochronous stiffness versus time (best fit data) of TX160 creep and CRS data tested in four 

directions. 



 

 
 

1
6

9
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 6.1 – Quadrant radial creep testing apparatus 
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Fig 6.2 – Birds-eye-view of quadrant radial creep testing apparatus and specimen (0° & 60° Direction) 
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Fig 6.3 – Birds-eye-view of quadrant radial creep testing apparatus and specimen (30° & 90° Direction) 

Outer Jaw Board with 25x25mm printed squares 

Fixed Bottom Jaw 

Turnbuckles 

Edge Restraining Tabs 

*Drawing not to scale 
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Fig 6.4 – Direction of load/strain in the ribs when tested in the 0° direction.



 

 
 

1
7

3
 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

  

  

Fig 6.5 – Direction of load/strain in the ribs when tested in the 30° direction.
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Fig 6.6 – Direction of load/strain in the ribs when tested in the 60° direction.
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Fig 6.7 – Direction of load/strain in the ribs when tested in the 90° direction.
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Fig 6.8 – Direction of load/strain in the ribs when tested radially in the 0° direction. 
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Fig 6.9 – Direction of load/strain in the ribs when tested radially in the 30° direction. 
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Fig 6.10 – Direction of load/strain in the ribs when tested radially in the 60° direction. 
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Fig 6.11 – Direction of load/strain in the ribs when tested radially in the 90° direction.
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Fig 6.12 – 0° Radial creep specimen 
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Fig 6.13 – 30° Radial creep specimen 



 

182 
 

 

 

 

 

 

 

 

 

 

 

Fig 6.14 – 60° Radial creep specimen 
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Fig 6.15 – 90° Radial creep specimen
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Fig 6.16 – Schematic of suggested shape and size of radial test specimen (0° & 60°)
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Fig 6.17 – Schematic of suggested shape and size of radial test specimen (30° & 90°)



 

 
  

1
8

6
 

 

 

 

 

 

 

 

 

 

  

  

  

  

  

  

  

Fig 6.18 – Calculations of Applied Load/m at R560, Average Load/m Over Gauge Length and Radius at Average 

Load/m for 3x30kg loaded radial test specimen at 0° and 60° directions.
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Fig 6.19 – Calculations of Applied Load/m at R550, Average Load/m Over Gauge Length and Radius at Average 

Load/m for 3x30kg loaded radial test specimen at 30° and 90° directions.
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Fig 6.20 – Plot Showing Radius Vs Local Load/m and Radius Vs Local Strain for Test Loaded at 30kg and tested 

in the 0° direction.
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Fig 6.21 – Plot Showing Radius Vs Local Load/m and Radius Vs Local Strain for Test Loaded at 30kg and tested 

in the 60° direction.
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Fig 6.22 – Plot Showing Radius Vs Local Load/m and Radius Vs Local Strain for Test Loaded at 30kg and tested 

in the 30° direction.
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Fig 6.23 – Plot Showing Radius Vs Local Load/m and Radius Vs Local Strain for Test Loaded at 30kg and tested 

in the 90° direction.
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Fig 6.24 – Plot Showing Radius Vs Local Load/m and Radius Vs Local Strain for Test Loaded at 40kg and tested 

in the 0° direction.
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Fig 6.25 – Plot Showing Radius Vs Local Load/m and Radius Vs Local Strain for Test Loaded at 40kg and tested 

in the 60° direction.
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Fig 6.26 – Plot Showing Radius Vs Local Load/m and Radius Vs Local Strain for Test Loaded at 40kg and tested 

in the 30° direction.
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Fig 6.27 – Plot Showing Radius Vs Local Load/m and Radius Vs Local Strain for Test Loaded at 40kg and tested 

in the 90° direction.
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Fig 6.28 – Plot Showing Radius Vs Local Load/m and Radius Vs Local Strain for Test Loaded at 50kg and tested 

in the 0° direction.
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Fig 6.29 – Plot Showing Radius Vs Local Load/m and Radius Vs Local Strain for Test Loaded at 50kg and tested 

in the 60° direction.
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Fig 6.30 – Plot Showing Radius Vs Local Load/m and Radius Vs Local Strain for Test Loaded at 50kg and tested 

in the 30° direction.
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Fig 6.31 – Plot Showing Radius Vs Local Load/m and Radius Vs Local Strain for Test Loaded at 50kg and tested 

in the 90° direction.
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Fig 6.32 – Plot Showing Radius Vs Local Load/m and Radius Vs Local Strain for Test Loaded at 60kg and tested 

in the 0° direction.
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Fig 6.33 – Plot Showing Radius Vs Local Load/m and Radius Vs Local Strain for Test Loaded at 60kg and tested 

in the 60° direction.
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Fig 6.34 – Plot Showing Radius Vs Local Load/m and Radius Vs Local Strain for Test Loaded at 60kg and tested 

in the 30° direction.
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Fig 6.35 – Plot Showing Radius Vs Local Load/m and Radius Vs Local Strain for Test Loaded at 60kg and tested 

in the 90° direction.
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Fig 6.36 – TX160 creep curves obtained from radial creep testing in the 0° direction.
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Fig 6.37 – TX160 creep curves obtained from radial creep testing in the 30° direction.
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Fig 6.38 – TX160 creep curves obtained from radial creep testing in the 60° direction.
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Fig 6.39 – TX160 creep curves obtained from radial creep testing in the 90° direction.
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Fig 6.40 – Radial Creep, Isochronous Load-Strain curves at 0.001 hours of TX160 creep data, tested in four 

directions.
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Fig 6.41 – Radial Creep, Isochronous Load-Strain curves at 0.01 hours of TX160 creep data, tested in four 

directions.
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Fig 6.42 – Radial Creep, Isochronous Load-Strain curves at 0.1 hours of TX160 creep data, tested in four 

directions.
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Fig 6.43 – Radial Creep, Isochronous Load-Strain curves at 1 hour of TX160 creep data, tested in four 

directions.
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Fig 6.44 – Radial Creep, Isochronous Load-Strain curves at 10 hours of TX160 creep data, tested in four 

directions.
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Fig 6.45 – Radial Creep, Average load at 0.5% average strain versus time (upper and lower boundaries) of 

TX160, tested in four directions.
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Fig 6.46 – Radial Creep, isochronous stiffness at 0.5% strain versus time (upper and lower boundaries) of 

TX160, tested in four directions.
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Fig 7.1 – Comparison of Secant Stiffness at 0.5% Strain vs Log Time of Uniaxial CRS, Uniaxial Creep, and 

Radial Creep test data.
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Fig 7.2 – Comparison of Secant Stiffness at 0.5% Strain vs Log Time Uniaxial Creep, and Radial Creep test 

data.
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Fig 7.3 – Comparison of Secant Stiffness at 0.5% Strain vs Log Time Uniaxial CRS and Uniaxial Creep test 

data.



 

 
  

2
1

8
 

  

  

  

  

 

 

 

 

 

 

 

 

 

 

  

  

Fig 7.4 – Comparison of Secant Stiffness at 0.5% Strain vs Log Time Uniaxial CRS, and Radial Creep test data.
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Fig 7.5 – Comparison of Stiffness Ratios of Uniaxial Creep-to-Radial Creep and Uniaxial CRS-to-Radial Creep.
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Fig 7.6 – CRS, Load/m vs Strain plot of TX160 tested at 20% strain/min in all four directions, with best fit upper 

and lower boundaries lines passing through locked-in stress of 1kN/m.
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Fig 7.7 – CRS, Load/m vs Strain plot of TX160 tested at 2% strain/min in all four directions, with best fit upper 

and lower boundaries lines passing through locked-in stress of 1kN/m.



 

 
  

2
2

2
 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

  

Fig 7.8 – CRS, Load/m vs Strain plot of TX160 tested at 0.2% strain/min in all four directions, with best fit upper 

and lower boundaries lines passing through locked-in stress of 1kN/m.
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Fig 7.9 – CRS, Load/m vs Strain plot of TX160 tested at 0.02% strain/min in all four directions, with best fit upper 

and lower boundaries lines passing through locked-in stress of 1kN/m.
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Fig 7.10 – Uniaxial Creep, Isochronous Load-Strain curves at 0.001 hours of TX160 creep data, tested in four 

directions with best fit upper and lower boundaries passing through locked-in stress of 1kN/m.
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Fig 7.11 – Uniaxial Creep, Isochronous Load-Strain curves at 0.01 hours of TX160 creep data, tested in four 

directions with best fit upper and lower boundaries passing through locked-in stress of 1kN/m.
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Fig 7.12 – Uniaxial Creep, Isochronous Load-Strain curves at 0.1 hours of TX160 creep data, tested in four 

directions with best fit upper and lower boundaries passing through locked-in stress of 1kN/m.
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Fig 7.13 – Uniaxial Creep, Isochronous Load-Strain curves at 1 hour of TX160 creep data, tested in four 

directions with best fit upper and lower boundaries passing through locked-in stress of 1kN/m.
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Fig 7.14 – Uniaxial Creep, Isochronous Load-Strain curves at 10 hours of TX160 creep data, tested in four 

directions with best fit upper and lower boundaries passing through locked-in stress of 1kN/m.
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Fig 7.15 – Radial Creep, Isochronous Load-Strain curves at 0.001 hours of TX160 creep data, tested in four 

directions with best fit upper and lower boundaries passing through locked-in stress of 1kN/m.
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Fig 7.16 – Radial Creep, Isochronous Load-Strain curves at 0.01 hours of TX160 creep data, tested in four 

directions with best fit upper and lower boundaries passing through locked-in stress of 1kN/m.
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Fig 7.17 – Radial Creep, Isochronous Load-Strain curves at 0.1 hours of TX160 creep data, tested in four 

directions with best fit upper and lower boundaries passing through locked-in stress of 1kN/m.
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Fig 7.18 – Radial Creep, Isochronous Load-Strain curves at 1 hour of TX160 creep data, tested in four directions 

with best fit upper and lower boundaries passing through locked-in stress of 1kN/m.
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Fig 7.19 – Radial Creep, Isochronous Load-Strain curves at 10 hours of TX160 creep data, tested in four 

directions with best fit upper and lower boundaries passing through locked-in stress of 1kN/m.
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Fig 7.20 – Comparison of Secant Stiffness at 0.5% Strain vs Log Time of Uniaxial CRS, Uniaxial Creep, and 

Radial Creep test data.
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Fig 7.21 – Comparison of Stiffness Ratios of Uniaxial Creep-to-Radial Creep and Uniaxial CRS-to-Radial Creep 

when using a 1kN/m locked-in stress.
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Fig 7.22 – Comparison of Stiffness Ratios of Uniaxial Creep-to-Radial Creep and Uniaxial CRS-to-Radial Creep 

with and without locked-in stress.
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Plate 2.1 – Close up of 1mm x 1mm screen printed regular orthogonal lines.
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Plate 2.2 – A 1mm x 1mm screen printed punched sheet.
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Plate 2.3 – Stretched screen printed sample of Tensar SR2.
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Plate 2.4 – Detail of the screen printing at the junction after stretching.
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Plate 6.1 – Trial quadrant radial creep test example (for 30° & 90° direction), no load applied.
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Plate 6.2 – Trial quadrant radial creep test example (for 30° & 90° direction), 40kg load applied to each outer 

clamp. 30 second interval.
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Plate 6.3 – Trial quadrant radial creep test example (for 30° & 90° direction), 40kg load applied to each outer 

clamp. 1 minute interval. 
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Plate 6.4 – Trial quadrant radial creep test example (for 30° & 90° direction), 40kg load applied to each outer 

clamp. 5 minute interval. 
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Plate 6.5 – Trial quadrant radial creep test example (for 30° & 90° direction), 40kg load applied to each outer 

clamp. 1 hour interval. 
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Plate 6.6 – Trial quadrant radial creep test example (for 30° & 90° direction), 40kg load applied to each outer 

clamp. 72 hour interval. 


