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Helical buckling: 
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where λmax is the maximum helix angle.  

The resulting buckling induced dogleg severity is calculated as:  

 �Ù�Õ
L ���x�z�ä�y�w�w�N�Ö�ã�6 (52) 

where the buckling induced dogleg severity, αb, is given in 
o
/100 ft, and replaces α in equation 

(46) to give the bending stresses due to buckling (Bellarby, 2009). 
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Appendix C Probability Distributions 

 Probability Distributions from DEA-130  C.1

 

Figure 39: Probability distribution of rs/ys using 113 tests from DEA130 

 

Figure 40: Probability distribution of outer diameter using 113 tests from DEA130 
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Figure 41: Probability distribution of wall thickness using 113 tests from DEA130 

 

 

Figure 42: Probability distribution of ovality using 113 tests from DEA-130 
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Figure 43: Probability distribution of eccentricity using 113 tests from DEA130 
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 Probability Density Functions from DEA-130  C.2

 

 

Figure 44:Probability density function (Gaussian)  of OD using 113 tests from DEA-130 

 

 

Figure 45: Probability density function (Gaussian) for residual stress using 113 tests from DEA-130. Note: 

Includes both HRS and CRS 
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Figure 46: Probability density function (Gaussian) of wall thickness using 113 tests from DEA-130 

 

 

Figure 47: Probability density function (2-parameter Weibull) for eccentricity using 113 tests from DEA-130 
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Figure 48: Probability density function (2-parameter Weibull) of ovality using 113 tests from DEA-130 
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 Probability Density Functions from ensemble data  C.3

 

Figure 49: Probability density function (2-parameter Weibull) of eccentricity using ensemble data 

 

Figure 50: Probability density function (2-parameter Weibull) of ovality using ensemble data 
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 P-110 Yield Strength  C.4

 

 

Figure 51: PDF using data from 15 P-110 samples of DEA-130 

 

Figure 52: PDF using ensemble data 
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Figure 53: Average yield strength of 11 tested specimens from pipe certificates 

 

Figure 54: Average actual yield strength of P-110 casings. Extracted from DEA-130 (2002) 
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Appendix D Results from Monte Carlo Simulations 

 DEA-130  D.1

 

Figure 55: Collapse strength of HRS casing using DEA-130 production quality statistics and governing 

decrement function 

 

Figure 56: Collapse strength of CRS casing using DEA-130 production quality statistics 
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Figure 57: Collapse strength of CRS casing using DEA-130 production quality statistics and governing 

decrement function 
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 Ensemble Data  D.2

 

 

Figure 58: Collapse strength of HRS casing using ensemble production quality statistics and governing 

decrement function 

 

Figure 59: Collapse strength of CRS casing using ensemble production quality statistics 
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Figure 60: Collapse strength of CRS casing using ensemble production quality statistics and governing 

decrement function 
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Appendix E Literature Review  

 Bending  E.1

Bending of casings in highly deviated wells will reduce collapse strength. The mechanism of 

bending causes additional axial loads, i.e. compression on the inside of the bend and tension 

on the opposite side. Induced stress varies through the cross section but is assumed to be 

constant for practical calculations. The ILS includes the induced axial loads in a pessimistic 

fashion where additional tension is only added to casings already subjected to tension loads. 

Compression induced by bending should increase strength but is disregarded. The ILS outputs 

the effective axial force which is used in the ULS model.  

According to Kuriyama et al. (1992) another consequence of bending is flattening of the 

casing. The casings tend to be more ovalised in bend sections which will reduce collapse 

strength. Only manufacturing ovality is included in relevant casing collapse models. Imposed 

ovality is discussed in section 4.3. Kuriyama et al. (1992) suggest an equation for ovality 

caused by bending based on bending radius but fail to specify units for the input parameters. 

Using consistent SI or field units do not reproduce meaningful or plausible results.  

According to theoretical studies, reduction of collapse strength under bending is mainly 

caused by bending stress and is only slightly affected by flattening (Kuriyama et al., 1992). 

Theoretical studies can easily compare a bent pipe with and without flattening. However, 

isolating the effect of flattening is impractical for experimental purposes.  

Table 39: Experimental setup and results (Kuriyama et al., 1992) 

Grade YS OD t rs/fy Bending Collapse Pressure 
[-] [psi] ["] ["] [-] [deg/100ft] [psi] 

S-45C 56840 5,5 0,315 -0,16760 0 5902 

S-45C 56840 5,5 0,315 -0,16760 0 6047 

S-45C 56840 5,5 0,315 -0,16760 24 5713 

Table 39 summarized collapse tests for a 5 ½” S-45C 17.00 ppf casing. Only a single data 

point is available for collapse of a bent casing. The dog leg severity is 24 degrees per 100 feet, 

greater than in any well reviewed in this report. The reduction of collapse strength 

corresponds to the trends discussed in the separate chapter regarding axial loading (section 

4.2).  
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Obtaining the ovality of an entire casing string requires calliper logs or similar. For a 

completed well this requires pulling of the production tubing. If calliper logs are already 

performed and available it will be difficult to analyse and determine the ovality caused by 

bending. Manufacturing ovality may be recorded upon construction but ovality may also be 

imposed by geotectonic forces, field handling, storing of casings, as well as casing wear. 

Ovality is simply defined as (Dmax-Dmin)/Davg. Caliper logs or ultrasonic imaging provide 

those values, albeit not discretely for which process it was induced from. Since the effect of 

flattening is minor, accounting for such ovality will be neglected, and the bending effect is 

exclusively reflected through additional tensional loads.   

 Cement Support by Jammer et al. (2015)  E.2

 

Table 40: Measurements performed by Jammer et al. (2015) 

Sample Nom. OD Grade σy OD t Ov Ec Rs 

[-] ["] [-] [psi] ["] ["] [%] [%] [-] 

83 11,75 P-110 135429 11,861 0,540 0,462 4,476 0,155 

144 11,75 P-110 130198 11,858 0,540 0,388 8,815 0,198 

171 11,75 P-110 130658 11,860 0,536 0,280 5,617 0,141 

175 11,75 P-110 132042 11,854 0,533 0,344 6,285 0,236 

242 11,75 P-110 130191 11,856 0,536 0,297 5,158 0,231 

256 11,75 P-110 129905 11,860 0,528 0,301 5,782 0,257 

532 11,75 P-110 131401 11,858 0,548 0,379 4,777 0,113 

533 11,75 P-110 133553 11,853 0,529 0,360 8,06 0,183 

539 11,75 P-110 132630 11,860 0,528 0,348 5,27 0,120 

         

16 13,625 Q-125 131977 13,720 0,628 0,328 7,274 0,205 

24 13,625 Q-125 131913 13,724 0,625 0,290 8,07 0,170 
200 13,625 Q-125 125755 13,719 0,631 0,335 6,76 0,164 

91 13,625 Q-125 135730 13,728 0,627 0,222 7,132 0,207 

92 13,625 Q-125 134490 13,737 0,636 0,220 5,858 0,162 
135 13,625 Q-125 132376 13,722 0,637 0,288 4,229 0,120 

177 13,625 Q-125 133350 13,732 0,625 0,255 6,879 0,179 

199 13,625 Q-125 133352 13,727 0,630 0,306 6,031 0,183 
359 13,625 Q-125 127200 13,734 0,628 0,258 7,725 0,196 
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Appendix F Results from ILS 

 

Figure 61: Design Limits Plot 

 

 

 

 

 

 

 


