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(a) Bending Moment About y, A=2m (b) Bending Moment About y, A=4m

(c) Bending Moment About z, A=2m (d) Bending Moment About z, A=4m

Figure 9.4: Riser6", h=480: Bending Moment at TDZ vs. Time.

(a) Maximum Total Curvature vs. Time. (b) Torsion Moment at TDZ vs. Time

Figure 9.5: Riser 14", h=420: Curvature and Torsion Moment
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(a) Amplitude 2m

(b) Amplitude 4m

Figure 9.6: Riser 14", h=420: Axial Wire Stress at TDZ vs. Time.
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(a) Bending Moment About y, A=2m (b) Bending Moment About y, A=4m

(c) Bending Moment About z, A=2m (d) Bending Moment About z, A=4m

Figure 9.7: Riser14", h=420: Bending Moment at TDZ vs. Time.



Chapter 10

Final Remarks

10.1 Conclusions

The purpose of this paper is to further the knowledge of torsion instability of flexible
dynamic risers in catenary configuration, with particular weight on flexible pipes. It
has been focused on critical installation and operating scenarios, in order to establish
a methodology that is useful in planing and design processes.

Before the main analysis, a prestudy was done in order to determine the global stiffness
quantities. The results from the Bflex2010 calculations, showed that the values of
axial stiffness and torsion stiffness, were in general the same for equal geometries,
independent of the state of the annulus (flooded/dry). In addition, the calculated
initial bending stiffness also displayed independence of state, while slip moment and
curvature along with post-slip stiffness showed great dependence on state. These
results are in line with established theory, and where therefore deemed sufficiently
accurate.

In the case of flooded annulus, the bending stiffness was significantly lower than for
the same geometry in dry state. This is due to the reduction in friction between
the layers, and makes the wet state the most critical. As tear and leakage in the
outer-sheet is fairly common, it is recommended that this failure mode is accounted
for in design calculations.

Looking back at the elastic case analyses, preformed by using the Pipe31 element,
an initial analytic approximation was preformed to predict the critical torque using
the Greenhill formula. Even though previous studies suggests that this is a good
approximation method for risers in catenary configuration, the results showed that
the analytic formula severely underestimated the pipe strength in the case of dry
annulus.

However, unlike previous works, the analysis in this case considered geometries with
larger cross-section diameter, resulting in high bending stiffness. Additionally, it was
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assumed that both ends of the riser were fixed against translation, which is in conflict
with the established assumptions of the Greenhill formula. The resulting conclusion
is that the Greenhill formula is still a usable method for initial prediction, in lack of
a better alternative.

The choice between assuming that both ends are fixed against translation, or letting
the tail end resting on the seabed to be only restricted by friction, should be seriously
considered in relation to the specific real case. For general analysis it is recommended
to have translation only being restrained by friction at the tail end, as it is the most
critical condition.

Setting the elastic case model (Pipe31) in comparison with the non-linear model
(Compipe42), it becomes evident that the elastic model is not always suitable to
best describe the critical curvature and torque for flexible pipes. A way to test the
suitability of the elastic model before analysis, is to compare the slip curvature to the
maximum allowable design curvature. If the slip curvature is higher, one can conclude
that buckling will either happen in the elastic region, or beyond already established
design limits. In the case of flooded annulus, the slip curvature is relatively low.
Thus, non-linear analysis taking into consideration the effect of slip, is recommended
in wet case.

For the initial dynamic heave scenarios with built in torque, not taking into account
local effects, the analysis shows that exceeding the critical curvature is a clear indi-
cation of kink formation. On the other hand, it becomes evident that the established
critical torsion from the previous analysis is too great. This leads to the conclu-
sion that the prediction of critical torsion is highly dependant on the length of the
application time for the prescribed rotation.

Considering the extended heave scenario, one sees that the increase in curvature, due
to the heave motion, is decreasing, and will converge towards zero. However, note
that the increase in curvature does not necessarily propagate faster for higher waves.
Instead, for certain circumstances the opposite is the case. This is assumed to be
happening because the higher waves are able to completely stretch out the pipe again
after the wave trough. As a consequence of this, several wave amplitudes must be
tested in order to get a reliable result.

Finally, focusing on the coupling model between global and local effects, there are
no kink formations. Also, all the analysis of the pipes at critical or deeper water
depths, are stable. From this follows that the methodology is useful and the solution
may be trusted. In this case, resulting in deeming the water depth acceptable. On
the other hand, the model with under critical water depth has an unstable solution,
were natural resistance is built up instead. The final conclusion is that in order for
global torsion buckling to occur, the design limits have to be gravely pushed or even
overstepped.
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10.2 Recommendations for Further Work

For further work on the topic of global torsion instability, it is recommended to
conduct scale laboratory experiments with the purpose to reproduce the elastic and
non-linear riser scenarios described in the thesis. Based on the experimental results,
a verdict about the numerical accuracy of BFLEX2010 can be derived.

In the thesis, different dynamic analysis of cyclic heave motion have been performed,
both for elastic and non-linear models. However, typically the motion of the instal-
lation vessel is much more complex compared to pure heave motion. Therefore, it is
proposed to expand the complexity of the imposed motion on the riser, also taking
into consideration sway, surge, roll components, etc.

It would also be interesting to dive further into the connection between local and
global effects. In this paper, only transverse lateral buckling has been accounted for,
while the effects of of birdcaging and collapse of the carcass, have not been explored.

Another interesting field is the different riser configurations. This paper focuses on
the catenary configuration in relation to the J-installation method. However, other
configurations may give a different view on the torsion instability problem. So far
the presented methodologies in the literature on global torsion, only considers the
catenary configuration, and there are no established methods for the other cases.
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Appendix A

Computer Input Files

i



 

HEAD PIPE31 MODEL 

HEAD 6" PIPE: WET STATE 

 

#______________________________________________________________________________ 

# 

#CONTROL DATA: 

#       MAXIT   NDIM    ISOLVR  NPOINT  IPRINT  CONVR   GAC     ISTRES 

CONTROL 100     3       2       16      01      1E-6    9.81    STRESSFREE 

 

#Dynamic Analysis criteria: 

#       MSTAT   ALPHA1  ALPHA2  ALPHA  

DYNCONT 1       0.0     0.051   -0.05 

 

#ANALYSIS TIME CONTROL: 

#       T   DT  DTVI    DT0     TYPE    STEPTYPE    ITERCO  ITCRIT  MAXIT   MAXDIV  CONR 

TIMECO  5.0 0.1 1.0     201.0   STATIC  AUTO        NONE    ALL     300     5       1E-5 

 

#RESULT VISUAL DEFENITION: 

#       MODE        FACTOR  RESULT 

VISRES integration  1       sigma-xx 

 

#______________________________________________________________________________ 

# GEOMETRY 

 

#PIPE 

#       TYBE          NID       X     Y   Z 

NOCOOR COORDINATES      1       0     0   -1999.894953  

REPEAT 540 1 1 0 0 

NOCOOR COORDINATES    541     539.2   0   -1999.894953  

REPEAT 770 1 0.2 0 0  

NOCOOR COORDINATES    1311    695     0   -1999.894953  

REPEAT 988 1 2 0 0 

 

 

#ELCON DATA for PIPE 

#       ELGR    ELTY        CROSSNAME   ELID    NOD1    NOD2 

ELCON   PIPE1   PIPE31      PIPEMAT1      1       1       2 

REPEAT 539 1 1 

ELCON   PIPE2   PIPE31      PIPEMAT1      540     540     541 

REPEAT 770 1 1 

ELCON   PIPE3   PIPE31      PIPEMAT1      1310    1310    1311 

REPEAT 988 1 1 

 

#SEABED 

#       NAME   TYPE    SURFACEID    EID     NID  

ELCON  SEABED CONT126   COSURF1    10001     1 

REPEAT 2298 1 1 

 

#SEASURFACE NODE 

#       TYPE          NID       X     Y     Z 

NOCOOR COORDINATES    20001      0   -200   0 

                      20100    2670  -200   0 

REPEAT 3 100 0 200.0 0 

#       NAME   TYPE    MID      EID         NID 

ELCON  SEA1   SEA150   SEAMAT  20001      20001 20002 20102 20101 

REPEAT 99 1 1 

REPEAT 2 99 100 

 

#______________________________________________________________________________ 

#ORIENT INPUT 

 

#PIPE 

#                       ELNO          X          Y        Z 

ELORIENT COORDINATES    1             0.0     1.000    -1999.894953  

REPEAT 2297 1 0 0 0 

#SEABED                ELNO              TX       TY       TZ 

ELORIENT EULERANGLE    10001           0.000    0.000      0.0 

REPEAT 2298 1 0 0 0 

 

#______________________________________________________________________________ 

 

#ELEMENT DATA(PIPE DATA) 

#      NAME  TYPE RAD     TH     RCD TCD RMADD TMADD MD     MS      ODP   ODW   RKS PHIST  

ELPROP PIPE1 PIPE 0.09385 0.0353 1.0 0.1 2     1.0   8.16E1 4.276E1 0.223 0.223 0.5 100    

ELPROP PIPE2 PIPE 0.09385 0.0353 1.0 0.1 2     1.0   8.16E1 4.276E1 0.223 0.223 0.5 100       

ELPROP PIPE3 PIPE 0.09385 0.0353 1.0 0.1 2     1.0   8.16E1 4.276E1 0.223 0.223 0.5 100       

APPENDIX A. COMPUTER INPUT FILES ii

A.1 Bflex2010: Elastic case, wet state, step 1



 

#______________________________________________________________________________ 

# BONDRARY CONDITION 

#PIPE 

#        COSYS    NODEID    DOF 

BONCON  GLOBAL      1       2 

BONCON  GLOBAL      1       3 

BONCON  GLOBAL      1       4 

BONCON  GLOBAL      1       6 

 

BONCON  GLOBAL      2298    1 

BONCON  GLOBAL      2298    2 

BONCON  GLOBAL      2298    4 

BONCON  GLOBAL      2298    6      

 

#SEA 

BONCON   GLOBAL   20001       1 

REPEAT 300 1 

BONCON   GLOBAL   20001       2 

REPEAT 300 1 

BONCON   GLOBAL   20001       3 

REPEAT 300 1 

 

#SEABED DATA/CONTACT ELEMENT 

#           NAME    COFILE                  NLIN    KP0     XS      YS  ANGSTART    MLINEID  

COSURFPR    COSURF1 "seabed_2000_flat.txt"  3       0.0     0.0   0.0   0.0         100 101 

102 

#        ROUTE ID           KP1          KP2    SOILTYPE 

COSUPR        100           0.0      100000.0    soil1 

COSUPR        101           0.0      100000.0    soil1 

COSUPR        102           0.0      100000.0    soil1 

 

#CONTACT INTERFACE DATA 

#       GROUPN      MNAME          NAME     IS1   ISN    ISTX   ISTY  ISTZ   MAXIT  IGAP  

CONTINT SEABED      PIPE1        COSURF1    1     540     5.0   5.0    0.0    60     2 

CONTINT SEA1        SEA1         PIPE1 

 

CONTINT SEABED      PIPE2        COSURF1    541   1310    5.0   5.0    0.0    60     2 

CONTINT SEA1        SEA1         PIPE2 

 

CONTINT SEABED      PIPE3        COSURF1    1311  2298    5.0   5.0    0.0    60     2 

CONTINT SEA1        SEA1         PIPE3 

 

#______________________________________________________________________________ 

 

#LOAD INPUT 

#External Pressure and Gravity Load 

#       PRESHIST GRAVHIST 

PELOAD  100         100 

#     HIST DIR NODE LOAD 

CLOAD 150   1    1  -1E3  

#      seagrp type    wavno hist    x0  y0 phi   T     H   D      Phase  

WAVELO SEA1   REGULAR 100   100   -1000 0  0.000 10.0 0.0  2000   0 

 

# LIFTING END OF PIPE TO SEA SURFACE 

#PRESCRIBED DISPLACEMENT  

#            PDTYPE NODID DOF DISPVAL HISTNO 

CONSTR PDISP GLOBAL 2298   3  2000.0  300 

 

# HISTORY 

THIST 100    0.0    0.0 

             0.1    1.0 

             1.0    1.0 

 

THIST 150    0.0    50.0 

             4.8    50.0    

             5.0    1.0 

 

THIST 300    0.0    0.0 

             4.8    1.0 

             

THIST_r 400 5.0 45.0 rampcos 1.0 

 

#______________________________________________________________________________ 

# MATERIAL DATA 

# PIPE: 

#        name     type   poiss talf tec hc beta ea     eiy    eiz    git    em     gm 



MATERIAL pipemat1 linear 0.2   0    0   0  0    6.33E8 1.99e4 1.99e4 1.59e6 2.1e11 8.1e10  

 

#SEA 

MATERIAL SEAMAT SEA 1.024E3 

 

#SEABED 

#         name      type      MUX     MUY  XNAME   YNAME   ZNAME    

MATERIAL  soil1     CONTACT   0.4     1.0  soilx   soily   soilz 

#         name      type    IHARD  EPS       SIGMA 

MATERIAL  soilx    epcurve  1      0.00      0.0 

                                   0.005     1.0 

                                   2.00      1.01 

                                 

MATERIAL  soily    epcurve  1      0.00      0.0 

                                   0.02      1.0 

                                   2.00      1.01 

                                 

MATERIAL  soilz     hycurve      -2000.0     -130E6 

                                  2000.0      130E6 

 

 

 

 

 



 

HEAD PIPE31 MODEL 

HEAD 6" PIPE: WET STATE 

 

#______________________________________________________________________________ 

# 

#CONTROL DATA: 

#       MAXIT   NDIM    ISOLVR  NPOINT  IPRINT  CONVR   GAC     ISTRES 

CONTROL 100     3       2       16      01      1E-6    9.81    RESTART 50 

 

#Dynamic Analysis criteria: 

#       MSTAT   ALPHA1  ALPHA2  ALPHA  

DYNCONT 1       0.0     0.051   -0.05 

 

#ANALYSIS TIME CONTROL: 

#       T       DT      DTVI    DT0     TYPE    STEPTYPE    ITERCO  ITCRIT  MAXIT   MAXDIV  CONR 

TIMECO  5.0     0.1     1.0     201.0   STATIC  AUTO        NONE    ALL     300     5       1E-5 

TIMECO  30.0    0.01    2.0     201.0   dynamic AUTO        none    ALL     20      5       1e-5 

TIMECO  45.0    0.01    0.5     201.0   dynamic AUTO        none    ALL     20      5       1e-5 

 

#RESULT VISUAL DEFENITION: 

#       MODE        FACTOR  RESULT 

VISRES integration  1       Vcondis-y vcondis-z vconfor-y sigma-xx vconfor-z 

 

#______________________________________________________________________________ 

# GEOMETRY 

 

#PIPE 

#       TYBE          NID       X     Y   Z 

NOCOOR COORDINATES      1       0     0   -1999.894953  

REPEAT 540 1 1 0 0 

NOCOOR COORDINATES    541     539.2   0   -1999.894953  

REPEAT 770 1 0.2 0 0  

NOCOOR COORDINATES    1311    695     0   -1999.894953  

REPEAT 988 1 2 0 0 

 

 

#ELCON DATA for PIPE 

#       ELGR    ELTY        CROSSNAME   ELID    NOD1    NOD2 

ELCON   PIPE1   PIPE31      PIPEMAT1      1       1       2 

REPEAT 539 1 1 

ELCON   PIPE2   PIPE31      PIPEMAT1      540     540     541 

REPEAT 770 1 1 

ELCON   PIPE3   PIPE31      PIPEMAT1      1310    1310    1311 

REPEAT 988 1 1 

 

#SEABED 

#       NAME   TYPE    SURFACEID    EID     NID  

ELCON  SEABED CONT126   COSURF1    10001     1 

REPEAT 2298 1 1 

 

#SEASURFACE NODE 

#       TYPE          NID       X     Y     Z 

NOCOOR COORDINATES    20001      0   -200   0 

                      20100    2680  -200   0 

REPEAT 3 100 0 200.0 0 

#       NAME   TYPE    MID      EID         NID 

ELCON  SEA1   SEA150   SEAMAT  20001      20001 20002 20102 20101 

REPEAT 99 1 1 

REPEAT 2 99 100 

 

#______________________________________________________________________________ 

#ORIENT INPUT 

 

#PIPE 

#                       ELNO          X          Y        Z 

ELORIENT COORDINATES    1             0.0     1.000    -1999.894953  

REPEAT 2297 1 0 0 0 

#SEABED                ELNO              TX       TY       TZ 

ELORIENT EULERANGLE    10001           0.000    0.000      0.0 

REPEAT 2298 1 0 0 0 

 

#______________________________________________________________________________ 

 

#ELEMENT DATA(PIPE DATA) 

#      NAME  TYPE RAD     TH     RCD TCD RMADD TMADD MD     MS      ODP   ODW   RKS PHIST  

ELPROP PIPE1 PIPE 0.09385 0.0353 1.0 0.1 2     1.0   8.16E1 4.276E1 0.223 0.223 0.5 100    

ELPROP PIPE2 PIPE 0.09385 0.0353 1.0 0.1 2     1.0   8.16E1 4.276E1 0.223 0.223 0.5 100       

ELPROP PIPE3 PIPE 0.09385 0.0353 1.0 0.1 2     1.0   8.16E1 4.276E1 0.223 0.223 0.5 100       

 

#______________________________________________________________________________ 

APPENDIX A. COMPUTER INPUT FILES v

A.2 Bflex2010: Elastic case, wet state, step 2



# BONDRARY CONDITION 

#PIPE 

#        COSYS    NODEID    DOF 

BONCON  GLOBAL      1       1 

BONCON  GLOBAL      1       2 

BONCON  GLOBAL      1       3 

BONCON  GLOBAL      1       4 

BONCON  GLOBAL      1       6 

     

BONCON  GLOBAL      2298    1 

BONCON  GLOBAL      2298    2 

BONCON  GLOBAL      2298    3 

BONCON  GLOBAL      2298    4 

BONCON  GLOBAL      2298    5 

     

 

#SEA 

BONCON   GLOBAL   20001       1 

REPEAT 300 1 

BONCON   GLOBAL   20001       2 

REPEAT 300 1 

BONCON   GLOBAL   20001       3 

REPEAT 300 1 

 

#SEABED DATA/CONTACT ELEMENT 

#           NAME    COFILE                  NLIN    KP0     XS      YS  ANGSTART    MLINEID  

COSURFPR    COSURF1 "seabed_2000_flat.txt"  3       0.0     0.0   0.0   0.0         100 101 102 

#        ROUTE ID           KP1          KP2    SOILTYPE 

COSUPR        100           0.0      100000.0    soil1 

COSUPR        101           0.0      100000.0    soil1 

COSUPR        102           0.0      100000.0    soil1 

 

#CONTACT INTERFACE DATA 

#       GROUPN      MNAME          NAME     IS1   ISN    ISTX   ISTY  ISTZ   MAXIT  IGAP  

CONTINT SEABED      PIPE1        COSURF1    1     540     5.0   5.0    0.0    60     2 

CONTINT SEA1        SEA1         PIPE1 

 

CONTINT SEABED      PIPE2        COSURF1    541   1310    5.0   5.0    0.0    60     2 

CONTINT SEA1        SEA1         PIPE2 

 

CONTINT SEABED      PIPE3        COSURF1    1311  2298    5.0   5.0    0.0    60     2 

CONTINT SEA1        SEA1         PIPE3 

 

#______________________________________________________________________________ 

 

#LOAD INPUT 

#External Pressure and Gravity Load 

#       PRESHIST GRAVHIST 

PELOAD  100         100 

#     HIST DIR NODE LOAD 

CLOAD 150   1    1  -1E3  

#      seagrp type    wavno hist    x0  y0 phi   T     H   D      Phase  

WAVELO SEA1   REGULAR 100   100   -1000 0  0.000 10.0 0.0  2000   0 

 

#PRESCRIBED DISPLACEMENT  

#            PDTYPE NODID DOF DISPVAL HISTNO 

CONSTR PDISP GLOBAL 2298    6   90    400 

 

# HISTORY 

THIST 100    0.0    0.0 

             0.1    1.0 

             1.0    1.0 

 

THIST 150    0.0    50.0 

             4.8    50.0    

             5.0    1.0 

 

THIST 300    0.0    0.0 

             4.8    1.0 

 

             

THIST_r 400 5.0 45.0 rampcos 1.0 

 

#______________________________________________________________________________ 

# MATERIAL DATA 

# PIPE: 

#        name     type   poiss talfa tecond heatc beta ea      eiy     eiz     git     em    gm 

MATERIAL pipemat1 linear 0.2   0     0      0     0    6.33E8 1.99e4 1.99e4 1.59e6  2.1e11   8.1e10  

 

#SEA 

MATERIAL SEAMAT SEA 1.024E3 



 

#SEABED 

#         name      type      MUX     MUY  XNAME   YNAME   ZNAME    

MATERIAL  soil1     CONTACT   0.4     1.0  soilx   soily   soilz 

#         name      type    IHARD  EPS       SIGMA 

MATERIAL  soilx    epcurve  1      0.00      0.0 

                                   0.005     1.0 

                                   2.00      1.01 

                                 

MATERIAL  soily    epcurve  1      0.00      0.0 

                                   0.02      1.0 

                                   2.00      1.01 

                                 

MATERIAL  soilz     hycurve      -2000.0     -130E6 

                                  2000.0      130E6 

 

 

 

 

 



 

# Element moment history plot 

#Core 

#      RAFPRE     MPFPRE  XLEG  

ELPLOT "Riser6pipe31_2" "Riser6M" "'Rotation dof 6 global (rad)'"   

# XRES   YLEG                       XRES    EL1  EL2  XSCL YSCL END 

 HIST400 "'Moment about X (kNm)'"   ELMOM-X 2296 2296 90  1e-3 2 

 

# Element force history plot 

 

#      RAFPRE     MPFPRE  XLEG  

ELPLOT "Riser6pipe31_2" "Riser6G" "'Time (s)'"   

# XRES   YLEG               XRES        EL1  EL2  XSCL  YSCL END 

 TIME "'Tention in x (kN)'" ELFORCE-X   1309 1309 1     1e-3 2 

 

#Global ELement PLOTs 

 

#       RAFPRE              MPFPRE       

GLPLOT  "Riser6pipe31_2"    "6GLPLOTs_y"  

# XLEG                      XRES    YLEG                        YRES     

  "Length along riser (m)"  E-COR   "Curvature about y (1/m)"   ELCUR-Y 

# FELID LELID   XSCL    YSCL    ELEND    

  1     2297    1       1       2 

 

 

#       RAFPRE              MPFPRE       

GLPLOT  "Riser6pipe31_2"    "6GLPLOTs_z"  

# XLEG                      XRES    YLEG                        YRES     

  "Length along riser (m)"  E-COR   "Curvature about z (1/m)"   ELCUR-Z 

# FELID LELID   XSCL    YSCL    ELEND    

  1     2297    1       1       2  
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A.3 Bflex2010post: Elastic case, wet state



 

fileID=fopen('Riser6M.mpf','r'); 

for i=1:13 

fgets(fileID); 

end 

M=fscanf(fileID,'%e',[2,inf])'; 

fclose(fileID); 

  

fileID=fopen('Riser6G.mpf','r'); 

for i=1:13 

fgets(fileID); 

end 

g=fscanf(fileID,'%e',[2,inf])'; 

fclose(fileID); 

  

[gmax,idx]=max(g(:,2)); 

l=2500; 

EI=1.99e4; 

G=2*sqrt(EI*gmax*1e3+(EI*pi/l)^2)*1e-3; 

G2=2*sqrt(EI*1e3+(EI*pi/l)^2)*1e-3; 

figure 

hold on 

plot(M(:,1),M(:,2)); 

plot([M(1,1),M(end,1)],[G,G],'--'); 

plot([M(1,1),M(end,1)],[G2,G2],'--'); 

title('Riser 6" WET STATE (Pipe31)') 

xlabel('Impost rotation [rad]') 

ylabel('Moment about X [kNm]') 

legend('BFLEX2010',['Greenhill T=',num2str(g(idx,2)),'kN'],'Greenhill T_0', 'Location', 'northwest') 

hold off 

  

figure 

plot(g(:,1),g(:,2)); 

title('Riser 6" WET STATE (Pipe31)') 

xlabel('Time [s]') 

ylabel('Element tension [kNm]') 

  

[Y,~]=ReadGL(2297,45,'6GLPLOTs_y.mpf'); 

[Z,t]=ReadGL(2297,45,'6GLPLOTs_z.mpf'); 

  

%Calculating total curvature 

S=zeros(size(Y)); 

S(:,1)=Y(:,1); 

for i=1:length(t) 

    S(:,i+1)=sqrt(Z(:,i+1).^2+Y(:,i+1).^2); 

end 

  

[v,idx2]=max(M(:,2)); 

tc=idx2+5; 

Beta=5.13e-3; 

K=1/1.6995; 

figure 

hold on 

plot(S(:,1)',S(:,tc+1)','-','DisplayName','Curvature at buckling') 

plot([S(1,1),S(end,1)],[Beta,Beta],'--','DisplayName','Slip Curvature') 

plot([S(1,1),S(end,1)],[K,K],'--','DisplayName','Max Allowable Curvature') 

hold off 

  

title('Riser 6" WET STATE (Pipe31)') 

xlabel('Coordinat along riser [m]') 

ylabel('Total curvature [1/m]') 

legend('Location','northeast') 
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A.4 Matlab: Elastic case, wet state


