Appendix B: OpenSees input file 

#General program for a 2-D shaft/column, using experimental p-y curves 

#Nonlinear static pushover

#General program

#

#units1: kips, in, sec

#use kips and in

set in   1.0

set kips 1.0

set sec  1.0

set deg  1.0

set lb  [expr $kips/1000]

set ksi [expr $kips/pow($in,2)]

set psi [expr $ksi/1000]

set ft  [expr 12*$in]

#----------------------------------------------

# start of model generation

#----------------------------------------------

set displayMode "displayON"

model BasicBuilder -ndm 2 -ndf 3

#

#%%%%%%%%%%%%%%%%%%%%%

#generate parameters

# column parameters

set radius [expr 3.0*$ft]

set Ashaft [expr 3.1415*$radius*$radius*$in*$in]

set height [expr (40.0+48.0)*$ft]

set dbar14 [expr 1.693*$in]

set Abar14 [expr 2.25*$in*$in]

set nbbar  36

set cover  [expr 4.0*$in]

set d      [expr $radius-$cover-$dbar14]

set dd     [expr $radius-$d]

set endAng 360

#

#material parameters

#concrete weight

set CW [expr 150.0*$lb/($ft*$ft*$ft)]

#concrete_ based on concrete models

#cover _ unconfined

set Ffcunconf [expr -6.1*$ksi]

set Ecounconf [expr -0.0024*$in/$in]

set Ffuunconf [expr -0.001*$ksi]

set Ecuunconf [expr -0.0093*$in/$in]

#core _ confined

set Ffcconf [expr -7.32*$ksi]

set Ecoconf [expr -0.0029*$in/$in]

set Ffuconf [expr -1.47*$ksi]

set Ecuconf [expr -0.03*$in/$in]

#

#dynamic parameters

set g 386.4

#%%%%%%%%%%%%%%%%%%%%%

#create nodes

#create nodes_ @ 1ft below ground, 2ft above ground #  tag    X   Y

node           1     0.0     0.0

node           2     0.0    12.0

node           3     0.0    24.0

node           4     0.0    36.0

node           5     0.0    48.0

node           6     0.0    60.0

node           7     0.0    72.0

node           8     0.0    84.0

node           9     0.0    96.0

node          10     0.0   108.0

node          11     0.0   120.0

node          12     0.0   132.0

node          13     0.0   144.0

node          14     0.0   156.0

node          15     0.0   168.0

node          16     0.0   180.0

node          17     0.0   192.0

node          18     0.0   204.0

node          19     0.0   216.0

node          20     0.0   228.0

node          21     0.0   240.0

node          22     0.0   252.0

node          23     0.0   264.0

node          24     0.0   276.0

node          25     0.0   288.0

node          26     0.0   300.0

node          27     0.0   312.0

node          28     0.0   324.0

node          29     0.0   336.0

node          30     0.0   348.0

node          31     0.0   360.0

node          32     0.0   372.0

node          33     0.0   384.0

node          34     0.0   396.0

node          35     0.0   408.0

node          36     0.0   420.0

node          37     0.0   432.0

node          38     0.0   444.0

node          39     0.0   456.0

node          40     0.0   468.0

node          41     0.0   480.0

node          42     0.0   492.0

node          43     0.0   504.0

node          44     0.0   516.0

node          45     0.0   528.0

node          46     0.0   540.0

node          47     0.0   552.0

node          48     0.0   564.0

node          49     0.0   570.0
#ground level

node          50     0.0   600.0

node          51     0.0   624.0

node          52     0.0   648.0

node          53     0.0   672.0

node          54     0.0   696.0

node          55     0.0   720.0

node          56     0.0   744.0

node          57     0.0   768.0

node          58     0.0   792.0

node          59     0.0   816.0

node          60     0.0   840.0

node          61     0.0   864.0

node          62     0.0   888.0

node          63     0.0   912.0

node          64     0.0   936.0

node          65     0.0   960.0

node          66     0.0   984.0

node          67     0.0  1008.0

node          68     0.0  1032.0

node          69     0.0  1056.0

#

#fix supports at base columns 

# tag DX DY RZ

fix  1  0  1  0

#%%%%%%%%%%%%%%%%%%%%%

#define material for nonlinear column

#define material types

#CONCRETE

#Core Concrete_ confined

uniaxialMaterial Concrete01 1 $Ffcconf $Ecoconf $Ffuconf $Ecuconf

#Cover Concrete_ unconfined

uniaxialMaterial Concrete01 2 $Ffcunconf $Ecounconf $Ffuunconf $Ecuunconf

#STEEL

#


tag fy         EO         b(strain hardening)

uniaxialMaterial Hysteretic 3 71.0 0.0024 93.0 0.033 100.0 0.15 -71.0 -0.0024 -93.0 -0.033 -100.0 -0.15 0.0 0.0 0.0 0.0 0.0

#%%%%%%%%%%%%%%%%%%%%%

#define mesh and elements

section Fiber 1 {

#patch circ matTag numSubdivCirc numSubdivRad yCenter zCenter intRad extRad startAng endAng

#create the confined mesh

patch circ 1 18 10 0.0 0.0 0.0 $d 0 $endAng

#create the unconfined mesh

patch circ 2 18  2 0.0 0.0 $d $radius 0 $endAng

#create steel layer

set theta [expr 360.0/18]

#layer circ matTag numReinfBars reinfBarArea yCenter zCenter radius startAng endAng

layer circ 3 18 [expr 2*$Abar14] 0.0 0.0 $d [expr 0.5*$theta] [expr 360-$theta/2]

}

#

#Number of Intergration points

set nP 4

#Geometric transformation

geomTransf LinearWithPDelta 1 

#

#Define elements

#element nonlinearBeamColumn tag ndI ndJ nPts secID transf

element nonlinearBeamColumn   1   1   2   $nP   1     1

element nonlinearBeamColumn   2   2   3   $nP   1     1

element nonlinearBeamColumn   3   3   4   $nP   1     1

element nonlinearBeamColumn   4   4   5   $nP   1     1

element nonlinearBeamColumn   5   5   6   $nP   1     1

element nonlinearBeamColumn   6   6   7   $nP   1     1

element nonlinearBeamColumn   7   7   8   $nP   1     1

element nonlinearBeamColumn   8   8   9   $nP   1     1

element nonlinearBeamColumn   9   9  10   $nP   1     1

element nonlinearBeamColumn  10  10  11   $nP   1     1

element nonlinearBeamColumn  11  11  12   $nP   1     1

element nonlinearBeamColumn  12  12  13   $nP   1     1

element nonlinearBeamColumn  13  13  14   $nP   1     1

element nonlinearBeamColumn  14  14  15   $nP   1     1

element nonlinearBeamColumn  15  15  16   $nP   1     1

element nonlinearBeamColumn  16  16  17   $nP   1     1

element nonlinearBeamColumn  17  17  18   $nP   1     1

element nonlinearBeamColumn  18  18  19   $nP   1     1

element nonlinearBeamColumn  19  19  20   $nP   1     1

element nonlinearBeamColumn  20  20  21   $nP   1     1

element nonlinearBeamColumn  21  21  22   $nP   1     1

element nonlinearBeamColumn  22  22  23   $nP   1     1

element nonlinearBeamColumn  23  23  24   $nP   1     1

element nonlinearBeamColumn  24  24  25   $nP   1     1

element nonlinearBeamColumn  25  25  26   $nP   1     1

element nonlinearBeamColumn  26  26  27   $nP   1     1

element nonlinearBeamColumn  27  27  28   $nP   1     1

element nonlinearBeamColumn  28  28  29   $nP   1     1

element nonlinearBeamColumn  29  29  30   $nP   1     1

element nonlinearBeamColumn  30  30  31   $nP   1     1

element nonlinearBeamColumn  31  31  32   $nP   1     1

element nonlinearBeamColumn  32  32  33   $nP   1     1

element nonlinearBeamColumn  33  33  34   $nP   1     1

element nonlinearBeamColumn  34  34  35   $nP   1     1

element nonlinearBeamColumn  35  35  36   $nP   1     1

element nonlinearBeamColumn  36  36  37   $nP   1     1

element nonlinearBeamColumn  37  37  38   $nP   1     1

element nonlinearBeamColumn  38  38  39   $nP   1     1

element nonlinearBeamColumn  39  39  40   $nP   1     1

element nonlinearBeamColumn  40  40  41   $nP   1     1

element nonlinearBeamColumn  41  41  42   $nP   1     1

element nonlinearBeamColumn  42  42  43   $nP   1     1

element nonlinearBeamColumn  43  43  44   $nP   1     1

element nonlinearBeamColumn  44  44  45   $nP   1     1

element nonlinearBeamColumn  45  45  46   $nP   1     1

element nonlinearBeamColumn  46  46  47   $nP   1     1

element nonlinearBeamColumn  47  47  48   $nP   1     1

element nonlinearBeamColumn  48  48  49   $nP   1     1

element nonlinearBeamColumn  49  49  50   $nP   1     1

element nonlinearBeamColumn  50  50  51   $nP   1     1

element nonlinearBeamColumn  51  51  52   $nP   1     1

element nonlinearBeamColumn  52  52  53   $nP   1     1

element nonlinearBeamColumn  53  53  54   $nP   1     1

element nonlinearBeamColumn  54  54  55   $nP   1     1

element nonlinearBeamColumn  55  55  56   $nP   1     1

element nonlinearBeamColumn  56  56  57   $nP   1     1

element nonlinearBeamColumn  57  57  58   $nP   1     1

element nonlinearBeamColumn  58  58  59   $nP   1     1

element nonlinearBeamColumn  59  59  60   $nP   1     1

element nonlinearBeamColumn  60  60  61   $nP   1     1

element nonlinearBeamColumn  61  61  62   $nP   1     1

element nonlinearBeamColumn  62  62  63   $nP   1     1

element nonlinearBeamColumn  63  63  64   $nP   1     1

element nonlinearBeamColumn  64  64  65   $nP   1     1

element nonlinearBeamColumn  65  65  66   $nP   1     1

element nonlinearBeamColumn  66  66  67   $nP   1     1

element nonlinearBeamColumn  67  67  68   $nP   1     1

element nonlinearBeamColumn  68  68  69   $nP   1     1

#%%%%%%%%%%%%%%%%%%%%%

#generate springs- 

#geberate new nodes for gap elements_ create ficticious nodes

#   tag      X     Y

node         101     0.0     0.0

node         102     0.0    12.0

node         103     0.0    24.0

node         104     0.0    36.0

node         105     0.0    48.0

node         106     0.0    60.0

node         107     0.0    72.0

node         108     0.0    84.0

node         109     0.0    96.0

node         110     0.0   108.0

node         111     0.0   120.0

node         112     0.0   132.0

node         113     0.0   144.0

node         114     0.0   156.0

node         115     0.0   168.0

node         116     0.0   180.0

node         117     0.0   192.0

node         118     0.0   204.0

node         119     0.0   216.0

node         120     0.0   228.0

node         121     0.0   240.0

node         122     0.0   252.0

node         123     0.0   264.0

node         124     0.0   276.0

node         125     0.0   288.0

node         126     0.0   300.0

node         127     0.0   312.0

node         128     0.0   324.0

node         129     0.0   336.0

node         130     0.0   348.0

node         131     0.0   360.0

node         132     0.0   372.0

node         133     0.0   384.0

node         134     0.0   396.0

node         135     0.0   408.0

node         136     0.0   420.0

node         137     0.0   432.0

node         138     0.0   444.0

node         139     0.0   456.0

node         140     0.0   468.0

node         141     0.0   480.0

node         142     0.0   492.0

node         143     0.0   504.0

node         144     0.0   516.0

node         145     0.0   528.0

node         146     0.0   540.0

node         147     0.0   552.0

node         148     0.0   564.0

node         149     0.0   570.0


#

#

fix 101 1 1 1 

fix 102 1 1 1 

fix 103 1 1 1 

fix 104 1 1 1 

fix 105 1 1 1 

fix 106 1 1 1 

fix 107 1 1 1 

fix 108 1 1 1 

fix 109 1 1 1 

fix 110 1 1 1 

fix 111 1 1 1 

fix 112 1 1 1 

fix 113 1 1 1 

fix 114 1 1 1 

fix 115 1 1 1 

fix 116 1 1 1 

fix 117 1 1 1 

fix 118 1 1 1 

fix 119 1 1 1 

fix 120 1 1 1 

fix 121 1 1 1

fix 111 1 1 1 

fix 112 1 1 1 

fix 113 1 1 1 

fix 114 1 1 1 

fix 115 1 1 1 

fix 116 1 1 1 

fix 117 1 1 1 

fix 118 1 1 1 

fix 119 1 1 1 

fix 120 1 1 1 

fix 121 1 1 1

fix 122 1 1 1 

fix 123 1 1 1 

fix 124 1 1 1 

fix 125 1 1 1 

fix 126 1 1 1 

fix 127 1 1 1 

fix 128 1 1 1 

fix 129 1 1 1 

fix 130 1 1 1 

fix 131 1 1 1

fix 131 1 1 1 

fix 132 1 1 1 

fix 133 1 1 1 

fix 134 1 1 1 

fix 135 1 1 1 

fix 136 1 1 1 

fix 137 1 1 1 

fix 138 1 1 1 

fix 139 1 1 1 

fix 140 1 1 1 

fix 141 1 1 1  

fix 142 1 1 1 

fix 143 1 1 1 

fix 144 1 1 1 

fix 145 1 1 1 

fix 146 1 1 1 

fix 147 1 1 1 

fix 148 1 1 1 

fix 149 1 1 1 

#

#

#create backbone for the P_Y curve at different levels

#at this point_ same spring all along shaft

set cp 1.0

set ck 1.0

#

set pp1 61.76

set ee1 0.118

set pp2 112.0

set ee2 0.6

set pp3 115.0

set ee3 30.0

uniaxialMaterial Hysteretic
148  [expr $cp*$pp1]  [expr $ck*$ee1] [expr $cp*$pp2]  [expr $ck*$ee2] [expr $cp*$pp3] [expr $ck*$ee3] [expr -$cp*$pp1]  [expr -$ck*$ee1] [expr -$cp*$pp2]  [expr -$ck*$ee2] [expr -$cp*$pp3] [expr -$ck*$ee3]  0.0 0.00 0.00 0.00

set pp1 41.17

set ee1 0.118

set pp2 72.0

set ee2 0.4

set pp3 76.8

set ee3 30.0

uniaxialMaterial Hysteretic
147  [expr $cp*$pp1]  [expr $ck*$ee1] [expr $cp*$pp2]  [expr $ck*$ee2] [expr $cp*$pp3] [expr $ck*$ee3] [expr -$cp*$pp1]  [expr -$ck*$ee1] [expr -$cp*$pp2]  [expr -$ck*$ee2] [expr -$cp*$pp3] [expr -$ck*$ee3]  0.0 0.00 0.00 0.00

set pp1 41.17

set ee1 0.118

set pp2 120.84

set ee2 0.854

set pp3 212.64

set ee3 30.0

set cp 1.0

uniaxialMaterial Hysteretic
146  [expr $cp*$pp1]  [expr $ck*$ee1] [expr $cp*$pp2]  [expr $ck*$ee2] [expr $cp*$pp3] [expr $ck*$ee3] [expr -$cp*$pp1]  [expr -$ck*$ee1] [expr -$cp*$pp2]  [expr -$ck*$ee2] [expr -$cp*$pp3] [expr -$ck*$ee3]  0.0 0.00 0.00 0.00

set cp 1.0

set pp1 24.0

set ee1 0.05

set pp2 134.4

set ee2 0.85

set pp3 178.848

set ee3 10.08

set cp 1.0

uniaxialMaterial Hysteretic
145  [expr $cp*$pp1]  [expr $ck*$ee1] [expr $cp*$pp2]  [expr $ck*$ee2] [expr $cp*$pp3] [expr $ck*$ee3] [expr -$cp*$pp1]  [expr -$ck*$ee1] [expr -$cp*$pp2]  [expr -$ck*$ee2] [expr -$cp*$pp3] [expr -$ck*$ee3]  0.0 0.00 0.00 0.00

uniaxialMaterial Hysteretic
144  [expr $cp*$pp1]  [expr $cp*$ee1] [expr $cp*$pp2]  [expr $cp*$ee2] [expr $cp*$pp3] [expr $cp*$ee3] [expr -$cp*$pp1]  [expr -$cp*$ee1] [expr -$cp*$pp2]  [expr -$cp*$ee2] [expr -$cp*$pp3] [expr -$cp*$ee3]  0.0 0.00 0.00 0.00

uniaxialMaterial Hysteretic
143  [expr $cp*$pp1]  [expr $cp*$ee1] [expr $cp*$pp2]  [expr $cp*$ee2] [expr $cp*$pp3] [expr $cp*$ee3] [expr -$cp*$pp1]  [expr -$cp*$ee1] [expr -$cp*$pp2]  [expr -$cp*$ee2] [expr -$cp*$pp3] [expr -$cp*$ee3]  0.0 0.00 0.00 0.00

uniaxialMaterial Hysteretic
142  [expr $cp*$pp1]  [expr $cp*$ee1] [expr $cp*$pp2]  [expr $cp*$ee2] [expr $cp*$pp3] [expr $cp*$ee3] [expr -$cp*$pp1]  [expr -$cp*$ee1] [expr -$cp*$pp2]  [expr -$cp*$ee2] [expr -$cp*$pp3] [expr -$cp*$ee3]  0.0 0.00 0.00 0.00

uniaxialMaterial Hysteretic
141  [expr $cp*$pp1]  [expr $cp*$ee1] [expr $cp*$pp2]  [expr $cp*$ee2] [expr $cp*$pp3] [expr $cp*$ee3] [expr -$cp*$pp1]  [expr -$cp*$ee1] [expr -$cp*$pp2]  [expr -$cp*$ee2] [expr -$cp*$pp3] [expr -$cp*$ee3]  0.0 0.00 0.00 0.00

set pp1 60.0

set ee1 0.127

set pp2 78.0

set ee2 0.2

set pp3 178.848

set ee3 10.08

uniaxialMaterial Hysteretic
140  [expr $cp*$pp1]  [expr $cp*$ee1] [expr $cp*$pp2]  [expr $cp*$ee2] [expr $cp*$pp3] [expr $cp*$ee3] [expr -$cp*$pp1]  [expr -$cp*$ee1] [expr -$cp*$pp2]  [expr -$cp*$ee2] [expr -$cp*$pp3] [expr -$cp*$ee3]  0.0 0.00 0.00 0.00

uniaxialMaterial Hysteretic
139  [expr $cp*$pp1]  [expr $cp*$ee1] [expr $cp*$pp2]  [expr $cp*$ee2] [expr $cp*$pp3] [expr $cp*$ee3] [expr -$cp*$pp1]  [expr -$cp*$ee1] [expr -$cp*$pp2]  [expr -$cp*$ee2] [expr -$cp*$pp3] [expr -$cp*$ee3]  0.0 0.00 0.00 0.00

uniaxialMaterial Hysteretic
138  [expr $cp*$pp1]  [expr $cp*$ee1] [expr $cp*$pp2]  [expr $cp*$ee2] [expr $cp*$pp3] [expr $cp*$ee3] [expr -$cp*$pp1]  [expr -$cp*$ee1] [expr -$cp*$pp2]  [expr -$cp*$ee2] [expr -$cp*$pp3] [expr -$cp*$ee3]  0.0 0.00 0.00 0.00

uniaxialMaterial Hysteretic
137  [expr $cp*$pp1]  [expr $cp*$ee1] [expr $cp*$pp2]  [expr $cp*$ee2] [expr $cp*$pp3] [expr $cp*$ee3] [expr -$cp*$pp1]  [expr -$cp*$ee1] [expr -$cp*$pp2]  [expr -$cp*$ee2] [expr -$cp*$pp3] [expr -$cp*$ee3]  0.0 0.00 0.00 0.00

uniaxialMaterial Hysteretic
136  [expr $cp*$pp1]  [expr $cp*$ee1] [expr $cp*$pp2]  [expr $cp*$ee2] [expr $cp*$pp3] [expr $cp*$ee3] [expr -$cp*$pp1]  [expr -$cp*$ee1] [expr -$cp*$pp2]  [expr -$cp*$ee2] [expr -$cp*$pp3] [expr -$cp*$ee3]  0.0 0.00 0.00 0.00

set pp1 28.2

set ee1 0.028

set pp2 34.32

set ee2 0.05

set pp3 178.848

set ee3 10.08

uniaxialMaterial Hysteretic
135  [expr $cp*$pp1]  [expr $cp*$ee1] [expr $cp*$pp2]  [expr $cp*$ee2] [expr $cp*$pp3] [expr $cp*$ee3] [expr -$cp*$pp1]  [expr -$cp*$ee1] [expr -$cp*$pp2]  [expr -$cp*$ee2] [expr -$cp*$pp3] [expr -$cp*$ee3]  0.0 0.00 0.00 0.00

uniaxialMaterial Hysteretic
134  [expr $cp*$pp1]  [expr $cp*$ee1] [expr $cp*$pp2]  [expr $cp*$ee2] [expr $cp*$pp3] [expr $cp*$ee3] [expr -$cp*$pp1]  [expr -$cp*$ee1] [expr -$cp*$pp2]  [expr -$cp*$ee2] [expr -$cp*$pp3] [expr -$cp*$ee3]  0.0 0.00 0.00 0.00

uniaxialMaterial Hysteretic
133  [expr $cp*$pp1]  [expr $cp*$ee1] [expr $cp*$pp2]  [expr $cp*$ee2] [expr $cp*$pp3] [expr $cp*$ee3] [expr -$cp*$pp1]  [expr -$cp*$ee1] [expr -$cp*$pp2]  [expr -$cp*$ee2] [expr -$cp*$pp3] [expr -$cp*$ee3]  0.0 0.00 0.00 0.00

uniaxialMaterial Hysteretic
132  [expr $cp*$pp1]  [expr $cp*$ee1] [expr $cp*$pp2]  [expr $cp*$ee2] [expr $cp*$pp3] [expr $cp*$ee3] [expr -$cp*$pp1]  [expr -$cp*$ee1] [expr -$cp*$pp2]  [expr -$cp*$ee2] [expr -$cp*$pp3] [expr -$cp*$ee3]  0.0 0.00 0.00 0.00

uniaxialMaterial Hysteretic
131  [expr $cp*$pp1]  [expr $cp*$ee1] [expr $cp*$pp2]  [expr $cp*$ee2] [expr $cp*$pp3] [expr $cp*$ee3] [expr -$cp*$pp1]  [expr -$cp*$ee1] [expr -$cp*$pp2]  [expr -$cp*$ee2] [expr -$cp*$pp3] [expr -$cp*$ee3]  0.0 0.00 0.00 0.00

uniaxialMaterial Hysteretic
130  [expr $cp*$pp1]  [expr $cp*$ee1] [expr $cp*$pp2]  [expr $cp*$ee2] [expr $cp*$pp3] [expr $cp*$ee3] [expr -$cp*$pp1]  [expr -$cp*$ee1] [expr -$cp*$pp2]  [expr -$cp*$ee2] [expr -$cp*$pp3] [expr -$cp*$ee3]  0.0 0.00 0.00 0.00

uniaxialMaterial Hysteretic
129  [expr $cp*$pp1]  [expr $cp*$ee1] [expr $cp*$pp2]  [expr $cp*$ee2] [expr $cp*$pp3] [expr $cp*$ee3] [expr -$cp*$pp1]  [expr -$cp*$ee1] [expr -$cp*$pp2]  [expr -$cp*$ee2] [expr -$cp*$pp3] [expr -$cp*$ee3]  0.0 0.00 0.00 0.00

set pp1 25.56

set ee1 0.03

set pp2 45.12

set ee2 0.0688

set pp3 178.848

set ee3 10.08

uniaxialMaterial Hysteretic
128  [expr $cp*$pp1]  [expr $cp*$ee1] [expr $cp*$pp2]  [expr $cp*$ee2] [expr $cp*$pp3] [expr $cp*$ee3] [expr -$cp*$pp1]  [expr -$cp*$ee1] [expr -$cp*$pp2]  [expr -$cp*$ee2] [expr -$cp*$pp3] [expr -$cp*$ee3]  0.0 0.00 0.00 0.00

uniaxialMaterial Hysteretic
127  [expr $cp*$pp1]  [expr $cp*$ee1] [expr $cp*$pp2]  [expr $cp*$ee2] [expr $cp*$pp3] [expr $cp*$ee3] [expr -$cp*$pp1]  [expr -$cp*$ee1] [expr -$cp*$pp2]  [expr -$cp*$ee2] [expr -$cp*$pp3] [expr -$cp*$ee3]  0.0 0.00 0.00 0.00

uniaxialMaterial Hysteretic
126  [expr $cp*$pp1]  [expr $cp*$ee1] [expr $cp*$pp2]  [expr $cp*$ee2] [expr $cp*$pp3] [expr $cp*$ee3] [expr -$cp*$pp1]  [expr -$cp*$ee1] [expr -$cp*$pp2]  [expr -$cp*$ee2] [expr -$cp*$pp3] [expr -$cp*$ee3]  0.0 0.00 0.00 0.00

uniaxialMaterial Hysteretic
125  [expr $cp*$pp1]  [expr $cp*$ee1] [expr $cp*$pp2]  [expr $cp*$ee2] [expr $cp*$pp3] [expr $cp*$ee3] [expr -$cp*$pp1]  [expr -$cp*$ee1] [expr -$cp*$pp2]  [expr -$cp*$ee2] [expr -$cp*$pp3] [expr -$cp*$ee3]  0.0 0.00 0.00 0.00

uniaxialMaterial Hysteretic
124  [expr $cp*$pp1]  [expr $cp*$ee1] [expr $cp*$pp2]  [expr $cp*$ee2] [expr $cp*$pp3] [expr $cp*$ee3] [expr -$cp*$pp1]  [expr -$cp*$ee1] [expr -$cp*$pp2]  [expr -$cp*$ee2] [expr -$cp*$pp3] [expr -$cp*$ee3]  0.0 0.00 0.00 0.00

uniaxialMaterial Hysteretic
123  [expr $cp*$pp1]  [expr $cp*$ee1] [expr $cp*$pp2]  [expr $cp*$ee2] [expr $cp*$pp3] [expr $cp*$ee3] [expr -$cp*$pp1]  [expr -$cp*$ee1] [expr -$cp*$pp2]  [expr -$cp*$ee2] [expr -$cp*$pp3] [expr -$cp*$ee3]  0.0 0.00 0.00 0.00

uniaxialMaterial Hysteretic
122  [expr $cp*$pp1]  [expr $cp*$ee1] [expr $cp*$pp2]  [expr $cp*$ee2] [expr $cp*$pp3] [expr $cp*$ee3] [expr -$cp*$pp1]  [expr -$cp*$ee1] [expr -$cp*$pp2]  [expr -$cp*$ee2] [expr -$cp*$pp3] [expr -$cp*$ee3]  0.0 0.00 0.00 0.00

set pp1 16.104

set ee1 0.0304

set pp2 32.4

set ee2 0.0635

set pp3 178.848

set ee3 10.08

uniaxialMaterial Hysteretic
121  [expr $cp*$pp1]  [expr $cp*$ee1] [expr $cp*$pp2]  [expr $cp*$ee2] [expr $cp*$pp3] [expr $cp*$ee3] [expr -$cp*$pp1]  [expr -$cp*$ee1] [expr -$cp*$pp2]  [expr -$cp*$ee2] [expr -$cp*$pp3] [expr -$cp*$ee3]  0.0 0.00 0.00 0.00

uniaxialMaterial Hysteretic
120  [expr $cp*$pp1]  [expr $cp*$ee1] [expr $cp*$pp2]  [expr $cp*$ee2] [expr $cp*$pp3] [expr $cp*$ee3] [expr -$cp*$pp1]  [expr -$cp*$ee1] [expr -$cp*$pp2]  [expr -$cp*$ee2] [expr -$cp*$pp3] [expr -$cp*$ee3]  0.0 0.00 0.00 0.00

uniaxialMaterial Hysteretic
119  [expr $cp*$pp1]  [expr $cp*$ee1] [expr $cp*$pp2]  [expr $cp*$ee2] [expr $cp*$pp3] [expr $cp*$ee3] [expr -$cp*$pp1]  [expr -$cp*$ee1] [expr -$cp*$pp2]  [expr -$cp*$ee2] [expr -$cp*$pp3] [expr -$cp*$ee3]  0.0 0.00 0.00 0.00

uniaxialMaterial Hysteretic
118  [expr $cp*$pp1]  [expr $cp*$ee1] [expr $cp*$pp2]  [expr $cp*$ee2] [expr $cp*$pp3] [expr $cp*$ee3] [expr -$cp*$pp1]  [expr -$cp*$ee1] [expr -$cp*$pp2]  [expr -$cp*$ee2] [expr -$cp*$pp3] [expr -$cp*$ee3]  0.0 0.00 0.00 0.00

uniaxialMaterial Hysteretic
117  [expr $cp*$pp1]  [expr $cp*$ee1] [expr $cp*$pp2]  [expr $cp*$ee2] [expr $cp*$pp3] [expr $cp*$ee3] [expr -$cp*$pp1]  [expr -$cp*$ee1] [expr -$cp*$pp2]  [expr -$cp*$ee2] [expr -$cp*$pp3] [expr -$cp*$ee3]  0.0 0.00 0.00 0.00

uniaxialMaterial Hysteretic
116  [expr $cp*$pp1]  [expr $cp*$ee1] [expr $cp*$pp2]  [expr $cp*$ee2] [expr $cp*$pp3] [expr $cp*$ee3] [expr -$cp*$pp1]  [expr -$cp*$ee1] [expr -$cp*$pp2]  [expr -$cp*$ee2] [expr -$cp*$pp3] [expr -$cp*$ee3]  0.0 0.00 0.00 0.00

uniaxialMaterial Hysteretic
115  [expr $cp*$pp1]  [expr $cp*$ee1] [expr $cp*$pp2]  [expr $cp*$ee2] [expr $cp*$pp3] [expr $cp*$ee3] [expr -$cp*$pp1]  [expr -$cp*$ee1] [expr -$cp*$pp2]  [expr -$cp*$ee2] [expr -$cp*$pp3] [expr -$cp*$ee3]  0.0 0.00 0.00 0.00

uniaxialMaterial Hysteretic
114  [expr $cp*$pp1]  [expr $cp*$ee1] [expr $cp*$pp2]  [expr $cp*$ee2] [expr $cp*$pp3] [expr $cp*$ee3] [expr -$cp*$pp1]  [expr -$cp*$ee1] [expr -$cp*$pp2]  [expr -$cp*$ee2] [expr -$cp*$pp3] [expr -$cp*$ee3]  0.0 0.00 0.00 0.00

uniaxialMaterial Hysteretic
113  [expr $cp*$pp1]  [expr $cp*$ee1] [expr $cp*$pp2]  [expr $cp*$ee2] [expr $cp*$pp3] [expr $cp*$ee3] [expr -$cp*$pp1]  [expr -$cp*$ee1] [expr -$cp*$pp2]  [expr -$cp*$ee2] [expr -$cp*$pp3] [expr -$cp*$ee3]  0.0 0.00 0.00 0.00

uniaxialMaterial Hysteretic
112  [expr $cp*$pp1]  [expr $cp*$ee1] [expr $cp*$pp2]  [expr $cp*$ee2] [expr $cp*$pp3] [expr $cp*$ee3] [expr -$cp*$pp1]  [expr -$cp*$ee1] [expr -$cp*$pp2]  [expr -$cp*$ee2] [expr -$cp*$pp3] [expr -$cp*$ee3]  0.0 0.00 0.00 0.00

uniaxialMaterial Hysteretic
111  [expr $cp*$pp1]  [expr $cp*$ee1] [expr $cp*$pp2]  [expr $cp*$ee2] [expr $cp*$pp3] [expr $cp*$ee3] [expr -$cp*$pp1]  [expr -$cp*$ee1] [expr -$cp*$pp2]  [expr -$cp*$ee2] [expr -$cp*$pp3] [expr -$cp*$ee3]  0.0 0.00 0.00 0.00

uniaxialMaterial Hysteretic
110  [expr $cp*$pp1]  [expr $cp*$ee1] [expr $cp*$pp2]  [expr $cp*$ee2] [expr $cp*$pp3] [expr $cp*$ee3] [expr -$cp*$pp1]  [expr -$cp*$ee1] [expr -$cp*$pp2]  [expr -$cp*$ee2] [expr -$cp*$pp3] [expr -$cp*$ee3]  0.0 0.00 0.00 0.00

uniaxialMaterial Hysteretic
109  [expr $cp*$pp1]  [expr $cp*$ee1] [expr $cp*$pp2]  [expr $cp*$ee2] [expr $cp*$pp3] [expr $cp*$ee3] [expr -$cp*$pp1]  [expr -$cp*$ee1] [expr -$cp*$pp2]  [expr -$cp*$ee2] [expr -$cp*$pp3] [expr -$cp*$ee3]  0.0 0.00 0.00 0.00

uniaxialMaterial Hysteretic
108  [expr $cp*$pp1]  [expr $cp*$ee1] [expr $cp*$pp2]  [expr $cp*$ee2] [expr $cp*$pp3] [expr $cp*$ee3] [expr -$cp*$pp1]  [expr -$cp*$ee1] [expr -$cp*$pp2]  [expr -$cp*$ee2] [expr -$cp*$pp3] [expr -$cp*$ee3]  0.0 0.00 0.00 0.00

uniaxialMaterial Hysteretic
107  [expr $cp*$pp1]  [expr $cp*$ee1] [expr $cp*$pp2]  [expr $cp*$ee2] [expr $cp*$pp3] [expr $cp*$ee3] [expr -$cp*$pp1]  [expr -$cp*$ee1] [expr -$cp*$pp2]  [expr -$cp*$ee2] [expr -$cp*$pp3] [expr -$cp*$ee3]  0.0 0.00 0.00 0.00

uniaxialMaterial Hysteretic
106  [expr $cp*$pp1]  [expr $cp*$ee1] [expr $cp*$pp2]  [expr $cp*$ee2] [expr $cp*$pp3] [expr $cp*$ee3] [expr -$cp*$pp1]  [expr -$cp*$ee1] [expr -$cp*$pp2]  [expr -$cp*$ee2] [expr -$cp*$pp3] [expr -$cp*$ee3]  0.0 0.00 0.00 0.00

uniaxialMaterial Hysteretic
105  [expr $cp*$pp1]  [expr $cp*$ee1] [expr $cp*$pp2]  [expr $cp*$ee2] [expr $cp*$pp3] [expr $cp*$ee3] [expr -$cp*$pp1]  [expr -$cp*$ee1] [expr -$cp*$pp2]  [expr -$cp*$ee2] [expr -$cp*$pp3] [expr -$cp*$ee3]  0.0 0.00 0.00 0.00

uniaxialMaterial Hysteretic
104  [expr $cp*$pp1]  [expr $cp*$ee1] [expr $cp*$pp2]  [expr $cp*$ee2] [expr $cp*$pp3] [expr $cp*$ee3] [expr -$cp*$pp1]  [expr -$cp*$ee1] [expr -$cp*$pp2]  [expr -$cp*$ee2] [expr -$cp*$pp3] [expr -$cp*$ee3]  0.0 0.00 0.00 0.00

uniaxialMaterial Hysteretic
103  [expr $cp*$pp1]  [expr $cp*$ee1] [expr $cp*$pp2]  [expr $cp*$ee2] [expr $cp*$pp3] [expr $cp*$ee3] [expr -$cp*$pp1]  [expr -$cp*$ee1] [expr -$cp*$pp2]  [expr -$cp*$ee2] [expr -$cp*$pp3] [expr -$cp*$ee3]  0.0 0.00 0.00 0.00

uniaxialMaterial Hysteretic
102  [expr $cp*$pp1]  [expr $cp*$ee1] [expr $cp*$pp2]  [expr $cp*$ee2] [expr $cp*$pp3] [expr $cp*$ee3] [expr -$cp*$pp1]  [expr -$cp*$ee1] [expr -$cp*$pp2]  [expr -$cp*$ee2] [expr -$cp*$pp3] [expr -$cp*$ee3]  0.0 0.00 0.00 0.00

set pp1 8.052

set ee1 0.0304

set pp2 16.2

set ee2 0.0635

set pp3 89.424

set ee3 10.08

uniaxialMaterial Hysteretic
101  [expr $cp*$pp1]  [expr $cp*$ee1] [expr $cp*$pp2]  [expr $cp*$ee2] [expr $cp*$pp3] [expr $cp*$ee3] [expr -$cp*$pp1]  [expr -$cp*$ee1] [expr -$cp*$pp2]  [expr -$cp*$ee2] [expr -$cp*$pp3] [expr -$cp*$ee3]  0.0 0.00 0.00 0.00#

#

#create zerolength element_ to model P_Y curves

element zeroLength 101 101  1 -mat 101 101   -dir 1 2

element zeroLength 102 102  2 -mat 102 102   -dir 1 2

element zeroLength 103 103  3 -mat 103 103   -dir 1 2

element zeroLength 104 104  4 -mat 104 104   -dir 1 2

element zeroLength 105 105  5 -mat 105 105   -dir 1 2

element zeroLength 106 106  6 -mat 106 106   -dir 1 2

element zeroLength 107 107  7 -mat 107 107   -dir 1 2

element zeroLength 108 108  8 -mat 108 108   -dir 1 2

element zeroLength 109 109  9 -mat 109 109   -dir 1 2

element zeroLength 110 110 10 -mat 110 110   -dir 1 2

element zeroLength 111 111 11 -mat 111 111   -dir 1 2

element zeroLength 112 112 12 -mat 112 112   -dir 1 2

element zeroLength 113 113 13 -mat 113 113   -dir 1 2

element zeroLength 114 114 14 -mat 114 114   -dir 1 2

element zeroLength 115 115 15 -mat 115 115   -dir 1 2

element zeroLength 116 116 16 -mat 116 116   -dir 1 2

element zeroLength 117 117 17 -mat 117 117   -dir 1 2

element zeroLength 118 118 18 -mat 118 118   -dir 1 2

element zeroLength 119 119 19 -mat 119 119   -dir 1 2

element zeroLength 120 120 20 -mat 120 120   -dir 1 2

element zeroLength 121 121 21 -mat 121 121   -dir 1 2

element zeroLength 122 122 22 -mat 122 122   -dir 1 2

element zeroLength 123 123 23 -mat 123 123   -dir 1 2

element zeroLength 124 124 24 -mat 124 124   -dir 1 2

element zeroLength 125 125 25 -mat 125 125   -dir 1 2

element zeroLength 126 126 26 -mat 126 126   -dir 1 2

element zeroLength 127 127 27 -mat 127 127   -dir 1 2

element zeroLength 128 128 28 -mat 128 128   -dir 1 2

element zeroLength 129 129 29 -mat 129 129   -dir 1 2

element zeroLength 130 130 30 -mat 130 130   -dir 1 2

element zeroLength 131 131 31 -mat 131 131   -dir 1 2

element zeroLength 132 132 32 -mat 132 132   -dir 1 2

element zeroLength 133 133 33 -mat 133 133   -dir 1 2

element zeroLength 134 134 34 -mat 134 134   -dir 1 2

element zeroLength 135 135 35 -mat 135 135   -dir 1 2

element zeroLength 136 136 36 -mat 136 136   -dir 1 2

element zeroLength 137 137 37 -mat 137 137   -dir 1 2

element zeroLength 138 138 38 -mat 138 138   -dir 1 2

element zeroLength 139 139 39 -mat 139 139   -dir 1 2

element zeroLength 140 140 40 -mat 140 140   -dir 1 2

element zeroLength 141 141 41 -mat 141 141   -dir 1 2

element zeroLength 142 142 42 -mat 142 142   -dir 1 2

element zeroLength 143 143 43 -mat 143 143   -dir 1 2

element zeroLength 144 144 44 -mat 144 144   -dir 1 2

element zeroLength 145 145 45 -mat 145 145   -dir 1 2

element zeroLength 146 146 46 -mat 146 146   -dir 1 2

element zeroLength 147 147 47 -mat 147 147   -dir 1 2

element zeroLength 148 148 48 -mat 148 148   -dir 1 2

#%%%%%%%%%%%%%%%%%%%%%

#

#----------------------------------------------

# Define Initial Gravity Loads

#----------------------------------------------

#define gravity loads

set l1 [expr 1.0*$ft]

set l2 [expr 2.0*$ft]

set P1  [expr $Ashaft*$l1*$CW]

set P2  [expr $Ashaft*$l2*$CW]

set P3  [expr $Ashaft*($l1+$l2)*0.5*$CW]

#define weight of deck

set Pdeck [expr 2000*2000*$lb]

#

#assign gravity loads at each node

#create nodal loads at nodes 1 through 10

pattern Plain 1 Constant {

#   nd  FX         FY      MZ

load 1  0.0 [expr -0.5*$P1] 0.0

load 2  0.0 [expr -$P1]     0.0

load 3  0.0 [expr -$P1]     0.0

load 4  0.0 [expr -$P1]     0.0

load 5  0.0 [expr -$P1]     0.0

load 6  0.0 [expr -$P1]     0.0

load 7  0.0 [expr -$P1]     0.0

load 8  0.0 [expr -$P1]     0.0

load 9  0.0 [expr -$P1]     0.0

load 10 0.0 [expr -$P1]     0.0

load 11 0.0 [expr -$P1]     0.0

load 12 0.0 [expr -$P1]     0.0

load 13 0.0 [expr -$P1]     0.0

load 14 0.0 [expr -$P1]     0.0

load 15 0.0 [expr -$P1]     0.0

load 16 0.0 [expr -$P1]     0.0

load 17 0.0 [expr -$P1]     0.0

load 18 0.0 [expr -$P1]     0.0

load 19 0.0 [expr -$P1]     0.0

load 20 0.0 [expr -$P1]     0.0

load 21 0.0 [expr -$P1]     0.0

load 22 0.0 [expr -$P1]     0.0

load 23 0.0 [expr -$P1]     0.0

load 24 0.0 [expr -$P1]     0.0

load 25 0.0 [expr -$P1]     0.0

load 26 0.0 [expr -$P1]     0.0

load 27 0.0 [expr -$P1]     0.0

load 28 0.0 [expr -$P1]     0.0

load 29 0.0 [expr -$P1]     0.0

load 30 0.0 [expr -$P1]     0.0

load 31 0.0 [expr -$P1]     0.0

load 32 0.0 [expr -$P1]     0.0

load 33 0.0 [expr -$P1]     0.0

load 34 0.0 [expr -$P1]     0.0

load 35 0.0 [expr -$P1]     0.0

load 36 0.0 [expr -$P1]     0.0

load 37 0.0 [expr -$P1]     0.0

load 38 0.0 [expr -$P1]     0.0

load 39 0.0 [expr -$P1]     0.0

load 40 0.0 [expr -$P1]     0.0

load 41 0.0 [expr -$P1]     0.0

load 42 0.0 [expr -$P1]     0.0

load 43 0.0 [expr -$P1]     0.0

load 44 0.0 [expr -$P1]     0.0

load 45 0.0 [expr -$P1]     0.0

load 46 0.0 [expr -$P1]     0.0

load 47 0.0 [expr -$P1]     0.0

load 48 0.0 [expr -$P1]     0.0

load 49 0.0 [expr -$P3]     0.0

load 50 0.0 [expr -$P2]     0.0

load 51 0.0 [expr -$P2]     0.0

load 52 0.0 [expr -$P2]     0.0

load 53 0.0 [expr -$P2]     0.0

load 54 0.0 [expr -$P2]     0.0

load 55 0.0 [expr -$P2]     0.0

load 56 0.0 [expr -$P2]     0.0

load 57 0.0 [expr -$P2]     0.0

load 58 0.0 [expr -$P2]     0.0

load 59 0.0 [expr -$P2]     0.0

load 60 0.0 [expr -$P2]     0.0

load 61 0.0 [expr -$P2]     0.0

load 62 0.0 [expr -$P2]     0.0

load 63 0.0 [expr -$P2]     0.0

load 64 0.0 [expr -$P2]     0.0

load 65 0.0 [expr -$P2]     0.0

load 66 0.0 [expr -$P2]     0.0

load 67 0.0 [expr -$P2]     0.0

load 68 0.0 [expr -$P2]     0.0

load 69 0.0 [expr -0.5*$P2]     0.0

}

puts "Gravity load analysis completed"

#

#

 system SparseGeneral

   constraints Transformation

   numberer RCM

   test NormDispIncr 1.0e-6 10 1

   algorithm Newton

   integrator LoadControl 1 1 1.0 1.0

   analysis Static

   analyze 5

wipeAnalysis

loadConst -time 0.0

#%%%%%%%%%%%%%%%%%%%%%

#----------------------------------------------

# Start of additional modeling for dynamic loads

#----------------------------------------------

#define nodal mass in terms of axial load on column

set m1   [expr $P1/$g]

set m2  [expr $P2/$g]

set m3  [expr $P3/$g]

set mT [expr ($P1*0.5+$Pdeck)/$g]

#assign mass

mass 1  [expr $m1*0.5] [expr $m1*0.5] 0

mass 2  $m1   $m1   0.0

mass 3  $m1   $m1   0.0

mass 4  $m1   $m1   0.0

mass 5  $m1   $m1   0.0

mass 6  $m1   $m1   0.0

mass 7  $m1   $m1   0.0

mass 8  $m1   $m1   0.0

mass 9  $m1   $m1   0.0

mass 10 $m1   $m1   0.0

mass 11 $m1   $m1   0.0

mass 12 $m1   $m1   0.0

mass 13 $m1   $m1   0.0

mass 14 $m1   $m1   0.0

mass 15 $m1   $m1   0.0

mass 16 $m1   $m1   0.0

mass 17 $m1   $m1   0.0

mass 18 $m1   $m1   0.0

mass 19 $m1   $m1   0.0

mass 20 $m1   $m1   0.0

mass 21 $m1   $m1   0.0

mass 22 $m1   $m1   0.0

mass 23 $m1   $m1   0.0

mass 24 $m1   $m1   0.0

mass 25 $m1   $m1   0.0

mass 26 $m1   $m1   0.0

mass 27 $m1   $m1   0.0

mass 28 $m1   $m1   0.0

mass 29 $m1   $m1   0.0

mass 30 $m1   $m1   0.0

mass 31 $m1   $m1   0.0

mass 32 $m1   $m1   0.0

mass 33 $m1   $m1   0.0

mass 34 $m1   $m1   0.0

mass 35 $m1   $m1   0.0

mass 36 $m1   $m1   0.0

mass 37 $mT   $mT   0.0

mass 38 $m1   $m1   0.0

mass 39 $m1   $m1   0.0

mass 40 $m1   $m1   0.0

mass 41 $m1   $m1   0.0

mass 42 $m1   $m1   0.0

mass 43 $m1   $m1   0.0

mass 44 $m1   $m1   0.0

mass 45 $m1   $m1   0.0

mass 46 $m1   $m1   0.0

mass 47 $m1   $m1   0.0

mass 48 $m1   $m1   0.0

mass 49 $m3   $m3   0.0

mass 50 $m2   $m2   0.0

mass 51 $m2   $m2   0.0

mass 52 $m2   $m2   0.0

mass 53 $m2   $m2   0.0

mass 54 $m2   $m2   0.0

mass 55 $m2   $m2   0.0

mass 56 $m2   $m2   0.0

mass 57 $m2   $m2   0.0

mass 58 $m2   $m2   0.0

mass 59 $m2   $m2   0.0

mass 60 $m2   $m2   0.0

mass 61 $m2   $m2   0.0

mass 62 $m2   $m2   0.0

mass 63 $m2   $m2   0.0

mass 64 $m2   $m2   0.0

mass 65 $m2   $m2   0.0

mass 66 $m2   $m2   0.0

mass 67 $m2   $m2   0.0

mass 68 $m2   $m2   0.0

mass 69 $m2   $m2   0.0

#%%%%%%%%%%%%%%%%%%%%%

#pushover

#create gravity loads

#first: try to perform a pushover analysis

#create a Plain load pattern with a linear timeseries

pattern Plain 2 Linear {


#create load at top of shaft node 10


load 69 5.0 -2.5 0.0

} 

recorder Node node69dexp.out disp -time -node 69 -dof 1 2 3


#

# create the system of equation, a banded general system

system SparseGeneral

# create the constraint handler, the transformation method

constraints Transformation

# create the DOF numberer, a plain numbering scheme

numberer RCM

#create the convergence test, the norm of the residual with a tolerance of 

#1e-12 and a max number of iteration of 10

test NormDispIncr 1.0e-6 50 1

# create the solution algorithm, a Newton-Raphson algorithm

algorithm Newton

#create the integration scheme, the LoadControl scheme using steps of 10 

integrator LoadControl 1 1 1 1 

#create the analysis object

analysis Static

#-----------------------------------------

# Perform the analysis

#-----------------------------------------

# 

analyze 66

Appendix C: OpenSees complex gap model 

General program for complex gap model

/* ****************************************************************** **

**    Gap model for Opensees     **

**          Pacific Earthquake Engineering Research Center            **

**                                                                    **

**                                                                    **

** Developed by:                                                      **

**   Sandrine Lermitte  **

**   Sahan Abeln          **

**                                                                    **

** ****************************************************************** */

// $Date: 2001/08/03 13:23:22 $

// $Source: /usr/local/cvs/OpenSees/SRC/material/uniaxial/SoilGapModel.cpp,v $

// File: ~/material/SoilGapModel.C

//

// Written: SA

// Created: July 2001

// Revision: A

//

// Description: This file contains the class implementation for 

// PlasticMaterial. 

//

// What: "@(#) SoilGapModel.C, revA"

#include <SoilGapModel.h>

#include <Vector.h>

#include <Channel.h>

#include <math.h>

#include <UniaxialMaterial.h>

#include <Information.h>

#include <float.h>

#define
TRUE 1

#define FALSE -1

SoilGapModel::SoilGapModel(int tag, double shaft_diameter, double gamma, double j, double ec, double p_ult, double y_50, double plastic_constant, double plastic_exponent, double plastic_ratio_constant, double drag_constant)

:UniaxialMaterial(tag, MAT_TAG_SoilGapModel),

Shaft_Diameter(shaft_diameter), Gamma(gamma), J(j), Ec(ec), P_ult(p_ult), Y_50(y_50), Plastic_Constant(plastic_constant), Plastic_Exponent(plastic_exponent), Plastic_Ratio_Constant(plastic_ratio_constant), Drag_Constant (drag_constant)

{

   this->revertToStart();

   this->revertToLastCommit();

}

SoilGapModel::SoilGapModel()

:UniaxialMaterial(0,MAT_TAG_SoilGapModel),

Shaft_Diameter(0.0), Gamma(0.0), J(0.0), Ec(0.0), P_ult(0.0), Y_50(0.0), Plastic_Constant(0.0), Plastic_Exponent(0.0), Plastic_Ratio_Constant(0.0), Drag_Constant(0.0)

{

   this->revertToStart();

   this->revertToLastCommit();

}

SoilGapModel::~SoilGapModel()

{

 // does nothing

}

int

SoilGapModel::setTrialStrain(double strain, double strainRate)

{


TotalStrain = strain;


setTotalStress(TotalStrain);


TotalTangent =+ 0.1;

    return 0;

}

double

SoilGapModel::getStress(void)

{

   return TotalStress;

}

double

SoilGapModel::getTangent(void)

{

     return TotalTangent;

}

double

SoilGapModel::getSecant(void)

{

     if (TotalStrain != 0.0)

        return TotalStress/TotalStrain;

     else

        return 0.0;

}

double

SoilGapModel::getStrain(void)

{

     return TotalStrain;

}

int

SoilGapModel::commitState(void)

{

 
CPlasticStrain

=
PlasticStrain;


CClosureStrain
=
ClosureStrain;


CDragStrain

=
DragStrain;


CPlasticStress

=
PlasticStress;


CParallelStress 
=
ParallelStress;


CTotalStrain

=
TotalStrain;


CTotalStress

=
TotalStress;


Cinc


=
inc;

CY_0_plastic

=
Y_0_plastic;

   
CP_0_plastic

=
P_0_plastic;


CY_0_plus

=
Y_0_plus;


CY_0_minus

=
Y_0_minus;


CY_0_drag

=
Y_0_drag;

    
CP_0_drag

=
P_0_drag;


CTotalStrain_prev 
= TotalStrain_prev;

    
Cinc_prev

=
inc_prev;


CTotalTangent
=
TotalTangent;


CPlasticStrainConverged = PlasticStrainConverged = PlasticStrain;


CDragStrainConverged = DragStrainConverged = DragStrain;


CDragStressConverged = DragStressConverged = DragStress;


Cstepsize

=
stepsize;


Csteppower

=
steppower;


Cdirection

=
direction;


Cfraction

=
fraction;


CDifference1

=
Difference1 ;


CDifference2

=
Difference2 ;

    return 0;

}

int

SoilGapModel::revertToLastCommit(void)

{

   
PlasticStrain
=
CPlasticStrain;


ClosureStrain
=
CClosureStrain;


DragStrain
=
CDragStrain;


PlasticStress
=
CPlasticStress;


ParallelStress 
=
CParallelStress;


TotalStrain
=
CTotalStrain;


TotalStress
=
CTotalStress;


inc

=
Cinc;

    
Y_0_plastic
=
CY_0_plastic;

    
P_0_plastic
=
CP_0_plastic;


Y_0_plus
=
CY_0_plus;


Y_0_minus
=
CY_0_minus;


Y_0_drag
=
CY_0_drag;

    
P_0_drag
=
CP_0_drag;


TotalStrain_prev = CTotalStrain_prev;

    
inc_prev
=
Cinc_prev;


TotalTangent
=
CTotalTangent;


PlasticStrainConverged = CPlasticStrainConverged;


DragStrainConverged = CDragStrainConverged;


DragStressConverged = CDragStressConverged;


stepsize
=
Cstepsize;


steppower
=
Csteppower;


direction
=
Cdirection;


fraction
=
Cfraction;


Difference1
=
CDifference1 ;


Difference2
=
CDifference2 ;

//Recompute trial stress and trial tangent

    this->setTrialStrain(CTotalStrain);

return 0;

}

int

SoilGapModel::revertToStart(void)

{

 
CPlasticStrain

=
0;


CClosureStrain
=
0;


CDragStrain

=
0;


CPlasticStress

=
0;


CParallelStress 
=
0;


CTotalStrain

=
0;


CTotalStress

=
0;


Cinc


=
0;

    
CY_0_plastic

=
0;

    
CP_0_plastic

=
0;


CY_0_plus

=
Y_50 / 100;


CY_0_minus

=
-1 * Y_50 / 100;


CY_0_drag

=
0;

    
CP_0_drag

=
0;


CTotalStrain_prev 
= 0;

    
Cinc_prev

=
0;


CTotalTangent
=
0;


CPlasticStrainConverged = PlasticStrainConverged = PlasticStrain;


CDragStrainConverged = DragStrainConverged = DragStrain;


CDragStressConverged = DragStressConverged = DragStress;


Cstepsize

=
0.1 * CTotalStrain ;


Csteppower

=
2;


Cdirection

=
-1;


Cfraction

=
1;


CDifference1

=
0 ;


CDifference2

=
0 ;

// Reset the trial state

     this->revertToLastCommit();

return 0;

}

UniaxialMaterial *

SoilGapModel::getCopy(void)

{

     SoilGapModel *theCopy = new SoilGapModel(this->getTag(), Shaft_Diameter, Gamma, J, Ec, P_ult, Y_50, Plastic_Constant, Plastic_Exponent, Plastic_Ratio_Constant, Drag_Constant);

     // Temp state variables

     
theCopy->TplasticStrain = TplasticStrain;

     
theCopy->TplasticStress = TplasticStress;

     
theCopy->TclosureStrain = TclosureStrain;


theCopy->TclosureStress = TclosureStress;


theCopy->TdragStrain = TdragStrain;


theCopy->TdragStress = TdragStress;


// Main Equation variables

 
theCopy->PlasticStrain = PlasticStrain;


theCopy->ClosureStrain = ClosureStrain;


theCopy->DragStrain = DragStrain;


theCopy->DragStress = DragStress;


theCopy->PlasticStress = PlasticStress;


theCopy->ParallelStress = ParallelStress;


theCopy->TotalStrain = TotalStrain;


theCopy->TotalStress = TotalStress;


theCopy->TotalTangent = TotalTangent;


theCopy->inc = inc;


 // Converged coordinates


theCopy->PlasticStrainConverged = PlasticStrainConverged;


theCopy->DragStrainConverged = DragStrainConverged;


theCopy->DragStressConverged = DragStressConverged;

     // History variables from beginning of cycle

    
 theCopy->Y_0_plastic = Y_0_plastic;

    
 theCopy->P_0_plastic = P_0_plastic;


 theCopy->Y_0_plus = Y_0_plus;


 theCopy->Y_0_minus = Y_0_minus;


 theCopy->Y_0_drag = Y_0_drag;

    
 theCopy->P_0_drag = P_0_drag;

     // History variables from previous steps


 theCopy->TotalStrain_prev = TotalStrain_prev;

    
 theCopy->plasticStrain_prev = plasticStrain_prev;

     
 theCopy->inc_prev = inc_prev;

     // Committed history variables

 
theCopy->CPlasticStrain = CPlasticStrain;


theCopy->CClosureStrain = CClosureStrain;


theCopy->CDragStrain = CDragStrain;


theCopy->CPlasticStress = CPlasticStress;


theCopy->CParallelStress = CParallelStress;


theCopy->CTotalStrain = CTotalStrain;


theCopy->CTotalStress = CTotalStress;


theCopy->CTotalTangent = CTotalTangent;


theCopy->Cinc = Cinc;

   
theCopy->CY_0_plastic = CY_0_plastic;

   
theCopy->CP_0_plastic = CP_0_plastic;


theCopy->CY_0_plus = CY_0_plus;


theCopy->CY_0_minus = CY_0_minus;


theCopy->CY_0_drag = CY_0_drag;

   
theCopy->CP_0_drag = CP_0_drag;


theCopy->CTotalStrain_prev = CTotalStrain_prev;

   
theCopy->Cinc_prev = Cinc_prev;


theCopy->CPlasticStrainConverged = CPlasticStrainConverged;


theCopy->CDragStrainConverged = CDragStrainConverged;


theCopy->CDragStressConverged = CDragStressConverged;


// minimization variables


theCopy->stepsize = stepsize;


theCopy->steppower = steppower;


theCopy->direction = direction;


theCopy->fraction = fraction;


theCopy->Difference1 = Difference1;


theCopy->Difference2 = Difference2;


 // Committed minimization variables


theCopy->Cstepsize = Cstepsize;


theCopy->Csteppower = Csteppower;


theCopy->Cdirection = Cdirection;


theCopy->Cfraction = Cfraction;


theCopy->CDifference1 = CDifference1;


theCopy->CDifference2 = CDifference2;

     return theCopy;

}

int

SoilGapModel::sendSelf(int cTag, Channel &theChannel)

{


int res = 0;


static Vector data(71);


data(0) = this->getTag();


data(1) = Shaft_Diameter;


data(2) = Gamma;


data(3) = J;


data(4) = Ec;


data(5) = P_ult;


data(6) = Y_50;


data(7) = Plastic_Constant;


data(8) = Plastic_Exponent;


data(9) = Plastic_Ratio_Constant;


data(10) = Drag_Constant;

    
data(11) = TplasticStrain;

    
data(12) = TplasticStress;

    
data(13) = TclosureStrain;


data(14) = TclosureStress;


data(15) = TdragStrain;


data(16) = TdragStress;

 
data(17) = PlasticStrain;


data(18) = ClosureStrain;


data(19) = DragStrain;


data(20) = PlasticStress;


data(64) = DragStress;


data(21) = ParallelStress;


data(22) = TotalStrain;


data(23) = TotalStress;


data(24) = TotalTangent;


data(25) = inc;


data(26) = PlasticStrainConverged;


data(27) = DragStrainConverged;


data(28) = DragStressConverged;

    
data(29) = Y_0_plastic;

    
data(30) = P_0_plastic;


data(31) = Y_0_plus;


data(32) = Y_0_minus;


data(33) = Y_0_drag;

    
data(34) = P_0_drag;


data(35) = TotalStrain_prev;

    
data(36) = plasticStrain_prev;

    
data(37) = inc_prev;

 
data(38) = CPlasticStrain;


data(39) = CClosureStrain;


data(40) = CDragStrain;


data(41) = CPlasticStress;


data(42) = CParallelStress;


data(43) = CTotalStrain;


data(44) = CTotalStress;


data(45) = CTotalTangent;


data(46) = Cinc;

    
data(47) = CY_0_plastic;

    
data(48) = CP_0_plastic;


data(49) = CY_0_plus;


data(50) = CY_0_minus;


data(51) = CY_0_drag;

    
data(52) = CP_0_drag;


data(53) = CTotalStrain_prev;

    
data(54) = Cinc_prev;


data(55) = CPlasticStrainConverged;


data(56) = CDragStrainConverged;


data(57) = CDragStressConverged;


data(58) = stepsize;


data(59) = steppower;


data(60) = direction;


data(61) = fraction;


data(62) = Difference1;


data(63) = Difference2;


data(65) = Cstepsize;


data(66) = Csteppower;


data(67) = Cdirection;


data(68) = Cfraction;


data(69) = CDifference1;


data(70) = CDifference2;


res = theChannel.sendVector(this->getDbTag(), cTag, data);


if (res < 0)



cerr << "PlasticMaterial::sendSelf() - failed to send data\n";


return res;


}

int

SoilGapModel::recvSelf(int cTag, Channel &theChannel, FEM_ObjectBroker &theBroker)

{


int res = 0;


static Vector data(71);


res = theChannel.recvVector(this->getDbTag(), cTag, data);


if (res < 0) {



cerr << "PlasticMaterial::recvSelf() - failed to receive data\n";



this->setTag(0);


}


else {



this->setTag((int)data(0));


Shaft_Diameter
=
data(1);


Gamma

=
data(2);


J


=
data(3);


Ec


=
data(4);


P_ult


=
data(5);


Y_50


=
data(6);


Plastic_Constant 
=
data(7);


Plastic_Exponent
=
data(8);


Plastic_Ratio_Constant = data(9);


Drag_Constant
=
data(10);

    
TplasticStrain

=
data(11);

    
TplasticStress

=
data(12);

    
TclosureStrain

=
data(13);


TclosureStress

=
data(14);


TdragStrain

=
data(15);


TdragStress

=
data(16);

 
PlasticStrain

=
data(17);


ClosureStrain

=
data(18);


DragStrain

=
data(19);


PlasticStress

=
data(20);


DragStress

=
data(64);


ParallelStress

=
data(21);


TotalStrain

=
data(22);


TotalStress

=
data(23);


TotalTangent

=
data(24);


inc


=
(int) data(25);


PlasticStrainConverged = data(26);


DragStrainConverged = data(27);


DragStressConverged = data(28);

    
Y_0_plastic

=
data(29);

    
P_0_plastic

=
data(30);


Y_0_plus

=
data(31);


Y_0_minus

=
data(32);


Y_0_drag

=
data(33) ;

   
P_0_drag

=
data(34) ;


TotalStrain_prev 
=
data(35) ;

    
plasticStrain_prev 
=
data(36) ;

    
inc_prev

=
(int) data(37) ;

 
CPlasticStrain

=
data(38) ;


CClosureStrain
=
data(39) ;


CDragStrain

=
data(40) ;


CPlasticStress

=
data(41) ;


CParallelStress
=
data(42) ;


CTotalStrain

=
data(43) ;


CTotalStress

=
data(44) ;


CTotalTangent
=
data(45) ;


Cinc


=
(int) data(46) ;

    
CY_0_plastic

=
data(47) ;

    
CP_0_plastic

=
data(48) ;


CY_0_plus

=
data(49) ;


CY_0_minus

=
data(50) ;


CY_0_drag

=
data(51) ;

    
CP_0_drag

=
data(52) ;


CTotalStrain_prev 
=
data(53) ;

    
Cinc_prev

=
(int) data(54) ;


CPlasticStrainConverged =
data(55) ;


CDragStrainConverged =
data(56) ;


CDragStressConverged =
data(57) ;


stepsize

=
data(58) ;


steppower

=
data(59) ;


direction

=
data(60) ;


fraction

=
data(61) ;


Difference1

=
data(62) ;


Difference2

=
data(63) ;


Cstepsize

=
data(65) ;


Csteppower

=
data(66) ;


Cdirection

=
data(67) ;


Cfraction

=
data(68) ;


CDifference1
=
data(69) ;


CDifference2
=
data(70) ;


revertToLastCommit();


}


return res;

}

void

SoilGapModel::Print(ostream &s, int flag)

{


s << "SoilGapModel, tag:" << this->getTag() << endl;


s << "Shaft_Diameter: " << Shaft_Diameter << endl;


s << "Gamma: " << Gamma << endl;


s << "J: " << J << endl;


s << "Ec: " << Ec << endl;


s << "P_ult: " << P_ult << endl;


s << "Y_50: " << Y_50 << endl;


s << "Plastic_Constant: " << Plastic_Constant << endl;


s << "Plastic_Exponent: " << Plastic_Exponent << endl;


s << "Plastic_Ratio_Constant: " << Plastic_Ratio_Constant << endl;


s << "Drag_Constant: " << Drag_Constant << endl;

}

double

SoilGapModel::getPlasticStress(double PlasticStrain)

{

   // set appropriate strains

   TplasticStrain = PlasticStrain;

// check wether a new cycle started and if so set appropriate history variables

   if (inc != inc_prev && inc_prev != 0)

      {

      Y_0_plastic = PlasticStrainConverged;

      P_0_plastic = inc * Plastic_Ratio_Constant * P_ult;

      }

// calculate stress

   TplasticStress = inc * P_ult - (inc * P_ult - P_0_plastic) * ( pow( (Plastic_Constant * Y_50) / (Plastic_Constant * Y_50 + fabs(TplasticStrain - Y_0_plastic) ), Plastic_Exponent));

// check if stress adheres to minimum and correct if not

   if (fabs(TplasticStress) < (Plastic_Ratio_Constant * P_ult))

      {

      TplasticStress = inc * Plastic_Ratio_Constant * P_ult;

      }

   return TplasticStress;

}

double

SoilGapModel::getClosureStress(double ClosureStrain)

{


TclosureStrain = ClosureStrain;

// check wether a new cycle started and if so set appropriate history variables


   if (Y_0_plus < (ClosureStrain + PlasticStrain))



Y_0_plus = ClosureStrain + PlasticStrain;


   if (Y_0_minus > (ClosureStrain + PlasticStrain))



Y_0_minus = ClosureStrain + PlasticStrain;

   TclosureStress = 1.8 * P_ult * ((Y_50/(Y_50 + 50 * (Y_0_plus - TclosureStrain))) - (Y_50/(Y_50 - 50 * (Y_0_minus - TclosureStrain))));

   return TclosureStress;

}

double

SoilGapModel::getDragStress(double DragStrain)

{


TdragStrain = DragStrain;

// check wether a new cycle started and if so set appropriate history variables

   if (inc != inc_prev && inc_prev != 0)

      {

      Y_0_drag = DragStrainConverged;

      P_0_drag = DragStressConverged;

      }


// calculate Stress


TdragStress = inc * Drag_Constant * P_ult - Drag_Constant * (inc * P_ult - P_0_drag ) * (Y_50 / (Y_50 + 2 * fabs(TdragStrain - Y_0_drag)));


return TdragStress;

}

void

SoilGapModel::setTotalStress(double TotalStrain)

{


int convergence =0;


double TotalStress_prev = 0;


while (convergence != 1) {


// check and set increment

   if ( CheckInequality (TotalStrain, TotalStrain_prev, 0.00001) == TRUE)

      {

      inc = Sign (TotalStrain - TotalStrain_prev);


  stepsize = 0.1;


  steppower = 2;


  direction = -1;


  fraction = 1;


  Difference1 = 0;


  Difference2 = 0;

      }


PlasticStrain = fraction * TotalStrain;


ClosureStrain = DragStrain = (1 - fraction) * TotalStrain;


PlasticStress = getPlasticStress(PlasticStrain);


DragStress = getDragStress(DragStrain);


ParallelStress = getDragStress(DragStrain) + getClosureStress(ClosureStrain);


Difference1 = PlasticStress - ParallelStress;


fraction = fraction + direction * stepsize * pow(0.1, steppower);


PlasticStrain = fraction * TotalStrain;


ClosureStrain = DragStrain = (1 - fraction) * TotalStrain;


PlasticStress = getPlasticStress(PlasticStrain);


DragStress = getDragStress(DragStrain);


ParallelStress = getDragStress(DragStrain) + getClosureStress(ClosureStrain);


Difference2 = PlasticStress - ParallelStress;


TotalStress = ParallelStress + PlasticStress;


if ( (fabs(Difference1) < fabs(Difference2)) )


{



steppower = steppower + 1;



direction = direction * -1;


}


TotalStrain_prev = TotalStrain;


inc_prev = inc;


if (CheckInequality ( Difference1, 0, 0.001) != TRUE)



convergence = 1;


TotalStress_prev = TotalStress;


}

}

int

SoilGapModel::Sign(double Number)

{


if (Number >= 0.0)



return 1;


else



return -1;

}

int

SoilGapModel::CheckInequality(double a, double b, double accuracy)

{

if (fabs(a - b) > accuracy)


return TRUE;

else


return FALSE;

}

Appendix D: OpenSees simple gap model 

General program for simplified gap model

/* ****************************************************************** **

**    Gap model for Opensees     **

**          Pacific Earthquake Engineering Research Center            **

**                                                                    **

**                                                                    **

** Developed by:                                                      **

**   Sandrine Lermitte  **

**   Sahan Abeln          **

**                                                                    **

** ****************************************************************** */

// $Date: 2001/08/03 13:23:22 $

// $Source: /usr/local/cvs/OpenSees/SRC/material/uniaxial/SoilGapModel.cpp,v $

// File: ~/material/SoilGapModel.C

//

// Written: SA

// Created: July 2001

// Revision: A

//

// Description: This file contains the class implementation for 

// PlasticMaterial_ simplified model. 

//

// What: "@(#) SoilGapModel.C, revA"

#include <SoilGapModel.h>

#include <Vector.h>

#include <Channel.h>

#include <math.h>

#include <UniaxialMaterial.h>

#include <Information.h>

#include <float.h>

#define
TRUE 1

#define FALSE -1

SoilGapModel::SoilGapModel(int tag, double shaft_diameter, double gamma, double j, double ec, double p_ult, double y_50, double plastic_constant, double plastic_exponent, double plastic_ratio_constant, double drag_constant, double y_50_fraction, double closure_constant, double elastic_stress_tangent, double closure_compression_factor)

:UniaxialMaterial(tag, MAT_TAG_SoilGapModel),

Shaft_Diameter(shaft_diameter), Gamma(gamma), J(j), Ec(ec), P_ult(p_ult), Y_50(y_50), Plastic_Constant(plastic_constant), Plastic_Exponent(plastic_exponent), Plastic_Ratio_Constant(plastic_ratio_constant), Drag_Constant (drag_constant), Y_50_Fraction(y_50_fraction), Closure_Constant(closure_constant), ElasticStressTangent(elastic_stress_tangent), ClosureCompressionFactor(closure_compression_factor)

{

   this->revertToStart();

   this->revertToLastCommit();

}

SoilGapModel::SoilGapModel()

:UniaxialMaterial(0,MAT_TAG_SoilGapModel),

Shaft_Diameter(0.0), Gamma(0.0), J(0.0), Ec(0.0), P_ult(0.0), Y_50(0.0), Plastic_Constant(0.0), Plastic_Exponent(0.0), Plastic_Ratio_Constant(0.0), Drag_Constant(0.0), Y_50_Fraction(0.0), Closure_Constant(0.0), ElasticStressTangent (0.0), ClosureCompressionFactor (0.0)

{

   this->revertToStart();

   this->revertToLastCommit();

}

SoilGapModel::~SoilGapModel()

{

 // does nothing

}

int

SoilGapModel::setTrialStrain(double strain, double strainRate)

{


TotalStrain = strain;


// check and set increment

   if ( CheckInequality (TotalStrain, TotalStrain_prev, 0.000001) == TRUE && convergenceFlag == TRUE)

      {

      inc = Sign (TotalStrain - TotalStrain_prev);


  StepSize = fabs(TotalStrain - TotalStrain_prev);


  P_0_plastic = inc * Plastic_Ratio_Constant * P_ult;


// check wether a new cycle started and if so set appropriate history variables



if (inc != inc_prev && inc_prev != 0)




{




if (inc == -1)





Y_0_plastic = Y_0_minus + (Y_50/Y_50_Fraction);




if (inc == 1)





Y_0_plastic = Y_0_plus - (Y_50/Y_50_Fraction);




Y_0_drag = TotalStrain_prev;




if (inc == -1)





P_0_drag = inc_prev * Drag_Constant * P_ult - Drag_Constant * (inc_prev * P_ult - P_0_drag ) * (Y_50 / (Y_50 + 2 * fabs(Y_0_minus + Y_50/Y_50_Fraction - TotalStrain_prev)));




if (inc == 1)





P_0_drag = inc_prev * Drag_Constant * P_ult - Drag_Constant * (inc_prev * P_ult - P_0_drag ) * (Y_50 / (Y_50 + 2 * fabs(Y_0_plus - Y_50/Y_50_Fraction - TotalStrain_prev)));




   // update closure history variables




if (Y_0_plus < (TotalStrain))





Y_0_plus = TotalStrain_prev + Y_50/Y_50_Fraction;




if (Y_0_minus > (TotalStrain))





Y_0_minus = TotalStrain_prev - Y_50/Y_50_Fraction;




}

      }

   // calculate Tangent and update Strain


setTotalTangent(TotalStrain);


setTotalStress(TotalStrain);


// reset convergence flag


TotalStrain_prev = TotalStrain;

    convergenceFlag = FALSE;

    return 0;

}

double

SoilGapModel::getStress(void)

{

   return TotalStress;

}

double

SoilGapModel::getTangent(void)

{


     return TotalTangent;

}

double

SoilGapModel::getSecant(void)

{

     if (TotalStrain != 0.0)

        return TotalStress/TotalStrain;

     else

        return 0.0;

}

double

SoilGapModel::getStrain(void)

{

     return TotalStrain;

}

int

SoilGapModel::commitState(void)

{


CTotalStrain
=
TotalStrain;


CTotalTangent=
TotalTangent;


CTotalStress
=
TotalStress;


Cinc

=
inc;


CStepSize
=
StepSize;

    
CY_0_plastic
=
Y_0_plastic;

    
CP_0_plastic
=
P_0_plastic;


CY_0_plus
=
Y_0_plus;


CY_0_minus
=
Y_0_minus;


CY_0_drag
=
Y_0_drag;

    
CP_0_drag
=
P_0_drag;


CTotalStrain_prev = TotalStrain_prev;


CTotalStress_prev = TotalStress_prev;

    
Cinc_prev
=
inc_prev;


TotalStrain_prev = TotalStrain;


TotalStress_prev = TotalStress;


inc_prev = inc;


convergenceFlag = TRUE;

    return 0;

}

int

SoilGapModel::revertToLastCommit(void)

{

 
TotalStrain

=
CTotalStrain;


TotalTangent

=
CTotalTangent;


TotalStress

=
CTotalStress;


inc


=
Cinc;


StepSize

=
CStepSize;

    
Y_0_plastic

=
CY_0_plastic;

    
P_0_plastic

=
CP_0_plastic;


Y_0_plus

=
CY_0_plus;


Y_0_minus

=
CY_0_minus;


Y_0_drag

=
CY_0_drag;

    
P_0_drag

=
CP_0_drag;


TotalStrain_prev = CTotalStrain_prev;


TotalStress_prev = CTotalStress_prev;

    
inc_prev

=
Cinc_prev;


convergenceFlag = TRUE;

//Recompute trial stress and trial tangent

    this->setTrialStrain(CTotalStrain);

return 0;

}

int

SoilGapModel::revertToStart(void)

{


CTotalStrain

=
0;


CTotalTangent
=
0;


CTotalStress

=
0;


Cinc


=
0;


CStepSize

=
0;

    
CY_0_plastic

=
0;

    
CP_0_plastic

=
0;


CY_0_plus

=
Y_50 / Y_50_Fraction;


CY_0_minus

=
-1 * Y_50 / Y_50_Fraction;


CY_0_drag

=
0;

    
CP_0_drag

=
0;


CTotalStrain_prev 
= 0;


CTotalStress_prev 
= 0;

    
Cinc_prev

=
0;


convergenceFlag = TRUE;

// Reset the trial state

     this->revertToLastCommit();

return 0;

}

UniaxialMaterial *

SoilGapModel::getCopy(void)

{

     SoilGapModel *theCopy = new SoilGapModel(this->getTag(), Shaft_Diameter, Gamma, J, Ec, P_ult, Y_50, Plastic_Constant, Plastic_Exponent, Plastic_Ratio_Constant, Drag_Constant, Y_50_Fraction, Closure_Constant, ElasticStressTangent, ClosureCompressionFactor);


 // Main Equation variables


 theCopy->TotalStrain = TotalStrain;


 theCopy->TotalTangent = TotalTangent;


 theCopy->TotalStress = TotalStress;


 theCopy->inc = inc;


 theCopy->StepSize = StepSize;

     // History variables from beginning of cycle

    
 theCopy->Y_0_plastic = Y_0_plastic;

    
 theCopy->P_0_plastic = P_0_plastic;


 theCopy->Y_0_plus = Y_0_plus;


 theCopy->Y_0_minus = Y_0_minus;


 theCopy->Y_0_drag = Y_0_drag;

    
 theCopy->P_0_drag = P_0_drag;

     // History variables from previous steps


 theCopy->TotalStrain_prev = TotalStrain_prev;


 theCopy->TotalStress_prev = TotalStress_prev;

    
 theCopy->inc_prev = inc_prev;


 theCopy->convergenceFlag = convergenceFlag;

     // Committed history variables


theCopy->CTotalStrain = CTotalStrain;


theCopy->CTotalTangent = CTotalTangent;


theCopy->CTotalStress = CTotalStress;


theCopy->Cinc = Cinc;


theCopy->CStepSize = CStepSize;

   
 theCopy->CY_0_plastic = CY_0_plastic;

   
 theCopy->CP_0_plastic = CP_0_plastic;


theCopy->CY_0_plus = CY_0_plus;


theCopy->CY_0_minus = CY_0_minus;


theCopy->CY_0_drag = CY_0_drag;

   
 theCopy->CP_0_drag = CP_0_drag;


theCopy->CTotalStrain_prev = CTotalStrain_prev;


theCopy->CTotalStress_prev = CTotalStress_prev;

   
 theCopy->Cinc_prev = Cinc_prev;

     return theCopy;

}

int

SoilGapModel::sendSelf(int cTag, Channel &theChannel)

{


int res = 0;


static Vector data(44);


data(0) = this->getTag();


data(1) = Shaft_Diameter;


data(2) = Gamma;


data(3) = J;


data(4) = Ec;


data(5) = P_ult;


data(6) = Y_50;


data(7) = Plastic_Constant;


data(8) = Plastic_Exponent;


data(9) = Plastic_Ratio_Constant;


data(10) = Drag_Constant;


data(11) = TotalStrain;


data(12) = TotalTangent;


data(13) = TotalStress;


data(14) = inc;


data(15) = StepSize;


    
data(16) = Y_0_plastic;

    
data(17) = P_0_plastic;


data(18) = Y_0_plus;


data(19) = Y_0_minus;


data(20) = Y_0_drag;

    
data(21) = P_0_drag;


data(22) = TotalStrain_prev;


data(23) = TotalStress_prev;

    
data(24) = inc_prev;


data(25) = CTotalStrain;


data(26) = CTotalTangent;


data(27) = CTotalStress;


data(28) = Cinc;


data(29) = CStepSize;

    
data(30) = CY_0_plastic;

    
data(31) = CP_0_plastic;


data(32) = CY_0_plus;


data(33) = CY_0_minus;


data(34) = CY_0_drag;

    
data(35) = CP_0_drag;


data(36) = CTotalStrain_prev;


data(37) = CTotalStress_prev;

    
data(38) = Cinc_prev;


data(39) = convergenceFlag;


data(40) = Y_50_Fraction;


data(41) = Closure_Constant;


data(42) = ElasticStressTangent;


data(43) = ClosureCompressionFactor;


res = theChannel.sendVector(this->getDbTag(), cTag, data);


if (res < 0)


cerr << "PlasticMaterial::sendSelf() - failed to send data\n";


return res;


}

int

SoilGapModel::recvSelf(int cTag, Channel &theChannel, FEM_ObjectBroker &theBroker)

{


int res = 0;


static Vector data(40);


res = theChannel.recvVector(this->getDbTag(), cTag, data);


if (res < 0) {



cerr << "PlasticMaterial::recvSelf() - failed to receive data\n";



this->setTag(0);


}


else {



this->setTag((int)data(0));


Shaft_Diameter
=
data(1);


Gamma

=
data(2);


J


=
data(3);


Ec


=
data(4);


P_ult


=
data(5);


Y_50


=
data(6);


Plastic_Constant 
=
data(7);


Plastic_Exponent 
=
data(8);


Plastic_Ratio_Constant = data(9);


Drag_Constant
=
data(10);


TotalStrain

=
data(11);


TotalTangent

=
data(12);


TotalStress

=
data(13);


inc


=
(int) data(14);


StepSize

=
data(15);

    
Y_0_plastic

=
data(16);

    
P_0_plastic

=
data(17);


Y_0_plus

=
data(18);


Y_0_minus

=
data(19);


Y_0_drag

=
data(20);

    
P_0_drag

=
data(21);


TotalStrain_prev 
=
data(22);


TotalStress_prev 
=
data(23);

    
inc_prev

=
(int) data(24) ;


CTotalStrain

=
data(25) ;


CTotalTangent
=
data(26) ;


CTotalStress

=
data(27) ;


Cinc


=
(int) data(28);


CStepSize

=
data(29);

    
CY_0_plastic

=
data(30) ;

    
CP_0_plastic

=
data(31) ;


CY_0_plus

=
data(32) ;


CY_0_minus

=
data(33) ;


CY_0_drag

=
data(34) ;

    
CP_0_drag

=
data(35) ;


CTotalStrain_prev
=
data(36) ;


CTotalStress_prev 
= data(37);

    
Cinc_prev

=
(int) data(38) ;


convergenceFlag
=
(int) data(39);


Y_50_Fraction
=
data(40);


Closure_Constant 
=
data(41);


ElasticStressTangent = data(42);


ClosureCompressionFactor = data(43);   


revertToLastCommit();


}


return res;

}

void

SoilGapModel::Print(ostream &s, int flag)

{


s << "SoilGapModel, tag:" << this->getTag() << endl;


s << "Shaft_Diameter: " << Shaft_Diameter << endl;


s << "Gamma: " << Gamma << endl;


s << "J: " << J << endl;


s << "Ec: " << Ec << endl;


s << "P_ult: " << P_ult << endl;


s << "Y_50: " << Y_50 << endl;


s << "Plastic_Constant: " << Plastic_Constant << endl;


s << "Plastic_Exponent: " << Plastic_Exponent << endl;


s << "Plastic_Ratio_Constant: " << Plastic_Ratio_Constant << endl;


s << "Drag_Constant: " << Drag_Constant << endl;

}

void

SoilGapModel::setTotalTangent(double TotalStrain)

{


double
PlasticStressTangent = 1.0;


double
DragStressTangent = 1.0;


double
ClosureStressTangent = 1.0;


double
ParallelStressTangent = 1.0;


double
InfinitelySmall = 0.00000000000001;


double
YElasticMax = ((-1 * Plastic_Constant * Y_50) * (1 - (1/pow( (1 - Plastic_Ratio_Constant), (1/Plastic_Exponent) ) ) ));


ElasticStressTangent = (Plastic_Ratio_Constant*P_ult)/((-1 * Plastic_Constant * Y_50) * (1 - (1/pow( (1 - Plastic_Ratio_Constant), (1/Plastic_Exponent) ) ) ) );


PlasticStressTangent = fabs(Plastic_Exponent * (inc * P_ult - P_0_plastic) * ( pow( (Plastic_Constant * Y_50), Plastic_Exponent) * pow(((Plastic_Constant * Y_50 + fabs(TotalStrain - Y_0_plastic))),(-1*(Plastic_Exponent+1)))));


DragStressTangent = fabs(-1 * 2 * Drag_Constant * (inc * P_ult - P_0_drag ) * (Y_50 / pow((Y_50 + 2 * fabs(TotalStrain - Y_0_drag)),2)));


ClosureStressTangent = fabs(Closure_Constant * P_ult * ((50 * Y_50/(pow((Y_50 + 50 * (Y_0_plus - TotalStrain)),2))) + (50 * Y_50/(pow((Y_50 - 50 * (Y_0_minus - TotalStrain)),2)))));


ParallelStressTangent = DragStressTangent + ClosureStressTangent;


if (fabs(TotalStress) < (Plastic_Ratio_Constant * P_ult) && TotalStrain >= 0.0 && fabs(Y_0_plus - (Y_50/Y_50_Fraction)) < fabs(YElasticMax)) 



TotalTangent = ElasticStressTangent;


else if (fabs(TotalStress) < (Plastic_Ratio_Constant * P_ult) && TotalStrain < 0.0 && fabs(Y_0_minus + (Y_50/Y_50_Fraction)) < fabs(YElasticMax))




TotalTangent = ElasticStressTangent;


else



{



if (TotalStrain > (Y_0_minus + (Y_50/Y_50_Fraction)) && TotalStrain < (Y_0_plus - (Y_50/Y_50_Fraction)))




{




TotalTangent = ClosureCompressionFactor * 1/((0/(ElasticStressTangent + InfinitelySmall)) + (1/(ParallelStressTangent + InfinitelySmall)));




}



else 




TotalTangent = 1/((0/(ElasticStressTangent + InfinitelySmall)) + 1/((PlasticStressTangent + InfinitelySmall)));



}

}

void

SoilGapModel::setTotalStress(double TotalStrain)

{


double
PlasticStressTangent = 1.0;


double
DragStressTangent = 1.0;


double
ClosureStressTangent = 1.0;


double
ParallelStressTangent = 1.0;


double
InfinitelySmall = 0.00000000000001;


double
YElasticMax = ((-1 * Plastic_Constant * Y_50) * (1 - (1/pow( (1 - Plastic_Ratio_Constant), (1/Plastic_Exponent) ) ) ));


ElasticStressTangent = (Plastic_Ratio_Constant*P_ult)/((-1 * Plastic_Constant * Y_50) * (1 - (1/pow( (1 - Plastic_Ratio_Constant), (1/Plastic_Exponent) ) ) ) );


PlasticStressTangent = fabs(Plastic_Exponent * (inc * P_ult - P_0_plastic) * ( pow( (Plastic_Constant * Y_50), Plastic_Exponent) * pow(((Plastic_Constant * Y_50 + fabs(TotalStrain - Y_0_plastic))),(-1*(Plastic_Exponent+1)))));


DragStressTangent = fabs(-1 * 2 * Drag_Constant * (inc * P_ult - P_0_drag ) * (Y_50 / pow((Y_50 + 2 * fabs(TotalStrain - Y_0_drag)),2)));


ClosureStressTangent = fabs(Closure_Constant * P_ult * ((50 * Y_50/(pow((Y_50 + 50 * (Y_0_plus - TotalStrain)),2))) + (50 * Y_50/(pow((Y_50 - 50 * (Y_0_minus - TotalStrain)),2)))));


ParallelStressTangent = DragStressTangent + ClosureStressTangent;

if (fabs(TotalStress) < (Plastic_Ratio_Constant * P_ult) && TotalStrain >= 0.0 && fabs(Y_0_plus - (Y_50/Y_50_Fraction)) < fabs(YElasticMax)) 



TotalStress = ElasticStressTangent * TotalStrain;


else if (fabs(TotalStress) < (Plastic_Ratio_Constant * P_ult) && TotalStrain < 0.0 && fabs(Y_0_minus + (Y_50/Y_50_Fraction)) < fabs(YElasticMax))




TotalStress = ElasticStressTangent * TotalStrain;


else



{



if (TotalStrain > (Y_0_minus + (Y_50/Y_50_Fraction)) && TotalStrain < (Y_0_plus - (Y_50/Y_50_Fraction)))




{




TotalStress = TotalStress_prev + inc * TotalTangent * StepSize;




}



else 




TotalStress = inc * P_ult - (inc * P_ult - P_0_plastic) * ( pow( (Plastic_Constant * Y_50) / (Plastic_Constant * Y_50 + fabs(TotalStrain - Y_0_plastic) ), Plastic_Exponent));



}

}

int

SoilGapModel::Sign(double Number)

{


if (Number >= 0.0)



return 1;


else



return -1;

}

int

SoilGapModel::CheckInequality(double a, double b, double accuracy)

{

if (fabs(a - b) > accuracy)


return TRUE;

else


return FALSE;

}
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