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--------------------------- * (y@Y (g®
- : : ! X X (@) (@)
Stiffness matrix (sparse matrix) I @ o - u, - u,
1 [24
u 0
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Fig. 3x3 BCSR format for solid and shell elements.

Hughes, T.J.R. and Brezzi, F., Computer Methods in Applied Mechanics and Engineering, Vol.72, pp.105-121, 1989.

Nguyen-Van, Hieu and Mai-Duy, Nam and Tran-Cong, Thanh, CMES: Computer Modeling in Engineering and Sciences,
Vol.49, No.2, pp.81-110, 2009.
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#
# for solver
#
IMESH, NAME=fstrMSH, TYPE=HECMW-DIST
conrod _part
ICONTROL, NAME=fstrCNT
../PE1/conrod.cnt
IRESULT, NAME=fstrRES, [0=0UT
conrod part.res
#
f for partitioner
i
IMESH, NAME=part_in, TYPE=HECMW-ENTIRE
../PE1/conrod.msh
IMESH,NAME=part out, TYPE=HECMW-DIST
conrod part
#
# for visualizer
#
IMESH, NAME=mesh, TYPE=HECMW-DIST
conrod part
IRESULT, NAME=result, [0=IN
conrod part.res
IRESULT, NAME=vis out, I10=0UT
conrod vis

(A FNEFER)
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hecmw_ctrl.dat
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1 'PARTITION, TYPE=NODE-BASED, METHOD=PMETIS, DOMAIN=4, UCD=subdomains.inp

" \

B mARN—XCHEE 7 E| FHIs 7 EI %
59 E]Y—)L4 SEE N EIFERAD
UCD7A4—<vk
SRS EY NSNS S 714

METHOD=PMETIS
Multilevel Recursive BisectionlZd&A9 5759 E|

- ALY KRENGE
METHOD=KMETIS
k-way partitioning|Z& 57 5753 E|
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_L‘. fistr]

N\

...... }I.akeﬁle_am

TAL IR )stc AD
7_"‘ 1LORJIK
analysis, common,

lib, main@® YD

-8 fistr_main £90
/ L fistr_main_conta

', contact

eigen_LIB. f30

------ A e:tgen LIB 2dlmass 30
------ a agen LIB 2d?mass.f30
------ a7 eigen_LIB 3d1mass.f90
------ ?_l'] eigen LIB_3d?mass 50
- | element

------ fstr_lczparm. f20

------ ﬂ_l'] GaussM._f20

------ & heat LIB.f20

------ ﬂﬂ] heat_LIB_CAPACH'Y_f‘}U

------ ‘ﬁj heat LIB_CONDUCTIVITY 90
...... 7 heat LIB_DFLUX. 90

------ A1 heat_LIB_FILM f50

------ ﬁj heat LIB NEUTRAL {30

...... @7 heat LIB_RADIATE 90

------ ﬁj heat ILTB_THERMAL {30

------ A7 m_common_struct. f30

------ ) m_fstr 50

------ 1 m_fstr_freqdata fo0

------ A m_fstr_para_contact.f30
...... A1 m_Makrose 50

------ A m_ _ MakrosePartMesh {30

...... A7 m_Metis403APT 90

------ A m_Metis403API_f dumm 30

------ A m_out 30

...... A% m stepfg{}

------ Makefile.am

...... |2l MeshDefinition.inc
] physics

------ precheck LIB 2d.f50
------ ﬁ'] precheck_LIB_3d.f30

------ A precheck_LIB_shell f30

...... A solve LINEQ.F90

------ A static_ LIB.f30

------ ') static_LIB_1d.f30

------ A static LIB_2d.f50

------ A static_LIB_3d.f30

------ A static_LIB_3dIC 30

------ A static LIB_beam 90
------ A static_LIB_C3DE& 50
------ g static_LIB_shell f30

= | fstr_contact £90
| fstr_ctrl_common 90
2| fstr_ctrl_dynamic f90
&) fstr_ctrl_eigenf90
| fstr_ctrl_freqf90
#] fstr_ctrl_heat£90
2] fstr_ctrl material f90
| fstr_ctrl_modifier £90
B fstr_ctrl static £90
_] fstr_ctr] utilc
_] fstr_ctrl utilh

fstr_ctrl_util finc

| fstr_debug_dump £90

| fstr_pet_prop 90

4| fstr_precheck f90

2| fstr_reap_io f90

| fstr_rcap_jo_dummy 90

-8 fstr_setup £90

- Ry fstr_setup_util 90

E] fstr_sort_index.c

ﬂ fstr_sort_index h

E] hecmw2fstr_connect conv.c
- hecmw2fstr_connect_conv.h

hecmw2fstr mesh_conv 90
Makefile.am

/
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&) eigen_LIB_2d?mass. 50
-8 eigen_LIB_3dlmass.f30
-8 eigen

[z

IB 3d?mass.f90 <
-

A7 fstr_le
.87 GaussM_f90
.87 heat LIB_f30
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[main/fistr_main.f90] PROGRAM fstr main e AL TATS A

hecmw_init() FrontISTR O & 47 %l ) -7 —4
hecmw_get _mesh()
[main/fistr main.f90] fstr_init() s BRI - A DT —REARAH (*CII’[?T’()[/) W —G
hecmw_nullify matrix() o =
hecmw_nullify result data() ' S OLUTION 9 TYPE_ S TATIC t = E ﬁ
[main/fistr main.f90] fstr init file()
hecmw_mat con()
[main/fistr_main.f90] fstr_condition()
hecmw ctrl get control file()
[main/fistr main.f90] fstr linear static analysis() - REEBBTRAOIL—FUA
[analysis/static/fstr solve LINEAR.f90] m_fstr LINEAR::fstr solve LINEAR()
[analysis/static/static mat ass.f90] m_static mat ass::fstr mat ass() - TRy O ZXDYER
[analysis/static/static_ mat ass main.f90] m_static mat ass main::fstr mat ass main()
hecmw_mat clear()
[analysis/static/static mat ass main.f90] m_static mat ass main::fstr local stf create()
(CCTERFATITHLTHKELETS]
[analysis/static/static LIB. OOO.M0] m static LIB OOQOQ:STF OOO() ---EXRRBIEINIVIRDEE
[lib/physics/calMatMatrix.f90] m MatMatrix::MatlMatrix() *** DRFJYIRADETE

(CSTHHEEATIZIELTHIELET ) X REROBEFFEALGN
[lib/physics/ OO O.190] m_ OO O::000() % D )LERNDIHE EMatiMatrix_Shell()

hecmw_mat_ass_elem() ==+ ZRRIMETL) v X%Fassemble
[analysis/static/fstr ass load.f90] m_fstr ass load::fstr ass load() =+ HFARIRILDEHE
[analysis/static/fstr AddBC.f90] m_fstr AddBC::fstr AddBC() --- ImREHDMIE
hecmw_allREDUCE RI1()
[lib/solve LINEQ.f90] m solve LINEQ:solve LINEQ() =+ f#F2VIL/N—IZ LD KRR
hecmw_solve OOQ()
hecmw_update O _R()
[analysis/static/fstr Update.f90] m_fstr Update::fstr Update OD()
[CCTERIATITELTHBELET]
[lib/static LIB_OOO.M0] m_static LIB_OOQ::UpdateST OOQO() --* HDEE
[lib/static LIB. OO O.f90] m_static LIB. OOQO:STF OOO() ---EXRMAIMETr)VIADEE
[lib/physics/calMatMatrix.f90] m_MatMatrix::MatIlMatrix() ==+ DIMJYIRDFHE
(CSTHHEASTIZIECTHIRLET])

[l(ib/phgics/OOO.mO] m_000:000() [TALOR) /D74 ILEA]
hecmw_update O _R() S5 o — .. )], —
[analysis/static/static_output.fO0] m_static output :: fstr_static Output() === FERDHH tra )_l:i% ) -U-j N—F
[analysis/static/static make result.f90] m_static make result::fstr write static_result() b % ()% 2 ﬂ;-k LTuL -3:- j—
[main/fistr_ main.f90] fstr main::fstr_finalize() =++ ZEEDHIR
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ain/fistr_main.f90] PROGRAM fstr_main s AL TOT S A

hecmw _init()

hecmw_get mesh()

[main/fistr_main.f90] fstr_init() o BHOEE AN T35 HAH
hecmw_nullify matrix()
hecmw_nullify result data()
[main/fistr_main.f90] fstr_init_file()
hecmw_mat_con()
[main/fistr_main.f90] fstr_condition()

hecmw_ctrl get control file()
[main/fistr_main.f90] fstr linear static_analysis() - RERERRAOIL—FoA

[analysis/static/fstr_solve LINEAR.f90] m_fstr LINEAR::fstr solve LINEAR()
[analysis/static/static_mat_ass.fO0] m_static mat ass::fstr_mat_ass() - R RO XD VER
[analysis/static/static_mat _ass main.f90] m_static mat_ass main::fstr mat _ass main()
hecmw_mat_clear()
[analysis/static/static_mat_ass main.f90] m

[CCTERIATITBLTHIELES]
[analysis/static/static LIB beam.f90] m_ static LIB beam::STF Beam() --*REZRDREIMEINIVvIADETE

hecmw mat_ass_elem() --+ EXRRIME<H) ‘V@Z’&'assemble
[analysis/static/fstr_ass load.f90] m_fstr_ass_load::fstr_ass load() - ARIMILDEFE
[analysis/static/fstr AddBC.f90] m_fstr AddBC::fstr AddBC() EREHOWE
hecmw_allREDUCE_R1()
[lib/solve LINEQ.f90] m_solve LINEQ::solve LINEQ()

hecmw_solve 66()

hecmw_update m_R()
[analysis/static/fstr Update.f90] m_fstr Update::fstr Update6D()
[analysis/static/static_output.f90] m_static_output :: fstr_static_Output()

m

static_ mat_ass_main::fstr_local_stf create()

4B ILN—IZ K BR AR

- RO S

[analysis/static/static_make result.f90] m_static make result::fstr write static_result()
[main/fistr_main.f90] fstr_main::fstr_finalize() =-+ ZEDHEIER
hecmw_finalize()
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main/fistr_main.f90] PROGRAM fstr_main e AL TATS A FrontISTR O) ﬁq: *ﬁ ﬁ-ﬂ] 1&'] — 9

hecmw _init()

hecmw_get_mesh() . s (*.entZ7AJIL) N T

[main/fistr main.f90] fstr_init() o BRI AN T —REARAH
hecmu_nallfy_matix) ISOLUTION,TYPE=STATIC & 521k
hecmw_nullify_result_data() : ?
[main/fistr_ main.f90] fstr_init_file()
hecmw_mat_con()
[main/fistr main.f90] fstr_condition()
hecmw_ctrl_get control_file()
[main/fistr_main.f90] fstr_linear_static_analysis() e RBRETAOIL—FUA
[analysis/static/fstr_solve LINEAR.f90] m_fstr LINEAR::fstr solve LINEAR()
[analysis/static/static_mat_ass.f90] m_static_mat_ass::fstr_mat_ass() - BT RO RDIERK
[analysis/static/static_ mat_ass _main.f90] m_static mat_ass_main::fstr mat_ass_main()
hecmw_mat_clear()
[analysis/static/static mat _ass main.f90] m_static mat ass_main::fstr_local_stf create()
[CCTERIATITBLTHELES]
[analysis/static/static LIB shell.f90] m static LIB shell::STF Shell MITC() -+ z)LEZRDRIETR)YIRDETE
[lib/physics/calMatMatrix.f90] m MatMatrix::MatlMatrix_Shell() === DIFJYIRADEE
[CCTHEEATIZBLTHIELES]
[lib/physics/ElasticLinear.f90] m_ElasticLinear::LinearElastic_Shell()
hecmw mat ass _elem() --- ERRIMETRI)YI X Zassemble
[analysis/static/fstr_ass load.f90] m_fstr_ass load::fstr_ass load() ==+ A ARILILDEFHE
[analysis/static/fstr AddBC.f90] m_fstr AddBC::fstr AddBC() --- BERFHDNIE
hecmw_allREDUCE_RI1()
[lib/solve LINEQ.f90] m_solve LINEQ:solve LINEQ() -+ #RFVIL/N—|Z kDK
hecmw_solve 66()
hecmw_update m_R()
[analysis/static/fstr Update.f90] m_fstr Update::fstr Update3D()

[CCTERIATITBLTHBELES]
[lib/static LIB shell.f90] m_static LIB shell::UpdateST Shell MITC() =+ LTJ)LEZRDRIDFE

[lib/static LIB_shell.f90] m_static LIB shell::STF Shell MITC() ==L )LBERORBIETN) v/ RO E
[lib/physics/calMatMatrix.f90] m MatMatrix::MatiMatrix_Shell() === DIFJYIRDEE

[CoTHMHECTIZHLTHELET] —
[lib/physics/ElasticLinear.f90] m_ElasticLinear::LinearElastic_Shell() [T’f [/7 |‘ 1) /77’()1/ % ]
hc.:cmwTupdaFe_m_R() . . Eoa—I)LE T IL—F
[analysis/static/static_output.f90] m_static_output :: fstr_static Output() ==+ FERODOHA
[analysis/static/static make result.f90] m_static make result::fstr write_ static_result() ~ % ();,é Mo ﬂ;'k L’—C LY '3':' j—
[main/fistr main.f90] fstr_main::fstr_finalize() -+ ZHDHI 34

hecmw _finalize()
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main/fistr_main.f90] PROGRAM fstr_main e AL TOSS A FrontI STRO) ﬁg *ﬁ %l] ?ﬁl] 7_—“ —9
hecmw _init()

hecmw_get mesh() (* . Cntj 7 /r ) l/) W —G
[main/fistr main.f90] fstr_init() ==+ ZEHAEE - AT —RERHAH

hecmw_nullify matrix() ' S OLUTION N TYPE:DYNAMI C y

hecmw_nullify _result data()

[main/fistr_main.f90] fstr_init_file() 'DYNAMIC-F 0) ldX_I'eSp’E 1 y

hecmw_mat_con() ==
[main/fistr_main.f90] fstr_condition() ' DYNAMIC N TYPE:LINEARt EE JE
hecmw_ctrl _get control_file()
[main/fistr_main.f90] fstr_linear dynamic_analysis() - BETAOIIL—FUA
[analysis/dynamic/transit/fstr_solve dynamic.f90] fstr_solver dynamic::fstr_solve dynamic()
[common/fstr_setup.f90] m_fstr_setup::fstr_dynamic_alloc() - ENFRT R D AR R
[analysis/static/fstr_Update.f90] m_fstr Update ::fstr UpdateState() - REOEH
[CCTEfEmtsrel L TakLET)
[analysis/dynamic/transit/fstr_dynamic_implicit.f90] fstr_dynamic_implicit::fstr_solve_dynamic_implicit() » =+ Newmark-5 j&IC K B BEREITES
hecMAT init()
[analysis/static/static_mat ass main.f90] m_static mat ass main::fstr mat ass_main()
hecmw_mat_clear()
[analysis/static/static_mat ass main.f90] m_static mat ass main::fstr_local stf create()
(CCTERZATITBLTHIKLET]
[analysis/static/static LIB.OOQO.f90] m_static LIB OOO:STF OOO() - EZXRRIMETF)vIRDEE
[lib/physics/calMatMatrix.f90] m_MatMatrix::MatlMatrix() ==+ DREJYIRDEE

[CCTHHAATIZIELTHIELET] X REROGEIFFERALEGL
[lib/physics/ OO O.M01m_OOO::0O00() ¥ DI )VERDBZE [EMatiMatrix_Shell()

hecmw_mat_ass_elem() -+ ZZRRIE<R) Y9 X% assemble

[analysis/dynamic/mode/fstr EIG_setMASS.f90] m_fstr EIG_setMASS::setMASS() -+ EHEESILIVIADEE
[analysis/dynamic/transit/dynamic_output.f90] m_dynamic_output::fstr_dynamic Output() --- #&ROH S
[analysis/dynamic/transit/dynamic_output.f90] m_dynamic_output::dynamic_output_monit() - BEZIEDH 5
[BRARTYTOEHFOIL—TD8FEY]In=1, 2, 3, ....
hecmw_matvec_OO()
[analysis/dynamic/transit/dynamic_mat_ass_load.f00] m_dynamic_mat_ass_load::dynamic_mat_ass_load() === S+ ARINILDFHE
analysis/dynamic/transit/dynamic_mat_ass_bc.f90] m_fstr Update ::dynamic_mat_ass bc() =+ ERDBEBREHEONIE
analysis/dynamic/transit/dynamic_mat _ass_bc v1.f90] m_fstr Update ::dynamic_mat_ass bc_vl() - REOEREHEOLE
analysis/dynamic/transit/dynamic_mat ass bc_ac.f90] m_fstr Update ::dynamic_mat ass_bc_ac() e MEEOEREHLE
lib/solve LINEQ.f90] m_solve LINEQ::solve LINEQ() == #&f¢VIL/N—IZ kDK EE

hecmw_solve OOQ()

— e,

[analysis/dynamic/transit/dynamic_output.f90] m_dynamic_output::fstr_dynamic Output() --- #&RDH S [7__\\’{ D 7 ~ )/ 27 ’]/ L % ]

[analysis/dynamic/transit/dynamic_output.f90] m_dynamic_output::dynamic_output_monit() - BEZIEOH 5 SS o4 — .. 9, —

(BRI T YT DEHDIL—T DEDHY] T2 }L’:% = IN—F
[common/fstr_setup.fO0] m_fstr_setup::fstr_dynamic_finalize() -+ EVfEHT D ZEHHIR > % ()jé =2 u* Lz —C Ly 35 T

hecMAT finalize()
[main/fistr main.f90] fstr main::fstr finalize() =+ ZEEDHIR
hecmw_finalize() 35
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main/fistr_main.f90] PROGRAM fstr_main e AL TOSS A FrontI STRO) ﬁg *ﬁ %l] ?ﬁl] 7_—“ —9
hecmw_init()

hecmw_get mesh() (* . Cntj 7 /r ) l/) W _G
[main/fistr main.f90] fstr_init() ==+ ZEHAEE - AT —RERHAH

hecmw_nullify matrix() ' S OLUTION N TYPE:DYNAMI C y

hecmw_nullify result data()

[main/fistr_main.f90] fstr_init_file() 'DYNAMIC-F 0) ldX_I'eSp,& 1 y

hecmw_mat_con() =—
[main/fistr_main.f90] fstr_condition() ' DYNAMIC 5 TYPE:LINEARt EE ﬁ
hecmw_ctrl_get control file()
[main/fistr_main.f90] fstr_linear dynamic_analysis() - BETAOIIL—FUA
[analysis/dynamic/transit/fstr_solve dynamic.f90] fstr_solver dynamic::fstr_solve dynamic()
[common/fstr_setup.f90] m_fstr_setup::fstr_dynamic_alloc() - ENFRT R D AR R
[analysis/static/fstr_Update.f90] m_fstr Update ::fstr UpdateState() - REOEH
[CCTEfEmtsrel L TakLET)
[analysis/dynamic/transit/fstr_dynamic_implicit.f90] fstr_dynamic_implicit::fstr_solve_dynamic_implicit() » =+ Newmark-5 j&IC K B BEREITES
hecMAT init()
[analysis/static/static_mat_ass main.f90] m_static_mat_ass_main::fstr_mat_ass main()
hecmw_mat_clear()
[analysis/static/static_ mat_ass main.f90] m_static mat _ass main::fstr_local_stf create()
(CCTERZATITHLTHIKLET]
[analysis/static/static LIB_beam.f90] m_static LIB beam::STF Beam() ---Z2EZROREIEINIVvIRDEE
hecmw_mat_ass_elem() - ZXRRIMET M) YT X%Fassemble

[analysis/dynamic/mode/fstr EIG_setMASS.f90] m_fstr EIG_setMASS::setMASS() -+ EHEEILIVIADEHE

[analysis/dynamic/transit/dynamic_output.f90] m_dynamic_output:fstr dynamic Output() +-- ¥ERDOE S

[analysis/dynamic/transit/dynamic_output.f90] m_dynamic_output::dynamic_output_monit() - BEZIEOH 5

(BRRTYTOEHDIL—TDIEEYIn=1,2,3,....

hecmw_matvec()

[analysis/dynamic/transit/dynamic_mat ass load.f90] m_dynamic mat ass load::dynamic_mat ass load() ==+ SFARILIILDETE
analysis/dynamic/transit/dynamic_mat_ass_bc.f90] m_fstr Update ::dynamic_mat_ass bc() =+ ERDBEBREZHEONIE
analysis/dynamic/transit/dynamic_mat _ass_bc v1.f90] m_fstr Update ::dynamic_mat_ass bc_vl() - REOEREHEOLE
analysis/dynamic/transit/dynamic_mat ass bc_ac.f90] m_fstr Update ::dynamic_mat ass_bc_ac() e MEEOEREHLE
lib/solve LINEQ.f90] m_solve LINEQ::solve LINEQ() == #&fi¢VIL/N\—IZ kDK EE

hecmw_solve 66()
[analysis/dynamic/transit/dynamic_output.f90] m_dynamic_output:fstr dynamic Output() +-- ¥ERDE S
[analysis/dynamic/transit/dynamic_output.f90] m_dynamic_output::dynamic_output_monit() - BEZIEOH 5
(BERTYTDEHFDIL—TDHEHY]

— e —_

[common/fstr_setup.fO0] m_fstr_setup::fstr_dynamic_finalize() -+ EIfEHT D ZEHHIR [7__\\’{ D 7 I‘ U / 77 ’r L % ]
hecMAT _finalize() S5 o — . )], —
[main/fistr main.f90] fstr_main::fstr_finalize() =-- ZHDHIK Tra )l/% " -Ij-j IV—F

hecmw_ finalize() b % ()E%r: u* LTLy 3’3 T
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main/fistr_main.f90] PROGRAM fstr_main e AL TOSS A FrontI STRO) ﬁg *ﬁ %l] ?ﬁl] 7_—“ —9
hecmw_init()

hecmw_get mesh() (* . Cntj 7 /r ) l/) W _G
[main/fistr main.f90] fstr_init() ==+ ZEHAEE - AT —RERHAH

hecmw_nullify matrix() ' S OLUTION N TYPE:DYNAMI C y

hecmw_nullify result data()

[main/fistr_main.f90] fstr_init_file() 'DYNAMIC-F 0) ldX_I'eSp,E 1 y

hecmw_mat_con() =—
[main/fistr_main.f90] fstr_condition() ' DYNAMIC 5 TYPE:LINEARt EE ﬁ
hecmw_ctrl_get control file()
[main/fistr_main.f90] fstr_linear dynamic_analysis() - BETAOIIL—FUA
[analysis/dynamic/transit/fstr_solve dynamic.f90] fstr_solver dynamic::fstr_solve dynamic()
[common/fstr_setup.f90] m_fstr_setup::fstr_dynamic_alloc() - ENFRT R D AR R
[analysis/static/fstr_Update.f90] m_fstr Update ::fstr UpdateState() - REOEH
[CCTEfEmtsrel L TakLET)
[analysis/dynamic/transit/fstr_dynamic_implicit.f90] fstr_dynamic_implicit::fstr_solve_dynamic_implicit() » =+ Newmark-5 j&IC K B BEREITES
hecMAT init()
[analysis/static/static_mat ass main.f90] m_static mat ass main::fstr mat ass_main()
hecmw_mat_clear()
[analysis/static/static_ mat_ass main.f90] m_static mat _ass main::fstr_local_stf create()
(CCTERZATITHLTHIKLET]
[analysis/static/static LIB shell.f90] m_static LIB shell::STF Shell MITC() =+ Tz/LEBZRORIETRIvIZXDEFE
[lib/physics/calMatMatrix.f90] m_MatMatrix::MatlMatrix_Shell() *=* DIRNJYIRDFHE
[CCTHHEICTITHRLTHELET]
[lib/physics/ElasticLinear.f90] m_ElasticLinear::ElasticLinear Shell()
hecmw_mat_ass_elem() -+ ZZRRIME<R) Y9 X% assemble

[analysis/dynamic/mode/fstr EIG_setMASS.f90] m_fstr EIG_setMASS::setMASS() -+ EHEEILIVIADEHE

[analysis/dynamic/transit/dynamic_output.f90] m_dynamic_output:fstr dynamic Output() +-- ¥ERDE S

[analysis/dynamic/transit/dynamic_output.f90] m_dynamic_output::dynamic_output_monit() - BEZIEDOH 5

[(BREARTYTOEHFOIL—TD8FEY]In=1, 2,3, ....

hecmw_matvec()

[analysis/dynamic/transit/dynamic_mat ass load.f90] m_dynamic mat ass load::dynamic_mat ass load() ==+ SFARIRIILDEE
analysis/dynamic/transit/dynamic_mat_ass_bc.f90] m_fstr Update ::dynamic_mat_ass bc() =+ ERDBEBREHEONE
analysis/dynamic/transit/dynamic_mat _ass_bc v1.f90] m_fstr Update ::dynamic_mat_ass bc_vl() - REOEREHEOLE
analysis/dynamic/transit/dynamic_mat ass bc_ac.f90] m_fstr Update ::dynamic_mat ass _bc_ac() e MEEOEREHLE
lib/solve LINEQ.f90] m_solve LINEQ::solve LINEQ() == #&f¢VIL/N\—IZ kDK EE

hecmw_solve 66()

— e —_

[analysis/dynamic/transit/dynamic_output.f90] m_dynamic_output:fstr dynamic Output() +-- #¥ERDE S [7__\\’{ D 7 I‘ U / 77 ’]/ L % ]

[analysis/dynamic/transit/dynamic_output.f90] m_dynamic_output::dynamic_output_monit() *+- BEZIEDOH 5 S 4 — .. ), —

(BRIR 75T DEHDIL—T DEHY] T2 }L’:% Y IN—F
[common/fstr_setup.fO0] m_fstr_setup::fstr_dynamic_finalize() ==+ EVfEHT A D ZEEHIBR > % ()jé =2 u* L —C Ly 3’3 T

hecMAT finalize()
[main/fistr main.f90] fstr_main::fstr_finalize() =-- ZHDHIK
hecmw_finalize() 37
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28 miBernoulli-Euler £ &3 (1/4)
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28 miBernoulli-Euler£ &3 (2/4)
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280 mBernoulli-Euleri2 &£ 3% (4/4)
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[lib/static_LIB_beam.fo0]d A%

EPa2— /L4 :m static LIB_beam

Bernoulli-Euler2ER D ERRBIMETR) VIR, HNARGEIL, 55, VT HEFEHETHED21—IL

AT HHOES1—IL

[lib/element/clement.f90] elementInfo
ERDFEHREEEITHIED 1

GausstED RDIFHZEEE I HED1—IL

- [lib/utilities/utilities.f90] m_utilities
RN T IL—F U OEBEED-ED1—IL

AN
- BHE ndof
81 s T B HEH (ndof = 6)

A \EA%K
-HJI)L—F> framtr()
BTN IREHET AT IL—F
%7 J)L—F> STF_Beam()
BERRBIMETMN)VvIORETHET AT IL—F
-5 J)L—F> STF Beam 641()
3IX3TAYF VT REROMIMETRN)VvOREHFHET B ITIL—F>
-7 JL—F> DL_Beam_ 641()
DTEENOHARNINESFET SV T IL—F>
57 )L—F> TLOAD Beam 641()
BRENOH NIRRT ETHETHYTIL—F
-7 )L—F > NodalStress Beam 641()
APV THADOERTFHEEHET ST IL—F>
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[lib/static_LIB_beam.f90]
m_static_LIB_beam::STF_Beam()D A&

YT I —F % :STF Beam()
Bernoulli-Euler2EXNDERRIME<TRN)vIREHETEZHIIL—F>

513

- BB etype
BRI(TES

-BHE
ERHNDOE R

-EHE ecoord(3, nn)
ERANDE R EE

-EHE section(3)
SBARIMNLOE S

EHE e p
YoungZ, Poissonktt

-RHE! stiff(nn*6, nn*6)
EFRRAIMETRIvOR

Efz
-7 )L—F 2 [analysis/static/static mat_ass_main.f90] m_static mat_ass_main::FSTR_LOCAL STF CREATE()

ThL
FL
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FrontISTR CIEM/NEREZ R EL-MITCU TILEEZMNEEIN TS

Bathe, K.J., Finite Element
Procedures, Prentice Hall,

A\
MITC3  TILEFR (1993). s




MITC (Mixed Interpolation of Tensorial
Components) shell element

(a) Isoparametric degenerated shell element

(b) The covariant components measured in the convected
system are used as the Green-Lagrange strain
components.

(c) The transverse shear strain components are evaluated
using the values interpolated at sampling points.

Bathe, K.J., Finite Element Procedures, Prentice Hall, (1995).
—~__ -
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MITC4S T ILE S (1/4)
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Fig. MITC4 shell element

Dvorkin, E.N. and Bathe, K.J., “A Continuum Mechanics Based
Four-node Shell Element for General Non-linear Analysis,”
Engineering Computations, Vol.1, pp.77-88, (1984).
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Dvorkin, E.N. and Bathe, K.J., “A Continuum Mechanics Based

&5
M ITC4 y I } I/ g ? (2 l 4) Fouf—nod.e Shell Eleme_nt for General Non-linear Analysis,”
Engineering Computations, Vol.1, pp.77-88, (1984).
£ 31 23
O =D+ (e, —e)dV + [ 27 (8, - &)V

CD:IV%O':adV—_[Stu-LdS—J.Vu-pb dv

O_ZO_ij 0 _®0 _
c=C:¢ { 9' g’ Tensorial components
_ 0l 0N
E=¢& 0 ®°¢
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n
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8§ Dvorkin, E.N. and Bathe, K.J., “A Continuum Mechanics Based
M IT C 4 y I } I/ g ? (3 l 4) Four-node Shell Element for General Non-linear Analysis,”

Engineering Computations, Vol.1, pp.77-88, (1984).

SO =0 &Y, [RELEDFRE
o358 dV :Lt5u-1 d3+jv(5u-pb dv

( 1 1
£y =€y :5(1_,7)5;31(0, 1, 0)+5(1+n)e;?(0, 1, 0)

= 6 = (1= (1,0, 0)+ 21+ )220, 0, 0)

"

Mixed Interpolation of Tensorial Components
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Dvorkin, E.N. and Bathe, K.J., “A Continuum Mechanics Based

5
5
M I I C4 / I } I/ g ¢$\ (4/ 4) Four-node Shell Element for General Non-linear Analysis,”
Engineering Computations, Vol.1, pp.77-88, (1984).

HAMOT AR5 EPF(E,%,6%) = > h{(€" ) EDIENy €y €
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Fig. MITC4 shell element

Lee, P.S. and Bathe, K.J., “Development of MITC Isotropic
Triangular Shell Finite Elements, Computers & Structures, Vol.82,
pp.945-962, (2004).
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Lee, P.S. and Bathe, K.J., “Development of MITC Isotropic

5
M IT C 3 "/ I } b g % (2 l 2) Triangular Shell Finite Elements, Computers & Structures, Vol.82,

pp.945-962, (2004).
HAMOT HEHD
E35 (€1,67,6%) = E35(0,1/2,0) + co &'
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Fig. MITC4 shell element

Bucalem, M.L. and Bathe, K.J., “Higher-order MITC general shell
element,” International Journal for Numerical Methods in
Engineering, Vol.36, pp.3729-3754, (1993).
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M lT C 9 : l/ 2 I 2 Bucalem, M.L. and Bathe, K.J., “Higher-order MITC general shell
/ I } by element,” International Journal for Numerical Methods in

Engineering, Vol.36, pp.3729-3754, (1993).
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Drilling DOFMDZ&E & (1/2)

VINERDERHIZYOBERENZ6ELT, RDOEDBHE (drilling
DOFEMEENS=DB DEEB HE) #%& /& (Hughes and Brezzi 1989)
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Hughes, T.J.R. and Brezzi, F., Computer Methods in Applied Mechanics and Engineering, Vol.72, pp.105-121, (1989).

Nguyen-Van, Hieu and Mai-Duy, Nam and Tran-Cong, Thanh, CMES: Computer Modeling in Engineering and Sciences,

Vol.49, No.2, pp.81-110, (2009). 58



Drilling DOFMD & & (2/2)
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[lib/physics/ElasticLinear.f90]MD A&

E2a1—)L%4 :m ElasticLinear
R EMEADDI N VIR ZEHETHE 21—

FEARTHMBODES1—IL
- [lib/physics/material.f90] mMaterial
MDD IEREEETHE 21—/

AU NTE R
- EEHAY kreal
EHEDFERIE

A/ \EEHK
=57 )L—F> calElasticMatrix()
3RTMEE, FEOT ARHE, FEisHREE, st iEEDODY ) vIREHET ST IL—F>
-7 JL—F > calElasticMatrix_ortho()
EXEAMNHDIEE, IRTHEDDIMN VIRETFHET S HTIL—F>
-+ JL—F > LinearElastic Shell()
INERZFERATHEE, BOAAEERBAOEETUVILETET LI I IL—F
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[lib/physics/ElasticLinear.f90]
m_ElasticLinear::calLinearElastic_Shell() D A&

7 )L—F > 4 :LinearElastic_Shell()
MITCY TV ERDEMET UV IVEHETHYTIL—F

513K
-} 1&E A (tMaterial) matl
MHEIZE&EST ST —4
- BHE sectType
FIREDIELE QR ITRE/FE O T A/ it 77 6 78/ & %t FR 5 RE)
EHE L)
EETUVILD RS
-EHE el hat(3), 2 hat(3), e3_hat(3),
BEXREZEROEMERNINL
-EHE cgl(3), cg2(3), cg3(3),
REEEANIRL
-EHE alpha
drilling DOFD 1= D % 3L
-EE n layer
BEEDH

kv
-5 )L—F > [lib/physics/calMatMatrix.f90] m MatMatrix::MatlMatrix_Shell()

ThL
-7 )L—F > [lib/physics/ElasticLinear.f90] m_ElasticLinear::LinearElastic_Shell()
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[lib/physics/calMatMatrix.fo0] A&

EPa—)L % :m_MatMatrix
EMBDODIRI VI REHEIT B TIN—FUEESED2—)L

ERTAMOET1—L
: mMaterial
RO EREEESFES2 L

GaussHED RDEREEE T HED1—)L

. B BHEADDIN VI REHETHES 21—

- HEEMEARDIPEDEET VI EHETHED2—IL

. BEMERDDI N VI REHETHED 21—

. FEMEADDI N VI REHETHED 21—

- D)—TH#ERBLIRIEIN) VIR £5EHT 50D ED 21—
-F%@%{M)Dvh'J‘ybx’&E’r%id‘%fE&:L—)b

- A—HEEOMBODIN)VIREHETHE 21—l

A INER
CEEHA kreal
EHE DIERE

EOTNE
-BE%% getNIgeomFlag()
RERAODYITIL—F>
-7 )L—F> MatlMatrix()
EMHEODIRVIREHET BT I —FUEFESYTIL—F>
4T )L—F> StressUpdate()
EMHOBHEVT HEHET DY ITIN—FUEESY I IL—F>
5T JL—F> mat_c2d()
MENVBEEADIGES, ABOEETUOVILERBEORESE CRTHE/ FTEVT &/ FEM D EE/EHTEE) ISEC:
DIMJYIRIZERT BT IL—F>
5T )L—F> MatlMatrix_Shell()
DIj)l/E%’éﬁﬁﬁ'éi%é, BHE BEN—TaoTH, BEEEAROHF)DDINIVIREHETEHTIL—FUoFRESR
HIIN—F>
*HJIL—F> mat c2d Shell()
JINEREZFERATHIEE ABOEMET U YIIVEDIN VIRICERSTEZYTIL—F>




[lib/physics/calMatMatrix.f90]
m_MatMatrix::MatIMatrix_Shell() D AR

HJ JL—F > % :MatiMatrix_Shell()
MITCY TV BEHRDDYR) VI REHETH YT IL—F>

513K
- {8 1E 1A (tGaussStatus) gauss
GausstEn R ICEAETHT—4
- BB sectType
EIREDIELE QR ITRE/FE O T A/ it 77 6 78/ & %t FR 5 =E)
-EHE DG, )
DY LI RX
-EHE el hat(3), e2 hat(3), e3_hat(3),
BEXREZEROEMERNINL
-EHE cgl(3), cg2(3), cg3(3),
REEENINL
-EHE alpha
drilling DOFD 1= D % 3L
-EHE n layer
BEEDH

kv
-5 )L—F > [lib/static LIB shell.f90] m_static LIB shell::STF_Shell MITC()
-7 )L—F > [lib/static LIB shell.f90] m_static LIB shell::Update Shell MITC()
-5 )L—F > [lib/static LIB shell.f90] m_static LIB shell::ElementStress_Shell MITC()

Tz
-7 JL—F > [lib/physics/ElasticLinear.f90] m ElasticLinear::LinearElastic Shell()
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[lib/static_LIB_shell.f90]10 A&

EPa2—)L% :m static LIB 3d
MITCY L BEZDERRBMETRI VIR, A ARV, [5H, VT HEFETDHIED 21—

FRTIMDES1—IL

[lib/element/element.f90] elementInfo
ERDE/REEEITSE 21—

GausstED R DFEHEEEIT HE 21—
gauss_integration

EMBODIN)YIRFEHET AT IL—FUoFESED1—)L
mMaterial
MEMEDIFREEETHED21—IL

FENRIG Y D IL—F U OEBEED-ED1—IL

AN
- EHE kint
BHRBDIERNE
-EHE kreal
EHB DFERIME

A NEEH
-4 J)L—F> STE_ Shell MITC()
BRI VOREHET ST IL—F
-7 )L—F> Updata_ Shell MITC()
GaussEBEA R CTOINDRERAEHET I T IL—F
47 JL—F > ElementStress Shell MITC()
GausstED R TDIE DX, v, IEERE R EHEIT S Y TIL—F
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m_static_LIB_shell::STF_Shell MITC()\®O A%

[lib/static_LIB shell.f90]

BT )L—F >4 :STF Shell MITC()
MITCV T LEZDRIMETNI VIR 5 ETE2HTIL—F

5%
-EBHE etype
BRAT
-EHE mn
BEXRNOEH R
-EBHA ndof
Efi )R D B FHE L (ndof = 6)
-EHE ecoord(3, nn)
BERAOEH R EE
- #8& A (tGaussStatus) gausses(:)
GaussDIEND RICEET HT—4
SEHE Sff(, o)
EXRAIME<TR) VIR
“EHE thick
VILNERDES
<BEHA nlayer
HEDODH
- B A mixflag
3X3TOvF VTV ERDHRIERTEI59T
-EHE nddisp(3,nn)  HEEATEE
Eil=E A0

fikiv2
*HJ)L—F> [analysis/static/static_mat ass main.f90] m_static mat ass main::FSTR_LOCAL STF CREATE()
*H57JJL—F > [analysis/static/fstr Update.fo0] m_fstr Update::fstr Update6D()

ThL
4T )L—F > [lib/element/element.f90] elementInfo::getNodalNaturalCoord()
4T )L—F > [lib/element/element.f90] elementInfo::getShapeFunc()
4T )L—F > [lib/element/element.f90] elementInfo::getShapeDeriv()
4T )L—F> [lib/element/element.f90] elementInfo::getQuadPoint()
4T JL—F> [lib/physics/calMatMatrix.f90] m MatMatrix::MatlMatrix_Shell()
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