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Analysis for Concrete Structure under Complex Stress Condition with Solid 65
FEA Element of ANSYS
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Abstract: In the FEA software of ANSYS, an element type of “Solid 65” is defined for concrete
material, specially. It not only can simulate the typical mechanics behavior of concrete such as
crack and crush, but also includes the failure criteria of concrete. This applies a lot of convenience
to the user. In this paper, according to the research work of the author, the applications of Solid 65
in frame structure, composite beam, confined column and joint of composite structure are
presented together with 4 practical examples. And the methods to setup the connection between
concrete and other materials are discussed in details, when the concrete is working together with
other materials such as rebar, section steel, steel tube and carbon fiber. These examples show that
with proper FEA model and connection method, ANSYS can simulate concrete structure precisely.
Hence, it can reduce the test work and save the cost. However, if the FEA model is not correct,
there will be mistakes in the results. These mistakes are classified in this paper and advises are
given to avoid them.

Keywords: FEA, concrete, ANSYS;

—. 57

TRBE L H AT o 2 S R — o T DURTT (S S AN . AN AN DAL
oAt — LS G5BT A 2 T 2 RERIR AR i, N TR AR i TE e O 1 T it
SR VR 52 D HLBE MBI LR, AR 75 2O ] = 4ESe kAT AR A BRIT M o TR
et ARG FIN BA TR IR BV 2 RO J12AT ), A8 YR N IR T 2247 0
AEVAIFE 2B oK T RO INAE . O T8 A W, ANSYS #ff N iBE 1
LI TR EE LA R =4Sk BT B2 SOLID 65, FFA. T = 4ERE o R Ve T IR A A v



#4451, Building Structure,33(6), 2003,22~24

W, St TARZ S 4, A R A TARKI 5. BEAh, ANSYS B 5 Bl
AIRE TG, AT AR IS 0 LA A 3 s St - A At A R 2 18] A 3R] A A,
VEAEAR 22 S ) PR A 17 B P o A SORE 45 VR 2 S B 2 IR — 28 BE 0 R W] 3
HARR ]

= SOLID 65 BTHIfER A%
SOLID 65 SICAG &M ESr e 2 MK 8 3% siA¥ M 544 5.0 SOLID 45 AHIR] i)
SEPR L TORIY, (I T YR 1 i S UE DU o o P R O A B T A T AR SN
R, B n] DAYE = 423 () (AN ) 7 1) 43 0 v e M A (AL s AR, BCTT R 24, (0 SEBr Y
HIrp, — TR EH SOLID 65 Lt LL 4
D) S 24 real constants; ESEZ 45 € SOLID 65 FLITAE —4E 2% [A] %A J7 1] ¥4
Wit R, ALE, MEEMECAIE . TR AN A LR T )
PIREETE X, — RBCAE FH Ao 4 e A A v v AR

2) PR Material Model; 71X BT e TR &E T FEN AR B, YARA L,
B,

3 ik Data Table; 51X HL&5 w80 ARSI AKI G R X TR, —
W B 8 NN AR I A ] Data Table, S5 G AT 26 45 5 Al 44 55 B 2 10 A
TUZE T VR B A, 5 LA Data Table. — AN AKX & [#) Data Table,
b wn{# H Multilinear kinematic hardening plasticity 17 5% Drucker-Prager
plasticity FAYEE, FHk e SCIREE LN I NAR R 55—/ MlE SOLID 65 4
1] Concrete element data, F-T- 72 S #%E 1 [R5 BEHEN, 2840 5 ) F 22 0] 7
R AR

AL s T 0 SO EE AR log ST

=, REISHtHRNAS
—) SWHRAS
TRBE T ST &t deh WK — AL & 53, — ik, T OEIERE 54 LUR = F.
DR -3Saw sit]
FHEA M SOLID 65 $e it s 4o, AU RUR B8, 2R m, (Higsk
RAEANTE R T A 73 A AN S I DX, LA BN A ) BRI A . 220 T K
A ELANA 3 B S ROk PR B ) S AR 4
2) e AR, RS B
R A AFFERIC link 8 AENZAN AR, RINEEE L oL A Al AR AUR @R L i
JPAE s AT UM A AN I T E AT AT AN J7 0 il i A L A AR I 2 AT
7%, WEGIEIC ROALE,  HAA D) BN ) S b R R TR e - ) il A
3) B, FH I
TP A TR B R A 200 & VB B A A RV - 2 TR RS e At il , AT %5 R oy
AR TR T I A SR S e %, T BLHE— 2D 5w 7 RS E
[FIREA T 25 (B AT T link 8 SN AN A ALY o AN[R] FR) A2 VR A6 -t B T AN AN 95 H T 2 AL A
FSRSERRR S . ANad, 1T B AT TRt - &t A mh A A R R e - 2 TR A
PO R G (R ], 0S5 AR It - 2 1) A2 A SR T AN AR ™ B, — AN L G
=) SRR AR A A
RS IR e AVRANAR AL A I, T AN AT RSO, S R AROK, HRAN S —
RO, I, RUANAREE T 2 M AR AR DL LA B35, H 2518, 7 ANSYS, 7



#4451, Building Structure,33(6), 2003,22~24

LA vk

1) FHAEL 543 5.0 Combin 39
Combin 39 558 f e ] LR J7 8 (1) % e ST L sy o — 88 &, JFHA 2

BRI EERE, 2 — PRSI A St e i o

2) FIH b T

IR AN R T ] B AR, SR b OB SR B IERA IS DU, TRk
RO 2 ] R A T S R . ANSYS BRAF PR AL T AU R, T ST
fid, TS T A S5 22 P A BT AR o AEZREXS EE T MR R 5, A e AT
P2 18] NS ROHEAR AT o DR A £ 52 B TR RE G v, RN R e 122 ] 14 Jd T 2 5t
FLAE AN, AT A B LA/, P OS5 4 vl DUBEEL 3% 2Z TR AH TG &R

1113 HE A A RS P 0 2 v 1 e R Rt 5

1'R S5 43 4
4.1. REEAEZR S

T AR S A S R A 4 [
1R, fEARF, B TRET #
S RUFEHE QAR AN A AR I 34
T AT I FR s BTR e RN 37 Y
JIZEA A AT DL, DR 75 2T
TR [0 22 () SRS o [R] I
FI) 5 B vh A 7 23 AT FR S A TR
LA LS, HANGIN S 3RATT %
DA B, BRATERA R )
W 23 B A B8 . H link 8 2

LR Asidd
| 4 ‘

A T ° - ‘
; 4 : |
| ! ! !
i | 1] 1 !
| ! i U !
| ! ! !
| 8 ! & |
‘ = . % )
| I
| I
! |
L d
! Tl _

P L S DR Sl e 172

Lo FRARUHEHER R LA 1 o0 (i 22K

’L ,L5OU

2600

#

SUU,L L

TUARREG A BRI o AT BT AT IEAARSALL TR SCHERTHHEZR (K W B AR B0 (R i, B 1
RESCEAE U MER S LB R RO AT, JFSE T B i d i 75 BUME AT AR S 4 R A

N1 AT I 2 s

. W | b 3 e
TS RSP ¢ 10
400 600
500
300 | i A R
{00 2 1 9 B ) W0 R
5 20T % 2 0 L/ FTFESR 4 i W57 )
S 100 ¢ ! S 100 7 >
R v R .
2 0 g W é 0 NI F /,‘
g—loo ) S—-la 20 30 a0 56 6 = :;88 i \ 0 -0
S 7 S \\ _e”
~~_ e -300 T C Ty
-200 #’i”’riﬂ%ﬁﬁmﬂﬁﬁ 00 - #"\{gzk{:’%\nﬂmﬁuuﬁ
-300 -500
g AR (mm) A% sAZ A% (mm)
RS A4 & 14 RS 4 & 20
600 600
500 S P S 500 |-
400 IR
OO N 400 - = Tt e
3 300 [ 7 3 e
S 200 |/ SR 4 ST ) s 00 .
= 100 | G SRS R 1 4955 50 7
2l 2 K
& 07 & 100 [
& 100 ¢ 50 100 .-* 150 = .
N - P ——
-200 N, , . 7 -
, SRS IR B 15 100 O /50 100
-300 ¢ - 7 I Y
~400 -200
I 56788 () AR ()
K7 Vizan AV Y
SIPNE NI S S



#4451, Building Structure,33(6), 2003,22~24

4.2, WM BEREH

SETRN S BN — TRt B A RN B 3 s, LA A AR e ARG S A T AT
183 b TR BE AN BN A A A, BRI A T T AR SN R R R R, B RRAE S S
HhE SCHLST A, T EE R AN AR AR+ AOAR T i T TS WIBE LE D, DN %25 R LT S 1 5
Mo PRI FRATTIE F] T AEZR M 50 35 B0 Combin39 RABLPIRET RSN, I B2 8 FR AT 1Rl 1) NI

— Esd Ad =1

ok = WY - W B X RO 0=0,1-") & i

h

0, =05A,Ef <A, f, . E, ofhTshll, A, WRETIER, h ke K, S b

Wi, E, . f' RGBSR GRS RE,  f, MRETRE . THEAR RIS SR
T AL LA 4 Pz o #5218 AT IR RS OGS BN R A (K M EE PRI 5 00 o

for 4% fyek

I -aplh Bt 20 PLIDY4D% 225 | 2= P16 KETI @120
gt c frioxans o P
it
[ /7 1
q TS ]
Lc o5
75 1 400 600 [ } 400 75
b N + y t 1 =
;_ 4150 ,

- 50

3. WA TR
43, IPIREE A

600

500

300

200

100

i 4% (KN)
—e— TN ), FHERE
—— LWy, A
—— LTINSy, K
—A— LR
R (mm)
20 40 60 80 100 120

Bl 4 TS R Sl 45 Rt

FEAWEREE LT RANB I 5 Prose T, B2 S0 A A 2 ANAN A R A 2 R, T4
(IBY g, UM S A RGP I S 7P AR I 0 AT 1 10 o %5 R BN A TR - AE R i A
AT R KRR AR R AR S N BT, [, BRI, SRR AR K
TR ATREBT; DIt, AT EAEME . SRR SN T e D T PRIE S S fid
NIRRT SEMERCSIGR L, SRATTAE R BRSSPSR, DRAEANAT B ARt AR 2N LY
s EARBRI—E, 43RV S E 6 . F AT TR R A R

e’z‘LLL\\\\\\;%A
PRV VRN RN RN S T IS SRS SA,
F&'&L‘A‘A‘L‘L‘N&Nﬁs. ‘&A“““““‘\'&
VATWAN AN AN AN (N N Y N N o T e T T Tl
PEVAVAVAVAY AVAVAVAYAV.AV) A AVAVAVAV AV AV AVAT AV AV VAV VAN
YA VATV A VAV VA VAPV VA VAVAVAVAAVAVAVAVAVAVAVAVAVAYAT]
PV Y VAV VAV PAVAVAVAYAVaVAVAVAVAVAVAVAAY,
YAV VAV A YAV VAA YA VA VAV VAVA YA VAV VAVAYAAVAVAYAYAYS
A AV A VAV VA YAV VAYAVA YA VaVAVAVAVAYAYAAVAYAVATA
A7 AR AR AR A

(VA VL VA VA VA VAV A VAV VAVAVAVAYATA
i

S
———
S

B 5 AN AT R

4.4, FHAFRELHOZES

ENSENENEAN

SIRORECSS

Q T

Nese

V8
N \Q

N

- U
L SNNSSSSES
ANSNSNNASS,

K 6. BN S AN i 2R




#4451, Building Structure,33(6), 2003,22~24

KL G AU RIREE AL 7 Fros, xR, B 14 Skt ot PRIAE
LT YRR L (W IRRI , BAT R AP ARG 45 7T, DRIk, AT AN 2518 3% 2 TR K
50, A LAR LT e AR L MR i, RS UMM . i T 2T EAT A SR, DAk, Vi%
N EATHUE WIELR) Shell 41 HEETHYFIC, T HAFRIRE T A7 8L R AR th 2 &) 8 Fros. W]
WATE T LA B IO OR o

—

600

30

200 g }Yg
m e
VAY/AN
. b
200 746 — ?
;H #o $o
s 210 . é
2010 - $o
{E: : 5
#o %é
LIS T T S 3 o
bo
7 SRR, WA TR e
Bl P45 ) MPa L8
g’ ‘?f;-\\__,
g .
?

20

10

Co CM1

i R

oo

o IRE 4
; M4 Ltkq/ 7'1%

1 1 | 1 1

5.
D

2)

3)

4)

f I i SR AR X 10 e
L 1
4 4 8 4 8 4 8 4

Bl 8 WAl . ) - W AR R FR N L

8 12

=t =AY

15 SOLID 65 HyuA B JE Jk TR ISR G A RN g KB ) TR DRIEAEAR
2O N S AN N S R I A VR e L PR BT RRR, AR IR 45 RAHAY) &, A
UE, A S B N AT R R A2 BT A R T A, R e, )
FIERAT KT Sem I, 3T LU R48E S W g B AR s o 1 )

SCHERE T — DR EEE R AR RITa T, IR IR A HAR e R
et b, IXRRAR AT REAE SRR B AEAR R AN s B, T S A B
TR TRBOR, 1 BORIERI . PR, AESEBs N AT R, N 0E 2 hnks?
JAE PR3 BTG PR RS B A S R o — S B e, JRE G SRR AR ) B
JNTHAT) SOLID 65 #.50— f FL DY A4 1) o oF SR E HAGsorEdy, Rk, R
LR AVE, NAZJ AR N T A B

IEFRE P SIRITE,  — R R 42 T 0 28 du U AV AS (¥ 0 53 Ve B R 8, i



#4451, Building Structure,33(6), 2003,22~24

pAE eIy E= A RN ER 2 N Rt iT e € L1 e 3 U | EIIS VB 2w I 2 3 i i 27 N
B, AT LAE 2B SR, RV SR E S

ANSYS BAF R ERAE 7L TR EE AR A BRITH T SOLID 65, Ff 34t 17 AR (1 55
FEREMIFIARY KA, FHAT ANSYS A ILAR & Ff i c AT IER AL &, T BUH -0 %
Tl S AR e L G5 AR 1 o D SRARBR AT AL, 73, SKRAFE AP (VA5 Rk 4l 1 e e K HAS R
4R,

SR

1. Ansys 1T TN, 2£E Ansys 2 w55t pgisb

2. SEMTEBUA B EOR AR Ansys ERISERR, EEGR, IR R, 2000.4

3. EUE, ANFTRE LRI, EERS AR, 1999, P19~21, P.134~135

4, LA, ANFTREE L SR AT IR JT T, 1984, P.91~116

5. BBAE, YOS, R RS R S A AL S AT R T ST, TS, 2002. 6.
P. 39~41

It

/PREP7

1%

ET,1,SOLID65

!*

R,13,,..3,,
RMORE, , 3,,,,

!*

UIMP,1,EX, , ,30e3,
UIMP,1,NUXY, , ,.2,
UIMP,1,ALPX, , ,,
UIMP,1,REFT, , ,,
UIMP,1, MU, , ,,
UIMP,1,DAMP, , ,
UIMP,1,DENS, , , ,
!*

UIMP_3,EX, , ,200€3,
UIMP3,NUXY, , ,.27,
UIMP_3,ALPX, ,,,
UIMP_3,REFT, , ,,
UIMP3MU, , ,,
UIMP,3,DAMP, , ,
UIMP3,DENS, ,, ,

!*

TB,MKIN,1, , ,
!*

TBMODIF, 1,2,0.0005
TBMODIF, 1,3,0.001
TBMODIF, 1,4,0.002
TBMODIF,1,5,0.0025
TBMODIF, 1,6,0.0038
TBMODIF,2,2,15
TBMODIF,2,3,24
TBMODIF,2,4,30
TBMODIF,2,5,29
TBMODIF,2,6,22
TB,CONCR,1,, ,,

!*

TBMODIF,2,1,0.6
TBMODIF,3,1,0.95
TBMODIFA4,1,3
TBMODIF,5,1,28
TB,BKIN,3, , ,,

!*

TBMODIF,.2,1,210
TBMODIFE,3,1,2¢3



