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Tongji University Master of Science Abstract

ABSTRACT

Grout-filled steel sleeve connection technique is the most common used
technique to connect steel rebars in precast concrete structure. The steel sleeve
contains the steel rebars embedded in precast components and it can transfers force
when the filled-in grout is hardened. However, grout defects might occur because of
the complexity of grout-filling procedure and the difficulty of construction
management. In this paper, a numerical simulation of grout-filled steel sleeve coupler
and component is presented, and the performance of both coupler and component
under grout defects is studied. The main research works can be addressed as follow:

(1) A fine numerical simulation based on finite element method is established
and verified. It can accurately simulate the mechanical properties of grout-filled steel
sleeve coupler. The simulations under numerous grout defects condiction are also
performed. The proposed simulation method is validated via the comparison with
experiment results. The connection mechanism of grout-filled steel sleeve coupler and
its performance patern influenced by grout defects are analysed based on the
simulation results. The effective anchor length is introduced as an index to evaluate
the influence of grout defects.

(2) Sort and summarize existing bond-slip models. Establishe a bond-slip model
for steel rebar and grout material considering the influence of grout defects, based on
the existing model, the results of monotonic pull test of coupler and the numerical
simulation.

(3) A numerial simulation of precast concrete column with grout defects using
proposed bond-slip model is established, and the proposed simulation method is
validated via comparing its results with experiment results. The influence of grout
defects on the precast concrete column performance under both monotonic and cyclic

loading is deeply analysed.

Keywords: precast concrete structure, grout-filled steel sleeve, FE methods, grout

defects
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o = (1.01 +

1.54 [ ) fis (3.8)

T, = <1.o1 4+ 1.54 g )(1 +8.5000) s (3.9)
T, = (0.29 +0.43 \/g )(1 +8.505)fss (3.10)
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Hrr, 1 RRIEBAEE R T), X RIER E NS TR BE 2R 77, X
W ENS,: T AWK N 1, KRNI E NS, 1, NTR RGN T, X
R NS, . A 3.7~3.10 Fify = 019 Y%, po, TR B HLH% .
b5, tRASKIERIES RS E, B TSGR RRNALRRIL,
R R RSB REAE A, 1R TS BRI S-Ig B o R AL R g

TR
|3 0<S
= — <
T=T S,
< S, (3.11)
T = K]_ + sz SS < S
<S,, (3.12)
T:K3+K4S+K552 SCT‘<S
<S, (3.13)
T, — T
rzru—s’:_SZ(S—su) S, <S
<S, (3.14)
T="Tr S>S, (3.15)

Hrb, Koy Ky Kav Ky FNKg 50085 45 58 BRI AN 7% BRF AL A 55 1) R 2L
HARIME AT % R 5 ih 5

Ky =14 — K24\/ Ser (3.16)
Ter — T
Ky=—Z% (3.17)
4\/ Scr - i/S_s
K3
=1, — K,S, — K5S2 (3.18)
2Su(‘[-u - Tcr)
K, =—————— 3.19
* (Su - Scr)z ( )
Ty — Ter
Ks= ——— (3.20)
> (Su - Scr)z

B 5, AR AREES AR IR 45 #8158, $2 1 IR BRI E 5 B4
d R %&, RIS, =0.0008d. S, = 0.024d. S, = 0.0368d#1S, = 0.54d.

LT L, AR AR AL T2 e e S IO AR AR AL T 2 T, BT
T 5P B B 2 DI R IR T ORGSR FE IR TS A S B TR A5 R R
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[FIHF RS Wl AR S0 E SRR IR X 5 I E SR S SR AR P e 52 i ) B A

Th i, A3 T BB BOR A5 % s UM R BUE 5. IR T AR
RIS TERE I, ek AN S TR TRl ARG S5V AR IR A R IR
[l I3 BT P A« TR AR S B E R Se PR DL, PRI 2 R .
TR RN VR G R E5 I AR LS 1 AR AT A,

3.2.4 BRECR BT MEER

FHE GB50010-2010 (VEEELGEFIBCTHRITED) PoIrh i B0 55 55 VR ok - 2 T R
45N -1 M R A M A 3.2 R .

3.2 FREE e L VI ARG 5 N -1 72 B il 2

LTINS e
T
K,S 0<S<S,
_ Ter T KZ(S - Scr) Ser <S =5y
- Ty + K3(S — Sy) S, <S<S,
Ty S>S,
X7 Ki =7t /Sers Ko = (T = Ter)/(Su = Ser)s Kz = (Tr = T) /(S — Su)
2 AURFE S I S BUE T2 3R 3.2 HUH .
R 3.2 JRBE S ALK 45 N 71 R 4 i) S HUE
FHIE R BB (er) Ve (w PR (o)
K& R )1 (N /mm?) Ter 2.5f,, Ty 3fir T, for
FERE S (mm) Ser 0.025d Sy 0.04d S, 0.55d

H: RPOVWHER (mm); ARE LR REREE (N/mm?).

G225 TR AR 0 BOEE, MR IR 45 R A e T IS 21 1 & KG
25 N JRFIE R BUE TS . R TR B e i, R, Jr EfE
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SR g
3.2.5 RIRNARERRIER

2016 4=, AR ELSIE A R HORIGHIT AN 175 -5 HE R 2 TR] R kL 25 38 # 14: BE
FESE T AN 0 E SRR S5 1 AR T AR T AN 1 S SR R R e e R I R N
VUEL, HFBLRIALSE N -1 R R b T 7207 X

(s

oS 0<S<S,
s
Ts — Ty
+—— (5 -S> 5 <§<S
= Tu (SS_Su)Z ( u) S u
Tr — Ty 2
Tu+m(s—su) Su<SSSr
\ T, S>S,

Tt RN B R R ALAEL, SRR B R RIS 7, R R 2 9 P RFAIE
S RTRREEE AR s T, RN BROR BB, SRR BRI R R AR -

ARBORIESE KT G5, G 1RSSR AR RS B R R R EUE T
%, BT RR:

T = [0.68 +1.11 (%)] |4.81 +0.09 (g)] frs (3.23)
T, = [0.94 +0.50 (%)] [3.02+0.71 (g)] frs (3.24)
7, = 0.537, (3.25)
S = —0.017(ts — 17.24)% + 2.44 (3.26)
S, = —0.099(t, — 23.23)% + 5.73 (3.27)
S, = 2.78S, (3.28)

XF, cRRRYZEEE, DNVRHER, H4ifc/d =5, Blc/d =5; I NEEEK
FE, fos NS RBURLRIE

AR AL RRG 45 B -1 B e R W 3.3 o

AR 3 SR AR L 3R VR B VO AR R AL, 5B B R 45 N
JIRIEAE RN 7% AR I 2 AR RIS 45 R G RS L, WAL, SR
HIXPAMRAAR L, SRR AR B R K. R 3.3 NANE E AR 20mm, TR
TEERGIRIR N AMPa 15 0L T, 43 iE BRIRA AR AL . 3 E VR Bt T T s AL AN
RN E SRS R TH 5 (1) B 2GR R R AR, R B 0 F2 W B K T A A
A,
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[FIHF RS Wl AR S0 E SRR IR X 5 I E SR S SR AR P e 52 i ) B A

28

24

&N T / MPa
© o o S
T T T T

FiN

r
I
|
|
|
|
|
|

0 5 10 15 20 25 30
15#s / mm

B 3.3 AR TN T HE OB IR FX G 28 I~ A B T 26

% 3.3 MR EAR 20mm, VKRB RGTHIR LY 4MPa 1B R AL AL E

A5 TE R A AR | PR VR L VORI | A I R S R AR AR
B 2E R EAHEE (mm) 0.48 0.5 2.43

3.3 E[RERRIERIFLESBHIREL

N 4 I 2 e e 3 el A SR P s B 2 i ) L S DL 22 ST R i, S
RS2 RS T RESR BRGS0 A AN 5 E R RDRG 25 1 R AR

AU HIRE A R, RHR - BB S KRG S I R A 0 BUE IR, g —
BCHEST 7 AH B URGSE N A7 -1 A% B e KL, BRORAT SRR Ah,  REBCARG &5 B A
A% B AR E Y R 4 R G RS o iR S TR R LA RHE R RE
FABORZER, AR E F R TR G LRSS T A . Ak, AR R R R 4
TE Y IE 575 8T 5 5 RO i, REEFERR ] 7 R Bob . Bk, A3
R A 2 TR R Bk - BEVE B R B 3, 258 A SCHE R XS 7% S8 B e 45
RO ABUERABT T, W REN A RE SRR R AT B 0
3.3.1 #EEN N-BBERY

S W TR R L VG RS S R AR, A SRR E5 1 7 R R AR 7 O TY B
BRI B BERBL. TRRBOIOR B, A BUG L AR 45 N /7 -3 7% 58 1Y) ef
AR
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T
K,S 0<S<S,
_ Ter T KZ(S - Scr) Ser <S =5y
- Ty + K3(S — Sy) S, <S<S,
Ty S>S,

X, Ky =T /Sers Kz = (T — Ter)/(Su — Ser)s Kz = (T — 1) /(Sr — Su) -
T HER R R VR e 5 VR e LA [R], (R 0 75 X R &5 B 7 AT A% & 1) AR AIE 1
AT FRE

3.3.2 HRPRFLEE R 17
BRSPS A mr 42 R a5
__F
T=— T (3.23)

Hrp, FRONESRN), dRNIAHEAR, LR mBEKEE . hik, 5 5
R AR BT N, T SAH R PRI BR RS S5 . /0Ty, W13k 3.4 P

3.4 “PIIWPRKR SR )T, (MPa)

HEEK L, (mm) 160 140 130 120 110 100 90
d/l, 0.125 | 0.143 | 0.154 | 0.167 | 0.182 | 02 | 0.222

i S A 17.6 20 21.6 23.4 255 | 279 | 294

Hh R 17.6 20 21.8 22.7 243 | 225 | 235
REAXTHHEAAE 26.2 26.4 26.6 26.8 27 272 | 275

N T SEGFHUHIE TP SRR N g 5 E S R B R g (AT 3R O B G ) 2
AIHISC AR, B 3.4 2o 1P IIMRER R T, AR Y i P DLl A2 5 A T
FERILEAEd /1, VRS, PR IR N T AF A R . I RTLAE Y, 3%
MR B I B 0P B R BIRORG 45 2 77 55 e 45 A Z2 0K s i BB By 5 o Al s
PRSP~ 250 B8 FRORE 45 2 7 A8 A R ) S (1 22531

43

(3.21)



[FIGF RS B A R ST HE SRR IR X 2 1 E SR SR AR P E 52 i ) I A

31
» /
27
s 25
S
R 23
=
S —e— i A kI
* R
& 19 —e— R
Y SBUARHEE
15
0.12 0.14 0.16 0.18 0.2 0.22 0.24

d/lq

Kl 3.4 PRI R N T, AR AL A

HL b, ARE ZEmRWT A R R, AR AN [F L HE SR R T
SKAERERRIFEM R AR R, A7 20 1] 25 FEAS [R SR T e R RG S B R AR
H AT, i E R 5 0 v SR o fie g WL, DRI, AR STORE 43 ) ko 3 9 A ke B 1 ~F- 2536l
BER 45 R 3 AR A iR AT B 9

53 K P AR SRR 45 B T A S B L, T e BN &, BT,/ fis fid /Ly
frs TR fis = 0.1f,"=9MPa. 73 70k i 5 dife [ 10 v 308 ok B PR 0 45 SR kAT T 28
Wt o HIT BREA S G AN, 451 G s 50 R e R 28 1) A D9 00 R B R S AR
PRI PB4 R, BRI B R AN R W IR, TR 1 S B PR B BROR &5 87 g
KA. Erhdan’l 3.5 MK 3.6 fox.

3.65

3.15

2.65 ®

2.15 ®

1.65 y = —60x%+ 32x —1
1.15

Tu/fes

0.65

0.15
0.12 0.17 0.22 0.27

d/l,

K 3.5 sl e X g 4 R ith 2k Ul
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3.15
2.65 ° °
2.15 ®

HEJ [ ]
1.65

3 y = —145x% + 55x — 2.5
1.15
0.65
0.15

0.12 0.17 0.22 0.27
d/l,
3.6 HrEpEh Bl gl R A
3.3.3 HHiE = BE

R A 1R 56 5 SN A AT DAAS: H B PR A 45 187 AR A AR PR 2256 2 3o o T s 3 SR
B, PRk LS N A T, R 3.24 B X ST s iE A, B KL AE R
FI T, 3 3.25 58

w=lroo () +a2()-1 (20

2

—145(?) 4—55(?)-—25]-ﬁ3 (3.25)

Ty =

Hre, 0<1,<8d, i, >8dFf, B, =8d.

X B RURNGE N ORI B T« R RGN IR R E T, RSO SE R ER
e VO RE 5 AR, AR BR AL &5 B R AR B T, R R T RODUE, i R A i
A PR TR A 25 S e

TR BRI, A% R ERE SR EUE vk, LR EAA
PIEET I, TR S H R A ALIIAY | 3 VR & G VR Y A AR 3 MR
B, gEA5 4 TSR TR e AR AU E L 2

BE SRR S5 B TR T BRARRGGE N IR T, . B2 B ERHEES
e SR EARFAEAAS, AR R B BARFEES,, 2%k 3.26 2230 3.30 5E X

T = 097, (3.26)
7, = 0.557, (3.27)
Ser = 0.0008d (3.28)
Sy =0.1d (3.28)
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[FIHF RS Wl AR S0 E SRR IR X 5 I E SR S SR AR P e 52 i ) B A

S, = 0.5d (3.28)

FH I, SR FH AR 355 VR SR RG 25 T RS AR A O 58 e X, NI 5 E 2R kL 2 TH)
MRk S5 N -1e % e & an &l 3.7 P .

M T AR, S REEEIE N BRGSO R R AT 7% BRI 3
Z I A RSt o A MEUE T B A5 RS 15 2 2 R [& T RESR ot E ik
WAL S5V A2 B (RS2, KON b 1 VR 8k + 8% R 5 I A e O e 48 D 75 B 1Y)
RSB FEILAR, 18 FH T v 50 ook e S8 R RN v SR B R R R I 00 o AR Y ST, Ry
Ji 432 2 0 XA 797 VR e A R P S0 o B i () B A AEL R ST 1 A

[}
[}
!
[}
[}
[}
!
3
[}
[}
[}
[}
|
]
[}
[}
!

[%5)
(9}
q
i
“

S [mm]
B 3.7 ANFTTRESROBL 8] HRE 45 I 71 7% T 2%

3.4 KE /N

A B A AT AT 1 BN Y, 153 RS R T A
MR 7%, HOR T S AR AR AR (1 S ] 5

AT ENL T 25 JEVE IR SR B AN E SRR R 45 1 RS AT 12 AR S 2 R
TRHEE VGRS R AR T, Wl 1 Lo B 505 B B BURFIE )RR 25 S I AR
DN T AR 353 VB SRR 225 T P A TR PR B A IR 2 A X kB8 45 R A S vt W O
5 BUARIEE, B2 T B BURRHIE R BUE T -

ARG A T 28 4 5Bt R e A 1) VEE SR SR PR A
Fo
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[FIHF RS Wl AR S0 E SRR IR X 5 I E SR S SR AR P e 52 i ) B A

SRATE A HEIRGRIE B T 2R S A K BUE AR

4135|3

Tk I T R P 0 B T T A A P RS ], A ST T e AR
AL IR oY

AR T8 T RE SRR 0T 5 VR A AR I I R s o AT T AR SR
=B G T () R ) A A R SR RRG S T R A R LN T AT B 5 R RE 1Y
A R SR BTG, RRAUL R SRR T e Sk IR B M R R R

WAL, ZBIRE RS T AR A R S T A o e AUR & A T
5B REREIR RN AR A8 = 5 B Al Bl T 2 AT (TR e LA IE . R AT B AR 327K
TR AR T, AR R o BT 1) BLIE K24 EE, o it B 5 A E R 2 AT
IEH: . N T 25 RS 3 BT A X AE 52 M RE ) S2 i, AR SCR R R 45 T

(cohesive element) L JJ224T 4,

N T IR AL (A A, B A A A S ORI Y O e 2R AT T
EE ISR, ARA0L 25 B 50 4 SRAE BE S T ims AR B B/ N IS )& R, 7 SR P AOR N
REVHE A A R AR 2 T

BT PR, 43 ) o3 M 1A B ar ARV A s A FH TS R S B e xR e =X
TR AT B VERERZ I

4.2 HEREMFGE

42.1 BIRTIER

RV J U R SE S AR RE S . g B 45 5 Skl it 268 e VR gt - 4
FE SIS PR P — . AR INEETE . 8. BRERERRE, BARTLAR
P 4.1 fas . MR RE S B S AR08 Sl Bk — 2, BRIk 4.1 Fios.

£ 4.1 REMESHL

PrEsEE (MPal | JEIRGEAE (MPa] | WE(E5RSE (MPa] | JEARNAL | sftERIE [Gpal
C20 - 473. 03 625. 70 2. 73E-03 208. 14
C 10 495 - - 618. 84 - 218. 26
HEIRRL 90. 83 - - - 15. 54
TR+ 40. 42 - - - 30. 00
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55 4 B A SR R R C R U A ) U AR

800 3 20
S ¢ 220
< § / o
200 | , 200 -
] ] 3C 20
400
L 4
400 o 1-1 A
§ S
3C 20
Q ° 220
o
<
o
o
© 3C20
400
p 1400 y 2.2 R (5 ELED

P AR e At

B 4.1 W AFRA

STHA PR I K] 4.2 Fios.

T (1 Vi v L0 4 SR SR N TR R IG, BT A FRA C3D8R. A i i (1 Y
6 RSF 2 100mm; #3171 WS RSF, WA 300mm LT, v 80mm; MAEJEK 300mm
PLE, N 100mm.

A543 R FH 25 (B =9 T AR TG, BT AR T3D2. FFJEC A& 53 (140 A
A% RS 100mm; #7573 AN 5 A% ST 9 60mm.

BRI 2 B =T M 2R 86, BT RROy T3D2. JE i #ka AR R AH
SR EIN, K AR S SO AR . B FROT MR RS Y 60mm.

AT P30 5 2% A S U R P4 IS TR R T 576 4 [ 5
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[FIBF R A AR S0 RES BRI R B () RO i SR R B 2 ) BB AU

K 4.2 Bfcs IR AR IR o R

RERR I ROAT RS B A B VE L 4.3 717, TRBELARERA] CDP AR, Hirp
(I 0 A% B R K Eh 7 0T 5 AN AR RFH 25 18 M P28 A P I B B 1 R Al A A
FEAY,  RPIE A -TOE 3 2k A4 BHSEAY PQ-Fiber H ¥ USteel02 ASAHEAY . H Tk
REIRRY], EEIRALT IR, It ER KR5S it

4.2.2 ¥R

H TR Z MR, 2R oeRAE, Mg RS, Bl BB
=R
(1) GhEiER
ANFERSH SRR e 2 MR R (tie) EHz. 90w B8] LA R — X )]~
ANFEIRIRE T, AP PR TRIE30 . #3h DLR BT A A 200 B e A S .
ZIERIE B A T AE NI FE B A% 36 EAR S TR RE, 985 XA K ATz
AT .

(2) AR

BRI IRAZI R (embedded region) R A JREE - SLAR BTG,

B0 DLAIIE SR VRT3 12 1 PN DA77, ASASE 2R A 5 4 75 5 TR st ) L [R) A
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{4 5 A RES SR 0 2R e SCTR et AT Y B A A

B

PeRe RIF, SRR, WHE2Ed ik A2 R (embedded region) ik AR #&E 1
SARETTH

RN LR E —H ok A —dH oo o7 T F R IT N B B IT
TR RGPS E B, RO BN R AT RS R R
TCHIRE R H B R ZELA R . AR IT VRS, (H2 RS ABIRA LR .

(3) Khigs s

SE T P R e E AT S IR A — AW X2, AL 5 e 2 A 47
ESERRERFIDREFERZE . NIRRT UURIL, R E S THRIR R
IR 8%, DRI 7 B A BUA AR R AT TR I o AR ST U U7 2202 G AN KL &5
.76 (cohesive element), AL ER AL HHG AR ATAT: B IR 1E H LA KB i 1) 2%
o

R 45 B0 e 8 A7 ORADRG 45 T TR DL ARG S54E FH B 2 8% 27 1R RE A US4l 3¢
Wi TR Rk A 55 i e (R R I

4.2.3 FREEIRTL

H TR SR B I B NN = K A BCRRIE R, 2B EAGREAN. K,
AR B IG (spring element ) 3% 32 B A ERK S 11 B AR S5 TR Gk 1 5
TGo

FEARR A, x T[T y J7 A58 ook 2RV SPRING2 #iot, #iot
MIFE SR EE - —3: 2 J7 R B33 F ook R 2RV SPRING2 FoT, HItHI)
i< A (traction-seperation relation) K FH 25 = 5 2 37 10 5% F& BB 198X i E
BIRG S5 1 AR .

4.3 MRHRBLERE

N T HERA MBS A AN A5 VR S AT AR IR PR G BV E FH R B 52 I O, AR S TR s
AR AT 7 AR () L o Hh T A T AT IR 0 2R T AN A TR L HE A
) BB ASLAD ) T ) BSCAR R 57, ARSI (10 b e 2 T 1 300 5 575 VR 6 - ME 28 A3 fr 41,
RIS BT o I A [F A RS AR 1) B B AU 4 R SR 4 R R, B e
A ER AR A

XoF TR EE L IR RS T, A SCER R EE G SRR (Concrete Damaged
Plastic, DLR{E#R CDP #40) BT SHOEFEMB T 0T, S b 82 &
& BRI E M S IE RS2 W FE RS R XT8N AR A, A SOt
ABAQUS #EH 1) Bl Zl 5 A BT ZR AR B A PQ-fiber 7 i (14 i 15 28 USteel01
BATILER, EFRH BN & H — .
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[FIGF RS Wil AR S0 SRR IR X Rl E SR I B SR AR P

INA=
Aens

UEliRE IR ED)

BIEPR R ZHnER 4.2 fros, JUATRSHE 4.3 fos.

R 42 PR RS

PR BR AL e F 5 WA R P L AR
LKk [MPa] [MPa] [MPa] R [Gpal
6 M - 411 529 2. 22803 203. 94
8 M - 582 855 2. 20E-03 289. 85
10 £M55; - 481 745 2. 00E-03 265. 43
TR 30. 1 - - - 30

T TR RS AR R S = IR, X BRI RS Y C30 VR 1 AR

,T’/ s ['w » »
N T h
[ ‘
‘:: Mo
| N
| P2 -
)
o2
R |
=
ST %
N o L
| _Z, .
o @ ®
¥
A B |
e :
2T ‘e @ ®
N l N
N N
b : .

& 4. 3 BLEEAE AR AR RSP IR CHRAr: mm)

RIEREEPMNE 4.4 Fin. AKPAESNEEFIME A FE S 750mm, /)T
JTTERBIE B AR 1030mme. TR56 (1IN E8 07 2808 % B 7 I AR FFIE E B 77, il
KANA 140.78kN; K5 AR AL RS 35, BEINTE A . KPR N2
FERTETUINERG B 10mm H46, BZOmESE N Smm; A2 30mm 5, BN
HEHN 10mm B £ 60mm; RFFMBAEFA I, FARIMEH] & 4.5 Fros.

FEE T () IR i VR g LA SEAE R AL AN P 4.6 P o AR AR RE L AR A
SCARNTHRHIG, FICAFCON C3D8R; AN #0725 18] 4T s M 28 sos,
JCAFRN T3D2. MRS e S5 iR LR TAEERE R UF, ANAERE, W
W 2L embedded 29 Ak N VR EE - SEAR T

FEJR PR R ) 6mm,  H A B4 A 4mm.

TS R0 T 25 AT DA U e ) TR VLA (8] 5 o I8 A7 190 A A Tt o 15 FR) s
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O 4 B A E N I 1 A SR B R 0 B AR AL
PRI 1l DO R SRfE N 3.5Pa; KPR T — NS H A L, ZH N
58 #EE (Coupling), ML E (Tie) TAEMIM . XHERT ARG 1B n#kAb B
JE BRI

Kl 4.4 KIGHE
0.1

0.05

£iF% [m]
o

-0.05

-0.1

K 4.5 KPR n il

K 4.6 DLHEHERIA PRI
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[FRIGFR 2 A 2 U SO TSR e et 25 15 VR e e 0 S AT R 1 P e 2 o ) BB A0
43.1 BB MHRHERISH

ABAQUS ") 9z A8 F 17k Bt A BRI g Vit L4 177 28 1 (conrete damage
plastic, PATfaj#R CDP) 1A, %A 5] A Hudh A ool ikt - i s AR s gk AT 9
P, NI =85 R VR e S A D91 52 i 7 A 398 DR T AR A R A, DRI 3 FH T A 284
PR . [, CDP #EALEE e T IRE LA R “ Bl s ”, BIsZ SRS H
PLE S B, s & 480 K 2 . ABAQUS ) CDP #5714 FH 52 s I i 1k &
R w AN Z R W BT 2wy, 43 ) 458 ) 52 e I BE A sz MRS P 2. 9l
MR 2 h AR 2 R, 2 RIS R BV RO B 4.7 B, 24
we = 1, I, WIEE S8k E AR IS FRAS s 2w, = Ol MIFEAKE . ABAQUS
PN BUE 9w, = 1, we = 00 XRAREZPREEM G, T2 KNI RS,
M52 R I 2R EE A A RN G . kSR, ZERIEFARTERKE, K
AT B w, 1A FREUE
|

G

Ea

(1—d)E,

K47 ZIERIERE R s s K

(1) AR %

kBN AECUEE H A0 4728 B v H B v I8 e S S8 AR R S R AR B
(7 LA HE TR o (el ep &P 5 LA B, FS A48 R dL 9 B A =
T

< £ (4.1)
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(1 - .Bc)génEO

T oo+ (- BoErE, -
> eor (4.2)
Hrb, e RIREMESZ R 50X NN AR, RTFRIGE R N AR .
e T aP T 5 Ee AR, TR A AT B d B AR IR
d: =0 &
< gt,r (43)
(1- :Bt)gtinEO
t &t

o+ (1- BelE,
> &y (4.4)
Hr, e RNRBRSZ R AR BERT L AR . AR PR SR ShAEPU AL, B E WHUE
7 0.35~0.7, BN 0.5~0.95. A3H, HB. =0.6, B, =09
) T A S5 OO ) B8 4748 B 1 B3 VA A R AR 5 AR 1Y) R BV R A
&2, AAEARXT:

d.=0 &

< ey (4.5)
d.=1- (ic—: )n &

> g0 (4.6)
d; =0 &

< &, (4.7)
de =1-— (SEL: >n &

> & r (4.8)

Hrr, n N5 METRME KRR EE, A n=1.
Fb RSN Lematire £ H (455 A0 5 F2 4 5 T 30005 78 B 1SR 5%,
EAAT
dc

—;%)a (4.9)
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[FIGF RS B A R ST HE SRR IR X 2 1 E SR SR AR P E 52 i ) I A

—1
_ <i ) ¢ (4.10)

Oto

Hr, 000 = Eggcyr RanTREE L AR FWEAE 58 5 a 450 & e i) R 3
Mot A B, Bk AR T % A e = 1.

— 25 oY
A% | 40 g S i =
) SAATT i z w20 \
S 3 10
LT? Iy P "
- 0 ™40 30 0 30 60

{ _2 L

30 N 3p
50 T =50

Disp. (mm) Disp. (mm)

(D AR RTFE IR 2 (2) AESR R T 5T R A 2k
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