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Seismic design of tortionally coupled buildings

FU Changsheng
(Shanghai CHINAFU Structural Design Inc., Shanghai 200011, China)

Abstract; With regard to the design of torsionally coupled buildings, the three key parameters are eccentricity, ratio of the
uncoupled torsional period to the uncoupled lateral period and ratio of the maximum story drift to the average of the story drifts.
Both American and Chinese codes define that the torsional irregularity shall be considered to exist when the maximum story drift
is more than 1.2 times the average of the story drifts at the two ends of a building structure. However, there exists a difference
between the codes when dealing with design and analysis of a torsionally irregular building. In IBC a torsional amplification
factor, A, , is required to account for the effects of torsional imegularity in calculating internal forces of the elements. In GB
50011—2001, however, the ratio of periods is required to be no more than 0.85 — 0.90 in modal analysis. This paper
explains in detail the definition of mass center and rigidity center, and how to evaluate them by computer. It proposes a
concept of dynamic regularity of a building structure in terms of the ratio of periods, the ratio of the maximum story drift to the
average of the story drifts and the torsional content in the fundamental modal shape. The characteristics of torsional regularity
of a structure are to be expressed not only in geometrical terms, but also in essence of dynamic. A structure could be irregular
in geometry. The structural engineers, however, shall design the building to be dynamically regular. Several ways are
presented in the paper on how to design and propotion a structure dynamically regular. The author also suggests that new
provisions regarding structural dynamic regularity would be included in the current design code.
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Table 2 Results of modal analysis

SATWE PMSAP  ETABS
A
gi 2t fﬂiigﬂz r e o
L (T/T,) 0.74 0.77 0.74

KB INARE SR, A S R BRI R LA B XA
RIBT i, B RERN, REGBR T EHASE
THE R STAERAN , E5H B RFEEE, 1
BTG E AL M B2, ok BRARE K Bk
RiBs IR HS « H R ZERER ISR X = A R A, KL
PMSAP Wit B RENHE, 7« + 5% B, 2 RF
BB HAN 1.18, W ¥y FEITA £ 5%EBR R
LR, & BRI N EA P BRER, &K
RiBHH 1.2, EATBFSEHEB T HEHIMH LA
Mt 1.2, 250 B HUN 3 J etk , KR4 i AR G Al
WG R, T ER b A TEEET
WA, R B G B RN R 2 AR,
T MR R

6 Zit5aEil

AXZGHER T BRI P RBURE PO
ERIGIE X R AENRE AR, B T 3 AN
PEREAS, 48 1 T 30 07 MUtk 8 40 1) 2 1 A K B 3 1 AL
MAR®EE. Sr58ENIT:

()M TRFENS RN E, B aEER A%
I B R, VBRI A AT LUR JUA A AL
i), (B ZE S S EN A R 3h AR R A Y , Bk G4
RN LT R

(2) BRI IS5 3h 1 RN HE A R 4K

DA B R R L FRIE L A A E K
F0.85, AR AF 0.9.

Q5 A LML, BRHEE 1 TRE SRR,

Qg x5 — R A HL 5B AT A EAR
HLI B30 3 245

@XFTF RN AH N LS, 24 F A
A4 B L ERAE A B0 R B, B ALY B R

46

ERA BAEHRERARE 10 BEFENERER

BERBANH L REBMBIAN KT 1.5, 5HR

MFERE—B B, EHTHGM AN MEH

W, S REERE 4% BRI A MR K

KEWHBKRRL. B, A, = (dn/1.40.)% B

A, <1BL,R A= L
B g AR R A B T ST B W LA

LTS, RETANB B RRE P ERE L, &

B LT RREEEANREEZARNRCALEE

oA AR T AR 30, AU EE R TR KK

B S HAKAEHABRARXIFR R SR A

BRSO+ ETABS 3 B5E Bkt H

8 % X ®

[1] AyreRS. Interconnection of translational and torsional vibrations
in buildings [ J]. Bulletin of the Seismological Society of
America, 1938, 28(2): 89 - 130.

[2] LinTY. Lateral force distribution in a concrete building story
[J]. Journal of the American Concrete Institute, 1951, 23(4):
281 - 296.

[3] Kan C L, Chopra A K. Elastic earthquake analysis of a class of
torsionally coupled buildings{J]. Joumal of Structural Division,
ASCE, 1977, 103(4): 821 - 838.

[4] Tso W K, Dempsey K M. Seismic torsional provisions for
dynamic eccentricity[J]. Journal of Earthquake Engineering and
Structural Dynamics, 1980, 8(3): 275 - 289.

[5] BREE &HFE FAE. HEEASHIERREMATH
HEwRahBL[1]. BHAE, 2000, 16(1): 1-6.

[6] Tso W K. Torsions in multistory buildings[A] . Proceeding of
the Third International Conference on Tall Buildings [ CJ.
Hongkong and Guangzhou, 1984: 1-7.

[7] Paulay T, Priestley M J N. Seismic design of reinforced concrete
and masonry buildings[M]. New York: John Wiley and Sons,
1992.

[8] Computers and Structures Inc. ETABS Users Manual [M].
1999.

(9] kA, Bifk. BAIRRI AT EER BRI+ KR
FALI]. S5HTRIW, 2004, 20(3): 32-39.

(10] GB 50011—2001 EFHIREITAMLS].

(1] JGI 3—2002 REBFBEHEMBEAME]S].

(12] BFEiskEG. BREEEFIEARRIHESIM]. £
¥ FPF R HARAL, 2005.

[13] International Code Council. International Building Code 2003
[s].

[14] BRI H. HEBERAGHRITM]. bt FER
STk A, 2005.



PR s TR U (B BRER

(=" K,  FU Changsheng

(== e AR TR 4% T, g, 200011
s giist o STE[E[PRY]

HELT) 4 JOURNAL OF BUILDING STRUCTURES
B0 2006, 27(2)

W51 AL 5K

1. Ayre R S Interconnection of translational and torsional vibrations in buildings 1938(02)

2.Lin T Y Lateral force distribution in a concrete building story 1951(04)

3.Kan C L.Chopra A K Elastic earthquake analysis of a class of torsionally coupled buildings

1977 (04)

4.Tso W K. Dempsey K M Seismic torsional provisions for dynamic eccentricity 1980(03)

5. ARBA. SO R T RAE A A R AR ] I AR S 0N TR 3] - 50 20001(01)

6.Tso W K Torsions in multistory buildings 1984

7.Paulay T.Priestley M J N Seismic design of reinforced concrete and masonry buildings 1992

8. Computers and Structures Inc ETABS Users Manual 1999

9. PR AR T D) AR i A VA BURE BT TP A BT DRI S0 -4 TR 2004 (03)

10. GB 50011-2001. E4AHIZE W T HLIE

11. JGJ 3-2002. 1 s A A T 45 FBAMAR

12, FVGHR R PR 2 A S TR BRSBTS 2005

13. International Code Council. International Building Code 2003

14, TRBi 2% 2 BT 2005

AHABLSCER (1046)

L 2R HAh 208 w2 A i S SOV S0 AT 2003
LGP E AR, BT 2R A RS BRSD, PRk AE S8 MR RN . (e R AR AR TR L S R B R

(JGJ3-2002) 11 g 5 A4 18 2 AR 4K 2 — (¥ 20 05 A R RO R Ve VML T — 85, AFDRE SLHURE S0 BT i R AR RN . WA s, T At AR e
o BUHATH RSN R, R @GR 2 AR AU, 3 S A LB RS R A A A R 1 TR SR D, WA S SRR IR OB Z . Rk, IR
FUAT 3 A LB R 1) 5L 2 005 S R B85 ) () M s S AR A AR A 0 BT

ASCUA AT 3IAN SR (K LT AR T AR 3 Mg A3 MR 5, SR Il B FH A7 PR T S T AR P ESAP2000E AT 45 M BRI A HT, 25 IR b TE BN, 9T 45
TORBNAEE, o BT R A 5 1 R RIS X 8 A TR 50 LA 2 5 2 ) PRI A S R T RSB ok L XA 3R R AR S B M 1 i A 507 170 1 J2 )
iR TSR RIEREIR I IR TG, )T HBTE AR e 0 S M1 17 3 3 A 1 2 2 8 ) g 0 14 T 2 0 RV 17 ) 3 AR 1o

Wik ERSHT, AHH LR RS OZIBATAAE RS IS, SR RISV S, A F P VSRR CQOZL #5 J5E DUI T A Rt 55 R
SRSSZH A J s

QxR B iR, AR, P HURS I NG A% 1

MRS RS SRS R (BT PERE SRR, X PR 2 8 A b o s M b g A O 2 L 368 TV T

@AXBRZ 5 5 FECT IR 3 AT A ), BERHL L S ANUAE B i O rh S RO A ), e e 2R N DA K sy, HLAESL %
AHABME I, KA IS 22 180 ISR R 1 ISR it o

2. 2RI L HATHN LB 2 Lo 5 R (K30 )5 20 W S Ak e 2003

SO0 i OB K PR R — R R IDRE RE DR ) BEUREAT T BP9, MR 0 M4 ) 2 ) ) e A SRS, 388 Hh 4 M ) A L 1) [ T 5 0 0 B i LA
BTl S SN B 7. RIINBIFSE T R BEL B 2876 4 0 o K BB A . SR B DRSPS, S 7 R AR R AT R BEL 2 25 i O 25 R P TR
BB J7 R AERGERARIRAE R UL T, RSB M A ST SRR 15 A 0k SRR 1, 4] 1R I ) M R R 23 AT R . b R TR siel, & b
IR SR RN ST RE I AT T A e AR U i o5 K A5 AT Rl BELJ S I PRI I 2. D9 3 4 R 5 R TR BT T B FANSYS AR e A4 SR T
R HE, A T RO SO 8 TR B R S S R ) DB B IR, i T T AR RABURE AT S ) g 2 A O B P S, K L TR B
JE AR i Co 5 K PR RE R I 22 1. P 42 1 ) 2R BELJ Bl RO D, 2yt 7 i LT S 7 S R b 0 L RS TR. OF R SRS A Wil AT T AT R
BELJE 25 oo 245 40 ) MR B2 23 AT, 485 SRR WIZ O VAR AW T AR T 58, 38 T e et ol

3. WERST PR PURBCT P A HURIE R 2005

ARSI TSEARASRTFTO) S ROLAR o DU IOETE R AR, 44 R E R (T F I LE 5T SR BT LI, DA LT BRI A £ 1
FEVE AT B PTG P B RRIBG, LB ROV 2B ZMOR . R, ASOMBIE T AT AR & BORTE T — AT R . (ERLIERR 1, $24h T4
FEBEI G B B PERE & S0P th T B0 BUNHE (R B AR A RNSEILA) JAIE 9 38 . 8 IMBLAL , AT LURE LT AU, (LK T
THBEES I CEIAER B AP RE RO I 8IS, B T o A0 0 B 0055 R LA TRESepl, DARA A T RS



http://d.wanfangdata.com.cn/Periodical_jzjgxb200602007.aspx
http://www.wanfangdata.com.cn/
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%89%b6%e9%95%bf%e7%94%9f%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22FU+Changsheng%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Organization%3a%22%e4%b8%8a%e6%b5%b7%e9%95%bf%e7%a6%8f%e5%b7%a5%e7%a8%8b%e7%bb%93%e6%9e%84%e8%ae%be%e8%ae%a1%e4%ba%8b%e5%8a%a1%e6%89%80%2c%e4%b8%8a%e6%b5%b7%2c200011%22+DBID%3aWF_QK
http://c.wanfangdata.com.cn/periodical-jzjgxb.aspx
http://c.wanfangdata.com.cn/periodical-jzjgxb.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Ayre+R+S%22+DBID%3aWF_QK
http://d.wanfangdata.com.cn/ExternalResource-jzjgxb200602007%5e1.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Lin+T+Y%22+DBID%3aWF_QK
http://d.wanfangdata.com.cn/ExternalResource-jzjgxb200602007%5e2.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Kan+C+L%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Chopra+A+K%22+DBID%3aWF_QK
http://d.wanfangdata.com.cn/ExternalResource-jzjgxb200602007%5e3.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Tso+W+K%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Dempsey+K+M%22+DBID%3aWF_QK
http://d.wanfangdata.com.cn/ExternalResource-jzjgxb200602007%5e4.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%be%90%e5%9f%b9%e7%a6%8f%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%bb%84%e5%90%89%e9%94%8b%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%9f%a6%e6%89%bf%e5%9f%ba%22+DBID%3aWF_QK
http://d.wanfangdata.com.cn/Periodical_jzkx200001001.aspx
http://c.wanfangdata.com.cn/periodical-jzkx.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Tso+W+K%22+DBID%3aWF_QK
http://d.wanfangdata.com.cn/ExternalResource-jzjgxb200602007%5e6.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Paulay+T%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Priestley+M+J+N%22+DBID%3aWF_QK
http://d.wanfangdata.com.cn/ExternalResource-jzjgxb200602007%5e7.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Computers+and+Structures+Inc%22+DBID%3aWF_QK
http://d.wanfangdata.com.cn/ExternalResource-jzjgxb200602007%5e8.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%89%b6%e9%95%bf%e7%94%9f%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%ba%94%e4%bf%8a%22+DBID%3aWF_QK
http://d.wanfangdata.com.cn/Periodical_jggcs200403007.aspx
http://c.wanfangdata.com.cn/periodical-jggcs.aspx
http://d.wanfangdata.com.cn/ExternalResource-jzjgxb200602007%5e10.aspx
http://d.wanfangdata.com.cn/ExternalResource-jzjgxb200602007%5e11.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%90%95%e8%a5%bf%e6%9e%97%22+DBID%3aWF_QK
http://d.wanfangdata.com.cn/ExternalResource-jzjgxb200602007%5e12.aspx
http://d.wanfangdata.com.cn/ExternalResource-jzjgxb200602007%5e13.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%be%90%e5%9f%b9%e7%a6%8f%22+DBID%3aWF_QK
http://d.wanfangdata.com.cn/ExternalResource-jzjgxb200602007%5e14.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%82%96%e4%bc%9f%22+DBID%3aWF_XW
http://d.wanfangdata.com.cn/Thesis_Y795486.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%81%82%e4%ba%91%e9%9d%96%22+DBID%3aWF_XW
http://d.wanfangdata.com.cn/Thesis_Y518222.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%89%b6%e9%95%bf%e7%94%9f%22+DBID%3aWF_HY
http://d.wanfangdata.com.cn/Conference_7066796.aspx

4. BB TR BT IERERI S5 2 YEPUR W AT 2007

HEHIGU RE T ER IR, HLEL SO 2 I oS I YE RS AR R IR, ZEREAAE L 1 B2 ol S B SRR 1Y T ZER R, P RBIPE R 25 ) )
FBE, AN R A T T ) AR B LT, SRR DURE B SEAR A phy A TR T ) (R 9 BV 7 VR R RE B TP RE A AE NP URE B vl T ik, (EWF TR AR L
RN P 2P BT AR, T LA A o 2 R 7 2 MR AE T B T R ) DURE vt B A e FAT LR S AR SO A TR R &
W2 YU vl SR Bl A S8 LR LA TR 1A

(D $ T BHESE TR e H AR HUREB rik. di LU SR AE 5 i R R R R BT TR X T80 1 i R, A& 2 sy,
ST RBUERESHE T T HUAE TR s A R 15 2 10 SRR RE I SC R T R, I LAParkoW S St Ui eI by SRt o7 1 5 H SR I B i S 0 o, K Sibi i
G R TIUYI05 Pk B AR B sl BEAT PURE U SRS RN BERI SRS o kiR /NG R PR TSR, /N AT (7R 38 0 42 TR N v R e
s IR KR NI B A LA Alek, TS T 2 PR RKHER BT AR SRR S, RN T 25 A — s TR

(2) f TS ) A IR FE E 2 S MRS R AR R BRI (0 2 2k, DMl ity Rl T 4t S LA | el BE R ST B RE A I fE R R A X
o RRICT M A AR 1 b BE RGO TR T SR SRR (RURERE ) Ty i o LT 45 R B L)V JSE S A R ek R B ) SR A A R S AN 20 i 2 A 541
HEAT A HOANELAE, GEW] T 22— Y 9 R B R R A TR R SR PR I FE

(3) BF R AL GEHURE B v 58 A MO T MR BV R BV R AT T IS S BN, S T W BV RBAR. RRSER0 “ PR BIpURE Beil” RN “ = BB
st BRI B, SRR B AR S RIS B, H PR PIR BE S AR ST AL, MR- RO AT AT, g TR
WP R R AL A 2K, IFERERER T TR TR I BE BT 5. 8 ST IR BE U R K, 3ol 19058 1 AR T LA M e 5 R R
JUST SR e L TRUYTRY FRRZESR, AN E 6 T S STIRARHY BEvhid Rt e 10 =B B Bevh P NI BE B b, B S0 th T W ARES R I RIS BEvt ik, il
RESLBIEATIOAE s WX TP HAK BRI IR B, 21 T 3T pushover J7 VL1 TR EE A3 AT BRI, 0 3ok V2R 1 SR R A X iR 45 g 16 I 8 A
s JRATREMAENIL S B0 A, RSSO FRAS IR TIIBE Bt o DT AR ST S MO AL A AR, B T o A B T RS 1 91 B et
Jrike B, AR BTSRRI EER 2 T 2 YRR = B U B

(4) 7T 0 R R BB 0 R A S A ok TR B N e Sl B L PR (0 L KRN L T8 SR AR AR
s KM T AT AR f st s S o R BSOS VS K 7 i S T G PRI SIS ST IR R BB . AT T IR SEVE R KL WK 1
WO SR AT R EOE A . IFIRIEGET A, 2 T T TR AR A T BT R SR B vt A 5 e PR T A, A S
T, FLRERS LA BRI SN2 2 b 0] il ST 9k R BBV PR S M

(B) 2t T 25 WU A A I 1) 2 k5 M pushover 4T 7 e RIS SR B 20 At 1 L gl e 20 4 g S ISR AD A 45 ) 2 4 PR S e 7 1
TN, WA 2 U AR AR TS B A RO TRE . B RE— 2528005 Rt e A by LA IR 9 B AT SR IR 2L 8 D R BN I A5 280 B P SE ARG, I s o v
R SCARHEMIZETH AT, 5 L S Bt R SR B 8 1 e BE R G FAT I AR s At SN o FE AR Byt T 2% OO R A1 T £ 2 Mk 4 g e 7Y
pushover JpHT R, IR T %55 e Sipushover SpHT A DM, JsJ s SR 1207 1 45 R I BRI WT ik 4 R AT LA, UEW] T2 i —
SE AIERITE .

(6) AEASSC IR IR RS 45 S0 5 247 9 AR BBE VA0 2% RO S 1 ) (K i B pushover p TR FEEAt B3 T ZYERE DI ik, PRh T 2 4ish
g AR A (¥ 2 7 S o £ RO A 0 2 4 4 B A pushover S0 MRS PP SR A3 T -4 LR E D0 i 126 ek OO0 e 1 45 A sl AT ool R e o
WA BV AR P PR RR BT IS KRR I 5 TR i e G Pl — 2 SR AR AR XA RS R 2 ARSI ERR RS o S0l
W SGIEATLEBMT, DU T 20 e LU A U 2 R G5 R VR X MR 1 S8 3R

5. SEALYEIC R AE WO RYHLRY) P8y )i E REPTRZ BT LA KB S TS 2007
AT TR R B RZ R B BTG (GB30003-2001) B MUK R, WRPE F A SR R BRIFI A L 147 2 F AL a0 R 0 A BEK
o DFGTRCARRISA A B Sy O REFORESE J7 AR SR B B AR 0 TR SRR LT, T HLX R I B R 2 S 2 3

AR SCE— LRSS GRS A SR REHURE B B I 1S SRR, WS T 0T 0RO 2 AR o B S AR e AL P RE B R BEE T
HARMEER, 5 RORH By VA o O AR 0 B 0 B AR RS SEAE L, GBS (A8 S P L S DR SR PRI, it R s b 8 P 4 b by 1
PG 5N ARG R B WA ROL R 0] h A SEVE LR s (R e P 249 O R A RS AT T 2047 e 38 = SRRk R 3 23
R AR AT 5 A SRR XA 52 75 SE VR A I R RIR S, B 8 S 2 o DU AR BEAS S R 7 D46 AR Ky bk A5 PR B A 2R M e g, ik Al
AR ML Y B 3t S N R BRI, Bt BRRTAR B BRI BY D) BBiRRE e s SN — P B D7, WIS SON B R K TR TR
BV RSB RE SRR B

P E R B B R B PE B DY RIRR R HORL SCHLPERE A ERIR, R PURE BT BN A, XSS AR LR =R iid . S DY e e A Y
SR B g 5 A R O g W BE R IR s, O SRR S R TR i O 38 LA TN BEAN DU 1 WA IR 36, S0 BT~ P-SHARIBER A RBIEE ™ 2 1R P SUILL K 22 000, S 9
Y SR G - 25 M BRI (J6J3-2002) XS HHFE IR M AN AL s A7 P AR N, 51N B AT RERIH A AR T RE LA BER, JF A AT
SURALR L BRAEL, 7 T AR (S L 1 et L B o 58 T8 5 N T T A F SR U U SR P R s 2 s A 52 ) 45 i) S
PR, SR T RIS A AL BT TR EE s e R LA E ot ST 0SSN BT TR RAR O IF gt TR OREY TSRS I A R B
IV SEEE RAT T LB SENTERTIT T BY I A 52 84 L D S TCTA P 0 5 B8 R AR, St v T P IR AR (1) e IR AR, SR i B A
TUREELL IR0 AE T WIAT R [ RRRE + (R e, SRITZ R IDENIRT R 2 AT 32 10 J5 A AN P 4 32 IR T I RRUE DL, T 5745 R S Pauley 24
SURUH VY S NG REAT T UG, HFERTSEbs TRERE UL, SRR BEOE IO M. 23X = B ) P70 0B L T P R R BE VR 5 T 1) EL A

R ASONTE RO FOAE R EAE T LB R g (1) 41 e BRAIE AL A IR 0 By B ) Bl L BRAP,  F B 2 RGBT AR A
PR (2) B2t CRUE LT ISR A BY D0 B LR e AR L BRAEL s (3) 2 tH ELHEE TR LA BB PR BT Dy B TR Bt Uik () Rt SRR MR 0T
HFARDBONAE R A G B2 4k, @SUT REfk ECRBR 1 S5 M AL A AU B Ml (5) B IR PR PR AR BY Y, F T e A VB 48 g
AT B RO 5T (6) S Sr SZ R NAR S RS E (K 0 “FB0, B b 7 12 R R AL PR SR o AR S U T A LR 4 B D bl i s et
BATTIIAT T, AHE LA e, R BT R SHIE, T A T 9ehs TR, PR INE AT T BRI S % i

6. B PRI B v T PRSI R L 2005

RS SR T P RSIDE B ST 32 S BUIR. LUEE KBTI, 4 SRy L HRR ) P o T P 28 B0 L, B RS L 0 iR ) & A 1
AR AR 2 2B ™ SRR~ S RRIBE, HHAE 20N 23 S8 ZUHTON. AR5, A SO MG A G I A RETT T LA SR IR i AR at b, R Hh T iR it it
LK) IR TEE . SO gt T 3 R R 0 4 AR SE L)) 3 UUE 9 46T A, 2B IOML i, S5 mT LU JUAT AN ), {1 45y R 22 55 Jy i)
SR IR R, d s, F1% Tt 2838 I BT 255 R FEIR LA TRESEA), LLLSS Ry TR 2%

T ZALR S0 FEEHE O S5 M —HhIE LA BRI 2 50 B 2007

-SRI AH A (Soil-Structure Interaction, FJARSST) fEIT =Tk S g TR S EZRE 2 — . B TR JObRE TR, 45k
TR ISR BENLRED . MEE LR, R 2R AR, WO RO, H RS R % i A R A

TEIX AT, H T AR e R BRI FE A AN O, 3¢ bl 2 A J v Lo BRI R PP AN T £, AT A R A T 48 54 S 32 3 it vk
Ty GHEEHUNAIEL,  Eiy o R ) i 0o 25 W~ AR ELAE FE A 527 B 54T RS IRIR A TR, AT I P SIS BE AT RGOS, TR, RATTF
i Do Co 5 A~ M A A P R SRS U IR, Ay 56 36 A A PO BV M T (R A DG4 SRR, LA o T S 3 S 9 A

AL B ) B FE T DO K~ M S A A T A 2 P HLRS I S sh O W ) R, R AR

T MR G A~ A T AR PR T, SR AU M 1 4 M SR 5 M 5 - 1 3 B RS RL, ) P 45 09T 1 35 30 0 45 g — b B AR AR
JIARZ T B R AR IS B ) e i o

20 SRV (oo 5 K — M B LA A AR (0 Bk S S RO 0 A, 3 02 HEAH ELAE S 08B P A LG © IHAE I, RO [ e
N % O R SRS IR S A T 0T

3 R HMat lab s 5 G il T St RSP 0o 45 K~ E LR ELAE AR RIS RO WTR Y, JEAT SAMESE S EUM T, JF TS AT T LLie, %
K BRI WA T S 5O W oA T



http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%8e%8b%e4%b8%b0%22+DBID%3aWF_XW
http://d.wanfangdata.com.cn/Thesis_Y1193612.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%bd%98%e4%b8%9c%e8%be%89%22+DBID%3aWF_XW
http://d.wanfangdata.com.cn/Thesis_Y1184051.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%89%b6%e9%95%bf%e7%94%9f%22+DBID%3aWF_HY
http://d.wanfangdata.com.cn/Conference_6250933.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%8e%8b%e5%ad%a6%e8%89%b3%22+DBID%3aWF_XW
http://d.wanfangdata.com.cn/Thesis_Y1358104.aspx

A ZHORE EG T O£ R — R R AR P A R 0 S M R S NN 6 2 O AR R ISR, At T SR I L5 ik i S AR BRI R R, T
XFSEBE TRAT S % XN L8 -

8. SEALIR I AR IR B JI Pk St i B 5 T 2008

TR R R 1 WA B 2 A B ey B A o PEE A ) P Ak COLRARE JER) AR I R T TSR — B AL A R A o S A R P R IR A
l ZANRERE ) H 3 PR FR A I T BB ) 2 (RSP M L Bk 20 Pkfie s R AR S35 3 R e M P . v J 2 i SR A
Zo HBUT GRIZEFUREE LS BARIMR) J6J3-20031015E 30, JEMRLMIE T “ S @RHAH” , NRICE N MR (TR AT Bt . A3
VAR o S AR R D 5, LSRR L B e, HUR BT i S AT B REAE T SR MR 8, SRS R IR It 2R 22 B R0 )
SEAEARI AR LR W S5 ZE IS SRS RS IS ST A5 T O RGBT BRI R

L ARG R RIS IS SRR S T2 AR B 2, 3L 1 ISl IR S LR YRR G AHARBE PR A 6 200 1 S AT
Ir, MANBEELEHEAT IEGE T AERNEAR G K 53 JEINEER L, WFST T ARl o SRR (ORI . = YAy BT RS TT 458) A AR SR TR AR 4
R

2. FRER G RN AR BRI, 0] o A G R ER T IR AR BB WISERERE (K 20T, 487 1 S R PR R A AL ™ T
ARSI IR 2 I RS E T R 2T, A TR RO IE R A IR AR AR 2 e IX R S5 KR R IR S R e
VIR S5 R MBS A R R AP AR B R I A T, JF45 7 SR G5 R PR AR IR e e S5 e ik J LA S48 2 3 R I 4% R 2R
SALEIE A B AR P S LR S5 AR Al T 2T

3. o A R R BT Ty VR S IRE W N )T o %] o AR G R R PR BEVE Al 1 I R, B R T A S Y AT R T IR T S i i 1
Fop M USSR B AR ) SR S SR TE T AEACT S0 o XU MR T SR R R BT RN TR T AR R G5 AL AT B R H
TRl 3 W RS R R B AN B S RS TE AN N 3 5

4. AR AR P RSB N LIRSD 2 BT o 6k PR B L )R 5 R e SRR AT TRl s DA AR, 8 R 22 MR Bt F
TR, Sk B PR AR B 10 E A, DASRARIE) R AT g I AR 2 i e R (K P ARBEN LR, 15 0 T AP AR B N 3 PR RS Wiy 22
TR, FR AR A RSN . BEJC PR N IRLRS J7 ZEM NEEAT T PRIt I8, A T ARRIUIE L BHJEAS U8 3E e P B W By 24— S
ISR ONIPATR

5. ARG SRS IS T . A2 T R K B vt S I B e ket A A B DL BOE BRI B 5 1 R, AR AT T SAP200047 BT o
IR R30I L R TR AR 5 = AT T K i 2 SRR R W 4 R AT TS L BRIl & (K U0 i 5 A5 RGBT ) 01 5
SAFAE SR I 2550, NP BT E B A 5 M IR A B AR 0, JETGUZ RO AS o ol FSE i 7 P A P AR A — 3

9. ZEALIRTC TR 1 I A& A5 RS S SRR TFSE 2003

£ R R 2 o S As R PSE S5 2 A AN N 3 P2 B P RN L T o AT 7, A BEAHE M RE AR T S M 46 H 2 52 BBy Sz
TIAIE, GRS AR AR BN 1 3y 5 SRR IR K AR TR AL o ~PHARIBAL — AN 180 1), AT A6k~ 1 1 AR B, T A T T A2 V5
GENT, JCHAEARBES 35 HT, HA ARG, BT TARIEA AR, ML S5 BEv TSRO nr SER AR o 1 ATTE I AN DRSS R L 1 B B 2 22
HET R AR B 5 BRI, 0 T G52 IR I E 2 (e TRy, R Z e bk op BT o DRIk, RN T P TRTAS A I 25 K PR R J 12
ARS8 A PURE BT RN P ARAR S AR SCRR PLI R, ST A A2 b BERIAT 25 S o

ASCH A K ERPRA RSB U “ SR P M R A TR AL BN BT (B LS. 59978055) , X~ [T AS KLU 5 K4y ) M 722 S 17 A
HEAT TIRANBIESE, WA T 500 [ A 5 R M0 5 PR B2 RSB, WS T AN )R B S RO 1 7K i NS 5 Mg LA P AL 20 1) 5
+ RHE T BROCRIETR AT AR R 0T, e A VR B T HE SR by = il Bk M R S N Sy 0 TR, AR 2 e S5 R B0 ML (GB50011-
2001) Bert AIANEM S5 R HEAT R S NIRRT, 8 T BUAT RO T ik A ke 38 bad 1A, ASC SRS T B R R SR

Lo LUA BIC T REFREAP (v. 7. 3) AE -6, 35l Gl T )2 DAL RIRE T £ Y SR SEAY: S TG (R AT RS P o 8 W A e B B R o S
s B R T A S HOMT, A RBUH T A BUIHEAR ) 25 M3 Ty ke 538, FEFFACT & iR s T 55 A S ST R (K D it

2+ SRAEHTIZRT )21 A 54 (K S S EON AN, 23T T 82 B0 S5 K SON K 5 RITBES Tk afise T 2 )2 F AN 5 K52
WAZH, BIFSUT 12l P Ml Co B A A A A RIS 7 PRI, o s 2 TR0 R A S L e S I PR ARL DG it o R 2SR SR A e UL T )2
L5 2 SR AN TR L AN TR M HE S b 0 A0 M R S, AT R KA AT T 40T

3+ MRAFHRESN S MR b, 558 T I ¥ 132 305 o 2 A A R S I PR AR s SR £ AR SR A e 23 AL T F 2 N 2 2 A
SR AEAN SR THTE B AE R (A SN R, 0 G K R AR T (R i [P RE R BUEAT T 542

A PRI AT HUREAR N 350 i O S R PR AR T RIS AT T 2087, 558 17 SRSl o O 45 g A M L RSO S N PRI SR, SR £T 4
R GERE TR T AU A0 55 8 68 ME SR 5 K £ 007 KPR A R 1) S el Ao

5+ SR ETURTRGERE ORI T SR ARSIt b AU K 60 A VL MR A R M R S, SO AR IR iR B R PR K 454 S NARSHEAT T 20,
TSR BV P RAH BV 2 B AL HURE B B K HE SR BV EEAT TAISE IR, 3 T — 2By B PRI T 4 R

STIRIAS ) 2 R P TR T B A A S5 L 9 T A 2 R S e F SRR e s B 2, SR T A R R B0 TG ) & % ) 80 ) Al e v 2
Fro A PUEIEI B R, T AT AU SR )25 (] R SN M HT W ST VP, AR T3 i i M R KT SOEPURERE I, AT o/ S i e
MR B, ASCHBFFAMAEA 2 AT 88 BT — 2 WAV, i AT 2 i TS . T I ASHL

10. ZEA7IBSC T FCAT R DI A 5 g i i o 45 44 3 22 i 17 % SIZFH BEE T 2003

SR T LR LIS TAE A NS R b B S BT 653, ST IR (A B Bl by, 2o 1P HHLABIDE (RRR 2 2% B /T30 1 el A —
ANFEB) B L) () F RN R T AR T A SRR . O TR BA LI R 3 4 R S M S A MEREA TV Y, 2 SCT S RIRR By Sz S e R
B LT FIIRE R 2 R SO SRR T AT DRI IR 3k, DR Iy T AR R S5 00t MR RS J2 Sy Ve RS B b NGRS KL MR R E S WA R
R I RCTE = AN T, Y122 e T 0 G My s R S ISR PRI SER. Ay 1 2 Do e A ROV 4 B9 ) B g B Aot S8Rt RIS 20 BE ot Sk
G LT U R B a2 s LA 5 o S A R A B ) ik 5 R () 25 R S BV B ) AR A VS A 5, D08 T IS 00 i O B R T A T iy T L
PR B BRI S, SR T BT O IR0 2 A T e VE RS B, do ), 446 AT L PR o 2 A B R A T B R AL T 50532k, AR 2 3 e iy et S8
L BN T L K 2 T BT AR B vt A0 B, 0 SO EER 2 L T BEVE S0, IR MW 4 R TR 0 5 3k AT AR KR T S AT R

L 5RAE TIBP-1 A B S 8Y D @5 R Hiae Bt DIFe ST - 1345 2009 (3)

2. KA SR HBREAE ] i 2 U W R F LA B 42 1) DT S ] =053t 2009 (1)
SRR AR A S M RO S R0 18 DTS ] - AR LR 543 2008 (9)
4. 2Kk, 2R IR Rl e ORI S5 B DRI SC] -5 4 2008 (4)

5. FRACA. XUREI]. K AR o2 EE S 99 ME R TR B L R AR g 23 T S e e DI RIe S ] - 3R 458 2008 (3)



http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%8e%e6%98%a5%e9%94%8b%22+DBID%3aWF_XW
http://d.wanfangdata.com.cn/Thesis_Y1292221.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%8e%8b%e8%80%80%e4%bc%9f%22+DBID%3aWF_XW
http://d.wanfangdata.com.cn/Thesis_Y794884.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e4%ba%8e%e5%be%b7%e6%b9%96%22+DBID%3aWF_XW
http://d.wanfangdata.com.cn/Thesis_Y520220.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%bc%a0%e4%bc%9f%22+DBID%3aWF_QK
http://d.wanfangdata.com.cn/Periodical_jzjgxb200602007.aspx
http://c.wanfangdata.com.cn/periodical-jzjg.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%88%98%e5%86%9b%22+DBID%3aWF_QK
http://d.wanfangdata.com.cn/Periodical_jzjgxb200602007.aspx
http://c.wanfangdata.com.cn/periodical-jsjz.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%92%8b%e4%bf%8a%e6%9d%b0%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%99%88%e6%98%a5%e9%9b%b7%22+DBID%3aWF_QK
http://d.wanfangdata.com.cn/Periodical_jzjgxb200602007.aspx
http://c.wanfangdata.com.cn/periodical-gdtmyjz.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%8e%e6%b0%b8%e5%8d%8e%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%8e%e6%80%9d%e6%98%8e%22+DBID%3aWF_QK
http://d.wanfangdata.com.cn/Periodical_jzjgxb200602007.aspx
http://c.wanfangdata.com.cn/periodical-jzjg.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%89%b6%e9%95%bf%e7%94%9f%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%88%98%e6%98%a5%e6%98%8e%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%8e%e6%b0%b8%e5%8f%8c%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%ba%94%e4%bf%8a%22+DBID%3aWF_QK
http://d.wanfangdata.com.cn/Periodical_jzjgxb200602007.aspx
http://c.wanfangdata.com.cn/periodical-jzjg.aspx

AICHERE: http://d. wanfangdata. com. cn/Periodical jzjgxb200602007. aspx

TN 20104E8 2


http://d.wanfangdata.com.cn/Periodical_jzjgxb200602007.aspx

