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SETTLEMENT AND STRESS ANALYSIS OF MULTI-STORY MIXED

BUILDINGS

Ai Jun', Liu Qiuping®, Zhang DaXu’, Liu Xingye'
(1. Department of Civil Engineering, Tianjin University, Tianjin, 300072, P. R. China;
2. Tianjin Institute of Architectural Science, Tianjin, 300193, P. R. China)

Abstract: The settlement analysis of the multi-story mixed buildings was confined in two-dimension before. In
this article, a three-dimension finite element model of a practical building is established. 3-D shell element is used
to build the roof, floors and walls, and 3-D straight beam element is used to build the columns and beams. The
Winker Soil Model is adopted to simulate the foundation by using spring element. Contact element is introduced
to consider the interaction between the upper structure and foundation soil. Five cases are analyzed according to
the different variation of the soil stiffness. The settlement curves and 1% principal stress curves are drawn, and the
crack states of the outer walls are also described.

Keywords: three-dimension analysis, mixed structure, soil stiffness, settlement, crack

1. WHE

RGN AT RAWFEN M EEERS. TENNBETREN: BREMOBETTRHTH
BRS8N, EAYYRMNEREES. LRI, BT REAESRAYN
WM. RMEERSREMYFLRE. M ARORER B, B L NERE BuTHRE
oo TR & 4 G 43 A o S0 IR) G MO DT R S A IR R AR 3K

ATE SR IR GE W PR T-33 8 5 S KO A00T, AR SU R TIM T B, FLAVR BB M 020 20 8 S 4,
AT A1 53 A RS . SRAAAEHBEE N OOUTIA T B U T80k R B g0 . KR AT 0 R PR
T SR RERAREREK, R EEERTHRANIE: S0 5 5 B0 sk R0 g
MALAGTE, CEB LA P T % 1B AL EE ) = b I RO HE R A K ZE o 2 S 0 5 TR T B0 15 B A A7
45 BB SIS A S AR S K BB B

PR A 1981, Yo e BIAL TEFS0A. 1 T RSB 5E (Email: 82000_ren@126.com) -
SO (1956, oo g TR, LM A HT SRMBTSL (Email: jylgp@eyou.com)

*001+



S TR B A7 8 30 i T AL A B 1) AT PR TR R KT R R G A O L
SRR RO 1120 hT, SETIREATRISEA M (K IT, O LUR St — 5 AR B BRI BT 4T P AL

2. SRS IERE

PR A AN RSy D ERAERIEE AR NI Sy IR S PR R AR R A R R KR AL, M
AR ST S 5 SR B £ S0 KRR AR AL, T R B BT SE . RETR R ERE AL FL
Bkl AR HERE . FEREGR. R TIR. DLUSIRTURIMEAR . PR RAIEAER ., A SO TR b
AR % T B A, 1 TR, AN RN TR OGS E R, FR SRR A TR
JOARAL, R SR H R B TR

i A
(a) TE T K (b) 7.1t (c) S (d) WS ERE
B L ERE A PR CHR LY
T ARSI, R AR PR, TRAMNEERS TR BB, WA
B IR R M3 30T L B TP RO . b T B ARRN, AMEBYSIN T AT, ML
d THRNE T MO T R 2 [, 4 HG A BN, I TR ARG R FRIRL, SR
. BN R A PR Tk ANSYS SEHP), MR HSH UK | Fin:

R1 RESH (BL/m)

FF (8] 2 2 il 98 BECE W E I

3.6 4.8 2.8 1.8 0.9 2.4

EL LS I HEBE  KERKRE (W) BEEEKRH (kN/m)
0.9 0.24X0.34  0.24X0.24 1.7 1000 10000

3. SWMIRRERSH

53 BT G R AE AN TR R E A 3B + 2 A1 N VTR R B L R B4 0L b S5 SMIR AN 3 A0, 8 T 24 e 1 3ok
FRAES, ARXFET Af TH: (1): BB, (2): LUIFENEBEA, Z=ANFFE b 68, 4=
ANFFE) R EHEE AR (3): Z2. APEANIFIE T M HAE, PRI FRE R A AR (4): A AW
ANFRE) A R, PR PSR R A A (5): bR —MUANETR EE  N R RAE, A
A C AR HIDA) . & LBV A R Rtk WK 2.

£2 EIRHHER

T 1 Ky p (mm) WRYTREZE (nm)  ERAL S KRN ) (MPa) S KN & FFRE L
1 80 0.2 0.19 WEPH BT
2 65 63 0.83 & EHFR
3 14.5 4.2 0. 62 o SR
4 23.5 5.3 1.09 i £ SR
5 22.2 22 1.2 i f1 S

*002°



3.1 TR1GR
PEBE 11 (AR 55 N, UMY 80mm, £ THuIEIA), BRI EIER A (
i‘ilJ 0.2mm). i AN NI SR T A D, EILRBIFRNE SN TR A. ’*‘*%kﬁﬁill{h%%éﬁ’]rﬁ
Al BRI NE N, TR L EAHITTE T I 2 FUR. ORI 3 B
u4bﬁﬂrnm WL O TR 2k . R IR AT AT R, RN, RIRT E
PR B A . S N BTG AN R KRR B, BRAR R MRS T ) AR FR A f KLY
Mm BT, W 2 B A NIRRT S AN DN, B IR AR F D

(a) H—IFEEG (b) —Z i
B2 Twl 1otk 3 Ta 1 KRN
-79.80 0.204
__-79.854 = 9481
E S 0.10-
E -79.90 Mo T = . .
% e | iz 005 Mo Lo A
"= -79.951 | & 000/ N N S
-80.00 ' ! -0.05]
5 15 20 25 0 10 15 20 25
%%%Mm) %ﬁ#w(m
B4 T | SAEm ML (m) K5 Tl —EHERAKRN g (MPa)

3.2 TR2%RSH

BB 1 2 (—Fl+—¥ %) Nt —0ER. W+ — W& AUFE 65mm A4, A8+ —0
AEH e TURR/N X IR IS AR AR TR K IXIRE K, oM E: 3BT F b b v bk, &
ML EEhEN k. GRALCEZETTRN . EHEWTTF=EME 6 iR, BAHIN 2
K7 Bim. B8 HIEREEEREEK B MMk, B 8 v, MR EL. Ko hEEREL
Shis g KN . BEITR, N BERERNEIRR, EEELNBK, WiEELEN A, BiE+
WV R+ TE RN K.

(a) AhHE4HM D (b) A5 Ml i (¢) —Ea&iH
Bd6 T.00 2 Dok 2l 7 T2 e NHN ) =

3.3 TRIGZGRSH
REDSAE 10 3 (WA - rpial ek +) N, gyt PR ah e S M7, B et 84 14.5mm

*003-



A, BEOIAS, B A TUMEE Smm. SRS 16 chEp iR R D BRI . BR A E LT & PR A,

10+ 0.6
01 051 !
-10 ©
= 20] % 04
£ < 03
< 30 R
S 40 4:% 0.2
56 F 0.1
.60+ 0.0
70— . \ -0.1 : . . v y
0 5 10 15 20 25 5 10 15 20 25
SR ) () AhE A [)(m)

&8 T2 etk (m)

Ko T2 —BEARKRNAIhE (MPa)

B EAR TR, BN B NTR. ERGHTR EmE 10 iR, KBNS
L 11 FiR. [ 12 NIERERCHES R KR MRl A 12 R, MRS 0 R
B 13 hE S A RN S . R, D MR A N SRR, T BN BOR, WAL

b, BTG Rk A R

(a) HM5asH (b) — &R
B 10 TuL3 ks B 11 T 3 KRN w
1.0, 0.35
-115] 0.30
120/ 0.25
£ 125 E 0.20] o ;g
£ -130] Roas] L L0 I
% -13.5 Bowo] 101 [
= 140 . 0.05 I 1’ ||
-145 Aoy 0.00 1 ‘, I\ ' | vli
5.0 o i
5 10 15 20 25 ' 5 10 15 20 - 25
SR ) (m) ShSEA 1 (m)

B 12 T3 AR (m)

& 13 TR 3 —BEHERKRNDheE (MPa)

3.4 TRAGRSH

BERE T 4 (WLt hEi@Et) R T, Sriikemas ERE. BIMUTETIRFRED 23.5mm
JoAs, HiEiE A WS, BRUIAE Smm A4 . @RASHEEPEN K, TALELETTT
BN S, BN HREENENER. ERERITEREWE 14 iR SRRV A0 M ALK 15 . B
16 g BB fic 2 4 K 8 77 ) Vi el 2. el 16 WIRIL, MhZREACH ERMLZ, (B2ENHMA — /R M
K. B 17 hESEEAIMER KN HE. dER, NAMEREADEIRR, 5N K, Tk
RER e, B R T R R S AR AR .
L5 TRS GRS

PERAE T S (—AhBsch 3Rt + N —IRAE) 1H0L 1, AMAIRUTRR th 4k AL BEAT Ab 7 IR B Rt
BAMUHE GRSk 22mm 24T, BERTARTURRARS /e S5H B KB ) = AR P AEREAT sk, HE%
W PN h . FEE s g 18 Fin. K19 JJEmiE a8 KR T m vk thse. hiEl 19 Tk

*004+



B, T B 1 20 v E A FIEA AR A . BRI AR, 4
TR E K, IR ASEN
- N

(a) S (b) — A
B 15 TH 4 Kh sl =
18 0.7
19 ' 061 A
= 051 "
=20 o i
£ S 04 Y
5{ =24 R 0.34 [ T |
3 2 | ‘
= -22 E 0.2 ) \
4234 0.14 ; ‘ |,
. 0.0 cad v
0.1 : . . ;
0 5 10 15 20 25 o 0 5 10 15 20 25
HhKEHR 1) (m) HME A 7] (m)
K16 Tol 4 HREGIMEMMZ (m) B 17 T4 —BE & BRI thek (MPa)
-6 144
5 1.24
__1.04
—_ 2 [
E\f -15 | g 0.6 ‘
= 5 0.4
0.24 |
21 0.04 !
T8 10 15 20 25 25 5 w0 5 20 2
HREEE 10l (m) S 1E) (m)
18 T4 5 btz B 19 T4 5 ekt (m) K20 THL 5 — 2 & kA )tk (MPa)

4. HigS5RE

(1) B+ A A N, GHMERK R AT ETEE L, HENE et hBAc. 3T REA L
Bt AUSMEBOCHLR ) R B AAL.

() VUMEIIZ Y FITBRT, SMERARIE “\” T, FMMAN CRTGR, SMERERE N\ T

(3) T RMAE R AT, ASCRBMR SRR, T EE % 18 0 FURMEE, K
ZIIFRATR, (R RE % 18 L L ROBIR 1P o 4525 R FE S 4 0 SRR 19 51
HEABHILR.

53R,
(1] G2 E e e 15 BV ML P AR T AL IR AL, 1992

[2] e N RSURI [ E 5 br A i) A 45 g B B (GBS50003—2001) [S]Abst: shEEH TV kAL, 2002
[3] el ANSY Zvii). Ansys 1 I T-HM], 1996

0005.



=B R A TSR AR R S 1 A

BREeg ', FHE"
(L. THEQHRISEHAEBAR, BT T8 315202, 2. FHRAFRRTESIEER, 1L T8 115211

B AU T RN SRR T R 6 N D T SRR R HR TR AR b SRS
Bk 1 S S TUR BN AR RN S AT MR, TR R RIERE T SRS RBMEN T EL
Ko GBI SR OFITRER TN R CHBEER (BGERE. KRENRNTR IS, SRR, &
IR AR RO KBRS X G T RIS M SRR RS AR T ABRARR, FAZENESSHRE
i AR BEH AL AR AEZ AR A T E TR R B X FRIEE BN BUES S AR %M. B, ELESPHRE
MR A IRATIE K TR E AR AN B ES A NS R.

XA BEFY WA BRERRE: FRRE RETRY

RELIABILITY ANALYSIS OF STRUCTURAL SYSTEM OF SPATIAL
PRESTRESSED STEEL TRUSSES

.. . 2
CHEN Hulmmg’, WANG Xintang
(1. Ningbo Chuangh Company of Stell construction LTD, Ningbo 315202, China

2. Faculty of Architectural, Civil engineering and Environment, Ningbo University, Ningbo 315211, China)

Abstract: The computational model of statistical chracteristics of random internal forces of spatial prestressed steel
trusses is first established based on the fundamental theories of random perturbation method, in which the random
parameters of areas of cross sections of all the elements, areas of cross section of cables, prestress of cables, the
strength of materials and axial stability coefficients of elements etc. are considered, the methods of Reflection
Transformation is used to establish the computational model of reliability index of elements, and the methods of
Narrow Bounds is used to establish the formulation of reliability index of the structural system of the spatial
prestressed steel trusses. Finally some computational examples are put forward and the results-are discussed. It is
concluded that randomness of areas of cross section of each elements and randomness of strength of materials of the
structures have great effect on reliability index of the structure, and is relevant to characteristics of distribution of
random variables. The results show that effect of mean square deviation of areas of cross section of all elements on
reliability index of the structures as all the random variables have the chracteristics of normal distribution is greater
than as all the variables have the chracteristics of other distribution, and the reliability index of the structural system as
all the random variables of the structure are in normal distribution is commonly larger than as areas of cross section of
all the elements are in logarithmic normal distribution.

Keywords: Spatial prestressed steel trusses ; Methods of Reflection Transformation; Methods of Narrow Bounds:
Reliability of structural system
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45 cm2. 0.078; Lok (7. 8. 15, 16-) B MFARNBES NN 50 cm2. 0.07. KHrE
BE RS R EZ RSN 452 cm2, 0.022, WEKR HBHENZREB B8 350kN.  0.0286, 4
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NUMERICAL SIMULATION OF THE MOMENT-CURVATURE
RELATIONSHIP FOR HIGH STRENGTH CONCRETE COLUMNS
REINFORCED WITH CONCRETE FILLED STEEL TUBE

CHEN Zhou-yi'?, YI Wei-jian', LIN Li-yan®, SHA Zhen-ping’
(1 Hunan University, Changsha 410082, China; 2 Xiamen University, Xiamen 361005, China;
3 Liaoning Provincial Building Design & Research Institute, Shenyang 110005, China)

Abstract: High concrete columns reinforced with concrete filled steel tube, which is an ordinary
reinforced-concrete column where there is a steel tube designed to be put in the core additionally, are used quite
extensively in high buildings in recent years. In this paper, the general situation about earthquake-resistant
behavior experiments of the columns is presented. Based on the experimental results, the numerical analysis of the
sectional moment-curvature relationship for the columns is proposed using fiber model. Comparison of
~experimentally obtained ultimate sectional moments and those predicted by numerical analysis are given and
reasonable agreement is observed. Additionally, effects of different parameters on the sectional moment-curvature
relationship of the columns are studied with the proposed analysis method. The results of both the experiments
and analysis indicate that the existence of concrete filled steel tube in core of high-strength concrete column
section plays an important role in improving its ductility and strength.

Keywords: high-strength concrete; columns; steel tube; moment-curvature relationship; fiber model; ductility
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