%235% %3 rHAMFE TEFR Vol.23 No.3
2006 49 A Journal of Architecture and Civil Engineering Sept. 2006

NEHES:1673-2049(2006)03-0014-07

B A S ) R B R 4 A

EAD S 3
(1. MV K% BATERR, LE 200092; 2. WHLEARE RYE £AR TRE2PE. PP V§% 710055)

WE Bt xt 9 3 1/2 0ol 550 A3 AL A 69 0 B M AE K3 38T T A AR R 6 £ 2 R
Fi U BEMAS RO RME AL TIRG LM MR FEA I RBRE LS ARk
MR E RN TR AR M fFRERg AT EFTHRAT T4 a0 i L. —F %
AR E R R T FER AR TRHRBEREETRA TR ST ERATEAKX . ABZMW ALK
o ER R EFEAXRET LA LT AERERBED GBI LA LR LA —
A FE S miﬁsﬁn%}ﬂmﬁ,%iybﬁlﬁzﬁ;m%
KR FM A AR BERMA E; Ak FER R ER R
mESES TU3LT. 1 scﬁﬂm,a\aa:A

Analysis of Experiment and Calculation of Elastic
Rigidity of Multi-rib Slab Composite Wall

MENG Hai', YAO Qian-feng”?, HUANG Wei®
(1. Department of Architectural Engineering, Tongji University, Shanghai 200092, China; 2. School of Civil
Engineering, Xi’an University of Architecture and Technology, Xi’an 710055, Shaanxi. China)

Abstract: Through aseismic performance test of nine 1/2-scaled multi-rib slab composite wall
model, authors discussed the main factors of influencing wall elastic rigidity. Considering the
special structure of multi-rib slab wall. founding diphase body mechanical model of compound
material, strengthening rib beam and rib pillar by equivalent volume ratio of concrete and slice
brick, authors drew elastic computing constant and shear constant. Based on the things, authors
simplified isotropy computation model to wall; gave practical design formula of elastic module and
shear module; provided necessary parameter for practical design formula of elastic rigidity. The
calculation results agree well with the text results, which mean that this model has certain
theoretic basis and practical value, also, it can meet the demand of engineering calculation.
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Fig. 1  Multi-rib Slab Composite Wall
6 o 28 Ay AV R A2 28 in A8 A ] 2 i
N. ik 4 MLB-1, MLB-2, MLB-3A, MLB-3B,
MLB-5, MLB-6 A, MLB-6B, MLB-6C 5 MLB-4 i
i T B A 2 B e g Ak 110,220 kN, 28
TR IS AR MEAE DAL b s ol i By g A B
AR By g X s 4% T50 308 1t 1 7K SF- £ 28 7K SF- £ 28 55 2

20 kN BRI 1 U X AF 8 s - AL RS 1 L 45
FAEES 3 K HEBIR
®1 WGFiET

Tab.1 Design of Specimen
ERLE L il B %= u W
e 22 2 45 F I J2 1 95 5 4l R LA
MLB-1 | 1/2 | Frifisdg ik
it Jon 77 2%
TENHPIUR & A 10 mm JE K Je b
MLB-2 | 1/2 | ®EH K
M e
. a1 B8 S8 el Bk Y 1 400 mm AR Ky
MLB-3A | 1/2 | W%tk
2 100 mm
L IR T8 i JFOR A 1400 mm A2y
MLB-3B 1/2 = v L
600 mm

MLB4 | 1/2 | BEL
MLB-5 1/2 75 HE 2

0.6 il J15 LU AELE 4 2
[l MLB-1, AN B i) Bk
MLB-6A | 1/2 | ikEScE | U0k S8R GR35 A48 R HE A 3 AR
MLB-6B | 1/2 | Ah@RBce | 0w B AR A AL AR 3 AR
W, [ TP AN A D

WAL RO | B 3 AR

MLB-6C | 1/2

o -
— —
b %ﬂﬁﬁ 0
— == K_E H % 1y 4%
RAF 3 2
Hi iy
ryes
I

B2 HKBmHEEE
Fig.2 Test Loading Equipment
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Fig. 3 Distortion of Wall Slab
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Fig.7 Equivalent Fiber Strengthening Material Model
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Fig. 8 Bi-directional Fiber Diphase Body Strengthening Model
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Fig.9 Direction 1 Diphase Body Mechanical Model

X HB I s PR

1 V. Vi

EfiEmA’iEf (1)
1= X 70 s P A

E%iX:V[E{"*VmEm (2)

1 7 i) A A 5 7R
R FPERCE B X
o3I 1—X 44 A
SRS B I 5 T
177 i) AR MR Y 57 F
BiRE Sy o RS W7
fi) LT AR A AL, X
R S FURN PRS2
FRA I AL JET10 o 10 1 ading of Direction 1
IR o

Diphase Body Mechanical Model

01 __ 01 01 o

E’I§X+Er“1 X) )
1 1 1 o

ETT§X+EFA1 X) 4
A S I I S

E, X(Em+Ef)+(1 X)VfEf+VmEm (6))

2.2 EEEREEES
2 7 A AR S AR AL I 1L TR

11 2K EZBEHFER
Direction 2 Diphase Body Mechanical Model

Fig. 11
TAABIRL R X R 1 — X F Ay 2 7 1A
PR 5L A B 53 Y
X HR 4y s AR
EX=V.E+V,E, (6)



18 EHAFE TRFR

2006 4

1— X Hf oy dE A

1 V. V.,
EE

D

1-X
E; m

2 Jy 1ol A P
B E, o X
WA 1— X T & H
e m.
25 AR |
B o MER RS Z%

EETTT S T

b | 1=X

\ .
\
07 SR VS e e
XHA TN ox, B12 2HAZHEE B
i 1— X 345 B2 v H1 Fig. 12 Loading of Direction 2
ooy AE 12 fior. Diphase Body Mechanical Model

>

62:JXx+61—X(1_X) (8)
E,=EXX+E, *(1—X) 9
EZZX(V{E{+VmEn1)+(1_X> M
1
V.JE+V,/E, (1o

2.3 YHEEEYIESE
1.2 J7 W) B Y] AR Iy AR, qn il 13 s .

L. e 1,
12%%%%2?%%
-+ = =
| ]
rll V.G, Tll VG,

13 12K EE_EENFER
Fig. 13  Direction 1,2 Shearing Diphase
Body Mechanical Model

TR R Xy S 1 — X Ry BT DA

st
X #Ar BT YA
. GGy
NG TG (V) (D
1 X W B
EE (12)

TG =V

T AR ARBIRI G 17 BY TR R G R BEAY X ER

K 1—X 3o 69 8T U4 5 2 A i Al . R AR R 7

PANEET YN )« A AR R 4% 35 43 B 5% 59 10 v g A

VTR BT AT N AL X SR 2 BN AR v x s
M 1—X FFrZ 8T AS R 7 x . WA 14 iR,

L=X"4+0—-X)

Gy Gy Gi—x

(13)

GGy
VG, +G(1—Vp)
2.4 EEEEMRER
DA RPRE S5 TR R R 8 fi B J5k R A5 2808 I
B4 1) S 525 R SR AR AHLIE 58 4% 1) S A
FHY g 22 PR REATS 8 A2 I
7% A RERE I AT 1L 2% I

oL AT ol ) .

PSR AL, AT 2]/ 2
S A TR R / ?l -
MOBE O BOR SO E R L %%WG’“
CF 4k 31 J32 5 45 b R BE R U
FOSERE L 443t T8 A

B14 12F5M@EYZ
A B 45 1) [R) P T A AR 0 sk E]

PR S5 W B BT Fig 14 Loading of Direction
mr.

(1) PR o
_E+E

E 2
X E B 5054 30(5) L (10) HUE
— BT OLR A e T 2 L SR SRR U A L AE 42

FERIRFL A 1 1. AR LI X=0. 5 /8 AL
(15), 7%

1,2 Shearing Diphase Body
Mechanical Model

(15)

E=yV.E.+V.E, (16)
Xy MIREE LB IERE p=0. ; V.V 5
Sl Ay i AR TP TR B - ) R R B 3 B ELVE 43
Sy 335 7 v YR B - RTRSD) B 1 B AR o
() By Y it
BYIR G a1 BUE

1_1_V. Vi
c~e~cta (17)

GGy 73 531 O D 35 A rb TR O AR Bk 19 57 1)
B sV Vi 20 390 g i 35 1 v T 0B AR R ) A4 AR

3 EMESEEEMEMRE

NP 15 Jiv 7R o 7E S TS 0 — B ) POn
A SRS R O s AR 00 B 5% BE & - i AR B 0000 M R
K R o MBI Bl K=1/0. B )2 M5 ik
bR S P AN D P Y T P B COMIE B R AR i [
S5 b T A2 G s A B TR S LR R S AR TN
Bzl 3k AR BAALKF AT (9 AL h 25 il A
& 6, MBTUIAEIE 6. 4L, B LA ST o4 R 114 568 4 47
foul ) g Ay



% 34 i

<~

BB M A A R R B X I B I 4 AT 19

15 BEAERTERSRENSH. FYER
Fig. 15 Bending and Shearing Distortion of

Uniform Wall at Unit Force

K

=2 = “ - (18)
Sv+o. H'/(2ED+,H/(GA)

b H OB B A D9 S AR R . A= Hb. b
O i PR JEEE 5 o oA CTET B 7 T AN 4920 28 80 AT E 5K

TG BB = 1. 25 T B IRITERE T o0 H

E R R PR G ol 5% R Y DI BE &t s o O Bl 1) JE
N R B a=0.Ty+0. 2,y NI K, 0. 2<
y<0.4,

45 WL 1] 2F 4 2 52 6 A RS RL , a] LU %5 1)
02 B VR S5 80k TE 38 45 1) S 114 52 6 b et S 8 L
B AT I R A I A (18) . K (18)
) E.G R R E Goit B G) (14 ],

8 S BR AR v AR AR 355 O BT A A RS R 3
B (10 5% JHh A5 055 At mT LT Ak b 45 1) TR i &2 A A
oF S S0 A BT W EE AT SR A B s AR 1 8 =X
W ELG o3k = (16) (A5

AR S I S 8 R A 355 1 e T B
FTTE. N2 T LUE . S £F 2 2
oA AR S TR0 S F 355 AL A 0 Y SR S DA
W) 0T DO R B — 2 1 B A 4l AN S
W A5 T L e OB 2T 4E B 525 MRS R HE S 45 1
P18y it A% 15T T A4 R ASE TR 1S3 TRT 0 L O B — E BORG
JE WS bR TR B,

4 45 i

(L) 38 5z % PR 38X s 4 2 2 o o EE 20 45 2
A A R PR TR R /N AR S 4 T U R R B
SR A AL — Fof A RO 58 P 1

(2) W & B S ARTE KPR iR i
FEA% R P —HEAR —SME” U #E47 . R B R4 1Y
FERERE ST o ZKF H 30 0 28038 B RS S LR A 32 106
W BA R pUEIE RFERERE T .

(3) & G M BHAS Y g2 R XU 27 4 52 5 41

z2 MMRERRITEESSNEIT L
Tab. 2 Contrast Between Theoretical Calculation Value and

Measuring Value in Theory of Lateral Rigidity

\ i 0 52 0 e MR 3
A (kN » mm™1) (kN + mm™ 1)
MLB-1 32.1 31.50
MLB-2 129.0 —
MLB-3A 42.7 47. 20
MLB-3B 16.0 13.15
MLB-4 45.0 44.50
MLB-5 5.3 —
MLB-6A 26.6 30. 10
MLB-6B 27.7 30. 60
MLB-6C 24.2 28. 20

FHHE ST T ARMBERL L 5 4 1E 58 S M S A R
BTN BT D7 1 B IE S 4% ) S R B ORL Y g 2
PERE LB A A MR AL b o BE— 20 5 (AT Ak O 4%
fi) [ 1 3 GG AR B AR AR 250 A 1 ) 5 P A
PR E AR O B A S A SR R Rl K O
Br 7R mA W B B R E T U R4

T IR SR N B S A S I BT R AR 5k R
{EWY) & B BT R A S

S E k-

References:

C1] W= e LA IMI. Jbat - s A . 1988,
HU Yu-xian. Earthquake Engineering [ M ]. Beijing:
Earthquake Publishing House,1988.

(2] Rk, a5 BT L8a M. JUaT - Hs= AL, 1989.
ZHU Bo-long. Structure Seismic Experiment [ M .
Beijing : Earthquake Publishing House,1989.

[3] GB50011-2002, @54 =R MELS].

GB 50011-2002, Code for Seismic Design of Buildings
[Sl.

[4] GB50010-2002, 7R ¥ + 45 My it LS.

GB 50010-2002, Code for Design of Concrete Struc-
tures[ S].

(5] EmRM. GZAME I EMEEMES % M
5 MU Tl 3 bt » 1990.

WANG Zhen-ming. Composite Material Mechanics
and Composite Material Structure Mechanics [ M ].
Beijing: China Machine Press,1990.

[ 6 ] SPENCER A. The Transverse Module of Fiber Com-
posite Material [ J]. Sci and Tech, 1986, 27 (2): 93-
109.

7] MWk B E S AR5 5 3 o
[DJ. 7G4 - V4% # SRk K2 . 2002,



20

EAMFE TRFR

2006 4

L9]

[10]

[11]

B DA DA DA DA DA D DD DO DO DO D DA DA DA DA DA DA D

TIAN Ying-xia. Experimental Research and Theoreti-
cal Analysis on Mechanical Capability of Multi-ribbed
Composite Wall[D]. Xi’an: Xi’an University of Ar-
chitecture and Technology,2002.

Wl B MG B I BE AR B U AE 28 45 40 BEIE 5 N ]
WFHELR . VU4 V4 4 (2 5 R 24, 2000,

YAO Qian-feng, HUANG Wei. Application Research
and Structure Theory of Multi-ribbed Light Frame
[R]. Xi’an: Xi’an University of Architecture and
Technology,2000.

XIMAAL 1 JC. HEZR-J0 7 il 5 0 0 7 Bl b0 24 MY 2
PALWEFE [T ). R 2 5 TR A4 . 2005, 22 (1) : 55-
57.

LIU Bo-quan,PAN Yuan. Study on Optimum Bending
Rigidity of Seismic Wall in Frame-Shear Wall Struc-
ture[ J ]. Journal of Architecture and Civil Engineer-
ing,2005,22(1) :55-57.

A X A7 KPR AR T HE 320 7 5 25 4 BY
BT ] @5 5 TR %M. 2005, 22(1) : 58~
63.

SHEN Pu-sheng, LIU Yang. Distortion Research of
Shear Wall Structure Supported on Frame Under
Earthquake Actions[]J]. Journal of Architecture and
Civil Engineering,2005,22(1) :58-63.

TRY. FIghE AU S g kR ) RS
TR .2005,22(3) :1-15.

DING Da-jun. Re-discussion of Walls Innovation and
Sustainable Development[ ] ]. Journal of Architecture

and Civil Engineering.2005,22(3) :1-15.

] 22 AR T 23 5 - R0 e R TR )

Py
x

S

Cor B SRR T2 28 B A B R PRRDRE A2 B R SRR KA R STTRORE L SUAM I 79) 2 i
TERTRE BRI 8 BB ORISR S ST RE R 0 R S KBRS R L G R A S SN A R A
L MR A B B 507 M B 5

Chr B SRR BT 1974 48, 3 T K 16 A BE 1O (K ED 40 1T,
1 5. 00 JC, 4 4FEIE 60. 00 JO; AR ) WGMIR & . 4% MR Jm 2 AT 3T 1] 8 24X 32-57 .t Al 43 3K

W

) 25 RO B

kAL M P L JL Bk 450 5
1% . (0571)85175100 85062600 85066556

[12]

[13]

[14]

[15]

DDA DDA DDA D DDA DA DA DDA DA DA DA DDA DDA DA DA DA DDA DA DA DA DDA D E DA DA DA DA DDA D DA DA DDA DDA DD

CERBVE LA RLY2007 FF4EITEEN

Chr B SRR ) iy o B B SRR Tl AT BB S e b B SRR RE (R D 23 W) 3293 5 2 b S
RO R A A0 75 309 ) L 4x B A R 500 v 30 T 5 R OO R v [ R 5] SR A

HB % ;310003

E-mail: nbm@mail. hz. zj. cn

FEBZE, EITH . % NS5 UG BN 4 G HE 4R
PR R W AT L) AL % 5 LR W,
2006,23(1) :39-44.

WANG Suo-jun, WANG Yuan-qing, WU Jie, et al. A-
nalysis of Composite Beam Rigidity Influencing Seis-
mic Properties of Composite Frame[ ] |. Journal of Ar-
chitecture and Civil Engineering,2006,23(1) ;39-44.
Sy, ik AL R R D E SR A AL B AR BT 1 A Y
RAEMLT] A2 5 TR, 2006, 23(2) . 46-
51.

Y1 Wei-jian, ZHANG Ying. Moment Magnification
Factor in Anti-seismic Design of Concrete Frame
Structure[ J]. Journal of Architecture and Civil Engi-
neering,2006,23(2) :46-51.

VLT AR | o I HE TRT 495 1 B R 0T B T BT ) i a b
HE e B LT ] JEHURL 22 5 AR 2 4R, 2005, 22(3)
16-19.

SHEN Pu-sheng, MENG Huan-ling. Reasonable Sec-
tion Height of Beam and Column Based on the Mini-
mum Shear Lag in Framed Tube Structures[ J]. Jour-
nal of Architecture and Civil Engineering, 2005, 22
(3):16-19.

RAE R REE IR A S R
L] SR 5 TR 24l 2005, 22(4) . 15-21.

WU Jian-ying, LI Jie. Unified Elasto-Plastic Damage
Constitutive Relations Model for Concrete[ ] ]. Journal
of Architecture and Civil Engineering, 2005, 22 (4)
15-21.

5100 TR b AR

£ H:(0571)85175100

3 3 B B B B A B A B B B B B B A BB BB

B 3030 20 3 B 303 B0 B B B A B B B0 B B B B B B0 B B B B B B0 B BB B B B B D 0E 30



