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ABSTRACT

The three dimensional analysis of Framed-Tube structures is neither easy nor efficient
because of longer computational time, large memory requirement, tedious input preparation and
bulky output. An efficient analysis model for framed-tube structure is proposed in this study.
The proposed model can save the computational effort by using the assumption of the ngid floor
diaphragm effect and matrix condensation technique. Moreover, it is develpoed by assembling two
dimensional frames using the link degrees of freedom which are temporary used to satisfy the
vertical displacement compatibility at the corners of a framed-tube. The accuracy and the
efficiency of this analytical model is established by comparing with the results using the
computer code SAPIV which is based on the three dimensional finite element model.

1. 4E

ol WAL T2 HAL /HELe2 SOM 9 Dr Fazlur Kahn'V off 23] #jetslo] 120 AR

Z5o)| 3EEo] & Frame-Tube 12= & 315 AEY Aol Fotdol Ead oz AgstHA
731{1*“2){ AH27d (serviceability) & BEE £ g TR AAHLR AAE Ut} o] AAYZ

B Qo) 7 BE &3] XY= LY ZHE A Frh o] fAFE YR

“El £2 &o] Bl Y NLANA P AFSIHEAM e B dhFol A3siA Hcoh o} ¥
Hehe HME £302 thile Zd E2 BA2]Y 7|5ES FR3LL, ol& 75olMY 23] Wy
3o A% AFE Yo B Ty Y A —’.‘—1‘{ Zydx o AFstA Hcl

FH F2EY 75 82 A=y B {fAA (flexibility) &2 s8] ZAe EEE 3HA
"ok wietd] BAEY Il 5ol £Yo] YFEHI Eeﬂ% ZgR 7 FolMEe FHo| tia 3]
shear lag H4& Ech ZAEo] 2Fstgol whet o] @42 Ml z, vi=tg HWEE 471A Yok
(Warping Effect) ®FH RTZE2 ASL 2|9 Shear Lag 40T 3] ¢ B JalS olA
Elrg ASS A oA4EY £ e 34 Bddo] WRSIA Hcth & A3 B F
Ao AF FZEL AFS Bl A3 oAFY £ dowy AAY FRAEA ol &Y + ol
2dg AHetsts Zolth

° u

=

3)

B
o

rr —LJ

x o

« B2 A 7)ey EERU Y24
o 2 I3 7led ESEU 4} 243
- 133 -



2. 814 2ol 2y

1% B2 FZE 33Y AU 24 ML ATS FHA Y + Ut Pl gou} 3
A BRolM B o4 EUSA Hol Mol HYY A2 wdo| &
FoME Thedt 2E 7HEE B nA4E Folu Fu 228 ASe 54

e iy 2dg sustach

(D) z 3 wiet gelns 25 Aae) 2™ Aol FUY 24 sHch
(2) uietel ®el R RAY 4 Qg BF ATk

(3) $AHel Lashe Tee) A9 BF /54 E wet £HUY HBAF ol Fojrh
(4) FZES WAshs 22te) olxy Zae upeiFold xHol 1AH o gck

2.1 ol =g F B8 ¥E 74

FH FZELS ZEY S HAHStE ojxld T dEol uiwt &et2el Zwt &zt (Rigid
Diaphragm) & 3a23he 23 ZHYEol F/ske 7ZsoMdd 42 Hel HY (vertical
displacement compatibility) ol 213} FoiA <olcix B £ alch. zpzhe] 238 Zyde sid 24y
2 3.1 3 2k A7IN 74 Fo £3 Hee) 3/ 715 F HES Urhle AFETE @2
uUnza] AHEE2 £2AY "art qlch

aY1 oy FREL & F2 A (2 &) ol §3h= 29 A ¢ B (o 3)E dAse JVFEER
o]folx glrh. E 3wt FolM Y] &&F }F (story-by-story matrix condensation) & F3t
2ABA] 1L st AREE F atal ARtk 7)™ F of sigshs= AREES $9 HUy H
Hleot =l getolae] £32 Helof] A AFEIE Bk o] FREL B BYH YHAE A B ¢
F o] &3ls AHAEZA Py §& 4B E 5ol 2A=HAE A4E& 242 a, b o f 2 Yehd
A o33t 2k

Ku Kap Kgl| Da A,
Koo Kiw Kifl| Do =|As (1)
Kpn Kp Kgil Dy Ay

22. % 73 ¥ BH $F

A3 g2 (Story-by-Story Matrix Condensation) 7|2 ol-&35loy 212 2l(1) & $724 VLo
A F ¢ ¥3Y AREE L7132 A of 3iYsE AREE £AUCL o o FolM B &
ol HeE 2 ol £ 3248 BY o 4 A A E i BAEH ol F Zx%
Myl TEz} WYY A 2 AP AY Y3l vietFziz| BEch o] AR FI B4
t n % oA T B Hy R Y BE 74 okt Zrch '

A =

04, 04,

KD} = A (2)

K;l KZ .. g
. | Kk® k2 .. k*
ke 7y (3)
Knl an Knn
q71A

K:;=[K"£v Ky
ki K (4)
e A v o h = F o HAY AREZA 72 221 Zald oMy £33
W Hee] Y ARZE Viehdch, 3 FHE B WA 23 Zed sy 22 3712
ot ol v o h of VY ARE S EFIA Hrh Zad LY £ AKEE uigeR O
U2 o 2L 2xY BUE 2Uslel THY AW A Fmo oy 2L I3 o} Yyr,
- 134 -



23. vl=te] 4UE o] g3 WP W

A% F2E2 Yol ¥ siMol 2ol wiete] 7wt (Rigid Diaphragm) 7H8& F8h wietzt
2} 221 Zeolo] yhie Ao Aey wHeles viety J|EF (FY} FHA) oMy Hu W
#198 ¥oz vehfold 4 gl

T2 X5} BUY Zage] Zeol HEB) o 24 BWE Ky § 6t & vy By
of &olstA thae] A(5)eh Zo] tha F4Y 4 gich

- KW oKW
K= U (6)
Kw
K4 K% - K
K= | Ko KR KR pr
A SN (7)
K% K% - K%
K Kii = Kin
_ K% - K%
K= \ (8)
K

Al(5)8] BE Ky, o) 33 d(submatrix) Kw, K, Kuy = 2}2F 88d K o) 2=
Azt 3 &l ME dH(coupling) H HES A Fol thdle 2yt Aoln
e (8) 2 Zrh WY Ky o wie SEHoRe WMHe WYL 4 uiyr
x| 2 olof iyt WM WP olefe} ch

(10 .
T‘[o B] (9)
od71M I & xig] ol B & t}g3} Zo| TAHCh
0, 0 -~ 0
_ Q2 0
B= o (10)
0.
ol Wl B UL T3 22 @ = Z Lo thy HBL LER Tt} o)
Qi=[1 O —Y.'] (11)

A7IA Y & 48 & (1) oM ZIEd XU 2x Zaide] Y U3 Aelolct $19] A(5)
Uebd Ky =t Zo] Wy W ¥y & Ky akx i),
Ky=T'K,T (12)

=[ Ko KuB
B'K,, B'KuB

- 135 -



Q:=[1 Xx; 0] (13)
q714 Xi = 294 S0)AA Z1&d YIE 23 Zge] X ¥y Aglo|ch
24. AA 23 B FE

upete] AL o] &3l J|EFoT WEAZ P4 Y Ky o Ky & XY Hof B ztzty
Zdel Bl iz} o] ZYdle] TREL AN A4 VY Ky & L=k

Ks= > Kx+ > K% (14)

o] ThAA FH TZ2F siM 2l 34 o o] uiwe] JEX (A F4

5 2

o ARE (B T N2 23 £7 dele] VY AREL A YPo| o3
H AHRE) o A2 st 249 TalQ 21 FHIE FHoINY 42 Hselol BY AKEE 7}

ek ¥E &5 71 (matrix condensation) & o] -83le] A2 Welo] VY AREE LAY ZH
Id50lA R upet Zo] 7I&H M 34 AREDE AL i 2dg & 4 gt

3. oA 3

2 dFolA AU Y Bl T AYALS AE31] 25ty AUH M S B
gt =23 (3BDVC) & o83t oAl sid Azje}l 33 fyes B ofg3 SAPNV 9
;MY AzE v, EH%Th oA M-S I IRERA 26 2} 22 17F9 FE XRES
B3t} o] FREL RE Sol A4 2 m 1HY ZH3 (bay) 6 AE 7tAlE 22iY ZHUER o
Folx gltl. Z £ F3E= 139 Ffol= 55 m o3 2-17 29 Zfol= 35 m otk A8
E3e vy A4 2100 kN/ecm? , Zeb$ vl 0167 ojth. 7153 Amed Bel v x40 7 &
off Zpsizl HHE.e ¥ 2} Pl

oz TZ2E sH A}E 337 8, 9 of UEpLTE 287 & 386 o 715H A oY £
2 Helo] i3t BlRE B F3 Qtl. KR FREz Zo] £33 #Hert FREBY ASo ©we o
g T FREY ZE, A T o] 43 wHsiol 3y A3 (vertical displacement
compatibility) ©] &Rl wlel 3 =3k Wz SAPIVE ZAzle}l A Yx3tA €L 2.8 oA
& = qch’ EZ 2ol BREo] REH FZEQ o] thyt AHFol dutAH P ZZ AAR
e P AFo) F7 €& ¢ £ Utk FREY 1 FolMe & EXE e Y8 2
FH FRE A% B4 9 3 shear lag A4S HoiF 2 Q)

4. 2E

£ dTolNE FE YA F2B ATS BRHOET FWH ofF

dch oF TEEB M Tl The L 2EL ¥ 4+ Uk

(1) ALY Y 2w uie geine 3ot A3 B 84
48 ZUOEA AL A3} AFEH g2 oy T .

(2) 7122 o4& 4 Ralof shRshA BN Faste Talel +2 Hel AYHS Taig
o=M BE ¥4 722 ASS A Ay £ ch

FE FZF0] AFHFI FYo| BHNESF & ATolM AUt s mde] 840l e

- 136 -



. Bungale S. Taranath, Structural Analysis and Design of Tall Buildings, Mcgraw—Hill, 1988.
2. Weaver & Johnston, Structural Dynamics by Funite Elements, Prentice-Hall, 1987.

. W.K.Tso and V.M.T. and Cheung, "Decoupling of equations of equilibrium in lateral load
analysis of Multistory Buildings", Computers & Structures Vol. 23,No. 5, pp.679-684,1986.
. Alexander Coull and Bidhwanath Bose., "Simplified Analysis of Frame-Tube Structures",
Journal of the structural division, ASCE, 11, 1975.

. Coull and Subedi, "Framed-Tube Structures for High-Rise Buildings", Journal of the
structural division, ASCE, pp.2097-2105, 1971.

. Peter C. Chang and D. A. Foutch, "Static and Dynamic Modeling and Analysis of Tube
Frames", Journal of structural engineering, ASCE, Vol. 110, No. 12, 1984.

. Peter C. Chang, "Analytical Modeling of Tube-in-Tube Structures", Journal of Structural
engineering, ASCE, Vol. 111, No. 6, 1985.

. J.J. Connor and C.C. Pouangare, Simple Model for Design of Frame-Tube Structures,
Journal of Structural Engineering, ASCE, Vol. 117, No. 12, 12,1991. _

. Bassam A. Halabieh and Wai K. Tso, Simplified Procedure for Lateral Load inelastic
Analysis of Framed-Tube Structures, Computers & Structures, 1989.

_ R
£17 3 #4939
_ I sl b,
2 | 5 = B9 (k) e e s
17 | 30x30 | 30 x40 | 96.4 B e e T
16 | 32x32| 30x42| 8.7 By ter B fee 95(9‘“ By Fe e
15 | 34x34| 32x42| 757 | 5 | |
14 | 36x36 | 32x44 | 663 | . |
13 38x38 | 34x44| 57.5 : ’ ) 5_
12 | 40x40 | 34 x 46 | 49.3 , 717 4% %L ;
11 | 42x42 | 36x46 | 4.8 | 7% WR A R
10 | d4x44 | 36 x48 | 349 8.1 234 Zeqqde Hy =y
9 | 46x46 | 38x48 | 28.6 f |
8 | 48x48 | 38x50 | 229
7 50 x 50 | 40 x 50 | 17.9 ! {
6 | mxm|a0xw| 135 , .
5 | 54x54 | 42x52] 9.7
4 | S6x56 | 42x54| 6.5 | | L
3 | 58x58| 44x54| 4.0
2 | 60 x60 | 44 x 56 2.1 ! b
1 | 62x62| 46x56 | 0.8

aY.2. $39 24 ZalQe) 84 Yy

- 137 -



Vz

Vi F1 vs 1

N
NNNNNNRNN

NN

/ ’*
¢
; 4 %/ % 7 % % 4 4 4
27,3, 33X 9] 3y 7Y 3.4, HEW XY M 2 275 58 A Y 2y
B D
1
ST
L/
d +1
IL/ 17+
4 1 16
1 A 15
ol 14
L1 13-
351l 12
: D ]
] B 2345607 1
L4+ > > 10
L] 5 9 &9
1] o o)
LT > 8 S 8+
L n o7 0
il 6 6+
H1 5 54 0-0—0 SAPIV
U111 4 ol a0 3DVC
,/’/ 3 3 o—o0-0 S3D
f/u« 2 2
///’/ é 14
+# T T T T 0
WL/V A 0 051152253 35 0 1 2 3 4 5 & +
,ZY displ.( x10"cm ) displ. ( em )
Xéﬁ
38.7. 718 A Y 3 89 2.8 4% ¥H9
a2 g, ol Framed-tube T X8
sgg 800
n 700 —
gg ] 600 |
A 500 4 L
400 400 —
g 800+ T 300
% 200 g€ 200
100 o 100
g (4] T T —T 2 0
& ~100 2 4 = 6 T 8 -1004
~200 - ~200
ol 300 1 o—0—0 SAPIV
~400 o—0-0 SAPIV -400 — roa BDVE
~500 5402 3DVC ~-500 o—0—0 S3D
‘gg N o~o-a S3D -600 —
~700 - ~700
~800 - a0 ] l ‘ l _ .
column line 7 8 =] 10 11 12 13

column line

3y.9. 1 3 7% &9

- 138 -



