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A new method for estimating section dimension of high-rise steel

framed-tube structure

GUAN Binlin, LIAN Ming , SU Mingzhou, CHENG Qiangian
(School of Civil Engineering, Xi'an Univ. of Arch. & Tech. , Xi'an 710055, China)

Abstract; Design of high-rise steel framed-tube structure is usually controlled by horizontal load, and the cross-
sectional dimension determined by axial compression ratio or equivalent membrane tube method is not effective,
which need to be adjusted again and again with a lot of manpower and machine time. To address this problem, a
new method for estimating section dimension of high-rise steel framed-tube structure is put forward, which
considers strong column weak beam concept, mechanical characteristics and design experience comprehensively,
and two examples are used to verify the effectiveness of the estimation method. At the same time, Pushover
analysis of two examples are carried out under inverted triangle distribution, SRSS distribution and highly
equivalent distribution lateral load pattern. Their results are compared. The feasibility of simplified calculation of
magnification coefficient with influence of swing columns and calculation of estimated axial compression ratio is
discussed. The method can quickly estimate component dimension to meet the requirements of design specifications,
and it is suitable for component dimension estimation of high-rise steel framed-tube structure in different seismic
fortification areas. Initial section dimension still needs to be further optimized. The method can be used as a

reference for member dimension estimation of other high-rise steel structures.

Key words: steel framed-tube;section dimension;swing column;strong column weak beam;Pushover analysis

Wl & 22 T B0 D 38 % Jee P ki Ak 1E R A ke H, T 1965 AEFA . FE T 20 HHhag 80 AR

Wi NH & % 54 5 g B A 2 09 7 & H 45 B
B, ERFE LW BT —E EREAZLT, 20
2 60 4R )3 B TP Fazlur Khan 3%t T
R T R, AL AR HE R . 6 b R L HT ARG A
WRLE %, WH T 10~100 ZLL B S,
K AHE R v 25 g i 70~80 R s . 5
— MR HE ] 25 44 J& 22 DIBF ) 43 J2 748 3Ry U0 30 A0 o 20

KR BEH. 2017-05-02 e FmA: 2018-07-07

AN TGRSR R, BT 40 E LA R At
HREN AR, 7 B X b A i R A
o Bt A SURIBHIE A BIAE Coull A 2432 HHE 7 25
A 00 23 o) Bl ) 2 S T (RLARAT 15 64 S5 KT X
fa A2 44 B P 0 it B4 T R R B0 AR 7 i R
R 2 ) A 20 BT 7 ik w2 A P28 — 2R I 4
BJ7i%, ARIT-FmE S LA R A S —

EETH: FRAAPEREE(S1708444) 5 BRVEE AR FAEAAFER T RITIH (20170517) 5 BRVG A W L ERHIF BIBTH (2017); BRWE

A H AP RS R H (2018]Q5074)

F—EE: RWARO989—), B, MLA, BFEARHAMEAERIURERM T . E-mail: guanbinlin@163. com
BIREE: & "G1987—), B, Wid, Y, EBNGHRWAIERPURIEREM T . E-mail: llanming0821@163. com



5 4 39

FMAR, S5 2 HNNE 0 45 A R TE R SE A 00 7 i 527

RIFERRHESAAER, AAERKE. &R
ik BGRB8 RAS 4 ik S O 0 B g
Brib s . HE T AL B AR VR . M AROR >
WAETE BB PR 2 4. HERT L5 H A 45 i B R
W, SN Z IPERE . PURMERE R 4F, bUou W
RMGETFAEbR IS, AR ZY . B iER
iR, RER RS RN E, B R M
WA AL, KBTI AL A RSE B WAk, FAG )
RoF a2, S48 it B, w4 i S AL
XAk R, WIREE R HES . HESR-BT 1 5E
BY SRR, RN GHIE B . B E b S5 T A P Al
T2 B R A A RS, T RO T AR
Zug Ry, A0 Sl b R s b i H R AR R A K
HRSE. moE TR 2 SR 2 0 K HE 5 25 1
SRt — MoK - far 2 s VR AT, e b R B A A
{1 AR TR RO ~F A A 3 AS 3 ) 1) WY B SR, W R AR
BRIV R, R REANT. B AALE. F IR
TN BN 2 ) S A SRR, SRASE = A far
A AL B S 0 S AR TR BT LN RS T 2 R,
AR e J2 B S 4 i AR LR ) (J G 99-98)
Hh XUART 2T 00 A B PR SR A A R, iR
ZBi, MM EE R TR, FE R,
F7(m )2 B 0B 45 4 B R B ) (JGI99-2015,
DUF SRR s s v BOE T X — R, %M
TR AT A SV 2 ) LS A H XA 4 T B4 4K AE
AR E I Bl T e 2R R A 0 4 A
BEm AN, THHEEZK ETL LS, AR
HE i )2 B HE R 45 A A T R S A 0 8 O ik
W T BT A5, B 2 PR R 45 R S i
SRR, XX Rh T ik A R 2 A R AHE £ i
RGBT T3 UE, %R FAG 7 ke ) Rkt
FIBHF N b1 2%
1 SNIEREHRIEIT
1.1 MIEFLEHNZHESR

HE 5 485 4 5 A L 285 A VR 3% TE A 1) HE 4 41K e
7, JR—BU ik R, A 00 RS HE SR 450
Wit S AT B HE QL FR O B AR AE 4L, 50

T gk B HE JR PR O G AE JY B SR HE JR AR T
REASHE ZR T 4 4% e pT i I vE e, — A i AL AY B A

fZ R 1 R, MR B A R Em 2 )
Witk , 2B A R AR SR T,
3 RE by B AR HE Z R0 B % HE 2 3k [l IR BT AR K P A
BE, HERTSE M | — BEEOR & FERh h 0 A, 5%
SR TRT SR FH - A8 T AR RE A B B0 il g 23 A A R R

N, BGHESREFEM 0 A A 5], AR R
FoPRIME, PEREEE RN N T S ME, B BRAE 28
SRR I WA R L AT, XFVBLR TR N
fiia, B i TR RN B A R B KA T B G 2L
HERTZ5 M) — RN IR i B — 28 4E 7, H B8
ANVEARCBS BE, 73 B 23 18 1 iy 2R 7 6 R 22
AN JE P EEHT I BT K.

Eii| %: b | gk
L] o

ey o XJT_
' v

L

B1 MIERLEATEHEE

Fig. 1 The plan of steel framed-tube structure
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Fig. 2 Schematic diagram of floor load transfer

Aok A KB BT AR A A BEAS BRHE f7 Ab
G B v 20 I A T .

(5) 48 BRI M U2 E T RS 5 )25 10 J2 A
W, HRE, AAER B REE S 2 i Xt e —
HhRE AT Y ML RRE 2 SR R 2 (I 3) BEAT A
PRI, HAEZE T8 R AL R 0 )5 60 S T P S 20 H
M EAETAR U/, IS8 ik A A RETE FEAE 28
STH N I AN 2T P AR A EL, H AR
HORERR T A\ B AR I R, HOAE AR AR B
P P E L 254 B9 )2 BT N EAE T R KO
K, FAFN BT RO KRR AR, 3 A A
T 405 2 L 398 A B Al 5 3 % JRE 0F 70 0 Y R i 3
R, HER. hTIREWFIE, @R
J2 A B BT AN I RERE A 174, B A
BRI, VRGO EE a BUR ) 2/3, HIE G
EANTHER RN REWE, BEEANTH
B, HANTIEBRER) 2 . Gk A TZEAE TR
5 JZ b A8 BCTAL I, A R AY TE AR R N AN IR T
10% , B& 10 J2 078 i B, g 18 v A 10 i ALK

L] g .
I I ] ;)T
i L =
1, 1,
\- A | N
s L L \
- . -
- I, HRRE -
A L
B
wemee —] L -~
4 I
Rt s — 1| BE
1
e
(@) EBAE
1 r ,‘.1
LY L
1 I ! L L
e I =
L )4
. 1 |-
L | 4 \
\ N,
s I = Hohip-s
I I
A
BRmE — IL AHREE
N L
A — | = j=r=1
.1
) BERRAE

B3 #AAREERFEER

Fig. 3 Typical floor and adverse floor



5 4 39

FMAR, S5 2 HNNE 0 45 A R TE R SE A 00 7 i 529

AETF 20%.
HEZEFEFEAE MRS e, R B KE R »
M= (3) FrR.

::JTSKKQ+MKf+KJ+L6
" 7.5K,K, + K, + K,

Krp: KH K, 48505058 TAE b R il 0 ks 2 28 W)
B2 F SRR E 2 G, Ko = (D) 1,/1,)/

(ENJL%KQZ(ZNMQNEﬁJAL

HhREE HHE 28 TH0 N K 48 b AP T AR 4 T
R R (4)F(5).
Ae = fuh /i, < 0.9[2] (4)
A, =h/i, <A, (5)
(6) B B it Iy — 5 1l )2 sk 59 2 225K, H
(1 Lk 45 ) & A SR B LSRR e AL o 32, 4
BUREGALM] , DLORUE 25 49 R 3 04 € 14 7 G BE RE
71 RECGESFPURRITHIE) (GB50011-2010, Lk
TR L) A N I A R 5 R IR S &%
i, AR EEREAN, &6 T4mHk
REMI AL, I A 00 0) B HY 4% )23 BAS 4 )2 v A
1 B R R AT R AR S R, H AR
IEH R A Z g N, e AME 45 R BEON B )
ARG, %800 Rtk RREN A
A ILA(6).
DWW fu = N/AD) =92 W fu (6)
o Wooo W, 4 0 A 3830 71 s A 0 % 1 9
PEBEAE R [ o 23 ) A AT R B 00 B b e AR i
FE, N OB S AR Jr; Al W HE SRR B B A
WA ¢ MwdAE R4, —2H 1. 15, Z4¢H 1. 10,
SR 05, Hoh N AR, 2RI TR
SE], A0 J2HHE 7 45 A% IR b AR AE B N fr A A
THSIE R 0. 45, FERI i B 0 &6k I
It H 2% B I 78, i
N/(Acfy) = kX 345/ f (7)
K. bk BUE A 0.15, 0.25, 0.35, 0.45, 0.55,
0. 65, 43 AR N TR F R E) 1~10 )2,
2, 21~30 &2, 31~40 &, 41~50 )&, 51~60
JEAE SRR S RO R HE, & 10 2N
TORE)Z b BUE AR ), 4882 38 £ I mT 42 B 4 i 10
J2 kR 0.1 Z)E, WA R 10 258k 10 2%
JE. 345/ fo 2% B ENE AN W) S 2 AT, Rl R LG

(3)

11~20

Sk, MR (6) A K

DWW fo(L—k X345/ f,0) = > Wi fr (8)

(7) FARE R R A B, R I — BE 2 Rk
£ T 200 KR Pp R TR A 2 3%, AR O R
B T A R PP SR BB 1L 5 f%, 4B S
JE AR, AR T B IR T 10%,
VR 10 J2 kA A T I, g IS0 A T AL 38 A A1
F20%.

(8) 43N BE 2 ) P HE 152 0032 TR M A B 3. 3%
AR A H Y AR R O R A B0 2. 8 A
b, PR R . AR S (9) TN AR R
T R

N/(pA) < 0.75f (9)
Ao N ORI T UL b & 2 i B T A 2
B2 R E), Na (135 X fE 28 +0. 98X
TR X MBI T AR E o A0 3 A R
FasE BB A MNEERBRTE E AL/ BB B o
FEVEVHE, BT R %L 0. 75, REIEF N Rt &
PN RN RS SR B

(9) PR PISHL B 5 08, AT IS Y 1/
12~ 1/16, 50 I 22 (i 30F 50 FBF A 5 B2 3l 2 B3
2R,

2 BhhgitE5aHh

2.1 IiE#ER

2 A, WREN, R WHIERZ5H,
FHEATEME 1 PR, K50 24 m, HEEHHR
3 m. B AR T fer bR A B A ], e bR i (R
R 7 RN/’ (SR H ), EHARERECY 2 kN/m?,
LEMZEY N 3.3 mo RBZLE R 8 E(0.2 g), &
T —H, il 1128, FRAEE A 0.35 s,
7 AR BUE FERG 200 0 BT R R 0. 95, AVETR
HIFH R L H 0. 03, FEA XA 0. 35 kN/m?, FF%
B L1 fERIEIE, Huir HLRE RN C 25,
2.2 R-THifh

2% 5% P B WA O ik R R, 4 on) it
T A 20 )2 Q345 BHE R Al — A 40 ]2 Q390 HNHE
AT4hA), 20 JZARHE RN 2 1E TR 5 2484k 0
40 JZHWHE A A THUZAE N IR 10 )2 A8 fL 80 .

PL 20 JZERHE fa7 46 44 RO A Ay K 2R 4T e B
MRAEPTR 8. 1.3 5, WTAPIESER N K. H



o

2,
=4

530 [ 7S = S N SN % R(AARREER) %50 %

SeE MR, W 1 PR, HIREE S AT
{10 5 5 SRR B0 B (AN 2 P s ) A A B0 R 40 HL 3 B
(I3 3 Prom) SR FUfh v AR A R, 20 sl &R

®1 BRH@ER~THMET

o 1.1, WHREEHEZL T MR aa i B R E R
RN AT E, HIERIBAERZWAN R R B
JEAIE 2. 14.

Tab. 1 Estimation of section dimension of spandrel beams
N YRR R SF (1R H ) LA T L HE A v B
e HXBXt, Xt/mm A BR i 0. 9 RN PR fif > 0. 85
16~20 H450X200X10X15 6.33 6.70 42.00 45. 60
11~15 H500X200X12X15 6. 27 6.70 39.17 45. 60
6~10 H550X220X12X18 5.78 6.70 42.83 45. 60
1~5 H600X220X14X18 5.72 6. 70 40. 29 45. 60
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Tab. 2 Checking of strong column weak beam of side column joint of typical floors
ORI R ) RIABRERIB  BZAME B Woe(fse = N/A)/KN - m =
TP )2 . N/(Acfye)
HXBXt, %t /mm R WL EE 72 W S /kN - m
18 H420X280X14X18 — 7.39 27.43 0.15 1491.0>1325.2
13 H460X300X14X20 15.7% 7.15 30. 00 0.15 1 910.5>1 607. 3
8 H520X340X16X20 19.0% 8. 10 30. 00 0. 25 2 236.4>2 200. 6
3 H550X360X16X22 12.5% 7.82 31.63 0. 25 2694.1>2594.3

TE: ARG MP ST L IR(E R 0. 9 55 8. 17, MRS L IR Y 0. 85 f5 K 31. 57.
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Tab. 3 Checking of slenderness ratio of side column of typical floors
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HRKERY  WMRKARE HERERE gl iilaa FRAE <0. 9

18 3.3 1. 409 2.14 1. 00 56. 8 50. 5 59.4

13 3.3 1.431 2.14 1. 00 52.3 46.5 59.4

8 3.3 1.424 2.14 1. 00 46. 4 42.0 59.4

3 3.3 1. 429 2.14 1. 00 43.7 39.0 59.4
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Tab. 4 Estimation of section dimension of 20-storey steel framed-tube structure mm
%2 O HhRE AT FAE EE 1] P R AR T
16~20 H450X200X10X15 H420X280X14X18  []400X400X20 []400X400X18
6m-H450X200X9X 14

11~15 H500X200X12X15 H460X300X14X20  []450X 450X 20 [1450X 450X 28
6~10  H550X220X12X18 H520X340X16X20  []500X500X22 [1520X 520X 36

12m-H750 X 270X 16 X 25
1~5 H600X 220X 14X 18 H550X360X16X22  []540X540X22 [1580X580X40
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Tab. 5 Estimation of section dimension of 40-storey steel framed-tube structure mm
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1~10 H780X260X18X20 H700X460X22X32  []680X 680X 32 []780X 780X 60
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Tab. 6 Base shear peak value under frequent earthquake

Hi 72 3 A
= 103 Vilh 5 [i]

- J1/kN
RSN970_NORTHR FAI095(H1) 4 931
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RSN5797_IWATE 55208NS(H1) 3 585
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4y 1361
H: CQC=4 421 kN, 0.8CQC=3 537 kN, 0.65CQC=2 874 kN
0.35

— IR

------ RSN970_NORTHR-H1
————— RSN1236_CHICHI-H2

i ——— RSN3752_LANDERS-H2

1/ A RSN4348 UBMARCHE.P-H2

B o oh —-— RSN5284_CHUETSU-H2
R O
w e RSN5797_IWATE-H1
é 0.154 — — RSN6§79_DARFIELD-HI
R 5} 73 AT

0.10[

0.05

0.00 :

0 1 2 3 4 D, 6
JE /s

BES5 Bt

Fig. 5 Comparison of acceleration spectrum curves
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Fig. 6 Base shear-vertex displacement curves and

plastic hinge distribution
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Tab.7 Performance point of steel structure in different lateral loading patterns

" . 20 JZ HHE 40 JZHHERS
HoZ K 255 — B — —
BI=fMaf  SESEMSA SRSS 434 BI=Mofi WESMSA  SRSS o fi
0 25 A2 /mm 634 663 647 1489 1573 1530
F BT 47 /kN 13 378 11 677 13 336 21 457 18 815 20 971
K&
e RJZBIN 2 f 1/72 1/62 1/72 1/62 1/55 1/61
SR 12 12 12 22 23 32
i 5 2 /mm 346 371 352 781 843 802
FLJFEET )7 /kN 7 432 6 844 7 370 11 306 10 293 11 039
hiE
N =L A 1/142 1/128 1/142 1/122 1/105 1/116
Xt o % )2 12 12 12 22 32 32
T A F% /mm 135 145 138 302 326 310
H BT H1/kN 2910 2 679 2 885 4373 3 981 4270
INE
e K2 BRI FS f 1/363 1/328 1/362 1/316 1/271 1/299
Xt 7 A% )2 12 12 12 22 32 32

TR U 7 TN [ S o L = R [ s U
K, WA R B AR G 6, A id k] LUAE
Rl b3 — 2 k.

2.4 it

BT T AE T4 AR E R~ B S 5 B 4 A 5 ) B
REEEMH -GBS RXKRS, 28 7820408
I EE. ERAERXT 20 20 40 2 8HE & 4 2R 35
A (EE A0, 5XGHE) SR BUER ), B E)E%
FRib T R B K 1.939~1.972 F1 1. 898 ~1. 955,
¥tk 2. 14 /N, s BHHE A 2 A T TBOR R B
T PRSP, TESRIEPE 23 AT w3 S8 B i K &R L
S5A M 2 AR TR B R0 e BLUR X
M)A R BT 2 R

FH fl 07 5K il FE B B — g 0 9 R B0 s
() Bk BT 5 B Rk M R B R, sk
(10) PR,

N/(A.f) = kX 345/ f (10)

£ 84 T AR AFHENS T RHEL
MEEER, DUERPAEEE IaEAE TH
ShELL, HbRE TR X Hb iz, 4k 5 7 ff 3%
AR R (1. 35 X E 3+ 0. 98 X G 3%, WM
JIr A ) 5 o BE 5 A B B A R R R R, A
# 8uE L, 20 JZHKHE A 40 2 HHE & 56 20
JEEMEA S T AR T R E 5 E ) A
AT EENAE Y, JF 5 W65 0 Bl b b 420,
PRI MG f] 45 4 () 2 A R 2 i, MR 4l & T a4

x8 WAWELSHEMEILLHILR

Tab. 8 Comparison of axial compression ratio estimated and axial compression ratio calculated
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%ﬁizfm WA TR A TR
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21 — — — 0. 261 0.269 0. 242
16 0.175 0. 106 0.110 — — —
11 0.175 0.183 0. 187 0. 366 0. 349 0.277
6 0.292 0.233 0.236 — — —

1 0.292 0.284 0. 294 0.470 0. 354 0. 284
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