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Influence of Stiffened Storey on Economy and Carbon
Emission of Frame-Core Tube Structures
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Abstract; In order to investigate the influence of the form, number and location of the stiffened storey on the
super high-rise frame-core wall structure, under the condition of fortification intensity of 8 degree, a founda-
tion model of 210m high office building is established, and the belt truss stiffened storeys and outrigger-belt
truss stiffened storeys with different numbers and positions are added respectively. The main control indexes,
structural mechanical performance, structural economy and carbon emission of each model component are com-
pared and analyzed. The results show that the economy of the model increases with the increase of the number
of stiffened storeys and the floor price, and the carbon emission decreases with the increase of the number of
stiffened storeys. The effect of the outrigger-belt truss stiffened storeys on increasing economy and reducing
carbon emission is better than the belt truss stiffened storeys.
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Tab.1 Seismic performance indexes of main components
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Tab. 2 Layout of stiffened storeys
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Tab.3 Main control indexes of wall column components
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Tab. 4 Sectional dimensions of main components of each model

il n AN RN LR WM R R~/ i M7 B RS/
95 FESRAE RS /mm X mm %%fg/mm T?F{/mm mm><mm>7<'<mm><mm mm><mm>7<'<mm><mm

A 700 X700~900X900 600~900 300~550 - -
B 700 X700~900 X900 500~900 200~500 24 JZ :H1 000X 750X 40X 40

o - - 36 )2 : H950 X 700X 60X 60
C 700 X700~950 X950 350~750  200~550 12 2 . H900 X 550 X 50 X 50

36 J=: H850 X 550X 30X 30
~ 50~ ~5
D 700X 700~900 X900 450~750 200~550 24 2 . H800 X 500 X 30 X 30

36 JZ2: H900 X 650X 50X40

E 700 X700~950 X950 400~700  200~500 24 JZ :H1 000X 700X40X40

12 )2 : H950 X550 X 50X 50

36 JZ: H800 X 500X 30X 30

750X 750~1 000X1 000 300~750  200~500 24 JZ : H800X 500X 30X 40 24 2 :[]700X 700X 50X 50
12 JZ:H600X400X 20X 20
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Tab.5 Natural vibration period of each model
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A 4.52 4. 06 2.88 E 4. 27 3.83 3. 00
B 4. 06 3.90 2. 87 F 4.08 3.61 3.09
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Fig. 6 Shear force of shear wall under X, Y direction earthquake
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Tab. 6 Structure mass and unit area mass of each model

1R 25 5 m/kg U,/kg+m™* TR 2 5 m/kg U,/kg+m*
A 95 495 906. 00 943.17 E 88 108 727.00 870. 21
B 91 157 648. 00 900. 32 F 87 215 633.00 861. 39
C 88 560 188. 00 874.67 G 85 237 391. 00 841. 85
D 87 733 547.00 866. 50 H 85 275 891. 00 842.23

3.2 WESMIR
S5 v 25 B R Y RE S T K T T AT A L HE SRR B S SN ) B AL BT 3 4 B4 DN A AR R
Q355 WM - &5 KR4 1 1) 32 T3 4 7 B i 77 2 2o ) HRBAOO 08 7. 4% A5 78 g 44 11 50 6 T R R 40 3t o
R TPR. R T UU 23 30 D B AR 80T A 5o T AR R B9 s U oA 8 B T AR 40 6
T AT A B TR

Tab. 7 Steel consumption per unit area of each model components
i U,./kg+* m ? U, /kg+*m* Ua/
WY g OBERE O RRE 0 ROMER HiR Wk BOMER  keem
A 18.0 22.5 17.1 0.6 0.6 - 24.3 3.6 86.7
B 17.9 22.5 18.9 1.2 0.6 1.5 21.8 3.3 87.6
C 17.9 22.4 20.9 1.9 0.6 3.7 20.6 3.3 91.4
D 19.0 22.4 20.4 2.1 0.6 3.2 19.6 2.7 90.0
E 17.8 22.4 22.6 2.0 0.6 4.9 18.7 2.6 91.6
F 21.3 27.2 25.2 4.4 0.6 6.1 15.9 2.5 103. 2
G 21.8 28.5 25.2 4.4 0.6 6.7 14. 8 2.5 104. 4
H 21.8 28.5 25.2 4.4 0.6 7.0 14.7 2.5 104.7
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Fig. 7 Steel plate and reinforcement

& 7

consumption per unit area of each model

3.3 BgRTHAE
BB A B PR TR AR B R (V) L a3 8 iR, 2R 8 H LV ky BA TET ARTR EE 1  H
e R RO RITA Y e s A VATTR A B
Tab.8 Concrete consumption of per unit area of each model components

giw V, O /m® V,ESRHE) /m’ V, (B 35 /m* V(O ER) /m’ Va/m?

G5 C30 C40  C50 €60  C40 €50 €60  C40 €50 C60 (30 C40 C50  C60
A 0.114 0.004 0.008 0.010 0.024 0.054 0.064 0.001 0.003 0.004 0.114 0.030 0.065 0.078
B 0.115 0.004 0.009 0.010 0.019 0.044 0.063 0.001 0.003 0.004 0.115 0.025 0.055 0.078
C 0.115 0.004 0.010 0.012 0.015 0.038 0.060 0.001 0.002 0.003 0.115 0.020 0.050 0.075
D 0.115 0.005 0.009 0.011 0.018 0.038 0.059 0.001 0.002 0.003 0.115 0.024 0.050 0.073
E 0.116 0.004 0.011 0.012 0.016 0.037 0.055 0.001 0.002 0.003 0.116 0.021 0.050 0.071
F 0.116 0.005 0.012 0.014 0.013 0.038 0.045 0.001 0.002 0.003 0.116 0.018 0.053 0.061
G 0.116 0.005 0.012 0.014 0.012 0.032 0.043 0.001 0.002 0.003 0.116 0.018 0.047 0.059
H 0.114 0.004 0.008 0.010 0.024 0.054 0.064 0.001 0.003 0.004 0.114 0.030 0.065 0.078
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Fig. 9 Relative usable area of Fig. 10  Relative profit of each model under
each model different floor prices

HT 10 F] R« 25 B TR A5 A AR T 30 0 R A AR S 2 A /0N T 2 0 I A R TR A AR R i A T
J2 BB RL by SUARE A R L AN TR R 5 2 R B AN = T 2 0 JT I A iR 2 R R A AR X
BB R T Z L BTN AN 538 J2 A T LA 5 g A 22 5 5 A G 2 0 R TR B e A M) B e
Ko FLAS [ T J2 8 2K AR A T8 P9 R ) 22 B ARG A 3 A 2R i 2 A R ) 22 5 P o™ 85 TG0
JE AR AT S0 58 J22 00 J2 R - A AT 2RI 5 )2 o AR X s M) B o i = R A B 22 SR R . X T
AR AT 2= B A 2 G B 3 TE FRT T 2R N5 R L UM 1 T ER A AT 2R 0 5 2 Y A X A
S8 38 0 5 70X T AV - B AT 2 0 5 2 AR Y L A 2 B B3 T N R JE 6 SRR X s A B e A
R AR 1 A B 1 AR - R A AT A5 = B A L A

http: / www, hdxb. hqu. edu. cn



5 439 SN AF TR HE S A O 5 45 R ) 28 A R B I R 20 467

4 BHBESHEREABUNE

4.1 EFHHBREEREF

GB/T 51366 —2019¢ G5k HEBO T 5 AR ) vh 48 Hh o £ b8 B HE 500 £ 2 2 A= 7= B B 13 i
BB HE . b AR 7 B BRI b 3 B B B 2 A Al HE B T
4,101 skt T CRIUBRHEBOT SR ME ) AR 25 248 45 J0 B2 A TR BE 1 i HE i I AT R L AR H A
Ve 5 A5 Sk I 4 A i SR U A T TR O R HE O SRR AL (R I 5 AR TR R L BT O B R B
(89 5 | AT HE I B VR BE T A= 7™ BE AR 3 SO itk HIE 50 S 507 T B8 - 3 o e 6 2 50 ) e R o A BRLAL FRURE
TR E - B B HE i B YR BE A 7= B B A B HE O DR - DR Ak A i ik AR e o SR HE O AR o) S
FEVTEE AT SRR RHZ S e HE B0 TR BE A HE R -, a3k 9 TR,

%9 WREE R E T
Tab.9 Carbon emission factors of concrete

S 1 SRS ABRHERCA T /kgCO, « m* CEPRERECHERL MR REHA T

5 JEE S 4 A i i BT M /kgCO, + m K5 /kgCO, » m™*  kgCO, »m™*
€30 303. 89 37. 66 2. 89 2.51 309. 29
C40 388. 14 38.75 2. 89 2.51 393. 54
C50 508. 05 50. 44 2. 89 2.51 513.45
C60 586.53 52.92 2.89 2.51 591. 93

41,2 ARA AR CHE SRR HE RTS8 v ) o A5 R BT TR A ) e S DR 1 G L e A A O ik
HECA 70 2 340 kgCO, « ¢ LB B A 1) B HE LA 10 2 400 kgCO, » ¢
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Tab. 10 Carbon emissions at each model construction stage

BRI S BRI R HE A kg CO, M I f i kg CO, SRR kg CO, /%%
A 22 857 746.71 348 877.90 23 206 624. 61 -
B 20 559 788. 70 341 210. 76 20 900 999. 46 —9.935
C 19 421 116. 37 345 304. 92 19 766 421. 29 —14. 824
D 18 593 033. 14 341 674. 68 18 934 707. 82 —18. 408
E 17 914 413.85 344 035.04 18 258 448. 89 —21.322
F 15 990 417. 70 372 163.77 16 362 581. 47 —29.492
G 14 990 687. 32 370 763. 23 15 361 450. 55 —33.806
H 14 976 115. 53 371 770. 70 15 347 886. 23 —33. 864

5 #Fit

A Ao Y e A o i T2 TR 2 B S 0T gV HE A R 4 R 1 T B R S L 2 A 52 T

http: // www. hdxb. hqu. edu. cn



468 A R e Al CA R B 2R O 2023 4F

PERE VR TF P MR BEROM I A5 H DU 4 miZ5ie

1) AT 58 J2 5 o HE ZRAT BT 119 32 B3 ] 435 b D B T A T 75 R 20 i A 5 SRR R R A
PR AR Y T2 B 45 b 5 BT J7 8 i Y 32 SR 45 B O 0 T HE AN R A2 A A I ARVRE - BRI AT 2R S B
PRESE PR AL 1 APk B 32 B 95 A s HE 2R BT 19 32 SRS 48 AR Dy 8 RS M R AR AR A 5 A% 0 17 3
Vit I B 1 b D B I o AU E A R

2) AR JZ BEA RO 5 45 A4 1 BUON RE T Heb o (R -2 4 T 4R s 2 A BTN RE 0 1 ROR @ TR
TR (E 5 S 2 A e i M ) 2 7 PR JRE R T BRI T AL

3) AR 2 A F) R X ) S A R A . SRR R U T 2 7 Jn i A 2 A R ) A
A R it TR ) R JEG e AR - A AT SR 58 T TR A 8 A BT B T 2R 5 2 A R 1Y
T IR ELASE TR %) R X ) i 3 T it J2= e ) 96 22 T 9

4) TSR )2 64 10 RE 85 A7 28008 /0 S 3 B B A B I A L A R B AT 4R g )2 B s HE IR BE
N FRAE AT S0 5 2 1) D8R T e LG 6F T IR AR 2 2 g HE R i A i 6 2= i 1 3 o
i b

PP d

(1] BEoKRE, EFR SR 55 FE QL1200 608 = 2 SN 58 2 508 BRI LT, A US54, 2016, 46 (4% T 2) . 61-66.
DOI:10. 19701/j. jzjg. 2016. s2. 013.
(2] Thydyom. 3w 2 U [m)n 3 2 A0 8 7 58 0 3 88 R 2 43 A [0, AR 4%, 2019, 51(3) 1 42-47, 55. DOI: 10.
13402/j. gcjs. 2019. 03. 008.
[3] TARANATH B S. Optimum belt truss location for high-rise structures[J]. Structural Engineer,1975,53(8) :18-21.
[4] MCNABB ] W,MUVDI B B. Drift reduction factors for belted high-rise structures[ ] ]. AISC Engineering Journal,
1975,12(3) :88-91.
[5] BOGGS P C,GASPARINI D A. Lateral stiffness of core/outrigger systems[ ] ]. AISC Engineering Journal, 1983, 20
(4).172-180.
[6] RUTENBERG A,TAL D. Lateral load response of belted tall building structure[ J]. Engineering Structure,1987,9
(1):53-67.DOI:10.1016/0141-0296(87)90041-1.
[7] COULL A,LAU W H O. Outrigger braced structures subjected to static sesmic load[ C] // Proceedings of the 4th In-
ternational Conference on Tall Buildings. [S.l. ]: Hong Kong and Shanghai,1988:395-401.
[8] SMITH B S,SALIM 1. Parameter study of outrigger-braced tall building structures[J]. Journal of the Structural Di-
vision,1981,107(10) :2001-2014. DOI:10. 1061/JSDEAG. 0005798.
(97 AR, FRSFm s J2 42 ] veg J= 2 R0 05 A0 1) 0 B - /K SF Jom i J 2 9 4 R R HG e B o 8 [T 1. AR5 4 2 41 . 1988, 9.(6)
30-38. DOI:10. 14006/j. jzjgxb. 1988. 06. 003.
(101 ZRANTL, R VA% A s 2 HE L0t 4 B i 8 T LT ], #5454, 2001,31(11) :15-17. DO 10. 19701/
i. izig. 2001. 11. 003.
C11] vl . 8 e 2 AR 45 M K o J2 i S A B LT . Tk #1570, 1997, 27 (8) £ 25-29. DOI: 10. 13204/j. gyjz1997
08007.
[12] e NRIGATEAE G fU 2 A 0 [ 8 B ik M B A 0 b 9 ). 3 AR U AR IR B 43 A« GB 50223 — 2008
(ST dbnt . m = d 50 Tl s bt . 2008.
[13] e N RILAE AR B bk £ ik 3. = B @ SR B 25 B R BUAR . JGJ 3—2010[S]. dbnt . v [ @ 48 Tl th iR
#1,2011.
[14]  rpAe NRILFNEAE P MR & g B, 1 5K 37 B 4 BB R . s He ok AR v . GB/T 51366 —2019[S]. b
A op A piAL . 2019.
(151 A5 . E B0 ok B0, 45, JeF 42 55 i 8 0 ) BURE TR B - s HE OSBRI 5T [T ). IR L 2011, 23(6) : 42-46. DO
10. 3969/j. issn. 1007-046X. 2011. 06. 017.

(REHRE: wWhif RXER: HEP)

http: // www. hdxb. hqu. edu. cn



