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Abstract

It is essential to control the lateral displacement and differential axial shortening of the vertical elements in high-rise buildings. Recently, an
outrigger or a mega structure system has been adopted to control the lateral displacement. Furthermore, to resolve the problems caused by
differential axial shortening in high-rise buildings, analytical prediction and correction is often studied; however, the study on the comparisons
of the lateral load resisting systems to address differential axial shortening is less. Therefore, in this paper, a 60-story RC residential building
using an outrigger or a mega structure system is analyzed with a construction sequence. Moreover, differential axial shortening can result in an
additional member force of structural members and failure of non-structural members. These problems caused by differential axial shortening
affects the behaviors and can damage the important structure member in the high-rise buildings. Hence, the effects of the systems on

differential axial shortening between the vertical elements in high-rise buildings are studied.
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® : Location for measurement
(a) Model (c) Outrigger structure
Fig. 1 Sample model
Table 1 Load table
. Load(kN/m?)
Location Floor DL SDL L
. Typical 5.04 2.38 2
O‘c‘zsr‘ede Roof 5.04 2.65 3
Outrigger 12 2.38 5
. Typical 432 1.3 5
hc‘zlr‘ie Roof 5.04 2.65 3
Outrigger 12 1.3 5
inside core 3.75
CLL outside core 2.5

DL : Dead Load, SDL : Superimposed Dead Load
LL :Live Load, CLL : Construction Live Load
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Table 2 Details of the vertical elements in each structure model

Mega structure model | Outrigger structure model

ID | Floor | fu«

BxH h BxH h
1-15 | 50 | 1.9x19 950 1.7x1.7 850
c1 16-30 | 45 | 1.65x1.65| 825 1.6 x 1.6 800
31-45 | 40 | 1.1x1.1 550 1.2x1.2 600
46-60 | 35 | 0.8x0.8 400 0.8x0.8 400
1-15 | 50 [ 0.95x0.95| 475 1.5x1.5 750
o 16-30 | 45 | 0.7x0.7 350 1.4x14 700
31-45 | 40 | 0.95x095| 475 0.95 x 0.95 475
46-60 | 35 | 0.7x0.7 350 0.7x0.7 350
1-15 | 50 | THK 0.4 393 THK 0.4 393
W1 | 16-30 | 45 | THK 0.35 344 THK 0.35 344
W2 | 3145 | 40
1660 | 35 THK 0.3 296 THK 0.3 296
OWl THK 1.3 | 1,126 THK 1.4 1,200
ow2 30 45 THK 1.1 1,012 THK 1.0 926.5

for : compressive strength(MPa), / : notational size(mm)
B x H : section dimension(m)
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Fig. 2 Axial shortening in mega structure model
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Fig. 3 DAS in mega structure model
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Fig. 4 Axial force distribution of the vertical elements
in mega structure model
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Table 3 Differential axial shortening in mega structure model

(unit : mm)
Location | Stace Differential axial shortening
e Elastic Creep Shr. Total
69 7.2 6.1 -0.4 12.9
CI-W s 7.2 15.7 -1.6 21.4
69 15.7 12.3 -0.5 274
C2-W2 s 15.7 329 -3.0 45.6
of 3t 3 2L vhehdl Fig 45 38 & 5= 9lck Fig. 4]
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Fig.5 Axial shortening in outrigger structure model
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L | e N R S = Table 4 Differential axial shortening in outrigger structure model
: : : (unit : mm)
Ll T TR - 'gtage gg Location | Stage Differential axial hortening
0 i i i i L tage g Elastic Creep Shr. Total
-5 0 5 10 15 20 25 30 35 69 82 78 07 153
Differential Axial Shortening (mm) C1-W1 7 ) 196 25 252
(b) DAS2 cowy |6 10.0 10.0 -0.8 19.3
Fig.6 DAS in outrigger structure model 75 10.0 24.4 2.2 32.3
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Measured Mega structure model Outrigger structure model
Location Span(/) Floor DAS CHK(1/240) Span(/) Floor DAS CHK(//240)
C1-W1 8,400 54F 21.4 0.K(35) 8,400 55F 25.2 0.K(35)
C2-W2 12,600 53F 45.6 0.K(52.5) 12,600 S4F 323 0.K(52.5)
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S 2 (Meons)2 Stage 69 HA]|
A1 =1,044.9kN'm, 7]%5 =9]|A] 332.7kN-m7} 2+ 5} 11
A FFOoE AlFHA T EAEH(Mpr) Tt
7ttt Beaml & Z|Z|5k= =2 2R (C1, W)o|A =g
Z4-51H A(Table 3) 223 B

N (Mereep) ©] Stage 6901 BA]| S0l 4 -59.7kN'm, 7|5 S0

Table 6 Bending moment of the horizontal element in mega
structure model

4] 48.3kN-m7} 2HAsto] oF TR o] Bajel s S7kA 7= &
Qlo = 2ha-35hgict ‘%‘H l AxFFo A= Clo] WRTE 2}
7| Z2~3}o(Table 3) A ELXH H(Morinkage)> Stage 699
37| Z0]| 4] 6.4kN'm, 71 2ol 4] 5.6kN-m7} A ato] T
O] HAZ G 7haA] 7= 301 o 223519 oL} Fa] o] o
FFol] H]3j uf-9- Z1A Lreb T Stage 7504 = HIRA AS(2
2|3Lof 245 0 7 QI3 K5 Fawko] FUIeHAl AlE T
A HIgHg FA o] Srfsto] Al 5 & FA o] S8 AA]
STl AR =S Hd % vnt o2 T
2] 9k 7o 7 AtE ) 3, Beam2 = ot WA
A= o] S EAE 7Y EER] Fgltt.
o}-2-2] ALz 2 gl(Table 7) 2] Beam1 o] A= AHHtA] © 2 uj
7RI GARE R0 2 e Th Ale A B B A
S(Mpr11) & BA Sol A AAGA R 15.9%p 27 -
639.3kN-m7} A3 L, 715 S AATA AU (Maesign)
o} vl wako 2 283k -19.0kN-m 7} T at ek A

[1

O

111.40.9,
il Lu

)
e

O A B BHA A2 0 Ao 7} bk 9l Al g A
44 AR 9] A8 B Haegol wAgE o} 43R o
RAf o] F4317) tizolek. 75 & LA L FYsFe]
of 3l & thitol| ] - E 7L kA ste] of sk Clak W12 7F
A Aol AR ARAER LS, A3
Mo HATANA TejErtE Redagol AgTAel
56.1% 7kt w|7hp Rt g2, 61.5% ghAsh Al

S B L CER LS
Beam|(54F) gl . a2
Moment Wall side Column side Al E 5 T T AN (Meony )2 Stage 690 A Zol|4] -639.4kN'm,
Stage 69 [ Stage 75 | Stage 69 [ Stage 75 7% Z0)| 4 -8.2kN-m7} 2519t} Beam1-& A 2] 3}= 4=3]
Nominal strength(1,,) 2,574.8(100%) o H=
Cl, WhHo|A 383 5S4 Qls) A8]3E HEAj(M,
Mesign -1,461.4(56.8%) 684.2(26.6%) FACL WhelA E] f ﬂ N Morey)
Mppiz -991.6(38.5%) 278.9(10.8%) o] Stage 690 HA| Zof| 4] ~10.5kN-m, 7|5 &
Memberl Mooy | 57 [ 2008 | 483 [ 2122 | ggsiict. 531, /1% SelH el AR o] AT
orce [shrinkage . K . =JU.
v T 0a9 | 1199 | 3327 402.6 S B AR ke e 2 28 ot A 2.5] 2 st
] (40.6%) | (43.5%) | (129%) | (15.6%) Ak AZ25Z RS Mpinrage)S ™ 7HE 222 (Stage 69)7}
Table 7 Bending moment of the horizontal elements in outrigger structure model
(unit : kN-m)
Beam1(55F) Beam?2(54F)
Moment Wall side Column side Wall side Column side
Stage 69 \ Stage 75 Stage 69 \ Stage 75 Stage 69 \ Stage 75 Stage 69 \ Stage 75
Nominal strength(M,) 1,810.4(100%) 1,810.4(100%)
Miesign -927.3(51.2%) 244.3(22.6%) -1,243.2(68.7%) -501.9(27.7%)
MpriiL -639.3(35.3%) -19.0 -1,106.8(61.1%) -589.1(32.5%)
Member | |Mereep -10.5 -145.0 15.9 149.8 35.9 -8.3 -11.7 42.8
force Miprinkage 10.5 79.6 -5.1 -71.9 4.7 28.1 0.2 -21.9
M -639.4 -704.8 82 58.8 -1,066.2 -1,087.0 -600.6 -568.2
cont (35.3%) (38.9%) ) (5.5%) (58.9%) (60%) (33.2%) (31.4%)

Mesign - bending moment by unfactored DL+LL at design stage, Mp,.+1;, : bending moment by unfactored DL+LL under construction
M, : bending moment by creep under construction, Minage : bending moment by shrinkage under construction
M'vnst. : MDL+LL + Mreep + Mhrinkagﬁ
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oy FAFEO] ol 4.3% nlRt E O R P2 A2
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of| Al - reke] FAf e o] MAYSE AL, Al A sl A ol A
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Aol A FEsks 2o s AR “HAGA FAY
Visin V> ABEAL WAS S5 2TO2 BT A
TA B BAE V), BlEHA AAEQ] Tzl AR
HlAY
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& % & T Veons )& Table 8] g 2J5t AL o] & 34
o] gt vl g2 Baetsic

H| 7htz R ol A W 7E7]5-Q1 Cla Q1% ¥

A%t ol 7 HA(OW1) 2] A3 THA g4 7
1,120.1kNo] HHg3}QiTh. o] of Zho] AR 212 47 5.7 9]
B FAFSHA A AL Al s A o s A 54t A 7
Ao Al A SFax(up to)7F HAEHA ReHasdo] as
7] wjo|t}. Stage 690 A2 T HAY2(V,00)-S 75.8kNO],
255 B Virinkage) 2= 566.2kNo| HHAgsto] Alg & &
FAGVeon)& 7712 2012 A8 o vEyd
ALz QIR F7He] 37 E9] 2.7% w|vt Eo® T
5] ZA| LeLELT). g1, Stage 75004 2] A
g2 Bt WA oA A wAste] H+) Wake] A
o] WAYstofof shLt = H g o] ot wigko 2 MAsHH
A F) e o 2 Adeo] IAte =N Aupx|lo s B
ko] At o &2 Uit

o} 317‘]:rLJ—EE‘°ﬂ/\1 Cla} WiE A4zt ob2A ¥4
(OWN) Y A3 TA ' R (V)& W72 o] 7

Z9o] o AATA Hek AlSEA g FAf o] B A4 2 A FARSHA et H, -568.9kN o] A5, 3,
/\(])4 6—]—0)1]:]( }\] %ﬂ’ﬁ]’é‘ _]’IE:]“GE]- 7:10 —?— _‘?LXH 7}_ | Xl X! —(—)—i /\llﬂ lf/]-——}\é _}?LXH a(chep & V\‘hrinkage)\% Stage 69 Oﬂ aij/] Eﬂ— 7\:1}—-?_
AL 5 O] 'Y S48 (up to)o] A EEA FsSawol & Ho5al TR A FHA B FA = vt o]
2517] iigoll =B A 2] FA o] Mttt E3 A 2 st A5 F F FAY V) oll T7F8Q1 0.2 218
el HRAAR Q8 Aol Frieteleh ool iAo BTkol B AES| 2.9% 4202 1 ol et
Table 8 Shear force of outrigger walls in each structure model
(unit : kN)
Mega structure model Outrigger structure model
Force OWl1 oWl OwW2
Stage 69 [ Stage 75 Stage 69 [ Stage 75 Stage 69 [ Stage 75
Nominal strength(7,) 44,875.2(100%) -46,808.3(100%) -39,776.7(100%)
Viesign -959.0 -4,285.4(9.1%) -3,846.8(9.7%)
Member Vor+r 1,120.1(2.5%) -568.9(1.2%) 242.5
force Vereep 75.8 -1,516.6 516.9 -1,075.9 270.6 -1,357.7
Vhvinkage 566.2 2,702.8 529.4 2,402.8 820.2 2,704.3
Veonst 1,762.1(3.9%) 2,306.2(5.1%) 477.3 758.0 1,333.3 1,589.0

Vaesign - shear force by unfactored DL+LL at design stage, Vp.+1. : shear force by unfactored DL+LL under construction
Vereep : shear force by creep under construction, Vinkage : shear force by shrinkage under construction

chns[ : VDL+LL + Vcreep + Vxhrinkage
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