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Abstract - HSA800 is a new high strength steel (HSS) plate for building structures developed by POSCO and RIST in 2011. It has
upper and lower bounds for yield (Fy) and tensile (F,) strength as of 650-770MPa and 800-950MPa, respectively, with yield ratio
(F,/F,) limit as of 0.85 which make steel quality more reliable and enhance the seismic resistance of structures. As made by
TMCP, it has a good weldability without increasing carbon percentage. The objective of this study is to provide alternative
design of mega-structural members of the Lotte World Tower (555m, 123 story), a first super-tall building in Korea, using HSS
considering structural safety, constructability, and cost-effectiveness. Steel outrigger trusses, belt-trusses and steel exterior
columns were selected and analyzed to evaluate the structural performance between original and alternative designs using HSS.
The results show that HSS can be applied to the members which do not affect lateral stiffness of a building and, in this study,
approximately 1100tons of steel were saved. It implies that HSS can save overall construction costs — manufacturing, delivery,
and erection costs — by reducing mega structural member size. HSA800 was very first applied to the Lotte World Tower based on
the results of this study.
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Fig. 1. Floor flaming system of lotte world tower
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Table 1. Member list of LWT to be replaced by HSS

Member list D.651gn‘ Ste.el‘materla.l n Remark
consideration original design
Belt truss Prc"(ﬁi::e SM520 (Built-Up) | Check
Exterior | Progressive .
SM570 (Built-Up) Check
column collapse
Hanging | Vibration | ¢\ 1)00 ilt-Up) | Uncheck
Truss control
Pipe Progressive SM490
. heck
Hanger collapse (Rolled&Built-Up) Unchec
Lantern
(diagrid) - SS400 & SM490 | Uncheck
Frame
Outrigger
(diagonal s]ﬁiils SM570 (Built-Up) | Check
member)
Floor
. . SS400 (Rolled)
framing | Gravity force SM490 (Built-Up) Uncheck
beam
Spandrel SM490
l])?‘eam Gravity force (Gusset plate: Uncheck
SM570)
Deflection | Deflection STKN4OOW Uncheck
control post control
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Fig. 3. Selected mega structural members to be replaced by
high-strength steel
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Fig. 4. Typical cross-section shape of LWT steel members

Table 2. Equivalent thickness from SM520 to HSA800

. Equiv. thick HSA800
Thickness (&355/650) thickness
30 437 45
20 10.9 12
50 27.3 30

Table 3. Equivalent thickness from SM570 to HSA800
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. Equiv. thick HSA800
Thickness (?X420/650) thickness
20 12.9 15
25 16.2 18
30 19.4 20
35 26 25
40 25.8 28
45 20.1 45
50 323 35
55 35.5 38
60 38.8 40
65 ) 45
70 452 48
75 48.5 50
80 517 55
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Table 4. Fundamental periods 1 of LWT

Modelorigial| |l |
1 ]9.0218 | 9.0209 | 9.0270 [9.0274| 9.1368 | 9.1020
2 | 8.6238 | 8.6235 | 8.6267 |8.6294| 8.7351 | 8.7016
3 |3.2816 |3.2852|3.2959 |3.2974| 32961 | 3.2941
4 [3.1464 | 3.1444 | 3.1488 |3.1460| 3.1510 | 3.1492
5 129929 |2.9986 | 3.0020 [3.0197| 3.0095 | 3.0086
6 |1.8497 [ 1.8515 | 1.8571 |1.8570| 1.8500 | 1.8559

Table 5. Fundamental periods 2 of LWT
Mode | Original O_“tg}fz dl O‘_ltr(“jigo‘;gz HSA800
1 9.0218 9.0271 9.0284 9.0419
2 8.6238 8.6287 8.6288 8.6408
3 3.2816 3.2823 3.2825 33154
4 3.1464 3.1466 3.1468 3.1451
5 2.9929 2.9937 2.9937 3.0336
6 1.8497 1.8497 1.8504 1.8659
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Table 7. Comparison of vertical deformation of the exterior
columns

.. Alt ti
Original CrIatve

Story (HSA800) Increasement

UX Uy UX Uy UX uy

130 |1.02860(1.13030|1.05140{1.15890| 1.022 | 1.025

124-129{1.02280/1.09310{1.04010|1.12040| 1.017 | 1.025

123 10.79490(0.89390|0.80960(0.91310| 1.018 | 1.021

121-12210.78350(0.88330{0.79790(0.90200| 1.018 | 1.021

111-120 {0.748000.84690(0.76120|0.86380| 1.018 | 1.020

101-110 {0.66220|0.75620(0.67140|0.76780| 1.014 | 1.015

91-100 |{0.57990(0.66940|0.58620(0.67710| 1.011 | 1.012

81-90 10.50220{0.57640(0.50650{0.58140| 1.009 | 1.009

71-80 10.42840(0.49090(0.43130{0.49420| 1.007 | 1.007

61-70 |0.36550{0.42140(0.36750{0.42380| 1.005 | 1.006

51-60 ]0.29320{0.33750(0.29450{0.33910| 1.004 | 1.005

41-50 [0.22690(0.25820{0.22780/0.25930| 1.004 | 1.004

31-40 |0.17300{0.19800|0.17370(0.19890| 1.004 | 1.005

21-30 |0.11590{0.13220|0.11620{0.13260| 1.003 | 1.003

11-20 |0.06680|0.07660(0.06700|0.07680| 1.003 | 1.003

1-10  {0.03010/0.03380{0.03020/0.03390| 1.003 | 1.003

Table 8. Summary of steel quantity

Member Original Alternative
) diagonal | 757ton (SM570) | 757ton (SM570)
Outrigger
chord 309ton (SM570) |216ton (HSA800)
1075ton
Belt truss 1811ton (SM520) (HSA800)

Exterior column 1184ton (SM520) [853ton (HSA800)

Total 4061ton 2901ton (29% | )
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Fig. 14. Cases of outrigger cross-section
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Fig. 15. Changes of the fundamental period per outrigger
cross-section cases
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