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As a new type of prefabricated building,, modular structure can be categorized into stacked modular structure and in-fill
modular structure. The in-fill modular structure is technically better than stacked modules in terms of structural
behavior, architectural applicability and maintainability, however, smaller column spaces and increased onsite
connection work remain. Therefore, an innovative high-rise modular structure based on a sparse-component steel frame
(SCSF) is proposed. First, a global modeling method for this new modular structural system is developed , and
numerical analysis on the structure is conducted via Midas/Gen software. The results show that larger column

slenderness ratios and beam spans result in vertical loads governing member bearing capacities, while horizontal
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actions dominate lateral drift responses, especially for bottom middle columns and large-span beams. Afterwards,

parametric analysis are conducted to explore the influences of story numbers and seismic actions on global structural

responses.At last, the redesigns of structural members are conducted to satisfy stiffness and strength requirements, and

the steel usage levels are compared among models with different story numbers. This results may provide a reference

for demonstrating the feasibility of the proposed structural design and evaluating its economic performance.

Keywords: innovative high-rise modular structure;

performance; parametric analysis steel usage level
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Fig.1 Current typical modular structures system
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Fig.2 Several different types of inter-unit

connection joints
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Fig.3 Technical problems of stacked modular
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Fig.4 Typical application of in-fill modular structures
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Fig. 5 Plane and elevation view for innovative high-

rise modular structures (basic models with 10 stories)
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Table 1 Basic information for case studies of

innovative modular structure
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Fig. 6 Plane arrangement of members in

sparse-component steel frame
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Table 2 Material and section dimensions of beams and columns in sparse-component steel frame

Y% AR E/mm A & /mm SR R
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Fig. 7 Diagram for range of loads for stacked modules
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Table 3 Summary of vertical loads of stacked modules

Y5 HBEHe U 5 A F B (X y)/mm’ 8 45 8/ (kN-m ?)
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5 M5+M13 E, N 33005100 7.29
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steel frame structures (basic models)
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Fig. 10 Strength check of sparse-component steel
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Table 4 Results for 10-story building models under different seismic fortification intensities (SFI)

B a4z /4 /rad

s
e FREA/MPa AL Rk
TR WX T WY T ESX T ESY T

6 5 (0.05¢) 1/1597 1/1 299 246.2

7 5(0.10g) 1/798 1/650 246.2

1/1411 1/420 0.800 0.819

7 ¥(0.15g) 1/532 1/433 246.2

8 % (0.20g) 1/399 1/325 263.0
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Fig. 11 Drift contours of sparse-component steel frame with different stories (taking y-direction wind

action for examples)
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Table 5 Results of building models with different stories (SFI of 6 degrees)

B a5 4% 4 /rad

Ba ) B &K B 71 /MPa AR Zaxit sk
WXz WY 3L ESX T3 ESY =L
10 1/1411 1/420 1/1 597 1/1 299 246.2 0.800 0.819
12 1/1 049 1/318 1/1 319 1/1 090 292.0 1.014 0.830
14 1/835 1/256 1/1 307 1/1 035 340.1 1.272 1.015
16 1/689 1/213 1/1035 1/883 400.3 1.503 1.162
18 1/584 1/181 1/958 1/831 461.6 1.736 1.298
20 1/504 1/157 1/905 1/773 521.5 1.964 1.444
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Fig. 12 Variation curves for different parameters with

variable stories
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Table 6 Information of sparse-component steel frame members after redesign

R A AR R
BB 2N/ &

AR R 5 & XA @ R+ /mm SR 5 & X @ R+ /mm
10 Q355~Q420 []400X 24 Q355 H500X 400X 20X 24
12 Q355~Q460 [1400X 24 Q355~Q390 H500X400X 20X 24
14 Q355~Q460 [1400X 28 Q355~Q390 H500X 400X 20X 24
16 Q355~Q460 [1500X 24 Q355~Q390 H500X400X20X 24
18 Q355~Q460 [1500X 24 Q355~Q390 H500X400X20X 24
20 Q355~Q460 []1500X 32 Q355~Q390 H500X400X22X26
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Table 7 Results of redesigned models with different stories
V=X -3 E B E R WX T3 WY 3L ESX T2 ESY I HAEAH/MPa iikitit F&iti

6 7 (0.05g) 1/1319 1/1 090 292.0
7 (0.10g) 1/659 1/545 292.0

12 1/1 049 1/318 0.857 0.872
7 %(0.159) 1/440 1/363 292.0
8 #(0.20g) 1/330 1/273 305.0
6 /£ (0.05g) 1/1 325 1/1 070 296.5
7/ (0.10g) 1/663 1/535 296.5

14 ‘ 1/903 1/288 0.872 0.846
7FE¥(0.15¢) 1/442 1/357 296.5
8J%(0.20g) 1/331 1/268 301.5
6 7 (0.05g) 1/1416 1/1167 284.7
7 (0.10g) 1/708 1/583 284.7

16 1/970 1/303 0.852 0.874
7 *(0.159) 1/472 1/389 284.7
8 #(0.20g) 1/354 1/292 285.5
6 /£ (0.05g) 1/1 327 1/1 095 298.3
7)%(0.10g) 1/664 1/544 298.3

18 1/838 1/270 0.872 0.894
7E ¥ (0.15¢) 1/442 1/363 298.3
8 .(0.20g) 1/332 1/272 303.9
6 & (0.05g) 1/1 248 1/1051 301.4
7 (0.10g) 1/624 1/526 301.4

20 1/808 1/250 0.873 0.860
7 *(0.159) 1/416 1/350 301.4
8£(0.20g) 1/312 1/263 301.4
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Table 8 Summary of steel usage for building models

with different stories

RRE/ Azt 4R E
2 3/ B 5@ AR/’
BE/E tRER/m iy

10 9182.7 57.1 0
12 11019.2 56.9 —0.35
14 12 855.8 59.2 3.68
16 14 692.3 61.8 8.23
18 16 528.9 64.4 12.78
20 18 365.4 68.7 20.32
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Fig. 13 Comparison of steel usage per unit area for

13
building models with different stories
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