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Suspended high-ris@ e

« Load path detour: load travels up to

1 Gravity load path 1 Single tower top, then down to foundation
2 Differential deflection 2 Multiple towers « Combined hanger / column deflection
3 Prestress to reduce deflection 3 Multiple stacks yields large differential deflection
4 Ground anchors for stability 4 Multiple stacks / towers Architectural rational
5 Triple stacks « Column-free ground floor
6 Triple stacks / twin towers « Planning flexibility at ground floor

» Facilitates top down future expansion
with minimal operation interference
 Small hangers replace large columns

Structural rational

« Eliminates buckling in hangers,
replacing compression by tension

* High-strength hangers replace large
compression columns

« Concentration of compression to a few
large columns minimizes buckling

Options

* Multiple towers to reduce lateral drift

* Multiple stacks control deflection

* Adjust hangers for DL and partial LL
to reduce deflection

* Prestress hangers to reduce deflection
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Standard Bank Center, Johannesburg

Architect: Hentrich and Petschnigg
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Design objectives:
Independent expansion
of conference center and
offices was required

Triangular grid allows
horizontal expansion of
conference center in three
directions

Suspended high-rise
allows independent
top-down expansion

UN Center Vienna
built project
Architect: J Staber

UN Center Vienna competition entry - Architect: G G Schierle
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Hong Kong Shangha

Architect
Engineer: Ove Arup
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Fig. 18
Superstructure analysis computer model

L 20
East-west wind deflection profile

Suspended high-rise

Fig. 21
Maorth-south wind deflection profile
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Base shear (per mast pipe, 8 pipes/bay)

V = 80psf x53'x590'/(8x1000) V =313k
Pipe bending moment
M=V h/2 = 313x12"x24'/2 M=45072 k”
Section modulus (S=r(D*-d*)/32D)
S = 1t(55%- 47.2%)/(32x55) S=7474ind
Bending stress
f,= MIS = 45072/7474 f,=6.0 ksi
Overturn moment (per bay)
M = 80psf x53'x5902/(2x1000) M=73,797 K’
Lateral load (per pipe, 4 pipes/mast)
P = M/(4B) = 73797/(4x126") P=146k
Gravity load (per mast pipe, 4 pipes/mast)
P = 35x153 psf x105'x53'/(4x1000) P =7450 k
Combined axial load

Tributary tower area: |8 > P=7450 + 146 > P=7596 k

1057537 Pipe cross section area
A = 1(D?-d?)/4 = 1t(552 - 47.2%)/4 A =626 in
Pipe axial stress
f, = PIA = 7596/626 f,=12.1ksi
Fig.T s ] g Tributary hanger area
floor plan A =55'x27 A =1485 ft?
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Pipe radius of gyration

S T (=i ' - (D+)214 =(55%+47.22)1214 r=18’
LU s gl Pipe slenderness ratio (KL=1.2x24 = 29’
N Sl /  KL/r=29'x12"/18" KL/r =
1m;-rmmm:" r : . .
e Allowable buckling stress (from AISC table) F,=20,7 ksi
s ;— S Check combined stress (f,/F,+f,/F,<=1)
1 s = 12.1/20.7+6.0/22 = 0.86 0.86 <1, ok
T - Max. hanger load (8 floors)
H o P = 8x153psf x1485ft2/1000 P =1818k
~ E ?ﬂ-; =- Hanger cross section (A = (D?-d2)/4)
4 - A = m(162-11.22)/4 A =103 in?
- - Hanger stress
o . f,= PIA=1818/103 f,=17.7 ksi
~ Hanger length per stack (8 stories)
- L =8x12.8'x12" L =1229"
Hanger elongation (A=PL/EA = f L/E)
AL =17.1 ksi x 1229" / 30,000 AL=0.7"
N Mast shortening
From Iast page: _
. AL =12.1 ksi x1229" / 30,000 AL=0.5"
Tributary hanger area A = 1485 ft2 _ . .
_ _ . - Differential deflection
Pipe bending stress = 6.0ksi AL = 07405 AL = 12"
Pipe axial stress f,=12.1ksi

Note: adjust hanger for DL deflection
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