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EXTENSION OF ROD-THEORY-BASED SIMPLIFIED ANALYSIS METHOD FOR
HIGH-RISE BUILDINGS TO SOIL-STRUCTURE INTERACTION MODEL

FEH B
Akiko KISHIDA

Takabatake (2012)? proposed the one-dimensional extended rod theory as a simple but accurate method of dynamic analysis of
super-high-rise buildings. In that method, the building is replaced by a one-dimensional rod with an equivalent stiffness and a fixed

base. However, super-high-rise buildings, especially those constructed on soft soil, should be designed considering soil-structure

interaction (SSI). This paper proposes a new one-dimensional rod model that is supported by a sway-rocking system to account for

SSI effects. Results from this model agree well with those from frame analysis and suggest that the new model could be useful for the

primitive design of super-high-rise buildings.
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Fig.1 Proposed one dimensional rod-SR model.
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o Table1 List of column sections.
STORY 7 i (mm) FE
21~30 | J—800X800x16 BCP
11~20 | [J—800x800x%19 BCP

Om 1~10 [J—800X 800 X 25 BCP

Table2 List of beam sections.

STORY Wi (mm) 7
| B EF | 21~30 | H—340%250x9x14 | SN400B
L sen—1 [ 11~20 | H-340x250x9x14 | SN400B
Fig.2 Elevation. 1~10 H—440x250%x11X18 | SN400B
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Fig.3 Plan of T1model.
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Fig.4 Plan of T1-3Dmodel.
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Fig.5 Static analysis result for T1model. (Fixed base,

before modifying kGA .)
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Fig.6 Static analysis result for T1-3Dmodel. (Fixed base,
before modifying KGA .)
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Fig.7 Frame model for calculating denominator first term of kGA .
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Fig.8 Static analysis result for T1model. (Fixed base,
after modifying kG4 .)
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Fig.9 Static analysis result for T1-3Dmodel. (Fixed base,

after modifying KGA .)
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Fig.10 Condition of piles and soil.
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Fig.11  Static analysis result Fig.12  Static analysis result

for T1model. (Including SSI,
before modifying kGA .)

for T1-3Dmodel. (Including SSI,
before modifying xGA .)
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Fig.13
for T1model. (Including SSI,
after modifying kGA .)

Static analysis result Fig.14
for T1-3Dmodel. (Including SSI,

after modifying KGA .)
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Fig.15 Static analysis result
for T1model. (Including SSI,

‘ Comparison between two

Fig.16 Static analysis result
for T1-3Dmodel. (Including
SSI, Comparison between two

analytical methods.) analytical methods.)
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Fig.17 Lateral equilibrium. Fig.18 Rotational equilibrium.
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(1) Ti1model
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N OEA PRI 1R 5 3 E T I0%UNDEIZE > TV D,
¥ 19,20 {2V, =100m/s 33 & NV =50m/s O HuE (£ 2t & R4
BERETMCHT D 1RICBMET VL 7 L—AET LD 1 IR
H3WETOEEE— FNEZNENAT, 1 RTTEMET LV E 7
L—AETLD1IRND 3RETOEAE— FiTLL —%T 5,

—m, 0 —m, 0 0 —m, 0 0
0 (Uyo+1) —-mH, Ty 0 myH, Iy 0
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Table3 Natural circle frequency. (T1model, 1D rod.)

R FiRENEK (rad/s)
HitEE Vs=100 Vs =50
1 4.073 4.022 3.997
2 11.047 11.023 10.971
3 17.306 17.245 17.163
4 25.088 25.052 24.979
5 32.521 32.441 32.242

Table6 Natural circle frequency. (T1-3Dmodel, 1D rod.)

- M3IRENZK (rad/s)
HEEE Vs=100 Vs =50
1 3.102 3.086 3.076
2 8.284 8.274 8.251
3 12.936 12.915 12.883
4 18.850 18.836 18.807
5 24.330 24.295 24.214

Table4 Natural circle frequency. (T1model, Frame.)

Table7 Natural circle frequency. (T1-3Dmodel, Frame.)

- FRENEK (rad/s)
HEEE Vs=100 Vs =50
1 4.019 3.970 3.945
2 11.232 11.203 11.145
3 18.433 18.369 18.274
4 28.262 28.207 28.071
5 38.862 38.725 38.319

Table5 Ratio of natural circle frequency. (T1model.)

R 1RFTHEM TL—L

’ HEBEE | Vs=100 Vs=50
1 1.013 1.013 1.013
2 0.984 0.984 0.984
3 0.939 0.939 0.939
4 0.888 0.888 0.890
5 0.837 0.838 0.841

- M3IRENEK (rad/s)
HEEE Vs=100 Vs =50
1 3.086 3.070 3.061
2 8.737 8.724 8.697
3 14.640 14.609 14.560
4 22.891 22.859 22.783
5 32.287 32.204 31.977

Table8 Ratio of natural circle frequency. (T1-3Dmodel.)

R 1RTTHEM TL—L

’ HEBEE | Vs=100 Vs=50
1 1.005 1.005 1.005
2 0.948 0.948 0.949
3 0.884 0.884 0.885
4 0.823 0.824 0.825
5 0.754 0.754 0.757
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for T1model. (V¢ =100m/s) for T1model. (¥ =50m/s)
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Appendix 1 1REY HE(f & AKRBIEDEE
THORET L— AR\, biAkz#EMAT 5, bk
AEOERANXITLTO X 12725,

M, =2EK.(0-3R)=M,, (A1.1)
M, =2EK.(20-3R)=M,, (A.1.2)
M. =2EK,(36) (A.1.3)

Opi = 9cp™ *2EhKC (30-6R) (A.1.4)

T K Ky B X OROMIE, 6 : Bi,C it 27-bh
. R HEOEMA, b HORS,
R AL TO L S1L2D, RBIZBWT

My +M,.=0 = K. (20-3R)+K,30=0 (A.1.5)
—F. BHBRRIIUTO LR 5,
0,,+0p=P = KC(30—6R):—% (A.1.6)

4. Tlmodel 3 X ' T1-3Dmodel DA
K.=194x10"(m’), K, =1.82x10*(m’) TH 5D T,
K.=10K, L+ 5 &, KA15),ALEITLLTO L STk 5,
W, Ko & Ky, OBIRRIIR S & T 2-MET VTR D,

30

10K, (20-3R)+K,30=0 = 0=""R (A.17)



10K,(30-6R)=—2" = g_ap=— 1" A.1.9)
4E 120EK,
koT 0= 30Ph ,R= 23Ph (A.1.9,10)
1920EK, 1920EK,
b ERALDALDCRAT LI LICE-T
M,,=-041Ph ,M,, =—-0.093Ph (A.1.11,12)

NELNE, ZL—20iFE—2 2  FIZBBIZXK ALL DX
270 KPEEM ERAL13)D L H 1Tk B,
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D

Fig.A.1.1  Bending moment diagram of frame.
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(A.1.13)

M DT ERIC L D808 AKERIZRAL1DD X 512k
0 Sl AR I RALLE) E 22 D, ks, KA 1B) DAY REH
2 THIFHEDOE WA, 8 S HITROFAWME R 2EK T,

(A.1.14)

LS _ k[ 13 1
(xkGA) Ph E\75).K. 60Y.K,

kGA = !

A3 1 | 1k
E(75) K. 60Y K, ) > kGAu, Y IkGAy,

(A.1.15)

Appendix2 XM zA -OvFxHIERAIKOEE
1) A=A ZREHEO R E
Francis ®=0(A.2.1) & 0 BEitobiE gLkt 2 8E 35,

12
13E; (Eg B
ks, =(k,B), = ——5| — (A.2.1)
HEL OB AR 2 (A 2.2) & 72 .
Ky =(4E,1))" -k (A.2.2)

A B LW, AU = A ZRAIMEE K, ZARENET 2,
2) B v &2 X RO L
Randolf (2 X 2808 - FHAZIER1ENA2.3) TR SN D,

S, =27G,/log,(2r,/B) (A.2.3)

r,=2.5L(1-v,) (A.2.4)

S IiT. G, RIEHAED TR J I,

BUoe o O T AR X AR E AL 2 lE L TR b 5K
A25) M5,

; :3£7TG71)B (A.2.5)
8 2(1-v,)
T2 G, SCRPHUER O SRR AT,
Bl b AR E Rl I RA2.0) L 72 5.,
Eda(1-e? )+, (1+e7)
K, = EAa — — (A.2.6)
Eda (147 )+ k, (1- ")
ZZiZ,
o’ =S, /EA (A.2.7)

2y 2 2R RRIPEE, FUELE D S BT O ERE 2 AV T(AL2.8)
THRET D,

KRy :ﬂRZKVS 'xiz

BEHUREL B, =1 & LT, BEHLUC K 2 ITRMEDRBUIIT D2,

(A.2.8)



