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SEISMIC RESPONSE EVALUATION OF LATTICE SHELL ROOFS
WITH POSITIVE AND NEGATIVE CURVATURE
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When lattice shell roofs with a rise are subjected to horizontal ground motions, coupled horizontal and vertical responses are

dominated, and the responses are complicated to estimate. The authors have proposed simple evaluation methods of spherical domes,

cylindrical shells, and freeform lattice shells for computing the responses by use of equivalent static loads. However, these evaluation

methods are examined for shells and domes constituted only by a positive curvature. This paper presents a response evaluation

method of shells with a positive and negative curvature by applying the previously proposed method. This kind of shell is dominated

by two main eigenmodes: bending mode with pin supports, and swaying mode with roller supports. Results of the response evaluation

method using the equivalent static loads are provided by comparing the complete quadratic combination (CQC) method.
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Fig. 21 Accuracy of equivalent static actions (RP2-P40N50-c0-k0)
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Fig. 22  Comparison effective roof mass ratio by vibration mode

SEENSA R E2EHTHXBERBMNESFRA L o LOMEGETE
51 XFEBOFIITETLEERIE— FORE

e\ C SRR & BT VTS D MBI E R & 0TS B BEFERF
28 0 OCIXE A EI Rr=1 #045 OIS RIIEIZ DWW TRFT L TV D48,
ARFTDODEADTA R fFGTHT7 T AL VREIBRET L CIEEER
EF—KRELTOPBLRORET—REZHNTWDHIWD, 5T —F
ET VR D ERRRE I Ry ZE T 2 2 & COCRPAERE A A
LB K0 IRENCH S5+ 56— RERET 5, BEEME "L B
REOREIIEA (26) IR ENDEDREREEE Ry P KRELFH
B2 Ll ST g, ERNRBIRE & Mg 1350 (27) (2 Xk - THEH
L, SMEAMOFHRE 2 S8 L 72 2RI BAR R Cu(9)1T= (28)
IZhoTEHEINR TN,

— 1377 —



R’ =Ma/Mg 29) ; Mr =Cue Mz (27)

Cu(6)=055-(Mg/Mg) 2 (28)

Fig. 22 {Z OP/OR # % DE— R D Cw(0)(=(Mre/MR)™™/(Mrs/Mg)™™")
EHWTHI L R Z7RT, 28 6,=40°L LCTW5, HHF T Z
7LV, OP F— R HE W Ry 1L OR E— KM HE N Ry LV
bHolc REL, KVIEficHETL2EEZAbNnD, £, Fig2l
o2 T 71213 (26)~(28) 12 G ZAA L, Ry AR E WEEERA
L 72 RFME S fFCOR L TR 0, 3R R T i 2 4 2 T
INEVRIBOEEEEE— FOEAEM TR OFHICIEOPE— K
VD, BEFERE 9CIE, Re=1 0EE O8R4 35 [ L 7o i A i e =5
R E LT (29)~(31) MRE SR TV D,

Chio (0<Rr <5/4(Cu (0))')
5 2
Fu = /ﬁ (5/4(cu (o)) <Rr <5/4) 29)
1 (5/4<Rr)
3Cu() (0<R; <5/326)
5
F\/ = [ 4RT —lJCv(g) (5/329< RT S5/29) (30)
0 (5/20<R;)

= 2+%’ S PO S
H_JH (1—RT2)2+(J/RM')5Fv JFV o) R

T, Fy :Rw20, Ri=0~11 D& X, Fy : Ry>1.0, Ri=0~1.1 7D
L& R=11~12 TlEFy & Ry, Fy & R Z2BIEMIMT 2,

ARRFCUE, SR O fiFRIE RS R d L OVE &5 1505
A121X Rr=0.99~1.07, Ry=1.2 & 72 5 723, Fy 38 L OVF % VY, OP/OR
E— W LHEH LB IRRE N ZNIC#E AT 5, Fig. 23122
ORI L CQC MNT D i A /v 4, FEMMEIL, SRS
12 K DI 2 B JE L 72 B IR R (29)~(32) % OP/OR £ —
RENZHICEM L, MEEREGX (25) LB oh s EDOT A4 X
W, BT A RO I RN % Al 1B AGR OIS IHE A T
BRL7ZECTH D, MNHE S RRICEKINEE %2 Ag CTERLZMETH
Do KT, SR E BIZFHHE (EVA) 1XMEHTIE (CQC) % &Ml
2 TR, TR UIZET OP £ — REZHWWT, EEM
BRI AT T 2 & TR & R O R IC X 5 IRE IR
DN THRFHITE TWD, 72721, 61,=50°LL £ & 722 & FRZEh
ELG AR OIS % L UKL, WSS EL T 5,
5.2 F#k #E b S € BOhERETHE

SCRFBRRE DOFESA A, Table 2 \Z7R 3 Re=1 & 72 % HEWr i 5k oo 2 J&
YTl T D 7% 0.1~50 £5 & 2S5 2 & TR Rr 23T
A=B L L, IWERHEZ 3T 5, Fig. 23 (2350 T HLi B REAT K
D EY PAONAO &7 /2T, Fig. 24 (2 K H 205 o i P RIME 2 28
b S W BRI ERIE SR I B R & AT O bl 27”9, T
B0, ST TR R (EVA) 1345 B <RI (CQC) %4t
Z, KEFBTEOCRHENRS L HOORLMTHML TRy, I
WL O 2T 3 LTV D 01,=50° 0L OISR TR 5
BIZIZ DWW, Table 31T L D ICHZNE B DR L T
W5, [F# (a) \Z39 PAON4O Ti, Rr=0.99 THFFAEMED A 7 = A

— 1378 —

O ——=5—a0 350 w0 O ——0—30 30 &0
Half subtended angle 6, Half subtended angle 6,
(a) Horizontal amplification (b) Horizontal amplification

factor Fy;, factor Fy,

30

30

050 60 30350
Half subtended angle 6, Half subtended
(c) Vertical amplification
factor F,

Fig. 23

factor F,

(R1=0.99~1.07, Ry=1.2)

FH[(QJ:E\%FHZ
6 — 6

60
angle 6,
(d) Vertical amplification

Amplification factor by changing 6;and 6,

FWVZ

| — EVAF,---EVA-F,, 5| |— EVA-F,---

EVA-F

51--
4| o CQC-F, o CQCF, 4

o CQC-F,o CQC-F,

2 3. 4
Natural period rauoRT

(a) Horizontal (b) Vertical

Fig. 24

Table 3
(a) RP2-P40N40-c0-fx

Effective mass ratio distribution

(b) RP2-P50N50-c0-

2 3, . 4
Natural period ratioR .

Amplification factor by changing Ry (Ru=1.2)

fx

Effective mass ratio

Effective mass ratio

Ry Ist 2nd 3rd Ry Ist 2nd 3rd
L1 2nd | Sway | 5th [ OR-2| 6th | OP-2 12 2nd [ Sway [ 6th [ OR-2] 10th[ OR-h
85.25% | 12.86% 0.78% 97.21% | 2.04% 0.33%
- 20d | Sway| 6th | OP-2 ] 11tk ]| OR-h 100 | 2nd [Sway [ 6th [OR-2] 10th [OR-h
74.15% | 22.90% 1.04% 9%4.77% | 3.77% 0.67%
081 3rd [ OP-1 [ 8h [OP-2|  13th 0ss | 21d[Sway] 6th [OR-2] 10th [OR-h
55.86% | 35.17% 3.10% 87.73% 8.40% 1.92%
057 | M [OR-L| 15th on [oP2Qf 2nd [ Sway [ 6th [ OP-2 [ 11th[ OR-h
35.32% | 21.62% | 1877% 51.55% | 17.52% | 11.36%
031 | rd [oP-1] 57th 47th 034 | 2 [2nd[OP-1] 4th [OR-2
19.20% | 13.30% 9.21% 2530% | 20.62% | 16.88%
o1a | 9 [3t[OR-I] 182 015 |3 [OR-1]2nd[OP-1]  88th
25.29% | 20.34% 7.49% 16.88% | 11.78% 9.96%
010 93th | 3th[OR-1]  206th o1l 3rd [OR-1] 2nd [ OP-1]  96th
26.16% | 20.01% 7.84% 16.69% | 10.99% 9.31%
0.00 93th | 3th[OR-1]  102th 000 | [OR-L] ~ 94th [ 2nd [OP-1
30.04% | 29.67% 5.75% 24.42% | 23.44% | 14.83%

Sway : Supporting substructure swaying
OP/OR-n : Vibrating by OP/OR-mode with n waves (h : higher mode)
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Fig. 25  Acceleration on ridge of roof (Considering reduction)
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Fig. 26 Accuracy of equivalent static actions (Rr=0.5, Ry=1.2)
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1. Introduction
When lattice shell roofs with a rise are subjected to horizontal ground motions, coupled horizontal and vertical responses are dominated,
and the responses are complicated to estimate. The authors have proposed simple evaluation methods of various shells for computing the

responses by use of equivalent static loads. However, these evaluation methods are examined for shells and domes constituted only by a

positive curvature. This paper presents a response evaluation method of shells with a positive and negative curvature by applying the

previously proposed method.

2. Material and dimension properties of models in numerical examinations

The material and dimension properties of models in numerical examinations are described. These models are defined by six parameters:
the rise pattern, the roof shape (positive or negative curvature), the half subtended angle, the position of supports, the stiffness ratio of
the column support to the roof, and the magnitude of substructure bending stiffness.

3. Seismic response evaluation of roof models with negative curvature

The seismic characteristic of shells with a positive curvature is not quite different from those with a negative curvature.
4. Seismic response evaluation of roof models with positive and negative curvature

Calculation of eigenvalues gives that the dominant vibration modes of the shells with a positive and negative curvature are constituted
by two modes: the bending mode with pin supports (OP-mode), and the sway mode with roller supports (OR-mode). The amplification
factors of the shell subjected to horizontal ground motions in these two modes can be predicted taking eigenvectors based on previous
method. As the horizontal stiffness of column support increases, the OP-mode generally dominates compared to the OR-mode. The
response acceleration distribution of each mode is also examined by applying the previous evaluation method, shifting reference points,
and extracting a zone with single curvature. The response acceleration of the shell roof nodes can be predicted by combination of these
two modes calculated by SRSS.

5. Seismic response evaluation of lattice shell roofs with positive and negative curvature with supporting substructures

When a substructure supports a lattice shell roof with positive and negative curvature, the numerical examination provides that the

OP-mode is more dominant in a response amplification factor by resonance between the roof and substructure, than the OR-mode

regarding the effective roof mass. The response amplification factor, obtained from an evaluation method in the previous research,

coincides with that from the CQC method except for a condition that # is larger than 50° and Ry ranges from 0.5 to 1.0. Although on this
condition the response amplification factor is drastically conservative, the accuracy of this factor is improved when a reducing factor is
introduced.

6. Conclusions

1) In lattice shell roofs with single curvature, the evaluation method in the previous research can be applied for both with positive and
negative curvatures. However, the lattice shell roof with positive and negative curvatures is dominated by two main eigenmodes:
bending mode with pin supports, and swaying mode with roller supports.

2) The dominant vibration modes of the shells with a positive and negative curvature are constituted by two modes: the bending mode
with pin supports (OP-mode), and the sway mode with roller supports (OR-mode). The response acceleration of the shell roof nodes
can be predicted by combination of these two modes calculated by SRSS.

3) Even when a substructure supports a lattice shell roof with positive and negative curvature, the proposed response evaluation method

combining OP and OR modes is found to be valid, by using effective roof mass ratio derived from OP-mode only.

(2017 4E- 2 H 9 HIsAR=2 B0, 2017 45 6 H 1 HIRHDUE)
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