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PHAN TiCH KET CAU THAP NANG TAU TRUC PUNG
BANG PHUONG PHAP FSI

Khiic Hong Van'

Tém tat: Két cdu thdp ndng tau truc dimg la mét hinh thire két cdu méi nham dam bdao cho yéu cau
giao théng thity dp dung cho viéc diéu hudng tau thuyén tai cdc ddp cé chiéu cao lon. Uu diém cia hinh
thire két cau nay la cau tric don gian, hoat dong kinh té, tiét kiém thoi gian. Tuy nhién, trong qud trinh
van hanh khi nang tau dén mot do cao nhat dinh cabin tau sé bi nghiéng, ldc, sinh ra mé men dan dén
lgt tau gdy hdu qua nghiém trong. Trén thuc té, twong tac gitta nude trong truc thdp va két cdu thép;
twong tdc gitta nwéc trong cabin tau véi két cau chira né dudi tic dong cia dong dat la nhitng van dé
nghién ciru quan trong quyét dinh triee tiép dén khd ndang chiu liec an toan va sir dung binh thuong ciia
két cdu thdp ning tau. Bai bdo sé phén tich méi quan hé gifta @6 sdu myc nuwde trong truc thap va vi tri
ciia cabin ndng tau dén dao dong riéng, chuyén vi va vmg sudt cia két cdu thap ndng tau truc dirmg
trong cdc diéu kién van hanh khdc nhau dudi tdc dung ciia dong dat bang phwong phdp twong tac khoi

chat rdn va chat long (FSI) tir @6 canh bdo cdc vi tri bat loi trong qud trinh van hanh.

Tir khéa: Tuong tac két cau thap nang va nudc, Thap ning tau truc ding, Dong dat.

1. PAT VAN PE

Ngay nay, yéu cdu dong bo héa hé théng cong
trinh thity loi nhdm dam bao yéu cau luu thong
giao thong dudng thuy dang 13 yéu cau buc thiét
dat ra d6i v6i nganh Thuy loi. Phan 16n cac cong
trinh ngdn séng 16n hién dang str dung hé théng au
thuyén dit canh cbng con cc cong trinh dap thuy
loi cao tai Viét Nam néu dugc xdy dung thi dong
nghia vdi viée giao thong thuy chi dung lai trong
khu vuc thuong ngudn cua 1ong hd dan dén giao
thong thuy bi ngimng tré. Hé thong thap nang tau
truc ding 1a mot dang hinh thirc két cdu mai ap
dung cho viéc diéu hudng tau sir dung cho dap cao
dang rat phat trién trén thé gioi giup dam bao luu
thong tau thuyén tai cac cong trinh dap cao 1a mot
trong nhitng giap phap rat hiru ich dé chung ta
nghién ctru 4p dung vao thyc tién & nuée ta.

Céu tao cua két cau thap nang tau truc dimg
Hinh 1 dwoc b tri hé thdng thap truc dung ddi
xtmng(1), trong truc bd tri thiét bi phao ddi trong
(2) ¢6 rong roc chuyén dong (3), mot hé théng

' B6 mén Két cdu cong trinh, Khoa Céng trinh
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ddng bd co hoc (4) duoc bd tri trén thap dé dong
b trong hoat dong ctia phao ddi trong va can bang
momen khi tau bj mét can béng do d6 nghiéng cua
cabin ning tau (5) giy ra. Hé théng ddong bo co
khi (6) chi yéu bao gdm truc quay, truc truyén
dong, hop giam tbc va cac thanh phin khac. Mot
dau cia diy cap di xung quanh tang trong duoc
nbi véi cabin tau, dau con lai vong qua rong roc
dong trén thiét bi phao va duoc ndi véi thiét bi
treo trén cung cua két céu thap nang. Tong khoi
lwong cua tat ca cac phao (ké ca cic rong roc
d6ng) phai 16n hon khéi lugng cua cabin ning tau.
Céc phao chita day nude va trong lugng clia nude
trong phao twong duong vdi hai lan trong lrong
clia nudc trong tau.

Hé théng din hudng cia tau thity bao gom ray
dan hudng duoc lap dat trén két cdu thap niang va
cac thiét bi din hudng duoc phin bd & 4 goc cua
khoang tau c6 chirc ning dan huéng doc va ngang,
c6 thé ngan chan hi¢u qua dé nghiéng doc va
ngang cua cabin nang tau. Trong pham vi bai bdo
nay, tdc gid gidi thiéu nghién ctru sy thay dao
dong riéng ctia khdi nudc trong thap va chuyén vi
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ctia két cau thap nang tau dudi tac dung cta dong
dat c6 xét dén su tuong tac voi khdi nuée trong
thap véi truc thap, khéi nude trong cabin ning tau
vOi cabin chtra né dé phan tich g suat bién dang
qué cia thap nang tau trong diéu kién van hanh
thyc té. Phuong phap FSI cho phép phén tich
duogc cung mot lac hai chiéu su tac dong qua lai
giita két cdu thap nang tau va khdi nudc trong
thap; két cau cabin va khéi nude
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(1): Tru thap; (2): Phao; (3): Puli dan huéng;
(4): Ray dan hwéng; (5): Cabin ndng tau;
Hinh 1. Cdu tao két cau thdp ning tau thang dimg

2. PHUONG PHAP TUONG TAC GIUA
KET CAU VA KHOI NUOC FSI

Hién nay, phuong phéap truyén théng phan tich
g sudt va chuyén vi cua két cau lam viéc trong
mdi truong nudc déu dua trén nguyén tic tinh
toan trj s& ap luc nude trude sau d6 s& gan ap luc
d6 1én bé mit tiép xuc cua khéi nude va két ciu.
Tuy nhién, cach tinh nay chi phan tich duoc mét
chiéu sy tac dong cua khdi nude 1én két cdu ma
khong xét t6i su tac dong tro lai cua két cdu 1én
khéi nuée. V6i phuong phap FSI (Dohmen. H.J.,
2011), khi két cau dao dong vaoi khéi nuéde, khoi
nudc tuong tac voi két cau s& ¢ cung gia toc, van
tde va chuyén vi voi két cdu va luc quan tinh, lyc
can, lyc dan hoi ciia khdi nuée duoc gan 1én két
céu lam cho khéi lugng, dd cung ctia hé théng dao
dong bi thay dbi tir d6 dan dén su thay doi dic
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tinh dao dong két ciu theo. Phuong phap nay
khong chi cho phép phan tich chuyén vi va ung
suit ctia két cAu ma con xét toi su tuong tac trd lai
ctua két cAu 1én khdi nuédce, tir 46 danh gia duoc
nhitng anh huong bét loi cua didu kién ngoai canh
1€n cong trinh.

3. PHUONG TRINH CO BAN TUONG
TAC GIUA KHOI NUGC VA KET CAU

Chuyén vi va tng suit cua két cau tai mdi bude
tinh toan dugc xac dinh theo phuong phap “step-
by-step” duoc Newmark phat trién (Clough. R.W.,
2003) dya trén hé thdng két hop hai phuong trinh
ctia khéi nuée va két cau dudi day:

Mi+Ku=f —Mi +Qp
M, p+K'p = F = pQ” (ii +ii")

(1
I (2) 7

trong d6: M 1a ma tran khoi lugng cua két
cdu, K 1a ma tran do cung cua két chu. M p and
K’ lan luot !E‘l ma tran khoi lugng va ma tran do
cung cua khoi nude. £, la véc to tai trong, © véc
to ch,uyén vi, i véc to gia tdc ciia két cau, i 1a
gia toc trong truong , p la vec to cua ap luc nudce
theo thoi gian , » 1a ham vi phan bac 2 twong ng
cta 4p luc nuéc theo thoi gian. @ 1a ma tran két
hop cua khéi nuéec va két ciu (Taylor. R.L.,
2000). Cudi cing, F' 1 luc twong tac tac dong lén
két cau do gia toc cua khoi nudc, p trong luong
riéng cua nudc. Ma tradn can nhét C cia nude
duoc bo qua trong tinh toan.

4. ViDU AP DUNG

Két cau thap nang tau truc dung (Hinh 2) cao
92m dat & cao trinh cao trinh day +522.0m, cao
trinh dinh +614.0m, hudng thuong Iuu va ha luu
dai 76,6m, hudng ngang song rong 40m. Hai truc
thap dimg dugc bd tri ddi ximg, mdi thap cb bé
rong 11.6m, dugc bd tri 8 truc ding co gin phao
doc theo chiéu dai cua két cdu thap nang. Truc
thap c6 mat cat hinh tron dudng kinh 6.5m, cao
trinh cua day truc thap +542,0m va cao trinh truc
thap +594.5m, phia trén cao trinh +594.5 la mat
cit hinh vuong 7.2m x 7.2m. Khoang gitra hai truc
thap 1a khong gian di chuyén ciia cabin ning tau,
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rong 16.8m. Trén dinh thap, két cau hai truc thap
hai bén lién két voi nhau bang 10 thanh dam, phia
dudi lién két v6i nhau bang mot tim day chiéu
day 6.5m. Trong cac diéu kién van hanh khéc
nhau cua thap nang tau dudi tdc dong cua tran
dong dat gia dinh trong thoi gian 20s, bai bao s&
phan tich cac dac diém rung dong tu nhién cua
thap khi xét dén khéi nude trong truc thap va dic
diém vé chuyén vi va tng suit chinh cia két cau
thap ning tau khi xét dén tuong tac giita khdi chat
1ong — chit rin bao gdm nudc trong truc thap véi
két cAu truc thap; nudc trong cabin chura tau véi
cabin tau st dung phuong phap lich st thoi gian
bang md hinh phén tich trong tac FSI so sanh két
qua tinh todn v&1 md hinh phan tich theo phuong
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phap truyén thong None-FSI.
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Cau triic khéng gian thdp néng tau

4.1. M6 hinh tinh toan

M6 hinh phan tir hitu han ba chiéu cua hé
thdng két cau thap nang tau truc dung dugc sir
dung phan tir khéi 8 nut thé hién trén Hinh 2,
trong d6 mot khdi hinh chit nhat dugc sir dung
trén dinh cua két ciu cot thap dé gan dung 1a co
cau truc nang tau. Trong mo hinh, truc X Ia
huéng ngang song nim ngang chiéu duong
hudng sang bo trai; truc Y 1a hudng dong chay
cia song va chiéu duong huéng dén dau cong
trén; truc Z 1a huéng thing dung chiéu duong
hudng 1én trén. Day cap dung dé treo phao va ndi
v6i két cdu cho tau dwge mo phong bang cac
phan tir thanh 2 nat. Nudc trong truc va nudc
trong khoang cabin nang tau dugc mo6 phong bdi

cac phan tir khdi chat l1ong 8 nut.

Khoi nude trong thap - Phao - Cdp - Cabin - Nudc

Hinh 2. Mé hinh phan tr hitu han ba chiéu ciia hé thong thdp ndng tau truc dirng

4.2. Piéu kién bién

Lién két gilia khéi nuéc va két cau thap nang
duoc thiét 1ap dya trén lién két chat Iong - chat ran
(FSI) va bé mat cua khi nude duge thiét lap 1a bé
mat tu do, phﬁn day cua két cau cot thap dugc mod
phong boi lién két ngam. Sy lam viéc cia cac
banh xe dan hudng trén thiét bi phao va hé thong
dan hudng trén khoang cabin tau dugc thé hién
boi mot lién két ngang giita phao, khoang cabin
tau va két cu cOt thap nang. Vi vay, dinh phao,
khoang cabin tau va két cau cot thap nang theo
phuong ngang khong xay ra dich chuyén twong
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d6i ma van duy tri cac chuyén dong tuong tng cua
chiing theo phuong thing ding.

4.3. Tai trong tac dung

Phao, khoang tau, tang trong, ddy cap va nudc
trong truc thap va khoang tau dugc xem xét trong
mo hinh phﬁn to hitu han dugc xem la tai trong
ban than ddi véi tai trong tinh. Ngoai viéc xem xét
tit ca cac tai trong trong tinh toan tinh, mo hinh
két cau thap ning tau c6 thém tinh toan dong véi
tran dong dat gia dinh xay ra trong thoi gian 20(s),
gia toc theo phurong ngang 14 0,23g va gia tdc theo
phuong doc bang 2/3 gia tdc theo phuong ngang.
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4.4. Thong so6 vat liéu

Théng sb cua cac loai vat liéu dugc su dung
trong md hinh dugc thong ké tai Bang 1. Trong d6
(*) dugc tinh trén nguyén tic 1a tong khdi luong

cua tat ca cac phao bang hai lan tong khoi luong
cua tau va khoi nude trong cabin tau chia trung

binh cho 16 phao dugc thiét ké trong thap.

Bang 1. Thong s6 vt liéu

TT y (kg/m?) E (GPa) u

Tru bé tong 2400 25 0.167
Phao 713.6" 300 0.3
Vén chuyén 195.9 300 0.3
Day cap 7500 300 0.3
Cudn trén 3579.2 300 0.3
Nudce 1000 — —

4.5. Piéu kién van hanh cia két cAu thap
nang tau

bJ sau nudce trong truc thap va vi tri ctia cabin
nang tau lién tuc thay d6i trong qué trinh van
hanh ciia hé thong nang tau truc ding. Bang 2 va
Hinh 3 thé hién ndm diéu kién van hanh cta thap

(a) THI (b) TH2

(c) TH3

nang tau ¢ cac do sau nudc khac nhau trong thap
twong ng véi cac vi tri cua cabin nang tau dé
tim ra vi tri bat loi nhit cua qua trinh van hanh
cling nhu xem xét anh huong cua khdi nudc
trong truc thap dén Gng sut va chuyén vi cia két
cau thap nang tau.

(d)TH4  (e) THS

Hinh 3. Céc truong hop van hanh ciia két cau ndng tau

Biang 2. Cac truong hop van hanh ciia két cdu ning tau truc dirng

T ™ TH1 TH2 TH3 TH4 THS

D6 cao cdt nude trong truc (m) 585 576.6 568.2 559.8 551.4

D0 sau cot nude (m) 43 34.6 26.2 17.8 9.4

D6 cao cua day bé (m) 529.7 546.5 563.3 580.1 596.9

Cot nudce trong khoang tau 2.5m 2.5m 2.5m 2.5m 2.5m
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5. PHAN TICH KET QUA

5.1. Tan s6 dao dong ciia két cAu ning tau
truc dirng

Theo cac diéu kién van hanh thap niang Bang
2, tin sb dao dong cua két cau nang tau duogc
tinh toan trong hai diéu kién: (1) Tan sé dao
dong c6 xét dén twong tic chét long - rin cua
nudc trong truc thap va két cu thap; (2) Tan sb
dao dong tu nhién cua truc thap khong xét dén
anh hudng cua khéi nuée trong thap. Hai diéu
kién duoc tinh toan riéng biét, va két qua tan sb

dao dong riéng tir bac 1 dén bic 3 duoc so sanh
trong Bang 3. DB§ sau clia nudce trong truc thap ti
1€ nghich voi tan sd dao dong riéng cua thap.
Trong d6, khi do sau muyc nudc cua truc lon
nhat 14 43m, tan s riéng bac nhét cua két cu
cot thap giam 1,64% so voi diéu kién kho, va
tan s6 bac ba 1a muc giam 16n nhat, tin sé nay
giam di 4.9% so v&i didu kién kho. Co thé thdy
rang khi d6 sau ciia nudc trong truc ting 1én, tin
s6 tu nhién bac nhét ciia cdu tric cot thap giam
dan phi tuyén tinh.

Biang 3. Téan s6 dao dong ciia két cu thap nang tau trong diéu kién van hanh

TH THI1 TH2 TH3 TH4 THS kho
H=43m H=34.6m H=26.2m H=17.8m H=9.4m
Tén sb f(Hz) f(Hz) f(Hz) f(Hz) f(Hz) f(Hz)
1 1.202 1.211 1.217 1.22 1.222 1.222
2 2.599 2.617 2.628 2.635 2.639 2.64
3 4.036 4.098 4.158 4.205 4.234 4.245

5.2. Phén tich chuyén vi va \rng suit chinh ciia két cAu ning tau truc dirng

X

(a) Chuyén vi theo phiong x

(b) Ung sudt chinh két cdu ndng tau

(¢) Ung sudt chinh vi tri dinh thdp

Hinh 4. Biéu do dwong bao gid tri cuwec tri chuyén vi va vmg sudt chinh
cua ket cau thap nang tau bang phwong phap FSI

5.2.1. Chuyén vi ciia thap néng tau truc ditng
trong diéu ki¢n vin hanh

Chuyén vi 16n nhat cia két ciu cot thap
theo ba huéng thé hién mot sy ddi xting. Gia
tri cuc tri cua chuyén vi théng dung cua két
cdu coOt thap xuit hién tai vi tri dinh thap.
Bang 4 cho thay cac gia tri cuc tri cua chuyén
vi ciia két cdu thap nang tau trong cac diéu

kién van hanh ¢ d¢ sau cot nudc trong thap
khac nhau bang phwong phap FSI va cuc tri
chuyén vi 16n nhat ciia két cdu cot thap ung
v6i 5 truong hop van hanh bang phuong phap
None-FSI. Chuyén vi cua thap nang tau bang
phuong phéap tuong tdc FSI theo cac phuong
tang 1&én khi do sdu cua cot nudc trong truc
thap truc tang lén.
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Bang 4. So sanh chuyén vi cia két cau nang tau trong diéu kién van hanh

Truong hop
THI TH2 TH3 TH4 TH5 | None-FSI
Phuong
. 74.02/-
X max/min (mm) | 76.3-91.9 | 76.2-889 | 75.7/-88.0 | 75.05/87.2 | o0 | 73.9185.5
Vi tri Dinh ciia két ciu thdp néng tau
Y max/min (mm) | 8.6/-8.9 | 84/87 | 83/86 | 8285 | 82:85 | 8.1.84
Vi tri Xudt hi¢n ¢ gitta dam trén dinh ciia két ciu thdp ning tau
Z max/min (mm) | 7.0-11.1 | 6.7-109 | 65-107 | 6.4/-105 | 63105 | 6.0/-10.2
Vi tri Xudt hién trén dinh thdp vi tri giao cit giita dam va cot thdap

Mbi quan h¢ gitra gia tri cyuc tri cua chuyén Vi
theo phuong X ¢ dinh ciia két ciu thap nang tau
va do sau cot nudce trong truc thap bang phan tich
FSI so sanh voi cuc tri chuyén vi 16n nhat ung voi
5 trudng hop van hanh bang phwong phap None-
FSI duoc thé hién trong Hinh 5. P9 sau myc nudc
trong truc thap tdng lén, gia tri cuc tri cua dich
chuyén theo phuong X cua dinh thap ting dan
theo quan hé phi tuyén. Pic biét, khi do sdu muc
nudc trong truc thap lon nhit 13 43m, gia tri cuc
tri ciia dich chuyén theo phuong X cta dinh thap
cling dat cuc dai, 91,96mm, 16n hon 7,52% so voi
d6 dich chuyén theo phwong cuc X cia cot thap
khi tinh toan bang phuong phap None-FSI.

-84

-86

X(mm) -8%

90 || == Fs1
-+ ¢ None-FSI

5 10 15 20 25 30 35 40 45
H(m)

Hinh 5. Quan hé giita chuyén vi lom nhdt
(theo phwong x) cua dinh cot thap voi do sau
muc nuée trong truc bang phwong phép tuwong téc
FSIva phuwong phdap None-FSI

Két qua cho thfiy, d6 sdu myc nudc 16n nhit
trong truc (lic ndy cabin tau dang & vi tri thip
nhit) 12 didu kién van hanh bat loi nhit cua két
cau thap nang tau dudi tic dung ciia dong dat. Két
quéa phan tich ciing cho thiy, phuong phép tinh
toan tinh khong thé phan tich chinh xac chuyén vi
ctia két cAu thap nang tau truc ding trong diéu
kién van hanh.

5.2.2. Phan tich irng sudt ciia két cdu ning
tau truc dirng trong diéu kién vin hanh

Két qua phan tich twong tac FSI trong Bang
5 cho théy su c6 mdt cua nudc trong truc lam
ting ung sudt chinh cua két ciu thap ning va
khi d6 siu nuGc cua truc ting 1én, Gng sudt
chinh tai ca ba vi tri bén trong truc két ciu cot
thap (1), ban day (2) va vi tri ndi giita dam va
cot thap (3) déu ting dan. Trong d6, khi do sdu
muc nudc trong truc la 43m, gia tri cuc han cua
mg sut chinh tai vi tri tiép giap giita dim va
cot thap (3) 16n hon 8,7% so véi két qua tinh
toan cuyc tri ung suit chinh 16n nhéat cua 5
trudong hop van hanh thap nang tiu bang
phuong phap None-FSI.

Bang 5. Ung suit chinh két ciu thap nang trong diéu kién van hanh so sanh véi PP. None-FSI

W THI TH2 | TH3 | TH4 | TH5 | Don&
Vi tri FSI
(1) Bén trong thap ning (MPa) 2.01 1.88 1.75 1.59 1.34 1

(2) Ban day thap (MPa) 1.82 1.74 1.65 1.49 1.25 1.16
(3) Pinh thap (dam ndi cot) (MPa) 10.12 9.71 9.57 9.47 9.37 9.31
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Hinh 6. Ung sudt chinh ciia két cdu dinh thdp néng tau truc dirng trong diéu kién van hanh

bang phwong phdp FSI va phirong phdp Non-FSI

Méi quan hé giita gia tri cyc tri ing suét chinh ctia
timg bo phan cua két cau thip nang va do sau cot
nudc trong truc thap nang dugc thé hién trén hinh
Hinh 6. Khi d6 sau cta nudc trong truc tang 1én, ing
sut chinh Ién thanh trong cua truc thap (1) va ban
day (2) ting dan, va toc do tang ing suat cho thay xu
hudéng tang nhe. Tuy nhién, img suét chinh tai vi tri
ndi ciia ddm dinh va cot thap (3) tang manh khi do
sdu clia nudc trong truc thap tang dén gia tri 16n nhét.
Do sy gia ting chuyén vi ngang ctia dinh thap lam
cho tmg suét chinh tai vi tri nbi ciia ddm dinh va cot
thap (3) tang theo quy luat phi tuyén. C6 thé thdy, do
sau muc nudc 16n nhat trong truc (lic ndy tau cabin
nang tau dang ¢ vi tri thip nhat) 1a diéu kién van hanh
bat loi nhat dudi tac dong cta dong dat.

6. KET LUAN

Thong qua cac tinh toan va phan tich twong tac
dong thoi gitta khdi nude trong truc thap va két
cau thap va khdi nudc trong cabin tau voi khoang
chira duéi tac dung cua dong dat kéo dai 20s trén
md hinh phan tir hitu han ba chiéu cia két cau
thap nang tau truc dimg c6 xét dén cac vi tri cua
cabin nang tau trong qua trinh van hanh thu dugc

mot s két luan nhu sau:
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- Sy ton tai cta nudc trong truc thip nang lam
tang tan s6 dao dong cua thap ning tau theo quan
hé phi tuyén.

- Khi d6 sdu myc nudc trong truc thap ting dan
thi phan ng dong cua két ciu thap ning tau ciing
tang dan dén chuyén vi ngang xuit hién ¢ dinh
ctia két cau thap ting dén gia tri cuc han va kéo
theo ng suit chinh cua bé tong tru thap ning
cling tang theo. Sy gia tang gia tri cyc tri tudn theo
quan hé phi tuyén.

- Pidu kién van hanh cot nude cao nhét trong
truc thap nang tau thang dung 1a vi tri bat loi
twong Ung voi vi tri thép nhit cta cabin chd tau
khi tau bit dau roi khéi ngudng da.

Phan tich tuong tac giita khdi chat 1ong va chat
rin (FSI) gitta nudc trong thap va két cdu thap
nang truc dimg co gia tri thyc t& ky thuat ma
phuong phap truyén théng tinh khong thé phan
anh hét dugc. Nghién ctru ciing cung cip co s va
tai liéu tham khao khoa hoc, hop 1y cho cac thiét
ké ky thuat két cAu nang tau truc dirng khi ap dung
vao thuc té cac dap cao tai Viét Nam thi khong thé
b6 qua anh huong ciia khdi nude trong thap trong

qua trinh van hanh.
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Abstract:
ANALYSIS VERTICAL LIFTING TOWER STRUCTURE BASE ON FSI METHOD

The vertical lifting tower is a new type of structure which ensure ship traffic requirements at height
dams. The advantages of this structural form are simple structure, economic operation, and time-
saving. However, during manufaturing, when the ship lift to a certain height, the cabin will tilt, shake
and generate torque leading to overturning, causing serious consequences. Specailly, research on
interaction between the water in the tower shaft and the tower structure, the water in the cabin and the
structure which contain it under the impact factor of earthquakes is an important rule that directly
determines the safe bearing capacity and normal use of the lifting tower structure. Base on FSI method
between solid and water, the article will analyze the relationship between the water depth in the tower
shaft and the position of the lift cabin to reusults of vibrations, displacements and stresses of the vertical
lifting tower structure under different operating conditions. Thereby warning of unfavorable locations
of cabin lift ship during operation should be paid attention in the design calculation process.

Keyword: FSI (Fluid and Structure Interaction), Vertical lifting tower structure, Earth-quake.
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