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TOM TAT: Nha cao tang va siéu cao ting da va dang duoc trién khai xdy dung ngay cang nhiéu tai Viét
Nam. Hau hét cac toa nha cao nhit Viét Nam déu st dung hé core + outrigger dé dam bao tinh 6n dinh
tong thé cho cong trinh. Bai bao nghién ctru anh hudng cta cac tham s dén Gmg xur tong thé cua nha cao
tang va siéu cao tang c6 hé két cau 15i két hop dam outrigger chiu tac dung cua tai trong ngang. M6 hinh
phéan tich bao gdm cac cong trinh nha cao tang dugc thiét 1ap va tinh toan thong qua phan mém ETABS
v6i cac cdu tao hé outrigger khac nhau (vi tri bo tri, phu(mg phap phan tich...). Két qua thu dugc cho
phép danh gia anh huong cua h¢ outrlgger dén on dinh tong thé cua cong trinh khi chiu tai trong ngang
(chuyén vi dinh, chuyén vi twong dbi giita cac ting (drift), ...).

TU KHOA: Nha siéu cao tang, 6n dinh tong thé, core+outrigger, tai trong ngang.

ABSTRACTS: High-rise and super high-rise buildings have been increasingly constructed in Vietnam.
Most of the tallest buildings in the country adopt the core + outrigger system to ensure the overall
stability of the structure. This investigates the influence of various parameters on the overall behavior of
high-rise and super high-rise buildings with core—outrigger structural systems under lateral loads. The
analytical models consist of high-rise buildings developed and calculated using ETABS software, with
different outrigger configurations (such as positioning, and analysis methods, ...). The results allow for an
evaluation of the outrigger system’s impact on the overall stability of the structure under lateral loading,
including top displacement, inter-story drift, ...).

KEYWORDS: Super high-rise buildings; overall stability; core + outrigger system; lateral loads.

1. TONG QUAN thuong c6 thé gdy nén nhiing anh huong khon
luong cho cac toa nha cao tang. Vi du vao ngay
28/3/2025, toa nha 30 tang du kién s& 1a tru so cia
Vin phong Kiém toan Nha nude Thai Lan bi sup
dd sau tran dong dat 7.7 do richte xay ra o
Myanmar. Thé nén cic anh huéng cua luc ngang
tac dong 1én cong trinh déu dang duoc nghién cliru
k¥ luong va ngay cang xuit hién nhiéu phuong

Su phat trién kinh té, téc do d6 thi hoa nhanh
chéng va gia tang cta dan s dang tao ra ca co hoi
va thach thace 16n, dac biét 1a ¢ cac nudc dang phat
trién. Qua trinh nz‘ly thu hat dan cu di chuyén vé
thanh thi dé tim kiém viéc lam nhung ciing gay ap
luc 1én ha tang, mdi trudng cling nhu nhu cau vé
nha & khong ngimg tang, ddc biét tai cac thanh phd
16n nhu TP. Ha Noi, TP. Hd Chi Minh, Hai Phong, phap dé han ché chuyen vi va tang tinh 6n dinh
Pa Ning,.... Do d6 viéc pht trién nhimg du 4n  tong thé cho cong trinh. Co thé ké dén 1 vai
nha cao tang hodc siéu cao tang 1a xu hudng thoi phuong phap sau day: hé’(")ng (tube), hé ong trong
dai va ngay cang phd bién. ong (tube in tube), hé b}') ong (bundled tube), hé 161
BTCT, hé 161 chong (buttress core), hé

Tuy nhién, viéc xay dung cac toa nha cao tang )
coretoutrigger,...

hoic siéu cao ting khong phai 1a van dé don gian.
Boi vi chung thuong 1a nhitng cong trinh chju anh Viét Nam dang 1a mot nudc trong giai doan
huong dau tién do cdc vin dé ngoai canh nhu: Pphat trién nén s6 lugng nha si€u cao tang la khong
dong dat, gio bdo. Cac con gié hodc dong dat bat nhi€u. Theo nhu tim hiéu cua tac gia, sO luong
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cong trinh ¢6 chiéu cao 16n hon 200m duoc thé
hién ¢ bang 1:

Baing 1 - Thong ké s0 lrgng cong trinh siéu cao
tang (chi€u cao 16n hon 200m) & Viét Nam [14]

Chiéu cao Ha Noi TP. HCM Cia nuéce
>200 m 4 1 5
>250 m 1 1 2
>300 m 1 1 2

Bang 2 tac gia lam rd hon vé chiéu cao, hé két
cau chinh cua 1 s6 toa nha da li¢t ké ¢ bang 1:

Bang 2 — Chi tiét chiéu cao va hé két ciu chinh

Tén cong trinh  |Chidu cao| Ting | H¢ két cAu chinh
L aoam | w | ke
Kt gt 35 | 7z | Coet S
Lotte Center Ha N6i | 267,1 m 65 Core + Steel
outrigger
TB(‘:;’;‘ZTFI‘,HI*_‘I“CC% 2625m | 68 otigrg:igr{rs?e];::lt

Ta c6 thé thiy hién nay hé outrigger dugc tng
dung phé bién nhu mot hé chiu luc chinh trong hau hét
cac tda nha cao ting trén thé gi6i cling nhu tai Viét
Nam. Mot sé cong trinh tiéu biéu nhu Burj Khalifa
(cao 828 m) va Shanghai Tower (cao 632 m) [9].

Theo cac nghlen ctiu, hé outrigger - duoc su
dung rong rii nhdm nang cao do cung ngang va on
dinh tng thé ctia cong trinh cao ting - dugc xem
la mdt trong nhitng hé két cAu chiu luc hiéu qua
nhit [10].

Hinh I: Taipei Financial Center Corp [13]

Viéc giam thiéu thiét hai do dong dat hay gi6
bdo ddi v6i cac toa nha cao tang 1a vin dé hét suc
quan trong [11]. Ngay ca khi h¢ outrigger bi hu

hong trong qua trinh dong dét, né khong gy sup
d6 cong trinh va hdu nhu khéng anh huéng dang
ké dén kha nang chiu lyc thiang dimg cua toa nha
[12]. Do @6, h¢ outrigger co thé duge xem nhu mot
céu kién tiém nang cho viéc tiéu tin ning luong,
gitip giam dao dong va han ché hu hai cho cac
cong trinh cao tang. Mot s6 hinh anh nha cao ting
trén thé gidi c6 ung dung hé két cdu:
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Hinh 2: One Liberty Place, Philadelphia [13]

2. CO SO LY THUYET VA PHUONG PHAP
NGHIEN CUU

2.1. Co s Iy thuyét

Loi trung tdm (Central Core) cua cong trinh
thudng duoc ciu tao bang bé tong ¢t thép, c6 thé
thdy riang bo phan nay 1a két ciu chinh duy nhét co
kha nang chiu tai trong ngang dbi v4i cac toa nha
cao tang trung binh.

Hé 156i nay d6i khi dwoc két hop thém véi
khung chiu mé men hodc gian trong 15i nhim ting
cuong kha nang khang tai trong ngang. Tuy nhién,
khi chidu cao cong trinh vuot qua 150 m, hé 15i
chiu lyc don thuan khong thé cung cép du do cing
ngang dé giit chuyén vi do gi6 hodc dong dét trong
gidi1 han cho phép.

Vi ly do d6, hé két cu outrigger dugc xem la
mdt trong nhitng hé két cdu chiu luc hiéu qua dédi
Vv6i cac toa nha cao ting chiu tai trong ngang.

Theo céc tai lidu nghién ctru nhu Luan 4n Tién
sT k¥ thuat cua Tién sT Nguyén Hong Hai nam 2015
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vé “Nghién ctru su 1am viéc cta nha cao ting bé
tong cdt thép co ting climg chiu tac dong cta dong
dat & Viét Nam” va “Parameter study of outrigger-
braced tall building structures” ciia Smith, B. S., &
Salim, T xuat ban ndm 1981 vi tri toi wu khi ddt cdc
tang cung 1a khoang 0,5H (H 1a tong chiéu cao
cong trinh) d6i véi nha cao ting co 1 tang cung;
néu bd tri 2 ting thi vi tri toi wu 14 0,5H va & dinh;
néu b tri 3 tdng clng tro 1én thi nén bd tri véi
khoang cach déu tir dinh cong trinh. [1][8]

2.2 Phwong phap nghién ciru

Ung xtr ctia cong trinh cao ting c6 thé duoc so
sanh véi Gng xu cia mdt dam cong xO6n
(cantilever) duogc lién két ngam tai mong khi chiu
tac dung cua tai trong ngang.

Trong mé hinh cong x6n nay, md men uén va
luc cét 16n phat sinh tai khu vyc ngam ¢ dinh,
trong khi chuyén vi 16n xuét hién tai dau tu do.

Dé han ché cac chuyén vi nay, can dam bao do
cing ngang du 16n chong lai tac dung cuia tai trong
ngang.

Thay vi tang kich thudc tiét dién cia cac cdu
kién, giai phap hop ly hon la nang cao hiéu qua
lam viéc cua toan bo hé két cau chiu luc.

Ordinary Core-
frame System

Core-outriggers
System

Hinh 3: Nguyén ly hé outrigger
(Chung & Sunu, 2015) [7]

Trong nghién cuu nay, ba truong hgp cong
trinh cao 60 tang, chiéu cao ting 1a 4m duoc thiét
ké md phong, dua trén dir li€u thu thap duogc, nhim
danh gia anh hudng cua cac lya chon hé két cau
khéac nhau dén kha nang chiu luc ctia cong trinh,
trong d6 chi sir dung hé outrigger 1am bién s
nghién curu chinh.

Nguyén ly 1am viéc ctua h¢ outrigger [Hinh 3] la
tao ra cac tﬁng ¢6 do cung 16n tai mot s6 vi tri nhét
dinh theo chidu cao cua cong trinh. S§ lwong va
outrigger dwogc bd tri: THI 1a khong c6 outrigger,
TH2 13 b6 tri tai tang 30 (0,5H), TH3 1a bd tri 3 tang
cting véi khoang cach déu tai cac tang 20, 40 va 60.
Céc tang outrigger gia dinh 13 cac tang ky thuat, ting
lanh nan tly theo yéu cau kién tric, ...
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Mo hinh nha dugc gia thiét véi hinh khéi kién
trac vudng va mat bang két ciu dbi xung nhim
dam bao phan bd d6 cung can bang va giam thiéu
hiéu tmg xoan khi chiu tai trong ngang. Uédc tinh
chiéu rong x chiéu dai 1a 43,5 m x 43,5 m. Loi
trung tam c6 kich thuéc khoang 17m day 1m. Ciu
kién cot ¢6 tiét dién 2 x 2 m; 1,8 x 1,8 m; 1,5 x 1,5
m (giam tiét dién theo chiéu cao tang). Cu kién
dam co tiét dién 0,6 x 0,8 m. VAt lidu bé tong sir
dung B50 cho vi tri 131 trung tdm va cAu kién cot;
B45 cho céu kién dam; hé outrigger wall st dung
bé tong B50 day 1,2 m.

Céc mé hinh két cdu duoc md phong va tinh
toan bang phan mém ETABS. M6 hinh tinh bao
gdm day du cac phan tir két cau khong gian: Loi
cung, cot, dam, hé outrigger.

Hinh 4(a) thé hién mé hinh gdm hé 16i trung
tam, cot, dam, khong su dung h¢ Outrigger Wall.

Hinh 4(b) thé hién mo hinh don gian hoéa cua
cong trinh cao tang c¢6 sir dung hé Outrigger Wall,
gém 161 trung tam, cot, dam, va hé outrigger mo
rong két ndi dén cac cot bién ngoai.

(@) (b)
Hinh 4

Tai trong ban than (Dead Load): Phin mém
Etabs tinh toan;

Tinh tai (SDL): 3 (kN/m2);

Hoat tai (Live Load): 4 (kN/m2)

Tai trong ngang do gid (Wind): gia thiét cong
trinh & Hai Phong, dang dia hinh A, vung gi6 IV.
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Tai trong gié ngang phan b theo chiéu cao (tinh
toan ap dung TCVN 2737:2023 Tai trong va tac
dong) [2], [4].

Tai trong ngang do dong dit (earthquake): gia
thiét dt nén loai D, dinh gia tdc nén tham chiéu 1a
0,1*g. Phuong phap phan tich theo Response
Spectrum [2], [5].

T6 hop tai trong tudn theo TCVN 2737:2023
Tai trong va tac dong. [4]

Cic thong s6 dwoe phan tich bao gom:

1. Chu ky dao dong riéng.

2. Chuyén vi dinh (story displacements).

3. Chuyén vi léch tang (story drift).
4. Hi¢u ting P-delta.

Hinh 5. So' do minh hoa trwong hop khong siv
dung hé Outrigger Wall

Hinh 6. So' do minh hoa hé Outrigger Wall
dién hinh

3. KET QUA PHAN TiCH - PANH GIA

3.1 So sanh céc dic trung dao dfng clia cong trinh
Khi xem xét cac chu ky dao dong (periods)

biéu thi mot chu ky dao dong hoan chinh cia cong

trinh dudi tac dung tai trong ngang, co thé nhan

thidy rang gia tri chu ky cia mé hinh c6 hé
outrigger nho hon so véi mo hinh khung thong
thuong [hinh 7].

Gia tri Mode 1 ctia TH1 (khong cé outrigger)
la 7,246 gidy, trong khi Mode 1 cua TH2 (c6 01
outrigger) 1a 6,636 gidy (tirc giam 8,4%), Mode 1
cua TH3 (c6 03 outrigger) 1a 6,285 giay (tuc giam
13,2%) so voi THI.

Tuong tu, gia tri Mode 2 cua TH2, TH3 giam
4,56% va 6,6% so voi Mode 2 cua THI.

So sanh chu ky dao diing clia timg hé két cdu

7.246
5.285

5.011 s954 -
¥ i 4782 A5
| I I I I IHU:; | ’
I I I -”U‘.

TH1 TH2 TH

mModel ®Moded WModel

Hinh 7. So sdnh chu ky dao djng ciia ba mode
dau tién cho 3 mé hinh

3.2 Anh huéng cia outrigger dén chuyén vi
duéi tac dung cia tii trong ngang

3.2.1 So sdnh chuyén vi dinh (story displacements)
clia cong trinh

Theo phuong X, chuyén vi ngang 16n nhat
dudi tac dung cua tai trong gié cua TH1 la 331,5
mm, trong khi TH2 la 280,1 mm va TH3 la 248,4
(mm. Tuwong ung voi gid tri giam la 15,5% va
25,06% so voi TH1 (Hinh 8);

Theo phuong Y, gi4 tri giam chuyén vi ngang
TH2 va TH3 tuong ung 20,44% va 30,55% so voi
THI c¢6 gia tri chuyén vi dinh (153,4mm). Két qua
phan tich dugc thé hién (Hinh 8(a)), (Hinh 8(b)).

Chuyényidinh duehtac dung i irong g heoph e ong 0 reophen

Hinh 8(a). Chuyén vi ngang tai dinh
dwdi tac dung tdi trong gio
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Hinh 8(b). Chuyén vi ngang tai dinh duwoi tac
dung tdi trong dong dat.

3.2.2 So sdnh chuyén vi léch ting (story drifts)
ciia cong trinh

Chuyén vi léch tang (story drlfts) cia cong
trinh bé tong cbt thép 1a mot thong ) quan trong
trong d4nh gia an toan dong dat va gi6. Pay 1a dic
trung can duoc kiém soat dic biét trong hé khung
chiu lyc va thong thuong duoc giai quyét bing
cach bd sung cac phan tir chiu cit (shear elements)
nhu tudng 161 hoac hé outrigger.

Hinh 9(a). Chuyén vi léch tang
dwdi tac dung tdi trong gio

Hinh 9(b). Chuyén vi léch ting duéi tic dung tii
trong dong dat (Earthquake)

Xét truong hop chuyén vi léch tang dudi tai
trong dong dat theo phuwong X, do léch ting I16n
nhit cia THI 1a 0,00205, trong khi TH2 dat
0,00184, tuong g giam 10,2%; TH3 dat 0 0014
tuong ung giam 31 7% Piéu nay gitip két cau dap
mg tot cac yeu cau vé chuyén vi ngang gidi han
ctia tiéu chuén (gi¢i han ~1/500 dén 1/700 tuy yéu
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cau ciu tao) [4]. Két qua phan tich dugc thé hién
(Hinh 9(a)), (Hinh 9(b)).

Su giam dang ké chuyén vi léch ting khing
dinh rang hé outrigger gitip ting cung rd rét theo
ca hai phuong chinh cua cong trinh, déc biét tai cac
tang b tri outrigger.

Nho d6, bién dang tuong ddi gitra cic tang
dugc giam thiéu, gép phan tang kha ning khang
chén va d6 bén lau dai cua két cau khung - 13i.

3.3 Anh huwéng ciia outrigger dén hiéu @ng phi
tuyén P-Delta

Vé phuong phép phan tich, khi xét dén hi¢u
tmg P-A (phi tuyén hinh hoc), két cdu khong co
outrigger (TH1) thé hién mirc 46 mat 6n dinh 16n
hon, trong khi két cdu c6 outrigger (TH3) hau nhu
khong bi anh huong déng ké. Cac so sanh dugc thé
hién ¢ (hinh 10), ta c6 thé thiy ddi véi hé két cau
khong s dung outriger, nhidu tang bi vuot gidi
han cho phép 1a 0,3[5]. Nguoc lai voi hé st dung
outriger, hé s do nhay chi dao dong khoang tir
0,1 - 0,2. Diéu nay cho thiy outrigger gitp tang hé
s6 an toan chéng 14t cia toan hé, giam thiéu anh
hudng cua luc ngang.

Hinh 10. Hé sé dé nhay ciia chuyén vi ngang

4. KET LUAN

Trong nghién ctru ndy, phén tich phan tir hiru
han (Finite Element Analysis) dugc thuc hién
nham xem x¢t hi¢u qua cua h¢ outrigger ung dung
trong xay dung nha cao tang.

Két qua cho thdy mé hinh c6 sir dung hé
outrigger thé hién do ctimg két cau cao hon rd rét.

Nho d6, chuyén vi tong thé va léch ting cua
cong trinh giam dang ké nho sy cai thién trong tmg
xtr két cdu téng thé.

Dua trén két qua phén tich, cac dic trung Gng
xir két cdu dugc tong hop va trinh bay dudi dang
cac nhan dinh trong nghién ctru nay nhu sau:
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1. Hé outrigger giup tang d6 cimg ngang bang
cach han ché chuyén vi cia cong trinh, dac biét
duoi tdic dung cua tai trong ngang. Trong quan
diém thiét ké, diéu nay ddng nghia voi viée tan sd
dao dong riéng cua cong trinh ting va chu ky dao
dong tu nhién giam, qua d6 ning cao kha niang 6n
dinh tong thé.

2. Khi d9 cung ngang ting va chu ky dao dong
giam, kha nang chiu lyc cia cac phan tir két ciu tro
nén hiéu qua hon; ndi lyc trong cc tiét dién giam, cho
phép sir dung tiét dién nho hon. Viée giam kich thude
tiét dién dan dén giam khoi lugng tong thé ciia cong
trinh, va do d6 giam tai trong truyén xuéng mong.

3. Tai trong ngang nhu dong dit va gio gdy ra
chuyén vi 16n va hiéu tmg béc hai (P-Delta) dang
ké. Két qua phan tich cho thdy viéc s dung hé
outrigger 1am tang do cung tong thé, giam chuyén
vi cuc dai, va han ché rd rét cac hiéu ung bac hai.

4. Vi tri b6 tri hé outrigger ¢6 anh huong quan
trong dén hiéu qua hé két cau. Boi véi hé két cau
b tri 1 tAng ctng ing dung outrigger, vi tri tdi wu
thuong vao khoang giita chiéu cao cong trinh
(0,5H) tai d6 hiéu qua giam chuyén vi 1a 16n nhét;
2 tang thi vi tri tdi wu 12 0,5H va ¢ dinh; néu bd tri
3 tAng cung tré 1én thi nén bd tri v6i khoang cach
déu tir dinh cong trinh. [1] va [8]

5. Ngoai cac tac dong tich cuc dén két chu. He
outrigger 4p dung trong nha cao ting dugc dénh
gi4 s& dem lai hiéu qua vé kinh té néu nghién ctru
thiét ké t6i wu dugc vi tri tang ctng, kich thudc
hinh hoc ciu kién. Tir d6 cho thiy tiém ning tiét
kiém chi phi xdy dung dang ké.

Nhirng két qua nghién ciru nay gép phan cung
cép co so khoa hoc, dinh hudng cho cac quyét dinh
lya chon h¢ két cau chiu luc va thiét ké ti uu hoa
vé mit k¥ thuat 1an kinh té trong qua trinh thiét ké
c4c cong trinh nha cao ting tai Viét Nam. Trong
tuong lai, c6 thé mé rong nghién ctru bang cach
khao sat thém anh huéng cia cac tham sb khac (vi
du: d6 ctng tuong dbi giita 16i va khung; khao sat
bién dang co ngin khong ddng déu cua cu kién
chiu lyc doc; khao sat sy hinh thanh khép déo tai
tang cung). Hodc so sanh giita cac phuong an hé
outrigger nhu hé outrigger dang gian thép, h¢ BRB
outrigger,... Ciing nhu xac minh két qua tinh toan
bang thuc nghiém trén mo hinh thu nho dé co cai
nhin téng quét vé Gmg xir ctia hé outrigger.
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