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TOM TAT

Kiém sodt dao dong riéng ciia hé két cau nha nhiéu tang bang bé téng cot thép cé ¥ nghia quan
trong nham han ché cdc tac dong dong cia tdi trong ngang nhie gié va dong dat téi cong trinh. Tup
thuée vao cdc thong sé chiéu cao, mdt bang, hinh dang mdt dirng cong trinh, gidi phdp két cdu chiu
lyec, ddc trung vat liéu, cau tao, lién két..., ma céng trinh sé cé dao dong rleng khac nhau, dac trung
béi tan s6 dao dong. Trong bai bdo nay, tac gia trinh bay phn tich tan sé dao dong riéng trong moi
twong quan véi dé ciing ciia hé két cau, danh gid tri sé nay trong tinh todn két cdu nha nhiéu tang
bang bé tong cot thép véi hé két cau khung vdch két hop chiu liec.

Tw khoa: Tan so dao dong riéng, Ket cau nha nhiéu tang, Do cung cua hé két cau, Hé ket cau
khung vach

ABSTRACT

The control of the natural vibration of multi-story reinforced concrete structures is crucial in
mitigating the dynamic effects of lateral loads such as wind and earthquakes on buildings. Depending
on parameters such as height, floor plan, elevation shape, structural load-bearing solutions,
material properties, configuration, and connections, buildings exhibit different natural vibrations,
characterized by their vibration frequency. In this paper, the author presents an analysis of natural
vibration frequencies in correlation with the stiffness of the structural system and evaluates these
values in the structural design of multi-story reinforced concrete buildings with a combined frame-
wall load-bearing system.

Keywords: Natural Vibration Frequency, Multi-Story Building Structures, Structural System
Stiffness, Frame-Wall Structural System

Xét hé mot bac tu do: dAm don gian khong
trong luong mang khoi lugng tap trung m chiu
tac dung cua tai trong dong P(t), hé mot bac

1. GIOI THIEU

Dao dong riéng cua cong trinh nha nhiéu

tang c6 hai dic trung co hoc quan trong 1 chu
ky (hodc tan sd) dao dong va dang dao dong
[1, 2]. Mot cong trinh c6 n bac ty do thi c6 n
tan s6 dao dong riéng ta c6 mot dang chinh,
do vay hé c6 n dang chinh dao dong [3]. Néu
xac dinh dugc tan sd dao dong riéng cua hé
ta c6 thé xac dinh dang dao dong va tinh toan
két céu tranh dugc hién tuong cong huong,
ciing nhu dé dang xac dinh dugc tic dong cia
ngoai luc thong qua viéc phan tich tai trong
theo dang dao dong chinh [4-6].

tu do 1a chuyén vi theo phuong dimg y(t) cta
khéi lugng m (hinh 1).
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Hinh 1. Dao dong hé mot bac tu do
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Truong hop n luc: P(¢), P (¢)....,P,(t) hé
s€ 1a n bac tu do (hinh 2).
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Hinh 2. Dao dong hé n bac tu do

Dbi voi nha cao tang, mo hinh tinh gia
thiét don gian 1a mot thanh console c¢6 n diém
tap trung khdi luong m tai cic cao trinh san
tang. M6 hinh tinh toan nha nhiéu ting minh
hoa hinh 3 duéi day:
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Hinh 3. M6 hinh tinh to4n nha nhiéu tang
(n t?mg) twong trng voi hé n bac tu do [1, 3, 4, 6]

Giai hé phuong trinh n can bang s& dugc
n nghiém thyc dwong va phan biét biéu dién
cac tan s6 dao dong riéng @, (i=1,2,...,n)
(tan s6 dao dong trong 27 gidy). Sip xép
cac tAn s6 ndy theo thir ty tr nho dén 16n
o <, <..<w, duge goi 1a véc to tan sb
riéng. f; va T, goi 14 tan s6 va chu ky dao
dong co ban, dugc tinh theo:

Tan s6 dao dong (s6 dao dong trong mot
gidy) [7]:
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Chu ky dao dong (thoi gian can thiét dé
thue hién mot dao dong toan phan) [7]:
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2. XAC PINH TAN SO DAO PONG
NHA NHIEU TANG

2.1. Mo hinh tinh toan la mot thanh
console don gian [8]:

V61 mo hinh tinh toan la mot thanh
console mot dau ngam vao moéng va véi gia
thiét trong khdi phan bb déu theo chiéu cao
cong trinh [8] nhu hinh 4 dudi day.
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Hinh 4. M6 hinh console don gian tinh toan chu
ky dao dong [8]

Khi d6 ta c6 thé xac dinh duoc chu ky
dao dong ban than dang thr nhat theo cong

thirc sau:
27H? m
T = — 3)
/ [1.8752j B,

Trong do:

m- trong khéi tinh theo don vi chiéu cao
co the lay trong khoang 3 dén 5 kN/m;

B]. - d0 ctmg cua nha B, By khi uén theo
truc X va'Y;

H - chiéu cao tinh toan.

Thay chiéu cao tinh toan H=1.1H ta

duoc:
T, =2.17H; | = )
\B,
J

Tan sb dao dong dang tht nhat:

A=t 5)
Tj
Tan sb dao dong vong:
2
W, =— (6)
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2.2. Tinh todn gan ding chu ki dao déng
co ban cua nha [9, 10]:

a) Tinh gin diing theo chiéu cao nha

D061 v61 nha nhiu tang c6 chiéu cao khong
16n hon 40m:
3

T,=CH* (7)
Trong do:

C=0.085 v6i h¢ khung thép khong gian
chiu m6é men, C=0.075 v6ih¢ khung bé tong
cot thép khong gian chiu mé men va khung
thép co géng 1éch tam, C =0.05 ddi véi cac hé
két cau khéc; H chiéu cao toa nha, tinh bang
m, tir mat méng hodc dinh ctia phan ctng phia
dudi.

D6i v6i cac két cau co tudng chiu cit
bang bé tong hodc khdi xay, gia tri C, trong
biéu thirc (7) c6 thé 13y bang:

C - 0.075 (8)

t e AC
Trong do:
A, tong dién tich hitu hiéu cta cac tuong
chiu cdt trong tang dau ti€n cua toa nha, tinh

bang m?;
A= Z{Aj x(o.z +(%D2] ©)

A, dién tich tiét dién ngang hitu hiéu cta
tuong chiu cét i theo huéng dang xét trong
tang dau tién ctia nha, tinh bang m?;

Voi:

[, chiéu dai cua tuong chiu cit ¢ tang
dau tién theo hudng song song véi cac luc tac
dong, tinh b?mg m, voi diéu kién: [ ,/H khong
duoc vuot qua 0.9.

b) Tinh gin ding theo so ting:

Khi chdp nhan mot sai s6 nhat dinh, c6 thé
xac dinh chu ky dao dong 7'(s) phu thudc vao
sd tang nha theo biéu thirc sau [11, 12]:

7(s)=o (10)

Vi n la s6 tang cua cong trinh.
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3. KHAO SAT DAO PONG NHA
NHIEU TANG BE TONG COT THEP

3.1. Thiét ldp bai todn khdo sdt khdo sdt
dao dong nha nhiéu tang:

Khao sat dao dong riéng cua nha nhiéu
tang théng qua viéc sir dung phan mém Etab
dé mo6 phong cac mo hinh khac nhau twong
mg cho cac hé chiu luc khac nhau gdm: hé
khung; hé khung va vach gitra két hop; hé
khung va vach goc két hop; hé khung, vach
giita va vach goc két hop. SO liéu cac bai toan
khao sat gém kich thudc tiét dién cua ciu kién
chon so b tiét tién cot theo dién tich truyén
tai, tiét dién dam chon theo kich thude nhip,
tiét dién vach chon so bd theo chiéu cao tﬁng
va dién truyén tai, chiéu day san chon theo
kich thudc 6 san 16n nhat, va tinh toan quy
ddi do cing hé theo mdé men quéan tinh hinh
hoc ctia tiét dién véi hé s6 md dun dan hoi E
ctia vat liéu bé tong ¢t thép 1a hang sd. Mat
bang két cAu minh hoa tir hinh 5 dén hinh 8
dudi day, twong mg cac bang sd liéu dau vao
cho céc cong trinh 30 tang, 20 ting va 10 tang
trong cac bang 1, 2 va 3.
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Hinh 6. Mit bang hé két céu khung va vach giita
két hop
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Hinh 7. Mit bang hé két ciu khung va vach goc
ket hop

Bang 1: S6 liéu dau vao bai toan 1 — cong trinh cao 30 ting
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29000

Hinh 8. Mit bang hé két cAu khung, véach giira
va vach goc két hop

Chu kién Cot Dém vach | Chicu | Chiéu
(mm) day san | cao tang
Ting Giira Bién Goc DI D2 D3 (mm) | (m)
T1-T5 130x130 | 110x110 | 90x90 | 80x35 | 70x30 | 60x25 | 300 120 3.6
T6-T10 120x120 | 100x100 | 90x90 | 80x35 | 70x30 | 60x25 | 300 120 3.6
T11-T15 110x110 | 90x90 | 80x80 | 80x35 | 70x30 | 60x25 | 300 120 3.6
T16-T20 | 100x100 | 80x80 | 80x80 | 80x35 | 70x30 | 60x25 | 250 120 3.6
T21-T25 90x90 70x70 | 70x70 | 80x35 | 70x30 | 60x25 | 250 120 3.6
T26-T30 80x80 60x60 | 60x60 | 80x35 | 70x30 | 60x25 | 250 120 3.6
Béng 2: S6 lidu dau vao bai toan 2 — cong trinh cao 20 ting
Chu kién Cot Dém vacp | Chicu | Chicu
day san| cao tang
X . o n . (mm)
Tang Gitlra Bién Goc D1 D2 D3 (mm) (m)
T1-T5 100x100 | 80x80 | 65x65 | 80x35 | 70x30 | 60x25 | 300 120 3.6
T6-T10 95x95 75x75 | 60x60 | 80x35 | 70x30 | 60x25 | 300 120 3.6
T11-T15 90x90 70x70 | 55x55 | 80x35 | 70x30 | 60x25 | 300 120 3.6
T16-T20 85x85 65x65 | 50x50 | 80x35 | 70x30 | 60x25 | 250 120 3.6
Béng 3: S liéu dau vao bai toan 3 — cong trinh cao 10 tang
Cau kién Cot Dam Vach | Chicu | Chitu
(mm) day san | cao tang
Tang Gitra Bién Goc D1 D2 D3 (mm) (m)
T1-T5 100x100 | 80x80 65x65 | 80x35 | 70x30 | 60x25 | 300 120 3.6
T6-T10 95x95 75x75 60x60 | 80x35 | 70x30 | 60x25 | 300 120 3.6

Két qua tinh toan mdi quan hé tan sd va
d6 cting duoc thé hién trong bang 4 dudi day

tuong tng cac bai todn 1, 2 va 3 cua cac hé két
cau chiu luc khac nhau.
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Bang 4: Tuong quan tan s6 va dg cung bai toan 1 voi cac hé ket cau chiu luc

o Bai toan 1 —30 tang | Baitodn 2 —20 tang | Baitoan 3 — 10 ting

H¢ két cau chiu luc — — —
Tan so D0 cliing Tan so Do cliing Tan so D0 cling
H¢ khung 0.34021 | 8354.57 | 0.51646 | 6000.91 | 0.93867 | 3787.46
H¢ khung, vach giita 0.34836 | 8686.78 | 0.53467 | 6355.70 | 1.08321 | 4188.94
H¢ khung, vach goc 0.36232 | 10360.32 | 0.56187 | 8776.88 | 1.18607 | 6584.76
Hé¢ khung, vach gitra, goc | 0.36955 | 10680.00 | 0.57684 | 9117.39 | 1.23155 | 6960.31

Hinh v& 9-11 thé hién biéu d6 twong quan
gitta d§ cing va tan s0 dao dong riéng cua
cong trinh cho bai todn 1, 2 va 3.

/
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Hinh 9. Tuong quan tan s6 va do cung trong bai
toan 1- cong trinh cao 30 tang
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Hinh 10. Tuong quan tan sd va do cing trong bai
toan 2- cong trinh cao 20 ting
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Hinh 11. Tuong quan tan s6 va do climg trong bai
toan 3 - cong trinh cao 10 tang

3.2. Phan tich két qua:

Qua biéu do hinh 9-11 & trén nhan thay:
Do cimg hé két cau ty 1¢ thuan voi tan s dao
dong cua cong trinh, khi d§ cing tang 1én
thi tin s ciing ting theo nhung mirc do ting
khong déng déu, phu thudc vao sb tﬁng cao,
cu thé: Pdi voi nha 10 tang, khi hé két cu
chiu Iyc tir h¢ khung chuyén sang hé khung
két hop véi vach giita va vach goc chiu luc
d6 cung cong trinh ting thém 83.8% thi tan
sO twong g tang 31.23%; Két qua twong tu
thu dugc voi cong trinh nha cao 20 tang do
climg ting 51.9% tan sb ting thém 11.7% va
v6i cong trinh nha cao 30 két qua thu dugc
cho sy bién thién tan sd ting thém 8.6% ung
v61 do cimg cong trinh tdng thém 27.8%.

Quy luat bién thién do clmg va tan s6 dao
dong ciing phu hop véi két qua nghién ciru
dugc chi ra trong két qua nghién ctru ctia Java
va cong su (2015) [13]. Bai bao phan tich tur
g6c nhin nang lugng, khi mot hé¢ c6 dd cung
cao sé& tich trir nhiéu nang lwong dan hdi hon
trong mot chu ky dao dong, dan dén kha ning
phuc hdi nhanh hon sau khi bi bién dang, diéu
nay lam ting tan s6 dao dong.

Két qua thu dugc trong phan tich nay ciing
chi ra khi sb tang cia cong trinh ting 1én, do
climg ting nhung tan sé dao dong tang cham,
diéu nay cho thdy d6 cimg két cdu khung cta
nha nhiéu tang chi phi hop véi cong trinh tir
10 dén 20 ting. Do véy v6i nhitng cong trinh
¢6 chiéu cao va s6 tang 16n hon can phai chon
giai phap két cau c6 do cung 16n hon. Két
qua nay cling dugc chi ra trong nghién ctru
cua Senel and M. Palanci [14], gidi thich tir
phuong dién dong luc hoc, khi d§ cing cao
hon ddng nghia véi lyc hdi phuc 16n hon khi
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chuyén vi ngang, ddy hé trd v& vi tri cAn bang  mb hinh Etab, nhan thiy: Két qua tinh toan tin

nhanh hon, tir d6 1am giam chu ky va ting tan
s6 dao dong.

Chang Yan va cong su [15] khi nghién ctru
vé anh hudng ctia do cing va su phu thudc
tan sd ddi v6i phan tmg dao dong cua két cdu
dang tdm ciing chi ra két luan vé viéc can phai
lga chon nhitng gidi phap két cAu chiu luc
khéac c6 do cung thich hop cho nhiing cong
trinh cao tang khi c6 ké dén do cing ngoai
mit phing cia san va vach dimg, hé két cdu
vach 161 cimg, hé két cdu hop hodc hé hdn hop
chiu lyc 1a phu hop.

Béang 5 téng hop két qua tinh toan theo
cac cong thire gan dang va két qua tinh toan tir

s6 dao dong bang phan tir hitu han c6 nhimng
sai khac so vdi cong thuc thuc nghiém, tuy
nhién khi sb tang khac nhau sai sb ciing khac
nhau, nhiing sai sé nay cang 16n khi s6 tang
cang nhiéu, va khac nhau tuy thudc vao hé két
ciu chiu luc cta cong trinh twong tng. Két
qua nay phu hop voi nhan dinh trong nghién
ctru vé tan s6 dao dong theo mo hinh dong luc
hoc cong trinh ctia Zhu va cac cong su [16].
Nghién cuu chi ra trong cac md hinh tinh,
vach cung ¢ vai tro quan trong trong viéc gia
tang d0 cing ngang cua cong trinh, tor d6 lam
giam chu ky dao dong co ban.

Béng 5: Bang so sanh tan sd ciia nha nhiéu tang tinh theo cong thirc tinh toan

TAn sé
Tang H¢ két cau
Etabs | CT4 | Af(%) | CT7 | Af(%) | CT10 | Af(%)
Hé khung 0340 | 0257 | 2439 | 0398 | 1698 | 0333 | 2.00
Hé khung, véch goc 0348 | 0261 | 25.14 | 0398 | 1425 | 0333 | 431
30
Hé khung, véch goc | 0.362 | 0.290 | 20.02 | 0398 | 9.85 | 0333 | 8.00
He khung, vach gée va | 100 | 0993 | 2074 | 0398 | 7.60 | 0333 | 9.80
vach goc
Hé khung 0516 | 0483 | 652 | 0539 | 445 | 0500 | 3.19
Heé khung, vich goc | 0.535 | 0.495 | 7.50 | 0539 | 0.89 | 0.500 | 6.49
20
Heé khung, vich goc | 0.562 | 0.599 | 6.60 | 0539 | 3.99 | 0.500 | 11.01
He khung, vich goe va | ) o7 | 0608 | 548 | 0539 | 648 | 0500 | 1332
vach goc
Heé khung 0939 | 1.105 | 17.69 | 0907 | 335 | 1.000 | 653
Hé khung, véach goc 1083 | 1.179 | 886 | 0907 | 1625 | 1.000 | 7.68
10
Heé khung, véch goc 1186 | 1.844 | 5545 | 0907 | 23.51 | 1.000 | 15.69
He khung, vich gée va | 537 | ) g5 | 53.00 | 0907 | 2634 | 1.000 | 18.80
vach goc

10
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—e—He¢ khung
—e—He¢ khung, vach ding
Hé khung,

vach ding va vach goc

—e—He¢ khung,

vach goc

30 Tang

Hinh 12. Biéu d6 twong quan giira s6 ting va tan s6 dao dong riéng

Hinh 12 twong quan giita sb ting va tan
s6 cho cac dang két cau khac nhau. Két qua
cho thidy mdi quan hé giira tin s6 va sd ting
khong phu thudc vao do cung cua hé, chi
phu thudc vao hé két cau. Khi sé ting ting
1én thi tan s6 dao dong cua cong trinh ciling
diéu chinh giam, cu thé: Khi ting sb tang tir
10 1én 20 tang thi tan s giam xap xi 2 lan;
Khi ting sb tang tir 20 1én 30 tang thi tan sb
giam xap xi 1.54 1an. Do dbc cua cac duong
bién thién trong biéu d6 ciing cho thay khi sd
tang tang 1én toc do do bién thién tan s s&
cham lai (trong trudng hop ting sb tang tur
30 1én 40 tang duong bién thién trong biéu
d6 di ngang). Két qua nay duoc 1y giai trong
nghién ctru cia S.M Noor va cong su (2019)
[17] chi ra chu ky dao dong anh hudng dén
dic tinh chuyén vi xodn trong nha cao ting
bé tong cbt thép. Két qua nay duoc phan
tich dua trén do 1éch tim vé d¢ bén va do
cimg nhu cac thong sb chinh cua hé két cau,
chuyén vi xodn véi sb ting cao s& chi phdi
chu ky dao dong co ban. Khi dién tich vach
cimg duogc bd tri tang 18n, su 1éch tam gitra
trong tdm khoi luong va trong tim do cing
s& giam, 1am giam tic dong cua chuyén vi
xoan. Nghién ctru cua Stefano (2020) [18]
cling chi ra khi tang dién tich vach cung gitp
kiém soat chuyén vi ngang ctia cong trinh, tir
d6 giam nguy co mét 6n dinh va hu hong két
ciu. Két qua nay phu hop v6i hinh v& 12.

11

4. KET LUAN

Trong nghién ctu nay, nhom tac gia da
xdy dung mé hinh khéo sat tin sé dao dong
cho cong trinh nha nhiéu ting bé tong cbt thép
v6i sb tang 10, 20 va 30 nham danh gia anh
huong cia d6 ctimg hé két cdu va chiéu cao
cong trinh dén tan s6 dao dong. Két qua phan
tich cho thay tan sé dao dong cta cong trinh
ty 1& thuan voi do cung cua hé két cau. Tuy
nhién, khi s6 ting ting Ién, tic dong cua do
cting dén tan sé dao dong giam dan. D6i voi
céc cong trinh sb ting 16n, hé két cAu khung
khong con dap ung hi€u qua, doi hoi phai lya
chon cac giai phap két cau chiu luc c6 d6 cimg
16n hon. Ngoai ra, cac cong thirc thyc nghi¢m
dé tinh toan tan s dao dong chi phu hop voi
cong trinh dudi 10 tang, sai s6 14 chap nhan
duoc so vai tinh toan.

Mo& rong nghién ctru vé cac yéu to anh
huong téi chu ky dao dong co ban trong cac
toa nha bé tong cot thép trén 40 ting can
danh gia su thay do6i ciia bat thuong chuyén
vi xo0dn trong cac tda nha cao tang véi chiéu
cao lon hon, & d6 hiéu tng dao dong bac cao
va tuong tac gitta cac tang trd nén rd rét hon.
Khi d6 anh hudng cua d cung doc truc (axial
stiffness) ctia cOt va vach cimg d6i véi dao
dong xodn, dic biét trong truong hop toéa nha
chiu tai trong dong dat, tai trong gi6 ngang 16n
can duoc xét dén.
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