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PHUONG PHAP DANH GIA DQ RUNG SAN VA XEM XET
UNG DUNG TRONG THIET KE TAI VIET NAM

Nguyén Vinh Sing'

Tém tat: Hién twong rung dong két cau cé thé gdy ra lo ngai vé mdt tam Iy cho nguoi sit dung cong
trinh nhu trieong hop nguwoi dimg trén san thao tdc tam. Ngodi ra, ciing cé thé gdy ra cdc vét nirt nhé va
ciing ¢6 thé gdy ra méi két cau do tdi trong ldp dan téi phd hiy, sdp dé né. Trong thiét ké tai Viét Nam
ciing dé cdp dén van dé nay nhir trong Tiéu chuan TCVN 6962: 2001, TCVN 6963: 2001, TCVN 7191-
2002, TCVN 7378: 2004. Cdc tiéu chudn nay chi dé cdp van dé gici han rung dong va chan dong gay
t6n hai dén nguoi. Pong thoi, dwa ra phirong phdp thwe hanh do rung dong dé xdc dinh khi cong trinh,
két cau da hodan thién chir khong dwa ra Iy thuyét d@é tinh todn, dy bdo & giai doan thiét ké. Trong bai
bdo nay, sé trinh bay phwong phdp tinh todn va phdn tich rung déng két cdu san bang phirong phdp
phan tich theo Tiéu chudn BS 6841, ISO 2631, EN 1990 va mét s6 phwong phdp tinh todn ciia cdc
nghién ciru khdc da céng bo nham danh gid, dy dodn hodc gia cuwong két cau khi rung dong vueot
nguong gdy ton hai dén sire khée, tam 1y nguoi sir dung ciing nhw phd huy két cau.

Tir khéa: dao dong, tan s6 dao dong, khdi luong dao dong, khéi luong dao dong riéng, trang thai gidi

han, cam nhén ctia nguoi.

1. TONG QUAN

Hién nay, & Viét Nam ap dung nhiéu loai két cdu
cho nha dan dung, cong nghi¢p nhu san lién hop
thép - bé tong, san thép, san bong, san xdp... dugc
thiét ké theo tiéu chuin Viét Nam hodc tiéu chuin
nudc ngoai. Béng thoi, cac thiét ké cling xem xét
dén van @€ téi uu két cu dé tiét kiém vat ligu. Thyc
té, mot s6 cong trinh khi dwa vao sir dung xay ra
hién twong rung lic gay tam 1y lo ling cho ngudi sir
dung. V& vain d& nay ciing do nhiéu nguyén nhan
nhu sai s6t khi thiét k& dan toi d6 cimg két ciu
khoéng dam bao, sir dung cac két ciu chong xoay
kém trong két cau thép, sai sot trong qua trinh thi
cong, tai trong thay d6i khi dua vao sir dung do thay
d6i cong ning... Dé khic phuc van dé nay, thuong
sir dung gia cudng két cdu bang cach ting do cimg
két cAu nhu ting tiét dién, thém cot d& phuy, thay ddi
cac lién két... Trong bai bao nay, sé trinh bay co s
Iy thuyét danh gia rung dong cia san anh hudng toi
ngudi st dung né va tiéu chi chip nhan cua hién
tuong rung nay theo ti€u chuin BS nhim ap dung
khi thiét ké két cu san tai Viét Nam.

! Phan hiéu Pai hoc Thity loi
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2. XAC PINH PAC TRUNG DAO PONG
CO BAN CUA SAN

Céc thong sb co ban cua dao dong gém tin sd
dao dong, khdi luong dao dong va luc kich thich.
Trong két cdu san ching ta xem xét cac loai tai
gy dao dong nhu do ngudi di bo, may moc, thiét
bi... Ngoai ra, van dé dao dong co thé duoc xem
xét bang hai hé: Hé lién tuc va hé roi rac bang cac
phuong phép tich phan lién tuc (1) hodac phuong
phap ma tran hay phan tir hitu han (2). Trong bai
bao nay, viéc xac dinh cac thong sb tAn sb va khdi
luong riéng dao dong dwoc thé hién bing 2
phuong phap trén.

2.1. Phwong phap tich phan lién tuc

Phuong phép nay ap dung cho cac két ciu don
gian hodc sir dung cac gia thiét nham don gian hoa
khi phan tich.

2.1.1 Tén s6 dao djng

Ung xtr cta hé lién tuc can giai quyét hé thuc
lién quan chuyén vi, van tc va gia tdc tai mot vi
tri va thoi gian nhit dinh tuong tng véi khéi
lugng, do cung cua hé va lyc tic dung ban dau.
Xét mot dam don gian co tai phan bd déu, tiét dién
khong d6i theo cong thirc sau:
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o’w o'w
m + EI =F(x,t 1
ot ox* () M
Trong do6:

m,w,ttuong ung 1a khéi luong phan b,
chuyén vi ctia dAm tai vi trf x va thoi gian t.

EI,x,F (x,t) tuong tmg 1a do cimg khéng uén
ctia dam, i trf theo doc truc dAm va ham luc tac dung

Dbi v6i dao dong tu do cta hé dan hoi, tan sb
dao dong ciia dao dong thir n™ theo hé thirc (1) 1a

w,=2rf,:
K El
=—n | = 2
S 27 \'mL* @
Trong do:

K,1a hang so phu thudgc vao diéu kién bién cua

dam & dao dong thir n™.

Bang 1. Hé s6 «,

e Heé s6 K, mg voi dang dao dong
biéu kién bién lién két
n=1 n=2 n=3
Hai dau khép 7 A7 92
Hai ddu ngam 22.4 61.7 121
Dau ngam- dau khép 3.52 22 61.7

Tir hé thie (2) va hé sé &, cho ¢ Bang 1. Doi
voi hé dam don gian chiu tai trong phan bd déu.
b vong 16m nhit va tan s tu nhién cua dao dong
duoc xac dinh nhu sau:

Do vong dam don gian:

5 mgl
= 3)
384 EI ) o

Trong d6, g la gia toc trong truong lay bang
9.81m /s’

Thay thé cong thic (3) vao cong thic (2) voi
hang s6 &; cho ¢ Bang 1: x, = 7°, ta c6 tan sd tu

nhién ciia dao dong dau tién:
f=r2a @
L s s

Trong d6, & 1a tong chuyén vi 16n nhit (mm)
cia san, dam phu, dam chinh chiu tac dong cua
tai trong nhu tinh tai, hoat tai, tudng xay, thiét
bi treo...

Ngoai ra, phép tinh toan xap xi ctia Dunkerly’s
da ching minh tir cong thire (4) ap dung dé xac
dinh tan s6 dao dong cua hé két cAu dam, san véi
1a 46 vong téng cua cac thanh phan két ciu nhu:
san, dim chinh, dim phu nhu duoi day:

1 1 1 1

e 5
ettty ©

Trong d6, f,f, va f, tuong ung la tan s
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dao dong riéng cua san, ddm phu va dim chinh.

2.1.2 Khéi lwong dao dong rieng M__,

C6 nhiéu phuong phap gan dung bang giai tich,
tich phan toan hoc, phuong phap ham dang dé xéac
dinh khéi lugng dao dong riéng cho tirmg dang dao
dong c6 thé tai liéu tham khao trong bai bao nay
hodc cac tai lidu vé dong luc hoc két cAu vé xac
dinh khdi luong dao dong riéng ctua mot s6 két
ciu dam, san dién hinh.

2.2. Phwong phap phan tir hitu han

Hién nay phuong phap phan tir hiru han (FE)
sir dung rat rong rdi nho sy phat trién cia khoa
hoc cong nghé may tinh. Phuong phap nay cho
phép xéac dinh cac thong sé dao dong cho cac hé
phirc tap nhu hé san vom, cong, ¢ 6 trong... bang
cach sir dung cdc phan mém phd bién hién nay
nhu SAP2000, ETABS, STAPRO...

Quy trinh xac dinh tan s dao dong va khéi
lurong dao dong riéng trong ETABS nhu sau:

+ Khai bao vat liéu, tiét dién ciu kién cot,
dam, san

+ Mb hinh hoa két cAu dam, san, cot va cac
lién két

+ Khai bao cac tai trong, gan cac tai trong, khai
bao khdi lwong dao dong tu dong

+ Xuét tin s6 dao dong riéng tir chuong trinh
trong bang: Analysis Results/ Structure Output/
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Modal informations/ Modal Periods and
Frequencies.

+ Xuét khéi lugng dao dong riéng f, tur
chuong trinh trong bang: Model
Definition/Other Definitions/Mass Data/Table:
Mass Summary by Story. Ly gi4 tri UZ 1a khdi
lugng dao dong cua san.

+ Trong thanh phin UZ lay hé s6 khéi lugng
tham gia dao dong ctia tung dang dao dong (1) tu
bang: Analysis Results/ Structure Output/ Modal
informations/ Modal Participating Mass Ratios,

Khdi lwong dao dong riéng:

M, ,, =M xr(kg) (6)

Trong d6, M 1a khéi lwong tong cua san do
trong luong ban than dim san, cac 16p céu tao va
hoat tai, tinh bang (kg).

2.3. Luec kich thich dao djng

Cac luc kich thich dao dong trén san cé thé
xem xét nhu do nguoi di by, do nhay khiéu vii,
thiét bi may moc... Trong bai béo nay, ta chi khao
sat truong hop do nguoi di b trén san gay ra.

Pac tinh cua di bo trén san

Pbi véi cac tac dung dong khac nhau cua tai
trong 1én san can tuyét d6i tranh cong hudng dao
dong. Bing cac phuong phap do cho két qua tan
s6 do di bo trén san cua nguoi khoang 1.5 Hz dén
2.5 Hz. Trong thiét ké co thé sir dung tan s do di
lai dugc 14y thdp hon va trong khoang:

1.8Hz < f, <2.2Hz (7)

Quan h¢ gitra tan s6 f,va van toc v do di bd

c6 thé xAp xi theo hé thirc nhu sau:
v=1.671 —483f, +450,1.THz < f, <2.AHz (8)

Trong d6,v 1a van tbc (m/s%)

3. TIEU CHi PANH GIA THEO TIEU
CHUAN BS

3.1 Nhién thirc ciia con nguoi vé dao dong

Ty trong tan so:

Cac tiéu chuan ISO 2631, BS 6472 va BS
6841 hién hanh, mo ta dnh hudng tam 1y cua con
nguoi do dao dong cua san gay ra. Sy phu hgp cua
san dugc so sanh vai cac ti€u chi duogc chép nhan.
Ngoai ra, tdm 1y khac nhau ctia con nguoi trong
cac hoan canh, cong viéc khac nhau cling khac
nhau nhu ngudi diéu khién may, ngdi van phong
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hodc xem thé thao va tiéu chudn ciing ap dung dé
danh gia cho cac tinh hudng khac nhau nay. C6
nhiéu cach dé do duge cuong do cua dao dong va
phuong phap do gia toc phd bién do d& sir dung
hon. Do @6, nhiéu tiéu chuan hién dai mo ta anh
huong dbi véi con ngudi do dao dong théng qua
gia tbc RMS hon 1a van téc hodc chuyén vi. Gia
toc RMS duoc st dung thay thé cho gia toc dinh
vi n6 biéu thi tét hon dao dong theo thoi gian,
dong thoi dinh cta cac phan ung thap khac ciing
khong quan trong.

Gia tri co sé cua gia tdc c6 thé biéu thi su
phu thudc theo ting hudng ddi v6i ngudi va hé
théng toa d6 co ban dugc thé hién trén Hinh 1.
(truc Z twong tng véi cot sdng cua con ngudi).
Gia tri co s& cao hon ddi véi dao dong truc Z so
voi truc X hoac Y (nghia 1a dao dong truc X, Y
dé nhan biét hon)

Z

Supporting
surrace

Supporting
surrace

Hinh 1. Huéng dao dong theo Tiéu chudn
1SO 2631, BS 6472 va BS 6841

Cam nhan dao dong cling phu thudc vao tan s
do con ngudi cling nhay cam thay doi cua bién do
dao dong vaéi tan sé cua dao dong. Sy cam nhan
dao dong co thé duoc tinh dén béng cach lam
giam phan tng tinh toan (d6i v6i tan s6 kém nhay
hon) hodc nang cao gia tri co sé. Bién do giam
hoac tang duogc goi 1a ty trong tan sd.

Gia tri ty trong tan sd dugce dua ra trong ti€u
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chudn BS 6841 va ISO 2631. Puong cong ty
trong khac nhau phu thudc vao phuong dao dong

va tac dong, duoc trinh bay trong tiéu chuén BS
6841 ¢ Bang 1, Hinh 2 va Hinh 3:

Bang 1. H¢ s ty trong ap dung cho thiét ké san

. R . A Duong cong ty trong
TC na T a n Loai cam nhan ;
Chtrc nang san ruc dao dong 0aic : theo BS 6841
KAhu lé‘?} Vléc‘ nh}r: Truc Z Bing mit, tay Wg
bénh vién, nha hat, -
phong thi nghiém. .. Truc X hodac Y Cam giac Wwd
Chung cu, van phong, Truc Z Kho chiu Wb
phong ngg... Truc X hodac 'Y Kho chiu wd
Nha xuén Truc Z Kho chiu Wb
i Truc X hodc Y Khé chiu wd
L !
8 5 1
8 5 g
2 2 8
= = 2
013 10 0 O 70 700 01 1 100
Frequency (Hz) Frequency (Hz) Freqguency (Hz)
W, Weighting Wy Weighting W4, Weighting

Hinh 2. Duong cong ty trong Wg va Wd
theo Tiéu chudn BS 6841

Cac duong cong duogc trinh bay trong Hinh
2 va Hinh 3 duogc biéu thi biang cic phuong
trinh sau:

Ty trong W, cua dao dong truc Z

W=05f; 1Hz<f<4Hz
W=l 4Hz < f <8Hz 9)
W=§ f>8Hz
f
Ty trong W, ciia dao dong truc Z
W =0.5; 1Hz < f <2Hz
W=€; 2Hz< f <5Hz
W =10 SHz< f<16Hz (10)
=E; f>16Hz
f
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Hinh 3. Puong cong ty trong Wb
theo Tiéu chudn BS 6841

Ty trong W, ciia dao dong truc X va 'Y

W=10;, 1Hz<f<2Hz
WZ% f=2Hz (ih

Dao dong khong lién tuc:

Noi chung, cac hoat dong di lai ban chét tu
nhién 1a khong lién tuc. Ddi voi cac dao dong
khéng lién tuc, phép do lity ké cua phan g cho
dd tin cay cao hon phuong phdp xac dinh dung
sai. Tiéu chuan BS 6472 va ISO 10137 dua ra
cach xac dinh dao dong khong lién théng qua
gia tri litu rung VDV(vibration dose values),
mod td mirc do rung dong khong lién tuc trong
thoi gian ngin. Piéu nay cho phép muc do dao
dong cao hon ngudng cac dao dong lién tuc co
thé xay ra. Biéu thirc chung vé tri s6 VDV duoc
mo ta:
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T

VDV=UaW(t)4dtj

0

(12)

Trong do6:

VDV 1a gia tri liéu rung (m/s"")

a,(t) 1a ty trong gia toc (m/s?)

T 1a tong thoi gian trong ngay ma dao dong co
thé xay ra (s)

BS 6472 huéng dan tinh gia tri VDV & cac mic
d0 cam nhan bat loi khac nhau & cac cong trinh dan
dung va cong nghiép trong thoi gian ca ngay lan
dém. Phuong phiap VDV gitp nhan biét va cai
thién kha ning vé dao dong ctia san phai can c6 su
khdi hop nhiéu bén trong qua trinh thiét ké: kién
trac, chu dau tu, két cau... dé xac dinh cong ning
va thong sd két cu ban dau. Phuong phap niy c6
thé st dung trong thiét ké tong thé nhim danh gia
cac bat lgi do dao dong co thé xay ra.

3.2. Tiéu chi danh gia

Rét nhiéu nghién ctru da duoc thuc hién va cac
tiéu chuin quéc té ciing da thé hién dé danh gia
phan tng cia nguoi dbi voi cac dao dong. Tiéu
chudn BS 6472 da danh gia nhiéu tac dong gay ra
rung dong trong cac cong trinh dan dung va cong
nghi€p, gidi han an toan cta cudong d6 dao dong
dugc thé hién theo dudong cong co s& Tan sb - Ty
trong cung nhiéu yéu t tac dong.

Cac duong cong co s& cho dao dong theo
huong truc Z va truc X, Y duogc léy tr cac gia tri
CO SO sau:

a_=5x10"m/s* ddivéidao dong theo truc Z

rms

a =3.57x10"m/s* dbi voi dao dong truc

rms

XvayY

Cac gia tri co sO nay duoc st dung vai cac hé sb
ty trong Wg va Wd dé dua ra cac duong cong co s¢
nhu trong Hinh 4. Puong thé hién cho mét hang sb
cam nhan cua nguoi goi 1a dudong kha ning chip
nhan dugc. Khu vuc phia trén duong nady tuong
g véi mirc d gia ting cam nhan cta nguoi vé
dao dong, khu vuc bén dudi biéu thi dao dong
khong chdp nhin duoc d6i voi ngudi (giy kho chiu
vuot muc cho phép, tam 1y lo s¢ cho nguoi).

[ — 1

0.1+

mms acceleration (m/s?)
rms acceleraton (mis?)

0.001 100 0,001 0 100
Frequency (Hz)

10
Frequency (Hz)

z-axis base curve X-, y-axis base curve

Hinh 4. Puong cong co sé doi véi cam nhédn dao
dong theo BS 6472

Dao dong lién tuc:

Dao ddng lién tuc thuc té khong phé bién, dai
dién cho truong hop xdu nhét co thé xay ra. Co
nghia 1a khi thiét k& chi thiét k& cho mot trudng
hop cuc bo nhét dinh. Theo tiéu chuan BS 6472 va
ISO 10137 thé hién hé sb phéng dai cho cac
duong cong co so bdi dao dong li€n tuc, tuong
g voi x4c suat thip cam nhan bét loi. Cac hé sb
phong dai nay duogc trinh bay trong Bang 2.

Bang 2. Hé s6 khéch dai theo BS 6472 cho nhén xét xac suit bat loi thap

Hg¢ 56 khéch dai voi Luc kich thich dao
Vi tri, chiric nang Thoi gian dao dong lién tuc dong t(}i da 3 lan
16h ngay va 8h dém xuat hién
KAhu la.nAl V1¢C‘l’lh1’l'1 Ngay 1 1
bénh vién, nha hat,
phong thi nghiém. .. bém 1 1
Ngay 2dén4 60 dén 90
Chung cu Pém 14 20
« \ \ n Ngay 4 128
Van phong lam viéc Pém 1 123
N Ngay 8 128
Nha xuong Pém 8 128
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Trong thuc té, hé s6 phong dai sir dung gia tri
gi6i han ciia hé s phan ung tinh toan. Trong do,
hé s6 phan tng dugc xac dinh thong qua tinh toan
gia tc ty trong RMS chia cho gia tri co s¢ twong
tmg. Nam 1989, d& xuit cua tac gia Wyatt (SCI

P076) cac yéu td tac dong trong mot sé moi
truong cao hon gia tri & Bang 2 va tac gia da dé
xuit hé s6 phong dai bang 8 s dung cho vin
phong, céac gia tri nay dugc thé hién & Bang 3 c6
thé sir dung trong thiét ké.

Bang 3. Hé s6 khéch dai ciia mdt ngudi gy ra

Vi tri, chirc ning Hé s6 khéch dai v6i dao dong lién tuc
Vian phong 8

Khu mua sim 4

San giao dich 4

Cau thang — hoat tai nho (vin phong...) 32

Cau thang — hoat tai 16n (nha cao tang, sin van 24

dong...)

H¢ 56 liéu rung VDV

Dao dong khong lién tuc:

BS 6472 di dwa ra huéng dan tinh toan gid tri
liéu rung VDV dé danh gia mirc d6 chap nhan cua

dao dong khong lién tuc va dua ra gi6i han vé gi6i
han chép nhan dugc theo Bang 4. Bai bdo nay st
dung phuong phap nghién ctru cua Ellis dé xac
dinh tri s6 VDV.

Bang 4. Gia tri liéu rung VDV dbi v6i dao dong theo truc Z theo BS 6472

o Cam nhén van & bat | Cam nhan bat lgi co Cam nhan bat 1oi c¢6
Vi tri, chltc nang L R L
loi thap thé the xdy ra
Nha cao tang, 16h ngay 0.2 @n 0.4 0.4 3n 0.8 0.8 ¢én 1.6
Nha cao tang, 8h dém 0.13 0.26 0.51

4. KET LUAN VA KIEN NGHI

4.1. Két luin

Bai bao trinh bay co so 1y thuyét danh gia d6
rung san theo tidu chuan BS d6i véi anh huong
dén tam 1y nguoi st dung. Ddi véi cac san vuot
nhip 16n nhu san thép, san lién hop thép — bé tong,
san bong, Panel 3D... st dung d& thiét bi may
moc, thiét bi gdy rung, khiéu vii, sin khiu hay du
khan san van dong can xem xét danh gia dao dong
san ¢ giai doan thiét ké.

C6 nhiéu phuong phap phan tich dic trung dao
dong cua san. Nhung nén sir dung phuong phap
phan tir hiru han (FE) dé phan tich cic dic trung
két cAu cua san nhu khéi luong dao dong riéng,
tan s6 dao dong riéng... roi ap dung phuong phap
danh gia theo tiéu chudn BS dé xem xét muc do
cam nhan do rung san cia nguoi st dung.
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Luc kich thich giy dao dong dbi véi san
ngoai do ngudi hoat dong can danh gia cac tac
dong do thiét bi, may moc... dbi voi ting chirc
nang cua san.

4.2. Kién nghi

Nghién ctru nay trinh bay tong quat 1y thuyét
co ban danh gia rung dong san theo tiéu chuin
BS va cac nghién ciru khac. S& 1a tién dé dé cac
nghién ctu sau nay s€ ap dung cac truong hop
két cdu san nhip 16n st dung nhu san két cau
lién hop thép — bé tong, két ciu thép, vat lidu
nhe nhu: Panel 3D, san xdp, san bong sir dung
d5 thiét bi may moc, khiéu vii, san khiu, du
khan san van dong... cu thé va vi du s dé danh
gid va thuc hanh muc d¢ anh huong dao dong
san ddi voi ngudi st dung.
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Abstract:
METHOD OF EVALUATING FLOOR VIBRATION
AND CONSIDERING APPLICATIONS IN DESIGN IN VIETNAM

The phenomenon of structural vibration can cause psychological concern for the user of the
construction of works like the case of people standing on the temporary working floor. In addition, it
can also cause small cracks and can also cause structural fatigue due to the intermittent loadleading to
its demolition and collapse. The design in Vietnam also refers to this issue as in TCVN 6962: 2001,
TCVN 6963: 2001, TCVN 7191-2002, TCVN 7378: 2004. These standards only address the vibration
limit and concussions are damaging to people. At the same time, offering a method of vibration
measurement to determine when the works and structures have been completed rather than giving the
theory to calculate and forecast at the design stage. In this paper, the method of calculating and
analyzing floor structure vibration will be presented by the method of analysis according to BS 6841,
ISO 2631, EN 1990 and calculation methods of other researches. Statement to evaluate, predict or
strengthen the structure when vibration exceeds the threshold to harm the health, psychology of users as
well as destroy the structure.

Keywords: vibration, vibration frequency, mass, modal mass, limiting state, human perception.
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