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Tém tat

Nghién cifu nay trinh bay phuong phap va quy trinh xi 1y dit liéu tit thi nghiém do dao dong mot tAm san bé tong ting huc
trude cing trudc mot phuong. MAu thi nghiém 1a mdt ban san du tng luc nhip don gian dai 3m. Trén bé mit san, hé luéi do
dao dong gdm 33 cam bién gia tbc dugc bd tri thanh 3 hang, méi hang ¢6 11 cam bién. TAm san dudc kich thich dao dong
bing biia cao su va tin hiéu dao dong dudc ghi lai thong qua hé thdng thu thap dit liéu NI. Quy trinh xit ly tin hiéu dugc thuc
hién bing ky thuét phan tich trén mién tin s& (FDD) dé xac dinh tan sb va dang dao dong udn ciia san. Ngoai ra, nghién
ctiu con khao sat anh hudng ciia mat do cam blen dén do chinh x4c clia dang dao dong. Két qua thy rang, véi phep do 33
cam bién, ba tan sb riéng va dang dao dong udn cilia san thu dudc tir thi nghiém cé tuong quan t&t véi mod phéng sb khi sai
léch vé tin s6 dao dong khong vuct qua 4% va chi s6 MAC cilia dang dao dong thid nhit 16n hon 99%. Tuy nhién, khi sb
cam bién giam di thi d6 chinh x4c, dd mugt ciia cac dang dao dong gidm nhanh dic biét 13 dang dao dong bac cao.

Tir khod: thi nghiém do dao dong; san ting luc trude cing trude; FDD; tin s6; dang dao dong.

DETERMINATION OF THE DYNAMIC CHARACTERISTICS OF A PRE-TENSIONED PRESTRESSED
CONCRETE SLAB USING VIBRATION MEASUREMENTS
Abstract

This study presents the methodology and data-processing framework for vibration measurements performed on a one-
way prestressed concrete slab. The experimental specimen was a simply supported prestressed slab with a span of 3m
instrumented with a grid of 33 accelerometers arranged in three rows of eleven sensors. The slab was excited using a
rubber hammer, and the vibration responses were recorded through a National Instruments (NI) data-acquisition system.
The signals were processed using the Frequency Domain Decomposition (FDD) technique to extract natural frequencies and
flexural mode shapes, and the influence of sensor density on the accuracy of the identified mode shapes was also examined.
With the full 33-sensor configuration, the first three natural frequencies and corresponding bending mode shapes showed
good agreement with numerical simulations, with frequency discrepancies below 4% and MAC values above 99% for the
first mode. However, reducing the number of sensors led to a noticeable decline in the accuracy and smoothness of the
identified mode shapes, particularly for higher-order modes.

Keywords: vibration measurement; pre-tensioned prestressed concrete slab; FDD; natural frequency; mode shape.
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1. Gidi thiéu
Céc tam san bé tong dng luc true cing trude dude st dung rong rai trong cac cong trinh nha
cong nghiép va lap ghép nhd kha ning vuot nhip 16n, gidm d6 vong va han ché nit. Tuy nhién, theo
thoi gian két cAu c6 thé bi hu hong do nhiéu nguyén nhan khac nhau nhu t6n hao ting luc, tif bién, co
ng6t, qua tai hay chdy nd. Diéu nay 1am anh hudng dén do ciing ctia sin va tudi tho cong trinh. Tir
do6, dit ra yéu ciu vé ddnh gid hién trang stic khode ctia két cAu dé€ dua ra cac gidi phdp xi ly kip thoi
nham phong chéng nguy co sup d6 va dam bao thdi gian st dung. Panh gi4 stic khée cong trinh bang
phuong phap dao dong cho thiy nhiéu wu diém ndi bat so v6i phuong phdp tinh thong thudng vi dem
lai két qua nhanh chéng, ton it kinh phi, thi cong dé dang, ddm bao do tin ciy va dic biét khong gy
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tac dong 16n 1én cAu kién [1]. Phuong phap niy c6 thé danh gia dudc do ciing tdng thé, cac hu hong
cuc bd dua trén su thay déi cac dic trung dong nhu tan sb hay dang dao dong [2, 3].

Trong danh gia két cAu bang phuong phap do dao dong, tiiy thudc vao miic dd hu héng ciia ciu
kién, muc tiéu nhan dang va trang thiét bi c6 sdn ma ta c6 thé chi can xéc dinh tan s6 dao dong hoic ca
tan s va dang dao dong ctia két cAu. Tan s6 dao dong rat nhay véi do cing tng thé ctia két ciu. Dong
thdi, viéc xdc dinh tham s nay tuong d6i dé dang c6 thé chi can mot cam bién gia toc v6i ky thuat
xt ly don gian bang phép bién ddi FFT (Fast Fourier Transform). Mot s6 tic gia trong cac nghién ctiu
thuc nghiém [4—6] da x4c dinh tan s6 dao dong riéng ctia dAm ting luc trudc d€ khao sit anh hudng
clia t&n hao tng luc trong cp. Noble va cs. [7] xdc dinh tan s6 dao dong clia dam wng luc trude dé
d4nh gia anh hudng ctia d6 1éch tam cdp, tuy nhién két qua chua thé hién quy luat rd rang. Cu Viét
Hung va cs. [8] nghién cifu xac dinh tin s6 clia dim cau An Thuong tiét dién chit I sit dung vat liéu bé
tong siéu tinh ning UHPC v6i mot dau do gia tc dit & gitta nhip. Tuong tu, Ercolani va cs. [9] tim
kiém hu hdng do niit ctia dam ting luc trudc cing trudc bang do tan s6 dao dong. Bén canh d6, nhém
tac gid Jaini [10] st dung 15 cdm bién gia toc dé xdc dinh tan s6 dao dong clia mot sain Composite
trong lugng nhe d€ khao st anh hudng ctia chiéu day san dén tan s6. Trong khi d6, nghién ciiu clia
Allahyari va cs. [11] chi st dung 1 cAm bién gia téc dé x4c dinh tan sd clia tAm san lién hop bé tong —
thép c6 chiéu day 0,094 m.

Tuy nhién, ddi véi cac két cAu hu hdng nhé chi dua vao su thay ddi tn s6 dao dong 14 khong di dé
nhan dang va thong tin ndy ciing khong thé xdc dinh dudc cdc hu hdng cuc bo. Do d6 céc thi nghiém
xé4c dinh dang dao dong dudc thuc hién. Nghién ciiu ctia Kim va cs. [12] sit dung 7 cdm bién gia tdc
cach nhau 1 m d€ x4c dinh bdn tan sb va dang dao dong udn ciia két cAu dam bé tong ting luc trudc
tiét dién chit T nhip 6 m. Bing cich danh gi4 su thay d6i ctia dang dao dong nhém tac gia xac dinh vi
tri hu hdng trén dam khi dit vat niing 1én. Tuong tu, nhém tic gia Alfredo [13] st dung 20 cdm bién
gia tc bd tri déu trén bé mit dim chif nhat dai 6 m d€ xac dinh hu hdng do t6n hao dng luc trong cép.
Trong khi d6, nghién ctiu ctia Unger va cs. [14] lai st dung 74 cam bién dé nhan dang hu héng cta
dam tng luc trude. Gandelli va cs. [15] tim kiém hu hdng trén hai dam tng luc trudc tiét dién chit 1
nhip 10 m c6 vét niit do cit va udn bang tan s6 va dang dao dong do dugc khi sit dung 5 cim bién gia
téc. Ngoai ra, Duong Huong Nguyen va cs. [16] nghién ctu st dung 15 cam bién gia toc xéc dinh tan
s6 va dang dao dong ctia ban thép nham danh gia hu hong. Ferreira va cs. [17] nghién citu thuc hién
xéc dinh ba tin s6 va dang dao dong udn clia hai sin bé tong cdt thép mot phuong day 0,08 m dé nhan
dang hu héng do niit. Thi nghiém dong dugc thuc hién bang cich sit dung biia xung c6 cam bién luc
va kich thich dao dong tai nhiéu di€m trén san. Bén canh d6, Lé Thanh Cao va cs. [18] nghién cifu
su thay ddi vé tan s6 va dang dao dong clia san bé tong dé chin doan vét niit san bang phuong phap
mo6 phong s6. Nguyén Hudng Duong va cs. [19, 20] da xdc dinh vi tri va chan doan hu héng ctia mot
san thép lam viéc mot phuong st dung tan sb, dang dao dong biang phuong phap ma tran d6 mém va
dudng cong dang dao dong hai chiéu.

Qua cdc nghién cifu trén, c6 thé thay ring dbi v6i két cau ting luc trudc cac nghién ciiu chi yéu
tap trung vao phan tich dao dong clia ciu kién dim mdt chiéu (1D). Déi vé6i két cAu san lam viéc
mot phuong dang phang hai chiéu (2D) thi chua c6 phan tich dong cho san ting luc trude cing trudc.
Viéc luya chon s6 lugng va bd tri cdm bién phu thudc vao thoi gian, trang thiét bi thi nghiém va déng
vai tro quan trong trong xac dinh do chinh xac cia dang dao dong. Tuy nhién, trong cac nghién ciu,
4nh hudng ctia mat d6 cidm bién van chua dugc xem xét 16 rang. Ngoai ra, cdc nghién cifu thudng tap
trung vao két qua va it d cap dén qua trinh xt ly dit liéu sau thi nghiém. Vi vy, bai bdo niy trinh bay
chi tiét quy trinh thi nghiém, xt 1y dif liéu d€ xac dinh tan s6, dang dao dong ctia két cAu san ting luc
trude cing trude bang ky thuat phan tich FDD (Frequency Domain Decomposition). Bén canh d6, mo
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hinh s ciing dudc xay dung dé so sanh vdi két qua thuc nghiém. Pong thdi, mot khao sit anh hudng
ctia viéc giam sd lugng cam bién dén do6 chinh xdc ctia dang dao dong dugc thuc hién. Mot tham sb
quan trong dudc st dung dé nhan dang hu hong ctia két ciu.
2. Thi nghiém do dao dong
2.1. Mdu thi nghiém

Mot tim san bé tong ting luc trudc cing trudc c6 kich thude chiéu dai 1a 3000 mm, rong 1a 400
mm va day 1a 50 mm dudgc ché tao tai phong thi nghiém va ki€ém dinh cong trinh trudng Pai hoc Xay
dung Ha Noi v6i mit cat ngang thé hién & Hinh 1(a). Ban san st dung bé tong cudng do cao c6 f!
= 52 MPa. C6t thép doc 1a ba thanh thép cudng do cao dudng kinh 5 mm, dit cach nhau 150 mm va
cach mit duéi cta san 12 15 mm. C6t thép ngang c6 dudng kinh 6 mm, dit cach nhau 300 mm va
co f, = 240 MPa. Thi nghiém kéo thanh thép cuong d6 cao dudc thuc hién bing may kéo van ning
INSTRON 5985 tai phong thi nghiém stic bén vt liéu dugc thé hién & Hinh 1(b) cho cudng do kéo
dut f,, = 1900 MPa, cudng do gi6i han chay 14y theo quy udc 0,2% bién dang f,, = 1650 MPa va mo
dun dan hdi E,, = 150 GPa. Miic d ting lyc trong mdi thanh thép doc du kién 12 0,3 f,,. Ung luc trong
cac thanh thép dudc theo ddi bdi thiét bi thu thap s liéu dién ti Digital Data Logger P3 thong qua
cdc cam bién bién dang (Strain gauge) gin trén céc thanh thép. Két qua cho thiy ting luc trong mbi
thanh thép 13 10 kN. MAu san thi nghiém sau khi d6 bé tong va thiét bi Digital Data Logger P3 dudc
minh hoa & Hinh 1(c).
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(c) MAu thi nghiém san sau khi dé bé tong

Hinh 1. TAm san dng lyc trudc cing trudc

2.2. Thi nghiém do dao dong
a. So dd bb tri thiét bi do

TAm san ting luc trude cing trudc dudc ké trén cdc gbi tua don, bé miit clia san dudc vé sinh sach
sé. Sau d6, thuc hién dinh vi, 1am nhén, sach cac diém do va gan cam bién gia téc vao cac vi tri. Tir d6
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qué trinh thu thap dif liéu dudc tién hanh véi cic thiét bi do dugc bd tri nhu Hinh 2. D€ thu dudc tin
hiéu do dao ddong, ban san dugc kich thich dao dong co hoc bing bia cao su. Cac cam bién gia toc c6
trong lugng 7,8 g va do nhay trong khoang 10,13 — 19,5 mV/m/s? ¢6 vai trd chuyén d6i dao dong co
hoc thanh tin hiéu dién nhd mot khdi lugng quan tinh bén trong cam bién. Tin hiéu dién tif cac cdm
bién dugc truyén qua dy tin hiéu t6i bo thu tin hiéu NI (National Instruments). Tai ddy, hé thong NI
sé loc nhiéu, khuéch dai tin hiéu dién va chuyén tin hiéu nay thanh tin hiéu theo thdi gian véi tan sb
14y mAu dudc x4c dinh trudc. Dang tin hiéu theo thdi gian clia ting cidm bién dudc thu thap va ghi lai
bing may tinh thong qua day cap két nbi.

Cam bicn gia toc

R 1
A - A
\

Hinh 2. So d6 b tri thiét bi do dao dong tAm san

b. Thi nghiém do dao dong

Ban san lam viéc mot phuong nhung & dang phang hai chiu, din dén khi san dao dong cé thé
xuét hién udn ngang hoic xoan do anh huéng ctia diéu kién bién, su phan b6 khdi lugng va tinh khong
ddi xiing hinh hoc. Do d6, viéc do dao dong theo mot dudng mot chiéu khong thé phan dnh day di
dic trung khong gian ctia dang dao dong. Vi vy, bé mit san dugc bd tri 33 cam bién vé6i 3 hang,
moi hang 11 cam bién nham thu dang dao dong trén toan san. Khoang cach giita cac cam bién theo
phuong doc 1 0,28 m ddm béo dang dao dong thu dudc c6 di dd min, thé hién r6 hinh dang cong clia
san, bao gom vi tri bién d6 16n va cc viing bién ddi nhanh cia dang dao dong. Pic biét 1a cic dang
dao dong bac cao khi so sanh véi md hinh s6. Véi s6 lugng cam bién c6 han do d6 can thuc hién 3
t6 hop véi ba diém tham chiéu ctia 13 cAm bién. Vi tri bd tri cdc cdm bién & cdc t6 hop 1, 2, 3 va ba
diém tham chiéu 12 9, 14, 29 dudc thé hién & Hinh 3 va Bang 1.

Bang 1. So d6 bd tri cac cam bién gia tbc & mdi t6 hop

Dau do gia toc thi

T6 hop
1 2 3 4 5 6 7 8 9 10 11 12 13
1 1 2 3 4 5 6 7 8 9 10 11 14 29
2 9 12 13 14 15 16 17 18 19 20 21 22 29
3 9 14 23 24 25 26 27 28 29 30 31 32 33
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(a) B& mit san

(b) T6 hop 1 (c) T6 hop 2 (d) T6 hop 3

Hinh 3. Vi tri cac cdm bién trén bé mit san

TAm san dugc ké 1én gbi tua cd dinh va gdi tua di dong v6i khoing cach tit cac gbi tua dén dau
san 12 100 mm. Sau d6, tim san dudc vé sinh sach sé va dinh vi so bd tit ca vi tri cim bién bang phin
trang. Toan bd vi tri gin cam bién dudc mai phing, nhin biang mdy mai cAm tay dé gidm dnh hudng
do nhiéu va dudc danh diu lai bang biit mau. Thuc hién 1an do thit nhit véi t& hop 1, sb thit ty danh
trén san dudc ghi tring véi sb trén cac cam bién d€ tranh nhim 14n. Pau tién, gin dé cim bién vao
cdc vi tri dinh vi & t6 hop 1 trén bé mit san bang mot 16p keo 502 méng. Sau khi lién két dam bao,
cam bién dudc gin vao dé, dong thoi day két n6i gitta cam bién va bd thu tin hiéu dugc lap dé xi ly
va ghi dif liéu vio mdy tinh. Tiép theo, thuc hién kiém tra tin hiéu dau vao trén may tinh & cic cng
két ndi ctia bo thu tin hiéu. Thi nghiém dudc bat dau bing cach dung biia cao su gd vao mot vi tri bat
ky trén san mot 1an duy nhét trong mdi 1an do. Tan s6 1iy mau F = 2560 Hz. Thai gian 1iy mau cho
mdi 1an do 14 200 gidy dam bao du dai dé thu toan bo céc tin hiéu dao dong tu do ctia san sau khi kich
thich, dong thdi ting do phan gidi phd, giam 4nh hudng ctia nhiéu lam tin hiéu thu dudc 6n dinh hon.
Thuc hién 5 1an do véi t& hop 1 d€ tranh cac sai sb, thong thudng két qua cia lan do thii nhit sé loai
b6 do nhiéu. Két qua mdi l1an do 13 mién thdi gian & tiing cam bién dudc Iuu vao mdy tinh. Tiép tuc
thuc hién do dao dong san vdi t& hop 2, dau tién thiao dé, cam bién & t6 hop 1 va vé sinh sach sé céc
dé, vi tri tham chiéu bi dinh keo 502. Sau d6, thuc hién lai cic budc trong 1an do thit nhit. Cudi cliing,
thuc hién do san véi t6 hop 3 nhu 1am & t& hop 2 va két thiic do dao dong san. Thi nghiém dudc thuc
hién trong phong véi nhiét d6 va d6 4m 6n dinh nén c6 thé bd qua anh hudng clia cic tham sé nay dén
két qua do.

3. Xu ly tin hiéu do dao dong
3.1. Ly thuyét FDD

Phuong phédp phan tich trén mién tan s6 FDD la mot ky thuat nhan dang dang dao dong chi sir
dung dif liéu dau ra dudc st dung rong rii trong viéc phan tich tin hiéu dao dong thuc nghiém. FDD
cho phép x4c dinh tin sb va dang dao dong dua trén dif liéu do tai cdc vi tri cAm bién gia toc trén két
cAu ma khong can biét luc kich thich. Phuong phép 1an dau tién dudc dé xuit béi Brincker va cs. [21].

Xét mot hé dao dong chiu tac dung ngiu nhién y(¢). Moi tin hiéu dao dong y(¢) thu dudc trén két
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chu déu c6 thé dugc biéu dién dudi dang t6 hop clia cic dang dao dong riéng thé hién & cong thic (1).
n
YO = ) degu(®) (1)
k=1

trong d6 y(¢) 1a tin hiéu mién thoi gian do dudc & cam bién; ¢ 12 dang dao dong thif k; g, (¢) 12 vecto
cOt cua hé truc toa do riéng.

Sau d6, tin hiéu mién thoi gian thu dugc tai cic cam bién sé dudc chuyén sang mién tin s6 bing
phép bién d6i Fourier trinh by & cong thiic (2) hoic (3).

+00

Y(w) = f y(t)e™“'dr  khi tin hiéu lién tuc 2)
N-1 .

Y(wi) = Z y(n)e /" khi tin hiéu roi rac (3)
n=0

trong dé Y(w) 1a tin hiéu mién tan sd do dudc & cam bién; w 1 tAn s6 gbc; y(n) 12 tin hidu mién thoi
gian rdi rac; N 1a s6 diém dit liéu trong mién thdi gian.

Két qua mién tan sb xdc dinh tif cong thiic (2) hoic (3) dudc st dung trong tinh todn ma trin mat
do phd cong suét PSD (Power Spectral Density). Ma tran PSD cho biét ning lugng va tuong quan dao
dong ctia tit ca cdc cam bién & mot tan sb dao dong. Ma tran PSD ctia m cam bién dudc viét dudi
dang sau:

St S12 . Sim
Salw = |2 S2 o S 4)
Sl Swz o Sum
Sii(wp) = Yiwp)Yi(wp) (5)
Sij(wi) = Y)Y j(wy) (6)

trong d6 S ;i(wy) 1a ndng lugng dao dong clia cam bién i & tan sd goc wy; S;;(wy) 1a tusng quan dao
dong gitta cam bién i va cdm bién j & tan s6 goc wy.

Sau khi tinh todn dudc ma trAn mat do phd cong suit PSD tai ting tan sd géc wy, ta thuc hién
phén tich gid tri ky di SVD (Singular Value Decomposition) dé xdc dinh dang dao dong chiém uu thé
tai tiing tan s6, t d6 nhan dang tan sd riéng va dang dao dong ctia két cAu. Phép phan tich SVD dugc
biéu dién bdi cong thic (7).

S @) = Ulwr) ) @)U (wp) (7)
trong d6 U(wy) chida cdc vecto riéng ky di, cot chifa vecto riéng c6 gia tri ky di 16n nhit chinh 1a dang
dao dong; Z (wg) 1a ma tran duong chéo chia cac gia tri ky di.

Tir d6, phd SVD dudc tao thanh bing cach vé cic gid tri ky di theo cic tin s6 ctia két cu. Tan s6
riéng va dang dao dong tuong ing thudng dudc xdc dinh thong qua viéc chon dinh trong phd nay.
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3.2. Xit ly tin hiéu dao dong

Xt 1y tin hiéu dao dong 13 qud trinh st dung ky thuat FDD d€ x4c dinh tin sd va dang dao dong
tu dit liéu thod do dugce khi thi nghiém. Quy trinh x 1y nay dugc thuc hién bﬁng phin mém ARTeMIS
¢6 cac bude chinh thé hién & Hinh 4 bao gdm xAy dung mo hinh hinh hoc, nhap dit liéu dau vao, tién
xtt ly dit liéu, tinh todn ma trin PSD, phan tich SVD, chon dinh d€ x4c dinh tan sb riéng va dang dao
dong. Tur 5 1an do lip lai ctia cic t& hop, cic tap dif lidu dudc t6 hdp va so sanh thong qua phd PSD
dé€ Iva chon nhiing tip 6n dinh nhit cho qua trinh nhan dang dao dong. Tién xi ly dif liéu dong vai tro
quan trong ddm bao chét luong dit liéu dau vao cho FDD. Dit liéu tho thu dudc tir thi nghiém trudc
hét dugc xii ly d€ loai bd gia tri trung binh va xu thé trdi nham khit sai léch nén va troi tin hiéu. Dai
tan phan tich ban dau dudc chon tir 0 dén 320 Hz bao phi cic dang dao dong can thiét ciia san dudc
loc trong di 1-300 Hz d€ loai bd nhiu nén tan s6 thap va nhiéu cao tan. Tiép theo, tin hiéu dugc chia
thanh c4c doan c6 chiéu dai 4096 diém va chdng lip 66% gilta cic doan lién tiép, qua d6 gitp giam
nhiéu ngau nhién va ning cao dd 6n dinh ctia ma trin mat do phd cong suit trong qua trinh phan tich
FDD.

X4y dyng m6 hinh Nhép kich thwde san, chia lrdi toa df cac vi
hinh hoc | tri cambién, gan cam bién theo cac t6 hop
Nhap dit liéu Tai, kiém tra dit lidu thd vao phﬁn mém,
dAu vio y(t) nhép tan s4 1iy miu, chon dit lidu phan tich
Tiénxir Iy X4c dinh mién tin s6 can 14y, 46 phan giai,
dir lidu ] chéng lap. loc tréi, nhidu
Tinh ma trin PSD Ghép t6 hop, tinh todn ma trin PSD ctia
le—| S e a
S, tirng t6 hop va toan san
Phén tich SVD Phé gia tri ky di SVD ciia timg t6 hop vi
5, =UY (" N todn san
Tén sb, Chon cac dinh tir bidu db phﬁ SVD dé x4c
dang dao dong dinh tin sé vi dang dao déng

Hinh 4. So d6 khdi xt ly tin hiéu dao dong bang phan mém ARTeMIS

Hinh 5 trinh bay viéc xy dung md hinh hinh hoc, dif liéu mién thdi gian do dudc ctia mot t& hop
13 cam bién gia tdc, phd SVD toan san va chon dinh dudc thuc hién trong phan mém ARTeMIS. Qua
Hinh 5(c), ph6 SVD cho thiy nhiéu dinh 16 rét trong dai tan khao sét, trong d6 gid tri ky di & cdc tan
s6 thap chiém wu thé so v6i cic bac con lai. Diéu nay chiing td cac dang dao dong dudc tich tbt bing
phuong phap FDD. Nén nhiéu & mic thip va c¢6 su suy gidm manh & viing tan s cao cho thiy dai tin
phan tich 14 phit hop va chit lugng dit liéu do 12 dang tin ciy cho nhan dang dao dong.

Thoéng qua viéc chon dinh trong phd SVD & Hinh 5(d), ta xdc dinh dudc tan s6 va dang dao dong
ctia san. Két qua ba tan s6 va dang dao dong ubn tuong ung dudc thé hién  Bang 2 va Hinh 6.
4. Kiém chitng va khao sat anh huéng ctia mat dé cam bién
4.1. Kiém chitng véi mé phong so

Tam san tng luc trude cing trude dude md phong sd biang phain mém ANSYS. Phin tii SOLID65
va LINK 180 dudc Iua chon d€ mo phéng cho bé tong va cbt thép. TAm san c6 kich thude 3000x400x50
mm dugc lién két don gian & hai dau canh ngin d6i dién. Ung luc trude dude dua vao mbi thanh thép
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(a) Xay dyng md hinh va gén cdm bién

Time history @B (1m/sF/ Hz  Singular Values of Spectral Densities of All Test Setups dB | (1 mis" / Hz Singular Values of Spectral Densities of All Test Setups
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(b) Mién thoi gian ctia mot t8 hgp (c) Phd SVD cia toan san (d) Chon dinh trén phd SVD toan san

Hinh 5. Qua trinh xit Iy dif liéu biang phan mém ARTeMIS

(a) Dang dao dong thit nhit (b) Dang dao dong thy hai (c) Dang dao dong thu ba

Hinh 6. Dang dao dong udn clia san ting luc trudc cing trudc

Bang 2. Tan s6 dao dong ctia san ting luc trudc cing trude

Tan sb dao dong riéng bo 16n (Hz)
Tan s6 dao dong riéng udn thi nhét 12,422
Tan s6 dao dong riéng udn thi hai 47,656
Tan s dao dong riéng ubn thi ba 107,109

cudng dd cao 1a 10 kN, thong qua bién dang ban dau. Lién két giita cdc thanh thép va bé tong dudc
xem la bam dinh tuyét d6i do céc thanh thép dugc bao phii hoan toan va lién két truc tiép véi bé tong
xung quanh. Pong thdi, khi 1am viéc & giai doan dan hoi, hién tugng trudt gitia thép véi bé tong 1a
khong ding ké va do d6 khong gay anh huéng nhiéu dén cic dic trung dong clia san. Ban san dugc
chia nho thanh 1770 phan ti ddm bao su hdi tu ctia két qua. Mo hinh 3D ctia tim san dudc thé hién &
Hinh 7 va cdc dic trung co ly clia vat liéu dugc thé hién & Bang 3.

Két qué phan tich va so sanh tan sd va dang dao dong ctia san dudc trinh bay & Hinh 8 va Bang 4.

34



Lam, P. N., va cs. / Tap chi Khoa hoc Céng ngh¢ Xay dung

Bang 3. Pac trung cd ly cua vit liéu

Vit liéu Mb dun dan hoi (GPa) Khbi luong riéng (kg/m>)
Bé tong 40,5 2520
Thép cudng do cao 150 7850
C6t thép thudng 200 7850

LINK180

SOLID65

Hinh 7. Md phéng 3D tim san bing ANSYS

Qua d6 c6 thé thiy, tan sd dao dong riéng thu dugc tif mo phong c6 sai s6 véi thi nghiém 1an lugt 12
0,98%, 2,53% va 4,03% cho ba dang dao dong ubn dau tién. Dong thdi, mic do tuong quan gitta dang
dao dong thi nghiém va mo6 phong dudc danh gid thong qua chi s6 MAC (Modal Assurance Criterion)
[22], v6i dang dao dong thu nhét 18n t6i 0,999, dang thu hai va ba 1a 0,942 va 0,836. Cac gia tri MAC
cao nay cho thiy rang viéc bd tri mat dé cam bién véi lu6i do gdm 33 cam bién gia téc phan b déu
trén bé mit san da thé hién day dud va chinh xéc cac dang dao dong. Diéu nay chiing td md hinh phin
tt hitu han dudc xay dung c6 su tuong quan tot, dang tin cy va c6 thé st dung dé khao sit cac tham
s6 anh hudng khéc.

(a) Dang dao dong thit nhit (b) Dang dao dong thi hai

1

m Mode 1

0.8 0,836 9 Mode 2

0.6 Mode 3

=
=04
0.2
0
(c) Dang dao dong thu ba (d) Chi s6 MAC so sanh thi nghiém va md

phong

Hinh 8. Dang dao dong udn clia san phan tich bing ANSYS
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Bang 4. So sanh tan s6 dao dong san thi nghiém va md phoéng sd

Tan sb dao dong riéng Thi nghiém (Hz) M0 phdéng (Hz) Sai sd (%)
Tan s6 dao dong riéng uén thd nhat 12,422 12,300 0,98
Tan s6 dao dong riéng udn thi hai 47,656 46,448 2,53
Tan s dao dong riéng udn thi ba 107,109 102,790 4,03

4.2. Anh huéng ciia mat dé cdm bién dén dang dao déng

Trong céc thi nghiém do dao dong, hé théng cam bién déng vai trd quan trong trong viéc nhan
dang dao dong. Tuy nhién, nhiing han ché vé trang thiét bi, thoi gian ldp dit va diéu kién thi nghiém,
trong nhiéu trudng hop khong thé bd tri day di sb luong cam bién theo mat dd mong mudn. Vi viy,
ndi dung phan nay sé tién hanh khio sat hai kich ban gidm s6 luong cam bién b tri trén san. Két qui
thu dudc tir hai kich ban niy dudc so sanh v6i dang day di cam bién ban dau va md phdong s6 dé danh
gi4 anh hudng ctia mat do cam bién dén do chinh xic ctia cac dang dao dong.

Hinh 9 thé hién hai kich ban bd tri cdm bién. Kich ban thi nhit s6 luong cam bién giam tir 33
xubng 18, khoang cach hai cam bién ting tir 0,28 m 1én 0,56 m dugc minh hoa & Hinh 9(a). Trong khi
do, kich ban thi hai chi bd tri 15 cam bién véi khoang cach 16n nhit gitta hai cAm bién 13 0,84 m thé
hién & Hinh 9(b).

2800 .
1 |
1 3 5 7 9 11
2
- 12 14 16 18 20 22 o
)
0 @)
= » 25 o7 29 31 33
L 280 | 280 | 280 | 280 | 280 | 280 | 280 | 280 | 280 | 280 |

(a) S6 lugng va vi tri cam bién kich ban 1

2800 i
] ]
1 3 6 9 11
2
- 12 14 17 20 22 o
[Tp]
0 )|
- 23 25 28 31 33
| 280 | 280 | 280 | =280 | 280 | 280 | 280 | 280 | 280 | 280 |

(b) S6 lugng va vi tri cim bién kich ban 2
Hinh 9. Hai kich ban b tri cam bién

Két qua ba dang dao dong udn thu dudc tir kich ban thi nhét va thd hai thé hién & Hinh 10 va
Hinh 11. Qua quan st hinh dang dao dong ubn thé hién & Hinh 8, Hinh 10 va Hinh 11, c¢6 thé thiy
rang ddi véi dang dao dong thi nhét, & kich ban thit nhét hinh dang udn tong thé ctia két cAu van tucng
ddng vé6i trusng hop 33 cam bién, tuy nhién da giam do tron hinh hoc. O kich ban thi hai khi mat do
giam 16n hon, dang dao dong chi con phan 4nh dugc xu thé bién dang chung, trong khi d6 cong da sai
khéc rd so v6i trudng hgp mat do cao. Ddi véi dang dao dong thi hai, kich ban thi nhit da xuét hién
su suy giam vé tinh lién tuc ctia dudng cong, cic dudng gip khic thé hién rd rang. Trong kich ban thi
hai khi dung 15 cdm bién cho thiy dang dao dong bi gy khiic manh, hinh dang sai khic 16 rét so véi
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truong hop ban dau. Pic biét, dang dao dong thi ba, dd nhay v6i mat dd cam bién thé hién rd nhit, &
ca hai kich ban déu cho thy su khac nhau dang ké vé tinh lién tuc ctia dudng cong, dang dao dong tré
nén rdi rac ro rét, sai khac rt 16n so véi trudng hop mat dd cao va rit khé nhan dién chinh xdc dang
dao dong.

(a) Dang dao ddng thit nhit (b) Dang dao dong thit hai (c) Dang dao dong thu ba

Hinh 10. Dang dao dong udn kich bén 1

(a) Dang dao ddng thi nhét (b) Dang dao dong thit hai (c) Dang dao dong thi ba
Hinh 11. Dang dao dong udn kich ban 2

Hinh 12 cho thiy két qué so sanh chi s6 MAC ctia ba dang dao dong uén & kich ban thi nhit va
kich ban thif hai véi mo phong s6. Qua d6 c6 thé thiy rang, khi giam mat do cam bién sé khong nhan
dién dugc dang dao dong ubn thit 2 va thi 3 khi chi s6 MAC nhd hon 0,1. Dang dao dong thi nhit
cling cho thiy su tuong quan tuong dbi thip so v6i mo phong sb véi chi s6 MAC 1a 0,664. Pidu nay
thé hién su gidm do chinh x4c ctia dudng cong dao dong. Tuy nhién, tan sb dao dong riéng cia san
thi khong thay ddi khi gidm s6 lugng cam bién so vdi thi nghiém diy dii cam bién va sai s6 so v6i mo
phéng s6 dudc thé hién 6 Bang 5.

1 1
0.9 m Mode 1 0.9 . ﬁoge :l!
08 B Mode 2 0.8 " Ode
0.7 0,664 » Mode 3 0.7 0,664 = Mode 3
0 %05
0:4 g 0:4
0.3 0.3
0.2 0.2

0,088 0,084

0.1 2 0.1 p

0 - 0,009 0 - 0,003

(a) Kich ban thd nhit (b) Kich ban tha hai

Hinh 12. So sanh chi s6 MAC ciia hai kich ban véi mo phong s
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Bang 5. Tan s6 dao dong ctia hai kich ban va sai s6 so v6i md phong sb

Tan s6 dao dong riéng Kich ban 1 (Hz) Kichban 2 (Hz) Saisb (%)
Tan s6 dao dong riéng uén thd nhat 12,422 12,422 0,98
Tan s6 dao dong riéng udn thi hai 47,656 47,656 2,53
Tan s dao dong riéng udn thi ba 107,109 107,109 4,03

Tit cac két qua so sanh trén, c6 thé thy ring anh hudng ctia mat do6 cam bién dén do chinh xic
dang dao dong 1a dang ké. Mat dd cam bién cang cao thi dang dao dong thu dudc cang tron, mudt va
phén 4nh chinh x4c dang dao dong ctia san. Ngugc lai, khi mat do cAm bién gidm, cic dang dao dong
bac thip van c6 thé xdc dinh dugc hinh dang tdng thé, trong khi cic dang bac cao cho thiy su thay ddi
1o rét vé hinh dang hinh hoc va gidm di do tin ciy.

5. Két luan

Nghién cifu da thuc hién do dao dong mot tim san ting luc trudc cing trude sit dung 33 cidm bién
gia tdc. Dit lidu do dao dong tit thi nghiém dudgc xit 1y bang ky thuat phan tich FDD trén phan mém
ARTeMIS d€ xic dinh tan s6 va dang dao dong. Két qui thu dugc ba tan s6 va dang dao dong udn
tuong ting. Két qua nay dudc so sanh v6i mo phong sb cho thly do tin cdy cao khi su sai khéc vé tan
s6 nhé hon 4% va chi s6 MAC ciia dang dao dong thd nhit 16n hon 99%. Pong thdi, nghién ciiu da
khdo sit anh hudng ctia mat do cam bién dén do chinh x4c ctia dang dao dong thong qua hai kich ban,
qua d6 chi ra ring mat do cdm bién c6 anh hudng ro rét dén kha ning mo ta hinh hoc cta céc dang
dao dong, dic biét dbi véi cac dang dao dong bic cao.

Tuy nhién, dé€ c6 thé tdi uu dudc mat d6 cam bién thi cAn phai c6 thém céc khio sét trén san va
trén cac cAu kién khic. Bén canh d6, cdc thi nghiém c6 thé tiép tuc dudc thuc hién d€ khao sit anh
hudng ctia cdc tham s6 khac nhu mic do6 ting luc trudc, dic trung vt liéu, hinh hoc va cic hu hong
dén céc dic trung dong clia san.
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