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XAY DUNG CHUONG TRINH CHUYEN POI TiN HIEU PO DAO PONG
NHAM XAC DPINH “THOAT KHONG” CUA TAM BE TONG
TREN NEN DPAN HOI

Lé Thu Mai, Hong Tién Thing
Truwong Dai hoc Thuy loi

Tom tat Nghlen ciu nay tién hanh xay dung chwong trinh chuyén doi tin hiéu do gza toc theo thoi gian
sang mién tan so. Qua phan tich tan so dao dong cua tam be tong trén nén dan hoi co thé xdc dinh hién
tuong “thoat khong” cua tam bé tong (khoang trong xudt hién dwdi tam be tong khi tam bé tong dwoc dit
trén nén dat) Chuong trinh duoc xdy dung voi gzao dién than thién, dé sir dung, dat do chinh xdc cao.
Cdc ham so chuyén doz duoc xdy dung dua trén ngon ngit lap trinh MATLAB. Dit liéu dau vao chuong
trinh la so liéu gia toc theo thoi gian tir thi nghiém thuc teé hay ldy tir ket qua phan tich dao dong trén mo
hinh sé. Dir liéu dau ra ciia chu(mg trinh la bién do gla toc theo z‘an s0 dao dong. Cac nghlen cuu da
duege tién hanh trude @6 béi cdc nha khoa hoc chi ra mng tai cdc tam cé “thodt thong tan so dao dong
rzeng thuong nho hon cac tam khong co “thodt z‘hong Tai vi tri c6 “thoat khong tan 50 dao dong
riéng ciing nho hon gla tri tan so tai cdc vi tri khong co “thoat khong Tir két qua chuyen doz dao dong
sang dang tan sé cia chwong trinh, cdc tam co “thodt khong” va vi tri co “thodt khong” dé dang duoc
xdc dinh, Chuong trinh dwoc xdy dung tao diéu kién thudn loi glup viéc chuyén doi tin hiéu dao d‘ong
sang mién tan so duoc thyc hién nhanh chong tir do giup ich cho viéc xdc dinh vi tri “thoat khong” cua
tam bé tong trén nén dan hoi nhanh hon va chinh xdc hon.

T khoa: Tan s6 dao dong riéng, bién doi Fourier, hién twong “thodt khong”.

Summary: This study builds a program to convert time-based acceleration measurement signals to
the frequency domain. Through analyzing the vibration frequency of the concrete slab on an elastic
foundation, it is possible to determine the "face slab dispatch™ of the concrete slab (the space that
appears under the concrete slab when the concrete slab is placed on the ground). The program is
built with a friendly interface, easy to use, and achieves high accuracy. The conversion functions are
built based on the MATLAB programming language. Program input data are acceleration data over
time from actual experiments or taken from vibration analysis results on numerical models. The
output data of the program is the acceleration amplitude according to the oscillation frequency.
Studies previously conducted by scientists have shown that in panels with "face slab dispatch”, the
natural oscillation frequency is often smaller than panels without "face slab dispatch™”. At the
position with "face slab dispatch”, the natural oscillation frequency is also smaller than the
frequency value at the position without "face slab dispatch™. From the results of converting the
vibration to the frequency form of the program, the panels that have "face slab dispatch™ and the
position of "face slab dispatch” can easily be determined. The program was built to facilitate the
conversion of vibration signals into the frequency domain quickly, thereby helping to determine the
"face slab dispatch" position of concrete slabs on an elastic foundation faster and more accurate.
Keyword: Natural oscillation frequency, Fourier transform, “face slab dispatch™ phenomenon.

nguy hiém cho cong trinh. Dudi tac dung cua
tai trong trén ban mat bé tong, vi tri “thoat
khong” thudong xuat hién ung suat kéo, gay nut

1. PAT VAN PE

“Thoat khéng” 1a hién tugng mét 16p tiép xuc
gitta ban mat bé tong Va 16p dém, thuong xay

ra ¢ cac cong trinh co tAm bé tong dat trén nén
dan hdi nhu nén dat. Kich thuéc cua hién
tuong nay thuong tang theo thoi gian, gay
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bé tong phia dudi tim bé tong ban mat. Khi
kich thudc “thoat khong” du 16n, tai trong tac
dung c6 thé gay nirt gy tim bé tong ban mat.

Hién nay, trén thé gidi, phuong phap phd bién
dé xac dinh hién tuong "thoat khong" la su
dung Ra da xuyén dat [1]. Tuy nhién, phuong
phap nay gip kho khan trong viéc xac dinh
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chiéu day cua 16p "thoat khong" [2]. Mot sb
nha khoa hoc da s dung phuong phap phan
tich dao dong dé xac dinh hién tugng nay [3].
No6i dung cua phuong phép nay la sir dung tai
trong kich dong (g6 bua) tai mot vi tri cu thé
va st dung dau do gia toc dé ghi lai phan tng
gia téc tai cac vi tri xung quanh diém kich
dong theo thoi gian. Su thay ddi gia téc theo
thoi gian sau d6 dugc chuyén doi thanh gia toc
theo tan s6 nham xac dinh dao dong riéng ung
VO’1 dao dong dau tién cua tam. Su thay doi cua
tan s tai cac vi tri khac nhau s& dugc sir dung
dé xac dinh vi tri "thoat khong". Phuong phap
phan tich dao dong dé tim ra "thoat khong" da
dat duoc mot sd két qua kha quan dua trén cac
nghién ciru thi nghiém va mé hinh sé [4, 5].
Trong qué trinh xdc dinh "thoat khong" theo
phuong phap nay, viéc chuyén doi tin hiéu
do dao dong tur dang gia toc theo thoi gian
sang dang bién do gia toc theo tan s thudng
gip nhiéu kho khin va ton thoi gian. Vi vay,
viéc xdy dyng mot chuong trinh chuyén doi
tin hiéu do gia téc tir mién thoi gian sang
mién tan s 1a can thiét. Chuong trinh nay s&
gitip qua trinh chuyén d6i tin hi¢u dién ra
nhanh chdéng, thuén lgi va dat d¢ chinh xac
cao, tir do gitp viéc xac dinh "thoat khong"
clia tAm bé tong trd nén dé dang va nhanh
chong hon.

Trong nghién ctru nay chung t6i xay dung
chuong trinh chuyen d6i tin hiéu do gia tbc
theo thoi gian ciia tim bé tong trén nén dan hoi
sang dang bién do gia toc theo tan so. Chuong
trinh dugc 1ap trinh thong qua phan mém
MATLAB, cic thuat toan déu dua trén blen
d6i Fourier dé chuyén tin hiéu do gia toc vé
mién tan s6. Chuong trinh dugc tao ra 1a cong
cu quan trong trong cac nghién clru “thoat
khong” hay cac nghién ctru khac st dung luc
g6 tao dao dong 1én tAm bé tong.

2. MOT SO KHAI NIEM CO BAN

2.1. Phéat hién “thoat khéng” bang phan tich
dao ddng riéng caa tam bé tong

Mot s6 nha nghién ctru trong va ngoai nudc da
sir dung phuong phap phan tich dao dong dé
xac dinh “thoat khong” [4, 5]. Noi dung cua
phuong phéap nay nhu sau:
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1) Tgo dao dgng cho tdm bé tong: Tam bé
tong duoc tao dao déng bang céch dung btia
g0 1én bé mat tam. Pau do gia téc duge sir

dung dé ghi lai phan Gmg gia tdc tai cac vi tri
Xung quanh.

2) Bién déi Fourier: Két qua do gia toc theo
thoi gian dugc chuyén doi sang bién do gia toc
theo tén sé bang bién d6i Fourier, nhim xac
dinh tan s6 dao dong riéng Gmg voi dang dao
dong riéng dau tién cta tAm.

3) Xdc dinh Vi tri “thodt khéng”: Sy thay d6i
cta tan sd & bude trén duge st dung dé xac
dinh vi tri “thoat khong”. Vi tri “thoat khong”
thuong la cac vi tri co tan s6 dao dong riéng
nho hon tan sé dao dong riéng cua tam & céc
vi tri khac. TAm c6 nhiéu “thoat khong” s& co
tan s6 dao dong riéng nho hon so véi tdm c6 it
hodc khong c6 “thoat khong”.

2.2.Chuyén doi tin hi¢u do gia toc sang
dang tan so

Tin hiéu do gia tdc thu duoc tir cac thiét bi do
gia toc khi ding biia gb tac dung 1én bé mit bé
tong nham xac dinh “thoat khong” thuong &
dang gia toc theo thoi gian. Dang tin hiéu gia
toc theo thoi gian thuong kho nhéan biét dugc
cac dang dao dong riéng cua tam bé tong hay
két cau chiu tai trong dong. Néu tin hiéu gia
toc theo thoi gian duoc chuyen d6i sang dang
bién do gia toc theo tan s thi cac dang dao
dong riéng cua két cau c6 thé dugc nhan biét &
nhing tin s6 co bién do dao dong lon. Cac
nghién ctru trudc day chi ra rang mot tim bé
tong co “thoat khong” thi tin s6 dao dong
riéng cua tim s& nho hon tdm bé tong khong
cO “thoat khong”. Tai vi tri c6 “thoat khong”,
tan s6 dao dong riéng cua tdm bé tong ciing
nho hon céc vi tri khong c6 “thoat khong”.

Viéc thuc hién chuyén dbi tin hiéu do gia toc
theo thoi gian sang dang bién do gia toc theo
tan s6 co thé dugc thuc hién bang phép bién
d6i Fourier. Bién d6i Fourier 1a mot phép bién
doi toan hoc dung dé chuyén 601 tin hiéu do
gia téc tir mién thoi gian sang mién tan s6 va
nguoc lai. Bién ddi nay duoc dé xuét boi nha
toan hoc nguoi Phap Jean — Baptiste Joseph
Fourier tir dau thé ky 19. Bién d6i Fourier da
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dugc tmg dung vao nhiéu nganh khoa hoc ki
thudt nhu xt 1y tin hi€u, RADAR, v.v.

3. PHUONG PHAP NGHIEN CUU

3.1. I?ung bien doi Fourier chuyén tin higu
gia toc

Bién d6i Fourier dugc nha khoa hoc nguoi
Phap Jean-Baptiste Joseph Fourier gigi thi¢u
vao dau thé ky 19. Bién d6i Fourier 1a mot qua
trinh phan tich, phan tach ham c6 gia tri phtrc
X(F) thanh cac tdn sé cdu thanh va bién d6 cua
ching. Qua trinh nghich dao 13 tong hop, tai
tao X(F) tir phép bién d6i ctia n6. Voi bién dbi
Fourier cho ham thoi gian khong lién tuc,
phuong trinh sau (1) c6 thé dugc st dung dé
chuyén tu mlen thoi gian sang mién tan s [6]:

X[F] — Zx[t]e—Z;szt/N (1)

Trong d6: X[F] 1a luong tan s F trong tin hiéu
(bién do va pha, X[F] la mét sé phic); x[t] 1a
gia tri cta tin hiéu theo thoi gian tai thoi diém
t; N 1a so diém ldy mau. Két qua bién do6i
Fourier cho ta phd tin sb (frequency
spectrum), phé tan sb dat gia tri cyc tri tai cac
tan s6 dao dong riéng cuia hé.

Trong MATLAB thudng diung ham chuyén

4 MATLAB App

d6i nhanh Fourier (Fast Fourier Transform,
FFT). Pay 13 ham sé st dung thuat toan t6i uu
qua trinh chuyén ddi nhu di néu & cong thic
(1) voi sd luong diém tinh toan dugc giam
nhung van dam bao d chinh x4c.

3.2. Tao giao dién chwong trinh chuyén ddi
tin hi¢u

Giao dién chuong trinh chuyén déi tin hiéu dugc
tao thong qua trinh thiét ké giao dién cua
MATLAB (MATLAB App Designer). Day la
chuong trinh hd tro viéc tao giao dién mot cach
nhanh chéng va ho tro va gan cac cau lénh cho
cac dbi twong trén giao dién. Hinh 1 thé hién
giao dién cta chuong trinh chuyén d6i véi cac
chirc nang nhu: nhap dit lidu gia toc theo thoi
gian nhu dit liéu dau vao (tir file Excel); v& quan
h¢ gia tdc theo thoi gian; thuc hién tinh toan
chuyén dbi tin hiéu theo hai dang 13 phan phdi
mat do pho gia tdc (Power Spectrum Density -
PSD) va mat do phé gia téc (Power Density —
PD) [7] v& quan h¢ tan s va bién do gia toc; dy
doan tan sd Gng voi dang dao dong riéng dau
tién cia két cau; xuat két qua bién do gia tdc
theo tan s6 dang bang (file Excel); xuat két qua
dang hinh anh cac biéu dd quan hé.

BIEN DOI FOURIER NHAN BIET DAQ PQNG RIENG CUA KET CAU QUA PHO TAN SO
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Hinh 1: Chwong trinh chuyén doi tin hiéu sang dang bién dé gia toc va tan so
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3.3. So dd thuc hién chwong trinh chuyén
déi tin higu

Hinh 2 thé hién so do chuong trinh chuyén doi
tin hi¢u tir mlen gia tc theo thoi gian sang quan
hé bién d6 gia toc theo tan sd. Dir liéu gia tdc v6i
thoi gian dugce dua vao chuong trinh dudi dang
bang (Excel file). Sir dung cac ham doc dir li¢u
dé lay duoc sb lidu gia toc theo thoi gian. Bude
tiép theo chwong trinh st dung ham plot dé v&
quan hé gia tdc theo thoi gian. Ham pwelch dugc
str dung & budc tiép theo dé chuyén dbi tin hiéu
gia toc theo thoi gian sang dang phan phdi mat
do pho gia toc (Power Spectrum Density - PSD).
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Phan phdi mat d6 phd gia tc duge vé trén giao
dién chuong trinh. O budc tiép theo, chuong
trinh st dung ham fft (Fast Fourier Transform)
dé chuyén dbi tin hiéu do gia tbc sang dang bién
do tan s va tan sd (Power Spectrum — PS) [7].
Cac ham sb sort, dval dugc sir dung dé loc ra
nim gia tri bién do tan s6 16n nhit va cac gia tri
tan s twong tmg. Tir d6 tim ra duoc gia tri tin
s6 g v6i dang dao dong riéng dau tién. O budc
cudi, chuong trinh str dung cac ham s xlswrite,
plot dé xuit két qua chuyén doi ra bang tinh
Excel va cac quan h¢ duogc v€ va luu dudi dang
hinh anh (png).

Poc tin hiéu gia toc theo thoi gian tir Excel, v& quan hé gia tdc theo
thoi gian

\ 4

St dung ham pwelch chuyéq tin hiéu sang dang phan ph6i mat do pho
gia toc, v€ quan h¢ nay

\ 4

\
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Str dung ham fft (Fast Fourier Transform) chuyén doi tin hi¢u tir dang
tan sO véi thoi gian sang dang bién do tan so theo tan s0. V& quan hé

bién do tan so6 véi tan sO

J

.
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St dung ham xlswrite, plot dé ghi két qua bién do tan s6 véi tan sb,
xuét két qua hinh anh (png) cac biéu d6

N
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St dung ham sort, dvals dé loc ra 5 gié tri bién do gia toc 16n nhat,
tim ra gia tri tan s0 ing véi dang dao dong riéng dau tién
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Két thic

Hinh 2: So dé hoat dong chwong trinh chuyén déi tin hiéu sang dang tan sé

4. TRUONG HQP NGHIEN cUU AP
DUNG

4.1. Xac dinh mirc do “thoat khong” cia
tAm bé tong trén nén dan hoi

O phan nay, chuong trinh duoc xay dung &
trén duoc st dung trong viéc xac dinh hi¢n
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tuong “thoat khong” clia cic tim bé tong dat
trén nén dan hoi. Cac nghién ctru trude day da
chi ra rang, v6i cac tim bé tong dath trén nén
dan hdi ma bén dudi co “thoat khong” s& co
tan s6 dao dong riéng dau tién nho hon cac
tam bé téng cung diéu kién lam viéc ma khong
co6 “thoat khong”. Tai cac vi tri c6 “thoat
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khong” trén tim bé tong thi tan sb dao dong
riéng cling nho hon cac vi tri khong c6 “thoat
khong” [4, 5].

Tam bé tong st dung trong thi nghiém cia
nghién ctru [5] dugce s dung trong nghién clru
nay. Trong thi nghiém d6, tim bé tong véi cac
kich thude dai, rong, cao lan lugt 1a 2012, 500,
50 mm duoc dit trén nén dan hdi. TAm bé tong
duoc tao dao dong béng cach st dung bua kich
dong lén bé mat tdm bé tong theo phuong
thang ding. Cac dau do gia téc duge gan vao
cac vi tri gan vj tri kich dong dé do lai sy thay
d6i gia toc theo thoi gian cua tdm trong qua
trinh dao dong. Hinh anh thi nghiém cua
nghién ctru [5] dugc thé hién trén Hinh 3. TAm

bé tong dugc thi nghiém vdi ba truong hop:
khong co “thoat khong”; “thoat khong” trung
binh va “thoat khong” nhidu. Trong nghién
clru néu trén cac tac gia da dung cach chuyén
d6i thong qua cac tinh toan trén bang tinh
Excel. Viéc nay ton nhidu thoi gian va cong
stuc va doi khi khong chinh x4c do phu thudc
nguoi tinh.

Trong nghién ctru nay, chuong trinh da
duogc xay dung duogc su dung dé chuyén d6i
cac tin hiéu do gia toc theo thoi gian sang
sang bién do gia tdc va tan sb. Cac két qua
chuyén d6i dugc thé hién trong Bang 1
trong truong hop tdm cé dién tich “thoat
khéng trung binh.

Hinh 3: Thi nghiém xac dinh “thoat khong” cua nghién cuu [5]

4.2. Két qua xac dinh “thoat khong”

Céc két qua chuyén dbi tin hiéu tir quan hé gia
tc theo thoi gian sang quan hé gia tc theo tan
s dugc thé hién trén Bang 1 (két qua theo
chuong trinh chuyén d6i/két qua cua [5]). Cac
két qua tir chuong trinh vira duoc tao tring
khép t6t voi cac két qua cua nghién ciru [5].
Tai cac vi tri ¢c6 “thoat khong” va lan can cac

vi tri ndy, tan sb dao dong riéng cua tim nho
hon cac vi tri khong c6 “thoat khong”. Do 1a
dau hiéu va 1a co so trong nghién ciru xac dinh
“thoat khong” bang luc gb. Viéc st dung
chuong trinh chuyén d6i tin hiéu di rat ngan
duoc nhidu thoi gian tinh todn chuyén doi,
giup qua trinh dy doan “thoat khong” dién ra
nhanh hon va hiéu qud hon. Chuong trinh
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chuyén déi tin hiéu ndy ciing c6 thé ap dung
cho cac két qua phan tich dao dong trén mo
hinh s6 (lay gia toc trén mo hinh so, chuyén
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sang dang tan sd). Viéc ndy giup hd trg cac
nha khoa hoc trong viéc xac dinh “thoat
khong” thong qua mo hinh so.

Bang 1: Tin s6 dao dong riéng dau tién trudong hop “thoat khéng” dién tich trung binh (Hz)

C6 cs C4 C3 (6] Cl 6 C5 ¢4 €3 2 cl
42,735/ | 42,735/ | 42,735/ | 42,735/ | 42,735/ | 42,735/ | H1 Hi
427735 | 42,735 | 42,735 | 42,735 | 42,735 | 42,735
42,735/ | 42,735/ | 42,735/ | 42,735/ | 42,735/ | 42,735/ | H2 H2
427735 | 42,735 | 42,735 | 42,735 | 42,735 | 42,735
42,735/ | 42,735/ | 42,735/ | 42,735/ | 42,735/ | 42,735/ | H3 H3
42735 | 42,735 | 42,735 | 42,735 | 42,735 | 42,735
42,735/ | 42,735/ | 42,735/ | 42,735/ | 42,735/ | 42,735/ | H4 H4
42,735 | 42,735 | 42,735 | 42,735 | 42,735 | 42,735
42,735/ | 42,735/ | 42,735/ | 42,735/ | 42,735/ | 42,735/ | H5 HS
42,735 | 42,735 | 42,735 | 42,735 | 42,735 | 42,735
42,735/ | 42,735/ | 42,735/ | 42,735/ | 42,735/ | 42,735/ | H6 H6
42,735 | 42,735 | 42,735 | 42,735 | 42,735 | 42,735
42,735/ | 42,735/ | 42,735/ | 42,735/ | 42,735/ | 42,735/ | H7 H7
42,735 | 42,735 | 42,735 | 42,735 | 42,735 | 42,735
41,515/ | 41,515/ | 42,624/ | 42,624/ | 42,735/ | 42,735/ | HS H8
41514 | 41514 | 42,735 | 42,735 | 42,735 | 42,735
41,514/ | 41,514/ | 41,514/ | 42,624/ | 42,735/ | 42,735/ | H9 AT Th HY
41,514 | 41514 | 41,514 | 42,735 | 42,735 | 42,735 ///////

40,293/ | 40,293/ | 40,293/ | 42,624/ | 42,735/ | 42,735/ | HI0 oA 4.4 H10

40,293 | 40293 | 40293 | 42,735 | 42,735 | 42,735 _/A. // // /

41,514/ | 41,514/ | 41,514/ | 42,624/ | 42,735/ | 42,735/ | HI1 444 HI1

41,514 | 41514 | 41,514 | 42,735 | 42,735 | 42,735

42,735/ | 42,735/ | 42,735/ | 42,735/ | 42,735/ | 42,735/ | HI12 HI2

427735 | 42,735 | 42,735 | 42,735 | 42,735 | 42,735

42,735/ | 42,735/ | 42,735/ | 42,735/ | 42,735/ | 42,735/ | HI3 i3

42,735 | 42,735 | 42,735 | 42,735 | 42,735 | 42,735

40,293/ | 40,293/ | 40,293/ | 42,624/ | 42,735/ | 42,735/ | H14 V.V Hid

40,293 | 40,293 | 40,293 | 42,735 | 42,735 | 42,735 NV VY,

40,293/ | 40,293/ | 40,293/ | 42,624/ | 42,735/ | 42,735/ | HI5 gu 4% -

40,293 | 40,293 | 40293 | 42,735 | 42,735 | 42,735 / / V) )

41,514/ | 41,514/ | 41,514/ | 42,624/ | 42,735/ | 42,735/ | H16 -

41514 | 41514 | 41,514 | 42,735 | 42,735 | 42,735

42,735/ | 42,735/ | 42,735/ | 42,735/ | 42,735/ | 42,735/ | H17 -

42,735 | 42,735 | 42,735 | 42,735 | 42,735 | 42,735

42,735/ | 42,735/ | 42,735/ | 42,735/ | 42,735/ | 42,735/ | HI8

42,735 | 42,735 | 42,735 | 42,735 | 42,735 | 42,735 HI

42,735/ | 42,735/ | 42,735/ | 42,735/ | 42,735/ | 42,735/ | H19

42,735 | 42,735 | 42,735 | 42,735 | 42,735 | 42,735 H1?

42,735/ | 42,735/ | 42,735/ | 42,735/ | 42,735/ | 42,735/ | H20

42,735 | 42,735 | 42,735 | 42,735 | 42,735 | 42,735 H20
5. KET LUAN nhi€u dang két cau chiu dao dong, dac biét ho

Nghién ctru nay da phat trién mot chuong trinh
chuyén dbi tin hiéu gia tdc theo thoi gian sang
dang bién d¢ gia tdc theo tin s6. Chuong trinh
duogc lap trinh dua trén ngbén ngir 13p trinh
MATLAB nhim tan dung nhiéu ham sb
chuyén doi co san trong MATLAB. Chuong
trinh duoc thanh 1ap c6 thé ap dung gitip hd trg
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tro tot trong bai toan phat hién “thoat khong”
bang dao dong. Dua trén két qua nghién ciru
chuing t61 c6 mot s6 két luan nhu sau:

1. Chuong trinh dugc thanh 14p c6 giao dién
than thién, tién lgi trong vi¢c chuyén ddi tin
hiéu tir gia toc theo thoi gian sang dang bién
d6 tan sb theo thoi gian. Cac két qua duoc thé
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hién tryc quan trén man hinh dd hoa. Cac két
qua ciing c6 thé xuit ra dudi dang bang tinh
(Excel) va hinh anh céc biéu dd quan hé.

2. Chuong trinh ¢6 thé du doan tan sé tng voi
dang dao dong riéng dau tién. Tir d6 gitp hd
tro vi¢c xac dinh “thoat khong™ ctia cac tam bé

tong trén nén dan hoi dugc thuan loi, chinh
xac va nhanh choéng.

3. Chuong trinh ciing c6 thé chuyén ddi tin
hiéu tir gia toc theo thoi gian sang dang bién
d6 tan sb theo thoi gian tir cac két qua phan
tich dao dong trén mo hinh s6.
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