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Tém tit: “Thodt khong” la hién twong xudt hién cdc khodng trong dudi tam bé téng ban mdt cia ddp
CFRD do bién dang ciia thin ddp va cdc I6p dém. “Thodt khong” gdy anh huong déc biét nghiém trong
boi hién twong nay cé thé dan dén viéc phdan bé lai irng sudt va thay doi co ché lam viée ciia tam bé tong
ban mdt dan dén giam kha ning chéng tham va tuéi tho ciia cong trinh. Nguy hai hon hién twong nay cé
thé dan dén suw co sdp gdy ban mdt bé tong phia thwong leu khién dap bi phd hity. Bdi bdo trinh bay két
qud mé phong phirong phdp thie nghiém xdc dinh “thodt khéng” bang mé hinh sé dé kiém tra tinh kha

thi ciia phwong phdp dwoc d@é xudt.

Tw khéa: dap CFRD, hi¢n tuwgng “thoat khong”, tan s6 dao dong riéng, tai trong kich dong.

1. PAT VAN PE

Pap da d6 bé tong ban mit (CFRD) hién nay
dugc tng dung twong ddi phd bién trén thé gidi
dic biét 1a & cac nudce phat trién. Dap CFRD duoc
chéng thAm bﬁng ban mat bé tong phia thuong
lvu. Ban mat ndi v4i ban chan va ban chan ndi
lién voi nén da mong dap. Moéng dap dudi ban
chan dugc khoan phut xi ming chong tham nhu
cac loai dap bé tong khac.

DPap CFRD c¢6 rat nhiéu vu diém nhu: 6 tinh
an toan cao, phil hop v6i nhiéu diéu kién dija hinh,
dia chat, kha nang chiu tai trong dong dat 16n, co
thé thi cong trong moi didu kién thoi tiét khac
nhau, c6 thé tan dung cac loai da thai loai tir dao
h6 moéng tran, 1am duong ham théo li dé xay dung
dap. V6i nhirng vu diém d6 loai dap nay da va
dang duoc xiy dung ngdy cang nhiéu, hinh thirc
bd tri mat cit dap ngay cang dugc nghién ctru
hoan thién va dat hiéu qua kinh té hon.

Nhat Ban 1a nuée dat tién d& cho viéc phat
trién CFRD, trong thap ky 70 cua thé ky 20 &
nudc nay da xay dung dugc rat nhiéu CFRD vdi
chiéu cao 16n. O cac nudc khac ciing ¢6 hang loat
CFRD ra doi, dén nim 2004, cin ct vao théng ké

! Khoa Cong Trinh, Triecong Pai hoc Thuy loi
? Khoa Cong Trinh, Trieong Pai hoc Thuy loi

chua day du vé cac dap dang va da xdy dung xong
tir sau ndm 1966, trén toan thé gisi da co 260 dap,
trong d6 dap cao trén 100m c6 78 dap.

Trong thoi gian qua ddp CFRD ciing da va
dang duogc lya chon dé xdy dung cho cac cum
cong trinh dau mdi thuy loi — thuy dién ¢ Viét
Nam nhu: dap Tuyén Quang (cao 92m), ddp Rao
Quan (cao 78m), dap Ctra Pat (cao 118m), dap An
Khé Kanak (cao 60m), dap Song Bung (cao 98m).

Trong thuc té, khi cac dap nay duoc dwa vao st
dung, nhét 1a cac dap co chidu cao 16n thudng co
su bién dang 16n cua than dap dan dén hién tuong
mat tiép xuc gitta tim bé tong ban mat va phan
con lai cuia than dap. Két qua tao ra khoang trong
gitra tim bé tong ban mat va 1op dém, hién tuong
nay duoc cac nha nghién clru goi la hién tuong
“thoat khong”. Khi chiu ap lyc nudc phan ban mat
bi “thoat khong” nay khong twa dugc vao tang
dém, 1am cho mé men udn trong pham vi ndy ting
16n, dé din dén nGt ban mat. Pham vi “thoat
khong” cang 16n thi mé men uén do ap luc nude
gy ra cang 16n. Diéu nguy hiém 1a do mé men
ubn & vi tri “thoat khong” c6 chiéu lam cing &
phia dudi ban mit nén néu bi nut thi vét nit bt
dau xuét hién & mat dudi, khéng quan sat thay
dugc. Con khi quan sat thay nut thi vét nit nay da
1a vét ntt xuyén, dan dén tham nudc qua ban mit.
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“Thoéat khong” 1a hién twong gdy anh huong
dac biét nghi€m trong bdi hi€n twong nay cod thé
dan dén viéc phan b6 lai ung suit va thay ddi co
ché lam viéc cia tim bé tong ban mit din dén
giam kha niang chdng thdm va tudi tho cia cong
trinh. Nguy hai hon 1a hién tugng nay c6 thé dan
dén su cb sap gdy ban mat bé tong phia thuong
lvu khién dap bi pha hay. Chinh vi vay cin theo
ddi kiém tra tinh trang “thoat khong” dé xu ly
trude khi tich nude dé dua vao van hanh va trong
thoi ky dau van hanh khi bién dang cua than dap
chua 6n dinh. Can phai phat trién cic cong nghé
nham phat hién va xt 1y hién tugng ‘thoat khong’
dé dam bao an toan cho ban mit khi hd tich nude
ciing nhu cac bién phap khac phuc khi xay ra hién
tuong nirt ban mat.

Hién nay trén thé gii dé xac dinh “thoat khong”
thuong st dung phuong phap Ra da dit (Ground
Penetrating Radar) (Annan A.P, 1992) tuy nhién
viéc img dung phuong phap niy c6 nhitng han ché
nhét dinh (P& Anh Chung, nnk 2013).

Két qua nghién cuu anh hudng cita “thoat
khong” dén dao dong cua tim bé tong ban mit cua
nhom tac gia trong (Nguyén Thii Hoang, nnk
2020) da dua ra dwoc cac két luan nhu sau:

- TAm bé tong ban mit cia dap CFRD thuong co
chiéu day rat nho so voi hai chiéu con lai nén cé thé
xem nhu tim mong duoc dat trén nén dan hoi.

- Tan sb dao dong riéng cua tim ban mit phu
thudc vao do cirng cua nén, khi xudt hién “thoat
khong” tan s6 dao dong riéng s& giam, dién tich
“thoat khong” cang 16n thi tan sé dao dong riéng
giam cang nhiéu.

- Tan sb dao dong riéng cuia dang dao dong dau
tién s€ bi anh hudng bdi hién tuong “thoat khong”
1 rang nhét.

- Két cdu chiu tai kich dong sau thoi gian tic
dung cua tai trong s€ dao dong tu do, dao dong nay
c6 thé xem 1a tong hop ciia cac dang dao dong riéng.

- Bang phuong phap phén tich Fourier nhanh ta
c6 thé nhan dang dugc cac tan sd tir tin hiéu do
dao dong thu dugc.

Tir cac két qua trén nhom nghién ctru dé xuat

phuong phap xac dinh “thoat khong” tai hién
truong gdm céac bude:

Budc 1: Tao dao dong cho tim ban mit bang
cach dung tai trong kich dong tac dung tai mot vi
tri xac dinh va str dung dau do gia toc ghi lai phan
mg gia toc tai cac vi tri xung quanh diém kich
dong theo thoi gian.

Budc 2: St dung bién d6i Fourier nhanh
chuyén két qua do theo thdi gian sang mién tan s6
dé xac dinh tin sé dao dong riéng ng voi dang
dao dong dau tién cua tAm.

Budc 3: Theo dbi sy thay d6i cia tin sb nay dé
chi ra vi tri xay ra “thoat khong”.

Trong khudn kho bai bao ndy nhom tic gia s&
trinh bay két qua mo phong phuong phap trén bang
md hinh s6 dé kiém tra tinh kha thi cia phuwong phép
trude khi 4p dung thuc té tai hién trudng.

2. PHUONG PHAP VA KET QUA
NGHIEN CUU

2.1. Phwong phap nghién ciru

T4m bé tong ban mit cua dap CFRD duoc xem
nhu tim mong dit trén nén dan hoi. Loi giai bai
toan dao dong cua tAm trén nén dan hoi chiu tac
dung cua tai trong kich dong co6 duoc bing
phuong phép phan tir hitu han.

Dé c6 thé so sanh két qua thu dugc trén mo
hinh s6 va két qua tir mé hinh vat Iy, tim mong
voi kich thude 0,5m x 2,12m x 3cm dugc mo
phong bang phin mém ANSYS. Lu6i phan tir
duoc thé hién & hinh I:
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Hinh 1. Ludi phan tir
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Tam duoc 1am tir bé tong co:

M6 dun dan héi E = 2,1.107 kN/m’; Hé sé
Poisson : v =0,2; Hé s6 nén: k= 4.10° N/m’.

Hién tuong “thoat khong” 1a hién tuong mat
tiép xtic gilta tAm bé tong ban mat va 16p dém.
Nhom nghién ctru mé phong hién tugng “thoét
khong” trén mo hinh sé bang cach bo lién két véi
nén tai cac vi tri gia dinh c6 “thoat khong”.

Pé theo ddi su thay d6i cua tan sb dao dong
riéng tAm bé tong dugc chia thanh cac hang va cot
c6 khoang cach gitra cac hang va cac cot la 10cm.
Tao dao dong cho tam béng mot tai trong kich
dong tac dung 1én tdm theo phuong vudng goc véi
tAm trong thoi gian ngan, sau d6 xac dinh sy thay
d6i cua gia tri gia toc tai cac diém xung quanh
theo thoi gian.
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Piém

Thay ddi cta tai trong kich dong theo thoi gian
duoc thé hién nhu hinh 2.

Thay doi cua tai trong kich dong theo thoi gian

Tai trong, N
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T'hoi gian, s

Hinh 2. Biéu do thay doéi ciia tdi trong
kich dong theo thoi gian

So d6 cac hang cot, vi tri diém kich dong va vi
tri cac diém do gia toc ¢ 1an tinh toan dau tién thé
hién & hinh 3.

doéng

Kénh
Kénh do gia
Kénh  dogia t4c2 Kénh
dogia 4¢3 do gia
téc 4 l / / téo 1
Kénh
\\\* % " do gia
téc 5
Ké&nh
do gia
téc 6

Hinh 3. So do cdc hang, cét va tiwong quan vi tri diém kich dong,

diém do gia toc o lan tinh toan dau tién
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Sb lwgng diém do gia téc bang voi sé dau do
gia téc cia Phong Thi Nghiém B6 mén Strc bén —
Két cdu va duoc sip xép theo so 6 nhu hinh 3
dé co thé khao sat dugc anh hudng cia khoang
cach tir diém g& dén vi tri do cling nhu anh
hudng cua vi tri gd dén céc tan s6 dao dong riéng
duoc nhan dang.

Pé khao sat anh huong cua “thoat khong”
ciing nhu dién tich ving “thoat khong” dén tan sb
dao dong riéng, nhoém nghién ctru thyc hi¢n tinh
toan cho 3 truong hop: Khong “thoat khong”
(TH1), “thoat khong” it (TH2) va “thoat khong”
nhiéu (TH3). Vi tri va dién tich “thoat khong”
trong cac truong hgp tinh toan s€ dugc trinh bay
& phan tiép theo.

2.2. Két qua nghién ciru

a) Truwong hop tim khong “thoat khong”
(TH1)
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Hinh 4. Vi tri diém kich dong va diém do gia toc &

lan tinh toan dau tién trén mé hinh sé THI

Thay doi gia toc tai diém A theo thoi gian

Gia téc, m/s?
(=]

0 0.2 0.4 0.6 0.8 1
Thoi gian, s

Hinh 5. Biéu do thay doi gia toc tai diém A
theo thoi gian THI

Véi mdi sé lidu do gia tde, thuc hién bién
dbi Fourier sang mién tan sé dé xac dinh cac
tan s6 dao dong riéng. Bién d6i Fourier 1a mot
phép toan bién d6i tin hiéu tir mién thoi gian
sang mién tin sé dugc dit tén theo nha toan
hoc nguoi Phap Jean - Baptiste Joseph Fourier
cudi thé ky 18.

Theo phép phén tich Fourier thi tin hiéu bét ky,
cho du phirc tap dén dau, déu c6 thé chuyén tur
mién thoi gian sang mién tan s6 theo phuong trinh
sau day (Batenkov D, 2005) :

X()=Y" sk’ )

Phuong trinh nay khong chi don thuan 13 toan
hoc, n6 con chuyén cac khdi cdu thanh céac tin
hiéu thanh tirg khéi riéng biét. Két qua bién do6i
Fourier cho ta phd tan sé (frequency spectrum),
phé tan sb dat gia tri cyuc tri tai cac tan sb dao
dong riéng cua hé.

Két qua nhan dang tin sb dao dong riéng tai
diém A (TH1) dugc thé hién nhu hink 6.

Ket qua nhan dang tan so dao dong riéng tai diem A
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Hinh 6. Két qud nhén dang tan sé dao dong
riéng tai diém A (THI)

Nhin vao hinh 6 ta x4c dinh dugc tin s6 dao
dong riéng dau tién tai diém A 1a 40,29 Hz.

Tién hanh twong tu cho cac diém con lai va cac
lan tinh toan tiép theo trén toan bd tAm nghién
ctru. Két qua duoc tong hop & Bang 1.
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Bang 1. Tan s6 dao dong riéng dau tién truomng hop tim khong “thoat khong”

Cé C5 C4 C3 C2 Cl
40.29 40.29 40.29 40.29 40.29 40.29 HI
40.29 40.29 40.29 40.29 40.29 40.29 H2
40.29 40.29 40.29 40.29 40.29 40.29 H3
40.29 40.29 40.29 40.29 40.29 40.29 H4
40.29 40.29 40.29 40.29 40.29 40.29 HS5
40.29 40.29 40.29 40.29 40.29 40.29 H6
40.29 40.29 40.29 40.29 40.29 40.29 H7
40.29 40.29 40.29 40.29 40.29 40.29 HS8
40.29 40.29 40.29 40.29 40.29 40.29 H9
40.29 40.29 40.29 40.29 40.29 40.29 HI10
40.29 40.29 40.29 40.29 40.29 40.29 HI1
40.29 40.29 40.29 40.29 40.29 40.29 HI12
40.29 40.29 40.29 40.29 40.29 40.29 H13
40.29 40.29 40.29 40.29 40.29 40.29 H14
40.29 40.29 40.29 40.29 40.29 40.29 HI15
40.29 40.29 40.29 40.29 40.29 40.29 HI16
40.29 40.29 40.29 40.29 40.29 40.29 H17
40.29 40.29 40.29 40.29 40.29 40.29 HI18
40.29 40.29 40.29 40.29 40.29 40.29 HI19
40.29 40.29 40.29 40.29 40.29 40.29 H20
40.29 40.29 40.29 40.29 40.29 40.29 H21
40.29 40.29 40.29 40.29 40.29 40.29 H22

b) Trwong hop tim “thoat khong” it (TH2).  duogc thé hién ¢ hinh 7.

Tién hanh twong ty nhu dbi voi truong hop tAm Téng hop két qua xac dinh tan sb dao dong dau
khong “thoat khong”. Két qua nhan dang tan sé tién dugc thé hién ¢ Bdng 2.
dao dong riéng cua diém A & 1an tinh toan dau tién

Két qua nhan dang tan so0 dao ddng riéng tai diém A
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Hinh 7. Két qud nhén dang tan sé dao dong riéng tai diém A (TH2)
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Bang 2. Téan s6 dao dong riéng dau tién trwdng hop tim “thoat khong” it

Cé C5 C4 C3 C2 Cl
3541 | 35.41 | 3541 | 39.07 | 39.07 |39.07| HI
3541 | 35.41 | 3541 | 39.07 | 39.07 |39.07| H2
3541 | 35.41 | 3541 | 3541 | 3541 |3541| H3
3541 | 35.41 | 3541 | 3541 | 3541 |3541| H4
3541 | 35.41 | 3541 | 3541 | 3541 |3541| HS
3541 | 35.41 | 3541 | 3541 | 3541 |3541| H6
3541 | 35.41 | 3541 | 3541 | 3541 |3541| H7
3541 | 35.41 | 3541 | 3541 | 3541 |3541| HS8
3541 | 35.41 | 3541 | 3541 | 3541 |3541| HO9
3541 | 35.41 | 3541 | 3541 | 35.41 |3541| HIO
34.19 | 34.19 | 34.19 | 3541 | 35.41 |3541| HI1
34.19 | 34.19 | 34.19 | 3541 | 35.41 |3541| HI2
3541 | 35.41 | 3541 | 3541 | 35.41 |3541| HI3
3541 | 35.41 | 3541 | 3541 | 35.41 |3541| H14
3541 | 35.41 | 3541 | 3541 | 35.41 |3541| HIS
541 3541 | 3541 | 3541 | 35.41 |3541| HI6
34.19 | 34.19 | 34.19 | 3541 | 35.41 |3541| H17
3541 | 35.41 | 3541 | 3541 | 3541 |3541| HI8
3541 | 35.41 | 3541 | 3541 | 35.41 |3541| HI9
3541 | 35.41 | 3541 | 3541 | 35.41 |3541| H20
3541 | 35.41 | 3541 | 3541 | 3541 |3541| H21
3541 | 35.41 | 3541 | 3541 | 35.41 |3541| H22
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b) Truwdng hop tim “thoat khong” nhiéu (TH3)
Tién hanh twong ty nhu déi véi 2 trudng hop trude. Tong hop két qua xac dinh tan s dao dong dau

tién duoc thé hién & Bdng 3.

Cé C5 C4 C3 C2 Cl
35.41 | 35.4l1 36.63 36.63 | 36.63 | 3541 Hl1
35.41 | 35.41 36.63 36.63 | 3541 | 3541 H2
3541 | 35.4l1 3541 3541 | 3541 | 3541 H3
3541 | 35.41 35.41 3541 | 3541 | 3541 H4
3541 | 3541 35.41 3541 | 3541 | 3541 H5
35.41 | 35.41 35.41 3541 | 3541 | 3541 H6
35.41 | 35.4l1 3541 3541 | 3541 | 3541 H7
35.41 | 35.41 35.41 3541 | 3541 | 3541 HS
3541 | 35.4l1 34.19 3541 | 34.19 | 34.19 | H9
34.19 | 34.19 35.41 34.19 | 34.19 | 3541 | HI10
3297 | 32.97 32.97 32.97 | 3297 | 3297 | HII
3297 | 32.97 32.97 3297 | 3297 | 32.97 | HI12
34.19 | 34.19 3541 3541 | 34.19 | 34.19 | H13
34.19 | 34.19 35.41 3541 | 34.19 | 34.19 | H14
3541 | 34.19 34.19 3541 | 34.19 | 34.19 | HI15
34.19 | 34.19 34.19 34.19 | 34.19 | 34.19 | H16
3297 | 32.97 32.97 3297 | 3297 | 3297 | H17
34.19 | 34.19 34.19 34.19 | 34.19 | 34.19 | HIQ
34.19 | 34.19 3541 3541 | 34.19 | 34.19 | H19
35.41 | 35.41 35.41 3541 | 3541 | 3541 | H20
35.41 | 35.4l1 3541 3541 | 3541 | 3541 | H21
35.41 | 35.41 35.41 3541 | 3541 | 3541 | H22

d) Nhin xét két qua nghién ciru trén mé hinh so
Tur cac két qua nghién ctru trén mod hinh s6 co

thé rat ra mdt s6 nhan xét:

1) Khoang céch tir diém kich dong dén vi tri do
khong anh huong dén tan sé dao dong riéng dugc

nhéan dang.
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2) Nhin vio bang tong hop két qua Bdng I ta

c6 thé thiy ddi v6i truong hop tim khong co

“thoat khong” tan s6 dao dong riéng dau tién thu

duoc tai cac vi tri khac nhau la dong nhat trén toan

b dién tich cua tam.

3) So sanh két qua thu duoc giira trudng hop
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chua “thoat khong” va cé “thoat khong” ta théy
voi cac tAm c6 “thoat khong” thi tan s6 dau tién s&
gidm so voi chua “thoat khong”.

4) So sanh két qua thu duoc giita truong hop tim
“thoat khong it” va tim co “thoat khéng nhiéu” cho
thdy dién tich “thoat khong” cang 16n thi tan sé dau
tién tai vi tri “thoat khong” giam cang nhiéu.

5) Trén cung mot tim ¢ “thoat khong”, cang
tién dén gan khu vuc “thoat khong” thi tan sb dau
tién c6 xu hudng giam xudng, va gia tri tan sd bé
nhét thu dugc tai cac vi tri co “thoat khong”.

Nhu vay phuong phap str dung tai trong kich
d6ng, thu tin hiéu gia téc dé tir d6 nhan dang tan
s6 dao dong riéng dau tién co thé phat hién ra vi
tri “thoat khong” dudi tim bé tong ban mat.

TAI LIEU THAM KHAO

3. KET LUAN

“Thoat khong” co thé gy ra cac su c¢b nghiém
trong anh huong dén an toan cua cong trinh nén
viéc phat trién cong nghé nham phat hién “thoat
khong”, ddm bao an toan cho ban mat khi hd tich
nude dong vai tro hét sirc quan trong.

Bai bao da trinh bay két qua moé phong phuong
phap xac dinh “thoat khong” tai hién truong bang
md hinh sé. Két qua nghién ciru trén mo hinh s
da cho thay tinh kha thi ctia phuong phap.

Phuong phap nay can dugc kiém chung trén
mo hinh vat Iy va xay dung quy trinh thyc nghi¢m
trude khi dwa vao ap dung thyc té, phan niy s&
dugc nhom nghién clru trinh bay & cac bai bdo
tiép theo.
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Abstract:

EXPERIMENTAL METHOD TO DETERMINE “FACE SLAB DISPATCH”
UNDER THE CONCRETE FACE SLAB

“Face slab dispatch” is the phenomenon of appearing gaps under the concrete face slab of concrete
faced rock-fill dam (CFRD) due to deformation of dam body and buffer layers. “Face slab dispatch” is
particularly serious because this phenomenon can lead to the redistribution of stress and change the
working mechanism of the concrete face slab leading to the reduce of waterproofing and longevity of
the construction. More seriously, “face slab dispatch” can lead to the collapse of the upstream concrete
face slab, then collapsing the dam. The paper presents simulation results of empirical method to
determine "face slab dispatch" by numerical model to test the feasibility of the proposed method.
Keywords: CFRD, “Face slab dispatch” phenomenon, slab vibration, free oscillation frequency,
fluctuating load.
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