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NGHIEN CUU ANH HUONG CUA PQ NGHIENG MAT NEN
DPEN ON DPINH CUA PAP BE TONG TRONG LUC VA GIAI PHAP
KIEM SOAT PQ NGHIENG CUA DAP

Nguyén Chién', Nguyén Thai Hwong’

Tém tit: T rong thiét ké dap bé tong trong lyc trén nén da, kich thude mat cat dap duoc xdc dinh voi
diéu kién day dap nam ngang. Tuy nhién khi dap lam viéc co thé gap cac diéu kién bat loi, dic biét la
khi cé dong ddt va khu viee xdy dung dap c6 cdac dirt gdy kién tao lam cho nén ddp bi nghiéng, sé anh
hieong dén on dinh cia dap. Thong qua tinh todn cho cdc dap cé chiéu cao khdc nhau, bai bdo da xdc
ldp dwoc quan hé giita hé 56 6n dinh cia dap voi do nghiéng mat nén, xdc dinh dwoc goc nghiéng (vé
ha luu) giGi han cho cdc dap c6 chiéu cao khdc nhau. Gidi phdp ky thudt d@é kiém sodt dé nghiéng ciia
dap la sir dung cdc thiét bi quan trdc kiéu con lac thudn hay nghich ddt trong thin ddp, trong dé con

lic nghich cé diém neo ¢ nén cho két qua do chinh xdic hon.
Twr khoa: Con lac, dép bé tong trong luc, d0 nghiéng, on dinh.

1. PAT VAN PE

Trong thoi gian gin day, & nudc ta di xay
dung kha nhiéu dap bé tong trong luc trén nén
da voi chiéu cao 16n cho cac muc dich thay loi,
thity dién, cong nghiép... Trong quy trinh thiét
ké dap bé tong phd bién hién nay, mat cit cua
dap thuong dugc xac dinh véi mit nén khong
ché nam ngang. Tuy nhién khi cong trinh 1am
viéc c6 thé gap cac tinh hudng bat loi chua duoc
du kién trude, dic biét 1a véi cong trinh xay
dung trong ving c6 dong dat (nhu da xdy ra ¢
dap Song Tranh 2 nam 2012). Truong hop dia
tang khu vuc xdy dyng c6 tiém an cac dut gy
kién tao, khi chiu tac dong dong dét c6 thé lam
cho nén dap bi nghiéng, anh huong dén kha
ning on dinh cua déap, trong d6 huéng nghiéng
vé ha luu 1a bat loi nhat (do thanh phan lyc
trong luong dép theo hudng song song vdi mat
nén lam ting luc ddy gay truot). Vi vay ddi véi
cac dap da xay dung hodc dang thiét ké, viéc
xem xét anh hudng ctia d6 nghiéng mit nén dén
hé s6 on dinh, cling nhu bd tri thiét bi quan tric
dé kiém soat d6 nghiéng ctia dap trong qué trinh
van hanh khai thc 1a rat can thiét..

2. NGHIEN CUU ANH HUONG CUA PO
NGHIENG MAT NEN PEN ON PINH CUA
DAP

! Truong dai hoc Thuy loi.
2 Chi cuc Quan Iy dé diéu va PCLB Ha Tinh.

2.1. Gi6i han pham vi nghién ciru

Viéc nghién ctru kha ning 6n dinh cia dap
dugc gidi han trong pham vi quy mé va diéu
kién xay dung dap bé tong trong luc trén nén d4
& Viét Nam. Trong nghién ctu dién hinh, lya
chon pham vi bién dbi cua cac théng sb nhu sau:

1) Chiéu cao ddp

Tinh v6i Hg = 60, 80, 100, 120, 140 (m).

Theo QCVN 04-05: 2012 thi cdp cong trinh
va hé sd an toan 6n dinh (té hop luc co ban)
twong tng nhu sau:

- Hqg =60 (m): cap II, K. = 1,25.

- Hq =80, 100 (m): cap I, K. = 1,30.

- Hq = 120, 140(m):cap dic biét, K. = 1,35.

2) Myc nuoc trudce dap

Tinh véi truong hgp MNLTK.

Quan h¢ gittra MNLTK vdi cao trinh dinh dap
xéc dinh theo tiéu chuan thiét ké dap bé tong: Zq
= MNLTK + d; v6i d = Ah> + n’ + a’, trong
d6:00 Ah’: @6 dénh muyc nudc trude dap do song;
ns’: chiéu cao song dung; a': do cao an toan
twong tmg voi MNLTK.

Trong nghién ctru dién hinh, 1iy binh quan
theo cac so liéu tong hop tir cac dap da xay
dung nhu sau:

- Pap c6 Hg= 60 m (cap I): d =4 m.

- Pap c6 Hq= 80, 100 m (cap I): d= 6 m.

- Pap c6 Hy= 120, 140 m (cap dic biét): d=8 m.

3) Cdc théng sé ciia mat cdt ddp

a) Hé s6 mai thuong luu: m; = 0.
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b) Bé rong dinh dap:

Theo sb liéu tong hop tir cac dap thuc té da
xay dung:

- Pap c6 Hg= 60 m (cip II): b =6 m.

- Pap c6 Hq = 80, 100 m (cAp I): b=8 m.

- Pép c6 Hy= 120, 140 m (cép dac biét): b=10m.

¢) Hé sb mai ha luu (my): xéc dinh theo diéu
kién 6n dinh cua mat cit thuc t& véi to hop luc
co ban, khéng ché K = K..

4) Chi tiéu mdt tiép xiic gitka bé tong va dd nén:

Lay theo s6 liéu tong hop tir cac dap bé tong
trén nén da da xay dung: £=0,70; C = 0,35 MPa
(theo tiéu chuan Viét Nam).

5) Cac luc tac dung dwa vao tinh todn

Trong tinh toan chi xét dén céc lyc sau:

- Trong lugng ban than dap (trong lugng
riéng ctia vat liéu bé tong lay trung binh: y, = 24
KN/m’).

- Ap lyc nuéc (lay voiy, = 10 KN/m® ).

+ D¢ sau nudc thugng luu: H=Hg —d.

+ Do sau nudc ha lwu: 1ay h = 0,2.Ha.

- Ap Iyc bun cat: 13y v6i y, = 7 KN/m’; hy, =
0,15.Hg; ¢ = 12°.

- Ap lyc tham: 1ay theo quy dinh cia TCVN
9137: 2012.

- Lyc dong dat (t0 hop dic biét): tinh voi
dong dat cap 8 (thang MSK 64).

6) Do nghiéng cua day dap

La do nghiéng phat sinh sau khi dap duoc
xdy dung, xét hudng bat loi 1a nghiéng vé ha luu,
tri s6 goc nghiéng p = 1°, 2°, 4°, 6°, 8°, 10°...

2.2. Xac dinh mit cit hop ly caa dap
khong tran

Pé ¢6 co sd danh gid mic do giam 6n dinh
khi dap bi nghiéng, mat cit ban dau cua dap
duge xac dinh v6i day dap nam ngang va theo
quy trinh xac dinh mat cat hop 1y (Ngo Tri
Viéng va nnk, 2004). Trinh ty nhu sau:

1) Xac dinh mat cit co ban: chon mit cit cé
mai thuong luu thang ding (m; = 0), so bo xéac
dinh chiéu rong day dap theo diéu kién 6n dinh,
tr d6 c6 hé sb mai ha luu m,.

2) Xac dinh mat cat thuc dung dap khong
tran: dang mit cat nhu trén hinh 1, trong d6 gia
tri cac thong sd 1y theo muc 2.1.

=

MNLTK
%

h Al

| W— B |

Hinh 1. Mt cdt thuc dung dap khong tran

Dinh vi man chéng thAm va 16 khoan thoat

nuée: Theo TCVN 9137: 2012 1ay 1, = %; =
cp

4m, trong d6: Hi- cdt nudc 16n nhét tinh dén

day hanh lang; J,- gradien tham cho phép cua

bé tong, J., = 20.

3) Kiém tra d6 6n dinh theo QCVN 04-05:
2012

Kiém tra cho 2 t& hop sau ting v&i cac chiéu
cao dap khac nhau:

- T6 hop luc co ban (TH 1): MNTL
MNLTK, cac diéu kién khai thac binh thudng.

- T6 hop luc dac biét (TH 3): MNTL
MNLTK, c6 dong dit cap 8.

Néu cac didu kién 6n dinh chua thoa man thi
gia thiét lai cac gia tri m, theo hudng ting dan
(ting bé rong day dap B) dén khi thoa man hét
cac diéu kién o6n dinh thi ding lai va chon do 1a
gia tri m, thiét ké. Két qua tinh toan nhu trén
bang 1.

Bang 1. Cac thong s6 mit cit hop 1y clia
dap khong tran

Ha(m) |60 |80 | 100 |120 | 140
Hm) |56 |74 |94 |112 |132
B(m) |40,32|54,76 | 70,50 | 91,84 | 116,16
m, 0,72 | 0,74 | 0,75 |0,82 |0,88
L(m) |2,80 [3,70 |4,70 |5,60 |6,60

2.3. Nghién ctru 4nh huéng ctia d§ nghiéng
mit nén dén 6n dinh cia dap

2.3.1. Céng thirc tinh én dinh trong truwong
hop nén dip nghiéng.

2.3.1.1. On dinh chéng truot
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Hinh 2. So d6 tinh én dinh truot phing
truong hop mdt truot nghiéng vé ha luu

So d tinh toan nhu trén hinh 2. Tong céc luc
thang duing va nam ngang dwoc phan tich ra cac
thanh phan vudng géc va song song voi mit
trugt. Cong trinh dam bao on dinh truot trén mat
phang nghiéng khi thoa man diéu kién sau (Ngo
Tri Viéng va nnk, 2004):

_ (X Gcosp—W+> PsinB)f + CA S
Y Pcosp-3Y Gsinf -
trong do:

¥G - tong cac lyc theo phuong thing ding
tac dung 1én phan cong trinh tinh tir mat trugt
tr 1én, trir phan ap lyc day ndi do ap lyc thdm
va ap lyc thuy tinh tac dung 1€n mat truot (theo
phuong vudng goc voi mit nay).

¥P - tong cac lyc theo phuong ngang tinh tir
mat truot trd 1én.

W - ap lyc day noi do ap lyc thdm va ap luc
thuy tinh tac dung Ién mat truogt.

Ks [K] (D

B- goc gitta phuong mat trugt va phuong
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[Ke]
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T6 hop lwe co ban (Hg = 60m)

nam ngang (B > 0 khi miat truot nghiéng vé
thuong luu, B < 0 khi mét trugt nghiéng vé ha
luu).

A - dién tich mat truot.

f, C - chi tiéu chdng truot trén mat tiép gidp
gitia bé tong va lop da sat day dap.

[Kc] - hé sb an toan cho phép, xac dinh theo
cAp cong trinh va t6 hop lyc tinh toan.

2.3.1.2. On dinh chong It

bap s€ khong bi 1at khi thod man diéu kién
sau:
_ 2M¢ >

SM, [Kc]. 2)

L

trong do:

YMcL - tong mémen chdng lat tinh voi truc
nam ngang qua mép ha luu dap.

YMgL - tong momen gy lat tinh véi truc
nam ngang qua mép ha luu dap.

[Kc] - hé s6 an toan chdong 14t cho phép.

2.3.2. Trinh tu tinh todn

1) Gia thiét cac gia tri pliting dan (B = 1°,
2°,4°,6°, 8% 10°...).

2) Tinh toan on dinh theo TCVN, vdi cac
truong hop sau:

- Truomg hop 1 (t6 hop luc co ban): MNTL =
MNLTK, cac diéu kién khai thac binh thudng.

- Truong hop 3 (t6 hop luc dic biét): MNTL
= MNLTK, c6 dong dat cip 8.

- Trudng hop 5 (t6 hop luc dic biét): MNTL
= MNLTK, thiét bj chéng thdm va thoat nude
lam viéc khong binh thuong.

2.3.3. Két qua tinh todn
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T8 hop lyre dic biét (Hg = 60m)
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Hinh 3. Quan hé K = f(f) cua ddp c6 Hy = 60m
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Hinh 7. Quan hé K = f () cua ddp co Hy = 140m

12

10 \
8

(Beta] = f(Hd)

3]

60 80 100 120 140 Hy (m)

Hinh 8. Quan hé [f] =f(Hy)

2.3.4. Nhin xét két qua

- Véi cac truong hop tinh todn khac nhau, hé
sO an toan vé 6n dinh giam khi goc nghiéng vé
ha luvu cia mit nén ting. Tuy nhién, goc
nghiéng cho phép cua mat nén ([B]) dugc xic
dinh boi t6 hop luc dic biét, thém vao do, mirc
d6 nguy hiém vé trugt cua dap khi c6 dong dat
cap 8 1a cao hon so vai khi thiét bi chéng tham
va thoat nudc khong lam viéc binh thuong.

- Véi dap da dugc thiét ké hop 1y cho mat
nén nam ngang, khi dap c6 chiéu cao cang 16n
thi goc nghiéng mit nén cho phép trong qua
trinh khai thac cang nho (hinh 8). Chang han véi
dap co6 Hgy = 60m van c6 thé 6n dinh khi mét nén
bi nghiéng goc B = 11° v& phia ha luu; con dap
¢6 Hq = 140m thi chi cho phép mit nén nghiéng
vé ha luu mét goc p = 1,8°.

3. GIAI PHAP KIEM SOAT PQ NGHIENG
CUA DAP BE TONG

Pé dam bao an toan cua dap khi c¢6 cac tac
nhan gy ra d6 nghiéng mat nén thi can phai dat
cac thiét bi kiém soat do nghiéng cua dap. Co
thé str dung cac thiét bi sau (Diém Cong Huy &
nnk, 2013):

3.1. Con lic thuin

3.1.1. Thiét bi

Hinh 9 mé ta nguyén 1y lam viéc cua thiét bi
con lac thuén, dung cho viéc do dao dong cua
cong trinh ¢6 chiéu cao 16n. Phan day ciia cong
trinh duoge coi 1a ¢ dinh.

Thiét bi gdm 1 qua doi treo bang mot day
thép duoc cb dinh tir trén dinh cong trinh. Qua
doi nam dudi mat phang dudi ciia mot thiét bi
doc. Con lic nam trong chat long co dic tinh
lam cham dich chuyén, véi dédc tinh nay, qua doi
cta con lic ¢ dinh & vi tri trude khi co dao

dong. Thiét bi doc dugc mo ta trong hinh 10, 1a
mot hop & giira ¢6 6 tréng hinh vuéng ma day
doi dao dong trong khoang nay. Kich thudc cua
cac 6 trong 1a khoang dich chuyén cho phép ghi
do, hay do dich chuyén cua cong trinh. Theo mo
ta trong hinh 9, khi dinh cong trinh dich chuyén
ngang vé mot phia trong mot khoang thoi gian
nhd, day doi bi 1éch cung cong trinh tuy nhién
qua doi van & vi tri trudc dao dong, qua doi
duoc coi 1a ¢d dinh. Nhu vay, su thay doi vi tri
ctia day doi tai vi tri c6 thiét bi do s& dugc ghi
chép lai. Hai cam bién ghi do duoc lip dat dé do
dich chuyén theo hai phuwong trong mit phéing.
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Tr'ng th,iban ®Cu Tr'ng th,idhchuyOn

Hinh 9. Nguyén Iy lam viéc ciia con lic thudn.

3.1.2. Lap dat

Thiét bi duoc lip dit trong dap bé tong theo
2 cach: tao mot hd khoan thing ding sau khi thi
cong xong dap, hay dé san mot ong thang ding
trong qua trinh thi cong. Puong kinh 6ng (15
khoan) nén ké dén d6 nghiéng sai léch trong qua
trinh thi cong ciia dng hay hd khoan. Phuong
phap khoan chi nén sir dung cho dap cé chiéu
cao khong 16n. Dbi v6i phuong phap dit sin
ong, trong qué trinh thi cong phai thudng xuyén
kiém tra d6 thang dung cia 6ng. Pau trén day
thép cua con lic duoc lép dat ¢d dinh & trén
dinh cong trinh. Thiét bi do dugc lap cb dinh &
day cong trinh trén mot gia dd, cach mat day
mot khoang danh cho qua ndng treo dudi day
doi. Qua ndng co trong lugng du 16n lam cho
day doi luon & vi tri c6 dinh. Qua nang duogc
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dua vao 6 trong ciia may doc bang khe dé san

(hinh 10).

Hinh 10. Thiét bi ghi do dich chuyén ngang

3.2. Con lic nghich

3.2.1. Thiét bi

Véi con lic nghich, day thép dugc ¢ dinh
dudi day cong trinh va dwoc kéo cing thing
dung 1én dinh cong trinh bang mot hé thong dic
biét. Day thép duoc gin vao mot phao dit trong
mot thing chira chit 1ong ngdn can dich chuyén
ctia phao khi cong trinh bi dich chuyén. Binh ¢6
ciu tao dic biét cho phép day doi di qua day dé
nbi vao phao, ddng thoi ciing cho phép thing
chtra dich chuyén nhung khong tic dong vao
phao. Thiét bi doc ciing 1a thiét bi st dung cho
con lic thuan. Thing chtra chat long va thiét bi
do duogc ¢d dinh vao mot gia 46 & dinh cong
trinh. Nguyén 1y lam viéc cta con lic nghich
duoc trinh bay trong hinh 11. Khi céng trinh bi
dich chuyén, thung chira chat 1ong co tac dung
lam cham chuyén dong va thiét bi ciing dich
chuyén theo. Theo nguyén ly lam viéc, nhd ¢6
chat long ma phao giit day doi c¢b dinh khong bi
dich chuyén. Va thiét bi doc s& ghi do vi tri clia

day doi.
.
ThiCt bERac . . i . .
—+ —+
Doy thBp __—1
Neo cé ®ph
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Tr'ng th,iban ®Cu Tr'ng th,idrkhchuyOn

Hinh 11. Nguyén Iy lam viéc ciia con ldc nghich

3.2.2. Ldp dat

Viéc ldp dit con lic nghich 1a phirc tap hon
s0 voi con lac thuén, chu yéu la phai didu chinh
chidu dai cua day doi sao cho con lic & trang
thai cang. Thiét bi dugc ldp dat trong mot dng
dit trude trong dap. Day doi duge neo ¢b dinh
dudi day ong (day dap). Lap mot gid co hai
tang, ting trén gin thung chira dung dich va
tang dudi dé gin thiét bi do.

Pua ddy doi qua thiét bj va day binh, d6 mot
it chat long vao thung chira, nbi day doi vao
phao, d6 dung dich tiép vao thung sao cho day
thép duoc cing & gid tri tmg sudt kéo khoang 60
kG/ecm®. Lic nay day doi & trang thai thing
dung. Lap thiét bi do, dua day vao 6 trong cua
thiét bi qua khe dé sdn. Diéu chinh sao cho day
& vi tri chinh gitra 6 trong cia thiét bji do va ¢b
dinh thiét bi vao gia d&. Hinh 12 1a thiét bi sau
khi lap dat.
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Hinh 12. Thiét bi con lic nguoc cua RST

sau ldp dat

Mot s6 luu y:

1. Theo cac nha san xuit, chiéu dai cua con
lac khong nén qua 60m. Trong trudong hop dap
cao hon 60m nén dit nhiéu con lic ndi tiép theo
chiéu thang dtmg, trong d6 s6 do & con lac dudi
cung 1a gia tri chuan dé két hop voi sé do cia
céc con lac bén trén.

2. V6i muc dich do d6 nghiéng ciia mit nén
thi str dung con lic nghich véi diém gan neo &
hanh lang dudi cing ciia dap 1a hiéu qua nhat.
Khi d6, viéc do d6 nghiéng mit nén it chiu anh
hudng cia chuyén vi ngang ciia phan bén trén
ctia dap khi chiu udn.

3.2.3. Ghi két qua do

Viéc ghi do do nghiéng mit nén dugc tién
hanh tu dong. Cac tin hiéu do chuyén vao mot
Datalogger va luu gitt tuy d¢ 16n cua bd nhg,
thong qua cic phin mém chuyén dung dé biéu
hién hay in ra sé liéu. Thong thudng sb liéu
dugc biéu dién dudi dang biéu do dé d& dang
xem xét. Két qua bao gom 2 biéu d6 dich
chuyén theo truc X (phuong dong chay) va Y
(phuong truc dap) theo thoi gian.

Do nghiéng ctia mit nén vé ha luu duoc xac
dinh theo cong thirc: tgf = % .

- Véi con lic nghich, AX chinh 1a dich
chuyén cua phao theo phuong dong chay.

- Véi con lic thuan, tri s6 AX = AXg, — AX,
trong d6 AX; 1a chuyén dich cia vi tri budc day
doi theo phuwong dong chay, xac dinh theo két
qua phan tich ¢mg suat — bién dang véi t6 hop
tai trong tuong ung khi do.

3.3. Gidi phap dam bdo an toan dap khi do
nghiéng vugt qua giéi han cho phép

Khi thiét ké dap bé tong trong luc trén nén da
can phai tinh toan dé dua ra dwoc goc nghiéng
cho phép ([B]) cua mit nén va dap trong qua
trinh khai thac. Trong qué trinh thi cong va van
hanh cén quan tric va theo ddi chat ché do
nghiéng cua dap. Truong hop dap nghiéng vuot
mitc cho phép (B > [B]) thi can ap dung cac bién

phap cong trinh dé dam bao an toan dap. Sau
day kién nghi mot s6 bién phap chinh:

- Tang hiéu qua cta man chéng thim & nén
dap bang cach khoan phut bd sung dé ting chiéu
sau va chiéu day ctia man. Mit khac cin ting
hiéu quéa thoat nudc & nén dap bang cach khoi
thong cac 16 thoat nudc sau man chng tham.
Diéu nay s& lam giam ap lyc thim day nguoc
tac dung lén dap, gidm tac nhan gay trugt trong
truong hgp dap bi nghiéng.

- Khoan phut vira bé tong gia ¢ & nhimg vi
tri nén yéu, nit né dé ting kha nang chiu lyc
cho nén, giam hién tuong lan 1éch.

- Tang kha ning chéng truot, 1at cho dap
bang cach bé tri hé thong neo thép giita dap va
nén. Tuy theo cong trinh cu thé can tinh toan
mat d6 neo theo phuong truc dap va phuong
dong chay, d6 sau neo vao nén, goc nghiéng cia
neo va loai neo cho hop ly.

4. KET LUAN

1) Trong xdy dung dap bé tong trén nén da,
day dap thuong duoc thiét ké nim ngang. Tuy
nhién, sau khi ho, dap di vao lam viéc, dudi tac
dong cua tai trong tir dap va nudc trong ho,
clng cac yéu td khac nhu dong dat, dut gay kién
tao trong nén ma mit day dap cé thé bi nghiéng
ngoai du kién cua thiét ké, hudng d6 nghiéng
bat loi nhét 13 tir thuong luu vé ha luu.

2) Két qua tinh toan cho cac dap c¢6 chidu cao
tir 60 m dén 140 m da x4c dinh duoc hé s an
toan nho nhat ing véi timg gdc nghiéng mit nén
B (c4c hinh tir 3 dén 7), x4c dinh dwoc quan hé
[B] ~ Hq nhu trén hinh 8. Khi ¢6 s lidu quan
trac vé do nghiéng mat nén thi c6 thé d6i chiéu
v6i hinh 8 dé canh bao vé kha nang mat 6n dinh
ctia dap do mit nén bi nghiéng.

3) Thiét bi quan trac dé xac dinh do nghiéng
mat nén dap 1a bd tri cac con lic thuin hay
nghich & cac don nguyén dap khac nhau, trong
d6 loai con lic nghich c6 neo dat sat nén cho
hiéu qua do do nghiéng tot nhat.

4) Trudong hop dap bi canh bdo mat an toan
do nén bi nghiéng thi can ap dung cac bién phap
xtr Iy dé dam bao an toan nhu khoan phut gia
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Abstract:
RESEARCHING EFFECTS OF FACE FOUNDATION TILT TO STABILITY OF
CONCRETE GRAVITY DAMS AND SOLUTION TO CONTROL THE TILT OF DAMS

In the design of gravity concrete dam on rock foundation, dam's sectional dimension can be
determined under the assumption that dam's bottom is horizontal. However, while working, it may
experience some unfavorable conditions, especially during an earthquake, in construction area
with tectonic fault, dam foundation will be tilted, and this will affect dam's stability. Through
calculations for various dam heights, the paper has established the relationship between the
stability coefficient of dam with foundation slope and determined the angle (downstream) limit for
various dam heights. Technical solution to control the tilt of dam is using pure pendulum or inverse
pendulum located inside dam body, and inverse pendulum with anchors in the foundation gives
more accurate measurement results.

Keywords: pendulum, gravity concrete dam, tilt, stability.
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