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TOMTAT 
Tac d6ng cua dong dat toi cong trinh xay dimg noi chung va cong trinh thuy loi, thuy difin noi nfing la h^t 
siic to Ion. Viec tinh toan tiiiet kfi cong trinh chiu tac dong cua tai ti-png dong ddi vdi c6ng ti-inh thuy lpi, 
tiiiiy difin Viet Nam dang con nhifiu ban che. Noi dung bai bao nay gidi thieu mpt each irng dung phuong 
phap Wilson-e xay dung thugt toan giai bang phmmg phap phan tir huu han trong phan mem ma ngudn md 
nham nghien cmi tac dong cua dong dat tdi dap be tdng ti-ong luc la mot trong nhung loai hinh c6ng trinh 
dang nuoc phd bien cua nganh tiiiiy loi, thiiy dien. Cac k^t qua nghien cuu gop phan hoan thien cong nghfi 
tinh toan dap be tong trong luc duoi tac dung cua dao dong. 
TCrkhda: Bap be tdng trong luc. phuong phap phan Urbthihan, tich phan tiidi gian, Wilson-e. 

1 . BAT VAN BE 

Vifit Nam la mgt quoc gia cd tdi nguyen nude 
phong phu, sd lugng ho dap nhi^u trong dd cd hon 
500 ho ddp lan duge xfip hang thti 16 trfin the gidi. 
Cac loai hinh dap dang nirdc phong phu da dang vdd 
cac hinh thiic: dap ddt ddng chdt, dap vat hfiu dia 
phtrong, da bfi tdng trpng Itrc, bfi tdng ddm lam... 
Trfin the gioi, ddi vdi nhiing dap cao va nhdt Id cao 
trfin 100 m tra Ifin thi loai hinh dap lam bang vat lifiu 
be tdng chi^m da sd va Viet Nam eiing khdng ndm 
ti-ong ngoai lfi (Hinh 1) nhat Id tii nhiing nam 2000 
tro lai day, cdc dap thuy difin vdi cot nude cao dugc 
xay dung tuong ddi phd bien [1]. 

Phan loai iheo the loai dap p^an loai dap theo chieu cao 
trenlODm 

1 
BSpbiiana BJgvaili^u £ 

Hinh 1. Phdn Io?i dap ti-fin th^ gidi 
Khong nhiing the, Viet Nam Id mot quoc gia 

ndm trong khu vtrc vdnh dai dpng dat Thdi Binh 
Duong, la mgt ti-ong nhung qudc gia md khi tinh toan 
cdng tiinh cdn xet ddn tdc dgng cua tai trgng dong 
nhat la trong dieu kifin bien doi khi hau hien nay khi 
md thifin tai bien doi bat thudng [1, 3,4]. 

Trudng Dai hpc Thuy lpi 

Hmh 2. Bdn do phdn vung dOng ddt a Vifit Nam 

Cdc nghien ciiu phan tich tac dgng cua dpng ddt 
tdi dap be tong b Viet Nam con chua nhieu, chii yen 
tap trung vao xdc dinh cac thong sd ciia dpng ddt 
trong vLing xay dung cong trinh [3, 4, 5], Cdc bai 
toan tinh toan tac ddng cua dong ddt chu yen tap 
tnmg cho cong trinh xay dung ndi chung, vdi dp 
manh cdng trinh Idn vd chu yeu xu dung phuang 
phap tijyen tinh [5, 9]. Cac quy dinh chung cung nhu 
phuong phdp tinh toan doi vdi tdc dgng cua dgng ddt 
tdi loai hinh cdng trinh dap dang nude vdi chifiu cao 
Idn cung chua duge quy dinh mdt each cu the [6, 8]. 
De CO mgt each nhin tong quat hon ciing nhu hoan 
thifin hon niia ve nghifin ciiu tac dpng cua tai trpng 
dong, da ting dung phuang phdp phi tiiydn nhdm dua 
ra cdc buoc giai trong phuong phap FEM gidi bai 
todn phi tuyfin vfi tdi trgng dgng dp dung cho cong 
trinh thuy lgi, tiiuy difin la nhung loai hinh cong trinh 
c6 do manh nho [10]. 

2. PHUONG PHAP NGHIEN CUU 

2.1. Phuong trinh co ban 

Rdi rac hda midn khdng gian tinh toan, sau khi 
mien khong gian roi rac, dang tdng quat cua phuong 
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trinh dpng lue cd the dupe bieu difin dudi dang toan don gian va dua trfin nguyfin ]y chdng (cgn^ 
phuong trinh vi phan bac hai sau day: 

Khi phan tich tinh toan tdc dung cua tdi trgng 
dpng toi cdng trinh, ngoai vific xem xet den tac dung 
cua truong trpng luc, dp luc nuoc cung nhu cac tdc 
dung khdc cua tai trpng ngoai, can phai xem xet den 

tdc dung do luc qudn tinh dpng cflng nhu lire can gay 

ra. Ggi ^ « ^ la vec ta gia toe 

chuyen vi ngang va dimg cua ddng dat, i"*-^^'"''' -') 
la vec ta chuydn vi phan iing cua chdt diem, 
{u'(t),w'(t)},[u'(t),w''(t)]^^^^^^^^^^^^^^^^^^ 

va gia tdc phan iing cua chat diem. Khi do 
lS(t)},{S\l)}.{S'{t)) ,J^ 1^,^ IJ ^^^ J„ J,^yy-„ ^_ 

van toe va gia toe cua chat diem. Phuong trinh can 
bang dong luc CO the duoc the hien duoi dang 
phuong trinh vi phan bac 2 sau day: 

[M]lS'(t)] + [C]{S\l)}+[K]lSm} 

- [ M ] [ G ] ( v : « ) l = { f ( t ) } 
(1) 

Trong dd: 

[M] - Ma tran khdi lugng; 

[C] -Ma tran can ; 

[K] - Ma tran cung tong th^ ; 

!F(t)l Luc ddng dat. 

Ma tran khdi lupng [Ml dugc xay dung trfin co 
so- cdc ma tran khdi lugng phan tii [m]^ va ma ti-an do 
Cling phan tir [k] ̂  nhu sau: 

[k]' ^lll[Bf[D][B]da (2a) 

[mY ^IIJINV p[N]d£l (2b) 

Thong tiiudng raa tran can [C] tdng tiie dupe 
tiiyen tinh hda dua h-fin ma trdn khdi luang tdng the 
[M] va ma tran ciing tong thg [K] dugc ggi la ma 
tran can Rayleigh: 

[C] = a[M] + ^[K] (3) 

Trong do: a, p lan luat la cac he sd va cac hfi sd 
nay phu thupc vao cac tai lifiu quan ti-dc thuc te. 

Khi giai phuong trinh co ban (1) cd the sir dung 
phuong phap pho phan img hoac phuong phdp tich 
phan thdi gian. Ddi vdi phuang phap pho phan ling: 
Ldn lupt giai phan img tai tiing pha dao dgng dien 
hinh de tii do cd the tong hpp lai thdnh tdng dao 
dgng cudi cimg cua kfit cau. Phuong phdp ndy tinh 

dao dpng. Loai hinh phuong phdp nay phu hpp voi 
cdc bdi toan dao ddng dan hoi vd dupe ggi la phuong 
phap phd phan iing. 

Ddi vdi phuong phap tich phan thdi gian (lich sii 
fhm gian) hay eon ggi Id phuong phdp tich phdn biic 
tiep: dtra vao phirong trinh co ban (1) tidn hanh tich 
phan, giai ra dupe qua trinh phan iing cua ket cau 
theo thdi gian thuc chiu tdc dung tai trgng dpng. 
Phuang phap giai nay phu hpp vdi cdc bai toan tuyen 
tinh, phi tiiyen, tu thich iing nhtmg khdi lupng tinh 
todn so vai phuang phap pho phan iing lan hon rat 
nhifiu [6]. Phuang phap tich phan Newmark va 
Wason-e dupe ling dung tuong ddi rpng rai, hai 
phuong phap ndy deu la phirang phdp tuyfin tinh ve 
gia tdc. Nhdm hai phuong phdp deu gia thiet trong 
khoang thai gian [t, t+At] gia tdc thay doi theo quy 
luat tuyen tinh. Chinh gia thifit ndy ddn dfin su on 
dinh cua qua trinh giai phtrong trinh (1). 

2.2. Phuong phdp giai 

Khi su dung phuang phdp Wilson-e de giai 
phuong trinh (1), khong che tham so tich phan 6 > 1, 
gia thi^t gia tdc thay doi trong khoang [t, t+At] thay 
ddi tuyen tinh. Tuy nhifin nhi^u kfit qua nghifin ciiu 
da chung minh dugc rdng 9 > 1,37 thi phuang trinh 
(1) ludn luon hpi tu, thuong chpn e-1,4 [9-11]. Ddi 
vdi bai toan tuyfin tinh gia toe, gia thiet gia tdc thay 
doi trong khoang [t, e(t+At)] thay ddi tuyfin tinh vdi 
e < 1. Khi do gia tdc tai budc thai gian t+r (0 < x < 
6At) cd the xac dinh duipe theo cdng thiic: 

{̂ },.. = {*},-^({^u,-{n) (« 
0<T<eAt 

Tien hanh tich phan phirong trinh (3), khi T=eAt 

cd the thu dugc vfic to van toe \S\ va vec ta chuyen 

VI {S} nhu sau: 

| { * L ^ { * u ^ { { n . , . , + { * } , ) (5) 

[{«},„ - n * »A,{i}, t <«^((j}, . ,„ + 2{«},) 

Khi do vector van toe [S] va vec to ehuyen vj 

{S} tai thoi diem t+SAt duoe xae dmh theo eong 

thue: 

{*}„,. 

n... 
i.eM)' 

({•5},., 

- ^ - ( { . s L , , . 
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Thay thfi cdng thuc (6) vdo cong thiic (1) co the 
tim ra dugc vec ta chuyen vi {^},+|^ tai thoi diem t + 

9At Dua vao cac vec ta chuydn vi {S\, van tdc ]Sl, 

gia tdc [Sji tai thdi dilm t da biit, co thi tim ra duge 

van tdcj^l,^^, gia tdc [Sl^^ tai thoi di^m t+BAt. 

Cdc ndi dung tdm tat a trfin dugc the hifin thanh 
cdc budc giai cu thi nhu sau: 

Budc 1: Dua vdo phuang phdp phdn tu hiiu ban, 
xay dimg ma tran ciing tdng the [K], ma tran can [C] 
va ma trdn khoi lugng [Mj. 

Budc 2. Giai bai toan tinh de xac dinh trang thdi 

ban ddu cho bdi todn dgng. Tir do xdc dinh dupe cac 

gia tri ban ddu {S\, van toe [Sj^, thong qua giai 

phuong tiinh dpng xdc dinh dugc gia tdc [Sj^y. 

Budc 3. Lua chgn e = 1,4, tinh toan cac tham so 
tich phan sau: 

0̂  
(7) 

Bude 4. Dua vao cdc tiiam sd da tinh todn dirge d-
budc 3, tiln hanh tinh toan ma tran ciing tong the 
mdi: 

[^J=[^]-l-fljM]-(-fl,[c] (8) 

Budc 5. Tinh todn vec ta tai gia tang tai bude thdi 
gian t + GAt: 

(f U ={F\ +[M](a„{4 +«2{<j}, +2(4) 

Budc 6. Tinh todn thdnh phdn ehuyen vi tai thdi 
diem t + SAt: 

(9) 

{s\.e.A^\\n. (10) 

Bucfc ?. Tinh todn cac thanh phdn gia toe, van 
toe va chuyfin vi tai thoi diem t + At: 

k ^ U = W, +Ar{4 +«,({4^, -H2{4) 

2.3. Dilu kifin tai hrpng ban dau 

Khi dap bfi tdng lam vifie trong dieu kien binh 
thirong (truong hop van hanh), dap chiu tae dung 
cua cac lirc nhu trpng lugng ban than, dp luc tham 
dtrdi day dap, dp lue nuoc thiiy tinh tai bien thupng 
va ha Itm dap. Tuy nhifin dudi tac dung cua tai trpng 
dgng, nude trong ho dao dpng va gay ra dp luc tang 
thfim tac dung toi dap. Trong cac nghien ciiu ca ban 
theo tieu chuan Vifit Nam, hifin nay thong thudng 
xac dinh dp luc nay bdng mgt he sd tang them va 
duge xac dinh tiieo chieu nguy hifim nhdt [7]. Tuy 
nhifin vfi ban chdt dp luc dpng va dap cd nhiing su 
tuong hd Idn nhau, trong pham vi nghifin ciiu ndy, da 
sir dung ly tiiuylt ciia Westergaard [12] coi dp luc 
thuy dpng tac dung len mat thugng luu dap do ddng 
dat gay ra tuong dirong vdi cde lire quan tinh eua mgt 
lupng niroc tdc dung len dap. Vung nude nay theo 
Westergaard gioi ban bdi phuang trinh parabol nhu 
hinh 3 va cung phirong ngupe chieu vdi gia tdc dpng 
dat. 

-<7/8)h+ 

Hinh 3. ̂  lî rc nu6c tdc dyng Ifin m$t dap 

Khi do dp luc nude tang thfim cua mdi nut phan 
tir dupe xac dinh theo cong thiic: 

Ma,—nV^(^^^A (12) 

Trong do: 

H: Chieu cao cot nude truoc dap (m); 

Zi: Khoang cdch tir day dap tdi nut dang xfit (m); 

Ai: Phan vimg difin tich anh hudng cua mit (m^; 

' " : Trpng lupng rifing cua mroc (N/m^ 

3. KET QUA VA THAO LUAN 

S . L S d lifiu ddu vdo 

Vi du di ing di nghifin ciiu a day la mo t dap bfi 

t ong t r p n g luc d u g c xay d u n g trfin n e n da vdi cac chi 

tifiu ca ly nhu sau: 
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Hmh 4. Ludi phdu hi tinh todn Hinh 5. TVang thdi liog sudt tmh Sj Hinh 6. Trang thai iing su&fiiih S3 
thudng xuat hifin tai viing mep bifin thugng luu dap. 
Kfit qua chuyin vi theo phiKmg ngang cua dinh va 
day dap dupe the hifin trfin hinh 9 da cho thay ro qua 
trinh dao dpng cua dap trong qud trinh xay ra dpng 
daL 

Bang 1. Dac trung vat lift! Mm dap v4 nfa 

Thong sd 

Khoi luong rifing CT/m^ 

Mo dun Ex 

He so Poisson 

Vat lieu 

Dap 

Nen 

Dap 

Nen 

Dap 

Nen 

Gia tri 

0,24 

0,25 

2.10E+06 

2.10E+O7 

0,2 

0,17 

Cac ki t qud phan tieh iing sudt tinh dupe the 
hifin trfin hinh 5 vd hinh 6 la trang thai ddu vao cho 
bdi toan phdn tich dgng dat 

Cap dpng dat duge xet den trong nghifin ciiu la 
cap 8 theo phd phan iing ngang (hinh 7) va pho gia 
tdc nIn (hinh 8) nhu sau [13]: 

• ^ 

Hinh 7. Phd phan iing Iheo phuong ngang 

ii^$0M^'-

Hmh 8. Phd gia tdc nfin theo phuong ngang 

3.2. Kit qua tinh ti)dn 

Thdng thudng, ddi vai dap bfi tong trpng lire 
trong qua trinh van hanh thudng lam vific theo sa do 
nen lech tam ve ha luu do tdc dpng cua dp lirc thiiy 
tinh trong hP. Do vay iing suat ehinh nhd nhdt 

JImh 9. Chuyin vi theo phuong ngang ffinhdap 

Sx Sy 

Hmh 10. Kit qua ling sudt tai ddy thupng hm d|p 

theo tfadi gian 

Hinh 11. Kit qud chuyin vi ngang Ion nhdt 
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\' n^^. 
Sx Sy 

Hinh 12. KSt qua ling suat Ion nh^t 

Bang 2. Bang tdng hgrp kft qua tinh toan 

Vitri 

Dinh dap 

Day thuong 

Day ha 

Ux(m) 
Time (s) 

0,01450 
14,66 

0,00026 
3,8 

0,0002 
4,06 

Uy(m) 
Time (s) 

0,00573 
14,66 

0,00019 
1,86 

0,0001 
3,48 

Sx (T/m') 
Time (s) 

2,71 
9,16 

213,28 
4,06 

147,9 
3,48 

Sy Cr/m^ 
Time (s) 

22,11 
11,60 

350,33 
4,06 

78,33 
3,22 

Cac kfit qua tinh toan the hifin trfin hinh 7 den 
hinh 10 va trong bang 2 cho thay rd tinh hinh difin 
bifin chuyin vi ngang theo phuong x va trang thai 
ling sudt tai thdi diem dat gia tri ldn nhat cung nhu 
difin biln chuyin vi ngang, img sudt tai mot sd diem 
dac biet trong dap. 

4. KFT LUAN 

Tir phuang trinh ca ban cua phirong phdp FEM 
giai bdi todn tai trpng dpng, da iing dung phuang 
phap Wilson-0 de bien doi vd dua ra cac bude gidi bdi 
toan phan tich ddng trong phuang phdp phan tit huu 
han thudc he thdng cac phuong phap tieh phan thdi 
gian true tilp. Nhiing ket qua ndy la ea so- cho cdc bdi 
todn phan tich, ddnh gid cung nhu thiet ke eong trinh 
chiu tdc dung tai trgng dpng ndi ehung va cac ddp 
dang, dap chdn vdi kich thude ldn noi rifing. 
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APPUCATION OF THE Wn.SON-e MEraOD TS FEM TO ANALYSIS OF CONCRETE PRESSURE ON 
DYNAMIC LOADING 

Nguyen Quang Hung 

.Summary 

The impact of earthquakes on constmction works in general and hydropower dams m particular is veiy big. 
The calculation of the design of the project affected by dynamic loads for the hydropower project in Vietoam 
is still limited. The content of this paper mtroduces a method of applying Wilson-9 method to build a false 
algorithml by fimte element method to study the impact of earthquake on gravity concrete dam as one of 
the types of works, offering popular water for Irrigation and Hydropower. The research results contribute to 
perfectmg the calculaUon technology of gravity concrete dam under the effect of oscillation. 
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