www.vncold.vn www.vncold.vn www.vncold.vn

PHUONG PHAP PHAN TU HU'U HAN TU THICH UNG VA UNG DUNG
TRONG PHAN TiCH PAP BE TONG TRONG LUC

ThS. VU HOANG HUNG"?, TS. NGUYEN QUANG HUNG"
(1) Truong Pai hoc Thuy loi
(2) NCS Hoc vién Céng trinh Thiiy loi thity dién, Pai hoc Ha hai, Nam kinh, Trung quéc

Tém tit: Phuong phap phan tir hitu han (FEM) 13 mot phuwong phép s6 ¢6 hiéu qua cao trong giai cac
bai toan co hoc cong trinh. Tuy nhién ddy 13 mot phwong phap gan dung nén van dé khong ché sai sb
nang cao do chinh xac 10i giai bai toan ciing nhu danh gia d6 hoi tu bai toan phan tich tmg suét bién
dang cong trinh 1a mdt van dé mang tinh khoa hoc cao. Bai bao nay tap trung di sau nghién ctru vao k¥
thuat phi tuyén tinh hinh hoc trong viéc 4p dung FEM vao phan tich tng suat dap bé tong trong luc
trén nén da dé tir d6 hoan thién hon céng nghé tinh toan dap bé tong trong luc. Nhing két qua nghién
clru nay c6 y nghia khoa hoc va thuc t& nhdm giai quyét vin dé Gmg sudt cuc bo tai nhiing ving dic
biét ciia dap bé tong trong luc dang 1a van dé con ton tai ciia cong tac thiét ké dap bé tong trong luc
cua Viét Nam.

Tir khéa : Phan tir hitu han, ung suit, chuyén vi, tu thich Ung, sai )

1 DPAT VAN BE

Phuong phap phan tir hiru han (Finite Element Method - FEM) 1a mdt phuong phap gan dung dé
giai cc bai toan co hoc, nghiém cua bai toan thu dugc dua trén giai phuong trinh can bang cua toan
mién tinh toan theo nguyén 1y can bang cuc han. Chinh vi vay cac dic trung co hoc ciing nhu hinh hoc
anh huong rat nhiéu dén do chinh xac cua nghiém ciing nhu sy hoi tu cta 10i giai. Trong nhitng tinh
toan giai bai toan FEM thong thuong, anh huéng chii quan cta viée chia ludi phan tir s& dan dén sy
khac biét rat 1on trong 101 giai. Vi vay theo nhimng kinh nghiém thong thudng khi giai bai toan c6 mién
tinh toan phuc tap ngudi ta thuong chia nho ludi phan tir tai nhimg ving c6 kha niang phat sinh tmg
suét cuc bod cling nhu nhitng ving cé cac dac trung dac biét. Tuy nhién su thay ddi ludi ph?m tr mang
tinh cht quan nay c6 anh hudng nhu thé nio dén két qua bai toan? Loi giai toan hoc co dat duoc y
nghia co hoc hay khong? Dé tra 10i cho ciu hoi nay, bai bao tién hanh nghién ciru phan tich mot sb
nhan t anh hudng ciia viéc chia ludi phan tir t6i trudng tng suat bién dang cua dap bé tong trong luc
trén nén da. Tir d6 ¢6 nhitng két qua so sanh budc dau trong trudng hop sir dung thuat toan ty thich
g trong FEM voéi nhiing tinh toan FEM thong thuong nham nang cao d6 chinh xac cua 1oi giai bai
todn co hoc cling nhu danh gia mac d6 hoi tu cua nd. Viéc tinh toan so sanh phan tich duogc tién hanh
dua trén 5 truong hop khac nhau nhu hinh 1 va hinh 5.

5%25
5x25
5x25

Luoi PT dang 1 (a)  Luoi PT dang 2 (b) Luoi PT dang 3 (¢) Luwoi PT dang 4(d)
Hinh 1 Bon truong hop phén chia kich thuée mang ludi phan tir hitu han khéng giong nhau
Bdng 1 Két qua phdn tich img sudt chinh nhé nhat tai gét ddp
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S6 truong hop  Mang ludi tinh toan Tai trong tinh toan Ung suét chinh min
tai got dap (MPa)
1 Ludi PT dang 1 TLBT + ALNTL 10.96
2 Lud6i PT dang 2 TLBT + ALNTL 8.22
3 Luéi PT dang 3 TLBT + ALNTL 5.79
4 Luoi PT dang 4 TLBT + ALNTL 5.20
(Gia tri 16n nhat — Gi4 tri nho nhat)/Gi4 tri 16n nhit 52.6%

Trong do: TLBT : Trong lwong bdn thdn.
ALNTL: Myc nudc thwong luu la muc nwoc dang binh thuong.

Tir bang 1 ¢6 thé thay rang cach chia luéi phan tir cling nhu kich thudc cta nd ¢o anh hudng rat
16n dén gia tri ing suat tap trung tai got dap, gia tri tmg suét tai got dap trong cac trudng hop chia ludi
khac nhau c6 thé sai khac nhau dén 52.6%. Vi vy khi sir dung FEM phan tich mg suat — bién dang
néu nhu chi dua vao mot 1an Iya chon kich thudc luéi phan tir dé tinh toan thi kho c6 thé thu duogc két
qua ung sudt nhu mong mudn. Chinh vi vy, dé c6 thé giai bai toan sat v6i thuc té nhit can phai co
mot qua trinh phén tich hiéu chinh dé danh gia tinh chinh xac cua 10i giai bai toan FEM. Trong qua
trinh tinh toan hiéu chinh nay, st dung thuat toan ludi phan tir tu thich tng nham khdng ché va phan
phbi sai sb trong qua trinh giai.

2 PHUONG PHAP PHAN TU HUU HAN TU THICH UNG
2.1 Panh gia sai s6 phin tir hiru han ty thich ing

Loi giai cua FEM 1a 10 giai gan dtng, gia tri chénh 1éch ciia nd voi gia tri giai chinh xac dugc goi
1a sai sb. Sai sb chuyén vi dugc dinh nghia nhu sau:

e,=u—-10 (1)

Trong d6: u 1 gi4 tri chuyén vi giai chinh x4c; 014 gia tri chuyén vi giai gan dung
Sai s6 ung suét dugc dinh nghia 1a:

e.=6—-6 2

o
Trong d6: o 1a gi tri ing suét giai chinh xac; &1a gia tri img suit giai gan ding
Tuy nhién trong thyc té thudng c6 hién tuong tap trung ung suét tai mot sd ving khong dong nhat
vé dic tinh co hoc ciing nhur hinh hoc. Do vay nén khi sir dung céc sai sb dugc xac dinh theo (1) va (2)
s& ¢6 su chénh 1éch rat 16n véi thue té. Noi cach khac, 10 giai cta bai toan ddi véi nhitng vung cuc bd
nay s& khong con ¥ nghia nita. Diéu nay hoan toan phu hop véi nhitng két qua nghién ctru hién nay
twong ty nhu cac bai toan thiét ké, khi st dung céc tri sb ung suit bién dang cuc b9, nguoi thiét ké
thuong phai 14y cac gia tri ndy tai ving 1an can dé dua vao thiét ké. Luéi phan tir tu thich tng s& khdng
ché su sai khac nay va tién hanh phan phdi sai s6 nang luong toan phan cia toan mién dam bao sai sb
tai cac phan tir 1a nhu nhau. Piéu nay hét sirc co y nghia vé mit co hoc ciing nhu toan hoc.
Dinh nghia sai s6 pham vi ning lugng la:
1/2
llef = j(c -6)'D ' (c-6)dQ 3)
)
Trong d6: D 1a ma tran héng s6 dan hdi; Q 12 mién tich phan.
Thong qua giai phuong trinh co ban ciia FEM c6 thé thu dugc mién nghiém gan ding {4} va
{6 }. Tuy nhién viéc xac dinh mién nghiém dung {u} va {c} dbi véi cac bai toan co hoc co bién phirc
tap 1a hét sirc kho khan. Do vy c6 thé dung trudng (mg suét cai tién {c*} va truong chuyén vi cai tién
2
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{u’} thay thé cho mién nghiém dung {o}, {u} dé phan tich **!. Khi st dung mién nghiém cai tién, sai
s0 nang lugng toan mién dugc xac dinh nhu sau :

1/2
= [lc" -8 D(c" —6)d£2} )

Q

*

(&

Sai s6 nang luong d6i v6i phan tir thtr i dugc xac dinh theo cong thire (5)

1/2
W .[(G* _6)TD71 (G* _6)‘191} ®)

Q

*

Mirc d6 hiéu qua 6 dung dé danh gia sai sé dugc xac dinh theo cong thic (6)

kle” ‘
0= (6)
5
Trong do: k 1a h¢ s6 hiéu chinh phu thudc vao loai hinh phﬁn t
Sai s6 toan phan ctia toan mién tinh todn n duge xac dinh theo cong thic (7)
e*
n= (7
Nadapt " 2 12
Y, [6"6d0+e’|
e=l QO

Trong do6: Nadapt 12 sO phan tir can gia ting cuc bd trong ludi phan tir tu thich Gng.
Viéc danh gia tinh chinh xac cua 10i giai bai toan FEM tu thich tng duoc khdng ché bang sai s dinh
truge f. Trong truong hop sai sb toan phan cua toan mién 1 xac dinh theo (8) khong théa man diéu
kién n<f thi ludi phan tir can thiét phai dugc hiéu chinh bang cach gia ting sb luong phén tir. S6 lwong
phén tir can phai b6 sung duoc xac dinh theo diéu kién (8):

*

§
> (8)

® \ Nadapt

Néu diéu kién (8) dugc théa man phan tir Q; can tién hanh nang cip. Su ning cp nay duoc tién
hanh theo cac mo hinh khac nhau. Tuy nhién mdi 1an nang cap nay, ludi phan tir ¢6 sy thay doi va thiét
1ap lai hé phuong trinh co ban cia FEM. Viéc giai bai toan FEM dugc tién hanh theo chu trinh giai lap
dén khi thoa min diéu kién khdng ché sai sb n<f, lu6i phan tir thu dugc cudi cing goi 1a ludi phan tir
tu thich Ung.
2.2 Phwong phap ning cip mang lwéi ty thich ing

Hién nay phuong phap FEM tu thich (mg duoc tién hanh v&i bai loai mé hinh co ban: M6 hinh h
(hinh 2a) dya trén nguyén 1y chia nho lugi phan tir nham nang cao do chinh xac. M6 hinh h phu hop
v6i nhitng mién tinh toan twong ddi dong nhat va ham xap xi gan dung nhé ¢ bac nho hon 4. M6 hinh
p (hinh 2b) dya trén co s ting bac ciia ham gan dung . M6 hinh nay twong ddi phirc tap d6i véi nhimg
ham gin dung bic cao, ma tran cimg phan tir s& bién d6i phtc tap va do 16n cua bai toan ting 1én rat
nhiéu. M6 hinh r (hinh 2¢) dua trén co s¢ phan chia lai kich thudc phan tir, kich thudc ciia cac phan tir
dugc thay doi khong dong déu nhau nham phan tan sai sd, nang cao do chinh xac giai. Ngoai ra c6 thé
két hop cac mo hinh dé thanh t6 hop cac md hinh khac nhau trong bai toan FEM nhu mé hinh (h-p) ,
md hinh (p-r) 1.
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a/ Phuwong phadp h b/ Phwong phap p ¢/ Phuong phap r
Hinh 2: Ba phwong phdp thay doi mang lwdi phan tir lién tuc

Trong cdc md hinh trén, 1y luan phuong phép tu thich tmg mo hinh h 14 kha pho bién, wu diém cua
n6 1a phan mém phén tich phan tr hitu han co ban khong thay d6i nham duy tri tinh doc 1ap, tinh tu
thich img ctia phuong phap kha manh, tinh linh hoat ctia chwong trinh kha tot, nhung nhuoc diém 1a
dua vao mot bo phan sinh thanh mang ludi 16n manh, bd phan sinh thanh mang ludi 16n manh nay yéu
cau c6 kha ning thich ing cic pham vi phirc tap, tinh nang trang thai ciia mang ludi can tot, ddi voi
mg dung cta phuong phap mé hinh h nay yéu cau kha cao. Pong thoi toc do hoi ty ciia nd kha cham,
d6 chinh xac twong ddi thip, d6i v6i van dé diém ky di hiéu qua kha kém. Phuong phap mé hinh p rét
thich hop xir Iy nhu 1a van dé tap trung Gmg sudt doan cudi vét nit, nhung két cau phan mém phan tich
phan tir hitu han phirc tap. Phuong phép tu thich tng h — p 1 loai phuong phép tién tién nhit, né c6
kha ning cung cap toc do hoi tu theo luy thira, phong that may tinh va phén tich van dé cong trinh thuc
té nay rat c6 y nghia, song phuong phap nay ciing 1a phuong phap kho nhit trong tmg dung, c6 rat
nhiéu vin dé dang trong qua trinh nghién ctru'®. Hinh 3 biéu thi mot qua trinh chinh thé tinh toan phan
tir hitu han ty thich img ). Phan mém phan tich phéan tir hitu han thong dung ANSYS c6 kha ning
phan tich tyr thich ing hiéu qua cao. Van dé phan tich ty thich mg c6 thé tham khao trong cac tai liéu
huéng dan sir dung phan mém.

Céu kién cong trinh Durng tinh toan

A 4

Lua ch Thoéa man
va C. on mang Tinh toan PTHH [» Phan tich sai s d6 chinh xac
ludi co ban ’ .
du dinh?

Khoéng

A

Thyec thi vu héa mang ludi

Hinh 3: Qud trinh tinh todn phan tr hitu han ti thich vmg

3 UNG DUNG FEM TU THICH UNG PHAN TiCH UNG SUAT BIEN DANG DAP BE TONG
TRONG LUC
3.1 Mit cit tinh toan
Mit cit dap dugc dung dién hinh véi chiéu cao dap 137m, chiéu rong day dap 80m, bé rong dinh
dap 7m, pham vi tinh toan nén dap vé phia thuong luu 150m, vé phia ha luu 250m, vé phia dudi 250m
(xem hinh v& 4). Tai trong tinh toan gdm ti trong do trong lugng ban than dap va ap lyc nudc thugng
lwu gay ra. Truc X theo phuong ngang huéng tir thuong luu vé ha luu, truc Y theo phuong thing dimg
huéng 18n trén. Hai bién nén dap duoc khdng ché chuyén vi theo phwong ngang (phwong truc X), bién
day nén dap khdng ché chuyén vi theo phuong dimg (phuong truc Y). Chi tiéu co Iy cta bé tong déap
va nén duoc cho & bang 2.

Bdng 2 Chi tiéu co Iy vit liéu dap va nén ding trong tinh todn

Loai vatliéu Luc dinh Goc ma sat Modun dan Heé s6 Khéi lugng
c(Mpa)  trong ¢ (d0) hoi E (Mpa)  Poissonv  riéng p (kg/m’)
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Bé tong dap - - 21000 0.167 2400
D4 nén - - 20000 0.20 2500
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Hinh 4 Piéu kién bién ding trong tinh todn

3.2 Luwéi phan tir FEM ty thich \ing
Str dung phuong phap FEM tu thich ting dugc st dung trong phan tich thong qua ap dung mo hinh
h ¢6 sin trong phdn mém ANSYS dé phan tich tng suat bién dang cho dép bé tong va nén. Gi6i han sd

bude giai 1a 10 budc (Number of Solutions = 10), sai s cho phép lya chon tinh toan st dung trong
truong hop nay 1a 5% (Percent error in energy norm = 5), hé s6 nho nhit cho thay di kich thudc phan
tr 1a 0.5 (Minimum element size factor = 0.5), hé s 16n nhét cho thay ddi kich thudc phan tir 1a 2
(Maximum element size factor = 2).

Ménh 1énh chia ludi phén tir ty thich g va giai mot mo hinh:

ADAPT,10,,5,0.5,2

Hinh 5 thé hién ludi phan tir t thich Gng va sai sb toan phan twong tng & cac budc giai 2, 4, 6, 8.

Buoc tw thich ung 2 Buoc ty thich ung 4 Buoc ty thich ung 6 Buoc tw thich ung 8
S6 phan tir: 164 S6 phan tie: 748 S6 phan tie: 3408 S6 phan tie: 18219
Sai s6: 1= 16.1% Sai s6: 1=8.4% Sai s6: 1=8.1% Sai s6: 1=4.3%

Hinh 5 Luwdi phan tir tie thich émg va sai s6 toan phan twong vmg & cdc bude gidi 2, 4, 6, 8

3.3 Phin tich két qua tinh toan

Bing 3 Két qua phdn tich iing sudt chinh nhé nhdt o, tai got dip (Mpa)

Budc 2 4 6 8 (cubi ciing)
giai (n=16.1%) (7= 8.4%) (7=8.1%) (7 =4.3%)
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Ludi PT

Ludi phan tir 1 10.96
Lu6i phan tir 2 8.22
Lu6i phan tir 3 5.79
Lu6i phan tir 4 5.20
Lu6i ty thich Gmg 2.41 6.10 13.06 26.25

Két qua tinh toan cho thiy gia tri Ung suét kéo tai got thuong lwu dap theo phuwong thing ding
tang rat 16n dat t6i 26.25 Mpa, ting 139.5% so véi tng suét kéo 16n nhat trong bdn trudng hop chia
ludi théng thuong theo chii quan ctia ngudi tinh toan. Hinh 6 thé hién hinh anh cta phan bd tmg suat
chinh nhé nhét o, tai day dép ng véi cac ludi phan tir khac nhau.

20/
| —=—element grid 1
16| —e— element grid 2
—4— element grid 3
1241 —v— element grid 4

—<— adaptive element grid

1st Principal stress (MPa)

0 10 20 30 40 50 60 70 80
Bottom of dam (m)

Hinh 6 Phdn b6 ing sudt chinh nhé nhdt o, tai ddy ddp ieng véi cdc ludi phan tir khdc nhau

Tir hinh (6) thdy 13 rang rang két qua tmg suit o tai chan thuong luu dap 13 noi phat sinh tng suit cuc
b6 16n nhit trong truong hop hd day nudc thé hién 16 sy khac biét 16n giita cac cach chia ludi phan tir
khac nhau. Cang vé ha luu dap, noi it xuét hién ung suét cuc bo thi su sai khac nay giam di dang ké.
Chinh két qua nay da thé hién rd duoc hiéu qua cua viée st dung ludi phan tir tu thich Gng trong bai
toan phan tich ing suit bién dang dap bé tong trong luc trén nén da khi c6 sir dung phwong phap phan
tir hitu han.

4 KETLUAN

Tir nhitng két qua nghién ctru da cho thdy 13 rang kich thude ludi phan tir hitu han anh hudng rat
16n dén cac gia tri ing sudt tap trung tai got thwong luu dap. Khi chia ludi phan tir khong gidng nhau,
cac gia tri ung suit tai got dap 16n nhét va nho nhét sai khac nhau rat nhiéu , dat t6i 54.4%. Do vay nén
khi str dung phwong phép phan tir hitu han dé phén tich tmg suit — bién dang dap bé tong trong luc trén
nén da ma chi dwa vao mét lan lya chon kich thudc luéi phén tir dé tinh toan thi khong thé thu duogc
két qua ng sut nhu mong mudn ma can phai c6 mot qua trinh diéu chinh ludi phan tir & nang cao do
chinh xac ciia 1oi giai bai toan. Viéc st dung k¥ thuat phi tuyén hinh hoc cuia 16i phan tir ma bai bao da
dé cap bang thuat toan luéi phan tir ty thich tng dd phan nao mé phong qua trinh 1am viéc cua dép sat
v6i thyuc té hon nham thu dugc két qua phan tich chinh x4c nhat.
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ADAPTIVE FINITE ELEMENT METHOD AND THE APPLICATION IN

ANALYSIS OF GRAVITY CONCRETE DAM

MEng. VU HOANG HUNG"?, Dr. NGUYEN QUANG HUNG"

(1) Water Resources University

(2 ) College of Water Conservancy and Hydropower Engineering, Hohai Univ., Nanjing 210098, China

Abstract: With the structural mechanic problems, Finite Element Method is one of the best solutions. It
is, however, an approximate method; thus there exists the undesired error in solving process. Control
the error to get the best results and to assess the convergence in analysis the stress-strain of structure is
posed. This is a problem get the attention of many scientists. The paper focuses on the non-linear
geometry approach in using Finite element Method to analysis the stress of Concrete gravity Dam on
rock foundation; through by, the computational technique of gravity dam is amended. The study can
help the engineers solving the local stress problem in the structure, a disadvantage in design concrete
gravity dam in Vietnam.

Keyword: FEM, stress, displacement, adaptive, norm error



