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PHAN TICH NHIET THUY HOA XI MANG TRONG KET CAU BE
TONG MOI PO DUNG PHAN TU HUU HAN HYBRID

ANALYSIS OF HEAT INDUCED BY CEMENT HYDRATION IN EARLY- AGED
CONCRETE STRUCTURES USING HYBRID FINITE ELEMENTS

YPhgm Tién Cwong, ?Bui Vin Ngoc
Truong Dai hoc Giao thong Vdn tai TP. Ho Chi Minh
“cuong.pham@ut.edu.vn

T6m tat: Bai bao tap trung phat trién loi gidi s dung phan tir Hybrid cho bai toan truyén nhiét
trong két cdu bé tdng mdi do, c6 ké dén nguon nhiét bén trong sinh ra bai qué trinh thuiy hoa cua xi
mdng (phan ¥ng gitra xi mdang véi nwéc). Md hinh toan hoc cia bai toan dua trén phirong trinh truyén
nhiét theo dinh lugt Fourier. Sy truyén nhiét giira bé tdng va méi truong bén ngodi théng qua cdc co
ché doi luu, birc Xa dwoc ké dén trong md hinh bai toan. Nguon nhiét dwoc mé hinh dia trén dang
dinh ludt Arrhenius’s law doi véi phdn ing hoa hoc trong dé tinh dén d@é thuy hoéa cia xi mdng.
Trwong nhiét dé va dé thiy hoa la hai bién kiém soat xap xi trén mién phan tiz, trong khi dong nhiét
(heat flux) xap xi trén bién phan ti (bién Dirichlet). Su xdp xi nhiéu bién dong thoi nay tao ra tén goi
“Hybrid”. Pa thirc xdp xi va ham dang 1a hoan toan dgc ldp. Cac truong xap xi khdng phu thugc lan
nhau thdng qua dang va bdc da thirc. Két qud Ciia bai todn thu dwoc Véi s héi tu cao khi dung h¢ luci
thd (sé lwong phan tir rat thap) trong khi linh hoat duoc viéc thay d6i bdc da thirc xap xi. Bai toan ap
dung 1a mgt san bé tdng cot thép trén nén coc nhoi véi chiéu day 35 cm cia nha kho chira sita duroc
lwva chon phan tich véi md hinh Hybrid. Loi giai Hybrid (nhiét d6) véi mé hinh heéi thd (mét phan tir)
dat dwot su héi tu dén két qua do, va c6 dé chinh xdc cao hon 10i gidi fwong iing tir phan mém Midas
Civil khi ding FEM théng thwong. Sw khac biét giiza nhiér dé tir loi giai Hybrid va két qua do dudi
5%. Piéu kién bién dwoc loi giai Hybrid mo hinh rat tét théng qua dinh ludt Newton’s cooling law &p
dung cho cdc bién doi luu.

Tir khoa: Bé tdng méi do, dong nhiét, dg thiy héa, phan tir Hybrid.

Ma phén logi: 11.2

Abstract: The research focuses on developing a numerical solution using Hybrid elements for the
heat transfer problem in early-aged concrete structures, taking into account the internal heat
generated by the hydration of cement. The mathematical model of the problem is based on the heat
transfer equation using Fourier's law. The heat transfer between concrete and the outside environment
through convection and radiation modes is considered in the problem model. The heat source is
modeled by a type of Arrhenius's law for chemical reactions, including the hydration degree of the
cement. The temperature and hydration fields are the two-state variables that are approximated in the
element domain, while the heat flux is chosen to approximate independently on its boundaries
(Dirichlet boundaries). This simultaneous approximation gives rise to the name "Hybrid". A
reinforced concrete floor on the ground is chosen for numerical analysis with the Hybrid solution. In
the Hybrid solution, the temperature field used coarse mesh (single element) achieves the convergence
to the measured results, and has higher accuracy than the corresponding solution obtained by Midas
Civil software which uses conventional FEM. The difference between the temperature obtained by the
Hybrid solution and the measured result is less than 5%. The boundary conditions are well modeled
by the Hybrid formulation using Newton's cooling law applied to convective boundaries.

Keywords: Degree of cement hydration, Hybrid finite elements, early-aged concrete, heat flux.

Classification code: 11.2

1. Giéi thiéu ctia phan tir Hybrid Ia da thic xap xi véi ham

Chua c6 nhidu nghién ctu trong viec sa dang, co thé dung hé ludi thd, phan tir khong
dung phén ti Hybrid cho bai toan phan tich ~ cau tric v.v... dugc ap dung rat phu hop cho
nhiét thuy hoa cua két cAu bé tdng méi dd, bai toan truyéen nhiét cua ket cau bé tdng khi
trong khi v6i phan tir hitu han (PTHH) thong ~ €&c truong nhiét d6 va do thuy hoa duoc mo
thuong (conventional elements) da dugc hinh rat tot so véi ket qua do ciing nhu ket
dung phd bién cho bai toan nay. Thé manh qua cua PTHH thong thuong.
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Tai Viét Nam, cac nghién cau vé sir
dung phan tir Hybrid cho phan tich nhiét thuy
hoa cua két cau bé tdng mai do chua dugc
cdng bé (trén cac tap chi chuyén nganh). Céc
quy dinh/ tiéu chuan lién quan dén nhiét thay
hoa con rat han ché du di c6 nhiéu cdng trinh
bi ntt do nhiét thuy hda gay ra.

Mic di viéc khéng ché nhiét do trong bé
tong khéi 16n c6 duoc quy dinh trong
TCXDVN 305:2004. Bé tong khéi lon — Quy
pham thi céng va nghiém thu [1] nhung tiéu
chuan khéng quy dinh vé phuong phap phan
tich thuy hoa, trong khi chi dua ra mot sb
diéu kién chung nham han ché nat trong bé
tong nhu phai khdng ché nhiét a6 chénh léch
AT < 20 °C va mo dun chénh nhiét d0 Mt <
50 °C/m. Pé kiém soat duoc nhiét thay hoa
khdi bé tong trong qua trinh thi cong phai dat
cac thiét bi do nhiét do tai nhiéu vj tri khac
nhau. Cach 1am nay thuong gay ton kém va
phtc tap cho thi cong.

So véi FEM thi phan tir “Hybrid” duoc
ra doi mudn hon va day 1a mot dang phan tir
“nonconventional”. Phan tir Hybid ciing da
duoc &p dung kha nhiéu trong cac bai toan co
hoc [2] - [5]. Phan tich bai toan truyén nhiét
ding phan tr Hybrid duoc mot s6 tac gia
trong [6], [7] nghién cuu tuy nhién maéi ¢ cac
dang benchmark va chwa tng dung vao linh
vuc xay dung, dic biét 1a bai toan truyén
nhiét trong bé tdng méi db véi ngudn nhiét
do thuy hda cta xi mang tao ra.

Do d6, loi giai bai toan truyén nhiét
trong bé tdng mai d6 dung phan tir Hybrid s&
duoc xay dung va phat trién, nham tan dung
cac diém manh cua loai phan ta nay, dong
thoi dé kiém soéat duoc céc truong nhiét do
va d6 thuy hoa.

2. M6 hinh todn hoc cua bai toan
truyén nhiét c6 ngudn nhiét do thiy hoa
caa Xi mang

2.1. Céc phwong trinh co ban

Phuong trinh dan nhiét dwa trén nguyén
ly bao toan nang luong va dinh luat Fourier
cho vat thé rin (solid) c6 thé biéu dién dudi
dang sau:

V'e+cT =Q trongV (1)
e=VT trongV 2

o =-k e trongV (3)
Trong cé4c biéu thic trén: T 1a nhiét do;
V'={olox oloy oloz} la Gradient vecto;
o la vecto dong nhiét (heat flow); c la nhiét
dung riéng thé tich, T 1a d6 bién thién nhiét
do6 (theo thoi gian); ¢ la Gradient nhiét do; k
1& ma tran hé sé dan nhist (W/m/K). Q la
ngudn nhiét (heat source) c6 don vi 1a W/m®.
Ngudn nhiét dugc dinh nghia theo do thay
héa nhu sau:

Q) =Q,a(t) (4)

Trong d6: o la do thuy hda (cement
hydration degree); Q. la nhiét thuy hoa cudi
cuing (I6n nhat).

Téc do thuy hoa (the rate of cement
hydration degree) dugc biéu dién trén co sé
cua dang dinh luat Arrhenius cho phan ng
hoa hoc cua phan wtng thuy hoa xi mang,
duoc viét dudi dang:

a=A f(a)exp(-E,/RT) (5)
Trong d6: At la hang sb toc do phan ung;
Ea la nang luong hoat hoa cua phan tng thuy
héa (J/mol); R 1a hiang sb universal gas, R =
8.314 J/mol/K va f(a) la “ham thuy hoa”
[8], [9] dwoc xac dinh bang thwc nghiém,
thudng théng qua mot duong cong dau vao
cua sy tang nhiét do trong moéi truong doan
nhiét. Ham nay c6 thé duoc xac dinh bing
mot xap xi tuyén tinh hodc bang cac xap xi
phi tuyén [9], vi du:

o & l-a “
ol o

Cac tham sb k,, k, va k, can thoa diéu
kien k, k, = (1—k) K, .
_2.2.Piéu kién bién va diéu kign ban
dau
Piéu kién trén bién &p dat dong nhiét
g(t, X) nhu sau:

n'o={q trén Iy (7)
Diéu kién trén bién dbi luu:
n'o=h(T-T,) trén It (8)
Piéu kign trén bién birc xa va bién co
buc xa dong thoi véi doi luu:
n'o=h (T‘-T})tren Iz (9)
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n'o=h,(T-T,) trén I&r (10)
Diéu kién trén bién tiép xdc:
n'o=h,(T-T,) trén 7z (11)

Trong céac biéu thuc trén: n 1a vector
phép tuyén don vi (chi phuong) cua bién
phan tir; Ta la nhiét do khong khi; he, hr, her,
hea 13n luot 13 cac hé sé truyén nhiét do dbi
lru, bic xa, d6i lvu — buc xa va do tiép x(c;
Tk 1a nhiét do trén bién tiép xdc.Cac diéu kién
bién tir (7) dén (11) duoc goi la diéu kién
bién Neumann.

Diéu kién bién Dirichlet khi trén bién c6
&p dat nhiét 6 T (t, X) nhu sau:

T=T trén /7 (12)

Diéu kién ban dau cua bai toan s& 1a;
T=T,att=t, trongV (13)
a=a,att=t; trong vV (14)

Trong d6: To va ao lan luot 12 gié tri cua
nhiét do va do thay hoa tai thoi diém ban dau
to.

3. M6 hinh phan tir Hybrid cia bai
toan truyén nhiét c6 ngudn nhiét do thiy
hda cia xi mang

Hinh 1. Mién va bién ciia phan tir dién hinh Hybrid.

Hinh 1 biéu din mot phan ti Hybrid
trén do c6 hai bién téng quét, Diriclet (/b) va
Neumann (/&) twong tng c6 ap dat nhiét do
(To) va dong nhiét (qn), 1a cac ham cd thé
phu thuoc theo khdng gian (x,y,z) va thoi
gian (t). C6 thé biéu dién diéu kién trén hai
bién tong quat nhu sau:

T=T, trén /b (15)

n'o=q, trén 7\ (16)

_ Dang yéu (weak form) cua phuong trinh
dan nhiét (1) va diéu kién trén bién Dirichlet
(15) duoc vict nhu sau:

[eT(vie+cT-Q)dv=0 @17)
[@"(T-T,)dr,=0 (18)

Trong (17) va (18): @ va ¢ lan luot la cac
vector hang tuong trng cua co s¢ xap xi (ham
th) trén mien va bién xap xi, cé dang:

@={6, 6, - o, 0,} (19)

¢={(P1 P, P (pN,} (20)
Nhiét d6 va do thuy hoa duoc xap xi:

T=6OT trongV (21)

a=0a trongV (22)

Trong (21) va (22): T va a lan luot la
cac vector cot dai dién cho bién do cua nhiét
d6 va do thuy hoa.

CAc co sd xap xi dung da thic Legendre
c6 dang:

;& n. ) =L,O)L,(ML.() (23)

Phép xap xi (22) duoc sir dung dé thict
lap dang yeu (weak form) cho phuong trinh
nguon nhiét thuy héa nhu sau:

j @' Q adv

24
—j@T[AT f(a)exp[_Eaﬂ dv =0 24

RT

Dai luong dau tién cua dang yéu (17)
duoc tich phan ting phan dé tao cac thanh
phan trén bién va sau do sé ap dat dicu kién
bién trén do:
—I(V@)TadV+I@TnT0dF 5)

. . 25
+j@TcT dv —j@Tde =0

Dai luong lién quan dén diéu kién bién
trong cong thuc (25) duoc chia theo hai bién
thanh phan la Neumann va Dirichlet cua
phan tu:

I@TnTadF :J.@TnTO'dFN
(26)

+ I @'nodrl,

Xap xi dong nhiét doc lap voi cac bién
khéc trén bién Dirqichlet cua phan tir mot cach
tong quat dugc the hién:

q=¢q on/lj (27)
Khi d6 (26) s& Ia:
[enedr=[@"nodr, +Bg  (28)

Vi
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B=[@"pdr, (29)

Bién Neumann (/%) cua phan tir dugc
tach thanh céc bién thanh phan ma trén d6 c6
cac diéu kién khac nhau: Bién dbi luu (73),
bién d6i lwu-birc xa (7&r), bién tiép xdc (1)
dé thoa man cac diéu kién tur (7) dén (11).
Khi d6 biéu thirc dang yéu (25) tré thanh:

HT+(K+C)T+Bq
= Qh + Qk + Q - Qq

Cac ma tran va vector trong (30) duogc
tinh nhu sau:

(30)

H=[®codv (31)
K=[(vo)ykwe)dv (32)
Q=[@'Qav (33)
C=[e'hedr,+[enh,edr,
(34)
+[o'h,edr,
=[ehT dr,+[@™h,Tdr,
(35)
+[oh (Ti-T*)dr,
=[@™,T dr, (36)
-[e"qdr, (37)

Piéu kién vé tuong thich (lién tuc) trén
bién Dirichlet (18) c6 thé viét thanh:
B'T=[p'T,dr, (38)
V& phai cua (38) duoc tach thanh céc bién
thanh phan ma trén d6 c6 dong nhiét hoic
bién “can nhiét”, dan dén:

B'T-R.q=T+R, (39)
Trong do:
RFS = J. ¢T hrs ¢ dFrS (40)
L=[gTdr, (41)
R=[o'Tdl+[o'T dl, (42
Diéu kién (24) dugc viét thanh:
Qa=A, (43)
Véi,
Q.=[6'Qed (44)
A, =[07| A f(a)exp & ||y (45)
¢ RT

4. Hé phwong trinh tuyén tinh Hybrid
va so do dd thuat toan giai bai toan phi
tuyén

Hé phuong trinh dé giai dugc xay dung
tir hai phuong trinh d4 lap, (30) va (39) dé
tim loi giai nhiét 46 va dong nhiét, két hop
Vv6i phuong trinh (43) dé xac dinh thuy hoa.
Cac phuong trinh nay la phi tuyén theo ca
khong gian va thoi gian nén can st dung
phuong phap phu hop dé giai. Dé roi rac theo
thoi gian thi quy luat hinh thang va phuong
phap Crank-Nicolson dugc ap dung. Sau do
st dung phuong phap Newton-Raphson dé
tuyén tinh héa hé phuong trinh phi tuyén da
néu trén, dan dén hé phuong trinh tuyén tinh
¢ an sé la nhiét do, dong nhiét va do thuy
hoa tuong trng vai tung time step nhu sau:

S B [ R'-R
. T — e e (46)

B _Rr qn Ré - Rc
Q,a&=QT"+R, (47)
HE ba phuong trinh (46) va (47) dugc
giai bang chuong trinh may tinh (supporting

program — Fortran language) theo trinh tu thé
hién trén so do hinh 2.

5. Ap dung

Ung xtr nhiét thary hoa cua bé tbng méi
d6 dung phan tar Hybrid s& dugc thé hién
trong mot vi du khi phan tich truong nhiét do
cho ket CAu san trén nén coc ciia mot nha kho
két cAu thép chirc ning phiic hop kich thuéc
trén mat bang, 143 m dai x rong 41 m va
chiéu day 12 0.35 m, duoc xay dung tai Porto,
BS Pao Nha vao 2003 nhu hinh 3. Bai toan
nay da dugc phan tich tai [10] véi phan tur
hitu han thong thuong bang phan mém
DIANA. Dé kiém soat nhiét do va bién dang,
cac censors do nhiét do (hinh 4a) va bién
dang theo hai phuong dugc bd tri tai dai thi
cong d6 bé tdng vao ngay 07/04/2003 (hinh
4b). Sensor kiém soéat nhiét do dugc bd tri
cach mit trén (diém M1) va dudi (diém M)
caa san lan lugt 12 50 mm nhu hinh 5. Vi tri
kiém soéat nhiét do nam tai phan khu d6 bé
tong ngay 07/04/2003.

Loi giai phan tir Hybrid nham phan tich
truong nhiét do tai cac diém kiém soat (trung
cac vi tri do) do thuy héa va anh hudng boi
diéu kién moi truong (d6i luu trén bé mat
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san). Loi gidi Hybrid s€ dugc so sanh voi gia  thuong (FEM), ¢ nghién ctu nay tac gia
tri tuong Ung do dugc va gia tri khi dung dung phan mém Midas Civil.
phan mém st dung phan ta hitu han thong

Bat dau

Doc dit liéu vao tl files
Scale di¥ liéu vao

Loi gidi Diéu kién ban dau

-------- Y I

t=t+ot< Gt

Két thic

Thay héa

Tinh cac chudi phu thudc time step
Cap nhat |oi gidi cho budc ké tiép

In két qua thanh files

Hinh 2. Sodo phan tich nhiét thiy héa bé tong méi dé cua loi giagi PTHH Hybrid.

< 143 m
/
>
Hwéng do
Vi tri kiém bé tong 41m
soat nhiét do (doc nha)
26/03/2003
21/03/2003
PR N

(a) Thi cong ldp dat sensor S
do nhiét do sat mat trén cua san. (b) Phdn khu va hudng do bé tong.

Hinh 4. Ldp ddt sensor, phan khu viee va tién dé do bé tong san [11].
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DIEM DAT SENSOR

BIEN BOI LUU (KHONG KHI)
VOI NHIET BS THAY BOI

Ly DONHETERO & .
i. \/ r §* \_/ B
2 . ML b o .,
b My T
BIEN HEAT FLUX = o% | . A o IR AR / EN HEAT FLUX = 0
T, ;é R N ol < e T, 350 mm
@=0) / Soae Rt / @=0
é, NS R U _
C // a4 //// 7./)"
NEN BAT /
///// 744
1000 mm BIEN B! LUU (TEP XUC BAT)
VG| NHIET B KHONG B8

....

Hinh 5. Piéu kién bién va mé hinh phan tir Hybrid.

Lwa chon mdé hinh phan tich dung
phan tir Hybrid: Kich thuéc san theo hai
phuong ngang va doc kha 16n 41 m x 143 m
trong khi chiéu day san 13 0.35 m, do d6 c6
thé md phong bai toan theo mé hinh 2D, tic
su truyén nhiét voi méi trudng chu yéu thong
qua mat trén va mat dudi cua san (xem nhiét
d6 khong d6i theo khdng gian trén hai
phuong ngang va doc). Mat trén san tlep xuc
véi khong khi trong khi mat dudi tiép xic
v6i dat. M6 hinh bai toan phang c6 méot phan
ter dang chir nhat véi kich thugc phan tir
Hybrid 12 1.00 m x 0.35 m, dugc thé hién tai
hinh 5.

biéu kién bién va diéu kién ban dau:
Hinh 5 thé hi¢n diéu kién bién cua bai toan.
M3t trén cua san tiép xdc véi khong khi &
nhiét do thay d6i c6 hé sé ddi luu he = 7.5
W/m#K, trong khi mat dudi tiép xdc vai nén
dat & nhiét d6 duoc xem 1a khong doi (Tsoil =
17 °C) ¢6 hé sb dbi lru he = 4.5 W/m#/K. Hai
mat bén (canh AC va BD) é&p dat diéu kién
adiabatic (doan nhiét) voi G =0. Nhiét do
ban dau trong bé tdng: To = 15.0 °C. Do thuy
hoéa ban dau: ao = 0.05. Nguon nhiét thuy
hoa dugc xac dinh tir phuong trinh nhiét d6 -
thoi gian trong diéu kién doan nhiét,
T, =14+47x(1-e %),

adia
Céc thong s6 khac cua bai toan duoc lay
nhu sau: Q.= 0.3929 MJ/kg; cc = 285 kg/m?;
Ar = 0.7189 GW/Kg; Ea = 50 kJ/mol; R =
8.314 J/mol/K; k = 2.6 W/m/K. Ham thuay
hoa f() duoc chuan hoa (normalization).

Loi giai Hybrid &p dung véi chi 01 phan
tir 04 n(t v6i bac da thirc xap xi (de, d,) = (0,
7), tc 12 hang sé theo phuong ngang va bac
7 theo phuong dung (theo phuong chiéu day
san), khi d6 Véc to co so Xap xi co kich thuéc
Ny = (0+1)(7+1) = 8. Véc to co sd xap xi
nhiét d6 (T) va do thuy hda (@) cua phan tu
Hybrid nhu sau (S dung da thirc Legendre):
1

1

2 n

3 $(3r*-1)
4 1(57°-3n)
5

6

7

T

&(&.n)=

1(357"-30n% +3)

1(63,°-70n° +157)
1(2315°- 3157 +1057° —5)
8 | & (4297"- 693n° + 3157° — 357)

Su hoi tu cua bai toan dugc kiém soat
trong chuong trinh may tinh khi giai
phuong trinh phi tuyén theo Newton-
Raphson (da dugc tuyén tinh hoa) cho cac
hé (46) va (47). Nhiét do va do thuy héa
tai cac increment cho moi time step dugc
danh gia theo chuan vé do léch c6 dang:
IT™*1— T < Tol (~ 1078), véi n 1a budc
lap. Két qua nhiét do6 cua loi giai Hybrid
dugc so sanh voi két qua tuong tng khi do
va loi giai khi dung phan mém Midas Civil
cho hai diém kiém soat M1 va M duoc thé
hién trén hinh 6 va hinh 7. T két qua so
sénh ciia cac 1o giai khac nhau va két qua do
cd thé noi rang, nhiét thu duoc tu loi giai
diing phan tir Hybrid sat véi két qua do hon
so vai két qua cuia FEM khi dung Midas
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Civil. Nhiét d6 I6n nhat tai diém M 1a xap xi
30°C ¢ thoi diém 13 gio tinh tir lac d6 bé
téng, gan tring thoi diém dat gia tri nhiét do
cia két qua do. Nhiét do tai M1 bién thién
theo thoi gian va phan anh kha rd su anh
hudng cua nhiét @6 méi trueong trén bién nay
(bién c6 canh AB, bién ddi luu véi khong khi
c6 nhiét do khong khi thay d6i kha nhiéu).
Nhu vay c6 thé két luan riang, cong thic
Hybrid d& mé hinh rat tét diéu kién bién ddi
lu’u (blen Robln) Nhiét do tai M2 c6 gia tri

e | Ivbrid
------- Midas Crvil
===l qua do

e
LA

— Mluél 6 mon rrdmg

Nhiét do (0(_.‘]

Hinh 6. Su thay doi nhiét do tai diém M.

120c B

I6n nhét xap xi 32.8 °C tai thoi diém 14 gio.
Su dao dong (Ién xudng) caa nhiét do tai M2
cling it hon so vai tai M1 vi nhiét d6 trong
nén dat khong ddi (17°C). Gia tri nhiét do 16n
nhit va thoi diém dat nhiét &6 cao nhit tai M2
cling gan trang vai két qua do, chénh léch
gitra hai két qua chua dén 2 %. Su thay doi
nhiét do theo thoi gian tai ba thoi diém trong
khéi bé tong (dang 3D - solid) duoc thé hién
trén hinh 8 cho thiy su anh huong cua diéu
Kién bién.

o 40

u: — [ Tybrid

T 35 oo Midaz Civil

o -t .

= =——=efet quido

z 30 — Mgt dg mon tnrimg
— - =Nhiét d6 nen dat

W Vw4

Hinh 7. Su thay déi nhiét dé tai diém M.

24h

Nl ;o

Hinh 8. Bién thién cua nhiéz do theo chiéu day san theo thoi gian (bang Midas Civil).

6. Kétluan

Loi giai s6 cho bai toan truyén nhiét
trong bé tdng maéi db c6 ké dén ngudn nhiét
tao ra do thay hoa cua xi mang va trao doi
nhiét trong qua cac diéu kién bién da duoc
xay dung thanh cong khi dung phan to
Hybrid. Truong nhiét do va do thuy hoa duoc
Xap xi trén mlen cua bai toan, trong khi dong
nhiét duoc xap xi dong thoi va doc lap trén
bién Dirichlet dé tao ra cong thuac “Hybrid”.
Diém manh cua phan tir Hybrid da duoc khai
thac khi dung lugi thd (it phan tir) va kha
nang linh hoat trong viéc tang bac cua da
thac xap xi ma khong phu thuoc vao ham
dang. Truong nhiét do kiém soat khi dung 1oi
giai Hybrid trong vi du &p dung dugc so sanh

véi két qua do va 1oi giai sb cua phan mém

Midas Civil cho thay su hoi tu rat tot cua

cbng thirc Hybrid khi chi dung mot phan tir

ket hop véi bac 7 cho da thuc xap xid
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