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Tém tit. V&t niet hoiic nhitng khuyét tat thwong xuét hién trong két cAu gion nhw bé téng. Nhirng khiém khuyét d6 c6 thé do nhiéu
nguyén nhan khac nhau nhu tii co hoc, sy tac dong tir mdi twong. Ngoai ra, nhiéu vét nirt trong bé tong cé thé bit ngudn tir sy
thay déi thé tich ndi tai hodc phan ng héa hoc cé hai lam thay déi do Am, nhiét dé bé tong. Trong nghién ciru nay, mot phin tir
hiru han ndi suy kép (CTH4) dwa trén cac thi tuc ndi suy lién tiép (CIP) véi su lién tuc cac Gradient nhiét tai cdc nit ciing nhw
trén canh phén tir cho bai toan truyén nhiét 3D. Két qué thu dwge la chinh xéc cho truwong nhiét df, tir d6 han ché dwgc nhirng
pha hoai do nhiét.

Tir khod: Bé téng non wéi; Phan tir TH4; Néi suy kép; Truyén nhiét

Abstract. Defects or cracks are commonly observed in quasi-brittle materials like concrete structures. It is well-known to
understand that cracks may be caused by different reasons due to, for instance, mechanical loading, some deleterious reactions or
environmental loadings. Also, many of cracks in concrete may be traced to intrinsic volumetric changes or the deleterious chemical
reactions, resulting in response to moisture, chemical, and thermal effects in concrete. In this work, we develop a new finite element
based on consecutive-interpolation procedure (CTH4) for heat transfer analysis of early age concrete in three-dimension.
Temperature distribution and its gradient over time in early age concrete will be analyzed through some representative numerical
examples. The present numerical results are also validated against the conventional finite element (TH4).
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1. GIOI THIEU nhiét 3D duoc dp dung cho mong bé tong khdi 16n. Bai toan
duoc mo phong bing phan tir CTH4 va dugc lap trinh trén
phin mém Matlab. Két qua thu duoc tir nghién ciru duoc so
sanh véi tai liéu tham khao [5] nhim kiém ching hiéu suat
cua phuong phap.

K&t cAu chi lam viéc hiéu qua va dat mong mudn cta nha
thiét ké khi & mot nhiét d6 nhat dinh ban dau hogc c6 nhiét
d6 co thé thay ddi nhung trong pham vi hep. Tuy nhién, trong
qua trinh thily phan cua xi mang, mt lugng nhiét 16n duge
sinh ra din dén su chénh léch nhiét d¢ rét 16n gitra bo mat 2. XAY DUNG PHAN TU CTH4
két cAu va bén trong két cdu. Dic biét 1a cac két cAu bé tong
khéi 16n. Sy chénh l&ch nhiét d6 nay 12 nguyén nhan chu yéu
giyra cé}c vét nirt cho két cdu, 14 mam méng gdy pha hoai va Trong bai toan 3D, xét mot mién 02 e R3 va chiu rang budc
giam tudi tho cong trinh. Do d6, viéc tinh todan md phong  bai bién 77 Ham sb u(x) duoc xép xi gin ding theo thii tuc
truong nhiét do cling nhu trudng bien dang, img suat la can  ngj suy kép (CIP) nhu [1, 2, 3, 4]
thiét. n

Vi hinh thé va diéu ki¢n bién phirc tap cta bai toan thi u(x)=u(x)= Z(qﬁ,ul” + gt + )] +¢,Zizg”) (1)
viéc tim 101 giai chinh xac bang phuong phap giai tich 1a =1 .
khong thé. Do d6, phuong phép so ra doi nhu mot dap tmg ~ Trong d6 7 1a chi s0 cua nat phan tir va u!') 1a gid tri ctia ham
can thiét, dac biét 1a phuong phap PTHH. Tuy nhién, PTHH  u(X) tai nit / dugc ndi suy theo phuong phap PTHH truyen
van con tdn tai mot s6 vin dé cin khéc phuc nhu sy bat lien  thong.
tuc vé Gradient tai niit va canh gitta cac phﬁn tr. Hién nay,
d4 c¢6 nhiéu phwong phép dua trén nén tang PTHH nhung c6
sw cai tién nhu XFEM, SFEM...v.v. Trong nghién ciru ndy,
mot dé xuét c6 tinh ké thira tir phuong phap PTHH nhung Tri s, w1, &t/
dugc cai tién ham ndi suy sao cho cac Gradient nhiét c6 tinh ’ S .
lién tuc tai nut va trén canh bién giita cac phén tir nhim md ham u(x) tai nit /. Gid tri dao ham dau tién 17,[:] (x;) cua nit
phong chinh xdc truong bien dang nhiét cling nhu img sudt | chinh la dao ham ciia ham u(x) tai niit I thudc phan tir e va
do nhiét. Sy cai tiCn nay dwgc goi la thu tuc ndi suy kép  duoc viét boi PTHH chuén nhu bén dudi:
(consecutive-interpolation), dwgc giéi thiéu dau tién boi ' ne
Zheng va cac cong sy (2011) cho phan tam gidc (CT3)[1]. L_tff] (x)= ZN,J&, =N.u 3)
Tiép dén 1a mot loat cac cong bd cho phan tir tir giac (CQ4) oo = .
du‘gc phét trién béi Bui QuO,C Tinh va cac Céng su, dé déng voi ne 1a nat bat dau thuéc phﬁn tir e. Sau khi lan hl'Ut tinh
tim thay tI“OIlg' [1]12]13]- Tlép theo sy thanh cong do, tror}g dao ham ﬁff](xl) tai nat I cho tAt ca cac phﬁn tre € S;cd
pham vi bai viét ndy, mdt nghién ctru mai cho bai toan truyén

2.1 Téng quan ndi suy kép

ul! =u(x,) = Ny, = Nt 2)

1=l

va u, [zl 114 gi4 tri dao ham trung binh cia
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chira nut /7, gia tri dao ham trung binh u I¢o thé dugce tinh

béng trung binh ham trong s6 nhur bén du01.

—[1] — Z(w N[1][e]u ) N u

e=Se

“4)

Trong phuong trinh (4), @, 1a ham trong s6 duoc dmh
nghia la ty sO dlen tich ctia phan tir e v6i tong dlen tich mién

S1. Gia tri u‘y s ,[zl lduoc tinh tuong tu nhu ”.x

Trong phuong trinh (1), cac ham ¢, @, @y, ‘¢12 duogc goi
la ham ho trg va phu thu(f)c vao hinh dang phan to nhung
chiing phai thoa man diéu kién bén dudi [1, 2]:

Hr(x) =6, Gra(x) =0, gy (x1) =0
O (X)) =0, Prex (X7) = S, Py (X)) =0 %)
(X)) =0, Gx(x)) = 0, Gy (X)) = o

Nhirng didu kién & phuong trinh (5) dwoc dién dai chi tiét
trong [2]. Phuong trinh (1) c6 thé dugc viét lai nhu sau

u(x) =0 =Y Ry, ©)

Trong CFEM, ham dang R; co6 lién quan dén nat I duge
viét nhu sau
R, =¢,N, + ¢1.\-N,[x1] + ¢IVN,[»{] + ¢IZN,[21] (7N
Dé don gian hon khi nghién ciru thi tuc ndi suy kép (CIP)
trong 3D, mét vi du minh hoa thu tuc CIP dugc ap dat vao
mién bai toan 2D nhu hinh 1[1]. M6t diém can noi suy x(x,»)
trong phan tr tir gidc nhu hinh 1, theo phuong phap PTHH
truyén théng thi s& dwoc nodi suy tir 4 nat i, j, k, m; Tuy nhién,
khi ap dung CFEM thong qua thu tuc CIP thi mién ndi suy
s€ rong hon va dugc minh hoa trong hinh 1. Ham dang cta
phan tir CQ4 va Q4 dugc minh hoa trong hinh 2, d& dang
nhan thdy CQ4 tron va lién tyc tai nit cling nhu trén canh
phan tir.

2.2 Phén tir CTH4

Xay dung méi phén tir 3D tr dién ndi suy kép (CTH4)
duogc trinh bay trong muc nay. Tir phan tir t dién trong
PTHH truyén théng, ching t6i ap dung thu tuc CIP dé xay
dung lai ham dang c6 bac cao hon nhung khong lam tang bac
tur do cita bai toan. M6 hinh phan tir tir dién trong khéng gian
vat ly va khong gian tu nhién dugc thé hién nhu Hinh 3. Mién
hd tro cua phﬁn tt CTH4 dugc minh hoa nhu trong Hinh 4.

- |
A )

(b)

Hinh 2. Ham dang cia Q4 (a), CO4 (b) trong 2D

+ Diém can ndi suy x
« Nt thude mién néi suy diém x

m k
X
— e i .
o [ S, J
2 ~ e [ S L ~
Mién ho trg nit m m K Mién hoé trg mat k
*
X
i ]
s - b T
m k = - m k
* }’/ \“{ *
X e
i ] i j
S _ Chia lu¢i PTHH 4 niit c6 quy the 8 _
Mién hé tro nit i Mién hoé tro mit j

Hinh 1. Hinh minh hoa CQ4 trong 2D

S8
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Hinh 3. Phan tir TH4 trong khéng gian vdt 1y va tie nhién

Chung ta dinh nghia bén niit cua phén tir t&r dién 1a i, j, &,
m va ham dang cta 4 nut dugc viét nhu sau:

L=1-¢-n-¢ ®)
L=¢ ©
L.=n (10)
L,=¢ (11)

cac dao ham tirng phin duge tinh nhu sau:

2 9
ox 0
K I Ch (12)
oy on
9 o
oz og
trong d6 J 1a ma tran Jacobian dugc tinh toan nhu sau:
> o &
o6 05 0¢
Jo| & oz
dn on  0n
& o e
0 0 0
e o ac] o)
a, o, oL, oL,
ot o0& o0&  o& X Vi 4

oL, OL, oL, oL X, ¥, z

m J
on oOn On On e Ve %
oL oL, on, at, | |

m m Ym  Zm

L0 0g 05 og |

Céc ham hd trg nhu “(5)” duoc viét boi

¢ =L +L (L, +L +L)—L(L+L+L)  (14)

B =—(x; —X; )(L?Lj + pLiLij +pL L, L,)
—(x, —x (LiL, + pLL, L, + pLL,L,) (15)
—(x, = x, \LIL, +pLL,L, +pLL,Ly)

$, =—(; _y_/)(L?Lj +pLL L+ pLL,L,)
- =y (LiLy + pLL,L, + pLL,L,) (16)

-~y NLIL, + pLL,L,+ pLL,L,)

2

¢. =—(z,—z,L;L; + pLL,L, + pL,.L,L,)
—(z, =z L} L, + pLL, L, + pLL,L)) (17)

( Zm)(Lz m +pLiLij +pLiLmLk)

vOip=0,5. Cic hamsb ¢, dic, by, B3 b, e, By e

B » B » By » = durge Vit twong tur bang cach xoay vong
cacchisoi,j,k,m.

3. PHUONG TRINH TRUYEN NHIET VA MO
HINH THUC TE

3.1 Phwong trinh chii dao qua trinh truyén nhiét

Phuong trinh vi phén chu dao cta qué trinh truyén nhiét
3D ¢ dang tong quat nhu [5]

vkvT)+0=po] (1)

véi cac diéu kién bién duoc cho nhu bén dudi
T =T,, trén T, : Bién nhiét d¢ da biét (19)
(kVT ).n =gq,, trén T, : Bién truyén nhiét (20)
(kVT)n=IT,-T),trén T, : Bién ddiluu  (21)
Trong phuong trinh (18), k = diag(kx, kyy, k=:) 12 ma tran
hé s dan nhiét, T 1a treong nhiét 6, Q 1a dong nhiét, p 1a
khdi lugng riéng, ¢ 14 nhiét dung riéng. Trong céac phuong
trinh (19-21), Tp 12 nhiét d da biét; g 1a dong nhiét da biét;
T« 1a nhiét do m01 truong; n(nx, 1y, 12) 1a cosin chi phuong
Cac dang yéu ctia vin dé truyén nhiét thu duoc bing cach

nhan hai vé phuong trinh (8) véi mot ham thir 5T va tich
phén trén toan mién

jﬂ V(kVT)STdQ + L 0STdQ = jﬂ pc% STdQ (22)

Ap dung 1y thuyét Gaussian, ap dat cac diéu kién bién va
thuc hién cac phép bién doi ta co:
) o 2L sa+ [ (ovTWevra-[ oorde
Q ot Q Q (23)
- jrqoa'rdr - Lh(Ta —T)oTdr =0

Sau khi truong nhiét do dugce xac dinh, nang lugng nhiét
trén toan mién dugc tinh toan thong qua cong thirc sau:

Y= Uﬁ FTdeQ)f' (24)

trong do Tla nhiét do tai nt va B 1a ma ma tran dao ham
cua ham dang
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Hinh 4. Mién hé tro ciia phan tir CTH4

o ox | ox

g_lOoR OR,  OR, 25)
o oy oy
oz oz oz

Trong phuong trinh (25), R; 1a ham dang phin tr CTH4
dugc thé hién trong “(7)”.

3.2 M hinh thyec té

Trong qua trinh ninh két bé tong, mot luong nhiét rat 16n
toa ra do qua trinh thiy phéan cia xi mang. Pac tinh cua bé
tong 12 dan nhiét kém va dién tich trao ddi nhiét voi moi
truong 14 nho cung véi két ciu 1a bé tong khébi 16n nén lwong
nhiét nay tich tu bén trong két cAu bé tong va tao nén sy
chénh 1&ch giita tam két ciu va bo mit bén ngoai. Cac thong
s6 bai toan nhu nhiét sinh ra do qua trinh thuy phén, nhiét
d6 moi truong, nhiét tai cac bién, nhiét do bé tong khi dd
(nhiét d6 ban diu) d& dang tim thiy trong [6].

Bing 1. Cic théng sé vt liéu trong mé hinh
Bé Tong Pai  Nén
Méng B40 DAt
Ty nhiét C, (keal/kg"C 0.27 0.2
4 e ti 9
X oA
)

(kG/m?)

(keal/m.h.’C)

Hé s6 trao dbi nhiét, 12 12
(kcal/m?.h."C)

| Nhigt d bé tong khi d6 ('C) LY

Hing s6 ham ting nhiét 40 B CRLRLOR)
doan nhiét (°C) =1.113

| Nhiét d) méi truimg ('C) PN

4. KET QUA SO

Mot khbi méng bé tong ¢6 kich thude 4600x4600x4000
dit trén nén d4t nhu Hinh 3 13 mé hinh dwoc phan tich trong
nghién ctru nay. Do tinh déi xtng v& vat lidu va cac diéu
kién bién ciing nhu dé giam thoi gian phan tich nén % mo

\

90 Tap chi va hoc Lac H(ﬁlzg S6 Pdc Biét

hinh dugc phan tich. Khéi hinh hoc bé tong va dat duoc chia
ludi c¢6 quy tic nhu Hinh 4. Tdng thoi gian phén tich ciia bai
toan 1 700h, day la khoang thoi gian ma nhiét d6 trong khéi
bé téng giam gin ngang v6i nhiét d6 méi truong. Bude thai
gian trong mdi 14n phén tich cang nhé thi sai s bai toan
cang nho dong nghia vdi van dé s& ton tai nguyén ciing nhur
thoi gian may tinh, do d6 trong nghién ctru nay chon budc
thoi gian phén tich 1a 1,75h. Cac sb liéu ciia bai toan dwgc
cho nhu trong Bang 1.

PG

\ T

Hinh
5. M6 hinh thuc té va kich thuéc hinh hoc

%
NI

Hinh 6. Chia luéi va vi tri diém can khdo sat
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Nhiét do tai A
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Hinh 7. Biéu @6 minh hoa nhiét d¢ tai A theo thoi gian

90 v
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Hinh 8. Biéu d6 minh hoa s chénh 1éch nhiét do tai A va B theo

a5 90 ; . — — - .
< g0 Xuat hién vét nirt do |
(=2 - ~ -n -

= %0 chénh léch nhiét d6

@

= 60

Z

Nhiét do tai A |

sof
40
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20 Nhiét do tai C

10
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Thoi gian (h)

Hinh 9. Biéu dé minh hoa su chénh léch nhiét d6 tai A va C theo
thoi gian
Nhim théy rd dugc su chénh 1éch nhiét d¢ theo thoi gian
gitta ving bién va tdm cua khdi mong nén nhiét do tai ba
diém A, B, C dugc khao sat nhu hinh 6. Hinh 7 minh hoa
nhiét d6 tai diém A theo thoi gian v6i budc thoi gian phan
tich 1a 1,75h. Trong khoang tir luc bat ddu d6 dén 98h thi
nhiét d6 tang mdt cach nhanh chong va dat cuc dai sau thoi
gian khoang 98h. Pay la thoi diém twong ung véi qua trinh
thity hoa dang dién ra rat manh, lugng nhiét sinh ra 16n hon
rét nhiéu so v&i lugng nhiét toa ra méi truong. Sau dé nhiét
d6 bat diu giam din theo thoi gian do phan tng thay phan
di dén giai doan két thic va s& tién sat dén nhiét d6 moi
trrong sau khoang thoi gian 700h.

thoi gian
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3 i ' ; ] \
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e J —m— Mhigt 46 thiec t& do duwgc - tai tam ~
—r— Nhigt A5 phan tich - la bien \A\_
i —>—Nhigt dd thire té do dwgc - tai bign | _ S
20
10 Li—
0

& 12 24 49 i B5

a7 120 144 168 240 335 BT2

Théri gian (h)

Hinh 10. Biéu dé nhiét dg tai tdm va bién khoi méng, giita phan tich sé va thi nghiém thue té, tham khdo [5]

Hinh 8 va Hinh 9 minh hoa su khéc biét giira nhiét do tai
tdm khoi mong va bo mat khoi mong. Mot trong nhiing

nguyén nhan gdy ra nit 1a do sy chénh léch nhiét do gitta
bén trong va bén ngoai khoi mong. Trong khoang 98h dau,

1c Hong S6 Dac Bi¢t I
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Phan tich truyén nhiét 3D két cdu bé téng non tuéi bang phan ti tir dién ndi suy kép

nhiét &6 chénh léch rit 16n, giita diém A va diém B 13 38°C
con gitra diém A va diém C 13 42°C. C6 sy khac biét nay la
do khoang céch giita hai diém A va C 1a 16n hon giita A va
B. Nhiét d9 tai bd mit c6 sy ting nhe va dat cuc dai tré pha
so v6i nhiét d6 tai tim kh6i méng do khoang cach vé khong
gian tiép xuc véi méi truong.

Trong Hinh 10, dugc tham khao tai [5], nhiét d6 tai tim
khéi moéng va mét bién khéi méng dwogc thé hién bing phan
tich s6 (Phin mém Midas) va md hinh thi nghiém thyc té.
C6 thé nhan thiy quy luat thay déi nhiét do giira [5] va
nghién ctru nay la gidng nhau. Tuy nhién c6 sy khic nhau
tuong dbi vé& nhiét do cuc dai la do budc thoi gian phan tich
cling nhu quan niém vé cac diéu kién bién khi phan tich.

5. KET LUAN

Két qua phan tich truong nhiét do bang phuong phap
nghién ciru mé ta dung dwoc qui luat nhiét d6 trong khoi bé
tong do qua trinh thay phan. Tir d6 d& xuét duoc cac bién
phap thi cong hop 1y dé han ché cac vét nirt trong bé tong
nhim tranh pha hoai dién ra trong long két cdu. Pic biét 1a
bé tong khéi 16n, thuong 1 két cdu cua nhirng cong trinh
quan trong nhu méng nha cao tng, md try ciu, dudng bing
san bay...v.v. Tuy nhién, dé rd rang hon thi can phai phan
tich thém trudng tng suit theo thoi gian dé xac dinh dugc
chinh xac thoi diém xay ra vét nirt va d6 1a huéng cho nhiing

nghién ciru tiép theo va phén tich nhitng két ciu phirc tap
hon.
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