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Tom tit:

G6 la loai vat liéu hit am, d6 4m dong vai trd quan trong dén d6 bén va tudi tho cua két cau gd. Dy bao sy lan
truyén do am trong céac két cau gd la hét sic can thiét nham tranh anh huong dén kha nang chiu lyc ciing nhu
han ché sy xam nhap cua cac yéu té sinh hoc nhu nAm méc, mdi mot gay hu hong két ciu. Nhiéu phuong phap
dugc sir dung dé md phong su lan truyén do am trong két ciu g6. Phuong phép sai phan hiru han 12 mot phuong
phép thé hién duoc sy wu viét trong céc bai toan truyén 4m mot hoic hai chiéu vé thoi gian xt Iy nhung van
dam bao tinh chinh xé4c. Bai bao &p dung phuong phéap sai phan hitu han dé mé phong sy lan truyén am mot
phuong trong két cau gd, md hinh bang phan mém VBA. M6 hinh da duoc kiém chiing su chinh xac bang su
so sanh véi phuong phap giai tich va phuong phap phan tir hiru han.

Tir khoa: Sai phan hitu han; truyén am; vat liéu go; VBA.

Abstract:

Wood is a hygroscopic material, the service life and the durability of wooden structures is closely related to
the moisture content. Forecasting the moisture diffusion in wood structures is significant to avoid affecting the
bearing capacity and limiting the biological attack such as mold, termites causing structural damage. Various
methods are used to simulate the diffusion of moisture in wood structures. The finite difference method shows
its superiority in 1 or 2-dimensional moisture diffusion modelisation in terms of processing time as well as
accuracy. The paper applies the finite difference method to simulate the unidirectional moisture diffusion in
wood structures, modeled by VBA software. The finite difference model is verified by the comparison of the
analytical method and the finite element method.

Keywords: Finite difference method; moisture diffusion; wood structures; VBA.

1. Giéi thiéu m, m-—m,

~ | w= e &
Go6 la mot loai vat liéu xay dung tu nhién. Nhiéu m, m,
tinh chat co 1y cta gb phu thudc vao do am caa Trong do:
n6 [1][2]. Qua khao sat 245 dam gd nhip Ién, e mw: Khéi luong nuéc (g);
nhélzl thay re‘iﬂng hau hét cac hu hong déu bat e mo: Khéi lugng gb sy khd ();
nguon tir d6 am [3]. o mi: Khéi lugng tdng (g).

Do 4m w (%) ciia gé dugc dinh nghia la ti s6 P9 am tuong doi la d6 am mi truong xung
gitta khdi lugng nuoc va khéi lugng gé da sdy —quanh, thuong duoc ky hiéu la HR (%). Mot khi

do6i va dat duoc trang thai do 4m can bang Weg.
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Bat dau tir trang thai do, gd khong hat 4m ciing
nhu khong méat do am.

Sy lan truyén 4m 13 hién tuong nudc trong go
duoc dich chuyén tir ving gd c6 d6 am lon dén
ving ¢6 do 4m thip hon. Qua trinh truyén 4m c6
thé dinh nghia thong qua dinh luat Fick[4], trong
diéu kién can bang nhiét, dinh luat dugc viét dang
téng quat nhu sau:

Véi D la tang so truyen am theo 3 chiéu.

Dé md ta sy truyén 4m theo mot phuong, xét
maot mau gd hinh hop A c6 chiéu dai e, @6 am ban
dau ddng nhat wini. Ké tir thoi diém t = 0, dé hai
mat thoang tai mot do am tuong ddi va nhiét do
nhét dinh &é mau A dat d6 4m can bang weq. Xét
su lan truyén 4m mot phuong theo chiéu dai
trong ung Vvéi chiéu doc cua mau, dong am

W _5D(w)V (w) (2) huéng theo truc x (hinh 1).
at =
C'_IJ ;_{J
OF . Sat ot sove vl 1A X
Wl = =W,
= =
e
Hinh 1. M hinh truyén am theo chiéu doc cia mau.
Tinh phi tuyén cua bai toan duoc thé hién ¢ hé sb W =W @)

truyén am ciia mau thay doi theo do am. Binh luat
Fick duoc dién giai theo sy truyén 4m mot chiéu

nhu sau:
2 2

ow
— =D, exp(kw)| k
2 = 0, ex ){ (2.2
e Do: Hé sé truyén am cua vat liéu gd ¢ trang
thai kho (m?/s);
e k: Heé s phi tuyén.

ow

OX
Trong do:

O bé mat thoang, néu sirc khang truyén am mit
ngoai coi nhu khong dang ké, diéu kién bién
duoc thé hién nhu sau:

Nguoc lai, néu nhu xét dén siac khang mat

ngoai, diéu kién bién tra thanh [5]:
oW

D & = iS(Wsurf _Weq)

Trong do6:

()

e D: Hé s6 truyén am (m?/s);
e S: Hé s6 trao d6i am & bé mat (m/s);
o Weur: DO A tai bé mit.

Trong bai toan truyén am tuyén tinh trong moi
truong ban vo han (hinh 2), su truyén am cé thé
dugc xac dinh thong qua phuong phap giai tich,
dua trén md hinh bai toan truyén nhiét.

Hinh 2. Gia thiét cia phuong phap giai tich.
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Do am tai tri i tai thoi diém t duoc tinh theo cong 2. Sir dung phwong phap sai phan hiru han cho

thiec (6):
Wnt _Weq :erf( \/_}Lexp(Sx Sz j
Wini — Weq 2\/_ D3 (6)
xerfc(X\/_ St ]
2Jt D
Vi erf(x) = % j exp(—x)2dx =1—erfc(x)

bai toan truyén am
Trong cac bai toan mot hoic hai chiéu, phuong
phép sai phan hitu han [6][7] 1& phuong phap
thuc hién nhanh va hiru hiéu dé¢ mé phong qua
trinh lan truyén am.

Mau A duoc chia thanh cac phan c6 bé day Ax,
vudng gac véi truc x, mdi diém mang mot gia tri
cia d6 am wi. Trong bai toan truyén am mot
chiéu, mdi diém thé hién gia tri d6 4m ddng nhat
cua ting nira phan duoc chia.

Hinh 3. Chia luédi theo phuong phap sai phan hitu han.

Goiw!1a do am cua diém i tai thoi diém t. O bén
trong mau, do am cuaa thoi diém tiép theo t+r
duoc tinh nhu sau:

2
- Wit—l) + 4(Wit+l + Witl):|

AX?
D,texp(kW)
O bé mat thoang, c6 hai gia thuyét duoc xét
dén. Trong diéu Kién bién c6 xét dén suc khang
truyén am. P am duoc thé hién dudi dang:

k(e

Véi M =

2 2 2
W”’:—W 1————W +—WwW 8
el -2 - Zw, @)
VorlN—AX
St

Trong trudng hop stc khang truyén 4m bé mit

dugc bo qua. P6 4m bé mit duoc tinh theo:
t _

Wi =Weq ©)

Trong bai toan truyén am ddi xtng, nghia la

hai bé mat thoang cua mau ther déu dit ¢ cung
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diéu kién bén ngoai (nhiét do, do am), cd cung
maot hé so trao d6i do am & bé mat S, xét mot nua
bé day mau, do am & phan trong duoc tinh:
W = [1—3jvv; RERYY,
M M

Trong trudng hop chi mot mat duoc dat ¢ bé
mat thoang, hé sb trao d6i bé mit & mat pha kin
dugc xem nhu bang khéng, cong thic tinh cia do

am duoc trinh bay nhu sau:

2 2\t
=—w, ,+(1-—)w
M n-1 ( M) n

(10)

t+t
n

W' = (12)

So do tinh sy phan b am theo phuong phap
Explicit Euler [8] trong mau dugc thé hién & hinh
4. Biét dugc do am & thoi diém t, ¢6 thé du béao
duoc d6 am & thoi diém t+1. Nhu vay, néu diéu
kién phan bé am ¢ thoi diém ban dau t = 0 biét
trudc, ¢6 thé tinh toan duge d6 am & méi diém &
thoi diém t sau d6. Qué trinh tinh toan lap lai cho
phép xéac dinh duoc sy phan bd d6 4m tai mot thoi
diém bat ky.
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n-2 n-1 n
t+7 o) (o) o0—>X
//,’/‘\r
/
t n-2 /1—1 n .
L) ] o0—>

Hinh 4. So d6 tinh sy phan bd am.

So véi phuong phap phan tir hitu han, phuong
phap tinh theo so d6 cua phuwong phap sai phan
hiru han cho phép don gian héa viéc 1ap trinh va
qué trinh tinh toan dugc giam xuéng déng ké. Poi
V&1 phuong phap sai phan hiru han, mét trong cac
tiu chi quan trong can duoc xét dén 1a diéu kién
hoi tu. Sy hoi tu cua bai toan khong dam bao
dugc mot két qua chinh xéc, tuy nhién 1a diéu
kién dé dam bao md hinh hoat dong dugc, céc
budc chia theo khéng gian va thoi gian phai thoa
man tiéu chi hoi tu, bao gom:

Piéu kién truyén am

Pay la diéu kién dau tién, lién quan dén hé sb
truyén am, dé dam bao tiéu chi chit ché tat ca cac
thanh phan cia phuong trinh (7) déu phai d¢am
bao diéu kién duong. Diéu kién tré thanh:

1-Z50
M

(12)
Day 1a diéu kién tiéu chuan cua phuong phap
sai phan hitu han, tiéu chuan hoi ty twong duong
Voi:
AX?

TS ———— (13)
2D, exp(kw;)

biéu ki¢n bién
Pay la diéu kién thir hai, lién quan dén hé s

truyén 4m va hé s trao d6i bé mat. Tir phuong
trinh (8), diéu kién hoi tu tuong duong:

1- 2_2 >0 (14)
M N
Nghia la:
2
AX (15)

T<
2(D, exp(kw! ) + SAX)

Bdi véi diéu kién bién, lua chon cac budc chia
lugi phan tir cling nhu lya chon budc chia thoi
gian khoéng nhiing phu thudc vao hé sé truyén am
D con phu thudc hé sé trao doi am & bé mat S.

Nhu vay, dbi véi truong hop bo qua sirc khang
bé mat, diéu kién hoi tu duogc tinh theo phuong
trinh (13). Nguoc lai, d6i véi truong hop cd xét
dén suc khang bé mat, tidu chi hoi tu phai thoa
mén ca hai phuong trinh (13) va (15). Trong
truong hop nay, tiéu chi duoc chon la phuong
trinh (16) V&i Wimax 1a d6 am 16n nhat caa mau.

2
< Ax (16)
2(D, exp(kw

)+ SAX)

max

C6 thé thay rang, day la diéu kién rang buoc
gita AX va 7. Thong thudng, nén chon chiéu day
lugi Ax (phy thudc vao chiéu dai cia mau thir va
d6 min cua ludi chia), sau d6 chon buéc tdi thiéu
cua budc chia thoi gian .

3. Két qua cia mo hinh sai phan hiru han

Dya vao nhimg phuong trinh 1y thuyét cua
phuong phap sai phan hitu han, mét mé hinh
truyén am duoc 1ap trinh bai VBA di duoc thuc
hién. Véi diéu kién biét cac théng sé dau vao la
cac hé sb truyén am (D, S, k) va cac diéu kién vé
trang thai ban d4u ciing nhu trang thai can bang,
md hinh nay cé thé xac dinh dwgc su phan bé cua
d6 am theo thoi gian trong sudt chiéu dai mau.

Mau thir bang vat liéu gd vai cac hé sb truyén
am nhu bang 1, ¢d chiéu dai e = 24 mm, voi mat
thoang tiép xdc véi méi truong (hinh 1). Mau
duoc dat trong diéu kién bién doi d6 am theo pha
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hap thu, tir diéu kién do am dong nhat 12,7%
trong diéu kién do 4m twong d6i 65% va nhiét do
20°C dén trang thai can bang co Weq = 24%.

Bang 1. Hé sb truyén 4m caa mau gd.

Do (m?/s)
2.38E-10

S (m/s) k
4.1E-7 -5

Mau gd duoc dit trong diéu kién hai mat thoang
hap thu am, do d6 xét bai toan truyén am doi
xtng. Chon Ax = 0.002 m, nghia la nira chiéu dai
ciia mau dugc chia thanh 06 doan bang nhau, dé

28
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Hinh 5. Sy phan bb d6 4m caa mau theo thoi gian.

M hinh sai phan hitu han cling cho phép xac
dinh duoc su thay doi cua do am trung binh caa
toan mau theo thoi gian nhu hinh 7.

26%
24%
22%
20%
18%
16%
14%

12%
1 10 100

Thdi gian (h)
Hinh 7. S bién ddi caa d6 4m trung binh
theo thoi gian.

P6 Am (%)

1000 10000

dam bao cho diéu kién budc chia thoi gian 7 thoa
mén phuong trinh (16), can chon 7 <1303s.

Dé dam bao diéu kién hoi tu, chon 7 =100s.
M6 hinh sai phan hiru han cho biét sy phan bd
ctia d6 am trong mau theo thai gian (hinh 5) ciing
nhu sy thay d6i cia d6 am caa mdi vi tri trong
mau theo thoi gian (hinh 6). Hinh 5 va 6 cho phép
nhan biét duoc su lan truyén do 4m trong mau
cling nhu t6i wu hoa duoc thoi gian trong qua
trinh sy kho.

26%
7111 % SRRSO, WSS S— Sp—
0 .- - ,—";/
~ 22% - ’,/ 12mm
X / A T
S 20% i L 77 mm
g o 7 s ,‘—,—,I—> 8mm
<3 ] o 0 rt—— 6mm
© 18% 1l =% 44 /’IH% 4mm
)] ] ,/ 4 4> 2mm
16% | 1 /', Pt 7 ” /" ————— > 0mm
0, I’ ’/ 7 ’ ’ A
’
Bl e or gt
129% e caziasdss"
(]
1 10 100 1000 10000
Thoi gian (h)

Hinh 6. Su bién dbi cua d6 4m cua ting vi tri
theo thoi gian.

Nam bét duoc sy bién ddi d6 am trung binh theo
thoi gian (hinh 7) cho phép xac dinh dugc thoi
gian mau dat dén trang thai bao hoa.

4. Xé&c thuc tinh chinh xac ciia mé hinh bang
phwong phap so sanh két qua mé hinh véi
cac phuwong phap tinh khac

So sanh véi phwong phéap phan tir hiru han

Nghién ctu [2] da xay dung md hinh truyén am
trong gd bang phwong phép phan tar hiru han
thong qua phan mém mo phong Cast3m [8]. Xét
su truyén am theo mot phuong ctia mau thir A
theo vi du néu trén vai cac diéu kién vé hé sb
truyén am nhu bang 1.
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B 24%
18%

13%

Hinh 8. Su phan b d6 am tai thoi diém 24 h.

Phuong phap phan tir hitu han cho phép md
phong qué trinh truyén 4m caa mau theo thoi gian
(hinh 8). Puong cong su thay doi cia dd am trung
binh theo thoi gian tinh bai phuong phap phan tir
hitu han va phuong phap sai phan hitu han gan
nhu tring nhau, véi sai s6 khong dang ké (hinh
9). Biéu nay khang dinh, mé hinh dugc tinh bang
phuong phap sai phan hitu han cho két qua chinh
X4cC.

26%

22%

S 18%
g
<
8- 14% — PP sai phéan hitu han
PP phé’m t hiru han
10%
| 10 100 1000 10000
Thoi gian (h)

Hinh 9. So sanh vai phuwong phap phan tir hitu han.
So sénh véi phwong phap giai tich

Dé dam bao diéu kién gia dinh ciia phuong phép
giai tich theo phuong trinh (6), Xét sy truyén am
tuyén tinh (k = 0) theo mot phuong caa mot mau
g6 B c6 cung chiéu dai 24 mm, mot mat thoang
tiép xUc véi moi trudng, co do am ban dau dong
nhat wini= 12,7% va do am b&o hoa Weq = 24%.
Céc hé s truyén am duoc trinh bay theo bang 2.

Bang 2. Hé s6 truyén 4m cia mau B.

k
0

Do (m?/s)
2.38E-10

S (m/s)
4.1E-7

95

Su phan bé cua dd am cia mau theo thoi gian giai
theo hai phuong phap duoc trinh bay tai hinh 10.
Trong nhitng thoi diém dau tién (1.4 h, 6.9h, 12.5
h, 27.8 h), cac duong phan bb 4m theo thoi gian
theo hai phuong phap gan nhu tring nhau. Tuy
nhién, & nhitng thoi diém khi d6 4m da bat dau
truyén sau vao phia bén trong mau (duong 69.4 h
va 97.2 h), cac duong phan b am theo hai
phuong phap c6 cac diém phia ngoai mit thoang
tring nhau nhung tai cac diém phia bén trong
mau c6 sai s6 dang ké. Su sai léch do 4m tai cac
diém nay, do gia thiét moi truong béan vo tan dugc
sir dung trong phuong phap giai tich.

24%

270, -e PPgiai tich

— PP sai phan hiru han
20%

(%)

18%

0 am

16%

b

14%

12%

10
Vi tri (mm)

Hinh 10. So sanh vai phuong phap giai tich.

15 20

Phuong phap giai tich chi dugc sir dung trong
diéu kién truyén am tuyén tinh va trong moi
treong ban vé han. Su trung nhau cia cac duong
phan bé am tai nhitng thoi diém dau tién ciing
nhu su triing nhau cia d6 am tai cac diém bé mat
chirng t6 phuong phap sai phan hiru han cho cac
két qua dang tin cay.

5. Két luan

Bai bao da xay dung phuong phap mo phong su
lan truyén do am trong bai toan truyén am mot
phuong cua vat liéu g bang phuong phap sai
phan hiru han. Piéu kién hoi tu cta bai toan da
dugc xét dén. Tac gia xay dung md hinh bang
phan mém VBA trong Excel dé¢ md phong su lan
truyén do am véi cac diéu kién truyén am cho
trugc (cac hé s truyén am D, S, k). M hinh c6
thé du doan duoc su bién ddi cua do am trung
binh va sy phan bb d6 am theo thoi gian. Diéu
nay c6 y nghia hét sc quan trong trong cac khau
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ché bién san xuit gd ciing nhu trong qua trinh
khai théc cac cong trinh c6 sir dung két cau gd.

M® hinh bang phuong phép sai phan hitu han
mang dén mot giai phap hitu hiéu vé thoi gian xur
Iy cing nhu dam bao tinh chinh x&c. M6 hinh da
dugc kiém chang théng qua su so sanh véi
phuong phap giai tich va phuong phap phan ti
hitu han. Bai béo ciing da phan tich cac diéu kién
vé hoi tu caa bai toan sai phan hitu han. Pay dugc
xem 1 mét trong nhitng han ché ¢ hiru cua
phuong phap nay. Diéu kién hoi tu 1a diéu kién
tién quyét can phai xem xét trugc khi bat dau qua
trinh tinh toan.
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