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Tom tit:

Céc thong sb dic trung cira sy khuéeh tan do 4m mang ¥ nghia quan trong trong viéc theo ddi su thay doi cua
d6 4m trong cac két cau gd. Nghién ctru nay dya trén bai toan thuan 1a mé hinh mé phong su khuéch tan do
am trong gd bang phuong phap sai phan hitu han dé phaét trién cong cu phan tich nguoc nhiam xac dinh cac
thong sé khuéch tan do 4m. Cong cu phén tich nguoc sir dung thuat toan Simplex dé téi vu hoa ham muc tiéu
1a d6 lech gitra ¢ am ciia m6 hinh md phong va két qua thi nghiém. Két qua nghién ciru cho phép xac dinh
gid tri cac théng s khuéch tan am, trén co s¢ d6 du doan sy phan bd 6 am ciing nhu sy thay d6i do am cua
cac cau kién st dung vat lidu gd.

Tir khoa: Sai phan hiru han; Phuong phap nguoc; Thuat toan Simplex; Khuéch tan 4m; Vit liéu gd; VBA.

Abstract:

The determination of moisture diffusion coefficient plays a very important role in monitoring the moisture
content in wood structures. This research based on the direct simulation model that predicting moisture
diffusion in wood using finite difference method to develop an inversion model to determine the moisture
diffusion coefficient. The inversion model uses Simplex algorithm to optimize the objective function which is
the deviation between the moisture of the direct simulation model and the experimental results. This research
allows for the determination of the moisture diffusion coefficient from which the moisture distribution as well
as the variation of moisture in wood structures can be predicted.

Keywords: Finite difference method; Inversion method; Simplex algorithm; Moisture diffusion; Wood
structures; VBA.

1. Mé dau (iii) Nudgc thude thanh phan héa hoc cua gd,
D6 am 1a mot trong nhitng yéu td tién quyét anh  n6 chi bién mat sau khi vat liéu gd bi pha hay.
huong dén tinh chit co 1y cua vat liéu gd [1]. Do am duoc xac dinh theo cong thuc sau:
Nudc & trong vat lidu g ton tai dudi ba dang [2]: m, —m,

(i) Nuéc tu do hay con goi 1a nuéc mao quan, W= 1)

s 14 A ) 9 A =~ 4 A WA : 0
no lap day cac khoang trong gitra cac te bao, chiu

tac dong cua luc mao dan va luc hip din. Nudc
tu do di chuyén d& dang trong go va bién mét dau
tién trong qua trinh siy khd hozic sau khi cay gb
bi d6n ha;

(i) Nudc lien két 1a nude thuong thim qua cac
mang té bao va di chuyén cham hon;

me: Khéi lugng mau thir tai thoi gian t (kg);
Mo: Khéi lwgng mau thir ¢ trang théai khd (kg);
we: D6 am ciia mau thir tai thoi diém t (kg/kg);
M3i loai gd c6 mot dic tinh khuéch tan do 4m
bén trong khéac nhau. Su khuéch tan d6 4m trong
vat liéu go duoc dinh nghia thong qua dinh luat
Fick, viét dugi dang tong quat nhu sau [3], [4]:
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D 1a ting so khuéch tan 4m theo ba phuong.

G4 lai 1a mot loai vat lidu khong ddng nhat.
Céc tinh chat cua gd duoc xét theo ba phuong:
Phuong doc (L), phuong hudng tdm (R), va
phuong tiép tuyén (T) vudng g6c voi hai phuong
con lai. Sy khuéch tan am & trong gd duoc dic
trung bai hé s khuéch tan am theo cac phuong,
trong d6 theo phuong doc 1a 16n nhat [5]. Bi voi
mdi phuong, hé sé khuéch tan am lai thay d6i phi
tuyén theo do am cua go:

D = D,exp(kw) (3)

D: Hé s6 khuéch tan am (m?/s);

Do: Hé sé khuéch tan am ¢ trang thai kho
(m?fs);

k: He s6 phi tuyén.

Dinh luat Fick mot phuong dién giai su
khuéch tan 4m bén trong vt liéu gd nhu sau:

2 2
%’V = Doexp(kw){k(%tlj + 0 W}

o

Diéu kién bién str dung hai gia thiét [6]:

Gia thiét 1: Khong ton tai sic khang am ¢ mit
ngoai, trong GNg V4i gia tri caa hé sé6 dan am bé
mat S = oo.

Gia thiét 2: Ton tai sic khang am mat ngoai.

O bé mit ton tai suc khang mat, hé sb trao doi
am & bé mit duoc dinh nghia théng qua dinh luat
bao toan khéi luong [7]:

(4)

D %’(V = £S (W —W,q) (5)
Trong do:

S: Hé s6 trao ddi 4am & bé mat (m/s);

Wsur: DO 4m tai bé mat;

Weq: PO 4m can bang (kg/kg).

Xac dinh dugc cac thong sé khuéch tan am cua
g6 c6 ¥ nghia hét sac quan trong, né cho phép
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xac dinh duoc su bién doi 6 am bén trong cac
cau kién bang gd. Tuy nhién, dé xac dinh cling
Iic cac dic tinh cua sy khuéch tan 4m theo ca ba
phuong 12 mot bai toan ¢é nhiéu bién sb phuc tap.
Do d6, bai toan nay thuong dugc xét theo tung
phuong don 1¢. T. A. Nguyen [8] da xay dung mo
hinh mé phong su khuéch tan am mot phuong
trong gd bang phuong phép sai phan hitu han, 1ap
trinh bang phan mém VBA trong Excel. M6 hinh
nay cho céc két qua chinh xac théng qua su so
sanh vai cac phuong phap giai tich va phuong
phap phan ti hitu han.

Thuat toan Simplex

Phuong phap t6i wu hoa Simplex [9] dwoc Nelder
va Mead phat trién tir nam 1965 cho phép xac
dinh cyc tiéu cia mot ham sb khdng can tinh toén
dao ham. Déi voi nhitng bai toan it bién sd,
phuong phap nay dugc danh gia 1a mdt phuong
phép hiéu qua lai don gian trong viéc lap trinh va

4
.....

Phuong phap Simplex dwa vao sy bién doi cua
ham t6i wu (thuong tinh toan bang phuong phap
binh phuong trung binh t4i thiéu). Nguyén ly caa
thuat todn Simplex dua trén su thiét ké mét hinh
hoc hoa hinh c6 n kich thudc tuong duong vai
mot da gidc v6i n+1 dinh. Mdi dinh tuong wng
VvGi mot gid tri ciia ham téi wu. Thong qua nhiing
phép bién doi hinh hoc, cac dinh cia da giac s&
di chuyén vé mot gid tri cuc tiéu t6i wu nhat. Cac
vong lap cua thuat toan Simplex tuong (ng vai
cac phép toan dai s6 don gian cua cac phép bién
d6i hinh hoc co ban trén cac dinh cua da giac
(hinh 1). Muc tiéu cta thuat toan la xac dinh cac
bién sb x1, X2, Xa,... a0 cho thoa man ham sé f(x)
dat gia tri cuc tiéu.

Céc hé sd twong (ng véi cac phép bién doi
hinh hoc dugc ky kiéu «, S, 7, o (hinh 1). Céc hé
sb nay phai thoa man diéu kién: « >0; f>1;0 <
y <1va0 <o <1.Thong thuong chon: a=1; f
=2;y=05vaoc=05][9].
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i:iﬁ

i1 1

Sip xép cac bién (X, Xy, ..., X,.;) thda min:
fix) =% )<.S 0 (x,,)

Chon tam cua n dinh dau tién:

X, =(1+a)X-0x,,
f.=f(x.)

f, <f(x,)

Gian nd

f, <f(x,)

v, =X, +o(X, —X,)
Vie[2,n+]]
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bén trong
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No

Hinh 1. So d6 thuat toan Simplex.

2. Xac dinh cac hé sé khuéch tan am dua trén
bai toan phan tich ngwoc

Dua trén bai toan thuan 1& mé hinh khuéch tan
am [8], tac gia phat trién cong cu phan tich nguoc
dé xac dinh céc thdng s6 dic trung cho su khuéch
tan am cua vat liéu gd. Céc thong sé can xac dinh
bao gém: Cac hé sé khuéch tan 4m & trang thai
kho Do, hé s6 phi tuyén k, hé sb trao d6i am ¢ bé
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mat S ciing nhu ¢6 thé dy doan diéu kién do am
ban dau (Wini) va do am can bang (Weq) ctia mau
thir.

Nguyén ly cia phuwong phap nguec

Déi voi cac gia tri cac thdng sé khuéch tan 4m
cho trugc, md hinh [8] cho phép xac dinh dugc
su bién d6i d6 am mau thi theo thoi gian.
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CHON CAC THONG SO BAN DAU
(DOD S: k: Wini: Weq)

Thi nghiém do
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Thuat toan Simplex
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Hinh 2.Nguyén ly cua bai toan phan tich nguoc.

So dd cac bude xéac dinh cac théng sé khuéch
tan 4m duoc gigi thiéu theo hinh 2. Thuét toan
Simplex dugc sir dung dé téi uu hoa sai sb giira
céc két qua thi nghiém va mé hinh mé phong, bai
toan dugc xét dén ¢ day 1a cac gia tri d6 am cua
mau tht. Tir d6, rat ra duoc cac thdng sé khuéch
tan am thoa man diéu kién téi wu. Nghia 13, tng
Vi céc gia tri nay, két qua cia mo hinh c6 d6 sai
khac it nhat voi cac két qua thi nghiém thuc té.

Budc dau tién can chon cac thong s dau vao
ban dau. Dé dam bao rut ngan thai gian xir ly cua
thuat toan, thong thudng céc thdng sb nay duoc
Iua chon theo kinh nghiém hoac dwa vao cac gia
tri caa cac nghién ciru trude do. Cac thdng sb nay
duogc sir dung dé khai bao vao mé hinh sai phan
hitu han, tai thoi diém t xac dinh, mé hinh cho
phép xac dinh khdi luong mau, tir d6 xac dinh
dugce dd am cua mau theo thoi gian [8].

Ham téi wu duoc xac dinh 1a do léch két qua
d6 am thi nghiém (Wexp) va do am tinh theo md
hinh md phong (Wnum) theo phuong phap binh
phuong tdi thiéu.

Nhu vay, dé xac dinh duoc céc théng sb
khuéch tan am, can thuc hién céc thi nghiém dé
xac dinh su bién d6i do am theo thoi gian. Thi
nghiém khuéch tan 4m duoc thyuc hién tir trang
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thai d6 am can bang ban dau dén trang théai can
bang trong mét pha hap thu hoic giai hap & mot
trang thai do 4m tuong ddi ciia mdi truong (HR)
nhét dinh. Trong truong hop ndy, ham muc tiéu
duoc tinh nhu sau:

N
F=t

N \/z [V_Vnum (ti ) - V_vexp

i=1

2
t)] (6)
N: S6 thoi diém thuc hién thi nghiém;
ti: Cac méc thoi gian tinh toén;

w_ . (t ): Do am trung binh tinh toan (kg/kg);
W, (t.): D6 am trung binh thi nghiém (kg/kg).

€xp

Ham Simplex f(x) (hinh 1) trong truong hop
nay 1a ham muc tiéu (5) . Cac bién sé x (hinh 1)
chinh 1a cac théng sé dic trung cho su khuéch tan
am trong gd can xac dinh. Thuat todn Simplex
thay ddi c4c gié tri thong sé trén dya vao nguyén
ly duoc giGi thiéu & hinh 2 dén khi thoa mén diéu
kién gia tri cua ham muc tiéu dat dén gia tri cuc
tiéu, khi d6 cac gia tri cua do 4m tinh toan ung
véi cac thdng sb tim duoc tiém can voi cac gia tri
cua thi nghiém thyc té.

Do chinh x4c cta bai toan nguoc duoc thé hién
théng qua tiéu chi dirng. Thong thuong cac vong
l3p cua thuat toan Simplex két thac khi gié tri caa
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ham muc tiéu dat dén maot gié tri cho phép thoa
man nho Fn thuong duoc chon bang 1E-6.

F<Fn (7)

Tuy nhién, trong thuc té gia tri caa ham muc
tiéu phu thudc nhiéu vao sy chinh xac cua phép
do. Néu cac gié tri do c6 sai s6 I6n, thuat toan co
kha nang s& khong dam bao diéu kién hoi tu.
Trong nhirg truong hop nay, T. A. Nguyen [6]
da dé xuat tiéu chi dirng dua trén su thay doi caa
cac thdng sé giita hai vong lip lién tiép:

A

xi: Gia tri cua bién s6 tai vong lap thi i;
Fm: Gi tri cho phép Ién nhit caa sy bién thién
céc thong sé giira 2 vong lap lién tiép.

3. Ap dung phwong phip nguoc dé xac dinh
cac hé s6 khuéch tan am dwa tén cac thi
nghiém theo nghién ctu cia Merakeb nam
2006

Merakeb [10] d3 tién hanh nghién ctu sy anh
huong cia ang suit nén theo phuong doc dén sur
khuéch tan 4m theo phuong ngang. Sau mau thir
c6 kich thugc 15 x 20 x 20 mm? theo cac phuong
LRT (hinh 3) dwgc cach am boi bén mat (20 x 20
mm?) dé dam bao sy khuéch tan am mot chiéu
theo phuong ngang.

Phuong khuéch
tan am

20mm

X, =X
i+1 i< Fm (8)
X;
Phwrong tac dung
cua luc nén
L 20mmn
R
B —
T 15mm

Hinh 3. M6 hinh thi nghiém.

Sau mau thir dau tién duoc siy kho dé dat dén
trang thai kh6 (w = 0 %) va sau do dat vao moi
truong c6 dd am twong d6i HR = 75% va cac mau
dugc dat dudi tdc dung cua ba mic d6 nén
(OMPa, 5MPa, 10MPa). Merakeb da thuc hién
cac phép do su bién ddi cua khéi luong, tir do,
xac dinh duoc su bién thién cua d6 4m cac mau
tha theo thot gian.

Trong thi nghiém nay, cac miu ban dau duoc
say dén khi dat duoc diéu kién kho hoan toan. Do
d6 thong sb do 4m ban dau wini = 0 da biét. Tuy
nhién, cac két qua thi nghiém chua cho phép xéac
dinh duoc trang thai can bang am da dat dén. Do
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d6, d6 am can bang weq duoc coi 1a mot bién sé
can duge xéac dinh. Nhu vay, dé mo phong dugc
qua trinh khuéch tan 4m & trong vat liéu, bai toan
nay can xac dinh bdn thdng s6 sau: Do, K, S, Weg.

Do muyc tiéu nghién ciru khong xét dén cac anh
huong cia cac mie do nén dén tinh chat khuéch
tan am, tac gia lva chon truong hop dai dién 1a su
bién thién do 4m cua cac mau thir dudi tc dung
ctiia muc do nén 10MPa dé xéac dinh cac thong s6
khuéch tan am.

Két qua thi nghiém xéac dinh khéi lugng cho
phép tinh todn duoc su bién dbi d6 am cia mau
thir theo thoi gian (hinh 4).
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Hinh 4. Két qua thi nghiém do am cta mau 1 theo thoi gian.

Pé thuc hién bai toan phan tich nguoc, dau tién
can phai lra chon cac t6 hop thdng sé dau vao
ban dau. Sé luong cua to hop céc théng s dau
vao bang sé luong bién sé can xac dinh va duogc
lya chon mot cach ngdu nhién. Déi voi gia thiét
1, t6 hop thong sb dau vao 1a to hop P1, P2, P3
véi S = oo. DI v6i truong hop st dung gia thiét

2, t6 hop théng s6 dau vao la bbn t6 hop P1, P2,
P3, P4 nhu bang 1.

Trong mot sé trudng hop, c6 thé s dung
nhiéu t6 hop cac thong sé dau vao khac nhau dé
kiém chiing sy hoi tu ciia bai toan nguoc.

Bang 1. T6 hop cac thong sé dau vao.

T6 hop P1 T6 hop P2 T6 hop P3 T6 hop P4
Do (M%/s) 1E-12 1E-11 5E-11 5E-12
k 0 4 1
S (m/s) 1E-7 1E-8 1E-6 5E-7
Weq (%) 12 14 11 125

Két qua ctia bai toan phan tich ngwoc ap dung cho
mau 1 cho thay, d6i véi hai gia thiét duoc duara,
C4c gid tri thdng s6 Do, K, Weq tim duogc co gia tri
twong dwong nhau va gia tri sai s giia gié tri do
va gi4 tri mo hinh rat thap (bang 2) va cac duong
cong su bién d6i cua 6 am theo thoi gian véi hai
gia thiét gan nhu tring nhau (hinh 5). Do d6, ¢6
thé sir dung gia thiét 1 1a gia thiét sirc khang o bé
mat nho, twong duong véi S = oo cho bai toan

nay. Sir dung gia thiét nay, cho phép han ché sé
luong cac bién sd, rat gon duoc thoi gian giai va
dam bao d6 chinh xac cua bai toan. Nhu vay, cac
bién sb can xac dinh con lai 1 Do, k, Weq,

Tiéu chi ding (6) v6i Fn = 1E-6 thoa man diéu
kién hoi tu cua bai toan, do do, tiéu chi (6) dugc
lua chon trong bai toan nay.

Bang 2. Két qua cac thdng s6 tim dugc ciia mau 1 theo hai gia thiét.

Do (mZ/S) k S (m/s) Weq (%) F
Gié} thi?t 1: Khéng tc?_n tai stc 4.93E-11 1.38 o 0.1197 8.5E-5
khang am ¢ mat ngoai
Gia thiet 2: Ton tai suc khang 5 18E-11 1.02 1.29E-6 0.1197 8.96E-5

am & mat ngoai
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b
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Gia thiét 1: ton tai sire khang
am bé mat
—— Gia thiét 2: khong ton tai sirc khing
am bé mat
o Do am thi nghiém

Do 4m (%)

0 200 400 600 800
Thoi gian (h)

Hinh 5. Su thay d6i do 4m theo thoi gian mé phong bai cac két qua phan tich nguoc.
Bang 3. Két qua cac thong s6 cua sau mau thir.

Do (m?s) k Weq (Kg/KQ) F

Mau 1 4.93E-11 1.38 0.1197 8.50E-5
Mau 2 4.78E-11 1.32 0.1225 1.12E-4
Mau 3 4.65E-11 1.07 0.1202 1.38E-4
Mau 4 5.11E-11 1.48 0.1187 9.06E-5
Mau 5 5.26E-11 1.77 0.1205 1.37E-4
Mau 6 5.33E-11 1.75 0.1190 1.47E-4
Trung binh 5.01E-11 1.46 0.1197 1.18E-4

Két qua phén tich nguoc d6i vai cac mau thircon  tri trung binh cac thdng sb tim dwoc cua Sau mau
lai 4p dung véi gia thiét néu trén dwoc thé hién & trinh bay & bang 3. Sai s6 1on nhét giita cac két
bang 3. Két qua phan tich cho thiy, ddi voi cac  qua tim duoc I6n nhit chi 2%.

mau th khac nhau cho két qua cac thong sé Bing 4. Két qua phan tich nguoc dua trén gia tri

twong duong nhau. trung binh cua céc két qua do.
~ Sir dyng cac két qua trung binh céc gia tri 46 B (mas) K We (%) =
a na sau mau cho bai toan phén tich
am do dl/l’-QCACua S7au au C _0 ba} tc?a 7p a tCA 5 OLE11 143 012 8.76E5
nguoc vai két qua dugc gidi thiéu ¢ bang 4. Ket
qua cac thdng sé hoan toan tuong dwong véi gia
14%
12% so—66——6—0
10%
8%

D¢ am trung binh cdc mau

Do Am (%)

6% :
thi nghiém
4% =
2% — Keét qua phan tich nguoc
0%
0 200 400 600 800

Thai gian (h)
Hinh 6. Su thay ddi d6 4m theo thoi gian md phong va thi nghiém.
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Ham muc tiéu twong wng Vi c4c gid tri thdng sd
tim thdy cua thuat toan trong cac truong hop trén
déu co gia trj rit nho (bang 3) chirng to sai s gitra
két qua mo hinh tim duoc va két qua do thyc té
c6 chénh léch rat it (hinh 6). Didu nay, cho thay
rang, dbi vai cac thong sb tim duoc cho phép mo
phong maot cach chinh xéac su thay doi do 4m cua
mau theo thoi gian. Diéu ndy c6 ¥ nghia hét stc
quan trong trong viéc du doan sy thay doi caa do
am vat liéu gd theo thoi gian.

4. Két luan

Nghién ctru da xay dung dugc cong cu phén tich
nguoc nhiam xac dinh cac thong s6 khuéch tan am
trong vat liéu gd. Cac thong sb nay la co so cho
viéc phan tich su phan bd do am trong céc cau
kién sir dung vat liéu go.

Thuat toan Simplex ciing cho thay sy hiéu qua
trong bai toan téi wu nay do dic thu cia bai toan
khong thé tinh dugc dao ham caa ham muc tiéu.

Tiéu chi dung cua bai toan nguoc phai lya
chon tly vao su phan tan cua két qua do. Do do,
can cac budc thir nghiém dé lva chon duoc tiéu
chi ding phu hop va xac dinh dugc gié tri dung
nham dam bao két qua tim thay c6 gia tri hop Iy.

Cong cu nay da cho thdy su hiéu qua trong
truong hop st dung s lidu do 1a cac gia tri do am
ciia mau ther, hoan toan cé thé ung dung dé xéac
dinh cac théng s6 khuéch tan am trong thuc té.
Két qua cua nghién ciru nay co thé sir dung lam
co so dé xac dinh cac didc trung khuéch tan d6 4m
trén nhiéu loai gd khac nhau, tir d6, c6 thé du
doan sy phan bé d6 am trong cac cau kién bang
g6 & thuc té.
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