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PNG DUNG PHUONG PHAP PHAN TU HPU HAN
XAC DINH SU’ PHAN BO NHIET DO TREN TIET DIEN THEP

Pham Thi Ngoc Thu'

Tém tat: O Viét Nam, quy trinh thiét ké chéng chéy cho céng trinh xdy dung bang
thép dang dwoc quan tdam manh mé. Trong bai bao nay, tac gia gidi thiéu bai toan
xéc dinh sw phan bé nhiét do trén tiét dién céu kién thép chiu luc trong khéng gian
chéy &p dung phuong phép phén tir hitu han, day la mét trong nhitng bai toédn chu
dao ctia quy trinh thiét ké ké trén. Ttr két qua thu duoc cha bai toén, ta c6 thé kiém
soét tbéc do lan truyén nhiét, tinh toan kha ndng chiu luc con lai cia cau kién tai
mét thoi diém nhét dinh trong qua trinh chay, cé y nghia rat Ién dén hiéu qua cua
cac cong tac phong chay chira chay.

Ttr khéa: két cau thép, phan t hiru han, nhiét dé

Summary: In Vietnam, the procedure for fire - resistant steel structural design is
strongly interested. In this paper, the author introduces the problem to determine
the temperature distribution on the steel cross-section in fire applying the finite
element method which is one of the main problems of the procedure described
above. From the results of the problem, we can control the speed of spread heat,
calculate bearing capacity of structures remaining at a given time during burning,
which is of great significance to the efficiency of the fire.
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1. Dat van dé

Hién nay & Viét Nam, quy trinh thiét ké chéng chay cho cac cong trinh xay dwng, dac biét
la cac cong trinh thép dang dan hoan thién, tir thiét ké gidi phap kién trac, giai phap ky thuat
phong chay chira chay cho dén thiét ké hé két cAu nham muc dich duy tri trang thai chiu lwc
trong thdi gian chay. Dé dat dwoc muc dich nay, can thiét phai thwc hién md phéng dam chay,
xac dinh nhiét do trén b& mét cAu kién, tim quy luat lan truyén nhiét bén trong va tinh toan kha
nang chiu lwc cta két ciu tai thdi diém nhat dinh trong dam chay.

Trén thé gi¢i da c6 nhiéu mé hinh chay dwoc st dung dat hiéu qua cao nhw TASEF
(Thuy Dién), CFAST, ANSYS (MY) [4],[5],... Két qua clia cac mé hinh nay sé tré thanh diéu kién
dau vao ly twdng cho bai toan xac dinh quy luat lan truyén nhiét bén trong két cau khi 4p dung
phwong phap phan t& hitu han - la phwong phap phd bién khi tinh toan két cdu. Diéu kién nay
c6 thé dwdi dang nhiét do thuwe t&, mat do nhiét hay quy luat trao ddi nhiét gitra cau kién dang
xét v&i moi trwong [2]. DO chinh xac cla bai toan phu thudéc vao dé min cda lwéi chia va gia
thiét vé quy luat lan truyén la tuyén tinh hay khéng tuyén tinh trong khéng gian.

Bai bao thwc hién tinh toan sw phan bd nhiét do khi gia thuyét quy luat lan truyén la tuyén
tinh. V&i s6 liéu diu vao la nhiét do trén bé mat ciu kién va hé sé truyén nhiét cla vat liéu, ta
c6 thé xac dinh dwoc nhiét do tai mot diém bét ky bén trong két ciu.
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2. Ap dung phwong phap phan tir hitu han vao bai toan xac dinh phan bd nhiét lwong
trén tiét dién thép

2.1 Phwong trinh vi phan dan nhiét hai chiéu [2]

Khéo sat moét phan td chiu nhiét dd T c6 hé sb dan nhiét k nhw hinh 1, cé do day t theo
phuwong z 1a hdng sé, lwong nhiét phat sinh trong phan t6 la Q(W/m®).

Vi lwgng nhiét truyén vao vi phan thé tich cong véi lwong nhiét phat sinh phai béng
lwong nhiét truyén ra, nén ta co:

aq,
—=d
Tqy+ 2, y
A
Qx > o |
dy ® aq,
v qx+€dx
TQV
—d, —»

Hinh 1. M6 hinh phén té khao sét

0
q,ayt +q, dxt + Qdxdyt = [qx + agx dxjdyt + (qy + %dy]dxt (1)
X y
0
59 Yy _q_p
ox oy
oT oT

trong do: =-k—, =-k— 2
g do: g, o b oy (2)

la nhiét lwong truyén vao phan t theo hai phwong x, y

ai(k£)+i kT liq=0 3)
ox\_ ox) oy\ oy

Day la phwong trinh vi phan dao ham riéng mé t& qué trinh dan nhiét 2 chiéu. Trong
trwdng hop nay, phwong trinh dwoc gidi quyét véi didu kién dau vao la nhiét do T = T, trén bién
xac dinh.

2.2 Giai bai todn st dung phan to i gidc

Kh&o sat mot phan to t& giac tdng quat nhw hinh 2. Phan t& ¢ 4 nat (1,2,3,4) 1an luot
dwoc danh sé ngwoc chiéu kim dong hd.

n
Y 3(13)
414 4(-1,1) 3(1,1)

2(12)

@ 1(-1,-1) 2(1,-1)

X

Hinh 2. M6 hinh phén to ti giac
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Vécto nhiét do tai nut cla phén thky hieula T, =[T; T, T3 T, (4)

Thuc hién phép qui chiéu phan t& t& giac v& dang hinh vudng xac dinh trong hé toa do
dia phuong (&, ).

2.2.1. Xay dung ham dang

Xay dwng ham dang Lagrange N; ¢ quy téc: N; bang don vi tai nat i va bang 0 tai cac nat
con lai [1]. Cu thé N, = 1tainat 1; N,= Otaicacnat 2, 3, 4

— Ny = (1-9(1-n)/4 (5a)
Twong tw ta co:

N = (1+&)(1-n)/4 (5b)
N3 = (1+8)(1+n)/4 (5¢)
Ny = (1-&(1+n)/4 (5d)

Khi d6, théng qua ham dang ta cé thé biéu thi nhiét d6 T tai mot diém bat ky (£ 7) cla
phan t& hiru han theo nhiét d6 tai cac nut:

T= N1T1 + N2T2+ N3T3 + N4T4 (6)

Nh& cach mé t dang tham sé, ta ciing c6 thé biéu thj toa dd ctia mot diém bat ky M(x,y)
trong phan t& theo toa d6 cac nut:

X = N1X1 + N2X2 + N3X3 + N4X4 (78)
Y = Nays + Noyo + Nays + Nays (7b)

Xét ham nhiét d6 T(x, y) = T[x(& n), y (£ n)]. Thue hién |4y dao ham toan phan ham T,
viét dwéi dang ma tran:
aT] [ox oyt
o& o0& 0f | ox
= (8)
| |x yfor
on] |on on|oy

o oy
Pat J= 05 O¢
ox oy
|On On

la ma tran Jacobi, két hop cac phwong trinh (5) va (7) ta cé :

J= 7{(7—77)()(2 = Xg)+(1+n)(x3 =x4) (T=n)(y2=y1)+(1+n)(y3 —}’4)}

_Z (1=E)(xg = Xg)+(1+E) (X3 =X5) (1=ENYq—Y1)+(1+ENY3-Y2) -
:|:J11 J12:| (9)
J21 J22
oT oT oT oT oT
ox ox Joy —J
Tor (8)va (9) | 25 |=u| XX | | X |2y 06 | o1 | Y2 Uz ) 0¢ (10)
or or or oT | detd|[~Jy Jyg ) OT
on oy oy on on
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T cac phwong trinh (5) va (6), ta viét lai phwong trinh (10) dwéi dang:

ﬂ 1-n 1-7 1+n 1+7 T
ox | _ 1 |Jaz 4 4 4 4 | T2 (11)
OT | T detd|~dyy Jyy | 1-¢  1+E 1+ 1= | T,
oy 4 4 4 4 T,
1-n 1-n 1+7n 1+ oT
J -J a h
PatB = 1 22 12 4 4 4 4| 0X _BT, (12)
dotd|—dyy Jyy | 1-&  1+& 1+E 1-¢ aT
4 4 4 4 oy

Ta s& str dung cac biéu thirc trén dé xay dwng ma tran dan nhiét ctia phan te.
2.2.2 Xay dung ma trén truyén nhiét cta phan tir

Quay lai phwong trinh (3), thwe chat cta viéc giai phwong trinh nay két hop véi cac diéu

kién dau vao twong trng dwa trén nguyén ly cuc tidu thé nang 1a cuc tiéu ham :

2 2
n:lj k(ﬂJ s dv - [QTaV (13)
2 ox oy v
Vi dV = tdA véi t1a do day phan t&, t = const
1. 1oy (oTY
—>17:—.|'k[—] +k ——| tdA— [QTtdA = 1T, + I, (14)
25 ox oy A
2 2
Xét 17, =1j k(ﬂj i 2T oA (15)
2 ox oy
oT
oTV? (or\’ [oT oT | ox
TU’(12)—>(—J + = {— == =T,'B'BT, (16)
ox oy ox oy | oT
oy
Thay vao (15) — 17, :%jkTe’B'BTetdA =%”kTe’B’BTetdxdy (17)
A Xy
Dwa vao phép qui chiéu phan t& t&r giac, ta co : dxdy = detJd&dn (18)

11 11
> 1T, = %j [T, B BTt det Jdédn = %TU [ kB Bt det Jdgdn]Te = %Te'keTe (19)

—1-1 —1-1

11
trong do k, = ktf IB'Bdetdedn la ma tran dan nhiét cla phan t&. Ta nhan thay B’, B, detJ

211

déu 1a cac ham sb clia £va 5 nén can phai tinh k. bang tich phan sé.

Ap dung bai toan sb héa tich phan 2 bién s theo phép cdu phwong Gauss 2 diém:
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H¢(§ n)dédn = ij #(£,m)dn = Zw Zw HEm;) =

—1-1 -11

=W W B(E1,m0 ) +WWoB(E1,115 )+ WoW (5o, ) +WoWo0(E5,1m5) (20)
W1 :W2 :1

Cho sai s6 4 =0 véi dd chinh xac cta da thibc bac 3 —» <&, =7, = ~1/3 (21)
£y =1, =1/43

Quay tré lai cong thirc tinh ke, khi xem ¢(& 1) = B'BdetJ, ta c6 thé viét:

ke = kt{B’BdetJ( T _T}FB BdetJ[—%,%J+

]+B BdetJ( (22)

NG TTJ}

Ma tran dan nhiét cliacahé K =) k, (23)
e

+B BdetJ(

Xét 17, = _J.QTtdA — _RT, thuc chét 1a vécto nhiét lwong thu dwoc trong qué trinh dan
A

nhiét, vécto nay cé thé da biét (dwdi dang nhiét lwong tap trung, nhiét lwong phan bd), cé thé 1a
an sé phu thudc vao didu kién dau vao, ta sé xét dén /7, trong tirng bai toan cu thé.

Cuéi cung, ta viét lai phwong trinh (14) dwéi dang: 77 =%Te'KTe -RT, (24)

Nhu vay, ta cd thé xay dung trinh tu bai todn &p dung phuong phap phan t htu han dé
xac dinh phan bo nhiét dé trén tiét dién thép theo cac buwéc sau:

- Buwde 1: Thue hién chia lwéi phan tl, danh sé th tw nGt trén tivng phan tr

- Buwdc 2: Lap hé truc toa do va xac dinh toa d cac nut trong tirng phan t

- Bwde 3: Tinh ma tran dan nhiét cla tivng phan tlr ke

+ Tinh ma tran Jacobi clia phan t&r theo cong thirc (11)

17 1 1 1 1 1 N N
+ Tinh cac ma tran B[\/_ \/_J B[_EEJ ;B[T —T] (_ﬁ _ﬁ] cua phan
tee.
+ Tinh ma tran dan nhiét k,
- Bwée 4: Tinh ma tran dan nhiét ctia ca hé K
- Bwére 5: Gidi phwong trinh KT, = R, tir d6 xac dinh vécto nhiét do tai nat T, trong ca hé.
3. Vi du tinh toan

Cho tiét dién chir | cé kich thwéc va chiu tac dong nhiét dd nhw hinh 3. Mat trén c6 nhiét
dd 20°C, mat dudi coé nhiét do 180°C, hai mét trai va phai dwoc gitr cach nhiét. Xac dinh sy
phan bd nhiét do trén tiét dién biét hé sb dan nhiét ctia thép k = 45 W/m°C.
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Hinh 4. Céch chia Iw6i phén ti trén tiét dién chir |

- Thue hién chia lwéi phan tl, danh sé thr tw nat nhw hinh 4.

Mbi phan t&r s& gdm 4 nut dwoc danh sé theo bang duwéi day:

Phén tir Ther tw nit (theo nguroc chiéu kim déng ho)
1 1 2 3 4
2 2 5 6 3
3 5 7 8 6
4 11 9 13 12
5 9 10 14 13
6 10 16 15 14
7 3 6 17 18
8 17 18 20 19
9 19 20 10 9

Nhan xét: Cac phan t& (1, 3, 4, 6) co tinh chat hinh hoc giébng nhau nén sé cé ma tran
dan nhiét gibng nhau, vi vay ta chi can tién hanh tinh ma tran dan nhiét cho mét phan ti réi ap
dung két qua cho cac phan tt con lai. Thuc hién twong tw véi cac bd phan tir gibng nhau (2, 5);

(7,8,9).

- Tinh ma tran dan nhiét k cha phantlri=1-9 xem dé day t = 1:

k1:k3:k4:k6:

183,74

90,02 -9187 -18189

90,02 183,74 -18189 -9187

-91,87 -181,89 183,74 90,02
-181,89 -91,87 90,02 183,74
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32,60 -17,60 -16,25 1,25
-17,50 32,50 1,25 -16,25

ky =ks =
-16,25 1,25 32,50 -17,60
1.26 -16,25 —-17,50 32,50
360,63 -359,69 —-180,31 179,37
- 359,69 , 179,37 -180,31
Ky = kg = kg = 360,63 9,3

-180,31 179,37 360,63 —359,69
179,37 -180,31 -359,69 360,63
- Tinh ma tran dan nhiét clia ca hé K
Hé c6 20 nut nén ma tran dan nhiét clia ca hé K cé dang K[20x20] la két qua cla bai toan
ghép ndi cac ma tran dan nhiét phan tir ki K =) k; theo quy tac thong thuwong clia phuong
7

phap phan t& htvu han
- Giai phuwong trinh KT, = R
Ma trén T, va R c6 dang:
Te=[T1 To T3 Ty Ts Te T7 Tg To T10 T11 T12 T13 T1a T1s T16 T17 T1s T1g9 T2o
R=[R: Rz R3 R4 Rs Rs R7 Rg Rg R1o R11 R12 R13R14 Ris Ris Ri7 R1s Rig Razol’
Céc diéu kién bién twong &ng:
+T;=T,=T;=T,=180°C
+ Ty2=Ti3=Tya=Ts5=20°C
+R3=R4=Rs=Rs=R9=R1=R11=R16=R17=R1s=R19=Rz =0
Giai phwong trinh KT, = R ta thu dwoc két qua nhu sau:
T3=Ts=179,68°C; T,=Tg=179,92°C; Ty = T1p = 20,32 °C
T11=T=20,08°C; T17=Tig= 126,56 °C; T19 = Tp=73,44°C

|A
1213 1415 on 13
20.00°C
@66 = .
9 [0 16 20.32°C A g
©) )
19— 20 e 73.44°C 19
¥
17— 18 — 126.56°C 17
) 8
4 3| s s o 3
179.68°C
ORI o .
— 180.00°C )
146 |,s |,146 A—A
T
300
|A

Hinh 5. Su phén bd nhiét do tai cac nut trén mét cét A-A
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4. Két luan

Két qua vi du cho thay s phan bé nhiét do tuyén tinh trong hé truc Decac theo dung gia
thuyét ban dau. Néu thuc hién phan tich cho hé két ciu c6 sb lwong phan tir I16n, can thiét st
dung céc chuong trinh phan mém tinh toan nhw ANSYS, MATHLAB [2], AQUABUS,...

Dwa trén quy luat phan bd nhiét d6 thu dwoc, cé thé xac dinh s bién thién cac dac trung
co hoc cla vat liéu thép nhv md dun dan hdi, gi¢i han chady, gi¢i han bén,...trén tiét dién va
theo chiéu dai cdu kién, tlr d6 tinh toan mic do duy tri kha nang chiu lwc clia hé két cau tai mot
thoi diém trong qua trinh chay. Day 1a bai toan trung gian dé chuyén ddi anh huwéng ctia moét mo
hinh dam chay thanh cac tac dong tac dung lén két cAu chiu lwc, né cé y nghia rat Ién néu
dwoc (ng dung dé lién két gitra gidi phap ky thuat phong chay chiva chay va giai phap két cau.
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