\/ﬁ :géncmﬁv. >
\.‘: TAP CHi PHONG CHAY VA CHUA CHAY PIEN T® ———=
v Q JOURNAL OF FIRE ONLINE
Y

|__ e e-ISSN: 3093-3595

Ngay nhan bai: 12/3/2025; Ngay tham dinh: 02/6/2025; Ngay duyét dang: 13/6/2025.

XAC PINH HE SO DAN NHIET
CUA SON CHONG CHAY BANG MO HINH
HOI QUY TUYEN TINH PA BIEN

Thiéu ta, ThS PANG VAN TRONG

Khoa Khoa hoc co ban va Ngogi ngi, Truong Dai hoc PCCC

Thiéu ta, ThS NGO XUAN TUNG

Khoa Co sé nganh Phong chay chiza chdy, Truong Dai hoc PCCC
*Tac gia lién hé: Dang Van Trong (E-mail: vantrong0712@gmail.com)

Tém tit: Son chéng chay la loai vdt liéu dang phan ung dwoc sw dung dé bao vé két ciu thép, bé
t6ng hodc cac bé mdt khac khéi tic déng cia liva trong mot khodng thoi gian nhdt dinh khi xdy ra chay.
Qua trinh trwong no cua vdt liéu nay dudi tac dong cua nhiét do cao trong diéu kién chiu lira dién ra rat
phire tap gdy nhiéu khé khan cho viée do dac truc tié}) gia tri hé s6 dan nhiét ciia né. Bai viét nay trinh
bay két qua nghién civu xdc dinh hé sé dan nhiét ciia son chong chdy bang mé hinh hoi quy tuyén tinh da
bién. M0 hinh duwrgc xdy ding dwa trén sé liéu tir két qua thir nghiém chiu liva theo phirong phép thir nghiém
dwoc quy dinh tai tiéu chudn Chau Au EN 13381-8:2013 vdi cdc mau thir la thép dwoc son chong chay.
V6i sw hé tro ciia phan mém phan tich thong ké IBM SPSS Statistics, 16 mé hinh héi quy da dwoc xdy dung
6 Y nghia thong ké, phan danh sy phu thuéc ciia hé sé dan nhiét ciia son chéng chady (2) vao hé sé tiét dién
clia mau thép c6 16p son chong chay (Ap/V) va dé day mang khé ciia 16p son chéng chay (dp).

Tir khoa: son chdng chay, két cdu thép, do dan nhiét, do day mang kho, hé s6 tiét dién, mo hinh hoi
quy tuyén tinh.

Abstract: Intumescent paint is a reactive material that is commonly utilized to protect steel
structures, concrete, and other surfaces against fire for a specified period. Due to its complex expansion
behavior at high temperatures, direct measurement of its thermal conductivity is challenging. In this study,
the thermal conductivity of intumescent paint is estimated using a multivariate linear regression model.
Data from fire resistance tests, which were carried out following the European standard EN 13381-8:2013
using steel samples coated with intumescent paint, were analyzed to develop the model. 16 regression
models were developed using statistical analysis performed in IBM SPSS Statistics, demonstrating the
relationship among thermal conductivity (1, the section factor of the coated steel sample (Ap/V), and
coating dry film thickness (dp).

Keywords: Intumescent paint, steel structures, thermal conductivity coefficient, dry film thickness,
section factor, linear regression model.

1. Giéi thi¢u d6 cao (khoang 250°C) trong diéu kién chiu Itra, 16p son

Son chdng chay 14 loai vat liéu dang phan tmg c6  chdng chay xay ra phan (mg nhiét va trrong nd 1én toi
su két hop cua cac thanh phan hitu co va vo co lién két 30 dén 50 14n so voi d6 day ban dau dé tao thanh 16p
v6i nhau trong mdt ma tran Polyme. O nhiét do thuong, than cac bon c6 do dan nhiét thép hoat dong nhu 16p
16p son chéng chay c6 tinh tro. Dudi tac dong ctia nhiét  cach nhiét cho két cau thép (Hinh 1).
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(@)
Hinh 1: Mdu thép cé son chéng chay truée (a) va sau (b) khi thir nghiém chiu lia [1].
Tiéu chuan Chau Au EN 1992-1-2:2005 [2] cho phép tinh toan su gia tang nhiét d6 cta két ciu thép boc son
chdng chay khi chiu lira bing phuong phap tinh toan don gian hodc phuong phép tinh toan nang cao néu nhu xac

dinh duoc hé s6 dan nhiét cua loai son dugc sir dung. Tuy nhién, gia tri nay khong thé do tryc tiép do qua trinh
trurong nd cliia son chéng chay dudi tdc dong ctia nhiét do cao trong diéu kién chju lira dién ra rat phurc tap.

Bai viét ndy trinh bay phuong phéap xac dinh hé sé dan nhiét ciia son chéng chay dua trén két qua thir
nghiém chiu lira voi dudng cong ngon ltra/thoi gian tiéu chuan theo tiéu chuian Chau Au EN 13381-8:2013
[3] ctia cac mau thir bang thép co hé sd tiét dién va do day 16p son chdng chay thay d6i bang cach sir dung mo
hinh hdi quy tuyén tinh. Vi sy hd trg cia phan mém phaén tich thong ké IBM SPSS, nhom nghién ctru di xay
dung duoc 16 mo hinh ¢ ¥ nghia théng ké gitp xac dinh hé sé din nhiét (L) cta son chng chay tai bat ky
cap gia tri (Ap/V, dp) ndo.

Gia tri hé s6 dan nhiét cua son chéng chay da xac dinh duoc co thé str dung dé tinh toan su gia tdng
nhiét do trong két cau thép trong diéu kién chiu lira tir d6 xac dinh gi6i han chiu lira ctia két cau thép c6 son
chéng chay bang phuong phap tinh todn don gian hoic phuong phap tinh toan nang cao theo tiéu chuan Chau
Au EN 1992-1-2: 2005 [2].

2. Co s& Iy thuyét tinh toan hé s6 din nhiét ciia son chdng chay

Xuat phat tir cong thirc tinh toan s gia ting nhiét do trong két cau thép c6 16p bao vé chéng chay duoc
quy dinh trong tiéu chuan EN 1993-1-2:2005 [1]:

A,.1d, A, 1 0
AB,, :[ oo x5 x[1+¢/3jx(a—Ha't)At:|—|:(e¢/ _1)Aa] (1)
Voi:
C,P
SR e
Trong do:

- AB, 12 nhiét d9 thép tang theo budce thoi gian At (K)
- AB¢ 1a nhi¢t do 10 tang theo thoi gian bude At (K)
- 0a,t 1a nhiét 40 do duogc trong mau thép (°C)
- 0 1a nhiét d6 do dugc trong 10 ddt twong tng véi cac mau thir nghiém (°C)
- dp1a @6 day mang khé ctia son chdng chay (m)
- Ca la nhiét dung riéng cua thép tai nhiét do 0a (J/kgK)
- pala khéi luong riéng cua thép (kg/m?)
- Cp la nhiét dung riéng ctia vat liéu bao ve¢. Néu gia tri nay khong c6 san, s& sir dung gia tri 1000 kJ/kg°C;
- pp 1a khéi luong riéng ctia son chng chay (kg/m°)
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- Ap/V 13 hé sb tiét dién cua tiét dién thép (m™)

- At 1a budc thoi gian (s).

- Apt 13 hé sb dan nhiét cua 16p son chdng chay tai thoi diém t twong ing véi d6 day mang kho d,
(W/m.K).

Vi son chng chdy 13 dang vat liéu c6 khéi lugng nhe va rat nho so véi khéi lugng thép nén dé don gian
hoa qua trinh tinh toan, s6 hang th hai ¢ vé phai cta cong thirc (1) ¢6 thé bo qua va hé s6 dan nhiét Ap; ctia
son chdng chay co thé dugc tinh toan theo cong thirc (2). Pay ciing 13 cong thirc duge dé xuat trong phu luc
E, tiéu chuén [3].

1

(Q—Ha‘t)xAtXAg

. )

Vv
/lm =dp><—><ca><pa><

Dbi voi mdi mau thir nghiém, 14p bang tinh hé sé dan nhiét trong dwong cua 16p son chdng chay theo
cong thuc (2). Gia tri hé s6 dan nhiét nay duoc goi 1a h¢ s6 dan nhiét hiéu dung vi sir dung d¢ day mang son
kho ban dau va khong ké dén sy truong nd ctia son chong chay. Dua trén cac bang tinh hé sé din nhiét twong
duong cta 16p son chdng chay dbi véi timg mau thir nghiém theo cong thirc (2), 1ap bo dit lidu 14 tap hop céac
mau s liéu dang (Ap/V, dp, Apy) twong tmg véi cac mau thir nghiém theo cac médc nhiét do tir 300°C dén 700°C.,

Dua trén bg dir liéu da lap, mo hinh hoi quy tuyén tinh dugc xay dung thé hién su phu thudc cua hé $6
dan nhiét ctia son chong chay 1, theo hé sb tiét dién A,/V va do day mang kho cta 16p son chdng chay dp. Mo
hinh hdi quy tuyén tinh véi ham téng quat nhu cong thirc (3):

A=co+cr.Ap/V +cadp 3)

Céc hé sb co, 1, ¢2 ctia mo hinh dugc ude lugng bang phuong phap binh phwong tdi thiéu dya trén tat ca
cac diém dir liéu ciia mau thir nghiém theo timg mdc nhiét do khao sat. Mo hinh hdi quy duogc xay dung véi
st hd trg ctia phan mém phan tich thong ké IBM SPSS Statistics.

Két qua thuc hién duoc trinh bay trong phan tiép theo.

3. Két qua xac dinh hé s6 din nhiét ciia son chong chay bang mé hinh hdi quy

S liéu vé thir nghiém chiu ltra ctia 12 mAu thtr bang vat liéu thép tiét dién I, chiéu dai L = 1000mm
dugc bao vé bang mot loai son chdng chay c6 mit trén thi trudng vai hé sb tiét dién (A,/V) va d6 day mang
kho 16p son chdng chay (dp) thay d6i di duogc thong keé, tap hop theo tai liéu [4] nhu trong Bang 1. Céc thir
nghiém chiu ltra dugc thuc hién tai Phong thi nghiém vét li¢u, ciu kién xay dyng va trang thiét bi phong chay
chira chay truc thuoc Truong DPai hoc Phong chay chira chay.

Bdng 1: Bdc diém ciia cdc mau thir nghiém chiu lira [4].

TT | Ky hi¢u miu | Ap/V (m™?) | dp(um) | TT | Ky hi¢u mau | Ap/V (m?) | dp (um)
1 MI 1 70 282 7 M3 1 253 281

2 MI 2 70 1455 | 8 M3 2 253 1454
3 M1 3 70 2375 | 9 M3 3 253 2405
4 M2 1 181 278 | 10 M4 1 360 1490
5 M2 2 181 2484 | 11 M4 2 360 2430
6 M2 3 181 3642 | 12 M4 3 360 3621
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Duya trén cc bang tinh hé sé dan nhiét trong duong cua 16p son chéng chay ddi voi timg mau thir
nghiém theo cong thirc (2), bd dir liéu twong ung v&i 12 mau thir nghiém da dugce xay dung. Bang 2 dudi day
duoc trich tir bd dir 1i€u nay.

Bdng 2: Minh hoa bé dit liéu sir dung dé xdy dung mé hinh hoi quy

T oy (sr;) _——
400°C 550°C 600°C 650°C
1 70 282 0,007 0,005 0,004 0,004
2 181 2484 0,027 0,007 0,006 0,008
3 253 3667 0,020 0,007 0,005 0,008
4 360 2430 0,018 0,004 0,003 0,004

B?mg viéc su dung phﬁn mém IBM SPSS xur ly s6 liéu, nhom nghién ctru da thu dugc 17 mo hinh hoi
quy tuyen tinh tuong ing v6i cac moc nhiét d6 tir 300°C dén 700°C v6i bude nhiét do 1a 25°C. Cac hé s6 hoi
quy (co, c1, c2) cia mo hinh dugc x4c dinh tai cadc diém nhiét d¢ dugc trinh bay trong Bang 3.

Bang 3: Két qud phdn tich bang SPSS xdc dinh cdc hé s6 ciia mé hinh va sai s6 tinh todn bang mé hinh so véi gid tri thuc té.

TT | Nhiét | Heé so H¢ so H¢ so R? | Sig.F Sai s0 Dj Iéch
do €o c1 c2 trung binh | chuén

O sai s0

1 | 300 | 0009 | -3.151.10° | 2.061.10° | 0,605 | 0,015 | 6,45.10%¢ | 0,905
2 | 325 | 0,008 | -2,584.10° | 1,735.10° | 0,634 | 0,011 | 3,96.10%¢ | 0,905
3 | 350 | 0,008 | -2,837.10° | 2,233.10° | 0,753 | 0,002 | -2,22.10® | 0,905
4 | 375 | 0.008 | -3,035.10° | 2,574.10° | 0,782 | 0,001 | -2,08.10% | 0,905
5 | 400 | 0,009 | -3,520.10° | 3,034.10° | 0,785 | 0,001 | 1,94.10% | 0,905
6 | 425 | 0,010 | -3,791.10° | 3,285.10° | 0,787 | 0,001 | -2,91.10® | 0,905
7 | 450 | 0,011 | -4,140.10° | 3,629.10° | 0,785 | 0,001 | -5,55.10® | 0,905
8 | 475 | 0,012 | -4,473.10° | 3,934.10° | 0,788 | 0,001 | 1,39.10°Y 0,905
9 | 500 | 0,012 | -4,740.10° | 4,294.10° | 0,756 | 0,002 | 3,19.10% | 0,905
10 | 525 | 0,012 | -4,934.10° | 4,667.10% | 0,723 | 0,003 | 1,94.10%® | 0,905
11 | 550 | 0,013 | -5,125.10° | 4,790.10% | 0,740 | 0,002 | 5,55.107 | 0,905
12| 575 | 0,013 | -5395.10° | 5,196.10% | 0,750 | 0,002 | 4,44.10® | 0,905
13| 600 | 0,014 | -6,093.10° | 5439.10% | 0,725 | 0,003 | 2,50.10® | 0,905
14| 625 | 0,015 | -6,706.10° | 5575.10% | 0,690 | 0,005 | -4,30.10%¢ | 0,905
15| 650 | 0,015 | -6,498.10° | 5,347.10% | 0,752 | 0,002 | -9,71.10%" | 0,905
16 | 675 | 0,016 | -6,200.10° | 4,921.10% | 0,694 | 0,005 | -1,67.10%6 | 0,905
17 | 700 | 0,015 | -5863.10° | 5,795.10% | 0,761 | 0,002 | -2,64.10%¢ | 0,905
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Trong Béang 3, ¢t R? thé hién murc do giai thich cia mé hinh cho sy bién dong cua Apt. Vi duy, tai mbc
nhiét 300°C mé hinh c6 hé sé R?= 0,605 thé hién c6 60,5% do bién dong ciia Apt dugc giai thich boi sy bién
dong cua Ap/V va d, kém theo d6 39,5% su bién dong ciia Apt do cac yéu té khac gy ra chua thé giai thich
bang mo hinh da thiét 1ap. Hé s6 R? cang cao, md hinh cang c6 do tin cdy cao. Cot Sig.F dé danh gia muc do
phtt hop ctia mé hinh véi tap sb liéu thir nghiém, gia tri cua Sig.F nhé hon 0,05 thi m6 hinh duoc cho 1a phu
hop. Ca 17 m6 hinh xay dung trong Bang 3 déu c6 Sig.F nhé hon 0,001 cho thiy murc 6 phu hop rit cao cia
mo hinh da xay dung véi tap s6 liéu thir nghi¢m da xay dung o trén. Cot sai $6 trung binh va d¢ I¢ch chuin
ctia sai s6 dung dé danh gia sai s6 va do 1éch chuén giita cac gia tri Apt duoc tinh bang mo hinh hdi quy va cac
gié tri Ap; thuc té dua vao xay dung mé hinh. Trong 1y thuyét mé hinh hoi quy doi hoi diéu kién sai s6 trung
binh Xép xi 0 va d6 1éch chuén Xép xi 1, cac két qua chay mo hinh cho théy diéu kién nay dugc dap ung.

M3di hé sé hdi quy co, c1, c2 ciia md hinh déu c6 mot muc ¥ nghia théng ké di kém dé xac dinh ¥ nghia
thong ké ciia hé s6 d6. Cac hé sb hdi quy c6 mirc y nghia thong ké nho hon 0,05 dugc coi 1a ¢6 y nghia thong
ké. Hé s6 ¢ trong mo hinh hdi quy ciia Ap; trong timg v&i nhiét 6 300°C c6 mirc y nghia théng ké bang 0,057
16n hon 0,05 nén hé s6 d6 khong c6 ¥ nghia théng ké (xem Bang 4), do vidy mé hinh nay khong thé sir dung
trong tinh toan mac di mé hinh van khép véi s6 lidu thuc nghiém, 16 mé hinh con lai cac hé s6 hoi quy déu

¢6 y nghia thong keé.
Bdng 4: Bang hé s6 hoi quy ciia mé hinh véi nhiét dp 300°C.
Hé s6 hoi quy?

He §6 H¢ 50 Miic ¥

M6 hinh chua chuén hoan chuén hoa t nghia théng
B Sai s6 chuan B ké

H¢ sb chin (co) 0,009 0,002 3,909 0,005

1 AplV (c1) - 3,151.10° 0,000 -0,745 -3,403 0,008

dp (c2) 2,061.10°° 0,000 0,472 2,146 0,057

a. Bién phu thudc cia mo hinh: Lamda (300°C)

Tir viéc kiém tra cac diéu kién st dung ciia mé hinh hoi quy tuyén tinh cho thay c6 16 md hinh hoi quy
thoa man va co thé sir dung trong phan tich, tinh toan. Vi mdi hang trong Bang 3, ¢c6 mot mé hinh hdi quy
tuyén tinh ¢ diém nhiét d6 twong ung, chang han véi nhiét d6 t = 600°C mé hinh twong tng Ia:

A . A .
A| =2:d ;600 |=0,014 — 6,093.10 . —= + 5,439.10°d 3)
Y, Y, P

Cac mo hinh nay rat c6 y nghia trong thuc tién, nd gitp tinh toan dwgc hé sé dan nhiét cua son chéng
chay A, tai bat ky cap gia tri (Ap/V, dp) nao. T 1a khi thay doi gid tri ciia hé sd tiét dién Ap/V va do day
mang kho ctia 16p son chéng chay d, ta luén xac dinh duoc gia tri tuong tng ciia Apr. Khi co duoc cac gia tri
Apit tai cac diém nhiét dugc tinh bang mé hinh, tiép tuc s dung cac phuong phép ndi suy tuyén tinh ta co thé
xéc dinh duoc gié tri cta Ap; tai bat ky diém nhiét do nao trong pham vi nhiét do tir 300°C dén 700°C. Bang 5
dudi day thé hién gia tri ctia Ap; tai 600°C tinh theo md hinh hoi quy tuyén tinh (3) tmg véi mét s diéu kién cu thé

~ , A A
cta AyV, dp. Mai 6 trong bang thé hién gia tri cua ﬂ(vp;dp;GOOj tinh tai cap gia tri [Vp;dp]tuorng ung.
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Bang 5: Hé sé dan nhiét ciia son chéng chay tai nhiér @ 600°C tinh tai mét sé cap gia tri (Ap/V, dp) bang mo hinh.

M4 hinh hoi quy

A s A .
Al —2;d ;600 |=0,014 — 6,093.10 . —> + 5,439.10°d,

V V

A

% 100 150 200 250

dp

1000 0,0133 0,0103 0,0073 0,0042
1500 0,0161 0,0130 0,0100 0,0069
2000 0,0215 0,0185 0,0154 0,0124
2500 0,0242 0,0212 0,0181 0,0151

4. Két luan

Dua trén bo dir lidu vé két qua thir nghiém chiu ltra ctia 12 mau thtr da 1ap dugc, bang phuong phap
théng ké, nghién ctru nay da xay dung dugc 16 mo hinh hdi quy tuyén tinh da bién (2 bién) c6 ¥ nghia théng
ké, phan anh sy phu thudc tuyén tinh ctia hé sé din nhiét cua son chdng chay vao do day mang son kho ban
dau cta 16p son chong chay va hé s6 tiét dién cua thép c6 16p son chdng chay. Cac md hinh nay rat c6 ¥ nghia
trong thuc tién, gitp tinh toan dugc hé sé dan nhiét cia son chdng chay Ay khi thay doi gia tri ciia Ap/V va
dp. Cac mé hinh nay khi duoc két hop véi phuong phap ndi suy tuyén tinh s& gitip xac dinh duoc hé s6 dan
nhiét ctia son chdng chay tai cac diém nhiét d6 ciia mau thép thir nghiém trong pham vi tir 300°C dén 700°C.
Cac gia tri nay 1a mot trong sé cac dit liéu dau vao duoc sir dung trong tinh toan két cau thép chiu hira theo
tiéu chuan Chau Au EN 1992-1-2: 2005 [2].m
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