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Tém tit

Thép la dang vat liéu suy giam kha niing chiu luc nhanh trong diéu kién chiu Itta. Boc céc cAu kién thép chiu
Iuc bang vat liéu chéng chdy 1a mot trong cac bién phap hitu hiéu dé bao vé két ciu thép trong diéu kién chiu
nhiét dd cao. Hién nay, c6 hai hinh thic boc phd bién 4dp dung cho céc cAu kién chiu uén 1a boc hinh hop va
boc theo chu vi. Mdi hinh thiic boc lai phtt hgp v6i mot dang vat liéu bao vé khac nhau. Bai béo gidi thiéu mot
nghién ctiu khdo sat anh hudng ctia hinh thiic boc bao vé dén kha niing chiu luc ctia cAu kién dam thép tiét dién
chit I trong diéu kién chiu nhiét d6 cao. Phan mém mo phong ANSYS Workbench da dudc st dung d€ xac dinh
su phan bd nhiét do trong dim thép, tng suit, bién dang ctia dim tai mot thdi diém cho trude khi chay tir d6
dua ra két luan vé cach lya chon hinh thiic boc phit hgp véi tiing diéu kién thiét ké dAm thép.

Tir khod: dim thép; vt liéu chdng chdy; hinh thiic boc; nhiét d6 cao; ANSYS Workbench.

EFFECTS OF PROTECTIVE COVER FORMS ON BEHAVIOR OF I-SHAPED STEEL BEAMS UNDER
ELEVATED TEMPERATURE

Abstract

Steel is a material which rapidly declines load-bearing capacity in fire. Covering steel members with fire pro-
tection materials is one of the effective measures to protect them in fire. Currently, there are two common forms
of covering applied to bending members: box-shaped protection and contour protection. Each form is suitable
for a certain protection material. The paper introduces a study examining effects of protective cover forms on
the bearing capacity of I-shaped steel beams under elevated temperature. The ANSYS Workbench simulation
software is used to determine the temperature distribution, stresses, deflections of steel beams at a given time
in the research process and presents a conclusion about choosing the suitable cover form in beam design.

Keywords: steel beams; fire protection materials; cover forms; elevated temperature; ANSYS Workbench.
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1. Dit van dé

Thép 1a mot vat liéu dang chiém uu thé trong cdc cong trinh xay dung hién nay nhd kha ning chiu
luc cao va trong luong nhe. Tuy nhién, thép bi giam kha niing chiu Iuc rit nhanh trong diéu kién chiu
nhiét do cao nén viéc ing dung bién phdp niang cao kha ning chiu nhiét cho két ciu thép dang dudgc
quan tim manh mé&. Mot sb bién phap boc bao vé ciu kién thép bing cac vt lidu cach nhiét nhu thach
cao chdng chdy, vita chdng chdy, son chdng chdy, ... 1a nhiing hinh thic dudc st dung phd bién.

*Tac gia chinh. Pia chi e-mail: thuptn @nuce.edu.vn (Thu, P. T. N.)
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Bai toan dit ra trong qua trinh nghién cttu tinh hiéu qua cta hinh thic boc bao vé 1a xac dinh quy
luat lan truyén nhiét thong qua 16p vat liéu cach nhiét vao bén trong ciu kién, tir d6 phan tich ting xir
nhiét va trang thdi 1am viéc trong diéu kién vita chiu luc vira chiu nhiét ctia cAu kién thép. Két qua clia
bai toan nay sé tao diéu kién cho viéc lua chon vat lidu boc, giai phap boc va chiéu day 16p boc phu
hop véi ting trudng hop thiét ké cu thé.

Phuong phap phan ti hitu han 3D [1-4] dugc st dung 14 cong cu chinh d€ giai bai todn trén, vé6i
hai giai doan phén tich cd ban la phan tich nhiét [2, 4] va phan tich cd hoc [1, 3]. Giai doan phén tich
nhiét sé xdc dinh trudng nhiét do trong ciu kién bién thién theo thdi gian, dua trén mdi quan hé nhiét
do - thoi gian clia cac md hinh chay danh nghia. Két qua thu dugc & giai doan nay két hop véi tai trong
sé 1a diéu kién dau vao cho giai doan phan tich co hoc d€ xdc dinh céc gi4 tri ting suét, bién dang va
kh4 ning chiu luc t6i han ctia cAu kién thép. Céc dic tinh nhiét hoc nhu hé s6 din nhiét, nhiét dung
riéng va cédc dic tinh co hoc nhu modun dan hdi, modun tiép tuyén, gidi han chay cta vat liéu thép
déu thay ddi theo nhiét dd [5-7], tdc 1a thay ddi theo thdi gian. Nhu vy, bai todn dudc phan tich bao
gdm ca su thay ddi vé khong gian (ba truc x, y, z trong hé toa do Descartes) va thdi gian (7).

Trong pham vi ctia bai bdo, tdc gia tip trung nghién cifu trang thdi ¥ng xi ctia ciu kién dam thép
tiét dién chit I chiu luc dudc boc bao vé theo hai hinh thic: boc theo chu vi bﬁng vat liéu vita chdng
chdy va boc hinh hop bang vit liéu thach cao chdng chdy trong diéu kién chiu nhiét d6 cao. Chucng
trinh md phong ANSYS Workbench [8, 9] theo phuong phdp phan ti hitu han véi phan tich nhiét
Transient thermal va phan tich co Transient structural dugc sit dung d€ xac dinh su phan bd nhiét do,
ting suét, bién dang trén toan bd dam tai mot thdi diém cho trude trong qua trinh dam vira chiu luc
vita chiu nhiét d6 cao bién thién theo thdi gian.

2. Céc hinh thitc boc bao vé dam thép tiét dién I

Vita chdng chdy c6 thanh phan héa hoc chinh 14 cic chit khodng tu nhién, xi ming va céc chit
phu gia hoat tinh, dudgc thi cong biang phuong phap phun khd hoic trat hodic d6 ghép cdp pha. Cac
phuong phdp nay thi cong tuong ddi nhanh, lai khong gip phai nhiing vin dé khé khin khi cb dinh
cdc tAm panel, tAm tudng, tim san cing xung quanh cic chi tiét lién két phic tap. Sau khi thi cong,
vita chbng chdy tao nén mot 16p phii ran, ¢6 kha ning chiu dudc su tic dong nhiét ctia cac dam chay
nhién liéu c6 cudng do cao, dac biét 1a dang 1Ga phun.

- a‘ “ 3 * i
(om—— |
1 1
(a) Dam san boc vita ba mit (b) Dam doc 1ap boc vita bon mit

Hinh 1. Céc hinh thifc boc tiét dién thép I chiu luc bing vita chéng chdy

Vita chong chdy c6 hinh thiic bio vé phd bién nhét 1a boc theo chu vi ctia cAu kién thép. Phd bién
nhét véi tiét dién chit I, khi cdc cAu kién dam d3 san bé tong, vi bé tong 12 nhiing vat liéu cach nhiét tot
nén vita thudng dugc boc tai cac mit con lai (Hinh 1(a)). Con dbi véi cdc ciu kién dam doc lap hoic
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lién két v6i cac bé miit vat liéu chiu nhiét kém thi nén boc vita ca bén miit d€ dam bio hiéu qua cich
nhiét can thiét (Hinh 1(b)). V& phuong thiic hinh thanh hé vat liéu pht chéng chdy, vita chdng chay c6
thé bam dinh truc tiép 1én bé miit két cAu thép hoic c6 thém ludi thép gia cudng. Do day tdi thiéu ctia
mot 16p vita bam dinh truc tiép 12 14 mm, cta 16p vita c6 ludi thép gia cudng 1a 50 mm. Trong céc
tinh todn truyén nhiét, do dén nhiét cla vita chéng chdy c6 thé thay ddi tir 0,15-0,25 W/m°C [7, 10].

Thach cao c6 21% khéi luong 1a nudc va 79% khdi luong 1a thach cao khan. Hop chat nay hoan
toan khong c6 phén ting héa hoc & nhiét do dudi 1200°C. Khi cong trinh xay ra hda hoan, dau tién cic
phén t nudc két tinh sé& hap thu nhiét roi dudc gidi phong ra dudi dang hoi nuée. Pay 1a hién tuong
canxi héa, chinh qu4 trinh hip thu nhiét va giai phdng cac phan ti nue nay di han ché su truyén nhiét
tif mit tiép xiic truc tiép vdi ltia sang miit kia ctia tAm, tao hiéu qua cach nhiét cho tim.

(a) Dam san boc ba mit (b) Dam doc 1ap boc bén mit  (c) Dam boc bdn mit ¢6 16 hdng khong khi
Hinh 2. Céc hinh thiic boc tiét dién thép I chiu luc bing vita chéng chay

Hinh thiic boc chii yéu ciia thach cao 12 boc hinh hdp, tAm thach cao chay vong quanh tiét dién
theo mot hinh chit nhit ngoai tiép (Hinh 2(a) va 2(b)). Trong thuc té, ngudi ta ¢ thé céu tao thém cdc
16 héng khong khi xung quanh tiét dién dé ting miic do dbi luu khong khi (Hinh 2(c)). Vi kha niing
truyén nhiét ctia thach cao thip hon so v6i thép nén phan nhiét do & trong khu vuc bao kin bsi hop bao
vé dudc xem 13 phan bd déu. Céc tim thach cao c6 do day t6i thiéu 9 mm, trong mot sb trudng hop
cin ting manh hiéu qua cach nhiét, c6 thé sit dung 6p hai tAm lién nhau d€ ting bé day 16p boc. Trong
cdc tinh todn truyén nhiét, do din nhiét ctia thach cao chong chdy c6 thé thay ddi tir 0,2-0,25 W/m°C
[7, 10].

3. Khdo sat trang thai ting suét - bién dang ciia dam thép dugc boc bao vé trong diéu kién chiu
nhiét do cao

Xét ciu kién dam thép c6 tiét dién chit I dugc boc bio vé c6 kich thuée ban bung h,, = 600 mm,
t,, = 10 mm, ban canh by = 250 mm, ¢, = 14 mm. Mit trén dam lién két v6i bén san bé tong cdt thép
c6 chiéu day b; = 100 mm. Nhiét d6 tdc dung 1én ban cinh dudi clia dim thép (theo sudt chiéu dai
dam) bién thién theo thdi gian, 4p dung dudng cong nhiét do - thdi gian ISO 834 dua trén md hinh
chay danh nghia cta vat liéu hydro cacbua [5, 6]:

T = 345log((8t + 1) + 20 (1)

trong d6 T la nhiét do thu dugc (°C) tai thdi di€m ¢ (phiit).
Nhiét d0 mit trén ban bé tdng xem nhu nhiét dd phong T pene = 25°C, khong ddi theo sudt chiéu
dai dim va trong thdi gian khao sat.
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Dam hai dau khép, nhip L = 8 m, tai trong tic dung l1én ban canh trén clia dam thép xem la
phan bd déu ¢ = 40 KN/m va khong ddi trong sudt thoi gian khio sat. Gidi han chady ctia thép
Blymp = 2400 daN/cm? [5]. Hé s6 dan nhiét cta thép thay d6i phu thudc nhiét do theo EN 1993 [5].
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(b) Tiét dién dam boc thach cao
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(a) Tiét dién dAm boc vita chdng chay

Hinh 3. Kich thudc tiét dién dam khéo sat

Qua trinh khao sét dua trén viéc thay ddi mot sd thong sb ctia hinh thifc boc bao vé dam:

15 25 50

Boc chu vi, bé day vita #, (mm)
13 16 26 32

Boc hinh hop, bé day thach cao #,, (mm)
Vita c6 hé s6 din nhiét 1 = 0,18 W/m°C; thach cao c6 hé s6 din nhiét A = 0,25 W/m°C.

Phan mém mo phéng ANSYS dugc st dung d€ xay dung mo hinh md phdng trudng dng suét-
bién dang (theo phan tich Transient structural - mic dinh 12 phi tuyén hinh hoc [9]) clia dam thép
khi chiu dong thdi tdc dung clia tai trong va nhiét do. Phan tit dudc chon 12 phan ti 3D solid body
HEXS [8] - dang phan ti bic nhit gdm 6 mit, 8 nit; md hinh vt liéu dang tuyén tinh (dang isotropic

elasticity [8]).

503.71
45312
402.52
351.93
301.34
250.75
20015
149.56
98.969
48.376

Hinh 4. Su phan b nhiét d6 (°C) trén dam thép dudgc boc vita day 15 mm, tai ¢ = 120 phiit

Trong md hinh nay, ta bd qua trang thai 1am viéc ctia cac 16p vt liéu cach nhiét, ing suit nghién
cifu 12 ting suét Von-mises [2], bién dang nghién ctiu 12 d6 vong ctia dAm tuong dng vdi cdc thai diém
chdy 0,5 phiit; 1,5 phut; 4 phiit; 15 phit; 30 phut; 60 phit; 90 phiit; 120 phiit. Cac két qua thu tai cic

50



Thu, P. T. N., Tuén, P. Q. / Tap chi Khoa hoc Cong nghé Xay dung

thoi diém chay tiéu chuan 30 phut; 60 phit; 90 phit; 120 phiit dugc sé ding dé kiém tra tiéu chuin
khd néng chiu luc (R) trong EN 1993 [5]. Céc thoi diém 0,5 phut; 1,5 phut; 4 phit; 15 phut duge dua
vao khdo sat 12 do trong khoang 15 phiit dau, dudng cong & phuong trinh (1) ¢6 do dbc 16n (nhiét do
ting nhanh so véi thdi gian) nén cin thiét phai chia nhé khoang thdi gian nay dé cac do thi két qua
thu dudc c6 do chinh xac cao hon.

* —— ———
503.711
ot 2.3119e8 -0.079171
prs 2.0556¢8 -0.079301
_— 1:7953¢8 -0.079431
. 1.543e8 -0.079561
301.34 1.2867¢8 -0.079651
250,75 .
200'15 1.0304e8 -0.079821
- 49'5 - 7.7414e7 -0.079951
o 9'69 5.1784e7 -0.080081
: 2.6155¢7 -0,080212
48.370 5.2511e5 -0.080342
i — —— —
(a) Su phan bb nhiét do (°C) (b) Su phén b ting suit (Pa) (c) Su phan b d6 vong (m)

Hinh 5. Céc két qua thu dudc trén tiét dién gitta dim (z = 4 m) thép dudc boc vita day 15 mm, tai r = 120 phuit

Nhiét d (°C)
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300 =% =Thach cao 16
= ® =Thach cao 26

2
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100

0

0 900 1800 2700 3600 4500 5400 6300 7200 8100
Thoi gian (s)

Hinh 6. Mbi quan hé nhiét d6 - thoi gian

Hinh 6-8 thé hién su tong hop céc két qua thu dudc tlit chuong trinh mo phdéng. Tir d6, ta c6 thé
riit ra mot sb nhan xét nhu sau:

- Tai thoi diém ¢ = 120 phiit, nhiét do ddm chdy dat T = 1054°C, nhiét d6 Tyax ciu kién diam thép
khi boc chu vi biang 503,71 °C va khi boc hinh hop bing 696,9°C. Cac gia tri nay cho ta thiy hiéu qua
cach nhiét khi st dung vat liéu boc 1a kha cao.

- So sanh giita 2 hinh thiic boc bao vé thi hinh thiic boc bang vita theo chu vi cho hiéu qua cach
nhiét tot hon. Tai thoi di€ém 120 phut, Tay khi boc chu vi bﬁng 503,71°C va Tax khi boc hinh hdp
bing 696,9°C. C6 3 1i do d€ giai thich cho két luan nay:

+ Kha nang cach nhiét cla vita va thach cao la khac nhau;

+ BE day 16p vat liéu bdo vé khéc nhau (giita 15 mm va 13 mm);
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Ung suat (daN/cm?)
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Hinh 7. Mbi quan hé ting sut - thoi gian tai tiét dién giita dim

Bién dang (mm)
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Hinh 8. Mdi quan hé bién dang - thdi gian tai tiét dién gitta dm

Bang 1. Két qué nhiét do, tng suét, do vong ctia dim boc vita

Hinh thic Thoi diém  Nhiétdd  Ung sut Ung suit t6i b6 vong Do vong/Nhip

boc ¢ (phut) T (°C)  (daN/cm?) han (daN/cm?) A (cm) A/L
Boc 30 303,60 1680 2400 5,119 1/156
vita, diy 60 379,97 1908 2400 6,207 1/129
1S mm 90 445,89 2137 2136 7,174 1/111
120 503,71 2312 1872 8,034 1/100

Boc 30 230,09 1496 2400 4,131 1/194
vita, diy 60 273,50 1632 2400 4,735 1/169
55 90 316,49 1757 2400 5,357 1/149
120 355,81 1862 2400 5,936 1/135

Boc 30 176,66 1397 2400 3,392 1/236
vita, diy 60 183,84 1420 2400 3,488 1/229
S0.mm 90 195,86 1458 2400 3,656 1/219
120 210,80 1503 2400 3,871 17207
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+ Hinh thidc boc theo chu vi tot hon, vi 6m sét vio toan bd tiét dién, tranh dugc khoang khong
khi giita tiét dién thép va vat liéu boc hinh hdp. Trong thuc té trong khoang khong gian nay sé xay ra
hién tuong ddi Iuu, tuy nhién khoiang khong khi nay hep va dai, nhiét do tac dong theo phuong doc
chu kién nhu nhau nén anh hudng ctia d6i luu gan nhu rat nho.

- P& x4c dinh trang thai t6i han cla cAu kién ta can khdo sat 3 thong sb: nhiét do, ting sut va
bién dang. Trong chuong trinh md phdng, tng suit va bién dang thu dudc da ké dén anh hudng su
suy giam modun dan hdi E theo nhiét do T [5], vi vay véi két qua thu dudgc, ta so sanh ting suit vé6i
gi6i han chdy f, ¢ [5] d€ ¢6 dugc két ludn vé kha ning chiu luc ctia ddm. Két qua chi tiét dugc thé hién
trong cac Bang 1, 2 va 3.

Bang 2. Két qua nhiét do, iing suét, do vong ctia dam boc thach cao

Hinh thic Thoi diém Nhiétddo  Ungsuidt  Ung sut tSi bo vong Do vong/Nhip

boc t (phut) T (°C)  (daN/cm?) han (daN/cm?) A (cm) A/L
Boc 30 390,41 1902 2400 6,399 1/125
thach 60 522,11 2197 1708 8,395 1/95
cao, day 90 622,41 2362 999 9,955 1/80
13 mm 120 696,90 2465 552 11,193 1/71
Boc 30 358,23 1818 2400 5,953 1/134
thach 60 474,05 2085 2009 7,717 1/104
cao, day 90 566,62 2239 1376 9,164 1/87
16 mm 120 641,28 2351 890 10,382 1/77
Boc 30 267,69 1578 2400 4,678 1/171
thach 60 347,83 1791 2400 5,882 1/136
cao, day 90 422,15 1938 2283 7,032 1/114
26 mm 120 487,23 2034 1939 8,045 1/99
Boc 30 242,65 1518 2400 4,325 1/185
thach 60 303,61 1684 2400 5,238 1/153
cao, day 90 365,77 1816 2400 6,197 1/129
32 mm 120 423,10 1909 2278 7,089 1/113

Bang 3. Két luan vé kha niing chiu luc ctia dim trong diéu kién chiu lta

Kha niing chiu luc Ung sudt/Ung sudt Do vong/Po vong

Hinh thitc boc theo thdi gian t6i han (%) t6i han (%)
Via, day 15 mm 60 phut 79,5 15,1
Vita, day 25 mm 120 phut 75,5 14,8
Vita, day 50 mm 120 phut 62,6 9,7
Thach cao, day 13 mm 30 phut 79,3 16,0
Thach cao, day 16 mm 30 phut 75,8 14,9
Thach cao, day 26 mm 90 phut 849 17,6
Thach cao, day 32 mm 120 phut 83,8 17,7

- Cac gia tri dd vong dao dong tu (1/113-1/135) cha nhip ting véi kha nang chiu luc t6i han cia
tiing dam. Néu so véi dd vong gidi han ctia dam chiu luc trong diéu kién chiu nhiét do cao 14 L?/400h
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=26,67 cm [11] thi c6 thé thiy ring kha ning chiu luc ctia dAm trong cac trudng hop nay déu do trang
thai gidi han thd nhit quyét dinh.

4. Két luan

- Vita va thach cao chdng chdy déu 1a cc vit liéu phd bién dé bao vé dam thép lam viéc trong
diéu kién chiu nhiét do cao & Viét Nam. Hinh thiic boc theo chu vi va boc hinh hop vira thuan Igi vé
thi cong vira dat hiéu qua cao vé mit cach nhiét.

- Dua vao cic két qua thu dudc tir cac vi du trén, ta c6 thé rit ra mot sb két luan co ban sau:

+ Kha niing bao vé dam thép clia cic vita va thach cao 13 kh4 16n, tiiy thudc vao tiing yéu cau thiét
ké khac nhau, ta c6 thé lya chon hinh thic boc va d6 day 16p vt liéu boc sao cho phil hop.

+ Bai bdo dang nghién ctiu trang thdi tng suit-bién dang dng véi cc thdi gian chdy tiéu chuin,
tuy nhién dua vao phan tich nay ta hoan toan c6 thé xac dinh dugc thdi gian chinh xéc tuong ting khi
ting suat trong dam dat dén tng suét téi han. Diéu nay sé cho ta co s& dé két luan vé thdi gian tdi da
ma cAu kién dam c6 thé chiu dugc trong diéu kién chiu nhiét do cao.

+ Khi dam dat dén khodng 80% ting suit t6i han thi d6 vong dat khodng 1/120 ctia nhip. Gia
tri ny hoan toan c6 thé chip nhan dudc d€ dam bao duy tri sy tdn tai clia cAu kién trong diéu kién
dam chdy.

- Dua trén nguyén tic phan tich nhu trén, ta c6 thé thuc hién tiép cdc bai toan khac khi thay ddi
céc thong s6 ctia dAm nhu so dd két cAu, so do tai trong, kich ban chdy, ... dé c6 dudc két qua day di
vé trang thai 1am viéc clia cdc cAu kién dam thép dudc boc bao vé chiu luc trong diéu kién chiu nhiét
dod cao.

Tai liéu tham khao

[1] CAu, V. N. (2005). Tinh két cdu theo phicong phdp phdn tit hitu han. Nha xuét ban Xay dung.

[2] Thu, P. T. N. (2012). Ung dung phuong phap phan ti hitu han xac dinh su phan b6 nhiét do trén tiét dién
thép. Tap chi Khoa hoc Cong nghé Xdy dung, 6(2):54-61.

[3] Tram, N., Ca, T. Q. (2007). Phuong phdp phdn tit hitu han va cdc ting dung trong tinh todn ky thudt. Nha
xuét ban Xay dung.

[4] Thu, P. T. N. (2016). Apply the 3D finite element method to determine temperature at given position
of steel members. Proceedings of the International Conference on Sustainable Development in Civil
Engineering, 199-212.

[51 EN 1993-1-2:2005. General rules - Structural fire design.

[6] BS 5950-8:2003. Code of practice for fire resistant design.

[7] Lawson, R. M., Newman, G. M. (1990). Fire Resistant design of steel structures-A handbook to BS 5950:
Part 8. The Steel Construction Institute.

[8] Cong ty ¢ phan cong nghé tién tién (2015). Tai liéu khéa hoc ANSYS Mechanical.

[9] Kohnke, P. (1999). ANSYS Theory reference (Release 5.6). Ansys, Inc, Southpointe 275 Technology
Drive Canonsburg, PA 15317.

[10] Quy, N. N. (2002). Cong nghé vdt liéu cdch nhiét. Nha xuét ban Xay dung.
[11] BS EN 1363-1:2012. Fire resistant test. General requirements.

54


http://stce.nuce.edu.vn/index.php/vn/article/view/846
http://stce.nuce.edu.vn/index.php/vn/article/view/846

	1 Đặt vấn đề
	2 Các hình thức bọc bảo vệ dầm thép tiết diện I
	3 Khảo sát trạng thái ứng suất - biến dạng của dầm thép được bọc bảo vệ trong điều kiện chịu nhiệt độ cao
	4 Kết luận

