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Tém tat: Trong bai bao nay, quy trinh thi céng Iap ghép cau kién bé téng nhe chéng chéy (BNCC) cho cot
thép chir H va dadm thép chir | da duoc dé xuét, trong dé cdu kién BNCC gbém céac tdm va bléc vién xay duoc
str dung dé boc chdng chay cho céc cau kién chiu luc cho céng trinh. BNCC duroc ché tao tir xi mang pooc
1ang hén hop va phé thai tro bay nhiét dién c6 céc wu diém sau: khoi liong thé tich nhé (< 800kg/m?), d6 dan
nhiét thép, kha ndng lam viéc & nhiét dé cao dén 1000°C. Viéc sir dung vét liéu BNCC cé thé dem lai hiéu
qua kinh té va kha nang chéng chay cho céng trinh xay dung dan dung va céng nghiép.

Tor khéa: Bé téng nhe chdng chéy; quy trinh thi céng Iap ghép.

The process of fabricated construction for insulated-fireproof lightweight concrete (BNCC)
components for H steel column and | steel beam

Abstract: In this paper, a process of fabricated construction for insulated-fireproof lightweight concrete
(BNCC) components for H column and | beam in steel structures was proposed, in which BNCC components
include sheets and blocks used as fireproof covers for structural members of buildings. BNCC is produced
from the mixed portland cement and waste additive of fly ash with the following advantages: small volume
density (< 800kg/m®), low thermal conductivity and working capability at high temperatures up to 1000°C.
The use of BNCC as a fireproof material can provide an economic and effective fire-resistant solution for
civil and industrial buildings.
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@ 1. Giéi thiéu

O Viet Nam, két cAu thép (KCT) dwoc st dung kha phd bién cho cac cong trinh nha cong nghiép dé
vuot nhip 16N va c6 xu hwéng st dung ngay cang téng cho cac cong trinh nha dan dung; tuy nhién van dé
bao vé chéng chay (CC) cho céc cong trinh nay van chwa dwoc quan tam ddy dd vi chi phi kha cao. KCT ¢
nhiéu wu didm nhung lai c6 mét nhugce diém I6n 1& khd néng chiu Itra kém. O’ 150°C, cwdng d6 va modun
dan hdi clia thép gidm dang ké va rat khé xac dinh dwoc kha nang chiu luc. Téi 500 - 600°C, thép chuyén
sang trang thai déo, dan dén KCT mat kha n&ng chiu luc va bi sup dd nhanh chéng [1]. Khi khéng dwoc boc
CC, chi sau khoang 15 phut chiu chay, nhiét dd trong KCT I&n dén 550°C [2]. Do vay, KCT can duwoc boc CC
nhdm téng thdi gian CC, ddng thoi tang thdi gian an toan thoat hiém cho con ngwéi, d@m bao di chuyén tai
san va dap tat dam chay khi xay ra chay. Theo quy chuan [3], dwa vao nién han st dung cong trinh, dang
nha, chirc néng, dién tich va chiéu cao chia cong trinh thanh 5 bac chiu Ira la 1, 11, I1I, IV va V. Céng trinh c6
bac chiu Itra cang nhé thi gi&i han chiu Itra yéu cdu (GHCLYC) cla c4u kién xay dwng cang cao, tc 1a bac
| c6 yéu cau cao nhat véi GHCLYC cda céu kién chiu lwc la R150, cla twéng ngédn chay la REI150; trong
d6 ki hiéu R la kha nang chiu lwc, E la tinh toan ven va | la kha nang cach nhiét. Vi du REI150 c6 nghia la
cAu kién can duy tri dwoc déng thoi cd 3 yéu cau v& kha ndng chiu lyc, tinh toan ven va cach nhiét trong
khoang th&i gian chiu tac dong clia Itra t6i da 1 150 phut theo ché d6 nhiét tiéu chuan. Phwong phap tho
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gi6i han chiu Itra (GHCL) cho mau vat liéu boc bao vé CC cho KCT thwc hién theo cac tiéu chuan [4-7] v&i
kich thwérc mau thir 13 480 x 480 mm (Hinh 1): mau dwoc cb dinh vao miéng |6 thir nghiém CC, mdt mét mau
dwoc dbt nong theo ché do nhiét tiéu chuan va mét con lai khong dét néng dwoc dét cac ddu do nhiét. Mau
thi bi coi Ia mat kha nang chiu Itra khi nhiét do & bé mat khéng dbt néng gia téng trung binh tai cac diém do
I&n hon 538°C hoac nhiét db gia tang tai bat ky mot diém do nao I&n hon 649°C.

Hién nay, d& boc CC cho KCT thuong dung cac giai
phap sau: Son CC; Phun vira CC; Boc bang cac tAm thach cao
CC. M&i giai phap déu cé wu nhwoc diém riéng. Tuy nhién, cac
loai vat liéu CC st dung trong cac giai phap d6 déu duoc san
xuét, ché tao tlr cac nguyén vat liéu va ngudn tai nguyén quy
nén sé dan can kiét khi khai thac.

Céc nghién ctu [8-11] da trinh bay cac két qua vé viéc
ché tao vat liéu va cAu kién BNCC; dd la loai bé téng khi khong
chwng &p, ché tao tir ngudn phé thai tro bay nhiét dién, cé kha g
nang lam viéc & nhiét d6 cao dén 1000°C va kha nang CC cao. Hinh 1. Mau tht- son CC cho thép

Ta4m BNCC day 5cm c6 GHCL 13 EI140 (tai phat thi 140, nhiét d6 mat khéng dbt néng cla tAm trung
binh dat 143,3°C). T&m 7cm cé GHCL la trén EI190 (tai phat thir 190, nhiét d6 mat khéng dét néng cla tdm
trung binh dat 77,25°C). Tuwdng xay tir bléc BNCC day 10cm cé GHCL l1a EI220 (tai phut thir 220, nhiét do
mat khéng dét ndng cla twong trung binh dat 153,1°C).

a) Mat ngoai mau b) Mt trong méu
dang thir chay khi dirng thir chay

Trong bai bao nay, quy trinh thi cong I&p ghép cau kién BNCC bao vé& CC cho cot thép chi¥ H va dam
thép chir | d& dwoc dé xuét. Cac ciu kien BNCC duoc ché tao trwdc trong nha may hodc tai cong trwéong
gdm cac tAm va bléc vién xay. Muc tiéu huwéng téi la sau dam chay, hé két cAu chju lwc cta cong trinh van
dwoc bao toan vé kha nang chiu luc va néu cé hu héng chi xay ra & Iép BNCC boc CC, do vay sé& don gian
va it tén kém khi chi thi cdng thay thé mai I&p BNCC.

@ 2. Quy trinh thi céng lap ghép tdm BNCC bao vé chéng chay cho cét thép chir H (Hinh 2)

2.1 Chuén bi nguyén vét liéu, thiét bj dung cu

Chuén bi nguyén vat ) .
liéu, thiét bi dung cu Ngoai cac nguyén vat liéu, thiét bi dung cu thi céng lap
v dwng cot thép chir H nhw théng thudng, chudn bi them céc tdm
Cot thép da dung BNCC kich thwéc phu hop, bléc vien xay BNCC, thép méc chiu
1&p xong nhiét @6, dung cu khoét rénh thd céng (Hinh 3) va cac nguyén
v vat liéu ché tao vira chiu nhiét, cac nguyén vat liéu dé a4 BNCC
Boc BNCC |4 tai cho.
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| Kiém tra, nghiém thu | Dung cu khoét ranh
Hinh 2. Trinh tw thi cong I&p ghép tam Hinh 3. Thép moc chju nhiét @6 va dung cu
BNCC béo vé CC cho cét thép chir H khoét rénh tha céng

2.2 Trinh tw thi céng

Tién hanh sau khi cot thép da dung I&p xong trén cong trwérng. Sau day 13 trinh tw thi céng BNCC
boc CC cho ¢t thép chir H trong pham vi tAng 1. Cac tang trén thi cong twong tw.

2.2.1 Boc BNCC cho chén cét

Chan cot thép dién hinh c6 ciu tao nhw Hinh 4a, chon phwong phap thi céng BNCC bao vé CC cho
chan cot | 1ap ghép két hop dd BNCC tai chd, cu thé nhw sau: Budc 1, xay bléc BNCC bao quanh chu vi
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chan c6t, xay véi chiéu cao tdi thiéu béng chidu cao chan cét, béng viva chiu nhiét, mach viva day 10mm
(Hinh 4b). Bwéc 2, sau khi xay bléc BNCC = 24 gi¢, thi cong dd BNCC tai chd cho phan trong khéi xay dé
bao vé CC céc chi tiét lien két ciia phan chan cot (Hinh 4c). Nén tinh toan khdi lwong mé trén sao cho sau
khi bé tdng n& phdng dat chiéu cao thiét k& dé khong can cat mat bé tong né thira. B& mat bé tong sé co
dang cong hoi phéng & gitta nén & 4 géc khudn, bé téng sé cé cao dd mat trén thap hon ving gitra khudn
trong pham vi khoang 5+10 mm, diéu nay khong anh huéng gi dén chiéu day I&p BNCC can thiét dé bao vé
CC cac chi tiét lien két clia chan cot. Buwéc 3, bdo dwéng bé téng vira db trong 7 ngay.
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Hinh 5. Xay bléc BNCC b3o vé CC cho than cot
1. Cot thép; 2. Viika chju nhiét; 3, 4. Bléc BNCC s6 3, 4;
5. Méc thép chiu nhiét

két voi phan chan cot bang I6p vira ©) Mt chiéu dimg canh A-B
chiu nhiét vira rai. Dot xay gébm céac
vién sb 3 va 4 bb tri so le dé khe vira

khong xuyén subt khbi xay.

Dot xay 2 (Hinh 5b), twong tw dot xay 1, chi khac & vi tri twong déi ctia cac vién bléc BNCC sb 3 va
4 so v6i dot 1. Dot xay 3 (Hinh 6): xay cac bléc vién xay BNCC sb 3 va 4 c6 vj tri twong tw nhu dot 1. Dé
tang cuong lién két gitra 2 phwong clta khdi xay véi nhau, c& 3 dot xay tién hanh gidng mat khéi xay bang
cac moc thép chiu nhiét, nhw sau: tai mat trén clda dot xay 3, xac dinh cac vi tri cai moc thép chiu nhiét, danh
dAu cac vj tri 16 khoan dé cai chan ctia méc thép, sau d6 khoan 16 va tao ranh véi vi tri va kich thuwéc nhw
trén Hinh a, Chi tiét A, Mat c4t 1-1, Mat cét 2-2 trong Hinh 6. Lam sach 16 khoan va ranh khoan. Cai cac méc
thép chiu nhiét vao 16 khoan va ranh khoan nhw trén Hinh b, Chi tiét B, Mat cat 3-3, Mé&t c&t 4-4 trong Hinh
6, hoan thanh dot xay 3. Cac dot xay tiép theo: Lam theo nguyén téc xay nhw 3 dot dau, thuc hién cho hét
chiéu dai than cét (Hinh 5c¢).

2.2.3 X4y bléc BNCC boc cho déu cot

Dau cot thweng 1a vi tri lién két véi ddm theo 2 phuong (xem Hinh 7a), 14 lién két dién hinh gitra cot
thép ch H v&i ddm thép chi¥ |, dung d& minh hoa.
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Hinh 6. Dot xay 3
1. Cot thép; 2. Viika chiu nhiét; 3, 4. Biéc BNCC s6 3, 4; 5. Méc thép chiu nhiét ¢6;
6. Ranh chira méc thép; 7. L6 khoan ¢8.
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¢) Mdt chiéu dimg canh A-B

Hinh 7. Xay bléc BNCC béo vé CC cho dau cot thép chir H
1. Cot thép; 2. Viika chiu nhiét; 3, 4, 4”. Bléc BNCC; 8 va 9. TAm suon dé va Ban gbi d&
(14 chi tiét lién két dam thép véi cot thép).

Xay bléc BNCC boc cho dau cot (Hinh 7 b,c, Mat cét 1-1) 1a dot xay cubi cling cho cot, tuan theo
nguyén tac xay nhw trong phan than cét nhuwng cé chi y sau: Chiéu cao dot xay cudi cung twong ¢ng véi
chiéu dai doan cot con lai can bao vé chéng chay trong tAng nha nén vién xay phai ct cho phu hop kich
thwdc. Twong (ng véi vi tri vién xay sb 4 & cac dot xay duwdi la 2 vién sé 4’ va 4” trong dot xay cudi nay
(viéc tach thanh 2 vién nham xay kep 2 bén tAm swon d& s6 8. Vién xay sb 4’ va 4” phai cat khoét mat trén
d& chira chd cho ban gbi d& sé 9 nhw trong mét cét 1-1 Hinh 7.
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2.3 Yéu cau ky thuéat

Khi tinh toan thiét ké phai ké dén cac tai trong lién quan do 1&p BNCC gay ra; Can tinh toan va xac
dinh hop li vi tri cac cAu kién BNCC sao cho sé lvong cét 1a nhd nhat; Qua trinh thi cong tranh 1am st vé
céu kién BNCC; Bam bao cac yéu cau ky thuat khac lién quan dén viva xay chiu nhiét, bléc BNCC va thi
cong d& BNCC tai chd.

2.4 Kiém tra va nghiém thu

Cong tac kiém tra chéat lwgng xay, db tai chd, &p BNCC tién hanh theo trinh tw thi céng; Cong tac
nghiém thu lién quan dén thi cong BNCC dwoc tién hanh tai hién trwdng, hd so nghiém thu d& xuét theo
tiéu chuén [12].

@ 3. Quy trinh thi céng lap ghép tAm BNCC bao vé chéng chay cho dam thép chir I (Hinh 8)
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a) Bulbng neo chiu nhiét b) Buléng chét chju nhiét
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Hinh 8. Trinh tw thi cong Iap ghép Hinh 10. C4u tao tdm BNCC ép day dam
tdm BNCC bao vé CC cho dém thép 2. T4m BNCC; 3. Moc treo bang thép chiu nhiét ¢4;
chir | 4. L5 dé cai bu I6ng chét.
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Hinh 11. Céu tao tim BNCC ép bung dam
(ghi chu: dudng kinh 16 d 14y = duong kinh than buléng neo
chiu nhiét + 2 + 3 mm)

D
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e

3.1 Chuén bi nguyén vét liéu, thiét bj dung cu

Chuén bi bu 16ng chét chju nhiét va bu 16ng neo chiu nhiét nhw Hinh 9; Cac tAm BNCC dworc dic san
trong nha may gdm: tdm sb 2 6p day ddm nhw Hinh 10 va tAm sé 6 &p bung ddm nhw Hinh 11. Kich thuéc
chinh xac ctia cac tAm 6p BNCC phu thudc vao kich thwéc dam thép cin bao vé chdng chay; Dung cu khoét
rénh thi céng va may han; Cac nguyén vat liéu dé ché tao vira chiu nhiét.
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12

Hinh 12 13 c4u tao d&m thép chi | di&n hinh diing dé& minh hoa. TAm BNCC dwoc san xuét trong nha
may, mang dén cong truong, sb lwong tAm da dwoc tinh toan trwéc. Cac nguyén vat liéu khac dwoc tinh

toan vé sb lwong va tap két sén sang.

- Danh dAu vi tri cAn han cta cac buldng neo chiu nhiét sé 1 doc theo 2 bén bung dam réi han 1an lwot
tirng buldng cho dén hét doc theo 2 bén bung dam theo phwong phap han ép [13], xem Hinh 13.

COT THEP H

o DAM THEP I
Tt 0 1l -

\

L =0 1
Mot s6 nguyén tac cau tao kich thudc tict di¢n dam to hop:
>t 8 < 30mm; thuomg chon t;= 12+ 24mm;
By 307, b= (12 + 1Sk, by> 180 mm; by> 1/10%

Hinh 12. C4u tao dém thép | dién hinh

- Tién hanh &p cac tAm BNCC cho day dadm
(ban canh duei) trwde, nhu sau: Nang tAm BNCC
(s6 2) dung 6p day ddm vao vi tri, diing buldng chét
(s6 5) ludn qua 16 (sb 4) clia méc treo (sb 3) dé
cai buléng chét vao mat trén ctia canh dwéi dam,
mébi tm BNCC dwoc treo béng 4 buldng chét, xem
Hinh 14.

- Tiép theo, 6p cac tAm BNCC cho bung
dam, nhu sau (xem Hinh 15):

Tréon viva chiu nhiét. Rai 1 Iop vira day
15+20mm I&n mat trén cda canh dwdi dam; Tam
BNCC (sb 6) 6p bung ddm dwoc dwa vao vi tri, didu
chinh t4m sao cho 2 16 chd & méi tAm BNCC dwoc
ludn vao 2 buldng neo chiu nhiét (sé 1), can chinh
tAm ngay ngan xong, dwa dai 6c vao buléng va van
chat sao cho tm BNCC duwoc lién két voi canh
dwéi ctia ddm qua I6p viva chiu nhiét va dwoc neo
vao bung dam qua buldng neo chiu nhiét; Hai tdm
BNCC canh nhau dat cach nhau 1 khe co gian rong
10 mm.

Lwu y, thm BNCC d4u tién tiép giap véi ban
swon gia cwong lién két vao cot sé& cé 1 canh bj
vwéng béi dau cac buldng lién két cot véi dam, xir
ly nhw sau: khoan hodc khoét tao 16 & canh tdm
BNCC du réng dé dau buléng sé& ndm tron trong
tAm BNCC & céc 16 khoan, dat tAm BNCC cach mat
ban swon gia cwdng mot khoang 20mm; Lap day
d4u buldng neo béng vira chiu nhiét v&i chidu day
|&p viva bdo vé a = 20mm va lap day cac khe co
gian bang vi¥a chiu nhiét.

3.3 Yéu cau ki thuat
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Hinh 13. Han buléng neo chju nhiét vao bung déam
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Hinh 14. Op tdm BNCC cho day dam
0. D&m thép chir I; 1. Bulbng neo chiju nhiét;

2. Tédm BNCC ép day dam; 3. Méc treo bang thép chju

nhiét ¢4; 4. L6 dé cai buléng chét;
5. Buléng chét chiu nhiét.
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Hinh 15. Op tdm BNCC cho bung dédm
0. Dam thép chir I; 1. Bulbng neo chiju nhiét;

2. Tdm BNCC ép day dam; 3. Méc treo bang thép chiu

nhiét ¢4, 5. Buldng chét chiu nhiét;
6. TAm BNCC 6p bung dam; 7. Vi¥a chju nhiét

Twong tw muc 2.3, ngoai ra lwu y thém: thiét ké tiét dién va kich thwéc cac tAm BNCC phu hop véi
dam thép can bao vé CC, dat hang nha may san xuét cac tAm BNCC theo kich thwdc thiét ké dé han ché
viéc duc, khoét, gia cong tAm ngoai hién trwong; Dam bao chét lwong han ép buldng neo chiu nhiét vao
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bung dadm; Khéng nén dung tAm BNCC c6 kich thuéc canh Ién hon 1m vi khdng c6 loi khi lam viéc & nhiét
do6 cao (dé gay nit tAm va do co dai ctia tAm BNCC I6n).

3.4 Kiém tra va nghiém thu

Cong tac kiém tra chat lwong 1ap ghép tAm BNCC tién hanh theo trinh tw thi cong; Céng tac nghiém
thu dwoc tién hanh tai hién trwdng, hd so nghiém thu d& xuét theo tiéu chuén [12].

@ 4. Két luan

Bai bao nay da dwa ra dwoc quy trinh thi cong I&p ghép cAu kién BNCC cho cot thép chir H va dam
thép chi | trong cdng trinh KCT nham bao vé CC cho cot va dam thép. Cot va dam thép dwoc boc bdi l6p
BNCC sé thda man cac tiéu chudn, quy chuén y&u ciu vé& an toan chay hién hanh tham chi cé thé dat dén
murc khong suy gidm kha nang chiju lwc sau dam chay khi khéng may cong trinh xay ra héa hoan. V&i viéc
st dung cac may maéc, thiét bi, dung cu thi cong cé sén trén thi trweng hira hen kha ning tng dung BNCC
vao cOng trinh xay dwng la kha thi./.
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