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Tém tit

Trong bai bo niy, quy trinh thi cong ciu kién bé tong nhe chéng chay (BNCC) dic sin bao vé cho cot, dam,
san bé tong cbt thép d6 toan khdi da dugc dé xuat. Trong d6, chu kién BNCC gdm cdc tim va bldc vién xay
dugc st dung d€ boc chdng chdy (CC) cho cic ciu kién chiu luc ctia cong trinh. BNCC 12 loai bé tong khi
khong chung dp dudc ché tao tit ngudn nguyén vat liéu chinh sin c6 & Viét Nam gdm xi ming pooc ling hdn
hop va phé thai tro bay nhiét dién c6 cic uu diém sau: khbi lugng thé tich (KLTT) nho (< 800 kg/m?), cudng
dd nén R, > 2,4 MPa, d6 dan nhiét thip, kha ning 1am viéc & nhiét d6 cao dén 1000 °C, thsi gian chong chay
cao (chi v6i 5 cm BNCC, dat EI 140 phiit; 7 cm BNCC dat trén EI 190 phit; 10 cm BNCC dat EI 220 phuit);
dd hit nudc < (20+25)%; do bén nhiét > 5 1an. Viéc sit dung vat liéu BNCC c6 thé dem lai hiéu qua kinh té va
kha niang CC cho cong trinh xiy dung dan dung va cdng nghiép.

Tir khod: bé tong nhe chéng chdy; dic sin; quy trinh thi cong; bé tong cdt thép; tro bay nhiét dién; xi ming
pooc ling hdn hop.

THE PROCESS OF CONSTRUCTION FOR PREFABRICATED INSULATED-FIREPROOF LIGHTWEIGHT
CONCRETE COMPONENTS TO PROTECT REINFORCED CONCRETE COLUMN, BEAM AND FLOOR
IN PLACE

Abstract

In this paper, a process of construction for prefabricated insulated-fireproof lightweight concrete (IFLC) com-
ponents for column, beam and floor in reinforced concrete structures (concrete poured in place) was proposed,
in which IFLC components include sheets and blocks used as fireproof covers for structural members of build-
ings. IFLC belongs to non-autoclaved aerated concrete which is produced from the main materials available
in Vietnam including the mixed portland cement and waste additive of fly ash with the following advantages:
small volume density (< 800 kg/m?®), compressive strength R, > 2.4 MPa, low thermal conductivity and work-
ing capability at high temperatures up to 1000 °C, high fire resistance (EI = 140 min, 190 min and 220 min,
respetively for 5 cm, 7 cm and 10 cm IFLC), water absorption < (20+25)% and high thermal shock resistance >
5 of quench cycles. The use of IFLC as a fireproof material can provide an economic and effective fire-resistant
solution for civil and industrial buildings.

Keywords: insulated-fireproof lightweight concrete; prefabricated; process of construction; reinforced concrete;
fly ash; mixed Portland cement.
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1. Giéi thiéu

Bé tong cbt thép (BTCT) dudgc st dung rit phd bién trong cac cong trinh xay dung (CTXD) dan
dung ca & Viét Nam va trén thé gidi. Tuy nhién van dé st dung vit liéu chéng chdy (VLCC) dé€ bao
vé CC cho chiing it dugc quan tim nén nhiéu vu chdy xdy ra d€ lai hau qua nghiém trong vé ngudi,
tai san, dién hinh nhu: chdy cho Pong Xuin ngay 14/7/1994 va chay chg phd Hién - Hung Yén ngay
19/3/2014, sau dam chdy phai pha bo hoan toan va xay mdi lai cong trinh. Khi gdp nhiét do cao trong
thoi gian du dai, vat liéu bé tong (BT) va thép xay dung thudng bi bién ddi cic tinh chit co ly dan dén
c6 thé bi pha hoai hoan toan CTXD. Nguyén nhin pha hity ctia BT 1a do su phan hdy thanh phan d4
Xi ming ciing nhu sy phan hdy thanh phan hén hgp chét két dinh va cot liéu thudng dung trong BT.
Khi d6t néng BT thuong dén 200 °C lau dai thi cudng do nén giam 10+15%, mddun dan hodi giam
25%; dén 500 °C thi cudng dd nén giam 60+-70%, moédun dan hdi gidm 90% [1]. Con thép 1a vat liéu
(VL) khong chdy nhung khong c¢6 kha ning chiu nhiét do cao. O 150 °C, cudng d6 va modun dan hdi
clia thép gidm, rat kho xdc dinh kha ning chiu Iuc. Téi 500600 °C, thép chuyén sang trang thdi déo,
mét kha ning chiu luc, két ciu bi sup dd dé dang [2, 3]. Mot sb nghién cifu vé ting x{ ctia cot, dim
1am bing két cAu thép (KCT), BTCT hay két cAu lién hop thép - BT khi thit chdy theo tiéu chuin ISO
834 hay ASTM E119 hay ché d6 chdy tu nhién hay phan tich chdy bang phan mém mo phdng cling
cho két qué: trong pham vi trén dudi 1 gid, cdc cAu kién dam, cot déu suy gidm cudng do, modun dan
hdi va dé lai bién dang 16n din dén bi pha hity hoan toan hoic khong thé st dung binh thudng dudc
nta [4-9].

Hoéa hoan da gy ton that ding ké cho cic toa nha va giy thiét hai khong nhé & cdc nudc phat
trién. An toan chdy ctia hé két ciu chiu luc trong CTXD dudc ddnh gid dua trén kha ning CC clia
céc cAu kién chiu luc riéng 1é: cot, dam, tudng va tAm. Do d6, viéc nghién cifu ché tao va st dung
VL méi BNCC nhiam lam 16p VL bao che, bao vé CC cho céc ciu kién chiu luc hoic ding xay tudng
ngéan phong (tr§ thanh vach ngan chdy) cho CTXD gitip cOng trinh tdng kha nang chiu nhiét - an toan
CC, ting kha ning cach nhiét, cach am, tiét kiém ning luong 1a rit can thiét. Pong thai, BNCC 1a VL
khong nung, nhe, ché tao tlt ngudn phé thai tro bay nhiét dién khi dudc ché tao thanh VL xay dung 14
phit hop véi xu hudng xiy dung xanh va phat trién bén viing, than thién véi mdi truong.

Miit khac, VL xay dung anh hudng truc tiép dén cong nghé thi cong, mot VL méi ra doi doi hdi
mot cong nghé thi cong mébi va ngudce lai. Cong nghé thi cong la mot tap hgp cac ky thuat thi cong
dugc lién két lai theo mot trinh tu nhit dinh dé tao ra mot san phdm xay dung hoan chinh. Cong nghé
thi cong 12 mot phan khong thé thiéu cla qua trinh xdy dung, gép phan quan trong bién cong trinh
trong du an tré thanh cong trinh that.

2. Co s6 ly luan va thuec tién
2.1. Tinh hinh nghién citu, ché tao, sit dung VLCC trén thé gidi

a. Tinh hinh nghién ctu

Lich st ghi nhan cac vu chdy 16n c6 tif rit sém. Thanh phd Roma, Italya bi chdy vao nim 64 trudc
cong nguyén, sau d6 Hoang dé Nero da quy dinh sit dung VLCC xiy céc biic tudng trong viéc xay
dung lai thanh phd. Nim 1666, chdy 16n & thanh phé London — Anh, phd hity hon 80% thanh phd.
Sau d6, London da thong qua quy dinh xay dung dau tién doi hoi nha dudc xdy bing da, gach nham
CC. Thé ky 18 & Anh va dau thé ky 19 & My, céc loai vat lidu xay dung dé chdy da dugc thay thé bing
BT va BTCT [10]. O mét s6 nudc nhu Nga, My, Nhat va Chau Au vén dé nghién ctu, sit dung VLCC
dé€ dam bao an toan cho ngudi, cho CTXD khi c6 chdy da dugc dit ra tif 1au va thudng xuyén dudc
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nghién cifu diéu chinh theo su phat trién ctia x4 hoi va dude dua vao tiéu chuin. Cu kién CC, § mot
s6 qubc gia, cin dat cic tiéu chuin CC nhu: qubc té [11]; Anh [12, 13]; My [14]; Australia: [15];. ..
b. Tinh hinh ché tao, sit dung VLCC

VLCC dudc st dung chii yéu trong cdc CTXD ctia nganh dau khi nhu gian khoan, nha may loc
dau, ... va cdc toa nha KCT. Pic biét sau su kién tin cong khing bd 11/9/2001 & My (1am chay va
sup d6 Toa thap ddi ctia Trung tim thuong mai thé gidi) thi yéu cau st dung hé CC thu dong cho
CTXD cang dugc dic biét quan tam. VLCC hién nay chii yéu gom: (1) Bong chéng chdy (bong gbm
hoic bong thiy tinh) dugc ché tao thanh tAm ép, cudn hoic dang rdi, kha ning CC tot nhung bong
thiy tinh d& gay kich ting da va khi hét tudi tho, phan hdy anh hudng dén stic khde ctia con ngudi,
con bong gébm c6 cudng dd co hoc rat nhd, bén xi kém nén khong thé dung khi phai lam viéc dudi
tai trong cao, tiép xiic v6i pha néng chay, tdc nhan An mon; (2) TAm CC chuyén dung (tAm dic thach
cao, tAm silicat, tim ép soi khodng v6i nhua hoic thach cao, ...), dep va gia khong cao nhung néu
khong c6 cach ciu tao diing thi khong tao thanh mot hé thdng c¢6 kha ning CC theo yéu cau, dic biét
tAm thach cao chiu nudc va tic dong cia va dap kém; (3) Vita CC, kha ning CC tot nhung bé mit sau
khi hoan thanh xu xi, nhdm nén x4u; (4) Céc loai son CC (thudng la son truong phong, intumescent
paint, son phdng 1én ting chiéu day gip 15+30 1in ban dau khi nhiét d6 bat dau dat khoang 200 °C
dén 300 °C va trd thanh 16p cach nhiét), dep, kha niing b4o vé cac chi tiét t6t nhung gia thanh cao va
thi cong phuc tap [10, 16-18].

2.2. Tinh hinh nghién citu, ché tao, sit dung VLCC & Viét Nam

a. Tinh hinh nghién ctiu

Nhiing nim gan diy da c6 mot sé nghién ciu vé VLCC tuy con it, chii yéu gdm: (1) Nghién ciiu
ché tao cic tAm CC kich thude 400 x 400 x (4+9) mm, 12 VL chung 4p, 1am viéc dén 900 °C, c6
KLTT = 1450 kg/m?, d6 hiit nu6c 23%, thai gian CC tit E60, R, = 16,3 MPa [19]; (2) Xéy dung quy
trinh cong nghé ché tao vita cach nhiét CC, véi 3 san phdm vita, nhiét d6 1am viéc 1000 °C gdm viia
Cemgun 250, vita Vermicrete 750, vita Peclit 750 [10]; (3) Nghién cttu san xuat VL cdch nhiét hé
Ca0-SiO; trong diéu kién nhiét do va 4p suét cao, san phim dang tim 600 x 300 x (60;100) mm,
1200 x 300 x 60 mm, lam viéc & nhiét do téi 1000 °C, dudc chung 4p & nhiét d6 200 °C, ap suit
13 at. San ph:?fm ¢6 KLTT = 0,3 t?m/m3, R, = 1,6 MPa, do dan nhiét 0,058W/(m.°C) [20]; (4) Céic
tiéu chuin, quy chuin ctia Viét Nam lién quan dén an toan chdy gdm: QCVN 06:2010 [21]; QCVN
03:2012 [22]; TCVN 2622:1995 [23]; C4c tiéu chuin tit TCXDVN 342:2005 (tuong duong véi ISO
1182-2002) [11, 24] dén TCXDVN 348:2005 (tuong duong véi ISO 834-8:2002) [25, 26] hién nay
dugc thay thé bing TCVN 9311:2012 [27].

Khi thiét k¢ CTXD dam bio diéu kién an toan chdy theo TCVN thuc hién nhu sau: Buée 1, xdc
dinh “bac chiu lita yéu cau” cia cong trinh. Bac chiu Itta 1a dic trung chiu 1fa cia nha va cong trinh
theo tiéu chuén dudc xic dinh bang gidi han chiu lita (GHCL) ctia cdc cAu kién xdy dung chinh. Budc
2, dua vao “béc chiu lira yéu cau” tra dugc “GHCL yéu cau” clia cic cu kién xay dung, theo [21-23].
Nhu vay, CTXD dat yéu cau CC khi moi cu kién xay dung c6 GHCL thi nghiém theo [27] > “GHCL
yéu cau”.

Dua vao nién han sit dung cong trinh, dang nha, chiic ning, dién tich va chiéu cao chia cong trinh
thanh 5 bac chiu Itia 1a I, IL, IIT, IV va V. Bic chiu Itta cang nhd thi GHCL yéu cau ctia cu kién xay
dung cang cao, bac I 1a cao nhit, v6i GHCL yéu cau clia cu kién chiu lyc 12 R150, ctia tudng ngin
chay 1a REI150; trong d6 ki hiéu R 1a kha nang chiu luc, E 1a tinh toan ven va I 1a kha nang cach nhiét.
Vi du REI150 c6 nghia la cu kién can duy tri dugc dong thdi ca 3 yéu cau vé kha ning chiu luc, tinh
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toan ven va cich nhiét trong khodng thdi gian chiu tdc dong cla Ita tdi da 1a 150 phiit theo ché do
nhiét tiéu chuén [21].

V6i cong trinh BTCT, d€ dam bao yéu ciu CC cho cdc ciu kién chiu luc phai didm béo cic quy
dinh ciu tao vé chiéu day nhd nhit ctia 16p BT bao vé cbt thép tuong ting véi loai BT st dung liy
theo bang Phu luc F trong QCVN 06:2010 [21]. Vi du: ddm BTCT c6 chiéu rong tiét dién 280 mm,
dugc 1am bang BT cdt liéu gbe silic, yéu ciu chiéu day 16p BT bao vé cbt thép chiu luc 13 65 mm thi
dam sé dat GHCL la R240. Nhu vay, néu tuan thi ding yéu cau cAu tao va VL st dung ding thi cAu
kién BTCT sé dam bdo an toan chdy trong thoi gian quy dinh clia quy chuan nhung khong ddm béo
sau chdy cac ciu kién bao toan kha niing chiu luc. Chinh vi thé nén nhiéu CTXD bang BTCT mic du
thiét ké dam bao cdc yéu ciu ciu tao nhung khi hda hoan xay ra da d€ lai nhiéu hau qua dang tiéc vé
tai san vi cong trinh bi suy giam kha ning chiu luc dén miic phéi pha bd hoan toan va xiy mdi lai. Véi
CTXD quy mo6 16n, viéc pha di va xay lai giy 4nh hudng nhiéu dén moi trudng xung quanh, giy thiét
hai 16n v& kinh té. Néu CTXD d6 dudc boc thém 1 16p VLCC dé€ sau chdy bao toan kha ning chiu luc
cho hé két cAu cong trinh thi sé giam t6n thit kinh té rat ddng k€, than thién v6i moi trudng dong thai
kéo dai thdi gian thodt hiém cho ngudi, ting thdi gian chita chdy. Véi cong trinh KCT, Phu luc F cta
QCVN 06:2010 [21] yéu cau céc ciu kién chiu luc phdi dudc boc bao vé CC b%“lng VLCC.

b. Tinh hinh ché tao, st dung VLCC

O nudc ta, cac cong trinh cong nghiép dau khi nhu nha may loc dau, khu ché xuét, cic gian khoan
dau khi dugc dau tu manh, dudc thiét ké st dung hé VL va giai phdp CC clia cac hang nudc ngoai
nhu Mandoval, Carbolite, Cafco International, ... Sau mot chu ky st dung can phai dudc duy tu, sira
chita thay thé. Cong trinh nha mdy loc dau Dung Quét da st dung mot khdi lugng kha 16n vita cach
nhiét CC. Mot s6 CTXD dan dung di st dung cdc san phdim VLCC tuy nhién phan 16n VL va cong
nghé dudc nhap khiu tif nudc ngoai. Hinh 1 12 mot s6 mau thit CC, thii theo TCVN 9311-1:2012 [28],
trudng hop mau thir khong chiu tai, ctia mot sd loai VLCC trén thi trudng Viét Nam. Trong d6, Hinh
1(a) 1a mAu thit nim 2016, gdm khung panel lam bing thép U100x30x2t, ma kém. Mit ngoai Panel
lam bang thép day 0,75 mm. Bén trong 16i 1 16p ezon va bong khoang dang tim, cudn day 50 mm,
ty trong 120 kg/m>. TAm panel c6 kich thudc: 2400 x 700 mm; 800 x 350 mm; 600 x 350 mm; 1200
x 400 mm. MAu dat GHCL 12 EI150. Cong trinh sif dung 13 nha & cao ting N02-T1, khu Poan Ngoai
Giao, Xuan Tao, Bac Tir Liém, Ha Noi. Hinh 1(b) 1a mau thi nim 2016. Mau boc thach cao chdng
chdy Boral FireBloc 2 x 15 mm, gitta nhdi bong thiy tinh ty trong 32 kg/m® day 50 mm, dat GHCL la
EI120. Cong trinh st dung 12 nha & chung cu cao tang khdi A116 CT2, d6 thi Linh Pam, Hoang Mai,
Ha Noi. Hinh 1(c) 12 mu thii ctia son CC Nanopro-KL (son KOVA), nim 2016. Mau gdm thép tim
CT3 kich thuéc 480 x 480 x 5 mm dugc son 16p 16t KG-01 day 30-35 um (hay 45-50 wm) va son CC
1 16p day 910-940 um (hay 1070-1090 wm). Tong do day 1a 940-975 um (hay 1070-1090 um). Mau
dat GHCL 1a EI90 (hay EI150).

(a) TAm panel chéng chdy day 10 cm (b) Vach ngin chéng chdy day 10 cm (c) Son chéng chay Nanopro-KL

Hinh 1. Mot s6 miu thii chdng chdy ctia VLCC trén thi trudng
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2.3. Cdc phuong phdp thi cong VLCC hién nay

a. Phuong phap son, phun pha

Ap dung cho vit liéu dang 16ng nhu son CC, vita CC, thudng ding cho cong trinh KCT. Phuong
phép thi cong: (1) Son CC, ¢6 3 phuong phdp chinh Ia quét, 1dn, phun. Uu diém la dep, trong lugng
nhe. Nhugc diém 1a chi phi cao, thi cong rat phic tap, dé gay hu héng néu sai quy trinh, do hé son nay
doi hdi yéu cau k¥ thuat cao trong thi cong, mit khdc, thuc hién rat nhiéu 16p son nén dé xay ra su cd,
thdi gian CC cang cao thi 16p son cang day, phai son rat nhiéu 16p. (2) Vita CC, thi cong chii yéu theo
phuong phap phun. Chiéu day t6i thiéu 12 50 mm, c6 thé thi cong mot hay nhiéu 16p. Thoi gian dong
ran tif 5+15 phiit 6 20 °C va d6 4m 70%. Uu diém 14 tao nén mot 16p phi ran nhu d4, c¢6 kha ning chiu
dudc su tac dong nhiét clia cdc dam chdy nhién liéu c6 cudng do cao (Hydrocarbon Fire), dac biét la
dang Itta phun. Nhudc diém 13 bé miit két cAu xui xi, khong thAim mi. Vit liéu khong bi thodi hod sinh
hoc, khong giy tich tu sinh hoc, khong doc dbi véi sinh vét dudi nuée, tuy nhién khong dudc thai vao
dudng x4 hoic cic ngudn nudc.
b. Phuong phap xay

Ap dung cho vit liéu & dang vién, blbc. Cong trinh sit dung dang tudng ngin, tudng cach nhiét,
tuong CC trong cac CTXD dan dung, trong 10 cao, kho tang. Phucong phap thi cong: dung vita chiu
nhiét hodic vita chiu Itta xdy theo chi din k§ thuit ctia nha san xuét tuong ting véi tiing loai vat liéu.

c. Phuong phép 6p, lat

Ap dung cho vét liéu & dang tAm, mang (tucng tu gach p lat) bao vé cho két ciu chiu luc tu ding
dudgc (tudng, cot, ...). Phuong phép thi cong: dp bang vita chiu Iiia - chiu nhiét - chéng chdy t lién
két hodc 6p bang lién két phu gom vit, chdt, dinh chiu nhiét.
d. Phuong phap thi cong ldp ghép

Ap dung cho cdc tim kich thudc 16n. Phuong phap thi cong: cac tim ché tao san theo kich thudc
phtt hop véi bé mit hinh thii cAu kién can bao vé va dam bao do bén khi van chuyén, ciu lap, c6 cic
lién két thiét ké sin (buldng, chét, vit chiu nhiét) di kém. Uu diém: tinh thim mi cao, bé mit bao che
sach s&, vuoéng van, qu4 trinh thi cong cac hoat dong khac van dién ra binh thutng. Dic biét, giai phap
nay c6 thé ap dung trén ciu kién khong son.
e. Phuong phép quin boc

Ap dung cho vat lidu & dang sdi, bong, bio vé cho ciu kién dang dng (vi du 6ng din nhiét, ng
khéi), tru tron, cic khe nhiét, ... Phuong phép thi cong: vat liéu ché tao dudi dang cudn sdi hay cudn
tAm, khi thi cong sé dudc quin boc kin bé mit ciu kién, bén ngoai ciing c6 16p vai chiu nhiét, CC.
f. Phuong phép d6 tai chd

Ap dung cho vit liéu dang vita bé tong, dé bao vé CC cho céu kién dang phing nhu nén, mai cong
trinh. Phuong phép thi cong: vat liéu dudc ché tao (ddm bao cic yéu cau tinh chit di xac dinh) tai
hién trudng hay co s chuyén ding sé dudc dua dén hién trudng, dd, lang phii kin 1én bé mit cAu kién
can bio vé. Bé miit cAu kién di dudc chuin bi sin ddm bio yéu ciu bam dinh. Sau khi thi cong xong
dat cic thong sb thiét ké sé hoan thién bé mit va tién hanh bio dudng theo yéu cau cla loai vat lidu
st dung.
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2.4. Gidi thiéu vé vdt liéu va cdu kién bé tong nhe chong chdy BNCC

BNCC 1 loai BT khi khong chung 4p, ché tao tit ngudn phé thai tro bay nhiét dién, c6 kha ning
lam viéc & nhiét do cao dén 1000 °C va kha niang CC cao. BNCC c6 thé thi cong d6 tai chd hoic lap
ghép. Khi 1dp ghép, ciu kién BNCC dudc ché tao trudc trong nha mdy theo cong nghé san xuit BT
khi khong chung ap. KLTT ciia ciu kién BNCC nhé (< 800kg/m®) [29-31]. Phuong phép thit GHCL
cho céu kién BNCC thuc hién theo tiéu chudn TCVN 9311-1:2012 [28] véi kich thudc mau thit 12 480
x 480 mm: miu dudc cb dinh vao miéng 10 thit nghiém CC, mot mit mau dugce dét néng theo ché do
nhiét tiéu chuin va mit con lai khong ddt néng dudc dit cac dau do nhiét. Mau thit bi coi 12 mét kha
ning chiu Ira khi xuét hién cic diu hiéu sau: (1) MAt kha ning chiu luc (R): v6i miu thit khong chiu
tai, khong can xét trang thai nay, mau chi chiu tai trong ban than va 4p luc gy bdi ngudn nhiét, khong
chiu tdi trong khac. Trudng hop nay, khi 2 tiéu chi E va I théa man ciing dong nghia véi tiéu chi R
thda man; (2) Mt tinh toan ven (E). (3) Mt kha ning cach nhiét (I).

Co s dé xuit kich thude ciu kién BNCC diic sin dua trén: (1) Tiéu chudn [32, 33], tic 1a: (chiéu
dai x chiéu rong x chiéu cao) ctia bldc vién xdy va ciu kién dang tAm lan lugt khong vuct qui
(600x300x200) mm va (1500x600x200) mm; (2) Gia tri dd co dai cia mau BNCC khi thit CC. Nén
stt dung cic chu kién BNCC c6 chiéu dai va chiéu rong < 500 mm d€ do co dai khi gip chdy < 10 mm,
da dugc chiing minh 13 hiéu qua qua thi nghiém thit chdy [31]. Néu st dung céc kich thudc 16n hon
cin c6 bién phap ciu tao dé€ khic phuc hién tuong co ngét nay; (3) Két qua thit CC theo tiéu chuin
[28], trudng hdp mau thi khong chiu tdi: TAm BNCC day 5 cm 13 EI140 (tai phiit thi 140, nhiét do
mit khong dot néng ctia tim trung binh dat 143,3 °C). TAm day 7 cm la trén EI190 (tai phiit thi 190,
nhiét dd mit khong ddt néng ciia tAm trung binh dat 77,25 °C). Tudng xay tit bléc BNCC day 10 cm
1a EI220 (tai phiit thif 220, nhiét d6 mit khong dot néng ctia tudng trung binh dat 153,1 °C). Nhu vay,
tlly thudc vao vi tri cu kién chiu luc can bdo vé CC, bac chiu lita ctia cong trinh cin bio vé CC quy
dinh trong QCVN 06:2010 [21], mong mudn mifc d6 thdi gian bao vé CC ctia chii dau tu, ... dé quyét
dinh chon chiéu day 16p BNCC.

Co s& dé xuit cong nghé thi cong BNCC dua vao: Pic tinh ctia vat liéu BNCC; Cu kién BNCC
didc sin va cic phu kién 1am tir thép chiu nhiét (gdm: buldng, thép dd, thép mdc, rau thép, thép goc).
Viéc chon thép chiu nhiét phu thudc vao vi tri chiu nhiét cia phu kién va vao tai trong phai chiu);
Mady mdc, thiét bi, dung cu tin dung t6i da mdy moéc c6 sin, ché tao nhitng mdy moc thiét bi dic thi;
Phuong phép véan chuyén, cdu lap dugc tin dung cdc phuong phap hién cé trong thi cong; Chi dan ki
thuat thi cong dua trén dic tinh ki thuat clia qué trinh ché tao BNCC, diéu kién lam viéc cia BNCC
dé dé xuat; Quy trinh ki€m tra va nghiém thu san phdm thi cong dudgc dé xuat vi BNCC 1a vit liéu
mdi. Nhu vdy, nhom tac gia sé st dung két qua nghién citu ché tao vat liéu BNCC di c6 dé dé xuit
cong nghé thi cong ciu kién BNCC cho CTXD véi phuong chim: “ké thita va 1am méi”. “Ké thira”
céc cong nghé thi cong hién ¢ trén tiing mit ma tuong dong véi cong nghé thi cong BNCC (vi du: ké
thita may mdc, thiét bi, mot s6 tiéu chuin nghiém thu danh gi4, ...). “Lam méi” nhiing phan khong
thé “ké thita” do dic di€ém khac biét ctia vat lieu BNCC mang lai ma hién chua c6 nghién citu nao
cong bd va chua c6 cong trinh nao thuc hién. Véi cdc ndi dung mang tinh “ké thira”, tac gia chi liét ké
dé dé xuat sir dung, khong trinh bay lai. V6i cdc ndi dung “lam mdi” sé dugc trinh bay chi tiét.

Quy trinh thi cong lap ghép ciu kién BNCC bao vé CC cho cot thép chit H va dam thép chit I da
dugc dé xuét [34]. Trong bai ndy, tiép tuc dé xuit bs sung quy trinh thi cong cau kién BNCC duc sin
bdo vé cho cdt, dim, san BTCT d& toan khéi. Cac ciu kién BNCC dudgc ché tao trude trong nha may
hoic tai cong trudng gdm cac tAm va blbc vién xay. Muc tiéu huéng t6i 1a dung cho cac CTXD quan
trong va dic biét quan trong, quy mo 16n, tip trung dong ngudi, von dau tu xay dung co ban 16n, dé:
néu khong may xay ra chdy thi sau chdy, hé két ciu chiu luc cia CTXD van dudc bdo toan vé kha
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ning chiu Iuc va hu hong néu c6 chi xay ra & 16p BNCC boc CC, sé don gian va it ton kém khi chi thi
cong stia chita hoic thay thé 16p BNCC.
3. Thi cong ciu kién BNCC 6p chéng chay cho ¢6t BTCT do toan khoi

3.1. So doé quy trinh thi céng (xem Hinh 2)

Phuong phap thi cong theo kiéu ban 1ap ghép, gdm 2 giai doan. Giai doan 1, thi cong tim 6p
BNCC dtic san theo phuong phéap lip ghép. Giai doan 2, thi cong c6t BTCT theo phuong phap d6

tai chd.
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(b) Thép mdc chiu nhiét ¢p6

| Nghiém thu, ban giao |

‘ Ghi chu: kich thudc canh ctia tim BNCC ché tao < 1 m dé
han ché d6 co dai khi cot 1am viéc & nhiét d6 cao.
Hinh 2. So d6 quy trinh thi cong Hinh 3. Tim BNCC va thép méc chiu nhiét

3.2. Chi ddn ki thudt quy trinh thi cong
a. Chuén bi nguyén vat liéu, thiét bi, dung cu

Ngoai cac nguyén vt lidu va thiét bi, dung cu dé thi cong toan khdi cho ¢t BTCT nhu thong
thuong, chuin bi thém cac tAim BNCC kich thu6c phit hop, thép méc chiu nhiét ¢6 nhu Hinh 3 va thép
chiu nhiét ¢6.
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Chii y, trudng hop dung 16p BNCC c6 chiéu diay > 100 mm boc bao vé CC cho cot thi thi cong
BNCC theo phuong phap xiy bao quanh chu vi ¢t d€ 1am van khuon, sau d6 tién hanh d6 BT cho
cot nhu binh thudng. Qua trinh xay bléc BNCC thuc hién nhu xiy bao vé CC cho than cot thép chif
H [34]. Trudng hop dung 16p BNCC c6 chiéu day < 100 mm thi sé dung cac tim BNCC, nén dung
chiéu day 7 cm, bai bdo trinh biy cho trudng hop nay.

b. Trinh ty thi cong ban 1dp ghép 6p tim BNCC cho chan cot BTCT

1-1
- THEP CHO
[ . r
‘ —-—
1l 11w N\
! ! = Lty h Lty
T T T T &
t h t ‘:__‘1_4_:‘__{4 C6 MdNC
< 14 N 1
(a) Mit bing (b) Mit cét 1-1

Hinh 4. Chi tiét cAu tao c6 méng chd cot

Nghién ctiu trinh tu thi cong véi cot BTCT c6 tiét dién dién hinh 13 hinh chif nhat, Hinh 4 1a chi
tiét cAu tao c6 méng chd cot. Trinh tu thi cong tién hanh theo cic bude dudi dy.

- Budc 1: 1ap dung khung cbt thép chiu luc cho cot: thuc hién thi cong nhu véi cot BTCT thong
thuong.

- Buéc 2: lap ghép tim BNCC quanh chu vi cdt, thuc hién theo cac dot ghép sau (xem Hinh 5):

+ Dot ghép 1, Hinh 5(a, b, e): Tién hanh xic dinh vi tri clia cic tim BNCC, danh dau vi tri tim
ctia cdc 16 chd s6 3 & canh duéi ctia tim, xem Hinh 3(a) 1én trén nén. Tiép theo, khoan tao 16 trén nén
& céc vi tri vita danh déu, 1am sach 16 khoan, mdi tim BNCC khoan > 2 15 tuong ting véi céc 16 chd
san trén tim BNCC. Péng cic doan thép chiu nhiét ¢6 vao 16 vira khoan. Lép céc tam BNCC vao vi
tri sao cho cdc doan thép vita déng trén nén nam tron vao cdc 16 chd sin trén tim. Dung lap xong cic
thm BNCC quanh chu vi cdt tao thanh 1 khung hop BNCC, dung dung cu khoét rinh thii cong tao
rinh d€ cai cdc méc thép chiu nhiét s6 5 nhu Hinh 5(e) nhdm giing mit trén ting cudng lién két theo
2 phuong ctia cac tim BNCC, xong dot ghép 1.

+ Dot ghép 2, xem Hinh 5(a, ¢): dung cic doan thép chiu nhiét 6 dong vio vi tri cic 16 chd san
con lai trén bé mit khung hop BNCC ctia dot ghép 1, tiép theo dung lap cac thim BNCC ciia dot 2
sao cho cac doan thép vita dong nam tron trong cac 16 chd sin ctia tim BNCC can ghép. Chi y vi tri
tuong dbi ctia cac tAim BNCC dit so le so véi dot ghép 1. Tiép theo giang mit dot 2 bang cic méc
thép chiu nhiét s6 5, cach 1am gidng & dot 1. Nhu vay, cic tim BNCC trong dot 2 dudc cb dinh véi
cac tim BNCC trong dot 1 nhd cac doan thép chiu nhiét ¢6 (sb 4), mdi tim dudc cb dinh bsi 2 doan
s6 4, xong dot ghép 2.

+ Céc dot ghép tiép theo va dot ghép cudi, Hinh 5(a, d): phuong phdp thi cong tuong tu nhu dot
ghép 2, xong dot ghép cudi. Hoan thanh Buéc 2.

- Bué6c 3: Dung lip van khuon cot, xem Hinh 6. Qua trinh dung 14p tuong tu nhu khi thi cong cot
BTCT d6 toan khdi thong thudng, chi khac 1a khoang cach gilta cac tAm van khudn khong can kin
khit do da c6 16p BNCC 16t bén trong.

Chi y, viéc tinh toan thiét ké van khudn, gong va gidng nhu véi cot thong thudng. DE xic dinh
khoang hé a gitta 2 tAim van khudn thuc hién nhu sau: coi ddi BNCC & vi tri hé van khudn lam viéc
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(e) Chi tiét A

1, 2- Tam BNCC; 4- Thép ¢6 chiu nhiét dai 40 mm; 5- Méc thép chiu nhiét ¢6

Hinh 5. Lép ghép cic tim BNCC quanh chu vi cot

nhu 1 dAm don gian, gdi tya 1a van khuon. Tudng tugng cat ra 1 dai BNCC rong 1 don vi (1 mm hoic
1 cm) theo phuong canh ng.’?in, dugc dam don gian 2 dau khép c6 tiét dién (chiéu rong x chiéu cao)
1a (1 don vi X d), trong d6 d 1a chiéu day tim BNCC. Ta c6 sd do tinh nhu trén Hinh 6(b). Tir d6 tinh
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Hinh 6. Dung lap van khuén cot

Ung suét gi6i han [o] 1iy bing cudng do kéo ciia vit liéu BNCC xdc dinh thong qua thi nghiém;
g" xac dinh tuong tu nhu khi tinh vdn khudn cot thong thudng.

4d?
SuyraLzsﬂeLSZd L A O L g (2)
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- Budc 4: Thi cong d6 BT tai chd cho cot, 1am nhu thong thudng.

c. Yéu cau ky thuat

Céc thm BNCC dtc san dudc chd 16 & 2 canh dbi dién phai chinh xac; Viéc xdc dinh vi tri va thi
cong dung lap ciia cac tim, cic thép lién két tim theo phuong diing va ngang doi hoi do chinh xic
cao; Pudng kinh 16 chd céc loai thép lién két 14y > dudng kinh thép lién két 2 + 3 mm; Khe lién két
gitta cdc thim BNCC trén mit ding phai so le nhau; Qua trinh thdo d& van khudn ¢t tién hanh nhu
v6i cOt thong thudng.

3.3. Kiém tra va nghiém thu

Viéc kiém tra chét lugng thi cong BTCT toan khdi cho cdt gdm céc khau: cong tac cdt thép, ché
tao hon hop BT va dung sai clia cac két ciu trong cong trinh, tuin thii theo TCVN 4453:1995 [35];
Cong tac kiém tra chét lugng 6p tim BNCC tién hanh theo trinh ty thi cong. Néu kiém tra phan cong
viéc nao khong dat chit luong (lién quan dén ciu kién BNCC) nhu lam nit, v3 tim; ghép khong kin
khit, ...) s& 4nh hudng dén kha niing cach nhiét, chéng chdy sau niy yéu cau phai 1am lai.

Cong tac nghiém thu lién quan dén phan thi cong BTCT toan khéi thuc hién theo TCVN 4453:1995
[35]. Cong tic nghiém thu lién quan dén thi cong BNCC dudc tién hanh tai hién trudng, hd so nghiém
thu dé xut theo tiéu chudn TCVN 9377-3:2012 [36].
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4. Thi cong cau kién BNCC 6p chdng chay cho dim va ban san BTCT dé toan khéi

4.1. So dé quy trinh thi céng (xem Hinh 7)
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(c) Thép gdc chiu nhiét
Hinh 7. So d6 quy trinh thi cong ban 1ap ghép tim Hinh 8. TAm 6p BNCC, rau thép chiu nhiét ¢1
BNCC 6p CC cho dam va ban san BTCT toan khéi va thép goc chiu nhiét

4.2. Chi ddn ky thudt thi cong
a. Chudn bi nguyén vt liéu, thiét bi, dung cu

Ngoai cic nguyén vat liéu va thiét bi, dung cu dé thi cong toan khéi hé dam san BTCT nhu thong
thudng, chuin bi thém céc tim 6p BNCC c¢6 cai sin céc rau thép chiu nhiét ¢1 khi ché tao va thép géc
chiu nhiét (xem Hinh 8), bulong chiu nhiét M6. TAm 6p BNCC ché tao nhu sau:

+ Kich thudc: chiéu dai va chiéu rong khong vugt qua 1 m, chiéu day d tit 5+7 cm 1a théa min yéu
cau CC cho moi cong trinh, theo QCVN 06:2010/BXD [21]. Vay khéi lugng 1 tim BNCC < 52,5 kg.

+ Rau thép chiu nhiét ¢1: thim BNCC sé lién két v6i két cAu dam san BTCT nhd rau thép va luc
bam dinh giita 16p BT chiu luc va thim BNCC. Rau thép dudc cai sidn vao tAm trong qu4 trinh ché tao
tAm. D€ don gian trong tinh todn va thién vé an toan, chi tinh toan lién két gitta tim BNCC va két ciu
dam san BTCT nho rau thép, cu thé nhu sau: Thép chiu nhiét cudng do kéo tinh todn f > gi6i han
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chay f,/hé sb an toan vt lidu yyy, tic 1a £ > 3100/1,05 = 2952,38 daN/cm?, cho nén thép soi chiu
nhiét ¢1 (dién tich tiét dién ngang clia s¢i thép = 0,00785 cm?) ¢6 kha nang chiu kéo dudc vat nang
tdi da 12 2952,38 x 0,00785 = 23,17 kg [2].

Nhu vy, 1 rau thép chiu nhiét c6 dang nhu Hinh 8(b) c6 kha niing treo dudc vat ning t6i da la
23,17 x 2 = 46,34 kg. Viy mot tim BNCC chi can 1 dén 2 rau thép. Tuy nhién, dé lién két 6n dinh
nén dung 4 rau thép cho mdt tim BNCC c6 kich thudc A va B > 0,5 m; con néu chiéu rong tim dudi
0,5 m chi nén bd tri 2 rau thép cho 1 tm (thudng 1a thm dp dam). Vdi tAm c6 4 rau, khoang cach b tir
rau thép dén bién ngoai ctia tAm nén chon > d va khong nén vuot qua 1/4 kich thude canh tim (chiéu
dai hoidc rong) song song vé6i b; vdi tim c6 2 ru, thi dit rau vao truc giita song song vé6i canh dai clia
tAm.

b. Trinh tu thi cong

Quia trinh thi cong gdm day du cdc cong viéc khi thi cong cong trinh BTCT d6 toan khbi, ngoai
ra c6 thém cac cong viéc lién quan dén viéc 6p thim BNCC nhu sau:

- Lip dung hé dan gido van khudn. Chu y, van khudn khong cin ghép kin khit nhu khi thi cong hé
dam san BTCT thong thudng, c6 thé bd tri cach nhau mot khoang hé a dé tiét kiém van khuon, xic
dinh a tuong tu nhu khi xac dinh khoang hd ghép van khuon cdt, xem cong thic (2).

- TAm BNCC dugc san xuét trong nha mdy, mang dén cong trudng.

- Van chuyén c4c tim BNCC 1én hé dan gido van khuon da dung.

- Bt buldéng M6 gén céc tAm thép goc vao 2 tim BNCC thanh dam, mdi tim BNCC thanh dam
s& gan 2 thép goéc nhu Hinh 9.
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- Lap rai cac thm BNCC Ién trén van khuon theo trinh tu sau: tim ddy dim — tim thanh dim —
tAm san bién canh ddm — cac tim san con lai, Hinh 10(a). Khi lap tim thanh dam chii y quay canh
tAm c6 gan thép gdc xudng phia dudi, sau d6 bat bulong M6 cb dinh tim thanh véi tim day, Hinh
10(b). Khi rai tim san bién canh dim xong, duing thép goc bat bulong cb dinh tAim thanh dam véi tim
san bién, Hinh 10(c).

- Lap dit cbt thép cho dam san nhu binh thudng. Nén ubn céc rau thép cia tim BNCC méc vao
thép chiu luc chinh trong dam san d€ ting cudng lién két gitta cAu kién dam san BTCT véi tim BNCC.

- Tiép theo tién hanh d& BT chiu luc cho dam san, bao dudng BT, thdo van khudn, cdt chdng nhu
v6i hé dam san BTCT toan khdi thong thudng.
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Hinh 10. Lap tim BNCC cho dim san BTCT

c. Yeéu cau ky thuat

Khi thiét ké két cAu va hé dan gido, van khuon phai ké dén tai trong giy bdi cac tim BNCC va
phan chiém chd ctia cac thm BNCC; Trudc khi thi cong can tinh todn vi tri cia cac tim 6p BNCC
sao cho s6 lugng tAm bi cit 1a nhé nhét; Qua trinh thi cong tranh 1am sit v cac tim BNCC; Khong
can chong dinh bé mit cbp pha vi né khong tiép xic v6i vita BT khi d6; Viéc 1ap dung céc tAim van
khuon khong can kin khit, van khudn c6 thé ghép hé mot khodng a dudc tinh toan theo cong thiic (2),
khoang hé nay sé dudc che kin bang cac tim BNCC réi 1én trén van khuon.

4.3. Kiém tra va nghiém thu

Viéc kiém tra chit lugng thi cong BTCT toan khdi bao gdm cic khau: 13p dung cbp pha va da
gi4o, cong tac cbt thép, ché tao hon hop BT va dung sai ctia cdc két cAu trong cong trinh tuin thii theo
TCVN 4453:1995 [35]; Cong tac kiém tra chit lugng dp thm BNCC tién hanh theo trinh tu thi cong.
Néu kiém tra phan cong viéc nao khong dat chit luong (lién quan dén ciu kién BNCC) nhu lam niit,
v3 thm; ghép khong kin khit, .. .) sé anh hudng dén kha niing cach nhiét, chéng chdy sau nay yéu cau
phai lam lai.

Cong tac nghiém thu lién quan dén phan thi cong BTCT toan khéi thuc hién theo TCVN 4453:1995
[35]. Cong tac nghiém thu lién quan dén thi cong BNCC dudc tién hanh tai hién trudng, ho so nghiém
thu dé xut theo tiéu chuin TCVN 9377-3:2012 [36].
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5. Két luan

Bai bdo da dua ra quy trinh thi cong ciu kién bé tong nhe chdng chay diic sdn bio vé CC cho

cot, ddm san BTCT d6 tai chd (goi 12 kiéu thi cong ban lap ghép) trong CTXD. Trong d6, ciu kién
BNCC di dudc ché tao sin, ghép vao ciing hé van khudn dé thi cong dé tai chd ciu kién chiu luc cot,
dam, san trong CTXD. C6t, dam, san BTCT dudc boc bdi 16p BNCC sé& théa mén cic tiéu chuin, quy
chuén yéu ciu vé an toan chdy hién hanh tham chi c6 thé dat dén mic khong suy giam kha ning chiu
luc sau dam chdy khi khong may xay ra hda hoan. Véi viéc sit dung cdc mdy mdc, thiét bi, dung cu
thi cdng c6 san trén thi trudng va quy trinh thi cong don gian hifa hen kha ning ing dung BNCC vao
CTXD la kha thi. Tuy nhién, do chua dudc thi cong thit nghiém trén cc chu kién xay dung that nén
cin tiép tuc c6 cdc nghién ctiu md rong, bd sung, hoan thién quy trinh trudc khi 4p dung vao thuc té
xay dung.
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