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Tém tit

Bai bdo nay trinh bay cic nguyén tic thiét ké chung va cic phucng phap tinh toin don gian cho céu kién san
bé tong cbt thép, dudc quy dinh trong tiéu chuin chau Au EN 1992-1-2 vé thiét ké két cAu bé tong cbt thép
trong diéu kién chdy. Quy trinh tinh toan theo ba phuong phdp don gidn bao gdm tra bang, dutng ding nhiét
va phuong phap phén 16p dudc trinh bay cu thé va minh hoa thong qua vi du tinh todn. Anh hudng ctia mot sb
thong s6 quan trong nhu 16p bé tong bao vé, ham luong cbt thép va thdi gian chdy dugc khio sat. Két qua cho
thiy khi ting chiéu day 16p bé tong bao vé va ham lugng cbt thép thi kha ning chiu luc khi chdy clia san ting
1én, tuy nhién kha ning chiu lyc chi ting dén mot gia tri nao d6 thi lai gidm dan do chiéu cao lam viéc giam.
Khi thdi gian chdy ting 1én thi kh4 ning chiu luc khi chdy ciia san ciing gidm di. Néu vé gid tri md men ngoai
luc va kha ning chiu luc trén cing mot biéu d6 thi dé dang xac dinh dugc kha ning chiu luc khi chdy clia san
bé tong cbt thép.

Tir khod: dim; bé tong cdt thép; chiu Ita; kha ning chiu lta; EC2.

CALCULATION OF FIRE RESISTANCE OF REINFORCED CONCRETE SLABS USING THE SIMPLI-
FIED METHODS ACCORDING TO EN 1992-1-2

Abstract

This paper presents the general principles and the simplified methods to design reinforced concrete slabs in fire
according to the Eurocode EN 1992-1-2 of structural fire design for concrete structures. The detailed design
procedures for three simplified methods, namely the tabulated method, the 500°C isotherm method and the
zone method are established and illustrated by a design example. The effects of critical parameters including
concrete cover, mechanical reinforcement ratio and fire duration are investigated. The results show that fire
resistance of concrete slabs increases as concrete cover and reinforcement ratio increase. However, up to a
certain value of the concrete cover, the fire resistance will reduce caused by a decrease of the effective depth. If
the fire duration is longer, the load-bearing capacity of slabs will also be reduced. It can be easily determined
the fire resistance of a concrete slab if the bending moment and the fire resistance are drawn in one figure.

Keywords: beams; reinforced concrete; fire; fire resistance; EC2.
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1. Gidi thiéu
Tiéu chuén thiét k& ctia nhiéu qubc gia, trong d6 c6 Viét Nam, da dua ra cc chi din ky thuat cho

két cAu khi chiu Itta. Tuy nhién, phan 16n céc tiéu chudn chi dua ra cic quy tic mang tinh mo ta duéi
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dang bang biéu, trong d6 quy dinh cip chiu lita ctia két ciu phu thudc vao bé day 16p bé tong bao vé
va kich thudc nhé nhét ctia tiét dién chiu luc dua vao cic két qua thi nghiém.

Quy chuin QCVN 06:2010/BXD [1] (quy chuin k¥ thuét qubc gia vé an toan chdy cho nha va
cong trinh) quy dinh bac chiu Itra cp I, II, IIT va IV cho céc cong trinh xay dung. Tuong ting v6i bic
chiu Itta 12 nhiing khodng thdi gian tuong ing ma cic ciu kién phai di kha niing chiu luc. Trong hé
két cAu nha va cong trinh, san 1a ciu kién quan trong tiép nhan va truyén tdi trong diing xuéng dam
va cot, dong thoi dong vai trdo nhu mot vach cling ngang dé phan phdi tai trong ngang cho cot va hé
véch 16i. Khi xay ra hda hoan, néu san khong du an toan chiu luc sé gy ton thit sinh mang 16n, dong
thdi ¢6 thé anh hudng dén cic cAu kién chiu luc khéc va giy ra sup d& day chuyén. Phu luc F.12 clia
QCVN 06:2010/BXD [1] quy dinh rang ddi véi san bé tong cbt thép (BTCT) st dung bé tong cbt licu
gdc silic hodc da voi, d€ ddm bao gidi han chiu It theo cic tiéu chi chiu luc R240, R180, R120, R90,
R60 va R30, yéu ciu chiéu cao nhd nhét ctia san tuong ting 1 150, 150, 125, 125, 100 va 100 mm, va
16p bé tong bao vé tuong tng 1a 25, 25, 20, 20, 15 va 15.

Tuy nhién, QCVN 06:2010/BXD ciing nhu tiéu chuin thiét ké két ciu bé tong va bé tong cbt thép
TCVN 5574:2012 [2] khong d& cap t6i su anh hudng ctia cac yéu t6 khac nhu dic trung co ly ciia bé
tong va c6t thép & nhiét do cao, cling nhu khong c6 mot chi din cu thé nao dé thiét ké ciu kién BTCT
chiu Itta. Do vy, viéc tim hiéu cdc tiéu chudn nudc ngoai 1a cap bach va can thiét cho cong tac thiét
ké két cAu trong diéu kién chdy tai Viét Nam.

Tai Viét Nam, cdc nghién cifu vé thiét k& két cdu BTCT chiu 1¥a con kh4 it. C6 mot s6 nghién
cttu vé cot BTCT chiu Itta, trong d6 cac phuong phap tinh toan don gian theo tiéu chuin chau Au EN
1992 phan 1-2 (EC2-1-2) ciing nhu phuong phdp xiy dung biu do tuong tic dudc trinh bay kha cu
thé, rd rang [3, 4]. Nim 2018, mot nghién ciiu vé thiét ké sain BTCT chiu Itta dugc hudng din béi tac
gia da tim hiéu vé phuong phdp tinh todn theo EC2-1-2 [5]. Tuy nhién, trong nghién ctiu d6 phuong
phép chia viing chua chinh x4c. Hon nita khong dé cap dén viéc kiém tra kha ning chiu cit va nhiing
yéu cau vé cu tao cot thép.

PE thiét ké két cAu BTCT & nhiét do cao, tiéu chudn EC2-1-2 [6] dua ra c4c chi din kh4 16 rang
va cho phép thiét ké theo ba phuong phip: phuong phap tra bang, phuong phap don gian va phuong
phép thiét ké theo yéu ciu cu thé vé kha ning 1am viéc ctia két cau. Bai bdo nay trinh bay cic nguyén
tac thiét ké chung va cic phuong phap tinh toan don gian cho ciu kién san bé tong cbt thép, dudc
quy dinh trong EC2-1-2. Quy trinh tinh toan theo ba phuong phdp don gian bao gdm tra bang, dudng
déng nhiét va phuong phap phan I6p dudc trinh bay cu thé va minh hoa thong qua vi du tinh toan.
Anh hudng ctia mot s6 thong sb quan trong nhu 16p bé tong bao vé, ham luong cbt thép va thoi gian
chay dugc khao sat.

2. Nguyén tac thiét ké cAu kién bé tong cbt thép chiu lia theo EC2-1-2
2.1. Cdc phuong phdp tinh todn

Tiéu chuin EN 1992-1-2 trinh bay ba phuong phép tinh todn két cAu chiu Itta 12 phuong phdp tra
bang, phuong phap don gian va phuong phap nang cao. Khai niém va pham vi d4p dung cta ba phucng
phap dudc liét ké trong Bang 1 [6].

Ba phuong phap trén dudc chia thanh hai nhém chinh 1a thiét ké theo cdc nguyén tdc dinh truéc
(phuong phap tra bing va phuong phép tinh todn don gian), va thiét ké theo tinh ndng két cdu (phuong
phép ning cao). Phuong phap thiét ké theo nguyén tic dinh trudc 1a xac dinh kha ning chiu luc cta
cAu kién dua trén cdc ng x{ nhiét va ing xi co hoc clia vat liéu va két cAu khi chiu tdc dong ctia mot
dudng gia nhiét cho trude (thudng 1a dudng gia nhiét tiéu chuin). Con ddi v6i phuong phap thiét ké
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Bang 1. Pham vi dp dung ctia ba phuong phap thiét ké két cAu chiu lita

Phuong phap tra bang Cac phuong phap tinh don gian Phuong phap nang cao

Phan tich ciu Chi néu s6 lieu 4p Chinéu sbliéu phanbd nhiétdd Chi dua ra cic nguyén
kién riéng 1& dung cho dudng gia cho dudng gia nhiét tiéu chudn tic
nhiét tiéu chuin

Phan tich mot Khong dé cap Chi néu s liéu phan bd nhiét dd Chi dua ra cic nguyén
phan két ciu cho dudng gia nhiét tiéu chuan tic
Phan tich tong Khong dé cap Khong dé cap Chi dua ra cac nguyén
thé ca hé két ciu tac

theo tinh niing két ciu, kha ning chiu luc ctia két ciu dudc xdc dinh theo cidc md hinh tinh to4n niang
cao khi chiu tdc dong ctia mot dudng gia nhiét bat ky.

2.2. Duong gia nhiét tiéu chudn

DPuong gia nhiét tiéu chuin (hay dudng cong ISO-834 [7]) la dudng biéu dién su ting nhiét dod
theo thoi gian. Pay 13 dudng cong phd bién dudc st dung dé tinh todn kha niing chiu lifa cta két cAu
va dudc cho bdi cong thuc (1), trong d6 ¢ 1a thoi gian (phut).

0, = 20 + 3451og(8 + 1) (1

2.3. T6 hop hé qud cia cdc tdc déng khi chiu lvia

Hé qud ctia céc tdc dong khi chiu Itta c6 thé dugc xéac dinh theo hai phuong phédp 1a phuong phap
t6 hop truc tiép, hoic phuong phap tS hop gidn tiép [8].

Theo phuong phép truc tiép, t6 hop tai trong dudc xac dinh bao gdm tinh tai tiéu chuin va hoat tai
tiéu chuin nhan véi hé sb ¢, (hé s6 phu thudc vao loai cong trinh ldy theo tiéu chuin EN 1990 [9]).
Tir t6 hop tai trong nay, hé qua cac tidc dong sé dudc xac dinh dua theo cic phuong phap thong thudng
ctia co hoc két céu.

Theo phuong phap gian tiép, hé qué clia cic tac dong khi chiu 1fa c6 thé dudc xéc dinh tir hé qui
phén tich két cdu & nhiét d6 thudng nhu cong thiic (2) [6].

Eqfir = Eafi =nyiEq ()

trong d6 E4 1a gia tri noi luc tinh toan tuong ng & nhiét do thudng, véi quy tic t6 hdp cd ban clia cac
tac dong; Ey r; 1a gia tri ndi lyc tinh todn tuong tng trong trudng hdp chay; 17y, la hé s6 gidm tai trong
trong truong hgp chdy, xac dinh béi cong thiic (3) [6].
G+ YOk
Y6Gk + 70,10k,

nfi 3)

Qr.1 12 gid tri tiéu chudn clia hoat ti; Gy 12 gid tri tiéu chudn cta tinh tai; ys 12 hé s6 vuot tai cho tinh

tai; y.1 12 hé sd vugt tai cho hoat tai; ¢ £ 1a hé s6 t6 hgp cho céc gia tri tai trong thudng xuyén hodc
tai trong gan nhu thuong xuyén dudc 14y bing ¢ | hoic ;1 theo tiéu chuan EN 1990 [9].
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2.4. Cdc tiéu chi vé khd ndng chiu lika va nguyén tdc kiém tra theo tiéu chi chiu luc

Khi ciu kién bi tdc dong bdi dudng gia nhiét tiéu chudn, ciu kién can thod mén ba tiéu chi sau: (i)
Tiéu chi vé tinh toan ven (tiéu chi E): ciu kién phai ddm bio khong bi v4 roi; (ii) Tiéu chi vé kha ning
cach nhiét (tiéu chi I): ciu kién phai ddm bio kha ning cach nhiét, nghia la su gia ting nhiét do trung
binh & mit ciu kién khong bi chdy khong vugt qua 140K, dong thdi su gia ting nhiét do 16n nhét &
mit nay khong vuot qua 180K; (iii) Tiéu chi vé kha ning chiu luc (tiéu chi R): cAu kién phai ddm bio
kh4 niing chiu luc trong qua trinh bi chdy. Cac tiéu chi két hop c6 thé dugc ky hiéu 1a REI30, REI60...
Mot s6 thai gian chiu lta thudng dudc sit dung cho két cAu BTCT la REI60, REI90, REI120, REI150,
REI180 va REI240.

Ddi v6i két cAu chiu luc thi tiéu chi R 1a quan trong nhit. Trong mot khodng thdi gian xdc dinh,
duéi tac dong ctia dudng gia nhiét tiéu chuin ISO 834, kha niing chiu Ita theo tiéu chi R can dudc
kiém tra theo diéu kién sau:

Eafi < Rayfi 4
trong d6 Ey f; 1a gia tri thiét ké clia tac dong trong diéu kién nhiét do cao theo EC2-1-2, c6 ké dén
&nh hudng cta bién dang nhiét; Ry, ri lakhd nang chiu lyc thiét ké tuong ung trong diéu kién nhiét do
cao.

2.5. Dic trung co Iy ciia bé tong va cot thép khi chiu lita

P& thiét ké két cAu BTCT chiu lifa, cic thong s6 quan trong nhét 14 quan hé ting suit - bién dang,
do suy gidm cudng do ctia bé tong va cdt thép. Céc thong sé nay dugc quy dinh trong EC2-1-2 va
ducc bi€u dién trén Hinh 1 va Hinh 2.
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(a) Quan hé dng suét - bién dang clia bé tong (b) Suy giam cuong do ctia bé tong

Hinh 1. Béc trung co 1y cua bé tong & nhiét do cao

Khi nhiét do ting cao, c cudng do va mo dun dan hdi clia bé tong va cbt thép déu suy giam,
nhung bién dang tuong ing véi ting suat 16n nhit, ciing nhu bién dang cuc han clia bé tong lai ting
dan cung véi nhiét d, nghia 12 bé tong trd nén mém hon. Gia tri clia cdc hé sb suy giam cuong do
theo nhiét do cho bé tong cbt lidu gbc silic va gbe dd voi ciing nhu cho cdt thép can néng va kéo ngudi
dudc chi ra trén Hinh 1(b) va 2(b).
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Hinh 2. Pic trung cd ly ctia bé tong va cdt thép & nhiét d6 cao

3. Cac phuong phap don gian thiét ké san bé tong cot thép chiu lita theo EC2-1-2

3.1. Phuong phdp tra bdng

Phuong phap tra bang ap dung dudc cho san BTCT cho trudng hgp chiu tac dong cta dudng gia
nhiét tiéu chuan 1ISO-834 vdi thdi gian khong qud 240 phiit. Quy trinh thiét ké san BTCT theo phuong
phép nay nhu sau.

- X4c dinh gia tri cia khodng cich dén truc cbt thép a, chiéu day 16p bé tong tinh tif mit chiu lda
dén trong tam cdt thép clia ban loai dAm. Trudng hop ban hai phuong thi khoing cach a nay tinh dén
trong tam c6t thép 16p dudi;

- Tra Bang 2 tng v6i mdi loai san dé xdc dinh chiéu day nhd nhit va khoing cich dén truc cbt
thép nhd nhét yéu ciu cho mdi kha ning chiu luc. So sanh gia tri thiét ké v6i gia tri yéu cau dé xic
dinh cAu kién c6 thod min yéu cau chiu Itta dit ra hay khong.

Bang 2. Kich thudc va khodng céch truc cho ban mdt phuong va ban hai phuong

Céc kich thudc nhé nhat (mm)

Kha ning Chiéu day 16p bé tong tinh dén trong tam cdt thép, a
chiu ltra tiéu Chiéu day ) .
chuén ban /s, (mm) Bén mot Ban hai phuong
phuong L/l <15 1L5</l, <2
REI 30 60 10* 10* 10%*
REI 60 80 20 10* 15%
REI 90 100 30 15% 20
REI 120 120 40 20 25
REI 180 150 55 30 40
REI 240 175 65 40 50

3.2. Phuwong phdp dwong ddng nhiét 500°C (theo Phu luc BI EC2-1-2 [6])

Phuong phap dudng dang nhiét c6 thé ap dung dudc cho ciu kién dam, cot, san chiu tic dong ciia
dudng gia nhiét tiéu chuin véi chiéu day tbi thiéu clia san théa man diéu kién  Bang B1 phu luc B1
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[6]. Phuong phép nay dua trén nguyén tic bo di phan tiét dién c6 nhiét dd 16n hon 500°C. Kich thude
tiét dién suy gidm bang kich thudc tiét dién nguyén trir di viing bé tdng c6 nhiét do 16n hon 500°C.
Nhiing ving c6 nhiét do 16n hon 500°C thi dugc gia thiét 12 bi mét hét kha niing chiu luc, trong khi
nhitng viing bé tong con lai sé duy tri dudc cudng dd va mo dun dan hdi ban dau. Cot thép trong tiét
dién suy giam dudgc tinh gidm cudng d6 dua theo nhiét do trong thanh cbt thép.

Phuong phdp nay c6 thé dp dung dé tinh toan 6 [°C]
cho ca vung chiu mé men duong va chiu mé men 1200
am cua san. Tuy nhién, trong trudng hgp chiu mo 100 D
men 4m, vung bé tong chiu nfin G mat dudi C/ﬁa san 1000 \\
(1a mét chiu tac dong truc ti?p cua lua). Nf:u tin,h a0 \\}\\
theo phuong phap ducong dang nhiét 500°C, ket 400 \\\\\

qua sé khong chinh xic bang phuong phap phan
16p. B&i vi dbi v6i nhiing ving c6 nhiét do 16n

SL\NNY

o s 12 o S X A N
hon 200°C va nh6 hon 500°C ma van gitt nguyén 600 \‘\\\\\\
cudng do ban dau ctia bé tong 1a khong chinh xac 500 N
(xem Hinh 1(a)). Do viy, phuong phdp nay nén 400 a \\\\\\\
dudc 4p dung cho san BTCT tai nhitng ving chiu 00— \\ S R240
md men duong, khi d6 viing kéo clia bé tong nim 200 N N \\\\ R180
A ™ S = R120
trong vung c6 nhiét do 16n va cé thé bo di hoan 100 RI0
X NI T —re0
toan. Quy trinh tinh todn nhu sau: 0 I ——
- Xac dinh tai trong tinh todn wy; va ndi luc 0 10 20 30 40 50 60 70 80 90 100
16n nhat M Ed,fi» VEd,ri khi chdy; a (mm)

- X4c dinh su phan bd nhiét do trong san. Dua
vao Hinh 3 dé x4c dinh nhiét do mit trén, nhiét do
ctia c6t thép va nhiét d6 mit dudi clia san;

- Xac dinh hé s6 suy giam cudng do clia bé
tong k. va clia cbt thép kg khi chdy (Hinh 1(b) va 2(b)). Tir d6 xac dinh dugc cudng dd tinh todn khi
chay cuda vat liéu.

Cudng d6 tinh todn & nhiét d6 cao clia cot thép:

Hinh 3. Cic dudng phan bd nhiét do 4p dung cho
san chiu lira tir R30 dén R240

Sya.fi = ksfu/1,15 Q)
Cudng d tinh toan & nhiét do cao clia bé tong:
Jeafi = kefer/1,5 (6)

trong d6 fy 12 cudng do chdy dic trung cla cbt thép & nhiét do thudng (MPa); fix la cudng do dic
trung khi chiu nén ctia bé tong & nhiét do thuong (MPa).
- Xac dinh kha ning chiu mé men ciia san theo nguyén tic ctia ciu kién chiu udn;
Chiéu cao viing nén:
re A fya fi
Jea,fidb

trong d6 A, 1a dién tich cbt thép chiu kéo; b 12 bé rong tiét dién; A = 0,8 khi f,x > SOMPa.
Canh tay don:

(mm) )

z=d—-Ax/2 (mm) (8)
trong d6 d 1a chiéu cao lam viéc cta tiét dién.
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Kha nang chiu md-men khi chay:
Mga fi = Asfya iz (KNm) )
- So sanh Mg, i va Mg, ri. Ki€m tra kha nang chiu cdt ctia san va két lun.

3.3. Phuong phdp phdn lop [6]

Phuong phap nay c6 thé 4p dung cho cac két ciu chiu tic dong clia dudng gia nhiét tiéu chuin.
Phuong phép nay chia tiét dién thanh cac 16p c6 chiéu day bang nhau (t6i thiéu bang 3), sau d6 xic
dinh nhiét do trung binh, hé s6 suy giam cudng do bé tong va mo dun dan hoi tuong ting ctia ting 16p.
Tu d6, xdc dinh dugc hé sb suy giam cudng do trung binh k., va chiéu day ctia 16p bé tong bi hdng
do chdy a.. C6t thép dudc tinh gidm cudng do dua theo nhiét do trong thanh cbt thép. Nhu di phan
tich & muc 3.2, phuong phdp nay nén st dung tai viing c6 mo men am, vi bé tong viing nén nim & thé
bi suy giam cudng do do chdy. Quy trinh tinh toan nhu sau.

- Xac dinh tai trong tinh toan wfi va ndi luc k.(6y)

16n nhat MEd,fi’ VEd,fi khi chdy; 10— 30 rgin
- Xdac dinh kha ndng chiu mdé men cia san: ‘77//77
+ Chia tiét dién thanh n 16p c6 chiéu day bing — ** [ ///1//
nhau (n > 3). Xdc dinh nhiét do tai tAm ctia mdi 06 // Y/
16p va hé sb suy giam cudng do bé tong tuong ting NEENN
ke (6)). 04 V] [ [ 120 win
+ Xdac dinh hé sd suy gidm cudng do trung Al
binh: 02 / AL
1=92 # /N aab min
kem = — > ke(6) o oL Y
nooe 0 5 100 150 200 250 300
+ Chiéu day cta 16p bé tong bi hong do chdy Hinh 4. Hé s6 gidm cudng d6 chiu nén ciia tiét
dugc xdc dinh bi cong thic (11): dién giam yéu
= hy|1 - e 11
az = hy [ - kc(QM)] (mm) (11

trong d6 k.(fy) 12 hé s suy gidm cudng do bé tong tham khio (Hinh 4).
+ X4c dinh chiéu day san giam yéu va chiéu cao lam viéc hiéu qui giam yéu:

W, =hs—a; (mm) (12)

d =h;—a (mm) (13)
+ Luc kéo cbt thép:

Fy = fiafiA;  (kN) (14)
+ Luc nén bé tong:

Fe = fardxb (kN) (15)

+ Chiéu cao ving nén x sé dudc xdc dinh bang cach cn bang tdng cac luc nén trong ting phan
16p F; v6i luc kéo ctia cdt thép Fi.
+ Cénh tay don:
z=d —-0,51x (mm) (16)
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+ Kha nang chiu md-men khi chay:
Mga fi = A fya iz (KNm) (17)
- So sanh Mg, i va Mg, s Ki€m tra kha ning chiu cét ctia san va két lugn.

4 o . < \
3.4. Kiém tra khd ndng chiu cdt ciia san

Viéc kiém tra kha ning chiu cat ctia san khi chay dugc dua trén cic nguyén tic thiét ké ciia tiéu
chuin EN 1992-1-1 [10] va EN 1992-1-2 [6]. Luc cat trong ban thudng 12 nhé nén bé tong da di kha
ning chiu cit. Kha ning chiu cit tinh toan ciia san bé tong khi chdy dugc xdc dinh bang cong thifc
(18).

Vid.c.fi = Crack(100p1 forp) Pbyd’ (KN) (18)

va khong nhd hon gia tri sau:

VRd,c,fi = Vminbwd/ (kN) CRd,c = 0,18/%; Vmin = 0,035k3/2fclk/§'i (MPa) (19)
trong d6 k = 1 + 4/200/d’ < 2,0 v6i d’ 1a chiéu cao 1am viéc gidm yéu ciia tiét dién (mm); p; =
Ag/byd’ < 0,02; Ag ladién tich cbt thép chiu kéo (mm?); b,, 12 bé rong nhé nhét ctia mit cit tiét dién
vung kéo (mm).

3.5. Mot so van dé vé cau tao cot thép

Ngoai cdc quy dinh nhu déi v6i san BTCT & nhiét do thudng, trong trudng hop st dung phuong
phdp tra bang d€ ki€m tra kha ning chiu Ivc cta san khi chdy, 16p bé tdng bao vé phéi dugc chon sao
cho dam bao khoang cach dén truc cbt thép nhu yéu ciu trong Bang 2. Néu lua chon nhé hon khoang
cach nay thi phai sit dung cac phuong phap phiic tap hon, nhu phuong phap dudng dang nhiét, phuong
phdp phén 16p hay phuong phéap nang cao dé kiém tra.

Cic yéu cau vé khoang céch cot thép d6i v6i san BTCT khi chiu lita tuong ty nhu dbi véi san
BTCT & nhiét do thuong. Trir phi ¢t thép thudng dudc tinh toin dé ddm bio kha ning chiu luc khi
chdy, cdc yéu cau vé ham ludng cbt thép t6i thidu va tdi da ciing tuong tu. Ham lugng cbt thép tbi
thiéu theo tiéu chuin EN 1992-1-1 [10] 14 0,13% va ham luong t6i da 1a 4% tai viing khong nbi cbt
thép.

4. Vi du tinh toan va khao sat tham sé

4.1. Vi du tinh todn

Vi du 1: Cho mét san 1am viéc mot phuong, c¢6 so do6 tinh 13 mdt dim lién tuc hai nhip vé6i chiéu dai
tinh toan mdi nhip [ = 6 m. Chiéu day ban 1a 4, = 180 mm. Bé tong ¢t liéu gbc silic ¢6 fox = 25 MPa,
cdt thép c6 gidi han chdy f, = 500 MPa. San dugc bd tri cbt thép tai nhip 1a ¢14a150 (A span = 1077
mm?), cbt thép trén gbi 1a ¢14al25 (A, qp = 1232 mm?). Chidu day 16p bé tong bao vé ag = 20 mm.
Tinh tai phu thém 1a 1,5 kN/m?, hoat tai 12 5,0 kN/m?. San c6 chiic ning 1a khu mua sim nén hé sb
¥ = 0,6. Kiém tra khé néng chiu luc cta san khi chdy v6i dudng gia nhiét tiéu chuin trong 90 phut
(R90).

Tong trong ludng ban than san va tai trong phu thém 1a 6,0 kN/ m?. T hop tai trong khi chdy wy;
12 9,0 kN/m”. Tiét dién tinh todn b x hy = 1000 x 180 (mm). Khoang cach truc cbt thép a = 27 mm.
Chiéu cao lam viéc: d = 153 mm.
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- Phuong phdp tra bdng

Theo Bang 2, v6i R0 ta c6 Amin = 100 mm, dmi, = 30 mm. San thdéa man diéu kién vé chiéu day
nhung khong théa man diéu kién khoang cich truc cdt thép (a = 27 mm < 30 mm). Viy theo phuong
phap tra bang thi san khong da kha nang chiu luc khi xay ra chay 90 phut (khdng dat R90).

- Phuong phdp mién ddng nhiét 500°C (ving chiu mé men duong)

Mb men ducng 16n nhét tai gitta nhip 1a: Mg, s = 0,07w fl-lz = 22,68 kNm. Khi chiu Itta 90 phut, tu
Hinh 4 x4c dinh dudc nhiét do tai mit dudi clia san 12 963°C, nhiét do tai vi tri cdt thép 1a 525°C, nhiét
d6 tai vi tri hy/2 1a 143°C, nhiét do tai vi tri 3/4h, 1a 30°C. Theo Hinh 2(b) hoédc Bang 3 EC2-1-2, hé
s6 suy giam cudng dd cia cbt thép ky(6) = 0,703.

Bang 3. Phan b nhiét d6 va hé s gidm cudng do bé tong ctia cac phan 16p

Lép x (mm) 0 (°C) k.(0)
1 15 695 0,308
2 45 360 0.79
3 75 190 0,955
4 105 110 0.995
5 135 100 1.0
6 165 95 1.0

Z k.(6;) 5,048

Vi nhiét d tai vi tri 34/4 < 100°C nén hé s suy gidm cudng do bé tong k. = 1,0. Cudng do tinh
toan cia cot thép: fya,ri = 305,6 MPa. Cudng do chiu nén tinh toan cta bé tong: f.q i = 16,67 MPa.
Tong lyc kéo Fs = fya.fi X Agspan = 328959 N. Tong lyc nén F, = nfeq sidxb = 13333,3x. Can bdng
dugc chiéu cao viing nén x = 24,7 mm. Kha ning chiu luc khi chdy: M,,; = Fy(d—0,51x) = 47,1 kNm
> Mgq,ri = 22,68 kNm. Nhu vy, theo phuong phép mién dang nhiét thi san di kha ning chiu m6 men
tai gitta nhip khi chiu 1¢a trong 90 phuit.

- Phuong phdp chia vung (viing chiu mo men dm)

M6 men 4m 16n nhit tai g6i gifta 1a: Mgy i = 0, 125w [* = 40,5 kNm. Chia san thanh 6 16p c6
chiéu day bing nhau Ax = 30 mm. Nhiét d6 va hé sb suy gidm cudng do cia ting 1p tai diém chinh
gitta ctia mdi 16p dudc cho trong Bang 4.

Bang 4. Khdo sat anh hudng cta 16p bé tong bao vé

¢ (mm) 15 20 25 30 35 40 45 50 55 60
Rea i (k\Nm) 2989 41,93 5046 51,67 52,22 5577 53,36 51,02 48,07 46,34

Hé sb suy giam cudng do trung binh theo cong thic (10) 1a k., = 0,812. Chiéu day 16p bé tong
bi héng 1a a, = 33,8mm. Chiéu day cla san sau khi gidm yéu la /), = 146,2 mm. Chiéu cao lam viéc
hiéu qua cta tiét dién sau khi giam yéu: &’ = 119,2 mm. Vi cbt thép nam & th trén ctia san, ving c6
nhiét do nhé hon 100°C nén khong bi suy gidm cudng do. Luc kéo cia cbt thép: F = 535437 N. Do
viing nén clia bé tdng nam & thd dudi (mit chiu Itta) nén can thir dan dé tim x véi diéu kién F, = F,
V6i F, = k.(60) x 25/1,5 x 1,0 X 0,8 x x x 1000 (N). Thit dan tim dudc chiéu cao viung nén x = 46,5
mm. Tinh dudc khd ning chiu m6 men 1a M, = 53,9 kKNm > Mgg i = 22,68 kKNm. Nhu vy, tinh theo
phuong phép chia viing thi sn di kha ning chiu mo men tai gdi khi chiu Ita trong 90 phuit.
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- Kiém tra khd ndng chiu cdt

Gid trj luc cdt 16n nhat: Vg = 0,625w ;] = 33,75 kN. Kha ning chiju cit thiét ké ctia bé tong duge
xac dinh theo cong thic (18), tinh dugc Vgg = 78,9 kKN > Vg, = 33,75 kN. Do viy, san di kha ning
chiu cat. Két qua kiém tra kha ning chiu luc trong 90 phit ctia san theo phuong phap dudng dang
nhiét 500°C va chia ving déu théa man. Tuy nhién, theo phuong phdp tra bang thi lai cho két qua
chua du kha nang chiu lyc. Ly do la phuong phap tra bang dugc xdy dung ¢ miic don gian hoa, thién
vé an toan, con phuong phap dudng ding nhiét va phéan I6p sit dung cudng do suy giam ctia bé tong,
cbt thép va sé cho két qua tinh toan chinh xdc hon. Do d6, c6 thé két luan ring phuong phép tra bang
cho két qua c6 d6 an toan kha cao.

4.2. Khdo sdt mot sé thong sé

a. Anh hudng ctia 16p bé tong bao vé

=N}
(=}

iy
e o
/

Dé khéo sat anh hudng cta 16p bé tong bdo vé
tGi kha nang chiu lyc khi chdy cia san BTCT, st
dung céc thong sb thiét ké nhu Vi du 1, chi thay d6i
chiéu day 16p bé tdng bao vé. Cac bai toan khao sat
va két qua dugc thé hién trong Bang 4 va Hinh 5.

C6 thé thay rang khi ting chiéu day 16p bé tong
bao vé thi kha ndng chiu lyc khi chdy ciing ting
theo dang phi tuyén tinh. Tuy nhién, dén mot gia
tri nao d6 cuda c thi kha nang chiu luc khi chay lai
giam dan. Ly do 1a khi d6 chiéu cao 1am viéc giam Hinh 5. Anh hung ciia I6p bé tong bio vé
s€ lam giam kha nang chiu luc cta san. '

W
(=}

B
(=1

%)
(=1

[
(=}

—_
(=}

(=}

Kha néng chju luc khi chdy R, 4
(kNm) ‘

15 20 25 30 35 40 45 50 55 60
Chidu day 16p bé tong bdo vé ¢ (mm)

b. Anh hudng ctia ham lugng cbt thép

D& khao sat anh hudng ctia ham lugng cbt thép
chiu kéo t6i kha nang chiu lyc cla san G nhiét
dd cao, thay d6i ham ludng ctia cdt thép chiu kéo
ung vGi ba 16p bé tong bao vé khac nhau véi cac
thong s6 thiét k& nhu Vi du 1. V6i mot 16p bao veé,
dudng kinh cbt thép dugc giit nguyén dé khong
4nh hudng t6i khoang cich truc. Két qua dugc cho
trong Bang 5 va Hinh 6.

Két qua cho thiy véi cing mot 16p bé tong bio
vé&, khi ting ham luong cbt thép doc thi momen
khing chdy cda san ting nhanh. Khi ham luong Hinh 6. Anh hudng ctia ham lugng cbt thép chiu
cbt thép ting 1,44 lan (tr 0,31% 1én 0,44%) thi kéo
kha ning khing chdy ting tir 1,7 dén 1,5 (tuong
ting v6i ¢ bang 15 mm va 25 mm). Khi ham lugng c6t thép ting gip doi (tir 0,31% 1én 0,6%) thi
mo men khang chdy ting 1én 1an lugt 1a 2,53, 2,18 va 2,05 1an tuong tng véi ¢ 1an lugt biang 15, 20,
25 mm. Mic do tang mé men khang chdy sé giam di khi tang 16p bé tong bao vé.

I~
S

=3
(=}

3
=1
'

o
=
'

%)
=
'

Kha nang chiu momen khi chay
(kNm)
(=)
(=]

=1

0.305 0.440 0.598 0.782 0.989 1.221
Ham lugng cbt thép o (%)

c. Thoi gian chay
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Béng 5. Anh hudng ctia ham lugng cbt thép chiu kéo (don vi: kNm)

Cét thép $14a280  $14a200  ¢14a140  $14all0  $14a90  $14a70

1 (%) 031 0,44 0,60 0,78 0,99 1,22
c=15mm 11,54 19,17 29,24 41,85 57,00 74,60

¢ =20 mm 19,65 29,97 42,77 58,00 75,53 95,08

¢ =25 mm 25,60 37,88 52,60 69,61 88,63 109,26
Vi du 2: Cho mot bén loai dim mot nhip L = 3,0 m . o ol e

25 - - M6 men

¢6 hy = 150 mm, khoang céch truc cdt thép a = 25
mm, $10a150, i = 0,31%. Tinh tii G = 1,5 kNm?,
hoat tai Q = 4,0 kN/m?. Bé tong 6 fii = 25 MPa,
cdt thép c6 f, = 500 MPa. Khdo sét quan hé giita
kha nang chiu luc va thai gian chay.

Két qua khdo sat dudc cho trong Bing 6 va
Hinh 7. R6 rang rang khi thdi gian chdy ting 1én 0 S0 100 150 200
thi kha nang chiu lyc giam di. Khi tang thoi gian Thi gian (phut)
chay tit 60 phit 1én 120 phit, kha nang khang
chay giam 39%, con khi tang thdi gian chay 1én
180 phiit thi kha ning khang chdy giam kha nhiéu,
khoang 71%.

Néu vé gid tri md men ngoai luc va kha ning chiu chdy trén ciing mot biéu dd, ta dé dang xac dinh
dugc kha ning chiu lta ctia cAu kién. Trong trudng hop nay, san chiu lda duge 170 phut.

20

Kha nang chiu m6é men khi chay
(KNm)
s

Hinh 7. Quan hé gitta kha ndng khang chay va thoi
gian chiu ltra

Bang 6. Khao sat anh hudng cta thdi gian chay

t (phut) 0 60 90 120 180 240
05 (°C) 25 400 500 560 680 750
64 (°C) 25 890 960 1050 1090 1130
6, (°C) 25 25 25 25 25 25
MRgg,ri (KNm) 25,8 25,8 20,4 15,7 7.5 4,6
% giam - 0% 21% 39% 71% 82%

5. Két luan

Bai bdo di trinh bay cic quy tic thiét ké va quy trinh tinh toan cu thé cho ba phuong phép tinh
todn don gidn d€ xéac dinh kha ning chiu luc cta san BTCT khi chéy, ma trong céc tiéu chuan ciing
nhu quy chuén ctia Viét Nam chua dé cip dén. Phuong phép tra bang, phuong phap dudng dang nhiét
va phuong phép phan 16p theo tiéu chuin EC2-1-2 ¢6 thé ding dé thiét ké san BTCT chiu tic dong
bdi duong gia nhiét tiéu chun 1én dén 4 gid (R240). Phuong phép tra bang dudc xdy dung & mifc don
gian hda, thién vé an toan, con phuong phap dudng dang nhiét va phuong phap phéan 16p sé cho két
qua chinh x4dc hon nhung doi héi nhiéu tinh toan phtc tap hon.
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Khi chiéu day 16p bé tong bao vé ting 1én thi kha ning chiu Ia theo tiéu chi R ciing ting 1én theo
dang phi tuyén. Tuy nhién, d&n mot gia tri ndo d6 ctia 16p bé tong bao vé thi kha ning khang chay lai
giam dan do chiéu cao 1am viéc gidm. Viéc chon 16p bé tong bao vé cho san 1a kha quan trong dé can
dbi gitta kha ning chiu luc & nhiét d6 thudng va kha ning khang chay.

Vi cling mot 16p bé tong bio vé, khi ting him luong cbt thép doc thi mo men khang chdy clia san
ting nhanh. Mic do ting md men khang chdy sé tuy thudc vao chiéu day cta I6p bé tong bao vé. Khi
thoi gian chdy ting 1én thi kha niing khang chdy clia san ciing giam di. Néu vé gi4 tri mo men ngoai
luc va kha ning chiu luc trén cling mot biéu dd thi dé dang x4c dinh dudc kha niing chiu luc khi chdy
clia san bé tong cot thép.
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