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Tém tit

Bai bdo nay gidi thiéu cc nguyén tic chung va mot s6 phuong phép tinh toin dudgc quy dinh trong tiéu chuin
chau Au EN 1992-1-2 vé thiét ké khang chdy cho két cAu bé tong cdt thép va dugc ap dung dé xac dinh hé sb
suy giam kha ning khang uén (KNKU) ctia dim bé tong cbt thép (BTCT) khi chiu tic dong clia dudng gia
nhiét tiéu chuan ISO 834. Cic tinh chét co ly ctia vt liéu bé tong va cbt thép & nhiét d cao, phuong phép tra
bang va phuong phap dudng dang nhiét 500°C (thudc cac phuong phap don gidn héa) dugce gidi thidu va minh
hoa thong qua cdc vi du thuc hanh. M6t cong cu ban tinh dudc thiét 1ap d€ tinh todn va khao sat KNKU ctia
dam. Két qua khao sat da minh hoa mét cach tudng minh rang hé s6 suy giam KNKU ctia dam BTCT & nhiét
dd cao ty 1é thuan véi kich thudc tiét dién va khoang cach tir mit ngoai t6i trong tdm cdt thép doc (khoing cach
truc), nhung khong bi anh hudng ddng ké bsi cudng dd chiu nén ciia bé tong.

Tir khod: dam; bé tong cbt thép; khang ubn; chay; tiéu chuén chau Au.

INVESTIGATION ON FLEXURAL STRENGTH DETERIORATION OF REINFORCED CONCRETE
BEAMS UNDER FIRE EXPOSURE TO THE EUROCODE

Abstract

This paper introduces the general principles and a number of calculation methods specified in the Eurocode
EN 1992-1-2 of structural fire design for concrete structures, which can be applied to determine the flexu-
ral strength deterioration (FSD) coefficient of reinforced concrete (RC) beams when subjected to fire exposure
following ISO 834 curve. Temperature-dependent mechanical properties of concrete and reinforcing steel, tabu-
lated method and 500°C isotherm method (among simplified calculation methods) are introduced and illustrated
by design case studies. A calculation sheet is established to investigate the FSD of RC beams. It is explicitly
shown that the FSD coefficient of RC beams is proportional to the beam cross-sectional dimensions and the
distance from the beam surfaces to the centroid of longitudinal reinforcement (so-called axis distance), but is
not significantly affected by concrete compressive strength.
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1. Giéi thiéu

O diéu kién nhiét d6 thuong, ciu kién dam bé tong cbt thép (BTCT) dudc thiét ké trén nguyén tic
sao cho tai trang thai gi6i han, ddm khong bi pha hoai trén céc tiét dién thang goc, tiét dién nghiéng
va vénh khi hé qua tuong dng cta tic dong 12 mdmen udn, luc cit vh momen xoin dat t&i gid tri t6i
han [1]. Kha ning khang uén (KNKU) trén tiét dién thang goc ctia dim BTCT dudc xac dinh thong
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qua ciip ndi ngau luc tao bdi hop luc ciia ting suét trong cac thanh cbt thép doc dugc bd tri & ving kéo
va hop luc clia ing suét nén trong bé tong va cbt thép & phia dbi dién qua truc trung hoa ctia tiét dién.
Khi xay ra su c6 hoéa hoan trong cong trinh, cAu kién dim BTCT c6 tiét dién chit nhat bi tic dong
truc tiép bdi nhiét dd cao tif mit dusi va hai mit bén hodc tif mit trén cia dam. Do tinh chét truyén
nhiét ctia bé tong, nhiét do tai cot thép doc va bé tong déu ting 1én, két hop véi su suy gidm clia cac
tinh chét co ly ctia vat liéu, 1am giam gia tri cla cip noi ngdu luc va dnh hudng téi canh tay don giiia
ching, d4n t6i gidm dan KNKU cta dam BTCT trong sudt thdi gian hda hoan.

Trén thé gidi, mot s6 nudc va ving 1anh thd c¢6 nén khoa hoc cong nghé tién tién da sém thuc hién
nhiéu nghién ciu thuc nghiém vé KNKU ctia dim BTCT véi cic thong sé dugc khao sit bao gdm
dudng gia nhiét, loai cbt lidu, su phan phdi lai noi luc ... [2-4]. Mot s6 tac gia st dung quan hé do
cong - momen va thuc hién mo phong s dé€ theo ddi phan ting ctia dim BTCT khi chét tdi toan bod
dén khi sup d6 dudi tdc dong ctia nhiét do cao [5, 6]. Cic két qua nghién ciiu di dudc cip nhat vao
tiéu chuén thiét k&, trong d6 tidu chuén chau Au EN 1992-1-1 va 1-2 [7, 8] ¢6 tuong dbi day di thong
tin va dugc ap dung kha rong rdi trong linh vuc thiét ké két cAu BTCT & nhiét d6 thudng va nhiét do
cao theo dudng gia nhiét ISO 834 [9].

Tai Viét Nam trong thdi gian qua da lién tiép xdy ra nhiéu vu hda hoan nghiém trong trong cic
cong trinh xdy dung biang BTCT, gy thiét hai ning né vé ngudi va tai san. Trong khi dé, quy chuin
qudc gia vé an toan chdy cho nha va cong trinh [10] chi quy dinh cip chiu I cta két cAu BTCT don
thuan thong qua kich thuc nho nhit cia tiét dién va bé day 16p bé tong bio vé cbt thép. Tiéu chuin
thiét ké két cAu hién hanh cda Viét Nam [11] chua cung cip s6 liéu vé tinh chét co 1y & nhiét do cao
clia bé tong va cbt thép va ciing chua hudéng din cic phuong phap tinh toan kha ning chiu luc clia
chu kién BTCT trong diéu kién chdy. Gan day, mot sd cong trinh nghién ctiu di dugc cong bd & trong
nudc theo huéng tng dung tiéu chuin chau Au vao diéu kién Viét Nam, nhung chi yéu dudgc thuc
hién trén cau kién cot va san BTCT [12-19].

Trong bai bdo nay, cic nguyén tic chung va mot s6 phuong phap tinh toan ctia tiéu chuin chau
Au EN 1992-1-2 (goi tit 1a EC2-1-2) [8] bao gdm phuong phép tra bang va phuong phap dudng dang
nhiét 500°C (thudc cac phuong phap tinh todn don gian héa) dudc gidi thiéu dé xac dinh KNKU cia
dam BTCT khi chiu tic dong ctia dudng gia nhiét tiéu chuin ISO 834 [9]. Thong qua mot sd vi du
thuc té, mot cong cu ban tinh dugc thiét 1ap dé khao sat cdc yéu t6 anh hudng t6i su suy giam KNKU
ctia dam BTCT 1a: (i) Kich thudc tiét dién dam; (ii) Khoang cach tif mit ngoai dén trong tam cbt thép
doc; va (iii) Cuong do chiu nén ctia bé tong.

2. Céc nguyén tic chung cta tiéu chuin EC2-1-2
2.1. Cdc phuong phdp tinh todn

Trong tiéu chudn EC2-1-2, viéc thiét ké tinh toan kh4 niing chiu Itta ctia két cAu BTCT dudc chia
thanh hai nhom chinh:

- Nhém 1: Thiét ké theo cic nguyén tac dinh trudc (prescriptive rules): dua vao cac ing xi vé
nhiét hoc va co hoc ctia vat liéu va két ciu thu dugc tir c4c thi nghiém tiéu chuin khi mau thi chiu tic
dong ctia mot dudng gia nhiét cho trude trén bé mit (thudng goi 1a dudng gia nhiét tiéu chudn), tir d6
dua ra phuong phap tra bang.

- Nhém 2: Thiét ké theo yéu cau cu thé vé tinh ning ctia két cAu (performance-based approaches):
dua vao ting xi vé nhiét v co hoc clia vat liéu va két ciu khi chiu tic dong ctia mot dudng gia nhiét
bét ky dit ra trong tling trudng hop cu thé va cac md hinh truyén nhiét d€ xac dinh kha ning lam viéc
ctia két cAu theo nhiing yéu cau cho trudc. Trong nhém nay c6 hai phuong phap thiét ké 1a: (i) Phuong
phap don gian hoa; va (ii) Phuong phap nang cao.
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Céc phuong phép tinh todn néu trén c6 thé dudc 4p dung cho mdt hodic mot sb trong cic dang két
cAu c6 dd phic tap ting dan 1a ciu kién don 1é, mot nhém ciu kién va toan bo hé két ciu (Bang 1).

Béng 1. Cac phuong phdp tinh to4n ctia Tiéu chuan EC2-1-2

Céhu kién két ciu don 18

Mot nhém cau kién

Toan b0 hé ket cau

Phuong phap
tra bang

Phuong phéap
don gian hoa

Phuong phap
nang cao

- Cung cip sb liéu tng véi
duong gia nhiét tiéu chuin

- Truong phan bd nhiét do
ung v6i duong gia nhiét tiéu
chuin

- Tinh chit co 1y clia vt liéu
ting v6i duong gia nhiét tiéu
chuin hoic tuong tu

- Chi & cap nguyén tic
chung

- Khong dé cap

- Trudng phan bd nhiét do
ung véi duong gia nhiét tiéu
chuin

- Tinh chit co ly cda vat liéu
ung v4i duong gia nhiét tiéu
chuin hodc tuong tu

- Chi d& cap nguyén tic
chung

- Khong dé cap

- Khong dé cap

- Chi dé cap
nguyén tic chung

2.2. Puong gia nhiét tiéu chudn

Tiéu chuén EC2-1-2 quy dinh khi chiu tdc dong chdy, nhiét do T,(°C) tai moi trudng bén ngoai bé
miit cAu kién ting nhanh theo thdi gian ¢ (phit) nhu biéu thic sau:

T, = 20°C + 345log,(8t + 1) (1)

Day 1a quan hé nhiét do - thoi gian quy dinh trong tiéu chuin ISO 834 [9], dudc goi 1a dudng gia
nhiét tiéu chudn va dudc 4p dung thdng nhét trong cic phong thi nghiém dé phuc vu cong tic nghién
ctiu thuc nghiém ciing nhu ki€ém dinh kha ning khang chdy cho san phim cong nghiép xay dung cla
cdc nudc lién minh chau Au. B6i véi cac nude khu vuc Bic My, duong gia nhiét tiéu chuén tuan theo
ASTM E119 [20].

2.3. Suw phdn bé nhiét dé trong dam BTCT

Khi cu kién dam BTCT c6 tiét dién chit nhat bi gia nhiét tif mit ngoai theo dudng nhiét do - thdi
gian tiéu chudn ISO 834 [9], su truyén nhiét gifta moi trudng ngoai vdi cAu kién BTCT dién ra thong
qua cdc hién tuong d6i luu (dinh luat Newton) va biic xa nhiét (dinh luat Stephan-Boltzman). Tiéu
chuiin EC2-1-2 4p dung hé s6 biic xa nhiét 1a ur=1,0vahé s6 truyén nhiét doi luu 12 o = 25 W/m’K
[8]. D€ don gian hoa, gia thiét bd qua su anh hudng ctia ¢t thép va nhiét do tai vi tri cdt thép dudc 1ay
bing nhiét dd clia bé tong xung quanh né. Nhu vy, tai mot thoi diém nhit dinh k€ tir khi bit dau bi
gia nhiét, nhiét do tai cac diém bén trong tiét dién dam 12 khac nhau va ting dan tif bén trong ra phia
ngoai, cic di€ém cé nhiét do bang nhau tao nén nhiéu ho duvng dang nhiét khép kin trong tiét dién.
Phu luc A ctia Tiéu chudn EC2-1-2 cung cip thong tin vé su phan b nhiét d6 trén mot s6 dim BTCT
tiét dién chit nhat tai mot s6 thai di€ém nhit dinh ctia dam chay 1a 30, 60, 90, 120, 180 va 240 phiit (ky
hiéu tuong ting 12 R30, R60, R90, R120, R180 va R240). Hinh 1 minh hoa cdc dudng ding nhiét do
EC2-1-2 cung cép trén 1/4 tiét dién ctia dAm c6 b x h = 300 x 600 mm tai cac thdi diém R60, R90 va
R120 [8].
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Hinh 1. Phan b nhiét do trén 1/4 tiét dién dam theo EC2-1-2 [8]

2.4. Su suy giam tinh ndng chiu lyc cua vdt liéu J nhiét do cao

Tai mot thdi diém nhét dinh ctia ddm chdy, mdi phan td bé tong hoic cbt thép trén tiét dién dim
BTCT c6 nhiét dd khac nhau (Hinh 1) va ¢6 ting x@ cd hoc khac nhau. Theo théi gian, nhiét do cang
ting dan tSi cac dic tinh co hoc clia vat liéu suy gidm dan so v6i & nhiét do thudng.

Tiéu chuin EC2-1-2 quy dinh rd vé su suy giam tinh ning chiu Iuc & nhiét d6 cao clia bé tong va
cbt thép & ca hai khia canh: (i) Quan hé ting suit - bién dang (Hinh 2) va (ii) Cudng do (Hinh 3).
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Hinh 2. Quan hé ting suit - bién dang & nhiét do cao theo EC2-1-2 [8]
Céc Hinh 2 va 3 cho thiy khi nhiét do tidng cao, cd cudng do va md dun dan hdi clia bé tong va

cbt thép déu suy giam. Trong khi d6, bién dang tuong dng vdi ting suit 16n nhit, ciing nhu bién dang
cuc han clia bé tong déu ting dan cung véi nhiét do.
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Hinh 3. Su giam cudng d6 & nhiét do cao theo EC2-1-2 [8]

2.5. Nguyén tdc kiém tra khd ndng khdng chdy theo tiéu chi chiu luc R

Khi chiu tidc dong ctia dudng gia nhiét tiéu chuin ISO 834, tiéu chi vé kha niing chiu luc co hoc
(R - resistance) ctia cAu kién dugc kiém tra theo nguyén tac:

Eqfi = ufiEq < Rayi = kfiRq (2)

trong do Eg s; 1a gid tri thiét k& ctia hé qua tic dong trong diéu kién nhiét do cao theo EC2-1-2 va
c6 thé duge xdc dinh theo biéu thiic Ey ;i = pfiEq; v6i Eq 12 gid tri thiét k€ cta noi lyc tai nhiét do
thudng; s; 12 hé s6 gidm hé qua tac dong thiét ké trong diéu kién nhiét do cao, véi gia tri khuyén céo
cia EC2 1a pug; = 0,7; Ry fi 12 gid tri thi€t k& ctia kha ndng chiu lyc tuong ting clia cau kién trong diéu
kién nhiét d6 cao, véi mot hé s6 suy gidm ki so v6i khd ndng chiu luc Ry ¢ nhiét do thudng xdc dinh
theo cong thic kf; = Ry, fi/Ra. HE s6 suy gidm ky; sé dugc khéo sat trong cdc muc tiép theo.

3. Phuong phap tra bang tinh toan dim BTCT & nhiét do cao

Phuong phdp tra bang cho tinh todn dim don gidn va dam lién tuc dudc quy dinh tuong dng trong
cdc Bang 5.5 va 5.6 ctia EC2-1-2 [8], trong d6 cung cép gia tri tbi thi€u ctia bé rong dam (by;p), cling
véi gid tri toi thi€u cla khodng cich tinh tif mit dudi va hai mit bén ctia dim tdi trong tim cla cic
thanh cbt thép doc chiu luc gin nhét (goi tit 1a khoang céach truc a), d€ ddm bao kha ning khang chay
tr R30 t6i R240. S) liéu trong cdc bang trén chi c¢6 hiéu luc néu: (i) Cac yéu cau ciu tao dugc thoa
man; va (i) Su phan phdi lai mdmen udn thiét ké tai nhiét do thuong trong diam lién tuc khong vuot
qua 15%, néu khong dam phai dudc coi 1a dam don gidn. Béng 5.6 cling c¢6 thé dugc st dung cho dam
lién tuc c6 su phan phdi lai mdmen 16n hon 15%, nhung véi diéu kién dAm phai c6 kha niing ning
xoay tai gdi tua trong diéu kién nhiét do cao. Mot sd vi du thuc hanh sau ddy sé minh hoa céch 4p
dung Bang 5.5 va Bang 5.6 cia EC2-1-2 [8].
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3.1. Vidusé I - Ap dung Bdng 5.5 ciia EC2-1-2

St dung Phuong phép tra bang dé€ xac dinh kha ning khang chdy ctia dam don gian BTCT theo
tiéu chi chiu luc 1a R90 (c6 kha nang chiu luc trong 90 phiit) khi chiu tac dong ctia duong gia nhiét
tiéu chudn ISO 834 tir hai mat bén va mit dudi dam.

Két qua tra Bang 5.5 cho thiy dam don gian BTCT tiét dién chit nhat thda man yéu cau khéng
chdy theo tiéu chi chiu luc 1a R90 v6i mot s6 phuong an nhu sau:

- Néu by = 150 mm thi khoang céch truc a ti thiéu phai 1a 55 mm;

- Néu by, = 200, 300, 400 mm thi khoang céch truc a tdi thiéu 1an lugt 12 45, 40 va 35 mm;

- V6i dam tiét dién chit T: bé rong bung dim by, = 110, 100 va 100 mm cho cic 16p WA, WB va
WC (4p dung cho Vuong quc Anh, Thuy Dién va Tay Ban Nha).

Bang 2. Tra Bang 5.5 ctia EC2-1-2 cho Vi du sb 1 [8]

Kich thudc tbi thi€u (mm)

Kha nang - -
khang chdy  T6 hgp c6 thé ctia khoang cdch trung binh tir mét Bé rong dam b,
tiéu chuan  ngoai tdi trong tam cbt thép a va bé rong dam bpin  Lép WA Lép WB  Lép WC
R90 bmin = 150 200 300 400 110 100 100

a=55 45 40 35

Gia st dam don gian da dudc thiét k& di kha ning chiu luc & nhiét d6 thuong véi tiét dién chii
nhat b x h = 300 x 600 mm, dugc bd tri thép doc chiu luc 16p dudi 1a 3025, v6i khoang cich truc a =
40 mm. Nhu vay dAm dép tng dudc cic diéu kién trong Bang 2 va c¢6 kha niing khang chay t6i R90.
N6i cach khac, néu tai nhiét d6 thuong dam da dugc thiét ké sao cho E; = Ry thi sau 90 phit, hé s6
suy gidm KNKU ctia dam ky; van 16n hon hé s0 gidm hé qua cta téc dong s = 0,7 (cong thic (2)).

3.2. Vidusé 2 - Ap dung Bdng 5.6 ciia EC2-1-2

St dung Phuong phdp tra bang dé xac dinh kha ning khang chdy ctia dAm lién tuc BTCT theo tiéu
chi chiu Iyc 1a R120 (c6 kha nang chiu lyc trong 120 phut) khi chiu tic ddng cia dudng gia nhiét tiéu
chuén ISO 834 tir hai mit bén va mit dudi dam.

Bang 3. Tra Bang 5.6 ctia EC2-1-2 cho Vi du sb 2 [8]

Kich thudc tbi thi€u (mm)

Kha nang . .
khang chdy  Tg hop c6 thé ciia khoang céch trung binh tit mt Bé rong dam b,
ti€u chudn  ngoai téi trong tim cbt thép a va bé rong dam by, Lép WA Lép WB  Lép WC
R90 Dmin =200 300 450 500 130 120 120

a=45 35 35 30

Két qua tra Bang 5.6 cho thiy dam lién tuc tiét dién chit nhit thda min yéu cau khing chdy theo
tiéu chi chiu luc 12 R120 véi mot s6 phuong 4n nhu sau:

- Néu bpin = 200, 300, 400, 500 mm thi khodng cach truc a t6i thiéu lan lugt 1a 45, 35, 35 va
30 mm;
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- V6i dam tiét dién chii T: bé rong bung dam by, = 130, 120 va 120 mm cho cic 16p WA, WB va
WC (4p dung cho Vuong quéc Anh, Thuy Dién va Tiy Ban Nha).

Gia st dam lién tuc BTCT da dugc thiét ké di kha ning chiu luc & nhiét do thudng véi tiét dién
chit nhét b x & = 300 x 600 (mm), bd tri thép doc 3D25 & 16p trén va 3d25 & 16p dudi, véi khoang
cich a = 40 mm. Nhu vay dim thda mén cic diéu kién trong Bang 3 va c6 khé ning khang chdy t6i
R120. N6i cach khac, néu tai nhiét do thuong dam da dudgc thiét ké sao cho E; = R, thi sau 120 phuit,
hé s6 suy gidm KNCL k; ctia dam van 16n hon hé sd gidm hé qua cta tac dong us; = 0,7 (cOng thic
(2)).

4. Phuong phap dudng déng nhiét 500°C tinh toan dim BTCT & nhiét do cao

C6 thé thiy trong Muc 3 ring phuong phép tra bang 1a dinh tinh va khong dinh lugng chinh xdc
dugc hé s6 suy giam KNKU ctia dam tai mot thdi diém cu thé cia dam chdy. Nhudc diém nay dudc
khic phuc trong cac phuong phép tinh toan don gidan ma dai dién 1a phuong phap dudng déng nhiét
500°C sé dugc trinh bay sau day.

Phuong phéap dudng dang nhiét 500°C dudgc ap dung cho ciu kién BTCT chiu tic dong clia dudng
gia nhiét tiéu chuin ISO 834. V6i cic tac dong nhiét khéc theo thdi gian, can tién hanh cic phép phan
tich cu thé lién quan t6i cudng do bé tong thay doi theo nhiét do va thdi gian. Phuong phép nay xem
xét mot hé sb suy gidm chung cho cic kich thuée cia tiét dién ddi v6i mot khu vuc bi hu hai do nhiét
& gan bé mit bé tong. Do day ctia 16p bé tong bi hu hai, ky hiéu 12 asoo, dudc 14y biang do sau trung
binh ctia dudng dang nhiét S00°C trong viing nén cuia tiét dién ciu kién. Nhiing phin bé tong c6 nhiét
do trén 500°C bi coi l1a da bi hu hai va khong dong gép vao kha ning chiu tai ctia cau kién, trong
khi nhitng phin bé tong con lai & phia bén trong cta tiét dién van c6 dugc nhiing gia tri nhit dinh vé
cudng do va mo dun dan hdi do c6 nhiét do thip hon.

Trén co s& phuong phép suy gidm tiét dién ngang, cic budc tinh todn kha ning chiu luc ctia mot
tiét dién BTCT trong tinh hubng chdy c6 thé dugc thuc hién nhu sau:

- Xac dinh cac dudng dang nhiét 500°C khi tiét dién bi tac dong clia dudng gia nhiét tiéu chudn
hoic tac dong nhiét theo tham sb.

- X4c dinh mot bé rong mdéi (bri) vamot chiéu cao hiéu qua méi (dy) cua tiét dién bang cach loai
trif cac phan bé tong ndm bén ngoai dudng dang nhiét 500°C. Cac goc tron clia cac dudng dang nhiét
c6 thé dudc quy vé géc vudng va tiét dién dudc coi xap xi nhu mot hinh chit nhat (Hinh 4).

- X4c dinh nhiét do ctia c6t thép trong viing nén va viing kéo tlf biéu d6 phan bd nhiét do trong
Phu luc A ctia Tiéu chuian EC2-1-2 va dudc 13y 1a nhiét do tai trong tam tiét dién cdt thép. Hinh 4 cho
thiy mot s6 thanh cét thép c6 thé ndm ngoai tiét dién ngang suy gidm. Mic du vy, cdc thanh thép
nay van c6 thé dugc ké t6i trong tinh toan kha ning chiu luc cudi ciing ctia tiét dién BTCT khi bi tic
dong nhiét.

- X4c dinh cudng d6 suy giam theo nhiét do ciia cot thép.

- Stt dung cic phuong phép tinh todn thong thudng cho tiét dién ngang suy giam dé xac dinh kha
ning chiu luc t6i han ctia tiét dién v6i cudng do cia cac thanh cdt thép thu dudc tir bude (d).

- So sdnh kha niing chiu lyc ciia tiét dién vé6i noi luc gay bdi tai trong thiét ké theo biéu thiic (2).

Trong phuong phap dudng dang nhiét 500°C, bé tong ving nén trong pham vi bén trong dudng
500°C dugc gia thiét 1a c6 cudng do khong ddi & 20°C, chi ¢ chiéu cao ving nén 1a bi thay ddi dé
can bang véi luc kéo trong cbt thép & nhiét d6 cao. Hinh 4 cho thiy khi chiu tic dong nhiét tir hai miit
bén va mit ddy tiét dién, do c6 viing nén nam phia trén (6 khu vic ngudi hon cia tiét dién), dam chiu
md men duong sé lam viéc gan vdi gid thiét trén hon so v6i dAm chiu mo men am (viing nén nim
phia duéi).
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Hinh 4. Tiét dién ngang suy gidm ctia dam BTCT [8]

Vi du thuc hanh sau ddy s& minh hoa cch 4p dung phuong phap dudng dang nhiét 500°C dé xac
dinh hé s6 suy giam KNKU ctia dam khi bi gia nhiét theo ISO 834.

4.1. Vidu sé 3 - Ap dung phuong phdp duong ding nhiét 500°C

Xét mot dam don gidn BTCT dugc thiét ké vdi tiét dién chit nhat b x & = 300 x 600 mm, tai giiia
nhip bd tri thép doc chiu luc 16p dudi 3025 (A, = 1472 mm?, ham lugng 0,9%) va chu tao thép doc
16p trén la 2020 (A, = 628 mm?). Khodng cich truc ¢ = 40 mm. Bé tdng c6 cudng do chiu nén tinh
todn & 20°C 1 f,4 = 20 MPa, cdt thép cdn néng c6 cudng dd chiu kéo tinh toan ¢ 20°C 1a f;, = 460
MPa. X4c dinh mtc d6 suy giam kha niing chiu uén ctia dim sau khi bi tdc dong ctia dudng gia nhiét
tiéu chuin ISO 834 sau 90 phiit (R90) bang phuong phap dudng dang nhiét 500°C.

Tir duong dang nhiét 500°C & Hinh 4, ¢ thé xdc dinh dudc rang sau 90 phit bi tic dong bdi
dudng gia nhiét tiéu chuan ISO 834, tiét dién dam bi gidm di 30 mm tif hai mit bén va 45 mm tir
mat day (Hinh 5(a) va 5(b)). Nhu vay kich thuéc hiéu dung cta tiét dién dam sau khi bi suy giam la
by =300 — 2 x 30 = 240 mm va dy; = 600 — 45 = 555 mm.

Hinh 5(c) cho thiy tai R90, nhiét do tai hai c6t thép chiu luc s6 1 va 3 (6 hai géc) 1 600°C, tai cot
thép sb 2 (nam gitta) 1a 450°C. Theo Hinh 3(b), hé sb suy giam cudng do cdt thép tai cac mifc nhiét
do nay lan lugt 1a 0,48 va 0,9. Do vy, hé s6 suy gidm trung binh ctia ca ba c6t thép chiu kéo nay la
0,62, cudng do trung binh cta ching 13 fyg £i(6) = 0,62x460 = 285,2 MPa. Tuong ty, hai thanh cdt
thép chiu nén (s6 4 va 5) c¢6 nhiét do 500°C, v6i miic suy gidm cudng do 0,78 thi cudng do trung binh
cua ching 12 fcq, 7i(6,) = 0,78x460 = 359 MPa.

Hinh 6 biéu dién nguyén tic xac dinh cdc cip ndi ngau Iuc trén tiét dién thang géc d€ tinh toan
KNKU t6i han M, s; cia dam, trong d6 Ax 1a chiéu cao cung nén hiéu qud, 7 = 1,0 1a hé sb xdc dinh
cuong do bé tong chiu nén hiéu qua, cudng d6 chiu nén tinh toan f.4 £;(20) ctia bé tong & 20°C va
cudng do chiu kéo tinh todn f,4 7:(6,;) clia cot thép tai nhiét do ,, déu xdc dinh v6i hé sb an toan riéng
phan trong diéu kién c6 chay.
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Hinh 6. Tinh todn kha ning chiu uén ctia dim BTCT & nhiét do cao [8]

Hop luc cla c6t thép chiu nén bing mot phan ctia tdng hop luc cia cbt thép chiu kéo: F/, =
A’ fsa fi(6m) = 225,452 kNm. Do F'; = Fp = A, fsa,£i(6m), nén luong cbt thép doc chiu kéo dung dé

N . A’ i(0 2
can bang véi cot thép doc chiunén la Ay = M = 790 mm?. Luong cot thép doc chiu kéo
f sd, fi (Hm)
con lai dugc st dung d€ can bang véi hop luc clia bé tong viing nén la: A, =A;—-A, =682 mm?.
Aslfsd,fi(em)

Chiéu cao danh dinh clia viing bé tong chiu nén: Ax = =48 mm.

) nbyifea,fi(20)

Canh tay don ndi ngau lvc: z = dy; — 0,54x = 536 mm.

KNKU do cip nodi ngiu luc ctia cbt thép chiu kéo va bé tong viing nén la: M,,; = A s1fsd fi(Om)z =
104,310 kNm.

KNKU do cip ndi ngiu luc ctia ¢t thép A% vi Ay 1a: Mo = A o fsd fi(@n)Z = 117,229 kKNm.

KNKU tdng cong clia dam tai R90 la: M, fi= M, + M, =221,539 KNm.

Tai nhiét d6 thudng (20°C), khi cdc hé sd suy gidm vat liéu 14y bang 1,0 va giit nguyén tiét dién
dam, KNKU ctia dam (ky hiéu RO) 1a M, 50 = 343,219 kNm. Nhu vy, sau 90 phdt chiu tic dong
bdi dudng gia nhiét tiéu chuin ISO 834 trén ca ba mit, KNKU ctia dam suy gidm so vdi tai nhiét do
thuong 1a ks=221,539/343,219 = 0,628. Nhu vay, khac véi két qua tit phuong phép tra bang trong Vi
du sb 1, dim dang xét khong thod méan diéu kién néu 14y hé sb suy gidm hé qua cta tic dong 1a uy; =
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0,7 nhu cong thic (2).

4.2. Khdo sdt sy suy gidm khd ndng chiu uén cvia dam BTCT & nhiét do cao

Céc tac gia da 1ap bang tinh theo phuong phap dudng dang nhiét 500°C bang phan mém Microsoft
Excel Spread Sheet va tién hanh nghién cifu thong s6 nham khao sat sy anh hudng ciia cac yéu tb: (i)
Kich thudc tiét dién dam b x h; (ii) Khoang céach tif mét ngoai tdi trong tim cot thép doc (khoing cach
truc a); va (iii) Cudng do chiu nén ctia bé tong f. t6i su suy giam KNKU ctia dam BTCT.

a. Anh hudng ctia kich thudc tiét dién dam

Thay d&i dam véi cac tiét dién b x h = 80 x 150, 160 x 300, 300 x 600va 500 x 800 mm. Két qua
tinh to4n hé s6 suy gidm KNKU ctia cdc dam tai cc thdi diém tir R30 dén R240 dudc thé hién trén
Hinh 7.
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0.8 |
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Hinh 7. Anh hudng ctia kich thudc tiét dién dam

Pay 1 nhiing tiét dién dam dugc EC2-1-2 cung cip thong tin vé phan bd nhiét do. Cac dam nay
déu gilt nguyén ham lugng cbt thép chiu kéo trong khodng 0,9 + 1,1% va ham lugng cbt thép chiu
nén 12 0,4%, c6 cuing khoang cach truc a = 40 mm. Cudng dd dic trung clia bé tong va cbt thép tuong
tng la 30 MPa va 500 MPa.

Tir Hinh 7, ¢6 thé riit ra nhitng nhan xét sau: (i) Hau hét cac dAm déu giam KNKU khong déng ké
trong 30 phiit dau ctia dam chdy; (i) Do déc dudng suy giam ctia dam tiét dién b x h = 500t x 800
mm 13 nho nhét, ctia dAm tiét dién b x h = 80 x 150 mm 12 16n nhit. Do viy, dAm c6 tiét dién cang
16n thi téc do suy giam KNKU theo thdi gian cang gidm; va (iii) Cac dam c6 tiét dién 80 x 150, 160
x 300, 300 x 600 va 500 x 800 can nhiing khodng thdi gian tuong tng 1a 65, 70, 80 va 105 phiit dé
dat t6i hé s6 ks = 0,7.

b. Anh hudng ciia khoang cach truc a

Xét dam c6 tiét dién b x h = 300 x 600 mm, gia thiét giit nguyén vat liéu va cbt thép nhu trong vi
du 3. Ting dan khodng cach truc a theo cic gid tri tir 30 t6i 70 mm, véi s6 gia 10 mm. Két qua tinh
toan sy suy giam KNKU ctia dAm tai c4c thoi diém tit R30 dén R240 dugc thé hién trén Hinh 8.
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Hinh 8. Anh hudng ctia khoang cach truc a

Tut Hinh 8, c6 thé rit ra nhiing nhan xét sau: (i) Khi ting khoang cach truc a, hé s suy gidm
KNKU ctia dam khi bi tdc dong ctia dudng gia nhiét tiéu chuin ISO 834 sé giam di. N6i cach khac,
khoéng céch truc déng vai tro tich cuc trong viéc duy tri KNKU ctia dAm khi chiu tic dong chay; (ii)
Ciac dam c6 khoang cich truc a = 30,40, 50,60 va 70 mm can nhiing kho4ng thsi gian tuong ting 12
55, 80, 105, 160 va 220 phiit d€ dat t6i hé ) kyi =0,7; va (iii) V6i khoang céch truc a 16n hon 60 mm,
KNKU ctia dim giam khong dang k€ trong 90 phiit diu tién k& tir khi bat diu chay.

c. Anh hudng clia cudng do chiu nén ciia bé tong

Xét dam c6 tiét dién b x h=300 x 600 mm, cudng do chiu nén tinh toan ctia bé tong dudc thay
dai tir 20, 25, 30, 35 va 40 MPa, ham lugng cbt thép doc chiu kéo va nén tuong ting la 1,0% va 0,4%,
khoéng céach truc a = 40 mm. Két qua tinh to4n hé sd suy giam KNKU ctia dam tai c4c thdi diém tit
R30 dén R240 dudc thé hién trén Hinh 9.
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Hinh 9. Anh hudng ciia cuong do chiu nén ciia bé tong
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C6 thé quan sat trén Hinh 9 ring cic duong cong gan nhu hoan toan trung nhau. Do viy, cudng
dd chiu nén clia bé tong anh hudng khong dang ké t6i su suy gidam KNKU ctia dAm khi chiu tac dong
clia dudng gia nhiét tiéu chuin ISO 834.

5. Thao ludn

Cac ndi dung trinh bay trong Muc 3 va 4 cho thiy phuong phap dudng déng nhiét 500°C 1a mot
phuong phap tinh toan don gian héa da khic phuc dudc han ché ctia phuong phép tra bang do c6 thé
bi€u thi dudc su suy gidam KNKU ctia ddm BTCT & nhiét do cao, do vay c6 thé dem lai mot phuong
an thiét k& tudng minh hon.

Tuy nhién, phuong phap dudng dang nhiét 500°C con ton tai mot sb6 van dé, do l1a: (i) Viéc gia
thiét bé tong van gitt dudc cu’ong do Sed. f1(20) 3 20°C trong qua trinh tinh toan (Hinh 6) la chua chinh
xdc, ddc biét khi viing nén nam gan ba mit tiét dién dam bi tac dong nhiét, mic du gia tri nay khong
4nh hudng nhiéu t6i két qua; (i) Trong trudng hop viing bé tong chiu nén bi tic dong nhiét (Hinh 4),
hé $6 kf; c6 thé gidm xudng hon nita do hgp lyc clia bé tdng ving nén khong di can bing véi hop luc
clia c6t thép Ay, tai ving kéo; (iii) Quan hé ting suit - bién dang tai nhiét do cao ctia cic phan t6 bé
tong va cot thép trén tiét dién dam chua dudc xét tdi; (iv) Cac thanh phan cbt thép chiu kéo, cbt thép
chiu nén va bé tong c6 thé khong ciing dat dudc t6i cudng do thiét ké ctia ching & nhiét do cao tai thoi
diém dam bi phd hoai; va (v) Tiéu chuin EC2-1-2 chi cung cip su phan bb nhiét trén mot s loai tiét
dién dim nhét dinh khi chiu tic dong clia dudng gia nhiét tiéu chuin ISO 834.

Phuong phép tinh toan ning cao c6 thé khic phuc cic han ché néi trén. Tiéu chuin EC2-1-2 dua
ra cac nguyén tic chung chi dan cho cdc phuong phip ning cao dé phan tich mot cach gan ding su
lam viéc trong diéu kién nhiét d6 cao va kha niing khang chay theo tiéu chi chiu luc ctia két chiu BTCT
theo céc buéc: (i) Phan tich su phat trién va phan b clia nhiét d tai cac diém trén tiét dién ciu kién
(bang cdc md hinh truyén nhiét); va (i) Phan tich ing x{t cd hoc ctia mot bo phan hoic ciia toan bo
két cAu. Cac budc phan tich nay c6 thé dudc thuc hién véi tic dong chdy theo mot dudng gia nhiét bit
ky, v6i cdc dic trung co 1y clia vat liéu da biét tai mot dai nhiét do va mot téc do gia nhiét nao d6 c6
th€ dudc kiém nghiém qua thuc nghiém.

6. Két luan

Két qua nghién cifu ctia bai bdo cho thiy su 1am viéc ctia dam bé tong cbt thép (BTCT) & nhiét
do cao lién quan chit ché t6i dic diém cla ciu kién chiu ubn va dic trung co ly cta vat liéu & nhiét
do cao. Trong khi phuong phap tra bang chi cho két qua dinh tinh thi phuong phap dudng dang nhiét
500°C theo c6 thé x4c dinh mot cach hiéu qua kha ning khang udn (KNKU) ctia dam BTCT bi tic
dong bdi dudng gia nhiét tiéu chuan ISO 834 1én dén 4 gid (R240). Céc vi du va phép khdo sat dugc
thuc hién da minh hoa mdt cach tudng minh rang KNKU ciia dim BTCT & nhiét do cao chiu anh
hudng tich cuc ciia kich thuéc tiét dién dam va khoing cédch tif mit ngoai tiét dién dam t6i trong
tam cbt thép doc (khodng cich truc), nhung khong bi anh hudng dang ké bdi cudng dd chiu nén clia
bé tong.

Trong thdi gian t6i, cdc phuong phdp cua tiéu chudn EC2-1-2 dé€ xac dinh kha ning khang chdy
ctia két cAu BTCT can dudc nghién ciu 4p dung vao diéu kién Viét Nam. Bén canh cac phuong phap
tra bang va don gian hoéa, can nghién ciu va phat trién phuong phap tinh todn ning cao dé x4c dinh
chinh xdc dudc kha ning chiu luc ctia két cAu khi chiu tdc dong clia cic dudng gia nhiét khac nhau.
Can tién hanh cac thi nghiém vé KNKU ctia dim BTCT khi chiu tdc dong chdy trong diéu kién Viét
Nam d€ kiém chiing cac phuong phap tinh toan dudc dé xuat. Trong tuong lai, cic nghién ciu tiép
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theo ca vé thuc nghiém 1n md hinh s6 bing phuong phap phan tit hitu han cin dudc tién hanh dé du
bdo chinh x4c dudc kha ning chiu luc ctia két cAu BTCT khi k€ t6i hién tugng niit v& bé mit bé tong
cling nhu sy c6 mit cla cic thanh phan bién dang nhiét va bién dang tdc thdi trong tong bién dang
cta bé tong & nhiét do cao.
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