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Tom tit:

Két cAu bé tong cbt thép (BTCT) duoc stra chita va gia cudng bing bé tong siéu tinh ning (UHPC) da cho
thay hiéu qua rd rét trong viéc nang cao kha nang chiu tai trong cac nghién ciu thuc nghiém. Tuy nhién,
céc phuong phap tinh toan két cau BTCT duoc gia cuong boi UHPC con rét han ché. Bai béo trinh bay cac
phuong phap dé du doan kha ning chiu cit cua két cau ban UHPC-BTCT dua trén viéc 4p dung cac tiéu
chuan thiét ké hién c6. Bén phuong phéap duge dé xuat dua trén cac tiéu chuan hién hanh duoc sir dung dé
tinh todn kha ning chiu cit cua két cau, két qua du bao duoc so sanh véi két qua thuc nghiém cua cac
nghién ciru. Két qua nghién ctiu ciing khang dinh phuong phap dé xuat dya trén cac tiéu chuan thiét ké hién
hitu c6 thé du doan kha niang chiu cat cua cac két cau UHPC-BTCT vai do chinh xéc cao.

Tur khoa: Bé tong cdt thép; Bé tong siéu tinh ning; Kha ning chiu cit.

Abstract:

Reinforced concrete (RC) structures repaired and strengthened with ultra-high-performance concrete
(UHPC) have shown significant effectiveness in improving the load-bearing capacity in experimental
studies. However, calculation methods for RC structures reinforced with UHPC are still very limited. This
paper presents methods for predicting the load-bearing capacity of UHPC-RC structures based on the
application of existing design standards. Four methods are proposed based on existing standards used to
calculate the shear capacity of structures, and the predicted results are compared with the experimental
results from previous studies. This confirms that the proposed methods based on existing design standards
can predict the load-bearing capacity of UHPC-RC structures with high accuracy.

Keywords: Reinforced concrete structure; Ultra-high-performance concrete; Shear strength.

1. Gigi thiéu chiu lyc ciia mét cong trinh thyc té, theo ddi va
danh gia chitng minh hiéu qua cua vat liéu nay
trong stra chita gia cudng két cau BTCT, dong
thoi, ciing danh gia UHPC rat phu hop dé sir
dung trong cac két cdu db tai chd hoic trong cac
phuong an két cdu lap ghép [2].

Bé tong siéu tinh ning (UHPC) véi wu diém kha
nang chiu nén, chiu kéo, chdng thim, khang nut
I6n duoc coi [a mot vat liéu mai trong viée tang
cuong cac két cau bé tong cbt thép (BTCT). Cac
phuong phap sir dung UHPC dé tang cuong két
cAu BTCT nham phat huy céc tinh nang wu viét Trong hon hai thap ky qua, nhiéu nghién cau
cua vat liéu moi nay, da duoc cac nha khoa hoc  thuc nghiém di duoc tién hanh vé két ciu
Brithwiler va Denarie [1] d& xuat vao nam UHPC-BTCT [1], [3], [4], [5], [6]. Céc dic tinh
2005. Céc nghién ctru cua ho da ap dung bé tbng  dac biét cua vat lieu UHPC vé kha nang chiu
UHPC trong viéc stra chita khdi phuc kha ning  kéo, nén va hap thu ning lugng din dén cac két
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cau hién hiru c6 dugc kha ning chiu luc sau khi
tang cuong bang mot 16p UHPC [7]. Ngoai ra,
UHPC da duoc &p dung vao viéc tang cuong
BTCT duéi dang cac tim UHPC duc sin [8], 6
tai chd [2], va vt liéu khdi phuc kha nang chiu
luc [5]. Bé tong siéu tinh nang (UHPC) da
ching minh dugc vai trd @ng xir tong thé két
cau UHPC-BTCT, bao gém viéc phét trién nut,
kha nang chiu tai va thay d6i dac tinh pha hoai
cua két cau.

Tuy nhién, cac nghién ciru vé mo hinh giai
tich dé du doan kha nang chiu cat, udn cua két
cdu UHPC-BTCT con rat han ché. Béi véi két
cau BTCT hoic bé tong ¢t soi riéng biét, kha
nang chiu luc cua két cau cé thé tinh toan duoc
khi str dung cac tiéu chuan hién hanh. Mot sb
tiéu chuan c6 thé ap dung cho két ciu BTCT,
nhu ACI 318 [9], hoic cho bé tdng cot soi (nhu
UHPC), ACI 544 [10],... Tuy nhién, khi két hop
hai loai vat lidu nay, viéc sir dung cac tiéu chuan
trén khong con phi hop. Ding mot phan hoac
két hop cac tiéu chuan nham d& xuit mé hinh
giai tich phu hop di voi két cdu UHPC-BTCT
la hét strc can thiét, d6 1a muc dich cua nghién
clru nay.

Bai bao gidi thiéu cac mo hinh du doan kha
nang chiu cit cua két cau UHPC-BTCT dua
trén viéc két hop céc tiéu chuan va cac nghién
clru trude day. Bon md hinh dugc dé xuét trong
nghién ctru nay, sau d6, mo6 hinh dugc so sanh
va danh gia vai cac nghién ctu thuc nghiém
trudc do.

2. M6 hinh tinh toan kha ning chiu cit theo
cac tieu chuan hién hanh
2.1. M6 hinh tinh toan sirc khang cit bé tong
cét thép
Phuong phap tinh toan stuc khang cat theo tiéu
chuan ACI 318, Eurocode 2 (EC 2) déu c6 céch
tiép can khi tinh toan sic khang cét (V) bang
téng cua kha niang chiu cat do cdt thép dai (V,)
va kha ning chiu cit cua bé tong (V,).

f.d
Aty N

V, =V, +V, =
S

V

c

(1)
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Trong do, A, la tiét dién cdt thép dai, f, la

yt
giéi han chay cua cbt thép dai, d I chiéu cao
hitu hiéu, s 1a ky hiéu cho buégc cbt dai.

Kha nang chiu cit cua bé tong (V, ) dugc tinh
toan theo cac cong thurc sau phu thudc vao tirng
tiéu chuan:

Theo tiéu chuan ACI 318
Khi A >A, ., V. duoc tinh theo mot hodc

trong hai cong thic duai day [9]:

N
V. =|0,172,/F u|pd 2
C |: C+6/%:|W ()
Hoac:
N
V =10,664(p ) Jf+—|bd (3
{ (Pu) VT, 6AJW 3)
KhiA\/SA\/,min’
N
V. =066A(0 Y JE+— |bd (4
[+ |: S (pw) c+6Ag:|w ()

Trong d6, A 1a hé s6 xét dén trong luong thé
tich bé tong dén stc khang cat, f' (MPa)
cuong d6 chiu nén cua bé tong, p, la ham
lwong cot thép doc, d la chiéu cao hiru hiéu, b,
la bé rong suon. N, 1a luc doc tac dung Ién
dam, A, la dién tich nguyén cua mat cat. A, la

hé sb xét dén anh huong cua kich thudc mau:

A= ]—2 < )
1+0,004d
Theo tiéu chuin Eurocode 2
V= (%k [100p, f, ]jbwd (6)
Ve

Trong d6, 7, la h¢ s6 an toan; f, (MPa) la
cuong d6 chiu nén cua bé téng; ps 1a ham lugng
cot thép doc; d 1a chiéu cao hitu hiéu; b, 1a bé
rong suon; k 1a hé sé hiéu ung kich thude duoc
tinh toan nhu sau:

k=1+ /% <2,0 (d duoc tinh bang mm) (7)
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2.2. M@ hinh tinh toan sirc khang cit bé tong
cbt sgi (UHPC)

Bé tong si€u tinh nang (UHPC) c6 kha nang
chiu kéo cao mét phan do c6 ham luong cdt soi
phan tan trong hén hop. Theo cac nghién cau
gan day, ham luong phu hop trong hdn hop
thong thudng 1a 2% dé hdn hop c6 kha ning
chiu kéo I6n hon 8 MPa. Do d6, UHPC ciing
dugc xem 12 mot loai bé tong cét soi. M6 hinh
tinh toén sirc khang cat cua bé téng cdt soi tuan
theo céc tiéu chuan sau déy:

Tiéu chuan ACI 544

Kha ning chiu cat cua két cau bé téng cét soi
tuan theo cong thac sau [10]:

2 d
V. =—f,|— |b,d 8
=2t (L e ®

Trong do, f, la cuong do chiu kéo cua bé tong
cbt soi, a 1a khoang céch tir diém dit luc dén
gdi, d 1a chiéu cao hiru hiéu, b, 1a bé rong
suon. Tuy nhién, cong thie trén khong tinh dén
mot s6 tham s6 anh huong rat 16n téi kha ning
chiu cit bao gom chiéu dai soi, loai soi va ham
luong cdt thép thuong trén mat cit ngang.
Tiéu chuan MC 2010
Cong thirc tinh kha nang chiu cat cua két cau bé
téng cét soi co hodc khong cé cot dai duoc tinh
toan theo cong thuc sau [11]:

Vn :Vc,F +Vs (9)
Trong d6, V, - 1a stic khang cét bé tdng co mat
ctia thanh phan cbt soi, V, 1a stic khang cat cua
thanh phan cét dai.
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Hinh 1. M6 hinh tinh toan kha ning chiu cat
theo MC 2010.

Tai tiéu chuan nay, cét soi dugc xem xét trong
thanh phan stic khang. Thanh phan sic khang
cit duogc tinh toan théng qua cong thic:

3
V= @klmo [1*'7,5%]%] b,d  (10)

Ve ctk

Vi, f, 1a cuong d6 chiu kéo cua bé tbng cot
soi, f, la cuong do chiu nén cua bé tong
(MPa), f., la ung suit du khi bé tong chiu
keo.

v, A
S

zf . (COtp +cotd)sing  (11)

Trong d6, 6 = 45° la géc gitra thanh giang bé
tdng chiu nén va truc vudng goc cua lyc cat, ¢
la goc tao boi ct thép chiu cat va truc ndm
ngang cua dam, f,, 1a gi¢i han chay cua cot
thép dai.

Nhu vay, md hinh tinh toan sic khang cat
cua két cau bé tong cbt thép thong thuong hoic
bé tong ct soi déu 1 sy cong tac dung kha nang
chiu cat cua céc vat liéu don 1ap.

3. M6 hinh tinh toan két cAu UHPC —BTCT

Péi vai két cau BTCT dugc khdi phuc kha nang
chiu lyc bang UHPC. Két ciu gém hai thanh
phan 1a BTCT va UHPC (Hinh 1).

P2 P2
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g\\\\ !
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UHPC dudi

UE-0 UE  UHPC 30-50 mm

[ [
// //

UHPC 25-50 mm

Hinh 2. So 6 thi nghiém két cau UHPC-BTCT.

Két ciu gom céc I16p nhu Hinh 2, m6 hinh phu
hop dé tinh toan sicc khang cat 1a su két hop
gitra viéc tham gia cia BTCT va UHPC. Do do,
nhom nghién ciu dé xuat sir dung cac mé hinh
tinh toan stic khang cét cua ban bé tong cot thép
thuong dugc gia cuong & vung chiu keo, nén
bang tdm UHPC dua trén cac tiéu chuan ACI,
Eurocode nhu d3 duoc trinh bay trong phan 2.
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Mo hinh dya trén nguyén ly cong tac dung, stic
khéng cit cua két cau duoc gia cudng bang tim
UHPC vai téng sirc khang cit cua phan bé tong
thuong va sic khang cét caa phan UHPC. M6
hinh d& xuét dya trén y teéng ciia mot sé nghién
Clru trude day nhu Yin va cong su [12].

Mb hinh 1 dwa trén tiéu chuan ACI 318 va
ACI 544

Vn,comp :VC,ACI318 + VUHPC,ACI544 (12)
V, acrs =| 0,664.2(p )”i/? b,d (13)
0,25
2 & h,
VUHPC,ACI544 = 5 fct % bw N (14)

Trong d6, V, iz » Voupc acisa 180 Tuot 12 stc

khang cat do phan bé tong thuong va bé tong
cudng do cao. Luu y rang, céng thic (13) dugc
str dung do mau dam khong b tri cbt thép dai.
h, la chiéu day ciia phan UHPC. f/la cuong
d6 chiu nén cua bé tong thuong, d 1a chiéu cao
hitu hiéu cuia mat cit, b, 1a bé rong chiu cat. A
1a hé s6 xét dén anh huong cua khéi luong thé
tich bé tong dén stc khang cat, A =1cho bé
tong thuong, 1=0,85 cho bé tdng cat nhe,
A =0,75 cho tat ca céc loai bé tdng nhe khéc.

A

cuong d6 chiu kéo cia UHPC duoc lay bang

f

p, = la ham lugng cét thép doc. f, la

2

f, =0,3(f,,.c)?. @ la khoang cach tir diém

cUHPC )

dat lec ti gbi tua.

Mb hinh 2 dwa trén tiéu chuian EC 2 va MC
2010

Vn,comp :VC,ECZ + VUHPC,MCZOlO (15)
V, ecr = {O'lskl [100p, f,, ]”B}bwd (16)

0,18k,

100p, [1
7,

7,5f
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k =1+ 230 2 (18)
K =1+ |22 <7 (19)
h, /2

Trong d6, V, s » Vumpe mezon 1an Tuot 12 sac
khéng cit ciia bé tong thuong va bé tong cudng
d6 cao. ¥, =1,5 1a hé sé an toan danh cho vat
ligu bé tong. f,, f, upc 18 cuong dd chiu nén

cua bé t6ng thuong va bé tong cuong do cao

(MPa). Tewc c6 thé lay gan ding bang 0,62.

ctk
f. 1a cuong do chiu kéo cua bé tong cuong do
2
cao, duoc lay bang f, =0,3( fyuec)? - fru
la tng suat du khi chiu kéo ciia bé tong cuong
Tewc c6 thé liy gan ding bang
ctk
0,62. Tuong tu, md hinh 3 va m6 hinh 4 1a sy
két hop md hinh theo tiéu chuan hién hanh.

M6 hinh 3 dua trén ACI 318 va MC 2010

do cao, ty sb

Vn,comp :VC,AC|318 + VUHPC,MCZOlO (20)
M6 hinh 4 dua trén EC 2 va ACI 544
Vn,comp :VC,ECZ +VUHPC,ACI544 (21)

4. Két qua va thao luan

Pé kiém chimg mo hinh dé xuat, trong nghién
cau nay, su dung nghién ctu cia Hoang va cac
cong su [13] dung 30 mm, 40 mm, 50 mm dé
thay thé cho 30 mm Idp bé tong bao vé cua két
cau dang ban bé téng cot thép co chiéu dai l1a
1800 mm, chiéu cao la 140 mm va chiéu rong
la 360 mm. Bé tong thuong co6 cuong do chiu
nén bang 35,8 MPa, bé tong UHPC ¢ cuong
d6 chiu nén bang 130 MPa. Nghién ciru véi muc
tiéu danh gid kha nang chiu udn, cit cua két cau
trudc va sau khi ting cudng vai su xuat hién
cua bé téng ¢ vung chiu nén. Mot nghién cuau
khac duogc st dung la Yin va cong su [5], voi bé
tong thuong cé cuong do chiu nén 1a 23 MPa,
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bé tong UHPC c6 cuong d6 chiu nén la 153
MPa. Két cau ban BTCT dugc ting cuong bang  Bang 1.
I6p UHPC ¢ ving chiu kéo. Théng sé thi
Bang 1. Kich thudc chi tiét caa mau thi nghiém.

nghiém cua cac nghién ciru duoc tong hop trong

Mau b(mm) h (mm) Chiér] day UHpC .Cét o
y (Mm) Viing nén A, Viing kéo A,

UE-0 360 140 - 6T12 6T12
UE-30 360 140 30 6T12 6T12
UE-40 360 150 40 6T12 6T12
UE-50 360 160 50 6T12 6T12

RE-0 300 100 0 5T12 5T12
OV-25 300 125 25 5T12 5T12
OV-25a 300 125 25 5T12 5T12
OV-50 300 150 50 5T12 5T12
OV-50a 300 150 50 5T12 5T12

Két qua tinh toan kha ning chiu cat caa két cau
UHPC-BTCT duoc tong hop trong Bang 2. Luu
y rang, luc cit thu dugc tir thuc nghiém duogc
ldy bang phan nira gié tri lec 16n nhét tac dung
lén mau. Két qua cho thay mé hinh 3 dy bao kha

nang chiu cit cua két cau kha sat véi két qua
thuc nghiém, du b4o kha ning chiu cat voi hé
s6 tir 1,12 dén 1,89, trir truong hop OV-25a va
OV 50a, 6 két qua du bao phi hop hon so voi
ba m6 hinh khéc.

Bang 2. Két qua dyu bao kha nang chiu cit cua két ciu UHPC-BTCT.

Th.l'fc Két qua dw bao ctia mo hinh Ty lé \M ciia cac mo hinh
Mau nghiém Vv,

Vv, 1 2 3 4 1 2 3 4

UHPC-0-30 [14] 60,61 4517 51,48 5431 4234 134 118 112 1,43
UHPC-30 [14] 97,53 4517 51,48 5431 4234 216 189 180 2,30
UHPC-40 [11] 115,025 5098 57,85 60,85 46,68 226 199 189 246
UHPC-50 [11] 121,715 54,27 6396 67,12 51,10 2,24 190 1,81 238
OV-25 [9] 73,74 23,57 20,69 34,73 20,69 259 295 176 295
OV-25a [9] 77,97 2298 3240 3238 2309 321 228 228 3,19
OV-50 [5] 77,97 2542 32,37 3235 2544 307 241 241 3,06
OV-50a [5] 95,06 26,16 44,11 4409 2617 298 177 177 298
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5. Két luan va kién nghi

Bai bdo di trinh bay cac phuwong phap dé du
doan kha ning chiu cit cua két cau UHPC-
BTCT dua trén viéc ap dung céc tiéu chudn thiét
ké hién c6. Thong qua viéc dé xuat bén md hinh
két hop tir cac tiéu chuan hién hanh &p dung cho
bé tong thong thudng va bé tong cot soi. Két
qua cho thdy, mé hinh két hop gitra kha ning
chiu cat caa bé tdng theo tiéu chuan ACI 318 va
kha ning chiu cat cua bé tong cdt soi theo tiéu
chuan MC 2010 cho két qua sat vai két qua thuc
nghiém va md hinh c6 hé sé dao dong tir 1,12
dén 1,89, trir trudng hop OV-25a va OV 50a.
Tuy nhién, can c6 nhiéu nghién ctru hon vé su
két hop nhiéu md hinh khéc dé thu dugc nhiéu
két qua thi nghiém nham kiém ching mé hinh.

Loi cam on
Nghién ctru nay duoc tai trg boi Truong Dai

hoc Giao thdng van tai (UTC) trong dé tai ma
s6 T2024-CT-017.
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