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Tém tat: Nghién ciru gia cutng dam bé tong cét thép béng cach
dan cac tm vat liéu composite da dwoc cac tac gid trén thé gidi
va Viét Nam ap dung. Tuy nhién, hiu hét cac cong trinh da dwoc
thi cBng cai tao hodc nang cép tai trong déu tap trung vao ddi
twong nghién ctu 1a hoat t3i. VAt lidu composite (Fiber
Reinforced Polymer-FRP) Ia loai vat lidu ¢6 tinh ning co ly tot
nhu: cuong dd cao, trong lweng nhe, strc chéng chiu s tac dong
clia méi triréng va thi céng don gian, nhanh chéng duwoc ap dung
rong réi tai Viét Nam trong linh vyrc cai tao, nang cép tai trong
cdng trinh. Trong bai bao, tac gid mudn giéi thidu bién phap tinh
toén nham néng cao hiéu qua viée gia cwéng, phat huy téi da kha
néng chju lyc cha vat lidu composite béng céch tinh toan cho vat
lidu gia cueng chju thém mat phén tac dung do tinh tai. Bai bao
da dua ra bién phap tinh toan gia tai ban diu va ap dung dé tinh
toan nang cao hiéu qua gia cwrerng ciu Hoa Xuan thanh phé ba
Néng.

Tir khéa: Tang cuong kha ning chiu lwe; cai tao cdng trinh;
nang cAp tai trong; hiéu qua gia crdng; gia tai ban dau.

1. Dt vén dé

Trong nhitng nim gan day, vt liéu composite FRP
ap dyng trong cong nghé sira chira, gia ¢b va ning cép
tai trong cac cong trinh da tr& thanh phd bién. Loai vat
ligu nay duge str dung rong rdi vi nhitng tinh ning vugt
trdi clia n6 so véi mét sb loai vat lidu truyén théng khéac
nhu: thép, bé téng... Nhitng tinh chét co hoc cia vit lidu
composite nhu: ¢4 bén cao, trong hwong nhe, d bén chiu
thc dong clia méi trudng t6t dang 1a thé manh dé céc nha
thiét ké cai tao cong trinh lya chon, Tai My, Canada,
Chéu Au, Nhat va mét sb nuée khac [1, 2, 3, 4] ngudi ta
dé ang dyng FRP trong moi linh vire ctia cude sdng nhu:
cong nghé hang khong, céng nghé co khi, cai tao céc
cong trinh nha dén dyng, céng trinh ciu cbng va cong
trinh thuy loi thiy dién. G nude ta hién nay, rit nhidu
cong trinh d3 4p dung loai vt liéu nay dé néng cép cai
tao kha ning chiu luc coa cng trinh [5, 6, 7, 8, 9]. Pic
biét nhitng céng trinh clu to ra rat hiéu qua khi ap dyng
cong ngh¢ stra chita nay. Vi khi 4p dung trién khai thi
cong dan cic tim vat licu composite, cong trinh vin ¢6
thé dam bao giao théng binh thuémg hoiic han ché khéng
phai ding thong xe nhu mét sé bién phép gia cudng cai
tao khac. Mot sé cong trinh cdu & nuée ta ap dung cong
ngh¢ nay nhu: Coéng trinh cdu O Séng, tinh Quang
Ngii; cau Gian Khiu, tinh Ninh Binh; cau Thira Luru,
thanh phé Hué; céng trinh cdu Cha La (Km1392+158.
QLIA), tinh Khanh Hoa (ngoai viée gia cudng két cu
dim nguoi ta con gia cudng bing cich ddn dudi nuée
tang cudong két ciu méng try cdu, xem Hinh 1).

Abstract: The study on concrete beams reinforced by pasting
composite layers has been applied by many authors in the world
and Vietnam as well. However, most of the construction works
have been renovated or upgraded payload, in particularly most
bridge works have been focused on the research object load.
Composite  materials  (Fiber Reinforced Polymer-FRP)  are
materials with superior mechanical features such as high
strength, light weight, high resistance to the effects of
environment and simple fast construction, are being widely
applied in Vietnam in the field of renovation and upgrading load of
the works. In the paper, the author would like to introduce
measures to improve the computing efficiency of reinforcement
and maximize the bearing capacity of the composite materials by
calculating the reinforcement material added as part of the cause
of static load. The article gives a number of measures in the initial
load calculation and applies one of the measures to improve the
efficiency of reinforcing Hoa Xuan bridge of Danang City.

Key words: Strengthening resistance; renovation; upgrade load;
effective reinforcement; initial load.

Hinh 1. Gia cuong cdu Che La Kmi1392+158 — QLIA,
tinh Khdnh Hoa (nguon [5])

Théng thudmg, vige gia cudng cong trinh bing vét liéu
composite con mang tinh chit “bj dong” nghia 13 sau khi
thi cong gia cuong vit lidu composite chi chju hoat tai va
lam giam d¢ vang cia két cAu. Tuy nhién, dé ting hiéu qua
gia cudng phét huy i da nhitng mit tich cuc cia loai vt
ligu ndy. Chung ta cin dua ra mot bién phap tinh toan dé
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vt liéu c6 thé tham gia chiu mot phén tinh tai. Nhu vay, s&
tang hiéu qua gia cudng gidm kinh phi khai thic cong trinh
cAu. Trong bai bdo ndy, tic gia gioi thidu bign phdp tinh
toan khi thi cong theo: 22TCN272-05 va ACI 440.2R-02
v6i muc dich nang cao higu qué gia cudng cac dam ciu bé
tong c6t thép thudmg hay bé tong cbt thép tmg sudt trude.

2. Két qua nghién ctru va khio sat
2.1. Co 56 tinh todn

Viéc tao ung lyc dbi vai cdc dam 13 mét trong nhitng
bién phap lam cho cac tarn composite tham gia chiu mdt
phan tinh tai cla két cu. Tuy nhién, khi sir dung bién
phép nay can cha y khéng dé dam bi ph4 hoai kh1 co tac
dung cua ngoal luc. Dic biét cin dam bao (g suét tai the
trén ctia dim khdng vuot qué cuong do chiu kéo khi udn
cho phép cua bé tong.

Tinh toan mémen 16n nhat do ngoai luc tic dung gy
ra true khi dan tim FRP (Theo tiéu chudn 22TCN272-
05) ta ¢6 cudmg dd chiu kéo khi uén cia bé tong (f;) duge

xac dinh nhu sau:
1.=0,63/ )
trong do:

£ Cudng do chiu kéo khi uén cho phép cia bé tong
(KN/m?);

£, Cudmg do chiu nén ciia bé tong (KN/m?).

Ung sudt chiu kéo tai thd trén cia dim khi c6 ngoai
Iyc: f =7+ fociow (2)

trong do:

f. - Ung suit do ngoai lyc tic dyng 1én dim, (KN/m?),

focipw : Ung sudt do tai trong tinh DC va DW,
(KN/m”) va dugce x4c dinh theo cong thirc:

fDC+DW -

M
—r 3)

trong do:

Mpeipw: Mémen do tinh tai gy ra, (KIN.m).

W': Momen khang uén thd trén cia tiét dién dim,
(m’),

Pé dim khong bi pha hoai do {ng suit kéo trong bé
tdng 16n hon tng sudt kéo cho phep cia loai bé tong ay

khi tac dung hyc trude khi ddn tam FRP thi diéu kién cin
thoa man dugc kiém tra theo didu kién:

F<f=0,63/f @)

2.2. Dé xuit phwong dn thi céng

DPé tao tng lyc trude trong bé tong, thong thudng
ngudi ta thuong ding cdc phuong dn nhu sau:

- Str dung cap du Gng lyc (DUL) cing ngoai dé tao do
vong nguge cho dim, xem Hinh 2;

- Té4c dung lyc tép trung nguoc chidu véi tinh tai tai vi
tri yéu cau,
2.2.1. Sir dung cdp DUL cdng ngoai

Hinh 2. So dé bé tri cdp DUL cdng ngodi
Xdc dinh dién tich Cdp DUL:
Ung suét thé trén cla dim sau khi cing cap:
f= .fps + focipw (5)
voi: f s+ Ung sudt do cap DUL gy ra tai thG trén cia
dam.
F F,e
fps = A + Wr (6)
trong d6: A: Dién tich tiét dién dim (m”);
e: Khoang cach tir trong tam cap DUL dén tryc trung
hoa tiét dién (m);
W': Momen khéng ubn thé trén cia tiét dién dim,
(m’).
F,;: Luc ciing cap thuc té tac dung lén dém, (KN).
Fps = Ap.s"(fpi —Af) (7)
trong d6: 4,,: Dién tich cap DUL, (m?).
S Ung suét trong b6 cép co dinh két. (KN/m®),
(22TCN272-05 myc 5.7.3.1.1).
Af . Téng mét mat Gng suat tic thoi. (KN/m?),
(22TCN272-05 myc 5.9.5.1).
MAt mat tirc thoi gom:
- Mt mat do ma sat Afp.
- MAt mat do thiét bi neo Af},,
- Mét mat do co ngén dan hdi Af g

= Af = Ao + My + Mg ®)
Tir (7) ta cé dién tich cap DUL:
0,633]f AW + My, py A
P (Ae— WO/, - )
2.2.2, Sir dung Iy tdp frung
C_ )

— o ‘a'

©)

Hinh 3. So dé tgo lye ban dau béng lye tdp trung

Xadc dinh e can tde dung lén dam (P):
Ung sut thé trén ciia dam sau khi tac dyng luc:

f:fp +fDC+DW

trong d6: 1 : Ung sudt tai thd trén clia dam;
g g

(10)

Sy Ung sufit tai tho trén ctia dim do lyc P gy ra.
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M P.L
e (11)
: W 4w
véi: P: Luc can tac dung [én dam;
L: Chiéu dai nhjp tinh toan.

T (9) ta co lyc P c@m.téc dung dé dan tAm FRP:
. 4.(0,63.[£ W' + M)

(12)

3. Két qua tinh todn ap dung cho cong trinh cAu Hoa
Xuiin

Ciu Hod Xuin dugc thiét ké theo tidu chudn
22TCN272-05, cong trinh duge xéy dung dam bao chit
lugng theo thiét ké va di dwoc khanh thanh dwa vao sur
dung tir nam 2008. Tuy nhién, do nhu cdu tai trong ting
va 16n hon tai trong thiét ké thudng xuyén lwu thong trén
cau, Thanh phé Pa Ning da 6 chu truong néng cap tai
trong cho cong trinh. Théng sd vé ciu duoc gidgi thiéu
trong Bang 1.

Bing 1. Thong sé cdu Hoa Xudin

Khoang cach tir trong tdm cap DUL dén truc
trung hoa tiét dién, (m) (e = 1,486 m).

W' : Mé men khang ubn thé trén coa tiét dién dim,
(m’).
: Luc ciing cap tac dung 1én dam, (KN).
: Dién tich cap DUL, (m?).

Flog

Ap

f : Ung suét trong b6 cap, (KN/m?).
[, =0,74.f

pu

=0,74.1860 =1376,4 MPa

pi’
Af Téng mat mat Gng suét tire thoi, (KN/m?). (bo
qua mat mat ting suét).
Tinh mé men do tinh tai giai doan 2:
Tinh tai giai doan 2 gdm:

DWW = chmc +D Cdngrmg +D CfP g DC}C"H'&’" o
KN/m

Mpyw=DW. @=22,12. 220,2 = 4870,824 KN.m
trong dé:

22,12

@ : Di¢n tich duong anh hwéng md men tal tiét dién

Vi ddm cdu Hoa Xuén la dam tiét dién dang chiv 1
BTCT DUL nén khi nang cép thi vat liéu FRP chi chiu
phan tinh tai giai doan 2. Theo (9) dién tich c¢it thép DUL
can b tri dé cang ngoai:

0,63.AW S + M, .4
P (de~ WS, —AF)
trong d6: 4: Dién tich tiét dién dim, (m?) (A = 1,197m?).

(13)

S6 lidu ban diu Donvi | Gid tri gifta nhip, (m?).

1, Bic trwng hinh hoc Thay vao (13) ta co:
- Chiéu dai ddm m 42 _ 0,63.1,197.10°.927,68.10°.V42 + 4870,842.10°,1,197. 10°
- Chiéu cao dim mm 1900 G (1,197.10°.1486 — 927,68.10¢).1376,4
_ Chidu day ban cénh mm 2500 TR, 1 r

e MO Chon 64 tao loai 15,2 ¢6 dién tich 8960mm®.
- Chiéu rong ban canh mm 200 { 1
- Chidu day suon dam mm 250 Bing & 5 figutam sgl
- Dién tich tiét dién dim mm® | 1,1974E6 - S6 li¢u ban déu PRRIETY [
- M6 men khéng uén thd trén mm® | 927,68+E6 Tam sgi Carbon (CFRP) ) -
- M6 men khang udn thé dudi mm’ | 477,70+E6 Bién dang cyc han ciia tm soi 0,015
2, Dic trung Vit Liéu Bé rong ting cuong tim CFRP mm 600
2.1 Bé tong Chiéu day tim CFRP mm 1,4
- Ty trong bé tong Kg/m’® 2500 Cudng dd chiu kéo MPa 2800
- Cudng d6 chju nén ciia bé tong| Mpa 42 M6 dun dan hdi tim soi MPa 165000
- Bién dang cyc han cta bé tong 0.003 Sd l6p l6p 1
2.2. Ct thép Dién tich tim soi mm? 840
- Gi6i han chay cbt thép MPa 400 X
- M6 dun dan hdi ¢t thép MPa | 200000 14
- Bién dang chay cua cdt thép 0.002 ,,fli 1
- Dién tich cot thép thudng mm” 1472 IR S| A
- Dién tich ¢ét thép DUL mm? 5040

Il

Hinh 5. Tiét dién ngang quy doi cau Hoa Xudn

Bién dang c¢6 hiéu ctia tAm soi tai thoi diém pha
hoai la & p» W céc sb liéu sb lép, chiéu day ;> md dun

dan hoi E,.
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£,=k,&, <09 (14)

Taco

nE f, =2.165000.1,4 = 462000 < 1.200.000

¢ _ nE;t, - 462000 _
' 2.400.000 2400000
Tur (14) ta co: £, - =0,81.0,015=0,0122

3

Gia st tim sgi CERP va béténg thd chiu nén phd hoai
dong thoi. Ta co:
Luc nén

C. =0,85.4,.f [(b—by ), + B .cb,]

Lyc kéo:

+ 7: B ¢t'f;"A.T'
+ Ty =@y Byt

sip V8

+ T, =4,.E,.-4,,.0,003 -

Tir cong thie: 7= C => ta c6 phwong trinh tinh gia
trj c. V6i C1a tong lyc nén trong bé tong va T la tong hop
céc luc do: cdt thép thudng, tdm soi gia cudng va cla cot

thép DUL.
0,85.4,.f..(b=b,).h, -
0,85.0,.f-. 8,5, +30..f Ay — P E € oA + 1€
B ps-A,,-0,003
~ e B A .0,003.7, =0 (15)
Thay sb vao (15) ta co:
693,75.c% + 15073000.¢ — 5,749.10° =0
=> ¢ =332,4 mm > hy=200mm. H¢ [am viéc theo tiét
dién chir T
Luc nén:
C. =0,854,.f.[(b—b,)h, +B.ch,]
= 18290KN
Luc kéo:
T,=¢.f,.4, = 1.400.1472 = 588800/ = 588,8KN
T, =5 By &y , =1.165000.0,0122. 1680=3381840N =338, 84KN

T, =4,.E,.A4,.0,003. ~13016,84KN

c

T=588,8 +3381,84 + 14316,11 = 18514KN
V C=18290KN = 7= 18287KN.

Tinh ste khang udn danh dinh. Md men liy déi voi
truc trung hoa:

ﬂ{[” = 0585 ]:I 'ﬁl 'bw .C_(C fﬁlT]

0,85.f..(b— )I'?[C%J-i—

A flle—d)+A,.f,(d, —c)

+wd, fold, —c)

Véi = 0.85

Thay céc gia tri vao cong thirc (16) ta co: M, = 27251
KN.m

4. Két luin
Stre khang uén danh dinh cua dam trude khi gia cuong
M =17932KN.m

Sau khi gla cudng bing 02 thm CFRP c6 dién tich
A = 1680mm” thi sitc khang ubn cia dim ting 1én 52%.

(16)

Phuong phdp gia cb ndy tan dung dugc kha ning, uu
diém lam viéc cua tdm soi FRP. TAm FRP ciing tham gia
lam viéc chju thém mot phan tai trong tinh cling véi vét
lidu dam. Téang hi¢u qua viéc gia cudng, phat huy t6i da
nhiing uu diém cia loai vét liéu nay

Ngoai ra, phuong phap gia c¢6 dim bang vat licu FRP
hiu nhu khong lam gian doan giao thong trén ciu. Cong
tac thi cong don gian, rat ngan thoi gian thi cong. Khong
lam thay déi kho thong thuyén ciia cdu ciing nhu kich
thude, hinh dang ctia dam.
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