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TOM TAT

Bai bao nay trinh bay mot nghién cau thuc nghiém vé hiéu qua gia cuong khang uén cua tim CFRP trong dam
bé tong tng suit trudc (BTUST) tiét dién chit T c6 va khdng cé st dung neo CFRP dang dai U. Chwong trinh thuc
nghiém duoc tién hanh trén 9 dam tiét dién chir T Gng suét trude (cang sau) kich thudc I6n. Cac dam duoc gia
cuang khéng uén biang tam CFRP véi sé 6p lan Tuot 14 0 (dam dbi chung), 2, 4 va 6 16p, va duoc bé tri neo bang
tam CFRP dang dai U theo kiéu truyén théng phan bb déu (AN2) va theo kiéu neo tap trung (AN1). Két qua thuc
nghiém cho thay hé neo CFRP dang U lam tang dang ké kha niang bién dang cua dam gla cuong so voi dam dol
chimg (1én dén 65%), ting tinh déo dai cho dam va su gia ting nay ting theo s6 I6p cua tim gia cuong khang udn
CFRP. Hé neo CFRP dang AN1 cai thién kha ning bién dang cia dim gia cuong t6t hon so véi hé neo CFRP dang
AN2, gilp cho bién dang trong tim CFRP phan bb duoc déu dan hon, kiém soat tot hon qua trinh bong tach tim
CFRP; ngoai ra hé neo nay con glup diéu tiét ung xir twong tac gitra tAm gia cudong khéng uén CFRP va cap UST,
gilp cap lam viéc hiéu qua hon. TAm CFRP lam ting dang ké kha niang khang udn cua cac dam, giam bé rong cua
vét nut trong dam va mirc do chiét giam nay giam dan theo sé I6p gia cuong. Bién dang cudi cing cua tim CFRP
trong cac dam gia cuong dao dong tir 27% dén 66.6% bién dang kéo dut ciia tim va ching giam theo sé 1op CFRP
gia cuong.

Tir khéa: Dam bé tong tng suat trudc; Gia cudng khang ubn; Hé neo CFRP dang dai U; Kha ning khang uén;
S 16p gia cwong; Tam CFRP; Ung xur nut.

Flexural-strengthening efficiency of CFRP sheets in post-tensioned concrete T-beams
with and without U-strip CFRP anchorage system

ABSTRACT

This paper deals with flexural-strengthening efficiency of CFRP sheets for post-tensioned concrete T-beams
with and without external U-strip CFRP anchorage systems. An experimental program was carried out on total nine
post-tensioned concrete T-beams in practical sizes. The numbers of CFRP layers used to strengthen the beams are 0,
2, 4 and 6 layers, respectively. Two external U-strip CFRP anchorage systems were investigated in this study,
including uniformly and non-uniformly distributed systems. The test results showed that the U-wrap CFRP
anchorage improved significantly the deformation capacity and ductility of the beams as compared to that of the
control beam (up to 65%). The U-wrap CFRP non-uniformly distributed anchorage, which is more effective than the
uniformly distributed one in a sense of increasing deformation capacity of the beams, caused strain distribution in
the flexural-strengthening CFRP sheets to be more uniformly, and prevented debonding of CFRP sheets more
effectively. Furthermore, this anchorage system is proved to be able to adjust the interaction between the flexural-
strengthening CFRP sheets and prestressed cables as well as improve working efficiency of the cables. Moreover,
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the CFRP sheets also increase considerably flexural capacity, reduce crack width in the beams. The average values
of strains in the CFRP jackets measured at failure of beams is approximately 27% and 66.7% of the ultimate tensile

strains of CFF epoxy composites.

Keywords: CFRP sheet; flexural strengthening; number of CFRP layer; U-strip CFRP anchorage; post-
tensioned concrete T-beams; cracking behavior; flexural capacity.

1. Pat van dé

Céc nghién cau vé kha niang khang udn
cua cac dam BTCT gia cuong bang vat liéu
soi cac-bon (CFRP) hién nay déu théng nhat
rang viéc st dung tim CFRP lam ting déng
ké kha ning khang udn cua cac dam, va mirc
do tang ndy giam dan theo su gia ting cua
ham luong tam gia cuong do hién twong bong
tach tam ra khoi bé mat bé tdng mot khi tng
suat kéo vuot qua cuong d6 bam dinh cua tim
véi bé tong (Meier va Kaiser, 1991; Ritchie
va cong su, 1991; Sharif va cong su, 1994;
Norris va cong su, 1997; Grace va cong su,
1999; Dai va cong su, 2005). Hién tugng boc
tach tdm & vi tri hai dau tdm gia cuong lam
suy giam mot cach rd rét hiéu qua gia cuong
cua tdm. Ngoai ra, tim CFRP con lam gion
héa ¢ng xtr ctia dam va mic do gion hoa nay
gia ting cung v6i ham lugng tim CFRP sir
dung va lam dam bi pha hoai dét ngot. Bé
khic phuc cic van dé nay, hé neo tim gia
cuong CFRP dugc thiét ké va b tri thém
trong dam gia cudong. Mot s6 ki thuat neo da
duoc st dung nhu dung bu 16ng, dung ban
thép, neo bang tim CFRP dang dai U, neo
dang chét hinh nan quat. Két qua caa mot s6
nghién cau (Garden va Holloway, 1998;
Spadea va cong su, 1998; Bahn va
Harichandran, 2008; Sobuz va cong sy, 2011;
Ali va Cong su, 2014) cho thiy hé neo da glup
han ché mot cach hiéu qUa su boc tach tim
sém tai vi tri hai dau cia tim gia cuong; cai
thién déng ké tng xtr déo ciia dam gia cuong
tam CFRP va ngin sy phéa hoai dot ngot; ting
hiéu qua sir dung cua tim gia cudng tir d6 1am
tang dang ké kha nang chiu lyc cua dam gia
cuong. Tuy nhién, ddi véi dam bé tong ang
suit trugc (BTUST), cac nghién ctu vé anh
huong cua hé neo dén tng xur va hiéu qua gia
cudng cua tAm ciing nhu cua dam that su khan
hiém. M6t vai nghién ciu vé anh huéng cua
hé neo nhu ctia Dung (2014) trén dam BTUST

theo phuong phap cang sau, tuy nhién nghién
cru nay ciing chi ding lai & viéc cung cap
mot sé thong tin co ban. Co ché lam viéc cua
hé neo, kiéu pha hoai, sy phan b bién dang
trong tim CFRP va hiéu qua thuc su cua nd
dbi vé6i dang dam BTUST van con chua dugc
lam sang té. Thuc té, dam BTUST c6 g xir
khong hoan toan gidong nhu dam BTCT truyén
thdng. Luc cang trudc trong cap lam cho céc
dam bé tong UST c6 ung xtr don hon, dong
thoi bé rong cua cac vét nat trong dam UST
cling c6 xu hudng 16n hon va sb luong vét nit
cling it hon (do hién tuong phan bd lai mo-
men bi han ché) so véi dim BTCT. Diéu nay
dan dén sy phan b bién dang trong tam gia
cudng cua dam bé téng UST va BTCT c6 thé
khac. Co diéu dang luu ¥ rang, sy boc tach
cua tim gia cudng & vi tri hai dau dan la do su
tap trung cua Gng suat gy truot tai hai vj tri
nay (Colotti va Spadea, 2001); tuy nhién, cac
phuong phap neo dung cac dai CFRP hién nay
trong cac hudng dan tinh toan, hau nhu déu
bo qua su phan bd thuc té nay cua wng suét
gy truot trong dam. C6 I& vi sy thuan tién
trong cong tac thi cong, chung thuong dugc
bé tri déu trong nhip cat hoac toan nhip dam
va vi vay dan dén hiéu qua neo c6 thé chua
cao nhu mong doi va gy lang phi. Céc van dé
vira néu trén cho thay cac nghién cau lién quan
dén viéc sir dung hé neo thich hop, dic biét cho
cac dang cAu kién BTUST Ia that can thiét.

Bai bao nay trinh bay mot nghién cuu
thuc nghiém vé anh hudong caa hé neo dung
dai CFRP dang U dén ung xu va kha ning
khang udn cia dam BTUST gia cuong tam
CFRP theo phuong phap dan ngoai. Chuong
trinh thuc nghiém duoc tién hanh trén 9 dam
tiét dien chir T ing Suit trude (cing sau) kich
thudc 16n. Cac dam 6 ham luong tam gla
cudng CFRP khang uén lan luot 12 0 (dam ddi
chang), 2, 4 va 6 16p, va duogc b tri neo bang
lugi CFRP dang dai U theo kiéu truyén thong
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phan bé déu (AN2) va theo kiéu neo tap trung
(AN1) trong nhip cit. Myc tiéu chinh cua
nghién cau la: (1) khao sat anh huong cua hé
neo dén tng xir cia dim BTUST gia cuong
tim CFRP khéang uén; va (2) phan tich anh
hudng twong tac gitra hé neo va ham lugng
tim gia cuong CFRP khang udén dén sy 1am
viéc va hiéu qua gia cudng khang udn cua tim
d6i véi dam BTUST.

2. Chuong trinh thuc nghiém

2.1. Vat ligu

Cac dam thi nghiém st dung bé tong
thwong pham véi cap phéi nhu sau: xi ming
PC40 (410 kg/m®): d& 1x2 (22mm, 1028
kg/m®); cat song (0+4 mm, 550 kg/m®); cét
nghién (0+2mm, 247 kg/m®); va phu gia déo
(5.5 1/m®). Cuong d6 chiu nén trung binh doc
truc fo cube VA k€O ché fsp cune thuc té ctia bé tong

duoc xac dinh théng qua két qua nén 6 mau
lap phuong 150x150x150 mm, cu thé f.cupe =
47.2 MPa va fsp cune = 5.8 MPa. D¢ sut bé tong
xap xi 12+2cm. Gidi han chay f, va gisi han
bén f, trung binh cua cbt thép doc chiu kéo va
cot dai duoc xac dinh trén 3 mau, két qua nhu
sau: f, = 430 MPa va f, = 600 MPa; cbt dai c6
fyw = 342 MPa va fy = 463 MPa. M0-dun dan
hoi cua cot thép Es = 200 GPa. Cép st dung
loai khéng bam dinh loai 7 sg¢i, duong kinh
danh nghia cta cap = 12.7 mm, gigi han chay
qui udce foy va gidi han bén fy, lan luot 12 1675
MPa va 1860 MPa. Md-dun dan hoi cua cap
E, = 195 GPa. Tam sgi cac-bon truc huéng
(CFF) day 0.127 mm, c¢6 cuong d6 chiu kéo fg,
la 4900 MPa, md-dun dan hoi Er 1a 240 GPa
va bién dang kéo dut ey, 12 2.1%.
2.2. Dam thi nghigm

Bang 1
Théng sb ky thuat caa mau dam thi nghiém
Ky hiéu focupe | DXhxbexhexL | ps | pw 0l an Ws St t as
MPa mm % | % mm mm | mm | mm
M-0 0| O -- -- -- --
M-2-C-B = 210 - -~ | 0254 | 80
M-4-C-B E 410 - - | 0508 | 80
M-6-C-B % 6| 0 - - | 0762 | 80
M-2-C-B-AN1 | 47.2 S 047 | 0.29 | 2 | 12 | 300;100 | 250 | 0.254 | 80
M-4-C-B-AN1 § 4| 12 | 300;100 | 250 | 0.508 | 80
M-6-C-B-AN1 E 6 | 12 | 300;100 | 250 | 0.762 | 80
M-2-C-B-AN2 3 2| 8 100 | 150 | 0.254 | 80
M-4-C-B-AN2 4] 8 100 | 150 | 0.508 | 80

Ghi cha: b va bs 1a bé rong cia suon va canh dam, mm; f, e : cudng do chiu nén mau lap phuong, MPa; h, he va
L lan luot la chiéu cao tiét dién, chiéu day canh va chiéu dai dim, mm; n 1a s 16p CFRP gia cuong; an la sé lugng
dai neo; ar 1a bé rong tAm gia cuong CFRP khang udn, mm; s; 1a budce dai gia cudng, mm; t; 1a chiéu day 16p tim gia
cuong, mm; w; 1a bé rong dai gia cudong, mm; py 1a ham lwong tim gia cudong, mm; p 1a ham luong cét thép doc; py
1a ham luong cdt dai; B 1a gia cuong khang udn; AN1 va AN2 Ia dang neo tap trung va phan bd déu (Hinh 2).

Chuong trinh thuc nghiém duogc tién
hanh trén 9 mau dam tiét dién chir T, trong d6
gom 1 dam khong gia cudong dung dé doi
chung (ddm MOCB) va 8 dam gia cuong
khang ubn bang tim CFRP vai s6 16p lan luot
1a 2, 4 va 6 16p, khdng bé tri neo (dam M2CB,

M4CB va M6CB); trong s 8 dam gia cudng
c6 3 dam duoc bé tri hé neo bang tim CFRP
dang dai U tap trung trong nhip cit (dam
M2CB-AN1, M4CB-AN1 va M6CB-AN1) va
2 dam dugc bd tri hé neo bang tim CFRP
dang dai U phan b déu trong nhip cat caa
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dam (dam M2CB-AN2, M4CB-AN2). Cac
dam duoc b tri hé neo AN2 duoc gia cuong
khang uén lan luot 2 va 4 lép tim CFRP.
Dam c6 kich thudc 110x360x200x90x6000
mm, nhip thir tai L, = 5600 mm. Dam st
dung 2 cap UST duong kinh danh dinh
12.7mm cang sau dang parabol. Mat dudi
dam (thd kéo) bé tri 2 thanh cbt doc ciu tao
c6 duong kinh 12mm, mit trén dam (thé nén)

bd tri 4 thanh duong kinh 10mm. Cét dai
trong dam st dung dudng kinh 6mm, budc
cot dai 175 mm. Cac dam c6 cung ham luong
cbt doc ciu tao chiu kéo ps = 0.47%, cbt dai
pw = 0.29%. Thong sb k§ thuat cua cac dam
duoc téng hop trong Bang 1. Kich thuéc hinh
hoc, cbt thép, cap UST va tdim CFRP gia
cuong khang udn cua cac dam thi nghiém
duoc thé hién trén Hinh 1 va Hinh 2.

200
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Hinh 2. So d6 thi nghiém va chi tiét bé tri thiét bi do dac cho dam

2.3. Quy trinh thi nghiém va bé tri thiét
bi do

Dam duogc thi nghiém theo so do dam
don gian chiu uén bén diém (Hinh 3). Vi tri
diém dat lec cach gdi twa gan nhat mot
khoang Lo/3 = 1870 mm. Bién dang cua tim
CFRP khang uén doc theo nhip diam dugc xac
dinh dya trén 4 cam bién (SG) dan trén bé mat
ctia tm tai cac vi tri gitta nhip, 2 diém dat hec
va dau tdm cach gdi tya gan nhit mot doan
650 mm. Bién dang cap UST dugc xac dinh
thong qua 4 SGs khéc. Bién dang cét doc
trong thé kéo dugce xac dinh qua 1 SG dan tai
vi tri gitta nhip. Bién dang bé tong duoc do
trén 4 SGs khac dan ¢ thd chiu nén va thé

chiu kéo cua dam & vi tri giita nhip doc theo
chiéu cao dam. Chuyén vi dim duoc xac dinh
dua trén 5 chuyén vi ké dién tar (LVDTS) b
tri tai gitra nhip, diém dit tai, va tai 2 gi tua.
Céc dam duogc gia tai voi cap tai 15 kN trong
giai doan trude khi vét nit ubn xuat hién, sau
d6 gia tri mdi cap tai dwoc ting 1én 30 kN.
Sau mdi cap tai, tai trong duoc giit trong thoi
gian khoang 3 phut dé tién hanh do chuyén vi,
bién dang cua bé tong, thép doc, thép dai, tim
CFRP va bé rong khe nut. Tt ca cac gia tri
lyc, chuyén vi va bién dang déu duogc do tu
dong qua thiét bi thu nhan sé liéu. So d6 va vi
tri lap dat thiét bi do dac dwoc thé hién trén
Hinh 1 va Hinh 2.
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Hinh 3. So d6 th| nghlem dam

3. Két qua thi nghiém

3.1. Kiéu pha hogi

Két qua thi nghiém cac dam duogc tong
hop trong Bang 2. Cac dam thi nghiém déu bi
pha hoai do uén. Dam khong gia cudng bi pha
hay do udn két hop véi bé tong ving nén bi
v vun. Cac dam gia cuong bi pha hoai do
uén két hop vai hién tuong bong tach tim, bé
téng ving nén trong cac dam gia cudng khong
neo khdng bi nén v&. Vét nat udn trong cac
dam bt dau hinh thanh & cép tai xap xi 35%
tai pha hoai, Py, exp, trong nhip uén, bat dau tir
thd chiu kéo, vudng goc véi truc dam va sau
do phat trién vé phia ban canh chiu nén. Tai
cac Cap tai tiép theo, cling véi su phat trién
cua Vét nut cii, cac vét nit méi xuat hién va

phét trién mot cach déu dan dan vé 2 gbi tua.
Tai cap tai khoang 70% tai pha hoai, Py, exp,
mot sé vét nit xién bat dau xuat hién trong
nhip cat. Tai CAp tai Xap Xi 90% Py, exp, hién
tuong bong tach tam gia cudng xuat hién. Co
ché bong tach tim trong cac dam gia cuong
khéng c6 nhiéu khac biét. Quéa trinh bong tach
bat du tir vi tri diém dat luc va lan dan ra hai
g6i twa. Diéu nay 1a hop ly do ung suit kéo
trong dam tai cac vi tri nay la 16n nhat nén
tim som bi bong tach tai ddy. Hién tuong
bong tach tam trong céc dam gia cudong khong
neo dién ra rat nhanh, tim CFRP khi bong
tach kéo theo I6p bé tong bao vé dam. Déi voi
c4c dam gia cudng co neo, hién tuong bong
tach dién ra cham hon. Hé neo CFRP dang dai
U phat huy tét vai trd cua chdng, 1am cham
qua trinh bong tach tir d6 lam tang kha nang
chiu tai va bién dang cua céc dam gia cuong.
Vét niit trong cac dam gia cuong c6 neo phat
trién cham va nho hon hon so véi cac dam gia
cudng khong st dung hé neo. Bé rong vét nut
do duoc khi cac dam bi pha hoai xap xi tir 1.5
dén 1.8 mm. Bé rong vét nut cua cac dam gia
cuong do duoc tai cAp tai pha hoai nho hon so
v6i dam d6i ching tir 1.3 dén 3.5 lan.

Bang 2
Tong hop két qua thi nghiém
bxhxbg
Mau dém xhexL Pcr,exp Pu,exp 8u,mid Ecu Efuend | EfuL/3 | Efumid | Etenuend | Eten,u,mid Esu
(mm) kN kN mm %0 %0 %0 %0 %0 00 00
MO 50 145 75 | 2.53 - - - - 5.84 335
M2CB 8 50 156 82 | 286 | 021 | 9.22 | 945 3.79 2.61 11.6
M4CB % 50 165 90 | 1.78| 1.00 | 114 | 115 - - 29.1
M6CB % 68 190 | 105 | 3.02 | 0.33 | 813 | 5.78 | 3.82 444 | 32.0
M2CB-AN1 § 60 176 100 | 3.86 | 15.0 | 13.6 | 10.9 9.31 9.57 27.4
M4CB-AN1 é 60 189 116 | 2.74 | 8.20 | 8.05 | 5.50 5.87 3.98 24.2
M6CB-AN1 2 69 199 124 | 355 | 111 | 954 | 7.64 6.30 4.41 194
M2CB-AN2 3 60 169 90 |324| 139 | 115 | 754 - 5.00 27.6
M4CB-AN2 60 189 115 | 210 | 992 | 11.2 | 9.48 5.72 5.68 -

Ghi chi: Pe; ey, (KN) 12 luc gy vét nat udn dau tién; Py ey, (KN) 12 luc gay phé hoai dim; 6, (mm) Ia chuyén vi
gitta nhip 16n nhét cua dam; ., Va g 12 bién dang nén 16n nhit cua bé tong va bién dang kéo lon nhét cua cbt doc
tai gitra nh1p Efuends €fu,L/3y VA Efumid (%o) la bién dang kéo 16n nhit cua tim gia cuong khang uén CFRP tai cac vi tri
dau muat, diém dat lyc va giira nhip dam; Etenuend VA Etenumid (%o) 12 bién dang kéo 16n nhat cua cap UST tai cac vi tri

d4u neo va gitra nhip dam.
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(b)

Hinh 4. Hinh thai vét nit va kiéu pha hoai dién hinh ciia dam
(a) dam khong gia cuong; (b) dam gia cuong

Co0 su khac biét gitra tng xir cua hé neo
cua dam neo tap trung (AN1) va neo phan b
déu (AN2). Cac dai neo kiéu AN2 c6 xu
hudng khdng bi dat khi dam bi pha hoai, tim
gia cudong khang uén CFRP bi bong tach
trong nhip ubn va su bong tach nay dung lai
tai dai neo dau tién gan voi diém tac dung luc;
trong khi cac dai neo kiéu AN1 trong cac dam
c6 s 16p gia cuong khang uén CFRP 16n (4

1.6
1.4 5. 137 -M6CB-AN1 ----------sg------
. £Aa
1.2 +
BT I S M —
S —0— M0
0.8 + —B— M2CB
> —m— M4CB
50.6 - <2 - M6CB
~ L psg= & M2CB ANI
0.4 YT A M4CB_AN1
22.5mm - M6CB_AN1

—&— M2CB_AN2
—&— M4CB_AN2

0 25 50 7 5
Chuyénvij giita dam - Bexp mid (M)

Hinh 5. Quan hé luc — chuyén vi cac dam
thi nghiém

100 125 150

va 6 16p) déu bi dit dong loat tai vi tri goc
dam do hién tuong tap trung Gng suét 16n tai
cac vi tri nay; ngoai ra hién tuong bong tach
tim & cac dam duoc gia cuong véi sé 1op
CFRP 16n ciing c¢6 xu huéng dién ra rd rang
va nhanh chong hon. Hinh thai vét nit va kiéu
pha hoai cua mot s6 dam dién hinh duoc thé
hién trén Hinh 4.
3.2. Quan h¢ luc - chuyén vj

1.6
1.4 4. 1.37-M6CB-AN1  ——pcooeeeooo.]
1.2 - '
¢ 10 4o M-
Z08 : —0— M0
& oy —B— M2CB
206 : —m— M4CB
~ 2 -2~ M6CB
0.4 : —A— M2CB_AN1
' | 0.4mm —&— M4CB_AN1
0.2 : -~ M6CB_AN1
i E —&— M2CB_AN2
0.0 : — & M4CB_AN2

0.0 0.4 0.8 1.2 1.6 2.0
Bérong vét nut - a, .., (mm)

Hinh 7. Quan hé luc — bé rong vét nut
cac dam thi nghiém
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So 1op gia cwong khang uon CFRP
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Hinh 6. Sy gia tang chuyén vi cuoi cung va kha nang khang uon cua dam gia cuong tam CFRP

so v&i dam ddi chimg tuong ang theo sé 16p gia cuong: (a) su gia ting chuyén vi cudi cung; (b)
su gia tang kha nang chiu un

Quan hé luc-chuyén vi cua cac dam gia
cuong c6 neo, khong neo va dam dbi ching
tuong (g khdng ¢ nhiéu khac biét (Hinh 5).
Quan hé nay c6 thé chia lam 2 giai doan. Giai
doan tir cap tai 0 dén khoang 35-40% tai phé
hoai ciia dam d6i chtng, cac dam lam viéc gan
nhu giéng nhau va tuyén tinh. Piéu nay cho
thiy su khac biét vé mat do cang gitta cac dam
dugc hay khong dugc gia cudng la rat nho.
Sau giai doan nay tro di, sy xuét hién va mo
rong cua cac vét nit udn lam cho d6 cing cua
dam giam va chuyén vi bit dau tang nhanh
theo d6 16n cua tai trong. O giai doan nay, tim
CFRP anh huong dén chuyén vi cia dam
thong qua viéc han ché su ma rong cua cac vét
nat ubn tir d6 1am cho chuyén vi cua cac dam
gia cudng nho hon so véi dam ddi ching
trong ung Xét tai cung mot cap tai; va dong
thoi 1am ting kha niang bién dang (chuyén vi
cudi cuing) cua dam gia cudng so véi dam dbi

0.5

OM2CB EBMACB
L*M6eCB AM2CB_ANI1
ANMACB ANI1 LMeCB AN
= OM2CK_AN2 ®MACB_AN2
= 0.4 -
CB: D
S 0.3 5
5 r
= |1_.r\.‘I
0.2 T
0 2 4 6 8
[Eeds]ia / [Eedg]y

(@)

1.5 =
—e—KHONG NEO

& AN1
1.4 4

— H - AN2

Pu,(]l*’lil’,exp / Pu,O

0 2 4 6
So 1op gia cwong khang uon CFRP

(b)

ching twong @ng tir 9% dén 40% dbi vai cac
dam gia cuong khong neo; tir 20 dén 53% voi
dam gia cuong cd neo kiéu phan b déu AN2;
va tir 33 dén 65% véi dam gia cuong c6 neo
kiéu tap trung AN1. C6 thé thay su gia ting
nay ting theo sd 16p gia cuong khang udn
CFRP va hé neo AN1 cai thién kha niang bién
dang cua dam gia cuong tét hon so véi hé neo
AN2 truyén thong (Hinh 6a). Tam CFRP Iam
gia tang dang ké kha ning khang udn ciia cac
dam. Mirc d6 gia tang kha niang khang udn cua
dam gia cuong ting theo s6 16p tam gia cuong,
theo d6 mirc do gia ting dao dong tir 8 dén
31% ddi voi dam gia cuong khdng neo va tir
21 dén 37% ddi véi dam gia cudng co neo
(Hinh 6b). Cung ham lugng gia cuong, kha
nang khang udn cua dam gia cuong c6 neo
theo kiéu AN1 Ién hon khong dang ké so véi
dam str dung dang neo AN2 (khoang 4%).
3.3. Ung xi nitt ciza dam thi nghiém

1.0
0.8 A A ]
: A 4 =
= 0.6 < =
£0.4 o
= COM2CB EM4CB
0.2 4 LIM6CB AM2CB_AN1
AM4CB_AN1 ~M6CB_AN1
OM2CB_AN2 ®M4CB_AN2
0.0 T T T
0 2

4 6
[Eeddii / [Eedgls

(b)

Hinh 8. Su chiét giam cua bé rong vét nit cia cac dam gia cuong so véi dam ddi chung theo su
gia tang do ciing cua tam gia cuong: (a) tai cap tai pha hoai cia dam doi chung - Py 0 exp;
(b) tai cap tai pha hoai cua cac dam - Py exp
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Tam gia cudng CFRP cho thdy su hiéu
qua cta né trong viéc kiém soat nut va 1am
giam bé rong cua vét nat trong dam (Hinh 7).
Ung xir nit cia cac dam gia cudng twong tu
nhau. Vét nit udn trong céc dam gia cuong
Xuat hién tré hon so véi trong dam déi chang.
Luc gy Nt UON P exp Cia dam gia cuong lon
hon so vdi cua dam khong gia cuong tuor 20
dén 38% (Bang 2). Tai cap tai pha hoai cua
dam ddi ching Py exp, bé rong vét nut cia cac

1.6
14

A
Koty o ’,&

(=9
2 1.0 " —B— M2CB
208 —®— M4CB
= -2 - M6CB
£0.6 —A—M2CB_ANI1
—&— M4CB_AN1
0.4 &~ M6CB_AN1
02 —&— M2CB_AN2
— & M4CB_AN2
0.0 | |
0 5 10 15 20
ECFRP,midexp (%00)
(@)

dam gia cuong nho hon so véi cua dam ddi
chang tir 2.5 dén 3.5 lan. Bé rong vét nat
giam dan theo su gia ting d6 cuang doc truc
(EsA¢) cua tdm (A 1a dién tich tiét dién tim
CFRP) (Hinh 8a). Tuong tu, tai cap tai pha
hoai cua tirng dam, bé rong vét nat trong céc
dim gia cudng ciing nhé hon rd rét so véi cua
dam d4i ching tir 1.3 dén 3.5 (Hinh 8b).

3.4. Bién dang cia tdm gia cwong khang
uon CFRP

1.6
1.4 +
12 1 ﬁ A
£1.0 - AT
Bl —8— M2CB
e 0.8 1 —®— M4CB
= 0.6 -%- M6CB
ar —A—M2CB_AN1
0.4 —A— M4CB_AN1
0.2 —-A--M6CB_ANI
—46—M2CB_AN2
0.0 . —
0 5 10 15 20
ECFRP,LO/3,exp (%o)
(b)

Hinh 9. Quan hé lyc — bién dang tim gia cuong khang uén CFRP
(a) bién dang giita nhip; (b) bién dang tai diém tac dung luc

2 —+—M2CB ---l-- M4CB
- =M6CB —O—M2CB-AN1
20 ---@-- M4CB-AN1 - £) - M6CB-AN1
—/—M2CB-AN2 &+ M4CB-AN2
~15 -
g
210 4
5 _
0 __I?EI T T T T
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Xi'Lo

Hinh 10. Bién dang trong tim gia cudng
khéng uén CFRP

—@e— KHONG NEO
A AN1

25 :\- m - AN2

£2.0 1 o N
1.5 i N A

1.0 T
2 4 6

Sé 16p gia cwong khang uén CFRP

Hinh 11. Twong tac giita bién dang 16n nhat
cua tim gia cudng khang udn CFRP va cap
trong cac dam thi nghiém theo so I6p CFRP
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Quan hé lyc va bién dang tim CFRP va
cét dai ciia cac dam dwoc thé hién & Hinh 9.
Giai doan dau tién (< 40% tai pha hoai cua
dam ddi ching, Pyoexp), tim CFRP bién dang
bé va hau nhu khéng phu thuoc sé 16p gia
cudng va kiéu neo. Tir cap tai tir 40% Py exp
tré di, tim bat dau Iam viéc nhiéu hon, bién
dang cua tim tang nhanh. Trong giai doan nay,
tam CFRP cua dam khong neo bi bién dang
nhiéu hon so véi tim CFRP cua cac dam cé
neo. Bién dang cua tim CFRP tai vj tri diém
tac dung luc ¢6 xu hudng l6n hon vi tri gitra
nhip dam. Dbi voi cac dam gia cudng khong
neo, bién dang cudi cung cua tim CFRP tai vi
tri gitta nhip va diém tac dung lyc lan luot 1a
5.78 dén 8.45%0 va 8.13 dén 9.22%. (bang
28.3% dén 45% cuong do chiu kéo Ion nhat
cia tim CFRP). Trong khi d6, bién dang 16n
nhat caa tim CFRP ¢ dam gia cuong neo
dang AN1 lan lugt 13 5.5 dén 10.9%o va 8.05
dén 13.6%o (bang 27% dén 66.6% cudong do
chiu kéo 16n nhit cua tim CFRP). Di voi
nhém dam gia cudng neo dang AN2, bién
dang I6n nhat cua tdm CFRP lan luot 13 7.54
dén 9.48%o va 11.2 dén 11.5%o (bang 36,9%
dén 56.3% cuong d6 chiu kéo 16n nhat cua
tim CFRP). Bién dang cudi cing cua tim
CFRP giam theo s6 16p gia cuong.

Sy phan bd bién dang trong tam gia
cuong khang uén CFRP trong cac dam gia
cuong cé neo va khong neo c6 su khac biét
dang ké (Hinh 10). O cép tai pha hoai, bién
dang tim CFRP cua cac dam khong neo phan
bd khong déu; ching kha I6n & gira nhip,
trong khi ¢ vi tri ddu mat hau nhu khong dang
ké. Thuc té, ung suat kéo ¢ thd dudi cua dam
trong ving gan gdi dam la rat bé theo biéu do
phan bd noi lyc trong dam don gian; diéu nay
két hop véi su bong tach cua tim CFRP qua
nhanh nhu trong cic dam khong neo nhu da
dé cap, lam cho bién dang cua tam tai ving
hai ¢ddu mat hau nhu rat bé. Déi voi cac dam
gia cudng ¢ neo, su phan bé bién dang trong
tam CFRP & cap tai pha hoai déu din hon. Sy
lam viéc hiéu qua caa hé neo lam cho bién
dang cua tdm ¢ vung hai dau mat 16n. Su
phan bé bién dang trong tim CFRP khong bj
anh hudng boi dang neo AN1 hoac AN2.

3.5. Bién dang ciia cap va bé tong

Bién dang I6n nhit cua cap do duoc tai vi
tri gitra nhip va dau neo khdng c6 su chénh
Iéch lon (Bang 2). Blen dang cua cap trong
dam khéng gia cuong xap xi 5.8%o (twong tng
va6i 67.5% gidi han chay quy udc cua cap fpy);
trong cac dam gia cudng khéng neo dao dong
tir 3.79 dén 4.44%. (twong ung voi 44 dén
51.7% fyy); trong cac dam gia cuong neo loai
ANL1 tir 5.87 dén 9.57%o (twong ng véi 68.3
dén 111% f,y), va trong cac dam gia cuong
neo loai AN2 thay doi tir 5.0 dén 5.72%o
(twong ing V&i 58.2 dén 66.6% f,y) (Bang 2).
Déi véi cac dam khdng neo va c6 neo theo
Kiéu truyén thong AN2, sy gia tang bién dang
trong cap tré nén nhanh hon so vdi Sy gia tang
bién dang cua tim CFRP (cap c6 xu hudng
lam viéc nhiéu hon) khi s6 16p gia cudong tang
(Hinh 11); trong khi, toc do gia tang bién
dang cua cap va tim CFRP trong cac dam gia
cuong dang neo AN1 c6 xu hudng déu hon va
khong phu thudc vao sé 16p gia cuong.

Bién dang cua bé tong cua cac dam tai
thoi diém dam bi pha hoai da phan déu vuot
qua gia tri 2%o. Pidu nay ham y rang, bé téng
viing nén cia cac dam thi nghiém déu da lam
viéc trong giai doan phi tuyén va tiém can véi
gid tri bién dang nén v& bé tdng. S6 16p CFRP
gia cuong va dang neo khéng cé anh huong rd
rang dén bién dang nén cua bé tong.

4. Két luan

Cin cir trén két qua dat duoc tir nghién ctu
nay, mot s6 két luan cé thé duoc rat ra nhu sau:

Hé neo CFRP dang U lam ting dang ké
kha ning bién dang (chuyén vi cudi cling) cua
dam gia cuong so véi dam dbi chung twong
tmg (Ién dén 65%), tir d6 lam ting tinh déo
dai cho dam; sy gia ting nay ting theo s6 16p
gia cuong khang uén CFRP;

Hé neo CFRP dang U tap trung (AN1)
gilp cai thién kha ning bién dang cua dam gia
cuong tét hon so véi hé neo CFRP dang phan
bd déu (AN2), gitp cho bién dang trong tam
gia cuong khang uén CFRP phan b dugc déu
dan hon, tir d6 gitp kiém soat tot hon qua
trinh bong tach tim CFRP va khai théc tbi da
hiéu qua gia cuong cua tim CFRP; ngoai ra
hé neo nay con giup diéu tiét tng Xt twong tac
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gitta tAm gia cuong khang ubn CFRP va cap
UST, gitp cap UST lam viéc hiéu qua hon.

Tam CFRP lam gia ting dang ké kha
nang khang u6n ciia cac dam. Muc do gia ting
kha ning khang uén cia dam gia cuong ting
theo s6 16p tim gia cuong, theo d6 mirc do gia
tang dao dong tir 8 dén 31% ddi véi dam gia
cuong khdng neo va tir 21 dén 37% doi voi
dam gia cuong c6 neo. Kiéu neo khéng anh
huong dang ké dén kha niang khang ubn cua
dam gia cuong;

Tam gia cuong CFRP gilp kiém soat hiéu
qua Gng xar NGt va lam giam bé rong cua vét

nat trong dam. Bé rong vét nat cua cac dam
gia cudng nhé hon so véi cua dam ddi ching
tir 2.5 dén 3.5 lan tai cap tai pha hoai caa dam
dbi chiang va ti 1é theo su gia ting sb 16p
CFRP gia cuong;

Bién dang cudi cung cua tim CFRP trong
cac diam gia cuong khoéng neo nim trong
khoang tir 8.13 dén 9.22%o (bang 28.3% dén
45% cuong do chiu kéo cua tim CFRP); trong
céc dam gia cudng c6 neo dao dong tir 5.5 dén
13.6%o (bang 27% dén 66.6% cudng do chiu
kéo cua tim CFRP) va ching giam theo s
16p gia cuongl
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