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Tém tit

Bai bdo nay nghién ctru thuc nghiém vé anh huong ciia ham lugng tim CFRP va neo U-CFRP (neo U) dén dic
tinh bam dinh cuia lién két CFRP — bé tong trong ddm BTUST dung cap khong bam dinh di bi nirt trude khi gia
cuong. Chuong trinh thuc nghiém dugc tién hanh trén nim dim BTUST dung cap khong bam dinh dugc gia
cuong khang uén bang tim CFRP véi cac thong sb thay ddi gdm s 16p CFRP (4 hodc 6 16p) va st dung neo
U hoic khong. Két qua cho thiy kiéu pha hoai cta cac ddm BTUST ding cap khong bam dinh dugc gia cuong
khang udn bang tim CFRP bi anh hudong dang ké boi yéu té c6 hay khong cé neo U, viée bd tri neo va trang
thai hu héng trude khl gia cudng (khong hodc ¢6 vét nit). Bién dang bong tach tim CFRP ciia dam co sy khac
biét & so v6i clia mau kéo trugt trong nghién ciru trude day véi sy thay d01 dot ngot va khong déu cua bién
dang tdm CFRP. Viéc str dung neo U gitip ting bién dang bong tach cua tim CFRP trong dim (1én t&i 127%).
Cuong d6 bam dinh cua tim CFRP véi bé tong trong cic mau dam co/khong st dung neo U cao hon nhiéu so
v6i ctia mau kéo truot 1an luot trung binh 13 55% va 237%.

Tir khod: cuong do bam dinh; lién két CFRP — bé tong; dam bé tong tmg suat trude; cap khong bam dinh.

BOND BEHAVIOUR OF FLEXURAL-STRENGTHENING CFRP SHEETS IN UNBONDED POST-
TENSIONED PRE-CRACKED CONCRETE BEAMS

Abstract

This paper presents an experimental study on the effect of number of layers of CFRP sheets and CFRP U-wrap
anchors system on the bond behavior of CFRP-to-concrete joints in UPC pre-cracked beams under flexure.
The experimental program was conducted on five UPC pre-cracked beams strengthened with CFRP sheets
with variable parameters including the number of CFRP sheet layers (0, 4, and 6 layers) and CFRP U-wrap
anchors system (with and without anchors). The results show that the failure mode of UPC pre-cracked beams
strengthened with CFRP sheets is significantly affected by the CFRP U-wrap anchors, anchor configuration
and the damaged state before strengthening (uncracked and pre-cracked). The debonding strain of CFRP sheets
of the beams changes suddenly and irregularly which is clearly different from that of single-lap shear tests in
the previous study. The CFRP U-wrap anchors system greatly improves the debonding strain of the flexural-
strengthening CFRP sheets in the beams (up to 127%). Bond strength of CFRP sheets to concrete in the beams
with/without using CFRP U-wrap anchors system was much higher than that in prevous single-lap shear tests
by average 55% and 237%, respectively.

Keywords: bond strength; CFRP-to-concrete joints; post-tensioned concrete beams; unbonded tendons.
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1. Dit van dé

Hiéu qua ciia giai phap sir dung vat liéu CFRP cho sira chita hodc gia cuong sirc khang uén da
dugc dé cép va khang dinh trong nhiéu nghién ctru lién quan dén céu kién bé tong cét thép (BTCT)
[1 8], cAu kién bé tong g suét truge (BTUST) sir dung cap bam dinh [9—17] va gan déy trong mot
s it nghién ctru trén cau kién BTUST dung cap khong bam dmh [18—24]. Trong cac nghién clru vira
néu, tng xt bam dinh cua tam CFRP vé6i bé mat bé tong cua cAu kién dugc duge gia cuong, mac du
dugc xem 1a yéu t& quan trong quyét dinh dén hiéu qua gia cudng khang ubn cua tim CFRP, nhung
n6 chua duge dé cap moét cach dinh lugng va déy du. Sy thiéu Véng cac nghién ctru thuc nghiém vé
{mg xtr bam dinh (ng suat bam dinh va do truot twong Gmg) cua tim CFRP trén cac cdu kién dugc
gia cudng khang udn din dén viéc danh gia ing xir bam dinh cua lién két CFRP - bé tong hau hét déu
dua trén cac nghién ctru lién quan dén thi nghiém kéo truot mot mat [25-34] va mot sd it da trén thi
nghiém kéo udn trén mau dam thudn bé téng [35, 36]. Tir d6, cong thirc x4c dinh bién dang bong tach
tam CFRP quy dinh trong cic hudng dan tinh toan thiét ké gia cuong két cau sir dung vat lieu CFRP
dan ngoai hién nay nhu [37-39] déu duoc xdy dung dya trén cac nghién ctru ctia thi nghiém kéo truot
thuan tuy 6 mot hodc hai mat va dugc hiéu chinh thém bé“lng hé sb xét dén su khac biét gilia bong tach
do kéo trugt va bong tach IC tir tinh toan hdi qui nhur trong [40, 41] dé du doan gia tri bién dang bong
tach tAm CFRP khi tinh toan cho ciu kién BTCT chiu ubn.

Mic du, céc thi nghiém kéo trugt mot mat c6 wu diém 1a dé thyc hién va it ton kém, tuy nhién no
chwa phan anh dugc ting xir bam dinh thuc ctia tim CFRP véi bé tong do bo qua anh hudng ciia ting
sudt kéo do udn va sy xuat hién cia cac vét nit ubn trong ciu kién. Mot s6 nghién ctru thuc nghiém
lién quan dén tim CFRP gia cudng khang udn trén cac dam BTCT nhu [7, 42], trén cac dam BTUST
dung cap bam dinh nhu [10, 12, 14, 16, 43, 44] va trén céc dam BTUST dung cap khong bam dinh nhu
[19, 20] déu cho thay bién dang bong tach tim CFRP trén cac dam BTCT, dic biét trén dam BTUST
13 16n hon rat nhiéu so véi ctia mau thi nghiém kéo truot. Nhiéu nghién ctru da chi ra rang ham luong
va loai tAm gia cuong anh huong dang ké dén dang phé hoai bong tach tim CFRP [37, 38, 40, 45-52];
do @0, viéc dé xuét giai phap kéo dai tim FRP gia cudng vao trong ving gdi twa c6 thé gitip ngan chin
qua trinh bong tach sém hon, tuy nhién n6 van chua giai quyét dugc triét dé. Nghién ctru trong [53]
cho rang viéc bd tri thém tdm gia cudng khang cit s& dong vai tro nhu neo U-CFRP (neo U) trong
khang udn gitp 1am ting tai trong pha hoai va tinh déo dai cho cdc dam BTCT duoc gia cuong. Su
thiéu vang cac dir liéu nghién ctru thyc nghiém lién quan dén dic tinh bam dinh cta tim CFRP gia
cuong khang uén & cap do céu kién c6 kich thudc 16n, dic biét 1a cdu kién BTUST ding cap khong
bam dinh, 1am cho van dé du doan bién dang hitu hi¢u cta thm CFRP c¢6 thé tré nén sai léch, kém
chinh x4c va 1am giam tinh kinh té cuia thiét ké.

Bai bao nay trinh bay mot nghién ctru thuc nghiém vé tmg xir bam dinh cua tim CFRP trén dam
BTUST dung cap khong bam dinh da bi nit chiu tai trong udn. Chwong trinh thuc nghiém duoc tién
hanh trén nim ddm BTUST dung cap khong bam dinh gia cudng khang uén bang tim CFRP vdi cac
thong sb thay ddi gdm sb 16p CFRP gia cudng (0, 4 hodc 6 16p) va sir dung neo U hoic khong. Muc
tiéu cuia bai bao la khao sat va phan tich anh hudng ciia ham luong (s6 16p) tim CFRP va viéc st dung
neo U dén kiéu pha hoai, sy phan bd bién dang bong tach va cuong d6 bam dinh ciia tim CFRP trong
dam BTUST dung cap bam dinh da bi nirt trude khi gia cudng.

2. Chwong trinh thwc nghiém
2.1. Vat liéu
a. Bé tong

Cac maiu thi nghiém s dung bé tong thwong phiam voi cap phdi nhu sau: xi miang PC40

(410 kg/m?); da 1x2 (20-22 mm, 1028 kg/m®); cat song (0-4 mm, 550 kg/m?); cat nghién (0-2 mm,
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247 kg/m®); va phu gia déo (5,5 I/m?), d6 sut bé tong x4p xi 12+2 cm. Cuong do chiu nén trung binh
doc truc va kéo ché cuia bé tong duoc xac dinh trén két qua nén sau mau 1ap phuong 150x150x150 mm
theo [54], 1an luot 1a 47,2 MPa (COV = 0,02) va 5,8 MPa (COV = 0,05).

b. Céap ung suat trude

Cép st dung loai khong bam dinh theo tiéu chuan [55] v6i duong kinh danh dinh 1a 12,7 mm
(Hinh 1 va 2), loai bay s¢i v6i cac thong sé ky thuat duoc cung cép boi nha san xuét (Bang 1).

_?ﬁ_

Hinh 2. Gia cong va thi nghiém xac dinh cuong dg chiu kéo cta cap

c. Cot thép thuong

Cot thép thanh (cét dai va cdt doc) mdi loai léy ba mau dé xac dinh gidi han chay va gioi han bén
ctia c6t thép. Thi nghiém kéo thép duge thuc hién dua theo [56]. Gidi han chay va gidi han bén trung
binh cua cbt thép doc chiu kéo 1an luot 1a 430 MPa (COV = 0,02) va 600 MPa (COV = 0,03); cua cbt
dai 1an luot 14 342 MPa (COV = 0,03) va 463 MPa (COV = 0,01). Md-dun dan hdi cia cbt thép 1ay
bang 200 GPa theo [57].
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Béng 1. Thong sb ki thuat ciia cap do nha san xudt cung cap va thi nghiém

Thong s6 ki thuat Gia tri
Duong kinh danh nghia, d,,, (mm) 12,7
Tiét dién cét danh nghia, A ps (mm?) 98,71
Trong lugng (kg/1000m) 775
Cuong do chiu kéo, ff, (MPa) 1860 (1895%)
Gi6i han chay danh dinh, f, (MPa) 1670
M5 dun dan hdi danh nghia cta cap, E, (GPa) 196
Lurc kéo dut tdi thiéu mot tao cap (kN) 183,7
Tai trong nho nhat khi gian dai 1% (kN) 165,3

Ghi chit: (*) két qua trung binh ctia sdu mau thi nghiém.

d. T4m soi cac bon va keo epoxy ¥ | AW . i
Tdm soi cac-bon truc huéng (CFF) day NN ﬁ KRN 1,

ad g

0,166 mm (theo thong s cua nha san xuit)
(Hinh 3). Cuong d6 kéo durt dwoc xac dinh trén bon
mau thi nghiém theo ASTM D3039 [58] (Hinh 4)
v6i gid tri trung binh 12 3986 MPa. M6-dun dan hdi
va bién dang kéo dut cua tAm soi dugc léy theo nha
san xuét, lan luot 1a 240 GPa va 2,1%. Keo epoxy
hai thanh phan A-B (Hinh 5) c6 cudng d6 chiu kéo
14 60 MPa va mé-dun dan hoi tir 3 dén 3,5 GPa do

Hinh 4. Cong tac gia cong va kéo thi nghiém mau tim CFRP Hinh 5. Keo déan epoxy Carbotex Impreg

2.2. Mau thi nghiém

Chuong trinh thi nghiém gdm nam diam BTUST dung cap khong bam dinh c6 kich thudc 1on (mo
phong ti 1 1/2 kich thudc dam thuc té), tiét dién dam chir T véi chiéu cao dim (A = 360 mm), bé rong
canh dam (b, = 200 mm), bé rong bung dam (b,, = 110 mm), chiéu day canh dam (7 = 90 mm), chiéu
dai dam (Lo = 6000 mm) va chiéu dai nhip dim (L = 5600 mm) (Bang 2 va Hinh 6). Sau 28 ngay, cac
dam duogc cing bang hai cap loai bay soi, duong kinh 12,7 mm, loai khéng bam dinh. Luc cing ban
dau trong mdi cap, F pi> 12 128,5 kN, sao cho théa man cac diéu kién ung suét cho phép theo [59].
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Bang 2. Thong sb k§ thuat cua cac mau dam thi nghiém

Ten dim by XhX by X hy X Ly dp Ps Psw Pp ny ty wy sy
mm mm % % % lop mm mm mm

RCO 0 - - -

RC4 4 0,166 - -

RC6 110x360%x200 x90x6000 305 0,47 0,29 041 6 0,166 — -
RC4-AN2 4 0,166 100 250
RC4-AN3rl 4 0,166 100 210

Ghi chu: d), 1a chiéu cao lam viéc cta cap; ps 1a ham luong cbt thép doc; py, 18 ham lugng cbt thép dai; p,, 1a
ham lugng cap; ny 1a s0 16p tam CFRP; ¢, la chiéu day tam CFRP; wy 1a bé rong tdm neo CFRP; 57 1a budc dai

neo (tinh tir tim dén tim).

IA N 200
401
o | C _ao10
Thép dac : ‘ &
250 4910 2750 Al
@6a50 262175 o @6a175
g HH---1---F---F---F--F---F--F-- -3 T---F---F-a-F - R4 8
2 ¥+ | 2012.7
L] o H
& ! x 2312
(7] o T
- = ! ! 8.8 *1 T4m CFRP
Cam bién do Tam Thép doc Cap | cam bién do i Cam bién do 20 1170/ | 20 N=046
bién dang cap 250 CFRP 2012 @127mm bién dang cap ibiéﬂ dang thép H"I‘ION
p # o
200 | 2050 | 375 | 35 | A-A

Hinh 6. Mat cit doc va mat cit ngang (A-A) cta dim thi nghiém

Cac dam dugc gia cuong sau khi da dugce tao nit véi bé rong xap xi bang 0,3 mm. Nam dim nay
gém mot dim khéng gia cuong ding 1am dam ddi chimg (ddm RC0); mot dam duogc gia cudng bon
16p CFRP khong sir dung neo U (dam RC4); mot dam dugce gia cudng sau 16p CFRP khong sir dung
neo U (dam RC6); mot dam duoc gia cudng bon 16p CFRP ¢6 sir dung neo U dang AN2 va mot dam
duoc gia cudng bén 16p CFRP ¢6 sir dung neo U dang AN3rl1 (RC4-AN3rl) (Hinh 7).

Neo U dugce thiét ké dé ngan chian kiéu bong tach hai dau tam va kiéu bong tach do vét nit uén
[40]. Trong d6, neo AN2 véi cac dai neo duge b tri mot phan trong nhip cit & giap hai dau dam; neo
AN3rl ciing duge bb tri tvong tw nhur AN2, tuy nhién véi ving neo dugc bd tri vugt qua nhip cat véi
ky vong 1a han ché duoc su bong tach cua tAm hiéu qua hon so voi neo AN2. Neo AN2 ¢6 téng dién
tich neo 1a 199 mm? (tinh cho 1/2 dim), twong tng v&i 78% dién tich neo yéu cau theo [38]; trong
khi, neo AN3r1 ¢6 tong dién tich neo 1 332 mm? (tinh cho 1/2 ddm), twong tng v&i 130% dién tich
neo yéu cau theo [38].

Thé chiu kéo va chiu nén cua dam duoc bd tri cdt thép c4u tao lan luot gém hai thanh c6 dudong
kinh 12 mm va bén thanh dudng kinh 10 mm. Cot dai ding thép duong kinh 6 mm, budc cbt dai 175
mm phan bd déu doc theo chiéu dai dim. Tai hai doan giap dau dam, trong khoang 250 mm, dé tranh
hién tugng bi pha hoai cuc bd do luc cang trudc, cbt dai duge bd tri day hon v6i khoang cach 50 mm.
Hinh dang tiét dién, sy phan bd cap, cbt thép, so 6 dan tim CFRP va b tri cam bién trong dam dugc
thé hi¢n & Hinh 6 va 7.
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(c) Dam RC4-AN3rl
Hinh 7. Vi tri gia cudng va bd tri cic cam bién cho cac dam thi nghiém

2.3. So dé thi nghiém, bé tri thiét bi do va quy trinh gia tdi

So db thi nghiém udn bén diém truyén théng pho bién dugc chon dé khao sat tng xir udn ciia cac
dam thi nghiém (Hinh 8). Vi tri dit luc cach gbi tva mot khoang bang 1/3 nhip (1870 mm). Bién dang
ctia tam CFRP, neo U, cap, cdt thép va bé tong dwoc ghi nhan théng qua cac SGs voi vi tri lap dat
duogc thé hién ¢ cac Hinh 6-8. Dé khao sat tmg xir bam dinh giira tim FRP va bé mat bé tong & cap do
céu kién, hai muoi SGs bd tri trong bn ving nirt dién hinh ¢ doan giita nhip dam (Hinh 7). Bién dang
cua cap duoc xac dinh thong qua nam SGs tai hai vi tri ddu neo, tai gitta nhip va hai vi tri tac dung
lyc (Hinh 6). Nhiam muc dich khao sat sy thay ddi bién dang ciia bé tong theo chiéu cao dam trong
qua trinh gia tai, lam co s¢ danh gia sy twong thich giita bién dang cua bé tong, cap tng suit trudc va
tim CFRP gia cuong khang udn, hai SGs duge ga"ln & mat trén cta dim tai vi tri d3t tai va sdu SGs bd
tri doc theo chiéu cao ctia dam tai vi tri gitra nhip. Bién dang cua cbt thép doc chiu kéo dugc xac dinh
qua mot cam bién dan tai vj tri gitra nhip. Chuyén vi ddm duoc xac dinh dua trén nim chuyén vi ké
(LVDTs) bd tri 1an luot tai giita nhip, hai vi tri dat tai, va tai hai gbi tua.
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Hinh 8. So db thi nghiém va lap dat thiét bi do ciia cac dam

Céac dam duoc gia tai ldp sau chu ky voi can dudi cua tai bang 8 kN tuong Gng véi tinh tai cia
cac 16p hoan thién va can trén cia tai bang 90 kN dé tao vét nirt co bé rong 16n nhit xép xi 0,3 mm
(bé rong vét niit gidi han cho cu kién ddm BTUST dung cap khong bam dinh theo [60] (trong diéu
kién néng 4m). Cép tai nay duoc liy theo két qua nghién ciru thyc nghiém ciia [22] vé6i cac dam co
thong sb hinh hoc, vat liéu va ciu tao tuong déng. Sau d6, cac dam duoc d& tai va tién hanh gia cuong
khang udn bang tim CFRP va dugc tiép tuc gia tai tinh v6i mdi cap gia tai tir 10 kN dén 20 kN cho
dén khi dam pha hoai (Hinh 8).

3. Két qua thyc nghiém va thio luin
3.1. Kiéu phd hoqi cia cdc dam

Két qua thi nghiém cho thiy dang pha hoai ctia dam d6i ching 1a do bé tong ving nén bj nén v va
cap chay déo; kiéu pha hoai nay twong ty véi ddm ddi chimng ciia Nguyen-Minh va cs. [23] (Hinh 9).
Bé rong vét nut 16n nhét cia dim duoc xac dinh tai cép tai bﬁng 97% cép tai pha hoai , theo d6 bé
rong vét nit 10n nhat trong dam d6i chimg khong gia cudng xap xi 1,5 mm. Ddi véi cac dam dugc
gia cudng, kiéu pha hoai cua ching ciing bi anh hudng dang ké bai cac yéu td c6 hay khong ¢ neo
U; ddng thoi, kiéu pha hoai ctia ching con chiu tac dong béi trang thai hu hong trude khi gia cuong
(c6 hay khong c6 vét nut), khi ddi ching vai két qua tir nghién ctru ctia [22] (dAm chua nirt trude khi
gia cuong).

Céc dam duoc gia cudng biang bdn va sau 16p khong ding neo U déu bi phé hoai uén do tim CFRP
bi bong tach, trong khi cap khong bi chay va bé tong khong bi nén v&. TAm CFRP trong ving gitra
nhip bi bong tach trude do su mé réng qua mirc cua vét nirt uén va sau do sy bong tach dan lan truyén
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A
2y

.'J"

E i

(e) Ddm RC4-AN3r1 bi nén v bé tdng ving nén va lién sau do 1a bong tach tim CFRP trong nhip uén
Hinh 9. Kiéu pha hoai ctia cac dim thi nghiém

huéng vé hai gbi tua ciia dam (Hinh 9(b) va (c)); kiéu bong tich nay con dugc goi 1a bong tach do vét
nirt udn trong nhip dam (kiéu IC-DB) da dugc dé cap trong nghién ctru ctia [40]. Tai cap tai pha hoai
cua cac dam trén, trong nhip uon, tam CFRP bi bong tach kém theo 16p bé tong bao vé (ki€éu CD-DB)
két hop véi kiéu bong tach tai bé mat lién ket gitra tam CFRP va bé tong kéo theo 16p bé tong mong
(kiéu IF-DB); tuy nhién, trong nhip cat, chi c6 dang IF-DB. B¢ rong vét mit 16n nhat trong dam duogc

8



Phuong, P. V., va cs. / Tap chi Khoa hoc Cong ngh¢ Xay dung

gia cuong bon va sau 16p khong ding neo 1an luot 14 0,8 mm va 0,7 mm (Bang 3).

Bang 3. Két qua thi nghiém cua cac dam thi nghiém

A Prax Oy Eccu EfuL/3 € fu,mid Epu,mid Weru 51 , .
Dam (kN)  (mm) (%) {%0)/ {%0) (%)  (mm) Kicuphdhoai
RCO 125 97 2.8 - - 8,5 1,5 FC
RC4 156 87 3,2 7,5 7,1 7,7 0,8 FCL+SDB
RC6 173 89 2,9 6,7 7,6 7,5 0,7 FCL+SDB
RC4-AN2 180 130 3,7 11,2 12,0 9,1 1,4 TY+FC+FLDB
RC4-AN3rl 180 124 3,6 11,1 11,9 8,7 1,5 TY+FC+FLDB

Ghi chu: TY la cap chay déo; FC la nén v& bé tong tai nhip; FCL la bong tach 16p bé tong bao v¢€ nhip uon
SDB la bong tach tim CFRP trong nhip cit; FLDB la bong tach tim CFRP cuc bo trong nhip uon Prax 12 cap
tai 16n nhit; 6, 1a chuyén vi glua nhip tai cap tai 16n nhat; Eceu 1a bién dang nén bé tong tai cAp tai 1on nhat;
EfuL3 Va [y mid 1an luot 12 bién dang cia tim CFRP khang udn ta1 vung gan vi tri dat lyc va tai Vung gura nhip
0 cap tai pha hoai; &, miq 12 bién dang cta cap & giira nhip tai cAp tai pha hoai; we,, 12 bé rong vét nit udn 16n
nhit ciia dam.

Céc dam dugc gia cuong c6 neo U co kiéu pha hoai khac nhau va chju anh huéng manh boi b tri
neo U. Do truéce khi gia cuong da duoc tao nat véi bé rong vét nut 16n nhat sép xi 0,3 mm, chiéu cao
vét nut phat trién dén ving canh chir T cua dam lam cho d6 cling cia chiing suy giam dang ké va ¢
anh huong 16n dén kiéu phé hoai ciia chiing. Tir kiéu pha hoai dit tim CFRP 14 chu dao va theo sau
1a bién dang ctia cap vuot xa gia tri chay déo danh dinh nhu cac dam dugc gia cudng & trang thai con
nguyén cua [22], kiéu pha hoai cia cac dam nay chuyén sang kiéu pha hoai do nén v& bé tong ving
nén 1a chi dao, theo sau 1a bong tach tiam CFRP va cap bi chay déo.

Ngoai ra, két qua thuc nghiém cho thiy khoang cach cac vét nat dién hinh trong ving giita nhip
ctia cac dAm nam trong khoang tir 72 dén 116 mm. Khoang cich nay 1a tuong dbi nho c6 thé khién
cho chiéu dai bam dinh hitu hiéu cta tim CFRP thyc té trong mau dam BTUST dung cap khong bam
dinh nho hon déng ké so véi cac mé hinh dy doan trudc day.

3.2. Su phdn bé bién dang bong tich tam CFRP trong dam

Su phan bé bién dang bong tach tim CFRP trong cac ving nit dién hinh ¢ viing giita nhip dam
dugc thé hién chi tiét trong Hinh 10. Két qua cho thy su phan bd bién dang nay & nhimng cap tai con
nho c6 xu hudng phan bd déu va gan nhu khong doi doc theo chiéu dai ving giira nhip dam (gitra hai
vi tri dat tai). Tuy nhién, sau cip tai gdy nit ndy, bién dang cua tim CFRP c6 xu huéng ting nhanh,
dac biét sau cép tai bé“mg 0,74-0,86 Pax (Pmax 1 c:flp tai cuc han ctia dim thi nghiém); tde do gia ting
va sy phan bd cua bién dang tdm bi anh hudng 16 rét bai c¢6 va khong co str dung neo U va bi chi phdi
rat dang ké boi vét nirt trong dam; gia tri bién dang ctia tim gia ting manh va c6 xu hudng 16n dan tir
giita vang nit huéng ra mép vét nit. Neo U dang AN2 va AN3rl gitp gia ting bién dang bong tach
trong dam dugc gia cuong 1én trung binh 63% so véi ciia dam khong ding neo U (dam RC4 va RC6)
(Bang 3)

Bién dang cua tam CFRP trong cic dam thay d6i nhanh, dot ngdt va c6 xu hudng 16n hon rat dang
ké & nhitng vi tri gan mép vét niit so voi ving lan can cua vét nat (Hinh 10), dic biét & nhiing cap tai
gan cép tai pha hoai. Khong gidng nhu cac miu kéo trugt, dbi véi cac ddm BTUST dung cap khong
bam dinh, chiéu dai bam dinh hitu hiéu cta tim CFRP gan nhu bi phu thudc boi khoang cach gitra
cac vét nit. Két qua thi nghiém cho thay khoang cach nut trong dam dao dong tir 72 dén 116 mm.
Khoang cich qué nho nay dudng nhu khong du dé cho tg suit kéo trong tam CFRP lan truyén mot
cach déu dan nhu truong hop cia tiam CFRP trong mau kéo truot, vi vy c6 thé da gay nén hién tuong
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chénh 1éch bién dang nhu da néu trén. Ngoai ra, sy anh hudng cua neo U ciing dd gop phan dang ké
ngan chin sy truot ciia tim CFRP gia cudng khang udn trong dim BTUST dung cap khong bam dinh
khién cho sy phan bé bién dang cua tim CFRP trong ving c6 gia tri mé men udn khong ddi c6 nhiéu
khéc biét so véi mau kéo truot don thuin tay.
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Hinh 10. Sy phan b6 bién dang bong tich tim CFRP (8CFRPexp) trong vung nirt dién hinh ciia cac dam
theo cac cap tai trong thi nghiém
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Hinh 11. Ti s6 bién dang bong tich clia caic mau dam BTUST ding cap khong bam dinh so véi
bién dang bong tach ctia mau kéo trugt don
Ghi chu: m 1a gia tri trung binh cua mau kéo trugt 1 va 2 léy theo [61]; €ap-1/3; Eab—-mia 12 bién dang bong tach
tdm CFRP tai ving gia tai va ving gitra nhip dam

Bién dang bong tich tim CFRP ciia cic dAm cao hon rat nhiéu so v6i mau thi nghiém kéo trugt
don c6 cing d6 cimg doc truc (Hinh 11). Trong viing gan vi tri gia tai, bién dang bong tach tim CFRP
ctia cac dam dugce gia cudng bdn va sau 16p CFRP khong sir dung neo U cao hon bién dang bong tach
ctia mau kéo truot bon 16p CFRP lan luot 1a 140% va 110%; trong khi, cac dam dugc gia cuong bdn
16p CFRP ¢6 st dung neo RC4-AN2 va RC4-AN3r1 cao hon lan luogt 1a 250% va 250% (Hinh 11(a)).
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Bién dang bong tach tai vung giita nhip dam trong cac dam dugc gia cudng bdn va sau 16p CFRP
khong sir dung neo cao hon bién dang bong tach ctia miu kéo trugt bon 16p CFRP lan lugt 120% va
140%; trong khi, cac ddm duoc gia cudng bdn 16p CFRP c6 sir dung neo RC4-AN2 va RC4-AN3rl
cao hon 1an luot 1a 280% va 280% (Hinh 11(b)).

Su khac biét 16n vé su phan b6 bién dang va gi4 tri bién dang bong tich ctia tim CFRP trong
cac mau dam c6 va khong co st dung neo U so véi clia cac mau kéo truot thudn tay cho thdy viéc
du doan bién dang bong tich tim CFRP theo cac cong thiic dya trén mau kéo trugt thuin tiy trong
mot s6 huoéng dan thiét ké hién nay chua phan anh ding diéu kién lam viéc thuc té cta cac dam duoc
gia cuong.

3.3. Ung sudt bam dinh va dé trieot cua lién két tam CFRP - bé téng trong dam

Su phan bd ing suét bam dinh trong tim CFRP va d¢ trugt twong (mg ciia n6 trong ving nirt dién
hinh trong cac dam thi nghiém duogc thé hién trong Hinh 12; trong d6, ing suét bam dinh duoc tinh
theo mo hinh ciia [62]. Ung sudt bam dinh 16n nhat giira tim CFRP v6i bé tong cua cac dam khong
st dung neo nhu RC4, RC6 lan luot 1a 10,7 MPa, 8,4 MPa, c6 thé do khi ting d6 cimg doc truc cua
tam CFRP gia cuong khang udn dan dén sy phan bd bién dang cua tim CFRP trong ving dam c6 gia
tri m6 men khong d6i c6 xu huéng déu dian hon (Hinh 10); va cta cac dam c6 sir dung neo U nhu
RC4-AN2 va RC4-AN3rl lan luot 1a 24,3 MPa va 23,6 MPa; tang tuong tng 127% va 121% so voi
dam RC4.
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Hinh 12. Sy phan b6 tmg suat bim dinh va d¢ truot trong viing niit dién hinh
Ghi chii: ecprpexp 12 ing suat bam dinh cta tam CFRP; s 1a do truot cua lién két tam CFRP la bé tong

Quan hé gitra ing suat bam dinh véi do truot cta tim CFRP trong cac dam nay dugc thé hién ¢
Hinh 13. Quan hé giita ing suit bam dinh va do truot ciia tim CFRP trong mau dam duoc gia cuong
khong dung neo U (RC4 va RC6) c6 dang dirt dot ngot. Két qua nay c6 thé 1a do anh hudng cia hinh
thai vét ntt trong dam (khoang cach nirt nho, chi tir 72 dén 116 mm), dan dén chiéu dai bAm dinh thuc
té ctia tim CFRP trong cac dim kha nho (theo m6 hinh d6i ximg bang 1/2 khoang cach nt, tir 36 dén
58 mm), chi dat x4p xi khoang tir 19 dén 27% so véi chiéu dai bam dinh hitu hiéu t6i thiéu dugc dy
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doan trong cac hudng dan thiét ké dién hinh nhu [2] (L, =161-197 mm), [22] (L, = 170-209 mm), [37]
(L, = 200 mm). Diéu nay dan dén qua trinh bong tach tim CFRP trong dam dién ra dot ngdt va co
dang nhu d4 néu trén. Nguoc lai, & cac mau kéo trugt thuan tuy, chiéu dai bam dinh cua tim CFRP du
dai va 16n hon rat nhiéu so v&i chiéu dai bam dinh hitu hiéu theo céc tiéu chuan di dé cap (Hinh 14),
lam cho qua trinh truyén mg suat trong tAm dién ra déu hon va lam xuét hién nhanh mém hoa trong
duong quan hé ng suét bam dinh - d0 truot cua cac mau kéo trugt mot mat nhu da théy trong cac

nghién ctru trude day [30, 31, 63-71].

Khong hoan toan giéng nhu ciia dam dugc gia
cuong khong ding neo U, quan hé giita ing suat
bam dinh va do truot ciia tim CFRP trén dAm duoc
gia cuong st dung neo U c¢6 dang song tuyén tinh
(Hinh 13). Trong giai doan dau (tir cap tai 0 dén
78% d6i v6i ddm RC4-AN2 va tir cip tai 0 dén
83% d6i v6i dam RC4-AN3rl), g suat bam dinh
giita tam CFRP va bé tong ctia dim duoc gia cudng
¢6 str dung neo U c6 xu hudng tang tuyén tinh theo
tai trong giéng nhu cia dim dugc gia cuong khong
ding neo. Tuy nhién, tir sau cAp tai nay, img suat
bam dinh c6 toc do gia ting nhanh hon so vdi toc
d6 gia tang do truot, ddn dén hinh thanh nhanh gay
khac nhu ¢ Hinh 13. Nguyén nhan cé thé 1a do
neo U di gitp ngin chin dang ké sy truot ctia tim

—e—RC4 —<©—RC6 -®-RC4-AN2 —a—RC4-AN3r1
30

25

20

15

Torrpexp (MP@)

0.20 0.25

Hinh 13. Quan hé giita tmg suat bam dinh va do
truot cia lién két CFRP — bé tong trong cac dam

CFRP, vi vay lam ting nhanh bién dang cua tim. Két qua thuc nghiém cho thdy Gng suat bam dinh 16n
nhat trong cac dam dugc gia cuong khang uon bang tam CFRP khong hoac ¢6 st dung neo U tuong
g cao hon so véi tri img suat bam dinh cuc han ctia mau kéo trugt thuan tay tir nghién ctru cia [61]

lan luot trung binh 14 55% va 237%.
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Hinh 14. So sanh chiéu dai bam dinh hitu hiéu cta tim CFRP theo céc tiéu chuin khac nhau
Ghi chii: C1,C2,C4 va C6 1a cac mau kéo truot 1, 2, 4 va 6 16p CFRP lay theo [61];
Leexp 12 chiéu dai bdm dinh hitu hiéu cda tam CFRP
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4. Két luan

Bai b4o nay trinh bay két qua nghién ctru thuc nghiém vé Gmg xir bam dinh cia tim CFRP trén
dam BTUST dung cap khong bam dinh khi d bi niit va chiu tai trong udn. Tir két qua thuc nghiém
dat duoc trén nam dam véi cac thong sb thay ddi gdm s6 16p CFRP gia cudng (0, 4 hodc 6 16p) va sir
dung neo U (co neo day du, khong ddy du va khong co neo), mot s6 két luan duogc rat ra nhu sau:

(i) Kiéu pha hoai cua cac dam duoc gia cudng khang uén dung tim CFRP bj anh huéng dang ké
boi yéu t6 c6 hay khong co neo U, b tri neo (ddy du hay khong ddy du trong nhip cit) va trang thai
hu hong trude khi gia cuong (khong hodc co vét nirt);

(i) Bién dang bong tach tim CFRP ctia dam thay d6i dot ngot va khong déu, 16n hon nhiéu so véi
ctia mau kéo truot trong nghién ctru trude (250% khi khong neo; va 490% khi ¢6 neo). Tinh trang hu
hong ciia dam trude khi duge gia cuong anh hudng dang ké dén bién dang bong tach tim CFRP; theo
d6, bién dang bong tach tim CFRP trong ving gan vi tri gia tai caa ddm da bj nit trude khi gia cudong
thap hon so véi ciia ddm con nguyén trong nghién ctru trudce 1an luot 1a 35% (khong dung neo U) va
40% (c6 dung neo U). Viée sir dung neo U gitip cai thién manh bién dang bong tach ciia tim CFRP
gia cuong khang udn trong dam (1én téi 127%);

(iii) Ung suit bam dinh cua tim CFRP trong vung giita nhip dim c6 phan bd phirc tap, khong déu
dan va thay doi lién tuc. Quan hé giita (mg suét bam dinh va do truot cua lién két CFRP — bé tong
trong cac ving nit dién hinh c¢6 dang dut dot ngot va khong cé xu hudng mém hoa. Cudng d6 bam
dinh cta tim CFRP trong cac dam khong hodc c6 sir dung neo U cao hon so véi clia mau kéo trugt
trong nghién ciru trude 1an lugt trung binh 1a 55% va 237%;

(iv) Ti s giita khoang cach vét nut dién hinh trong viing giita nhip dam véi chiéu cao lam viéc
ctia dim (tinh dén trong tAm cua cap) tir 0,24 dén 0,38 (tir 72 mm dén 116 mm). Khoang cach nay 1a
tuong d6i nho va co thé khién cho chiéu dai bam dinh hiru hiéu ctia tim CFRP thuc té trong ddm c6
thé nho hon déng ké so v6i cac mé hinh dy doan trude day.

Loi cam on

Nghién ciru nay dugc tai tro boi Quy Phét trién Khoa hoc va Cong nghé Viét Nam (NAFOSTED)
thong qua dé tai ma s 107.01-2018.302.
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