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Tém tit: Ban bé téng cot thép la ciu kién pho bién trong két cau ky thudt céng trinh dan dung,
cau dwong va thity loi. Sire chiu tdi cia két cdu ndy co the dwge tang cwong nho viéc g dung tam
composite dan trén bé mat chiu kéo. Ung xir ciia két cau sau khi gia cuong la phirc tap do sw phdn
phéi lai ndi luc khi chiu tai cia két cau. Sw ¢é mdt cia tam gia cuong lam thay doi trang thai pha
hoai cia tam uén, ddc biét sw phd hity c6 thé xudt hién do s bong bdt dinh bam giita ban bé tong
va tam composite. Trong pham vi bai bao nay, ing xir cua cua ban bé tong cot thép chiu uon dwoc
gia cuong bang tam composite dwoc nghién ciru théng qua phwong phép thi nghiém. Cac két qua

thu duoc sé dwoc phan tich va thdo ludn.

1. Giéi thi¢u

Viéc gia cudng cho két cau bé tong cbt thép
sau mot thoi gian khai thac di khang dinh y
nghia quan trong trong nganh xay dung va la
mot thanh phan chinh trong nhiém vu cta nganh
cong trinh. Sy can thiét cta viéc gia cuong bat
ngudn tr viéc thay do6i diéu kién sir dung cua
cac cong trinh hién hitu. Khi két ciu khong dam
bao kha nang chiu lyc dudi tac dung cua tai
trong thi viéc gia cuong co thé gitp cho két ciu
phuc hdi mot phan ciing nhu nang cao stc chiu
tai dé thoa man diéu kién khai thac. Muc tidu &
day 1a, v6i sy gia cuong nho nhit ¢ thé nhung
dat dugc kha nang khai thac cao nhét. V&i cac
két cau st dung ban bé tong cbt thép, tmg xir
chiu luc chu yéu 12 ubn va cit.

Vit li€u liéu composite mgi gia cuong cho
két cau bé tong co tiém nang 16n va ¢ thé dam
nhi¢m dugc ca hai viéc: stra chiia gia cuong va
lam tang sic chiu tai cia két ciu. Voi uu diém
nhe, cuong do cao, mé dun dan hdi 16n va kha
ning chdng an mon cao, vat liéu composite cot
soi cac-bon va thuy tinh rat thich hop cho viéc
gia cuong két cau bé tong cbt thép. Hon thé nira,
viéc sir dung cac tim composite boc 1én bé mit
cAu kién con c6 thé bao vé va han ché su gi
cling nhu in mon cia cac phan cdt thép bén
trong 1ong bé tong.

So v&i dam, két cau ban bé tong cbt thép
thuong c6 chiéu cao mat cat nho hon nhiéu. Khi
cO6 sy tham gia cua lop vét li€u gia cuong
composite & bé mit chiu kéo cua cdu kién, chiéu
cao vung chiu nén dugc tang 1én kéo theo vung
chiu kéo giam di. Do do, néu d6i voi két cau
dam dugc gia cudng bang tim composite bi pha
hoai c6 thé do ton hai ciia phan bé tong chiu kéo
tai mat cit c6 moé men udn 16n, thi trong truong
hop véi ban bé tong dugc gia cudng su pha hoai
do bong bat giita 16p gia cuong khoi bé mit cu
kién 1a cha yéu [1].

2. Nghién ciru thi nghiém

2.1. Muc tiéu cia thi nghi€ém va cic tham
s0

Muc ti€u cua thi nghiém la xem xét ing xtr
chiu tai cua ban bé téng cdt thép chiu udn véi sy
tham gia cua vat liéu gia cudng composite.
Ngoai ra, cac van dé dugc quan tdm 1a tai trong
16n nhat ma ban gia cuong co thé chiju duoc
cling nhu dang pha hoai cia két ciu. Trong bai
bao nay gidi thiéu két qua nghién ctru ung xir
clia 4 ban bé tong cdt thép trong d6 co 3 ban
duoc gia cuong 2 16p vat liéu composite & mat
dudi v6i kiéu bb tri truc hudng. Cac thong sb
cua chuong trinh thi nghi€ém dugc trinh bay
trong bang 1.

Bdng 1: Cdc thong sé cia chicong trinh thi nghiém
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B?in Kich tl;ué‘c Cét doc Cbt ngang 13@ déqy béA Kiél:l gia S6 1(')‘rp gia
SO (cm”) tong bao vé cuong cuong

BO1 60x100x6  ¢$6/150mm  $6/150mm 10mm - -

B02 60x100x6  ¢$6/150mm  $6/150mm 10mm truc hudng 2

B03 60x100x6  ¢$6/150mm  $6/150mm 10mm truc hudng 2

B04 60x100x6  ¢$6/150mm  $6/150mm 10mm truc hudng 2

2.2. Miu thi nghiém — Hinh hoc va vit liéu

2.2.1. Bdn bé tong

Stc khang udn cua ban bé tong duoc gia
cudng bang tim composite dugc nghién ciru voi
mau thi nghiém c6 kich thude bé rong 600mm,
dai 1000mm va day 60mm. Tat ca cac ban déu
dugc ché tao cung mot loai cong thiic bé tong.
Dé phan anh truong hop bét loi cua chat luong
bé tong d6i voi két cau thuc té khi bi suy giam,
bé tong dugc chon c6 mac 200#. Mot ban khong
sir dung ban gia cudng tim composite va dugc
dung dé 1am ban dbi chimg khi thi nghiém cho
cac ban khac. Tét ca cac ban déu s dung cing
mot loai ¢t thép co cuong do chay 290 MPa.
Puong kinh cta thép doc va ngang 1a 6mm voi
bude cot thép 150mm. Bé day 16p bé tong bao
v¢ 1a 10mm. Céc kich thudce hinh hoc ciing nhu
viée bd tri cot thép ctia mau thi nghiém duoc thé

hién trén hinh 1.
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Hinh 1: M6 hinh thi nghiém va cdc diem do
chuyén vi va bién dang

2.2.2. Lop vt liéu gia cwong composite

Vit liéu composite dugc lam tir cac s¢i trong
mot két dinh polyme va duogc biét dén nhu 1a ot
s¢i polyme (fiber-reinforced polymers — FRP).
N6 duoc xem nhu 1a mot giai phap thay thé cho
vat liéu va ky thuat truyén théng trong gia
cuong két cau. Vat lidu cbt soi tong hop co wu
diém 1a nhe, khong bi ri va c6 cuong do kéo

cao. Hon nita, nhitng vat liéu nay c6 thé duoc
san xuat nhanh chong theo mét s6 hinh dang tao
thanh cac tim composite va cé thé uén cudn phu
hop véi cac loai bé mit cua cau kién trude khi
cho keo dinh két giira ching. Céac tdm
composite c6 bé day tuong d6i mong c6 thé thoa
mian duogc yéu cau vé mit kién tric cling nhu
nhitng tiéu chi khac lién quan [2].

Trong cac thi nghiém dugc thuc hién o
nghién ctru ndy, cic tim gia cudng composite
dugc ldy tir nha cung cap Fyfe véi ching loai
SEH-25A ¢ bé day 0,635mm, cuong do chiu
kéo 521 MPa, md dun dan héi 26,1 GPa va d¢
dan dai cuc han 2,0%. Keo dinh dugc st dung
c6 cuong do chiu kéo 1a 72,4 MPa, m6 dun dan
hoi 3,18 GPa va do dan dai 5,0%. Trong truong
hop chiu udn, keo dinh c6 cuong do la 123,4
MPa va md dun dan hdi 1 3,12 GPa.

2.4. Thue hién thi nghiém

Céc ban dugc lan lugt gia tai tai bon diém
d6i xtmg nhau voi gia tri bang nhau théng qua
mot gia phan tai theo nguyén tic don bay dén
khi bi pha hoai (xem hinh 1). N§i dung cong
viéc do dac két qua thi nghiém bao gom:

e Do chuyén vi (46 vong) tai diém giira ban.
Dau do bién dang két ndi v6i may do chuyén vi
va bién dang tinh SDA 830C do Nhat Ban ché
tao. SO liéu do duge ghi ty dong vao t&p dir licu
luu trit trong méy tinh diéu khién dung cu do va
duoc ghi theo cac budc thoi gian dinh san.

e Do cac bién dang tai bon diém dung cac
cam bién dugc dan vao bé mit trén va dudi cia
ban ¢ so d6 nhu hinh 1. Cac cam bién sir dung
1a loai ciia Nhat san xuét, c6 do dai 5 cm va sai
56 12 1%o.

Viéc gia tai bang may kéo nén van ning
HUTM séan xuét tir My va thi nghiém theo tiéu
chuin ASTM. Qua trinh gia tai duoc lap trinh
theo y d6 bang phan mém diéu khién may
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HUTM. So6 liéu do vé luc va chuyén vi cua dau

3. Két qua thi nghiém va thio luin

3.1. Péac tinh vit li¢u

Dé xé4c dinh ddc tinh cua vat liéu, 6 mau bé
tong hinh 18p phuong kich thuéc 100mm x
100mm x 100mm duoc thi nghiém. Cac két qua
tinh tir thi nghiém cdc miu nay duoc liy trung
binh va tong hop trong bang 2. Bé phuc vu cho
viéc mo phdng lai ing xu cua cdc ban nay voi

Hinh 2: Thi nghiém bdn bé téng cot thép gia cuwong bang tdm composite

gia tai cling dugc ghi tu dong vao t€p dir licu.

viéc xem xét tinh cht phi tuyén vat liéu, cac
thong s6 con lai cta vat liéu duoc tinh toan theo
tiéu chuan Model Code 2010 [3] vi cac tiéu chuin
tinh toan thiét ké trong nuéc chwa co [4]. Nhu
vay, ngoai cuong do chiu nén cua bé tong c6 dugc
tir két qua thi nghiém nén mau, cac thong sb vt
liéu can thiét khac nhu cudng do chiu kéo va mé
dun dan hoi cua bé tong ciing duge xac dinh.

Bdng 2: Két qua thi nghiém ctia mau bé tong (thiee hién cing thoi gian véi thi nghiém bdn)

Mau ban thi Tudi e cube (100mm) fex fom fetm Ecm
nghiém (ngay) (N/mm?) (N/mm?)  (N/mm?) (N/mm?)  (N/mm?)
BO1 — B04 28 27,82 21,59 29,59 2,33 29383

3.2. Thi nghiém ban

Trang thai pha hay cia miu thi nghiém dbi
véi ban khong gia cuong va c6 gia cuong dugc
ghi lai va thé hién trong hinh 3. Pdi v6i ban
khong gia cudong, dang phé htuy la do m6 men
udn. Ngay vi tri ddt tai c6 tai trong cuc bd déng
thoi ciing 14 vi tri ¢6 m6 men 16n nhit va trong
treong hop thi nghiém ban khong gia cuong da

bi pha hay tai vi tri nay (hinh 3a). Cét thép bi
chay déo trong khi bé tong viing nén van con co
thé chiu luc duge.

Khéng giéng nhu truong hop véi ban BO1, cac
ban cod gia cuong 16p vat li€u composite c6 pha
hoai do su bong bat cua lop gia cudng tai vi tri co
mo men va lyc cit déu 1on. Toan bd cac ban B02,
B03, B04 déu c6 dang phé hoai nay (hinh 3b).

a) Dang pha hoai ctia ban BO1 (khong gia cuong)
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Pé giai thich cho dang pha hity ndy, hinh 4a
minh hoa dong lyc trong ban khi gia tai. Dudi
tac dung cua tai trong, két cAu bi ubn cong theo
huéng xudng dudi. Bé tong & phan trén chiu
nén va cdt thép ciing nhu ban gia cuong va bé
tong ¢ phan dudi chiu kéo. Hai lyc ndy nguoc
chiéu nhau va gay ra luc truot giita ban bé tong
va tim gia cudng. Tai vi tri ¢ lyc cét 16n, thi
lyc gly truot nay ciling 16n. Ciling vi dong luc
nguoc chiéu nay quyét dinh dén trang thai img
suat ctia bé tong ma cu thé 1a trang thai tmg sut
chinh c6 phuong xién. Khi tmg suat kéo chinh
16m hon cuong do chiu kéo cua bé tdng, s€ tao ra

Hinh 3: Hinh anh ket qua thi nghiém cua ban o trang thdi pha hogi

doieheing et b bne o bbb oot e bt -

vét nurt xién. V&t niit nay tiép tuc phat trién theo
sy gia ting cua tai trong. Sy chénh 1éch vé
chuyén vi ctia hai phdn mép bén trai va phai ciia
vét nit ciing tao ra luc kéo boc tach 16p gia
cuong khoi bé mit bé tong. Luc nay két hop véi
luc truot gitta bé tong va lop gia cuong khi du
16n s& tao ra vét niit doc theo 16p dinh két. Khi
tai trong tiép tuc tang téi mot gia tri du 1om, luc
boc tach nay tac dung 1én ca mat lién két kéo dai
t6i diém cubi cung cia ban (qua diém gbi) va
toan bo 16p két dinh bi pha hoai (hinh 4b). Su
pha hoai nay 1a d6t ngot nhu két qua thu duge &
biéu db 5.
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Lién két giira ban gia cudng
va b tong bat diu bi phé ves

a) Trang thai phat trién vét nirt

Vét nirt bi mo rong
& trang thai pha hoai

a) Trang thai pha hoai

Hinh 4: Dang pha hoai cua ban gia cwong

Céc quan hé chuyén vi - tai trong ciia cac ban
nay dugc thé hién trén hinh 5. O day, ban BO1
v6i chi ¢t thép thudng thé hién mot mién chay
déo rat 16n va c6 chuyén vi ¢ trang thai toi han
1a 38mm. O trang thai nay, ban c6 ty 1& chuyén
vi tuong ddi so voi chiéu dai nhip udn 1a 3,8%.
Tai trong 16n nhiat ma ban BOl chiu duogc la
khoang 17 kN. Nguoc lai, cac ban B02, B03 va
B04 gan nhu khong c6 mién chay déo do bi pha

60 -y i s

40

30

Tai trong (kN)

20

5 A, | -

hoai dot ngot boi sy bong bat cua 16p gia cuong.
Cac duong cong quan hé giita chuyén vi va tai
trong cd cung mot dang va gia tri tai trong toi
han ciing nhu chuyén vi téi han twong ddi gan
nhau. O ddy, gia tri trung binh cua tai trong tGi
han la xﬁp xi 50 kN, cua chuyén vi la 11mm.
Nhu viy, két cau ban dugc gia cuong co siic
chiu tai 16n xap xi bang ba 1an so voi két cau
khong gia cuong (300%).

Ban BO1 (khéng gia cuong)

Ban BO2 (gia cudng 2 16p)
=Ban B03 (gia cudong 2 16p)

10

0 5 10 15
Chuyén vi tai giita tim (mm)

20 25 30 35 40

Hinh 5: Biéu dé quan hé chuyén Vi-tdi trong o vi tri giita dam

Hinh 6 trinh bay két qua do bién dang tai mat
dudi va mat trén ctia ban c6 gia cudong ¢ vi tri
giita ban. B& tong chiu nén ¢ bién dang nén 16n
nhit khoang -2%o. Lop vat liéu gia cuong co
bién dang mg v&i tai trong pha hoai 13 4,4%o.
Gia tri bién dang nay ciing khiang dinh 13 bé
tong ving chiu nén ciing nhu ¢t thép thuong
vung chiu kéo chua bi pha hoai. O ban khong
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gia cuong (B01), bién dang 16n nhit & vi tri giita
ban tai thé chiu nén 1a -0,9%o va & thd chiu kéo
13 1,2%o. Cac gia tri nay cho thiy chuyén vi cia
ban chu yéu do bién dang cua cbt thép tai vi tri
c6 vét nirt gy ra, dong thoi 1a lugng cdt thép
thuong trong ban 1a nho nén két cau chua khai
thac duoc hét phan bé tong chiu nén.
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Hinh 6: Biéu do bién dang ciia mdt cdt giiva ban B03

4. Tong két

Stre chiu tai cua két ciu ban duogc gia cudng
bang 16p vat liéu composite dugc ting lén
nhiéu, trong truong hop thi nghiém nay Ia
khoang 200%. Két qua thi nghiém cho thiy toan
bd cac dam duogc gia cuong bi pha hoai do su
bong bat cua lop gia cudng tai vi tri c6 m6 men
va lyc cit twong dbi 10n. Viéc nghién ciru anh
hudng ctia mic d9 gia cuong tdi sy dinh bam

Tai liéu tham khao

gitra bé tong va lop vat li¢u gia cudng cung véi
{mg xtr ctia vang chiu cit va ubn 1a rat can thiét.
Dé c6 thé khao sat va phan tich ddy di hon tng
Xt ciia ban bé tong cdt thép duoc gia cuong
bang vat liéu composite, cac thi nghiém sau can
tdp trung vao xem xét sy anh hudng cua ham
luong cot thép thudng, vi tri tic dung cua tai
trong ciling nhu sy dinh bam gitia bé tong va 16p
vat liéu gia cuong.
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Abstract:
EXPERIMENTAL STUDY OF FLEXURAL BEHAVIOUR
OF REINFORCED CONCRETE PLATE STRENGTHENED WITH FRP LAMINATES

The reinforced concrete structures are common in structural civil engineering, road and

irrigation constructions. Load carrying capacity of the structures can be enhanced through the use
of FRP laminates (fiber reinforced polymers) stuck on the tension surface of structures. Behaviour
of the structures after strengthening is complicated due to the redistribution of internal forces by
loading. The presence of the FRP laminates causes the changing of the failure states, especially
damage may occur due to the debonding between concrete members and composite plates. Within
this paper, the behavior of a reinforced concrete strengthened with composite plates are analyised
through experimental methods. The achieved results will be analyzed and discussed.
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