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Tom tat: Bai béo trinh bay nghién ctu vé kha
ndng (rng dung cua vét liéu nhuya gia c6 bang soi
(FRP) trong viéc gia cuong cho két cdu céng trinh néi
chung va két cdu bang bé téng cbt thép néi riéng,
ciing nhw viéc tng dung gidi phép st dung tdm dan
FRP dang véi soi dé gia curong cho két cau cong trinh
béng bé téng cbt thép chju tac dung cua téi trong
déng dang va cham. NG6i dung nghién ctru cda bai
bao da gép phén lam séng té hon hiéu qua gia cuong
kha ndng chéng udn cia vét lidu nhwa gia cuong soi
carbon (CFRP) cho tdm bé téng cét thép lam viéc mét
phuwong, théng qua phuong phap thuc nghiém trong
phong thi nghiém. Két qua thuc nghiém trén tdm thi
nghiém cho thay gidi phép gia cuong lam gidm déng
ké noi luc trong két céu thong qua sw gidm ré rét
chuyén vi va bién dang giira tdm, sw pha hoai nit
trén két cau tdm dudi téc dung va cham dong. Két
qué nghién ctru cua bai bao la mdt déng gép nhé
trong nghién ctru hiéu qua va tiém ndng trng dung
cla gidi phép gia cuong tdm dan FRP dang vai soi
cho két cau cong trinh chiu tac dung béi tai trong
déng.

T khoa: Vat liéu FRP, tdm BTCT, thi nghiém, va
cham, tai trong déng.

Abstract: This paper presents a study on the
applicability of fiber-reinforced polymer (FRP)
materials for strengthening structural works in
general and reinforced concrete (RC) structures in
particular, as well as the application of a solution
that uses externally bonded FRP fabric sheets to
strengthen RC structural works subjected to impact-
type dynamic loading. The study clarifies the
effectiveness of flexural strengthening using carbon
fiber—reinforced polymer (CFRP) for one-way
reinforced concrete slabs through laboratory
experiments. Test results on the slab specimens
show that the strengthening solution significantly
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reduces the internal forces in the structure, as
reflected by clear reductions in mid-slab
displacement and strain, and mitigates cracking
damage in the slab under dynamic impact. The
results constitute a modest contribution to research
on the effectiveness and application potential of
FRP fabric sheet bonding for structural works
subjected to dynamic loads.

Keywords: FRP materials, RC slab, experiment,
impact, dynamic load.

1. M& dau

T&m dan FRP (Fiber Reinforced Polymer) dang vai
soi la mot gidi phap gia cwdng hiéu qua cho cac két
céu chiu lyc trong cong trinh xay dwng va cau duwong.
Hé thdng nay bao gébm sogi cudng lwc (carbon, thiy
tinh, aramid) ngdm tam trong nhwa polymer, tao thanh
I&p vat liéu c6 khd nang chiu kéo cao, nhe va chéng
an mon [1, 2].

Ung dung chinh ctia FRP gdm ting cwéng kha
nang chiu udn, cét va chiu tai trong cho dam, cét, san
va twdng bé tdng [3, 4]. Céng nghé nay dac biét hiru
ich trong stva chiva, nang cap két cdu ci bi suy giam
do tai trong gia tdng, méi trwdng khéc nghiét hodc
déng dét. So véi cac phuong phap truyén thong nhw
boc thép hay dd bé téng cbt thép bd sung, tAm dan
FRP c6 wu diém Ia thi cong nhanh, khéng lam tang
dang ké trong lwong két cdu va dat dwoc kha ndng
chiu lyc trong thi gian ngén [5]. Bén canh dé tAm FRP
vai soi c6 kha ndng chéng an mon cao va kha nang
chiu kéo vuot tréi nén la giai phap hiéu qua dé gia
cwong cho két cdu bé tong thweng cé tinh gion [6, 7).
Tuy nhién hién nay & trong nwdc viéc st dung tm
dan FRP van chi chd yéu ap dung cho két ciu cong
trinh chiju tai trong tinh va tai trong di dong (két ciu
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cau) ma méi c6 mot sé it nghién ctru hay rng dung
véi tai trong xung ngdn han nhw va cham hoac tai
trong nd (CAc tai trong cuc han) [8].

Trong tdm cla bai bao la nghién clru strc chju tai
clia tAm bé téng cbt thép lam viéc mét phwong (tAm
BTCT) trwéc va sau khi gia cuwdng béng vat liéu CFRP
khi chju tdc dong cua tai trong dong do va cham. Cu
thé, thi nghiém nay st dung mét qua néng roi tw do
va cham lén tAm BTCT. Qua do, ta c6 thé danh gia
duorc sw khac biét vé kha nang chiu luc cta tdm BTCT
trwéc va sau khi gia cwdng béng CFRP, gitp tdi wu
héa (rng dung cla vat liéu nay trong thwc té. Ngoai ra
nghién cru cling dong gop thém vao viéc phat trién
phwong phap béo vé két cAu cong trinh chiu tac dung
clia tai trong cwe han, gitp gidm thiéu thiét hai cta tai
trong cwc han va ddm bado an toan cho con ngudi.

2. Vat lieu FRP va phwong phap gia cwong két
cau cong trinh

2.1 Pdc tinh caa vét liéu FRP

Vat liéu FRP la mét loai composite, gdm hai thanh
phan chinh: chat nén polymer va soi gia cwdng. Chéat
nén thuwdng la nhwa nhu epoxy hodc polyester, trong
khi soi gia cwdng cé thé 1a soi thay tinh (GFRP), soi
carbon (CFRP), s¢i aramid (AFRP) hoac s¢i tw nhién
[9]. FRP ndi bat v&i wu diém nhu trong lwong nhe,
kha nang chéng &n mon va cach dién tét, lam cho né
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“Hinh 2. St dung CFRP gia

Vat lieu FRP c6 khéi lwong riéng trong khoang tw
1,2 t¢i 2,1 g/cm3, nhd hon thép tr 4 dén 6 lan tay
thudc vao loai cbt soi hodc chat don. Vat liéu tdng
hop FRP 1& vat liéu di hwéng, cé tinh chéat thay ddi
theo huéng soi. Cac tinh chét co hoc clia vat liéu phu
thudc vao cau tao hdn hop nhu huwéng phan bd cét
soi, dd day, sé lwong cac 1ép s¢i gia cb ciing nhw
khéi lwong hdn hop. Cwong dd chiu kéo cla FRP
thwong rét 16n, véi CFRP trén thi trwedng hién nay c6
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phu hop véi cac ¢ng dung trong xay ding, giao
thong, hang khoéng, dién t&r hay thé thao [9, 10].
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Hinh 1. Vét liéu FRP soi carbon (CFRP) dang vai soi

FRP gilp gidam trong lwong va gia tang dang ké
dd cirng cho cac cong trinh khi gia cwdng, ddng thai
chéng &n mon tbt, d&c biét trong méi trwéng khac
nghiét. Tuy nhién, chi phi san xuét cao va viéc tai ché
vat liéu gdp khé khan. Du vay, FRP van dang dwoc
st dung réng rai trong cac linh vwc khac nhau cling
nhw gia cwdng cho cic cdng trinh xay dwng, giao
théng bi xuéng cap nhe vao wu diém vwot troi vé hiéu
suéat va kha nang tuy chinh hinh dang, trong d6 vat
liéu CFRP (Carbon Fiber Reinforced Polymer) chiém
dén hon 80% céac &ng dung [11, 12].

cuong két cau cong trinh [11]

gia tri khodng 3200 + 3400 MPa va mé dun dan hoi
khoang 220 + 240 GPa [11, 12, 13].
2.2 Phwong phap gia cwong

Gia cuong két cdu BTCT bang vat liéu FRP trong
diéu kién chiju tai trong dong la mét giai phap kha thi
nhe vao cac wu diém ndi bat ciia FRP, nhw d bén
kéo cao, khéi lwgng nhe, va kha nang chéng an mon.
Viéc str dung FRP gilp tang cwong kha nang chiu
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lwe, kiém soat vét nirt va hap thu nang lwong, tir d
gidm thiéu thiét hai khi chiu tai trong dong [11, 14].

Cac phwong phap gia cwdng nhw dan bé mat
(Externally Bonded), bao boc (Wrapping) va gan ranh
(Near -Surface Mounted) mang lai hiéu qua khac
nhau tiy thudc vao dac diém két cu [12, 14, 15]. D&c
biét, phwong phap bao boc thich hop dé tang kha
nang chiu nén va chéng pha hiy cuc bd cho cac céu
kién chiu &p lwc nd manh. Tuy nhién, han ché I&n la
chi phi vat liéu va yéu cau ky thuat thi céng cao.

Dang vai dé4 DangEim FRP Dzng thach FRP

c.Gia cuong tdm cing ‘
Hinh 3. Cac phwong phap gia cwong bang vét liéu FRP [12]

2.3 Nghién ctru tmg dung FRP gia cwong két c4u
chju tai trong déng

Déi v&i cac két ciu hién hivu thong thuong dwoc
thiét ké véi céc loai tai trong tiéu chudn nén khi xuét
hién tac dong cua tai trong cwc han nhw dam va hay
ap lwc tr vu nd sé& kho dam bao kha nang chiu luc.
Do d6 can c6 cac giai phap dé bao vé va tédng cuong
thém kha nang chdng tai trong déng cho két ciu. Soi
polyme gia ¢ (FRP) la vat liéu tdng hop dwoc lam tir
céu trtc cao phan tlr va dwoc dét bang cac soi co
cac dac tinh co hoc va hinh hoc khac nhau. Khi két
clu BTCT théng thwéng dwoc bb sung thém 16p gia
cb soi polyme lam cho déc tinh co hoc duoc cai thién
va kha nang hap thu nang lwong dwgc nang cao, nén
cac tdm FRP dwoc s dung trong cac hé théng
chéng nb [16]. Céac tht» nghiém nd va va cham khéac
nhau da dwoc thwe hién trén cac két cau BTCT thong
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Ngoai ra, FRP kém hiéu quéa trong méi trwdng nhiét
dd cao, nén trong trwdng hop nay can bién phap bd
sung dé dam bao an toan.

V&i nhivng két cu cong trinh ¢6 hinh dang dac
thu hoac nhirng cong trinh c6 khéng gian st dung
nhd hep thi viéc ap dung céac vat lieu FRP dang tdm
ctng dé bao boc hodc dang thanh dé gén ranh la kho
kha thi. Do d6 trong nghién clru nay chi tap trung
danh gia phwong phap st dung vat liéu FRP dang
vai soi dé dan 1én bé& mat cua két cau.

'~ d.Gia cuong thanh gén ranh
thworng dwoc gia cb thém FRP mang lai hiéu qua kha
tich cwec.

Trong nwéc, GS.TS Vi Binh Lgi va cac cong sw
da cé moét sb nghién cteu thwe nghiém tai hién trwdng
dé& danh gia kha nang chéng nd ctia két ciu chiu tac
dung nd khi dwoc gia cuwdng cac tAm polyme soi
carbon (CFRP) va tAm polyme soi thdy tinh (GFRP)
[16]. K&t qua nghién ctru cho thay, kha ning chéng
nd cta tdm BTCT ting dang ké so v&i khong dwoc
gia cwdng, dic biét khi ting lwong né hién twong
chan sup trén cac tAm BTCT cé gia cuwdng khong
xuét hién trén cung mét khédi lwgng nd va khoang
cach so v&i thim BTCT khong dwoc gia cuong. Mot
sb két qua nghién ctu khéac trong nwéc trén dam va
ban BTCT st dung FRP ciling ghi nhan xu hwéng
gidm d6 vong, kiém soat nit va cai thién ng x&r dwdi
tac dong ngan han [9, 10, 17, 18].
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Trén thé gidi, co nhiéu tac gia da va dang nghién
ctru gidi phap gia cwong cho két cdu BTCT chiu tac
doéng vu nd bang tAm dan FRP [5, 6]. Théng qua cac
nghién ctu cho thay hiéu qua tdng cwdng cia gidi
phap dao dong tlr 20 dén 40% so v&i cac mau BTCT
thdng thuwdng [19, 20].

3. Thi nghiém danh gia hiéu qua gia cwéng tam
bé tong cét thép chiu tai trong déng do va cham
bang vat liéu CFRP dang vai soi

Cac phuwong phap thwc nghiém hién trwong la
bién phap hiru hiéu va chinh xac dé danh gia kha
nang gia cwong clia vat liéu FRP néi chung va CFRP
néi rieng cho két ciu dwdi tac dong tai trong déng do
va cham. Bai bao da lya chon phwong an thi nghiém
bang viéc tha roi qué ndng tw do dé tao ra lwc va
cham déng 1én tAm BTCT.

3.1 M6 ta thi nghiém

Thi nghiém dwoc thwe hién nhdm danh gia kha
nang chiu va dap cta tdm BTCT trwéc va sau khi gia
cwdng bang vat liéu CFRP. Mét hé thdng th» nghiém
duoc thiét ké bao gdbm moét khung thép chéc chan,
trong d6 tdm BTCT dwoc cd dinh theo phwong
ngang. Mot qué nang c6 khéi lwong xac dinh duoc
tha roi tw do t&r mot dé cao nhat dinh dé va cham trwc
tiép vao bé méat tm BTCT. Cac cam bién chuyén vi

va bién dang dwoc I&p dat tai vi tri gitra tAm dé thu
thap di liéu vé phan (rng cta tAm BTCT khi chiu tac
dong. Thi nghiém dwoc thwe hién trén hai nhom mau:
mot nhém thm BTCT théng thuwéng va mot nhom tam
BTCT da dwoc gia cwdng bang CFRP. Két qua thu
duwgc sé giup danh gia hiéu qua clia vat liéu CFRP
trong viéc nang cao kha nang chiju tai va giam thiéu
hw héng do va dap.

DPé dam bao tinh théng nhat tAm BTCT c6 kich
thwéc 60x15x5cm, dwoc ché tao véi bé tong da 1x2,
mac 300, s& dung hé cbt thép mét I6p dweng kinh
6mm v&i hai thanh cét doc chiu lwc chinh va 5 thanh
thép ngang véi khodng cach 12,5cm, chiéu day 16p
bé tong bao vé 1cm.

St dung tdm dan CFRP dang vai soi dét mot
phwong véi loai tAm day 0,333mm, dé danh gia kha
néng lam viéc theo phwong tién hanh gia cuwéong véi
02 loai: Mau gia cwdng thé nhat: dan hai l6p voi
phuwong dét ctia tAm CFRP cung theo phwong canh
dai ctia tAm BTCT (phwong an gia cwdng thé nhat —
PAO01). M3u gia cwong thé hai: dan hai lép véi mot
I&p cé phwong dét ctia tAm CFRP theo phuwong canh
dai, két hop mét 16p co6 phwong dét theo phwong
canh ngén cta tAm BTCT (phwong an gia cuéng thir
2 — PAO2).

b Phuwong éﬁ

AP 11 SR TV i
gia cwong ther hai —

PAO2

Hinh 4. Céc phwong an gia cwong vat liéu CFRP cho tdm BTCT thi nghiém

Dé danh gia hiéu qua khi st dung vat liéu CFRP
dang vai soi gia cwdng cho két cdu tAm BTCT chiu
tac dung cla tai trong dong, tién hanh thi nghiém so
sanh tAm BTCT hai dau gitr ¢b dinh (s& dung hai bu
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|6ng va thanh thép day 1cm, réng 2cm gitk chéc chén)
trén gdi ké bang thép cb dinh trén nén san cing thi
nghiém chuyén dung, chiju tadc dung clia qua nang
thép dwoc tha roi tw do tir d6 cao 65cm.
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Qua nang thép (7,44kg) cao 15cm, dwong kinh
10cm, tao hinh cén phia dwéi chiéu cao cén 5cm,
dinh cén dwdng kinh 2cm. S dung 02 gbi ké bang
thép ch U kich thwédc bao véi chiéu cao 10cm, réng
10cm, day 1lcm, khoang céach gitra hai gdi 50cm
(chiéu dai lam viéc cta tAm thi nghiém).

3.2 Tién hanh thi nghiém

Dé danh gia hiéu qua gia cwdng tién hanh dan
cam bién dién tré hang TML ma PL-60-11 dai 60mm
tai vi tri gitra tAm theo phwong chiu lwc chinh (theo
phwong canh dai), s dung cadm bién héng ngoai
SHARP GP2Y0A21YKOF véi dién &p st dung 4,5 ~
5,5VDC dé do chuyén vi diém gira tAm, st dung hé

I &=

<

N

w5

o e “roe W |
Hinh 5. Chuéan bj cac mau thi nghiém

Thi nghiém dwoc thiét ké d& danh gia kha nang
chiu va dap clta tdm BTCT trwéc va sau khi dan
CFRP. Hai nhém mau dwoc chuan bj la tAm BTCT
khéng gia cwdng va thm BTCT da gia cuwong bang
tAm CFRP, muc tiéu 1a dbi chiéu sy khac biét vé (ng
Xt dong khi c6 gia cwong va khdng co gia cwong vat
liéu CFRP dwdi cling diéu kién va cham roi ty do.

thédng do NI SCXI 1000DC c6 kha nang lay mau téng
thé 1&n dén 200kHz. Qua n&ng dwoc cb dinh trén gia
treo bang nam cham dién, si dung co ché déng va
ngéat ngudn dién dé tha roi qua nang tao lwc tac dong
va cham |én tAm thi nghiém, diém va cham tai vj tri
gitra tAm.

Hinh 6. Céng tac thi nghiém va do ghi di liéu
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4. Két qua thi nghiém va danh gia
4.1 Két qua thi nghiém

Tién hanh cong tac thi nghiém, phan tich va xt ly
cac di¥ lidu do bién dang va chuyén vi tai gitra tAm,

a. Tha qua nang roi xuéng tam bé tong

quan sat trang thai pha hoai clia tAm thi nghiém trong
hai trwdng hop gia cwdng va khéng gia cudng cho cac
két quéd mang tinh dinh lwong cao vé hiéu qua gia
cuwong thm BTCT chju ubn clia vt liéu CFRP.

:

b. TAm bé tong sau khi va dp bi nit

Hinh 7. Thi nghiém va hinh thai phé hoai ctia tdm BTCT khong gia cudong

a. Tam BTCT khéng gia cwong (nit mét trén)

0.0030 ~

Tam BTCT khong gia cuong
—— Tém BTCT gia cudng theo PA1;

0.0025

0.0020

0.0015 4

Chuyén vi [m]

0.0010

0.0005 A

b. Tam bé téng gia cuong CFRP (khéng niit)
Hinh 8. Hinh thai mét trén cta tam BTCT sau thi nghiém

0.003

| T&m BTCT khéng gia cudng
|-~ T&m BTCT gia cudng theo PA02

0.002
E
é 0.001 -
£
]
0.000
=0.001
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Hinh 9. Két qua chuyén vj gidra tdm BTCT

0.0000
T T T T 1
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.0012
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0.0000
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000125 qzmBTCT khéng gia curang
—— Tém BTCT gia cwrong theo PAO2
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E
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3
©
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Hinh 10. Két qua bién dang gita tdm BTCT
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Bang 1. Téng hop két qua thi nghiém

; N o Chénh léch
TT Tham so Noi dung Gi tri (%)
. . | TAm BTCT khéng gia cuéng 2,96 -
Chuyeén vi tai -
1 gitra tAm Tam BTCT gia cwdng theo PAOL 2,06 30
mm )
(mm) Tam BTCT gia cwdng theo PA02 1,82 38,2
Bién dang Tam BTCT khéng gia cwéng 1,09e-3 -
2 | tuwong doitai TAm BTCT gia cwéng theo PAOL 5,45e-4 49,9
giratam T2 BTCT gia cuong theo PAO2 1,0le4 90.7

4.2 Banh gia hiéu qua gia cwong bang CFRP

Du6i tac dong va cham roi tw do, cac mau tdm
BTCT gia cwdng CFRP thé hién khd nang lam viéc
vuot troi so véoi mau thm BTCT khéng gia cuéng. TAm
BTCT gia cwong chiu dwgc xung va cham manh ma
khéng xuat hién pha hoai nghiém trong. Hinh thai hw
héng chl yéu la cac vét nirt nhd, cuc bé tai vung chiu
tac dong, trong khi hinh dang téng thé va kha ndng 1am
viéc sau va cham van dworc duy tri. Dang cha y, khdng
ghi nhan béc tach gitra I&p CFRP va nén bé téng, cho
thay méi lién két dan dat chét lwong va 6n dinh trong
diéu kién tai dong.

V& co ché, I6p CFRP gép phan phan tan xung lwc
va kiém soat bién dang tai thdi diém va cham, nhér d6
gidm chuyén vi téng thé va han ché tap trung (rng suét
tai vung chiju tac dong. Hiéu (rng gia tang dé cirng cuc
bd va “ganh” mot phan nang lwgng va cham cla lép
CFRP gilp cAu kién cham tién t&i trang thai hw héng
nang, dong thei giam rdi ro sup d6 cuc bd. Két qua quan
sét cho thay vai trd clia CFRP khéng chi & viéc tang
cuwong stre khang tire thdi ma con & khé nang 6n dinh
dap (rng dong sau va cham.

Tl géc do (rng dung, gidi phap dan CFRP chivng té
tinh kha thi va hiéu qua cho cac két chu BTCT can yéu
cau chdng va dap cao, bao gdm ca cong trinh quan suw.
Dé dat hiéu qué ti wu, can tuan tha chat ché quy trinh
xt ly b& mat, trén, thi cong keo va bd tri sgi theo hwéng
chiu lwc chinh, trong trwéng hop yéu ciu khét khe hon
vé va cham, cé thé can nhéc bd sung céc |&p chbng xé.

Bén canh dé thi nghiém ciing cho thdy mac du tAm
dan CFRP dung trong thi nghiém dwoc dét dé lam viéc
moét phwong, nhwng khi dan hai tAm theo phwong dét
vudng goc véi nhau lai cho hiéu qua gia cwong tang
dang ké so v&i hai tAm khi dan cung phwong dét. Bay
cling la mét trong nhirng goi mé y nghia cho nhirng
nghién ctru chuyén sau hon phuwong an bd tri vat liéu
gia cwdng.
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5. Két luan

T két qua nghién cu va khao sat cta bai bao
cho phép rit ra mét sé6 nhan dinh nhw sau:

Tw két qua thi nghiém vé kha nang bi pha hoai khi
so sanh gitra két cdu tdm BTCT thwong va két cu
tdm BTCT c6 gia c¢b khi chiju tai trong dong do va
cham cho thay giai phap gia cwong lam gidm kha
nang két cAu bi pha hoai cuc bd, giam sy hinh thanh
vét nirt khi két cdu duoc gia cuong.

Két qua khao sat chuyén vi diém gitra tAm BTCT
cho thay két qua phu hop véi quy luat rng xt clia két
cAu thm BTCT khi gia cwéng sé dwoc tang cirng hon
va lam gidm chuyén vi. Két qua khao séat cho thay
chuyén vi c6 thé giam 30% dén 38,2%, diéu nay thé
hién hiéu qua khang uén cta tdm BTCT thi nghiém
duworc gia tdng dang ké.

Két qua nghién ctu thwe nghiém ciing cho thay:
véi phwong an dan hai tAm vuéng goc phwong dét
v&i nhau (PA02) thu dwoc hiéu qua gidm chuyén vi
va bién dang ting cao hon phwong an dan hai tAm
cung phwong dét (PAOL) Ian lwot 1a 38,2% (so v&i
30%) va 90,7% (so v&i 49,9%), diéu nay goép phan
cho thdy d6 cirng cla két cdu tAm BTCT duoc gia
tang dang ké khi c6 phwong an gia cé phu hop.

Két qua nghién ctru cling goi mé thém céc nghién
ctu sau hon vé &ng dung gidi phap gia cwong FRP
véi cac dang vat liéu nén khac nhau, cling nhw
phwong an gia cwdng va cac dang tai trong dong khac
nhau, dac biét can c6 nhirng nghién ciru va thir
nghiém vé két cAu chiju tac dung ddng cwe han nhw va
cham tdc dd cao hay ap lwc xung kich tir vu né gay ra.

Két qua nghién ctu cla bai bao c6 dong gop mét
phan nhé cho tham khao clia cac nghién ctru tiép sau
vé gia cwong két cdu BTCT béng vat lieu FRP dang
vai dét.
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