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Tém tét - Tang cwéng kha nang chiu udn ctia dam bé tdng cbt thep
(BTCT)bang phwong phap dan gan bé mat (NSM) vat liéu FRP gii
quyét dwoc cac van dé ton tai cla phuong phap dan ngoai (EB)
do vat liéu FRP duwoc bao vé tét hon dbi véi cac tac dong tir moi
treong bén ngoai. Bai bao trinh bay két qua phan tich so sanh gitra
hai hwong dan thiét ké ting cwong strc khang udn cla dam bé
tong cét thép st dung phrong phap NSM theo ACI 440.2R-08 (My)
[3] va ISIS (Canada) [13]. Két qua phan tich cho thdy, hwéng dan
ctia ACI 440.2R-08 cho sirc khang ubn sau khi tdng cwéng cao
hon khi tinh theo ISIS khoang 31,1% dén 42,6%. Ngoai ra, khi so
sanh hiéu qua kinh té ctia hai phwong phap ting cwéng dan ngoai
va dan gan bé mat, theo ACI 440.2R-08, phwong phap dan gan bé
mat c6 chi phi thdp hon khoang 13,7% dén 58,2% so v&i phwong
phéap dan ngoai vé&i stirc khang ubn tuong dwong.

Tir khoa - Dan gan bé mét; polime cét soi; sirc khang uén; tang
cwdng ngoai; tang cwdng uon.

1. Pat vén dé

Mac du da duoc tng dung trong sua chira tang cuong
két cau BTCT tir nam 2011, mang lai nhiéu loi ich [2], tuy
nhién cong ngh¢ gia cb bang phuong phép dan ngoai cac
tam vat liéu FRP van con mot sé van dé can duoc tlep tuc
nghién ciru khic phuc nhu: (1) Cac tim dén FRP dé bi anh
huong boi cac tac dong va cham tir bén ngoai; (2) Cuong
d6 vat liéu FRP bi suy giam theo thoi gian dudi tAc dung
cta cac diéu kién méi truong nhu d 4m, tia UV, ... Phuong
phép NSM véi viéc dat cot FRP ¢ bén trong két cau, do d6
vt liéu FRP s& duoc bao vé tt hon, khic phuc dugc cac
nhuoc diém cua phuong phap dan ngoai.

Trén thé gioi da c6 nhiéu nghién ciru dugc tién hanh
nham phét trién phuong phap NSM nhur [41, 5], [7], [8],
[9], [11], [12], [14], [15]. Ngoai ra mét s6 nghién ctru méi
tién hanh theo phuong phap ting cuong két hop EB va
NSM (CEBNSM) méi duoc thuc hién gan day nhu [6],
[10]. Két qua cho thiy, hiéu qua ting cudng kha nang chiu
udn ctia phuong phap nay vuot 77%so v6i mau khong tang
cuong va vuot 20% S0 Vi mau chi ting cudong bang
phuong phap NSM.

Hé théng cac tiéu chuin, hudng dan tinh toan, thi cong
trong sira chita tang cuong két ciu ciing cac qudc gia, to
chirc ban hanh nhu: ACI 440.2R-08 [3], ISIS [13], CNR-
DT (Italy), Hiép hoi bé tong Chéu au (FIB), Hiép hoi k¥ su
xay dung Nhat Ban (JSCE), T6 chirc nghién ciru giao thong
- Cuc duong b lién bang My (NCHRP), ...

O nudc ta, cdng nghé sira chita tang cuong két ciu BTCT
theo phuong phap dan st bé mat sir dung cét thanh FRP

Abstract - Flexural strengthening of concrete beamusing near
surface mounted (NSM) FRP method has solved existing problems
of externalbonded (EB) method because FRP materials are better
protected from external environment. The article presents analysis
and comparison from two design guidelines for flexural
strengthening concrete beam using NSM method as ACI 440.2R-
08(America) [3] and ISIS (Canada) [13]. The output analysis shows
that, ACl 440.2R-08 approaches provide results of flexural
resistance after strengthening higher than those by ISIS from about
31.1% to 42.6%. In addition, when comparing economic efficiency
of two strengthening methods NSM-FRP and EB-FRP approach
ACI 440.2R-08 guidelines, NSM-FRP method shows lower cost
than EB-FRP methodfrom about 13.7% to 58.2% with
equivalentflexural strength.

Key words - Near-surface-mounted; fiber reinforced polymer;
flexural resistance; external bonded; flexural strengthening.

(NSM) hién méi c6 mot sﬁS it c&c nghién ciru, dién hinh nhu
nghién ctru tng dung cot thanh FRP d¢ tang cuong suc
khang cat cho dam BTCT. Ngoai ra, hién chua c6 nghién
cuu nao tien hanh ve thiet ke tang cudng uon cho dam st
dung phuong phiap NSM. Dac biét trong dieu kién nudc ta
da san xuat dugc cot thanh pdlime gia cuong soi thuy tinh
(GFRP) véi chi phi ré hon nhiéu so véi vat liéu FRP dan
ngoai phai nhap ngoai. Vi vay, NSM la mot phuong phap
tang cudng méi co trien vong thay thé hodc ket hop Vi
phuong phap dan ngoai dé nang cao hiéu qua, giam chi phi.
2. Nghién ciru thiét ké ting cwong udn

Hign c6 nhiéu tiéu chuan dung cho viéc thiét ké ting
cuong ket cau st dung vat liéu FRP duoc dé nghi boi cac
quoc gia, to chuc khac nhau trén thé giéi. Hai tiéu chuan
dién hinh duoc lya chon tir cac quoc gia c6 nhiéu nghién
cau tng dung doi véi vat ligu FRP la ACI 440.2R-08 va
ISIS. Bé so sanh gitra c4c tiéu chuan, cac dac trung sau day
sé duoc xem xét:

- Gidi han tang cuong;

- Hé s6 triét giam do diéu kién méi truong;

- Hé sb triét giam cuong do;

- M6 hinh pha hoai;

- Bién dang ban dau cua vat liéu FRP;

- Bién dang hiru hiéu thiét ké.
2.1. Gidi han ting cwong
2.1.1. Theo ACI 440.2R-08

ACI 440.2R-08 quy dinh két c4u trudc khi ting cuong
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phai dam bao kha ning chiu tai thoa man diéu kién (1)
trong truong hop thong thuong va (2) véi truong hop hoat
tai dai han.

(@R, )existing >(L1Sp. +0,758, ), ., (1)

(R, )existing >(1,1Sp. +1,0S, )nevv )

Trong d6, (¢Rn)exsting 12 sc khang tinh toan cua két cau
hién hiru, SoL, SiL lan Iuot Ia hiéu g do tinh tai va hoat
taimai du kién gay ra.

2.1.2. Theo ISIS - Canada

Huong dan ciia Canada (ISIS) dé nghi két cu hién tai

phai du chiu toan bd phan tinh tai va 50% hoat tai theo (3).
((/)Rn )existing > (1,lSD,_ +0,55, )new 3)

2.2. Hé sé triét giam do dieu ki¢n méi truong (Ce)
2.2.1. Theo ACI 440.2R-08
ACI 440.2R-08 quy dinh h¢ sb triét giam do diéu kién
moi truong theo Bang 1, phu thudc vao loai soi va diéu kién
moi truong.
Bdng 1. Hé sé triét giam do diéu kién méi truong Ce
(ACI 440.2R-08)

Diéu kieén tiép xtc Loai sgi Ce
Cac bon 0,95

Bén trong Thuy tinh 0,75
Aramid 0,85

Cac bon 0,85

Bén ngoai Thuy tinh 0,65
Aramid 0,75

MOoi tredng dn mon manh Cac bon 0,85
(cong trinh xur Iy chat Thuay tinh 0,50
thai, hda chat) Aramid 0,70

2.2.2. Theo ISIS - Canada

ISIS khong quy dinh cu thé hé s6 triét giam do diéu kién
moi trudng, thay vao dé tiéu chudn nay xét dén hé sb stc
khang cua vat liéu bao gom hé sé diéu kién méi truong
cling véi cac hé s an toan riéng khac dugc tong hop thanh
mot hé sb. 1SIS cung cap hai hé sb, mot cho cong trinh cau
va mét cho cdng trinh xay dung nhu Bang 2.

2.3. Hé sé triét gidam cwong dj (¢)
2.3.1. Theo ACI 440.2R-08

0,90 £,>0,005
0,25, - 4
g2 10,654 226 =%) 6, <,<0,005 )
0,005—z, g
0,65 & <¢

t sy

ACI 440.2R-08 tiép can theo triét ly cua ACI 318-05 sir
dung hé sé triét giam cuong do (¢) nham xéc 1ap ang xir
déo cho két cdu. Theo ACI 318-05 [3] hé s (¢) duoc Xac
dinh theo (4).

Mot hé s6 triét giam cuong do cua riéng FRP dugc dé
nghi ¥t = 0,85 va hé s triét giam cuong do tong hop ddi
Vi FRP 13 (¢.W5).

2.3.2. Theo ISIS - Canada
Hé sb triét giam cuong do iy theo Bang 2.

Bdng 2. Hé s6 triét giam cuong dé theo quy dinh cia ISIS

Vit lisu Cong trinh cdu | Cdng trinh xay dung
Bé tong ¢c=0,75 dc = 0,60
Cbt thép thuong ¢s=0,90 ¢s=0,85
Cét thanh GFRP dorre = 0,65 derre= 0,75

2.4. M hinh pha hogi
2.4.1. Theo ACI 440.2R-08
Két cau dém BTCT dugc tang cudng uén theo phuong
phadp NSM bang vat liéu FRP cd thé pha hoai theo 4
treong hop:
- Bé tdng ving nén bi ép va, trude khi cot thép chay déo;
- Cot thép bi chay déo, tiép theo d6 bé tong ving nén bi
ép v&;
- Cét thép bi chay déo, tiép theo d6 ct thanh FRP pha
hoai dut;
- C6t thanh FRP mét dinh bam véi bé tong.
2.4.2. Theo ISIS - Canada
Tuong tw nhu ACI 440.2R-08, ISIS ciing dua ra bon
dang pha hoai cua ket cau dam bé tong tang cuong bang
FRP theo phuong phap NSM. Tuy nhién tiéu chuan cua
Canada bo qua dang pha hoai do mat dinh bam cua thanh
FRP v6i bé tong (gia dinh nay c6 thé dam bao trong thuc
té véi viéc st dung hé thong neo chuyén dung).
2.5. Bién dang ban dau (&)
2.5.1. Theo ACI 440.2R-08
Bién dang ban dau cua vat li¢u FRP dugc tinh toan theo
so do Hinh 1.
g = Mo (d, —kd) 5)
ICI’ EC
Trong do, Moy 1& md men tai mit cat do tai trong ban
than cua ket cau, ler Ia m& men quan tinh cta mat cat da nat
tinh doi theo chicu cao ving nén xac dinh theo (7), dr la
chiéu cao hiru higu cua cét thanh FRP, d Ia chiéu cao hiru
hiéu cua cot thép, Ec 1a m6 dun dan hoi cua bé tong, k 1a ty
$O gitra chiéu cao truc trung hoa vai chiéu cao hiru hiéu cua
cot thép xét trén mat cat da nut.

ayf'c

b
Ete Ebi

Hinh 1. M6 hinh tinh bién dang ban ddu cia vdt liéu FRP

k=y2[om, + o @, 1)+ (o, + o) ~ (o0, + o) (6)

+n.A (d —kd)? (")

cr

_ b(kd)?
-3
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Trong d6, &u la bién dang cuc han cua bé tong
(&u = 0,003), ¢ la chiéu cao viing nén cua tiét dién dam.
2.6.2. Theo ISIS - Canada

ISIS khong quy dinh cu thé nhu ACI 440.2R-08 ma
xem xét gidi han bién dang trong vat liéu FRP dé tranh pha
hoai sém do mét dinh bam va pha hoai caa neo. Gigi han
nay dugc ISIS quy dinh phai xac dinh thong qua thyc
nghiém véi timg truong hop cu thé. Gia tri bién dang gigi
han cua bé tong dugc lay bang 0,0035.

2.7. S0 sanh trinh te thiét ké theo hai phwong phdp ACI
440.2R-08 va ISIS

Trinh tu thiét ké ting cuong udn cho két cau dam bé
téng bang vat ligu FRP theo phuong phap NSM duoc trinh

E. - E, . A A

n=—7n, = 1 = ; =
S E f EC ,03 bd Pf bdf

C

Trong d6, Asla dién tich cdt thép thuong chiu kéo.
2.5.2. Theo ISIS - Canada

Bién dang ban dau cua vat lieu FRP xem nhu bang
khong.
2.6. Bién dang hizu higu cia vt ligu FRP (&)
2.6.1. Theo ACI 440.2R-08

ACI 440.2R-08 quy dinh gi6i han bién dang trong vat
liéu FRP d¢ ngan chdn sy mat dinh bam do phat trién cua
cac vet nat. Bien dang gidi han trong vt liéu FRP duoc lay

bang (Km&w) hodc thap hon theo cong thic (8).

(8)

B d, -c <K
€ =&y c —&hi SKpéy

bay & Bang 3.

Bdng 3. So sanh phuong phdp thiét ké ting cirong uon theo ACI 440.2R-08 va ISIS

TT ACI 440.2R-08 [3] ISIS [13]
Buée 1: Xac dinh céc tinh chdt cia vdt ligu FRP Budc 1: Xdc dinh cac tinh chdt cua vat ligu FRP theo nha
\ o LA g * cung cap.
-C d6 chiu kéo gigi han: =
N i fu=Cefy - Cudng do kéo dit (frpu)
- Bién dang kéo giéi han: &, =Cy&;, - Bién dang kéo gici han (efrpu)
. - Mb an hdi (E
- M6 dun dan hdi (E) 0 dun dan hoi (E)
Buréc 2: Tinh toan céc dic trung cia vat liéu bé tong, cbt thép, | Budc 2: Tinh toan cac dic trung cua vat liéu bé tong, cbt thép,
cbt thanh FRP (Ec, &%, Bu, an, As, d, ps, As, df, o). cbt thanh FRP (Ec, A1, a1, As, d, ps, As, di, o).
T, 17f — / '
) E. = 4700, / f.; & = TC E, =4500,/f,
¢ o, =0,85-0,0015f, > 0,67
e g2 L .
o=t "b g AGE $,=0,97-0,00251, >0,67
3p.s; 6s. —2¢,
Buéc 3: Tinh toan bién dang ban diu cua vat lisu FRP (&vi). Buéc 3: Xac dinh chiéu cao truc trung hoa (c).
_ 2 Gia thiét bé tong viing nén bi phé hoai truéc (& = &u). Xac
k= J2Lpins + pini A 1) [+ o, pen) dinh (c) tir phuong trinh can bang.
3 —(pshs + psn .
(Ps ) pfs f) ¢s& fs +¢frpAf Efgf = ¢cal fcﬂlbc
1y = 26D A A —kd)i g, = Moc k) e, =e,(d, —C)/c
3 I E,
Budc 4: Xac dinh hé s6 phu thuoc dinh bam cua vat ligu FRP | Buéc 4: Kiém tra diéu kién bién dang cua FRP
tir nha cung cap (km). -Néu:g. <., tinh toan stic khang udn theo budc 5.
4 f frpu
- Néu: £¢> Epy Chuyén sang budc 6.
Buéc 5: Gia dinh chidu cao truc trung hoa ¢ trang thai gioi Buéc 5: Tinh toén stic khang ubn
han cuc han (c). Kiém tra diéu kién bién dang cua cét thép:
5 g =¢g,(d-c)lc>e,, néu khong théa man can giam ham
lwong cét FRP va tinh lai, néu thoa man tinh sic khang udn.
M, =g Af, (d—Bc/2)+dy,AE s (d, - Acl2)
Buéc 6: Tinh toan bién dang hitu hiéu cua vat liéu FRP (&). | Buwoc 6: Gia thiét lai truong hop pha hoai docst FRP bj dut
£ =6,(d, —C)/c—g, <k &, trudcC (& = &ipu; &<é&w).
6 Xac dinh (c) tr phuong trinh.
¢s& fy +¢frpA1 Ef gfrpu = ¢ca1 fcﬂlbc
Budc 7: Tinh toén bién dang cia cét thép (s). Buéc 7: Kiém tra lai gia thiét
Tl e =(sp+a)(d-c)i(d, —c) T UCIEORS
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Buéc 8: Tinh toan tng suét caa cot thép va ct FRP:
fo=Eiep: fi=Ee <1,

Buéc 8: Tinh toén stic khang ubn

Mr :¢5A5fy (d _ﬂIC/2)+¢frpAf Efgfrpu (df —ﬂ1C/2)

vung nén (c).
) At +A T
c=———

Buéc 9: Thiét lap phuong trinh cin bang va tinh chiéu cao

M, = (AT, (d-Ac/2)+ W A fr.(d; - c/2))

alﬂl fcb
10|  Buwdc 10: Thay doi (c), tinh 1p lai tir budc 6 dén budc 9 dé
dat duoc diéu kién can bang.
Buéc 11: Tinh toan stc khang udn (M).
11

3. Két qua va thao luan

Nham so séanh két qua tinh toan theo hai phuong phép
ACI 440.2R-08 va ISIS, mot vi du cu thé ve tang cuong
udn cho két ciu dam bé tong cot thép st dung phuong phap
NSM (Hinh 2) dugc dua ra dé phan tich, vai cac sb lidu cu
thé sau:

- Cudng do bé tong dam £ ¢ gid tri thay doi (20, 25,
30, 35, 40) MPa;

- Kich thuéc dam: b = 200 mm; h = 350 mm;

- Cbt thép chiu kéo: 3914 c6: As = 462 mm?;
d = 310 mm; fy = 300 MPa; Es = 200 GPa;

- Thanh cét soi thiy tinh (GFRP) ding dé ting cuong
sirc khang ubn ciia dam theo phuong phap NSM: 2¢10 c6:
A= 113 mm?; Ef = 45 GPa; frrpy = 900 MPa; &frpy = 0,013;

- Chiéu dai nhip dam: L = 4,0 m.

2610
o
5 3
3914
It B -
2610
GFRP 200

Hinh 2. Mgt cdt ngang dam

Két qua tinh toan stic khang udn sau khi ting cuong
theo cac phuong phap ACI 440.2R-08 va ISIS véi cac
trudng hop cuong do bé tong lan luot 1a 20 MPa, 25 MPa,
30 MPa, 35 MPa, 40 MPa, dugc tong hop va so sanh trén
Bang 4 va Hinh 3.Trong pham vi khao sat cua bai toan, tinh
theo phuong phap ACI 440.2R-08, stic khang uén sau khi
tang cuongting tuong ung khoang 32,2% dén 36,4%. Muc
tang cuong tinh theo phuong phap ISIS khoang tir 9,6%
dén 22%. Stc khang u6n sau tang cuong tinh theo phuong
phép ACI 440.2R-08 16n hon gia tri tinh theo phuong phap
ISIS tir 31,1% dén 42,5%. Murc d6 chénh léch c6 xu hudng
giam dan khi cuong d6 bé tong ting. Su chénh léch gi4 tri
sirc khang uén tinh toan giita hai tiéu chuan cé thé duoc Iy
giai tir viéc xac dinh chiéu cao truc trung hoa (c) khéc nhau,

trong khi ISIS dua cac hé sb triét giam cuong do vat liéu
vao phuong trinh cén bang thi ACI 440.2R-08 khong xét
deén cac hé sb nay khi tinh (c).
Bdng 4. Sitc khang uon tinh todn theo cdc phirong phdp
ACI 440.2R-08 va ISIS

Stic khang ubn tinh toan My i
f'c (kNm) Chénh |éCh
(MPa) (%)
ACI 440-2R ISIS - Canada
20 44,027 30,882 42,6%
25 44,471 31,993 39,0%
30 44,740 32,913 35,9%
35 44,880 33,688 33,2%
40 45,060 34,378 31,1%
OACI 440-2R  1ISIS
50.0
£40.0 .
Z 30.0 - r I o £
<200 o o = - —
S 100 - - . - -
oo I o L o !
20 25 30 35 40
f. (MPa)

Hinh 3. Sitc khang udn tinh todn sau khi ting cirong theo
ACI 440.2R-08 va ISIS

Ngoai ra dé so sanh hiéu qua ting cuong gitra hai
phuong phap EB va NSM, mot phén tich dugc tién hanh
VGi céc s6 lidu cua két ciu dam nhu Hinh 2, sir dung lan
luot hai phuong phap NSM va EB. Két qua tinh toan cho
thdy, v6i mirc do ting cudng kha niang chiu udn tuong
duong (khoang 30%), phuong phap EB sir dung tam soi
cac bon (CFRP - Toray UT70-20G) c6 chi phi vat liéu cao
honso véi phuong phap NSM sur dung thanh GFRP dugc
san xut boi Cong ty Co phan Cét soi Polyme Vigt Nam
(FRP Vietnam JSC). Trong pham vi khao sét véi cuong do
bé tong (<) bang 20 MPa, 25 MPa, 30 MPa, 40 MPa, mirc
chénh léch tuong tng la 58,2%, 38,4%, 38,5% va 13,7%
(Bang 5).Muc chénh léch chi phi giam dan khi cuong do
bé tong ting 1én la do gia tri chiéu cao truc trung hoa (c)
tinh toan theo phuong phap tang cuong bang dan ngai cé
xu huéng giam nhanh hon. Diéu ndy dan dén sic khang
udn tinh toan s& c6 xu hudng ting nhanh hon (theo £7c) s
v6i phuong phap NSM.
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Bdng 5. So sdanh chi phi tang cwong theo NSM va EB

o [ e | o [ ou
(MP2) EB(m?) | NSM EB NSM (%A))
20 064 | 1616 | 841280 | 531861 | 58,2%
25 056 | 1416 | 736120 | 531861 | 38,4%
30 052 | 1¢16 | 683540 | 531861 | 285%
40 046 | 1¢16 | 604670 | 531861 | 13,7%

(Pon gid ldy theo bdo gid dwroc cung cap boi
cdc don vi FRP Vietnam JSC va Jvtek)

4. Két luan

Suc khang udn sau khi ting cudng theo phuong phép
NSM st dung vat liéu FRP tinh theo cac phuong phap ACI
440.2R-08 va ISIS c6 su chénh léch kha lon, gid tri tinh theo
ACI 440.2R-08 cao hon so véi tinh theo 1SIS (khoang 30% -
40%). é lya chon phuong phép thiét ké ting cuong udn phu
hop can c6 thém cac nghién ciru thuc nghiém.

Chi phi vét liéu khi tang cuong theo phuong phap dan
ngoai sir dung vat liéu FRP cao hon khoang tir 13,7% dén
58,2% so V6i phuong phap NSM. Két qua phan tich nay c6
thé duoc tham khao khi lya chon phuong 4n ting cuong
kha nang chiu udn cua két cau.
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