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Tém tit

Gia cuong khang cit cho két cAu dam Bé tong cbt thép (BTCT) dudc tién hanh khi két cAu dim khong di kha
ning chiu cat (do tinh toan khong di, do sai sét trong qua trinh thi céng, do c6 su gia ting tai trong hay do
thay ddi so d6 lam viéc...). Noi dung bai béo trinh bay vé thiét ké gia cudng khang cit theo tiéu chudn ACI
440.2R-08 va cdc két qua nghién ctiu thuc nghiém su lam viéc ctia ddm BTCT dudgc gia cudng khang cit bang
vat liéu tAm s¢i cac bon (CFRP). 03 miu dim BTCT thi nghiém c6 ciing kich thuéc hinh hoc va ciu tao cbt
thép dudc ché tao, trong d6 01 miu dim khong dugc gia cuong la dam dbi chiing, 02 dAm con lai dugc gia
cudng khang cit bang vat liéu CFRP theo di. Hiéu qua gia cudng dugc ddnh gia thong qua su gia ting kha
ning chiu cit ctia cdc miu dam sau gia cudng.

Tir khod: dam; gia cuong; tAm sgi composite; cit; tiéu chudn ACI 440.2R-08.

THE STRENGTHENING EFFICIENCY OF REINFORCED CONCRETE BEAMS UNDER SHEAR USING
CFRP SHEETS

Abstract

This paper presents the design of the shear behavior according to ACI 440.2R-08 and an experimental study
on this shear behavior of reinforced concrete (RC) beams strengthened with externally bonded carbon fiber
reinforced polymer (CFRP) sheets. This strengthening is carried out when the beam structure is not capable
enough to withstand shear (due to insufficient calculation, errors during construction, increased load or due to
change the working diagram...). Three identical specimens were cast. The concrete grade and the steel rein-
forcement ratio were kept constant for all specimens. One specimen without being strengthened was the control
specimens, while the two other specimens were strengthened with CFRP composite sheets. The strengthening
effect is assessed through the increase in shear strength of the reinforced post-beam specimens.

Keywords: beam; strengthening; composite sheet; shear; ACI 440.2R-08.
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1. Giéi thiéu

Hién nay, viéc st dung tAm sdi composite cuong do cao (Fibre Reinforced Polymer, viét tit FRP)
trong cong tic gia cudng két cAu cong trinh dugc dp dung phd bién & cac nudc tién tién trén thé gidi.
Cic két cAu cong trinh dudc gia cudng c6 thé 1a két cAu cot, dam, san bé tong cbt thép, két cau khbi
xdy gach. .. Trong sb cdc vat liéu composite ding dé gia cuting két ciu bang bé tong cdt thép thi vt
liéu tAm soi cac bon (viét tit CFRP) dudc st dung rong rai. Phuong phédp gia cuong b.:?lng vat liéu
CFRP tan dung dugc nhiing uu diém cta loai vat liéu nay nhu cudng do chiu kéo va mo dun dan hoi
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cao, trong lugng nhe, khong bi dn mon... Bén canh vu diém vé dic tinh co hoc, gia cudng bang vat
liéu CFRP con cho thiy nhiing tién 16i cho qua trinh thi cong gia cudng nhu nhanh chéng, don gian,
khong can nhiéu may mdc thiét bi, thoi gian thi cong nhanh. Trén Hinh 1 gi6i thiéu hinh anh st dung
tAm sgi CFRP trong viéc gia cudng stic khang ubn va khang cit cho dam bé tong cdt thép.

(a) Gia cudng stic khang udn (b) Gia cudng sitc khing cit

Hinh 1. Hinh 4nh gia cudng dim BTCT bang vat liéu CFRP

O nudc ta, vat liéu CFRP da dudc sit dung cho viéc gia cudng mot sb cong trinh cau va nha dan
dung. Tuy nhién viéc 4p dung con han ché, chua dudc phd bién trong d6 nhiing nguyén nhan chinh
la gia thanh va tiéu chuin ky thuat ap dung cho loai vt liéu gia cudng nay. Hién nay & nuéc ta chua
c6 céc tiéu chudn tinh todn thiét ké, gia cuong két ciu bé tong cot thép biang vat liéu CFRP. Viéc tinh
toan chu yéu dua theo cdc tiéu chuan nudc ngoai nhu tiéu chudn ACI 440.2R-08, ISIS, fib, TR 55,
JSCE va AASHTO [1-6].

Két cAu BTCT dudc gia cudng bang vat liéu CFRP dudc tao thanh tif ba loai vat lidu: bé tong, cot
thép va tim CFRP. Trong d6, tim CFRP dong vai tro nhu cdt thép trong cdc trudng hop gia cudng
khang udn va khang cat cho két cAu. Viéc st dung vat liéu CFRP trong thiét ké gia cudng doi hoi
ngudi k§ su khong chi hi€u vé dic tinh co 1y cla loai vt liéu ny ma con 1a su tuong tac gilia vat liéu
CFRP véi bé tong, cot thép khi ma mdi loai vat liéu c6 su khac biét 16n vé dic trung co hoc. Nhiing
nghién cifu thyc nghiém vé su lam viéc chiu uén ctia két ciu BTCT dudc gia cudng bang cach dan
tam CFRP & vung lam viéc chiu kéo cho thiy ting xi ctia két cAu rat phic tap so véi két cAu BTCT
khong gia cudng [7-12], véi nhiéu cd ché pha hoai c6 thé xay ra phu thudc vao cic dic trung cia vat
liéu CFRP, giai phap thiét ké, thi cong, diéu kién lam viéc.

Céc nghién ciiu vé ting x1 ctia két cAu BTCT dudc gia cudng va hiéu qua gia cudng bang vat lidu
FRP néi chung va vit liéu CFRP di dudc nhiéu nghién cifu trong va ngoai nudc tién hanh ma mot
s6 nghién cifu dién hinh dugc trinh bay trong céc tai liéu [13-20]. Cac két qua thu dudc déu ching
minh dudc hiéu qué clia viéc sit dung loai vat liéu nay khi gia cudng sic khang ubn, stic khang cit,
kha ning chiu nén, chiu xoén. .. ciia két cAu BTCT. Pdng thdi ciing cho thiy ting xit ctia két ciu dugc
gia cuong 12 phic tap, vdi nhiéu dang phd hoai khac nhau va hiéu qué clia viéc gia cudng phu thudc
rat nhiéu vao dic trung co hoc ctia vat liéu CFRP (c6 gia tri khdc nhau theo nha san xuét) va vio quy
cach, chét lugng thi cong gia cudng dan tim sdi 1én két cdu dudc gia cudng.

Nbi dung bai béo trinh bay vé van dé thiét ké gia cudng khang cit theo tiéu chuin ACI 440.2R-08
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[1] va nhiing két qua nghién ctu thuc nghiém su 1am viéc ctia két ciu dim BTCT dudc gia cudng
bing vat liéu CFRP. Nhiing két qua thu dugc thong qua nghién ciu nay gép phan lam rd ting xt ctia
dam bé tong cbt thép dugc gia cudng bang vat liéu CFRP ciing nhu hiéu qua cia viéc gia cuong két
cAu dAm BTCT chiu cit bang loai vat liéu nay.

2. Thiét ké gia cuong khéang cit dAm BTCT theo ACI 440.2R-08 [1]

Tit nhitng ndm 1990 dén nay, da c6 rit nhiéu tiéu chuén ciing nhu chi din thiét k& va thi cong
gia cudng két cAu bé tong cot thép (BTCT) st dung loai vit lidu nay. Nhiing tiéu chuin nay vé co
ban dugc xay dung dua trén co s6 cia tiéu chuan thiét ké két chu BTCT. Hién nay, cdc nudc tién tién
trén thé gidi da ban hanh cdc tiéu chuin va chi din ky thuat vé viéc thiét k& va thi cong gia cudng
két cAu BTCT bing vat liéu FRP, trong d6 c6 tiéu chuin chinh dugc st dung phd bién nhét 1a ACI
440.2R-08 [1]:

Theo ACI, khé niing chiu cit ctia két cAu dim BTCT sau gia cudng, ¢V,,, phai 16n hon so véi luc
cat yéu cau, V,,, ma két cAu phai chiu:

¢V 2V, (D

Kha niing chiu cat ctia két cAu sau gia cudng dudc xac dinh theo cong thifc sau:
¢V = (Ve + Vi + s Vy) 2)

trong d6 V,, V;, V¢lan lugt 12 kha ndng chiu cit ctia bé tong, cdt thép dai va cia FR; ¢ 1a hé s6 gidm do
bén khi tinh todn chju cdt, 1iy bang 0,75; y; 1a hé s6 gidm do bén phu thudc cho tim FRP gia cudng
khéng cat.

Cic budc thiét ké gia cudng khang cat cho két ciu dim BTCT lam viéc chiu udn bang vat liéu
FRP, khi vat liéu FRP dudc dan théo dai, gdm:

- Xdac dinh kha ning chiu cit ctia bé tdng va clia cot thép:

Ve =0,17+/flb,d 3)
A, f.d
v, = 2l @)

trong d6 A, la dién tich cbt thép dai chiu cdt; f, 1a cudng do tinh todn cta cbt thép; s la khodng cach
cot dai.
- Kiém tra diéu kién khong ché:

% ~ V. <0,83flb,d (5)

trong d6 f7 1a cudngdd chiu nén dic trung clia bé tong (xdc dinh dya trén cudng do chiu nén ctia mau
thi nghiém hinh tru tiéu chuén); d va b,, 1an luot 1a chiéu cao hiéu qua va bé rong cia tiét dién dam
BTCT.
Néu diéu kién khéng ché khong théa min can luya chon giai phdp gia cudng khac nhu ting tiét
dién.
- X4c dinh hé sb giam kha ning bam dinh «, theo cong thiic:
kikyL,
Ky =
11,94,
104
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trong d6 ki, kz 12 cac hé sd; L, 1a chiéu dai ma trén d6 ung suat bim dinh dugc duy tri; &7, 1a bién
dang cuc han ctia tim FRP.
- Xdc dinh bién dang hiéu qué trong tim FRP:

Ere = Kyepy < 0,004 (7
- X4c dinh tng suit hiéu qua trong tim FRP:
Ofe=Erege (8)
- Tinh dién tich tim FRP tham gia chiu cit:
Ay =2ntrwy )

trong d6 n 1a s6 16p FRP; ¢ va w 1an lugt 1a chiéu day va chiéu rong ctia ddi FRP.
- Tinh todn kha ning chiu cét ctia tim FRP:
3 Apyo e (sina + cosa)dy,

V= - (10)

trong d6 « 1a géc nghiéng clia cla cdc dai FRP ddn 1én két ciu so vdi phuong nam ngang; s 1a khodng
céch gitta cac dai FRP; dy, 1a chiéu cao lam viéc hiéu qué ctia cac dai FRP.

Tit céc két qua tinh todn, xac dinh stic khang cit ctia két cAu sau khi gia cuong theo cong thiic (2)
va danh gia hiéu qua gia cudng theo cong thic (1).

3. Nghién ciru thue nghiém
3.1. Mdu thi nghiém va vdt liéu ché tao

Trong nghién ctiu niy, 03 miu dam dudgc ché tao gidng nhau trudc khi tién hanh gia cudng. Céc
mau dam BTCT thi nghiém c6 chiéu dai 1700 mm, kich thudc tiét dién b x h = 150 x 250 mm. Nhip
lam viéc ctia dAm 12 1500 mm. Dam chiu tic dung ctia 02 luc tap trung P dit cach céc gbi tya 500 mm.
Qua tinh todn theo chi din cta tiéu chuan ACI318-05 [7], dé tranh cho cic mau dam thi nghiém khong
bi pha hoai do md men ubn, lua chon ¢t doc chiu Iuc ving kéo (phia dudi dam) 1a 5@14, cbt doc
viing nén (phia trén dam) bd tri 2@12. Cét thép dai @6a50 dudc bd tri  mot phia ctia dam, phia con
lai khong dugc b tri cbt dai. DAm khong gia cudng (ddi chiing) dudce ky hiéu D-1, 02 dam con lai ky
hiéu D-2 va D-3 dudc gia cudng khang cat (viing khong bé tri cbt dai) bang vat liéu CFRP theo dai,
dang U v6i bé rong cac tim CFRP la 50 mm. Chi tiét cac dAm dudc trinh bay trén Hinh 2 va Hinh 3.
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Hinh 2. Kich thudc hinh hoc va ciu tao cbt thép clia cac mau dam thi nghiém
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Hinh 3. Chi tiét phuong 4n gia cudng khang cat

Cudng do vat liéu bé tong, vat liéu thép st dung ché tao dim dudc xéc dinh thong qua thi nghiém
trén cac mau thi nghiém va dugc trinh bay tém tat trong Bang 1. Ca 03 miu dam thi nghiém dudc ché
tao cting mot cap phdi bé tong va d6 cliing ngay. Két qua thi nghiém cuong do nén trung binh ctia 03
mau thi nghiém hinh tru tiéu chudn D x H = 150 x 300 mm, dugc iy trong qud trinh dic cdc miu

dam dugc trinh bay 6 Bang 1.

Bang 1. Cudng do bé tong va cot thép ché tao dam

Cuong d6 chiu nén cia bé tong & 28 ngay

Gidi han chay cua thép D14
Gidi han chay cua thép D8

24,2 MPa
375 MPa
365 MPa

Vit liéu tAm soi cac bon CFRP sit dung gia cudng dam do hing TORAY (Nhat B4n) san xuit. Céc

thong sb dic trung cta vat liéu dudc trinh bay trong Bang 2.

Bang 2. Cac dac trung cua vat liéu CFRP st dung gia cudng

STT Thong s6 Gia tri
1 Chiéu day tAm tr 0,365 mm
2 Cuong do chiu kéo fy, 1210 MPa
3 Mb dun dan hoi Ef 96,9 GPa
4 Bién dang cuc han Efu 1,85%

3.2. Quy trinh thi cong gia cwong tdm vdt liéu composite

Trén Hinh 4 va Hinh 5 gi6i thiéu mot s6 hinh
4nh vat liéu va thi cong gia cudng dam bang vat
liéu CFRP. Pau tién, bé miit dAm tai ving dan tim
gia cudng dudc danh sach bang mdy mai cim tay
va gidy rap dé loai bo phan vita xi ming kém chit
lugng va ting su bam dinh gitta thim CFRP va bé
miit bé tong. Tiép dén quét 16p keo dan epoxy 1én
bé mit bé tong thanh 16p mong va quét 1én hai mit
tam CFRP sao cho keo epoxy xam nhap hét vao
tAm CFRP. Cubi cung dan tim CFRP lén bé miit
bé tong. Thi nghiém dugc tién hanh sau 72 h dé
dam bao luc dinh két giita tim CFRP va bé mit bé
tong.
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Hinh 5. Mot s6 hinh anh thi cong gia cudng tAm sgi composite

3.3. Tinh todn khd néng chiu lyc ciia dim duoc gia cuong

Viéc tinh toan kha ning chiu cét clia cac dim thi nghiém nhiam 1am co s& cho cong tac thi nghiém
trong viéc lua chon hé gia tai (kich thily Iuc, hé khung gia tai) va so sanh kha ning chiu cit theo tinh
todn ctia cdc miu dam gia cudng D-2 va D-3 véi két qua thuc nghiém. Dua trén cdc s6 liéu thi nghiém
vé cudng do bé tong va cudng do ctia cbt thép va céac dic trung co hoc ciia vat liéu CFRP, x4c dinh
dugc kha ning chiu cat ctia dAm sau khi gia cudng dua theo cac cong thiic dugc trinh bay & muc 2
(khong xét dén hé s6 an toan ¢ khi tinh todn). Téng hop két qua tinh todn kha niing chiu cit cia cac
dam thi nghiém dudc trinh bay & Bang 3.

Bang 3. Kha ning chiu cét ctia cic miu dam theo tinh todn 1y thuyét theo tiéu chuin ACI 440.2R-08 [1]

Didm  Kha ning chiu cdt bén trdi V, + V, (kN)  Kha ndng chju cit bén phai V. + V; (kN)

D-1 256 +0 =256
D-2,D-3 256 +139,3=1649 25,6 + 23,0 = 48.6

3.4. So do thi nghiém va bé tri dung cu do

Céc miu dam dudc thi nghiém theo so d6 dam don gian ké 1én gdi tua cb dinh va gbi tua di dong
(Hinh 6). Dam chiu tac dung ctia 02 luc tap trung P cach gbi tua mdi bén 750 mm. PE tao ra tai trong
tac dung 1én dam, st dung kich thiy luc (loai 20 tin) két hop véi dim phan tai. Thong qua dam phan
tai, tAi trong tap trung dau kich dugc phan thanh 02 tii trong bang nhau tic dung 1én dam. Gi4 tri tai
trong tap trung dau kich dudc x4c dinh thong qua 01 dung cu do luc dién tir (Load Cell) dugc két ndi
véi bd xti ly s6 lidu Data-Logger TDS 530 (do hang Tokyo Sokki — Nhat Ban san xuét).

Chuyén vi ctia dam dudc xac dinh thong qua 03 dung cu do chuyén vi LVDT dugc b tri & hai gbi
tya va & gitta dam. Trong trudng hop nay, do vong f & vi tri gilta dim dugc xac dinh theo cong thiic
f=5H-0,5fi + f3) Vi fi, />, f3 1a gia tri chuyén vi x4c dinh tif s6 doc trén cac LVDT tuong ung.
Céc dung cu do chuyén vi, luc load cell dugc két nbi véi bd thu thap, xir Iy sd liéu TDS-530 cho phép
ghi nhan tu dong va dong thdi cac thong sd do dac trong thi nghiém.
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Hinh 6. So do thi nghiém

3.5. Phdn tich va ddnh gid két qud
a. Quan hé tai trong — d6 vong

Trén Hinh 7 trinh bay mdi quan hé giita tai trong P va d6 vong f tai tiét dién giita nhip clia céc
mau dam thi nghiém.

60
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Hinh 7. Quan hé tai trong - do vong ctia cic dam thi nghiém

Cic két qua thu dugc tir biéu do P-f clia thi nghiém cho thiy, viéc gia cudng khing cit dim BTCT
bing vit liéu tim sgi CFRP khong c6 tic dung gia ting do cing ctia dim BTCT.

Két qua thu dugc trén Hinh 7 ciing cho thy c6 su chénh léch vé do vong cuc han clia cic dam
D-1, D-2 va D-3 tai thoi diém bi ph4 hoai hoan toan. Diéu nay dugc giai thich bing viéc cac dam déu
bi ph4 hoai cit. Py la dang pha hoai dot ngdt phu thude vao su hinh thanh va phat trién cia vét nit
xién trong bé tong. Su khong dong déu vé phan bd cbt lidu trong bé tong (chi yéu 1a cbt lidu da dim)
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ciing nhu vai trd ctia 16p CFPR gia cudng dnh hudng dén su phat trién ctia vét nit, dAn dén su chénh
léch clia téi trong va do vong cuc han clia cac mau thi nghiém.

Gi4 tri clia tai trong cuc han giy phd hoai cdc miu dam va hiéu qué clia cong tic gia cudng dudgc
trinh bay & Bang 4. C6 thé nhan thy cac dim dudc gia cuvng chiu cit bang tim CFRP cho ¢6 luc pha
hoai cao hon han so véi miu dim d6i chiing. Miic dd ting kha niing chiu cit, véi sy tham gia ctia tim
CFRP, lan luot 12 50,7% va 48,0% ctia dam D-2 va D-3 so véi dam D-1.

Bang 4. Tai trong pha hoai (cit) cic miu dim

Dam Tai trong pha hoai theo thuc nghiém P, (kN) % tang kha nang chiu luc
D-1 33,5 -

D-2 50,5 50,7%

D-3 49,6 48,0%

b. Su phé hoai cac mau thi nghiém

Cac mau dam thi nghiém déu bi pha hoai cat. Trén Hinh 8 trinh bay minh hoa hinh anh pha hoai
clia miu dam dbi ching D-1 va clia miu dAm dudc gia cudng D-2. Hinh 4nh phd hoai tif miu dim
D-1 cho thiy xuét hién 01 vét nit xién khoang 450 so v&i phuong nim ngang, bé rong vét nit phat
trién nhanh. Déi véi ddm D-2, do sy ngin can ctia tim FRP va 16p keo dan nén xuit hién nhiéu hon
cdc vét niit nho xién so véi phuong nim ngang, véi bé rong vét niit duge han ché dang ké so véi bé
rong vét nit trén dam D-1.

i3 ; " - -

Hinh 8. Hinh 4nh pha hoai dim d6i chiing D1 va dim dugc gia cudng D-2

Déi v6i cac miu dam dugc gia cudng, khi bé rong vét niit ting 1én thi su truyén luc qua vét nit
dugc didm bao thong qua su lam viéc clia cac tim FRP gia cudng. Su lam viéc nay dugc ddm bio
thong qua luc bam dinh gitta tim FRP va bé mit bé tong. Khi bé rong vét nit ting 1én sé dan dén ting
suat kéo trong tAm FRP 16n. Luc kéo trong tim FRP 16n di kéo bong 16p bé tong bao vé & dau tu do
ctia tim FRP (Hinh 9), 1am mét lién két giita tim FRP v6i bé mit bé tong va gy pha hoai dam. Céc
tam FRP chua bi diit khi dim bi ph4 hoai. Co ché phd hoai nay déu quan sat dugc ddi véi 02 dam D-2
va D-3. Tit cd ché nay cho théy, trong cong tac gia cudng ndi chung va gia cudng khing cat néi riéng,
cAn dam bdo chit lugng cla 16p bé tdng bao vé & viing gia cudng ciing nhu dam bao dudc luc bam
dinh giita tim FRP va bé mit bé tong (thong qua xi 1y 1am phang, nhin bé mit, ddm bao chét lugng
keo dén...) d€ ting hiéu qua ctia viéc gia cudng.

Céc mau dam gia cudng D-2, D-3 bi ph4 hoai hoan toan khi x4y ra bong tim FRP khoi bé miit bé
tong (Hinh 9).
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Hinh 9. Lép bé tong bio vé & cudi thm FRP bi kéo v

c. So sanh két qua thuc nghiém véi két qua tinh todn ly thuyét

Trén Bang 5 trinh bay két qua so sanh tai trong phd hoai giifa tinh to4n ly thuyét theo ACI 440.2R-
08 va két qua thi nghiém cla cdc dAm gia cudng D-2 va D-3. C6 thé nhan thiy gia tri thu dudc tir
thuc nghiém 16n hon so véi ly thuyét, va do chénh léch 1a khong dang ké. Nhu vay két qua tinh todn
ly thuyét theo ACI 440.2R-08 phi1 hop trong viéc du bdo kha niing chiu cit cia dim BTCT gia cudng
bing vit liéu CFRP.

Bang 5. So sanh tai trong pha hoai (cat) theo tinh toan 1y thuyét véi thuc nghiém

Dam Tai trong pha hoai theo tinh todn P, (kN) Tai trong pha hoai theo thuc nghiém P, (kN) P, /Py

D-2 48,6 50,5 1,04
D-3 48,6 49,6 1,02

4. Két luan vé hiéu qua gia cuong khang cit

Bén canh cic giai phap truyén thong, sit dung tim sgi CFRP trong cong tac gia cudng khang cat
1a gii phép tién tién v6i nhitng wu di€ém ndi bat nhu phuong phép thi cong don gidn, thdi gian thi cong
nhanh va khong 1am thay d6i khong gian kién triic clia cong trinh sau gia cudng. Két qua nghién cifu
thuc nghiém cho thiy cac dim dudc gia cudng chiu cit bang tim CFRP cho c6 luc pha hoai cao hon
han so v6i miu dam d6i ching, phuong phap gia cudng khang cat cho két cAu dim BTCT bing cach
st dung tAm sgi FRP dan thanh dai cho hiéu qua ro rét trong viéc ting stic khang cit ctia dam BTCT.
Ca 02 dim gia cudng bang vat liéu CFRP déu bi pha hoai do luc kéo trong tim FRP 16n giy kéo vG
16p bé tong bao vé. Piéu nay cho thiy trong cong tic gia cudng, nhitng vi tri hu hong bé mit bé tong
hoic 16p bao vé kém chét lugng cAn dugc tién hanh stta chita trudc khi tién hanh thi cong gia cudng.
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