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Bai bdo nay trinh bay két qua nghién cttu vé hiéu qua gia cidng basalt fiber reinforced polymer (BFRP) va
anh huéng cla tai trong 1ip dén kha ning chiu tai cta nit dim-cot bé tong cbt thép (BTCT) c6 hé dim
triee giao. Thi nghiém dugce thue hién trén tdm nit dim-cot. TAm ndt dAm-cot ndy dugc chia thanh bbn
nhém, m&i nhém gdm hai nit. Mot nhém khéng gia cwdng va ba nhém con lai duwge gia cudng bing soi
BFRP v&i céc ciu hinh khac nhau. Trong mdi nhém, mét nit chiu tic dung tai trong don va niit con lai
chiu tic dung ctia tai trong lip. Két qua cho thiy cac nit bi pha hoai & dang bé téng viing nén bi nén v&;
trong khi d6, bé téng viing kéo bi nitt. Sy pha hoai tip trung & vi tri dAm ma khong xuét hién trén cot.
Duéi tac dung cta tai don, gia cwdng BFRP di lam tang trung binh khoang 8,5% tai trong t&i han cta ndt.
Khi nit chiu tai trong l3p, gia cwdng BFRP 1am ting 3,3-7,0% so v&i nit déi chitng. Tai lip c6 anh hwdng
16n dén kha ning chiu tai t&i han ctia nit. So v&i nit dbi ching chiu tai don, tai lip da lam giam 14,3%

tai trong t&i han cua nit khong gia cudng va 8,3-17,2% kha ndng chiu tai t&i han cua nit gia cudng.

ABSTRACT

Reinforced concrete
Beam-column joint
BFRP

Retrofitting

Cyclic loading
Load-carrying capacity

This paper investigates the effects of Basalt fiber reinforced polymer (BFRP) retrofitting and cyclic loading
on bearing capacity of reinforced concrete beam-column joints with orthogonal beams. Experiments were
conducted on eight beam-column joints. These joints were classified into four groups; each group had two
joints. One group was not retrofitted (control group). Three remaining joints were retrofitted with various
configurations. For each group, one joint was monotonically loaded and one joint was cyclically loaded.
The results showed that damage mode was in the form of concrete crushing in the compression zone and
concrete cracking in the tension zone. The damage was concentrated on the beams, while the damage did
not appear on the columns. Under monotonic loading, BFRP retrofitting increased the ultimate load of the
joints by about 8.5%. Under cyclic loading, BFRP retrofitting increased the ultimate load by 3.3-7.0%
compared with that of the control joint. Cyclic loading had a great influence on the ultimate load capacity
of the joints. Compared to the control joint subjected to monotonic load, cyclic loading reduced the
ultimate load of the unretrofitted joint by 14.3% and the ultimate load capacity of BFRP retrofitted joints
by 8.3-17.2%.

1. Giéi thiéu

Scarpa [1] nghién cttu ¥ng x@ ctia 3 nit dAm—cot chiu tai trong déng

dAt. Hai trong 3 ntt ¢6 ¢bt thép chiu cit bing 50 % so v6i tiéu chuln.

Cac nit dAm-cdt ctia khung bé tong ¢t thép (BTCT) c6 vai trd
quan trong vi chiing tiép nhan tai trong tit san, dim va c6t. V& mit co
hoc, nit 1a b6 phan chiu luc phitc tap hon so véi cac phén t¢ nhw
dim hay cét, do phai chiu ddng thi nhiéu loai tng suit khic nhau.
Do d6 duéi tic dung clia tai trong, nit dim-cot 1a bo phéan d& bi hu
héng so v6i cAu kién khdc nhw ddm hay cot. Trong nhidu nim qua,
céc nghién citu da dwgc thye hién dé hidu vé @ng xi co hoc cta niit

dAm-cot khi cong trinh chiu tai trong dong dt. Nam 1973, Paulay va
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Két qua cho théy céc nit chiu lyc rit tét. Nguyén nhan duoc cho 1a ¢6
thém c6t thép cot xuyén qua niit lién két va c6 sy tham gia chiu cit
ctia cbt dai trong cot. Ehsani va Wight [2] nghién cttu sdu nit dam cot
bién BTCT chiu tai trong 13p v&i cdc chu ky bién dang tuong tng v6i
cac déng dit vita dén manh. Tac gia két luan ring céc chi tiéu trong
mot sb tiéu chudn qua an toan. Raffaelle Wight [3] thi nghiém 4 nit
dim-cot chiu tai trong l3p c6 tai trong léch tAm tai nit. Két qua

nghién cttu cho théy sy ton tai ctia d6 1éch tdm tai ndt anh hwdng 16n
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dén kha ning chiu tai ctia ndt. Pampanin va cong su [4] nghién citu
thic nghiém ttng x{ ctia nit khung dwgc thiét ké chi chiu tai trong
dtng, mot dang thiét ké dién hinh cta cong trinh & Y trong nhitng
thap nién 50-70. C4c niit nay dwgc thi nghiém dé x4c dinh kha ning
chiu tai trong déng dit thong qua tai trong lip. Két qua cho thiy céc
nit nay rt d& bi hw hai khi chiu tai trong lip. Pantelides va cong su
[5] thi nghiém trén 4 nit dAm-cot khung bién véi ty 18 1:2 duge thiét
ké va xay dung triede khi c6 tiéu chuén vé dong dit duge ban hanh.
Céc niit nay duoc thi nghiém chiu tai trong dong dit théng qua quy
trinh 13p c6 ké dén tai trong doc truc trong cot. Két qua cho thiy ring
tng suit kéo trong nit ting 50 % khi ting tai trong nén trong cot.
Ngoai ra tai trong doc truc thp din dén sy tiéu tan trong nit nhiéu
hon va d6 déo ciing cao hon. Tsonos [6] nghién cttu thyc nghiém ting
X0 ctia nit khung duoc thiét ké khang chin theo quy dinh hién hanh
chiu tai trong lip v&i nhidu chu ky gia tai khéng dan hdi. Két qua
nghién citu cho thy cdc nit van c6 thé bi hv hai sém hon tai trong
dy kién. Elshafiey va cong sy [7] nghién citu thic nghiém Gng xi ctia
8 nit dim-cot khung bién chiu tai trong két hop cit va xodn. Két qua
cho théy pha hoai do ciit 1a co ché pha hoai chinh ctia nit. CAu tao va
chidu dai neo cta cbt thép doc va cbt thép chiu nén anh hudng 16n
dén kha nang chiu lyc va vi tri pha hoai. Gan day, Gao va Lin [8] du
doén mo hinh pha hoai cta nit dam cot BTCT dua trén 580 nit dim-
ot dd duge thic nghiém bing phuong phap hoc may véi viée phan
tich 9 dic trung thiét k& va 12 thuit toan hoc may. Sau khi so sanh
két qua dy doan va dbi chiéu v6i bbn tiéu chudn thiét ké, mé hinh dy
doan st dung thuit todn XGBoost duoc khuyén nghi nh& kha ning
phén loai chinh xac cao. Sabbahfar va cong sw [9] nghién ciu Gng x®
clia 4 ntt dAm cbt nit ¢6 ciu tao khong tuén theo tiéu chudn chéng
dong dAt. Trong d6, hai miu sit dung ct thép tron va hai miu st
dung cbt thép g&. Mau c6 g& dat luc cuc dai sém hon va tiéu tin ning
lwgng tét hon nhe han ché triegt cbt thép. Mo phong sb bing DIANA
cho két qua phit hop v&i két qua thi nghiém, dic biét & dd cting ban
diu va mtc suy giam cudng db. Ving giao nhau giita dim va cot 1
noi hi hong ning nhét. K&t qua nay 1a co s& dé dua ra giai phap gia
cwdng cho cong trinh cii khéng dat chudn dong dét.

Gia cudng két ciu 1a bién phép cai thién kha ning chiu tai cho
cic két cAu cong trinh di suy giam do thoi gian sit dung hosc bi hw
hai bai dong dit, hoa hoan. Trong qua khit va hién tai, nhiéu phiong
phép gia cuwdng di duge dp dung dé cai thién hay ting kha ning chiu
tai ctia két cAu. Pampanin [10] d& xuét giai phép gia cuong nit khung
BTCT bing cach bd sung thanh chéng xién nbi giita dim va cot nhim
nang cao kha ning khang chin. Két qua cho thiy bién phap nay gitp
déy vi trf khép déo ra xa viing nit, so véi mau khéng gia cuwdng, qua
d6 han ché nit do ing sudt cit va bao vé viung nut. Shafaei [11]
nghién citu 4p dung bién phdp mé& rong nit bing thanh thép dv tGng
lue va ban thép géc cho cic nit didm—cot khong c6 thiét ké khang
chén, gitp diy ving khép déo ra khoi diém giao nhau, ting hiéu qua
bao vé két cAu. Campione va cong sy [12] d4nh gid hiéu qua cua
phuwong phap gia cudng cho nit dAm—cot bing cach sit dung thép dé

bao quanh vi tri gidp giita dim va cét trong khu vie cia ndt. Tai

trong tac dung 1a tai don va tai lip. Két qua cho thiy giai phap gia
cwdng ndy gilp ting cuwdng dd, d6 déo va chuyén co ché pha hoai tiv
ot yéu—dam khoe sang cot khoe—dim yéu, phit hop véi thiét ké khang
chin. Bansal va c6ng st [13] nghién cttu gia cudng ndt dAm-c6t BTCT
bang lwdi thép va vita cuong d6 cao cho thiy kha ning chiu tai duoc
cai thién r6 rét, nhung d6 déo va kha ning hip thu ning lvgng khong
Viot tréi so véi mau dbi chiing. Truong va céng su [14] nghién ctu
thuc nghiém céc giai phap gia cudng ngoai nit dim—cot BTCT gdm:
dinh tén két hop CFRP, thép hinh gia cwdng canh dudi, ciing véi thép
g6c tai nit. Két qua chi ra ring, cac giai phap (ngoai trit phiong phap
tan dinh—CFRP) cai thién dang ké stc chiu tai, dd ciing va kha ning
hép thu ning lugng ctia nit.

Nhin chung, cac giai phdp gia cwdng néu trén cé hiéu qua trong
viéc cai thién kha ning chiu tai, d6 déo, kha ning hip thu ning lwgng
ctia nat khung. Tuy nhién, nhuge diém chung cua nhitng giai phap
trén 12 1am ting tinh tai két cAu, mot sb giai phap lam anh hwong
khéng gian kién tric. Nhitng nhuge didm d6 c6 thé duoc khic phuc
bing giai phap gia cwong sit dung vat liéu sgi fiber reinforced
polymer (FRP). Pay la loai véat liéu c6 cwong d6 chiu kéo cao trong
lvong nhe. K§ thuét gia cudng nit bing tim sgi carbon FRP (CFRP)
da dugc Ghobarah va Said [15] tién hanh nghién citu thyc nghiém
nit khung bién BTCT khéng c6 thiét ké dong dit dé danh gia kha ning
chiu tai. Két qua cho thiy céc phuwong phép gia cudng bing CFRP
mang lai hiéu qua dang k& trong viéc ting kha ning chiu Iyc cit tai
nat khung, ddng thoi gép phin ngin chin hodc 1am chdm qua trinh
phé hoai do cit xay ra tai khu vitc niy. Mahini vi Ronagh [16-17] gia
cudng CFRP cho nit ddm-cot BTCT khong c6 thiét ké khang chan va
két luan ring gia cuong lam ting déng ké kha ning chiu lyc cua nit.
Ngoai ra, két qua con chi ra ring, cic khép déo ¢6 xu hwéng hinh
thanh & vi tri cdch xa miit cot hon, gép phan cai thién co ché phan bb
bién dang va hiéu qua lam viéc ctia két ciu. Vecchio va cong sy [18]
cho thiy ring, gia cuong nit 1am giam bién dang cit mét cach dang
ké; trong khi d6, cAu hinh chi¥ U quanh chu vi dim han ché hién
twong bong tach giita tAim CFRP va bé téng. Attariva céng su [19]
nghién citu Gng x cta nit dim—cot gia cwdong bing glass FRP
(GFRP), CFRP va su két hgp GFRP-CFRP. Két qua cho thdy ring
phwong phap gia cwong két hgp GFRP-CFRP gitip nang cao dang ké
d6 déo va mic do tiéu tdn ndng lwgng cda nit khi chiu tai trong 1&p.
Hakuto va cong sy [20] nghién citu thye nghiém ndt khung phing &
bién va gitta chiu tidc dung cta tai trong lap. Trong nghién ciu nay,
bt thép trong niit dwgc b tri khong ¢ chiie ning khang chén, dang
thiét ké kh4 phd bién & thap nién 70. Mot s6 niit dwgc gia cudng bing
boc bt thép va bé tong nhim xem xét kha ning chiu tai déng dit ctia
chiing sau gia cuwdng. Két qua cho thiy viéc gia cudng gitip cai thién
16 rét d6 déo va kha ning chiu Iyc ctia nit. Hing va cong sy [21] dé
xuit mé hinh thyc nghiém gia cuwdng sttc khang ubn cho dim BTCT
st dung tAm CFRP ing sut trude. Két qua thye nghiém cho théy stc
khéng uén ctia dim gia cuong theo phitong phap nay ting hon 2 1in
so v&i dim khong gia cudng va ting gin 1,2 14n so v&i dim gia cuong

khéng tao ting suét triéc trong tAm CFRP. Pet va cong su [22] nghién
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cttu thye nghiém 09 mAu niit dim-cot bé tong cbt thép bi chay véi cac
thoi gian chdy khac nhau. Sau thi nghiém chay, hai miu trong mdi
nhém dugce gia cuwdng bing tim soi CFRP. Két qua thi nghiém cho
thiy niit sau chdy c6 gia cwdng ¢6 stc chiu tai 1én hon 12,9 - 17,1 %
so véi mau déi chitng.

Két cu khung BTCT thyc té 13 hé khong gian ba chidu. Ngugc
lai, phan nhidu cic nghién citu dugc d& cip néu trén van tap trung
vio mé hinh khung phing, nhdm thién v& an toan va don gian héa
trong viéc danh gid ng x@ clia nit dim-cét BTCT. Viéc nghién ciu
nit khung khong gian 12 cAn thiét dé danh gia @ng x ctia nit dAm-cot
BTCT chiu tai trong lip véi mic do chinh x4c tét hon. Bén canh dé,
gia cudng bing BFRP it dugc nghién citu hon so v&i gia cudng bing
CFRP hay GFRP. Bai bdo nay nghién cttu 4nh huéng cta tai trong lap
dén kha niing chiu lyc ctia nit khung BTCT c6 hé dim truc giao, c6 va
khéng gia cwdng bing BFRP. Téng cong 8 nit dugc thi nghiém, gdbm 2
méiu ddi chitng va 6 mau gia cudng theo cac ciu hinh khac nhau. Anh
hwéng clia tai trong lip dén kha ning chiu lic ctia nit ¥ng véi cac
cAu hinh gia cuwdng khac nhau dugc so sanh va phan tich trong bai

béo nay.

2. Thiét ké thi nghiém
2.1. Vit liu

Bé tong dé dic cdc nat dim-cot ¢6 thanh phin cip phéi nhw
Bang 1. Cudng d6 chiu nén cta bé tong lic 28 ngay 1a 26 MPa. Cbt
thép doc c6 dudng kinh ¢14 véi Gng sult chay 1a 329 MPa va ting
suit bdn 12 492 MPa. Thép dai 12 ¢6 v&i ting suét chay 1a 341 MPa.
Chét két dinh TCK 510 R duoc st dung. Theo két qua ctia nha san
sult, cuong do chiu kéo va chiu nén 1an lugt 1a 40,08 MPa va 128
MPa, vd mé dun dan hdi 14 2,76 GPa. BFRP 1a loai Basalt fiber roving
2400tex. Sau mau BFRP duoc l'fly dé thi nghiém. Cuong do chiu kéo
d@t trung binh 1a 2668,3 MPa.

Bang 1. Thanh phin bé tong.

Vat liéu st dung bon vi tinh Lugng vat liéu
Xi mang kg 340
ba 1x2 kg 1130
Cét kg 847
Nuéc lit 131
Phu gia HSRD 888 lit 2,72

2.2. Thiét ké nit ddm-c6t BTCT

Nt dim-cot duge thiét ké bao gém: ¢ot, dAm doc va dim
ngang, duge thé hién nhu Hinh 1. Cot c6 chidu cao 1,18 m, tiét dién
0,18 m x 0,18 m, cbt thép doc ding 4 thanh thép duwdng kinh 14 mm
(¢14) va dai thép dwdng kinh 6 mm (¢6) b tri v&i khoang cach 140
mm. Dam doc dai 0,8 m, tiét dién 0,18 m X 0,18 m (réng X cao),

dam ngang dai 0,64 m, tiét dién 0,18 m x 0,18 m (réng x cao). Ca

ddm doc va ddm ngang st dung bén thanh thép cht dwdng kinh 14
mm (¢14) va thép dai duong kinh 6 mm (¢6) bb tri v6i khoang céch
150 mm.

180

180 180
) )
D6@140 * D6@140 2
4014, 4014,
p— b =
— o o | |
8 8
3 3 | |

foo |
1180

1180
180,

| | =
%L% i1 ===
014/ | ge@150 — =

4014 D6@150

500
500

160] 180 300
980 640

800 180

Hinh 1. Nt dim cét.
2.3. Thiét ké gia cuong khdng udn cho miit ddm-cét BTCT

Téng cong c6 tim miu nat dAm-cot dwge thi nghiém trong
chwong trinh thuc nghiém nay. Cic miu nay duoc chia thanh bén
nhém dya trén ciu hinh gia cuwdng. M6i nhém gdm 2 nit, trong dé
mot ntt thi nghiém tai trong don, nit con lai chiu tai trong 1lap. Nhém
JBO 14 nhém ddi chitng khong gia cwdng. Cac nhém JB1, JB2 va JB3
dugce gia cuong bing BFRP theo cdc cAu hinh twong ting 1an lugt 12
cAu hinh 1, cAu hinh 2, va cAu hinh 3. Viéc phan nhém nit theo ciu
hinh va tai trong thi nghiém dugc trinh bay trong Bang 2. Trong bang
nay, cot 2 thé hién tén nhém, cot 3 liét ké tén nit, cot 4 mo ta cac cAu
hinh gia cudng bing BFRP, va cot 5 cho biét loai tai trong tic dung
lén tting nut.

Hinh 2 thé hién cac chi tiét gia cudng BFRP theo cu hinh 1 cho
céc nit JB1-M va JB1-C thudc nhém JB1. Trong cAu hinh nay, bén soi
BFRP dai 800 mm (soi s6 1) lién két tit dAm doc sang cot va bdn soi
BFRP dai 980 mm (soi s6 2) dugc gia cwdng ¢ mit sau ctia cot. Ngoai
ra, céc sgi BFRP (s0i s6 3) dugec sit dung quin quanh cot va dam, gitp
ting cudng lién két gitta BFRP va bé tong.

Hinh 3 thé hién chi tiét gia cwo'ng BFRP ciu hinh 2 cho céc niit
JB2-M vi JB2-C thudc nhém JB2. G chu hinh nay, bén s¢i BFRP dai
540 mm (sgi sb 4) va bbn sgi BFRP dai 680 mm (sgi sb 5) duoce bé tri
nhim gia cudng lién két tit dim doc sang hai dim ngang 2 bén. Bén
soi BFRP dai 600 mm (sgi sé 6), dugc gia cwong mat sau cot theo
phuong ngang. Twong ty nhu cAu hinh trude, st dung BFRP (s¢i s6
3) quin vong quanh cot va dim ngang dé cai thién lién két giita BFRP
va bé tong.

Hinh 4 trinh bay phuong 4n gia cwdng BFRP ciu hinh 3 cho céc
niit JB3-M va JB3-C trong nhém JB3. Ciu hinh nay 14 sy két hop ctia ca
cAu hinh 1 va 2. Cic sgi BFRP st dung dé gia cuong bao gdm: BFRP lién
két dAm doc va cot (sgi sb 1), lién két dAm doc va dim ngang (soi s6 4

va sb 5); BFRP gia cvong mat sau cot (soi sb 2 va sb 6).
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Bang 2. Phin nhém mau thi nghiém theo cAu hinh gia cwdng va tai trong tic dung.

TT Nhém Tén nit CAu hinh gia cudng BFRP Tai tac dung
1 JBO-M Tai don
JBO Khong gia cuong
2 JBO-C Tai lap
3 JB1-M . Tai don
JB1 Cau hinh gia cwong 1
4 JB1-C Tai lap
5 JB2-M h Tai don
JB2 Cau hinh gia cudng 2
6 JB2-C Tai lap
7 JB3-M . Tai don
JB3 Cau hinh gia cudng 3
8 JB3-C Tai lap
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= { =
S S
© 7@ N ¥
o o
) o
— —
\5( —%
Kl

400

180 |

400

35

/®

#®

a) Mt trudce

/CD

b) Mét bén

Y

400

)ﬁ

AL 180 AL

400

1 L 400

HAW

J180 ) 400 |

c) Mit trén

d) Mat duéi

Hinh 2. Ciu hinh 1 - gia cwd'ng BFRP cho nhém JBI.
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Hinh 3. Ciu hinh 2 - gia cong BFRP cho nhém JB2.
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Hinh 4. Ciu hinh 3 - gia cuong BFRP cho céc nit nhém JB3.
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3. Tai trong thi nghiém

Mbi nhém gdm hai nit, mét nit chiu tai don va mot nit chiu
tai 1ip, nhu thé hién & cot 5 ctia Bang 2. Ching han, nhém JBO gém
hai ndt: JBO-M va JBO-C; trong d6, nit JBO-M chiu tai don, con nit
JBO-C chiu tai lap.

Tai lap dwoc xdc dinh theo khuyén nghi b&i FEMA 461 [23] thé
hién & Hinh 5. Mdi chu ky gia tai dugc Lip lai 2 1An. Bién d6 twong
dbi cta chu ky gia tai thit i 1a ty sb a/a,, trong d6 g; 1a bién d6 cua
chu ky tht i, a, 1a bién do t&i han. Bién d6 t&i han a, dugc xéc dinh
theo FEMA 356 [24]. Pay 1a bién d6 twong Gng v6i d6 1éch ting 4 %,
theo d6 a, = 4 % x 770 = 30.8 mm, trong d6 770 mm la chiéu dai
ctia ddm tif diém chiu tai dén mat cot. Bién d6 twong dbi tng véi chu
ky gia tai diu tién a; = 0,048, cac chu ky tiép theo c6 a;,; = 1,4 xa;.
Ngoai ra, néu méu chwra bi pha hoai thi cin ap dung thém cac ciip chu
ky v6i bién d¢ tang dan déu béng 30 % bién dd t&i han.

2,0
1,5 F
Q- 1:0
ko]
f§ 0.5
\; 0,0
&0,5
-1,0
-1,5
-2,0

2 4 6 8 10 12V
Chu ky

Hinh 5. Tai trong chu ky theo FEMA 461 [23].

4. Lép dit thi nghiém

1. Dam BTCT, 2. Kich thily lic gia tdi doc truc 1én cot,
3. Loadcell hai chiéu, 4. Kich thity lic hai chiéu.
Hinh 6. Lip dit thi nghiém.

Hinh 6 thé hién phiong 4n thi nghiém gia tai nit. Cot duge dit
niam ngang trén hai gbi c6 khoang cach 980 mm. Tai doc truc cot sit
dung kich thtiy lyc 300 kN. Tai trong don/tudn hoan téc dung 1én dau
dam bing kich thuy luc hai chidu theo phuong ngang. Piém dit Ic trén

dim cich mit cot 770 mm. Cic cam bién dich chuyén tuyén tinh
(LVDTs) dugc bd tri dé ghi nhan chuyén vi theo Hinh 6. Tai trong va
chuyén vi dAu dim dwgc ghi nhan ddng th¥i trong qué trinh thi nghiém.
Trong sudt qua trinh thi nghiém, tai trong doc truc cot dugc tao
ra va giit khong d6i. Tai trong doc truc niy bing 15 % sttc chiu tai
danh dinh cua c6t [1, 9, 11]. SGc chiu tai doc truc danh dinh cta cot
trong nit BTCT dugc xac dinh theo ACI 318-25 [25]. Do d6, tai trong
doc truc trong cot 4p dung trong thi nghiém duoc 14y bing 113,7 kN.

5. Két qua thi nghiém va thao luan
5.1. Co ché phd hoai

Hinh 7 trinh bay cac nit bi pha hoai sau khi thi nghiém. Hang
phia tride 1a céc nit bi pha hoai duéi tdc dung cta tai don. Pi tit tréi
sang phai ctia hang nay la ntt JB0-M, JB1-M, JB2-M, va JB3-M. Hang
phia sau la céc nut chiu tai trong 1dp. i tit trai sang phai ctia hang
phia sau la nit JBO-C, JB1-C, JB2-C, va JB3-C.

Céc ntt khong gia cwong bi phéd hoai & dang bé tong ving nén
bi nén v&; trong khi d6, bé tong ving kéo bi nét. Sy pha hoai tap
trung & vi tri dAm. Trong khi d6, hu hong khong xut hién trén cét. Vi
tri hw héng tap trung & khoang 200 mm dim tinh tit mit cot. S¢ pha
hoai nay dugc giai thich 1a do kha nédng chiu mé men cta cdt 16n hon
kha ning chiu mé men ctia dim. Bén canh d6, c6t chiu tai trong doc
truc. Pidu nay 1am cho hu héng tap trung & dim yéu va khong hu
hong & cot khoe.

V&i céc nit ¢ gia cuong BFRP chiu tai don, sy phé hoai ctia bé
téng cling twong tu: bé téng ving nén bi nén v& con bé tdong ving kéo
bi niit. Tuy nhién, pha hoai nay ¢6 phén bi tri hoan & chuyén vi 16n hon
do ¢6 sy hién dién cta BFRP gia cuong. & céc chuyén vi cic han, BFRP
& viing nén bi uén cong. Trong khi dé, BFRP & ving kéo bi kéo dtt.

D6i v6i cac nit chiu tai trong lip, su pha hoai ctia bé tong thay
dbi lién tuc trong qué trinh gia tai. Trong mét chu ky, bé tong bi nén
rdi chuyén sang bi kéo. Sy thay dbi nay dién ra lién tuc trong qué
trinh gia tai, din dén vét nitt déng m& va bé tong ¢6 thé bi nén v& khi
bién d¢ ctia vong lip gin tién t&i bién d6 4 %. Su phé hoai nay duogc
tich lily qua céc vong lédp. Do d6, so vdi tai trong don thi tai trong 13p

gdy ra hu hong nhiéu hon. T d6, tai lip 1am suy giam kha ning chiu

tai cta nut.

Hinh 7. Dang phé hoai cta céc nit sau khi thi nghiém.
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5.2. Két qud tdi trong téi han

Tai trong t&éi han ctia nit dwgce xéc dinh ti cdc dudng cong
le—chuyén vi ctia cdc nit thi nghiém. Tai trong t&i han ctia nit chiu
tai trong don dugc xac dinh true tiép 13 tai trong 16n nhét trén dudng
cong lwc—chuyén vi ctia nit. Trong khi dé, tai trong t&i han ctia nit
chiu tai lip dugc xac dinh 13 tai trong 16n nhit trén cac duong bao
trung binh ctia 2 duwong bao (dwong bao dm va duong) ctia dudng
cong lwe—chuyén vi clia cac ndt chiu tai 1ip. Cac duwdng bao ndy 1a
duong bao trung binh. Qua trinh thu dugc dudng cong trung binh
nay duge mo ta nhu sau: diu tién, duong bao ca phia 4m va phia
dvong duoc 14y tit dudng cong quan hé liwe—chuyén vi ctia nit dudi
tac dung cta tai lip. Sau d6, dudng bao 4m dwge chuyén thanh gia tri
tuyét d6i. Puong bao gia tri tuyét dbi nay va dudng bao duong duge
st dung d tinh ra dwdng bao trung binh. Cic dwdng bao trung binh
duoc ding dé xdc dinh tai t&i han ctia nit chiu tai Lip. Bang 3 trinh

bay tai trong t&i han clia céc nit dAm cot BTCT.

Bang 3. Tai trong t&i han.

nén. Pidu nay cho thiy ring ph4 hoai v& bé tong ving nén di c6 anh
hwong quyét dinh dbi vi tai trong t&i han.

Khi nut chiu tai trong ldp, nit JBO-C cé tai trong t&i han la
20,42 kN. Khi dugc gia cwdng theo cAu hinh 1, ntt JB1-C c6 tai trong
t&i han 1a 21,1 kN, ting 3,3 % so véi nit dbi chitng. Khi dugc gia
cwdng theo cdu hinh 2 va 3, nit JB2-C va JB3-C c6 tai trong t&i han
14n Iwgt 1a 21,37 kN va 21,85 kN. So v&i nit d6i chitng, nit JB2-C va
JB3-C ¢6 tai trong t&i han ting 14n lugt 14 4,7 % va 7,0 %. Gia cudng
BFRP theo cu hinh 3 1am cho niit ¢6 kha ning chiu tai lip t6t hon so
vGi cac cAu hinh khéc. Nhin chung, gia cwong BFRP di 1am ting kha
ning chiu tai t&i han cta cdc nit nhung mite d6 ting thap hon so véi
trwong hop tai don. Sy pha hoai ctia nit quyét dinh boi dang pha
hoai nén v& bé tong & viing nén. Dang pha hoai nay lam giam hiéu
qua gia cuong BFRP vi cic dic trung co hoc clia BFRP khéng dugce
khai thac hiéu qua.

5.4. Anh hwéng ctia tdi ldp dén khd ndng chiu tdi ctia nit

Két qua tai t&i han cta cdc nit cho thiy ring tai Lip da 1am suy
giam kha ning chiu lyc ctia ndt dang ké. Tuy nhién, tai trong lip da
lam ting chuyén vi t6i han. Vi tri dinh ctia dwdng cong lwc—chuyén vi
ctia nit chiu tai trong don xay ra sém hon & chuyén vi nhé hon,
nhung tai trong 16n hon. Vin d@ nay dwgc giai thich 12 do tai trong
lip da lam cho hu hong tich lily trong nit trong cac vong ldp truGe
d6. Su tich lily hv héng nay di 1am giam dang ké kha ning chiu tai

téi han cua nut.

Bang 4. Anh huéng clia tai lip dén kha ning chiu tai cta nit.

TT Nhém Tén nat Tai trong t&i han (kN)

1 JBO-M 23,84
JBO

2 JBO-C 20,42

3 JB1-M 25,74
JB1

4 JB1-C 21,10

5 JB2-M 25,80
JB2

6 JB2-C 21,37

7 JB3-M 25,94
JB3

8 JB3-C 21,85

5.3. Hiéu qud tdng sttc chiu tdi tit gia ctedng BFRP

Khi cdc nit dim-cot duge gia cuwdng bing sgi BFRP, sitc chiu
tai téi han clia cac nit gia cwdng déu ting. Tuy nhién, vi ciu hinh gia
cudng BFRP chi 13 gia cudong khang ubn ma khong 6 gia cudng
khéng n& hong, nén mic d) ting tai trong t&i han ciing c6 phan han
ché vi sy pha hoai khéng nhitng phu thudc vio viing kéo (do cbt thép
va cbt gia cuong BFRP chiu) ma con phu thudc vio ving nén (do bé
téng chiu).

Duéi tac dung ctia tai don, nit d6i chiing JBO-M c6 tai trong t6i
han 1a 23,84 kN. Khi dugc gia cudng BFRP theo cAu hinh 1, tai trong
téi han cua nat JB1-M 1a 25,74 kN, tang 8 % so v§i tai trong t&i han ctia
nit dbi chiing. Nt JB2-M va JB3-M c6 tai trong t&i han 1an luot 14 25,8
kN va 25,94 kN. So v6i niit dbi chiing, tai trong t&i han ctia nit JB2-M
va JB3-M ting 1an lugt 1a 8,2 % va 8,8 %. Nhu vdy, gia cuong BFRP
theo cc ciu hinh 1, 2 va 3 dd lam ting trung binh khoang 8,5 % tai
trong t&i han ctia nit. Nhin chung, cic ciu hinh gia cudng khong c6 sw
khéc biét 16n vé tai trong t&i han. Pidu nay duoc giai thich 1a do nit bi
phé hoai do bé tong bi nén v& ¢ vung nén. Trong khi d6, sy phé hoai

ctia BFRP va cbt thép chiu kéo xay ra sau khi bé tong bi nén v& & viing

Sy suy giam so Sy suy giam so
Niit Tai téi han v{i cac nut chiu vGi nat dbi
(kN) tai don c6 cling chiing JBO-M
cAu hinh (%) chiu tai don (%)
JBO-M 23,84
JB1-M 25,74
JB2-M 25,80
JB3-M 25,94
JBO-C 20,42 -14,3 -14,3
JB1-C 21,10 -18,0 -11,5
JB2-C 21,37 17,2 -10,4
JB3-C 21,85 -15,8 -8,3

Bang 4 cho thy tai lap c6 anh hudng 16n dén kha ning chiu tai
t¢i han cua ntt. So v&i nit JBO-M c6 tai trong téi han 1a 23,84 kN, nit
JBO-C ¢6 tai trong t&i han 1a 20,42 kN, giam 14,3 %. Bbi v6i nhém gia
crdng theo cAu hinh 1, tai trong lip d 1am giam 18 % kha ning chiu
tai t&i han. Tuwong tu, d6i véi nhém JB2, tai trong lip da lam giam kha
nang chiu tai t¢i han cua nit JB2-C so véi nit JB2-M 1a 17,2 %. Trong
khi d6, mtic d6 suy giam do anh huwéng clia tai trong lip dbi véi tai
trong t&i han ctia nit JB3-C la 15,8 % so véi nat JB3-M. Nhu viy, tai
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l3p d4 1am giam dang ké, khoang 15 %, kha niing chiu tai t&i han ctia
nit so v&i truong hop chiu tai don. Piéu nay chiing té vai trd quan
trong ctia tai lap ddi v&i kha ning chiu tai t&i han ctia nit.

& mot géc so sanh khéc — so sanh tai trong t&i han ctia nit chiu
tai trong 1ap so vGi tai trong t&i han cia nit khong gia cudng chiu tai
trong don JBO-M — tai l&p da lam giam kha néng chiu tai cta ntit JBO-C
l1a 14,3 %. Sy hién dién cua gia cuong BFRP da lam giam nhe hiéu Gng
clia tai I3ip d6i véi mite d suy giam tai t6i han. Cu thé, niit JB1-C c6 sy
suy giam 1a 11,5 % va ntt JB2-C c6 tai trong t&i han giam 10,4 %. Dac
biét, v&i cAu hinh td hop sb 3, niit JB3-C ¢c6 mic db suy giam tai trong
chi con 8,3 %. Nhut vy, cAu hinh t§ hop gia cwdng ca cic mit bén c6

hiéu qua khang sy suy giam ctia tai 1ip mot cach t6t hon.
6. Kétluan

Céc két luan duge rit ra nhy sau:

o  Cac nit bi phé hoai & dang bé tong viing nén bi nén vd;
trong khi d6, bé tong vung kéo bi ntit. S¥ pha hoai tap
trung & vi tri dAm. Trong khi d6, hw hong khéng xut hién
trén cot. Khi ¢6 sy hién dién ctia BFRP gia cwdng, su pha
hoai nay c6 ph?in bi tri hoén dén chuyén vi 16n hon.

o Dudi tic dung cta tai don, gia cwdng BFRP da lam ting
trung binh khoang 8,5 % tai trong t&i han cta nit. Khi nit
chiu tai trong 1ap, gia cvdng BFRP lam ting 3,3-7,0 % so
v6i nit @i chitng. Hiéu qua c6 han cta gia cudng BFRP
dugc giai thich 1a do ntt bi pha hoai do bé tong bi nén v&
& viing nén va ¢6 anh hiwéng quyét dinh déi véi tai trong
téi han. Dang phé hoai nay lam giam hiéu qua gia cuong
BFRP vi cdc dédc trung co hoc ctia BFRP khéng dugce khai
théc hiéu qua.

o  Tai lip c6 anh hwdng 16n dén kha ning chiu tai t&i han
ctia nit. So v&i nit dbi chitng chiu tai don, tai lip dd lam
giam 14,3 % tai trong t&i han cua nit khéng gia cwdong va
8,3-17,2 % kha nidng chiu tai t&i han cua nit gia cwong.
Nhu vay, cAu hinh t6 hop gia cudng ca cic mit bén c6

hiéu qua khang su suy giam ctia tai lip mot cach tét hon.
LOi cAm on

Chiing t6i xin cam on Truwong Pai hoc Xay dung Mién Tay va
Truong Pai hoc Bach Khoa - PHQG Tp. HCM di hé trg cho nghién

cliu nay.
Tai liéu tham khao

[1]. T. Paulay and A. Scarpas, “The behaviour of exterior beam-column joints,”
Bull. New Zeal. Soc. Earthq. Eng., vol. 14, no. 3, pp. 131-144, 1981, doi:
https://doi.org/10.5459/bnzsee.14.3.131-144.

[2]. M. R. Ehsani and J. K. Wight, “Exterior Reinforced Concrete Beam-to-
Column Connections Subjected to Earthquake-Type Loading,” J. Proc., vol.
82, no. 4, pp. 492-499, 1985, doi: 10.14359,/10361.

[3].

[4].

[5].

[6].

[71.

[8].

[9].

[10].

[11].

[12].

[13].

[14].

[15].

[16].

[17].

[18].

G. S. RaffaelleE and J. K. Wight, “Reinforced Concrete Eccentric Beam-
Column Connections Subjected to Earthquake-Type Loading,” Struct. J.,
vol. 92, no. 1, pp. 45-55, 1995, doi: 10.14359/1474.

S. Pampanin, G. M. Calvi, and M. Moratti, “Seismic behaviour of R.C.
beam-column joints designed for gravity loads,” 12th Eur. Conf. Earthq.
Eng., vol. 726, pp. 1-10, 2002.

C. P. Pantelides, C. Clyde, and L. D.Reaveley, “Performance-based
evaluation of reinforced concrete building exterior joints for seismic
excitation,” Earthq. Spectra, vol. 18, no. 3, pp. 449-480, 2002, doi:
10.1193/1.1510447.

A. G. Tsonos, “Cyclic load behaviour of reinforced concrete beam-column
subassemblages of modern structures,” WIT Trans. Built Environ., vol. 81,
no. 1999, pp. 439-449, 2005, doi: 10.14359/18777.

T. M. Elshafiey, A. M. Atta, H. M. Afefy, and M. E. Ellithy, “Structural
performance of reinforced concrete exterior beam-column joint subjected
to combined shear and torsion,” Adv. Struct. Eng., vol. 19, no. 2, pp. 327—
340, 2016, doi: 10.1177/1369433215624590.

X. Gao and C. Lin, “Prediction model of the failure mode of beam-column
joints using machine learning methods,” Eng. Fail. Anal., vol. 120, 2021,
doi: https://doi.org/10.1016/j.engfailanal.2020.105072.

P. Sabbahfar, J. Melo, A. Costa, H. Varum, and H. Rodrigues, “Cyclic
Behavior of Seismically Non-Conforming Interior Reinforced Concrete
Beam-Column Joints,” Buildings, vol. 15, no. 2, 2025, doi:
10.3390/buildings15020202.

S. Pampanin, C. Christopoulos, and T.-H. Chen, “Development and
validation of a metallic haunch seismic retrofit solution for existing under-
designed RC frame buildings,” Earthq. Eng. Struct. Dyn., vol. 35, no. 14, pp.
1739-1766, Nov. 2006, doi: 10.1002/eqe.600.

J. Shafaei, A. Hosseini, and M. S. Marefat, “Seismic retrofit of external RC
beam - column joints by joint enlargement using prestressed steel angles,”
Eng. Struct., vol. 81, no. 15 December 2014, pp. 265-288, 2014, doi:
10.1016/j.engstruct.2014.10.006.

G. Campione, L. Cavaleri, and M. Papia, “Flexural response of external RC
beam—column joints externally strengthened with steel cages,” Eng. Struct.,
vol. 104, pp. 51-64, 2015.

P. P. Bansal, M. Kumar, and M. A. Dar, “Retrofitting of Exterior RC Beam-
Column Joints Using Ferrocement Jackets,” Earthquakes Struct., vol. 10, no.
2, pp. 313-328, 2016, doi: 10.12989/eas.2016.10.2.313.

G. T. Truong, N. H. Dinh, J. C. Kim, and K. K. Choi, “Seismic Performance
of Exterior RC Beam-Column Joints Retrofitted using Various Retrofit
Solutions,” Int. J. Concr. Struct. Mater., vol. 11, no. 3, pp. 415-433, 2017,
doi: 10.1007/s40069-017-0203-x.

A. Ghobarah, A. Ghobarah, and A. Said, “‘ Shear Strengthening of Beam-
Column Joints ,” Shear strengthening of beam-column joints,” vol. 0296,
no. October, pp. 881-888, 2015.

S. S. Mahini and H. R. Ronagh, “Strength and ductility of FRP web-bonded
RC beams for the assessment of retrofitted beam-column joints,” Compos.
Struct., vol. 92, no. 6, pp. 1325-1332, 2010, doi:
10.1016/j.compstruct.2009.09.006.

S. S. Mahini and H. R. Ronagh, “Web-bonded frps for relocation of plastic
hinges away from the column face in exterior RC joints,” Compos. Struct.,
vol. 93, no. 10, pPP. 2460-2472, 2011, doi:
10.1016/j.compstruct.2011.04.002.

C. Del Vecchio, M. Di Ludovico, A. Balsamo, A. Prota, G. Manfredi, and M.
Dolce, “Experimental Investigation of Exterior RC Beam-Column Joints
Retrofitted with FRP Systems,” J. Compos. Constr., vol. 18, no. 4, p.
04014002, 2014, doi: 10.1061/(asce)cc.1943-5614.0000459.

JOMC | 48



Tap chi Vat liéu & Xdy dung Tdp 16 $6 01 ndm 2026

[19].

[20].

[21].

[22].

N. Attari, Youcef Si Youcef, and S. Amziane, “Seismic performance of
reinforced concrete beam-column joint strengthening by frp sheets,”
Structures, 20, August, pp. 353-364, 2019, doi:
https://doi.org/10.1016/j.istruc.2019.04.007.

S. Hakuto, R. Park, and H. Tanaka, “Seismic Load Tests on Interior and

vol. no.

Exterior Beam-Column Joints with Substandard Reinforcing Details,”
Struct. J., vol. 97, no. 1, pp. 11-25, 2000, doi: 10.14359/829.

H. M. Hung, P. N. Phuong, and P. H. Nam, “Nghién ctu thyc nghiém gia
cwdng sitc khang ubén cho dim bé téng cbt thép bing tAm CFRP itng sudt
trwde,” Tap chi Khoa hoc Céng nghé Xdy dung, PHXDHN, vol. 15, no. 7V,
pp. 109-118, 2021, doi: https://doi.org/10.31814/stce.huce(nuce)2021-
15(7V)-10.

b. V. Pet, D. H. Luén, V. B. Huy, and C. V. Vui, “Nghién ctfu nit dAm-cot

[23].

[24].

[25].

bé tong cbt thép bi chdy va chiu tai khac nhau c6 xét dén gia cudng
CFRP,” HCMCOUJS-Ky thudt va Céng nghé, vol. 19, no. 2, pp. 5-16, 2024,
doi: 10.46223/HCMCOUJS. tech.vi.19.2.3293.2024.

F. 461 COUNCIL, A.T., Interim Testing Protocols for Determining the Seismic
Performance Characteristics of Structural and Nonstructural Components, no.
June. 2007.

FEMA356, “Prestandard and commentary for the seismic rehabilitation of
buildings,” Am. Soc. Civ. Eng., no. November, 2000.

American Concrete Institute, Building code requirements for structural
concrete (ACI 318-25). 38800 Country Club Drive, Farmington Hills, MI
48331, U.S.A., 2025.

JOMC | 49



