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Tom tat:

Bai bdo nay tap trung vao phuang phap dan tdm polyme c6t sgi aramid (AFRP) dé
nghién ctu anh hudng ctia khéi lugng tam dén kha nang chiu tai va ché dé pha hoai
ctia dam BTCT gia cudng. Bon dam dugc gia cudng vai khéi lugng tam dugc thay doi
tir 280 dén 1660 g/m2. Mét dam khéng gia cudng cling dugc thi nghiém nhu mot dam
tham chiéu dé danh gia hiéu qua clia cac dam gia cudng. Sau day la nhirng phat hién
cUa nghién ctu nay. (1) Két qua thi nghiém cho thay kha nang chiu tai trong ctia dam
gia cudng tang lén tir 20% dén 70% so véi dam khong gia cudng. (2) Dang pha hoai
clia dam BTCT gia cudng udn dugc phan thanh hai loai: pha hoai do nén uén va pha
hoai do bong tam, tuy thudc vao ty s6 kha nang chiu mé men uén tinh toan My/Mu.
Va (3) tat ca cac dam BTCT cé/khéng gia cudng déu that bai véi ché d6 pha hoai uén.

Tirkhoa: Tadm polyme cét sgi, Gia cudng udn, Tai trong tinh, Dam bé téng cét thép, Ché

do phd hoai.
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Abstract:

This paper focuses on the aramid fiber-reinforced polymer (AFRP) sheet bonding
method to investigate the influences of the sheet volume on the loading carrying
capacities and failure modes of strengthened RC beams. Four beams were strengthened
with sheet volume varying from 280 to 1660 g/m? One unreinforced beam was also
tested as a reference beam to evaluate the effectiveness of the reinforced beams. The
following are the findings of this research. (1) The experimental results show that the
load-carrying capacity of the reinforced beams increased from 20% to 70%, compared
with the unreinforced beam. (2) The failure mode of flexural strengthened RC beams was
classified into two types: flexural compression failure and debonding failure, depending
on the calculated bending moment capacity ratio My/Mu. These results are in good
agreement with the previous study. And (3) all RC beams with/without strengthening

failed with flexural failure mode.

Keywords: Fiber-reinforced polymer sheet, Strengthened in flexure, Static loading,

Reinforced concrete beam, Failure mode.
1. Giéi thiéu

Cac phuong phap truyén théng dé gia
cuong hoac gia c6 thém cho cac két cau
bé tong hién c6, chang han nhu dan ban
thép, ma rong tiét dién va du ting luc bén
ngoai, da dugc st dung. Tuy nhién, nhiing
ky thuat nay c6 nhugc diém la lam tiang
trong luong két cau, khé lap dat, va vat
liéu gia c6 bi an mon dan dén chi phi bao
tri cao hon. Vat liéu polyme cot sai (FRP)
c6 nhiéu uu diém vuot troi, bao gém kha
nang chong an mon, ty Ié cudng dé trén
trong lugng cao va dé lap dat. Do nhiing
tinh nang nay, vat liéu FRP da dugc ung
dung dé gia cudng cho dam BTCT vé uén
va/hodc cat chiu tai trong tinh [1-2]. Cac
chi dan thiét ké dé gia cudng cho két cau
bé tébng bang hé théng FRP dan ngoai da
dugc phat trién va dang dugc ap dung
rong rai [3]. Cac tam FRP dugc dan bén
ngoai va cac thanh FRP gan gan bé mat
dugc sir dung dé gia cuong két cau. Tuy
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nhién, Davood Mostofinejad et al. da dé
xuat cac phuong phap gia cudng mdi dua
trén ky thuat gia cudng dan ngoai (EBR),
dé la ky thuat gia cudng dan ngoai trong
ranh (EBRIG) va ky thuat gia cudng dan
ngoai trén ranh (EBROG); nhiing ky thuat
nay khong chi cdi thién kha nang chiu
tai cla cac cau kién BTCT ma con co thé
tri hodn qua trinh bong cutia cac tam FRP
trong cac dam dugc gia cudng so véi cac
ky thuat EBR [4-5].

Mac du kha nang chiu tai uén va dac
tinh pha hoai clla dam BTCT gia cudng
chiu tai trong tinh da dugc nghién cuu,
nhung anh huéng cla khéi lugng FRP
doéi véi su dut gay/su bong clia cac tam
FRP trong dam gia cudng van chua dugc
nghién ctu. Mat khac, Kishi va nhiing
ngudi khac [6] chira rang ché d6 pha hoai
clia dam BTCT dugc gia cudng uén chiu
tai trong tinh phu thuéc vao ty sé kha
nang chiu m6é men uén tinh toén M/M,
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trong d6 M, va M, lan lugt biéu thi mo
men udn tai diém chay déo cua cot thép
va kha nang chiu mé men gigi han cula
dam BTCT dugc gia cudng. Pha hoai do
nén udén, xay ra khi dam BTCT bi pha hoai
do tdm bi bong ra sau khi dat dén trang
thdi nén t&i han tinh toan, dat dugc khi
My/MuIc'm hon 0,70. Ngoai ra, pha hoai do
bong tam xay ra khi dam BTCT bi pha hoai
do tdm bi bong trudc khi dat dén trang
thai nén t&i han tinh todn, dat dugc khi
M/Munhé hon 0,65.

Tu dé, trong nghién clu nay, cac thi

nghiém tai trong tinh dugc thuc hién dé
nghién ctu kha nang chiu tai, su phan bo
vét nit va ing xt pha hoai clia dam, so
sanh két qua thi nghiém véi két qua tinh
toan va kiém ching céc tiéu chi pha hoai
clia dam gia cudng so vai két qua nghién
clu trudc day.
2. Phuong phap thi nghiém

Trong nghién cdu nay, tong cong 5
dam BTCT da dugc thi nghiém, bao gém
1 dam khéng gia cudng va 4 dam dugc
gia cudng uén bang phuong phap dan
ngoai tam AFRP.

¢
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Hinh 1. Kich thuéc mau thi nghiém va bé tri cét thép va tdm AFRP.

Hinh 1 mé ta kich thudc thi nghiém,
bo tri cot thép doc, c6t dai va tdm AFRP.
Bé tong tron sdn dugc st dung dé duc
dam tai cong trudng véi bang ty lé tron
nhu trong Bang 1. Cac tdm AFRP dugc

dén véi cac bé mat chiu luc cia dam, dé
lai 50 mm gitta phan cudi ciia moi tam
va diém g6i tua. Dam gia cudng co thé
dugcdan bdi mot tdm AFRP trén mot 16p
c6 khoi lugng dién tich l1a 280 hoac 415
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hoac 830 g/m? va/hodc hai tdam AFRP
trén hai I16p vai tong khaéi luong dién
tich [a 1660 g/m? (830 g/m?/1 |6p). Bang
1 liét ké cac théng sé vat liéu cla cac
tdm AFRP, do nha san xuat Fibex cung

cap [7]. Thi nghiém dua trén JIS K 7165
[8] dé xac dinh cac tham s6 nay. Chat két
dinh dugc st dung dé lién két tdm vai
nén bé téng la nhua epoxy cé cac dac
trung co hoc dugc liét ké trong Bang 2.

Bdng 1. Ddc trung co hoc ctia cdc tdm AFRP

Khoi lugng Chiéu day Cuding d6 kéo M6 dun Bién dang
dién tich (mm) (GPa) dan hoi pha hoai
(g/m2) Ef (Gpa) efu (%)
280 0.193 2.06 118 1.75
415 0.286 2.06 118 1.75
830 0.572 2.06 118 1.75
Badng 2. Bdc trung co hoc ciia nhua epoxy
Cudng dd uén Cudng dd nén Cudng dd cat uén CA,u’drllg d?
(MPa) (MPa) (MPa) chat két dinh
(MPa)
40 35 10 1.5
Bdng 3. Bang ty lé trén bé téng
Trong luong don vi (kg/m3)
w/C S/a
(%) (%) Nuéc Xi mang Cot liéu nho Cotliéulén Phu gia
w C S G Ad
524 43.0 154 294 812 1064 2.940

Bang 4 liét ké cac mau thi nghiém
dugc st dung trong nghién cdu nay.
Tén danh nghia clia cac mau th dugc
hién thi trong bang nay véi dau gach
ndi theo tha tu vat liéu gia cuong (N:
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khong c6, A: AFRP), loai tdi trong (S: tai
trong tinh). Cuong d6 chiu nén cla bé
tong, cudng doé chay cta cot thép doc
va cla c6t dai cing dugc liét ké trong
bang nay.
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Bdng 4. Liét ké mau thi nghiém

Cudngdd | Cuongdd | Cuongdd | Khanang | Khanang Ty l1é kha
Mau thi nén cha chay cha chdy ctia | chiu tai uén | chiu tdicdt | nang chiu
nghiém bé téng c8tdoc cot dai tinhtoan | tinh toan udn-cat
f'c (MPa) fy (MPa) fsy (MPa) Pusc (kN) Vusc (kN) a
N-S 324 382 462 55.0 329 5.98
A280-S 73.3 4.08
A415-S 81.0 3.69
33.7 371 402 299
A830-S 99.9 2.99
A1660-S 126.1 237

Kha nang chiu uén va cat tinh toan cla
dam dugc tinh toan bang cach s dung cac
thong s6 vat liéu clia bé tong, thép doc va
tdm AFRP (Bang 1) theo Chi dan Tiéu chuan
cho Két cau Bé tong [9]. Kha nang chiu udn
la gia tri tai trong 16n nhat duoc xac dinh ti
dudng cong quan hé tai trong-chuyén vi
tinh todn clla méi dam. Quy trinh tinh toan
dudng cong tai trong-chuyén vi sé dugc thao
luan trong muc 3.1. Theo Bang 4, cac dam
BTCT duogc gia cudng tinh sé dat dén ché do
pha hoai uén vi ty sé kha nang chiu uén-cat
a=V /P cla tétca cdc dam cé/khong gia
cudng déulén hon 1,0.

Cac th nghiém tai tinh dugc tién hanh
theo phuong phéap thir tai ba diém, nhu
dugc chira trong Hinh 2. M6t ga tai trong cé
chiéu réng 100 mm theo hudng nhip dugc
s dung dé tang tai tai nhip gitta ctia dam,
trong d6é mot kich thay luc c6 cong suat 500
kN da dugc st dung. Déi véi dam A-S, duoc
gia cudng bang tam AFRP, tai trong duoc tac
dung cho dén khi tdm bi bong ra hoac bi dut.
D6i v6i dam N-S khong dugc gia ¢d bang
tam AFRP, tai trong tang dan sau khi c6t thép
chay déo do hiéu ting bién cling déo ctia c6t

thép; do dé, tai trong dugc tac dung cho dén
khi dam bi vong khoang 90 mm.

Tai trong P, phan luc R, chuyén vi giia
nhip D va phan bé bién dang doc truc clia
cac tam AFRP déu dugc do trong qua trinh
thtt nghiém nay. Dau do dich chuyén bién
déi tuyén tinh loai laze (Laser-type Linear
Variable Displacement Transducers) dugc sur
dung dé do chuyén vi clia dam. Sau méi thir
nghiém la mot ban phac thao cdc mau vét
nut trén mot mat ctia dam.

Joc: i ons

Cam bién luc

Hinh 2. Thiét Idp thi nghiém tdi trong tinh.

Trong nghién cdu nay, cac thi nghiém
da sir dung may ghi dir liéu ky thuat s6 dé
khuéch dai va ghi tin hiéu tuong tu tir cac
cam bién. D{ liéu tuong tu nay dugc chuyén
déi thanh dir liéu s6 trong khoang thdi gian
0,1 giay.

S6 05



KHOA HOC -CONG NGHE

3. Két qua thi nghiém va thao luan

3.1. Dudng cong quan hé tai trong-chuyén vi

Thi nghiém Tinh todn
Dam N-S
_____ Dim A280-S
- - DAim A415-S
B — Dim A830-S
- Dim A1660-S
140 Pha hoai nén xung quanh
khu vuc tdi trong
120 |
100 -
)
w 80
=
8.
& 60
Di¢m chay
40 déo cot thép
/
20 Hff
() ‘ 1 | 1 | 1
0 20 40 60 80 100

Chuyén vi (mm)

Hinh 3. So sdnh méi quan hé tai trong-chuyén vi cho tét ca cdc ddm

Hinh 3 so sanh cac két qua thi nghiém
va tinh toan cta cac dudng cong chuyén
vi-tai trong tinh cho dam N-S va A-S.
Phuong phap da I6p [10], dua trén
cac phuong phap vé cudng dé vat liéu
théng thudng, duoc st dung dé xac dinh
dudng cong tai trong-chuyén vi va phan
bé bién dang doc truc ctia cac tam AFRP.
Sau day la cac phuong phép va gia thiét
dugc st dung: (1) Bé tdéng va cot thép,
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bao gobm ca tdm FRP, du kién sé co tiét
dién phdang va lién két hoan hao. (2) Ky
thuat tao vét nit ma va (3) phuang phap
phan I6p dugc st dung, (4) va méi quan
hé ing suat-bién dang dugc gia dinh cho
tung vat liéu, nhu minh hoa trong Hinh 4,
dua trén Chi dan Tiéu chudn cho Két cau
Bé téng & Nhat Ban [9]. (5) D6i v&i moi
|&p, mdi quan hé Ung suat-bién dang lién
tuc dugc gia dinh.
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Hinh 4. Quan hé ung sudt-bién dang cta tung vat liéu.
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Hinh 5. Tinh todn dudng cong tai trong-chuyén vi.

Mat cat ngang ctia dam dugc tach
thanh cac I6p nam ngang cé do6 day 5
mm tuong Ung vaGi bé téng hoadc c6t
thép, nhu minh hoa trong Hinh 5, dé
danh gia chinh xdc méi quan hé gita
dd cong va mo6 men udn Ung véi tling
muc d6 bién dang. Dua trén di liéu
trudc khi phan tich, d6 day ctia méi l6p
dugc thiét lap. Bang cach diéu chinh

dan bién dang thé dudi va ldy can bang
luc tong hgp cla tat cad cac 16p, xac
dinh dugc truc trung hoa va bién dang
thd dudi tuong Ung véi bién dang thé
trén tly y clla mat cat ngang. B6 cong
lién quan va mémen udn mat cat cé thé
dugc tinh toan bang cach st dung cac
bién dang thé trén va dudi nay. Bién
dang nén thé trén cta bé tong co6 thé
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dugc tinh toan bang cach lap lai cac
ky thuat truéc do tu 0 dén trang thai
t6i han (e, = 0,35%) cho cac méi quan
hé nay. K&t qua la, doéi véi méi budc
tai trong, su phan b6 dudng cong cuta
dam doc theo nhip tuang Ung vdi biéu
dé moémen udn. Cudi cung, chuyén vi
gita nhip dugc xac dinh bang céach tinh
toan mémen tai gita nhip ctia dam don
gian chiu su phan bé d6é cong bang ky
thuat tich phan cda Mohr.

Bang 5 thé hién két qua thi nghiém
va tinh toan & tai trong chay déo cét
thép doc va tai trong I6n nhat doéi
véi dam N-S, A280-S, A415-S, A830-S,
va A1660-S. G day, tai trong chay
déo dugc xac dinh tu diém uén thu
hai cla mo6i dudng cong quan hé tai

trong-chuyén vi trong Hinh 3. D6i voi
dam N-S, tai trong téi da dugc danh
gia bang cach st dung chuyén vi gita
nhip & mdc 40 mm do tai trong tang
[én mo6t cach don diéu do d6 cing déo
clia thanh cot thép tac dung. Két qua
thuc nghiém cho thay tai trong chay
va tai trong I6n nhat cla dam A-S tang
lan lugt tur 1,2 dén 1,5 lan va 1,3 dén
1,7 lan so véi dam N-S. Ngoai ra, két
qua tinh toan cho thay dam N-S dat
trang thai t&i han ngay sau khi thanh
cot thép chay ra do bién dang thé
trén dat trang thai nén t&i han vai €_
= 0,35%, trong khi dam A-S dat trang
thai t&i han véi ché d6é pha hoai bong
tdm vuot qua chuyén vi tinh toan &
trang thai t&i han.

Bdng 5. Két qua tinh todn va thi nghiém cia dam trong thi nghiém tinh

Mau thi Tai trong chay cét thép (kN) Tai trong 16n nhat (kN)
nghiém Thinghiém Tinh toan Thinghiém Tinh toan
1 N-S 57.0 533 66.7 55.0
2 A280-S 65.9 56.1 84.4 73.3
3 A415-S 67.8 57.9 84.8 81.0
4 A830-S 71.5 62.5 88.8 99.9
5 A1660-S 85.5 69.9 112.7 126.1

Tu Hinh 3, bang cach so sanh két qua
thuc nghiém va két qua tinh toan cho
dam A280-S va A415-S, c6 thé thdy rang
két qua tinh toan gan tuong tng vadi két
qua thuc nghiém cho dén khi dam dat
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dén trang thai tGi han tinh toan. Ngugi
ta cho rang vat liéu FPR dugc lién két
hoan toan vdi bé tong. Ngoai ra, trong
thi nghiém, tai trong khéng gidm ngay
ca khi dat chuyén vi tinh toan & trang
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thdi t&i han, nghia la kha nang chiu tai
ctia dam dugc cai thién dang ké nha
hiéu qua gia cudng clia tam AFRP. Dam
A280-S va A415-S bi pha hoai do tam
AFRP bi bong véi dd dich chuyén lan
luot 1a khodng 84 va 80 mm, sau khi dat
dén su pha hoai nén xung quanh khu
vuc chat tai.

Do6i véi dam A830-S va A1660-S, tai
trong 16n nhat do dugc nho hon tai
trong tinh toan (Bang 5). D6i véi dam
A830-S va A1660-S, ngudi ta xac nhan
rang tam bi bong tu tur sau khi thanh c6t
thép chdy déo va/hoac trudc khi thanh
cot thép chay déo, tuong Ung (Hinh 3).
G day, tam bi bong do tac dong bong
tréc cla cac dau vét nuat chéo téi han
phat trién & 16p bé tong dudi cia dam
gan khu vuc chat tai. Do d6, khi khéi
lugng tam FRP tuong déi 16n, cac tam
€6 xu hudng bi bong ra s6m hon so véi
tinh toan.

Céc ché d6 pha hoai clia cac két qua
thd nghiém nay c6 cung xu hudng véi
nghién ctu trudc dé [6]. Dam A280-S va
A415-S dugc phan loai la “Pha hoai do
nén uén’, khi n6 dat dén trang thai téi
han do tam bi bong ra sau khi I6p pha
bé téng phia trén bi nghién nat. Dam
A830-S va A1660-S dugc phan loai la
“Pha hoai do bong tam”, khi chung dat
dén trang thai téi han do tam bi bong
ma khong bi v& bé tong bén trén.

3.2. Cac mau vét nit cia dam sau
khi thi tai tinh

Hinh 6 so sanh cac mau vét nut cla
dam N-S va Am-S (m: chi s6 khéi lugng

trén mot don vi dién tich ctia tdm FRP
dugc dan cho méi dam, m = 280, 415,
830 va 1660) sau cac thui nghiém tai
trong tinh. Cac vét nit udn xay ra tu 16p
bé tong dudi xung quanh diém chiu tai
vé phia diém tai trong cho tat ca cac
dam, nhu thé hién trong hinh.

Dam N-S xuat hién nhiéu vét nut
uén xung quanh khu vuc chat tai, 16p
bé téng phia trén gan diém chat tai bi
hu hong nghiém trong va dam bi bién
dang dai han gan vi tri nay. Dam N-S
bi hu hédng véi ché dd pha hoai uén.
So vGi dam N-S, cac vét nut uén trong
dam Am-S dugc phan bé rdng rai hon
trén toan bo dam va dam khong bi bién
dang dai han do hiéu qua gia cudng cla
cac tam AFRP. Tuy nhién, dam A280-S va
A415-S da bi hu héng dang ké do 16p
bé tong bao phu bén trén xung quanh
diém tai trong da bi nghién nat. Mac
du I6p phu bé tong phia trén ctia dam
A830/1660-S khéng bi nghién nat xung
quanh khu vuc tdi, nhung muc d6 hu
hai cla n6 it hon dam A280/A415-S. Cac
vét nit uén trong dam A830-S chu yéu
dugc quan sat thay & phia bén phai clia
dam va dam A830-S it bi bién dang hon
Dam A1660-S. C6 thé la do tdm chia dam
A1660-S bi bong nhiéu hon tdm cua
dam A830-S. Do tac ddéng bong troc cta
dau cac vét nut chéo téi han dugc tao ra
3 16p bé téng dudi ctia dam gan khu vuc
chat tai, tam da bi bong. Tat ca cac dam
dugc gia cudng déu bi hu hong do bong
tam vaGi ché d6 pha hoai uon.
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p _-Bétongbiépvd

(b) A280-S

__Bé tong bi ép vo

Tém bj bong

(e) A1660-S
Hinh 6. Phdn bé vét nut cia dam sau khi

thar tai tinh.
3.3.So0 sanh ché dé pha hoai tur két
qua thi nghiém véi két qua nghién

cu trudc

Trong Bang 6, P, va P, lan lugt la
tai trong chay va tai trong toi da tinh
toan. Tu bang nay, cac phat hién dugc
tom tat nhu sau: 1) Cac dang pha hoai
tU cac két qua tha nghiém nay c6 cung
xu huéng véi nghién cldu trudc dé. 2)
Dam A280-S va A415-S dugc phan loai
I3 “Pha hoai nén uén”, khi n6 dat dén
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trang thai t&i han do tdm bi bong ra
sau khi l&p bé téng phia trén bi nghién
nat. 3) Dam A830-S va A1660-S dugc
phan loai la "Pha hoai bong tam", khi
ching dat dén trang thai téi han do
tam bi bong ma khong v bé téng bén
trén.

Bdng 6. Danh sdch cdc dang phd hoai
ctia tirng dam duoc gia cuéng uén

Mau thi zahnég
nghiém | (kN) | (kN) hoai
A280-S | 56.1 | 73.3 | 0.76 (>0.7) | ph4 hoai
A415-S | 57.9 | 81.0 | 0.71(>0.7) | Nénudn
A830-S | 62.5 | 99.9 | 0.62 (<0.65) | Pha hoai

bong
A1660-S | 69.9 | 126.1 | 0.55(<0.65) |  t5m

4. Két luan

Trong nghién cdu nay, cac thi nghiém
tai trong tinh dugc tién hanh bang cach s
dung khéi lugng tdm dé khao sat cac dang
pha hoai ctia dam BTCT dugc gia cudng uén
bang tdm AFRP. Sau day la tom tat cac phat
hién:

1. Kha nang chiu tai cla dam gia cuong
duoc cai thién dang ké so vai dam khong gia
cuadng.

2.Dang pha hoai ctia dam BTCT gia cudng
udn dugc phan thanh hai loai: pha hoai do
nén uén va pha hoai do bong tam, tly thudc
vao ty s6 kha nang mé men uén dugc tinh
toan M /M,. Nhiing két qua nay phu hgp tét
vdi nghién cuu trudc dé.

3. Dua trén ty sé kha nang chiu mé men
uén M /M, tinh toan, c6 thé du doan ché do
pha hoai ctia dam BTCT gia cudng.

4. Tat ca cac dam BTCT cé/khdng gia
cudng déu hu hong véi ché do pha hoai uon.
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