Tap chi Khoa hoc cong nghé Giao théng van tai Tap 13-S64
Nghién ciéu thwe nghiém phan tich &ng xir chiu cat cia
dam bé tdng cot thép da bi nirt dwge ting cwong bang
bé tong cot lwéi dét carbon

Experimental investigation on shear behavior of
cracked reinforced concrete beams strengthened with
carbon textile reinforced concrete

Nguyén Huy Cwong, Vii Vin Hiép*, H6 Thi Hoai

Truong Pai hoc Giao thdng van tai
“Téc gia lién hé: vwhiep@utc.edu.vn

Ngay nhdn bai:24/6/2024; Ngay chdp nhdn ding: 15/7/2024

Tom tit:

Nghién ctru nay danh gia hiéu qua sira chita va ting cudng cua bé tong cot ludi dét (BTCLD) carbon dbi
vé6i kha ning chiu cit caa dim bé téng cdt thép (BTCT) di bi nut. Sau dam BTCT, mdi dam c6 ty 18 chiéu
dai chiu cat trén chiéu cao c6 hiéu 1a 1,6, duoc thi nghiém uén ba diém, bao gém hai mau di chirng va bén
méu duge gia cudng. Trudc khi boc 16p BTCLD tiét dién chir U, tat ca cac dam déu phai chiu tai trude dé
gay ra vét niit do cit. Qua trinh ting cudng st dung hai hodc ba 16p luéi dét carbon. Cac két qua thuc
nghiém cho thay su cai thién déang ké vé kha ning chiu cét ciia dim dugc ting cwong BTCLD so véi dam
dbi chung. Cu thé, sirc khang cit cua cac miu duoc gia cudng bang hai 16p lugi dét carbon ting 34,7%,
trong khi cac dam duoc gia cuong bang ba 16p ting 50,9% so véi cac mau ddi ching. Do d6, BTCLD da
khoi phuc va nang cao kha niang chiu cat cua cac mau bi hu hong mot céch hiéu qua.

Tur khoa: Ting cuong; Khang cat; D4 nat; BTCLD; Carbon.

Abstract:

This study examines the strengthening effects of carbon textile-reinforced concrete (CTRC) on the shear
behavior of pre-cracked reinforced concrete beams. Six reinforced concrete beams, each with an aspect
ratio of 1.6, underwent three-point bending tests, comprising two control specimens and four strengthened
specimens. Prior to the application of U-wrapped carbon textile reinforcement, all beams were subjected to
pre-loading to induce shear cracking. The strengthening process involved utilizing either two or three layers
of carbon textile. The findings reveal a significant enhancement in the shear capacity of the CTRC-
strengthened beams compared to the control beams. Notably, the shear strength of the specimens reinforced
with two layers of carbon textile increased by 34.7%, whereas those reinforced with three layers increased
by 50.9% compared to the control specimens. Thus, carbon TRC effectively restored and elevated the shear
capacity of damaged specimens to levels akin to those of control beams.
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1. Giéi thiéu tdng nho hoac bi suy thodi, va tai trong tac dung
Ién két ciu ngay cang ting. Cac phuong phap ting
cudng phd bién hién nay o Viét Nam bao gom:
Mé rong tiét dién bang 16p 40 BTCT, dan ban
thép, du Gng lec ngoai, va sir dung tim polymer

Viéc stra chira, ting cudng kha ning chiu cit coa
dam bé tong cbt thép 1a rat quan trong trong nhiéu
treong hop, vi du nhu két cau dam khéng du cot
thép chiu cat, ct thép bi an mon, cuong do cua bé
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cbt soi (FRP). Mic du, phuong phap dan FRP
dang kha phd bién, nhung phuwong phap gap phai
mot s6 han ché véi 16p nhua Epoxy. Diéu nay dan
dén can ¢ sy cai tién cong nghé mai do 1a sir dung
bé tong cot ludi dét (BTCLD). BTCLD két hop
ludi sgi co cuong do cao vai bé tdng hat min,
mang lai hiéu qua vé chi phi, kha ning chiu nhiét
d6 cao, kha ning chéng chéy. Bén canh do,
BTCLD khéc phuc nhiing han ché caa FRP khi
hoat dong tét trén bé mat am, & nhiét do thip hon,
c6 thé giam sat vét nit sau khi gia c6 (khong bi
che khuat nhu tim dan FRP). BTCLD con c6 thé
dong vai tro kép, vira tang cuong kha nang chiu
lyc cho két ciu, vira cung cp kha ning bao vé
chdng an mon théng qua phuong phap bao vé
cathode bang dong dién ngoai [1].

Céac nguyén nhan thuong gap trong thuc té
nhu hoa hoan, dong dat, an mon va moi cd thé
gay ra nhitng hu hong nghiém trong cho cac két
cdu BTCT, doi hoi ching phai duoc sta chira,
va tang cuong. Trong do, cac vét nat do cat
thuong lam suy yéu dam BTCT, dan dén pha
hoai gion (pha hoai dot ngot, khi két cau cé bién
dang nho). Tuy nhién, viéc ting cudng bang
BTCLD c6 thé cai thién kha ning chiu luc cua
ching, qua do, lam tang do bén lau (tuéi tho)
ctia ¢ong trinh. Piéu nay chang minh cho viéc
nghién ctiu tng xir chiu cat sau khi ting cuong
cho két cau da bi nat 1a rat quan trong. BTCLD
¢6 kha ning phan tan cac vét ntit nho dinh bam
t6t v6i bé tong nén, hiéu wng cing hoa khi chiu
kéo (tension stiffening effect), dong thoi, hd trg
viéc kiém soat vét nat, tang tinh déo va kha
ning phan tan nang luong cho két cau. Mic du
nghién ctru vé g xtr chiu cit caia BTCLD dé
tang cuong dam BTCT da dugc thuc hién khé
nhiéu [2], nhung rt it nghién ciu tap trung vao
danh gia hiéu qua ctaa né trong viéc khdi phuc
kha nang chiu lyc cua dam BTCT bi hu hong,
da xudt hién cac vét nut nghiéng do cit [3]. Pay
la mot khoang tréng nghién cau 16n, boi trong
thuc té, hau hét cac két ciu doi hoi sy ting
cuong thuong da bi nut. Triantafillou va cong
su [4] ching minh rang BTCLD cai thién kha
nang chiu cat 1én dén 72% véi mot 16p ludi soi,
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trong khi FRP chi cai thién dugc 25%.
Blanksvard va cong sy [5] ghi nhan kha nang
chiu cit ting 97% véi BTCLD khi xay ra phé
hoai do ludi sgi carbon bi kéo @it va tang 104%
véi FRP khi ph& hoai do bong tach lop dinh
bam. Larbi va cong su [6] quan sét thiy mic
tang suc khang 22% vai FRP va lén téi 69% véi
BTCLD. Tetta va cong su [7] bao céo cac mau
gia cuong bang FRP dat tai trong cao hon tir 9%
dén 132%, tly vao ciu tric ting cuong. Céc
nghién ctru vé anh huéng cua s luong cdt lugi
dét déu cho thay rang cang nhiéu 16p thuong
mang lai muc tang sac khang cao, co nghia la
hiéu qua dugc cai thién khi st dung cac hé
théng neo bb tro.

Bai b&o nay trinh bay mot sb két qua thuc
nghiém danh gia hiéu qua tang cuong suc khang
cat cia dam BTCT di bi nat bang BTCLD
carbon. Véi sau dam, bao géom hai dam dbi
chang, va bén dam di bi nit dugc tang cuong.
Trude khi gia cudng, ca bén dam duoc gia tai
trude dé tao ra cac vét nit nghiéng do cat. Sau
do6, cac dam duoc stra chita bang BTCLD theo
cau trdc tiét dién chix U, sir dung hai va ba lop
ludi sgi carbon.

2. Nghién ciru thuc nghiém

2.1. Cau tao mau thi nghiém

Tt ca cac dam cd chiéu dai 1500 mm vai tiét dién
150 x 300 mm. Céc dam dugc thi nghiém udn ba
diém, vai chiéu dai nhip 800 mm, trong do, chiéu
dai nhip chju cit bang 400 mm, tuong tng Vai ty
16 a/d (chiéu dai chiju cat trén chiéu cao c6 hiéu) 1a
1,6. Cét thép doc bao gom hai thanh thép duong
kinh 14 mm chiu nén ¢ thé trén va nam thanh thép
duong kinh 14 mm chiu kéo ¢ thé dudi. Cac thanh
cHt thép dai duong kinh 6 mm dugc dit cach nhau
200 mm. Hinh 1 m6 ta kich thudc hinh hoc va
cach bé tri cbt thép cuia cac dam. Viéc thiét ké cau
tao dam nham dam bao két cau bi phé hoai do cit,
dé tao diéu kién thuan loi cho viéc danh gia @ng
xtr chiu ct va dang pha hoai ciia dim BTCT duoc
gia ¢b bang BTCLD. BTCLD duogc “trat” bén
ngoai dang cac 16p boc tiét dién chir U kéo dai trén
toan bo chiéu dai dam. Bang 1 trinh bay kich
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thudc, cAu tao cuia c&C mau dam ddi chang va
duoc tang cudng bang BTCLD trong thi nghiém.

Cac mau dam duoc ché tao bang bé tong
thong thuong, co cuong do nén trung binh Ia
43,5 MPa, duoc xac dinh qua cac mau thi
nghiém dang tru tron & tudi 28 ngay. Céc thanh
cbt thép doc co cudng do chiu kéo chay 1a 453,7
MPa, trong khi cét thép dai gigi han chay la
372,1 MPa, tuong tng Véi bién dang Iic cdt
thép bi chay déo lan luot 12 2,21%o va 1,82%o.
Lép gia cuong BTCLD bao gom cét ludi dét
carbon va bé tdng hat min. Bé tébng hat min
dugc ché tao tir hdn hop xi ming Portland

PC40, cat hat min ¢6 duong kinh dudi 0,63 mm,
tro bay, phu gia siéu déo va nuéc. Sau mau bé
tong hat min dang lang try 40 x 40 x 160 mm
duoc sir dung dé danh gia cudong d6 chiu nén va
chiu kéo uén sau 28 ngay, va thu duoc gia tri
lan luot 1a 52,2 MPa va 6,3 MPa. Ludi dét
carbon duoc sir dung 1a ludi truc hudng dét tir
soi carbon cuong do cao, ¢ dién tich mit cét
ngang la 141,02 mm?/m va cac b0 soi cach nhau
12,7 x 12,7 mm. Ludi s¢i dwoc phu bing
polymer gdc cao su styrene. D6 min cua ludi 1a
3200 tex va trong lwong cua ching 1a 573 g/m?,
Soi carbon c6 mé dun dan hoi khoang 185 GPa
va cuong do chiu kéo 14 2700 MPa.

Bang 1. Cac dam thi nghiém.

. Kich thwdéc Sé 16
Dam .- p_ Mo ta
a(mm) b(mm)  a/d lud1 s
R1, R2 400 350 1,6 - Déi chung
L2-1,L2-2 400 350 1,6 2 ba nit, dugc tang cuong
L3-1, L3-2 400 350 1,6 3 ba nut, dugc tang cuong
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duoc tang cuong

Hinh 1. CAu tao cac mau thi nghiém.

2.2. Quy trinh thi nghiém

Quy trinh thi nghiém bao gom bén giai doan chinh
(Hinh 2). Trong giai doan dau, 16ng cdt thép dugc
lap dung bén ngoai, véi cac 14 dién tro do bién
dang duoc gan vao céc thanh cdt thép doc va cbt
dai & vi tri cu thé (Hinh 3). Sau do, tat ca sdu dam
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déu dugc dac dong thoi va duoc bao dudng 4m
trong 05 ngay (Hinh 4).

Trong giai doan hai, tat ca cac dam déu duoc
thi nghiém gia tai gay nut tai phong thi nghiém
Vit liéu va Két cdu cua Truong Pai hoc Giao
thdng van tai. Thi nghiém ubn ba diém duoc thuc
hién bang phuong phap kiém soét lyc, véi tée do
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gia tai 0,5 kN/s, thuc hién trén may nén kéo SANS  cac vét niit nghiéng da xuét hién va mé rong dang
3000 kN. Hinh 4 minh hoa céch b tri va thiét 1ap  ké, dong thoi bién dang kéo cua cbt dai di vuot
thi nghiém. Mot thiét bi do chuyén vi (Linear qua giGi han chay cua cbt thép (xem thém Hinh 9
Variable Differential Transformer - LVDT) va V& cau triic vét niit ciia cac dam nay).

mat thiét bi do luc (loadeell) dugc két hop dé ghi A Luc
nhan do vong gifta nhip cling tai trong tac dung lén Dam déi chimng,
N , e 5 X R thi nghiém dén
dam. Céc 1a dién tré do bién dang duoc sur dung pha hoai
dé ghi lai bién dang cua cdt thep doc va cbt dai o Dim duge ting
trong suot qua trinh thi nghiém. cudng, thi nghi¢m
dén pha hoai
Hai dam doi chung R1 va R2 dugc gia tai den g
khi pha hoai nhim xac dinh stc khang cit cua =
dam, twong ng Vai Pu. Gié tri nay duoc st dung Thoi gian
de thiet 1ap muc tai trong cho viéc gay nat trudc >
Ae s L A A \ . < , e Tang cuong va
doi vai bon dam con lai (Hinh 2). Muc tai trong bao dudng
trwée khi nut duoc chon 12 0,8 Py nhdm dam bao Hinh 2. Céc giai doan thi nghiém chinh.
*P
SG1 SG2

==+

LVDT® SG1 A°
350 | 400 [ 400 | 350
‘ 1500

MG hinh thi nghi¢m uén 3 diém Téng thé

Thiét Igp thi nghi¢m

— = A, 5 .
« o R . 7 4 S |

Hinh 3. Thiét 1ap thi nghiem. Hinh 4. Ché tao cac mau dam thi nghiém.

Ludi sgi céc bon Hoan thién
Hinh 5. Qu4 trinh ting cuong BTCLD cho dam da bi nit.

Sau giai doan gy nut trudc, cac dam duoc gia ting cudng BTCLD tudn tha chi dan ky thuat
cuong bang hai hoac ba 16p ludi soi dét, &p dung  duoc néu trong ACI 549.4R-20 [1]. Viéc chuan bi
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bé mit bao gém loai bo bui, tao nham dé cai thién
dinh bam giita BTCLD va bé tong nén. Lop
BTCLD dugc “trat” 1én cac dam da bi nat trudc
theo dang tiét dién chix U lién tuc. Qua trinh nay
bt dau tir trat 16p bé tong hat min, dit ludi soi 1én
trén va miét nhe. Lép bé tdng hat min thir hai duoc
pha I18n trong khi 16p thi nhat van & trang thai
“turoi”. Qua trinh nay duoc lap lai, tao ra cac lop
bé tong hat min day xap xi 5 mm (Hinh 5). Tiép
dén, xoa I6p phi cudi cing dé dat duoc bé mit
hoan thién. Sau d6, cac dim nay dugc bao dudng,
va thi nghiém cho dén khi phé hoai.

3. Két qua thi nghiém

3.1. DAm ddi ching va giai doan gay nit
truéc

Hinh 6 thé hién méi quan hé giira tai trong va do
vong gitta nhip cua hai dam ddi ching. Hinh 7
minh hoa cau tric vét nut cua cac dam ndy. Nhu
du kién, cac dam dbi ching bi phé hoai bai cit,
khéng phét hién bat ky dau hiéu phéa hoai do udn.
Trong qué trinh thi nghiém, cac vét nut thang goc
duoc ghi nhan ¢ khu vuc gitra nhip; tuy nhién, cac
vét nat chinh do luc cat gay ra lan truyén theo
dudng chéo tir gdi dd vé phia diém gia tai. Mot vét
nat cat lon, kéo dai tir gbi gia tai dén gdi d&, mo
rong va gay ra phé hoai dot ngot cho hai dam dbi
chang nay.
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—-——-- R2

- = — - L2-1 (gay nat trudc)
0 — 17—

0 2 4 6 8
Po vong (mm)

Hinh 6. Quan h¢ tai trong — d6 vong
cua hai dam ddi chiing va mot dam
duoc gay nat trude dién hinh (L2-1).
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Trong cac mau ddi chiing (R1 va R2), cac vét nut
do udn va udn cat, dong thoi xut hién ¢ khu vuc
gitra nhip, voi mac tai xap xi 100 kN. Tai trong
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ngdy cang ting, cac vét nit ndy ma rong va phat
trién vé phia gi gia tai. Cac vét nut nghiéng do
lyc cit dan xut hién rd rét & mic tai trong khoang
150 kN (Hinh 7). Sau d6, cac vét nirt cat lan truyén
vé phia cac gdi d& va gdi gia tai. Luc phé hoai
duoc ghi nhan trong qué trinh thi nghiém déi véi
dam R1vaR2 lan luot 14 273,06 kN va 251,32 kN.

s _—

Hinh 7. CAu tric vét nat cua dam déi ching.
Hinh 8 thé hién dudng cong tai trong, bién dang
trong céc thanh thép doc va cét dai cia mau dbi
chang R1. Hinh 8a cho thiy khi vét nuit bé tong
bat dau ¢ khoang 80 kN, bién dang kéo trong
cdt thép doc tai vj tri gitta nhip ting déu dan.
Bién dang cua cét thép doc do dugc khi mau R1
pha hoai nho hon bién dang kéo chay cua cot
thép, & muc xap xi 0,002, cho thiy thanh cbt
thép van chua bi chay. C6 thé quan sat duoc,
c4c vét nit thang goc ¢ dudi gdi d& co bé rong
kh& nho. Hinh 8b cho thay, bién dang trong cac
cbt dai cia dam khi bi pha hoai da vuot qué gioi
han bién dang chay cua cot thép, von xap xi
0,0017. Hinh 9 thé hién cau trac vét nut caa cac
dam duoc gia tai gay nut trudce va sau do, duoc
tang cuong bang BTCLD. Cau trdc vét nit quan
sat duoc ¢ bdn dam kha twong ty nhu & cac dam
dbi chitng, vén da dugc thi nghiém cho dén khi
bi pha hoai. Tuy nhién, cac vét ntt nghiéng xuét
hién it hon va nhirng vét nut xuat hién c6 bé
rong twong ddi nho. Can luu y rang mac tai
trong truac khi nit dugc chon ¢ khoang 230 kN
dé dam bao bién dang kéo cua ct dai vuot qua
bién dang chay déo cua cbt thép. Sau khi ha tai,
xuét hién bién dang du déng ké trong cdt thép
dai cua cac dam duoc gia tai gay nut trudc.
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Hinh 8. Quan hé lrc — bién dang cua cét thép & mau R1.

F 122

L3-2

Hinh 9. CAu trlic vét nit cua cac dam dugc gay nit trude.

3.2. C4c dam duogc ting cudng

Hinh 10 biéu dién duong cong giira tai trong va do
vong giira nhip cia mau dam doi chang va dam
duoc gia cudng. Hinh 11 thé hién cau trdc vét nut
quan sat duoc trong cac mau dugc gia cuong.

Bing 2. Stic khéng cua cac dam dugc thi nghiém.

DAm Luc cuc Trung Hiéu qua
han (kN)  binh (kN)  ting cwong
R1 273,06
262,19 -
R2 251,32
L2-1 366,40
353,19 1,347
L2-2 339,99
L3-1 389,24
395,75 1,509
L3-2 402,25

Dang phé hoai cia cac dam nay dic trung boi cac
vét nut nghiéng mé rong (pha hoai do cat) va mot
s6 b6 soi bi kéo dut. Nhin chung, 16p BTCLD tiét
dién chir U d4 cai thién mot cach dang ké do cing
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va kha ning chiu ct ciia dam BTCT bj nut trudc.
Ban dau, cac vét nit do udn phét trién, hau hét tai
vi tri vai vét niit san c6 trén dam. Tuy nhién, mot
s6 Vét nat mai xuat hién, cho thay dinh bam giita
BTCLD véi bé tong nén, ciing nhu dinh bam giira
cot ludi dét voi bé tng hat min 13 kha tét, mang
lai hiéu qua phan tan vét nit dang ké. Cac dam
duoc ting cuong c6 do cimg ban dau cao hon cac
dam ddi chung, do viéc ma rong tiét dién bang
BTCLD. Khi tai trong ting 1én, cac vét niit do udn
- cit bat dau phat trién, xay ra & muc tai trong cao
hon so vé6i dam d6i ching. Dang phé hoai xay ra
cudi cling & cac mau duoc gia cuong bang hai 16p
luéi soi la do cac bo soi bi kéo dit, sau do, hinh
thanh céc vét nut nghiéng 1on. Dam dugc boc
bang hai 16p ludi soi 6 tai trong cuc han ting
34,7% so v6i mau déi chung (Bang 2). Sau khi
phé hoai, céc dam duoc gia ¢ duy tri muc tai
trong cao hon dang ké so véi cac dam ddi chung,
boi mot s6 bo soi van tiép tuc 1am viéc, du co
nhimg bo dang din bi kéo tudt khoi bé tong hat
min tai nhiing vi tri ¢6 vét nut nghiéng lon.
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Hinh 10. Quan hé lyc - d6 véng cua cac dim dugc ting cuong.

Hinh 11. Céu trGc vét nat dién hinh
cuia cac dam duoc ting cuong.

Twong ty, cac dam duoc gia cudong bang ba 16p
cdt ludi dét soi carbon tiét dién chix U c6 sic
khéng cit ting 50,9% so voi cac mau ddi ching.
Céc mau dam L2 va L3 co do cimg tang dang ké
do duoc gia cudng bang cbt ludi dét soi carbon va
cac 16p bé tdng hat min co cuong d6 kha cao.

4. Két luan

Bai bao da tom tit mot s két qua nghién ciu thuc
nghiém d6i voi dam BTCT da bi niit nghiéng, va
dugc tang cuong bang BTCLD soi carbon. Viéc
str dung BTCLD carbon da lam tang kha nang
chiu huc, cling nhu d6 cting cua cac dam da bi nit,
qua d6, phuc hdi kha nang st dung cac dam BTCT
bi nut. Cu thé, cac mau duogc gia cudng bang hai
va ba 16p ludi soi carbon da cai thién kha nang
chiu cat tir 34,7% dén 50,9% so véi mau doi
chimng. Bdng thoi, cac vét nit sdn co duoc phan

tan, duy tri dang ké kha ning chiu cit ciia dam sau
khi bi pha hoai. Biéu nay gop phan khang dinh
BTCLD carbon 1a mét giai phéap hiéu qua dé khoi
phuc va nang cao kha ning chiu cit cua cac dam
bi hu hong.
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