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Tém tit

An mon cbt thép 1a mot trong nhitng nguyén nhan chinh giy ra nhiing hu héng, giam kha ning chiu luc ciing
nhu tudi tho clia cic cong trinh thuc t&. Bai bao trinh bay cic két qua thuc nghiém thu dudc trén sdu dim BTCT
¢6 cac kich thuée 150 x 200 x 2200 mm, trong d6 bdn dam bi gia téc dn mon bang phuong phap dién héa. Cac
dam in mon cé mic dd 4n mon cbt thép trung binh trong khoang tit 9% dén 10% dua trén khéi lugng kim loai
bi mit di do &n mon. Cdc dAm thi nghiém dugc chia lam ba nhém mau, mdi nhém gém hai dAm c6 cling trang
thai nhu sau: (i) nhém dam dbi chiing, (ii) nhém dim &n mon, khong gia cudng, (iii) nhém dam gia cuvng bing
phuong phap dan tim sgi CFRP. Mébi quan hé giiia tai trong va do vong clia tiing dim da dudc xdc dinh thong
qua thi nghiém udn bdn diém. Nhiing két qua thu dugc cho phép phan tich ting xi uén ctia dim duéi tic dong
clia qu4 trinh dn mon cdt thép do xAm nhap clia cdc ion clorua va xac dinh hidu qua gia cuong khang ubn bing
phuong phap dan tim sgi CFRP d6i véi dAm dn mon.

Tir khod: dam bé tong cbt thép; ting xi ubn; &n mon cbt thép; tim soi CFRP; gia cudng.

AN EXPERIMENTAL STUDY ON THE FLEXURAL STRENGTHENING OF CORRODED RC BEAMS
USING EXTERNALLY CFRP SHEET

Abstract

The steel corrosion is one of the major reasons that causes damages and decrease in the performance and
the service life of existing structures. This paper presents the experimental results obtained on a series of six
reinforced concrete beams with the dimensions of 150 x 200 x 2200 mm, in which four beams were corroded
using an accelerated corrosion method. The corroded beams had degrees of corrosion ranging from 9% to 10%
on average by mass loss. These experimental beams were divided into three sample groups: (i) the control
beams, (ii) the corroded beams without strengthening, (iii) the corroded beams strengthened with externally
CFRP sheet. The relationship between load and deflection was determined for each beam through a four-point
bending test. The obtained results allow analyzing the flexural behavior of reinforced concrete beams attacked
by chloride ions and to determine the flexural strengthening of corroded beams using an externally CFRP sheet.

Keywords: reinforced concrete beam; flexural behavior; steel corrosion; CFRP sheet; strengthening.
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1. M6 dau

An mon cdt thép 1a mot trong nhitng nguyén nhan quan trong giy ra nhiéu hu héng va xubng cip
trén cac cong trinh bé tong cbt thép (BTCT). Pic biét, qua trinh An mon thudng dién ra nhanh hon
du kién d6i v6i cdc cong trinh 1am viéc trong mdi trudng bién va ven bién do su xAm nhap clia cic
ion clorua ton tai trong nudc bién hoic khuéch tan trong khong khi. Su tin cong cla ion clorua vao
trong két cAu, 1am thay ddi diéu kién moi trudng ctia 16p bé tong bao vé, din dén thay ddi 16p mang
thu dong bao vé cbt thép va thic diy qud trinh in mon dién ra. Dic trung clia in mon do xAm nhap
ion clorua 1a su xuit hién clia cic diém 4n mon cuc bo (pitting corrosion) doc theo chiéu dai thanh
thép. Trén két cAu cong trinh bi dn mon, nhitng hu hdng thudng gip d6 1a: 16p bé tdng bio vé bi niit,
tham chi bi bong tich hoan toan do su truong nd thé tich clia cac san phdm dn mon; dién tich tiét dién
ctia cot thép bi suy gidm va bién dong do hién tugng dn mon diém. Nhitng hu hdng nay khong chi anh
hudéng dén tinh thim my ctia cong trinh, ma dan dén su suy gidm kha ning chiu luc, tinh &n dinh va
dd bén viing clia cong trinh theo thdi gian. Hon nita, kinh nghiém ctia cdc nu6c trén thé gidi chi ra
ring cdc cong viéc bao tri, sifa chita va gia cudng két cAu cong trinh bi in mon cdt thép doi hdi ngudn
tai chinh rt 16n va ngay cang ting 1én do s6 luong 16n cong trinh xay dung cii [1].

Trén thé gidi, su xudng cip ciia cac cong trinh BTCT trong moi truong bién da bat dau dugc diéu
tra, khao sat ké tf nhiing ndm 1950 [2, 3]. K& tir d6 dén nay, cac nghién ctiu vé &n mon kim loai trong
bé tong va ting xit co hoc ctia két cAu BTCT bi dn mon ludn ludn 1a mdt chii dé dudc nhiéu nha khoa
hoc quan tAm nghién ctiu. Phin 16n nghién ciu vé chii dé nay da dudgc thuc hién & Trung Qudc, Phép,
Nhat Ban, Y va mot sé nude khac [4]. Nghién citu thuc nghiém trén két cdu in mon dudc thuc hién
dua trén ba phuong phéap chinh, d6 1a: (i) cAu kién bi &n mon trong thdi gian ngin bing thi nghiém
gia toc An mon [5, 6]; (ii) cAu kién bi An mon trong thdi gian dai duéi tic dong ctia mdi trudng nhin
tao md ta giébng nhu tu nhién [7, 8]; (iii) cAu kién dudc 14y tit mdt cong trinh thuc té€ bi in mon trong
diéu kién khi hau tu nhién [9]. Trong d6, phuong phdp gia tdc &n mon dugc st dung phd bién trong
céc nghién cifu gan day, do dé dang thuc hién trong phong thi nghiém va dat dudc miic d6 dn mon 16n
trong thdi gian ngan.

O Viét Nam, v6i duting bo bién dai khoang 3260 km va khi hau nhiét d6i 4m (nhiét do cao, d6 4m
16n) 12 nhiing diéu kién thuan 1gi 1am d4y nhanh qua trinh An mon dién ra trén cong trinh thuc té. Mot
s6 khao st vé nhitng hu hdng do An mon trén cic cong trinh thuc t& da dudc thuc hién vao dau nhiing
nim 2000 [10, 11]. Nhiéu cong trinh BTCT da bi dn mon & mifc d6 nghiém trong sau 20 — 25 nim
dua vao st dung, thaim chi chi sau 10 — 15 nim sit dung. Thuc té nay dit ra vin dé cip thiép phéi thuc
hién nhiéu hon céc nghién ctiu khoa hoc va dé xuit cc gidi phdp stia chita va gia cudng dbi voi két
cAu cong trinh da bi in mon. Gan diy, mot s6 nghién ctiu thuc nghiém da dugc thuc hién trong phong
thi nghiém nham danh gid anh hudng ctia an mon cbt thép dén ting xit ctia két cAu BTCT [12-15].
Pong thsi, mot s6 nghién ciiu ciing da dudc thuc hién bang phuong phap sé6 nham du bao kha ning
chiu luc con lai ctia cc két ciu bi dn mon [16, 17]. Trong khi d6, cdc cong trinh BTCT thudng dudc
gia cudng bing mot trong ba phuong phdp chinh 1a: (a) Boc ngoai bang bé tong/bé tong cbt thép;
(b) Boc ngoai bing ban thép; (c) Boc ngoai bang vit liéu composite FRP (Fiber Reinfoced Polyer).
Phuong phap gia cudng bang dan tim sdi composite da dudc dp dung tuong dbi phd bién trong thuc
té cho cong trinh ciu, nha cao tang. .. Tuy nhién, nudc ta chua c6 tiéu chudn thiét ké va thi cong gia
cudng két cAu BTCT. Do do, cdc tinh todn gia cudng két cAu dudc thuc hién theo céc tiéu chuin nude
ngoai nhu ACI 440.2R-17 [18], FIB 14 [19], JSCE [20]. Mot s cc nghién cifu thuc nghiém vé gia
cuong két ciu bﬁng vat li€u sgi composite ciing da dugc tién hanh [21, 22], tuy nhién chi dugc thuc
hién trén cAu kién khong bi An mon cbt thép va sd luong con rat han ché.
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Trong nghién cifu nay, sau dam BTCT c6 céc kich thude 150 x 200 x 2200 mm di dudc ché tao
trong phong thi nghiém, trong d6 bén dam da dudc tién hanh gia tbc dn mon cbt thép biang phuong
phdp dién héa. Cac dim #n mon ndy c6 mic do in mon cdt thép trung binh trong khoing 9 — 10%,
xéac dinh dua trén khdi lugng kim loai bi mét di do #n mon so véi khéi lugng kim loai ban dau. Sau
dam dudc chia I1am ba nhém mau, méi nhém gdm hai dAm c6 ciing trang thdi nhu sau: (i) nhém diam
db6i chiing, (ii) nhém dam An mon, khong gia cuong, (iii) nhém dam gia cudng bang phuong phap din
tim sgi CFRP (Carbon Fiber Reinforced Polymer). Thi nghiém udn bén diém di dudc tién hanh trén
titng dAm cho dén pha hoai nhim phén tich dng x& udn ctia dim dudi tic dong ctia qua trinh dn mon
cbt thép do xam nhap ctia cic ion clorua va xéac dinh hiéu qua gia cudng khang uén bang phuong phap
dan tAm sgi CFRP dbi v6i dam #n mon.

2. Chuong trinh thuc nghiém
2.1. Ddm thi nghiém

Trong nghién ctiu nay, sau dam thi nghiém c6 céc kich thuéc 150 x 200 x 2200 mm da dugc ché
tao trong phong thi nghiém. Mdi dam thi nghiém dudc diic biang bé tong thudng cé cip do bén nén
thiét k& B30, c6t thép doc 12 4¢12 va cbt thép dai 1a ¢6a150. Cau tao chi tiét cia mdi dam thi nghiém
dugc thé hién chi tiét nhu Hinh 1. Lép bé tong bao vé c6 chiéu day a = 40 mm dén mit ngoai clia cot
thép dai, nham dam bao yéu ciu ciu tao dbi véi két cAu BTCT chiu tac dong clia tic nhan gdy 4n mon
theo tiéu chuan TCVN 9346:2012 [23].
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Hinh 1. Kich thudc va ciu tao cbt thép clia dAm thi nghiém

DPong thdi véi qua trinh ché tao cdc dam thi nghiém, cdc miu thir bé tong hinh lap phuong c6
kich thudc 150 x 150 x 150 mm ciing da dudc ché tao va bao dudng trong cung diéu kién khi hau
clia phong thi nghiém. Thi nghiém nén da dugc thuc hién tudn theo tiéu chudn Viét Nam TCVN
3118:1993 [24] d€ x4c dinh cudng dd chiu nén thuc té clia bé tong & 28 ngay tudi. Céc két qua thu
dudc chi ra ring bé tong c6 cudng do chiu nén trung binh bing 40,9 MPa, v6i mot hé s6 bién dong
tuong ddi nho bing 1,6% [14].

Tuong tu, thi nghiém kéo thép ciing da dudc thuc hién tuan theo tiéu chuin TCVN 197-1:2014
[25] trén mot t& mau cbt thép doc c6 dudng kinh danh nghia ¢12 mm dé x4c dinh cdc tinh chét co hoc
ctia vit liéu thép. Nhitng két qua thu dugc chi ra ring tng suit chay va ting suit bén ctia cot thép doc
¢ cdc gia tri trung binh 1an ludt 12 374,3 MPa va 543,2 MPa [14]. Cdc mau thi nghiém déu c6 gi6i
han chay 16n hon 300 MPa va c6 gii han bén 16n hon 450 MPa, do d6 c6t thép st dung dudc phan
loai thudc nhém thép CB300-V theo tiéu chudn TCVN 1651-2:2018 [26].
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Hinh 2 gii thiéu mot s6 cong tac chinh trong qua trinh ché tao cac dam thi nghiém. Trong nghién
ctiu nay, sdu mau dam sé dudc phan loai thanh ba nhém mau, mbi nhém mau gém hai dAm thi nghiém
c6 cung trang thdi: (i) Nhém dam dbi chiitng gdm hai dam ky hiéu 12 S1-NC va S2-NC, khong bi in
mon cbt thép; (ii) Nhém diam dn mon gém hai dam ky hiéu 1a S3-C va S4-C, v6i mic d6 dn mon cbt
thép doc du kién 12 9 — 10%, khong dudgc stia chita va khong dén gia cuong; (iii) Nhém dam gia cudng
gdm hai dam ky hiéu 12 S5-CFRP va S6-CFRP, c6 miic do dn mon tuong tu nhém dam in mon va
dugc gia cudng khang udn bing phuong phap dan tim sgi composite CFRP.

(a) Chuan bi c6t thép va cbt pha (b) DS bé tong

Hinh 2. Ché tao cac dim thi nghiém trong phong thi nghiém

2.2. Thi nghiém gia téc dn mon dién hoa

Tai Phong thi nghiém va ki€m dinh cong trinh — Trudng Dai hoc X4y dung, mdt mo hinh thi
nghiém gia toc in mon cbt thép biang phuong phap dién héa da dugc xay dung nham tao ra cic két ciu
thi nghiém & trang thai &n mon mong mudn trong thdi gian ngan hon nhiéu so véi thuc té [12]. Céc
dam thi nghiém dudc ngam trong bé chita dung dich nuéc mudi NaCl c6 ndng do 3,5% (35 gram/lit),
tuong duong véi do min trung binh cla nuéc bién & Viét Nam. Dung dich nay déng vai tro 1a dung
dich chit dién ly. Dbi vé6i tiing dam thi nghiém, hai thanh c6t thép doc 16p dudi dudc ndi véi cuc
duong ctia mdy bién 4p. Cuc 4m clia mdy bién 4p ndi v6i mot thanh dong dit trong dung dich nude
mudi. Duéi tac dung ctia dung dich chit dién ly, cip dién cuc kim loai khac nhau la cbt thép va thanh
dong tao nén dong dién mot chiéu va cic phan dng oxi héa lam cho cbt thép bi dn mon dién héa.
Hinh 3 minh hoa so dd va hinh anh thuc té ctia thi nghiém gia téc An mon dién héa da dudc thuc hién
trén cdc dAm thi nghiém. Khéi luong kim loai bi mat do &n mon (Am) dugc uée luong dua trén dinh
luat Faraday trong cong thic (1), véi I (A) la cudng do dong dién, ¢ (gidy) la thoi gian an mon, M 1a
khéi lugng nguyén tit ctia sat 1y bang 56, n 1a s6 lugng electron trao ddi 1y bang 2, va F 1a hang s6
Fraday 1iy bang 96485 C/mol. Trong nghién citu nay, cudng do dong dién tac dung 1én mbi thanh cbt
thép doc 1a 1,0 A va dudc duy tri khong d6i trong sudt qud trinh thi nghiém #n mon dién héa. Thai
gian thuc hién thi nghiém 12 575 gio d€ dat dugc mic do An mon trung binh trong khoang 9 — 10%
theo khéi lugng kim loai bi mét di do dn mon.

M
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Hinh 3. Thi nghiém gia tc 4n mon dién héa trén cac dam thi nghiém

2.3. Gia cuong khdng uén dam dn mon bang tdm sgi CFRP

Céc diAm in mon dugc tién hanh sifa chita cac vét niit do dn mon bing cach bom keo gdc epoxy.
Déi v6i nhém dam gia cudng, toan bo bé mit dim dudc mai nhin bang may mai cim tay. Tién hanh
xé ranh doc theo chidu dai cac vét niit do dn mon. Sau do6, toan vét niit dudc bit kin bing bot trét,
st dung loai nhua epoxy hai thanh phan, ma sdn phdm Sikadur 731 ctia hiang Sika. Sau khi bt trét
da kho va dat yéu cu vé cudng do, tién hanh tao cac 16 khoan doc theo chiéu dai vét nit dé 1ap dit
cac dau xy lanh bang kim loai. Céc xy lanh tao véi bé mit bé tdng mot géc 45° va khoang cach giita
chiing 12 30 — 40 cm. Keo gbc epoxy dugc bom vao trong dam thi nghiém d€ bit kin cac vét niit thong
qua cdc xy lanh. Qua trinh bom keo dugc kiém soat biang ddng hd do dp luc trén mdy bom. Hinh 4
gi6i thiéu mot s6 hinh anh thuc té trong qua trinh chuin bi bé mit va bom keo gbc epoxy dé siia chiia
cdc vét nit do dn mon.

(a) Chudn bi bé mit dAm (b) Bom keo gbc epoxy

Hinh 4. Stia chita vét niit do &n mon bing phudng phap bom keo gbc epoxy

Trong nghién cifu nay, hai miu ddm S5-CFRP va S6-CFRP dugc dén gia cudng khdng udn bing
tam sgi CFRP ctia Hang Toray, Nhat Ban, ma san phdm UT70-20G. Keo d4n dudc st dung bao gdm
nhya 16t hai thanh phin AUP40 va nhya phti hai thanh phan AURSO (Hinh 5). Khi lugng keo sir
dung cho 16p nhua 16t va 16p nhua phi dudc can va pha ché ding ty 1 theo huéng din st dung clia
nha san xuit. M&i tim dan CFRP c6 bé rong 150 mm bing diing bé rong ctia dam, chiéu dai 1a 2000
mm, cich mép dau dim 100 mm d€ tranh khu vuc dit gbi tua trong thi nghiém udn bén diém. Mdi
dam chi dugc dan mot tim CFRP vao mit dudi dim tuong dng v6i viing 1am viéc chiu kéo.
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(a) TAm sgi CFRP UT70-20G (b) Keo tim AURSO (c) Keo lot AUP40
Hinh 5. C4c vat tu st dung d€ ddn gia cudng dim idn mon

Bang 1. Tinh chit co 1y ctia tim s¢i CFRP UT70-20G

Cuong do chiu kéo (MPa) Mo dun dan hdi (MPa)  Trong lugng sgi (g/cm?) Ty trong (g/cm®)  Chiéu day (mm)
3400 245000 200 1,8 0,111

Trudc khi thuc hién dan gia cudng, bé mit dam dudc kiém tra € dam bao rang bé mit dugc vé
sinh sach s&, & trang thai kho rdo d€ khong 1am anh hudng dén chit lugng bam dinh giiia keo dan va
bé mit bé tong. Keo nhua 16t dugc son 1én bé mit ddm mot 16p méng bang con lin son va cé do day
dong déu doc theo chiéu dai dam. Bén canh d6, tim sgi CFRP dugc phii mot 16p keo tAm trén mot
miit, thudng 12 mit dudi ctia tAm tiép xic v6i 16p nhua 16t. Khodng 30 phiit sau, tim CFRP dudgc dan
1én dam, bé mit da tdm keo dudc dén Ién trén 16p nhua 16t. Sau d6, son mot 16p phii méng keo tdm
thit hai 1én mit trén cta tim CFP bing con lan son. Cac dam dan gia cudng dudc bao quan dé keo
dan kho tu nhién va trdnh cic tic dong tif bén ngoai 1én diAm trude khi tim dén gia cudng kho hoan
toan. Hinh 6 gidi thiéu mot s6 hinh dnh vé cong tdc dn gia cudng ddi v6i hai mau dam S5-CFRP va
S6-CFRP.

(a) Son 16p nhya 16t 1én day dim (b) Dan tim CFRP va son 16p nhua phii

Hinh 6. Dan gia cudng dam dn mon bang tim sgi CFRP
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2.4. Thi nghiém uén bén diém

Thi nghiém ubn bdn diém dudc thuc hién trén titng miu dim nhim muc dich thu dudc biéu dd
quan hé giiia tai trong va do vong. So do thi nghiém dudc minh hoa trén Hinh 7(a). Khoang céch tir
gbi tra dén di€m dit Iuc 13 800 mm. Khoang cich giita hai diém dit luc 1a 500 mm. Tai trong tic dung
dudc tao ra béi kich thiy luc va tram bom dau bang tay. Luc tic dung dudc xdc dinh biang load-cell
do luc. Trén dam thi nghiém bd tri ba dung cu do chuyén vi LVDT, trong d6 I; va Iz dt tai vi tri hai
gdi tua, I, dit tai vi tri gitta dAm. Tt c4 cdc dung cu do dudc két ndi véi bo xit 1y s6 liéu data-logger
TDS-530, dé ghi nhan sb liéu tu dong va lién tuc.

Pan
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300 . 300 800
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(a) So dd thi nghiém udn (b) Thi nghiém ubn dim gia cudng

Hinh 7. Thi nghiém u6n bén diém trén cic miu dam

Hinh 7(b) gidi thiéu hinh 4nh thuc té ctia thi nghiém udn da thuc hién trén mot dam dién hinh.
Qud trinh gia tdi, tai trong dudc ting tif tif vdi van tdc déu cho dén khi dAm bi phd hoai, ddm bio
khong gay ra luc xung 1én dam. Thi nghiém dudc két thiic khi dAm xuét hién nhiing du hiéu bi pha
hoai nhu bé tong viing nén bi v, 16p dan gia cudng bi bong tich hoan toan. Tir nhiing két qua thi
nghiém c6 thé x4c dinh c4c tham sb dic trung cho kha niing chiu udn ctia dim, bao goém: tai trong pha
hoai (P, kN) 1a tdi trong 16n nhét dam chiu dudc, d6 vong ctia dim tai thdi diém dat dén tai trong
pha hoai (f,,, mm), va dang phé hoai ctia dam.

3. Két qua thure nghiém
3.1. Xdc dinh miic do dn mon cot thép

Trong nghién ctiu nay, miic d6 in mon ciia mbi dim thi nghiém dudc xac dinh 1a gia tri trung binh
ctia bon thanh thép doc, bao gdm hai thép 16p dudi va hai thanh thép 16p trén. Miic d6 in mon clia
mdi thanh thép ky hiéu ¢ (%), dudc xac dinh theo cong thiic (2), trong d6 myg (g) 12 khdi luong clia
thanh thép trudc khi dn mon, m (g) 1a khéi lugng cla thanh thép sau khi bi dn mon, Am (g) 1a khoi
luong kim loai bi mét di do #n mon.

mo—m Am

c(%) =

(2)
mo mo

Sau khi thi nghiém uén dén phd hoai, cic mau dam i#n mon dudc dap vd hoan toan va thu lai cac

thanh thép doc. P€ xic dinh khdi luong kim loai thuc t& bi mét di do qua trinh #n mon, cdc thanh

thép doc dudgc vé sinh bé mit va tdy sach gi sat bing cach ngam trong dung dich axit HCI theo hudng

din cla tiéu chuin ASTM G1-03 [27] va tién hanh cAn khdi luong kim loai con lai. Céc két qué xac
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dinh miic d6 dn mon cbt thép dudc trinh bay chi tiét trong Bang 2 dbi véi hai mau dam S3-C va S4-C,
trong Bang 3 d6i v6i hai mau dam S5-CFRP va S6-CFRP, trong d6 ¢; (%) la miic dd An mon cia tling
thanh thép, cm (%) 12 mic do &n mon trung binh. Pbi v6i méi dam thi nghiém, cdc thanh thép doc
dugc danh s6 thit tw nhu sau bao gdm tén dam va mot chit s6, trong d6 1 va 2 1a cbt thép doc 16p dudi,
3 va 4 1a cbt thép doc 16p trén.

Bang 2. Mtic do in mon cbt thép ctia cic dam thi nghiém S3-C va S4-C

Dam TN MAu thép mo (g) m (g) Am (g) c¢; (%) cm (%)

S3-C S3-1 1807,2 1647,5 159,7 8,84 9,48
S3-2 1809,7 1717,5 92,2 5,10
S3-3 1814.,0 1592,0 2220 12,24
S3-4 1814,0 1642,0 172,0 9,48

S4-C S4-1 1818,2 1694 124,2 6,83 9,37
S4-2 1819,9 1615,5 204,4 11,23
S4-3 1805,5 1615,0 190,5 10,55
S4-4 1823,2 1661,5 161,7 8,87

Bang 3. Miic d 4n mon cbt thép clia cac dam thi nghiém S5-CFRP va S6-CFRP

Dam TN Maiu thép mg (g) m (g) Am (g) c (%) cm (%)
S5-CFRP S5-1 1778,5 1630,5 148.,0 8,32 9,36
S5-2 1783,0 1614,5 168,5 9,45
S5-3 1829,5 1663,0 166,5 9,10
S5-4 1777,5 1590,0 187,5 10,55
S6-CFRP S6-1 1777,0 1564,2 212,8 11,98 9,67
S6-2 1777,5 1604,8 172,7 9,72
S6-3 1823,5 1694,3 129,2 7,09
S6-4 1822,0 1641,4 180,6 9,91

Nhu vay, sau khoang thoi gian 575 git thuc hién thi nghiém gia tbc in mon dién héa theo so dd
trén Hinh 3, thi miic do in mon cbt thép kha dong déu gifta cdc mAu dim, c6 gia tri trung binh trong
khoang 9,3% dén 9,7%. Quan sat bé mit cac mau dam nay, nhan thiy cac vét nit do in mon di xuét
hién kha nhiéu, chii yéu 1a cdc vét niit doc theo chiéu dai thanh thép. Trén tiing dAm An mon, cic vét
ntit nay c6 thé dé dang quan sat dugc bang mat thudng, vdi bé rong dao dong chi yéu trong khoang
0,2 — 0,6 mm va hé s6 bién dong 16n 1én dén 50% [15]. Tuy nhién, 16p bé tdng bao vé ciia cdc miu
dam chua bi bong téich.

3.2. Quan hé giita tdi trong va do vong

a. Két qua nhém dam ddi chiing

Hinh 8 gidi thiéu biéu dd quan hé giiia tai trong va do vong clia hai mau dam dbi chiing S1-NC
va S2-NC. C4c biéu db thu dugc 1a tuong ddi dong nhit giita hai dAm thi nghiém. Ung xi clia hai
dam thi nghiém tuan theo cic dic trung ctia két ciu dim BTCT lam viéc chiu ubn, bao gdm cic giai
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doan chinh nhu sau: (i) Giai doan OA két cAu lam viéc dan hoi tuyén tinh cho dén khi xuit hién vét
ntit bé tong; (ii) Giai doan AB két ciu lam viéc phi tuyén, d6 dbc cia biéu d6 giam do dd cting ctia
dam gidm, kém theo su phat trién ctia cic vét nit; (iii) Giai doan BC cbt thép chiu kéo bi chdy déo,
tai trong dam chiu dudc ting chim, trong khi d6 vong ctia dim ting nhanh; (iv) Giai doan CD diam
bi ph4 hoai, vét nit phat trién vé phia viing bé tong chiu nén cho dén khi bé tong viing nén bi pha
v3, thi dAm dudc coi nhu bi pha hoai. Nhitng két qua thi nghiém cho phép xéc dinh, dim S1-NC c6
tai trong pha hoai 1a P, = 35,0 kN va do vong gilta nhip tuong tng 1 f,, = 24,74 mm. Dam S2-NC
c6 tai trong pha hoai la P, = 38,5 kN va do vong gitia nhip tuong tng la f,;, = 24,82 mm. Tai trong
phé hoai ctia nhém dam dbi chiing c6 gid tri trung binh biang 36,8 kN, va do vong gitta nhip c6 gid tri
trung binh biang 24,78 mm.

Téi trong P (kN)

0 T T T 1
0 10 20 30 40

b6 vong f (mm)

Hinh 8. Biéu d6 tai trong — dd vong clia cdc miu dam dbi ching

b. Két qua nhém dam in mon

Hinh 9 gidi thiéu biéu dd quan hé gilia tai trong va do vong cla hai miu dam S3-C va S4-C, ¢6
muc do An mon cdt thép trung binh tuong tng 14 9,48% va 9,37%. Két qua thi nghiém cta hai dim
nay gan nhu trung khdp, dic biét trong céc giai doan 1am viéc diu tién cho dén bi€u do c6 su thay d6i
16n vé do dbc, tuong ing véi thdi diém tai trong ting cham trong khi do vong ctia dam ting nhanh.
Khi so sanh v6i nhém dim dbi chiing, nhan thiy riang & nhiing cip tai trong tir 0 dén 30 kN, thi do
vong cia cac dam S3-C va S4-C ting nhanh hon. Piéu nay c6 thé dugc gii thich bsi su giam do ciing
ctia dAm gy ra bdi sy xuit hién ctia cdc vét nit dn mon, va giam cudng dd bam dinh giita cot thép va
bé tong. Néu gia thiét cot thép bi in mon dong déu sudt doc chiéu dai thanh thép, thi dudng kinh ctia
thanh thép giam khoang 5% so véi trang thai khong bi dn mon. Nhiing két qua thi nghiém cho phép
x4c dinh, dAm S3-C c¢6 tai trong phd hoai 13 Py, = 32,4 kN va do vong gitta nhip tuong ung la f,, =
24,88 mm. Dam S4-C c6 tai trong phd hoai 1a Pp, =319 kN va do vong gitia nhip tuong tung la f,;, =
26,69 mm. Tii trong phd hoai ctia nhém dam &n mon c6 gid tri trung binh bing 32,1 kN, va do vong
gita nhip c6 gia tri trung binh bang 25,79 mm. Céc hai dAm déu bi ph4 hoai udn, dic trung bdi su pha
v clia bé tong viing nén va mit kha ning chiu luc.
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Hinh 9. Biéu do tai trong — d6 vong clia cdc mau dAm dn mon

c. Két qua nhém dam gia cudng

Hinh 10 gidi thiéu bi€u dd quan hé giita tai trong va do vong clia hai dam gia cudng S5-CFRP
va S6-CFRP, c6 mifc d6 An mon cbt thép trung binh tuong ting 1a 9,36% va 9,67% va dudc dan gia
cudng mot 16p tim sgi CFRP ¢ ddy dam. Khéc v6i nhém dam dn mon, toan bd vét niit do dn mon trén
hai mau dAm nay da dugc sita chita bang phuong phap bom keo gdc epoxy nhu trinh bay trong muc
2.3. Két qua thu dudc kha dong nhit gitta hai miu dam gia cudng. Quan sat trén biéu do nhan thiy
rang cac két cAu dim an mon sau khi gia cudng ¢6 mbi quan hé phi tuyén giita tai trong va dd vong,
khong phan biét rd rang cic giai doan 1am viéc nhu trén dim ddi chiing. Tai cling mot gid tri tai trong,
do vong clia dAm gia cuong nhé hon déng k€ so v6i dim An mon khong gia cudng. Nhiing két qua thi
nghiém cho phép xdc dinh, dim gia cudng S5-CFRP c6 tai trong phé hoai la P, = 59,9 kN, do vong
giita nhip tuong ung 1a f,, = 24,23 mm va do vong 16n nhét & trang théi cudi cung 1a £, = 33,73 mm.
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Hinh 10. Biéu d6 tai trong — dd vong ctia cdc mau dam gia cudng
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Dam S6-CFRP c6 tai trong pha hoai 12 P, = 59,1 kN, d6 vong gita nhip tuong tng la f,, = 23,19
mm, va d6 vong 16n nhét & trang thai cubi cung 1a f, = 37,79 mm. Nho su tham gia 1am viéc chiu kéo
clia tAm ddn gia cudng & ddy dam, nén tai trong thi nghiém ting lién tuc cho dén khi dam dat dén tai
trong pha hoai. Tai trong phd hoai trung binh bang 59,5 kN, ting 1,85 1an so v6i nhém dim in mon
va cao hon ting 1,62 1an so v6i nhém dam dbi chiing.

D€ so sanh kha ning chiu luc giita cic nhém dam, cdc biéu dd quan hé tai trong — dd vong dudc
tdng hop va biéu dién trén Hinh 11. Nhitng két qué thi nghiém cho tai trong ph4 hoai ctia cic dam
thi nghiém dudc tom tat trong Bang 4, d€ tinh toan gia tri trung binh cho tiing nhém dim va so sanh
v6i nhém dam dbi ching. D6i v6i nhém dam in mon khong gia cudng, tai trong pha hoai dim bang
87,5% so v6i nhém dam ddi chiing, tuong duong gidm kha ning chiu luc khoang 12,5%. Trong khi
d6, nhém dam gia cudng c6 tai trong pha hoai ting 1,62 1an so v6i nhém dim db6i ching va ting 1,85
14n so véi nhém dam dn mon. Nhu viy, nhitng két qua thuc nghiém thu dudc chi ra rang phucng phap
dan tim sgi CFRP cho phép ting kha niing chiu uén ctia dim BTCT bi dn mon.
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Hinh 11. So sanh kha ning chiu luc gitta cic dam thi nghiém

Bang 4. So séanh tai trong udn pha hoai gitta cic dAm thi nghiém
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st i 21 0873 b o
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3.3. So dé vét mit
a. Két qui nhém dam dbi chiing

Trén cic dam dbi chiing, chi xuét hién cdc vét nit do tai trong, phat trién theo phuong diing trén
mit trudc va mit sau theo huéng chiéu dai dAm. Vét nift dau tién xuét hién trong viing mo men uén
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16n nhit & giita hai diém dit luc. Ti trong gy niit dudc x4c dinh tuong ting tai diém A ctia biéu do tai
trong — dd vong trén Hinh 8. Khi ting tai trong tic dung thi md men ubn vudt qua mod men khang nit,
thi s6 luong vét niit xuit hién nhiéu hon vé phia hai gbi tua. Pong thai, mdi vét nit phét trién chiéu
dai ti phia ddy dam 1én viing bé tong chiu nén & phia trén ctia dam. Bé rong clia céc vét niit ciing ting
1én khi ting tai trong tac dung. Trong qud trinh thi nghiém, so do vét nit xuit hién dugc vé lai trén
cdc bé mit dim va dudc minh hoa trén cac hinh 12 va 13 dbi v6i hai ddm S1-NC va S2-NC. Trén mbi
dam ddi ching xuét hién tir 9 dén 11 vét nit, phan bd kha dong déu theo chiéu dai dam va khoéang
cach gitta ching trong khoang 50 — 240 mm.

P2 p/2
500

4 f | RS

323 { 198 { 163 | 239 { 337 { 493 {

P/2 P2
500

!
| )y R

525 [ 211 Jll4l 219 96 46 88 80 l 107 163 141 l 410 l

Hinh 12. S0 d6 vét ntt do tai trong trén dam S1-NC

P/2 P2
500

TR

| 400 | 149 J106] 124 | 139 |90 |16 | 189 | 197 | 691 |

P2 P/2
500

Dim S2-NC
éy < (mat sau)

| 681 | 1 1081 136 [ 132 | 429 |

Hinh 13. So do vét niit do tai trong trén dAm S2-NC

b. Két qua nhém dim in mon
Tuong tu, cic hinh 14 va 15 minh hoa so dd vét niit xuit hién trén hai mau dim #n mon S3-C va
S4-C. Tuy nhién, khac véi cic mau dim dbi chiing thi so d6 vét nit trén cidc dam nay gdom hai loai:
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(i) cac vét niit do dn mon vé bang mau dd, (ii) cac vét niit do tai trong vé bang mau xanh. Cac vét nit
do An mon xuét hién trong qua trinh tién hanh thi nghiém gia tc in mon dién héa, do sy hinh thanh
va truong nd thé tich clia cac san pham in mon (oxit sit, hydroxit sat) va giy ra ing suét kéo trong bé
tong. Céc vét niit nay phan bd theo phuong ngang, mot s6 vét niit c6 thé chay doc sudt chiéu dai dam.
Trong khi d6, cdc vét nit do tai trong xuét hién trong qua trinh thi nghiém u6n dim, chd yéu xuét hién
trong viing gitta hai diém dit luc va ving 1an cin hai bén diém dit luc. So véi cac dam dbi chiing, sb
lugng vét niit do tai trong xut hién it hon, tif 5 — 8 vét nit trén mbi mit bén, trong khi d6 khodng cach
gitta ching ting Ién tif 60 — 300 mm. Thong thudng, cdc vét niit do tai trong phat trién theo phuong
diing dén vi tri vét nit ngang do An mon trong viing bé tong chiu nén & phia trén ctia dam.

P2 P/2
500

. - Dém S3-C 7
N e N T
% Y \\%;J}p/ \ (mat trude) H
| 630 | 22 | ams g o290 [aas | oom | 553 |
P2 P2
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Hinh 14. So d6 vét niit do An mon va do tai trong trén dam S3-C
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P2 P2
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Dém $4-C
L//h\wﬂ\ 172\ / } (mit sau)
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Hinh 15. So d6 vét niit do in mon va do tai trong trén dam S4-C

13



Anh, T. H., va cs. / Tap chi Khoa hoc Coéng nghé Xay dung

c. Két qua nhém dam gia cudng

Trudc khi thuc hién thi nghiém udn, tit ca vét nit do 4n mon da dudc xit ly va bit kin bang keo
gbc epoxy nhu trinh bay trong Muc 2.3. Do d6, c4c hinh 16 va 17 chi minh hoa sd d6 vét niit do tai
trong trén hai miu dam gia cudng S5-CFRP va S6-CFRP. Trén mdi mit bén clia dim, xuat hién tir 10
dén 12 vét nit do tai trong va phat trién theo phuong diing. Céc vét niit nay chii yéu tap trung trong
viing bé tong & gitia hai diém dit Iuc va viing 14n cin hai bén diém dit luc. Khoang cach gifta céc vét
ntit ding tuong ddi gan nhau. Ngoai ra, trén dam con xuét hién vét nit ngang & viing bé tong bao vé
chiu kéo & ddy dam, 1an cin véi tim dan CFPR.

-/ - i S5
B O D O S -

D ey e

Hinh 16. So d6 vét niit do tai trong trén dAm S5-CFRP

- Dam S6-CFRP
\ mat trudc
,,,,\477777777@77777777 1

T = P

Hinh 17. So d6 vét niit do tai trong trén dam S6-CFRP

Khi so sanh dang pha hoai giita cic miu dam nhan thdy ring ciac dim d6i ching va dam in mon
khong gia cudng déu bi phd hoai udn, dic trung bdi cic diu hiéu nhu cbt thép bi chay déo va bé tong
viing nén bi v&. Trong khi d6, cd ché pha hoai ctia cac mau diam gia cudng 13 do su bong tich tim din
trong ving nhip cat. Pau tién, su bong tich giita tim va bé tong xuét hién trén mot nhip cit cia dam
(bén trai hoic bén phai). Su bong tich nay phat trién va lan truyén vé phia giita nhip. Tiép theo, xuét
hién mot vét nit xién tai ving chuyén giao gitta nhip ubn va nhip cat. Vét niit nay phat trién vé& phia
bé tong viing nén & gilta dam, kéo theo su bong tach 16p bé tong bao vé trong ving chiu kéo & giita
nhip. Néu tiép tuc ting tai trong thi bé tdng viing nén bi v3, va ¢ thé xdy ra su bong tich hoan toan
16p bé tong bio vé va tim dan CFRP & phia dusi dam.

4. Két luan

Bai bdo trinh bay céc két qua thuc nghiém thu dudc trén sdu mau dam BTCT c6 céc kich thude
150 x 200 x 2200 mm, thudc ba nhém mau nhu sau: (i) nhém dam ddi ching; (ii) nhém dim &n mon
v6i miic d6 An mon cbt thép trung binh 9 — 10%; (iii) nhém dim gia cuong kha ning khang ubn biang
phuong phap dan tim sgi CFRP c6 mic d6 dn mon cdt thép tuong duong. Nhiing két luan chinh ciia
nghién ctiu c6 thé dugc dua ra, do la:
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- Thi nghiém gia tdc in mon dién héa cho phép tao ra trong phong thi nghiém cic két cu thi
nghiém c6 miic d6 dn mon cbt thép tuong duong trén cong trinh thuc té nhim nghién ctiu anh hudng
ctia in cdt thép dén tng xi chiu luc clia két ciu cong trinh.

- Péi véi cac ddm dn mon & mic dd 9 — 10% khdi lugng kim loai bi mét di do dn mon, thi kha
ning chiu uén con lai ctia dim con khoang 87,5% so véi dam ddi ching, tuong duong véi mot lugng
giam kha ning chiu luc 13 12,5%. Pong thdi trén bé mit dam da xuét hién cdc vét nidt do dn mon, c6
thé phat trién doc theo chiéu dai dAm, nhung 16p bé tong bao vé & ddy dam vén chua bi bong tich.

- Pi v6i cac dam gia cudng dudc stia chita vét niit bang bom keo gbc epoxy va dan gia cudng
khéang udn bang tim sgi CFRP, thi kha ning chiu udn c6 thé ting 1én 1,85 1an so v6i dAm dn mon va
1,62 1an so v&i dim d6i chiing. Pong thdi, dd vong clia cac dam gia cudng trude khi bi pha hoai ciing
nhd hon cic dim #n mon va dam ddi chiing. Nhitng két qua nay minh chiing hiéu qué gia cudng clia
phuong phép din tAim soi composite dbi v6i két ciu BTCT bi dn mon.

Loi cam on
Céc tac gia xin chan thanh cam on Cong ty TORAY, Nhat Ban (Toray International, Inc.) da tai
trg vat tu gia cuong cho nghién ciu nay.
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