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TOM TAT

Cac nghién ciu vé sira chira gia cwang ddm bé tang du ang luc
dung cép khang bam dinh (UPC) bj hu hang (not) trede bing tém
sgi polyme (FRP) dan ngoai vén can rdt han ché. Do da, nghién
ciru nay khao sat thuc nghidm higu qué gia cuang cia tam FRP
sgi cacbon (CFRP) trén ddm UPC ca vét nirt trede. Chuong trinh
thir nghiém bao gdm ban ddm UPC kich thudc lan vai tigt dien
chir T dugc gia cwang béng tdm CFRP dan doc va hé neo dang
chir U (U-wraps). K&t qué thir nghigm cho thay chi sau khi cac
vet nat ma lai, hé thang gia cwang bing tdm CFRP mai lam vie.
Do da, trong ca giai doan st dung va giai doan bén. cac dam
dugc gia cuang thé hign khé nang lam viéc tat hon so vai déc
higu qua. Tam CFRP giap khang ing sudt ko, kiém soat cac vét
nirt va do da lam gidm su suy gidm dd cing cia dam bj hu hang
trirae khang duge gia cuang vé da ving, chiéu rong vet not va
khé nang chiu tai coa ddm. Ngoai ra, hién tugng bong tach cia
tdm CFRP dan doc da dugc ngdn chan mat cach higu qua béng
céch sir dung cac neo U-wraps va do da giip gia tang su dang
gap cia cac tdm CFRP dan doc vao kha nang chiu luc cia dam.

Tir khaa: V&t nirt trude; gia cuang; tdm CFRP; cap khang bam dinh.

ABSTRAC

Research efforts on the pre-cracked unbonded prestressed concrete
(UPC) beams strengthened with externally bonded fibre-reinforced
polymer (FRP) systems are still very limited. Thus, this study intends to
experimentally investigate the efficacy of FRP strengthening composites on
UPC beams with pre-cracks. The experimental program comprised four
large-scale UPC beams with a T-section strengthened with longitudinal
carbon FRP (CFRP) sheets and CFRP U-wrap anchors. The experimental
results showed that only after cracks reopened the CFRP strengthening
system became effective. The CFRP composites carried tensile stress,
controlled cracks and thus reduced the stiffness degradation of the pre-
cracked beams. As a result, in both the serviceability stage and ultimate
stage, the CFRP-strengthened beams had better performances as
compared to the unstrengthened counterpart concerning the deflection,
crack width and load-carrying capacity of the beam. In addition, the
premature debonding of the longitudinal CFRP sheets was effectively
averted by the use of U-wrap anchors, which increased the contribution of
the longitudinal CFRP sheets.

Keywords: Pre-cracks; strengthening; CFRP
unbonded prestressing tendons.

composites;

1. GIGI THIEU

Sau mot giai doan dai st dung, hu hong xuat hién dudi dang
vét nut 1a diéu khong thé tranh khoi trong két cdu bé tong va gay
mat tinh toan ven, suy giam d6 cling va kha nang chiu lyc cla
két cdu [1, 2]. V&i nhiéu dic diém néi tréi nhu trong lugng nhe,
khéng bi an mon, cudng do6 chiu kéo cao, 1ap dat nhanh chéng
va dé dang [3], viéc gia c6 thém bdng tam sgi polyme (FRP) dén
ngoai dugc danh gia la mot trong nhitng phuong phap hiéu qua
nhat d€ stra chita hodc gia cudng két cau [4, 5]. Do d6, nhiéu
nghién ctu da dugc tién hanh nham danh gia hiéu qua gia cudng
cla tdm FRP trén dam bé téng dy Ung luc (PC) bi hu hong/nut

trudc [6-9]. Nhu da dugc dé cap trong cac nghién ctu nay, viéc
st dung tam sgi cacbon (CFRP) la mot phuong phap hiéu qué va
kinh t€ dé phuc héi va gia tang kha nang chiu luc uén va cat clia
dam PC bi hu héng, d6 bén ctia dam PC bi hu héng, va neo boc
chit U c6 thé tri hodn mot cach hiéu qua hién tugng bong tach
sém cla tdm FRP va tir d6 giup tang miic d6 dong gop cla tam.

Tuy nhién, hiéu qua gia cudng bang tam FRP trén dam PC nut
san méi chi dugc khao sat trén dam s dung cap bam dinh
(bonded tendons). Cac nghién clru tuong tu trén dam PC véi cap
khoéng bam dinh (unbonded tendons) c6 vét nut trudc vdi la rat
hiém; do d6, su hiéu biét vé iing x{r clia loai két cdu nay dugc gia
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cudng bang tam FRP van con rat han ché. Viéc st dung cap
khéng bam dinh dugc ua chuéng hon trong nhiéu trudng hop
s0 V@i cap bam dinh vi 1ap dat nhanh hon va chi phi xay dung,
bao dudng va thay thé thap hon, tuy nhién nghién ctu vé loai
cap nay van con han ché va do d6 da thu hut dugc su quan tam
I6n tur giGi hoc thuat trong thai gian gan day [10, 11]. Ung x{r cda
dam PC vai cap khong bam dinh (UPC) khac véi ting x(r ciia dam
PC vai cap bam dinh (BPC) tai vi cap khong c6 lién két véi bé téng
trong két cau UPC. K&t qua |3, khéng cé su tuang thich vé bién
dang giira cap va vung bé tong lan can va luc cang trudc chi dugc
truyén vao két cdu UPC théng qua cac neo cla cap [12-14]. Do
do, viéc phan tich két cdu UPC tr& nén phuc tap hon so vai két
cau BPC[10, 14, 15].

Nghién ctu nay khao sat hiéu qua gia cudng udn cla tam
CFRP trén dam bé téng du Ung luc dung cap khéng bam dinh
(UPQ) ntit sdn. Chuong trinh thi nghiém dugc thuc hién trén bon
dam UPC cé tiét dién ch T kich thudc 1én. Kha nédng lam viéc cla
dam UPC nut trudc dugce gia cudng bang tam CFRP dugc khao
sat chi tiét trong nghién ctu nay. Théng s6 khao sat bao gém s6
I&p tam gia cudng CFRP va anh hudng cua viéc st dung hé neo
dang U (U-wraps) cho tam CFRP.

2. QUY TRINH THi NGHIEM

2.1. Mdu thi nghiém va vat liéu

Quy trinh thi nghiém dugc thuc hién trén bon dam bé tong
kich thudc |6n véi tiét dién ch T, d6 la cac dam RCO, RC4, RC6 va
RC4-AN. Tat ca cac dam dau tién dugc gia tai tao néit nham méo
phéng hu héng, sau dé sé duoc gia cudng bang bon (Dam RC4
va RC4-AN) hoac sdu (Dam RC6) I&p tam CFRP déan doc ngoai trir
dam RCO - dam d6i ching khéng dugc gia cudng. Dam RC4-AN
con dugc bé tri thém hé neo dang U & hai dau dam nham han
ché su bong tach sém cua tdm CFRP dan doc. Chi tiét mau dam
thi nghiém duoc thé hién & (Hinh 1) va chi tiét cGa hé neo dang
U dugc thé hién & (Hinh 2). Bé tdng thuang pham vdi thiét ké cap
phéi dé cap trong [16, 17] dugc sir dung. DO sut clia bé tong la
120 + 20 mm, thudng dugc st dung dé ché tao dam bé téng cot
thép [1, 18]. Cuong d6 chiju nén va cuong d6 kéo ché cla bé tong
1an lugt 1a 48,4 MPa (COV = 0,02) va 5,9 MPa (COV = 0,05), dugc
xac dinh tUr sdu mau lap phuong 150x150x150 mm?3 theo [19,
20]. 6 day danh dinh cla tdm gia cudng CFRP 1a 0,177 mm. Tam
CFRP c6 d6 bén kéo la 3579 MPa (COV = 0,16), mé dun dan héi
doc truc la 201 GPa (COV = 0,08) va d6 bién dang kéo dut la
17,8%o0 (COV = 0,1). Cac dac tinh nay dugc xac dinh theo tiéu
chudn ASTM D3039/D3039M [21]. Chat két dinh epoxy dé lién
két cac tdm CFRP c6 d6 bén kéo 1a 60 MPa va m6 dun dan hoi la
3-3,5 GPa (dugc cung cap bdi nha san xuat).
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Hinh 1. Cdu tao ddm thi nghiém

Cau tao ctia mau dam thi nghiém dugc minh hoa trong Hinh
1. Thiét ké ctla mau dam thi nghiém nay cling da dugc st dung
trong cac nghién ciu thyc nghiém trudc day [16, 171. Ty s6 nhip
trén chiéu cao hitu hiéu ctia dam la 26, ty s6 nay nam trong pham
vi thudng dugc st dung cho dam PC [11] va né cho phép Ung xu
uén chiém uu thé [22, 23]. Cap khong bam dinh dugc sir dung
lam thép dy Ung luc cho dam. Cap dugc st dung la loai b6 bay
sgi c6 dudng kinh danh dinh 14 12,7 mm, mé dun dan héi la 196
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GPa, d6 bén kéo la 1860 MPa va cudng d6 chay danh dinh 14 1672
MPa. Nh(ing dac tinh nay da dugc ddm bao bi nha san xuat. Ung
suat cang trudc hiéu qua la 960 MPa, dugc xac dinh tu phép do
bién dang trong qua trinh cang cap. Nhu dugc st dung trong
nhiéu nghién ctru [3, 17, 18], loai U (khong nut) theo ACI 318-19
[24] dugc st dung dé thiét ké mau dam. C6t thép thudng dugc
st dung trong nghién ctiu nay c6 mé dun dan héi la 200 GPa. Cét
thép doc c6 cudng do chay 430 MPa (COV = 0,02) va cudng do
kéo 600 MPa (COV = 0,03). Gia tri tuong Ung cho thép dai la 342
MPa (COV = 0,03) va 463 MPa (COV =0,01).

2.2. B6 tri thi nghiém

S d6 thi nghiém dugc minh hoa trong (Hinh 2). Tat ca cac mau
dam déu chiu hai qua trinh gia tai: gia tai gay nut trudc va gia tai pha
hoai. Trong qua trinh tai gay nut truéc cho dam, dam dugc gia tai
V@i sau chu ky véi muc tai can trén va dudi lan luot [a 90 kN va 8 kN.
S6 lugng chu ky gia tai dua trén nghién ctu cta [25]. Mic tai can
trén dugc chon dé gay ra chiéu rong vét nit trong dam 1a 0,3 mm
(gidi han cua trang thai st dung theo Eurocode 2 [22]) dua trén két
qua chiéu rong vét nit clia dam c6 cau tao tuong tu & mot nghién
clru trudc d6 clia nhdm tac gia [16]. MUc tai can trén nay bang 62%
kha nang chiu tai thuc ctia dam [16]. Mdc tai can dudi mé phong cho
tinh tai dua trén [17]. Sau d6, cac dam duoc d& tai hoan toan va dugc
tién hanh gia cudng bang tdm CFRP vdi thoi gian bao dudng la bay
ngay. Cac vét nut trén dam gan nhu khép lai hoan toan va chuyén
vi du cGia dam tuong déi nhé (khoang 2,6 mm) khi dam dugc dé tai
do tac dung clia luc cang trudc. Sau qua trinh gay vét nut trudc va
gia cudng, qua trinh gia tai pha hoai dugc tién hanh.
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Hinh 2. Bo tri thi nghiém

Nam cdm bién do bién dang (SG) dugc st dung dé do bién
dang cUa cap vai vi tri dugc thé hién trong (Hinh 1). Bién dang
clia c6t thép chiu kéo & gilra nhip dugc ghi nhan bang moét SG
(Hinh 1). Ba SG dugc strdung cho cac tdm CFRP doc véi vi tri dugc
thé hién trong (Hinh 2). Bién dang bé téng & giita nhip dugc do
b&ng mét SG (Hinh 2). Kich thiy luc dugc st dung dé tac dung
tai trong 1én dam va tai trong dugc ghi lai bang cdm bién tai
trong. Chuyén vi cGa dam dugc ghi lai bang cac chuyén vi ké
(LVDT) véi vi tri dugc thé hién & (Hinh 2). Tat ca dir liéu thi
nghiém dugc thu thap tu déng théng qua mét thiét bi thu thap
d{ liéu ngoai trir chiéu réng vét nit dugc do thu cong bang kinh
hién vi chuyén dung.

3. KET QUA THi NGHIEM

3.1. Hinh thdi vét nut va kiéu phd hoai

Dang pha hoai cla tat cd cac dam dugc thé hién trong (Hinh 3)
va két qua thi nghiém dugc téng hgp trong (Bang 1). Hinh thai pha
hoai clia dam d6i chiing khéng duoc gia cudng RCO la kiéu pha hoai
udn véi bé toéng bi nén v va c6t thép va cap bi chdy déo (Hinh 3(a)).
B& réng vét nuit uén I6n nhat trong dam (w, ) dugc xac dinh & muic

cryu

tai trong bang khoang 95% tai trong pha hly ctia dam ( 2 ), theo

do6 w,,, ctiadam RCOla 1,5 mm (Bang 1).
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Bang 1. K&t qua thi nghiém

Pra Pser Pu 514 Ep,u 6‘/',u

Dam ' Dang phé hoai
(kN)  (kN)  (kN)  (mm)  (%o)  (%o) mm)

RCO 25 51 126 109 8.5 - 1.5 CC+RY4TY

RG4 30 63 156 84 7.5 7.2 0.7 (D+RY

RG6 33 63 173 89 1.1 49 0.7 (D+RY

R4

N 30 64 180 131 8.8 n2 12

(CHRY-+TY+LD

Ghichu: p,, p,, va p, lanluctla tai mé lai vét nt, tai gidi han
st dung va téi pha hoai ctia dam; 5, la chuyén vi I6n nhat ctia dam;
&, la ing suat I6n nhat cla cap; &, la bién dang I6n nhat clia

tam CFRP; w

cru

la bé réng vét nit udn I6n nhat; CC = bé tdng bi nén

v@; RY = cOt thép chdy; TY = cép chay; CD = tam bong tach hoan
toan; va LD = tdm bong tach cuc bé.

¢l RCo - - 2 o

Hinh 3. Hinh thai phd hoai ctia dam (a) RCO, (b) RC4, () RC6 va (d) RC4-AN

Dang pha hoai cla dam gia cudng khéng neo (dam RC4 va
RC6) clng la dang udn, tuy nhién khac so véi dam khong gia
cudng. Dam RC4 va RC6 bi pha hoai do c6t thép chiu kéo chay
déo va bong tach ca tdm gia cudng CFRP Hinh 3(b) va (c). Bong
tach cta tdm CFRP bat nguén trong nhip uén cta dam (gidra hai
diém chiu tai) do cac vét nut c6 bé rdng 16n tai day gy ra va sau
d6 lan sang hai g6i tua. Ca hai dam RC4 va RC6 déu cé chiéu réng
vét nut I6n nhat (w, ) la 0,7 mm (Bang 1). Sau khi tdm CFRP bi

bong tach, dam RC4 va RC6 van con kha nang chiu luc du tuang
tu nhu dam khéng dugc gia cudng RCO nhu dugc thé hién trong
ma&i quan hé giiia tai trong tac dung va chuyén vi ctia dam (Hinh
4(a)).

Dam gia cudng c6 neo (dam RC4-AN) cling c6 dang phé hoai
uén vaGi cét thép va cap bi chdy déo va bé tong trong viing nén
bi nén v& (Hinh 3(d)). Khéng giéng nhu tdm CFRP dan doc bi
bong tach hoan toan trong dam gia cudng khong neo, tam CFRP
trong dam c6 neo chi bi bong tach cuc b trong nhip chiju uén vi
su bong tach nay da bi ngan chan bai hé neo dang U dugc bé tri
& hai dau dam. Cac neo dang U van con nguyén ven sau khi dam
bi pha hoai. Do d6, hé gia cudng bang tdm CFRP trong dam RC4-

AN van con kha ndng lam viéc sau khi dam bi pha hoai. Bé rong
vét niit udn I6n nhat trong dam RC4-AN la 1,2 mm (Bang 1). Nhin
chung, hé neo dang U dnh hudng dang ké dén dang pha hoai
clia dam bdng cach ngan chan su bong tach sé6m cda tdm CFRP
va do d6 cdi thién hiéu qua gia cudng so vdi truong hgp khéng
st dung hé neo.
3.2. Quan hé gida luc véi chuyén vj va bé rong vét nit
M®&i quan hé cla tai trong tac dung vdi dd vong va chiéu réng
vét nit udn cla cac mau dam UPC bi nut trudc dugce thé hién
trong Hinh 4 va 5. Chuyén vi clia dam c6 thé dugc chia thanh ba
giai doan khac nhau: giai doan tuyén tinh, giai doan st dung va
giai doan cuc han. Giai doan tuyén tinh bat dau tu tai trong bang
0 cho dén tai trong ma lai vét nit p, (mUc tai trong lam cho vét
nut ma lai). Giai doan st dung nam trong khodng tir p, dén tai
trong gidi han st dung p_ - tdi trong tuong Ung véi d6 vong
clia dam bang véi gisi han kha nang sir dung L /250 =22 mm
theo EN 1992-1-1 [26]. Giai doan cuc han dao dong tir P, dén
P, (tai trong pha hoai clia dam). Trudc khi mé lai cac vét nat,
ung xU cla tat cd cdc mau dam UPC gan nhu giéng nhau, cho
thdy hé gia cudng bang tdm CFRP khéng cé tac dung dang ké
trong giai doan nay. Tai trong md lai vét nit p cta dam gia
cuang trung binh I6n hon 22% so véi p, cla dam khéng gia
cuong (Bang 1). Khi tai trong tac dung tang lén, hé gia cudng
bang tdm CFRP lam viéc hiéu qua hon.
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Hinh 5. Quan hé giifa luc va bé rong vét niit udn
Trong giai doan s dung, dam dugc gia cudng bang tam
CFRP lam viéc t6t han hon so véi dam RCO khéng dugc gia cudng
vé Ung x{f véng va nit nhu dugc thé hién trong Hinh 4 va 5. Vi
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tam CFRP tham gia vao viéc khéang lai iing suat kéo, nén su phat
trién cla cac vét nut trong cac dam dugc gia cudng, kiém soat
tot hon so véi dam RCO khong dugc gia cudng. Diéu nay da duoc
ching minh théng qua bé réng vét nit ctia dam dugc gia cudng
nhé han khi xét & cing muc tai trong nhu trong Hinh 5. Két qua
la, d6 ciing chéng udn clia dam dugc gia cudng cao han so vai
dam RCO thé hién qua dé véng nhé hon dudi cing mét tai trong
tac dung. O tai trong gidi han st dung ctia ddm RCO (P, ¢, ), d0

voéng clia dam RCO la 22 mm trong khi dé véng clia dam dugc
gia cudng bang tdm CFRP thap hon trung binh 20% (Hinh 4). S6
I6p gia cudng va neo dang U khong ¢ anh hudng dang ké trong
giai doan nay.

Trong giai doan cuc han, hé gia cudng bang tam CFRP tang
dang ké kha ning lam viéc cGa dam UPC bi nut truéc. Ung xu
nat cta dam dugc cai thién dang ké vai viéc st dung tdm gia
cudng CFRP. Vi du, & 95% tai trong t8i da cta dam RCO (0,95
P . ), bé rébng vét nGt udn ctia dam dugc gia cudng vdi bén

u,RCO
I6p tam CFRP (dam RC4) da gidam 72% va khi s dung sau 16p
tam CFRP (dam RC6), muc giam la 76% (Hinh 5). Vi tac dung
kiém soat vét nut, tdm CFRP gilp gidm su suy gidm d6 cing va
do @6 giup gidm d6 véng cta dam dugc gia cudng (Hinh 4). Vi
du, tai p d6 véng ctia dam RC4 va RC6 lan lugt nhé hon so

u,RCO "
véi dam RCO 4 50% va 55%. Tuy nhién, viéc s dung tam CFRP
lam giam kha nang bién dang (d6¢ véng toi da) cta dam, diéu
nay la do su bong tach sém cta tam CFRP. So v6i dam RCO, do
vong toi da cia dam RC4 va RC6 da giam lan lugt 1a 22% va 18%
(Hinh 6). Pang chu y 13 sau khi tim CFRP bong tach, ddm RC4
va RC6 van c6 do bén du tuang ty nhu dam khong gia cudng
RCO nhu dugc thé hién trong Hinh 4.
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Hinh 6. Chuyén vi I6n nhat cGa dam gia cudng so vdi dam khong gia cuong
Ghi chl: 6, iy Va O,z 18N lugt la chuyén vi gilia nhip lén

nhat cta dam gia cudng va dam RCO.

Viéc str dung cac ca cdu neo boc dang U khéng cai thién dugc
dd cling uén ctia dam do Uing xi chuyén vi clia cdc dam dugc gia
cudng c6 hodc khéng cé neo dang U la tuong tu nhau cho dén
khi tdm CFRP bi bong tach (Hinh 4). Neo dang U da giup tang
cudng lién két gilra tam CFRP va bé téng [18] va ngan chan su
bong tach s6m ctia tdm CFRP. Piéu nay cling dugc thé hién qua
bién dang I6n nhat cGa tdm CFRP (&, ) trong dam c6 neo I6n

hon trung binh 16% so vgi dam khong neo (Bang 1). Viéc strdung
hé neo dang U, do d6, cai thién dang ké kha niang bién dang cla
dam. Trung binh, neo dang U tang dé véng t6i da ctia dam RC4-
AN |én 56% so va&i dam RC4 khong c6 neo va 20% so véi dam RCO
khéng dugc gia cudng (Hinh 6).

3.3. Khd ndng chiju luc

Su cai thién vé kha nang chiu tai & giai doan sir dung va giai
doan cuyc han nh& hé gia cudng bang tdam CFRP dugc trinh bay
trong Hinh 7. Kha nang chiju tai cia dam trong giai doan st dung
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bang véi tai trong giGi han sttdung P, va kha nang chiu tai cuc

han bdng véi tai trong pha hoai P,. Trong giai doan st dung,
nhu da dé cap trong phan trudc, ing x{r cac dam dugc gia cudng
la tuong tu nhau bat ké sé I16p gia cudng va viéc st dung neo
dang U. K&t qué la kha nang chiu luc & giai doan sir dung cla tat
ca cac dam dugc gia cudng bang tam CFRP cao han khoang 24%
so véi dam khéng dugc gia cudng RCO (Hinh 7).
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Hinh 7. So sénh gitia kha nang chiu luc ctia ddm gia cuong va dam khong gia cudng
Ghi chu: P, va P, lan lugt 1a kha nidng chiu luc ctia dam
gia cuding va dam khoéng gia cusng RCO

& giai doan cuc han, viéc st dung bén 16p tdm CFRP da cai
thién 24% kha nang chiu luc cuc han ctia dam so véi dam RCO
(Hinh 7). Tang s6 I8p gia cudng 1én sdu gilup tang muc cai thién
vé kha nang chiu luc cyc han ctia dam 1én 37% (Hinh 7). Do neo
dang U ngan chan hiéu qua su bong tach sém ctia tam CFRP, nén
cac dam dugc gia cudng c6 neo c6 kha nang chiu luc cuc han I6n
hon 43% so v&i dam RCO (Hinh 7).

4. KET LUAN

Bai bdo trinh bay khao sat thuc nghiém kha nang lam viéc
cGa dam UPC ch(i T bi nut sén dugc gia c6 bang hé gia cuong su
dung tdm CFRP chiu tai trong uén. Hiéu qua gia cudng udn cla
tam CFRP, anh hudng clia neo dang U va s6 I16p gia cudng la cac
théng s6 dugc nghién clru. Dya trén cac két qua thu dugc, mot
s6 két luan dugc rat ra nhu sau:

- Dam bi nut truée khong duoc gia cudng c6 dang pha hoai
uén véi cét thép chiu kéo va cap chay déo, va bé tong bi nén vé.
Dang pha hoai ctia dam bi nut trudc dugc gia cudng bang tdm
CFRP khéng neo la do tdm CFRP bi bong tach va c6t thép bi chay.
Neo boc dang U dnh huéng dang ké dén dang pha hoai clia dam
vi hé neo nay ngan chan hiéu qua su bong tach sém cla tam
CFRP. Do d6, dam dugc gia cudng cé neo c6 dang pha hoai
tuong tu nhu dam khong dugc gia cudng.

- Hé gia cuong bang tdm CFRP chi hiéu qua sau khi cac vét
nut ma lai. Trong giai doan st dung, hé gia cudng khang lai Ung
sudt kéo, lam cham qua trinh phat trién cta vét nGt va gidm su
suy giam dd cliing ctia dam. So véi dam khéng dugc gia cudng,
chuyén vi clla dam dugc gia cudng gidm t&i 20% va kha nang
chiu luc & giai doan s dung tang khodng 24%. Neo dang U va sé
I6p gia cudng khéng c6 anh hudng dang ké trong giai doan su
dung.

- Hé gia cuding bang tdm CFRP c6 hiéu qua dang ké trong giai
doan cuc han. So v6i dam khéng dugc gia cudng, bé rong vét nat
uén va dé véng ctia dam giam téi 72%/76% va 50%/55% khi st
dung bén/sau 16p tdm CFRP. Kha nang chiu tai cuc han cta dam
tang 24%/37% khi sir dung bén/sau 1&p tdm CFRP. Tuy nhién, su
bong tach sém clia tdm CFRP lam gidm kha néng bién dang cta
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dam gia cudng, thé hién qua viéc gidm 22%/18% dé véng toi da
clia dam dugc gia cudng véi bon/sau I6p tam CFRP so vai dam
khéng gia cuong. Neo dang U da ngan chan hiéu qua hién tuong
bong tach sém cha tdm CFRP va do dé tang kha nang chiu tai
cuc han va dé véng téi da cha dam lan lugt 1a 43% va 20% so véi
dam khéng dugc gia cudng.
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