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Tém tit

Vit lidu tim CFRP (Carbon Fiber-Reinforced Polymer) dugc sir dung phd bién dé gia cuong cac két cau thuc
té bang bé tong ¢t thép. Do c6 tinh chét co hoc vuot trdi so voi thép, nén vat liéu nay mang lai hiéu qua gia
cuong cao dbi voi cac cau kién chiu udn va chiu cit. Cho dén nay, s6 luong nghién ctru trén dam bé tong khong
¢dt dai duoc gia cuong chiu cit van con han ché. Do dé, trong nghién ciru niy, cdc md hinh phan tir hitu han
da duoc xay dyung va kiém chimg trén sau dim thuc nghiém, gdm mot dam ddi chimg va nim dim gia cuong
bang cac tim CFRP trén ¥ chidu cao dam. Cac mé hinh sb cho phép mé phong chinh xac kha nang chiu cit, so
dd vét niit va co ché pha hoai cua cac dam thi nghiém. Tir d6, cac m6 hinh dim d3 dwoc phat trién nham khao
sat cac tham s6 thiét ké anh huong dén kha ning chiu cit cia dim bé tong gia cuong bang CFRP, bao gom: (i)
cuong d6 chiu nén ctia bé tong; (ii) ham luong cbt thép doc; (iii) so dd dan CFRP; (iv) sé 16p CFRP. Nhiing két
qué thu duoc chi ra rang, cudng do chiu nén cia bé tong va ham lwong cdt thép anh hudng 16n dén kha ning
chiu cit ciia cac dam gia cuong. Trong khi d6, so dd dan CFRP va sb 16p CFRP anh huong 16n dén do déo, so
dd vét nirt va co ché pha hoai ciia dam gia cuong chiu cit.

Tir khod: bé tong cdt thép; dam bé tong; khong cbt dai; gia cuong cit; tim sgi CFRP.

INVESTIGATING PARAMETERS AFFECTING THE LOAD-CARRYING CAPACITY OF CONCRETE
BEAMS WITHOUT SHEAR REINFORCEMENT STRENGTHENED WITH CFRP SHEETS

Abstract

CFRP (Carbon Fiber-Reinforced Polymer) sheets have been commonly used to strengthen existing structures
in reinforced concrete. Due to its superior mechanical properties compared to steel, this material provides high
retrofitting efficiency for structural members in flexure and shear. Until now, the number of studies on shear-
strengthened concrete beams without shear reinforcement (stirrups) is still limited. Therefore, in the present
study, finite element models have been built and verified on six experimental concrete beams, including one
control beam and five strengthened beams externally bonded with CFRP sheets over ¥ beam height. The nu-
merical models allow for the simulation of the shear capacity, cracking pattern, and failure mechanisms of the
tested beams with good agreement. Since then, numerical models have been developed to investigate design-
oriented parameters affecting the shear capacity of CFRP-strengthened concrete beams, including (i) compres-
sive strength of concrete; (ii) longitudinal reinforcement ratio; (iii) CFRP bonding schemes; (iv) multiple CFRP
layers. The obtained results show that the compressive strength of concrete and longitudinal steel reinforcement
ratio significantly affect the shear capacity of strengthened beams. Meanwhile, the CFRP bonding scheme and
the number of CFRP layers considerably affect the ductility, cracking pattern, and failure mechanism of shear-
critical strengthened beams.

Keywords: reinforced concrete; concrete beams; without shear reinforcement; shear strengthening; CFRP sheets.
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1. Gioi thiéu

Trong s cac loai vat liéu gia cudng bang soi tong hop, thi vét liéu CFRP dugc sir dung phd bién
dé gia cuong két ciu bé tong cbt thép (BTCT), vi ¢ céc tinh chit co hoc rat cao (cudng do chiu kéo,
moé dun dan hoi), khdi lugng thé tich nho, do bén chéng dn mon cao va ki thuat thi cong don gian,
nén c6 thé giam cac chi phi lién quan dén van chuyén vat tu va thi cong tai hién trudong [1-3]. Tir do,
tién do thi cong gia cudong két ciu dugc thuc hién nhanh chéng, it anh hudng dén qua trinh khai thac
va st dung coéng trinh thuc té. Nhiéu nghién ctru da dugc thyc hién nhdm danh gia ung xu co hoc,
co ché phé hoai, ciing nhu dé xuét cac ky thuat méi nham cai thién tinh hiéu qua khi gia cuong dam
BTCT bang CFRP [4, 5]. Phan 16n nghién ctru trude day dugce tién hanh trén cac mau dam gia cu’orng
chiu udn, c6 klch thude nho va trong pham vi phong thi nghlem [6-8]. So voi gla cuong chiu uon, cac
nghién ciru vé gia cuong chiu cit cho dim BTCT thi ¢6 s lwong it hon va chi yéu dugc tién hanh trén
cic mau dam c6 tiét dién chit nhat hodc chit T, véi kich thude han ché [9-15]. Cho dén nay, nghién
ctru vé kha ning chiu cat ciia dam gia cudong bang CFRP van la mot chi dé dugc cac nha khoa hoc
quan tam, dic biét ddi voi dam bé tong khong cdt thép dai [16-20].

Theo ly thuyét, kha nang chiu cit ciia dim duoc tinh toan bﬁng téng kha nang chiu cét cuia cac vt
liéu thanh phan, gdm c6 bé tong, cot thép chiu cat va vat liéu gia cudng. Tuy nhién, kha ning chiu cét
ctia dam gia cuong CFRP c6 thé mau thuin véi gia thuyét vé sy doc 1ap kha ning chiu cit ciia timg
vat liéu. Bé tong va CFRP déu 1a vat liéu gion, sy dong gop kha ning chiu cét t6i da cho dam khong
thé dat duoc déng thoi. Sau khi gia cuong, sy dong gop cua vat liéu CFRP vao kha nang chiu lyc cia
két cau thuong bi han ché do xay ra pha hoai bong tach sém hodc hu hong do tmg suét cit cuc bd.
Diéu nay la do su phan b khong dong nhat cua tng suét trong tim CFRP doc theo mit phang ciia vét
ntt cat [9, 10]. Mtrc do cai thién kha nang chiu cét ciia dam khong chi phu thudc vao tinh chét co hoc
cua cac vat liéu (bé tong, thép, CFRP), ma con phu thudc vao ham lwong CFRP, k¥ thuat va so dd dan
gia cudng. Do pham vi rong ctia cac tham s6 nay, cling nhu sy da dang cua cac loai két cau dam, viéc
xé4c dinh anh hudéng cia timg tham sé ddi v6i tng xir co hoc ciia mdi loai ddm van can dugc nghién
ctru va thao luan nhiéu hon.

S6 liéu thu dugc tir nghién ctru thyc nghi€ém cé vai tro rat quan trong trong viéc dé xuét va hiéu
chinh cac cong thirc thyc nghiém, cac mo hinh du bao kha nang chiu lyc va sy pha hoai do bong tach
CFRP hoac bé tong bao v€. Tuy nhién, nghién ctru thyc nghi¢m yéu cAu mot nguén luc 16m dé thuc
hién. Hon nita, két qua thyc nghiém co thé khong chinh xac do anh hudng ty 1€ kich thudc hinh hoc
clia mau thir so voi két cau thyc té, do sai sb dén tir thiét bi thi nghiém hodc nhan vién thir nghiém.
bo laly do vi sao phuong phap phén tir hitu han (PTHH) ngay cang tré thanh mot cong cu hitu ich
de phan tich két cau, cung nhu nghién ctru anh hudng cia cac tham s thiét ké dén tmg xtr co hoc cua
cAu kién néi chung, va ciu kién gia cudng bang FRP noi riéng. Gan day, Tan va cs. [18] da thiét lap
cdc mo hinh PTHH dé phan tich g xir ct ciia dim BTCT duoc gia cuong bang cac tim CFRP hinh
chit U. Nghién ctru nay chi ra rang, dbi véi dam bé téng c6 cot dai, bé tong co cudng do chiu nén thap
lam giam dang ké kha nang chiu cit va do ctimg ban du cua dam gia cudng, do bé tong ving nén
bi v& som trudc khi huy dong tdi da kha ning lam viéc cia CFRP. Trong trudng hop nay, sir dung
nhiéu 16p tim CFRP (ting ham lugng CFRP) tré nén khong hiéu qua khi thiét ké gia cuong. Trong
khi d6, so d6 gia cudng bang cac tim CFRP hinh chit U dan vudng goc véi truc ddm két hop vai cac
dai CFRP dan doc & cudi tAm cai thién dang ké kha nang chiu cit va d6 déo ctua dam. Cén luu y ré’mg,
nhitng nhan xét ¢ trén chi duoc phat hién trén dam bé tong c6 cdt dai va chiéu cao cua cac tim CFRP
tuong dwong voi chidu cao dim. Do do, trong bai bao nay, ddi twgng nghién ciru dugc xem xét 1a dim
bé tong co tiét dién chir nhat, chi duoc bd tri cbt thép doc va chi gia cuong trén % chidu cao dam (nira
duéi tiét diét dam), dé phu hop voi thuce té 1a ntra trén tiét dién dam thuong nam trong san nén khong
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thé tiép can. Két qua thu dugc nham phan anh chinh xac hon anh huong ciia tim CFRP dén kha niang
chju cit ciia dam bé tong.

Trong nghlen cuu nay, c4c md hinh PTHH 3D (ba chiéu) di duoc thiét lap va kiém chung do6 tin
cdy trén tong s6 sau dam bé téng co kich thuoc 150><300X1675 mm, bao gom: mot dam dbi ching
va nam dam gia cuong bang CFRP. Cac tham s6 vé vt liéu va cac két qua ddc trung cho g xir co
hoc ciia ddm nhu biéu db tai trong — chuyén vi, so d0 vét nut va dang pha hoai dugc thu thap tir mot
nghién ctru thyc nghiém ctia Bukhari va cs. [14]. Viéc so sanh giita két qua mo hinh va két qua thuc
nghiém cho phép khing dinh ring cic mo hinh PTHH c6 kha ning du béo chinh x4c kha niang chiu
cit ciia dam ddi chimg va cac dam gia cudng, cling nhu cho phép mé phong so dd vét nit bé tong va
céc dang pha hoai xay ra (pha hoai cat, bong tach tim CFRP, hu hong tim CFRP). Sau dé, tong cong
16 m6 hinh da dugc phat trién nham khéo sat cac tham sd chinh anh hudng dén kha nang chiu lyc cua
dam bé tong khong cdt dai dugc gia cuong bang tim CFRP, bao gom: (i) cudng do chiu nén cua bé
tong; (i) ham lugng cbt thép doc chiu kéo; (iii) so do dan CFRP; (iv) sb 16p CFRP.

2. Dam thwc nghiém va mé hinh vit liéu
2.1. Dam thyc nghiém

Trong nghién ciru ndy, sdu mau dam thuc nghiém trong nghién ctru ctia Bukhari va cs. [14] da
duoc st dung dé thiét lap va kiém chuing d6 tin cay ctia md hinh s6. Hinh 1 minh hoa céu tao cua céc
mau dim thuc nghiém, co tiét dién 150x300 mm va chiéu dai dim 1a 1675 mm. Dam d6i chung, ky
hiéu C1, duoc cau tao boi hai thanh thép c6 duong kinh danh nghia ¢ 19 mm & 16p duéi va hai thanh
thép c6 dudng kinh danh nghia ¢ 10 mm & 16p trén va khong b tri cbt thép dai. Trong khi d6, nim
mau dam gia cuong, ky hiéu lan lugt 1a C2, C4, C7, C10 va C12, duoc ché tao cung loai bé tong va
bb tri cdt thép doc hoan toan twong tu gidng nhu dam dbi chimg. Do cac dim nay khong duoc bd tri
cbt dai nén dugc dan gia cuong bang tim CFRP trén hai mit bén ctia dam (khong dan gia cudng &
day dam). Chiéu cao cta cac tim CFRP dugc sir dung 1a nhu nhau, bang 150 mm, tuong tng véi V4
chiéu cao ciia dim. Dam C2 dugc dan gia cuong bang hai tim CFRP c6 bé rong 1200 mm, tuong ting
v6i chiéu dai nhip ddm. Dam C4 dugc dan gia cudng bang hai tim CFRP & giira gbi twa va diém dat
Iwc, mdi tAm co bé rong bang 300 mm. Dam C7 ciing dugc dan gia cuong bang hai tim CFRP ¢6 bé
rong 300 mm, nhung céc vi tri dan & sat véi hai géi tua. Hai ddm C10 va C12 ¢6 so dd dan gia cuong
tuong tu nhu hai ddm C4 va C7, nhung bé r6ng mdi tim dam duoc giam xudng 1a 150 mm. Tét ca cac
méau dam di dugc thi nghlem theo so d6 udn ba diém, chiu tic dung ctia mot tai trong tap trung (P)
khoang cach gura hai goi tua la 1200 mm, nhu minh hoa trén Hinh 1. Bang 1 tom tét cac thong sO co
ban ciia tmg dam thi nghiém, bao gom: kich thudc hinh hoc; ty s6 giita chiéu dai nhip cat va chiéu
cao hiéu qua cua dam (a/d); cudng do chiu nén trung binh ctia bé tong (£ ); i6i han chay déo cua
thép (f;); chiéu day tim CFRP (¢/), chiéu dai tim CFRP (I;), gi6i han bén kéo ctia CFRP (fy,) va md
dun dan hdi cia CFRP.

L i

300
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237.5 1200 237.5 237.5 1200 237.5
1675 1675

(a) Ddm dbi chimg C1 (b) Dam gia cudng C2
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(c) Dam gia cuong C4 (d) Dam gia cuong C7
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(e) Dam gia cudong C10 (f) Dam gia cuong C12
Hinh 1. Kich thuéc va ciu tao cia cac dam thuc nghiém

Bang 1. Thong sb hinh hoc va vt liéu ciu tao cua cac dam thi nghiém [14]

Kich thudc fem 1y tr ly Jru Ey

Dam (mmx>xmmxmm) ald (MPa) (MPa) (mm) (mm) (MPa) (GPa)

Cl1 150%300%1675 2,0 49,13 494 - - - -

C2 150x300x1675 2,0 49,10 494 0,34 1200 3450 234.,5
C4 150%300x1675 2,0 49,10 494 0,34 300 3450 234,5
Cc7 150x300x1675 2,0 48,97 494 0,34 300 3450 234,5
C10 150x300x1675 2,0 51,38 494 0,34 150 3450 234,5
Cl2 150%300x1675 2,0 48,41 494 0,34 150 3450 234,5

2.2. M6 hinh vt liéu
a. Mo hinh bé tong

Trong nghién ciru nay, chwong trinh DIANA FEA [21] d4 duoc st dung dé thiét 1ap mo hinh 3D
ctia cac mau dam, nhu minh hoa trén Hinh 2. Dam bé tong dugc md phong bang cach st dung cac
phén tir khéi dang huéng CHX60 c¢6 20 niit. Ludi phan tir bé tong duoc Iya chon 1a 25x25x25 mm,
dé sb luong phﬁn ttr duge roi rac hoa trén mdi canh ciia dam ludn 1a s6 chin. Hon nita, mot khao sat
vé anh huong cua kich thude ludi phan tir bé tong da dwoc thuc hién véi cac kich thude tir 20 mm
dén 60 mm, tuong ing v6i ba lan kich thudce 16n nhét cua hat c6t liéu thd (dmax = 19 mm). Két qua
cho thay lu6i phan tir 25%25x25 mm ¢ do chinh xac twong dwong v6i ludi phan tir 20x20x20 mm,
nhung cho phép tiét kiém thoi gian va tai nguyén méy tinh hon. Puong cong parabol nhu minh hoa
trén Hinh 2(a) dugc st dung dé mo ta quan hé tng suit - bién dang cua bé tong. Khi bé tong chiu kéo,
quan hé g suit — bién dang dugc moé phong bang mé hinh dé xuét boi Hordijk & Reinhardt [22],
dic trung boi cac tham sé nhu cuong do chiu kéo (£;), nang lwong pha hoai kéo (G;) va dai bé rong vét
nut (h = Vv ), v&i V 1a thé tich cta phan tir khéi. Khi bé tdng chiu nén, quan hé tmg suit — bién dang
dugc dic trung boi cac tham sé nhu: cudng do chiu nén dic trung (f.x); mod dun dan hdi (E.) twong
g v&i giai doan tng suit nén nhé hon 0,3 f.; bién dang nén cuc han (£],); nang lugng pha hoai nén
(G.); dai bé rong vét nut (h).
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O nghién ctru nay dam thi nghiém dugc ché tao bang bé tong c6 cudng do chiu nén trung binh
(f.m) trén mau hinh try & 28 ngay bang 49,2 MPa [14]. Dua trén cac cong thic dé xuét bai fib Model
Code 1990 [23], cuong dd chiu nén dic trung (fix) va cuong dd chiu kéo trung binh (f,s,) cua bé
tong duoc xac dinh 1an luot 1a 41,2 MPa va 3,6 MPa. M6 dun dan hoi cua bé tong iy bang 35 GPa.
Ning lugng phé hoai kéo (GF) ctia bé tong lay bang 0,107 Nmm/mm, dugc tinh toan theo cong thirc
(1), trong d6 G, la gia tri co ban ctiia nang lugng pha hoai, dugc léy béng 0,035 d6i véi cbt lidu co
dmax = 19 mm va f,,, ldy bang 10 MPa. Trong khi d6, ning lugng pha hoai nén (G.) ciia bé tong
dugc tinh toan theo cong thire (2), dé xuit boi Nakamura & Higai [24], 14y bang 26,69 Nmm/mm?.

0,7
Gr = GF()(‘]{:Ll) (D
Ge = 250Gy (2)

b. Mo hinh cbt thép

Cac thanh cbt thép doc dugc md phong dudi dang cic phan tir thanh nhiing trong cac phan tir bé
tong. Ung xtr kéo cua cdt thép duge mo phong boi mbi quan hé tuyén tinh gitra Gng sut va bién dang
nhu minh hoa trén Hinh 2(b), trong d6 gi6i han chay cua thép (f,) ldy bang 494 MPa cho cé hai loai
dudng kinh ¢t thép, ¢ 10 mm va ¢ 19 mm, tir nghién ctru ciia Bukhari va cs. [14]. Do thiéu cac thong
s6 khac, nén gidi han bén (f,) cua thép duoc ldy bang 620 MPa va mé dun dan héi (E;) 1iy bang
200 GPa. Sau khi cbt thép dat dén gidi han chay, giai doan tai bén cua thép duoc dic trung boi mo
dun tiép tuyén, 1ay bang 1/100 gia tri m6 dun dan hoéi. Trong cac mé hinh dam, gia thiét lién két hoan
hao (good bond) dugc dp dung dé mé ta bam dinh giita c6t thép va bé tong.
c. M6 hinh tim CFRP

Céc tam soi gia cuong CFRP dugc md phong bang cach st dung phan tir CQ408S, 13 phan tir vo
cong dang hudng hinh tir giac c6 tam nut. Ung xtr co hoc ciia CFRP dugc md hinh boi mbi quan hé
tuyén tinh giita ing suét va bién dang khi chiu kéo, nhu minh hoa trén Hinh 2(c). Trong nghién ctru
nay, cac thong sb ciia tim CFRP [14] bao gdm: chiéu day (t7) 12 0,34 mm; gidi han bén kéo ( Sru) bing
3450 MPa; m6 dun dan hoi (E ) bang 234,5 GPa. Trong tinh toan 1y thuyét, kha nang chiu luc cua
dam gia cuong phu thudc vao bién dang hiéu qua cia CFRP. Do d6, trong phan tich PTHH, bién dang
kéo trong tim CFRP dugc tinh todn cho mdi budc tai cho dén khi dat dén gia tri bién dang cuc han,
lay bang 0,015.
d. Mo hinh bam dinh gitta CFRP va bé tong

Trong mo hinh PTHH, phan tir CQ48I dugc sir dung dé m6 phong sy bam dinh giita hai mit phing,
tam CFRP va bé tong, co do day bang khong. Trong nghién ciru nay, cudng d6 bam dinh giita CFRP
va bé tong duoc md phong bang cach ap dung mé hinh gitta ing suat cat (1) va do trugt (), dugc dé
xuét boi Lu va cs. [25], nhu minh hoa trén Hinh 2(d). Ung suét cit tai mat tiép xtc gitra CFRP va bé
tong dugc xac dinh theo cac cong thurc (3) va (4), tuwong g véi cac giai doan trude va sau khi CFRP

bi bong tach khdi bé tong.
[S
T=Tmax+/— NEuS <8, 3)
SU

S .
T = Tmax €Xp [—Q/ (S_ - 1)] néusS > S, 4)
o

trong d6, g sudt cét 16n nhat (tex) phu thude vao ty sb B,, giita bé rong tim CFRP (b 1), bé rong bé
tong (b.) va cuong do chiu kéo cia bé tong (f;), duogc tinh toan theo cac cong thire (5) va (6). Do cac
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o < c T
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& & Eoi3 Gl fy Eg/100 ® max

Ge/h

Hinh 2. M6 hinh phan tir hitu han cho dam gia cudng CFRP

tam CFRP duoc dan trén hai mit bén cua dam bé tong, nén bé rong b f liy bang 150 mm, bé rong b,
lay bang 300 mm, twong tng vdi chiéu cao ciia dam. Do dé, ing suit cat 1on nhit c6 gia tri bang 4,08
MPa. Khi (g suat kéo tai bé mat tiép xtc giita CFRP va bé tong vuot qua (mg suat cit 16n nhat thi
hién tuong bong tach tim dan bat dau xay ra.

Tmax = L3Bwfi (%)

Q)

Trong khi d6, d6 trugt S, twong tng véi (mg suat cit 16n nhat ciing phu thudc vao ty s6 8, va cuong
d6 chiu kéo ctia bé tong (f;), dugc xéac dinh theo cong thic (7). Hé s6 a duoc tinh toan dua theo nang
lwong pha hoai bé mit (G ), ung sut cit 16n nhit va do truot twong tng, nhu thé hién trong cac cong
thirc (8) va (9). Qua trinh bong tach tim dan s& két thic khi do truot dat dén gia tri 16n nhat (S max),
duogc tinh toan theo cong thic (10).

S, =0,01956,,f; (7)
Gy 2
=1 - = 8
¢ / [TmaxSo 3] ( )
Gy = 030882 T, )
2G
Smax = —L (10)
Tmax

e. Mo hinh diém dat luc va cac géi do

Tuong ty nhu ddm bé téng, cac phan tir CHX60 ciing duoc sir dung dé mo hinh cho diém dat luc
va hai géi d6 duoc lam bﬁng tAm thép. Mo hinh vat li¢u cua cac tAm thép dugc st dung tuong ty nhu
cot thép, voi md dun dan hoi ldy bang 200 GPa va hé sé Poisson 1iy bang 0,2.
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Pé kiém ching do chinh xac ciia mé hinh PTHH, sau mau dam gidi thiéu trong muyc 2.1 da dugc
mé phong va phan tich, nham so sanh voi cac két qua thu duogc tir thi nghiém. Cac két qua phan tich
mo hinh duge so sanh véi cac két qua thuc nghiém, dya trén cac tham s6 chinh bao gdm: (i) biéu dd
tai trong — chuyén vi (tai trong 16n nhét, chuyén vi twong tmg); (ii) so d6 vét nit bé tong; (iii) dang
phé hoai. Trong nghién ctru ndy, sy pha hoai ctia sau mau dam thyuc nghiém dugc chia lam ba dang
pha hoai khac nhau. Dam d6i chimg C1 bi phé hoai cat, ddc trung boi sy hinh thanh va mé rong cia
vét nirt nghiéng ndi gdi tua va diém dat luc. Cac dam gia cuong C2, C4 va C7 bi pha hoai do hur hong
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tam CFRP xay ra tai diém giao nhau giira vét nat cit va tim CFRP. Trong khi d6, dang pha hoai cia
cac dam gia cuong C10 va C12 1a sy bong tach tim CFRP. Do d6, mé hinh PTHH phai c6 kha ning
moé phong duoc cac dang pha hoai nay ciia dim ddi chimg va dam gia cuong.

bdi véi tmg mau dam, biéu d6 tai trong — chuyén vi thu dugc tir phan tich mé hinh sb6 dugce so
sanh véi biéu d6 thuc nghiém, nhu chi ra trén Hinh 3. Két qua nay cho thay, khi tai trong tac dung 1én
dam nho hon 100 kN, thi cac mo hinh PTHH déu mé phong rat chinh xac tmg xir co hoc cua tat ca
méau dam. Trong giai doan ndy, biéu do tai trong — chuyén vi thu dugc tir mé hinh s gan nhu tring
khé6p v6i biéu d6 thuc nghiém. D6i voi dim ddi chimg C1 va dam gia cuong C2, két qua phan tich
mo hinh tiép tuc mé ta chinh xac ng xtr ctia dam thuc nghiém khi tai trong ting dén khoang 125 kN.
Trong giai doan tiép theo, d6 chénh léch giita biéu d6 mo hinh va biéu dd thuc nghiém c6 xu hudng
tang, nhung c6 thé chép nhén dugc. Hon nita, ca hai mo hinh nay déu cho phép du doan chinh xac tai
trong 16n nhét cua hai dam C1 va C2. Trong khi d6, ddi v6i cac dam gia cuong C4, C7 va C10, khi
tai trong 1on hon 100 kN, do dbc cua biéu dd mé hinh 16n hon d6 déc cua biéu dd thuc ‘nghiém. Két
qua nay ch1 ra rang do ctig ciia ddm mo hinh bi giam nhiéu hon sau khi vét niit cat xuét hién. Ciing
can luu ¥ rang, trong m6 hinh PTHH, chuyén vi cia dam duoc do tai vi tri diém dit luc. Trong khi,
chuyén vi ciia dam thuc nghiém thuong dugc do tai vi tri giita nhip ¢ day dam. Diéu nay c6 thé din
dén su chénh 1énh vé chuyén vi gitra mo hinh s va thi nghiém, dic biét di voi dam bé tong khong
cbt thép dai 1am viéc chiu cit. M6 hinh PTHH mé ta kha chinh xac tmg xir co hoc ciia dam gia cuong
C12, ngoai trir giai doan tai trong tir 150 dén 250 kN, thi chuyén vi cia ddm mo hinh 16n hon so véi
dam thuc nghiém. Ngugc lai véi két qua thyc nghiém, két qua phan tich mé hinh dam C10 va dam
C12 cho thiy vi tri dan tim CFRP c6 thé anh huong dén kha ning chiu lyc va tng xtr chiu cit cta
dam gia cuong.

Thuc té, viéc hiéu chinh biéu dd tai trong — chuyén vi cia mé hinh dam chiu cat phtc tap hon rat
nhiéu so v6i mé hinh dam chiu udn. Do d6, trong nghién ctru nay, muc dich cta qua trinh mé hinh la
thu dugc két qua chinh x4c nhét cho tham s6 kha nang chiu lyc, dong thdi mo ta chinh xac so do vét
nit va dang pha hoai ctia cac mau dam. Vé&i muc dich d6, ddi véi tirmg mau dam, cac gia tri tai trong
16n nhét (Py) thu dugc tur thuc nghiém (P, gxp) va mo hinh (P, rry) dugc so sanh véi nhau, thong
qua ty sb P, rEm/ Py exp nhu chi ra trong Bang 2. Ty s6 nay co gia tri trong khoang tir 0,98 dén 1,04.
Két qua nay chi ra rang cac md hinh PTHH dugc xay dung trong nghién ciru nay c6 kha ning mo
phong chinh xac kha nang chiu lyc cua dam dbi chimg va dam gia cuong chiu cit bang CFRP, véi sai
sO trong pham vi 4% so véi két qua thuc nghiém.

Bang 2. So sanh két qua gitra thuc nghiém va mo hinh

Tai trong 16n nhét

Dam Purxr (KN) Purent (N) Ty s6 Py rEm/Pugxp Dang pha hoai
Cl 2423 2472 1,02 Phé hoai cit
C2 307,7 309,8 1,01 Hu hong CFRP
C4 269,3 281,2 1,04 Hu hong CFRP
C7 279,0 281,8 1,01 Hu hong CFRP

C10 259,7 2543 0,98 Bong tach CFRP

Cl12 259,7 266,1 1,02 Bong tach CFRP

Mot wu diém cua phuong phap mo phong so véi phu’ong phép thuc nghiém d6 1a dé dang phan
tich su phan b u’ng suét va bién dang cua vat liéu (bé tong, cbt thép, CFRP). Nhu mot két qua Hinh 4
so sanh so d6 vét nirt bé tong ctia ddm mé hinh so véi dam ddi chimg C1. C6 thé nhan xét ring, vét nit
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Hinh 4. Dang pha hoai ctia dam ddi chimg C1 quan sat tir mo hinh va thuc nghiém

cit cia ddm md hinh phéan &nh chinh x4c dang pha hoai cit ciia dam thuc nghiém, do hinh thanh vét
ntt nghiéng tir gdi twa dén diém dit luc. Két qua thuc nghiém chi ra rang, cic dam gia cuong C2, C4
va C7 ¢6 cung dang phé hoai, 1a hu hong tim CFRP tai vi tri giao gitta vét niit ¢t va tim CFRP. Do
d6, két qua ctia mé hinh dam C2 dugc chon dé phan tich. Hinh 5(a) gidi thiéu so dd phan b bién dang
nirt thu dugc tir mé hinh, cho phép mé phong vét nirt cit trén dam thyc nghiém. Do tinh dbi ximg cia
md hinh, nén vét nit ¢t xuit trén hai phia cua diém dit luc, trong khi dé vét nirt cét chi xuét hién trén
mot phia ctia dim thi nghiém do tinh khong dong nhat ciia bé tong. So d6 vét niit dugc khiang dinh
thém khi quan sat sy phan b tng suat trong dam bé tong, nhu thé hién trén Hinh 5(b). Trong khi do,
Hinh 5(c) gidi thi¢u bién dang trong tam CFRP, d3 vuot qué bién dang cuc han c6 gia tri béng 0,015.

Hinh 5. Dang pha hoai cia dam gia cuong C2 quan sat tir mé hinh va thyc nghiém

Tiép theo, dang pha hoai ciia mé hinh ddm C10 va dam C12 ciing duoc so sanh véi dang pha hoai
quan sét tir thue nghiém. Do dang pha hoai ctia ddm C10 va ddm C12 giéng nhau, nén két qua cua mo
hinh dam C10 dugc chon dé gidi thiéu. Hinh 6 thé hién két qua phan bd tng suét cat tai mat tiép xtc
gitta CFRP va bé tong. Két qua chi ra rang, ing suit cat da vuot qua cudng dd bam dinh giita CFRP
va bé tong (Tmax = 4,08 MPa), nghia I tim CFRP bi bong tach khoi dim bé tong. Nhu vay, cic mod
hinh PTHH x4y dung trong nghién ctru nay c6 kha nang mo phdéng cac dang pha hoai xay ra trén cac
mau dam thyc nghiém.
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Hinh 6. Dang pha hoai ctia dim gia cuong C10 quan st tir md hinh va thuc nghiém

4. Khao sat tham s6 anh huwéng

Dua trén cac biéu dd tai trong — chuyén vi, c6 thé nhan xét ring mé hinh PTHH ctia dim gia cuong
C2 c6 do tin cay cao, voi sai s0 chi 1% khi dy bao kha nang chiu lyc cia dam, ciing nhu cho phép mo
phong so do vét nirt bé tong va dang pha hoai tim CFRP. Do d6, trong phan nay, mé hinh dam C2
duogc sir dung dé phat trién tong cong 16 mo hinh, nham khao sat cic tham sé chinh anh huong dén
kha nang chiu lyc ciia dam gia cuong chiu cat bang tam CFRP, bao gom: (i) cuong do chiu nén cua
bé tong; (ii) ham lugng cot thép doc chiu kéo; (iii) so 6 dan CFRP; (iv) so 16p CFRP.

4.1. Anh hwéng cia cieong dé chiu nén bé téng

400 ¢ 380
307 +a 360
300 | el N 2
P e | \ £ 340 °
L / =\ A =
250 . ) 2
Z 200 v £ 320
% "o 300 y=3.7511x + 121.84
2150 + ——C2-B40 2 T
£ ----C2-FEM g
- = 280
5 100 F --m--C2-B45 =
! --&--C2-B55 260
—+—(C2-B60
0 : : ; 240

8]

4

6

55 60 65

Chuyén vi (mm) Cuong d chiu nén (MPa)

(a) Biéu db tai trong - chuyén vi (b) Biéu dd tai trong — cudng d6 bé tong

Hinh 7. Kha ning chiu lyc ctia dam gia cuong khi thay doi cuong do chiu nén ctia bé tong

D6i v6i dam bé tong khong ct thép dai, dan gia cuong tim CFRP trén hai mit bén, nhu minh
hoa trén Hinh 1(b), thi kha ning chiu cat phu thudc chii yéu vao cuong do chiu cit cta bé tong va
CFRP. Do d6, dé khao sat anh huong cuia bé tong dén kha nang chiu lyc ctia dim gia cuong C2, bén
mo hinh dam di dugc phat trién, ky hiéu C2-B40, C2-B45, C2-B55 va C2-B60, twong tmg véi cudng
d6 chiu nén lan luot 13 40 MPa, 45 MPa, 55 MPa va 60 MPa. Hinh 7(a) giéi thiéu cac biéu do tai
trong — chuyén vi thu dugc tir phan tich mé hinh sb. Két qua cho thiy, khi giam cudng dé chiu nén
clia bé tong tir 49 MPa xudng 45 MPa va 40 MPa, thi tai trong 16n nhit ciia dim giam 1an luot 7,9%
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va 12,1%. Nguoc lai, d6i v6i tai trong 16n nhat cuia dam C2-B55 va dam C2-B60 ting 8,2% va 10,2%
khi so sanh véi dAm C2. Do d6, khi cuong d6 chiu nén tang tir 40 MPa dén 60 MPa thi tai trong 16n
nhét cta dim gia cuong ting 25%. Hon nita, Hinh 7(b) chi ra ring, mdi quan hé giira tai trong 16n
nhét va cuong do chiu nén cia bé tong 1a gﬁn nhu tuyén tinh, véi mot hé sb xac dinh R? = 0,967.

ST .
“ (a) Dam C2-B40 (b) Dim C2-B45
i (c) Dam C2-BS55 (d) Ddm C2-B60

Hinh 8. Ung suét trong bé tong ciia ddm gia cudng khi thay déi cuong do chiu nén

Két qua phén tich mo hinh PTHH cho phép quan sat sy phan b tng sut trong bé tong, nhu thé
hién trén Hinh 8. Két qua chi ra rang, dam C2-B40 bi pha hoai do v& bé tong viing nén vi gié tri tmg
suét nén 1én hon 40 MPa tai vi tri diém dt luc. Trong khi d6, cac dam gia cuong st dung bé tong co
cuong d6 nén 16n hon, tir 45 dén 60 MPa, thi sy pha hoai xdy ra do hu hong tim CFRP, trudc khi bé
tong ving nén bj v&. C6 thé nhan xét rang, cudng do chiu nén cua bé tong khong nhitng anh hudng
dén kha nang chiu lyc, ma con chi phdi dén dang phéa hoai ctia dim gia cuong. Bé téng c6 cuong do
chiu nén thap c6 thé lam giam hiéu qua cua viéc gia cudng chiu cit bang tiam CFRP, do bé tong ving
nén bi v& trde khi tim CFRP bi pha hoai.

4.2. Anh hwéng ciia ham lwong cot thép doc

Doi voi dam gia cudng C2, hai tam CFRP dan trén hai mat bén cia dam lam viée nhu cot thép
chiu cit. Trong khi, ¢t thep doc chiu kéo tham sb anh huéng quan trong dén kha nang chiu lyc va
d6 déo ciia dAm. Trong phin nay, bén mé hinh da dugc phat trién trén co s& md hinh ddm C2, nhim
khao sat anh huong ctiia ham luong cdt thép doc dén kha ning chiu luc cia dam gia cudng. Bén mo
hinh dam, ky hiéu C2-D16, C2-D18, C2-D22 va C2-D24, sir dung clng loai bé tong véi dam C2 va
dugc b tri hai thanh cdt thép doc chiu kéo ¢6 dudng kinh danh nghia lan luot 13 $16 mm, ¢ 18 mm,
$22 mm va $24 mm, nhu minh hoa trén Hinh 9. B6n mé hinh nay cting dugc b tri hai thanh cbt thép
chiu nén c6 dudng kinh danh nghia ¢ 10 mm.
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Hinh 9. Tiét dién ciia dim gia cudng khi thay dbi duong kinh cdt thép doc chiu kéo
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Céc biéu d0 tai trong - chuyén vi thu duoc tir phan tich mé hinh sé dugc gidi thiéu trén Hinh 10(a),
cho phép so sanh kha ning chiu luc va tng xir co hoc gitra cac dim khi thay doi tham s6 ham luong
c¢bt thép doc chiu kéo. Tai trong 16n nhit cia ddm C2-D16 giam dén 12,4% khi so sanh véi dam C2.
Hon nira, biéu d6 tai trong — chuyén vi cia ddm C2-D16 c6 d6 dbe thép hon so véi cac dam con lai,
ddng thoi chuyén vi cling 16n nhat. Két qua nay cho thy, d6 déo cua dam ting 1én dang ké khi giam
dudng kinh cbt thép doc. Trong khi d0, ing xir chiu cét ciia dam C2-D18 gan nhu tuong ty dam C2,
do dudng kinh c6t thép doc khong thay dbi dang ké. Nguoc lai, khi ting dudng kinh c6t thép doc, kha
nang chiu lyc cua dam C2-D22 va dam C2-D24 dugc cai thién so véi dam C2, tang 1an luot 7,5% va
14,6% tai trong 16n nhat. Do do, khi duong kinh cdt thép doc tang tir 16 mm dén $p24 mm thi tai
trong 16n nhét cua dam gia cudng ting khoang 31%. Hon nita, Hinh 10(b) chi ra rang, mdi quan hé
gita tai trong 16n nhét va duong kinh cbt thép doc la tuyén tinh, véi mot hé sd xac dinh R? = 0,9909.

Bén canh d6, véi dudng kinh c6t thép doc 16n nhat duge khao sét, thi do déo cia dam C2-D24
giam dang ké so v6i cac dim con lai. Chuyén vi trong tmg véi tai trong 16n nhit (P, = 355 kN) cua
dam nay giam 45% so véi chuyén vi cia dam C2-D16 (3,6 mm so véi 6,6 mm), va giam 25% so voi
chuyén vi ciia ddm C2-FEM (3,6 mm so v&i 4,8 mm).
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Hinh 10. Kha ning chiju lyc ctia dim gia cudng khi thay doi ham lugng cbt thép doc
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Hinh 11. Ung sut trong cdt thép doc ctia cac dam gia cuong

Khi cac miu ddm bj pha hoai, két qua phan tich mé hinh sé cho phép quan sat sy phan bd tng
suat trong cac thanh cot thép doc, nhu thé hién trén Hinh 11. So sanh véi gidi han chay cua thép la
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494 MPa (xem muc 2.2), thi thdy rang hai thanh cdt thép doc & 16p dudi chua bi chay déo. Két qua
nay chimg minh rang, tit ca cac mau dim déu bi pha hoai do hinh thanh vét ntt cit va hu hong tim
CFRP.

4.3. Anh hwéng ciia so do din CFRP
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Hinh 12. So d6 dan CFRP gia cudng chiu cat

Trong thyc té, voi ciing mot khdi luong (dién tich) vat liéu CFRP, so dd dan c6 thé duoc tién hanh
theo cac phuong an khac nhau va trd thanh mét tham s6 anh hudng dén hiéu qua gia cuong, dic biét
d6i voi dam gia cuong chiu cat. Trong phan nay, bén mé hinh dam da dugc thiét 1ap, sir dung cing
mot dién tich tim CFRP béng 0,36 mz, nham khéo sat mot sd so dd dan dién hinh, nhu minh hoa trén
Hinh 12. Cac miu dim nay duge mé hinh voi bé tong va ciu tao cdt thép hoan toan twong ty nhu
dam C2. Chiéu cao cua cac tim CFRP béng Y5 chiéu cao tiét dién dam. Trong do, dam C2-M1 duoc
dan hai tim CFRP c6 kich thudc 140x1200 mm trén hai mit bén cua dim va bd sung hai neo chit U
¢6 kich thude 50x430 mm & hai cudi tim. Dam C2-M2 dugc gia cudng bang 16 neo chir U c6 kich
thudc 50x450 mm, dan cach déu nhau véi khoang cach 70 mm tir tim dén tdm (20 mm giita hai tim
lién ké). Dam C2-M3 duoc gia cudng bang 12 neo chit U c6 kich thude 50x600 mm, dan theo phuwong
chéo, tao mot goc 45° vai truc doc cua dam. Dam C2-M4 dugc gia cuong ba"mg 6 neo chir U c6 kich
thudc 80x450 mm dan vudng goc voi truc doc cia dam, dan cach déu nhau véi khoang cach 80 mm
gitia hai tAm lién ké, va dan bdn tAm CFRP 2 tAm/mat dém) ¢6 kich thude 50x720 mm nhim han ché

su bong tach tdm cua céc neo chit U st dung. 400 r

Céac biéu do tai trong — chuyén vi ciia bon mo 350 ¢ N
hinh dam dugc thé hién trén Hinh 13 va so sanh v&i 300 ¢
két qua cua dam C2. Dam C2-M1 c6 kha nang chiu o 250

7 4 N =3

luc cao nhat, vai tai trong 16n nhat bang 334,4 kN, w2001 === C2-FEM
tang 7,9% so v6i dam C2 (P, = 309,8 kN). Két ; 150 o
qua nay cho thay vai tré quan trong ctia cac neo 100 1 4 €2-M3
chit U dén & hai cudi tim CFRP, cho phép cai thién 07 oom
kha nang chiu luc, lam cham qua trinh bong tach 5 1 5 ; 3 . S p
tam CFRP, trong khi van duy tri d6 déo cua dam. Chuyén vi (mm)
Nguogc lai, cac so d6 dan trén cac dam C2-M2, C2- Hinh 13. Biéu db tai trong - chuyén vi ciia dam gia
M3 va C2-M4 khoéng cai thién kha nang chiu luc cuong khi thay d6i so d6 dan
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so v6i ddm C2. Tuy nhién, khi sir dung nhiéu neo chit U c6 bé rong nho thay thé cho so d6 dan toan
b6 chiéu dai nhip dam, thi d6 déo cta dim C2-M2 va dam C2-M3 ting 1én so v6i dam C2. Trong khi
d6, 4o déo cua ddm C2-M4 bj giam (d6 cimg ting) so v6i ddm C2, do anh hudng cua cac tim CFRP
dan doc theo truc trung hoa cua dam.

94203
I 4713
0.000+0)

(b) Ddm C2-M2

(a) DAm C2-M1

(c) Ddm C2-M3 (d) Dam C2-M4
Hinh 14. Phan bd tng suat va bién dang ciia bé tong khi thay d6i so d6 dan CFRP

Ngoai ra, can quan tim dén dang pha hoai cua dam khi thay d6i so d6 dan gia cuong. Mo hinh
PTHH cho phép phan tich sy phan bd tng suit va bién dang cua dam bé tong, nhu thé hién trén
Hinh 14. Két qua thu duoc chi ra rang, cac mau dam bi pha hoai do bé tong ving nén bi v, ing suat
nén vuot qua cudong do chiu nén ciia bé tong. Do do, viée bd sung cac neo chit U & hai cudi tim CFRP
dan trén mit bén, hodc thay thé bang nhiéu neo chit U c6 bé rong nho véi tong dién tich trong duong,
thi c6 thé 1am thay d6i dang pha hoai ctia dam, tir hu hong tam CFRP thanh pha hoai cat két hop bé
tong vung nén bi vo.

Mot két qua khac ciing co thé dugc phén tich, la bién dang cua cac tam CFRP, nhu thé hién trén
Hinh 15. P6i voi dam C2-M1, tim CFRP bj bién dang 16n nhit & ving gitta nhip sat v6i day dam, do
thé dudi dam 1am viée chiu kéo dudi tac dung cia tai trong. O phén trén ciia tim CFRP, bién dang
tAm xudt hién 16n nhat tai cac vi tri giao nhau gitta vét nirt cit va mep tAm, nhu chi ra trén Hinh 15(a).
Dbi v6i dam C2-M2 va dim C2-M3, céc neo chit U giao nhau véi vét nit cét thi co bién dang 16n hon
s0 voi cac neo con lai. Trong khi d6, bién dang CFRP trén dim C2-M4 tap trung chu yéu trong céc
tam doc & vi tri cudi cc neo chit U. Tuy nhién, bién dang cua tdm CFRP chua vuot qua gia tri cuc
han, nén chua xay ra sy pha hoai do hu hong tam CFRP. Nhan dinh nay dugc khéng dinh mot 14n nira
nhd két qua phan tich Gmg sut trong cac tim CFRP, chua vuot quéa tmg suét kéo 16n nhat, nhu minh
hoa trén Hinh 16.
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Hinh 15. Phan bd bién dang cua tim CFRP khi thay d6i so d6 dan

(c) Dam C2-M3 (d) Ddm C2-M4

Hinh 16. Phan b tmg suét ctia tim CFRP khi thay d6i so d6 dan

4.4. Anh huéng ciia sé 16p CFRP

Trong cac phan trén, cac md hinh déu duoc xdy dung véi mot 16p CFRP v6i mdi so d6 gia cudng.
Trong nhiéu trudng hop, viée dan mot 16p vat liéu gia cuong co thé khong dap ing dugc yéu ciu vé
kha nang chiu Iyc. Tang ham luong CFRP bang cach ting sb 16p 1a mot lua chon khi tinh toan nham
dat duoc muc dich gia cuong. Tuy nhién, kha ning chiu lyc ctia ddm gia cuong khong ting tuyén tinh
khi tang s6 16p CFRP. Do d6, trong nghién ctru ndy, bén mé hinh dam gia cudng voi nhiéu 16p CFRP,
ky hiéu C2-2L, C2-3L, C2-4L va C2-5L tuong ung voi hai, ba, bdn va nim 16p CFRP, da dugc phat
trién dé khao sat anh huong cta tham s nay dén tung xir chiu cit cia dam bé tong khong cot dai. Tat
ca tim CFRP ¢6 cung kich thudc 150x1200 mm, dan trén hai mat bén cta dam, nhu minh hoa trén
Hinh 17. Bé tong va cau tao cdt thép ciia cic ddm mo hinh hoan toan tuwong ty nhur dam C2.

Hinh 18 gi6i thiéu cac biéu db tai trong — chuyén vi thu dugc tir phan tich PTHH ctia naim dam mé
hinh, véi s6 lugng tim CFRP tang tir mot dén nam 16p. Két qua chi ra rang, khi ting s6 16p CFRP thi
tai trong 16n nhét cia dam gia cuong tang lan luot 1a 8,7%, 10,7%, 12,5% va 14,1% so véi ddm C2
(336,9 kN, 342,9 kN, 348,5 kN va 353,5 kN so v6i 309,8 kN). Hon nita, khi ting s6 tim CFRP tir ba
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Hinh 17. C4u tao dam sir dung s6 16p dan tim CFRP khéac nhau

1én nam 16p, tai trong 16n nhat khong tang dang ké, vdi chénh l1éch 16n nhit khoang 3,4%. Trong khi
d6, do déo cua dam gia cuong c6 thé bi giam dang ké khi ting qua mirc s6 16p CFRP. Tai thoi diém
tai trong dat gia tri 16n nhit, chuyén vi gitra nhip ctia dam C2-5 giam 43,8% so v6i ddm C2 (2,7 mm
so voi 4,8 mm). Do d6, khi gia cudng chiu cit cia dam bé tong khong ct dai bang phuong phap dan
toan bd % chiéu cao dam trén phan dudi dam, thi sé 16p CFRP duoc kién nghi str dung khong qua

ba 16p.

Ngoai ra, ting s6 10p CFRP trong truong horp
nay cung anh huong dén sy phat trién cua cac vét
nit cat, nhu thé hién trén Hinh 19. Khi st dung
mot 16p gia cudng, vét nirt ¢t phat trién xuyén qua
tam CFRP, gay ra hu hong tim CFRP khi vét nit
mo rong qua muc cho phép, nhu minh hoa trén
Hinh 5(a). Trong khi do, ting s6 16p CFRP lam
giam bién dang tai mép trén ciia tim CFRP, dan
dén can tro hiéu qua sy phat trién cua vét nat cit
xuyén qua 16p gia cuong. Két qua trén Hinh 19
cho théy, khi vét nut cat phat trién dén mép trén
ctia tim CFRP, thi tiép tuc phat trién theo phuong
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ngang, doc theo mép trén cua tim CFRP. Nhu vy, sb 16p CFRP khong nhiitng anh huéng dén kha
nang chiu luc va d6 déo ctia dam gia cuong, ma con thay ddi hinh dang vét nut cat do tai trong.

(c) Dam C2-4L

(d) Ddm C2-5L

Hinh 19. Phan bd vét niit trong cac dam c6 s 16p dan khac nhau
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5. Két ludn

M6 hinh PTHH 3D da dugc xay dung va kiém chirng dua trén s6 liéu thuc nghiém cua sau dam
bé tong khong ¢t dai (mot ddm ddi chimg va nim dam gia cudng CFRP), bao gdm biéu db tai trong
- chuyén vi, so dd vét ntt va co ché pha hoai dam. Tir d6, 16 md hinh dim d3 duge phat trién nham
khao sat cac tham so thiét ké chinh anh huéng dén kha ning chiu lyc va tng xir chiu cit ciia dim
khong cdt thép dai gia cuong bang tim CFRP (goi tat 1a dam gia cudng). Nghién ciru nay da thu dugc
mot s6 két luan chinh duéi day:

- Kha ning chiu cit ciia dim gia cudng ting gan nhu tuyén tinh khi ting cuong d6 chiu nén cia
bé tong. Kha nang chiu lyc cta dam tang 25% khi cuong do chiu nén tang 1,5 lan, tir 40 MPa dén
60 MPa. Néu cuong do bé tong du 16n thi co ché pha hoai dam xay ra do hu hong tim CFRP. Nguoc
lai, néu cudng do bé tong thap thi co thé 1am giam hiéu qua gia cuong chiu cit, do bé tong ving nén
bi v& trudc khi tim CFRP bi hu hong.

- Kha ning chiju cit cua dim gia cudng ting ty 16 thuan véi duong kinh ¢t thép doc chiu kéo. Khi
dudng kinh cbt thép doc tang 1,5 1an, tir 16 mm dén $p24 mm, thi kha ning chiu lyc ting 31%. Hon
nita, d6 déo cua dam gia cudng ciing giam dang ké khi ting dudng kinh cbt thép doc va nguoc lai.

- So d6 dan CFRP anh huéng 16n dén do déo va co ché pha hoai cia dam. Khi sir dung cac tim
CFRP c6 dién tich 16n dan toan bo chiéu dai nhip dam, thi kién nghi b6 sung cac neo chit U dan & cudi
tam dé ting kha nang chiu lyc va lam chdm qua trinh hu hong tim dan. Nguoc lai, sir dung nhiéu neo
chit U riéng 1€ va cé bé rong nhé khi muén cai thién do déo cua dam.

- Khi ting s6 luong 16p CFRP lam giam bién dang tai mép trén ctia tim CFRP, can tré sy phat
trién cua vét nit cat xuyén qua 16p gia cudong, dan dén thay doi hinh dang vét nit cét do tai trong. SO
16p CFRP dugc kién nghi sir dung khong qua ba 16p nham cin bang giira muyc tiéu cai thién kha ning
chiu lyc va duy tri d6 déo can thiét ctia dam gia cudng.
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