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Tém tit

Gia cudng khang udn két cAu BTCT bang vt lidu tim sdi composite gbc cac bon (CFRP) 1a giai phap cho thiy
nhiéu vu diém so véi cic giai phap gia cudng truyén thdng. Noi dung chinh ctia nghién ctiu nay nham danh gia
4nh hudng clia tai trong ban dau dén hiéu qué gia cudng khang uén dam BTCT bing vat liéu CFRP. Ba mau
dam BTCT c6 cung kich thudc hinh hoc, ciu tao cbt thép va cudng do bé tong dudc ché tao. Mot mau dam
khong dugc gia cudng dudc chon lam miu dbi chiing, trong khi hai mAu dim con lai dugc gia cudng & trang
thai dang chiu cting mot cip do tai trong ban dau dugc x4c dinh trén co s6 tao ra khe nit trén bé tong viing kéo,
véi bé rong khe niit bang 0,2 mm. Két qua thu dudc cho thiy trong trudng hop ddm BTCT da bi vong, nit thi
hiéu qua gia cuong khang udn bang tim CFRP van dudc chiing minh thong qua sy gia ting do ciing uén va kha
ning chiu luc cia dAm dudc gia cudng.

Tir khod: dam BTCT; tim CFRP; gia cudng khang udn; gia tai ban dau; nit.

EXPERIMENTAL STUDY ON FLEXURAL BEHAVIOR OF RC BEAMS STRENGTHENED WITH CFRP
COMPOSITE SHEETS UNDER SUSTAINING LOAD

Abstract

Flexural strengthening of Reinforced concrete (RC) beams using Carbon fiber composite (CFRP) sheets is a
solution that shows many advantages compared to the traditional strengthening solutions. The main goal of
this study is to examine the effects of initial loading on the effectiveness of strengthening by externally bonded
CFRP sheets. Three identical beams were cast and tested, in which one beam without CFRP strengthening was
used as the control specimen while two other beams were strengthened in flexure under the same initial loading
levels. The value of initial loads was determined on the basic of maximum crack width of concrete in tension
zone, that is 0,2 mm. The obtained results have shown that for RC beams that are already cracked and deformed
under sustaining loads, the effectiveness of CFRP strengthening can be demonstrated by the significant increase
in the flexural stiffness and the load-carrying capacity of the strengthened RC beam:s.

Keywords: reinforced concrete beams; CFRP sheets; flexural strengthening; initial loading; cracking.
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1. it van dé
Déi véi két cAu cong trinh néi chung va két ciu cong trinh bang vat liéu bé tong cbt thép (BTCT)

néi riéng, trong qud trinh 1am viéc, do su suy gidm kha niing chiu luc hoic do yéu cau thay ddi cong
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ning st dung va c6 su gia ting tai trong tic dung dit ra vn dé gia cudng cho két ciu cong trinh. Bén
canh céc giai phap gia cudng truyén thdng nhu md rong tiét dién, dng luc trudc cing ngoai, st dung
thép hinh. .. thi hién nay, viéc st dung tAm sdi composite cudng do cao (Fibre Reinforced Polymer,
FRP) trong cong tdc gia cudng két ciu cong trinh dudc ap dung phd bién & cic nudc tién tién trén thé
gi6i. Cac két cAu cong trinh dugc gia cudng c6 thé 1a két chu cot, dam, san bé tong cbt thép, két cAu
khbi xdy gach ... Trong s cdc vt liéu composite ding dé gia cudng két ciu bang bé tong cbt thép thi
vit liéu tAm soi cac bon (CFRP) dudc st dung rong rii. Phuong phap gia cudng biang vit liéu CFRP
tan dung dudc nhiing vu diém ctia loai vat liéu ndy nhu cudng do chiu kéo va mo dun dan hdi cao,
trong lugng nhe, khong bi dn mon [1-3]. Bén canh uu diém vé dic tinh cd hoc, gia cudng bang vt
liéu CFRP con cho thiy nhiing tién 1¢i cho qua trinh thi cong gia cudng nhu nhanh chéng, don gian,
khong can nhiéu may moc thiét bi, thdi gian thi cong nhanh [1-4].

Mot trong nhiing vin dé dit ra cho cong tic gia cudng két ciu 1a khi tién hanh gia cuong, két cau
dang 1am viéc va chiu tic dung ctia tai trong. Viéc giam tai trong tic dung 1én két cAu & thoi diém gia
cudng dudc xem 12 mot trong nhiing giai phap ddm bao hiéu qué ctia viéc gia cudng. Trong thuc té,
cong viéc nay thudng gip khé khin va chi yéu chi giam tic dung clia hoat tai sit dung. Ddi véi két
cAu BTCT lam viéc chiu udn, & thdi diém gia cudng thuong trén két cAu da xuét hién vét nit & ving
bé tong chiu kéo (ddy dam hoic ban san). Theo mot s6 két qua khdo sat ctia nhom tac gia trén thuc té
cong trinh, cdc vét niit thudng nam trong khoang tit 0,1 mm dén 0,3 mm [4].

Hinh 1 trinh bay minh hoa hinh anh thuc té gia cudng dam BTCT bi nit, vong do chiéu cao
dam khong dam bao, bang vat liéu tim CFRP. O thoi diém gia cudng, cong trinh dang tién hanh thi
cong xay dung va két cAu dim dang chiu tdc dung ctia tai trong gdm trong lugng ban than va hoat tai
thi cong.

Hinh 1. Gia cudng dim BTCT bi niit, vong bang tim CFRP

Mot trong nhitng van dé dit ra clia cong tac gia cuong khang udn cho két cAu BTCT néi chung va
gia cudng bang vat liéu tAm soi composite néi riéng 1a hiéu qua ctia viéc gia cuong trong trudng hop
khong thé giam toan b tai trong tic dung 1én két cdu & thdi diém tién hanh gia cudng. Viéc ton tai
trudc ting suat kéo trong cbt thép va ing suét nén trong bé tong viing nén sé anh hudng dén ing xi
ctia két ciu dudc gia cudng so vdi trudng hop két ciu dudc gia cudng tir dau, khi chua chiu tic dung
cla tai trong.

Nghién ctiu thuc nghiém vé ting xi ctia két cAu BTCT dudc gia cudng bing vat liéu CFRP va
hiéu qua clia viéc gia cudng da dudc nhiéu nghién ciu trong v ngoai nudc tién hanh, trong dé mot
s6 nghién ciu dién hinh dudc trinh bay trong céc tai lidu [5-19]. Céc két qua thu dudc cho thiy gidi
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phép st dung vt lidu CFRP phu hdp cho céc trusng hop gia cuong khang ubn, khang cit, gia cudng
ting kha niing chiu nén, chiu xodn. .. Pdng thdi ciing cho thiy ting xt ctia két ciu dugc gia cudng la
phtic tap, v6i nhiéu dang ph4 hoai khac nhau va hiéu qué cla viéc gia cudng phu thudc vao nhiéu yéu
t6 ma dién hinh 1a dic trung co hoc ctia vat liéu CFRP va cong tic thi cong gia cudng. Bén canh do,
c6 thé nhan thiy, hau hét cic nghién ciiu déu tién hanh trén cidc mAu thi nghiém dudc gia cudng & thoi
diém ban dau, khi két cAu chua chiu tic dung clia tai trong. Piéu nay dan dén nhiing sai khac khi danh
gia hiéu qua gia cudng so véi thuc té clia cong tac nay, khi ma viéc gia cudng dudc tién hanh tai thoi
diém két cAu dang chiu tdc dung cta tai trong.

O nudc ta hién nay, vat liéu tim CFRP da dudc sit dung kha phd bién cho viéc gia cuong mot s6
cong trinh cau va nha dan dung. Tuy nhién c6 thé thiy viéc ap dung con han ché, chua dugc phd bién
trong d6 nguyén nhan chinh 1a gi4 thanh va tiéu chuin k¥ thuat 4p dung cho vat liéu gia cudng nay
[4]. Viéc tinh toan thiét k& chd yéu dugc thuc hién theo mot s6 tai lidu, chi din ctia nudc ngoai nhu
ACI 440.2R-08 [1], FIB 14 [2], TR 55 [5] ... Vi viy, nhiing nghién ctiu trong linh vic nay gép phan
1am co s cho viéc 4p dung phd bién hon gidi phap gia cudng c6 nhiéu uu diém nay trong thuc té
xay dung.

Noi dung bai bdo trinh biy vé ting xif ctia két ciu dudc gia cudng va hiéu qua clia cong tic gia
cudng bang vat lidéu tim CFRP trong trudng hdp cong tic gia cuong tién hanh & thoi diém két ciu
dang chiu tac dung cua téi trong. Nghién ctiu thuc nghiém dudc thuc hién tai Phong Thi nghiém va
Kiém dinh cdng trinh, Trudng Dai hoc Xay dung.

2. Co s6 tinh toan gia cudng khang udn cho két chu dim BTCT bi niit trudce

Trén Hinh 2 trinh bay so dd tinh todn dim BTCT khi tién hanh cong tic gia cudng, trong d6 dam
BTCT da bi nit dudi tic dung clia tai trong ban dau (thé hién qua m6 men udn M).
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Hinh 2. So d6 tinh toan bién dang ctia két cAu trude khi gia cudng

Vi tri truc trung hoa (hay chiéu cao ctia viing bé tong chiu nén) ctia tiét dién dam, ky hiéu x, dudgc
xac dinh theo cong thic sau day:

1 ’ ’
beg +nA’ (xo — ') = nAg (ho — xo) (1)
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trong d6 n 1 ty sb gilta md dun dan hoi clia ¢t thép va clia bé tong n = E_Y
b
Mo men quan tinh cta tiét dién dam (da bi nuit) dudc xac dinh theo céng thic sau:

3
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Bién dang ban dau cia bé tong vung nén, .9, do mé men M, giy ra:

Ec0 =
EcIcO

(2)

3)

Dua trén so do bién dang trinh bay & Hinh 2, c¢6 thé tinh dugc bién dang ctia cbt thép va clia bé

tong & viing chiu kéo (mép ngoai) clia dim tai thdi diém trudc khi gia cudng:

ho — xo
Es = &0
X0
h— xg
€0 = Ec0
X0

4)

&)

Sau khi gia cudng, tii trong tic dung 1én dim gy ra md men udn M. C4c gia thiét co ban st dung
dé tinh toan kha ning chiu luc cia tiét dién sau gia cudng: (1) gia thiét tiét dién phang; (2) dang pha
hoai dién hinh ciia két cAu dim BTCT dugc gia cudng khang udn bang tim CFRP 1a cbt thép chiu
kéo bi chay déo; (3) bé tong viing nén bi ép vd va tim CFRP bi bong khéi bé miit dim hoic bi dit;
(4) bién dang ctia thé bé tong chiu nén ngoai cling dat dén gid tri &.,; (5) Gng suét nén clia bé tong
trong viing nén dudc xic dinh tir dudng cong ting suit - bién dang c6 biéu dd c6 dang parabol, dudc
quy ddi vé biéu dd hinh chit nhit tuong duong vé6i chiéu cao ving nén s (Hinh 3(c)). So dd tinh todn

khé ning chiu luc ctia dAm sau gia cudng theo dugc trinh bay trén Hinh 3.
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Hinh 3. So d6 tinh toan kha ning chiu luc ctia dAm sau khi gia cudng

Chiéu cao vung nén ctia tiét dién, x, dudgc xdc dinh theo diéu kién cin bﬁng luc:

0,85£/b(0,8x) + A'Es&, = ARy + ArEfe;
4
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trong d6 f7 1a cudng do chiu nén clia bé tdng, duge xdc dinh qua thi nghiém nén mau thi nghiém hinh
tru D x H = 150 x 300 mm, R; 1a cudng dd chiu kéo ctia cbt thép chiu kéo, E; va E f lan luot 1a mo
dun dan hoi ctia cbt thép va ctia thm CFRP, &/ va &) lan lugt la bién dang tuong ddi cia tim CFRP
va ctia cbt thép chiu nén. Bién dang tuong ddi ctia tim CFRP va ctia c6t thép chiu nén dudc xac dinh

theo cong thuc:
h—x

Ef = &Ecy —&0 < Efy (7)

& = S ®)
trong d6 &, 12 bién cuc cuc han cta bé tong vung nén, theo fib 14 [2] lay bﬁng 0,0035; gy, 1a bién
dang cuyc han cta vat liéu CFRP.

Kha niing chiu luc cta tiét dién sau khi gia cudng:

0,8x 0,8x

, , 0,8x
[M] = AR, (ho - T) + AsEsgs(

—a,)+AfEf8f (h— T) (9)

3. Nghién ciru thue nghiém
3.1. Mdu thi nghiém va vit liéu ché tao

Trong nghién ctiu nay, 03 mau dim BTCT c6 cling kich thudc hinh hoc, cu tao cbt thép va cudng
dd bé tong dudc ché tao. Cac miu dam c6 chiéu dai 2200 mm, kich thuéc tiét dién b x h = 150 x 200
mm. Qua tinh todn sd bd dé tranh cho cac miu dam thi nghiém khong bi pha hoai do luc cit, lua chon
cbt thép doc chiu luc viing kéo (phia duéi dam) 1a 2512, cbt thép doc ving nén (phia trén dam) bd
tri 2710, cbt thép dai @6 khoang cach 100 mm & vung gitta gbi tua dam va vi tri tdc dung tai trong.
Trong s6 cac miu dam thi nghiém, 01 miu dim khong dudc gia cudng, ky hiéu D-0 dugc st dung
lam dam ddi chiing. 02 mAu dam con lai, ky hiéu D-1, D-2 dudc tao tii trong ban dau theo so d6 dam
chiu udn bdn diém sau d6 tién hanh cong tic gia cuong. Tai trong ban dau c6 do 16n sao cho bé rong
vét niit 16n nhit & viing chiu kéo do téi trong niy gay ra trén cic mau dam D-1, D-2 c6 gi4 tri bang 0,2
mm. Hai miu dam D-1, D-2 déu dugc gia cudng bang tim sdi composite CFRP c6 cung kich thudc
bé rong 120 mm, chiéu day 0,111 mm va chiéu dai 1950 mm. Chi tiét ciu tao cbt thép ctia 03 mau
dam thi nghiém dudgc trinh bay trén Hinh 4. Trén Hinh 5 trinh bay phuong 4n gia cudng cidc miu dam
bang tim CFRP.
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Hinh 4. Chi tiét cAu tao cdt thép cdc miu dam thi nghiém

Déi v6i cdc vat lidu ché tao dam, cudng do chiu nén clia bé tong, cudng do chiu kéo ctia cot thép
dudc xdc dinh thong qua thi nghiém trén cic mau thit va dugc trinh bay tém tit trong Bang 1.

TAm CFRP st dung gia cudng va keo dan epoxy do hiang Toray (Nhat Ban) san xuit. Cc thong
s6 co hoc ctia vt liéu nay do nha san xuit cung cip va dudc trinh bay & Bang 2.
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Hinh 5. Quy cach gia cudng dam D-1, D-2 biang tim CFRP

Bang 1. Gi4 tri cudng do ctia bé tong va cbt thép st dung ché tao cdc miu dam

Cuong do chiu nén cuia bé tong & 28 ngay tudi

(mAu thi nghiém hinh tru D x H = 150 x 300 mm) 34,7 MPa
Mb dun dan hoi clia bé tong & 28 ngay tudi
(mAu thi nghiém hinh tru D x H = 150 x 300 mm) 32500 MPa
Gidi han chay cua thép @12 410 MPa
Gidi han chay cta thép @10 380 MPa
Bang 2. Pic trung cd hoc ctia tim CFRP

Chiéu day tim ty 0,111 mm

Cudng do chiu kéo cuc han Ry 3400 MPa

M6 dun dan hdi E r 95,5 GPa

D0 dan dai cuc han g, 1,6%

3.2. Quy trinh tao, giit tdi trong ban ddu tdc dung 1én ddm va thi cong ddn tdm CFRP

D€ tao tai trong ban dau tac dung l1én cic mau dam D-1, D-2 va duy tri tai trong nay khong d6i
trong sudt qua trinh gia cudng, st dung két hop hé thiét bi gia tai va gilf tdi gom kich thiy luc, khung
phén luc, dim phan t3i va cdc bu 16ng neo. Pau tién, st dung kich thiy luc, khung phan luc va dim
phén tai tao ra 02 tai trong tip trung cé gid tri bang nhau tic dung 1én dam (Hinh 6). Tiép dén, ting
tai trong tic dung 1én cic mau dim cho dén khi cac miu dam bi nit va bé rong vét nit 16n nhit trén
cdc mau dam nay c6 gia tri bang 0,2 mm. B rong cla vét nit dugc do dac bang thiét bi quang hoc
chuyén dung trong sudt qu4 trinh gia ti trong (Hinh 7). Sau khi da tao ra dudc ti trong ban dau c6
do 16n yéu cau, st dung 02 bu 16ng neo dé neo giit hé dim phan tii xuéng san chiu luc ctia Phong thi
nghiém, sau d6 giai phong hé kich thity luc va khung gia tai. TAi trong ban dau dudc duy tri thong qua
luc kéo trong cac bu 16ng neo. Su 1am viéc 6n dinh ciia co ciu bu 16ng neo va dam phan tai dugc theo
doi, kiém tra thong qua viéc do dac bién dang tuong dbi ctia hai thanh cbt thép chiu kéo @12 trong
dam. St dung 02 phién dién tré (Strain gauges), ky hiéu St1 va St2, ddn 1én céc thanh c6t thép trudc
khi d6 bé tong, dé do bién dang (Hinh 9). Két qui do bién dang cho thiy co ciu giif tai lam viéc &n
dinh, ddm bao duy tri tai trong ban dau 6n dinh trong sudt qua trinh thi cong gia cudng cic mau dam.
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Hinh 6. So do tao tai trong ban dau tic dung 1én cic Hinh 7. Po bé rong khe niit viing bé tong chiu kéo
mau dim thi nghiém

Load Cell g

Kich thuy luc

800 |1 00|

Hinh 9. B4 tri thi nghiém ddm BTCT dudc gia cudng

Trong Bang 3 trinh bay gi4 tri clia tai trong ban dau, ky hiéu Py, tic dung 1én cic miu dam thi
nghiém va ty s gifia tai trong ban du va tai trong cuc han giy pha hoai dam, Py/Pnax. Tai trong
cuc han P,,c6 gid tri biang 30,5 kN dudce xac dinh ti két qua thi nghiém ubn pha hoai mau dam d6i
ching D-0 (xem Hinh 10).
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Bang 3. Gi tri ti trong ban diu tic dung 1én cic mau dam thi nghiém va bé rong vét nit tucng ting

X . e 5 P Bé rong vét nt 16
Mau dam thi nghiém  Gia tri tai trong ban dau Py (kN) 0 (%) f rong Ve, " "
Proax nhat tuong Gng (mm)
D-1,D-2 15,0 50% 0,2
10
35 c

a
o-;olv\,nva' 1
\

Tai trong P (kN)

0 5 10 15 20 25 30 35 40 45
b6 vong f (mm)

Hinh 10. Biéu d6 quan hé tai trong — d6 vong clia cac mau dim thi nghiém

Sau khi tac dung va gili 6n dinh tdi trong ban dau, tién hanh cong tac thi cong dén thm CFRP. Cac
cong doan thi cong chinh gdm quét 16p keo epoxy chuyén dung 1én bé miit bé tong ddy dam (da dugc
mai nhin, phing); ddn tim CFRP c6 kich thudc dai x rong = 1950 x 120 mm; quét 16p keo phi. Sau
khi ddn 48 gid, 16p keo dan kho cing va tim CFRP dam béo diéu kién 1am viéc, cong tac thi nghiém
dbi véi cac dam gia cudng dudc tién hanh.

3.3. So do thi nghiém va bé tri dung cu do

Sau khi gia cudng, tiép tuc thi nghiém gia tai cic mau dam theo diing so do tic dung tai trong ban
dau. 03 dung cu do chuyén vi dién tit, ky hiéu LVDT-1, LVDT-2, LVDT-3, dugc bb tri & hai gbi tua va
& tiét dién giita dAm cho phép x4c dinh do vong ctia dam dudi tic dung clia tai trong. Gid tri tai trong
tac dung 1én dam dugc xac dinh thong qua dung cu do luc dién tif (Load cell) 200 kN. Cac dung cu
do luc, do chuyén vi dugc két ndi v6i bo thu thap va xi 1y s6 liéu TDS 530 (do hing Tokyo Sokki clia
Nhat ban san xuit) cho phép ghi nhan tu dong va dong thdi cic s6 liéu thi nghiém (01 gidy/lan ghi).

4. Phan tich va danh gia két qua

4.1. Quan hé tdi trong — do vong va ting xit ciia daim duwoc gia cuong

Trén Hinh 10 trinh bay bi€u d6 quan hé tdi trong va d6 vong ctia cdc mau dam thi nghiém. Pbi
v6i dam dbi chiing D-0, c6 thé thiy dam bi phd hoai déo, su 1am viéc ctia dam dudc chia thanh 3 giai
doan chinh: giai doan tru6c khi niit OA, giai doan 1am viéc sau niit dén khi cdt thép chiu kéo bi chay
déo AB (diém B tuong ung thoi diém cbt thép bi chay déo) va giai doan BC tuong ting véi su 1am
viéc clia bé tong viing nén, diém C tng vé6i thoi diém bé tong viing nén bi ép v3 va dam bi pha hoai
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hoan toan. Péi v6i cdc miu dAm gia cudng D-1 va D-2, ¢6 thé thay do dAm da bi niit nén su 1am viéc
c6 thé chia thanh 2 giai doan: giai doan OB v6i di€ém B tuong tng thoi diém cbt thép chiu kéo bi chay
déo, giai doan BC tuong ting véi su 1am viéc ctia tim CFRP gia cudng va ciia bé tong ving nén, diém
C ting v6i thdi diém thm CFRP bi dtit va bé tdng viing nén bi ép va.

C6 thé nhan thiy su tham gia 1am viéc ctia thm CFRP gia cudng thé hién rd nét trong giai doan
OB. Trong giai doan nay, do cting uén ctia cic mau dam D-1 va D-2 ting ddng ké so véi miu dam dbi
chiing D-0. Su gia ting niy dugc gidi thich bdi: (1) tim CFRP tham gia lam viéc; (2) khi dam bi nit
trude do tai trong ban diu sé lam giam chiéu cao ving nén, dan dén ting khoang cach tif trong tAm
cbt thép chiu kéo va tir tim CFRP dén diém dit hop luc ctia céc noi luc trong viing chiu nén, do d6
lam ting do cting ubn ctia tiét dién dam.

Sau khi cdt thép viing kéo bi chay déo, kha ning chiu luc cla cdc miu dim gia cudng phu thudc
vao kha niing chiu luc clia bé tong viing nén va cia tim CFRP. Trong giai doan nay tim CFRP ngoai
viéc dam bio do cing ubn ciia cac miu dam cao hon so v6i dam d6i ching con gép phan ting kha
ning chiu luc cia dAm. Tai trong cuc han gy pha hoai cdc miu dAm gia cudng ting trung binh 10%
s0 v6i miu dam dbi chiing.

Tt c4c két qua phan tich, c6 thé thiy rd hiéu qua cla viéc gia cudng dam BTCT chiu tii trong ban
dau. Hiéu qué gia cudng thé hién rd nét & giai doan trudc khi ct thép chiu kéo bi chay déo. Tuong
ting véi thoi di€ém nay, bé rong vét niit do dugc trén dim cling dat dén gia tri cho phép bing 0,3 mm
theo quy dinh trong TCVN 5574:2018 [8].

4.2. Co ché phd hoai cdc mdu dam

Mau dam ddi ching D-0 bi pha hoai déo. Trén Hinh 11 trinh bay hinh anh phd hoai dién hinh
ctia 02 miu diam dudc gia cudng. Cac miu dAm nay déu bi phd hoai theo co ché dau tién cbt thép
viing chiu kéo bi chay déo, vét nit phat trién dén ving nén va bé tong viing nén bi ép vd, tiép dén
tam CFRP bi diit. Pay 12 mot trong nhiing co ché pha hoai dién hinh ctia két cAu dam BTCT dudc gia
cuong khang udn bang vat liéu CFRP bén canh co ché pha hoai do tim CFRP bi bong khdi bé mit bé
tong [1-3]. Két qua nay ciing cho thiy can c6 gi6i han cho su tham gia chiu luc ctia tim CFRP trong
viéc gia cudng d€ tranh xay ra phd hoai dit tim CFRP vi diy la dang pha hoai dot ngot.

Hinh 11. Hinh 4nh ph4 hoai ctia cic dim D-1 va D-2

4.3. So sdnh khd ncng chiu lyc ciia dim duoc gia cuong theo Iy thuyét va theo thic nghiém

Ciin cti vao co ché pha hoai clia cic miu dam gia cudng trinh bay & muc 4.2, c6 thé thiy cic gii
thiét tinh toan kha ning chiu luc ciia miu dim gia cudng trinh bay & muc 2 1a phu hop. Bién dang
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ctia tim CFRP & dugc tinh theo cong thic (7) dua trén cd s& bién dang ban diu . Két qué tinh toan
cho thiy gid tri &/ 16n hon bién dang cyc han cta thm CFRP. Két qua nay ciing phu hop véi viéc thm
CFRP bi diit trong qua trinh gia tai. Do véy trong tinh todn, bién dang ctia tim CFRP dudc 13y bang
bién dang cuc han & 4. Kha ning chiu lyc ctia mau dam sau gia cudng dugc xdc dinh theo cong thic
(9) va dugc tdng hop trong Bang 4, trong d6 gid tri tai trong gdy pha hoai cdc miu dim gia cudng
Prmax dudc 14y theo Bang 5. TY $& Ppax/ Py thu dudc cho thiy két qua tinh toan ly thuyét phu hop véi
két qua thu dugc tir thuc nghiém.

Bang 4. So sanh kha niing chiu luc clia dim gia cudng theo tinh todn va theo thuc nghiém

Biéndang ey Biéndange;  Bién dang cla tim Tai trong gy Ty s6
Téndam (% theo cong (% theo cong  CFRP st dung trong pha hoai theo Prax
thuc (5)) thuc (7)) tinh todn &4, (%) tinh toan P;; (kN) Py
D-1 0,0018 0,0335 0,016 31,10 1,11
D-2 0,0018 0,0335 0,016 31,10 1,05

Bang 5. Cac gia tri tai trong va do vong dac trung

Mau dam  Tai trong gay chay b6 vong khi Tai trong gy Do vong khi dam bi
thi nghiém ¢t thép Py (kN) cbt thép chay (mm) phd hoai Ppay (kKN) phé hoai (mm)
D-0 27,5 9,0 30,5 37,0
D-1 26,2 4,2 34,8 24,8
D-2 26,5 3,8 32,6 22,0

5. Két luan

Noi dung bai bdo trinh bay két qua nghién ctiu thuc nghiém su 1am viéc ctia ddm BTCT dudc gia
cudng khang udn & trang thai dang chiu tai. Day 12 trudng hop gia cudng phi hop véi thuc té 1am viéc
ctia két cAu cong trinh, khi ma két ciu dudc gia cudng da bi vong, nit. Tir cac két qua thu dudc, ¢ thé
rit ra nhitng két luan chinh sau:

- Sti dung tim CFRP nham gia cudng khang udn két cAu BTCT & trang thdi dang chiu tai 13 mot
giai phap hiéu qua. Két qua thu dugc cho thiy trong trudng hgp dam BTCT da bi vong, nit thi hiéu
qua gia cuong khang udn bang tim CFRP van dudc ching minh thong qua su gia ting do cling udn
va kha ning chiu luc clia dim dugc gia cudng.

- Co ché pha hoai két ciu gia cuong thu dudc trong nghién ciiu nay 1a tAm CFRP bi dit. Pay 1a
dang ph4 hoai dot ngot. Vi vy trong qud trinh thiét k& gia cudng khang ubn can han ché tng suit
trong tAm CFRP. Viéc giam t6i da tai trong tac dung 1én két cAu & thoi diém gia cudng ciing can dudc
luu y d€ phat huy kha ning lam viéc ctia tim CFRP.
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