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TGM TAT

Rai bao trinh bay nghién ciu thiyc nghiém vé anh hwéng cia
tudi tho dam dén hiéu qué gia cudng khang udn cia tdm soi
FRP trén cac ddm bé tong tng suét trudc cing sau cép khang
bam dinh (UPC). Qua trinh thi nghiém dwec thec hign trén tam
ddm UPC chir T kich thuac lan, chia thanh hai nham va tign
hanh trong hai giai doan, méi nham duge gia cuang béng cac
t&m sgi CFRP tai cac khoang thari gian khac nhau, cach nhau
khoang 2400 ngay. K&t qua thi nghiém nhém dam trong giai
doan ddu d& dupc cac tac gid trinh bay trong nghign cou
trrgc. Trong giai doan nay, cac két qué thi nghiem duge so
sanh vai két qua giai doan ddu va cho théy thai diém ap dung
gia cwang CFRP trén ddm UPC lau hon dén dén gidm higu qua
gia ci cia cac t&m sgi CFRP, giam kha nang kiém soat vét nit,
kiém soat dg viing va kha nang hap thu nang lugng.

Tir khoa: Kha nang chiu udn; ddm bé tang tng suét trude cang sau
cap khang bam dinh (UPC); tudi tho dam; céc cang trinh ci, tdm
soi GFRP; higu qua gia cung.

ABSTRACT

This paper presents an experimental study on influence of lifespan of
beams on flexurally-strengthening effectiveness of CFRP laminates on
unbonded prestressed concrete (UPC) beams. The testing program was
carried out on eight (08) large-scale UPC T-beams devided in to two
groups and conducted in two stages, each group was strengthened with
CFRP laminates at different intervals of about 2400 days. The
experimental results of the beam group in the first stage were presented
in the authors' published article. In this stage, the experimental results
are compared to first stage results and showed that the increase of long-
term use led to a decrease in strengthening effectiveness of CFRP
laminates, controlling cracking, controlling deflection, and the energy
absorption capacity. A new procedure for predicting the flexural
resistance of aged UPC beams strengthened with CFRP laminates is
proposed with high reliability.

Keywords: Flexural resistance; unbonded prestressed concrete
(UPC) beams; lifespan of beams; old structures, GFRP laminates;
strengthening effectiveness.

1. GIGI THIEU

Cau kién bé téng cang sau dung cap khéng bam dinh (UPC) véi
nhiing uu diém nhu tinh kinh té& cao (do khéng phai tén chi phi va
thai gian cho cdng tac bom vira), c6 tén hao Gng suat cang do ma
sat thap, kha nang thay thé va quan trac (ing suat cap trong sudt
thdi gian st dung, da cho thdy mét gidi phap két ciu hiéu qua bén
canh cdu kién bé téng Ung sudt trudc dung cap bam dinh (BPC) va
da dugc st dung tU nhitng nam 1960 (Abdullah va cong su 2017,
Mieszczak, M. 2018). D& kéo dai tudi tho cla cac cau kién UPC sau
thai gian st dung kéo dai, viéc gia cudng la can thiét dé chéng lai
su xudng cap cua vat liéu, suy gidm Uing suat trudc, hodc nang cao
chat lugng ky thuat. Tan dung cac thuéc tinh ky thuat vugt trdi cta
vat liéu CFRP, bao gom d6 bén cao, trong lugng nhe, khéng dan

dién, khéng tir tinh, chéng an mon va dé I3p dat, viéc st dung vat
lieu CFRP dé nang cap hodc gia c8 cac cdu truc BPC va UPC da
chiing minh hiéu qua cao so véi cac phuang phap truyén théng
nhu mé& rong dién tich mat cdt véi cac I6p bé tong ct thép bd
sung (RC), gén céac tam thép vao mat chiu kéo, hodac tich hop cac
sgi cdp bén ngoai (Nanni 1995, Hassan 2002, Nguyen-Minh va
cOng su 2018).

Nghién ctu vé tang cudng d6 bén udn cla cac cau kién BPC sur
dung tdm sgi CFRP lién két ngoai dudi tai trong don diéu hodc tai
trong lap da bt dau cach day gan dugc 20 nam (Reed va Peterman
2004, Rosenboom va cdng su 2007, Rosenboom va céng su 2009,
Kim va céng su 2008, Ludovico va cdng su 2010, Cerullo va céng sy
2013, Kasan va cong su 2014, Nguyen va céng su 2014, Afefy va
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cdng su 2016, Pino va céng su 2017, Larson va céng su 2005,
Rosenboom va Rizkalla 2006, Miller va céng su 2006, Rasheed va
cOng sy 2006, ElSafty va cdng su 2014). Trong khi d6, cac nghién
cliu tap trung vao danh gia hiéu qua gia cudng khang uén cla cac
cdu kién UPC bat dau mudn hon va con kha it (Nguyen-Minh va
cong su 2018, Chakrabari 2005, Meski va Harajli 2013, 2015,
Ghasemi va cong su 2016, Tran va cong su 2020, Phan-Vu va cong
su 2021, Tung va cong su 2022). Cac nghién ctu nay phan 1én duoc
thuc hién trén cac dam mdéi, ngay sau khi dic mau. Déi véi cau kién
PC néi chung va UPC néi riéng, qua trinh st dung lau dai thuong
dan dén su suy gidm luc cang cla cap do su gia ting cla tén hao
Ung suat nhu chung cap, truot neo hay cap bi an mon (Naaman
(2004). Su thay ddi ting suat trudc trong cac sgi cap cla cac cau
kién BPC déng vai trd quan trong trong viéc dnh hudng dén kiém
soat vét nut, kha nang chiu uén, do ciing, tng xi nut va do déo
cla cac dam (Abdelrahman va cong su 2011, Zhao va céng su
2020). Muc d6 Ung suat trudc dugc du doan sé giam dan theo tudi
tho cla két cau do nhiing tén that phu thuéc vao thsi gian do
chluing cap va nhimng thay déi cda bé téng do tur bién va co ngét
(Abdel-Jaber va Glisic 2019). Trong cac ciu kién UPC, su thay d6i
trong Ung suat truéc cling anh hudng dén tng x nit (s6 lugng,
chiéu réng va khoang cach cla céac vét nit) cling nhu co ché pha
hoai (Kim va Lee 2020, Tang va cong sy 2021, Tung va céng su
2022). Cac thay d6i dugc mé ta trong Ung xU nut, hinh thai vét nit
va co ché pha huy clia cdc dam UPC do su thay d&i trong Ung suat
trudc c6 thé c6 anh hudng déang ké dén su bién dang va sy bong
tach ctia tdm CFRP khi cac I6p nay dugc dan chat vao thé chiu kéo

huéng cla cac tén hao Ung suat trudc theo thai gian cling nhu
hiéu qua gia cudng ctia tam CFRP, m&i day nhat la nghién ctdu clta
nhém téc gid Wu, J., Zhu, Y., & Li, C. (2023). Viéc lam ré anh hudng
clia yéu t6 nay cé y nghia quan trong, cé thé gitp xay dung dugc
cac diéu khoan tinh toan an toan va hgp ly cho cong téac thiét ké
gia cudng cau kién UPC dung vat liéu CFRP dan ngoai trong thuc
té trong boi canh thiéu vang cac diéu khoan thiét ké gia cudng cho
cdu kién UPC dung tdm CFRP trong cac tiéu chuin hién hanh nhu
ACl 440.2R-17 (2017), CNR DT200R1/2013 (2013), va TR 55 (2012).

Bai bao trinh bay nghién ctu thuc nghiém vé anh hudng cua
tudi tho ddm dén hiéu qua gia cudng khang uén bang tam CFRP
dan ngoai lén cac dam bé téng Ung sudt trudc cang sau dung cap
khéng bam dinh. Chuong trinh thi nghiém dugc thuc hién trén
tam dam I6n UPC ch T, chia thanh hai nhém va tién hanh trong
hai giai doan, m&i nhém dugc gia cudng bang cac tdm sgi CFRP tai
cac khoang thai gian khac nhau, céch nhau khoang 2400 ngay. Két
qua giai doan dau tién da dugc trinh bay trong nghién clu cua
Nguyen-Minh va cong su (2018). Muc tiéu chinh cla bai bao la lam
rdé tadc dong dai han lén Ung x uén clia cac dam UPC dugc gia
cudng bang tam sgi CFRP.

2. CHUONG TRINH THUC NGHIEM

2.1. Vat liéu

Cac dam thi nghiém st dung bé tong vdéi cap phéi dugc trinh
bay & Bang 1. Cac théng s6 ca hoc clia bé tong, cap, tdm soi CFRP,
keo epoxy, va c6t thép dugc téng hap & Bang 2.

Bdng 1. Cap phdi bé téng cho dam thi nghiém

cUa cau kién. Diéu nay c6 thé anh hudng dén hiéu suat téng thé va Thanh phan Don vi S6 luong
hiéu qua gia cudng clia tdm CFRP (Tung va cdng su 2022). Cac Xi mdng PC40 kg/m? 410
nghién ctiu trudc day vé hiéu qua khang uén ctia cac cau kién UPC Da 1x2 (22 mm) kg/m? 1028
dugc gia cudng bing cac tdm CFRP da dé cap dén nhing diém nay Cat song (0-4 mm) kg/m? 550
trudc d%y, trAc,)ngA,dé\Meski va Hzf\rajli (20,13) la E)éi ba',o du)\/ nhat tér\) Cat nghién (0+2 mm) kg/m? 247
trung vao yéu té6 ham lugng cdp (luc Ung suat trudc), va Tung va Y 3
N L ae s A L " Phu gia déo I/m 5.5
cOng sy (2022) la bai bao duy nhat tap trung vao viéc suy giam luc
Ung sudt trudc. Tuy nhién, cac bai bao nay khong danh gia anh
Bdng 2. Tinh chat co hoc clia cia bé téng, cap, tdm soi CFRP, keo epoxy va cét thép
Bé tong Cép* CFRP® r:;i)ne(R:)I;))l Coét thép doc Coét thép dai
fc fsp fpu fpy Ep fffu Ef Effu fe Ee fu fy Es fuw fyw
(MPa) | (MPa) | (MPa)| (GPa)| (%) | (MPa)| (GPa)| (%) | (MPa)| (GPa) | (MPa)| (MPa)| (GPa) | (MPa)| (MPa)
Mean 47.2 58 | 1860 | 1675 | 195 | 4900 | 240 2.1 60 3-3.5 | 600 | 430 200 | 463 342
cov 0.02 | 0.05 0.03 | 0.02 | 0.02 | 0.01 | 0.03

Ghi chu: ° Gid tri duoc cung cdp béi nha sén xudt.

Trong Bang 2, fc va fs tuong Ung la cuong do chju nén va kéo
ché cuia bé tong, MPa; foy (MPa), fou (MPa) va E, (GPa) lan lugt la gidi
han chay quy udc, gisi han bén va mé dun dan hoéi cla cap; fiu
(MPa), Er (GPa) va & lan luot 1a cudng dé kéo dit, mé dun dan hoi
va bién dang kéo dt ctia tam CFRP; f. (MPa) va Ee (GPa) lan lugt la
cudng d6 chiu kéo va mé dun dan hoéi clia keo epoxy; f; va fu tuong
ung la gidi han chay va gidi han bén cla c6t thép doc; fyw va fuw
tuang Ung la giGi han chay va gidi han bén cda cét thép dai (MPa).

2.2. Mau thi nghiém

Chuang trinh thuc nghiém dugc tién hanh trén tdm mau dam UPC
ch@r T kich thudc 16n 16n, dién hinh trong cac cong trinh dan dung, b x
hx bsx hix Lo =110 x 360 x 200 x 90 x 6000 mm, theo ty I&é m6 hinh
1:2 so v6i dam thuc (theo nhip dam), dugc phan loai thanh hai nhom:
Nhom M va Nhém L (xem Bang 3). Viéc phan loai nay nham muc dich
nghién clu tac déng dai han lén ting x& uén ctia cac dam UPC chir T
duoc gia ¢ bang tdm sgi CFRP, thai gian nghién ctu khoang 2400
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ngay (mbi nhém dugc gia c6 bang tdm sgi CFRP vao cac khoang thoi
gian cach nhau khoang 2400 ngay). Trong méi nhém, c6 bon dam:
mot dam khéng dugc gia c6 bang tdm soi CFRP (dam déi chiing), ba
dam con lai dugc gia ¢ bang tdm sgi CFRP doc theo day dam. Sé 16p
tdm sgi CFRP dugc dp dung cho cac dam goém c6: 4 16p ¢ hé neo
CFRP dang U, 4 va 6 16p khéng c6 hé neo. Sau 28 ngay, cac dam dugc
cang sau bang hai cap loai 7 soi, dudng kinh 12,7 mm, khéng bam
dinh, theo quy dao cong (Hinh 1). Méi sgi cap dugc cang bang luc
cang (Fp) 14 128,5 kN. Cac dam dugc thiét ké dua trén ACI 318 (2019)
theo kiéu U, khong nut. Vi vay, luc cang ban dau trong cap dugc thiét
ké sao cho thoa diéu kién f; < 0,62(f)°%, véi f; 1a ting suat kéo I6n nhat
trong tiét dién bé téng va £’ 1a cudng dd chiu nén clha bé téng xac
dinh trén mau lang tru. Kich thuéc hinh hoc, thong s6 ky thuat vé cap,
6t thép va tdm CFRP dugc téng hgp trong Bang 2 va Bang 3. Hinh
dang tiét dién, sy phan bg cap, cét thép va so d6 dan tam CFRP trong
dam dugc thé hién qua Hinh 1va 2.
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Bdng 3. Cac thong s6 ky thuat cia mau dam thi nghiém

Nhom Miu dim bxhxbhi<ly | fe P | P | Py T | mere | Wi St t a
(mm) (MPa) | % | % | % | (day) (mm) | (mm) |(mm) | (mm)
M MO . 0 - o066 70
=] s
[[I\\ldg,uﬁ'en‘- M4 § 1 4 0,166 70
mnh va ®

cdng su M4M:N7 ES 1 6 = - 0166 70
-AN2 X 0,166 70

(2018) £ 472 [047|029| 041 |14 100 150
Lo ‘ . 0 0,166 70
L L4 2 40 4 0,166 70
Lé e 40 6 - - 0166 70
L4-AN2 - 2400 4 100 150 0166 70

Ghi chd: T la thoi diém dp dung gia cudng bdng tém sgi CFRP (sau
khi cdng cdp) (ngay); f- la cuding dé chiu nén bé téng mdu Idp phuong
(MPa); nere la 56 I6p CFRP; we la bé rong cta neo CFRP dang U (mm); s¢
la khodng cdch gitta cdc neo CFRP dang U (mm); trla d6 day ciia mot
I6p sgi CFRP (mm); ar la bé réng cua cdc tdm soi CFRP gia cudng
khdng uén (mm); ps la ham lugng cét thép doc (%); psw la ham lugng
c6t thép dai (%); pp Ia ham luong cdp tng sudt trudc (%).

Viéc 4p dung gia cudng khang uén bang tdm sgi CFRP dugc
thuc hién vao thai diém mot ngay va hai ngan bén tram ngay sau
khi cang cap, tuong tng véi dam nhém M va nhém L. Qua trinh gia
cudng dugc thuc hién theo ACI 440.2R-17 (2017). Qua trinh chuan
bi mau thi nghiém dugc thuc hién trong phong thi nghiém & nhiét
d6 trung binh 13 28°C va d6 am tuong d8i khodng 75%. Thai gian
dé dam bao cho tdm gia cudng dat dén cudng dd can thiét 1a 7
ngay.
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Hinh 1. (du tao clia dam thi nghiém: (a) Cau tao ddm va chi tiét bd tri cdm bién do
bién dang clia cap va c6t doc chiu kéo; (b) Mat cdt gitia nhip dam

2.3. Quy trinh thi nghiém va bé tri thiét bi do

Dam doi chiing LO dugc thi nghiém chiu téi trong lap trong 3
chu ky (v6i cdp tai tir 0 dén 80 kN) trudc khi tién hanh thi nghiém
pha huy, nham xac dinh tai trong mé rong lai vét nut ctia dam thi
nghiém Py, sau d6 xac dinh luc cdng cap hiu hiéu, P, theo
Rosenboom va Rizkalla (2006).
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Hinh 2. S d6 thi nghiém va chi tiét b tri thiét bi do dac cho dam

Dam dugc thi nghiém theo so d6 dam don gian chiu uén bén
diém thé hién & Hinh 2 va 3. Vi tri diém dat luc cach g6i tua gan
nhat mét khoang 1870mm. Bién dang cta tam CFRP khang uén
doc theo nhip dam dugc xac dinh dua trén bén cdm bién dién trg
(SG) dan trén bé mat cla tam tai cac vi tri gira nhip (hai cdm bién)
va tai vi tri hai diém dat luc. Bién dang cla cap UST duoc xéac dinh
théng qua ba cdm bién trong ving mé men khéng déi. Bién dang
cla c6t doc trong thé kéo dugc xac dinh qua mot cdm bién dan tai
vi tri gita nhip. Bién dang cla bé téng dugc do trén nam cam bién
dan & thé chiu nén va thé chiu kéo ctia dam & vi tri gita nhip doc
theo chiéu cao dam. Chuyén vi dam dugc xéac dinh dua trén nim
chuyén vi ké dién ti (LVDTSs) b6 tri tai gitta nhip, diém dat tai, va tai
hai g6i tya. Cac dam dugc gia tai dy kién vai cap tai 5 kN trong giai
doan trudc khi vét nat udn xuat hién, sau dé gia tri moi cap tai
dugc tang 1én 10 kN. Sau méi cap tai, tai trong dugc gilr trong thoi

gian khoadng ba phut dé tién hanh do chuyén vi, bién dang cta bé
téng, thép doc, thép dai, tam CFRP va bé rong khe nut.

Tat ca cac gia tri luc, chuyén vi va bién dang déu dugc do tu
dong thong qua thiét bi thu nhan s6 liéu. So d6 va vi tri 1dp dat
thiét bi do dac duoc thé hién trén Hinh 1 va 2.

v B L] - ] e

Hinh 3. S0 d6 thi nghiém ctia dam trong phong thi nghiém

3. KET QUA THi NGHIEM VA THAO LUAN

3.1. Hinh thdi vét niit va kiéu phd hoagi cia ddm thi nghiém

Két qua cla tat cd cac dam thi nghiém duoc téng hop trong
Bang 4. Trong Nhém M, dam d6i ching bi pha hoai do uén vai
bién dang cla cap vuot qua gia tri bién dang chay danh nghia va
sau do bé tong vung nén cla dam bi v& tai gitia nhip dam. Trong
khi d6, dam déi ching trong Nhom L bi pha hoai do uén, véi bé
téng vung nén clia dam bi vé tai gidia nhip dam (Hinh 4a). Kiéu pha
hoai clia cac dam d6i chiing c6 xu hudng gion hon so véi cac dam
gia cudng CFRP, thé hién qua t6c d6 phat trién cla vét nit nhanh
haon, s6 lugng vét nit it hon, nhung c6 bé réng 16n hon so véi dam
gia cudng. G cép tai khoang 32% va 30% so vdi tai pha hoai clia
chinh no (tuong tng véi nhém M va L), dam bat dau xuat hién vét
nut udn dau tién & gan gitia nhip dam. Bé rong vét nut & cap tai
I6n nhat dat khodng 1,4 va 1,6mm (tuang tng véi nhom M va L).

Cac dam gia cudng CFRP trong Nhém M bi pha hoai do uén,
VvGi cap bi chay déo va sau do la bong tach hodc dut gay cta tam
sgi CFRP. Ngugc lai, cac dam gia cudng CFRP trong Nhém L bi pha
hoai do uén, véi su bong tach hoac dut gay clia tam sgi CFRP (Hinh
4b-d). Vét nit uén dau tién trong cac dam gia cudng CFRP xuat
hién & muc tai trung binh tir 29% dén 32% tai pha hoai clia chinh
né. Bé rong vét nut I6n nhat quan sat dugc trong cac dam gia
cudng cta Nhém M dao dong ti 0,74mm dén 0,9mm, tuong lng
VGi 53% dén 64% bé rong vét nut I6n nhat quan sat dugc trong
dam doi ching. Tuong tu, bé réng vét nut I6n nhat trong cac dam
gia cudng ctia Nhém L dao dong tir 0,8mm dén 1,1mm, tuong Uing
VGi 50% dén 69% bé rong vét nit I6n nhat quan sat dugc trong
dam déi ching.

Ty s6 cla bé rong vét nit 16n nhat gidia cac dam trong Nhém L
va Nhéom M dao déng tir 1,08 dén 1,22. Tuong tu, ty sé cla tai
trong gay nut gitta cac dam trong Nhom L va Nhom M dao dong tur
0,91 dén 0,95. C6 thé thdy rdng tac dong dai han c6 dnh hudng
dang ké dén kiéu pha hoai, va anh hudng manh mé dén Ung xu
nut ctia cac dam thi nghiém.
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Bdng 4. Téng hop két qua thi nghiém

. % 2 Pcr,exp Pu,exp 6u,mid Ecu AEpu Epu Efu Weru Eo Kiéu phé

Nhom Mau dam &kN) | (kN) (mm) | (%o) | G6o) | (%0) | (%0) | (%o) (Nmmx10%) | hoai
M (Nguyen- | MO 46 145 75 | 35 38 |89 } 1,40 7152 C+YS
Minh  va | M4 53 165 90 |22 42 |93 M4 | 074 10438 FD+YS
cong  su | M6 58 190 105 | 2,7 47 |98 8,1 0,90 13873 FD+YS
(2018)) M4-AN2 55 189 15 | 2,5 57 |108 | 132 |090 15029 R+YS

L0 42 139 87 |39 37 |79 ; 1,60 6850 C
) L4 50 155 86 | 2,7 33 |75 109 | 0,80 8755 FD

L6 55 176 99 |28 39 |81 8,7 1,10 11421 FD

L4-AN2 50 171 102 | 29 40 |82 15 | 1,05 11515 R

Trong do: YS - Cap chady; C - Bé tdng vung nén bi nén v&; R -
Tam CFRP bj dut; va FD - Tdam CFRP bong tach hoan toan.

Ghi cht: Agpy, &u va & 1an lugt la bién dang tang thém 1én nhat
trong cap, bién dang kéo I&6n nhat clia cap va tdm gia cudng khang
u6n CFRP tai vi tri gitta nhip dam (%o). Weru 12 bé rong vét nit 16n
nhat khi dam pha hoai (mm). Ey la khd nang hap thu nang lugng
(NMM). Perexp Va Puexp lan lugt la luc gay vét nit udn dau tién, va luc
I6n nhat gay pha hoai dam (kN). Sumia |a chuyén vi gilia nhip 16n
nhat ca dam (mm). & 1a bién dang nén I6n nhat cta bé téng (%o).

Kha nang hap thu nang lugng, Ep, dugc dinh nghia la dién tich
bén dusi duding cong luc - chuyén vi cho dén cap tai pha hoai.

3.2. Quan hé luc - chuyén vj
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Hinh 5. Quan hé Iuc va chuyén vi tai gilta nhip dam ctia cac dam thi nghiém

Anh hudng ctia tac dong dai han dén chuyén vi clia cac dam
dugc thé hién théng qua Hinh 6. Khi xem xét cac ddm c6 cling cau
hinh gia cudng, trong giai doan d4u trudc khi chuyén vi cia dam
VUGt qua gidi han cho phép (L/250 = 22,5mm), cac dam ap dung
gia cudng tam sgi CFRP vao cac thdi diém khac nhau tng x{ gan
nhu giéng nhau. Tuy nhién, & cac cap tai ti€p theo khi chuyén vi
clia dam vuct qua gisi han st dung cho phép, chuyén vi ctia cac
dam c6 xu huéng gia tang theo anh hudng cla tac dong dai han.
Cu thé, xét tai cap tai I6n nhat cla cadc dam véi thai gian ap dung
gia cudng tdm sgi CFRP lau hon (Nhém L) da cho thay chuyén vi
tang so vGi cac dam vai thai gian dp dung gia cudng tam soi CFRP
ngdn hon (Nhém M), véi gia tri lan lugt 1a 11%, 26%, 20% va 22%
1an lugt cho cac dam LO, L4, L4-AN2 va L6. Hién tugng nay c6 thé
do &nh hudng cla tac dong dai han, thai gian sé lam thay déi dac
tinh cha bé téng, lam gidm Ung suat hiru hiéu trong cap (t6n hao
Ung suat tang) va gay ra hién tugng tu bién trong bé tong, tir d6
lam gidm do cling ctia dam.
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Hinh 6. Su gia ting chuyén vi ctia cic ddm do &nh hudng ctia tac ddng dai han
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3.3. Hiéu qua gia cuéng khdng uén cia tdm CFRP, khd ndng
hdp thu ndng lugng ctia dam

Kha nang khang uén cta cac dam gia cudng dugc cai thién
dang ké nh& tdm CFRP, vai sy cdi thién dugc quan sét khi s6 |6p gia
cudng tang lén. Su gia tang kha nang khang uén cling cho thay
mot méi tuong quan tich cuc nhe véi s6 16p CFRP va su c6 mat clia
neo CFRP dang U (Hinh 7). Dac biét trong giai doan bén (tuong
Ung véi cac cap tai gy nén chuyén vi dam > L/250 = 22,5mm),
hiéu qua gia cudng ctia tdm CFRP dang ké hon, thé hién qua su gia
tang kha nang khang uén ctia dam dao déng tt 14% dén 30% doi
vGi Nhom M va tir 12% dén 27% ddi véi Nhém L (Hinh 7). Cac két
quéa nay cho thdy hiéu qua gia cudng khang uén ctia tdm CFRP c6
xu hudng giam khi thai gian dp dung gia cudng tdm sgi CFRP tang
lén.
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Hinh 7. Su ci thién vé kha nang khang udn ctia céc dam dugc gia cudng

Téac dong dai han anh hudng tiéu cuc dén ting x cGa cac dam
UPC va anh huéng dén kha niang khang uén cta chung (Hinh 8).
Xét cac dam co cung cau hinh gia cudng CFRP, thai gian ap dung
gia cudng tam sgi CFRP cang lau, kha nang khang udén cda ching
cang gidam. Theo do, cac dam trong nhom L (ap dung gia cudng
tdm sgi CFRP vao thdi diém 2400 ngay sau khi cang cap) gidm kha
nang khang udn tir 4-10% so véi cac dam trong nhém M (ap dung
gia cudng tam soi CFRP vao thai diém 1 ngay sau khi cang cap).
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Hinh 8. Su suy giam kha nang khang udn clia cdc dam UPC theo thoi gian

Ngoai ra, tdm sgi CFRP cling cai thién dang ké kha nang hap
thu nang lugng (Eb) clia cdc dam, nhu dugc thé hién trong Bang 4.
Theo d6, tdm sgi CFRP lam tang E» clia dam tur 46% dén 110% doi
vGi Nhom M va tir 28% dén 68% déi véi Nném L.




www.tapchixaydung.vn

3.4. Ung xi nit cia dam thi nghiém

T&m CFRP cho thay su hiéu qua clia n6 trong viéc kiém soat nut
va tri hodn qué trinh phat trién; tir d6 lam gidm manh bé réng ctia
vét nut trong dam (Hinh 9). S6 16p gia cudng cang I6n, bé rong vét
nut cang giam nhung véi mac dé chiét giam nhé dan. V&t nat uén
trong cac dam gia cudng xuat hién tré hon so véi trong dam déi
ching. Luc gay nut udn dau tién, Pe.crre, clla dam gia cudng trong
nhom Nhém M va L 16n hon so véi dam khong gia cudng lan lugt
tUr 15-26% va 9-20% (Bang 4). S6 16p CFRP gia cudng va sy xuat
hién ctia neo CFRP dang U anh hudng nhe dén lyc gay vét nit uén
dau tién; ngoai ra, thai gian ap dung gia cudng tdm sgi CFRP cang
lau, vét nit udn dau tién xuat hién cang sém. Cu thé, trong Nhém
L (ap dung gia cudng tdm sgi CFRP vao thdi diém 2400 ngay sau
khi cang cap), luc gay vét nit uén dau tién thap hon so véi cac
dam trong Nhém M lan lugt: 9%, 6%, 9% va 5% tuong tng cho cac
dam LO, L4, L4-AN2 va L6.
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Hinh 9. Quan hé luc - bé rong vét nit clia cic ddm thi nghiém

Tai cap tai gdy nén vét nut cho phép, deim =0,4mm cla cac
dam khéng gia cudng (0,75Pumo d6i véi Nhom M va 0,72Pumo d6i Vi
Nhém L - Hinh 9), bé rong cla vét nut 16n nhat do dugc cla céc
dam gia cudng lan lugt nho hon so véi cila dam khéng gia cudng
tUr 26-39% d6i véi Nhém M va 35-41% déi véi Nhom L. Tai cdp tai
pha hoai clia cac dam d6i ching, Pucony, b€ rdng vét nut clia cac
dam gia cudng giam rat manh so véi clla dam d6i chiing, tur 3,0-4,1
Ian cho Nhom L va tir 3,3-3,6 Ian cho Nhom M. Hinh 10 cho thay bé
rong vét nut trong cac dam gia cudng giam dan theo sy gia tang
sO 16p gia cudng. Nguyén nhan la do d6 ciing doc truc (EAr) cua
tdm tang khi s6 18p gia cudng tang (Er va Ar la mo-dun dan hoi va
dién tich tiét dién tdm CFRP), lam gidm Uing suat kéo trong tdm va
tir d6 lam gidm bé rong vét nat ctia dam. Dang luu y rang, muc do
chiét giam bé réng vét nit nhé dan khi s6 16p CFRP gia cudng
tang.
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Hinh 10. Sy chiét gidm bé rong vét niit cla ddm gia cudng tam CFRP so véi cla dam
doi chiing trong cling nhom dam tai cap tai phd hoai clia dam doi chiing

D3Bi véi cac dam cé cling s 16p gia cudng, trong giai doan dau
trudce khi cac dam vugt qua bé rong vét nit cho phép, cac dam co
thai diém ap dung gia cudng tam sgi CFRP khac nhau c6 quan hé
Iuc va bé réng vét nit gan nhu giéng nhau. Tuy nhién, & cac cap tai

tiép theo, khi bé réng vét nit vugt qua gidi han cho phép, bé rong
vét nut c6 xu hudng tang theo thai gian ap dung gia cudng tam
sgi CFRP. Cu thé, xét tai cap tai I6n nhat clia cadc dam nhém L véi
thdi gian ap dung tam sgi CFRP lau hon (2400 ngay sau khi cang
cap), bé rong vét nit cla cac dam nay tang so vdi cac dam ap
dung gia cudng tdm sgi CFRP tai thai diém chi mét ngay sau khi
cang cap (nhom M) 1an luct 1a: 9%, 6%, 9% va 5% tuong Ung vGi
cac dam LO, L4, L4-AN2 va L6 (Hinh 11).
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Hinh 11. Sy gia ting bé rong vét niit cta cdc dam ¢6 cling 56 I6p gia cudng do dnh
hudng clia tac dong dai han

3.5. Bién dang cia tdm gia cuéng khdng uén CFRP

Quan hé luc va bién dang tdm CFRP clia cac dam thi nghiém
duoc thé hién & Hinh 12. § giai doan dau (xap xi 29%-40% tai pha
hoai clla dam MO), bién dang clia tdm CFRP |a khéng dang ké. Tu
cap tai gay nut trg di, tdim CFRP lam viéc nhiéu hon, dan dén su gia
tdng dang ké bién dang ctia tdm CFRP, nhung muic dé ting giam
dan khi s6 16p CFRP tang va c6 su xuat hién cta cac neo U. T6c dé
bién dang cda tdm CFRP trong cac dam vdi cac thoi diém ap dung
gia cudng tam sgi CFRP khac nhau gan tuong dong; tuy nhién, &
cung mot muc tai trong, cac dam ap dung gia cudng tam sgi CFRP
lau hon cho thdy bién dang clia tdm sgi CFRP cao hon so v&i dam
d6i ching. Bién dang cudi cling clia tdm CFRP trong cac dam gia
cudng vai 4 16p CFRP c6 neo U, 4 va 6 I6p CFRP khéng c6 neo U lan
lugt 1a 13,2%o0, 11,4%0 va 8,1%o0 cho Nhém M, 11,5%o0, 10,9%o0 va
8,7%0 cho Nhém L, dat tir 39-63% bién dang kéo dut clia clia tam
(&fu = 21%o). Nhu vay, viéc tang sé 16p CFRP gia cudng tir bon 16p
Ién sau 16p lam gidam dang ké bién dang cudi cung cla tdm CFRP
trung binh 25%. Bién dang |6n nhat trong tdm CFRP giam khi s6
I6p gia cudng tang la do su gia tdng d6 cing doc truc cha tdm
CFRP thé hién qua su gidm dé déc trong biéu d6 quan hé luc - bién
dang tdm CFRP (Hinh 12).
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Hinh 12. Quan hé lyc - bién dang tdm CFRP giifa nhip

Khi so sanh cac dam c6 cung sé I6p gia cudng trong cac nhom
M va L, bién dang trong tam sgi CFRP la tuong dong trong giai
doan dau trudc khi dam vuot qua chuyén vi gisi han cho phép
(L/250 = 22,5mm). Khi chuyén vij vuot qua gidi han cho phép, thoi
gian ap dung gia cudng tam sgi CFRP lau hon dan dén bién dang
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I6n hon trong tdm sgi CFRP. Cu thé, xét tai cap tai I6n nhat clia cac
dam ap dung gia cudng tam sgi CFRP 1au hon (Nhém L), bién dang
tdm CFRP clia cac dam nay tang so vdi nhiing dam ap dung tam
sgi CFRP trong thoi gian ngan (Nhom M), véi cac gid tri lan lugt la
13%, 32% va 18% tuong Ung véi cac dam L4, L4-AN2, L6 (Hinh 13).
Hién tugng nay c6 thé dugc ly giai la do su suy gidm dé cuing cula
dam do anh hudng clia tac ddng dai han nhu da dé cap & trén, dan
dén gia tdng chuyén vi cla dam, tir d6 dan dén tang bién dang
trong tdm CFRP.
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Hinh 13. S gia tang bién dang ctia tam CFRP do anh hudng cla téc dong dai han

3.6. Bién dang cta cdp va tuong tdc giita tdm CFRP va cdp
1.4
1.2
1.0

o 08
= 0.6
04 +-
0.2
0.0
A, (%)
Hinh 14. Quan hé lyc - bién dang cap cda cac dam thi nghiém
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Hinh 15. Tuong tac gitia bién dang giita tdm CFRP va cap

Trudc khi xuat hién vét nat trong dam, Ung x{r clia cap trong
cac dam tuong dong nhau. Sau khi vét ndt xuat hién (3 cap tai
khodng (29-40%)Pumo), cap bat dau lam viéc nhiéu hon. Téc d6 gia
tang bién dang cép trong cac dam gia cudng nhé hon so véi dam
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déi chiing & cing mot cap tai va cé xu huéng gidm dan theo su gia
tdng cla s6 I6p CFRP gia cudng (Hinh 14). Bién dang tang thém
cUa cap trong dam khéng gia cudng dam nhém M (MO0) dat xap xi
1,43%o tai cap tai ma bé réng vét nit trong dam khong gia cudng
dat t6i deim = 0,4mm (75%Pumo). Trong khi d6, bién dang tang
thém cla cap trong cac dam gia cudng véi 4-6 16p CFRP trong
cung nhom dao déng tu 1,17-1,23%o, gidm tuong Ung 14-18% so
vGi dam khéng gia cudng. Tuong tu, tai cap tai ma bé rong vét nut
trong dam khéng gia cudng nhém L (LO) dat deim = 0,4mm
(72%Pum0), bién dang tang thém cua cap trong cac dam gia cudng
(4-6 16p CFRP) trong nhém L gidm tir 10-26% so v6i dam khong gia
cudng. & cac cap tai I6n hon, bién dang cda cap trong cac dam gia
cudng c6 xu hudng gidm manh hon. Cu thé, tai cip tai pha hoai
clia cdc dam khong gia cudng, Pucont, bién dang tang thém cuia cap
trong cac dam gia cudng véi 4-6 16p CFRP giam tir 41-50% cho
nhom M va tir 41-49% cho nhom L, so véi dam khéng gia cudng.

Cac két qua trén cho thdy, nhd vao co ché kiém soét hiéu qua
Ung xU nit trong dam nhu da dugc trinh bay, tdm CFRP lam cham
téc do suy gidm do cliing dam, tir d6 gidp Ung suat kéo trong dam
phan bé dugc déu dan hon, gidm thiéu dugc Ung xi nut cuc bod
trong bé téng dam va bién dang cuc bo trong cap. Diéu nay da
giup lam giam bién dang trong cép va quan trong hon la giup tri
hoén thoi diém xuat hién bién dang chdy danh nghia trong cap
nhu thé hién trén Hinh 15.

Bién dang hlu hiéu cla cap sau khi cang cla cac dam trong
nhém M la 5,16%o; trong khi d6, gia tri nay trong nhém L la 4,21%e
(trong d6 luc cang cdp hdu hiéu, Pe, dugc xac dinh theo
Rosenboom va Rizkalla (2006)). Nhu vay, bién dang hiu hiéu cta
cap suy gidm 18,4% sau 2400 ngay (khodng 6,5 ndm) sau khi cdng
cap trong dam, két qua nay kha tuong dong vaéi nghién cliu cla
Paez va Sensale (2018), t6n hao Ung suét trong cap do dugc sau 6,5
nam la 22%. C6 thé thay rang, cé su suy giam bién dang I6n nhat
trong cap khi thai gian ap dung gia cudng tam CFRP tang lén. Xét
cac dam trong nhém L, bién dang cap 1é6n nhat trong cac dam déu
nho hon bién dang chay danh dinh cla cap xap xi ti 4-8% (Hinh
15).
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Hinh 16. Sy suy giam bién dang cap I6n nhat ca cac dam do anh hudng clia tic dong
dai han.

Xét cac dam cé cung sé I6p gia cudng, trong giai doan dau
trudc khi dam dat chuyén vi sit dung cho phép (L/250 = 22,5mm),
cac dam vdi cac thoi diém ap dung gia cudng tdm sgi CFRP khac
nhau (dam nhom L va M) c6 ng x gan nhu giéng nhau. Tuy
nhién, & cac cip tai tiép theo khi chuyén vi clia ddm vugt qua gidi
han cho phép, thai gian dp dung gia cudng tdm sgi CFRP lau hon
da gay ra su gia ting dang ké bién dang ting thém cua cap. Cu
thé, bién dang ting thém cla cap tai cap tai I6n nhat trong céc
dam c6 thai gian ap dung gia cudng tam sgi CFRP lau hon (dam
nhém L) cao hon dang ké so véi cac dam cé thdi gian ap dung tdm
sgi CFRP ngan hon, dao dong tir 11-24% (Hinh 16).
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4. KET LUAN

Bai bdo nay trinh bay mét nghién ctu thuc nghiém vé anh
huéng cuta tudi tho dam dén hiéu quad gia cudng khang uén cua
tdm sgi FRP trén cac dam bé téng Ung suat truéc cang sau cap
khéng bam dinh (UPC). Can c( trén két qua dat dugc ti nghién
cliu nay, mot s6 két luan cé thé dugc rat ra nhu sau:

(1) Tudi tho dam c6 anh hudng dang ké dén kiéu pha hoai va
anh hudng kha ré rang dén hinh thai vét nat ctia dam thi nghiém,
no cling lam tang chuyén vi ctia dam (11% dén 22%), bé rong vét
nut (5% dén 9%), bién dang trong tam CFRP (13% dén 32%), bién
dang tang thém trong cap (11% dén 24%);

(2) Tudi tho dam anh huéng tiéu cuc dén ting x clia dam UPC
va anh hudng dén kha nang khang uén ctia dam UPC. Cac dam cé
cung cau hinh gia cudng CFRP, thai gian ap dung gia cudng tam
CFRP cang lau thi kha nang khang uén cta ching cang giam. Dam
ap dung gia cudng tdm CFRP tai thai diém 2400 ngay sau khi cang
cap, ¢6 kha nang khang uén giam 4-10% so vai dam &p dung gia
cudng tdm CFRP tai thoi diém 01 ngay sau khi cang cap; Hiéu qua
gia cudng khang udén cia tdm CFRP la déng k&, thé hién qua su gia
tang kha nang uén tir 14% dén 30% ddi véi Nhém M va 12% dén
27% d6i v6i Nhom L. K&t qua nay cho thdy hiéu qua gia cudng
khang uén clia tdm CFRP c6 xu hudng nho hon khi thoi gian ap
dung gia cudng tdm CFRP tang lén (tU 2% dén 8%);

(3) Bién dang h{u hiéu trong cap suy giam 18,4% sau khoang
2400 ngay cang cap trong dam. Va sau 2400 ngay cang cap trong
dam, két qua cho thay c6 su suy giam bién dang Ién nhat trong
cap, véi bién dang cap I6n nhat cla cac dam déu nho hon bién
dang chdy danh dinh cla cap xap xi ti 4-8%.

L&i cdm on

Nghién ctiu nay dugc thuc hién bdi su ho trg tir nguén kinh phi
nghién ctu khoa hoc cho Dé tai khoa hoc cong nghé cap B6 (Ma
s6: B2023-MBS-02) ctia B6 Gido duc va Dao tao.
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