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Ung xu ciia dam be téng cot thép tai ché
st dung phu gia Silica-Fume gia cuong bang

tam CFRP

Behavior of reinforced concrete beams using recycled aggregates and silica-fume

admixtures strengthening with CFRP sheets
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TGM TAT

K&t céu be tong cdt thep sk dung cdt ligu tai ché dang dugc nhiéu
nha nghién ciru trong va ngodi nudc quan tam, nhét |3 hign nay
ngudn cdt liéu ty nhién dang dan can kigt, dién tich d&t dé chan l&p
nhirng phé thai xay dung ciing dan bj thu hep. Cho nén vigc tai sir
dung phe thai xay dung cén phai ca cac nghién ciu day di hon dé
cd co siv khoa hoc cho vieo dng dung cdt ligu t&i ché nay. Bai bao
trinh bay két qua thi nghigm thu duge cia 04 dam BTCT co cac
kich thuae 200 x 300 x 1800 mm, trong da 01 ddm dung cdt ligu
tu nhign va 03 ddm dung cdt ligu tai ché. Cac dam dung cét ligu tai
ché trong ing 30%. 50%. 70% va Silica-Fume 10 % cho cac dam.
Dam duge gia cueng bang phuong phap dan tam CFRP, mai quan
hé giira tai trong va chuyén vi ciia mdi ddm duge xac dinh thang
qua thi nghiém udin ba diém. K&t qua thi nghiém cho phép phan tich
danh gia img xr udin cia ddm bé tang cdt thep sir dung ct ligu be
tong t&i ché co phu gia Silica-Fume duge gia cudng khang udn
béing phueng phap dan tam sgi CFRP.

Tir khod: Dam beé tang cdt thep; Silica-Fume; bé tdng tai ché; tdm
CFRP:; gia cuing.

ABSTRACT

Reinforced concrete structures using recycled aggregates are
attracting the attention of many domestic and foreign researchers. In
particular, in the present condition that natural aggregate sources are
gradually exhausted, the land area for burying construction wastes is
also shrinking progressively. Therefore. the reuse of construction
waste needs more complete studies to have a scientific basis for the
application. This paper presents the experimental results obtained from
04 reinforced concrete beams with dimensions of 200 x 300 x 1800
mm. One beam uses natural aggregate. and the 03 remaining beams
use recycled aggregate. The beams use recycled aggregate at 30%,
a0%, 70%. and 10% Silica-Fume rates. The beams are reinforced by
CFRP sheet bonding. The relationship between load and displacement of
each beam was determined through a three-point bending test. The
experimental results allow analyzing and evaluating the bending
behavior of reinforced concrete beams using recycled concrete
aggregates with Silica-Fume admixture strengthening with CFRP sheets.
Keywords: reinforced concrete beams; Silica-Fume; recycled
concrete; CFRP sheet; strengthening.

1.MGPAU

Két cdu bé tong cbt thép st dung c6t liéu tai ché dang dugc
nhiéu nha nghién ctiu trong va ngoai nudc dac biét quan tdm, nhat
Ia hién nay nguén c6t liéu tu nhién dang dan can kiét, dién tich dat
dé chon Iap phé thai xay dung clng dan bi thu hep. Do vay, viéc st
dung tai ché phé thai bé tdng trong xay dung lam gidm thai gilp
bado vé moi trudng, han ché viéc khai thac va sit dung nguén
nguyén vat liéu tu nhién la rat can thiét. D& st dung c6 hiéu qua va
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an toan phé thai ti bé tdng, mot sé tac gia da nghién ciu tai ché
phé thai bé téng, thiét ké thanh phan bé téng va cac tinh dac tinh
co hoc cla bé téng sir dung cét liéu téi ché [1]. K&t qua nghién ctu
cho thay bé téng st dung c6t liéu tai ché cé tinh chat ca hoc thap
han bé tong st dung ¢ét liéu tu nhién, nén kha nang chiu tai trong
cla két cdu bé tong cbt thép st dung c6t liéu tai ché thap hon két
cdu bé tong cét thép dung c6t liéu tu nhién [2]. VSi muc dich tang
cudng dé va tinh bén ving cho bé téng st dung cot liéu tai ché



Bang 1. Cdp phéi cdc mau dam

Thanh phan Thanh phan tai
tai ché Xi mang PC 40 Cat ba Nudc ché Silica-Fume
Mau dam (%) (kg/m3) (kg/m3) (kg/m3) (I/m3) (kg/m3) (kg/m3)
M1 B 28.395 60.48 129.6 16.65 - -
M2 30 28.395 60.48 90.72 16.65 38.88 3.155
M3 50 28.395 60.48 64.8 16.65 64.8 3.155
M4 70 28.395 60.48 38.88 16.65 90.72 3.155

bang cach st dung phu gia Nano-Silica, xi kiém gitp cai thién dugc
nhiing dac tinh cla bé tong va da lam tang dugc cudng do la rat
dang k€ [3,4,5]. Nhitng nam gan day da c6 mot s6 két qua nghién
cliu vé Uing xUr ctia dam bé téng c6t thép sir dung cot liéu tai ché
dé thay thé mét phan va toan bo c6t liéu tu nhién, két qua cho
thady iing xr ctla dam bé téng cot thép st dung cot liéu tai ché kha
tuong déng vai dam st dung c6t liéu tu nhién, tuy nhién su hinh
thanh va phat trién vét nut c6 su khac biét [6, 7].

Trong nudc hién nay nghién clu vé két cdu bé téng cot thép su
dung c6t liéu bé tong tai ché con kha khiém tén, tuy nhién da co
mot s6 nghién ctu lién quan dén van nay [8]. Két qua nghién ctu
vé Uing xU cd hoc clla mau bé téng va két cau dam bé tong cot
thép st dung cot liéu tai ché két hgp vaéi chat két dinh xi kiém hoat
héa, cho thay c6t liéu bé téng tai ché st dung chat két dinh xi kiém
c6 tinh chat co hoc va mé men khang ndt tot hon so véi cot liéu bé
téng tai ché sir dung xi mang, nhung sé lugng vét nit va su phat
trién bé rong vét nit ctia dam gidm khong dang ké [9]. PE ting
hiéu qua kha nang lam viéc cho két cdu da c6 mot sé nghién ctu
vé viéc st dung tdm CFRP dé gia cudng cho két cdu dé danh gia vé
co ché pha hoai, tinh trang nut cta két cdu dam bé téng cot thép
[10]. Tuy nhién cac nghién ctu di sau vé két cau bé téng cét thép
st dung cét lidu bé tong tai ché su dung phu gia Silica-Fume gia
cudng bang CFRP con han ché. D& 1am r6 hon bai béo trinh bay két
qua nghién ctu thi nghiém thu dugc tir 04 dam BTCT ¢6 cac kich
thudc 200 x 300 x 1800 mm, trong d6 01 dam dung c6t liéu tu
nhién va 03 dam dung c6t liéu tai ché cé phu gia Silica-Fume.

2. CHUONG TRINH THi NGHIEM

2.1 Mau dam thi nghiém

G6m 04 mau dam bé téng cbt thép trong d6 01 dam s dung
bé téng cét tu nhién (M1), 03 dam sir dung bé téng c6t liéu tai ché
30%; 50%; 70% (khd&i luong riéng) cho mdi dam (M2, M3, M4) va
10% (khéi lugng riéng) phu gia Silica-Fume. Hinh 1 thé hién kich
thuéc va cau tao cla dam, cac dam st dung 2 thanh ®14 trong
vung chiu kéo va 2 thanh ®12 trong vung chiu nén, thép ®6 duoc
st dung lam c6t thép dai v6i khoang cach 150mm doan dau dam
va 200mm doan gilta dam.
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Hinh 1. Mau dam thi nghiém
2.2 Vatliéu
2.2.1 Bé tong
Trong nghién ctu nay loai bé téng dugc dung do la bé tong st
dung c6t liéu da ty nhién va cot liéu bé tdng tai ché c6 phu gia

Silica-Fume, vdi chi tiét thiét ké cap phéi dugc thé hién trong bang
1. Ty 1é cap phéi dugc thiét ké véi hai loai bé tong st dung cot liéu
tu nhién va bé téng st dung c6t liéu tai ché dat dugc cudng dé
chiu nén trung binh trong 28 ngay la 22 MPa theo tiéu chuan Viét
Nam TCVN 3118:1993 [11].

2.2.2 C8t thép

Cot thép duang kinh 14mm, dudng kinh12 mm dugc dung lam
c6t thép chiu luc va dudng 6mm lam cét dai duge st dung cho tat
c& cac miu dam, cac théng s6 clia c6t thép dugc thé hién trong
bang 2 thuéc nhém thép CB300-V theo tiéu chudn TCVN 1651-
2:2018[12].

Bdng 2. Théng s6 cta cét thép

Macthép  Gidihan chay Gidi han bén Do gidn dai sau
(MPa) (MPa) khi dut (%)

CB300-V 300 450 16

2.2.3 Silica-Fume

Trong bé téng Silica-Fume c6 thé phan bé & khoang tréng gida
cac hat xi mang va tham gia phan (ng véi cac san phdm thdy héa
xi mang hinh thanh cac khoang mai. Nh¢ d6 cai thién dugc cau
trdc, d6 chéng tham, cudng do, do bén lau va kha nang bao vé cot
thép cua bé tong trong cac moi trudng xam thuc. Trong nghién
ctru nay Silica-Fume dugc sir dung 10% cho mau dam M2, M3, M4
VGi cac thong sé ky thuat trong bang 3.

Bang 3. Théng s6 cta Silica-Fume

G6c Silica fume pozzolanic

Khéi luong thé tich 2.15 kg/lit
Khéi lugng riéng 0.5-0.7 kg/lit
Ham lugng clorua Khong cé
Ham lugng silica fume Si0292%

2.2.4 Tam CFRP UT70-30G

Pé tang kha nang chiu tai trong cho cac mau dam, trong
nghién ctu nay st dung loai tdm CFRP UT70-30G nhu trong hinh 2
V@i cac théng s6 trong bang 4 dé gia cudng cho cdc mau dam M1,
M2, Ms;, M4,

Hinh 2. Tém CFRP UT70-30G
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Bdng 4. Thdng s6 vat liéu tdm CFRP UT70-30G

Trong lugng sgi Do day (mm) Modul dan hoi
Carbon (g/m?) (GPa)
300 0.167 245
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2.2.5 Keo 16t va keo pht

Keo dan dugc st dung bao gém keo 16t AUP40S co: luc bam
dinh vai bé tong la 5 MPa; keo pht AUR80S cé: cuong doé chiu kéo
la 30 MPa, d6 bén chiu uén 40MPa va cudng do chiu nén la 70 MPa
da dugc st dung trong nghién cdu nay.

2.3 Chuan bi mau dam thi nghiém

2.3.1Vatliéu

Trong hinh 3 dugc thé hién céc loai vat liéu dé ché tao hai loai
bé téng dung cho dam: V&i dam M1 st dung loai bé téng ¢t liéu
tu nhién; dam M2 st dung bé téng c6t liéu tu nhién va cét liéu tai
ché& 30% phu gia Silica-Fume 10%; dam M3 st dung bé téng cot
liéu tu nhién va cot liéu tai ché 50% phu gia Silica-Fume 10%; dam
M4 st dung bé téng c6t liéu tu nhién va cét liéu tai ché 70% phu
gia Silica-Fume 10% va cac dam dugc gia cudng khang uén bang
phuong phap déan tam CFRP & mat day ctia dam. Cudng doé cla bé
téng d6i vdi cdc mau dam dugc thi nghiém nén dé xac dinh nhu
trong hinh 4.

“ 1 . L
Hinh 3. Vtliéusttdung diccécmaudam ~ Hinh 4. Nén mau bé tong

2.3.2 Gia cudng dam bang tam CFRP
Sau khi cac dam dugc ché tao dung theo thiét k&, dam dugc bao
duéng dé ddm bao cudng doé theo dung tiéu chudn. Cac mau dam
dugc gia cudng bang tam CFRP cGa hang Toray Nhat Ban loai
UT70-30G, keo dan loai AUP40S va AUR80S dugc pha ché dung
theo ty 1& ctia nha san xuat. Tdm CFRP ¢6 kich thudc rong 200mm,
dai 1800mm dugc dan vao ddy dam tuang tng vai vung lam viéc
chiu kéo. Truéc khi dan tdm CFRP, toan b bé mat ctia dam dugc
mai nhdn bang may mai cdm tay (Hinh 5), vé sinh bé mat sach sé
khé réo dé khong lam anh hudng dén chat lugng bam dinh gitia
keo gian va bé mat bé tong.

\\ . .
Hinh 5. Lam nhdn mt ddm bang mdy mai cam tay
Keo 16t AUP40S dugc son lén bé mat dam mot I6p mong
bang con lan son c6 d6 day déu trén doc chiéu dai cta dam,
sau d6 dan tdm CFRP |én mat dam da phu keo, ti€p theo son
mot 16p keo phi AURSOS Ién bé mat clia tam CFRP bang con
1an son (Hinh 6).
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Hinh 6. Gia cuong tam CFRP Ién bé méat dam
2.3.4 Thi nghiém uén dam

Thi nghiém uén ba diém dugc thuc hién cho cdc miu dam dé
c6 dugc biéu dé quan hé gilra tai trong va chuyén vi. So dé thi
nghiém duoc minh hoa trén Hinh 7(a). Khodng cach tir goi tua dén
diém dat luc 1a 850 mm. Tai trong tac dung dugc tao ra bdi kich
thay luc va hé théng bom dau ty déng, luc tdc dung dugc xac dinh
bang Load-Cell do lyc. Trén dam thi nghiém bé tri ba dung cu do
chuyén vi LVDT, trong d6 LVDT1 va LVDT3 dat cach LVDT2 la
200mm, LVDT2 dat tai vj tri gitta dam. T4t ca cac dung cu do dugc
két néi vai bo xt ly s6 liéu Data-Logger TDS-150, dé ghi nhan s6
liéu tu déng va lién tuc.

Trong Hinh 7(b) la thi nghiém uén thyc hién trén mét dam, qua
trinh gia tai véi tai trong dugc tang ti ti cho dén khi dam bj pha
hoai. Thi nghiém dugc két thuc khi dam xuat hién nhimng dau hiéu
bi pha hoai nhu bé téng viing nén bi v&, I6p dan gia cudng bi bong
tach hoan toan. TU nhiing két qua thi nghiém c6 thé xac dinh cac
tham sé dac trung cho kha nang chiu uén ctia dam, bao gém: tai
trong pha hoai (P, kN) la tai trong I6n nhat dam chiu dugc,
chuyén vi cGla dam tai thdi diém dat dén tai trong pha hoai (fon,
mm) va dang pha hoai ctia dam.

150mm 1 Tsten

a) So do thi nghiém dam b) Thi nghiém udn dam

Hinh 7. Thi nghiém uén ba diém cac mau dam

3.KET QUA VA THAO LUAN

3.1 Déc trung co hoc cia bé téng

Cuong d6 chiu nén cla bé tdng dugc xac dinh bang thi
nghiém theo mau lap phuong cho thay vai cap phoi dugc thiét ké,
cudng d6 clia cac mau tuong Ung véi cac dam da dat dugc cuang
d6 dat ra chia nghién ctu nay. V6i cac mau bé téng st dung cét liéu
tai ché& c6 phu gia Silica-Fuma dat dugc cudng d6 kha tuong dong
khi c6 su khac biét kha 16n vé cap phéi c6 ham lugng cét liéu tai
ché. Diéu nay cho thay rang phu gia Silica-Fume da lam thay déi
dang ké vé mat ca hoc do: Mét phan hat Silica-Fume xam nhap vao
cac 16 rbng trong cbt lieu bé tédng tai ché; Cac vét nut va khuyét tat
¢6 sdn trong cét liéu bé tong tai ché dugc lap day bang cac phan
Ung hoa hoc.

3.2 Quan hé giita tai trong va chuyén vi

Hinh 8 la bi€u d6 quan hé gilia tai trong va chuyén vi clia 04
dam, quan sat két qua thu dugc cho thdy kha déng nhat gitia cac
mau dam M1, M2, M3, M4 va dam dugc gia cudng c6 méi quan hé
phi tuyén gilra tai trong va chuyén vij kha ré rang. Tai mét gia tri
cUa tai trong tir 0 kN dén 60 kN chuyén vi clia cadc dam kha tuong
déng véi nhau va dé cling cla cac dam tuong duang nhau, diéu



nay cho thdy anh hudng ré viéc gia cudng cta tam CFRP. Vi tai
trong ti 60 kN dén tai trong pha hoai clia cdc mau dam cho thay
chuyén vi khac biét hon gitta cac mau dam, diéu nay cho thay tng
xUr cGa dam thay d6i kha ré va phu thudc vao cudng dé cla bé
téng. Mat khac tir Hinh 8 cho thay kha nang chiu tai cia dam M4 st
dung bé tong c6t liéu tu nhién va cét liéu tai ché 70% phu gia
Silica-Fume 10% c6 kha nang chiu tai t6t hon cac dam con lai diéu
dd cho thdy dam bé tong cét thép st dung cot liéu tai ché téi 70%
va c6 phu gia Silica-Fume 10% khi dugc gia cudng bang tdm CFRP
la rat hiéu qua.
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Hinh 8. Biéu do tai trong va chuyén vi cla dam

Ké&t qua thi nghiém cho phép xac dinh, dam gia cudng M1 cé
tai trong pha hoai 1a P = 108.27 kN, chuyén vj gilta nhip tuong
ung la fon = 22.07 mm, dam gia cudng M2 ¢6 tai trong pha hoai la
Poh= 96.4 kN, chuyén vi gilta nhip tuong Ung la f;n = 16.73 mm,
dam gia cudng M3 ¢ tai trong pha hoai la Pon = 81.87 kN, chuyén
vi gifa nhip tuong tng la fn = 10.19 mm, dam gia cudng M4 ¢o tai
trong pha hoai la Po» = 115.71 kN, chuyén vi gilta nhip tucng Ung la
for = 19.07 mm. Do ¢6 su tham gia lam viéc chiu kéo cia tdm dan
CFRP gia cudng & day dam, nén tai trong thi nghiém tang dén tai
trong pha hoai do bé téng, mat khac khong cé su pha hoai gilra bé
mat I6p bé téng va&i tdm CFRP (Hinh 9a), tiép tuc gia tai cho dén khi
tai trong khong tang nhung chuyén vi tang thi c6 su boc tach gitia
I6p bé téng véi tam CFRP (Hinh 9b).

b) Giai dogn béc tdch gida bé tong vdi CFRP

a) Giai doan phd hoai ddm
Hinh 9. Hinh anh pha hoai ctia dam

5. KET LUAN

K&t qua thi nghiém ctia 04 dam BTCT c6 cac kich thudc 200 x
300 x 1800 mm va dugc gia cudng bang phuong phap dan tam
CFRP. Trong d6 01 dam dung c6t liéu ty nhién M1 va 03 dam dung
c6t lidu tai ché tuong ting M2, M3, M4 cho cac dam. T két qua
nghién cliu c6 thé dua ra mét s6 két luan nhu sau:

- C6t liéu bé tong tai ché thay thé ¢t liéu tu nhién da thay déi
mot s6 dac trung co hoc cla bé tong, tuy nhién, chat phu gia
Silica-Fume da c6 kha ndng cai thién rd cac dac trung co hoc clia
bé téng tai ché khi ting xU trong dam.

- L8p gia cuong bang tdm CFRP cho dam lam tang kha nang
chiu kéo ctia dam, nhung khong cé su pha hoai gilta bé mat I16p bé
téng vdi tdm CFRP (Hinh 9) khi dam dat tdi tai trong pha hoai, cho
thay hiéu qua cla viéc gia cudng d6i v6i dam bé téng cbt thép
dung c6t liéu tai ché cé phu gia Silica-Fume.

- Dam bé tong cot thép sir dung c6t liéu tai ché co phu gia
Silica-Fume (ing x& uén tuong tu nhu dam bé tong cét liéu ty
nhién khi dugc gia cudng bang tam CFRP va khi dam dugc sir dung
cbt liéu tai ché téi 70% va c6 phu gia Silica-Fume 10% dugc gia
cudng bang tdm CFRP cho thdy rat hiéu qua.

L&i cam on

Cac tac gia xin chan thanh cdm on phong thi nghiém Két cau
Coéng trinh, khoa Xay dung, Truong DPai hoc Su pham Ky thuat
TP.HCM da tao moi diéu kién thuan Igi dé ching téi hoan thanh
giai doan 1 cla nghién ctu nay.
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