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Trudce tinh trang ngudn cbt liéu ty nhién ngay cang can kiét, cac bai chon 14p chit thai xay ding dan bi thu
hep, viéc tai ché rac thai xdy dung da thu hit sy quan tim nghién cttu ctia cic nha khoa hoc trong va ngoai
nuwée. Bé tong cbt thép (BTCT) st dung cbt lidu tai ché duge xem 1a giai phap hitu hiéu va kha thi dé giai
quyét vin d@ chit thai xay ding. Bai bdo thé hién va phén tich két qua thi nghiém thu dwgc tit 4 miu dim
BTCT c¢6 kich thuée 200 x 300 x 1800 mm. Trong d6, 03 dAm st dung cdt liéu tai ché va 01 dam st dung
cbt liéu ty nhién. Cac dim diing cbt liéu tai ché twong wng 30 %, 50 %, 70 % v tro bay 30 % cho cic dam.
Gia cidng dAm bing tm CFRP, thuc hién thi nghiém uén ba diém dé xac dinh méi quan hé giita tai trong
va d6 vong ctia miu thi nghiém. Két qua thi nghiém cho phép phén tich danh gi4 ¢ng x udn ctia dim bé
tong cbt thép st dung cbt liéu bé tong tai ché c6 phu gia tro bay duoc gia cuong khang uén bang phwong
phap dan tAm soi CFRP.

ABSTRACT

Recycled concrete

Fly ash

Reinforced concrete beams
CFRP sheet

Reinforcement

In the face of the situation that natural aggregate sources are increasingly depleted, construction waste
landfills are gradually narrowed, the recycling of construction waste has attracted the research attention of
domestic and foreign scientists. Reinforced concrete using recycled aggregate is considered an effective and
feasible solution to solve the problem of construction waste. This paper presents and analyzes the
experimental results obtained from 4 samples of reinforced concrete beams with dimensions of
200 x 300 x 1800 mm. In which, 03 beams use recycled aggregate and 01 beam uses natural aggregate. The
beams use 30 %, 50 %, 70 % recycled aggregate, and 30 % fly ash, respectively. Reinforce beam with CFRP
sheet, perform three-point bending test to determine the relationship between load and deflection of the test
specimen. Experimental results allow analysis and evaluation of flexural behavior of reinforced concrete

beams using recycled concrete aggregates with fly ash admixture reinforced with CFRP fiber panels.

1. Pat van dé

gia tri d6 vong cudi ctia dAm bé téng tai ché 16n hon dim bé tong cbt
thép tw nhién [2]. Cling v&i d6, cdc nghién ctitu v& viée sit dung phu gia

Viée qué tai chat thai rin, da s tit cac cong trinh xay dyng, dang
12 méi lo ngai 16n. Cac vat liéu dugc tim thiy trong chit thai xay dung
va pha d& 1a bé tong, d4, cbt liéu, thuy tinh, gb va cin gdm, vv. Nhitng
chit nay chiém 25 % dén 45 % chét thai rin trén thé gi¢i méi nam.
Song song d6, cbt liéu thé (cat, d4) dang bi can kiét do tbc do xay dung
ting cao. Réc thai xdy dung va pha d& da tr¢ thanh mot van dé toan
cAu cin phai ¢6 giai phap ngay 14p titc. Mot trong sb nhitng giai phap
kha thi nhét 12 tai ché bt liéu ti réc thai xay dung.

biit tién dé va co s& khoa hoc cho viée sit dung bé téng tai ché,
cac nghién kiém tra thuc nghiém vé cuong do ubn va do6 bén cua bé
tong tai ché véi céc ti 1é khac nhau dugce didn ra [1], két qua cho thiy
khong c6 su khéc biét dédng ké giita momen dan hdi, tuy nhién d6 cing

ctia dim bé tong tai ché thip hon cac dim bé tong ty nhién thé hién &
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tro bay cho thiy bé tong chtta 32 % tro bay thé hién cic dic tinh do
bén vugt troi hon so v6i bé téng thong thuong chita 100 % xi ming
[3], nh& vao chit hoat héa aquis Na,SiO; 1a chét hoat héa vwot troi dbi
v6i tro bay theo quan diém ting cuwdng d6 bén nén, kéo ditt va d6 ubn
ctia bé téng [4]. V&i muc tiéu ting cwdng kha ning chiu ubn va giam
thidu kha nang hinh thanh vét nit, phwvong 4n gia cwong dAm bing tAm
CFRP dugc cac nha nghién cttu quan tdm badi tinh kha thi va hiéu qua
kinh té. [5] Két qua thuc nghiém thé hién thép tinh kha thi cia phuong
phép nay la khé 16n. [6]

@ trong nuée, cic nha nghién cttu tip trung nghién cttu vé ting
xtt ctia két cAu bé téng cbt lidu tai ché va gia cudng cho bé tong cbt liéu
tai ché dé dam bao chit lugng so v&i bé tong théng thuong [7]. Két
qua cho thiy ché tao bé tong thuwdng sit dung cbt liéu bé téng tai ché
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dat tinh ning twong dwong st dung cbt liéu da ty nhién [8]. Tuy vdy,
céc nghién cttu vé bé téng tai ché c6 phu gia tro bay dwgc gia cudng
bing CFRP trong nuéc van con rit khiém tén va ri rac. Dé di sdu hon
vao vén d@ nay, bay bao trinh bay két qua thi nghiém ctia cdc mau dim
bé tong cbt thép 6 cbt lidu tai ché véi ti 16 1an luot 13 30 %, 50 %, 70 %
cbt lidu tai ché c6 30 % phu gia tro bay v so sanh véi miu dam st
dung cdt liéu ty nhién, dugc gia cuong bang CFRP.

2. Vat liéu va quy trinh thi nghiém
2.1 Vit liéu

- Xi mang (Cement): 1a loai xi mang PCB40 dat cuong do chiu nén
40 Mpa sau 28 ngay.

- Thép (Rebar): st dung thép Viét - Nhit, nhém thép CB300-V duong kinh
(14 cho viing chiu kéo, dudng kinh (12 cho ving chiu nén, dwdng kinh
(I)6a diing 1am cbt dai véi khoang cach 150 mm doan dAu dim va 200 mm
doan giita dAm, thong sb theo tiéu chudn TCVN 1651-2:2018 [9].

- C6tliéu ty nhién (Natural Aggregates): stz dung loai d4 xay dung kich
thude 1x2 cm.

- C6t liéu tai ché (Recycle Concrete Aggregates): st dung phé thai bé
tong t¥ phong thi nghiém vat liéu.

- TAm CFRP UT70-30: St dung loai tim CFRP UT70-30G ctia hiang Toray
Nhit Ban ¢6 trong lwgng sgi Carbon 300 (g/m?), do day 0,167 (mm),
modul dan hdi 245 (GPa).

- Keo 16t va keo phti: Nghién cttu stz dung cac loai keo, bao gdm:

+ Keo 16t: AUP40S, lvc bAm dinh 5 MPa;

+ Keo phti: AUR8OS, cuong d6 chiu kéo 36 MPa, cwdong dd chiu nén
76 MPa.

- Tro bay (Fly Ash): Tro bay dugc biét dén nhu 1a mét loai “puzzolan
nhan tao”, do dic tinh ctia né tro bay dugc stz dung dé thay thé xi ming
Pooc lang trong bé téng. Trong thi nghiém nay, st dung ty 1é 30 % thay

thé cho tit ca cac dAm bé tong tai ché.
2.2. Cdp phéi nghién citu

Ty 1& cAp phdi duoc thiét ké v&i hai loai bé tong st dung cbt liéu
ty nhién va bé tong st dung cbt lidu tai ché dat duoc cuong do chiu

Bang 1. Cip phdi cdc mau dim.

nén trung binh trong 28 ngay 14 22 MPa theo tiéu chun Viét Nam TCVN
3118:1993[9].

Bang 1. Thanh phin ho4 hoc ctia tro bay.

Thanh phan hoé hoc Ham luong (%)
Sio, 65,90
ALO, 24,00
Fe,0, 2,87
CaO 1,59
K,0 1,44

Hinh 2. Tam CFRP UT70-30G.

Miu dim Thénh‘phén Xi ming PCB40 Cat ba Nuwéc Thanh phan t4i ché Tro bay
tai ché (%) (kg/m?) (kg/m®) (kg/m?) (1/m?) (kg/m®) (kg/m®)
D1 28,395 60,48 129,6 16,65 - .
D2 30 19,875 60,48 90,72 16,65 38,88 8,52
D3 50 19,875 60,48 64,8 16,65 64,8 8,52
D4 70 19,875 60,48 38,88 16,65 90,72 8,52

2.3. Quy trinh thi nghiém

2.3.1. Chudn bi mdu ddm thi nghiém

a. M&u dam thi nghiém

Qua trinh nghién citu duwgc thyc hién trén 4 mau dam, duoc dit
tén 1a: D1, D2, D3, D4. V&i ciing cip phdi, dugc thay thé cbt liéu tai

ché theo ty 1& mbi dam 14n lwgt 1a:
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+ Dam D1: Ct liéu ty nhién;
+ Dam D2: sit dung 30 % phu gia tro bay, 30 % c6t liéu tai ché, 70 %
bt lidu ty nhién;
+ Dam D3: sit dung 30 % phu gia tro bay, 50 % cbt liéu tai ché, 50 %
bt lidu ty nhién;
+ Dam D4: sit dung 30 % phu gia tro bay, 70 % c6t liéu tai ché, 30 %
cbt lidu ty nhién.

Tang kha ning khang udn ctia dAm bing phuong phap gia cudng
tAm CFRP & mit day dam.

Hinh 3a. Nén miu dam. Hinh 3b. Biéu db tai trong pha huy

ctia mau lap phuong.
b. Gia cwong tdm CFRP
Sau khi cac miu thi nghiém duoc ché tao theo yéu cau, tién hanh

bao dudng dim trong vong 3 thang dé dat duoc cudng do theo diing
tiéu chudn. Khi da dat dugc cudng do, tién hanh gia cwdong CFRP va

miit ddy ctia dam theo céc buéce sau:

Buéc 1: Cha nham bé mit day dam;

Bude 2: Phit keo 16t 1én bé mit di dugc 1am nhin bang co lin;
Bu6c 3: Dan tim CFRP gia c6 két ciu;

Budc 4: Phu 16p keo thit 2;

Budc 5: Bao dudng dim vira gia cudng.

Hinh 5. Phu keo 16t 1én bé mit da

lam nhén.

NS

S o
~ » [P S -

Hinh 6. Dan tAm carbon 1én bé

mat da phu keo.

Hinh 7. Ph tiép 16p keo thit 2.

2.3.2. Tién hanh thi nghiém

Tién hanh thi nghiém uén 3 diém dé c6 duoc biéu dd thé hién
mbi quan hé p-A. Khoang cach tir gbi twva dén diém dit lye 12 0,80
(m). B tri 3 dung cu do chuyén vi LVDT tai 3 diém du6i day dim. Lip
céc thiét bi do bé rong vét nitt 1én miit bén ctia dAm. TAt ca cac dung cu
do dugc két néi véi bo xtt 1 s6 liéu data - logger TDS-530, dé ghi nhan
s6 lidu ty dong va lién tuc. St dung kich thuy Iyc dé gia tai cho dim,
tai trong dige thé hién trén “Load Cell do Iyc”.

Hinh 9. Ddm bi pha hy.

3. Két qua thi nghiém
3.1. Anh hueéng ctia tro bay dén tinh chdt cia bé tong

Phu gia tro bay da tic dong va lam thay dbi dang ké v& mit co
hoc ctia bé téng nh& vao chit hoat héa aquis Na,SiO; 1a chit hoat héa
vuot troi dbi véi tro bay, do cAu tric min, tro ¢6 thé lam tang d6 nhét
clia vita va gitip khi? vbi CaO trong xi méng (thanh phin vén giy "nd",
lam giam chét lvong bé téng). Ngodi ra tro bay ting ham lwong kidm
trong bé téng gitip hoa tan céc thanh phan Silicat va Aluminat ¢6 trong
tro bay. Tro bay gép phin giam s chénh 1éch nhiét do cta bé téng véi
moi tredng, nhung van gitt duge cuong do thiét ké phit hop yéu ciu
ban diu.

Phan tich cho théy ring viéc dwa tro bay vio bé tong da 1ip day
cac khoang tréng gitta céc cdt liéu bing cach hinh thanh cac lién két
gitp nang cao hiéu suét co hoc va d bén béng céch tao ra mét ciu tric

vi mo day déc hon.
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3.2. Mdi quan hé giita tdi trong va chuyén vi
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a) Biéu db tai trong va chuyén vi gitta ddm (LVDT2).

120
=
100
F e =
- \
80 | & )
Ay
=1]
g - = DI
60 | E
3 - == D2
D3
40
D4

{
20 ‘// Chuyén vi f (mm)
0 5 10 15 20 25 30

b) Bidu db tai trong va chuyén vi bén tréi dAm (LVDT1)

Hinh 10. Biéu db tai trong va chuyén vi ctia dim.

Két qua thi nghiém dwoc thé hién trong Hinh 10, két qua thu
duwoc kha ddng nhét giita cic dAm. Anh hudng ctia tim CFRP duoc thé
hién r6 rang dudi hinh dang vét nit va chuyén vi. Két qua thi nghiém
cho phép xéc dinh, dim gia cwdng D1 c6 tai trong pha hoai 12 Py =
108,27 kN; chuyén vi gitta nhip twong dng 1a fon = 20,11 mmy; dim gia
cudong D2 c6 tai trong pha hoai 1a P, = 99,2 kN; chuyén vi giita nhip
twong tng la f;, = 19,71 mm, dim gia cudong D3 c6 tai trong pha hoai
laP,, = 105,13 kN; chuyén vi gitta nhip twong tng 1a fon = 21,38 mm;
dam gia cud'ng D4 c6 tai trong pha hoai la P, = 106,41 kN; chuyén vi
gitta nhip tWong ng 1a f,, = 18,81 mm. Do c6 sy tham gia lam viéc
chiu kéo ctia tAm dén CFRP gia cuong & day dim, nén tai trong thi
nghiém ting dén tai trong pha hoai do bé tong, mit khac khéng c6 su
pha hoai gitta bé mit 16p bé tong v&i tAim CFRP (Hinh 9), tiép tuc gia
tai cho dén khi tai trong khéng ting nhirng chuyén vi ting thi c6 si béc
tach giita 16p bé tong v&i tAm CFRP.

Céc két qua thu duge cho thdy dim bé tong cbt lidu tai ché 70 %
(D4) c6 kha ning chiu Iuc tét nhit, chi ra ring phuwong 4n dang nghién
cttu 1a hoan toan kha thi.

4. Két luan

Bai bao thé hién két qua nghién citu kha ning chiu lyc cia dAm
bé téng tai ché c6 phu gia tro bay duoc gia cudng bing tAm CFRP, két
qua cho thiy:

- TAm CFRP cho théy hiéu qua r6 rét, thé hién & kha ning chiu uén va
st hinh thanh vét nét ctia cdc miu dam.

- Kha ning chiu luc ctia cic miu dim khéng qua chénh léch, cho thiy
tro bay ¢6 kha ning cin bing cudng do bé tong mot cach kha hiéu qua.
- Cudng d6 ctia dam bé toéng tai ché ting dan theo ti 1& thay thé cbt liéu
tai ché, khi thay thé 1én dén 70 %, dAm c6 @ng x kha twong ty dim
bé téng tw nhién.

- Khong nhu céc phu gia khac, tic dung caa tro bay dugc thé hién r6
hon trong thoi gian bao dudng dai ngay. Biéu nay phit hop v6i nghién
cttu [10-12] dugc xem la do nwéc phan ng v&i cac hat xi mang trude
khi phan ng v&i tro bay trong qué trinh hydrat dé tao ra chit két dinh
din dén cuong d6 bé téng c6 tro bay phét trién cham hon.

- Tt két qua thi nghiém cho thiy, cdc miu dAm véi cic ti 18 tai ché khac
nhau d&u kha hiéu qua. Trong d6 viéc st dung bé tong tai ché vdi ti 18
70 % cbt lidu tai ché, 30 % cbt liéu tv nhién c6 30 % phu gia tro bay
duge gia citdng bing CFRP dé thay thé dim bé tong sit dung cbt lidu

tw nhién 14 hoan toan kha thi.
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