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Tém tit

O cdc thanh phd 16n nhu Ha Noi, H6 Chi Minh phat sinh mét lugng 16n chét thai rin xdy dung (CTRXD) tit
viéc phd dd cic cong trinh ci, cling nhu xay dung cic cong trinh mdi. Chinh phi di c¢6 nhiing quy dinh vé thu
gom va tai ché CTRXD d€ tai st dung nham bao vé méi truong qua thong tu 08/2017/TT-BXD, méi nhét 1a chi
thi 41/CT-TTg vé mot sb giai phap cap bach ting cudng quéan ly chét thai rin. Nghién cifu nay trinh bay cac két
qua thuc nghiém thu dudc trén cac mau bé tong sit dung cbt lidu 16n tdi ché (CLLTC) tir CTRXD véi céc ty 1é
stt dung 1an lugt 1a 0%, 50% va 100% thay thé cho c6t liéu 16n tu nhién (CLLTN). Nhitng két qué chi ra ring
cuong do nén & 28 ngay tudi clia bé tong tdi ché bi gidm tr 9,5 — 16,0%, trong khi d6 m6 dun dan hdi bi gidm
tir 12,8 — 24,2% khi so sanh vdi bé tong cbt liéu ty nhién. Anh hudng ctia ham lugng CLLTC d6i véi cudng do
nén it hon ddi v6i mo dun dan hdi. Mo dun dan hoi clia bé tong tai ché giam tuyén tinh khi ting ty 1& st dung
CLLTC.

Tir khod: bé tong tai ché; cudng d6 nén; md dun dan hoi; cbt liéu 16n tai ché; chit thai rén xdy dung.

AN EXPERIMENTAL STUDY ON THE EFFECT OF THE PROPORTIONS OF RECYCLED COARSE
AGGREGATES ON THE EVOLUTION OF CONCRETE COMPRESSIVE STRENGTH AND YOUNG’S
MODULUS

Abstract

A large of Construction and Demolition Waste (CDW) has been generated from demolish existing structures,
as well as the construction of new structures. The Vietnamese’s Government has the regulations on collecting
and recycling CDW for reuse, recycle to environmental protection through the Circular No. 08/2017/TT-BXD,
the latest is Directive 41/CT-TTg on a number of Urgent solution to strengthen solid waste management. This
study presents the experimental results on the concrete specimens made with recycled coarse aggregates (RCA)
from CDW with various proportions of 0%, 50% and 100% for the replacement of natural coarse aggregates.
The obtained results show that the compressive strength at 28-day of recycled aggregate concrete is decreased
by 9.5 - 16.0%, meanwhile, the Young’s modulus is decreased by 12.8 - 24.2% in comparison with the natural
aggregate concrete. The effect of RCA content on the compressive strength is smaller than that of the modulus
of elasticity. The modulus of elasticity is reduced linearly with increasing the proportion of RCA.

Keywords: recycled concrete; compressive strength; Young’s modulus; recycled coarse aggregate; construction
and demolition waste.
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1. M6 dau

Viéc pha do cac cong trinh xay dung cii 1a cong tac thuong xuyén phai thuc hién trong qua trinh
cai tao va/hoic trién khai cac du 4n xdy dung mdi, va dic biét dang dién ra phd bién tai cac thanh
phd 16n, nai c6 tbe dd do thi hda cao. Hang nim, khoang 850 triéu tin chét thai xay dung va phd d
dugc tao ra § Chau Au, chiém khoang 31% tdng lugng chét thai phat sinh. Tai Hoa Ky, chi riéng chit
thai dudc tao ra tif viéc pha dd cdc toa nha 1a khodng 123 triéu tAin mdi nim [1]. Thong thudng, chit
thai rin bé tong vd dudc van chuyén ra cac bai chon 14p, gdy ra cic tac dong dang ké dén moi trudng
va nguy hai cho stic khde. Hon nifa, tinh trang thiéu dat va chi phi chon 14p ngay cang ting cang 1am
tram trong thém céc vin dé mai trudng.

Phit trién bén viing hién dang 1a mot chi dé quan trong trén toan thé gii. Khdi niém phat trién
bén viing 1an dau tién dugc trinh bay tai Hoi nghi thuong dinh Trdi dAt nim 1992 & thanh phd Rio de
Janeiro ctia Brazil, va hién nay da tré thanh nguyén tic chi dao trong nén kinh t& néi chung va cho
linh vuc xay dung néi riéng [2]. Viéc tai ché va tdi sit dung CTRXD la mot xu huéng tat yéu va giai
phap k¥ thuat c6 tinh kha thi va tiém ning, nham st dung chét thai nhu mot loai tai nguyén tai tao, tlr
d6 giam thiéu 4p luc 1én viéc khai thac cac tai nguyén tu nhién.

Hién nay, tii ché CTRXD g6p phan phat trién nganh ky thuat xdy dung va déng mot vai tro quan
trong trong viéc ti tao moi trudng, nhu mot cich méi d€ bao vé tai nguyén thién nhién va giam lugng
vat liéu thai ra bai chon 14p [3, 4]. Tai Viét Nam, theo sb liéu théng ké nim 2009 thi lugng CTRXD
phét sinh tf cdc thanh phd 16n 1a khoang 1,46 - 1,92 triéu tin/ndm, tuy nhién ty 1€ tai ché rat thip
chi tir 1 - 2% [5]. Hién nay, CTRXD phit sinh khoang 3000 tAn/ngay, nim 2020 tdng lugng CTRXD
udc tinh 13 6,3 tridu tin va du kién dén nam 2025 1a 11 triéu tin [6]. Nguodn chét thai ran khdng 16
va ngly cang ting nay ciing khong dudc quén 1y do hé thdng quén 1y, nhan thifc ctia ngudi dan, cong
nghé xt ly va nhiéu ly do khac. Trong khi dé, & nhiéu quéc gia khac, CTRXD di dudc nghién citu
va chiing minh 12 thay thé hiéu qua cho cdc vt liéu tu nhién. Vi du, & Nhat Bin, 95% bé tong dudc
nghién va téi st dung lam vat liéu dip nén dudng vao nam 2000 [7], khong chi mang lai gia tri kinh
té ma con gidm 4p luc 1én mdi trudng do thi. Tinh hinh phét sinh va xt ly CTRXD hang nim ctia mot
s6 nudc tién tién dudc tdng hop trong Bang 1 d€ so sanh véi thuc trang ctia Viét Nam. Trong nhiing
nim gan day, Chinh phd Viét Nam da dua ra cdc vin ban phap luat nham thuc hién Chién lugc qubc
gia V& quan 1y chét thai rin dén nim 2025 va tim nhin dén nim 2050 [8—11]. Trong chién ludc qudc
gia [11], muc tiéu tdi ché CTRXD da dudc cu thé nhu sau: “90% tSng lugng chét thai ran xay dung
phit sinh tai cdc do thi dugc thu gom, xit ly d4p dng yéu cau bao vé moéi trudng, trong d6 60% dudc
tai st dung hodc tai ché thanh cac san pham, vat liéu tai ché bang cac cong nghé phi hop”.

Bang 1. Lugng CTRXD phit sinh va ty 1& tai ché  mot s6 quoc gia

STT Qudc Gia Nim  Téng lugng CTRXD (triéu tin/nim) TiIé tai ché (%) Tham khao
1 Nhat Ban 2012 72,69 96 [12]
2 Han Qubc 2009 67 36 [13]
3 Pic 2012 89 85 [14]
4 Phap 2012 76 93 [14]
5  Vuong Quc Anh 2012 47 70 [14]
6 Y 2012 40 79 [14]
7 Tay Ban Nha 2012 28 98 [14]
8 HalLan 2012 26 83 [14]
9  Viét Nam 2009 1,5-1,9 1-2 [5]

49



Quang, N. T., va cs. / Tap chi Khoa hoc Cong ngh¢ Xay dung

Trén thé gidi, nhiéu nghién ciiu da dugc thuc hién nhiam xic dinh cic tinh chit cd Iy cta vt liéu
bé tong ché tao bang cbt lidu tai ché tit CTRXD. Nghién ctiu ctia Tam et al. (2015) da tong hop cic
két qua nghién ctiu thu dudc tir hon 26 nghién ctiu da dudc thuc hién trude d6, chi ra rang CLLTN c6
thé dugc thay thé bing CLLTC, véi cic ty 1é thay thé thudng dung 1a 30%, 50%, 70% va dén 100%
[15]. Cudng do nén ctia bé tong tdi ché (BTTC) & 28 ngay tudi bi giam it hon 35% khi so sanh véi
bé tong cot liéu tu nhién (BTCLTN). Tuy nhién, bién dang ctia BTTC thudng cao hon va bién dong
hon so v6i BTCLTN. Tuong tu, nghién ctiu cdia Silva et al. (2014) [16, 17] cling chi ra ring cudng do
co hoc ctia bé tong tai ché phu thudc vio chat lugng ctia cbt lidu tai ché (cbt liéu 16n, cdt liéu nhd) va
ham luong st dung. Nghién cifu nay phan loai chit lugng CLLTC thanh bdn cip d6 ky hiéu 1an luct
1a A, B, C, D dua trén hai chi tiéu chinh 12 khéi lugng thé tich va do hit nu6e cia cot liéu. Kha ning
ting dung ctia c6t lidu 16n tdi ché ciing nhu BTTC 1a rit da dang. Ngay nay, CLLTC khong chi dudc
st dung 1am cbt liéu thi cong két ciu méng dudng, ma con c6 thé st dung dé ché tao bé tong trong két
cAu cong trinh, bao gém céc ciu kién chiu luc (méng, cot, tudng chiu luc) va cic ciu kién phi chiu
lyc [15].

O Viét Nam, nhiing muc tiéu cu thé vé quan ly, thu gom va tai ché CTRXD da dudc cu thé trong
Chién lucc quéc gia [11]. Hién nay, méi chi c6 tiéu chuan TCVN 11969:2018 [18] vé CLLTC cho bé
tong. Tuy nhién, su khong day du ctia hé théng tiéu chuin k§ thuat lién quan dén vat liéu tdi ché, ciing
nhu théi quen st dung cic loai vt lidéu c6 ngudn gbc tu nhién da in sau vao suy nghi clia ngudi dan,
din dén viéc ing dung cic loai cbt liéu tdi ché, trong d6 c6 CLLTC vao cong trinh thuc té 1 rit han
ché. Trong thdi gian vita qua, mot s6 cic nghién ctiu vé hién trang quan Iy va thanh phan cia CTRXD
da dudgc thuc hién [19-22]. Trong khi d6, cic nghién ciiu khoa hoc vé vat liéu tai ché va két cAu sir
dung vat liéu ti ché chua thuc su dude quan tAm thuc hién. Mot s cac nghién ctiu da dugc thuc hién
chi ra ring, cac loai cbt lidu tai ché c6 ngudn gbe tlt pha d5 cong trinh cii ¢ tinh chit dia phuong la
mot yéu tb anh hudng dén chit lugng BTTC va su phat trién clia cac tinh chét nay (cudng do nén, mo
dun dan hdi) [23]. Do d6, mdt nghién ciiu thuc nghiém nhim khéo sit cac ham lugng khac nhau ctia
CLLTC la rat can thiét.

Trong nghién ctiu nay, chit thai ran bé tong vd da dudc thu gom tif mot cong trinh cii bi phd do
trén dia ban thanh phd Ha Noi. CTR nay sau dé dugc gia cong nghién tai nha mdy dé thu dudc céc
loai c6t liéu 16n tdi ché c6 dudng kinh hat tir 5 - 20 mm. C6t liéu 16n tdi ché dudc st dung dé thay thé
cho da tu nhién trong thanh phan cip phdi, véi cic ty 1& 1an luct 1a 0%, 50% va 100%. Trong phong
thi nghiém, mot chuong trinh thuc nghiém da dugc thuc hién dé€ xac dinh cudng do nén va mo dun
dan hoi theo thdi gian ctia bé tong. Nhitng két qua thu dudc cho phép xac dinh anh hudng cia ty 18 sir
dung c6t lidu 16n tdi ché thay thé cho dé tu nhién dén sy phat trién cudng do nén va md dun dan hoi
ctia bé tong tdi ché.

2. Chuong trinh thuc nghiém
2.1. Vit liéu su dung
a. Xi mang

Chét két dinh st dung 13 xi ming PCB40 ctia nha may Biit Son véi céc tinh chat ki thuat dam bao
yéu cau vé tinh chit va chit luong theo tiéu chuin TCVN 2682:2009 [24].
b. C6t lidu nhd tu nhién

C6t liéu nhd 1a cat vang song Lo, day 1a loai cbt liéu phd bién & Viét Nam. Cat dugc 1iy vé sang
loai bé nhiing hat c6 kich thudc 16n hon 5 mm. Céc chi tiéu ki thuat khic cia cit déu dat tiéu chuin
TCVN 7570:2006 [25].
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c. Cbt liéu 16n tuy nhién
Cét liéu 16n dugc st dung 1a d4 dim CAm Pha, Quang Ninh c6 dudng kinh 16n nhit 13 dpax =
20 mm. Céc chi tiéu ki thuat déu dat tiéu chudn TCVN 7572:2006 [26].

d. Nuéc

Nudc diung d€ ché tao bé tong lay tir hé thdng cip nude ctia nha may nudc sach Ha Noi, thda man
céc yéu cau k¥ thuat cta tiéu chuin TCVN 4506:2012 [27].
e. COt lidu 16n tai ché

CTRXD dudc thu gom tai cong trinh pha dd trén dia ban Ha Noi, sau d6 dudc van chuyén vé
bai tap két c6 hé thdng mdy nghién & Dong Anh, Ha Noi. Do dic thli clia quy trinh phd dd hién nay,
CTRXD thu gom tai cong trinh 1an rit nhiéu tap chit nhu dit, gd, vita, khdi tudng xay nén nhém tic
gia da tién hanh phan loai tai bai bang tay va st dung may kep ham d€ tach thép con sét lai trong khoi
bé tong nhu trén Hinh 1(a). Cac khoi bé tong phé thai dudc gia cong kich thuée tdi da 30 cm dé phu
hop véi thiét ké may kep ham trong hé théng mdy nghién.

(a) Bé tong vd (b) Day chuyén nghién CTRXD
Hinh 1. Qu4 trinh thu gom CTRXD va ché tao cbt liéu tai ché

Hé théng day chuyén nghién (Hinh 1(b)) cho phép thu dudc cbt liéu tdi ché v6i dudng kinh hat tir
0 — 40 mm, trong d6 cdt liéu nhd tdi ché (CLNTC) c6 dudng kinh 0 — 5 mm, va CLLTC c6 dudng kinh
5 — 40 mm (Hinh 2). Trong nghién ctiu nay, chi cac hat CLLTC c6 duong kinh tir 5 — 20 mm dugc su
dung d€ ché tao BTTC d¢€ tuong ting v6i dudng kinh CLLTN dudc st dung. Trong phong thi nghiém,
cdc thi nghiém da dugc thuc hién dé xac dinh chit lugng du vao cia CLLTC st dung. Cac két qua
thu dudc trinh bay trong Bang 2, bao gom: do 4m, do hiit nudc, khdi lugng thé tich, khoi luong riéng
va khéi lugng riéng kho. Nhiing két qua nay chi ra rang CLLTC sit dung la loai 1 tuan theo TCVN
11969:2018 [18].

Bang 2. Tinh chét vat Iy ciia CLLTC st dung

boam Do hiit nuée Khéi lugng thé tich ~ Khdi lugng riéng Khéi lugng riéng kho
(%) (%) (g/em?) (g/em?) (g/em?)

1,87 3,53 2,43 2,62 2,38
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(a) PBudng kinh hat 5 — 40 mm (b) Buong kinh hat 5 — 20 mm

Hinh 2. C6t liéu 16n tai ché tit CTRXD bang phuong phap nghién

Tiép theo, mot chuong trinh thuc nghiém da dudc thuc hién nham nghién citu ba cip phdi bé tong
ky hiéu lan lugt 1a CPO, CP50 va CP100, tuong ting véi ty 1& sit dung CLLTC 1 0%, 50% va 100%
dé thay thé cho CLLTN. Bé tong dbi ching CPO dudc thiét ké dé dat dudc cip do bén nén B30 & 28
ngay tudi. Thanh phan cAp phdi vat liéu clia tiing loai bé tong dudc trinh bay trong Bang 3.

Béng 3. Thanh phén cép phbi cho 1 m® bé tong

Bétong Ximang (kg) Cat(kg) Dadam (kg) Nude (kg) Phu giasiéudéo (kg) CLLTC (kg)

CPO 490 700 1050 190 4,9 0
CP50 490 700 525 190 4,9 481
CP100 490 700 0 190 4,9 943

2.2. Mdu thi nghiém

D€ x4c dinh céc tinh chit co hoc clia bé tong dbi chiing va bé tong tai ché, cac miu thit hinh tru
tron ¢6 kich thuée 150x300 mm da dude dic, bao dudng trong phong thi nghiém va thi nghiém 6 3,
7, 14 va 28 ngay. Hinh 3 gidi thiéu hinh anh céc mau thit dugc ché tao va bio dudng trong phong thi
nghiém.

(a) Cac mAu thit sau khi d6 bé tong (b) Céc mau thit sau khi thao khudn

Hinh 3. C4c miu thit dudc ché tao trong phong thi nghiém
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2.3. Khoi lugng thé'tich ciia bé tong

Trudc khi thyc hién thi nghiém nén, d6i v6i mdi loai bé tong, mot t6 mau gdm ba miu thi da dugc
tién hanh do kich thudc va can khdi luong dé x4c dinh khéi lugng thé tich clia bé tong tuan theo tiéu
chuin TCVN 3115:1993 [28]. Céc phép do kich thude dudc thuc hién bang thudc kep kim loai, c6 do
chinh xdc dén 0,1 mm. Khéi lugng mau thir dudc can bang can dién tir c6 do chinh xac dén 0,1 gam.
Bang 4 trinh bay cac két qua khoi lugng riéng trung binh clia cdc bé tong do dac & 28 ngay tudi.

Bang 4. Khéi lugng thé tich ctia bé tong

Bé tong Ty 1€ CLLTC Khbi lugng thé tich (g/cm3)
CPO 0% 2,43
CP50 50% 2,34

CP100 100% 2,31

2.4. Thi nghiém xdc dinh cuong do nén

Thi nghiém nén dugc thuc hién theo tiéu chuin TCVN 3118:1993 [29] nham xéc dinh su phat
trién cudng do chiu nén ctia mau bé tong hinh tru, & cic thdi diém khac nhau 1an lugt 1a 3, 7, 14 va 28
ngay tudi. Tit ca cdc mau thi hinh tru déu dudc gia cong tao phang bé mit trudc khi nén (Hinh 4(a)).
Trong nghién cifu nay, thi nghiém nén dugc thuc hién trén may nén thiiy luc 200 tin DHR200 nhu
minh hoa trén Hinh 4(b). Miu thi nghiém phéi dugc dit & ding tim thét dudi ciia mdy. Van hanh van
thiy luc va ting luc nén d€ thét trén clia may cham vao mau. Ting luc nén véi van toc khong d6i cho
dén khi mau dugc phd hoai. Luc nén ti da thé hién trén mdy nén chinh 1a gia tri tai trong phd hoai
mau.

(a) Gia cong tao phing b& mit mau (b) Gia tai nén phé hoai mau

Hinh 4. Thi nghiém nén bé tong
Cuong do nén clia bé tong, ky hiéu R (MPa), dudc xic dinh bang cong thitc (1), trong d6 P (kN)

1 tii trong phd hoai mau, F (mm?) 12 tiét dién chiu luc ciia mAu. Tai mbi thdi diém thi nghiém, cudng
do nén cla bé tong 1a gia tri trung binh ctia ba miu thi dudce ché tao véi cling mot cip phdi va trong
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ciing mot mé tron. Nhiing két qua cudng do nén trung binh ctia cic bé tong thi nghiém dudc trinh bay
trong Bang 5.

R=% )

Bang 5. Cudng dd nén cla bé tong theo thoi gian

Cuong do nén trung binh (MPa)

Bé tong
Rj R; Ry Rog
CPO 31,27 35,61 38,83 47,89
CP50 25,84 34,43 38,31 40,24
CP100 27,82 35,28 40,99 43,33

2.5. Thi nghiém xdc dinh mé dun dan hoi

Tuong t nhu cuong d6 nén, md dun dan hdi 1a mot trong nhiing tinh chit co hoc quan trong cia
bé tong. Pdi v6i mbi mAu thit hinh try, ba tem dién trd (strain gage) ¢ chidu dai chuin do bang 60
mm da dudc din doc theo chiéu cao clia miu, tao thanh mot bd dung cu do bién dang tao v6i nhau
mot géc 120° xung quanh mit bén ctia miu thit (Hinh 5(a)). Bién dang nén doc truc ctia bé tong 12
gia tri bién dang trung binh do bdi ba tem dién trd. Thi nghiém x4c dinh md dun dan hdi dudc thuc
hién trén mdy nén thiiy luc 50 tin két hop véi load-cell do luc dién tif va bo xi 1y s6 liéu Data-logger
TDS530, cho phép ghi nhan sé liéu lién tuc va tu dong trong qu4 trinh thi nghiém (Hinh 5(b)). Mau
thit dugc gia tai dén luc nén c6 gia tri bang 30% ctia luc pha hoai mau.

(a) Dédn tem do bién dang (b) Thi nghiém mo dun dan hoi
Hinh 5. Thi nghiém x4dc dinh m6 dun dan hoi ctia bé tong
Thi nghiém mé dun dan hoi dudc tién hanh theo huéng dan ctia RILEM CPC8 [30]. Mbi mAu thi
dugc nén nam chu ky ting tdi va ha tai v6i van toc khong ddi. Mo dun dan hdi duge xéac dinh theo

cong thiic (2), trong d6 o 12 ing sut trong bé tong, & 1a bién dang nén doc truc ciia bé tong. Tai mbi
thdi diém thi nghiém, mo6 dun dan hoi ctia bé tong 1a gid tri trung binh ctia ba mau thi. Nhiing két qua
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thu dudc trinh bay trong Bang 6 cho ba cip phéi thit nghiém tai 1an luct 3, 7, 14 va 28 ngay tudi cia
bé tong.

g
E=~—
&

)

Bang 6. M6 dun dan hdi cic cip phdi theo thdi gian

Mb dun dan hoi trung binh (GPa)

Bé tong
E; E7 Eis Exg
CPO 34,74 36,12 36,77 38,98
CP50 28,76 31,97 33,11 33,98
CP100 26,03 28,33 29,16 29,54

3. Phan tich két qua
3.1. Su phdt trién cuong dé nén

Hinh 6 gi6i thiéu két qua cudng do nén cda ba loai bé tdbng CP0O, CP50 va CP100 véi céc ty 1é
CLLTC st dung tuong dng 12 0, 50% va 100%. Ddi v6i bé tong dbi chitng CPO, su phat trién cudng
do dién ra véi quy luat ciia bé tong thong thuong. O 3 ngay tudi (R3 = 31,27 MPa), bé tong CP0 da
dat dugc 65% cuong do nén & 28 ngay tudi (Rog = 47,89 MPa). Tiép theo, cudng do nén R; va Ry
dat dugc tuong ting 1a 74% va 81% cudng do nén Rog.

60 1 mCP0 =CP50 =CP100

W
(=)
1

N
(e}
1

Cuong do nén (MPa)
[N} w
[w] [w]

—
(]

3 7 14
Thoi gian (ngay)

Hinh 6. Su phét trién cudng do nén clia bé tong theo thoi gian

Trong khi d6, hai loai bé tong tdi ché CP50 va CP100 c6 cudng do nén Ryg 1an ludt 1a 40,24 va
43,33 MPa, giam tir 9,5 — 16,0% khi so sanh véi cudng do nén ciia bé tong dbi chiing. Su phét trién
cudng do & tudi sém tir 0 - 3 ngay tudi ctia BTTC tuong tu nhu bé tong thudng. Tuy nhién, tit 7 dén 14
ngay tudi thi BTTC phat trién cudng do nhanh hon. Cudng do nén R7 ctia BTTC dat dudgc tii 81 - 85%
so véi cudng do nén Rog. Cudng do nén R4 ctia BTTC dat dude 95% so vé6i cuong do nén Ryg. Pidu
nay dudc gidi thich rang, CLLTC c6 do hit nu6c cao hon CLLTN, nuéc tu do ndm trong hé thong 16
rong va lam chdm su mit nudc trong qud trinh déng rin ctia bé tong tai ché.
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Nhu vay, tit c4 cic loai bé tong thi nghiém déu c6 cudng dd nén trung binh & 28 ngay tudi 16n hon
40 MPa, dat yéu cau vé cudng do nén thiét ké d€ c6 thé st dung cho cac ciu kién chiu luc chinh trén
két cAu cong trinh. Cac miu bé tong st dung CLLTC cho théy ring su phat trién cudng do nhanh hon
so v6i bé tong d6i ching & tudi sém (7 — 14 ngay) va téc do phat trién & tudi 28 ngay ca ba cap phdi
déu tuong duong nhau. Hon nita, cudng do nén trung binh cia bé tong CP100 cao hon tit 1 — 3 MPa
khi so sanh véi bé tong CP50. Po chénh léch cudng do nén giita hai cip phdi nay 1a tuong ddi nho,
do tinh chit khong dong nhét clia vat liéu bé tdng. Tt nhitng két qua thu dugc c6 thé dua ra két luan
rang, viéc sit dung CLLTC khong gy anh hudng dén su phat trién cuong do nén ciia bé tong theo thoi
gian. Dbi véi su phat trién cudng do6 dai han clia bé tong tai ché, can thuc hién thém céc thi nghiém &
céc tudi 60, 90, 120, 180 va 360 ngay d€ danh gia chinh xdc hon.
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Hinh 7. Quan hé gita ty 1& cudng do nén va ty 1€ st dung CLLTC

Hinh 7 gidi thiéu mdi quan hé giita ty 1é cudng dd nén ctia BTTC so vé6i bé tong dbi ching va ty
1¢ sit dung CLLTC thay thé cho CLLTN. O tit ca cic thoi diém thi nghiém, cudng do nén ciia BTTC
déu 16n hon 80% cudng d6 nén ctia bé tong ddi chiing. Hon nita, khi ddi chiéu véi két qua nghién citu
cta Silva et al. (2014) [16, 17], CLLTC dudgc st dung trong nghién cttu nay c¢6 do hit nude 3,53%
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Hinh 8. Cudng do nén theo ty 1¢ sit dung va chit lugng cbt lidu tai ché [16, 17]
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va khéi lugng riéng kho 2,38 g/cm® niam giita ving III-A va I-B trong Hinh 8(a) (viing A 12 viing cbt
liéu st dung cho bé tdng tuong duong véi da ty nhién) va ty 1€ cudng do nén cia bé tdng véi cac ty 1€
stt dung khac nhau nam hoan toan trong ving A trén Hinh 8(b). Két qua nay khang dinh viéc st dung
CLLTC thay thé cho CLLTN van dam béo dudc cudng dd bé tong.

3.2. Su phdt trién mé dun dan hoi

Hinh 9 t8ng hop cac két qua thi nghiém mo6 dun dan hoi cda ba loai bé tong thit nghiém. Nhiing
két qua chi ra rang, ddi véi mbi loai bé tong, mo dun dan hdi ting déu theo thoi gian tit 3 dén 28 ngay
tudi. Khi so sanh giita cac loai bé tong, nhan thiy ring mo dun dan hodi giam khi ting ty 1& st dung
CLLTC. Mbi quan hé giita ty 1¢ md dun dan hdi ctia BTTC so véi bé tong dbi chiing va ty 1¢ sit dung
CLLTC dugc biéu dién trén Hinh 10. Mbi quan hé nay gan nhu 12 tuyén tinh cho tit c4 cac thdi diém
thi nghiém. O 28 ngay tudi, mé dun dan hdi ctia CPO dat gia tri trung binh 1a E»g = 38,98 GPa. Trong
khi d6, hai loai bé tdng tai ché CP50 va CP100 dat gia tri trung binh 1an lugt 1a 33,98 va 29,54 GPa,
tuong ting giam 12,8 — 24,2% so véi bé tong dbi chiing.

45 1 1.2
uCPO CP50 =CP100
40 -
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g ] E D\‘
P 30 4 ;‘§ 0.8 3
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Hinh 9. Sy phit trién m6 dun dan hdi ctia bé tong theo  Hinh 10. Quan hé gila ty 16 mo dun dan hoi va ty 1¢
thoi gian st dung CLLTC

Két qua md dun dan hdi clia cdc miu bé tong déu ting dan theo thdi gian. Tuy nhién, ngudc lai
v6i thi nghiém cudng do nén, md dun dan hoi ctia bé tong khi sit dung 50% CLLTC t6t hon so véi bé
tong 100% CLLTC. Viéc sit dung CLLTC da lam gidm khdi luong riéng clia bé tong (xem Bang 4)
4nh hudng rd rang hon dén mo dun dan hdi. Gia tri m6 dun dan hoi ctia bé tong CP100 gidm 16n nhét
khoang 25%. Nhiing két qua thu dudc thé hién su phit hop véi mot sé nghién citu da dudc cong bb.
Khatib (2005) [31] chi ra rang mo6 dun dan hoi giam 7,1 - 20,8% khi ting ham lugng CLLTC tit 25%
dén 100%. Tuong tu, nghién citu ciia Lye et al. (2015) [32] chi ra rang v6i 100% CLLTC thi mé dun
dan hoi giam 6 — 40% so véi BTCLTN, gidm trung binh khoang 16%. Nhu vy, md dun dan hoi clia
BTTC giam tuyén tinh khi ting ty 1& sit dung CLLTC. Nhu mot hé qua, bién dang ctia BTTC sé 16n
hon bién dang ctia BTCLTN khi chiu tidc dung cling mdt gid tri ti trong.

4. Két luan

Viéc tai ché chit thai rdn xay dung tif phd d& cong trinh d€ lam cbt liéu san xuat vat liéu bé tong
12 mot giai phap hitu ich gép phan vao su phat trién bén viing trong linh vuc xay dung, ciing nhu gidi
quyét vin d& cép thiét vé quan 1y chét thai ran trong giai doan hién nay. Bai bdo trinh bay céac két qua
thuc nghiém thu dudc trén cdc mau thi bé tong vdi céc ty 1¢ st dung khac nhau ctia CLLTC, 1an lugt
12 0, 50% va 100%, cho cac tinh chit co hoc quan trong ctia bé tong 1a cudng dd nén va mo dun dan
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hdi. Nhiing két qua thu dudc cho phép phan tich anh hudng ctia CLLTC dén su phat trién theo thoi
gian ctia cudng dd nén va md dun dan hdi. Mot s6 két luan chinh clia bai bao dugc dua ra nhu sau:

- Viéc st dung CLLTC dé€ thay thé cho CLLTN it 4nh hudng dén cudng do clia bé tong & tudi sém
(7 - 14 ngay). O 28 ngay tudi, cudng do nén ctiia BTTC giam tit 9,5 — 16,0% khi so sanh véi BTCLTN.
Hon nita, anh huéng ctia CLLTC dén cudng do nén it hon so v6i anh hudng dén mé dun dan hdi.

- M dun dan hdi cia BTTC bi giam dang k& khi ting ham lugng CLLTC, gidm tir 12,8 — 24,2%
so vdi BTCLTN & 28 ngay tudi. Khi so sanh giita BTTC va BTCLTN thi mdi quan hé gitta gitta ty 1¢
mo dun dan hoi va ty 1& sit dung CLLTC gin nhu tuyén tinh. Do d6, m6 dun dan hoi 1a tham sb quan
trong khi nghién ctiu ing xi co hoc ctia vat liéu/két ciu BTTC.

- Nhitng két qua nghién ctiu da chi ra tiém ning st dung CLLTC c6 ngudn gbc tit CTRXD do pha
dd cic cong trinh cii dé thay thé mot phan hodc toan b da tu nhién trong sin xuit bé tdbng ma vin
dam bio dudc cudng do co hoc yéu cau. Trong thuc t& 4p dung, phan loai CLLTC st dung 1a viéc 1am
can thiét d€ dam bao chit lugng ctia bé tong.

Ldi cam on

Nhom tic gia xin chan thanh cam on Dy 4n hdp tic nghién ctiu KH&CN cho phit trién bén viing
(SATREPS), mot chuong trinh hgp tac gitta Truong Pai hoc Saitama - Nhét Ban va Truong Pai hoc
Xay dung do t& chic JST-JICA tai trg nghién citu véi muc dich thiic ddy moi trudng toan cau.
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