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Abstract. Recycled aggregate concrete is a “green”, environmentally friendly construction
material and contributes to limiting the exploitation of natural resources. Roller-compacted
concrete using recycled aggregate has been successfully applied in pavement structures in
some countries around the world. This work aims to investigate the mechanical properties of
roller-compacted concrete using recycled coarse aggregate (RCA) from concrete waste. In
this work, influences of 30%, 50%, 75% and 100% substitution of natural coarse aggregate by
RCA have been considered. The concrete mix was designed according to the principle of soil
mechanics (optimum moisture content and maximum dry volume). When replacing natural
coarse aggregate by 75% and 100% RCA, the compressive strength of concrete at 28 days of
age decreased by about 25-35% while the splitting tensile strength and the modulus of
elasticity decreased by about 20-25%. When using 100% RCA, roller-compacted concrete
still retains the mechanical criteria for application in concrete pavement foundations. The
research results are the scientific basis for the use of this material in civil construction in
Vietnam.
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Tém tit. Bé tong tai ché 1a mot loai vat liéu xay dung xanh, than thién vi moi trudng va gop
phan han ché viéc khai théc tai nguyén thién nhién. Bé tong dam lan (BTDL) su dung cdt lidu
tai ché da duoc tng dung thanh Cong trong két ciu 4o dudng tai mot s0 quoc gia trén thé gisi.
Nghién ctru nay trinh bay mot sé dic tinh co hoc cia BTDL sir dung ¢t liéu 16n tai ché tir bé
tong phé thai (CLLTC), ing dung 1am 16p moéng duong 6 td. CLLTC duogc thay thé cho cdt
liéu 16n tu nhién véi cadc ham lugng 1a 0%, 30%, 50%, 75% va 100%. Thanh ph'?ln vat li€u cua
BTDL dugc thiét ké theo nguyén 1y co hoc dat (46 am t6i vu va khdi lwong thé tich kho 16n
nhat). Khi str dung CLLTC véi ham lugng 75% va 100%, cuong do chiu nén ¢ 28 ngay tudi
giam khoang 25-35% trong khi cudong do ép ché va mo dun dan hoéi giam khoang 20-25%.
Khi thay thé 100% cdt liéu 16n ty nhién bang CLLTC thi BTDL van dat dugc céc chi tidu co
hoc dé 1am 16p méng mat duong bé tong xi ming. Két qua nghién ctru 1a co s¢ khoa hoc cho
viéc str dung loai vat liéu nay trong xay dung céng trinh giao théng tai Viét Nam.

Tir khéa: bé tong dam lan, cot liéu tai che, bé tong tai ché, cuong do chiu nén, cuong do ép
ché, mo6 dun dan hoi.

© 2022 Truong Pai hoc Giao théng Van tdi

1. PAT VAN PE

Bé tong dam lan (BTPL) 1a loai bé téng khdng cé d6 sut duoc tao thanh boi hdn hop bao
gom cbt lieu 16n (da dam, soi), cét lieu nho (cat ty nhién, cat nghién), chat két dinh (xi mang,
phu gia khoang hoat tinh), phu gia khoang tro, nuéc, phu gia hoa hoc. Sau khi dugc tron déu,
van chuyén va san rai, hdn hop duoc dam chat theo yéu cau cua thiét ké bang thiét bi dam lan.
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Cong nghé nay thich hop cho cac cong trinh bé tong khéi 16n, khong ¢t thép va hinh dang
khong phure tap nhu 161 dép, mat duong. Cong ngh¢ BTDL tng dung cho thi cong dudng giao
thong c6 nhiéu wu diém so véi cong nghé thi cong bé tong truyén thong nhu: phuong phap thi
cong khong phuc tap, tdc do thi cong nhanh hon, lwong dung xi ming thap, c6 thé tan dung
mot s6 san pham phy hodc phé thai cong nghiép giup ha gia thanh vat liéu so voi bé tong xi
mang thong thuong [1], [2].

Ngay nay trong qué trinh x8y dung chung ta dang st dyng mot lugng 16n cbt lidu co
nguon goc tu nhién nhu cat, soi, da dam. Tuy nhién, nguon cot licu tu nhién nay dang c6 xu
hudng can kiét va viéc khai thac qué muc da va dang dan t61 nhiu hé luy xdu vé méi trudng
tu nhién va x4 hoi. Bén canh d0, viéc cai tao ning cip va pha d& cac cong trinh xay dung
dang thai ra mot luong 16n phé thai xay dung trong do6 c6 bé tong phé thai. Lugng phé thai
nay néu khéng duoc tan dung sé tdc dong rat 16n dén méi truong. Chinh vi ly do nay ma céc
nha khoa hoc trong va ngoai nuéc di nghién ctru str dung cét liéu nghién tir phé thai xay dung
(CLTC) thay thé mot phan hodc hoan toan cho ¢dt liéu tu nhién trong viéc ché tao bé tong xi
ming va da dat duoc nhiéu két qua dang khich 1&. Tuy nhién, khi ham luong cbt liéu tai ché
thay thé 16n (trén 50%) thi nhiéu chi tiéu co hoc va do bén cta bé tong xi mang bi suy giam
dang ké. Nguyén nhan chinh din dén hién twong nay 1a do cbt liéu tai ché c6 mot 16p vita dinh
bam trén bé mat, 16p vira nay thuong co6 do r5ng 16m, do hut nude cao, cuong dd co hoc thép

[3-9].

Mot trong nhiing Gng dung pho bién cua BTDL trong xay dung cong trinh giao thong la
lam 16p mong dudng bé tong xi mang. Yéu cau k¥ thuat vé cuong do co hoc cua loai két cau
nay thuong thip hon so véi cac vi tri két cau khac nhu 16p mat duong, két cAu ciu,... Boi vay
c6 thé hudng t&i viée sir dung cbt licu tai ché thay thé cdt lidu tu nhién trong BTBL mac du
biét rang loai cbt liéu nay c6 thé 1am giam cudng do ciia BTDL.

Viéc nghién ctru, ing dung bé tong tai ché (BTTC) trong két cau 4o duong da pho bién tai
nhiéu nudc trén thé gisi, tuy nhién van dé nay van con rat mGi mé & Viét Nam. Dé c6 thé khai
thac, sir dung loai bé tong nay trong két cdu 4o dudng, viéc nghién ciru cac dic tinh co hoc
ciia BTTC 1a hét strc can thiét. Tuy nhién chét luong cia BTTC phy thudc khong nho vao
ham luong CLTC st dung. Trong cic nghién ctru va ung dung hién nay ciia CLTC, phan 16n
CLTC duoc sir dung dudi dang cdt liéu 16n [3-9]. Cot liéu nho tai ché (cat tai ché) chua duogc
sir dung rong rai do cong nghé nghién phé thai xay dung thanh cat tai ché phiic tap va tén
nhiéu ning lugng nghién hon cdt liéu 16n tai ché (CLLTC). Mit khéc, cét tai ché thudng c6
d6 hut nude cao hon nhiéu so véi cat tu nhién, diéu nay dan dén kho kiém soat lugng nudc
nhao tron va ty 1& Nudc/Chét két dinh thyc té, kéo theo khé khin trong van dé kiém soat
cuong do [9]. Boi vay nghién ciru nay chi sir dung CLTC & cap d6 cdt liu 1om.

Xuét phat tir nhimg yéu td trén, nghién ciru ndy tap trung vao viéc tinh toan thanh phan
BTDL sir dung CLLTC va danh gid anh hudng cua loai cot li€u nay dén mot s6 déc tinh co
hoc ciia BTPL bao gom cuong do chiu nén, cuong do ep ché va moé dun dan hoi.

2. VAT LIEU CHE TAO VA PHUONG PHAP NGHIEN CUU

2.1. Vat liéu ché tao

Cac vat li¢u str dung trong nghién ciru nay bao gom: Xi ming, tro bay, c6t lidu 1on tyr
nhién, c6t lidu 16n tai ché, cbt lidu nho va nude.
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- Xi mang: Trong che tao BTDL lam 16p mong duong, ham luong xi méang su dung
tuong ddi it do yéu cau vé cudng do cua BTPL thudng ¢ mirc twong d6i thip. Do d6 nghién
ctru nay st dung xi mang Xudn Thanh PCB30 c6 céac dac trung ky thuat phu hop vai cac quy
dinh tai TCVN 6260:2020 [10].

- Tro bay str dung trong nghién ctru ne}y 1a tro bay loai F ciia nha may nhiét di¢n Pha Lai,
c6 cac dac trung ky thuat phu hop tiéu chuan TCVN 10302:2014 [11].

- C6t li¢u 16m ty nhién (CLLTN) st dung 1a d4 dam 4,75-19 mm c6 thanh phén hat thoa
man tiéu chuan ASTM C33 [12]. Cac dac tinh k¥ thuat ctia cot liéu 16n duogc gidi thiéu ¢ bang
1.

- C6t liéu 16n tai ché (CLLTC): Nghién ctru nay s dung CLLTC dugc liy tai tram
nghién phé thai xay dung ctia Cong ty c6 phan Dich vu san xuat Toan Cau, trén dia ban
Thanh Tri, Ha Noi. Tai ddy bé tdng phé thai duoc nghién thanh cbt lidu qua day chuyén
nghién di dong CTRXD RM70GO ciia CHLB Prtic. Sau d6 CLTC dugc mang vé phong thi
nghiém dé sang, phan loai theo cac ¢& hat va duoc phdi tron lai. Pé 1am rd anh hudéng cua
ham lugng CLLTC dén tinh ning co hoc cia BTTC, thanh phan hat cia CLLTC dugc lya
chon gidng v6i CLLTN va thoa min tiéu chuan ASTM C33. Cac dic tinh ky thuat cta
CLLTC duoc tong hop ¢ bang 1.

- C6t liéu nhé (CLN) sir dung 1a cat ty nhién c6 thanh phan hat thoa méan tiéu chuan
ASTM (C33. Céc dac tinh k¥ thuat ctua cat dugc gioi thi¢u ¢ bang 1.

Béng 1. Cac tinh chét ky thuét ctia ct lidu.

Tén chi tiéu CLLTN CLLTC CLN
Khéi lugng riéng (g/cmd) 2,71 2,66 2,68
Khdi 13ugng thé tich dam chat 165 159 16
(g/cm?)

M6 dun d6 16n - - 2,8
D6 hat nude (%) 0,4 3,6 1,2

- Nuée ding dé ché tao BTPL 1a nuéc mdy tai phong thi nghiém va phu hop véi
TCVN 4506:2012 [14].

2.2. Tinh toan thanh phan

Trong cong nghé xay dung duong, BTPL c6 thé dugc st dung 1am 16p mit hodc 16p
mong duong. Tuy nhién khi str dung c6t lidu tai ché thi cac tinh ning co hoc ciia bé tong co
xu huong giam va muc do suy giam cub’ng do cua bé tong tang lén khi tdng ham lu’qng
CLTC. Cudng d6 chiu nén cta bé tbng cd thé giam 10-30% khi sir dung 25-50% CLTC va cd
thé giam t61 30-45% khi st dung 50-100% CLTC [3-9]. Boi vay nghién ctru nay tap trung vao
viéc che tao BTPL dé tng dung lam ting mong mat duong bé tong xi mang. Cac yéu cau ky
thuat vé& cuong do duge xac dinh can cir theo Quyét dinh sé 3230/QD-BGTVT [14] va TCCS
40:2022/TCPBVN [15] vé thiét ké va thi cong, nghiém thu mit dudng bé tong xi mang. Theo
d06, cuong do chiu nén tbi thiéu yéu cau 1a 7 MPa & 7 ngay tudi va 10 MPa ¢ 28 ngay tudi,
cudng d6 kéo khi udn tdi thiéu 1a 2,5 MPa & 28 ngay tudi.

Thanh phan BTPL dugc tinh toan theo chi din cua ACI 325.10R [16]. Theo d6, ham
luong chat két dinh trong BTPL thuong 1ay trong khoang 10-17% theo khdi luong ciia hdn
hop c6t lidu (khoang 208-356 kg/m?®). Nghién ctru nay sir dung ham luong chat két dinh (bao
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gdm xi ming va tro bay) 1a 13% (theo téng,kh(")i luong cua hdn hop cbt liéu). Tro bay duoc sir
dung vé1 ham lugng 1a 30% so vai tong khoi lugng chat két dinh.

Nhiam phan tich énh, huong ctia ham lugng CLLTC dén céac dic tinh co hoc cia BTPL,
CLLTQ da fhrqc thay thé cho CLLTN v6i cac ham lugng 1a 0%, 30%, 50%, 75% va 100%.
Céc cap phoi nay dugc ky hiéu lan lugt 1a BTPC, 30% CLLTC, 50% CLLTC, 75% CLLTC,
100% CLLTC.

b 4m dam nén tot qhét ctia cac hon hop BTDL dugc xac dinh theo phuomNg phap Proctor
cai tién (sir dung chay dam 4,536 kg voi chi€u cao roi 1a 457 mm dé dam mau theo ASTM
D1557) [17]. Vi moi hén hop, 5 mau dugc tao am voi 5 ham lugng nude khac nhau, sau do
v& biéu dd quan hé giira khdi luong thé tich kho ctia hdn hop va do6 am mau, tir d6 tim ra ham
hoi quy thuc nghiém y(W) nhu sau:

y(W) =7, = aW* + bW +¢ 1)

Trong do: 7 N

g ,- 1a khoi lugng the tich kho cua hon hop BTDL, kg/ m? hoic g/cm?;

W: la ham luo’ng nude str dung (4o ém dam nén), %.

a, b, ¢ cac hé so cua phuong trinh hoi quy thuc nghiém.

Tt phuong trinh nay, d§ am to1 uvu dugc xac dinh twong Uimg vai gia tri cuc dai cua ham
YW, , | ~ o

Quan h¢ gitra khoi lugng thé tich kh6 cua cac hon hop BTDL va d6 am cia mau ciing
nhu cac hé s6 cia phuong trinh hoi quy thuc nghiém dugc thé hién trén hinh 2.

2.4
o
£
R
023
] X
=22 o
2
m
S 21 D/ < =
%
3 / /
<
1,9 | | | | | |
3 4 5 6 7 8 9
Do 4m (%)
BTHC y (BTBC) =-0,021x2 + 0,2297x + 1,644

%30% CLLTC y (30% CLLTC) = -0,0192x2 + 0,2217x + 1,5881
0150% CLLTC Yy (50% CLLTC) = -0,0347x2 + 0,4196x + 0,921
©75% CLLTC y (75% CLLTC) = -0,0328x2 + 0,4179x + 0,8281
%100% CLLTC  y (100% CLLTC) = -0,0352x2 + 0,4647x + 0,5936

Hinh 2. Quan hé giira khéi lugng thé tich khé cua

Hinh 1. Thi nghiém xac dinh d 4m t5i : 4
BTDL va do am cia mau.

uu theo phwong phap Proctor cai tién.
Tur d6 4m tdi wu da duoc xac dinh & budc trén, cac cép phéi BTPL di duge ché tao. Dua

trén khoi lugng thé tich thuc cua timg hon hgp BTPL, thanh phan vat ligu cho 1m? ciia céc
cap phoi BTDL dugc xac dinh nhu trong bang 2.
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Bang 2. Thanh phén vat liéu cho 1m?3 hén hop BTPL.

Vit liéu BTPC 30% 50% 75%  100%
CLLTC CLLTC CLLT CLLT
C C
Xi mang (kg) 183 179 176 172 171
Tro bay (kg) 78 77 76 74 73
CLLTN (kg) 1106 759 533 260 0
CLLTC (kg) 0 325 533 781 1035
CLN (ko) 905 887 872 852 847
Nuée 125 129 131 135 140
Khoi lugng thé tich hdn hop (kg/m®) 2397 2357 2321 2075 2268
P am tdi wu (%) , 5,5 5,8 6,0 6,3 6,6
Khoi luwgng the tich kho 16n nhat
(kg/m?) 2272 2228 2189 2140 2127

2.3. Phuong phap thi nghiém

Cuong d6 chiu nen cua BTDL dugc xac dinh trén mau hinh try kich thuéc 15x30 cm theo
tiéu chudn ASTM C39 [18]. Mdi miu duoc dam thanh 5 16p bang chay Proctor cai tién voi sb
chay dam 1a 25 lugt/16p. Cuong do ép ché cia BTPL duoc xac dinh trén mau hinh tru kich
thude 15x30 cm theo tiéu chudn ASTM C496 [19]. M6 dun dan hdi dwgc xac dinh trén mau
hinh tru kich thuéc 15x30 cm theo tiéu chuian ASTM C469 [20]. Sau 1 ngdy tién hanh thao
mau va bao dudng trong nudc dén ngay tudi thi nghiém. Mdi phép do dugc thuc hién trén 6
mau thir d6i v6i cuong d6 chiu nén va 3 mau thir ddi v6i cuong do ép ché va mod dun dan hoi.
Két qua thi nghiém Ia trung binh s6 hoc ciia cac mau sau khi da loai bo sai 6 thé.

Hinh 3. Thi nghiém xac dinh cuong do chiu nén
cua BTDL.

Hinh 4Th| nghiém xac dlnh vcuong do é ep che cla
BTDL.
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3. KET QUA NGHIEN CUU VA THAO LUAN2

3.1. Cuwdng dd chiu nén cia bé tong dim lin

Céc két qua thi nghiém cudng do chiu nén & 7 va 28 ngay tudi cua céc cip phbi BTPL st
dung cac ham Iugng CLLTC la 0%, 30%, 50%, 75% va 100% duogc thé hién ¢ hinh 5.

30 LT a\
N7 ngay m28 ngay O 95 ]
25 E % \\ —5-28ngay ——7 ngay
E 20 - % 85 ‘S\\
% N 28 a0 \E\
215 % N ER 15 \\
2 \ \ S5, AN
<:- 10 - § § %‘]‘é " ] \E]
€ \ N S
° \ \ < s
0 - = ]
BTPC 30% 50% 75% 100% 500”“2‘5””50““7‘5””150
CLLTC CLLTC CLLTC CLLTC Ham lugng CLLTC thay thé CLLTN (%)

Hinh 5. Anh huéng cta ham lwong CLLTC dén Hinh 6. Tuong quan gitta cuong do chiu nén cua
cuong do chiu nén cua BTDL. BTTC va BTPC & tudi 7 va 28 ngay.

Céc két qua thu duoc cho thay cuong d6 chiu nén cia BTPL giam r& rét khi ting ham
lugng CLLTC. Hién tuong nay duoc ghi nhan & ca 7 va 28 ngay tudi. Cu thé v6i cap phdi d6i
ching (BTDC), cudong do chiu nén cua BTDC dat 20,1 MPa ¢ 7 ngay tudi va 28,3 MPa ¢ 28
ngay tudi. Khi sir dung 30% CLLTC, cudng do chiu nén ciia BTPL ¢ 7 va 28 ngiy tu01 dat
lan luot 1a 18,4 MPa va 25,2 MPa, tuong tmg v6i muc giam khoang 10% so v6i mau dbi
ching. Khi tang ham lugng CLLTC 1én 50% thi cuong d6 chiu nén cua BTPL & 7 va 28 ngay
tudi giam lan lugt con 16,9 MPa va 23,3 MPa, twong mg véi mirc giam 16-18% so véi mau
dbi chimg. Anh huong ctia CLLTC dén cudng do chiu nén ciia BTDL rét 16 rét khi thay thé
CLLTN véi ham lugng 12 75% va 100%. Khi d6, cuong do chiu nén & 7 ngay tudi cia BTDL
giam xudng con lan luot 1a 15,3 MPa va 14 MPa, tuong tng v6i mirc giam 24-30% so voi
BTDC. Tuong tu, & 28 ngdy tudi, cudng do chiu nén cia BTDL st dung 75% va 100%
CLLTC dat lan luot 1a 20,7 MPa va 18,7 MPa, twong tng v&i muc giam lan lugt 1a 30% va
34% so v&i BTDC (hinh 6).

Nguyén nhan chinh dan dén sy suy giam vé cuong do chiu nén cia BTPL khi ting
ham lugng CLLTC c6 thé duoc gii thich boi sy gia ting cia ham lugng vira dinh bam trén
CLLTC. Lép vita dinh bam nay ¢ cuong do thap, chira nhiéu 16 rong va lam anh hudng dén
kha ning gan két gifra pha cbt lidu va pha da xi ming. Mot phan ciia 16p vira dinh bam nay
chinh 1a vung chuyén tiép cii da dugc hinh thanh giita ¢t liéu va da xi mang (ITZ- Interfacial
Transition Zone). Ving nay duoc dic trung boi sy tip trung ciia cac tinh thé ettringite, C-H
va su thiéu hut cac tinh thé C-S-H. Ngoai ra ving nay c6 d6 réng 16n hon so v6i phan con lai
ctia pha d4 xi mang. Boi vy ham lugng CLLTC ting 1én dong nghia véi viée gia tang thé tich
ctia viing chuyén tiép trong bé tong, kéo theo sy suy giam céc tinh ning co hoc noi chung va
cuong do chiu nén noi riéng [5-7]. Bdi vay cuong d6 chiu nén cua bé tong c6 xu hudng giam
khi tang ham luong CLLTC.
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3.2. Cudng dd ép ché cia bé tong diam lin

Cudmg 6 ép ché 6 7 va 28 ngay tudi cua cc cip phdi BTPL duoc thé hién trén hinh 7.

Nhan thiy ring cuong do ¢ép ché cua BTDL ¢6 xu huéng giam khi tang ham luong
CLLTC. O 7 ngay tudi, cuong do ép ché cua BTDL giam tir 2,69 MPa xuong con 2,49 MPa,
2,35 MPa, 2,07 MPa va 1,83 MPa tuong tng v6i ham luong CLLTC lan luot 1a 0%, 30%,
50%, 75% va 100%. O 28 ngay tudi, cuong do ép ché cuia BTDC dat 3,25 MPa trong khi
cuong do ép ché cua cac cap phdi st dung 30%, 50%, 75% va 100% CLLTC dat lan luot 13
2,96 MPa, 2,70 MPa, 2,45 MPa va 2,16 MPa. Nhu vay cuong d6 ép ché cia BTPL giam
khoang 10-20% khi sir dung 30-50% CLLTC va giam khoang 25-35% khi su dung 75-100%
CLLTC (hinh 8). Theo tiéu chudn 22TCN 211-06 [21], c6 thé quy ddi cudng do ép ché (Rec)
vé cuong d6 kéo udn (Ry) theo cong thire Ry = (1,6-2,0) X Rec. BTDL sir dung CLLTC 1a vat
liéu c6 muc do d@)ng nhét thép hon bé tong thong thudng, vi vay co thé chon hé s6 1,6 dé xac
dinh cudng d6 kéo udn. Khi d6 cuong do kéo udn & 28 ngay tudi cta cac cip phdi BTDL dao
dong trong khoang 3,46-5,2 MPa. Nhu vay ngay ca khi dung 100% CLLTC thi cudong do kéo
udn cta BTPL van dat trén 2.5 MPa, phu hop lam 16p méng duodng theo Quyét dinh s6
3230/Qb-BGTVT [14] va TCCS 40:2022/TCBBVN [15].

100
3 R 1
®7ngdy m28ngay 95 1
% ] ~==-28ngay —6—7ngay

75 N
70% \
%

/ﬂl

A

BTDC (%)

Cuong d9 ép ché (MPa)

65 -
60 -
55
1

Ty 1€ giira cwong do ép ché ctiia BTTC so voi

A A A

PSS SIS A AS S
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Hinh 7. Anh huéng ciia ham lugng CTTC dén Hinh 8. Tuwong quan gitta cuong d ép ché cua
cuong do ép ché cua BTDL. BTTC va BTDC ¢ tudi 7 va 28 ngay.

3.3. M6 dun dan héi ciia bé tong dim Lin

Mo dun dan hdi & 7 va 28 ngay tudi ciia cac cip phdi BTDL sur dung cac ham luong
CLLTC 1a 0%, 30%, 50% va 100% duoc thé hién & hinh 9. Tuong ty nhu cuong do chiu nén
va cuong do ép ché, cac két qua nghién ctru ciing cho thdy mé dun dan hdi cia bé tong giam
khi tang ham lugng CLTC.

O 7 ngay tudi, BTPC ¢6 md dun dan hoi 12 25,5 GPa. Khi thay thé CLTC véi ham
lwong 30%, 50%, 75% va 100% thi mé dun dan hdi cia BTPL giam xudng con lan luot 1a
23,9 GPa, 23,9 GPa, 22,2 GPa, 20,5 GPa va 19,1 GPa ¢ 7 ngay tudi. O 28 ngay tudi, mé dun
dan hoi ciia BTPL giam tir 29,2 GPa xubng con 27,1 GPa, 25,2 GPa, 23,3 GPa va 21,7 GPa,
tuong tmg v6i ham luong CLLTC sir dung tang tir 0% 1én 30%, 50%, 75% va 100%. Co thé
thiy mé dun dan hoi cia BTPL giam manh khi sir dung 75-100% CLLTC. Khi d6, mé dun
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dan hoi cua BTPL giam khoang 20-25% so v6i BTPC (hinh 10). Ciing c6 thé thiy muc do
suy giam nay 1a thap hon so véi cudng d6 chiu nén, khi d6 cuong do chiu nén cua BTDL
giam khoang 30-35% so v6i BTDC khi thay thé 75-100% CLLTN boi CLLTC (hinh 6).

Nhu vy viéc thay thé CLLTN bang CLLTC c6 anh huong dang ké d¢én mé dun dan
hdi cta bé tong, dic biét khi ham luong thay thé 1én dén 75% va 100%. Piéu nay co thé duoc
giai thich boi “hiéu tmg vira”. Lop vira dinh bam trén bé mit CLLTC thuong c6 mé dun dan
hoi thip hon nhiéu so véi CLLTN, vi vay thé tich vita dinh bam s& tang 1én khi ting ham
lvong CLLTC, kéo theo sy suy giam vé mo dun dan hoi cua bé tong [5-7].
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Hinh 9. Anh hudng cta ham lugng CTTC dénmé  Hinh 10. Tuong quan giita md dun dan hoi cua
dun dan hoi cia BTDL. BTTC va BTDC ¢ tudi 7 va 28 ngay.

4. KET LUAN

Mot s6 két ludn va kién nghi c¢6 thé rat ra tir nghién ctru nay nhu sau:

- V6i viée sir dung ham luong chat két dinh thap (khoang 240-260 kg{m3 bé tong), ham
luong xi ming st dung trong khoang 170-185 kg/m® bé tong, cac cap phdi BTPL sir dung
CLLTC véi ham lugng tir 39-100% c6 cuong do chiu nén dat 18-25 MPa, cuong do ép ché tir
2,2-3 MPa va m6 dun dan hoi dat 22-27 GPa.

- Cac déc tinh co hoc cua BTDL ¢6 xu huéng giam khi tang ham lugng CLLTC thay thé
CLLTN. Cuong d6 chiu nén, cuong do chiu ép ché va mé dun dan hoi cia BTBL giam
khoang 15-35 % khi stt dung ham Iugng CLLTC tur 50-100 %.

- Khi str dung CLLTC v6i ham lugng thip (30%) thi cudng do chiu nén, cuong do chiu
¢p ché va m6 dun dan hoi cua BTDL bang khoang 90% so vo1 BTDC. Do véy c6 the han ché
anh huong cua CLLTC dén cac tinh nang co hoc cua BTDL khi thay the¢ CLLTN boi CLLTC
v6i ham lugng 30% hodc thap hon.

- C6 thé sir dung 100% CLLTC dé ché tao BTDL c6 cuong do chju nén trén 7 MPa & 7
ngay tudi va trén 10 MPa ¢ 28 ngay tudi, cuong do chiu keo uon trén 2,5 MPa, phu hop lam
tang mong mat duong BTXM theo TCCS 40:2022/TCDBVN [15].

- Do cac dac tinh co-ly cua CLTC phu thuge nhiéu vao ngq.én gdc cta bé tong phé thai
nén can co thém céac nghién ctru vé anh hudng cua loai CLTC dén cac dac tinh co hoc va do
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bén ctia BTTC. Ngoai ra, viéc cai thién cudng d6 va do bén cua BTTC thong qua sur dung két
hop cac loai phu gia khoang nhu tro bay, xi 16 cao nghién min 1a hét stc can thiét.
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