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Abstract. The rapid growth in urbanization and industrialization has led to increased concrete
consumption, resulting in the depletion of natural resources and a large amount of
construction waste over the past decades. Using waste ceramic tiles (WCT) to replace natural
aggregates in concrete is considered a sustainable development solution, saving energy and
natural resources. The article presents the effects of (50-100) % WCT replacing crushed stone
and 35% ground granulated blast furnace slag (GGBFS) replacing cement on some
mechanical properties and durability of concrete. Research results show that the WCT reduces
the workability and volumetric weight of concrete mixtures, and reduces bending tensile
strength, compressive strength, and ultrasonic pulse velocity of concrete, especially concrete
with 50% WCT has similar properties to reference concrete. The WCT aggregate concrete
significantly reduces water absorption and chloride permeability, however, using 100% WCT
tends to increase permeability. The increase in strength and decrease in permeability over
time of WCT aggregate concretes are larger than those of reference concrete. Using 35%
GGBFS to replace cement improves workability, and mechanical properties and significantly
reduces permeability of concrete.

Keywords: waste ceramic tiles, ground granulated blast furnace slag, flexural strength,
compressive strength, water absorption, chloride ion permeability.
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Tom tat. Vé6i sy do thi hoa va cong nghiép hda nhanh chong trong nhiing thap ky qua, nhu
cau sir dung bé tong ngay cang ting cao, cic ngu(‘)n cot ligu thién nhién dang dan can kiét va
phé thai xay dung (PTXD) thai ra ngay cang nhiéu. Viéc tai ché va tai sir dung PTXD dugc
xem la giai phap phét trién bén viing, tiét kiém nang luong va tai nguyén thién nhién, trong
d6, viéc sir dung gach men thai (GMT) dé thay thé cho cét liéu thién nhién trong bé tong da
nhan duogc rat nhidu sy quan tdm trong thoi gian gan day. Bai béo trinh bay anh huong cua
(50-100)%GMT thay thé da dam va 35% xi 10 cao nghién min (XL) thay thé xi mang dén mot
s6 tinh chét co hoc va do bén cua bé tong. Két qua nghién ciiu cho thdy GMT lam giam tinh
cong tac, khéi luong thé tich (KLTT) caa hdn hop bé tdng, giam cudng do kéo ubn, cudong do
nén va van téc xung siéu am cua bé téng, trong dé bé tong su dung 50%GMT co tinh chat
tuong tu nhu bé tong ddi chung. Bén canh dé, bé téng cbt lisu GMT lam giam dang ké do hap
thu nude va do tham ion clo, tuy nhién, khi st dung 100% GMT lai ¢6 xu hudng gia ting do
tham. Su gia ting cuong do va suy giam tinh tham theo thoi gian cua céc bé téng ct lidu
GMT 16n hon so v&i bé tong dbi chimng. Sir dung 35% XL thay thé xi méng cai thién tinh
cong tac, tinh chat co hoc va lam giam dang ké tinh thim cua bé téng.

Tir khoa: gach men thai, xi 10 cao nghién min, cuong do kéo udn, cudng d6 nén, do hap thu
nudce, do tham ion clo.
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1. GIOI THIEU

Bé tong 1a mot trong nhitng vat liéu dugc sir dung rong rai nhat trong xay dung cong trinh
va co s ha tang trén thé gidi, bé tong co cudng do cao, dd bén, kha niang chdng chéy, d& bao
tri, st dung don gian va d& tao hinh [1, 2]. Vi tat ca nhitng diac diém ndi bat ndy cing Vi
hiéu qua kinh t& ma viéc sir dung bé tong ngay cang tang 1én [1]. Mdi nam c6 hon 21 ti tan bé
tong duoc san xuat trén toan thé gisi [2]. Viéc gia ting san lwong san xuit bé tong dong nghia
V6i viée gia tang khai thac tai nguyén thién nhién va san XUAt xi mang, diéu nay s& 1am can
kiét cac nguon tai nguyén, thai khi nha kinh gay ra nhiing tac hai dbi voi moi truong va xa
hoi. Bé giam tac dong dén mdi trudng trong Viéc san XUt bé tong, co quan Ning luong QuoC
té (IEA) cling nhu nhiéu quéc gia trén thé gisi khuyén khich sir dung vat liéu tai ché dé thay
thé cdt liéu tu nhién [1]. Chinh phu Viét Nam ciing da khuyén khich sir dung cac rac thai cong
nghiép dé san xuat vat liéu xay dung tiét kiém tai nguyén khoang san, tiét kiém ning luong va
than thién véi moi truong [3, 4].

Nhu cau xay dung cong trinh va co s& ha ting ngay cang ting cao khong nhitng tiéu thu
mot luong 16n bé tdng ma con thai ra mot lugng rac thai dang ké, trong d6 phé thai xay dung
(PTXD) trong hoat dong xay dung va do pha d& cong trinh chiém phan lén. Viéc quan ly va
xu ly chat thai nay khong dung cach s& tic dong xau dén moi trudng va xa hoi, hién nay
phuong phap xir Iy PTXD phd bién nhat 12 tap két & cac hd chdn 1ap. O nhiéu khu vuc trén thé
gidi, PTXD chiém khoang 50% luong rac thai duoc chon lap, tuy nhién, & mot sé quéc gia
nhu Hoa Ky va Chau Au, viéc quan Iy chat thai d6 thi ¢ mang lai ty Ié tai ché lan luot 1a 70%
va 90% [2]. O Viét Nam, PTXD chiém khoang 10—12% luong chat thai ran d6 thi thai ra hang
ngay, khoang 60007200 tan mdi ngay, lugng PTXD nay chu yéu 1a duoc tap két & bai rac dé
chén lap, ty 1é tai ché PTXD duéi 10% [5].

Céc san pham gom sir dong mét vai trd quan trong trong xay dung va trang tri cac cong
trinh xay dung, vat liéu gom sir pho bién nhat 1a gach men Op tuong, gach men lat san va thiét
bi vé sinh, trong d6 gach men op, lat chiém ti 1& nhiéu nhat. Vat liéu gbm st duoc san xuat
bang cach nung hdn hop chu yéu gom dét sét va mot sé thanh phan khac nhu silic, cacbua,
cac oxit kim loai, ... ¢ nhiét d6 cao nén chung co6 tinh gion [1, 2]. Trong c&c nganh cong
nghiép gém sir trén khap thé gidi c6 dén 30% san lugng san xuat hang ngay bi 16 phai loai
bo, va khoang 3-7% trong s6 d6 khong thé tai st dung duoc [1]. Trong d6, gach men thai
(GMT) la mét trong nhitng PTXD duoc tao ra trong qué trinh san xuat (cac san pham bj 16i vé
kich thudc, trAng men, nut, va, ...), trong qua trinh xay dung cdng trinh (van chuyén dén cong
trinh, gia cong, cat, lat, dp, ...) hodc khi pha d& cong trinh. Quy md san xuit gach men trén
thé gidi nam 2019 la khoang 12,6 ty m? va tang 1én 18,2 ty m? vao nam 2021 [2]. GMT cung,
bén va ¢ kha ning chdng lai cac lyc phan hay sinh hoc, hda hoc va vat Iy cao, do vay thoi
gian phan hay GMT kéo dai rat lau, cd thé Ién toi 4000 nam [6]. Viéc tap két dé chon lap
GMT khéng nhitng 1ang phi ngudn tai nguyén, chiém dién tich dat 1am bai chaa, ma con co
thé dan dén 6 nhiém moi truong dat, khong khi va nuwéc ngam [7]. Bé han ché khai thac tai
nguyén thién nhién, giam thiéu viéc chon Iap GMT, trén thé giGi da co nhiéu tac gia sir dung
GMT lam vat liéu san xuat bé tong, GMT duoc gia cong dén ¢& hat nhat dinh va chu yéu
dugc dung 1am cét liéu thd thay thé mot phan hoic toan bo da dam [6, 8-15] hodc 1am cét lidu
min thay thé mot phan hoac toan bo cat [11, 16, 17], bén canh d6 GMT chira ham luong SiO2
rat cao [1] nén chiing con duoc nghién min 1am vat liéu puzolan dé thay thé mot phan xi mang
[7]. O nuéc ta, viéc st dung cac PTXD nhu gach do va bé tong lam cét liéu cho bé tdng di c6
mot s6 nghién ctru [18-20], tuy nhién viéc sir dung GMT dé lam cét liéu cho bé tdng gan nhur
chua duoc nghién ctu. Bén canh do, viéc sir dung cac phu gia khoang nhu xi 16 cao nghién
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min thay thé mot phan xi mang khéng nhirng giam thiéu dugc luong xi méng su dung, mang
lai lgi ich Kinh té€ va moi truong, ma con rat hiéu qua trong viéc cai thién mét so tinh chat cua
bé téng, dac biét 1a céc tinh chat @6 bén [20-25].

Muc tiéu chinh caa nghién ciu ndy 1a st dung 50%GMT va 100%GMT thay thé da dim
va dong thoi sir dung 35%XL thay thé xi mang trong thanh phan bé téng, sau d6 danh gia tinh
cdng tac va khéi lugng thé tich cua bé tong twoi, cuong do kéo udn, cudng do nén, van tée
xung siéu 4m, d6 hap thy nudc mao dan va d6 tham ion clo cua cac bé tong cung.

2. VAT LIEU SU DUNG, THIET KE THANH PHAN BE TONG, CHE TAO MAU VA
PHUONG PHAP THi NGHIEM

2.1. Vat liéu sir dung va thiét ké thanh phan bé téng

D4 dam (P): Sir dung D c¢6 kich ¢& 5-10 mm, c6 khdi lugng riéng (KLR) la 2,75 kg/m?®,
do hat nuéce la 1,15%, do hao mon LA = 23,0%, thanh phan hat caa D phu hop véi TCVN
7570:2006 va dugc thé hién trén Hinh 1.

Gach men thai (GMT): Puoc thu thap tai mot dai Iy phan phdi trén dia ban thanh phé Ba
Nang, GMT bao gém cac loai gach men bi hu hong nhu nit, v&, mat goc canh, ... dugc thai
bd. GMT ¢ chiéu day khoang 8 mm, ching dugc dap nho va sang qua céc ¢& sang dé dam
bao ¢& hat tur 5-10 mm phu hgp véi TCVN 7570:2006 (Hinh 1, 2). GMT c¢6 KLR = 2,42
g/cm?®, do hat nudc 1a 8,26%, d¢6 hao mon LA = 20,5%. Két qua trén cho thay thanh phan hat
va cac chi tiéu chat luong cia GMT dam bao yéu cau theo TCVN 11969:2018 “Cét liéu Ion
tai ché cho bé tong”. Vi GMT c6 do hat nude 16n s& anh huong dén tinh céng tac cua bé tong
tuoi, trong nghién ctu ndy GMT duoc xur ly bang cach ngam trong nudc 24 h dé béo hoa
nudc, sau d6 chung duoc vot ra 1am rao bé mat trude khi dua vao may tron.

Cat (C): Str dung cat song c6 m6 dun d6 16n Mai = 2,82, KLR = 2,64 g/cm?®, d6 hat nuée
14 0,74%, thanh phan hat cua cat phu hgp véi TCVN 7570:2006 (Hinh 1).
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Hinh 1. Thanh phan hat cia d4 dam, GMT va cat song.

Xi ming (XM): Sur dung XM PC50 ¢6 KLR = 3,08 g/cm?®, cudong d6 nén & 28 ngay la
53,4 MPa, d6 min la 3480 cm?/g, cac chi tiéu khac cua xi mang PC50 phu hop véi TCVN
2682:2020.
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Xi lo cao nghién min (XL): St dung XL S95 c¢6 KLR = 2,88 g/cm®, d6 min la 5140
cm?/g, chi s6 hoat tinh cuong d6 & 28 ngay la 101,4%, cac chi tiéu khac caa XL S95 phil hop
vai TCVN 11586:2016.

Phu gia siéu déo (SD): Sur dung SD Master Glenium SKY 8713 cua Cong ty Master
Builders Solutions Viét Nam, c6 KLR = 1,06 g/cm? phl hop véi ASTM C494 loai G.

Nudc tron: Dung nudc may sach phu hop véi TCVN 4506:2012.

Thanh phan cia cac bé tong duge thiét ké tham khao theo tiéu chuan ACI 211.1. Trong
nghién ctru nay gom co6 bé tong ddi chimg sir dung cdt liéu 16n hoan toan 1a da dam (OGM),
bé tong sir dung 50%GMT thay thé da dam (50GM) va bé tong st dung 100%GMT thay thé
d4 dam (100GM). Ngoai ra, dé cai thién mot s tinh chat cia cac bé tdng GMT, nghién ctru
con sit dung 35%XL dé thay thé mot phan XM trong cac bé tong chira 50%GMT va
100%GMT thay thé da dam (cac bé tong 50GM35XL va 100GM35XL), viéc chon ti 1&
35%XL 1a dya trén khoang ham lugng XL tbi uu trong cac nghién ctru trude day [23-25]. Vi
khéi Iugng riéng cia GMT nho hon da dam nén lwong GMT dugc thay thé d4 dam theo thé
tich. Lugng SD duogc diéu chinh d¢é dam bao do sut yéu cu cta cac hdn hop bé tong tir 10-12
cm. Thanh phan cta céc loai bé tdng duoc ghi trong Bang 1.

Bang 1. Thanh phan vat liéu cta cac loai bé tong.

Loai btbng XM (kg) N (lit) XL (kg) C(kg) D (kg GMT (kg) SD (kg) D9 sut (cm)

0GM 4375 175 0 8523 972 0 7.0

50GM 4375 175 0 8513 486 4277 74
100GM 4375 175 0 8490 0 855.4 8.1 10-12

SOGM35XL 2844 175 1531 8476 486 4277 53

100GM35XL 2844 175 153,1 846,5 0 855,4 57

Hinh 2. GMT c¢& hat 5-10 mm (a), mit cit ngang ciia mau bé tong chira 50%GMT (b) va mau bé
tong chira 100%GMT (c) duong kinh 200 mm.

2.2. Ché tao miu va phwong phap thi nghiém
2.2.1. Ché tgo va bao dwéng cac mau thir

Cac thanh phan vat liéu dugc can dong phu hop Véi timng mé tron, GMT dugc xur ly dam
bam dat trang thai bdo hoa khd bé mat trude khi cho vao may tron, khéi lugng da dam ciing
duge bu nude trong qué trinh tron dé dam bao ¢ trang thai bdo hoa kho bé mat trong tu nhu
GMT (lwong nuéc bu bang d6 hit nudc trir di ¢6 4m ty nhién cua da dam).

Cac mau dam va mau tru kich thugc 100x100x400 mm va 100x200 mm duogc dic va
dudng ho theo TCVN 3105:2022, sau khi thao khudn, cac mau dugc ngam trong bé dudong ho
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cho dén ngay thi nghiém. Cac miu dam 100x100x400 mm dung dé xac dinh cudong do kéo
udn, sau d6 dung cac nira mau dam bi udn giy dé xac dinh cudng do chiu nén twong Gng Voi
mau lap phuong 100x100x100 mm, c&c mau try 100x200 mm dung dé xac dinh van téc xung
siéu am, do hat nuéc mao dan va do tham ion clo.

2.2.2. Phwong phap thi nghiém

Do sut cua cac hén hop bé tong (HHBT) tuoi da dwoc kiém tra theo TCVN 3116:2022.
Khoi lugng thé tich (KLTT) cua cdc HHBT tuoi dugc xac dinh theo ASTM C138:2017 trong
qua trinh dac mau.

Cuong d6 kéo udn (Rku) va cuong do nén (Rn) caa cac bé tong dugc xac dinh & 7, 28, 56
va 90 ngay tuong ng theo TCVN 3119:2022 va TCVN 3118:2022. Rk va Rn cua cac bé tong
la gia tri trung binh cta 3 mau va 6 mau.

Van tdc xung siéu am (Vxsa) truyén qua céc bé tong dugc thi nghiém & 7, 28, 56 va 90
ngay theo TCVN 13537:2022 trén cac mau try 100x200 mm. Cac mau duoc mai nhan hai mat
day dé tiép xtc tét véi dau do siéu am, sau khi ldy mau ra khoi bé bao dudng, lau rao bé mat
mau va tién hanh siéu am. Vs truyén qua cac bé tong la gié tri trung binh caa 3 mau.

D6 hap thy nudc do mao din (PHTN) cia bé tong dwoc thi nghiém & 7, 28, 56 va 90
ngay theo ASTM C1585:2020 trén cac 1at mau tru dxh = 100x50 mm duoc cét ra tir mau try
100x200 mm. Cac mau duoc sdy trong ta siy ¢ nhiét ¢ 110+5°C trong 24 h, sau d6 lay mau
khoi ti sdy va dé nguoi tu nhién trong binh hit am. Khi cac mau bé téng da ngudi tién hanh
quét hai 16p keo chéng thim xung quanh mau, mat trén miu duoc bit kin bang bao nilong dé
chbng bay hoi. Cac mau dugc dat trén hai thanh ké bang nhya dit trong chau cé day bang
phang va d6 nudc ngap trén day mau dén 5 mm. DPHTN cua cac bé tong dugc do luc 1, 2, 3, 4,
5, 6, 24, 48, 72, 96, 120, 144 va 168 h, PHTN cuia cac bé tong la gia tri trung binh caa 3 mau.

DHTN I cua céc bé tbng dugc tinh theo cong thic:
m
= —L (mm) @))
ad
Trong d6: m¢ - khdi lugng nudc mau hat vao tai thoi diém t (g); a - dién tich mat mau tiép

xdc véi nuée (mm?); d - KLR cia nuée, d = 1.10°° g/mm?.

Téc do hap thy nuéc (TPHT) ban dau Sea (Mm/s®®) cha cac bé tong duoc xac dinh trén co
s& phuong trinh hoi qui tir db thi quan hé gitta PHTN | (mm) va can bac hai cua thoi gian t
(s*°) dua trén cac diém tir 1-6 h theo phuong trinh (2). TBHT thir cap St (mm/s®®) xac dinh
tuong ty nhu Spa nhung st dung cac diém tir 24-168 h theo phwong trinh (3):

lpg = de\/f‘l' b 2

le =St +b (3)
Do tham ion clo cua céc bé tdng duoc thi nghiém ~trén cac lat mau tru dxh = 100x50 mm
theo ASTM C1202:2022. Trudc khi thi nghiém, cac mau bé tong duoc xt ly quét chong tham
xung quanh mau va hut chan khong theo qui dinh. B$ tham ion clo cua cac bé tong la gia tri
trung binh cia 3 mau.
3. KET QUA THi NGHIEM VA THAO LUAN
3.1. P9 sut va khoi lwong thé tich
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Luong SD sir dung cho cac HHBT 0GM, 50GM, 100GM, 50GM35XL, 100GM35XL dé
dat do sut 10-12 cm lan luot 14 7,0; 7,44; 8,09; 5,25: 5,69 kg/m®. Piéu nay c6 nghia la viéc sir
dung GMT thay thé d4 dam lam giam tinh cong tac cia cac HHBT tuoi, lugng GMT cang
nhiéu thi d6 sut cang thap, sir dung 35%XL thay thé XM cai thién dang ké do sut cua cac
HHBT. D¢ sut cia cac hdn hop chira GMT giam 1a do cac hat GMT c¢6 nhiéu goc canh va bé
mat nham hon da dim 1am ting ma sat din dén giam do sut. Két qua nay twong tu nhu cac
nghién cuu [6, 14].

2500
“ 2450
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<3 2300
22250
£ 2200
“Z 2150
2100

2050
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\

Loai bé tong xi mang

Hinh 3. KLTT cuia cac hon hop bé tong tuoi.

KLTT cuaa cac HHBT tuoi dugc thé hién trén Hinh 3. KLTT cua cac HHBT st dung
GMT déu nho hon so voi HHBT 0GMT, GMT cang nhiéu thi KLTT cang nho. KLTT cua cac
HHBT 50GM, 100GM, 50GM35XL, 100GM35XL giam lan luot twong tng 3,2%, 7,0%,
2,6% va 6,5% so voi HHBT OGM. GMT lam giam KLTT cua cac HHBT la do né c6 KLR
nhé hon da dam, két qua ndy phu hop véi nghién ciu [14]. Trong khi d6, cac HHBT
50GM35XL va 100GM35XL ¢6 KLTT ting lan lugt khoang 0,60% va 0,53% so vdi cac
HHBT 50GM va 100GM, viéc tang nhe KLTT cua cac HHBT la do cac hat XL c6 do min
16n, chling chén 1ap vao cac 16 rong 1am ting do ddc cua vita xi ming [23, 24].

3.2. Cuong d6 kéo udn va cwong do nén

Cuong do kéo ubn va cuong do nen cua cac bé tong xac dinh twong tng trén cac mau dam
100x100x400 mm va mau lap phuong 100x100x100 mm dugc thé hién trén Hinh 4.

a) i 7 0GM 850GM & 100GM 8 SMGM35XL = 100GM35XL b)lOO 70GM 850GM B 100GM 2 50GM35XL = 100GM35XL
=10 2o & @an 90 . o A
s, 23 €07 S > e e
a 00 00 7 \S'; — & AR [ < NN
E |, g ) z s 5 A %
g 8| N N £ 90 | 9% AN N N
S 7 RS N N IECE e\ R\ B
5 | 2\ N (S IINE N N
. 7 N N Il BN BN

7 28 56
Thoi gian (ngay)

90

7 28 56
Thoi gian (ngay)

Hinh 4. Cudng dd kéo udn (a) va cuong do nén (b) cua cac bé tong.
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Hinh 4 cho thay cac bé tong st dung 50-100%GMT thay thé da diam c6 Rk va Rn thip
hon so0 véi bé tdng 0GM & tat ca cac ngay tudi. Str dung 35%XL thay thé XM gidp cai thién
Rku V& R cua cac bé tong cét lieu GMT tir sau 28 ngay. Rku cia cac bé tong 50GM, 100GM,
50GM35XL, 100GM35XL & 7 va 28 ngay giam lan luot twong Gng 13 4,2% va 2,8%, 13,7%
va 11,9%, 2,6% va 2,2%, 11,1% va 9,3%; & 56 va 90 ngay giam lan luot twong tng 13 2,2%
va 1,3%, 10,2% va 9,2%, 0,5% va 0,2%, 8,2% va 7,3% so vai bé tdng 0GM. R, cua cac bé
tong 50GM, 100GM, 50GM35XL, 100GM35XL ¢ 7 va 28 ngay giam lan luot twong @ng la
5,5% va 4,4%, 13,4% va 8,4%, 8,3% va 0,5%, 15,7% va 4,3%. O 56 va 90 ngay, Rn cua cac
bé tong 50GM, 100GM, 100GM35XL giam l4n luot twong Gng 13 3,5% va 1,7%, 7,4% va
7,0%, 2,5% va 0,8%; riéng bé tong 50GM35XL ¢ Ry ting lan luot trong ung 1a 0,9% va
2,9% s0 véi bé tdng 0GM. C6 thé thiy rang khi st dung 50%GMT thay thé d4 dam, Rky va Rn
cua bé tdng xap xi véi bé tong 0GM, tuy nhién khi sir dung 100%GMT dan dén Rk, va Ry
giam sau hon. Mac di GMT c6 d6 mai mon LA nho hon mét chdt so véi da dam, ¢ nhiéu
g6c canh va bé mat go ghé gp phan cai thién kha nang lién két cua hd XM lam gia ting
cudng do [1, 6, 8, 11], tuy nhién, GMT c6 mét mat trang men bong nhan, day chinh 1a diém
yéu lam giam kha nang lién két cia hd XM voi GMT dan dén sy suy giam cuong do, mit
khéac GMT lai c6 tinh gion dé gy va c6 nhiéu hat khong déu (hat thoi det) [1, 2] nén ching
gop phan lam giam cuong do, dic biét 1a Rk, do d6 khi st dung 100%GMT thay thé da dam
dan dén giam Ryn va Ry, két qua nay tuong ddng véi cac nghién cau [8, 9, 14]. Két qua trén
cling cho thay rang su phét trién Ry va Ry cta céc bé tong GMT & cac d6 tudi tir 28 ngay vé
sau 1a cao hon so véi bé tdng 0GM, diéu nay cé thé dugc giai thich 1a do su bao dudng bod
sung bén trong cia GMT, ¢t lieu GMT duoc ngdm no nudc nén chling cung cap nude cho
qué trinh hydrat cua XM theo thoi gian, dan dén vita XM trong céc bé tong cot liu GMT dac
chéc hon so vé6i bé tdng 0GM, két qua nay kha ph hop véi cac nghién ctu [9, 11-13]. Khi so
sénh cac bé tong GMT cd va khong c6 35%XL, Rk, cua bé tdng 50GM35XL va 100GM35XL
& 7, 28, 56 va 90 ngay cao hon lan luot twong ung 1a 1,7%, 2,1%, 2,4%, 2,0% va 3,7%, 2,9%,
2,3%, 2,1% so vai bé tbng 50GM va 100GM; R, cua bé tdng 50GM35XL va 100GM35XL &
7 ngay thap hon 3,0% va 2,7% nhung ¢ 28, 56 va 90 ngay cao hon lan luot twong ung 1a
4,0%, 4,5%, 4,7% va 4,5%, 5,3%, 6,6% so véi bé tong 50GM va 100GM. Céac bé tbng GMT
chtra 35%XL ¢6 cuong do cao hon 1a do co ché chén khe 1ap 15 rdng va phan &ng puzolan cua
XL cai thién d6 dac chic cua vira XM [10, 20-25].

Quan hé giita Ry V& Rk clia cac bé tong dugc thé hién trén Hinh 5. Quan hé nay c6 dang
tuyén tinh rat chat ché voi hé sb xac dinh R? = 0,929.

10

£ g | y=0,108x + 0,577 ¢
2 R2 = 0,929
E

5 g

o

~0

-~

T 7

an

£ *

3 6

5 ‘ ‘ ‘ ‘
40 50 60 70 80 90
Cuong do nén (MPa)

Hinh 5. Quan hé gitra cuong dd kéo uon va cudng do nén cua cac bé tong.
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3.3. Van toc xung siéu am

Vixsa truyen qua cac mau tru bé tdng kich thude 100x200 mm dugc thé hién trén Hinh 6.a.
Vysa truyén qua tat ca cac bé tong chira GMT déu nho hon so véi bé tong 0GM, tuy nhién sy
gia ting Vxsa truyén qua cac bé tong GMT theo thoi gian c6 xu huéng manh hon so véi bé
tong 0GM nho sy bao dudng bén trong, viée thay thé XM bang 35%XL cai thién dang ké Vs
truyén qua cic bé tong GMT. Vxs truyén qua cac bé tbng 50GM, 100GM, 50GM35XL va
100GM35XL ¢ 7 ngay lan luot trong ung bang 96,3%, 95,0%, 97,0% va 94,6%:; & 28 ngiy
lan lugt tuong ung bang 96,6%, 95,1%, 98,9% va 95,2% so vai bé tong 0GM, trong khi & 90
ngay, cac con s6 nay lan luot 13 97,2%, 95,4%, 99,5% va 96,1%. Cac bé tong GMT ¢6 Vxs
truyén qua bé hon 1a do GMT c6 KLR thap hon va d6 rdng cao hon so véi da dam, két qua
nay c6 xu huéng twong ddng véi cac nghién ciru trude day [14, 15]. Tat ca cac bé tong GMT
6 Vixsatruyén qua & 28 ngay > 4550 m/s nén duoc xem 12 bé tdng c6 chat luong tbt [26].
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Hinh 6. Van tdc xung siéu am (a) va quan hé giita Vysa VA Ry (b) cia cac bé tong.

Quan hé giita Visa VA Rn clia cac bé tong dugc thé hién trén Hinh 6.b. Cac quan hé nay c6
dang tuyén tinh rat chit ché véi hé s6 xac dinh R2>0,97.

3.3. P) hip thu nwéc do mao din

Do PHTN cuia cac bé tong theo thoi gian duoc thé hién trén Hinh 7.
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Hinh 7. DPHTN cua cac bé tong ¢ 7 ngay (a), ¢ 28 ngay (b), & 56 ngay (c) va & 90 ngay (d).

’ Hoi qui theo cac phuong trinh (2) va (3) xdc dinh duoC Sea, Stc Cua cac bé tong va cac h¢
s6 xac dinh R? dugc thé hién trong Bang 2. Hinh 8 thé hién cac phuong trinh hoi qui xac dinh
Sba Va Stc cua cac bé tong 100GM va 50GM35XL ¢ 28 ngay, doi Vi Spa Va Sie cua cac bé
tdng khac ¢ cac thoi diém khac nhau cling dugc xac dinh theo cach tuong tu.

400
100GM ban déu: 100GM thi cap:
350 | y=0,696x+353,64  y=0,151x+169,7
g R>=0,981 R? = 0,980
£ 300 | . .
by 50GM35XL ban dau:
= 250 | y=0552x+39,28
g- R2=10,985
2200
=
< 150 | ‘
Q + 100GM ban dau
100 1 K“‘“ Lo m100GMthi chp
50GM35XL thit cap: R
50 | y=0,132x + 129,58 A 50GM35XL ban d,au
R2=00971 ® 50GM35XL thu cap
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Thoi gian (s%%)
Hinh 8. Hoi qui x4c dinh Spa va St ctia cac bé tong 100GM va 50GM35XL ¢ 28 ngay.

Bang 2. Téc d6 hap thu nuéc ban dau va thi cap cia cac bé tong.

e Loai bé tong
Tl(lr?;ag;?n 0GM 50GM 100GM 50GM35XL  100GM35XL
S R? S R2__ S R? s R? S R?
Bandiu 0820 0999 1,024 0999 1081 1000 1,008 1,000 1,067 0,998

! Thircip 0,249 0,890 0,299 0,878 0,302 0877 0272 0873 0,285 0,852
08 Ban détlu 0,583 0,977 0,633 098 0,69 0981 0552 0,985 0,605 0,989
Thecap 0,154 0945 0,142 0970 0,151 0980 0,132 0971 0,137 0,976
56 Ban détlu 0,560 0,994 0483 0986 0495 0982 0448 0,993 0,463 0,999
Thircap 0,170 0962 0,119 0978 0,127 0976 0,099 0970 0,107 0,979
90 Bandiu 0,635 0,988 0,468 0986 0494 0982 0,356 0,989 0417 0,990

Thircap 0,139 0,975 0,104 0,988 0,108 0986 0,089 0989 0,093 0,987

Ghi cha: S ¢6 don vi 12 102 mm/s%®.
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Hinh 7.a cho thdy rang ¢ thoi diém 7 ngay, bé tong 0GM c¢6 DHTN bé nhét, bé tong chira
GMT cang nhiéu thi PHTN cang 16n, tuy nhién tir 28 ngay vé sau (Hinh 7.b, ¢, d), cac bé
tong str dung cdt liéu GMT thé hién PHTN giam dan va c¢6 xu huéng nhod hon so voi bé tong
0GM, viéc sir dung 35%XL thay thé XM 1am giam déng ké PHTN. O 7 ngay, DPHTN cua bé
tong 0GM la thap nhét, cic bé tong chira GMT c6 DPHTN ting theo ti 1¢ thuan v6i luong GMT
sir dung. PHTN cuia cac bé tong 50GM, 100GM, 5S0GM35XL, 100GM35XL lic 6 h ting 1én
lan luot twong wng 1a 33,6%, 53,5%, 29,0%, 48,3%:; lac 168 h ting 1én 1an luot trong tng la
26,8%, 37,1%, 20,4%, 31,2% so Vvéi bé tdng 0GM. O 28 ngay, PHTN luc 6 h cua cic bé tong
50GM, 100GM va 100GM35XL tang 1én 1an lugt twong tng 12 10,6%, 27,0% va 9,5%, cua bé
tong 50GM35XL giam xudng 1,9%; DHTN lic 168 h cua bé tong 100GM ting 1én 7,4%; cua
cac bé tong 50GM, 50GM35XL va 100GM35XL giam xudng lan luot twong tng la 2,7%,
13,6% va 5,1% so véi bé tong OGM. O 56 ngay, PHTN lic 6 h cua cic bé tong 50GM,
100GM va 100GM35XL ting 1én lan luot 1a 9,3%, 23,9% va 7,9%, cia bé tong 50GM35XL
giam xudng 7,3%; PHTN lac 168 h cua cac bé tong 50GM, 100GM, 50GM35XL va
100GM35XL giam xubng lan luot 12 15,8%, 7,8%, 28,0% va 19,6% so véi bé tong 0GM. O
90 ngay, PHTN luc 6 h cia bé tong 100GM tang 1én 3,6%, cua cac bé tong 50GM,
50GM35XL va 100GM35XL giam xuéng lan luot 13 15,1%, 34,0% va 17,0%; DHTN lac 168
h cua cac bé téng 50GM, 100GM, 50GM35XL va 100GM35XL giam xuéng lan luot 1a
17,6%, 9,9%, 33,3% va 25,8% so vai bé tong 0GM.

Bang 2 cho thiy TDHT ban dau va thir cap cua bé tong 0GM & 7 ngay 1a bé nhat, tuy
nhién tir 28 ngay vé sau, cac bé tong GMT thé hién TDHT nho hon bé tong 0GM, dic biét 1a
TDHT thir cip va cac bé tdng GMT chaa 35%XL. Chang han & 7 ngay, Sea VA Stc ctia cac bé
tong SOGM, 100GM, 50GM35XL, 100GM35XL tang 1én lan luot 13 24,9%, 31,8%, 22,9%,
30,1% va 20,1%, 21,3%, 9,2%,14,5% so vai bé tdng 0GM; trong khi ¢ 56 ngay, Sve Va Stc cua
cac bé tong 50GM, 100GM, 50GM35XL, 100GM35XL giam xudng lan luot la 13,8%,
11,6%, 20,0%,17,3% va 30,0%, 25,3%, 41,8%, 37,1% so Vi bé tong OGM.

R& rang PHTN va TDHT cua cac bé tong GMT giam xudng sau hon so véi bé tong 0GM
khi thoi gian bao dudng ting 1én, diéu ndy 1a do co ché bao dudng bén trong cia GMT. Theo
thoi gian, XM duoc hydrat hda bd sung tir nuée chira trong GMT 1am cho cau tric ho XM dic
chac hon dén dén giam DHTN, két qua trén ciing cho thay ring DPHTN va TPHT ban dau (1-
6 h) cua cac bé tong cot liu GMT ting nhanh nhung DHTN va TDHT thtr cap (24-168 h) lai
giam 10 rét, diéu nay co thé giai thich nhu sau: khi bat dau cho miu bé tong tiép xtic véi nudc,
mau s& hiit nudc vao bén trong thong qua cac 16 rdng mao dan, trén bé mat va 1an can bé mat
mau tiép xic v6i nude co cac cot licu GMT, cac hat GMT nhanh chéng hut nude vao bén
trong do do rSng 16n cta no, theo thoi gian, lugng nude dan duoc hép thu sau vao bén trong
mau, tuy nhién PHTN va TPHT tht cap cha yéu phy thudc vao do hit nude vira XM, Vi céc
hat GMT dugc bao boc boi vira XM, nhd co ché bao dudng bén trong nén vira XM trong cac
bé tong chita GMT dic chic hon dan dén giam PHTN, két qua nay kha twong dong véi céc
nghién ctu trude day [10, 15, 16]. Cac bé tdng GMT chira 35%XL thé hién PHTN va TDHT
rat thap 1a nho co ché lap day 16 réng va phan tng puzolan cua cac hat XL min [10, 22-25].
Mic du cac bé tong chira 100GMT c6 sy bd sung nuéc dé bao dudng bén trong la day du
nhét, nhung do luong GMT nhiéu nén tao ra nhiéu mat lién két yéu gitra bé mat trang men cua
GMT va hd xi mang, hinh thanh cac 15 réng trén mat tiép gidp GMT-hd xi ming dan dén su
gia tding PHTN va TBHT.

3.4. Pj tham ion clo
Do tham ion clo cua cac bé tong duoc thé hién trong Hinh 9.a.
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Hinh 9. P tham ion clo (a) va quan hé giita 6 thim ion clo va PHTN luc 168 h (b) cua cac bé
tong.

Hinh 9.a cho thay do tham ion clo cua tat ca cac bé tbng chira GMT déu nho hon so Vi
bé téng OGM, thoi gian bao dudng cang dai thi suy giam do tham ion clo cua céc bé tong
chira GMT cang I6n, khi sir dung 100%GMT thay thé d4 diam dan dén su gia ting d¢ thim ion
clo. Chang han, & 28 ngay, do tham ion clo cua cac bé tong 50GM, 100GM, 50GM35XL va
100GM35XL lan lugt tuong (g bang 85,3%, 91,6%, 63,6% va 67,7% so v6i bé tong 0GM, &
90 ngay cac con sd nay lan luot tuong wng 1a 81,4%, 85,7%, 55,0% va 56,7%. Theo ASTM
C1202, d6 tham ion clo cia cac bé tong & 56 ngay thude mirc trung binh (2000-4000 Culong),
riéng cac bé tong 50GM35XL va 100GM35XL c6 do tham ion clo ¢ mirc thap (< 2000
Culong). B¢ tham ion clo cua cac bé tong GMT va cac bé tong két hop GMT véi XL giam 1a
nho sy bao dudng bén trong ciia GMT, ciing nhu co ché chén khe 1ap 16 rdng va phan tng
puzolan cta cac hat XL nhu da giai thich ¢ trén, ngoai ra, cac hat XL con cé kha nang lién két
cac ion clo gop phan lam giam thém do tham ion clo [23]. Két qua trén kha tuong dong voi
nghién ctru [15, 17]. Quan hé giira d6 thdm ion clo va 6 PHTN cua cac bé tong lic 168 h
duoc thé hién trén Hinh 9.b, quan hé nay cd dang tuyén tinh ti & thuan kha chat ché véi hé sé
xac dinh R? = 0,885.

4. KET LUAN

Mot s6 két luan dugc rut ra tir nghién clru nay nhu sau:

Str dung (50-100)%GMT thay thé da dam trong bé tong 1am giam KLTT va do sut ctia bé
tong tuoi, ti 16 GMT thay thé dim cang nhiéu thi KLTT va do sut ciia cic hdn hop bé tong
cang giam. Str dung 35%XL thay thé XM khong anh hudéng dang ké dén KLTT nhung chlng
cdi thién déng ké d0 sut cua cac hon hop bé tong.

Rku, Rn VA Vixsa ctia cac bé tong chira (50-100)%GMT nho hon, nhung su gia tang Rk, Rn
va Vxsa theo thoi gian cua cac bé tong nay lai 16n hon so vai bé tong 0GM. St dung 35%XL
trong cac bé tong gitip cai thién Rky, Rn VA Vxsa clia cac bé tong. Rky va Rn ctia cac bé tong
50GM, 100GM, 50GM35XL, 100GM35XL ¢ 28 ngay giam lan luot twong ung la 3,2% va
4,4%, 12,6% va 8,4%, 1,8% va 0,5%, 10,1% va 4,3% so vai bé tdng 0GM. Vs truyén qua
cac bé tong 50GM, 100GM, 50GM35XL, 100GM35XL ¢ 28 ngay giam lan luot twong tng
bang 3,4%, 4,6%, 0,7% va 4,4% so v&i bé tong O0GM.

DHTN va TBHT do mao dan cua cac bé tong chira (50-100)%GMT & 7 ngay lén hon,
nhung tir 28 ngay vé sau lai c6 xu hudng nho hon so vdi bé tong 0GM, dac biét la PHTN va
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TPHT thi cip tir sau 24 h. D6 thdm ion clo cua cac bé tong chira (50-100)%GMT nhé hon so
v6i bé tong 0GM ¢ tit ca cac d6 tudi. Thoi gian bao dudng cang lau thi su suy giam DHTN,
TPHT va d6 thdm ion clo cua cac bé tong GMT cang 16n. Do tham ion clo & 28 ngay cua cac
bé tong 50GM, 100GM, 50GM35XL va 100GM35XL giam lan luot twong ung 1a 14,7%,
8,4%, 36,4% va 32,3% so vadi bé tong 0GM.

Su gia ting cudng do 16n va cai thién do chéng thAm déng ké theo thdi gian cua cac bé
tong chira (50-100)%GMT 1a nho sy bao dudng bén trong ciia GMT ciing nhu co ché chén
khe 14p 16 rdng va phan tng puzolan cua cac hat XL. Hoan toan co thé str dung (50-
100)%GMT da xir Iy bio hoa nudc dé thay thé da dam va két hop 35%XL dé san suit bé tong
¢6 d6 bén cao va than thién méi truong.
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