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Abstract. The use of fly ash (FA) and ground granulated blast-furnace slag (GGBFS) as
partial replacements for cement in concrete is currently attracting significant attention from
both domestic and international scientists. This approach aims to address large volumes of
industrial waste sustainably. This paper presents the effects of FA and GGBFS on the
flexural and compressive strength of high-performance fine-grained concrete (HPFGC). In
this study, FA replaced 30% of the cement by weight, while GGBFS replaced cement in
amounts ranging from 15% to 45% by weight. The results indicate that FA and GGBFS
reduce the amount of superplasticizer needed and improve the workability of the concrete
mixture. It is possible to produce HPFGC with up to 75% of FA and GGBFS replacing
cement while achieving a compressive strength of up to 80 MPa. Increasing the FA and
GGBFS content in the placement of cement reduces the compressive strength of the
concrete at an early age of 3 days; however, at 7 days and especially at 28 days, the
compressive strength of HPFGC is equal to or higher than that of concrete using 100%
cement, depending on the amount of FA and GGBFS used. However, the flexural strength
of concrete with FA and GGBFS at 3 days, 7 days, and 28 days is consistently lower than
the flexural strength of the concrete using 100% cement.

Keywords: Fine grained-concrete, high performance, fly ash, ground granulated blast-
furnace slag, compressive strength, flexural strength.
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Tom tit. St dung tro bay (TB) va xi 10 cao (XLC) thay thé mot phan xi méing trong bé tong
hién nay dang duoc su quan tdm Ién cua cac nha khoa hoc trong nudc ciing nhu trén thé gidi,
nham giai quyét lugng 16n phé thai cong nghiép nay theo hudng phat trién bén viing. Bai béo
trinh bay anh huong cua TB va XLC dén cuong do chiu uén va nén cua bé téng hat nho tinh
nang cao (BTHNTNC). Trong nghién ciu nay, TB duoc thay thé xi ming v6i ham lugng 30%
theo khdi lwong, XLC duoc thay thé xi mang tir 15-45% theo khdi luong. Két qua cho thay,
TB va XLC lam giam luong dung phu gia siéu déo va lam ting tinh cong tac cua hon hop bé
téng; c6 thé ché tao BTHNTNC voi tong lugng ding TB va XLC Ién toi 75% thay thé xi
mang Va cuong d6 chiu nén dat dén 80 MPa. Tang ham luong TB va XLC thay thé xi ming
lam giam cudng do6 chiu nén cua bé téng o tudi sém 3 ngay, nhung & 7 ngay va dic biét ¢ 28
ngay cuong d6 chiu nén cia BTHNTNC bang hoic cao hon bé tong st dung 100% xi mang
tiy theo lwong TB va XLC thay thé. Tuy nhién, cudng d6 chiu uén cua bé tong st dung TB
va XLC & 3 ngay, 7 ngay va 28 ngay nhé hon cuong d6 chiu udn cua bé tong 100% xi méng.

Tur khoa: Bé tong hat nho, cudng dé cao, tro bay, xi 10 cao nghién min, cuong do chiu nén,
cuong d6 chiu uon.

@ 2024 Truong Pai hoc Giao théng van tai

1. PAT VAN PE

_Ngay nay, tro bay nhiét dién va xi 10 cao Ia hai trong s6 phé thai cong nghiép duoc thai ra
nhiéu nhat trén the gidi cling nhu ¢ nudc ta. Tro bay la bui khi thai duéi dang hat nho thg
dugc tir qua trinh dot chay nhién li¢u than da trong cac nha may nhiét dién. Xi 10 cao la phé
thai cta nganh cong nghiép luyén quang sat thanh gang. Theo quy hoach phat trién nganh
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dién nude ta dén nim 2030, nhiét dién than van chiém ty trong 16n dén 51,6%. Khoang 200
triéu tan than s& duoc dung cho nhiét dién va gan 40 triéu tan tro xi s& thai ra moéi truong [1].
Viéc tan dung phé thai tro xi khdng nhiing 1am giam thiéu 6 nhiém moi trudng, bao vé tai
nguyén thién nhién, tiét kiém cd hiéu qua ngudn tai nguyén thién nhién khéng tai tao duoc ma
con mang lai hiéu qua kinh té bang céch tao nén céc san pham c6 gia tri va tiét kiém duoc
dién tich dat 16n 1am béi chaa hodc chén lap.

Céc nghién ciru vé sir dung riéng ré tro bay [2-7], xi 10 cao nghlen min [8, 9] hay két hop
gitta hai loai phu gia khoang trén [10-14] cho bé tong da dugc tién hanh ¢ Viét Nam va nhiéu
nudgc trén thé gici. Mot sé nghién ctru cho thiy, tro bay 1am ting tinh cong tac ciia hdn hop bé
téng hat nho, phu hgp vai cac hang muc doi hoi bé tong c6 do linh dong cao [6]. Ngoai ra, tro
bay lam giam cuong do cua bé tdng hat nho o tudi som (3, 7 ngay), cudng do chiu nén co thé
giam tir 5-20%, cuong do chiu udn giam 4-16% khi ham luong TB thay thé xi mang tir 10-
30% & 28 ngay [6]. Nghién ctru khac cho thay, c6 thé ché tao bé tong sir dung dén 60% tro
bay thay thé xi mang cho cudng do ¢ tudi dai ngay (28 ngay hodc hon) cao hon so véi bé tong
doi chung (BTDC) [5]. Str dung 40% XLC thay thé xi ming c6 thé cho cudng do nén cao hon
BTDC dén 40% & tudi muon (28 ngay hodc hon) va cuong do cua bé tdng giam di so véi
BTDC khi sir dung 60%, 75% hoic 90% XLC thay thé xi ming [8, 9].

Céc nghién ciru va thyc té san xuat chi ra rang, TB tir nha méay nhiét dién va XLC tir nha
may luyén gang thép la chat két dinh phu thém rat t6t co thé thay thé mot phan hoic hoan toan
xi mang va vat li¢u goc xi mang dé ché tao bé tong tinh nang cao hat nho. Véi ty 1¢ TB/XLC
dao dong tir 20/80 dén 80/20, bé tdng phat trién cuong do rat tét, dao dong tir 71,1 MPa dén
83,7 MPa [12]. Cuong d6 ubn cia bé tong hat nho & cac d6 tudi sém, dic biét 1a & 3 ngay tudi
thi XLC va TB lam giam cuong d6. V&i ham luong TB khong doi 1a 20%, khi sir dung XLC
v6i ham luong 15%-35%, cudng d6 ctia bé tong tir 7 ngay tré di ting nhe theo chiéu hudéng
gia ting XLC va dat cuong d6 cao nhat khi & 35% XLC. Khi ham lwong XLC 1én dén 45%,
cudng do cua bé téng giam xudng dang ké. Cu thé, bé tong co6 ham lugng 20% TB va 45%
XLC c¢6 cudong do udn dat 69,7% va 71,9% so véi bé tong ddi chimg twong tng & 3 va 7 ngay.
Tuy nhién & 28 va 56 ngay, cudng do cua cac loai bé tdng chira TB va XLC chi thap hon
khong dang ké so véi bé tong dbi ching [13, 14].

Bai béo trinh bay anh huong cia TB va XLC dén luong ding phu gia siéu déo, tinh cong
tac (d6 chay loang) cudng d6 chiu udn va cuong do chiu nén cua bé tong hat nho tinh ning
cao (BTHNTNC). TB duoc thay thé xi mang v6i ham luong 30% theo khéi lugng, XLC dugc
thay thé xi mang tir 15-45 % theo khdi luong.

2. VAT LIEU VA PHUONG PHAP NGHIEN CUU
2.1. Vit ligu ché tao

Vit liéu st dung trong nghién cau gom: xi mang But Son PC40, tro bay nhiét dién Pha
Lai (TB), xi 16 cao nghién min Hoa Phat loai F (XLC) S95 xuit khau dam bao chét lugng theo
TCVN 11586:2016, cat min Mdng Cai c¢6 kich thudc hat < 0,63 mm, cat thd séng Lo co kich
thudc hat < 5,0 mm (khdi luong riéng cua cét 1a 2,65g/cm®), va phu gia siéu déo cua hang
Sika (PGSD-3000 20M). Bang 1 thé hién thanh phan hoa cua xi mang, TB va XLC. Bang 2 la
c4c chi tiéu co 1y co ban ciia xi mang, TB va XLC. Hinh 1 1a phan bé kich thugc hat phan tich
lazer cua xi ming PC40, TB, XLC; cat min va cat thd dugc xac dinh thanh phan hat theo
phuong phéap sang. Cau tric hat ciia xi miang PC40, TB va XLC dudi kinh hién vi dién tir
(chup tai Vién han Lam Khoa hoc va Cong nghé Viét Nam) duoc trinh bay trong Hinh 2.
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Bang 1. Thanh phan hoa (%) ciia xi mang, TB va XLC.

Oxit SiO2 Fe203 Al0s CaO MgO SOs K20 Na2O MKN

Ximang 2129 330 572 6318 1,10 150 030 0,12 0,20

B 53,88 6,70 2182 427 145 0,20 340 0,67 6,27

XLC 35,88 - 12,99 38,13 7,5 - 0,78 023 1,0

Béng 2. Chi ti€u co 1y co ban cia XM, TB va XLC.

Chi tiéu Xi ming Tro bay Xi 10 cao
Khéi lweng riéng (g/cm®) 3,12 2,24 2,89
Kich thwéc hat trung binh (um) 14,12 16,42 7,87
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Hinh 1. Phan bé kich thude hat cua TB, XLC, xi mang PC40, cat min va cat tho.
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IMS-NKL 5.0kV 3.7mm x2.00k SE(M)

Hinh 2. C4u trac hat 1an luot ctia xi ming, TB va XLC dudi kinh hién vi dién tir SEM.
2.2. Thanh phan cip phai bé tdng hat nhé tinh ning cao

Trong thiét ké thanh phan cap phoi bé tong hat nho (BTHN) c6 tinh cang tac tot (do chay
loang lon (260-300mm)), thanh phan hat cta hon hgp cot ligu duoc tinh theo ly thuyét do len
chat Funk and Dinger véi q = 0,25 [15], theo phuong trinh sau:

pi-D}
P(D) = so—ri— 1)

Trong do,
- P(D) la phan tram khdi lugng cua cbt liéu lot sang kich thuc Dmm;
- DminVa Dmax lan luot 1a kich thudc hat nho nhét va I6n nhét trong hdn hop cét liéu, mm.

Ty 1é phdi hop gitra céc loai cot liéu s& cho phan b kich thudc hat cua hdn hop cét ligu
phi hop voi dudng cong ly thuyét véi do léch chuan nho nhat. Trong nghién ctu nay, ly
thuyét do 1&n chit Funk and Dinger duoc &p dung véi g = 0,25; Dmax = 5 mm and Dmin = 0,14
mm. Pudng biéu dién thanh phan cap phéi hat ciia hdn hop cét lidu véi céc ty 1é cat min /cét
tho khac nhau duoc biéu dién trong Hinh 3.

100

—e— Cat tho

90 \| —&— Cit min

80 —@— Cit min/cat thé: 30/70
s 70 Cét min/cat tho: 40/60
Z 60 —=— Cit min/cat thd: 50/50
S s Cit min/cat tho: 60/40
2 —e— Cét min/cat thé: 70/30
on 40
§.
3 30

20

10

0 '}

0 1 2 3 4 5

C& sang (mm)

Hinh 3. Cap phdi hat cua cdt lidu.
Tir cac két qua thuc nghiém trén, c6 thé thiy rang, ty 1 cat min/cét thd = 30/70 cho hdn
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hop cot ligu phit hop voi duong cong ly thuyét nhat. Do vay ty Ié cat min/cat thd = 30/70
duoc luya chon dé tinh toan thanh phan cap phoi BTHNTNC.

Bé tong duoc coi 1a ¢ tinh ning cao thi tinh cong tac phai cao, kha ning 1ip day khuén
tt, kha nang ty 18n, tu chay tét. Bé tong duoc coi 13 c6 tinh ning cao thi cudng d6 chiu nén
phai cao, dat tir 55 MPa tré 1én (dén 100 MPa) (TCVN 10306:2014). Muc tiéu ché tao hdn
hop BTHNTNC trong nghién ctru nay cé do chay cao, tinh cong tac tt (46 chay loang tir 260-
300mm) va cuong do nén cao (>75 MPa).

Thanh phan cip phéi cua bé tdng hat nho dé chay cao duoc xac dinh theo Iy thuyét thé
tich dic tuyét ddi. Ty 18 N/X duogc xac dinh theo cudng d6 nén [15, 16], TB thay thé xi ming
v6i ham lugng 30% theo khéi lugng, XLC duoc thay thé xi mang v6i ham luong 15%, 30%
va 45% theo khéi lugng. Thanh phan cap phdi cia BTHNTNC nghién ctu sau tinh toan dugc
thé hién trong Bang 3.

Bang 3.Thanh phan cip phéi BTHNTNC nghién ctru.

XM TB XLC N PGSD Catmin  Cattho

Hoén hop

(kg) (ko) (ko) (kg)  (kg) (kg) (kg)

100XM 745 0 0 209 14,90 438 1022
0TB30XLC 521 0 223 209 11,92 438 1022
30TBOXLC 521 223 0 209 9,68 438 1022
30TB15XLC 410 223 112 209 8,94 438 1022
30TB30XLC 298 223 223 209 8,19 438 1022
30TB45XLC 186 223 335 209 7,45 438 1022

2.3. Phuong phap nghién ciu

Cadc phwong phdp thi nghi¢m: Trong nghlen Clru nay, cac phuong phap thi nghiém tiéu
chuan dugc sir dung dé xac dinh cac tinh chét co 1y ctia cac thanh phan cip phdi va cac tinh
chat ciia hdn hop bé tong va bé téng hat nho cudng do cao. Cac phuong phap thi nghiém tiéu
chuan gom: TCVN 141:2023, Xi ming - Phuong phap phan tich héa hoc; TCVN 8262:2009,
TB - Phuong phép phan tich hoa hoc; TCVN 7572 - 2:2006 cét liéu cho bé tong va vira -
phuong phép thir - phan 2: xac dinh thanh phan hat; TCVN 7572 - 4:2006 ¢t liéu cho bé tong
Va vita - phuong phap thir - phan 4: xac dinh khi lugng riéng, khéi luong thé tich va do hit
nudc.

Quy trinh trgn: Vat liéu sau khi dugc can dong du khdi lwong cho 1 mé tron thi tién hanh
tron. May tron dugc st dung 1 may tron vira cudng btc. Bi voi phuong phap tron hdn hop
BTHNTNC, d6 chay cao, thoi gian tron thuong dai hon so vai bé tong va vira thuong. Sau khi
duoc tron so bo, hdn hop hat rin (cat thd, cat min, xi miang, TB va XLC) duoc nhao tron véi
nuéc, sau d6 tron PGSD va nudc vao hon hop theo quy trinh duéi day Hinh 4,

Cat th, catmin, |9 pnt | 2phat + 25% 6 pht
xi mang, TB, o+ 75% »  Nudcva > Két thac
XLC nuoc PGSD

Hinh 4. Quy trinh trén hon hop BTHNTNC.
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Do d@j chdy loang: Tinh cong tac caa hon hop bé téng hat nho duoc danh gia thong qua
chi tiéu do chay loang. Do chay loang dugc xac dinh bang phuong phap mini-con, theo tiéu
chuan TCVN 3121-3:2022 va chi dan cia EFNARC [17]. Mini-con c6 kich thude duong kinh
day 16n 100 mm = 0,5 mm, ddy nho 70 mm + 0,5 mm, chiéu cao 60 mm + 0,5 mm. Sau 02
phit, do chay loang cua hon hgp BTHNTNC duge x4c dinh thdng qua gié tri do trung binh
hai duong kinh vudng goc véi nhau. Mot s6 bude qua trinh do d6 chay loang cia BTHNTNC
duoc thé hién trén Hinh 5.

Hinh 5. Quy trinh do d§ chay loang cia BTHNTNC.

Cuong do chiu udn va nén ciia cac mau thir duoc xac dinh theo TCVN 3121-11:2003 vé
vira xay dung—Phuong phap thir - phan 11. Mau thir ¢ kich thudc 40x40x160mm. Mau sau
khi d6 khuon dugc bao dudng 2 ngay trong thung c6 nuéc & dudi day day nam kin, dam bao
d6 am trén 80%; khudn chira miu dé cach mit nudc 5 cm; sau 2 ngay mau duoc thao khudn
va dugc bao dudng ngdm ngap hoan toan trong nudc.

Viée d6 mau va bao dudng mau dugc thuc hién tai Phong thi nghiém cua Bo mon Vat
liéu xay dung, truong l?ai hoc Giao thdng van tai. Cuong do chiu uon va nén cia BTHNTNC
duoc xac dinh ¢ cac tudi 3, 7 va 28 ngay tai Trung tim KHCN truong Pai hoc Giao théng van
tai, Hinh 6.

Hinh 6. Mot s6 budc bao dudng va thir nghiém mau 40x40x160 mm.

3. KET QUA NGHIEN CUU VA THAO LUAN

3.1. Anh hwéng cia TB va XLC dén lwong phu gia siéu déo va tinh cong tac ciia
BTHNTNC

Dé dat duoc tinh cong tac tot, trong nghién ciu ndy, do chay loang cua hén hop
BTHNTNC yéu cau dat tir 260 — 300mm. Pé dat dugc do chay loang yéu cau nay, viéc xac
dinh lugng dung phu gia siéu déo, hé s6 du vita, lugng N/CKD sir dung, duoc xéc dinh bang
phuong phap thuc nghiém trén nhiéu cap phdi khac nhau khi thay d6i cac thanh phan trén.
Dbi véi mdi cap phéi bé tong, do chay loang duoc xac dinh véi luong dung PGSD tang dan.
Luong PGSD dugc ting véi “budc nhay” 0,1% dén khi hdn hop BTHNTNC dat dugc mie do
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chay loang twong dong. Riéng 2 cap phdi 70XMOTB30XLC va 100XM (BTDC), dé dat dugc
d6 chay loang tuong dong phai thém lugng PGSD véi budc nhay la 0,3% va 0,4%.

Két qua thyc nghiém vé anh huong ciia luong dung PGSD dén d¢ chay loang cua hén
hop BTHNTNC dugc thé hién trong Hinh 7 va Hinh 8.

30TB4SXLC  30TB30XLC

300
30TBISXILC
30TBOXLC L00XM
250
g
g 200
an
g
g 150
o 100
)
50
0
1,0 L1 12 13 2,0

Lwong dung PGSD (%)
Hinh 7. Lugng dung phu gia siéu déo ciia cac cap phdi 30%TB va 100%XM.

300
30TBOXLC 0TB30XLC
100XM

250
g

£ 200
g

S 150
&
|
5]

< 100
)

50

0

1,3 1.6 2,0
Luong dung PGSD (%)

Hinh 8. Luong dung phu gia siéu déo cua cac cip phdi 30% TB, 30% XLC va 100% XM.

Thuc nghiém cho thay, khi lugng TB va XLC thay thé xi mang trong hdn hop bé tong
tang 1én lam giam luong dung PGSD dé dat dugc d6 chay loang cao twong duong (260-
300mm) va TB c0 tac dung hon XLC trong viéc tang tinh cong tac va giam luong st dung
PGSD. Cu thé, ¢ Hinh 7 cho thiy, buéc nhay PGSD 14 0,1% khi ting luong CKD (gom ca TB
va XLC) 1én mdi 15% thay thé xi mang. Hinh 8 cho thiy, chi can st dung 1,3% PGSD cua
cap phdi s dung 30% TB ciing di dat do chay loang twong duwong véi 1,6% PGSD cua 30%
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XLC va lugng PGSD can dung cho cip phdi 100% xi mang phai 1 2% méi dat duoc d6 chay
loang twong duong Nhu véy, dé dat duoc tinh cong tac (d6 chay loang), hdn hop sir dung TB
sir dung luwgng PGSD (1,3%) it hon hdn hop sir dung XLC (1,6%) la 0,3%. Su thay d6i do
chay loang giita hdn hop sir dung TB (260mm) va XLC (255mm) la khong dang ké.

C6 duge diéu nay la do khi quan sat cac phan tir TB qua kinh hién vi dién t SEM c6
dang hinh cau, tron nhén ty dién tich bé mat nho hon so véi cac hat xi mang c6 hinh dang goc
canh, cac phan tir XLC ciing it goc canh hon cac phan tir xi mang (Hinh 2). Chinh nhimg dac
tinh nay 1am cho TB va XLC c6 su hip phu PGSD va nuéc it hon so véi xi méing, diéu nay
d6ng nghia voi lugng nudce tu do trong hé ting 1én lam d6 chay loang ting 1én. Ngoai ra, khoi
luong riéng cia TB < XLC < XM (Bang 2), nén khi tro bay va xi 10 cao thay thé mot khéi
luong xi ming twong dwong thi tong khdi lwong cua chét két dinh khong d6i, nhung thé tich
ho chat két dinh s& tang 1én, tirc 12 ty 1¢ thé tich cua hd va cot liéu sé ting 1én, gitip ting tinh
cbng tac cua hon hop bé téng. Két qua nay phu hop vei nhitng nghién ctru trude day, TB c6
dang hat hinh cau, tao nén hiéu ng 6 bi “ball bearing effect” [4], XLC cling 6 hinh dang hat
kém sic nhon hon cac phan tr xi mang gilp giam ma st giita cac hat cét liéu, lam ting tinh
cong tac.

3.2. Cuong dd chiu udn ciia bé tong hat nhé tinh ning cao

Cuong d6 chiu ubn cua bé téng sir dung TB va XLC dugc trinh bay trong Bang 4 va Hinh
9. TB thay thé cho xi ming v&i ham lwong 30% theo khéi lugng, XLC thay thé cho xi ming
v6i ham luong tir 15%, 30% va 45% theo khdi luong. Cudng do chiu udn cia BTHN duoc

xéac dinh & tudi 3, 7 va 28 ngay. Két qua cho thay, tang lugng dung TB va XLC thay thé xi
mang lam giam cuong d6 chiu udn cua bé tong ¢ tat ca cac ngay tudi nghién ciu.

Bang 4. Cudng do chiu udn cua bé tong s dung TB va XLC (MPa).

Hén hop 3 ngay 7 ngay 28 ngay

100XM 13,99 15,57 19,05
30TBOXLC 9,57 12,63 15,59
30TB15XLC 8,44 13,15 15,07
30TB30XLC 7,16 12,98 13,67
30TB45XLC 6,33 14,92 15,34

Két qua thuc nghiém chi ra rang, cudng do chiu udn cua bé téng str dung ddng thoi TB va
XLC thay thé mot phan xi mang giam (Hinh 9). Diéu nay xay ra la do kha ning hoat tinh cua
TB thp hon xi mang va TB thuong c6 xu hudng phét trién cuong do chiu udn ¢ nhitng ngay
tudi muon (56, 90, 180 tham chi muon hon).

Dé hiéu rd anh huong cua TB va cia XLC dén su suy giam cuong do caa BTHN, nghién
ctru da st dung riéng ré 30% TB va 30% XLC dé thay thé xi mang theo khdi luong. Két qua
cho thay, tai thoi diém tudi sém, TB va XLC déu lam giam cuong do chiu udn cua bé tong,
nhung tai thoi diém 7 va 28 ngay, XLC da thé hién vai tro vuot troi caa né trong viéc hinh
thanh cuong d6 chiu udn cua bé tdng, hdn hop cho két qua hon han bé tong ddi ching dén
17,4% va cao hon hdn hop chi c6 TB thay thé xi ming toi 47,6% & 28 ngay tudi (Bang 5 va
Hinh 10). Biéu nay ly giai bai TB c6 tinh hoat héa cham, thuong thé hién ¢ tudi muén (sau 28
ngay), XLC ngoai c6 hoat tinh Pozzolanic do SiO2 v6 dinh hinh con co hiéu tng ty thuy hoa;
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XLC chira ham lugng pha thuy tinh cao va thanh phan hda chira chu yéu cac oxit canxi, oxit
silic va oxit nhom gan giong voi clanhke xi méng pooc lang nén XLC c6 khd nang tao ra cac
phan ung tao ra kha nang két dinh duéi nhiét do, do 4m va moi trudng kiém thich hop. Khi
tron hdn hop xi ming-XLC véi nudc, & giai doan dau, cac khoang trong xi mang thity hoa tao
ra canxi hydroxit, cdc chit nay s& phan ung véi XLC dé tao thanh dang gel hydrat CS-H
(canxi silicate hydrate) va C-A-H (canxi aluminate hydrate) tuong tu nhu san pham thuy hoa
Cua xi méng poodc lang, day chinh la cdc khoang tao ra cuong do va cau trc dic chic cho bé
téng [18]. O cac tudi ban dau, XLC chu yeu tham gia vao Vi cau tric cia da xi mang vai vai
tro 1 hat cét liéu min. O c&c tudi mudn tir 28 ngay tro Ién, cac san pham hydrat hoa cua xi
ming duoc tao ra nhiéu hon va qua trinh phan @ng puzzolan xay ra mac do Ién hon dong gop
dang ké CSH thém cho vi ciu tric cua da xi ming, trong giai doan ndy, mot s6 hat xi 10 cao
c6 kich thuéc phi hop s& dong vai tro 1am chét dién day cac 15 rSng c6 kich thuéc 16n, hinh
thanh trong dé xi mang lam mrc d¢ suy giam cuong do cua da xi mang it hon nén vé6i nhiing
ti 1¢ thich hop c6 thé tao ra vi cau trdc tét hon s0 v6i xi ming nén ma Cu thé hon 1a & ham
lwong xi 16 cao 30%. Nhu vay c6 thé so bo thiy ring, cudng do cua bé tdng giam c6 nguyén
nhan chinh 14 do TB, con XLC lam ting cudng d6 cua hdn hop bé tong. Két qua nay hoan
toan phu hop véi nhitng nghién ctu trude ddy vé anh huong caa TB [2, 3, 5] va XLC [19, 20,
21] dén su phat trién cuong d6 chiu ubn cua bé tong.
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Hinh 9. Anh huéng ctia ham lugng TB va XLC dén cuong d6 chiu udn.

Bang 5. Cuong d6 chiu ubn ctia bé tong sir dung 30% TB va 30% XLC (MPa).

H&n hep 3 ngay 7 ngay 28 ngay

100XM 13,99 15,57 19,05
30TBOXLC 9,57 12,63 15,59
0TB30XLC 9,41 17,08 23,02
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Hinh 10. Anh hudng cta ham luong 30% TB va 30% XLC dén cudong do chiu udn.
3.3. Cuong d¢ chiu nén cia bé tong hat nhé tinh niang cao

Cudng do chiu nén cua bé tong hat nho sir dung TB va XLC thay thé xi mang duoc trinh
bay trong Bang 6, Hinh 11 va Hinh 12. C6 thé thdy, khi chi st dung 30% TB thay thé xi
méng, cuong do ¢ 3 ngay cua bé tong dat khoang 80% so véi BTDC, va ¢ 28 ngay, cuong do
cuia bé tdng ngang véi BTPC (77,94 MPa va 77,02 MPa). Két qua nay tuong dong voi cac két
qua nghién ctu trude day [2, 3, 5]. Piéu nay dwoc giai thich 1a do kha ning hoat tinh cuaa tro
bay thap hon xi mang nén kha ning hinh thanh cuong d6 ¢ tudi sém cua TB thap hon xi
ming. Tro bay thudng ¢ xu huéng phat trién cuong d6 ¢ nhirng tudi muon.

Ngoai ra véi cung ham lugng 30% TB, khi tang ham lugng XLC thay thé xi ming, cudng
do chiu nén cua bé tong giam dan & tudi som 3 ngay; cuong do kha thap & tudi sém (3 ngay)
va phéat trién cuong do 18n rat cao & 28 ngay (cuong do dat téi 1,9-2,9 1an so véi 3 ngay),
trong khi d6 BTDC & tudi 28 ngay cudng do chi hon & 3 ngay khoang 1,4 lan.

Tat ca cac cap phdi sir dung TB va XLC thay thé xi mang déu cho cudng do ting 1én
ngang bang tham chi cao hon cudng d6 cua bé téng sir dung 100% xi ming & 28 ngay. Céc
két qua nay c6 dugc boi 1€, @6 min cua XLC I6n hon & min cia TB va ¢ min cua TB 16n
hon d6 min xi mang nén khi cho mét lwong nhat dinh XLC va TB thay thé xi mang s& lam
tang do 1én chat cua hdn hop vt liéu (cac hat XLC, TB c6 thé lap diy giita cac hat xi ming)
lam cho cau tric vi md cua hdn hop dac chic hon.

Tuy nhién khi luong TB+XLC trg nén du thira lai 1am cho hon hop bi giam cuong d6. D6
chinh 1a Iy do ma ching ta thay c6 két qua: & tui mudn (28 ngay), cung ham luong 30% TB
thi cuong d6 cia BTHN dat gié tri cao nhat khi ham luong XLC 1a 30% (86,51MPa) va giam
dan khi ham luwong XLC sir dung 1a 45%. Céc két qua nay phl hop véi két qua cia nhiing
nghién ciru trude day khi két hop dong thoi TB va XLC [11, 13].
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Bang 6. Cuong do chiu nén ctia bé tong str dung TB va XLC (MPa).

Hinhep S NYay 7 ngay 28 ngay

100XM 55,58 60,09 77,02
30TBOXLC 4349 57,23 77,94
soTB1sXLC AL77 61,11 81,23
30TB30XLC 3579 62,60 86,51
30TB45XLC 2859 55,24 81,65

_ Két qua so bg ciing cho thay, su két hop 30% TB va 30% XLC cho két qua chiu nén cia
hon hop BTHNTNC dat duoc la toi uu nhat khi thay doi ham luong su dung XLC tir 15-45%
(cuong do chiu nén dat 62,60 MPa ¢ tudi 7 ngay va 86,51 MPa ¢ tuoi 28 ngay).
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Hinh 11. Anh huéng ciia ham lwong TB va XLC dén cudng do chiu nén cia BTHNTNC.

O Bang 7 va Hinh 13, nghién ciru da str dung riéng r& chi 30% TB hoic chi 30% XLC dé
thay the xi méng theo khoi lugng, ket qua cho thay, tai thoi diém 3 ngay, TB va XLC deu lam
giam cuong do6 chiu nén cua bé tbng, nhat la TB da lam giam cuong dé nhiéu hon XLC.

O céc tudi mudn (7 ngay va 28 ngay), XLC da thé hién vai trd vuot troi cia né trong
viéc hinh thanh cuong do, hdn hop cho két qua cuong dé nén cao hon BTDC dén 26,06% & 7
ngay tudi va 18% & 28 ngay tudi. P6 min cia XLC I6n hon TB ciing lam cho sy Ién chit cua
hon hop tang 1én dan dén do dic chac caa hdn hop ting 1én. Két qua nay hoan toan phu hop
Vv6i nhitng nghién ctu trude day vé anh huong caa TB [2, 3, 5] va XLC [19, 20, 21] dén su
phét trién cuong d6 chiu nén caa hdn hop vira bé tong, xi mang.
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Hinh 12. Anh huéng ciia TB va XLC dén sy phat trién cuong d chiu nén cia BTHNTNC.

Bang 7. Cuong d¢ chiu nén cta bé tong stir dung 30% TB va 30% XLC (MPa).

Hénhgp 3ngdy 7 28 ngay

100XM 55,58 60,09 77,02
30TBOXLC 4349 57,23 77,94
0TB30XLC 53,98 75,75 90,88
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Hinh 13. Anh huong ctia 30% TB va 30% XLC dén cuong do chiu nén cua BTHN.
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KET LUAN
Tur két qua trong nghién ciru nay c6 thé rit ra mot sb két luan sau:

- CO6 thé ché tao BTHN c6 cuong do nén dat hon 80 MPa & tudi 28 ngay, vai luong
dung tro bay va xi 10 cao c6 thé thay thé t6i 75% khéi luong xi ming.

- Sy c6 mat cua tro bay va xi 10 cao lam giam lugng dung phu gia siéu déo va tang tinh
cong tac caa hon hop BTHN. Ting lugng diing xi 10 cao 1am giam luong dung PGSD nhung
van lam ting tinh cong tac cia hon hop BTHN.

- St dung riéng 30% xi 10 cao thay thé xi mang, cuong do chiu kéo va nén cua bé tong
déu tang hon bé tong sir dung 100% xi mang. Hiéu qua ting cuong do cua xi 1o cao cao hon
SO Vi tro bay.

- Két hop dong thoi 30% tro bay va 15-45% xi 10 cao 1am giam cuong do chiu uén cua
bé téng ¢ tat ca cac tudi 3, 7 va 28 ngay.

- St dung 30% TB két hop XLC thay thé xi mang tir 15-45% lam giam cuong do chiu
nén cua bé tdng ¢ tudi sém 3 ngay, nhung & tudi 7 ngay va dac biét ¢ 28 ngay cuong do chiu
nén cua bé téng hat nho ngang bang hoic cao hon bé tong sir dung 100% xi mang tiy theo
ham luong TB va XLC thay thé xi méng.
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