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Tém tat: Bé tong chat luvong siéu cao (BTCLSC) dugc coi la mét trong nhitng séan pham mang tinh buéc
ngodt trong céng nghé bé téng véi cac déc tinh rét tét nhw dé chay cao, cudng dé nén Iém hon 150 MPa va
do bén tuyét voi. Dé ché tao bé téng nay théng thuong phai ste dung mét lrong I6m xi mang, khodng 900-
1000 kg/m’. Diéu nay gay ra sy bat lgi theo quan diém phat trién bén vieng, va mét trong nhing giai phap cho
van dé nay la str dung céc phu gia khoang thay thé xi mang. Bai bao nay trinh bay nhiing két qua nghién ctru
ban dau vé viéc str dung phdi hop silica fume va xi 16 cao hat héa nghién min cé sén & Viét Nam dé ché tao
BTCLSC. Két qua chi ra rdng viéc str dung té hop nay da cai thién ca tinh céng tac va cuong do nén cda
BTCLSC. Thém vao dé, téng ham luong xi mang duoc thay thé bdng hén hop nay cé thé dat dén 55% (tinh
theo téng khéi lrgng chét két dinh). Pay la mot két qua réat quan trong déi véi sy phét trién bén viing cda loai
bé téng nay trong thurc té.

Tir khoa: Bé tong chat lwong siéu cao, silica fume, xi lo cao hat hoéa.

Abstract: Ultra-High Performance Concrete (UHPC) is considered to be one of major breakthroughs in
concrete technology with superior qualities, i.e. high fluidity, over 150MPa compressive strength and
excellent durability. To produce this concrete, a very high mount of cement, about 900-1000 kg/m’, is
commonly used, that causes some disadvantages in the view of sustainable development. Using mineral
admixtures to replace cement in UHPC composition is one of good ways fo overcome this problem. This
paper presents the preliminary results of using a combination of Silica fume and Ground Granulated Blast-
furnace Slag available in Vietnam as a cement replacement in making UHPC. The results showed that this
combination improved both the workability and compressive strength of UHPC. Additionally, a maximum
total amount of cement of 60% by weight can be replaced by this combination to produce UHPC. This is very
promising for the sustainable development in concrete production industry.

Keywords: Ultra-high performance concrete, silica fume, Ground Granulated Blast-furnace Slag.
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(® 1.Gisithiéu

Bé téng chét lwgng siéu cao (BTCLSC) dwoc coi la mét sdn phadm mang tinh buéc ngoat cla sy
phat trién mai ddi voi cdng nghé xay dung néi chung va céng nghé bé téng néiriéng. Loai bé tdng nay da
dwoc nghién clru tlr d&u nhirng nam 90 cla thé ky 20 & Phap va Canada [1], v&i cac déc tinh vurot trdi so
v&i bé téng thwdng nhu co ty 18 N/CKD rat thap, thwéng nhé hon 0.25, c6 cwérng do nén rat cao (thwong
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I&n hon 150 MPa), cwrérng do udn lén (khi st dung cbt sgi) 15-40 MPa, médun dan hoi cao tir 50-60
GPa, do thAm thap va d6 bén ratcao[2]. O Viét Nam, loai bé tong nay dwoc coi la kha méi (tir 2006) va dén
nay chicé mét vai dé tai tim hiéu va nghién cteu chinh thire[3- 5].

Vatliéu dé ché tao BTCLSC théng thuwdng bao gdm cat quéc véi kich thwéde khodng 100-600um, xi
mang, silica fume, nwéc va phu gia siéu déo. Trong do, ligng xi mang khoang 900-1000kg/m°[6] va day la
nhuwoc diém I&n nhéat clia loai bé tdng nay béi vi sé lam tang gia thanh ciia san pham va anh hwdng béat loi
dén tinh chat k§ thuat cling nhw v& méi trwéng. Do d6, viéc tim kiém cac phu gia khoang khac thay thé xi
mang déng thévi vAn dadm bao cac yéu cau ky thuat la rat can thiét.

Trong sd cac phu gia khoang hoat tinh thi xi ld cao hat hoa nghién min (BFS) dwoc cho lavatliéu co
trién vong dé thay thé xi mang trong BTCLSC|[7,8]. Day la thai phadm clia qua trinh luyén gang trong 15 cao,
thanh phan khoang chi yéu 1a pha thly tinh (trén 95%), thanh phan khoang nay cé kha nang phan (ng véi
Ca(OH), sinh ra trong qua trinh thiy héa clia xi mang tao thanh cac san phdm C-S-H c6 cau tric dac chac
hon[8,9 1. Tuy nhién, khi st dung BFS véi ham lwgng I&n sé gay ra hién twgng tach nuwédc[8]. Do do, BFS
c6 thé sir dung két hop voi silica fume (SF) sé han ché nhwoc diém nay vi SF ¢6 bé mat riéng rat Ién. Bén
canh d6 SF con cé tac dung cai thién do dic chac va tang cuéng dd cla bé téng... [10]. Viéc st dung két
hop gitra 2 loai phu gia khoang nay khéng nhirng cai thién tinh céng tac clia hdn hop bé tdng, ma con lam
tang dang ké cudng dé va do bén lau cla bé tdng. Day 1a mét trong nhi¥ng gidi phap lam ting hiéu qua vé
kinh té&, k§ thuat va méi trwéng.

Bai bao nay trinh bay nhiing két qua thi nghiém ban dau vé sw anh huéng cla viéc dung té hop
BFS két hop vé&i SF san co & Viét Nam dén tinh céng tac va cwéng dé nén, ubn ciia BTCLSC, trong d6 ¢6
xét dén anh huéng cia diéu kién dwéng hd nhiét m dén cwrdng do nén cia BTCLSC.

(@ 2.vatliéuché tao va phwong phap nghién ctru
2.1 Vatliéu ché tao

Vatliéu dwoc dung trong nghién clru gdm: xi méng Pooclang Séng Gianh PC40 cé cac tinh chat cor
ly trinh bay & bang 1, véi dwdng kinh hat trung binh khodng 14pm; SF dang hat r&i clia hang Elkem, c6
duwérng kinh hat trung binh khoang 0.15um, ham lwgng SiO, 1a 92.3%, chi s6 hoat tinh voi xi méng la
113.5%; cbt liéu |1a cat quéc cd dwdng kinh c& hat trung binh khodng 315pm, dé réng khi chwa lén chét
45.1%; phu gia siéu deo (PGSD) st dung clia hdng BASF c6 géc polycarboxylate, v&i ham lwgng chét
kho 30%.

Xilo cao hat hda Thai Nguyén, dugc nghién min v&i dwéng kinh ¢ hat trung binh khoang 12.5um,
ham lwrgng cac oxit (SiO,+AlLO,+Fe,0,) khoang 46.2%, chi sé hoat tinh v&i xi méng la 107.0%.

Thanh phan hat clia cac vat liéu nay dwoc xac dinh bang phwong phap nhiéu xa laze, két qua thé
hién & hinh 1.

Bang 1. Tinh chét co ly cla xi méang

Tinh chéat DPon vi Gié tri Quy pham | Phuong phéap thi nghiém

Po min
Lwong soét sang 0.09m m

D¢ min Blaine TCVN 4030-2003

Do déo tiéu chuén TCVN 6017-1985

GiGi han bén nén
Sau 3 ngay 26.4 =221.0
Sau 28 ngay 496 >40.0 TCVN 6016-1995
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Lwong lot tich Iy (%)

Kich thwéc c& sang (um)

Hinh 1. Thanh phén hat cda vét liéu st dung trong nghién ciu

2.2 Phwong phap thue nghiém

Tinh céng tac cla hén hop bé téng dwoc xac dinh bang thi nghiém dd chay clia cén nhé theo tiéu
chuén cla Anh BS 4551-1:1998. Gi4 tri d chay loang cla cac hdn hop bé tdng trong nghién ctru nay
dwgc diéu chinh trong khoang 210-230mm.

Trong bé téng chat lwong siéu cao, viéc xac dinh cwong dd nén theo tiéu chuan Viét Nam
(TCVN3118-1993) 1a rat kho béi vi ceérng dd nén clia bé tdng rat cao. Mdt sé nghién ciru [7,11 ], da khang
dinh réng, anh hwéng cda kich thuwédc khudn dén cuedrng dé nén clia bé tdng chét lwgng siéu cao la khéng
dang ké do su déng nhat cao vé cAu tao cla loai bé téng nay. Do vay, trong nghién clru nay cuedng dé nén
cla bé tbng dwoe xac dinh véi mau cé kich thude 50% 50x 50 mm?®.

@ 3. Thiét ké thanh phan va quy trinh thi nghiém bé téng chat lwgng siéu cao

Viéc thiét ké thanh phdn BTCLSC dugc thuc hién qua 2 buéc: (1) thiét ké ti wu thanh phan hat ¢t
lidu, va (2) thiét ké cap phdi BTCLSC.

3.1 Thiétké thanh phan hat cét liéu

T6i wu hoa thanh phan hat 1a mét trong nhivng khau then chét clia viéc thiét ké cap phdi hén hop
BTCLSC. Trong nghién ct:u nay, téi wu héa thanh phan hat dwoc tinh toan theo ly thuyét do De Larrard va
Sedran dé xuat[12,13 ]. Phuwong phap nay xac dinh trén co s& thanh phan hat cla cac vatliéu, qua lugng
sét tich |Gy clia méi cép hat, twong tng véi cac loai vat liéu, tir d6 xac dinh mire d6 lén chét Ién nhéat cla
hén hgp hat théng qua cac cong thirc tinh toan va hé sé 1&n chat hdn hgp dé chuyén ddi tir mé hinh ly
thuyét sang mé hinh thire t&. O nghién ctru nay trong dé hé sé 1én chat chuyén déi ciia hdn hop hat dwoc
lay la 12.5 theo dé& xuat clia Jones, M. va cac cong sw[14]. Dbi véi hé hén hop hat gém cat - xi mang - BFS -
SF, lwgng SF dugc cb dinh la 10% khéi lwong chét két dinh (CKD), lwgng BFS sé thay thé lwgng dung xi
méng twong tng (ttr 0-60%). Khi d6 CKD sé& bao gébm xi mang, SF va BFS. Nhw vay, thanh phan hat o day
dwoc xem xet nhw 14 hé hai cu tlr gdm cat va CKD. Quan hé gitra dé 1én chat clia hén hop vaity 1€ cla vat
liéu thanh phan dwoc thé hién & (hinh 2-3). Nhw vay, dwra trén két qua tinh toan thi lwong téi wu dugc xac
dinh v&ity |& Cat/(Cat + CKD) 1a 0.50. Ty 1& phéi hop gitra 3 cau tlr ltc d6 sé 1a 50% cat + 20% xi mang +
30% PGK. Trén co sé ty 1& phdi hop gitra cac cau tlr, dé tai tién hanh khao sat véi lvgng dung phu gia
khoang twong (ng vai cac ty 1 (0-30%) trong hén hop (tlr 0-70% khéi lwgng chat két dinh). Khi ty 18
N/CKD lay cé dinh la 0.16 thi cAp phéi bé téng dwoc xac dinh. Bang 2 thé hién thanh phan hén hop cap
phdidwoc st dung trong nghién ctru.
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Do lén chat cda hon hop

—O— 0%(10%SF+90%BFS)
—0— 20%(10%SF+90%BFS)
—O— 40%(10%SF+90%BFS)
—t— 60%(10%SF+90%BFS)

O 0%(100%BFS)
—0— 20%(100%BFS)
—— 40%(100%BFS)
—&— 60%(100%BFS)

0.2 0.4 0.6 0.8 0.4 0.6 0.8
Ham lwong cat ( cat + CKD) Ham Iwgng cat ( cat + CKD)

Hinh 3 D6 lén chat cda hén hop hat gém

Hinh 2. D6 Ién chat cta hén hop hat gé :
ssteion fles Pl Il R Ll 9L céc cAu tir Cat - Xi mang - BFS - SF

céc céu tir Cat - Xi mang - BFS

3.2. Cép phéi bé téng chat Iweong siéu cao
Tir két qua tinh toan téi wu hda thanh phan hat nay, dé tai da xac dinh dwoc ty 1& clia vat liéu thanh
phan, tir d6 xac dinh dwoc cap phdi bé téng str dung trong nghién ciru (bang 2).
Gia tri ham lwgng PGSD st dung trong bang 2 nay la lwgng PGSD ding dé dat d6 chay loang cla
hén hop bé téng trong khoang 210-230mm nhw d& dé cap & phan trén.
Bang 2. Cap phdi BTCLSC sir dung trong nghién ctiu

Sk % BFS, % PGSD, %

> N/CKD Cat/CKD ’ . e R

CKDtinhcho | yookndi | (theo kndi | (theo kndi | (theo khdi | (theo khoi

1 m” bé téng, luong) luong) luong cda lwong cda lwgng cua
(kg) j CKD) CKD) CKD)

Khéi lwgng

1170 0.16 0 1.30

1167 0.16 10 1.20

1164 0.16 20 1.10

1161 0.16 30 1.00

1155 0.16 50 0.90

1152 0.16 60 0.80

1145 0.16 20 0.80

1142 0.16 30 0.80

(N[O~ |[WIN|=

1139 0.16 40 0.70

1137 0.16 50 0.65

= |O

1134 0.16 60 0.60

- | =

3.3. Quy trinh thinghiém

May trén st dung trong nghién ctru c6 dung tich 20 lit. Quy trinh trén hén hop bé téng cé thé thay &
hinh 4.

gat+ Tr?wr']tz B Tr?mr?tz L, Tr?]r;t‘] Fiugs Trf,"mz Lam Trg:uzt-s
mang +BFS phu » bqto+ phu »| sach cbi | P siéu cieo' p sach ci »| Kt thic
ok 70% tron +30% tron
nwéc hwée

Hinh 4. Quy trinh trén hén hop BTCLSC
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MAau dwoc dic trong khudn co kich thwdc 50x50x50mm’, sau doé dwoc dwéng ho & diéu kién tiéu
chuén (t = 27+2°C, RH > 95%) trong thei gian 24h, mau dugc thdo ra khéi khudn va tiép tuc duwéng hod
trong 2 méi trwed'ng khac nhau:

-Ché&dd 1: Tiép tuc duéng hé trong diéu kién tiéu chuén.

- Ché d6 2: Dwéng hé 02 ngay trong diéu kién nhiét &m (t = 90+5°C, RH = 100%) sau dé tiép tuc
dwéng ho trong diéu kién tiéu chuan dén tudi can thi nghiém.

Cudng dd nén clia bé tdng dwoc xac dinh & cactudi 3, 7, 28, 90 ngay.

(.: 4. Kétquavaban luan

4.1 Tinh céng téc ctia hén hop bé téng

Luwong dung PGSD clia hén hop BTCLSC dé dat dwoc dé chay loang tir 210 — 230mm duwoc thé
hién & bang 2. Qua két qua ta thay, khi str dung BFS v&i ham lvgng cang tang thi dé chay clia hén hop bé
téng tang. Diéu nay co thé giai thich do BFS cé bé mat thay tinh dac chac nén khi thay thé xi mang thi
lwong nwédc dw ting 1&n va cai thién tinh cdng tac clia hén hop bé téng.

Xét theo khia canh dién day (hinh 2-3) thi kich thuéc clia hat BF S twong tw nhu véi kich thuée hat
xi mang, do vay viéc dung thém cac hat siéu min nhw SF sé cai thién dwoc dd Ién chat cla hén hop. Theo
[15] thi ham lwgng SF st dung dé ché tao BTCLSC Ia 10% sé céi thién tét nhat v& tinh céng tac cling nhw
vé cuéng do cia BTCLSC. Do vay & nghién ctru nay, ham lwvong 10%SF duoc dung cb dinh dé khao sat
swanh hwéng cla td hop (SF va BFS) dén cactinh chatclia BTCLSC.

Qua két qua nghién ctru co thé thay ring khi str dung két hop gilra SF vai BFS thi tinh cong tac cla
hén hop bé téng dwoc cai thién rd rét, dac biét dd chay cla hdn hop khi tao hinh theo quan séat thuc té.
Diéu nay c6 thé giai thich do cac hat SF dang tron va cé tac déng cd lgi véi hiéu (rng “6 bi - Ball - bearing
effect’. Hon niva cac hat SF siéu min sé chiém chd cua lwgng nwocléra nam gilra cac hat xi mang von tu,
lam tang lwong nwée tw do trong hd va do dé lam téng dé luu déng clia hén hop bé tong.

T két qué khao sat sy &nh hudng clia viéc dung phu gia khoang BF S két hop véi SF dén tinh cdng
tac ctia hén hop BTCLSC, dé taitién hanh nghién clru sw anh huéng cla td hop nay dén cac tinh chat clia
BTCLSC.

4.2 Anh hwéng cua lwong ding xi nghién min dén cwong dé nén cia bé téng chét lwrgng
siéucao

Hinh 5 va hinh 6 thé hién sy anh hwéng ctia ham lwgng BFS dén cuwéng do nén BTCLSC. Cé thé
thay & cac ham lwgng thay thé xi mang dudi 20% thi ceerng do nén clia BTCLSC tang Ién khi lwgng dung
clia BFS téng. Sau dé thi cwdrng dé nén clia BTCLSC gidm xudng khi lwong dung BFS tang tir 30% dén
60%. V&i cac lwgng dung BFS 16, 50-60% thi cuéng do ban dau clia BTCLSC thap & cac tudi sém ngay
khi dwoe bao dwdng & ché dé tw nhién, nhung khéng bi anh hwéng nhiéu khi mau duoc béo dwéng & ché
dé nhiét &m cao (hinh 6). Cwdng dé nén BTCLSC st dung 20% BFS dat gia tri Ién nhét dbi véi ché dé bao
duwéng tu nhién va bao dwdng nhiét &m cao twong Gng 1a 151MPa va 155MPa.

Néu cén clr vao tudi va ché dé bao duwéng mau khac nhau thi sé cé suw lwa chon khac nhau trong
viéc str dung BFS. Chang han, khithiét ké cuérng d6 tinh toan & 28 ngay v&i ché do bao dwdng tw nhién thi
lwgng dung BFS t6i da la 20% (hinh 6), nhung néu thiét ké cwdng do tinh toan & 90 ngay véi ché do bao
duéng nhiét &m cao thi co thé tang lwvong dung BFS dén 50%. Téc dd phat trién cudng do nén clia bé tong
& cac tudi khac nhau phuy thudc vao ham lwong BFS sir dung. Viéc ting cwdng d6 nén ciia BTCLSC khi
dung BFS & tudi 90 ngay véi legng dung BFS cao (30%-60%) co thé giai thich 1a do khi dung BFS, cac
thanh phan hoat tinh ctia BFS ¢6 phan (ng rat cham véi Ca(OH), sinh ra trong qua trinh thiy héa cda xi
mang, do vay cudng dd nén cla bé téng & tudi ban dau thap. Tuy nhién, & tudi dai ngay (sau 28 ngay)
cwdng dd nén clia bé téng st dung BFS 16 hon so véi mau dbi chirng, diéu nay 1a do hau nhu céc thanh
phan hoat tinh clia BFS da phan (rng véi san pham thay hoa clia xi mang, gép phan lam tang cuéng do,
dé bén cho bé téng.
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Hinh 5. Anh huwéng cla ham lugng BFS dén cudng dé nén clia BTCLSC
N/CKD = 0.16, (a) 27+2°C, (b) 90+5°C

Cuwdng do nen (MPa)

(0% BFS) (10% BFS) (20% BFS) (30% BFS) (50% BFS) (60% BFS)
Ham luong BFS (% theo khéi lwgng CKD)

(b) 9015°C

(0% BFS) (10% BFS) (20% BFS) (30% BFS) (50% BFS) (60% BFS)
Ham luong BFS (% theo khéi lugong CKD)

Hinh 6. Anh huéng cta ham lvong BFS dén sw phat trién cuwong dé nén cia BTCLSC
theo thoi gian, N/CKD = 0.16, (a) 27+2°C, (b) 90+5°C

4.3 Anh hwéng cua sw két hop gitra silica fume va xi nghién min dén cwéng dé nén cua bé
téng chatlwong siéu cao

Hinh 7 thé hién s anh hwéng clia ham luvgng (SF va BFS) dén cwrérng d6 nén ctia BTCLSC, trong
d6 ham lweng SF dwoc git c6 dinh 1a 10%. Két qua cho thay cwéng dd nén Ién nhéat cla td hgp nay dat
dwoe khi lwgng dung BFS 14 20%, nghia |a tong ham lwgng phu gia khoang 1a 30%. Gia trj cwdng do nén
clia mau khi bao duwéng tw nhién dat dwoc tai tudi 28 ngay l1a 158MPa va bao duéng nhiét &m cao la
164MPa. Bang cha y la v&i diéu kién bao dwdng nhiét am cao thi cwdng do nén cla BTCLSC co thé dat
dwgc cudng do yéu cau ngay tir 7 ngay. Bén canh do, lwgng ding BFS c6 thé tang |én dén 45% ma van
dat gia tri cworng d6 yéu cau.
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Nhuw vay, tbng lwgng diing clia phu gia khoang trong triérng hop nay cé thé nang 1én dén 55%, diéu
nay mang lai y nghia ratIén trong viéc st dung phu gia khoang thay thé xi méng dé ché tao BTCLSC.
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Cuwong do nén (MPa)

(a) 27£2°C, 10% SF ! =0 (b) 90+5°C, 10% SF
t t t t t 20 t t t t t 1

10 20 30 40 50 0 10 20 30 40 50 60

Ham lwong BFS (% theo khéi lugng CKD) Ham lwgng BFS (% theo khéi lwong CKD)

Hinh 7. Anh hudng ctia ham lugng BFS dén cudng do nén cia BTCLSC, SF=10%
N/CKD = 0.16, (a) 27£2°C, (b) 90£5°C

Téc do phat trién cwéng do clia bé tong & cac tudi khac nhau trong cac diéu kién duéng ho khac
nhau thé hién & hinh 8. K&t qua thi nghiém cé thé thy rdng cwdng dd nén clia BTCLSC dwoc cai thién rd
rét khi bé tong dwoc dwdng ho & didu kién nhiét &m cao. Thure té cho thdy rdng qué trinh dwéng ho & ché
d6 nhiét &m cao c6 vai trod lam cai thién vi cAu tric clia bé téng, lam giam co ngét déng théi tang kha nang
chdng nirt cho bé téng.
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Hinh 8. Anh huéng cla ham luwgng BFS dén sw phét trién cuong dé nén clia bé téng
& cac tubi khac nhau, véi SF = 10%, N/CKD = 0.16, (a) 27+2°C, (b) 90+5°C
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KET QUA NGHIEN CUU VA UNG DUNG R Ea

Ham lwgng BFS thay thé xi méng cling anh hwéng dén tée dé phat trién cwérng dé ctia BTCLSC, nhw
& hinh 8. Khi st dung BFS thay thé xi mang, & diéu kién dudng ho thwang thi tée do phat trién cudng do &
nhi*ng ngay dau cham, BFS cang duoc str dung nhiéu thi tc dé phat trién cworng dé & nhirng ngay dau
cang cham. Mac du cac mau bé téng st dung 50%, 60% BFS dugc dwdng hd & diéu kién nhiét am, tbc do
phat tri&n cudng do nén & nhirng ngay dau van thap. O tudi 90 ngay thi téc dd phat trién cwdng do tang
nhanh hon so véi mau dbi ching.

(® 5.Kétluan

Dwa trén nhirng két qua nghién clru dat duwoc, mot sé két luan co thé ratra nhw sau:

- Hoan toan cé thé st dung xi 16 cao nghién min & Viét Nam thay thé mét phan xi mang dé ché tao
BTCLSC.

- Khi str dung don phu gia khoang BFS, thi ham lwgng ding la 20% va ty & N/CKD 14 0.16 dwoc coi la
t6i wu dé ché tao BTCLSC véi cwérng dd nén lén nhat dat dwoc 1a 151MPa va 155MPa trong (ng véi ché do
bao dwdng tw nhién va bao duéng nhiét &m cao. Luwgng BFS 16n nhat cé thé dung 1a 30% va 60% dé dat
cuwéng do thiét ké twong ing véi ché dd dwéng ho tw nhién va duwéng ho nhiét am.

- Khi diing két hop hai loai phu gia thi ham lwgng 10% SF va 20% BFS dwoc coi la tdi wu dé ché tao
BTCLSC v¢i cwrong dd nén lon nhét dat dwoc 1a 158MPa va 164MPa twong rng voi ché dé bao dwéng tw
nhién va bao dwéng nhiétam cao.

Tailiéutham khao

1. Buitelaar, P. (2004), "Ultra High Performance Concrete: Developments and Applications during 25 years”,
International Symposium on UHPC, Kassel, Germany.

2. Richard, P. and M.H. Cheyrezy (1995), Composition of reactive power concretes. Cement and Concrete
Research, 25(7),p 1501-1511.

3. Nguyen Van Tuén, Pham Hivu Hanh, Nguyen Céng Thang (2005), Ngh.len ctru kha ndng ché tao bé téng
hat min chét lvong cao & Viét Nam, Dé tai nghién cru khoa hoc cap trudng, Dai hoc Xay dung, 07-
2005/KHCN.

4. Huu, P.D (2011), Research on production technology of super high strength concrete for application in
bridge and high rise building. Project for Ministry of Science and technology, B2010-04-130-TD.

5. Hoang, K.H., B.D. Vinh, and N.V. Chanh (2011), "Physical and mechanical properties of Ultra-Hight
Performance Concrete with and without coarse aggregate", Science and technology conference 12th,
HCMUT -26-28/10/2011.

6. Richard, P. and M.H. Cheyrezy (1994), "Reactive Power concretes with high ductility and 200-800 MPa
compressive strength." in Mehta, P.K. (ED). Concrete Technology: Past, Present and Future, Proceedings
of the V. Mohan Malhotra Symposium, Detroit: Victoria Wieczorek, ACISP 144-24, p 507-518.

7. Le, T.T. (2008), Ultra high performance fibre reinforced concrete paving flags. University of Liverpool:
Liverpool. p. 374.

8. Yazici.H (2010), "Mechanical properties of reactive powder concrete containing high volumes of ground
granulated blast furnace slag", Cement and Concrete Composites, 32(8): p. 639-648.

9. Yazici, H. and M.Y. Yardimci (2009), "Mechanical properties of reactive powder concrete containing
mineral admixtures under different curing regimes", Construction and Building Materials, 23(3): p. 1223-
1231.

10. Tuan, N.V (2011), Rice Husk Ash as a Mineral Admixture for Ultra High Performance Concrete, in Faculty
of Civil Engineering and Geociences, Delft University of Technology, the Netherlands. p. 165.

11. Kollmorgen, G.A (2004), Impact of Age and Size on the Mechanical Behavior of an Ultra-High
Performance Concrete, in MS Thesis in Civil Engineering. Michigan Technological, University, Houghton,
Michigan.

12. Larrard, F.d. and T. Sedran (1994), "Optimization of ultra-high-performance concrete by the use of a
packing model", Cement and Concrete Research, 24(6): p. 997-1009.

13. de Larrard, F (1999), Concrete mixture proportioning: A scientific approach. Modern Concrete
Technology Series, E&FN SPON, London.

14. Jones, M., L. Zheng, and M. Newlands (2002), "Comparison of particle packing models for proportioning
concrete constitutents for minimum voids ratio", Materials and Structures. 35(5): p. 301-309.

15. Nguyén Céng Thang, Nguyé&n Van Tuan, Pham Hiu Hanh (2012), "Nghién clru ché tao bé téng chét
lwgng siéu cao str dung vatliéu sancé & Viét Nam", Tap chixaydung, Bo xay dung, sH12 (2012), PP 71-74.

TAP CHi KHOA HOC CONG NGHE XAYDUNG %




