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Toém tét: Bé tdng chét luong siéu cao |a mét trong nhitng loai bé téng day trién vong cia thé ky 21, véi cac
tinh chéat dac biét nhw do chay cao, cuong dé cao, do thdm thap va dé bén cao. Tuy nhién, trong bé téng chét
lwrong siéu cao, lvong xi mang str dung rat I6n, khodng 900 — 1000 kg/m®, diéu nay sé dnh hwéng Ion dén gia
thanh va tinh chét cta sén phdm. Do v4y, viéc nghién ctru st¥ dung phu gia khoéng thay thé mot phén xi méang
trong bé tdng chat luong siéu cao c6 y nghia to |én vé mat ki thuét, kinh té va moéi trurong, gép phén vao muc
tiéu phat trién xay dung bén viing.

Bai bao nay trinh bay nhing két qua nghién ctru ban dau vé viéc str dung té hop phu gia khoéng silica fume
va tro bay dé thay thé mét phdn xi méng trong ché tao bé tong chét luong siéu cao. Két qua nghién ctru cho
thdy, viéc st dung hén hop phu gia khoang nay cai thién dang ké tinh cong tac va tdng cwong dé nén cla bé
tong. Piéu nay gép phén quan trong trong viéc phat trién va (ng dung loai bé téng nay trong céng nghiép x4y
dwng & Viét Nam.

1. Gi&i thigu

Bé tong chét lwgng siéu cao (BTCLSC) |4 loai bé tdng c6 dd chady cao, cwéng dd nén rat cao (thuwéng Ion
hon 150 MPa), cwéng d6 udn Ién (khi st dung cbt soi), dd thAm thap va dod bén cao [1]. Sy ra doi cla bé téng
chat lwgng siéu cao da danh ddu mét buwéc ngoat trong céng nghé bé téng véi céc tinh chat déc biét vé cudng
do, do bén, va dod 6n dinh thé tich. Cac nghién ctru phat trién va &ng dung loai bé téng nay dwoc bat dau tir
nam 90 cla thé ky 20 va ké tir d6 loai bé téng nay da dwoc ap dung & mét sb nwdc phat trién nhw dung dé ché
tao cac ciu kién bé tong duc s&n, ddm cau duc sdn, tAm lat mét cau, ché tao céac silo,... hodc dung tai chd dé
stra chi*a cac két cdu da bi héng, dung cho cac cot chiu tai trong Ién, ding cho cac bé chira phé thai hat
nhan,...

Vat liéu dé ché tao BTCLSC théng thwérng bao gbm céat thach anh véi kich thuwéc khoang 100-600um, Xi
mang, silica fume, nwéc va phu gia siéu déo. Trong dé, lwong xi mang khoang 900-1000 kg/m® [2] va day la
nhwoc diém Ion nhéat cla loai bé tdng nay béi vi sé lam tang gia thanh san phdm va anh hwéng dén tinh chét
ky thuat, déng thei viéc st dung nhiéu xi mang sé kéo theo sw &nh hwéng vé mai trwdng do lwong khi cacbonic
thai ra trong qua trinh san xuét xi mang [3]. Viéc nghién ctu s dung cac loai phu gia khoang dé thay thé mét
phan xi mang trong bé téng chat lwong siéu cao la rat can thiét.

Trong sb céc phu gia khoang diing cho bé téng, tro bay dwoc danh gia la co trién vong dé thay thé xi mang
trong BTCLSC, v&i hiéu qua dat dwoc vé ky thuat, vé kinh t& va méi truorng. Xét vé mét ky thuat, tro bay c6
thanh phan hoa hoc v&i tbng ham lwong cac dxyt (SiOx+ Al,Os+ Fe,0s) Ién hon 70% (tro bay loai F theo ASTM
C618 [4]). Cac oxyt hoat tinh nay c6 kha nang phan (rng v&i san phdm thuy hoa cla xi mang (phan (ng
pozolanic) tao ra cac san phadm dang CSH c6 cwéng d6 cao, bén véi méi trwdng hon, dac biét tang kha néng
chéng &n mon cho bé téng [5]. Bén canh d6, véi hinh dang dac trwng 1a cac hat hinh cau, min (dwdng kinh hat
trung binh khodng 9-15um) nén viéc st dung tro bay sé cai thién tinh cong tac cta hén hop bé tong (hiéu trng 6
bi — Ball bearing effect), lam tdng tinh déo cho hdn hop bé téng, gidm lwgng nwdc nhao trdn, tang dd dic cho
bé tong, sé& lam tidng cwong d6 cling nhw kha nang chéng thdm cuta bé tong [5]. Xét vé mét kinh té - moi
trwong, theo thdng ké [6], hang nam wdc tinh cac nha may nhiét dién trén ca nwéc thai ra khodng 2.3 triéu tan
tro bay, dén nam 2015 sé& |1a 5 triéu tAn/nam, diéu nay sé anh hwéng rat Ion dén méi trwéong. Viéc nghién ciu
str dung tro bay lam phu gia khoang st dung trong BTCLSC vira gép phan lam giam gia thanh cho san pham



bé téng, giam 6 nhiém mai trwdng, gép phan vao muc tiéu phat trién xay dwng bén vitng déng thei van dam
bao céac tinh chét ky thuat ctia BTCLSC.

Bai b&o nay trinh bay két qua nghién clru vé sw anh hwéng cla viéc st dung hén hop tro bay va silica fume
dén mét sb tinh chét co ly cha bé tdng & cac diéu kién duéng ho khac nhau. Trong d6, tro bay dwoc st dung
v&i cac ham lwong khac nhau, t» 10-40% theo khéi lwong chét két dinh (CKD) gébm xi mang, silica fume va tro
bay. Diéu kién bdo duwdng mau dwoc thye hién & 2 méi trwdng 1a dwéng hd tiéu chuén va dwéng ho nhiét dm.
2. Vat liéu ché tao va phwong phap nghién ciru
2.1 Vat liéu ché tao

Vat liéu dwgec dung trong nghién clru gébm: xi méng Pooclang Séng Gianh PC40 c6 céc tinh chét co ly trinh
bay & bang 1, v&i dwdng kinh hat trung binh khoang 14um,; Silica fume (SF) dang hat r&i clia hdng Elkem, c6
dwong kinh hat trung binh khoang 0.15um, ham lwong SiO, 1a 92.3%, chi sb hoat tinh vé&i xi méng 1a 113.5%;
cbt liéu 1a cat thach anh c6 dwérng kinh ¢& hat trung binh khoang 300 um, dé réng khi chwa lén chat 45.1%; phu
gia siéu déo (PGSD) st dung ctia hang BASF c6 gbc polycarboxylate, véi ham lwgng chat kho 30%.

Tro bay (FA) st dung trong nghién clru & tro tuyén Pha Lai cé dwdng kinh c& hat trung binh khodng
15.5pm, ham luwong cac oxit (SiO,+Al,O5+Fe,05) & 84.2%, chi sb hoat tinh v&i xi méng 1a 104.3%.

Thanh phan hat cta céc vat liéu nay duwoc xac dinh bang phwong phap nhiéu xa laze, két qua thé hién &
hinh 1.

Bang 1. Mét sé tinh chét co ly cua xi mang

Tinh chét bonvi Gia tri Quy pham Phwong phap thi nghiém
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Hinh 1. Thanh phén hat cda vt liéu st dung trong nghién ctu
2.2 Phwong phap thwc nghiém

Tinh cbng tac clia hén hop bé téng dwoc xac dinh bang thi nghiém dé chay cta coén nhé theo tiéu chuan
Anh BS 4551-1:1998. Gia tri do chay loang clia cac hén hop bé téng trong nghién ciru nay dwoc diéu chinh
trong khoang 210-230mm.



Trong bé téng chéat lwong siéu cao, viéc xac dinh cwéng dd nén theo tiéu chuan Viét Nam (TCVN3118-
1993) v&i kich thwéc mau 150x 150% 150 mm? la rat khé bdi vi cwong dd nén clia bé tong rat cao. Mot sb
nghién ciru [7-11] d& khang dinh rang, anh hwéng cla kich thwdc khudn dén cwdng dd nén cla bé tong chét
lwong siéu cao la khéng dang ké. Do vay, trong nghién clru nay cudng dd nén cla bé tong duoc xac dinh voi
mau c6 kich thuwdc 50x 50x 50 mm?®,

3. Thiét ké thanh phan bé tong chét lwong siéu cao
3.1 Thiét ké thanh phan hat

Téi wu hoéa thanh phan hat 1a mét trong nhitng khau then chét cla viéc thiét ké cap phdi hén hop
BTCLSC. Thanh phan hat cla cac vat liéu nay duwoc xac dinh bdng phwong phéap nhiéu xa laze, trén co s&
dé ta xac dinh dwoc lwong s6t cia méi cap hat, twong tng v&i cac loai vat liéu, tr d6 ta xac dinh mirc do
lén chat I&n nhat cta hén hop hat. Trong nghién ctu nay, toi wu héa thanh phan hat dwoc tinh toan theo ly
thuyét do De Larrard va Sedran dé xuéat [12, 13], trong d6 hé sbé Ién chat cta hén hop hat 1a 12.5 theo dé
xuét cha Jones, M. va cac cong suw [14]. Dbi v&i hé hén hop hat gdbm cat - xi méng - FA- SF, lwong SF
dwoc cb dinh 1a 10% khéi lwong chat két dinh (CKD), lwong FA sé thay thé lwong dung xi mang twong (ng
(tv 0-40%). Khi d6 CKD sé& bao gébm xi mang, SF va FA. Nhw vay, thanh phan hat & day dwoc xem xét nhw
|& hé hai cu t&r gdbm cat va CKD. Quan hé gitra do lén chéat ctia hdn hop véi ty |& cha vat liéu thanh phan
dwoc thé hién & hinh 2. Nhw vay, dwa trén két qua tinh toan thi lwong téi wu dugc xac dinh véi ty &
céat/(cat + CKD) 1a 0.50. Ty & phdi hop gitra 3 cAu tir IUc d6 sé& 1a 50% cat + 30% xi mang + 20% PGK.
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Hinh 2. D6 /én chét cia hén hop hat gdm: cét - xi méng - SF — FA; (SF ¢6 dinh 10% CKD)

Trén co s& ty & phdi hop gitra cac clu tlr, dé tai tién hanh khao sat véi lwong dung phu gia khoang twong
(rng v&i cac ty 1& (0-30%) trong hén hop. Khi ty 18 N/CKD lay cb dinh 1a 0.18 thi cAp phdi bé téng dwoc xac dinh.
Bang 2 thé hién thanh phan hén hop cép phéi duoc str dung trong nghién ciru.

3.2 Cap phéibé tdng chét lwong siéu cao

T két qua tinh toan tdi wu héa thanh phan hat nay, dé tai da xac dinh dwoc ty 1& cla vat liéu thanh phan,
tr d6 xac dinh dwoc clp phdi bé tong st dung trong nghién ciru (bang 2).

Gié tri ham lwgng PGSD sl dung trong bang 2 nay la lwgng PGSD dung dé dat dé chay loang ctia hén hop
bé téng trong khodng 210-230 mm nhw da dé cap & phan trén.

Bang 2. Cép phéi bé t6ng chét lrgng siéu cao st dung trong nghién ciu

Khéi Iwgng CKD N/CKD CAUCKD | (oo e FA, % (oo khéi
STT tinh cho 1 m®bé (theo khoi (theo khoi > (theo khoi 5

tong, (kg) lworng) lwong) Iwong cua lwong ctia CKD) lwong cua
' ; ; CKD) ; CKD)
1 1122 0.18 1 0 0 1.20
2 1105 0.18 1 10 0 1.00
3 1089 0.18 1 20 0 1.00
4 1073 0.18 1 30 0 1.20
5 1057 0.18 1 40 0 2.15
6 1110 0.18 1 0 10 1.00
7 1098 0.18 1 0 20 0.90




8 1086 0.18 1 0 30 0.85
9 1093 0.18 1 10 10 0.80
10 1081 0.18 1 10 20 0.70
11 1070 0.18 1 10 30 0.65
12 1059 0.18 1 10 40 0.60

3.3 Quy trinh thi nghiém

May trén st dung trong nghién ciru la may trén Hobart ¢cé dung tich 20 lit. Quy trinh trén hén hop bé téng
c6 thé thay & hinh 3.
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Hinh 3. Quy trinh trén hén hop bé téng chét luong siéu cao

Céac mau dwoc duc co kich thwéc 50 mm x 50 mm x 50 mm, sau d6 dwgc dwdng hod & didu kién tiéu chuan
(nhiét d6 27+2°C trong thoi gian 24+3h), mau dwoc thdo ra khéi khuén va chia lam 2 nhém tiép tuc duwéng hod
trong 2 méi trwdng khac nhau:

- Tiép tuc dwdng hd trong diéu kién tiéu chuan (27+2°C, RH>95%);

- Duwéng ho 02 ngay & diéu kién nhiét Am (90+5°C) sau d6 tiép tuc dwéng ho trong diéu kién tiéu chuén
(27+2°C, RH>95%).

Cudng dd nén clia bé téng dwoc xac dinh & céc tudi 3, 7, 28 va 90 ngay.
4. Két qua va ban luan
4.1 Tinh céng tac cia hén hop bé tong

Lwong dung phu gia siéu déo (PGSD) cla hén hop BTCLSC dé dat dwoc gia tri dwdng kinh dé chay loang
trung binh tr 210 — 230 mm dwoc thé hién & hinh 4. Két qua nghién ctru cho thay, khi st dung SF thay thé xi
mang 10 - 20% thi tinh céng tac cda hdn hop bé tong tang. Sy cai thién tinh céng tac ctia hén hop bé téng khi
c6 mat SF la do hiéu (rng dién day. Theo Bache [15] cho rang trong hén hop bé tong c6 phu gia siéu déo va ty
|& N/CKD thép, cac hat SF siéu min chiém ché cla lwong nwédc 18 ra ndm gitka cac hat xi méng von tu, lam tang
lwong nwéc ty do trong hd va do dé lam tang dd lwu ddng cho hén hop bé tdng. Tuy vay, khi tdng ham lwong
diing SF, do ty dién clia SF rét I6n, khodng 18.000-20.000 cm?/g [16, 17] nén can mét lwong nwoc rat Ion dé
thdm wot bé mat va hiéu (rng nay khdng thé bu dép lai dwoc cac hiéu tng cé loi cla SF. Diéu nay thay rd khi
ham lugng SF tang 1én 30% va 40% thi lugng phu gia siéu déo tang lén dang ké [17].

Ngwoc lai v&i sy dnh hudng cla viéc thay thé SF, khi tang ham lwgng FA thi d6 chay ctia hén hop bé tong
tang. Diéu nay cé thé giai thich 1a do cac hat FA cé dang hinh tron, nher hiéu ng “6 bi” s& lam gidm ma sat
gitra cac hat, lam tang tinh céng tac cho hén hop bé téng.
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Hinh 4. Quan hé¢ gitra lvgng phu gia siéu déo va
phu gia khoang theo khoi lurgng chat két dinh,
do chady tir 210-230 mm, N/CKD = 0.18

4.2 Anh hwéng cua lwong dung tro bay dén cwong dé nén cda bé tong chat Iong siéu cao

Anh hwéng ctia ham lwgng FA dén cwéong dd nén clia BTCLSC thé hién & hinh 5. Khi st dung FA dén 30%
khéng c6 sy suy giam cwdng d6 nén cla bé téng & tudi 28 ngay so v&i mau dbi chirng, & ca diéu kién dudng
ho tiéu chuén va dwdng hod nhiét am.

Cuwong dd nén BTCLSC st dung 20% FA dat gia tri I&n nhat & c& ché do dwéng ho tiéu chuan va duwéng
ho nhiét am, twong (rng la 114 MPa va 153 MPa. Tiép tuc tdng ham lwgng FA thi cudng do nén cla bé téng
bat dau giam.

160 160
a) ---------------------------------- b) ------------------ ;,‘,é:\ Tttt .
N 90 ngay Rotad SO~
140 140 M et SN
: ¢t 7w
T e
S 120 S 120 f ey
% ‘E 28 ngéy_i"_ " - S~ @
€ 100 2 100 -
<O o T T _oee=—" Ss
© S T
2 o o Lhee--"T T N
5 80 £ 8 \ %
3 8 3 ngay
60 3 ngay 60
t=27+2°C t = 90+5°C
40 At 40 +————t—— 1
0 10 20 30 0 10 20 30
Ham lvgng FA (% theo khbi lvgng CKD) Ham lwong FA (% theo khdi lwgng CKD)

Hinh 5. Anh hudng cta ham lwong FA dén cuong dé nén cta BTCLSC,
N/CKD = 0.18, (a) 2742°C, (b) 9045°C

Anh hwéng clia ham lwgng FA t&i sy phat trién cuwdng do nén cla bé tong theo thdi gian thé hién & hinh 6.
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Hinh 6. Anh hudng cta ham lwong FA dén s phét trién cuong dé nén cta BTCLSC
theo thoi gian, N/CKD = 0.18, (a) 27+2°C, (b) 9045°C

O diéu kién dwdng ho tiéu chudn (t = 2742°C), khi sir dung ham lwong FA la 10% va 20% thi cwdng do nén
cla bé tdng & nhivng ngay dau ting khong nhiéu so véi mau ddi chirng, nhwng sw phat trién cuong dod & tudi
vé sau kha l&n, dac biét & tudi 90 ngay. Piéu nay c6 thé 1a do cac hat FA cé dang hinh tron, céu trac xdp, trong
qué trinh nhao trdn s& hat mdt lwong nwdc nhat dinh cha hé vao. Do qué trinh thiy héa cla xi mang, theo thdi
gian d6 4m cla hé sé& gidm xubng, khi d6 lwgng nwéc trong cac hat FA s& cung cap dé qua trinh thdy héa xay
ra dwoc triét dé hon, diéu nay c6 thé lam ting cudng do nén cla bé tong.

V6i cac mau dwoc dudng ho trong diéu kién nhiét Am (t = 90°+5°C), tbc dd phat trién cwéng dé & nhirng
ngay dau tdng nhwng téc dd phat trién cwdng d6 & tudi dai ngay ting khéng nhiéu, chang han cuwdng d6 nén &
tudi 90 ngay tang khéng nhiéu so vai tudi 28 ngay. Khi ham lwgng FA st dung tang 1én thi cwdng dd nén cua
bé tdng gidm twong (ng véi céc diéu kién dwéng ho.

Nhuw vay, cwdng do nén BTCLSC sir dung 20% FA dat gia tri [&n nhat ddi véi ca hai ché d6 dwdng ho tiéu
chuan va dwéng ho nhiét dm cao, twong (ng la 114 MPa va 153 MPa.

4.3 Anh hwéng cia sw két hop giira silica fume va tro bay dén cwong dé nén cda bé tong chét lwong
siéu cao

Hinh 7 thé hién sy anh hwéng ctia ham lwong silica fume va tro bay dén cwdng do6 nén clia bé tdng,
trong d6 ham lwong silica fume gi® ¢6 dinh 1a 10% theo khéi lwgng CKD, va ham lwong nay dwoc ding
cb dinh trong nghién ctu &nh hwéng cta tdé hop SF va FA dén cuwéng d6 nén clia BTCLSC.
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Hinh 7. Anh hudng cta ham lwong FA dén cuong dé nén BTCLSC,
N/CKD = 0.18, (a) 2742°C, (b) 9045°C

Anh hwéng ctia ham luwong (SF va FA) dén ham lwgng PGSD st dung va cwéng do nén clia BTCLSC thé
hién & hinh 4 va hinh 7. Qua két quéa thi nghiém ta thay khi c6 sy két hop gitra SF va FA hén hop bé téng c6
lwong dung PGSD it hon so vé&i khi ding don phu gia khoang, déng thei cwéng d6 nén ctia bé tdng cao hon
khi st dung don phu gia khoang la FA véi cung ham lwgng.

Két qua cho thdy cweng dd nén I&n nhat cla t& hop nay dat dwoc khi lwong ding FA 1 20%, twong ¢ng
gia tr cwong dd nén ctia mau & diéu kien dudng ho tiéu chudn va nhiét &m dat duoc tai tudi 28 ngay 1a 135
MPa va 158 MPa. O diéu kién nhiét am khi lwgng dung FA dén 30% thi cwdng do nén cla bé téng dat 152
MPa. Nhw vay, k& dén lwong ding cé dinh SF 1a 10% thi tbng lwong ding cha phu gia khoang trong truwdng
hop nay c6 thé nang 1én dén 40%, diéu nay mang lai y nghia rat I&n trong viéc st dung phu gia khoang thay
thé xi mang dé ché tao BTCLSC.

Tbc do phat trién cwdng dd nén & cac tudi khac nhau & 2 ché dd dwdng ho khac nhau thé hién trén hinh 8.
Két qua thi nghiém co thé thay réng cwdng dd nén clia BTCLSC & diéu kién duwéng ho tiéu chuén ciing giéng
nhw quy luat phat trién cwéng do clia bé tong khi st dung don phu gia khoang, nghia la twong dbi thap & tudi
ban dau, cwéng do bé téng tiép tuc tdng nhanh dén tudi 90 ngay. Trong khi d6 vé&i diéu kién dudng hod nhiét
am, cwdng dd nén bé tdng & nhirng ngay dau tang nhanh, va ting khong nhiéu & tudi dai ngay, chéng han & 28
va 90 ngay.
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Hinh 8. Anh hudng cta ham lwong FA dén sw phét trién cuong dé nén ctia bé téng theo thoi gian,
ham luong SF ¢é dinh 10%, N/CKD = 0.18, (a) 2742°C, (b) 9045°C

5. Két luan

Dwa trén nhitng két qué nghién clru dat duwoc, mot sé két luan c6 thé rat ra trong diéu kién nghién cteu nay
nhw sau:

- Hoan toan c6 thé s dung tro bay & Viét Nam thay thé mét phan xi mang dé ché tao BTCLSC;

- Viéc slr dung tro bay thay thé mét phan xi mang sé cai thién tinh céng tac ctia hén hgp BTCLSC. Trong
diéu kién dwdng ho nhiét m (90+5°C, RH>95%), lwgng ding 20% FA thay thé xi mang |a t6i wu dé& ché tao
BTCLSC, khi d6 cwéng dd nén cao nhéat dat dwoc la 153 MPa. Béng thdi, lwgng FA c6 thé dung dé ché tao
BTCLSC la 20% vé&i ché d6 duéng ho nhiét 4m:;

- Khi stir dung don phu gia khoang SF, ham lwong 10% SF la téi wu dé ché tao BTCLSC, khi d6 cwéong d6
nén dat dwoc I&n nhat 1a 152MPa va 160MPa twong (rng & diéu kién dwéng ho tiéu chudn va duéng ho nhiét
am. Bén canh d6, lwong SF I&n nhét co6 thé sir dung dé& ché tao BTCLSC |a 30%, dé& dat cuworng do nén theo
yéu cau (> 150 MPa);

- Khi st dung két hop FA va SF sé lam tang tinh cong tac cla hdn hop BTCLSC. Téng lwong dung phu gia
khoang c6 thé thay thé xi mang dén 40% ma cwéng dd nén ctiia BTCLSC van dat theo yéu ciu (>150 MPa).

TAILIEU THAM KHAO

1. AFGC-SETRA, Ultra High Performance Fibre-Reinforced Concretes. 2002, Paris, France: Interim Recmmendations,
AFGC publication.

2.  RICHARD, P. and M.H. CHEYREZY, "Reactive Powder 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, 1994: p. ACI SP 144-24, 507-518. Detroit: Victoria Wieczorek.

3. VOOA, Y.L. and S.J. FOSTERB, Characteristics of ultra-high performance 'ductile’ concrete and its impact on
sustainable construction. The IES Journal Part A: Civil & Structural Engineering, 2010. 3: p. 168-187.

4.  MEHTA, P.K. and V. MALHOTRA, High performance, high volume fly ash concrete. 2008, ACCA.
5. Ramachandra, High-Volume Fly Ash and Slag concrete. Noyes, 1995: p. 800-837.

6. LONG, L.b., Nghién ctru st dung tro nhiét dién dbt than tAng s6i tudn hoan cé khir khi sufua (CFBC) clia Nha may
Nhiét dién Cao Ngan cho san xuét vat liéu xay dwng. Bao céo téng két dé tai khoa hoc va cong nghé, Vién Vit liéu Xay
dueng, 2010.

7. AHLBOR, T.M., E. J.PEUSE, and D.L. MISSON, Ultra-High-Performance-Concrete for Michigan Bridges Material
Performance — Phase I. 2008, Center for Structural Durability Michigan Technological University. p. 152.

8. LE, T.T., Ultra high performance fibre reinforced concrete paving flags. 2008, University of Liverpool: Liverpool. p. 374.



10.

11.

12.

13.

14.

15.

16.
17.

AHLBORN, T.M., et al., Strength and Durability Characterization of Ultra-High Performance Concrete Under Variable
Curing Conditions. TRB Annual Meeting, 2011: p. 1-19.

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

GRAYBEAL, B.A., Characterization of the Behavior of Ultra-High Performance Concrete, in PhD Dissertation. 2005,
University of Maryland, College Park, Maryland.

LARRARD, F.D. and T. SEDRAN, Optimization of ultra-high-performance concrete by the use of a packing model.
Cement and Concrete Research, 1994. 24(6): p. 997-1009.

DE LARRARD, F., Concrete mixture proportioning: A scientific approach. Modern Concrete Technology Series, E&FN
SPON, London, 1999.

JONES, M., L. ZHENG, and M. NEWLANDS, Comparison of particle packing models for proportioning concrete
constitutents for minimum voids ratio. Materials and Structures, 2002. 35(5): p. 301-309.

BACHE, H.H., Densified Cement—-Based/Ultrafine Particles-Based Materials. Proceedings, Second International
Conference on Superplasticizer in Concrete, Ottawa, 1981: p. 185-213.

C.HOLLAND, T., Silica Fume User's Manual. Silica Fume Association, April 2005: p. 183.

TUAN, N.V., 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. 2011. p. 165.



