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Tém tat

Nghién ctu ndy danh gid anh hudng clia ham lugng tro bay (FA), xi 10 cao nghién min (SL) dén céc tinh chét
ctia bé tong chét ludng siéu cao c6 cung luong dung silica fume (SF) nhu tinh cong tic, cudng do nén, do bén
trong dung dich H,SO,4 pH 2,5, NH;NO;3 5M va khd niing chdng thAm ion clorua. K&t qua nghién cifu cho thiy
viéc st dung FA hoic SL da ci thién tinh cong tac ctia hdn hgp UHPC. Ham lugng FA hoic SL hop ly dé dat
dugc cudng do nén & tudi 28 ngay cao nhit 1a 20% thé tich thay thé xi ming. Tang ham ludng SL dén 30% sé
lam ting kha ning ch6ng thim ion clorua, cai thién do bén trong mdi trudng sun phat. FA ciing lam gidm mét
khéi lugng nhung lai 1am ting doi chit do gian nd ciia mau UHPC trong mdi trudng sun phat so v6i mau chi
chiia SF. Sti dung SL hoic FA sé 1am gidm su mét khoi lugng mau khi st dung dén 20% thé tich thay thé xi
ming nhung lai 1am ting chiéu sau &n mon trong dung dich NH;NO3 ctia UHPC. Nhin chung, khi st dung cling
ham lugng phu gia khoéng thi tinh cong tdc ctia hdén hgp chia tro bay céi thién hon so véi xi 10 cao. Cudng do
28 ngay va do bén trong dung dich NH;NO; 5M hoic H,SO, pH 2,5 ctia UHPC sit dung xi 16 cao lai t6t hon
so v6i UHPC st dung tro bay.

Tir khod: bé tong chit lugng siéu cao; tro bay; xi 16 cao; dd bén.

EFFECT OF FLY ASH AND GROUND GRANULATED BLAST-FUNACE SLAG ON DURABILITY OF
ULTRA-HIGH PERFORMANCE CONCRETE IN AGGRESSIVE SOLUTIONS

Abstract

In this study, the effects of fly ash (FA), ground granulated blast-furnace slag (SL) on characteristics of UHPC
containing the same content of silica fume (SF) such as workability, compressive strength, chloride-ion per-
meability, and durability in H,SO4 pH 2,5 and NH4NO; 5M solutions were assessed. The results showed that
using SL or FA improves mini-cone slump flow of UHPC. With 20 vol.-% of FA or SL partially replacing
cement, a maximum compressive strength at the age of 28 days of UHPC in normal temperature curing is ob-
tained. Increasing the content of SL up to 30 vol.-% will enhance the chloride-ion penetration resistance and the
durability in the sulfate solution of UHPC. FA also reduces the weight loss but slightly increases the expansion
of the samples in the sulfate solution compared to the sample containing only SF. In the ammonium nitrate
solution, the addition of FA and SL decrease the weight loss of the samples when using up to 20 vol.-% of the
mineral admixture but increase the corrosion depth of UHPC. Generally, with the same amount of the mineral
admixtures, FA induces higher slump flow of UHPC than SL. UHPC containing SL possesses higher 28-d
compressive strength and better durability in H,SO,4 pH 2,5 or NH4;NO3; 5M solution than UHPC containing
FA.

Keywords: ultra-high performance concrete; fly ash; ground granulated blast-furnace slag; durability.
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1. Dat van dé

Bé tong chét lugng siéu cao (UHPC) 1a mot phan hang bé tdng méi st dung chét két dinh xi ming
poée ling c6 dd chdy cao, cudng dd nén & tudi 28 ngay thudng dat trén 120 MPa trong diéu kién
dudng ho thudng, cudng do udn 16n (khi sit dung cbt sdi thép), do rong rat thip va do bén rit cao
[1-3]. P& dat dudc cic tinh chit vuot trdi nay, UHPC thudng st dung ty 1& nudc/chat két dinh rit thap,
dong thdi c¢6 lugng dung xi ming, silica fume va phu gia siéu déo 16n [1, 2, 4]. Cac huéng nghién
ctfu chinh hién nay khong chi tip trung ning cao tinh cong tic, cudng do nén, udn, do déo dai ctia bé
tong ma con can cai thién vi cAu triic, do bén, gidm gid thanh san xuit, gidm lugng dung xi ming, ...
nham ting tinh than thién véi moi trudng ciia UHPC. Gia ciia UHPC khong chi don thuan 12 gid ctia
1 m’ bé tong hodc 1 MPa cudng dd ma con la gid ctia 1 nim lam viéc ctia két cAu. Yéu t6 do bén, chi
phi bdo dudng va van hanh cong trinh vi vay can dudc tinh todn vao gi cia UHPC va hon nita 12 gia
cua toan bd cong trinh sit dung UHPC [5].

V6i ham lugng xi ming va silica fume (SF) rat 16n, UHPC thudng c6 gid thanh cao hon nhiéu so
véi bé tong thudng hoic bé tong chit luong cao. Bén canh hiéu ing puzzolanic ctia SF thi lugng dung
t6i uu ctia SF thudng dat dén 20-30% khdi lugng xi ming nhim ting cuong hiéu qua dién dy trong
UHPC [6-8]. D€ thay thé mot phan SF va xi ming, cic loai phu gia khodng hoat tinh khic da dudc st
dung trong viéc ché tao UHPC [9-17]. Khi tro bay (FA) dudc st dung dé thay thé mot phan xi ming
s€ cai thién tinh cong tac nhung lai lam suy giam cudng do nén cia UHPC. Tro bay c6 kich thudc hat
tho hodc siéu min sé& dnh hudng x4u hoic khong 4nh hudng dén tinh cong tac cia hén hgp UHPC khi
stt dung tro bay dé thay thé hoan toan bot quic. Viéc st dung tro bay siéu min dé thay thé mot phan
SF sé lam ting lugng dung phu gia siéu déo va 1am cham tdc do phat trién cuong do nén trong diéu
kién dudng ho & nhiét d6 thuong [11, 14, 15]. Nghién citu trudc day ciing chi ra rang khi st dung tro
bay siéu min d€ thay thé mot phan xi méng sé cai thién tinh cong tdc, d6 co ngét ctia hdn hop bé tong
va lam gidm cudng do nén & tudi 3 va 7 ngay nhung lai c6 thé 1am ting cudng do nén & tudi dai ngay
ciing nhu kha nang khang nit cta bé tong khi st dung vGi ham lugng tro bay hgp 1y [12, 16]. Xi 1o
cao nghién min (SL) ciing di dugc st dung nhiam thay thé mot phan xi ming trong san xuit UHPC
[13, 17-19]. Két qua nghién ctiu cia céc tac gia Thing [13] va An [17, 18] déu cho thiy viéc thay
thé mot phan xi ming bang SL sé cai thién tinh cong tac clia hdn hop bé tong. Cudng dd nén & tudi
28 ngay sé& dat miic cao nhét khi sit dung ham luong SL hop ly. Trong khi d6 cdc nghién ctiu khac
[19, 20] lai cho thiy viéc st dung SL hodc FA thay thé xi ming déu lam gidm tinh cong tic cia hon
hop bé tong. Cudng do nén & tudi 28 ngay ctiia UHPC sit dung 30% FA sé& dat cudng do cao nhit so
v6i mau ddi chitng va mau chita 50% FA. Viéc sit dung FA sé& 1am giam cudng do nén ctia UHPC so
v6i mau dbi chiing. Cac két qua vé vi cu tric va do bén ctia UHPC déu cho thiy khi st dung ham
luong phu gia khodng FA hoiic SL hop 1y sé cai thién cac tinh chat cia UHPC trong cac diéu kién in
mon so véi mau dbi chiing [20].

Nghién cifu ny danh gia 4nh hudng ctia ham ludng st dung ctia FA hoic SL thay thé mot phan xi
ming dén céc dic tinh ctia bé tong chit lugng siéu cao. P9 chdy loang va cudng do nén ctia UHPC c6
st dung 0, 10, 20, 30% thé tich FA hoic SL két hop véi 15% thé tich SF thay thé xi ming da dudc thi
nghiém. Hon nita, cac dung dich H,SO4 pH 2,5 va NH4NO3 5M ciing nhu thi nghi€ém xac dinh miic
dd thim ion clorua ciing da dudc st dung d€ danh gid anh hudng ctia ham lugng va ching loai phu
gia khodng (PGK) dén do bén ctia UHPC.
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2. Nguyén vat liéu va phudng phap nghién ciu
2.1. Nguyén vdt liéu

Xi ming PC40, silica fume khong két nén, tro bay, xi 10 cao hat hod nghién min 1a cac vit liéu
chit két dinh dudc sit dung trong nghién cifu. Tro bay sit dung c6 kich thuéc hat trung binh 12 7,87 um,
min hon so véi cac loai tro bay thong dung hién nay. Cét liéu dung trong UHPC la cét quéc. Phu gia
siéu déo (SD) 1a loai phu gia gidm nudc tim cao gbc polycarboxylate. Céc dic tinh héa ly clia vt lidu
st dung dudc trinh bay § Bang 1 va Bang 2.

Bang 1. Thanh phan héa ctia vat liéu chat két dinh, (%)

Si0, Fe,0O5 Al,O3 CaO Na,O K,O MgO MKN

Xi mang 22,56 3,47 5,29 64,21 0,14 0,61 2,26 0,81
Silica fume 92,60 1,85 0,87 0,32 0,39 1,20 0,85 1,60
Xi 10 cao 35,30 0,45 16,50 33,10 0,18 2,00 8,66 0,40
Tro bay 58,70 7,31 22,89 0,98 0,33 3,60 0,85 4,41

Bang 2. Tinh chit cd ly cd ban cda vt lidu

Cic tinh chit Ximing Silicafume Xilocao Trobay Cét quic
Khéi lugng riéng, (g/crn3) 3,1 2,2 2,89 2,24 2,64
Kich thudc hat trung binh (um) 21,1 0,151 8,92 7,87 313,45
Cuong do nén cua xi mang (MPa) 3 ngay: 28,7 28 ngay: 479

2.2. Ché tao UHPC

Bang 3 trinh bay 07 cAp phbi bé tong UHPC st dung trong nghién ciu. W/Fv 1a ty 1& thé tich cta
nudc (gdm ci nude trong phu gia siéu déo) va thé tich ctia vat liéu min (xi ming, phu gia khoang).
Ham lugng phu gia siéu déo 1a ty 1& khdi Iuong ctia ham lugng chit khd dbi véi chit két dinh. Thé
tich hd chit két dinh chiém 57% thé tich bé tong, cao hon 15% so véi thé tich rdng cia cdt liéu khong

Bang 3. Thanh phan cip phéi UHPC

Ximing Céitquic Silicafume Xilocao Trobay Nudc SD

Hon hop 3 W/Fv
(Kg/m”) (%)
SF-15 1001 1135 125,4 - - 190 1,0 0,50
SL-10 884 1135 125,4 109,8 - 190 1,0 0,50
SL-20 766 1135 125,4 219,6 - 190 1,0 0,50
SL-30 648 1135 1254 329,5 - 190 1,0 0,50
FA-10 884 1135 1254 - 85,1 190 1,0 0,50
FA-20 766 1135 125,4 - 170,2 190 1,0 0,50
FA-30 648 1135 1254 - 2554 190 1,0 0,50
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dam chit. Ham lugng SF chiém 15% thé tich chét két dinh trong tit c4 cac cAp phdi. FA va SL lan
lugt dugc st dung thay thé xi ming v6i ham luong tuong dng 0, 10, 20, 30% thé tich chét két dinh
nham danh gia 4nh hudéng ctia ham lugng phu gia khoang dén cac tinh chit cia UHPC.

Hén hop UHPC dudc ché tao theo quy trinh trdn dudc néu trong Hinh 1. MAu thi nghiém dudgc
tao hinh v6i thoi gian rung trén ban rung tao hinh 30 gidy, dudng ho trong phong thi nghiém va thdo
khuon sau 48 tiéng. Sau khi thdo khudn, mau dudge dudng ho trong nude cho dén ngay thi nghiém.

Cét+ximang | ton 1 phit 18—15001/1 hq’p' ++ trén 2 phl'lt\ 11{;1/1 hc_fp’ ++ tron 8 phut Lam sach cbi, |tron ai 30s o
+PGK >7% mdc I thi 46 chay Buc mau
50% SD 50% SD K

Hinh 1. Quy trinh ché tao bé tong chit lugng siéu cao

2.3. Phuong phdp nghién cviu

Do chay loang cia UHPC dudc xac dinh bdi con do loai nhd (h = 60; d = 70 va D = 100) ngay
sau khi tron. Két qua do chdy loang 1a gia tri trung binh ctia két qua do 2 dudng kinh vudng géc sau 2
phiit tu chay loang ciia UHPC. Cutng do nén dugc thi nghiém trén mau 40 x 40 x 160 mm®.

Dung dich axit HSO4 pH = 2,5 va dung dich ammonium nitrate (NH4NO3) 5M dudc st dung
dé€ danh gia kha ning &n mon ctia UHPC sit dung cdc phu gia khoang khac nhau khi ngdm trong céc
mbi trudng in mon nay. Mbi cip phdi UHPC sit dung 3 méu c6 kich thudc 10 x 40 x 160 mm> da
dugc tao hinh véi diu do chiéu dai gin & 2 ddu va dudng hd trong nudc dén 28 ngay tudi. Cac mau
thi nghiém sé& dudc ngam trong dung dich axit H,SO4 (pH = 2.,5) & diéu kién phong thi nghiém véi
thé tich dung dich/thé tich bé tong 1a 4. D€ duy tri dd pH, dung dich ngdm mau sé dugc do do pH bdi
pH ké va mot luong HSO4 (pH = 1) s& dudc tinh todn va bd sung vao hang tuan. Dung dich H,SO4
ngiam mau sé dugc thay mdi sau 2 thing ngdm mau. Su thay d6i khoi lugng va chiéu dai mau UHPC
s& dudc xdc dinh hang tuan trong subt qua trinh thi nghiém. Su thay ddi kich thuéc ctia mau UHPC
trong dung dich H,SO,4 dudc xdc dinh trén mAu thi véi kich thude 10 x 40 x 160 mm>. 3,5 miu c6
kich thudc 10 x 40 x 160 mm® & tudi 28 ngay dudc ngam vao dung dich NH4;NO; 5M dé xac dinh
su thay ddi khéi luong va chiéu sau 16p bé tong bi An mon theo thdi gian. Chiéu sau 16p bé tong bi
in mon dudc xdc dinh trén tiét dién ngang 10 x 40 mm? dudc cit ra tit ndta miu ngadm trong dung
dich thong qua chét chi thi mau phenolphthalein va k§ thuat chup, phéng dai anh. Két qua do 1a gid
tri trung binh ctia 5 di€ém do trén tiét dién ngang mau (Hinh 2).

Hinh 2. UHPC bi &n mon trong dung dich NH4sNO; SM
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Thi nghiém do kha ning chdng thim ion clorua ciia UHPC dugc thuc hién dua trén tiéu chuin
ASTM C1202-19 [21]. Thi nghiém dudc thuc hién trén 03 miu UHPC c6 dudng kinh 100 mm va
chidu day 50 mm dudc cit ra tit miu hinh tru 100 x 200 mm? & 28 ngay tudi. Mit bén ctia miu dudc
son phi bing epoxy. Sau khi dudc bio hoa nudc trong binh hit chian khong, mau dudc 1dp vao cac
khoang c6 chia dung dich NaCl 3% va NaOH 0,3N. Téng s culong truyén qua mau duéi hiéu dién
thé 60 V trong 6 tiéng dudc st dung d€ danh gia kha ning thim ion clorua ctia bé tong (Hinh 3).

Hinh 3. Thi nghiém do do thim ion clorua

3. Két qua thue nghiém va ban luin
3.1. Tinh cong tdc va cuong dj néen

Két qua do chay loang va cudng do nén & tudi 28 ngay dudc dua ra trén Bang 4 déu cho thiy tat
ca cac hon hgp bé tong UHPC déu c6 do chdy loang dat trén 260 mm va cudng do nén vugt qua 130
MPa. C6 thé thiy ring khi ting ham luong st dung xi 10 cao hoic tro bay da cai thién 16 rét tinh cong
tdc ctia hon hop UHPC. Tinh cong tic ctia hdn hdp st dung FA t6t hon so vé6i sit dung SL nhung
cudng do nén & cac tudi tuong tng ctia hdn hop st dung SL lai cao hon so véi hdén hop st dung FA
khi c6 cuing ham lugng phu gia khoang st dung. Hon hgp st dung 20% SL cho cudng dd nén cao
nhét & ca 7 va 28 ngay tudi. St dung FA v6i ham lugng 20% trong thanh phan chit két dinh (FA-20)
cho cudng do nén & tudi 28 ngay cao nhét. Khi ting ham luong FA s& lam giam cudng do nén & tudi
7 ngay. Khi so sanh cudng do ctia cac hdn hop c6 chita FA hoidc SL so véi cudng do nén clia mau chi
chiia silica fume (SF-15) cho thy viéc st dung ph6i hop FA- SF hoic SL- SF da cai thién cudng do
nén clia bé tong & tudi dai ngay. O 7 ngay tudi, viéc sit dung tro bay sé lam gidm cuvng dd nén ciia
bé tong so v6i mau khong chia tro bay. Su gidm cudng do nén ctia mau c6 chita xi 10 cao so véi mau
khong chifa xi 10 cao & tudi 7 ngay chi xay ra khi ham Iugng xi 10 cao sit dung dén 30% thé tich chét
két dinh (SL-30). Két qua nghién cifu ctia Yu va cs. [9] lai cho thiy khi ting ham luong st dung ctia
SL hoic FA thay thé xi ming thi lugng can nuéc ctia hdn hgp UHPC sé giam. Lugng cin nudc cla
hén hop c6 chita FA thip hon so v6i hén hgp c6 chita SL do hiéu ting & bi va c6 thé su tuong hop
gitta phu gia siéu déo va ctia FA. Cudng do nén ¢ 28 va 91 ngay clia mau c6 chita SL cao hon mau ¢
chiia FA va déu thip hon miu d6i ching [9]. Ganesh va cs. [22] ciing cho thiy viéc cai thién do chay
loang ctia hén hgp UHPC khi st dung dén 60% khdi lugng SL thay thé xi ming. O ché do dudng ho
thuong, cuong dd nén ciia UHPC c6 chita 20% khoi luong SL thay thé xi ming sé dat cuong do nén
16n nhét va cao hon cudng do ctia mau ddi chiing chi st dung SF.
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Bang 4. Tinh chit ctia bé tong chit lugng cao sit dung cac loai phu gia khoang

Hon hgp SF-15 SL-10 SL-20 SL-30 FA-10 FA-20 FA-30

Do chay loang, (mm) 260 265 280 300 270 300 320
1159 1164 126,7 1092 1132 107,9 93,2
3,7 4,2) (2,5) (3,9 (7,1 (5,6) 2,7)
134,6 1389 1614 1558 138,1 150,6 1424
4,1 2,3) 6.4) (8,6) 8,7 (6,9) (4,6)

Cuong do nén 7 ngay, (MPa)

Cuong do nén 28 ngay, (MPa)

Ghi ch: Gi4 tri trong ngoic don 1a 6 1éch chuan ctia két qua.

3.2. Trong dung dich H,SO4 pH 2,5

Két qua su thay déi khéi lugng va kich thuéc miu thi theo thdi gian ngdm mau trong dung dich
H,SO4 pH 2,5 dudc thé hién trén Hinh 4. Trong nhiing tuan diu, cic mau UHPC déu ting khi luong
sau d6 cac mau gan nhu khong thay ddi khéi lugng dén khoang tuan 16 trong dung dich. Su suy gidm
khéi lugng mau thit bat dau ting 1én tif tuan thi 16 tré di (Hinh 4(a)). Trong khi dé, trong khoang 10
dén 14 tuan dau tién trong dung dich, kich thudc cidc mau thit ting gan nhu 12 tuyén tinh. Téc do gian
nd mau & c4c tuan dau nay nhanh hon, sau d6 thi giam dan (Hinh 4(b)). Két qua trén Hinh 4 ciing cho
thdy cang ting ham ludng st dung SL thi cang giam su mét khéi lugng cling nhu d6 gidn nd ctia mau
tht trong dung dich. Nghién ctiu trudc day ciing cho thay SL ning cao do bén ctia UHPC sit dung xi
ming c6 ham lugng C3A thap trong dung dich H,SO4 pH 2,5 so véi UHPC chi st dung SF [23]. Viéc
st dung FA ciing cai thién kha ning mit khéi luong miu trong dung dich. Tuy nhién, d6 gian nd cla
cac mau thir c6 chita FA ¢6 phan cao hon d6i chut & thdi gian dau nhung dén 40 tuan thi khong c6 su
khéc biét nhiéu v6i miu chi chita SF. Piéu nay cho thdy dd bén cia UHPC st dung SL tot hon so véi
méau UHPC st dung FA khi ngdm mau trong dung dich H,SO4 pH 2,5.
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Hinh 4. Do bén ctia UHPC trong dung dich H,SO, pH 2,5 theo thdi gian

3.3. Trong dung dich NHyNO3; 5M

Hinh 5 thé hién két qua mét khoi lugng va ting chiéu sau dn mon ctia UHPC st dung ham lugng
phu gia FA va SL khac nhau véi thdi gian ngdm mau 4, 8 va 12 tuan trong dung dich NH;NO; 5M.
Két qua cho thiy ring theo thdi gian ngdim mau trong dung dich thi khdi lugng mau bi mét dan di va
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chiéu sau 16p bé tong bi An mon ting 1én. Ngoai trit mau c6 chita 30% thé tich SL thay thé xi ming
(SL-30), su két hop giita SF va FA hoic SL lam giam miic d6 mat khdi luong ctia bé tong trong dung
dich so véi viéc chi st dung SF. Khi st dung 20% thé tich FA hoic SL thay thé xi ming sé 1am khbi
lugng bé tong mét di trong dung dich 12 nhé nhét (Hinh 5(a)). Két qua chiéu siu 16p bé tong bi dn
mon (Hinh 5(b)) cho thy khi ting ham lugng st dung tro bay hoic xi 10 cao sé lam gidm khé ning
chdéng in mon ciia bé tong. Kha ning chdng lai sy xdAm nhap clia tac nhan in mon vao trong bé tong
stt dung SL tot hon so véi bé tong st dung FA. Két qua qua ciing tuong tu ddi véi anh hudng ctia SL
dén do bén ctia hdn hop UHPC st dung xi ming c6 ham luong C3A thip trong dung dich NH4NO;3
5M [24], SL céi thién kha niing chong lai su mat khéi lugng nhung lai 1am ting chiéu day 16p in mon
ctia mau UHPC trong dich dich so v6i mau chi chiia SF.

SF-15 FA-10 FA20 FA-30 SL-10 SL-20 SL-30 3,4 - - -
1.0 - =78 ; - B T | o4tudn O8tudn B12tudn
9 H H 3,0 A
21BN BA - N < v
5§ 2,0 E'ﬁh i § 26 1 %
5 --ﬁ% = ] T
.;g 25 | ﬁ% ® 2,2 ‘5\‘ ;{;'
< 3 ne
£-30 ?Q % R 21,8 | ¥ H ?"
S ) h = ,‘3 ! = . /
535 = B = B ]
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Hinh 5. D6 bén ctia UHPC trong dung dich NH4;NO3 5M theo thoi gian

3.4. Thdm ion clorua

Bang 5. Két qua thim ion clorua ctia UHPC

~ Dién lugng truyén qua (Culong) ~ Dién lugng truyén qua (Culdng)
Hon hop . : Hon hop < N

Mau Trung binh Mau Trung binh

SF-15 69,30 68,10
65,35
69,65

SL-10 75,20 67,79 FA-10 71,14 67,66
58,60 64,30
69,57 67,55

SL-20 60,80 65,87 FA-20 62,98 63,60
70,10 61,58
66,70 66,23

SL-30 69,20 60,70 FA-30 64,21 64,15
55,10 65,26
57,80 62,98

Két qua thi nghiém thim ion clorua trén Bang 5 cho thdy mtc d6 thim ion clorua cta tit ci cic
cAp phoi bé tong déu dat dudi 100 Culdng, 12 miic dudc phan vao mic do khong bi thim. Nhin chung,
khi st dung phu gia FA hoic SL két hop v6i SF déu cho kha ning chong thim ion clorua cao hon
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so v6i mau chi st dung SF. Khi tdng ham ludng SL sit dung 1én trong khoang thi nghiém thi miic do
thiAm clorua qua mau bé tdng c6 giam nhe. Dbi véi FA thi cip phdi st dung 20% thé tich tro bay thay
thé xi ming dudng nhu sé cho téng dién lugng truyén qua mau thip hon so vé6i cip phdi st dung véi
ham lugng tro bay khac. Két qua nay phu hop véi cac két qua nghién ctiu anh hudng ctia phu gia FA,
SL dén kha ning chéng thAm ctia UHPC trudc day. Két qua nghién ciiu cia Ganesh va cs. [22] ciing
cho thiy khi ting ham luong SL tit 0% dén 40% thi kha niing chdng thAm clorua ctia UHPC ting 1én,
sau d6 giam xudng khi st dung ham lugng SL & miic 60 va 80%.

4. Két luan

Dua vao céc két qua thuc nghiém thu dugc trong nghién ciiu, cic két luan sau ddy dugc rit ra:

- Viéc st dung FA hoic SL thay thé mot phan xi ming trong ché tao UHPC sé cai thién tinh cong
tac ctia hon hop bé tong. Khi st dung ciing ham lugng phu gia khoéng thi do chdy loang ctia hén hop
c6 chita FA cao hon so v6i hdn hgp ¢6 chita SL nhung cudng do nén ctia hdn hdp ¢6 chita SL lai cao
hon. Véi cling lugng ding 20% thi cudng do nén & tudi 7 va 28 ngay ddi véi bé tong c6 chita SL va
& tudi 28 ngay dbi v6i bé tong st dung FA 13 cao nhét. Tuy nhién, d6i v6i mau st dung FA thi hAm
luong FA cang cao thi cuong d6 & tudi 7 ngay cang thip.

- Khi ting ham Iugng SL thi cang cdi thién do bén ciia UHPC trong dung dich H,SO4 pH 2,5,
ting kha ning chéng thAm clorua so v6i mau dbi ching chi chita SF. Trong dung dich NH;NO; 5M,
chiéu sau UHPC bi dn mon cang 16n khi ham lugng st dung SL cang ting trong khi méat khoi lugng
ctia mau c6 chiia 20% SL 1a thip nhat.

- Miic do chdng An mon khdi lugng trong trong dung dich sun phat va dung dich amoni ciing nhu
chdng thAm clorua ctia mau UHPC c6 chita FA va SF di dudc cai thién so v6i mau chi chita SF. Trong
khi d6, miic do gidn nd trong mdi trudng sun phat cing nhu chiéu siu in mon trong dung dich amoni
clia miu c6 chita FA lai cao hon so véi mau dbi chiing.

- Khi stt dung ciing ham lugng phu gia khoang thi do bén trong dung dich NH4NO3 5M va dung
dich H,SO, pH 2,5 ctia UHPC st dung SL t6t hon so véi UHPC st dung FA. Kha ning chdng thAm
ion clorua ctia UHPC st dung FA hoic SL thay thé mot phan xi ming 12 rit cao (< 100 Culdng) va
khong c6 su khéc biét nhiéu khi thay d6i ham ludng cic phu gia khodng trong khoidng 30% thé tich
thay thé xi ming.

Ldi cam on

Nghién ctiu nay dudc tai trg bdi Truong Pai hoc Xay dung Ha Noi (HUCE) véi dé tai c6 Ma sb
25-2019/KHXD-TD.
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