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TOM TAT

Phat trién cac loai vat li¢u than thién véi moi truong trén co sé sir dung vat lidu tai chd, téi sir dung cac loai
chat thai gom tro bay, tro dy va xi nhiét dién cua cac nha méy nhiét dién lam vat liéu xay dung phi hop
véi diéu kién méi truong bién 1a mot trong cac nhiém vu quan trong hién nay. Bai viét nay trinh bay két
qua nghién ctu tinh chét cta bé tong dung dé xay dung cong trinh bién, ¢d thanh phan cap phéi so b dugc
xéc dinh theo tiéu chuan TCVN 8218:2009 va ACI 211.4R-2008. Bén canh d6 sir dung phuong phép quy
hoach thuc nghiém béac nhét da x4c dinh dugc mo hinh todn hoc dé mé phong anh huéng caa té hop phu
gia gdm: ty 1& nuéc/chat két dinh, ham lugng tro bay nhiét dién, silica fume SF90 va phu gia siéu déo SR
5000F dén ham muc tiéu 1a d6 nd sun phét cua bé tong ¢ tudi 28 ngay duogc xac dinh theo tiéu chuan GOST
P 56687-2015. Tir phuong trinh hdi quy cho thdy ty 1& ty 1é nudc/chat két dinh, ham luong cua tro bay nhiét
dién va silica fume SF90 c6 anh hudng dang ké dén do né sun phét cua mau bé tong, trong khi d6 ham
luong phu gia siéu déo SR 5000F khong c¢6 anh huong dén gia tri caa ham muc tiéu va c6 thé bo qua.

Tir khéa: Xi ming pooc ling bén sun phat; do no sun phat; cuong do nén; hdn hop phu gia khoang; quy
hoach thyc nghiém; phuong trinh hoi quy.

1. Pit véan dé

Két céu bé tbng va bé tong cdt thép v6i kha nang chong dn mon nén di duoc sir dung trong hau hét cac
cong trinh xay dung va nhiéu loai cong trinh bién khac nhau, do chung c6 rat nhidu wu diém so véi cac loai
vat liéu khac, nhu: tudi tho 16n, cudng do cao, dé dang thi cong dé tao ra két cdu cong trinh co nhiéu hinh
dang, kich thudc khac nhau; c6 do bén 16m ddi vai tac dong an mon trong mdi trudng xam thyc (Anufrieva,
2009; Tang Van Lam va nnk, 2019).

Trong nhitng ndm gan day, qué trinh x4y dung cong trinh bién trén thé gidi chu yéu tap trung vao viéc
xdy dyng cac cong trinh ¢ cac khu vyc ven bién va, thém lyc dia (Mehta, 2003; Pham Hiru Hanh va nnk,
2015). Céc dang cong trinh ha tang ven bién bao gdm: Tru bé tong cia cau dép trong lyc cua may thuy
dién, ctra vao va cura xa cua dudng 0 ong dan va thoat nudc, tuong chéin, ciu cang, bén cang, au thuyén. ..
phai chiu anh hudng cta yeu td kho - am dudi tac dong cta nhiét d6 moi trrong va sy mai mon cia dong
chay xoay. Ngoai ra, pho bién nhit 1a moi truong chira ion sun phat (SO4?-), s& gdy ra sy an mon sun phat
d6i v6i két chu bé tong (Safarov, 2017; Ryazanova, 2016) va s& dic biét nguy hiém khi dong thoi sy xuat
hién sy an mon do tham thau kiém cdt 1idu ¢ bén trong va an mon sun phat bén ngoai cua bé tong (Safarov
va nnk, 2016; Si-Huy Ngo va nnk, 2018). Trong mdi truong xam thuc ¢ chira ion SO4¥ véi nong do 1on
hon 300 mg/l ion sun phat s& tham nhap vao trong vi cdu triic ciia bé tong gay ra hién tugng in mon sun
phat (Pham Hitu Hanh nnk, 2015; Ryazanova, 2016). Su pha huy vi cdu trac do khoang Ettringite, loai
khoang c6 tinh ng thé tich manh, hinh thanh trong cic phan mg cta céc ion sun phat véi cac thanh phan
khoang ciia bé tong chinh 14 nguyén nhan din dén viéc niit v& cdu trac, giam cudng do va c6 thé 1am cho
két cau bi hu hong hoan toan (Tikalsky, 2008).

Theo nhiéu két qua nghién ciru (Chiara, 2006; Ngo Xuan Hung va nnk, 2018) thi hiéu qua ciia bé tong
chéng lai sy tAn cong cuia sun phat c6 lién quan dén tinh chéng tham va khdi lwong riéng ctia né. Hon nita,
trong cic nghién ctru (Sahmaran va nnk, 2007) d chi ra ring do ng thé tich ciia bé tong trong cac moi
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tru:(fng xam thue manh phu thude chu yéu vao thanh phan cap phél ctia hon hop bé tong va dic biét 1a loai
Xi mang dugc sir dung. Bong thoi cling nhén dinh viée s dung t6 hop cac phu gia khodng bién tinh di c6
tac dung lam chat va lap day vi cdu triac bé tong khi dong ran. Nghién ctru vé& anh huong phu gia khoang -
hoa dén mat do, cuong do va do bén cia bé tong ding trong cong trinh bién va cong trinh thuy ciing da
duogc quan tam va nghién ctru (Chindaprasirt va nnk, 2007; Tang Van Lam va nnk, 2017).

Trong bai viét nay trinh bay két qua ctia nghién ctru d¢ nd sun phat trong méi truong Na,SO4 5% clia
mau bé téng c6 sir dung xi mang lang bén sun phat va to hop phu gia khoang - héa bién tinh bao gém: tro
bay nhiét dién, silica fume SF90 va phu gia siéu déo SR 5000F. Pong thoi sir dung phuong phap quy hoach
thuc nghiém bac nhat ddi voi bbn bién dau vao dé mo phong anh hudng cia t6 hop phu gia nay dén d6 no
sun phat ciia bé tong ¢ tudi 28 ngay.

2. Vit liéu va phwong phap nghién ciru
2.1. Vit liéu sir dung

Trong nghién ctru nay da st dung céc loai vat liéu nhu sau:

- Chét két dinh sir dung gdm: hdn hop cua Portland bén sun phat, tro bay nhiét dién va silica fume. Xi
ming Portland bén sun phat PC40 Hoang Thach (X) véi khdi lugng riéng 1a 3,15g/cm? va cuong doé nén
trung binh & tudi 28 ngay 14 48,6MPa. Tro bay (TB) ctia nha may nhiét dién Vinh Téan 4 va silica fume
SF90 (SF90) duoc cung cép boi nha san xut “Vina Pacific” v6i ham lwong SiO2 hoat tinh lan luot 1a
54,62% va 91,65%.

- C6t liéu sir dung gdom cat vang song Lo va da dam tir d4 voi. Cat vang ciia séng Lo (C) loai thd véi mo
dun d6 16n Mk = 3,1; khéi luong riéng 2,65g/cm3; khdi lwong thé tich trung binh & trang thai dam chat
1650kg/me. P4 dam duogc nghién d4 voi (P) voi Dmax=10mm, khéi lwong riéng 2,65g/cmd, khdi luong thé
tich trung binh ¢ trang thai ¢ddm chat 1540kg/m3. Thanh phan hat ctia c6t liéu 16n va cdt liéu nho thoa man
yéu cau theo TCVN 7572:2006.

- Phy gia siéu déo (SD) loai SR 5000F cua nha san xuét “SilkRoad” vé&i khdi lugng riéng 1,1g/cm? &
nhiét 6 20 + 5°C, duoc sir dung dé giam ty 18 nuéc/xi mang, nhung van giit dugc tinh cong tac tot cua hdn
hop bé tong va tang cuong dong cua bé tong nghién ciru.

- Nude sach (N) duoc st dung dé 1am nude nhao tron hdn hop bé tong va bao dudng mau thi nghiém
sau khi duc.

2.2. Phuwong phap nghién cuu

- Cép phdi so bd cua hdn hop bé tong xac dinh theo tiéu chudn TCVN 8218:2009; ACI 211.4R-2008
(America) va két hop véi phuong phép thé tich tuyét di.

- Tinh cong tac ctiia hdp hgp bé tong dugc xac dinh thong qua do sut (SN, cm) ctia con hinh ndn cut tiéu
chuan, phu hop véi tiéu chuan GOST 10181-2014 (Russian).

- Cuong do nén cuia bé tong duge xac dinh trén mau hinh 1ap phuong, canh 15 ¢m theo tiéu chudn GOST
10180-2012 (Russian).

- D6 n6 sun phat ciia miu bé téng trong mdi truong Na,SO4 5% thi nghiém theo tiéu chudn GOST P
56687-2015 (GOST R 56687-2015, 2015) trén cac mau thi nghiém tiéu chuén co kich thudc 25x25x285
mm va 70x70x280 mm.

- Pé m6 phong anh hudng cua té hop phu gia khoang-héa bién tinh dén d6 ng sun phat ctia cac mau bé
tong trong moi truong NaSOs 5%, nghién ctru nay da dugce thuc hién theo phuong phap quy hoach thuc
nghiém béc nhat ddi v&i bdn bién anh huong (Nguyén Minh Tuyén, 2007; Astakhova, 2013).

3. Két qua va thio luin

3.1. Yéu cdu va tinh todn cip phdi so bj ciia hén hgp bé tong nghién ciru ‘ ‘

Hon hop bé tong va bé tong dung trong cong trinh ven bién va trén cac hai ddo can dap ing cac yéu cau
k¥ thuat cua TCVN 8218:2009, cu thé nhu sau:

- Tinh cong tac cua hdn hop bé tong xac dinh theo dd sut cia con hinh nén cut tiéu chuén SN=9+20cm.

- Bé tong dung cho cong trinh ven bién dam bao méc thét ké M400 ¢ tudi 28 ngay voi hé sé an toan k =
1,15 theo TCVN 9382:2012. Cudng d¢ bé tong khang nén thiét ké & tudi 28 ngay dat trén 50 MPa.

- Sir dung tro bay va silica fume SF90 dé thay thé 1an luot 30% (ACI 211.4R-2008) va 10% khdi lugng
xi ming Podc lang bén sun phat trong hdn hop bé tong (Ngo Xuan Hung va nnk, 2018).

- Ham lugng phu gia siéu déo SR 5000F duoc sir dung bang 1% khéi lugng xi ming bén sun phat (Lam
Van Tang va nnk, 2018).

- Tir két qua cua cac nghién ciru trude day (Ngo Xuan Hung va nnk, 2018; Tang Van Lam va nnk, 2019)
da chon duoc ti 16 nude/chét két dinh ban dau 1a: N/CKD = 0,3. Thé tich ctia khong khi cudn vao 1a 2,5%.
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Str dung tiéu chuan TCVN 8218:2009; ACI 211.4R-2008 va két hop véi qué trinh thuc nghiém diéu
chinh da xac dinh dwoc thanh phan cap phdi co sé ciia hdn hop bé tong nhu trong Bang 1. Céc tinh chat co
- Iy ctia bé tong v6i thanh phan tir cip phdi so bo da dwoc xac dinh va liét ké trong Bang 2.

Bang 1. Cap phai va tinh chdt ciia hdn hop bé téng thi nghiém

Cap phéi bé tong (kg/m?) N SN Khdi lugng thé tich
) KD (cm) trungAblph cta hon hop
X | C b | TB |SF90| SD N bé tong (kg/m?)
405 | 595 | 1027 | 122 | 40,3 4,0 170 0,3 16 2355
Bang 2. Tinh chdt cua bé tdng nghién citu
Cuong d khang nén cua bé tong (MPa)  |Cudng do kéo khi udn| Khéi luong thé |Tinh chéng thim
tai cAc tudi thi nghiém ctia bé tong ¢ tudi 28 | tich trung binh | nudc & tudi 28
1ngay | 3ngay | 7 ngay |14 ngay| 28 ngay ngay (MPa) (kg/m?®) ngay (MPa)
23,5 34,5 48,1 50,8 58,2 4.2 2286 0,66

Tir cac két qua thuc nghiém trong Bang 1 va 2, thdy duoc rang: thanh phan cap phdi cia hdn hop bé
t6ng nghién ctru c6 tinh cong tac thoa man didu kién thiét ké ban dau va cuong d6 nén & tudi 28 ngay co
do 16n 58,2MPa, dic biét tai tudi 14 ngay cuong do khang nén clia mau thi nghiém da dat trén 50MPa.
Ngoai ra, gia tri cudng do nén thuc nghiém di cho thdy rang toc do phat trién cuong do ctia loai bé tong 1a
kha nhanh, ngay & tudi 1 ngay da dugc trén 40% cuong do tinh toan & 28 ngay.

3.2. M6 phéng anh hwéng ciia cdc bién anh hwéng dén dp né sun phdt ciia bé tong

3.2.1. Xdy dung mé hinh thuc nghiém bdc nhat cho bon bién anh huong
Phuong phdp quy hoach thyc nghiém nham
muc dich tao ra mo6 hinh toan hoc dé mé phong va

¢;(Bién ngdu nhién)

du doan anh hudng cia cac bién dau vao dén tinh 0 "‘t A

chat cua doi tugng thyc nghiém, duoc coi 1a cac A\ g‘;:ié';{?ﬁl \\\\\ —Y

ham muc tiéu dau ra cta qua trinh nghién ctru Sy —» cita mb hinh || [ (1AM muc tiéu
x . 2 (Bién dau vao) bl Ly L ctia md hinh)

(Nguyén Minh Tuyén, 2007; Astakhova, 2013). :

Cau tric cua mo6 hinh thyc nghiém trong nghién Hinh 1. Cdu trdc md hinh thuc nghiém
clru nay dugc mo ta trén hinh 1. ) ’

Trong nghién ctru ndy da sir dung md hinh thuc nghiém béc nhat dbi véi bon bién dé nghién ctru vé anh
hudng cua ti 16 N/CKD va hdn hop phu gia bién tinh (Tro bay, silicafume va phu gia siéu déo) dén d6 no
sun phat trung binh ctia bé tong. Bén canh d6 ham lwong cat vang (C, kg) va da dam (P, kg) dugc gitt khong
dbi nhu trong cép phdi co s& (theo bang 3) va tuong tmg bang 595 kg va 1027 kg.

Ham muc tiéu Y caa mo hinh thuc nghiém bac nhét trong nghién ctru nay da luva chon 1a ham da bién
biéu din do nd sun phat trung binh (ezs, %) ctia cac mau bé tdng vai kich thuéc 70x70x280mm sau 28
ngay thi nghiém trong dung dich Na;SQO4 5%, dugc xac dinh theo cong thac (1):

Y = Bo + Br&a+ Palo+ Pals+ Pala+ Ps&1.&2 + PeCr.Es+ PrE1.a + Pel2.E3+ Pol2.Ea
+ B1o&3.Eat P1181.62.Ea+ P12E1.80.EaF P1381.E3.8a + P14E2.E3.E4 + P15E1.E2.E3.84.
Trong do: Bo, B1, B2, P2, P, ... VA Pis - 12 cac hé s6 ctia phuong trinh hdi quy;
E1, &, E3Va &, - 1a cac bién anh huong mé hinh thuc nghiém.

@

Céc bién diu vao anh huéng dén md hinh thuc nghiém va cac khoang gid tri khao sat da dwoc chon
tuong ung va trinh bay ¢ Bang 3.

S6 lugng diém thi nghiém trong quy hoach thyc nghiém bac nhét cho bén bién anh huong dau vao duoc
xéc dinh theo cong thirc (2) (Nguyén Minh Tuyén, 2007; Astakhova L.G., 2013):

N = 2k= 24 =16, (vai k 12 s6 bién anh huong, k = 4) )

Thanh phan cap phéi ciia hdn hop bé téng trong thuc nghiém dugc tinh toan chi tiét trén co s cac ty ¢
trong Bang 3 va két hop vai phuong phap thé tich tuyét dbi va tiét hanh thi nghiém trong phong thi nghiém.
Tir cac thanh phan cap phdi, qua trinh ché tao mau tiéu chuin theo GOST P 56687-2015, c4c gi4 tri do no
sun phét trung binh caa mau bé tdng sau 28 ngay thi nghiém trong méi truong Na,SO, 5% da duoc Xxac
dinh va thé hién cy thé trong Bang 4.
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Bang 3. Khodng bién thién céc bién s trong ké hoach thic nghiém bdc nhdt

Céc bién anh huong dau vao Cc di;é m quy hoach bac Khoang
TT nhat trén md hinh bién thién
Bién thuc Bién ma hoa -1 0 +1 (3)
1 | Tilé nudc/chat két dinh - N/CKD & 026 | 0,30 | 0,34 0,04
2 | Ham luong tro bay - TB (%) £, 20 30 40 10
3 | Ham lugng Silicafume - SF90 (%) &3 5 10 15 5
4 | Ham lugng phu gia siéu déo - SD (%) s 0,5 1 1,5 0,5
Bdng 4. DJ no Sunphat trung binh cia bé tong trong moi trieong Na;SO4 5%

Bién ma hoa Bién thuc D né sun phat trung binh & tudi 28 ngay Y = 25 (%) | Phuong
Tele e |2 C% (TO/OB) S(E/Og)o (“f‘,/OD) £1.10262.10?| £3.102 |Y{£.102]Y |.102|(Y®- Y )*.10° s;.a;o-?
1[+|+[+][+]034]40] 15 |15]342 352 351 | 348 | 3,49 0,0002 3,03
2 1-|+|+][+]026]40| 15 |15]192 2 1,95 | 1,96 2,62 44,3334 1,63
3|+|-|+[+]034]|20| 15 |15|141|145| 142 | 1,43 1,70 7,5167 0,43
4 |-|-|+|+]026|20| 15 |15]108|115] 116 | 1,13 0,83 8,4827 1,90
51+ |+|-]+]0,34 |40 5 |15]|431|435]| 4.2 429 | 4,20 1,2284 6,03
6 |-|+|-|+|026|40| 5 |15|312| 33 | 324 | 322 | 3,33 0,8789 8,40
7|+|-]-]+]10,34 |20 5 151152 |155] 156 | 154 2,41 72,0377 0,43
8 |-|-]1-]1+]0,26]|20 5 [15]1134(132] 13 | 1,34 1,53 3,7378 0,23
9 |+|+|+]|-]/034|40| 15 |05|351 356 364 | 357 | 3,49 0,7296 4,30
10| -|+|+|-]026]40]| 15 |05| 28 | 31 | 294 | 295 | 262 10,5084 22,53
11|+]|-|+]-/034]20] 15 |05]156(143] 151 | 150 1,70 4,0334 4,30
12 -|+|-1026]20| 15 |05(128|131| 1,25 | 1,28 0,83 19,4702 0,90
13|+]+[-1-1034]40 5 1051435 465|405 | 435 | 420 3,0334 90,00
141-1+|-]1-1026 |40 5 (05]325|347| 342 | 3,38 3,33 0,4389 13,30
I5|+]-(-1-1034120 5 105|334 | 35 3,2 3,35 2,41 91,1229 22,53
16|-]-|-]1-1026|20 5 (05138 |135]| 1,35 | 1,36 1,53 2,8900 0,30

MaxS? = 9.10° > (Y -Yi)? =27,467.10° S? = >"s2 =180,266.10~

a). Kiém tra ds tin cdy ci:a mo hinh thyc nghiém theo chuan sé Kochren.
Tir cac gi4 tri thuc nghiém thu duoc trong bang 4 d tién hanh kiém tra do tin cay cua mo hinh thyc nghiém
theo chuén s6 Kochren:

- Phuong sai 1ap (Si?) cua két qua thi nghiém dugc tinh theo céng thirc sau:

Sh =S’ =180,266.107 va maxS? = 9.10° (Bang 4).
S2,  9.10°

max

Sﬁ 180, 266.1077
Gia tri tra bang cua chuén sé Kochren G_ (f1, f2) dugc x4c dinh theo bang phan bé cac gia tri ciia chuén

s6 Kochren tai bang s6 4.36 cua tai liéu (Bolshev L.N. va nnk, 1983) véi sai s6 o. = 0,05 va c4c bac tu do:

fi=k-1=4-1=3;f,= N = 16. Thu duoc: G, (3, 16) = 0,5466.

- Gia tri tinh toan chuan s Kochren (Gy) theo cong thirc (3): G, = =0,499 (3)

ViG, . (3,16) > Gy nhu vay cac gia tri thyc nghiém thu dugc la rét déng tin cdy.
b). Ldp phwong trinh hoi quy bdc nhat
Str dung phan mém Matlab va cac cong thirc toan hoc theo ly thuyét quy hoach thyc nghiém bac nhét
da thu dugc phuong trinh day du ciia ham hoi quy (4):
Y = 0,0251 + 0,0043, + 0,0089&, - 0,0035E5 - 0,0021E4 + 0,000925,.£, - 0,00098E1.E5
- 0,00044¢&,.£4 - 0,00064&;.63+ 0,00047&2.E4+ 0,00047E3.64- 0,00112E1.6,.E3 (4)
- 0,0017E1.E5.E4 + 0,0017E1.E4.64 - 0,00155.E5.E4 - 0,00066E,1. £2.E3.Ea.

¢). Kiém tra tinh ¢6 nghia ciia cac hé o trong phwong trinh (4)
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Kiém tra tinh c6 nghia cta cac hé s trong phuong trinh (4) dugc danh gia theo chuan sé Student
(ta (f2)). Hé s6 Bjduogc coi 1a c6 nghia néu: tg > ta(f2), 5)
Trong d6: tu (f2) - 12 gia tri tra bang d¢ 16n chuan s6 Student véi mite do c6 nghia a. = 0,025 va bac tu do lap
fo= Nx(k-1) = 16x(4-1) = 48 tir bang 3.2 cua tai liéu (Bolshev L.N. va nnk, 1983) thu dugc to,02s (48) = 2,4066.

- Gia tri tinh toan chuan sb Student (to;) ddi voi hé s6 B; ~ |[3 |

xéc dinh theo cong thic: |B |_t xSy (6)

- D¢ léch chuan (Sg; ctia cac hé s6 trong ham hoi quy s - 8”2 @
xac dinh theo cong thirc : BTN
+ V&i N 1a tong s6 thi nghiém (N = 16) va S =Y's? =180,266.107 (Bang 4).
Pa thu duoc: g _ 180,266.107 _ 0.00106
Bi 16 ! )
Theo diéu kién cua gia tri chuan sé Student: tg; > tu(f,) trong d6 t, :51 - ‘ﬁj‘ >t,(f,) xS,
Bi
Do d6, hé s6 Bj ciia phuong trinh ham hdi quy duge cho 14 c6 nghia néu thoa mén diéu kién:
Bi| > to 0os (48) xSy = 2,4066 xS, = 2,4066 x 0,00106 = 0,00255.
Sau khi loai b cac hé s khong c6 nghia da thu dugc phwong trinh hdi quy thu gon:
Y =0,0251 + 0,0043&; + 0,0089¢; - 0,0035&3 (8)
d). Kiém tra tinh tirong hop ciia mo hinh thyc nghiém o
Tinh twong hgp cia md hinh thuc nghiém nay dugc kiém tra theo chuan s6 Fisher nhu sau:
—\2
th
- Tinh phuong sai du (S%) cia md hinh theo céng thuc: S = Z(Yi Yi) 9
N-m

Trong do: Y®; va 7, - Gia tri trung binh cua ting thi nghiém va gia tri tinh toan theo phuong trinh (8);
N - S6 thi nghiém (N = 16); m - S6 cac hé s6 trong phuong trinh hdi quy (8) (m = 4).
J— -5
3 (Y -¥)? =27,467.10°° (Bang 5) va thu duoc g2 - 271467107 5 oa5 145

16-4
- Tinh phwong sai lap (S4) cua két qua thi nghiém: Sﬁ = z S? =180,266.10".
2 -5
Viy gi4 tri tinh toan cua chuén sb Fisher thu duoc: F. = Sy = % =1,2609.

! sﬁ 180,266.10”

Gid tri tra bang caa chudn sb Fisher F, (f1, f2) duoc xac dinh theo bang phan b chuén sé Fisher trong
bang 3.5 cua tai liéu (Bolshev L.N. va nnk, 1983) vgi cac bactydo fi=N=16vaf,=N-m=16-4=12
tai sai 56 o = 0,01 da thu duoc gia tri tra bang ctia chuan s Fisher Foo1 (16, 12) = 4,0096.

Vi Fy= 1,269 < Fop1 (16, 12) = 4,0096, do d6 mé hinh thyc nghiém dwoc md ta bang phuong trinh hdi
quy (8) dugc coi 1a tuong hop véi bic tranh thuc nghiém va phan anh ding quy luat phu thudc bac nhat
ctia ham muc tiéu vao céac bién thi nghiém &1, &, va &;.

Tir phuong trinh hoi quy (8) cho thay khi tang ti Ié N/CKD (bién &) va ham lugng tro bay (bién &),
dong thoi giam ham lugng silica fume SF90 (bién &3) thi d ng sun phét trung binh cta cac mau bé téng &
tudi 28 ngay ting. Su gia ting do no sun phat ciia mau bé tong cing véi su gia. tang ham lugng tro bay
trong khoang nghién ctru da dugc giai thich boi khi lugng dung tro bay 1a dang ké, ¢ chira 24,17% Al,O3
va 6,15% Fe,03, trong moi truong Na,SO4 5% va dong thoi cd mat Ca(OH), tu do trong vi cau tric cua bé
tong, da thuc day su hinh thanh trong mao quan cua d4 xi mang cac khoang hydrosunfat aluminat canxi va
hydrosunfat ferrit canxi, bao gém ca Ettringite ngam nhiéu phan tir nuéc va truong ng thé tich. Mat khéc,
anh huong ciia ham lugng phu gia siéu déo SR 5000F (bién &) trong khoang tir 0,5% dén 1,5% ddi véi do
nd sun phat trung binh cta cac mau thi nghiém & trong moi trudng Sun phat Natri 5% la khong dang ké va
c6 thé bo qua.

4. Két luan.

Dua trén cac két qua thi nghiém thu dugc, ¢6 thé rit ra két luan sau: ‘
1. Trén co s¢ cac loai vt liéu san cé két hop véi to hop phu gia bién tinh gom: Tro bay, silicafume va
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phu gia siéu déo da thu dugc bé tong c6 cuong do khang nén la 58,2 MPa va cudng d6 keo khi udn 1a 4,2
MPa & tudi 28 ngay va tinh Chong nuéce & tudi 28 ngay bang 0,66 MPa, dap (mg dugc cac yéu cau ky thuat
theo TCVN 9346:2012 va c6 thé dugc sir dung trong két ciu bé tong cdt thép trong méi trudng dn mon,
xam thuc cta nudce bién.

2. Bang phuong phép quy hoach thyc nghiém da thu dugc ham muc tiéu 1a phuong trinh hoi quy bac
nhét s6 (8). Pong thoi, phuong trinh hdi quy thu duge da mo ta day da sy phu thugc ciia do né sun phét
trung binh cua cac mau bé tong tai tudi 28 ngay thi nghiém trong méi truong Sun phat Natri 5% dén bén
bién anh huong &; (ty 1¢ N/CKD), & (ham lugng tro bay), &; (ham lwong silica fume SF90) va & (ham
luong phu gia siéu déo SR 5000F).

3. Trong pham vi nghién ctru, cac bién khao séat gom ty 1 (N/CKD), cdc ham lugng tro bay va silica
fume SF90 c6 anh huong dang ké dén do no thé tich ¢ tudi 28 ngay trong mdi truong sun phét cua cac mau
bé tong. Tuy nhién, dnh huéng cua ham luong phu gia siéu déo SR S000F dén do no sun phat cua bé tong
1a khéng dang ké va co thé bo qua.
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ABSTRACT

Effects of complex organo-mineral additive on the sulphate expansion
of concrete used for marine construction

Tang Van Lam **, Pham Duc Luong?, Pham Ngoc Duong?, Ngo Xuan Hung?, Bulgakov Boris
Igorevich?, Dang Van Phi*®, Nguyen Tai Nang Luong*
'Hanoi University of Mining and Geology
2National Research Moscow State University of Civil Engineering, Russian Federation
3SEJONG University, South Korea
“University of Fire prevention and Fighting

This paper presents the experimental results of an investigation on the effect of the water-binding ratio
(W/B) and the complex organo-mineral modifying additive, consisting of fly ash (FA) TPP "Vinh Tan 4",
silica fume SF90 (SF90) and polycarboxylate superplasticizer SR 5000F (SR5000) on the deformations of
concrete specimens fully immersed in 5% sodium sulfate solution according to Russian standard GOST P
56687-2015. In addition, using the mathematical planning method for four factors and the Matlab program
obtained the first-order regression equation of the mathematical model, which was adequately described
the influence of the W/B, FA, SF90 and SR5000 contents on the sulphate expansion of concrete. From the
regression equation shows the W/B ratio, the contents of FA and SF90 have a significant effect on the
sulphate expansion of concrete samples, while the effect of SR5000 content on the objective function is
negligible, so it was discarded.

Keywords: Sulfate-resistant Portland cement; sulphate expansion; complex organo-mineral additive;
experimental model; objective function.
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