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Str dung bé tong chat luong siéu cao, ty dAm trong xay dung

Nguyén Xuén Man"", Nguyén Duyén Phong’, Pham Manh Hao?
~ 'Khoa Xay dung, Dai hoc Mo - Dia chat
*Trung tdm Phdt trién cong nghé cao, Vién Han lam Khoa hoc va Céng nghé Viét Nam

TOM TAT

B& tong chét luong siéu cao UHPC (Ultra High Performance Concrete) c6 cac chi tiéu co - Iy rit cao s0 Vol
bé tong thuong. BE tong chat lugng siéu cao can c6 cac chi tiéu co - 1y rat tot dap Gmg do bén va tudi tho
1au dai cho c4c két chu xay dung trong cac moi trudng x4m thye bat loi. Bé tong chat lugng siéu cao thuong
¢6 cudng d6 chiu nén cao, hé s6 tham nho, tinh 6n dinh cao va ¢é thé tu dam khi thi cong cac cdu kién bé
tong ct thép c6 mat do cét thép 16n, chong an mon bé tong va ct thép trong moi truong xam thyc nhu moi
truong ven bién, hai d4do hay dudi ngdm co nude xam thyc. Bao céo nay dé cap dén img dung va thi nghiém
dé xac dinh thanh phan cua bé tong chat luong si€u cao trong xdy dyng. Phuong phap nghién ctru duoc st
dung la phuong phép 1y thuyet két hop v6i thue nghiém. Két qua nghién ctru da dua ra thanh phan cép phdi
clia bé tong chat lugng siéu cao, tu dam hop 1y c6 thé dap Gmg yéu cau trong xay dung.

Tir khéa: Bé tong chét luong siéu cao; bé tong tu dam; cip phdi hop 1y; do linh hoat ciia bé tong.

1. Pit van dé

Bé tng co6 chét lugng siéu cao, ty ddm (BTCLSC-TP) 1a két qua nghién ctru ctia cic nha khoa hoc Hoa
Ky, Nhat Ban va Au chau nhitng nam 70-80 ciia thé ky trudc; trén co s phat trién phu gia siéu déo Polyme
thé hé mai. Ngay nay, BTCLSC-TD dugc st dung rong rdi trén thé gidi; co cac ddc tinh co ban nhu sau
(AFGC-SETRA, 2002):

- Cudng d9 chiu kéo Ry: ¢ tudi 3 ngay: Ry > MPa; 7 ngay: Ry > MPa; 28 ngay: Ry > MPa;

- Cudng d9 chiu nén R,: ¢ tudi 3 ngay: R, > 50 MPa; 7 ngay: R, > 80 MPa; 28 ngay: R, 2120 MPa;

- Hé s6 thdm thép, do d6 cau kién lam tir loai bé tong nay c6 kha nang chong tham cao;

- Do chay tir 500-700mm va do linh dong (46 sut SN) tir 160-180mm; do d6 hd hgp bé téng nay co thé
tu chay dudi tac dung cua trong luong ban than va leip day hoan toan van khuén khi ¢6 mét do cét thép day
dac ma khong can dam rung (con goi la bé tong tu dam, bé tong ty len hay bé tong chay);

- Hon hop bé tong glu nguyén tinh d6ng nhat trong sudt qua trinh van chuyén va thi céng, khong bi phan
tach céc thanh phan riéng va khong phén 16p khi thi cong.

Uu diém cua BTCLSC-TD la khong ddc hai, cac thanh phén tron san, thi cong dé dang; hon hop c6 kha
nang tu chay, khong tach nude - phan tang; cuong d chiu udn va cuong do chiu nén cao, ting kha ning
chéng tham, chéng an mon 16n; kha nang chiu va dép, mai mon cao.

Bé tong chat lugng si€u cao, tu dam thuong tmg dung cho cac ciu kién bé tong bt thép sau day: bé
moéng may, duong ray, gbi cu; miat duong chiu va dap (xe banh xich...); cac két cu dam cau, tAim mong;
cac két cau chiu &n mon, mai mon; cdc vi tri yéu ciu bé tong c6 cuong do cao, kha nang chiu va dap mai
mon 16n; cdu kién c6 mét do cbt thép day dac, diéu kién thi cong kho khan nhu vo ham bé tong cbt thép,
ot khung nha, cac dam, san thi cong voi viéc van chuyén vira theo dudng dng. Trong Bang 1 1a mot s6
cong trinh xdy dung str dung BTCLSC - TD trén thé gidi (Graybeal, 2005).

Bdng 1. Sir dung BICLSC - TP trong mét s6 cong trinh xdy dung.

TT Tén céng trinh sir dung R, MPa | Eg, GPa | SN, cm Niam
1 \C]eil;tgfi’rcl);zt Sge:k Bridge, Richmond County, 170 45 16 2013
2 Elg\zkeye Bridge Buchanan County, lowa, 148 45 16 2015
3 Footbbridge in Changsha, China 90 45 16 2016

* Tac gia lién hé
Email: mannxdoky@gmail.com
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O Viét Nam di c6 mot s6 cong trinh nghién ciru vé BTCLSC - TD, di dua ra khuyén nghi st dung t6
hop phu gia khoang silica fume va tro bay dé thay thé mot phan xi mang trong ché tao bé tong chat lugng
siéu cao (Nguyén Cong Thang va nnk, 2015). Tai Trung tim Phat tién Cong nghé cao thudc Vién Han 1am
Khoa hoc va Cong nghé Viét Nam dang tién hanh dé tai khoa hoc doc 1ap cdp Nha nudc “Nghién ciru cong
nghé ché tao bé tong tinh ning siéu cao (UHPC) phuc vu xay dung mot s6 cong trinh qudc phong”; ma so:
TPLCN.37/18; giai doan 2019-2021. Tuy nhién, cic két qua nghién ciru con dimng & nhirng két luan 1y
thuyét va thuc nghiém so khai, chwa dwoc dua vao ing dung rong rii trong xdy dung. Dong thoi dé ché tao
BTCLSC -TD doi hoi nhdp cac vat liéu thanh phan va gia thanh cta san pham con kha cao nén han ché sir
dung trong thuc té xay dung. Trong bai viét niy chung t6i tién hanh xac dinh céc thanh phan ciia BTCLSC-
TD bang ly thuyét va thuc nghiém. Diéu nay gop phan quan trong trong viée phat trién va img dung loai bé
tong nay trong xay dung ¢ Viét Nam.

2. N¢i dung va phuong phap nghién ciru
2.1. Vit ligu sir dung lam cdc thanh phan ciia bé téng chit lwong siéu cao, tw dam

Theo cac tac gia (Phung Van Ly va nnk, 2007) thi vat liéu dé ché tao BTCLSC-TD bao gdm cét thach
anh (d =100 + 600pm), xi mang, silica fume, nudc va phu gia siéu déo (PGSD). Do lugng xi mang khoang
900-1000 kg/m3 nén nhugc diém 16n nhét cua loai bé tong nay 1a gia thanh san pham cao va anh hudong
dén tinh chat k¥ thuat, anh huong vé méi trudng do lugng khi cacbonic thai ra trong qua trinh san xuét xi
ming (RICHARD, P. and CHEYREZY, M.H., 1994). BTCLSC-TD yéu cau ty 1& N/X rat thap. Dé bé tong
¢6 cuong do cao ma van dam bao do chay 1on viée sir dung PGSD 14 yéu té bt budc. Hién nay nguoi ta
dung 5 loai thudc 3 thé hé PGSD dé ché tao BTCLSC-TD nhu sau:

- Phy gia Al - Ligno Sulphonates (LS) tir cac chit cao phan tir ty nhién lignin (tir gd va senlulo), do
giam nudc toi da 10%, lam cham ninh két, lwong ding 2,5% xi mang;

- Phy gia B1 - Polyme gdc sulphonated melamine (MFS) ¢6 tac dung giam nude t6i da dén 25%; luong
dung 1,5 - 2,5% xi mang; cho phép dat cuong do sém (Rzne = 0,85R284e)-

- Phy gia B2 - Naphthalene Sulphonate Polycondesate (NSP), c6 ngudn gdc tir than da, giam nuéc t6i
da 25%; lugng dung 1,5 - 2,5% xi mang.

- Phy gia B3 - Vinglcopolymers (VC), thanh phan chinh 13: Sunfonated Vinylcopolymers (diu thd), giam
nude tdi da dén 30% ; lugng dung 1,5 - 2% xi mang; d6 sut dén 22 cm.

- Phy gia C - Polycarboxylates (PC), gdc Polyme cao phan tir tong hop, tao ra do sut ctia bé tong tir 15
dén 22 cm, thoi gian dong cung tur 1 - 4 gid; ¢ thé tang cuong d9; giam lugng nude tir 30 - 40%. Loai phu
gia ddc biét ny co thé thay ddi ciu tao phan tir dé phi hop véi cac yéu cu dic biét. Vi bé tong cuong do
cao va siéu cao thuong ding chat PGSD loai PC, véi bé tong ty dam c6 thé dung loai cai tién la: Polyme
Viscocrete (PV).

Tac dung tang déo cua loai phy gia nay nho hai loai lyc ddy khéc nhau giita cac hat xi mang gitp ching
bi phan tan, cy thé: luc déy tinh dién xuét hién do sy he”ip phu lén bé mit cac hat xi mang cac ion am dugc
cung cip boi cac nhom carboxylic; hi¢u g phén tan nho cdu tric mach nhanh ciia cac phan tir polyme
trong phu gia, bao gdbm mach chinh va mach nhanh hinh ring luoc.

Trong bai viét nay sir dung céc vét li¢u thanh phan dé nghién ctru BTCLSC-TD nhu sau:

- Xi ming Poocliang PC40 v&i duong kinh hat trung binh khoang 14pum; ¢6 cac tinh chat co 1y trinh bay
6 Bang 2.

- Nuéc sinh hoat khong dau md; cac thanh phan hiru co trong nude hop quy chuan.

- Cbt liéu la cat thach anh, duong kinh c& hat trung binh khoang 300pum; do rong khi chua 1én chit
45,1%; kho.

- Soi thép cac bon cia CHLB Puc: Mac 2500; duong kinh s¢i d = 0,16mm,; chiéu dai soi 1 = 15mm.

Bdng 2. Mt s6 tinh chat co' Iy cua xi mang (Neuyén Cong Thang va nnk, 2015).

Tinh chét cta xi mang z Gid tri Tiéu chuan 4p
Thuc te Theo quy pham dung
P06 min:
- Luong ség sang 0,09mm, % 21 <10
- DP0J min bé mat riéng xac dinh ’ - TCVN 4030-2003
the;) phuong phap Blaine, 3380 52800
cm®/g
Do déo tidu chudn, % 29,0 TCVN 6017-1995
Gi6i han bén nén:
- Sau 3 ngay, MPa 26,4 >21,0
- Sau 28 ngay, MPa 49,6 >40,0 TCVN6016-1993
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- Str dung PGSD thé hé 3 co gdc polycarboxylate (PC) ctia haing BASF. Pay 1a PGSD véi ham lwgng
chat khé 30%; c6 kha nang duy tri d¢ chay ciia hdn hop bé tong tot hon so véi céc loai phu gia siéu déo
khac, thuan loi cho viée ché tao bé tong co ty 1¢ N/X thép nhung c6 d6 chay cao. Mot sb dic tinh cua phu
gia siéu déo nay cu thé nhu sau: san pham dang 16ng; mau nau nhat; khoi lugng riéng: 1,07g/cm?; theo tiéu
chudn ECC 99/45 thi khéng doc. Trén hinh 1 1a hdn hop xi mang véi PGSD c¢6 gbe polycarboxylate va soi
thép.

a)
Hinh 1. Vit liéu thanh phan: a) Hon hop xi mdng véi phu gia siéu deo 6 goc
polycarboxylate; b) Sgi thép cac bon ciia CHLB Pirc

2.2. Lua chon cip phéi bé téng sir dung trong nghién ciru

Ty 1¢ thanh phan hdn hop dugc sir dung trong nghién ciru cho trong bang 3. Ty 1€ cat/xi méang la 1,6 theo
Kkhdi lugng (cat duoe sir dung 13 c4t thach anh (quart) nghlen min); ty 16 N/X 1iy bang 0,25; ty 1¢ s¢i thép
(ST)/X 12 0,18. Bé nghién ctru dnh huong cia PGSD dén cuong do chiu nén ciia BTCLSC thi ham lugng
PGSD ly theo ty 1¢ khdi lwong so voi xi mang thay doi tir 0,50 dén 1,10 thé hién trong Bang 3.

Bdng 3.Thanh phan cdp phéi BICLSC-TD sir dung trong nghién ciru cho Im?

len cu ¢ .
Miusd | X, kg N, lit C,kg | ST ke T};}ll;‘ %/Za SIEL deil(r};% lf’g
1 840 210 1345 151 1,1 9,24
2 840 210 1345 151 1,0 8,40
3 840 210 1345 151 0,9 7,56
4 840 210 1345 151 0.8 6,72
5 840 210 1345 151 0,7 5,88
6 840 210 1345 151 0,6 5,04
7 840 210 1345 151 0,5 4,20

2.3. Qud trinh nhao trén cdc thanh phén ciia bé tong

Hon hop dugc tron bing may tron cudng buc véi tde do cao khoang 200 vong/phut. Hon hop gom xi
ming, cat va phu gia duoc cho tir tir vao budng may va tron déu. Lugng nude 1an ddu cho vao khoang 10%
luong nude da xac dinh trude sau d6 may tron lam viée dé quay déu. Tiép theo 1a cho soi thép da xac dinh
trudc vao budng tron (can dam bao tinh dong déu phan b soi thép trong hdn hop tron) rdi cho lwgng nude
con lai vao dé tron tiép. Hinh 2 1a may tron cudng birc dé tron hon hop bé tong.

2.4. Phuwong phap thuc nghiém

Tinh cong tac ciia hdn hop bé tong duge xac dinh bang thi nghiém do chay ciia cén nho theo tiéu chuan
Anh BS4551-1:1998. Gia tri d6 chay loang ctia cac hdn hop dugc diéu chinh trong khoang 250+300mm.

Xéac dinh cuong d0 nén theo tiéu chuén Viét Nam (TCVN31 18-1993) véi kich thuéc mau
150x150x150mm?. Theo (N.V. Tuan. 2011) thi khi cudng d6 nén ciia BTCLSC it phu thudc vao kich thudc
mau do d6 thudng diuc mau véi kich thude nhu trén. Cac miu sau khi duc duoc bao dudng (BD) & dicu
kién tiéu chuén (nhiét d6 27+2°C, thoi gian 24+3h); mau duoc thao ra khoi khuon va tiép tuc BD trong diéu
kién tiéu chuan (27+2°C, 6 4m > 95%). Cudng d6 chiu nén cia bé tong duoc xac dinh & cac tudi 3; 7 va
28 ngay sau khi duc. Hinh 3 1a qué trinh tao mau thi nghiém. Hinh 4 x4c dinh d6 xoe cta hdn hop bé tong
tai hi¢én truong.
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a) May tron b) Tron khi lwong nuoc 10% ¢) Da trgon xong
Hinh 2. Méy trén va qud trinh tron hon hop bé tong

h -
Hinh 4. Xac dinh dg xoe con nho ciia hon hop bé téng CLSC-TP ¢ hzen trieong

3. Két qua va thio luan
3.1. B linh dpng va dé xoe ciia hon hop bé tong

Thi nghiém cho ta két qua vé do sut va do xoe ciia hdn hop bé tong nhu trong bang 4. Cac dung cu va
cach do do xoe, do sut cua hon hop bé tong dugc minh hoa trén hinh 5 va hinh 6.
Bang 4. D¢ sut va do xoe cua hén hop bé tong

Mﬁu'thfr Ty 1€ phu gia siéu déo Do sut, SN, cm Do xoe, mm

s0 PC, %

1 1,1 20 240
2 1,0 19 235
3 0,9 18 230
4 0,8 16 220
5 0,7 14 215
6 0,6 13 213
7 0,5 10 210

Phan tich cac s6 liéu trong bang 4 cho ta cac nhéan xét sau day:
- Do sut ciia hdn hop bé téng co phu gia siéu déo PC dao dong tir 10 dén 20 cm phuy thudc vao ham luong
ty 18 phu gia véi khoi lugng xi mang.
- Po x0e ciia hdn hop bé tong tir 210mm dén 240 mm - 1a d6 xoe thich hop cta bé tong tu dim c6 chira
soi thép. Po sut va do xde nhan dugc do chit phu gia siéu déo ¢  trong thanh phan bé tong s& tao ra luc day
cac hat cht dinh két xa nhau, tir d6 kha ning chay loang cua hdn hop tang 1én. Pay 1a tinh chat cong tac
ctia hdn hop bé tong, gitp thi cong thuén tién, khong can dam.
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Hinh 5. Dung cu va cach xdac dinh dé xoe Hinh 6. Dung cu va cach xdc dinh dj sut
3.2. Cuwong do cuia bé tong

Phan tich két qua thi nghiém nén cic miu bé tong (bang 5) c6 cac nhan xét nhu sau:

- Cudng dd chiu nén sau 3 ngay bao dudng & diéu kién tiéu chuan dat (PKTC) R3 = 28,0 MPa +37.9
MPa; gia tri I6n nhat: RP = 39,7 MPa (ng v6i ham luong phu gia siéu déo PC 13 0,9% khdi lugng cua
Xi mang.

- Cuong d9 chiu nén sau 7 ngay bao duong & PKTC dat R; = 49,6 MPa +67,2 MPa; gia tri 1on nhét 1a
RIP¥ = 69,2 MPa tng v6i ham lugng phu gia siéu déo PC 1a 0,9% khdi lugng ctia xi mang.

- Cu'orng d6 chiu nén sau 28 ngay bao dudng & DPKTC dat Ry = 85,6MPa + 115,2MPa; gia tri 16n nhat
la = 115,2 MPa tuong tmg v6i ham lugng phu gia siéu déo PC 1a 0,9% khdi lwong cua xi mang. Co
thé thay rang ham lugng phu gia tdi wu 1a 0,9% khdi lwong cia xi ming.

- DB6i vai bé tong thuong khong co cbt soi bang thép va khong co phu gia siéu déo PC thi cuong d6 chiu
nén ¢ tudi 28 ngay sau duc dugc tinh theo cong thirc (Phing Van Ly va nnk, 2007): REXBTT = A R, (X/N
+0,5), trong do: A; 1a hé s6 14y theo quy pham, 1y A; = 0,34; cudng do ctia xi ming & 28 ngay, lay Rx =
40MPa; ty 1& xi mang voi nude, lay X/N =4,0. Pua cac gi tri vira noi vao cong thire dé tinh, cho két qua:
RIEXBTT — 61,2 MPa.

- Nhu vay bé tong c6 phu gia siéu déo PC va co cbt soi thép di cho ta cudong do chiu nén & 28 ngay sau
duc ting gap 1,88 1an so voi cudng do chiu nén cta bé tong thuong ¢ 28 ngay sau duc. Didu nay xay ra la
do phu gia siéu déo di lam ting murc do chat ciia bé tong ciing nhu sy ¢6 mit ctia cdt thép soi da gia ting
lién két va ting 6 bén nén ciia bé tong.

Bang 5. Cuong do chiu nén cua bé tong

Maﬂu Luong phu gia siéu déo Cudng 40 chiu nén, MPa
thir PC .,
<A T Ghi chu
nghiém Ty 1€ Luong . R \
sb PGSD, % | PGSD,kg | >Pe% | 7ngdy | 28ngly
1 1,1 1,1 32,3 57,2 98,3
2 1,0 1,0 36,9 65,4 1124
3 0,9 0,9 37,9 67,2 115,2 Gié trj 16n nhat
4 0,8 0,8 36,2 64,2 110,5
5 0,7 0,7 31,9 56,6 97,7
6 0,6 0,6 30,3 53,7 92,4
7 0,5 0,5 28,0 49,6 85,6

4. Két luan

Duya trén nhitng két qua dat duoc co thé dua ra mot s6 két luan nhu sau:

- Str dung bé tong CLSC-TD la mot xu hudng tat yu khi thi cong cac cong trinh c¢6 dicu kién thi cong
dac biét, cac cau kién c6 mat dd bo tri cot thép day, khong gian sau van khudn d6 hep va van chuyén vira
bang cach bom theo duong ong. Trong dicu kién d6 sé khong can phai dam ma vira bé tong s€ tu 1én, ty
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chay, ty dam lap kin khong gian cin d6 ma van dam bao tinh dong déu, do chit cua két céu;

- Bé tong CLSC-Tb ché tao tir cac vat lidu thanh phén: xi mang Portland PC40, cat thach anh nghién
min, sgi thép mac 2500 ctia Dirc, PGSD thé hé 3 c6 gde polycarboxylate (PC) ctia haing BASF va nude véi
cap phdi phu hop (X=840kg/m?, C=1345kg/m?, PGSD=9%X=7,56kg/m? ST=151kg/m?, N=210 I/'m?).

- Str dung PGSD thé hé 3 c6 gdc polycarboxylate (PC) ctia hang BASF véi luong dung bang 9% khbi
luong xi mang cho phép tao ra BTCLSC-TD, ¢6 cuong do chiu nén & 28 ngay tudi 1a 115,2MPa, do sut
SN=18cm va d6 xoe la 230mm.
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ABSTRACT

Using Ultra High Performance Concrete, self-coMPacting in
construction

Nguyen Xuan Man"*, Nguyen Duyen Phong' , Pham Manh Hao?
! Faculty of Civil Engineering, Hanoi University of Mining and Geology
’Center for High Technology Development, Vietnam Academy of Science and Technology

Ultra High Performance Concrete (UHPC) has very high mechanico-physical properties compared to
conventional concrete. Ultra - high quality concrete needs very high mechanic - physical properties to meet
durability and long service life of construction structures in adverse aggressive environments. Ultra High
Performance Concrete often has high compressive strength, small permeability coefficient, high stability
and can compact itself when constructing reinforced concrete structures with high reinforcement density,
anti-corrosion concrete and Reinforcement in aggressive environments such as coastal, island or
underground environments with erosionwater. In the paper have shown the application and determination
of the composition of Ultra High Performance Concrete in construction. The research method used is a
theoretical method combined with experiment. The results of the study have shown that the reasonable
composition of Ultra High Performance concrete, Self-compacting meets the requirements in construction.

Keywords: Ultra high performance concrete; self-compacting concrete; reasonable gradation of concrete.
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