NGHIEN CUU CHE TAO BE TONG HAT MIN CHAT LUQNG CAO DUNG
LAM BE TONG PHUN TRONG CAC CONG TRINH NGAM VA MO

ThS. Tang Van Lam
Khoa Xay dung de’ng Pai hoc M6 - Pia Chat

Tém tdt. Bai viét nay trinh bay mot $6 két qud nghién citu vé loai bé tong hat min chdt
lirong €ao, trén co so cdc loai vt liéu san cé trong nueoe. Tie cac két qua nghién ciru thu dwoc
cho thay, hén hop bé tong hat min €O do chay cao, téc do ran chdc nhanh. Bé tong sau khi
cing ran ¢é cuong dé khang nén & tuéi 28 ngay tir 50MPa ~+ 80MPa. Ddc biét do sir dung cot
soi Polypropylene, da lam tang cuong do kéo khi uon ciia logi bé téng nay cao hon 70% khi
so voi bé tong khong dlng cot soi; thich hop ding dé ché tao cdc 1op bé tong phun co chiéu
day nhé trén bé mat cong trinh ngam hodc dung lam neo chéng giir dwong 16, hon hop viia
bom xi mdng mdc cao dé gia cé cac dwong ham, dwong 1o trong cong nghiép Mé hodc cdc
cbng trinh ddn dung khéc.

1. it vat dé

Theo quyét dinh sd: 2427/QD-TTg ngay 22/ 12 / 2011cta Thu tuéng Chinh phu, vé viée
phé duyét chién luoc khoang san dén nim 2020, tam nhin dén nam 2030 [1], d3 néu rd: “Muc
tiéu ctia nganh Khoang san than: Pdy manh tham do phan sau dudi -300m d6i voi cac mo &
bé than Quang Ninh, Thai Nguyén, Quang Nam; lga chon mot s6 khu vuc c6 trién vong nhét
& ving dong béng Soéng Hf)ng, tham do dén murc sau -1000 m. Pau tu moi va cdi tao, mo rong
khai thac phan sdu mot s6 mo & bé than Quang Ninh; cai tao nang cip cac khu cong nghiép
tuyén than tip trung tai Quang Ninh, Thai Nguyén dam bao cac ticu chuin an toan moi
truong; Iya chon phuong phap khai thac thir nghiém tai mot s6 khu vuc thugc bé than ddng
bang Song Hodng bao dam an toan mo1 truong, khong anh hudng toi phat trién kinh té - xa hoi
trén mat dat, lam co s¢ dé xudt giai phap khai thac téng thé bé than g1a1 doan sau nam 2020”.

De dap ng duoc chién lugc phat trién d6, dap tmg dwoc nhu cau st dung than cta nén
kinh té qudc dan, hang nim Téap doan Than khoang san phai dao hang tram nghin mét 16 cac
loai, thi cong nhiéu cong trinh ngam voi cong nang va nhiém vy khac nhau. Mat khac tir cac
két qua khao sat dia chét va thuc té khai thac cho thay, cang Xuong sau thi diéu kién dia chat
cang phurc tap, tinh chit co 1y cua dat da cang bién d6i kho ludng trude, gay kho khin cho
cong tac dao chéng 16. Cu thé, nhiéu doan 10 dao qua dat d4 mém yéu, phay pha lam cho cong
tac chong giir rat kho khan, cac giai phap, vat licu chong giir d3 va dang 4p dung boc 16 nhiéu
han ché. Ngoai ra cac yéu to khac nhu: Nang cao tbc do dao chong 10, ha gia thanh dao chong,
6n dinh duong 10, tan dung ngudn vat liéu hién c6 dé ché tao két cau chong 10 la nhirng yéu tb
hét sirc quan trong trong cong tac dao chdng 10. Pé giai quyét cac van dé trén, nhiéu thanh tuyu
khoa hoc cong ngh¢ hién dai da dugc tng dung. Mot trong sO do 1a cong nghé bé tong phun
da duoc tng dung dé thi cong cac dudng him trong cong trinh ngdm va mo cia nudc ta.

Bé tong phun chdng giir cac cong trinh ngam va céac duong 10 trong khai thac mo la mét
cong nghé¢ dugc cac nude cong nghiép phat trién tng dung rong rai trong maiy thap nién gan
day. O Viét Nam, bé tong phun da duoc sir dung dé chong giit cac duong ham cua nhiéu
ngam trén ca nudc [2], nhu: Thiy dién Hoa Binh, Thuy dién Yali; him duong bo qua déo Hai
Van, ham duong bo Kim Lién, gan day bé tong phun con dugc ing dung trong ham dudng bd
qua Péo Ca va nhidu tmg dung khéc cua loai vat liu nay.

Trong cong nghiép mo, mic du bé tdng phun duoc sir dung tir rat som [3] dé chdng giir
cac duong 10 & Cong ty than Mao Khé, & Mong Duong, Khe Cham... nhung dén nay muc d6
trién khai va sir dung bé tong phun con nhiéu han ché. Dé ing dung rong rai loai vat lidu nay
trong cong tac chong gilt va gia cd cac duong 10 cua nganh than cling nhu cac cong trinh
ngam dan dung can phai quan tam dén cac yéu t6 nhu: Thiét bi thi cong, cong nghé, phu gia,
cap phdi vat lidu va cac yéu cau k¥ thuat khac.

Trong bai viét nay, tac gia gi6i thiéu kha nang img dung loai bé tdng hat min chat luong cao
dung Iam bé téng phun trong xay dung cong trinh ngam va mo.
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2. Cac khai niém co ban vé bé tong chét lwgng cao

Bé tdng chat lrgng cao 14 loai bé tong khong nhitng c6 cudng do cao ma con duoc dic
trung boi sy vuot troi so véi bé tong thong dung vé cac tinh ning khac nhu: Do Ivu dong cao
hon, téc d6 ran chic nhanh, mé dun dan hoi 16n hon, cudng dd khang nén, khang uén cao
hon, d6 thAm nudce thép hon, kha nang chiu mai mon 16n hon... Bé tong chét lugng cao dugc
ché tao tir chinh cac nguyén vat liéu dung dé ché tao bé tong thong dung, tirc 13 tir xi ming
poocling, cat, da dam, nudc va phu gia. Sy khac nhau 13 & chd bé tong chét lugng cao duoc
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ché tao voi ty 1€ nudce trén xi mang (Y) thap hon so voi bé tong thuong.

So véi bé tong thong dung, trong thanh phan cia bé tong chat lugng cao con c6 mot cau
tir khong thé thiéu 1a phu gia siéu déo [4] duoc dung dé€ cai thién tinh cong tac ctia hon hop bé
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tong ma khong can tang lugng nude nhao tron. Hon nira, ty 1€ X nay rat gan voi gia tri ty 1€
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X 1y thuyét, can thiét @€ xi mang pooclang thuy hoa hoan toan. Mgt thanh phan khac thuong

str dung trong bé tong chat luong cao 1a phu gia khoang hoat tinh cao, c6 tac dung giam luong
dung xi mang, cai thi¢n tinh cong tac cia hon hop bé tong, tang do dac chac va dd bén cua bé
tong.

2.1. Cdc wu diém

Khi sir dung bé tong hat min chét lwong cao ¢ nhirng wu diém sau day:

— C6 kha nang tao cAu tric hat nho dic chic, déng nhét cao.

— C6 tbc do thi cong nhanh, qua trinh phun ban dé dang, téc do phun cao.

. — Cuong dd khéngNnén cao, cuong d6 khang kéo kha cao. bac biét khi c6 mit thanh
phan cot soi phan tan ngau nhién thi loai bé téng nay c6 tinh mém déo cao, kha nang khang
nut khi chiu tai trong va bén trong moi truong.

= Ty 1¢ (nu6c/chét két dinh) thip nhung vin dam béo tinh cong téc tot, d& tao hinh cia
hon hop bé tong cling nhu qua trinh van chuyén hon hop bé tong dé dang.

— Co the dd dong két va ran chic nhanh, ¢6 luc dinh bam vao bé mat dat da tdt.

— Sau khi dong r,én, bé tong c6 do on dinh thé tich, d6 co ngdt thip va c6 kha ning 1am
viéc két hop, lién két tot voi cac vat liéu khac.

- Phlmng phap thi cong, ché tao va str dung da dang: Co thé thi cong bang phun bén,
bom d6 truc tlep hodc st dung hdn hop khé tron sdn dam bao chat luong cao va kiém soat
chit lwong dé dang.

— C6 kha nang sir dung dé thi cong két cau vom hodc vo mong c6 mat do cét thép day,
cac 16p mong, si€éu mong khong co6 cot thép va nhitng bé mat két cau cong trinh ngam khac.

Viéc nghién ctiu ché tao lgai bé tong hat min chét hrqng cao voi tinh cong tac tdt, cuong do
khéng nén va cuong do khang uon Ion tir cac loai vat liéu co san ¢ Viét Nam dung trong cac duong
ham dan dung ciing nhu cac duong 16 cua nganh than c6 y nghia rat thiét thuc.

2.2 Kha nang vng dung

Str dung bé tong phun véi vat lidu 1a bé tdng hat min chat lugng cao duge dugc tng
dung nhu sau:

- Két hop cung vai cdt soi phan tan (soi thép, soi cac bon) ché tao 16p bé tong phun c6
chiéu 2 + 5cm hofc 1on hon [5], cuong do khang nén cao, lyc dinh véi lop dét dé tot, cho
phép thi cong ham ngam véi kich thude 16n.

- DuNng 1am 16p bé tong phun phi nhin, lam phing bé mit cia két cau.

- Pugc tmg dung 1am 16p 16t cho cac cong trinh ngdm trong ham,

- Pugc dung trong sira chita két cau, hung hong cac cong trinh.

- Pugc dung ché tao neo bé tong cdt thép hodc lam hdn hop vira bom xi ming mac cao.
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3. Nghién ctru ché tao

3.1. Vat liéu su dung

Vit liéu da sir dung 1a cac nguyén vat liéu c6 san & trong nudc, bao gﬁ‘)m:

- Chat két dinh 1a xi mang Pooclang PC 40 But Son, ¢6 khdi luong riéng 1 3,10 glem®,

- Ct lidu 1a Cat vang song L6, c6 khéi lwong riéng 1a 2,65g/cm®, khdi luong thé tich
x6p 1a 1445 kg/m®, mé dun d6 16n 1a 3,0.

- Phu gia siéu déo thé hé mai Glenium Ace 388 cua BASF, ¢6 Ty trong : 1,1g/cm?, d6
pH: 6,0 + 7,5.

- Phu gia kho4ng min bao gom Silicaufume cua Elkem c6 khéi lwong riéng 1 2,2 glcm®
va Tro bay nhiét dién Pha Lai, c6 khéi luong riéng 1a 2,45g/cm°.

Cat vang séng L6 Silicaufume Elkem Xi mang PC 40 Buat Son
Hinh 1. Nguyén vat liéu ché tao

Bang 1. Tinh chit co Iy ctia xi ming Bat Son PC40

Céc chi tiéu k¥ thuat Phuong phap tht | Ponvi | Tiéu chudn | Két qua
Cuong do nén
- 72 gid +45 pht _ MPa > 18 25,4
- 28 ngay + 2 gio TCVNG016:1995 1 \ipg | > 40 45,3
Thoi gian dong két
- Bat dau dong két _ Pht > 45 140
- Két thiic dong két TCVNBOL71995 | ppe | <375 230
Po min
- Lugng sot trén sang 0,08mm ) % <15 5,6
- Bé mit riéng, theo Blaine TCVN 4030:2003 cm?lg | >2700 3524
Do déo tidu chuin TCVN 4030:2003 % - 28,5
Do 6n dinh thé tich TCVN 6017:1995 mm <10 1,25
Khdi hrong riéng TCVN 6017:1995 | g/lem® - 3,10
Thanh phan hat cta xi ming
% c& hat c6 kich thudc < D (um) 10 25 50 75 90
Pudng kinh hat (um) 3,324 8,965 19,41 | 44,12 | 72,10
Puong kinh hat trung binh (um) 29,5838
Bang 2. Tinh chat va thanh phan hat cia silicafume Elkem

% ham lugng ¢& hat c6 kich thude < D 10 25 50 75 90
Pudng kinh hat, (um) 0,119 | 0,129 | 0,141 | 0,154 | 0,167
Kich thudc hat trung binh, (um) 0,142
Khdi lrgng riéng, (g/cm®) 2,2
Khdi lrgng thé tich, (kg/m®) 250
Dién tich bé mat, (cm’/ml) 429 900




Bang 3. Tinh chit vat Iy ciia cat vang

STT Chi tiéu xac dinh Phuong phép thi nghiém Pon vi Két qua
1 | Loai cat, ngudn gbc Céat vang song Lo
2 | Khéi lwong riéng TCVN 7572- 4 : 2006 g/lem’ 2,65
3 | Khéi lwong thé tich xop TCVN 7572- 4 : 2006 kg/m® 1445
4 | Porong TCVN 7572- 4 : 2006 % 44,8
5 | Mo dun do 16n TCVN 7572- 2 : 2006 3,0
6 | Do am ty nhién TCVN 7572- 7 : 2006 % 0,43
8 | Tap chat mica TCVN 7572- 20 : 2006 % Cho phép
9 | Tap chit bun, sét, bui TCVN 7572- 8 : 2006 % 0,22
10 | Tap chat hitu co TCVN 7572- 9 : 2006 Somau | Cho phép

3.2. Cdp phoi bé téng chat liong cao

Theo phwong phap thé tich tuyét ddi, thé tich 1m® bé tong da 1én chat coi nhu 13 tdng thé tich
ctia nudc, xi ming, phu gia khoang, ¢t liéu, phu gia siéu déo va thé tich khong khi cudn vao trong
qua trinh nhao tron.

N, X, TB,SF ,C.PC  1000A=1000
V18

Vsk Ve Vec

Do d6:

VN 7 x

Trong do

N, X, TB, SF, C, PG: 1a khdi lugng nudc, xi mang, tro bay, silicafume, cat, phu gia si€u
déo, don vi la kg.

Yno Vxor Vies Vser Yoo Ve ' la khéi lwong riéng ctia nude, xi ming, tro bay, silicafume,
cat, phu gia si€u déo, don vi la kg/lit.

A: 1a thé tich rong do khong khi cudn vao trong hdn hop bé tong, don vi 1a %.

Trén co s két qua thu duge [4] gbe cac hé s ty 1é vat liu da duoc chon nhu sau:

Bang 4. Cac ty 1¢ vat li€u stir dung

e | Nl [sF TR,
X CKD X X X
Giatri | 0,34 15 0,1 0,6 0,015 | 3%

Trong d6: Chét két dinh (CKD) = Xi ming (XM) + Silicafume(SF) + Tro bay(TB).
~ Tinh toan dya trén céc gia tri ty I¢ vat liéu, tinh toan cap phdi trén thyc nghiém ta thu duoc
cap phoi hop 1y ctia hon hgp bé tong hat min c6 thanh phan nhu sau:
Bang 5. Cip phdi hop 1y ctia hdn hop bé tong hat min chit lwong cao (& trang thai kho)

Vit ligu Ky hi¢u rgﬁgi(g;gr?]%) Ngudn cung cap H?E; /lr‘:]%’)“ &
Cat C 2,65 Cét vang Séng L6 1256
Ximang X 3,10 PC 40 But Son 520
Tro bay B 2,45 Nhiét di¢n Pha Lai 312
Silicafume SF 2,2 Elkem 52,0
Nudc N 1 Nudc may sach 168
Phu gia siéu déo PG 1,1 Glenium Ace 388 7.8




4. Xac dinh céc tinh chit ciia bé tong chét hrgng cao hat min

K¢ hoach thi nghiém tinh chit gdm cac hdn hop bé tong nhu sau:

- Hon hop bé tong hat min c6 cip vira dugc xac dinh, cac vat liéu kho, chua tinh dén
lwong nude thaim wét bé mat cbt liéu va st dung 1,25kg soi Polypropylen cho 1m® bé tong, ky
hiéu CP;. Myc dich cua thi nghiém niy 1a x4c dinh anh hudng cia cot soi phan tan dén cuong
do khang kéo cta bé tong.

- Hf)n hop bé tong hat min c6 cap phdi vira xac dinh, vat liéu kho, chua tinh dén luong
nude tham udt be mat cot ligu, khong sir dung sgi phan tan, ky hi¢u 1a CP».

- Hon hop bé tong hat min khong st dung phu gia si€u min Silicafume; ’lufqng bot min
dugc str dung bao gom: 40% tro bay nhi€u dién Pha Lai va 30% bdt cat quac nghién min,
khong dung cot sgi phan tan, ky hi¢u CPs.

Bing 6. Cap phdi ciia cac miu bé tong thi nghiém

Luong ding vat liéu cho 1m® bé tong, (kg/m°)
Vat liéu Ki hiéu

CP4 CP, CP3
Ximang PC40 Bat Son X 519 520 522
Tro bay nhiét dién B 312 312 209,5
Bot cat quic BPb 0 0 157
Silicafume SF 51,9 52,0 0
Cat vang song L6 C 1256 1256 1263
Nudc N 168 168 170
Phu gia siéu déo Ace 388 PG 7,8 7,8 7,8
So1 polypropylene PP 1,25 0 0

Bang 7. Két qua thi nghiém tinh cong tac ctia hdn hop bé tong hat min

, N Céc cap phdi thi nghiém
Tinh chat ctia hon hop bé tong
CP4 CP, CP3
D0 chay loang cua con vira, (cm) 28,5 29,5 25
D0 chay loang ctia con Abraham, (cm) 65 68 67
Khdi lrong thé tich, (kg/m®) 2340 2320 2300

Bang 8. Két qua thi nghiém tinh chét co hoc bé tong hat min

Céc tinh chit cta bé tong Ticu Ch.lién thi | Céc miu thi nghi¢m

nghiém CPy | CP, | CPs

1 ngay 352 | 30,5 [15,1

3 ngay 478 | 416 | 21,3

Cuong d6 nén, (MPa) 7 ngay TCVN 3118:1993 | 62,7 | 61,6 | 35,5
14 ngay 75,6 | 753 |424

28 ngay 85,7 | 82,4 | 53,7

Cuong d6 kéo khi udn & tudi 28 ngay, (MPa) TCVN 3119:1993 | 32,9 | 19,1 | 121
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Hinh 2. Biéu d sy phat trién cudng do nén ciia bé tong theo thoi gian
Tir két qua thu duoc ta thdy, vai trd cta phu gia siéu déo Silicafume 1 rat quan trong,
cép phéi bé tong khong dung Silicafume ¢o cuong do khang nén thap hon khoang 60% cap
phoi bé téng cd Silicafume.
5. Cong nghé ché tao bé tong hat min chit luwgng cao
Ttr qua trinh nghién ctru cac tinh chit cua bé tong hat min chat lugng cao, véi muc dich dé
hat silicafume va cé]: soi phén tan dugc phan bb ddng déu vao trong cau trac bé tong. Tac gia dé
xuat so bd day chuyén cong nghé san xuat hon hgp bé tong phun nhu sau.

Cét vang Tro bay Silicafume ;ﬁgnsgn Xi mang Nudc

vy v v v v

Binh lugng | | Binh lugng | | Binh lugng [ | Pinh lugng | [ Dinh lugng Binh lugng

+ + + Phu gia siéu déo
L p Mayphunbétong, tronkh6 (g——— +

(May phun kiéu hai buéng) . f
. | P ] [ oo
May phun bé tong <
(tron am) l
Van chuyén HH be tong Van chuyén HH phu gia
(HH bé tong am) ‘ (g e pp) e
(8p Iuc bom P) pler

Thiét bi phun
hén hgp bé tong

ld Nguai diéu khién

B& mat két cau
(B& mat dét da)

>

Hinh 3. So do cong ngh¢ san xuét bé tong hat min chét luong cao
Theo so d6 day chuyén cong nghé da néu trén: Hon hop vat lidu gdm cét vang, tro bay, Xi
mang, silicafume va cot sgi phan tan dugc dinh lugng theo ty 1€ cap phoi da thiét ke roi tron dong
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déu khé trong thiing trén cua may phun bé tong. Qua trinh ndy nhim muc dich tao didu kién t6t
nhat dé cac loai phu gia khoang min (tro bay), phu gia khoang siéu min (silicafume) va cbt soi
phéan tan dugc danh tan va phan tan dong déu vao trong cau trac cua hén hop bé tong, tao ra dugc
cac tinh chit mong mudn cua bé tong sau khi cimg ran.

Mot diém can chd ¥ cta cong nghé nay d6 1a nudc va phy gia siéu déo duge dinh lugng bang
thé tich hodc khdi luong, nudc duge cho vao may tron lam hai lan: 1an thir nhat dua vao may tron
khoang 70% lugng nude nhao tron dé 1am 4m bé mat cac vat lidu thanh phan caa hdn hop bé tong
nhim tiang hiéu qua thim udt ctia phu gia siéu déo sau nay. Tiép theo cho toan bd phu gia siéu déo
vao 30% luong nudc con lai khudy déu, muc dich ctia qua trinh nay 1 tao diéu kién dé luong phu
gia phan bd dong déu va phat huy tac dung téng déo, giam nudc cho hdn hop bé tong.

Sau khi hon hop bé tong da dugc tron am trong may phun, bé tong dugc van chuyén bang 4 ap
Iuc P; dén thiét bj bom. Pong thoi véi qua trinh d6 1a qua trinh bom hén hop nudc va phu gia dén
thiét bj bom véi ap lirc P,. Tai thiét bi bom hdn hop bé tong am va hdn hop phu gia duge nhao tron
dong déu dudi ap luc ctia khi nén trude khi duge phun vao bé mit 16p dét da.

6. Két luan

Trén co sd cac két qua nghién ciru ché tao bé tong hat min chat lugng cao, cho phép rit ra
nhiing két luan sau:

- Tir nhitng loai vat liéu thong thuong sin co & trong nudc, co thé ché tao duogc bé tong hat
min chét lwong cao: CO d6 chay loang trong con vita cia hdn hop bé tong D = 25cm +28cm, do
chay loang cua con Abraham D = 65cm =+ 68cm, cuong do khang nén & tudi 28 ngay trong
khoang 50MPa + 80MPa.

- V6i cung mot cap phoi thi nghiém, bé tong st dung cbt soi polypropylene c6 cuong do
kéo khi u6n cao hon 70% so v&i bé tong khong sir dung cdt soi.

- Trong qué trinh nghién ctru thi nghiém, mau doi chimg khong c6 cot soipha huy rat nhanh
sau khi tai trong dat dén gia tri gi6i han. Bén canh do, 6 mau bé tong co cbt soi thi vét nit hinh
thanh chdm, vét niit m& rong tir tir va mau thir sau khi pha huy khong bi gdy roi. Diéu do chimg to
cbt soi da phat huy tot kha ning 1am viéc cia chung.

- Tbc d6 phat trién cudng do ciia bé tong hat min twong d6i nhanh, cuong d6 khang nén 1
ngdy c6 thé dat tir 15MPa + 30MPa.

Qua qua trinh nghién ctru, xin dua ra mot sé kién nghi nhu sau:

- Tién hanh nghién ctru bé tong hat min chat lugng cao sir dung phy gia khoang min 1a
tro bay nhiét di€n, xi nhi¢t di€n, xi 10 cao d¢ thay thé thanh phan Silicafume trong bé tong.

- Nghién ctru anh huong cia cac loai cdt soi gian doan khac nhau (sg¢i cac bon, sg¢i thép,
s¢itong hop...) dén céc tinh chat ciia hon hop bé tong va bé tong hat min chat lugng cao.

- Nghién ctu thém qua trinh phun, cong nghé phun va quy dao cua voi phun khi su
dung hon hop bé tong hat min chat lugng cao.

Hon hop bé tong sau khi nhao tron

Vat liéu ché tao
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Mau thi nghiém khang nén Mau bé tong thi nghiém kéo khi uon
Hinh 4. Mot sb hinh anh ché tao va thi nghiém mau bé tong nghién cru
TAI LIEU THAM KHAO
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SUMMARY
Research on Manufacturing Fine-Grained High Performance Concrete

in Underground and Mining Constructions

Tang Van Lam

University of Mining and Geology

This article presents some results of research on fine-grained high performance

Concrete, on the basis of the material available in Viet Nam. From the research results

obtained showed that a mixture of fine-grained concrete with high flow, solid fast speed.

Concrete after tough resistance at 28-day compressive strength of 50MPa to 80MPa.

Particularly due to the use of fiber reinforced polypropylene, increased tensile strength when

bending of concrete is higher than 70% compared non-fiber reinforced concrete; suitable for

fabrication of the shotcrete layer thickness small surface or underground use as anchor fight

to keep the furnace, high pumping cement mortar to reinforce the tunnels, industrial furnace
in mine or other civil



