o DOAN TNCS HO CHI MINH BO XAY DUNG

TUYEN TAP BAO CAO

~
3 = ™ cA“ Bo nE

LAN THU XVI

B) XAY DYNG
VIEN KHOA HOC CONG NGHE XAY DyN
lnstitute for Building Science and Technology -

Vietnam

HA NOI - 11/2021

NHA XUAT BAN XAY DUNG ISBN: 978 - 604 - 82 - 6534 - 2



MUC LUC
Loi ndi diu
Ban té chirc va Ban khoa hoc

Tiéu ban: Bé tong - Vit li¢u xXéy dyung - Cic linh vyee xdy ding khéc
Session: Concrete and Construction Materials

1. Nghién ciru sir dung tro bay ché tao bé tong khdi 16n ¢ cudng dé cao

ThS. Doan Anh Thai 3
2. Nghién ciru ché tao bé tong toa nhiét thip cho két chu dim chuyén

KS. Bé Ngoc Khoa 11
3. Nghién ciru sir dung cét nghién ché tao bé tong cudng do chju nén dat 120 MPa

KS. Tran Quéc Hoan 20
4. Nghién ciru dnh hudng ctia xi méng va phy gia khoang hoat tinh dén d¢ bén sun

phit ctia chat ket dinh

ThS. Tran Vin Son 30
5. Nghién ciru sir dung tro xi ciia cic nha may nhiét dién TKV lam nén duong

TS. Lé Phuwong Ly, ThS Lé Thudn An 43
6. Nghién ciru ché tao xi mang c6 khdi lugng riéng 1én

TS. Lé Phuong Ly, ThS Lé Thugn An 50
7. Anh huong cia téc 46 dun ép dén tinh chat cia tim tuong rdng bé tong dic sin

theo cong nghé dun ép

ThS. Poan Thi Thu Lwong, ThS. Lé Thudn An, KS. Dang Pirc Trung 56

8. Nghién ciru img dung tro triu trong ché tao vt liéu kich hoat kiém

KS. Pinh Ngoc Pirc, ThS. Nguyén Huy Binh 62
9. Nghién ciru anh hudng cua kich thuée miu khoan dén cudmg d§ chiu kéo khi bira

cua bé tong

KS. Phan Cong Hau 74
10. Nghién ciru ché tao vira khong co cudmg d¢ cao ding neo chin cft, mong tuabin

dién gid

ThS. Lé Thudn An, ThS. Poan Thi Thu Lwong 82
11. Nghién ciru kha ning img dung phin mém epanet dé thiét ké hé thdng cip nudc

trong nha

ThS. Nguyén Thi Hai Yén 93
12.  Anh huong ctia ham lugng tro bay dén tinh chat co 1 ctia gach khéng nung bé tong

TS. Nguygn Mai Chi Trung 101



13.

14.

15

16.

17.

18.

19.

20.

21.

Nehién ciru ir duyng phé thii xdy dymg va thii phim cng nghigp chg 1y, gach
bé tong rong

KS. Lim Duy Nht

Ung dung phong thiy ¢ hd Tinh Tam - Hué

ThS. Phan Thudn Y

Xir Iy bé miit di tich kién tric Champa trong tu bd bao tdn

ThS. Dang Thi Oanh, ThS. Nguyén Xuan Thién, ThS. Hoang Ngoc Hiép,
CN. Hoang Cong Thai Long

bic diém kién triic chia kién An Cung

KTS. Lwong Ngoc Tudn, KTS. Nguyén Vin Héng, ThS. Phan Nhdt Nam,
HS. Doan Sy Lang

Nghién ciru dnh huéng ctia cot liéu lam tir xi thép Ba Ria - Viing Tau téi
cuong dd va co ngot cuia bé tong

ThS. Nguyén Thanh Thai
N-ghién ciru ché tao bé tong cuong dd cao hat min khong xi mang sir dung
hon hop tro bay nhiét dién va xi 16 cao hoat tinh

TS. Tang Vin Lam

Tin ngudng tho cing Hing Vuong va dinh huéng bao tdn phat huy gia trj di tich
dén thd Hing Vuong tai huyén Tan Phi tinh Péng Nai

KTS. Pham Van Td, KTS. Lé Thi Khanh Hoa, Th.S. Nguyén Minh Khéi
Nhirg phét hién ban dau vé nhém thap Cham Khuong My - Quing Nam
KS. Lé Khdc Thai Som, ThS. Pham Hong Truong, HS. Nguyén Thirgng Hy

Bit cap khi 4p dyng dinh mirc trong qua trinh lap dy toan chi phi xay dyng
cong trinh tu bé di tich
ThS. Pang Phuéc Vinh, ThS. Lé Anh Minh

Tiéu ban: Két céu - Cong nghé xdy dung
Session: Structures and Construction Technologies

22

23.

24.

Ung dung céng nghé thi cong van khudn trugt va lya chon gidi phép vin khuén
béu dai trong thi cong thap nuéc khin cip

ThS. Nguyén Vin Néi

Tinh toan cgt dién dang thap thép réng theo tiéu chudn Viét Nam va Hoa Ky
KS. Nguyén Ngoc Huy, KS Téng ST Bién, KS Quach Thanh Phiic

Dao dong riéng ciia phan tir thanh vt tiét dién chit I c6 lién két

ra cimg
ThS. Pham Trung Thanh

ii

1

12

13

140

155

164

179

190

197



Hgi nghi Khoa hoc Cén b tré lan thie XVI

NGHIEN CU'U CHE TAO BE TONG CUONG PQ CAO HAT MIN
KHONG XI MANG SU DUNG HON HQP TRO BAY NHIET DIEN
VA Xi LO CAO HOAT TINH

THE RESEARCH AND MANUFACTURE OF HIGH-STRENGTH FINg .

GRAINED CONCRETE WITHOUT CEMENT USING A MIXTURE

OF FLY ASH AND BLAST FURNACE SLAG

TS. Tang Vin Lim
Trudng Dai hoc Mo - Dia chét, Email: lamvantang@gmail.com

TOM TAT: Trong bai viét nay di cho thiy tiém ning ché tao bé tong cudng do Gan -sir -d.ung chit
dinh khong xi ming tir hdn hop phé thai cong nghiép & Viét Nam. Trong do, tro bay nhu_:_t dl‘gn Viing Any
v xi 16 cao Hoa Phat dugc sir dung nhu 1a vit li¢u alumino-silicat, dung djch NaOH v6i nong d¢ mol;,
14 10 M va Na,SiO; c6 modun silic 2,5 dugc sir dung nhur 1 dung dich kiém kich hoat. Ty I¢ giira dung
dich hoat hoa véi vit li¢u alumino-silicat dugc khao sat 1a 0,40, Ty 1¢ tro bay-xi 10 cao duge nghién ciny g,
65/35 dén 35/65 theo khéi lugng. Tinh cong tic cua hén hop bé tong duge xéc dinh bang d§ xoe trong ciy
vira va cuong do cua mau thi nghiém dugc xac dinh trén khudn hinh ling try kich thude 40x40x160 mm
Muc tiéu ciia nghién clru ndy 13 hon hgp bé tong cé do chay xoe tir 20 dé 25 cm va cudmg dd nén thié ki
& tudi 28 ngay dat trén 70 MPa. :

TU KHOA: Bé tong cudng dd cao hat min, xi 10 cao, tro bay, dung dich kiém hoat, cudng do nén.

ABSTRACT: In this article, fly ash in thermal power plants combined with blast furnace slag is used to
make high-strength fine-grained concrete without using cement. In which, fly ash "Vung Ang" and blast
furnace slag "Hoa Phat" are used as alumino-silicate materials, NaOH 10 M and Na,SiO; solutions are
used as the alkali-activator solution. The ratio between the activator solution and the alumino-silicate
material is 0.40. The ratio of fly ash to blast furnace slag was studied from 65/35 to 35/65 by mass. The
workability of the concrete mixture is determined by a flow of a truncated cone and the strength of the test
specimen is determined on a prismatic mold with dimensions of 40x40x160 mm. The objectives of the
research are to make a fine-grained concrete mix with the spread from 20 to 25 cmand compressive
strength at the age of 28 days reaching over 70MPa.

KEYWORDS: High-strength fine-grained concrete, Blast furnace slag, Fly ash, Alkali-activaton
Compression strength.

1. GIOI THIEU

Nhimg ndm gan déy, Viét Nam da tap trung vao viéc xir 1y, sir dung tro bay nhiét dién, ¥
luyén kim... clia cic nha méy nhiét dién, luyén kim dé 1am nguyén liéu san xuft vét liéu va trong
cdc cong trinh xay dyng [1, 2]. Nhung do nhiéu nguyén nhan khac nhau, viéc xir 1y, tiéu thY tr
Xi... van chua dat duge myc tiéu d€ ra, san lugng tiéu thy chat thai chua can bing véi lugng ph
thai. Mit khéc, tong khdi i N T T

G g £ O_';IWI‘_E ll:(?, Xi wu giir tai bai chira cua cac nha may hién con rat loo?
van tiép tuc ting cao; nhiéu bai thai chi con kha nang luu chira trong mdt vai nim toi [3, 4].

-Ben‘c;_mh do, vai qua trinh cong nghiép hoa, hién dai hoa trong giai doan cach mang Cané

nghiép lan thir 4 ¢ Vi¢t Nam, nhu céu sir dung ning luong dién dét than va céc loai hop kim nh
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gang, thép, h‘FP kim... ngdy cing cao. Pidy ndy din téi lugng phat thai tro xi 10 cao ngdy cang
1ém, céc nguon phe théi rin nay dang ton chira tai céc bai thai ngay cang nhiéu [5). Néu khéng

duoc xur ly dung cich, no ¢6 thé gdy O nhiém nudc va dit, pha v cic chu ky sinh thdi va gy
nguy hiém cho moi tnrémg [6, 7).

pé khic phue nhu'ng, vin dé ndy, Thu tuéng Chinh pha di ban hanh Chi thj sé 08/CT-TTg
ngdy 26/03/2021 [4] vé vige tip tuc diy manh xir 1y, sir dung céc ngudn tro bay va xi 16 cao..
lam nguyén li¢u san xuat vit ligu Xdy dyng va sir dung trong céc cong trinh xay dyng.

Mit khdc, viéc san xudt nhidu cac loai xi miing Portland khac nhau da gy ra nhiéu tac hai vé
moi truong, dic bi¢t 13 phat thai khi nha kinh, khoi byi va can kiét ngudn tai nguyén thién nhién
8,9, 10].

Vi myc tiéu giam dp lye xir ly céc loai chat thai cong nghiép, dic biét 1a tro bay nhiét di¢n
va xi luyén kim, xi 10 cao... df‘mg thiri giam thiéu anh hudng ddc hai, khéi bui, khi nha kinh cia
qua trinh san xudt xi mang Portland, ciing nhu gop phftn giai quyét bai todn san xuit cic loai vt
li¢u xdy dung "xanh", dinh hudng theo chién luge phit trién xdy dyng bén vimg va thic diy nén
kinh té tuan hoan, viéc nghién ctru ché tao céc loai bé tong khong xi ming tir 100% phé thai tro
bay nhét dién, xi 10 cao két hop véi dung dich hoat héa dé phuc vu cho cac hoat dong xiy dung
tai Viét Nam 1a hét st quan trong trong giai doan hién nay.

Muc dich chinh ciia nghién ciru ndy la ché tao bé tong cudng dé cao hat min khong xi ming
sir dung hén hgp tro bay nhiét dién Viing Ang va xi 16 cao Hoa Phat két hop véi dung dich kiém
hoat hoa. Trong do, tro bay va xi 16 cao dugc sir dung nhur 1a vt li¢u alumino-silicat giau nhém
va silic, dung dich NaOH 10M va Na,SiO; véi modun Silica Mg = 2,5 dugc sir dung nhur dung
dich kiém kich hoat céc hat tro xi. Nghién ctru ndy da khao sat ty sd giira tro bay nhiét dién va xi
16 cao dao dong tir 65/35 dén 35/65. Ngoai ra, ty 1é giira dung djch kiém kich hoat véi vat liéu
alumino-silicat dugc khio sat tai gia tri 0,40. Nhimg két qua thu dugc cho thy trién vong tai sir
dung tri¢t dé hon céc ngudn chét thai rin cong nghiép dé ché tao bé tong cudng dj cao, bé tong
chat lugng cao... véi thanh phin khéng chira xi ming tai Viét Nam.

2. VAT LIEU SU DUNG VA PHUONG PHAP NGHIEN CU'U

2.1. Vit li¢u sir dung

N o 167 el
FX “? 4 [ e caall
e ' g & ) 4 ! -
L 2 / ) - N s
R, e _j \‘*LL-—" bl L".“‘\. s
a) Tro bay nhiét di¢n b) Xi 10 cao c) Natri hidroxit d) Dung dich
Viing Ang Hoa Phat dang rin Natri silicat

Hinh 1. Céc loai vit li¢u sir dung
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0

Tir Hinh 6 cho ,hay ham hrgng xi 10 cao ting tir 35% lén 65 A:Htlh:J c:nan%aio l;lenhcua Cée i,
thi nghiém & céc tudi 3, 7, 14, 28 ngdy déu ting [én tuong img d¢ ciat kg l:; chit ¢y b
khi ham lugng xi luyén kim ting trong bé t0ng cudmg 9 cao sir dung ¢ dinh klemh
hoa di duge bién giai bai nhiéu nguyén nhan nhur sau:

(i)- Tro bay nhiét dién va xi 10 cao dong vai tro chinh I vat li¢u gla; nhom va silic, oy,
nguyén tir Si va Al cho qué trinh polymer hoa v tao ra cdc thanh phin hoat tinh [SIO(OH) ]
[AI(OH)]. Két qua cia qué trinh nay 1a hinh thanh cic gel Geopolymel‘ 6 dang Ca0-p) 0,
Si03-H:0 (C-(A)-S-H) va Na,0-Al;0;-Si0;-H,0 (N-A-S-H), lién két cdc thanh phin b, &
li¢u roi rac lai véi nhau [5, 11, 12].

(ii)- Trong qué trinh geopolymer hoé ciia bé tong, oxit canxi trong Xi 10 cao bj hoa tay tao
thanh jon Ca®*, cation ndy c6 vai tro hd trg qué trinh hoa tan SiO; va ALO; cia vy ligy
Alumino-silicat. Sy khic bi¢t co ban giira vai trd cua Na' va Ca thé hién mirc do gy “thigy
hai” cho vi céu tric vit li¢u, cy thé 1a cation Ca®* 1am phé v& cdu triic cha céc pha vo dinh hipp
manh hon, lam cho thanh phén tro xi hoa tan triét dé hon [6, 8].

(iii)- B& tong cudng do cao sir dung chét két dinh gdm hdn hO‘P tro bay va xi 16 cao say iy
hoat hoa badi dung dich NaOH va Na,SiO; sé cho san pham gbdm ca hai loai poly-sialates gel
gom: N-A-S- -H) (san pham chinh cta phan tng kiém hoat hoa tro bay) va C-(A)-S-H gel vai ty |3
Ca/Si thap va ¢6 ciu tric khong gian véi mat dg cao (san pham chinh cua phan ung kiém hoat
héa xi 10 cao) [10, 12]. Cic san phim nay lip diy céc 16 rdng xuit hién trong vi cAu triic cia sin
phdm nén da ting tinh chét co hoc cia san phim. Nhén xét nay phu hop véi két qua nghién cin
cua Wardhono va céc cong sy [13].

Vi ciu triic ctia bé tong cuong dj cao hat min khong xi ming da duoc xéc dinh va thé hita
trén Hmh 7

a) Vm ty lt,‘. tro bay/Xi 65/35

m b TR
: 421 e
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Vi cau triic cia mdu bé tong cuémg d¢ cao khong xi ming duge xéc dinh bing kinh hién vi
dign tir quét (Scanning Electron Microscope - SEM) tai phong thi nghiém Vién cong nghé cao -
Truomg Dai hoe M6 - Dia chit. Két qua dnh vi cdu triic cia cac mu tir BT-01 (TB/Xi = 65/35)
dén miu BT-04 (TB/Xi = 35/65) da dugce thé hién trén Hinh 7. Quan st hinh anh SEM bé mit
mau tir kinh hién vi di¢n tir quét cho thiy khong cic miu bé tong nghlcn ctru khéng c6 vét nirt
trong Vi cu tric va bé mit miu nhin nhung di c6 sy thay doi vé d¢ rong khi ty 1¢ tro bay/xi 10
cao khic nhau. Khi him lugng xi 16 cao ting, quan sat bai anh SEM, di thiy dugc trong vi ciu
trie vit li¢u cac pha vo dinh hinh lién tyc va sit diic hon. Theo Zang v cong sy [27] cho ring chi
c6 pha vo dinh hinh (SiO;, ALO; v6 djnh hinh) trong vit li¢u Alumino-silicat (tro bay, xi luyén
kim, xi 10 ¢a0...) m&i tham gia qua trinh geopolymer hoa, con cic pha tinh thé nhu Qualz

mullite ... hau nhu khong phan img geopolymer héa tir nguyén vat li¢u ban diu. Vi anh vi ciu
tric & tdi 28 ngay ciing da cho théy, khi ham lugng xi 10 cao 1én, miu bé tong cudng dj cao thu
duge ¢6 cdu tric dic sit va bé m3t min hon nh¢ lugng gel geopolymer c6 dang Ca-O-Si, Ca-0-Al,
N-A-S-H, C-(A)-S-H da dién ddy vio trong cdu tric cia vat li¢u. Vi viy, chinh nh cdu tric vé
dinh hinh lién tuc va diic sit nay 1 nguyén nhéin 1am cho miu bé tong nghién ciru ¢6 cudng do
nén cao hon [14, 15].

Sau khi ché tao va bao dudng trong mdi trudmg khong khi, cdc mau thi nghiém cé hién
tugng bj riéu mdc, "moc 16ng".... trén bé mit. Hién tuéng niy do nguyén nhan la dung dich kiém
kich hoat con dur thira, ton dong trong céc 13 rong ho va trén bé mit clia miu thi nghiém. Trong
mdi trudng 4m va chira khi cacbonic (CO,), NaOH tac dung véi khi CO; ... ¢6 sin trong khong
khi dé tao thanh cdc mudi -san phim 1am riéu mdc, "moc 16ng"... trén bé mit cia mau thi
nghiém. Do d6 cén ¢6 cac nghién ciru thém vé ham lwong tdi wu dung dich kiém kich hoat dugc
sir dung trong bé tong cudng do cao khong sir dung xi méng.

4. KET LUAN

Trén co s@ nguf‘)n vit liéu, thai phﬁm hién c6 trong nudc va tir két qua thyc nghiém trong
pham vi cita phong thi nghiém da rit ra mét s6 két lugn nhu sau:

- Khi hdm lugng xi 10 cao ting tir 35% dén 65% trong thanh phin bé tong thi d6 xde ciia hdn
hop giam tir 23 cm xuéng 19 cm, nhung khéi lugng thé tich ciia hdn hgp bé tong ting tir
2275 kg/m® dén 2328 kg/m’. Ddng thoi, sau 60 phit khi nhio tron hon hgp phoi liéu xong thi
tinh cong tac cia hdn hop bé tong da giam khodng tir 20+35%.

- Trong pham vi nghién ciru va tir két qua thuc nghiém cho thdy, khéi lugng thé tich trung
binh ctia hdn hop bé tong 14 2,3 thn/m’ va khéi lugng thé tich mau bé tong sau khi rin chic
28 ngay khoang 2,28 tAn/m’. Tir d6 cho thiy miu bé tong cudmg d cao khong xi miang nhe hon
mau bé tong xi ming truyén thong khodng 5+10%.

- Khi giam ty 1¢ tro bay/xi 10 cao tir 65/35 xudng 35/65 thi cac Itliziu bé tong cudng do cao hat
min khéng chira xi miing ¢6 cudng d6 nén dao dong tir 70,4 MPa dén 81,5 MPa tai tu6i 28 ngay.
Nhung ty s6 giira cudng do kéo khi uén véi cuomg dd nén clia cdc mau thi nghiém tuong dong so

vGi bé tong truyén théng, dao dong khoang 1/10+1/9.
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- Hén hgp bé tong sir dung chit két dinh khong xi ming co toc dd rin chic chim, gjs t
cuong do nén trung binh & tudi 3, 7 va 14 ngiy tudi lan lugt dat khoang 35%, 63% va 8§39, b S0
vOi cudmg 4 & tudi 28 ngay.

- Tir két qua SEM cua mau thi nghi¢m cho thay, khi thanh phan xi 10 cao lén, ham lln;mg Sxit
CaO hoa tan trong dung dich kiém hoat hoa ting, cation Ca’' hoa tan déng vai trd diu mé; lién K,
giira cdc 16p geopolymer véi cdc hat xi 10 cao tao thanh céc gel Ca-O-Si; Ca-O-Al; C-S-H hojic
C-(A)-S-H. Cac gel ndy ¢6 m{t vai trd quan trong 1a két dinh cc hat cdt liéu cling nhur cac hat
tro xi lai vé&i nhau dé tao thinh mot khéi thong nhit.

L.OT CAM ON

Noi dung ciia bai bdo 1d mot phin két qua nghién ciru ctia dé tai cép B nam 2021, mj ¢
2021-MDA “Nghién ciru ché tao bé téng cuwong do cao sir dung chat két dinh khong xi Mang
ding trong xdy dung céng trinh chiu tdc djng an mon ciia nweée bién”. Tc gia xin chan thiny
cam on B{ Gido duc va Dao tao; nhém nghién ciru manh "Bja kj thudt, vat liéu va phat trién bén
vitng " ctia Trudng Dai hoc Mo - Dja chét da trg dé thyc hién nghién ciru nay.
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