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thé hién qua: (1) Cam két 1anh dao rd rang va lién tuc; (2) Co ché kiém tra - giam sat da ting; (3) Su tham
gia ngay cang tich cuc cta nguoi lao dong; (4) Pau tu dang ké vao cong nghé hd tro an toan.

Tuy nhién, sy xuat hién cia cic dao dong cuc bo trong giai doan thay ddi diéu kién khai thac cho thay
hé théng chua dat dén mue “tich hop hoan toan”, noi an toan tré thanh ban sdc nodi sinh va c6 kha nang
hap thy bién dong didu kién khai thac ma khong tao ra gian doan san xuét va tiém 4n nguy co tai nan.

Trong bdi canh khai thac xuéng sau, ap luyc mo tang va diéu kién dia chét phtre tap hon, yéu cAu dat
ra khong chi 1a duy tri mic tai nan thip, ma Ia xdy dung ning luc thich ing cta toan hé théng. Diéu nay
déng nghia v6i viéc van hoa an toan khong con 1la mot thudc tinh phy trg cua hé théng san xuit, ma tro
thanh yéu té ciu thanh bao dam tinh bén viing ctia khai thac ham 16 trong dai han.

Nhu vay, su chuyén dich tr tuan thi mang tinh ménh 1&nh hanh chinh sang tuan thu trén co s nhan
thirc tai mo than Vang Danh dugc 1y giai boi mot sé nguyén nhan chinh sau:

- Sy thay ddi vé vai trdo va cam két cta lanh dao, khi an toan dugc dat ngang voi muyc tiéu san lugng,
thong qua cic co ché ky cam két, danh gi4 thi dua va trach nhiém nguoi ding dau;

- Viéc thé ché hoa cong tac an toan trong toan bo hé thdng quén tri, tir cap cong ty dén t6 san xudt,
giup cac quy dinh khong chi mang tinh ap dit ma trg thanh chuan myc van hanh;

- Tang cudng dao tao, truyén thong va nang cao nhan thire, giup ngudi lao dong hiéu rd rai ro va chu
dong tuan thu thay vi thyc hién mang tinh ddi pho;

- Sy phét trién cua hé thong giam sat va dit liéu an toan, cho phép nhan dién sém nguy co, qua d6
chuyén tir phan mg sau sy c6 sang phong ngira chu dong.

Trén co s& d6, c6 thé nhan dinh rang, vin héa an toan tai mé di chuyén dan tir “van hoa tuan thu mang
tinh hanh chinh” sang “vin hoa tuan thu dya trén nhan thirc”, trong d6 nguoi lao dong va cac cap quan 1y
chi1 dong thye hién cac hanh vi an toan nham duy tri 6n dinh hé thng, thay vi chi phan tmg khi xay ra sy cd.

4. Két luan

Nghién ctru cho thy trong diéu kién khai thac ham 10 ngay cang xudng siu va phtc tap, 6n dinh an
toan khong chi phu thudc vao mirc d6 co gidi hoa hay sw ddy di cia hé thdng quy dinh k¥ thuat, ma phu
thudc chit yéu vao ning luc t6 chirc va diéu hanh trong viéc kiém soét rui ro kip thoi, phii hgp véi bién
dong dleu klen khai thac. Mac du xu hudng tai nan lao dong cd glam theo thoi gian, song cac dao dong
cuc bd van xut hién khi didu kién khai thac thay doi, phan anh yéu cau phai nang cao tinh chu dong trong
quan tri an toan.

Két qua nghién ciru khing dinh rang, van héa an toan trong khai thac ham 16 vi vay can dugc xem
nhu mot ciu phﬁn nén tang cua quan tri moé hién dai, cé chlrc nang diéu hoa gilra bién dong diéu kién khai
thac va muc tiéu 6n dinh san xuét. Mtrc d6 hoan thién cua vin hoa an toan khong chi dugc do bﬁng tai
nan thap, ma bang kha ning duy tri trang thai van hanh an toan bén viing trong diéu kién khai thac ngay
cang phurc tap.

Loi cam on

Céc tac gia xin tran trong cam on tap thé lanh dao va can bo Cong ty C6 phan Than Vang Danh da
gitp d& trong qua trinh hoan thién nghién ctru nay.
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A PERSPECTIVE ON IMPROVING OCCUPATIONAL
SAFETY CULTURE IN UNDERGROUND COAL MINING
AT VANG DANH MINE UNDER DEEP MINING CONDITIONS

Le Quang Phuc'’, Pham Duc Thang?, Nguyen Dang Hiep®

'Hanoi University of Mining and Geolo,
ly g gy
?Quang Ninh University of Industry
*Na Duong Coal Company - VVMI

ABSTRACT

In the context of underground coal mining, where production intensity is increasing and operations
are extending to greater depths and into areas with more complex geological conditions, occupational
safety must be elevated to a core component of organizational management. This study selects the Vang
Danh coal mine as a representative case and applies trend analysis of occupational accidents during the
period 2016 - 2024 using frequency indicators standardized by production output (AFR1) and workforce
size (AFR2). The results indicate that accident frequency shows a long-term decreasing trend, reflecting
the effectiveness of mechanization and improved safety management. However, this trend is not linear, as
local fluctuations still occur, particularly during periods of panel expansion, transition to more complex
geological conditions, or changes in production organization. This suggests that occupational accidents
are not solely dependent on production scale but are also influenced by the adaptability of the management
system to changing mining conditions. Based on these findings, the study proposes occupational safety
culture as a dynamic adaptive system and highlights its role as an indicator of managerial capability and
the degree of alignment between geomechanical conditions and production organization. The results
contribute to the theoretical framework and provide practical implications for safety management in deep
underground coal mining.

Keywords: occupational safety culture; underground coal mining; mining conditions, risk
management, accident frequency

251



|23

/SDM", HOINGH KHOAHOCQUOCGIA o
2026, PHAT TRIEN BEN VNG KHOA HOC CONG NGHE MO VA MOI TRUONG

NGHIEN CUU SU DUNG NGUON CAT NGHIEN
TU PA THAI MO CHE TAO BE TONG
VA MOT SO SAN PHAM UNG DUNG

Pham Thi Nhan'>*, Huynh Linh Chi', Ding Quang Hiéu', P§ Manh Diing'
"Truong Pai hoc Mo - Dia chat
’Nhém nghién ciru Dia ky thudt, vdt liéu va phdt trién bén viimg, Truong Dai hoc Mo - Dia chat

TOM TAT

Sau nhiéu thap ky khai thac than va khoang san, khu vuc Quang Ninh hién ton tai khéi luong rat 16n
d4 thai mo; ddng thoi, cic nha may nhiét dién dét than phat sinh hang chuc triéu tin tro xi mdi nam, gay
ap luc dang ké vé moi truong, kinh té va xa hoi. Pa thai mo va tro bay la chét thai cong nghiép co tiém
nang tai su dung trong xay dung. Trong nghién ctru ndy, cat nghién tir da thai mo dugc sir dung lam cbt
liéu nho thay thé cat ty nhién, dong thoi tro bay dugc sir dung thay thé mot phan xi mang nham giam
lwong xi mang va thiic day tai sir dung chat thai cong nghiép. Trén co s& thuc nghiém, nghién ctru thiét ké
cAp phdi bé tong sir dung cat nghién tir ¢4 thai moé va 30% tro bay thay thé xi mang. Cac mau bé tong dugc
ché tao va danh gia thong qua thi nghiém cuong d6 nén, thi nghiém udn ba diém va thi nghiém khong
phé hily bang phuong phap Xung siéu am. Két qua cho thiy hon hop bé tong dat d§ sut trong khoang tur
10 - 11 cm, d4p tmg yéu cau vé tinh cong tac trong thi cong. O tudi 28 ngay, bé tong sir dung cat nghién
két hop tro bay dat cuong do nén trén 40 MPa; so vdi bé tong sir dung cat vang Song Lo, cuong dd nén
dat muc kha gan, trong khi cuong d6 udn thap hon & murc nhat dinh. Két qua thi nghlem xung siéu am
ciing cho thay vén tbc truyén song cua cac mau bé tong déu 16n hon 4.000 m/s, phan 4nh céu tric bé tong
tuong dbi dic chic va mirc d6 dong nhét kha tdt. Két qua nghién ciru bude dau cho thiy viée sir dung cat
nghién tir d4 thai mo két hop véi tro bay 1a mot hudng tiép can kha thi dé ché tao bé tong va mot sé san
pham g dung nhu gach l4t hodc con ké bé tong phuc vu xay dung. Giai phap nay gop phan giam khai
thac cat tu nhién, tiét kiém xi mang va thic dy tai sit dung chat thai cong nghiép theo dinh hudng phat
trién bén vimng.

Tir khéa: dd thai mo; tro bay; cuong do nén; cwong do uon; xung siéu am

1. Pit van dé

Hién nay, Chinh phii d ban hanh nhiéu quyét dinh nham dinh huéng phat trién vat liéu xay dung,
thtic déy xu ly va tai st dung chét thai cong nghiép, trong do6 co xi nhiét dién va chét thai tir hoat dong
khai khoang, nhim gidam 6 nhiém méi truong (Thii tudng Chinh pha, 2017; Thi tuéng Chinh phu, 2020).
Qué trinh khai thac than tai Quang Ninh phat sinh khéi lugng rat 16n dat da thai mo, tao ap lyc dang ké
d6i v6i moi truong va quy dat bai thai. Do do, viée nghién ctru cac giai phap tai sir dung ngudn vat ligu
nay trong xay dung dang duoc nhidu co quan quan 1y va doanh nghiép quan tim. Bén canh do, tro xi tir
cac nha may nhiét dién than van la dong chét thai cong nghiép phat sinh voi khdi lugng 16n hang nam,
doi hoi cac giai phap tiéu thu 6n dinh va an toan. Trong bbi canh d6, viéc nghién ciru sir dung cat nghién
tir d4 thai mo (cat nghién) két hop tro bay trong bé tong vira co ¥ nghia giam ap lyc moi truong, vira gop
phan thay thé cat ty nhién va giam sir dung xi mang.

Trén thé gidi, nghién ciru téi stir dung chét thai cong nghiép va chat thai khai khoang trong bé tong
chii yéu nhim cac muc tiéu sau: (1) giam khai thac tai nguyén tu nhién, giam chat thai chén lap; (2) giam
phat thai CO, cua vat liu xay dung, trong do6 vat liéu xi mang/bé tong lién quan khoang 7% phat thai CO,
toan cau (Global Cement and Concrete Association [GCCA], 2025), qua d6 thiic day cac giai phap giam
clinker va ting vat liéu bo sung nhur tro bay. Mot s6 cong bd ghi nhan tro bay c6 thé ding thay thé mot
phﬁn xi mang, dem lai lgi ich mdi truong - kinh té va co xu hudng cai thién nhiéu khia canh co hoc, d0
bén lau dai (tiy hé vat liéu va cap phdi), (Nayak va cong su, 2022). V&i chat thai tir nganh cong nghiép

*Tac gia lién h¢
Email: phamthinhan@humg.edu.vn

252



o se.wc,
- 3

HOI NGHI KHOA HOC QUGC GIA fspm
PHAT TRIEN BEN VONG KHOA HOC CONG NGHE MO VA MOI TRUONG 2026 )/

khai khoang, xét theo dic tinh vat Iy va thanh phan hoa hoc, c¢6 thé dam nhan vai trd da dang trong bé
tong nhu cat, ¢bt liéu, hodc tham chi thanh phf?ln chét két dinh, du ludn can nghién ctru dac thu theo tung
loai chat thai va muc dich str dung. Trong nhitng nim gan déy, nhidu nghién ctru qubc té da tap trung
déanh gia kha nang tai sir dung chét thai khai khoang trong bé tong nham giam khai thac c¢dt liéu tw nhién
va thuc day phat trién bén ving. Cac nghién ctru thuc nghiém cho thiy da thai mo hodc quing dudi co
thé dugc nghién va st dung lam ¢bt liéu min thay thé cat ty nhién trong bé tong, vdi cac chi ti€u co hoc
van dap tmg yéu cau dbi vi mot s6 cp bé tong két ciu (Benahsina va cong su, 2022). Bén canh do, viéc
két hop cac loai chit thai mo véi tro bay trong cip phdi bé tong ciing da dugc khao sat nham tan dung
ddng thoi hai ngudn vat liéu cong nghiép va cai thién hiéu qua tai nguyén (Sunil va cong su, 2015; El
Machi va cong su, 2024; Pham Thi Nhan va Pham Chi Linh, 2025). Trong d6 Nguyen va cdng su (2023)
sir dung ngudn cat nghién tir d4 thai mo than thay thé cat song & muc 0% - 50%, dong thoi thay 40% xi
ming bang hé 38% tro bay va 2% nano-silica. Két qua cho thay tinh ning co hoc va dé bén cua bé tong
gan v6i bé tong thuong & mac muc tiéu 35 MPa. Tac gia Nguyen va Phan (2023) ciing st dung ngudn
c4t nhan tao thay cat song; do sut giam khi ty 16 thay thé ting; cudng d6 nén giam 11,4% - 47,6% & mic
thay thé 25% - 100%; dong thoi co ngét kho tang 16 rét. Diéu do cho thiy nghien clru nay can dugc tiép
tuc theo hudng danh gla kha nang umg dung khong chi & muc thir nghiém ché tao san pham, ma con dbi
v6i bé tong ding cho két cdu xay dung va cac san phdm phuc vu qué trinh thi cong nhu gach lat, gach
khong nung, con ké bé tong...

2. Nguyén vit liéu va tiéu chuén 4p dung
2.1. Lwa chon vit li¢u
2.1.1. Xi mang

Thi nghiém sir dung Xi mang Portland hdn hop PCB40 Hoang Thach (X) c¢6 cac yéu cau k¥ thuat thoa
man tiéu chuan TCVN 6260:2020. Tinh chat co 1y ctia xi mang Portland hdn hop PCB40 Hoang Thach
the hién trong Bang 1.

Bdng 1. Tinh chdt co Iy ciia xi mang Portland hon hop PCB40 Hoang Thach

D6 min, Khéi g Cuong do nén ¢ cac
Thoi gian dong ket NEVAEY
theo luong ngay tudi, MPa
z. PO Luong
phuong | Khoi lugng | theé tich & nude tieu R o
phap riéng, g/lem® | trang thai hudn. © Bat dau Keét thuc
Blaine, tw nhién, | <M % | dongkét, | dong két, 3 ngay 28 ngay
cm?/g kg/m’ phut (phut)
3.520 3,10 1650 29,7 85 310 22,0 47,1

Xi mang st dung trong nghién ctru dugc thé hién ¢ Hinh 1a.

d)
Hinh 1. Vit liéu sir dung trong thi nghiém, a) xi mang; b) tro bay; c) cat nghién; d) da ddam
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2.1.2. Phu gia khoang hoat tinh tro bay (TB)

Tro bay loai F ciia nha may nhiét di¢n Pha Lai thoa man cac yéu cau cia TCVN 10302:2014. Cac tinh
chat vat ly co ban cua tro bay nhi¢t dién Pha Lai dugc thé hién trong Bang 2, hinh anh tro bay su dung
trong thi nghiém dugc thé hién & Hinh 1b.

Bang 2. Tinh chat vdt Iy co ban cua tro bay nhiét dién Pha Lai

Ty dién bé | Kich thudc hat 113221 Chi s hoat tinh cua tro
mat riéng, tro bay trung rién. & / Khé)] ]u'o’ng thé Po rang glﬁ‘a bay nhiét dién Pha Lai
cm’/g binh, pm Cng;g & tich kho, kg/m® | céc hat, % ¢ tudi, %
7 ngay 28 ngay
3.750 48,15 ‘ 2,35 1.570 27,76 80,5 92,8
2.1.3. Cot liéu lom la dd dam carbonat (D)
Bdng 3. Tinh chdt co Iy ciia dd dam
A Leon ; ~ 0
Khoi N . Luong sot sang tich lity, % Ham Ham
lugng | Khoi lugng Do hong
oA PO £ o, luong luong
riéng, | the tich xop, | giita cac hat 40 20 10 5 hat thoi | bin. bui
3 3 AL 1:A 0 mm mm mm mm ¢ s U,
g/cm kg/m cot liéu, % det. % sét, %
2,7 1.550 42,6 0 6,5 57,7 92,8 13,5 0,60

D4 dam duoc sir dung trong nghién ctru ¢6 ngudn gbe tir moé da Kién Khé - Ha Nam, vai kich thudce
hat 16n nhat 20 mm. P4 ¢6 chét lugng tt, khdi lugng riéng 2,7 g/em?, khdi lugng thé tich xdp 1550 kg/m?,
théa mén yéu cau ciia tiéu chudn TCVN 7570:2006, cac tinh chat co Iy va thanh phan hat cua d4 dam st
dung trong nghién ctru dugc thé hién trong Bang 3, Hinh 1d.

2.1.4. Cot liéu nhé gom cat vang Séng Lo va cat nghién tir dé thai mé (C)
Cat vang Song Lo (C) 1a loai cat ty nhién, chat luong tot, thoa man yéu cau tiéu chuin TCVN
7570:2006. Bén canh do, cat nghién duoc st dung la tr nguon da thai mo Suoi Lai thudc Tap doan Cong

nghiép Than - Khodng san Viét Nam do Cong ty C6 phan Thuong mai Dung Huy cung cap. Cac tinh chat
co ly cua san pham cat nghién dugc trinh bay trong Bang 4, Hinh lc.

Bdng 4. Tinh chdt co' Iy ciia san pham cat nghién thé

Khéi Khoi lugng Ehe tich, Po . Ham Ham ‘
Z. 2 g/em’ , bo luong hat Ham
Khoi lugng | luong thé huat 2 luong \
riéng, g/em’ | tichxdp, | Trangthai | Tran nudc hong, bui bun nhé hon | lugng
’ i i rang PSS 41O 075 mm, | hitu co
kg/m bao hoa | thai kho % sét, % %
2,66 1.406 2,60 2,57 1,34 | 45,30 4,70 26,4 Dat

Nguon: Tong Ton Kién (2019)
2.1.5. Nuoc sach (N)

Nudc duoc sir dung dé 1am nude nhao trén hdn hop bé tong va bao dudng mau thi nghiém sau khi tao
hinh, thda man yéu cau k¥ thuat cua tiéu chuan TCVN 4506:2012.
2.2. Chwong trinh thi nghiém

2.2.1. Thiét ké thanh phan cdp phoi

Thiét ké thanh phan cép phdi ciia bé tong trong nghién ciru nay dugc thuc hién dya trén “Chi dan ky
thudt chon thanh phan bé tong cac loai” theo Quyét dinh so 778/1998/QDP-BXD ngay 05/09/1998 (Bo
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Xay dung, 1998) va két hop didu chinh bang thuc nghiém. Hon hop vét lidu dugc cin theo cap phdi thiét

ké va tron bang may tron cudng bic trong phong thi nghiém. Trinh tu trén duoc thuc hién theo thong 18

thi nghiém va tham khao TCVN 3105:1993 va ASTM C192, trong d6 mot phan nudc va xi mang dugc

dua vao trudc, tiép theo 1a cdt lidu va luwong xi mang con lai, sau do6 bd sung dan lwong nudce con lai trong

qua trinh tron. Thoi gian tron duoc duy tri trong khoang 90 - 120 gidy dé dam bao hdn hop dong nhat.
Bdng 5. Cdp phoi vit liéu cho 1 m? bé téng (kg)

Mau X, kg C, kg D, kg TB, kg N, kg
MS 284,66 844,75 1.085,9 122 191,55
NS 566,29 410,07 1.101,61 0 238,44

Trong d6: MS: bé tong sir dung cat nghién tir d4 thai mo; NS: bé tong sir dung cét ty nhién; X: xi
mang; C: cat; D: da dam; TB: tro bay; N: nudc.

Nghién ctru nay tap trung danh gia kha ning lam viéc ctia hé vét liéu to hop gdom cat nghién tir d4 thai
mo va 30% tro bay thay thé xi mang, so sanh véi cép phdi sir dung cat tu nhién trong cung diéu kién thi
nghiém, thay vi tach riéng anh hudng cua timg bién thanh phan. Mdi cap phdi duge ché tao thanh cac
nhoém mau riéng phuc vu th1 nghiém khdi lugng thé tich, do sut, nen ubn va do xung siéu 4m; mdi chi
tiéu dugc xac dinh trén 3 mau thi nghiém. Hinh anh vat liéu va mau thi nghiém dugc thé hién ¢ Hinh 2
va Hinh 3.

Tinh cong tac cta hdn hop bé tong dugc xac dinh bang do sut ctia con tiéu chuan véi kich thude
10x20x30 cm theo TCVN 3106:2007 (TCVN 3106:2007, 2007), Hinh 2. Hn hop bé tong thiét ké co
d6 sut dao dong tir 10 cm dén 11 cm. Cac miu sau khi tao hinh dugc bao dudng 24 gio trong khudn, sau
d6 thao khuon va ngam trong bé nudc dén tudi thi nghiém (Pham Thi Nhan va Pham Chi Linh, 2025).

Hinh 3. Mau bé téng kich thiéc
150 x 150 x 150 mm

Hinh 2. Bo con hinh non cut tiéu chuan
kich thuoc 10 x 20 % 30 cm

2.2.2. Thi nghiém

Pé danh gia nhanh chat luong bé tong bang phuong phéap khong pha hiy, nghién ctru st dung thiét
bi do van tbc xung siéu am (Ultrasonlc Pulse Analyzer) v6i so d6 bo tri nhu ¢ Hinh 4. Cac phép do Xung
siéu 4m duoc thuc hién trén miu sau qua trinh bao dudng nudc dén tudi thi nghiém tuong tmg. Két qua
thoi gian lan truyén xung siéu am theo ba phwong phap do truc tiép, ban truc tiép va gian tiép duoc thé
hién trén Hinh 6. Truge khi tién hanh do, thiét bi dugc kiém tra trén thanh chuan; thoi gian lan truyén
xung siéu am do dugc 1a 55,9 ps.
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Hinh 4. Phuong phdp do xung siéu am trén mau bé tong, a) ban truc tiép; b) truc tiép; ¢) gidn tiép

Cuong do chiu nén va cuong do chiu udn cua mau bé tong dugc xac dinh béng hé théng may nén va
uon tu ddng ADVANTEST 9 (Controls - Italy), vai toc d gia tai 0,5 MPa/s.

Hinh 5. Thi nghiém, a) hé thong mdy thi nghiém ADVANTEST 9; b) nén;, c) uon

Thi nghiém nén, udn mau va do xung si€u am dugc thyc hién tai phong thi nghiém thudc bo mon Xay
dung cong trinh ngam va mo, Truong DPai hoc Md - Dia chat.

3. Két qua va thao luin

Céc gia tri cua khoi lugng thé tich ciia hdn hop bé tong va do sut ctia cic mau bé tong nghién ciru
dugc thé hién trong Bang 6. Cac két qua dugc do truc tiép trong diéu kién phong thi nghiém va xir ly
theo TCVN 6702:2013 (TCVN 6702:2013, 2013). Tir dit liéu trén Bang 6 cho thay bé tong ché tao tir cat
nghién va thay thé 30% lugng xi mang bang tro bay c6 khéi lugng thé tich & 0 ngay tudi va 28 ngay tudi
chi chénh léch nho khoang 1 - 2%. Trong khi do, bé tong sir dung cat vang Song Lo ¢6 xu huéng khbi
lugng thé tich cao hon. Can nghién ctru bo sung v6i s0 lugng mau 1on hon dé xac nhan xu huéng nay.
Tuy nhién, két qua thi nghiém budc dau cho thiy hdn hop bé tong siur dung cat nghién van bao dam tinh
cong tac t6t, v6i do sut khoang 10 - 11 cm va cudng do nén & tudi 28 ngay dat trén 40 MPa, qua d6 cho
thay tiém ning str dung loai cat nay cho bé tong két cau.
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Bdng 6. Tinh chdt vt Iy ciia mau bé téng sau khi ran chdc

Do sut M4u & 0 ngay tudi M4iu 6 28 ngay tudi
it T e, S i, | K
tong, cm gam g/em? gam g/cm’
MS-01 3.375 7.811 2,31 7.929 2,35
MS-02 10 3.375 7.822 2,32 7.950 2,36
MS-03 3.375 7.846 2,32 7.966 2,36
NS-01 3.375 7.967 2,36 8.092 2,40
NS-02 11 3.375 7.968 2,36 8.096 2,40
NS-03 3.375 8.003 2,37 8.123 2,41
Bang 7. Két qua thi nghiém nén va uon mau bé tong
D) bén nén, MPa Do bén uén, MPa
Mau 7 ngay 14 ngay 28 ngay Mau 7 ngdy 14 ngay | 28 ngay
MS-01 17,62 23,49 42,71 MS-04 4,71 6,42 6,56
MS-02 17,60 23,46 42,66 MS-05 3,47 4,73 6,31
MS-03 17,15 22,86 41,57 MS-06 3,72 5,08 6,77
NS-01 25,14 33,52 41,90 NS-04 4,42 5,89 6,76
NS-02 25,39 33,86 42,32 NS-05 4,06 5,41 7,44
NS-03 24,52 32,69 40,86 NS-06 4,46 5,95 7,36

Két qua thi nghiém nén va u6n ba diém cho thay ¢ giai doan tu01 som, cap phdi sir dung cat nghién
két hop 30% tro bay thay thé xi mang c6 cuong do nén va cudong do u6n thap hon so véi cap phdi sir dung
cat vang Song Lo trong cung diéu kién thi nghiém. Tuy nhién, tir 14 dén 28 ngay tu01 cuong do cua cap
phdi str dung cét nghlen tang 16 rét. O tudi 28 ngay, cudng do nén trung binh ctia cip ph01 MS dat khoang
42,31 MPa, kha gan véi cap phbi NS dat khoang 41,69 MPa; trong khi d6, cuong d¢ udn trung binh ciia
MS dat khoang 6,55 MPa, tha‘ip hon so véi NS dat khoang 7,19 MPa.

40

30

20

Thoi gian (us)

T
B or

O BT

xR
e
o

MS-01

MS-02

MS-03

Mau thi nghiém

a)

40 |

326

30 |

27
25,1

20 |

Thoi gian ()

NS-01

Ns-02

Mau thi nghiém

b)

NS-03

Hinh 6. Thoi gian lan truyén xung trén mau bé 1ong, a) su dung cat nghién; b) cdt vang Song Lo
Trong d6: TT - phép do xung siéu am tryc tiép; BTT - phép do  Xung siéu dm badn trye tiép;
GT - phép do xung siéu am gidn tiép
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Hinh 6 thé hién thou gian lan truyen song siéu am theo ba phuorng phap do truc tiép, ban truc tiép va
gian tiép trén cac mau bé tong. Két qua cho thay thoi gian lan tmyen va van toc xung siéu am cua hai loai
bé tong khong c6 su khac biét 16n. Dong thoi, dit lidu cling cho thdy sy khac biét vé thoi gian lan truyén
giita ba cdu hinh do, chu yéu lién quan dén chiéu dai duong truyén hiéu dung va vi tri bd tri dau phat -
dau thu trong timg phuong phéap. Dbi véi cac mau bé tong sir dung cat vang Séng Lo, hai mau NS-01 va
NS-03 cho xu hudng tuwong ty nhau. Tuy nhién, mau NS-02 ¢6 su sai khac, trong d6 thoi gian lan truyén
xung do theo phuong phap gian tiép 16n nhat. Sai khac nay c6 thé xuat phat tir sai sd trong qua trinh do.
Theo ASTM International (2016), van tc truyén xung siéu 4m trong bé tong phu thudc vao do dic chic,
do rong, muc do déng nhét cua vat liéu va trang thai khuyét tat bén trong. Van tdc lan truyén xung cao
thm‘mg phan anh bé tong co ciu trac dic chic va dong déu, trong khi vén toc thap co thé lién quan dén su
ton tai ciia khuyét tat hodc do khong dong nhat trong vat li¢u.

Tir dit lidu thoi gian truyén song, van toc xung siéu am duoc xac dinh theo cong thic (ASTM
International, 2016):

L 1
V=5 (1

Trong do:

v: Toc d6 song (m/s);

L: Khoang cich giita du phat va ddu nhan xung (m);

T: Thoi gian truyén song (s).

Trong th1 nghiém nay, tir dir liéu thoi gian lan truyén song xung trong truong hop do theo phuong
phéap truc tlep thu duoc v6i khoang cach dat hai dau thu va phat xung 1a L= 150 mm, ta c6 biéu d6 quan
hé giita van toc truyén song xung va chét luong cic mau bé tong nhur sau:

6000

5000
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V(mis)

3000

2000 |

1000 [

Méu thi nghiém

a) b) ¢
Hinh 7. Két qud do xung trén cdc mau bé tong, a) van toc xung; b) hinh dang xung
theo phwong phap truc tiép; c¢) hinh dang xung theo phuwong phdp ban truc tiép

Két qua vén tdc truyén xung siéu 4m ¢ Hinh 7a cho thiy cac mau bé tong ché tao tir cat nghién ¢ van
tdc truyén xung nhoé hon khong déng ké so voi cac mau ché tao tir cat vang Song Lo; tuy nhién, tit ca
cac mau déu c6 van tdc truyén xung 16n hon 4.000 m/s, cho thdy bé tong co cau triic twong ddi dic chic
va mirc 49 dong nhat kha t6t. Hinh 7b va 7¢ thé hién dang xung dién hinh cta cac mau bé tong sir dung
cat nghién két hop thay thé 30% xi ming bang tro bay; cac xung thu dugc c¢6 dinh rd, tin hi¢u tuong dbi
6n dinh va chua cho thay sy khac biét 1n giita hai cap phdi bé tong trong diéu kién thi nghiém hién tai.

Trén co s& phan tich cac két qua thi nghiém vé tinh chit co ly, cuong dd nén, cuong do udn va do
xung siéu am khong pha hity, két qua nghién ctru cho thdy c6 kha ning ché tao cic san pham bé tong tir
cét nghién ngudn gdc da thai mo két hop véi 30% tro bay thay thé xi ming. Ngoai viéc ché tao thanh cong
cap phéi bé tong & quy mo phong thi nghlem nhom téc gia con tién hanh tao hinh thir nghiém mét sb san
pham tng dung khac bao gom san pham gach lat ¢6 kich thudc 40x40x40 cm va con ké bé tong H7 sir
dung trong thi cong san cong trinh xay dung dan dung nhu thé hién ¢ Hinh 8.
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a) b) ¢
Hinh 8. Tao hinh san pham vmg dung trong xdy dung, a) gach lat mau; b) gach lat; ¢) con ké bé téng

4. Két luan

Nghién ctru da tién hanh ché tao va danh gia budc dau bé tong st dung cat nghién tir d4 thai mo két
hop v6i 30% tro bay thay thé xi ming. Két qua thi nghiém cho thay hdn hop bé tong dat do sut trong
khoang 10 - 11 cm, dam bao tinh c6ng tac phit hop cho thi cong trong diéu kién phong thi nghiém. O tudi
28 ngay, cac mau bé tong sir dung cat nghién va thay thé 30% xi méing bang tro bay dat cudng d6 nén trén
40 MPa, dap tng yéu cau ddi voi bé tong dung trong két cau xay dung. So sanh vai bé tong sur dung cat
vang Song L6 trong cung diéu klen thi nghlem cho thdy ¢ tudi 28 ngay, cuong do nén cua hai cap phéi
kha gan nhau, trong khi cuong d6 udn cua cap phdi sir dung cat nghlen thap hon & muc nhét dinh. Ket qua
thi nghlem khong pha huy bang phuong phap xung siéu am cho thay van toc truyén song cua cdc mau be
tong déu 16n hon 4.000 m/s, phan anh ciu tric bé tong twong d6i didc chic va mirc d6 ddng nhat kha t6t.
Diéu nay cho thiy viéc sir dung cat nghién tir d4 thai mo két hop tro bay khong 1am suy giam dang ké chit
luong bé tong so v6i vat liéu truyén théng Trén co so céc két qua thi nghiém co hoc va kiém tra khong
pha hity, nghién ctru ciing thir nghiém ché tao mot s6 san pham ung dung nhu gach lat va con ké bé tong
phuc vu thi cong xay dung. Cac san pham tao hinh budc dau cho thiy tiém ning tng dung thyc té cua
nguon vat liéu tai ché nay trong linh vuc xdy dung. Tuy nhién, do pham vi nghién ctru con han che vé 56
lwong mau va didu kién thi nghiém, can tiép tuc thyc hién cc nghién ctru sdu hon véi quy mé mau 1én
hon, ddng thoi khao sat thém cac ty 16 thay thé tro bay va cac mirc thay thé cat ty nhién khac nhau. Bén
canh do6, cac chi tiéu vé do bén 1au dai, co ngét, kha nang chdng thim va do bén méi trudng ciing cin dugc
nghién ctru b6 sung nhim danh gia toan dién hon kha ning tng dung cua loai bé tong nay trong thuc té.

Loi cam on

Nhom tac gia xin tran trong cam on Phong Thi nghiém thudc B6 mén Xy dung Cong trinh Ngam va
Mo, Trudng Pai hoc Mo - Dia chit da hd tro vé co s& vat chat, thiét bi va ky thuat thi nghiém trong sudt
qué trinh thyc hién nghién ctru. Nhom tac gia ciing xin chan thanh cam on Cong ty C6 phan Thuong mai
Dung Huy d3 tai tro ngudn cat nhan tao phuc vu cho cac thi nghiém trong nghién ctru nay.
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