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_ DAIHOC DA NANG CONG HOA XA HQI CHU NGHIA VIET NAM
TRUONG PH SU PHAM KY THUAT Pic 1ap - Ty do - Hanh phic

THONG TIN KET QUA NGHIEN CUU
1. Thong tin chung:

- Tén dé tai: Nghién civu teng dung bin thdi nha mdy tram trén bé tong xi ming ¢

khu viee Pa Ning ché tao bé tong xi mang diing trong xdy dung cong trinh
- Ma s6: T2023-06-27
- Chi1 nhiém: TS. Tran Thi Phuong Huyén
- Thanh vién tham gia: PGS.TS. H6 Vin Quén
- Co quan chu tri: Truong Pai hoc Su pham K§ thuat — Pai hoc Pa Nang
- Thoi gian thyc hién: 3/2024 — 2/2025

2. Muc tiéu:

Muc tiéu cta dé tai nghién ciru ndy bao gom:

- Thiét ké thanh phan bé tong xi mang st dung bun thai nha may tram tron bé tong
xi mang (BTBT) thay thé 0-50% cat song (CS), dong thoi thay thé 0-20% xi mang (XM).
Céc loai bé tong c6 cudng dd nén va cuong do kéo udn trung binh & 28 ngay dat trén 45
MPa va trén 5,5 MPa.

- Xac dinh anh hudng cta cac ham lugng BTBT khac nhau dén tinh chét ciia hon
hop bé tong tuoi (tinh cong tac, khdi lugng thé tich); tinh chat vat Iy va co hoc (46 rong,
cudng do nén, cudng do kéo udn) va cac tinh chat d6 bén (do chong thdm clorua, van

toc xung siéu am).

- Dé xuat pham vi st dung céc loai bé tong sir dung BTBT thay thé mot phan cat

song va xi mang trong xay dung cong trinh.
3. Tinh mdéi va sang tao:

Nghién ctru dé xuét str dung bun thai bé tong (BTBT) tir tram tron bé tong xi ming nhu
mot ngudn vat lidu thay thé tiém ning cho cat song va xi ming trong san xuét bé tong
xi mang. Thay vi x Iy BTBT bang phuong phap chon 1ap truyén théng gy 6 nhiém
moi truong, nghién ctru nay huéng dén giai phép tai ché bén viing, gop phan giam thiéu
khai thac tai nguyén thién nhién va giam tac dong tiéu cuc ctia nganh xdy dung dén moi
truong. Nghién ciru d3 danh gia cac anh hudng cuia BTBT dén cac tinh chat co hoc cua
bé tong nhu cudng do nén, cudng do kéo udn va do réng. Bang cach so sanh nhiéu
phuong 4n thay thé khac nhau (thay thé mot phan xi ming, cat soéng hodc két hop ca

hai), nghién ctru khong chi cung cp dit liéu khoa hoc quan trong ma con dé xuit giai
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phap thyc tién c6 thé ing dung vao san xuat. Huéng tiép can nay phu hop véi xu hudng
kinh té tuan hoan va dinh hudng phat trién vat liéu xdy dung bén virng theo cac chinh
sach cta Chinh phil, mé ra trién vong mdi trong viée tan dung phé thai cong nghiép
nham giam chi phi san xuét va bao vé méi trudng.

4. Tém tit két qua nghién ciru:

Nghién ctru cho thay tinh kha thi ctia viéc sir dung BTBT dé thay thé mot phan cat
song (CS) va xi ming (XM) trong san xuat bé tong xi mang (BTXM), gép phan giam 6
nhiém méi truong va tiét kiém tai nguyén thién nhién. Két qua nghién ctru cho thay, mic
du bé tong chira BTBT c¢6 khéi luong thé tich giam, do hut nude va dién tré suat bé mit
thip hon so voi bé tong dbi ching, nhung cuong do chiu nén va chiu kéo udn van dap
g yéu cau k¥ thuat cho mit duong 6 to va cong trinh cau duong bo. Dic biét, khi thay
thé 25% CS bang BTBT, cuong d6 cia bé tong dat mirc téi wu, gan v4i bé tong ddi
chtng. Nhitng phét hién ndy mo ra trién vong tng dung BTBT trong xay dung cac két
cAu ha tang, ddng thoi khuyén nghi can c6 thém nghién ciru dé cai thién tinh chéng thim
va d6 bén cua vat liéu, hudng toi phat trién cong nghé xay dung bén viing.

5. Tén san pham:

- 01 Bai bao khoa hoc dugc dang trén tap chi Giao thong van tai (ISSN 2354-0818)
nam trong danh muc Hoi déng chirc danh Gido su nha nudc.

TS. H6 Vian Quén, TS. Tran Thi Phuong Huyén, ThS. Tran Vin Lich (2024). Anh
huong ciia bun thai tram tron bé tong dén mot s6 tinh chét ciia bé tong xi mang. Tap chi
Giao thong van tai, tp 64 sd 7/2024 (743), pp. 52-55.

- 01 Bai bao khoa hoc duoc dang trong Ky yéu hoi thao qudc té ATiGB2024 1an thir
9 (ISBN: 978-604-80-9779-0)

Tran Thi Phuong Huyén, H6 Van Quan (2024). Str dung bun thai nha mdy tram tron
dé ché tao bé tong xi mang dung trong xay dung. Ky yéu Hoi thao qudc té “Ung dung
Cong nghé méi trong cong trinh xanh” 1an thir 9 ATiGB2024, ISBN: 978-604-80-9779-
0, pp 63-68.

- Huéng dan 01 nhém SV NCKH, tén dé tai: “Nghién ctru sir dung bun thai bé tong
tir tram tron bé tong & khu vuc Pa Néng thay thé mot phan cat song trong bé tong”, ma
50 SV2024-75.

- Bao céo tong két dé tai.

6. Hiéu qua, phwong thirc chuyén giao két qua nghién ciru va kha niing ap dung:

- Hiéu qué khoa hoc: Phan tich kha nang st dung BTBT nhu 14 thanh phan vat liéu

thay thé mot phan cat song va XM vao viée ché tao BTXM.
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- Hi€u qua dao tao: Lam tai liéu tham khao trong dao tao nganh Xay dung tai Truong
dai hoc Su pham K¥ thuat - PH Da Nang.

- Hiéu qua kinh té- x3 hoi: Cac loai bé tong méi st dung BTBT thay thé mot phan
cat song va XM sé tiéu thu mot lugng 16n phu pham coéng nghiép BTBT, giam thiéu viéc
chén 14p va ton chira, giam thiéu 6 nhiém moi truong. Pong thoi han ché st dung va
khai thac cat song trong bé tong, dam bao phat trién bén vimg va giam gia thanh xay
dung.

- Phuong thirc chuyén giao két qua nghién ciru: San pham cua dé tai dugc ban giao
cho Bo mon Cau dudng va Khoa K§ thuat Xay dung - Trudong Pai hoc Su pham Ky
thuat — PH Pa Ning.

- Pia chi tng dung: B0 mon Cau duong, Khoa K¥ thuat Xay dung, Truong Pai hoc
Su pham K¥ thuat — PH Pa Ning. 48 Cao Thang, P. Thanh Binh, Quén Hai Chau, TP.
Pa Nang

7. Hinh anh, so' @ minh hoa chinh

= % S : £ Siies P e i el s

BTBT dwoc thu tir cdc bé ld'ng va chat déng tai mot tram tron BTXM ¢ TP. Pa Nc%ng,
Viet Nam
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Thanh phan hat cia déa dam, cdat va BTBT
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1. Géi tya di dong;
2. Gbi tua cb dinh;
3. Khép ciu;
4. Dam phu.

_
| =]
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Thi nghiém xdc dinh vdn toc xung siéu Thi nghiém tham clorua va dién tro sudt
dm cua cdc mau bé tong cua cac mau bé tong

Pa Ning, ngay thang 02 nam 2025

TM. Héi dong Khoa Chii nhiém dé tai
Chii tich

TS. Tran Thi Phuwong Huyén

XAC NHAN CUA TRUONG PAI HQC SU PHAM KY THUAT
KT. HIEU TRUONG
PHO HIEU TRUONG

PGS. TS. V0 Trung Hung
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INFORMATION ON RESEARCH RESULTS

1. General information:

Project title: Research on the application of concrete sludge waste from Ready-mix
concrete plants in Da Nang city to manufacture concrete used in construction works

Code number: T2023-06-27
Coordinator: Ph.D Tran Thi Phuong Huyen

Implementing institution: University of Technology and Education, The University
of Danang

Duration: from 03/2024 to 02/2025
2. Objective(s):

The objectives of this study include:

- Designing cementitious concrete mixtures using concrete sludge waste from ready-
mix concrete plants (CSW) as a replacement for 0-50% of river sand (S) and 0-20% of
cement (C). The designed concrete mixtures achieve an average compressive strength
of over 45 MPa and a flexural tensile strength of over 5.5 MPa at 28 days.

- Determining the effects of different CSW contents on the properties of fresh
concrete (workability, bulk density); physical and mechanical properties (porosity,
compressive strength, flexural tensile strength); and durability properties (chloride
permeability, ultrasonic pulse velocity).

- Proposing the application scope of concrete mixtures utilizing CSW as a partial
replacement for river sand and cement in construction projects.
3. Creativeness and innovativeness:

The study investigates the potential utilization of CSW from ready-mix concrete
plants as a substitute for river sand and cement in cementitious concrete production.
Conventional disposal methods, such as landfilling, pose significant environmental
challenges, including soil and water contamination. This research aims to develop a
sustainable recycling approach to minimize natural resource depletion and mitigate the
adverse environmental impacts of the construction industry.

The study systematically evaluates the effects of CSW on the fresh and hardened
properties of concrete, including workability, bulk density, porosity, compressive
strength, flexural tensile strength, and durability properties such as chloride permeability
and ultrasonic pulse velocity. Various replacement levels of CSW for river sand (0—
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50%) and cement (0-20%) are investigated to determine the optimal composition that
ensures mechanical performance while promoting environmental benefits.

The findings indicate that incorporating CSW influences the density and porosity of
concrete, leading to a reduction in compressive and flexural tensile strength. However,
with appropriate replacement levels, the concrete mixtures achieve a compressive
strength exceeding 45 MPa and a flexural tensile strength above 5,5 MPa at 28 days,
meeting the requirements for pavement and structural applications. Furthermore, this
research aligns with circular economy principles and national policies on sustainable
construction materials. The proposed approach offers a viable solution for recycling
industrial waste, reducing production costs, and minimizing environmental impacts,
thereby contributing to the advancement of green construction practices.

4. Research results:

The study demonstrates the feasibility of utilizing concrete sludge waste (CSW) as
a partial replacement for river sand (S) and cement (C) in cementitious concrete
production, contributing to environmental pollution reduction and natural resource
conservation. The results indicate that although CWS-containing concrete exhibits
lower bulk density, higher water absorption, and reduced surface resistivity compared
to control concrete, its compressive and flexural tensile strengths still meet technical
requirements for pavement and bridge infrastructure applications. Notably, replacing
25% of S with CSW yields optimal strength performance, closely matching that of the
control concrete. These findings highlight the potential for CSW application in
infrastructure construction, while also emphasizing the need for further research to
enhance its impermeability and durability, advancing sustainable construction
technology.
5. Products:

- 01 scientific article published in Journal of Transport (ISSN 2354-0818) on the list
of the State Council for the title of Professor.

TS. H6 Vian Quén, TS. Tran Thi Phuong Huyén, ThS. Tran Vin Lich (2024). Anh
hudng cia bun thai tram tron bé tong dén mot so tinh chat ctia bé tong xi ming. Tap chi
Giao thong van tai, tap 64 s6 7/2024 (743), pp. 52-55.

- 01 scientific article published in the proceedings of International Scientific
Conference on Applying New Technology in Green Buildings (ATiGB2024).

Tran Thi Phuong Huyen, Ho Van Quan (2024). Utilization of concrete sludge waste
from batching plants to manufacture concrete for construction. Proceedings of “2024
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9th International Scientific Conference on Applying New Technology in Green
Buildings (ATiGB)”, ISBN: 978-604-80-9779-0, pp 63-68.

- 01 student scientific projet titled “Research on using concrete sludge waste from
from Ready-mix concrete plants in Da Nang city to replace part of river sand in
concrete”, code number: SV2024-75.

- Summary report.

6. Effects, transfer alternatives of research results and applicability:

- Scientific effectiveness

Analyzing the possibility of using CSW as a substitute to replace part of river sand
and cement in the manufacture of concrete.

- Training effectiveness

Use as a reference document in training construction majors at University of
Technology and Education, The University of Danang.

- Socio-economic effectiveness

New types of concrete using CSW to replace part of river sand and cement will
consume a large amount of industrial waste, thus reducing the need for landfill disposal
and storage, and mitigating environmental pollution. Additionally, by limiting the use
and extraction of river sand in concrete production, this approach ensures sustainable
development and helps lower construction costs.

- Transfer alternatives of research results

Research results are transferred to the Civil Engineering Department, University of
Technology and Education, The University of Danang.

- Application address

Civil Engineering Department, University of Technology and Education, The
University of Danang

48 Cao Thang street, Thanh Binh ward, Hai Chau district, Da Nang city
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PHAN MO DAU
1. TINH CAP THIET CUA DE TAI

Bé tong xi mang 13 vat liéu dugc sir dung pho bién nhét trén thé gidi va & ca Viét
Nam, ¢ nudc ta hon 70% s6 cong trinh duoc xay dung bang BTXM. Nhu cau st dung
bé tong xi mang dé xay dung cong trinh va phat trién co so ha ting hién nay ¢ nudc ta
& muc rat cao, do d6 cac tram tron bé tong xi mang duogc dau tu va di vao hoat dong
ngay cang nhiéu. O thanh phd Pa Néng hién nay di c¢é trén 10 nha may tram trén cung
cAp bé tong thuong pham trén thi truong, s lugng tram tron cang nhiéu thi muc xa thai
ra moi truong cang 16n va cd nhiéu nguy co gy 6 nhidm moi trudng. Chét thai cta cac
tram tron bé tong la do viéc rua tram tron, xe chd bé tong, xe bom bé tong, gff)m chu yéu
1a xi mang, cac phu gia khoang, phu gia héa hoc va mot luong it da dam, cat. Chat thai
nay cO tinh kiém rat cao nén phai duoc tap két & mot khu vuc riéng trong nha may va
dugc xir 1y theo qui dinh chat thai rin nguy hai. Theo thoi gian, chat thai tich liy ngay
cang nhiéu tai cac nha may tram tron va cha yéu duoc xtr 1y bang cach chon lap. Phé
thai tram tron rat tro vi moi truong, thoi gian phan hiy cia ching c6 thé téi hang tram
nam va c6 nguy co 6 nhiém moi trudng dat va nude rat cao. Thoi gian gan day di co
mot s6 nha may tram tron bé tong x4 thai truc tiép ra méi trudng gy 6 nhiém méi trudng

dat va nudc ¢ khu vuc 1an can va da bi cac co quan chirc nang xtr 1y.

Bén canh d6, nhu ciu st dung 6t lidu ché tao bé tong va vira ¢ nudc ta hién nay lién
tuc tang cao, trong do c6t liéu cat, ¢4 dam chu yéu duoc khai thac truc tiép ttr thién nhién
nén tai cac nguodn tai nguyén nay ngdy cang can kiét khong du dap tmg nhu cau phat
trién xa hoi, dic biét 1a cat. Theo sb liéu théng ké ciia Vu Vat lidu xay dung, luong cat
duogc st dung trong xay dung (str dung san lap, cho vita va bé tong) nam 2020 1a khoang
130 triéu m3/nam. Véi mic do sir dung nhu hién tai thi thap nién 2021-2030 gﬁn nhu
khong con cat phuc vy cong trinh xay dung, néu chi dung dé lam ct liéu ché tao vira va
bé tong thi dap tmg duoc thém tir 15-20 nam. Do d6, viée tim kiém cac loai vat liéu moi
hodc vat lidu tai ché tir cac phu pham cong nghiép dé thay thé mot phan hodc toan bo
cat song 1a van dé thoi su hién nay. Dé han ché khai thac cat song, tan dung cac ngudn
phé thai cong nghiép thay thé cat song, Tha tudng Chinh phu ra quyét dinh sé 1266/QD-
TTg ngay 18 thang 8 nam 2020 v&i myc tiéu cy thé nhu sau: giai doan 2021-2030, sir
dung cac loai phé thai cong nghiép, phé thai xay dung lam cat xdy dung; ting budc han
ché str dung cat song 1am vat liéu san lap, khong sir dung cat song dat tiéu chuan ky
thuat dung cho bé tong 1am vat liéu san lap. Khong xuat khau cat xay dung khai thac tir

thién nhién; giai doan 2031-2050, han ché téi da str dung cét ty nhién trong xay dung;
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nang cao ty 18 str dung cat tai ché tir phé thai cong nghiép va xay dung 1én tdi thiéu 60%
téng lugng cat dung trong xay dung.

Viéc str dung phé thai nha méy tram tron bé tong xi mang dé ché tao bé tong vira giai
quyét duoc van dé xtr 1y chét thai, vira han ché viéc khai thac va sir dung cat song, do
vay dé tai “Nghién civu ttng dung bun thai nha mdy tram trén bé téng xi mang ¢ khu vuec
Pa Nang ché tao bé téng xi mang ding trong xdy dung cong trinh” c6 tinh thoi su, c¢6
¥ nghia khoa hoc va thyc tién.

2. MUC TIEU PE TAI

Muc tiéu cta dé tai nghién ciru ndy bao gom:

- Thiét ké thanh phan bé tong xi mang sir dung bin thai nha may tram tron bé tong
xi mang (BTBT) thay thé 0-50% cat song, dong thoi thay thé 0-20% xi mang (XM). Céc
loai bé tong c6 cuong d6 nén va cudng do kéo uén trung binh & 28 ngay dat trén 45 MPa
va trén 5,5 MPa.

- Xac dinh anh huéng cta cac ham luong BTBT khéac nhau dén tinh chat caa hon
hop bé tong tuoi (tinh cong tac, khdi lugng thé tich); tinh chat vat Iy va co hoc (46 rong,
cudng do nén, cudng do kéo udn) va cac tinh chat d6 bén (do chong thdm clorua, van
tdc xung siéu am).

- Pé xuat pham vi str dung céac loai bé tong sir dung BTBT thay thé mot phan cat
song va xi mang trong xay dung cong trinh.

3. POI TUQNG, PHAM VI NGHIEN CU'U

3.1. Péi twong nghién ciru

Bé tong xi mang su dung bun thai tram tron bé tong.

3.2. Pham vi nghién ctru

Str dung bun thai tir cac tram tron bé tong tai Da Néng thay thé mot phan cat song
va XM trong xdy dung cong trinh.

4. CACH TIEP CAN, PHUONG PHAP NGHIEN CU'U

4.1. Cach tiép can

Ap dung, tham khao nhiing nghién ciru mé&i nhét trong va ngoai nudc vé viéc sur
dung bun thai bé tong tram tron, két hop nghién ciru thuc nghiém trong phong thi nghiém

dé danh gia cac tinh chat co Iy cia mau BTXM.
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4.2. Phwong phap nghién ciru

Phuong phép 1y thuyét két hop thi nghiém thyuc nghiém.

5. KET CAU CUA DE TAI

Pé tai gdm c6 phan M¢ dau, tiép theo 1a 3 Chuong, phan Két luan va Kién nghi,
Danh muc tai liéu tham khao. Cu thé la:

M¢ dau

Chuong 1. Nghién ctru Téng quan

Chuong 2. Lwa chon vét liéu ché tao bé téng va thiét ké thanh phan bé tong sir dung
phé thai bé tong xi ming tram tron thay thé mot phan cat song va xi mang

Chuong 3. Thi nghiém xé4c dinh cac tinh chét ctia hdn hop bé tong tuoi va bé téng
clng str dung bun thai bé tong thay thé mot phan cat song va xi ming

Két luan va Kién nghi

6. Y NGHIA KHOA HQC VA Y NGHIA THUC TIEN CUA PE TAI

Pé tai nghién ctru st dung bun thai thai bé tong tai cic tram tron bé tong xi mang dé
ché tao bé tong xi ming dung trong cic cong trinh xay dung mang lai nhiéu y nghia
khoa hoc va thyc tién:

- Pé tai gop phan 1am rd kha ning tai st dung bun thai bé tong tai cac tram tron bé
tong xi mang dé ché tao bé tong xi mang co thé sir dung trong cac cong trinh xay dung
ma van dam bao cac tinh chat co hoc clia bé tong.

- Viéc tan dung bun thai bé tong lam nguyén liéu thay thé mot phan cat séng va xi
ming gitp giam chi phi xir Iy va van chuyén chét thai, giam khai thac tai nguyén thién
nhién va giam thiéu 6 nhiém moi trudng, gop phan vao phat trién bén viing trong linh

vuc xay dung.
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CHUONG 1: NGHIEN CUU TONG QUAN
1.1. Giéi thiéu chung

1.1.1. Khdi niém vé bun thdi bé tong

Bun thai bé tdng (BTBT) la chat thai phét sinh do viéc rira tram tron, rira xe tron cho
bé tong, xe bom bé tong, va tir viéc thai bo mot lugng bé tong tuoi du thira trong cac xe
tron cho bé tong. BTBT 1a hdn hop chu yéu bao gdm cdt liéu min, c&c hat xi mang (XM)
d3 hydrat hoa, phu gia khoang, phu gia hda hoc thu dugc tir céc hé ling [1-3]. BTBT ¢6
tinh kiém rat cao, d6 pH = 12-13, yéu cau phai dugc xt 1y theo qui dinh chat thai ran

nguy hai.
1.1.2. Nguén géc phdt sinh BTBT tai cdc tram tron Bé téng xi ming

Bé tong xi mang (BTXM) 1a vat liéu duoc sir dung pho bién nhat trén thé gisi va o
ca Viét Nam. Nhu cau str dung bé tong dé xay dung cong trinh néi chung va phat trién
co s& ha tang giao théng ndi riéng hién nay ¢ nudc ta & muc rat cao, do d6 cac nha may
tram tron BTXM duogc dau tu va dua vao hoat dong khai thac ngay cang nhiéu. Su phat
trién nhanh chong cua nganh bé tong thwong mai da dan dén viéc tang luong chat thai

ran va nudc thai tir cac tram tron BTXM trong qua trinh san xuét.

Viéc san xuat BTXM tao cac tram tron BTXM san sinh ra cac loai chat thai khac

nhau, bao gom:

- Bé tong thura bi tra lai: Bé tong twoi chua dong cing duoc tra lai tram tron bé
tong do dit hang du, hoic do chat lugng va tinh nang cong tac cua bé tong khong

dat yéu cau tai cong trinh.

- Can bé tong tuoi bén trong thung xe tai hoac xe tron bé tdng, hoac sau cac san

Xuat thir nghiém.
- Phé thai bé tong dd dong cung.
- Cét liéu tai ché: Cbt liéu thd hoac min duoc tai ché bang hé thdng ria ct liéu.

- Nudc thai: Nudc thai tir hé thdng rira hoic cac hoat dong vé sinh khac. Ham

lwong chat rin thay doi dang ké.
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- Bun thai bé tdng (BTBT): chat ran trong nudc thai thu duoc tir viéc rira chat thai
bé tong tuoi do phdi tron qua lwong yéu cau dé thu hdi cdt lidu ciing nhu tir viéc

rira mang tron, xe cha bé téng vao cudi ngay.
- Nudc tai ché: Nudce dugc thu lai sau qua trinh tach nuéc cua BTBT.
BTBT tai cac tram tron BTXM chu yéu phat sinh tir cc ngudn sau:

1. Qua trinh riza thiét bj: Hé thdng tron bé tong, bon chira, bang tai va xe cha bé tong

dugc rira sau mdi 1an sir dung dé tranh bé tong dong cung.

2. Bé téng du thira: Bé tong twoi chwa déng cing du thira khong duoc st dung hét
tai cac cong trinh x&y dung, khi dugc xa bo sé tré thanh bun thai.

3. Qua trinh ldng loc nuéc thdi: Nuéc thai tir cac hoat dong tai tram tron bé téng
thudng chtra nhidu can, bun, xi mang va cdt liéu min. Tai cac tram tron BTXM, céc chat
thai sau hoat dong rira va vé sinh s& duoc chira trong cac bé ling. Sau d6, cac chét thai
ran (hay bun thai) s& duoc vét 1én chat ddng cho xir ly [4] (Hinh 1.1, Hinh 1.2).

.vs:' l :

Hinh 1.1 Quad trinh hinh thanh bun thadi bé tong (BTBT) tai mot tram tron BTXM o

ot Sz A e 8 R s

bé lcfng va chat déng tai mot tram tron BTXM o TP.
Da Nang, Viét Nam

Hinh 1.2 BTBT dwoc thu tur cac
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1.1.3. Tinh hinh phat sinh BTBT trong nganh xdy dung

Ngay nay, bao vé méi trudng va phét trién bén virmg dang tré thanh van dé quan
trong trén toan cau. O hau hét cac qudc gia, nganh xay dung la nguyén nhan chinh gay
ra c4c van dé vé moéi treong va gop phan 16n vao viéc can kiét tai nguyén thién nhién.
Nganh nay tiéu thy khoang 50% tai nguyén thién nhién va tao ra 50% chat thai [1]. Su
phét trién nhanh chéng cua co s& ha ting va cac do thi I6n trén thé gisi da thic day sy
phat trién manh mé& ctia nganh cdng nghiép san xuat bé tdng, mot loai vat liéu xay dung
chinh. Theo théng ké cua T chirc bé tdng tron sin Chau Au (European Ready-Mixed
Concrete Organization, ERMCO), gan 900 triéu m3 bé téng tron sin duoc san xuat o
hon 29,200 tram tron bé tong vao nam 2019. Luong xi mang ude tinh duoc s dung rat
I6n, gan 600 triéu tan [5]. Cac nghién ciru da chi ra rang mot tan xi mang Portland dugc
san xuat s& san sinh ra gan mot tan carbon dioxide (CO2) [6-8]. Ngoai ra, viéc san xuat
bé tong xi mang (BTXM) & C4c tram tron ciing san sinh ra mot luong Ion céc chat thai,
trong d6 ¢ bun thai bé tong (BTBT). Udc tinh lugng BTBT sinh ra tir qua trinh san
xuat BTXM khoang 1% - 4%, twong tng mdi nam sé& c6 khoang 36 triéu mét khdi BTBT.

1.2. Mot so tinh chat ciia BTBT

BTBT c6 thanh phan da dang, phu thudc va ngudn gdc phat sinh, quy trinh san xuat
bé tong va phuong phép rira tram tron, chi yéu bao gom céc hat XM chua thity hda, bot
da, cat min va cac hat phu gia siéu min. Kich thudc cac hat thuong dao dong tir 0,001
mm dén 0,5 mm. BTBT ¢ tinh kiém rat cao, do pH = 11-13, do sy hién dién cua cac
hop chat xi ming, dic biét 1a canxi hydroxit (Ca(OH)2). Ngoai ra, trong BTBT con ¢
mot s6 khoang chat nhu Silic oxit (SiOz), nhém oxit (Al0s), sat oxit (Fe.03), Sulfat
(S0%) va Clorua (CI") gay anh hudng dén méi truong va kha ning tai sir dung cua bun
thai.

Do tinh kiém cao, BTBT duoc phan loai 1a vat liéu nguy hiém an mon & nhiéu québc
gia, bao gém Nhat Ban, Ty Ban Nha va Vuong qudc Anh [9-11]. Tai Vuwong quoc Anh,
khi gia tri pH cua chat thai vuot qua 11,5, ching s& duoc phan loai vao nhém nguy hiém
H8 theo “Hudng dan Ky thuat WM2 vé Chat thai Nguy hiém: Giai thich dinh nghia va
phan loai chat thai nguy hiém” [12]. Viéc xir [y BTBT mot cach khong ding cach co thé
gay bong nghiém trong cho da ngudi, trong khi viéc chon lap chat thai nay s& gay anh

huong tiéu cuc dén moi truong va hé sinh thai xung quanh. Tai Nhat Ban, phuong phap
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trung hoa BTBT bang axit sulfuric d3 dugc xem xét, nhung chi phi cho qua trinh nay
1én dén khoang 60 USD/tan [11].

1.3. Cac phwong thirc quan ly BTBT hién nay

Viéc xtr Iy BTBT dong vai trd quan trong trong giam thiéu tac dong tiéu cuc dén moi

treong va tan dung nguon tai nguyén tai ché. Hién nay, BTBT dugc xur ly theo bén nhém
phuong thie sau (Hinh 1.3) [13]:

chén lap chat thai xay dung.

va sang loc.

bln thai da dong cimg, sau do6 tién hanh nghién va sang loc.

Nhom 2: San xuat vat lidu xi ming bd sung: bao gom qua trinh xay nghién

Nhom 3: San xuét cbt liéu tai ché min/thd: bao gém thu gom va van chuyén

Nhom 4: St dung chét thai xay dung twoi nhu mot chat két dinh: bao gom

Nhom 1: Chon lap: bao gom van chuyén va cac quy trinh thong thuong dé

thu gom va van chuyén bun thai twoi va tai sir dung truc tiép (trong vong 3

ngay) trong céc san pham xay dung (vi du: gach khéng nung hoic gach bé

tong nhe).

H&n hop BTXM

Y

Hé théng thu hoi

h 4

BTBT wot

Cét lidu dworc
thu héi

Y

Tai str dung

A

h

A 4

Tai ché nudc thai

Téi ch& BTBT
(tuoi)

(phé bién hién nay)

Chén lap

San xuit cot
liéu tai ché

San xuit vat
liéu xi m3ng

Tach nwéc bang
may ép loc

Nghién & sang

S3y & sang

h 4

Tai ché nudc thai

Tai ché nudc thai

Hinh 1.3 Cdc nhom phwong thirc quan ly Bun thai bé tong hién nay [13]
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Trong bén nhom phuong thirc quan 1y BTBT nhu trinh bay & Hinh 1.3, phuong phap
phd bién nhat hién nay 1a hinh thire chon I1ap (nhém 1). O Viét Nam, da sé BTBT duoc
xir 1y theo phuong phap nay. BTBT tuoi di tich nudc dugc van chuyén tir c4c nha may
tron bé tong dén céc bai chén 1ap. Tuy nhién, cach tiép can nay khong phai 1a lya chon
bén virng vé mit moi trudng do muc tiéu thy ning luong va khi thai lién quan dén viec
van chuyén va xir Iy. Hon nita, do ham luwong kiém cao trong BTBT, viéc chén lap c6

thé gy ra nhirng tac dong c6 hai cho méi truong va hé sinh thai xung quanh [14, 15].

Déi voi cac nhém tai ché BTBT nhu (i) tai sir dung dé san xuét vat liéu xi ming
(nhém 2), (ii) str dung l1am cét liéu tai ché thay thé cbt liéu tu nhién (nhdm 3) va (iii) tai
sir dung BTBT tuoi trong san xuat cac san pham xay dung (nhém 4) da dugc dé xuat
boi mot sé nghién ctu [2 — 4], [13, 14]. Tuy nhién, cac két qua nghién ctru déu chi ra
rang can phai c6 mot s6 budc xir 1y trude (nhu: nghién va sang, v.v..) dé chuan bj BTBT
lam cét liéu hoac vat lidu xi ming bo sung.

1.4. Tong quan cac nghién ciru vé xir 1y va tai sit dung BTBT tai cac tram trén

BTXM trong va ngoai nudc
1.4.1. Nghién civu trén thé gigi

Nhiéu nghién ctu trén thé giéi da xem xét viéc sir dung BTBT lam vat liéu thay thé
mot phan cat, xi mang hoic chat don min trong bé téng hoic vira [3, 7, 15, 16, 17]. Cac
két qua nghién ctu cho thay rang mac du viéc sa dung BTBT thay thé cat c6 thé 1am
giam tinh cong tac cua bé tong twoi, nhung cudng do chiu nén ¢ 28 ngay tudi cua bé
téng van dam bao néu luong BTBT thay thé duoc sir dung phi hop [7]. Hon nira, bang
viéc sir dung phu gia siéu déo, tinh cong tac cua bé tong tuoi va tinh chét cua bé tong
dong cung co thé duoc cai thién [15]. Focius va cong su (2023) [7] da chi ra rang viéc
thay thé 5% xi miang (XM) bang BTBT khé hoic 10% XM bang BTBT w6t khong 1am
anh huong dén tinh chat cia da vira, dong thoi gitp giam gia thanh vira néu duoc ap

dung.

Mot s nghién ciru di wng dung BTBT dé san xuat cac khéi bé tong duc san. Qua
trinh nay sir dung BTBT kho két hop véi cat ria thu duoc tir qua trinh xir 1y bé tong du
thira, sau d6 hon hop vat liéu xi miang composite ndy duoc lam cimg trong moi truong
CO2. Két qua thi nghiém cho thay céc khéi tuong san xuat tir hdn hop nay ¢ tinh trung

hoa carbon va bén vitng. Xuan va cong su (2016) [4] da dé xuit mot phuong phap méi
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nham tai st dung hiéu qua BTBT trong san xuat cac san pham xay dung. Cac mau BTBT
duoc thu thap mot cach ngau nhién tir cac tram tron BTXM tai khu vuc Hong Kong va
dugc tron manh bang may tron co hoc. BTBT tuoi trude khi déng cting van duy tri tinh
chay va c6 thé xem nhu mét loai chat két dinh (xi ming). Sau d6, BTBT duoc phdi tron
vé6i cot ligu tai ché min (thu tir qua trinh tai ché bé tdng) va mot luong nho xi mang véi
ty 16 1:4:0,15 dé tao thanh hdn hop bé tong twoi. Quy trinh chuin bi cAc mau bé téng sir
dung BTBT dugc minh hoa trong Hinh 1.4. Cac mau bé téng sau khi nén ép tao khéi s&
dugc bao dudng trong hai diéu kién: (i) bao dudng thuong (trong khdng khi) va (ii) bao
dudng CO2 (cachonat héa tang cuong). Két qua nghién ctiru cho thay, BTBT c6 kha nang
hap thy CO2 cao (tir 27,05% dén 31,23%). Qua trinh cacbonat hoa ting cudng gidp 1am
giam dang ké d6 pH cia BTBT, dong thoi thuc day su phat trién cuong 6 som va giam

co ng6t khi kho thap.

120S

BTBT Troén nhanh BTBT BTBT phdi tron cbt Ché tao

dang hé liéu tai ché min tw gach khéi
Bé téng va XM

Hinh 1.4 Quy trinh ché tao cdc mau khoi bé téng tir BTBT [4]

Nhiing nghién citu gan day trong viéc tng dung BTBT vao nghién ctru san xuét bé
tong khi chung 4p (Autoclaved aerated concrete, AAC) cho thiy day 1a mot huéng
nghién ctru tiém ning nham giam tic dong moi trudng, tan dung ngudn nguyén liéu tai
ché va cai thién chat lugng vat liéu. Bé tong khi chung ap (AAC) 1a mot loai vat liéu
xay dung nhe, ¢6 cau trdc rdng va dugc san xuat bang cach chung ap hdn hop gom xi
ming, voi, cat thach anh (hoic ngudn silica khac), bot nhom va nude. So voi cac vat
licu xay dyng truyén thdng, bé tong khi chung ap (AAC) c6 nhiéu wu diém nhu trong
lwong nhe, tiét kiém nang luong, do bén cao, c¢6 kha ning chdng chay, giam thim, cach
am t6t va thi cong dé dang. AAC da tro thanh mot loai vat liéu xay dung méi va duoc
ing dung rong rai, dac biét tai Trung Quéc [18, 19, 20]. Nghién ctru cia Wudi Feng va
cong su (2024) [1] da danh gia cac tinh chat co hoc va vi ciu trlic cua bé tong AAC chita
ham lwong 16n BTBT. Két qua nghién cau cho thay kha ning san xuat bé tdng AAC

thanh cdng véi ham lwgng BTBT lén dén 60%. Viéc st dung bd sung nano-silica va
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silica fume giUp cai thién vi cau tric va téi wu hoa hé théng 16 rdng bé téng AAC. Su
gia ting ham luwong nano-silica gidp cai thién dang ké khdi luong thé tich kho va cuong

dd chiu nén cia AAC.

Céc nghién ctru cua Zhang, J., va Fujiwara, T. (2007) [21], Pavel Reiterman va cong
su (2022) [22] danh gia thuc nghiém kha ning st dung BTBT nhu mét chat 6n dinh dat
sét trong nén. Hiéu qua 6n dinh cua BTB duoc danh gia théng qua cudng do chiu nén,
chi s6 chiu tai California (CBR) va chi sé chiu tai tic thoi (1BI). Qua trinh 6n dinh duoc
phan tich bang kinh hién vi dién tir (SEM) va phan tich nhiéu xa tia X (XRD). Két qua
nghién ctiu cho thay, BTBT dat hiéu qua 6n dinh cao hon 38% so véi xi mang Portland
thong thuong (OPC) véi cung lidu luong khi xét vé cuong d6 chiu nén. Tinh kiém va
ham luong du xi ming trong BTBT ¢6 tiém ning I6n trong viéc mang lai lgi ich kinh té

va mdi trudng néu duoc tng dung vao 6n dinh nén dat.
1.4.2. Nghién ciru 6 trong nwoc

Tai Viét Nam, hién nay, cac nghién ctru vé viéc sir dung BTBT lam nguyén liéu dé
san xuat vat liéu xay dung hay l1am cét liéu dé san xuat bé téng van con han ché. Trong
khi d6, nhu cau sir dung cét séng trong nhitng nam gan diy ngay cang gia ting, dan dén
tinh trang thiéu hut nghiém trong nguén cat sdng phuc vu cho san xuat BTXM va vira.
Pé han ché viéc khai thac tai nguyén thién nhién lam cét liéu san xuat bé tong, va tiéu
thu céc ngudn phé thai cong nghiép, phé thai xay dung, Thu tuéng Chinh phu ban hanh
Quyét dinh s 1266/QD-TTg ngay 18 thang 8 nam 2020 [23] va Chi thi s6 08/CT-TTg
ngay 26 thang 3 nim 2021 [24] véi muc tiéu 1 sir dung cac loai phé thai cong nghiép
nhu tro, xi, thach cao, v.v.. va phé thai xay dyng 1am nguyén liéu dé san xuét vat liéu
xay dung, ting budc han ché st dung cat sdng lam vat liéu xay dung va san lap. Do do,
viéc tim kiém céc loai vat liéu tai ché tir cac phu pham cong nghiép hay phé thai xay
dung dé thay thé mot phan hoac toan bo cat séng dang tré thanh mot van dé cap bach
hign nay.

1.5. Két luan chuong 1

Téng quan nghién ctu vé bun thai bé tong (BTBT) cho thiy day 1a mot loai phé thai

gidu canxi, co tinh kiém cao va chaa céc hat min c6 thé tai st dung trong nhiéu ¢ng

dung xay dung. BTBT hién dang duoc nghién ctu theo nhiéu hudng khac nhau, bao
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gom thay thé mot phan xi mang trong bé tong, san xuat cét liéu tai ché, on dinh nén dat

va ché tao bé tong khi chung ap (AAC).

Céc nghién ctru da chitng minh tiém ning ctia BTBT trong viéc cai thién mot sé tinh
chat caa bé tdng va vat liéu xay dung, nhu kha ning hip thu CO: théng qua qué trinh
cacbonat hoa, ting cudng cuong ¢ nén va giam co ngo6t khé. Tuy nhién, van con nhiéu
thach thuc lién quan dén kiém soét tinh kiém, 6n dinh thanh phan hda hoc va tac dong

dai han cua BTBT ddi voi d6 bén vat liéu.

Nhin chung, viéc tai st dung BTBT khong chi gilp giam tac dong moi truong do
chén l1ap chat thai ma con gop phan phat trién vat lidu xay dung bén viing theo hudng
kinh té tuan hoan. Tai Viét Nam, nghién ctu vé tai sir dung BTBT con han ché, trong
khi nhu cau cat song ngay cang ting, dan dén nguy co thiéu hut nghiém trong. Do do,
viéc nghién cau va ung dung BTBT thay thé cat song 1a mot yéu cau cap thiét va phu
hop vai khuyén khich ciia Chinh phu vé sir dung phé thai cong nghiép lam vat liéu xay

dung hién nay.
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CHUONG 2: LUA CHON VAT LIEU CHE TAO BE TONG VA THIET
KE THANH PHAN BE TONG SU DUNG BUN THAI BE TONG XI
MANG TRAM TRON THAY THE MOT PHAN CAT SONG VA XI

MANG

Xuit phat tir yéu cau thyc tién vé tai sir dung cac phé thai tir cong nghiép san xuit
BTXM va pham vi nghién citu cua dé tai 12 nghién cau sir dung bun thai bé tong (BTBT)
& tram tron BTXM thay thé mot phan cat séng hoic thay thé mét phan cat séng va xi
ming dé san xuit BTXM, ndi dung chuong 2 sé& trinh bay chi tiét cac loai vat liéu sir
dung va phuong phap thiét ké thanh phan BTXM c6 chita BTBT trong khudn kho nghién
ctru nay.
2.1. Vit liéu sir dung ché tao bé tong xi ming
2.1.1. Xi mang

Trong dé tai nghién ctiru chon xi ming Séng Gianh PC50 dé ché tao bé tdng. Theo
TCVN 2682:2020 [25], cac chi tiéu chat lugng cua xi mang PC50 duge qui dinh trong
Béang 2.1.

Bang 2.1 Cdc chi tiéu chat lwong ciia xi mang PC50

Mitic
PCB30| PCB40 |PCB50

Tén chi tiéu

1. Cudng do chiu nén (MPa) khong nho hon:

- 3 ngay % 45 min 16 21 25
-28ngay £8h 30 40 50
2. Thoi gian dong két (phut) - Bat dau, khong nho hon 45

- Két thuc, khong 16n hon 375
3. B0 min, xac dinh theo:
- Bé mat riéng, phuong phap Blaine (cm%g) khong nho 2.800
hon

4. P 6n dinh thé tich, xac dinh theo phuong phap Le
Chatelier (mm) khong 16n hon

10

5. Ham lugng anhydric sunphuric SOz (%) khong 16n hon 3,5

6. Ham lugng magie o xit SO3 (%) khong 16n hon 5,00
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Miic
Tén chi tiéu
PCB30| PCB40 [PCB50
7. Ham luwong mat khi nung MKN (%) khong 16n hon:
- Khi st dung phu gia da voi: 3,5
- Khi str dung phu gia pozzolan: 3,0
8. Ham lugng cdn khong tan CKT (%) khong 16n hon 1,5
9. Ham luong kiém quy d6i? Na20ge® (%), khong 16n 06
hon ’
Chu thich:

1) Cho phép ham luong MgO t61 6,0%, néu do nd autoclave (x4c dinh theo TCVN
8877:2011) cua xi mang khong 16n hon 0,8%.
2) Chi ap dung gi6i han nay trong truong hop st dung xi ming véi ¢t liéu c6 kha
nang xay ra phan ting kiém-silic ma khong cé sy lua chon nao khac dé bao vé bé
tong.

3) Ham lugng kiém quy doi (Na2Og4) tinh theo cong thirc: %NaOqd = %Na20 +
0,658 %K:-O0.

Két qua thi nghiém céc chi tiéu co, 1y va thanh phan hoa hoc cia XM PC50 duogc ghi

trong Bang 2.2 va Bang 2.3.

Bang 2.2 Cac chi tiéu co, Iy cua xi mang PC50

TT Tén chi tiéu Ponvi | Kétqua | TCVN 2682:2020
Cuong do nén: - 3 ngay MPa 36,4 Min 25
1 - 28 ngay 52,5 Min 50
Thoi gian dong két: - Bz’i’t dau ohit 95 Min 45
2 - Két thac 185 Max 375
3 | D6 on dinh thé tich mm 1,88 Max 10
4 | DO min Blaine cm?/g 3520 --
5 | Ham lugng SO3 % 2,22 Max 3,5
6 | Khdi luong riéng glcm? 3,10 -
7 | Luong nuéc tiéu chuan % 31,0 --
Bang 2.3 Thanh phdn héa hoc cia xi mang PC50
Thanh phan héa hoc Don vi Xi mang PCB30
CaOo % 63,06
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Thanh phan héa hoc Don vi Xi mang PCB30
SiO; % 21,64
Fe20s3 % 3,58
Al203 % 5,18
MgO % 0,92
K20 % 0,63
Na.O % 0,10

SO3 % 1,97
Cl % 0,008
MKN % 1,54
Chat khéc % 1,37

Két qua thi nghiém cho thay XM PC50 thoa man TCVN 2682:2020 va phu hop dé
ché tao bé tong.
2.1.2. Phu gia siéu déo
Phu gia siéu déo (SD) lam tang tinh cong tac, giam lugng nudc giup cai thién cuong
d6 cho bé tong. TCVN 8826:2011 [26] qui dinh vé do déng nhit cua phu gia hda hoc
nhu trong Bang 2.4.
Badng 2.4 Yéu cau vé d¢ dong nhat ciia phu gia héa hoc [26]

Gia tri chdp nhan dwoc

Tén chi tiéu

Phu gia long | Phu gia khong léng
L IRV C I I
2. Khéi luong riéng (r), g/cm?3
r - gia tri do nha san xuét cong bd
-Néur>1,1 r+0,03
-Néur<1,1 r+0,02

< 0,1 theo khéi lugng hodc gia tri nha

3. Ham lugng ion clo*, %, khong 16n hon , S 1
san xuat cong bo

4. Do pH (P)**
P - gi4 tri do nha san xuit céng bd
5. Ham lugng tro, (TR), %

TR - gié tri do nha san xuat cong bd
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Tuong ty vé1i mau chuan ban dau ctua

6. Phd hdng ngoai L ;
g Ngos nha san xuat.

Chu thich:

(*) Khi st dung phu gia hoa hoc vao bé tong cdt thép tng suat trude, ham luong ion
clo trong phu gia phai tun thi theo yéu cau quy dinh riéng cho bé tong ¢t thép
g suat trudc.

(**) Do pH cua phu gia ¢ thé bi thay ddi theo thoi gian, khi c6 sy khac biét 16n vé
d6 pH (vuot quy dinh trong Bang 3.9 cta tiéu chudn ndy), phu gia van co thé sir
dung dugc nhung phai tién hanh cac thi nghiém kiém tra toan b tinh ning cta phu
gia dam bao cac yéu cau tuong theo Tiéu chuan nay.

Str dung SD 3054 cua Cong ty TNHH Master Builders Solutions Viét Nam. Két qua
thi nghiém céc chi tiéu caa SD 3054 theo TCVN 8826-2011 va duoc thé hién trong Bang
2.5.

Bang 2.5 Cac chi tiéu cua phu gia siéu déo Basf 3054

Chi tiéu Pon vi Két qua Phwong phap thi nghiém
Ham luong chat kho % 44,4
bo PH - 55 TCVN 8826-2011
Khdi lugng riéng g/lcm?® 1,09

2.1.3. Cot ligu I6n va cot ligu nhé
2.1.3.1. Cét liéu Iém

Theo TCVN 7570:2006 [27], c6t liéu 16n co thé duoc cung cap dudi dang hdn hop
nhiéu ¢& hat hoic céc ¢ hat riéng biét. Thanh phan hat cua cét liéu 16n, biéu thi bang
lugng s6t tich luy trén cac sang, duoc quy dinh trong Bang 2.6. Céc chi tiéu chat lugng
cua da dam phai thoa man cac chi tiéu qui dinh ¢ Bang 2.7.

Pé tai nghién ctiu st dung d4 dam c& hat 16n nhat Dmax = 10 mm lam ¢t lidu 16n dé
ché tao bé tong.

Két qua thi nghiém thanh phan hat va cac chi tiéu co 1y ctia ¢4 dim Dmax = 10 mm
dugc thé hién trong Bang 2.8 va Hinh 2.1.

Bdng 2.6 Thanh phan hat ciia cot liéu 16m [27]

Kich Luong sét tich lity trén sang, % khéi lwgng, ing véi kich thuéc hat
thwée 16 liéu nhé nhat va 16n nhat, mm

sangmm | 5.10 5-20 5-40 5-70 10-40 10-70 | 20-70
100 - - - 0 - 0 0
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Kich Luwong sot tich liy trén sang, % khoi lu’(_)’ng, ung voi kich thudce hat
thuée 15 liéu nhé nhat va lém nhat, mm
sangmm | 5.10 5-20 5-40 5-70 10-40 10-70 | 20-70
70 - - 0 0-10 0 0-10 0-10
40 - 0 0-10 40-70 0-10 40-70 | 40-70
20 0 0-10 40-70 40-70 90-100
10 0-10 40-70 90-100 | 90-100 -
5 90-100 | 90-100 | 90-100 | 90-100 - - -
Badng 2.7 Cdc chi tiéu chdt lwong yéu cdu cua cét liéu Ion [27]
Chi tiéu Mirc Phwong phap thw
Do nén dap (%) <10 TCVN 7572-11:2006
Hat thoi det (%) <15 TCVN 7572-13:2006
D) mai mon LA (%) <50 TCVN 7572-12:2006
Cudng do nén da goc (MPa) > 100 TCVN 7572-10:2006
Hat mén yéu, phong hoa (%) <10 TCVN 7572-1:2006
Bui, bun, sét (%) <10 TCVN 7572-8:2006
Ham luong ion CI" (hoa tan trong axit) (%) <0,01 TCVN 7572-15:2006
Ham luong hitu co hfnhgﬁ ti‘;rlr;n TCVN 7572-9:2006

Bang 2.8 Cac chi tiéu co, Iy cua da dam Dmax = 10 mm

TT | Tén cac chi tiéu Pon vi | Kétqua | TCVN 7570:2006
1 | Khéi lugng riéng glcm?3 2,74 -
2 | Khéi lugng thé tich ¢Am chit kg/m? 1620 -
3 | bo rSng % 47.08 -
4 | Bo hut nuée % 1,26 -
5 | Ham lugng thoi det % 5,80 =15
6 | Ham luong phong hoa % 0,32 <1,0
7 | Ham luong bun, bui, sét % 0,09 <1,0
8 | P mai mon Los Angeles % 25,4 <50

Két qua thi nghiém trén cho thdy da dim théa man TCVN 7570:2006 va ASTM
C33:11 va phu hop dé ché tao bé tong.
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2.1.3.2. Cét liéu nhé

Cét lieu nho c6 thé 1a cat sdng sach, cat nghién sach tir da hoic c6 thé phdi hop 2
loai cat d6 véi nhau. Theo TCVN 7570:2006 [24] va ASTM C33:2011 [28], thanh phan
hat cua cat dugc qui dinh nhu trong Bang 2.9. Céc chi tiéu chit lugng cua cat duoc qui
dinh ¢ Bang 2.10.

Bdng 2.9 Thanh phdn hat yéu cau cia cdt [27, 28]

Luong sét tich luy trén sang, % khdi lwong
Kich thwéc 16 sang TCVN 7570:06 ASTM C33:11

Cat tho Cat min Cat tho va cat min
5,0 mm 0 0 T 0 dén 5
2,5 mm Tir 0 dén 20 0 Tir 0 dén 20
1,25 mm Tir 15 dén 45 | T 0 dén 15 Tir 15 dén 50
630 mm Tir 35 dén 70 | Tir 0 dén 35 Tir 40 dén 75
315 mm Tir 65 dén 90 | Tir 5 dén 65 Tir 70 dén 95
140 mm Tir 90 dén100 | Tir 65 dén 90|  Tir 90 dén100
Luong lot qua sang 140 pm <10 <35 <10

Bdng 2.10 Cdc chi tiéu chdt lwong yéu cau ciia cdt [27]

TT Tén chi tiéu Don vi Mire Phuwong phap thw

1 Sét cuc va cac .tap chét dang cuc % 0 TCVN 7572-8:2006
Ham lugng bui, bun, sét 15
2 |Mo dun do 16n - 2,0-3,3 TCVN 7572-2:2006
3 |Ham lugng ion CI° % 0,05 TCVN 7572-15:2006
5 |Ham lugng mica % - TCVN 7572-20:2006
5 | Tap chét hitu co i hfnhﬁgi t?}?::;n TCVN 7572-9:2006
Bang 2.11 Cac chi tiéu co, ly cua cat song

TT Tén chi tiéu Ponvi | Kétqua | TCVN 7570:2006
1 | Khéi lugng riéng glcm?® 2,64 -
2 | Khéi luong thé tich xp glcm?® 1,42 -
3 | bo hut nudce % 0,76 -
4 | B hong tu nhién % 46,2 -
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5 | Mo dun d6 16n - 2,74 2,0-3,3

6 | Ham lugng bun sét % 0,22 <1,5

Sang hon Khong thim hon

7 | Tap chat hiru co - ) R ; "
mau chuan mau chuan

Dé tai nghién ciru sir dung cét song (CS) hat 16n c6 mé dun do 16n > 2,0 1lam cbt liéu
min dé ché tao bé téng. Két qua thi nghiém céc chi tiéu co, 1y va thanh phan hat cia CS
duoc thé hién trong Bang 2.11 va trén Hinh 2.1.

Céc chi tiéu co, 1y va thanh phan hat caa CS thoa mdn TCVN 7570:2006 va ASTM
C33:11 va phi hop dé ché tao bé tong.

2.1.4. Bun thdi bé tong

Bun thai bé tong (BTBT) duoc thu thap tai bé ling ciia mot nha may tram tron bé
téng & thanh phd Pa Ning, BTBT duoc phoi khé, sau d6 sang loai bo cac hat Ion trén
sang 5 mm. Vi BTBT x4p, sau khi tiép xuc voi nuéc mot lwong hat khd dinh két bi toi
ra roi rac, do d6 thanh phan hat cia BTBT dugc phan tich ¢ 2 trang thai kho va uét. O
trang thai uét, BTTB duoc say kho hoan toan 110 + 5°C rdi ngdm trong nudc khoang 6
h sau d6 tién hanh sang trong nudc, luong sot trén ting sang duoc xac dinh va cho vao
ta sdy trong 24h & nhiét do 110 + 5°C rdi tinh ti 1& phan tram.

Két qua thi nghiém cac chi tiéu co, 1y va phan tich thanh phan hat cia BTBT duoc
thé hién trong Bang 2.12, Bang 2.13 va trén Hinh 2.1.

Bang 2.12 Phdn tich thanh phan hat ciia BTBT

Luwong lot sang (%)
Ki hi¢u cat Mal
5mm |25mm| 1,25 mm| 0,63 mm |0,315 mm| 0,15 mm

Phan tich khé | 100 | 86,99 | 68,03 55,76 24,16 14,13 2,51

Phén tich w6t | 100 | 93,00 86,31 74,49 55,33 47,99 1,43

TCVN 7570:06/ 100 | 80-100 | 55-85 30-65 10-35 0-10

Bang 2.13 Cac chi tiéu co, Iy cua BTBT

TT | Tén chi tiéu Pon vi Két qua
1 | Khéi lugng riéng glcm?3 2,45
2 | Khéi luong thé tich xbp glcm?® 1,20
3 | Po hat nuéc % 35,4
4 | B hong tu nhién % 51,0
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TT | Tén chi tiéu DPon vi Két qua
5 | Mo dun d0 16n khi sang kho - 2,51
6 | Mo dun d6 16n khi sang udt - 1,43

Két qua trong Bang 2.12 va trén Hinh 2.1 cho thay thanh phan hat cia BTBT & trang

thai kho va uét 1a rat khac nhau, ¢ trang thai kho luong lot sang 0,15 mm chi chiém

100

(o]
o
L

Luong lot sang (%)
D
o

./- = - TCVN7570
s ——CS

20 , —e— BTBT sang kho
——D
—*— BTBT sang udt
0 +—m=m ‘
0,1 1

Cd sang (mm)
Hinh 2.1 Thanh phcfn hat cua da dam, cat va BTBT

khoang 14% nhung & trang thai uét chiém dén 48%, diéu nay la do ¢ trang thai khod
BTBT c6 mot luong 16n BTBT dinh két long 1éo véi nhau, khi bi ngdm trong nudéc,
chung hit nuéc vao va bi toi ra, luc nay cac hat nho cha yéu 1a cac hat xi ming, tro bay,
Xi 10 cao, ... da thity hoa c6 trong bun. Chinh vi lugng hat nho dudi sang 0,15 mm chiém
dén 48% nén BTBT ciing c6 thé sir dung dé thay thé mot phan xi ming trong bé tong.
2.1.5. Nwéc trén hén hop bé tong

Str dung nuéc may sach phit hop véi TCVN 4506:2012 dé tron hdn hop bé tong.
2.2. Thiét ké thanh phén céc loai bé tong sir dung bun thai ciia tram trén bé tong

Xi mang

C6 nhiéu phuong phap thiét ké thanh phan bé tong, trong dé Tiéu chuan cua Hoa Ky
ACI 211.97 [29] 1a mét trong nhitng tiéu chuan dugc sir dung pho bién.

Dé tai nghién ctu st dung phuong phap ACI 211 dé thiét ké thanh phan vat liéu cac
bé tong.
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2.2.1. Xdc dinh cwong dj yéu ciu ciia bé tong

Tiéu chuan ACI 318 [30] cho phép nhitng thanh phan hdn hop bé tong dugc chon
trén kinh nghiém thuc té hoic cac mé tron thir trong phong thi nghiém. Bé dat duoc
cudng do chiu nén dic trung cua du an, thi bé tdng can phai duoc tinh toan ti 1é sao cho
cudng d6 chiu nén trung binh ngoai thuc té 16n hon cuong d6 chiu nén dic trung

bang 1 gid tri du lon dé xac suat cac két qua khong dat 12 nho.

Khi khong xac dinh duoc do Iéch chuan thi cudng do chiu nén trung binh yéu cau

dugc tinh theo cong thire sau:
for = 1L1f/ + 4,8 (MPa) (2.1)

Khi thiét ké thanh phan bé téng trong phong thi nghiém, cuong d6 chiu nén trung

binh yéu cau dugc tinh theo cong thuc sau:
for = (L1 +4,8)/0,9 (MPa) (2.2)
Trong d6: £/ 1a cudng d6 chiu nén trung binh yéu cau, MPa
f7 1a cuong d6 chiu nén dac trung, MPa
2.2.2. Xdc dinh cdc thanh phdn ciia bé tong

Phuong phap thé tich tuyét déi ACI 211.1 dé thiét ké hdn hop c6 thé duoc tom tit

trong 12 budc sau:
* Bwéc 1: Chon dé sut va cwong dé bé tong yéu cau.
Gia tri do sut dugc dua ra ¢ Bang 2.14.

Bang 2.14 D¢ sut cua hén hop bé tong theo loai két cau

., Do sut, cm
Loai két cau - .
Lén nhat nhoé nhat
Mong ciia tudng va cdt bang bé tong cdt thép 7,5 2,5
Mong bang giéng chim, mong tuong 7,5 2,5
Dam va tuong ¢ cbt thép 10,0 2,5
Cot nha 10,0 2,5
Ban mong, tAm lat tuong 75 25
Bé tong lam cau, duong 7.5-15,0 2,5
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* Buwéc 2: Lwa chon kich thwéc t6i da ciia cét ligu lon.

Kich thuéc 16n nhét caa cét lieu 16n Dmax < 1/5 kich thudc nhé nhat cua két ciu, <
1/5 chiéu day ban, < 3/4 khoang cach nho nhét giita cac thanh cét thép va theo cudng

d6 yéu cau.
* Buwde 3: Udc tinh lwong nwdc tron va ham lwong khong khi

Luong nudc tron va ham luong khdng khi lot vao hon hop bé tong phu thudc vao do
sut, kich thuéc 16n nhat caa cét liéu [6n, d6 réng cua cét liéu nho, hinh dang hat va cap
phdi cdt liéu, nhiét do bé tdng, loai phu gia sir dung. Luong nudc tron va ham luong
khong khi cta bé tong tuoi dugc chon nhu trong Bang 2.15.

* Bwoc 4: Lwa chon ti 1¢ N/CKD

Ti lé N/CKD khong chi phu thudc cudng do bé tdng yéu cau ma con phu thudc vao

c4c yéu to khac nhu do bén. Ti lé N/CKD khuyén dung nhu trong Bang 2.16.

Bang 2.15 Luong nwoc tron va ham luwong khong khi cua bé tong tuoi

PG sut, em Lwong nuéc trn theo Dmax cita cot lidu 1én, lit/m?
9,5 mm 12,5 mm 19,0 mm 25,0 mm
Bé tong khong tao khi
25-5,0 207 198 185 177
7,5-10,0 227 215 200 192
15,0 -18,0 240 227 212 200
Luong khi, % 3,0 2,5 2,0 1,5
Bé tong tao khi

25-5,0 180 174 165 159
7,5-10,0 200 192 180 174
15,0-18,0 215 204 192 183
Luong khi, % 7,5 7,0 6,5 6,0

* Bwéc 5: Tinh toan khéi lweng cét ligu lén (D)
Khéi lugng cbt lidu tho duoc tinh theo cong thic:
b= paVa (2.3)
Trong do:

pa - khéi lugng thé tich dam chit cua cét ligu lon, kg/m?
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V¢ - thé tich cua cbt liéu 16n da ¢am chat trén mot don vi thé tich bé téng phu thudc
vao kich ¢& 16n nhit cua cbt liéu tho va mé dun do 16n cua cat, duge xac dinh theo Bang
2.17.

* Bwéc 6: Xdc dinh khéi lrong chat két dinh

Khéi luong chat két dinh can thiét trén 1 m3 bé tong duoc tinh bang cach chia luong
nudc cho ti 1€ N/CKD:

CKD = N. % (kg) (2:4)

Badng 2.16 Méi quan hé giia ti 1é N/CKD va cwong do nén

Cuong d9 bé tong yéu ciu & 28 Til¢ N/CKD
ngay tai cong truong, fyc, MPa | Bg tgng khong tao khi Bé tong tao khi
41 0,41 -
35 0,48 0,40
28 0,57 0,48
21 0,68 0,59

Bdng 2.17 Thé tich ciia dd dam da dam chat trén mét don vi thé tich bé tong

Thé tich cot liéu thé ddm chit cho mdi don vi thé tich bé tong g
Drmax, MM v6i mo dun d§ min khac nhau cia cat Mcat
2,4 2,6 2,8 3,0
9,5 0,50 0,48 0,46 0,44
12,5 0,59 0,57 0,55 0,53
19,0 0,66 0,64 0,62 0,60
25,0 0,71 0,69 0,67 0,65

* Bwée 7: Xdc dinh khéi liwong xi mang
1. Truong hop khdng dung phu gia khoang thi khéi lugng xi mang can thiét 1 mé bé
téng bang chinh khéi lwong chat két dinh:
XM = CKD (kg) (2.5)

2. Truong hop ding phu gia khoang (PGK) véi ti 1¢ a (%) thay thé chat két dinh thi

khéi luong phu gia khodng can cho 1 m3 bé tong Ia:

PGK = a.CKD (kg) (2.6)
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Khéi luong xi mang can cho 1 m bé téng 1a:
XM = CKD - PGK = (1 - 2).CKD (kg) 2.7)
* Bwéc 8: Xdc dinh khéi lirong cot ligu min (C)

1. Khi khdng c6 PGK, khéi luong cat duoc tinh theo cong thic:

X b
C= [1000 ————— N] . Per (KE) (28)
Px  Pp
2. Khi c6 PGK, khéi lugng cat duoc tinh theo cong thic:
X PGK P (2.9)
C= [1000———————N]. , (k
Px PrGk Pp P (ke)

Trong do:

- X, N, C, b, PGK: 1 khéi luong cua xi mang, nudc, cat, ¢4, PGK tinh cho mot m?
bé tdng.

- px, pc, pp, prok: 1a khdi luong riéng xi mang, cat, da, va PGK.

* Bwéc 9: Xdc dinh khoi lwong BTBT thay thé cat séng hodgc thay thé cat song va
Xi mang

- Khi st dung BTBT thay thé cat song, lugng BTBT dugc xac dinh nhu sau:

BTBT = PcxC (kg) (2.10)

- Khi sir dung BTBT thay thé ca cat séng va xi mang, luong BTBT duoc xac dinh

nhu sau:
BTBT = PcxC + PxxXM (kg) (2.11)
Trong do:
Pc - ti 16 BTBT thay thé cét (%)
Px - ti 16 BTBT thay thé xi ming (%)
* Bwoc 10: Chen t7 1¢ phu gia siéu déo

Can st dung phu gia siéu déo trong bé tong dé dam bao do sut theo yéu cau. Khi
ding phu gia siéu déo thi luong nude cd thé giam tir 12-30% tly theo loai phu gia. Co
thé st dung phu gia siéu déo vao hdn hgp ma khong can diéu chinh cac ti 1é hdn hop dé

cai thién tinh cong tac cua bé tong.
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Liéu luong sir dung phu gia siéu déo thdng qua céc khuyén céo cua cac nha san xuat
va céc thi nghiém. Thuong tir 0,50-2,5 1it/100 kg xi mang va c6 thé nhiéu hon tuy theo

loai phu gia, y&u cau vé do sut va dac tinh cua két cau.
* Bwgc 11: Cac hén hep thir nghigm

Cac hdn hop thr nghiém theo ti 1¢ da tinh & trén can tao ra mot tap hop céc thir
nghiém dé xac dinh tinh cdng tac va cac tinh chét caa hdn hop bé tong va bé tdng. Cac
khdi lwong cua cdt liéu, nudc phai diéu chinh cho ph hop vé do am. Néu cac dic tinh
mong muén cia bé tong khong dat duoc thi cac ti 1é hdn hop ban dau can duoc diéu

chinh theo huéng dan sau day dé tao ra tinh cong tac mong mudn.

1. Do sut ban dau: Néu d6 sut ban dau caa hdn hop thtr nghiém khdng nam trong
pham vi mong muén thi can phai diéu chinh lai lwong nuéc tron. Trong lwong cua vat
licu két dinh trong hdn hop ciing nén diéu chinh dé duy tri ti 16 N/CKD mong mudn.

Ham lugng cat sau d6 ciing duoc diéu chinh dé dam bao san luong bé tong.

2. Néu phu gia siéu déo duoc st dung thi nén thtr véi cac lidu luong khac nhau dé

xac dinh anh huéng ciia nd dén cudng do va tinh cong tac cua bé tong.

3. Ham lugng khi: Néu ham luong khong khi do duoc khac xa véi tri sé mong muén

thi nén diéu chinh lai ham luong khi va céc thanh phan ciing duoc diéu chinh.

4. Ti 16 N/CKD: Néu cuong do cua bé tong khong dat duoc khi sir dung céc ti Ié
N/CKD di chon thi cac hdn hop tron thir nghiém phu thém c6 ti 16 N/CKD thap hon can
phai dugc kiém tra. Néu van khong tang duoc cudng do nén thi can xem xét lai sy thich

hop cua cac vat liéu st dung.
* Bwéc 12: Lwa chen thanh phan bé tong

Khi cac ti 18 tron thir nghiém da duoc diéu chinh dé tao ra tinh cong tac mong mudn
va cac dic tinh vé cuong do, cac mau thir cuong do nén duoc lay tir cAc mé tron thir
nghiém tién hanh duéi cac diéu kién gan giéng véi diéu kién ngoai thuc té theo cac budc
khuyén ding trong tai liéu ACI 211 dé tién hanh diéu chinh cac mé tron thir nghiém.
Tinh thyc té san xuat va cac thao tac can kiém tra chat lugng s& dugc danh gia t6t hon
khi cdc mé tron thir nghiém véi qui md san xuat duoc tién hanh bing cach st dung céac

thiét bi va cong nhan ma no da tirng st dung trong thuc té. Cac két qua vé cudng do nén
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duoc trinh by theo mot cach dé cho phép lra chon céc ti 1& ¢6 thé chap nhan d6i véi

cong viéc dugc dua trén co s¢ CAC yu cau vé cudng do va chi phi.
2.2.3. Tinh todn thanh phén cdc loai bé tong
2.2.3.1. Bé téng doi chirng khong sir dung BTBT (0COX)

Muc tiéu bé tong dat cudng do nén va cudng do udn trung binh & 28 ngay trén 45
MPa va trén 5,5 MPa.

Buéc 1: Chon cuong dé va dé sut yéu cau

Cuodng d6 nén trung binh cua bé tong thiét ké yéu cau dat trén 45 MPa, chon do sut
yéu cau SN = 8,0-10,0 cm.

Buéc 2: Lya chon kich thudc t6i da cua cot liéu 1on
Chon Dmax = 10,0 mm.
Buorc 3: Xdc dinh lwong nuoc tron
Taco SN =8,0-10,0 cm; Dmax = 10,0 mm tra Bang 2.15 chon N = 182 lit.
Buoc 4: Lwa chon t7 1é N/CKD
Ta cO6 Dmax = 10 mm; f'cr = 45 MPa, tra Bang 2.16 chon ti 1€ N/CKD = 0,41.
Buéc 5: Tinh toan khai lwong cot lidu I6n (D)
Khéi lugng cbt lidu tho duoc tinh theo cong thirc: B = p 4.V
Trong do:
p - khdi lugng thé tich dam chat cua cét liéu 16n, pa= 1620 kg/m?3
V¢ - thé tich caa cét liéu lon da dam chat, tra Bang 2.17, chon Vg = 0,62.
Vay D = 1620%0,62 = 1004,4 (kg)
Bu6e 6: Xac dinh khéi lrong chat két dinh (CKD)

CKD = N.C—ED = 182/0,41 = 443,9 (kg)

Bu6e 7: Xdc dinh khéi hieong xi mdng

Khéi lwong xi mang 1a: XM = CKD = 443,9 kg
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Buée 8: Xac dinh khéi leong cét liéu nhé (C)

Luong cét:

443,9 1000,4
3,10 2,72

X b
C=1]1000 ———p—— N] Pe = [1000 — —182].2,62 = 806,63(kg)

Bu6c 9: Thir dé sut dé xdc dinh heong phy gia siéu déo

Tinh toan thanh phan hdn hop cho mé tron 12 lit cua bé tong d6i ching khdng sir
dung BTBT véi cac liéu luong siéu déo khac nhau theo % xi mang dé thir do sut dam
bao dat tir 8,0 - 10,0 cm.

Luong SD = 4,0 kg/m?® (0,9% xi ming)

Sau khi xac dinh dugc lugng SD thi phai diéu chinh giam luong cat dé tong thé tich
cac loai vat liéu la 1000 lit.

Luong cat luc nay la: C = 796,95 (kg)

Buréc 10: Cac mé trén thaz, diéu chinh thanh phdn va chon cac hén hop téi wu

Tién hanh duc cac mau bé tdng hinh dam kich thude 100x100x400 mm dé xac dinh
cudng do kéo udn (Rky) va diing cac mau dam gay dé xac dinh cudng do nén (Ry). Sau
khi thi nghiém xé4c dinh cuong d6 udn va cudng do nén cua bé tong ¢ 28 ngay dat trén
5,5 MPa va trén 45 MPa, thanh phan cua bé tong d6i ching dugc lya chon ghi & Bang
2.18.

2.2.3.2. Bé téng sir dung BTBT thay thé 25% cdt séng (25C0X)

Vi BTBT rat xdp, 6 hat nudce rat 16n nén khi thay thé CS hoic thay thé CS va XM
bang BTBT can phai thém luong nudc tron va luong SD dé dam bao do sut yéu cau. O
day, khi thay thé CS bang 25% va 50% cat song, dé dam bao cudng do bé tong khong
giam quéa nhiéu nén khéng ché ti 16 N/CKD lan luot 1a 0,45 va 0,49 va luong xi ming
khong doi.

-Tile N/X = 0,45

- Luong BTBT: BTBT = 0,25xC = 0,25x796,95 = 199,24 (kg)

- Luong nudc: N = Xx0,45 = 443,9%0,45 = 199,76 (lit)

- Luong cat séng:
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X b BTBT

C=[1000———————N]. , (k
Px Pp  PBTBT Pe: (ke)

4439 10044 199,24
3,1 2,72 2,45

C= [1000 - - 199,76] .2,62 = 545,0 (kg)

- Lwong siéu déo: Thir dan luong SD dé thir do sut dam bao dat tir 8,0-10,0 cm
SD = 5,77 kg/m® (1,3% xi ming).

Sau khi xac dinh duoc lugng SD thi phai diéu chinh giam luong cat dé tong thé tich
cac loai vat liéu la 1000 lit.

Luong cat luc nay la: C = 531,1 (kg).

2.2.3.3. Bé téng sir dung BTBT thay thé 50% cdt séng (50C0X)

- Tile N/X =0,49

- Luong BTBT: BTBT = 0,50xC = 0,5%796,95 = 398,48 (kg)
- Luong nudc: N = Xx0,49 = 443,9x0,49 = 217,51 (lit)

- Luong cat séng:

Px Pp  PBTBT

443,9 1004,4 398,48

c=[1000— 1" 27 24T —217,51].2,62=283,5 (kg)

- Luong siéu déo: Thir dan luong SD dé thir ¢ sut dam bao dat tir 8,0-10,0 cm
SD = 10,65 kg/m? (2,4% xi ming).

Sau khi xac dinh dugc luong SD thi phai diéu chinh giam luong cat dé tong thé tich
cac loai vat liéu la 1000 lit.

Luong cét luc nay la: C = 257,69 (kg).
2.2.3.4. Bé téng sir dung BTBT thay thé 15% cdt séng va 10% xi mdang (15C10X)
-Til¢ N/X=0,45
- Luong BTBT:
BTBT = 0,15xC + 0,10xX = 0,15%x796,95 + 0,10x443,9 = 163,9 (kg)

- Luong nuéc: N = Xx0,45 = 443,9%0,45 = 199,76 (lit)
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- Luong cat séng:

Px Pp  PBTBT

4439 1004,4 1639
3,1 2,72 2,45

C= [1000 - - 199,76] .2,62 = 620,9 (kg)

- Lwong siéu déo: Thir dan luong SD dé thir do sut dam bao dat tir 8,0-10,0 cm

SD =5,1 kg/m? (1,15% xi mang).

Sau khi xac dinh dugc luong SD thi phai diéu chinh giam luong cat dé tong thé tich
cac loai vat liéu la 1000 lit.

Luong cat luc nay la: C = 608,55 (kg).

2.2.3.5. Bé téng sir dung BTBT thay thé 30% cdt séng va 20% xi mdang (30C20X)

-Tile N/X=0,49

- Luong BTBT:

BTBT =0,30xC + 0,20xX = 0,30%x796,95 + 0,20x443,9 = 327,9 (kg)
- Lugng nudc: N = Xx0,49 = 443,9%x0,45 = 217,51 (lit)
- Luong cat séng:

X b BTBT

C=[1000———————N]. , (k
Px Pp  PBTBT Pe: (k8)

c—[1000 4439 10044 2379
B 3,1 2,72 2,45

— 217,51] .2,62 = 435,2 (kg)
- Luong siéu déo: Thir dan luong SD dé thir ¢6 sut dam bao dat tir 8,0-10,0 cm
SD =9,32 kg/m?® (2,1% xi ming).

Sau khi x4c dinh dugc luong SD thi phai diéu chinh giam luong cat dé tong thé tich
cac loai vat liéu la 1000 lit.

Luong cét ltc nay la: C =412,6 (kg).

Két qua thanh phan vt liéu cua cac bé tong duoc trinh bay trong Bang 2.18.
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Bang 2.18 Thanh phan vit liéu ciia cdc bé tong

Ki hi¢u X N C BTBT b SD SN
) N/CKD

betong | (ko) | (i) | (ko) | (k) | (ko) | (ko) (cm)

0COX 443,9 | 182,0 | 797,0 0 1004,4 | 4,0 0,41
25C0X | 4439 | 199,8 | 531,1 199,2 | 10044 | 5.8 0,45
50COX | 4439 | 2175 | 257,7 398,5 |1004,4 | 10,7 | 0,49 8-10
15C10X | 399,5| 199,8 | 608,6 163,9 | 10044 | 51 0,45
30C20X | 355,1 | 217,5 | 4126 327,9 |1004,4 | 9,3 0,49

2.3. Két luan chwong 2

D3 lwa chon va thi nghiém xac dinh duoc cac chi tiéu chat luong cua cac vat ligu dé

ché tao bé tong.

P thiét ké duoc thanh phan vat liéu cia bé tong d6i chimg co cudng do nén va
cudng do kéo ubn trung binh & 28 ngay dat trén 45 MPa va trén 5,5 MPa. Thiét ké duoc
thanh phan vat lidu ciia cac bé tong str dung BTBT thay thé 25% cét song, 50% cat séng,

15% cat song va 10% xi mang, 30% cat song va 20% xi mang.
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CHUONG 3: THi NGHIEM XAC PINH CAC TINH CHAT CUA HON
HQP BE TONG TUOI VA BE TONG CUNG SU DUNG BUN THAI BE
TONG THAY THE MOQT PHAN CAT SONG VA XI MANG

3.1. Céng tac tron, dic va bao dudng cac miu bé tong
3.1.1. Can, dong vit liéu va tron hon hop bé tong

Céc loai vat liéu duoc can theo khéi lugng bang can tu dong. Truong hop cét lidu
I6n va cét lidu nho bi am can phai xac dinh d6 4m cua chang dé diéu chinh luong nudc
cho chinh xéac. Khi da va cat c6 d6 am 1a Wq (%) va We (%) thi luong vat liéu duoc didu
chinh cho mot mé tron dugc xac dinh nhu sau:

Xdae = Xm (Kg); TBac = TBm (kg);

Cac = Cm.(1 + We) (kg);

Ddc = DPm.(1 + Wa) (KQ);

Ndc = Nm - (Cm.Wc + Dm.Wd ) (kg),

PGSDa. = PGSDn (lit).

Riéng BTBT duoc phoi kho, toi xdp trudc khi can.

Sau khi tinh toan diéu chinh c4c loai vat liéu theo d6 am thi can va dé riéng theo ting
thing hozc bao, riéng SD sau khi can xong thi cho ludn vao nudc va tron déu. Cong tac
tron hon hop bé tong dugc thuc hién trong may tron cudng buc truc ngang dung tich
200 lit. Cong tac tron gom 2 giai doan 1 tron kho va tron uét. Pau tién cho cat, da, xi
ming va BTBT vao may tron kho, thoi gian tron khd khoang 300 vong dé hdn hop dong
déu. Sau d6 cho nudc di tron SD vao may tron dé tron udt. DI véi hdn hop dbi ching
khong c6 BTBT, thoi gian tron w6t khoang 4 phat dam bao hdn hop duoc tron déu, déng
mau, ddng nhat, riéng cac hdn hop st dung BTBT, thoi gian tron wot kéo dai 1én 6 phut
dé dam bao do dong nhat.

3.1.2. Diic va bdo dwéng cdc mau bé téng xi mang

Viéc diic cac mau BTXM thyc hién theo TCVN 3105:2022. Truéc khi dic mau phai
chuan bi khuon duc. Khuon duc mau bé tong dé thi nghiém xac dinh cudng d6 kéo ubn
(Rku) 12 khudn hinh dam kich thudc 100x100x400 mm va ding cac mau dam gay dé xac

dinh cudng do nén (Rn). Khudn dic mau bé tong dé thi nghiém xac dinh d6 rdng, siéu



Bdo cdo tong két Dé tai T2023-06-27 -31-

am, dién trg suat, do tham clorua 1a khudn try 100x200 mm. Khuén dtic cac miu bé tong
dé do co ngét kho 1a khudn tru 100x200 mm. Cac khudn duoc quét mot 16p dau chdng
dinh va cho 1én ban rung. S hdn hop bé téng vao day khubn véi khudn ling tru
100x100x400 mm va mot nira khuén véi khudn try 100200 mm, diéu khién ban rung
rung cho dén khi hdn hop bé tdng trong khubn noi bot khi va hd xi mang nbi déu Ién bé
mit, sau d6 dung bay gat hdn hop bé tong thira va hoan thién phang bé mat mau. Doi
v6i mau try 100x200 mm, cho hdn hop bé tong vao day khudn va rung dam bao yéu cau
nhu khi ¢am Ién 16p tht nhat, sau d6 gat hdn hop bé tong thira va hoan thién phang bé
mat mau.

Sau khi duc xong khoang 1-2 h, cac khudn méu dugc phu 4m bang gié¢ am & nhiét
do6 trong phong. Sau 20-24 h bao dudng mau trong khudn, tién hanh thao khuén rdi bao

dudng mau trong bé dudng ho & nhiét d6 27 +2°C cho dén ngay thi nghiém.

Hinh 3.1 Chudn bi khudn, thir do sut va diic cdc mau bé tong

3.2. Phwong phap thi nghiém
3.2.1. Dg sut

Thtr @6 sut duoc thuc hién trong qua trinh diic cidc mau bé tong va thuc hién theo

tiéu chuan ASTM C143 [31]. D6 sut cua cac hdn hop bé tong dugc khdng ché trong
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khoang 8-10 cm. Cac hdn hop bé tong sau khi duoc tron déu, ddng nhat thi tién hanh

thir d6 sut bang dung cu hinh nén cut.
3.2.2. Khéi lwong thé tich ciia bé tong twoi

Khéi lugng thé tich (KLTT) caa cac hdn hop bé tong tuoi ciing dugc thuc hién trong
qua trinh duc cac mau bé téng va dugc tién hanh theo ASTM C138 [32]. St dung 3
khuon duc mau hinh lap phwong kich thude 150x150x150 mm dé xac dinh KLTT caa
cac hdn hop bé tong, cac khudn dic duoc do xac dinh kich thude chinh xac dén 0,1 mm
va can khéi luong chinh xac dén 0,1 g. Sau khi tron xong hdn hop bé téng, cho hdn hop
vao mot nira khuon 150x150x 150 mm va dwa 1én ban rung dé dam 1én 16p thi nhat nhu
khi dic mau, sau d6 cho hdn hop bé tong vao diy khudn va rung dam Ién dam bao yéu
cau nhu khi dam 1én 16p thir nhat, sau d6 gat hdn hop bé tdng thira va hoan thién phing
bé mat mau. Dung gié vé sinh sach s& phan vira xi ming dinh xung quanh khuén, cn
xéac dinh khéi lugng cua cac khudn sau khi dam I1én. KLTT caa hdn hop bé tong tuoi
trong tung khuon dugc xac dinh theo cong thic:

KLTT = w (kg/m?) 3.1)

Trong do6:

Mo Va my - khéi lwong cua khudn duc va khéi luong cua khudn chira hdn hop bé téng

tuoi sau khi ¢am chit (kg);
V - thé tich cta khuon duc (md).

KLTT cua hon hop bé tong la gia tri trung binh caa 3 mau.

Hinh 3.2 Xdc dinh khéi lwong thé tich ciia bé téng twoi
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3.2.3. Pé réng va dp hit nwéc

Do rong (PR) va do hut nude (PHN) cua cac loai bé tong duoc theo ASTM C642
[33]. C4c mau thi nghiém duoc cat ra tir mau tru 100x200 mm dam bao thé tich cua mau
thir khong dugc nho hon 350 cm?® hodc khdng nho hon 800 g (day khoang 5 cm), mau
phai dam bao khong cd vét nit, gdy hoic canh bi v&. Cac mau bé tong duoc cho vao ta
sdy va sdy kho dén khéi lwong khong ddi ¢ nhiét do 110+5°C, can khéi lwong caa mau
khé chinh xac dén 0,01g (ky hiéu 1a A), trudc khi can mau phai dé mau ngudi trong binh
hit 4m dén nhiét d6 phong. Pem mau ngim trong nuéc & nhiét d6 khoang 23+2°C cho
dén khdi lugng khong doi, muc nudc ngap trén mau téi thiéu 1a 5 cm. Lay mau khoi
thing ngdm bao hoa va cho vao néi nudc dam bao ngap mau khoang 5 cm va dun soi
dun soi it nhat trong 5 h. P& ngudi ndi nuéc va mau do mat nhiét tu nhién khong dudi
14 h dén nhiét d6 cudi cung tir 20-25°C. Loai bo d6 am bé mat bang khan 4m va can xac
dinh khéi lwong ciia mau bao hoa trong nude séi chinh xac dén 0,01 g (ky hiéu 1a B).
Can xac dinh khdi luong trong nuéc ciia mau thi bao hoa trong nudce soi chinh xac dén

0,01g (ky hiéu Ia C).

DR va DHN cua tirng mau bé tong xi ming duoc tinh theo cong thirc:

— _ 0 3.2a
PR=—.100(%) (3.2a)

PHN=——.100(%) (3.2b)
Do rong cua cac loai bé tong duoc thi nghiém & 7, 28, 56 va 90 ngay. Do rong cua
mdi loai bé tong & tirng thoi diém thi nghiém 1a gié tri trung binh caa 3 mau.
3.2.4. Cwong dp nén va kéo uon
Thi nghiém xac dinh cuong d6 kéo udn cua cac miu bé téng duoc thuc hién theo
ASTM C78 [31], so db thi nghiém uén mau nhu Hinh 3.3. Tién hanh do cac canh a va
b cua cac mAu dam, dua cac mau dam bé téng vao may uén theo dung so dd va ubn maiu

theo toc do quy dinh cho dén khi gy mau.
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1. Géi tya di dong;
2. Gbi tua cb dinh;
3. Khép ciu;
4. Dam phu.

_
| =]

TITITIT

I/3

Hinh 3.3 So' d6 thi nghiém cuong dé chiu kéo uon cdac mau dam bé tong
Cuong d6 kéo udn cua tirng mau bé tong dugc tinh theo cdng thuc:

Bl
"~ ab?’

Rku (Mpa) (33)

Trong do:
Pk - tai trong udn gdy mau (N);
| - khoang céch gitta hai géi tua, | = 300 mm;

a, b - chiéu rong va chiéu cao tiét dién ngang caa mau (mm);

Hinh 3.4 Thi nghiém xdc dinh cwong do kéo uén va nén cia cdc mau bé téng
Thi nghiém xac dinh cuong dd nén cua cdc mau dam giy duoc thuc hién theo tidu

chuan ASTM C39 [35]. Chon 2 bé mat phang ciia mau dwa 1én ban nén, phan mat phang
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ctia mau phia dudi dam bao khit voi tim dém bang thép kich thugc 100x100 mm day
10 mm dit trén ban may nén. Sau khi dwa miu va dung vi tri va tién hanh nén theo téc

d6 quy dinh cho dén khi pha huy mau.

Cuong do nén cua tirng mau bé tong duoc tinh theo cong thuc:
Pn
Ro= 2 (MPa) (3.4)

Trong d6:  Pn - luc nén pha hoai mau (N);
Fn - dién tich chiu luc nén cua vién mau (mm2).

Cuodng do kéo udn va nén cua céc loai bé tong dugc thi nghiém & 7, 28, 56 va 90
ngay. Cuong do kéo udn & tirng thoi diém thi nghiém cua cac loai bé tong 1a gié tri trung
binh cta 3 mau, trong khi cuong d6 nén la gia tri trung binh ciia 6 mau.

3.2.5. Vin téc xung siéu am

Thi nghiém van téc xung siéu &m (VTXSA) cua cac miu bé tong duogc thuc hién
theo ASTM C597 [36] trén cac mau tru 100x200 mm. Cac mau tru bé tong dugc mai
phing 2 d4dy dé dam bao dau do tiép xic tét véi bé mat mau. Khi dén thoi diém thi
nghiém, cac miu bé tong duoc vudt khoi bé bao dudng, dé rao bé mat va do VTXSA.
DUng chét bdi tron bdi vao 2 day ctia mau, sau d6 dung 2 dau do ap vao 2 day mau vira

bdi tron c¢b dinh dau do, cho sé doc trén man hinh 6n dinh va ghi lai sé doc.

VTXSA ctia tirng vién mau Vsa (m/s) dugc tinh theo cong thiec:
L
Vsa = T (m/S) (35)

Trong do:
L - chiéu dai thuc doc truc ctia mau try 100x200 mm;
t - thoi gian s6ng siéu am truyén qua mau (s);

VTXSA cua cac loai bé tong duoc thi nghiém ¢ 3, 7, 28, 56 va 90 ngay. Van téc
xung siéu am cua mdi loai bé tng ¢ tirng thoi diém thi nghiém 1a gia tri trung binh cua

3 mau.
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Hinh 3.5 Thi nghiém xdc dinh vdn toc xung siéu dm cia cic mau bé tong

3.2.6. D§ thim clorua va di¢n tré suit bé mat

Do tham clorua ciia cac mau bé tong dugc thi nghiém theo ASTM C1202 [37].
Céac mau thi nghiém duong kinh 100 mm, day 50 mm nhu thi nghiém d6 hap thu nuéc.
O mbi thoi diém thi nghiém, cac mau duoc vot ra khoi bé bao dudng va thuc hién céac
budéc can thiét theo qui dinh (quét son, hiit chan khong), thoi gian thi nghiém tham clorua
ctia mau bé téng 1a 6 h. Sau khi chuan bi mau xong, tién hanh lap miu thir vao khoang
chira mau dam bao khong ro ri nudc ra ngoai. P6 day hoa chat thir vao hai dau khoang
chira mau thir, mot dau khoang d6 dung dich NaOH 0,3 N va dau khoang kia d¢6 dung
dich NaCl 3%. Lap dit mach dién gom nguon dién, von ké, ampe ké vai khoang chua
mau. Pong mach dién va duy tri dién thé mot chiéu 60 V. Theo dbi va ghi lai cac thdng
s6 vé cuong d6 dong dién, nhiét d6 khoang chira dung dich NaCl trong 6 h.
Déi véi thiét bi do ty dong, toan bo qua trinh do, ghi va tinh toan tong dién lugng
truyén qua cac mau thi nghiém duoc tu dong hoa. DI véi thiét bi ban ty dong, dién
lugng truyén qua miu bé tong duoc tinh theo cong thirc:

95\°
Q= (Y) 900.(Ig+2130+2I50+.. 21500+ 21330 +1360) (3.6)

Trong do:
Q la tong dién lwong truyén qua mau tha trong thoi gian 6 h, tinh bang culdng;

lo, 130, 6o, ..., I330, l3s0 12 cudng d6 dong dién & thoi diém bét dau bat may do & 30,

60, ... 330, 360 phat, tinh biang ampe (A);
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x 1a duong kinh thyc té cua mau thir, tinh bang milimét (mm).

Do tham clorua cua céc loai bé tong duoc thi nghiém & 28, 56 va 90 ngay, gia tri do

tham clorua cua mdi loai bé tdng 1a gia tri trung binh cua 3 mau.

Murc d6 thim clorua cuia bé tong xi mang dugc danh gia theo Bang 3.1

Bang 3.1 Pdanh gid mirc dé tham clorua ciia bé téng [38]

Pié¢n lwgng truyén qua miu bé tong (culdng) Mirc d9 tham ion clorua
> 4000 Cao
tir 2000 dén 4000 Trung binh
tir 1000 dén 2000 Thap
Tir 100 dén 1000 Rét thap
<100 Khong dang ké

e ——

Hinh 3.6 Thi nghiém tham clorua va dién tré sudt ciia cdc mau bé tong

Thi nghiém dién tré suit bé mat duoc thuc hién trén cac mau tru 100x200 mm &
trang thai bio hoa nudc theo AASHTO T95 [38] & 7, 28, 56 v 90 ngay. Gid tri dién tro

suit bé mat cua mdi loai bé téng 1a gid tri trung binh caa 3 mau.
3.2.7. D¢ co ngot kho

Thi nghiém xac dinh co ngét khd (CNK) cua céc loai bé tong duoc tién hanh theo
ASTM C157 [39]. Cac mau try bé tong kich thudc 40x40x160 mm sau khi thao khudn,
tién hanh khoan 2 16 ¢ 2 dau caa mau dé gén 2 chét kim loai khdng gi (¢ vung 16m &
gitra chdt phi hop véi dau do cua ddng hd) va lién két chét voi dau mau biang vira xi
ming, sau d6 bao dudng ca4c miu bé tong trong nude dén 7 ngay. Sau khi bao dudng,
cac mau duoc Iy ra khoi bé, dung gié am loai bo nude dé rdo bé mat mau va tién hanh

do chiéu dai ban dau Lo (um) ciia mau bang canh ding thanh chuan dai 160 mm két hop
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thiét bi gan dong hd do vé6i do chinh xac 1 pm, sau d6 dé mau kho trong méi trudong diéu
hoa véi nhiét do 25+2°C va d6 am 60+5%. CNK ctia cac miu bé tong duoc do 61, 3, 7
ngay, tir 7-49 ngay ctr 1 tuan do 1 1an, tir 49-217 ngay c 4 tuan do 1 1an. Chiéu dai Lt

(um) cta cac mau bé tong & cac thoi diém t duge do twong tu nhu chiéu dai ban dau Lo.
CNK ctia mau bé tdng tai thoi diém t duoc tinh theo cong thic:

ex(t) = %.1000 (um/m) (3.7)

0

CNK cua céc loai bé tong duoc thi nghiém & cac thoi diém 1-217 ngay. CNK cuaa
mdi loai bé téng & tirng thoi diém thi nghiém 1a gié tri trung binh caa 3 mau.

‘; 95 BTBT

Hinh 3.7 Po CNK ciia cdc madu bé téng
3.3. Két qua thi nghiém xac dinh mdt s6 tinh chit ciia hdn hop bé tong twoi
3.3.1. Tinh cdng tac

Thir d6 sut cia cac hdn hop bé tong dugc Kiém tra trong qué trinh duc cac mau bé
téng va thuc hién theo ASTM C143. Do sut ctua cac hdn hop bé tong dugc khdng ché
trong khoang 8-10 cm va duoc xac dinh trong qué trinh thiét ké thanh vat liéu ¢ muc
2.2.3 trong Chuong 2.

Vi hdn hop bé tong déi chitng 0COX, chi can st dung SD = 4,0 kg/m?3 dé dat d6 sut 8-
10 cm; d6i vai cac hdn hop bé tong 25C0X, 50C0X, 15C10X va 30C20X cin lwong SD
lan luot twong tng 14 5,8, 10,7, 5,1 va 9,3 kg/m3 dé dat d6 sut 8-10 cm. Khi st dung
BTBT lam giam d6 sut dang ké, lugng BTBT cang nhiéu thi luong SD cang nhiéu, diéu

nay la do c4c hat BTBT min, ti dién bé mat thAm w6t 16n nén can luong SD nhiéu hon
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dé 1am u6t khi nhao tron, dong thoi cac hat BTBT xbp, c6 do rong 16n, do hut nude cao
nén ting nhu cau nudc. Két qua nghién ciru c6 xu huéng twong ty nhu cac nghién ciu

[40, 41].
3.3.2. Khéi lwong thé tich

Két qua xac dinh khéi luong thé tich (KLTT) caa cac hdn hop bé tong dugc thé hién

chi tiét trong Phu luc | va trén Hinh 3.8.

C6 thé thay rang, KLTT cua tat ca cac hon hop bé tong sir dung BTBT déu nhé hon
s0 vé&i hdn hop bé tong doi chirng 0C0X, ham luong BTBT cang nhiéu thi KLTT cang
giam. KLTT caa cac hdn hop bé tdng 25C0X, 50C0X, 15C10X va 30C20X giam lan
lwot twong tng 57 kg/m? (2,27%), 101 kg/m? (4,03%), 66 (2,63%) va 114 kg/m? (4,54%)
so voi hon hop bé tong 0COX. KLTT cua hdn hop bé tong twoi chira BTBT giam la do

chdng c6 khéi luong riéng nho hon so véi CS va XM.

% 2470 § 2450 2441

E’ 2420 - \ \\ 2100 \‘ 2303

< 2370 | \ \ \\ § §
2320 - \ \ \ \ \

0COX  25C0X 50C0X 15C10X 30C20X
Loai bé tong

Hinh 3.8 Khoi luwong thé tich ciia cdc hon hop bé téng
3.4. Két qua thi nghiém xac dinh mdt so tinh chit co, 1y ciia cac loai bé tong xi ming
3.4.1. D¢ rong va dp hit nuwéc

Két qua thi nghiém xac dinh d6 réng (PR) va do hat nuéc (PHN) cua cac loai bé
téng ¢ 7, 28, 56 va 90 ngay duoc thé hién chi tiét trong Phy luc 11. DR va do HTN cua cac
BTXM duogc thé hién trén Hinh 3.9 va Hinh 3.10.
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Hinh 3.9 D¢ réng ciia cdc bé téng
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Hinh 3.10 B¢ huit nudc cua cac bé tong

Bé tong PC 0COX c6 PR bé nhét, cac bé tong chia BTBT c¢6 DR ting dan va ti Ié
thuan véi ham lugng BTBT su dung. PR cua céc bé tong khi su dung 25%BTBT thay
thé 25%CS va thay thé 15%CS + 10%XM la gan twong ty nhau; cac bé tdng khi sir dung
50%BTBT thay thé 50%CS va thay thé 30%CS + 20%XM ciing twong tu. DR cua bé
tong 25C0X va 15C10X tang khoang (26,0-26,4)% va (28,8-30,0)%, trong khi PR cua
bé tdng 50C0X va 30C20X tang khoang (54,3-57,1)% va (53,9-56,6)% so vai bé tong
0COX. Viéc str dung BTBT lam ting PR cua cdc BTXM la do tinh xép va do hat nuéc
cao cuia nd, dong thoi ti 1é N/X cao hon ciia cac bé tong chira BTBT ciing 14 yéu té lam

gia tang DR.
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PHN cua cac bé tong ciing thé hién xu hudng twong ty nhu PR, tirc 14 cic bé tong

chira BTBT c6 DHN cao hon so véi bé tong DC va DHN ting dan va ti 1é thuan véi ham

luong BTBT su dung. PHN cua cac bé tong 25C0X, 50C0X, 15C10X va 30C20X tang

~

khoang (30,6-31,3)%, (67,4-70,9)%, (33,9-35,8)% va (63,7-68,4)% so v&i mau doi

chirng 0COX.

kéo uon

3.4.2. Cwong dj nén va

nén (Rn) va cudng do kéo udn (Ru) cua cac BTXM dugc duogc thé hién

0

Cuong d
trén Hinh 3.11, chi ti

ét trong Phu luc 111

B815C10X ®@30C20X

25C0X B50C0X

E0COX

DT e e e g iR R e

A A AL
L

12

a)

oo} © < N o

- (edIN) ugn 9p uon)

Thoi gian (ngay)

B0COX ®@25C0X B850C0X @15C10X ®m30C20X

(o]
Lo

28

(edIN) uQu Op SuEn)

Thoi gian (ngay)

Hinh 3.11 Rk va Rn cua cac loai BTXM
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Cac BTXM chta BTTB déu c6 cudng do thap hon so véi bé tong DC 0C0X, su suy
giam cuong do cua cac BTXM ti 1€ thuan véi ham luong BTBT sur dung. Tuong tu nhu
DR, Rn va Rk ctia c4c bé tdng 25C0OX va 15C10X (hoic 50C0X va 30C20X) la gan
tuong tu nhau, tuy nhién viéc thay thé ca CS va XM bang BTBT Iam giam thém cuong
d6, ham luong XM duoc thay thé cang nhiéu thi su suy giam cudng do cang 16n. Rk va
R, cua bé tdng 25C0X & 7, 28, 56 va 90 ngay giam lan luot 13 7,0% va 10,4%; 6,1% va
10,1%; 6,4% va 8,0%; 5,6% va 5,6%; Rk, va Rn cua bé tdng 50C0X ¢ 7, 28, 56 va 90
ngay giam lan luot 13,4% va 17,5%; 13,0% va 17,0%; 12,4% va 17,8%; 11,3% va
17,7%; Rk va Ry cua bé téng 15C10X ¢ 7, 28, 56 va 90 ngay giam lan luot 9,4% va
12,7%; 7,3% va 11,1%; 7,0% va 8,7%; 6,0% va 6,4%; Rk, va R, ctua bé tdng 30C20X &
7, 28, 56 va 90 ngay giam lan luot 18,1% va 19,6%:; 17,7% va 21,0%:; 16,3% va 20,7%;
14,1% va 20,7%.

Sy suy giam cudng do cua cac bé tong BTBT 1a do chung c6 PR 16n va nhu cau
nuéc (t 16 N/X) cao hon so voi bé tdng 0COX. Két qua nghién ctru c6 xu huéng tuong
d6ng véi cac nghién ctru trude day [3, 15, 17, 40, 41, 42].

Mbi twong quan giita Rn Vi Rk va PR caa cac BTXM dugc thé hién trén Hinh 3.12
va Hinh 3.13, cac quan hé nay cd dang tuyén tinh rat chat ché véi cac hé sé xac dinh R?
> 0,950, trong d6, quan hé Rs va Ry la ti 1€ thuan trong khi quan hé gitta R, va PR 1a ti
I¢ nghich véi nhau.

10

y =0,1061x + 0,9668
R2=0,9541

©

Cuong do udn (MPa)
\l

6 .
5 .
4 T T T
40 50 60 70 80

Cuong do nén (MPa)

Hinh 3.12 Quan hé giita Rn va R ctia cac loai BTXM
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85
0COX: 25COX: #0COX
80 | y=-13.411x +215.826 y=-12.225x +231.991  goscox
R2=0.988 R2 = 0.995
= 75 - A50C0X
W
S 70 - ®15C10X
5 X 30C20X
s 65 -
‘('8.
on 60 7
S 50C0X:
S O y=-6.845x +173.973
-~ R2=0.993
15C10X: 30C20X:
45 | y=-12.564x + 240.102 y = -6.994x + 174.118
R2=0.978 R2 = 0.968
40 1 1 1 T T
8 10 12 14 16 18 20
Do rong (%)

Hinh 3.13 Quan hé giita Rn va DR cua cdc loai BTXM
3.5. Thi nghiém xac dinh mét s6 tinh chit lién quan dén dd bén ciia cic bé tong xi
mang
3.5.1. Vin téc xung siéu am

Két qua thi nghiém xac dinh van téc xung siéu &m (VTXSA) Vs, ctia cac loai bé tong
& 7, 28, 56 va 90 ngay duoc thé hién chi tiét trong Phu luc IV. Két qua VTXSA trung

binh cua cac loai bé tong dugc thé hién trén Hinh 3.14.

5100

4900

4700

Vsa (m/s)

4500

4100 T . . .
0 20 40 60 80 100
Thai gian (ngay)

Hinh 3.14 Vin toc xung siéu dm cia cdc bé tong
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Hinh 3.14 cho thdy VTXSA cua céc bé tong déu ting dan theo thoi gian, trong d6 bé
tong DC 0COX thé hién Vs, cao nhat & moi thoi diém, cac bé tong chira BTBT thé hién
Ve thap hon, ham lwgng BTBT cang cao thi Vs cang thip. VTXSA cua céac bé tong
25C0X va 15C10X (hodc 50C0X va 30C20X) la x4p xi nhau.

VTXSA cua cua cac bé tdng 25C0X , 50C0X, 15C10X va 30C20X giam lan luot
tuong tng khoang (3,9-4,6)%, (7,8-8,9)%, (4,3-4,8)% va (8,8-19,6)% S0 V&i bé tong doi
ching 0COX. VTXSA cua cac bé tong BTBT thap 1a do chiing cudong do thap va PR
I6n nhu da phan tich ¢ trén. Cac bé tong 25C0X va 15C10X cé VTXSA ¢ 7-90 ngay
bang (4601-4777) m/s > 4575 m/s nén duoc xem la bé tdng c6 chat lugng rat tét [38],
cac bé tong 15C10X va 30C20X c6 VTXSA & 7-90 ngay bang (4405-4557) m/s nam
trong khoang (3660-4575) m/s nén dugc xem la bé téng c6 chat lugng tét [43].
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25C0X: 25C0X:
5000 |y =12.571x + 4062.6y = 9.1042x + 4142.8
R2=0.9863 R?=0.9975
4900 50COX:
y =10.916x + 3891.2
7 4800 R? = 0.9357
E 15C10X:
= 4700 1~ 11.001x + 4018.4
> 4600 R2 = 0.9809 4 0CO0X
113(???70)( 3863 © 256X
=11.037x +
00 e 0.9808 W50CoX
4400 A 15C10X
X 30C20X
4300
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Hinh 3.15 Quan hé giira VTXSA va cuong do nén cia cdac bé tong
M&bi trong quan gitta VTXSA va cuong do nén cua cac bé tong duoc thé hién trén
Hinh 3.15, cac quan hé nay c6 dang tuyén tinh va ti I thuan kha chit ché véi cac hé sb
xac dinh R2>0,93.
3.5.2. Dign tré sudt bé mat va d thim clorua
Két qua thi nghiém xac dinh dién tro suat bé mat (BTSBM) va do tham clorua cua
cac bé tong duoc thé hién chi tiét trong Phu luc V, VI. Két qua dién tré suat va do tham

clorua trung binh cua cac bé tong duoc thé hién trén Hinh 3.16 va Hinh 3.17.
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Hinh 3.16 Dién tré sudt bé mdt ciia cdc bé téng

11500

10000

(o)
()
o
o

7000

5500

4000

2500

100

@0COX ®@25C0X ®|50C0X m\15C10X @30C20X

o
)
i S &
=] -
[o6] .:: o
. " O
1 2] © feed g R 3
5% " — =}
= (&S " r
S [ ] L
[92] I*O‘i I3 >
7 © [ © ° 3
A5 2 BT ek &
[
~ P S St SRR T
1 = ] + [N %!
< 1 b < F
/ 505 s
< ] o 4+ elind
/’0‘& © Z ] o B Hl-
"ﬂ/?&‘i = 4 3 V&*

i \/’0‘& ™ b & /.&0
/?‘f‘ 2 2 /’0‘0
/?‘f‘ 2 2 /’0‘0
/’0‘& =3 " Hl-

= - e
T
28 56 90
Thoi gian (ngay)

Hinh 3.17 D thiam clorua ciia cdc bé tong

PTSBM cua cac bé tong ting dan theo thoi gian bao dudng va c6 xu hudng tuong
tu nhw VTXSA, bé tong DC 0C0X thé hién PTSBM cao nhat & moi thoi diém, cac bé
tong chira BTBT thé hién DPTSBM thap hon va ham lugng BTBT cang cao thi PTSBM
cang thiap. PTSBM cua cua cac bé tong 25C0X, 50C0X, 15C10X va 30C20X giam lan
luot twong ung khoang (8,9-12,5)%, (39,0-41,4)%, (21,8-25,2)% va (45,7-49,9)% so vai
bé tong ddi ching 0COX. T chi s6 PTSBM c¢6 thé du bao duge do tham clorua cua cac
bé tdng, theo AASHTO T95 [14], PTSBM cua bé tdng 0COX & 90 ngay I6n hon 12

kQ.cm nén thuoc muc thim clorua trung binh, cac bé tdng con lai déu c6 do tham clorua

O muc cao.
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Nguoc lai véi PTSBM, do tham clorua cua bé tong DC 0C0X ludn thap nhat, do
thim clorua cua c4c bé tong chira BTBT déu ting 1én so voi bé tong 0COX va ting ti 16
thuan véi ham luong BTBT thay thé CS va XM. Do thim clorua cua bé tdng 25C0X
tang khoang (38-41)%, cuia bé tdng 15C10X ting khoang (65-71)%, ctia bé tdng 50COX
tang khoang (89-98)%, cua bé tong 30C20X tang khoang (107-113)% so véi bé tong
0COX. Sy suy giam DTSBM va gia ting d6 tham clorua cua cac bé tong BTBT la do
chung c6 DR 16n, thac day sy thAdm nhap caa cac ion clo. Theo ASTM C1202, d6 tham
clorua ¢ 56 ngay cua bé tdng 0COX bang 3761 (Culong) nén thudc muc trung binh, cua
cac bé tong BTBT tir 5209-7860 Culong nén thuoc muc cao.
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Hinh 3.18 Quan hé giita do tham clorua va PR (a), dé tham clorua va PTSBM (b) ciia
cac loai BTXM
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Quan hé gitra do tham clorua véi DR va DPTRSBM ciia cac BTXM dugc thé hién
trén Hinh 3.18. Quan hé giira 6 tham clorua véi DR c6 dang tuyén tinh ti 1& thuan tuong
dbi chat ché véi hé sé xac dinh R2 = 0,815, trong khi quan hé gitta do thim clorua véi
DTRSBM c6 dang ham logarit cd hé sé goc &m rat chit ché véi hé sé xac dinh R? =
0,922, méi quan hé nay cho thay do tham clorua va PTRSBM ti 1é nghich véi nhau, tic
12 d6 thim clorua ting thi DPTRSBM giam va nguoc lai.

3.5.3. Co ngot kho

Co ngét khd (CNK) cua céac bé tong theo thoi gian dugc ghi chi tiét trong Phu luc
VII, gia tri CNK trung binh cua cac bé téng dugc thé hién trén Hinh 3.19.
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Hinh 3.19 Co ngot kho cuia cdc bé tong theo thoi gian

CNK cua cac bé tong chira BTBT déu cao hon so vdi bé tong BDC 0C0X, khi luong
BTBT thay thé C hoic XM cang nhiéu thi CNK cang 16n, dic biét sau 7 ngay CNK ting
Ién rat manh. CNK cua cac bé tong 25C0X va 15C10X (hoic 50C0X va 30C20X) la gan
tuong tu nhau.

Chang han & 3 ngay, CNK cua cac bé tdng 25C0X, 50C0X, 15C10X va 30C20X
tang lan luot 12 15,2%, 45,3%, 11,6% va 40,6%; & 7 ngay, CNK cua cac bé tong 25C0X,
50C0X, 15C10X va 30C20X ting lan luot 1a 15,2%, 68,1%, 11,3% va 59,7%; & 105
ngay, CNK ctia cac bé tong 25C0X, 50C0X, 15C10X va 30C20X tang lan luot 12 14,8%,
64,1%, 8,5% va 59,4%; ¢ 217 ngay, CNK cua cac bé tbng 25C0X, 50C0X, 15C10X va
30C20X ting lan luot 1a 13,5%, 56,7%, 9,5% va 53,3%. R& rang viéc st dung BTBT
thay C hoic XM & miic 50% co tac dong tieu cuc dang ké dén CNK cua bé tong, tuy
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nhién khi sir dung & muc 25% thi CNK chi ting khoang 10%. D¢ rdng 16n cua cac bé
tong BTBT lam ting su bay hoi 4m tir bé tong ra moi trudng xung quanh ciing nhu kha
nang bién dang cao do cuong do thap 1a 2 nguyén nhan chinh gay ra CNK I4n.
3.6. Pé xuit pham vi sir dung cac loai bé tong sir dung BTBT thay thé mdt phin
cat song va xi mang trong xay dung cong trinh
TCCS 40:2022 [44] qui dinh BTXM dung dé xay dyng mat dudng 6 td phai thoa

man cé&c yéu cau néu trong Bang 3.2.

Bdng 3.2 Cdc yéu cau ciia BTXM dimg trong xdy dwng mdt dwong 6 t6

Cép duong Riu2s H¢ 5\6 Rkuzs trgng phong thi
(MPa) | an toan nghiém (MPa)

Mait duong 6 t6 cao tdc, cép I, cép II. > 5,00 1,20 > 6,00

Mit dudng 6 to cap I tré xudng. > 4,50 1,15 >5,18
Rk qui d6i vé mau chuan 150x150x600 mm theo TCVN 8819:2022

Ki hieu BTXM | Mau 100x100x400 Hé s k Mau 150%150%600

0COX 8,04 0,92 7,40
25C0X 7,55 0,92 6,94
50C0X 6,99 0,92 6,43
15C10X 7,46 0,92 6,86
30C20X 6,61 0,92 6,08

Déi chiéu véi yéu cau cia BTXM dung cho mit duong 6 t6 cho thay tat ca cac loai
bé tdng chita BTBT déu c6 Ry > 6,0 (MPa), thoa man yéu cau dung dé xay dung mat
duong 6 t6 cap cao. Vi vay, hoan toan ¢ thé tng dung céc bé tong chira (25-50)% BTBT
thay thé CS hoic thay thé CS va XM dé xay dung mat duong 6 t6. Ngoai ra, c6 thé tng
dung céc loai bé tong nay dé xay dung nhitng hang muc cong trinh xay dung & nhing
diéu kién binh thudng Khéc.

3.7. Két luan chwong 3

Chuong 3 di tién hanh thi nghiém, danh gia anh huong caa BTBT khi thay thé (25-
50)% CS hoic thay thé (15-30)% CS va (10-20)% XM dén cac tinh chét cua bé tong
tuoi, tinh chat co hoc va cac chi tiéu do bén cua bé tong cirng. Cac két luan duoc rit ra

tu Chuong 3 nhu sau:
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1. St dung BTBT thay thé CS hoic thay thé CS va XM 1am giam tinh c6ng tac va
KLTT cuaa hon hop bé tong tuoi. Lugng siéu déo diing cho cac hon hop 0C0X, 25C0X,
50C0X, 15C10X va 30C20X lan luot twong ung la 4,0, 5,8, 10,7, 5,1 va 9,3 kg/m? dé
dat @6 sut 8-10 cm. KLTT cua cac hon hop 25C0X, 50C0X, 15C10X va 30C20X giam
lan luot twong @ng 57 kg/m? (2,27%), 101 kg/m?® (4,03%), 66 (2,63%) va 114 kg/m3
(4,54%) so véi hon hop bé tdng 0COX.

2. BTBT lam ting do rdng va DHN cua cac bé tong, ham luong BTBT thay thé CS
va XM cang 16n thi ¢ rong va DPHN cuia cac bé tong cang cao. PR cua bé tdng 25C0X,
50C0X, 15C10X va 30C20X ting khoang (26,0-26,4)%, (54,3-57,1)%, (28,8-30,0)% va
(53,9-56,6)% so vai bé tong 0COX. DHN cua cac bé tong 25C0X, 50C0X, 15C10X va
30C20X ting khoang (30,6-31,3)%, (67,4-70,9)%, (33,9-35,8)% va (63,7-68,4)% S0 Vi
mau ddi ching 0COX.

3. BTBT lam giam cuong d6 nén va kéo udn cua cac bé tong, ham lwong BTBT thay
thé CS va XM cang 16n cuong do nén va cudong do kéo udn cua bé tdng giam cang 1on.
Rk VA Rn ctia céc bé tong 25C0X, 50C0X, 15C10X, 30C20X & 7 ngay giam lan luot 12
7,0% va 10,4%, 13,4% va 17,5%, 9,4% va 12,7%, 918,1% va 19,6%; & 28 ngay giam
lan luot 12 6,1% va 10,1%, 13,0% va 17,0%, 7,3% va 11,1%, 17,7% va 21,0%.

4. BTBT lam giam VTXSA cua cac bé tong, su suy giam VTXSA ti I¢ thuan vaéi
ham lugng BTBT sir dung. VTXSA cua cta cdc bé tobng 25C0X, 50C0X, 15C10X va
30C20X giam lan luot twong tng khoang (3,9-4,6)%, (7,8-8,9)%, (4,3-4,8)% va (8,8-
19,6)% so v&i bé tong ddi ching 0COX.

5. BTBT lam ting va giam dang ké do thim clorua va PTSBM cuia bé tong, dac biét
khi ham lugng BTBT 1én dén 50%. DTSBM cua cua cac bé téng 25C0X, 50C0X, 15C10X
va 30C20X giam lan lugt tuong tng khoang (8,9-12,5)%, (39,0-41,4)%, (21,8-25,2)%
va (45,7-49,9)%, trong khi d6 tham clorua caa bé tong 25C0X, 50C0X, 15C10X va
30C20X tang khoang (38-41)%, (89-98)%, (65-71)% va (107-113)% so vai bé tong
0COX.

6. CNK cua cac bé tdng chira BTBT déu cao hon so véi bé tong PC 0C0X, dic biét
khi luong BTBT thay thé C hodc XM 1én dén 50%. O 7 ngdy, CNK cua cac bé tong
25C0X, 50C0X, 15C10X va 30C20X ting lan luot la 15,2%, 68,1%, 11,3% va 59,7%;
& 28 ngdy, CNK cua cac bé tong 25C0X, 50C0X, 15C10X va 30C20X ting lan luot Ia
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21,7%, 82,6%, 15,3% va 76,2%; ¢ 217 ngay, CNK cua cac bé tdng 25C0X, 50C0X,
15C10X va 30C20X ting lan luot 12 13,5%, 56,7%, 9,5% va 53,3%.

7. C4c bé tong chira BTBT ¢6 cuong do kéo ubn & 28 ngay déu trén 6,0 MPa nén c6
thé (ng dung dé xay dung mit duong 6 to.
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KET LUAN VA KIEN NGHI
KET LUAN

Nghién ctru nay da khao sat anh huong cua BTBT khi thay thé (25-50)% CS hoic
thay thé (15-30)% CS két hop vai (10-20)% XM dén tinh cong tac, KLTT cua bé tong
tuoi, cuong d6 nén, cudng do kéo ubn, do rong, do hat nude, dién tro suat bé mat, do
thAm clorua va CNK cua cac bé téng cirng, mot s6 két luan duoc rdt ra tir nghién cau

nay nhu sau:

- BTBT c¢6 d6 rdng 16n va tinh hiit nude cao nén can lugng nudc tron va luong siéu
déo nhiéu hon dé dam bao tinh cong tac cho bé tong twoi, dong thoi né ciing 1am giam
KLTT cua bé tong tuoi, ham lugng BTBT thay thé CS hoic thay thé CS + XM cang
nhiéu thi KLTT cang giam.

- BTBT lam tang d¢ r6ng va do hat nudc cua cac bé tong, ham lugng BTBT trong

bé tong cang nhiéu dan dén do6 rong va do hat nude cang lon.

- Rn va Ry ctia cac bé tobng chira BTBT giam (6-13)% va (11-21)% khi st dung
BTBT thay thé lan lugt 25%CS (hoic 15%CS+10%XM) va 50%CS (hoic
30%CS+20%XM). Tuy nhién, R, va Ryu ctia cac bé tdng BTBT van dap ung yéu cau dé

xay dung mat duong 6 td va mot s6 bo phan trong cong trinh cau duong bo.

- BTBT lam ting va giam dang ké do tham clorua va PTSBM ciia bé tong. Do thAm
clorua cua céac bé tong 25C0X, 50C0X, 15C10X va 30C20X tang khoang (38-41)%, (89-
98)%, (65-71)% va (107-113)% so Vi bé tong d6i chizng 0COX.

KIEN NGHI

Céc bé tong chira (25-50)% BTBT c6 cuong do kéo udn ¢ 28 ngay déu trén 6,0 MPa
nén c6 thé tng dung dé xay dung mat duong 6 td. Ngoai ra, ¢d thé ung dung loai bé téng
nay dé xay dung cac hang muc cong trinh khac trong diéu kién binh thuong. Tuy nhién,
vi do tham ion clo & muc cao nén can han ché st dung cac bé tong BTBT cho nhiing

cong trinh bé tdng cbt thép ¢ nhitng viing chiu xam thuc manh nhue méi trudng bién.

Can nghién ciru thém cac ham lugng cia BTBT nho hon khi thay thé CS hoic thay
thé dong thoi CS + XM dén céc tinh chit cua bé tong. Ngoai ra, can cai thién cac tinh
chat thim lién quan dén d6 bén cua céc bé téng BTBT bang cach bd sung thém céc phu
gia khoang.
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Két qua thi nghiém xac dinh khdi lwong thé tich ciia cac bé tong tuwoi

PHU LUC

PHU LUC 1

Loai bé tong| Miu Khéi lwong | Khéi luong khuoénva | Thétich | KLTT | KLTTw
' khuon (kg) | bé tong tuoi (kg) | khuon (m3) | (kg/m®) | (kg/m®)
1 10,58 19,02 0,0034 2500,7
0COX 2 10,7 19,16 0,0034 2506,7 | 2507,3
3 11,27 19,7 0,0034 2514,5
1 10,58 18,9 0,0034 2448,9
25C0X 2 10,7 18,94 0,0034 24415 | 24499
3 11,27 19,46 0,0033 2459,3
1 10,58 18,8 0,0034 24194
50C0X 2 10,7 18,8 0,0034 2400 | 2405,9
3 11,27 19,31 0,0034 2398,2
1 10,58 18,88 0,0034 2443
15C10X | 2 10,7 18,91 0,0034 24326 | 24415
3 11,27 19,48 0,0034 2448,9
1 10,58 18,7 0,0034 2390
30C20X | 2 10,7 18,81 0,0034 2403 | 23931
3 11,27 19,27 0,0034 2386,3
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Két qua thi nghiém dd rdng va dd hap thu nwéc caa cac bé tong

PHU LUC II

" A (khosay BPA0hoa | Clean o e
Bé tong | Mau . x trong nwéc | trong It (%0)
khi séy) > . r (%)
s0i) nwérc)
ngay
M1 959.76 1005.78 599.80 11.34 4.79
0COX M2 949.29 993.82 594.50 1115 | 1146 | 469 | 4.84
M3 | 1004.07 1054.54 630.38 11.90 5.03
M1 948.15 1005.34 593.00 13.87 6.03
25CO0X | M2 963.57 1026.45 603.00 1485 | 1445 | 6.53 6.32
M3 | 1057.50 1125.35 661.43 14.63 6.42
M1 878.01 953.84 544.65 18.53 8.64
50COX | M2 940.66 1016.64 588.40 17.74 | 18.01 | 8.08 8.27
M3 991.06 1071.22 619.90 17.76 8.09
M1 | 1020.80 1084.70 636.60 14.26 6.26
15C10X| M2 980.26 1044.93 612.11 1494 | 1476 | 6.60 6.51
M3 995.53 1061.88 621.69 15.07 6.66
M1 917.00 991.61 573.38 17.84 8.14
30C20X| M2 915.60 987.52 574.50 1741 | 1788 | 7.85 8.11
M3 969.50 1050.40 610.58 18.39 8.34
28 ngay
M1 | 931.00 975.85 580.88 11.36 4.82
0COX | M2 | 993.05 1037.96 618.62 10.71 | 11.09 | 452 | 4.70
M3 | 1004.07 1051.80 626.10 11.21 4.75
M1 | 932.03 990.40 583.17 14.33 6.26
25C0X | M2 | 978.48 1039.80 609.12 1424 | 14.02 | 6.27 6.15
M3 | 981.50 1039.50 609.92 13.50 5.91
M1 | 855.62 925.05 526.95 17.44 8.11
50C0X | M2 | 965.00 1040.90 599.85 1721 | 17.11 | 7.87 7.86
M3 | 923.05 993.30 572.14 16.68 7.61
M1 | 897.95 952.70 566.13 14.16 6.10
15C10X | M2 | 1012.51 1077.77 625.85 1444 | 1442 | 6.45 6.38
M3 | 941.48 1003.64 579.78 14.67 6.60
M1l | 861.39 928.05 536.24 17.01 1.74
30C20X | M2 | 973.80 1046.78 611.32 16.76 | 17.07 | 7.49 7.69
M3 | 950.60 1025.14 597.89 17.45 7.84
56 ngay
M1 | 1050.85 1098.75 654.45 10.78 4.56
0COX | M2 | 1039.43 1084.51 649.60 1037 | 10.73 | 4.34 | 451
M3 | 986.48 1032.29 617.44 11.04 4.64
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" A (khosay BPA0hoa | Clean o e
Bé tong | Mau .z trong nwéc | trong It (%0)
khi siy) > . r (%)
s0i) nwérc)

M1 | 1009.72 1068.96 630.00 13.50 5.87
25C0X | M2 | 1042.78 1105.83 648.89 13.80 | 1351 | 6.05 | 5.89

M3 | 969.85 1025.80 602.71 13.22 5.77

M1 | 932.75 1004.80 579.00 16.92 7.72
50C0X | M2 | 902.44 971.88 564.46 17.04 | 1680 | 7.69 | 7.60

M3 | 902.08 968.70 563.42 16.44 7.39

M1 | 901.70 957.19 559.00 13.94 6.15
15C10X | M2 | 1002.88 1061.39 626.70 13.46 | 13.84 | 583 | 6.05

M3 | 920.46 977.04 576.24 14.12 6.15

M1 | 988.62 1061.33 618.51 16.42 7.35
30C20X | M2 | 950.20 1024.80 589.99 17.16 | 16.75| 7.85 | 7.60

M3 | 992.16 1067.51 615.37 16.67 7.59

90 ngay

M1 | 1000.92 1045.69 626.90 10.69 4.47
0COX | M2 | 973.16 1015.00 608.80 10.30 | 10.53 | 4.30 | 4.40

M3 | 924.88 965.87 578.97 10.59 4.43

M1 | 937.85 993.18 584.60 13.54 5.90
25C0X | M2 | 908.85 960.20 565.00 1299 | 13.27 | 565 | 5.78

M3 | 975.58 1032.05 606.89 13.28 5.79

M1 | 877.24 944.00 547.36 16.83 7.61
50C0X | M2 | 915.10 983.10 573.70 16.61 | 1652 | 7.43 | 7.41

M3 | 927.42 994.05 580.45 16.11 7.18

M1 | 951.80 1008.60 591.10 13.60 5.97
15C10X | M2 | 982.47 1038.25 615.60 13.20 | 1358 | 5.68 | 5.89

M3 | 904.04 958.55 567.39 13.94 6.03

M1 | 860.77 924.20 538.80 16.46 7.37
30C20X | M2 | 875.42 940.53 553.21 16.81 | 1649 | 7.44 | 7.32

M3 | 987.90 1058.50 622.45 16.19 7.15
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PHU LUC III
Két qua thi nghiém cwong dd nén Rn va kéo udn Ry, ciia cac bé tong
1. Cwong dd kéo udn
Loai bé tong Miu Luc (kN) | Rku (MPa) Rkutb (MPa)
Cwong do nén mau dam 100x100x400 mm
7 ngay
M1 24.5 7.21
0COX M2 25.9 7.47 7.25
M3 24.1 7.09
M1 24.1 6.95
25C0X M2 23.3 6.78 6.74
M3 22.1 6.50
M1 21.6 6.23
50C0X M2 22.5 6.55 6.28
M3 20.6 6.06
M1 23.4 6.81
15C10X M2 22.8 6.57 6.57
M3 21.5 6.32
M1 20.4 6.00
15C10X M2 19.3 5.68 5.94
M3 20.9 6.15
28 ngay
M1 27.5 7.93
0COX M2 28.7 8.28 8.04
M3 26.9 7.91
M1 25 7.28
25C0X M2 27.5 7.77 7.55
M3 25.8 7.59
M1 25 7.14
50C0X M2 25.5 7.00 6.99
M3 24.2 6.84
M1 26 7.50
15C10X M2 27 7.63 7.46
M3 25.1 7.24
M1 22 6.47
15C10X M2 23.6 6.80 6.61
M3 23 6.57
56 ngay
M1 30 8.74
0CoX M2 29 8.36 8.52
M3 29.1 8.47
M1 26 7.65
25C0X M2 27 - o4 7.98
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Loai bé tong Méu Luc (kN) ] Rku (MPa) Rkuto (MPa)
Cuong do nén mau dam 100x100x400 mm
M3 28.4 8.35
M1 25.50 7.21
50C0X M2 26.00 7.42 7.50
M3 27.00 7.86
M1 25.3 7.51
15C10X M2 27.7 8.15 7.92
M3 27.3 8.11
M1 23.5 6.91
15C10X M2 24.5 7.21 7.14
M3 24.8 7.29
90 ngay
M1 32.5 9.10
0CoX M2 30.5 8.79 8.81
M3 29.9 8.54
M1 29.3 8.62
25C0X M2 28.2 8.21 8.32
M3 27.6 8.12
M1 28.00 7.76
50C0X M2 29.00 8.04 7.81
M3 26.50 7.64
M1 29.4 8.31
15C10X M2 30 8.48 8.28
M3 28.2 8.05
M1 25 7.35
15C10X M2 27.5 1.77 7.57
M3 26 7.57
2. Cwong d nén
Loai bé tong Mau Lyc (kN) Rn (MPa) Rntb (MPa)
Cwong do nén mau 1ap phwong 100x100x100 mm
7 ngay
M1 620 62
M2 610 61
M3 605 60,5
0COX M4 590 E9 61.58
M5 630 63
M6 640 64
M1 570 57
M2 560 56
25C0X M3 550 o5 55.17
M4 520 52
M5 575 57,5
M6 535 53,5
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Loai bé tong Miu Luc (kl:l) Rn (MPa) Rntb (MPa)
Cuwong do nén mau 1ap phuwong 100x100x100 mm
M1 495 49,5
M2 475 47,5
50C0X M3 240 >4 50.83
M4 530 53
M5 500 50
M6 510 51
M1 570 57
M2 520 52
15C10X M3 250 25 53.75
M4 540 54
M5 535 53,5
M6 510 51
M1 500 50
M2 520 52
15C10X M3 490 49 49.50
M4 520 52
M5 480 48
M6 460 46
28 ngay
M1 680 68.0
M2 670 67.0
M3 700 70.0
0COX M4 705 70.5 67.86
M5 680 67.3
M6 650 64.4
M1 590 58.4
M2 630 62.4
25C0X M3 625 619 61.02
M4 580 57.4
M5 640 64.0
M6 620 62.0
M1 575 56.9
M2 560 55.4
50C0X M3 5°0 55.0 56.31
M4 570 57.0
M5 595 59.5
M6 540 54.0
M1 600 60.0
M2 630 63.0
15C10X M3 600 60.0 60.33
M4 620 62.0
M5 590 59.0
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Loai bé tong Miu Luc (kl:l) Rn (MPa) Rntb (MPa)
Cuwong do nén mau 1ap phuwong 100x100x100 mm
M6 580 58.0
M1 520 52.0
M2 510 51.0
M3 525 52.5
15C10X Ma £50 E5 0 53.58
M5 545 54.5
M6 565 56.5
56 ngay
M1 710 71.0
M2 720 72.0
M3 750 75.0
0COX M4 720 72.0 7210
M5 700 69.3
M6 740 73.3
M1 650 65
M2 630 63
25C0X M3 680 68 66.33
M4 670 67
M5 660 66
M6 690 69
M1 580 58
M2 560 56
M3 575 57.5
50C0X A 620 o 59.25
M5 630 63
M6 590 59
M1 635 63.5
M2 660 66
M3 680 68
15C10X M - -~ 65.83
M5 650 65
M6 640 64
M1 550 55
M2 560 56
15C10X M3 S75 o715 57.17
M4 580 58
M5 555 55.5
M6 610 61
90 ngay
M1 780 78.0
0COX M2 760 76.0 74.17
M3 725 72.5
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Loai bé tong Miu Luc (kl:l) Rn (MPa) Rntb (MPa)
Cuwong do nén mau 1ap phuwong 100x100x100 mm

M4 730 73.0
M5 750 74.3
M6 720 71.3
M1 740 74
M2 680 68

25C0X M3 700 70 70.00
M4 690 69
M5 680 68
M6 710 71
M1 620 62
M2 610 61
M3 580 58

50C0X M 500 50 61.00
M5 640 64
M6 610 61
M1 715 715
M2 690 69
M3 700 70

15C10X M 10 - 69.42
M5 650 65
M6 700 70
M1 600 60
M2 590 59
M3 600 60

15C10X M2 560 55 59.33
M5 630 63
M6 580 58
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PHU LUC IV

Két qua thi nghiém van téc xung siéu &m Vsa (M/s) ciia cac bé téng

. x 7 nga 28 nga 56 nga 90 ngay
B tong | Miu | — e R Vi | Vo
M1 | 4808 4902 4938 4950
0COX | M2 | 4831 | 4831 | 4963 | 4926 | 5013 | 49712 | 5025 |4987.7
M3 | 4854 4914 4963 4988
M1 | 4662 4695 4773 4796
25C0X | M2 | 4640 | 4644 | 4717 | 4699 | 4751 | 47507 | 4773 |47771
M3 | 4630 4684 4728 4762
M1 | 4435 4484 4525 4545
50COX | M2 | 4474 | 4454 | 4505 | 4488 | 4577 | 45387 | 4508 |4566,3
M3 | 4454 4474 4515 4556
M1 | 4619 4662 4751 4751
15C10X | M2 | 4587 | 4601 | 4717 | 4695 | 4762 | 47469 | 4796 |47733
M3 | 4598 4706 4728 4773
M1 | 4425 4484 4515 4535
30C20X | M2 | 4405 | 4405 | 4454 | 4461 | 4484 | 44944 | 4515 |45147
M3 | 4386 4244 4284 4494
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PHU LUC V
Két qua thi nghiém dién tré suat bé mit Rpm (kQ.cm) ciia cac bé tong
7 ngay 28 ngay 56 ngay 90 ngay
Bé tong |MAu| Romi | Romiw Rbmi Rbmtb Romi | Rbmtb Rbmi Rbmtb
(kQ.cm)
M1 | 7,38 8,43 10,43 12,3
0COX | M2 | 7,18 7,4 8,83 8,9 10,58 10,7 12 12,2
M3 | 7,60 9,38 10,95 12,4
M1 | 6,95 8,30 10,03 11,3
25C0X | M2 | 6,40 6,7 7,55 7,8 9,48 9,7 11 11,0
M3 | 6,63 7,45 9,60 10,7
M1 | 3,95 4,73 6,20 7,28
50COX | M2 | 4,68 4.4 5,58 52 6,58 6,4 7,75 7,5
M3 | 4,45 5,30 6,33 7,35
M1 | 5,68 6,78 7,80 8,93
15C10X | M2 | 5,65 57 6,85 6,9 8,28 8,2 9,15 9,1
M3 | 5,90 7,20 8,45 9,35
M1 | 4,23 4,63 5,28 5,85
30C20X | M2 | 3,95 4,0 5,00 4,8 5,48 5,3 6,35 6,2
M3 | 3,85 4,75 5,25 6,28
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PHU LUC VI
Két qua thi nghiém d@o tham clorua Q (Culong) cia céc bé téng
28 ngay 56 ngay 90 ngay
Bétong | Maiu Qi Qo Q | Ow Q | OQw
(kQ.cm)

M1 4272 4477 3780 3659

0COX M2 4696 3624 3761 3398 3413
M3 4462 3877 3183
M1 6066 5577 4684

25C0X M2 6335 6304 4938 5209 4533 4738
M3 6510 5113 4996
M1 8901 6928 6742

50COX M2 8998 8868 7393 7160 6234 6455
M3 8706 7159 6391
M1 7723 6591 5926

15C10X M2 7813 7675 5908 6259 5350 5659
M3 7489 6279 5701
M1 9491 8031 7327

30C20X M2 9713 9520 7810 7860 6798 7091
M3 9355 7738 7149
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PHU LUC VII
Két qua thi nghiém CNK ciia cac bé tdng theo thai gian
CNK (um/m) tai cac thoi diém t (ngdy)
Bé tong |Mau| 1 ngay 3 ngay 7 ngay 14 ngay 21 ngay 28 ngay
CNK; |CNKi»|CNKi| CNKi | CNKi | CNKih [CNK; |[CNK|CNK; |CNKi|CNKi|CNKib
M1 | 106 165 253 359 423 464
0COX | M2 | 106 | 110 | 165 | 169 | 259 | 259 | 353 | 359 | 412 | 418 | 453 | 463
M3 | 118 176 265 365 418 470
M1 | 118 188 318 447 512 583
25CO0X | M2 | 130 | 124 | 200 | 194 | 294 | 298 | 424 | 433 | 495 | 502 | 559 | 563
M3 | 124 194 282 429 500 547
M1 | 141 235 429 653 765 835
50COX | M2 | 135 | 147 | 241 | 245 435 435 | 641 | 647 | 758 | 762 | 840 | 845
M3 | 165 259 441 647 765 859
M1 | 135 194 288 388 470 529
15C10X| M2 | 112 | 125 | 182 | 188 | 282 | 288 | 406 | 398 | 465 | 468 | 523 | 529
M3 | 129 188 294 400 470 535
M1 | 141 236 395 601 724 813
30C20X| M2 | 129 | 141 | 241 | 237 | 428 | 414 | 639 | 625 | 733 | 729 | 815 | 815
M3 | 153 235 418 635 | 729 818
R x CNK (um/m) tai céc thoi diém t (ngay)
Be tong| Mau 35 ngay 42 ngay 49 ngay |77 ngay 105 ngay 133 ngay
CNKi [CNK|CNKi| CNKip | CNK; | CNKy |[CNK; [CNKwp |CNK; |CNKip|CNK;i|CNKip
M1 | 500 535 553 600 641 676
0COX | M2 | 506 | 500 | 536 | 533 | 548 | 549 | 601 | 598 | 642 | 639 | 671 | 671
M3 | 494 529 547 594 635 665
M1 | 606 624 653 712 747 788
25CO0X | M2 | 589 | 590 | 612 | 616 | 636 | 639 | 695 | 698 | 730 | 734 | 771 | 771
M3 | 576 612 629 688 723 753
M1 | 888 900 953 1000 1041 1088
50COX | M2 | 876 | 884 | 893 | 921 | 934 | 943 | 993 | 1004 | 1052 | 1049 |1099| 1094
M3 | 888 970 941 1017 1053 1094
M1 | 552 593 593 652 699 740
15C10X| M2 | 559 | 557 | 582 | 588 | 606 | 600 | 653 | 656 | 682 | 694 | 723 | 733
M3 | 559 588 600 665 700 735
M1 | 848 889 913 972 1025 1048
30C20X| M2 | 851 | 856 | 886 | 894 | 909 | 915 | 974 | 974 | 1015 | 1019 |1062| 1056
M3 | 871 906 924 977 1018 1059
CNK (um/m) tai cac thoi diém t (ngay)
Bé tong|Mau| 161 ngay 189 ngay 217 ngay
CNK; |CNKi»|CNKi| CNKi | CNK| | CNKip
M1 | 711 746 764
0COX | M2 | 707 | 706 | 742 | 737 760 757
M3 | 700 723 747
M1 | 806 836 871
25C0X | M2 | 801 | 800 | 824 | 830 | 842 | 859
M3 | 794 829 865
M1 | 1118 1159 1188
50C0OX M2 1134 1125 1146 1156 1169 1186
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M3 | 1123 1165 1200

M1 | 776 805 834
15C10X| M2 | 759 | 768 | 788 | 800 | 823 | 829

M3 | 770 806 829

M1 | 10/8 1101 1131
30C20X| M2 | 1097 | 1092 |1132| 1127 | 1156 | 1160

M3 | 1100 1147 1194
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Anh huéng clia bun thai tram tron bé t6ng
dén mot so tinh chat cdia bé tong xi mang

B TS.HO VAN QUAN®; TS. TRAN THI PHUONG HUYEN

Truong Pai hoc Supham Ky thudt - Bai hoc Ba Néng
B ThS. TRAN VAN LICH

Truong Cao dang Giao théng van tai Trung uong V
Email: “hvquan@ute.udn.vn

TOM TAT: Nhu ciu st dung bé tong dé xay dung
cdng trinh va co s& ha tang giao thédng ngay cang
tang cao, cac nha may tram trén bé téng xi mang
(BTXM) dugc dau tu va dua vao hoat déng khai
thac ngay cang nhiéu. Su phat trién nhanh chéng
clia nganh bé t6ng thuong mai da dan dén lugng
chat thai tU cac nha may tram trén bé téng cling
tang nhanh. Bun thai cda tram trén bé téng con
goi 1a bun thai bé téng (BTBT) la chat thai sinh ra
frong qua trinh sdn xuat bé téng, BTBT dugc xem
nhu chat thai rdn nguy hai va cé nguy co cao gay 6
nhiém maoi trudng. Bai bao trinh bay dnh hudng cda
BTBT thay thé cat séng va xi mang (XM) dén mot
s6 tinh chat cda BTXM. Khi s&t dung (25 - 50)%
BTBT thay thé cat séng hodc thay thé cat séng va
XM trong bé téng lam gidm khéi luong thé tich,
cudng dé nén va cuong dé kéo udn, déng thoi lam
tang dé réng va dé tham ion clo. Tuy nhién, cudng
dd nén va cudng dé kéo uén cla cac bé téng chita
(25 - 50)% BTBT vAn dam bao yéu cau cho xay
dung mat duong 6 t6.

TU KHOA: Bun thai bé téng, cudng dé kéo udn,
cudng dé nén, d6 tham clorua.

ABSTRACT: The escalating demand for concrete
in construction and transportation infrastructure
has prompted increased investment in cement
concrete mixing plants. However, this rapid growth
has also led to a surge in waste generation,
particularly sludge waste from concrete mixing
plants, known as concrete sludge waste (CSW).
Classified as hazardous solid waste, CSW poses
significant environmental pollution risks. This study
investigates the impact of incorporating CSW as
a substitute for river sand and cement in cement
concrete. Results indicated that replacing (25 -
50)% of river sand or both river sand and cement
with CSW reduced volume, compressive strength,
and flexural tensile strength while increasing
porosity and chloride ion permeability. Nonetheless,
concrete compositions containing (25 - 50)%
CSW still satisfied the requisite standards for
constructing motorway pavements.

52

KEYWORDS: Concrete sludge waste, flexural
strength, compressive strength, chloride ion
permeability.

1.DAT VAN BE

Trong nhiing ndm gan day, nganh BTXM thuong mai
phat trién manh dan dén luong chat thai rdn va nudc thai
tUr cac tram tron BTXM trong qua trinh san xuat cling tang
nhanh. Bun thai clia cac tram trén BTXM, thuong goi la BTBT
phat sinh la do viéc rta tram tron, rlfa xe trén cha bé téng,
xe bom bé téng. Ngoai ra, mét lugng bé tong tuoi bi du thira
trong cac xe trén chd BTXM cling dugc thai b va tao thanh
BTBT. BTBT la hén hop chd yéu bao gém cét liéu min, XM
da hydrat héa, phu gia khoang (PGK), phu gia h6a hoc thu
dugc tur cac hé lang [1, 2, 3]. BTBT ¢6 tinh kiém rat cao, do
pH = 12-13 nén phai dugc tap két & mot khu vuc riéng trong
nha may va dugc xtr ly theo qui dinh chat thai ran nguy hai
[2]. San xuat 1 m? BTXM tao ra khoang 0,04 tan BTBT tir cac
nha méy tram trén [1], chdng han tai Trung Qudc, lugng
BTBT tur cAc nha mdy tram tron thai ra trén 90 triéu tan/nam
[1]. Theo thai gian, BTBT tich I{ly ngay cang nhiéu tai cac ho
chuia trong cac nha mdy, sau dé ching dugc thu gom va xd
ly cht yéu bang cach chon lap. Viéc chén 1dp BTBT khong
chi chiém dién tich dat con c6 nguy ca gay cao 6 nhiém moi
truong dat va nudc, vi BTTT rat tro, thai gian phan hay cta
chiing cé thé [én t6i hang tram nam [2].

Trén thé gidi, da cé nhiéu nha nghién cdu sirdung BTBT
tai ché lam nguyén liéu dé san xuat BTXM, trong d6 BTBT
chlyéu dugc lam c6t liéu va chat ddn min thay cho céat séng
(CS)[4,5,6,7,8,9, 10]. Bén canh d6, BTBT con dugc nghién
min lam PGK thay thé cho XM [3, 10, 11] va dung nudc BTBT
lam nguyén liéu dé san xudt XM [6, 12]. Cac nghién ciu déu
két luan rang sir dung BTBT thay thé mét phan CS véi ham
lugng nhét dinh trong BTXM van dam bao cac yéu cau ky
thuat. G Viét Nam, hién nay chua cé nghién cttu nao sirdung
BTBT lam nguyén liéu dé san xuat BTXM. Bén canh d6, nhu
cau st dung CS ngay cang tang cao da dan dén tinh trang
thi€u hut nguén CS nghiém trong cho san xuat BTXM va
vira, viéc khai thac qué muic CS khong nhitng lam can kiét tai
nguyén thién nhién ma con gay ra cac van dé vé méi trudng
nhu xéi 16 bd séng, dich chuyén dong chay va 6 nhiém nudéc
[13]. Do vay, viéc tan dung, tai ché cac rac thai cong nghiép
trong san xuat BTXM la van dé thai sy hién nay va cling la xu
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huéng tat yéu, nham tiét kiém tai nguyén thién nhién, han
ché chén 14p rac thai va gidm thiéu 6 nhiém maéi trudng [14,
15]. Bai bdo nay danh giad anh huéng clia ham lugng BTBT
khi thay thé 25%CS, 50%CS va thay thé két hop 15%CS +
10%XM, 30%CS + 10%XM dén cudng dé nén, cudng dé kéo
uén, d6 réng va doé tham ion clo clia bé tong.

2. VAT LIEU VA PHUONG PHAP THi NGHIEM

2.1.Vatliéu

XM PC50, cudng d6 nén & 28 ngay 52,5 MPa, khéi lugng
riéeng (KLR) 3,10 g/cm3, d6 min 3,520 cm?/g phu hgp vai
TCVN 2682:2020. Phu gia siéu déo (SD) Basf 3054 c6 KLR
1,09 g/cm? phu hgp véi ASTM C494 loai G. B4 dam (D) ¢6
5-10 mm, KLR 2,74 g/cm? d6 hat nudc 1,26%, thanh phan
hat ctia ® pht hgp v&i TCVN 7570:2006. CS 6 M, 2,74, KLR
2,64 g/cm?, d6 hutnudc 0,76%, thanh phan hat ctia CS phu
hop vai TCVN 7570:2006. BTBT dugc thu thap tai bé lang
cGla mét nha may tram tron 6 Da Nang, BTBT dugc phoi kho
va sang loai b6 cac hat trén sang 5 mm. BTBT c6 M, = 2,76,
do hat nudc 35,4%, KLR 2,45 g/cm®. Nudc: Dung nudc may
sach dé tron BTXM.

Thanh phan hat cla D, CS va BTBT dugc thé hién trén
Hinh 2.1.

g
&
&
2 - = TCVNT7570
» ——CS
&
3 —e—BTBT
——b
-
10 100

C& sang (mm)
Hinh 2.1: Thanh phan hat cda cat séng, da dim va BTBT

2.2. Thiét ké thanh phan BTXM

Thanh phan BTXM dugc thiét ké theo ACI 211.1, gém
BTXM déi chiing (BC) khéng st dung BTBT (0C0X), BTXM thay
thé CS bang 25% BTBT (25C0X), 50% BTBT (50C0X), BTXM
thay thé dong thai 15% CS va 10% XM bang BTBT (15C10X),
30% CS va 20% XM bang BTBT (30C20X). D6 sut clia cac hén
hop dugc c6 dinh 8 - 10 cm, vi BTBT rat x&p, do hut nudc rat
I&n nén khi thay thé CS hodc XM can phai thém lugng nudc
tron va lugng SD dé dam béo dé sut yéu cau. Thanh phan vat
liéu clia cac loai BTXM dugc ghi trong Bdng 2.1.

Bdng 2.1. Thanh phan cda cac loai BTXM cho 1 m?

S dung cac mau dam (100x100x400)mm dé xac dinh
cusng do kéo uén (R ) va dung cac mau dam gay dé xac
dinh cuong d6 nén (R ). Srdung cac mau tru (100x200)mm
dé xéac dinh d6 réng (BR) va d6 tham ion clo (BTIC), khi thi
nghiém cac mau tru (100x200)mm dugc cat thanh cac lat
(100x50)mm.

Thi nghiém R va R theo TCVN 3118:2022 va TCVN
3119:2022, thi nghiém DR va BTIC theo ASTM C642:2021 va
ASTM C1202:2020.

R, R, va PR dugc thuc hién §7, 28, 56 va 90 ngay, BTIC
dugc thuc hién 28, 56 va 90 ngay. Két qua thi nghiém cac
chi tiéu néu trén la gid tri trung binh clia 3 mau, riéng R_la
gia tri trung binh cia 6 mau.

3. KET QUA VA THAO LUAN

3.1. KLTT cuia bé téng tuoci

KLTT cla cac hén hgp bé téng (HHBT) tuoi dugc thé
hién trén Hinh 3.1. KLTT cla tat ca cac HHBT st dung BTBT
déu nho hon so véi HHBT 0C0X, ham lugng BTBT cang
nhiéu thi KLTT cang gidm. KLTT cla cac HHBT 25C0X,
50C0X, 15C10X va 30C20X giam lan lugt tuong ting 35,2 kg/
m3(1,41%), 58,8 kg/m3(2,36%) va 88,3 kg/m?(3,54%) so vdGi
HHBT 0COX. KLTT ctia HHBT tuoi chira BTBT giam la do BTBT
6 khoi lugng riéng nho hon so vai CS va XM.

2570

2520 { 2507

)
£
)
=]
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®
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2370

2320 -

2270 - T
15C10X

25C0X
Loai bé tong

0C0X 50C0X 30C20X

Hinh 3.1: KLTT cda cac HHBT tuoi

3.2.Dd réng

PR clia cac BTXM dugc thé hién trén Hinh 3.2. Bé téng
0COX c6 DR bé nhat, cac bé tong chiia BTBT c6 DR tang
dan va ti [& thuan véi ham lugng BTBT. DR cua cac bé tong
25C0X va 15C10X la gan tuong tu nhau; cac bé tdng 50C0X
va 30C20X clng tuong tu. DR clia cac bé tong 25C0X va
15C10X tang khoang (26 - 30)%, trong khi DR cla cac bé
tong 50C0X va 30C20X tang khoang (54 - 57)% so vaGi bé
tong 0COX. Viéc sir dung BTBT lam tang DR clia cac BTXM la
do tinh x6p va d6 hut nuéc cao cta né.

Kihiéu | X N C |BTBT| D | SD .| SN
capphoi | (kg) | (lit) | (kg) | (kg) | (kg) | (kg) (cm)
0COX | 443,9|182,0|7970| 0 |10044| 40 | 041
25C0X | 4439 | 199,8[531,1|199,2 | 10044 | 58 | 045
50C0OX | 443,9 | 217,5|257,7|398,5 | 10044 | 10,7 | 049 | 8-10
15C10X | 399,5 | 199,8 | 608,6 | 163,9 | 10044 | 51 | 045
30C20X | 3551 | 217,5|412,6| 327,9 | 10044 | 9,3 | 049

2.3. Chuan bi mau va phuong phap thi nghiém

Cong tac duc va duéng ho cac mau BTXM thuc hién
theo TCVN 3105:2022. Ngay sau khi tron, cac HHBT tuai da
dugc kiém tra d6 sut va khéi lugng thé tich (KLTT) tucng

ung theo TCVN 3106:2022 va TCVN 3108:1993.
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20

16 -

12 A

D9 rdng (%)

0COX ®@25C0X
Q

7 28

B50C0X ®15C10X ®&30C20X

56 90
Thoi gian (ngay)

Hinh 3.2: Dé réng cua cac loai BTXM
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3.3. Cudng dé udn va cudng dé nén

R, va R, cla cadc BTXM dugc thé hién trén Hinh 3.3.
Cac BTXM chua BTTB déu c6 cudng d6 thap hon so véi bé
tong 0COX, viéc giam cuong do clia cac BTXM ti lé thuan
v6i ham lugng BTBT. Tuong tu nhu DR, R va R, cla cac
bé téng 25C0OX va 15C10X (hodc 50COX va 30C20X) la gan
tuong tu nhau, tuy nhién viéc thay thé ca CS va XM bang
BTBT lam gidm thém cudng do, ham lugng XM dugc thay
thé cang nhiéu thi sy suy gidm cudng d6 cang I6n. R va
R clia cac bé tong 25C0X va 15C10X gidm lan lugt tuong
Ung khoang (5,5-9,5)% va (5,6-12,7)%; trong khi R, va R
cla cac bé téng 50C0X va 30C20X giam lan lugt tuong tng
khoang (11-18)% va (17-21)% so vdéi bé tong 0COX. Viéc
giam cudng do6 clia cac bé tong BTBT la do ching c6 BR16n
va nhu cau nudc (ti [& N/X) cao hon so véi bé tdng 0COX. K&t
qua nghién ctu cé xu hudng tuong déng vai cac nghién
clu truéc day [1, 3,4,5,71.

§0COX ®@m25C0X B50C0X ®@15CI10X ®30C20X

Cudng do udn (MPa)
N

7 28 56 90
Thoi gian (ngay)

a)

BOCOX ®@25C0X B850C0X ®@15CI0X  @30C20X

=
S

61.58
7

Cuong dd nén (MPa)
o
3

7 ‘ 28 ‘ 56 90
Thoi gian (ngay)
b)
Hinh 3.3: Rku (a) va Rn (b) cda cac loai BTXM
Méi quan hé gittaR vaR_, PR clia cac BTXM dugc thé
hién trén Hinh 3.4 c6 dang tuyén tinh rat chat ché véi cac hé
s6 xac dinh R? = 0,950.
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D réng (%)
b)

Hinh 3.4: Quan hé gifa R, va R, (a), gidia R, va DR cla cac loai BTXM

3.4.Dé thamion clo

DTIC chia cdc BTXM dugc thé hién trén Hinh 3.5a. Tuong
tu nhu DR, BTIC ctia bé tdng DC 0COX ludn thap nhat, BTBT
lam tang dang ké BTIC clia cac bé tdng. BTIC clia bé tong
25C0X tang khoang (38 - 41)%, clia bé tong 15C10X tdng
khoang (65 - 71)%, clia bé téng 50C0X tang khoang (89 -
98)%, clia bé tong 30C20X tang khoang (107 - 113)% so vdi
bé tong 0COX. Cac bé tong BTBT c6 DTIC I6n la do ching
c6 PR I8N, thuc ddy su tham nhap cla cac ion clo. Theo
ASTM C1202, DTIC & 56 ngay cla bé téng 0COX bang 3761
(cu-16ng) thuéc muc trung binh, clia cac bé téng BTBT tu
5209-7860 cu-l6ng thudc muc cao.

Quan hé gilta BTIC va BR clia cac BTXM dugc thé hién
trén Hinh 3.5b theo dang tuyén tinh ti 1é thuan tuong déi
chét ché véi hé s6 xac dinh R?=0,815.
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Hinh 3.5: DTC (a) va quan hé giita BTC va PR (b) cua céc loai BTXM

R, Yéu cau ctia BTXM cho mét dudng 6 t6 > 4,5 MPa [16],
R, yéu cau cia BTXM duing cho céng trinh cau dudng b > 28



N 7/202.2‘51[’:7’4?; KHOA Hoc couﬁ NGHE

MPa[17].R vaR cla cac bé tong BTBT qui d6i vé mau chuan
lap phuong (150x150x150)mm (TCVN 3118:2022) va mau dam
(150x150x600)mm (TCVN 3119:2022) déu > 50,0 MPa va > 6,0
MPa. Vi vay, cdc BTXM chiia BTBT c6 thé diing dé xay dung mét
dudng 6 t6 va mot s6 bd phan trong cong trinh cau dudng bé.

4, KET LUAN

Cac két luan dugc rat ra tir nghién cru nay nhu sau:

- BTBT c6 d6 rbéng I6n va tinh hat nudc cao nén can
lugng nudc tron va lugng siéu déo nhiéu hon dé dam bao
tinh cong tac cho bé tong tuai, déng thoi lam gidm KLTT
cla bé téng tuoi, ham lugng BTBT thay thé CS hoac thay
thé CS + XM cang nhiéu thi KLTT cang giam.

- BTBT lam tang dé réng cla cac bé tong, ham lugng
BTBT cang nhiéu thi d6 réng clia bé téng cang lon.

-R vaR, cliacacbétong gidm (6-13)%va (11 -21)% khi
sttdung BTBT thay thé lan lugt 25%CS (hodc 15%CS+10%XM)
va 50%CS (hoac 30%CS+20%XM). Tuy nhién, R vaR,  cla cac
bé tong BTBT van dap Ung yéu cau cho mat dudng 6 t6 va
mot s6 bé phan trong cong trinh cau dudng bo.

- D6 thdm ion clo clia cac bé tong tang (38 - 71)% va
(89 - 113)% khi st dung BTBT thay thé lan lugt 25%CS (hoadc
15%CS+10%XM) va 50%CS (hoac 30%CS+20%XM). Vi do
tham ion clo clia céc bé téng BTBT & muic cao nén can han
ché& st dung chiing cho nhiing céng trinh bé téng c6t thép
& nhiing ving chiu xam thuc nhu méi trudng bién.

- Can nghién ctu thém cac tinh chat khac cia bé téng
BTBT, dong thai can cai thién cac tinh chat tham lién quan
dén dé bén chia ching bang cach st dung két hop véi cac
phu gia khoang.

L&i cdm on: Nghién ctu nay dugc tai trg kinh phi bai
Trudng Bai hoc Su pham Ky thuat - Pai hoc Ba Nang trong
Pé tai ma s6 T2023-06-27.
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au, duong bo, ky thuat giao thong, dudng sat, duong thiy, bén cang, san
iu, nén mong cong trinh (Bridge, Road, traffic Engineering, Railway,

Waterway, port, Airport Engineering, Structures, Materials, Foundation of Transport Works).

7.2. Té chirc va quan ly giao thong vén tai; diéu khién trong GTVT bién, sOng, sét, 0 to,

hang khong (Organization and Management in Transportation; Control in Transportation).

7.3. Bao dam hang hai, duong thily (Maritime and Internal waterway safety).
7.4. Khai thac van tai dudng sit, dudong bo, duong thily, dudng bién, hang khong (Railway,

Road, Internal Waterway, Maritime, Airway Transport Operation).

7.5. Méy xy dung—xép do, k§ thudt phuong tién van tai 6 to, ddu may, toa xe, tau thiy

(Loading, Unloading and Construction Machines; Transport Mechanical Engineering).

7.6. Bao vé codng trinh giao thong vén tai (Protection of Transport Works).
b) Danh muc tap chi dwge tinh diém:
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: ; —075
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9. | bia ky thuat 0868-279X | Tap chi | Hoi Co hoc dét 0-05
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¢) Nha xuét ban c6 uy tin:

- Nha xudt ban c6 uy tin trén thé gici: Nha xuét ban trén thé gii bang 05 thir tiéng thong
dung (Anh, Nga, Phép, Ptrc, Trung Qudc), ndi dung sach lién quan dén céc linh vue GTVT
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g0m 24 nha xudt ban (Phy luc 2); NXB khc, bing thi tiéng khic do Hoi dong nganh GTVT
xem xét quyet dinh tirng trudng hop cu thé.

- Nha xudt ban trong nuoc gd uy tin: Khoa hoc & k¥ thuat; Giao thong vén tai; Xay dung;
Giao duc‘Viét Nam; Pai hoc Qudc gia Ha Noi; BH Quoc gia TP. HO phi Minh; Cac NXB khac
do Hoi dong nganh GTVT xem xét quyet dinh ting trudng hop cu the.

- Tdc gid chinh: Tac gia chinh 1a tac gia dimg dau (first author), tac gia lién hé
(corresponding author) khi khong qua 1 tac gia lién h€. Trong truong hop nay, diém tinh
cho 2 tac gia chinh s& bang 1/3 diém ciia bai bao. S6 diém con lai chia déu cho cac tac gia
tham gia (ké ca tac gia chinh). Trong trudng hop tap chi ¢6 quy dinh riéng va c6 minh
chimg ching minh, Hoi ddng s& xem xét quyét dinh.

Phu luc 1: DANH SACH TAP CHI QUOC TE UY TIN CHINH NGANH GTVT NAM 2024

STT Tap chi Issn/eISSN
1 Academy of Management Journal 0001-4273/1948-0989
2 ACI Materials Journal 0889-325X/1944-737X
3 ACI Structural Journal 0889-3241/1944-7361
4 ACS Applied Materials & Interfaces 1944-8244/1944-8252
5 Advanced Composite Materials 0924-3046 /1568-5519
6 Advanced Engineering Materials 1438-1656 /1527-2648
7 Advanced Materials 0935-9648/1521-4095
8 Advances in Civil Engineering Materials 2379-1357/2165-3984
) Advances in Concrete Construction 2287-5301/2287-531X
10 | Advances in Materials Science and Engineering | 16878442/16878434
11 Advances in Structural Engineering 1369-4332 /2048-4011
12 | Applied Mathematical Modelling 0307-904X/ 1872-8480
13 | Applied Composite Materials 0929-189X /1573-4897
14 | Applied Materials Today 2352-9407
15 | Applied Ocean Research 0141-1187/1879-1549
16 | Archive of Applied Mechanics 14320681/9391533
17 | Architecture and Engineering 25000055
18 Archives of Civil and Mechanical Engineering | 16449665
ASCE-ASME Journal of Risk and Uncertainty
19 | in Engineering Systems, Part A: Civil 2376-7642
Engineering
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21 | Australian Journal of Structural Engineering 1328-7982
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23 | Building Research and Information 0961-3218/1466-4321
24 | Bulletin of Materials Science 2504707/9737669
25 Canadian Journal of Civil Engineering 0315-1468/1208-6029
%6 Ca.rtography and Geographic Information 1523-0406 /1545-0465
Science
27 | Case Studies in Construction Materials 2214-5095
28 | CATENA 0341-8162 /1872-6887
29 | Cement and Concrete Composites 0958-9465 /1873-393X
30 | Cement and Concrete Research 0008-8846 /1873-3948
31 Civil Engineering and Architecture 23321091/23321121
32 | Civil Engineering and Environmental Systems | 1028-6608/ 1029-0249
33 Coastal Engineering Journal 2166-4250/1793-6292
34 | Composite Structures 0263-8223 /1879-1085
35 | Composites Part B: Engineering 1359-8368 /1879-1069
36 | Composites Science and Technology 0266-3538 /1879-1050
37 | Computational Mechanics 14320924/1787675
38 gg;ig;i;glded Civil and Infrastructure 14678667/10939687
39 | Computers and Concrete 1598-8198 /1598-818X
40 | Computers and Geotechnics 0266352X/18737633
41 Computers and Structures 457949
42 | Construction and Building Materials 0950-0618/1879-0526
43 | Economics of Transportation 2212-0122/2212-0130
44 | Energy and Buildings 0378-7788 /1872-6178
A5 %ﬂﬁ;ﬁgg Applications of Artificial 0952-1976 /1873-6769
46 | Engineering Structures 18737323/1410296
47 | Environmental Geotechnics 2051-803X
48 | Environmental Science and Pollution Research | 0944-1344 /1614-7499
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Engineering
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52 | European Transport Research Review 18668887/18670717

53 Fatigue and Fracture of Engineering Materials 8756-758X/1460-2695
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54 | Frontiers of Structural and Civil Engineering 2095-2430 /2095-2449

55 Geotechnical Testing Journal 1496115/

56 | Geotechnique Letters 2049-825X/ 2045-2543

57 | IEEE Journal of Oceanic Engineering 0364-9059 /1558-1691

58 | IEEE Transactions on Automatic Control 0018-9286/1558-2523

59 IEEE Transactions on Control Systems 1063-6536 /1558-0865
Technology

60 IEEE Transactions on Human-Machine 2168-2291 /2168-2305
Systems

61 IEEE Transactions on Industrial Informatics 1551-3203 / 1941-0050

62 IEEE Transactions on Intelligent Transportation 1524-9050 /1558-0016
Systems

63 | IEEE Transactions on Vehicular Technology 0018-9545 /1939-9359

64 | IEEE/ASME Transactions on Mechatronics 1083-4435 /1941-014X

65 | IET Electrical Systems in Transportation 2042-9738/2042-9746

66 | IET Intelligent Transport Systems 1751-956X /1751-9578

67 Internatl‘onal Journal of Automation and 14763186
Computing

63 International Journal of Automotive 1229-9138 /1976-3832
Technology

69 | International Journal of Civil Engineering 1735-0522 /2383-3874
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Materials

71 International Journal of Control, Automation 1598-6446 /2005-4092
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74 International Journal of Intelligent 1348-8503 /1868-8659
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Applications
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77 | International Journal of Mechanical Sciences 0020-7403 /1879-2162
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Materials in Design

79 Intematlona}l J OL}mal of Naval Architecture and 2092-6782/2092-6790
Ocean Engineering

80 | International Journal of Pavement Engineering | 1029-8436 /1477-268X

Q1 Intematlpn.al Journal of Physical Distribution 0960-0035 /1758-664X
and Logistics Management

20 Internatlo.nal Journal of Physical Modelling in 1346-213X /2042-6550
Geotechnics

83 | International Journal of Project Management 0263-7863 / 1873-4634

84 | International Journal of Rail Transportation 2324-8378 /2324-8386

25 Intvemanona-l Journal of Rock Mechanics and 1365-1609 /1873-4545
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%6 Intel.'nz.ttlonal Journal of Shipping and Transport 1756-6517 / 1756-6525
Logistics
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89 | International Journal of Steel Structures 1598-2351/2093-6311
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Dynamics
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9 International Journal of Transportation Science 20460430, 20460449
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93 | Journal of Accounting and Economics 0165-4101/1879-1980

94 | Journal of Advanced Concrete Technology 13468014/1347-3913

95 | Journal of Advanced Transportation 1976729/20423195

96 | Journal of Aerospace Engineering 8931321/1943-5525

97 | Journal of Air Transport Management 0969-6997/1873-2089

98 | Journal of Bridge Engineering 10840702/1943-5592

99 | Journal of Building Engineering 23527102
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131 | Journal of Transport Economics and Policy 0022-5258/1754-5951

132 | Journal of Transport Geography 0966-6923/1873-1236

133 Journal of Transportation Engineering Part A: 2473-2907/2473-2893
Systems

134 Journal of Transportation Engineering Part B: 2573-5438
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135 | Journal of Transportation Safety and Security 1943-9962 /1943-9970
Journal of Water Resources Planning and
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137 qur.nal of Waterway, Port, Coastal and Ocean 0733-050/1943-5460
Engineering

138 Journal of Wmd Engineering and Industrial 0167-6105/1872-8197
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Systems
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148 | Mechanical Sciences 2191-9151/2191-916X
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155 | Mechanics Research Communications 0093-6413/1873-3972
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159 | Production Planning and Control 0953-7287/1366-5871
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161 | Reliability Engineering and System Safety 0951-8320/1879-0836
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163 | Research in Transportation Economics 0739-8859/1875-7979
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167 | Ship Technology Research 0937-7255/2056-7111
168 | Smart Materials and Structures 0964-1726/1361-665X
169 | Smart Structures and Systems 1738-1584/1738-1991
170 | Steel and Composite Structures 1229-9367/1598-6233
171 | Steel Construction 1867-0520/1867-0539
172 | Strategic Management Journal 0143-2095/1097-0266
173 | Structural Concrete 1464-4177/1751-7648
174 | Structural Control and Health Monitoring 1545-2255/1545-2263
175 | Structural Design of Tall and Special Buildings | 1541-7794/1541-7808
176 | Structural Engineering and Mechanics 1225-4568/1598-6217
Structural Engineering International: Journal of
177 | the International Association for Bridge and 1016-8664 / 1683-0350
Structural Engineering (IABSE)
178 | Structural Monitoring and Maintenance 2288-6605/2288-6613
179 | Structural Safety 0167-4730/1879-3355
180 | Structure and Infrastructure Engineering 1573-2479/1744-8980
181 | Structures 2352-0124
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182 | Sustainable Materials and Technologies 2214-9937
183 | Transport Policy 0967-070X/1879-310X
184 | Transportation 0049-4488/1572-9435
185 | Transportation Geotechnics 2214-3912
186 | Transportation Infrastructure Geotechnology 2196-7202/2196-7210
187 | Transportation Journal 0041-1612 /2157-328X
188 | Transportation Letters 1942-7867/1942-7875
189 | Transportation Planning and Technology 0308-1060/1029-0354
190 Trans_portation Research Part A: Policy and 0965-8564/1879-2375
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s | RS e pemexienass
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195 | Transportation Science 00411655, 15265447
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197 | Urban Rail Transit 2199-6687/2199-6679
198 | Vehicle System Dynamics 0042-3114/1744-5159
199 | Water Resources Management 0920-4741/1573-1650
200 | Latin American journal of solids and structures | 1679-7825/1679-7817
201 | Frattura ed Integrita Strutturale 1971-8993
202 EZ?:;::SH& Technology & Applied Science 9941-4487/1792-8036
203 | Journal of Applied Science and Engineering 2708-9975/2708-9967
204 | Engineering Failure Analysis 1350-6307
205 | Water Science and Engineering 1674-2370/2405-8106
206 .(T })&rggl) of Materials and Engineering Structures 2170-127X
207 | Ocean Engineering 0029-8018/1873-5258
208 | China Ocean Engineering 08905478
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209 | Journal of Marine Science and Application 19935048, 16719433
210 | Journal of Marine Science and Technology 0948-4280/1437-8213
211 | Journal of Ocean Engineering and Science 24680133
212 | Ocean Modelling 14635003/14635011
213 | Marine Geology 253227
214 &E&gﬁgﬁgﬂ Ll 2092-9196/ 2198-2783
215 | GEOCARTO INTERNATIONAL 1752-0762/1010-6049
216 | Theoretical and Applied Climatology 1434-4483/0177-798X
T et le s e 1526-1492/1526-1506
218 | Coastal Engineering Journal 2166-4250/1793-6292
219 | Bulletin of Earthquake Engineering 1570-761X/1573-1456
220 | Asian Journal of Civil Engineering 2522-011X/1563-0854
21 Joumall of Loss Prevention in the Process 0950-4230/ 0950-4230
Industries
222 | Accident Analysis & Prevention 0001-4575/1879-2057
223 | Travel Behaviour and Society 2214-367X/2214-3688
224 | Cities 0264-2751/1873-6084
25 giiii%??;;iﬁ L 1369-8478/1873-5517
226 | tion Reseateh Boand | 03611981/2169-4052
227 | Case Studies on Transport Policy 2213-624X/2213-6258
228 | Journal of Environmental Management 1095-8630/0301-4797
229 | Journal of Cleaner Production 0959-6526/1879-1786
230 | Science of the Total Environment 0048-9697/1879-1026
231 | Resources, Conservation & Recycling 1879-0658/0921-3449
232 | Computational Particle Mechanics 2196-4378/2196-4386
233 | Atmospheric Environment 1352-2310/1878-2442
234 | Safety Science 0925-7535/1879-1042
235 | Traffic Injury Prevention 1538-9588/1538-957X
236 | IATSS Research 0386-1112/0386-1112
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237 Transpm:tatlon Research Interdisciplinary 2590-1982
Perspectives

238 | Engineering Computations 0264-4401 / 0264-4401

939 International Journal for Numerical and 0363-9061/ 1096-9853

Analytical Methods in Geomechanics

Téng so 239 tap chi. Cdc tap chi khic do HDGS xét va quyét dinh.

Phu luc 2: NHA XUAT BAN QUOC TE CO UY TIN
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ICE Publishing

Wiley Online Library

Thompson

Cambridge University Press

Columbia University Press

Harvard University Press

John’s Hopkins University Press

— |
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MIT Press Cambridge, Massachusetts

12 | Oxford University Press
13 | Princeton University Press
14 | Stanford University Press
15 | University of Chicago Press
16 | Yale University Press

17 | Academic Press London
18 | Blackwell

19 | Cameron May

20 | Clarendon Press

21 | Cornell University Press
22 | Wiley and Sons

23 | ASCE Library

24 SAGE

Gom 24 nha xut ban c6 uy tin trén thé gidi.
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S DUNG BUN THAI NHA MAY TRAM TRON

DE CHE TAO BE TONG XI MANG
DUNG TRONG XAY DUNG

UTILIZATION OF CONCRETE SLUDGE WASTE
FROM BATCHING PLANTS TO MANUFACTURE
CONCRETE FOR CONSTRUCTION

Trdn Thi Phwong Huyén'", Hé Vin Quin'
1Khoa Ky thudt Xay dung, Trirong Pai hoc Sw pham Kj thudt, Pai hoc Pa Néing
Tran Thi Phuong Huyen®*, Ho Van Quan?

!Department of Civil Engineering, University of Technology and Education, The University of Danang
ttphuyen@ute.udn.vn, hvquan@ute.udn.vn

*ttphuyen@ute.udn.vn

Tém tat: Bun thai bé tong (BTBT) 1a chét thai dugc tao
ra tir qué trinh san xuat bé tong ¢ cac tram tron bé tong xi
ming (BTXM). BTBT ¢6 d6 pH cao va dugc xép vao loai
chit thai nguy hai, hién cha yéu duoc xur Iy bang chén 1ip
dan dén nhiéu vin d& v& méi truong. Nghién ctu nay st
dung BTBT thay thé (25 50)% cat song (CS), hodc (15-
30)% CS va (10-20)% xi méng (XM) trong BTXM. Cac két
qua thi nghiém cho thay viéc thay thé mot phdn CS hodc
thay thé ca CS va XM bang BTBT trong bé tong lam ting
d6 hat nude. Nguoc lai, khdi lugng thé tich cua hon hop bé
tong tuoi, cuong dé nén (Rn), cudng do kéo udn (Riu) va
dién tro suét bé& mit cia bé tong cling giam di. Tuy nhién,
Rnva Ri & 28 ngay clia cic bé tdng chira BTBT van dap
g yéu cau cho mat dudong 6 t6 va cong trinh cdu duong
bd. Viéc thay thé 25% CS hoic két hop 15% CS va 10%
XM bing BTBT cho RnVva Rk & 90 ngay dat khoang 94%
RnVva Rk ctia bé tong dbi chimg.

Tir khoa: BUn thai bé tong; cuong do uén, cuong do
nén, dién tro suat.

1. PAT VAN PE

Ngay nay, bao vé moi truong va phét trién ben
virng dang tro thanh van dé quan trong trén toan cau.
O hau hét cac qudc gia, nganh Xay dung la nguyén
nhan chinh gay ra cac van dé vé méi trudng va gop
phan Ié6n vao viéc can kiét tai nguyén thién nhién.
Nganh nay tiéu thu khoang 50% tai nguyén thién
nhién va tao ra 50% chit thai [1]. Su phét trién nhanh
chéng cua co so ha ting va cac d6 thi l6n trén thé gioi
da thuc ddy sy phét trién manh m& caa nganh cong
nghiép san xuat bé tong, mot loai vat liéu xay dung
chinh. Theo théng ké cua T chirc Bé tong tron sin
chau Au (European Ready-Mixed Concrete Organization,

Abstract: Concrete sludge waste (CSW) is a by-product
generated during the concrete production process at
concrete batching plants. Characterized by its high pH,
CSW s classified as hazardous waste and is predominantly
treated by landfilling, which leads to significant environmental
issues. This study investigated the utilization of CSW as a
partial replacement for river sand (S) at levels of 25-50%, or
as a combined replacement for both sand (15-30%) and
cement (C) (10-20%) in concrete mixtures. Experimental
results indicated that substituting part of S or both S and C
with CSW in concrete increased water absorption.
Conversely, this substitution resulted in a reduction in the
bulk density of the fresh concrete mixture, as well as
decreases in compressive strength (Rc), flexural strength
(Rf), and surface resistivity of the hardened concrete.
Despite these reductions, the 28-day compressive and
flexural strengths of concrete containing CSW met the
design requirements for road surfaces and bridges. Notably,
replacing 25% S or a combination of 15% S and 10% C
with CSW achieved approximately 94% of the 90-day R
and Rt of the control concrete.

Keywords: concrete sludge waste; flexural strength;
compressive strength; surface resistivity.
ERMCO), gan 900 triéu m3 bé tong tron sin dugc san
Xuét & hon 29,200 tram tron bé tong vao nam 2019.
Luong xi ming udc tinh dwoc s dung rét I6n, gan
600 triéu tan [2]. Cac nghién ctru da chi ra rang mot
tan xi mang Portland dugc san xuat s& san sinh ra gan
mot tin carbon dioxide (CO,) [3-5]. Nhing nghién
ctiu hién nay dang tap trung vao viéc tim kiém cac
nguyén liéu thay thé cho vat liéu tw nhiéu va xi méing
sir dung trong san xuét bé tong. Trong dé viéc nghién
ctu sir dung cac phé thai sinh ra tir cac nganh cong
nghiép 1am vat liéu thay thé trong san xuit bé tong
dugc cho la giai phap mang tinh bén viing, vira giam
thai 6 nhiém, vira bao vé tai nguyén, méi truong, gop

ISBN: 978-604-80-9779-0
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phan dem lai nhiéu lgi ich kinh té [6]. Cac phé thai
cong nghiép nhu tro bay, xi 10 cao, mudi silic, tro trau
. da dugc nghién ctu dé thay thé xi mang [7-9].
Ket qua nghién ctu cho thay viéc sir dung cac phé
thai nay véi luong phu hop ¢6 thé lam tang cudng do
va do bén cua bé tong.
Ngoai ra, viéc san xuit bé tong xi miang (BTXM)
& cac tram tron cling san sinh ra mot luong 16n cac
chat thai, trong dé c¢6 bun thai bé tong (BTBT). Usc
tinh lwong BTBT sinh ra tir qué trinh san xuat BTXM
khoang 1% - 4%, twong tng Moi nam s& ¢ khoang
36 triéu mét kh6i BTBT. Ban thai bé tong (BTBT) la
chat rén co6 trong nudc thai ling dong tai cac bé lang
cua tram tron bé tdng, phat sinh do viéc ria tram tron,
raa xe tron cho bé tong, xe bom bé téng va tir viéc
thai bo mot lugng bé tong tuoi du thura trong cac xe
tron cho bé tong (Hinh 1, 2). BTBT la hdn hop chu
yéu bao gom cét lieu min, cac hat xi mang (XM) da
hydrat hda, phu gia khoang, phu gia hdéa hoc va cat
min thu duoc tir cac hd ling [10-12]. BTBT c6 tinh
kiém rét cao, d6 pH nam trong khoang tir 11,5 dén 13.
O mot s6 nude nhur Anh, Tay Ban Nha, Nhat Ban, va
Viét Nam, BTBT duoc xép vao loai chat thai nguy hai
va duoc xur ly bang cach chén lap. Tuy nhién, viéc
chon lap BTBT khong chi chiém dién tich dat con c6
nguy co gdy 6 nhiém méi trudng dat va nudéc rat cao,
vi BTTT rét tro, thoi gian phan huay cua ching cé thé
Ién téi hang tram nam [11].

Hinh 1. Bé lang ciia mét tram tron bé tong Xi mang
¢ thanh phé Pa Ndng

Hinh 2. Bun thdi bé tong dwot Vot
ter ho lang, tdp ket cho chon lap
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Nhiéu nghién ctu trén thé gioi di xem xét viéc sir
dung BTBT lam vat liéu thay thé mot phan cat, xi
mang hoac chat don min trong bé téng hoac vira [12-
16]. Céc két qua nghién ciru cho thay rang mac du
viéc sir dung BTBT thay thé cat c6 thé lam giam tinh
cOng tac cua bé tong tuoi, nhung cudong do chiu nén &
28 ngay tudi cua bé téng vin dam bao néu luong
BTBT thay thé duoc sir dung phd hop [16]. Hon nira,
bang viéc sir dung phu gia siéu déo, tinh cong tac cua
bé tong tuoi va tinh chét cia bé tong dong cting ¢6 thé
duoc cai thién [13]. Focius va cong su [16] da chi ra
rang viéc thay thé 5% xi mang (XM) bang BTBT khd
hodc 10% XM bang BTBT w6t khong lam anh huong
dén tinh chit cua da vira, dong thoi gidp giam gia
thanh vira néu duoc 4p dung.

Tai Viét Nam, hién nay, cac nghién ciru vé viéc st
dung BTBT Iam nguyén liéu dé san xuat vat liéu xay
dung hay 1am cét liéu dé san xuat bé tdng van con han
ché. Trong khi dé, nhu cau sir dung cét song trong
nhitng ndm gan ddy ngay cang gia tang, dan dén tinh
trang thiéu hut nghiém trong nguon cat song phuc vu
cho san xuit BTXM va vira. Bé han ché viéc khai
thac tai nguyén thién nhién lam cét lidu san xuat bé
tong, va tiéu thu cac ngudn phé thai cong nghiép, phé
thai xay dung, Thu tuéng Chinh pha ban hanh Quyét
dinh s6 1266/QD-TTg ngay 18 thang 8 ndm 2020 [17]
va Chi thi s 08/CT-TTg ngay 26 thang 3 nim 2021
[18] vé&i muc tiéu la st dung céc loai phé thai cong
nghiép nhu tro, xi, thach cao, v.v... va phé thai xay
dung 1am nguyén liéu dé san xuat vat liéu xay dung,
ting budc han ché sir dung cét séng lam vat liéu xay
dung va san lap. Do do, viéc tim kiém céc loai vat
liéu tai ché tir cac phu pham cong nghiép hay phé thai
xay dyng dé thay thé mot phan hoic toan bo cét séng
dang tro thanh mot van dé cap bach hién nay.

Nghién ctu nay danh gid anh hudéng cua ham
luong BTBT khi thay thé xi mang, cat song va thay
thé dong thoi xi mang va cat song dén cudng do nén,
cuong do kéo udn, o rong cia BTXM.

2. VAT LIEU VA PHUONG PHAP THI
NGHIEM

2.1. Vit ligu

BTBT, xi mang, cat, da& dam va phu gia siéu déo la
nhitng vt liéu chinh dwoc st dung trong nghién ciu.
Xi mang Porland PC50 ¢6 cuong dd nén & 28 ngay
52,5 MPa, khéi lwong riéng (KLR) 3,10 g/cm?, do
min 3520 cm?/g phu hop véi TCVN 2682:2020. Cat
song (CS) c¢6 md dun dd 16n 2,74, KLR = 2,64 g/cm?,
d6 hiat nude 0,76%. Pa dam (P) ¢& 5-10 mm, KLR
2,74 g/lcm3, @6 hat nuwéc 1,26%. Thanh phan hat cua
cat va da dam phu hop véi TCVN 7570:2006 (Bang 1
va Bang 2). Phu gia siéu déo 3054 cua Cbng ty
TNHH Master Builders Solutions Viét Nam, c6 KLR
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1,09 g/cm? phu hop Véi tiéu chuan ASTM C494 loai
G [19].
Bdng 1. Bang thanh phan hat ciia Cat song,
bun thai bé tdng va ti€u chugn TCVN 7570:2006

cong | rmatatsang, 00| L0 0 £
mm At SO ) A .

(mm) Ce;ésg))ng ?;.?.g%' Min Max

5 100 100 100 100

2,5 89,40 86,99 80 100
1,25 64,43 68,03 55 85
0,63 43,44 55,76 30 65

0,315 20,64 24,16 10 35
0,14 6,01 14,13 0 10

tru 100x200 mm duoc dung dé xac dinh do hit nuéc
(PHN) va dién tro suit bé mat (BTSBM). Khi thi
nghiém cac mau try 100x200 mm dwoc cit thanh cac
lat 100x50 mm.

Céc thi nghiém R, va Riw duoc tién thanh theo tiéu
chuan TCVN 3118:2022 va TCVN 3119:2022, thi
nghiém BDHN va DTSBM dugc thuc hién theo tiéu
chuin ASTM C642 [21] va AASHTO T 358 [22]. Thi
nghiém xac dinh R, Rk, PHN va DTSBM duogc thi
nghiém & céc thoi diém 7, 28, 56 va 90 ngay. Két qua
thi nghiém cua cac chi tiéu néu trén la gia tri trung
binh cua 3 mau, riéng cuong d6 nén la gia tri trung
binh cua 6 mau.

3. KET QUA VA THAO LUAN

Bang 2. Bang thanh phan hat ciia Dd dam Bang 3. Thanh phan hon hop BTXM cho 1m?3
N Luwong lot sang, Lot sang theo TCVN s 1. 2, P, .
Sang (%) 7570:2006, (%) va khoi luwong thé tich bé tong tuoi
(mm) Pa <10 Min Niax Ki hiéu cAp phéi ] 0S0C ] 2550C | 50S0C [15510C[30520C
20 100 100 100 Xi ming, X (kg) 443,90 | 443,90 | 443,90 | 399,51 | 355,12
10 96,17 90 100 Nuéc, N (Iit) 182,00 | 199,95 | 217,51 | 199,76 | 217,51
5 747 0 10 Cat song, CS (kg) | 796,95 | 531,09 | 257,69 | 608,55 | 412,61
BunN thai bé tong (BTBT) duoc lay tai bé ling cia  [BTBT (kg) 0 |199,24|398,48 | 163,93 | 327,87
mot nha may tram tron Bé tong xi mang & thanh phé P4, P (kg) 1004,40|1004,40(1004,40[1004,40|1004,40
DPa Ning. BTBT dugc phoi kho, sau d6 sang loai bo Sigu déo, SD (kg) 400 | 577 | 1065 | 510 | 932
cac hat 16n trén sang 5 mm. BTBT ¢6 m6 dun d6 lon IN/X 041 | 045 | 049 | 045 | 049
2,76, @6 hit nuéc 35,4%, KLR = 2,45 g/cm?, Khéi lwgng thé tich
2.2. Thiét ké thanh ph?ln Bé tong xi mang ngs?:sg) tuol, p 2507 | 2430 | 2406 | 2441 | 2393

Thanh phan BTXM duoc thiét ké theo Tiéu chuén
cia Hoa Ky ACI 211.1 [20]. Nam hdn hop BTXM
gdm mau bé tong ddi chung khéng s dung BTBT
(0S0C), cac mau bé tong thay thé CS bang BTBT véi
ti I¢ IAn luot 25% (25S0C) va 50% (50S0C), cac mau
bé téng thay thé dong thoi cat song va xi mang bang
BTBT véi ti I¢ lan lugt 15% CS + 10% XM
(15S10C), va 30% CS + 20% XM (30S20C). o sut
cia cac hdn hop bé tong dugc ¢b dinh 8-10 cm, vi
BTBT rat xdp, do hut nudc rat 1on nén khi thay thé
CS hoic thay thé CS va XM can phai thém luong
nudc tron va luong phu gia siéu déo dé dam bao do
sut yéu cau. Thanh phan vat liéu cua cac loai BTXM
dugc ghi trong Bang 3.

2.3. Chuin bi mau thi nghiém va phuwong phap
thi nghiém

Cong tac duc va dudng ho cac mau BTXM thuc
hién theo tiéu chudn TCVN 3105:2022. Sau khi duc,
cdc mau duogc gitr trong khuodn trong thoi gian 2442
gio, sau d6 duoc thao khuén va ngdm bao dudng
trong nude cho dén ngay thi nghiém. Ngay sau khi
tron, cac hdn hop bé tong tuoi duoc kiém tra do sut va
khdéi lugng thé tich theo thiéu chuan TCVN
3106:2022 va TCVN 3108:1993.

Cac mau dam 100x100x400 mm duoc sir dung dé
xac dinh cuong d6 kéo uon (Rwu) va cac mau dam gay
duoc dung dé xac dinh cuong d6 nén (Rn). Cac mau

3.1. Khéi lwgng thé tich ctia bé tong twoi

Khéi lugng thé tich (KLTT) caa cac hdn hop bé
tong tuoi dugc thé hién trén Bang 3. Két qua thi
nghiém cho thay, KLTT cua tit ca hon hop bé tong co
sir dung bun thai bé tong (BTBT) déu nho hon so véi
mau dbi chung, mau khong chita BTBT (0S0C). Khi
ham luong BTBT cang nhiéu thi KLTT cang giam.
KLTT cua cac hon hop bé téng 25S0C, 50S0C,
15S10C va 30S20C giam lan lwot 35,2 kg/m3
(1,41%), 58,8 kg/m? (2,36%), va 88,3 kg/m?3 (3,54%)
so véi hdn hop bé tong dbi chung. Nguyén nhan cua
su giam nay la do BTBT c6 khéi lwong riéng nhé hon
SO VOi cat song va xi mang.

3.2. B¢ hut nuéc

Hinh 3 bicu dién gia tri do hat nuéc (PHN) cia
cac hon hop bé tong theo thoi gian.

ISBN: 978-604-80-9779-0
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7 ngay 28 ngay 56 ngay 90 ngay
——0S0C 4.84 4,70 4,51 4.40
—=-2580C 6,32 6,15 5,89 5,78
—+—35050C 8,27 7,86 7,60 741
——[55810C 6,51 6,38 6,05 5,89
30820C 8,11 7,69 7,60 732

Thoi gian (Ngay)

Hinh 3. Bg hit nieéc cua cac hon hop bé tong
theo thoi gian

Bé tong ddi chirng (0S0S) c6 BPHN thip nhat, trong
khi c&c bé tbng chua bun thai bé téng (BTBT) cé
DHN tang dan va ti 1¢ thuan véi ham luong BTBT sir
dung. DHN cuta cac bé tong khi st dung BTBT thay
thé 25% CS va thay thé 15% CS + 10% XM la gan
tuong tu nhau; cac bé tong khi sir dung BTBT thay thé
50% CS va thay thé 30% CS + 20% XM ciing tuong
tu. DPHN cua cAc mau 25S0C va 15S10C ting khoang
(30,6-35,8)%, cia cac mau 50S0C va 30S20C ting
khoang (63,7-70,9)% so véi mau di chirng 0SOC.

Viéc thay thé cang nhiéu luong xi ming hoic cat
bang BTBT lam ting do hat nudc cua hon hop bé
tong. Nguyén nhan cé thé Iy giai 1a do BTBT c6 tinh
x6p va do hat nudce cao, 1am cho dé rdng cua bé tong
tang lén.

3.3. Cuwdng dd udn va cwong do nén

Hinh 4 va Hinh 5 biéu dién gié tri cuong do nén
(Rn) va cudng do kéo udng (Rw,) cua cac hdn hop
BTXM. Céc bé tong chira BTBT déu c6 cudng do
thip hon so véi bé tong ddi ching 0SOC, su suy giam
cuong do cua cac bé téng ti I thuan véi ham luong
BTBT sir dung. Tuong tu nhu d6 rong, gia tri R, va
Rks cua cac bé tong 25S0C va 15S10C, ciing nhu
50S0C va 30S20C la gan twong ty nhau. Cu thé, Ry
va R, ciia c&c mau bé tong 25S0C va 15S10C giam lan
lugt twong tng khoang (5,6 - 9,4)% va (5,6 - 12,7)%;
trong khi Ry, va R, cua céac bé tong 50S0C va 30S20C
giam lan luot khoang (11,3 - 18,1)% va (17 - 21)% so
V6i bé tong ddi chimg 0SOC. Tuy nhién, viéc thay thé
ca CS va XM bing BTBT dan dén giam thém cuong
d6, ham lwong XM duoc thay thé cang nhiéu thi sy
suy giam cuong do cang I6n. Hdn hop BTXM thay thé
25% CS (25S0C) va bé tong thay thé 15% CS + 10%
XM (15510C) cho gié tri cuong do R, va Res & 90
ngay tudi cao nhat, dat khoang (93 - 94)% gi tri R, va
R, Ctia mau doi chimg.
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Hinh 5. Cuong dg chiu kéo uon ciia
cac hon hop bé tong xi mang theo thoi gian

Sy suy giam cuong do cua cic bé tdbng chtra
BTBT la do ching c¢6 d6 rdng I6n va nhu cau nudc (ti
1é nude/xi ming, N/X) cao hon so v6i bé tong ddi
chang 0SOC. Két qua nghién ciru c6 xu hudng twong
ddng véi cac nghién ctu trude day [11], [12], [16].

Theo yéu cau thiét ké, cuong do kéo udn Ry, cua
bé tong dung dé xay dung mat duong 6 to phai dat téi
thiéu 4,5 MPa [23], va cudng do nén R, cho cac cong
trinh cau dudng bo phai dat it nhat 28 MPa [24, 25].
Két qua thi nghiém cho thiy, khi quy d6i vé mau
chuin lap phuong kich thuéc 150x150x150 mm
(TCVN 3118:2022) va mau dam 150x150x600 mm
(TCVN 3119:2022), Ry, va Ry cua cac bé tong chua
BTBT déu Ién hon 16n hon 6,0 MPa va 50,0 MPa. Do
do6, cac bé téng s dung 25-50% BTBT thay thé cat
song hoac thay thé ca céat sbng va xi mang co thé
duoc tng dung trong xay dung mat dudng 6 t6 va mot
s6 bo phan trong cong trinh cau duong bo.

3.4. Dién tré suat bé mat

DPTSBM, don vi tinh la kQ.cm, chi kha ning
chéng lai sy xam nhap cua ion clorua cua bé tong.
DTSBM cua cac bé tong dugc thé hign trén Hinh 6.
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DPTSBM (kQ.cm)
[=2)

2

7 ngay 28 ngay 56 ngay 90 ngay
——050C 74 8.9 10,7 12,2
——2580C 6,7 7.8 9.7 11,0
—+=5050C 44 5.2 6.4 7,5
—a—15810C 57 6,9 82 9,1
30820C 4,0 4.8 53 6.2

Thoi gian (Ngay)

Hinh 6. Dién tré sudt bé mat cia
céc hon hop bé tbng theo thoi gian

Céc bé téng chira BTBT déu c6 DPTSBM nhé hon
S0 véi bé tong PC, ti 16 BTBT cang nhiéu thi PTSBM
cang nho. BDTSBM cua cac bé tdng 25S0C, 50S0C,
15S10C, 30S20C giam lan luot khoang (8,9-12,5)%,
(39-41,4)%, (21,8-25,2)% va (45,7-49,9)% s0 Véi bé
tong DC. PTSBM cua cac bé tong cang nho thé hién
d6 thdm ion clo cang cao [23]. PTSBM cua bé tong
dbi chitng (0SOC) & 90 ngay 1a 12,2 = 12 kQ.cm nén
dugce xem 1a c6 do tham ion clo & muc trung binh,
DTSBM cua cic bé tong khac déu nhé hon 12 kQ.cm
nén duoc xem 13 ¢6 do thdm ion clo & mirc cao [23].
Céc bé tdng chira BTBT c¢6 DTSBM thap 1 do chiing
c6 @6 rong 16n nhu da phan tich o trén.

4. KET LUAN

Nghién ctu nay tap trung vao tim hiéu anh huéng
ctia bun thai bé tong (BTBT) thay thé mot phan cét
song (CS) va xi mang (XM) dén mot sb tinh chat cua
bé tong xi mang (BTXM), va kha nang ing dung cua
BTXM st dung bun thai trong cac cong trinh xay
dung. Dya vao céc két qua nghién cau, cac két luan
c6 thé duge rat ra nhu sau:

- Viéc thay thé CS hoac thay thé ca CS va XM
bang bun thai bé tdng (BTBT) lam giam khéi lugng
thé tich caa hdn hop bé tong twoi, ty 16 giam ti 18
thuan véi ham lwong BTBT st dung.

- Po hat nuée cua cac bé tong chira BTBT déu cao
hon so v&i bé tong ddi ching. Muc do tang ti 18 thuan
v6i ham lugng BTBT thay thé CS va XM.

- Cudng do nén (Rn) va cuong do kéo udn (Ry)
cuia cac bé tong chira BTBT déu thip hon so vai bé
tong d6i chung (0SOC), su suy giam ti I¢ thuan véi
ham lugng BTBT thay thé CS va XM. Tuy nhién, cac
gid tri Ry vad Ry, cia cac bé tong chia BTBT &
28 ngay tudi van dap ing yéu cau thiét ké cho mit
duong 0 t6 va cong trinh cau duong b khi quy doi vé
mau chuén. Viéc thay thé 25% cét song bang bun thai

bé tong cho gia tri cudng do R, va Ry tot nhat, gan
Vvéi gi4 tri Rn va Rku cua mau dbi ching.

- Pién tro suat bé mat (PTSBM) cua céac bé tong
chira BTBT déu thip hon so voi bé tong ddi chimg.
Ham luong BTBT thay thé CS va XM cang nhiéu thi
DPTSBM cang nho.

Nghién ctru cho thay tinh kha thi trong viéc tai sir
dung bun thai bé tdng & cac tram tron bé tong xi
mang, thay thé mot phan cat séng va xi ming trong
ché tao BTXM cho xay dung cong trinh. Diéu nay
gitp lam giam 6 nhiém méi truong, ma con giam nhu
cau sir dung cac tai nguyén thién nhién. Nghién cau
cling cho thdy tiém ning tng dung bé tong chua
BTBT trong xay dung mat duong 6 td va cac bo phan
trong cong trinh cau duong bo, mo ra_huéng moi
trong viéc s dung vat lieu nhe va tiét kiém ning
lwong. Tuy nhién, can c6 thém cac nghién ctru sau ve
cac bién phap cai thién tinh chéng tham va do bén cua
vat lidu nay, gép phan vao sy phat trién cua cong
ngh¢ xay dung bén viing.
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