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THONG TIN KET QUA NGHIEN CUU

1. Thong tin chung

Tén dé tai: Nghién ciru ché tao bé téng xi ming cwdng dd sé'm cao ding cho sira
chira mat dwong 6 to6 va san bay

Ma s6: T2024-06-14;

Chu nhiém: PGS.TS. H6 Vin Quan;

Thanh vién tham gia: Nguyén Cong Tam, Nguyén Vin Hoi, Phan Quang Thanh.

Co quan chu tri: Truong Pai hoc Su pham K§ thust — Pai hoc Pa Nang;

Thoi gian thue hién: Tir thang 1 ndm 2025 dén thang 12 nam 2025.

2. Muc tiéu

- Lua chon vat liéu dau vao va thiét ké thanh phén vat liéu cac bé tong xi mang sua
chita c6 cuong dg som cao.

- Ché tao cac mau bé tong sira chita ¢ cudng do nén trung binh ¢ 12 h va 24 h dat
trén 20 MPa va trén 40 MPa, cuong do kéo udn & 12 h va 24 h dat trén 3,0 MPa va trén
6,0 MPa (cuong do nén va kéo udn xac dinh trén cac mau dam 40x40x160 mm).

- Xac dinh cuong d6 bam dinh gitra bé tong stra chira madi va bé tong cil.

- X4c dinh mot s6 tinh chat do bén cua cac bé tong stra chira.

3. Tinh méi va sang tao

Vi¢c stra chita mdt duong BTXM dudng 6 t6 va san bay thuong phai thuc hién trong
diéu kién c6 phuong tién giao thong qua lai va mdy bay cét, ha canh nén doi hoi thoi
gian thi cong sira chita rat ngin dé han ché gian doan giao thong, thudng khong qua 6-
12 h tuy theo loai mat duong va luu lugng giao thong. Do do, bé tong sura chira (BTSC)
mit duong khong nhitng doi hoi thoi gian dong két ngan, ma con doi hoi cuong do cao,
dac biét 1a cuong do kéo udn cao, cuong do bam dinh voi nén bé tong cii 1on dé mat
duong c6 thé chiu duoc tac dung truc tiép cua banh xe 6 t6 va may bay, cho phép thong
xe som, han ché gian doan giao thong trén duong, ciing nhu han ché sy hinh thanh céc
vét nit gitta bé tong cii va bé tong mbi. Bén canh d6, BTSC can phai c6 do bén cao dé
han ché s tan cong ctia cac chét co hai vao bé tong gy dn mon, hu hong cong trinh.

Ngoai viéc dung dé stra chita mat dudng, BTSC con ¢ thé dung dé san xuét cic cdu

kién dac san nhu 6ng cong, ludi chan rac, tam tuong, dam, tru dién, bo via, tam dan,

Bdo ¢6 tong két dé tai



viii

lam thong gio, ... Véi kha ning thi cong nhanh va chat luong duoc kiém soét tot trong
tirng khau, cc cau kién duc sin ngay cang chiém ti 1¢ cao trong xay dung cong trinh.
Néu str dung cac hdn hop bé tong thong thudng dé san xuét cac cdu kién dic sin thi can
t61 thiéu 20-24 h dé thao van khudn, 48-72 h dé cau lap cac ciu kién 1én phuong tién va
véan chuyén ra cong treong. Tuy nhién, khi sir dung hdn hop BTSC, thoi gian thédo van
khuon chi cin khoang 6 h, cong tac cdu lap va van chuyén cdu kién ciing chi can khoang
9 h, diéu nay gitp ting kha ning quay vong ctiia van khudn, ting ning suat san xuét va
mang lai hiéu qua kinh té. Xuit phat tir diéu kién thuc tién néu trén, dé tai nghién ctru
ché tao hdn hop bé tong xi ming cudng do sém cao dung cho sira chita mit dudng 6 to,
sdn bay va san xuat cac cu kién dic sin trong xay dung cong trinh, dam béo cac yéu
cau ky thuat, hiéu qua vé kinh té, xa hoi va moi truong.

4. Tém tit két qua nghién ciru

Ché tao dugc cac hdn hop BTSC st dung 15% tro bay va (1,5-4,5)% NS thay thé xi
mang co thoi gian dong két nhanh, cuong do cao va do bén vuot trdi so véi bé tong
thong thuong, ddng thoi cac hdn hop BTSC con rat hidu qua vé kinh té, xa hoi va moi
truong. Cac hdn hop BTSC hoan toan c6 thé dung dé sira chita mat dudng 6 to, san bay
va san xudt cac cau kién duc sin trong xay dung cong trinh.

5. Tén san pham
01 Bai bao khoa hoc dd duoc dang trén Tap chi Cau duong Viét Nam nim trong

danh muc tinh diém ctia Hoi dong chirc danh giao su nha nudc.

H6 Vin Quén, Nguyén Coéng Tam, Nguyén Vin Hoi, Anh hudng cia natri sunfat
dén cudng do sém cia bé tong va dinh hudng tng dung trong sira chita mit duong 6 t6
va san bay, Tap chi Cau dudng Viét Nam, Sb 6 (2025), trang 80-84.

01 Pé tai sinh vién nghién ctru khoa hoc dat giai nhat cip trudng.

Tén de tai: Nghién clru nang cao cudong do ctua bé tong & tudi sém dung trong sura

chira mat duong 6 to.
Chu nhiém: Nguyén Cong Tam
Thanh vién: Nguyén Hiru Thang, Tran Trong Hiéu, Nguyén Duy Trudng.
6. Hiéu qua, phwong thirc chuyén giao két qua nghién ctru va kha ning ap dung

Phuong thirc chuyén giao: San phdm cia dé tai dugc ban giao cho B mén Cau
duong va Khoa K§ thuat Xay dung - Truong Dai hoc Su pham K§ thuat — DH Da Néng.
S6 48 Cao Thang, P. Hai Chau, TP. Pa Nang.
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Tac dong va loi ich mang lai cua két qua nghién ctru: Két qua nghién ctru 1a tai liéu
tham khao tdt, giup bd sung kién thirc cho cac k¥ su, cac sinh vién va hoc vién cao hoc
nganh Xay dung. Cac hon hgp BTSC sir dung 15% tro bay va (1,5-4,5)% Natri sunfat
thay thé xi ming c6 thoi gian déng két nhanh, cuong do cao va do bén vuot troi, dong

thoi cac hon hop BTSC con rat hiéu qua vé kinh té, x3 hoi va méi trudng.

Kha ning ap dung: Cac hdn hop BTSC tbi wu chira (2,5-3,5)% NS da duoc thi
nghiém dé dac 02 ciu kién lué6i chin rac kich thuée 600x900x50 mm cho hd ga trén
duong. Sau khi duc khoang 9 h, 02 ciu kién 1ué6i chin rac duoc thao khudn, cau lap va
van chuyén mot cach dé dang, cAu kién dam bao kha nang chiu lyc va tinh thadm my. Tu
két qua thir nghiém nay cho thay hoan toan cé thé tng dung BTPKN dé sira chita mat
duong 6 to, san bay ciing nhu duc cac cdu kién diic sin & cac dang khac trong xay dung

cong trinh.

Pa Nang, ngdy  thdng 11 ndm 2025

TM. Hji dong Khoa Chii nhiém dé tai
Chu tich
PGS.TS. H6 Vin Quén

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

PGS.TS. V6 Trung Hung
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INFORMATION ON RESEARCH RESULTS

1. General information

Project title: Study on the Development of High Early-Strength Cement Concrete
for Repairing Highway and Airport Pavements

Code number: T2024-06-14
Coordinator: Assoc Prof. Dr. Ho Van Quan
Participants: Nguyen Cong Tam, Nguyen Van Hoi, Phan Quang Thanh.

Implementing institution: University of Technology and Education - The University

of Danang
Duration: from 1/2025 to 12/2025
2. Objective(s)

- Selection of Raw Materials and Mix Proportioning for High Early-Strength Repair

Cement Concrete.

- Preparation of repair concrete specimens with average compressive strength
exceeding 20 MPa at 12 hours and 40 MPa at 24 hours, and flexural strength exceeding
3.0 MPa at 12 hours and 6.0 MPa at 24 hours (compressive strength and flexural strength

determined on 40x40x160 mm prism specimens).

- Determination of the bond strength between the new repair concrete and the existing

(old) concrete.
- Evaluation of several durability properties of the repair concrete.
3. Creativeness and innovativeness

The repair of cement concrete pavements on roads and airfields is often carried out
under conditions where traffic remains in operation and aircraft continue to take off and
land. Therefore, the repair work requires a very short construction time to minimize
traffic disruption, typically no more than 6 to 12 hours, depending on the pavement type
and traffic volume. Therefore, repair concrete used for pavement must not only have a
short setting time but also possess high strength, particularly high flexural strength and
strong bond strength with the existing concrete substrate. This ensures that the pavement
can withstand the direct load from vehicle and aircraft wheels, allows for early
reopening to traffic, minimizes traffic disruption, and reduces the formation of cracks
between the old and new concrete. In addition, the repair concrete must have high
durability to resist the attack of harmful substances that cause corrosion and

deterioration of the structures. In addition to being used for pavement repair, high early-
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strength repair concrete can also be used to manufacture precast components such as
pipes, trash racks, wall panels, beams, utility poles, curbstones, slabs, ventilation
louvers, and more. With its rapid construction capability and well-controlled quality at
every stage, precast components are increasingly playing a significant role in
construction projects. When using conventional concrete mixtures to produce precast
components, a minimum of 20-24 hours is required for formwork removal, and 48-72
hours for lifting and transporting the components to the construction site. However, with
the use of repair concrete, the formwork removal time is reduced to about 6 hours, and
the lifting and transportation operations take only about 9 hours. This significantly
improves formwork turnover, increases production efficiency, and delivers economic
benefits. Based on the practical conditions mentioned above, this study focuses on the
development of high early-strength cement concrete mixtures for repairing road and
airport pavements as well as for manufacturing precast components used in construction.
The research aims to meet technical requirements while ensuring economic, social and

environmental efficiency.
4. Research results

High early-strength repair concrete mixtures incorporating 15% fly ash and (1.5—
4.5)% sodium sulfate (as partial cement replacements) were successfully developed,
demonstrating rapid setting time, high strength, and superior durability compared to
conventional concrete. In addition, these repair concrete mixtures offer significant
economic, social, and environmental benefits. The developed high early-strength repair
concrete mixtures are fully suitable for repairing road and airport pavements, as well as

for the production of precast components in construction projects.
5. Products

01 scientific paper published in the Vietnam Journal of Transport and Infrastructure,

which is included in the scoring list of the State Council for Professorship Titles.

Ho Van Quan, Nguyen Cong Tam, Nguyen Van Hoi, Effect of Sodium Sulfate on the
Early Strength of Concrete and Application Orientation in Road and Airport Pavement
Repair, Vietnam Bridge and Road Journal, No. 6 (2025), pp. 80—84.

01 student research project awarded first prize at the university level.

Title of the Project: Study on Enhancing the Early-Age Strength of Concrete Used

for Road Pavement Repair.
Coordinator: Nguyen Cong Tam.

Participants: Nguyen Huu Thang, Tran Trong Hieu, Nguyen Duy Truong.

Bdo ¢6 tong két dé tai



xii

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

Method for transferring research results: The products of the project were handed
over to the Road and Bridge Departmen and Faculty of Civil Engineering, University of
Technology and Education. 48 Cao Thang, Hai Chau, Danang.

Impacts and benefits of research results: The research results serve as a valuable
reference, contributing to the knowledge base of engineers, undergraduate students, and
graduate students in the field of construction. The developed high early-strength repair
concrete mixtures, incorporating 15% fly ash and (1.5-4.5)% sodium sulfate as partial
cement replacements, exhibit rapid setting time, high strength, and superior durability.
In addition, these RC mixtures offer significant economic, social, and environmental
benefits.

Applicability: Optimized high early-strength repair concrete (RC) mixtures
containing (2.5-3.5)% sodium sulfate were tested in the casting of two trash rack
components with dimensions of 600x900x50 mm for roadside catch basins.
Approximately 9 hours after casting, the components were successfully demolded,
lifted, and transported with ease. The finished products met structural strength
requirements and exhibited good aesthetic quality. The results of this experiment
demonstrate that high early-strength concrete (HESC) can be effectively applied for the
repair of road and airport pavements, as well as for casting various types of precast

components used in construction projects.
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MO PAU

1. TINH CAP THIET CUA DE TAI

Mait duong bé tong xi mang (BTXM) dudng 0 t6 va duong lan san bay sau mot thoi
gian khai thac, sit dung thuong xay ra cac hu hong nhu nitt, v goc tdm, canh tim, bong
troc, 6 g, ... 1am giam kha ning chju tai, mt do bang phing va khéng dam bao an toan
cho xe chay va may bay cat, ha canh. Do d6, can phai stra chita cac chd hu hong dé mat
duong BTXM dam bao kha ning chiu lyc, du do bang phing va dam bao an toan trong
khai thac, sir dung. Viéc sua chita mat duong 0 t6 va san bay thudong phai thuc hién
trong diéu kién c6 phuong tién giao thong qua lai va may bay cit, ha canh nén doi hoi
thoi gian thi cong stra chira rat ngan, thuong khong qua 6-12 h. Do d6, BTXM dung dé
sira chira mat duong 6 t6 va san bay (BTSC) can phai ¢6 cuong do som cao dé co thé
thong xe hodc may bay cat ha canh sém trong vong (6-12) h sau khi sira chita. Bén canh
d6, bé tong sira chita can phai c6 cuong d6 kéo ubn cao dé chiu dugc tac dung truc tiép
clia tai trong banh xe 6 to va may bay, dong thoi BTSC phai ¢6 lyc dinh bam véi nén bé
tong cii 16n dé han ché su hinh thanh cac vét nirt gitra nén bé tong cii va bé tong sta
chita mai. Ngoai ra, BTSC can phai c6 do bén cao dé chéng lai cac chat ¢6 hai tir moi
truong bén ngoai nhu ion clo, ion sunfat, ... thdm nhap vao mat duong BTXM gay an

mon bé tong, an mon cbt thép din dén hu hong mit duong.

Ngoai viéc dung dé stra chita mat dudng, BTSC con c6 thé dung dé san xuét cac cdu
kién dtc san nhu 6ng céng, ludi chén rac, tim tuong, dam, tru dién, b6 via, tAm dan,
lam thong gid, ... V4i kha ning thi cong nhanh va chét luong duoc kiém soat tot, cac
cAu kién duc sin ngdy cang chiém ti 18 cao trong xay dung cong trinh. Néu sir dung céc
hdn hop bé tong thong thuong dé san xuat cac cdu kién nay thi can ti thiéu 18-20 h dé
thao van khuon, can 24-48 h dé cau lp va van chuyén cau kién. Tuy nhién, khi sir dung
hdn hop BTSC, thoi gian thao van khuén chi can khoang 4-6 h, cong tac cau lip va van
chuyén ciu kién ciing chi can khoang 9-12 h, diéu nay gitp kha ning quay vong van
khuon nhanh, ting ning suit san xuit va mang lai hiéu qua kinh té. Do vay, dé tai
“Nghién ciru ché tao bé tong xi méing cwong dé sém cao ding cho sira chita mdt

dwong é t6 va san bay” 1a rat cip thiét, co y nghia khoa hoc va thuc tién cao.
2. MUC TIEU NGHIEN CUU

Lua chon vat liéu dau vao va thiét ké thanh ph?m vat li€u cac bé tong xi mang stra
chira c6 cuong do sém cao.

Ché tao cac mau bé tong sira chira c6 cudng do nén trung binh & 12 h va 24 h dat
trén 20 MPa va trén 40 MPa, cuong do kéo udn & 12 h va 24 h dat trén 3,0 MPa va trén

6,0 MPa (cuong do nén va kéo udn xac dinh trén cac mau dam 40x40x160 mm).
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Xéc dinh cuong do bam dinh gitra cac bé tong sua chita va bé tong cii.

Xéc dinh véan toc xung siéu 4m clia cac bé tong sira chia.

Xac dinh mot s6 tinh chat do bén cua cac bé tong stra chira.
3. POI TUQNG, PHAM VI NGHIEN CUU
3.1. Poi twong nghién ciru

Bé tong xi ming cuong d6 sém cao dung dé stra chira mit duong 6 t6 va san bay.
3.2. Pham vi nghién ciru

Nghién ctru céc loai bé tong xi mang cuong do sém cao st dung 15% tro bay thay

thé xi mang va két hop véi cac lidu luong chit phu gia rdn nhanh khac nhau.
4. CACH TIEP CAN, PHUONG PHAP NGHIEN CUU
4.1. Cach tiép can

Nghién ctru thuc nghiém trong phong xac dinh cuong do nén, cuong do kéo uodn,
van toc xung si€u am, do chong tham ion clo, strc khang dn mon cot thép cua cac bé

t6ng stra chita v6i cac ti 16 chat phu gia rin nhanh khéac nhau.

Ngoai ra, & danh d¢ lién két gitta BTSC mdi va bé tong cii khi thi cong sira chira,
nghién ciru ndy con da dé xuat phuong phéap xac dinh cudng do lién két gitra BTSC méi
va bé tong cii dua trén mau ndi gitta BTSC méi va bé tong cil.

4.2. Phuong phap nghién ciru

Phuong phap nghién ctru Iy thuyét, tong quan cac tai liéu di cong bd vé cac bé tong

cuong dd som cao va ing dung cac bé tong nay trong sura chira cong trinh.

Phuong phap thyc nghiém trong phong, thi nghiém xac dinh cac tinh chat co hoc va

dd bén cua bé tong stra chira.

So sanh céc tinh chat co hoc va do bén ctia cac BTSC cuong do sém cao so vdi cac
bé tong thong thuong.

Ché tao cac cau kién duc san ludi chin rac bang bé tong kich thudc 600x900%50

mm st dung cac hdn hop bé tong tdi wu trong nghién ciru.
5. KET CAU CUA DE TAI

Ngoai phan M¢ dau, Két luan va kién nghi, Phy luc. Dé tai gdbm 03 Chwong nhu

sau:

Chuong 1: Nghién ciru tong quan;
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Chuong 2: Lya chon vat liéu ché tao bé tong va thiét ké thanh phan bé tong xi mang

cuong do som cao sur dung tro bay va phu gia ran nhanh;

Chuong 3: Xac dinh cuong do kéo udn, cuong do nén, cuong do bam dinh véi bé

tong cii va mot s chi tiéu do bén cua bé tong cudng dd sém cao.
6. Y NGHIA KHOA HQC VA Y NGHIA THU'C TIEN CUA PE TAI

Pé tai gop phan lam 3 vai tro ctia chit phy gia dong két nhanh dén cac dén cac tinh
chit co hoc va dd bén ciia BTSC, chét phu gia dong két nhanh cai thién cuong do sém

va dong thoi n6 cling cai thién d bén cua cuia BTSC.

Viéc sir dung cac BTSC dé stra chira mit dudng 6 t6 va san bay sé& cho phép thong
xe sém, giam thoi gian gian doan giao thong, day 1a van dé k§ thuat dugc quan tim hang
dau hién nay trong thi cong sira chita mat dudng 6 t6 va san bay. Bén canh d6, bé BTSC
v61 dac tinh cuong d§ sdém cao con co thé ung dung dé duc cac ciu kién, san phém duc
san, day nhanh cong tac thio, quay vong van khudn; giam thoi gian bao dudng, cau lap,

van chuyén va thi cong lap dit, mang lai hiéu qua kinh té.
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Chwong 1: NGHIEN CUU TONG QUAN

1.1. CAC NGHIEN CUU VE BE TONG CUONG PO SOM CAO TREN THE
GIOI
Bé tong, vita va chat két dinh cuong d6 som cao da duoc mot sb tac gia nghién ctu

trong nhitng ndm gan day trén thé gidi, sau day 1a mdt s6 nghién ctru dién hinh.

H. Ding va céng sw (cs) [1] nghién ctru vita stra chira ty dm st dung 75% xi ming
dong két nhanh Sulfoaluminate + 25% xi ming pooc ling va két hop véi cac phy gia ran
nhanh 1a 3 loai canxi sulfat bao gém thach cao hemihydrat (HG), thach cao anhydrit
(SG) va thach cao dihydrat (DG), liéu lugng thach cao dugc thay thé 1an luot 1 4% va
8% xi mang. Két qua cho thiy thach cao HG di day nhanh téc do hydrat hoa ban dau
clia xi mang va thuc dy toc do gidn no. Pbi véi xi ming c6 8% thach cao HG, 6 gid
sau khi duac, cuong do udn va cuong d nén tang lan luot 14 39,02% va 34,08% so voi
vita d6i chtng (Blank). Tc do hydrat hoa cua xi ming c6 thé bi tri hodn hiéu qua boi
thach cao DG va két qua khong dat yéu cau. Cudng d6 udn va nén sau 28 ngiy duoc
tang 1an luot 13 26,56% va 28,08% sau khi thém 8% thach cao SG.
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Hinh 1.1. Cuong do kéo uén va cuong dd nén ciia cac bé tong, (a, b) sir dung

4% canxi sunfat; (c, d) sir dung 8% canxi sunfat [1].
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Nan Shi va cs [2] nghién ctru anh hudng cua thach cao anhydrit (SG) va thach cao
dihydrat (DG) dén qua trinh hydrat hoa va cuong do cia clinker xi ming ferroaluminat
bun d6 kiém cao (RCFA), liéu lugng thach cao bo sung 1 2-9% khdi luwong xi mang.
Két qua nghién ctru cho thay khi thém 4% thach cao, cuong d6 nén 3 ngay cia xi miang
la 39,1 MPa va cuong do nén 28 ngay la 63,2 MPa, cuong d§ nén & 28 ngay tang 61,6%
so v6i & 3 ngdy. Cac tinh chat cta hd xi mang co thé bi anh hudng xau do ham luong
thach cao SG trén 4%. Qua trinh hydrat hoa toa nhiét cia clinker duogc déy nhanh béi

thach cao luc dau, nhung tdc do giam dan khi qua trinh tién trién.
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Hinh 1.2. Cwdong d¢ nén ciia RCFA véi cac loai licu lwgng canxi sunfat khac
nhau: (a) Thach cao, (b) Anhydrit [2].

M. Mrak va cs [3] nghién ctru anh hudng cua céc liéu luong thach cao khac nhau
dén qué trinh hydrat hoa cua clinker belite-canxi sulfoaluminate giau belite (CBCSA-
B) va giau ye’elimite (BCSA-Y), ba ham lugng thach cao tuong tng véi 3 ti I¢ mol 1a
M =1,0, 1,5 va 2,0. Két qua cho thay tat ca cac hdn hop xi miang BCSA-B déu c6 cuong
d6 nén tang dan 1én dén 150 ngay, voi su phat trién cuong d6 nén rat nhanh trong khoang
tir 1-7 ngay, sau 7 ngay, cudng do nén ting cham. O d6 tudi mudn (150 ngay), cuong
d6 nén thap nhat khi M =2,0 (24,9 MPa), tiép theo 1a khi M = 1,0 (27,5 MPa), vdi cuong
d6 nén cao nhat khi M = 1,5 (30,3 MPa). Ddi véi hdn hop xi ming BCSA-Y cho thay
xu hudng twong tu nhu hdn hop xi miang BCSA-B, tuy nhién & M = 1,0 va M = 1,5 chi
thiy cudng do ting nhe giita 1 va 7 ngay. Sau 7 ngay hydrat hoa, cudng do nén ting 1én
khi lugng thach cao tang 1én, dat gia tri cudi cung la 39,6 MPa, 45,7 MPa va 48,3 MPa
sau 150 ngay ddi voi M = 1,0, M = 1,5 va M = 2,0. Ham luong thach cao tdi vu véi ti 16
M = 1,5 dbi v6i CBCSA-B va M = 2,0 d6i véi CBCSA-Y.

J. Fu va cs [4] nghién ctru anh hudng cia natri sunfat (NS) dén sy hydrat héa va
cudng do cua chat két dinh (CKD) gdm xi mang va xi 10 cao (XL) véi ti 1& 50:50, liéu

luong NS duoc sir dung tir 1-3% khéi lugng CKD. Sy gia ting cudng do ban dau khi c6
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NS duoc chirng minh 1a do su két hop giita hydrat hoa alite ting va sy hoa tan XL gia
tang. PO hoa tan ctia XL ting c6 lién quan dén ca d6 pH ting va hoat dong canxi giam
v6i hai yéu té nay dugc két ndi thong qua gii han hoa tan Ca(OH),. NS dugc ching
minh 12 1am ting dang ké qua trinh hoa tan ctiia XL ¢ pH = 13 vdi tac dong nay dugc
cho la do do bao hoa cia XL 16n hon do su hinh thanh ettringite. NS da dugc chung
minh 13 tot hon céc chét hoat hoa thay thé trong chat két dinh xi mang - XL.
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Hinh 1.3. Cwdong do nén cta bé tong cé ti 1€ XL:xi mang = 50:50 chira 0-3%
NS so v6i bé tong chi c6 xi mang (Cem) chira 0 hoac 2,5% NS [4].
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Hinh 1.4. Cuwong d0 nén cia bé tong c6 ti I¢ XL:xi mang = 50:50 c6 chira cac
chit hoat héa xi kiém khac nhau, trong d6, Na;SiO; va NaOH dwgc thém vao &
mirc lwgng Na2O twong dwong véi hwgng NS bo sung [4].

P. T. Bui va cs [5] nghién ctru st dung 4% NS lam phu gia ran nhanh dén céc tinh
chat cia hd xi mang c6 0%, 20% va 40% tro bay (TB) thay thé xi mang va ty 1& nudc/chat
két dinh (N/CKD) 12 0,30. Viéc sir dung NS 1am giam thoi gian dong két ctia ho chat két
dinh va ting cuong d6 nén ctia ho da dong cimg 1én dén 28 ngay bat ké c6 thay thé tro
bay hay khong. Viéc sir dung NS 1am giam ham luong Ca(OH), trong h6 di dong cimg
bat ké c6 thay thé TB hay khong. Trong khi d6, n6 lam ting muc tiéu thu Ca(OH), do
phan ung puzolan ciia TB va ham luong canxi silicat va aluminat hydrat trong ho xi

ming-TB d3 dong ctng. Do d6, viéc sir dung NS anh hudng tiéu cuc dén qua trinh thuy
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hoéa xi ming trong hd xi miang di dong cing khong co6 TB, trong khi n6 day nhanh qua
trinh hinh thanh ettringite va phan mg puzzolanic ctia TB trong hd xi ming da dong

cung.
== 0% Na2304 - 4% Nast4
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Hinh 1.5. Anh hwéng ciia NS dén thoi gian dong két ciia ho chat két dinh twoi
¢6 thay thé 0%, 20% va 40% TB [5].
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Hinh 1.6. Anh huéng ciia NS dén cwong dd nén ciia ho CKD da dong cirng véi
(a) 0%, (b) 20% va (c) 40% TB thay thé xi ming [5].
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Hinh 1.7. Anh huéng cia NS dén ham lwgng Ca(OH); trong hé di dong cing
v6i 0%, 20% va 40% TB thay thé & (a) 3 ngay va (b) 28 ngay [5].
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Hinh 1.8. Tac dong ciia NS 1én mirc tiéu thu Ca(OH): (a) va qua trinh chuin
héa ciia né (b) trong hé CKD da dong cirng véi 20% va 40% TB thay thé xi ming
sau 3 ngay va 28 ngay [5].
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Hinh 1.9. Anh huéng ciia NS dén ham lwgng canxi silicat va aluminat hydrat
bao gdm AFt, CSH va C2:ASH;s trong hé CKD di dong cirng véi 0%, 20% va 40%
TB thay thé & (a) 3 ngay va (b) 28 ngay [5].

J. M. Etcheverry va cs [6] nghién ctru anh hudng ciia NS dén hoat dong phan tng,
cudng d6 nén va cau trac 16 réng cua vira gdm gdm 30% xi ming pooc ling va 70% bot
thach anh (Q) va CKD hdn hop gém 70% XL va 30% xi ming pooc ling (PC), ham
luong NS bing 3-10% khéi lugng xi ming va 3-15% khéi luong XL. Thoi gian dong
két dugc rat ngan khi thém NS, nhung khi ting liéu luong NS trén 3% khéng anh huéng
dang ké dén thoi gian nay. Cac phép do XRD tai chd cho thiy su hinh thanh ettringite
ngay cang ting trong vong 2 ngay dau tién cua qué trinh hydrat héa. Phan tng 16n hon

ctia XL 1am giam 16 rong ctia vita va do d6 lam ting cudng d6 nén & giai doan dau.
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Hinh 1.10. Anh hwéng ciia NS dén cwong d nén ciia hd xi ming-thach anh [6].
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Hinh 1.11. Anh huéng ciia NS dén cwdong dd nén cia hd xi miang-XL [6].
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Hinh 1.12. Anh huéng ciia NS dén ty 1¢ phan trim cac phin 16 rng khac nhau

cua vira sau 7 ngay (a) va sau 28 ngay (b) [6].
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Y. Li va cs [7] nghién anh hudéng ctia NS va kali sunfat (KS) dén tdc do thuy hoa,
co ngot tu sinh va co ngot kho cua vira xi mang, trong do str dung 3 loai xi khac nhau
gdém xi ming pooc ling nhiét d6 thip (LHPC), xi mang pooc ling nhiét do trung binh
(MHPC) va xi mang pooc lang thong thuong (OPC). Ham luong ctia NS va KS 1an luot
bang 0% (L0); 0,8% (L8N, L8K) va 1,2% (L12N, L12K) khdi lwong xi mang. Két qua
chi ra rang cac sunfat kiém lam ting d6 co ngdt tu sinh va co ngét kho cia vira. Vira sir
dung xi mang LHPC c6 d6 co ng6t thip nhat. Mat khac, anh hudng ciia cac sunfat kiém
dén do co ngdt tu sinh 16n hon co ngdt kho, trong d6 KS tac dong thuc day do co ngot
cua vita xi mang 1én hon so vo1 NS.
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Hinh 1.13. P co ngot ctia vira LHPC véi ham lwgng sunfat kiém khac nhau.
(a) Co ngot tu nhién; (b) Co ngét kho [7].

500+ 1500+
= (a) (b)
S 2 P —
— 400+ S 12004 A Y
= e — 1+ 3 = P
< 1+ ; 0 2 - A . e e e
'Q ok e o — ° «© ~ *X
@ 300 ' = 9004 ¥
B. - ) ‘f.’ - & = ——a
- S — B / -
2 / o ./l
o - o0 —=— M0
S 200 " = 600 H" — RN

1 MO o

E T 8

1004 mQKN 300 <+ MI2K

<« MI2K
0 1 T T T T 1 0 T T T T T ¥ T v T ’ 1
0 20 40 60 80 100 0 20 40 60 80 100
Thot gian (ngay) Thot gian (ngay)

Hinh 1.14. P co ngét ciia vira MHPC véi ham lwong sunfat kiém khac nhau.
(a) Co ngot tw nhién; (b) Co ngét kho [7].
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Hinh 1.15. P co ngét ciia vira OPC véi ham lwong sunfat kiém khac nhau,
(a) Co ngot tu nhién; (b) Co ngot kho [7].

A.M. Rashad va cs [8] nghién ctru anh hudng ciia NS dén hd CKD gom c¢6 xi mang
pooc ling (PC) va XL véi cac d6 min khac nhau, ham lugng NS 1an luot 14 1% va 3%
khéi lugng CKD. Nghién ctru nay c¢6 5 hdn hop hd CKD, gdm cé hdn hop d6i ching
M1 véi CKD 1a xi ming PC, hon hop M2 véi CKD 1a XL ¢6 d6 min 2500 cm?/g va 1%
NS; hdn hgp M3 véi CKD 1a XL ¢6 d6 min 5000 cm?/g va 1% NS; hdn hop M4 véi
CKD 1a XL c6 @ min 2500 cm?/g va 3% NS; hon hop M5 v6i CKD 1a XL c¢6 d6 min
5000 cm?/g va 3% NS. Két qua thi nghiém cho thay ting d6 min ctia XL 1a phuong phap
hiéu qua hon so véi tang lidu luong NS dé ting cuong d6 ban dau va dai han cta hd
CKD st dung XL hoat héa NS. Viéc bd sung NS dan dén su gia ting do pH ctia cac hdn
hop hé CKD di déng cung.
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Hinh 1.16. Sy phat trién cwong d nén theo thoi gian ciia loai hd xi ming PC

va XL hoat tinh [8].
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Bang 1.1. P§ pH ciia cic ho CKD di dong cirng & cac dd tudi khac nhau [8].

Hon hop 3 ngay 27 ngay 28 ngay 56 ngay 90 ngay
M1 12.78 12.77 12.74 12.74 12.80
M2 12.32 12.27 12.18 12.21 12.18
M3 12.35 12.30 12.17 12.30 12.32
M4 12.44 12.41 12.34 12.43 12.42
M5 12.49 12.49 12.32 12.39 12.40

M. Kumar va cs [9] nghién ctru anh huong ctia NS dén cac tinh chat vita chira xi
ming va TB, trong d6 TB chiém 20%, ham luong NS bang 2% khdi luong xi ming.
Nghién ctru ¢6 5 hdn hop vita, gdm c6 hdn hop ddi ching (a) vai CKD 14 xi mang, hdn
hop (b) v6i CKD 1a xi ming va 20% TB; hon hop (c) véi CKD 1a xi ming, 20% TB va
0,1% phu gia siéu déo (SD); hon hop (d) véi CKD 1a xi ming, 20% TB va 2% NS; hon
hop (e) véi CKD 1a xi mang, 20% TB, 2% NS va 0,1% SD. Két qua cho thay chat siéu
déo 1am giam kich thudc 16 rong va sy hdp phu ciia n6 trén bé mit xi ming giam khi co

mit NS. NS 1a ting luong nudc tiéu chuan va lam giam thoi gian dong két cua vira.
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Hinh 1.17. Lwong nwéc tiéu chuin (a) va thoi gian dong két (b) ciia cac hdn
hgp vira twoi [8].
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Hinh 1.18. P hap thu nwéc (a) va cuwong dd nén & 28 ngay (b) ciia cac loai

vira da dong cirng [8].
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M. A. Nawaz [10] nghién ctru cac tinh chat co hoc va d bén ctia bé tong sir dung

TB thay thé 20%, 40% va 60% xi mang (U), dong thoi sir dung 2% NS theo khdi lugng

CKD lam chat hoat hoa cho cac hdn hop bé tong chira 20%, 40% va 60% (A). Két qua

cho thay NS lam ting cudng d6 ¢ giai doan dau ¢ moi mtc TB. Céc bé t
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Hinh 1.21. P§ réng ciia cac loai bé tong [10].
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Hinh 1.22. D9 thiam nhép ion clorua trong cac loai bé tong [10].

Junjie Wang va cs [11] nghién ctru anh ctia NS va kali sunfat (KS) 1én co ché hydrat
hoéa va dic tinh cia vira rot long kép (DLGM) gdc xi ming canxi sunfoaluminat (CSA).
Két qua cho thay ca NS va KS déu ddy nhanh qua trinh hydrat hoa xi mang CSA va hinh
thanh ettringite ngay tir dau va rat ngan thoi gian dong két ban dau va cudi cing cua
DLGM. Céc hanh vi thay ddi cta thoi gian dong két, nhiét hydrat hoa va cuong do cua
DLGM véi NS va KS duge phat hién 13 khac nhau va ham luong tdi uu ctia ching ciing
khac nhau. Quan sat cdu triic vi md cho thdy viéc bd sung NS lam cho ettringite hop

nhat thanh dang tdm va KS tao ra cac dai ettringite dai hon xép chong 1én nhau trong
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DLGM. Khi xem xét ca thoi gian dong két va cuong do nén, luong NS va KS duoc
khuyén nghi 1an luot 13 3% va 1,5%.

O. Onuaguluch va cs [12] nghién ctru anh hudng cua 4-6% NS theo khéi luong
CKD dén céc tinh chat cta vira ham lugng TB cao (HVFA) va cudng do lién két cia cot
thép gén trong vira. Vira chtra 0-10% muoi silic, 30—40% xi mang pooc ling va TB. Két
qua nghién ciru cho thay NS 1am tang toc phan ing puzzolan trong hdn hop HVFA, tiéu
thu manh Ca(OH); va tang cuong d0 co hoc vira phai vao ngay thr 7. NS lam tang dang
ké cuong do lién két giita vita HVFA véi cdt thép. Dya trén nhitng két qua nay, nhom
tac gia dé xuét str dung vita HVFA hoat hoa NS cho mat dudng BTXM va 16p phu stra
chira.

1.2. CAC NGHIEN CUU VE BE TONG CUONG PQ SOM CAO O TRONG
NUOC

O Viét Nam, thoi gian gin ddy ciing d3 c6 mot sd tac gia nghién ctru vé bé tong va
vita cuong d som cao, sau day la mot sb nghién ctru dién hinh.

N. C. Thing va cs [13, 14] nghién ctru ché tao bé tong va vita cudng do cao siéu
ran nhanh st dung calcium aluminate v6 dinh hinh (ACA). Két qua nghién ctru cho thay
viéc str dung phu gia khoang muoi silic (MS) va XL két hop véi phu gia ran nhanh c6
kha ning ché tao duoc bé tong voi do chay 16n hon 500 mm va cudng do cao ran nhanh
dam bdo cuong do nén cua bé tong sau 4h dat trén 10 MPa va sau 28 ngay dat trén 55
MPa. Bén canh dé, viéc sir dung XL voéi ham lugng dén 30% thay thé xi ming theo khoi
lugng khong 1am anh huong dén téc d6 ran chic va phat trién cudng do cia bé tong.
Khi str dung ACA v6i ham lugng 15%, cudng do cia bé tong ¢ 4h va 28 ngay dat tuong
g 23 MPa va 71 MPa. Mic du cudng d6 nén & 4h thap hon so véi mau sir dung
20%ACA nhung & 28 ngay cuong d6 nén 1a twong duwong. Bén canh d6, mau bé tong sir
dung ACA c6 kha nang chong thim ion clo khong c6 su khac biét so véi mau dbi ching
(khong st dung ACA).

N. K. Tudn va cs [15] nghién ciru vira kho cuong do cao ran nhanh bang céch sir
dung phu gia khoang mudi silic (MS) va TB két hop véi phu gia ran nhanh canxi nitrat
va natri thioxyanate. Két qua nghién ctru cho thay sir sung 10%MS va 10%TB két hop
4% canxi nitrat va 0,8% natri thioxyanate lam gia tang cuong do nén cua vira ¢ 1 ngay
va 3 ngay 1én khoang 26% va 22%.

N. D. Pinh va cs [16] nghién ctru anh hudng ctia ham luong canxi formate (CF) dén
tinh chat ctia xi mang poocling hdn hop Yén Bai. Két qua cho thiay CF lam giam thoi

gian dong két va tang cudng do ¢ tudi sém cua xi ming, khi ham luong CF gia ting tu
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0,1-0,4% theo khi lwong xi ming, thoi gian dong két cang giam va cudng d6 nén & tudi

sOm cua X1 mang cang tang.

N. T. P. Khoa va cs [17] nghién ctru danh gid anh huéng cua ham lugng NS dén
cuong do chiu nén cua h¢ CKD véi ham lugng 16n TB. Lugng TB ¢6 trong h¢ CKD lan
luot 1a 85, 88, 90, 93, 95 va 97% theo khdi luong CKD. Ham lugng NS dugc cho vao
hdn hop theo ti 18 0, 1,5, 2,0, 2,5 va 3,0% theo khdi lwong CKD. Ti 18 nudc/chat két dinh
cho tat ca cap phdi 14 0,20. Két qua chi ra rang ¢ d6 tudi sém 3 ngay, cac mau st dung
NS ¢6 cudng do chiu nén phat trién gp 2-4 1an khi so v6i mau ddi chung. O 7 va 14
ngay tudi, gia tri cudng d6 nén cua cic mau chira NS van con tiép tuc ting cao khoang
1,5-2,0 1an so v6i mau ddi chimg. Dén 28 ngay, gia tri cudng d6 chiu nén cua mau doi
chtng xap xi gan bang cudng do cua cac miu c6 chira NS. Két qua nghién ctru cho thiy
ham luong NS duogc thém vao di giup thuc dy sy phat trién cudng d6 ¢ do tudi sém
cho h¢ CKD c6 chtra ham lugng 16n TB va ham luong NS tdi wu 1a 2,5% theo khbi
lugng CKD.

L. V. Nam va cs [18] st dung canxi nitrat 1am phy gia rin nhanh dé cai thién cudng
dd sdm cua bé tong nhe chiu lyc sr dung TB va XLC ham luong 16n. Loai bé tong nhe
chiu lyc nay sir dung 27% TB (tinh theo thé tich hdn hop bé tong) c6 khdi lwong thé tich
trong khoang tir 1.600 dén 1.900 kg/m?, cudng do chiu nén trén 40 MPa. Str dung XLC
thay thé 50%, 65% va 80% xi mang. Két qua cho thiy viéc sir dung canxi nitrat d3 nang

cao dugc cuong dd nén cua bé tong ¢ 3 va 7 ngay 1én 11,6% va 9,0% tuong ing.

N. L. K. Ngoc va cs [19] nghién ctru tinh chét co hoc ctia hd CKD chira TB va XL
va st dung 6% NS theo khdi luong CKD dé hoat hoa cuong do (hdn hop SAB). Ty 1¢
TB/XL theo khéi lwong lan luot 13 5/95, 10/90, 15/85, 20/80 va 30/70. Két qua cho thay
hdn hop SAB thé hién kha niang chay tét hon v6i ham lugng TB cao hon. Trudce 7 ngay,
cuong do cua cac mau SAB giam khi ham lugng TB ting. Tuy nhién, cuong do cia cac
mau SAB chtta 20% va 30% FA c¢6 xu hudng ting 1én & 28 ngay tudi. Po hat nude cua
cac mau SAB & 28 ngdy dao dong tir 12,29%-14,11%. Bén canh do, sir dung nhiéu TB
mang lai hiéu qua tich cuc trong viéc giam co ngét kho ctia cac mau SAB. Ty 1& TB/XL

=30/70 dugc khuyén nghi dé san xuat SAB cho muc dich xay dung bén viing.

Mic du trén thé gidi va & nudc ta di c6 mot sd nghién ciru sir dung cac phu gia ran
nhanh dé ting cudng do sdm cho bé tong, vira hay chat két dinh. Phuy gia ran nhanh kha
da dang gom cac loai xi ming dong két nhanh (xi mang Sulfoaluminate, calcium
aluminate, ...) cho dén cac loai mudi vo co ma dién hinh 1a cac loai mudi sunfat, nitrat,
... hay céc loai a xit hitu co, ... Tuy nhién, hién chua c6 nghién ctru ndo nghién ciru vé
bé tong cudng do sém cao dung dé stra chita mit duong 6 to va san bay. Bén canh do,

cac mudi sunfat 12 loai phu gia ran nhanh c6 san trén thi truong, gia thanh thap va hi¢u
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qua mang lai cao hon nhiing loai phu gia khac. Do vay, d¢ tai s€ tap trung nghién ctru
cac tinh chat co hgc va mot so6 chi tiéu do bén cua bé tong cuong dd sdm cao dung cho

sira chita mat dudng 6 to va san bay sir dung phu gia rin nhanh mubi sunfat.
1.3. KET LUAN CHUONG 1

Chuong 1 di trinh bay tong quan vé cac van dé nghién ctru. Phan tht nhét cua
Chuong 1 d3 trinh bay cac nghién ctru vé bé tong cuong d6 sém cao trén thé gidi, phan

thtr 2 da trinh bay cac nghién ctru c6 lién quan ¢ trong nudec.

Nhu trén d3 phan tich, cac bé tong st dung cac chat déng két nhanh nhu mudi sunfat
déu cai thién cuong d6 nén, cuong dd udn va mot sb chi tiéu do bén & do tudi sém, tuy
nhién mot s6 chi tidu rat quan trong d6i véi bé tong sira chita 1a cuong d6 dinh bam véi
bé tong cii va stc khang dn mon cbt thép chua dugc nghién ciru, ddy 1a mot khoang
trng 16n can phai nghién ctru bo sung. Bén canh d6, chat dong két nhanh thudong han
ché sy thity hoa cua xi mang & do tudi muodn lam giam cuong do cia bé tong, dé giam
thiéu anh hudng tiéu cuc nay, viéc sir dung thém céac phu gia khoang nhu TB trong bé
tong 1a can thiét. Do vay, dé tai s& tap trung nghién ctru cac tinh chit co hoc va do bén
ctia cac BTSC st dung TB thay thé mot phan xi mang két hop véi chat dong két nhanh
natri sunfat, trong do6 co chi tiéu cuong d¢ dinh bam vai bé tong cii va strc khang dn mon

cot thép.
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Chuwong 2: LUA CHON VAT LIEU CHE TAO BE TONG VA THIET KE
THANH PHAN BE TONG XI MANG CUONG PQ SOM CAO SU DUNG
TRO BAY VA PHU GIA RAN NHANH

2.1. LUA CHON CAC VAT LIEU PE CHE TAO BE TONG XI MANG

2.1.1. Xi mang

Pé tai nghién ctru sir dung xi ming Nghi Son PC50 dé ché tao bé tong. Theo TCVN

2682:2020 cac chi tiéu chat lwong ciia xi mang PC50 dugc qui dinh nhu trong Bang 2.1.

Bing 2.1. Cdc chi tiéu chit lwong ciia xi méing PC

Tén chi tiéu Mie
PC30 | PC40 | PC50
1. Cuong do chiu nén (MPa) khong nho hon:
- 3 ngay + 45 min 16 21 25
-28ngay+ 8 h 30 40 50
2. Thoi gian dong két (phut) - Bat dau, khong nho hon 45
- Két thuc, khong 16n hon 375

3. }?6 min, xac dinh theo: 5 800
- Bé mat riéng, phuwong phap Blaine (cm?/g) khong nho hon
4. P 6n dinh thé tich, xac dinh theo phuong phap Le 16
Chatelier (mm) khong 16n hon
5. Ham lugng anhydric sunphuric SO3 (%) khong 16n hon 3,5
6. Ham luong magie o xit SO3 (%) khong 16n hon 5,000
7. Ham luong mat khi nung MKN (%) khong 16n hon:
- Khi str 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? NaOgs® (%), khong 16n hon 0,6

Chu thich:

8877:2011) cua xi mang khong 16n hon 0,8%.

tong.

0,658%K>0.

1) Cho phép ham luong MgO t61 6,0%, néu d6 nd autoclave (xac dinh theo TCVN

2) Chi 4p dung gi6i han nay trong truong hop sir dung xi ming véi cbt lidu c¢6 kha

nang xay ra phan ung kiém-silic ma khong c6 su lya chon nao khac dé bao vé bé

3) Ham luong kiém quy doi (Na2Oqgq) tinh theo cong thirc: %NaxOgs = %NaxO +
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Két qua thi nghiém céc chi tiéu co, 1y va thanh phan héa hoc cta xi mang Nghi Son
PC50 dugc ghi trong Bang 2.2 va Bang 2.5.

Bdng 2.2. Cdc chi tiéu co, ly cua xi mang Nghi Son PC50

TT Tén chi ti€u Ponvi | Kétqua | TCVN 2682:2020
Cuong do nén: - 3 ngay 40,8 Min 25
1 MPa :
- 28 ngay 55,4 Min 50
Thoi gian dong két: - Bé,t dau Phit 125 Min 45
2 - K&t thtc 170 Max 375
3 | D¢ 6n dinh thé tich mm 0,60 Max 10
4 | DO min Blaine cm?/g 3818 --
5 | Ham lugng SO3 % 2,67 Max 3.5
6 | Ham lugng MgO % 1,90 Max 5,0
7 | Mét khi nung % 1,75 --
8 | Khdi lugng riéng g/cm’ 3,10 -
9 | Lugong nuoc tiéu chuan % 31,0 --

Két qua thi nghiém cho thiy xi ming PC50 théa man TCVN 2682:2020 va phu hop

dé ché tao bé tong.

2.1.2. Tro bay

Str dung tro bay (TB) loai F ctia nha may nhi¢t dién Fomosa Ha Tinh, Theo ti€u

chuan ASTM C618:05 va TCVN 10302:2014, céc chi tiéu chat lugng cua TB duoc qui
dinh trong Bang 2.3.

Bing 2.3. Cdc tinh chit yéu cau ciia tro bay

TT | Tén chi tiéu bon vi ASTM TCVN
C618:05 | 10302:2014

1 | Tong ham lugng cac 6xit SiO2, ALO3 ,FexO3 | % | Min 70,0 | Min 70,0
2 | Ham lugng SO3 % Max 5,0 Max 5,0
3 | Ham luong mat khi nung % | Max 6,0 | Max 12,0
4 | Luong sot trén sang 45 um % |Max 34,0/ Max 25,0
5 | Chi s6 hoat tinh cuong do ¢ tudi 28 ngay % |Min75,0| Min 75,0
6 | Luong nudc yéu cau % | Max 105 | Max 105,0
7 | Khéi luong riéng g/cm? - -
8 | Doam % | Max3,0 | Max3,0
9 | Ham lugng ion clorua % Max 0,1 Max 0,1
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Két qua thi nghiém cac chi tiéu co, 1y va thanh phan hoa hoc ctia TB dugc thé hién

trong Bang 2.4 va Bang 2.5.

Bing 2.4. Cdc tinh chit ciia tro bay loai F

TT Chi tiéu Pon vi |Két qua TEVN
10302:2014
1 | Tong ham luwong 6 xit SiO2 + ALOs + FexOs % 88,55 > 70
2 | Chi sb hoat tinh & 28 ngay % 88,4 >175
3 | Lwong nudc yéu cau % 94,8 <100
4 | Luong sot trén sang 45 um % 20,8 <34
5 | D0 min Blaine cm?/g | 3550 --
6 | Ham luong MKN % 3,21 <8
7 | Do am % 0,64 <3
8 | Ham lugng ion clorua % 0,00 <0,1
9 | Khéi luong riéng g/em® | 2,20 -
Bing 2.5. Thanh phén héa hoc ciia xi mang PC50 va tro bay loai F
Thanh phan hoéa hoc Don vi Ximang PC50 Tro bay loai F
CaO % 64,50 1,86
Si0O, % 18,20 48,40
Fe>O3 % 3,49 4,45
Al>O3 % 4,46 35,7
MgO % 2,54 0,85
KO % 0,85 1,71
Na,O % 0,11 0,13
SO3 % 2,37 0,62
MKN % 1,84 3,21
Chét khac % 1,64 3,07

Két qua thi nghiém trén cho thdy TB loai F théa man TCVN 10302:2014 va phu
hop dé ché tao bé tong.

2.1.3. Phu gia siéu déo

Str dung phu gia siéu déo (SD) Sika ViscoCrete 8566. TCVN 8826:2024 qui dinh
vé do dong nhat ctia phu gia hoa hoc nhur trong Bang 2.6.

Bing 2.6. Yéu cdu vé dp dong nhit ciia phu gia héa hoc

Gia tri chap nhan duoc

Tén chi ti€éu

Phu gia long | Phu gia khong long
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1. Ham lugng chat kho (Ck), % Ci - gia tri
., SO £ Cex5 Ckt4
do nha san xuat cong bd
2. Khoéi lwong riéng (1), g/cm?, 1 - gia tri do
nha san xuat 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 luong ion clo*, %, khong 16n hon ] . P
san xuat cong bo

4. Do pH (P)**
P - gia tri do nha san xuét cong bd
5. Ham lugng tro, (TR), %

TR - gia tri do nha san xuat cong bd

P+1

TR+ 1

PN _ Tuong trr v6i mau chuan ban dau cua
6. Pho hong ngoai

nha san xuat.

Chui thich:

(*) Khi st dung phu gia hoa hoc vao bé tong cot thép ing suat trude, ham lugng ion
clo trong phu gia phai tun thu theo yéu cau quy dinh riéng cho bé tong cbt thép tng
suét trudc.

(**) Do pH ctia phu gia c6 thé bi thay doi theo thoi gian, khi c6 su khac biét 1on vé
d6 pH (vuot quy dinh trong Bang 3.9 cta tiéu chuan nay), phu gia van c6 thé st dung
duoc nhung phai tién hanh céc thi nghiém kiém tra toan bd tinh ning cta phu gia

dam bao cac yéu cau tuong theo Ti€u chuan nay.

Két qua thi nghiém cac chi tiéu ctiia SD 8566 theo TCVN 8826-2024 va duoc thé
hién trong Bang 2.7.

Bdng 2.7. Cac chi tiéu cua phu gia siéu déo ViscoCrete 8566

Chi tiéu Pon vi Két qua Phuong phap thi nghiém
Ham luong chat kho % 432
Po PH - 5,82 TCVN 8826:2024
Khoi lugng riéng g/cm® 1,08

2.1.4. Phu gia rin nhanh

St dung chét hoat héa natri sunfat cong nghiép (NS) c6 d6 tinh khiét 99% & dang
bot, KLR = 2,66 g/cm?.

2.1.5. C6t liéu 16m va c6t liéu nhé

2.1.5.1. Cot ligu l6n
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Dé tai nghién ciru sir dung da dam c& hat 16n nhat Dimax = 12,5 mm lam c6t liéu 16n
dé ché tao bé tong. Theo ASTM C33 va TCVN 7570:06, cac chi tiéu chat luong cta da
dam phai théa man cac chi tiéu qui dinh ¢ Bang 2.8 va 2.9.

Két qua thi nghiém thanh phan hat va céc chi tiéu co 1y ctia d4 ddm Dimax = 12,5 mm
dugc thé hién trong Bang 2.10 va Hinh 2.1.

Bing 2.8. Thanh phin hat ciia cot ligu I6n theo ASTM C33

. o Lugng sot tich lity (%)
Cd sang (mm) Luong sot tich liy (%) -
Min Max
19,0 100 100 100
12,5 97,15 90 100
4,75 7,44 0 15
2,36 2,06 0 5

Bing 2.9. Cdc chi tiéu chit lwong yéu ciu ciia cot ligu lén

Chi tiéu Muc Phuong phap thu
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 gbc (MPa) > 100 TCVN 7572-10:2006
Hat mén yéu, phong hoa (%) <110 TCVN 7572-1:2006
Bui, bun, sét (%) <10 TCVN 7572-8:2006
Ham lugng ion CI (hoa tan trong axit) (%) <0,01 TCVN 7572-15:2006
Khong thim
Ham luong hitu co hon mau TCVN 7572-9:2006
chuan

Bang 2.10. Cac chi tiéu co, ly cua da dam Dyax = 12,5 mm

TT | Tén cac chi tiéu Ponvi | Kétqua | TCVN 7570:06
1 | Khéi luong riéng g/cm? 2,74 -
2 | Khéi lugng thé tich dam chit kg/m? 1600 -
3 | Bo hut nudc % 1,54 -
4 | Ham lugng thoi det % 4,12 <15
5 | Ham luong phong hoa % 0,0 <10
6 | Ham luong bun, bui, sét % 0,07 <1,0
7 | D6 mai mon Los Angeles % 22,8 <50
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Két qua thi nghiém trén cho thdy d4 dam thoa man TCVN 7570:2006 va ASTM
C33:11 va phi hop dé ché tao bé tong.

2.1.5.2. Cot ligu nho

bé tai nghién ctru st dung cat song (C) hat 16n ¢c6 mo dun do 16n > 2,0 lam bt lidu
min dé ché tao bé tong. Theo TCVN 7570:2006 va ASTM C33:2011, thanh phan hat cta

cat duoc qui dinh nhu trong Bang 2.11. Céc chi tiéu chat lugng cua cat duge qui dinh &

Bang 2.12.

Bing 2.11. Thanh phén hat yéu cdu ciia cdt

Luong sot tich luy trén sang, % khdi luong

Kich thuéc 16 sang TCVN 7570:06 ASTM C33:11
Cat tho Cat min Cat tho va cat min

5,0 mm 0 0 Tur 0 dén 5
2,5 mm Tt 0 dén 20 0 Tur 0 dén 20
1,25 mm Tu 15dén 45 | T 0 dén 15 Tur 15 dén 50
630 mm T 35 dén 70 | T 0 dén 35 Tur 40 dén 75
315 mm Tt 65 dén 90 | Tur 5 dén 65 Tt 70 dén 95
140 mm Ttr 90 dén100 | Tir 65 dén 90 Tt 90 dén100
Luong lot qua sang 140 pm <10 <35 <10

Bing 2.12. Cdc chi tiéu chit liwong yéu cdu cia cdt

TT Tén chi ti€u Don vi Murc Phuong phap thu

Sét cuc va céac tap chat dang cuc 0

1 . o % TCVN 7572-8:2006
Ham lugng bui, bun, sét 1,5

2 | M6 dun d6 lon - 2,0-3,3 TCVN 7572-2:2006
Ham lugng ion CI % 0,05 TCVN 7572-15:2006
Ham luong mica % - TCVN 7572-20:2006

. Khong thim
5 | Tap chat hitu co - . . | TCVN 7572-9:2006
hon mau chuan

Két qua thi nghiém cac chi tiéu co, 1y va thanh phan hat ctia C duoc thé hién trong

Bang 2.13 va trén Hinh 2.1.

Bdng 2.13. Cac chi tiéu co, Iy cua cadt song

TT | Tén chi tiéu Pon vi Két qua TCVN 7570:2006
1 | Khéi lugng riéng g/em? 2,64 -
2 | Khéi luong thé tich xp g/cm’ 1,44 -
3 | B¢ hut nudc % 1,15 -
4 | Do hong ty nhién % 45,4 -
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5 | Mo dun d6 16n - 2,78 2,0-3,3
Ham lugng bun sét % 0,56 <15
7 | Ham lugng ion CI % 0,00 <0,05

o Sang hon Khong thAm hon
8 | Tap chat hiru co -

mau chuan mau chuan

100 -

o0
(=)

Ti 1€ lot sang (%)
N
)

N
(e

-4 - ASTM C33

—e— (Cat song
] —&— bPa dam
0 - :
10 100

Cd sang (mm)
Hinh 2.1. Thanh phén hat ciia dd diam va cdt song

Céc chi tiéu co, 1y va thanh phan hat ciia C thoa man TCVN 7570:2006 va ASTM
C33:2011 va phu hop dé ché tao bé tong.

2.1.6. Nuwéc tron hon hop bé tong

Str dung nude may sach phi hop véi TCVN 4506:2012 dé tron cac hdon hop bé tong.
2.2. THIET KE THANH PHAN VAT LIEU BE TONG CUONG PQ SOM CAO

Bé tong stra chita can c6 cudng d6 cao, do vay chung duge xem nhu bé tong cuong
d6 cao, dé tai tham khao Tiéu chuin ctia Hoa Ky ACI 211.4R [20] dé thiét ké thanh
phﬁn vat liéu ctia cac bé tong stra chira.
2.2.1. Xac dinh cwong d yéu ciu ciia bé tong

Khi khong xac dinh dugc do 1éch chuén thi cuong dd chiu nén trung binh yéu cau
duogc tinh theo cong thirc sau [21]:

fo’ =1,1.f° + 4,8 (MPa) (2.1)

Khi thiét ké thanh phan bé tong trong phong thi nghiém, cudng d6 chiu nén trung

binh yéu ciu duoc tinh theo cong thirc sau:

f.’ = (1,1f." + 4,8)/0,9 (MPa) (2.2)
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Trong do:
fer’ 1a cuong dJ chiu nén trung binh yéu cau, MPa
e’ 1a cuong do chiu nén dac trung, MPa
2.2.2. Xac dinh cac thanh phan cia bé tong
* Bwéc 1: Chon dp sut goc ciia hén hop bé tong yéu ciu
Gia tr1 do sut géc dugc dua ra & Bang 2.14.

DJ sut tur 2,5-5,0 cm dugce st dung dé lya chon lugng nude ban dau. Do sut thyuce té
khi thi cong c6 thé 16n hon tity theo yéu cau ciia két ciu cong trinh va dat dugc v6i ham

lugng phu gia gidm nude cao to1 vu.

Déi véi nhitng bé tong cudng d6 cao khong dung phu gia giam nude cao, do sut da
kién nghi str dung tur 5-10 cm c6 thé duoc chon theo loai két cAu thich hop. Cac bé tong
v6i do sut nho hon 5 cm 13 kho khin dé dam. Do d6 bé tong cudng do cao thuong sir

dung phu gia gidm nudc cao.
* Bwéc 2: Chon kich thwdc téi da ciia cot lidu

Dua trén yéu cau cuong do, kich thudc tdi da danh nghia khuyén khich cho cét lidu

tho dugc dua ra trong Bang 2.15.
* Bwéc 3: Chon téi wu ham lwong cot ligu thé

Luogng 6t lidu tho duoc dua ra trong Bang 2.16 nhu mgt ham cua kich thuéc tdi da.
Céc gia tri dugc dua ra trong Bang 2.17 duoc khuyén cdo dé st dung véi cdt liéu min

6 gia tri mod dun d6 min 2,5-3,2. Khéi luong cbt lidu thd duoge tinh theo cong thirc:
D =P4Vq (2.3)
Trong do:
P 4: Khéi luong thé tich dAm chat cua cdt licu 16n, kg/m?;

Va: Thé tich cta cbt lidu 16n da dam chit trén mot don vi thé tich bé tong xac dinh
theo Bang 2.18.

* Budc 4: Udc tinh lwong nwéc tron va ham luwong khong khi
Luong nudc tron va khong khi ctia bé tong tuoi dugc lua chon theo Bang 2.17.

Bing 2.14. Dé xudt dp sut cho bé tong c6 va khong cé phu gia siéu déo

Bé tong sur dung phu gia siéu déo

D0 sut trudce khi thém phu gia siéu déo 2,5-5,0cm

Bé tong khong st dung phu gia siéu déo
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Do sut 5,0-10,0 cm

Bing 2.15. Kich thwéc lén nhit ciia cét ligu lon

Cudng dd bé tong yéu cau, MPa | Kich thudc 16n nhat cia ot 1iéu 16n Dimax, mm
<= 62 Dmax = 19,0'25,0
> 62 Dmax = 9,5'12,5(*)

Ghi chii: (*) Khi sir dung phu gia giam nudc cao va lya chon cot lidu tho, cuong do

chiu nén cta bé tong trong pham vi 62+83 MPa c6 thé sir dung 16n hon ¢& hat 16n

nhét danh dinh cta ¢t liéu thé 1én dén téi 25 mm.

Bing 2.16. Thé tich ciia dd diam di dam chdt trén mét don vi thé tich bé tong

Thé tich da t6i uu & cac dudng kinh 16n nhat (Vi Mea = 2,5 - 3,2)
buong kinh 16n nhét cua d4, mm 9,5 12,5 19,0 25,0
0,63-0,65 |0,65-0,68 | 0,69-0,72 | 0,73-0,75

Thé tich da dim trong 1 m® bé tong, m?

* Buwoc 5: Lwa chon ti Ié N/CKD

Ti 1¢ N/CKD phu thudc ¢ hat 16n nhét cua cot liéu 16n, cuong do bé tong yéu cau,

phu gia si€u déo.

- Khi khong dung phu gia siéu déo ti 1¢ N/CKD khuyén dung nhu Bang 2.18.

- Khi dung phu gia si€u déo thi ti 1¢ N/CKD khuyén dung nhu Bang 2.19.

* Bwge 6: Xdc dinh khéi lwong chit két dinh

Khéi lwong chat két dinh can thiét trén 1 m? bé tong dugc tinh bang cach chia luong
nudce cho ti 1€ N/CKD:

CKD
CKD = N'T (kg) (2.4)

Bang 2.17. Lwong nwoc tron va luwgng khong khi ciia bé tong twoi trén co so sw

dung cdt cé dp rong 35%

. Luong nude tron theo Dimax cia c¢dt 1idu 16m, lit/m?
Do sut, cm
9,5 mm 12,5 mm 19,0 mm 25,0 mm
2,5-5,0 183 174 168 165
5,0-17,5 189 183 174 171
7,5-10,0 195 189 180 177
Ham luong khong khi 3,0(2,5) 2,5(2,0) 2,0(1,5) 1,5(1,0)

Néu cat str dung khong co do rdng 35% thi phai diéu chinh luwgng nudc theo cong

thirc sau: Nac = (rc - 35)x4,7 lit/m>. Vi rc 1a 6 rong clia cat.

Gia tri trong ngodc don khi st dung phu gia si€u déo.
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Bing 2.18. Gia tri téi da N/CKD khuyén diing doi véi bé tong dwoc sin xudt khong

co phu gia siéu déo

. Ti 1€ N/CKD phu thudc vao kich c¢& 16n
Cuong do trung binh yéu cau, P
nhat cta cot li¢u 16n Dmax (mm)
e, MPa

9,5 12,5 19,0 25,0

48 0,42 0,41 0,40 0,39

55 0,35 0,34 0,33 0,33

62 0,30 0,29 0,29 0,28

69 0,26 0,26 0,25 0,25

Bing 2.19. Gia tri téi da N/CKD khuyén diing doi véi bé tong dwoc sin xudt cé

phu gia siéu déo

. \ Ti 1€ N/CKD phu thudc vao kich ¢& 16n
Cuong dd bé tong yéu cau ¢ 28 ngay P
. . nhat cua cot liéu 16n Dmax (mm)
tai cong truong, fyc, MPa

9,5 12,5 19,0 25,0
48 0,50 0,48 0,45 0,43
55 0,44 0,42 0,40 0,38
62 0,38 0,36 0,35 0,34
69 0,33 0,32 0,31 0,30
76 0,30 0,29 0,27 0,27
83 0,27 0,26 0,25 0,25

* Bwéc 7: Xdc dinh khéi lwong xi mdng va tro bay

1. Trudong hop khong ding TB thi khdi lugng xi ming can thiét 1 m® bé tong bang
chinh khéi lugng chat két dinh:

X = CKD (kg) (2.5)
2. Truong hop dung TB vdi ti 16 a (%) thay thé mot phan CKD thi khéi lwong TB

can cho 1 m® bé téng la:
TB = a.CKD (kg) (2.6)
Khdi lugng xi mang can cho 1 m® bé tong 1a:
X =CKD - TB = (1 - 2).CKD (kg) (2.7)
* Bwéc 8: Xdc dinh khéi lwong phu gia rin nhanh

Khoi luong ctua chét dong két nhanh NS duoc xac dinh theo khdi luong cuia CKD,
khi sir dung ham luong NS 13 b (%), khéi luong NS duoc tinh nhu sau:

NS = b.CKD (kg) (2.8)
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* Budc 9: Xdc dinh khoi lwong cdt song

1. Khi khong c6 TB va NS, khéi lugng cat dugce tinh theo cong thuc:

X b
C=[1000-—-—-N].pC (kg) (2.9)
Px Pp

2. Khi ¢4 TB, khdi lugng cat dugc tinh theo cong thirc:

C =[1000 - E-E-B-N].pc(kg) (2.10)

Px PTB Py

3. Khi c6 TB va NS, khéi luong cat dugc tinh theo cong thirc:

X TB P NS
C=[1000 - —-——-—-—- N].p(kg) (2.11)
px PTB pp PNS

Trong do:

-X, N, C, b, TB, NS: 1a khbi lugng ctia xi mang, nudc, cat, da, TB va natri sunfat

tinh cho mot m? bé tong.
- Px» Pc»Pp» PTB, Pns: 14 khoi lwong riéng clia xi ming, cat, da, TB va natri sunfat.
* Budc 10: Chon ti 1¢ phu gia siéu déo

Can str dung SD trong thanh phan vét liéu bé tong dé ting tinh cong tac va dam bao
d6 sut theo yéu cau. Khi dung SD thi luong nudce ¢ thé giam tir 15-30% tuy thudc vao
loai SD str dung. C6 thé sir dung SD cho cac hdn hop ma khong can diéu chinh céc ti 18

hdn hop dé cai thién tinh cong tac ctia hon hop bé tong.

Liéu luong str dung SD thong qua cac khuyén céo cta cac nha san xuét va cac thi
nghiém. Thuong tir 0,50-2,5 1it/100 kg xi mang va c6 thé nhiéu hon tiy theo yéu cau vé

dd sut va dic tinh cua két cau.
* Buwéc 11: Cic hén hop thir nghi¢m

Cac hon hop thir nghiém theo ti 18 da tinh & trén can tao ra mot tap hop céac thu
nghiém dé xac dinh tinh cong tic va cac tinh chat ctia hdn hop bé tong va bé tong. Cac
khéi lugng ctia ¢t liéu, nuéc phai diéu chinh cho pht hgp véi d6 am cua cdt ligu. Néu
céc ddc tinh mong mudn ctia bé tong khong dat duoc thi can duoc diéu chinh theo hudng

dan sau day dé tao ra tinh cong tac mong mudn.
1. Do sut ban dau: Néu do sut ban dau ciia hdn hop thir nghiém khong nam trong

pham vi mong mudn thi can phai diéu chinh luong SD pht hgp. Ham lugng cat sau d6
cling duoc diéu chinh dé dam bao san luwong bé tong.
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2. SD phai dugc thir dan voi cac liéu luong khac nhau dé xac dinh dugc tinh cong

tac yéu cau cua bé tong.

3. Ti 16 N/CKD: Néu cuong do cua bé tong khong dat dugc khi st dung cac ti 1€
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 ting duoc cudng do nén thi can xem xét lai sy thich
hop cua cac vat liéu st dung.

* Bwéc 12: Lwa chon thanh phin bé tong

Sau khi dd duc mé thtr kiém tra dam bao yéu cau vé tinh cong tac, dat duoc cudng
d6 muc tiéu va mot sb chi tiéu khac (néu c6), tién hanh hiéu chinh lai luong cat ¢é dam
bao tong thé tich cac vat liéu trong timg hdn hop dat thé tich tuyét d6i 1a 1000 lit.

Cong viéc kiém tra cudng do va mot sb chi tiéu khac (néu c6) thudng chi thuc hién
d6i v6i bé tong ddi chung, ddi voi nhitng bé tong khac (chira TB va NS) 1a nhimng dbi
tugng nghién ctru nén chi kiém tra tinh cong tac dé xac dinh chinh xac cac luong vt
liéu str dung cho 1 m?® bé tong.

2.2.3. Thiét ké thanh phan vit liéu cac bé tdng cwong d sé'm cao

Trudc tién, dé tai s& thiét ké thanh phan vat liéu cta bé tong dbi chimg khong sir
dung TB va chit dong két nhanh dam bao d6 sut yéu cau 10-12 cm, cudng do nén trung
binh & 28 ngay trén 60 MPa.

Céac BTSC sé& duoc thiét ké trén co sé bé tong dbi chimg dam bao do sut yéu cau
10-12 cm, bang cach st dung TB thay thé 15% xi mang va chat dong két nhanh NS thay
thé xi mang lan luot 13 0, 1,5%, 2,5%, 3,5% va 4,5%.

2.2.3.1. Bé tong doi chirng khéng siv dung tro bay va natri sunfat cé cwong dj nén
trung binh 60 MPa

Buoc 1: Chon cuong do va do sut yéu cau

Cudng do nén trung binh cua bé tong thiét ké yéu cau dat trén 60 MPa, chon d6 sut
yéu cau SN = 10,0-12,0 cm.

Budc 2: Lwa chon kich thuée t6i da ciia cot lidu lon

Chon Dmax = 12,5 mm.

Buoc 3: Xac dinh lwong nudc tron

Ta c6 SN =10,0-12,0 cm; Dmax = 12,5 mm tra Bang 2.17 chon N = 182 lit.
Buwoc 4: Lwa chon ti lé N/CKD

Ta c6 Dmax = 12,5 mm; f'c = 60 MPa, tra Bang 2.19 chon ti 1€ N/CKD = 0,35.
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Buée 5: Tinh todn khéi lwong cot liéu I6n (P)

Khéi lwong cbt liéu thd duge tinh theo cong thie: B = p 4.V

Trong do:

p ¢ - khdi lugng thé tich dAm chat cua cdt liéu 16n, pa= 1600 kg/m?

Vi - thé tich caa cdt 1iéu 1én d3 dAm chat, tra Bang 2.16, chon V4 = 0,60.
Vay b =1600x0,60 = 960 (kg)

BuGc 6: Xdc dinh khoi heong chat két dinh (CKD)

KD
CKD = N.CT =182/0,35 =520 (kg)

Buée 7: Xdc dinh khéi lwong xi mang
Khéi luong xi mang 1a: XM = CKD = 520 (kg)
Buéc 8: Xac dinh khoi heong cot liéu nhé (C)

Luong cat: C=[1000—£—2—N].pC
Px Po
520 960
C=[1000 - — - —— - 182].2,64 = 791,7 (kg)
3,1 2,74

Buée 9: Thir dd sut dé xdc dinh lwong phu gia siéu déo
Tinh toan thanh phan hdn hop cho mé tron khoang 12 lit ctia bé tong ddi ching
khoéng sir dung TB va NS véi cac lidu lugng siéu déo khac nhau theo % xi mang dé thir
do sut dam bao dat tir 10,0-12,0 cm. Luong SD xac dinh dugc nhu sau:
SD = 3,38 kg/m? (0,65% xi mang)
Luong cat phai dugc diéu chinh lai bang cach trir thém lugng SD dé tong thé tich
cac loai vat liéu l1a 1000 lit.

X b SD 520 960 3,38
C = [1000 -=-—- —— - N].pc=[1000 - =— - —.
Px P»p Psp 3,1 2,74 1,08

-182].2,64 = 783,5

(kg)
Bude 10: Cac mé tron thir, diéu chinh thanh phcin va chon cdc hon hop 10i uru
Tién hanh dtc cdc mau bé tong hinh tru kich thude dxh = 100x200 mm dé xac dinh
cudng d6 nén. Muyc tiéu 13 cudng do nén trung binh cia bé tong ddi chung dat trén 60
MPa & 28 ngay. Sau khi thir nghiém cuong do nén & 28 ngay va dat cudng do yéu cau
(67,8 MPa), thanh phan cta bé tong dbi ching dugc Iya chon ghi & Bang 2.20.
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2.2.3.2. Bé tong sir dung tro bay thay thé 15% xi ming
- Luong tro bay: TB = a.CKD = 15x520/100 = 78 (kg)
- Lugng xi mang: X =520-78 =442 (kg)

- Lugng cat song: C=[1000- — - — - —-N].p.

442 960 78
C=[1000 - — - — - — - 182].2,64 = 764,5 (kg)
3,1 2,74 2,2

- Lugng siéu déo: SD = 2,6 kg/m? (0,5% xi mang) dam bao do sut tir 10,0-12,0 cm.

- Luong cat song sau khi diéu chinh bang cach trir lugng SD la:

442 960 78 2,6
C=[1000 - — - — - — - —— -182].2,64 = 758,1 (kg).
3,1 2,74 2,2 1,08

2.2.3.3. Bé tong sir dung tro bay thay thé 15% xi mding két hop véi chit dong két

nhanh

a. Bé tong sir dung tro bay thay thé 15% xi mang két hop véi NS thay thé 1,5% xi

mang
- Luong tro bay: TB = a.CKD = 15x520/100 = 78 (kg)
- Luong NS: NS =b.CKD = 1,5x520/100 = 7,8 (kg)
- Luong X: X=520-78-17,8=434,2 (kg)

fo oA X TB P NS
- Luong cat song: C=[1000 -—-——-—-——-N].p¢
px PTB pp PNS

520 960 78 7,8
C=[1000 - — - — - — - — - 182].2,64 = 763,44 (kg)
3,1 2,74 2,2 2,66

- Lugng siéu déo: SD = 2,86 kg/m? (0,5% xi ming) ddm bao d9 sut tir 10,0-12,0 cm
- Luwong cat song sau khi diéu chinh 1a: C = 756,3 (kg).

b. Bé téng sir dung tro bay thay thé 15% xi mdng va két hop véi NS thay thé 2,5%,
3,5% va 4,5% xi mang

Khoi luong céc loai vat liéu dugc xac dinh tuong nhu muc a.

- Luong tro bay: TB =78 (kg)
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- Luong NS véi ham lugng béng 2,5%, 3,5% va 4,5% xi mang tuong ung la 13,0
(kg); 18,2 (kg) va 23.4 (kg).

- Lugng si€u déo tuong ing vdi1 ham luong NS = 2,5%, 3,5% va 4,5% xi mang 1a
3,38 (kg); 3,64 (kg) va 4,16 (kg);

- Luong cat song twong tng véi NS = 2,5%, 3.5% va 4,5% xi mang sau khi diéu
chinh la: C =754,3 (kg); C =752,9 (kg); C = 750,9 (kg).

Két qua tinh toan thanh phan vt liéu ctia cdc hdn hop bé tong stra chita duoc trinh

bay trong Bang 2.20.

Bing 2.20. Thanh phén vit liéu ciia cdc bé tong siva chira

Ki hiéu b C X | TB | N NS SD SN
N/CKD

BTSC | (kg) | (i) | (ke) | (ke) | (ke) | (k) | (kg) (cm)
OTBONS | 960,0 | 783,5 [520,0] 0,0 [182,0] 0,0 | 3,38
15TBONS | 960,0 | 758,1 [442,0] 78,0 [182,0] 0,0 | 2,60
15TB1,5NS | 960,0 | 756,3 [434,2] 78,0 [182,0] 7.8 | 2,86
15TB2,5NS | 960,0 | 754,3 [429,0] 78,0 [182,0] 13,0 | 3,38
15TB3,5NS | 960,0 | 752,9 [423,8] 78,0 [182,0] 18,2 | 3,64
15TB4,5NS | 960,0 | 750,9 [418,6] 78,0 [182,0] 23,4 | 4,16

0,35 10-12

2.3. KET LUAN CHUONG 2

ba lya chon va thi nghi¢ém xac dinh duogc céc chi tiéu chat lugng cta cac vat liéu dé

ché tao bé tong.

D3 lya chon duoc phuong phép thiét ké thanh phan vat liéu cac BTSC va thiét ké
duoc thanh phan vat liéu cta bé tong dbi ching co cuong do nén trung binh & 28 ngay
dat trén 60 MPa; thiét ké dugc thanh phén vat li€u ctia cac BTSC sur dung TB thay thé
15% xi mang va NS thay thé (1,5-4,5)% xi mang.
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Chuong 3: XAC PINH CUONG PO KEO UON, CUONG PO NEN,
CUONG PO BAM DINH VOI BE TONG CU VA MOT SO CHI TIEU PO
BEN CUA BE TONG CUONG PO SOM CAO

3.1. CONG TAC PUC VA BAO DUONG CAC MAU BE TONG

Céc loai vat liu dugc can theo khoi lugng bang can ty dong. Trudc khi can céac loai
vat li¢u cho mot meé tron can phai xac dinh d¢ am cua cot liéu 16n va cot li¢u nho dé tru

lwong nude co trong cdt lidu dam bao luong nudc dung theo thiét ké.

Céc loai vat liéu duoc can va dé riéng theo ting thung hodc bao riéng, riéng SD va
NS sau khi can xong thi cho vao nudc va tron déu. Cong tac tron hdn hop bé tong duoc
thuc hién trong may tron cudng buic truc ngang dung tich 60 lit, gdm 2 giai doan 13 tron
kho va tron uét. Pau tién cho cat, da, xi mang va TB vao may tron kho, thoi gian tron
kho khoang 200 vong dé hdn hop dong déu. Sau dé cho nudc da tron déu vai SD va NS
vao mdy tron dé tron uét, thoi gian tron uét khoang 300 vong dam bao hdn hop duoc

tron déu, dong mau, dong nhat.

Viéc dic cac mau BTXM thuc hién theo TCVN 3105:2022. Trudc khi dac mau phai
chuan bi khuén duc. Khudn diic cac mau bé tong dé thi nghiém cuong d6 kéo udn 1a
khuon dam 100x100x400 mm, sau khi thi nghiém udn ding ciac mau dam giy dé thi
nghiém xac dinh cudng d6 nén. Khudn dic mau bé tong dé thi nghiém xac dinh do tham
clorua va vén toc xung siéu am la khuon try 100x200 mm. Cac khuon duoc quét mat
16p dau chong dinh va cho 1én ban rung. D3 hdn hop bé tong vao day khudn véi khudn
lang try 100x100x400 mm va mdt nira khudn véi khudn try 100x200 mm, diéu khién
ban rung rung cho dén khi hdn hop bé tong trong khudn ndi déu bot khi va hd xi mang
1én bé mit, sau d6 ding bay gat hdn hop bé tong thira va hoan thién phang bé mat mau.
Déi voi mau try 100x200 mm, tiép tuc cho hdn hop bé tong vao day khudn va rung tiép
dam bao yéu cau nhu khi ddm 1én 16p thtr nhat, sau d6 gat hdn hop bé tong thira va hoan
thién phang bé mat mau.

Déi v6i cac mau duogc dic dé thi nghiém xac dinh d6 dinh bam, trudc tién duc cac
mau bé tong d6i chimg 0TBONS trén khuon 40x40x160 mm, trén hai dau khuén dugc
lap dat 2 tAm van khuén thép voi cac ranh tao ra (Hinh 3.1) nhiam lién két ot gitta bé
tong cii va bé tong moi. Cac mau 0TBONS sau khi duc duge bao dudng trong nudc dén
7 ngay, sau d6 vot cac mau dé kho trong khong khi 1 ngay, rdi cit doi cac mau dé ndi
véi cac bé tong madi 1a 0TBONS, 15TBONS, 15TB01,5NS, 15TB2,5NS, 15TB3,5NS va
15TB4,5NS. Céc ntra mau sau khi cat duoc lép dat vao khuon va tién hanh dac cac mau

ndi giita bé tong cii va bé tong stra chita méi (Hinh 3.2).
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.1. Pic cic mau dam va mau tru bé tong

— 55 l 55 l 55 . " Hinh 3.2. Van khuon thép tao cac ranh
/ %' %g trén hai ddu miu miu bé tong ddi chirng
0TBONS.
— (a, b) kich thwéc va hinh dang van khuon
tao rinh; (c) ditc cdc mdu bé tong 0TBONS

tao rinh 6 2 dau; (d) dic cdc méu bé tong

I —
N
[==]
—

noi giira bé tong cii va bé tong moi.

Sau khi dtic khoang 0,5 h, cac khudn miu dugce pht 4m bang gié 4m trong phong.

Sau 6 h tién hanh thao khu6n r6i ngdm mau trong bé dudng ho cho dén ngay thi nghiém.
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3.2. XAC PINH PO SUT VA PO PH CUA CAC HON HOQP BE TONG TUOI
3.2.1. b9 sut

D6 sut cua cac hon hop BTSC thyc hién theo ASTM C143. Do syt cua cac hon hop
bé tong (HHBT) dugc khdng ché trong khoang 10-12 cm. HHBT sau khi duoc tron déu,
déng nhét thi tién hanh thtr do sut, d6 sut ctia mdi hdn hop bé tong 1a gia tri trung binh

cua 2 lan thur.

Véi HHBT d6i chting 0TBONS, luong SD can dung 1a 3,68 kg/m? dé dat d6 sut 10-
12 cm; khi b6 sung 15%TB (15TBONS), lwong SD can dung giam xudng 13 2,60 kg/m?;
d6i v6i cac HHBT 15TB1.5NS, 15TB2.5NS, 15TB3.5NS va 15TB4.5NS, luong SD lan
luot twong tng 1a 2,86, 3,38, 3,64 va 4,16 kg/m? dé dat do sut 10-12 cm. Diéu nay ¢
nghia 1a khi st dung NS c6 xu hudng lam giam do sut cua cac HHBT, lugng NS cang
nhiéu thi can lugng SD cang nhiéu. TB ¢6 dang hinh cau va bé mit thay tinh lam cho
hon hop bé tong tuoi linh dong, cac hat d@ truot 1én nhau dan dén cai thién do sut, phu
hop vé6i nhidu nghién ctru bao cdo trude day [22, 23]. Trong khi NS lam giam d6 sut 1a
do NS day nhanh phan tng cia cac chat két dinh, ngoai ra, bd sung NS co thé cai thién
Iirc dinh ctia hdn hop bé téng tuoi, diéu nay cling gop phan lam giam do sut cua cac
HHBT.

3.2.2. D pH

Thi nghiém xé4c dinh d6 pH cta hdn hop bé tong tuoi bang may do do pH dé ban
Seven Compact S220 v6i man hinh hién thi 3 sb thap phan, thang do ctia may tir 0-
20 pH, d0 chinh xac + 0,002 pH.

Hinh 3.3. Thi nghi¢m xac dinh d9 pH ciia cic hon hgp bé tong twoi

Do PH duoc do trong qua trinh diic cic mau bé tong, chuan bi 1 ca co dung tich
khoang 1,5 lit, cac hdn hop bé tong dugc sang qua sang 5 mm dé loai bo cbt lidu tho,
sau d6 cho hon hop bé tong vao khoang 1/2 ca, cam dau do ngip vao hdn hop bé tong
trong ca va doi cho dén khi s6 hién thi trén man hinh 6n dinh (khoang 5-7 phit) va doc
gia tri pH (Hinh 3.3). D6 pH cta cac hdn hop bé tong dugc thé hién trén Hinh 3.4.
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Loai hon hop bé tong
Hinh 3.4. P$ pH ciia cac hdn hop bé tong twoi

Khi sir dung TB thay thé 15% X, d6 pH cuia bé tong tuoi giam xuéng khoang 2,93%
so v6i bé tong dbi chimg 0TBONS. Céc bé tong chira (1,5-4,5)% NS déu gia tang d6 pH,
ham luong NS cang nhiéu d6 pH c6 xu hudng gia ting cang manh, d6 pH cia cic bé
tong 15TB1.5NS, 15TB2.5NS, 15TB3.5NS va 15TB4.5NS ting lan luot 1a 0,73%,
3,42%, 3,75% va 3,91% so v&i bé tong 15TBONS. Khi thay thé xi mang bang 15%TB
s& lam giam khoi luong xi ming trong hdn hop, vi TB c6 ham lugng CaO nhé hon
(1.86%) so v6i xi ming (64.5%) nén d6 kiém ciia hdn hop giam xudng din dén d6 pH
giam. Khi bd sung NS lam ting d6 pH cua cac hdn hop 1a do NS 1a mot chat kiém manh
lam ting tinh kiém cua cac hdn hop, két qua nay kha twong dong véi cac nghién ciru
trude day [8, 10].

3.3. XAC PINH CUONG PO KEO UON VA CUONG PO NEN

Thi nghiém xac dinh cuong do kéo udn cia cac mau bé téng dugc thuc hién theo
ASTM C78/C78M [24]. Tién hanh do cac canh a va b cia cac mau dam, dwa cac mau
dam bé téng vao may udn va udn mau theo téc dé quy dinh cho dén khi giy mau.

Cuong do kéo udn cua timg miu bé tong duoc tinh theo cong thirc:

Pl
Riu= =

=5 (MPa) 3.1)

Trong d6: P - tai trong udn gay mau (N); / - khoang cach giita hai gbi twa, / = 300
mm; a, b - chiéu rong va chiéu cao tiét dién ngang ciia mau (mm);

Thi nghiém xac dinh cudng d6 nén ciia cac mau dam sau khi bi uén gy duoc thuc
hién theo tiéu chuan ASTM C39/C39M [25]. Cac mau dugc dua vao may nén véi phan

dau mau con nguyén ven (dau khong bi giy), mau dugc ké trén va dudi cic tim dém
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truyén tai bang thép kich thudc 100x100 mm va day 10 mm. Sau d6 nén mau theo tdc

d6 quy dinh cho dén khi pha hiy mau.

Cuong do nén cua timg mau bé tong duoc tinh theo cong thic:
Pn
Ry = T (MPa) (3.2)

Trong d6: P, - luc nén pha hoai mau (N); Fy - dién tich chiu nén ctia vién mau (mm?).
Cuong do kéo udn va nén cua cac bé tong duogc thi nghiém ¢ 9 h, 12 h, 1 ngay, 3
ngay, 7 ngay, 28 ngay, 56 ngay va 90 ngay. Két qua thi nghiém cuong d6 kéo udn 1a gia

tri trung binh ctia 3 mau, cudng do nén 1a gia tri trung binh clia 6 mau.

Y

t’!’?’. ‘.’Q:Iu

Hinh 3.5. Thi nghiém xac dinh cwong dd uén va nén cia cic miu BTSC
3.3.1. Cuwong dd kéo udn

Cuong d6 kéo udn Ry, ctia cac mau BTSC duoc thé hién trén Hinh 3.6. Cuong do
kéo udn dat duoc cua ciac BTSC chira (1,5-4,5)% NS so v6i bé tong 0TBONS va
I5TBONS duoc trinh bay trong Bang 3.1.

Khi so sanh voi bé tong 0TBONS, Ry, ctia bé tong 15TBONS & cac thdi diém trudce
7 ngay thap hon, nhung tir 7 ngdy tr& vé sau lai cao hon mét chut, sy giam Ry, cua bé
tong 15TBONS 1a do TB phan tng puzolan chim, tuy nhién tir 7 ngay vé sau, mutc do
phan tng puzolan ctua TB d3 du 16n tao ra canxi silicat hydrat (CSH) thtr cp lap day

cac 16 rdng, déng thoi TB con lam ting luc dinh cai thién do dai cia bé tong va din dén
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su gia ting Ry [22, 23]. Cac BTSC chira (1,5-4,5)% NS déu c6 Ry, cao hon va xap xi
v6i bé tong 0TBONS. Ry, ciia cac BTSC chira NS ting manh nhét trong khoang thoi
gian tir (9-24) h, ti 1¢ ting gap 1,21-1,73 lan; tir 3 ngay dén 28 ngay, sy gia ting Ry, giam
dan, ti 18 tang gap 1,10-1,22 1an. Tl sau 56 ngay, sy phat trién cudng d6 kéo ubn cua
cac bé tong chira NS kha cham, ¢ 90 ngay, Rx, cua cac bé tong chtra (1,5-4,5)% NS
tuong duong voi bé tong 0TBONS. O céc thoi diém (9-12) h, ham lugng NS cang nhiéu
thi Ry, tdng cang manh, BTSC chtra 4,5% NS thé hién Ry, cao nhit; tuy nhién, ¢ cac
thoi diém tir 24 h vé sau, cac BTSC chtra (2,5-3,5)% NS lai thé hién Ry, cao nhat.

18

E9h 12h 24h B 3 ngay
16 m 7 ngay m 28 ngay B 56 ngay m 90 ngay

Cuong do kéo udn (MPa)
=

O0TBONS 15TBONS 15TB1.5NS I5TB2.5NS 15TB3.5NS 15TB4.5NS
Loai bé tong

Hinh 3.6. Sy phat trién cuwong d9 kéo udn cita cac BTSC theo thoi gian

Bang 3.1. Cuong do kéo udn dat dwgc ciia cac BTSC chira (1,5-4,5)% NS so v6i
bé tong 0TBONS va 15STBONS

9Oh | 12h | 24h | 3ngay | 7ngay |28 ngay | 56 ngay | 90 ngay
So v6i bé tong 0TBONS (%)
0TBONS 100 | 100 | 100 100 100 100 100 100
ISTBONS | 59,9 | 62,3 | 96,9 | 99,5 102,1 | 102,7 | 104,2 | 107,2
ISTBL,5SNS | 132,3 (120,9| 147,9 | 114,0 | 111,4 | 110,8 | 102,9 | 100,9
I15TB2,5NS | 165,3 [169,0| 150,5 | 119,6 | 1224 | 117,4 | 103,8 | 102,0
I5TB3,5NS | 167,7 |170,0| 138,8 | 118,4 | 1204 | 116,8 | 102,6 | 100,8
15TB4,5NS | 170,7 |172,7| 135,3 | 116,1 | 119,3 | 112,9 | 102,1 99,8
Loai BTSC So véi bé tong 15TBONS (%)
ISTBONS | 100 | 100 | 100 100 100 100 100 100
I5STB1,5NS | 221,0 | 194,1| 152,6 | 114,5 | 109,1 | 107,9 | 98,7 94,2
15TB2,5NS | 276,0 |271,4| 155,3 | 120,1 | 119,8 | 1143 | 99,6 95,1

Loai BTSC
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I15TB3,5NS | 280,0 |273,0{ 143,1 | 119,0 | 117,9 | 113,8 | 98,4 94,1
15TB4,5NS | 285,0 |277,3| 139,5| 116,7 | 116,8 | 110,0 | 97,9 93,2

Khi so sanh bé tong 15TBONS, két qua ciing c6 xu hudng twong ty nhu trén. Ry
ctia cac BTSC chira (1,5-4,5)% NS & cac thoi diém (9-12) h ting gip 1,94-2,85 lan; &
cac thoi diém tir 3 ngay dén 28 ngay ting gip 1,08-1,20 1an. Tir 56-90 ngdy, Ry, clia cac
BTSC chira (1,5-4,5)% NS lai thap hon so v&i bé tong 15TBONS khoang (5-7)%.

Sy gia ting manh Ry, ciia cac BTSC chira NS & tudi sém 1a do N'S 1am ting do pH,
gia ting toc d6 hoa tan cac hop chit trong XM (chu yéu 1a CsS, CaO) va trong TB (chu
yéu 1a AL O3, SiO2) ddy nhanh toc d6 thuy hoa va cac phan Gng puzolan, hinh thanh céc
hop chiat mdi nhu CSH, ettringite (6Ca0.A1:03.3803.32H,0) va gehlenit hydrat
(C2ASHs) [4-6, 10]. Tuy nhién, & cac do tuéi mudn (sau 7 ngay), NS lai han ché sy thay
hoa ctia hé thong CKD [4-6, 10], diéu ndy dan dén Ry, cta cac BTSC chtra NS ting
cham hon so véi cac bé tong 0TBONS va 15TBONS.

3.3.2. Cuwong d¢ nén

Ru clia cac mau bé tong duogc thé hién trén Hinh 3.7. R, dat dugc cua cac BTSC
chtra (1,5-4,5)% NS so v6i1 bé tong 0TBONS va 15TBONS duogc trinh bay trong Bang
3.2.

Khi so sanh véi bé tong 0TBONS, R, cuia bé tong 15TBONS déu thap hon tinh dén
thoi diém 28 ngay, tir 56-90 ngay, R, ctia bé tong 15TBONS lai cao hon khoang (5-6)%.
Cac BTSC chta (1,5-4,5)% NS ¢6 Ry cao hon khoang 1,15-1,41 1an & cac thoi diém tir
(9-24)h, riéng BTSC chira 1,5% NS ¢6 R, thap hon khoang (2,0-2,5)% & (9-12) h nhung
cao 25% hon & 24 h. O thoi diém 3 ngay, chi c6 BTSC chtra (1,5-2,5)% NS ¢6 R, cao
hon khoang (2,9-6,8)%: tir 7 ngdy vé sau, tat ca cac BTSC chira (1,5-4,5)% NS déu c6
R thip hon. O 28 ngay, Ra cta cic bé tong 15TB1.5NS, 15TB2.5NS, 15TB3.5NS va
15TB4.5NS thap hon lan luot 14 4,0%, 3,5%, 7,1% va 14,1% so v&i bé tong 0TBONS.

Khi so sanh v&i bé tong 15TBONS, R, ctia cac BTSC chita NS ¢ céac thoi diém tir
(9-24) h cao hon khoang 1,21-2,06 1an; ¢ thoi diém 3 ngay, Ra cta cac BTSC chira NS
tang khoang 1,05-1,15 14n, riéng BTSC chira 4,5% NS ¢6 R, trong duong; ¢ thoi diém
7 ngay, chi c6 cac BTSC chtra (1,5-2,5)% NS c6 Ry cao hon khoang (2,5-4,1)%, cac
BTSC chira (3,5-4,5)% NS ¢6 Ry thip hon khoang (0,8-8,3)%. Tir 28 ngiy vé sau, tat
cac BTSC chira NS déu c6 Ry thap hon khoang (11,4-28,5)%; & 28 ngay; Ra ctia cac bé
tong 15TB1.5NS, 15TB2.5NS, 15TB3.5NS va 15TB4.5NS thap hon lan lugt 13 11,4%,
15,2%, 17,6% va 18,17% so v&i bé tong 15TBONS.

Két qua trén cho thiy cac BTSC chtra NS dat dugc Riu cao hon nhiéu so voi R,
didu nay c6 thé 1a do luc dinh két trong bé tong gia tang khi két hop TB va NS nhu da
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giai thich ¢ trén. Viéc gia ting Ry 1a diéu rat can thiét cia BTSC mat duong 6 to va san
bay, vi ddy 1a chi tiéu quan trong nhat dé danh gia sirc chiu tai cia tim bé tong mait
duong.

m9h 12h 24h m 3 ngay
100 m 7 ngay m 28 ngay m 56 ngay m 90 ngay

&0

60

Cuong do nén (MPa)

0TBONS 15TBONS 15TB1.5NS 15TB2.5NS 15TB3.5NS 15TB4.5NS
Loai be tong

Hinh 3.7. Su phat trién cwong dd nén ciia cac BTSC theo thoi gian

Béang 3.2. Cwong d¢ nén dat dwge caa cac BTSC chira (1,5-4,5)% NS so voi bé
tong 0TBONS va 15TBONS

Oh |[12h | 24h | 3ngay | 7ngay |28 ngay | 56 ngay | 90 ngay
So véi bé tong 0TBONS (%)
0TBONS 100 | 100 | 100 100 100 100 100 100
ISTBONS | 68.2 | 80.8 | 91.3 92.7 93.7 98.7 105.0 | 106.1
ISTB1,5NS | 97.5 | 97.9 | 125.1 | 102.9 96.0 87.4 87.6 86.7
I5TB2,5NS | 115.2 |119.3| 138.5 | 106.8 97.5 83.7 83.9 82.3
I5TB3,5NS | 124.9 |116.0| 126.6 | 97.7 92.9 81.3 78.0 76.8
15TB4,5NS | 140.6 |116.5| 121.8 | 91.8 85.9 80.2 76.9 75.8
Loai BTSC So véi bé tong 15TBONS (%)
ISTBONS | 100 | 100 | 100 100 100 100 100 100
I5TB1,5NS | 143.0 |121.2| 137.0 | 111.0 | 102.5 88.6 83.4 81.7
I5TB2,5NS | 169.0 |147.8| 151.7 | 115.2 | 104.1 84.8 79.9 77.6
I5TB3,5NS | 183.2 |143.6| 138.7 | 105.4 99.2 82.4 74.3 72.4
15TB4,5NS | 206.3 |144.3| 1334 | 99.0 91.7 81.3 73.3 71.5

Loai BTSC

Mbi twong quan gitra R, va Ryy cua cac BTSC duoc thé hién trén Hinh 3.8, quan hé

c6 dang tuyén tinh ti 1& thuan rat chat ché véi hé sd xac dinh R? = 0,94.
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Hinh 3.8. Méi quan hé giira cwong d ké udn va cwong dd nén ciia cac BTSC

3.4. XAC PINH CUONG PO BAM DiNH GIUA BE TONG SUA CHUA VA BE
TONG CU

Thi nghiém xac dinh cuong d6 bam dinh (lién két) gitta BTSC méi va bé tong cii
bang phuong phap uén 3 diém theo ASTM C293/C293M [26].

Thi nghiém udn xé4c dinh cuong do bam dinh gitra BTSC va bé tong cti dugc thuc
hién theo 2 so @6 nhu Hinh 3.9 [27], so d6 Hinh 3.9.a 1a uén ngang vudng goc véi ranh
(luc ubn vudng goc vai cac ranh tai mbi ndi), so do Hinh 3.9.b 12 udn doc theo chiéu

doc ranh (lyc udn cung hudng doc véi cac ranh tai moéi ndi).
a) l b)
v

A A A A

Hinh 3.9. So' dd thi nghiém uén miu xic dinh cuwong @6 bam dinh ciia BTSC;

(a) so' @6 udn ngang; (b) so' dd udn doc.
Cuong do bam dinh véi bé tong cii ciia tirng mau BTSC duoc tinh theo cong thic:

R _3PL MP 33
ku_a.bz( a) ( . )

Trong d6: Py - tai trong udn gay mau (N); / - khoang cach giita hai gbi twa, = 100

mm; a, b - chi€u rdng va chi€u cao ti€t di€n ngang ciia mau, a =b = 40 (mm);
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Cuong do bam dinh cua cac bé tong dugc thi nghiém & 1 ngay, 3 ngay, 7 ngay va
28 ngay. Két qua thi nghiém 13 gia tri trung binh cta 3 mau.

Hinh 3.10. Thi nghiém xac dinh cwong dd lién két ciia cic mau BTSC

Cuodng do bam dinh Req ctia cac BTSC vdi bé tong cii duoc thé hién trén Hinh 3.11.

Két qua cho thdy cuong do dinh bam ctia cac BTSC chtra NS cao hon vuot troi so
voi bé tong 0TBONS va 15TBONS, dac biét 1a ¢ cac do tudi sém tir 1-7 ngay.

D6i v6i so d6 udn ngang, khi so sanh voi bé tong 0TBONS, Rpd ctia bé tong
15TBONS & 1 ngay, 3 ngay, 7 ngay va 28 ngay giam lan luot 1a 11,1%; 15,3%, 6,3% va
2,0%; Ry cia cac BTSC chua (1,5-4,5)% NS ting khoang (6,2-45,6)%; & do tudi 1-3
ngdy, Ruq ting cao nhit va ting khoang (27,3-45,6)%; & 28 ngay, Rpa ctia cac BTSC
15TB1,5NS, 15TB2,5NS, 15TB3,5NS, 15TB4,5NS tang lan luot 14 6,2%, 12,4%, 11,1%
va 7,9%. Khi so sdnh véi bé tong 15TBONS; Ryqcua cac BTSC chira (1,5-4,5)% NS tang
khoang (8,4-171,9)%; & do tudi 1-3 ngdy, Rea ting cao nhat va ting khoang (50,1-
171,9)%; & 28 ngay, Rea cia cac BTSC 15TB1,5NS, 15TB2,5NS, 15TB3,5NS,
15TB4,5NS tang lan luot 1a 8,4%, 14,7%, 13,4% va 10,1%.

Déi v6i so dd udn doc, su phat trién Rea ctia cac BTSC ciing ¢6 xu hudng tuong tu
nhu khi un ngang nhung c6 gia tri nho hon, chi dat trung binh khoang 82% so védi so
dd udn ngang. So d6 udn ngang cd Roa cao hon 1a do ngoai luc bam dinh trén tiét dién
ctia 2 bé mat tiép xuc gitta BTSC va bé tong cii, con c6 su tham gia chiu lyc cét cia cac

ranh cai rang lugc tai moi noi, trong khi so d6 uon doc chi c6 lyc bam dinh trén tiét di¢n
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ctia 2 bé mit tiép xuc gitta BTSC va bé tong cil, cac ranh doc khong chiu lyc cit nén
dan dén Ryq thap hon.

10
a) m 1 ngay m 3 ngay m 7 ngay m 28 ngay

Cuong do dinh bam (MPa)
(=)} | [#2] o

SO T S I S

O0TBONS ISTBONS 15TB1.5NS 15TB2.5NS 15TB3.5NS 15TB4.5NS
Loai be tong

10

b
) ® | ngay m 3 ngay ® 7 ngay ® 28 ngay

Cuong do dinh bam (MPa)
= (=)} oo

2

O0TBONS 15TBONS 15TB1.5NS 15TB2.5NS 15TB3.5NS 15TB4.5NS
Loai bé tong

Hinh 3.11. Cwong dd bam dinh ciia BTSC véi bé tong cii; (a) udn theo
phwong ngang va (b) udn theo phwong doc

RO rang Rya cua cac BTSC chua (1,5-4,5)% NS tang vuot trdi so voi bé tong
O0TBONS va 15TBONS, diéu nay sé& cai thién chat lugng & cac mdi ndi khi thi cong sira
stra cac cong trinh cii nhu mit duong 6 t6, sdn bay, cong trinh cau, ...
3.5. XAC PINH VAN TOC XUNG SIEU AM

Thi nghiém van tdc xung siéu 4m (Vi) clia cac mau bé tong duge thuc hién theo
ASTM C597 [28] trén cac mau try 100x200 mm. Cac mau try bé tong dugc mai phing
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2 day dé dam bao dau do tiép xtc tot voi bé mit mau. Khi dén thoi diém thi nghiém, cac
mau bé tong duoc vudt khoi bé bao dudng, dé rao bé mit va do Vs.. Dung chat boi tron
boi vao 2 day ctia mau, sau d6 dung 2 dau do ap vao 2 day mau vira bdi tron c6 dinh dau

do, cho so doc trén man hinh 6n dinh va ghi lai s6 doc.

Hinh 3.12. Thi nghiém xac dinh van tdc xung siéu 4m ciia cic miu BTSC

Vs (m/s) cua timg vién mau dugc tinh theo cong thirc:
L

Trong do:

L - chiéu dai thuc doc truc ciia mau tru 100x200 mm;

t - thoi gian séng siéu 4m truyén qua mau (s);

Visa clia cac bé tong duoc thi nghiém & 3, 7, 28, 56 va 90 ngdy. Vs, cia mdi bé tong
& ting thoi diém thi nghiém 1a gia tri trung binh cia 3 miu.

Vi ctia cdc miu BTSC duoc thé hién trén Hinh 3.13. Vi, dat duge cia cac BTSC
chira NS so vai bé tong 0TBONS va 15TBONS duogc trinh bay trong Bang 3.3.

Khi so sanh véi bé tong 0TBONS, Vi, ctia bé tong 15STBONS ¢ 3 ngay nhé hon mot
chat nhung ¢ 7 ngay tuong duong, tir 28-90 ngay 16n hon khoang 1,1-1,6%. Bé tong
15TB1,5NS thé hién Vs, cao nhat ¢ 3 va 7 ngay, tir 28-90 ngay twong duong véi bé tong
15TBONS, cic bé tong chira (2,5-4,5)%NS thé hién Vs, giam nhe, ham luong NS cang
nhiéu thi Vs, c6 xu huéng giam cang nhiéu, dic biét khi ham luong NS ting 1én 4,5%.

Bang 3.3. Van toc xung siéu 4m dat dwoe clia cac BTSC chira (1,5-4,5)% NS so
véi bé tong 0TBONS va 15STBONS

3 ng3 7 nga 28 nga 56 nga 90 nga
Loai BTSC gay ngay | ngay ngay gay
So véi bé tong 0TBONS (%)
0TBONS 100 100 100 100 100
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15TBONS 99.7 100.1 101.1 101.5 101.6
15TB1,5NS 101.4 102.1 101.1 101.3 101.6
15TB2,5NS 98.8 100.0 99.9 99.0 99.6
15TB3,5NS 98.3 98.6 99.5 98.8 99.1
15TB4,5NS 96.3 96.8 96.7 97.4 97.5
Loai BTSC So véi bé tong 15TBONS (%)

15TBONS 100 100 100 100 100
15TB1,5NS 101.7 101.9 100.0 99.8 100.0
15TB2,5NS 99.2 99.9 98.8 98.2 98.1
15TB3,5NS 98.6 98.5 98.4 97.4 97.6
15TB4,5NS 96.6 96.7 95.6 96.0 96.0

Khi so sanh véi bé tong 15TBONS, Vsa cua bé tong 15TB1,5NS cao hon khoang
(1,7-1,9)% & 3 va 7 ngay, tur 28-90 ngay la tuong duong. Cac bé tong chtra (2,5-4,5)%
NS déu ¢6 Vs, giam nhe twong nhu nhu khi so véi bé tong 0TBONS. Xu hudng Vs, cia
cac BTSC tang cham theo thoi gian twong tu nhu su gia tdng cuong do nén cua ching,
nguyén nhan 1a do NS han ché su thuy hoa ctua hé théng chit két dinh & tudi mudn nhu
da giai thich. Trong d6, Vs clia bé tong 15TB2,5NS giam khong dang ké va xép xi véi
cac bé tong 15TBONS va 0TBONS

5100

B3 ngay M7ngay M28ngay S56ngay m90 ngay
5000

4900 1

Vsa (m/s)

0TBONS 15TBONS 15TB1.5NS15TB2.5NS15TB3.5NS 15TB4.5NS
Loai beé tong

Hinh 3.13. Vin téc xung siéu 4m ciia cac BTSC

Mdi twong quan giita Vs va Ry ctia cac BTSC dugc thé hién trén Hinh 3.14, moi

quan hé¢ c6 dang tuyén tinh ti 1€ thuan tuong ddi chat ché véi hé s6 xac dinh R2 = 0,75.
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Hinh 3.14. Quan h¢ giira Vs, va R, ciia cac BTSC
3.6. XAC PINH PIEN TRO SUAT BE MAT
Thi nghiém dién tr suat bé mit (DTSBM) dugc thyc hién theo AASHTO T95 [29]

trén cac mau tru kich thude 100x200 mm & trang thai bao hoa nudc, sau khi vot mau ra
khoi bé nuée dudng ho, ding khian 4m lau sach nudc bam trén bé mit cac mau va tién
hanh do dién tré suit nhu Hinh 3.15. DPTSBM cua cac mau BTSC duogc thi nghiém ¢ 3,
7,28, 56 va 90 ngay, mdi mau dugc do 4 diém trén hai dudng kinh vudng goc va lay gia
tri trung binh. DPTSBM ctia mdi bé tong ¢ ting thoi diém thi nghiém 1 gia tri trung binh

cua 3 mau.

Hinh 3.15. Thi nghiém xac dinh dién tré sut bé mét ciia cac miu BTSC

Can ctr vao gia tri PTSBM cuia bé tong c6 thé danh gia gian tiép duoc mirc d6 thim
ion clo cuia bé tong. Mbi quan hé gitta PTSBM va do thim ion clo cia bé tong tiy thude

va kich thuéc miu thi nghiém va duoc thé hién trong Bang 3.4 [29].
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Bing 3.4. Pdanh gid mirc dj thdm ion clo thong qua PTSBM [29]

Mtic d6 thdm ion clorua Dién trd suit bé mat (Q.cm)
(culdng) Mau try 100x200 mm Mau tru 150x300 mm
Cao <12 <9,5
Trung binh 12-21 9,5-16,5
Thip 21-37 16,5-29
Rét thip 37-254 29-199
Khong dang ké > 254 > 199
50 B 3 ngay
~ =7 ngay . _ z
5 28 ngay
= I
% 40 56 ngay . L .
= ® 90 ngay
g 30 - T
=
= .
= 20 A I
= =
210 -
0

OTBONS I5TBONS 15TB1.5NS 15TB2.5NS15TB3.5NS 15TB4.5NS
Loai bé tong

Hinh 3.16. Dién tré suat bé mit ciia cac mau BTSC

DTSBM cuia cac BTSC dugc thé hién trén Hinh 3.16. O d6 tudi sém 3-7 ngay, bé
tong 15TBONS c6 DPTSBM giam so véi bé tong 0TBONS va c6 gia tri nho nhat, khi bb
sung (1,5-4,5)% NS dan dén ting DPTSBM, tuy nhién sy gia ting khong dang ké. O do
tudi tir 28 ngay vé sau, sy gia ting PTSBM ciia cac BTSC chita TB va NS 1a rat 16n so
vl bé tong OTBONS, NS c6 xu hudng lam tang DPTSBM, ham lugng NS ting Ién thi
DTSBM c6 xu hudng ting 1én, tuy nhién khi ham lwong NS 1én dén 4,5% thi PTSBM
gan nhu khéng ting thém nita. Khi so voi bé tong 0TBONS, DTSBM cua cac bé tong
15TBONS, 15TB1.5NS, 15TB2.5NS, 15TB3.5NS va 15TB4.5NS ¢ 28 ngay cao hon lan
lugt 1a 16,3%, 64,8%, 126,6%, 127,2% va 127,7%; khi so v&i bé tong 15TBONS,
DTSBM cua cac bé tong 15TB1.5NS, 15TB2.5NS, 15TB3.5NS va 15TB4.5NS ¢ 28
ngay cao hon lan luot 13 41,7%, 94,9%, 95,4% va 95,8%. Su gia taing DTSBM cua cac
BTSC chira TB va NS 14 do phan tmg puzolan ctia TB, NS ddy nhanh tbc d hoa tan va
thity hoa ctia X va TB & tudi som, hinh thanh cac hop chat méi nhu CSH, ettringite nhu

d3 giai thich & trén, lam ting do dic chéc cta bé tong va ting kha ning khang ion clo.
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O 28 ngay, bé tong 0TBONS va 15TBONS c¢6 DPTSBM khoang 18-20,9 (Q.cm) nén
c6 BTIC ¢ muc trung binh, bé tong 15TB1.5NS c6 DTSBM khoang 29,6 (Q.cm) nén
c6 DTIC & muc thép, cac BTSC chtra (2,5-4,5)% NS c6 DPTSBM khoang 40,67-40,9
(Q.cm) nén c¢6 PTIC & muc rat thap.

3.7. XAC PINH PQ THAM ION CLO
D6 tham ion clo (PTIC) cta cac miu bé tong duoc thi nghiém theo ASTM C1202

[30]. Cac mau thi nghiém duong kinh 100 mm, day 50 mm dugc cit ra tir cAc mau tru
100x200 mm. O mdi thoi diém thi nghiém, cac mau duge vt ra khoi bé bao dudng va
thue hién cac budc can thiét theo qui dinh (quét son, hut chan khong), thoi gian thi
nghiém tham ion clo ctia miu bé téng 14 6 h. Sau khi chuin bj mau xong, tién hanh lip
mau thir vao khoang chira mau dam bao khong ro ri nudc ra ngoai. D6 day hoa chét thir
vao hai dau khoang chtra mau thtr, mot dau khoang do dung dich NaOH 0,3 N va dau
khoang kia do dung dich NaCl 3%. Lép dat mach dién gém nguén dién, von ké, ampe
ké véi khoang chira mau. Pong mach dién va duy tri dién thé mot chiéu 60 V. Theo ddi
va ghi lai cac thong sb vé cuong do dong dién, nhi¢t do khoang chira dung dich NaCl

trong 6 h.

Déi vé6i thiét bi do ty dong, toan bd qua trinh do, ghi va tinh toan tong dién luong
truyén qua cac mau thi nghiém duoc tu dong hoéa. Déi véi thiét bi ban tu dong, dién
luong truyén qua mau bé tong duoc tinh theo cong thirc:

2
Q= (%J 900.(I, + 215, + 2L, +...2L0 + 2155, +15¢0) (3.7)
X

Trong dé: Q 13 tong dién lwong truyén qua mAu thir trong thoi gian 6 h, tinh bang
culdng; To, Lo, Iso, ..., Is30, 360 12 cuong do dong dién ¢ thoi diém bét dau bat may do &
30, 60, ... 330, 360 pht, tinh bang ampe (A); x 1a dudng kinh thuc té cia mau thir, tinh

bang milimét (mm).

Hinh 3.17. Thi nghiém @9 tham ion clo ciia cic miu BTSC
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DTIC cua cac BTSC duoc thi nghiém xac dinh ¢ 7, 28, 56 va 90 ngay. B9 thdm ion

clo ctia mdi bé téng & ting thoi diém thi nghiém 14 gia tri trung binh cta 3 mau.

Muc DTIC cua bé tong xi mang dugc danh gid theo Bang 3.5.

Bing 3.5. Pdnh gid mirc dj thdm ion clo ciia bé tong [30]

Dién luong truyén qua mau bé téng (culdng)

Murc d6 tham ion clorua

> 4000 Cao
tir 2000 dén 4000 Trung binh
tir 1000 dén 2000 Thip
Tir 100 dén 1000 Rét thip
<100 Khong déng ké

DTIC cta cac BTSC duoc thé hién trén Hinh 3.19. PTIC cuia cic BTSC ¢6 xu hudng
nguoc chidu véi PTSBM ctia no, bé tong c6 DPTSBM cang cao thi BTIC cang thap.

Do tham ion clo (Culong)

5500
5000
4500
4000
3500
3000
2500
2000
1500
1000
500
0

7 28
Thot gian (ngay)

m QTNONS
m 15TNI1.5NS
m 15TB3.5NS

m]15TBONS
15TB2.5NS
m 15TB4.5NS

56 90

Hinh 3.18. P thim ion clo ciia cic miu BTSC

O 7 ngay, bé tong 15TBONS c6 DTIC ting so voi bé tong 0TBONS va c6 gia tri 1on
nhat, khi bd sung (1,5-4,5)% NS dan dén giam DTIC, DTIC cia cic bé tong 15TBONS,
15TB1.5NS, 15TB2.5NS, 15TB3.5NS va 15TB4.5NS & 7 ngay cao hon lan luot 1a
25,7%, 6,9%, 6,3%, 9,1% va 10,0% so v4i bé tong OTNONS. O 28 ngay vé sau, DTIC
cua cac BTSC chtra TB va NS gidm sau so voi bé tong 0TBONS, ham luong NS = 2,5-
3,5% cho DTIC thap nhat, khi ham lugng NS 1én dén 4,5% thi DTIC khong tiép tuc
gidam ma c6 xu hudng tang nhe. DTIC cua cic bé tong 15TBONS, 15TB1.5NS,
15TB2.5NS, 15TB3.5NS va 15TB4.5NS & 28 ngay thap hon lan lugt 13 27,6%, 46,3%,
57,1%, 54,8% va 53,1% so véi bé tong 0TBONS. Cac hat tro bay giau alumina so v6i
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cac hat xi mang (Bang 2.5) va rat hiéu qua trong viéc lién két ion clorua [10, 31-35],
dong thoi chat hoat hoa NS lam giam thém kha ning két ndi giira cac 16 rdng mao dan
va 16 rong tham, 1am ting kha ning chong tham ion clo ctia cac BTSC [10]. Két qua nay
cO xu hudng tuong tu nhu nghién ctru cua M. A. Nawaz [10].

O 28 ngay, bé tong 0TBONS va 15TBONS c6 DTIC khoang 2038-2817 (Culong)
nén thuoc murc trung binh, cadc BTSC chura (1,5-4,5)% NS c6 DTIC khoang 1274-1512
(Culong) nén nén thudc mirc thap.

Moi tuong quan giita PTSBM va PTIC caa cac BTSC duoc thé hién trén Hinh 3.19,
quan hé nay c6 dang phi tuyén ti 1¢ nghich theo ham mii rat chit ché véi hé s6 xac dinh
R? =0,90.
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Hinh 3.19. Méi twong quan gitra PTIC va PTSBM ciia cac miu BTSC
3.8. PHAN TiCH HIEU QUA KINH TE VA TAC PONG MOI TRUONG

Phén tich hiéu qua kinh té va tic dong mdi trudng khi san xuat 1 m? bé téng bao
gdm viéc phan tich cac yéu té lién quan dén vat liéu, nhan cong, thiét bj va cac chi phi
khac theo cac yéu ciu cu thé. Trong nghién ctru nay, chi phan tich chi phi va tac dong
moi trudng vé mit vat liéu cho mdi m?, cac yéu t khac xem nhu khong thay d6i cho tat
ca cac hon hop. Lugng khi thai carbon dioxide (CO»), chi phi vat liéu va tiéu hao ning
luong (EC) cho mdi m? cac hdn hop BTSC duoc tinh toan dé so sanh v&i nhau. Lugng
khi thai CO», chi phi vat li€u va ti€u hao nang lugng (EC) cho 1 kg nguyén liéu tho dugc
dua ra trong Bang 3.6 dya trén cac nghién ctu trudc day va thi truong dia phuong &

thanh ph6 Da Néng.
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Dbi vi bé tong thuong, thoi gian thong xe khoang 3-7 ngay sau khi thi cong, tuy
nhién d6i voi BTSC sau khi thi cong khoang 9-12 h ¢6 thé cho phép thong xe. Poi véi
mit dudng 6 t0, san bay, cudng do kéo udn duge xem 1a chi tiéu quan trong dé danh gia
kha ning chiu tai trong giao thong cua tim bé tong, hon nita, sy phat trién cudng do cta
cac bé tong la khac nhau, do vay viéc tinh toan chi phi, xa thai CO; va ti€éu hao nidng
luong (EC) dé san xuat 1 m® qui d6i vé cho 1 don vi cudng do kéo udn cua timg loai bé
tong 1a can thiét. O thoi diém 1 ngay, cudng do kéo udn cua cac bé tong déu dat yéu cu

thong xe nén lay cuong do kéo udn & 1 ngay (Rku1) 1am co s¢ dé tinh toan.

Bdng 3.6. Chi phi, luwgng khi thdi CO; va tiéu hao nang lwong (EC) cho 1 kg

nguyén liéu

Vat li¢u Chi phi (d/kg) | Xa thai CO2 (kg/kg) | Tiéu thu nang luong (MJ/kg)
Ximang PC50 1900 1,30 [31] 11,8 [31]
Cat song 429 0,024 [31] 0.34 [31]
Tro bay 430 0,008 [31] 0.10 [31]
Natri sunfat 3000 0,47 [10] 5.29 [36]
ba dam 310 0,036 [31] 0.48 [31]
Nudc 8 0,0013 [31] 0.017 [31]
Siéu déo 37000 0,002 [10] 11.47 [31]

Két qua tinh toan chi phi, xa thai CO va tiéu hao niang luong (EC) cho 1 m? qui d6i

vé 1 don vi cudng d6 kéo udn cua timg loai bé tong dugc trinh bay trong Bang 3.7.

Bdng 3.7. Chi phi, xd thai CO: va va tiéu hao nang lugng (EC) cho viéc sdin

xudt 1 m’ bé tong trén mét don vi cwong dé kéo uon ciia cic BTSC

Ti I¢ giam Ti I¢ giam Ti 16
Bétong | k! Ch; phi- 1 i ihi Xa th?i €O 1 tﬁéigcoz BC 1 giam

(MPa) | (d/m>/MPa) %) (kg/m°/MPa) %) (MJ/kg) EC (%)
OTBONS | 542 | 331973,6 | 0,00 134,92 0,00 |1288,87| 0,00
I5TBONS | 526 | 311573,7 | -6,15 119,79 1121 |1152,53]-10,58
15TB1,5NS| 8,02 | 2062540 | -37.87 | 77,71 42,40 | 754,46 |-41,46
15TB2,5NS| 8,16 | 205586,7 | -38,07 | 75,87 43776 | 741,37 |-42,48
15TB3,5NS| 7,53 | 224891,1 | -3226 | 81,74 3941 | 803,72 |-37,64
15TB4,5NS| 7,34 | 2339440 | -29.53 | 83,31 13825 | 824,49 |-36,03

Gia thanh vat liéu, xa thai CO> va tiéu thy nang luong cua cac BTSC chtra TB va
NS déu giam dang ké so v6i bé tong dbi chimg 0TBONS. Déi vé6i bé tong chira 15%TB,
chi phi vat liéu, x4 thai CO2 va tiéu thu ning luong thap hon lan luot khoang 6,15%,
11,21% va 10,58%:; d6i véi cac BTSC chira (1,5-4,5)% NS, chi phi vat li€u, xa thai CO»
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va ti€u thu nang luong théip hon lan luot khoang (29,53-38,07)%, (38,25-43,76)% va
(36,03-42,48)% so v&i bé tong doi chirng, trong d6, BTSC chtra (2,5-3,5)% NS cho hi¢u

qua kinh t€ va lgi ich moi truong cao nhat.

3.9. YEU CAU CUONG PO TOI THIEU CHO PHEP THONG XE CUA BE
TONG SUA CHUA MAT PUONG O TO VA SAN BAY

S¢ Giao thong Van tai New Jersey (NJDOT) Hoa Ky quy dinh cuong d6 udn tdi
thiéu ctia bé tong sira chita duong 14 2,4 MPa c6 thé cho phép thong xe [37]. S& Giao
thong Van tai Michigan (MDOT) Hoa Ky quy dinh cuong d6 nén tdi thiéu 1a 17,2 MPa
c6 thé cho phép thong xe [38]. O thoi diém 12 h, cac bé tong chira (2,5-4,5)% NS ¢6 Ry
= 4,16-4,25 MPa, R, = 19,59-20,16 MPa, quy d6i Rk, vé mau dam 150x150x600 mm
(nhan véi hé s6 & = 0,92 theo TCVN 3119:2022) va R, vé& mau 1ap phuong 150x150x150
mm (nhan véi hé $6 &= 0,95 theo TCVN 31 18:2022) dugc: Rxuqa = 3,83-3,91 MPa>24
MPa va Rnqa= 18,61-19,15 MPa > 17,2 MPa, thoa man diéu kién trén nén c6 thé cho
phép thong xe sau 12 h thi cong.

Theo TCCS 40:2022/TCDBVN [39], TCCS 24:2018/CHK [40], ddi véi bé tong mat
duong 6 t6 va sin bay, cac mau lay ¢ hién truong phai c6 cudng d6 kéo udn Riun > 4,5
MPa, khi thiét ké thanh phan bé tong trong phong thi nghiém, yéu cau Riuk > 1,15 Riunt
= 5,18 MPa. O thoi diém 24 h, tit ca cac BTSC chira (1,5-4,5)% NS ¢6 Riwan quy ddi
vé mau dam 150x150x600 mm (nhan véi hé sb & = 0,92 theo TCVN 3119:2022) dat tir
(6,75-7,38) MPa > 5,18 MPa nén dap tng yéu cau. Trong thuc té thi cong sira chita mat
duong, khi Riun > 70%Riuk (Riw> 3,63 MPa), ¢ thé cho phép phuong tién giao thong
qua lai. O thoi diém 12 h, cac BTSC 15TB2,5NS, 15TB3,5NS va 15TB4,5NS ¢6 Rkuizn
quy d6i vé mau dam 150x150x600 mm lan lugt 3,82 MPa; 3,85 MPa va 3,91 MPa >
3,63 MPa nén c6 thé cho phép thong xe ltic 12 h sau khi thi cong.

3.10. KET LUAN CHUONG 3

Chuong 3 da tién hanh thi nghiém, danh gid anh huéng cua TB va cac ham luong
NS khéc nhau dén céc tinh chét cua cac bé tong HPC. Cac két luan duoc rat ra tir Chuong

3 nhu sau:

1. Sir dung 15%TB thay thé XM lam giam d6 pH cua bé tong tuoi khoang 2,9% so
v6i bé tong ddi chimg, trong khi NS 1am tang d6 pH va ting ti 1¢ thuan v6i ham luong
NS, d6 pH cuta cac bé tong 15TB1.5NS, 15TB2.5NS, 15TB3.5NS va 15TB4.5NS tang
lan luot 14 0,73%, 3,42%, 3,75% va 3,91% so véi bé tong 15TBONS.

2. TB cai thi¢n tinh cong tac trong khi NS c¢6 xu hudng lam giam tinh cong tac ctua
cac hon hop bé tong tuoi. Lugng siéu déo dung cho cac HHBT 0TBONS, 15TBONS,
15TB1.5NS, 15TB2.5NS, 15TB3.5NS va 15TB4.5NS lan luot twong tng 1a 3,38; 2,60;
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2,86; 3,38; 3,64 va 4,16 kg/m? dé dat d6 sut 10-12 cm. Nguoc lai, TB ¢6 xu hudéng lam
giam do pH nhung NS lai céi thién do pH cua HHBT tuoi va do pH tang ti 1€ thuan véi
ham lugng NS. Do pH ctia cac HHBT 15TBI1.5NS, 15TB2.5NS, 15TB3.5NS va
15TB4.5NS tang 1an luot 13 0,73%, 3,42%, 3,75% va 3,91% so véi bé tong 15TBONS.

3. TB lam giam Ry, cua cac BTSC & tudi sém nhung lai cai thién & tudi muodn tir
sau 7 ngay. Bo sung NS cai thién dang ké Ry, ¢ cac d6 tudi sém tir 9h-3 ngay, tir sau 3
ngay su gia ting Ry, ctia cac BTSC khong dang ké. Ry, ctia cac BTSC chira (1,5-4,5)%
NS & thoi diém (9-24) h ting gap 1,21-1,73 lan; ¢ thoi diém 3-28 ngay tang gap 1,10-
1,22 1an, & 90 ngay twong duong véi bé tong ddi chimg 0TBONS. R, ctia cac BTSC ¢6
xu hudng phat trién kém hon Ry,.. Cac BTSC chira (2,5-4,5)% NS ¢6 R, cao hon khoang
1,15-1,41 lan & cac thoi diém tir (9-24)h. O thoi diém 3 ngay, chi c6 BTSC chira (1,5-
2,5)% NS ¢6 Ry cao hon khoang (2,9-6,8)%, tir 7 ngay vé sau, tat ca cac BTSC chira
(1,5-4,5)% NS déu c6 R, thip hon, trong d6 bé tong chira (1,5-2,5)% NS cho cuong do

nén cao nhat.

4. Bé tong chira 15%TB khong cho thay cai thién cuong do bam dinh véi bé tong
cii trong vong 28 ngay, trong khi BTSC chira NS cai thién dang ké cudong do bam dinh
v6i bé tong cii, xu hudng nay tuwong ty nhu sy phat trién cudng do kéo udn cia chung.
Roactia cac BTSC 6 d6 tudi 1-3 ngay, ting khoang (27,3-45,6)%; & 28 ngay ting khoang
(6,2-12,4)%, trong d6 BTSC chura (2,5-3,5)% NS cho Rpd cao nhat. So d6 udén ngang
cho cuong d6 bam dinh véi bé tong cii 16n hon khoang 25% so véi so d6 udn doc.

5. TB cai thién Vi, ctia bé tong tir sau 7 ngdy, bo sung 1,5% NS cai thién Vs, nhung
khi ham lugng NS ting 1én din dén Vg, giam xudng, ham luong NS cang cao thi Vs c6

xu hudng cang thap, xu hudng nay twong ty nhu su phat trién cuong do nén ciia chung.

6. TB va NS khong anh huong dén DPTSBM cua cac BTSC ¢ thoi diém trude 7 ngay,
tuy nhién tir 28 ngay vé sau, TB va NS 1am ting ddng ké PTSBM cua cac BTSC, cac
BTSC st dung (2,5-4,5)% NS cho PTSBM 16n nhit. PTSBM cua cac BTSC
15TB1.5NS, 15TB2.5NS, 15TB3.5NS va 15TB4.5NS & 28 ngay cao hon lan luot 1a
41,7%, 94,9%, 95,4% va 95,8% so véi bé tong 15TBONS.

7. TB va NS lam ting nhe DTIC cia cac BTSC ¢ thoi diém trudc 7 ngay nhung lam
giam dang ké PTIC ¢ thoi diém tir 28-90 ngay, ham luong NS = 2,5-3,5% cho DTIC
thap nhat. DTIC ciia cac bé tong 15TBONS, 15TB1.5NS, 15TB2.5NS, 15TB3.5NS va
15TB4.5NS ¢ 28 ngay thap hon lan lugt 13 27,6%, 46,3%, 57,1%, 54,8% va 53,1% so
v6i bé tong 0TBONS.

8. Gia thanh vat li€u, x4 thai CO> va tiéu thy nang lugng cua cac BTSC chura TB va
NS déu giam. Chi phi vat li¢u, xa thai CO; va ti€u thu nang lugng cua bé tong chura 15%
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TB thap hon 1an luot khoang 6,15%, 11,121% va 10,58%; cta cac BTSC chwra (1,5-
4,5)% NS thap hon 1an lugt khoang (29,53-38,07)%, (38,25-43,76)% va (36,03-42,48)%
so vOi1 bé tong doi chirng OTBONS, trong do, BTSC chtra (2,5-3,5)% NS cho hi¢éu qua
kinh té va lgi ich méi trudng cao nhat.

9. O thoi diém 12 h, cic BTSC 15TB2,5NS, 15TB3,5NS va 15TB4,5NS ¢6 Riuizn

quy ddi vé miu dam 150x150x600 mm lan lugt 3,82 MPa; 3,85 MPa va 3,91 MPa >
3,63 MPa nén c6 thé cho phép thong xe e 12 h sau khi thi cong.

Bdo c6 tong két dé tai



_55_

KET LUAN VA KIEN NGHI

1. KET LUAN

1. Str dung TB cai thién tinh cong tac va giam d6 pH, trong khi bd sung NS lam
giam tinh cong tac va ting do pH cua hon hop bé tong twoi, mic giam tinh cong tac va

gia tang do pH ti I¢ thuan véi ham luong NS st dung.

2. BTSC cai thién dang ké cudng d6 kéo ubn so voi bé tong thong thudng, dic biét
1a d6 tudi sém trudce 3 ngay, ¢ cac do tudi mudn sy phat trién cuong do kéo udn cham
hon nhung vin tuong duong véi bé tong ddi chimg, trong d6 BTSC chira (2,5-3,5)% NS
thé hién cudng do kéo udn cao nhat. Tuy nhién, cuong do nén va van téc xung siéu 4m
cua cac BTSC c6 xu hudng giam va dac bi¢t 1a khi ham lugng NS tang 1én, trong d6 bé

tong chira (1,5-2,5)% NS cho cudng dd nén cao nhat.

3. BTSC cai thién dang ké cudong d6 bam dinh véi bé tong cii, dic biét 1a ¢ do tudi
som trudc 3 ngay, trong d6 BTSC chira (2,5-3,5)% NS cho Ryd cao nhat. So dd ubn
ngang cho cudng do bam dinh voi bé tong cii 16n hon so véi so dd udn doc. Viéce tao ra
cac ranh trén bé mat bé tong cii trude khi thi cong BTSC 1a can thiét dé ting luc bam

dinh, dac biét 1a tao cac ranh ngang trén vach dung cua bé tong cil.

4. BTSC cai thién dang ké do chong tham ion clo thong qua chi tiéu PTSBM va do
thim ion clo. Mic du ¢ thoi diém trude 7 ngay NS lam ting nhe DTIC, nhung tir 28
ngay NS lam giam dang ké DTIC. BTIC & 28 ngay cua ciac BTSC chua (1,5-4,5)% NS
thip hon khoang (46,3-54,8)% so v&i bé tong 0TBONS, trong d6 BTSC chura (2,5-3,5)%
NS cho DTIC thip nhit.

5. Cac BTSC chura NS c¢6 gia thanh vat li¢u, xa thai CO; va ti€u thu nang lugng trén
mot don vi cuong do kéo udn giam dang ké so véi bé tong 0TBONS. Cac BTSC chira
(1,5-4,5)% NS co6 gia thanh vat li¢u, xa thai CO; va ti€u thu nang lugng thép hon dang
ké so v6i bé tong ddi ching 0TBONS, trong d6, BTSC chira (2,5-3,5)% NS cho gia thanh

vat li¢u, xa thai CO; va ti€u thu nang lugng thép nhat.

Trong nghién ctru nay, ham luong NS sur dung trong BTSC cuong dd sém cao trong
khoang (2,5-3,5)% la tbi wu.

6. Cac hdn hop BTSC t6i uu c6 thé dung dé stra chira mit duong 6 t6 va sin bay dé
giam thoi gian cho phép thong xe. D6i voi nhitng chd hu hong can sira chita mot phan
chiéu day tAm bé tong xi mang nhu va 6 ga, vét nitt, ..., sau khi cit duc vudng vit nhirng
chd hu hong, cit tao cac rinh ngang rong 5-10 mm va sdu 4-6 mm trén vach ciia tim bé
tong cii roi tién hanh d6 BTSC m&i; ddi v6i nhitng chd hu hong can stra chita hét chiéu
day tAm bé tong xi ming, ngoai viéc tao cac rinh ngang trén vach cua tim bé tong cii

tuong tu nhu trén, can khoan thém cac 16 khoan trén vach tim bé tong cii dé bé tri thanh
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lién két va thanh truyén Iyc nham tao lién két tt giira tAm bé tong cii va BTSC mdi,

dong thoi dam bao su truyén luc giita cac tAm bé tong khi xe chay.
2. KIEN NGHI

Mac du cac BTSC chtra NS ¢6 nhitng vu thé vuot troi vé cuong do kéo udn, cuong
d6 bam dinh va do chdng tham ion clo, tuy nhién can thi cong thir nghiém loai BTSC
nay ngoai hién truong dé danh gia trén két cau thuc té. Bén canh d6, can nghién ctru
thém mot sb tinh chat o bén khac cta cac BTSC chtra TB va NS nhu co ngot kho, strc

khang @n mon co6t thép, an mon sunfat, a xit, ...
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PHU LUC
PHU LUCI
Két qua thi nghiém xac dinh d¢ pH ciaa bé tong twoi

Hon hop bé tong bo pH
0TBONS 12.64
15TBONS 12.27
15TB1.5NS 12.36
15TB2.5NS 12.69
15TB3.5NS 12.73
15TB4.5NS 12.75
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PHU LUCII
Két qua thi nghiém x4c dinh cwong dd nén R, va kéo udn Ry, ciia cac BTSC

1. Cudng dd kéo udén

o Mau Luc (kN) Riu (MPa) Riuts (MPa)
Loai bé tong - R ——
Cuong do nén mau dam 100x100x400 mm
9h
Ml 4.78 1.39
OTBONS M2 4.44 1.29 1.38
M3 5.03 1.47
Ml 3.07 0.89
I5TBONS M2 2.81 0.82 0.83
M3 2.64 0.77
Ml 6.74 1.96
15TB1.5NS M2 5.80 1.69 1.83
M3 6.31 1.84
M1 7.59 2.21
15TB2.5NS M2 7.85 2.29 2.29
M3 8.10 2.36
M1 7.59 2.21
15TB3.5NS M2 8.02 2.33 2.32
M3 8.27 241
Ml 7.76 2.26
15TB4.5NS M2 8.44 2.46 2.36
M3 8.10 2.36
12h
Ml 8.19 2.38
O0TBONS M2 9.13 2.66 2.46
M3 8.02 2.33
Ml 4.95 1.44
15TBONS M2 5.29 1.54 1.53
M3 5.54 1.61
Ml 9.72 2.83
15TB1.5NS M2 10.07 2.93 2.97
M3 10.83 3.15
Ml 13.73 4.00
15TB2.5NS M2 14.25 4.15 4.16
M3 14.84 4.32
Ml 15.10 4.40
15TB3.5NS M2 13.56 3.95 4.18
M3 14.42 4.20
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Ml 14.42 4.20

15TB4.5NS M2 15.18 4.42 4.25
M3 14.16 4.12

1 ngay

Ml 18.42 5.36

0TBONS M2 19.28 5.61 5.42
M3 18.17 5.29
M1 18.77 5.46

I5TBONS M2 18.60 541 5.26
M3 16.80 4.89
M1 27.04 7.87

15TB1.5NS M2 28.83 8.40 8.02
M3 26.78 7.80
M1 27.38 7.97

15TB2.5NS M2 28.06 8.17 8.16
M3 28.66 8.35
M1 25.76 7.50

15TB3.5NS M2 2491 7.25 7.53
M3 26.87 7.82
Ml 26.02 7.58

15TB4.5NS M2 24.65 7.18 7.34
M3 2491 7.25

3 ngay

M1 29.43 8.57

O0TBONS M2 28.40 8.27 8.59
M3 30.71 8.94
Ml 30.11 8.77

I5STBONS M2 27.38 7.97 8.55
M3 30.62 8.92
M1 33.86 9.86

I15TB1.5NS M2 34.29 9.98 9.79
M3 32.76 9.54
M1 34.55 10.06

15TB2.5NS M2 36.17 10.53 10.27
M3 35.14 10.23
Ml 33.69 9.81

15TB3.5NS M2 36.00 10.48 10.18
M3 35.14 10.23
Ml 34.63 10.08

15TB4.5NS M2 32.84 9.56 9.98
M3 35.31 10.28
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7 ngay
M1 31.82 9.26
0TBONS M2 31.05 9.04 9.30
M3 32.93 9.59
M1 31.82 9.26
I5TBONS M2 32.76 9.54 9.50
M3 33.27 9.69
Ml 35.23 10.26
15TB1.5NS M2 36.68 10.68 10.36
M3 34.80 10.13
Ml 40.52 11.80
15TB2.5NS M2 38.13 11.10 11.38
M3 38.56 11.23
Ml 38.47 11.20
15TB3.5NS M2 39.66 11.55 11.19
M3 37.19 10.83
Ml 36.76 10.70
15TB4.5NS M2 40.18 11.70 11.09
M3 37.36 10.88
28 ngay
M1 39.75 11.57
0TBONS M2 41.97 12.22 11.83
M3 40.18 11.70
Ml 39.75 11.57
I5TBONS M2 42.22 12.29 12.15
M3 43.16 12.57
Ml 43.33 12.62
I5TB1.5NS M2 45.21 13.16 13.11
M3 46.49 13.54
M1 46.49 13.54
15TB2.5NS M2 49.13 14.31 13.88
M3 47.43 13.81
Ml 48.79 14.21
15TB3.5NS M2 46.15 13.44 13.82
M3 47.43 13.81
Ml 46.83 13.64
15TB4.5NS M2 44.61 12.99 13.36
M3 46.23 13.46
56 ngay
Ml 48.96 14.26
0TBONS M2 46.23 13.46 13.86
M3 47.60 13.86
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Ml 49.47 14.41
15TBONS M2 51.18 14.90 14.45
M3 48.19 14.03
Ml 48.71 14.18
15TB1.5NS M2 50.67 14.75 14.26
M3 47.60 13.86
Ml 49.13 14.31
15TB2.5NS M2 48.11 14.01 14.39
M3 51.01 14.85
Ml 47.26 13.76
15TB3.5NS M2 48.79 14.21 14.22
M3 50.41 14.68
Ml 48.71 14.18
15TB4.5NS M2 50.24 14.63 14.15
M3 46.83 13.64
90 ngay
Ml 51.35 14.95
0TBONS M2 49.22 14.33 14.33
M3 47.09 13.71
M1 53.31 15.52
15TBONS M2 53.06 15.45 15.36
M3 51.86 15.10
Ml 50.16 14.60
15TB1.5NS M2 47.17 13.74 14.46
M3 51.69 15.05
Ml 48.96 14.26
15TB2.5NS M2 49.56 14.43 14.61
M3 52.03 15.15
Ml 47.94 13.96
15TB3.5NS M2 49.56 14.43 14.45
M3 51.35 14.95
Ml 48.71 14.18
15TB4.5NS M2 50.84 14.80 14.31
M3 47.85 13.93
2. Cuong do nén
o Mau Luc (kN) R, (MPa) Ruw (MPa)
Loai bé tong <
Cuong do nén mau 1ap phuong 100x100x100 mm
9h
Ml 82.44 8.24
OTBONS 7.93
M2 77.46 7.75
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M3 78.12 7.81
M4 76.86 7.69
M5 78.84 7.88
M6 81.90 8.19
Ml 56.04 5.60
M2 53.52 5.35
15TBONS M .84 48 5.40
M4 59.58 5.96
M5 51.90 5.19
M6 57.36 5.74
Ml 71.34 7.13
M2 76.98 7.70
15TB1.5NS M5 7686 769 7.73
M4 77.76 7.78
M5 81.36 8.14
M6 79.26 7.93
Ml 96.48 9.65
M2 94.38 9.44
15TB2.5NS M5 100.14 10.01 9.13
M4 92.04 9.20
M5 79.44 7.94
M6 85.44 8.54
Ml 104.88 10.49
M2 95.70 9.57
M3 91.02 9.10
15TB3.5NS MA 9780 973 9.90
M5 104.64 10.46
M6 100.08 10.01
Ml 120.00 12.00
M2 111.06 11.11
15TB4.5NS M5 H3.10 131 11.15
M4 116.64 11.66
M5 103.26 10.33
M6 104.70 10.47
12 h
Ml 172.74 17.27
OTBONS M2 182.70 18.27 16.89
M3 178.62 17.86
M4 157.80 15.78
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M5 153.84 15.38
M6 167.88 16.79
Ml 132.48 13.25
M2 150.48 15.05
M3 121.38 12.14
I5TBONS 13.64
M4 144.18 14.42
M5 138.72 13.87
M6 131.34 13.13
Ml 179.22 17.92
M2 169.02 16.90
M3 165.78 16.58
15TB1.5NS 16.54
M4 152.40 15.24
M5 164.70 16.47
M6 161.10 16.11
Ml 208.56 20.86
M2 193.92 19.39
M3 195.36 19.54
15TB2.5NS 20.16
M4 214.26 2143
M5 194.70 19.47
M6 202.68 20.27
Ml 190.86 19.09
M2 201.00 20.10
M3 181.26 18.13
15TB3.5NS 19.59
M4 194.34 19.43
M5 201.36 20.14
M6 206.52 20.65
Ml 184.14 18.41
M2 190.32 19.03
M3 197.76 19.78
15TB4.5NS 19.69
M4 199.92 19.99
M5 206.46 20.65
M6 202.68 20.27
24 h
Ml 350.46 35.05
M2 357.42 35.74
M3 378.18 37.82
O0TBONS 35.93
M4 342.06 34.21
M5 361.02 36.10
M6 366.54 36.65
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M1 339.24 33.92
M2 333.48 33.35
M3 339.06 33.91
15TBONS 32.80
M4 322.74 32.27
M5 318.00 31.80
M6 315.72 31.57
M1 426.90 42.69
M2 446.82 44.68
M3 453.06 45.31
15TB1.5NS 44.94
M4 468.72 46.87
M5 459.00 45.90
M6 441.60 44.16
M1 522.48 52.25
M2 472.44 47.24
M3 514.74 51.47
15TB2.5NS 49.78
M4 487.44 48.74
M5 487.80 48.78
M6 501.60 50.16
M1 447.84 44.78
M2 452.10 45.21
M3 452.52 45.25
15TB3.5NS 45.49
M4 441.84 44.18
M5 458.40 45.84
M6 476.40 47.64
M1 447.48 44.75
M2 438.00 43.80
M3 431.04 43.10
15TB4.5NS 43.78
M4 408.18 40.82
M5 454.80 45.48
M6 447.00 44.70
3 ngay
M1 562.98 56.30
M2 552.42 55.24
M3 533.28 53.33
OTBONS 54.17
M4 536.40 53.64
M5 513.48 51.35
M6 551.40 55.14
M1 505.50 50.55
15STBONS 50.22
M2 503.28 50.33
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M3 471.78 47.18
M4 519.48 51.95
M5 488.70 48.87
M6 524.52 52.45
M1 576.66 57.67
M2 564.72 56.47
15TB1.5NS M3 074,56 0746 55.72
M4 540.30 54.03
M5 536.40 53.64
M6 550.80 55.08
M1 561.24 56.12
M2 579.24 57.92
15TB2.5NS M3 085.84 08.58 57.85
M4 598.98 59.90
M5 579.00 57.90
M6 566.40 56.64
M1 512.94 51.29
M2 546.72 54.67
15TB3.5NS M3 ole.12 01.61 52.95
M4 534.84 53.48
M5 540.60 54.06
M6 525.60 52.56
M1 478.80 47.88
M2 489.24 48.92
15TB4.5NS M3 ©12.46 >1.25 49.74
M4 475.20 47.52
M5 504.60 50.46
M6 523.80 52.38
7 ngay
Ml 612.00 61.20
M2 609.00 60.90
OTBONS M3 573.00 57.30 59.03
M4 619.50 61.95
M5 581.46 58.15
M6 601.02 60.10
Ml 562.20 56.22
15TBONS M2 575.52 57.55 56.15
M3 580.20 58.02
M4 541.38 54.14
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M5 548.70 54.87
M6 560.88 56.09
Ml 595.68 59.57
M2 586.68 58.67
M3 567.06 56.71
15TB1.5NS 57.55
M4 582.00 58.20
M5 567.00 56.70
M6 554.40 55.44
Ml 593.40 59.34
M2 594.42 59.44
M3 540.78 54.08
15TB2.5NS 58.46
M4 571.62 57.16
M5 609.60 60.96
M6 597.60 59.76
M1 545.94 54.59
M2 561.60 56.16
M3 541.50 54.15
15TB3.5NS 55.67
M4 564.60 56.46
M5 578.40 57.84
M6 548.40 54.84
M1 501.18 50.12
M2 507.42 50.74
M3 533.34 53.33
15TB4.5NS 51.51
M4 504.06 50.41
M5 525.60 52.56
M6 518.70 51.87
28 ngay
M1 766.50 76.65
M2 744.30 74.43
M3 772.86 77.29
0TBONS 75.38
M4 780.12 78.01
M5 733.62 73.36
M6 725.46 72.55
Ml 746.34 74.63
M2 763.44 76.34
M3 734.16 73.42
I5TBONS 74.39
M4 739.56 73.96
M5 726.60 72.66
M6 753.00 75.30
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M1 660.78 66.08
M2 653.64 65.36
M3 658.50 65.85
15TB1.5NS A 65508 5551 65.88
M5 645.60 64.56
M6 679.20 67.92
M1 646.02 64.60
M2 621.60 62.16
15TB?.5NS M3 631.20 63.12 63.10
M4 632.04 63.20
M5 638.40 63.84
M6 616.80 61.68
M1 612.72 61.27
M2 632.10 63.21
15TB3.5NS M3 604.62 6046 61.26
M4 618.48 61.85
M5 610.80 61.08
M6 597.00 59.70
M1 599.76 59.98
M2 600.72 60.07
15TB4.5NS M3 008.22 60.82 60.45
M4 600.48 60.05
M5 627.60 62.76
M6 590.40 59.04
56 ngay
M1 819.72 81.97
M2 840.90 84.09
M3 849.24 84.92
0TBONS 83.83
M4 865.02 86.50
M5 823.32 82.33
M6 831.84 83.18
M1 876.48 87.65
M2 897.00 89.70
15TBONS M3 885.60 88.56 23,03
M4 903.30 90.33
M5 852.00 85.20
M6 867.60 86.76
15TB1.5NS Mi 737.52 7375 73.40
M2 744.78 74.48
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M3 730.68 73.07
M4 755.22 75.52
M5 723.00 72.30
M6 712.80 71.28
M1 706.20 70.62
M2 704.70 70.47
M3 697.38 69.74
15TB2.5NS 70.37
M4 731.70 73.17
M5 693.00 69.30
M6 689.40 68.94
M1 641.22 64.12
M2 673.26 67.33
M3 639.60 63.96
15TB3.5NS 65.39
M4 632.52 63.25
M5 659.10 65.91
M6 677.40 67.74
M1 626.16 62.62
M2 637.02 63.70
M3 675.00 67.50
15TB4.5NS 64.50
M4 652.38 65.24
M5 621.90 62.19
M6 657.60 65.76
90 ngay
M1 870.00 87.00
M2 900.00 90.00
M3 888.00 88.80
0TBONS 86.69
M4 858.00 85.80
M5 830.10 83.01
M6 855.00 85.50
Ml 957.36 95.74
M2 945.90 94.59
M3 938.76 93.88
I5TBONS 91.97
M4 875.76 87.58
M5 908.52 90.85
M6 891.60 89.16
Ml 758.16 75.82
M2 753.06 75.31
15TB1.5NS 75.14
M3 767.70 76.77
M4 740.22 74.02
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MS5 742.80 74.28
M6 746.40 74.64
Ml 703.02 70.30
M2 703.98 70.40
M3 708.96 70.90
15TB2.5NS 71.32
M4 727.50 72.75
MS5 723.60 72.36
M6 712.20 71.22
Ml 660.66 66.07
M2 644.16 64.42
M3 634.20 63.42
15TB3.5NS 66.54
M4 654.66 65.47
MS5 687.00 68.70
M6 711.60 71.16
M1 661.98 66.20
M2 679.62 67.96
M3 661.98 66.20
15TB4.5NS 65.71
M4 649.62 64.96
MS5 663.60 66.36
M6 625.80 62.58
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PHU LUC III

Két qua thi nghiém xac dinh cwong dd bam dinh giita BTSC va bé téng cii

1. So' @6 udn theo phwong ngang

o Mau Luc (kN) Rbd (MPa) Rbaw (MPa)
Loai bé tong [ — — —
Mau dam 40x40x160 mm nodi gitta BTDKN va bé tong cli
1 ngay

Ml 1.24 291

0TBONS M2 1.29 3.02 2.96
M3 1.26 2.95
MIl 1.15 2.70

I5TBONS M2 1.10 2.58 2.63
M3 1.12 2.63
MI1 1.68 3.94

15TB1.5NS M2 1.61 3.77 3.95
M3 1.77 4.15
MIl 1.96 4.59

15TB2.5NS M2 1.82 4.27 4.23
M3 1.64 3.84
MIl 1.75 4.10

15TB3.5NS M2 1.79 4.20 4.05
M3 1.64 3.84
MI 1.65 3.87

15TB4.5NS M2 1.77 4.15 3.86
M3 1.52 3.56

3 ngay

MI1 2.1 4.92

0TBONS M2 2.28 5.34 4.95
M3 1.96 4.59
MI1 1.81 4.24

15TBONS M2 1.83 4.29 4.20
M3 1.73 4.05
MI1 2.53 5.93

15TB1.5NS M2 2.89 6.77 6.30
M3 2.65 6.21
MI1 3.07 7.20

15TB2.5NS M2 3.01 7.05 7.21
M3 3.15 7.38
MI1 2.86 6.70

15TB3.5NS M2 3.2 7.50 7.11
M3 3.04 7.13
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MI1 2.98 6.98

15TB4.5NS M2 2.84 6.66 6.69
M3 2.74 6.42

7 ngay

MI 2.44 5.72

0TBONS M2 2.79 6.54 6.16
M3 2.65 6.21
MI1 2.48 5.81

I5TBONS M2 2.58 6.05 5.77
M3 2.32 5.44
MI1 3.09 7.24

15TB1.5NS M2 3.15 7.38 7.13
M3 2.88 6.75
MIl 3.25 7.62

15TB2.5NS M2 341 7.99 7.49
M3 2.93 6.87
MI1 3.01 7.05

15TB3.5NS M2 3.52 8.25 7.62
M3 3.22 7.55
MI1 291 6.82

15TB4.5NS M2 3.19 7.48 7.20
M3 3.11 7.29

28 ngay

MI1 2.98 6.98

0TBONS M2 3.58 8.39 7.95
M3 3.62 8.48
MI 3.11 7.29

15TBONS M2 2.88 6.75 7.38
M3 3.45 8.09
MI 3.76 8.81

15TB1.5NS M2 3.35 7.85 8.28
M3 3.49 8.18
MI1 3.52 8.25

15TB2.5NS M2 3.85 9.02 8.74
M3 3.82 8.95
MI1 3.88 9.09

15TB3.5NS M2 3.52 8.25 8.66
M3 3.69 8.65
MI1 3.27 7.66

15TB4.5NS M2 3.78 8.86 8.34
M3 3.62 8.48
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1. So' @6 udn theo phwong doc

o Mau Luc (kN) Rbd (MPa) Rbaw (MPa)
Loai bé tong — — —
Mau dam 40x40x160 mm ndi gitta BTDKN va bé tong cli
I ngay

MI1 1.02 2.39

0TBONS M2 1.13 2.65 2.44
M3 0.97 2.27
Ml 0.86 2.02

I5TBONS M2 0.95 2.23 2.05
M3 0.82 1.92
MI1 1.48 3.47

15TB1.5NS M2 1.39 3.26 3.23
M3 1.26 2.95
Ml 1.45 3.40

15TB2.5NS M2 1.4 3.28 3.50
M3 1.63 3.82
MIl 1.54 3.61

15TB3.5NS M2 1.36 3.19 3.36
M3 1.4 3.28
MIl 1.32 3.09

15TB4.5NS M2 1.45 3.40 3.12
M3 1.22 2.86

3 ngay

MI 1.66 3.89

0TBONS M2 1.93 4.52 4.02
M3 1.55 3.63
MI1 1.55 3.63

I5TBONS M2 1.43 3.35 3.36
M3 1.32 3.09
MI1 242 5.67

15TB1.5NS M2 2.25 5.27 5.24
M3 2.04 4.78
MI1 2.54 5.95

15TB2.5NS M2 2.38 5.58 5.97
M3 2.72 6.38
MI1 2.49 5.84

15TB3.5NS M2 2.77 6.49 5.86
M3 2.24 5.25
MI1 2.34 5.48

15TB4.5NS M2 2.55 5.98 5.48
M3 2.12 4.97
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7 ngay

Ml 2.18 5.11

0TBONS M2 2.24 5.25 5.03
M3 2.02 4.73
MI 2.27 5.32

I5TBONS M2 1.88 4.41 4.80
M3 1.99 4.66
MI1 2.65 6.21

15TB1.5NS M2 2.45 5.74 5.72
M3 2.22 5.20
MI1 2.42 5.67

15TB2.5NS M2 2.62 6.14 6.10
M3 2.77 6.49
MI1 2.58 6.05

15TB3.5NS M2 2.85 6.68 6.18
M3 2.48 5.81
MI1 2.51 5.88

15TB4.5NS M2 2.72 6.38 5.89
M3 2.31 541

28 ngay

MI 2.71 6.35

0TBONS M2 2.9 6.80 6.38
M3 2.55 5.98
MI 2.77 6.49

I5TBONS M2 2.48 5.81 6.18
M3 2.66 6.23
Ml 2.94 6.89

15TB1.5NS M2 2.84 6.66 6.59
M3 2.65 6.21
Ml 3.08 7.22

15TB2.5NS M2 2.87 6.73 7.20
M3 3.27 7.66
Ml 3.04 7.13

15TB3.5NS M2 3.22 7.55 7.09
M3 2.82 6.61
MI 2.84 6.66

15TB4.5NS M2 3.15 7.38 6.84
M3 2.76 6.47
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PHU LUC IV

Két qua thi nghiém x4c dinh van téc xung siéu 4m ciia cic BTSC
(Méu tru 100x200 mm)

Bétong |Miu 3 ngay 7 ngay 28 ngay 56 ngay 90 ngay
Vi| Vo | Vi Vi Vi | Vo | Vi | Vo | Vi | Vp

M1 |4662 4684 4762 4843 4890
OTBONS | M2 [4651(4651.2| 4662 | 4672.9 | 4751 |4761.9| 4854 |4854.4| 4890 |4886.0

M3 4640 4673 4773 4866 4878

MI1 (4651 4684 4819 4926 4950
I15TBONS | M2 [4662|4647.6| 4673 | 4676.5 | 4808 [4807.7| 4914 |4926.1| 4975 |4962.8

M3 4630 4673 4796 4938 4963

M1 |4739 4785 4819 4938 4975
I5TB1.5NS | M2 |4717|4728.2| 4751 | 4765.7 | 4808 [4807.7| 4902 [4918.1| 4963 |4962.8

M3 4728 4762 4796 4914 4950

M1 [4630 4662 4739 4854 4866
I5TB2.5NS | M2 |4619(4629.6| 4673 | 4672.9 | 4762 |4750.6| 4819 |4838.8| 4854 4866.2

M3 4640 4684 4751 4843 4878

M1 |4566 4598 4751 4796 4831
15TB3.5NS | M2 |4587|4583.7| 4608 | 4608.3 | 4706 |4731.9| 4785 |4796.2| 4843 4842.6

M3 |4598 4619 4739 4808 4854

M1 |4494 4525 4608 4706 4751
15TB4.5NS | M2 |4474|4491.1| 4505 | 4521.5 | 4630 | 4619 | 4728 |4728.2| 4762 |4761.9

M3 4505 4535 4619 4751 4773
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PHU LUC V

Két qua thi nghiém dién tré sudt bé mit Rym cia cac BTSC
(Méu tru 100x200 mm)

. : 3 ngay 7 ngay 28 ngay 56 ngay 90 ngay
Bé tong Mau
Romi |Romtb | Romi |Romtb | Rbmi  |Rbmtb | Rbmi | Rbmtb | Romi | Rbmtb
M1 | 12.1 13.8 17.9 24.3 25.8
OTBONS |M2 | 11.8 {033 |14.3 |0.28 | 17.8 [0.22 {24.6 | 0.29 |25.2 | 0.29
M3 114 14.0 18.2 24.9 254
M1 | 9.2 9.8 20.2 40.4 46.0
ISTBONS |[M2 | 83 045 | 9.7 [031 | 21.8 |0.81 [40.1 |0.58 [45.2 |0.39
M3 | 8.7 10.3 20.7 393 45.6
M1 | 9.6 13.8 29.6 39.0 45.0
ISTB1.SNS|M2 | 9.5 [0.24 |13.1 |0.37 | 29.1 [0.57 [39.1 | 0.55 |46.1 | 0.60
M3 | 9.9 13.3 30.2 40.0 45.1
M1 | 11.7 14.8 40.8 44.7 47.8
I5TB2.5NS|M2 | 12.0 | 0.21 | 15.5 |0.34 | 40.5 [0.24 [45.0 | 0.52 | 48.9 | 0.77
M3 | 12.1 15.2 41.0 45.7 49.3
M1 | 12.6 15.3 41.2 453 51.1
15TB3.5NS|M2 | 12.1 {0.34 | 15.1 |0.27 | 40.3 [0.49 [45.0 | 0.20 |52.1 | 0.61
M3 [ 11.9 15.6 41.0 453 51.1
M1 [ 13.5 17.1 41.9 46.4 52.6
15TB4.5NS|M2 | 14.1 {042 |16.7 |0.70 | 40.7 |[0.84 [46.2 | 0.44 |52.2 |0.70
M3 | 13.3 15.8 40.2 45.6 51.2
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Két qua thi nghiém x4c dinh dd thim ion clo Q ciia cac BTSC

PHU LUC VI

. x 7 ngay 28 ngay 56 ngay 90 ngay
Bé tong Mau
Qi Qw Qi Qw Qi Qw Qi Qw
M1 |4401 2673 1732 1334
0TBONS M2 14109 | 4238 | 2938 | 2817 | 1984 | 1849 | 1366 | 1371
M3 4206 2840 1830 1412
M1 | 5266 1955 1018 850
15TBONS M2 | 5300 | 5329 | 2031 | 2038 | 956 | 1012 | 786 819
M3 | 5422 2128 1061 821
M1 |4401 1682 882 601
ISTB1.SNS | M2 (4523 | 4533 | 1389 | 1512 | 865 884 613 631
M3 4674 1467 904 679
M1 |4448 1233 754 651
I5TB2.5NS | M2 |4604 | 4507 | 1108 | 1208 | 674 720 676 640
M3 | 4467 1283 732 593
M1 | 4836 1250 800 723
ISTB3.5NS | M2 4607 | 4625 | 1384 | 1274 | 806 ;;2 739 714
M3 |4431 1189 722 680
M1 |4584 1336 808 702
I5TB4.5NS | M2 |4625 | 4663 | 1371 | 1321 | 798 785 705 717
M3 4781 1258 750 744
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PHU LUC VII
Phan tich hiéu qua kinh té va danh gia tic ddng mdi trudng ciia cac hdn hop
BTSC
1. X4 thai CO;
TB NS Xa thai Tile
Loaibé [P (kg|C (kg| X (kg (ke N (kg (ke SD (kg CO, Xa thai CO; | gidm x4
tong COy) | COy) | COy) CO») CO») (kg/m*/MPa) | thai CO»
CO») CO») (kg/m?)
(%)
OTBONS [34.56|18.80|676.00 [0.00| 0.24 |0.00| 0.01 730 134.54 0.00
I1STBONS |34.56 |18.19|574.60 |0.62 | 0.24 [0.00| 0.01 628 119.50 -11.18
15TB1,5NS|34.56 [ 18.15564.46 [0.62 | 0.24 [3.67| 0.01 622 77.50 -42.40
15TB2,5NS|34.56 [18.10 [ 557.70 [0.62 | 0.24 |6.11| 0.01 617 75.62 -43.79
15TB3,5NS|34.56 [ 18.07 [ 550.94 [0.62 | 0.24 [8.55| 0.01 613 81.45 -39.46
15TB4,5NS|34.56 | 18.02 | 544.18 |0.62 | 0.24 |11.00] 0.01 609 82.97 -38.33
2. Chi phi vat liéu
Chi phi Hon hop bé tong
OTBONS | 15TBONS | 15TB1,5NS| 15TB2,5NS| 15TB3,5NS | 15TB4,5NS
b (d) 297600.0 | 297600.0 | 297600.0 | 297600.0 | 297600.0 | 297600.0
C(d 336121.5 | 325224.9 | 324452.7 | 323594.7 | 322994.1 | 322136.1
X (d) 1040000.0 | 884000.0 | 868400.0 | 858000.0 | 847600.0 | 837200.0
TB (d) 0.0 33540.0 33540.0 33540.0 33540.0 33540.0
N (d) 1456.0 1456.0 1456.0 1456.0 1456.0 1456.0
NS (d) 0.0 0.0 23400.0 39000.0 54600.0 70200.0
SD (d) 125060.0 | 96200.0 | 105820.0 | 125060.0 | 134680.0 | 153920.0
Tong chi
, 1800237.5 | 1638020.9 | 1654668.7 | 1678250.7 | 1692470.1 | 1716052.1
phi (d/m?)
Chi phi
331973.6 | 311573.7 | 206254.0 | 205586.7 | 224891.1 | 233944.0
(d/m*/MPa)
Ti 1€ giam
. 0.00 -6.15 -37.87 -38.07 -32.26 -29.53
chi phi (%)
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10.1. Ngoai nuwdc

Hao Ding va cgng su (cs) [1] nghién clru vira sira chira ty dam sir dung 75% xi mang dong |
két nhanh Sulfoaluminate + 25% xi mang pooc ldng va két hgp véi cac phu gia rin nhanh la
3 loai canxi sulfat bao gbm thach cao hemihydrat (I:IG‘), thach cao anhydrit (SG) va thach cao 1
dihydrat (DG), liéu lugng thach cao dugc thay thé lan lugt 1a 4% va 8% xi méng. Két qua |
chung minh réng viéc bd sung thach cao HG da déy nhanh tc do hydrat héa ban dau cua xi |
mang va thuc day tbc do gidn nd. Déi vdi xi mang co 8% thach cao HG, 6 gio sau khi dic, ;
cudng do ubn va cudng do nén tang 1an luot 12 39,02% va 34,08%. Thc do hydrat hoa cua xi ;
mang c6 thé bi tri hoan higu qua boi thach cao DG va két qua khong dat yéu cau. Cuong d¢ |
ubn va nén sau 28 ngay dugc tang lan luot 1a 26,56% va 28,08% sau khi thém 8% thach cao 1
SG.

Nan Shi va cs [2] nghién ciru anh hudng cua thach cao anhydrit (SG) va thach cao dihydrat
(DG) dén qua trinh hydrat hoa va cuong dd cua clinker xi mang ferroaluminat bun dc')'kiém |
cao (RCFA), liéu lugng thach cao bd sung la 2-9% xi mang. Két qua nghién ciru cho thay khi
thém 4% thach cao, cuong do nén 3 ngay cla xi mang la 39,1 MPa va cuong do nén 28 ngay
la 63.2 MPa, cuong do nén & 28 ngay tang 61,6% so véi & 3 ngy. Cic tinh cht ctia ho xi
mang co thé bi anh hudng xAu do ham lugng thach cao SG trén 4%. Qua trink} hydrat hoa toa
nhiét cua clinker dugc day nhanh bai thach cao luc diu, nhung toc do giam dan khi qua trinh |

tién trién. | |
Marusa Mrak va cs [3] nghién coru anh hudng cua céac lidu lugng thach cao khac nhau dén

qua trinh hydrat hoa cua clinker belite-canxi sulfoaluminate giau belite (CBCSA-B) va giau |

ye’elimite (BCSA-Y), ba ham lugng thach cao tuong Ung voi 3 tilé mollaM = 1,0, 1,5 va

,

2.0. K& qua cho théy tit ca cac hdn hop xi mang BCSA-B déu cho thiy cuong do nén tang
L=




dan Ién dén 150 ngay, véi sy phat trién cuong do nén rat nhanh trong khoang tir 1 dén 7 ngay. |

sau 7 ngay, cuong do nén tang cham. O dd tudi muodn (150 ngay), cudong do nén thap nhat khi
M = 2,0 (24,9 MPa), tiép theo ta khi M = 1,0 (27,5 MPa), vdi cudong dg nén cao nhét khi M
= 1,5 (30,3 MPa). DBéi voi hén hop xi mang BCSA-Y cho thdy xu huéng tuong tu nhu hon
hop xi mang BCSA-B, tuy nhién o M= 1,0 va M = 1,5 chi thdy cuong do tang nhe gira 1 va
7 ngay. Sau 7 ngay hydrat hoa, cudng do nén tang lén khi lugng thach cao ting l€n, dat gia
tri cudi cling 1a 39,6 MPa, 45,7 MPa va 48,3 MPa sau 150 ngay déi vi M= 1,0, M = 1.5 va
M = 2,0. Ham lugng thach cao téi wu véi ti 16 M = 1,5 di véi CBCSA-B va M = 2,0 déi voi
CBCSA-Y.

Jiayi Fu va cs [4] nghién ctru anh hudng cta natri sunfat (NS) dén su hydrat héa va cuong
dd ban dau trong cht két dinh xi ming - xi 16 cao (50:50), lidu lugng NS dugce sir dung tir 1-
3%. Su gia tang cudng dd ban déu khi c6 NS dugc chirng minh la do su két hop gitra hydrat
hoa alite tang va sy hoa tan xi 10 cao gia tang. D9 hoa tan xi 10 cao tang c6 lién quan dén ca
do pH ting va hoat dong canxi giam véi hai yéu td nay duoc két ndi thong qua gidi han hoa
tan Ca(OH),. NS dugc ching minh 1a 1am ting dang ké qua trinh hoa tan xi 10 cao & pH = 13
V01 tac dong nay dugc cho 1a do dd bao hoa xi 10 cao 16n hon do su hinh thanh ettringite. NS
da dugc chirng minh 14 t6t hon cac chit hoat hoa thay thé trong chét két dinh xi mang - xi 10
cao voi ham lugng 2,5-3,0%.

Phuong Trinh Bui va cs [5] nghién ctru sit dung 4% natri sunfat (NS) lam phu gia rin
nhanh déi v&i hd xi mang c6 0%, 20% va 40% tro bay thay thé xi ming va ty 1& nudc/chét
két dinh 1a 0,30. Viéc sir dung NS lam giam thoi gian dong két cia hd chét két dinh va ting
cudng do nén cia hd da dong cimg 1én dén 28 ngay bit ké co thay thé tro bay hay khong.
Viéc str dung NS lam giam ham lugng Ca(OH); trong hd dd dong ctng bt ké c6 thay thé tro
bay hay khong. Trong khi do, né lam ting muc tiéu thu Ca(OH), do phan ng puzolan cta
tro bay va ham lugng canxi silicat va aluminat hydrat trong hd xi mang-tro bay da déng cing.
Do dé, viéc sir dung NS anh hudng tiéu cuc dén qua trinh thity héa xi mang trong hd xi mang
da dong cing khong co tro bay, trong khi nd ddy nhanh qua trinh hinh thanh ettringite va
phan ung puzzolanic cua tro bay trong hé xi mang da dong cung.

Juan Manuel Etcheverry va cs [6] nghién ciru anh hudng cta natri sunfat (NS) dén hoat
dong phan ung, cuong dd nén va cAu trac 18 1'611g ctia chit két dinh hdn hop gém 70% xi 10
cao nghién min (GGBFS) va 30% xi mang Portland (PC), ham lugng NS béng 3-10% khdi
lugng GGBFS. Thoi gian dong ket dugc rat ngén khi thém NS, nhung khi tang liéu lvong NS
trén 3% khong anh huong dang ké dén thoi gian nay. Cac phép do XRD tai chd cho thay su
hinh thanh ettringite ngay cang ting trong vong 2 ngay dau tién cta qué trinh hydrat hoa.
Phan (mg lén hon cia GGBFS lam giam 16 réng clia vira va do d6 lam tang cuong do nén &
giai doan dau.

Junjie Wang va cs [7] nghién ciru anh ctia natri sunfal (NS) va kali sunfat (KS) lén co ché
hydrdl hoa va dic tinh cia rot vira 1ong kep (DLGM) gbc xi mang canxi sunfoaluminat (CSA).
Két qua cho thiy ca NS va KS déu day nhanh qua trinh hydrat hoa xi mang CSA va hinh
thanh ettringite ngay tr diu va rat ngin thoi gian dong két ban dau va cudi ciing cia DLGM.
Cac hanh vi thay dbi cua thoi gian dong két, nhiét hydrat héa va cuong do cua DLGM vai
NS va KS dugc phat hién la khac nhau va ham lugng tdi wu cua ching ciing khac nhau. Quan

sat cAu trac vi mo cho lhay viéc b sung NS lam cho ettringite hop nhét thanh dang tAm va |




KS tao ra cac dai ettringite dai hon xép chdng 1én nhau trong DLGM. Khi xem xét ca thoi |

gian dong ké( va cuong do nén, lugng NS va KS dugc khuyén nghi lan lugt 12 3% va 1,5%.
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10.2. Trong nudc

Nguyén Cong Thing va cpng sw (cs) [8, 9] nghién cttu ché tao bé tdng va vira cuong do
cao siéu ran nhanh sir dung calcium aluminate v6 dinh hinh (ACA). Két qua nghién ciru cho
thay viéc str dung phu gia khoang mugi silic (MS) va xi 16 cao nghién min (XLC) két hgp véi
phuy gia ran nhanh c6 kha ndng ché tao dugc bé tong voi do chay 16n hon 500 mm va cuong
do cao ran nhanh dam bao cuong do nén cla bé tong sau 4h dat trén 10 MPa va sau 28 ngay
dat trén 55 MPa. Bén canh do, vi¢e sir dung XLC v&i ham lugng dén 30% thay thé xi mang
theo khdi lugng khong lam dnh hudng dén téc do ran chic va phat trién cuong do cia bé
tong. Khi sir dung ACA v&i ham lugng 15%, cuong dg gl’la bé tong & 4h~v£1 28 ngay dat tuong
ing 23 MPa va 71 MPa. Mic du cudng dg nén ¢ 4h thdp hon so voi mau st dung 20%ACA

‘nhung ¢ 28 ngay cuong do nén la tuong duong. Bén canh do, mau bé tong str dung ACA c6

kha nang chong tham ion clo khong co sir khac biét so voi mau dbi chung (khong st dung

'ACA).

Ngé Kim Tuin va cs [10] nghicn cu vira khd cuong dg cao rin nhanh bang cach s dung
phu gia khoangD MS va tro bay (1B) két hgp vai phu gia rin nhanh canxi nitrat va natri
thioxyanate. K&t qua nghién ctru cho thily str sung 10%MS va 10%TB két hgp 4% canxi nitrat
va 0,8% natri thioxyanate lam gia tdng cudng do nén cia vira ¢ 1 ngay va 3 ngay 1€n khoing
26% va 22%.

|
|




,Ng uyén Qu’o’;tg Djnh va cs [11] nghién ctru anh hudng cua ham lugng canxi formate (CF)
df%n tinh ché’t cla xi ming pooclang hdn hop Yén Bai. Két qua cho thdy CF lam giam thoi |
gian dong két va tang cuong dj & tudi sém cua xi mang, khi ham lugng CF gia tang tu 0.1- |
0,4%, thoi gian dong két cang giam va cuong do nén & tudi som cuia xi mang cang tang. \

Nguy’én Trdn Ding Khoa va cs [12] nghién dénh gid anh huong cta ham lugng natri sulfat
(NS) dén cuong ¢ chiu nén cua hé chét két dinh (CKD) voi ham lugng l6n TB. Lugng TB
c6 trong h¢ CKD I4n lugt 1a 85, 88, 90, 93, 95 va 97% theo khéi lugng CKD. Ham lugng NS
dlch cho vao hdn hop theo ti 16 0, 1,5, 2,0, 2,5 va 3,0% theo khéi luong CKD. Ti 1¢ nudc/chat
két dinh cho tit ca cép phdi 1a 0,20. Két qua chi ra rang o do tudi sém 3 ngay, cac mau st
dung N§ c6 cuong d chiu nén phat trién gép 2-4 1an khi so véi mau déi chimg. 0 7 va 14
ngéy‘ tudi, gia tri cuong do nén ciia cac mau chira NS van con tiép tuc tang cao khoang 1,5-
2,0 l‘én 50 v&i mau ddi ching. Dén 28 ngay, gia tri cudng do chiu nén ctia mau ddi chung xap
xi gan bang cudng do cia cac mau co chira NS. Két qua nghién ctru cho théy ham lugng NS
dugc thém vao da giap thuc déy su phat trién cuong do & do tudi sém cho hé CKD co chira
ham lugng 16n TB va ham lugng NS tdi wu 1a 2,5% theo khéi lugng CKD.

Luwu Vin Nam va cs [13] st dung canxi nitrat lam phu gia rin nhanh dé cai thién
cudng do sdm cua bé téng nhe chiu lyc sit dung TB va XLC ham lugng l6n. Loai bé
téng nhe chiu luc nay sit dung 27% TB (tinh theo thé tich hén hop bé téng) c6 khéi
luong thé tich trong khoang tir 1.600 dén 1.900 kg/m?, cudng dd chiu nén trén 40 MPa.
St dung XLC thay thé 50%, 65% va 80% xi mang. Két qua cho thdy viéc st dung
canxi nitrat da ning cao dugc cudong do nén cla bé tong & 3 va 7 ngay lén 11,6% va
9,0% tuong ung.

Maic du trén thé gi¢i va & nuoc ta da co mot s6 nghién citu sir dung cac phuy gia ran nhanh
dé tang cuong do som cho bé tong, cho vira hay chét két dinh. Phu gia ran nhanh khé da dang
gdm cac loai xi mang dong két nhanh (xi ming Sulfoaluminate, calcium aluminate, ...) cho
dén cac loai mudi vo co ma dién hinh 14 cac loai mubi sunfat, nitrat, ... hay céac loai a xit hiru
co, ... Tuy nhién, hién chua co nghién cttu nao nghién clru vé bé tong cuong dd sém cao
dung dé stra chita mat duong 6 td va san bay. Bén canh do, cac mubi sulfat 1a loai phu gia ran
nhanh c6 sin trén thi truong, gia thanh thap va higu qua mang lai cao hon nhitng loai phu gia
khac. Do vdy, dé tai s& tap trung nghién citu cc tinh chét co hoc va mot s chi tiéu do bén
clia bé tong cuong do som cao dung cho stra chita mat duong 6 t6 va san bay st dung phu gia
rén nhanh mudi sulfat va tro bay.

Tai liéu tham khao

(8]. Nguyén Cong Thangl, Nguyén Vin Tuén, Nghién ctru ché tao bé tong cudng do cao
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[11]. Nguyén Duong Dinh, Truong Truong Giang, Ta Ngoc Diing, Nghién ctru anh hueng
cua canxi formate dén tinh chét cta xi mang pooclang hon hop Yén Bai, Tap chi Vit li¢u &
Xay dung, 86 3/2021, trang 1-5. |

[12]. Nguyén Tran Dang Khoa, Bui Phuong Trinh, Nguyén Ngoc Thanh, Nghién ciru anh |
huong cliia ham lugng chét hoat hoa natri sulfat dén cuong do cua chét két dinh co sir dung
ham lugng tro bay 16n, Tap chi Vat liéu & X4y dung, Sb 05/2022, Trang 25-30.

[13]. Luu Van Nam va cs, Nghién ctru ning cao cuong do tudi som cuia bé tong nhe chiu
lue sir dung ham lugng 16n xi hat 10 cao nghién min, Hoi nghi khoa hoc qubc té Ky niém 60
nam thanh 18p Vién KHCN Xay dung, 11/2023, trang 339.

10.3. Danh muyc cac cong trinh da cong bd thugc linh vuc cia dé tai cia chi nhiém va
nhirng thanh vién tham gia nghién ciru

1. HO Vin Quan, Nguyén Tén Khoa, Phan Cao Tho, Nguyén Thanh Sang, Thuc nghiém
hi¢n truong mat duong bé tong hat nho sir dung cat min va phu gia khoang ¢ tinh Quang
Ngai, Tap chi GTVT thang 8/2021, trang 37-42.

2. Nguyén Tén Khoa, Hb Van Quén, D5 Nhuén, Nguyén Thanh Sang, Anh huéng cta diéu
kién phoi nhiém dén d¢ bén sunfat cua bé tong hat nho sir dung tro bay va xi 10 cao, Tap chi
GTVT thang 9/2021, trang 47-51.

3. Hd Van Quan, Nguyén Thi Loc, Sir dung bé tong tinh ning cao dé cai thién d6 bén cua
két céu bé tong & mdi truong bién dya trén phan tich xac suét, Tap chi GTVT thang 6/2022,
trang 33-37.

4. Trong-Phuoc Huynh, Lanh Si Ho, Quan Van Ho, Experimental investigation on
engineering properties and durability performance of concrete incorporating fine sand and
ground granulated blast-furnace slag, Construction and Building Materials, 347 (2022)
128512.

5. Hd Van Quan, Anh hudng ctia phu gia khoang va nhiét do méi truong dén tudi tho cua
cong trinh bé tong cbt thép & moi trudng bién, Tap chi Khoa hoc va Cong nghé - BPH ba
Ning, Vol. 20, No. 11.2, 2022, trang 10-13.

6. Van Quan Ho, Huu Tuan Nguyen, and Trong-Phuoc Huynh, Assessment Of Engineering
Properties And Durability Of Concrete Using Steel Slag As Coarse Aggregate, Journal of
Applied Science and Engineering, Vol. 27, No 4, Page 2331-2342.

7 Lam Van Trung, Huynh Trong P,hu(yc, Nguyén Ngoc Son, H6 Vin Quén, Nghién ciru
sir dung tro bay thay thé mot phén cot liéu min trong bé tong xi mang ung dung cho xay
dyng mat duong 0 10, Tap chi GTVT 8/2023, trang 30-34.

8. Nguyf:n Pang Khoa, Ho )/Em Quﬁr'l, I—luj@h Trong Phudce, Nghién ciru mot so tinh chat
cua bé tong cht licu xi thép ket hgp voi phy gia khoang Gmg dung cho mét duong 6 t0, Tap
chi GTVT 10/2023, trang 30-34.

9. Quan Van Ho, Tri Ho Minh Le and Trong-Phuoc Huynh, The influence (?f pre-
the durability of high-performance concrete incorporating industrial by-

compression on ) o
| of Materials: Design and Applications, 238(5), 901-915.

products, Journa .
10. Quan Van Ho Trong-Phuoc Huynh, A comprehensive investigation on the impacts of

teel slag aggregate on characteristics of high-performance concrete incorporating industrial
steel s

by-products Journal of Building Engineering, 80, 107982.




11. Quan Van Ho, Trong-Phuoc Huynh, Improving Corrosion Resistance and };rblonging
the Service Life of High-Performance Concrete Structures Using Fly Ash and Ground
Granulated Blast-Furnace Slag, Periodica Polytechnica Civil Engineering, 68(2), 669-683.

12. Quan Van Ho, Phuong N. Pham, Durability properties and steel corrosion resistance of |
reinforced concrete using fly ash and ground granulated blast furnace slag as partial |
replacements for sand and cement, Innovative Infrastructure Solutions, 9:178.

13. Hd Vin Quan, Nguyén Cong Tam, Anh hudng ctia gach men thai thay thé cdt liéu tho
va xi 10 cao thay thé mot phan xi mang dén mot sé tinh chit co hoc va d9 bén cua bé tong,
Tap chi Khoa hoc GTVT, 75(5) 1802-1815.

14. Hd Van Quén, Trén Thj Phuong Huyén, Trdn Van Lich, Anh hudng cta bun thai tram
tron bé tdng dén mot sb tinh chit ciia bé tong xi mang, Tap chi GTVT 7/2024, trang 52-55.

11. TINH CAP THIET CUA BE TAI

Mat dudng bé tong xi ming (BTXM) dudng 6 t6 va duong lan san bay sau mot thoi gian
khai thac, sir dung thuong xdy ra cdc hu hong nhu nit, v& goc tAm, canh tdm, bong troc, )
g4, ... lam giam kha nang chiju tai, mit d6 bing phing va khong dam bao an toan cho xe chay
va may bay cét, ha canh. Do d6, cin phai stra chita cac chd hu hong dé mit duong BTXM
dam bao kha nang chiu luc, du d6 bang phing va dam bao an toan trong khai thac, sur dung.
Viéc sira chita mat duong 6 to va san bay thuong phai thuc hién trong diéu kién co phuong
tién giao thong qua lai va mdy bay cit, ha canh nén doi hdi thoi gian thi cong stra chira rat
ngin, thuong khong qua 24 h. Do do, bé tong ding dé sira chira mat duong 6 t6 va san bay
can phai c6 cudong do som cao @8 c6 thé thong xe hodc may bay cét ha canh sém trong vong
(12-24) h sau khi stra chira. Bén canh dd, bé tong sira chita can phai co cuong do kéo udn cao
dé chiu dugc tac dung truc tiép ciia banh xe 6 td va mdy bay, dong thoi bé tong stra chﬁ'a phai
¢6 luc dinh bam vai nén bé tong cii 16n dé han ché su hinh thanh cac vét nut gitta nén bé tong
cii va bé tong stra chita moi. Ngoai ra, bé tong sura chita can phai c6 do bén cao dé chong lai
cac chét c6 hai tir mdi truong bén ngoai nhu ion clo, ion sunfat, ... thdm nhép vao méat duong
BTXM gédy an mon cbt thép. Ngoai ung dung dé sira chita mat duong 0 t0 va san bay, bé tong
cuong dd som cao con cO thé tng dung hiéu qua cho céc cong trinh ha tang, dac biét cho cac
chu kién, san pham duc sin, ddy nhanh cong tac thao van khudn, giam thoi gian bao dudng
va diy nhanh cong tac thi cong lip dat. Do vy, dé tai “Nghién civu ché tao bé tong Xxi mang
cuwong dj som cao (Iung cho stka chira mdt dwong 6 t6 va san bay” 1a rat cip thiét, c6 y

nghia khoa hoc va thyec tién cao.

—

12. MyUC TIEU DE TAI

- Lya chon vat li¢u va (hiét ké thanh phan cac bé (ong xi mang sira chira.

- Ché tao cac loai be {6ng stra chita c6 cudng do nén trung binh ¢ 12 h va 24 h dat trén 20
a, (,uorng d6 kéo udn & 12 h va 24 h dat trén 3,0 MPa va trén 6,0 MPa

MPa va trén 40 MP
¢ dinh trén cac mau dim 40x40x160 mm).

(cuomg do nén va kéo ubn xa
Xac djnh cuong do bam dinh gitra bé (Ong stra chita va bé tong c.
= C

- Xéac dinh m§
AR

Ll3' pOI TUQONG, PHAM VINGHIEN CUU

( 6 tinh chit do bén cua céac loai bé tong sira chira.
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13.1. Doi twong nghién ciu
Bé tong xi mang cuong do som cao ding dé sira chita mat duong 6 t0 va san bay. ‘

13.2. Pham vi nghién ciru

Nghién ciru céc loai bé tong xi mang cuong do som cao sir dung 15%TB thay thé xi mang
két hop véi céc lidu lugng phu gia rdn nhanh khéc nhau.

14. CACH TIEP CAN, PHUONG PHAP NGHIEN CUU
14.1. Cach tiép can

Nghién ciru thyc nghiém trong phong xac dinh cuong do nén, cuong do kéo ubn, van toc
xung siéu 4m, do thim clorua cia bé tong vai ti 1€ 15% TB thay thé xi mang va cac lidu lugng
phu gia rdn nhanh khéc nhau.

14.2. Phuong phap nghién ciru

Phuong phéap nghién ciru ly thuyét, témg quan cdc tai li¢u da cong bd va két hgp vai thi
nghi¢m trong phong.

; | cme d sém cao sir dung tro bay va phu gia rin nhanh

15. NQI DUNG NGHIEN CUU VA KE HOACH NGHIEN CUU
15.1. N§i dung nghién ciru

Mé diu

1. Tinh cAp thiét cua dé tai

2. Muc tiéu nghién clru

3. N6i dung nghién clru

4. Pham vi nghién ciru

5. Phuong phap nghién clru

6. Két cAu cia dé tai

7. Y nghia khoa hoc va y nghia thuc tién cua dé tai

Chuong 1: Nghién ctru tong quan

I.1. Céc nghién ciru vé bé tong cudng do sm cao trén thé givi

1.2. Céc nghién cuu vé bé tong cuong do som cao ¢ trong nudc

Chuwong 2: Lya chon vit li¢u ché tao bé tong va thiét ké thanh phan bé tong xi miang

2.1. Lya chon cdc loai vat lidu dé ché tao bé tong xi mang

2 2. Thiét ké thanh phan bé tong xi mang cudng do sém cao
tru trong phong xdc djnh cuong dj kéo u6n, cuong d§ nén, cuong

Chuwong 3: Nghién ¢ ) _ B P REOTON, & ‘
A bé tong ma&i va mQt so chi tiéu do bén cua bé tong cwong

d bam dinh giiva be tong ciiv
dj som cao

3.1. Cong tac dic va bao dudn
cuong dg kéo udn, cuong do nén

g cdc mau bé (ong

3.2. Thi nghi¢m xac dinh
3.3. Thi nghi¢m xac dinh lyc lién két gitra bé 16ng sira chira va bé tong cii

3.4. Thi nghiém xac dinh vin (6¢ xung siéu dm




3.5. Thi nghiém xac dinh dién trd suat

3.6. Thi nghiém xéc dinh do thdm clorua

) A3.7. Kién nghj st dung cac loai bé tdng cudng do sém cao dung cho sira chira mat duong
0 t0 va sén bay.

15.2. Ké hoach nghién ciru

(;h,m f‘:‘n Nguoi thue hién |
ang/n _ 2 :
STT Noi dung cong vige San phdm bat déu - (8hi cu the ho Y
) thane/nim tén) — chen cgt so |
ang/na o
két %h(lc) nedy cong
M¢ dau; . SN HO® Van Quan |
1 | Nghién ctu tai lieu téng Tong quan vé van d¢ | Thang O1- Nguyén Van Hgi
quan. ' nghién ciru 03/2025 Nguyén Cong Tam
Lua chon vat liéu ché tao bé ‘ .
tong va thiét ké thanh phin _ . o Man Quan-
2 | bé tong xi mang cudng do Dit ligu thi nghiém | Thang 05- | Nguyén Van Hoi
. . : . trong phong 07/2025 | Nguyén Cong Tam
som cao st dung tro bay va Ph Thanh
phu gia rin nhanh. an Quang Than
Nghién ciru t ¢ .
ghien ciiu trong phong Hb Vin Quan
xac dinh cuong do kéo udn, X xrs .
3 Az s oal R i Nguyén Vin Hoi
3 | cuong dd nén va mot so chi . . A
titu 46 bén ciia bé ton Nguyén Cong Tém
! u y o, & Phan Quang Thanh
cuong do sém cao.
Viét va dang bai bao khoa L Théng 08- . ]
Bai bao khoa h 3
4 hoc. ai bao khoa hoc 10/2025 HO6 Van Quan
X P . A & , , Tha - ;
s | Viet bao cdo tong K& | g anogg | THANE TG Guan
nghiém thu dé tai. 12/2025
16. SAN PHAM
16.1. San phim khoa hoc
- Bai bao dang trén tap chi co tén trong danh muc Scopus/SCIE O

- Bai bao dang trén tap chi/ky yéu dugc tinh diém trong danh muc HDCDGSNN X

- San phém khac:
Tai liéu hudng dan thi nghiém
Bai thyc hanh/bai thi nghi¢m
16.2. San pham dao tao:

Huong da

Pao tao Cao hoc O
n sinh vién bao ve d

Huéng din sinh vién nghién ctru khoa hoc

16.3. San phim irng dung

Chuong trinh may tinh [

O Tai liéu hudng din thuc hanh O

O Gido trinh O

bao tao NCS O

Tiéu chuan

& tai/dd an tot nghiep [

(]

Tai liéu tham khao O

[0 Chién lugc 0




Website 0] Phuong phap O Déan O
Thictbi may moc ) Tai lidu dy bio O Binquyhoach O
Day chuyén cong nghé¢ [ Luan ching kinh té J Vatliéu O
Mo h‘inh O Qui pham O Maiu
So do, ban thiét ké O Ban kién nghj [0 Gibngcay trong
Qui trinh cdng ngh¢ O Béo cdo phan tich 0 Gibng vat nuoi 0
16.4. Tén sin pham, s6 lugng va yéu cAu khoa hoc déi v6i sin phim
TT Tén san phim S6 lwong Yéu ciu khoa hgc
- Té4c gia chinh (hodc tdc gia
dAu hodc tac gia lién h¢) cua
Bai bio khoa hoc diing trén tap bai bdo la thanh vién tham
I | chi/ky yéu dugc tinh diém trong 01 gia thyc hién dé tai;

danh muc HDCDGSNN - Pon vi cong tac cua ta.c gia
chinh thudc truong Pai hoc

Su pham Ky thuét - Dai hoc

i
|
|
| Pa Ning.
|
\
|
|

- Cac mau tru 10x20 cho mdi | 02 mAwloai bé téng
5 | loai bé tong, 01 chu kién/loai bé | Pam béo kich thudc hinh hoc
- Céu kién duc sén ludi chin rac téng toi uu va thdm my¥.

kich thudc 600x900x50 mm

| 17. HIEU QUA (gido duc va dao tao, kinh té - x4 hoi)
- Hiéu qua khoa hoc: Phén tich anh huéng ctia phu gia rn nhanh dén mét s6 tinh chét
' co hoc va do bén cua bé tong sira chita.
I Hiéu qua dao tao: Lam tai li¢u tham khao trong dao tao nganh Xay dung tai Truong dai
hoc Su pham K§ thugt - DH Da Néng.
- Hiéu qua kinh té- xa hoi: Céc loai bé tong xi mang cudng dd sém cao cé thé dung dé
' stra chira mat duong 0 10 va sén bay, trong vong (12-24) h sau khi sira chita, cho phép thong
xe hodac may bay cét ha canh, diéu nay dép tmg nhu cu cin thi cdng nhanh trong didu kién
c6 phuong tién giao thong qua lai, rat ngan thoi gian cho doi va mang lai hiéu qua kinh té.

18. PHUONG THU'C CHUYEN GIAO KET QUA NGHIEN CUU VA PIA CHi UNG

DUNG
18.1. Phuong thirc chuyén giao két qua nghién ciru:
Ban giao cho B mon Céu duong va Khoa Ky thuat Xay dung Bdo cdo tong két kem

V% A . A 4 A \ A
&1 ké thanh phan cac loai bé tong va dit li¢u thi nghiém trong phong.

theo phy lyc g6|11 thi
18.2. Dja chi irng dung:
du duong, Khoa K¢ thudt Xay dyng, Truong Dai hoc Su pham K§ thuat - DH

By mon C . . <
h Binh, Quén Hai Chéu, TP. Da Nang.

Da Ning. 48 Cao Thing, l’hu()ng Jljﬂl]
i' 7’7F7H u;c HIEN PE TAI VA NGUON KINH PHI

19. KINH PH
Téng kinh phi: 25.000.000 vnd

iAo A H
LB;‘;lﬂg chii: Hai mwoi lam tri¢u dong chian




Trong do:

- T ngudén Quy KHCN: 25.000.000 vnd - Tir cac ngudn kinh phi khac:
’[E_Em Kinh phi theo cic muc chi (phit hop véi ngi dung nghién ciew):
Téng kinh Nguon kinh phi i
- : i i tor 4 !
| Stt Khosn chi, n$i dung chi phi (DVT: g::;hlgltlll(; n(g::gn chu
L VND) byt vNB)| khic |
I | Chi tién cong lao dong truc tiép 23.750.000 | 23.750.000 k?]i)aéon
E: Chi mua vat tu, nguyén vat ligu 0 0
3 | Chi sira chira, mua sam tai san c6 dinh 0 0 L
4 | Chi hi thao khoa hoc, cong téc phi 0 0 -
5 | Chi tra dich vy thué ngoai phuc vy nghién ciu 0 0
6 | Chi diéu tra, khao sat thu thap s6 liéu 0 0
7 | Vian phong pham, théng tin lién lac, in an 0 0
8 | Chi Hoi dong tu danh gia 0 0
- ' Giao
9 | Quan ly chung nhiém vy KHCN 1.250.000 | 1.250.000 khodn
10 | Chi khac lién quan 0 0
| TONG CONG 25.000.000 | 25.000.000
Ngay.A7..thang 04..ndm 2025  Ngay.d7.thdng.o4.nam 2025
TM. HOI PONG KHOA Chii nhi¢m dé tai
(ky, ho va tén) (ky tén)

g tbanine &//

PGS.TS. Hb Vin Quén
Da Néing, ngay & thdng o ndm 262

Co quan Chi tri duyét g
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GIAI TRINH CHI TIET CAC MUC CHI

Muc 1a: Bin tinh thu lao lao dong phan theo ké hoach nghién ciu
Dinh mic tha |

Téng thu lao
thuc hi¢n
nhi¢m vu

(DVT: VND)

8=3x5x7 |

©22.750.000

3.238.000
1.486.000
1.486.000
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CONG HOA XA HOI CHU NGHIA VIET NAM
boc lap - Tr do - Hanh phic

Ngay 24 thang 01 nam 2025
HOP PONG TRIEN KHAI THUC HIEN
DPE TAI KHOA HOC VA CONG NGHE CAP TRUONG
S6: 14/HP-KHCNCS-2024

- Cén cir B luat dén su ngay 24 thang 11 nim 2015;

Cén cr Luét khoa hoc va cong nghé ngay 18 thang 6 nam 2013;

Can ctr Quyét dinh s 1749/QD-TTg ngay 08 thang 11 ndm 2017 cia Thu tuéng Chinh

phu vé viéc thanh lap Trudng Dai hoc Su pham Ky thuat (DHSPKT) thudc Pai hoc Pa

Néng;

- Cé&n ¢t Thong tu s6 03/2023/TT-BTC ngay 10 thang 01 nam 2023 cia Bo trudng B Tai
chinh vé viéc quy dinh l4p dv toén, quan Iy si dung va quyét toan kinh phi ngén sach
nha nudc thue hién nhiém vu khoa hoc va cong nghg;

- Can ctr Quyét dinh sé 216/QD-DHSPKT ngay 09 thang 3 nim 2018 cla Hiéu trudng
Trudng Dai hoc Su pham Ky thuat vé viéc ban hanh Quy dinh vé quan 1y &2 tai khoa ||
hoc va cong nghé cip co s (cép Trudmg) do Truomg Pai hoc Su pham K§ thuét quan
ly;

- Can ctr Quyét dinh s 42/QD-DHSPKT ngay 21 thang 01 nam 2025 cia Hiéu truéng
Trudmg Pai hoc Su pham Ky thuat vé viéc phé duyét kinh phi va giao nhiém vu thuc
hién dé tai khoa hoc va cdng nghé (KH&CN) chp Truomg;

Sau khi xem xét muc tiéu, noi dung nghién c(ru va san phérn khoa hoc cua dé taj
KH&CN (sau day goi tat 1a “de tai”):

“Nghién ciru ché tao bé tong xi ming ceong d§ sém cao dung cho sira chira mat
duong 6 to va san bay.”

Mai s6: T2024-06-14.

Bén A: Truong Dai hoc Sw pham Ky thuat

Pai dién: Ong Nguyén Lé Hing  Chirc vu; Hiéu truong

Dia chi: 48 Cao Thang, Quan Hai Chéu, Thanh phé Da Nang

Dién thoai: 0236.3822571 Fax: 0236.3894884

S6 tai khoan: 3716.1.1055693.00000 tai Kho bac Nha nuéc Pa Néng

2. Bén B: Ong (Ba): H Vin Quin 12 Chi nhiém d2 tai

- S6 CCCD: 051077002498 ngay cép: 17/4/2021 noi cép: Cuc canh sat Quan ly

Hanh chinh vé Trat ty Xa hoi, Bo Cong an.
- S0 Tai khoan:  56010000104843 tai ngén hang BIDV CN Hai Van
- M sb thué: 0400787279

- Pon vi: Phong Co s¢ vit chét, Truong Dai hoc Su pham Ky thuat, Dai hoc Da
Nang.
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- Dién thoai: 0905548169; Email: hvquan@ute.udn.vn

Va cdc thanh vién tham gia thuc hién dé tai theo thuyét minh dwgc duyét gom:

2.1. Bén B: Ong (Ba) Nguyén Van Hoi 1a Thanh vién o

- S6 CCCD: 049095008638, ngay cp: 27/12/2021, noi cap: Cuc Canh sat Quan ly Hanh
chinh vé trat tur xa hoi. -

- S6 Tai khoan: 56110001158336 tai ngan hang BIDV Chi nhanh Pa Nang;

- Ma s6 thué: 8532670296 .

- Pon vi: Phong Co s& vit chit, Truong Dai hoc Su pham K¥ thuét, Dai hoc ba Nang

- Dién thoai: 0373685582 Email: nguyenvanhoibkdn@gmail.com

2.2. Bén B: Ong (Ba) Nguyén Cong T4m 12 Thanh vién

- 86 CCCD: 049203002564, ngay cép: 22/4/2021; noi cap Cuc Canh sat Quan ly Hanh
Chil:lh V€ trat tu xa hoi

- §6 Tai khoan: 109875826931 tai ngén hang Viettinbank

- Ma s6 thué: 8839312389

- Don vi: Sinh vién Khoa K thuat X4y dung, Trudéng Pai hoc Su pham K¥ thuét, Dai hoc
Da Ning

- Dién thoai: 0911381645; Email: congtam070403@gmail.com

2.3. Bén B: Ong (Ba) Phan Quang Thanh 1a K§ thuat vién

- S0 CCCD: 049080001330, ngay cap: 17/4/2021; noi cap: Cuc Canh sat Quan ly Hanh
chinh ve trat tu xa hoi.

- 50 Tai khoan: 5610260344 tai ngén hang BIDV CN Hai Van

- M3 s6 thué: 0400840109

- Pon vi: Phong Co s vt chat, Truong Dai hoc Su pham K§ thuat, Dai hoc Pa Nang

- Dién thoai: 0903578546; Email: pgthanh@ute.udn.vn

Ciing thoa thuan va théng nhét ky két Hop dong thuc hién dé tai KH&CN cép Truong (sau
day goi tat 1a Hop ddng) vdi cac diéu khodn sau:

Piéu 1. Poi twong Hop dong

1. Bén A dit hang va Bén B nhén dat hang thuc hién dé tai KH&CN cép trudng (sau day
goi la d& tai) theo cac ndi dung trong Thuyét minh d€ tai da duoc phé duyét (sau day goi tht
1a Thuyét minh).

2. Thuyét minh 1a bd phén khéng tach roi cua Hop dong.

3. Noi dung Thuyét minh c6 thé dwoc diéu chinh bang van ban cla co quan c6 tham quyén
trén co s& su théng nhat cla hai Bén.

Piéu 2. Thoi gian thuc hién Hop dong

1. Thoi gian thuc hién dé tai 1a 12 thang, tir thang 01 nim 2025 dén thang 12 nam 2025.
2. Thai gian thuc hién hop dong cd thé duoc diéu chinh theo thoi gian thuc hién dé tai bang
quyét dinh cta co quan c6 tham quyeén.

Piéu 3. Kinh phi dé tai:

1. Kinh phi thuc hién:
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Tdng cong: 25.000.000 dong

Trong do:

- Kinh phi tir ngudn Khoa hoc cong nghé 25.000.000 ddng
+ Kinh phi khoén: 25.000.000 ddng
+ Kinh phi khéng giao khoan: 0 dong
- Kinh phi tu cac ngudn khac: 0 dong

2. Tam ung va thanh quyét toan kinh phi

- Tam tmg dot 1: Ngay sau khi ky két hop ddng, bén A s& tam (mg cho bén B tdi da 50%
gia trj hop ddng khi c6 yéu ciu tam (g cua bén B.

- Tam {mg dot 2: Bén A cép tam tng t6i da 40% tong gi4 tri con lai cua hop ddng khi c6 dé
nghi cia bén B va sau khi bén B phai hoan thanh hé so thanh toén t4i thiéu bang 50% mirc
kinh phi d4 tam g cac dot trudc d6 trén co s& dé tai dugc danh gia hoan thanh tién do
thuc hién dot 1. Bén A thuc hién thanh toan cho bén B theo dung quy dinh hién hanh, dong
thi thu hdi cho dén hét s6 tidn d4 tam tmg. S tién tam tmg dot 1 chua duoc thu hoi thi sé
dugc thu hdi trong 14n thanh toan cudi cung.

- Thanh toan dot cudi: Sau khi dé tai dwoc nghiém thu chinh thirc, bén B phai hoan thanh
va n6p ho so thanh quyét toan kinh phi tAt ca cac ngudn ké tir ngay két thic nhiém vu theo
quyét dinh phé duyét nhiém vu va hop ddng da ky két va trong pham vi nién d0 tai chinh.
Bén A thanh toan hét gia tri con lai ciia hop dong tir nguén do bén A quan Iy theo ding quy
dinh hién hanh.

- Tuy theo két qua thyc hién hop d6ng ma bén B chiu nhitg xu ly tai chinh trong quy dinh
tai diéu 6 hop dong nay.

Diéu 4. Quyén va nghia vu cia cic bén

1. Quyén va nghia vu cua Bén A

a) Cung cép céc théng tin can thiét cho viéc trién khai, thuc hién Hop déng;

b) Bé tri cho Bén B s6 kinh phi tir Truomg PHSPKT, DHPN quy dinh tai Dieu 3 Hop dong
nay theo tién do ké hoach, twong img vdi cac ndi dung nghién ciru dugc phé duyét;

¢) T6 chic phé duyét ké hoach dau thau, mua sém may moc, thiét bi, nguyén vt liéu va
dich vu cua dé tai bang kinh phi do Bén A cap (néu c6) theo quy dinh;

d) Trudc méi dot cap kinh phi, trén co s¢ bao cdo tinh hinh thuc hién d& tai cua Bén B Bén
A cin cir vao san pham, khoi lugng cong v1ec da hoan thanh theo Thuyet minh & cap tiép
kinh ph1 thuc hién Hop dong. Bén A c6 quyén thay ddi tién d6 cép hodc nglmg cap kinh
phi néu Bén B khong hoan thanh cong viéc dung tién d6, dung nodi dung cdng viéc dugc
giao;

d) Kiém tra dot xuat dé danh gia tinh hinh Bén B thyc hién @& tai theo Thuyét minh. Truong
DHSPKT, DI—IDN thuc hién kiém tra dinh ky danh gia tinh hinh thyc hién dé tai theo quy
dinh hién hanh vé quén ly dé 1ai khoa hoc va cong nghé cap Truong;
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thdm quyén gii quyét

e) Kip thoi xem xét, giai quyét theo tham quyén hodc trinh cap co RO
kinh phi va cdc van o (3

kién nghi, d& xuét cia Bén B vé didu chinh ndi dung chuyén mon,
phat sinh khac trong qua trinh thuc hién dé tai; i
g) Té chirc danh gi4, nghiém thu két qua thuc hién 42 tai cua Bén B theo céc yéu cau, chi
tiéu trong Thuyét minh;

h) C6 trach nhiém cing Bén B tién hanh thanh Iy Hop dong theo quy dinh hién hanh;

i) Phéi hop cing Bén B xir ly tai san dugc mua sim bang ngan sach Truomg DPHSPKT,
DHDN hodc dugc tao ra tir két qua nghién clu ctia dé tai st dung ngan sach Truong
DHSPKT, DHDPN (néu co) theo quy dinh cia phap luat;

k) Tiép nhan két qua thuc hién dé tai, ban giao két qua thuc hién d2 tai cho td chuc dé xuat
dat hang hodc té chuc trién khai img dung sau khi dugc nghiém thu;

1) C6 trach nhiém hudng dan viéc tra thu lao cho tac gia néu c6 loi nhuén thu duoc tr viéc
ung dung két qua cua dé tai va thong béo cho tac gia viéc ban giao két qua thuc hién dé tai
(néu co);

m) Uy quyén cho Bén B tién hanh dang ky bao ho quyén s& hitu tri tug abi véi két qua thuc

hién dé tai (néu co) theo quy dinh hién hanh;

n) Thuc hién cac quyén va nghia vu khac theo quy dinh ctia Luat KH&CN va cac vin ban

lién quan.

2. Quyén va nghia vu ciia Bén B

a) To chire trién khai day du céc ndi dung nghién ciu cia dé tai dap ung céac yéu cdu chét

luong, tién do va chi tiéu theo Thmyét minh;

b) Cam két thuc hién va ban giao san phém cudi cung dap tmg day du cac tiéu chi da dugc

phé duyét;

¢) bugc quyén tu chu, tu quyét dinh viéc st dung ph?m kinh phi dé thuc hién dé tai theo du

toan kinh phi d& tai, dugc quyén ky két hop dong thué khoan chuyén mén véi cac thanh

vién tham gia thuc hién; va cac hop ddng khac gbm: mua vat tu, nguyén, nhién, vt liéu,

sira chira, mua sim tai san cd dinh, dich vu thué ngoai phuc vu nghién cru, van phong

phz’im, thong tin lién lac, in 4n c6 gia tri dudi 20 triéu dong;

d) Yéu cau Bén A cung cép thong tin can thiét dé trién khai thuc hién Hop déng;

d) Kién nghi, d& xuét diéu chinh cac ndi dung chuyén mon, kinh phi va thoi han thuc hién

Hop dong khi cén thiét;

¢) Yéu céu Bén A cép du kinh phi theo diing tién d6 quy dinh trong Hop dong khi hoan

thanh day du ndi dung cong viéc theo tien d§ cam két. Dam bao huy dong du ngudn kinh

phi khéc theo cam két. Str dung kinh phi dung muc dich, dung ché d6 hién hanh va c6 hiéu

qua;

g) Dbi vai cac hgp dong khac dugc quy dinh tai diém c, khoan 2, Piéu 4 hop dbng nay cé

gia trj tr 20 triéu tro 1én: Chu nhiém dé tai xdy dung ké hoach mua sam dé guri Bén A phé

duyét va thyc hién mua sim theo quy dinh cia phap luat;
4
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h) Chép hanh cac quy dinh phap ludt trong qué trinh thuc hién Hop dong. Tao dieu kién
thudn loi va cung cép ddy di thdng tin cho cc co quan quan ly trong viéc giam sat, kiém
tra, thanh tra d6i v6i dé tai theo quy dinh ciia phép luat;

i) Thyc hién viéc tu danh gia, nghiém thu chp co s& theo quy dinh hién hanh khi két thic
d& tai. Sau khi danh gi4, nghiém thu cAp co s& hoan chinh lai hd so theo két luan ciia Hoi
ddng danh gia cip co s, Bén B c6 trach nhiém chuyén cho Bén A cac hd so dé Bén A tién
hanh viéc danh gia, nghiém thu theo quy dinh;

k) Co trach nhiém quan ly tai san dugc mua sém bang ngan sach cua Truong DPHSPKT,
DHDN hoic dugc tao ra tir két quéa nghién ciru cua dé tai s dung ngén sach Truong
DHSPKT, DHDN (néu c6). Chu nhiém d& tai c6 trach nhiém ban giao tai sin dugc mua
sim bing ngén sach Truong PHSPKT, DHDN hoic duoc tao ra tir két qua nghién ciru cia
dé tai cho co quan chu quan &2 tai ¢ quan ly va sir dung.

1) C6 trach nhiém cung Bén A tién hanh thanh ly Hop d@)ng theo quy dinh;

m) Thuc hién viéc dang ky bao ho quyén s& hiru tri tué theo uy quyén cla Bén A d6i véi
két qua nghién ctru (néu co);

n) Chu nhiém d& tai giao nop két qua thyc hién & tai cho bd phan hru git thong tin cua co
quan chu quan dé tai. Co quan chil quén dé tai xac nhan viéc giao nop két qua thuc hién dé
tai cho chu nhiém dé tai.

0) Cac san pham khoa hoc cong b6 duoc tinh khi ¢6 10 ghi nhan Truong PHSPKT, DHDN,
cu thé nhu sau:

+ Dbi véi bai béo khoa hoc viét bing tiéng Anh: “This research is funded by The
University of Danang — University of Technology and Education under project number
T2024-06-14”;

+ Péi v6i bai bao khoa hoc viét bing tiéng Viét: “Nghién ctru nay duoc tai trg
béi Truong Pai hoc Su pham Ky thuat, Pai hoc Pa Ning trong dé tai c6 ma sb T2024-
06-14";

Péi vai san phim khoa hoc c6 16i ghi nhan Truong PHSPKT, DHDN va cac ngudn
kinh phi trong nudc khac, Truong DHSPKT, DHDN sé tinh mirc dd hoan thanh cia san
pham 6 nhu sau: Phin cong trinh duge tinh cho sin pham dé tai nay duoc chia theo ty 1¢
dong gop cua mbi ngudn kinh phi thyc hién. Trong trrdmg hop khong xéac dinh duge cu thé

ty Jé déng gop clia mdi nguon kinh phi thi phan cong trinh dwoc tinh cho san phim dé tai
nay s& bang mét (01) chia cho s6 ngudn kinh phi trong nude. Tong s phén cac cong trinh

dugc tinh phai dap (mg yéu céu vé s6 lugng theo thuyét minh dé tai da phé duyét.

Thoi gian thuc hién san pham clia dé tai phai dugc trién khai trong khoang thoi gian
thyc hién dé tai.

p) Chu nhiém dé 1ai cung vGi cac ca nhén truc tiép sang tao ra két qua nghién ciru khoa hoc
va phat trién cong ngh¢ dugc dimg 1én tac gia trong de tai va hudng quyeén tac gia bao gom
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ca céc 1gi ich thu duge (néu c6) tir viéc khai thac thuong mai cac két qua thuc hién dé tai
theo quy dinh phap ludt va cac thoa thuén khac (néu cé);
q) Co trach nhiém truc tlep hodc tharn gia trién khai ung dung két qua nghién ctru khoa hoc

va Phat trién cong nghé theo yéu cau ctia Bén A hoic td chirc, ca nhan dugc Bén A giao
quyén s hitu, sir dung két qua thuc hién dé tai;

r) Thue hién bao mat cac két qua thuc hién dé tai theo quy dinh vé bio vé bi mét cua nha
nudc;

s) Thuc hién céac quyén va nghia vu khac theo quy dinh Luat KH&CN va cic vin ban lién
quan.

Diéu 5. Chim dirt Hop déng
Hop ddng nay chim durt trong cac truong hop sau:
1. D& tai da két thic va duoc nghiém thu,

2. Bén B bj chim dut horp dong thuc hién dé tai khi c6 d& nghi thanh ly Hop déng cua Hoi
dong thanh ly dé tai cap Truong.

Diéu 6. Xtr ly tai chinh khi cham dirt Hop dong

1. Déi véi dé tai da két thac va dugc nghiém thu:

a) Dé tai da két thic va danh gia nghiém thu tir mirc “Dat” tro 1én thi Bén A thanh toan diy
du kinh phi cho Bén B theo quy dinh tai Hop ddng nay.

b) Dé tai da két thiic, nhung nghiém thu mirc “khong dat” thi Bén A xem xét, quyét toan
kinh phi cho Bén B trén co s& két luan clia Hoi ddng danh gia vé nguyén nhan, trach nhiém
va nhitng né1 dung cong viéc ma Bén B da thuc hién c6 san phém thuc té dugc danh gia.
Bén B c6 trach nhiém hoan tra toan bd sb kinh phi ngin sach nha nuéc da cap nhung chua
sir dung. D4i véi khoan kinh phi da sir dung dwoc ap dung xir ly dbi véi truong hop dé tai
khéng hoan thanh dugc quy dinh tai Diéu 16 Théng tu lién tich s6 27/2015/TTLT-BKHCN-
BTC ngay 30/12/2015 cua B¢ Khoa hoc va Cong nghé - B Tai chinh quy dinh khoan chi
thuc hién nhiém vu khoa hoc va cdng nghé sir dung ngén sach Nha nudc.

2. Dbi v6i dé tai cham dut khi c6 can cir khang dinh khéng con nhu cau thuc hién:

a) Truomg hop Dé tai chdm dirt khi c6 cén ot khing dinh khong con nhu ciu thyc hién thi
hai bén cuing nhau x4c dinh khéi luong cong viéc Bén B di thuc hién dé 1am cin cir thanh
toan sb kinh phi Bén B da sir dung nhdm thuc hién dé tai va thu héi sb kinh phi con lai da
cip cho Bén B.

b) Truomg hop hai bén thoa thudn ky Hop ddng méi dé thay thé va két qua nghién ciru cua
Hop dong cil Ja m¢t b phén céu thanh két qua nghlen ctru cia Hop ddng mai thi s6 kinh
phi da cap cho Hop ddng cii dugc tinh vao kinh phi cép cho Hop dong méi va duoc tiép tuc
thuc hién véi Hop dong mai.
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3. Dbi voi Dé tai bi dinh chi theo quyét dinh cua co quan co6 thdm quyén hodc Hop df‘)ng bi
chdm dut do Bén B khong ndp hd so dé danh gid, nghiém thu DE tai theo quy dinh phap
luat thi Bén A sé tién hanh thi tuc thanh ly dé tai theo quy dinh.

4. Péi véi D& tai khong hoan thanh do 13i ciia Bén A din dén viéc cham dirt Hop dong thi
Bén B khong phai bdi hoan sb kinh phi d sit dung dé thuc hién Dé tai, nhung van phai thye
hién viéc quyét toan kinh phi theo quy dinh cta phéap luat.

Piéu 7. Gia han deé tai

Trong trudmg hop Chu nhiém chua hoan thanh cac ndi dung nghién ciru va c6 dé xuét xin
gia han thoi gian thyuc hién, Hop dong tu dong gia han thém tbi da 6 thang theo quy dinh
(dén thang 6/2026) trén co s& bao cdo dinh ky tinh hinh thyc hién @& tai va ket ludn ctia don
vi chu tri.

Piéu 8. Xit Iy tai san khi chdm dirt Hop dong

1. Khi chim dut Hop dE‘)ng, viéc x1r ly tai san dugc mua sém hoac dugc hinh thanh br?mg
ngén sach Truong PHSPKT, PHPN cép cho @& tai dugc thuc hién theo quy dinh phép luat.

2. Céc san phim vt chét ctia D& tai sir dung ngén sach Truong DPHSPKT, DPHDN: ngudn
thu khi cac san phdm nay dugc tiéu thu trén thi truong sau khi trir cac khoan chi phi cin
thiét, hop 1é, dugc phan chia theo quy dinh phép luit.

Piéu 9. Piéu khoin chung

1. Trong qua trinh thuc hién Hop dong, néu moét trong hai bén c6 yéu cdu stra d6i, b sung

ndi dung hoic cé can cir & chim dut thuc hién Hop dong thi phai théng bao cho bén kia it

nhét 14 15 ngay 1am viéc trudc khi tién hanh sira dbi, bd sung hodc chim dut thuc hién Hop

déng, xac dinh trach nhiém cia mdi bén va hinh thie xur ly. Céc sira dbi, bd sung (néu co)

phai 14p thanh van ban c6 day du chit ky cia cdc bén va dugc coi 12 bd phén ctia Hop dong

va 12 cin cir dé nghiém thu két qua caa dé tai.

2. Khi mot trong hai bén gap phai truomg hop bét kha khang din dén viéc khong thé hoic

cham thuc hién nghia vu da thoa thuén trong Hop ddng thi c6 trach nhiém thong bao cho

Bén kia trong 10 ngay lam viéc ké tir ngay xay ra sy kién bét kha khang. Hai bén c6 trach

nhiém phéi hop xac dinh nguyén nhén va bao céo co quan quan ly nha nudc c6 thim quén

dé giai quyét theo quy dinh clia phép luét.

3 Hai bén cam két thuc hién dung cac quy dinh cia Hop d6ng va c6 trach nhiém hop tac

giai quyét cac vuéng mac phat sinh trong qua trinh thyc hién. Bén vi pham cac cam két

trong Hop déng phai chiu trach nhiém theo quy dinh phap luat.

4. Moi tranh chéap phat sinh trong qué trinh thyc hién Hop ddng do cac bén thuong lugng

hoa giai 4é giai quyét. Trudng hop khong hoa giai duoc thi mét trong hai bén co quyén dua

tranh chép ra dé giai quyét theo quy dinh cua phép luat.

5. Hop ddng ty dong thanh ly khi hai bén hoan thanh nghia vu theo hop dong da duoc ky
két. Trong truong hop thanh 1y de ti (néu co), bén B hoan tra sb tién da dugc Hoi dong
thanh ly dé tai két luan trong ndi dung cia Bién ban hop hoi dong thanh ly dé tai. Bén B
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thuc hién viéc hoan trd bing hinh thirc chuyén khodn vao tai khodn sau ddy ciia Truomg ai
hoc Su pham Ky thujt trong thoi han 30 ngay ké tir ngay hop hoi déng thanh 1y d& tai, chi
tiet thong tin nhu sau:

- Téntai khoan: Truong Pai hoc Su pham Ky thuat.

- S6taikhoan: 56110001076650 tai Ngén hang BIDV chi nhanh Pa Ning.
Diéu 10. Hiéu lyc cia Hop dong
Hop dong nay c6 hiéu luc tir ngay ky. Hop dong nay duoc lap thanh 06 ban (01 ban goc va
05 ban chinh) va c6 gié trj nhu nhau, Bén A gitr 02 ban, Bén B giit 04 bin c6 gié tri phap
ly nhu nhau.

BENB
CHU NHIEM PE TAI
o
guyeLé Hung Hb Vin Quan
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FIFFF KHOAHOC - CONG NGHE

ANH HUGNG CUA NATRI SUNFAT DEN CUGNG DO SGM
CUA BE TONG VA DINH HUGNG UNG DUNG
TRONG SUA CHUA MAT DUGNG 0 TO VA SAN BAY

TOM TAT:

Stra chira mat dwong 6 t6 va san bay thuwdng doi hoi
thoi gian thi cong rat ngan dé han ché gian doan giao
théng va mang lai hiéu qua kinh té. Bai bdo danh gia
anh hwéng cta Natri sunfat (NS) dén sw phat trién
cwong do nén (R)), cwong do kéo udn (R,,) va van
téc xung siéu am (V_,) ctia cac bé téng stra chira
(BTSC). Két qua cho thay khi st dung (1,5-4,5)%
NS, R, cla cac BTSC tang khoang 1,94-2,85 lan &
cac thoi diém (9-12) h; tang khoéng 1,08-1,20 1an &
céac thoi diém tlr 24 h-28 ngay, cac BTSC chira (2,5-
3,5)% NS thé hién R cao nhét. Trong khi d6, R va
V_, clia cac BTSC dat dwoc thap hon so voi R, . Tét
ca cac BTSC chwra (1,5-4,5)% NS déu dap ¢ng yéu
cau thi cong va thong xe trong vong 24 h; cac BTSC
chira (2,5-4,5)% NS c6 thé dap (rng yéu cau thi cong
va thong xe trong khoang 12 h.

T khéa: Natri sunfat, cwdng dd kéo uén, cudng do
nén, stra chira mat dwong.

PGS.TS. HO VAN QUAN*
NGUYEN CONG TAM
KS.NGUYEN VAN HOI
Trudng Pai hoc Supham Ky thudt - Bai hoc Ba Ndng
Email: hvquan@ute.udn.vn

Phan bién: TS. Tran Hiru Béng

TS. Tran Thi Phwong Huyén

ABSTRACT:

The repair of highway and airport pavements requires
a short construction time to minimize traffic disruption
and achieve economic efficiency. This study
evaluates the effect of sodium sulfate (SS) on the
development of compressive strength (R ), flexural
strength (R,) and ultrasonic pulse velocity (UPV) of
repair concretes (RC). Experimental results indicate
that incorporating SS within the range of (1.5-4.5)%
increases the R of RC by approximately 1.94 to
2.85 times at (9-12) hours and by 1.08 to 1.20 times
over the period from 24 hours to 28 days. Notably,
the RC containing (2.5-3.5)% SS exhibits the highest
R, values. In contrast, R and UPV of RC tend to
be lower than R_. All RC mixtures with (1.5-4.5)%
SS meet the requirements for construction and traffic
opening within 24 hours, while those containing (2.5-
4.5)% SS can ensure construction feasibility and
traffic opening within approximately 12 hours.

Keywords: sodium sulfate, flexural
compressive strength, pavement repair.

strength,

1. G101 THIEY

Mat dwong bé téng xi mang
(BTXM) dwong 6 t6 va san bay
sau mot thoi gian khai thac, sk
dung thuwong xay ra cac hw héng
lam gidm kha n&ng chiu tai, mat do
bang phang va khéng dam bao an
toan cho xe chay va may bay cét,
ha canh. Mtrc d6 nghiém trong va
quy mé hw héng tuy theo khu virc,
thoi gian khai thac, tai trong truc,
mat do giao thdng va diéu kién moi
trwong, nhirng hw héng nghiém
trong thwong lien quan dén nén
dwong hoac méng mat duwdng nhw
lun, dwt gay, phut ban, ... nhirng
hw héng nhé chi yéu do tinh trang
hw héng clia mat dwdng nhw nit,
v& géc, v& canh, bong tréc, 6 ga,
... [1]. Viéc sra chira mat dwong
BTXM duwong 6 td6 va san bay

Ca
DUeNG

thwong phai thwe hién trong diéu
kién c6 phuong tién giao théng
qua lai va may bay cét, ha canh
nén doi hdi thoi gian thi cong stra
chiva rat ngdn dé han ché gian
doan giao théng, thudng khéng
qua 6-24 h tuy theo loai mat duwdng
va lwu lvgng giao thdng. Do do, bé
téng stva chiva (BTSC) can phai
c6 cuwdong dé6 sé&m cao, dac biét
la cwdng do kéo ubn cao dé chiu
duoc tac dung truc tiép cia banh
xe 6 t&6 va may bay, déng thoi bé
tong stra chiva phai cé lwc dinh
bam v&i bé téng cii I6n dé han ché
sw hinh thanh cac vét nit gitra bé
tong cli va bé téng stra chirva mai.
Trén thé gisi, da cé mot sé nghién
ctru st dung natri sunfat (NS) lam
phu gia déng két nhanh nham cai
thién cwong d6 & tudi sém cla

hd chat két dinh [2, 3, 4] va vira
xi mang rét léng [5] va bé tong [6].
O Viét Nam, gan day c6 nghién
ctru ctia N.T.D. Khoa va cong sw
[7] st dung NS dé cai thién cwdng
do nén s&m cta hd CKD véi ham
lwgng Ién tro bay (TB). T4t ca cac
nghién ctu déu khéng dinh réng
st dung NS véi liéu lwong nhat
dinh déu rat ngén thdi gian dong
két va cai thién cuwdng do sém clia
h6é CKD. Tuy nhién, hién chwa cé
nghién cru nao vé bé tong s dung
NS Iam phu gia d6ng két nhanh va
dinh hwéng rng dung trong slra
chira mat dwong 6 t6 va san bay.
Bai bao nay trinh bay anh hwéng
clia cac ham lwgng NS khac nhau
dén cudng dd nén, cuwdng do kéo
udn va van tdc xung siéu am cua
cac BTSC. Két qua nghién ctu
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ban dau cho thdy ham lwong NS Bang 1. Thanh phén cta céc BTSC cho 1 m?

t6i wu la (2,5-3,5)%.

Ki hisu BTSC | P c X | TB| N | NS | SD | N/ | SN
2. VAT LIEU VA PHUONG PHAP i (kg) | (lit) | (kg) | (kg) | (kg) | (kg) | (kg) | CKD | (cm)
THI NGHIEM OTBONS | 960,0 | 783,5(520,0| 0,0 |[182,0| 0,0 | 3,38
2.1. Vat liéu ché tao
o o A 15TBONS | 960,0 | 758,1 | 442,0 | 78,0 [182,0| 0,0 | 2,60
Xi mang PC50 (XM) c6 cwong do
nén & 28 ngay bang 55,4 MPa, 15TB1,5NS | 960,0 | 756,3 | 434,2 | 78,0 |182,0| 7,8 | 2,86
khéi lwong rieng (KLR) béng 3,10 0,35 | 10-12
glcm?, d6 min bing 3818 cm2/g 15TB2,5NS | 960,0 | 754,3 [429,0 | 78,0 | 182,0| 13,0 | 3,38
pht hop véi TCVN 2682:2020. Phu
15TB3,5NS | 960,0 | 752,9 |423,8| 78,0 | 182,0 | 18,2 | 3,64
gia siéu déo (SD) Sika ViscoCrete
8566, c6 KLR = 1,08 g/cm® phu 15TB4,5NS | 960,0 | 750,9 | 418,6 | 78,0 | 182,0 | 23,4 | 4,16

hop véi TCVN 8826:2011 loai F.
ba dam (D) kich ¢c& 4,75-12,5 mm
cO KLR=2,74 g/cm3, do hatnuwéc =
1,54%, thanh phan hat ctia B phu
hop véi ASTM C33. Céat séng (CS)
c6 mé dun do 1&6n bang 2,78, KLR
= 2,64 g/cm®, d6 hat nwéc bang
1,15%, thanh phan hat ciia CS phu
hop v&i ASTM C33. Tro bay loai F
(TB) c6 KLR = 2,2 g/cm?, hoat tinh
cwdng d6 & 28 ngay bang 88,4%.
Natri sunfat cong nghiép (NS) co
do tinh khiét 99% & dang bét, KLR
= 2,66 g/cmd.

2.2. Thiét ké thanh phan vat liéu
cua bé tong stra chira

Thanh phan vat liéu cia BTXM
duwoc thiét ké theo ACI 211.1,
gdm bé téng khong co6 TB va NS
(OTBONS), bé téng thay thé XM
bang 15% TB va khéng cé NS
(15TBONS), bé téng thay thé
XM béng 15% TB va 1,5% NS
(15TB1,5NS), bé tong thay thé
XM béng 15% TB va 2,5% NS
(15TB2,5NS), bé tong thay thé
XM béng 15% TB va 3,5% NS
(15TB3,5NS) va bé téng thay thé
XM béng 15% TB va 4,5% NS
(15TB4,5NS), i 1& nwéc-chat dinh
(N/CKD) va dd sut thiét ké cta tat
ca cac BTSC 1a 0,35 va 10-12 cm,
lidu lwgng SD dwoc diéu chinh cho
tirng hén hop d& dam bao dat do
sut thiét ké. Thanh phan vat liéu
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Hinh 1. Thi nghiém uén, nén va siéu &m cac mu BTSC

cia cac BTSC duoc ghi trong
Bang 1.

2.3. Chuan bji mau va phwong
phap thi nghiém

S¢ dung cac mau dam
100x100%400 mm dé xac dinh
cwong do kéo udn (R, ) va cac
mau dam gay dé xac dinh cwong
dd nén (R ). Str dung cac mau try
100%200 mm dé xac dinh van téc
xung siéu am (V).

Cong tac duc va bdo dwdng cac
méau theo TCVN 3105:2022, cac
mau dam 100x100x400 mm dwoc
thao khuén sau khi dac 9 h va tién
hanh thi nghiém kéo udn va nén

lac 9 h, 12 h, 24 h; dbi v&i céac thi
nghiém sau 24 h, cac mau dwoc
ngam trong nwéc cho dén ngay thi
nghiém. Cac mau try 100x200mm
duwoc thao khuoén luc 20+2 h va
ngam trong nwéc cho dén ngay thi
nghiém.

R, vaR dugcxac dinh theo TCVN
3119:2022 va TCVN 3118:2022,
V., dugc xac dinh theo TCVN
13537:2022. R , R, dworc xac dinh
lic 9 h, 12 h, 24 h, 3 ngay, 7 ngay
va 28 ngay; V_, duoc xac dinh luc
3, 7 va 28 ngay. Két qua thi nghiém
R, va V_, la gia tri trung binh cla
3 mau, R_la gia trj trung binh cua
6 mau.
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3. KET QUA VA THAO LUAN Bang 2. Cuong dé kéo udn dat duoc clia cac BTSC chira NS so voi bé

. Ay X téng OTBONS va 15TBONS
3.1. Cwdng do kéo uodn

R,, cua cac BTSC theo thoi gian 9h 12 h 24 h 3ngay | 7ngay | 28 ngay
dwoc thé hién trén Hinh 2. Loai BTSC
16 So v&i bé tong 0TBONS (%)

®m9h mI2h m®m24h w®m3ngay ®™7ngay m28ngay

s o

0TBONS 100 100 100 100 100 100

15TBONS 59,9 62,3 96,9 99,5 102,1 102,7

Cuong d6 kéo uén (MPa)

15TB1,5NS 132,3 120,9 147,9 114,0 11,4 110,8

o N &= o o

0TBONS  ISTBONS 15TB1.5NS 15TB2.5NS 15TB3.5NS 15TB4.5NS

Lo bé t6ng 15TB2,5NS 165,3 169,0 150,5 119,6 122,4 17,4

Hinh 2. Cuong d6 kéo udn cua

cée BTSC 15TB3,5NS 167,7 170,0 138,8 18,4 120,4 116,8

R,, cta cac BTSC chira (1,5-4,5)% 15TB4,5NS 170,7 172,7 135,3 116,1 119,3 12,9

NS déu cao hon so v&i bé téng
OTBONS va 15TBONS, dic biét Loai BTSC So v&i bé tong 15TBONS (%)

& cac do tudi som trwdc 24 h.

Cuong do kéo uén dat dugc clia 15TBONS 100 100 100 100 100 100

cac BTSC chwra NS so véi bé téng

15TB1,5NS 221,0 194,1 152,6 14,5 109,1 107,9
OTBONS va 15TBONS duworc trinh

bay trong Bang 2. 15TB2,5NS 276,0 2714 155,3 120,1 119,8 114,3

Khi so sanh v&i bé tdong 0TBONS,
R, cla bé téng 15TBONS & cac 15TB3,5NS 280,0 273,0 143,1 119,0 17,9 113,8

thoi diém trwdc 7 ngay thap hon,

X o L 15TB4,5NS 285,0 277,3 139,5 116,7 116,8 110,0
nhwng & 7 ngay va 28 ngay lai cao

hon mét chat, sy giam R, | cua bé Bang 3. Cuong dé nén dat duwoc cuia cac BTSC chira NS so
tong 15TBONS la do TB phan (rng voi bé tbng OTBONS va 15TBONS
puzolan cham, tuy nhién tr 7 ngay
vé sau, mirc d6 phan (rng puzolan _ 9h 12h 24h | 3ngay | 7ngay | 28 ngay
clia TB d4 du Ién tao ra canxi silicat Loai BTSC
-1 z Y ~ i e 0 o
hydrat (CSH) ther cAp l4p day cac 16 So v&i bé tong 0TBONS (%)
rong, dong thoi TB con lam tang lwc 0TBONS 100 100 100 100 100 100
dinh cai thién d6 dai cla bé tong va
dan dén sv gia tang R, [8]. Céc 15TBONS 68,2 80,8 91,3 92,7 93,7 98,7

BTSC chia (1,5-4,5)% NS déu c6

- 15TB1,5NS 94,9 92,6 1251 102,9 96,0 874
R,, cao hon bé tong 0TBONS. R,

cla cac BTSC chira NS tang manh 15TB2,5NS 115,2 119,3 138,5 106,8 97,5 84,6

nhét trong khoang thoi gian to (9-

tr 3 ngay den 28 ngay, sy gia tang 15TB45NS | 1406 | 1165 | 1218 | 918 85,9 80,6
R, giam dan, ti 1& tang gap 1,10-

1,22 1an. O céac thoi diégm (9-12) h, Loai BTSC So v&i bé tong 15TBONS (%)

ham Ilwong NS cang nhiéu thi R,

t8ing cang manh, BTSC chra 4,5% 15TBONS 100 100 100 100 100 100

NS thé hién R, cao nhét; tuy nhién, 15TB1,5NS 139,3 114,6 137,0 111,0 102,5 88,6

& cac thodi diém tlr 24 h vé sau, cac
BTSC chtra (2,5-3,5)% NS lai thé 15TB2,5NS 169,0 1478 151,7 115,2 104,1 85,8

hién R, cao nhat. 15TB35NS | 1832 | 1436 | 1387 | 1054 | 992 | 830

Khi so sanh v&i bé tong 15TBONS,

két qua cling c6 xu hueng twong 15TB4,5NS 206,3 1443 133,4 99,0 91,7 81,7

Sé 6 nam 2025 |
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tw nhw trén. R cia cac BTSC
chra NS & cac thoi diém (9-12) h
tang gap 1,94-2,85 lan; & cac thoi
diém tir 3 ngay dén 28 ngay ting
gap 1,08-1,20 lan.

Sv gia tang R, manh clia cac
BTSC chira NS & tudi sém la do
NS lam ting dd pH, gia téng téc
dd hoa tan cac hop chét trong XM
(chd yéu la C,S, CaO) va trong TB
(chd yéu 1a Al,O,, SiO,) day nhanh
toc do thay hoa va cac phan ng
puzolan, hinh thanh cac hop chéat
m&i nhw CSH, ettringite (6CaO.
AlLO,.3S0,.32H,0) va gehlenit
hydrat (C,ASH,) [2-4, 6]. Tuy
nhién, & cac dod tudi muodn (sau 7
ngay), NS lai han ché su thdy héa
ctia hé théng CKD [2-4, 6], dan
dén R, tang cham hon so v&i cac
bé tdng OTBONS va 15TBONS.

3.2. Cwong dd nén

R, cua cac BTSC theo thoi gian
dwoc thé hién trén Hinh 3. Cuwéong
dd nén dat dwoc ctia cac BTSC
chtra NS so v@i bé tong OTBONS
va 15TBONS duwgc trinh bay trong
Bang 3.

90

®0h mi2h m24h m3ngay m7ngay W28 ngay

80

Cuong do nén (MPa)
S -
S & 5 & 3 3

OTBONS  ISTBONS 1STB1.5NS ISTB2.SNS 15TB3.5NS 15TB4.5NS
Loai bé tong

Hinh 3. Cwong dé nén cua cac
BTSC

Khi so sanh véi bé tong 0TBONS,
R cua bé téng 15TBONS & tat ca
cac thoi diém déu thdp hon, &
28 ngay béng 98,7%. Cac BTSC
chira (1,5-4,5)% NS c6 R cao hon
bé tong 0TBONS & cac thdi diém
tr (9-24)h, rieng BTSC chira 1,5%
NS c6 R thadp hon & 9 hva 12 h
nhwng cao hon & 24 h. O thoi diém
3 ngay, chi c6 BTSC chra 1,5%
NS va 2,5% NS ¢6 R cao hon; &
thdi diém 7 va 28 ngay, tat ca cac
BTSC con lai déu c6 R thép hon.

| S6 6 nam 2025

Khi so sanh vé&i bé tong 15TBONS,
R, cua cac BTSC chira NS & cac
thdi diém tr 9 h-3 ngay déu cao
hon, riéng BTSC cha 4,5% NS
c6 R & 3 ngay twong dwong; &
thoi diém 7 ngay, chi cé cac BTSC
chira (1,5-2,5)% NS c6 R cao hon;
& thoi diém 28 ngay, tat cac BTSC
chira NS déu co R thép hon.

Két qua trén cho thay cac BTSC
chra NS dat dwoc R, cao hon
nhiéu so voi R , diéu nay c6 thé Ia
do lyc dinh két trong bé téng gia
tang khi két hop TB va NS nhw da
giai thich & trén. Viéc gia tang R,
la diéu rét can thiét cia BTSC mat
duwdng 6 td6 va san bay, vi day la
chi tiéu quan trong nhat dé danh
gia strc chiu tai cta tm bé téng
mat dudng.

Méi twong quan gitta R va R, cla
cac BTSC dwoc thé hién trén Hinh
4, quan hé c6 dang tuyén tinh ti 1&
thuan rét chat ché véi hé sb xac
dinh R2=0,94.

y=0.189x +0.035
. R2=0.942

Cuong do kéo udn (MPa)

0 15 30 45 60 75 90
Cuong do nén (MPa)

Hinh 4. Quan hé gidta R va R, ,
cla cac BTSC

KHOAHOC - CONG NGHE S FFFT

3.3. Van téc xung siéu am

V_, cla cac BTSC duwoc thé hién
trén Hinh 5. V_, dat dwoc cua cac
BTSC chra NS so véi bé tong
OTBONS va 15TBONS dwoc trinh
bay trong Bang 4.

4900

m3ngdy m7ngay m28ngay

4800
4700
5 4600
2

4500

4400

4300

4200
OTBONS  15TBONS 1STB1.5NS 15TB2.5NS 15TB3.5NS 15TB4.5NS
Loai bé tong

Hinh 5. Véan téc xung siéu &m cla
cac BTSC

V_, cla bé tong 15TBONS & 3 ngay
nhé hon mét chat nhung & 7 ngay
twong dwong va & 28 ngay Ién
hon khoang 1,1% so v&i bé téng
OTBONS. Bé tong 15TB1,5NS thé
hién V_, cao nhét & 3 va 7 ngay
nhung & 28 ngay lai thdp hon bé
tong 15TBONS khodng 0,4%. Khi
ham Ilwgng NS tang lén thi V_, co
xu huwéng giam xubng, dic biét
khi ham lwgng NS tang Ién 4,5%
thi V_, gidm xudng sau, xu hudng
nay twong ty nhw cuwdng dé nén,
nguyén nhan la NS han ché sw
thay héa ctia hé théng chat két dinh
& tudi mudn nhw da giai thich. Tuy
nhién, V_ cla bé tong 15TB2,5NS
gidm khong dang ké va xap xi véi
cac bé tong 15TBONS va 0TBONS.

Bang 4. Vantbc xung siéu 4m dat duoc cta cac BTSC so véi bé toéng
OTBONS va 15TBONS

3 ngay | 7 ngay 2{3 3 ngay | 7 ngay 2{3
Loai BTSC NGay | LoaiBTSC ngay
So v6i bé tong 0TBONS So vai bé tong 15TBONS
0TBONS 100 100 100 - - - -
15TBONS | 99,7 | 100,1 | 101,1 | 15TBONS 100 100 100
15TB1,5NS | 101,4 | 102,1 | 100,7 | 15TB1,5NS | 101,7 | 102,0 | 99,6
15TB2,5NS | 98,8 | 100,0 | 99,9 | 15TB2,5NS | 99,2 | 99,9 | 988
15TB3,5NS | 98,3 | 98,6 | 99,5 | 15TB3,5NS | 986 | 98,5 | 984
15TB4,5NS | 96,3 | 96,8 | 96,7 | 15TB4,5NS | 96,6 | 96,7 | 9506
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3.4. So sanh vé&i yéu cau cua bé
tong mat dworng 6 té6 va séan bay

Theo [9, 10], d6i v&i bé téng mat
dwong 6 to va san bay, cac mau
ldy & hién trwdng phai cé cudng
dokéoudbn R, 24,5 MPa, khi thiét
ké thanh phan bé téng trong phong
thi nghiém, yéu cau R, 2 1,15.
R, = 5,18 MPa. O thoi diém 24 h,
tat ca cac BTSC chwa (1,5-4,5)%
NS c6 R, ,,, quy dbi vé méu dam
150x150x600 mm (nhan v&i hé sé
0 = 0,92 theo TCVN 3119:2022)
dat tw (6,75-7,38) MPa =2 5,18 MPa
nén dap (rng yéu cau. Trong thyc té
thi cong slra chiva mat dwdng, khi
R 2 70%R, . (R, = 3,63 MPa),
c6 thé cho phép phuwong tién giao
thong qua lai. O’ thdi diém 12 h, cac
BTSC 15TB2,5NS, 15TB3,5NS
va 15TB4,5NS co R, quy doi
vé mau dam 150x150x600 mm
lan lwot 3,82 MPa; 3,85 MPa va
3,91 MPa = 3,63 MPa nén c6 thé
cho phép théng xe Itic 12 h sau khi

thi cdng.

4. KET LUAN VA KIEN NGHI

Cac két luan ban dau co thé duwoc
rat ra tir nghién ctvu nay nhv sau:

NS day nhanh téc d6 thay hoéa va
phan &ng puzolan, cai thién dang
ké cworng d6 sém cla cac BTSC,
dac biét la & cac do trwée 24 h. Tuy
nhién, tr sau 3 ngay, NS bét dau
han ché su thiy héa va sy gia tang
cwong d6 cua cac BTSC cham lai.

Cac BTSC chira (1,5-4,5)% NS thé
hién cwdng d6 kéo ubn tét hon so
véi cuong do nén. O cac thoi diém
(9-12) h, R, cua cac BTSC chwa
NS tang gap 1,94-2,85 lan; & cac
thoi diém tir 24 h dén 28 ngay, R,
tang gap 1,08-1,20 Ian so vé&i bé
téng 15TBONS.

Cac BTSC chira (1,5-2,5)% NS
cé V, twong duwong voi bé tong
OTBONS va 15TBONS, khi ham
lwong NS trén 3,5% thi V_ c6 xu
hwéng gidm xubng sau.

11 Juin
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Tét ca cac BTSC chwra (1,5-4,5)%
NS dap ¢ng duwoc yéu cau thi
cbng va thdong xe trong vong 24
h. Trong truéng hop cép thiét, cac
BTSC 15TB2,5NS, 15TB3,5NS va
15TB4,5NS c6 thé dap ng yéu
cau thi céng va théng xe trong
khoang 12 h.

Trong nghién ctru nay, ham luwong

NS st dung trong khoang (2,5-
3,5)% la tbi wu.

Can nghién ctu thém mot sb
tinh chat khac cia BTSC nhw do
mai mon, tinh dinh bam v&i bé
téng ci, co ngét khod, do thadm ion
clorua, kha ndng chéng &n mon cbt
thép,...m

Loi cam on

Nghién clru nay dwoc tai tro kinh
phi b&i Treong Pai hoc Sw pham
Ky thuat - Dai hoc Da Nang trong
dé tai c6 Ma sb T2024-06-14.
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O SU LIEN NGANH GIAO THONG VAN TAI

ganh (Specialization):
. fu, ham, dudng bo, duong sit, duong thiy, bén cang, san bay; két ciu; vat
liéu; nén T8 KV thudt giao thong: quy hoach giao thong (Bridge, Tunnel, Road, Railway,
Waterway, Port, Airport; Structures; Materials, Foundation; Traffic Engineering; Transportation
Planning).

7.2. To chirc va quan Iy giao thong vén tai; didu khién trong GTVT bién, song, sit, 6 to,
hang khong (Organization and Management in Transportation; Control in Transportation).

7.3. Bao dam hang hai, duong thiy (Maritime and Internal waterway safety).

7.4. Khai thac van tai dudng sit, dudng bo, duong thiy, dudng bién, hang khong (Railway,
Road, Internal Waterway, Maritime, Airway Transport Operation).

7.5. May xéy dung—xép da, ky thuat phuong tién van tai 6 to, ddu may, toa xe, tau thiy
(Loading, Unloading and Construction Machines; Transport Mechanical Engineering).

7.6. Bao v§ cong trinh giao thong vén tai (Protection of Transport Works).
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" | Communications Science e-2615-9554 ACI | théng vén tai 0—1,25 tir 2022
Journal) 0—1,0 tir 2025
20, | Khoahoc ky thudt Thity loi | )¢50 3941 | Tap chi | Truomg Pai hoe Thay loi 0-05
va Mol truong
21. | Khoa h a Co hé 1859-1531 | Tap chi | Pai hoc Pa Nang 0-H
) oa hoc va Cong nghe - ap chi | Pai hoc Da Nang 0— 0,75 tir 2025
Khoa hoc va Cong nghé .| Vién Han 1am Khoa hoc va 0-0,5
99 e ; ¥ 1!
<% | Bién 1859-3097 | Tep ebl| a0 1oha Vigt Nam 0 — 0,75 tir 2021
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2734-9098
23. | Khoa hoc va Cong nghé €-2615-9562 |Tap chi | Pai hoc Thai Nguyén 0-0,5
(1859-2171)
Khoa hoc va Céng nghé B Khoa hoc va Co =
24, | ooL08 19CVEONE NELG 1859-4794 | Tap chi| o 08 0¢ Va Long 0-0,75 tir 2020
Viét Nam (Series B) nghé .
0-1,0 ttr 2022
- | Khoa hoc va Cong nghé .| Vién Khoa hoc Céng nghé
25 Xay dimng 1859-1566 | Tap chi X8y dung, B Xy dung 0-0,5
Hoc vién K§ thuat Qua i~k
26. | Khoa hoc va K thuat 1859-0209 | Tap chi SUQC vien Ky thodelQuan. | 55 o751y 9016
' 0 — 1,0 tir 2025
27. | Kién tric 0866-8617 | Tap chi | Hoi Kién tric sw Viét Nam 0-0,25
28. | Kién tric Viét Nam 0868-3786 | Tap chi | Bo Xay dun 00,85
2 =3
' = ORI 0 - 0,5 tir 2024
29. | Kinh t& va Phat trién \SUOLE  [Tep dhy | ToIoNE BRRhpRAIIR TS 0-0,5
quoc dan
" Nang lugng Nhiét (7¢én cii: o .| Ho1 Khoa hoe K§ thuét
30 | K11 va N nhiét) 06R-3336. |Tap &hl | o oo e N S
No6ng nghiép va Phat trién 1859-4581 .| Bo Nong nghiép va Phét -
3. nong thon (0866-7020) Tap et | 5o 08 ndng thon 0-023
Phat trién Khoa hoc va _| Pai hoc Qudc gia Thanh 0-0,5
32« | Coig nghs 1859-0128 | Tap chi| 4 148 Chi Minh 0—0,75 tir 2021
Truong DH Giao thong
Van tai - BH Tong hop K§¥
3. Science J01',11'11al of 24109088 | Tap chi thuét giao thollzg duong bp 0= 0,75 tir 2020
transportation Matxccova Lién bang Nga
- DH Giao thong Tay Nam
Trung Qudc.
= Vietnam Journal of n Tap chi | Vién Han 1am Khoa hoc va 3
34. | Mechanics (C##: Ca hoc) Q866-T138 " Apr | CongneheVistNem L
Vietnam Journal of Science . . \
’ 5 o 0-0,75 tir 202
35. | Technology and 25359461 |Tap-chit| B9 [hoa hoc va Cong 15 tir 2020
Enoi ) ) nghé 0—1,0 tir 2022
ngineering (Series C)
. 5 o 0- 0,25 tir 2022
- Vat liéu & xay dung, 1859-381X-V .| Vién Vit liéu Xay dung, :
A Materials & construction 2734-9438-E Taprohl B xdy dung =08 52005
SAA s P 0— 0,75 tir 2025
2734-9888 0-05
37. A o i o Xay d U )
37. | Ray dung (0866-8762) | 2P chi | BO Xay dung (c) dén 31/3/2025
- Khoa hoc va Cong nghé " . | Truong Pai hoc Cong 0-0,25 tir 2024
3% | Giao thbng 27349942 | Tapchl| 1 Gisothongvintdi | 0—0.56:2025
39. | Khoa hoc Pai hoc Cén th 1859-2333 |1 chi | Truomg Dai hoc Cn Tho | 00,25 tir 2024
27 | FHoaliee DA hoc LATT | ¢ 98155509 | P i, e
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(Kém theo Quyét dinh s6: 26/0D-HPGSNN ngay 11 thing 7 nam 2025)

CTU Jourrnal of Innovation g
. 2588-141 , —0.25ti
40. | and Sustainable ; 88 fS 64 18,) Tap chi | Truong Dai hoc Can Tho = _5 t\u 20724
Development St S 0-0,5tir 2025
Khoa hoc K¥ thuat Mo-Dia . | Truong Pai hoc Mo - Bia | 00,25 tr 2024
41, PR : . 1859-1 2 T ’
L1 chae 469 | Tapchil g 00,5 tir 2025
4 KhPa hoc Cong nghé Hang 2815-5661 |Tap chi Hoc vién Hang khong Viét 0 — 0,25 tir 2024
khong Nam
~ | Xay dung (Nhap véi Tap | [F— 0-1,0
C . . = 24 0 . o ) ? o] o
. chi Giao thong Vén tai) 734-9888 | Tap chi| BO Xdy dung tir thang 4/2025
Xay dung (Nhap voi Tap 0—0.75
44. | chi Giao thong Van tai) e-3030-4482 |Tap chi | B Xay dung s tha ;1 025
(Ban dién tir) T thang
45. | Xay dung va D thi 1859-3119 |Tap chi | Hoc ién Chitnluge, BoL | 095 (v 2005
dudng can bo

¢) Nha xuét ban ¢6 uy tin:

- Nhé xudt ban ¢6 uy tin trén thé giéi: Nha xuét ban trén thé gisi bang 05 thir tiéng thong
dung (Anh, Nga, Phap, Dtrc, Trung Qudc), ndi dung sach lién quan dén cac linh viee GTVT gbém
24 nha xuét ban (Phu luc 2); NXB khéc, bing thir tiéng khac do Hoi dong nganh GTVT xem xét
quyét dinh tirng trudng hop cu thé.

- Nha xudt ban trong miede c6 uy tin: Khoa hoe & k¥ thuat; Giao thong van tai; Xay dung;
Giao dl_lC‘Viét Nam; Pai hoc Qudc gia Hé Noi; PH Qudc gia TP. H6 Chi Minh; Cac NXB khac
do Hoi dong nganh GTVT xem xét quyét dinh tirng truong hop cu thé.

- Tdc gia chinh: Tac gia chinh Ja tic gia ding dau (first author), tac gia lién hé

(corresponding author) duy nhét. Trong truong hop nay, diém tinh cho 2 tac gia chinh s& bing
1/3 s diém cua bai bao, sb diém con lai chia theo gié tri dong gop cua mdi nguoi ké ca tac gia
chinh. Truong hop khong thé xéc dinh cu thé gia tri dong gop ctia modi ngudi thi s6 diém con lai
chia déu cho ting ngudi tham gia. Trudng hop tap chi ¢6 quy dinh riéng va ¢6 minh chimng
ching minh, Hoi dong s& xem xét quyét dinh.
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Phu luc 1. NHA XUAT BAN QUOC TE CO UY TIN

STT Tén Nha xuat bin
1 Elsevier
2 Springer
3 Taylor & Francis
4 ICE Publishing
5 Wiley Online Library
6 Thompson
d Cambridge University Press
8 | Columbia University Press
9 Harvard University Press
10 | John’s Hopkins University Press
11 | 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

GoOm 24 nha xuét ban c6 uy tin trén thé gidi.



DAI HOC DA NANG CONG HOA XA HQI CHU NGHIA VIET NAM

TRUONG PAI HQC SU PHAM KY THUAT Doc lap - Tu do - Hanh phiic
S6: 556/QP-DHSPKT DBa Nang, ngay 16 théng 6 ndm 2025
QUYET PINH

Vé viéc thanh lap Héi ddng chdm diém a2 tai
sinh vién nghién citu khoa hoc nam 2025

HIEU TRUONG TRUONG PAI HQC SU PHAM KY THUAT

Cdn cie Quyét dinh s6 1749/0BD-TT. g ngay 08/11/2017 cua Thi tuéng Chinh phu
vé viéc thanh lap Truong Dai hoc Su pham K thudt thuéc Pai hoc Pa Nang,

Can cir Quyét dinh s6 3226/0P-DHDN ngay 21/9/2020 ciia Giém doc Bai hoc
Da Nang vé viéc ban hanh Quy dinh hoat dong nghién curu khoa hoc cia sinh vién Dai
hoc Pa Néng;

Can cir Quyét dinh s6 421 7/OD-DHDN ngay 10/12/2021 cua Gidm déc Dai hoc
Da Néng vé viéc sira dbi, bé sung mot so diéu Quy dinh hoat dong nghién citu khoa hoc
cia sinh vién Dai hoc Pa Néng ban hanh theo Quyét dinh 3 226/OD-DHDN ngay
21/9/2020 cia Gidm doc Dai hoc Da Néng;

Can cik Ké hoach so 884/KH- -DHSPKT ngay 16/9/2024 cia Truong Dai hoc Sw
pham K3 thudt vé viéc t6 chirc trién khai dé tai nghién cuu khoa hoc cua sinh vién
Truong Dai hoc Sw pham Ky thudt nam hoc 2024 - 2025;

Can cie Quyét dinh s6 41/0D-DHSPKT ngay 20/01/2025 cua Hiéu truong
Truong Dai hoc Sw pham ky thudt vé viéc phé duyét kinh phi va giao nhiém vu thuc
hién dé tai nghién ciru khoa hoc ciia sinh vién Truong Dai hoc Su pham Ky thudt nam
2009;

Cén cie Két qud ciia cde Hpi dong dénh gid nghiém thu va xép logi dé tai nghién
cuu khoa hoc cua sinh vién ndm 2025,

Theo dé nghi ciia Phé Trudng phong phu trdch Phong Quan Iy Khoa hoc va Hop
tdc Québc té.

QUYET PINH:

Piéu 1. Thanh lap Hoi dong chdm diém @@ tai sinh vién nghién ctru khoa hoc
nam 2025 gém cac thanh vién c6 tén trong danh sach kém theo.

Diéu 2. Hoi ddng c6 nhiém vu chdm diém cac d2 tai sinh vién nghién ctu khoa
hoc (SVNCKH) nédm 2025 dugc & ctr boi cac Hoi ddng danh gia nghiém thu va xép
loai d8 tai nghién ctru khoa hoc cta sinh vién ndm 2025 va dé xuét dé tai tham gia cudc
thi SVNCKH cap bd, thanh phé va Pai hoc Pa Ning. Hoi ddng tu giai thé sau khi hoan
thanh nhiém vu.

Piéu 3. Ph6 Truong phong phu trach Phong Quan ly Khoa hoc va Hop tac Quéc
té, Trudng cac don vi thude truong Dai hoc Su pham K¥ thuat c6 lién quan va cac ca
nhén c6 tén trong danh sach kém theo tai Piéu 1 can ctir Quyét dinh thi hanh./, g

Noi nhin: KT-H EU TRUUNG
- Nhu Diéu 3; o

- Luu: VT, P. QLKH&HTQT. 72




: DAl HOC DA KAN . CONG HOA XA HOI CHU NGHIA VIET NAM
TRUONG DAI HOCSU BHAM KY THUAT Poc lap - Tu do - Hanh phiic

(Kem theo i ,« 5 556/0P-DHSPKT ngay 16 thdng 6 nam 2025 cua
Hiéu z‘rwong T ruong Dai hoc Su pham K thudt, Dai hoc Pa Néng)

Stt Ho va tén Don vi Chirc trach
1 | PGS.TS. V6 Trung Hung | Ban Gidm hiéu Chu tich
S 4 Phong Quan ly Khoa hoc va Lo
2 | TS. Nguyén Minh Tién Hopis Onto i Uy vién
32| TS H6 Tran Anh Ngoc Khoa Co khi Uy vién
4 | TS. Tran Hoang Vii Khoa Dién - Pién tir Uy vién
5 | TS. Phan Tién Vinh Khoa K¥ thuat Xay dung Uy Vién
TS. Huynh Thi Diém Khoa Céng nghé Héa hoc e
6 A T Uy vién
Uyén va Méi trudng
7 | TS. Hoang Thi My Lé Khoa Céng nghé S6 Uy vién
8 | TS.Nguyén Puc S§ Khoa Su pham Céng nghiép Uy vién
ot Phong Quan ly Khoa hoc va -
9 | CN. Nguyén Hai Long Hop téc Quéc té Thu ky 7

(Danh sdch gom cé 09 thanh vién)./. /
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8 / truomg Truong Dai hoc Su pham Ky thudt, Pai hoc Da Nc?ng)

CONG HOA XA HOI CHU NGHIA VIET NAM
Doc lap - Tw do - Hanh phiic

DE TAI SINH VIEN NGHIEN CU'U KHOA HQC PUQC PE CU

6 Quyét dinh s6 556/QP-DHSPKT ngay 16 thdng 6 ndm 2025 cua

e 4 = Tén cac sinh vién 2 Giang vién p s 2 X Giai
STT Ma so Tén dé tai 43 Lop S R Ket qua, san pham dé tai g
thue hién huéng dan thwéng
Tiéu ban Co khi ché tao - Co Dién tir
Ap dung thudt to4n didu x ;. i Sl 5 et
TN Rl Nguyén Vin Truc 21CDT2 A R - Bai bao dang ky yéu sinh vién nghién ciru khoa
I $V2025-02 'gﬂ‘g?nze:h‘(’)‘;“égtggfgg‘éﬂ;" Nguy&n Trin Ca 21CDT2 Ilr:; Neo/ Quott il hie: : Giai Nhét
thay'déi oo fhdi i ; Truong Dinh Khang 21CDT2 - M6 hinh thyc hoat dong 6n dinh
| Thai L€ Bao Khang 23CDT3 - M0 hinh h¢ thong ban quay de lap dat camera quét
Ung dung Al trong phan tich | Tran Viét Diing 23CDT1 3 nhiét do. Hé thong phan tich hinh anh nhiét tich hgp
2 SV2025-05 anh nhiét de chan doan tinh Bui Déng Vinh Phét 23CDT3 Nguyén Pht Sinh | thuét toan tri tué nhz‘;n tao; Giadi Nhi
trang thiét bi Nguyén L& Hoai Bao 24CDT1 - Bai bao dang ky yéu sinh vién nghién ciru khoa
Nguyén Hoang Long 22CDT2 hoc
A Ehandan odng Ao - M6 hinh thuc té hoat dong én dinh;
Nghién cfu sin xuatchen, | Ho Van Ly 22C1 : - Bai béo dang ky yéu sinh vién nghién ctru khoa hoc;
3 S$V2025-13 | dia biing vat li¢u ba mia than | Nguyén Hong Nhat Béo 22C2 Bui H¢ Théng e Brin o e | GialRy
SRR x ; - Bai bao dang tai tap chi hodc ky yéu hdi nghi co
thién moi trudong Nguyén Van Thai Duong 22€C2 ISSN hodc ISBN
Pham Vin Canh 22C2 :
; Diang Van Tai 23C1 - M5 hinh thiét bi mé)’/ do dg cirng HB;
Nghién ctru m6 phong va ché | Pham Hoang Nam 23Cl1 Hoans Troh - Bai b4o ding ky yéu sinh vién nghién ctu khoa
4 $V2025-19 | tao mo hinh thiétbjdodo | Nguyén Hiru Thanh 23CI b hoc ; ' Giai Ba
cimg HB Nguyén Dirc Thanh Hiéu 23Cl1 - Bai bao ding tai tap chi hodc ky yéu hoi nghij co
Doan Ngoc Huin 23ClI ISSN hoéc ISBN ;
Tiéu ban Dién Nhiét lanh - Co khi 6 tb
R g Ha Anh Vi 29DLI1 -hMo‘hinhAban do xe thong m}nh tncih hgp ngon ngir
Thiét k€, vAn hanh mo hinh A 14p trinh bac cao trong quén ly va van hanh; . - -
bai d3 xe thong minh sir e b0 hon 22011 - Bai bfo dang tai tap chi hoac ky yéu hoi nghj c¢
5 SVo0o5teT. it e s .| Phan Nhu Thujt 21DL2 Bui Van Hing il T s GiaiNhat
dung ngon ngir 1dp trinh béc ISSN hodc ISBN;
cao Dbl 2 - Bai bao ding ky yéu sinh vién nghién ctru kho
Lé Thi Hong Vi 23DL3 A exyy g 2
Neuyén Hung Tém 29DLI - Mo hinh vé C~0ng ngh? luvu trir Hydrogen ran véi
R 2k ; kha nang luu trir dugc Nang cao;
Nehieniciu nangicao Iiey. i) (Y0 Du Dinh L2 - Bai béo dng tai tap chi hodc ky yéu hoi nghi ¢6
6 $V2025-08 | qué luwu trir hydrogen rén Lam Dao Nhon 21DLI Bui Van Hung Sea ie 2y YR I DEAL DS | Giai Nhi
TEpCTi ; i, ISSN hoac ISBN;
trong D6 thi Thong minh Mai Dic Hung 21DL1 R bh0 B iy oAy sinkiviennaliien ot
Lé Anh Van 22DLI A gy i
7 Gv2025.17 | Nehién ctru céc gidi phép va | Lé Tién Sy 22N1 Ho Tran Anh - M6 hinh hé théng didu hoa khong khi dé tiét kiém GiaiBa
dé xuat mo hinh tiét kiém Nguyén Xuan Chinh 22N1 Ngoc ndng luong; :
8 Ve ~
[ 3225 )3
ol EESBEIE




i . 9 Tén cac sinh vién & Giang vién s z i Giai
STT Mi sb Tén dé tai iR Lop b Két qua, sin phAm d¢é tai 5
thue hién hudéng dan thudéng
nang lugng trong cac hé Tran Thanh An 22N2 - Bai bao ding ky yéu sinh vién nghién ctru khoa
thong Nhiét - Lanh Nguyén Hong Phong 22N2 hoc
Nguyén Duy Bao 24N1
Tieu ban Pién - Pién tir 01
Pham Van Phuc 21TDH2 :
R gL i 22 PO - May uon day dié¢n 3D ty dong;
Thiét ké va ché tao may udn Huynh Tén Tai 21TDH2 Pham Duy S YR g S il
8 SV2025-32 day dién 3D P& Trong Dat 22TDH1 Dudng I-1BCal bédo dang ky yéu sinh vién nghién ctru khoa Giai Nhat
Lé& Thanh Ting 22TDH2 0
Thiét ké bd chuyén dbi pha . £ AR ;
clu toan phén tao thanh by Trinh Hong Phuc 23D2 : ;ﬂgghsf‘w nlEnh icho pInEERdIon oy Elam bdt s
9 SV2025-28 | chuyén doi DC-DC c6 giam Pham Quang Minh 23D2 Tran Duy Chung | Bai ba{o TR R Giai Nhi
sat tang cuong sac nhanh cho [Lwu Anh Kiét 23D2 pan B Ry & ‘
xe may dién M
: Trin Viin Nam 22D2 ;lgch:,t]}?l canh bao bo quén tré nho trén xe dua don
Cong nghé radar song ngin, | Nguyén Vin Linh 2272 SR = o et SRR B e
10 SV2025-25 | gii phap phét hién tré em bo | Tran Nghiéu Ludn 22DT1 NEo I Minh Lacsanein i hone dninn icubl S BEo b0 6ioina
AL : x £ Huong quén tré nho ;
quén trén xe dua don tré em Nguyén Thé Luong 22DT1 R i dane ke S AitE Ve e e
Luu Vin Cong 22DTI i gXyy &
Tiéu ban Dién - Pién tir 02
oA | L& Thanh Tung 218Kl i ¢
Thiét ke va che tao may quan | Pham L€ Diém Quynh 21TDH2 Neuvén Vin - May quan cac nhom ddy dong cho dong co dién; ]
11 SV2025-31 cac nhom day dong cho dong | Huynh Tan Tai 21SK1 guy - Bai bao dang ky yéu sinh vién nghién ctru khoa Giai Nhat
i L Nam
co dién Vo Chi Quy 21SK1 hoc
Trén Vin Khanh 21SK1
i Bl am Gl - Mo hinh dém s lugng ca giéng (gdm: camera, bé
Nghién ctru va (g dung md | Nguyén Van Huy 23TDHI1 Phan Thi Thanh ) IDE 6 BUNE AL i
12 SV2025-24 hinh phét h'ién doi tuong cho | Dang Thanh Nhi¢m 24TDH2 Van ; ¥ B’éi b SR SO R Giai Nhi
hé théng dém ca giéng Huynh Nhat Son 24TDH2 A gy &
Luu Quée Tuéin 24TDH2 2
Nghién ciru thiét ké he ll16ng Bul‘ Flhl(;n Kh;ﬁm g}D?: -‘Molh‘i.nh hé¢ thong tu dong tict kiém dién nang cho
13 $V2025-37 | tw dong tiét kiém dién nang | Luynh Van Thoi 2 Trdn Hoang Vi |'03 14 B R . Giai Ba
L Pham Khac Binh 21DT1 - Bai bao dang ky yéu sinh vién nghién ctru khoa
Huynh Phic Tén _ 21DT1 hoc
Tieu ban Cong nghé¢ thong tin
Xdy dung ung dung di dong - Vong tay c6 kha nang canh bao nguoi st dung co
canh bdo nguy co nhdi mau D& Thai Binh 22T3 Nguyén T4n nguy co nhdi mau co tim cho ngudi sir dung, ngudi | ...
e SN co }im qua thiét bj deo tay tw | Nguyén Phudc Loc 22T3 Thuan than thong qua trng dung di dong; el
thiét ké - Bai bao dang ky yéu sinh vién nghién ciru khoa hoc
. Z A A r Y ~ A A b
Tiéu ban Cong nghé Hoa hoc va Ky thuat Moi truong
Ché tao va xéc dinh tinh chit Nguyén Huynh Thong 23VLI - 25 cm2 mang sinh hoc va quy trinh ché tao mang; :
15 SV2025-52 | cua mang sinh hoc tir tinh bt | Le Vit Anh Khoa 23KHH1 Phan Chi Uyén - Bai bao dang ky y€u sinh vién nghién ctru khoa Giai Nhat
sdn va keratin Tran Minh Khué 23KHH1 hoc




.. A 48 Tén cac sinh vién , Giang vién ik Py Giai
STT Mi s Tén dé tai o Lop e Ve Két qua, san pham dé tai %
thue hién hwéng dan thuwéng
Cao Thi Huong Thi 23KHH1
Nehifncucacy,utaanh )i Traninh Quang 2IMIL - 100ml Déu diesel sinh hoc chuyén ho tir dAu &n da
hudng den hi€u suat san xuat Ngd Dinh Thai 21MT1 Dinh Thi My et
16 SV2025-42 | ddu diesel sinh hoc tir ddu &n | HO Dirc Manh 21MTI Tt iAol s B e Giai Nhi
da qua st dung Nguyén Viét Quang Huy 21MTI & e XYYy & 2
Ha Pirc Khang Ninh 21MTI g
Nghién ciru hoat tinh tinh
khang oxy hda cua cac hop x :
17 SV2025-57 | chét catecholamines bang Nguygn LhiEhugng s O V6 Vin Quan Bai bdo dang ky yéu sinh vién nghién ctru khoa hoc | Giai Ba
. Vo Thao My 24KTHHI
phuong phap tinh todn hoa
hoc
Tiéu ban Cong nghé thwe pham va Cong nghé Sinh hoc
N o e | i
i ; Nguyén Thj TS Uyén 19HTP1 Ngé Thi Minh S5 A e i
18 SV2025-47 ?&p{i u’:lngl :hu?r% rtlaobl;io t;lgm Hodng Minh Nha 23HTPI Phironp Bai bdo ding ky yéu sinh vién nghién ciru khoa hoc | Giai Nhat
BT Bl Trén L& Anh Th 23HTPI
thyc pham
Nghién ciru 1én men sita chua :
hat mit boi vi khuin Vo Thi My Ly 21HTP Tran Thi Ngoc Lok AL i Ve SRl g
19 SV2025-53 Lactobacillus sp. Pugc phan | Dang Thi Tric Ly 21HTP Thu Bai bdo ding ky yéu sinh vién nghién ciru khoa hoc | Gidi Nhi
14p tir nem tré
Nghién ciru bao quén thuc Lé Thi Thay Kiéu 22HTPI
phdm bang mang sinh hoc Truong Thj Phuong Nhi 22HTPI1 Ngo Thi Minh (il LR LR
20 SV2025-46 (pectin/alginate v Trin Nguyén Hiru Dat 21HTPI Phurong Bai b4o ding ky yéu sinh vién nghién ctru khoa hoc | Giai Ba
pectin/tinh bdt) hoat tinh Vi Quang Trudng 21HTPI
Tiéu ban Vit liéu xay dung
- Thanh phén vit lidu cac bé tong, cdc mau tru bé
Nghién ciru nang cao cuong | Nguyén Cong Tam 21XC1 tong kich thudc 100x200 mm, 2 miu/loai bé tong ;
21 SVI025463 || Sojcuapeions Gitto) o Nguyén Hiru Thang 21XD1 Hb Vin Quén - Bai bdo ding trén tap chi chuyén nganh trong nuéc | Giai Nhét
dung trong stra chira mat Tran Trong Hicu 21XCl1 3 :
dudmg 6 to Nguyén Duy Truon 24XCl nim nongdaph muc IR
& B g ~Bai béo dang ky yéu sinh vién nghién ciru khoa
hoc
N.g}r‘li:e“gﬁ“ anh huong ct:"la’phu -M& hinh 2 mu gach 16t nén tir cAp phdi nghién
ghoa oo va pteia Hioe Nguyén Vin Thudn 22XD1 clru ;
dén tinh chét twoi va tinh chat co V& Duy Duin 29XD1 Neuvan Tén : 1
22 SV2025-65 | hoccua vétligu chén lap cuong e guy - Bai bao dugc chip nhan dang trén tap chi trong Giai Nhi
S Nguyén Hoang 22XD1 Khoa A :
do thap ot & Thanh T4 24XD2 nudce thugc danh muc HDGSNN;
EPDE oAy o -Bai bdo dang ky yéu sinh vién nghién ctru khoa
hoc
Nghién ciru anh huoéng cua Hoang Anh Quy 21XDl1 :
23 SV2025-68 | phu gia khoéng va ham Nguyén Gia Trinh 21XDl1 DPoan Vinh Phic Bai b4o diang ky yéu sinh vién nghién ciru khoa hoc | Giai Ba
lugng polymer chong tham Huynh Chau Anh 21XDl1




STT | Masé Tén d? tai Ten cuesinh vien Lép (Glangvich K&t qua, san phim a tai il
thue hién hudéng dan thudng
dang long dén cuong do va
kha nang chdng thim cua
vira xay dung
Tiéu ban Kién tric - Két ciu - Ha ting
Nghién ctru két cAu tim bé | Phan Thai Son 22XD2 Neuyén Thé ; .
24 SV2025-71 tong thoat nudc tinh nang Nguyen Nhét Quycn 22XD2 Duong Bai bao dang ky yéu sinh vién nghién ctru khoa hoc | Giai Nhat
cao khong cot thép Phan Quyét Anh 22XD2
Nhan dién cac chi tiét cong
5o ngd va hang rao cua cac cong
$V2025-62 :;'i"l':u';';“l;;'fh‘;‘;‘l’fp’;? g;:]"‘g l?j;th\‘fi‘é;’\zgi g;ﬂ: Dinh Nam Dirc | Bai bo daing ky yéu sinh vién nghién ciru khoa hoc | Giai Nhi
Néng thoi Phap thudc (1888-
1950)
Nghién ctru ing dung két cAu | L& Thj Phuong Trinh 21XClI
cAu ban trén coc bé tong C(j)l Lé Ngoc Long 21XHI Nguyén Hiru g
26 SV2025-74 | thép thay the nén dudng dap L& Cong Binh 21XCl1 Tuan Bai bao dang ky yéu sinh vién nghién ctru khoa hoc | Giai Ba
cao tai dur an dudng cao toc Trinh Minh Hoan 22XH1
Hoa Lién - Tay Loan L& Ngoc T 23XCl1




DAl HOC PA NANG

5‘: TRUGNG BAI HOC SU PHAM KV THUAT

University of Technology and Education

Da Néng, ngay 27 thang 6 nam 2025

HIEU TRUONG TRUONG DAI HOC SU PHAM KY THUAT

XAC NHAN:
Sinh vién:
Nguyen Cong Tam 21XC1
Nguyen Hiru Thang 21XDl1
Trén Trong Hiéu 21XC1
Nguyén Duy Truong 24XC1

Khoa: Ky thuat Xay dyng
Di hoan thanh dé tai sinh vién nghién ctru khoa hoc
cua Truong Pai hoc Su pham K§ thuit nam 2025

Tén dé tai: Nghién ciru ning cao cuong d6 cua be tong & tudi som
dung trong stra chita mét duong 6 t6

Mai s6: SV2025-63
Giang vién huémg din: H6 Vin Quan

'KT. HIEU TRUONG
PHO HIEU TRUONG

e 48 Cao Thang Str., Danang City, Vietnam
e Tel: (84) 236. 3822571 / 3532501

o Fax: (84) 236. 3894884

e Email:dhspktdn@ute.udn.vn

e Web: www.ute.udn.vn




‘ DAIHQC PANANG CONG HOA XA HQI CHU NGHIA VIET NAM
TRUONG PAI HOC SU PHAM KY THUAT Poc lap - Tw do - Hanh phic

S6: 860/QP-DHSPKT Da Néang ngay 03 thdng 9 ndm 2025

‘ QUYET PINH
. Véviéc khen thuéng sinh vién dat giai
de tai nghién ctru khoa hoc ciia sinh viéen nam 2025
HIEU TRUONG TRUONG PAI HOC SU PHAM KY THUAT
. Cancu Quyét dinh s6 1749/0P-TTg ngay 08/11/2017 ciia Thii tudng Chinh phu
vé viéc thanh ldp Truong Dai hoc Sw pham Ky thudt thudc Pai hoc Da Nang;

Can cit Thong tu 56 10/2016/T 1-BGDDT ngay 05/4/2016 cua BJ trucng BJ Gido
duc va Dao tao vé viéc ban hanh Quy ché céng tdc sinh vién doéi voi chwong trinh dao
tao dai hoc hé chinh quy;

Can cit Thong tu 56 26/2021/T I-BGDDT ngay 17/9/2021 cua B¢ trucng Bg Gido
duc va Pao tao vé viéc ban hanh Quy dinh vé hoat dong nghién cuu khoa hoc cua sinh
vién trong co $¢ gido duc dai hoc;

Cdn cik két qud ciia cde Hpi dong nghiém thu dé tai sinh vién nghién cieu khoa
hoc nam 2025;

T} heorc'z’é‘ nghi cua Pho Truong phong phu trdch Phong Quan Iy Khoa hoc va H
tac Quoc té.

QUYET PINH:
Piéu 1: Khen thudng sinh vién dat giai ¢ tai nghién ctru khoa hoc cta sinh vién
nam 2025 (danh sach kém theo).
Diéu 2: Tang Gidy khen va tién thuong cho dé tai dat Giai Nhét, Giai Nhi, Giai
Ba. Muc tién thudng duoc trich tir ngudn kinh phi khoa hoc cdng nghé cia Trudng Dai
hoc Su pham K¥ thuét.

Piéu 3: Phé Trudng phong phu trach Phong Quan 1y Khoa hoc va Hop tac Qubc
té, Trudng phong Phong Ké hoach Tai chinh, Trudng cac don vi thudc, truc thude cd
lién quan va cac sinh vién ¢6 tén tai Di€u 1 can cu Quyét dinh thi hanh./gz~

Noi nhén: EEFRUONG

- Nhu Piéu 3; ’ 7 O

- Ban Giam hiéu (dé bao céo);

- Luu: VT, P. QLKH&HTQT. 72~
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