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_ DATHOQC DA NANG CONG HOA XA HOI CHU NGHIA VIET NAM
TRUONG PH SU PHAM KY THUAT Péc Iap - Tw do - Hanh phtic

THONG TIN KET QUA NGHIEN CUU
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. Thong tin chung:

- Nghién ctru bé tong bot nhe cip B3.5 ing dung trong ché tao tim tudng dic sin
- Maisd: T2023-06- 18

- Chu nhiém: Doan Vinh Phtic

- Thanh vién tham gia: Nguyén T4n Khoa, Nguyén Thé Duong

- Co quan chu tri: Truong Pai hoc Su pham Ky thuat

- Thoi gian thue hién: tir 03/2024 dén 08/2025

2. Muc tiéu:

- Ché tao duoc loai bé tong bot nhe D900 (Khéi luong riéng 900 kg/m?) ¢6 cudong do
chiu nén dat cép B3,5 (3,5 MPa ¢ 28 ngay pht hop véi TCVN 9029:2017).

- Téi wu duge cac thanh phén vat liéu st dung dé ché tao bé tong bot nhe, ché tao
duoc tim bé tong nhe ¢ Phong thi nghiém véi cap phdi nghién ciru.

3. Tinh md¢i va sang tao:

Nghién ctru duge loai bé tong bot nhe D900 dap Gmg dugc didu kién k¥ thuat vé
bé tong nhe theo TCVN 9029:2017 va dé xudt duoc ting dung loai bé tong nay cho két
cdu tAm tudng bé tong nhe
4. Tém tit két qua nghién ctru:

Nghién ctru nay di xdc dinh duoc cdp phdi bé tong bot D00 vdi ty 16 C/S 2.5/1
mang lai ddc tinh tdi uwu vé cuong do, van toc siéu 4m va do hat nude. Déng thoi, dién
tré sudt bé mat tang theo thoi gian bao dudng va ty 16 C/S. Két qua cho thiy bé tong nhe
tir B2.5 dén B3.5 ¢6 thé duoc tmg dung rong rdi 1am vach ngin, twong bao va vat lidu
cach am, cach nhiét trong xdy dung, dac bi¢t cd thé ché tao tAm bé tong bot nhe duc san
cho tudng ngan vai cap B3.5.

5. Tén sin pham:

01 bai bao dang trén IEEE, Hoi thao Cong trinh xanh AtiGB 2024 lan thu 8:
01 béo céo tong két d¢é tai

01 md hinh tdm bé tong bot nhe dugc ché tao & phong thi nghiém

=2

. Hiéu qua, phwong thirc chuyén giao két qua nghién ciru va kha ning 4p dung:

- Hiéu qua khoa hoc: d& tai s& 1a co so khoa hoc cho viée ing dung bé téng nhe trong
cac linh vuc cua cong trinh xay dung, tao diéu kién thic déy viéc dp dung khoa hoc
cong nghé dé tao ra cac san pham bé tong bot nhe cho cong trinh xay dung,

- Hiéu qui dao tao: gop phan nang cao ning lyc nghién ciru ciia cic can by nghién

cuu, cung cap tai li¢u khoa hoc ¢6 gia tri phuc vy cho ¢ong tac nghién ciru lién quan



dén vat liéu mai va 13 tai liéu tham khao c6 gid tri trong ddo tao nganh XD tai DH
Da Ning.

- Hiéu qua kinh té va méi treomg: Ung dung bé tong bot trong cong trinh xay dung
cho cac két cdu tAm tuong gitp ting hiéu qua cdch 4m, cach nhiét lam tang hiéu qua
tiét kiém nang luong dang ké cho cong trinh xay dung.

7. Hinh 4nh san phim mé hinh

San pham 1a mo hinh tdm bé tong nhe st dung cap phoi nghién ctru tai PTN

Bang 1. Théng s6 mé hinh thir nghiém tém bé téng nhe D900 cdp B3.5

7

STT Théng so Gia tri
1 Dai x rong x d¢ day 1200x600x40 mm
2 Khéi lugng 22,6 kg
3 Cuong d6 mau nén & 7 ngdy 4 MPa
4 | Cuong do mau nén & 28 ngay 5,65 MPa

Hinh 1. Mt trwdc tim bé tong nhe Hinh 2. Mt sau tim bé tong nhe




b) Chiéu day ¢) Chiéu cao
Hinh 3. Kich thwéc ciia tim bé tong nhe

: a) Chiéu rong

Hinh 4. Khéi lwong ciia tim bé tong nhe
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INFORMATION ON RESEARCH RESULTS

1. General information:

Project title: Study on B3.5 grade lightweight foam concrete for application in
manufacturing precast wall panels.

Code number: T2023-06-18

Coordinator: Boan Vinh Phuc

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

Duration: from 03/2023 to 08/2024
2. Objective(s):

To fabricate D900 lightweight foam concrete (density of 900 kg/m?) that achieves
a B3.5 compressive strength grade (3.5 MPa at 28 days), in accordance with TCVN
9029:2017.

To optimize the material composition for producing lightweight foam concrete and to
fabricate lightweight concrete panels in the laboratory using the researched mix design.

3. Creativeness and innovativeness:

Developing a D900 lightweight foam concrete that meets the technical
requirements for lightweight concrete in accordance with TCVN 9029:2017, and
proposing the application of this concrete for lightweight wall panel structures
4. Research results:

This study identified that a D900 foamed concrete mix proportion with a C/S ratio
of 2.5/1 yields optimal properties in terms of strength, ultrasonic pulse velocity, and
water absorption. Concurrently, surface resistivity increased with curing time and the
C/S ratio. The results indicate that lightweight concrete ranging from B2.5 to B3.5 can
be widely applied as partitions, exterior walls, and sound and thermal insulation
materials in construction, specifically allowing for the fabrication of prefabricated

lightweight foamed concrete panels for partition walls at grade B3.5.

5. Products:

- 01 scientific paper published in the Proceedings of the Scientific Conference and
Application of New Technology in the 8th IEEE Green Building (ATiGB).

- 01 report summarizing the topic.

- 01 Lightweight concrete slab model experimentally cast in the Laboratory

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



- Scientific Effectiveness: The research will serve as a scientific basis for the
application of lightweight concrete in various fields of construction, facilitating the
promotion of scientific and technological advancements to create lightweight foamed
concrete products for construction projects.

- Educational Effectiveness: It contributes to enhancing the research capacity of
researchers, provides valuable scientific documentation for research related to new
materials, and serves as a valuable reference material for civil engineering training at
the University of Danang.

- Economic and Environmental Effectiveness: The application of foamed concrete
in construction for wall panel structures helps to improve sound and thermal insulation,

significantly increasing energy saving efficiency for construction projects."
7. Image of the product model

The product is a lightweight concrete panel model using the mix design

developed at the laboratory
Table 1. Specifications of the D900 grade B3.5 lightweight concrete panel test model

STT Specifications Value
1 | Length x width x Thickness 1200x600x40
2 | Weight 22,6 kg
3 | The compressive strength of lightweight concrete at 7 days 4 MPa
4 | The compressive strength of lightweight concrete at 28 days 5.65 MPa

£33

Figure 1. Front view of the lightweight Figure 2. Back side of the lightweight
concrete panel concrete panel
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Figure 4. The weight of lightweight concrete panel






MO DAU

1. Tinh cap thiét ciia dé tai

Bé tong nhe voi dic tinh khdi luong thé tich thap, kha niang cach 4m, cach nhiét t6t
va c6 kha nang str dung dugc cac loai thai phém cong nghiép trong viéc ché tao nén
dang dugc quan tam ung dung trong nganh xdy dung [1-3]. Kha nang cach d4m, cach
nhiét cia bé tong nhe 1am gidm tiéu thu ning lwong trong viéc 1am mat va sudi am, tiét
kiém dugc chi phi hoat dong cua cong trinh [1]. Cong trinh sir dung bé tong nhe giup
giam tinh tdi cho cong trinh, giam chi phi két cdu moéng, két cdu gia c6 [4]. Bing cach
diéu chinh ty 1¢ cac thanh ph?m vat liéu, bé tong nhe co thé dap ung céc yéu cau cu thé
vé trong lugng va tinh chit co hoc, 1am cho nd tré thanh mot vat 1iéu linh hoat va da
dang. Bé tong nhe can it lugng vét liéu sir dung so véi bé tong thong thuong, tir do giam
chi phi vat liéu xdy dung va chi phi van chuyén.

Viéc ché tao bé tong nhe ¢6 nhidu phuong phap khac nhau nhu phuong phap sir dung
cdt liéu nhe, sir dung hat xép, lam nhe béng cong nghé bé tong bot khi chung &p va lam
nhe bang cong nghé tao bot [5-7]. Trong cac phwong phap ché tao bé tong nhe trén thi
bé tong nhe ché tao bang cong nghé tao bot ¢o tinh linh dong cao, it phu thude vao cong
nghé may moéc ciing nhu nhap céc loai cbt lidu dét tién va dé kiém soat viée thi cong.
Bé tong bot nhe d& thi cong, c6 thé ing dung trong viéc ché tao gach nhe, tAm tudng
vach ngan, tuong bao che, tham chi 1a tuong chiu luc twong tu nhu gach thong thuong.
Viée bé tong bot nhe co thé ché tao két cAu ¢ dang diic sin va lap rap tai cong trudng
gitp viée thi cong cong trinh trd nén nhanh hon, khong gian thi cong sach s€ va gon
gang hon.

Bé tong bot nhe (BTB) 14 loai vat liéu xay dung c6 khdi luong thé tich thdp duoc tao
thanh tir hdn hop xi ming, cat min, nudc va chét tao bot, voi cau tric dic trung 13 hé
théng 16 réng phan bd déu trong khi vat lidu [1, 8]. Trén thé gioi, BTB ciing da duoc
quan tam nghién ctru tap trung tmg dung cho cac cong trinh xay dung hién dai va hudng
dén su phat trién bén vimg, bao vé méi truong [1]. Céc loai phu phim coéng nghiép nhu
tro bay (TB), silica fume (SF) duoc tai sir dung trong BTB khong nhirng gitip giam thiéu
cht thai ma con cai thién mot s tinh chat cuong do, do bén va do chéng thAm ctia BTB
[2, 9]. O Viét Nam, cac nghién ciru vé BTB da co su phat trién trong thoi gian gan day

tip trung vao danh gia cac tinh chit co 1y, kha niang chiu luc va ung dung loai bé tong



nay trong cac két ciu dic sin, két cAu thi cong lap ghép, tudng ngan, san nhe va két cdu
chiu tai trong thép, VV.

Bé tong bot nhe voi nhidu wu diém khi tng dung cho cong trinh xay dung, bé
tong nhe cip B3.5 v6i mirc cudng d6 chiu nén phit hop cho viée tmg dung trong nhiéu
cAu kién xay dung ddc biét la cAu kién tAm trong duc san, do d6 dé tai “Nghién curu bé
téng bot nhe cip B3.5 tmg dung trong ché tao tAm tudng dic sdn” 1a rit cp thiét va c6
tinh thuc tién cao.

2. Muc tiéu nghién ctru
- Ché tao duoc loai bé tong bot nhe D900 (Khdi lugng riéng 900 kg/m?) ¢6 cudong do
chiu nén dat cdp B3,5 (3,5 MPa & 28 ngay phu hop véi TCVN 9029:2017).
- Téi vu dugc cac thanh phﬁn vat liéu sir dung dé ché tao bé tong bot nhe, ché tao
duoc tim bé tong bot nhe & Phong thi nghiém véi cap phdi nghién ciru.
3. Noi dung nghién ciru
- Nghién ctru tong quan vé bé tong bot nhe & Viét Nam va thé gidi
- Nghién ciru vé vat liéu ché tao va thiét ké bé tong bot nhe
- Nghién ctru vé cac tinh chét bé tong twoi va bé tong bot nhe D900 hudng dén cap |
B3.5 theo TCVN 9029:2012
- Nghién ctru ché tao tAm bé tong bot nhe diic san va dé xuét ung dung cho mot s6
két ciu cong trinh xay dung
4. Pham vi nghién ciru
> Ddi trong nghién ciru
Bé tong bot nhe co cép cuong do B3.5
» Pham vi nghién ctru
Tap trung ché tao loai Bé tong bot nhe cip B3.5 phit hop TCVN 9029:2012
Ung dung cho tdm tuong duc sdn
5. Phwong phap nghién ciru
Phuong phap nghién ctru Iy thuyét két hop véi thuc nghiém, phén tich danh gi4 cac
tinh chit cta bé tdng bot D900 cip B3.5
6. Két cAu cia dé tai

Mg dau



Chuong 1: Tong quan cac van dé nghién ctru
Chuong 2: Vit li¢u ché tao va ké hoach thi nghi€m bé tong bot nhe
Chuong 3: Nghién ciru tinh chit bé tong tuoi va tinh chat dong rian clia bé tong nhe D900

Két luén va kién nghi

7. Y nghia khoa hoc va y nghia thuec tién ciia dé tai

- Y nghia khoa hoc:

Dé tai sé 1a co s& khoa hoc cho viéc trng dung bé tdng bot nhe trong céc linh vuc
cta cong trinh xdy dung.

- Y nghia thuc tién

Dé tai tao diéu kién thic déy viéc ap dung khoa hoc cong nghé dé tao ra cac san
pham bé tong bot nhe cho cong trinh xay dung.

Pé tai gop phan nang cao ning luc nghién clru ciia céc can bo nghién ciru, cung céap

tai liéu khoa hoc ¢6 gia tri phuc vu cho cong tac nghién ctru li€n quan dén vat liéu moi



CHUONG 1: TONG QUAN CAC VAN DE NGHIEN CUU
1.1. Giéi thiéu vé bé téng nhe
1.1.1. Dinh nghia vé bé tong nhe va bé tong bot nhe

Bé tong nhe 1a mot loai bé tong co khéi luong riéng thip hon déng ké so véi bé
tong thong thuong. Khéi lugng thé tich cta no thuong nam trong khoang 400—1800
kg/m?® [6]. Nguyén tic co ban dé giam ty trong cua bé tong 1 tao khoang tréng (16 rong)
trong cau trac vira hodc sir dung céc loai ¢6t liéu nhe [5]. Vi dy, bé tong bot dugce tao ra
bang cach dua cac 16 rong khi vao vira xi mang, trong khi bé tong polystyrene (EPS-C)
st dung hat polystyrene nd lam c6t liéu nhe [S].

Bé tdng bot nhe (BTB) 1a mot dang bé tong nhe dac biét, ndi bat nhd khoi luong
thé tich nho do chira mot lwong 16m 16 rdng khi bén trong cu tric ctia né [4]. Nhimng 16
réng nay dugc tao ra thong qua viée sir dung chét tao bot [8] hodc biang phan ing hoa
hoc [10]

1.1.2. Phén loai bé tong nhe.

Bé tong nhe dugc phan loai dua trén phuong phap tao rong hoic loai cbt lidu st
dung:

- Bé tong bot: Duogc tao ra béng cach dua bot khi dugc dinh hinh san vao hon hop
bé tong [6].

- Bé tong nhe cdt lidu rdng polystyrene : St dung hat polystyrene né (EPS) lam cbt
lidu nhe dua vao bé tong dé gam trong luong [11].

- B&é tong nhe sir dung cenosphere tir tro bay: St dung cac hat vi cau rdng tir tro bay
Jam c6t liéu nhe cho bé tong [2].

V&i pham vi nghién ctru dé tai nay tap trung chi yéu vao loai bé tong bot nhe
1.1.3. Vit liéu ché tao bé tong bot nhe

Céc vat lidu dé ché tao BTB bao gém cac vat lidu két dinh, chit tao bot, cbt liéu,
nudc va cac phu gia hoa hoc khac

a) Chit két dinh:

Chét két dinh trong BTB thudng 14 xi ming Portland. Ngoai ra dé thuc day tai sir
dung chét thai cong nghiép va cai thi€n mot s6 dic tinh, TB tir cac nha mady nhiét dién,
SF, bot da voi (BDV) hodc xi 10 cao nghién min (XL) thudng duoc sit dung dé thay thé
mot phan xi mang

b) Chit tao bot:

Chét tao bot trong ché tao BTB 14 mét loai phu gia hoa hoc c¢6 kha nang tao ra cic

bot khi nhé 6n dinh khi tron véi hdn hop bé tong. Day 14 cac chét hoat tinh bé mat tuong



thich v6i hé xi ming, gitp sinh ra bot khi tao thanh céc 16 rdng trong khéi bé téng, lam
cho hdn hop bé tong truong nd, ¢6 trong luong nhe va d& chay hon

Cdc ddc diém chinh ciia chit tao bot bé tong bot gom:

- Tao ra bot khi min, déu va 6n dinh dudi tac dong cua khi nén hodc khqu tron
manh.

- Bot khi nay khi dugc pha tron vao vira bé tong gitip giam ty trong bé tong, tiét
kiém nguyén liéu va giam tai trong 1én két c4u cong trinh.

- Giup bé tong c6 dic tinh cach nhiét, cach 4m va chéng thim tt hon.

- Khéng can thiét bj ¢dm rung vi bot khi tao cAu triic dang t6 ong kin bén trong bé
tong, giit d6 bén virng cao

Cdc logi chiit tao bot pho bién trong ché tao bé tong bot chii yéu bao gom:

- Chét tao bot tong hop: Pay 1a loai phd bién nhét hién nay do dé xi 1y, gid thanh ré
va c6 thé lwu trit 1au dai. Vi du tiéu biéu 1a chét tao bot EABASSOC, duoc sir dung rong
rai trong san xuét bé tong nhe EPS va bé tong bot khi. Chét nay tao ra bot khi tréng, min,
6n dinh va bén vimg khi tron vao hdn hop bé tong, giup giam trong lugng va tang do
cach nhiét, cach am cutia bé tong.

- Chat tao bot protein thay phan: Loai nay c¢6 do bén va hiéu suét cao hon so véi
chit tong hop nhung thudng c6 gia thanh dat hon. Protein thily phan tao bot vdi cAu triic
bot khi rit chic chin, phu hop cho tmg dung doi hoi do bén cao.

Chit tao bot v6 co va hiru co: Ngoai ra, con co cac chét tao bot vd co hodc hitu co
khac, vi du nhu chét tao bot cia BTB siéu nhe Trin Luong, tao ra cac bot khi kich thudce
nhé dén mirc micromet, gitp cAu tric bé tdng bén vimg va c6 tinh ndng cach am, cach
nhiét tot hon

Tiéu chuan qudc gia nhu TCVN 10654:2015 quy dinh phuong phap thir chét tao
bot cho BTB dé dam bao chét luong va do 6n dinh ctia bot khi trong bé tong

¢) Cot lidu:

Trong BTB, cbt liéu sir dung 14 céc loai cbt liéu c6 kich thude tir 5 mm tro xudng.
Thong thuong sir dung céc loai cat hat min nho hon 1 mm. Cat min gitp tao d6 dong
nhét cho hdn hop va ting cudng tinh co hoc cho bé tong. Doi khi c6 thé dung cat ¢6 kich
thude tir 0,14 dén 2,5 mm tiy yéu ciu k§ thuat,

Viéc lya chon kich thudc hat cat phii hop (vi du: 0,14-0,63 mm) 13 cén thiét dé
tranh hién tuong phén tang va mét én dinh thé tich.

d) Nudec:

Nudc mdy 1a loai nude tiéu chuan dugc sir dung dé tron bé téng.



e) Phu gia khac:

Dé ché tao BTB mot sé phu gia khac thuong duoc sir dung nhu

- Phu gia siéu déo (PGSD) thudong duoc thém vao dé giam luong nude can dung trong
hdn hop ddng thoi tang tinh cong tac.

- Trong mot sd loai BTB ¢6 céu truc réng bién d6i, bui nhom phé thai va dung dich
NaOH duge str dung nhu chit tao khi dé diéu chinh ciu tric 16 rdng.

- Phu gia didu chinh d6 nhét ciing ¢6 thé duoe sir dung dé han ché sy phan tang cia
hdn hgp BTB ¢6 khdi lugng thé tich thép.
f) Soi:

Cac loai s¢i khac nhau nhu Soi polypropylene, sgi Soi Polyethylene hay soi thuy
tinh dugc thuong dugce sir dung két hop vao BTB dé cai thién dang ké cuong do chiu
nén va dic biét la cuong do chiu udn, cling nhu kha nang ngan ngura va chéng la1 su lan
truyén vét nirt.

1.1.4. Cic wu diém ciia bé tong bot nhe so véi bé tong thuong

Bé tong bot nhe dugc ng dung rong rai trong cac cong trinh xay dung nho nhiéu
ru diém vuot trdi so vai bé tong thong thuong. Cac tng dung chinh ctia loai vat lidu nay
bao gdm:

- Giam tai trong cong trinh va chi phi xay dung: BTB ¢6 khdi lugng thé tich thap
hon dang ké so vai bé tong thuong (BTT), gitip giam tinh tai cho toan bo két cu, tir d6
tiét kiém chi phi cho phn nén méng va gia cb, giam quy mod va kich thuéc phan mong,
va c6 thé gitp ting dién tich hodc sd ting cta cong trinh. bidu nay ciing tiét kiém chi
phi van chuyén, thi cong va lap dat.
- Céch 4m va cach nhiét hiéu qua: BTB duoc biét dén 1a vat liéu cé kha ning cach
am va cach nhiét t6t nho chira nhiéu 16 réng khi. Viéc 4p dung BTB gitp gidm luong
dién nang ti€u thu trong cac tda nha, cai thién diéu kién vi khi hau va tiét kiém nang
luong. Hé s truyén nhiét cia bé tong bot nhe thip hon nhiéu so véi BTT (0,362-0,387
W/m.K so voi 1,3-2,9 W/m.K).
- Ung dung trong cac cau kién it va khong chiu luc: BTB duogc dung 1am vich ngin,
tudng bao che. Bé tong cach nhiét két cau thuong cé ty trong tir 400-900 kg/m? va cudng
d6 chiu nén thap hon 15 MPa. Ngoai ra BTB con dugc dung trong két cdu san véi vai
tro 16p cach nhiét cho céac san mai.
1.2. Téng quan cdc nghién ciru vé bé tong bot nhe trén thé giéi
1.2.1. Cdc tinh chit ciia bé tong bot nhe

a) Khoi lwong thé tich:



Vi BTB, ¢6 2 gia tri khoi lugng thé tich cin quan tAm 14 khéi luong thé tich tuoi
va khdi luong thé tich kho. Khéi lugng thé tich tuoi wde tinh chinh xéc luong thanh
phén can thiét cho thiét k& hdn hop va dat duoc su kiém soat trong qua trinh dic mau.
Khéi lugng thé tich kho duy tri cac dac tinh vat ly va k§ thuat caa BTB cting [6].

Khéi lugng thé tich cia BTB dao dong tir 400 kg/m? dén 1800 kg/m? [12]. Can cir
theo khdi lugng thé tich ta c6 thé phan ra cac loai BTB khéac nhau tir D600 dén D1500
theo TCVN 9029-2017

Bing 1. 1. Cuong dp nén va khoi lwong thé tich kho ciia bé téng bot theo TCVN

9029-2017
2 ] | Gid tri cwong dé nén Khbi lwgng thé tich khb, kg/m?
Cap cuong dj .
) B» trung binh, MPa,
R khong nho hon Danh nghia Trung binh
D500 tr 451 dén 550
B1,0 1.5
D600 tr 551 dén 650
D500 tr 451 dén 550
B1,5 2.0 D600 tr 551 dén 650
D700 tir 651 dén 750
D600 tir 551 dén 650
B2.0 2.5 D700 tr 651 dén 750
D800 tr 751 dén 850
D700 tr 651 dén 750
B2.,5 3,5 D800 tr 751 dén 850
D900 tir 851 dén 950
D800 tr 751 dén 850
B3.5 5.0
D900 tir 851 dén 950




D1000 tr 951 dén 1050
|

D800 tir 751 dén 850

DY00 tr 851 dén 950
B5.0 7.0

D1000 tr 951 dén 1050

D1100 tir 1051 dén 1150

D900 tir 851 dén 950

D1000 tr 951 dén 1050
B7,5 10.0

D1100 tr 1051 dén 1150

D1200 tir 1151 dén 1250

D1100 tr 1051 dén 1150
B10,0 14,0

D1200 tr 1151 dén 1250
B12,5 17,5 D1200 tr 1151 dén 1250

Khéi lugng thé tich cua BTB nhe phu thudce chu yéu vao ham lugng bot. Ham
lwong bot sir dung cang nhiéu thi khéi luong thé tich cua miu cang giam, do cdc bong
bong bot chiém chd bén trong bé tong, 1am ting do rong [8]

Cudng d6 chiu nén c6 mdi quan hé tuyén tinh véi khdi luong thé tich kho [13],
theo d6 cuong dd nén tang khi khéi lwong thé tich kho kho ting. Ngoai ra, su gia ting
khdi lugng thé tich khé ciing kéo theo su gia tang hé sé dan nhiét [14].

D¢ dic ciia BTB c6 thé bi anh huong boi cAp phéi hat va loai cbt liéu min. Mot sb
nghién ctru da chi ra ring mét do ting khi ty 1¢ ct liéu tang [57]. Cac thanh phin khac
duogc sir dung trong qua trinh ché tao BTB cling anh hudng dén d6 dic. Viéc bd sung
SF vao BTB ¢6 cung ham lugng bot 1am tang do déac [15]. Tuong tu, mot nghién clru
khac cho thy khi str dung hon 30% xi thay thé tro bay (TB) trong BTB geopolymer, do
dac c6 xu hudng gidm[14].

a) Tinh cong tac

Tinh cong tac ciia BTB c6 thé dugc danh gid truc quan bang cach kiém tra do nhét.

Phuong phép kiém tra d6 sut thuong duge sit dung khong phu hop véi BTB c6 ty trong
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thip hon. Brewer [16] da dé xudt phuong phap do do chay cua BTB dé xac dinh tinh
cong tac. Mau duoc dit trong mot xi lanh hé dau dai 150 mm va duong kinh 75 mm,
sau khi ning xi1 lanh [én, gia tri trung binh cta hai dudng kinh BTB chay theo hai huéng
dugce tinh toan, sai sb giita 2 huéng khong qua 5 mm. Béo cdo cho thiy BTB véi hén
hop xi mang-c4t phai c6 o chay xoe tir 85 dén 125 mm va voi viée st dung thém tro
bay thi d6 chay xde nén tir 115 dén 140 mm.

Khi tang khdi luong thé tich BTB thi, do chay loang cia BTB ciing tang theo. BTB
c6 khdi luong thé tich thip thuong chira ham luong bot cao, do d6 hdn hop tré nén cung
hon, dén dén giam kha ning chay loang [17]. Viéc st dung soi 1am giam tinh cong tac
ctia BTB va c6 thé can ting lugng PGSDdé dam béo tinh cdng tac [18]. Viée st dung
PGSDgitip dat duge tinh cong tac mong mudn ngay ca khi ham luong nudc thap [19].
Su gia tang ty 1¢€ nude/xi mang (w/c) lam 16p mang nude bao quanh cac hat trd nén day
hon, do d6 1am gidm dd nhét va ting kha nang khuéch tan cua BTB [20].

Cac dac tinh tinh cong tac tuwong Gmg vdi cac gia tri o chay khac nhau duoc trinh
bay trong Bang 1.2

Bang 1. 2. Tinh cong tdac cia BTB dwa trén do chay [20]

Gia tri do chay loang (%) Mo ta mire d¢
0-20 R4t thip
20-40 Thip
40-60 Trung binh
60-80 Cao
80120 Rét cao

b) Cuong dd chiu nén

Cuong do chiu nén ctia BTB bi dnh huémg béi nhidu yéu té nhu d6 dic, thanh phén
cap phdi, loai c¢bt liéu, phu gia khoang, ham luong nudce, lugng bot, phuong phap dudng
ho va do rong. Trong d6, lwong nudc ¢ anh hudng dang ké dén cuong d6 nén cua BTB.
Mot s6 nghién ciru cho thdy rang nhirng thay dbi nho trong ham luong nudce khong anh
huéng dén cuong do ciia BTB nhu dbi véi bé tong thudng [3].

Liu va cong su d chi ra ring cudng d6 nén cua BTB thay ddi theo hinh chir V
nguoc khi ty 18 N/X ting. Néu ty 18 N/X thip hon muc tdi wu, cac bot khi hinh thanh ¢6
vach mong va hinh dang khong déu, anh hudng tiéu cuc dén cuong do nén. Nguoc lai,
khi ty 1€ N/X vuot qua gidi han t6i wu, kha nang gitr bot khi bi suy gidm, dan dén hién
tuong lién két cac 16 rdng va phan b khong déu. Chu trac 15 rdng khong ddng nhat nay
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dé& bj tap trung Gng suat. Hon nira, viéc gia ting ham luong nudce con thic day su hinh
thanh cac kénh mao quan, lam gidm cuong do cua vat liéu [21]. Viéc st dung PGSDgop
phén ning cao cudng do nén thong qua viéc giam ty 18 N/X [22].

Nh¢ dic tinh pozzolanic, tro bay khi dugc sir dung nhu ¢6t liéu min trong BTB ¢6
thé g6p phan nang cao cudng do nén [23]. Nghién ciru ciia Ramamurthy va Nambiar [3]
d3 khao sat anh hudng cia loai phu gia dén cuong do nén cua BTB, trong d6 cac mau
str dung TB 1am chit d6n cho thdy cuong d6 nén cao hon so véi cic mau st dung cat.
Do phan tmg pozzolanic ctia TB dién ra chdm, cudng d6 nén tiép tuc gia tang theo thoi
gian. Khi sir dung TB 1am chét d6n, cudong d6 nén ciia BTB & ngay thir 56 va 180 dugc
bao cao cao hon 1an lwot 1,7 va 2,5 14n so véi ngay thir 28 [24].

Viée st dung cic phu gia khoang ciing anh huong dén cuong do nén. Cu thé, viéc
bd sung SF vao BTB gitip cai thién dang ké cuong do nén [15]. Trong BTB nén dat,
cudng do nén tang 1én khi str dung két hop SF va voi séng. Mot nghién ctru cho thiy
cudng do nén tang tir 4 MPa 1én 7,8 MPa khi bd sung 20% SF. Didu nay c6 thé 1a do su
hinh thanh cac 15 rdng min hon nho vao su hién dién ctia SF [25].

Trong nghién ctru ctia Bing va cong su [26], cuong d6 nén sau 7 ngdy clia cac mau
chira tro bay (TB) dat khoang 85-90% so voi cuong do sau 28 ngay. Trong khi d6, &
cac mau khong chira TB, ty 18 niy giam xudng con 75-80%. BTB geopolymer dugc ché
tao v4i su bd sung TB dat cuong d6 nén 7,5 MPa sau 28 ngay. Khi bd sung thém 20%
xi vao TB, cudng dd nén tang lén dén 12,6 MPa. Tuy nhién, viéc bd sung thém xi vuot
muc nay lai lam giam nhe cudng dd nén [14].

Cac phu gia bd sung vao BTB c6 anh hudng dén cudng do cua vat lidu. Co thé
nhan thiy rd ring PGSDgbp phan ning cao cudng dd nén nho lam giam kich thude va
su lién két gitra cac 16 rdng [20]. Viéc sir dung chat tao bot SA gitip giam kich thudc 16
rong, tuy nhién khi tang liéu luong SA, cudong do nén lai giam [27].

Khi so sanh giita cac mau c6 tao bot va khdng tao bot, nhu du doan, cudng do nén
ctia cac mau c6 tao bot thip hon. Nguyén nhan 1a do lugng hd xi mang giam khi luong
bot ting, kéo theo su giam mat do kho. Mbi quan hé tuyén tinh giira mat do kho va
cuong dd nén cua BTB da duoc ghi nhan; theo do6, cuong do nén tdng khi mat 46 kho
tang [13, 20, 27]. Ngoai ra, d6 rdng ciing ting theo ham lugng bot, va su gia ting 4o
rong dan dén su gia ting sb luong 15 khi, tir d6 1am giam cuong dd nén. Nguoc lai, khi
giam luong bot, lugng xi mang sir dung tang lén, gop phén nang cao cudong do nén [13,
17, 27].

Loai bot sir dung ciing anh hudng dén cuong do nén ciia BTB. Theo cac nghién
clru trong tai liéu, cac chit tao bot co ngudn gbc protein mang lai cuong do nén cao hon
o v&i cac chit tao bot téng hop. Falliano va cong su bdo cdo r?mg BTB st dung chét
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tao bot protein vdi ty 1€ nudce/xi mang (w/c) la 0,5 cho cuong dd nén cao hon so véi khi
str dung chét tao bot tong hop & ty 18 N/X 12 0,3. T4c gia nhan thdy rang cac chat tao bot
c6 ngudn gdc protein giup cai thién dang ké cuong do nén ciia BTB.

Phuong phap dudng ho ap dung cho cac mau thir ciing anh hudong dén cuong do
cta vat liéu. Cac phuong phap dudng ho trong khong khi, trong nude va bang mang
cellophane da dugc sir dung trong cac nghién ctru. Két qua cho thiy dudng ho trong
khong khi cho gi tri cwong d6 thip nhat, nguyén nhan 14 do didu kién khong tdi wu cho
qué trinh thuy héa cua mau [20, 27]. Nguoc lai, cudng 6 nén ciia cac miu duoc dudng
ho tiéu chuan va dudng ho bang mang chéng 4m tang 1én theo thoi gian dudng ho [27].

¢) Cau triic 16 rdng va 46 rdng

Xét vé ciu triic 16 rong ciia BTB noi chung, ¢6 thé phén thanh ba loai chinh: 15 gel,
16 mao quéan va 15 khi [28]. Trong d6, 16 mao quan va 18 khi ¢6 anh hudng dang ké dén
cuong do ctia BTB, con 16 gel hiu nhur khong anh hudng dén cudong do [29]. Su phan
b6 va kich thudc cua 15 rong trong BTB ¢6 tac dong truc tiép dén céac tinh chat co hoc
va vat ly clia vat lidu. Do d6, dic diém cta cdu tric rdng c6 vai trd rat quan trong dbi
v6i BTB [30]. Céc hinh anh hién vi dién tir quét (SEM) trong Hinh 2 minh hoa cAu triic
16 rdng hinh thanh khi bd sung bot [31] .

So véi cac chit tao bot téng hop, céac chét tao bot ¢é nguén géc protein tao ra cac
bot khi c6 kich thudc nho hon va phan bd déng déu hon trong BTB ¢6 mat dé cao [32].
Trong mdt nghién ctru st dung céc chét hoat dong bé mit co nguén géc téng hop, thuc
vat va dong vat (keo/mau), nguoi ta nhan thiy rang cac mau BTB chira chét hoat dong
bé mat SS c6 thanh vach 15 rdng day hon va mirc do lién két giita céc 18 rdng thap hon
so v&i cac mau khéc. Kich thude 16 rdng nhé va kha nang két ndi 156 rong thap trong
BTB chura SS gitp vét liéu dat dugce cac dac tinh nhu cuong dd nén cao, do hat nude
thap va kha ning chdng chiu bang gié t6t hon [33].

Céac 16 khi trong bé tong da déng ran c6 hai anh huong trai nguoc dén vat lieu. Mot
mat, cuong do s€ giam khi ham luong khi trong bé tong tang. Tuy nhién, trong bé tong
da déng rin, mot hé thong 15 khi duoc thiét ké hop ly c6 thé cai thién kha ning chéng
lai chu trinh déng bing — rd bang [34]. Viéc thiét 1ap mot hé thong 16 khi t6i wu trong

BTB la rit quan trong nhim tao ra mot vat liéu c6 ty s6 cudng do/trong lugng cao[15].
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Hinh 1. 1. (a) Anh SEM ciia méu doi chieng khong chiva chit tao bot hodc bot khi,
(b) Anh SEM ciia miu BTB [31].

Su thu hep cua céc 16 rdng khong khi gop phan lam ting cuong d6. Khi ham luong
bot tang, cac hdn hop c6 phan b kich thude 16 rdng khong khi hep hon thuong thé hién
cudng do cao hon [29, 31]. Viéc ting lidu luong bot lam gia ting do rong [35]. Nghién
ctru cia Hashim va Tantray [30] da so sanh hiéu qua ciia cac chét tao bot c6 ngudn goc
protein va tong hop. Két qua cho thiy kich thudc 18 réng khong khi ting 1én ddng thoi
mat do cua BTB giam ddi v&i ca hai loai chét tao bot. Nguyén nhan dugc giai thich la
khi lugng bot ting, sd luong 18 rdng khong khi ting theo va do do, cac 16 rong ndy c6
xu huéng chdng 14p va két hop lai véi nhau. Cac khoang khong khi két hop nay tao ra
su phan b6 13 rdng rong, dan dén giam cuong do.

Khi st dung chét thai thuy tinh va nhya lam vat li¢u don, thuy tinh thai tao ra su
phan b6 18 rdng ddng déu hon va ciu tric 15 rng it lién két hon. Piéu nay 1a do bot thity
tinh thai c¢6 kich thudc min hon. Cac nghién ciru cho théy vat 1iéu don min hon tao ra
cac tii khi ddng déu hon [22]. Tro bay (TB) khi duoc sir dung 1am chit don mang lai su
phan bd déng déu hon céc 16 rong khong khi so véi cat min. Tro bay tao ra mot 16p phu
t6t va ddng nhat quanh mdi bot khi, gitp ngan chin su chdng 1ip va hop nhat giita cac
bot khi, tir d6 hd tro phin bb déu cac 16 rdng [29]. Nambiar va Ramamurthy ciing da
b4o cdo rang TB [29], khi duoc sir dung trong BTB, cung cap 16p phu d6ng déu quanh
mbi bot khi, ddng thoi gitip phan bd 15 rdng khong khi déu va ngan nglra hién tuong nd
bot. Nhitng dic tinh ndy gbp phan 1am ting cudong dd cia vat lidu.

Viéc gia ting ham luong nuée din dén su mé rong cua cac 16 réng khong khi [27,
36]. Céc 16 rdng 16n hon c6 dién tich bé mat rdng nhé hon. Ngoai ra, su gia ting lugng
nude ciing 1am ting s6 luong 15 mao quan. Trén thuc té, véi ciing mot d6 réng, ty 16 16
mao quan tang 1am giam s luong céc tui khi. Kich thudc 18 rdng c6 thé dugc gidm bang

cach str dung chat tao bot SA. Viéc tang ham lugng SA ciing gitip hd xi ming giit dugc

12



nhiéu bot khi hon, tir d6 1am giam kich thudc cua 16 rdng. Viée sir dung PGSDgop phan
cai thién céu trac 16 rong [31]. Khi ham luong PGSDtang, lugng nudc tiéu thu giam,
nhd d6 céu trac 16 rdng tt hon, thanh vach 156 réng day hon va ma tran vat lidu chic
chan hon dugc hinh thanh. Theo d6, BTB dat dugc cudng dé cao hon [19].

P rong duoc xem 1a mot thong s6 chinh anh huong truc tiép dén cac dac tinh co
hoc, nhiét va d6 bén lau ciia BTB [37]. Loai c¢6t liéu st dung c¢6 anh hudng dén do rdng.
Céu tric 16 réng cua BTB bj chi phdi bai loai cdt lidu min dugce st dung [36, 37]. Viée
st dung cdt lidu tai ché (RCA) lam cdt liéu min di duoc nghién ctru trong cdng trinh
ctia Geneel va cong su . Két qua cho thiy, do rong biéu kién ciia BTB tang 1&n khi st
dung RCA. Nguyén nhan duge cho 1a do két céu x6p hon cia RCA so véi cat tu nhién.

Khi sir dung RCA 1am cét 1iéu min trong bé tdng geopolymer bot, phan bd 16 rdng
tré nén dong déu hon. Ngoai ra, cac tii khi ¢6 kich thude nho hon xuét hién trong céc
méu BTB chtra RCA. Pidu nay c6 thé dwoc giai thich 14 do su 6n dinh cao hon cua céc
hat RCA.

Trong cac hdn hop 6n dinh chira RCA, su phan b6 16 rdng khong khi ddng déu hon
va ¢6 kich thude nhé hon xay ra [38]. Khi sir dung chat thai thay tinh va nhua lam vat
lidu don, chat thai thuy tinh giip tao ra sy phan b 15 rong déng déu hon va céu trac 15
rong it lién két hon. Diéu nay dugc cho 1a do bot thuy tinh thai c6 kich thude min hon.
Mot s6 nghién ciru ciing bao céo ring cac vat liéu don min hon gitp hinh thanh cac ti
khi ddng déu [22]. Viéc sir dung bui d4 cAm thach thai va tro trdu (RHA) trong bé tong
bot gitup giam d6 réng. Cac vat liéu co tinh chit pozzolanic cai thién ving chuyén tiép
lién pha nho hidu émg 14p ddy. Do d6, nguoi ta cho rang ching tao ra hiéu tng 1ip day
¢ kha nang giam do rdng bang cach sap xép hidu qua cac hat vat liéu [39]. Ty 16 do
rong trong cac nghién ctru khac nhau duogc trinh bay & Bang 1.3.

Biéng 1. 3. Pj rong ciia bé tong bot nhe ¢ cdc nghién ciru khdc nhau

Tai li€éu tham khao Po rong (%)
[36] 48.9-52.8
[40] 70.6-89.5
[19] 17-24
[17] 31.1-24.4
[41] 70-81
[42] 90.7-91.6

d) D¢ hut nudc cua bé tong nhe
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Bé tong bot duge thiét ké cho cac khu vyc noi that, chang han nhu cac thanh phin
turdng bén trong toa nha, thuong khong tiép xuc voi nudc. Trong nhitng truong hop nhu
vay, kha nang hiit nue khong quan trong. Cac loai BTB duoc sir dung lam thanh phan
ngoai troi hodc thanh phan két cu bét budce phai cé gia tri hat nudce thap [40]. Tinh chat
hut nudce ciia bé tong ¢ lién quan truc tiép dén cac khoang tréng va 16 rdng bén trong
no. Su két ndi gitra cic 16 rong c6 thé 1am tang kha nang hit nuéc. Tuy nhién, sy ton tai
ciia cac khoang tréng mao quan bén trong bé tong s& truc tiép lam tang kha nang hut
nudc [43, 44]. Céac 15 khi hinh thanh tir bot khong gép phan vao kha nang hit nudce [43].
Viéc tang luong hd xi ming s& 1am ting s luong 16 mao quan trong BTB, tir 46 lam gia
tang luc mao dan [23]. Su x4m nhip clia nudc vao bé tong khong chi phu thude vao su
két ndi giira do rdng va cac 16 réng ma con bi anh hudng boi dudng kinh va su phan bd
ctia cac 16 rong. Khi ty 1& N/X ting 1én, kha niang hut nude ciing tang theo [40].

Ma va Bing [25] d4 bao céo ring kha nang hut nudc ting dang ké khi thé tich bot
trong BTB ting 1én. Nguyén nhan 1a do bot cang on dinh thi cang hinh thanh nhiéu 15
rong két ndi v&i nhau. Ho ciing cho biét viée sir dung SF gitip giam kha nang hut nudc.
Thoi gian can thiét d¢é nude tham nhap vao bé tong cé st dung SF khéc so véi bé tong
khong sir dung. Noi cach khac, BTB nén dit co chira SF ¢6 thé ¢6 nhidu 15 réng nho va
khong két ndi voi nhau.

Kha ning hiit nuéc ciia BTB ting 1én khi sir dung RCA (cbt liéu tai ché) lam cbt
li€u min. Nguyén nhéan 1a do RCA c¢6 dac tinh hit nude cao. Noi cach khac, tinh chét
hit nude cua cdt liéu sir dung anh huéng dén kha nang hut nude cua BTB [38].

Trong nghién ctru dugc thuc hién béi Gopalakrishnan va cong su, tro bay (TB) va
bui d4 dugc st dung. Bui da dugc dung lam cdt liéu min thay thé mot phén cat, con tro
bay thay thé xi mang. K&t qua nghién ctru cho thiy do hut nude thdp nhét dat duoc khi
str dung 30% tro bay két hop vé&i bui da. Nghién ciru ciing bdo cdo rang kha ning hut
nude ¢6 lién quan truc tiép dén khéi luong thé tich ciia BTB [45].

1.2.2. Cdc nghién ciru khdc vé bé tong bot nhe trén thé gici

H. Siileyman Gokge va cac cong su (2018)[1] nghién clru anh huong cia ham luong
bot, ham lugng TB, SF va cac ché do bao dudng khéc nhau dén tinh chit cua bé tong
nhe. Tdng cong, 45 hdn hop BTB di dugc chuén bi & ba cip do thay thé TB va SF (0,
10 va 20%, tinh theo trong lugng cia xi médng), & ba ham lugng bot (0, 31 va 47%, theo
thé tich) va & muc ba ché do bao dudng (bao dudng nude tiéu chudn 7 va 28 ngy va
bao dudng bang ndi hip). Khdi lugng riéng, 46 hip thu nudc, gia tri cudng do nén va
d6 dan nhiét cua hdn hop duge x4c dinh trén ling tru mau vét c¢6 kich thude 40x40x160
mm. Ty trong (sdy kho), do hp thu nudc, Két qua cudng d6 nén va do dan nhiét cta
BTB nam trong khodng tuong tng la 873-1998 kg/m3, 3,5-35,9%, 1,5-88,1 MPa va
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0,239-0,942 W/m.K. Két qua nghién ctru cho thdy mic du viéc két hop TB khong c6
tdc dong dang ké dén khdi luong riéng cia BTB, viéc bd sung thém SF gdy ra su thay
d6i khéi luong riéng tiy thude vao ché do dong ran va ham luong bot ctia hdn hop. Viéc
giam khdi lugng riéng khi 1am tang ham luong bot ctia hdn hop ma khong can thém bt
ky chét phu gia nao 1am tang téi 2,4 14n (tir 48% 1én 20%) so v6i clia hdn hop tuong tmg
chira mudi silic. V6i ham lwong bot khong dbi, SF 1am tang khéi luong riéng cua BTB
1én t&i 55%. Hon nita, véi cing ham lugng bot, viée két hop véi SF 1am giam gia tri hip
thu nuéce ctia BTB 1én dén 67%. Viéc giam cuong do chiu nén cia BTB khi tang ham
lugng bot xp 14 16 rang (giam tdi 97%) trong hdn hop tro bay cao. Tuy nhién, luc nén
cudng @ ctia BTB ting 1én 4,4 1an khi st dung SF ¢ cing ham lwong bot. Hiéu qua su
dung 16 rét hon trong hon hop ¢6 ham lugng bot cao hon. Hon hop bé tong ¢6 cudng do
nén tdi da va lugng nudc tdi thiéu twong tng véi khdi lwong riéng BTB tdi wu 1a khoang
1320 kg/m3. Hon hop bé tong chira 10% SF dugc dudng hd trong nudc co cudong do
chiu nén dat gén nhét véi gia t61 wu. Viée st dung SF lam tang d6 dan nhiét cua BTB
dén 37%. Tuy nhién, su gia ting nhiét do thip hon déng ké so v6i mic ting cuong do
chiunén (1én t61 4,4 15n). Vi vay, ty 18 cudng do chiu nén/dé dan nhiét ctia hdn hop chira
SF tang 1én gap 4 1an khi tang luong bot trong bé tong. Trong khi viéc két hop TB lam
giam ty 1é cudng do chiu nén/dd dan nhiét ciia hon hop chtra ham lugng bot cao (47,1%)
1én t6i 38%, ty 1€ nay ting 33% & hon hop c6 ham lugng bot thap (31,4%). Nhu vay SF
tot hon TB. Céu tric 18 rong ctia BTB thay ddi déang ké v&i sy anh hudng ctia ham lwong
bot, TB va SF. Do mdi lién hé chat ché giira cac tinh chét ciia BTB va ty 1€ tron cia no,
tdi wu héa vé phu gia khodng c6 vai trd quan trong trong kha nang chiu luc ciia BTB.
Nhu vay hé chit két dinh 3 chit két dinh (SF+ TB + xi méng) cin dugc khuyén khich
str dung dé can bang cic dic tinh mong mudn cua bé tong co ham luong bot cao.

B.A. Herki va cac cong su (2013) [2] nghién clru b€ tong nhe st dung TB va
polystyren (SPS). 9 cip phdi dugc phat trién, Thanh phin dbi chimg voi 0%SPS, 0%TB
c6 thanh phan 1 xi mang va 6 cbt liu min ty nhién. C6t liéu ty nhién dugc thay thé 0,
60, 100% thé tich polystyren. TB thay thé 0, 20, 40% xi mang. Ty 1€ N/CKD dugc sur
dung cho c4c hdn hop bé téng. Cac tinh chit cuong d6 chiu nén va do xung van te siéu
4m ctlia cac hdn hop dugc danh gid voi sy thay ddi trén ciia cac thanh phan bé tong va
két qua cho thay khi tang ty 1€ sir dung SPS va TB s€ lam giadm cuong do chiu nén va
xung van tdc siéu am.

Siong Kang Lim va céc cong su (2015) [3] nghién ciru cuong dd va do dai cua bé
tong nhe v&i cac cAp phdi thanh phén cat khac nhau. Cac loai bé tong nhe trong nghién
ctru c6 khdi lwong riéng 1300 + 50 kg/ m®. Bén loai cAp d6 cat, tir 2,36 mm dén 0,60

mm da duoc st dung. Mau thir dang 1ap phuong va lang tru duoc dic va bao dudng
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trong nude ciing nhu bao dudng trong nude ban dau trong 7 ngay, sau do 1a didu kién
bao dudng bang khong khi. Muc chénh léch do duoc gia tri chi ra ring cat min hon dugc
str dung trong BTB di lam giam kha nang thi cdng cua n6 va tang ty 1¢ nude trén xi
mang cho tinh nhit quan va 6n dinh mong muén. Cac mau dugc chuin bi bang cat 0,60
mm d3 dat duge do nén cao nhit va do bén udn ciing nhu do bén udn so véi cac mau
duoc chuén bi véi cp do cat thd hon.

1.3. Tong quan cdc nghién ciru vé bé tong nhe & Viét Nam

Hoang Minh Duc (2017) [46] nghién ciru st dung hat polystyron dé ché tao bé
tong nhe cach nhiét. Nghién ciru tip trung voi dbi twong 13 bé tong nhe khéi luong thé
tich tir 400 kg/m? dén 700 kg/m® va xem xét anh hudng cua khdi lugng thé tich bé tong
anh hudng nhu thé nao dén cac tinh chat cta bé tong. Két qua nghién ciru cho thdy cho
thdy tinh cong tac ctia hdn hop bé tong phu thudce nhidu vio dd xoe cua hé xi ming va
hé s6 du vira. Dé han ché phan ting hdn hop bé tong can lya chon d6 xode thich hop cia
hd va han ché tao hinh bang dim rung. Pé nang cao cudong do bé tong polystyrol cé khéi
lugng thé tich thip nén wu tién ting hé s6 du hd.Str dung phu gia khoang va polymer c6
thé ché tao duoc bé tong polystyrol khdi lugng thé tich 700 kg/m? dat cuong do dén 8,0
MPa. Nghién ciru cac tinh chit khic cta bé tong polystyrol nhu co ngét, md dun dan
hdi, do hit nudce, hé sé héa mém va kha ning bam dinh cho thiy bé tong polystyrol hoan
toan thich hop dé ché tao cic san phidm nhe nhu bléc xay, panel nhe sir dung trong thi
cOng xay dung cong trinh.

Hoang Minh Dt (2019)[47] nghién ctru vé dic tinh chéng an mon cho cbt thép
khi dat trong két ciu bé tong nhe cach nhiét. Kha ning bao vé cbt thép ciia bé tong nhe
dugc thi nghiém vai bé tong khi khong chung ap c6 khéi lugng thé tich D700, D1000
va bé tong polystyrol cé khdi lugng thé tich D400, D700, D1000. Cac két qua duoc so
sanh véi miu dbi chung lam tr bé tong ning thong thuong mac M200. Bé tong
polystyrol st dung xi mang PCB40 Nghi Son, tro tuyén Pha Lai va hat polystyrol phong
né Dmax=4 mm c6 khéi lugng thé tich x&p 25,7 kg/m®. Ty 1& tro tuyén trong hén hop
chét két dinh 1a 30%, ty 16 N/X cta cac cap phdi véi khdi lugng thé tich D400, D700,
D1000 1an luot 12 0,53; 0,50 va 0,47. Két qua nghién ciru cho thdy kha nang bao vé cot
thép ctia bé tong nhe ting dang ké khi ting khdi lugng thé tich cta bé tong. Vai cung
khéi luong thé tich, bé tong polystyrol bao vé cbt thép tot hon so véi bé tong khi. Cot
thép trong bé tong nhe c6 khdi lugng thé tich dudi 700 kg/m? can duoc bio vé chbng in
mon bing cac bién phap bd sung nhu son phu bé mat. Nghién ciru anh hudéng cia cac
16p son phu cho thdy kha ning bio vé cua cac 16p son tang dan theo thir tu: hd ximang,
hd ximangpolimer, hd ximang-Bara® Lastic, Bara® Fer-S. Vi 16p son phii phu hop,

16



ct thép trong bé tong nhe c6 thé duy tri dugc trang thai thu dong nhu trong bé tong
nang thong thuong.

Nguyén Dinh Chinh va cong su (2022) [48] nghién citu vé cac yéu t6 anh hudng
dén c4c tinh nang co ly cia bé tdng nhe cbt nhya x6p EPS. Céc yéu té anh hudng dé dé
cdp trong nghién ctru gdm ham luong nhya phé thai EPS; ty 18 nude/chét két dinh; ty 18
chét lién dién; dic tinh nhwa EPS (ty trong, kich thuéc). Thanh phéan phdi lidu trén nén
bé tong Mac 200 dugc x4c dinh v6i hiam luong thanh phin cho 1 m3 bé tong gdm: Nudc
(195 1it), cat vang (0,466 m*), xi mang (320 kg), d4 dim (0,847 m®). Hat nhwra x5p (EPS)
tir ric thai duoc sir dung thay thé cho nguyén liéu d4 dam véi ty trong va dic tinh khac
nhau. Két qua nghién ctru cho théy, dd bén nén khi ham lugng nhua EPS > 30% giam
manh, d§ hat nudc gidm. Mat khac, véi ham lugng nhua EPS 16n, cac nguyén vét liéu
lién két yéu, bi phan ting. Vi ty 16 nudce/chat két dinh < 0.28, bé tong nhe EPS ¢6 do
bén co ly dap tng yéu ciu k§ thut sir dung; khi ty 18 nuéc/chat két dinh > 0.28, tinh
cong tac (d6 chdy lan) qua 16m, anh hudng dén thi cong va su thit thoat xi mang trong
bé tong. Vi ty 18 chit lién dién < 2%, d6 bén nén tang manh; khi ty 1¢ chét lién dién >
2% thi 6 bén nén khong tang nhidu. Vi kich thude hat x6p EPS phé thai < 4 mm, tinh
chét co 1y bé tong giam theo do tang kich thudc hat, tuy nhién van ddm bao cho nhing
muc dich st dung ddi v6i bé tong nhe EPS; lién két hat nhya EPS véi thanh phin bé
tong dugc dam bao, khong bi phan tang, tach 16p. Khi ty trong hat nhua x5p EPS > 12,5
kg/m3, d6 bén nén co tang nhung kha it, tuy nhién, ty trong lai tang cao, khong dap ung
yéu cau bé tong nhe < 1.500 kg/m?. Nhu vay, c6 thé xac dinh duoc didu kién t6i wu khi
phéi tron nhua EPS phé thai dé san xuét bé tong nhe nhu sau: Ham lugng nhya EPS 1a
30%; ty 1 nudc/chit két dinh 13 0.28; ty 16 chét lién dién 1a 2%; kich thudc hat nhua
x0p EPS phé thai 12 4 mm; ty trong hat nhua x6p EPS 1a 2,5 kg/m®,

Nguyén Quang Phu (2019)[7] nghién ctru ché tao bé tong nhe bang céach su dung
c6t lidu nhe Kemramzit, xi bot dé ng dung trong c4c cong trinh xay dung. 3 cp phdi
bé tdng nhe duoc thiét ké gdm cép phdi sir dung cbt liéu cbt lidu Keramzit, cap phdi sir
dung cdt lidu xi bot va cép phdi sir dung d4 dam thong thuong dé déi chimg. Véi cac
cap phdi st dung Keramzit va xi bot chat két dinh ¢6 st dung thém 10% SF. Cac cép
phdi déu c6 thanh phdn PGSDgiam nudc va bot gia tao bot dé tao bé tong nhe hon dé
tao bé tong c6 tinh cong tac tdt, cuong do nén cao phi hop cho thi cong céc cong trinh
xay dung. Két qua nghién ciru cho thiy khi ché tao bé tong nhe can st dung thém phu
gia giam nudc dé didu chinh tinh cong tic ctia hdn hop bé tong tranh gay hién tuong
phén tang. Khi thay thé chit két dinh bang 10% SF, két hop luong ding PGSDva phu
gia tao bot hop ly sé ché tao duoc bé tong nhe cé cuong do nén dat trén 30MPa & tudi
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28 ngdy, khdi luong thé tich dat yéu cau. Bé tong nhe ché tao dap g dugc cac yéu cau
k¥ thudt cho thi cdng céc cong trinh xay dung

Nguyén Coéng Thing va cac cong su (2021) [5] nghién ctru ché tao bé tong nhe sir
dung hat Polystyrene phdong no tai ché. Nghién ctru str dung cbt liéu rdng polystyrene
tai ché (rEPS) dé ché tao bé tong nhe vai khéi lugng thé tich dat tir 1000 - 1500 kg/m?
va cuong do nén tur 5,0 - 15 MPa. Két qua nghién ctru dugc thuc hién trén 08 cép phéi
vai cac ty 16 N/CKD la 0,25 va 0,30; ham luong cdt liéu nhe sur dung 25%, 30%, 40%
va 50% theo thé tich cua bé tong. Két qua nghién ctru cho thdy hoan toan cé thé sir dung
cbt liéu rdng polystyrene tai ché va vat liéu sin c¢6 & Viét Nam dé ché tao bé tong nhe
thda man yéu cau: khéi luong thé tich cua bé tong dat tir 1000 - 1500 kg/m3; cudng do
nén cua bé tong dat dén 20,0 MPa. Khi ham luong cdt liéu nhe tang thi khdi luong thé
tich giam. Khdi lwong thé tich cia bé tong 16n nhat dat 1550 kg/m3 g véi ty 16 N/CKD
= 0,25 ham lugng rEPS 1a 25% va cudng dd nén cua bé tong 16n nhét dat 21 MPa. Khdi
luong thé tich cua bé tong nho nhét dat 1010 kg/m3 (g véi ty 16 N/CKD = 0,3, ham
lugng rEPS 1a 50% va cuong dd nén cua bé tong nho nhit 14 6,3 MPa. Khi sir dung
rEPS tai ché dén 50% thé tich ctia bé tong, khdi luong thé tich ciia bé téng theo chidu
cao mau khong c6 su chénh léch dang ké, khong xay ra hién twgng phén tang va hon
hop rEPS phan bd dong déu trong hdn hop bé tong. Do hiit nuéc mao quan va cudng do
nén cua bé tong cd xu hudng giam. Khi tdng ham lugng rEPS ddng thoi ty 18 N/CKD
tang thi dd hat nude cia bé tong tang, do hat nude cla bé tong 1on nhét dat 6,25% khi
ty 16 N/CKD = 0,3 va ham lugng rEPS la 50%. Ngugc lai véi do hit nudce, do hat nude
mao quan cua bé tong giam khi tang ham lugng rEPS ddng thoi giam ty 16 N/CKD. Po
hut nude mao quan nhé nhét tai ty 18 N/CKD = 0,25 va ham luong rEPS 14 50%. Hé s6
dan nhiét cua bé tong tinh toan theo ACI 213R14 cho thiy; khi ting ty 16 N/CKD dong
thoi tang ham luong rEPS thi hé s6 dan nhiét ctia bé tong giam. V6i hon hop khi sit dung
N/CKD = 0,3 va 50% rEPS, hé s6 din nhiét ca bé tong nhé nhat dat 0,3039 W/m.°C

Lé Viét Hing va céc cong su (2021) [49] nghién ciru ché tao bé tong nhe cudng
d6 cao tir cac hat TB vi cdu rong. Nghién ctru sir dung cic hat cenospheres tir tro bay
(FAC) vé6i cudng do nén trén 40 MPa va khéi lugng thé tich 1300-1600 kg/m3 (FAC-
HSLWC). Ham lugng FAC st dung thay thé cat véi ty 18 0, 50, 70 va 100% (theo thé
tich). Ngoai ra, anh hudng cua phu gia khoédng 1a silica fume (SF) va xi hat 10 cao nghién
min (GGBFS) trong chét két dinh dén cudng d6 ciia FACHSLWC ciing dugc nghién
ctru. K&t qua nghién ctru cho thiy, khi thay thé cat boi FAC lam gidm déng ké KLTT,
lam giam cuong dd nén, nhung cuong do riéng cua FAC-HSLWC téng. Véi ty 1€
N/CKD = 0,4 va CKD =750 kg/m3 trong nghién ciru, khi thay thé cat boi FAC tir 50
dén 100% lam giam KLTT tuong tng tir 24 dén 39,4%, cuong do nén tudi 28 ngay giam
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6,7 dén 14,6%, nhung cuong do riéng cua FAC-HSLWC ting tir 12,3 dén 40,9%. Viéc
str dung phu gia khoang SF va SF két hop GGBFS & ty 16 20-40% lam cai thién cuong
do nén va d6 hit nude cua bé tong, trong khi ty 16 GGBFS dén 60% mic di cai thién do
hut nudc nhung 1am gidm cuong d6 28 ngay so voi chi st dung OPC. Ngoai ra, tuong
tu cac loai bé tong nhe khac, h¢ sé dan nhiét cia FAC-HSLWC giam déng ké va phu
thudc chit yéu vao ty 18 FAC thay thé cat hay khdi lugng thé tich ciia bé tong

Vil Ngoc Tru (2024)[10] da thuc hién nghién ciru thuc nghiém nhim ché tao va
danh gid tinh chat co ly ciia bé téng nhe ¢ cAu trac rong thay d6i trong didu kién phong
thi nghiém. H¢ vat liéu dugc sir dung bao gém chét tao bot EABASSOC, bot nhém phé
thai va dung dich NaOH 5,0 M, trong d6 vai trd cua hdn hop nay 1a didu khién qué trinh
hinh thanh cau tric 1 rdng tb ong phan bd khéng ddng déu tir khu vuc trung tAm ra dén
viing ngoai vi cia mau bé tong. Mau dugc dic trong khuén gd hinh 1ap phuong c6 canh
150 mm, v6i bén thanh khuén dugc duc 186 nhim hd trg qua trinh thoat khi va tach nude
trong qua trinh déng rin. Két qua cho thay bé tong nhe dugc ché tao c6 khbi luong thé
tich kho trung binh khoang 950 kg/m?, do 4m tu nhién dat 7,7%, dd hat nudc 15,2%, va
cudng do nén trung binh tai cac tudi 3, 7, 14 va 28 ngay lan lugt 12 6,12 MPa, 9,21 MPa,
11,08 MPa va 14,73 MPa. Nghién ciru cling so sanh hiéu qua tao khi gifra bt nhém phé
thai va bot nhom nguyén chét. Khi thay thé 0,5 kg bot nhom nguyén chat cho bui nhom
phé thai, kha ning tao khi tang ro rét do phan mg manh hon gitra nhom va NaOH, tao
ra lugng khi hydro 16n hon. Tuy nhién, véi cting thanh phin va khéi luong thé tich 4m
muc tiéu la 1000 kg/m?, bé tong nhe sir dung bui nhém phé thai c6 khdi luong thé tich
cao hon so v6i mau str dung bot nhdm nguyén chét, cho thay hiéu qua tao 15 rdng thip
hon. V& cuong d6 nén & tudi 28 ngdy, mau sir dung bui nhom phé thai dat 14,73 MPa,
cao hon so voi mau st dung 0,5 kg bot nhom la 13,27 MPa. Bang chu y, su thay ddi cdu
tric rong t6 ong trong bé tong anh huong dang ké dén tinh chét co 1y sau khi tao hinh.
Khéi lwong thé tich va cuong do nén phan b khong ddng déu theo vj tri trong vién mau.
Cu the, tai viing ngoai vi, khdi lugng thé tich trung binh dat khoang 1021 kg/m® va
cudng do nén 1én t&i 17,99 MPa. O céc vi tri gén mép bién, cac gia tri tuong g 1a 967
kg/m?® va 9,64 MPa. Trong khi d9, tai tAm vién mau, khoi luong thé tich gidm con 798
kg/m? va cudng do nén chi dat 5,75 MPa.

Nghién ctru ctia Vii Quang Thuén va cong su (2023)[50] duoc thuc hién nhiam
danh gia kha nang str dung tro mia (SCBA) — mét loai phé thai néng nghiép sin ¢6 tai
tinh Phii Yén — nhu vat li¢u thay thé mot phan xi méng trong ché tao bé tong bot khi
nhe, dong thdi khdo sét hidu qua img dung clia cat bién va nude bién trong béi canh tai
nguyén cat vang va nudc ngot ngdy cang khan hiém. Nghién ciru sir dung xi mang
PCB40 Long Son (Pht Yén) véi khdi lwong riéng 3,15 g/cm® va cuong do nén 28 ngay
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dat 47 MPa; tro mia tir Nha may KCP c6 khdi lugng riéng 2,66 g/cm? va dd hoat tinh
93,6%. Cot liu min gém cat vang song Ba, cat bién va cat nhiém min; nudc trdn bao
gdm nudc may va nude bién tir Phu Yén va Thanh Hoéa. Bot khi dugc tao tir dung dich
tao bot thuong mai, pha loang 1,5-3%, co ty trong 1,02 g/cm®. Muc tiéu thiét ké 1a san
xult bé tong bot khi c6 khdi luong thé tich 800 kg/m?, véi ty 1& N/B 12 0,42 va C/B 1a
0,37 theo hudng din ciia ACI. Cac cdp phdi dugc ky hiéu theo t6 hop vat lidu sir dung
(F: cat vang—nudc ngot; S: cat bién—nudc bién) va ham luong tro mia thay thé (BX), vi
du: FBS5 1a cép phéi sir dung cét vang-nuéce ngot véi 5% tro mia; SB15 1a cap phdi sir
dung cat bién—nude bién véi 15% tro mia.

Tro mia dwoc sit dung véi céc ty 18 thay thé 0%, 5%, 10% va 15% theo khoi luong
chét két dinh.
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b1 Be tong bot khi dung cat bign vi nuae bien
Hinh 1. 2. Cwong dp chiu nén ciia bé tong bot khi khong co va co thanh phan tro
mia trong thanh phin chét két dinh & cdc ngay tuéi khdac nhau [50]
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Hinh 1. 3 Dy hit nwéc cia bé tong bot khi khéng cé va co thanh phan tro mia trong
thanh phan chit két dinh ¢ cdc ngay tudi khdc nhau [50]

Két qua thi nghiém cho thdy, & tudi 7 ngdy, viéc thay thé xi mang bang tro mia lam
giam cuong do chiu nén do phan ng pozzolanic chua phat huy hiéu qua, tuy nhién &
tudi 91 ngay, cac cap phdi ¢ ham lugng tro mia 5% va 10% cho thay s cai thién dang
ké vé ca cuong d§ chiu nén va d6 hat nude so véi mau dbi chiung khong sir dung tro
mia. Dgc biét, cap phdi chita 10% tro mia dat cudng do cao nhat, tang 7,4% (so véi
FBO) va 8,0% (so v&i SBO), ddng thoi giam d6 hut nude 1an luot 5,2% va 7,0% & cac
mau tuong tmg. Nguoc lai, khi ham luong tro mia ting 1én 15%, tinh chét co hoc ¢6 xu
huéng suy giam, thé hién qua viéc giam 5,2% cudng do nén va tang 3,2% do hat nudc
so véi mau dbi chimg FBO. Viéc két hop sir dung tro mia cling vé&i cat bién va nude
bién ciing cho thdy hi¢u qua tich cyc, dic biét & mirc thay thé <10%, gép phan cai thién

cac chi tiéu chinh ctia bé tdng bot khi so véi khi sir dung vét lidu truyén théng.
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Két qua cho thiy rang viéc thay thé xi mang bang tro mia trong khoang 5-10% la
phu hgp va mang lai hiéu qua tich cuc cho ca cuong do va do hit nude cua bé tong bot
khi. Ddng thoi, viée két hop sir dung cat va nude bién 1a hudng di tiém nang nhim khai
thac tai nguyén dia phuong thay thé cac vat lidu truyén théng. Tuy nhién, dé nang cao
d6 tin cdy va hiéu 16 hon v& co ché vi mo anh hudng dén tinh chét ctia bé tong, can thuc
hién thém céc nghién ctru chuyén siu vé vi cdu triic nhu phan tich phan b6 16 réng, ham
lwong cac san phdm hydrat hoa (CH, CSH) va hinh thai qua hién vi dién tir quét (SEM),
cing nhu danh gia céac chi tiéu co ly va do bén 1au dai vuot qua 91 ngay.

Nghién ciru cia Ngo Sy Huy va cong su (2022) vé anh huong ciia ham luong soi
polypropylene (PP) dén cac dic tinh cua bé tdng bot nhe (LFC) c6 sit dung tro bay (TB)
va xi hat 16 cao nghién min (GGBFS) lam vat liéu thay thé xi mang. Bbn cap phdi LFC
véi ty 18 nuée trén chét két dinh khong dbi (w/b = 0,22) duge thiét ké véi cac ham luong
soi PP khac nhau (0; 0,3%; 0,6%; va 1,0% theo thé tich), tuong ung vo1 cac mau F00,
F03, FO6 va F10. Cac vat licu chinh gdm xi mang PCB, TB, GGBFS, cat (25% khbi
lugng chat két dinh), nudc, bot khi va PGSD dugc tinh toan cin than nham dat dugc
mat do khd muc tiéu 1200 + 50 kg/m? theo yéu cau cia TCVN 9029:2017. Tat ca cac
mau déu dugc danh gia dua trén nhiéu chi tiéu ky thuat nhu khdi lugng thé tich tuoi,
mat dd kho, do hut nudc, hé s6 dan nhiét, cuong do co hoc (nén va uén), van toc Xung
siéu am (UPV), ciing nhu cu tric vi mé thong qua k§ thuat SEM.

Két qua cuong do chiu nén, cudng do chiu ubn va xung vén tdc siéu 4m dugc trinh
bay & Hinh 1.4; 1.5; 1.6.
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Hinh 1. 4. Cwong dj chiu nén cia LFC
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Hinh 1. 6. UPV cua LFC

Két qua cho thiy viéc bd sung soi PP tac dong rd rét dén cAu tric va tinh chit coa
BTB. Mic du mét d6 kho va khdi lugng thé tich tuoi 6 xu hudng giam khi ting ham
luong soi PP, mitc d§ gidm 1a khong dang ké va vin dam bao nam trong khoang tiéu
chuan. Pang chu y, ham lugng sgi PP cao hon gitp cai thién dang ké cuong do co hoc
cua LFC, dac biét 1a cuong d6 udn, phan 4nh vai tro cta soi trong viéc tang cuong lién
két noi bo va kiém soat vi nirt trong ma trdn bé tong. Tuy nhién, su gia tdng ham lugng
s01 PP ciing kéo theo su ting nhe do hit nudc — mot yéu td cAn can nhéc khi thiét ké cho

céc két cau yéu cau do bén 1au. Hé so din nhiét va van toc UPV déu giam khi ting ham
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luong soi, cho thiy ciu tric vét liéu tré nén x6p hon, nhung vin trong gi¢i han chip
nhan duoc d6i véi vat liéu cach nhiét.

Phan tich SEM cung cip bang chung truc quan vé su hinh thanh cac 16 réng min
va su phan bd dong déu cua sgi PP trong ma tran xi ming, cho thdy su cai thién vé tinh
chét co hoc khong chi do tinh chit vat Iy cua sgi ma con nho vao su tuong thich vi mo
giita soi va nén vat lidu. Trong sb cac cap phdi, mau F10 (1,0% soi PP) dugc danh gid
1a t&i vu nhét, dat duoc su can bﬁmg tdt gitra cuong do nén (15,98-17,33 MPa), cuong
d6 udn (2,31-4,07 MPa), d6 hat nudc (<10%) va hé sé din nhiét thap (0,394-0,461
W/mK), ddng thoi dam bao UPV trong khoang 2955-3019 m/s — tuong duong voi cac
mau khac. Tir d6, nghién ctru cho thay rang viéc sir dung sgi PP & muc 1,0% la lya chon
phu hop dé nang cao hiéu qua co hoc va nhiét ctia bé tong bot nhe, déng thoi van duy
tri cac dac tinh vat liéu trong gidi han yéu cAu cua tiéu chuén k¥ thudt hién hanh.

Bing 1. 4. Thanh phan cap phoi BTB [51]

Tén miu | PCB B GGBFS Cat | Nuwéc | Botkhi | Sg¢iPP SP
FOO 443.1 |177.2 |265.8 221.5 1949 |16.1 0.0 1.403
FO3 442.2 1769 2653 221.1 1945 |l6.1 2.7 1.412
FO06 441.3 |176.5 |264.8 220.6 |194.2 |16.0 53 1.418
F10 440.1 |176.0 |264.0 220.0 |193.6 (159 8.8 1.431

Nghién ciru ctia Nguyén Thi Mui va cac cong su (2022)[4] vé anh huong cua TB
thay thé xi ming — lam chit két dinh trong san xuit bé tong bot nhe va anh hudng cua
ham lugng sgi polypropylene (PP) khac nhau dén cac tinh chét co hoc va vat ly cua vt
liéu bé tong nhe.

Thanh phan cip phdi duoc thiét ké voi ty 18 nudc/chit két dinh cb dinh 12 0,23, TB
chiém 40% khdi luong chat két dinh, va cat min Tho Xuén (kich thudc 0,14-0,63 mm)
chiém 25%, tuan theo khuyén céo khong vuot qua 50% nhiam tranh anh huong dén
cudng d6 nén. Cac vt liéu sir dung gdm xi mang PCB40 Nghi Son, TB nha méay Nghi
Son 1, PGSDTHTSP-10, chit tao bot EABASSOC, va soi PP duogc cung cip tir cling
mot nha san Xuét. So1 PP duogc bd sung voi cac ham lugng 0%, 0,3%, 0,6% va 1,0%
theo khéi lugng chit két dinh, twong ng vi cac mau thi nghiém ky hiéu 1a SP00, SP30,
SP60 va SP100. Muc tiéu thiét ké 1a tao ra bé tong bot nhe c6 khdi lugng thé tich kho
trong khoang 1000 + 50 kg/m?, d4p tmng yéu cau cho cac {mg dung tAm tuong, cach nhiét
va két cau khong chiu luc.

Két qua thi nghiém d6 hat nude duoc thé hién & Bang 1.5, két qua cudng do chiu

nén, cuong dd chiu uon va xung van toc si€u am duge thé hién ¢ Hinh 1.7, 1.8, 1.9.
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Bdng 1. 5. By hiit nwéc ciia cdc cip phoi bé tong bot

Tén miu Ham lugng sgi PP (%) Do hut nwée (%)
SP0O0 0,0 125
SP30 0,3 12,7
SP60 0,6 12,8
SP100 1,0 13,1
12 5
T —e— sPu0
T 40 | = | * SP33
(4 4k
£t S e ser0 .
g 8F = s P00
g S 3 r
g £
E' 6 L é L . s g
B —e— SP00 Y i
O o 07,8 D =TT i
- AP —%— 3P = T e
5 - e SPBO % o
= | 2 |- ) 5 1r
3] —— SPI0 O
O 1 1 1 X i O A L i i i
7 14 21 28 7 14 21 28

Ngay tudi (ngay)

Hinh 1. 7. Cwong do chiu nén

Van toc truyén xung siéu am (imds)

Ngéay tudi (ngay)

Hinh 1. 8. Cwong di chiu uén

3000
.
. W
2800+ __wr_w«_-jjf#_w-)—-—‘ o
TR -
RS s
L
I
e — ]
2600 F , - S
- —@- SPOO
—s— SP30
2400 | s BPEO
# SP100
:200 I ) 3 1 i 1
7 14 21 28

Ngay tudi (ngay}

Hinh 1. 9. Xung vin téc siéu Gm

Két qua thi nghiém cho thdy sw anh hudng 13 rét cia ham luong soi PP dén tinh

chat cia BTB. Khi ham lugng soi PP tang, khéi lugng thé tich tuoi va kho cua bé tong

gidm nhe, dong thoi h¢ s6 dan nhiét va van toc truyén xung siéu &m (UPV) cling cé xu

huéng giam. Cu thé, tai 28 ngay tudi, d6 hut nude dao dong tir 12,5% dén 13,1%, hé sb
dan nhiét nam trong khoang 0,387-0,362 W/mK va UPV tir 2837 dén 2631 ns. Mic
du sy gia tang sgi PP lam tdng d§ hut nuéc, song didu nay di kém vai su cai thién dang

ké vé cuong do co hoc. Cudng do nén va uon déu tang, trong d6 cuong d6 udn chiu tac

dong tich cuc 16 rét hon. Vi 1% soi PP, cuong do nén ting 14,6% va cuong d6 udn

ting dén 64,6% so v&i mau d6i chimg khong c6 sgi. Céc gié tri cudng do nén va ubn thu
duge tai tudi 28 ngay lan luot dat 10,1-10,8 MPa va 2,5-3,8 MPa, cho théy kha nang
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nang cao do bén ciu tric khi st dung s¢i PP trong BTB. Phén tich hién vi dién tir quét
(SEM) cho thiy cAu tric vi md ctia bé tong c6 bd sung sgi PP ton tai cac 16 rong nho
quanh so1i do tinh ky nude cua PP. Tuy nhién, cac soi nay van thé hién kha nang lién két
tdt v4i ma trdn xi ming, tao nén cAu trac dic chac tuong tu nhu bé tong cbt thép vi so1,
déng vai tro truyén g sudt va kidm soat vi nut. Sy phan bd déng déu va hidu tng neo
gitr co hoc cta soi PP duoc xem 1a co ché chinh giup tang kha nang chiu lyc cia BTB
trong khi van duy tri duge mat do vat lidu thép va kha nang cach nhiét tét. Tir cac két
qua dat dugc, mau SP100 (chira 1,0% soi PP) dugc danh gia 1a t6i wu nhét trong s6 cac
cAp phéi thir nghiém, dat duge sy can bang hop ly giira cuong d6 co hoc, tinh nang cach
nhiét va khdi lugng thé tich thdp. Nghién ctru gép phan khang dinh tinh hiéu qua cia
viéc sit dung soi PP trong bé tong bot nhe, ddc biét khi két hop véi TB nhu mot giai
phap tai ché chat thai cong nghiép, dong thoi mo ra tiém nang (mg dung rong rii trong
cac san pham tdm tuong ddc sin, vét liéu cach nhiét va cac ciu kién xay dung khong
chiu luec.

Nghién ciru ciia cua Mai Thi Hong (2022) [8] vé viéc tién hanh danh gia hiéu qua
sir dung TB va xi 16 cao nghién min thay thé mot phin xi mang trong ché tao BTB. Cu
thé, ham lugng TB va xi 16 cao dugc lua chon & mirc 20-30% téng lugng chat két dinh
nhim tai sir dung chit thai cong nghiép va ddng thoi giam ty trong san pham. Sau hdn
hop BTB dugc thiét ké v6i ty 16 nude/chit két dinh (N/CKD) bang 0,22, trong d6 céc
hdn hop duoc phan biét bai lugng bot khac nhau nhdm tao ra bé tong c6 khi luong thé
tich khac biét. Muc tiéu 1a x4c 14p mdi quan hé giira khéi lugng thé tich khd véi céc dac
tinh k¥ thuat nhu cuong do nén, vén tbe truyén xung siéu am, hé ) truyén nhiét va do
hut nude, tir d6 1am co sé dé thiét ké vat lidu phi hop vdi yéu cau sir dung thuc tién.

Vit liéu stt dung bao gdm xi mang PCB40 Nghi Son, TB tir nha may nhiét dién
Nghi Son 1, xi 10 cao nghién min ctia nha may thép Hoa Phat, cung v6i cat Tho Xuén
(Thanh Hoéa), phu gia siéu deo THTSP-10 va chit tao bot EABASSOC. Cat dugc chon
¢6 kich thude hat tir 0,14-0,63 mm nhdm tranh hién tuong phén ting bé tong do lang
cat. PGSDgiup giam lugng nude sur dung trong hdn hop va ting tinh cong tac, trong khi
chét tao bot dwgc phdi tron theo ti 18 1/40 (chét tao bot/nudc) va dua qua may tao bot
chuyén dung. Luong nudc tinh toan ban dau cho 1 m® bé tong 1a 180 kg, tir d6 thanh
phin cip phdi cac chét rin dugc x4c dinh.

Thanh phan cip phdi dugc chia thanh hai nhém: nhém S10 va nhém S20, twong
{mg v6i muc thay thé xi 10 cao nghién min 13 10% va 20%. Trong mdi nhom, cac hdn
hop duoc danh sé tir 1 dén 3 (vi du: S10-1, S10-2, S10-3...) nham khao sat anh hudng
cua lugng bot khac nhau. Ham luwong céat dugc cb dinh & mirc 25% tdng luong chat két

dinh dé dam bao khong anh hudéng tiéu cuc dén cuong do nén cia bé tong. Thé tich bot
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ly thuyét duoc hiéu chinh trong thuc nghiém do c¢6 ton that khi tron va dtc mau. Cac

hdn hop duoce danh gia dua trén khéi lwong thé tich kho, cuong do nén, van tde truyén

xung siéu am, 4o hut nudc va hé sb truyén nhiét.

Bdng 1. 6. Thanh phan cdp phéi ciia cdc logi BTB

—

X ) Xi 10 cao ] Thé
Tén Xi mang | Tro bay G s Cat Nude ]
x IN/CKD nghién min PGSD(kg/m?)|tich bot
mau (kg/m®) | (kg/m?) (kg/m®) | (kg/m?)
(kg/m?) (m?)
S10-1) 0.22 632 79 79 197 175.5 1.3 0.48
S10-2| 0.22 422 53 53 132 117.1 0.9 0.66
S10-3] 0.22 399 50 50 125 110.9 0.8 0.67
S20-1| 0.22 775 111 221] 277 2459 1.8 0.27
S20-2| 0.22 571 82 163 204 181.1 1.3 0.46
S20-3] 0.22 521 74 149 186 165.4 1.2 0.51

Két qua thi nghiém cho thdy, khi ham lwong bot ting, khéi luong thé tich kho cua

BTB giam 13 rét, dong thoi kéo theo su suy gidm cuong d chiu nén, vén tdc truyén

xung siéu am va hé so truyén nhiét. Tuy nhién, d¢ hat nude lai c6 xu hudng ting lén

theo ty 1& nghich v&i khdi lwong thé tich. Cac mbi quan hé nay dugc md hinh hoa thong

qua phuong trinh héi quy tuyén tinh, tir d6 c6 thé du bao dic tinh k¥ thuat cua bé tong

khi biét trude khdi lwgng thé tich kho. Pidu nay c6 y nghia quan trong trong thiét ké vat

liéu theo yéu cau sir dung cu thé, vi du nhu yéu ciu nhe va cach nhiét tot cho vat liéu

xay khong chiu luc, hay yéu cau cudng do cao doi véi cau kién chiu luc.
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Hinh 1. 10. Quan hé giita xung vén téc siéu dm va thé tich kho
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Bing 1. 7. Viin toc truyén xung siéu am (m/s)

. VAN tOc truyen xung sieu am
Ten mau _ A
7 ngay 14 ngay 28 ngay

S10-1 2386 2740 2764
§i0-2 1503 1650 1681
S10-3 1466 1536 1622
S20-1 2994 3165 3302
$20-2 2546 2632 2784
§20-3 2299 2423 2537

Trong $6 cac mau dugce thu nghiém, mau S20-1 v&i ham luong xi cao va lugng bot
thip dat cwdng do nén 16n nhat (18,2 MPa), cho thay kha nang sir dung cho két cAu chiu
luc. Trong khi do, cac mau nhu S10-1 va S20-2 ¢6 cudng do & muc 7,3-7,5 MPa, khéi
luong nhe va hé sb truyén nhiét thap, phi hop 1am vat liéu xay khong nung c6 tinh ning
cach nhiét. Nhu vdy, nghién ciru dd khing dinh tinh kha thi cta viéc sir dung két hop
TB va xi 10 cao nghién min trong san xuat bé tdng bot nhe, d0ng thoi thiét 1ap duoc mdi
quan h¢ chat ché gitra khéi lwong thé tich va cac tinh ning k¥ thuat, mo ra huéng tiép
can hiéu qua cho viéc thiét ké vat liéu xay dung méi ¢ tinh bén virng cao.
1.4.Két luan chwong 1

Mot s6 két luan co thé dugc rat ra tir Chuong 1 nhu sau:

- Bé tong bot nhe (BTB) la vat liéu phu hop cho tAm tudng dic san nho giam tinh
tai, cach nhiét — cach am tbt, va duoc khuyén nghi cho cac cAu kién it hoac khong chiu
luc nhu tudng bao, vach ngén.

- Theo TCVN 9029:2017, cip cudng do B3.5 yéu cau cuong dd nén trung binh >5
MPa, pht hop v6i dai khéi lugng thé tich kho danh nghia D800-D1000. Bé tong bot cap
B3.5 hudng t6i can bang giira do bén co hoc va khdi lugng thé tich thip — 14 co s& quan
trong dé c6 thé ung dung loai bé tdng ndy trong két cAu tuong duc sin.

- Chu tric rong chi phéi truc tiép cac dac tinh co — nhiét — do bén ctia BTB; trong
d6 khdi luong thé tich phu thudc manh vao ham luong bot va mbi quan hé gifra cuong
d6 nén va khéi lugng thé tich kho gin nhu tuyén tinh.

_ Cbt lidu ciing 12 bién sé quan trong quyét dinh céu tric 18 rdng: loai va cip phdi
hat 1am anh huéng dén do rdng va su phan bé — kich thudc 16 khi, tir d6 chi phéi cudong
do, hit nudce va dd dan nhiét. BTB thuong dung ¢t liéu <5 mm, wu tién cat min <1 mm;
dai 0,14-0,63 mm gitp tranh phan ting. Viéc ting lugng cat min qua muc trong BTB
lam giam tinh cong tac va budc tang N/X dé 6n dinh hdn hop. Do dé cén phai khao sat
c6 hé thong tac dong
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CHUONG 2: VAT LIEU CHE TAO VA KE HOACH THi NGHIEM BE
TONG NHE BOT KHI

2.1. Vit liéu ché tao

Nghién ctru str dung xi méang pooc lang PCB40 S6ng Gianh théa man theo tiéu
chudn TCVN 6260:2020.

Cat min dugc su dung ¢c6 mo dun d6 16n Mk = 1,05.

Phu gia gidm nudc str dung 1a loai LOTUS-E339P

Phu gia tao bot 14 EABASSOC — NEPOR dugc hoa trén v6i nude véi ty 18 1: 30
dé tao bot dua vao bé tong.
2.1.1. Cétli¢u

Nghién ctru st dung loai cat min mé dun do min My = 1,05. Cac tinh chét co, ly
cua min dugc trinh bay & Bang 2.1. Thanh phﬁn hat cta cat min duoc trinh bay trong
Béng 2.2.

Bang 2. 1. Cdc chi tiéu vat ly va hoa hoc cta cdt nghién va cdt min

TT | Tén chi tiéu Cat min TCVN 7570

1 Khdi lugng riéng (g/cm?) 2,62 -

2 |Khéi lwong thé tich x6p (g/cm?) 1.401 -

4 Do hut nude (%) 1.12 -

5 |D¢ rong tu nhién (%) 46,7 -

7 Mo dun d6 16n 1,05 2,0-3,0

8 Ham lugng bun sét (%) 0,38 <15

9 Tap chit hiru co Sang hon mau Khong sim hon
chudn mau chuin

Bing 2.2. Thanh phan hat ciia cit min

Mit sang 3 2,5 1,25 0,63 0,315 |0,14 0,075

Luong sot tich lly

0 0,00 0,00 |1,02 |16,17 |88,15 |100
(%)

Luong lot sang (%) | 100|100 | 100  |98,98 |83.83 |10,85 |0
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Hinh 2. 1. Cdt min

2.1.2. Ximdng

Pé tai nghién ctru st dung xi mang PCB40 Song Gianh c6 san trén thi truong dé

nghién ctru. K&t qua phan tich thanh phan héa hoc va thi nghiém xéac dinh cac tinh chat

co, ly cua xi mang dugc trinh bay ¢ Bang 2.3 dén Bang 2.4

Bing 2.3. Thanh phan héa ctia xi ming

Vat liéu CaO |SiO2 [Fe203 |ALO3 [MgO |[K20 [NaxO |SOs |CI MKN
Xi méng 50.12 [24.12 |4.47 |6.84 423 ]0.74 |0.68 |[1.21 |0.017 | 6.37
Bdng 2. 4. Cdc chi tiéu co, Iy ciia xi mang PCB40 Song Gianh
STT Tinh chit Ponvi Kétqua |TCVN 2682:2009
1 Khdi lwong riéng glem®  |3.1 =
2 D6 min:
Luong sot sang 0.09 mm % 7,5 <10
Do min Blaine cm?/g 3394 > 2800
3 Luong nudc tiéu chuin % 32 -
Do 6n dinh thé tich mm  |0,65 <10
5 Thoi gian déng két
Bat dau Phit  [140 > 45
Két thiic Phut  [225 <375
6 Cuong d6 nén MPa
3 ngay 27,1 = 2l
28 ngay 49,0 >40
Két qua & Bang 2.4 cho thay xi ming PCB40 théa mén yéu ciu ky thuat theo
TCVN 6260:2009.

2.1.3. Phu gia tao bot

Phu gia tao bot c6 cac thong sé duge mo ta nhu Bang 2.5.
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Bang 2. 5. Thong s6 ky thudt ciia phu gia tao bot EABASSOC — NEPOR

Théng sb Gi tri / Mb ta

Tén san phdm EABASSOC — NEPOR

Thanh phan Hoa chét téng hop, than thién moi truong, dé phan hiy, khong doc hai
Ty trong (dang 16ng) |~1,02 g/cm?

pH (dung dich nudc) |6,7

Mau sic / Mui Vang ndu nhat / khong muui

Nhiét 4o dong ctmg |-5 °C (sau khi rd dong van sir dung binh thuong)

Ty 1€ pha dung dich
tao bot

2,5 — 3% trong nudc

Tinh chét bot

Bot khi min, 6n dinh, khong phan ting khi tron v6i vira xi mang — cét

Tinh thi cong

Dé bom, dé chay, khong can ddm rung, bé mat tu phang

Tinh nang bd sung

- Cach nhiét, cach am t6t- Kha nang chéng néng, chéng thim- Tang

cuong do mat bé tong

Ung dung

- Bé tong nhe (foam concrete)- Gach khong nung- Bé tong cach nhiét,

cach am- Két cau 16t nhe

2.1.4. Phu gia giam nwic

Nghién ctru sir dung phu gia gidm nuéc LOTUS-E339P véi cac thong s6 k§ thuat
dugc trinh bay ¢ Bang 2.6

Bing 2. 6. Thong sé ky thudt ciia phu gia giam nuwoc LOTUS-E339P

Théng sb Gia tri dién hinh
Tén san pham LOTUS-E339P

Dang Long

Mau séc Nau nhat dén nau sAm

Ty trong & 25°C

1.08 —1.12 g/cm?®

pH

6.0-28.0

Ham lugng ran

Khoang 30% + 1%

Ham lugng st dung khuyén nghi

0.5% — 1.5% khdi lugng chat két dinh

Giam nuéc

12% — 30% (tly liéu luong va didu kién)

Kha nang duy tri do sut

T6t (2-3 gid)

Anh huéng dén thoi gian dong két

C6 thé 1am cham nhe

Tuong thich véi xi méang

Twong thich v&i hau hét loai xi mang PCB

Bao quan

Noi kho réo, thodng mat, tranh anh ning
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2.2. Ké hoach thi nghiém
2.2.1. Thanh phan cip phoi bé tong bot nhe

Bé tong nhe duoc thiét ké theo phwong phap thuc nghiém, thanh phéan hdn hop cta
cac loai bé tong nhe D900 ¢6 ty 1€ N/X = 0,32 vdi ty 1€ xi mang trén cat (cement/sand-
C/S) 1an luot 1a 3/1; 2,5/1; 2/1; 1/1 duoc ché tao dé xac dinh anh hudng clia yéu 6 ty 1
C/S dén céc tinh chit cua bé tong bot nhe. Thanh phéan cip phdi ctia cac loai BTB dugc
trinh bay & Bang 2.7

Bdng 2. 7. Thanh phan cip phoi bé tong bot nhe

N Xi . Phu gia
Ho6n Cat min | Nudc PGSD KLTT
b mang ke/m?) | (kg/m?) | (k) tao bot | C/S N/X (ke/m?)

m m m m

P agmy |0 i T (kg/m?) ¢
C3S1 534 178 171 1,5 15,5 3/1 0,32 903
C2.5S1 | 514 205,6 164 1,5 14,9 2.5/1 0,32 905
C2S1 485 2425 155 1,5 15,8 2/1 0,32 915
Ci1S1 382 382 122 1,5 13 1/1 0,32 890

Chu thich:
C3S1: cap phéi BTB vdi ty Ié xi mang/cat la 3/1
C2.581: cdp phéi BTB véi ty Ié xi mang/cat la 2.5/1
C2S1: cdp phéi BTB véi ty Ié xi mang/cat la 2/1
CISI: cdp phéi BTB vdi ty 1é xi mang/cat la 1/1
2.2.2. Céng tdc chudn bi va ché tao miu
Chuén bi khudn dic mau tuong tmg véi sé lugng va loai mau vira can duc dam
béo yéu ciu theo ké hoach thi nghiém. Trong dé tai nghién ciru, can diic cac loai mau
sau:
- Céc mAu thi nghiém do hat nudce 12 mau try kich thude 100x100 mm.
- Céhc mAu thi nghiém cudng dd nén 1a mau 14p phuong kich thude 100x100 mm.
- Thi nghiém siéu am va do dién tr& suit v&i mau tru kich thude 100x200 mm
Céc khuén duc phai ph hop véi kich thudce clia ting loai mau, dém bao ky thuét,
khong bi cong vénh, hd cac goc canh. Céac khudn duc mau phai duoc vé sinh sach s& va
bdi tron cac thanh bén trong dé dé thao mau.
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a) Khudn 100x200 mm b) Khuoén 100x100x100 mm

Hinh 2. 2. Mt s6 loai khuon disc mau thi nghiém
a) Cdn dong vat liéu

Céac loai vat liéu dugc dugce tinh cho mdt mé tron tuong ung vai thé tich thung
tron, can dong theo khdi luong béng can ty dong. Cac loai vat li¢u cho mot mé tron phai
didu chinh theo d6 Am cla cdt liéu cho chinh xédc trude khi dua vao tron.

b) Tron, diic mau va bao duing

Quy trinh ché tao cac mau BTB dugc thuc hién nhu sau. Cac vat liéu duoc chuin
bi trude bang cach 1an luot cho xi mang va cat vao tron kho trong 2 phit. Tiép theo, 2/3
lugng nuée duge thém tir tir trong qua trinh tron va tiép tuc trén trong 2 phut. Phu gia
siéu déo dugc hoa tan trong 1/3 lwgng nudc con lai, sau dé duoc thém vao hon hop va
tron tiép trong 2 phit cho dén khi thu duge hdn hop dong nhét.

Dung dich tao bot dugc pha b'fmg céch tron chit tao bot EABASSOC — NEPOR
v6i nudce theo ti 16 khdi lugng 1:30. Dung dich nay duoc khudy k¥ va dua vao may tao
bot, trong dé khong khi nén vai ap suét 1én dén 7 bar duoc st dung dé tao ra bot khi
mau tring, nhe v&i khéi lugng thé tich khoang 42 g/L. Bot da tao dugc dua dan vao hdn
hop bé tong va tiép tuc tron dé dam bao phan bd déu trong toan bd ma tran. Trong sudt
qua trinh ndy, mat d6 twoi cia hdn hop dugc theo dai lién tuc cho dén khi dat g1a tri muc
tidu twong tmg vai cp phdi D0O.

Hon hop BTB sau dé duge dd vao khuon da chudn bi trude, bé mat khuén duoc
xir ly, phu vat liéu bao vé va gitr 6n dinh trong vong 24 gid trude khi thdo khuon dé
dudng ho dén ngay thi nghiém.
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a) Cong tac tron BTB b) Cac mau thir méi diic

Hinh 2. 3. Cong tdc trén va ditc mau cdc logi vita

2.2.3. Phuong phép thi nghi¢m

Qua trinh ché tao, do do chay ctia hdn hgp BTB duge thuc hién theo TCVN
12209:2018. Cac mau thir BTB hinh 14p phuong 10x10x10 ¢m duoc chudn bi dé thi
nghiém cudong do chiu nén dua trén tiéu chuan 3118: 2022. Thi nghiém do xung vén toc
siéu 4m duoc thuc hién véi miu tru duong kinh 10 cm chiéu cao 20 cm theo TCVN
9357:2012 [52]. D6 hut nudce cia bé tong thuc hién theo TCVN 3113:1993 [53] v6i mau
thtr hinh try mau tru dudng kinh 10 cm chiéu cao 10 cm. Thi nghiém do dién tré suit bé
mit duge thue hién trén mau tru 10x20 cm & trang thai bdo hoa nudc theo tiéu chuén
AASH TO T95 [54]
2.2.3.1.  Thinghiém do chay loang

Thi nghiém do chay loang cua BTB dugc thuc hién theo tiéu chudn TCVN
12209:2018 nhim dénh gia tinh cong tac cia hdn hop bé tong twoi. Trudc khi tién hanh,
ban chay va khudn hinh noén cut véi duong kinh trén 8 cm, duong kinh dudi 10 cm,
chiu cao 5 cm dugc 1am w6t va lau kho. Hon hop BTB sau khi tron duge d6 ddy vao
khudn dt tai tim ban chay trong mot 1an, khong nén va khong rung. Sau do, bé mit hdn
hop dugc gat phing va khudn duoc nhéac thang ding trong vong 5 + 2 gidy dé hdn hop
tu do chay loang. Khi hdn hop ngimg chay, dudong kinh lan rong duge do theo hai
phuong vuéng goc va tinh trung binh dé xac dinh gia tri d6 chay. Thi nghiém phan anh
d6 déo va kha ning thi cong cuia hdn hop, trong d6 gia tri do chay cang 16n cho thdy hdn
hop c6 kha nang lan téa va tur san phing t6t hon.
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Hinh 2. 4. Hinh anh thi nghiém do do luu dong cua bé tong bot
2.23.2. Thw cuong do chiu nén
Cuong dd chiu nén ctia cic mau bé tong duoc thi nghiém theo TCVN 3118:1993,
cac mau bé tong hinh 1ap phuong kich thude 100x100x100 mm dugc chuan bi dé thi
nghiém cuong do chiu nén & 3, 7, 28 ngay, mdi t6 mau thi nghiém gdm 3 mau.

Cudng do ép ché va cuong do nén cia cidc mau bé tong dugce tinh theo cong thuc:
_P
R, = ?“ (MPa) (1)

Trong d6: P, - luc nén phé hoai mau (N); F - dién tich chiu luc nén cta vién mau
(mm?).

Két qué thi nghiém cudng d6 chiu nén 14 tri sb trung binh ctia 3 mau thu.
2.2.3.3.  Thi nghiém do xung vén téc siéu am

Thi nghiém vén tdc xung sidu 4m cta cac mau bé tong dugc thuc hién theo TCVN
9357:2012. Van tbc xung siéu 4m doc truc (VSA) dung dé danh gia do dic chic va
khuyét tat trong bé tdng, bé tdng cang dic chic thi gia tri VSA cang cao.

> Thiét bi do

Thiét bj do gdm bd phat 1 cim bién phat ra xung van téc siéu 4m vao bé tong véi
tan s6 dao dong tir 20 kHz — 150 kHz. BO phat ¢6 ddu do dang cdp song song dung dé
ap sat bé mat mau thir . Bo thu 1a cam bién thu nhén tin hiéu siéu am sau khi truyén qua
bé tong, c6 cling tan s6 cong hudng véi bo phat dwoc dat dbi dién voi bo phat dé nhan
song siéu am. Bo didu khién va phat xung ding dé cung cap ning luong cho ddu phat,
didu chinh dang song (xung vudng hodc xung xa), ting cuong tin hi¢u nhan dé d& dang
phan tich. Thiét bi do con bao gdm bo ghi thdi gian dé ghi nhan thi gian truyén soéng
siéu am tir bo phét dén thu véi do chinh xéc cao (c& 0.1 ps — 0.5 ps) ddng thoi hién thi

gid trj tinh toan vén tdc truyén song V=L/t
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Trong do :

L: 1a chidu dai duong truyén (m)

t: thoi gian truyén song (s)

» Quy trinh thi nghiém

Céac mAu thi nghiém 14 dang mau tru tron chiéu cao 200 mm, duong kinh 100 mm.
Bé mit & 2 ddu tru dugc mai nhdm dé dam bao tiép xuc tdt v6i thiét bi thu phét xung
siéu Am. Cac mau thir dén thoi gian thi nghiém sau bao dudng duge mang ra, dung khin
Am lau bé mit, dat 1én gia thi nghiém. Khai dong thiét bi do va thiét 1ap thong sb kich
thude mau trén may do. Sir dung chét tiép am la dang gel silicon dé dam bao sy tiép xuc
t4t gitta bd thu phat va mAu thi, tién hanh do va doc gia trj hién thi 12 van tc siéu am
cudi cing ctia mau. Gia tri van tde xung si€u 4m cua cac loai bé tong VSAw 1a gia tri

trung binh ctia 3 mau thi nghiém.

Hinh 2. 5. Hinh anh thi nghiém do xung vdn toc siéu am
2.2.3.4.  Thi nghiém do dién tro sudt
Thi nghiém do dién tr& sut str dung mau hinh tru c6 kich thudc 100x200mm. Gia
tri ESR duoc do truc tiép bang thiét bi mang Wenner bén diém

Hinh 2. 6. Hinh anh thi nghiém do dién tro sudt
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CHUONG 3: NGHIEN CUU TiNH CHAT BE TONG TUGI VA TINH CHAT
PONG RAN CUA BE TONG NHE D900
3.1. Tinh cong tac
Tinh cong tac cia BTB trong nghién ctru dugc danh gia thong qua thi nghiém do
do chay loang dua theo TCVN 12209:2018
Két qua thi nghiém do do chay lic trude va sau khi dua bot vao cac cap phi BTB
nhe duogc trinh bay ¢ Hinh 3.1

45 1
40
A 4 e
35 -
30 -
R 5.5
£ 25 1 7
&
2 20 A
S
< 15 A
10 A
5 .
] c2s1 C2.551
wBC trwde (cm) 37 35 26
©DC sau (cm) 25.5 22.5 18

Céc hon hop BTB

Chii thich: DC trude 1o d chay trude khi dia bot khi vao hén hop hé xi mang-cdt, DC
sau la do chay sau khi dwa bot khi vao hén hop hé xi mang- cat
Hinh 3. 1. Anh huong ciia ty I¢ C/S dén dj chdy ciia cdc hon hgp bé tong bot nhe
Két qua nghién ciru & Hinh 3.1 cho thay khi ting ty 18 C/S thi d6 chay ctia hdn hop
BTB cang giam. Cép phdi c6 ty 18 C/S 1 3/1 ¢6 d6 chay ban dau bang 65 % so vai cip
phéi co ty 16 C/S 1a 1/1. Viée giam do chay ciia cac hon hop bé tong khi tang ty 16 C/S
quan sat duge c6 thé 1a do viée ting ham lwong xi mang lam ting dién tich bé mit cua
céc hat, ddn dén nhu ciu nudc cao hon va giam do chay [2]. Cac hdn hop bé tong sau
khi dua bot vao do chay giam tir 31-42% so voi do chay ban dau. Xu hudng thay ddi do
chdy cua céc hon hop BTB khi tang ty I¢ C/S twong ty nhu céc hon hop nay trude khi
dua bot. Két qua nay 1a do bot khi dua vao BTB lam ting d6 nhét ctia cac hdn hop bé
tong, cac bot khi lam cdn tro dong chay tir d6 giam dé chay ctia hon hop bé tong [55].
Nhu vay khi ty 1& C/S ting lam giam do chay cta hon hop BTB.
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3.2. Cuwong dj chiu nén

Cuong do chiu nén cua céac loai BTB vai ty 1¢ C/S khac nhau dugc trinh bay ¢
Bang 3.1 va thé hién ¢ Hinh 3.2.

Bing 3. 1. Cuong dp chiu nén ciia cic cdp phoi bé tong bot theo thoi gian

. 3 ngay 7 ngay 28 ngay
Ma
u Luc nén Rn Luc nén Rn Luc nén Rn

Tén mau (kN) (MPa) (kN) (MPa) (kN) (MPa)

1 19,67 1,47 27,45 2,05 37,27 2,73

2 20,68 1,57 27,53 2,05 36,02 2,60
C1S1

3 22,35 1,57 28,72 2,05 36,81 2,60

TB | 20,90 2,09 27,90 2,79 36,70 3,67

1 28,66 1,87 36,36 2,44 44,18 522

2 30,00 2,00 35,49 2,45 46,16 3,22
C2S1

3 28,94 1,57 36,75 2,05 45,26 2,60

TB | 29,20 2,92 36,20 3,62 45,20 4,52

1 29,85 1,69 40,49 2,35 55,44 2,64

2 31,55 1,86 41,44 2,04 52,39 2,84
C2.581

3 34,30 1,57 38,97 2,05 51,47 2,60

TB | 31,90 3,19 40,30 4,03 53,10 5,31

1 23,06 1,31 33,20 1,72 43,48 2,05

2 26,31 1,23 32,65 1,67 45,97 2,40
C3S1

3 25,63 1,57 35,55 2,05 42,55 2,60

TB | 25,00 2,50 33,80 3,38 44,00 4,40
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Cac hon hop BTB

Hinh 3. 2. Anh huéng ciia ty I¢ C/S dén cwong dp chiu nén ciia bé tong bot

Két qua & Hinh 3.2 cho thiy cac loai BTB c6 cudng do chiu nén phat trién theo
thoi gian, két qua nay 12 do sy hydrat hoa cta xi mang tao ra cac san phdm thiy hoa lam
dic chéc vi cdu tric bé tong theo thoi gian [55]. Khi tang C/S tir 1/1 dén 3/1, cudng do
chiu nén ctia cac hdn hop BTB ¢ 3, 7, 28 ngay déu ¢ xu hudng tang, dat cao nhét véi
ty 1¢ C/S=2,5 va giam cuong dd chiu nén khi C/S dat 3. Viéc tang ty 1¢ C/S d(‘A)ng nghia
v6i viée ting luong XM sir dung va ting luong san pham thuy hoa tao cuong do cho
BTB. Tuy nhién lwong xi mang qué 16n (C/S=3) s& hap thu 1 lugng nudce 16n 1am giam
tinh cOng tac va ting d6 dic ctia hdn hop hd xi ming ban dau. BTB véi d6 chay thip co
thé gy v bot khi trong qua trinh tron. Su v&r bot khi tao ra 18 rong 16n hon va khong
déu, 1am giam cuong do chiu nén [6]. Két qud nay dugc minh chirng qua sy giam manh
do chdy cua hdn hop bé tong tuoi khi ting ty 18 C/S tir 2,5 sang 3 va hinh anh mé ta 13
rong bot khi trong 2 hdn hop véi C/S= 2,5 va 3 duoc thé hién ¢ Hinh 3.3.
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Ty 18 C/S 2.5/1 Ty 18 C/S 3/1
Hinh 3. 3. Ciu tric 16 rong ciia bé tong C2.551 va C3S1
3.3. Xung van toc siéu Am

Xung vén toc siéu am cia cac loai BTB co su thay doi ty 18 C/S dugc trinh bay &
Bang 3.2 va dugc thé hién & Hinh 3.4.

Bdng 3. 2. Xung vén toc siéu dm ciia cic cdp phoi bé tong bot theo thoi gian

3 ngay 7 ngay 28 ngay

Tén mau Mau m/s m/s m/s

1 1775 1988 2181

2 1745 1991 2125
C1S1

3 1742 1979 2139

TB 1754 1986 2148

1 1924 2099 2214

2 1898 2057 2171
C2S1

3 1915 2073 2198

TB 1912 2076 2194

1 1979 2174 2313

2 1922 2125 2275
C2.5S1

3 1946 2130 2315

TB 1949 2143 2301
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1 1828 1985 2154
2 1837 2026 2211
C3S1
3 1819 1985 2163
TB 1828 1999 2176
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Cac hén hop BTB

Hinh 3. 4. Anh huéng ciia ty 1§ XM/C dén xung vin toc siéu am ciia bé tong bot nhe

Xung vén tdc siéu am 13 thong sb pho bién dé danh gia chat lugng bé tong. Phuong
phép siéu am dugc dua trén nguyén ly truyén séng siéu 4m trong vat liéu ran, trong do
van tdc truyén xung song c¢6 mbi quan hé truc tiép vai cac dic tinh co hoc, vat ly cia bé
tong. Két qua xung van téc sidu 4m cua cac hdn hop BTB véi ty 16 C/S tir 1/1-3/1 & 7
ngay trong khodng 1986-2143 m/s, & 28 ngay dao dong tir 1534-1643 m/s. Khi tang ty
1& C/S thi xung van tdc siéu 4m & céc tudi bé tong déu ¢ xu hudng tang 1én, dat gia tri
cao nhét véi ty 18 C/S =2,5 v giam lai vé6i ty 18 C/S = 3. Hinh 3.2 va 3.4 cho thdy xu
hudng thay ddi cua Xxung van tdc siéu Am khi tang ty 1€ C/S tuong tu so vdi cuong do
chiu nén. That vay, biéu d6 & Hinh 3.4 cho théy mbi tuong quan chac ché gifra xung van
toc sidu am va cudng do chiu nén cua BTB ¢ 7 ngdy va 28 ngay véi hé sé tuong quan
R2>0,9. Sy théng nhét cac két qua cudong do chiu nén, xung vat tot siéu 4m gop phan
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khéng dinh dugc thanh phf?m bé tong su dung ty 1¢ C/S =2,5 tdt nhit so véi cac ty 1€ con

lai trong nghién ctru.

2.350 -
y = 1823500424

_ 2.300 - R? = 0.9055 2301
£ 2.250 -
E 2.200 - 2194
= 2176
© 2.150 - 2148.
8 2100 - | 2143
%_ #2076
= G030 - y = 129.24x + 1604.2
E ] Rz = 0.8397
5 2.000 . 1086 ¢ 1999

1.950

1-900 T T T T T T 1
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Cuwdng doé chiu nén (MPa)

Hinh 3. 5. Quan hé giiia xung vdn toc siéu dm va cwong do chiu nén

3.4. D¢ hut nwéc cia BTB

D0 hat nude caa cac loai BTB co su thay dbi ty 1€ C/S dugc trinh bay ¢ Bang 3.3
va thé hién ¢ Hinh 3.5

Badng 3. 3. Dj hut nwdc cua cdc cdp phoi bé tong bot theo thoi gian

Tén cép 7 ngay 28 ngay

phdi Mau | Trudc Sau TB Trude Sau TB
1 263,60 | 319,27 | 0,211 | 261,50 | 313,94 | 0,201
C1S1 2 274,60 | 335,45 | 0,222 | 275,80 | 326,08 | 0,182
TB 0,216 0,191
1 255,00 | 307,80 | 0,207 | 276,90 | 326,49 | 0,179
C2S1 2 272,90 | 325,90 | 0,194 | 307,40 | 361,48 | 0,176
TB 0,201 0,178
1 265,30 | 312,40 | 0,178 | 280,60 | 325,87 | 0,161
C2.581 2 271,20 | 318,76 | 0,175 | 268,20 | 314,22 | 0,172
TB 0,176 0,166
1 288,10 | 343,32 | 0,192 | 290,90 | 34238 | 0,177
C3S1 2 286,70 | 341,06 | 0,190 | 295,50 | 348,75 | 0,180
TB 0,191 0,179
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Cac hoén hop BTB

Hinh 3. 6. Anh hwéng cia tylé XM/C dén do hut nwdc cua bé tong bot nhe

Do hiit nuéce cua bé tong 1a mot dac tinh thé hién kha ning hip thu va gir nudce
cua bé tong khi tiép xuc véi nude [4]. Py 1a mot chi s6 quan trong dé dénh gia tinh
thdm nude va gian tiép thé hién thé tich cac 16 réng thAm hay mao dan bén trong bé téng
[50].

Két qua nghién ciru & Hinh 3.6 cho thiy d6 hit nudce cua cac hdn hop BTB D900
¢6 xu huéng gidm theo thoi gian nhung véi mitc do giam khong dang ké tir 5,7-11,5% .
Su gidm nay phit hop véi nghién ciru ctia (Hong va cac cong su, 2022) [8], didu nay la
két qua cua qua trinh hydrat héa xi ming tiép tuc dién ra, tao ra gel C-S-H lap day cac
16 rdng trong cAu tric hd xi ming, tir d6 giam do hut nudc [50].

Khi ting ty 1¢ C/S tir 1/1- dén 3/1 két qua cho thdy d6 hut nude cta bé tong C2.5S1
thap nhit & cac tudi, 2 loai bé tong C2S1 va C3S1 twong tu nhau va do hut nudc cua bé
tong C1S1 cao nhét. Ty 18 C/S phi hop giup cat phat huy duoc vai trd chat filler trong
khi lugng xi mang vira du dé thiy hoa ma khong can nhiéu qua dan dién nhu ciu nude
cao hon.

Két qua do hit nude cia cac hdn hop BTB nay cho thy su phu hop véi tinh chat
cuong do chiu nén, xung van toc sidu 4m duoge thé hién trong Hinh 3.2 va 3.4. Loai BTB
cO cuong dd chiu nén, xung van tdc siéu Am cao thi dd hut nudce cé xu hudng thép va
nguoc lai. Didu nay khing dinh dwoc tAm quan trong cua viée xac dinh ty 1& C/S téi vu

dé khong chi toi uu cuong do, giam thiéu d§ hut nude va con gitp nang cao kha nang
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chdng thim nudc, hoi nude tir moi truomg khi ing dung BTB trong cac ciu kién thuc
té.
3.5. Dién tré suit bé mit ciia bé tong bot

Bang 3.4 va Hinh 3.7 thé hién cac két qua thi nghiém dién tro sut bé mat ¢ 3, 7,
28 ngay cua cac loai BTB voi ty 1€ C/S khéac nhau

Bing 3. 4. Di¢n tré sudt ctia cdc cdp phoi bé tong bot theo thoi gian

Cép phéi Mau 3 gy
1 2 3 4 TB
1 4 3,9 3,9 4 3,95
C1S1 2 4,02 4,02 4,02 4,02 4,02
3 3,49 3,67 3,76 3,67 3,65
TB 3,87
1 4,06 3,77 3,77 4,35 3,99
281 2 4,14 3,96 4,05 4,05 4,05
3 3,88 3,88 3.1 4,06 3,88
TB 3,97
1 4,25 3,93 3,93 4,25 4,09
2581 2 4,09 4,21 4,09 4,21 4,15
3 4,13 4,25 4,25 4,13 4,19
TB 4,14
1 4,28 3,91 4,28 4,56 4,26
C3S1 2 4,21 4,34 4,21 4,21 4,24
3 4,31 4,2 4,09 4,31 4,23
TB 4,24
Cép phdi Mau 7 ngay
1 2 3 4 TB
1 4,6 4,7 4,8 4,6 4,68
C1S1 2 4,48 4,4 4,23 4,48 4,40
3 4,33 4,52 4,7 4,89 4,61
TB 4,56
1 4,66 4,94 4,94 4,85 4,85
281 2 5,13 4,64 5,13 5,33 5,06
3 4,6 4,9 4,99 5,19 4,92
B 4,94
1 3,2 5,3 5,3 4,9 5,18
2551 2 5 4,9 4,9 5,1 4,98
3 4,75 4,66 4,66 4,85 4,73
TB 4,96
C3S1 1 4.8 5,2 5 4,9 4,98
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2 5,01 4,88 4,88 5,13 4,98
3 5,27 5,27 5,03 5521 5,21
TB 5,05
Cép phbi Mau 25 11y
1 2 3 4 TB
1 5,5 3,9 5,5 5,5 5,50
C1S] 2 6 5,8 5,6 5,8 5,80
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Dién tr sudt bé mit cua bé tong 1a mot chi tiéu quan trong thé hién kha ning chéng
lai su dich chuyén cua céc ion trén bé mat bé tong dudi tic dung ctia mot dién truong.
Dién tro sudt b mit cao cho thiy kha ning chdng dn mon tbt hon, vi né han ché sy di
chuyén cua cac ion giy an mon trén bé mit bé tong. Didu nay dic bigt quan trong khi
bé tdng tiép xtc voi mdi trudng 4m wdt hodc chira cac chat giy an mon nhur ion clo [56]

Két qua nghién ctru & Hinh 3.7 cho Dién tro suét bé mit clia cac cép phdi co xu
hudng tang theo thoi gian bao dudng. O 3 ngay dién tro suit bé mit cac hén hop BTB
1a 3.87-4.24 kQ.cm, dén 7 ngay dat tir 4.56-5.55 kQ.cm va dén 28 ngay dat 5.58-6.06
kQ.cm. Dién tro sudt bé mit tang 1a do su thiiy héa clia xi ming lam ting d6 dic chic
ctia hd xi mang, gip can tré sy chuyén dong cua cac ion trén bé mit. Khi tang ty 18 C/S
tir 1/1 dén 3/1 thi dién tro sudt cua cac hdn hop BTB ¢6 xu hudng tang ¢ céc do tuoi.
Dién tré suit bé mat phu thudc chu yéu vao vat liéu nén 1a ho xi mang ma it phu thudc
vao ciu triic ctia bé téng. Véi ty 18 C/S 16n hon thi thanh phan hd xi mang trong BTB
¢6 xu hudng ctng hon, dac chic hon nén dién tro sudt s& ¢ xu hudng cao hon. Bé tong
C3S1 ¢o6 cuong do chiu nén thép hon so vai C2.5S1 trong khi dién tro suét lai cao hon,
diéu nay la do xét vé mit cdu triic tong thé hd xi méang va su phan bo bot khi trong bé
tong thi C2.5S81 tao ra cAu tric chiu luc tét hon so voi C3S1, diéu nay cting da thé hién
10 ¢ Hinh 3.3
3.6. Ung dung bé tong bot nhe trong ché tao tAm twdong cong trinh xiy dung

So sanh dic tinh k¥ thudt cuong dé chiu nén va khbi luong thé tich kho cia cac
cdp phdi bé tong nhe trong nghién ciru voi Tidu chudn Quéc gia “TCVN 9029:2017 vé
Bé tong nhe — San phim BTB va bé tong khi khong chung 4p — Yéu cau ky thuat” dugc
trinh bay ¢ Bang 3.5.

Bang 3. 5. Bang danh gia kha nang dap wrng yéu cau ky thugt ciia cdc cap phéi bé
tong bot nhe theo TCVN 9029:2017

Dic tinh k¥ thuét cua bé tong bot nhe | Péc tinh k¥ thudt cac cap phdi Dich i
a ia
theo TCVN 9029:2017 bé tong bot trong nghién ctu | . ©
= L : khd nang
Gia tri | Khoi luong the .. . ,
. ol A . . | Kho1 dap Ung
z cudong  do | tich kho, kg/m® | Cuong do o
Cap , Tén _ " |luong | yéucau bé
. nén  trung ; chw nén| , )
cuong | . Cap . thé tich | tong bot
| binh, MPa , | Danh | Trung ‘. trung binh A p
do nén . X . phoi kho, theo cap
khong nho | nghia | binh (MPa) . .
kg/m® | cuong do
hon
Tu .
Dap uUng
B2.5 3.5 D900 | 851- CIS1 |3,67 903
80 B2.5
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Tu
bap 1ng
D900 | 851- C2S1 | 4,52 905
B2.5
900
T . )
Dap Ung
B3.5 5 D900 | 851- C2.581 | 5,31 915
B3.5
900
Tur ) )
bap ung
B2.5 3,5 D900 | 851- C3S1 | 4,40 890 BY.S
900

Két qua so sanh giira thuc nghiém va tiéu chuin TCVN 9029:2017 & Bang 3.5 cho
thdy, cac cap phbi C1S1, C2S1 va C3S1 déu dat cudng do chiu nén trung binh trong
khodng 3,67-4,52 MPa, tuong tng véi cap cudong do B2.5. Cac cap phdi trén thich hop
cho céc cau kién khong chiu luc chinh nhu twdng ngin hodc vach bao che vira cach am,
cach nhiét cho cong trinh xay dung.

CAp phbi C2.5S1 da dat téi cuong d6 nén trung binh 5,31 MPa v6i khéi luong thé
tich chi 915 kg/m?®, thoa méan yéu ciu cta bé tong bot nhe cép B3.5. Vi cuong do va
khdi luong thé tich nay co thé tng dung bé téng bot cho cac cau kién dac sin doi hoi
kha nang chiu luc nhét dinh, nhu 13 tAm tuong. Cuong do chiu nén cia BTB tir 5 MPa
trér 1én gitip cac chu kién duc sdn nhu cac tm trong dam bao tinh toan ven va én dinh
trong cac giai doan van chuyén, cdu lip va chiu tai trong ban than trong sudt vong doi
coOng trinh.

Nghién citu str dung cip phéi bé tong C2.5S1 dé ché tao mu tAm bé tong bot nhe
& phong thi nghiém dé d4nh gia tinh kha thi ciia viéc ché tao cc tAm bé tong nhe tir vat
liéu BTB.

Thong s6 md hinh tdm bé tong nhe D900 ché tao dugc thé hién & Bang 3.6

Bing 3. 6. Thong so6 mé hinh thir nghiém tim bé tong nhe D900 cip B3.5

STT Thong s6 Gia tri
1 Dai x rong x d¢ day 1200x600x40 mm
2 Khéi luong 22,6 kg
3 Cudng 6 miu nén & 7 ngdy 4 MPa
4 Cudng dd mau nén & 28 ngay 5,65 MPa
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Hinh 3. 9. Kich thwdc ciia tim bé tong nhe
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3.7. D& xuit cac cap phoi bé tong nhe cho mot s6 két cAu dung trong xay dung
cong trinh dan dung

Theo TCVN 9029:2017, bé tong bot nhe c6 cap dd bén B3.5 va khbi lugng thé tich
kho D900 thudc nhom bé téng nhe cuong do thép dén trung binh, thuong duogc xép vao
loai bé tong khong chiu luc hodc chiu Iuc han ché. Dua vao cac dac diém trén, bé tong
bot nhe B3.5 - D900 khong phu hop lam két cdu chiu luc chinh (c6t, ddm, san chiu tai
16n), nhung c6 thé sir dung hidu qua trong cac bd phan sau:
a. Twong khong chiu lwe va vach ngin nhe
- Lam vach ngan trong nha, tuong bao ting cao.
- Uu diém: giam tai trong cong trinh.
b. Lép bé tong 16t, 16p tao doc mai hodic san

Lam 16p tao ddc trén mai bé tdng cbt thép.

Lép 16t san dé ndng cot nén hodc 1am 16p nén cho hé san hoan thién.

c. Gach bé tong bot khong nung

Ep khudn thanh gach nhe bé tong bot ding x4y tudng ngan hoic tuong bao ting thép.

Uu diém: nhe, d& van chuyén.
d. Lam vit liéu chén lap nhe

- Chén lap ranh k¥ thuat, hé ga, 1ip nén trong diéu kién nén yéu nham giam tai trong.
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1. Kétluin

Mot sb két luan co thé rut ra tir cac két qua thir nghiém trong nghién ciru nay la
nhu sau:

- D0 chay ctia hdn hop bé tong bot D900 giam khi tang ty 1& C/S.

- CAp phdi bé tong bot D00 vai ty 16 C/S 1a 2.5/1 cho thay cac dac tinh t&i wu vé
cuong do chiu nén, xung van toc siéu am va do hit nudc.

- Dién trd sut bé mat ciia bé tong bot D900 ting theo thoi gian bao dudng va ty 18
C/S.

- Cip phdi Bé tong bot D00 vi ty 16 C/S 14 2,5/1 dat cuong do chiu nén cap B3.5
theo TCVN 9029:2017, trong khi céc ty 1& C/S tuong tmg 1/1; 2/1;3/1 dat cap B2.5.

- C6 thé ché tao duoc tim bé tong bot nhe duc sidn tng dung cho két ciu tudng
ngan cong trinh xay dung vdi bé tong bot D900, cap B3.5.

- Cac loai bé tong nhe trong nghién ctru dat tir B2.5 dén B3.5 déu c6 thé tmg dung
lam vach ngan, tuong bao, 16p bé tong 16t trong cac cong trinh xay dung

Kién nghi

- Nghién ciru mé rong & quy mé thuc té: Can trién khai ché tao va thir nghiém tam
bé tong bot nhe cip B3.5 trén cac md hinh cbng trinh thuc té dé danh gia toan dién kha
nang chiu luc, do bén l1au dai va hiéu qua thi cong.

- Da dang hoa cip phdi va timg dung: Tiép tuc khao sat thém cac cip phdi khac
nhau ciia bé tong bot nhe dé tdi vu héa tinh ning cach am, cach nhiét va d6 bén, tir d6
mo rdng ung dung trong cac hang muc xay dung nhu tudng bao, vach ngén, 16p bé tong
l6t.
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10.1, Ngoai nudc

H. Siileyman Gokge va cac cong sy (2018)] 1] nghién ctru anh hudng cia }mm lugmg bot,
- ham Juong tro bay, silica fume va céc ché d¢ bao dudng khac nhau den tinh chit cia bé tong
' nhe. Tong cong, 45 hdn hop bé tong bot d& duge chudn bi & ba cdp do thay thé ro bay va
' silica fume (0, 10 va 20%, tinh theo trong luong cua xi mang), ¢ ba ham [ugng bot (0, 31 va
47%, theo thé tich) va & mire ba ché dd bio dudng (bao dudng nude ficu chudn 7 va 28 ngay
va bdo dudng bang noi hdp) Khéi luong riéng, do hap thu nude, gid (ri cuong do nén va df
dan nhiét cta hdon hop duge xac dinh trén lang tru mau vt ¢6 kich thude 40x40x160 mm. Ty
trong (séy khd), do hép thu nude, Két qua cuong do nén va do din nhiét cia bé dng bot nim
trong khodng tuong ung 1a 873-1998 kg/m3, 3,5-35,9%, 1,5-88,1 MPa va 0,239-0,942
W/m.K. Két qua nghién ctru cho thiy mac da viee két hop tro tay khong c6 tac dong dang ké
dén khéi Tuong riéng cia bé tong bot, V](,L hé sung thém silica fume _gay ra su thay doi khm
lugng riéng tuy thude vao ché d6 dong rdn va ham lueng bot cta ho on hop. Vige giam kho 16
lwong riéng khi lam tang ham lugng bot ciia hdn hop ma khong can thém bit ky chit phu gia
nao lam ting t&i 2,4 lan ( U 48% 18n 20%) so voi chia hdn hop tuong img chira mudi silic. Vi
ham luong bot khong ddi, silica fume lam ting khéi luong riéng cta bé tong bot 1én t&i 55%.
Hon nira, vdi ciing ham Iu(ms, bot, viée két hop vai silica fume lam giam gid tri hép thu nude
ctia bé tong bot 1én dén 67%. Viée giam cuong do chiu nén cla bé tong bot khi tang ham
leong bot x0p 12 16 rang (giam & 97%) trong hén hop tro bay cao. Tuy nhién, luc nén cuong
dg cua be tong bot tang lén 4.4 lan khi st dung silica fume & cung ham hrong bot. Hiu qud
sur d ung 10 rét hon trong ho on hop ¢6 ham lugng bot cao hon. Hon hop bé 6ng ¢o m(mo dé
nén toi da va luong nude (6i thiéu twong g véi khéi lugng ridng bé tong bot ti wu la
khoang 1320 kg/m3. IIon hop bé téng chua 10% silica fume duge dudng hd trong nude cod
cuong dd chiu nén dat E(m nhét véi gia toi wu. Viée st dung silica fume lam tang d6 dan
nhiét cha bé tong bot dén 37%. Tuy nhién, s gm tang nhidt do thip hon déng ké so véi mic
tang cuong do chiu nén (1én ta1 4, A lAn). Vi va ty 18 cuong dd chiu nén/dd din nhiét cla
hén hop chiva silica fume tang 1én gép 4 1an khi tang, fugng bot trong bé tong. Trong khi viée
két hop tro bay lam giam ty 1& cudng d6 chin nén/dd dan nhiét cta hdn hop chtta ham leong
bot cao (47,1%) 1én 161 38%, ty 1¢ ndy téng 33% [y hdn hop ¢o ham lugng bot tmp (31,4%).
Nhu véy silica fume t&t hon tro bay. Chu tric 13 rong clia bé t(mg bot thay ddi dang s k& voi su
anh hudng cta ham lugng bot, tro bay va sxhca fume. Do mai lién hé chdt ché gitta cdc tinh
chét cia bé tdng bot va tj 18 wdn cta no, tdi wu hoa vé phu gn khodng ¢ vai trd quan trong
trong khd néng chiu luc ctia bé tong bot. Nhu vy hé chét két dinh 3 chit két dinh (silica
fume+ tro bay + xi méng) can duge khuyén khich str dung dé can bing c4c dic tinh mong
mudn ctia bé tong ¢ ham lugng bot cao.

B.A. Herki va cic cOng su (2013) [2] nghién clu bé tong nhe st dung tro bay va
polystyren. 9 cap phm duge phal trién, Thanh phan ddi chimg véi 0%SPS, 0%TB ¢6 thanh
phan I xi ming va 6 cbt liéu min ty nhign.Cét Lidu tr nhién duge thay thc 0, 60, 100% thé
tich polystyren. Tro bay thay thé 0, 20, 40% xi mang. Ty 1¢ N/CKD duoc st dung cho céc
hén hop bé tong. Cac tinh chat cuffng do chiu nén va do Xung vin tbe siéu am cta cac hdn
hop duge danh gid véi sy thay doi trén cia cac thanh phan bé tong va két qud cho thay khi
ting ty 1€ st dung SPS va I'B s& lam gidm cudng do chju nén va xung vén the siéu am.

Siong Kang Lim va cac cong sy (2015) [3] nghién ctu cuong do va do dai cta bé tong
uhe v6i cée cdp phdi thanh phin cat khac nhau. Céc loai be tong nhe trong nghién ciu b
khbi luong riéng 1300 + 50 kg/ m3. Bén loai cap d6 cat, tir 2,36 mm dén 0,60 mm da duge st
dung. Mau thir dang lap phuong va lang tru duge duc va bao dudng t rong nudce cting nhu bao
dudng trong nwde ban dau trong 7 ngay, sau do la d idu kién bao dudng bing khong khi. Muc

chénh Ié€ch do dugc gid tri chi ra ring ct min hon dugce st dung trong bé tong bot dd lam
| giam kha néng thi ¢ong cuia nd va tang (¥ 1¢ nude wén xi ming cho tinh nhit qun va on dinh




monL muon Cde miu duge ¢ huin bl bang cét 0,60 mm da ca dum (o nén cao nhat va do
bén uén cting nhu do bén udn so voi cac mau duge chudn bi véi cip do cat thd hon

Tir cac két qua nghién ciu trén thé giéi cho thiy bé t(mf' bot nhe da duoce quan tam trong
viée nghién ciu va (ing dung trong cong trinh xay dung. Cdc nghién cru da cho thay cde tinh

chit clia bé tong bot nhe phy thude rit nhicu vao céc wu (& dau vao va cong nghé thi cong do

d6 trong diéu kién vat liéu dja phuong & Viét Nam cin thiét phai c6 su quan tam nghién ciu
dé lam cht duge cOng nghé¢ be tong va cong nghé thi cong

Tai li¢u tham khao
[1] Gokge, H.S., D. Hatungimana, and K. Ramyar, Effect of (ly ash and silica fume on
hardened properties of foam concrete. Construction and building materials, (2019). 194: p. 1-
1.
[2] Herki, B., J. Khatib, and E. Negim, Lightweight concrete made from waste polystyrene
and fly ash. World Applied Sciences Journal, (2013). 21(9): p. 1356-1360.
[3] Lim, 8.K., CS. Tan, X. Zhao, and T.C. Ling, Strength and toughness of lig,hlwciwhl
foarmed concrelc with different sand grading. KSCE Journal of Civil Engineering, (2015). 1
p.2191-2197

10.2. Trong nwée

Hoang Minh Bire (2017) [1] nghién ctu st dung hat pol\/swwn dé ché tao bé tong nhe
cach phiét. Nghién ctu tdp trung voi ddi tuong 13 bé tong nhe khoi lwong thé tich tir 400
kg/m dén 700 kg/m? v d xem xét anh huong cua khbi luong thé tich bé tong anh hudng nhu
thé ndo dén chc tinh chét cua bé tong. Két qua nghxcn cuu cho thay cho tha\' tinh cong tac cua
hdn hgp bé tong phu thude nlneu vao do xoe ctia hd xi mang va hé sb du vita. D& han ché
phén tang hon hop bé tong can lua chon do xde thich hop ctia h6 va han ché tao hinh bing
dam rung. bé ning cao cuong do bé tong polystyrol ¢d khéi Jugng thé tich thap nén uu {ién
ting hé s6 du hd.Sw dung phu gia khodng va polimer ¢6 thé ché tao duge bé tong polystyrol
khoi lugng thé tich 700 kg/m? dat cudmg do dén 8,0 MPa. Nghién clu cdc tinh chit khéc cta
be tong polystyrol nhur co ngdt, mo dun dan hdi, d§ hat nude, hé sb hoa mém va khad ndng
bam dinh cho thdy bé tng polystyrol hoan toan thich hop dé ché tao cac san pham nhe nhu
bldc xdy, panel nhe sir dung trong thi cdng xay dung cdng trinh.

Hoang Mmh Dic (2019)]2] nghién ctu vé ddc tinh chong dn mon cho cdt thép khi dat
trong két céu bé tong nhe cach nhiét. Kha nang bao vé cbt thép cua bé tong nhe duoc thi
nghiém véi bé tong khi khong chung 4p c6 khdi luong thé tich D700, D1000 va b¢ tong
polystyrol ¢6 khdi lugng thé tich D400, D700, 1>1000. Cac két qua dugce so sénh vai mau dbi
ching lam tir bé (dng ning thong thuomg miac M200. Bé tong polystyrol st dung xi mang
PCB40 Nghi Son, tro tuyén Pha Lai va hat polystyrol phong ng Dmax=4 mm c6 khdi luong
lhc tich ‘mp 25,7 kg/m’. Ty 18 tro tuyén trong hdn hop chét két dinh 14 30%, ty 18 N/X cua cac
cdp phdi vai khéi luong thé tich 1400, D700, 1000 1an lugt 13 0,53; 0,50 va 0,47. Két qua
- nghién ctu cho thiy kha nang bao vé cbt thép cta bé 16ng nhe ting dang ké khi hmg, khéi
luong thé tich ciia bé tong. Vi cing khéi Jugng thé tich, bé ong poly styrol bdo vé cot thép
: tot hon so vdi b tong khi. Ct thép trong bé (0ng nhe ¢6 khdi lugng thé tich dudi 700 kg/m?
' cn duge bao vé chéng an mon bang céc bién phap b6 sung nhu son pht bé mat. Nghién ciru

anh huong cta cdc 1gp son phu cho ﬂld'\, kha ndng bao vé clia cae 1op som tang dan theo thiy
Ctu: hd ximang, hd ximangpolimer, hd ximang-Bara® Lastic, Bara® Fer-S. Vi 16p son phu
: phu hop, cbt thép trong bé tong nhe ¢6 thé duy (ri duoc trang thai thu dong nhu trong bé tdng
nang thong thuong.

Nguyén Pinh Chinh va cong su (2022) [3 3] nghién ctu \e cdc yéu th anh hu(mg dén céc
tinh ndng co ly cua bé tong nhe cot nhura x6p EPS. Cac ycu t& anh huomg dé& d& cap trong
nghién ctu gdm ham lugng nhua phé thai EPS; ty 1¢ nude/chat két dink; [y 1€ chét lién dién;
dac tinh nhira EPS (ty trong, kich thuéce). Thanh phan phéi liu trén nén bé tong Mac 200
duge xdc dinh véi ham lugng thanh phan cho 1 m3 bé tong gng Nude (195 lit), cat vang |




(() 466 m ) xi mdng, (320 kg), d4 dam (() 847 m’ ) Ha nhu(t xop (]'PS) tr rac thai d uoc st

dung thay thé cho nguyén liéu da dam véi ty trong va dic tinh khac nhau. Két qua nghién |
ctru cho (hdy, do bén nén khi ham Jugng nhua EPS > 30% giam manh, do hit nuce giam.

Mat khdc, voi bam luong nhua BPS 16n, cac nguyén vat liéu Jién két yéu, bi phén tang. Vi ty
¢ nuac/chdt két dinh < 0.28, bé tong nhe EPS ¢6 do bén co ly dap Gng yéu cau k§ thudt st
dung; khi t3 18 nude/chit két dinh > 0.28, tinh cong tae (46 chay lan) qua 16n, anh hudmg dén
thi cong va su thit thoat xi mang trong bé tong. Vi ty 18 chit lién dién < 2%, do bén nén
tang manh; khi ty 1& chét lién dién > 2% thi d6 bén nén khong ting nhicu. Vi kich thude hat
x&p EPS phé thai < 4 mm, tinh chét co ly bé tdng giam theo do ting kich thude hat, tuy nhién
vAn dam bao cho nhitng muc dich st dung déi vai bé (6ng nhe EPS; lién két hat nhya EPS
vdi thanh phén bé tong duge dam bao, khong bi phan ting, tach 16p. Khi ty trong hat nhwa
xbp EPS > 12,5 kg/m3, do bén nén co tang nhung kha it, tuy nhién, ty trong lai tang cao,
khong dap tmg yéu cau bé tong nhe < 1.5 00 kg/m3. Nhu véy, ¢6 thé xac dinh duge diéu kién
thi wu khi phdi trdn nhua EPS phé thai dé san xudt bé tong nhe nhu sau: Ham luong nhua

EPS la 30%; ty 1¢ nude/chit két dinh 14 0.28; ty 1¢ chét lién dién la 2%; kich thude hat nhua
xop EPS phé thdi 1a 4 mm; ty trong hat nhua xOp EPS 12.2,5 kg/m®.

Nguyén Quang Phi (2019)|4] nghién ciu ché tao bé (6ng nhe bang cach su dung ¢bt lidu
nhe Kemramzit, xi bot dé mg dung trong cac cong trinh xdy dung. 3 cdp phdi bé tong nhe
duge thxct ké g,om chp phdi st dung cbt Tidu cdt liéu Keramzit, cip phdi s dung, cbt liéu xi
bot va cp phdi sir dung da dam thong thuong dé ddi ching. Vai cac Ldp phm su dung
Keramzit va xi bot chét két dinb co s dung thém 10% silica fume. Cac cdp phdi déu cd
thanh phan phu gia siéu déo gidm nudce va bot gia tao bot dé tao be tong nhe hon dé tao bé
(ong ¢6 tinh cong thc tét, cuong do nén cao phu hop cho thi cong cac cong tinh x&y dung.
K&t qua nghién ciru cho thiy khi ché tao bé tong nhe can sir dung thém phu gia giam nude de
diéu chinh tinh cong tac ctia hdn hop bé tong tranh giy hién tuong phin ting. Khi thay thé
chit két dinh héng 10% Silica fume, két hop luong ding phu gia sidu déo va phu gia tao bot
hop 1y s€ ché tao duoc bé tong nhe ¢6 cudng dd nén dat trén 30MPa & tum 28 ngay, khoi
lwong thé tich dat yéu cdu. Bé tong nhe ché tao dap tng duge cac yéu ciu k§ thudt cho thi
cdng cac cong trinh xay dung

Nguyén Cong Thing va ce cong su (2021) [5) nghién ciru ché tao b tong nhe st dung hat
Pol) styrenc phdng né t4i ché. Nghién ctu su dung ¢dt lidu 10ng polystyrene tai ché (rtEPS)
dé ché tao bé tong nhe voi khéi hwong thé tich dat tir 1000 - 1500 kg/m3 va cuong d6 nén t
5,0 - 15 MPa. Két qua nghién ciru duge thue hién trén 08 cép phdi vai chc ty 1€ N/CKD la
0,25 va 0,30; ham lugng ¢bt 1iéu nhe s dung 25%, 30%, 40% va 50% theo thé tich cia bé
(dng. Két qua nghién ctru cho thiy hodn toan ¢ thé st dung cdt lidu rdng polystyrene tai ché
va vt liéu sén ¢6 & Viét Nam dé ché tao bé tong nhe thoa man yéu cau: khdi luong thé tich
ctia bé tong dat (i 1000 - 1500 kg/m3; cudng dd nén cia bé téng dat dén 20,0 MPa. Khi ham
Juong cbt lidu nhe tang thi khbi luong thé tich giam. Khéi lugng thé tich cua bé tong 16mn
nhét dat 1550 kg/m3 tng vai ty 16 N/CKD = 0,25 ham leong tEPS 1a 25% va cudng do nén
cta bé téng 16n nhdt dat 21 MPa. Khéi luong thé tich cva bé tdng nho nhit dat 1010 kg/m3
ang vai ty 16 N/CKD = 0,3, ham luong 1PS 1a 50% va cudng dd nén cia bé tong nho nhét 1a
6,3 MPa. Khi sir dung rEPS tai ché dén 50% thé tich cua bé tong, khéi lwong thé tich cua bé
(6ng theo chitu cao mau khong cé su chénh léch dang ké, khong xay ra hién twong phan ting
va hdn hop 1EPS phin b dong déu trong hdn hop bé tong. B hat nude mao quan va cuong
d6 nén clia bé tong ¢ xu hudng giam. Khi ting ham heong rliPS ddng thoi ty 16 N/CKD ting
thi d6 hut nude cha bé (Ong ting, dO hut nude cha bé tong 16n nhét dat 6,25% khi ty 1¢
N/CKD = 0,3 va ham lugng tEPS 1a 50%. Nguoce lai vai dd hut nuge, dd hat nude mao quan
clia bé tong giam khi ting ham lugng rEPS dong thoi giam ty 18 N/CKD. Do hut nuée mao
quan nhé nhat fai ty 18 N/CKD = 0,25 va ham lugng rEPS 13 50%. Hé s6 dan phiét cta bé
tong tinh toan theo ACI 213R14 cho thay; khi ting t§ 16 N/CKD dong thdi ting ham luong
CEPS thi he 56 dn nhi¢t clia be (dng gidm. Voi hon hop khi s dung N/CKD = 0,3 va 50%




E PS, hc s6 din nhul cta bé tono nho nhat dat ) 3039 Wim.© o

Lé Viét Hung va cac cong su (2021) [6] nghién ciru ché tao bé tong nhe cudong do cao
' cac hat tro bay vi ciu rong. Nghicn cau su dung cée hat mnoxphucs tr tro bay (FAC) vin
cudng do nén rén 40 MPa va khéi luong thé tich 1300-1600 1§ kg/m3 (FAC-FISLWC). Ham
lwong FAC st dung thay thé cat voi ty 18 0, 50, 70 va 100% (theo thé tich). Ngoai ra, anh
humlg cia phu gia khodng la silica fume (SF) va xi hat 10 cao nphmn min (GGBES) trong
n,hdt két dinh dén cuong d cta FACHSLWC cling duge nghién cir. Két qua nghmn clru cho
hay khi thay thé cat boi FAC lam giam déng ké KLIT, lam giam cuong do nén, nhung
cuong d6 riéng cua FAC-HSLWC ting. Véi ty 18 N/CKD = 0,4 va CKD =750 kg/m3 trong
nghién ctru, khi thay thé cét bai FAC tir 50 dén 100% lam giam KLTT tuong tng tir 24 dén
39,4%, cuomg dd nén tudi 28 ngay giam 6,7 dén 14,6%, nhung cuong db riéng cta FAC-
HSLWC ting tir 12,3 dén 40,9%. Viéc sir dung phu gia khoang SF va ST két hop GGBES &
ty 1€ 20-40% lam cai thién cuong dd nén va dd hit nurde cua bé tong, rong khi ty 1&é GGBI'S
dén 60% mic du cai thién dé hut nude nhurng lam giam cuong do 28 ngay so vai chi sir dung
OPC. Ngoai ra, (wong ty cac loai bé tong nhe khic, h¢ 6 din nhiét cia FAC-HISLWC giam
dang ké va phu thude chi yéu vao (9 18 FAC thay thé cat hay khdi luong thé tich ciia bé tong

Céc nghién cru & Vit Nam cho thiy pham vi nghién ctru vé bé tong nhe rat rong trong
khodng tir D400-D1500. C 6 nhié¢u cong nghé khac nhau dé ché tao b¢ tong nhe va hién nay

chii yéu 1a vige st dung bt lidu nhe va ding bé tong khi chung ap. Cac nghién ctiru vé bé
tong nhe theo phuong phap tao bot chua ¢ nhiéu nghién ciru.

Tai ligu tham khao
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10.3. Danh myc cic céng trinh @a cong bé thupe linh vuwe cia dé tai cia chi nhiém va
nhing thanh vién tham gia nghién ciru
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cot be 1ong et thep mong, ung Vi LAP hén bé tong theo TCVN 5574-2018." Pap chi Khoa
hoc va Cong nghé-Dai hoc Da Ning (2023): 23-30.

[4] 6 Vin Quan, Nguyén T4n Khoa, \Igmm Thanh Sang. "Ddub gia do hé 1am clorua, hé $0
suy giam khuéeh tan clorua va du bao tudi lho cta kéL cdu bé ong 6 moi truomg bién véi bé

"L(“mg hat nhd chaa tro bay va xi 16 cao." Tap chi Khoa hoc va Cong nghé-Dai hoc Pa
Ang (2(')3) 18 ?

. TINH CAP HHI‘] ( UA Dl* lAl

Phan loai theo TCVN 5574:2018 vé thiét ké két cAu, bé tong, bé tong cdt thép, bé tong
nhe 14 loai bé tong c6 Khoi lugng riéng tu 800-2000 kg,nﬂ () Viét Nam, bé tong nhe dang
ngay cang duge ting dung nhiéu hon trong xdy dung cong trinh boi kha ndng lam giam tai
trong 1én két cdu, cach am, cdch nhiét dt. Loai bé tdng nhe duge ché tao theo cong nght tao
bot ¢6 thé tao ra bé tdng cé tinh cong tic tht, do chiy cao va thdm chi ¢6 thé ché tao bé ong
bot nhe ¢é khdi Juong riéng giam den 500 kL, m3. Bé tong bot nhe d& thi cong, ¢ thé tmg
dung trong vi¢c ché tao gach nhe, tAm tuong vach ngin, tuom bao che. tham chi la tudmg chiu
IU( trong tu nhu gach théng thudng. Viée bé (dng bot nhe ¢o thé ché tao két cdu & dang dic
san va Iap rap tai cong truomg giap vice thi cong cong trinh td nén nhanh hon, khong gian thi
cong cling sach s& va gon gang hon, day ciing 13 1y do bé tdng nhe dang ngay cang duoge va
chudng.

Tuy vdy, tinh chit cta bé tong bot nhe hién nay phu thuge vao rét nhidu yéu 16 nhu ham
luong xi méng st dung, lugng nude six dung ban dau, chét luong bot, 13 1¢ bot st dung, chit
luong bt liéu, hu?t bi thi cong, t thiét bi tao bot, vv... Do d6, viéc ché tao duoc bé dng bot
nhe dam bao yéu cau k} thudt cho viée thi cong C(mQ, mnh kh(mg phai 1a van dé don gidn va
cAn duge nghién ctru dé xac dinh duoc cac vat lieu dau vao va thiét bi thi cong pht hop.

Tir cée phan tich (rén co t thé thdy dé tai Nglnen ctru ché tao bé tong bot nhe tng dung cho
két cau tAm tuomg trong wng hmh xay dung a céip thiét va c6 tinh thue tién cao.

12. MUC TIEU PE TAI
- Chét lao duge loai bé tdng bot nhe D00 (Khdi lugng riéng 900 kg/m®) ¢6 cuomg dd chiu
nén dat cap B3,5 (3,5 MPa ¢ 28 ngay theo TCVN 5574:2018).

- T wu duoe cdc thanh phén vat li¢u su dun,q dé ché tao b& (6ng bot nhe
Ung dung duge tm bé tdng nhe cho 1 cong trinh oy lhe

13. DOI TUONG, PHAM VI NGHIEN CUU KEens

13.1. Déi twong nghién civu

Ré tong nhe bot khi

13.2. Pham vi nghién cuu

Bé tong nhe DINO (Khdi lugng riéng 900 kg/m®) ¢6 cudimg do chin nén dat cdp 133.5 (3.5
MPa & 28 ngay theo TCVN 5574:2018)

14. CACH TIEP CAN, PHUONG PUAP NGHIEN CUU
14.1. Céch tiép cgn

Nghién ctu thye nghiém trong phong xéc dinh tinh cong tac, khoi lugng (hé tich cia bé tong
troi; cuong do nén, do hat nude véi sy thay doi cua ty 18 chat két dinh, loai chat két dinh,
lrgng nude ban déu tir do dé xuat cae cap phdi bé tdng nhe i v

14.2. Phuwong phap nghién cieu

Phuong phap nghién clru ly thuwt kc horp voi thue nghlem

15. NOI DUNG I\(JHFV( U [I Vl\ KK II()A( [] NG IIIFN & Ul‘

15.1. Ngi dung nghién ciru




M¢o dau

1. Tinh cap thiét cua dé tai

15.2. Ké hoach nghién ciru

2. Mue tiéu nghién ciru

3. Noi dung nghién clru

4. Pham vi nghién ctru

5. Phuong phap nghién ciru
6. Két chu ciia dé tai

1.1.Gi6i thiéu vé bé tong nhe

1.4 Két ludn chuong

2.1. Vat liéu ché tao’
2.2. Ké hoach thi nghiém
2.2.1. Thanh phan cp phéi bé tong nhe

3.1. Tinh cong tac
3.2. Cudng do chiu nén

3.3. b6 hat nude

Két ludn va kién nghi

7. Y nghia khoa hoc va y nghia thye tién cta dé (ai

Chuong 1: Tong quan céc van dé nghién citu

2.2.2. Cong tac chuan bi va ché tao mau

1.2.Tong quan cdc nghién clru vé bé tong nhe trén thé gisi
1.3.T6ng quan cdc nghién ciru vé bé tong nhe & Viét Nam

Chuong 2: Vat liéu ché tao va ké hoach thi nghiém bé tdng nhe

2.2.3. Phuong phap thi nghiém cac tinh chit cia bé tong nhe
Chuong 3: Nghién ctu tinh chit bé tong tuoi va tinh chét dong rin ciia bé tong nhe D900

3.4. Ung dung bé tong bot nhe trong ché tao md hinh tm tudng cong trinh xdy dung
3.5. D€ xuat cdc cap phoi bé tdng nhe cho mdt sb két chu diing trong x4y dung cong trinh dan
dung

San pham

Thoi gian
(thdng/nam bat

Nguoi thuc
hién (ghi cu thé

STT Noi dung cong viée by , y ho va tén) -
déu - thang/ndm S e
Ty chen cgt 50
két thiic) s
..... _— T ngay cong
Tong quan vé x ;
L. . . one qud Nguyén  Tan
Nghién ctu tong quan van dé nghién | Thang 3-5/2024 | '© y
. Khoa
Cllu S S —— ~o So—
5 Nghién ciru trong phong thi ) Boan Vinh
nghi€ém tinh chat cia bé téng | S6  liéu thi |, ., Phuc
PR N I'héng 5-6/2024 x _
bot nhe va ché tao mé hinh | nghiém = Nguyeén an
tam bé tongnhe 3 Khoa
3 Phan tich va danh gia cac két | __, , n Poan Vinh
- 5 o5 o4 .| Bdo cao phan .. , :
qua thi nghiém va danh gia | 77 - s Fhiang 6-11/2024 | Phic
% S - tich danh gia : x
tinh chat mo hinh ! T Nguyén  Tan



- Khoa
Nguyén  Thé
Duong
4 v Doan Vinh
x f g o x Bado cdo tong | Than 11- | Phic
X8y dyng bio cho tong két | u s s U 01'/20g24 Nguyén Tén
. Khoa |
16. SAN PHAM
16.1.  San phidm khoa hoc
- Baibdo dang trén tap chi co tén trong danh muc Scopus/SCIE 0
- Baibdo ding trén tap chi/ky yéu duoc tinh diém trong danh muc HDCDGSNN

- Sén pham khéc:

Tai liéu hudng dan thi nghiém O Tai liéu huéng dan thuc hanh O
Bai thuc hanh/bai thi nghiém O Gido trinh O  Tai liéu tham khao [
16.2.  San pham dao tao:
Dao tao Cao hoc J Dao tao NCS [
Huéng dan sinh vién bao vé dé tai/dd 4n tét nghiep [
Huéng dan sinh vién nghién ctru khoa hoc ]
16.3. San phim ung dung
Chuong trinh may tinh  [J  Tiéu chuin [J Chién luoc O
Website (0 Phuong phép 0 bPéan O
Thiét bi may moc O Tailiéu du bao (J Ban quy hoach O
Day chuyén congnghé [J Luén chung kinh té 0 Vatliéu O
M5 hinh Qui pham 0O Mau O
So d, ban thiét ké [0 Bén kién nghj [0 Gidng cay trong O
Qui trinh cong nghé [0 Béo cdo phan tich [ Gibng vat nudi O
16.4. Tén san phdm, sb luong va yéu cau khoa hoc déi vdi san phim
TT Tén sian phim S6 legng Yéu ciu khoa hoc
, | Bai bédo khoa hoc dang trén tap 1 -Téc gia chinh (hodc tdc gia dau
| chifky yéu dugc tinh diém trong hodc tac gia lién hé) ctia bai béo
danh muc HDCDGSNN 1a thanh vién tham gia thuc hién

dé tai;

- Pon vi cong tac cta tic gia
chinh thudc trudmg Dai hoc Su
pham K§ thuit - Dai hoc Pa

Ning
9 M6 hinh tim bé tong nhe dé thu 1 Tém bé toéng nhe st dung cép
| nghiém trong Phong thi nghiém phdi trong nghién ctu

17. HIEU QUA (gido duc va do tao, kinh té - x3 hoi) |

- Dé tai s& 1a co s& khoa hoc cho viéc ing dung bé tong nhe trong cac linh vuc cla cong
trinh xdy dung.

- Dé tai tao didu kién thic day viec ap dung khoa hoc cong nghé dé tao ra cac san phém
bé tong bot nhe cho c¢ong trinh x4y dung.

- DPétai gop phan ning cao nang luc nghién ctru cia cac can bo nghién ciru, cung cép tai
ligu khoa hoc ¢6 gia tri phuc vu cho cong tac nghién ctru lién quan dén vat liéu mai.
18. PHUONG THUC CHUYEN GIAO KET QUA NGHIEN CUU VA BIA CHI UNG
DUNG

Lo

- Phuong thirc chuyén giao két qua nghién ciru:







19. KINII PHI HI[‘( ]ll[“V DI TAL VA NGUON KINIL P

Tong kinh phi: 20.000.000 .
Bang chii: Hai muoi triéu dong chan
Trong do:

Du tckinh phi theo cae mwe chi (phir hop véi néi dung nghién ciiu):

Tir ngudn Quy KHCN: 20.000.000

Khodan chi, n6i dung chi

S

Chi tién ¢ umu g lao d(mg (rre ncp

Un mua vqt tlr nguyén \at hcu

th sua chua mua sam (3 san(o dmh

NN RIS RV Y e

oC

Quan ¥ (hunv n}ncm vu KI ( [\’

Chi hoi tho khoa hoc, umg the ph1

Chi tra dmh vu thué n},om phm \u nghlon :

=Tt cae ngudn kinh phi khae: 0

'l'éng kinh

phi
(DVT: VNBD)

17.840. 00) L

H) 10,01 >”

Chi diéu tra, khao sét thu thap ) heu

Van phong pham Ihong_ tin lién lac, in 4n

ChiJ 1101 dong tu danh gi gm

Chi khac lién quan
TONG CONG
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TS. Phan Tién Vinh

Da Nang, ngay 55 thing 2
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Chit nhiém dé tai
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ThS. Doan Vinh Phae

Co quan Cha tri duyét
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BANG DU TRU KINH PHI THUC THEN DI TAT

Trong dé:

'l'fmg kinh : ('ac
o . - hi Kinh phitw nguf”m
S Cac kho p I
ST Cac Ikkhodn chi phi DVT: Quj KHCN = khac
VND) DOVT: VND) (DVT:
_ - VND)
I Chi tién cong lao déng tiue Giép 17.840.000  17.840.000

7 Chi mua vt tu, nguyén vat liéu 1.000.000 1.000.000

o]

Chi stra chira, mua sam tai san ¢d dinh

4 Chi hdi thao khoa hoc. cong tac phi

Chi tra dich vu thué ngoai phuc vu nghién
e

6 Chi dicu tra, khao sat thu thép 6 léu

160.000 160.000

7 Van phong phim, thong tin lién lac, in An
& Chi [16i ddng tw ddnh gia
9 . Quan Iy chung nhi¢m vu KHCN 1.000.000 | 1.000.000
10 Chi khac lién quan | |
| TONG CONG . 20.000.000 | 20.000.000

> ~ . . A A <
Bang chii: Hai mwoi triéu dong chan



GIAT TRINH CHITIET CAC MUC CHI

Muyec fa: Ban tinh thii lao lan déng phin theo ké hoach nghién ciru
Dinh mue thii lao thang cta chi nhigm (DMCN): 2.000.000 ddng
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Muc 1b: Ban tinh thu lao lao @dng phéan theo t&n thanh vién tham gia ngJuen ciru (phan
lhen ten thanh vién thuc hxen)
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Muc 2. Chi mua vit tir, nguven, Ilhl(,ll vat heu I,.ip theo nm dung, ng,hlen ciry, wng, vnu‘
thuc hign, két qua, san plmm (Kem 3 bdo gia néu muc chi nay qua 20 triéu dong)
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Muc 3 Chi sira chita, mua siim tai sin 8 dinh: Khmw_

Muc 4 Chi héi thio khoa hoc, cong tic phi: Khéng

Muc 5 Chi trd dich vy thué ngoai phyc vy hoat djng nghién ciu: Khong

Muc 6 Chi diéu tra, khao sat tha thap sb lidu: Khéng

Muc 7. Chi viin phong phim, théng tin lidn lac, in 4n: (Khong qua 2% tong kinh phi deé 141
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ThS. Doan Vinh Phic PGS. TS, Vo Trung Hung







CONG HOA XA HOI CHU NGHIA VIET NAM
Doc 1ap - Ty do - Hanh phuc

Neay 01 thang 04 nam 2024
HOP DONG TRIEN KHAI THUC HIEN
DE TAI KHOA HOC VA CONG NGHE CAP TRUONG
SO ARAD-KHONCS-2023

Can ¢t BO Iudt dan sy ngay 24 thang 11 nim 2015;

Can cu Ludt khoa hog. va cong n;;hg ngay 18 thang 6 ndm 2013;

Can ctr Quyét dinh s6 1749/QD-TTg ngay 08 thang 11 nam 2017 cia Thu twdng Chinh
phti v¢ viée thanh 1dp Truomg Dai hoe Su pham K§ thudt thude Dai hoe Da Nang:

- Can cir Thong tw $6 03/2023/TT-BTC ngay 10 thang 01 nam 2023 cia B trudng Bo Tai
chinh v¢ viée quy dinh lap du todn, quan ly sur dung va quyét todn kinh phi ngén sich
nha nude thue hién nhiém vu khoa hoe va cong nghé:

- Can cir Quyét dinh $6 216/QD-DHSPKT ngay 09 thang 3 nam 2018 coa Hi¢u trudng
Truong Dai hoe Su pham K¥ thuat vé viée ban hanh Quy dinh vé quan 1y dé tai khoa
hoc va eong nghé cap co s (cap Truong) do Truong Dai hoe Su pham K§ thudt quan
ly;

Can cu (;?1.1§féi dinh s6 27 1/0D-DHSPK T ngi ay 29 thang 03 nam 2024 cua Hiéu trudng
Truomg Dai hoe Su pham K§ thudt vé viée phé duyet l\m} phi va giao nhiém vy thye
hién dé tai khoa hoc va cong nghé cap Truong;
Sau khi xem xét mue tiéu, ndi dung nghién ctru va san [,)l’u’im khoa hoc cua dé tai
KH&CN (sau day goi Gt 1a “dé tai”):
“Nghi¢n ciru bé téng bot nhe cap B3.5 ung dung trong ché tao tam twong dc
san”.
Ma sé: T2023-06-18

Bén A: Truong Dai hoe Sw pham K thut

Dai dién: PGS.TS. Phan Cao Tho Chire vu: Hicu truong

Pia chi: 48 Cao Thang, Quan Hai Chau, TP. Da N{“ing

Bién thoai: 0236.3822571 Fax: 0236.3894884

Sé Tai khoan: 3716.1.1055693.00000 tai Kho I hac Nha nude Da Ning

2. Bén B: Ong (B): ThS. Doan Vinh Phic [a Chu nhiém dé tai

- S6CCCD: 048082000561 ngly cip: 17/04/2021 noi cdp: Cue Canh
sat Quan ly Hanh chinh vé Trdt tu xa hoi.
- 86 Tai khoan: 56 110000259874 tai ngan hang BIDV Da Nang

- M s6 thué: 0400570036
- Don vi: Khoa Ky thuat Xay dung, Truong Dai hoc Su pham Ky thudt, Dai hoc Da Nang
- Pién thoai: 0905059010 Fimail: dvphue @ute.udn.vn




Va cdce thanh vien tham gia thye hién dé tai theo thuyét minh dwoe duyer gom:
2.1. Bén B: ()ng, Nguyén Tan Khoa la Thanh vién chinh va Thu l\\ dé tai

-SHCCCD: ( 049087001102 ngay cap: 17/04/2021 noi cap: Cuc Canh sat Quan
Iy Hanh chinh vé (rat ty xa hoi. |
- 856 Tai khodn: 56110001300243 tat ngan hang BIDV Da Ning

- M s6 thué: 8124035144
- Don vi: Khoa Ky thudt Xay dung. Truong Dai hoe Su pham K¥ thuat. Dai hoc Da Ning
- Dién thoai: 0935788756 Fzmail: ntkhoa@ute.udn.vn

2.2. Bén B: (A)n;, Nguyén Thé Dwong la Thanh vién chinh

-S6CCCD: 038079035953 ngay cip: 4/3/2022  noi cip: Cue Canh sat Quan ly
Hanh chinh vé (rit tr xa hoi.
- 56 Tai khoan: 56114642065 tai ngan hang BIDV Da Niang

- M s6 thud: 8116950823
- Don vi: Khoa K¥ thudt Xdy dung. Truong Dai hoc Su pham Ky thudt, Dai hoc Da Ning
- Dién thoai: 0942847968 Fimail: ntheduong @ute.udn.vn

Cung thoa thudn va thng nhat ky két Hop dong thue hién dé (i KH&CN cap Truong (sau
day goi tat 1a Iop dong) vai cac diéu khoan sau:

Diéu 1. Dit hang va nhin dit hang thye hién dé tai KH&CN cip Truong kinh phi tr
Quy Khoa hoc va Cong nghé cia troeong Dai hoe Sw pham K§ thudit (sau diy goi tit la
Quy KH& CN)
Bén A ddt hang va Bén B nhan dat hang thue hién dé tai KH&CN (d}) truong (sau day goi
la dé (ai) theo cdce noi dung trong Thuy éCminh dé tai da duoce phé duyét (sau dy goi tat I
Thuyét minh).
Thuy¢tminh Ia bd phin khong tach roi cua Hop dong.
Di¢u 2. Thoi gian thye hién Hop dong
Thot gian thue hién dé tai la 12 thang, t thang 03 nam 2024 dén thang 02 nam 2025,
Di¢u 3. Kinh phi dé tai:
J.1. Kinh phi thyc hién:

- Tong kinh phi dé tai duge cip tir Quy KH&CN 13 20.000.0 )0 dong (Hai muoi triéu dong
,_mn)
- Kinh phi dé tai thyce hién theo phuong thire khodn chi timg phan. Cac phan cong vice duge
giao khodn va khong duge giao khoan quy dinh cu thé tai Dicu 7, Thong tw 27/2015/ 1111 -
BKHCN-BTC ngay 30 thang 12 nam 2015 cta Bo Khoa hoc va Cong nghé - BO Tai chinh
ve Quy dinh khodn chi nhi¢m vu khoa hoc va ¢ong nghé sir dung ngan sach nha nude.

3.2. Tam (rng va thanh quyét toan kinh phi



Tam ung dot 1: Ngay sau khi ky két hop dong. bén A s¢ tam ang cho bén B 1O1 da S0%
gid i hop dﬁmz khi ¢d yéu cau tam Gng ctia bén B,

- Tam tmg dot 2: Bén A cap tam g t6i da 40% tong gid tri con lai cia hop dong khi co de
nghi cua bén B va sau khi bén B phai hoan thanh hé soth fml toan toi thiéu bing S0% mirc
kinh phi da tam g cac dot trude do tren ¢o so dé tai duoc danh gid hoan thanh tién do
thuce hién dot 1. Bén A thuce hién thanh toan cho bm BB theo dung quy dinh hién hanh, dong,
thori thu hoi cho dén hét sd tién da tam (mg. S6 tién tam ang dot | chua duge thu hoi thi sé
duge thu hoi trong lan thanh todn cudi cing. ,

Thanh toan dot cudi: Sau khi d¢ tai duge nghiém thu chinh thire, bén B phai hodn thanh
vt nop ho so thanh quyét todn kinh phi (it ca cde nguon ké tr ngay két thue nhiém vy theo
quyét dinh phé duyét nhiém vu va hop dong da ky két va trong pham vi nién d¢ tai chinh.
Bén A thanh toan hét gia tri con lai cia hop dong tir nguon do bén A quan ly theo ding quy
dinh hién hanh.

- Ty theo két qua thye hién hop dong ma bén B chiu nhimg xur 1y tai chinh trong quy dinh
tai dicu 6 hop dong nay.

Diéu 4. Quyén va nghia vy ciia cdc bén

1. Quyén va nghia vu ciia Bén A

a) Cung chp cac thong tin can thiét cho viée trién khai, thye hi¢n Hop dong;

b) B6 tri cho Bén 1B s6 kinh phi tir Trwdng DHSPKT, DHDN quy dinh tai Di¢u 3 Hop dong
nay theo Gén do ké hoach, tuong (g vai cae noi dung nghi¢n ctru duge phé duyet

¢) 16 chiie ph¢ duyét ké hoach ddu thau, mua sém may moc, thiét bi, nguyén vt li¢u va
dich vu cta dé tai bang kinh phi do Bén A cip (néu co) theo quy dinh;

d) Trude moi dot L,ap kinh phi, trén co 6 bao cdo tinh hinh thye hign dé tai ctia Bén B, Bén
A c¢iin ¢l vao san pham, khdi lugng cong viée da hoan thanh theo Ihuyd minh dé mp tiép
kinh phi thue hién Hop dong. Bén A ¢o quyén thay doi tién do cap hodc nglmg cp kinh
phi néu Bén B khong hoan thanh cong vi¢e ding tién do, dung noi dung cong viée duge
giao;

d) Kiém tra dot xuat d¢ danh gia tinh hinh Bén B thue hién d& 1ai theo Thuyét minh. Truomg
DHSPKT. DHDN thue hién kiém tra dinh ky danh gid t m} linh thue hién dé tai theo quy

®
&

dinh hién hanh v¢ quan ly dé tai khoa hoe va cong nghé cdp Truong;

e) Kip thoi xem xét, giai quyét theo tham quy én hodic trinh ¢dp co thim quy én gidi qm«:'
kién nghi, dé xuat cua Bén B vé di¢u chinh ndi dung chuyén mon, kinh phi va cic vin dé
phadt sinh khdc trong qua trinh thue hién dé tai;

g) Td chie danh gia, nghiém thu két qua thue hién dé tai clia Bén B theo cic yéu cdu, chi
tiéu (rong Thuyét minh;

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



i) Phoi hop cung Bén B xu Iy ai san duge mua saim bang ngan sach 1ruong DHSPKT,
DHDN hoiic duge tao ra tr két qua nghién ctu cua dé tai su dung ngan sach Truong
DHSPKT, DIDN (néu co) theo quy dinh cia phdp ludt;

k) ‘l‘iép nhén két qua thuc hién dé tai, ban £1a0 két qua thuc hién dé tai cho to chire dé xudt
dat hang hodc t6 chtre trién khai Gmg dung sau khi dugc nghiém thu;

[) C6 trach nhiém hudng dan viée tra thu lao cho tac gia néu ¢o loi nhuan thu duoc tir ViCe
ing dung két qué ctia dé tai va thong bio cho tae gia viée ban giao két qua thue hién dé tai
(jnéu cO);

m) Uy quyén cho Bén B tién hanh diing ky bao ho quyén sa hiru tri tué ddi voi két qua thye
hién dé tai (néu ¢6) theo quy dinh hién hanh;

n) Thyc hién cae quyén va nghia vu khéc theo quy dinh cua Ludt KH&CN va cac vian ban
lién quan.

2. Quyén va nghia vu cua Bén B

a) T chire trién khai diy du cdc noi dung nghién ciru ctia dé tai dap tmg cdc yéu ciu chit
lugng, tién do va chi tiéu theo Thuyét minh;

b) Cam két thue hién va ban giao san pham cudi ciing dap tmg ddy du cde tiéu chi da duge
ph¢ duyet:

¢) buoce quyén tu chu, tu quyét dinh viée st dung phﬁn kinh phi dé thue hién dé tai theo du
toan kinh phi dé tai, duoc quyén ky két hop dong thué khodn chuyén modn vaéi cace thanh
vién tham gia thue hién; va cdac hop df)ng khac gfml: mua vat tu, nguyén, nhién, vat li¢u,
stra chita, mua sam tai san ¢o dinh, dich vy thué¢ ngodi phuc vu nghién ciru, van phong
pham, thong tin lién lac, in 4n o gia tri dudi 20 tricu dong;

d) Yéu ciu Bén A cung c:ﬁp thong tin can thiét dé trién khai thye hién Hop déug:

) Kién nghi, dé xuét diéu chinh céc noi dung chuyén mon, kinh phi va thoi han thuc hién
Hop dong khi can thiét;

¢) Yéu cau Bén A cap du kinh phi theo dung tién do quy dinh trong Hop dong khi hoan
thanh day da noi dung cong vice theo tién do cam két. Dam baio huy ddng du nguodn kinh
phi khdc theo cam két. Sir dung kinh phi ding muc dich, dtiing ché do hién hanh va ¢6 hiéu
qua;

g) Doi vai cac hop dong khae duoe quy dinh tai diém ¢, khoan 2, Diéu 4 hop dong nay o
gid tri tr 20 iéu tro 1én: Cha nhiém dé tai xdy dung ké hoach mua sim dé gui Bén A phé
duyét vi thue hién mua sim theo quy dinh cta phap ludt;

h) (,‘.hfip hanh cac quy dinh phdp ludt trong qua trinh thyc hién Hop dfmg. Tao diéu kicn
thugn lgi va cung cip ddy di théng tin cho cde co quan quan ly trong viée giam sat, kiém
tra. thanh tra ddi vai dé tai theo quy dinh cua phap luét,

i) Thue hién viée tr danh gid, nghi¢m thu cip co s theo quy dinh hién hanh khi két thue
dé (ai. Sau khi danh gid, nghi¢m thu cap co so hoan chinh lai ho so theo két luan cua Ho



dong danh gid cap cosoL Beén B co wrach nhicm chuyén cho Bén A cac ho so dé Bén A tién
hinh viée danh gid. nghi¢m thu theo quy dinh:

k) Co triach nhiém quan 1y tai san duge mua siAm hmg ngan sach cua Truong PDHSPKT,
DHDN hoiic duoc tao ra tir két qua nghién clu ctia dé tai st dung ngan sach Truong
DHSPKT. DHDN (néu ¢o). Chi nhicm dé tai co trach nhiém ban giao ai san duge mua
sdm bang ngdn sach Truomg DHSPKT. DHDN hofic duge tao ra tir két qua nghién ctru cia
d¢ tai cho co quan ¢ quan dé tai dé quan ly va su dung.

1) C6 trach nhiém cung Bén A ién hanh thanh 1y Hop dong theo quy dinh:

m) Thue hién viée dang ky bao ho quyén so hitu trf té theo ty quyén cuia Bén A doi voi
két qua nghién ctru (néu ¢o);

1) Chi nhiém dé tai giao ndp két qua thye hién df tai cho bo phan luu gitr thong tin cua co
quan chu quan dé tai. Co quan chi quan dé 1ai xac nhan viée giao ndp két qua thue hién dé
(i cho chu nhiém de tai.

0) Céc san pham khoa hoc cong bé duoe tinh khico 101 ghi nhan Truong DHSPKT, DHDN,
cu thé nhu sau:

+ DI vai bai bao khoa hoc viét biang tiéng Anh: “This research is funded by The
University of Danang — University of Technology and Education under project number
T2023-06-18",

+ Pbi voi bai bao khoa hoe viét bang tiéng Viét: “Nghién ciru nay chro‘c‘ ai tro
boi Truong Dai hoe Su pham Ky thuat, Dai hoe Da Niing trong dé tai ¢c6 mé 56 12023
06-18™

Do vai san pham khoa hoce ¢o 1oi ghi nhan Trudong DPHSPKT, DHDN va cac n guon
kinh phi trong nude khac, Truong DHSPKT, DHDN s€ tinh mire d6 hoan thanh cua san
pham dé nhu sau: Phan cong trinh duoe tinh cho san piwﬁn:1 dé tai nay duogc chia theo ty 1¢
dong gop cta moi ng,uon kinh phi thue hién. Trong trwong hop khong xdce dinh duge cu thé
ty I¢ dmw gop cla moi nguon kinh phl thi phan cong trinh duge tinh cho san pham dé tai
nay sé b siang mot (01) chia dlo 56 numn Kinh phi trong nude. lnng ) wh(m cac cong trinh

dugce tinh phai dap tmg yéu chu vé sO ugng theo thuyét minh dé tai da phé duyét,

Thoi gian thyre hién san pham cta dé ai phai trong khoang thot gian thue hién dé tai.

p) Chu nhiém dé tai cing v&i cac ca nhin tryc tiép sang tao ra két qua nghncn ctu khoa hoc
va phit trién cong nghé¢ dugce dimg (én tac gia trong dé tai va huomg quyén tac gia bao g)m
ca cde loi ich thu duge (néu o) tir viée khai thac thuong mai céc két qua thue hién dé tai
theo quy dinh phap ludt va cac thoa thudn khac (néu co);

q) C6 trach nhiem trye tiép hoac tham gia trién khai ing dung két qua nghién ctu khoa hoc
va phit trién cong nghe theo yéu ciu ctia Bén A hodc t chue, ca nhan duge Bén A giao

quyén sor hivu, st dung ket qua thue hién de tai




r) Thuce hién bao mat cac két qua thire hicn dé ai theo quy dinh vé bao vé bi mat cua nha
nuoe:

s) Thuce hién cac quy ¢n va nghia vu khic theo quy dinh Luat KH&CN va cac vin ban licn
quan.

Diéu 5. Chim dit Hop dong

Hop dong nay cham dit trong cac truong hop sau:

1. Dé tai da két thic va duge nghi¢m thu,

2. Bén B bi cham dut hop déxng_ thue hién dé tai khi co dé nghi thanh ly Hop d{fmg cua Hoi
cif‘mg thanh 1y d¢ @i cdp Truoneg.

biéu 0. Xur ly tai chinh khi cham dut Hop df)ng

[ D6 vai dé tai di két thie va duge nghiém thu:

a) DE tai da két thue va danh gid nghiém thu tr mae “Dat™ org 1én thi Bén A thanh toan day
du kinh phi cho Bén B theo quy dinh tai Hop dbng nay.

b) Dé tai di két thac, nhung nghiém thu mire “khong dat™ thi Bén A xem xét, quyét (odn
kinh phi cho Bén B trén co sokét ludn cua Hoi dong danh gia vé nguyén nhén. trach nhi¢m
va nhirmg ndi dung cong viée ma Bén B di thue hién ¢d san phfim thue 1¢ duge danh gid.
Bén B ¢o trdch nhiém hoan tra toan bo sd kinh phi ngdn sach nha nude di cép nhung chua
st dung. DI vai khoan kinh phi da st dung dugce dp dung xtr ly ddi voi truomg hop dé i
khong hoan thanh duge quy dinh tai Di¢u 16 Thong tulién tich s6 27/2015/TTLT-BKHCN-
BTC ngay 30/12/2015 cua Bo Khoa hoe va Cong nghé - BO Tai chinh quy dinh khodn chi
thue hi¢n nhi¢m vy khoa hoe va cong nghé st dung ngan sach Nha nude.

2. Déi voi dé tai cham dut khi ¢6 ciin e khang dinh khong con nhu cau thuc hién:

a) Truomg hop Dé tai cham dut khi ¢4 cén cir khing dinh khéng con nhu cau thue hi¢n thi
hai bén cung nhau xdc dinh khéi lugng cong viée Bén B da thue hién dé lam ciin ¢t thanh
todn b kinh phi Bén B da st dung nham thue hién d¢ tai va thu hoi sd kinh phi con lai da
cép cho Bén B.

b) Trudng hop hai bén thoa thugn ky Hop dong moi dé thay thé va két qua nghién ciru cua
Hop dong cii 1a mot bo phén céu thanh két qua nghién ctru cta Hop dong mai thi so kinh
phi da cap cho Hop dong cii duge tinh vao kinh phi cip cho Hop ddng mai va duge liép tuc
thue hi¢n var Hop d(*mg maoi.

3. DOi vai Dé tai bi dinh chi theo quyét dinh cta co quan ¢ tham quyén hoac Hop dong bi
chiam dut do Bén B khong ndp hd so dé danh gid, nghi¢m thu B¢ tai theo quy dinh phép
ludt thi Bén A sé tién hanh tha tue thanh ly dé tai theo quy dinh.

4. Doi vai DE tai khong hoan thanh do 13 cia Bén A dén dén viée chim dat Hop dong thi
Bén B khong phai boi hoan s6 kinh phi d st dung dé thye hién DE tai, nhung van phdi thuce

hi¢n vice quyct toan kinh phi theo quy dinh cia phap luat.



Ditu 7. Xur Iy tai san khi chdm dat Hop dong

1. Khi cham dut Hop dfmg, vice xu 1y tai san dugce mua sam hoic duoe hinh thanh bz‘“mg
ngin sach Truong DHSPKT, DHDN ci:ip cho dé tai duoc thue hién theo quy dinh phap luat,
2. Cdc san pham vt chat cua Dé tai s dung ngan sach Truomg DHSPKT, DHDN: nguon
thu khi céc san phﬁm nay duoc tiéu thu trén thi truomg sau khi e cac khoan chi phi can
thi¢t, hop 1¢, duge phan chia theo quy dinh phap ludt.

Di¢u 8. Di¢u khoian chung

[. Trong qud trinh thye hién Hop dong. néu mot trong hai bén ¢6 yéu ciu stra doi., bo sung
noi dung hodc co can cu dé cham dat thue hién Hop dong thi phai thong bdo cho bén kia it
nhit 1a 15 ngay lam viée trude khi tién hanh stra doi, bo sung hoge cham dirt thyre hién Hop
(‘1611g. xac dinh trach nhiém ctia mdi bén va hinh thire xur Iy, Cac stra d6i, bo sung (néu ¢o)
phdi lap thanh vin ban ¢6 (’i%}f du chit ky ctia cdc bén va duoce coi la bo phin cua Hop df"mg;
vi la can ctr dé nghiém thu két qua cua dé tai.

2. Khi mdt trong hai bén gap phai truong hop bat kha khéng din dén viée khong thé hofic
chdm thye hién nghia vu da thoa thudn trong Hop d@mg thi ¢o trach nhiém thong bao cho
Bén kia trong 10 ngay lam viéc ké tir ngdy xay ra su kién bat kha khang. Hai bén co trach
nhiém phdi hop xac dinh nguyén nhan va bao cdo co quan quan 1y nha nude ¢o tham quyén
dé giai quyét theo quy dinh ctia phap ludt.

3. Hai bén cam két thue hién dung cac quy dinh cta Hop dong va ¢6 trach nhiém hop tac
gidi quyét cde vudng mic phat sinh trong qué trinh thue hién. Bén vi pham cdac cam két
trong Hop dong phai chiu trach nhi¢m theo quy dinh phap luat.

4. Moi tranh chép phat sinh trong qud trinh thue hi¢n Hop dong do cac bén thuong Tuong:

3
A

hoa giai dé gidi quyét. Truong hop khong hoa giai duge thi mot trong hai bén ¢é quyén dua |
tranh chép ra dé giai quyét theo quy dinh ctia phdp ludt. :
Di¢u 9. Hiéu lye ciia Hop dong

Hop dong nay c6 hi¢u lye tr ngay ky. Hop dong nay duge [ap thanh 06 ban (01 ban ghe va
05 ban chinh) va ¢6 gid tri nhu nhau, Bén A gitr 02 ban, Bén B gitt 04 ban ¢6 gia tri phap

Iy nhur nhau.
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Abstract—  Lightweight foamed concrete (LFC) is There are various methods for producing lightweight

increasingly being applied in construction projects in Vietnam
due to its low density, good sound and thermal insulation
properties, and ease of fabrication into prefabricated elements.
D900 LFC is a type of concrete with a density ranging from 850
to 950 kg/m? suitable for the construction of lightweight
partition walls and floor slabs in building projects. This paper
presents a study on the influence of the cement/fine sand ratio
(C/S) on the properties of D900 LFC. The research was
conducted with four different mix ratios of C/S (3/1, 2.5/1, 2/1,
and 1/1). LFC mixtures were prepared with a water/cement
(W/C) ratio of 0.32, and experiments were carried out to
evaluate flowability, compressive strength, ultrasonic pulse
velocity (UPV), water absorption, and electrical resistivity
(ESR) of the foam concrete mixtures. The research results show
that the mix with a C/S ratio of 2.5/1 is optimal concerning
compressive strength, ultrasonic pulse velocity, and water
absorption. As the C/S ratio increases, both flowability and ESR
values of the LFC mixtures increase at various ages. D900 LFC
with a C/S ratio of 2.5/1 meets the compressive strength
requirement of grade B3.5 according to the standard TCVN
9029:2017, while the other C/S ratios achieve compressive
strength of grade B2.5.

Keywords— Lightweigh foamed concrete; water absorption;
ultrasonic pulse velocity; surface resistivity; D900.

I. INTRODUCTION

Lightweight concrete, characterized by its low density,
good sound insulation and thermal insulation properties, as
well as the ability to utilize industrial waste products in its
production, is gaining attention in the construction industry [1-
3]. The sound insulation and thermal insulation capabilities of
lightweight concrete reduce energy consumption for cooling
and heating, leading to lower operational costs for buildings
[1]. Structures using lightweight concrete help to decrease
dead loads, reducing the costs of foundations and
reinforcement structures [4]. By adjusting the ratios of
material components, lightweight concrete can meet specific
requirements for weight and mechanical properties, making it
a flexible and versatile material. Lightweight concrete
requires less material compared to conventional concrete, thus
reducing construction material costs and transportation
expenses.

XXX-X-XXXX-XXXX-X/XX/$XX.00 ©20XX I[EEE

concrete, such as using lightweight aggregates, incorporating
foam beads, employing autoclaved aerated concrete
technology, and utilizing foam creation technology [5-7].
Among these methods, lightweight concrete made with foam
technology is highly flexible, minimally dependent on
machinery, avoids the need for expensive aggregates, and
allows for better control over the construction process.
Lightweight foam concrete is easy to work with and can be
applied to produce lightweight bricks, partition wall panels,
enclosing walls, and even load-bearing walls similar to
ordinary bricks. The ability to manufacture structures in a

precast form for assembly on-site facilitates faster
construction, resulting in a cleaner and tidier work
environment.

Lightweight foamed concrete (LFC) is a construction
material with low density made from a mixture of cement, fine
sand, water, and a foaming agent, characterized by a system
of uniformly distributed voids within the material [1, 8].
Worldwide, LFC has also been the subject of research focused
primarily on its application in modern construction and its
contribution to sustainable development and environmental
protection [1]. The use of industrial by-products, such as fly
ash and silica fume, in foam concrete not only helps minimize
waste but also improves certain strength, durability, and water
resistance properties of the LFC [2, 9]. In Vietnam, recent
studies on LFC have developed primarily focusing on
evaluating its mechanical properties, load-bearing capacity,
and the application of this type of concrete in precast
structures, modular construction, partition walls, lightweight
slabs, and structures subjected to low loads, etc.

Despite its advantages, LFC has a lower compressive
strength, higher water absorption, and poorer water resistance
compared to conventional concrete due to its porous structure
[S, 8]. Therefore, improving the strength properties and water
resistance of LFC by optimizing the material components used
is a research topic that requires attention. The properties of
LFC depend on many input material factors, such as foam
content, characteristics of the foaming agent, W/C ratio, C/S
ratio, type of sands, and the mineral admixture composition
used [8, 10, 11]. Some studies have shown that the C/S ratio
directly affects the long-term strength properties and water
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resistance of foam concrete [3, 8, 12], yet this relationship is
not clearly established. This paper presents experimental
research to determine the effect of the C/S ratio on certain
properties of D900 LFC. Through experimental research
methods, this study aims to optimize the material composition
of LFC to meet the technical requirements according to the
TCVN 9029:2017 standard.

I1. MATERIALS AND EXPERIMENTAL METHODS

A. Materials and mix-proportions

The study uses Portland cement PCB40 from Song Gianh,
which complies with the TCVN 6260:2020 standard. The
chemical composition and physical properties of the cement
are presented in Table 1. Fine sand used in the study has a
fineness modulus of Mk = 1.05.

The water-reducing agent used is LOTUS-E339P, and the
foaming agent is EABASSOC — NEPOR, which is mixed
with water at a ratio of 1:30 to create the foam introduced into

the concrete.
Table 1. Chemical compositions of cement (%)

—
CompO| 01 | 5i0; |FesOs |ALOs [MgO| K10 [NaxO| 505 [MKN| Dorshty
nent (g/em)

Values | 50.12(24.12|4.47 | 6.84 1423(0.74{0,68|1.21| 6.37 3,1

LFC was designed using an experimental method, with the
mixture composition of D900 LFC having a W/C ratio of
0.32. For lightweight foamed concrete (LFC), the
recommended sand content should not exceed 50% of the
binder content, as a higher sand proportion can lead to a
reduction in compressive strength [19]. A cement-to-sand
ratio of up to 4:1 has been reported to be applicable [8].
However, to ensure the economic feasibility of LFC
production, this study investigates the effects of various C/S
of 3:1, 2.5:1, 2:1, and 1:1 on the properties of LFC. The
composition of the LFC mixes is presented in Table 2.

Table 2. Mix-proportions of LFC

Mixture | Cement SF;T:Z Water Su?ceéglrast Form os|we Density
S (kg/m3) (kg/mj) (kg/m3) (kg/m3) (kg/mj) (kg/ma)
C3S1 534 178 171 1.5 15,5 | 3/1 {0.32 | 903
C2.551| 514 206 164 1.5 14.9 |2.5/1|0.32 | 905
C2S1 485 243 155 1.5 15.1 2/1 [ 0.32 | 915
cis1 | 382 | 382 | 122 L5 13 | 1/1 [0.32| 890

B. Fabrication and experimental methods

The process for fabricating LFC samples is as follows. The
materials are prepared in advance by sequentially adding
cement, sand, and mixing them dry for 2 minutes. Next, 2/3 of
the water is gradually added during the mixing process for 2
minutes. The amount of superplasticizer is mixed with the
remaining 1/3 of water and added in, continuing to mix for an
additional 2 minutes until a homogeneous mixture is obtained.
A foaming solution was prepared by mixing EABASSOC —
NEPOR foaming agent with water at a mass ratio of 1:30. The
solution was thoroughly agitated and introduced into a foam
generator, where compressed air at a pressure of up to 7 bar
was applied to produce a white, lightweight foam with a bulk
density of approximately 42 g/L.. The preformed foam was
then gradually incorporated into the concrete mixture and
continuously mixed to ensure uniform dispersion throughout

the matrix. This process was accompanied by regular
monitoring of the fresh density until the target value
corresponding to the D900 mix design was achieved. The LFC
mixtures are poured into pre-prepared molds, and mold
surfaces are treated, covered with protective material, and kept
stable for 24 hours before demolding for curing until the
testing day.

The process of measuring the flowability of the foam
concrete mixture is conducted according to TCVN
12209:2018. Cubic LFC samples measuring 10x10x10 cm are
prepared for compressive strength testing based on standard
TCVN 3118:2022. The water absorption of the concrete is
carried out according to TCVN 3113:1993, using cylindrical
samples with a diameter of 10 cm and a height of 10 cm. The
surface resistivity measurement is conducted on a saturated
cylindrical sample measuring 10x20 c¢cm according to the
AASHTO T95 standard.

The ultrasonic pulse velocity test is performed using
cylindrical samples with a diameter of 10 cm and a height of
20 cm, following TCVN 9357:2012. The test setup consists of
a pulse generator and a receiver, both equipped with
transducers. Prior to measurement, the two opposite faces of
the concrete specimen are cleaned and coated with a coupling
agent (such as acoustic gel or contact grease) to ensure
effective transmission of ultrasonic waves. The transducers
are placed on opposite sides of the specimen in a direct
transmission configuration. An ultrasonic pulse is emitted
from the transmitter, propagates through the concrete
specimen, and is received by the receiver. The device records
the pulse transit time (t), and with the known path length (L),
the pulse velocity (V) is calculated using:

V=Lt €
The measured ultrasonic pulse velocity reflects the
homogeneity, density, and presence of internal defects in the
concrete. According to ASTM C597, higher pulse velocity
values generally indicate better concrete quality.

III. RESULTS AND DISCUSSIONS

A. Flowability

The results of the flowability tests before and after
introducing foam into the LFC mixes are presented in Figure 1
45
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Figure 1. Effect of C/S ratio on the flowability of D900 LFC.

The results in Figure 1 indicate that as the C/S ratio
increases, the flowability of the LFC mixtures decreases. The
mix with a C/S ratio of 3/1 has an initial flowability of 65%
compared to the mix with a C/S ratio of 1/1. The observed
reduction in flowability of the concrete mixtures with
increasing C/S ratio may be due to the increase in cement
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content, which raises the surface area of the particles, leading
to higher water demand and reduced flowability [2]. After the
foam 1is introduced, the flowability decreases by 31-42%
compared to the initial flowability. The trend of changing
flowability of the LFC mixtures as the C/S ratio increases is
similar to that of these mixtures before the foam was added.
This result is attributed to the foam introduced into the
lightweight foam concrete, which increases the viscosity of
the concrete mixtures; the air bubbles hinder the flow and
consequently reduce the flowability of the concrete mixture
[16]. Thus, an increase in the C/S ratio decreases the
flowability of the LFC mixture.

B. Compressive strength

The compressive strength of the LFC mixtures is presented
in Figure 2
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Figure 2. Effect of C/S ratio on the compressive strength of D900 LFC.

The results in Figure 2 show that the compressive strength
of the LFC mixtures develops over time. This is due to the
hydration of the cement, which produces hydration products
that densify the microstructure of the concrete over time [16].
When the C/S ratio increases from 1/1 to 3/1, the compressive
strength of the LFC mixtures at 3, 7, and 28 days generally
tends to increase, peaking at a C/S ratio of 2.5 and decreasing
again when the C/S ratio reaches 3. An increase in the C/S
ratio translates to an increase in the amount of cement used
and the amount of hydration products contributing to the
strength of the LFC. However, a too high cement content
(C/S=3) will absorb a large amount of water, reducing
workability and increasing the density of the initial cement
paste mixture. LFC with low flowability can lead to bubble
breakage during mixing. The breaking of air bubbles produces
larger and more irregular voids, which reduces compressive
strength [6]. This finding is evidenced by the significant
decrease in the flowability of the fresh concrete mixture when
the C/S ratio increased from 2.5 to 3, and the images
illustrating the voids in the foam concrete mixtures with C/S
=2.5and 3 are shown in Figure 3.

C/S=2.5/1 C/S = 3/1

Figure 3. Pore structure of 1HC C2.3S1 and C3S1

C. Ulwrasonic pulse velociny: of LEC
The ultrasonic pulse velocity of LFC mixtures is presented
in Figure 4.
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Figure 4. Effect of C/S ratio on the ultrasonic pulse velocity of D900 LFC.
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Figure 5. Relationship between ultrasonic pulse velocity and compressive
strength of D900 LFC

The ultrasonic pulse velocity results for LFC mixtures
with C/S ratios ranging from 1/1 to 3/1 at 7 days were between
1986-2143 m/s, and at 28 days, they ranged from 1534-1643
m/s. As the C/S ratio increases, the ultrasonic pulse velocity at
7, 28 days also tends to increase, reaching the highest value at
a C/S ratio of 2.5 and then decreasing at a C/S ratio of 3.
Figures 2 and 4 illustrate the trend of ultrasonic pulse velocity
changing with increasing C/S ratio, which is similar to that of
compressive strength. Indeed, the graph in Figure 5 shows a
strong correlation between ultrasonic pulse velocity and the
compressive strength of LFC at 7 days and 28 days, with a
correlation coefficient of R? > 0.9. The consistency of the
compressive strength and ultrasonic pulse velocity results
reinforces the conclusion that the concrete mixture with a C/S
ratio of 2.5 is the best compared to the other ratios.

D. Water absorption of LFC
The water absorption of the LFC mixtures is presented in

Figure 6.
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Figure 6: Effect of C/S ratio on the water absorption of D900 LFC.
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Water absorption of concrete is a property that indicates
its ability to absorb and retain water when in contact with it
[4]. This is an important index for evaluating water
permeability and indirectly reflects the volume of permeable
or capillary voids within the concrete [17].

The study results presented in Figure 6 show that the water
absorption of D900 LFC mixtures tends to decrease over time,
though the reduction is not significant, ranging from 5.7% to
11.5%. This reduction aligns with the findings of Hong et al.
(2022) [8], as this is a result of the ongoing hydration of
cement, which produces C-S-H gel that fills the voids in the
cement paste structure, thereby reducing water absorption
[17]. As the C/S ratio increases from 1/1 to 3/1, the results
indicate that the water absorption of concrete C2.5S1 is the
lowest at all ages, while the two types of LFC, C2S1 and
C3S1, are similar, and the water absorption of concrete C1S1
is the highest. An appropriate C/S ratio allows the sand to
effectively function as a filler, while the amount of cement is
just enough for hydration without increasing the water
demand.

The results of water absorption from these LFC mixtures
indicate a correlation with the compressive strength and
ultrasonic pulse velocity, as shown in Figures 3 and 5. LFC
with higher compressive strength and ultrasonic pulse velocity
exhibits lower water absorption, and vice versa. This
underscores the importance of determining the optimal C/S
ratio not only to maximize strength and minimize water
absorption but also to enhance the ability to prevent water and
vapor penetration from the environment when applying LFC
in actual components.

E. Surface resistivity of LFC

Figure 7 illustrates the surface resistivity test results at 3,
7, and 28 days for different LFC mixtures with varying C/S
ratios

Figure 7. Effect of C/S ratio on the surface resistivity of D900 LFC.

Surface resistivity of concrete is an important metric that
reflects its ability to resist the migration of ions on its surface
under the influence of an electric field. A higher surface
resistivity indicates better corrosion resistance, as it limits the
movement of corrosive ions on the concrete surface. This is
particularly crucial when concrete is exposed to damp
environments or contains corrosive agents such as chloride
ions [18].

The research results in Figure 6 show that the surface
resistivity of the mixtures tends to increase over the curing
period. At 3 days, the surface resistivity of the LFC mixtures

ranges from 3.87 to 4.24 kQ.cm; at 7 days, it reaches between
4.56 and 5.55 kQ.cm; and at 28 days, it varies from 5.58 to
6.06 kQ.cm. The increase in surface resistivity is due to the
hydration of the cement, which densifies the cement paste and
helps hinder the movement of ions on the surface. As the C/S
ratio increases from 1/1 to 3/1, the resistivity of the LFC
mixtures tends to rise at various ages. Surface resistivity
primarily depends on the base material, which is the cement
paste, and less on the concrete structure itself. With a higher
C/S ratio, the composition of the cement paste in the foam
concrete tends to be harder and denser, resulting in higher
resistivity. Concrete C3S1 has a lower compressive strength
compared to C2.5S1, while its resistivity is higher. This is
because, in terms of the overall structure of the cement paste
and the distribution of air bubbles within the concrete, C2.5S1
creates a more effective load-bearing structure compared to
C3S1, as clearly shown in Figure 3.

F. Proposed applications for D900 LFC Mixtures

A comparison of the technical characteristics of
compressive strength and dry density of the LFC mixes in this
study with the Vietnam National Standard "TCVN 9029:2017:
Lightweight Concrete — Foam Concrete and Aerated Concrete
— Technical Requirements" is presented in Table 3

Table 3. Evaluation of technical requirement compliance of LFC
Mixes According to TCVN 9029:2017

Technical
Technical characteristics of LFC | characteristics of Evaluation
according to TCVN 9029:2017 | foam concrete mixes ¢
in the study ol
s : comphance
| Dry density, with LFC
Compressi | V& kg/m3 A Dry |requiremen
ve & Mix |V€'99| densit |ts based on
strength MP‘—:’ Nomin |Averag Name ?4%8 Y, strength
(Cs) gracte| 20 [N | (MPa) | kg/ma| ~grade
than
851-
D900 900 C1S1| 3,67 | 903 |Meets B2.5
B2.5 3,5 L
D900 900 C2S1| 4,52 | 905 |Meets B2.5
B35 | 5 | D900 8950%' C2i55 531 | 915 |Meets B3.5
B2.5 | 3,5 | D900 %5010' 351 | 4,40 | 890 |Meets B2.5

From the analysis results in Table 3, it is evident that the
LFC mixes of CIS1, C2S1, and C3S1 meet the technical
requirements of LFC with a strength grade of B2.5, while the
LFC mix of C2.551 meets B3.5.

The D900 LFC mixtures of strength grades B2.5 and B3.5
according to TCVN 9029:2017 exhibit advantages such as
lightweight, significantly enhanced sound and thermal
insulation due to the hollow structure created by air bubbles,
ease of construction, and adequate compressive strength that
can be applied to various construction components such as
brick walls, partitions, insulation layers, soundproofing, and
precast elements for lightweight structures.

IV. CONCLUSIONS

Some conclusions that can be drawn from the
experimental results of this study are as follows:

The flowability of the D900 LFC mixture decreases as the
C/S ratio increases.

Danang, August 30-31, 2024



The D900 LFC mix with a C/S ratio of 2.5/1 shows
optimal properties regarding compressive strength, ultrasonic
pulse velocity, and water absorption.

The surface resistivity of D900 LFC increases with the
curing time and the C/S ratio.

The D900 LFC mix with a C/S ratio of 2.5/1 achieves a
compressive strength grade of B3.5 according to TCVN
9029:2017, while the respective C/S ratios of 1/1, 2/1, and 3/1
achieve a grade of B2.5
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Abstract—Lightweight  foamed concrete (LFC) is
increasingly being applied in construction projects in Vietnam
due to its low density, good sound and thermal insulation
properties, and ease of fabrication into prefabricated elements.
D900 LFC is a type of concrete with a density ranging from 850
to 950 kg/m®, suitable for the construction of lightweight
partition walls and floor slabs in building projects. This paper
presents a study on the influence of the cement/fine sand ratio
(C/S) on the properties of D900 LFC. The research was
conducted with four different mix ratios of C/S (3/1, 2.5/1, 2/1,
and 1/1). LFC mixtures were prepared with a water/cement
(W/C) ratio of 0.32, and experiments were carried out to
evaluate flowability, compressive strength, ultrasonic pulse
velocity (UPV), water absorption, and electrical resistivity
(ESR) of the foam concrete mixtures. The research results show
that the mix with a C/S ratio of 2.5/1 is optimal concerning
compressive strength, ultrasonic pulse velocity, and water
absorption. As the C/S ratio increases, both flowability and ESR
values of the LFC mixtures increase at various ages. D900 LFC
with a C/S ratio of 2.5/1 meets the compressive strength
requirement of grade B3.5 according to the standard TCVN
9029:2017, while the other C/S ratios achieve compressive
strength of grade B2.5.

Keywords—lightweigh foamed concrete; water absorption;
ultrasonic pulse velocity; surface resistivity; d900

I. INTRODUCTION

Lightweight concrete, characterized by its low density,
good sound insulation and thermal insulation properties, as
well as the ability to utilize industrial waste products in its
production, is gaining attention in the construction industry [1-
3]. The sound insulation and thermal insulation capabilities of
lightweight concrete reduce energy consumption for cooling
and heating, leading to lower operational costs for buildings
[1]. Structures using lightweight concrete help to decrease
dead loads, reducing the costs of foundations and
reinforcement structures [4]. By adjusting the ratios of
material components, lightweight concrete can meet specific
requirements for weight and mechanical properties, making it
a flexible and versatile material. Lightweight concrete
requires less material compared to conventional concrete, thus
reducing construction material costs and transportation
expenses.

979-8-3315-9548-7/25/$31.00 ©2025 IEEE
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There are various methods for producing lightweight
concrete, such as using lightweight aggregates, incorporating
foam beads, employing autoclaved aerated concrete
technology, and utilizing foam creation technology [5-7].
Among these methods, lightweight concrete made with foam
technology is highly flexible, minimally dependent on
machinery, avoids the need for expensive aggregates, and
allows for better control over the construction process.
Lightweight foam concrete is easy to work with and can be
applied to produce lightweight bricks, partition wall panels,
enclosing walls, and even load-bearing walls similar to
ordinary bricks. The ability to manufacture structures in a

precast form for assembly on-site facilitates faster
construction, resulting in a cleaner and tidier work
environment.

Lightweight foamed concrete (LFC) is a construction
material with low density made from a mixture of cement, fine
sand, water, and a foaming agent, characterized by a system
of uniformly distributed voids within the material [1, 8].
Worldwide, LFC has also been the subject of research focused
primarily on its application in modern construction and its
contribution to sustainable development and environmental
protection [1]. The use of industrial by-products, such as fly
ash and silica fume, in foam concrete not only helps minimize
waste but also improves certain strength, durability, and water
resistance properties of the LFC [2, 9]. In Vietnam, recent
studies on LFC have developed primarily focusing on
evaluating its mechanical properties, load-bearing capacity,
and the application of this type of concrete in precast
structures, modular construction, partition walls, lightweight
slabs, and structures subjected to low loads, etc.

Despite its advantages, LFC has a lower compressive
strength, higher water absorption, and poorer water resistance
compared to conventional concrete due to its porous structure
[S, 8]. Therefore, improving the strength properties and water
resistance of LFC by optimizing the material components used
is a research topic that requires attention. The properties of
LFC depend on many input material factors, such as foam
content, characteristics of the foaming agent, W/C ratio, C/S
ratio, type of sands, and the mineral admixture composition
used [8, 10, 11]. Some studies have shown that the C/S ratio
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directly affects the long-term strength properties and water
resistance of foam concrete [3, 8, 12], yet this relationship is
not clearly established. This paper presents experimental
research to determine the effect of the C/S ratio on certain
properties of D900 LFC. Through experimental research
methods, this study aims to optimize the material composition
of LFC to meet the technical requirements according to the
TCVN 9029:2017 standard.

II. MATERIALS AND EXPERIMENTAL METHODS

A. Materials and mix-proportions

The study uses Portland cement PCB40 from Song Gianh,
which complies with the TCVN 6260:2020 standard. The
chemical composition and physical properties of the cement
are presented in Table I. Fine sand used in the study has a
fineness modulus of Mk = 1.05.

The water-reducing agent used is LOTUS-E339P, and the
foaming agent is EABASSOC - NEPOR, which is mixed
with water at a ratio of 1:30 to create the foam introduced into
the concrete.

TABLE I. CHEMICAL COMPOSITIONS OF CEMENT (%)

Densit
Na, MK

Compo ; Fe,0|ALO | Mg y
CaO | SiO, o SOs N (glom®

nent 3 3 (6] K20

Values | 50.12|24.12 | 4.47 | 6.84 (4.23|0.74|0,68|1.21| 6.37 31

LFC was designed using an experimental method, with
the mixture composition of D900 LFC having a W/C ratio of
0.32. For lightweight foamed concrete (LFC), the
recommended sand content should not exceed 50% of the
binder content, as a higher sand proportion can lead to a
reduction in compressive strength [19]. A cement-to-sand
ratio of up to 4:1 has been reported to be applicable [8].
However, to ensure the economic feasibility of LFC
production, this study investigates the effects of various C/S
of 3:1, 2.5:1, 2:1, and 1:1 on the properties of LFC. The
composition of the LFC mixes is presented in Table II.

TABLE II. MIX-PROPORTIONS OF LFC

; Fine Superplas| . :
Ievsl”‘““ fk?;‘}; Sand (1\?;2% Hbios ({;’/’;‘;’,) o/s |wic l()ki;;?)'
(kg/m?) (kg/m®)

C381 | 534 178 171 1.5 155 | 3/1 1032 903

C2.5S1| 514 | 206 | 164 L5 149 |2.5/1]032| 905

C2S1 | 485 | 243 | 155 L5 15.1 | 211 {032 915

Cc1S1 | 382 | 382 | 122 15 13 | 171 |032] 890

B. Fabrication and experimental methods

The process for fabricating LFC samples is as follows. The
materials are prepared in advance by sequentially adding
cement, sand, and mixing them dry for 2 minutes. Next, 2/3 of
the water is gradually added during the mixing process for 2
minutes. The amount of superplasticizer is mixed with the
remaining 1/3 of water and added in, continuing to mix for an
additional 2 minutes until a homogeneous mixture is obtained.
A foaming solution was prepared by mixing EABASSOC —
NEPOR foaming agent with water at a mass ratio of 1:30. The
solution was thoroughly agitated and introduced into a foam
generator, where compressed air at a pressure of up to 7 bar

903

was applied to produce a white, lightweight foam with a bulk
density of approximately 42 g/L. The preformed foam was
then gradually incorporated into the concrete mixture and
continuously mixed to ensure uniform dispersion throughout
the matrix. This process was accompanied by regular
monitoring of the fresh density until the target value
corresponding to the D900 mix design was achieved. The LFC
mixtures are poured into pre-prepared molds, and mold
surfaces are treated, covered with protective material, and kept
stable for 24 hours before demolding for curing until the
testing day.

The process of measuring the flowability of the foam
concrete mixture is conducted according to TCVN
12209:2018. Cubic LFC samples measuring 10x10x10 cm are
prepared for compressive strength testing based on standard
TCVN 3118:2022. The water absorption of the concrete is
carried out according to TCVN 3113:1993, using cylindrical
samples with a diameter of 10 cm and a height of 10 cm. The
surface resistivity measurement is conducted on a saturated
cylindrical sample measuring 10x20 cm according to the
AASHTO T95 standard.

The ultrasonic pulse velocity test is performed using
cylindrical samples with a diameter of 10 cm and a height of
20 cm, following TCVN 9357:2012. The test setup consists of
a pulse generator and a receiver, both equipped with
transducers. Prior to measurement, the two opposite faces of
the concrete specimen are cleaned and coated with a coupling
agent (such as acoustic gel or contact grease) to ensure
effective transmission of ultrasonic waves. The transducers
are placed on opposite sides of the specimen in a direct
transmission configuration. An ultrasonic pulse is emitted
from the transmitter, propagates through the concrete
specimen, and is received by the receiver. The device records
the pulse transit time (t), and with the known path length (L),
the pulse velocity (V) is calculated using:

V=L/t (1)
The measured ultrasonic pulse velocity reflects the
homogeneity, density, and presence of internal defects in the
concrete. According to ASTM C597, higher pulse velocity
values generally indicate better concrete quality.

III. RESULTS AND DISCUSSIONS

A. Flowability

The results of the flowability tests before and after
introducing foam into the LFC mixes are presented in Figure 1

40

sEUSE B {
s After fow (o

258

Fig. 1. Effect of C/S ratio on the flowability of D900 LFC.
The results in Figure 1 indicate that as the C/S ratio

increases, the flowability of the LFC mixtures decreases. The
mix with a C/S ratio of 3/1 has an initial flowability of 65%
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compared to the mix with a C/S ratio of 1/1. The observed
reduction in flowability of the concrete mixtures with
increasing C/S ratio may be due to the increase in cement
content, which raises the surface area of the particles, leading
to higher water demand and reduced flowability [2]. After the
foam is introduced, the flowability decreases by 31-42%
compared to the initial flowability. The trend of changing
flowability of the LFC mixtures as the C/S ratio increases is
similar to that of these mixtures before the foam was added.
This result is attributed to the foam introduced into the
lightweight foam concrete, which increases the viscosity of
the concrete mixtures; the air bubbles hinder the flow and
consequently reduce the flowability of the concrete mixture
[16]. Thus, an increase in the C/S ratio decreases the
flowability of the LFC mixture.

B. Compressive strength

The compressive strength of the LFC mixtures is presented
in Figure 2

6,0 ©:3 days ©7 days 028 days
= 50
a
=
é 4.0 4
o
1=
£ 30
7
@
5 2,0
ol
‘El 1,0
0.0 f NEE A
Cc281 C2.581 C351
3 days 2,92 3,19 2.50
@7 days 2,79 3.62 4.03 3.38
0§28 days 3,67 4,52 5,31 4.40
Mixtures

Fig. 2. Effect of C/S ratio on the compressive strength of D900 LFC.

The results in Figure 2 show that the compressive strength
of the LFC mixtures develops over time. This is due to the
hydration of the cement, which produces hydration products
that densify the microstructure of the concrete over time [16].
When the C/S ratio increases from 1/1 to 3/1, the compressive
strength of the LFC mixtures at 3, 7, and 28 days generally
tends to increase, peaking at a C/S ratio of 2.5 and decreasing
again when the C/S ratio reaches 3. An increase in the C/S
ratio translates to an increase in the amount of cement used
and the amount of hydration products contributing to the
strength of the LFC. However, a too high cement content
(C/S=3) will absorb a large amount of water, reducing
workability and increasing the density of the initial cement
paste mixture. LFC with low flowability can lead to bubble
breakage during mixing. The breaking of air bubbles produces
larger and more irregular voids, which reduces compressive
strength [6]. This finding is evidenced by the significant
decrease in the flowability of the fresh concrete mixture when
the C/S ratio increased from 2.5 to 3, and the images
illustrating the voids in the foam concrete mixtures with C/S
= 2.5 and 3 are shown in Figure 3.

C/S =2.5/1 C/S = 3/1

Fig.3. Pore structure of LFC C2.5S1 and C3S1.
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C. Ultrasonic pulse velocity of LFC
The ultrasonic pulse velocity of LFC mixtures is presented
in Figure 4.
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Fig. 4. Effect of C/S ratio on the ultrasonic pulse velocity of D900 LFC.
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Fig.5. Relationship between ultrasonic pulse velocity and compressive
strength of D900 LFC

The ultrasonic pulse velocity results for LFC mixtures
with C/S ratios ranging from 1/1 to 3/1 at 7 days were between
1986-2143 m/s, and at 28 days, they ranged from 1534-1643
nvs. As the C/S ratio increases, the ultrasonic pulse velocity at
7, 28 days also tends to increase, reaching the highest value at
a C/S ratio of 2.5 and then decreasing at a C/S ratio of 3.
Figures 2 and 4 illustrate the trend of ultrasonic pulse velocity
changing with increasing C/S ratio, which is similar to that of
compressive strength. Indeed, the graph in Figure 5 shows a
strong correlation between ultrasonic pulse velocity and the
compressive strength of LFC at 7 days and 28 days, with a
correlation coefficient of R? > 0.9. The consistency of the
compressive strength and ultrasonic pulse velocity results
reinforces the conclusion that the concrete mixture with a C/S
ratio of 2.5 is the best compared to the other ratios.

D. Water absorption of LFC
The water absorption of the LFC mixtures is presented in
Figure 6.
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Fig. 6: Effect of C/S ratio on the water absorption of D900 LFC.
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Water absorption of concrete is a property that indicates
its ability to absorb and retain water when in contact with it
[4]. This is an important index for evaluating water
permeability and indirectly reflects the volume of permeable
or capillary voids within the concrete [17].

The study results presented in Figure 6 show that the water
absorption of D900 LFC mixtures tends to decrease over time,
though the reduction is not significant, ranging from 5.7% to
11.5%. This reduction aligns with the findings of Hong et al.
(2022) [8], as this is a result of the ongoing hydration of
cement, which produces C-S-H gel that fills the voids in the
cement paste structure, thereby reducing water absorption
[17]. As the C/S ratio increases from 1/1 to 3/1, the results
indicate that the water absorption of concrete C2.5S1 is the
lowest at all ages, while the two types of LFC, C2S1 and
C3S1, are similar, and the water absorption of concrete C151
is the highest. An appropriate C/S ratio allows the sand to
effectively function as a filler, while the amount of cement is
just enough for hydration without increasing the water
demand.

The results of water absorption from these LFC mixtures
indicate a correlation with the compressive strength and
ultrasonic pulse velocity, as shown in Figures 3 and 5. LFC
with higher compressive strength and ultrasonic pulse velocity
exhibits lower water absorption, and vice versa. This
underscores the importance of determining the optimal C/S
ratio not only to maximize strength and minimize water
absorption but also to enhance the ability to prevent water and
vapor penetration from the environment when applying LFC
in actual components.

E. Surface resistivity of LFC

Figure 7 illustrates the surface resistivity test results at 3,
7, and 28 days for different LFC mixtures with varying C/S
ratios

Fig. 7. Effect of C/S ratio on the surface resistivity of D900 LFC.

Surface resistivity of concrete is an important metric that
reflects its ability to resist the migration of ions on its surface
under the influence of an electric field. A higher surface
resistivity indicates better corrosion resistance, as it limits the
movement of corrosive ions on the concrete surface. This is
particularly crucial when concrete is exposed to damp
environments or contains corrosive agents such as chloride
ions [18].

The research results in Figure 6 show that the surface
resistivity of the mixtures tends to increase over the curing
period. At 3 days, the surface resistivity of the LFC mixtures
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ranges from 3.87 to 4.24 kQ.cm; at 7 days, it reaches between
4.56 and 5.55 kQ.cm; and at 28 days, it varies from 5.58 to
6.06 kQ.cm. The increase in surface resistivity is due to the
hydration of the cement, which densifies the cement paste and
helps hinder the movement of ions on the surface. As the C/S
ratio increases from 1/1 to 3/1, the resistivity of the LFC
mixtures tends to rise at various ages. Surface resistivity
primarily depends on the base material, which is the cement
paste, and less on the concrete structure itself. With a higher
C/S ratio, the composition of the cement paste in the foam
concrete tends to be harder and denser, resulting in higher
resistivity. Concrete C3S1 has a lower compressive strength
compared to C2.5S1, while its resistivity is higher. This is
because, in terms of the overall structure of the cement paste
and the distribution of air bubbles within the concrete, C2.5S1
creates a more effective load-bearing structure compared to
C38S1, as clearly shown in Figure 3.

F. Proposed applications for D900 LFC Mixtures

A comparison of the technical characteristics of
compressive strength and dry density of the LFC mixes in this
study with the Vietnam National Standard "TCVN 9029:2017:
Lightweight Concrete — Foam Concrete and Aerated Concrete
— Technical Requirements" is presented in Table III

TABLE III. EVALUATION OF TECHNICAL REQUIREMENT COMPLIANCE OF
LFC MIXES ACCORDING To TCVN 9029:2017

Technical
Technical characteristics of LFC | characteristics of foam Evaluati
according to TCVN 9029:2017 concrete mixes in the Ak u; 1on
study oL
cs ‘ compliance
Dry density, with LFC
value 3 .
: kg/m’ requirement
Compressiv| , .. |Averag| Dry
Mix .. | s based on
e strength |MPa, N e CS |density strength
(CS) grade | not |Nomina| Averag | e (MPa) |, kg/m*
grade
less 1 e
than
851-
D900 C1S1| 3,67 | 903 |Meets B2.5
900
B2.5 35 351
D900 900— C2S1| 4,52 | 905 |Meets B2.5
B3.5 5 D900 851~ 122,38 5,31 915 |Meets B3.5
900 1
B2.5 3,5 | D900 895010_ C3S1| 4,40 | 890 |Meets B2.5

From the analysis results in Table 3, it is evident that the
LFC mixes of C1S1, C2S1, and C3S1 meet the technical
requirements of LFC with a strength grade of B2.5, while the
LFC mix of C2.551 meets B3.5.

The D900 LFC mixtures of strength grades B2.5 and B3.5
according to TCVN 9029:2017 exhibit advantages such as
lightweight, significantly enhanced sound and thermal
insulation due to the hollow structure created by air bubbles,
ease of construction, and adequate compressive strength that
can be applied to various construction components such as
brick walls, partitions, insulation layers, soundproofing, and
precast elements for lightweight structures.

IV. CONCLUSIONS

Some conclusions that can be drawn from
experimental results of this study are as follows:

The flowability of the D900 LFC mixture decreases as the
C/S ratio increases.

the
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The D900 LFC mix with a C/S ratio of 2.5/1 shows
optimal properties regarding compressive strength, ultrasonic
pulse velocity, and water absorption.

The surface resistivity of D900 LFC increases with the
curing time and the C/S ratio.

The D900 LFC mix with a C/S ratio of 2.5/1 achieves a
compressive strength grade of B3.5 according to TCVN
9029:2017, while the respective C/S ratios of 1/1, 2/1, and 3/1
achieve a grade of B2.5
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MINH CHUNG MO HINH TAM BE TONG NHE CHE TAO O PHONG
THi NGHIEM

1. Thong sb tim bé téng nhe

Bing 1. Thong s6 mé hinh thir nghi¢m tim bé tong nhe D900 cip B3.5

STT Théng sb Gia trj
1 Dai x rong x d¢ day 1200x600x40 mm
2 | Khoi lugng 22.6 kg
3 Cuong do mau nén & 7 ngay 4 MPa
4 Cuong do mau nén & 28 ngay 5.65 MPa

2. Hinh anh mé hinh tim bé tong nhe

Hinh 1. Mt truée tim bé tong nhe

Hinh 2. Miit sau tim bé tong nhe




1 2

B+ 23456789

b) Chidu day ¢) Chidu cao
Hinh 3. Kich thude ciia tim bé tong nhe

a) Chiéu r‘(f)ng

Hinh 4. Khéi lwong ciia tim bé tong nhe
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