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Tom tat: Vat liéu bé tdng nhe thuong duoc sir dung trong céc két cau cong trinh
dé cach &m, céach nhiét. Xac dinh dugc cac tinh chat co 1y 1a cdng tac quan trong trong
viéc danh gia kha ning chiu lyuc, tudi tho va gia thanh cdng trinh. Bai bao nay trinh bay
quy trinh thiét ké mau, phuong phap bao dudng mau va két qua thi nghiém tinh chat co
ly caa bé tong nhe sir dung ct lidu soi nhe Keramzit & 28 ngay tudi. Su khac biét giira
cac dac tinh co hoc cua bé tbng nhe va bé tong thuong co cung cudong do nén da dugc
so sanh. Ngoai ra, méi quan hé giita cuong d6 chiu nén va khéi lugng riéng thé tich
cua bé tong nhe da duoc dé xuat. Hon nita, cac tinh chat co hoc khac cia cuong do nén
& 28 ngay cua bé tong nhe cling dugc nghién ciu va so sdnh vai cac nghién cau trude
day ciing dugc thuc hién trong cong trinh nay.

Tu khéa: Bé tdng nhe; bé tbng; soi nhe Keramzit; nghién ctru thuc nghiém.

1. Mé& dau

Bé tong truyen thdng 1a vat liéu c6 khéi lugng thé tich 16n (khoang 2200 - 2600
kg/m®), tliy theo loai va luong cét liéu sir dung. Do do, trong lwong ban than cia cAu kién
ché tao tir vat liéu nay cao va tao ra mot tinh tai 16n trén cau. Néu trong luong cua bé
tong tir 2400 kg/m* xubng con 1900 kg/m? thi cé thé giam bét trong lugng ban than cua
két cAu mot cach dang ké. Tir d6 giam bot duoc tai trong Ién trén nén dat, giam chi phi
nén moéng, nang cao ning suat van tai va lap dat cau kién. St dung bé tong nhe 1a mot
giai phap téi wu dé giam bot trong lugng ban than két cau.

Nghién ctu ché tao va ung dung bé téng nhe (Light-Weight Concrete - LWC)
trong xay dung noi chung, xay dung cau duong va cau dudng sit noi riéng di dugc ung
dung twong ddi nhiéu trén thé gisi, dac biét 1a tai My va chau Au. Mét s6 cdng trinh cau
str dung bé tong nhe nhu Cau New Eidsvoll Sund ¢ Nauy (1992), Cau Grenland (1996).
Cau Lewis & Clark (1996) My... Viéc sir dung bé tong nhe lam két cau mat cau trong
thiét ké méi hay stra chira nang CAp CAc cau cll da dugc thuc hién twong dbi nhiéu & My,
c6 thé ké dén cau Coleman, cau Jame River, cau Woodrow Wilson... [1].

Bé tong c6 khdi luong thé tl'ch & trang thai khd trong khoang 500 - 1800 kg/m?
goi 1a bé tdng nhe; nho hon 500 kg/m® goi 1a bé tong dac biét nhe [2]. Sir dung phu hop
bé tbng nhe va dac biét nhe trong cdng trinh xay dung mang lai nhiing loi ich kinh té - ky
thuat to Ién nhu: Tiét kiém nguyén vat liéu; giam ton that ning luong; cai thién moi
truong va khi hau trong khdng gian & va lam viéc; nang cao hiéu suat va do bén cua thiét
bi nhiét. Bé tdng nhe 1a vat liéu kha thi cho nhiing cong trinh trén nén dat yéu.

O Viét Nam, viéc tng dung bé tdng nhe hién nay chu yéu la dung dé san xuat céc
tam cach am, cach nhiét, san xuat gach block lat via hé va mot s ung dung khéc. Trén
thuc té, hau nhu chua co nghién ctu va tng dung bé tdng nhe chiu lyc sir dung trong két
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cau. Trong bai bao nay, nhom téc gia trinh bay phuong phap ché tao, bao dudng va két
qua thi nghiém tinh chét co 1y cua bé tdng nhe cbt liéu soi nhe Keramzit. Ngoal ra, bai
bao tién hanh so sanh danh gia méi quan hé giita cuong d6 chiu nén va khéi luong thé
tich nham khuyén céo st dung cho ngudi thiét ké va thi cong.

2. Quy trinh thi nghiém va vat liéu ché tao bé tdng nhe
2.1. Quy trinh, quy phgm &ap dung

Hién tai van chua c6 tiéu chuan vé thir nghiém loai bé tong nhe, vi vy thi nghiém
dé xac dinh céc chi tiéu co 1y cua bé tdng Keramzit dung theo cac tiéu chuan vé thu
nghiém bé tong nang nhu: TCVN 2682: 2009 Xi ming pooc ling. Yéu cau k¥ thuat;
TCVN 6260:2009 Xi ming podc lang hdn hop - Yéu cau ky thuat; TCVN 1770:1986 Céat
xay dung - Yéu cau ky thuat; TCVN 302:2004 Nudc tron bé tong va vira - Yéu cau ky
thuat; TCVN 5592:1991 Bé téng niang - Yéu cau bao dudng am ty nhién; TCVN
3105:1993 Bé tong nang - Lay mau, ché tao va bao dudng mau thi; TCVN 3106:1993
Bé tdng nang - Phuong phap thur d6 sut; TCVN 3118:1993 Bé tdng nang - Phuong phap
xac dinh cuong do nén; TCVN 3119:1993 Bé tdng nang - Phuong phap xay dung cuong
d6 kéo khi uén; TCVN 1651:1985 Thép cdt bé tong; TCVN 6220:1997 Cét liéu nhe cho
bé tong - soi, dam soi va cat Keramzit. Yéu cau ki thuat; TCVN 6221:1997 Cét liéu nhe
cho bé téng - soi, dam soi va cat Keramzit. Phuong phéap thir; ASTM C330:2004 C6ét liéu
rong cho bé tdng nhe két cdu; GOST9758:86 Cot licu rdng cho cong trinh xay dung.
Phuong phéap thir; GOST 9759:83 Soi va cat Keramzit. Yéu cau ky thuat; TCVN
7570:2006 Cét liéu cho bé tbng va vira. Yéu cau ky thuat; TCVN 7572:2006 Cét liéu cho
bé tdng va vira, Phuong phap thu; TCVN 8826:2011 Phu gia hoa hoc cho bé tong; GOST
11051:83 Han hop bé tdng cdt liéu rong. Phuong phéap thir; GOST 11954:83. Bé tong
nhe cot liéu rong. Phuong phéap thir; TCXDVN 356: 2005 Két cau bé tdng va bé téng cot
thép - Tiéu chuan thiét ké; TCVN 3118-1993 Phuong phap xac dinh cudng do chiu nén;
TCVN 3119-1993 Phuong phéap xac dinh cuong do chiu kéo khi uén; TCVN 5276-1993
Phuong phép xéac dinh cudong do lang tru va mé dun dan hdi khi nén tinh.

2.2. Vit liéu ché tgo bé tong nhe
a) Cdt lieu nhe
Bang 1: CAc tinh chdt co Iy ciia s6i nhe Keramzit

TT Tinh chat Gia tri
1 | Khéi lugng hat (mm) 5-20
2 | Khéi luong thé tich d6 dbng, py (g/cm®) 0.73
3 | Khéi lugng thé tich & trang thai khd, pyy (g/cm®) 1.27
4 | Khéi lugng thé tich & trang thai bio hoa nudc , pypy (g/cm®) | 1.34
5 | Khéi luong riéng (KLTT hat) p, (g/cm®) 1.38
6 | Do hdng Vi (%) 0.43
7 | Do nen giap trong xi lanh, Ry 4.81
8 | o hat nuoc 24h, Hp (%) 6.15
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Cét lidu nhe sir dung trong nghién ctu 13 soi nhan tao c6 nguon géc tir sét nung
hay con goi la soi Keramzit. Soi nhe Keramzit do Coéng ty Bemes (Vinh Ciru), dong tai
Binh Duong san xuét va duoc mua tai dai ly Hoang Thanh, 93 Khuat Duy Tién - Thanh
Xuan - Ha Noi. Quan sit bang mit thuong ta thay loai soi gdbm cac hat c6 dang khdi
trong twong dbi dong déu, mau nau nhat, kich ¢& tir 5-20 mm, dic trung co 1y cua soi
Keramzit duoc thé hién trong Bang 1.

b) Cdt liéu nho (cét)

Cét liéu nho duoc st dung trong nghién ctu 1a cat vang Séng Pa duoc mua tai
mo cat Chem, Ha Noi. Bac trung co 1y cua cat dugc thé hién trong Bang 2.

Bang 2: Cdc dac trung vat li cua cét sur dung

TT CA4c tinh chat cua cat Gia tri
1 | Médun dan hoi cia cat My 5-20
2 | Khéi luong thé tich xdp, py (g/cm?) 0.73
3 | Khéi luong thé tich & trang thai kho, pyy (g/cm?) 1.27
4 | Khéi luong thé tich & trang thai bio hoa nudc, pypp (g/cm?) 1.34
5 | Khéi luong riéng p, (g/cm®) 1.38
6 | Do hut nudce, Hp (%) 0.43

¢) Chat két dinh (xi mang)
Xi mang su dung trong nghién ciu la xi méng pooc lang nhan hiéu Vicem BUt
Son PC40, c6 céc chi tiéu ki thuat thoa man tiéu chuan TCVN 2682-2009 [3]. Cac thong
so k¥ thuat cua xi mang thé hién trong Bang 3.

Bang 3: C4c chi tiéu ki thugt do nha san xudt cung cap

TT Céc chi tiéu Giatri
| | Cuongdd nén, N/mm?, khdng nho hon £.20
72 gio £ 45 phat; 28 ngay + 2 gio
Th(‘)’,i gian dong két
2 |+ Bé}t dau, phat, khdng nho hon 0.73
+ Két thac, phat, khéng nho hon
bomin 1.27
3 |+ Pr]én con lai trén sang 0.08 mm, % khdng 1én hon
+ Bé mat riéng
4 | Do 6n dinh thé tich 1.34
5 | Ham lugng anhydric sufuric (SO3), % khong lI6n hon 1.38
6 | Ham lugng magie oxit (MgO), % khong I6n hon 0.43
7 | Ham lugng mudi khi nung (MKN), % khéng 16n hon 4.81
8 | Ham luong chat khoang tan (CKT), % khdng Ién hon 6.15
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d) Phu gia khoang

Bot khang siéu min hoat tinh‘ su dung trong nghién cau la loai muoi silic
Sikacrete PP1 cua hdng Sika. Thanh phan hoat chat dioxit silic cuc min, khoi lugng riéng
cua phu gia khoang 12 2.2 glem®.

e) Nuoc

~ Nudc ding dé tron bé tong 1a nuéc sach ldy tir nguon nuéc sinh hoat cua Thanh

pho Ha Noi cap tai Phong thi nghiém vat liéu trong diém, Truong Pai hoc Giao théng
van tai Ha Noi.

f) Phu gia déo

Phu gia déo st dung trong nghién ctu 1a loai phu gia giam nudc cao cap nhan
hiéu Viscocrete 3000-20 cua héng Sika. Sika Visconcrete 3000-20 phu hop tiéu chuan
ASTM C494 loai G [4]. Phu gia déo cong ngh¢ cao goc polymer thé hé tha 3 véi hiéu
qua tao do xop va gilp cho viéc bom bé tong duoc dé dang.

3. Thi nghiém xac dinh cac dac trung co ly caa bé tong nhe
3.1. Chudn bj vt liéu

Cat dugc dé kho trong diéu kién phong thi nghiém it nhat mot tuan trude khi st
dung. Po 4m cua cat duoc thi nghiém xac dinh trude khi nhao tron. Cot liéu sau khi siy
khd 24 gid duge dé ngudi trong diéu kién nhiét d6 phong, sau d6 dugc lic déu trong
vong 5 phdt vai sé lugng nudc bang d6 hit nudc 24 gio trong mot thing nhu thé hién
trén Hinh 1.

Hinh 1: Sang cét logi bé cac hat cot liéu I6n

3.2. Nhao trgn hén hep

Hon hop dugc nhao tron theo 2 giai doan: Giai doan 1 1a nhao tron hdn hop vira
xi mang-cat va giai doan 2 tién hanh tron cot liéu am vai hdn hop vira da duoc chuan bi.

Ché tao hdn hop vira-xi ming cat: Hon hop vita dugc ché tao bang may tron vira
kiéu hanh tinh: bao gom xi ming, cat, mudi silic, nuéc va phu gia déo. Quy trinh tron
duoc tién hanh tron theo cac budc sau va thé hién trén Hinh 2.

+ Tron hdn hop xi ming, cat & tbe do cham trong may tron trong vong 60s. Dung
may tron, dung bay gat phan thira trén thanh cdi tron trong vong 30s.
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+ Tiép d6, mudi silic duge d6 vao cbi tron chira hdn hop xi ming va cat kho va
cho méy chay ¢ téc d6 cao trong vong 60s.

+ Cudi cuing, hdn hop nudc va phu gia déo dugce db vao cdi va tron toan bo hdn
hop & toc do cao trong vong 2 phit.

+ Dung may tron, do do chay lan cua hdn hop vira dé danh gia tinh cong tac va
d6 dong nhét caa cac hdn hop vira trong cac mé tron, trudc khi phdi tron véi soi.

+ Hon hop vita va cét liéu am duoc nhao tron bang tay trong vong 5 pht trudc
khi tién hanh d6 khuon.

Hinh 2: Nhao trén hén hop bé tong nhe bang may
3.3. Pé mdu va dam nén

Mau bé tong nhe dugc duc ngay sau khi nhao tron. Mau bé tong hinh try kich
thudc 15x30 cm duge do 1am 3 16p, mdi 16p cao 1/3 chiéu cao cua khudn. Trude khi duc
mau, phai 1am sach van khuén, son 1 16p dau mong dé dé dang thao van khudn.

Trong qua trinh d6 bé tdng mau, mau thir dwoc dAm nén bang cach sir dung thanh
dam bang thép dai 60 cm, dong thoi dung bla cao su g nhe vao thanh van khuén dé
thoét hét khdng khi cubn vao trong qué trinh tron nhu thé hién trén Hinh 3.

Hinh 3: D6 mdu va dam nén
Thi nghiém d¢ sut, tién hanh theo tiéu chuan “TCVN 3106:1993 B& tong nang -
Phuong phap thir do sut” d€ xéac dinh tinh cong tac cua hon hop bé tong ngay sau khi nhao
tron. Do sut ctia hon hop bé téng nhe thi nghiém dao dong trong khoang tir 10£2 mm.
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3.4. Bdo dwéng méu

Mau thi nghiém duoc phu bé mét bang khin am va dudng hé trong khudn trong
vong 01 ngay. Ngay sau khi thao khuon, tat ca cac mau thir dwoc dudng ho trong nudc &
diéu kién phong dén tudi thi nghiem.

3.5. Thi nghiém xdc dinh cac dac trung co ly cua bé tong nhe

Thi nghiém xac dinh khéi lugng thé tich va cuong do chiu nén cua bé téng nhe
Keramzit. Mau bé tdng nhe sau khi duc, dugc bao dudng trong nudc & nhiét do phong thi
nghiém trong 27 ngay, sau do, sdy khd ¢ 105°C trong vong 24 h trudc khi thi nghiem.
Khéi lugng thé tich cua bé tdng nhe ngay 28 dugc xac dinh theo tiéu chuin ASTM
C567-04 [5]. Bé xac dinh cudng d6 chiu nén, thi nghiém phé hiy bé tong duoc thuc hién
trén cac mau try c6 duong kinh 15 cm, chiéu cao 30 cm. Mau thir duoc cat phang mat, bit
dau bang mot tim dém cao su, dit trong mil thép, trude khi dat 1én may gia tai dé thi
nghié¢m.

Cuong d6 chiu nén tudi 28 ngay duoc thi nghiém theo tiéu chuan ASTM C39-01
[6]. Tc do tang tai 12 0.3 MPa/s. Thiét bi nén sir dung c6 tai trong tdi da 1a 3000 kN.

a. Thiét bi nén b. Man hinh hién thi két qua
Hinh 4: Tién hanh thi nghiém nén bé téng bang may nén ADR 2000

Cudng d6 chiu kéo cua bé téng cbt lieu nhe dugc xac dinh trén cac mau ling tru
kich thugc 100x100x400 mm. Thi nghiém duoc tién hanh theo phuong phap uén 4 diém
theo tiéu chuan ASTM C78-02 [7]. Thi nghiém duoc tién hanh trén 15 mau thir. Dat mau
1én may uén sao cho huéng tac dung cua lyc song song véi mét ho cua vién dam bé tong
khi do. Uon mau bang cach tang tai lién tyc Ién mau véi toc do khong doi va bang 01
daN/cm? trong mot gidy cho téi khi gdy mau nhu Hinh 5.

Hinh 5: Thi nghiém xac dinh cwong dg chiu nén kéo khi usn
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Xac dinh modun dan hdi cua bé tdng nhe Keramzit sir dung tiéu chuan thi nghiém
ASTM C469 - 02 [4]. Thi nghiém duoc tién hanh trén 6 mau thu. Tuong ty nhu thi nghiém
cudng do chiu nén, mau thir ciing dwoc bit ddu mau bang mot tim dém cao su, ga vao
trong mil thép, trude khi dat 1én may gia tai. Mddun dan hodi duoc tinh toan dua trén ang
suét tng voi 40% tai trong gisi han va bién dang doc gay ra boi g suat nay. Mau thir
duogc cat phiang bang may cat bé tong, sau do bit ddu mau bang mot mleng ném cao su
trude khi thi nghiém. Bat mau lén may nén va gia tai dén bién dang e; = 50.10° mm/mm.

4. Phan tich két qua thi nghiém

Xéc dinh cuong d6 nén cua bé tong nhe dugc &p dung theo tiéu chuin ASTM
C39/C39M - 17b [8]. Mau tht hinh tru duong kinh 150 mm, chiéu cao 300 mm duoc duc
dé thi nghiém cuong d6 chiu nén, md dun dan hdi. Cuong do chiu kéo khi uén duoc thi
nghiém trén mau dam coé kich thudgc 100x100x400 mm. So6 luong mau cho phép thir duoc
tong hop va thé hién trén Bang 4. Vai cac to hop mau nay, ngoai viéc xac dinh duoc mac
thiét ké (M), con xéac dinh duoc cip do bén thiét ké (B). Két qua thi nghiém duoc tom tit
tir Bang 4 dén Bang 8. Thi nghiém duoc thuc hién tai Phong thi nghiém vat liéu xay
dung trong diém, Truong Pai hoc Giao thdng van tai Ha Noi.

Bang 4: Sé lirong mdu thi nghiém ddc tinh cuia bé téng cot lidu nhe

TT Chi tiéu thi nghiém Kich thwéc miu Tong s6 mau
1 | Khéi lugng thé tich 150x300 15

2 | Cudng do chiu nén 150x300 15

3 | Mbdun dan hoi 150x300 15

4 | Cuong d6 chiu kéo khi udn 100x100x400 15

Két,qué thi nghiém cuong d6 chiu nén caa bé tdng nhe Keramzit cuong do cao
dugc tom tat trong Bang 5 vai gia tri cuong do chiu nén trung binh fy, = 36.613 MPa.

Bang 5: Két qud cuong dé chiu nén bé tong Keramzit

TT Mau Cuong d§ chiu nén (MPa) Gia tri trung binh (MPa)
1 C1l-1 37.6
2 C2-1 34.8
3 C3-1 36.6
4 C4-1 35.9
5 C5-1 374
6 C6-1 36.7
7 C7-1 36.4
8 C8-1 38.0 36.613
9 C9o-1 37.1
10 C10-1 34.7
11 Cil1-1 37.3
12 Ci12-1 35.0
13 C13-1 36.5
14 Cl4-1 37.3
15 Ci15-1 37.9
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Két qua thi nghiém khéi luong thé tich bé tong nhe Keramzit dugc thé hién nhu
trong Bang 6 véi gié tri khdi lwong thé tich trung binh fy, = 1737 kg/m®.

Bang 6: Két qud thi nghiém khéi luwong thé tich bé tong nhe Keramzit

TT Mau Khéi lwgng thé tich (kg/m®) Gia tri trung binh (kg/m?)
1 C2-1 1753
2 C2-2 1693
3 C2-3 1675
4 C2-4 1739
5 C2-5 1686
6 C2-6 1679
7 C2-7 1720
8 C2-8 1702 1737
9 C2-9 1715
10 C2-10 1746
11 C2-11 1766
12 C2-12 1731
13 C2-13 1784
14 C2-14 1828
15 C2-15 1845

Két qua thi nghiém xac dinh cuong d chiu kéo khi uén cua bé tong nhe Keramzit
Keramzit dugc thé hién & Bang 7 vai gia tri cuong d6 chiu kéo khi uon trung binh Ry, =
3.98 MPa.

Bang 7: Két qua thi nghiém cwong dé chiu kéo uon cia bé tong nhe Keramzit

TT Mau Médun dan hdi (MPa) Gia tri trung binh (MPa)
1 C3-1 4.05
2 C3-2 3.88
3 C3-3 3.99
4 C3-4 3.94 3.98
5 C3-5 4.03
6 C3-6 3.99

Két qua thi nghiém xac dinh modun dan hoi cia bé tdng nhe duoc tom tat trong
Bang 8 vai gia tri trung binh cuia modun dan hoi Ey, = 16937 Mpa.

Bang 8: Két qud thi nghiém mddun dan hoi cia bé tong nhe Keramzit

TT Mau Maédun dan hdi (MPa) Gida tri trung binh (MPa)
1 C4-1 17220
2 C4-2 16413
3 C4-3 16936
4 C4-4 16735
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TT Mau Médun dan héi (MPa) Gia tri trung binh (MPa)
5 C4-5 17163

6 C4-6 16965

7 C4a-7 16879

8 C48 17332 16937
9 C4-9 17079

10 C4-10 16384

11 C4-11 17135

12 C4-12 16472

13 C4-13 16907

14 C4-14 17135

15 C4-15 17304

5. Két luan

Bai bao da trinh bay qué trinh thi nghiém va két qua thi nghiém cua bé téng nhe
st dung cbt so6i nhe Keramzit. Két qua thi nghiém thé hién gii han caa bé téng cot liéu
nhe cudong d6 cao khi chiu tai co hoc. Su khac biét vé cac tinh chat, dic trung co hoc
gitra bé tdng nhe va bé tong nang thong thuong c6 cung cuong do nén da dugc xem Xét.
M&i quan hé giira cudng do nén va khéi luong thé tich cua bé téng nhe da duoc dé xuat,
ddng thoi quan hé gitta cac dic trung co hoc khac va cuong do chiu nén ngay 28 tudi cua
bé t6ng nhe di dugc danh gia va so sanh vai cac tai liéu tham khao. Két qua thu duogc tir
thi nghiém nhu sau:

- Khéi luong thé tich trung binh 12 1737 Mpa;

- Cuong do6 chiu nén trung binh la 36.613 Mpa;

- Cudng d6 chiu kéo khi uén 1a 3.98 Mpa;

- Modun dan hoi trung binh 1 16937 Mpa.
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SUMMARY

FABRICATION METHOD AND EXPERIMENT MECHANICAL
PROPERTIES OF LIGHT-WEIGHT CONCRETE
USING KERAMZIT AGGREGATES
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Light-weight concrete is often used in structures for soundproof and insulation.
The determination of mechanical properties of this material is an important issue in the
bearing capacity assessment, durability, and construction cost. This paper presents a
procedure for determining mechanical properties of the light-weight concrete using
Keramzit aggregates based on a series of experiments. The difference between
mechanical properties of the light-weight concrete and normal concrete with the same
compressive strength has identified. A relationship between the compressive strength and
the volumetric mass density of the light-weight concrete has been proposed. Moreover,
other mechanical properties of the compressive strength at 28 days of the light-weight
concrete are investigated, and a comparison with those of previous studies is also
conducted in this work.

Keywords: Light-weight concrete; normal concrete; Keramzit aggregates;
experimental study.
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