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STUDY ON SOME PHYSICAL AND MECHANICAL PROPERTIES OF
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This study was conducted to address the problem of natural sand scarcity
by utilizing crushed stone, a by-product of the stone crushing process, as
a fine aggregate for concrete. The primary objective was to determine the
mix proportions for B15 concrete using crushed stone in Nghi Loc
commune, Nghe An province, and to evaluate the key physical and
mechanical properties of this type of concrete. Laboratory tests were
conducted to determine the physical and mechanical properties, such as
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particle size distribution, slump, volumetric weight, steel-concrete
adhesion, and compressive strength at different ages of concrete mixtures.
The initial results showed that the compressive strength of B15 concrete,
as measured in cubic concrete samples using crushed stone, was 7.6-
12.9% higher than that of concrete using river sand. Additionally, the
adhesion strength of steel reinforcement to concrete using crushed stone
was approximately 8.2% higher. The application of crushed stone not
only brings economic benefits but also has environmental significance.
This study provides a crucial scientific basis for recommending the
widespread use of local crushed stone in the construction industry,
particularly for projects in Nghe An.
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Nghién ctru nay dugc thuc hién nham giai quyét van dé khan hiém cat tu
nhién bang cach tan dung d4 mat, mot san phdm phu tir qué trinh nghién
da, 1am cdt lidu nho cho bé tong. Muc tiéu chinh 13 xac dinh cap phdi cho
bé tong B15 sir dung d4 mat tai khu vue xa Nghi Loc, tinh Nghé An, dong
thoi danh gia cac déc trung co 1y quan trong cua loai bé tong nay. Céc thi
nghiém trong phong da dugc tién hanh dé xac dinh cac tinh chat co Iy nhu
thanh phan hat, do sut, khdi luong thé tich, luc dinh cét thép-bé tong va
cuong do chiu nén & cac tudi khac nhau cua hdn hop bé tong. Két qua
nghién ctru bude dau cho thdy cudng do nén cua bé tong B15 & 28 ngay
tudi ciia mau bé tong 14p phuong st dung da mat cao hon 7,6 - 12,9% so
VGi bé tong str dung cat song. Ngoai ra, luc bam dinh cua cét thép véi bé
tong st dung da mat Ién hon khoang 8,2%. Viéc ung dung da mat khong
chi mang lai loi ich kinh té ma con c6 y nghia méi trudng. Nghién ctru
nay cung cp co sé khoa hoc quan trong dé khuyén nghi sir dung rong rai
da mat dia phuong trong nganh xdy dung, dac biét cho cac cong trinh tai
khu vuc Nghé An.
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1. Gioi thigu

Hién nay, nhu cau xdy dyng ngay cang ting kéo theo viéc khai thac ngudn cat song qua murc
dé san xuat bé tong phuc vu xay dung da gay can kiét tai nguyén cliing nhu anh huong xau dén
moi truong sinh thai. bé giai quyet bai toan thiéu hut cat phuc vu cho xay dung va bao vé moi
truong, nhiéu nha khoa hoc di dé Xuat sir dung cat nhan tao dé thay thé mot phan cat song trong
san xuit bé tong [1] - [3]. O mot so nude trén thé gidi, noi thiéu hut cat song thi cat nhan tao da
dan thay thé cat séng trong san xuit bé tong, nhiéu nghién ciru di dwoc tién hanh dé so sanh,
danh gia dic tinh co 1y clia bé tong sir dung cat nhan tao thay thé cat song [4] — [6]. Cac nghién
clru nay chi ra rang chit luong cua bé tong sir dung cat nhan tao thay thé cat song phu thudc
nhiéu vao day chuyén nghién sang, chon dé va chit lugng d4 gdc khai thac theo cac khu vuc khac
nhau trén thé gidi va trong tung vung lanh th6. Hién nay, & nudc ta xu thé sir dung cat nhan tao
thay thé cat song trong san xuat bé tong dang nhan duoc sy quan tim 16n ctia nha nudce va cc dia
phuong. TCVN 9205:2012 [7], TCVN 9382:2012 [8] dé ban hanh cac yéu cau k¥ thuat, huéng
dan viéc sir dung cat nhén tao trong san xuat bé tong va vira. Nhiéu nghién ctru trong nudc da
dugc tién hanh dénh gid tinh chat co Iy ciia bé tong sir dung cat nhan tao thay thé cat ty nhién
trong san xuét vira va bé tong. Pham Thé Hiép [9] d4 nghién ctru st dung d4 nghién tai xd Thong
Nhat, tinh Pong Nai trong san xuat bé tong. Nguyén Dtrc Diing va cong sy [10] da sir dung cat
nghién tai phuong Tan Thanh, Ba Ria Viing Tau tron véi cat tu nhién. Duong Minh Thuén [11]
danh gia tinh kha thi cta giai phap dung da nghién trong san xuét bé tong tai An Giang, L& Viét
Diing va cong su [12] da nghién ctru thyc nghiém danh gia kha nang sir dung cat nghlen ngudn
goc da voi tai Ha Nam cho cot bé tong cdt thép (BTCT) chiu nén. Mic du da c6 nhiéu nghién ciru
ve€ viée str dung da nghlen thay thé cat trong san xuit bé tong, nhung cac két qua nghién clru
khong giéng nhau do chat luong ngudn gdc da nghién doc theo ldnh thd Viét Nam thay doi da
dang, anh huong dén chit luong cta cat nhan tao & mdi viung. Do d6, dé co thé tmg dung cat
nhan tao rong rai cho bé tong dan dung cn c6 nhiéu nghién clru vé loai cat nay tai cac dia
phuong khac nhau. Hién tai da mat tai xa Nghi Loc (Hinh 1) chua dugc nghién ctru. Vi vay, viéc
nghién ctru danh gia kha ning sir dung bé tong dung da mat 1a san phdm phu dugc hinh thanh
trong qua trinh ché bién san pham da 1x2, 4x6... tai xd Nghi Loc - tinh Nghé An 1a rat can thiét,
g6p phan bo sung sb lidu vé viée str dung da nghién 1am cot 1iéu nhoé cho bé tong dan dung.

ot

Hinh 1. Hinh anh da mat (da mi bul) tai xd Nghi Loc, tinh Nghé An

2. Vit liéu va phwong phap nghién ciru

Trong bai bdo nay nhom tac gia sir dung phuong phap nghién ctru thuc nghiém dé xac dinh
thanh phan hat cua cbt liéu va céac chi tiéu co 1y cua bé tong.
2.1. Xdc dinh thanh phan hat ciia cét liéu cho bé tong theo ASTM

2.1.1. Cat song

Cat song trong thi nghiém duoc liy 1a cat song tai xd Nam Dan, tinh Nghé An. Thanh phan
hat dugc tong hop trong Hinh 2.
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2.1.2. Da mat

D4 mat, 1a mot san pham phu cua qua trinh nghién tir da gdc dé 1am vat lidu xay dung. Trong
nghién cﬁ’g nay da mat duoc lay tor mo d4, khai thac tai x8 Nghi Loc, tinh Nghé An. Thanh phéan
hat duoc tong hop trong Hinh 3.

2.1.3. Cét liéu nho: gom 50% cat song + 50% dda mat
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Hinh 4. Biéu do xdc dinh thanh phan hat Hinh 5. Biéu do xdac dinh thanh phan hat
cua 50% cat + 50% da mat cua da dam 1 x2

_Tron cat song Nam Dan v6i da mat Nghi Loc theo cac ti 1¢ khac nhau, két qua thi nghiém cho
thay, da mat chiém tir 50% dén 70% cho thanh phan cap phoi hat phu hop voi tiéu chuan ASTM
C33. Trong bai bao nay cac tac gia lay ti 1¢ 50% da mat tron v6i 50% cat song. Thanh phén hat
cua hon hop nay cho trong Hinh 4.

2.1.4. Cot ligu |6m: Bd dam %2

Thanh phan hat va cip phdi ctia da dam thé hién trong Hinh 5.
2.2. Thi nghiém xdc dinh khéi lwong riéng ciia cét ligu
2.2.1. Chuan bi mau the

Lay mau cot liéu. ‘

bap nho va sang qua sang c6 kich thudc 16 sang 0,2 mm. Bang phuong phap tao mau trung
binh véi khoi luong khong bé hon 100 g. Say kho dén khoi luong khong doi ¢ nhiét d6 105 — 110
°C. Khoi lugng khong doi cua mau thir 1a khoi lugng ma hiéu so6 gitta hai lan cén ke tiép nhau
chénh 1¢ch khong qua 0,01 g, thoi gian gitra hai lan can ké tlep nhau khong nho hon 4 gio. Sau d6
mau thir dwoc dé ngudi dén nhiét do phong trong binh hit 4m va gitt & d6 dén khi dem thur.
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2.2.1. Tién hanh xdc dinh

Can 14y 10 g tir mau da duoc chudn bi cho vao
binh d rira sach khéi lwong my, cin binh c6 chua
mau duoc khdi lugng m, (Hinh 6). Ding nuéc 18
— 20 °C d6 vao dén khoang %4 binh. Lam sach hét
khong khi trong binh bang cach dat binh chua
mau 1én bép cat hoic bép cach nude. Pun soi
khoang 15 — 20 phat. Khi khong khi da ra khoi
binh, dé nguéi binh dén nhiét d6 trong phong, lay
nuéc 18 — 20 °C d6 vao binh dén vach ngang, roi
can duoc khéi lwong m; sau d6 d6 mau di, rira
sach binh lai d6 nuéc dén vach ngang roi can
duoc khéi lugng m.

Khéi lwong riéng cua cdt liéu p, tinh bang g/cm?® theo cong thic (1):

Pn (m2 — ml) (1)
(m4 - ml) _(ms - mz)

Trong d6: my: Khéi luong binh khong (gam); my: Khéi lugng binh chira d4 dam, (gam); ms:
Khéi Iwong binh chtra ¢a dam va nude cat (gam); m,: Khdi lugng binh chira nudc cét, (gam); py:
Khéi lwong riéng ciia nude cét ldy bang 1 g/em?,

Khéi lugng riéng ciia d4 dam tinh chinh xac dén 0,01 g/em®.

Hinh 6. Thi nghiém xdc dinh khoi lwong riéng

Pa=

2.3. Cip phoi bé tong

Véi myc dich nghién ctru kha nang tmg dung da mat (DM) nguon gbc da tu nhién thay thé cat
song (CS) cho ciu kién Chlu luc BTCT thong thuong, bon cap phbi bé tong duoc thiét ké cho ba
ching loai cat dam bao cap do bén B15, v6i do sut yéu cau SN = 6 + 2 cm.

CP1: Xi mang + cat song + da dam + nudc

CP2: Xi mang + da mat + da dam + nudc

CP3: Xi mang + d4 mat + d4 dam + nudc + phu gia siéu déo

CP4: Xi mang + 50% cat song + 50% da mat + nudc

Thanh phan cép phdi duge xac dinh theo nguyén tic thé tich tuyét déi theo [13], [14]. Bén cip
phéi bé tong str dung trong nghién ciru dugc xac dinh bude dau tai Phong thi nghiém Xay dung —
truong Pai hoc Vinh (Bang 1). Bon loai cap phdi nay sau d6 duge sir dung trién khai nghién ciru
mé rong sang mo hinh cdu kién: (i) luc bam dinh thép-bé tong.

Bang 1. Thanh phan ciia cdc cdp phoi bé tong

Vatlieu  Donvi  CP1 CP2 CP3 CP4
Xi mang kg 304 296 296 300
Cét tho kg 572 0 0 286
D4 dam kg 1112 1113 1113 1113
D4 mat kg 0 498 498 249
Nuée lit 190 185 185 187,5
Phuy gia lit 0 0 2,96 0

2.4. Thi nghiém xdc dinh dj sut ciia bé tong

Do d0 sut ctia bé tong duoc xac dinh theo TCVN 3 106-1993;
Sau khi bé tong dugc xa ra ngoai, tien hanh thir 49 sut ciia hon hop bé tong (Hinh 7).

2.5. Thi nghiém xdc dinh cwong dp chiu nén ciua bé tong

Cuong d6 chiu nén ctia bé tong dugc xac dinh theo TCVN 3118:2022 [15].
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Téng cong co 36 mau lap phuong 15x15%15 cm duoc thi nghiém dé x4c dinh cuong do chiu
neén & cac thoi diém 3, 7 va 28 ngdy tudi cua bé tong sir dung hai loai cat CS va BM (Hinh 8).
Céc mau sau khi dtc xong dugc bao dudng trong phong thi nghiém dén tudi thi nghiém.

5 P
Cuodng do chiu nén cta vién mau dugc tinh theo cong thic: R=« Y 2

’:‘ . * . o 8

ot Y K P S 3 Al
Hinh 7. Thi nghiém xdc dinh do sut cua hon hop bé  Hinh 8. Bio dudng mau bé tong va thi nghiém xac
tong va duc mau khoi lgp phuong dinh cuong d¢ chiu nén cua mau bé tong lap phuong

2.6. Thi nghiém xdc dinh cwong d bam dinh giiva cot thép va bé tong

Mo hinh thi nghiém duoc thiét ké theo Rilem
7-11-128 [16], (Hinh 9). Thi nghiém lyc dinh gitra
cbt thép va bé tong duoc xac dinh & 28 ngay sau
khi dic mau. Tong cong c6 6 mau thi nghiém cho

hai loai bé tong. Ong nhya

Luc bam dinh cua bé tong dugc xac dinh theo )
Khoi bé ton

cong thuc: 7= % (3) 15x15x15 cm

T N
, . Phankhéng |
trong d6 P 1a luc kéo lam cot thép tut ra khdi bé bam dinh

tong; ¢ la duong kinh thanh thép, ¢ = 14 mm; L la Thép ¢14
chiéu dai doan cot thép neo trong bé tong, L = 70

mm. Bé tong dung trong thi nghiém c6 ba loai 1abé  Hinh 9. M6 hinh thi nghiém luc dinh cét thép
tong twong tmg v6i cAp phdi CP1, CP2 va CP4. Vi bé tong

3. Két qua nghién ciru va thao luin
3.1. Thanh phin hat

Thanh phan hat cét, d4 ddm va hon hop 50% cat + 50% da mat déu dat tiéu chudn ASTM C33.
Riéng thanh phan hat cia d4 mat khong theo ti€u chuan nén ta tu thiét ké cap phoi cho phu hop
vo1 thuc te.

3.2. Khoi lwong riéng ciia cot ligu

Két qua xac dinh khi lugng riéng ciia ¢t lidu duoc cho trong Bang 2.
Bang 2. Khoi liong riéng cia cot ligu

Loai cot lidu Pi dim Cat song Pa mat
Khodi luong riéng trung binh (g/cm°) 2,31 2,51 2,32

3.3. D¢ sut ciia bé tong

Két qua thi nghiém do sut ctia cac cip phdi bé tong CP1-CP4 dugc thé hién trong Bang 3. C6
thé thy 1a do sut ctia cap phdi CP2 di giam déng ké so véi cap phdi CP1, nhu vay, viée sir dung d4
mat 1am giam do déo cua bé tong twoi. Dé ting d6 déo cua bé tong khi sir dung da mat c6 thé sir
dung thém phu gia nhu cap phdi CP3, hay c6 thé két hop cat song v6i da nghién nhu cap phdi CP4.
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Bang 3. D¢ sut do dwrot Cua cdc madu bé tong
Loai bé tong CP1 CP2 CP3 CP4
Do sut (mm) 75 45 95 65

3.4. Cuong dp chiu nén ciia bé tong

Bang 4. Két qua thi nghiém trung binh tai 30
4 7 <
Cipphéi CP1 CP2 CP3 CP4 £25 ._’/'
72:’20 >
83
do chiu = 15 —e—CP1
3 ngay 16,2 185 20,3 189 e 5 R
7 ngay 198 2167 2418 2192  E "
A @]
28 ngay 242 262 278 269 0 3 6 9 12 15 18 21 24 27 30

Ngay tudi

Hinh 10. Su tang cwong do nén theo thoi gian cua
cdac mau bé tong

Két qua thi nghiém trung binh tai trong Bang 4 va Hinh 10 cho thay ca bon cip phbi CP1-CP4
bé tong déu dat cip d6 bén B15 ¢ 28 ngay tudi. Viéc s dung da mat trong CP2, CP3 va CP4 da
lam ting cuong do & 28 ngay tudi khoang 7,6-12,9% so véi sir dung cat song. Trong tit ca cp
phdi, c6 thé nhan thay la cuong do nén cua bé tong ¢ 7 ngay tudi déu trén 80% so voi cuong do
nén cua bé tong & 28 ngay tu01 Trong khi d6 & cép phdi CP3 c6 sir dung phu gia déo thi cudong
dd nén cua bé tong 7 ngdy tudi tuong g la bang khoang 87% so v&i cuong do nén cia bé tong
0 28 ngay tudi. Pidu nay co thé giai thich dwoc 1a do st dung phu gia lam tang tinh déo va kha
ning dé do cua bé tong twoi nhd d6 ma cudng do nén ciia bé tong phat trién sém hon (7 ngay
tudi). Tuy nhién bén canh d6 thi cudng d6 nén ctia bé tong CP3 & 28 ngay tudi ciing khong co
nhiéu khac biét Iim so véi cac cap phdi khac.
3.5. Cuwong dp bam dinh giita cot thép va bé tong

Két qua thi nghiém luc kéo tudt cdt thép duge cho trong Bang 5.

Bang 5. Luec kéo tudt cot thép P

Loai bé tong Tén mau/Luc kéo P (kN) P (KN)
M1 M2 M3
CpP1 40,2 38,5 39,1 39,27
CP2 445 41,54 43,6 4321
CP4 43,6 45,6 41,26 43,49

Két qua thi nghiém cuong d6 bam dinh thép-bé tong dwgc cho trong Bang 6. Két qua thi
nghiém duoc so sanh voi cong thire thuc nghiém cia tiéu chuan CEB-FIP Model code 2010 [17]
va tiéu chuan ACI 440.1 R15 [18].

Trong d6 cuong d6 bam dinh theo tiéu chuan CEB-FIP Model code 2010 duoc tinh theo

cong thuc (4):
r=25f, (4)
Con cudng do bam dinh theo tidu chuan ACI 440.1 R15 dugc tinh theo cong thirc (5):

r= (o,33+0,025%+8,39)\/f (5)

v6i f; 1a cudong d6 nén trung binh cua bé tong (MPa), C la chidu day 16p bé tong bao vé (mm),
d 1a duong kinh va |, 1a chiéu dai nhing trong bé tong cuia cbt thép.
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Két qua cho thdy lyc bam dinh giita ¢t thép va hai loai bé tong 1a kha tuong dong: voi bé
tong str dung d4 mat cho lyc dinh cao hon so voi bé tong cat song khoang 8,2% (Bang 6). Diéu
nay c6 thé do dic tinh bé mat nham rap cia DM di lam ting kha ning lién két bam dinh giita 16p
bé tong va bé mit thanh cdt thép.

Ngoai ra, khi so sanh voi két qua cta cac cong thirc thyc nghiém, ta thdy két qua thi nghiém
16n hon cac két qua tinh tir cic cong thirc; cu thé, 16n hon khoang 8% so véi tiéu chudn CEB-FIP
Model code 2010 [17], va 22% so véi tiéu chuan ACI 440.1 R15 [18].

Bang 6. Luc dinh giita cot thép — bé tong sir dung CS va DM

Cuwong do bam Cwong do

Cuwong do . oA . , Sai s0 Sai s0 theo
Nhém . bim dinh  dinh theo it bim dinh theo  ACI 4401
miu Mau thi nghi¢m 'f/lhuan CEB-FIP th(;o tiéu CEB-FIP R15
(MPA) odel code 2010 chuan ACI (%) (%)
(MPA) (MPA)
M1 13,06
M2 12,51
CP1 M3 12,70
Trung binh 12,75 12,30 10,40 3,57 18,42
D¢ léch chuan 0,28
Heé s bién dong 2,20
M1 14,04
M2 13,49
CP2 M3 14,16
Trung binh 13,90 12,80 10,83 7,92 22,10
D6 léch chuan 0,36
Heé s6 bién dong 2,56
M1 14,16
M2 14,81
cP4 M3 13,40
Trung binh 14,12 12,97 10,97 8,20 22,34
D6 léch chuan 0,71
Hé sb bién dong 5,00
Méi twong quan gitra cudng do chiu nén va cuong d6 bam dinh duoc cho trong Hinh 11.
14,50
= =0,5217x + 0,1492
% 14,00 d R?=09907 o °
£ 1350
S 13,
§ 13,00
< o
&0 12,50
3 24 245 25 255 26 265 27 2715
° Cuong d6 nén (MPA)

Hinh 11. Twong quan giita cwong dé bam dinh va cwong dé nén

Tu Hinh 11 cho théy, cuong d6 bam dinh tang ti 1€ thuan vdi cuong d6 nén.
4. Két luan

Nghién ctru thye nghiém déanh gia kha nang thay thé cat song bang d4 mat (cat nhén tao) dugc
nghién tir d4 tu nhién (1 phu phdm cia qua trinh san xudt cdt liéu 16n) da dat dugc mot s6 két
quéa quan trong. Két qua thi nghiém do sut clia cac cap phoi bé tong véi cdt lidu nho twong tng
trong cac cap phdi CP1 (st dung 100% cat séng), CP2 (sir dung 100% d4 mat), CP3 (sir dung
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100% da mat + phu gia hoa déo), CP4 (sir dung 50% cat séng + 50% da mat). Ta thdy 1a do sut
ctia cap phbi CP2 da giam dang ké so voi cap phdi CP1, diéu nay co thé thiy 1a viéc sir dung da
mat lam giam d6 déo cta bé tong tuoi. Dé ting do déo cua bé tong khi st dung da mat c6 thé st
dung thém phy gia nhu cap phdi CP3, hay co thé két hop cat véi d¢a mat nhu cap phdi CP4. Két
qua thi nghiém vé& cuong d6 nén & 28 ngay tudi ciia bé tong sir dung da mat vuot tir 7,6-12,9% S0
v6i bé tong st dung cat séng. Nhu vy khi thay thé cat song (vat liéu dang khan hiém & mot sé
khu vuc) bang d4 mat trong thanh phan cta bé tong cét thi cai thién dang ké cuong do chiu nén.
Ngoai ra, luc bam dinh v&i cdt thép cta bé tong st dung da mat 16n hon khoang 8,2% so véi bé
tong sir dung cat song.

Tur cac két qua trén ta théy dd sut cua bé tong dung da mat gidm. Cudng do chiu nén, lyc bam
dinh ctia bé tong da mat cao hon bé tong dung cat song. Két qua nay twong duong véi bé tong da
mat & mot s dia phuong khac duge tham khdo trong céc tai liéu [9] — [12]. Nhu vay, da mat c6
thé dung dé thay thé mot phan cat séng cho cau kién bé tong. Hién nay, cac mo khai thac da déu
thai ra mot luong khoang 25%+40% la da mat, néu tan dung dugc ngudn da mat nay thi s€ mang
lai hiéu qua vé kinh té va méi truong. Két qua ctia nghién ciru gop phan thuc day viéc sir dung da
mat trong xay dung cong trinh ¢ dia phuong.
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