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TOM TAT

Viét Nam dang d6i mat véi tinh trang can kiét cat tu nhién do khai thac quéa mic,
dic biét tai cac tinh nhu Binh Dinh, dan dén sat l6 bd song va suy thoai méi truong.
Nghién ciru nay danh gia kha nang thay thé cat ty nhién bang cat nhan tao (san xuét tir
da nghién) trong céc loai bé tong thong dung. Két qua cho thay cét nhan tao c¢6 wu diém
vuot troi: do hut nuéc thap (0.5-1.0%), ham lugng tap chat dudi 2%, va kha nang diéu
chinh kich thudc hat linh hoat. Khi tng dung trong bé tong dam lan, vat liéu nay gitp
tiét kiem 123,581d/m?; v6i bé tong ty dam, giam 10-15% phu gia siéu déo ma van dat
cuong d6 38.9 MPa sau 28 ngay. Pic biét, sir dung cat nhan tao giam 80% tac dong
mai trudng so véi khai thac cat tu nhién, dong thoi cit giam 25% luong khi thai CO:
nho han ché van chuyén. Nghién ciru khing dinh tiém nang thay thé toan phan cat tu
nhién, d& xuat hoan thién tiéu chuan ky thuat va chinh sach wu dai dé nhan rong giai
phap nay, gop phan phat trién bén vitng nganh xay dung.

RESEARCH ON THE POSSIBILITY OF USING ARTIFICIAL SAND (CRUMPED STONE)
TO REPLACE NATURAL SAND IN THE MIXING INGREDIENTS FOR CONCRETE OF

ALL TYPES IN BINH DINH PROVINCE

Dung Tran Phi**, Chin Nguyen Van?, Thien Vo Hong*

1Quang Trung University, 327 Dao Tan, Quy Nhon Bac Ward, Gia Lai Province, Vietnam

247 Construction Joint Stock Company, 8 Bien Cuong, Quy Nhon Nam, Gia Lai Province, Vietnam

*Corresponding author: tpdung@gqtu.edu.vn

ARTICLE INFO

Received: Jul 031, 2025
Revised: Aug 25™, 2025
Accepted: Aug 03, 2025
Published: Sep 09", 2025
KEYWORDS

Atrtificial sand
Sustainable concrete
Sand mining

Binh Dinh

Circular economy.

ABSTRACT

Vietnam is facing the depletion of natural sand due to over-exploitation, particularly
in provinces like Binh Dinh, leading to riverbank erosion and environmental
degradation. This study evaluates the feasibility of replacing natural sand with artificial
sand (produced from crushed rock) in common types of concrete. The results
demonstrate that artificial sand has superior advantages: low water absorption (0.5-
1.0%), impurity content below 2%, and flexible particle size adjustability. When applied
in roller-compacted concrete, this material saves 123,581 VND/m3; in self-compacting
concrete, it reduces superplasticizer usage by 10-15% while still achieving a
compressive strength of 38.9 MPa after 28 days. Notably, using artificial sand reduces
80% of environmental impact compared to natural sand extraction and cuts 25% of CO2
emissions by minimizing transportation. The study confirms the potential for full
replacement of natural sand and recommends refining technical standards and incentive
policies to scale up this solution, contributing to sustainable construction development.
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1. Giéi Thiéu

Viét Nam dang d6i mat véi tinh trang can kiét ngudn cét
tu nhién do khai thac qua mc, dic biét la tai cac tinh nhu
Binh Binh. Theo béo céo cta Bo Tai nguyén va Mbi truong,
trit lwgng cat tu nhién tai cac con séng lén nhu séng Kon,
song Ha Thanh di giam dang ké, tham chi c¢6 nguy co can
kiét vao nam 2035 néu khong cé bién phap quan ly hiéu qua.
Viéc khai thac cat tu nhién khong chi gay suy giam tai
nguyén ma con dan dén hang loat hé luy nhu sat I6 bo séng,
mét can bang sinh thai, 6 nhiém moi trudong nudc va anh
huong dén doi séng cia nguoi dan ven song. Pac biét, tai
Binh Dinh, noi ¢6 téc do d6 thi héa va xay dung co so ha
tang didn ra manh m&, nhu cau sir dung cét xay dung ngay
cang tang cao, trong khi ngudn cung cét tu nhién ngay cang
khan hiém. Piéu nay dat ra bai toan cap bach vé viéc tim
kiém giai phép thay thé bén viing, vira dap ang nhu cau vat
liéu xay dung, vira bao vé moi truong.

Trong bdi canh do, cat nhan tao (d4 nghién) noi 1én nhu
mot giai phap tiém niang. Puoc san xuit tir cac loai da tu
nhién nhu d4 voi, da granite, d4 bazan c6 san tai dia phuong,
cat nhan tao s& hitu nhiéu wu diém vuot troi so véi cat tu
nhién. Thanh phan hat dong déu, kha nang diéu chinh kich
thudc hat linh hoat, cling véi viéc kiém soat chat cha tap chat
gilp cat nhan tao dap ing cac tiéu chuan ky thuat khat khe
trong xa&y dung. Hon nira, viéc sir dung cét nhan tao con gop
phan giam thiéu ap lyc khai théc cat ty nhién, tir d6 han ché
tac dong tiéu cuc dén mai treong va hé sinh thai. Tuy nhién,
tai Binh Dinh, viéc ng dung cat nhan tao trong xay dung
van con nhiéu han ché, chi yéu do thiéu cac nghién ctu cu
thé vé tinh chat co 1y, kha ning twong thich véi céc loai bé
tong khac nhau, ciing nhu danh gia toan dién vé hiéu qua
kinh té va méi truong.

Xuét phat tir thyc té d6, nghién ctru nay dugc thyc hién
nham danh gi4 chi tiét kha ning thay thé cat tu nhién bang
cat nhan tao trong thanh phan cip phdi cua cac loai bé tong
phd bién tai Binh Binh, bao gdm bé tong thong thuong, bé
tong cuong do cao, bé tong dam lin va bé tong ty dam.
Nghién ciru khéng chi tap trung vao viéc so sanh cac chi tiéu
k¥ thuat gitra cat nhan tao va cat ty nhién ma con phén tich
hiéu qua kinh té, loi ich méi truong, tir d6 dé xuit cac giai
phép &g dung phu hop véi diéu kién dia phuong. Két qua
nghién ciru s& gop phan thiic ddy viéc sir dung cat nhan tao
tai Binh Dinh, hudng dén muc tiéu phat trién bén virng trong
nganh xay dung, dong thoi mé ra hudng di mai trong viéc
khai thac va str dung tai nguyén thién nhién mot cach hgp ly.

2. Muc tiéu va phwong phap nghién ciu

2.1. Muc tiéu

Danh gia tinh chét vat 1y va co hoc ctia cat nhan tao so voi
cat tu nhién

So sanh céc chi tiéu nhu khéi luong riéng, do hat nudc,
thanh phan hat, va 6 bén dé xac dinh sy phi hop cua cét
nhan tao trong xay dung.

Phan tich vu diém va nhwgc diém cua cat nhan tao so voi
cat tu nhién.

Xac dinh ty 1& thay thé tdi uu cat nhan tao trong cac loai
bé téng:

Thtr nghiém wng dung cat nhan tao cho céc loai bé tong
ddc thu nhu bé tong dam lan (RCC), bé tong ty dam (SCC),
va bé tong cuong d6 cao (HPC).

banh gia hiéu qua ky thuat va kha nang dap tng céc yéu
cau thiét ké.

Phan tich hiéu qua kinh té va méi truong:

Tinh toan chi phi san xuét, van chuyén va loi ich kinh té
khi str dung cat nhan tao.

Danh gia tac dong méi truedng, bao gdm giam khai théc cat
tu nhién va giam phat thai khi nha kinh.

2.2. Phuong phap nghién ctru

2.2.1. Phwong phap thi nghiém:.

Tién hanh cac thi nghiém co 1y (theo TCVN 9205:2012 va
TCVN 7570:2006) dé so sanh cat nhan tao va cat ty nhién vé
khdi lugng riéng, do hat nudc, thanh phan hat, va ham luong
tap chét.

Sir dung thiét bi do ludng tiéu chuan dé ¢am bao do chinh
Xac.

2.2.2. Phurong phadp thuc nghiém:

Thiét ké cac cap phéi bé tong str dung cat nhan tao vai ty
& thay thé khéc nhau.

Panh gi4 tinh cong tac, cudng do nén, d6 chdng thim va
dd bén thdng qua cac mau thir nghiém trong phong lab va
hién truong.

2.2.3. Phuong phdp phan tich kinh té:

Thu thap dir liéu vé chi phi san xuét, van chuyén va gia
thanh cua cat nhan tao so vai cat tu nhién.

Phan tich hiéu qua kinh té dwa trén khéi luvong st dung va
tiét kiém chi phi cho céc du an cu thé.

2.2.4. Phuwong phdp danh gid vong doi san pham (LCA):

Phan tich cac giai doan tir khai thac nguyén liéu, san xuat,
van chuyén dén sir dung va xir ly chat thai.

Panh gia tac dong moi treong nhu ti€u thu nang loong,
phét thai CO: va anh huong dén hé sinh thai.

3. Két qua va thao luan

3.1. Biac tinh vat 1y va co hoc

Béng 1: So sanh dic tinh k¥ thuét gitra cat nhan tao
va cat tw nhién

o Ca | 4t tw | Tieu chudn
Chi tiéu nhéan nhién. 4p dun
tao p dung

Khéi luong =165 2.60- TCVN 7572-
riéng (g/cm3) | = 2.63 4:2006
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. en Caf Cat ty | Tiéu chuin
Chi tiéu nhan N
nhién | ap dung
tao
Do hat nude TCVN 7572-
(%) 0.5-1.0 | 1.5-3.0 42006
Ham lugng TCVN 7572-
ap chit %) | 20 [ 3050 1 80006
- 1.(1—3.2 2.?-3.5 TCVN 7572-
Modul d¢ 16n | (dicu (co 22006
chinh) | dinh) '
Hat min
. i TCVN
<0.075mm 6-18 3-8 )
(%) 9205:2012

Két qua nghién ciru vé dac tinh vat 1y va co hoc cua cat
nhan tao so véi cét ty nhién cho thdy nhimg wu diém vuot
troi vé kha nang kiém soét chat luong va tinh linh hoat trong
g dung. Theo Bang 1, cat nhan tao c6 khdi luong riéng
>2.65 g/cm?, twong duong véi cat ty nhién (2.60-2.63
g/cm?), nhung 6n dinh hon nho quy trinh san xuat céng
nghiép. Pac biét, d6 hat nudc cua cét nhan tao chi dao dong
tir 0.5-1.0%, thip hon dang ké so v&i cét ty nhién (1.5
3.0%), gilp giam thiéu nguy co co ngdt va nit v trong bé
tong.

Vé ham luong tap chét, cat nhan tao chira it hon 2% bun,
bui va sét, trong khi cat ty nhién thuong co ty 1€ tir 3-5%,
lam giam chat lugng bé tdng. Mot uu diém noi bat khéc 1a
kha nang diéu chinh modul d6 16n (1.0-3.2) ciia cét nhan tao,
phu hop véi nhiéu loai bé téng khac nhau, trong khi modul
cua cat tw nhién ¢ dinh & 2.5-3.5. Ngoai ra, cat nhan tao c6
ham lwong hat min (<0.075 mm) cao hon (6-18%) so véi cat
tu nhién (3-8%), gilip cai thién d6 déo va kha nang lap day
khuoén cua hdn hop bé tong, dic biét quan trong ddi véi bé
téng tu dam (SCC) va bé tong dam lan (RCC).

Nhiing két qua nay khing dinh rang cét nhan tao khong
chi dap tng céc tiéu chuan k¥ thuat hién hanh (TCVN 7572,
TCVN 9205) ma con mang lai chét lugng 6n dinh va kha
nang tiy bién cao, phi hop véi yéu cau khit khe caa cac cong
trinh xay dung hién dai. Didu ndy mé ra tiém nang 16n trong
viéc thay thé cat tw nhién, gp phan giai quyét tinh trang khan
hiém tai nguyén va bao vé méi truong.

3.2. Hiéu qua trng dung trong cac loai bé tong

Bang 2: Panh gia hiéu qua theo loai bé téng

Loai bé | Uu diém A ... | Cudong dd
tong noi bat Higu qua kinh te dat dwoc
Bé tong | B6 sung | .., i

dam lan | hat min 6- Flrée;58ld/m3kl¢m 30-40MPa
(RCC) | 18% ’

BE 10ng | Do chay | i 10-15% | 38.9MPa

ty dam | cao, it hu gia (28 ngay)
(SCC) | phan ting | P"¥ 8 g3y

CBlbe:‘g’“g S;f; Giam 5-7% chi | 670
do cao XM/m3 phi daN/em?

Két qua danh gia hiéu qua ung dung cat nhan tao trong cac
loai bé tdng chuyén dung (Bang 2) cho thay nhiing wu thé
vuot troi ca vé ky thuat Ian kinh té. Bdi véi bé tong dam lan
(RCC), kha nang b sung hat min 6-18% tir cat nhan tao giup
cai thién dang ké d¢ dic chac va kha nang chdng tham, dong
thoi mang lai hiéu qua kinh té rd rét vai muc tiét kiém Ién toi
123,581d/m?. Cuong do bé tong dat 30-40MPa, dap ung yéu
cau ky thuat cho cac cong trinh thiy loi quy mé Ién.

Trong tng dung cho bé téng tu dam (SCC), cat nhan tao
thé hién wu diém ndi bat v& d6 chay cao va han ché hién
tugng phan ting nho thanh phan hat dwoc kiém soét chat ché.
bac biét, viéc sir dung cat nhan tao gitp giam 10-15% lugng
phu gia siéu déo ma van dam bao cuong d6 dat 38.9MPa sau
28 ngay, phu hop cho cac két ciu phuc tap, mat do cot thép
day dac.

Dbi v6i bé tong cudng do cao, nghién ciu ghi nhan kha
ning giam téi 35kg xi mang/m? khi sir dung cat nhén tao, dan
dén tiét kiem 5-7% chi phi san xuat. Pang chu ¥, cuong do
dat 670 daN/cm? chirng té kha nang (tng dung cho cac cong
trinh doi hoi yéu cau ki thuat cao nhu nha cao tang, cau lon.
Nghién ctu khang dinh cat nhan tao khong chi dap tung da
dang yéu cau ky thuat ciia cac loai bé tong dic chiing ma con
mang lai loi ich kinh té dang ké théng qua viéc t6i uu hoa
thanh phan cap phdi va giam chi phi vat liéu dau vao.

3.3. Phan tich hi¢u qua tong thé

Bang 3: Panh gia da tiéu chi

Tiéuchi | Catnhantgo | COLM | Micdd
: nhién cai thién

Chat lugng | Cao (kiém ‘

R L. j Tha +30%

on dinh soat dugc) ap 30%

Chi })hl van Th?p ' (San Cao -25%

chuyén xuat tai cho)

Bé(? vé moi GAiém 80% tac Gay sat 16 +50%

truong dong

Tuditho cOng | 10 15.0006 | B/ +15%

trinh thuong

Két qua danh gia da tiéu chi (Bang 3) cho thay cét nhan
tao mang lai nhitng cai thién vuot troi trén nhiéu phuong dién
S0 Vi cét ty nhién truyén thong. Vé chat lugng on dinh, kha
nang kiém soat quy trinh san xut gip cat nhan tao dat mirc
cai thién thém 30%, giai quyét triét dé tinh trang bién dong
chat lugng thudng gap o cét ty nhién. Dac biét, wu thé vé chi
phi van chuyén (giam 25%) nho kha ning san xuat tai chd da
tao ra lgi thé canh tranh dang ké cho cac du an quy mé Ién.

Trén phuong dién méi truong, cat nhan tao thé hién vai tro
then chot khi giam 80% tac dong so véi phuong phéap khai
thac truyén théng von 1a nguyén nhan chinh gay sat 1o b
sOng va suy thoai hé sinh thai thuy sinh. Pang chu y, viéc
ing dung cét nhan tao con gép phan nang cao 15-20% tudi
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tho cong trinh nhd cai thién o bén va tinh 6n dinh caa két
c4u bé tong.

Nhiing phét hién nay dic biét c6 y nghia ddi voi céc ving
khan hiém cat nhu Dong bang séng Ciru Long, noi dang dbi
mat voi tinh trang thiéu hut nghiém trong (42.3 triéu m3).
Giai phéap cat nhan tao khong chi dap ung nhu cau vat liéu
ma con tao ra sy can bang gitra phat trién cong trinh va bao
vé moi truong, mo ra hudéng tiép can bén viing cho nganh
xay dung trong béi canh bién ddi khi hau hién nay.

3.4. Tac dong moi truwong

Viéc ing dung cat nhan tao mang lai loi ich kép quan trong
vé mat moi truong:

Thit nhét: giai phap nay giam dang ké viéc khai thac tai
nguyén thién nhién, thé hién qua kha nang han ché 80% tinh
trang sat 1o bo séng - von 1a hé qua nghiém trong cua hoat
dong nao Vvét cat truyén théng. Bong thoi, né gop phan bao
vé hé sinh théi thuy sinh thdng qua viéc duy tri can bang tram
tich va giam thiéu 6 nhiém nguén nudc.

Thir hai: cat nhan tao thé hién rd gié tri trong mo hinh
kinh té tuan hoan khi tan dung hiéu qua cac nguon phé thai
xay dung va da thai tir khai thAc mo. Quan trong hon, quy
trinh san xuat cat nhan tao gilp giam 25% luong phét thai
CO: so v6i phuong phép khai thac va van chuyén cét ty nhién
truyén théng, gop phan dang ké vao viéc giam phét thai khi
nha kinh trong nganh xay dung. Nhung két qua nay khong
chi giai quyét bai toan moi truong cip bach ma con mo ra
huéng phét trién bén vitng cho nganh vit lidu xay dung trong
tuong lai.

4. Két luan va kién nghi

4.1. Két luan

Nghién ciru da chieng minh rang cat nhan tao c6 thé thay
thé hoan toan cét ty nhién trong céc loai bé tong, dap ing
déy du c&c yéu cau vé chét luong va tiéu chuan ky thut.

Khong chi giai quyét vin dé khan hiém cat tu nhién, cat
nhan tao con mang lai hiéu qua kinh té vuot troi (tiét kiem
chi phi, chii dong ngudn cung) va loi ich méi truong rd rét
(giam khai thac cat séng, han ché sat 16 va 6 nhiém). Dé phat
huy t6i da tiém ning cua vat liéu ndy, can c6 sy phdi hop
ddng bo gitra nha quan ly, doanh nghiép va nha khoa hoc dé
hoan thién cong nghé san xuit va hé thdng tiéu chuén wng
dung.

4.2. Kién nghi

Hoan thién hé théng tiéu chuan: B sung cac quy chuan
thir nghiém chuyén biét cho cét nhan tao (hién chi co TCVN
9205:2012), dac biét cho cac tng dung bé tong dic chung
nhu SCC, RCC va bé tong cuong do cao.

Co ché khuyén khich phét trién: Ap dung wu dai thué cho
doanh nghiép du tu day chuyén san xuat hién dai (may
nghién VSI, hé thong rira cat tuan hoan); H3 trg von nghién
ctru dé t6i uru hoa cong nghé va mé rong tng dung trong cac
linh vuc x&y dung khéc.

Nang cao nhan thirc va dao tao:T6 chic dao tao ki thuat
cho cac nha thau vé thiét ké cap phdi va thi cong bé tong st
dung cét nhan tao; Tang cuong truyén théng vé lgi ich kinh
té - moi truong, thic day thi trudng chap nhan vat ligu moi.

Véi nhitng giai phap ddng bo nay, cat nhan tao s& tré thanh
nguon vat ligu bén viing, gép phan phat trién nganh xay dung
theo huéng xanh héa va tuan hoan, déng thoi giai quyét cac
thach thirc vé an ninh tai nguyén va bién déi khi hau.

Loi cam on: Bai nghién ctru ndy la san pham cua dé tai:
“Nghién cizu khd nang sir dung cat nhan tao (da nghién) thay
thé cét i nhién trong thanh phan cdp phai cho bé tong céc
logi trén dia ban tinh Binh Pinh”. Ma s6 dé tai:
DPTCB:09/2025. Bai nghién ctu nay dugc truong Pai hoc
Quang Trung tai trg kinh phi va hé tro thoi gian thuc hién.
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