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Abstract. A large amount of particles whose size is less than 0.075 mm in crushed sand is
called rock powder. The content of rock powder in crushed sand has a direct influence on the
mechanical properties of concrete. A sufficient amount of stone powder has a positive effect
on filling the voids between aggregate particles and cement particles, increasing the strength
of concrete, but the content of rock powder exceeds the limit value, the strength tends to
decrease. Therefore, it is necessary to determine the appropriate stone powder content in
concrete mixes using crushed sand. In the content of this paper, we present experimental
results on concrete samples using crushed sand (CN) from Andesite rock mixed with fine
sand (CM) in the Mekong Delta according to ratio CN/CM=60/40 and stone powder content
varied from 2% to 7%. Research results show that, concrete mix has the highest value of
compressive strength, tensile strength in bending, split compressive strength and elastic
modulus when the content of rock powder in crushed sand is 3.5%.

Keywords: rock powder content, concrete, fine sand, crushed sand.

© 2022 University of Transport and Communications

100


https://doi.org/10.47869/tcsj.73.2.1

Transport and Communications Science Journal, Vol 73, Issue 02 (02/2022), 100-110

Tap chi Khoa heoc Giao théng van tai

NGHIEN CUU ANH HUONG CUA BOT PA PEN CAC
DPAC TRUNG CO HQC CUA BE TONG SU DUNG CAT MIN
PHOI TRON CAT NGHIEN TRONG XAY DUNG CAU

Nguyén DPic Diing’, Nguyén Duy Tién?, Thai Khic Chién!
"Truong Pai hoc Giao thong vén tai, S6 3 Cau Gidy, Ha Noi, Viét Nam

THONG TIN BAI BAO

CHUYEN MUC: Céng trinh khoa hoc

Ngay nhan bai: 14/07/2021

Ngay nhan bai sua: 23/08/2021

Ngay chap nhan dang: 23/09/2021

Ngay xuat ban Online: 15/02/2022
https://doi.org/10.47869/tcs].73.2.1

* T&c gia lién h¢

Email:nguyenducdung@utc.edu.vn; Tel: +84983418480

Tom tat. Cét nghién chira mot luong 16n cac hat co kich thuéc nhé hon 0,075mm goi 1a bot
da. Ham lugng bot da trong cat nghién c6 anh hudng truc tiép dén cac tinh chat co hoc ciia bé
tong. Mot luong vira du bot da co tac dung tich cuc 1ap day cac 16 rdng giita cac hat cdt lidu
va cac hat xi mang lam cuong do cua bé tdong tang 1én, nhung ham lugng bot da vuot qua gia
tri gigi han thi cuong do c6 xu hudng giam. Do d6, viéc xac dinh ham lugng bot da thich hop
trong cac cap phdi bé tong co sir dung cat nghién 1a rat can thiét. Trong ndi dung bai béo nay,
chung t6i trinh bay cac két qua nghién ctru thuc nghiém trén cac mau bé tong co sir dung cat
nghién (CN) tir d Andesite phdi tron véi cat min (CM) khu vuc dong bang song Ctru Long
theo ti 16 CN/CM=60/40 va ham lugng bot da thay doi tir 2% dén 7%. Két qua nghién ctiu cho
thdy, cap phdi bé téng cd gié tri cudng d6 chiu nén, cudng do chiu kéo khi uén, cudong do ép
ché va mé dun dan hoi 16n nhat khi ham luong bot da trong cat nghién 1a 3,5%.

Tir khoa: ham luong bot da, bé tong, cat min, cat nghién.
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1. PAT VAN PE

St dung cét nghién dé thay thé cho cat ty nhién tai dong bang song Ciru Long noi riéng
hay trén toan thé gidi ndi chung di va dang dugc tién hanh [1]. Cat nghién c6 thé diéu chinh
dugc cp phdi hat cho phu hop véi yéu cau ché tao bé tong. Viéc tan dung vt liéu dia phuong
bang cach tron cat nghién véi cat song, duogc tién hanh & nhiéu noi, dic biét & khu vuc Trung
bong va Nam My[2]. Khi st dung cat nghlen thi ton tai ham luong 16n bot da co thé lam anh
huong dén chét luong cia bé tong.
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Nghién ctru cua tac gia Tahir Celik va cong sy, 1996 [3] két qua cho thiy cudng d6 chiu
nen va cuong d chiu kéo udn tang 1€n t61 da tuong tmg vo6i 10% ham lugng bot da. Khi ham
lugng bot vugt qua gia tri cua 10% cac gia tri cuong do trén déu giam [hinh 1], [hinh 2].
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Hinh 1. Anh huéng cta ham lugng bot da dén Hinh 2. Anh hudng cta % bot da dén cuong do
cuong d6 chiu nén (Tahir C). nén cua bé tong (Ahmed).

Néam 1989 Ahmed va El Kourd [4] Thi nghiém cho thdy nhu cau nudc tang 1én nhanh
chdng khi c6 qua 5% bot da doi voi cat ty nhién va 15% bot da doi voi cat nghién da. Bé co
cung mot do sut thi bé tong c6 ham lugng bot da da tang doi hdi lugng nude tang 16n hon.

Nhom tac gia Nam-Shik nam 2001 [5], da nghién ctru thuc nghiém véi ham lugng bot da
cao dé ché tao bé tong xi mang, két qua cho théy bot da chiém 16n hon 13% thi cuong do chiu
nén cua bé tong cat nghién thap hon so voi bé tong cat song va cudng do nén ti 18 nghich voi
ham luong bot da, cuong do chiu kéo khi ubn cua bé tong dung cat nghién ciing giam khi gia
tang ham luong bot da tir 13% 1én 20% nhung van 16n hon so voi cuong do chiu kéo khi uén
cua cat song [hinh 3], [hinh 4].
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Hinh 3. Biéu d6 cuong d6 chiu nén. Hinh 4. Biéu d6 cuong d6 chiu kéo khi uon.

Fenglan Li [6] ndm 2011 thi nghiém bé tdng cuong do cao st dung cat nghién cho thay,
khi ham luong bot da tir 7% tré 1én cuong do nén cia bé tong dung cat nghién bing hoic cao
hon cudng do chiu nén cua bé tong cat ty nhién,cuong do nén tang ti I¢ thuan véi ham lugng
bot da. Trudc 28 ngay tudi, gia ting cudng d6 nén ciia bé tdng c6 xu hudng cham hon voi su
gia ting ham luong bot da, do & tuéi som, bot da c6 nhiém vu 1am day nhitng khoang tréng,
cuong do bé tong co thé giam vi can nhiéu san pham thily hoa dé bao quanh cac hat bot da.
Sau 28 ngay tudi, cudng do nén bé tong rd rang bi anh hudng boéi ham luong bot da, duge thé
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hién bang sy gia ting ham luong bot da, co ché nay cé thé giai thich ring bot da truc tiép
tham gia vao qua trinh thuy hoda, cac hat bot da gilp phan phoi dong déu cac hat ctia xi mang
chua phan tng dé dang tiép tuc trong dicu kién thich hop.

Nim 2010 Vii Quéc Vuwong [7] nghién ctru tinh chat chu yéu ciia bé tong ty dam dung
cat nghién. Két qua cho thiy ham lugng bot da voi chiém tir 12% dén 18% khong c6 1oi cho
bé tong thuong nhung c6 1gi cho bé tong tu dam vi c6 thé ning cao tinh déo ciia bé tong. Két
qua cho thiy ti 16 bot da pha tron 18% cho tinh cong tac va cudng d6 nén cua bé tong tu ddm
t6t nhat, ti 18 bot da 0%, 12% va 24% déu cho gié tri cuong do thap hon.

Céc két qua nghién ctru déu cho ring v6i mot lwong vira du bot da cé tac dung tich cuc
cho bé tong, luong bot da ting cao s& anh huong dén tinh chat cta bé tong ciing nhu cudng do
cta bé téng. Theo tiéu chuan ASTM C33[8] va tiéu chudan AASHTO M6 [9] déu gidi han
lugng bot da t6i da 1a 5%.

2. KHAO SAT THi NGHIEM/PANH GIA PHAN TiCH

Tac gia da tién hanh khao sat va thi nghiém mot s6 mo cat min va cat nghién co trix lugng
l6n, chat lugng duge danh gia tot ¢ khu vuc dong bang song Cuu Long va hién dang cung cap
cho céc du an giao thong 16n nhu cau Binh Khéanh, cau Tha Thiém 2 . . .

2.1. Cat nghién

Mo da 3B — xa Chau Pha — huyén Téan Thanh — tinh Ba Ria Viing Tau. Cat duoc nghién
tor da4 goc Andesite, cat hat tho c6 mo dun do 16n 3,69, ham lugng hat 1ot qua sang 0.075mm
14 2,07%.
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Hinh 5. Cat nghién duo sang wot. Hinh 6. Biéu dd thanh phan hat cat Viing Tau.
2.2. Cét min

Mo cat Tan Chau thuoc huyén Tan Chau tinh An Giang, thi nghiém cho thidy mé dun do
I6n dao dong tur 1,6 dén 1,8, ham hat lugng lot qua sang 0,075mm 1,62%.
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Hinh 8. Biéu do thanh phan hat cat Tan Chau.

Hinh 7. Cat Ta
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2.3. Tron cat min véi cat nghién

duong cong cap phdi Iy tuong.

Tron cat min Tan Chau véi cat nghién Viing Tau theo cac ti 1€ khac nhau, két qua thi
nghiém cho thdy, cat nghién chiém tir 50% dén 70% cho thanh phan cp phoi hat phit hop véi
tiéu chudn AASHTO M6 va ASTM C33. Tinh toan theo cp phdi ly tuong Fuller cho thy
hon hop cat tron 60% cat nghién véi 40% cat min cho dudng cong cdp phdi sat nhét voi
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Hinh 9. Biéu d6 cap phéi cat hon hop.

2.4. Tinh toan thanh phan bé tong C40

Ap dung tiéu chun ACI 211.R4-08 [10] va tiéu chuan ACI318 [11] tinh toan cép phdi
cho 1m? bé tong. Két qua trong bang 1.

Hinh 10. Cap phdi cét tron CN/CM=60/40.

Bang 1. Khéi lwong vat lidu cho 1m? bé téng.

Vit ligu Don vi DX/CM=60/40 Cét sdng
Xi mang kg 460 460
Nude kg 163 163
Phu gia kg 5,52 5,52
Cét nghién kg 485 805 (cat vang song
Cét min kg 3235 Hong)
Pa 5x20 kg 1048 1048
Téng khdi lugng kg 2486 2481

2.5. Thi nghiém bé tong xi mang

Thi nghiém 5 t6 hop mau l1an lugt thay d6i ham lugng bot d bao gom:
CP-2%BD: chtra 2% bot da;
CP-3,5%BD: chira 3,5% bot da;
CP-5%BD: chwra 5% bot da;
CP-7%BD: chtra 7% bot da

Céc nha may cat nghién & khu vuc dong bang song Ctru Long dang san xuat theo cong
nghé sang udt, ham lugng bot da trong cat nghién chiém khoang 1,8 dén 2,5%, trong bai bao
nay tac gia khdo sat ham luong bot da tir 2% tuong Gmg véi mirc trung binh c6 san trong cat
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nghién3 dén ti da 1a 7% dé khi phéi tron v&i cat min thi téng ham Iugng hat min nho hon
hodc bang 5% theo tiéu chuan ASTM C33.

CP-cat song: dé so sanh.

Cong tac duc mau va thi nghiém dugc thuc hién tai phong thi nghiém bd mon Vat li¢u
Xay dung va Trung tim KHCN GTVT Truong PH Giao thong Van Tai.

" i ‘ , B o ©
- # - X o . = e
3

Hinh 11. Hinh anh céng tac thi nghiém.

2.6. Két qua thi nghi¢m

Két qua thi nghiém cuong do chiu nén Rn va cudng do chiu kéo uon Ry theo thoi gian;
mo dun dan hoi, cuong do ép ché duoc trinh bay trong céc biéu do: [hinh 12], [hinh 13], [hinh
14], [hinh 15].
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Hinh 12. Biéu d6 cudng d6 chiu nén trung binh. Hinh 13. Bi€u do cuong dg chiu kéo khi uon.
theo thoi gian. theo thoi gian.
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Hinh 14. Biéu do6 mé6 dun dan hoi E. Hinh 15. Biéu do cuong do ép ché.

2.7. Phan tich két qua thi nghi¢m

Cép phéi chtra 3,5% bot da cho két qua cuong do chiu nén cao nhét, khi lugng bot da 16n
hon hodc nho hon gia tri trén cuong d déu giam. Ca 4 cap phoi thHi nghiém déu c6 cudng do
chiu nén 16n hon cat song tir 0,6% dén 19,5%.

Quy luat vé cuong d¢ chiu kéo khi udn twong tw nhu cudng do chiu nén, gia trj 16n nhat
dat dugc khi lugng bot da chiém 3,5% trong da xay. Ca 4 cap phoi thi nghiém déu c6 cuong
d6 chiu kéo khi uon 16n hon cat song tir 0,8 dén 17,6%.

Mo dun dan hoi dat gid tri 16n nhét & cap phdi CP-3,5%, ham lugng bot da nho hon hay
16n hon gia tri trén mo6 dun dan hoi déu giam.

2.8. So sanh moi twong quan giira cac diic trung co hoc véi cac cong thire thue nghiém
va Tiéu chuan

Tir cc két qua thi nghiém so sanh mdi tuong quan gia tri giita cuong d6 chiu kéo khi udn (f;)

vo1 cuong do chiu nén dic trung (f7¢) theo céc ti€éu chuan hién hanh:

Bang 2. Cong thirc mod ta quan hé gitta E va ¢ cia bé téng.

TCVN11823- | Shahva Ahmad [13] | Carrasquillo, Nilsonva |  ACI 363R-10 [15]
2017 [12] Slate [14]
' 1\ 2/3 \1/2 ) ;
f=063/f, | f =0438(f) f,=0,94(1,) 0,627, +0,99[F,
(MPa) (MPa) (MPa) (MPa)
Bang 3. Quan hé giira f; va R, theo céc cong thie thuc nghiém.
i o Rn Ru (MPa)
PP (MPa) | Kétquathi | Shadva | Chénh Iéch | Carrasquillo, | Chénh léch
nghiém Ahmad (%) Nilson (%)
CP-2%Bb 64,50 7,25 7,04 2,92 8,27 -12,36
CP-3,5%Bb | 65,10 7,41 7,09 -4,49 8,31 -10,88
CP-5%Bb 63,46 7,05 6,97 -1,24 8,21 -14,02
CP-7%Bb 54,61 6,38 6,30 -1,21 7,61 -16,16
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Bang 4. Quan hé giita f; va R, theo cac tiéu chuan.

Ru (MPa)
Cép phéi Rn .
(MPa) | Két qua thi TCVN Chénh léch ACI363 Chénh léch
nghiém 11823 (%) (%)
CP-2%Bb 64,50 7,25 5,06 43,29 7,55 -3,96
CP-3,5%Bb | 65,10 7,41 5,08 45,70 7,58 -2,35
CP-5%BD 63,46 7,05 5,02 40,57 7,49 -5,79
CP-7%Bb 54,61 6,38 4,66 37,06 6,95 -8,14

Tir céc két qua nghién ctu so sanh mdi twong quan giva md dun dan hoi E vai Rn theo
cac tiéu chuan hién hanh:

Bang 5. Cong thirc mod ta quan hé gitta E va ¢ ctia bé téng.

TCVN11823-2017 Theo tiéu chuan ACI ACI 318 Theo tiéu chuan CEB-FIP-
363 - R10 2010 [16]

E, =0,0017KW £*% g _ - _ 15 [ 3
: W% B, =3320,[f, +6900|E, =0,0428*5,[f, EC:2115_103a(fck+8j

(MPa) (MPa) (MPa)
(MPa) *
*: Véi fox +8 =/ theo két qud thi nghiém va véi da bazan o = 1,2; dd qudc zit a=1; da
voi a=0,9.
Bang 6. Quan hé giita E va . cua bé tong theo céc tiéu chuan.
Mb dun dan hoi E (MPa)
A0 phéi . Chénh Chénh Chénh
Capphdi | kgt quathi | TCVN
. léch ACI 318 léch CEB-FIP léch
nghiém 11823
(%) (%) (%)
CP-2%Bb 38760 40359 3,96 41684 7,02 46225 19,26
CP-3,5%Bb 39150 40482 3,29 41878 6,51 46655 19,17
CP-5%BbD 38690 40142 3,62 41346 6,42 45480 17,549
CP-7%BD 36250 38202 511 38356 5,49 39137 7,965

So sanh gia tri cudong d6 chiu kéo khi udn thi nghiém duoc véi cac gia tri tinh toan tir moi
quan hé véi fc theo cac cong thirc cia cac nghién cau trude day dé xuat, két qua cho thiy gia
tri thi nghiém xap xi cc gia tri tinh theo cong thirc cua Shad va Ahmad, 16n hon 40% - 45 %
so voi TCVN 11823-2017 nhung nho hon so véi cac cong thic con lai tir 4% - 16%.
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So sanh gi4 tri md dun dan hoi thi nghiém véi gia tri tinh toan theo cic cong thirc trong
tiéu chuan cho thiy gia tri thi nghiém x4p xi gia tri tinh toan, chénh 1éch twong d6i nho.Theo
tiéu chuan nhu thiét ké cau TCVN 11823-2017 sai khac tir 1,09% dén 2,47%, theo tiéu chuan
ACI 318 sai khac tir 1,15% dén 5,69%.

3. THIET LAP MOI QUAN HE GIUA CAC TiNH CHAT CO HQC CUA BE TONG
VOI CAC PAC TRUNG VAT LIEU

Tir két qua thi nghiém dic trung co hoc cua cac cap phdi cat hdn hop thiét 1ap phuong
trinh quan hé gitra cudong do chiu nén trung binh Ry, cudng dd chiu kéo khi uon trung binh Ry
va mo dun dan hoi E véi ham lugng bot da BD:

Phuong trinh anh hudng cua ham luong BD dén cuong do nén trung binh Ry cia BTXM
st dung cat hon hop so vdi cudong do chiu nén trung binh Rps cuia BTXM st dung cat song
(hinh 16).

125
120 - 1.169
1.15

1.10

Rn/Kns

LO5 | y=-00143x2 + 0,0934x + 1.054 006

1.00 R*=0.9968

0.95

0.8 2.8 6.8 §.8

4.8
BD (%)
Hinh 16. Quan hé gitta % bot da vai Ro/Rps.

R,/R, = —0,014(BD)’ +0,0934(BP)+1,054 (@)

Véi R? = 0,9968.

Phuong trinh anh huéng cia ham lugng BD dén cuong do chiu kéo khi udn trung binh Ry
cua BTXM sir dung cat hon hgp so véi cuong d6 chiu kéo khi uon trung binh Rys cia BTXM
str dung cat song (hinh 17).

1.20 1170
1,145 -

= 110
[
=
2 105 1 o
y=-0010252 +0,0637x + 10613
1.00 R? = 09847
0.95
0.8 2.8 48 6.8 3.8
BD (%)

Hinh 17. Buong cong quan hé gitra % BD vdi Ru/Rs.

R, /R, = —0,0102(BB)" +0,0637(BD)+1,0613 )
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V6i R? = 0,9847.

Phuong trinh anh huéng cia ham lrgng BD dén md dun dan hoi E cua BTXM st dung
cat hon hgp so véi mo dun dan hoi Escaa BTXM sir dung cét séng (hinh 18).

1 00 1.084
1.08
1.07
1.06
r® 1,05
[ 1,04
1.03
102 }-‘=-D__D{I'Eiix: + 0.0452x + 10075
i 01 R? = 09901 004
1.00
0.8 1.8 23 3, 4.8 5.8 6.8 7.8
' ' ' &b 94" ; ' '

Hinh 18. Buong cong quan hé gitra % BD vadi E/Es.

E/E, = —0,0065(BB)’ +0,0452(BP)+1,0075 3)
V6i R? = 0,9991.

4. KET LUAN

Két qua céc nghién cau chi ra rang luong bot da vira da c6 kha nang lam téng cuong do
bé tong nhung ncu vuot qua gidi han do cudng do lai suy giam. Két qua thi nghiém tir cat
nghién tir ¢4 gdc Andesite khi ham luwong bot da chiém 3,5% cho gia tri cuong do chiu nén
cao nhét va cao hon 0,9% so véi cap phdi c6 2% bot d4 va cao hon 19,2% cip phdi chira 7%
bot da.

Quy luat bién thién cuong d6 chiu kéo khi udn twong tu quy luat cudng do chiu nén, cap
phdi chira 3,5% bot da co gia tri 16n nhat 1a 7,41MPa, cip phdi chira 2% bot da co gia tri
7,25MPa, cap phdi chira 7% bot d4 1a 6,38MPa.Cap phdi chtra 3,5% bot da ciing dat gia tri
mo dun dan hoi cao nhat 14 39150MPa cao hon 1% so vai cap phéi chira 2% bot ¢a nhung cao
hon 8% so véi cap phéi chira 7% bot da.

Gia tri cuong do chiu kéo khi ubn thi nghiém xap xi so véi gia tri cuong do chiu kéo khi
udn tinh toan tir phwong trinh quan hé gitta cuong d6 chiu kéo va cuong do chiu nén theo mot
s6 tac gia da dé xuat, nhung nho hon gia tri tinh theo cdng thirc cua tiéu chuan TCVN 11823-
2017, diéu @6 ching t6 tiéu chuan tinh toan thién vé an toan.

Gia tri moé dun dan hoi thi nghiém xap xi gia tri mé dun dan hoi tinh toan theo phuong
trinh quan hé gitra mé dun dan hdi v6i cudong d6 chiu nén, didu d6 cho thay ham luong bot da
anh huong manh dén cuong do chiu kéo khi udn cua bé tong hon so v6i anh huong dén mo
dun dan hoi.
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