Cong nghiép rung

NGHIEN CU'U CAP PHOI COT LIEU LON CUA BE TONG
BANG PHUONG PHAP THi NGHIEM TRUC GIAO

Ping Vin Thanh', Pham Vin Tinh?
L2TS. Trieong Pai hoc Lam nghiép

TOM TAT

Bai viét nay danh gia sy anh hudng cia cp phdi cdt liéu 1on dén do sut va cudng do cua bé tong bang phuong
phap quy hoach truc giao va cac thi nghiém trong phong. Tu cac loai nguyén vét li¢u dugc lua chon, st dung
phuong phép 1y thuyét két hop thuc nghiém, tién hanh thiét ké thanh phan hdn hop bé tong. Sau d6, ¢b dinh
ham lwong cac thanh phan vat lidu (cdt lidu 16n, cbt liéu nhé, xi ming va nudce) theo thiét ké, diéu chinh cip
phdi cbt liéu 16n theo cac mirc nam trong gidi han cho phép, nhao tron hdn hop xac dinh do sut va ché tao cac
mau xéac dinh cudng d6 chiu nén. Két qua nghién ctru chi ra rang, sy anh huong ctia cip phdi cdt lidu 16n dén
dd sut va cuong do chiu nén la rat 1o rét; dé xuét véi cac loai bé tong str dung vit li¢u tuong tu, khoang tdi wu
vé ham lugng cua cdt lidu 16n trén cac mit sang 1a: Ay = 5%, Ajo =50 - 60% va As = 95%.

Tir khéa: Cdp phoi cét liéu, cwong dé bé tong, dp sut, thi nghiém trwee giao.

I. DAT VAN PE

Trong thiét ké thanh phan bé tong thi viéc
xéac dinh cdp phdi cbt liéu va cac tinh chat ky
thuat cta cdt liéu 1a dic biét quan trong, n6 anh
huong rat 16n dén dic tinh ky thuat cta bé tong
thiét ké. Nghién ctru ctia Baalbaki va cong su
(1991) chi rd: Khi ham luong cbt liéu 16n theo
thé tich 20%, cuong do chiu kéo udn va chiu
nén cua bé tong nho hon ca cia vira Xxi mang;
khi nim trong khoang 30 — 40%, cuong do
chiu kéo udn va chiu nén ciia bé tong la thap
nhat; sau do, theo mirc do tdng cua cua ham
luong cbt liéu 16n, cuong do va moé dun dan
hodi cta bé tong s& ting 1én. Wang. Zemin va
cong su (1995) cho rang: Su anh hudng cua
ham lugng ¢t liéu 16n dén cuong do chiu kéo
udn va cuong do chiu nén cua bé tong 1a khac
nhau; khi cung ti 1€ nuéc — xi mang, ham
lwong cot lidu 16n cang nho, cang c6 loi cho
kha ning chiu kéo udn ciia bé tong, trong khi
cuong do chiu nén cua bé tong dat gia tri cao
nhat khi ham luwong cdt liéu 16n trong khoang
68% dén 80%; két hop cac diéu kién ti 16 vé
thé tich c6t liéu 16n nén khéng ché trong
khoang 74% dén 78%. Turan va cong su
(1997) cho rang: Sy anh hudng cua ham luong
cbt lidu 16n dén cudng do chiu nén cua cac cp

bé tong la khac nhau; vdi bé tong thuong, ham
luong cdt lidu 16n nén liy 50%, bé tong cuong
d6 cao nén 1y 60%; ham lugng cbt lidu 16n
cao hodc thip qua déu khong co loi. Alain
Derris (2002) qua két qua thi nghiém sy anh
huong cua ham luwong cbt lidu 16n dén tinh
cong tac cua hdn hop bé tong, cho rang: Khi
vita xi mang c6 cuong do khoang 20MPa, ham
luong va duong kinh cbt lidu 16n 1a tham sb
anh huong rd rét nhat. O Trung Qudc, nghién
ctru cua T6 Khai Vi (2005) cho ring: Ham
luong cbt liéu 16n co quan hé voi cuong do
chiu kéo udn cua bé tong, voi cac loai bé tong
khac nhau, ham lugng cua ¢t liéu 16m cling
khéac nhau: Vi bé tong cuong do cao 1a 50% -
60%, bé tong cuong do trung binh 1a 35 - 50%,
v6i bé tong cudong do thip anh huong khong
dang ké; Hinh Phong va cong sy (2001) qua
két qua thi nghiém truc giao (quy hoach thuc
nghi¢m), dua ra md hinh todn hodc sy anh
huong cua ham luong cbt lidu 16n va dudng
kinh cdt liéu 16n nhét, cho réng: Ham luong
¢6t liéu 16n c6 anh hudng rat 1d rét voi bé tong
cuong dg cao. O Viét Nam, nghién clru vé anh
huong cia cac yéu td cdt lidu dén tinh ning cua
bé tong xi ming con rat han ché, chua mang tinh
hé théng; chua ¢6 céc bao céo khoa hoc vé anh
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huong cta cap phdi cdt liéu 16n.
II. NGUYEN VAT LIEU VA PHUONG
PHAP NGHIEN CUU

2.1. Nguyén vat liéu
Chét két dinh: St dung xi ming pooc ling

PC 30 duoc san xuat tai Nha mdy xi ming
Luong Son — Hoa Binh — Viét Nam. Cac thong
s6 k¥ thuat co ban cua loai xi ming nay déu
thoa man quy dinh cua Tiéu chuin Viét Nam
(TCVN 2682: 2009), duoc thé hién & bang 01.

Bang 01. Mt s chi tiéu k¥ thuit clia xi ming PC-30

TT Chi tiéu k¥ thuat Tri sb

Gi6i han bén nén:

1 - Sau 3 ngay + 45 phat > 16 N/mm’
- Sau 28 ngay + 8 gio >30 N/mm’
Thoi gian dong két

2 -Bitdau > 45 phat
- Két thic <375 phut
D06 nghién min, xac dinh theo:

3 - Phén con lai trén sang kich thuéc 16 0,09 mm <15%
- B& mit riéng, phuong phap Blaine > 2800 cm’/g

Ct liéu: Stir dung cbt lidu nho 13 loai cat
vang Song Hong, khai thac tai khu vuc Son Tay
— Ha Nbi — Viét Nam; c6t ligu 16n 1a loai da
dam duoc khai thac va ché bién tir mo da Hoa
Thach — Quéc Oai — Ha Noi; cac thong sb ky
thuat cta cdt liéu déu théa man quy dinh cta

Tiéu chuin Viét Nam.

Thanh phéan bé téng: Ap dung phuong phap
1y thuyét két hop thuc nghiém dé thiét ké thanh
phan bé tong B15; két qua lwa chon cac thanh
phan vat lidu va cip phbi cdt lidu 16n duge thé
hién & cac bang 02a va bang 02b.

Biang 02a. Lira chon thanh phin vit liéu ché tao bé tong

D (kg/m’) C (kg/m®)

X (kg/m’) N (lit)

1140 765

390 195

Bang 02b. Cip phdi c6t liéu 16m ché tao bé tong

Az (0%)

Ay (0%)

As(0%)

8

93

2.2. Phwong phap nghién ctru

Dua trén co s¢ két qua thiét ké thanh phan
bé tong; bang viéc diéu chinh ham luong céac
nhém hat trong cbt liéu 16n, tién hanh ché tao
mau va lam thi nghiém xac dinh d6 syt cia hon
hop bé tong va cuong do chiu nén ctia bé tong;
thong qua cac két qua thi nghiém, phan tich
tong hop va danh gia sy anh huong dén do sut
va cuong do.

2.2.1. Phwong phap thi nghiém truc giao

Dé danh gid su anh hudng cua cap phoi cot

liéu 16n dén tinh chat cta bé tong, nhom tac gia
st dung phuong phap thi nghiém truc giao.
Thiét ké thi nghiém tryc giao (Orthogonal
experimental design) la phuong phdp nghién
ctru thi nghiém sy anh huéng cta nhiéu yéu to
v6i nhiéu muc thi nghiém. Dya trén co s&
phuong phap thiét ké thi nghiém khoa hoc,
phuong phép truc giao co vu diém co ban 1a
giam thiéu s6 luong thi nghiém, tir d6 giam
cong strc va kinh phi 1am thi nghiém. Thuc té
cho thdy, day 1a phuong phap thi nghiém rat
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hi€¢u qua, nhanh chong va kinh té. Trinh tu
thiét ké va phan tich két qua thi nghiém theo
phuong phap thi nghiém truc giao gdm 3 budc:
- Thiét ké phuong an thi nghiém;
- Tién hanh thi nghiém;
- Phan tich két qua thi nghiém.
2.2.2. Phwong an thi nghiém truc giao
Trén co so& khoang cho phép trong ti€u

chuan veé tri sb luong sot tich Iy cua cbt lieu
16n trén cac mat sang 20 mm, 10 mm va 5 mm,
Ira chon 3 yéu té anh huong tuong tng véi 3
c& sang (ky hiéu: Az, Ajg va As). Tai mdi c&
sang lya chon 3 tri sb luong st tich Iy lam 3
murc thi nghiém cua mbi yéu t6. Cu thé duoc
thé hién & bang 03.

Biang 03. Cac yéu to va mirc thi nghiém true giao

Mirc thi Yéu tb thi nghiém

nghiém Az (%) Ay (%) As (%)
1 0,0 40 90,0
2 33 50 93,3
3 6,6 60 96,6
4 10,0 70 100,0

Duya trén phuong phap thiét ké thi nghiém
truc giao, lya chon bang truc giao 5 yéu td va 4
muc thi nghiém, tién hanh thiét ké thi nghiém

va c6 dugc 16 to hop thi nghiém. Két qua cu
thé thé hién ¢ bang 04.

Bang 04. Thiét ké phwong an thi nghiém truc giao

nghlggntlh' Ax Au As
1 1 (0%) 1 (40%) 1 (90%)
2 1 2 (50%) 2 (93,3%)
3 1 3 (60%) 3 (96,6%)
4 1 4 (70%) 4 (100%)
5 2 (3,3%) 1 2
6 2 2 3
7 2 3 4
8 2 4 1
9 3 (6,6%) 1 3
10 3 2 4
11 3 3 1
12 3 4 2
13 4 (10%) 1 4
14 4 2 1
15 4 3 2
16 4 4 3

Theo két qua thiét ké thanh phan bé téng va
phuong an thi nghiém, ché tao cac mau bé tong,
xac dinh do sut va cudong do chiu nén. Mdi to
hop thi nghiém ché tao khong it hon 4 miu

(TCVN 3106: 1993 va TCVN 3118: 1993).

Tir s6 lwong 16n két qua thi nghiém, phan
tich danh gia sy anh huéng cua cip phdi cbt
liéu 16m dén do sut va cuong do chiu nén; déng
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thoi lya chon gia tri ti wu.
2.2.3. Thi nghiém xdc dinh d¢ sut va cwong
do chiu nén

Do sut ctia hdn hop va cudng d6 chiu nén cua
bé tong dugc xac dinh theo Tiéu chudn Viét
Nam (TCVN 3106: 1993 va TCVN 3118: 1993).

ML KET QUA NGHIEN CUU VA THAO LUAN

3.1. Két qua thi nghiém truc giao

Dua vao phuong an thi nghiém truc giao da
thiét ké va cac quy trinh thi nghiém, tién hanh
thi nghiém xé&c dinh dd sut va cuong do chiu
nén. Két qua trung binh vé d6 sut (S) va cudng
d6 chiu nén (Ry) cia cac t6 hop mau thi
nghi¢m duoc ghi ¢ bang 05.

Bang 05. Két qua thi nghi¢m tryc giao

nghitm Ax Au As S(em) Ry (MPa)
1 1 (0%) 1 (40%) 1 (90%) 4.4 20,3
2 1 2 (50%) 2 (933%) 4.4 21,8
3 1 3 (60%) 3 (96,6%) 43 21,8
4 1 4 (70%) 4 (100%) 4,3 21,0
5 2 (3,3%) 1 2 43 21,5
6 2 2 3 4,2 23,0
7 2 3 4 4,2 22,8
8 2 4 1 4,1 22,7
9 3 (6,6%) 1 3 4,0 22,6
10 3 2 4 4,1 23,0
11 3 3 1 4,0 22,8
12 3 4 2 3,9 22,6
13 4 (10%) 1 4 3,6 21,8
14 4 2 1 3,7 21,9
15 4 3 2 3,5 21,7
16 4 4 3 3,5 21,4

Yéu cu >3 >20

3.2. Phan tich phwong an tbi wu

Tir két qua & bang 05 cho thy, cac nhom
mau thi nghiém c6 do sut va cuong do chiu nén
déu thoa man yéu cau cta tiéu chuan. Diéu nay
chung t6 v6i cdt liéu 16n, trong pham vi bién
thién cho phép cua lugng sot tich Iy trén céc
mit sang ma tiéu chuan quy dinh déu dam bao
thoa man cac chi tiéu co ban cua loai bé tong

thiét ké, trong d6 c6 do sut va cuong do chiu
nén. Tuy nhién, tir két qua ¢ bang 05 ciing cho
thdy, khi ham luong cac ¢& hat thay doi thi do
sut va cudng do bé tong ciing thay doi. Dé
danh gia muc do thay d6i nay, ching toi st
dung phuong phap phan tich phuong sai, két
qua phan tich thé hién & bang 06 va bang 07.

Biang 06. Tong hop phén tich két qua thi nghiém trwc giao

Chi tiéu Tham s6 phan tich thong ké Ax Ag As
K, 69,3 65,6 64,7
K, 67,0 65,0 64,3
S (cm) K; 63,9 64,0 64,1
K, 57,2 62,8 64,3
Phuong sai 5,1781 0,2819 0,0119
Phuong 4n toi uu Aso Ajor Asai
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Ky
K,
K
K4

Phuong sai

R, (MPa)

Phuong 4n t6i uu

339,9 345,0 350,8
360,2 359,2 350,2
363,6 356,0 355,2
3472 350,7 354,7
23,0717 7,2767 1,2567

A20—3 AIO—Z A5—3

Ghi chii: K, - K4 14 tri sb twong tng véi téng gié tri 4 1an thi nghiém cua cac mic thi nghiém.

Biang 07. Phwong 4n tbi wu twong ng véi cac chi tiéu

Phuwong an tdi wu (%)

Chi tiéu tinh ning
Az Aqo As
bo sut, S 0 40 90
Cuong do chiu nén R, 6,6 50 96,6

Tir két qua & bang 06 va bang 07 cho thay:
vé6i chi tiéu d6 sut, phuong an toi wu twong tng
voi1 lugng sot tich Iy trén cac cd sang la nho
nhat trong pham vi cho phép. Piéu nay hoan
toan hop 1y, boi khi luong sot tich liy trén céc
c& sang nay nho ciing dong nghia véi lugng lot
qua cac sang nay 16n va cbt liéu 16n chia nhiéu
hat c6 kich thuéc nho. Khi bé tong chira nhidu
cdt liéu hat nho thi do sut s& tang 1én. Phuong
an toi wu: Asgy (Azo = 0%), Ao (Arg = 40%)
va As.1(As = 90%).

Vi chi tiéu cuong d6 chiu nén, phuong an
t6i wu ctia lwgng sot tich lily trén cac mit sang
1a Azp3 (Ao = 6,6%), A1o2 (A1o = 50%) va As.
3(As = 6,6%). Diéu nay ciing hoan toan hop 1y,
bdi khi ham lugng hat c6 kich thudc 16n trong
cdt lidu 16n tang & mdt pham vi nao do6 sé lam
tang cuong d) cua bé tong; khi ham luong cac
hat 16n vugt qua giéi han (khi d6 cac hat cot
lidu nho khéng du 14p day 16 rong giita cac hat
cbt liéu 16m) s& lam giam cuong do bé tong.

Téng hop phan tich két qua thi nghiém, trén
co so thoa méin do sut cho phép theo tidu chuan
va nang cao cuong do bé tong, vdi loai bé tong
c6 cuong do chiu nén thiét ké Ry, = 20 MPa, six
dung cbt liéu 16n 1a d4 dam 5 - 20 mm, cdt lidu
nho 14 cat vang va xi mang PC - 30 ¢6 thé lya
chon khoang tdi wu vé& luong sét tich liy cua

cbt li¢u 16n trén cdc mat sang la: Ayg = 5%, Ao
=50-60% va As =95%.
IV. KET LUAN

Céip phéi cbt liéu 16n co6 anh hudng 16 rét
dén do sut va cuong do chiu nén cua bé tong;

Khi ham lugng cac ¢& hat ndm trong khoang
cho phép cua tiéu chudn, do sut cua hdn hop
cuong do chiu nén cia bé tong bién doi khong
nhiéu va déu thoa man tri s6 yéu cAu;

Vi céc loai bé tong sur dung vat li€u tuong tu
va cap tuong duong B15, khoang t6i wu vé luong
s6t tich Ity ctia ¢t liéu 16 trén céc mit sang 1a:
Az =5%, A1p =50 - 60%) va As =95%).
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RESEARCH ON COARSE AGGREGATE GRADED OF
CONCRETEBY ORTHOGONAL EXPERIMENT METHOD

Dang Van Thanh, Pham Van Tinh

SUMMARY

This study evaluates the effect of coarse aggregate gradation on slump of mixture and compressive strength of
concrete by using orthogonal experiment method and experimental methods in laboratory. Based on the
selected materials in this study, the concrete component was designed by both theoretical and empirical method
to create the contents of the concrete mixture. Afterwards, the rate of large dimension materials are fixed as
designed (coarse aggregate, fine aggregate, cement and water), the coarse aggregate gradation is changed by
different levels within permissible boundary in order to determine the slump of the concrete mixtures and to
create the concrete samples for testing the compressive strength. The results show that, the effects of the coarse
aggregate gradation on slump are singnificant. For concrete mixturesusing similar materials, the optimal
volume of coarse aggregate gradation are about A,y = 5%, Ao = 50 - 60%, and As = 95%.

Keywords: Aggregate gradation, concrete strength, orthogonal experiment, slump.
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