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Anh huéng ciia ty 1¢ nuée - chat két dinh va cat - ¢6t lidu
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Tém tit:

Cong nghé bé tong dam lin (BTPL) sir dung lwong nwéc va xi ming thip, nén hdn hop BTPL sau khi nhao tron cé
dd cirng cao va phai dung céc thiét bi lu Ién dé tao hinh san phim. Do d6, ham lwong nwéc nhao tron, chit két dinh
va c6t liéu dwoc coi 13 nhirng nhén t6 quyét dinh, anh hwéng rat 16n dén cac tinh chét ciia BTPL 6 ca trang thai déo
va trang thai cirng rin. Bai bao sir dung phwong phap quy hoach thuc nghlem aé nghién ctru danh hwéng cia cac ty
1€ theo thé tich ciia nwéc - chét két dinh (¥ _cm)) va cat - cot liéu (V/V,) dén cac ham muc tleu nghién ciru. Cac
ham muc tiéu dwoc lya chon la do cu’ng ciia hon hop bé tong va cuong do nén cia BTDL tai tudi 28 ngay. Cac ham
muc tiéu thu dwoc cho thay, ca hai bién VJ/V KD vaV /v, deu ¢6 anh huéng dang ké dén gia tri ciia mo hinh thue
nghlem Khityl¢ V /ch) tang, ham lu'(mg nuée da gop phan ting do luu dong, giam d ctirmg ciia hon hop bé tong,
dong thoi nwée dw thira ton tai trong khoi bé tong dwdi dang cac 16 rong, tir d6 giam cwong dd nén cia san pham
Hon nira, ty 1€ V /V, cia cot liéu qua nhé hay qua lém déu c6 xu hwéng lam cho cwong do nén BTDL giam.

Tir khéa: bé tong dim lin, cwdng dd nén, dd cirng, ham muc tiéu, tham sé anh hwéng.
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Abstract:

In roller-compacted concrete technology, due to the use of low water and cement content, the concrete mixture after
kneading has high hardness and compaction equipment must be used to shape the product. Therefore, the content of
mixing water, binder, and aggregate is considered a decisive factor, greatly affecting the properties of roller-compacted
concrete in both fresh and hardened states. The article uses the mathematical method of two-factor rotatable central
compositional planning to simulate the effect of volumetric ratios of water-binder (V/V_, ) and sand-aggregate
(V/V,) on the objective functions of the test. The selected objective functions are the hardness of the concrete
mixture and the compressive strength of the roller-compacted concrete at the age of 28 days. From the obtained
objective functions, it is shown that both control variables V /V  and V /V  have a significant influence on the
values of the experimental model. When the V/V , ratio increases, the water content contributes to increasing the
plasticity and reducing the hardness of the concrete mixture. At the same time, excess water exists in the concrete in
the form of pores, reducing the compressive strength of the product. Furthermore, the V_/V , ratio of the aggregate
that is too small or too large tends to cause the compressive strength of the concrete to decrease.
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1. Ddt van de

Trong giai doan hién nay, BTDL ngay cang dugc su
dung da dang hon trong céc cong trinh ha ting k¥ thuat, dic
biét 1a ha ting giao thong [1, 2]. Cung vdi qué trinh phat
trién ciia nganh xay dung, cong nghé BTPL di dugc trién
khai 4p dung ¢ nudc ta tr nam 2020. Trude ti€én, BTDL
duoc str dung cho cac cong trinh dap thay dién. Sau do, mot
s6 nghién ctru va tng dung BTDL cho cic mit dudng giao
thong da duogc trién khai va thu dugc nhiéu két qua kha quan
[3,4]. BTDL la loai bé tong khong c6 dd sut, viéc dam chat
hén hop nay dugc thuc hién biang phuong phap dam bang
hé théng lu Ién. Do sir dung ham lwong nudc va xi mang
thap, nén thé tich hd xi mang trong BTDL thudng nhé hon
nhiéu so véi bé tong thuong [5, 6]. Mot trong nhiing bién
phap hiéu qua dé cai thién ciu tric va tinh chat ctia bé tong
1a bo sung cac loai phu gia khoang min trong thanh phan,
cling nhu t6i uru ty 1€ nudce trén chat két dinh va cat trén c6t
liéu [7, 8].

Trén thé giéi cling nhu ¢ Viét Nam, nhiéu loai BTDL
da dugc st dung véi cac ty 16 nude/chat két dinh va cat/cot
lidu thich hop dé tao ra nhirng két ciu c6 cudng do cao, kha
ning chéng thim nudc t6t va gia thanh hop ly. Tuy nhién,
cac phuong phap nghién ctru di thyc hién van con str dung
phuong phap roi rac, chua danh gia dugc anh huong tuong
hd giita ham lugng vat lidu dén tinh chat cia BTPL [1,3,9].
Mit khac, khi sir dung két hop véi cac loai phu gia khoang
nhu tro bay, xi 10 cao, puzolan ty nhién... da tao ra to hop
nudc - chat két dinh - bt lidu, anh huong 16n dén tinh cong
tac ctia hon hgp BTBL [2, 4, 9].

Vi su phat trién cta cudc Cach mang cong nghi¢p 4.0,
trong cong nghé vat liéu hién dai c6 nhiéu phuong phap
thiét k&, mo phong va tdi wu hoa thanh phin cip phdi cua
hdn hop BTDL. Nho cic cong cu may tinh va phan mém
toan Urng dung, nhu Matlab, Maple... da cho phép lua chon
va st dung phuong phap s6 hiéu qua, do chinh xac 16n va
tinh kha thi cao [10, 11].

Ly thuyét quy hoach thuc nghiém trén co s& mo hinh
théng ké duogc st dung dé nghién ciru nhiéu ddi trong khac
nhau, trong d6 c6 ddi tuong la cac ty 1¢ thanh phﬁn vat liéu
anh huong dén tinh chat ciia hdn hop BTDL, cling nhu san
pham bé tong sau khi di ctmg rin [12-14]. Trong mé hinh
thuc nghiém, qua trinh hoa - 1y xay ra trong cac ddi tuong
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nghién ctru - hdn hop bé tong duoc dic trung bang cac bién
anh huong, giita chung c6 quan hé nguyén nhan - két qua.
Céc bién dong vai trd nguyén nhan, goi 1a bién diéu khién
dau vao, cac bién phan anh két qua do nguyén nhan gay ra
duogc goi 1a ham muyc tiéu cta md hinh nghién ctru. Nhiéu
nghién ctru cho rang, bién dau vao c6 thé kiém soat va diéu
khién dugc, 1a cong cu diéu khién dé thu duoc dbi tuong
nghién ctru c6 tinh chét thich hop.

Bai bao nay md phong anh hudng cia hai bién
diéu khién 1a ty 1 theo thé tich cta nudc - chét két dinh
(V/Vip) Va ty 1€ cat - ¢t ligu (V/V,,) theo thé tich dén
do ctmg cua hon hop bé tong va cuong d6 nén clia cac mau
BTDL tai tudi 28 ngiy, bang phuong phap quy hoach thuc
nghiém bac hai tim xoay ciia Box-Wilson. Dong thoi, cic
bé mat biéu hién, dudng ddng muc va xac sut phan bd ciia
diém thi nghiém ciia cac ham hoi quy ciing duoc xac dinh
trong nghién ctru nay.

2. \iat liéu va phuong phap nghién ciiu

2.1. Vit liéu

Vit liéu duoc sir dung trong nghién ciru nay bao gom:

Chdt két dinh gom hai thanh phan la xi mang Portland
PC40 But Son va tro bay nhiét dién Pha Lgi: Xi mang
Portland PC40(X) Bt Son théa man cac yéu cau ky thuat
ctia tiéu chuan TCVN 2682:2020. Céc tinh chat co 1y cua xi
mang Portland PC40 But Son duoc gidi thi€u trong bang 1.
Bang 1. Tinh chét co ly ctia xi mang Portland PC40 Bt Son.

TT  Chi tiéu ky thujt Ponvi Kétqui ;2‘;‘,’]3;“6;3“202 0

1 D min, theo phuong phap Blaine cm¥/g 3520 >2800

2 Khi luong riéng glem® 3,15

3 Khdi lugng thé tich ¢ trang thai ty nhién ~ kg/m® 1650

4 Luong nudc tiéu chuan % 29,7
Thoi gian dong két

. Thoi gian bét diu Phat 120 >45
Thoi gian két thic Phat 280 <375
Cuong d9 nén & cac tudi

p Tudi 3 ngdy MPa 285 221
Tubi 28 ngay MPa 475  >40

; Do 4n dinh thé tich, phuong phap Le mn 65 <10

Chaterlier
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Thanh phan khoang vét va thanh phan hoa hoc cia xi
mang Portland PC 40 But Son dugc trinh bay trong céac
bang 2 va 3.

Bang 2. Thanh phan khoang vat cta xi méng Portland PC 40 But
Son.

Thanh phan khoéng vat (%)

Tricanxi-silicat Dicanxi-silicat ~Tricanxi-aluminat Tetracanxi-Alumino-Ferit Thanh
€S CSs CA C,AF phan khdc

55,1 272 51 11,3 1,3

Bang 3. Thanh phan héa hoc clia xi méng Portland PC 40 But Son.

Thanh phén héa hoe (%)

. Ham luong
8i0, ALO, Fe0O, SO, KO NaO Mg0 CaO CO, PO, R

186 45 31 3106 02 32 636 - 09 22

Bang 6. Tinh chét co ly chia cac loai cat str dung cho nghién ciru.

Tén chi tiéu Ponvi  Két qua Theo yéu ciu

xac dinh tinh thi nghiém TCVN 7570:2006
1 Ngubn gde - Cat vang song Lo -
2 Khoi lugng riéng glem® 2,65 -
3 Khdi lugng thé tich xdp kgm® 1450 -
4 Do héng gitra cac hat bt lisu % 45,1 -
5 D¢ hit nuée % 1,25 -
6 Ham luong bui, bun, sét % 1,87 <2,0

. Ao ~ Khong sim hon mau
7 Hamluong tap chathituco  So mau . -
chuan

8 Ham lugng SO, % 0,02 <1,0

Bang 7. Thanh phan hat ctia cat vang sdng L6 str dung cho nghién
clru.

Tro bay (TB) loai F cua Nha méy Nhiét dién Pha Lai Kich c& Luwong s6t sang tich luy Luogng s6t sang tich luy theo
i N , . N B . N sang theo thi nghiém (%) TCVN 7570:2006 (%)
théa man cac yéu cau cia TCVN 10302:2014. Thanh phan
hoa hoc va céc tinh chét vat Iy co ban cia tro bay nhiét dign ' >0mm v L
Pha Lai duoc thé hién trong céc bang 4 va 5. 2 25mm 29 0:20
Bang 4. Tinh chét vat Iy cua tro bay nhiét dién Pha Lai. 3 1,25 mm 16,7 15+45
TT  Tinh chit vty Don vi tinh Tro bay nhiét dién Ph Lai 4 630um 423 35470
1 Ty dién bé mit riéng en/g 3750 5 315um 80,5 65+90
2 Khi luong riéng glem?® 235 6  140pm 905 90:100
3 Khdi lugng thé tich kho ke/m’® 1570
, n 7 <140 pm 88 <10
Chi s0 hoat tinh ¢ tudi:
4 7 ngiy % 84,6 R .
Rrgiy i 9.1 §  ModumndolnM, 3,05 20433
Bang 5. Thanh phan héa hoc cia tro bay nhiét dién Pha Lai. Bang 8. Tinh chét co Iy cta da dam.
Thanh phin héa hoc (%) R Ponvi  Kétqui Theo TCVN
TT  Chitiu thi nghiém tinh  thinghiém  7570:2006
S0, 0, FeO, SO, KO NaO MgO CaO PO, Ham luongmétkhi .
0, M0, F0, 50, KO a0 Mo 20 THMUMEMAEINE ) ki lugng riéng gem’ 270
6022 21,17 58 242 125 123 057 212 1,03 4,14 2 Rhfilluong thd tichwep kgm 1450
2 y , ~ A 1A o n R o
Nhur vay, tong ham luong chét két dinh (CKD) trong hdn 3 Do hong eia cic hat citlicu LT
hop BTPL duogc x4c dinh theo cong thirc s6 (1): 4 Hamlugng hat thoi det % 13,32 <15
5 Ham lugng bun, bui, sét % 0,78 <2,0
CKD=X+TB (1) i '
6 Luong sot sang tich Iy trén cac sang:
Cot li¢u nho: Cotli¢unho st dung trong nghién ctru nay la 0 y 0 0
mm 0
cat vang song L6 (C), chat lugng tot. Cat vang song L6 dugc » y - 010
2 L, , mm 0 5 =
sang so by qua sang kich thudc 5,0 mm dé loai bd lugng cac
v o1 Y . Je s X 10 mm % 583 40+70
hat séi c6 kich thudc 1on. Céc tinh chat co 1y va thanh phan
5mm % 97,2 90+100

hat cua cat vang song L6 dugc trinh bay trong bang 6 va 7.
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Tir két qua thi nghiém trén cac bang sd 6 va s6 7 cho
thdy, mau cat vang song Lo di khao sat co cac tinh chét vat
Iy nhu thanh phﬁn hat, m6 dun do 1ém, khdi lugng riéng,
khéi lugng thé tich. .. dap tng day di cac yéu cau trong tidu
chuan TCVN 7570:2006 “Cbt liéu cho bé tong va vira” va
duoc Xép vao loai cat tho, chét luong tdt.

Cot liéu 1om cho bé téng: Cbt 1idu 16n st dung cho ché
tao BTPL la loai da dam (P) ¢6 kich thudc hat 5+20 mm.
D4 dam sir dung c6 ngudn gdc tir d4 voi mo da Kién Khé -
Ha Nam. Tinh chét co 1y va thanh phan hat ctia d4 thé hién
trong bang 8.

Vi vay, ham luong cbt liéu (CL) sir dung trong thanh
phan hdn hop BTPL dugc xac dinh theo cong thirc s6 (2):

2

Nuée sach: Nude sit dung tron mau trong nghién ciru

CL=C+bD

nay la nuéc may sinh hoat TP Ha Noi. Tinh chat ciia nudc
(N) phu hop véi tiéu chudn TCVN 4506:2012 - “Nudc tron
cho bé tong va vira - Yéu cau k¥ thuat”.

2.2. Phuwong phap nghién cvu

Cdc tiéu chudn thi nghiém: Trong nghién ctru di su
dung phuong phéap nghién ctru 1y thuyét két hop véi kiém
chung bﬁng thuc nghiém dé diéu chinh tinh chat cua hdn
hop BTBL thu dugc. Cac tinh chat ciia hdn hop bé tong va

BTPL duge xac dinh theo céc tiéu chuén sau:

+ L4y mau, dac miu trén ban rung va bao dudng mau
BTDBL duogc thuc hién theo TCVN 3105:2022.

+ Xéc dinh d6 ctig cua hdn hgp BTPL duoc thuc hién
theo TCVN 3107:2022.

+ Cuong d6 chiu nén cua BTPL dugc thuc hién theo
TCVN 3118:2022.

Phirong phdp tinh todn cdp phoi ciia hon hop BTPL:
Theo nhiéu nghién ctru vé BTBL cho thdy, thanh phan
BTDL dugc lya chon dua trén quan hé gitra cuong do nén
va mot s tinh chat khac voi ty 18 N/CKD [2-6]. Muc tiéu
clia cac phuong phap nay 1a khéi luong hd xi mang can vira
du dé lap day khoang trong giita cac hat c6t liéu dé hdn hop
bé tong sau khi 1én chit co d6 rong nhé hon.

Trong nghién ciru nay, thanh phan cdp phdi cua hdn
hop BTDL dugc tinh toan dya trén co sd cua ti€u chuén

KHOA
&CONGHI\?GCI:-IE

67(9) 9.2025

s Khoa hoc Ky thuat va Céng nghé | Ky thuat dan dung: ky thuat xay dung; Ky thuat vat liéu va luyén kim

ACI 211.3R [15] két hop véi mot s6 két qua nghién ciru vé
BTDL & Viét Nam [1-7]. Cdp phdi sau khi tinh toan theo
tiéu chudn ACI 211.3R da duoc didu chinh cho hop 1y véi
ngudn vat lidu trong nude.

Mo phong anh huong va xac dinh cip phdi téi vu cia
hon hop bé tong duoc thuc hién theo phwong phap quy
hoach thuc nghiém bac hai tam xoay cia Box-Wilson.
Phuong phéap nay cho phép thu dugc mo hinh thuc nghiém
chinh xac hon bang cach ting s6 lugng thi nghiém lap lai tai
trung tdm va mot s6 diém thuc nghiém déc biét tai canh tay
don o =/2[14].

Cdc yéu cau doi véi hon hop bé téng va mau BTPL sau
khi dd cing ran: Trong nghién ciru nay, cac dic tinh yéu cau
vé cong ngh¢ ché tao BTPL dugc lya chon nhu sau:

+ Hon hgp BTPL duoc sir dung véi muc dich lam 16p
16t dém giita cac 10p d6 cho mit dudong ndng thon, nén theo
ACI 211.3R thu dugc ty 1& hd/vira r, =042 [15].

+ Do cimg ciia hdn hop BTDL tir 20 dén 40 gidy duoc
xac dinh b?mg bo dung cu Vebe cai tién.

+ Cuong d6 nén yéu cdu trén mau lap phuong
150x150x150 mm & tudi 28 ngay muc tiéu can dat duoc tir
28 Mpa.

+ Ty 1¢ thé tich cat trén tong thé tich cot lidu (V/V,
duoc khao sat trong khoang V /V ,=0,41-0,50 [1, 2].

o)

+ Theo tiéu chuan ACI 211.3R, v6i cuong do nén yéu
cau can dat duoc ¢ tudi 28 ngay R =28 MPa thu dugc: 1) Ty
1¢ tro bay (TB) nhiét dién Pha Lai va xi mang theo thé tich
duoc lya chon trong khodng V.,/V,=0,35; ii) Ty 1¢ thé tich
nuge trén thé tich chit két dinh (V/V ) duoc khdo sat
trong khoang V. /V , =1,40-1,60.

CKD

+ Ham lugng bot khi trong hdn hop BTPL duoc lua
chon 12 2% [3, 7].

2.3. Xay dwng mo hinh thuc nghiém

Theo cac nghién citu phuong phap quy hoach thuc
nghiém nhim muc dich tao ra md hinh toan hoc dé md
phong va dy doan anh hudng cia cac bién dau vao dén tinh
chét cua dbi tuong thuc nghiém, dugc coi la cdc ham muc
tiéu du ra cta qua trinh nghién ciru. M6 hinh thyc nghiém

trong nghién ctru nay dugc mo ta trén hinh 1 [12-14].
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: Dy

(Bién didu khién | -S|

dAu vao)

(Ham muc tiéu cua

S
".-"_/md hinh thuc nghiém)

Hinh 1. C4u tric mé hinh thyc nghiém.

Trong nghién ctru nay, ham muc ti€u bac hai dugc lya
chon gdm c6: P cliig DC (gidy)=Y, dugc xac dinh ngay
sau khi nhao tron xong hdn hop bé tong bing bd dung cu
Vebe theo TCVN 3105:2022; Cuong do nén R *(MPa)=Y,
duoc xac dinh thong qua gia tri cuong do nén trung binh
cia mau hinh 1ap phuong kich thude 150x150x150 mm &
tudi 28 ngay.

Phuong trinh tong quat ciia cac ham muc tiéu trong mo

hinh thuc nghiém nay c6 dang nhu trong cong thic s (3):
= * * ®E ok KE 24 kE 2
Y_bo+b1 §1+b2 é2+b3 g1 §2+b4 él +b5 &2 S
trong d6: Y 1a ham myc ti€u ctiia mo hinh thuc nghiém; &, va
&, 1a cc bién dau vao ciia mo hinh; b, b, b, b, b, va b, 1a

cac hé so ciia ham muc tiéu Y.

Nghién ctru nay da chon cac bién sé dau vao nhim diéu
khién ham muc tiéu va khoang bién thién cta chung nhu
sau:

VN

CKD

+ Ty 1é thé tich nudc trén thé tich chét két dinh (
mi hoa 1a & thay d6i tir 1,40 dén 1,60.

)

+ Ty 16 thé tich cat trén tong thé tich cdt lidu (\\//_c) ma
hod 14 &, thay ddi tir 0,41 dén 0,50. -

T cac can cu trén, nghién ctru da xac dinh duoc cac
khoang bién thién cac bién sd dau vao trong ké hoach thuc
nghiém mo hinh bac hai dugc trinh bay trong bang 9.

Bang 9. Khoang bién thién cac bién sé trong ké hoach thuwc
nghiém bac hai.

Cic diém quy hoach bac hai Mike quy hoach
Fécnhz‘}nté Bif":n' Koing
inhhwéng  mihda ;.00 ;g 41 41414 bibn i
on a=\2=1,414
thién d
Vi
3 132 14 15 1,6 1,68 0,1 0,08
Veko
Ve
- € 0,402 041 045 049 0498 0,04 0,008
Ver
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S thi nghiém trong ké hoach bac hai tim xoay ctia Box-
Wilson dbi véi hai bién diéu khién dugc xac dinh theo cong
thirc s6 (4) [12, 14]:

N=2"+2%*k+n =2+2%2+5=13 4)

trong d6: k 1a s6 bién diéu khién mo hinh thyc nghiém, k=2;
n la s6 thi nghiém l3p lai & tdm cia mo6 hinh thuc nghiém,
n =5 [8, 10].

Xdc dinh cdp phoi BTPL: Tinh toan theo tiéu chuin ACI
211.3R [15] dua trén cac gia tri ty 1€ vat li¢u da lya chon
trong bang 9 va hi¢u chinh cip phdi phi hgp véi cac tinh
chét cua vat liéu st dung, nghién ctu da thu dugc 13 cép
phdi thuc nghiém déi voi hai bién dau vao & va &, duge
trinh bay trong bang 10.

Bang 10. Cap phéi thwc nghiém theo quy hoach bac hai tam xoay.

Bién ma hoa Bién thye Cfip phdi BTDL thye nghiém (kg/m?)
" X, X, V\c% % Ckp X 1B C D N
1+ +1 1,60 049 290 230 60 939 996 158
2 +1 140 049 315 250 65 939 996 150
30+ -1 1,60 041 254 201 53 821 1204 138
4 -l -1 140 041 275 218 57 821 1204 131
5 +1414 0 168 045 264 210 55 881 1098 151
6 -l414 0 132 045 305 242 63 881 1098 137
70 +1414 150 0498 306 242 63 951 976 156
8§ 0 414 150 0402 260 206 54 809 1226 133
9 0 0 1,50 045 283 225 59 881 1098 145
10 0 0 1,50 045 283 225 59 881 1098 145
1o 0 1,50 045 283 225 59 881 1098 145
2 0 0 150 045 283 225 59 881 1098 145
13 0 0 1,50 045 283 225 59 881 1098 145

3. Két qua va ban luan
3.1. D§ cikng ciia hén hop bé tong dam lin

Sau khi nhao tron béng may tron cudng btrc hai truc, do
cing cua hén hop BTPL dugc xéc dinh trén thiét bi Vebe
tiéu chuan. Gia tri trung binh do cimg PC (gidy) cta hdn
hop BTPL duoc trinh bay chi tiét trong bang 11.
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Bang 11. Gia tri trung binh dd clirng BC (giay) ctiia hdn hop bé tong
dam lan.

Bién mi héa Bién thyre Ham myc tidu s6 1 ciia md hinh: Y, = DC (gidy)
" & & s e L W =Y =Y
| + 160 049 295 296 0,003
2 +1 140 049 345 360 2287
3+l dl 160 041 280 259 4458
4 - - 140 04 305 33 3,408
5 +414 0 168 045 250 265 2319
6 -l4l4 0 132 045 380 356 5627
70 H414 150 0498 345 334 1,188
§ 0 A4 150 0402 280 282 0,038
9 0 0 150 045 340 347 0490 049
00 0 150 045 365 347 3240 304
o 0 150 045 B5 347 1,440 1,44
2 0 0 150 045 340 347 0490 049
30 0 150 045 355 347 0,640 0,64
Y,oar-YP2556 8,531 Ity Yoy =630 $,2=1575 8, <0348

3.2. Cwong dg nén ciia mdu bé tong dam lin sau khi
dd cieng réin

Thi nghiém cuong do nén cua BTPL dugc thuc hién
trén mau hinh lap phuong kich thuéc 150x150x150 mm.
Phuong phap ldy mau, dic miu trén ban rung va bao dudng
mau BTDL sau khi tao hinh duoc thuc hién theo TCVN
3105:2022.

Bang 12. Gia tri trung binh cwong do nén ciia mau bé tong dam
lin & tudi 28 ngay.

Bién mi héa Bién thyc Ham mye tiéu s6 2 cia md hinh: Y,=R * (MPa)
" §, & v‘c/ZD \‘//TCL Y, Yy (Y =Y (Yopy ~Yogy)?
S | 160 049 234 2307 0,108
1 +1 140 049 281 2645 2720
34 A 160 041 205 1973 0,600
4 4l 140 041 241 2310 0991
5 HAl4 0 168 045 202 205 0,109
6 1414 0 132045 239 2530 1,947
70 414 150 0498 247 2562 0,851
§ 0 -1414 150 0402 201 2090 0,646
9 0 0 150 045 258 2706 1,588 1,588
100 0 150 045 289 2706 3,386 3,386
o 0 150 045 261 27,06 0922 0922
20 0 150 045 267 2706 0,130 0,130
130 0 150 045 278 27,06 0,548 0,548

Y, my-YFe454 S=1818 Sy P65 Swel6B Sy=03555
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Cuong do nén cua mau duoc xic dinh ¢ tudi 28 ngay
trén hé théng thiét bi tu dong Advantest 9 voi tde do tang tai
1a 1000 N/s theo yéu cau TCVN 3118:2022. Mdi to mau thi
nghiém gdm 06 vién mau tuong tmg cho mdi cap phdi. Cac
két qua thuc nghiém vé gia tri cuong d¢ nén trung binh muc
tiéu & tudi 28 ngay dugc trinh bay trong bang 12.

3.3. Xdc dinh ham hoéi quy dé mé phéng anh huwéng

cia cdc bién dén ham muc tiéu

Ap dung cac cong thirc toan hoc theo 1y thuyét quy hoach
thuc nghiém bac hai tAm xoay cua Box-Wilson va sy hd trg
ctia phan mém toan hoc Matlab, da thu dugc cac phuong
trinh hdi quy béc hai vé do ctimg DC (gidy) cua hdn hop bé
tong va cuong do nén & cac tudi 28 ngay cua mau BTDL
tuong ung c6 dang nhu trong phuong trinh sb (5) va sb (6):

DC=Y =34,7-3,23%E +1,83%E,-1,81%¢ 2-0,63%¢ *E -

1,94%E ? (gidy) )
R,"=Y,=27,06-1,69%E +1,67*E,-2,07*E 2-0,28* *& -
1,90*£ * (MPa) (6)

Dua trén cac phuong trinh ham hdi quy s6 (5) va sb (6),
gia tri tinh toan cia ham muc tiéu Y;va \?0 da duoc xac dinh
theo hai bién ma hoa €,; &, va trinh bay trong cac bang 11
va 12.

a) Kiém tra tinh c6 nghia cua cac hé sd b, cua cac ham
hoi quy theo chuan sb Student (t(f)). He 5O b,c6 nghia néu:

ty > t,(f) (7

trong do: t (f,) la gia tri tra bang cua chuan sb Student,
vol muc d§ co6 nghia la o=0,05; bac tu do lap lai
£,=Nx(k-1)=13%(2-1)=13. Trabang 3.2 trong nghién ctru ctia
L.N. Bolshev va cs (1983) [16] thu duoc t0’05(13)=l,7709.
Gié tri cua chuan sb Student t, ddi véi hé sb b/. duoc xac
dinh theo cong thuc (8):
b,
Iy

B, ®

D l¢ch tiéu chudn S, clia phan bd b, duge xac dinh theo
cong thic (9) va gia tri ghi trong bang 11 va 12.

S 2
Sy ©)

trong d6: N 1a tong s6 thi nghiém (N=13) va S? la phuong
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sai 1ap, dugc xac dinh theo cong thirc (10) va cac tri tinh
toan nay da duoc dua ra trong bang 11 va 12.

m ~\2

E(Yoj - Yo)

2
Si = : m-1

(10)

trong d6: m 1a s6 thi nghiém 1ap & tim (m=n=5); ¥ la gia
tri thu dugc cua thi nghiém thr i ¢ tam ké hoach; ?0 la gia
tri trung binh cua cac thi nghiém ¢ tam.

Theo tinh c6 nghia cua chuén s Student: t, >t (f)) trong
)j o2

b;
do: tbj = S_ .
bj

bj ctia phuong trinh ham hdi quy duoc coi 1a ¢6 nghia, néu:
1bj] 2 t0,05(13)x Sy = 17709 S,,.

Tir d6 thu duge|b;|2 £, (f,)x Sy Do d6, hé sb

Theo gié trj tra bang cua chuan s Student va gia tri S,
da duogc tinh toan va li¢t ké trong bang 11 va 12, phuong
trinh ham hdi quy bac hai thu gon vé d6 cimg DC (gidy) hon
hop BTDL va gié tri cudng do nén trung binh R 2* ctia mu
bé tong & tudi 28 ngay ctia BTPL tuong tng c6 dang nhu
cac phuong trinh s6 (11) vasb (12):

DC=Y =34,7-3,23x& +1,83xE - 1,81xE -1,94xE 2 (gidy);
(R>=0,8825) (11)

R,"=Y,=27,06-1,69xE +1,67xE,-2,07xE >1,90xE 2 (MPa);
(R>=0,8933) (12)

b) Kiém tra tinh tuong hop cia md hinh theo chudn s
Fisher

Tinh twong hop ctia md hinh thi nghiém dugc kiém tra
theo chuén sb Fisher [9, 10], theo cong thac (13):

_Si
Si

o 13)
Véi §2 la phuong sai 13p, dugc xdc dinh theo cong thire
(9) va céc tri da dugc dua ra trong bang 11 va 12. S7 1a
phuong sai du, dugc xac dinh theo cong thue (14) va cac tri
cling da dugc trinh bay trong bang 11 va 12.
N
2.(%,-Y))

83: j=1 B (14)

2

trong d6: Y ; \7I la gia tri thuc nghiém va gia tri tinh toan cua
cac ham muyc tiéu s6 (5) va s6 (6); N 1a s6 diém thi nghiém,
N=13; B 1a 56 cac hé s co nghia trong phuong trinh hoi quy
béc hai s6 (5) va (6), thu dugc B=5.
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Bén canh d6, F, (f, f,) la gid tri cua chudn s Fisher,
xéc dinh bang cach tra bang 3.5 trong nghién ciru ctia L.N.
Bolshev va cs (1983) [16] & mic c¢6 nghia a=0,05; bac tu
do 13p f,=m-1=5-1=4 (m=5 1a $6 thi nghiém ldp lai ¢ tdm);
bac tu do du f=N-B=13-5=8. Tur d6 da thu duoc Foos (8,
4)=6,0410.

Theo cac gia tri cua Sf va Sﬁ thu duoc trong bang 11 va
12, da tinh toan duogc gia tri cua chuén sb Fisher dbi voi cac
ham muyc tiéu do ctimg hdn hop BTPL va gid tri cuong do
nén ctia mau bé tong & tudi 28 ngay lan luot nhu sau:

Véi ham dd cing cia hon hop bé  tong:
F P¢=3,206/1,575=2,0355.
Véi ham cuong d0 nén cua tudi 28 ngay:

F,*=1,818/1,643=1,1065.

Vi F ¢ va F #<F . (8, 4), do d6 cac mo hinh thyc
nghiém vé do cing hdn hop bé tong va cuong do nén da
dugc xac dinh va mé ta thong qua cac ham hdi quy bac hai
s6 (5) va (6) 1a tuong hop véi bie tranh thuc nghiém chira
cc bién diéu khién da lya chon.

Tir céc két qua phén tich bé mat biéu hién ciia cac phuong
trinh hdi quy thu gon (11) va (12) véi cac hé s tuong quan

(R?), twong g, 1 0,8825 va 0,8933 da chi ra rang, cac ty

Vv

A - \ V, A ;5 5 , A 2 A
1€ theo thé tich va —& déu c6 anh hudng dang ké dén

CKD oL
cac gia tri ham muc tiéu cua mod hinh thuc nghiém.
¢) Biéu dién bé mat va cac duong dong mirc cia phuong

trinh hdi quy

Bang cach sir dung phan mém Matlab, cac hinh anh cia
bé mit biéu hién va cic duong dong muc twong Gng cla
phuong trinh hoi quy (11) va (12) dd dugc thé hién trén hinh
2 va 3. Hinh anh ciia bé mit biéu hién va cac duong dong
mirc twong tmg ctia phwong trinh hdi quy s6 (11) va s6 (12)
dugc dung dé chi ra ving anh hudng nhidu nhét cua cac bién

diéu khién.

Céac phuong trinh muc ti€u cua mé hinh thuc nghiém da

thé hién duoc anh hudng cua céc ty 1€ theo thé tich va
Mo
VCL

28 ngay dudi dang ham s6 bac hai. Cac ham s6 nay c6 thé

VCKD
dén cac do cung hon hop BTPL va cuong do nén ¢ tudi

dugc su dung dé nghién clru, phan tich anh hudng cua cac

thong s6 diéu khién dau vao dén do cting ciia hdn hop bé tong
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Pudng déng mirc cia ham muc tiéu

* Y1 Vdi &1, &2
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Bé& mit biéu hién ctia ham muc tiéu

)
SIS
30

-1 -0.5 05 1 15

51

Hinh 2. B& mat biéu hién va dwéng déng mirc ctiia cac ham muc tiéu vé do cieng sé (11).

Budng dong mic cia ham muc tiéu

* Y2 véi &1, 22

B& mit biéu hién ciia ham muc tiéu

4

0.5 0

&1

05 1 15

— Xac sudt phan bS cic diém thi nghiém

Hinh 3. B& mat biéu hién va dwdong ddng mrc clia cac ham muc tiéu vé cwdng dd nén sé (12).

va cuong do nén ctia bé tong, ciing nhu co thé sir dung dé
xac dinh cAp phéi t6i wu dép tmg cac yéu cau dit ra, cu thé
nhu sau:

VN
N VCKD N
gia tri do ciing ctia hon hop bé tong da thay doi manh, cac

Tir hinh 2 cho thdy, khi ty 18 thé tich thay dbi thi

duong dong mirc vé do cimg thay ddi 16 rét trong khoang

30-35 gidy. Trong khi d6, néu cb dinh lugng nudc va thay

2o o1a Wy
doi ty 1¢

B CKD

it thay d6i, muc d¢ anh hudng nho. Nghia 1a khi c6 cung

thi d6 cing cua hdn hop sau khi nhao tron

luwong nuéce, lugng chét két dinh co thé bién thién trong mot
khoang nhat dinh thi gia tri d6 cing ctia hdn hop bé tong
khong thay doi dang ké. Diéu nay phu hop véi quy luat
lwong nude khong déi ciia hdn hop bé tong.

VN \ VC A
va —,— deu
VCKD VCL

anh hudng theo chiéu ty 1€ nghich véi gid tri cuong do nén

Hon nita, tir hinh 3 thdy ring, cac ty 18

ctia bé tong & tudi 28 ngay. Pidu ndy c6 thé duoc bién gidi

KHOA HOC
SCONG NGHE

67(9) 9.2025

hu sau. V6i 15 18 v\c% tang thi ham lugng nude d gop
phan tang do luu dong cho hon hop bé tong, dong thoi ton
tai trong khéi bé tong dudi dang cac bot khi, ting do rong
va tir 46 giam cudng do nén ciia san pham sau khi cimg rén.

Ty 16 \‘//—; ciia cbt liéu qué nhé hay qué 16n ddu c6 xu
huéng lam cho cuong d6 nén BTDL giam. Khi \\//—; thap,
ham lugng cdt liéu tho 16n, thé tich vira BTPL s& khong du
dé dién day khoang trng giita cac hat c6t lidu tho, 1am giam
d0 dic chic cua ciu trac, khién cho cuong do bé tong giam.
Khi ty 1¢ cat/cdt liéu cao s& lam dan cach cac hat cbt liéu
16n, anh huong khong tt dén d¢ on dinh bo khung chiu luc
ciia BTPL [1-4]. Hon nira, trong nghién ciru nay, hon hop
BTDL ¢6 ty 1€ ho/vita r,, =0,42 khong d6i nén khi cét tang,
luong hd chét két dinh khong da bao boc bé mit cac hat cat,
anh huong khong tot toi hé s6 1én chat hon hgp BTPL va
d6 bam dinh cua cdt liéu trong BTPL, do d6 cuong do cua
bé tong giam.
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4. Két luan
Két qua nghién CL'ru cho th?iy, anh hudng cua ty 1€ theo

dén d6 ctg cta hdn hop bé tong

N
VCKD VC
va cuong do nén cua BTDL la o rét va da dugc moé phong
bang cac phuong trinh hdi quy béac hai.

Céac ham sb nay c6 thé dugc s dung dé nghién ciru,
phan tich anh hudng cuia cac thong sb diéu khién dau vao
dén do ctg cua hdn hop bé tong va cudng do nén cia bé
tong, cling nhu c6 thé sir dung dé xac dinh cap phbi tdi vu,
dap tng cac yéu cau dit ra.

Nghién ciru cho thay, khi ty 18 thé tic

C
gia tri do cing cta hdn hop bé tong da thay doi manh, cac
duong dong mirc vé do cimg thay doi rd rét trong khoang
30-35 giay.

Cuong do nén ciia BTPL & tubi 28 ngay ty 18 nghich véi
Vv a Vic
VCKD ‘f VCL ’ N
nudce da gop phan tang do luu dong cho hon hop bé tong,

. W . s
céc ty 1& Khi ty 1¢ =~ tang thi ham lugng
CKD

ddng thoi ton tai trong khéi bé tong dudi dang cac bot khi,
tang do rong va tir 46 giam cuong do nén cua san pham.
Ve

Hon nira, ty 1& =
CL
xu hudng lam cho cuong d6 nén BTPL giam.

ctia ¢t lidu qua nho hay qua 16n déu cd

Kién nghi: C6 thé sir dung phuong phap quy hoach thyc
nghiém bac hai dé nghién ciru tiép cac tinh chét quan trong
khac cia BTDL nhu: thoi gian dong két cia hdn hop bé

tong, d0 mai mon, kha nang tham nudéc. ..
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