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Tém tit

Bai viét d sir dung phuong phap quy hoach thye nghigm 4& mo phong anh hu'émg‘cuahty‘le nuée - xi mang (N/X)
va cét - chét két dinh (C/CKD) dén cac ham muyc tiéu bac hai la cuong do nén cua bé tong phun hat min tai cc
tudi khac nhau. Tir cac ham muc tiéu thu dugc da chi ra r&ng ca hai pién N/X va C/leD déu co~anb~.hu‘<?f:1g déng
ké dén cac gia tri cia md hinh thuc nghiém. Pbng thoi, sir dung phan mém Matlab va M.aprle daAble}J dlet) duq€
céc bé mit bidu hién, dudng ddng mirc ciia md hinh thyc nghiém va xac dinh dugc gié tri lomxnhaAt cla cuong dO
nén & 3, 7, 14 va 28 ngdy cua bé tong. Hon nira, tuong quan giita cuong do nén 1on nhét ciia mau bé tong theo thoi
gian ciing da dugc x4c dinh trong nghién ctru nay.

Tir khéa: Mo phong, Bé tong phun hat min, Cuong do nén, Bién anh hwong, Ham muc tiéu.
Abstract

The paper uses the mathematical method of two-factors rotatable central compositional planning to simulate the
effect of the ratio of water-cement (N/X) and sand - binder (C/CKD) as the input parameters on the objective
functions of compressive strength of fine-grained shotcrete at different ages. From the obtained objective
functions, it has been shown that the both two-input parameters have a significant influence on the values of the
experimental models. Particularly, the use of Matlab and Maple software shows the expression surface, the contour
line of the experimental model and determined the maximum value of compressive strength of fine-grained

concrete at 3, 7, 14 and 28 days. Furthermore, the correlation between the maximum compressive strength of
concrete over time also was investigated in this study.

Keywords: Simulation, Fine-grained shotcrete, Compressive strength, Parameter, Objective function.

1. Téng quan

Trong xay dung hiéq dai ngé,y nz‘a.y, b§ tong hat min da ngay cang dugc su dung da dang hon,
tir vét liéu hoan thi¢n be mat dén két cu chiu luc trong nha cao tang [1], cong trinh thuy [2],
cong trinh bién va nhiéu cong trinh dac biét khac. Nhitng nam gan day, trén thé gioi ciing nhu
Vié:t Nam da sur dung nhicu loai bé tong hat min cudng d6 cao trong xay dung cac cong trinh
ngam voi hiéu qu?\ cao ,[3, 4']. Bé tong phun da dugc phat minh vao nhing nam dau cua thap ky
90, nhqng ghéi dén cuoi thé ky 20 logi bé tong nay méi dugce xem la mot trong nhitng vé.t liu
dung dé chong giir cac cong trinh ngam [5, 6]. -

l,(hi ﬁr,lg dung bé tong hat min véi cudng do cao dé lam bé tong phun, do kha nang dong két
va ran chac nhanl}, khi dugc phun 1én thanh vach hoic mai déc cua dudng ham, hd hop bé tong
phun bam dinh tot, g‘ié\m lugng bui phat thai ra moi truong, khong tao ra vat liéu th{‘:a roi vai
ta~i chan cac du‘ong,hén} Mat khzig, khi st dung két hop véi céc loai i)hu gia‘ bién tinh d’ﬁ tao ra
hén hop nude - chét két dinh - cbt li¢u ¢6 tinh cong tic t6t, dong két nhanh dam bao cde yéu
cau doi véi hon hgp bé tong phun tai hién truong [3]. 4
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g phap thiét ké, mo phong va
& su ¢ mit cua cépg cy may
hwong phép so hiéu qua,

Hon nira, trong cong ngh¢ bé tong hign dai co rit phiéu phuon
t6i wu hod thanh phan cua hén hop bé téng. Tuy nhién ngay nay nh
tinh va cac phian mén ton ing dung da cho phép lya chon émg dung p
@6 chinh xdc 16n va tinh kha thi cao.

Theo [7, 8, 91, quy hoach thyc nghiém trén co 5o mo hinh thong ké duge sir dung d¢ nghicn
ciru nhiéu di twgng khc nhau, trong dé c6 déi twong 14 cac thanh phan vt liéu anh huong i
céc tinh cht cua hén hop bé tong, ciing nhu bé tong. Cée qué trinh xay ra trong cac doi tuong
nghién ctru - hdn hop bé tong duge dic trung bing céc bién anh huong, gitra chiing c6 quan h¢
nguyén nhan - két qua. C4c bién déng vai tro nguyén nhan, goi la bién vao, con cdc bién phan
anh két qua do nguyén nhan gdy ra, dugc goi la bién ra. Bién vao c6 thé kiém soat va ciing €O
thé diéu khién duoc.

Trong bai viét nay da md phong anh hudng cia hai bién 1 ty 1 nudc - xi mang (N/X) varty
1€ cat "Chét két dinh (C/CKD) dén cuong do nén ciia cic mau bé tong hat min tai céc tudi khac
nhau bang phuong phap quy hoach thuc nghiém béc hai tam xoay cua Box-Wilson. Pong thoi,
cac bé mat biéu hi¢n, dudng ddng murc va gia tri cyc tri ctia cac ham héi quy cling da dugc xac
dinh trong nghién ctru nay.

2. Vit liéu va phuong phap nghién ciru
2.1. Vit liéu swr dung.
Vat ligu da st dung trong nghién ciru nay bao gom:

(1). Chat két dinh (CKD) bao gém la Xi mang Poocling SEM [ 42,5 N Holcim
(Serebryakovutions) (X) thoa man ti€u chuin GOST 31108-2016 (Nga), tro day (TD) loai F cua
nha may nhiét dién tai khu vuc “Kansko-Achinskogo” thoa man GOST P 56592-2015 va Silica
fume SF-90 (SF-90) cua Elkem. Thanh phan hoa hoc va céc tinh chét vat ly co ban cua xi mang,
tro day va silica fume dugc thé hién trong bang 1.

Bang 1: Thanh phan héa hoc va tinh chéit vat Iy ciia tro ddy “Kansko-Achinskogo”,
silica fume SF-90 va xi miing Poocling SEM 1 42,5 N Holcim

Loai vat liéu Tro day Silica Fume SF-90 Xi mang Poocling

SiO, 61,22 91,65 20,4

ALOs 31 2425 4.4

Fe,Os 5,85 2,47 5.4

SO3 2,42 - 34

K>O 1,25 - 2

Na,O 593 0:55 0,3

MgO 0,57 - 25

CaO 152 0,51 60,2

P05 1,03 0,03 :

Lugng mat khi nung 4,14 2,54 229
Ty dién bé mat riéng (m*/g) 5,82 14,45 0,365
Khéi lugng riéng (g/cm’) 235 2,15 3,15
Khéi luong thé tich khd (kg/m’) 575 760 1250

3185



ng (C) (Schyolkovo Nga) chét lrong tét,

2 Ja cat va
(2). C6t liéu nho st dung trong bé tong i e G

thoa man GOST 8736-2014, dugc s dung lam cbt -
chét vét 1y cua cdt lidu nho sir dung da dugce thé hién trong bang

Bing 2: Tinh chét vat Iy cia ¢6t liéu nho sir dung

2 2 2 S Z3 3 Po A L
Kich thuéc hat | Khdi lugng thé tich [Khéi luong riéng|  Khoi luc{ng thé t130h (.; s 1\(’;0 d’un
(mm) kho (kg/m’) (g/em’) dim chat (kg/m’) (%) 0 1on
Q86 25 1520 2,65 1660 3 3,1

(3). Phu gia siéu déo SR 5000F «SilkRoad» (SRSOOO) ¢6 khoi lugng riéng 1,1 g/m® & nhlet
do 25 + 5°C. bay la loai phu gia giam nudc tam cao, thé hé 3, c6 thanh phan dya trén gic

Polycarboxylate.

(4). Nude sach (N) duoc sir dung dé lam nude tron hén hop bé tong va bao dudng mau thi
nghiém, thoa man tiéu chuan GOST 23732-2011.

2.2. Phwong phdp nghién ciru

- Str dung phuong phap laze trén may nhiéu xa «BT-93002» (Trung Qudc) di xac dinh dugc
thanh phan hat ciia xi mang, tro day va silica fume SF-90.

- Thanh phan bé tong hat min duoc thiét ké theo phuong phép thé tich tuyét ddi va két hop
gira ly thuyét tinh toan va thuc nghiém.

- Tinh cong tac ciia hdn hop bé tong duoc xac dinh bang do sut cua con tiéu chuén kich
thude 100x200x300 mm, theo GOST 10181-2014.

- Cudng d6 nén cuia bé tong dugc xac dinh trén mau 1ap phuong 100x100x100mm theo tiéu
chuan Nga GOST 10180-2012.

- M6 phong anh huong va xac dinh cdp phdi téi wu ctia hdn hop bé tong duogc thuc hién theo
phuong phép quy hoach thuc nghi¢ém bac hai tam xoay cua Box-Wilson. Phuong phéap thuc
nghiém bac hai tdm xoay cua Box-Wilson cho phép thu dugc mo hinh thyc nghiém chinh xac
hon bang céach ting sb lugng thi nghiém lap lai tai trung tim va mot sé diém thuc nghiém dac
biét tai canh tay don o [10].

3. Két qua va ban luin
3.1. Cdc yéu cau ciia hon hop bé tong va bé tong

- Theo tiéu chuén Nga GOST 25192-2012, bé tong cudng do cao 14 loai bé tong 6 cap do
bén B50 véi cuong d nén trung binh & tu01 28 ngay phai dat 70 MPa. Tir co s¢ d6, trong nghién
clru nay da tmh toan thiét ké thanh phan cap phdi ciia bé tong hat min cudng do cao c6 cuong
do nén yéu cau & tudi 28 ngay trén 70 MPa, tinh cong tac tot vorl do sut 10 +15 cm, dugc st
dung 1am hdn hop bé tong phun trong xay dung cac cong trinh ngdm & cac do thi hodc cac khu
mo cua Viét Nam.

- Silica fume SF-90 v6i muc dich giam lugng Ca(OH), tu do trong bé tong, da duoc chon
bang 10% luong dung xi mang [1]. Tro day nhiét dié¢n duoc su dung v6i hai muc dich chinh:
(i) phu gia khoang min, bo sung thanh phan hat tro nhu mot phan cbt liéu min dé tang do dic
cua cdu triic va giam co ngét cua bé tong; (ii) thay thé mot phan xi mang Pooclang dé giam
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lugng nhiét thuy héa, giam sy hinh thanh vét nit trén két chu. Theo tiéu chudn ACI 211.4R-08,
ham luong tro ddy dugc lya chon bing 30% lugng ding xi méng.

- Luong phu gia siéu déo lay bang 1,5% lugng dung xi mang [2]. Ham lugng khong khi
trong hdn hop bé tong 1a 2,5% thé tich hdn hop bé tong [11].

3.2. Xay duyng mé hinh thuc nghiém
Theo cac nghiém ciru [6, 7] phuong phap quy hoach thuce nghi¢m nham muyc dich tao ra mo

hinh toan hoc dé mo phong va du doén anh huomg ctia cc bién du vao dén tinh chat cua déi

tuong thue nghi€ém dugc coi la cac ham muc tiéu dau ra cua qua trinh nghién ctru. M6 hinh thuc
nghiém trong nghién ciru nay dugc mé ta trén hinh 1.

i Ci(Bién ngéu nhién)
Y

N
—_— TR SO
‘ \ |

| X| .‘\.: Y '\\\
PXo ——u '\ curong @6 cao! Y (H.:!m m.ucluéu /n
\(Bién d&u vao) APy | ciamd hinh) /

Hinh 1: Céu tric mé hinh thuc nghiém

Trong bai viét nay, ham muc tiéu bac hai dugc lya chon la cuong do nén ¢ tudi 3, 7, 14 va
28 ngay cua mau bé tong hinh 1ap phuong cé canh 100mm déi v6i hai bién anh huéng. Phuong
trinh tong quat cua cac ham muc tiéu nay c¢6 dang nhu sau:

Y = bo + b1X1 + b2X2 + baX1X2 + baX12 + bsX2? (1)
Trong do6: Y — la ham muc tiéu cia md hinh thue nghiém; X, va X> - 1a cac bien dau vao;
bo, b1, ba, bz, ba, va bs — 1a cac hé sé ciia ham muc tiéu.

Nghién ciru da chon cac bién so dau vao nham diéu khién ham muc tiéu va khoang bién
thién cua chiing nhu sau:

- Ty 1é nudc trén xi mang (%) ma hoa la X; thay ddi tir 0,30 dén 0,34.

~Ty I¢ cat trén chat két dinh (E%D ) ma hod 1 X, thay di tir 1,2 dén 1,6.

Bing 3: Khoing bién thién cic bién sb trong ké hoach thyuc nghi¢m béc hai

Cacnhanté | Bién Cac diém quy hoach bac hai Mirc quy hoach
anhhuong | mahdéa | -1414 | -1 0 +1 | +1,414 d a=+2=1414
N X, 022 1+0:30 1032 1| 034 |+0:348 81550 09 0,008

X
+ G X 1 10157 S| 240 1 et aa e ) o 0.08
CKD :
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A i tim xoay
Biing 4: Céip phoi thyc nghiém theo quy hoach béc hai ta y

Bién ma Bién thuc Cip MMM)
ST 4 5 Ne e Gl sl onit e MpiBEDO™ | ©C N SR5000
. X T CKD e .
o g e Y PR YR o gtk L T
2 B T g e il iooml 84 |
3 e B B ey i 149 7.4
S B o o e e SEpRIST0” | 1163 | 171 P
S T I R T i s L e 1230 | 180 7.8
6 T4 0 Olop || WepRy e 55T 383 17 55,5 1320 | 122 8,3
7 i | g SERETET | 7D | 1367 153 50
8 0 T4 (T R DN Seie i As T IS | 1106 | 186 QN
9 0 0 S RN 25 ael240 | 168 7.9
10 0 0 Do el e e | 525 | 1249 | 168 7.9
11 0 0 D0a e kit alwbosal oSSR 525 1249 | 168 7.9
12 0 0 el B Ssp s o 525 | 1249 | 168 7,9
13 0 0 U FR BN SOk e s | 1249 168 7.9
Bang 5: Gia tri trung binh cudng dd nén ciia bé tong & tudi 3 va 7 ngay
sTT| X, X, c WeER (l§4Pa) . Y; = R; (MPa)
Y vl (Y3/'_Y3i)2 (Y031_Y031‘)2 Yy \;7/‘ (Yn‘\;n')z (Yo7j_907j)2
ji Ml +1 | 32,51 31,29 1,498 . 46,51/47,07| 0,319 2
2" +1 | 33,55 [33,49| 0,003 é 48,83(53,13| 18,454 2
3| +1 -1 1/1430:45:1/30.08( 10:087 - 45,08(43,74| 1,798 .
g Xy ik (43100813000 W Tiga0 4 4817[49,79| 2.625 2
SAI4 0 {2987 (3085 0,955 5 43954491 0919 ;
6 [-1414| 0 |3485(3396] 0,791 g 57.28]53.44] 14.737 :
Tl 0 |14l 3108 | 39,027 0547 ) 53,12(50,04| 9,478 :
8 1l (4141 3007 13032 0405 g 45,144534] 0,039 v
91 0 0 |32,85(33,64| 0618 0,618 |53,96|55,44| 2,196 2.196
10| 0 Oieid. 34,05'133,64 | = 0,171 0,171 55,5255 44] 0.006 0’006
1ils g0 0 | 33,64 (33,64| 0,000 0,000 mﬂw—l’g—w—
TN 0 | 334 [3364] 0,056 0,056 Eﬂwﬁ—
B4 0 ’o 34,24 33,64| 0,365 0,365 Mm e W—
Y; z(sg,—j@,f =6,706 | S32=0838 | Vg~V 2 =1210 | 8,2 =0,302 S;»jT,ISZ:
Yy | 2(Y;-Y,f =57,181 | 8:2=17,148 2(Yor; ~Yor;)* = 8,811 Sy = 0,4108
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Bang 6: Gi4 tri > bi i :
. 14 trj trung binh cwimg d9 nén ctia mAu bé tong & tudi 14 va 28 ngay

%y X, : Y.r* Ru(’\/ﬂ’a) - Y28 = Rog (MPa)

1] +l +1 62:7 Z:Mﬁ 12 33:/)2 oy ~YorsP | Yoy | Yo I
64,04) 6, . 72,45 (69,67| 7,703 -

2] 1 | +1 1700076800 TR - 7597 |74,36] 2,598 -

3|+ L 6855 62/08] Wliee g 68,4 (68,00 0,163 -

4" Pl -1 | 6744 166,07| 1,882 : 74,04 (72,68 1,850 -

5 [F1414) 0 | 60,05 [61,68] 2,655 : 65,85 [67,25| 1,968 -

6 |-1414| 0 | 6587 67,30 2,036 . 72,64 73,86 1,480 -

7] 0 |+1414| 64,75 |67,000 5,083 . 70,75 |72,98| 4,986 -

8| 0 |-1414| 63,44 |6424] 0,643 5 70,23 (70,62| 0,149 -

9] 0 0 | 687 |69,28) 0,341 0,341 74,7 (75,86 1,346 1,346

10| 0 0 | 71523716008 o CAgk Tk s G 3,803

0 0 | 6742 (6928 3474 3,474 | 7495 |75.86| 0,828 0,828

2y 0 0 | 6895 (6928 0,112 0,112 | 75,55 |75,86| 0,096 0,096

13| 0 0 | 70,12 |69,28] 0,699 0,699 | 76,29 (7586 0,185 0,185

Yia| 2(Yq; —YiajP =32,163 | Sia? =4,02 | 2Yyraj — Yoraj 2 =8,413 | Sia’=2,103 | Siap =0,4022

Yas| X(Yog; = Yog; P =27,155 | Sase® = 3,394 | Z(Yous; — Yos; 2 =6,257 | Sawi? = 1,564 | Sase; = 0,3468

Theo cac nghién ciru [8, 10], s6 thi nghiém trong ké hoach bac hai tim xoay cua Box —
Wilson dugc xac dinh theo cong thire (2):

N= 2K + 2°Kk + no = 22 + 2*2 + 5= 13 )

Trong d6: k - s6 bién thuc nghiém;

no - s6 thi nghiém 13p lai & tim ciia md hinh thuc nghiém.

Céc cAp phdi thuc nghiém cua 13 diém déi v6i hai bién dau vao X va Xz da duogc trinh bay
trong bang 4. Bén canh do, gi tri trung binh cudng d6 nén cua bé tong & tudi 3, 7, 14 va 28
ngay da dugc mo ta chi tiét trong bang 5 va 6.

3.3. Xdc dinh ham héi quy dé mo phong anh hwong ciia cdc bién dén ham muc tiéu
Ap dung cic cong thirc toan hoc theo ly thuyet quy hoach thuc nghiém bac hai tdm xoay

cua Box — Wilson va sur dung phan mém Matlab, da thu dugc cac phuong trinh hdi quy bac hai
vé cuong do nén ¢ cac tudi 3, 7, 14 va 28 ngay cua mau bé tong hat min twong (mg c6 dang nhu

sau:
Rs= 33,64 - 1,107*X1 + 0,6052"X2- 0,5905*X12- 0,0675*X1*X2 - 1,212*X2? 3)
Ry= 55,45 - 3,035"X1 + 1,673"Xz2 - 3,108*X12 + 0,1925*X1*X2 - 3,855*X2? ()
R14= 69,28 - 1,998" X1+ 0,0826*X2 - 2,347*X4? + 0,2125"X1*Xz2 - 1,776*X2%) (5)
Ros= 75,85 - 2,349"X1 + 0,8417*Xz - 2,599"X12 + 0,53"X1*X2 - 1,972*X2? ©6)

i)



T
jC VA XA NG 2019 N2 -
HOI THAO QUOC TE VE KIEN TRUC vA XAY DU (oh todn theo h
‘ i tri tinh todn theo ham my
ok ham hdi quy (3): ), (5? va (6): 2
ey 4c bang 5 va -

inh bay trong €

ia A ic di a tr 5
tidu - Y, va Y, da duoc xéc dinh va A o
S cua cac ham hol

[ 4n s6 Student (t
£ quy theo chuan s6 4
a). Kiém tra tinh c6 nghfa cua cdc hé 5O bj
(£)). Hé sb bj c6 nghfa néu: 4

tpy = ta(f2) i Bt

5 4i mirc do c6 nghia la o= 0,05,
Trong dé: (t (f2)) 12 gié tri tra bang clia chuan SO %tuden; Vf’; g:i e e
bac tu do lé;; lai f2~= Nx(k_l).: Bl = 15 Tra bang 3.2 cu ; ,
(13)=1,7709.

2o i .« dinh theo cong thuc (8):
e Gia tri ctia chuén s Student ty; doi V01 hé so by dugc xac din

8
=M:>|b/’=‘b/xsb/ 9
S

by

D léch tiéu chuin Sy cia phan b by duge xéc dinh theo cong thire (9) va gid tri ghi trong

bang 5 va 6:
o [5G ©)
BTN

e Trong d6 N Ia téng s6 thi nghiém (N = 13) va 7 la phuong sai 1ap, duoc xac dinh theo
cong thirc (9) va céc tri da duoc dua ra trong bang 5 va 6.

M=

(Yo% f )

m-1

23 8¢V
SII_

Trong d6: m - S6 thi nghiém lap & tim (m = 5), Y, - gié tri thu dugc cua thi nghiém tht i ¢
tam ke hoach va Y, - gié trj trung binh cua cac thi nghiém & tam.

k. b.
Theo tinh ¢6 nghia cua chuan s6 Student: toj = ta(f2) trong do: by = |S_/| g
bj

TI:I d? thu duoc|b,|> ¢, (f,) x S,;. Do d6, hé sé b; cua phuong trinh ham hdi quy duoc coi la c6
nghla, nEU: [b)] > ty055(48)x S, = 17709xS,;. Theo gié tri tra bang clia chudn s Student, va gia
trg Sk da duoc tinh toan v{1 liét ké trong bang 5 va 6, phuong trinh ham héi quy bac hai thu gon
veé cuong d6 nén & cac tudi 3, 7, 14 va 28 ngay cua bé tong hat min tuong rng cé- dang: .

Ra= 33,64 - 1,107*X1 + 0,6052*X; - 0,5905*X12- 1,212*X,2:

R7= 55,45 - 3,035*X1 + 1,673*X; - 3,108*X42 - 3,855*X2:
R14= 69,28 - 1,998*X1+ 0,9826*X; - 2,347*X42-
R2s= 75,85 - 2,349*X1 + 0,8417*X, - 2,599*X4

(R?=0,7837) (10)
(R?=0,8134) (11)
1,776"X2%; (R2 = 0,7427) (12)
2-1,972"X2%; (R2 = 0,8158) (13)

b). Kiém tra tinh tuong hop clia mo hinh the An <&
, SRR 0 chuan s¢ Figh : o MR
tinh twong hop ctia mo hinh thi nghiém dugc kiém tra theo cﬁr';The? cz}c nghién ctru [9, 10],
(14): uan so Fisher, theo cong thirc
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FoSi (14)
S , Si

bl S‘,, 1a phwong sai 13p, dugc xac dinh theo cong thire (9) va cac tri da dugc dua ra trong
bang 5 va 6.

by 1:3‘ phuong sai du, duge xéc dinh theo cong thie (15) va cac tri ciing da duoc trinh bay
trong bang S va 6.

VR (15)
s2 o 1)
2 N-B
Trong do: Yi; Y, - gid tri thuc nghiém va gia tri tinh toan cua ham muc tiéu; N - s thi
nghiém (N=13) va B - 50 hé 56 c6 nghfa trong phuong trinh hdi quy béc hai (B=5).

Bén canh dO F, (f,.f,) 1a gid tri cua chun sd Fisher, xac dinh bang céach tra bang 3.5 clia tai
idu [12] 6 mc ¢ nghia o = 0,05; bac ty do lap 2=m - 1=5-1=4;bactydo dufi=N-B
=13 - 5= 8. Tu d6 da thu dugc Fos (8, 4) = 6.0410.

' Theo cé§ gid tri cuia §; va s} thu dugc trong bang 5 va 6, da tinh toan duogc gid tri cua chuan
s6 Fisher déi voi cac ham muyc tiéu cuong d6 nén ctia bé tong & tudi 3,7, 14 va 28 ngay lan luot
nhu sau:

Fod = 2,772; Fo’ = 3,245; Fo'4 = 1,912 va Fo?® = 2,169

Do Fo?, Fo’, Fo'* va Fo?® < Foys (8, 4) vy cac mé hinh thi nghiém cuong do nén da dugc xac
dinh thong qua céac ham hdi quy bac hai (3), (4), (5) va (6) la tuong hop véi bl tranh thuc
nghiém.

Tir cac két qua phan tich bé mat biéu hién cia cac phuong trinh hoi quy thu gon (10), (@A
(12) va (13) voi cac hé sb twong quan (R?), twong Ung, 1a 0,7837; 0,8134; 0,7427 va 0,8158 da
chi ra ring ca ty 1¢ N/X va C/CKD d8u 6 anh huong dang ké dén cac gia tri cia mo hinh thuc
nghiém.

) Biéu dién bé mit va cac duong ddng mirc ciia phuong trinh hoi quy

Bing céch sir dung phin mém Matlab, cdc hinh anh cta b3 mit biéu hién va duong dong
mitc twong (mg ctia phuong trinh hdi quy (10), (11), (12) va (13) da dugc dua thé hién trén Hinh
%

a) Ry 33,64 -1,107°K1 + 060522 - 0,5008°%1% - 1.212°X27 (WPa) b) Ry 5645-3,038°X1 + 1,673X2 - 310817 3,856°X2" (MPa)

Curomg 68 nén ci bb 10ng & 1817 ngdy (MPa)

STHGETS T YRR L i W

Cuting a3 nén ciia bé 10ng & Wi 3 ngay(MPa)
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2,
R = 7585-2.349°X1 »0,8017°X2 - 2.599°X1 7. 197232 (MPa)

S

Riq = 6928 - 1,998°X1 + 0,9026°K2 - 24717 - 1,770°X2 *MPa)

L2

R14 69,84
X1:-0,425
X2 0.277

.

Curtmg 83 vdn cla bé tng & tubi 14 ngby (MPa)
-2 2 8 8 38 8 2 28

Curing 63 nén coa bé 16ng & tudi 28 ngay (MPa)
-3 3 2 A Y E A

Hinh 2: B& m3t biéu hién va dudng déng mire ciia cac ham hdi quy bac hai:
a) — (10); b) — (11); ¢) — (12) va d) — (13)

d). Xdc dinh gia tri cudng d6 nén 16n nhét ctia cac ham muc giéu. Str dung phan mém to¢
hoc Maple 13 da xac dinh duoc gid tri cuc tri cua phuong trinh h6i quy (10), (11), (12) va (1
va duoc thé hién trong bang 7.

Bang 7: Gia tri cuc dai ciia c4dc ham muc tiéu va cic bién twong g

Gia trj cua bién ma Gi4 trj cta bién thuc
Gia tri cuc dai
ST P % N C

cua cac ham hoi quy Wi 6 ks _—

. X CKD

1 Max R; = 34,23 MPa -0,937 0,250 0,325 L2113
2 Max R; = 56,37 MPa -0,488 0217/ 0,324 13802
3 Max R4 = 69,84 MPa -0,425 O 0,326 L35
4 Max Ry = 76,47 MPa -0,452 0,213 0,324 1,310

Tuong quan cua cac diém cyc tri nay da duoc biéu thi trén hinh 3. M
d6 nén cuc dai (Y - MPa) va thoi gian (x - ngay) nay tuan theo quy luat
phuong trinh héi quy v6i he s0 twong quan (R? = 0,90424) da dugc ne
qua phan tich da cho thay, moi twong quan thu dugc ciia ba tong hat
phu hop vé6i quy luat phat trién cuong do cua bé tong phu thudc vé(; t
nhén trong nghién ctru truge d6 [1 L[

oi quan hé gitra cuong
ctia ham s6 Logarit voi
urd trén hinh 3. Tur két
rrEjn cuong do cao la kha
uoi cua mau, da duge ghi
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65 |

55 |

® Cac diem cwong d6 nén cyc dai
clia méu thi nghiém.

——Y =23,933"In(x + 1,716) (MPa)

v&i R? = 0,90424,

S
T

T
o

Cuéng d6 nén cla bé téng (MPa)
o

w
o

w
S

3 7 1;1
Tudi mau (ngay)

28

l e Hinh 3: Twong quan gitra cuong do nén cuc dai va thoi gian
4. Két ludin va kién nghi
Tur mot s6 ket qua nghién ciru thu duoc trong pham vi trén, rat ra mot s két luan nhu sau:

- Doi voi bé tong phun hat min ¢6 cudng dé cao sir dung phu gia siéu min Silicafum SF-90
V’él tro day loai F, phu gia siéu déo SR 5000F «SilkRoady, c6t liéu nho 1a cat vang co chét lugng
tot va xi mang Pooclang SEM 142,5 N Holcim, quan hé bac hai giita cudng do nén & tudi 3, 7,
14 va 28 ngay v6i cdc bien X (N/X) va X, (C/CKD) di duge mo phong bang cac ham hoi quy
(10), (11), (12) va (13). Cac ham hdi quy nay la tuong hop véi bure tranh thuc nghiém.

- Str dung chuong trinh todn hoc Matlab va Maple da biéu dién dugc cac bé mat biéu hién
va duong dong mic ctia mé hinh thuc nghiém, dong thoi da xéc dinh duge gia tri 16n nhat ciia
cuong do nén ¢ 3, 7, 14 va 28 ngay cua bé tong.

- Twong quan gitra cudng do nén cua bé tong phun hat min cudong do cao theo thoi gian tuan
theo quy luat ciia ham sé Logarit véi hé s6 twong quan R? = 0,90424 va kha phu hop véi quy
luat phét trién cuong do ctia bé tong phu thudc vao tudi cua mau.

Kién nghi: C6 thé sir dung phuong phép quy hoach thuc nghiém bac hai dé nghién ctru tiép
cac tinh chét quan trong khéc cta bé tong phun nhu: do chay cia hdn hop bé tong, thoi gian
dong két cua hdn hop bé tong, thoi gian phun bé tong hop 1y, phuong phép phun....
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