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St dung mé hinh héi quy phi tuyén bac hai dé t6i vu hoa cac yéu td anh

huéng dén cuong d6 va do chay xoe ctia bé tong tinh ning cao
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KEYWORDS

bbi véi bé tong thudng (CVC), quy trinh thiét ké cip phébi bé téng tuong dbi don gian, thong thudng chi cin
thit nghiém maot s6 cip phéi véi ty 1é xi ming khac nhau, chi phi mot dot thi nghiém 13 khong dang ké.
Trong khi d6 dé thiét ké cAp phéi bé tong tinh ning cao (HPC), do phai xac dinh cip phédi sao cho thoa man
yéu cau ky thuat, trong d6 quan trong nhét véi HPC 14 yéu ciu vé cuwdng do chiu nén va do chay xde. Hién
nay céc co quan, doanh nghiép, cic nha nghién citu thidng phai tén rit nhidu cong stic, kinh phi dé 1am thi
nghiém va thi nghiém hién truong. Bai viét nay, tic gia da st dung phuong phap quy hoach thiyc nghiém
dé tim ra cAp phéi téi wu cho bé téng tinh ning cao v&i mdc bé tong thiét ké di cho ban diu, théa man yéu
cAu vé& cudng d va dd chay xde ma sb thi nghiém phai lam 13 it nhét. K&t qua nay c6 thé dung dé tham
khao trong quy trinh thiét ké& cAp phdi HPC nhim giam kinh phi 1am thi nghiém.

ABSTRACT

Conventional vibrated concrete (CVC)
High performance concrete (HPC)
Compressive strength

The spread

Experimental planning

Optimal mix

For conventional vibrated concrete (CVC), the concrete mix design process is relatively simple, usually
required to test some of mixes with different cement ratios, the cost of one test is insignificant. Meanwhile,
to design ultra-high performance concrete mix (HPC), it is necessary to determine the mix to meet technical
requirements, of which the most important for HPC is the requirement for compressive strength and the
spread. Currently, agencies, businesses, and researchers often have to spend a lot of effort and money to do
experiments and practical tests. In this article, the author used the experimental planning method to find the
optimal mix for initial ultra-high performance concrete for a given initial design concrete grades, meet the
requirements of strength and spread with the least number of experiments. This result can be used for

reference in the HPC mix design process to reduce experiment costs.

1. Giéi thiéu

Viéc xuét hién vat liéu bé tong sau d6 1a bé tong cbt thép da lam
thay dbi, tao nén cudc cich mang trong nganh xay dung. Cling véi
nhiing tién bd ctia khoa hoc ky thuat ciing nhu su tién bd trong linh vuc
toan hoc, héa hoc, vat 1y, nganh vét liéu xay dung c6 nhiing d6t pha
16m trong cong nghé ché tao va thi céng cac loai vat liéu mdi, 1am nén
nhitng ky tich méi trong nganh xay dung.

Trong vai thap ky gin day, quy mé va téc db xiy dung dic biét
14 cdc cong trinh ciu dudng, nha cao ting, nhi siéu cao ting st dung
céc két cAu vo moéng, két cAu c6 tudi tho cao, két cAu than thién véi
mdi trudng ngay cang phat trién trén thé gii ciing nhut tai Viét Nam.
Bé tong 12 loai vat liéu dwgc sit dung rit phd bién v&i khéi lvong 16m,
chiém Kkhoang 60% khéi tong céc két cAu cong trinh xdy dung. Theo
két qua khao sat thi bé téng duge sit dung cho cong trinh & nuwéc ta hién
nay phd bién vin 12 bé tong thudng véi cudng d6 nén 15-30MPa cho
cong trinh thip tAng va 30-50 MPa cho nha cao tAng va céc cong trinh

cAu him 16n. Véi sy phat trién manh mé ctia khoa hoc hién dai va xu
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thé chung ctia thé giéi ddi hoi chét long cho bé tong trong cong trinh
xdy dung ngay cang cin dugc nang cao [1].

Tuy nhién, théong thuong nang cao cuong do chiu nén cho bé
téng thi kha ning chiu kéo, udn khi bé tong bién dang ciing ting khong
déng ké. Cac loai bé tong thudng, bé tong cudng d6 cao vin chwa dap
ing hét duoc nhu ciu st dung trong cdc cong trinh x4y dung c6 yéu
ciu ky thuat cao vé két cAu chiu hic. Bé tong chét lugng cao tiéng tiéng
Anh 13: High Performance Concrete — (HPC ) 1a két qua nghién cttu ctia
cac nha khoa hoc Hoa Ky, Nhat Ban va chiu Au nhitng nim 70-80 ctia
thé ky trudc, trén co' s& phat trién phu gia siéu déo Polyme thé hé méi,
nén bé téng HPC chua dwgc biét t6i nhidu nhung lai ¢6 céc dic tinh
Vot trdi vé tinh cong téc, tinh co hoc, do bén ciing nhu cuong do ot
hon so v&i bé tong thong thudng va bé tong cuong d6 cao. Viéc nghién
cttu bé téng HPC dugc dién ra nhidu noi trén thé gidi ciing nhu tai Viét
Nam. Tuy vy cic nghién cifu va Gng dung & Viét Nam chwa nhiéu, do
d6 viéc nghién cttu cudng d6 ctia bé téng HPC stt dung cho két ciu cong
trinh & Viét Nam 12 hwéng di khoa hoc tién tién va rét cip thiét. bay

12 loai vat liéu tiém nang mang lai nhiéu két ciu séng tao cho nganh

JOMC | 30



Tap chi Vat liéu & Xdy dung Tdp 13 $6 05 ndm 2023

x4y dung, d6 bén viing cao, giam thidu 6 nhiém méi trudng tic dong
ctia hiéu tng bién dbi khi thai [2-3].

Pé st dung cho nhitng b phan chiu lyc 16n va phiic tap nhv thap
ciu day ving hay khu vue 18p diit cic u neo cdp, muc tiéu can nghién
ctiu cong nghé ché tao dugce bé téng HPC c6 cudng d6 cao (60MPa) va
d6 chay xde (tit 600mm) tré 1én. Bé téng HPC dugc ché tao bi nhitng
thanh phin vat liéu c6 chét luong cao, cAn duge chon lia mét cach cin
than va t6i wu héa trong thiét ké. Bé téng tinh ning cao c6 ti 1& nwée /
xi ming thip, thudng 1a tir 0,2 dén 0,45. Phu gia siéu déo thuwdng duoc
stt dung dé 1am cho HPC déo hon va ting tinh cong téc clia bé téng. Bé
tong tinh ning cao hiu hét c6 cuwdng d6 va tinh bén cao hon bé téng
thuong [4-6], [11].

C6 rat nhidu phuong phép thiét ké cip phéi cho bé téng tinh ning
cao da duge dé xuét. Trong cac phitong phép, didu quan trong dau tién
dugc dua ra 14 lya chon ty 1& nuwée/ chét két dinh (N/CKD) cho cuong
d6 bé tong thiét ké nhit dinh, mic dii ty 16 N/CKD khéng phai 1a mét
yéu t6 du béo tbt vé cudng d6 nén cuia HPC. Viéc st dung cic phu gia
nhu Silica Fume két hop véi mot lugng phu gia siéu déo phit hop 1a
cach thuong dung dé ché tao HPC [7-8].

Vi vy muc tiéu ctia bai béo 1a luta chon dutge cAp phéi téi vu cho
bé téng tinh nang cao v§i cudng d6 chiu nén 60MPa va dd chay xoe 16n
hon 600 mm. Két qua nghién citu nay ciing da phan tich nhitng yéu t6
anh huong truc tiép dén cuong do6 ctia Bé tong tinh ning cao, xay dung
bai toan t6i vu cac yéu t6 anh hwéng nay, 1am ré cac thanh phin va
phuong phép thi cong Bé tong tinh ning cao va dé xuit pham vi s
dung Bé tong tinh nédng cao trong linh vuc xay dung [10].

2. Nghién citu xay dung mé hinh hdi quy

2.1. Lua chon ham muc tiéu.

Thiét ké cAp phdi bé tong tinh ning cao theo phwong phap ctia
ACI. Dé dat cuong d6 cao v&i vé6i ty 1é N/CKD thép va dé dat duoc tinh
cong tac tdt thi phu gia siéu déo dwgc sit dung hop 1y [4].

Bai bdo 4p dung bai to4n quy hoach thyc nghiém dé tinh toan
dya trén ké hoach thiie nghiém c6 khoa hoc dé luta chon thanh phin
HPC t6i vu nhim thoa mian 2 ham muc tiéu 13: Cudng dé chiu nén va

d6 chay xde ctia HPC sao cho cp phdi ctia né 13 téi wu nhét.
2.2. Luta chon cdc yéu td dnh huéng.

Céc yéu t6 anh hwdng dén cuong d6 chiu nén va do chay xoe ciia
HPC bao gdm nhidu yéu t6, nhung dé giam thiéu sb thi nghiém, cin
thiét phai gia thiét mot s6 yéu td giit nguyén khong thay dbi nhu: Ham
lwong nudc, cbt liéu (cat, d4) da tinh todn duoc so bd ban diu, trong ké
hoach thifc nghiém khéng thay déi. Nhw viy anh hwong ro rét nhit dén
2 ham muc trén tiéu gdm 2 yéu té:

Z, : Lugng dung xi ming trong 1 m> bé téng (kg). S¥ dung xi
ming PC40, cidng d6 dat 48MPa & tudi 28 ngay [12].

Z, : Ham luong phu gia khoang so v&i tong lwvong CKD (%).

Duta vio cAp phdi HPC ctia mét s6 nwtde va khao sat dugc ctia mot

s6 cong trinh tai Viét Nam, bai béo chon gia tri bién thién ctia 2 yéu t6
anh hudng, nhv Bang 1.

Bang 1. Gi4 tri va khoang bién thién ctia cic yéu t6 anh huéng.

Gid tri Z, (kg) Z,(%)
Khoang bién thién 350 < Z, < 450 5<7,<25
z? 400 15
AZ; 50 10

Pé tién tinh cac hé sé thic nghiém ctia mé hinh todn hdi quy va
tién hanh cac buée xit 1y sb liéu khéc, ta chuyén sang gia tri ma héa
khong th nguyén, vdi gia tri can trén va can dudila +1 va -1, gia tri
trung binh: x? = 0 (gbc toa dd).

.70
v6i = 1,23, .., k; v6i k 1a s6 Iuong bién
J

Nhu vay ta c6: x; =
s6 diu vao, trong bai todn k=2;
Z;: Gid tri thite cta tham s6 diu vao thi j (con goi la bién sb thuc);
x;: Gi4 tri ma héa cta tham sb diu vao thit j (con goi la bién s6 ma héa);
Z°%: Mitic co s& ctia tham s6 dau vao thit j;
Zmax _ Zmin
_4 j
4G =T

2.3. Xay dung mo hinh

P2 xuit mé hinh hdi quy phi tuyén bac hai va ¢6 dang nhu sau [9]:
Y = by + X5 bix; + Yujer by + o+ Xy byx? (€]
u#j
trong d6 cac tham s6 by, bj, bj,,, k dugc xac dinh theo cong thirc:
b, = Sy, _ Iaxivi _ N axicayi 2

T oxg Y Zlivzl(x}i)ZI TN ()

Cu thé phitong trinh hdi quy c6 dang :

y = by + byx; + byx, + byyxyx, + by xE + byyx? 3

Tién hanh thém cac thi nghiém theo ma tran ké hoach thutc kiém
truc giao bic 2 bang 2 dé x4c dinh mé hinh.

Trong ké hoach thuc nghiém truc thite nghiém triie giao bac 2
vAn cin c6 ca céc thuc nghiém Lip lai tai tim bd sung.

Pé don ta gian sit dung dang riit gon tiic 12 chi ditng lai & 2% 13 4
nghiém, nhitng diém thyc nghiém méi dugc duva thém vio 13 nhitng
diém ndm trén truc toa dd c6 khoang céch bing a tinh tir tim ké hoach
goi 12 c4c diém sao Hinh 1.

Khoang cich a goi 1a cich tay don ctia cic diém sao. Ngoai con
cin bd sung thém mot nghiém thyc & thm. Nhu vdy ké hoach thuc
nghiém bd sung gbém sb thyc nghiém sau :

N=2FK+2n+mn;=224+4+1=9
Trong do:
N- Téng sb thyc nghiém; k - s6 bién s (tham s6) diu vao;
2n - lvong diém sao ;
n, — s6 Iwong thite nghiém & tam ké hoach.

Dé tién tinh toan chon & = 1, nhv vay sé cb 4 diém sao c¢6 céc
toa d6 1a 5(-1,0); 6(1,0); 7(0,-1); 8(0,1);

Trong tinh todn cin xét gid tri x?, tuy nhién do céc gia tri

Xo; x/lubn bing +1 din dén cac biéu thic:
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SNaxopxh#0vayy x% xi# 0 (@)

nén gia thiét v& didu kién ma trén tryc giao khong dam bao. bién s6 (mi hod).

tai 14n thi nghiém i.

X; =

2
xXj— X

Véi y = %Zﬁ‘;l xj; trong d6 x;;]a gid tri ma hoa ctia bién sb tht j

Pé dam bao didu kién ma tran trigc giao cin phai dit thém céc

)

R Thanh phan cip phéi duge sit dung cho ké hoach thizc nghiém
th nghiém nhv Bang 2.

Bang 2. Bang thanh phin cip phéi cho ké hoach thic nghiém.

a TT | N/cK | XM | cat | pa | Nuée | AM- | silicafume
5 A-] A ot (k) |(kg) | (kg) | dam | Af) | S400 | (kg)
@ : (kg) (i
% — 1 |o030 |350 | 775 | 1050 | 140 | 45 116,7
| i & 2 030 |350 | 775 | 1050 | 120 | 4,5 50,0
C:}] C:)z 3 |030 |350 775 | 1050 [ 111 | 45 18,5
4 |o030 [400 | 775 | 1050 | 126 | 45 21,1
I 5 |030 |400 | 775 | 1050 137 |45 57,1
6 |030 |400 | 775 | 1050 | 160 |45 133,3
Hinh 1. So dd c4c diém thuc nghiém cho phuong an thyc nghiém béc 2. 7 0,30 450 | 775 | 1050 | 180 4,5 150,0
8 |030 [450 | 775 | 1050 | 154 | 45 64,3
9 |030 [450 | 775 | 1050 | 142 | 45 24,0

(a) Khudn ddc miu

(c) b6 d6 chay xoe _

(d) Po cudng d6 chiu nén clia miu bé tén
Hinh 2. Dung cu thyc nghiém cho phuong 4n thyc nghiém béc hai.
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Két qua tap hop ¢ trong Bang 3céa =1 va y = 6/9 = 2/3

Bang 3. Bang ké hoach thuc nghiém.

Iy A Iy ~ 2
Bién so thuc Bién ma hoa

TTPA V1 Y2
thue Zy Zy X X4 Xy XX, X =XP—) X,=XxZ—Y%
nghiém kg % (Mpa) (mm)
TN. chinh
1 350 + - - + 1-y=+1/3 1—-y=+1/3 61,01 668,55
2 450 + + - - 1-y=+1/3 1—-xy=+1/3 65,64 632,22
3 350 25 + - + - 1-y=+1/3 1-xy=+1/3 61,01 685,00
4 450 25 + + + + 1-xy=+1/3 1-xy=+1/3 65,64 665,88
Céc diém sao
350 125 + -a 0 O a?—y=+1/3-xy=-2/3 61,01 683,16
6 450 12,5 + +a 0 O a?—y=+1/3—xy=-2/3 6564 645,96
7 400 5 + 0 a O -x=-2/3 a?—xy=+1/3 63,32 610,32
8 400 25 + 0 +a O —x=-2/3 a?-x=+1/3 63,32 660,98
Tam
9 400 125 4+ 0 0 O -x=-2/3 —x=-2/3 63,32 642,66
TN lap tai tdm
10 400 12,5 + 0 -x=-2/3 —x=-2/3 62,01 665,00
11 400 12,5 + 0 O —-x=-2/3 —x=-2/3 61,01 642,00
12 400 12,5 + 0 0 O -x=-2/3 —x=-2/3 63,61 650,00
Cin cif vao céc sb liéu & ma tran thuc nghiém ta tinh dugc cac by = 85105222 +(i§5++1fi5f28:1(18i'if:ff igléziilzo;izz; 0003020 _ 54,96
hé sé b theo céc cong thic ctia (2) : b= (7668'5+ffzzfi;f?fiffiii;ifilngésfz; 00O i5u3
+) Véi ham muc tiéu cudng d6 chiu nén y;: p, =508 7(61322;2 21: f ?EI 1626 i?ﬁ:%: f = ilfff ;2;’60'98 0168
5= (61,01 + 65,64(126+1,221 ++ f25,+6412++611,;]1++1265+,6142- : ii,izlt)63,32 +63,32) — 6332 = (568(,i;+61322,i21;+6§§ : (6]5)5;8:2100:3(;(1;3)+ 0) — 429
-comesopih il dalore b coram ot i oo donfo
,, — (Z6101- 6564+ 61,01 +6564+0x6101+0x6564—6332+6332+0x6332) _ {(§) 3 +GE) +6) +@) +@) +(-3) +(-3) +(-3) }

2 (12+12+412+12+ 02+ 02 + 12 + 12 + 02)
b, (6101 — 6564 —61,01+6564+0X61,01+0 X 6564 —0x 6332+0x 6332+ 0x6332) _
7= (12 +12 + 12 + 12 + 02 + 02 + 02 + 0% + 02) B

b (%61,01 +%65,64+%61,01+%65,64 +%61,01 +%65,64—§63,32—§63,32 —%63,32) 0.005
1= 2z 2 2z 2z 2 2 2 2 2z =
O+ +@+O 0+ @ + (Y + (Y + (D]

1 1 1 1 2 2 1 1 2
_ (§61,01 + §65,64 + §61,01 + §65,64 - §61,01 - §65,64 + §63,32 + §63,32 - §63,32) _
2

(@0 +@ +@ () +-)+0+@ +(-D]}

22

Sau khi tinh dugc céc gid tri by, by,,, b;; phiiong trinh hdi quy sé c6 dang :

y = b} + byx; + byx, + bipxi X, + byxy + byyxy (6)
Dé chuyén cic bién thanh cac bién xjcén thay biéu thic (2) vio
(4) c6 duogc:
¥ = by + byxy + byxy + bioXiXp + byy (xf = ) + by (6 — x) =
= by — x(byy + by2) + byxy + byXy + bipxy X, + byy X7 + byoxf =
= by + byx; + byxy + bipX, X, + by X2 + byyx2 = 7
= by + byx; + byx; + bipx.X, + by X2+ byyxt =
trong d6:
by = by — x Xk, bj; =bg — x(byy + byz) (€)
Thay sb vao (9) ¢ :

2
bo = b5 = x(bys + bz2) = 63,53 =2 (0,005 +0) = 63,53
Két qua c6 duge phuong trinh hdi quy phi tuyén bac 2:
y, = 63,53 + 2,315x, + 0,005x2 )

+) V6i ham muc tiéu do chay xoe y,:

1 1 1 1 2 2 1 1 2
_ (36685 +3632,22+ 3685+ 366588 —3683,16 —3645,96 +3610,32 +3660,98 — 3642,66) _
22 = pl pl 2

B+@ OO+ ()@ @ +(-D)

2
by = by = x(biy + ba) = 654,96 — = (25,47 — 3,44) = 640,27

Két qua c6 duoc phuong trinh hdi quy phi tuyén bac 2:
y, = 640,27 — 15,43x; + 16,8%, + 4,29x,x, + 25,47x% — 3,44x%  (10)

3. Kiém tra mé hinh héi quy.

3.1 Kiém tra lai theo phutong phdp student.

Véi miic y nghia a = 0,05 bac tv do ldp f, =3 —1 =2 c6 dugce
to0s2 = 4,3. Tinh lai d6 1éch chuén v&i s6 thi nghiém N = 9,m = 3:
+)V§&i ham muc tiéu cuong d6 chiu nén y,

m 0
© i 62,01 + 61,01 + 63,61
=0 _ Y1 Yui _ ( ) — 6221

3
1 < :
—0
St =m2()’3i -y)
u=1

1
= 3—7[(62,01 - 62,21)% + (61,01 — 62,21)* + (63,61~ 62,21)?] = 1,72

m

D6 léch chuén ctia phan bé bjla:
2N s VI 131
Sy =(E) ===t =""=0437
N VN 9 3

+ V&i ham muc tiéu d6 chay xoe y,:
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™8 (665 + 642 + 650
yoo = 2oL ( ) _ 652,33

3
m 2
S2 = ; ( 0 _ —0)
u m—1 Yui =Y
u=1

= % [(665 — 652,33)? + (642 — 652,33)% + (650 — 652,33)?]
= 136,33
Do léch chuén phan b6 bjla
sb.:<_ﬁ)°'5:i:m:%:
J N VN NG 3
Mubdn hé sb byva b; c6 nghia thi phai thoa man diéu kién :
[D| = to,05,25u
+ Véi ham muc tiéu cuong d chiu nén y,:
b, = |63,53] = 4,3 x 0,437 = 1,879 —c6 nghia
b, =12,315| > 1,879 - c6 nghia
b, = 0 < 1,879 — khong c6 nghia
by, = 0 < 1,879 — khong c6 nghia
by; =0,005] < 1,879 — khoéng c6 nghia
b,, = 0 < 1,879 — khong c6 nghia

3,89

+ V&i ham muc tiéu do chay xoe y,:

b, = 1640,27| = 4,3 X 3,89 = 16,74 — c6 nghia

b, = |-15,43| < 16,74 —»khong c6 nghia

b, =116,8| = 16,74 — c6 nghia

by, = |4,29| < 16,74 — khong c6 nghia

b1 =25/47| 2 16,74 —» c6 nghia

b,, = |—3,44| < 16,74 — khong c6 nghia

Két qua c6 cic phuong trinh mé ta mé hinh quy héi ¢6 dang sau day :
y, = 63,53+ 2,315x; an

y, = 640,27 + 16,8x, + 25,47x2 12)

3.2 Kiém tra diéu kién tiiong hop ctia mo hinh hoi quy.

Pé kiém tra diéu kién twong hop ctia mé hinh, ta lai phai tinh céc
gia tri ctia phuong sai twong ttng véi sb 1an thit nghiém N = 9:

N 2
2 1 by
Sa = ﬁZ()’i -y
=

trong d6 :
S4 - phuong sai du ;
N - s6 lugng thic nghiém ;
1 - s6 Iwgng hé s6 c6 mit trong phiong trinh .
+ V§&i ham muc tiéu cwong do chiu nén y,:
N =9; 1 =2 14y theo sb lugng & bang 3 c¢6 duge :

) = 63,32

N
- lz o 1(61,01 + 65,64 + 61,01 + 65,64 +
Y17 N LY T 9 461,01 + 65,64 + 63,32 + 63,32 + 63,32
=1

N 2
1
S2 = —Z =y
=N, l(yl 2}
=
(61,01 — 63,32)? + (65,64 — 63,32)% + (61,01 — 63,32)% +
=——|[+(65,64 — 63,32)% + (61,01 — 63,32)? + (65,64 — 63,32)% +| = 4,594

9-2
+(63,32 — 63,32)? + (63,32 — 63,32)% + (63,32 — 63,32)?
+ V&i ham muc tiéu d6 chay xoe y,:

=5( ) = 65496

N
_ lz 16685+ 632,22 + 685 + 665,88 + 683,16 +
Y2 =N L7V = 5\645,96 + 610,32 + 660,98 + 642,66
i=1

N 2
1 _
Si= ﬁZ(}'u -y,) =
=
(668,5 — 654,96)2 + (632,22 — 654,96)2 + (685 — 654,96)2 +

=5— (665,88 — 654,96)* + (683,16 — 654,96)* + (645,96 — 654,96)* +| = 682,65
+(610,32 — 654,96)% + (660,98 — 654,96)% + (642,66 — 654,96)?

3.3 Kiém tra theo tiéu chudn fither.

L S5 4594
VGi y,:F; =24 === = 2,67
141 2 »
St 172
L S3 _ 682,65
V6iy, F,=4=""=
2. 12 2
SE 136,33

Vé&i mic y nghia @ = 0,05 bactydolap f, =3 — 1 = 2; bacty do
dv f, =N —m =9 — 2 = 7¢6 duge chudn Fischer Fops72 = 4,7. Két qua
c6 F; = 2,67 < Fy 57, = 4,7m6 hinh thé hién & cong thic 11 13 twong
hop

Vé&i mic y nghia @ = 0,05 bactydolap f, =3 — 1 = 2; bacty do
du fy = N —m =9 -3 = 6c6 dugc chuén Fischer Fyq56, = 5,1. Két qua
c6 F, =5 < Fyp56, = 51mod hinh thé hién & cong thitc 12 1 tuong hop

3.4. Luta chon cdp phdi tdi .

zj-7) _ z,-7) _ z;-400

Thay x, = e =i o vax, = 7, = o vao
cong thiée 11 va 12 nhén duogc :
y; = 45,01 + 0,0463Z,
y, = 0,01Z2 — 8,157, + 1,687, + 2245,15 (13)

Trong do:

y,: 1a cuong @6 bé tong (Mpa)

y,: 1a @0 chay x0e ctia bé téng (mm)
Z,: 1a ham luong xi méng (kg)

Z,: 1a ham lugng phu gia (%)

Cuong do bé tong va d6 chay xoe ctia bé tong phu thudc vao ham
lwong xi ming va ham lvong phu gia duoc thé hién & Hinh 3 va Hinh 4.

Pé kiém tra d6 tin cdy clia phuong trinh hdi quy 13 tién hanh
tinh toan kiém chitng véi két qua thi nghiém thim do & Bang 4. Thay
cic gia tri y;va y, liic ndy dugc coi nhu yéu ciu diu vao dbi véi cip
phéi HPC tinh nguoc lai duge cac yéu tb anh huéng Z,va Z,.

Két qua tinh kiém ching téng hop & bang 4 cho thiy db tin ciy
ctia cac phuong trinh hdi quy di 1ap & céng thiic 13.

C6 thé thiy tri sb tinh toan theo phuong trinh hdi quy c6 sy sai
khéc khéng nhidu so v6i két qua thi nghiém tham do. Béi v6i ca 4 thi
nghiém thiam do thi tri s cuwdng d6 chiu nén clia bé tong twong tring
khép gitta gié tri tinh todn va thyc nghiém, con do chay xoe c6 sy sai
khdc 1an lugt 12 6,5% - 3,6% - 3,9% - 3,4%. V6i sai sb trén thi ¢6 thé
thay phwong trinh hdi quy thu duge & phuong trinh 13 1a déng tin cay.

Tt cac phuong trinh 13 ¢6 thé chon cic gia tri t&i vu yéu t6 anh
huong Z, va Z, vGi cuong do va do chay xoe ciia HPC cho trudce (vGi cac
diéu kién cuong d6 chiu nén y,>=60MPa, y, min; do chay xoe
y, > =60mm) . Ta tinh to4n dugc Z, = 350kg, Z, = 5% va c6 két qua
thanh phan cip phéi tbi vu ghi nhu trong Bang 5.
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Y2 (mm)

40539
384324
388108

411892

A: Z1 (kg) 435676

450461 3.1079

Hinh 3. Do chay x0e ctia bé téng -y,(mm) phu thudc vao ham luwgng xi méng - Z; (kg) va ham lwgng phu gia — Z, (%).

69.1946 _

664938

63.793 _|

Y1 (Mpa)

61.0922

583913

55.6905

I I I
350 armo 390 410 430 450

A Z1 (kg)

Hinh 4. Cuong do bé tong - y; (Mpa) phu thudc vao ham lugng xi mang - Z; (kg).

Bang 4. Tinh toan kiém chitng cho thi nghiém thim do v&i cAp phbi HPC.

TT Thuc nghiém tham do tinh todn Tinh toan kiém chting

PA thi Z Y1 Zy Y2 Z Y1 Zy Y2
mghiém (kg) (MPa) (%) (mm) kg) (MPa) (%) (mm)

1 350 61,01 5 668,50 350 61,22 5 624,73
2 450 65.64 5 632,22 450 6585 5 609,73
3 350 61.01 25 685,00 350 61,22 25 658,33
4 450 65,64 25 665,88 450 65,85 25 643,33

Bang 5. Thanh phin cAp phéi t&i vu HPC.

TT N/CKD XM Cat ba dam Nude AM-S400 Silicafume
(kg) kg) (kg) (kg) i) (1it) (kg)
1 0,3 350 775 1050 111 4,5 18,5

JOMC | 35



Tap chi Vat liéu & Xdy dung Tdp 13 $6 05 ndm 2023

4, Két luan

- Phuong phap quy hoach thic nghiém & tim ra dwge phuong
trinh hdi quy mé ta mbi quan hé giita cic ham muc tiéu: Cudng do6 chiu
nén, d chay xoe véi cac yéu t6 anh huong nhu: Ligng ding xi ming,
ham luong phu gia khoang,...nhim tiét kiém kinh phi 1am thi nghiém
ma vén cho két qua tap trung, cé phuong huéng ap dung cho bé tong
tinh ndng cao HPC.

- Phutong trinh hdi quy biéu dién sy phu thudc ctia cudng d6 chiu
nén vao ham luwong xi méng; do chay xoe ctia bé téng phu thuéc ham
lwgng phu gia va ham lugng xi mang ctia bé téng tinh ning cao HPC.

- Ham lugng phu gia khoang khéng xuét hién trong phutong trinh
hdi quy xéc dinh cudng d6 chiu nén cua bé tong (x,=0), ddng nghia
v6i viée ham luong phu gia khoéang khi thay d6i trong khoang tit 5 -
25% thi khong anh hwéng nhiéu dén cuwdng do chiu nén ctia bé téng
tinh nédng cao HPC.

- Phu gia khoéng kéo dai thoi gian dong két nén chon theo huwéng
dén ctia nha san xut, tity thudc vao tinh hinh thi cong ctia nha thiu ma
thi nghiém dé chon ra loai phu gia thich hop.Vé nguyén 1y, liong diing
xi ming trong HPC cang thip, mac xi ming thip thi lam giam cuong do
ctia bé téng .

- Thoii gian nghién citu bi han ché nén méi xét dén tudi ctia HPC
14 28 ngay, can duge nghién ctu tiép & cic tudi nhidu ngay hon. Nghién
cttu méi 4p dung bai toan don gian véi 2 yéu té anh huéng, Cin nghién
cttu tiép véi  bai toan gdm nhidu cc yéu t§ anh huong hon, dé lam

cin ¢t dua vao tiéu chuén hién hanh.
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