SU DUNG PHUONG PHAP QUY HOACH THUC NGHIEM KAC BINH CAP PHOI BE TONG
PAM LAN THOA MAN 3 YEU CAU CUONG B0, CHONG THAM VA NHIET

TS. Nguyén Nhw Oanh

Tom tét: Poi véi bé tong thuong (CVC), quy trinh thiét ké cap phéi bé tong twong doi don gidn,
thong thuomg chi can thir nghiém 3-4 cdp phéi véi ty 1é xi mdng khdc nhau, chi phi mét dot thi
nghiém chi can vai triéu dong. Trong khi d6 dé thiét ké cap phoi bé tong dam lan (RCC), do phdi
xdc dinh cdp phéi sao cho théa man dong thoi cdc yu cau ky thudt, trong dé quan trong nhat véi
cdc ddp RCC [a yéu cdau vé cuong do, chong tham va nhiét trong RCC dé khong ché mit né. Cdc
nha Tw van Viét Nam hién thuong dang phdi ton rat nhiéu céng sire, kinh phi @é lam thi nghiém
(thwong thir nghiém dén vai ba tram cdp phoi, kinh phi lén dén vai ba ty dong — chwa ké thi nghiém

hién truong)

Bai viét ndy, tac gia da sir dung bai toan quy hoach thue nghiém dé Aim ra cdp phéi BTPL ban dau
cho 2 méac bé tong thiét ké khdc nhau, théa mén 3 yéu cau ké trén ma sé thi nghiém phdi [am it nhdt. Két
QuUd c6 thé tham khao trong quy tAnh thiét ké cap phoi BTDL nham giam kinh phi 1am thi nghiém.

Xac dinh cip phoi BTPL t6i wu bing
phwong phap quy hoach thuc nghiém:

1) Chon théng sé nghién ciru (chon cac
chi tiéu va c4c yéu t6 anh huong):

a) Lwa chon ham muc tiéu:

Pé tai ap dung bai toan quy hoach thuc nghiém
dé tinh toan dya trén ké hoach thuc nghiém c6
khoa hoc dé lwa chon thanh phin BTPL t6i uu
nham théa mdn 2 ham muc tiéu 1a; Cwong d
chiu nén va Hé so tham ciia BTDL sao cho nhiét
thily hoa ciia BTDL 1a nho nhat.

b) Luwa chon cdc yéu t6 anh huéng: Céc yéu
t6 anh huong dén cuong do chiu nén va hé sb
thim ctia BTPL bao gém nhiéu yéu t6, nhung
dé giam thiéu s thi nghiém, can thiét phai gia
thiét mot s yéu té giit nguyén khong thay doi
nhu: ham luwong nude, cdt lidu (cat, d4) da tinh
toan duoc so bd ban dau, trong ké hoach thuc
nghiém khong thay d6i. Nhu vay anh hudéng rd
rét nhat dén 2 ham muc trén tiéu gom 2 yéu tb:

- Z1: Luong ding xi mang trong 1 m> bé téng
(kg)

- Z,: Ham lugng Phu gia khoang (tro bay) so
Vi tong luong CKD (%) .

Duya vao cap phdi BTPL ciia mdt s6 nudc va
bang 2.4 khao sat dugc cia mot sd cong trinh tai
Viét Nam, Dé tai chon gia tri bién thién cua 2
yéu t6 anh hudng, nhu bang 1

Bang 1. Gia trj va khodng bién thién cia cdc
yéu to anh huong

Giatri Z; (kg) Z, (%)
Khoang bién | 80< Z;< | 30< Z;<
thién 120 70
A 100 50
AZ; 20 20

Dé tién tinh cac hé sb thuc nghiém cia mo
hinh to&n hoi quy va tién hanh cac bude xir 1y so
liéu khac, ta chuyén sang gia tri ma héa khéng
thr nguyén, véi gia tri can trén va can dudi 1a

N s NI 0_ J4 ~
+1va -1, gia tri trung binh: x;=0 (goc toa do),
0
Z,-7;
AZ .

]

Nhu vay ta co: x;=

véi v, =1,23,..,kK

Vi khong c6 thong tin tién nghiém nén phai
Xuat phat tir mo ta tuyén tinh. Cac két qua thuc
ngqhiém theo ké hoach bac mot Box — Wilson
thé hién trong bang 2 dudi day.

Phuong trinh hoi quy md ta ¢6 dang nhu sau:

y = bo + byXi+ boXo + bioXiX,

Tu bang 4.1 Voi:  Z2 =100; Z) =50;
Z3 = 0,4, Lap bang ké hoach thuc nghiém
twong quan gitra ma thuc va bién ma héa nhu
sau:
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Bdng 2. Bang ké hoach thwc nghiém twong quan giita ma thye va bién mé hoa

TT Bién thuc Bién ma hoa y Y2
PA thi Zi(kg) | Z»(%) Xo X1 X2 X1 X2 (MFl’a) x10”
nghiém (cm/s)

1 80 30 + - - + 10,5 1,989
2 120 30 + + - - 17,0 0,125
3 80 70 + - + - 10,4 1,245
4 120 70 + + + + 16,0 0,158

Céac tham sb b cua mo ta dugc xac dinh theo
cac cbng thuec:
4

4
Z X5i X5i ¥

12 = i=l
4 4
Ung voiy1, két qua tinh toan 1a: bo = 12,50;

by = +2,775; b, =-0,275; by, =-0,225.

Ung v6i y2, két qua tinh toan 1a: by = 0,88;
b, =-0,74; b,=-0,18; by, = +0,194.

Pé kiém tra tinh c6 nghia cia cac tham sd,
ching ta can 1am cac thi nghiém lap tai tam ké
hoach, nhu bang 3 dudi day:

Bang 3. Ké hoach thuc nghiém tai tam

T Bién thyuc Bién ma Y1 y,x 107
7% (kg) Z%(%) X%y X% (MPa) (cmi/s)
1 100 50 0 0 13,2 0,442
2 100 50 0 0 13,0 0,486

Phuong sai 1ap dugc tinh theo cong thire:
1 3 —0
Shi= =2 (ya-y )
m-— a=1

Trong d6: F : Gia tri trung binh cua cac thi
nghiém lap tai tim ké hoach
Véi i

_ Vi +y; _138+132

=135
2 2

Thay s6 ta co:
2 1 &0 0
Siu= _Z(Ya -y ) =018
2-1

Do 1éch chuan cua phan bd b 1a:
s2\*  (018)**

s, =2 | =|=2| =0212
N 4

2

m
1 & —0
Si=— > (ys-vy )

60

2 2
_ (0,442 0,464)2+ 50,486— 0.464)° _ (0968
Do 1éch chuan cua phan bd b 1a:

s\ (000968)"°
S, :(i] :( ! ] = 0,0491

N 4

Chuan sb Student tra bang v6i mirc ¢ nghia
p = 0,05 vai bac ty do lap £, = m -1 = 2-1 Ia:
toos: 1 = 12,71 (Tra phu luc sé 5 Sach « Quy
hoach thuc nghiém » cia GS.TSKH Nguyén
Minh Tuyén).

Mudn cac hé sd c6 nghia thi phai thoa mén
diéu kién:

Véi yi:
|b| >to0s;1.Sp=12,71. 0,212 = 2,696
Véi ys:

|b| >to0s;1-Sp=12,71. 0,0491 = 0,625
Nhu vay:

Ung voiys, chico:

bo =12,5; by =+2,775; laco6 nghia

Ung véiys, chico:

bo = 0,88; b; =-0,74 la c6 nghia.

Phuong trinh mé ta c6 thé c6 dang sau déy:



Y1 = 12,50 + 2,775X1
y> = 0,88 -0,74x;
Pé kiém tra tinh twong hop cua md hinh, ta
phai tinh gia tri ciia phwong sai du :
Voiyl:
2 _ — 4 —2 —
S —ﬁi(yi_ﬁz _4?1221:(% Y= 328,58
Voiy2:
2 _ N — 4 ., —
Sd = ﬁ;(yi_EZ = izll(yi -y = 1,411
Trong do:
N: s6 thi nghiém; 1: S6 hé s c6 nghia trong
phuong trinh , | =2
Chuan s6 Fisher c¢6 gia tri: V&iyy

Chuan s Fisher mirc ¢6 nghia p = 0,05, bac
tudolapfr=1vabactudodufy=11a:

FO,05;1;1: 164,4, Nhu Vﬁy ‘Fi> FO,O5;1;1 = 164,4,

nén md hinh nay khéng tuong hop.

F, < Fogs:1 = 164,4, nén md hinh the 2
tuong hop.

Mat khactacoé : bo- y, =12,50-13,5=-1,0
va 0,88 — 0,464 = 0,416 la léch nhau dang ké,
nén cé thé tin rang mé hinh I phi tuyén va co
dang nhu sau :

k k k
— ’ 2
y = bo"+ X bix; + D byx,x; + > byx]
= =

u,j=1
j#u

Cu thé phuong trinh hdi quy c6 dang nhu

2
Fi= S—dz - 32858 _ 1825,4 sau -
S 018 y = by’ + bixg +hoXp +b1aXaXo +h11X 7 +boX )
Vi E- S: 1411 _ o, Tién hanh lam thém céc thi nghiém theo ma
O1yz. F2= oy T 00968 = tran ke hoach thuc nghém tryc giao bac 2 (bang
! 4), dé x4c dinh cac thong sb ctia mé hinh.
Bang 4. Ma tran ké hoach thuc nghiém bo xung
Bién thuc Bién mi Ham
SOTT muc tiéu
Z1 Z Xo X1 X2 X1 X2 X1 X’
Y1 (MPa)

1 80 30 + - - + +1/3 +1/3 10,5
2 120 30 + + - - +1/3 +1/3 17,0
3 80 70 + - + - +1/3 +1/3 10,4
4 120 70 + + + + +1/3 +1/3 16,0
5 80 50 + - 0 0 +1/3 -2/3 8,7
6 120 50 + + 0 0 +1/3 -2/3 16,5
7 100 30 + 0 - 0 -2/3 +1/3 15,8
8 100 70 + 0 + 0 -2/3 +1/3 14,5
9 100 50 + 0 0 0 -2/3 -2/3 15,2

Cin clr vao CAc sO liéu & ma tran thuc
nghiém ta tinh dugc cac hé so b theo cac cong

thae sau day:
N

D X YaiVi

bj - jZ:;inyi ;bjj: ;lei Yi : b12 — iN:1
2 y L (X Xy ?
> Xz i2:1:(le) IZ:;, 1i A2

Két qua 1a: b’ = 13,84; by = 9,95 ; b, =-1,20;
b12: -0,40 ; b11: -1,983 ; b22: 0,567

Gia tricua by = b’y + (-b11 - bzz).2/3 =13,84
+ (1,983 -0,567).2/3 = 14,78

Va cac phuong sai cta cac hé sb bang:

S;,= 31 =028 =002 ., Su=0141

— th = 1478 =104,82
0141

61




Sz _ Si_ = ?: 0,09  Sp; = 0,30

9
R
i=1
ot = 2P 3317
2
Stz,z: gS" = w: 0,09 - Sy»,=0,30
S °
2i
i=1
120
>t =— =4
"~ 030
Sy, sz = 018_ 0,03 _ Sy,=0,173
2= g 6
szliXZZi
0,4
>t = ﬁ =231
sz Si = 018 _ 0,09 - Sp1=0,3
ZX 1i
— by = % =6,61
Sbz _ Si_ = 0’—;8= 0,09 — Sy =0,3
ZX'ZZi
0567

ty = —— =1,89
— T2 03

)

Theo Tiéu chuan Student khi:

tj= Mztpfzthi hé sb bj c6 nghia
bj

Chuéan s6 Student: typ tra bang véi mic c6
nghia p =0,05 va bac tu do lap £, = 1 1a; 12,71

RG rang chi cé by va by la c6 nghia, nhu vay
mo ta thong ké cd thé biéu dién duoc 1a:

y =1478+9,95x; (4.3)

Tur phuong trinh (4.3) ta tinh dwoc: y; = 4,83;
Yo =24,73;y3 = 4,83; y4 = 24,73; y5 = 4,83;

Ve = 24,73;y; = 14,78; ys = 14,78; yg =
14,78

Pé kiém tra tinh twong hop ciia md hinh ta
can tinh gié tri ciia phuong sai du:

) £ = L Sy = 4045
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Gi4 tri cia chuén s Fisher 1a:

Chuan sé Fisher tra bang v&i muc c6 nghia p
= 0,05; bac tu do du f; = 7 va bac tu do lap

f, = 1 nhan gia tri: Fogs7.1 = 240; R6 rang F =
224,72 < Fo 571 = 240, nhu vay md hinh thong
ké (4.3) twong hgp vé1 blre tranh thuc nghiém.
Z -

Thay x; = 0 vao phuong trinh (4.3)

ta c6 2 phuong trinh hdi quy:

y1 = 0,497Z; — 34,97

va y» = 4,58 - 0,037Z;

Nhén xét: Nhin vao 2 phuwong trinh trén, ta
thiy x, = 0 V6i ca 2 mo hinh , ¢6 nghia 1a Z, =
50% la tot nhat, Z1 cang ting, thi cudng do
BTDL cang ting , hé s6 thim cang giam (theo
quy luat tuyén tinh).

Véi ndi dung ciia dé tai, tinh thir véi 2 mac
BT yéu cau: 1a RY = 18,9 va 24,6 (MPa)

Véi Ry = 18,9 MPa tinh dugc Z; = 108 kg,
thi ¢6 hé s6 tham 1a : 0,584.10°® c/s

Ry, = 24,6 MPa tinh dugc Z; = 119,8 kg, thi
c6 hé s6 thdm 14 : 0,147.10°® cm/s

Nhu vay, voi 2 mac BTPL thiét ké 1a M15
va M20, ta lya chon duoc gia tri toi wu cua cac
yéu t6 anh huong nhu sau:

Bang 5. Gid tri cdc yéu té anh huong toi wu

TT | Macbéténgthiét | Zi(kg) | Z2 (%)
ké - Ry (MPa)

1 M15 108 50

2 M20 120 50

Dua vao két qua tinh cac yéu t6 anh huong
t61 wu, dung phuong phap tinh toan cip phdi cia
Trung Quéc (Tiéu chuan SL 48-94) ta cO két
qua trong bang 6:



Bang 6. Cap phoi BTPL t6i wu ciia 2 méc BTPL thiét ké

Kt
Ry T CKD N C b 55| VC R
o X (kg) \ N PGkhoa 2 1108
(MPa) (kg) | (kg) | (lit) | CKD | (kg) | (kg) | K@) | (s) | (MPa)

(cm/s)

18,9 108 | 108 216 | 105 | 0,49 | 739 | 1373 | 0,86 16 16,4 | 0,597
24,6 120 | 120 240 | 110 | 0,46 | 785 | 1349 | 0,96 14 21,4 10,134
Ghi chd: Trong Cap phéi BTPL néi trén, ham lugng phu gza héa déo dwge chon bang 0,41it/100kg

chdt két dinh. Tién hanh thi nghiém thir doi chimg, két qua gid tri VC va Rag nhir trong bdng 4.5.

KET LUAN:

- Dung thuat toan Quy hoach thuc nghiém
dé tim ra duoc phuong trinh hdi quy mé ta moi
quan hé gitra cac ham muc tiéu: Cuong do chiu
nén, Hé s6 tham,... v6i cac yéu t6 anh huong
nhu: Luong dung xi mang, Ham luong phu gia
khoang,...nham tiét kiém kinh phi lam thi
nghiém ma van cho két qua tip trung, co
phuong huéng. 2 phuong trinh hoi quy :

Y1 = 0,49721 - 34,97

va Yy,=4,58-0,037Z;

- Ham lugng Phu gia khoang (tro bay) khong
Xuat hién trong phuong trinh hdi quy, nghia 1a
V6i x; = 0, dong nghia véi Ham luong phu gia
khoang trong moi truong hop nén ding bang
50% so voi tong lwrong CKD 14 tdi wu nhat.

- Phu gia hoa déo kéo dai thoi gian dong két
nén chon theo hudéng din ciia Nha san xuat, tly
thudc vao tinh do thi cong ctia nha thiu ma thi
nghiém dé chon ra loai phu gia thich hop.

- Vé nguyén ly, luong dung xi ming trong
BTDL cang thip, mac xi mang thap, ham luong

TAI LIEU THAM KHAO
A. Tleng nudc ngoai:

phu gia khoang cang cao thi nhiét thuy hoa cta
BTDL cang thap, nhung néu ting lugng PGK
cang I6n thi lai lam giam cudng d6 cia bé tong.

- Hai cip phdi tim duoc ké trén, dung loai Xi
ming hon hgp PCB.30, da tron sdn ham luong
phu gia khoang nhat dinh, va ding méc thap dé
giam nhiét thay héa. Néu dung xi ming PC,
méc cao ¢d thé giam dugc luong ding xi ming,
nhung lai phai tdng ham luwong PGK, nhung
lam tang nhiét thuy hoa cta bé téng.

- Véi 2 cap phdi téi wu tim dugc ké trén, tuy
Viét Nam chua c6 Tiéu chuan quy dinh tir hé s6
thAim sang mac tham, nhung theo Tiéu chuan
ctia Trung Qudc, thi voi hé sd tham tinh va thi
nghiém kiém chimg dugc ké trén twong duong
v6i mac chdng thim CT4.

- Thoi gian nghién ctru bi han ché nén méi
xét dén tudi caa RCC 1a 28 ngay, can duoc
nghién ctru tiép ¢ cac tudi 90, 365 ngay.

- Nghién ctru méi ap dung bai toan don gian
V6i 2 yéu t6 anh huong, Can nghién ctu tiép véi
bai todn gom nhiéu cac yéu t6 anh hudng hon.

1. Guidelines for Designing and Constructing Roller Compacted Concrete and Conventional
Concret — Service Expertise . Report to Association Canadienne du Cement, August 2005.

2. Roller Compacted Concrete — Technical Engineering and Design Guides, USACE,1994.

3. g, WRIRIREE AR, Gt S5iEaE. RPURFEHARAE. EX. 2004.2;

4. BRET, i, WRIRIREETIUET. JU.

JKFIK B fRAE. 1997.6;

5. Brin®., JydpiA. R FoKE TR RE A ok S s oT.

R K SR BEHR . 2005.7:

6. Brin® . Jisin. B R R L NS AR R R KA AT

R K 5 EER . 2006.3:

63



B. Tiéng Viét:

7. GS.TSKH Nguyén Minh Tuyén. Quy hoach thyc nghiém — Nha xuat ban Khoa hoc va Ky
thuat, 2004;

8. PGS.TS L& Minh va nnc . Nghién ctru bién phap nang cao chdng thim cua bé tong dam lin
cho c6ng trinh thuy lgi, 2006 -2007.

9. Pham Puc Trung. Nghién ctu sir dung to hop phu gia khoang hoat tinh va phu gia héa déo
nhdm nang cao tinh chdng thim cua bé tong dam lan cong trinh thay loi — Luan van Thac sy ky
thuat, 2009;

10. 14TCN 164-2006. Quy dinh k¥ thuét thi cong cum dau mdi céng trinh thay loi hd chira nudce
Dinh Binh, tinh Binh Dinh,2006;

11. TS. Nguyén Nhu Oanh. Chuyén dé vé cip phdi bé tong dam lin — Dé tai tong két cong tac
thiét ké thi cong dap Dinh Binh, tinh Binh Dinh, 2008;

12. TS. Nguyén Nhu Oanh. Bai giang cao hoc nganh cong trinh vé VLXD néng cao, 2008;

Abstract:
Using experimental planning to determine optimum mix propotion
in order to solve togethe strength, permibility and thermal of
roller compacted concrete

For Contiventional Vibrating Concrete (CVC), the process of concrete mix design is relatively
simple, usually just 3-4 test mix with different cement rates, a cost only a few experimental several
million VN dong. While designing mix Roller Compacted Concrete (RCC), the mix must determine
how to simultaneously satisfy the technical requirements, including the most important for the RCC
dam is required strengh, impermebility and heat in the RCC to control cracking. The consultants of
Vietnam is often a lot of effort and funding to do experiments. (usually three to several hundred test
mix, funding up to some three billion not including field experiments)

This article, the authors was planning to use math to find the empirical distribution RCC initial
level 2 label different concrete design, satisfying the above three technical requirements that have
to do some experiments at least. Results can refer to the mix design process to reduce cost RCC
experiments.
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