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Tom tit. Be tong cudng do cao - chit luong cao ngay cang duoc sir dung rong rdi ¢ Viét Nam trong thi
cdng céc cong trinh quan trong nhu cau, ham dudng bo. Bai bao nay dé xuat mot phwong phap méi trong
viéc nang cao qua trinh thiét ké cip phdi cho bé téng loai nay, d6 1a sir dung phuong phap “Visual
Interactive Analysis Method (VIAM)” cung véi k§ thuat khao sat khong gian tham bién. Mot md hinh
toan hoc tong thé duoc thiét 1ap véi muc dich téi vu hoa sau tidu chudn, dé 1a hé sé tham thau cua ion
clorua cua bé tong, gia thanh cua mot mét khéi bé tong, thanh phan caa xi mang, tro bay, xi 10 cao min va
phu gia hoa hoc trong mot mét khéi bé tdng. Md hinh todn hoc ndy can phai théa min mudi diéu kién
rang budc phiém ham va céc rang buoc caa bay tham bién thiét ké. Cudi cung, muoi hai loi giai Pareto da
dugc tim cho tinh hudng chi dinh bai cac chuyén gia vé céc tiéu chuan trong qua trinh tim kiém phuong
an thiét ké cip phéi bé tong cudng do cao - chat lugng cao.

Tir khda. Bé tong cudong do cao-chat lwong cao, thiét ké cap phdi, tdi wu hoa da muc tiéu, loi giai Pareto,
VIAM - phuong phép tuong tic va phan tich trgc quan

A NEW METHOD FOR IMPROVING HIGH PERFORMANCE CONCRETE
MIX PROPORTION

Abstract. High Performance Concrete has been used more and more broadly for engineering
transportation structures in Vietnam such as bridges, tunnels, highways. This paper proposes a new
method for improving high performance concrete mix proportion, which involves with the use of Visual
Interactive Analysis Method (VIAM) together with a technique of spatial parameter survey. An integrated
mathematical model was developed in order to optimize six criteria, which are the chlorine ion diffusion
coefficient, per cubic meter cost, the amount of cement, fly ash, slag, chemical admixture. This model
needs to satisfy with ten functional constraints and seven design variables. Finaly, twelve Pareto solutions
have been found for the particular case determined by the experts in terms of criteria during the process of
proportioning high - performance concrete mix.

Keywords. High performance concrete, mix proportion, multi-objective optimization, Pareto solution,
VIAM - Visual and Interactive Analysis Method

1. GIOI THIEU CHUNG

Ngay nay trén the gidi cac cong trinh xay dung st dung bé tong dién ra voi quy md 'ngay cang Isn. Do
c4c xu hudng gan day trong nganh xdy dung, nhu su gia tang so lugng I6n cua két cau bé tong cét thép,
xay dung vei cac loai két cau vei kich thuéc 16n hon, va sy phat trlen cua cac ky thuat xay dung méi, cho
nén nhu cau doi hoi phai san xuat mot khéi lugng bé tong rat 16n. Didu nay da dit ra yéu cau cap thiét cho
d6 bén va an toan cua bé tong. Bé dam bao van dé nay, nhiéu nghién ctu da duoc tap trung vao viéc phat
trién bé tong cuong do cao va chét luong cao. Loai bé tong nay duoc thiét ké nham muc dich sau: tdi uu
hoa cac tinh ning dic trung cho mot loai vat lidu xay dung, ting tinh nang str dung va diéu kién tiép xc,
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tang do cumg, tang tinh cong tac, tang do bén va tudi tho lam viéc. Do d6, bé tong loai nay rat can thiét
cho cac hang muc két cAu trong diéu kién moi truong khac nghiét nhu cac cong trinh bién, cau duong, via
he, cac két cau cho cong trinh hat nhén, duong ham [1, 5-7].

Bén canh d6 & Viét Nam trong nhimg niam gan day, bé tong cuong do cao va chat luong cao da dong
mot vai tro quan trong trong cac cong trinh xay dung nhu cau, duong, cac toa nha cao tang tai cac thanh
phd 16n (Ha Nbi, TP. H6 Chi Minh, Pa Néing). Tiéu biéu la trong xay dung cac cong trinh cau bé tong cot
thép va duong ham bang cac cong nghé méi, thi bé tong cuong do cao va chat lugng cao di duoc sir dung
tuong dbi hiéu qua, chang han nhu nit giao thong tai Cau Duong Chuong tai Ha Noi, duong ham Hai
Van & Da Ning hay duong ham Tha Thiém tai TP. Ho Chi Minh [6,7].

Su khac bi¢t rd net gitra bé tong chat lugng cao véi bé tong thuong la viéc sir dung cac phu gia ha
chét (c4c chat lam thay ddi thanh phan hda hoc cua bé tong) va phu gia khoang (nguyén li¢u c6 chua
nhiéu khoéng chit dé lam ting do dic chic cua bé tong, chir khong lam thay d6i thanh phan héa hoc). Phy
gia hoa hoc c6 thé 1am giam ham luong nudc va dong thoi 1am giam do xop trong hd xi ming ngdm nudc,
tuy nhién viéc lam dung phu gia hda hoc voi ham luong cao dé giam ham luong nudc téi mot gid tri rt
thap 1a diéu khdng nén &p dung vi con phu thudc vao nhiéu yéu té nhu 1a nhiét do cua moi truong xung
guanh, thanh phan héa hoc va d6 min ciia xi mang. Trong khi dé, phu gia khoang, hay con dugc goi la vat
lieu thay thé xi méng, dong vai tro nhu pozzolanic; do do, cac vi két cau ctia ma tran xi mang s& tré nén
dic chic hon. O nhiét 6 thuong caa mdi trudng xung quanh, phan tng héa hoc véi canxi hydroxit noi
chung 1a cham. Tuy nhién, céc tinh thé pozzolan cang min, thi cac phan (ng ndy s& dién ra nhanh hon.
Néu tuoi tho 1a mdi quan tam chinh, thi do ninh két va dong két cham do sy tham gia cia tro bay hoic tro
Xi trong beé tong la yeu t thuan loi. Ngoai ra, cac phu gia khoang noi chung la cac san pham phu cia mot
s nganh céng nghiép, cho nén viéc st dung ching co thé dem lai loi ich kinh té 16n [4,5,7].

Do d6, viéc sir dung két hop céac phu gia siéu déo va phu gia khoang cé thé mang lai hiéu qua kinh té
k§ thuat cho bé tong cudong d6 cao va chat luong cao nhu 13 ting d6 cimg tang tinh cong tac va ting tudi
tho. Thém nira, viéc sir dung phu gia khoang da dugc bao céo 1a s& dan dén do tham thap hon, giam nhiét
hydrat hda, lam giam phan ung kiém-tong hop, ting do bén lau, va ting strc khang duéi tac dung caa gbc
sunfat. Tuy nhién, tac dung cua phu gia khoang 1én bé tong thay di rd rét phu thudc vao tinh chat cia
tung loai [4]. Dé c6 duoc su két hop hiéu qua va théng nhat, thi viéc tinh toan tbi wu hoa cap phéi cho bé
t6ng cudng do cao va chat luong cao 1a diéu rat can thiét.

Tiép ndi theo nghién ciru kha quan gan day cia nhém tac gia [6], bai bio nay dua ra mot phuong phap
mai trong viéc ndng cao qué trinh thict ké cap phdi cho bé tong cuong do cao va chat lugng cao véi cac
thanh phan vat liéu 1a xi méng Portland, nuéc, tro bay, tro xi min, cat, da va phu gia hoa hoc. Y tuéng cua
phuong phap nay la giai quyet bai toan t6i wvu da muc tiéu ham nhiéu chuan, véi muc dich chinh 1a nham
dua ra giai phép t6i wu nhat cho loai bé tong nay nhu: bé tong c6 ham lugng cac vt li¢u dat tién nhu 12 xi
ming, tro xi min, tro bay va phu gia hda hoc duoc t6i wu nhat, dong thoi do tham thau (1a tinh ning thé
hién do bén cua bé téng) va gia thanh cia 1m? bé tong ciing dwoc t6i vu nhat.

2. PHAT BIEU YEU CAU CUA BAI TOAN

Trong c6ng trinh cua Xie va cong su [9], mot md hinh toan thiét ké da muc tiéu cip phdi bé tong cuodng
d6 cao di duoc xay dung. Tuy nhién cac tac gia chi dung lai & viéc xét dén 2 tiéu chuan 1a hé sé tham
thau cua ion clorua va gia thanh ciia 1m? bé tong. Trén thyc té, khdi lugng cia cac thanh phan véi gia
thanh cao nhu xi méng Portland, tro bay, tro xi min va phu gia héa hoc ciing 1a nhitng tiéu chuén rat can
thiét dugc xem xét dé giam thiéu mot cach téi da khi thiét ké. Chinh vi vay, trong bai bao nay, mot mo
hinh thiét ké da muc tiéu cip phdi bé tong cudng do cao tong quat da dugc xay dung dé thich tmg hon voi
qua trinh san xuét trong diéu kién thuc té & Viét Nam.
M® hinh toén hoc cua bai todn nghién ctru dugc thé hién trong so dd Hinh 1 bén dudi [6].
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Cat |
! Xi ming

Tro xi min Portland

Tro bay

Hinh 1: Mb hinh thiét ké cap phdi da muc tiéu cho bé tong cudng do - chat lwong cao

Mb hinh toan dugc bat dau voi 7 tham bién thiét ké (tir x; dén x7) dugc phan bd xung quanh vong tron
ngoai cung cua hinh 1. Chung ciing 1a 7 tham bién ma ching ta s& sir dung dé dieu khién sau nay trong
qua trinh thict ke da muc tiéu cap phoi bé tong cuong do cao — chat lugng cao. Ky hiéu, y nghia, don vi
va mién xac dinh caa 7 tham bién nay dugc miéu ta cu thé trong bang 1. Vi moi mot véc to gia tri Xac
dinh {x} =(%,,%,,...,X;) cua 7 tham bién nay, ta lan luot tinh gia tri ciia 10 ham sé cho véc to rang budc
phiém ham {f} =(f.,x,...., f,,). Ky hiéu, biéu thuc tinh, diéu kién cu thé va y nghia cua céc rang bugc
nay duoc miéu ta trong bang 2. Theo d6, thi 10 diéu kién nay gidng nhu mot “bo loc” (vong tron mau do
c6 dan ludi chix thap trong hinh 1). Chi can mét rang bugc f,(x), i = 1..10 khong duoc thoa man thi véc
to tham bién {x} duoc coi la khong hop I¢, va cin tim cac véc to {x} hop I¢ khac trong qua trinh tim
kiém 1oi giai. Véc to nao “lot qua” 10 diéu kién trén s& duoc tiép tuc tinh gia tri cho 6 tiéu chuan chat
lwong { }—(CD ®,,...,0,) clia bé tong cudng dd cao ma cac chuyén gia can thiét ké cap phéi. Chung
dugc sap xép bao quanh vong tron mau tim trong cting trong hinh 1. Ky hiéu, xu huéng tdi uu héa (MIN
hoic MAX), biéu thirc xac dinh va y nghia cua ting tiéu chuan dugc chd giai trong bang s6 3. Nhu vay
thi trung tdm cua qua trln‘h thiét ké ngy la 1 m® bé tong cudng ,do cao, cha} lwong cao, dugc qat tai tdm cua
cac vong tron trong so do hinh 1. Tat ca 3 vong tron tham bicn dieu khien — rang bugc phiem ham — tiéu
chuan chat lugng nay hop lai thanh md hinh thiét ke cap phoi bé tdng ma chdng ta can giai quyét.

a. Cac tham bién thiét ké:
Céc tham bién diéu khién va rang budc cua chiing trong m hinh bai todn dugc liét ké & Bang 1 [6,9]:
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Bang 1: CAc tham bién diéu khién thiét ké va rang bugc ciia ching

Tham bién Y nghia: S6 lwong vat liéu Don vi Gia tri th;ap nhflt Giatrj I?'n nhflt durgC

dwoc chap nhgn chap nhdgn
X1 Xi ming Portland kg/m3 300 500
X2 Nudc kg/m?® 130 210
X3 Tro bay kg/m?® 45 155
X4 Tro xi min kg/m?® 60 200
X5 Cét kg/m?® 500 1000
X6 b4 (soi) kg/m?® 900 1400
X7 Phu gia héa hoc kg/m?® 2.5 12

b. Rang budc phiém ham
Céc rang budc phiém ham dugc trinh bay theo cac hé thirc va phwong trinh trong Bang 2 [6,9]:

Bang 2: Céc rang budc phiém ham

Phiém

Dang rang

ham Biéu thuc bugc Y nghia
X
f ——t 102 <0
X+ X+ X, Bién d¢ cta ty l& nudc so véi bot
X, min.
f, — 04 <0
X + X+ X,
X e e 1 s 1A
5 -—=_10.35 <0 Bién d6 cua ty I¢ cat, tic l1a ty Ié
X5 + Xg ciia ham luong cat so véi ham
X5 0.4 luong tong cua cot liéu sir dung
f — V. <0 4 ,
4 X + X = (cat+da)
fo 450 — (%, + % +X, ) <0 Bién d6 ciia ham luong chat két
3 4 — , A . - N
dinh bao gom xi mang, tro bay va
fs X, + X, + X, —600 <0 xi 10 cao.
X, Phu gia hoa hoc giam nudc bién
f7 - +0.01 <0 dd cao dugc st dung dé ting
X, + X3+ X, \ oh ~rANA tAc e ha 1A
cuong tinh cong tac cua bé tong
X, twoi va vi cau tric cua bé tong.
fg — 002 <0 Do 1a ty Ié cua phu gia héa hoc so
X, + X + X, e L2
vdi ham lugng xi mang su dung.
The tich cua hon hop bé tong
dugc cau thanh tir the tich tuyét
. doi cua cac thanh phan va thé tich
X , A . J4 R
fs Z_._ggo -0 CEa khong.lfhl c’u0n\ vaci tron”g-
= p. hon hop. Biéu thic nay can phai
duoc thoa man doi voi tat ca cac
loai vat liéu duoc sir dung trong
1m3 hon hgp bé tong.
XX Cuong do nén cua bé t@ng, ma bi
~0.3044_f_, MJFO_@Z anh huong boi rat nhicu c{ac yeu
fio ’ X, <0 t6 khac nhau, la mét chi s6 quan
I — trong trong tinh toan thict ke cap

phdi bé tong.
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Trong d6, pi (i = 1..7) 1a khdi lugng riéng ciia mdi thanh phan vat liéu cia bé tong (tan/m3): p1 = 3.11;
p2=1; p3 = 2.11; ps = 2.45; ps = 2.61; pe = 2.76; p7 = 1.08. A la h¢ s6 anh huong dén mac cia bé tong,
dugc xac dinh duya trén théng ké, va trong cac truong hop néi chung c6 gia tri 1a 1.13; feex 1a gia tri thé
hién mac cua bé tong, trong nghién cau nay mac bé tong chat luong cao-cuong dd cao mac 600 dugc
chon hay fex = 60; foux thé hién cuong do tiéu chuan caa bé tong khi do bang khdi lap phuong va foux =
68; t 1a hé sb xac suat va t = —1.64; ¢ 1a d6 léch tidu chuan cua cuong do cua bé tong, va duoc xac dinh
dua theo tiéu chuan GB50204 dbi vai chat luong xay dung cua cong trinh sir dung bé tong va o = 5.

c. Céc ham tiéu chuin chat lwgng
Céc ham tiéu chuan chat lugng dugc thé hién trong Bang 3 bén dudi [6,9]:

Bang 3: Cac ham tiéu chuan chét lugng

Tiéu chudn Biéu thirc Y nghia
{5.760+5.81-(X2—0.45) /0.2
X + X, + X,
~0.567-(% + X, +X, —425)/175+1.323
+0.74-(X3-100—22.5j /22.5
X + X, + X,
—2.117-[’“‘-100—35} /35
X + X, + X,
—(2.78-0.472)—(0.254-0.286) —(0.368-1) Hé s6 tham thau cua ion
X X clorua ¢ ngay tht 28 doi
®; > MIN —2 045 — 2 .100-225 voi bé téng khong st dung
+1.171. X+ X+ X, KX X xi min silica véi khudn duc
0.2 22.5 & nhiéu do 21°C (m?/s)
% 045
—2.891. 2% % 0472
0.2
X 2
—2 .100-22.5
~1.053. 8% K 0472
22.5
10°°
365-24-3600
7 .
) Gia thanh cua 1m? bé téng
@, > MIN g(yi X) (VNDIM)
Ham lugng xi mang
@®; > MIN X1 Portland trong 1m?3 bé tng
(kg/m®)
Ham lugng tro bay trong
@, > MIN *3 1m? bé tong (kg/m?)
Ham luong xi 10 cao trong
®s > MIN X 1m? bé tong (kg/m?)
Ham luong phu gia hoa
@ > MIN X7 hoc trong 1m® bé tong
(kg/m®)
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Trong d6, yi (i = 1..7) 1a don gia cua mdi thanh phan vat liéu cua bé tong (VND/Kg): y: = 1500; y, =
12; y3 = 550; y4 = 5050; ys = 118, ys = 135; y7 = 21000.

Theo md hinh toan nay, ching ta can tdi uu 6 tiéu chuan chat luong @; (i = 1..6) trong khuén kho phai
thoa mén 10 diéu kién rang buoc phiém ham f; (j = 1..10) va céc rang budc cua 7 tham bién thiét ké x (k
=1.7).

3. PHUONG PHAP TUONG TAC VA PHAN TICH TRUC QUAN (VIAM) TRONG
THIET KE PA MUC TIEU CAP PHOI BE TONG VA KET QUA TINH TOAN

Trong nhitng nim gan day, cac phuong phap toi vu hoa mot va nhiéu tiéu chuan duoc nghién cau kha phd
bién. Tuy nhién, hau nhu cac nghién ciru nay déu tap trung vao viéc phat trién cac thuat toan téi wu cho
ham mot tiéu chuan. Viéc xu ly bai toan nhiéu myc tiéu phan Ién dugc thyc hién bang nhiéu cach chuyén
d6i vé mot tiéu chuan chung - dai dién, vi du nhu phuong phap Weighted Minimax (Maximin),
Compromise Programming, Weighted Sum, Bounded Objective Function, Modified Tchebycheff,
Weighted Product, Exponential Weighted Sum, v.v...

Cong trinh cua Xie va cong su [9] ciling lya chon phuong phép gidi quyét nhu vay. Sau khi dua vé mot
tiéu chuan twong duong, cdc tac gia nay da su dung phuong phap Sequencial Quadratic Programming dé
tim cuc tri cia nd. Can nhan manh rang, c6 thé st dung nhiéu giai thuat khac nhau nhu giai thuat Cooko,
dom dom, lai ghép, di truyén, by dan, v.v... dé tim cuc trj ciia ham twong duong nay. Mdi mot giai thuat
no6i trén dua ra nhitng gié tri toi wu vdi do chénh léch khong nhiéu. Tuy nhién, diéu ddng ban luan 12 ¢
chd, véi gia tri cuc tiéu cua ham twong duong tim dugc, thi gia tri cia ting tiéu chuan riéng biét lai khac
nhau. C6 nghia 13, c6 nhirng tiéu chuin véi mot giai thuat nay thi ti vu hon, nhung tidu chuan khac thi lai
khong bang & mot giai thuat khac.

C6 hai cau hoi chua duoc xem xét mot cach chi tiét trong céc cong trinh ké trén khi ap dung chién
lugc toi wu mot tiéu chuan:

- Liéu tiéu chuan twong dwong c6 thé thuc sy thay thé cho viéc xét tirng tiéu chuan riéng biét hay
khong, khi ma mirc d6 quan trong cua tirng tiéu chuan dudi géc nhin cia mdi mot chuyén gia, ¢
mét thoi diém cu thé, trong mot bdi canh san xuét cu thé khéc nhau 1a khac nhau?

- Trong qua trinh gia cng, san xuét thuc té, cac chuyén gia lam thé nao dé c6 thé phan tich tryc tiép,
can nhac mac do wu tién cho cac tiéu chuan mot cach linh dong, dé tir d6 c6 nhitng quyét toan pha
hop?

Y nghia cua cac giai thuat ti wu 1a vo cing to 16n, nhung trong diéu kién thuc té, khi can sy linh dong
thoa hiép dé tim phuong an san xuat hop I8¢, cac tiéu chuan can phai duoc can nhic mot cach riéng biét,
1ap lai nhiéu lan trong qua trinh so sanh, tlep theo 14 cac qua trinh “nhuong bo” dé dat duoc sy déng thuan
Vi CAc tieu chudn khac. Piéu nay doi hoi can ¢ mot cong cu, mot phuong phap xir ly bai toan da muc
tiéu mang tinh chét tmg dung cao. Bai bao nay d& xuat mot trong sb nhiing phuong phap d6 — the Visual
Interactive Analysis Method (VIAM): Ky thuat khao sat khong gian tham bién va &p dung né dé giai
quyét bai toan thiét ké da muc tiéu cdp phéi bé tong cuong do - chét luong cao.

M0 ta cua phuong phap VIAM duogc trinh bay chi tlet trong cdng trinh cta Gavriushin va Dang [3]. Y
tuéng chinh caa phuwong phap nay nam & chd: Dau tién can thiét 1ap bang tuong téc, chtra mlen gia tri cua
c4c tiéu chuan sau khi da thoa man tat ca rang bugc. Cac chuyén gia dya vao bdi canh va nhu cau san xuat
cu thé, dua ra cc yéu cau vé ngudng gia tri cua cac tieu chuan ay (Nhimg ngudng nay nam trong mién
gia tri cua bang). T d6, bai toan tro vé viée di tim nhiing vécto tham bién thoa min ngudng gié tri cua
C4c tiéu chuan trén.

C6 nhiéu cach thirc dé 1ap bang tuong téc va tim vécto tham bién hop I¢. Trong cong trinh gén day cua
nhém tac gia [6], ky thuat t6i uu mot ham tiéu chuan da dugc s dung dé tim kiém. Ky thuat nay to ra kha
hiéu qua khi dua ra dugc mot s6 10i giai t6t, thoa man yéu cau cia cac chuyén gia. Trong mot s6 truong
hop con thu dwoc gia tri vuot troi ¢ nhiéu tiéu chuan. Tuy nhién cach nay lai chua mé ta duoc mdi quan
hé gitra c4c tidu chuan — tham bién va céc tiéu chuan so véi nhau nhiam gidp cac chuyén gia c6 nhitng
thong tin can thiét dé sir dung cho qua trinh quyét toan & nhitng bdi canh thiét ké cap phdi bé téng khac
sau nay. Thyc té san xuat chi ra rang, viéc tim ra cac i giai hop 1¢ cling nhu 10i giai Pareto ngay nay la
chua du. Vi vay, trong khudn khé bai bao, cac tac gia su dung phuong phap khao sat va twong tac tryc
quan (VIAM) da trén (ng dung khoa Iap khong gian tham bién, duoc budc dau gigi thiéu trong cac cong
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trinh cua Gavriushin va Dang [2], Statnikov va cong su [8]. So d6 ¥ twong cia phuong phap nay thé hién
trong Hinh 2.

Thao luén giira cac

{ } chuyén gia trong qua
trinh quyét toan: Xay Bing twong tac {4}
o dung tip hop céc giai o) | .| ®y(a)
Day phan bo déu phéap kha thi. o Qi
l cee M
o I A
{2} (4 0907509 J( : J(
° °o°°°<>°° ooo °°Z aZ .
S SO NS St o (O
Sy | B
oooogg °Q’°o °°o°° cee
Oy [ ssisa ke se m“ i
N ?o°09/0<!°;\<>°°f§%\% A LS (Dl (DM
Seofoao ol A M©6 hinh
P G toan = ‘
¥ v N q)l
Khéng gian {1} :
tham bien N v mong {5}
chiéu Rang budc mudn
phiém ham
{3) ® v

Khong gian tiéu chuian M chiéu

Hinh 2: Phuong phap khao sét khéng gian tham bién trong khudn khé VIAM

Budc dau tién can xay dung M6 hinh toan ({1} hinh 2) thiét ké cap phdi bé tong, bao gom céc doi
tuong la khdng gian tham bién, tiéu chuan cling céc rang budc dé dam bao yéu cau ky thuat cua bé tong
cuong do - chat lugng cao. M6 hinh nay cho phép tir mét vécto tham bién bat ky tinh dwoc gia tri cua cac
phiém ham va tiéu chuan dé phuc vu cho qua trinh can nhic va quyét toan caa cac chuyén gia thiét ké. Ta
khoa 1ap Khong gian tham bién N chiéu bang mét sé lwong 16n diém vécto thir sir dung cac ddy phan
bo déu, nhu LPtau [2, 3], va cac diy mac dinh c6 sin trong cac hé diéu hanh nhu Windows ({2} trong
hinh 2). M6 hinh toan budc dau tinh ra gia tri cac phiém ham dé kiém tra ting diéu kién rang buoc ({3}
trong hinh 2). Chung dugc coi nhu mét “bd loc” dé loai ra nhiing gia tri khdng hop 18, chi con dé lai
nhitng vécto thoa man va di vao Bang twong tac ({4} trong hinh 2). Bang tuong tac la mot bang chia M
cot, tuong wng véi M tiéu chuan chit lwong. Véi nhitng vécto hop 18 lot qua bd loc phiém ham, ching ta
s& tinh gia tri cua cac tiéu chuan va sap xép chlng theo thar ty giam dan tir trén xudng (Trén cung la
nhiing gié tri tot nhat, vi du nhu gia tri cyc tiéu dM™ cua tiéu chuan i, & dudi 1a nhiing gia tri xau nhat, vi
du nhu gia tri cuc dai @™ caa tiéu chuan i). Cac chuyén gia dya vao bang tuong tac trén dé chon ra mét
gia tri ngudng @ cho timg tiéu chuan (Chang dwoc bdi mau xanh 14 cdy trong hinh 2). Thoa man dugc
nhiing gié tri ngudng nay, cac loi giai dugc roi vao viing “mong mudn” cia cac chuyén gia ({5} trong
hinh 2). Tuy nhién, van dé dat ra 1a & chd: trong nhiéu tinh hudng ching ta s& khong thu dugc mot i giai
hop 1& ndo, hoic thu duoc rat it. Viéc khoa 1ap khong gian tham bién muc dich 1a dé khao sat dugc mdi
truong toan cuc cua nod. Nhung véi mot s lugng diém thir hitu han, nhiéu khi ta khéng thé bat gap hoic
roi dugc vao “viing mong muén”. Khi do, trong khuon kho VIAM, tac gia dé xuat ky thuat khoa lap
khéng gian véi mot sb cac phuong cach nhiam thédo g& céc tinh huéng khdng cé loi giai. C6 4 cach chinh
nhu sau:

© 2017 Truong Pai hoc Cong nghiép thanh phé Ho Chi Minh



PHUONG PHAP MOI TRONG VIEC NANG CAO QUA TRINH THIET KE 125
CAP PHOI BE TONG CUONG bO CAO

e Ting s lugng diém khoa lap trong khdng gian
e Thay ddi cac ddy phan bé déu
e Thay d6i chinh md hinh toan, nhu diéu kién bién cua céc tham bién, cac rang bugc va cua tiéu
chuan
e Ting budc di sau va chinh xac héa mién 1oi giai hop 1¢ bang cach giai lai bai toan nhiéu lan khi
diéu chinh md hinh toan
Ca bdn phuong cach trén déu can sy tu van cua cac chuyén gia thiét ké (Hoi thoai {6} trong hinh 2
giira cac khau tinh toén va phan tich). Clng xem xét 15i giai chi tiét cho bai toan thiét ké cap phdi bé tong
cuong d6 cao ma mo hinh toan ciia né duge dé cap & muc 2.
Buéc 1: Tim mién hop 16 ban ddu théa mén cac rang bugc phiém ham
Khoa Iap khong gian 7 tham bién vai 2 = 65 536 vécto diém thir bang ddy phan b6 déu LPtau. Trén
co s& d6 ta tinh gia tri 10 phiém ham f; (i = 1..10) nhung khong c6 mét vécto nao lot qua duoc bo loc cua
10 diéu kién rang budc nay dé di vao bang tuong tac véi cac tiéu chuan. Bé chéc chian hon, 90 000 véc to
diém thir véi day phan b6 déu Windows da duoc tinh toan tiép dé kiém tra lai 10 rang bugc. Tuy nhién
van khong thu dugc mot loi giai hop 1€ nao. Dén day, cac chuyén gia quyét dinh kiém tra xem nhiing rang
budc nao khong dugc thoa man dan toi sy loai trir vécto diém thir ban dau cho ca 2 Ian tinh toan (65
536+90 000 = 155 536). S6 luogng vécto diém thir vi pham ting rang budc va gia tri gan nhat véi diéu
kién rang bugc c6 thé dat cho tirng phiém ham dugc thdng ké trong Bang 4.

Bang 4: Théng ké sy vi pham diéu kién rang bugc cua cac véc to diém thi

S6 véc to diém thir khong Gié tri gan nhat véi diéu kién
Rang buoc thoa man rang buoc cé thé dat Phan trim vi pham
[LPtau] +[Day Windows] [LPtau] /[Ddy Windows]
f1<0 3711 +5020 =8 731 2.66E-06/4.79E-07 5.61%
f2<0 906 + 1313 =2219 5.40E-05/3.12E-05 1.43%
f3<0 14569 + 19931 = 34 500 3.94E-07/1.37E-06 22.18%
fa<0 28437 + 39303 =67 740 1.15E-06/6.56E-06 43.55%
fs<0 57 +82 =139 3.14E-01/5.22E-01 0.09%
fs<0 11237 + 15363 = 26 600 9.16E-04/1.64E-02 17.1%
f7<0 2085 + 2882 = 4 967 1.11E-06/1.49E-07 3.19%
fg<0 649 + 894 =1 543 3.78E-07/4.97E-07 1%
fo=0 3885 + 5212 =9 097 2.08E-02/4.87E-02 5.85%
fio <0 0 0/0 0%

Nhin vao bang thong ke, ta thdy 9 rang budc dau tién déu khong dugc thoa man, dan toi khong thé tim
dugc mot 10i giai hop 1& dé di vao bang tuong tac. Di nhién, chiing ta c6 thé ting diém thur 1én nhiéu hon
nira, nhung diéu d6 khong dua ra mot phuong phap xac dinh s6 luong can thiét trong truong hop tong
quat, c6 nghia la thoi gian tim kiém 1a khong thé kiém soat duoc. Trong bai bao nay, phuong phap xu ly
tinh huéng ndm & chd can thay ddi mé hinh toan, cu thé 1a gia tri ngudng cua cac diéu kién rang budc
phiém ham. Theo bang 4, cAc rang budc 3, 4 bi vi pham nhiéu nhat, nhung gia tri thu dugc ciing kha gan
v6i 0, Vi vay, cac chuyén gia quyét dinh stra lai 2 diéu kién nay 1a f; < 10, 1af, < 10, Céac phiém ham 1,
2,5, 7, 8 bi vi pham khong qué nhiéu va gia tri kha gan 0, nén budc dau cé thé sia lai laf; <105, f, < 10
5 f5<10°° f, < 10°%, f3 < 10°5. Mat khac, tiéu chuan fs c6 vai trd dam bao tong thé tich caa hdn hop bé
téng bang vai dung tich thiét ké thuong 1a mot tiéu chuan rat kho thuc hién chinh xac 100%, gia tri gan
nhat ma 155 536 phép thir da tién hanh 1a 0.021 ciing noi Ién diéu do. Do vay cc chuyén gia cho phép
chinh lai fo= £1 tic 12 tong thé tich hén hop bé tong bude dau s& cho phép sai s6 1a 1 lit.

Giai lai v6i mo hinh bai toan méi, khoa lap khéng gian tham bién ban dau véi 3x2'° diém thir bang day
LPtau, ta thu dugc 25 16i giai hop 18, chiing “lot qua” rao can rang budc dé di vao bang twong tac. Tuy
nhién, ta chua thé sir dung duoc chiing vi rang budc 9 da dugc noi long rat nhiéu. 25 15i giai nay chi ¢o y
nghia gitp chung ta tién gan vé “mién hop 18” ma thoi. Bé xac dinh duwoc mién nay, chdng ta sir dung
cong cu tryc quan la biéu do phan bd 1oi giai trong cac hinh 3+8:
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X1 1[300;500]

S6 lugng vécto

S6 lugng vécto
P Ty —

Hinh 4: Biéu d6 phan b 15i giai hop 1& cua tham bién x,

X3 1[45;155]

@

= o

S6 lugng vécto

=)

Hinh 5: Biéu d6 phan b 15i giai hop 1¢ cua tham bién X3

X4 1[60;200]

Sb lugng vécto

Hinh 6: Biéu do phan bé loi giai hop Ié caa tham bién X4

x: 1[500;1000]

S6 lugng vécto

Hinh 7: Biéu do phan bé loi giai hop Ié caa tham bién Xs

© 2017 Truong Pai hoc Cong nghiép thanh phé Ho Chi Minh



PHUONG PHAP MOI TRONG VIEC NANG CAO QUA TRINH THIET KE 127
CAP PHOI BE TONG CUONG bO CAO

Xs 1[900:1400]

1 (50 1100 1 150 E

Hinh 8: Biéu d6 phan b 15i giai hop 1¢ cuia tham bién Xe

x7 1[2.5;12]

S6 lugng vécto

57 565 75 855 35

Hinh 9: Biéu do phan b 15i giai hop 1& cua tham bién x7

Trong cé4c biéu d6 nay, mién xac dinh caa céc tham bién dugc chia ra 10 khoang, trong méi khoang la
cac hinh chir nhat véi cac cao do cua ching, cing phia trén ¢ gin cac con sé thé hién s6 luong 10i giai
hop 1& ma gia tri ciia tham bién d6 roi vao (néu c6). Hinh chit nhat rdng mau tim bao xung quanh cac hinh
chir nhat thé hién vung 1oi giai hop 18 ciia cac tham bién. Pang luu ¥ 1a & tham bién s 1. Mac du theo
biéu dd, mién loi giai hop 1 phan bé tir [300; 480] nhu hinh 3, nhung ¢ giita khoang [420; 460] lai khong
c6 mot 1oi giai ndo ca. Thém vao dé cac 1oi giai hop 1é da sb tap trung vao vung [300, 420], nén viéc bo di
1 151 giai & mién [460; 480] c6 thé chip nhan dugc. Ly do, néu ta kéo dai dén 480 thi khdng gian sé& rong
hon, viéc tim kiém nhiing 1oi giai cac budc sau s& kho khin va khong hiéu qua vi ta di biét rang tir 420
tré v& sau thi s& co rat it cac loi giai hién hitu tai d6. Vay, dua vao 7 biéu do trén, ta thu dwoc mién xac
dinh mai cho cac tham bién nhu trong Bang 5:

Bang 5: Mién xac dinh méi cua céc tham bién — lan thay doi thir 1

XlT XzT X3T X4T X5T XGT X7T

[300;420]  [130;180]  [45;155] [60;200]  [550;750]  [950;1200] [4.75;11.4]

Vi mién xac dinh mai, ta tiép tuc theo 16 trinh khoa lap khéng gian véi 3x2! vécto diém thir bang
day phan bd déu LPtau. Lan nay ta thu dwoc 192 10i giai hop 8. Trong cac bleu dd phan bd, cac loi giai
nay déu c6 mat trong tat ca 10 khoang chia nén khong c6 gi dé diéu chinh mién xac dinh cua chiing nira.
Tuy nhién, luc nay la thoi diém can siét chat lai rang budc 9. Cac chuyén gia khuyén nghi diéu kién co thé
chap nhan duoc 1 fo=+0.02 (nghia la c6 thé chip nhan 2% sai s6 dung tich hdn hop bé tong trong thuc té
san Xuat).

Str dung lai day phan bé déu Windows véi 80 000 diém thir, ta chi thu dugc 4 10i giai hop ¢ véi cac
biéu d6 phan bé cua ching (cong cu gidng nhu ¢ hinh 3+9). Dua vao d6 ta lai diéu chinh mién xéac dinh
ctia tham bién, lan thu 2:

Bang 6: Mién xac dinh méi cua céc tham bién — lan thay doi thir 2

XlT XzT X3T X4T X5T XsT X7T

[300;360]  [130;165]  [45;110] [70;170]  [620;700]  [975;1200] [4.75;9.975]
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Ldc nay, ta st dung day LPtau dé khoa lap khang gian tham bién trong bang 6 voi 3x2'° diém thur. Ta
thu dugc 40 loi giai hop 1é thoa man 10 rang budc phiém ham. Tinh gid tri cac tiéu chuan va lap bang
tuong tac nhu sau (bang 7 va 8):

Buéc 2: Ldp bang twong tdc va thiét ldp cdc ngwdng gid tri cho cac tiéu chudn

Bang 7: Bang tuwong tac rdt gon véi 40 vécto hop Ié cling gid tri cAc tiéu chuan @ + @3

Tiéu chuan ®; Tiéu chuan @, Tiéu chuan ®;
S6 hiéu vécto Gia trj @, S6 hiéu vécto Gia trj @, S6 hiéu vécto Gia tri @3
# # #

#64666 1.49825E-14 #38772 12624285 #90240 300.2403259
#97433 4.17022E-14 #25193 1278677.625 #95760 301.9761658
#95759 4.23573E-14 #42617 1315916.25 #10512 302.010498
#50022 4.57118E-14 #95760 1339561.5 #30648 307.0147705
#95467 1.70306E-13 #30223 1366253.25 #38772 310.9945679
#21589 1.77858E-13 #33084 1376642.75 HTTTT2 312.1769714
#17891 2 0504E-13 21589 1426249.875 #24604 313.1304932
#51774 2.12792E-13 #94858 1435086.5 #71836 313.3818054
#63593 2.14162E-13 #86665 1446434.125 #33084 314.180603
#38772 3.8726E-13 #71622 1726736.25 #97627 351.268158
#25193 4.25888E-13 #95759 1766834 #30223 356.350708
#42617 4.58956E-13 #67875 1793932.25

Bang 8: Bang twong tac rdt gon véi 40 vécto hop 1é cling gid tri cAc tiéu chuin @4+ @

Tiéu chuan @ Tiéu chuan ®s Tiéu chuan ®s
S6 hiéu vécto Gia trj @ S6 hiéu vécto Gia trj ®s S6 hiéu vécto Gia tri ®@s
# # #

#42617 47.264328 #30223 70.65002441 #42617 5.159239769
#95759 4756534576 #25193 75.17883301 #7772 5.168766975
#87753 54.05979156 #38772 76.70928955 #24949 5.358318329
#27462 54.5552063 #17891 81.88659668 #10512 5.367088318
#24949 57.77664185 #24949 133.8702393 #33084 7.416156292
#46670 58.20610046 #97433 136.3475037 #95760 7.830538273
#77733 58.8740921 E52220 7.955909252 |
#10512 61.12701416 #63593 141.3851929 #11755 8.176035881
#94858 62.26016998 #27462 141.6583252 #29771 8.254647255
#95760 106.4715958 #95759 158.344574 #95467 9.825631142
#52220 107.6920319 #67875 161.2895203 #67875 9.845562935

| #066234 ~109.9370193 #71622 166.3554382 #30223 9.91297245

Trong Cac bang twong tac nay, cac ti€u chuén sau cua mdi mot véc to diém thir tham bién dwoc tinh
gia tri va sap xép theo thur tu téng dan tir trén xudng dudi. Céc chuyén gia dua vao bang nay biét duoc
mién gi4 tri cia cac tiéu chuan dé tir do thiét lap nén cac “ngudng” cho phép. Trong bang nhimg ngudng
nay la nhung véc to va gla tri tiéu chuin twong g duoc bao vien xung quanh bang nhung khung hinh
chir nhat c6 mau. Gia sir cc chuyén gia xac dinh rang: Hé s tham thau ion clorua ¢ ngay thir 28 (d1) can
cuc tiéu héa va trong truong hop xau nhat khong dugc 16n hon gia tri 2.0504E-13 (twong ing Voi véc to
diém thir #17891); Gia thanh ciia 1m?® bé tong (®;) khéong duoc dit hon 1426249.875 VND (twong tng
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V6i vée to diém thir #21589); Hai gié tri vira lua chon déu & gitra khoang cua mién gié tri 2 tiéu chuan 1
va 2. Tiép theo, 2 tiéu chuan ®; (Ham luong xi mang Portland trong 1m?® bé tdng) va @, (Ham luong tro
bay trong 1m? bé tdng) cac chuyén gia nhan dinh ring toan bo cac gia tri trong bang déu thoa man mong
muén cia ho nén ngudng cia chdng cé thé & mac day thap nhat. Con lai 2 tiéu chuan ham lugng xi 10
cao trong 1m? bé tong (ds) va ham lugng phu gia hda hoc trong 1m? bé tong (ds) ciing can cuc ticu hoa
hét sirc ¢6 thé va ciing khong dugce vuot quéa gia tri 1a 139.6228027 (#10512) va 7.955909252 (#52220)
tuong ung. Sau khi dat xong nhimg ngudng tiéu chuan nay, tir 40 véc to diém thir chi con lai duy nhét 2
vée to hop 18 12 #21589 va #17891, chiing chinh 1a nhitng véc to 16i giai téi uu Pareto can tim kiém. Tuy
nhién dé khao sat ki hon va tim dwoc nhiéu 1di giai hon nham giup cac chuyén gia danh gia vé mién gia
tri c&c tiéu chuan, ching ta c6 thé tiép tuc khoanh viing tham bién dé tim kiém:

Bueéc 3: Tim thém loi qidi téi wu Pareto.

Str dung c6ng cu biéu @ phan bd 10i giai hop 1& (céng cu giéng nhu & hinh 3+9), ta thu duoc mién xac
dinh méi caa tham bién xung quanh 2 1oi giai #21589 va #17891 trong Bang 9.

Bang 9: Mién xac dinh méi cua céc tham bién — lan thay doi thir 3

X1 1 Xo 1 X3 1 Xa 1 Xs | Xs 1 X7 1

[336;348]  [140;151]  [71.591]  [80;110]  [656;696] [1035;1147.5] [4.75,7.315]

Khoa lap khdng gian véi 90 000 diém thir bang ddy phan bé déu Windows. Tuy nhién & day ta lai that
chat diéu kién cua céc tiéu chuan hon 1 chit nita so véi & trén nhu sau: ®; DMIN < 2E-13; @, DMIN <
1.4E6; @3 >MIN < 400; ®s >MIN < 110; @5 >MIN < 140; ®s >MIN < 8. Ta thu dugc 10 16i giai ti
wu Pareto, két hop véi #21589 va #17891 & budce 2, ta thu dugc 12 16i giai. Gia tri cAc tiéu chuan cua
chting thé hién trong Bang 10 va gia tri cac tham bién thé hién trong Bang 11.

Véi 12 15 giai Pareto nay, cac chuyén gia c6 thé lva chon 1 trong sé chung dé thiét ké cap phéi bé
tong cudng do cao — chat lwong cao theo muc tidu dugc dit ra ban dau.

Bang 10: Gié trj c4c tiéu chuan cua 12 loi giai Pareto

S\‘,’égg“ D OMIN @& O>MIN @ >MIN @,>MIN @s>MIN @ > MIN
Min: 156E-13  1.35E+06  3.37E+02  7.35E+01  8.19E+01  5.24E+00
Max: 205E-13  143E+06  3.48E+02  9.04E+01  1.06E+02  7.11E+00

#17891 205E-13  1.36E+06  347E+02  823E+01  8.19E+01  7.11E+00

(Budéc 2)

#21589 1 ogr 13 143E406  3.40E+02  7.96E+01  1.06E+02  5.45E+00

(Budéc 2)

#3351 1.56E-13 1.39E+06 3.40E+02 9.04E+01 9.60E+01 5.54E+00
#21629 1.95E-13 1.39E+06 3.45E+02 7.50E+01 9.71E+01 5.30E+00
#26522 1.87E-13 1.39E+06 3.42E+02 7.89E+01 9.51E+01 5.83E+00
#28684 1.94E-13 1.38E+06 3.45E+02 8.20E+01 9.01E+01 6.61E+00
#56021 1.94E-13 1.35E+06 3.37E+02 8.45E+01 8.64E+01 6.30E+00
#56394 1.99E-13 1.39E+06 3.42E+02 7.69E+01 9.42E+01 6.29E+00
#60029 1.87E-13 1.39E+06 3.46E+02 8.12E+01 9.18E+01 6.57E+00
#63389 1.61E-13 1.39E+06 3.40E+02 8.91E+01 9.28E+01 6.23E+00
#67933 1.77E-13 1.38E+06 3.38E+02 7.81E+01 9.68E+01 5.51E+00
#75706 1.97E-13 1.37E+06 3.48E+02 7.35E+01 9.24E+01 5.24E+00
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Bang 11: Gié tri cac tham bién ciia 12 1oi giai Pareto

S6 hieu

. X X X X X X X
vécto 1 2 3 4 5 6 7

Min: 3.37E+02 1.40E+02 7.35E+01 8.19E+01 6.57E+02 1.05E+03 5.24E+00
Max: 3.48E+02 1.48E+02 9.04E+01 1.06E+02 6.95E+02 1.12E+03 7.11E+00

#17,891 346.789 141.421 82.330 81.887 661.106  1113.050 7.110
(Buéc 2)
#21,5 89 339.882 147.569 79.640 105.507 688.284  1054.850 5.449
(Budc 2)

#3351 339.760 142.796 90.403 95.971 663.614  1090.502 5.542
#21629  344.963 144.970 75.018 97.055 660.785  1102.372 5.299
#26522  342.030 143.397 78.920 95.057 695.309  1068.744 5.834
#28684  345.161 143.784 81.987 90.133 680.972  1079.532 6.611
#56021  337.245 140.463 84.516 86.358 656.924  1122.777 6.297
#56394  341.983 143.829 76.854 94.206 672.212  1094.371 6.290
#60029  346.380 143.756 81.237 91.787 686.636  1071.759 6.573
#63389  339.789 141.462 89.097 92.801 694.859  1064.713 6.233
#67933  338.134 141.188 78.059 96.784 668.436  1106.554 5.510
#75706  347.811 142.682 73.495 92.443 672.705  1100.846 5.244

4. KET LUAN

Déi vai 1o giai cho bai toan t6i wu da muc tiéu, g dung trong viéc thiét ké cap phdi bé tong cuong do -
chét luong cao, |61 giai ¢ day khong phai la duy nhat. Bai 18 10i giai nay 1a tap hop gié tri cua nhiéu tiéu
chuan, nhung mdi 1 tiéu chuan lai ¢ tam quan trong khac nhau duéi goc nhin caa céc chuyén gia khac
nhau, trong mét bdi canh san xuit cy thé. Do vy, viéc danh gia 10i giai nao d6 wu viét hon, dya vao gia
tri ciia 1 ham twong dwong cho tat ca cac tiéu chuan, 1a diéu khong toan dién.

Y nghia cta su tuong tac va giup d& cua cac chuyén gia trong qua trinh tim kiém mién hop Ié 1a vd
cung quan trong trong Viéc glal quyét cac bai toan da muc tiéu. Viéc ¢ dinh mé hinh toan va dat hi vong
I&n cac giai thuat toi uu nhiéu khi khong dem lai hiéu qua cao. Thuc té cho thiy, céc rang budc, diéu kién,
tiéu chuan trong mé hinh toan c6 thé duoc nai long, thit chat, thay doi lién tuc phuc vu cho qua trinh tim
kiém loi giai dién ra thuan loi nhat 1a mot cach tiép can mang tinh linh hoat va doi hoéi phai cé su tham gia
cuia yéu t6 “con ngudi”, kho co thé ty dong hda hoan toan.

Ta da tim duoc 12 10i gigi cho cac tinh hudng yéu cau khac nhau vé céc tiéu chuan trong qua trinh tim
kiém phuong 4n thiét ké cdp phdi bé tong cudng do cao - chat lugng cao. Ching déu la nhung loi giai
Pareto, cho phép cac chuyén gia Iya chon trong tinh hu0ng dugc chi dinh. Bai toan con c6 thé mo rong
hon véi nhitng tham bién, rang budc, ciing nhu tiéu chuan khac nhau khi thay ddi sb luong va tinh chat
c4c thanh phan hop chat 1am nén bé tong cudng do cao - chét lugng cao.
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