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TOI UU HOA HINH DANG TUONG CHAN
SHAPE OPTIMIZATION OF RETAINING WALLS

Vii Trwong Vi, Trinh B& Thang
Dai hoc Giao thdng vdn tai Thanh pho Ho Chi Minh
vutruongvu@gmail.com

Tom tdt: Bai béo trinh bay hinh dang téi wu ciia tuwong chdn trong luc va rong chan cdng-xon dya
trén sw két hop giira phurong phdp t6i wu héa Differential Evolution véi 1y thuyét tinh toan ap luc dat
cua Rankin va Coulomb. Dui tac dung cua cac tdi trong tinh toan thong dung nhur tinh tdi, hoat tdi qui
doi va ap luc dat, tuwong chdn toz wu €6 chi phi vat lieu nho nhat va théa man cac hé sé an toan ve fruot
ngang, an toan Ve lat, an toan vé cuong do Cua dat nen. Ngoaz ra tzmng cong xon ¢con théa mén an toan
vé dg ben chju uon va chju cdt. Bai bao ciing trinh bay c&c fuong chdan téi wu véi cac gia tri khac nhau
cuia chiéu cao twong, cuong do ciia dat nén, goc ma sat trong ciia ddt dap, hoat tai va dé nghiéng cia
mét mai ddt dap.

Tir khoa: Téi uu héa hinh dang, rrong chan dat, differential evolution.

Chi sé phan logi: 2.4

Abstract: The article presents the optimal shape of gravity retaining walls and cantilever retaining
walls based on the combining between the Differential Evolution method and theories of Rankin and
Coulomb for earth pressures. The optimal retaining walls, which are subjected to common loads such
as dead loads, equivalent live loads and earth pressures, have the least material cost. They also satisfy
all requirements on the safety of sliding, the safety of overturning and safety of soil bearing capacity. In
addition, the cantilever retaining walls meet the safety of flexural strength and shear strength. The
article also presents the optimal retaining walls with various values of parameters such as wall height,
soil bearing capacity, angle of internal friction of backfill, equivalent live load and slope of backfill
surface.

Keywords: Shape optimization, retaining wall, differential evolution.
Classification number: 2.4

1. Giéi thi¢u trong luc su dung giai thuat Differential

Tuong chan 1a mot trong nhitng hang muc
quan trong trong cac tuyén duong di qua
nhitng dia hinh d6i ni. Hién nay hau nhu viéc
chon lwa hinh dang, cac théng s cua tuong
chén déu dya trén kinh nghiém, théng qua viéc
thir va sai trén mot sé it phuong an. Do do,
viéc cd thuat toan thich hop dé dwa ra hinh
dang tuong chin téi vu s& ¢6 ich cho viéc thiét
ké. Tai Viét Nam, tac gia chua thay cong bd
lién quan dén t6i wu hoa twong chan. Trén thé
gidi da c6 mot s6 cong trinh lién quan nhu A.
Saribas va F. Erbatur khao sat do nhay va dang
ti wu ctia tuong chan [1]; M. Ghazavil va A.
Heidarpour nghién ctu ti wu hoa tuong chan
c6 suon ting cuong [2]; M. Asghar Bhatti
ding cong cu MS Excel Solver dé tim két qua
t6i wu [3], trong khi Mohammad Khajehzadeh
va cong su dung giai thuat Particle Swarm
Optimization [4] va Gravitational Search [5].
Mot diém chung caa cac nghién ctu trén 1a chi
khao sat mot sb it cac trudng hop tudng chan
dé minh hoa cho phuong phap duoc st dung.
Bai b4o nay sé trinh bay t6i uvu hoa tudng chan

Evolution (DE, tam dich 1 Tién hda khac biét)
va sé khao sat mot loat cac hinh dang toi uu
twong wng voi cac dieu Kién tai trong, dia chat
khac nhau.

2. Phuwong phap Differential Evolution

Differential Evolution, dwoc Storn va
Price dé xuat [6], st dung cac khai ni¢m tuong
ty nhu giai thuat di truyén: “quan thé” 1a tap
hop cac ca thé, “lai ghép” 1a tao ra ca thé moi
bang cach tron Ian cac thanh phan ca thé cua
thé hé trudc, va “lua chon” 1a viéc giir lai
nhitng cé4 thé tot nhat cho thé hé sau. Phép toan
déc trung cta phuong phap nay la “dot bién”,
dugc ding dé chuyen huéng tim kiém dya trén
thong tin ¢6 san trong quan thé.

Xét mot quan thé kich thudc N gom céc
véc-to c6 D chiéu, xic i =1, 2,..., N cho mdi
thé hé G, vic+1 la véc-to gay dot bién trong thé
hé (G + 1) va uic+1 1a véc-to thi trong thé hé
(G + 1). Ba phép toan trong DE dugc mo ta
nhu sau:

e Dot bién:
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Vig+l = Xr1,6 + FM(Xr26 — Xr36) (1)
i=12,..N

Vi r1, 1z, r3 la cac s nguyén ngau nhién

trong khoang [1, N] khac 1an nhau va khac chi

s6 chay i; FM 1a hiang s6 dot bién trong khoang
[0, 2].

e Laighép:
Uic+1 = (U1i,G+1, U2i,G+1,..., UDiG+1)  (2)
Voi:
. z{vji,GH khi(r < CR) hay j =
ji,G+ Xjig Kni(r>CR)vaj = k
j=12.D

Trong d6 CR Ia hing s6 lai ghép trong
khoang [0, 1], r la s6 ngau nhién trong khoang
(0, 1), k 1a s6 nguyén ngau nhién trong khoang
[1, D].

e Chon lya:

_ ui,G+1
Xi,G+l -
Xi,G

Vi f 1a ham muc tiéu.

Phuong phap toi uu DE trén dugc xay
dung cho céc bai toan téi vu khong rang budc.
Do d6 ki thuat xu Ii céc rang budc can duoc
két hop véi DE dé giai cac bai toan téi wu co
rang bugc. Phuong phap so sanh loi giai thugc
vung kha nghiém va loi giai khdng thudc vung
kha nghiém s& dugc dung théng qua gia tri hé
s6 phat: Di véi bai toan cuc tiéu hoa thi cac
lo1 giai khdng thudc vung kha nghiém s€ duoc
cong thém maot hé sb phat ¢ dinh rét 16n (nho
do sé phan biét dugc so véi loi giai kha
nghiém), va kém thém mot hé sb phat bién doi
Vi gia tri cang Ion khi cac rang budc bi vi
pham cang nhiéu (nhd dé 16i giai it vi pham
hon s& dugc chon).

3. Tinh toan twdng chan

3.1. Ap luc ngang cia dit

Dé ngén gon, bai bao chi tém tit nhiing
diém chinh trong viéc tinh ap luc ngang cua
dat, chi tiét cu thé cua ly thuyét tinh toan c6
thé xem trong [7].

3.1.1. Phwong phap Coulomb

Xét d¢én goc ma sét giita dat dap va lung
tuong, J; xét dén goc nghiéng cua lung tuong.
Trong trueong hop nay, ap luc chu dong, Pa, va

khi f(u; g, ) < f(Xig)

khi khac di )

&p luc bi dong, Pp, s& tao vai phap tuyén cua
lung twong mot goc o nhu hinh 1.

Xo, Tt

Hinh 1. Mdt cdt ngang fwong trong luc.

3.1.2 Phuwong phap Rankin

Bo qua goc ma sét giira dat dap va lung
tuong; khong xét dén goc nghiéng cia lung
tuong (mat phang tinh toan luén chon thang
dung). Ap luc chu dong, Pa, s& nghiéng véi
phuong ngang mét géc B (chinh la gdéc
nghiéng cia mai dat dap). Cac hé sb ap luc chi
dong, bi dong va vi tri hop luc duoc cho trong
hinh 2.

Xa Th
q
L I Bl Mit phang
/ti.nhtoén
P
H, Ry 5 4
H.
B
2 B :
;Hl " a5 B Ha |-2|
e & 8
R, 2l I3
Bt}T‘b| Bh |

i f |
Hinh 2.Mdt cdr ngang twong cong-xon.
3.2. Tinh toan twong chin
3.2.1. Kiém tra lat
Duéi tc dung cua &p luc dat, tinh tai va
hoat tai, tuong duoc xem la an toan vé lat néu
thoa diéu kién:
Mr/Mo > Ko
Trong d6 Mrva Mo 12 md men chbng lat
va mbé men gay lat quanh mep ngoai chan
tuong; Ko 1a hé s6 an toan vé lat.
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3.2.2 Kiém tra truot phing

Tudng dugc xem la an toan vé truot

phang néu thoa diéu kién:
Fr/FS EKS

Trong d6 Frva Fs 1 lyc chéng truot va
luc gay truot doc theo ddy mong; Ks 1a hé sb
an toan vé truot.

3.2.3. Kiém tra &ng suit trong nén dat

Ung suat trong nén dat phai thoa diéu
Kién:

0 <omin, omax <R

V6i R 13 cudng d6 cua nén dat, ung suat

I&n nhat va nhé nhat dugc tinh theo:
_P.M,
mn  F W

Trong d6 F la dién tich mat day mong
tuong chan, P 1a hop luc thing dung tac dung
1én tuong, Mx 12 md men cua tat ca cac ngoai
luc ddi véi truc di qua trong tim day moéng va
Wyx 12 md men chong uén cua tiét dién day
mong tuong.

3.2.4. Kiém tra cac mat cit nguy hiém
trong twong cong-xon

Dbi véi tudng cdng-xon, can kiém tra
thém kha ning chiu uén va chiu cét cua cac
mat cat nguy hiém tai chan tudng, cac mép
trong va mép ngoai cua ban mong. Theo
TCVN 5574-2012 [8], cac didu kién nay
duoc thé hién nhu sau:

Kha niang chiu udn:

M<Ma= Rbe(ho - 05X)

Véi Ma la kha nang chiu udn cua tiét dién
tinh toan; M 1a mémen udn tai tiét dién tinh
toan; x 1a chiéu cao viing bé téng chiu nén, x
= RsAs/Rob (khong tinh cét thép ving chiu
nén trong bai bao nay); Rs, R la cuong do
chiu kéo khi ubn cua thép va cuong do chiu
nén cua bé tong; As la dién tich cbt thép chiu
kéo: b 12 bé rong cua tiét dién, chonb =1 m;
ho 1a chiéu cao lam viéc cua tiét dién. Kha
nang chiu cit caa bé tong:

QO < Qa = 0.6Rptbho

Vi Q, Qala 12 lyc cit va kha nang chiu
cit cua tiét dién tinh toan; Rot 1a cuong do chju
kéo cua bé tong; b va ho tuong tu nhu trén.

4. Thiét 1ap bai toan ti wu

Bai toan t6i uu twdng chin dugc phat biéu
nhu sau:

Cuc tiéu hoa chi pht:

o

W = y Ve + 17V
Thoa cac rang budc:
- An toan lat: M /Mo > Ko
- An toan truot phang: Fr/Fs > K

- Cuong d6 nén dat: 0 < omin, omax <R
boi voi tuong dang cong-xon, can phai
thoa thém cac diéu Kién sau:
- Do bén chiu udn va chju cit tai ba mat
cat 1-1, 2-2 va 3-3 nhu trong hinh 2.
M <Ma, Q £Qa
Trong do:
W: Chi phi (twong d6i) 1 m dai tuong;
ye, 751 Trong lugng riéng cua bé tong va
cua cot thép;
n: Ti s6 don gia c6t thép va bé tong;
Ve, Vs: Thé tich bé tong va thé tich ct
thép cho 1 m dai tuong;
Mr, Mo: Md men chéng lat va gay lat
quanh mép ngoai chan tuong;
~Fr, Fst Luc chéng truot va giy truot
phang doc theo day mong;
Ko, Fs: Hé s6 an toan lat va an toan truot;

omin,omax, R: Ung suat nho nhat, 16n nhat
day tuong tac dung 1én nén va cuong do cua
dat nén;

Ma, Qa: Kha ning chiu udn va chiu cat
cua tiét dién tinh toan:

M, Q: Md men udn va luc ct tai tiét dién
tinh toan.

Dé giai bai toan tdi wu trén, chuong trinh
viét bang ngdn ngit MATLAB s& thuc hién
cé4c tinh toan, kiém tra twdng chan. Pong thoi,
chuong trinh nay s& két hop voi phuong phap
t6i wu dé tim 1oi giai tét nhat. Bién thiét ké la
tiét dién twong chan va dién tich cét thép chiu
lyc. Cac bién nay duoc phét sinh, chon loc dua
trén co ché cua thuat toan téi vu DE nhu da
trinh bay. Céac thong sé cia phuong phép toi
wu gdm hang s6 lai ghép CR = 0.9 va dot bién
FM = 0.5. Pay 1a nhiing gia tri thdng dung dé
c6 duoc 1oi giai tot. Kich thudc quan thé N =
50 va sb lan lap | = 300 duoc chon trén co s&
chay thir nhiéu lan ¢am bao cho su hi tu 6n
dinh cua loi giai.

5. Céc bai toan va két qua

5.1. Twong chin trong luc
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Tudng trong lue duoc khao sat 1am bing
bé tong khong cd cét thép chiu luc. Do do,
ham muc tiéu cua bai toan co thé chuyén vé
dang don gian 1a dién tich mat cat ngang
tuong; cac rang budc chi gém diéu kién lat
quanh mép ngoai tudng, diéu kién truot phang
va diéu kién cuong do cua dit nén dudi day
tuong chan. Loi giai ciia Coulomb, c6 xét dén
tinh ma sat giita dat dép va lung tuong, dugc
ap dung.

Pé thién vé an toan, cac tinh toan s& bo
qua anh huong 4p luc bi dong cua khéi dat
trudce twong. Hinh dang cta tuong dugc mo ta
trong hinh 1. Céc bién thiét k& gom bé rong
dinh tudng Tt, bé rong chan tudng To, va do
nghiéng tudng Xn. Gidi han tim kiém cua cac
bién nay, dya trén su 1am viéc twong ddi hop
li cta tuong, dugc gia dinh nhu sau:

0.01*Ha < Tt <Ha
0.01*Ha <Tbh <Ha
-0.2*Ha <Xn <0.5*Ha

Véi Ha la chiéu cao tuong.

Bai bao sé khao sat cac truong hop khac
nhau cia chiéu cao tudng Ha, cuong do dit
nén R, goc ma sat dat dip ¢, d6 nghiéng cua
mai dat dip # va cuong do hoat tai phan b
déu q trén mai dat ddp. Cu thé nhu sau:

- théu cao tuong, H =1 -8 m, budc tang
cho moi tuong la 1 m;

- Cuong do dat nén, R = 1.5 daN/cm?, 2.0
daN/cm?, 2.5 daN/cm?;

- Goc ma sat dat dap, ¢ = 25° 30°, 35°
(dung loai dat roi, khong xét den luc dinh);

- D6 nghiéng mai dat dip, 5 = 0, 10°, 20°;

- Cudng do hoat tai phan bb déu, q = 0,
10 kN/m2, 20 kN/m?.

Céc s6 liéu khac duoc gia dinh nhu sau:
Trong luong riéng dat dap 18kN/m°, trong
lugng riéng bé tong 24kN/m®, h¢ s6 ma st
gitra dat nén va mong tuong p = 0.5, géc ma
sat gitra dat dap va lung tuong J = ¢/2, chicu
day lop dat trude tuong Hp = 0.5m (tuy nhién,
dé an t,oan ta khong tinh ap luc ’bi doéng cua
khoi dat trude tuong nay). Hé so an toan lat
Ko va truot phang Ks déu lay bang 1.5.

5.1.1. Két qua
- Thong s6 ciia 24 truong hop tudng chan
toi wu dwoc cho trong bang 1. Cac tuong
dugcchia thanh 3 nhém V‘('ri cac théng so khép
nhau cua cuong d6 dat nén R, goc ma sat dat
dap ¢, do nghiéng mai dat dap, B, va cuong do
hoat tai phan bo deu q.

- Hinh dang tuong chén téi vu dugc mo ta
trong cac hinh 3. Moi hinh nho bao gom mot
bo 8 twong chan co chiéu cao tur 1-8m.

I
0 1

(b)

Hinh 3. Hinh dang t6i wu ciia twong chdn trong luc c6 H = 1-8m.
() ¢ = 25° = 0°,R=15daN/cm? q = 0;
() ¢ = 30°, p=10°, R = 2.0 daN/cm?, g = 10 daN/cm?;

(c) ¢ = 35° B = 20°, R = 2.5 daN/cm?, g = 20 daN/cm?.
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Bdng 1. Thong sé fuong chan trong luc tdi wu.

Ha | S(m?) Tt (m) Ty (M) X (m) SF, | SFs Grmax Grmin

(m) (daN/ecm?) | (daN/cm?)
0 1 0.3467 0.37 0.32 0.08 206 | 15 0.54 0.00
i’ 2 | 1.3867 0.75 0.64 015 | 2.06| 15 1.07 0.00
o 3 3.1316 1.09 1.00 0.28 215| 15 1.50 0.06
S5 | 4 5.6547 1.29 1.54 0.65 260 | 15 1.50 0.34
Luls 8.9439 1.42 2.16 1.14 3.05| 15 1.50 0.59
oroL | 6 | 130056 1.50 2.84 1.72 349 | 15 1.50 0.82
S| 7 | 17.8429 1.52 3.57 2.40 395| 15 1.50 1.04
o8 | 8 | 234560 1.50 4.36 3.17 442 | 15 1.50 1.25
og | 1 0.5425 0.68 0.41 -0.01 | 204 | 15 0.65 0.00
WS | 2 | 17397 | 1.00 0.74 010 | 209 | 15 1.18 0.00
8| 3 | 35460 131 1.05 0.21 211 | 15 1.70 0.00
231 4 6.0048 1.56 1.44 0.42 228 | 15 2.00 0.12
) 535 | 91875 | 170 1.97 081 | 266 | 15 2.00 0.40
Cé;NE—: 6 | 13.0563 1.80 2.55 1.28 3.05 | 15 2.00 0.65
“S4{ 7 | 176150 1.86 3.18 1.82 346 | 15 2.00 0.89
o84 8 | 228654 1.87 3.84 2.43 3.87 | 15 2.00 1.12
10 1 0.6385 0.83 0.45 -0.05 199 | 15 0.68 0.00
nE | 2 1.9821 1.18 0.80 0.06 206 | 15 1.22 0.00
- % 3 | 39131 1.47 1.14 019 | 210 | 15 1.73 0.00
S 6.4163 1.75 1.46 0.33 211 | 15 2.22 0.00
LE 5 9.5653 1.97 1.86 0.56 225 | 15 2.50 0.12
S e | 6 | 13.4481 2.09 239 09 | 255 | 15 2.50 0.39
T3] 7 | 179044 | 218 2.96 142 | 285 | 15 250 0.65
o8| g | 232076 | 224 3.56 195 316 | 15 2.50 0.89

5.1.2. Nhan xét

Quan sét cac thong s6 va hinh dang téi wu,
0 thé rut ra mot s6 nhan xét sau:

- Po 6n dinh truot phiang co tinh quyét
dinh, véi gié tri lubn bang gié tri gigi han 1.5
theo yéu cau ban dau cua bai toan. Trong khi
d6, d6 on dinh lat hau nhu lu6n 16n hon 2;

- Khi chiéu cao tudng tang, Ung suat 16n
nhét s& dat dén cuong d6 caa dat nén;

- Do nghiéng lung tuong (mat tiép xuc dat
dap sau tuong) nho hon nguc_tuong (mat tu
do) va ca hai déu nghiéng vé phia dit dap
trong cac treong hop khao sét;

- Bé rong tai dinh twong nho hon tai chan
tuong. Trong mot sb truong hop, bé rong dinh
tuong co thé 16n hon chan twong. Vi du hinh
3b, 3¢ véi nhimg trudng hop chiéu cao tuong
nho;

- Quan hg giira tiét dién twong va chiéu
cao dap dat theo dang ham mii nhu hinh 4.

/

5(m2)

20 -

15 4 —a—Series3 Series2 Seriesl /
=

5 - ==

’/

o H (m)

1 2 3 4 = 7] 7 a8
Hinh 4. Quan h¢ giia di¢n tich ti¢t di¢n reong trong
luc véi chieu cao, tai trong, géc ma sat
va do nghiéng mai dat dap.

(Series 1)p = 250, B = 0o, R = 1.5 daN/cm?, q =0
(Series 2)p = 300, B = 100, R = 2.0 daN/cm?,

g = 10 daN/cm?
(Series 3)p = 350, B = 200, R = 2.5 daN/cm?,

q = 20 daN/cm2
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300 A

Chi phi

250 A

200 A Series3 Series2 Seriesl
150 o
100

50 o

H
0 4 )

1 2 3 4 5 6 7 8

Hinh 5. Quan hé giita chi phi tuong cong-xon Vdi
chieu cao, tai trong, géc ma sat
va d¢ nghiéng mai dat dap.
(Series 1) ¢ = 250, f = 0o, R = 1.5 daN/cm?,q =0
(Series 2) ¢ = 300, = 50, R = 2.0 daN/cm?,
g =5 daN/cm2
(Series 3) = 350, f= 100, R=2.5daN/cm?,
g= 10daN/cm?
5.2. Twong cdng-xon
Tuong tu véi tuong trong luc, bai bao sé

khao sat cac trudng hop khéc nhau cua chiéu
cao tuong, cudng do dat nén, goc ma sat dat
dép, d6 nghiéng cua mai dit dap £ va cuong
d6 hoat tai phan bé déu q trén mai dat dap.
Ngoai mot vai khac biét vé gid tri su dung cua
q va B, cac théng sé dugc lay tuong tu tudong
trong luc. Ngoai ra, do c6 kiém tra d6 bén chiu
uén va chiu cit nén chon céc thong sé lién
quan gém cudng do chiu kéo cua thép All 13
280MPa, cuong d6 chiu nén va cuong do chiu
kéo cua bé tong c6 cip do bén chiu nén B20
lan luot 12 11.5 MPa va 0.9 MPa, chiéu day
I6p bé tong bao vé 1a 4 cm. Chon ti sé don gia
giira c6t thép va bé tong dwa theo khéi luong,
8_Il(m) | H(m)

8

1 = 25. Dé don gian, h¢ s6 nay dugc dua vao
ham muyc tiéu thay cho don gia cu the cua bé
tdng va cot thép, nhu da trinh bay ¢ trén.

_ Céc bién thiét ke (9 bién, xem hinh 2)
gom bé rong dinh tuong Tt, bé rong chan
twong Tb, d0 nghiéng tudng Xn, be rong phan
tru6c ban moéng Bt, be rong phan sau ban
mong Bn, chicu day ban mong Tr, dién tich cot
thép tai mat cat 1-1 chan tuong Ry, tai mat cat
2-2 trude tuong Rz, va mat cat 3-3 sau tuong
Rs. Gidi han tim kiem cua cac bien nay, dya
trén sy lam viéc tuwong doi hop li cua tuong
theo [9], dugc chon nhu sau:

0.05*Ha <Tt, To <0.2*Ha
-0.05*Ha < Xn <0.1*Ha
0.05*Ha < Bt <0.3*Ha
0.05*Ha < Bt <0.7*Ha
0.05*Ha < Tt <0.2*Ha
0.1%< ham lwong thép R1, R2, R3<3%
Phuong phap Rankin duoc st dung cho
loai trong nay. Mat phang dung dé kiém tra
on dinh tong thé di qua mép cua ban mong
trong, minh hoa trong hinh 2.
5.2.1. Két qua
- Gid tri ham muyc tiéu, c4c thong so cua 3
nhom gom 24 tuong chan ung vai cic gia tri
cua g, R, Ha, ¢ va 8 dugc cho trong bang 2.
- Hinh dang cua céc twong nay dugc minh
hoa trong cac hinh 6. Moi hinh nhé bao gom
mot bo 8 tuong chan cé chiéu cao tir 1-8m.

B(m)

(b)

Hinh 6. Hinh dang toi wu ciia fwong chdn céng-xon c6 H = 1-8m.
(@) @ =25° B =0°R=15daN/cm? q = 0;
(b) @ = 30°, p = 5° R = 2.0 daN/cm?, g = 5 daN/cm?;
(c)p = 35°, B = 10°, R = 2.5 daN/cm?, g = 10 daN/cm?.
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Bdng 2. Thong sé fuwong chan cong-xon téi wu

Ha | Chi T. | To | X» | B Bh T Ry Rz Rs H
(M phi | @m) [ m [ m  m [ m | m | @) | (m) | m) | %)
0 1 | 304 | 005 | 007 | 002 005 | 055 006 | 0.0002 | 0.0001 | 0.0002 | 0.68
" 2 | 1200 | 010 | 013 | 003 | 0.10 | 1.10 | 0.10 | 0.0004 | 0.0001 | 0.0007 | 0.58
@ 3 | 2899 | 015 | 0.20 | 0.05 | 0.31 | 1.63 | 0.15 | 0.0008 | 0.0002 | 0.0011 | 0.56
©_ | 4| 5535 | 020|029 009 | 043 | 216 | 020 | 0.0012 | 0.0002 | 0.0018 | 0.56
L "ol 5 | 9239 | 025 | 039 | 0.14 | 0.72 | 267 | 025 | 00016 | 0.0005 | 0.0024 | 059
Cl’n“NEr 6 141.21 0.30 0.50 0.20 1.01 3.17 0.30 0.0021 0.0008 0.0031 0.61
R 202.89 | 0.35 | 063 | 0.28 | 1.27 | 3.66 | 0.35 | 0.0026 | 0.0012 | 0.0039 | 0.64
o3 | 8 | 27837 | 040 | 0.77 | 0.37 | 149 | 415 | 0.42 | 0.0032 | 0.0015 | 0.0047 | 0.64
2 1 448 | 0.05 | 011 | 006 | 0.30 | 0.70 | 0.07 | 0.0001 | 0.0001 | 0.0003 | 0.39
neg | 2 | 1351 010 | 013 003 | 010 | 121 | 011 | 0.0004 | 0.0001 | 0.0008 | 0.54
®3 | 3 3000 | g15 020 005 039 | 164 0.5 | 00008 | 0.002 & 0.0012 | 0.57
‘T f 4 | 5472 | 020 | 029 | 0.09 | 056 | 2.07 | 0.20 | 0.0011 | 0.0003 | 0.0017 | 0.55
«! | 5| 8.5 | 025 038013 076 250 | 025 | 0.0015 | 0.0005 | 0.0022 | 0.55
& | 6 | 13227 | 030 | 049 | 019 | 0.98 | 2.91 | 0.30 | 0.0020 | 0.0008 | 0.0028 | 0.58
T S | 7 | 18661 (35 060 | 025 | 121 | 332 | 035 | 00024 & 0.0011 | 0.0034 | 0.58
o5 | g | 25228 | 040 | 0.72 | 0.32 | 143 | 372 | 040 | 00029 | 0.0014 | 0.0041 | 0.60
10 1| 630 | 013|020 ] 007|030 | 070 | 0.07 | 0.0001 | 0.0001 | 0.0004 | 0.26
I Ng 2 14.30 0.10 | 0.13 | 0.03 | 0.10 | 1.24 | 0.13 | 0.0004 | 0.0001 | 0.0009 | 0.53
“2 3| 298 015 020 005 044 157 015 | 00007 | 0.0002 | 00013 | 057
= § 4 | 5256 | 020 | 028 | 008 | 056 | 1.92 | 0.20 | 0.0011 | 0.0003 | 0.0017 | 0.55
o |5 | 817 | 025 | 037|002 | 070 | 226 | 0.25 | 0,0014 | 0.0005 | 0.0021 | 0.54
L | 6 | 12224 | 030 | 046 | 016 | 0.87 | 259 | 030 | 0.0019 | 0.0007 | 0.0026 | 0.55
T S 7| 17031 | o35 | 057 | 0.22 | 1.03 | 2.92 | 0.35 | 00023 | 0.0009 | 0.0030 | 0.54
o5 | g | 22788 | g40 | 068 | 028 | 1.20 | 324 | 040 | 00027 | 0.0012 | 0.0036 | 0.55

5.2.2 Nhan xét

Tuong tu tudng trong luc, ta ¢d the thay
mot so tinh chat sau:

- Twong quan gifra ham muc tiéu va chiéu
cao tuong chan ¢ dang ham mi, nhu hinh 6.

Tir két qua dién tich cot thép chiu luc, ta
c6 thé thay:

- Chiéu cao tudng anh huong khong dang
ké den ham lugng thép. Ngoai trir truong hop
chiéu cao tuong thap (h = 1m), gia tri trung
binh cua w14 0.55%, dao dong tir 0.53% (min)
den 0.68% (max).

- Dién tich ¢t thép trong tudng giam theo
thtr tu sau: phan sau ciia mong (Rs), phan than
teong (R1) va phan truéc cia méng (Rz).
Trong do6 gia tri Rs va R1 chénh l¢ch khong
nhiéu va Rz t6i da chi khoang phan nia gié tri
cua Rs.

- Hinh dang tudng chin téi wu trong hinh
4 cho thiy kha 3 tinh ddng dang cua tudng
khi chiéu cao thay doi. Lung tuong it nghiéng
hon truong hop tuong trong luc. Khi cuong do
nén dat thap thi chiéu dai ban mong ting 1én
dé 1am giam ap luc xudng nén dt.

6. Két luan

Bai bao sir dung thuat toan Differential
Evolution dé tim tiét dién téi uu twdong chan
véi ham muc tiéu 1 tdng chi phi vat liéu, bao
gom bé téng va cét thép chiu lyc. Ham rang
budc 1a cac diéu kién an toan vé lat, truot
phang, g suat nén dat, do bén cua cac mat
cit nguy hiém trong trong. chan loai cong-
xon. Do gi¢i han khudn kho nén bai bao chi
trinh bay hinh dang tbi uu caa 24 trudng hop
tuong chan trong luc va 24 truong hop truong
chan cong-xon. Tu d6 da rat ra mot s6 nhan
xét vé hinh dang téi uu cua tuong chan. Két
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qua day du caa 1152 tuong chin trong luc va
1440 tuong chin cong-xon (xem [10]). Do
khai thac duoc tinh tuy dong hda tinh toan khi
tim 161 giai t6i wu nén phuong phap di trinh
bay d& dang thuc hién nhiéu treong hop tuong
chan véi cac diéu kién dat dip, dia chat va tai
trong khéac nhaud
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