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TOM TAT

Nén mong can dugce thiét ké bén virg va cimg. Nhidu vin dé khong chic chan di kém cang ting khi bai toan
cang phuc tap dan dén lang phi nhu quan nlem an toan qua mirc, ap dung tiéu chudn, xir 1y lya chon du ligu, ap
gi4... Dit ra bai toan t6i wu hoa nén mong 1a can thiét. O day, ti uu theo tiéu chi ky thuat an toan kién cb ma ch1
phi théa dang, tirc 13 bai toan kinh té k¥ thuat déu hai hoa trong mirc quy dinh. Cé nhiéu cip d6 téi wu cao hon t6i
wu nay, nhung dau 1a thiét ké thuyét phuc nhét trong linh vuc k§ thuat?

Bai bao nay dé nghi mot cach tiép can bai toan tdi uu hoa Nén Mong theo hai giai doan. H¢ sb an toan dugc
gia str 1a tich cua cac hé s an toan riéng phan, gdbm mot hé s6 an toan riéng phin cho Kha niang chiu tai (KNCT) cta
nén dat, va mot cua do bén vat lidu Mong. Pao ham riéng phén duogc dung dé thu duge gia tri bién ma dong gop vao
KNCT gi6i han, giai doan nay goi 1a diéu kién can cua bai toan tdi wu héa.

Diéu kién du cho mot giai phap t6i wu 1a tim kiém gia thanh thip nhat ctua hé thdng mong co ké dén dét dép va
gia xay lap... Giai doan tinh toan nay su dung mot cach phu hop mot trong so kha nhiéu giai thuat khac nhau nhu

Giai thuat Gien (AG), giai thuat tién héa khac biét (DE). ..

Tiwr khoa: Hé so an toan; Hé so an toan riéng phan; Hé so bién thién; Ham phat.

An approach for foundation optimization

ABSTRACT

This article suggests an approach for foundation optimization. Safety Factor is assumed to be a product of
partial safety coefficients, including one for soil bearing capacity and one for footing strength. Analytic partial
derivatives are used for obtaining values of variables that result in dependent variable gy (i.e bearing capacity of
foundation). This is called requirement condition for the problem.

Sufficient Condition for an optimized solution is how to find out the lowest cost of footing system
withstanding backfill and cost of construction etc. This phase is to apply suitably some algorithm like AG,

differential evolution DE....

Keywords: Safety Factor; partial safety coefficient; coefficient of variation; error function.

1. Pit van dé

Bai toan mong tua trén nén dat yéu chira
dung nhidu vin d& phuc tap, trong d6 kha
ning chiu tai va bién dang 1a hai pham vi
kiém tra. Thong thudong ching ta tim kiém
giai phap Nén méng nao ma c6 do cing cao
nhat, vat liéu it nhat, dé thi cong (ciing 1a thoi
gian thi cong nhanh nhit, ca mdy thip nhat)
va chi phi gia thanh 1a thp nhat.

Céc kiéu t6i uu héa:

Téi wu khi xem lam viéc trong khodng
gitta mién dan hoi Rtc véi qy

Téi vu khi tinh theo 1y thuyét can trén va
dudi (theory of bound)

Téi uu khi khao sat do nhay va t6i thiéu
hoéa trong luong theo bién nhay

Téi wu khi ti thiéu hoa d6 tin cdy (RBO)

Téi wu hoa hé sb an toan (dao ham riéng)

Téi wu hoa da muc tiéu (Multi-purpose
Optimization)

Phai chiang, chung ta di theo duong 16i
bai ban “da hoc”: duy¢t trang thai gidi han 1
xong qua trang thai giéi han 2, xong qua thiét
ké két cAdu mong? Hodc cao hon nita, chung ta
khao sat do nhay dé tim ra bién nao anh
huéng nhidu nhat d&én két qua dau ra, roi ta
nghiém céan 4p dung cac k¥ thuat hién truong
dé hong tim kiém sy sat hop nhat?
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Chung ta tim kiém do tin cdy, xac suét
pha hoai cia mot mong khi 5, 7 tham chi
nhiéu hon bién c6 tri trung binh va do léch
chudn khac nhau, dé do tin cay luong hoa tinh
phan tan, tir d6 rat ra ban thiét ké tin cay, hé
sO an toan cao ma xé4c suit phé hoai rt thip?

Giai phéap bai ban thuyét phuc va c6 tinh
khoa hoc 1a dya trén do tin cay va tdi uu hoa
da muc tiéu.

Céc muyc tiéu ddi tuong ma Hé mong-nén
phai chiu thuong la:

Cuong d6 théa man

Bién dang thoa dang

Mat d¢ trong han murc chép nhan duoc

Khai thac kha niang chiu tai (KNCT) tdi
da trong mot chi phi ti thiéu

Theo y kién cua c4 nhan ngudi viét bai,
t6i wu hoa trong y nghia nao do 1a:

a) Gia tang mirc 6 hop 1y 1én dén mirc
t6i da (theo d6 Hudng tiép can nén ching di
theo chiéu hudng KNCT tdi da; c6 thé hiéu 1a
dién tich mong tbi thiéu ma van bao dam diéu
kién cuong do va bién dang). Nhat 1a trong
diéu kién c6 xét dén sy phén tan cua sb lidu va
khong chéc chin;

b) Gia thanh nho nhat

Van dé& nira, d6 1a muc d6 an toan.
Thuong duoc danh gia qua hé sb an toan
(HSAT), thiét nghi an toan vé Nén, vé Méng
va vé Tai trong tinh toan. Sir dung ¥ tudng
mirc d cb két chung tir Iy thuyét tich xac suat
kiéu Barron (1948) cho bai toan cb két hai
chidu, tam bo qua tai trong vi cho rang kiém
soat duoc_ ta c6 thé viét

HSAT chung = HSAT dat x HSAT Mong.

SF=ys 7 1)

C6 thé hiéu cac trong sd y trong cong
thirc trén gidng nhu hé s6 an toan timg phan.

2. Co s& bai toan toi wu

2.1. Toi wu héa la tim kiém tham sé sao
cho Hé s an toan la cao nhit

DPé toi uu héa, theo cach hiéu thong
thuong 1a ta léy dao ham va cho triét ti€u dao
ham; da bién thi ldy riéng phan va dung giai
thuat Binh phuong cyc tiéu dé sai biét 1a nho
nhat. Hé sd an toan riéng phén cho vit liéu
nén (dat) s& 1a Hé s chinh Iy dugc xéac dinh

nhu sau
1

1-t,.cov(x;)
trong do t, la gia tri ung véi a = 0,95 &
béac tu do thtr n-1; cov(xi) 1a hé sb bién thién
cta bién xi cta dit ; n 1a s 1an thi nghi¢m co
dat cia bién xi cia dit. Hé sd nay xét sy
khong chéc chin vé tinh chat co 1y.
Heé s an toan cua moéng duge xét mot cach
tong quat qua trong s6 y¢ duoc tinh nhur sau:

Vs (1a)

Qméng,gh (1b)
ch’)ng

Trong d6 Qmoéng 1a KNCT cua Két céu
moéng, dang 1€ phu thudoc 1) vao Vat li¢u
(cudng do tir Bé tong va tiét dién) va 2) vao
dat nén). Ta mac nhién thira nhan KNCT theo
vat liéu 1a tt dinh, bién s 1a goc ma sat trong
va luc dinh ciing nhu gamma 1a ba bién dat
nén gom vao trong cac cong thirc N, Ng, Ngq.

Bai bdo nay chi cin ¢ KNCT cta nén
dét tinh theo cac van liéu dugc thira nhan trén
thé gigi ma khong ding Rtc vi Rtc khong phai
KNCT cta nén ma d6 chi 1a tri so tiéu chuan
vé On dinh (ving bién dang déo phat trién dén
chiéu sau zmax = B/4 ¢ hai bén mép mong).

Nhu vay, hé s6 an toan cao nhat, duogc
cuc dai hoa, khi dong thoi ca hai HSAT dat
nén va Mong déu 16n. Pay 1a ¥ tuong chi dao
cta bai bdo nay.

Xéc dinh Hé sb an toan cua dat phu thudc
vao ham phan phdi va ham Kha ning chiu tai
nhu sau:

Téi trong Max < KNCT Min

PmL< KNCT dét nén Min

Phuong phap xac dinh cuc tri ham hop va
ham nhiéu bién véi nhimg xem xét sau:

KNCT ctia nén tinh theo Ly thuyét do tin
cdy, do nén c6 nhiéu bién ngau nhién vé Dia
chat phan tan.

Dang Cin béc hai cia tong binh phuong
dao ham riéng céc dg 1éch chuén

R R R
0y = [Coxa, ) +(oxa ) +H(oxa) (g
ou & B

Theo dang khai trién chudi Taylor dugc

néu boi Lorenzo (2010)

Vi =
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OR

OR oR OR
or = \/(a x O'#)Z + (E x o)’ — 2(8_8 x o-”)(('?_B x 0. ) >x HStuongquan (3)

Hé s6 tuong quan giita p=tane (tirc hé sb
ma sat trugt gitta cac hat dét) voi C (tire Luc
dinh) duoc khao sat thuc té, d& dang bang di
lidu s6 lwong 16n (s6 mau >30).

Tai trong cling c6 hé sd bién dong. Va
chép nhan luat Can bac hai cua téng Binh
phuong SRSS dé tinh toan tri sé Tai chan cot
(Nbi luc tir so d6 giai khung) chic 1a xay ra
nhiéu nhat. N6i 16 hon, cu thé hon, do léch
chuan ciing duoc van dung vao sir dung mang
tinh “thtra k&” luat nay, ttrc

Op = \[i(o'm)z

Mic du kiéu 1y tri s6 binh quan kiéu nay
c6d vé cudng bach, nhung day la luat (rule)

dung trong phan tich da chiéu (Lorenzo et al.,
2013).

Theo céch tinh nay, tri trung binh va do
léch chudn s& dung dé tinh Hé sb bién thién
COV, cho ca Nhan (Tai) va Qua (KNCT)

C6 h¢ s6 bién thién ctia Tai va KNCT, H¢
s6 an toan trong biéu thic (1) duoc 14y cuc
dai bang tich cac cuc dai; nghia 1a di lay cuc
tri (Cuc tiéu) cua KNCT va cuc tri (Cuc dai)
ciia Tai (Cac qua trinh cyuc tri Pai hay Tiéu
déu xoay quanh D¢ 1éch chuan o va Tri trung
binh . Néu c6 thé bai toan dugc phat trién véi
3bién C, o vay.

Mot van dé nita 1a khi tinh toan toi wu Hé
s6 an toan, ta can dinh nghia mdt Ham Phat,
Error Function. Theo WikiPedia:

The error function is related to the cumulative distribution @, the integral of the standard normal distribution, byl*!

d(z) = % + %erf(:c('ﬁ) = %erfc(—a:;’\/i].

EH
The error function, evaluated at —— for positive x values, gives the probability that a measurement, under the influence of normally

T2

distributed ermors with standard deviation o, has a distance less than x from the mean value.”®! This function is used in statistics to predict
behavior of any sample with respect to the population mean. This usage is similar to the Q-function, which in fact can be written in terms of

the error function.

Pé an toan, hé sd an toan (HSAT) phai
16n hon 1, vay ta dinh nghia bién thanh tuu
(performance variable) laFs— 1 =X;

Theo dinh nghia ham phat, néu x; phan
phoi binh thuong ti€u chuén, biéu thuc tiéu
chuan ctia ham phat ma bai todn can thoa la

R -1

1 X. 1
DO(x)=05+=erf(—=) =05+ =erf
(%) 5 (ﬁ) > (

Pugc tinh tai gid tri x (thay vi x/oV2 = X;
ap dung phép doi bién, o 1a do léch chuan nhu
dinh nghia toan hoc ¢ doan trén tir Wiki).

Nhu vay, c6 thé diac két: Piéu kién can
cho mot thiét ké ti wu 1a bién ddi, lwa chon
(thiét ké dua trén do tin cdy) sao cho H¢ s6 an
toan thiét ké tinh bang cong thic (1) phai
bang v6i HSAT rat ra tir ham phat (4) chi dat
mot tri s6 cho trudc, goi la mic phat vé an
toan, hay “safety level” (Quevedo, 2002).

V2 Jlcov(P)] + F2.[cov(R)]? )

(4)

2.2. Téi wu héa dong thoi la Gid thanh
|& thép nhit

Gia thanh 1a van dé phirc tap, chiu nhiéu
bién va tham sd cung (tit dinh va ky thuat,
déu 1a dai lugng ngau nhién) va mém (x4 hoi).
Chi néu vé k¥ thuat va quan ly xdy dung, gia
thanh ctia méng Ctotal= Cy + Ceosfa + Cigt +
Cuip 1ai €O thé ké thém nhiéu danh muc khac
nira (hach toan vao chi phi). Cac ndi dung can
thu thap trong Bang 1:
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Bang 1

Nhiing bién thiét ké va hang s6 dugc dung vao viéc Toi vu Hoa

Kich thude cot

Cot bia
Cot trong thir xx
Cot trong thir xxx

Nhip khoang cach tim — tim giira cac cot

Tai trong chan ¢t

Cot bia

- Do tinh tai (DL): ...........
- Do Hoat tai (LL): ..........
Cot trong thr xx

- Do tinh tai (DL): ..........
- Do Hoat tai (LL): .........
Cot trong thir xxx

- Do tinh tai (DL): ..........
- Do Hoat tai (LL): .........

F¢’

Fy
Chiéu cao so bd dam

Cuong dd chiu nén lang try fc: .........
Cuong d§ giéi han chay fy: ..........
(mot con sd nao dé) ho=.............

Chiéu sdu chon mong

(c6 thé dugc tinh tir cong thirc hodc gia dinh)

Hoat tai mat dat

Thuong 1a 400 daN/m2

Trong luong thé tich binh quéan cia dat va BT

20-22 kN/m3

Bién va tham sb thiét ké gom:

Tai cot tinh moéng,

Cuong d6 Vat liéu (BT va Thép),

Kich thudc: Chiéu rong méng va chiéu
dai (gom vé 1 bién va sir dung hé s6 ty 18)

Trong lugng thé tich vat liéu mong.

Tong quat, bat c bién/tham s6 ngau
nhién Xi nao ciling phai c6 giad tri bién dudi

(LB) va bién trén (UB) thoa dong thoi

Xi,LB < XivaXi < Xi,UB

Cac diéu kién vuodng
(Constraints)

RangbuocbentrongSBVL : CatXuyenth ung, Catdon, MuyMin, MuyMax...
Rangbuocbenngoai(CauHinhCautao)
RangbuocveluongthepmoiM 3betong

RangbuocveTongchiphiPhanMong

s.t

Vé rang budc bén trong (Implicit
constraints, cdc ndi dung Kiém tra cuong do
va quy dinh)

r, <0.T5R,

Z-Max < 05Rbt

O.5%S,u:bihé,umaX

0

rang budc
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V& rang budc bén ngoai (Explicit
constraints, cac ndi dung vé cu tao theo quy
dinh)

L>B; L=1,2B; Df>B:;

S <[ Sgh =B/20]

Vé rang budc theo dinh muc Vat li¢u
(tinh trén mdi mét khoi Bé tong)

As <100 kG

Vé rang budc Tong chi phi phan moéng
(tinh gdp mong giang, dap dat, san nén...)

Ctotal < 30% (Gia thanh du tu phan CT
chinh)

Nhu vay, trong thi du trén day, chung ta
¢6 9 rang budc. Két qua 1 biéu dd sau:

A500000
000000 — fax Cost In Complex
m— Min Cost in Complex
2500000
2 000
O
=
1500000
B
<
=
o]
O 1000000
1-“'_“'--
SO0000
0
0 10 20 0 a0 50 &0 /0
Iteration NO I .
So lan tinh lap

Hinh 1. Gi4 thanh téi thiéu (lay vi du theo Belegundu va Chaadrupatla, 2012)

O VN, cac bai toan toi wu két cdu theo cac
rang budc dugc phat trién boi Trung, N.T
(2006); Huynh Thanh Phuong (2013) va nhiéu
tac gia khac. Hién cdc ma ngudn source code
da duoc phat trién boi nhiéu tac gia trong va

ngoai nudc. Bai bao nay khong c6 y dinh
nghién ctru giai thuat Toi wu hoa nay nita, xem
nhu van dé gia thanh nho nhat c¢6 thé va da
duogc giai quyét; noi cach khac, khi tinh dén t6i
wu hoa gia thanh thi di c6 giai thuat roi.

HSAT ky hiéu SF= céng thac (3)
D(x) =0.5+— erf( L) = 0.5+ — eff( - )
o SF=7s 7, V2 V2. lcov(P)F + F2.[cov(R)]
HSAT histke = HSAT téiwunca
No | Yes
\4
| SF=r5 7, Trong so to1 uu

Hinh 2. Luu d6 bai toan toi wu hé s6 an toan tur cac trong so
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Mot didu kién Can 1a Téi vu hoa Hé sb
An toan, va Diéu kién du 1a Gié thanh Toi
thiéu. Nhu vay, xem nhu T6i wu hoa da muc
tiéu nay dugc ky vong tién thém mot budc
dén bai toan tbi wu. Bai toan toi wu nhu vay da
tiép can bang hai hudng, tich hop 1y thuyét
Xac suit trén cac dai luong ngau nhién, tdi vu
hoa kiéu giai tich va t6i uu gia thanh dung da
dang cac giai thuat Di truyén GA, tién hoa
khac biét DE, NSGA-II....

3. Thiét 1ap bai toan — Két qua

3.1. Pao ham riéng phin trén cdc bién
ciia KNCT Nén

Pao ham riéng phan theo tang

St dung cac k¥ thuat 1dy dao ham riéng
phan va dao ham ham an, ham hop, ap dit vao
cong thic KNCT cta Nén (ding tam cong
thirc ctia Terzaghi khong xét cac hé s, xem
nhu bang 1 tat ca)

1
Agn = Elem'N7 +7,D¢.N, +C.Nc

My _ N, 1 N, oN,

¢ —

=C +-1Be——— +7.D:.
o(tanp)  Otang) 2 otang) , d(tang)

Céc thira s6 KNCT déu 1a ham cua goc
ma sat trong, vi vay, cac dao ham ching déu
dé dang thyc hién.

Pao ham riéng phan theo ¢

% =N, =514
oc

Pao ham riéng phan theo trong lwong thé
tich y

8
Do _1g N 4D, N,
oy 2 4

Lan luot cho triét tiéu cac dao ham riéng
phan nay, ta c6 hai phuong trinh sau:

e Cuc tri theo ma sat
0 oN oN
o N, +1}/18m.7y +7,D0;.——=0 (7)
d(tang) 2 o(tang), d(tang)

e Cuyc tri theo dung trong
0
29“ :%Bm.Ny+Df.Nq =0 (8)
4
Khong thé triét tiéu dao ham riéng phan
theo Iyc dinh vi vi phan riéng phan khéc 0. (9)

3.2. Tinh cdc théng so lwong héa sw
bién dong ngéu nhién

Theo dinh nghia cac H¢ sb bién thién, ta
tinh duoc do léch chuan o

Hé s bién thién cua cac thong s6 d6 bén
(dac két Vian lidu thi sé nay =5-7% theo
Lorenzo, 2013)

Hé s6 ma st ndi Cov(tang) = e (10a)
tang

Luc dinh  Cov(C) = % c6 thé bién thién
dén 15% (10b)
Hé s6 bién thién cua cac thong sd dung

trong clia nén Cov(y) = % ~5-10% (10c)

4

Bién bé rong mong tat dinh, it thay doi.
Ta xem nhu ¢b dinh. Ap dung cong thic (3) ta
tinh duoc d6 1éch chuin cia KNCT cua Nén,
v6i cac d§ léch tiéu chuan rut ra tir cac s6 lidu
thue té€, cac COV (hé s6 ma sat trong, luc
dinh, va dung trong) déu xéc dinh dugc.

C6 d6 léch chudn cia KNCT thi ta tinh
dugc Hé sb an toan Fs tir viée tinh nguoc ham
phat @. Mot luu ¥ 1a COV cua tai P 1a ty sb giira
d6 1éch tiéu chudn cua tai véi tri trung binh.

Khi c6 HSAT thiét ké = Hé s6 An toan
tinh ngugc tir ham phat @ tinh tir cong thie (3)

Bai toan t6i wu gia thanh cuc tiéu theo 9
diéu kién rang budc 1a mdt cong doan ké tiép,
hoan toan kha thi khong néu ra trong bai bao
nay. Giai thuat khai quét cta tién trinh t5i uu
hoa dg tin cdy nhu sau (Trung, N.T., 2013):
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Nhap o

v

Tinh toan céc bién ngiu nhién bang RI

2

Giai bai toan tdi tru héa bang SQP

2

Kiém va tinh toan d6 tin cy bing FORM

Po= A+ Po

Thiét ké sau cung

Hinh 3. Giai thuat T6i Uu Hoa trén nén d¢ tin cay (Trung N.T, 2014)

Trong so do giai thuat trén, RI 14 chi sd
do tin cdy; SQP la lap trinh biac 2 tuan tu
(Sequential quadratic Programming); FORM
1a phuong phap tinh chi sé do tin cay cip I
(First Order Reliability Method).

4. Thao luan

Phuong thirc tiép can Bai toan tdi uu theo
kiéu hai ching nay c6 may diém nhu sau:

St dung giai tich két hop v&i théng ké
toan hoc.

Dao ham riéng phan trén cac bién nhu Hé
sO ma sat truot, lyc dinh, dung trong 1a hoan
toan c6 thé lam duge, tham chi st dung phﬁn
mém lap san.

Cho triét tiéu cac dao ham riéng phan
theo bién nao nham tim tri sé bién d6, ma tai
tri 6 d6 thi thira s6 KNCT dat cuc dai.

Str dung chudi Taylor trén cac bién ngiu
nhién. Luat binh quéan xac suét theo kiéu cin
béc hai tong cac binh phuong.

Céac hé s an toan riéng phan gom Tai,
Dat va cia Mong, tuy nhién, trong bai bao
nay, hé sd an toan riéng phan ciia mong lai
dugc dat bén giai doan thir hai dudi dang rang
budc. C6 thé nghi dén tich thém cac hé sé an

toan khac ctua Bién phap thi cong.

C6 thé tién hanh dao ham riéng phan trén
nhiéu bién nita, giai phap la tuong ty va di
nhién, sb phuong trinh 13 nhiéu hon dé giai
c4c bién nhiéu hon. Néu c¢6 phan tich do nhay,
c6 thé giam thiéu s6 bién ciia ham.

Khong xét cuc tri dia phuong, nghia la
gia thiét dao ham riéng triét tiéu l1a co cuc tri
toan cuc.

5. Két luin

Tiép can bai toan Tdi wu hda nhu bai bao
nay voi Giai doan dau 1a mot thé thic tich hop
cong cu giai tich voi thong ké dé tim ra diéu
kién Can. Tbi uu héa giai doan sau dé tim diéu
kién Bu chi xem xét cac yéu td nodi tai va bén
ngoai, nhung thé hién chua rd bai toan cudng
do KNCT. Loi ich cua Nghién ciu nay phat
huy cac Hé s6 an toan riéng phan duéi dang
tich xac suét, thé hién qua cong thirc HSAT 1a
tich ctia cac hé s6 an toan riéng phan. Tdi uu
héa nén trude, tirc khai thac hé sb an toan tdi uu
tir diéu kién can bang v6i Hé s rit ra tir ham
phat hoan toan c6 thé. Budc ké tiép 1a Tinh gia
thanh va Cuyc tiéu hoa gid thanh 1a bai toan
thong thudong hoan toan c6 thé giai quyét.m
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