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De thi~t kl' m<:>t ket du, chting t• thuiJng hay su d~ng phuong phap tinh thu dlln:';1 
'fit chon ra tti )TI0t so phuong an khl di mi)t phuong an hop ly nhilt. Xu tM hi<;n nay If'i'!· 
qui hili toan thiet ke k&t cau v~ giai m¢t bi>i toan.qui ho~ch toan h0 c, cho phep chqn phuong;~ 
an t6i uu trong vo s6 phuong an khii dL Bai nay gi6i thi¢u m¢t phuong phap ihiet ke;;ill 
t6i Ul~ tiet .. di~J;l CaC ket du, be t?ng •COt thtp bang each thiet hip bai tO?tl qui hoaCh tO. ".".·,·.··.1'·' 
hQC va trmh bay phuong phap gtat ba1 toan qut hoach do. Cu6t cung co vt du mtnh hoa'\, 
bang m¢t biti toan thiet ke tht!c te. • · • . c,':: 
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'~-§ 1. PHUO'NG PHAP THiitT KE TOI uu 

BE TONG COT TBEP 
CAC KET CAU 

:,''.:;_" 
'"" 

Nhi~m vu <!~u tjen cua viec thiet ke toi uu ket c«u Ia !t,ta ch0n cite bien thiet ke '5:1 
Trong thuc te thiet ke t6i uu, de bien ,thiet H co the la kich thuoc va hinh dang ket''}; 
c«u, cac a~c trung co ly ciia v~t li¢u va cac so li~u thiet ke khitc. D6i v6i cac ket dui';. 

"betong c6t thep, nguai ta thuang chon kich thuoc tiet dien thanh va ham Iuong cot thep)~ 
trong ket cdu lam cac bien thiet ke. "''J . .~ . 

• So Iuong cac bien thiet ke auqc chon thuimg bi h~n chi! b·3i de phuong phip\~! 
toan hoc <lu0c su dung de tinh toan. Cimg nhieu bien thiet ke, bai toan cang litU h<)i tu/·.'1 ·. 
va doi Loi nhi~u thai gian may. · . ·''f. 

Thiet ke toi uu ki't cau thong thuimg nhat !a thiet ke ket du c6 gji thilnh nhO.'al 
nhat. NguiJi ta thui:mg gQi ham nay !a ham aich bay ham muc tieu. M¢t deb. tbng quit it•. 
hJ.m dich cQ 'th~ xdy dt,rng trong d~tng sau : · \1J 

k ~ 
w ~ L S,K, 

i=l - -,, , 
0 day s, Ia ham the tlch (hay tr0ng lm)ng) cua Ht c:lu d6i v6i .cac bien thiet k~. ' 

con K; la giit ihanh m(lt don vj the tich (hay mot don v[ trong Iuong) c(~a lo~i v?t li~u )jj 
duqc slr d\lng. t?f 

Tuong lrng v6i ffiQt bii toan qui ho<;lch toan: hQc,. trong tbiet ke tOi -uu chUng __ ,,.s 
tm ct'ing din phai x&y dung cac di~u ki~n viet du6i d\ing cac him rang buQc dOi v6i cac i'.:lf 
buln thiet ke, dam bao cho ket cau khong bi phi. hOng, khOng tra tbanh khong ocr dung "l 
duqc va khong vi ph?tn cac dieu da qui dinh trong cac gui trinh thiet H. . 1_\ 

Troog thiet ke cac ket cau bet6ng cot thep, rang bu(lc quan trong nhiit !a <lieu ki~n ;·,;1 
tuong ling v6i cac tr?ng thai gi6i h;;n. Cac dieu ki~n nay <lam biio cho ket du trong qui 1zi! 
trinh khai th:ic khong Of phi huy do v~t li~u Ctia Ht cau lam vi~c qua cuarrg a<) gi6i hn, i'il 
khong cho ktot cau bi mat on dinh, khOng cho ket du bi bien dang qua rnuc hay bi nutw 
qua gi6i hijn cho phep. M9t each tong quat, chimg ta c6 the bieu di~n dieu ki~n cua cac ·~ 
t.raQg thai gioi han duoi hai d;;ng bat phuong trinh sau : . · f' 
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'"'(''la do tl.2} tuonp- U:ng ·vOi tr~ .. ng tb:ai gl61 hem ve. IJ:Jtlt d:(• '.;.?,. C>.o dj.nh, (L'J) rLtong 
[t .Jt .s ' ·' ,. ·~ 

Uncr vOi _tq.ng th:ii gi6i .h~1n thU bai v:'l thu b:.:1, .Ji.n11 .b~ic:, cho k~c diu kk1n::5 bi hitn dqng 
ho;c -ntrr qu<i roUe dQ cho pbf:p. 

. 'Trq.ng thai gi6i h:;m v~ m~t cucm'g d~l va (in cl)nh la tn,tng thai gi6i h~n _quan trong 
hh;lt. ve Vtm sitng t6 hon dch xay _difng d~ett ki~n rang buQc cUa tr~ng thai gi6i h~n nay. 
chtmg tA hay viet di~u ki_~n chiu m6 men ella mQt d&m chiu u6n thuan ttiy. MO menb~t 
loi nb:lt tile dvng len mot tiet di~n niw d6 cua d~m la M11 con mo men gi6i h~n ctia tiet 
dien thi auqc tinh to:\n bang c6ng thuc sau clay (blnh ve la, b), 
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N 

Hlnk 1 

trong ·ao Na = l?acrv v~ N~ = F;a.; 

C) 

(L4) 

l~n luot la tong hop l~c ola c6t thep chiu keo co di¢n tich tiet di~n F, va c6t · thep chiu 
nCn c6 di~n tich tiet di~n F~~ crv va cr~ la ham phan ·bo Ung suat trong cOt thep_chtu keo 

vil chiu nen, Mu Ia mornen do t~ng b9p lvc Nh cua phan betong chiu nen lay deii vai tho 
bi~n tren cDa ti~t di~n, n6 duoc tinh bang c6ng thtic : 

s 
Mb = J ~cr (0 f (~) d~ (1,5) 

0 

Vi tri true trung hoa s tinh tir mep tiet di~n betOng cbiu nen duQC xae dtnh tU 
phuong trinh c&n bhng cUa tit!t di¢n. 

Nb - Faav + F~cr~ ·= 0~ 

trong do Nb duqc xilc dinh bang c6ng thuc : 
s 

Nb = s "(q f (0 d~ 
0 

(1,6) 

(1,7) 

Trong cite c1'lng thlrc tren, f('~) Lt ham mO td hinh rhng tier d l~n, a(.~) la haw phfm 
b<.'5 Ung St.!&t trong Vltng betong ·cb!u nen. 

Thea (1.2) dieu kien cua tr;mg thai gi6i han've m(<t cuimg do se Ia: 
s 
fa(~) f(~)d~ - F,", + F;";"' 0, (1..6) 

0 

s 
1''•crvh - ll'~cr~b' ,. f ~"(~) l(~)d~ ;> MM 

!) 

(L9) 
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ndn cu·C ytu dtu vt- u1~1.;: t:hi ct')rlg ,_ :.( .;'; ·i,,;n,s '~' qlli ;J;nF crr.:mg cJ.t.:· c1ul trlnh Lhitt 
ngoai Tif! la c.:lc yeu 61ud?c bi~t kb'tc ve mi}t thitt kt can phili thOa m<ln. Trong linh vue 
thier k~ de h':it c:lu betOng cOt tbCp de clieu ki~n nay thuOng la qui Chnh ve ham luong 
c6t thCp c\'1a niQt tiet di~n betOng cOt. thep chiu uOo. ~ 

F ,f h :::--> 0,02 (1.10) 

(J day Fh 1a di¢n tich ti<!t dien dam betong c6t thep va F, lil di~n tich tiet di~n 
c6t thep chiu keo b6 tri trong tiet dien d6. 

Ngoiti ra, neu goi x; (i = l, ... ,n) Ia cite bien thiet ke thl con dn phai thi\a man 
C[lc di~u ki~n : 

X! > 0 (1.11) 

Sau khi xay dvng xong ham ctich vii cite ham rang buoc theo cac bien thiet ke eta 
lva chon, tlrc Ia thiet hlp xot1_g b~ri toan gui hot;tch to3n hoc, cblmg ta phiii tim each giai 
bai tm\n qui ho{lch d6. De gUi bai toiin qui hooch phi tu·yen· nhiht bien tOng gufir, c6 hai 
phuong phap c6 hi~u qua lij, phuong phirp qui bai toan qui ho~ch phi tuyen tbanh bai toah 
qui ho~ch tuyen tinh l~p vii phuong phap ap d,mg cac hani ph?t. Vi¢c giai bai toan qui 
ho?ch phi tuy~n b1mg phuang phap ham · ph~t v6i ch\long trinh tinh " OPTIMA > 

dE tinh tren may tinh clien t{f, qa -d:uqc nguOi viet nhiiog dOng nay tOng ket trong t3i li~u 
[5]. Bang chuang trlnh tinh " OPTIMA, giiii bai toim qui ho~ch toan hoc ail tbiet l$p 
cluqC 0 tren, gia tr[ cua cac bien thiet ke Jam Cr)C ti~U ham aich dong thai aam bao cbo 
de df~u klen dng buQc thOa ,.man se cho ta phoung an tOi uu cUa k~t dlu v~ m~lt gid 
thimh, trQng hrqng ho~c tile tich. 

§ 2. THi m,r AP DVNG 

Thi~t ke m6t d~m bet6ng c6t thep c6 ki't cilu nhip don gi!in, chi~u dai nh(p !Y 
thuy~t L = 10. 3 m 'c6 tiet dien chu I kh6ng aoi tren suot chi~u dili d~m, cbiu t<li trong 
b~t lqi nMt Ia lvc pban b6 d~u theo chieu dai dam c6 cuong ct¢ q = 3800 kgfm, sao cbo 
d~m c6 gia thenh v~t lieu duqc str d,mg Ia it nhat. · 

Hinh 2 cho tiet di¢n va so do b6 tri cot thep etta dam se auqc thi~t ke. 

ro2 tu ( t:!tT.Q !l'.icmJ 
rlt t' 
==·~~-~ 

F"! ~·~~ 
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Hinh 2. Tiet di~n vi: so dO bO tri cOt thep. 

C6t thep doc chiu keo c6 di~n tich tiet di~n Fa1 va chiu n6n c6 cli~n tich tiet di~n 
F; ch~y su6t chi~u dai dam va cot thep doc chju keo c6 di¢n tich ti~t dien Fa" duac d~t 
o·khoang giua dam moi aau each g6i tva m(>t do~n Ia y. . - . ' 

Cac bien thiet ke duoc chon Ia :_ di¢n tich tiet di~n cite cOt thtp Fa1, Fa2 j Fa~~ chi~u 
cao c6 ich h dta tiEt di~n dam va chil~u dai c8 t bOt cOt thep c6 th~~ di~n Fa2 : y, SO bien 
thiet H Ia 5. · 

Trong truong hQp nay ham dich c6 dang : 

W = L.FbK,, + LoF~ ·r, Ki + Lc Fat y,.K,. + (L- 2y) Fa2 Ia K, 
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u d.ay: F't. ]:ldi~.n tich tie:t di~n d:Jm ~'""· L:l'£ + 10{h :'t)(,.:e.'1 2 l 
L Ja chieu dai toim dam~ L + ~ lo, 
L

0 
_ Chi~u dai tinh tolin, 

'Va - 13. trQng luQng ri€ng c-Lta cOt thep, 
Kb - la gia ti~n 1m3 be tong, 
Ka va K~ )a gi<i ti~n 1 tan thep dttng lam cOt tht:p chiu kt,o \'a chiu ntn. 

f)~ tbiet l~p.cac ham rimg bui)c c6 the dva viw- so do tinh toan (hinh lc). Chung 
ta se chi kit~m tra theu tr~mg thai gi6i h~n ve m<)t cuOng dQ d6i v6i cic thiet di~n thilng 
g6c, tlic la kba nang chiu m6 men u6n. 

Tiet di~n can ki~m tra se lit tiet di~n gipa nhip (y = Lf2) va mi)t tiet dien nam 
a vi tri bat dau cat bot cot thep chiu keo, each g6i tlja m¢t khoang la y. Theo (1.8) va 
(1.9) chung ta c6 the _viet di~u kien ci\a trang thai gioi han ve m~t ctrong a(\ la: 

- Tiet .dr~n gr[ra nhip : 

St 

2 f £(;;) cr(;;) dt;- (F,1 + Fa2 )crv1 -+ F;cr~. 1 = 0 

0 

. St . .• 

(F,t + F,z)crvth - F;cr~. 1 h' -2 J f(qcr(O~d; > qL 2/8 

0 

- Ti~t di~n· each g6i tva mQ! do;;n Ia y: 
Sz 

2 f f(~)cr(~)d~ - F,tcrv2 + F;cr\ 2 = 0 

0 

S2 

F,t avz h - F, cr' h' - 2 J f(q cr(;Hd~ )e _.1l:. (L - y) 
Vz 2,. · 

0 

. Trong cac c6ng thuc tren £(0 Ia ham s6 rna ta hinh dang mot nua tiet d i~n a6i xung, 
n6 auqc cho nhu sau (hinh 2), (l,C) (clan vi em): 

· N€u·O < ~ < 7 thi f = 24 

Neu 7 z;; I; < 17 thi f = -- 1.91; + 37.3 
Neu 17 <;;; ~ thi f = 5 
Di~u ki~n' (1.10) 6 ddy Ia khoiing each tu mep tiet di~n be tong chiu nen t6i vi tri 

tryc trung hOa c?1a cic tiet. di~n da-ng xet ph3i thOa milo:: 

St > ~~h 
Sz > h 

Trang ct6 ~' la mOt h~ sO nhO han 1 ph1,1 thu6c vio ch{lt luyng bt t6ng v£1 c6t th!Sp 
, d~qc sc< dung [1]. 

Ngoai ra cluing ta c('m dtn phJ.i th(Ja m<ln ck cl:ieu ki&n -sau : 
- Chi~u cao toin bQ ella dam khOng duoc nhCJ hem tOng chitu cby cl1a hai dnh 

dam, tUc Ia: 
h + a )e 34 (em) 

- Cite bi'en thiet ke da chon a tren khong duqc ciJ giit tri am vit chi~u dei lz cua 
c6t thep chiu keo co tiet dien Fa2 cling khOng the lit mOt d"i lu0 ng am, tuc Ia: 

. t, = L - Zy )e 0 . . 

ChQn be tong mac 400, tbep 25f2C cho c6t chiu boo vit CT3 cho c6t chiu nen, dili 
ten CaC bien .thiet k~ theo thtr t\( nhu tren lir Xt, Xz, X3, X4 va X5; tbay aoi d')ng Cll.C ba1 
phuong trinh tir d~ng g > g, thimh gf go - 1 > 0 vit sap xep lai thit tt.t cite ham ritng bui)c 
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chtmv t"1 ·-1l~rv 
l:Oin ...... hyc :nu 

Hay lam ci_Tr: ,_-;J ' 

V·l .:;::: '· ·-- .,~!) ~-:: -+- 0.08~)8 (1030 ~ 2x4) x2 + -7! . JS748 1:.3 +-
12.826 X5 + 86o. 6246 

trang cac ditu ki~n rAng buQc dq.ng bat CL\ng thUc: 

gt = :q > 0, g2 = xz > 0, · g3 ,=. X3 > o. g4 ::::~ x4 > 0, 

g5 =-XS - 1 > 0, g6 = 1.- X4/515> 0; 
31.5 - -.. 
s 

-~1- - .. 1 > 0, gs 
f) 0816 X5 '"' 

Sz -1 > 0 
0,0846 X5 . 

Sl 

_..:lc..__ [(x1 + x2) xs GV!- 2.5x, O''n- 2 f f(i.;)cr(~)~d£]-1 ;> 0, 
5039275 

0 

S2 

g10 = 
1 

[ x1 x5 crvz - 2.5x3 ah - 2 f f(~)a(£)~d~] - 1 > 0 
19x4 (10.3- x4) 

Q. 

va ck di~u ki~n r iwg bu<)c d?ng phuang trinh : 
S1 

h11 e-- 2 f cr(~) f(~)d~ - (x1 + Xz) crv1 + x3 cr'Vl = 0, 

0 

S2 

h1z = 2 f cr(~)f (1;)d~ - x 1 r:Jvz + x3 a'V2 = 0. 

0 

Qua tr\nh gii\i chwc th\rc hien tren may tinh di~n t{r IBM 360-40 va ket qua cho 
tren bang (2.1). 
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X4 W(:Z) (d) 

--- ----- ---- ----
'} 

4 
5 

1:,' f.i7!? 
i1.7;<92 

;J,11D'i 
5-lH< 
5.17-.!3 
5.-Wc\B 
5.2052 

3. 8;i81 
0.578! 
o.36ol 
0,0855 
0~0()50 

0,0002 

Ket qua tinh toan 

1£0.0722 . 
~29. 7781 
233.7433 
234.:i:J05 
234.0821 
232.9390 

72.6931 
74.c152J 
7fio4614 
75.4732 
75.4414 
7'5.41381 

Phuong i; n bac; cicu , ( ( i = 1, .. ., 5) = (21. 43,6; 76, 6. 200 ;70.), 

w (i") = 4500cl00. 

Thai gian tinh to8n 7 pJu\t 17 giily. 

fJja. ch.; · Nh(in ngay 25!1!1984 

(X em rif p I ra1rg 32) 

448-!.5 
3290.:1 

316". 7 
3137.5 
3l.J.L3 
3128.G 


