
THIET KE KET CAU HQ'P Lt CQT 1'RIJ 

CO DAY NJW UNG SUA'r THUO'C 

BANG B1NH LOC 

§1. D~T VAN DE 

T rv !a kl't ci!u chiu tiii trong ngang rat l6n duQc sfr d~ng rong rid tren tM gi6i 
n trong nu6c tho ngimh truyen thanhva truy~n hinh (hinh_1). , 
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N¢1 dung b?!i to:an thitt kE tn,J. l&l giJj mOt h~ phu1.1ng trlnh phi tuyCn: 
- Phuong tl)nh tl.m rn6men gOi tva dan h?Ji : 

. a;M;_; + (b, + b;+l).lVL + Oi+t l'lf;+; + ;, Yi-1 + 

( b;Bi'li - /
6 

- -1 t?__ J1 
)i t (' •i+llii+J'Ii+l + 1

6 
) Yi+; = 

1 1-l' 'l..r..l 

' = - (C;q;/f + C;+lqi+JIT+I)/4. , 

Phuong trinh tim phan hrc g6i tt,ra 

M_ i-1 , ( l _ 1 ) M M-1+1 . N; 
- --- T - + -- -i -~ -- +- Yi-1 + 

l.i li !i+1- /i+1 h 

( 
""'' N, N;+i) t' Si,.l'lj .•. i N;.,; )' . 

Vi + !,-_ ------- yl -- --. ~-- ~-- ;.-.- Yi+l = R:i 
li 1 / \ /l+i -'1-j-l 

(1.1) 

(1.2) 



rn 

L VI;_= 0~ 
k~l 

m 

R1cos<p - Fdi coso::1 L o'k coscpk :;: 0, 

·k=1 

m 

- Ri sincp + Fdi COSCI-i. L O'k s-intpk = 0 

k=l 

N giai M phuong trinh tren, nguai thiet ke phii 

- Gia ajnh tq:toc m¢t so s6 ti¢u : 

n - sO luong ttlng neo 
m - s6 luqng day neo 6 mOl tllng neo 
a - c~nh tiet di~n than tn,1 
I; - chi~u dai nhip tr\1 
Gl.;i ·- g6c cUa day neo dlng i so v6i phuong nam ngang 
rp ~ g6c ella ph~aog._ tai trqng gi6 so- v6i trvc chuan Oy 

'Pk- g6c cila day neo thu k tang i so voi trl,!C Oy 
e; - a¢ lech tam thing dung do day neo lien ket ]~ch tam 

.,, b1, c; - cac h¢ so xet den anh huang. cua .lvc doc· ( xem [1)) 
- qi- di trqog gi6 tren nhtp tr~ thU i 

l'; - di~n t!ch tiet di~n than trv 
Fdi- di~n tich tiet dien day neo 
f1 oi - lmg suilt trudc trong d-ay neo 

Cic rtn S() phai tim b. 
Mi - m6men uOn t<;J.i gOi tva thlr i 
Yi - chuyen vi t~i gOi tva dan hOi t.hU 

. Ri - phan hrc _t~i gOi tva thU i 
Vk - chuyf:n v! cUa mat neo 
O'k - Ung suJt trong day ne? 

Thong so xac d inh clung dan : 
N i - h,rc doc trong than tr1.;1 

n m 

Ni = L G +· L gf1 + L crkFdi sincti 

i=J' k~l 

trong do; 

l:G --tOng trQng luQng ·citC- thii!t bi tren thin tn,t 
g - trong luong don vi than tr~1 

(1,3) 

(1.4) 

(1.5) 

(1.6) 

- Khi giai h¢ phuong trinh phi tuyen, de sa dl\ tinh phu hQp v6i '" lam vi~c 
tbit cua trQ, ta c6 dieu kien Yi ~ Vk. Do do, can dung phuong phap tinh ]~p a·ung dan de 
tim h~ $0 a(l cung cila g6i t11• 

'li (1.7) 
Yi 
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T'hogt dau, seln thiin tn;t Ibm ':"> nhu dJ.n1 lien t~JC tren d.c .g,)l u,ra ; thitt 
ke w b¢ duoc Ri. Bier Ri gi5i h¢ phuong trlnh (1.3). (L4)J (L5), ducrc v1: ·.:& o'k·l tU 
06 tim duQc ')i. Gi!ti h~ phuong trinh (1"1) vi (1.2) 0 giai dolJn thitr kt b~t thUc v?.l tinh 
l~p h~ s6 'li, dm;c Mi, Ri, YL Trc•ng gi<d cio~n b~t thttc9 xem th:in trv nhtl' dam lien t1.,1c 
d~t tren de g6i t17a d:im h6i. · 

Ktt qua tinh thuOng qua an toan ho~c khOng b~n, ··On <Itnh va bien dc.tng qu.:\ lOn. 
Nguyen nhan La d.c st'S li~u gi?i chnh ban dlu thuOng chua duqc hqp ly. 

Gan day, cac phuong p-hflp thiet ke hi~n d?i .ph;it trien Ia v~n dvng 1)' thuyet toan 
di~u khien~·tO::J.n quy ho<;tch vft Ji~u chlnh nQi h,rc_ trong k€t diu ngay trong· giai doqn thh~t 
k~. Nhieu tic giii eta nghif:n clru 1'rng d\wg khi thitt ke ·dam sieu tlnh, dftn, h~ day 
ding ... nhu I.M. RabinOvich; K.1LXhu berian; K.G. Pr6tax6p, LU.A. idtxi~, AI. VinOgrat 
.io p ; A. A. Chiras, V: V. Trophimovich [2] 

0 b~d bao nay, tclc giri cte c%p den vi~c sU dvng roan quy hostch tuyen tinh va dieu 
khH~n lrQg suat tnt6c trong da.y neo cte phan bO L;ti nQi h,rc trong than trv, chuy2:n vi mat 
neo lam cho -giit thanh to~m trv giam ho.n so v&i gia thanh c-l1a phuong an th~tt ke cU. 

2.1. Tac· giii van "stT d\1-Eg cac giil thi~t ca brin cil : 

- Thim tr9 c6 ti~ t dii;n khong doi 
-- T~ii trong gi6 trong tUng nhip trv kh6ng dbi · 
- Eo qua anh bu6ng cua Ivc cat 
- Cac tang nee xem nhu d(lc l<)p v6i nhau 

2.2. Di~n- tich ti€t di~n than trv F i trong ham mJJc tieu (2.2) dut;Jc tinb theo c6ng 
thUc ct'ta Iaxinski 

Mi , N, --,--
pR q>R 

(2.1) 

trong do : 

R -- _cuOng dQ tinh toil.n ola v.@.t ll~u lJm th:?.n tnt 
cp - h~ sO u6n doc 

p = W /F - ban kinh loi cCta tiet di~n than tr~ 

Vi cite so lieu chon ban dau da trrong dor hqp 1} ngay kh1 thiet ke su b0 n€.n khi 
thiet kf k€t thuc tri s6 p va cp 1t thay clbi, kh6l1g ,:nh huCrng den ke~ qui t1nh f.2], V?y 
P1 cp, R xem la httr1g s6. 

2.3. H~ sO d¢ cling g6i tva 'ii trong [:ihuon.g tri.nh (f>t) d. (1,2) 12 .b~ttn rl·Ji tLlyen 
v~i Ung su,~t tru6c V.:;i, [1) c~o n~n t:ic gi8 d:ii.~u chinh [8i r>oi 'cho hqp I):' s& b~) 
1~.1 ChlQ,C 11Qt l.t;c Mi va cnuyen q y1, 
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2. ~1. Ham mvc ti2u : 

('; gia.i do~n tili€t ke bEt thtic~ Uy gi:i thclnh v~.t L~u tbin try Ll hAm l111JC ti\~U : 

'f -- h~ sO h~t d{lJ 
y -~ trong lm;m.g rieng 
e -·~ gi8. thanh don vt tH)ng hrong 

1-i. -· chi~u dai nhjp tnt th(1' -i 
n _, s6 Jm;n g thni neo 

(2,2) 

Il 
i 

·~ 



u-,i_:,· o r:.-

n ,.,.,· 
C ~ lh . ·! . '( . e . /_; • 

' 
L3m C\TC tiht ham. mtJ-c tiCn tuytn tinh ( 2.3) theo Fk 

2.5. Hftm ring bUQc 

~ Di~u ki~n b~n via On Llinh 

hi --:-- CL.) cao cUa tang neo thlr i 
-- Dih1 ki~n cau t~o : 

J.i > 0 
h; 

Yi < 
100 

F; ;::>0 

Neu F1: 19. di~n tich duqc chon lam- hilm ffi\\C tiEu vi c6 gia' td duong 
thi cilc di~n tich con ]iJi Fj (j ~· 1. ... , n) vil j + k, ph<ii tb6a man dieu ki~n: 

F,- Fli ;;> 0 

(2.3) 

(2A) 

(2.5) 

(2.6) 

(2.7) 

!on nh4t, 

(2.8) 

D't b<lo dam tinh ch&t h<;p 1)· thi Fi tlm duoc s~u ph3i nbO hem di¢n tith th~t di~n 
than trv ctT chqn, 0 giai clo<Jn thitt ke sa bQ la Fe : 

F, - F, ;;> 0 (2.9) · 

Ngoai ra~ do su y lu.?.n cUa nguOi thitr ke .va can cU vao bitu dt1 mOmen, u6n, chuyen 
vi. ngul:Ji thitt ke cling dtnh tru6c GuQC xu .huCJng dta phuong an hop ly se. c6 mOmen 
nhip v~ m6men g6i Ia_ c6 gitl td duang hi'di.\C am. 

Thi d1,1 : 
(2.10) 

(2.11) 

Lhm nhu v~v~ mi~n r8.ng huQc thu h~p, sO bien giilm rO r~t, phuang an hQp 1-Y !e 
xac drnh de hono . 

3.1, X<ic 1iinh de thOng sO hQp 1}': 
·:~! p;icli doqn thiEh h~ sc; bQ xem_ 

th2n ln.~ b~n vlec trE:n g6i clrng chiu nen 
u6n, c(} ti:ng suat cleu q.i de tiet di~n 
thi x{\f:: cl:t11h duqc chi~u d~-i nhip tnt hyp 
ly /i. ,XGc dinh s6 luong tang neon, 
g6c cUa day_neo 7-i, ph3n h;rc etta g6i 
cling Rh tftn co sG- gia tb3nh v~i li~u 
l~1m thin tr\J va day neo nhO nhtlt. Tlr 
ct6 tim duQc c!i~n tich tiet di~n than tr10 
Fi, tiet· di~n day neo Fcii tuang d6i hyp 
1:Y. ChuyCn sang g-iai do0n xern than tt\1 
tren g6i chin hoi. Gi9. thiet dQ chenh 
]~ch tu~,g suat cl1a d8_y neo d6n gi6 va 
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tcwJc JS.lt, L _\nk ""' ung suJ.( HLtOt. uong tl:.tr l\> •' ''"' tfiC1i b¢ phu:oug tri'uh (l.t) den 
(15) Liuuc btcu dO nUi luc NL, N, 1,U chuvt 1

' \J y, fac sO li¢u ~F.1; Fd1. Mi, N1, }'i 1.uOi 
dltJ la tunng d61 hop ly vi cOn xem thdn tr{t nhu c6 g(ii cling va gii1 tbitt s6 li~u a,)1 chua 
ch~c d~1. tOi uu:. 

ta c6: 

3.2. Thiet H di~u chlnh hop ly han 
a) Ph~ln tich mQt nhtp trtJ nhu 0 hinh 2 

:Z::Mi = 0 duqc RI'--1 

Vi tri cO M_m<lx la: 

Ph;\ot h,rc g6i tva i : 

::EQ = 0 duQc Ri 

X= 
R'' _i...,l 

gi 

Ri = ~i~ + Ri 
Tinh N{ va N1: h;c doc .tren va duoi mat neo thlr i theo (1..6). 
T. h M R ' ' 1' ' ' 1n d = :l • 8i_:mometl uon <;:en tarn · 

b) Viet phucng trlnh momen g6i vii nhip tbeo an so 6y1 v6i 

L'.yi = y; - .Yi~I 

. . J2 L'.y· 
Mt-1 = ~M.ei + Mi-:- Rili + q!2.+Nr~Llvi+gli-' 2 l J 2 

(3.1) 

(3.2) 

M M M R'(l . ) Nd l'ly; (/. . . (/; - x)2 (/ )2 '6y! (3 3)· 
imax""' Bi- i+ i··i-.X- i-.- i----'-X)-qi----g .t-X- , 

!; 2. . . 21; 

c) Viet phuang tr!nh di~n tich tier di~n than tn1 theo an s6 D.y1 
Ff_ 1 =-~i-t_+N:I_t_ . 

pR q;R 

F~ _ 1YLmax N':f 
1 ~ + -' 

pR 'PR 
(3.5) 

d) 11han tlch cac hitm F; tinh theo (3.4) vii (3.5). . 

Ch<m ham Fk niw c6 gia tr! duong l6n nhat thay vao l\ih1 thirc (2.3) va ch.;n lilm 
bam mvc tieu tuyen tinh theo L\yt. ' , 

e) Viet cac hiun rlmg bu¢c la cac bdt ctc\ng thirc (2.4), (2.5), (2.6), (2.7), (2.11), 
(2.9) ... the.o iin s6 L'.yi. 
· f) Giiii bai toan quy hoech tuyen tillh vii lam cue tieu h6a bii'u thirc (2.3) thOa miin 
c!\c di~u ki~n rimg bui)c (2.4), (2.5) ... Dimg phuong phap don hinh neu c6 nhi~u an so, 
Dlmg phu:ang phap hinh hoc w~u c6 bai an sO. KCt quil cl:uqc 5 Yi, 

g) Tim l(li gia trj c2c rnomen theo ('3.2) va (3.3), phan hrc R;, dien tich thiin tt\l 
th<o (3.4) ho~c (3.5). 

Tinh lei ban kinh loi p = W/F;. Neu p khac it han so v6i thiet ke cti thl khOng 
phai tinh l~p. 

h) Tinh l@i day neo: Voi cac •6 li~u hop ly da t!m duoc lit Yi theo (3.1) va phiin 
lvc R;. Giai l?i h~ phuong trinh (1.3), (1.4), (1..5) tim cr,; h0p ly vir img ~uat trong .day" 
neo "k· Trong nhieu truong hqp khOng can giu nguyen Fdi eft, rna khi tim l?i cr,1, c6 th~ .· 
giam Fdi c!e he gia thonh toin tru vl c6 y1 va R, h<;<p ly han truoc. 

i) Tinh l;~i 1\lc doc trong than tr11 theo ( 1.6) 
j) Kiem tro hen va on djnh 

l'j'j_ = (3.6) 



THinK' 

Thiet kt b~t dlu trv ang ten nhu a hinh 1. 

T lti!t kB cdc tj&OnJ? sri lir1P l !l : 
Ket qui\ tim <luoc !a: 
Than tru: F; = 4.31,2 = 124,8cm2 , g = 0,26t/m, Wx = 9910 cm

3
, M~ ;..35,54tm, 

M~ = 55,64 t~, Mf = 29 tm, M2 =)L4 tm, M§ = 25,04 tm, M01 = 11,86 tm, Mez = 50,10 tm; 
W = 148;11 t, N) = 126,40 t, Nj = 138,11 t, N~ = 118,99 t, N1 = 142,13 t, N2 = 133,69 t; 
R

0
,;, 6,74 t, Rf. = 4,54 t, R;' = 6,1 t. 

D,ly neo: 

t~ng 1: 
tftng 2: 

KiJm a a bCn: 

Fdl = 2,9crn2 , cr 0 i =0,85t{cm2, 
Fdz = 10,7 cm2, cr0 2 = 2~5 tfcmz., 

y1 = 15,50 em.· 
yz = 16,46 em: 

n 5564000 _ _::1_::42=1::::30:__ "1 = 
9910 

+- -- =1767KGfcm2 > R= 1600KG/cm2 
0,965 . 124,8 . . 

<:r
0

i chQn so b6 chua hqp ly, din dieu chinh 'h)i 

T Mit kd di?u chink lw p ly h<Jn : • 
Viet phuong trlnh momen (3.2) va (3.3): 

My = 11,98 - 122,68ll.y2, M~ = - 8,74 -- 143.31 y 1 - 122,6 D.y2 

M[= 59,04- 55.17 yt-122,6t.yz, M]! = 30,25- 81;14ll.y 2 

Viet phuong trinh di~n tich (3.4), (3 . .5): 

F~ = 0,0092775 + 0,0099521 y1 + 0,0085201 t.yz 
F~ = 0,0072467 + 0,008520 t.y2 

F~ = 0,00874 m2 
Ff = 0,012433 -0,0038125 y1 - 0,0085201 t.Y2 

F2 = 0,0093537 - 0,00 56347 ll.y2 

l'hftn tich th~ y F'{ 1a l<Jn nMt khi 0 <; y1 < 0,229 m va 0 ~ t.Y2 < 0,185 m. Chgn 

Fn la ham m1.;1c tieu: 
1 

F'j = 0,012433 - 0,003S:l125 yt ··· 0,0085201 t.yz 

Fe • 0 ,.g • 0 d 0 Fn 0 Fn 0 a· ' '- 0 o ~-, J:1 l ~ , j_~·z > , "1 > ~ "2 > ~; Yl ;;> j 
1::.Jz' ; 

Yt <;; ln/100 = 38,) em, yz ~ hz/100 = 65,5 em; 

Fj -F~ >O 

pn Fn -._ 0 -1 ~ 2 / 

hay 0,003F)6 -0,013783 Jl -· 0,01740 6y·1 >O, 

hay 0,005186 -0,003183 Yl - 0,01704 t.yz > 0, 

hay 0,003693 - 0,003831 yt -0,008520 ll.yz > 0, 

hay 0,003077-0,0038312 y1 - 0,002885t.yz > 0; 

M[ >O, M~ )< 0, My<;; 0, Mi <;; 0. 



,-l\il' 

y1 =0)08m. m_ Y.2 = 0 m; 

Gi}\! h~~ phutJng tdhh (1.3). (1.4), (1.5) tim h1i Ciuoc: 

:~J)~ty ~1e0 t3~1g 1: 
·- ·.- G

0
=2,44t/cm2 , 

y1 = 10,8 em, 

{)ti j neo ding 2 : 

0 0 = 2,7 tfcm2
, 

Y2 = 2Q,6 CI.Il, 

Tim h1i h,rc doc (1.6) 

01 = 4,18 t/cm 2
9 

Fdt = 2,9 cm 2 

u1 = 4,64 t/crn'2 1 

_Fd2 = 9~40 cm2
, 

•T3 = 0,468 t/cm2 ; 

1j,r11 ::=3,92t/~m 2 . 

• G3 = 1.~13t)cm2 ; 
L.\a2 = 3,55t/cm2 

N~ = 26,99 t, 
d 

N2 =l13,99t, N2 = 117,50 t, N1 = 146,17t, 

N\ = 121,0;t t, Nf = l4t,17 t, No= 151)7t. 

Tim lqi di&n tkh than trtJ (3.5) duyc Fl = 1.23 ~:m2 , v-?m chQn nhu thi€t ke truOc 

Fi = 4. 31~2 = 1.24,8 cm2 nhung· kH~m t1~~ ben ct;~t y#u dlu: 

n 4101000 
r"Ji =----- + 

9910 

146170 
co R = 1600kG/cm2 

0,965 . 124,8 

Nhu vd.y, cbeu chinh hi Ung suat tru6c trong day neo v8n giU duoc di~n tich hqp 
1}' ci:ta thfrrn tru nhlr () thiet ke cl1~ hti gi3m duoc dien tich t1€t dH~~n day neo. Trong luqng 
gi&m dn c;c 

10,7 ~ 9,4 
- - ' 100 =-7. 12 % 

10,7 
NhdttugiJy 20{1{1983. 

t)ja. ch-I: 
V~i hpc tt;,f cht>c HN 

l. CABHl~KvlrJ r. A. OcHOBb! QHTCHHbiX 

<< CBn8I::. », M., HJ73. 
2. TPO<!)HN\OBI·lLJ B. R, fTEPM5iHOB B. A. Orr.,-;;~;;wr,Hoco II poe K7HpOBaHH8 

:vreTaJ.L:iH'-I·~cr<ux I~·oHCTPYI<L~UIJ:. « Dy,rui.sc,:lbi-IIlE ;,)~ El>CL<3 19LH. 
3. TPOQ)I--1NlOBF1lJ B. n., HEPr\15IHO.J.j .B. A. :-Jpo 1:::i<TiipOBtlEIJ_e. npe . .QBapi-'I'f'l2.llbHO 
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In this paper, the author _uses th~ m.ethc:::l of mathematical programming for the optimal 
design of o. mast with prestressed anchorties. The objective funct-ion is the minimun cost or 
material volume of the whole post and ties. The re0tri.ctions are mechanical and technical 
req{Iirements such as the conditions of strengt~ and stability, the deflections of anchored 
knots. By applying the design metbo:l for a direct problem, the author has found out the efficient 
preStress in the ties, without any previous sUppositions of theses their volume, as cornmonly 
resolvec.L This optlJnal design would sa\'~ 120;,; ::Jf the m;J}:;t weight in comparison with other 

"' design. -" 

,, 


