GIAI TiCH BAI TOAN VOM - CONG XON TRUNG TAM
TREN MOI TRUONG MATHCAD BANG PHUONG PHAP BIEN PHAN
KHI CHAN PAP VOM NGAM CUNG VAO NEN.

TS. Pao Tuin Anh

Tom tat: Sw thanh cong gidi tich bai toan ing sudt ddp vom bang phwong phdp vom - cong
x6n trung tdm trén méi truong Mathcad va so sanh Két quda tinh todn véi phwong phdp phan tie
hitu han(PTHH) nhu mdt minh chimg cho thé manh cia phan mém nay(Mathcad)trong viéc
glaz tich cdc bai toan Ky thudt c6 dién dé ho tro cdc ky sw phan tich, kiém tra két qud tinh toan
thiét ké cdc céng trinh xay dung noi chung va thuy loi noi meng bang cdc phan mém thwong
Mai ma phdn da trong sé ho khdng kiém sodt dwoc vi khong hiéu ban chat néi dung Idp trinh

Cua chung .

I. PAP VOM VA CAC YEU CAU BO TRi

Pap vOm da dugc xay dung nhiéu trén céc
nude phat trién nhung & nudc ta chi c6 duy
nhat mot dap vom dang duoc xay dyng la déap
vom Nam Chién (cao 135 m) trén sudi Nam
Chién & thuong ngudn song Da. Pap nay do
Téng cong ty song da thi cong nhung do Co
quan tu van nudc ngodi thiét ké (Vién thiét ké
thuy cong Ucraina). Do vay viéc nghién cuiru
dap vom ¢ Viét Nam dang con nhiéu han ché.

Dap vom Ia mot loai dap co két cAu hét stre
phtic tap nham tao hinh dé chuyén tai ap luc
x0 ngang cua nude thanh cac lyc nén tac dung
doc theo than dap do hiéu ing vOm gay nén.
Do d6 dap vom c6 két ciu vo méng hinh vom
cong mot chiéu theo phuong nam ngang hoic
ca hai chiéu theo phuong ngang va phuong
dung. Sau khi dugce chuyén tai qua than dap
cac lyc x6 ngang duoc truyén vao hai bo, cho
nén hai vai bo dap vom phai virng, thuong
phai 12 loai d4 lién khéi cimg chdc, can xtng
va khong bi gian doan hodc mé rong dot ngot
phia ha Iuu. Két ciu dap vOm can phai thiét ké
twrong xung voi hinh dang tuyén déap, sao cho
dudi tac dung cua ngoai lyc trong déap vom chi
chu yeu ton tai g suat nén.

Mubn vdy tuyén dap phai déi xung theo
phuong dong chay. Trong thuc té day la
diéu khong thé cho nén thong thuong ta phai
Xt 1y tuyén dap bang bién phap cong trinh
sao cho hai bo vai dap tré nén can xung,
thanh tuyén hinh cha V, hinh thang can hay

tuyén chit U...v.v...

II. PHUONG PHAP VOM - CONG XON
TRUNG TAM.

C6 rat nhiéu phuong phép tinh toan phan
tich trang thai ung suat bién dang dap vom.
Truéc day nguoi ta hay dung cic phuong
phap giai tich c6 dién, d6 1a: phuong phap
6ng tron thanh mong, phwong phap vom don
thuan, phuong phap vom - céng x6n trung
tam, phuong phap nhiéu vOm va cbng xon.
Ngay nay ngudi ta hay dung ly thuyét dan hoi
(ly thuyét vo mong) trong cac phuong phép
phan tir hitu han, phuong phap sai phan dé
giai bai toan tng suét bién dang dap vom véi
su tro gitp cac phdn mém tinh toan trén may
tinh dién tor. Thong thuong cac k¥ su khong
kiém soat duoc cac két qua tinh toan theo céc
phan mém nay vi khéng rd ban chat ndi dung
lap trinh ctia ching.

Céc phuong phép trén déu xét theo bai toan
phing, nhung trong thuc t& dap vom la mot
két cau khong gian, nghia 1a ngoai phuong
ngang dap vom con lam viéc theo phuong
ding. Phuong phap vom - cong xon trung tam
va phuong phap nhiéu vom va Cong x0n thuc
chat déu 1a mot phuong phap ram - vom, xét
dap theo bai toan khong gian. Dé giai bai toan
ndy mot mat chia dap theo miat cit ngang
thanh cac vom, mat khac chia no6 ra thanh cac
cong xdn(ram) gan chit vao nén boi cac mat
cat thang dtmg. Mdi diém than dap dong thoi
o vi tri trén mot vom va mot rim cong son
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nhat dinh. Vi vay bién dang cta diém ay du
xét theo vom hay ram ciing chi c6 mot gia tri
ma thdi. Dya vao nguyén tic ndy ngudi ta
thiét 1ap hé phuong trinh can bang tir cac
phuong trinh tinh toan noi luc cua ram va vom
khi céc tai trong tac dung 1én dap dugc phan
phdi ra cho rim chiu mot phan va vom chiu
phan con lai. Tuy theo mirc d9 chinh xac cta
bai toan ma ngudi ta ¢ thé chia dap thanh hé
théng nhiéu vOm va nhiéu rdm hodc thanh hé
thdng nhiéu vOm va mot rim tai mat gitta dap
(cong x6n trung tam) lam dai dién. Cach chia
truéec ding cho phuong phap nhidu ram va
vom, thudng phai gia thiét trudc biéu do phan
phdi lyc (xem hinh 1), sau d6 tinh toan di ,
tinh todn lai cho dén khi tai cac diém tinh
toan bién vi ciia vOm va cta rAm sai s6 nho.
Do vay khdi lwong tinh toan 16n.
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Hinh 1. Phan phéi lic theo phwong phdp
nhiéu ram va vom.

Hinh 2. Phan phéi lic theo phwong phdp
vom — cdng x6n trung tam

Céch chia sau ap dung cho phuong phap
vOom - cong xOn trung tam va thuong dugc
mg dung nhiéu hon trong viéc tinh toan thiét
ké dinh hinh ciu tao dap vom. Theo phuong
phap nay tai trong phan phéi theo phuong
ding tai vi tri ¢6 ram dinh lam dai dién, phan
con lai theo phuong ngang dwoc phan phbi
cho cac vom va thay déi theo cac cao trinh
khéac nhau( xem hinh 2).

Cach tiép can dé giai bai toan vom - cong
x0n trung tam rat khac nhau, tir d6 cac tac gia
dua ra cac phuong phap khac nhau dé giai bai
toan. Cac phwong phap truyén théng trong
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pham vi giai bai todn vom - cdng x6n trung
tam duoc trinh bay trong rat nhiéu ti liéu cua
cac tac gia khac nhau nhu G. Ritter, V.P.
Skrulnhikovui, A. Stukki, J. Lombardi, L.A
Rozinui, L.B. Grimze va nhiing nguoi khac[1].

Theo Kh.G. Gannhiep phuong trinh co ban
Cua bai todn vom - cong xo6n trung tdm dugc
thiét 1ap nhu sau. Xem cong xon trung tm tua
trén cac vom tuwong ty nhu ram trén nén dan
hdi chiu anh hudng bai tinh bién dang cia cac
khoanh vom doc lap, dugc dic trung boi hé s6
nén K. Luc d6 phan lyc nén dan hdi chinh 1a
phan tai trong ma vOm chiu dugc xac dinh
nhu sau:

Pa(y)=K(y)w(y) q , 1)

Trong d6 w(y) - chuyén vi uon ctua cong
x0n trung tam. Goc toa do duoc ldy tir ddy
cong x6n trung tam(noi tiép xtc giap véi mat
nén) va truc y hudng thang dung 1én trén. Lac
nay tai trong dugc phan phdi cho cong xon py
duoc xac dinh nhu sau:

Pr(Y)= p(y) - K(y)w(y) ‘ 2)

Trong d6 p(y) - tai trong toan phan cua pa
luc nude tac dung 1én vom va cong xon.

Hé sb nén K(y) dugc xac dinh nhu sau:

K= ) ©)

Véi fi(y) 1a do vBng caa vOm nam ngang
tai dinh dudi tdic dung cua tai trong don vi
phan bé déu. Péi voi vOm ngam cimg hai dau
bang phuong phap tinh toan chuyén vi trong
co hoc két céu ta ¢ thé tim duoc:

) Voi

L) =gy @

ay(ay —sinay)(1—cosa,)

plog) = :
’ —2sin® a,

a,’ +a,sina, cosa,

Trong d6 e(y)- chiéu day cia vOm tai mat
cét c6 toa 46 phuong dimg y, m

- béan gia tri goc ¢ tdm cia cung vom

nay, radian.

r, - ban kinh trung binh cia vom, m.

E - md dun dan hoi ctia bé tong, KN/m?

Gia tri w(y) c6 thé tim duoc bang viéc g1a1
phuong trinh vi phan d6 ubn cia ram trén nén
dan hoi:

[EI)W" (W] +K(y)w(y)=p(Y) (4)



Khai trién thanh phan vi phan ctia phuong
trinh (4) ta duoc:
El(y)w" (y) + 2EI (y)w (y) +

4
+Ely)w (y) + k(y)w(y) =p(y) @
Vi EI(y) - d6 ciing cta cong xon. I(y) md

men quan tinh cua tiét dién cong xon bién do6i
theo phuong toa do y. Dé giai phuong trinh
trén ¢ thé dung cac phuong phép gan ding,
phuong phap sai phan, phwong phip bién
phan..v.v.

III. DUNG PHUONG PHAP BIEN PHAN DE
HO TRQ GIAI BAl TOAN VOM - CONG XON
TRUNG TAM VA CAC HAN CHE TRUOC
PAY

Theo phuong phéap bién phan ta xac dinh
duoc cac biéu thirc bién phan khi cuc tiéu thé
nang hé thong két cdu. Ham thé ning c6 thé
viét & dang sau:

I =~[ py)w(y)dy-+ [[E1(w ()] wiy)y +

+ Lk mwty)ay 11, =0 ®)

H- chiéu cao ciia cong x6n trung tam.

Dbi voi cac dang tiép gidp dap vom vai nén
khac nhau ta c6 gia tri ham thé [1,ban dau
khéc nhau, véi truong hop tiép giap 1a ngam
cung: 1, =0

Str dung phuong phap bién phan Relaya -Ritxa
biéu thtre tinh d6 vBng cta rAm co thé viét:

w(y) =Y A, (1) (6)

Céc gia trj Aj ¢ thé tim ra duoc tir diéu
Kién cuc tieu ham thé nang (5) :

51_[6Aj -0 (7)

Str dung ham sb ubn (6) va phuong trinh
(5), biéu thtrc (7) c6 theé viet dudi dang:
Ay + Ay, +..+ A+t ARy, =E (8)
Aa, +Aa, +..+Aa,; +..+AQ, = pT
Hay viét mot cach khac:
[aij ]{Aj }: {pj }

Doi vai cong x6n ngam cing ta co:

(10)

3, = [[E1)e D] ondy + [KeWemdy|  (11)

P = [ PYo(y)dy

Cac ham oj(y), biéu thi do udn cong xon,
can phai thé hién duoc dic trung lam viéc cua
két cau.Vi vay khi lua chon sé luong ham tiéu
biéu can phai hiéu dugc ban chét két ciu cong
trinh, thuong chon tir 2 dén 4 ham.

Déi voi dap vom so do tinh toan cong xon
hop 1y nhét 1 theo so d6 rAm dugc tach ra tir
ban. Va tién loi nhat 14 st dung ham co ban
dao dong theo phuong vudng goc ciia rim
(Vlasov V.Z [2] ). Chu y khi xem xét bai toan
dao dong ty do cua rAm ¢ trong luong mot
nhip c6 chiéu dai H tir phwong trinh vi phan:

v zu4 (12)

¢ = F(P

(u - 1a mot thong sd dic trung cho dao
dong riéng cia ram) ‘

tich phén chung phuong trinh vi phan dong
nhat (12) c6 thé viet dudi dang:

o(y)=C, sin%+ C, cos%y+ Cssh%y + th% (13)

Tu diéu kién bién ¢ hai dau cong xon(y=0
va y=H) ma ta suy ra dugc céc gia tri C, va
u , tire 12 phu thude vao cac diéu kién bién ma
ham ¢@(y) c6 dang ndy hay dang khac. Pdi
v6i dap vom dugce ngdm clng voi nén, c6 thé
su dung 161 gidi cua Vlasov V.Z [2]:

9(0)=0,0 (0)=0,¢ (H)=0,¢"(H) =0

Tur @6 ta tim ra duwoc ham s6 ¢(y):

- y y y y
=sinu—=——-shu———a(cos u=—chu—=-
o(y) pop s o Hy uH)

Voi:

(14)

o= sin u + shu
cos i+ chu
Va u xac dinh tir diéu kién dinh thirc hé
phuong trinh xac dinh C;:
cosuchu =-1,suyra
cac nghiémcua u la:
1, =1.8751; pu,=4.6941; u,=7.8548;

11,=10.9955; khi i>4 thi ,, , - 2‘2—%.

MGi gid tri cia g, ta cO mot ham sb
@, (y), thong thuong dé giai bai toan vom
cong xoOn trung tAm ngudi ta 14y 2 gia tri. Sau
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khi c6 ham ¢, (y) ta thay vao (11) dé tinh toan
céc tich phan a,; va p, , thay vao hé phuong
trinh (8) dé giai ra cac hé sb A;, tir do ta theo
(6) ta xac dinh dwoc ham udn  w(y), tic cac
gia tri do vong cua ram tai cac diém c6 toa do
y. Tu day ta xac dinh dugc cac ndi luc tac
dung 1&n rAm va phan ap luc nuéc phan bd
cho vom , sau d6 ta tinh toan tng suit trong
ram va noi lyc vom theo phuong phép vom
don thuan véi pa lyc nude da trir di phan do
cong x6n chiu. Tir d6 Gmg suat dap vom hoan
toan duoc xac dinh.

Piéu khé khin tir trude toi nay khi giai bai
toan nay l1a & chd cac ham tich phan trong (11)
khong giai tich ra duoc, phai tinh gan dung va
sir dung hé théng bang biéu. Phuong phap tra
bang d4 lam cham quaé trinh tinh toan va thiéu
tinh tu dong trong tinh toan, gay kho khan cho
viéc thiét ké lya chon két cdu dap vom giita
hang ngan phuong an cau tao dap khéc nhau.
Vian dé nay d4 han ché viéc tim phuong 4n tdi
uu khi lya chon hinh dang dap, dac biét khi
tiéu chi dua ra dugc két hop ca diéu kién tng
sut, diéu kién 6n dinh va ké ca phai giai bai
todn Ung sudt nhiét dap vom dé xem xét anh
huong cta didu kién nhiét d6 moi truong dén
phuong phap thi cong va ing xu than dap
trong qua trinh van hanh. Mudn giai quyét
didu d6 can phai giai tich dugc cac phuong
trinh trong bai toan vom - cdng x6n trung tam
khi sir dung phuong phép bién phan, mot bai
toan thuong hay st dung dé phéan tich tmg
suit dap trong giai doan thiét ké so b dap
vom dé dinh dang két cau dap. Hién nay co
phan mém Mathcad c6 thé thé giup ta giai
tich bai todn nay trén moi truong cia nod khi
Viét ra cac cong thirc toan hoc theo ngdn ngir
thong thuong.

IV. GIAI TICH BAI TOAN VOM CONG XON
- TRUNG TAM BANG PHUONG PHAP BIEN
PHAN TREN MOI TRUONG MATHCAD

1) Gidi thi¢u phin mém Mathcad.

C«ng ty Mathsoft Inc. sfn xuEt Mathcad
kh«ng phfii kh«ng ca c- sé khi néi r»ng sfn
phEm cfia h& | phuong tién tinh todn ky thudt
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ciia c,c b, c hac vy ¢, c nhu chuy®n m«n trén
toun th0 gifi. Mathcad c& thO thay th0 c_c
chuong trinh vi tinh khéic trong viéc thuc hién
¢, ¢ chgc n"ng tinh to_n phac t*p cCn @0n vng
lap, phan nhanh, chuong trinh con v.v... N& ca
thé xdc dinh céc gia tri bi€u thiic dudi dang
ky hiéu todn hoc thong thuong, tinh todn vi
phon, tich phon x_c ®nh vu kh«ng x_c @nh
cfia bEt ki hpm sé phegc tp npo. Gifi c.c
phuong trinh, hé phuong trinh & cac dang phic
t1p kh,c nhau. Mathcad x@y dung ¢, c ®a thb,
bidu ®& phd gidp tinh to_n, nhEp ¢, c hxnh vi
hai chiOu, ba chiOu t6 Autocad vy td chdng tto
ra c_c ¢~ sé d+ lidu tinh to_n v bidu didn kOt
quf b»ng ma trEn, ®& thp, ding hxnh.v.v...
Trén moi trudng Mathcad c6 thé thanh 1ap sin
¢, ¢ chuzi v'n bfn thuy0t minh xen kT vii c_c
phan tinh toan véi chat lugng trinh bay cao, ¢
th0 s6 dong nhiOu ICn vii kOt quy tinh to_n
kh, ¢ nhau, mgi ICn in ra truc ti0p thunh ha s-,
®Tm bfo téc ®€é cao trong vidc houn thunh ha
s- tinh to_n thi0t k0. N& c& kh{ n"ng li2n h0
qua lai da dang v6i cidc chuong trinh thong
dong kh,c (Excel, Matlab, Autocad,
Wordpad...v.v..) hokc vii nh+ng d+ li0u
Mathcad qua Internet.

2) Gidi tich bai todn vom - cdng x0n trung
tam bang phwong phdp bién phéan trén moi
truwong Mathcad.

Trén moi truong Mathcad cac phuong phép
giai tich c6 dién khong nhirng gitr nguyén tinh
nguyén ban ciia minh trén trang thai biéu thi
todn hoc cling nhu ngdén tir ma con tang nang
lyc trong viéc giai tich toan hoc va c6 thé giai
cac bai todn ma truoc day khong giai dugc
hodc giai qua phirc tap v6i khéi lugng bang
biéu 16n, khong dua dén dang nghiém tong
quat ngan gon theo cong thirc dé 1am tién dé
giai mot cach ty dong cac budc tiép theo( vi
du phuong phap vom - cong xon trung tam Kkhi
&p dung giai bai toan g suat nhiét dap vom).
Cac két qua ciia phuong phép giai tich ¢ dién
va phuong phap phan tir hiru han s& duoc so
séanh v6i nhau dé bd tro cho nhau, quy dinh
Idn nhau nham dua ra két qua chinh xac cudi
cing. Do Mathcad c6 thé giai cac phuong



trinh tich phan phuc tap véi cac ham tich phan
khéng c6 trong cac ham bién doi thong
thudng nén ta c6 thé tan dung thé manh nay
clia n6 dé trién khai giai tich phwong trinh co
SO (4) qua viéc tinh toan cac gia tri a, ; , P,
A; va ham w(y) tai céc bieu thic va hg bicu
thue, tr(6) dén (14) trong muc II ¢ trén. Viéc

tinh toan dugc minh hoa qua mét vi du cu thé
1. Sé li0u ®Cu vio

d6 1a phan tich Gng suét dé lya chon céu tao
dap vom Nam Ngan trong phuong an so sanh
thiét ké dap dau mdi cua cong trinh thuy dién
Nam Ngan, tinh Ha Giang. Chiéu cao dap
Nam Ngﬁn 50m, chiéu rong tuyén tai cao trinh
dinh dap 1a 140m, tai day 1a 20m. Trinh tyu giai
tich bai toan vom céng xén trung tdm duoc
thé hién qua timg budc dudi day.

1. Chidu cao ®p vBm:  H,m H =350 50
2. ChiOu dyi tuyOn t1i cao trxnh @nh ®Ep: L,m L =140 475
3. Chidu dyi tuyOn t2i cao trinh @,y ®Ep: Lo=20 45
4. M« ®un 8pn hai ciia b2 teng: Eb,l2 Ep = 2000000 425
5. 5 1ip tinh to_ n theo cao trnh 8Ep"NL NL := 50 40
6. Trong lugng riéng cuia nudc va bé tong: — vp =24 375
2 60 35
7.1/2 gic & tom A= 25
11. Chén cEu t2o ®Ep vRm 30
1. Chilu dyi tuyOn t%i cao trnh @fnh @Ep: I,m yi1 275
i=0.NL yi=i C=2 l=Lg+(L-Lo)¢ l(e) =Lg+(L-Lg)-E y %
: . i =4 : 0 0, e : 0 o Y 25
2. Chon cdc ham bién cta dudng kinh trong, duong kinh ngoai, dudng kinh gitta, toa d¢ tam ctia dap vom 20
17.5
Z=H-y ey=80 e:=20 e=ej+(eg—es)-(1-¢) 15
' £ o) (1-2) e
Rn = Rtr .= Rn — Ro :=Rn-— = - \1-
N n(ed) iri=Rn-e Ro=Rn-- e(2) ==ep+(eg-e1) 13 10
_Lo+(L-Lg):t _ Rn(8) + Ry(2) e
Rn(é) = 7Z»Sin(aa) Rtr(é) = Rn(é) —eé(é) Ro(é) - % 5
2.5
az:=215-7-0013 7> xq:=1000 — (Rn +az) Sinac; := 0 3
2:-Rg 5 75 10 125 15 17.5 20 225 25
yl:==y Xtr:=Xp+€ Xg:=Xn-05+05 % al®:=20a-— X Xt
T
3. Phon tich gng suft ®Ep vBm
1. Xdc dinh cdc dai lugng vat 1y dac trung két cau dap:
aa- (aa - Sinaa) - (1- cos(aa)) a e (2))?
Haj = 2 - - 2 faj = (Roi)2~7“ ! kn =+ 1(e) = ( g )
(aa) + aa- Sinaaj ~cos(aa) -2 (Slnaai) Ep- € fa 12
) = a(g)-(ale) - sina(e)) - (1-cos(alz))) £.(2) = (R (E_,))Z~ ule) ko (2) = 1
() s ale) sinale) -cos(ale)) -2 (sinale))” T Ebeele) T le)
alé)) + alg)-sinalg) -coslale)) —2-(Sinalg € a
2. Chon ham dic trung ctia ham s6 uén cong xon 01,02
pl:=18751  p2:=46941  ol:= sin(yu1) + sinh 1) a2 = sin(.2) + sinh{ 2)
cos(ul) + cosh(ul) cos(u2) + COSh(pZ)
1 = sin(u-&;) - sinh(u1- ;) — ol - (cos(ul- ;) - cosh(ut-¢;))
02j = sin(pZ»Ci) - sinh(pZ»Ci) - oc2»(cos(p2vqi) - COSh(HZvCi))
3. X,c ®nh c,c h0 sé cfia hym sé uén A1,Ap:
2 3 _ d*
d191(2) = 4o, (2) d2p1(8) = 4 () d3p1(e) = g () da91(8) = — 502(e)
dg de dg
4
, _ & dgg2(e) = So,(2)
d1g2(2) = ‘Z—ih(a) dp42(2) = 3 ~0,(5) d3g2(2) = di3¢z(i) ¢ a
13
2
f1¢1|(i)i= d4¢1(i)'¢1(i)'|(i) fz¢1|(i):= 2'd3¢1(i)'¢1(i)'t—i|(i) f3¢1|(i):= Zizl(i)wl(i)'du}l(i)

f1p121 (¢) = d4¢1(i)'¢2(i)'|(i) f2¢121 (¢) = 2'd3¢1(i)'¢2(i)'t—i|(i) fap121 (¢) = Z;zl(i)'¢z(i)'dz¢1(i)x

f1gpo1 (¢) = d4¢2(i)'¢1(i)'|(i) f2¢ 211 (¢) = 2'd3¢2(i)'¢1(i)'t—i|(i) fa o1l (¢) = Z;zl(i)'¢1(i)'dz¢z(i)

dZ

f1o21 (e) = d4¢2(i)'¢2(i)'|(i) f2921 (g) = 2'd3¢2(i)'¢2(i)'z—i|(i) f3¢21 (e¢) = di2|(i)'¢2(i)'dz¢z(i)
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4

HY K (8) -94(8) - 04(e) HY Ky (2) -04(8) - 9(2) HY Ky (2) - 05(2) - 4(2) HY Ky (2) - 05(2) -
fk¢1(i) =5 fk¢12(i) R fk¢21(i) T fk¢2(i) e
b b b b
1 1
1= [ (ngu(e) + pu(e) +togui(e) +fgale)) o6 27 L (p121(e) + fogr2i(e) + fogra(e) + hgale) o
9 o | ope)0g(e)
a2l —J f1o211(2) + f29211(&) + Fa211(8) + figa1(8)) pe) =vg-(H-z-H) p1:=H* T dg
01 " ale) - gle) ’
ple) - oole
a22 .= J (f1¢2|(i) + f2¢2|(i) + f3¢2|(i) + fk¢2(i)) dg p2 := H4»J Eib dg
0
0
all = 6529x 10°  al2 = 5193x 10° a2l = 5.193x 10°  a22 = 1.819x 10° pl = 45584 P2 = 52.648

Given

)

4. X, c ®nh hpm sé uén c«ng x«n:

Al-a11+A2-a12= pl
Al-a21+A2-a22= p2

(A1 -3 _3
Find| | Ap=6055x10 ° Ay=1165x 10
2

5. Cac thanh phan dp luc thuy tinh thugng luu tdc dung lén vom va cong xon dap:

W=A1¢1+A2¢2 Pliz"r’()'(H*%) Palizk"'l'Wl Pk = P—Pa
50
48
46
44
50 42
40
38
36
40 34
32
30
L
30 Pa 26
24
Pk 22
y 2
20 1
16
14
12
10 10
8
6
4
0 2
0 0.003 0.006 0.009 0.012 0.015 0 02 4 6 810121416 182022 242628 30 32 34 36 38 40 42 44 46 48 50
w y

6. X, ®nh gng suat trong cong xon do dp luc nudc va trong lugng ban than dap

49 50
= Z 2.4-ep Nsg := 0 Fe—e M;j = Z [pkn~(n -i+05)+ 2.4en~(x0n—x0i)]
n=i n=i
k-5 Nj 12 i Mi
k:=1..9 Xk’i € (8 ) kak| —F_el %
b (a)
7.X,c ®nh gng sukt vBm - N
@ng suit vom mat thuong luu
Ap = 2-Rnj -sin(aa) [ (Rni +Api'COS(Bj)) 6~Api~y8i,j_
i . 2 1 = — .
oa+ 2~M+05~sin(aa) ° ViLi €j (ei)2 Py
2 oa i 2 L _
(Roi) : (e.)2 +05- (sm(aa)) +toa @gng sudt vom mat ha luu
- (o) _(Rni+Api~cos(Bj)) 6~Api~yei,j_
. sin(aa, - .
j=o0.4 Bj=j ?—6 vei j = Roi(a—z —cos(Bj)) szj,i ' & " (&)’ Pa,

V. SO SANH KET QUA TiNH TOAN BANG
PHUONG PHAP GIAI TiCH VOM CONG XON
TRUNG TAM VOI PHUONG PHAP PHAN TU
HU'U HAN

Pé xem xét do tin cay két qua giai tich bai
toan vom cong xon trung tdm ching ta cé thé
so sanh ching véi két qua tinh toan tng suat
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vOm va cdng x6n bang phuong phap phan tir
hitu han két hop bién phan cuc b voi sy trg
gilp cua chuong trinh tinh Gmg suat RAS[3].
Chuong trinh Ras dung phan tir khéi 32 nit,
¢ ca mo hinh hoa nut lién két tai noi tlep Xuc
cac 1op vat lidu, dé giai bal toén ng suat bién
dang khong gian va hé sé an toan bén cuc bo.



Trong hd so thiét ké két qua tinh toan cta hai
phuong phap déu duogc dung dén, trong do
phuong phap vOm - cong xon trung tim ding dé
chon cau tao dap vom, con két qua tinh toan tng
suat bang phuong phap PTHH ding dé kiém tra
d6 bén dap va phan b viing vat liéu.

1) So sanh két qua tinh todn itng sudit
cdng xOn tgi mdt cdt ram dinh

Thuong luu

.-0og LA L a|m L0 LS00 L5

Pé thé hién két qua cho don glan trong
Mathcad hinh dang dap tai mat cit ram dinh
ding dé bicu thi ung suit khong mo phong
udn cong nhu thuc té& va kich thuéc chiéu
ngang khac ty 18 so voi chiéu dimg. Dau 4m
va phd mau xanh theo phuong phdp PTHH
biéu thi tng suat nén, diu duong va mau vang
- (mg suat kéo.

S0l

45

404

35

30

25—,

’3%%% |
.519' o A

Ha luu

.40 L-3m L2m L-1m .0 .30 ..500

a) @ng suft c«ng x«n (kg/cm?) theo két qua tinh todn bang phuong phdap PTHH

b) b) #ng suEt c«ng x«n (T/m?) theo kOt quy két hop véi bién phan cuc bd.

tinh to_n bang

phuong phap Vom - cdng xon trung tam.
Hinh 3. So sanh ket qua tinh todn g suat cong xon giita phwong phap gidi tich vom - cdng
xon trung tam véi phuong phap PTHH ket hop bien phdn cuc bo (RAS).

Nhin vao két qua biéu thi trén hinh 4.a) va
4b) ta thiy theo két qua tinh toan ca hai
phuong phap vung tng suat nén phan b 1a
cha yéu tai mat cat ram dinh va c6 gla tri 16n
nhat khoang 16kG/cm? (160T/m?). Theo
phuong phép giai tich c6 dién Vom — cong
x0n trung tdm ving tmg nén 16n nhat phan b
& chan ha luu ram dinh, con theo phuong phap
PTHH ving nay lai phan b & 1/3 chiéu cao
dap tai phia ha luu mit cat rAm dinh.

Theo két qua tinh toan ca hai phwong phap
Vl]ng g suat kéo phén bd it, o gié tri 16n
nhat khoang 3- 5kGlcm (30 -50 T/m?) va déu &
mat thuong luu mat cit rim dinh tai vi tri 1/3

chiéu cao dap vom.

Nhu vay ta thiy két qua tinh toan cua hai
phwong phap gan nhu nhau. Tat nhién phuong
phap PTHH c6 so do tinh toan khong gian va
két qua chinh xac hon, nhung két qua cua
phuong phap vom — cong x0n trung tam phan
anh hop 1y so véi thuc té hon. Do vdy khi
phan bo viing Vit ligu ta phai két hop két qua
ca hal phuong phap. Vung Gng suit kéo tai
mat cat ram dinh qua it va c¢6 gia tri bé hon
nhiéu so v6i kha nang chiu kéo cua vat liéu bé
tong M200 nén chung ta khong can deé y v toi.

2) So sanh Két qud tinh todn ng sudt vom
tai cac mat thwong luu va ha luu dap.
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O day phé mau biéu thi két qua tinh toan
cua phuong phap PTHH tuong ty nhu trén,
con phé mau biéu thi trong phuwong phap vom
— cbng x0n trung tdm c6 mot it thay doi, tir
mau xanh nudc bién dén mau dé déu biéu thi
mg suit nén. Do tinh ddi xtng cua dap vom

S0

a) Ung sudt vom (T/m?) theo kOt quy tinh
to,n bang phwong phdap Vom - cong

x0n trung tam (tai 1/2mat thuong luu dap vom).

nén dé don gian trén Mathcad biéu thi két qua
tai ¥2 mat thuong luu va tai %2 mat ha luu dap.
Con theo phuong phap PTHH mat thugng lIuu
va ha luu dap ding dé biéu thi két qua tinh
toan c6 gan ca mot phan nén (dé dang nhan ra
duong bién than dap trén hinh veg).

50

b) Ung sudt vom (T/m?) theo k0t qu
tinh to_n bang phirong phdp Vom - cong
x0n trung tam (tai 1/2mat ha luu dap vom).

O (a1 I =Y v 1 .50 1] .60 .. N L] ..=3m

¢) Ung suat vom (kg/cm?) mdt thieong leu dip
theo k0t quy tinh to_n bang phuong phdp PTHH
két hop voi bién phdn cuc bo.

Thang mCu bilu tht ang suEt (kg/cm?)

-2 =100 .0 .30 .60 ..9m 20 L 1Em

d) Ung suat vom (kg/m?) mdt ha lwu ddp
tinh todn bang phuong phdp PTHH
két hop voi bién phdn cuc bo.

Hinh 4. So sanh két qua tinh toan ¢mg suat theo phuong vOm giita phuong phép giai tich vom -
cbng xon trung tdm véi phuong phap PTHH két hop bién phan cuc bo (RAS).

Ching ta c6 thé thiy rang theo két qua tinh
todn ca hai phuong phap tmg suat vom (doc
than dap theo phuong nim ngang) tai mat
thuong luwu, ha lvu dap déu phan bd va cb gia
tri (déu 1a Gng suit nén) gin nhu nhau. Sy
khac biét chi & chd ving Gng sudt vom lon
nhat theo phuong phap PTHH nam ¢ giita
dap, con ving Gng suit vom theo phuong
phap giai tich c6 dién vom — cdng x6n trung
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tdm trén cing mot cao trinh déu nhu nhau(é
ca hai bén va giira dap). Diéu d6 thé hién dic
trung phuong phap ram dinh (chi c6 mot ram
tai dinh dai dién cho tit ca cac ram). Va d6
cling 1a sai s tinh toan do nhugc diém vira
noi cua phuong phap vom - cong xon trung
tam.

V. KET LUAN.

Qua viéc khao sat trang thai Gmg sudt dap



vom Nam Ngan bang hai phuong phap trén
ching ta thiy rang than dap co két cau mong
ma trong d6 chi phan bd chii yéu tng suit nén
va c0 gia tri khong 16n. Diéu d6 khang dinh
tinh wu viét ciia phuong phap giai tich ¢6 dién
vom cong xon trung tam khi dung no tinh toan
lya chon ciu tao t6i wu cia dap vom giita
hang ngan phuong an mdt cach nhanh chong.
Tir dy chung ta ciling thdy dugc thé manh cia
phan mém Mathcad khi giai tich cac bai toan

TAI LIEU THAM KHAO

k§ thuat ¢ dién trong viéc tinh toan thiét ké
cong trinh thuy loi n6i riéng va cong trinh xay
dung noi chung, qua d6 hd tro cac k¥ su phan
tich, kiém tra két qua tinh toan bang cic phan
mém thwong mai, dé loai trir cac két qua tinh
toan khong hop 1y va phat hién ra nham 1an dir
liu dau Vao cac phan mém tinh todn ma hau
nhu da s6 ky su khong kiém soat dugc do
khong hiéu ban chat noi dung lap trinh cua céc
phan mém nay.
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Abstract:
ANALYZING THE PROBLEM OF CENTRAL ARCH-CONSOLE
IN MATHCAD ENVIRONMENT USING METHOD OF VARIATION
IN CASE OF DAM TOE RIGIDLY RESTRAINED BY THE FOUNDATION

Dr. Dao Tuan Anh

The success in analyzing the problem of arch dam stresses using method of central arch-

console in MathCad environment in comparison with calculated results using Finite Element
Method (FEM) is considered a proof of the advantage of this software (MathCad) in analyzing
classically technical problems and assisting analytical engineers, in verifying the design of
construction works in general and hydraulic works in particular using commercial softwares,
most of which cannot be controlled as the essence of their programming contents is
incomprehensible.
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