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St dung phan mém lap trinh MathCad giai bai
toan xac dinh trang thai ung suat - bién dang
trong Co hoc méi truang liéen tuc

Determining the stress strain state in Continuum mechanics using MathCad software
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TGM TAT

MathCad |a m@t phan mém |ap trinh tinh toan da ndng. dé tigp cén
va str dyng. Phén mém MathCad dugc sir dung riing réi va higu qua
trong vigc giang day mat s man hoc tai cac truang dai hoc kj thuat.
Trong bai bao, nhom tac gia gioi thigu vé viéc sir dung MathCad dé
xac dinh trang théi (ng suat- bién dang trong Co hoe méi truedng
lien tuc.

Tir khaa: Co hoe mai treang lign tuc; MathCad; trang thai img suat
- bign dang.

ABSTRACT

MathCad is a programming software, which is versatile, easy to
use, and accessible. This program is widely and intensively used in
teaching various subjects at many technical universities. In this
article, the authors present the application of the MathCad
software in determining the stress-strain state in Continuum
mechanics.
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1.DAT VAN BE

Cao hoc mai trudng lién tuc c6 nhiém vu la xac dinh trang thai
Uing sudt, trang thai bién dang va trudng chuyén vi trong moi trudng
lién tuc khi chiu tac dung clia ngoai luc hodc céc yéu t6 anh hudng
khac. Cling nhu cac mén ca hoc bién dang khac, cac két qua cua
mon hoc la ca s& cho viéc gidi quyét cac bai toan ky thuat. Noi dung
cta Co hoc méi truding lién tuc dugc chia thanh hai phan: co s& ly
thuyét; 4p dung ly thuyét d€ phan tich va gidi cac bai toan cu thé.

C6 nhiéu loai bai toan trong Co hoc méi trudng lién tuc. Trong
do, bai todn xac dinh trang thai iing suat - trang thaéi bién dang cho
biét kha ning chiu luc va bién dang tai cac diém trong méi trudng,
1a co s& cho viéc tinh toan, thiét k& cac cau kién trong cdc mén hoc
chuyén nganh. Tuy nhién, bai toan van dugc giai bang phuong
phap “thd cong”, ngudi lam mat nhiéu thai gian vao cac thao tac
toan hoc phuc tap ma déi khi quén mat ban chat co hoc cla bai
toan.

Hién nay c6 rat nhiéu phan mém hé trg lap trinh gidi cac bai toan
ca hoc céng trinh nhu Mathlab, MathCad... Viéc s&r dung cac phan
mém nay vao viéc lap trinh gidi cac bai toan co hoc céng trinh da
dugc dua vao chuong trinh gidng day cta nhiéu trudng dai hoc trén
thé gidi. Dac diém clia cac phan mém nay 1a khéng qué khé st dung
nhu céc ngén ngir lap trinh chuyén nghiép.

Trong bai bao duéi day, nhdm tac gia sé tiing dung phan mém lap
trinh Mathcad dé xac dinh trang thai Gng suét - trang thai bién dang
trong mai trudng. Qua bai toan ting dung nay dé thay r6, viéc ap dung
cac phan mém hd trg 1ap trinh vao viéc phan tich va gidi cac bai toan la
can thiét, dung vai xu hudng phat trién ctia khoa hoc ky thuat hién dai,
la tién dé cho viéc d6i mai phuong phéap va ndi dung gidng day mén Co
hoc moi truong lién tuc trong truong Pai hoc.

2. MOT SO THIET LAP CO BAN TRONG MATHCAD PUGC
DUNG TRONG BAI TOAN

2.1. Nhap phuong trinh theo dau phuong trinh gan gia tri
(:=)

D&u phuong trinh gan gia tri (:=) dung dé gan cac gia tri cho cac
bién ma sé dung trong cac cong thic sau d6, c6 thé dugc thé hién
trong vi du nhu trén hinh 1.

X:=3
y:=5
x2+y2=34

Hinh 1. Vi dy vé ddu “=" gan gia tri

2.2. Sit dung ham Given/Find dé giai phuong trinh va hé
phuong trinh tuyén tinh hodc phi tuyén véi nhiéu an sé khac
nhau.

Khi dung ham nay dé giai phuong trinh, thi yéu cau la phai cho
trudc cac gia tri gan dung ban dau clia cac bién sé, vi nghiém cua
hé dugc xac dinh theo ham nay bang phuong phap néi suy. Ap
dung ham Given/Find trong viéc gidi phuong trinh va hé phuong
trinh thudng dugc ti€én hanh theo cac buéc nhu sau:

- Cho trudc cac gia tri gan dung ban dau cla cac bién s6;

- GO lénh Given;

- Nhap cac phuong trinh va hé phuong trinh phia bén phai hodc
phia dudi lénh Given. Dau “=" dam c6 thé chon bang t6 hgp phim
Ctrl+= hodac tir thanh céng cu c6 sén trén man hinh;

- Nhap biéu thic chia ham Find dé xac dinh nghiém phuong
trinh hodc hé phuang trinh: Find(x1,x2,Xs,...) VGi X1, X2, X3...1a cac bién
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NGHIEN COU KHOA HOC

0. SO lugng bién s6 phai bang sé phuaong trinh. Vi du giai phuong
trinh duoc thé hién nhu trén hinh 2.

x:=1 y:=1 z:=1

Given

2x+y*-3z=5

x?+3y+z=0

X+y+3z=1

Nghiém := Find (x,y,2)

1.9
Nghiém = —1.241
0.114

Hinh 2. Vi du gidi hé phuong trinh béng ham Given/Find

2.3. Matran va véc to

Ddnh s6 cdc thanh phan trong ma trdn

Trat tu viéc danh s6 cac thanh phan trong ma tran dugc quan ly
bang bién c6 san trong hé théng (built-in variable) ORIGIN. Theo
méc dinh cla chuong trinh ORIGIN=0, diéu d6 c6 nghia la thanh
phan dau tién clia ma tran dugc danh s6 0. Tuy nhién ngudi sttdung
c6 thé quy dinh trat danh s6 cac thanh phan trong ma tran bét dau
tUr mét sé bat ky.

Thiét Idp ma tran

Céch don gian nhat dé tao ma tran hay véc td (ma trdn c6 mot
c6t) la tao mét mang tréng sau d6 nhap céac phan tir vao trong ma
tran nhu sau:

- Bdt tén ma tran va nhap todn t gan gia tri (=)

D:=

- Chon tr menu Insert® Matrix hodc ti thanh coéng cu dé tao
mang sé tréng véi s6 hang (rows) va cot (columns) do ngudi st dung
dinh nghia.

ion
D=1 11
111

- Nhap gid tri bang s6 hoac ky tu (symbolic) vao trong mang sé

da tao lap nhu trén hinh 3.
al a2 a3
Dl:=|bl b2 b3
cl ¢2 ¢3

1 23
D2=|4 2 1
2 0 4

Hinh 3. Vi du nhdp cic phan ti trong ma trdn

Cdc phép tinh co ban cia ma trdn

MathCad cho phép thuc hién tat cd cac phép tinh co ban,
chuyén tri, nghich dao, xac dinh dinh thdic, tim tri riéng va véc to tri
riéng... cho ma tran dudi dang s6 va Symbolics. Khi thuc hién cac
phép tinh clia ma trdn can luu y cdc ma tran phai cé kich thuédc
tuong thich.

3. BAI TOAN XAC PINH TRANG THAI UNG SUAT - TRANG
THAIBIEN DANG TRONG CO HOC MOI TRUGNG LIEN TUC

No6i dung bai toan:

- Lap ten- xd Ung suat (hodc ten- xa bién dang) tai mot diém.

Tu trudng ten-xo bién dang (hodc ten- xa Uing suat ) da biét, théng
qua dinh luit Hooke vé m&i quan hé gilfa iing sudt va bién dang dé xac
dinh dugc dai lugng ting suat (hodc bién dang) theo yéu cau.

- Xac dinh gia tri va phuong cta tng suat chinh (hodc bién dang
chinh).

- Xac dinh Ung suat (hodc bién dang) theo mét phuaong bat ki.

P& giai bai toan phan tich trang thai (ing suat - trang thai bién
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dang céan s dung cac phép toan véc-to va ma tran, gidi phuong
trinh dai s6.
Trinh tu ca bai toan dugc trién khai theo sa d6 khéi thé hién &

hinh 4.
v

Khai bdo ten-xo (rng suét hodc ten-xo bién dang

(thdng qua trwdng ten-xo hodc trwdng bién dang va toa
do diém)
v

Thiét lap cong thire tinh cac lwong bét bién, gidi phwong trinh dac

trwng tim trng suét chinh (ho&c bién dang chinh)

Tim dwoc gia tri cda (rng suét chinh o1, o2
va o3 (hodc bién dang chinh g1, &2 va &3)

Thiét lap va gidi hé phuong trinh tim phwong cdia tng suét chinh o;

(hodc phuong clia bién dang chinh &)

Tim duoc phwong cla (ng suét chinh |;
(hodc phuwong cla bién dang chinh)

v

Khai bao véc to phap tuyén ctia mot phwong bét ki

v

Thiét lap cong thirc, tim dwoc (rng suét (bién dang) theo

mot phwong bét ki

!

Két thuc

Hinh 4. So d6 khi bai todn xac dinh trang thdi (ing sudt- trang thai bién dang bang
phan mém lap trinh Mathcad

4.ViDy

Trang théi Ung suét tai diém K cGla méi trudng trong hé toa dé
Dé-cac Oxix2xs cho boi ten-xo:

8 -4 1

Tok=|4 6 3 |(kN/cm?)
1 3 -2

Yéu cdu:

a) Xac dinh gia tri ing suat chinh thi nhat va phuong cda tng
suat nay tai K.

b) Xac dinh Gng suat toan phan, ing suat phap, Ung suat ti€p
trén mat nghiéng di qua K va c6 véc to phap tuyén:

- 1 ~» 3 - 1 -
V=——€+——6,+—¢
NTREENTREN TR
Loi gidi
ORIGIN :=1 TOL:=10"
Nhap cac hé s6 clia ten- xa ing sut tai diém K:
kN kN kN
oll:=8— 0622:=6—; 033:=-2—
cm cm cm
kN kN kN
ol2:=—4—— ol3:=1— 623:=3—
cm cm cm



Nhan dugc: Nhap cac cé-sin chi phuong clia véc to phap tuyén:

oll ol2 ol3 8 4 1 1 3 1
Ll, =— L2, =— L3, :—
T.=|ol2 022 23 T.=|-4 6 3| sz Ji1 Vit Ji1
ol3 623 o33 1 3 - cm Ung suat toan phan tai K:
a) Xac dinh gia tri (ng suat chinh th nhat va phuong cda ting LI, Py, -0.905
suat nay tai diém K p,=T..|L2 p. |=| 5.13
Tinh cac bat bién clia trang thai Uing suat tai diém K: veoen T vl ’ cm?
1:=011+06G22+033 L3, p., 241
oll ol2 622 023 oll ol3 6.kN? Gid tri (ing suét toan phan:
ol2 622) [(623 o33) [lol3 o33 cm P = \/(p )2 +(p )2 +(p )2 _5.74 KN
v Vi D V3 Cm2
cll 12 ol3 N Ung sudt phép, (ing sut tiép trén mit nghiéng:
B=locl2 622 623 —— 166. E\I Gia tri Ung suat phap:
cm L1
cl3 o023 o633 . v KN
Phuong trinh déc trung dé tim cac ing sudt chinh: Owi=py | L2, |=5.094. cm?
o)eo [ M es| 2 [o B s
: W KN 2 | N 3 Gia tri Ung suat tiép: N
cm’ cm’ cm’ o, =/(P, )2 —(oy, )2 =2.645.—;
N < N P P cm
Gidi phuong trinh dac trung, tim dugc cac Ung suat chinh: *Ki&rm tra lai két qua tinh toan:
Given1:=20 ©2:=2 03 :=-45 Ves to i e e '
ec to Ung suat phap
I(c1)=0 [(c2)=0 1(c3)=0 L1 1536
ol 11.215 v ) KN
) kN kN oc.=0c_.L2 |[=|4.608]|.
62 | :=Find (51, 62, 63). == 426 |. 3 w w v cm’
3 cm 3475 ™ L3, 1.536

Vec to Ung suat tiép

. kN
Ung suét chinh tht 61:=11.215.— nhat: —2.441
om = _| 0522 | XN
Léplvé giai hé phuang trinh dé tim phuong ctia ing suét chinh Owm=Py =0w =Y "em?
th nhat (61): 0.874
Given Given Gid tri Ung suét tiép:
L1:=05 1L2:=01 L3:=02 | L1:=-05 L2:=0.1 L3:=0.2 3 > > KN
(611- 6 1.L1 +c12.L2 + (611- 61).L1 +c12.L2 + G, = \/(va ) + (Gvnz ) + (va ) =2.645.—;
cm
+613.3=0 +c1313=0 e
: Két qua nay trung vdi két qua tinh toan & trén.
L1241224132=1 L12+L22+132=1 Phan mém MathCad c6 giao dién truc quan, dé tiép can va st
L1 Ll dung, cac phép tinh sif dung céc ky hiéu toan hoc quen thudc. Viéc
st dung MathCad da loai bé dugc cac kho khan vé mat toan hoc,
L2 | = Find (L1,L2,L3) = L2 | :=Find (L1,L2,L3)= gilp viéc gidi bai toan phuc tap (néu giéi theo phuong phép truyén
L3 L3 théng) trg nén don gian.
0.766 -0.766 TAILIEU THAM KHAO
) 0637 1. L& Ngoc Hong - Lé Ngoc Thach, Co hoc mdi trutng lién tuc va Iy thuyét dan hdi, NXB
—0.637 : Khoa hoc va kj thudt, 2002.
—0.087 0.087 2.Trén Van Lién, Co hoc méi truding lién tuc, NXB Xay dung, 2011.
) 3.V Thi Bich Quyén, Dé tai nghién cuiu khoa hoc cdp trung “Nghién ciu gidi cdc bai todn

Vay, ung suat chinh thi nhat 61 ndm trén hai mat ¢ co-sin chi

phuong (Is;1z15) 1an lugt la (0,766; -0,637; -0,087) va (-0,766; 0,637; 0,087)
b) Xac dinh Gng suat toan phan, ing suat phap, Ung suat tiép
trén mat nghiéng di qua diém K va c6 véc to phap tuyén
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