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Sidung phanmémlap trinhMathCad
giai bai toan xac dinh trang thai iing suat bién dang
trong Cohoc mai truong lién tuc

Determining the stress tensor — the strain tensor in Continuum mechanics using MathCad

Tom tat

MathCad la mot chuong trinh

tinh toan da nang, dé tiép can va st dung.
Chuang trinh MathCad dugc sit dung rong
rai va hiéu qua trong giang day cac mén
hocky thuat bac dai hoc. Trong bai bao,
tac gia gidi thiéu vé viéc sit dung MathCad
dé xac dinh trang thai iing suat- trang
thaibién dang trong Co hoc méi trudng
lién tuc.

Tir khoa: Co hoc méi truong lién tuc, MathCad

Abstract

MathCad is a computer software program,
which is versatile, easy to use, and accessible.
That program has been widely and intensively
used in teaching various areas of Engineering
at the university level. In the paper, the author
presents the use of the MathCad program
indetermining the stress tensor — the strain
tensorin Continuum mechanics.
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1. Dat van dé

Ly thuyét xay dwng trong Co hoc méi trudng lién tuc 1a ly thuyét tdng quat dé giai
cac dang két cAu khac nhau, 1a phwong phap chung dé giai cac bai toan trong co
hoc. Vi vay, cach dat van dé& vé mét toan hoc trong moén hoc nay la chéat ché va chinh
xac hon so véi cac mén hoc nhw Stre bén vat liéu, Co hoc két cau v.v...Ndi dung
giang day ctia mén hoc trén dwoc chia thanh hai phan: co sé ly thuyét; ap dung ly
thuyét d& phan tich va giai cac bai toan cu thé.

C6 nhiéu loai bai toan trong Co’ hoc méi trwdng lién tuc. Trong do, bai toan xac
dinh trang thai (rng suét- trang thai bién dang cho biét kha n&ng chiu lwc va bién
dang tai cac diém trong mai trwdng, 1a co s& cho viéc tinh toan, thiét ké cac cau kién
trong cac mén hoc chuyén nganh. Tuy nhién, bai toan van dwoc gidi badng phwong
phap “tha c6ng”, sinh vién mét nhiéu thoi gian vao céc thao tac toan hoc phirc tap
ma déi khi quén mét ban chét co hoc clia bai toan.

Hién nay c6 rat nhidu phadn mém hd tro Iap trinh giai cac bai toan co hoc cong
trinh nhw Mathlab, MathCad... Viéc st dung cac phan mém nay vao viéc lap trinh
gidi cac bai toan co hoc cong trinh da dwgc dwa vao chwong trinh gidng day cua
nhiéu trwdng dai hoc trén thé gisi. Pac diém cia cac phadn mém nay la khdng qua
khé str dung nhw cac ngdn ngi 1ap trinh chuyén nghiép. Trinh tw 1ap trinh gidi cac
bai toan cho phép ngwdi hoc hiéu ré ban chat co hoc clia bai toan.

Trong bai bao dwéi day, tac gid sé& trng dung phan mém lap trinh Mathcad dé
xac dinh trang thai (rng sut — trang thai bién dang trong mai trudng. Qua bai toan
(ng dung nay dé thay rd, viéc ap dung cac phan mém hé tro 1ap trinh vao viéc phan
tich va gidi cac bai toan la can thiét, dung véi xu huwéng phat trién ctia khoa hoc kj
thuat hién dai, 13 tién d& cho viéc ddi méi phwong phap va nodi dung giang day mén
Co hoc méi trwdng lién tuc.

2. Mot sé thiét lap co ban trong Mathcad dwoc dung trong bai toan
2.1. Nhép phuong trinh theo déu phuong trinh gan gié tri (:=)

D&u phwong trinh gan gia tri (:=)dung dé& gan cac gia tri cho cac bién ma sé diing
trong cac cong thirc sau d6, cé thé dwoc thé hién trong vi du nhw trén hinh 1.

2.2. Str dung ham Given/Finddé gidi phurong trinh va hé phuwong trinh tuyén tinh
hodc phi tuyén véi nhiéu &n sé khac nhau.

Khi dung ham nay dé giai phwong trinh, thi yeu cau 1a phai cho truédc cac gia tri
gan dang ban dau cta cac bién sb, vi nghiém clia hé dwoc xac dinh theo ham nay
bé&ng phwong phap ndi suy. Ap dung ham Given/Find trong viéc gidi phwong trinh va
hé phwong trinh thwérng duoc tién hanh theo cac budc nhw sau:
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Hinh 1. Vi du vé £ = er=
dau “=" gan gia
tri 9 9 'l.—':.'—:-:=:| 14

Kghibm = Find(z v 1) Nghiém = | =1 241
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Hinh 2. Vi du giai hé phuong trinh bang ham Given/
Find

56 TAP CHI KHOA HOC KIEN TRUC & XAY DUNG



- Cho trwéc cac gia tri gan ding ban dau cla cac bién sb;

- GO lénh Given;

- Nhép cac phwong trinh va hé phwong trinh phia bén
phai hodc phia dudi 1énh Given. DAu “=” dam c6 thé chon
bang t6 hop phim Ctrl+= hodc tlr thanh céng cu c6 sn trén
man hinh;

- Nhap biéu thirc chiva ham Find dé xac dinh nghiém
phwong trinh hoac hé phwong trinh: Find(x4,X5,X3,...) VOi
X1, X, X3... 14 cac bién sb. S6 lwgng bién sb phai bang s
phwong trinh. Vi du gidi phuong trinh dwogc thé hién nhw
trén hinh 2.

2.3. Ma tran va véc to
e Danh sb cac thanh phan trong ma tran

Trat tw viéc danh sb cac thanh phan trong ma tran dwoc
quan ly bang bién c6 sén trong hé théng (built-in variable)
ORIGIN. Theo mé&c dinh ca chwong trinh ORIGIN=0, diéu
do c6 nghia la thanh phan dau tién ctia ma tran dwoc danh
sb 0. Tuy nhién ngwdi st dung cé thé quy dinh trat danh sb
cac thanh phan trong ma tran bat dau tlr mot sé béat ky.

[ B4t dau ]

A 4

al al ad 5
Di=|Bl B & D=4 2 1
5 I 0 4

e Thiét |ap ma tran

Cach don gian nhét dé tao ma tran hay véc to' (ma tran
c6 mét cot) la tao mot mang trong sau do nhap cac phan ti
vao trong ma tran nhu sau:

- Bat tén ma tran va nhap toan tlr gan gia tri (:=)

D=

- Chon tt‘:v menu Insert’b Matrix hoac ttr thanh céng cu dé
tao mang s trong véi sd hang (rows) va cét (columns) do
ngwdi str dung dinh nghia.

- Nhap gié tri bang sé hodc
ky tw (symbolic) vao trong

Khai bao ten-xo' (rng suat (hoac ten-xo bién dang) (théng qua
trwdng ten-xo hodc trwong bién dang va toa do dieém)

mang sb da tao lap nhw trén
hinh 3.

° Céac phép tinh co ban

clia ma tran
MathCad cho phép thuc

A 4

hién tAt cad cac phép tinh co
ban, chuyén tri, nghich dao,

A4

Thiét 1ap cong thirc tinh cac lwong bat
bién, phwong trinh dgc trung tim rng
suat chinh (hoac bién dang chinh)

Khai bao véc to' phap tuyén
cla mot phwong bat ki

xac dinh dinh thkc, tim tri
rieng va véc to tri riéng...
cho ma tran dwéi dang sb va
Symbolics. Khi thyc hién cac
phép tinh cia ma tran can

A 4

Iu y cac ma tran phai cé kich
thwde twong thich.

A 4

Giai phwong trinh, thu dwoc gia tri cla
trng suat chinh (hoac bien dang chinh)

Thiét 1ap cong thire tinh (ng suét
(bién dang) theo mét phwong bat ki

3. Bai toan xac dinhtrang
thai (rng suat- trang thai

l

bién dang trong Co’ hoc méi

Thiét 1ap hé phwong trinh tim phwong
cua wng suat chinh (hoac phuong cia
bién dang chinh)

Tim dwoc tng suét (bién dang)
theo mét phwong bat ki

trweong lién tuc
~ Noi dung cua bai toan bao
gom:

- Lap ten- xo Ung suét
(hoac ten- xo bien dang) tai

\4

Giai hé phwong trinh, thu dwgc phwong
cta tng suat chinh (hoac phwong cua
bién dang chinh)

mot diém.

DPéi voi hé dan hdi tuyén
tinh, thdng qua dinh luat Hooke
vé mdi quan hé gitra rng suat
va bién dang dé xac dinh duoc
dai lvgng ng sqét (hoac bién
dang) theo yéu cau.

v - Xac dinh gia tri va

|

Két thuc

phwong cta (ng suét chinh
(hoc bién dang chinh).

- Xac dinh Gng suét
(hodc bién dang) theo mot
phwong bét ki.

Trinh tw cla bai toan xac
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dinh trang thai (rng suat- trang thai bién dang tai mot diém bang phan mém Iap trinh Mathcad duoc
trién khai theo so’ dd khéi thé hién & trén hinh 4.
4.Vidu
Trang thai (rng suét tai diém K clia mai trwdng trong hé toa do D&-cac cho bédi ten-xo:
8 -4 16
T.=|-4 112 08| (kN/cm?)
16 08 4,8

Yéu cau:
a) Xac dinh gia tri (’ng suét chinh th&» nhat va phwong clia (ing suét nay tai diém K.
b) Xac dinh (rng suét toan phan trén mé&t nghiéng di qua tai K va cé véc to phap tuyén:

-

v

- 3 - 1 -
= e, + e,+ €
NTREVTREN/ TR

Loi giai

ORIGIN:=1 TOL:=10"
Nhap cac hé sb cla ten- xo' (¢ng suét tai diém K:

N k "
ﬂi1-3—1 ogld = 112 - 733 = 4.8 -
cm cm =
kN X kN
all -—é—‘ rlim I.E—‘ ik E.E—‘
cm om cm
Nhan duoc:
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T,=|cl2 22 a3 T,=| -4 112 ‘H‘-:—J
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a) Xac dinh gia tri (’ng suét chinh th&» nhat va phwong clia (rng suét nay tai diém K
Tinh cac bat bién clia trang thai (rng suét tai didm K:

n N
=il + oll + 033 Il = 24—
cm”
] FF 5 l 2 2
all ol ) ol o3 all ol3 1625615 kN Y
Q= i+ (| + | % ————— D=3 —|
ol all) L2y w33 al3 o3l 4 ]
tm £
(71l old old 3 3
| 00 248N A
B || el 22 o3 || - ————— o= 309248 —
] .
713 oli ol em em )

Lap phuwong trinh d4c trung dé tim cac (rng suét chinh:

3 3 i 3

o) ma” - l_-,—_'... = d ndn I
o Y i Y’

(m 2 2

om cm

Giai phwong trinh, tim cac tng suét chinh:
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Lap va giai hé phwong trinh dé tim phwong clia (rng suét chinh th& nhat (61):

{mven

i =05 L3=0] L3=p2
ferll — )Ll + 2 L2 = 3 Liz= D
alll + (o2 — i) = a23-Liz= 0

. % 5
LI"= [ =« L3 m]

L 0.56
L2 | = Find(L1,L2.13) = | ~0.825 L1 = 0.563
L3 0027

Ll= =052 L3=0027

b) Xac dinh (rng suét toan phan trén mét nghiéng di qua tai K va cé véc to phap tuyén

- 1 ~ 3 — 1 -

V= e + e, + €
Jint A

Nhap céac co6-sin chi phwong cta phwong v:

‘ 3 e 1
U= Dy= = L=
Ung suét toan phan tai K:
Ll ) o
p. =T L&, P = | D164 Eﬁ;
3. | 1653 | om
P, "1|| F'x.:‘ F'l-ﬁ:' Pq.::'nf_"l‘_}:;

5. Nhan xét

Phan mém MathCad cé giao dién trwc quan, dé tiép can
va slr dung, cac phép tinh s dung cac ky hiéu toan hoc
quen thudc. Viéc str dung MathCad da loai bé dwoc cac khéd
khan v& mét toan hoc, gilp viéc gidi bai toan phlrc tapnéu
gidi theo phwong phap truyén théng tré nén don gian. T do,
ngwdi hoc cé thé ndm chc dwoc ban chét co hoc cla bai
toan ma khong mét thdi gian trong viéc thwe hién cac phép
tinh toan, nhat 13 déi voi cac bai toan phire tap. Do d6 cé thé
thay, viéc st dung phdn mém lap trinh MathCad phu hop,
hiéu qua trong gidng day va hoc tap moén Co hoc mai trong
lién tuc cling nhw cac mén ky thuat khac./.
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