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1. Pat van dé

Mon hoc Strc bén vt liéu v6i nhiéu ndi dung: Thanh chiu kéo nén dung
tam, Thanh chiu xodn thuin tay, Thanh chiu udn, Thanh chiu lyc phtrc tap, Pac
trung hinh hoc mit cit ngang,...Sy phong pht trong cac dang bai toan ctiia mdi
ndi dung 1am cho strc bén vat liéu tré thanh hip dan, tuy nhién ciing 1a van dé
kho khin cho ngudi hoc dic biét nhitng ngudi cd chut han ché vé kha ning
tudng tuong. Xac dinh ndi luc dbi vai nhirng bai toan tinh dinh thi that dé dang,
nhung khi hé 1a siéu tinh thi x4c dinh noi luc kho va ton nhiéu cong sirc. Day 13
ndi dung quan trong nhit ctia c4&¢ moén hoc ndy. Mot van dé quan trong thtr hai
d6 1a tinh cac dic trung hinh hoc cia mat cat ngang- dai luong nay quyét dinh
16n dén g suat trong long vat thé.

Trong qué trinh hoc va day mén hoc Suc bén vat liéu, toi nhan théy sur
can thiét phai ap dung tin hoc ciing nhu sir dung cac phan mém tinh toan. Piéu
d6 sé& giup mon hoc tré nén sinh dong, truc quan va dé tiép can hon.

Phan mém MD SOLIDS 14 mot phan mém duoc thiét ké hd tro viéc day
va hoc mdn hoc stc bén vat liéu va la cong cu rat hitu hiéu dé giai cac dang bai
tap trong strc bén vat lidu. Trong chuyén dé nay tac gia st dung phan mém dé
tinh toan cho mot sé bai toan dic trung hinh hoc mat cat ngang.

Vi nhiing nhan dinh trén tac gia thyc hién chuyén dé: "Ung dung phén
mém MD SOLIDS tinh diic trung hinh hoc mdt cit ngang.”

2. Muc tiéu:

Tinh todn mdt s6 bai toan dic trung hinh hoc mit cat ngang bang phan
mém MD SOLIDS nham giup sinh vién d& dang hon trong viéc tiép can mén
hoc St bén vt liéu.

3. Noi dung:
3.1. Tong quan vé dic trung hinh hoc mit cit ngang.

3.2. Gidi thiéu phan mém MD SOLIDS



3.3. Giai mot sb bai toan thanh chiu xoan thuan tay va uén ngang phang
bang phan mém MD SOLIDS.
4. Phwong phap:
- Phuong phap 1y thuyét
CHUONG 1:
TONG QUAN VE PAC TRUNG HINH HQC MAT CAT NGANG

1.1.Tong quan

Thi nghiém kéo (nén): kha nang
chiu tai cua thanh phu thudc vao dién
tich mit cit ngang (MCN).

Thi nghi¢m udn, xoan,...kha
nang chiu luc cua thanh khong nhiing
phu thudc vao dién tich MCN, ma con
hinh dang va su bd tri MCN.

Vi du thanh tron rong chiu duoc
M, gap 2 lan thanh tron dic cung dién
tich MCN. Thanh hinh chir nhat dat
dung (hinh 1.1a) Gng suat nho hon 4
lan khi dat ngang (hinh 1.1b) véi cung  Hinh 1.1: Vi dy vé kha nang chiu
dién tich MCN. lyc cia mit cit ngang

Do do, ngoai dién tich MCN, ta can xét dén nhiing dai lugng khac dac
trung cho hinh dang MCN vé mat hinh hoc, d6 1a momen tinh va momen quan
tinh.

Céc dic trung quan tinh cia hinh phing

e 2.1. Mﬁmgn tinh cua mzjtqcfit ngang

Hinh phang F nam trong mat phang toa d6 Oxy (hinh 1.2).

M6 men tinh cua hinh dién tich F d6i vdi truc x duge tinh bang tich
phéan c6 dang:

s, =[ydF  (m’) (1.1) y | Y |
F

Tuong ty ta cO Sy

S, = [ xdF (m®) (1.2) y

/
Khi Sx = Sy =0 thi truc X, Y duoc goi la — / = —
truc trung tam. Giao diém cua hai truc trung ¢ L v

tam 12 trong tdm cua hinh phang. (hinh 1.2).

Cong thtrc xac dinh toa dg cua trong tam
C cling tuong tu nhu cong thirc xac dinh toa do o Xe X

Hinh 1.2



cua khoi tam:
o=y =S (1.3)
C F e T F '
Néu dién tich F bao gdm nhiéu dién tich don gian F;:
Z XeiFi Z Yl
_ =1 ’ YC — =l

YF o XF
i=1 i=1

Trong d6 x;, Yi 1a toa dd trong tdm cua di¢n tich F;.

X, (1.4)

» Momen quan tinh 7 ,
Momen quén tinh cua hinh phang F doi vai truc x hodac truc y.
Jo=[ydF Vva 3, =[xdF (1.5)
F F

Mo6men quan tinh li tdm cta hinh phang d6i véi hé truc Oxy.

Jy =Ixde (1.6)

Jxy €O thé duong hoac am, con céac Jy, Jy ludn luén duong.
Goi p la khoang cach tir O dén diém dang xét (hinh 1.2)
J, = [pdF (1.7)
F

Taco: J, =J,+J, (1.8)
dugc goi 1a momen qudn tinh doc cuc ddi vai géc toa do O.
Néu J,y = 0 thi hé truc dugc goi 1a hé truc quan tinh chinh. Néu J,y=0,
Sx=Sy=0 thi ta c0 hé truc quan tinh chinh trung tam.
> Cong thirc chuyén truc song song ciia mémen quan tinh
Cong thirc chuyén truc song song momen quan tinh cua h¢ truc OXY
véi hé truc trung tdm oxy (hinh 1.3):

Ix = Je + b22F iy
Jy=1J, +a%F (1.9)
Ixy = Jyy + abF ]

dF
g

Ching minh céc cong thire (1.9) nhu sau:
Taco: X=x+a;Y=y+b (a)

Thay (a) vao (1.9) ta co: b 0 J
Jx = +2bS,+ b°F;

Jy = J,+2aS,+ a°F; o e
Jxy = Jny+aS,+bS,+abF - Hinh 1.3
Khi x va y la céc truc trung tam thi S, =S, =0 y
» Cong thirc xoay truc cia momen vl sl 1A
quan tinh ? ’ At
Cho biét Jy, Jy, Jxy cua hinh phing F d(:)i vOi v [ > %
hé truc Oxy. Hay tinh J, Jy, Jyv ciia hinh phang F o

d6i v6i hé truc Ouv (hinh 1.4). Hinh 1.4



Ta co:
U = Xcosa + ysina
V = yCoSa. — XSina
Thay biéu thirc lién hé vao biéu thtc tinh mé men quan tinh ddi véi
truc u.
J, = IvzdF = I(ycosa — xsina )dF
F F

=cos’ad, —2sinacosad,, +sin”ad,
Tuwong tu tinh cho J, va J,, ta duogc:
J, = qudF = .[(xcow —ysina f'dF
F F

=sin’ad, — 2sin acosad,, +cos’ ad,

J,, = luvdF = !(xcow— ysina )y cosa — xsin a )dF

=sinacosa(J, —J,)+(cos’a —sin’a)J,,

Str dung cac cong thic bién doi luong giac, ta dugc cac cong thirc xoay
truc cia mo men quan tinh nhu sau:
B JX+Jy+JX—Jy

J, cos2a —J,, sin2a

2
J, :JX;Jy—JX_chosZaJerysinZa (1.10)
J, = JX;‘]ysin 20+, C0S20x

H¢ truc quan tinh chinh va cic mé men quan tinh chinh
H¢ truc Ouv 1a h¢ truc quan tinh chinh khi J,, = 0, diéu kién nay hoan
toan gidong diéu kién xac dinh mit chinh trong TTUSS.

2]
920 = ——— X 1.11
02a=-37 (1.11)
2
SRt (—"X‘Jyj 3 (1.12)
min 2 2 Y
, , vyt oo
Momen quan tinh ciia mgt s6 mat cat ngang £
, IS AL IS, =
e Mit cit hinh chit nhat S B
H¢ truc do1 xing Oxy la h¢ truc quén tinh chinh trung
tam. ©
Chon vi phan dF nhu hinh 1.5: dF = bdy
hi/2 bh3 b
Jo=[ydF = [y bdy="+ (1.122) Hinh 1.5
a = 12
Tuong tu: J, = "% (1.12b)
) Y12

e Miit cat hinh tron
Chon vi phan dién tich dF 14 hinh vanh khan
ban kinh p, chiéu day dp nhu hinh 5.6. Khi d6 ta co:



dF = 2npdp.

R 7ZR4 7ZD2
J, szzdF :Ipz.Zﬂpdp = T3 (1.13a)
0

\/

o X
DP6i voi hé tryc trung tAm Oxy: e >
SRt \T
Jo=J, = 2o _ 1.13b
S TV (1.130)
< D _,
Hinh 1.6
o Mat cat hinh vanh khin (hinh tron réng)
D61 voi hinh vanh khan c6 duong kinh ngoai D va
duong kinh trong d: v
S LN an
J, = — = 1- 51 o =— (1.14a
=T e T g L) v - (114 X
7ZD4
=327, (L-a*) (1.14b) %
D
) Hinh 1.7
e Miit cat hinh tam giac
Chon vi phan dién tich (bydy) nhu hinh 1.8
b, h-y h—y \
kL AN L 4
b~ h ¥ h v
Va dF = b,dy = %b_dy 1 A
e _fo2h=y bh® (1 15 : d
Jx=lde=£ydey=§(- ) 5 T
A yX
< Oh J C

Vi du ap dung

Vi du 1.1: Xéc dinh trong tam C va cac mémen quén tinh Jy, J, ciia mdt

cat cho trén hinh 1.9.
Gidi
Ta chia mit cit thanh 3 hinh:
Hinh 1: Hinh chir nhat kich thudc 18cm x 20cm
Hinh 2: Hinh tron duong kinh 6¢cm
Hinh 3: Hinh vuong kich thudc 6cm x 6cm.

Gan hé truc toa do xOy dé xac dinh toa do trong tam cua hinh (ph?m




<«BC e BC e BC
gach chéo). | |

N
VI‘ »

2

Tacod: F, = % = 28,26cm? y
F, =6 X6 =36 cm?

F =18 x 20 =360 cm?

SF=F-F,-F,=29574 cm’. 3 =

_ Zy,F  0.360—(-5).28,26 —5.36

c = = =-0,13cm
zF 295,74

Nhu vay C(0, - 0,13).
Tinh Jx, Jy d6i v6i hé truc toa d6 quan tinh
chinh trung tam XCY.
J,=JX=3%-3%
jx _bh® _18.20°
12 12

4
31X = ”63 +(5-013)°F, =

0

YA
/
w

wX

<V

O lo

V><
N

Hinh 1.9

=12000(cm*)

4
390" | (487)2.28,26 = 733,825(cm”)

4 4
3% = f—z +(5+043)%F, = f—z +(513)2.36 = 1055,41(cm*)

Viy: Jx = 12000 - 733,825 - 1055,41 = 10210,765 (cm*) ,

Vi dy 1.2: Xac dinh mé men quan tinh chinh trung tam cua ti€t dién cho
trén hinh 1.10. Hinh tam giac vudng can canh a va ¢6 m6 men quan tinh doi

4

v61 canh goc vudng la i—z.

Giai:

Gan hé truc toa do nhu trén hinh 1.10.
H¢ truc xCy 1a hé tryc quan tinh chinh trung Y 0]

tam: b
a Yo C

12 ¢

4 N

all , a < q
Jy=Jdot| |z =), === z
X x0 (3j2 x0 36
a4 by
Tuong tu: Jyo = % y X

Tinh 3,00 = [ %Yo0F 1) Xo
F

v
X
Trong d6: dF = by.dx (2) Hinh 1.10

a
& a—(§+x0) _(2 Xoja

a a
Trong hé truc xoCyq: byo = by - %: (% - xoj 3)
Thay (2) va (3) vao (1)



28 [%40) at
‘]xOyO = IdX J‘XOyOdy:_i
o %
Str dung cong thirc xoay truc ciia mé men quéan tinh dé xac dinh mé men
quéan tinh chinh trung tam:

Jo+J J.-J.¥
Jm@X: x02 yoi\/( xO2 yO] +J)§0y0




CHUONG 2
GIOI THIEU PHAN MEM MD SOLIDS

MD Solids 1a phin mém cua Timothy A. Philpot, Ph.D, P.E, giang vién
truong Pai hoc Missouri — Rolla (M¥). Pay 1a phin mém dat giai thuong phan
mém day hoc xuat sic nhat trong cudc thi phan mém gido duc nim 1998, véi
giao dién than thién, tinh ning phong phd. Phan mém dugc xdy dung dya trén
C4C gi40 trinh vé strc bén vat liéu chuan ciia cac tac gia c6 uy tin 16n trén thé gisi
nhu : Mechanics of Materials cua Roy R. Craig; Mechanics of Materials ctua
Beer Johnston va Dewolf, Mechanics of Materials cia Gere, Mechanics of
Materials cua Hibbeler... MDSolids da dugc st dung nhiéu & cac truong dai hoc
cua M¥ nhu: University of Texas, The Pennsylvania State University, Stanford
University... va nhiéu trudng dai hoc & nhiéu nuéc khac trén thé giéi.

2.1. Kha niang ciaa MD Solids

MD Solids la phﬁn mém duoc thiét ké nham hd trg cho viée day va hoc
mon Strc bén vat liéu (SBVL). Phin mém nay c6 thé hd trg ching ta trong cac
van dé sau :

1. Giai cac bai toan SBVL. Phan mém nay c6 thé giup giai quyét hau hét cac
dang bai tap co ban cia mén hoc SBVL.

2. Gitip sinh vién kiém tra lai két qua da tinh toan bang tay, gitp kiém tra 16
trong qua trinh tinh toan.

3. MD Solids cung cap cach giai gon nhe. Nhiing giai thich 16 rang trong cac
budc giai s& gitp sinh vién nang cao kha ning hiéu va giai quyét cac bai tap.
Pong thoi qua d6 gitp sinh vién hiéu va nam ludn cac khai niém co ban cua
SBVL.

4. Cung cap hinh anh minh hoa noi luc va tng suit trong mat cit ngang khi

thanh chiu kéo (nén), udn, xoan,... rat truc quan va sinh dong.



5. Phan mém nay gitp sinh vién c6 mdt cai nhin truc giac vé két qua tinh
toan. Bang truc gidc s& gitp sinh vién nam ki hon vé nguyén 1y cong doc 1ap tac
dung, day 13 van dé kho ma phan 16n sinh vién thudng vap phai.

6. Néu muén tim hiéu mén hoc SBVL, phan tro giup (help) ctia chuong trinh
bao gdm nhiéu tham khao bb ich.

7. MD Solids c6 phan tro gitip rat chi tiét, trong d6 c6 cac vi du kém theo
huéng dan giai rat rd rang, gitp cho chiing ta ty nghién ciru.

8. Cung cap nhitng tuy chon cho nhitng don vi thudng sir dung nhét, déng
thoi cac ky hidu quy udc duge dung bang chit (khéng dung cac ky hiéu) nén rat
thuan loi cho ngudi hoc tiép can phan mém nay.

2.2. Noi dung ciia phan mém

MD Solids gom c6 12 médun, mdi modun dé cip dén timg van dé tiéu
biéu trong mon hoc SBVL, bao gém :

- Thanh chiu luc doc truc.

- H¢ thanh siéu tinh chiu luc doc truc.

- Thanh chiju xoan.

- Dam tinh dinh chiu udn.

- Phan b tng suat trén mit cit ngang ctia dam chiu uén.

- Pac trung hinh hoc tiét dién ctia mat cit.

- On dinh.

- \Vong tron Mohr,

- Thanh chiu lyc tong quat.

- Tinh binh chiu ap luc.

- Thu vién céc bai tap

- Phan tich t6ng quat ctia bai toan SBVL co ban.

Giao dién chinh cta phan mém MD Solids
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Hinh 2.1: Giao dién chinh phan mém MD Solids



CHUONG 3
GIAI MOT SO BAI TOAN PAC TRUNG HINH HOC MAT CAT NGANG
BANG PHAN MEM MD SOLIDS

Trong chuwong nay st dung phan mém MD Solids dé tinh todn cho mot
s6 mit cat ngang thudng dung trong cudc séng.
3.1. Bai toan 1
Tinh cac dai luong dac trung hinh hoc cta cac hinh don gian.
Tir giao dién chinh cta phdn mém chon biéu tugng Section Properties

nhu hinh vé dudi.

1) Mit cit ngang hinh chir nhat

-Tur giao di¢n cua Section Properties chon Simple/Rectangle:

x

e Section Properties Module E3
Back File Simple Flanged Double Standard Help

User-defined Rectangle Shape Axes
o« yz
 xy

mm

EJ

toin

Rotate —

o}
=}

90
15.0 1 PP
~ 270

!

Rotate

Mohr's
Circle

!

To scale Compute

Sau khi chon kich thudc mat céat, chon don vi tinh toan, click chudt vao biéu

tugng Compute. Két qua tinh toan thé hién & bang sau:



| Cross Section Properties = =
Z Asis Properties Y Axis Properties  Print  Details  Excel
7 Axis Properties
Efastic Modulus E 1.0000 GPa
From bottom to centroid ¥ (bot) 8.0000 mm
From centroid to top y (top) 8.0000 mm
Area of shape A 64.0000 mmz
Moment of Inertia Iz 1,365.3333 mm~4
Section Modulus Sz 170.6667 mm?
Section Modulus (bottom) S (bot) 170.6667 mm?
Section Modulus (top) S (top) 170.6667 mm?
Radius of Gyration rz 4.6188 mm
Plastic Modulus 7z 256.0000 mm?
Shape Factor 1.5000
From bottom to plastic n.a. ¥p (bot) 8.0000 mm
From plastic n.a. to top vp (top) 8.0000 mm
Polar Moment of Inertia ] 1,450.6667 mm*4
Product of Inertia Iyz 0.0000 mm*4
Maximum Moment of Inertia Imax 1,365.3333 mm™4
Minimum Moment of Inertia Imin 85.3333 mm*4
Angle from z axis to Imax axis B 0.0000 degrees
Counterdockwise

2) Mit cét ngang hinh chir nhat rdng.

-Tu giao dién cua Section Properties chon Simple/Box Shape:

Section Properties Module
Back File Simple Flanged Double Standard Help

User-defined Box Shape Axes

Y
__|mm =

Rotate

- | Mohr's

Circle

Toscale | ‘COMpute

Két qua tinh toan cho mat cat thé hién trén hinh dudi:

Cross Section Properties = =
Z Axis Properties ¥ Axis Properties  Print  Details  Excel

Z Axis Properties
Elastic Modulus E 1.0000 GPa
From bottom to centroid y (bot) 5.0000 mm
From centroid to top y (top) 5.0000 mm
Area of shape A 16.0000 mm2
Moment of Inertia Iz 261.3333 mm~*4
Section Modulus Sz 52.2667 mm?=
Section Modulus (bottom) S (bot) 52.2667 mm?
Section Modulus (top) S (top) 52.2667 mm?#
Radius of Gyration rz 4.0415 mm
Plastic Modulus 7z 64.0000 mm?=
Shape Factor 1.2245
From bottom to plastic n.a. yp (bot) 5.0000 mm
From plastic n.a. to top yp (top) 5.0000 mm
Polar Moment of Inertia ] 282.6667 mm~™4
Product of Inertia Iyz 0.0000 mm~™4
Maximum Moment of Inertia Imax 261.3333 mm~*4
Minimum Moment of Inertia Imin 21.3333 mm*4
Angle from z axis to Imax axis B 0.0000 degrees

Counterclockwise




3) Mit cat ngang hinh tron

Tur giao dién cua Section Properties chon Simple/Circle Shape:

1 Section Properties Module
Back File Simple Flanged Double Standard Help

User-defined Circle Shape

o0 |
Y

Mohr's
Circle

Toscale _COmpute |

Két qua tinh todn cho mat cit thé hién trén hinh dudi:

E| Cross Section Properties = &=
Z Axis Properties ¥ Axis Properties  Print  Details  Excel
Z Axis Properties
Efastic Modulus E 1.0000 GPa
From bottom to centroid v (bot) 5.0000 mm
From centroid to top ¥ (top) 5.0000 mm
Area of shape A 78.5398 mmz
Moment of Inertia Iz 490.8739 mm*4
Section Modulus Sz 098.1748 mm#
Section Modulus (bottom) S (bot) 08.1748 mm?
Section Modulus (top) S (top) 08.1748 mm?
Radius of Gyration Ird 2.5000 mm
Plastic Modulus prd 166.6667 mm?
Shape Factor 1.6977
From bottom to plastic n.a. yp (bot) 5.0000 mm
From plastic n.a. to top yp (top) 5.0000 mm
Polar Moment of Inertia ] 981.7477 mm~4
Product of Inertia Iyz 0.0000 mm*4
Maximurn Moment of Inertia Imax 400.8739 mm~*4
Minimum Moment of Inertia Imin 490.8739 mm~4
Angle fromz axis to Imax axis B 0.0000 degrees
Clockwise

4) Mt cit ngang hinh vanh khan

Tur giao dién cua Section Properties chon Simple/Pipe Shape:

1 Section Properties Module
Back File Simple Flanged Double Standard Help

User-defined Pipe Shape Axes
T T 9
Pt %y

Yy

Rotate |

Mohr's
Circle

o Compute |

Két qua tinh toan cho mat cat thé hién trén hinh dudi:




2 Cross Section Properties = =
Z Axis Properties ¥ Axis Properties  Print  Details  Excel

Z Axis Properties
Efastic Modulus E 1.0000 GPa
From bottom to centroid y (bot) 12.0000 mm
From centroid to top ¥ (top) 12.0000 mm
Area of shape A 339.2920 mm?
Moment of Inertia Iz 15,268.1403 mm-*4
Section Modulus 5z 1,272.3450 mmz
Section Modulus (bottom) 5 (bot) 1,272.3450 mm2
Section Modulus (top) S (top) 1,272.3450 mmz
Radius of Gyration lrd 6.7082 mm
Plastic Modulus 7z 2,016.0000 mm?=
Shape Factor 1.5845
From bottom to plstic n.a. yp (bot) 12.0000 mm
From plastic n.a. to top vp (top) 12.0000 mm
Polar Moment of Inertia ] 30,536.2806 mm~4
Product of Inertia Tyz 0.0000 mm*4
Maximum Moment of Inertia Trmax 15,268.1403 rmim~*4
Minimum Moment of Inertia Imin 15,268.1403 rmim~*4
Angle from z axis to Imax axis B 0.0000 degrees

Clockwise

3.2. Bai toan 2: Tinh to4n dic trung hinh hoc cho cac mit cit ghép.
1) Mit cat ngang hinh chir T

Tur giao dién cua Section Properties chon Flanged/T Shape:

Section Properties Module
Back File Simple Flanged Double Standard Help

Stiffened T Shape (Stiffeners Up) Axes
T I o
18.0 @ g

y

mm =

toin
Rotate ——
(O]
90
180
270

J Rotate

Mohr's

1.0 Circle

To scale Compute

Két qua tinh todn cho mat cit thé hién trén hinh dudi:

B Cross Section Properties = 8
K Axis Properties Y Axis Properties  Print  Details  Excel
X Axis Properties
Efastic Modulus E 1.0000 GPa
From bottom to centroid v (bot) 14.7895 mm
From centroid to top v (top) 7.2105 mm
Area of shape A 152.0000 mm?
Moment of Inertia Ix 6,635.9298 mm~4
Section Modulus Sx 448.6928 mm?
Section Modulus (bottom) 5 (bot) 448.6928 mm?#
Section Modulus (top) 5 (top) 920.3114 mm?
Radius of Gyration 154 6.6074 mm
Plastic Modulus Zx 807.2000 mm?
Shape Factor 1.7950
From bottom to plastic n.a. yp (bot) 18.2000 mm
From plastic n.a. to top yp (top) 3.8000 mm
Polar Moment of Inertia 1 9,398.5965 mm~4
Product of Inertia Iy 0.0000 mm~4
Maximum Moment of Inertia Imax 6,635.0298 mm*4
Minimum Moment of Inertia Imin 2,762.6667 mm”4
Angle from x axis to Imax axis B 0.0000 degrees
Counterclockwize

2) Mit cat ngang hinh chit T



Tur giao dién cua Section Properties chon Flanged/l Shape:

Section Properties Module
Back File Simple Flanged Double Standard Help

User-defined I Shape Axes
‘ r yz
16.0 & xy

Toscsle COmPute

Két qua tinh toan cho mat cat thé hién trén hinh dudi:

E Cross Section Properties = = | Cross Section Properties = =
X Axis Properties Y Axis Properties  Print  Details  Excel X Axis Properties Y Axis Properties  Print  Details  Excel
X Axis Properties Y Axis Properties
Efastic Modulus E 1.0000 GPa Efastic Modulus E 1.0000 GPa
From bottom to centroid y (bot} 14.0000 mm From left to centroid x (left) 8.0000 mm
From centroid to top y (top) 14.0000 mm From centroid to right x (right)} 8.0000 mm
Area of shape A 208.0000 mm? Area of shape A 208.0000 mm?
Moment of Inertia Ix 21,269.3333 mm”™4 Moment of Inertia Iy 2,837.3333 mm*4
Section Modulus 5x 1,519.2381 mm? Section Modulus Sy 354.6667 mm?#
Section Modulus (bottorm) S (bot) 1,519.2381 mm? Section Modulus (left) 5 (left) 354.6667 mm?
Section Modulus (top) 5 (top) 1,519.2381 mm? Section Modulus (right) 5 (right) 354.6667 mm?=
Radius of Gyration n 10.1122 mm Radius of Gyration ry 3.6934 mm
Plastic Modulus x 1,936.0000 mm? Plastic Modulus Zy 592.0000 mm?
Shape Factor 1.2743 Shape Factor 1.6692
From bottom to plastic n.a. ¥p (bot} 14.0000 mm From left to plastic n.a. xp (left) 8.0000 mm
From plastic n.a. to top ¥p (top) 14.0000 mm From plastic n.a. to right xp (right) 8.0000 mm
Polar Moment of Inertia ] 24,106.6667 mm”4 Polar Moment of Inertia 1 24,106.6667 mm~4
Product of Inertia Iy 0.0000 mm"™4 Product of Inertia Iny 0.0000 mm~4
Maximum Moment of Inertia Imax 21,269.3333 mm”™4 Maximum Moment of Inertia Imax 21,269.3333 mm~4
Minimum Moment of Inertia Imin 2,837.3333 mm”™4 Minimum Moment of Inertia Imin 2,837.3333 mm*4
Angle from x axis to Imax axis B 0.0000 degrees Angle from y axis to Imax axis B 90.0000 degrees
Clockwise Counterclockwise

3.3. Bai toan 3: Tinh toan diic trung hinh hoc cho cac mit cat ghép doi
1) Mit cit chir T ghép doi

Tur giao dién cua Section Properties chon Double/T Shape:

Section Properties Module
Back File Simple Flanged Double Standard Help

User-defined Double T Shape

l36.0 |

=

Y

Mohr's
Circle

Toscale COMPUte




Két qua tinh todn cho mat cat thé hién trén hinh dudi:

Cross Section Properties = = | Cross Section Properties = =
X Axis Properties Y Axis Properties  Print  Details  Excel X Axis Properties ¥ Axis Properties  Print  Details  Excel
X Axis Properties Y Axis Properties
Efastic Modulus E 1.0000 GPa Efastic Modulus E 1.0000 GPa
From bottom to centroid y (bot) 14.5000 mm From left to centroid % (left) 18.0000 mm
From centroid to top y (top) 7.5000 mm From centroid to right X (right} 18.0000 mm
Area of shape A 288.0000 mm2 Area of shape A 288.0000 mmz
Moment of Inertia In 12,792.0000 mm~4 Moment of Inertia Iy 27,408.0000 mm*4
Section Modulus Sx 882.2060 mm? Section Modulus Sy 1,522.6667 mm2
Section Modulus (bottomn) 5 (bot) 882.2069 mm? Section Modulus (left) S (left) 1,522.6667 mm?
Section Modulus (top) S (top) 1,705.6000 mm? Section Modulus (right) S (right) 1,522.6667 mm?
Radius of Gyration ™ 6.6646 mm Radius of Gyration g 9.7553 mm
Plastic Modulus Zx 1,584.0000 mim? Plastic Modulus Zy 2,502.0000 mm?
Shape Factor 1.7955 Shape Factor 1.7023
From bottom to plastic n.a. yp (bot) 18.0000 mm From left to plastic n.a. xp (left) 18.0000 mm
From plastic n.a. to top ¥p (top) 4.0000 mm From plastic n.a. to right *p (right) 18.0000 mm
Polar Moment of Inertia 1 40,200.0000 mm-4 Polar Moment of Inertia ] 40,200.0000 mm*4
Product of Inertia 0.0000 mm*~4 Product of Inertia 0.0000 mm~4
Maximum Moment of Inertia ~ Imax 27,408.0000 mm*4 Maximum Moment of Inertia ~ Irmax 27,408.0000 mm*4
Minimum Moment of Tnertia Tmin 12,792.0000 mim*4 Minimum Moment of Inertia Imin 12,792.0000 mm*4
Angle from x axis to Imax axis B 0.0000 deqrees Angle from y axis to Imax axis B 90.0000 degrees
Clockwise Counterclockwise
- < ~ I Al
2) Mat cat ngang chir I ghép doi
\ . A ” . . .
Tur giao dién cua Section Properties chon Double/l Shape:
1k Section Properties Module
Back File Simple Flanged Double Standard Help
User-defined Double I Shape Axes
T I yz
32.0 & xy
Yy
mm A
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Rotate —
(o]
 an
:| 180
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4 7 2
~ hd 14 14 ~ - Pl A ~ b) r.*
K&t qua tinh toan cho mat cat thé hién trén hinh dudi:
= Cross Section Properties = = Cross Section Properties = =
X Axis Properties Y Axis Properties  Print  Details  Excel X Axis Properties Y Axis Properties  Print  Details  Excel
X Axis Properties Y Axis Properties
Elastic Modulus E 1.0000 GPa Elastic Modulus E 1.0000 GPa
From bottom to centroid y (bot) 14.0000 mm From left to centroid X (left) 16.0000 mm
From centroid to top y (top) 14.0000 mm From centroid to right X (right} 16.0000 mm
Area of shape A 416.0000 mm? Area of shape A 416.0000 mmz
Moment of Inertia Ix 42,538.6667 mm*4 Moment of Inertia 29,808,6667 mm~™4
Section Modulus Sx 3,038.4762 mm3 Section Modulus 1,868.6667 mm2
Section Modulus (bottom) S (bot) 3,038 2 mm* Section Modulus (left) 1,868.6667 mm?
Section Modulus (top) S (top) 3,038.4762 mm3 Section Modulus (right) 1,B68.6667 mm?
Radius of Gyration ™ 10,1122 mm Radius of Gyration B8.4777 mm
Plastic Modulus Zx 3,872.0000 mm? Plastic Madulus 2y 3,168.0000 mme
Shape Factor 1.2743 Shape Factor 1.6053
From bottom to plastic n.a. ¥p (bot) 14.0000 mm From left to plastic n.a. xp (left) 16.0000 mm
From plastic n.a. to top vp (top) 14.0000 mm From plastic n.a. to right p (right) 16.0000 mm
Polar Moment of Inertia ] 72,437.3333 4 Polar Moment of Inertia J 72,437.3333 mm~4
Product of Inertia 0.0000 mm*~4 Product of Inertia Iy 0.0000 mm~4
Maximum Moment of Inertia Imax 42,538.6667 mm”4 Maximum Moment of Inertia Imax 42,538.6667 mme4
Minimum Moment of Inertia Imin 20,8098.6667 mm~4 Minimum Moment of Inertia min 29,808.6667 mm4
Angle from x axis to Imax axis B 0.0000 degrees Angle from y axis to Imax axis B 90,0000 degrees
Clockwise Counterclockwise




KET LUAN

Viéc sir dung cac phin mém trong nghién ctru va giang day cic méon co
hoc 13 van dé nén duoc giang vién quan tim. Cac bai toan co hoc néi chung va
cac bai toan ciia mon hoc stc bén vat liéu noi riéng thuong triu tuong va kém
hap dan nguoi hoc. Néu dua vao giang day phan mém MD Solids trong chuwong
trinh mon hoc stc bén vét lidu s& lam tang su hung thu véi mon hoc hon.

Chuyén dé di giai cac dang bai toan dién hinh cia cac mat cat ngang hay
gip trong cudc séng. Str dung phan mém dé giai bai toan s& cho két qua nhanh
hon, truc quan hon va dat d¢ chinh xac cao.

Chuyén dé budc dau tiép can phan mém MD Solids trong giai mot s6 bai
toan ctia ddc trung hinh hoc mit cat ngang. Trong cac chuyén dé sau tac gia tiép
tuc khai thac cho cac dang chiu luc khac: Tinh toan 6n dinh, trang thai ung

suat....



