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M, n bl U
1. h nghoa khoa h ¢ v° th ¢ ti_,n c_ a

Th, ¢ tJ] hi n nay(kBgcnlg, bm)t cm ichle
L/JJn an ni nh, an to"n d©n si nh, [ nh |
v' gO©y ra nh_ng thi t h4i nHng nQ. N
T.a nh” Li°n bang Murrah ° th” nh ph’
L'§nh Ligedp % T th hai |7 v, L8&8nh bom -
th8ng 6 .niChbh9¥6 ng ngl yt /] dih.8ingv 90 nt
cu, c tbln ctng v™0o Trung t©O©m Th€hng m
York. Li°n tiJp sauwm L- lcs&canbull §mh nb
(nktm 2004) v~° Laéxdonk(namgaaons)rlng
quan t©m cao vQ vi ¢ bTlto  vng rcu  nt Sc
n

Nh. mg n° c¢c-L«ch hvic2 Xy c8&8c nghig°n c
nh®dum gi[m thi t hY4i cho c8c ctng tr?3
ti°u chuXn v"™ ph€ehng phs8p thi ]t kIJ I
c.a kdht Bdlul, ngvabh€anyg, dXk: dshe€ JJad § & J].
nhi°n, L itng, itrimhnd«c L€ ¢ thil]Jt kI
t2nh to8&n LJn kh[v nirnbgt cchf nu nth§cn gl gnig

gi 'm thiWu t&c LLHcgnbgiVa hoUbaol g  mr?
I ng nkancongp ld-. & s-ngcxuh§ckttrchrg di r
r mg L€ ¢ coi | ° t8&8c nh@n ch2nh goOy

N« ¢- nhiQu gili ph&p L€ cgplea cr an
| °n kJt cblu ctng tr3nh nh€e LXy xa tC
cblu LW dgiattntgngechkhu | ¢c. M t gil[i ph
ntng hblp th, ntng | € ng c_,a vdt | i

t h, ntng | € &pg It St inQuneg " ¢, 8€ cho phe®
tiJ]p nhdn tr 8ptd APnt &€ L mggicaattng
v’ hUn chl b€ pbh&§nptWwilnancg Mg & gc quar
t©m nghifAg d_ pohg8tv'tri Wn. AWYghvadypng| ud
d. ng vdt | i u &€Widbhu §tpr %c cl congtrinhd 0 k J
| © vbln LQ ¢c- T nghoa khoa h ¢ v" th



2 . M2eh c¢c_,a | udn 8n

M, c L2ch c¢c,a ludn 8n viI™ knhglhintnn gc_ _u
c.a vdttrddng wi pc hHpphit ch ut g cll €¢cma
v, Th  .L- L<€aapchlugi §o mph¥% h° ps c_da nkgjtv
| i ul Wi [pm t §c8pd rdngclé.na k/Jt cblu citng t

3n" i tehWmgy viph€ehmghp®&p c. u
3. 1. nXi t_1tng nghi®°n cou
n"i t€ ng nghi°n cxuwcnay dqdwmdtpnl il

LW t 9o th"nh kJt cblu bFo v clBp kIt
t . vgayra’

32Phu m vi nghi °n cou

Nghi°n c¢_u tdpxtlphulnmgg hvpkd)iocv d¢th’ lui 't §
c.la ¢ n®n ®p.

n" i tv.,iimghingnhc_xw8c Ldoah§tp Slcvgdy mg
ra m" khing kW LJjn c8c t8c L, ng khS§8c

n" i tk&tngcbbufol® c tromgveélr mthphpaly
l i u b° ttlhnign gc tth € hnh®p
33Ph_ _ ng ph8p nghi*°n cou

Nghi°n c¢_,u xidy tdh unyg/] @@ mo hinthtfongptedmgi = m
th2 nghi m v™ ngov’'i cthhangn lh3ah XOy pd
n“t,.ehng vid§ cdlaliréanui ~ ¢ x8c minh ch®o kIt
qul th2T . ngkhjt mqul L gh.chatXfnaBanhh
nghi m s L8 hk hgolioS shgit kw]tq wlfbluc BId ot v¥%c
nhau v° _ng d_ng v" o blo v  kJt cblu
4.Cblu tcr, %ac | udn §n

Ludn 8pnhfgn mml4c E Ebng, pRhddmnk/]tm, lcudn
tham kh[o.

M LFruxnh b~y ,t2mhc clUbfpé,ht tp@® g vi ,
ph8p ngwi°bh”  ccuc. c_,a |l udn §&n

Ch€ehnlg nlg qulim KQ® nghi °n c¢. u



Ch€ehnMghRi:°n ¢ _u khl[ ntng hblp th,_, 8
d, ng

ChehnNgg h3i:°n c¢c. v’ x©k und'n nhig®-nah m?* ph, n

Ch€ehnNgh4d:°nng wJjngcblu bfo v  b3ng
t 8c L 8mpgdc_ca

Phfn kRtulw&®an kJt qul ch2nh, c88chE
chvy] ph€ehng h€ ng nghi°n c¢c_u til/Jlp th

Danh m,c c¢c_,a c8c t~ i |i u tham KkhT



Ch€ehng 1
T° NG QUAN[{Njgnjg NGHIagN C U
Trongc h €Hrimlgbays h | € ¢ v Q L Hc ntg? ngbécacn, av
gi i ph8&8p LW gilm thi\Wyp t8Tmnhtbdycac c ho

nghiénc s1° d_ ng vdt | i u x8pp nl Wc@gicl rp hte§
ph&8p m! h3nh h-a t2nh chblt ¢ch h ¢ c,
vdt | i u x'cp |vamigidkBlc hnttghgah! ngh, chog s’
v, InW khdc ph_,c nh._ ng khv kkeilngttong
kh[ thi nh=3m t2nh to&n vdt |i u x p

11.Sh | €hcch@ @ LHc t2nh c_,a v, n’

Khi wrong khéngkhk [y ra rs&€ mUt s c8&8c nl
ti°u ¢, ¢ LJn ¢c*ng tr3nh n-i chung v~

m t s yJ/hth€ct lche;idic iE§wng mdtdh d.tmg n
n" i &c¢ id_ tthigud8 thu, ¢, a  ocdngwnhter 2t hW c h
t8c d_ng xung n tiJ]]p x%c khi s[n pl
tr. c tif]lp I °n c?*ng &p 3rndosohgxthg kiahlan u t
truyQn trohd4d khtng kh?

1.1.1.T8c LingYcva VA

Trong m t v, nmg ,h-m th pchxmy ra dxn
v’ 8p sublt L, t ngovw,. nC8tctrBy Qa8 Eu b gng

vaioc 8¢ cbBlhet ntc m UYs ubit il . n h hHInh&p). s u bl
N6i chung,cacv . trong khéng kht § ¢ ", in gv cbhg trimht th <€ n g
t9o0 ra b°n loYi t[i tr ng, bao g m

c.a c8c mfnh th_ chblg5]. &8p | ¢ v~ 8&p |



Ap luc

Song no J,HHH
A

Vu nd ! R |

Hinh1.1.T & ¢ E& vwalXy |&n¥ong trint6]

C§c mlanihhvat h L Qkig b Wt G &hng WHmMg kW,
nhi°n ch¥%ng kh!ng h@Oyk.Khissomtb@ngltkichntag | |

L., ng LJn m t vdt thW vulng g-c¢c Vv, i L
| ¢ cao. n, | . n c¢c,a 8p | c,phlfocaRgr
c blu cthré&zcnwy4dih€© ng ¢, a n- L i v,i s-n
t° kJJt cblu, 8&p | B, m&hPmhx g oy eHhm §ic dio
n “[5].
1.1.2.S6ngxung kich

V. n° | © s gili ph-ng ntng | € ng
qus§ tr3nh Lt ch8y mUnh o«lay vdt tlirionu
v'i mili gi©y, tYo ra m, t t BW]L.E&ch k
kh2 n"y n° ra g©y ra s gili ph-ng
th"nh s-ng n . BQ@mHhuHts -cn o) xsuma yKFac hn

hhn t ¢ LtY®mrda hgmRl4 8 ChpihyEWmolding nh
sénglamg p s wHH tn'quieh B podegmWiil,/jn vi ¢ t Yo
ch©n kh'ng L33ng sau ayphgdan?, 4 9]0réhgc g
gi ai naym Utn phfn ch®Mokh@angyg "L €hédmang k h 2

theo c8craxafqu MO.Cp | ¢ c,a s-ngadpxunocg
| ¢ phln xY9Y I nguy°n nh®©n t8&c L, ng
ctng tr3nh tr°n di n r,  ng. Do L-, LC
t©m clng nh€e xem x®t c¢c8§8c yJju t° <ch2n

k2ch |7 «hoKmgi cl§8€ ng n’



p(nh

ta ta

Po
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Hinh1.2.Bi Ou L Q & nlgx & 2 o -Nmorg khang khiz

1.1.3* nh h_eng khXi | _1tng nY hiMu dAng
nW t2n8hp tlot&dneo” th, B giag n° t. m

theeg, cfn xem x®t hai yJju t° quan tr

c§ch t&§§c L, ng (SOD). Kh i 1€ ng n" I

r€e ¢ k2ch n°. N- th€ ng L€ ¢ biWu t

t hu tcrinnitrotol udng n(@T MT) .h3mhi tw,_ i, 8§

| ¢ ph, thu, cKhto N ¢hPQk2dhintr°n
| € ng hhn n° L€ ¢ h<€ ngonkhi Qu hhn ¢t

tr°n L€ ng k2nh | . n, ntng | € ng L€ c
Do L-, h3nh d4ng | € ng n° vQ cH be[n
[11].

SOD Lltightec tr ng t©m c_,a | € ng n"~ L/
[12.n" i v. i c8c v|j a x8c¢ khphlLsgsoeb,tk2c
tr3nh x©y d,  ng nhblt L  nh LW ch'  ng 1Y
nhblt |~ trong mii tr<€ ng c§c L' th'

X § ¢ $ODghinh xadak h- c¢- t hw tkhicnghit m ¢ t .
vidc Lo8&8nnghni ¢€a vIi kh2 hay m t v,
kh[ thi. Tuy nhi °n, DOD (2005) quy L
bfo v [B3Fn NvJui StOD t i thi Wu c- thw L
d ng thtng th€ ng ¢c- thwWw L€ ¢ S$p,d, n
conkhtng th3 c¢ctng tr3hmhucplli cl8€ cgitlhi
khac

1.14Gi ai hun tdi trZng nghi®°n cou

Thtng qua t-m | € ¢c ¢ch bln nhblt vQ
c.a s-ngcxurngck2cmg mUnh cv'ngl m'hyeJu



ch2nh t8&8c L, ng L/Jntc*hg mng3mh.t Khol[n

r€e ¢ LHc bi 't quan tO©m v3 8§p | ¢ c. ¢
c8ch t8c L, ng tMdgTlIm m.foBNnn ic @mumgl n
v.i L8&p  ntgh2c_mghihinmtt i H ¢ vi n K:
c.m"y gi.i hUldn t8&8&pLling c_ a t[ingt xmum

1.22M, t is[i gph8p g&pmht &8kt°d_ agyng tr3nh
nNW gim t8c d,ng c¢c,a 8p lchonkjv~ c

cl!ng tr3nh, trong th ¢ tJ]] L« c¢c- nhi Q

l odi t[i tr ng LHc bi t n"y.

1.21.Gidi ph8p chung

T8&8c L,wg cJan clng tr3nh ph, thu, c
nh€ khol[ng c8ch t. toOmng n8dHn gitng
clng tr3nh, LiQu i rmitl wa dirinnmph©y krha i
L' ng kh8c nhau | °n c¢ctng ttrr3omhg. tT cc ¢
d. ng L« c¢c- rblt nhiQu gili ph8p khsgc
c.van | °n c¢ctng tr3nh.

Gi[i ph8p LXy xa L©®ml i mkh, trohggn

mang | nghoa quan tr ng do 8§p | . c n
r€e ¢ t°i La kh[ ntng n° til/Jlp x%c LW
ti JJpt g ntrcdnh. C8c kJt qul th, c nghi
cing tr3nh ph, thu,c rblt |. . n v 0o kh

|l " m ttng kholng c¢c8ch n"y s€ [L,2mM gi [n

Gi i phs8kp/ts cHWy nmlfo v pdndgtah it/t€, kc/]
ch/jc€doctng ta®myveque©ns s d_(ng kJt c bl
LXy xa tOm n° nh3aum | "m gi[m t8m td_ i
ph&p h[l4. hNga” i ra LW blo v ,cactbamhac § c
(ctng tr3nh n" i) d€nng chdng h§o,giml
Lwi Bm tl__cviB°n cYYnh L vi ¢ s d_,ng ¢
c- LHc rt,2nngh cxi'npg L€ ¢ ng d_, ng,cdt, ng
m¥%n c¥a, BHecc 8ti LtWIlI™ m | . p d”sn Id_cn g( cb?
c8t xJJp xung quawmk chedgndtdinhi Wa? gqal
t 8¢ d_vnong[l4 15p

Nh._ng gili phg8§p ° tr°emw€cc nhigQu,_ €L
ro« i trong blo v’ c8c .c1Tnugy tnrh3in°hn , mavn



tr3nh d©n sinh th3 vi ¢ &§plod_yrg c&a
d. ng clng nh@nkbhAgplgtantsr i Wn' nngd nnhg hr
ch/J tYan idt mli r@ nhi Qu nh_hng iclhi vpt
| ° i cho clYot hkifJBgt ckbungh § dt v I i vudhtkgpl a°
th, t&dhdh hm t §c§d nngclc.na ¢ ng mh%*Eenh
ra nh_ng gi [i ph§&p kpht¥% chblup chthnng cthrod nr
v. Trong n, i duntgjnt igfplit hpeheftps € inlgQ dg &
L ng8p.rm, .c

1.22&8ngd A ngl iviela Xn§c L i 8pg hckvca

n"i v.,i kJt c¢cblu ctng tr3nh hi n nas
thép BTCT),BTCT | © | o Ui b° tlng thtng t h¢
cblu th”nh h., n h”p ti°u chw&nc (xiia m'n
th®p ¢c©y. Khi c¢ch u 8&8p | ¢ n", kIJt <cekE
| hi ' n t€ ng fchbln s_ pod, xublt hi n
mHt c¢ch u t8&8c d,_ng c¢c.,a v, n . Do L-,

quac blu ki " n v”™ phln x49 t4i bQ mHt t

s-ng k®o, g©y n_.t b° tlng ° m c¢c L,

i t"c L, cao [15]. KJt cblu b° tlng
hi " n t€ ng chXBin rsa, pd)€, d- dtUmW k'§cl m[
ddng xung L, ng ¢ ¢ h4n, phln _ng
an rblt ngdn n°n khtng t°n t4i qus
°n ¢, a kJt cblu c¢c- bi°mM lkkh Ic.hmuyMnblt
thblp hhn L&ng kW. KJt cblu th<€ ng
"Fu ti°n do biJn ddng qug8 m c¢c. NJu Kk
h, ng trong c¢c8c | fn chuyWn d ch ti/]p
th€ hg L€a ch n xem x®t trong phon t
v.i 8p | ¢ n [17].

mFemtQ 5~ <

nW gia ttng kh[l nktng kh8ng | ¢ chec
kh8c nhau nh€e s’ d. ng c8c |l o4Yi b° t
t h€Bhy” s d,.ng vdt |i u hblp th, ntn
1.221Vot | i Mu ttng c¢_ ycrhgo kkh&dt ncBbbrnug k h §r

ayB° tlng c¢cXt sii

B° tlng RE tt ®hn BTOF songthh®p coO©y L€ c
m t phfn hoHc to"n b, b3ung c8c s i



H

l o4i d a tr°n vdt |li u, |l o4i, chi Qu
c.a ch¥%ng. Th°m s i v o h.,n hp b° t
b°e ting b3xng c¢c8ch kJt n" i c¢c8c v/t n,
trong bé tond16]. KJt RQMW “hi A LHc t2nh dTc
thitng th€ ng kh'ng ¢- ¢t s i. Ct ¢
c.a kh i kJjt d2nh t¥%y thu, c v~ 0o t2nt
kh™ i | eg[d@d bni Qut n"y L« th%c REyh®§c

m t gi [i ph8p thay thJ] cho b° tlng t
vV, n .

ng x ¢, a kJt cBbluR®Rhit teByr wd’ tnlys’ i
L€ ¢ nghi°n c¢c_u[B. i KNamqull, cth@mt b 'bly

bQn k®o c¢c_.,a s i th®p L¥mcttanlg c€0Onc
k2nh v%ng chbin s_p, vi ¢ b" sung the?
n“y. Hhn n_a, d€ i t§BTClHt mg mg ab®_ mh
hi viongc hbinl sppv™ c¢c8c mlfnh v_ bay ra th
t BIMRCGC h”™ xublt hi " n nh[19.g L " m nh, c¢hBl

M t ynjdakth™ i | € ng s i th®p c¢c- T[nh

c.a c8§c tbim b° t!ngccH mggdheu w'a oc krhg
ch” rwi rcilntgkng!l € mg < hiw tiH@®p gi Im L§

sublt do RE& girflomggiFa t ¢ L " nh °~ L8y c
h.,y c¢8c[l9Ht t blm
Hi " u sublt t€hng t., c¢cling L€ ¢c thw

(PRRC) khit §chd{élg PRFC c¢- hi u qul tro
do n.t v, v"™ c¢c8c mfnh b° tl'ng ph-ng
th€ ¢ vi%ng chbin FRC v "t rbng tonfg m*¥d nk
L¥ng nhau, nh€eng t ng RCt ksEpu M. hniy
c- thw I~ do L ,PRCaihWe.ha s il c o&nhhtn
[20. n, dTo n"y | " m t LHc t2nh ch h’
t8c mw,  ng® s ph8&8 h_,y kJt cblu ch, yIJu
L€ ¢ phfHtt xsthu c¢c_ a t bim.

Maal ej vl« cnognhgiRBhat (sF &, tilg®k JJu~ hs
polyetylen trong c¢c¥%ng m t h. n h”  p b
FRCI ai | "m ttng kh[ ntng ch'bimg swp, vie

ph©n m[fnh thblp hhn, LY rnd,t mtingt HW m
h hial].
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Ngoaicacl oUi s i, c¢c€ ng L., nQaWblJn tknt
ntng t nBCkthhiw cch au R 8¢~ L ¢ nlg« nl's§ n hS ognig§
ntng c. a be€tagglc $sRGuUukbaeEchtdRAg
C8§c mXu th, 6 o®e thhbly v hi u sublt v€
ch” ng v, BRCTt Bbng,. t h€ ng. RCktii m®nti

x¥%ec | ° 0.041, g blpR&Gbhonhn gtChb& nnigf. nh smwg
Li Wm €©u vi t n"y L« cho ra L i be° tt1
tOom ng”"y c¢c"ng | . n LJn vi ¢ s d,ng

ch” ng n t v’ ti°8w Mao nkng | € ng c. a
byB° t ! nghépmXtyngt ilLi si °u cao

B° tlng ¢t s i (UMSROIcE€ mgt Lt hB iK't
kJt d2nh t€ehng L i m i. Thi/Jt kJ h,n
Xi mkng cao v~ t I n€e c/xi mkng rk

h-a phon cblpXk2 ¢Hnt metdniet 4 tclaog v ~* g i
thi Wu s khingRCE" nghRhBlt ngUHRHBIF t h,_
ntng 1€ ng L t g«y c¢.,0060- LODRMnIBY on g
M t s 1o ngli L«c&dyvisinnhQtlimBmm X ad
UHSFRCv" chi ph2 caoquetiud €hc.s&i vivé [t
khl[o s8t km[fc ntngeskéh wigit i ng t.iChong t
ph®pchuoy Wnbiv/n ddng v~ gia t ¢ ,tdc cC §
mXu WE8FK h[ ntng ch’  ng n  bétdngthdhgr s o
th€. ngi Qu n"y L€ ¢ cho | " dotrsondih.n
h® p b dithmg c[i tghilvmt cn§ct LvHic kth?2[n hn £ r
| € ng. Tr 8§&i bng€ cngv ngh ‘nmuu RGdHSEFE t h bly
chuyWrmbp hhn v° 2t hv/nghit mhimia 68c
I mg choitkblys  BClng nUHSFqoudgio Vit wm t
v khl[ ntng hiiptt o §ch24 & nlg€kWg

c)B° tlng L_bcngiamm gKg s i

n"i vkIt o@bu t a khibht Bt B, ong ,c_caf v
c- c8c phehmdopwgp tmghet®BWkhl[ nktng ch
kJJt .SCBbul y me gia ¢~ (FRP) | " c\blitcadr iYacu
ph©mwalte€'dcbtang c¢c8c s i c¢- c¢c8c LHc t2nh
Khi kJttalgu tth® ng t h€ ng L€ sciolgpe s un
lamchoL Hc t2nh c¢ch h ¢ L€ ¢ c¢cli thi n v
nangcapnénc §c¢ t bim FRP L€ ¢ s’ d. ng trong
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nghi m n° kh8c nhau KBt BEHlchthgct hg
I €'gd athéon FRP.

Trong n€ ¢, GS VI n3nh L°i v~ cé§&c
nghi m hi n t8€kmd bWnlhySmeth @g n° c._
n" khi L€ c gpolgmes ‘Earbog CFRB ¢at bisimp el ¥ me
t h, y GERPN25]. ( KJnhghufn c¢c , khgchotndblyh nc

t BBTCTt tng L&8ng kW so v,i khtng L€ c

n" hi ' n t€ ng cBTEhHc s, @i & rc@® g ck it by
c%ng m t kh i |1 € ng n’" BT@Tk hk mod giig€’ c §
c€ ng. Mt L-ng g-p |.n n_a c_,a cS8§c

c§c thanh ¢t th®p th'ng tvh€ mg cb g
d. ng cho ¢c8c c¢ctng tr3nh tr°n h° th'r
th ¢ mnhng. bmWn tr€ ¢t th®p. Th n
c8c BTAIm~™ c¢c8&8c m! h3nh thu nh, cho theE

ch u | ¢ c¢c_,a ctng tr3nh c¢cfn 8p d_ ng.
t8c gi [ xO©y d nSgp WM [chhblfagkhl mnknpng c
cblp kh&8ng | ¢ L€ ¢ x8c L  nh cho | oyi
kh- khtn nhblt | ° vi ¢ tYo h3nh c8c

trong LiQu ki n thi c¢ctng th ¢ t]J].

Tr°n tMusyngkivaPelll « Jtn h” " nh m t | o4t
n" quy m! | _ . n BTWThht®g LM&E acc inlgmh ° n
CFRPVAGFRP[26]. K/t quVi gha d¢thlyh° mQ mHt
c.ta€ Inqg ttng c€ ng khk/]tndankw cih” ai§c nb
khtnggic€ cK/Jt qul L i v, di at8c® mb ta °tne
mHt c¢ch u n®n c¢ &c chh ¥m gt € hrog td-blyt h W ¢
chuyWn v caoph&nhwmii kd®an kbhbcn gt € @ gc
C.

Razaqpur v° ¢, ng s.i ltd Jjmghir°om gc kuih
n" ¢, aBEEtht Bl @& atgc"m tr°n m i mH
GFRP L€ ¢ sdp xJp theo h3nh ch_. thdj
trong c8c H®hA[2d.. a t bim (
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_—Mat trén

Tam bé tong

Mat dudi

T~ Luéi CFRP

-500- -—l
Hinh1.3.Tm m b° tng gi2d c_yng s

. 8p h° cthblp (tthhun'cn@amonANROY kfal i (
| € nzr4kgvak ho [ n@®lm)§cbhn b° t ! nthémlGERR g i
thwW hi " n kh[ ntng ch tnigBT@Tk hdt anag g cl
cC. n, bQn t onhblns abut @tgd ray ktcm al . n h hn
v, i t&slmabRhthggl® p 1" ccao (th nghi’
v kih" i 33&kgrndg holn@Blcieh hi u subyia c,. a
cth°m so v, i c8gactl Bimkkhhmg nh®ltc qusgn
tr€ ngbBICpPLE€ ¢ ghamcholUt tKBTQT khdng
L€gd a ct'rong khi c¢c8c tr<€ ng h  p kh§gc
k/JJt qul ®&ICIkhecg8hc8 gt Wlma hhm t m,c rrblto kit
LW L€a ra kJjt ludn d&lpdd chkda wcd@ac hi bl
c € @FRP.

Ha v° c¢c8c ¢, ng s L« LQ xublt m t |
kh&ng n°, bao g m s d,ng kJf28h° WdCF
li " u n"y ¢- thW cli thi "  n L, c¢_ng, L
c bBRICTL € ¢ gi,@a3 c- nlg” s. kJt hng «. al

bQn cao v~ vdt |i u c¢c- L, dTo K lt@oc C
gia ¢ th°m CFRP, PU v"™ CPU (CFRP | a
r i rYc L€ ¢ quanBT€Bt CtSktcbiy € magn g a § c
c.a m t tydmnh lanmg v, i L€ ng chly dT

thél;n chg hodi m"ng hai chi Qu. Ngo~ i
tr°n c8c bQ mHt b°n, cho thbly kh[ nt
doc it ch,/vira ndriglt bk w8cbRJ/Jttablut h?
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xem x®t kh[ ntng ch u cdat. C8c mXu |
v h€ h, ng nghi°nmtC8ogmXut ® vhor ¢t h
v’ bong tr-c hhn so v, i ith8§ic nmXu» GFRF
tr°n bQ mHt ¢, a tblm, cho thbly hi u q
nghi m, c8c mXu CFRPtLtmPd lofen radgal tc -1 "h
15.7%va374%o0ov., i c8c mXu b° tlng thtng th
c8c mxXu | aikhaClP Ut ace mh kKt v~ c¢- kh[ nt
ki wiba c't 8chmhog

T€ehng t Ohkubo v™ ¢, ng s, L« ngl
c§c tbim c 't s i LW giat & m[gd.g So phc
hoUi ¢, a c8c tbim b° ting th<€chg.nvg I
Hai lo49i tblm ¢t s i kh8c nhau L« L€
(AFRP). CBWnQut drigg th, ¢ nghi m 100 mm
a259 MPa. S, ph8 hoUi ¢, a mXu b° t1ln
ph2za L i di ntv. vi IL€nmgg kiWw. I ingia. i ¢
c't h°m mCRRPtthbtm s phg8 hoUdi |~ wv¥ng ch
h€ hdi bQ mHt v.i m c¢c L., nh, hhn
. n" i v,i c8c mMXWFRPh s Logdic8bgéioa o m
hbln s_p v° h€ h4i bQ mHt wmibac € Llrng LI§n
ai tbim th3® gia ¢ b33ng tbim CFRP kh
8c chJj L, ph8 hoYi ¢, a ch¥%ng so Vv, i
hi g hdiintblm AFRP th?3 v%ng chbln s,
., tblm AFRP hi u qul hhn nhi Qu tr o]
a b° tlng so v,i tbim CFRP trong Vi
€ ng k2nh v%ng chblni a, @ LbRng, in tslk

10% so v,i m ¢ gilm 43% L i v, i
AFRP. S c¢cli thi n thdm ch2 ¢, n r»
gi'm 40% L€ ng k2nh v¥%ng chblin s_p L
t blm AFR®.L ng c.,a Vvi ¢ titng gblg Lt

O X O o0 o<

v Lli, cGa¥ng chbin s_p |~ khl'ng L&8ng kW
c€ ng b3bng c&c tbm AFRP cho thbly L,
b "n I fn so v,i c¢c8c mEutbB® €FRPngnt€

Q

thbly khl[ nktng ch  ng n° L€ ¢ tktng c¥€

Ngo~“i ra, tbm polyme gia c€ ng b3
m t gi [i ph8p thay thJ ti QmBm&nDp cho
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th" nh phfn thea&pi cu nt'ryo,ngc 8co Gtiblnv d3RP
v’ ¢- thwWw I p LHt L€ ¢ tUi c8&c v  tr
thi Wu LW ttng s. b8m d2nh gi_a tblm g
so s8§nh gi.a c8c m¥Xu khbrRggl €blen R
Carrieretwhnh’ cd3dnghkng c€ nBTCTIEn ¢ btublk
SRP chotthegly2b°b” ph8 hoUi hhnt tngQu
c€ ng khl[ mimg kdih” ¢eblu sabimk&8RP L€ c ¢

1.222Vot | i Mu hmp t hXddmpkwdgM Ik Aitngmtugc |

Trong t nthhilWn cé tromggx&&hng, ong, t hon
thanhf) b~" o s nHiphlAh€ trong

Xuong Than cay Té bao
Hinh14.C™ u tr Y%c tQn tui tx nhi®°n
C8c vdt |i u thdtnmg yhEF€ ©, ph@m_ply

hi " u qul Lw LYt L€ ¢ L, bQn cao nh+e
theo k/Jt qul c¢c.,a qu8§ trBahlt | /doUohbg & r

m " ng c¢c.ng b°n ngo gi Wp ¢ha Lc blugd tnbg?a
bQn vataro ng | € ng t<€hng L i thblp. Ch
| € ngc Yenago V. | c8§c LHc t2nh c8&8ch nhi’

M t LHc t2nh quan tr vedg tlriorug c -ng
r,o wgdt( 1)il "u txh'Qumm c h [yl id Tw kdh,icho ghgpad tvnd® r
l icu khl[ ntng cao trong vi ¢ hblp th,
L« nfy sinh nhiQu T LtwWenknjg bdrisbunyg omi =~
gi 'm thi Wu8p 8ic, ¢l °nng kc/jta cblu clng tr?3
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N
Ly
Poan bing \
\(E / - — - =¥ Giai doan nén chit
2
= .
Ning lwong hap thu dwoc
khi vat lidu bién dang dén > .z i
\ eini doan nén chit ; Piém chuyén giai doan
Giai doan dan hoi '
L) \
Bién dang
Hinh1l5.Quan hM-bhdnsd®™ hg Ll1Tc tr_ng \
T |7 hblp th, ntng |1 € ng (hblp th,

L€ ¢ t2nh b33lng c8ch s-bidlmMEAXND ngdt
i u x g klimHbBpdit h, niEmkgimHd€t 8 idd € c
kh[ ntng ch  ng biJ/Jln didng ttndUmhanh
cho thbly t ¢ L, biJn didng 5 ~De& Olkm/ h
nn c¢- hi u qul cao trddg WVikien hBIpit i
( n h ! nfAluminium foam),k Jt h° p nhr migfig clB8€ ¢, c

nhdn | 7 onhhbitg Rb® ntghy L §p ~ ng c8&c y°u
hblp thu ntng | ¥ ng§p@BEH3Yg Aungrl ng c. a
thing th#®%ngmbguyg n kh i, kh[ vrdind ibi

naycho thbly t2nh ntng hblp th_, vtledngc hUm
th€ndig L€ ¢ d¥%ng nhiQu urodfio vi chp
d, ng n’

Nh3n chung |l Vdtvdltijlla peatft mihvBh ¢ - t hW
d,. ng | " m | . pk/ptftoc @uc ch®c ct§&c ah Yangg xLu€
LHc tr€eng b i kh[ nktng hblp th, nktng
KJe¢bw: ng tr3nh b3yng blT<e tndl[toh¥ng btim
x,p K 9€ tr[i qua biJn dlng | . n v~ heE
do L- n©ng cao & [’ nckn/pa cchblun gc findi L €
Trong s c¢c8c dWlmg d drtg | HR Tun K gtyv dthh 3|

m i L€ c¢ bpaho§ tg  tdimwnkli@ d bl x€hng | i
vV, i nhau hoHc c¢- ntamtigec hl klen@ot k @nbon KM€ i ¢
c.wadt khinénnmh? mchot ph®p hblp t h, ntng |
sublt gfn nh€© khtng L i. nifo mélyWlo" n

gi Bm n° cl °n k/Jt cblu.
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1.23B" n huMoe qud c8c gidi phs§8p

C8§c vdt |li u c¢c- L., bQn cao,l kH[Gon:
cagl€” ¢ khug/ndnpnglh cho tngcc LL&nughd cgdalm
k]t comgiinhB°® t*ng ¢t s i c¢c€ ng L, cao
so v.,i b° ting thtng th€ ng do c¥€ ng¢

c.a s i htUrnoox§c/vyv fjtc C8&c mravab drdxadét n g
thw L€ ¢ gilm thi Wu bROdGo clchng t tdng
L clnglnh®€To c_. a bhamt ©hwdt Tlhia'yu $£€ hH J]
C- thW dxn LJn hishthabhh Aty i chmey \Wn' kivi*Wua
khik Jt c®Bwp dhveu c tlten'gt tt h®p tr BAAT c §c
gi up ttng ¢c€ ng khl[ nktng ch u tlri v~
khich" u t §&pdadnNgoc. ia re,° stndgg Mg v. cl
m gigh&p blFo ,gi mi thi qupt Saohil Ln& cc Lz
k hol[ ngantod@dvas n t v c.a b° tlng d, |
th€ ng Li k™~ mn &€ nsntintgin®°lu€’itrign m'ho nt
t € rngo b3yng b° ting thtng th<€ ng

n" i vkt codeiinthi ~ w "cch€a L€ ¢ t2nh t
t 8¢ da_ agt [fHivitgt acgek /jt beéblu * hgp vi blm ¢t
hay phunreaspth °molnygw " | c- thw c¢hOGingl ca

c. a kMuynhiiblu k /Jt cblu cingitp nhpdwiXnhop h
néenv Xn c¢c- n®uh.Mth lyJJuht kh8§c | thci§c
giankhddai( kholng 72 YW Lhwddk [ hihn) gi a c-
chl ulc€ MHt khH&a tlhdp cd nhgglen'(td 85" i, pht
clng y°u capuamday mot dnuyéhding.

Vi ¢ sk/d, egplu blFo vvdt €l baoehHsbwénp Yo
ngo i dodpttrinhcskBu hblp th, v~ trittrug tIg@ ny
L ng8p.m, ctr€e ¢ khi t®mgtribh nF.l vino gk [Jm
khl[ ntng w di@ httnngg kh[ ntng ckhi u |
L€ ¢ t2nh to8§n pthHs Nogoddm vy.ii ctlp’ ®e I €
|l inh hoUt H¥nhgchbluybfo vihih L tichn§oHyd d
di chuyWn kh, i,ckhtg atbll® ¢ nd htw 3t rilo h
bwQ mHt khtng gian v.° Bt°hnXieSitm:hc dlvo bd
hoUt L ngsagalhilwlvdp cd trg clng | dip
cblu blfo v ~phb°lghmgod iv cil ng§c gi [i |
t bimschiay phDo Ehp vi ¢ nghi®°n c¢cblu _n
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t Yo t h”" nh khgk /Jtc bwblb [®! rvg t.r& mhd ad u

tinhk h [ thi cvti, n cao.
1.3. ng d, ng vdgi[mit@&grx @Ep | c

C8&c nghi®°®n ¢c_.u c¢ctng b gfn LO©Yy LQu
c.vadt xI'ip wWHc bi t vdt i u | nhtm b

131Mit ngKi °Hi OGodh*mhthA gi ai

Nghi °n Mukaiv 'c_ ca,Navave,c8c t8c gi [ L«
| i" u nh'm blWwW s Htdopmkih Flo’ cppku/] tc hidoblu |«
(h€ h, ng sau kttip dhycehing &tcr dn qtgh @p ragr
val Hie cb-i "kth[ nktng hblp th, nkrdd Il € mgl
[32, 38]

Trong c¢c8c nAgshhikPyn w uc . cnaghs,. [ mdy ota

cblu It,r vicamg g m vdt |l i u nQn kim | oUi
trong (LiWn h3nh |~ vdt i u nhim b’
vdt i u dlng n"y cho ph®p hblp th,
khtng "Lmicho n- tru th " nh® mgtLwdgi [mn
n" | ° nc Koito [339]

C8c nghi °Srk eavsu vé, &, ng s, , Hanssen
Wu v~ ¢chlmag thblw, k nl, x[wdtrali u x p t

tr3nh bi hblpdd4rmhg Im n, D€angr Inp b nimgini
L ng | € magl" &hSic L knlg Lieebhe nb [tov dvt’ | bi
X ,pungt §c tlepwmdyt | gi Ung phe€ xudacd, Még uy Qr
k]t Leble IBE.C8&w vidtp | k®a d“p qusg tr3nh

| "m gi[m 8p | ¢ c¢c. ¢ LYi x8w” Lt mgnh °p
k/Jt Le€ble bl o v , nHin@l6nTrangHinh1.6a8 pt mo ncg
L€ ¢ thwWw hi n d€e i dUngp(8p Iv'c G tcy An
L€ ¢ coi |7 _ ntponggulln hr °-hink s ghiay

| i " u@B4kDe Bp,H" cc- thw L€ ¢ gilm thiw
"m3ng vdinagkJt uckii®bFothi J{351kJ] ph¥% h°
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Po , .
Ap Iire 06 p(t)

Ap Ire

Ap Iy truyén qua o1

UH

~,
-

fo Thoi gian Im

Hinh16.Cp | xc n Xhitvrug8@wmo it x ¢ [34lu  x Xp

Karagiozovd«vinghiidngm € u c8c ctBHunh
trict° ong Vv~ p8pyktggfemeb whg ucl th n
sT40. H L« ,&hi t&ir®beg mdwmdtl sl-i th W
dX¥n L JrnuwQ@n cl tc cao LJinhanHinghlhia@Qumcnay
thbly rung c¢c8c vdt |i u hblp th, ntng
t i ¢, thWIvV™m cvihitchuw skithBlitn gtg'it§ Khi wE
chophép H  clng ghdo thblyQmJH/]n thiHt s
nghit'tmg k% ¢ blim wdtngl ihhun.r “np8 nchl nggi 8L
h, tr°, bng€Zhul « sov &t§ nhdincnbiut tlroWdt tc §

nhébmb " [41]. n" i v, i c¢8c tbim d”"y hhn, | c
c.a vdt(t'i lu xgip, a ntnglLh® wg kbBpith
mdtvHdt)linuQu n"y d%Xn LJn g i T r 3ng

trénVing2 h, a m«nv B8 maylrace dda W hBlp vidh, | i § @
t "t nkhhbit svl', g, mgtdaysi€® ‘u kxW[pi t Bjed | ng
cao.hhn

Bung nghi®°n c¢_ u tH Bansteingvh K. Ackland_«a m-
cing b c8c k/Jtchag@®lc tvidtc Inghi kin8r™ nh
b" $kydex®, Nomex®c blu ton gsc v I~ xExgand&bR BolyStyrene)

[36]. KJt qul cho thbly nhm bt c¢c- t§&c
| Ui khi ch8p Hn'8§ct @hmg k€hng.

ni Wm hUn chJ] rnaylon g 8tch2 bhmg hvidtm | i~ u
th " ng nhblt briong- Lehin@d md~ ySkyded® cé n h blt
chiQu d"y | .n nhblt | ° 25mm. ni Qu n" )
§p N cc.,a nhm bt rblt | n.
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H|nh17Nh1m b>t® NoGa@Ry dfex v™ xXpnBEP$Sh2 n
c v k. Bornstein va K. AcklanfB6]

- i

Skydex

Biélp khao sat p—
tam TN

A ST . X
, % . Nhom bot
b 2 0
45 T

Hinh18.BX tr 2 t h?2 n g ki Bomsthin visddK. Acklan@B§] n g

45
10 = = Skydex
— Nomex
35 7 —— EPS
E 30 = === Nhom bot
—' -
g ” pmem =TI TT TN
g 20 A Y
< ? = \
2 15 Vst AN
=) s %
10 | /7 A\
g7 | R
5 '—'// \\\
v T e e —aa
0 === ——— S
5 ( 100 200 300 400 500 600 700

Bé réng tAim (mm)
Hinh19.ni v Qntrgngt h i ncgvhdi Bdmmstein va K. Acklan[86]
C8c th nghi m n° gbljpm BECTIL §ypdl, . t
thémnhénb " lt« L€ ¢ tiJn h"nh gfn LO©y. C8§c
th ¢ hi n btcjin@dcdemldaminigz nlg@®ic mb[ o
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v & mWRomlys t L« gi [cmtheic & podg[ cg & BICT € n
[37,421C8c t h2n'ngdlingn L« L€ o biMEBIGHh " nh
L€ ¢ bl ahémb’ IbW& g minh t2nh hi§pudogel
n "[37].

Th2 nghSchenkemd¢c angt hs ¢ hi n th'ng qu
va Ldmphtmgng h2 nBCTt moddg nc®F m r € ng

| . p vdt i " u nh*m bt v c¢- |, p vdt
[42].
: 1004
SHER
200 200 l . r_I_so
S i s s s iosevo | TJFCC O

Hinh1.10.Cm™ uo tdt m b ° ttirnogn gc Xth 2t m&ph[42Mm c v

1600

Ehfmg c6 nhom bot
-------- Nhom bot loai B EZ”;

Nhom bot loai C (3"

Bién dang (it s)
g &8 & 8

o

3

0 0.05 01 0.15 0.2 0.25
Thoi gian (s)

Hinh1l11 KAt qud thvgiloa dt hguokdictohgthi h ®p
nghi Mm cv@d2] Schenker
Th2 nghSchenkemédc angt hs ¢ hi n L8&nip gi §
| nc | °n kJt BEdHwv_ i blnht € h& ng thu c
1000kg h3B7hKBHEENngqeFuth2 nghi m cho th
hblp th, t8c L, ng c,a 8p | cHm113 gi a



21

Hinh1.12Th2 ngMitMm™ u chNu 8pBM xc nY c

10000 5 | Gia tdc tAm thi nghiém I

5000

g 0 - EV S S S
5 -5000-_
1 | —— Khéng nhém bot
-10000 . . T v T T T T 1
0.00 0.02 0.04 0.06 0.08 0.10
Theéi gian [s]
4000
3000—_
o 2000 -
3 1000 1
¢ 0]
S -1000 S
g :§$g: | ——— Nhom bot l
-4000 - T . T v T T T T 1
0.00 0.02 0.04 0.06 0.08 0.10
Theoi gian [s]
Hinh1.13 KAt qud tiomgt @ P a ncgvkac MBc[B7E n k e r
Ngo " i nh._ ng nghi°n ¢c_u LiWn h3nh
gfn vi@yv dt nlhi®huy-Tien NdNguyenva William G Proud H.
Ousjive ¢, ng s. , Si gi tYeXav S acn tMoghels Sv,” c
HooFattv © ¢ . Indgrpad Singh Sandhw™ ¢ JinglinXuv,” ¢, ng s
Hosein Andamiva Hamid ToopchiNezhad Chitralekha Deyv ~ c. ng

s J[4851. C8&8c ngRu°onho. thbly t8c d_ ng ht
c.,a vdt,plii tuhQm bjc/hm dhmegp Imnt | € ng
n'b” tikhd t§nqublbl® &/JeblebwlYo t.. dy)

1.32T3nh h3®*nh nghi®°n cou trong n_ac

Vdt cl-i “cublur tmdacnlii chung L« L€ ¢ 1

l onh v ¢ nh€ ¢c8ch ©m, c¢c8ch nhi t <cho
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. n€e ¢ tanghi°n c_u _ m™g px v .c, angl od9in
gi m t8&c8pd nngh€aacing tr3nfhy nighive'n c
naol € ¢ c¢cl'ng b’

1.33.M h3nh h-amybtLlil itMum x Xp

1.331C8c dvy ng m* h3nh truyZn thXng

T. th ¢ tJ cblu tr Yc ohnheDitLi€ o mémt K
v3 ch¥%ng kh'ng ph% h p LW L&nh gi § |
3D th ¢c. Nh-m Lfu ti°n c,a c8c mt hs3s
h3nh d a tr°n c¢cblu tr%c c¢c8c thanh ch’
th€ ¢ cha ow8ctyolbhg vdt | i u c_,a cé8c

i oy
w &

() (b) (c) (d)
Hinh1.14C8c m! h3nh thl!afchhcwyogt@®@dyxa t

M1 h 3 nlho pk hpXli b ) ntétrakdidecahedronc) K h Xi 12 milt
thoi,( d) 1Kh Xm'lt h[82hh t hang

ML t[ to"n di n nh#ift n\hQ cthb @irHinfe n h 3
114a, L€ ¢ L<€a ra b [52.Gimbksiom vig Absairb yl f
vQ biJn d4ng n®n Lhn tr_c L€ ¢ LiQu
Ti JJtmgang c¢c_a thanh ch ng L« L€ ¢ Lh
€eu hlJ] In® s, Lhn gi[n c¢c_,a c¢c8c m! h3nh
th€ ng | blp kfwokh!hg giah'wg xim ch”
c.,a .c8c 1!

M t mim h3 miy kahtr@nk h Tetrakaidecahedron L « L €°

xem xX®t b Dement jev v° Tavakanmwmgy, s
Zhuv © ¢, [B8&6l.s . M1 h3nh L €Hmhltld&ceW WNi- 1 ator
s8u h3nh t_ gi8c v~ t&m mHtv dit3 nlhi lu ¢

d4mgy t<€hng _ nwdtv_ liit MBEaoxhhphn cso v, i
khl dp p.h€ehng
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C8c c8ch tiJp cdn khbhBlodtddonochHlcanmt
khTlii 18 Mmkbtthoivad Uk’ i  h3lh@u trhren® ¢ mt
t €hng _trongHinhh1& vaHinh1.14d. Haid Yng | , naycong m
thwW L€ ¢ bdt ngwlun gt hnlngiiBlitrht® cnBi@ tht hc” n
dUmg nh | HEX)vad $mighk h" i h<eFeCy. t Bl @i n
12 mBunhh thoi ¢+ m t ph®p L i x_.ng |
Tetrakaidecahedron v3 vdy c¢c8c t2nh ¢thblt hapvh’
|l © b=yng nhau theo ba h€ ng cthahgilQu ni
nhaut €hng L i ¢. ng theo m t h+€e ng do
h€e ng2rh chblt LI'n bhmge, anhwpi L« L€ c
Ko [57].

Ngo"i ¢c8c dUng m* h3nh L€ ¢ mt tT
m t s c8ch timp tHBnchklb§tr twbaudt Wl i’
M t c¢c8ch tiJJp cdn ho"n to"n kh§c
m t mivdhts dHh58L.u &g ¥pu @i nl€a v o mt h?
s d,.ng c8c s i CHhOm ht crrMfgeéui Quhid ni.

I:aali/@, di n t2chvimmHt€celt kAgangi 3D

c_ ng c- LENsgi ke®hcDn i v, i m3nhkh’ &
c.a m!' h3nh L €HimMli8iNmh nlyg & Yinr emd)] ch?2n
n"y | khing kJt h > p s u" n cong c,
li°n kJt vQ kJJt n" ih henah ch8§ac gil ,a rc,&
th,a m«n. Do L-, L nh h€ ng ngXu nhi
nQn tfng vdt I T (vi phY9Ym c8c L nh [ u

mbit v~ c¢cblu tr¥%c nh€e vdy vi phUm clng

Hinh1.15M* h 3 mig  xuX mwa °Ilne (b&r man
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M t 1l o4i m* h3nh kh8&c |~ m! h3nh ¢

Cc u bao g m hai lo4i c¢ch bln:

Mé hinhh, n th€ pc ph§t tngharmad g~ mCumnt Kk
thanh ch ng AA0 ma€'ta dnk mitg whu@hndp  mdt
AiBah€e L€ ¢ miHNhl116[59a60]t r@%g h3ng s hi
t2nh trung b3nh tr°nlctimhfal tc§e¢ hhvet

khéng gian3D.n " i v, i cblu ,mt¥%ud ulb3Ing nh® ng L ¢
ch™ ¢+ kholng gfn 1/6 b, phdn cga c8§
gfFn v.,i h<€e ng t[ih, wohdegh Lu- tI[i fhph fun
ch” ra r» r"ng r3ung m* h3nh n"y d, a
| © ¢ch c¢chJ bi/Jn d4dng ch2nh. Do L-, n-

c8c thanht cghdanng tir” nrgbl

Hinh1.16.M* h3 nh hén hi[p9,@&0ppa Cuni ng
M, t m* h3nh kh&8c LW d vHb&hipc8rc, n§

m lamoé hinhphfn t° t . di " n c_,a Warren v
Hinh1.17[61]. N- | " s. m r.ng h p IT ¢, a
b i Gioumousis, Warren v~  Kraynik v~
S d6265].

Hinh1.17.M* h3nht dgh®Mnat Warr en[6ly ™ Kr ayt
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Tr§i ng€ ¢ v.,i tr€ ng h p 2D troncg
rgp theéebhbh mrtsac addMdlgpgh3nh | . c gi 8c, pl
re ¢ tpnth’ m t mng c- trdt [66].,, nh+e€

C8c m* h®nh n°u tr°n tuy kh8 Lhn g
c8§c kJJt qu@.  mgiil 8h,  x§FdulL nh L€ c m?
i u x p. C8c giai LoUmi fm&dUYng omly€Ca

L€ ¢, LYag2biv, ti ItthQm chly dTo d”"i. n\
v’ c¢c¥%ng vVv.,i s, phg&8t tri Wk :itrhtundit m& nd,
v ¢c8c ph€ehnghphgpb®po&8chphkh€ehng phs§gp
li u x p s8t wv_,i th. ¢ tJ hhn.
1.3.32M* h3nh h-a vot | i Mu xXp dxa tr°r

M1 h 3 nthtrakaidecahedron « L€ ¢ gi [ L  nh |7
s 8cc kh i La di n | blp LFy khtng gian
cu' i c¢c¥%ng lg-cctrhdg ©RAHh giv_.d c&d d!
a120va9®. S. vi phYm h3nh h ¢ n"y c¢- t
h ¢ c¢c.a m* h3nh vdt i u x'p

C8§c m! h3nh thtceng tthhWe In@® chic i ct-hi
s 1€ ng c8c ' Dbao quanh, t_c |~ k2.
m: h3nh v,i ¢c8c kh i |, r, ng khtng |
b" i ValluwWskg¥h nhi°n h-a m t m! h3nt

| " ch ngXu nhi °n tetrakaidecaBedrof®7]¥st Do, &4 2 kh h’
nhi°n (m t cblu trdcnaggtXmu® mhdé Bl trelic
Lfu), kAt qul | ° c¢cblu tr¥%c m! h3nh L
tr ' ng c,ahutp ¢ hacg8c |, r. ng tr° th
| . r. ng k2n kht! g dntn ht2nmh hiF%n g dh Sk .
cho ¢c8c x " p ngXu nhi°n th ¢ t]J].

M t cli ti /L€ cc at hmic hhdinhn b Gantva § c
ThomasVal uys ki kwhdt clblu€u oaximp chfrhm h-. d ¢
tracvim®* c¢_ a vdhtPBr,68) xni@u n"y L€ ¢ th,
| bly c §cvinOklu3Dttrongicc, Lt hmgv t. s . ngdt
gianl €V or onoi L€ ¢ ne9.t WehireVeiroRorte
t2nh ngXu nhi®°n c¢c_,a c¢cblu tr¥%c rblt qua
hinh[70). H  cimn®nd €utdg&8i ng€ c v.,i tr€
Voronoi vXn ch¥ao lteh'c.iTiofgl @yhph&noi , d
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h3nh h ¢ cu" i c¢c%ng d a tr°n sl prh@ng
trongx ") p. Quy tr3nh n"y te€hagqus8 th®&nfgu
c8c h«&t mh&nm tri Wn c,a c8§c bong b:-ng

hinhthand , r , Mgt d4ng h3nh h ¢ Voronoi U
k/Jt rblt gi ng v.,i c¢c8c cblu tr Ycocdcs3 nh
gi Il L nh sau, L[®]:c L€a ra b°i Boots

apo

Thbit ¢ c¢c8c h4t nho©n xublt hi ' n L ng

Tbit ¢l c8c hUlt nho©n vXn ¢~ L nh

TYi hnth ©n, s plh §td.itorgp Wna cy ai t ¢
theo m i h€e ng (t_c | " t&tng tr€ ng L

Tk, ttng tr€ ng | I, nheAgh&ntLVvjiyv

S phg8t trj Wrhilgnadmtt bblt c¢. khi n°
|, tie x¥c, vi ©mgnc dn .

b) x4c dinh sb luong hat nhan t6i uu

a) Dir liéu bot va sép xép hinh cau ¢) Phan ving Voronoi - Laguere

f) M6 hinh bot 3D
e) Phép trir Boolean d) Sura dbi do day 16 rong

Hinh1.18 Quy tr3nh tuv o m[72h3nh vot |

C8§c cblu tr¥%c |, r,.ng L€ ¢ t@We rca t
Lfy L., ¢c8c . ng x c¢c,a X p th c¢c. Tuy
ph8&p Kk t mihdRim gtouc tth@p L€ ¢ d. i u
c u. B°n c¢cYYnh L+ vi ¢ x©y d ng m: h3
th ¢ ¢ khch " th® -ckhl[ t hi trong c8c
|l ¢ phfn c¢c. ng m8y t2nh. Do L -, c8c
m ¢ mt t[ c8c mXu veh, |i u x p c- kb?2
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1.34B" " n NMwuanlLZ nghi°n cou

T. n,i dung t " ng h’ p, ic8achaenSgthhisighlic
l ixup-i chung v~ LHc kékhl[ IntngdthHipi 1
| € ng ,r Bltr Ingnnénelthgs mMh @ cho vi ¢ cblu
blfol vim gil[ nmcgt&pc d” cl ° ncokgArinh ¢ blu

C- nhi Qu ph€ehng ph8p tiJp cdn LW 1
khi ch u t8c L, ng tin®m u®mn G Sduampdmeh n g
x8c L nh mt Euh hl ivndtic’hiPaut k" @ s. phl
s. | "mwdt xl'ig€aRlg phs§poainta ht mhn k: t
ving Voronoi cho ph®p x©y d ng L€ ¢
X" p th c¢. Tuy nhi®°n, phehingoapmhg x n Uy
v clng ch, yJu ph% h° p c®ocnghji®°n c

Nh. mghdn L &®h, gahdt htbly° h<€©, ng nghi °n c
i u x " p LW t Yok Jtheeéndg ktJn 3 cibluc b’ Tw &p
rblt c¢c- nghoa th, ¢ t /L8  pthi€m gnitprhdg p. m
cblu tr%c tvil imtuclW @ d_ ng t2nh t o8§n

Do Bghi°n ¢c.u m* h3nh vdt |i u d, a -t
ng cxwadt xlI'iphw ¢ h<€ ng tiJjp cdn ph¥% h°’
c- kW LJn s, | "m vi ¢ c¢c_,a vdt |li u x

1.4.Nghiénc_. u th, ¢ nqhi pis ng v~

M t wvbin LQ LHt ra trong nghi®°n c._
nghi m n" ngo"i th,c L a v,i nh_ng L
nay tr°n thJ] gi, i xu h€e ng nghi®°n c_
th/]] th'ng qua x8c¢c minh ch®o v, i kK JJt
Trong n_ i dung n"y tr3nh by nh_ng 1

phfn mQm m: ph, ng s~ ph% h° p cho n, i
1.41.Thxc nghhiiMm ntYr _ yng

Th ¢ nghi m n-rioncgh kkng tvh'udltHc bi =t
h m t ch sh vdt chblt Lfy L., LW LTm b
th, ¢ nghi m n° trong ph,ng th2nhnhghi’
B°n c¢cYnh L- vi ¢ th ¢ nghii mchmi phan

khtng gian r, ng v~ phli I @dtch Xsm qquuy[Qr
M t yJju t° quan tr ng khs8c | 7 k: th
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chuy°n mitn th,¢c hi ' n trong m t quy |
c8c tjiQmr&n g©y ra trong qu8§ tr3nh t

T. nh_ng h4n chdhc, a ,tLth€crhgghicfm
ph€hng ph8p thay thJ] tin cdy gi %p ¢
| i°n quanpeXnjnc- v, thhw L€ ¢ th c¢c dvao n v
th ¢ nghi m n° hi n tr€ ng. C¥%ng v, i
c8c phehng ph8p t2nh to8n L, ng | ¢
mQm cho ph®p th, ¢ hi n c8m! tfh, mghi’
c8§c phfn mQm &g cnghygtc tmri Wn, ho" " n

1.42Pht n mZm ph©n t2ch phtsX¥At @Yhou hunr
Ph€hng ph8p phfn t° h_u h4n ( FEM)

r.ong rhil@undong . ¢ nghi Ph€bng BEh8p nhy
c, LW x©y dQmgmé&phpmhfns  nh€e m? ph,
s” c¢c8c lo4Yi wvdt 1i u k/Jt-bhi/pn vdUng 2cn
c blu

Vi ¢ t2nh to8&n kI, EBoplb©oht ach8phfn
k/Jt tbBlo tth§8dé dyiaagt [Tr ongt i gi giagifan | ~ n
hdn" tfnlLsmapt@yngl ©~ phon t2ch th ocgt he i

Ngodira, ng xvdtc_slai tuhkinhd @n¢g kv@jdacta Blong t h
c.,a blLiQutae8nt2nh phi tuy/nQ claio®n ngW &
m: ph, ng s t &djtd, crigt ncgh ' cy ph©n t2ch
sau:

(MC- th> i gian t[i v° phln h”i L Hc

(2)C- L. kxh[ Inlkncg8lei viblyifp@ iv dtuy Jjn h3
v™ phit rt9myg/]n h8i ;

B3Cho ph®p m* ph, ng ph®©n t2ch L, ng

(4)C- thw x |IT c8c vbin ilJpg wQacyVv dt c
mQm v, c. ng

5)C- kh[ ntng ph©n t2ch s, thay L i
ch” u _ng sublt.

Hi " n nay phfmhmQm L€ ¢ pm&t phyr nyn:
L ng | kgt hclslu chk’ wa tviBlclERDYNAggDYTRAN,
ABAQUS, ANSYS, HYPERWORKS...
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Trong c¢c8c phfn mQmLSDY NpAh,In'g pnh°fun tm
ph, ng c¢c8c b"i t 0 § n verddre SbffwarecTlechriolpgy d o
Corporation (LSTC) nghi°n c¢c. u phsgt t
| ¢ h ¢ pWDYNAuYRhc S d,ng r. ng r«i
nghi p * t1, t u th,y, x@eYNA nig€ o upd
tmi W. phfn mQm DYNAS3JNno sph ©t tHril W ulb

t h?2 nghi m qu ¢ gia Lawrence Liverm
m, c L2ch qu®n s . V7o th i LiWm L.,
ph, ng b”"i to8&n n tmbmg khi ©E&8&8n ph&n
khing ph% h°p. Sau L-, DYNA3D ti/p t
1978, b, m« ngu n c,a DYNA3D L€ ¢ d
|l onh v, ¢ doOn s . Ntm 1979, DYNA3D r ¢
h-a thi ctr°n c¢c8c si°u m8y t2nh. Phi?
b"i to8&8n tiJ]p x¥c gi_a c¢c8c vdt thWw,
bao g' m th°m 9 mt h3nh vdt Iy, wn'dho
k/Jt c¢ blu -strewrp)lVo sti®@reng t §c Lblt L& v, i
i nteractions SSI). T c¢c L, t2nh to8§hn
vV, tre c¢c LOy. Phi°n bln nktm 1986 L€
dfm, v,, kh i clng nh€e c8x%t?2m®@ mHimng
chbin (dampers)é Tt AHalBlfquinttm 110 8t18€ v
clng ty v° t° c¢ch ¢ vQ vi ¢ s d,ng
LSTC L€ ¢ th"nh I dp LW tifJp t_c phg
phfn LSDQWNA3D ( hoHa wi USDYNAh ra L~ i v~ |

m r. ng t2nhSD¥YMAtgr.” Tt h"Lnh m t c¢c!tng ¢
L€ ¢ hfu hJt c8&8c y°u cfu m* ph, ng b~

LSSDYNA | phfn tmQrm h, ng,tmbmphémi€h phan
hi xplic¢)E€ ¢ s d_ng LW ph®©n t2ctk/Jgh(ln
c blu b alLS®OYNAQat. h€ mi m3nh vdt i u pho
ph©n t2ch tiJ]lp x%c ho"n tollh«tchd,6 mh
ng€ igidPingquy/t nhi Qu vtbinc LIM@AL pchagoc | t ©
h> cnv, C8c |l onh v c¢c -DYWINA dbag & hm:nhM*X

L. ng | . ¢ h ¢ v' tiflp x¥%c biJn dlng |
an to"n, tYo h3nh Kbom IgchW®ip, nt h_ y at ivr
h€ hll nmg | ¢ h ¢ h&IRhbFknh PnégNA Bk h[[ ning

mUnh trong phoOrn "ticHplxtg bidimaddhgg
h3nh vdt | i u, ph€ehng ph§pv ghmipbth li"
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ntkng ph©n t2ch ti JJdg x¥%c rha,” nphfor nmQ@n
d. ng mi_,n ph2 m* Lun ch<€ehng tr3Snh t!
PrePost , mt Lun BSDIYNA Poogram Mapnagdm 1 g o =~ i Vi
trong LSDYNA t h3 cl ng UIs&inc ttr22ANSYSHh Fho mQm
trong nghi°n ¢ u s-BYNA BWnghphFhi mQr

m: ph, ng s’

Y| Tel Jvu.gg.ué?zul

- P I
1 »
= »

(@) (b)
Hinh1.19.Gi ao di Mn -pNNA: mZn -MI6EePasat LB) M
LSDYNA Program Manager

1.5.KJ]Jt th€ehng

T.n, i tdumgté@oao t hbly:

T8c d_.wg cg®y ra §p mYnéncongtrimhdamg L
suy gilm kh[ ntng ch u | ¢ c¢c_,a kJt c
ng€ i v~ bibénarongT §chid]tng- nhi Qu th” nh
v ¢+ nhi QunyMuttronmhne it @dpung c, a | L
c_ u t8&8c d_ng c.,a 8p | . c¢c n’ do s-ng x

Vdt BTCTIu” 1 o4i wvdt i u L€ ¢ d¥%ng
nayn°n L€acch n |7 vdt |dfrmu bbPropnghiéni t -
C_.U n« ¢ - nhi Qu nghi °n c¢c_u v gi i p

l o4i b° tlng an€ilmeenign gc 8nch @ igliia tpthrEgp K
c€ ng khT[ ntnkg/tk hcg8bhug cchit nfgc cidiadnngh

T. LHc Li Wm cblu tr¥%c v~ LHdrtz2ngh c
c¥%ngc®cinghi°n c¢c_oahohtbbpwgkhkhl mndhrg g
| cc.na v.¥tvVvHt Ui pdoadf@h@mnbiy/ chopghém g |
ti°u t&8n m t 1€ ng |.n ntng | € ng n’
vdt |1i u xp L« v' Lang L€ ¢ nghi®°n
bFfokft cblu cchtnug ttsr8mdhing c. a



31

H

Vi ¢ m* h3nh h-a pnH«xlLe€ccanghtt°hi
t. ¢c8c m* h3nh kh i c¢ch bln L/Jn k: t|
nghi°n ¢, u n"y kh- 8p d,ng tr ,&Hti JJr
ra vbin LQkAFngutth2 pnghi m _ aknhx ¢
vdt | i u trong m* ph, ng s, LW t2nh
k/Jjt c¢cblu b[fo v cho kJt c¢cblu ctng tr?3n

Vi ¢ th, chinghit m&nag Lv,'i thi,Qm cXini npt
romblt athroongnqusg tr ¥YachftnhA,ncg hd, mmg ph¥
h " p LW mt ph, ng s v, n° .TMompd,k r iv,
nghi°n ¢ _u | a-DeYWNAn dphfcn m@m QuS nphh Y ¢
h® pcwci b"i to&n m' pha ngdtv, | in"uv™ t:

Qua nh_ ng nhdn L  nh ° tr°n L« m r
cfn nghi®°n ¢.u ¢c- t2nh khoa h ¢ v~ t

Nghi°n ccyuvadigl Khu xhpu §gcnéddgpng c
v kh[ ntng . ng d_ng cgchaT_ v dt- ItihbBly krk
LHc t2nh c¢ch h ¢ ,Llh tsre€kdoa, @ wdtL W i
l i unhx¥np cblu tYYo th"nh kJt cblu blo v’
c.&p N Nghi°n ¢c.u ph€ehng phkk&§prmhghphft
mQm m! dpoha ntgr °n d_. LIW ‘pth[tnh 28 nrhg lsi§tm nt
c,a vdt. i u x'p

Nghi°n c¢c_ 1 mipipflyy bRQYNAK JJt vhkipt qu T
th ¢ nghi mhRinEa nta €om@hng phs8prghom! h
b"i to&n m! ph, ng n’'chli&nlvedbaatbanméu . M
ph, ssigyng c8ch x8k/migalfcb®a th, c¢c ngh

S'd, m$ hinhm* ph_ Ing Is€ ¢ EWuKh[b-agt
c.,a c8c coiulkivJiphc8ops b Fo ng vndit Awéng caau  x
hi u qul . kBJFogudy Lohdhingg h- nghi m s LW
kh[ kHngcblu bl[o v gsi [ md, tnEgc avddshp gl li °cn
k/JJt ¢ blu tcht ncg tt/Jr.3 nh
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Ch€ehng 2
NGHI gN C U KH4 NFENG Hp P TH, CP L- C ¢
VEé - NG D, NG

N i dung c_timhbdaye Bheg/jsEagvadt | i u x
d, ng m&ophun@pa ng x c,a vid§c IL mg kthic
Nghi°n ¢c.u _ng d,Inhgaméhpim, mg B3xnh Vvc
th ¢ tJ c_,ahveyg ¢fuauchove ix ¢ riinhu t |
Tr3nh b vy _ nngtndg rigechytpgnitgfhm r unge . va g
vdt Il,phehngpth. ¢ cblu t Ye hwlp tt2hnh §tpo §

H

21.Gi ,i thi " u chung vQ vdt i u x p

Vdt xlI'ip€ei c tUo ra v, i lavait Yy fJu ut n Qai
th8i c¢c,a pha kh2z. C.- hai h3nmwhg8i p
r, g ng HiR2M). Qacl , r ., @g aoblu t r Yachopmhépn g X
khing kh2 c¢- thW | u&onlcé¢huwWwn giblua tao
L-ng k2n ngo” i lcblur ter gac mix&hen gn gnthne ¢ &
v8ch ngtn ,ndhg ghadngdoho kh?2 tho8t r
ra k2ch tthehsg Mai rtmg quan tr ng tro
kh2 tho8&8t ra khi vdt i u b n®n.

—

Al

Hinh2.1.CMm u It & Yac € (trdqy) nvea” € kig@p hy i

Vdt |1 i " u nQn ¢ thw BH€ng Ic’ mgdtdh orc
L' linh hoUt cao). Vdt |i u nQn ding
khl[ ntng ph,c h¥i. Cblu tr%¥%c c,a vdt
hoHc vdt i u nQn b bl gXy. Taquang

bi Jn ddng dTo v, i rblt 2t hoHc khlng
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ao

Vdt |i u nQn c¢c- L. L"n h”i clng L€
vdt | i u nQn d4ng n"y thtng th<€ ng |
rblt Iinh hoUttrwng -t HL§i pchgoc, hvii' ¢ ph
li " u c- thw I~ t ¢ th i hoHc sau m t
L'i Wn h3nh ¢, a |o&8d palgthyleteiiva polypropyhkene
th€ ng tdmngrawWdt | i u x.p c- kh[ nt

S La dUng c.,a vdt |i " u x " p clng r
I« cho ph®p c¢c8c nh” sIn xublt vdt | i’
ntng € ng | .n, ch  ng c8c vanhdp mddl
d. ngl] pmb ¢ 8il[macd8ng c_,a vdt i wu

m: h3nh t2nh,nt¥m lcdmoh vdits Ili%mug  ng
c§8§c LiQu ki n s d_.ng kh&8c nhau.

Vdt lic-unh’i Qukhacnhgutd omg L - ph” bi /I
nhi t. B javkhthtgingimhtinhdXnr nrhg It. rc_
r bit vrdht, xI'ip € ¢ s d,ng | " m chblt c8§c
bi JJn nh€ LIbWncddm hx nfhichho c 8bomgtinhc Mt €
~ng d_ ngttp® ndoivmbly ntgbagbil  ®i vc cho ¢
b trong qus§.M rt3 sh wvdddmn gc hvudyt Wil h € ut rx? r

Hinh 2.2.

XXp XPS Cao su X
Hinh22.Mi t s X dvY ng

22. ng x c¢ch h ¢ c¢c,a vdt |i u x p ch’
221T2nh chmt ¢ xWX¥»c cva vot | i Mu

M t LHc LiWm qutaznnh ré¢ mldt cghta K o d_~
mdt L, tr@hntg Ls’i gi. a mdt L~ anda Wdt
vdt | ir).u Km@n mdt L, t<€hng L m bgnguyb

n°n vdt |i" u x p s€ tktng L, d"y khi
kh*ng gian hhn | "m cho thW t2ch r, ng
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n" i vwdti i u x p E-rkigwlu  kiwivacch’ u rn¢
thiguan Isudbtin/yn bl ntgF ud Urnygln t2nh 1 i °n
X tre ¢ khicoa txriigli chH€ ¢ h3nh dt
TiJJp ghaa nhy' -buHlin kdh¥ing Blulat rBseng cong

v x! | ch tYo th” mhonm, tlL -t h@Qny bsiupht d
L i ( MgUs o@l&eagstre3y Trong ¢bBIE ng¥%b’ b,
m- thicu | ve¥%mxd pEub’ n®n khigmgmxdhalgcu t
X%c Vv, i nhaatvechbut Salkhix vipdhanhkba i r dn

hoan toan va khoéng con khong khitrang ¢ I,k htr . bhg oqu@a4s ulblt
bi JJns&U9ng” th " nh LInHxE@btuz nthr Yec, av dvtdtl il |
L- k¢ n c-t€hggxablu nthré&zm .|  Ch¥magg St h W F
kéodinc, a t h  whhng®n kh?2 (HinhDd3pthay vich Tt , ag
c.khung mxhédnogdu @l r 4o ..ng m

100 pm
Hinh23. Sx nx®&Ipé cvwankg nl -cnhgd i tAhm yWdusnyg c¢cm u
khung x_. _ng v ' [73% " ng c8c | €& r

ng X ¢, a tpoBu'tm 3andimagiblud Yn &hac blu
nhau, trong L- mdt L, L - ngnhbdin lho " w,
cblu tr¥c |, (trr,_ngkhti-incgg8 gkleny v~ o L., K
r, bg thi®p sublt kh!'!ngclBl2nlg t(mtgh M2°tné o hrto
ti mgfldjn VQ)ch blkhi ngh'xu n®n c¢c_, a vd
tr[i gqua ba gtioagHnN2dMmhl iaWn rvig3 sbhi Bjtn  d !
c.vadt | i u badipa it(Vihg £ Ming2- Vung 3)
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Uhng suiit

Bién dang

Hinh24.n_ yng conangq wsanAtnh MIY ngXpot | i ]

Vdt | it ru kkdPpnc L §o v @ omHitHidcal inhg/mcc o n
. ng -uBltn d4ng H6 WBah3ditfiudg, as x tpg [khi
qua biJn ddmdg Wim ef>@i,BE(ch”™ L i v, i
didng ntdnthedv nh | udt Hooke

S =E; ¢ (2.1)

trong L-: W@ "I "bi Jjing dstunkgt ,danh nghoa g
vdt i u kh8c. TilJlp tJtkehd I'" LvY%mwgdtt HC
qua m, t biJjn d4dng |I. n m" khl'ng c¢c- s,
quatrinhk ®o d«n,vu ' tnhdmnaghd2h’s,_ pbhilng cx €hn
c§c |, r.,ng. Trong vdt 1| idenn X"m h¥n
th " nh ,trongcaéov dg | L " a ®Tp, L- |~ do s,
| rc,, mg trongxcd@ic, wdlt- |li®“ udo s, chbhughi
tr Yac | | r. ng.

Khi vdt i ulx p,aoaBuumird e o ,@Hluc, e
tr¥%c x€hng vdt |i " u b u' n cong Vv~ s
vdt i u x"p c¢cblu tr¥%ec |, r.,ng L-ng Kk
concoquat r * nh n®n kh'ng kh2 b°n trong |,
quarhl ., rs, nigh&8c Dbi t n "HinhZ5€ ¢ m! t[ tr
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F
F
f,
a) b)
Hinh25.Sx kh8c bi Mt qu8 Itg Smé(nag)hmei nl &n :
kin (b)[52]

Do L-, trong ,guain boUYm Aop®8 d&lyHic  a
| . m lagng sublhaiEh tkmig cblu tr %c b n
trong c¢cblu tr¥%c |, r,ng L-ng k2n qus
x[y ra s, n®n ®&p kh? trong |, r.ng |
v V. i LHc LiWm n'y c8c wdtng ik2un xt hp€ c
d¥%ng nhi Qu hhn trong c¢c8c . ng d, ng hb
222&ng XxX0O ¢cC_ h 2xcX@hvlar ym®tn | 1 Mu

Gi bson v° Ashby cung cvblp nm ttdp R@nng
vdt | khiunén{52]pVi t¢ mmt &bt phfn c_ as €ig©n t
cblp s. thhtivvo b@At&S8¢h Yo K&pgcE&é chmich h’
nNW x 8ot Llohn chVadt “gi aubdnUipdt ckhia u
khung IX€himgng m dcdomhFfn m L€ cr mig h3
Lhn giln nh€e m t didmgit ddgfmm dci § end pvbuf nn gt
c hi QUu(xedhHinh2.6) . CE§poh¥ric&ac x/Jpuvaochinge n|

L€ ¢ n"i v.,i nhau tYi c8&c Li Wmtgil_ia
X Ipi °n qlwaEn tth/Jpro m" i quan h sau:
2
re, at i
— : 2.2
= K (22)
vamdmenquantinhc, a phfn t cipihQe Hdduyac pvh fon
|~ t* (2.3)

M: im skRui L- L€ ¢ t2nh to&n b3ng ¢
b3wng m dc_ la€dfithung )x@hnag tTi tY9i L]
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| ¢ FHIMX® mM n, v»ng kE€ac dfénc cé h d i

ch Bl E m* Lun L"n h i c¢c_,a vdt 1|i u

3
d F_|| (2.4)

S

T Khung xwong
y ‘——Z 5

7

Mat thoang

Hinh26.M* h3nh c¢cva Gibson v™ Ashby <c

Khung xwong

/ bi uén cong

A

Hinh27.ni v»ng c¢cva khung x_ _ng (dt
L ¢ t8w "d mhfn t° c- li°n h v, i
F~ sl? (2.5)
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bi JJdc -d YUnig°n h’
. d
7

K" @4)- 26),m* Lun L n

KJ] t

TrénL ©ym’ldguan
m (nh€eng
trong
d.
nhau.Cé haiv bin g Ul &n

vV,

s El
E=g T

h*"@2)va3)nhdn : L€ ¢

E;

Qo

o,'f

oo f'\)N

r

S

O

ES
h H

h

ao

L t<€ehngdt’ | c¢¥%pamw plhic, a

tr ng

Vv

X" p ¢c-

t . dUkd i gp mF rc §tc’ dfm
mangb ao quanh t YxemHmMA2B0T tkyh "ni h ik°2m,
vdtmélhihhph, thu, ¢ v~ o Ihait hyJruhkhitiontyr |

| (xemmHgNh 2.5), nén

1.n" i v_,i thé¢Bb opfamnl u'm ngt €€n g
nhgeh€ehngRnb@mg L€ ¢ nhtonomng il h°
rdin a phfn ki(hhugnog ix @ehnffgn Iim™ nrg ng

m! LLCLoKE ic

t o

ch'bitmtrrddd ngyuhayv tt8tcl ¢
gi ai Lo9n v nl «h™Li€ techydjablstoznm v 7 L

l i u th, ¢ ngwdt m it r nxmnmp kd-B olC
t r° nig€uc fin LW nchidin®nmdhrblyy
vid@n-l it fum qu
h ng Lfumtrdnign vhiT ocYicx 8 pl "Ln h

c bluk 2t Yc€’l¢ mi nly3

t -

V»ng C.
(2.6)

c,a vdt
2.7)
(2.8)

L &~ w ch ainph ftnu nt

L

nh nhg- a
(thafhgkipthfgh X 1

n h
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Thanh I6 rong

I
Hinh28. Mt h3nh cvab@ kdonph!® nAdlo | € r

22S L-ngchblp kEha trong L, ¢ _mgp&ha

d . a tr°n Ll nhimlurdth Bogil.ea 8&p sublt v
" nhi’ t L, khtng L

pV, = P’V (2.9

trongVgl®™ thwW t2ch, cvangphd "t 8epngublt ¢
cho bpthdibatl FWy . O©m~ stulbit tpr ng t &c d_ n
nénL € claghpnhc la cthp sublt ban Lfu v~ §j

p|:p -po (210)
GifTchbo x W ¢ n®n Lhn oLincthW tBWht
qua bi Jn dUYldtgh3d acnghc ntghhVg at 2 ¢ hthérg-qual i ° n
bi Wu th c:

\Y
\7:1 el 2v,) (2.11)

0
tr ongsldh’ Poi ssanpcTuy nhikftomgpthF readh blt
chiJml phfnngnBhntthMong ch khvo Lgjinh W t
tichVgtheobi Wu t h_ ¢ sau:

V, _1-e-;) -/

9 =

A 1-ri/ ¢

(2.12)

KJt h°tph @ada2rvg R9va210, khi L - 8§p sublt

c,a tlfiLmnyg agph8o t vdt i u I°
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pi = poe(l' 2Vf )

= (2.13)
1- el 'ZVf) '(/

Phfn L-ng g-p vdom &9 dwbit LKkMm! rhg ik h
| . r. ng trong LiQu ki n biJn dldng nh

Ef — dpl _po(l' 2Vf)

2.14
°ode 1- ¢/ r (219

3S L-ng g-p cluili" nc*wnd w_ o, fvidlt, |1
ddng Lifdngdb2danc, &®bh " wh fg"nh phfn n~
hi " n baung c8ch phon t 2cc-ch gvi'§ stor *s §nnhhe

Iy
1-7F)— (2.15)
r

trongelll'- t° Ic, ac hpHitF nr dhhung x<€hng |, r

K/t bat p" nhl -prhdmy,mp Lun L " n h
r. ng kib- ng

2
E(, .ar; 0 P pd-2v)
—°%°f=— 51 -J— — 2.16
e & Y T R (219

Bi Wu (2t1¢)L € L€ ¢ x8c nhdn th'ngmgua

Phfn tr°n minh h a ph®p pho®n t2ch
X .p Hhnnhn_nag, n, imidwhngh tar °sn L-ng g- p
kh&8c nhau t Yov dt® nl ic b xrpgscc ¢, @abluC ftnr ¥
|l €eu T rvng trmomgphfhn o [a cl§x ,pthlalg L~ r
r. mg Hay r, nkgz nl,- nngdt L, t €hngnilCbb nl Qu
thbly tfm gmdah ¢t rl ffi®@hodaE&cBae WLy d2 nh

i u x ' p
Trong ph©n t2ch ¢, at@i@ms/pnn dvlnggA siht
sutblih® i Li Wind]JphalydgVhmil " n h” i v~ gi ai

si, nhdn L€ ¢ blung c&chnxemi OtulMW b d
congcaict hanh khung x&hnghic@a BHion B g h™
mo men quan tinh(xemHinh2.9) . L ¢ mfg Hi®@Mhctng th.

Euler.



Hinh29.¢ ng xo cva phtn to | € réng L

I:crit = p Izs (2.17)

Blng c¢c8&ch th ¢ hi " n m t phon t2ch
22)L J@8v" so s&nh wyquanh't hgic. @ ghmnd msublt

t €hng B illuwi MM i ¢, a plédaody wdt [l ic'b
r.ng m v~ | mir tg sd, asgcpKd@ntyr “uc |, r
L€ ¢ thW hi n thtng qua biWu th_ c:

s! ar., i

26l 00,050 ¢ (2.18)

E, cls -

Cp subltc bank L¢Frublp k2 b umoggvidh 2 | g uwpW
cblu tr¥wc | L€ cnghl nmgg mi2nrh | ° khtng [
s utsbhg quatrints . pc lla cblu tr¥%c |, r, ng vdt

T€hng t vdt il i ddugx chblt dritado (@x ap i lo

t hQm bi JRhdHggt hWnph, ¢ hS_ ip L€ c(,x Gph3
s} €. @ablu trvde€lc x8§mngl nh bREYbItc 8¢ Do x

cacl . rTronggkhiv, i vdt | i wu xng 9dHbBItg Lipn
L " nh b3ung cphB dieAricxstats %c | . r . ng.
n" i vdti i u x p cbly trdagt gQmi bd g

dUng, hgnsublt ttngchbhanh¥%bhhpsQuugiwm
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[nh h€ ng kd,!ar g8 [k hg u Hitrtoknngg cl &cn Ik hir  cn8
r. hgu hGp Ihip ¢blu tSr wud - kipngkhiterggiai a 8§
LoUn thQm bi/JhhWidig k., h2nh theaicBoH
L " n h™Y i theopyh@hn2Br 2 ngoUi tr_. hoa L€
hhwvih Boissontrongi ai sLp4bh” xblp x° Db=3ung kh
L -ng g-p t_(W®Wh€hng ht md3nh

pio — P (2.19)
1-e - ¢/ ¢
M t [ pha@nh Qn? cbhi Jjcoh edditn gl il . tn x "~ p ¢ blL

- ng,gkam h  gi. a x n@mdwrbltl vidth™lii ~ wdt
(bao g" m c8&c k/t(218va(219), phebBggtr 3 nh

ar, B P, €
000539—0 (2.20)
ES c/s 2 E(l- e- VN
C- thwW thbly, m i oquwaiubltt hng vUYo -
bi JJjn. d8ayg nhi°n, | €u T rynghkhhnb, c¥

ph©n t2ch th, Enhgh® mgchb” khblpg 1 &§mg

Khiv dti x upn®n gli/anin n®aYe htlbt d ¢ c¢c_, a L
~ng 9ubHncdUnxg h<e lhwh'tnhehoaimtdQf Tuy u
nhi°n, Dbi/Jnpm'Untgidnggixiy hbddat LFu khtng
cl crgcogdgma lp« Ln@®nclcthiHdy ™ Lm tor,'a t h" nh
c,a choblffjnrd¥Hng )y s@Eual 't h(lc nghi m,

bt bhfexm®n xcfhyritra = m, t bi Jn dUng tF
| . bdmgLFu tifp x¥c v .tifhohal, widk Qp
cblu tr%ec |, r,ng m v |, r.,ng L-ng
Ar
e, =1 14g" (2.20)
¢’s

C8&§c phehn@llmn@2Dh cung cblp m t phel
~ngvdt NHtcl &mgxcpPpch s d,. ng kJt h°
h-a c¢c%ng v,i d. li u th ¢ nghi m. H
c8§c LHc t2nh vdt | T blQin°athuputarn¥sc ckhRunmn
I vV, ng. L - ng ¢hommkhitrorml 8§ pr ,smdlt
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n“i v, ixvagHBu Itir e It.h3r sng tr., c. a Kk

khi vdt |i" " u b n®n ®p clng tUYmohe®a :
trénHinh 2.10[73].

\ERIEE.

Luong khL i / : :
/ Y 1 I
Ap suat khi quyén po . : .
=0 o 1-R " Aplyc o :
y=( 1 !
’ \ Ap suét khong khi p $| -R-&
T T‘V‘ Vat liéu nén XKR Vat liéu nén QR
: 1L O

S S SURURLRURAR NN
Hinh210.Sx h3nh t hdmh lLgseoearkKh8ng kh2 tro

r € mg
223 nh h_eng cva £EXe dmgbxdncdangot |

2231 ng xo chung cva vot | i Mu xXp

Cp | . ¢ c,a v, n° (tli tr ng L, t n
c.,a vdt | i kuh ok /RtglOth/u ttrroommgg khi t ¢ L
thing theEong k®el0tmg[74.0 T ¢ L. bifn d

h€ ng L/Jn L, bQn v~™ L, dTo c_,a vdt |
h€ h, ng c¢c_,a k/Jt cblu v° kh[ ntn[g5. hblp

ng x c¢c_,a vdt i u x " p ph, tdu, c
L€ ¢ ch._ ng mimmh | ngbixWg thkimignt ¢ L b
lén Hinh 2.11) [76-80]. Vivdt | b'aw x~ mpn phaaidbnpivd (h?

kh2) n°n c¢cfn t3m hi Wu nth_ nbgi /In- ndg4 ngg-
pha.
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Thay ddi téc d6 bién dang

Ung suat

Nén chit

]‘ 1

Poan bang

Tuyén tinh

0 10 20 30 40 50 60 70 8 9 100
Bién dang (%)

Hinh211 Mi nh hXa 9 nh h_e€ng cvoangttXkcagli |
ong sumt cVv@&] vot | i Mu xXp
n" i vxilp,cm ngog " kit - npgha xr"do€ d_haVv hi

nhdy t ¢ L, ph, thu,c¢c v o LHc t2nh
bi #Hng kh8c nhau. Khlng c¢c- ph€hng ti
L' i v. i nhixOuGibsom iAshbyaass)d i ui[78]rtm gl

bi Jjn ddnngg tgt-npg. mlgF kv co a Wdti Icihumn gx’
LoYn tbhtangg | °n khi t ¢ LvudtbilJin ud %ngp tc
| r. ngb&<€ng khnngs mimh, rtidny, ¢ t ¢ L
qul c, ackhldttthinm n°n h  khung, x€hng
khing phli do Ikhar bBago t qiuNa,kith i dk8ngpn c rblRwr
tr Yac || rt mlgi Lguwa tl2a tln g b i°/hkhitdffiagn m_ ¢
l . r. ng s€ ng.ng b n®n L3ing nhi t
xem pheHa®vtrBnhn®n LoYYn nhi t, do L
sung. Tuy nhi°n, n- L« L€ ¢ ch_ ng mi

n®n vXn L3ng nhi t v3 chblt kh2 ILutn
r.og nhi t dung |, hkhiTfréngx nphicQu csbbu Wt rit
m’, | ¢ nh_t |i°nkhinanki /Jintnwg c° it Xkhi

bi Jn ddng titng | °nlodloa bunh m,Tay ngt
nhi°n, s, gia ttng n” "y pthanhpthlFum, o drit bl
trongl ., r., ng v~ ° bi Wu hx gh_ ra» crh'bhtgx | lphrg
c h c & Kitf.
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Tr°n th ¢ t1]], Xu h€, ng n"y ¢c¢- t hw
L€ ¢ t htb[yi ttrrongg do°wm_ th cg®©f, reghi °

cho thbly ° t ¢ ¥ls, binjgn sdugpiiogex &c °l&" ab
ng sbuibftn ‘d4dng “EUnbOdO WL Fu tktng nhanh
ddng ng " Vy[77c " mg Qutmgy c- thW |~ KkJt q

t " c L., bi/Jn xdUmag ‘pcha r cni /gn adldng cao
g-p c.a 8p subltxkp2 ogvi"® tLr  cbin/yn cd Wn
50%,v i khéngkhil. - ngv geopl, c¢_ knhgt ncg antbwxblogeat hi J]

2232 nh h_eng cva tXc Li biAn dvu ng L/

Vdn t "¢ va chdm .6t rkmm/ hk)h od[>ng L1Jjm/ st "
c- thwytl _ cn©u h, i qguan ut rc8§mcg qilHabt ttr2 el
ph®p Lo L€ ¢ th, ¢ hi ' n ° t¥cdcdhphubi JJr
h® " p hay khtng.

C&c th nnghhtimai'dtrtombly s | ph_Lathu, 6 c
bJwvgo t ¢ L, bilJmiasdn®. | Tikbht i@ c t
Hinh2.12vaHinh2.13L " i nhomb It, r , nkip Alporas wpnhém
b It, r ., BRG Duncel (AM6101T6).C8c tgci gli [r /vhgUnng
bumigt tng theo t & IInhiRQu/jmhdedEnd = 309
3.6x10° /s<é <3.&x10 L.C&c t h'  n.gbthlilp'nm Lt _ic hma gti h°bly
t 8§8c d, ng, m4ynbabhnbebneg t ¥y mi thblggol ng
bungr2n c¥%ng m t phial vi t ¢ L, bil/n

ni Qu quan tr ng |7 phli t&8ch [nh
va chdm LJn phldt Ing whkxidp€ ng khtng
t"c L, biJjn d4ng c¢c- |i°n quan L/Jn t
d9ng N ¢ |1 Ui, qug&n t2nh c_,a vdt | i’

t ¢ va chUm cao.
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g .Bi& IcUmh L- dUng L€-bg/oodgngqu
ch bln t€ehng LY ng nh@hkihQuvaty !l L€ucb

S cln[gss8blB°qfrc Uhdy L -, trong t h?

th ¢ tJ] trong ph,ng th2 nghi m
t ¢ L n®n (2, 10 v™ 50 mm/ ph%t) gfn
bung ( xHnha30).Don L-, vi ¢ s d-bmdnguda&m
trongthinghi " m n®n tonht&g d_mg dchae K i ci
c- thW chblp nhdn L€ c.

23.Nghi °n ¢c_ . u ph€hng thl8ip° m:x hg ndhhh'hu a
Nh€ trong ph3Bh«ttnyyngubny m t s p

h-a vdt i u x  p mdt L, thblpc. vGdtc Ipil
n"y, ch”™ ph% h°p cho c¢c&8c nghi°n c¢_u
nh, . Mt vbln LQ LHt ra |~ khi t2nh t
c- m t ph€ehng ph8p tiJJp ¢cdn khs8c. TF
vi dpgphfn t° kh i thtng th€ ng kIt

cho x " p ¢ thWwW gili quy/t t°t bvai to
| © h€e ng tiJJp cdn kh[ thi. B°n c¢cUnh
c- m! h3nh vdt pil u mhts dr [pi {87-80§ x c -
Trong n, i dung nghi°n c¢c. u n~y, haai /]n
v’ m! h3nh vdt |i u ph%¥ h p cho x ' p
ph, n@YIN®A v_i kJJjt qul th2 nghi m n®n

nW tiJn h"nh nghi®°n ¢c. u m* h3nh vd
m: ph, ng s’ tiJJn h" nh nghih®n.c Tuowng

dung nghi °n c¢. u |  Extrudeth Polystysedep c &lun g r X
r.ng L-ng k2n. Vi ¢ | a ch n x p c_n
lodi x"p n"y | " LHc t2nh chung c¢c_, a x
b tL®«c gi.i thi u trong phfn t  ng c
ch>n m* h3nh vdt i u kJt h  p v, i d.

ph% h  p nhblt cho x p ¢c.ng khtng ph,c
231Th2 nghi Mm n®&n L_n trAc m, ,u xXp X

TiJn h” nh th2 nygdt M n@ang thbng X 8 ¢
nghinh®mm nghi°n ¢c_u _ng Xx c., a vdt I
th2 nghi m th ¢ ph,_,c v vi ¢ | a c¢ch’
t h

H

c c.,a vdt i u ° b€ c¢c tilqlp theo.
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23.11Ctng t8c chuxn b th2 nghi Mm

Ti Jmhhtdt tYo c8c mXu th2 nghi m
50x50x50mm v, i dregBtAd ndMXs” xclp KXPEB t
L€ ¢ tthoNgHInh2:14

B[ r2g. Théng § vd |i u X p XPS theo nhals xut [91]

Ph<€h
nHc t2n nhn v Ch ¢ t-eh.ng
T tr n kg/m? 40 ASTM 1622

C€ ng L, KPa 400 ASTM 1621
n, hblp t1 %V <1% ASTM C272
H s° tru Wmk 0,28 ASTM C518
. L
" " % <20

t he c

Hinh2.14. M u xXp XPS trong th?2z n
23.12Thi At bl th2z nghi Mm

Ti/h hanh thi nghmépmu X ptrénhthng m8y k®o _a®n L
hdng MTS s d. n gfu bia | c 647 Hydraulic Wedge Gripscékh t ngligi a
| ° h5MOkNyitc H®n cL@khwi. MSyckgmi ELn@b
V. i h th" ng may tinh tich’hp pifn mQ@n Qi ikhiwd va x Iy d. li" u chuyén
d ng ¢ahang. K qu' n ®n" c thvhi n ngay trén giao dn ¢ a pifn mQn
gipvic L § n R quthi &ghikn v Qi clinh thi nghim Kp th i. Quéa
trinh thi nghim nén md trong phong thi nghin ~ T.c@Whi n trongHinh
2.15.
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"nh th?2

Qusg§ tr3nh tiAn h-

2.3.1.3K At th2 nghi Mm
. éen4mmphuat

Ti/n hanh thi nghim nén cac nu X p XPSvyicingtc
va qua trinh thi nghim k/J thic khi m4 nén bijh dh g & 90%. K} qul quan

Hinh 2.15.
qud

h ngswH-bi/phdh ghol t r,€wldi utrénHinh2.16.

0.6~ _ 4

—=— M>u nén 0L a

—o— M>U nén 02 B

—— M>u nén 0B s

0.5

[

0.4 b

T

a H

= H

3 0.3 H

%) H

=2} =t

c H
0.2+

Bi/h dchg [mm/mm]

Hinh2.16. KA g¥ quan Mong sut - bitn ¢ ng ova m u XPS thi nghiin
cho xXp

232Lxa chxZn m! h3nh vot -DYNWu

Vi ¢ nghién cu va tinh toan vi cac |4 vd Ii u néi chungEncéd s | a
t o8n

gi §

ch nmé hinh ngx ¢avwtli umtcachphthp Wbqut 2 nh
‘ng ¢ By x th ctvjg avd li u. Trong nidung nghién cu €L § n h
h & nghién tuea Khegh ¢ Blaaciinramé hinha i u

c8§c mt?
phl A p nhEi cho X p ¢ ng khéng phe A'i.
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23.21n8nh gi 8 mit sX m! h3nh thlng dAr

V.ivdli ux pmQnco d&ltrac] r ngm n h €p Bolyurethane phu
K p v i md hinh v Ii u MAT_LOW_DENSITY_FOAM (MAT_57). Trong
t Tn@hp L Hmnhymo hinh chefn kK h pv ibiw ™ L ¢ tac g ng theo
th igian | TWmB T cac ngx ¢ avdli u khi chu tac d ng nén ép. Vi
cac \d li u dthg nay, v i u nQh khong bphahy ma co kifn £ n gc hp h
ttthivichb sungquatrinhdtfisSl e A _ngx LFy . & awdtli u. Tuy
nhién quatrinhplc hicavwdliu | ° k h § cQ quanairmg lanpin - L i
X § cn hl ¢ 8ng phle ®ic avd li um t cach chinh xac va qua trinh nay
sSx § ¢n hL” ¢ c@c tham’'sd, t[i _ n HU va tham s hinh dhg d t[i
SHAPE. Trong tailiu m@dcalLSDYNA c 1 ngdilcacsé un
tham kijo cho hai tham'strén Fn "k 1&01 va 6, ching cO W ‘& QL |
ch'nh théng qua LSDPT[92, 93] Ngoai mod hinh MAT_57 cac Yovd li' u
dbhgnaycots dng c8c m* h3nh kh8c nhe€e: MA
(MAT_63), MAT _CLOSED_CELL FOAM (MAT_53), cac md hinkavii’ u
n"y clcagdndg va nhiQi lod x p khac nhagig7-90].

Vd i u X p ¢ ng khéng cé kin £ n gc hg tthg thai § c Polystyrene
khi chu nén ép thi md hinh MAT 8amtl achnphohpy ithéng$ b
sung cho mé hinh théng qua nguan h _ ng s - bi/j dthg thwtich. Théng
qua nghién cu ¢ a Brian Croop va Hubert Lobo chohquan h ng suHi -
bi/h dthg tiwtich ¢ a X p EPS (Expanded Polystyrene Foafi) hh€ k ht n g
ph. thuc vao tc  Lnén ép Kinh 2.17) nén md hinh & liu
MAT_ MODI FI ED_CRUSHABLE_ FOAM t(achiT_16 3
t t cho vic mé phng vt Ii' u cog ¢ Polystyrend88]. Tuy nhién, mé hinh
MAT 16314 mé hinh m r, ng va yéu fu thém nh@u h s th ¢ nghi m ngoai
nh ngthéngsc hfnhawtli u.
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0.45

04 e (0.01/s
e 0 1/8
0.35 1/s

10/s

— 100/s

Ung suat [MPa]

0.05 /

0 0.2 0.4 0.6 0.8 1
Bién dang [mm/mm]

Hinh217.Quan hM-bndnsd» hg [88)a xXp EI

Trong n, i dung ti J]p t heo Li S
MAT_CRUSHABLE_FOAM (MAT_63) trong LSDY N A Ll'& ap dng
thanh céng trong n@QI nghién cu  tcr @[83-89].

2.3.2.2.M0 hinh MAT_CRUSHABLE_FOAM (MAT_63)

M6 hinh e i u MAT_63 coyéucfu L Hmkhigung &b cac théng's
I'fuvaovyicactham'sc h[nb n h'€ " kg@éngm: Lun i, §n h
Poisson va b = I i quan h gi a_ ng s - bi/h dthg t thi nghi m nén
L hncgavdliu Mc L 2arhd hinh nay la chodrli u X p co thv
nghiQh nat (khong phe i) khichu  t &g va tac ng d ngkhacma, ng
X theo dwu k8la khdng quan tmg.

M6 hinhw liux p g . mg€hu t Sgnéimtchiuvih s
Poisson Q¢ h[n bag khéng92, 94] Quan h ng swi-swibihdth g ©~ ¢ €
moé f trongHinh2.18, t r ongQicd tfit L'%hal/h ng s cd
tUbs au _ I JhdWhcvacuiconggiafild J/pe vihd. TYth i WA |
gafildscti/ptcdc t hegcolg Mt | €u ‘hglagsudany t r
cacgiafrk hg§c Khvligighth k @og b scthe€ nigawvd
i'u _dt@tr ng kéo nh [92].
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<
c b
Bién dang thé tich -InV

Hinh 2.18. Quan tMong st t - bi/n ¢ ng ot liMi X cong [92]

Trong qué trinh tinh todn,g'nhra g mt*  LUin 1" vt ng
_ngsicdhnd v i ngx L7 ni[oa]:

si= § e (2.22)
tronggléi;.-n,g suklfcl® oh thing qua m? L
L., bifN@vdime c Dh® $Sawilan, _Sp=1,8yblt

L€ ¢ so s8&nh W, Nv" _ mgu subd <ttty ch2nh
chlfy th3 n- s€&€ L€ ¢ |bly b3ng gi§ tr’

s.<| &[thismi= ¢St 2.23)
y |$| i %‘sf‘
Sau khi c¢c8&8c gi &8 tr° _ ng sublt Lcé2cnl
chuywn L i tr° 149 h’ tHNMRES t ng 6h
chly I'™ m 1t h"m c,a | Tgarittct ]| "nii 7Jm

thW t?2ch.

23.3MY phtyhntg nghi Mm LS®YINAX Xp b’ " ng
233.1Ki OGu pht n t oDYNA2nh trong LS
ayPht n t o khXi

TrongLSDYNA s d_ ng nhi Qu c¢c8c | o4i p|
kh" i, phfn t° tbim, phfn t thanh, é n



d. ng phfn t kh i, ¢ ba |l o4i phfn t
6 n¥t v phfn t kh" i 4 n Yt

i
a) Khéi ti dién 4 mit (Tetrahedron) b) Khéi hinh ném 6 mit (Wedge) ¢) Khéi luc dién 8 nit (Hexahedron)

Hinh2.19. Cac d ng ph n to khX trong LSDYNA

Phfnkht8i n¥“t theo mHc L thLlLBWnds miglt
khing thay L i trong phfn t(tham s
L'i Qu khiWn L ng h” c¢c8t (Hourglass C¢
ntng | € ng b3xng kh'ng ph&8t sinh. Vi’
chophépcackt qul t2nh nhanh hhn 8c2tphtfir
kh i L8€ mWtt2ch h' p LEfpnySECHANNSIOLID - s
ch¥“ung hoUt khiphgntft bihAn dtUmgi Higmam
kholng bo%i IgmEmt ntg ofry ki Qu khi Wn L°
c- chJl L, nktng Clg€ mhfmlung mkm*rnd.dlUdig’
L'hn gi [rkhtbatn(hg neg |~ m t sl o@wivtp KLFen ct
t h€g®g rakhibmg VO t" bhnhH32L. 1" n°n tr

3

Hinh 2.20. PH n to khX IAc diMh 8 nid trong LSDYNA

Trong n, i dung ¢, a ludn 8n s d,. ng
kJt c¢cblu v_a LTm blfo kh[ nktng “~n L n
vi ¢ x©y d. . ng cblu tr¥%c h3nh h ¢ kIt
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b)Pht ndttno

TrongLSDYNA ¢ m, t s~ |l o4i phfn t  pl
dfm nh€e phfn t dfm Bel-ytisuuchlpdhfnphtfn
t huf mMrussBlgmeht, € trong c8c | odi phfn t°
-Liu ¢c- nhjO9xu <€ u Li Wm

1. L"m gia tktng m, c ti°u t2znh to8n

2 . DUdng phfenhot phi®pn hgii fun qul t2nh
t2nh to8n mdnh m¢g;

3. T€hng th2ch v, i phfn t kh" i v3
rvat g n;

4. C- kW L/Jn bi/Jn ddng cdt, c¢c- <8
th” nh phfn bi/jfg d4Ungg bupgs&h¥ng gi h

I;

/ 0 / Diém lay tich phan 4
: v \ ki

3 _ Ritgon NG :

Mesiorieciinis / i
«

Phan tir khoi Phan tir dam

Hinh 2.21. M6 hinh phn to & m Hughes Liu

Trong n, i dung |l udn 8nLisu LdW nngt pthl¥
c't th®p v ¢t GFRP dindglndamhy N[fm
1" i gili “"n L nh, nhanh ch-ng v~ khT

c.a b° t!ng.
c)P ht nv YBh#ll Elemenis

TrongLSDYNA ¢- m t s° 1l o4Yi phfn t  pt
v, m, ng nh@elymdhkohn-Tsayprvf n t v Triangdam g i ¢
Shel) , phfn t-=Liu, Ppbfhes v, LFallyc t 2
Integrated Shell TbIt ¢ c¢c8&8c yJu t° c. a Vv, bao

cdt. Clng tMisayBemHwpt § uhkgiifh L€ ¢ s
tr. khi c¢cfn c¢c- ¢c8c t2nh nitng c¢c, thWw
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Trong c8c |l o4i phfn t  trangLSDYNA3 ph
| © phfEiL<e ¢ t2ch h’ phéghfy Us,uyv bii Jg§ o U
LW ttngng€xngtr ong[92mrt f rp ht3nsgl @ Yin gn ‘my
h™ t a L, phfn t t€hng t. nh€e h t°
Tsay, trong L- hai vebtfmhm b@ mHt LFu ¢t
v vecth ch s° th. ba n23m theo h<€e ng

Hinh 2.22. M6 hinh phn to vY 4 nat trong LEDYNA

Trong n, i dung ludn 8n s d, ng pht
cblu tbim th®p d"n | ¢ trong cblu tr %c
n“y LITm blFfo choadhichifg v™n Khhhntmah
tri tr ng |~ 8p |, c n’
2332Ti1i Ap x%%c giva c8c mi Zn vot | i Mu

X I'T tifJp x% e tYo th”" nh m t phfn
ddng |, n. M! h3nhthta/jlph%#tk x8cacgégc
quant - ng L i v, i kh[ ntng d Lo®NAC_ a

c- m t lBa c®cmgi Wu tif]p x¥%c. M t s’
c, thw v" nh_ng |1 o4i kh&c pho%achaip v
toAn Nhi Qu | o Wah it/ mpk Hlii Wm& cd s d, ng
| 4i LW cho ph®p c&c tmtorhg nphic N ghethn
dingt h€pmdi L i mHt v, i nhiQu s | a
hinh héa.

TrongLSDYNA, m, t tiJjp x%¥%c L€ ahxg&cl’
tr2 ¢+ kh[ ntng thO©m nhdp n%%t gi_ a <c¢
ki JJm s, th©em nhdp L€ ¢ s d,ng c8§c t
b€, c¢ Tgiolhig. tr € ng h hampthiWrp, xk¥aci dp hag tt |
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th©m nhdp, cmt tHhOm sichdpe s©t §c d_ ng
v’ | o 4hamrbh d .,

M, t s’ dUng tif]p X Yac c h bl n
(*CONTACT_SLIDING_ONLY) , tifp X YaC gi . a n
(*CONTACT_SURFACE TO SURFACE, ti Jlp x¥%c gi. a
(*CONTACT _NODES TO SURFACE, é: ti J]p x%c m t ¢
chi Qué Trong c¢c8c loYi tiflp x¥%c L€
(*CONTACT_AUTOMATIC_SURFACE_TO _SURFACE L e c Kkhuy)
ngh trong mtt pch, In & @vaaog cvis Qm mdt§ € henhg

L i nwmau kh'ng phli | %c n"o clng c¢c- t
qua biJn92dUng | .  n
|

1 \

:.;—‘AF':.Q ...:i. q\’ L . .“ ..i‘.: ‘ﬁl |

<~ »ﬂ-”‘%’"’\ | \3 \ el o O . |

Y R 1

a) Chz=z t b) Givuv c c) Mttt

Hinh2.23. MitsXd ngtip x %en c_ b

Trong n, i ddnag@ mdhih® ngctiu/]Jp x%c he
m HtCONTACT _AUTOMATIC_SURFACE TO SURFACE LW mt! t [
XWc gi . acE&&c wd@nrninkt mmhau

2333M* ph¥Yng th2 nghi Mm n®n xXp XPS

M t trong nh_ng yJu t° ogDX¥XNAtIF " nf<€
L€ ¢ L€ ng qubn/h dUmgchgsitbor 1) oo " o |
vdt | i u. V,i c¢c8c m* h3nh vdt || i wu
suditi Jn ddng cfn th, a m«n c8c yJu t°
t2nh (L, d°¢c khlng L i) v™ trong VZ%r
nhoaG.

T.nh,_ ng nhdn x®t tr°n tiJjn h” nh tr
nghi m n®n c8§c mXu x p XPS thu L€ ¢
bi Jn d4ng v, i gi &8 tr° _ng svbig2la di |
0.342 MPavaVung 2Vung 3la®98 MPa LW L€a v~ "o m! h
m: ph, ng.
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0.6+

0.5+

[ MPa]

0.4 4

0.3+

. ng sublt

0.2 4

0.1

0.0 T T T T T T T T T 1
0.0 0.2 0.4 0.6 0.8 1.0
Bi /Jn dUlng [ mm/ mm]

Hinh 2.24. Quan iMong st t - bi/n & ng sau i ch&i n

nWi/h h”" nh L&8nh dip8pdmgchoaxpaihgXpSta h
chin cac mdé hinh MAT _CRUSHABLE_FOAM  (MAT_63),
MAT_LOW_DENSITY_FOAM (MAT_57) va
MAT_CLOSED_CELL_FOAM (MAT 53)l « ° & dng nhiQi trong cac
nghién cu tcr ‘@[&FP0]. Cac thongsc hlnlg avd li u X p XPS va
I’ “@hg cong quan h ng s - bi/j dchg trénHinh 2.24 va trongB [ 2g.

H s Poissiong avd li u X p khéng plii h3ag S, cé ph thu ¢ vaomd
I vdliuxpvatc B Bi/ndhg[95]. Th i mgméthinhed li u X p
I *&th chi nb itinhtoan bi LS-DYNA (va cac pfin mQn mé ph ng khac)
LQugils t | Poissonthh[96]. @i n "y c h onhph®&yngthk\Vg8 ¢ L
tichgawdli ud dangh hn, fo®wdlipubk ptrong mé phng €co xu
herg t mmgyeHagldlithwt 2 ¢ h ° @grgpttrdngEmd phng vd
iux pchufc  Bi/hdhgcaoM ts congtrinnngléncu L« ¢! ng
| achnh s Poisson.ca X p bag 0[50, 88, 89, 9799]. Do vdy, trong ni
dung nghién cu ¢ a luch &n lachn h s Poisson ca vd Ii u X p ¢ ng
khéng phc i'i b3ag 0.

B[ 2@ Tham s vd li u X p XPS
1 (kY / E(Pa) 3f
40 1.17xE6 0.0
Ti/nhanhmépmgmauxp XPS k& cthOx5Hhoex 50 mm t €h
mXu trong thi nghim v ©  citsi dang pH@ t kh' i 8 n¥tck?2cl
2.5x2.5x2.5mm. B" n _is®nngpdtiaushéptkmdohgo v -
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bi/n dhg khi nén théng qua maivii' u MAT_RIGID (MAT_20). Trong md
phng s dng lien h *CONTACT-AUTOMATIC_ SURFACE
_TO_SURFACE c hpxudgeshrhty p va®an néni
B [ r2@. Tham $ mod hinh vt li" u ban nén thép
1 (kY / E(Pa) 3
7850 2.05xE11 0.3

M6 hinh mé phng m¥ X p XPS trong LSD Y N A ° d’tHhi n trén cac
hinht Hinh2.25.

Ban nén trén *MAT_RIGID (MAT 20)

Miu nén xop XPS *MAT CRUSHABLE FOAM (MAT 63)
“MAT_LOW_DENSITY_FOAM (MAT 57)
T _CLOSED_CELL_FOAM (MATS53)

an nén dwéi *“MAT_RIGID (MAT 20)

Hinh 2.25. M1 h3nh m? xXXpXP%trapg LEDYNA n ®n
23.34KAt qud m! ph¥Yng sX

Ti/Jn h"nh m! ph, ng n®n nmXUNA gh XPKS.
qul qu8 tr3nh bi/Jn dldng mXu-bx JJjm wWUn
L€ ¢ thW hi m™Hnh2R26n]HnE280. h3 nh t .

ImS
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069 = 7n- hghi ' m

—o— MAT_53

[ MPa]

0.4+

s u bt

0.3+

. hg

0.2+

0.1

O-O—W T T T T T T T T T 1
0.0

0.2 0.4 0.6 0.8 1.0
Bi jn dYng [ mm/ mm]

Hinh227. KAt qud m! ph¥Yng m,u xXp

0.6+

—— Th2 hnghi’ ' m
—— MAT_57
© 0.5
a
=
_ 0.4
]
=}
(2]
0.3
(=]
=
0.2+
0.1
O-OK T T T T T T T T T 1
0.0 0.2 0.4 0.6 0.8 1.0

Bi Jn dUing [ mm/ mm]

Hinh228 KAt qud m! ph¥Yng m, u xXp
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0.6

—— Th2 phghi’  m
—o— MAT_63

© 0.5

a

=

. 0.4+

e

=}

(7]

0.3+
(=]
e

0.2 4

0.1 4

0.0 T T T T T T T T T 1

0.0 0.2 0.4 0.6 0.8 1.0
Bi jn dUlng [ mm/ mm]
Hinh229. KAt qud m! ph¥Yng m,u xXp t|
0.6 -
—— Th? nghi m
{ |——MAT_63
—_ —— MAT_53
© 0.54 |—— MAT_57
o
=
_ 0.4+
B
S
%)
0.3
(=2}
ey
0.2
0.1+
T T T T T T T T T 1
0.0 0.2 0.4 0.6 0.8 1.0

Bi Jn d4dng [ mm/ mm]

Hinh230. T_. ng quan kAt qud n®n m, u XX
234B" n k&hwdsnqud ph_ _ng ph&8p m®* h3nh h

T. k/J qu” mé ph ng thi nghim nén m X p cho thyy cac md hinh &
i ucoghtrongLSDY NA ° dl@chnchol}qu ngx satyik/aqul
thi nghi m nén md4. Md hinh vt I u MAT 53° g i ath ndhaht ° hge
cong, ng suHl - bi/h dchg khéngbam séat K qul thi nghi m va sai’lch gia tr
_ng sl n N 3181%. M6 hinh et i u MAT 57° cui g i%anién ckto
mXu thi nghim b bi/h dchg Bl “tng (@inh 2.28).

V. imé hinh v Ii' u MAT_63° g i a % ndh olt(Vung 3) co sai lch
v, i kJT qu thi nghim (sailch giatr_ ng sl nnHE 118 8 %) n¥<€ng
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phin  § n h L n g x geuawd lil wi VQE ng thAL “éhg cong quan 'h
_ng sWH- bi/nd Y argng md phng bam séat vi k/1 qul thi nghi m. KJ3 qui”
cho tH3y mé hinh MAT_63 1a phu’tp cho mé phng m& X p ¢ ng khong
ph c i i chu nén trong LEDYNA.

T nhngklgut hucth&€ty ph€ehng phs§patdi hs3
phin t kh'i, KF hpvi ° Bhg&ong quan'h ng s - bi/h dchg t thi
nghimvalachnmé hinhe li upht hp<phin §nk_ nd xth ¢
cawdliuxpchu n®n. PhBlachgnph§pr ong 2 nh
phc ‘lkhng kh-,akphehag ph 8pénditraclvimdo § n
cawdliux p,nHlavi k2 ochdlitud €

24. ng dhbhpg t h_t 8p ¢, g | i u x p
Vdt lil'& g pd, ng r. ng r«i trong c§
nhi t v~ hblp thpgt&cnd melp tmhi t~v&¢ L
~ng d_ng nh<€ hblp th, 8p | ¢ n , hblp
v™ gilm chbin. Trong n._ i dung nghi °n
th, &p | ¢ n° c¢_,a vdt | i ub[xo pv'v~'s phi
vdt i u x p.
241Nguy°n | T chiumg Hhe8pendvagvot | i Mu >
Vdt | i u hblp thy, @€ nngg |c&® magi Mimg dsamnl
c- LoUn _ ng nshu@lHinBRBI(mg Wi (b). Vdt
s.p L dTo ° m t _ng sublt danh ngho

bunglL Wt L/Jn m t bi/Jn d4YngC8a nhdtnglhiga
ntng | € ng L€ ¢ ch n sao cho . ng sub
ra h€ h, ng cho kJt cblu L€ ¢ blo v .
LoUn dovngnhblt v do L- hblp th, nhi Qu
. DtiZmh d€ i L€ nglanbng bEhnph3Img ud
hblp th, tr°n m+<ehnighothg b®RhY. t€8G vd
L€ ng congi /Jmg d¥nbEHinh2B38& it roontgi ~ n t ° t
nay.
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e SD -“=| —~~—— £p 4*'
E. N ...;"‘—Fm .<§J Q - T - I —GP!
H .l R i
Nangvt}ro‘ng : w E Nﬁn%‘!u}mg | |
Chuyén vi Bién dang
(@) (b)
Hinh231l. (a) nlymduydig YB) L_ yngbrcdAang
dv mgpga vot. | i Mu xXp

Trong blo v ch'  ng vablphtim, t#dnhgl n
vdt thW chuyWn L, ng m®nkWkikdg LUt BAET
khtng bao gi° v€ t qu$§ _ng sublkhi Loyt
t §c L,  ngt_ | v _8pnVl gy trrau.y Q€ mgf o Xtuomgn
L ng | € ng thay D& t8cuyt@nnhnttnogg nl @ rn (
hhn v° c¢cfn L€ ¢ xem x®t ¢, thWw.

242Vot | iup xtXpphA 8p | xc nY
2421Xung &plixemgn¥Y t8&c Ling | °n kAt cm

ap

Bi Wu L §p | cg¢at imeo W htroing kigohgkhd' t €° n
m t khol[ng c¢c8ch ¢~ L nh (R) t _Hinh ©m \
232, L€ c g i | dEnWusthgs8§pried!| ahave
L€ ca cthhi"nh c&ca gplma nm®Mmvdngp hsa ndg« nF r
| T t€ ng c- <c§&c:tthhtin gg bsdpl stbgméc (ntc Lh & i€

(P) , t hphanénftd, apt . ¢ p Pa , dghadanty), xungl € ng
phanénd) vaxung € ng pPH.a d«n
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—'i—' P, - P‘:'P,'P“
Pha nén P‘- kK P“- P-‘
Qs
Dién tich=Js
Dién tich =Js
p ¥
(N = 1 \Ap suat khi quyén (-)/
P, <
* . Pha dan
o

I'_’.,{ ! ':‘ y {
Hinh232n_yng cong 8p | xc theo thyi g

n"i v.,i vi ¢ nghi®°n c¢c.u ckAt Famblu h
cdng nhe tkhjitjho lkdju ¢fienémt h€ ng L€ ¢ co
tr  ng hhndang 8 ®. P npStpa (P)vamung ©a(&)§L00]

MHt k h &ant hehmag b b, qua v3 L, 1. n
[101. Tuy nhi°n, m t s nghi°n ¢ u L«
(Z=RIW*3 | n hKEgLPBmMbkgt L i v.i kholn

50mkg”™® , khlng thW b, daof®2[nh h€ ng c,

Trong gé¢.aa pldnn®y xung k2ch truyC
L€ ¢ x®t sau khi k2ch n° m t chblt n°’

t h® i gigan S /ngit(ah titrBp tsudlt mii tr€ 7
do khi'ng kh2 b n®n cao ° ph2za tr€ c
c.a n-, BeE kL mhi(Wau khi LYgi Coppv Q"

sublt kh2) ouyWng (Mt khol[hg khofngiah
phanén(ty). Xung trén phaénl € ¢ g 1 €l @fw2AangS t hay
§p sublt v, n° |7 h)i w s§pP)s.abh8n Ctrs unbit
vatrinhbaycat € ng 8§poegblt (nén) c@ingdagh ¢ L « L
LQ xublt. Flynhr lhg §lbQ gy Blkay /mjlaG3]:2 n h

P()=R +PY tl 0 t<t, (2.24)
Q d

1- O: Ot

Xem x®t ghtmachblt n°, m t dlng t t h
by trong c¢c!n@O3tr3nh ntm 1965
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P()=R +Re" (2.25)

trong L- t L€ cglso ph¥%nth g LN&€Wng Ltjmn
225c - thw L€ ¢ th c¢ &g lUn mhmwvdg i dcdnoah L's

s-ng | "mD4rhggamn sy .t h€ ng L€ ¢ g i |
s a L i, L€1631651 Wu t h’  b3Jng
- 0ot
PO=R ®d — 8 ° 229)
¢ L =

trongl - -hgh [sinW Lhn giln, bi°n dlng
I 4ng b 'ngtamcggag i fmy /Jn t2nh L €ne233 G hi '
ddng te@mimiyga t2nh n"y c- clng 8p sU
kholng th i gian kh&8c nhau t%y thu, c
k /]t [1635L06]

Ap Iuc

Thoi gian

Hinh233.Du ng tam gi 8c 8p | xc theo

Xungl € ng c_ca- pthhawnl®® ¢ t2nh€brRggc o
§p | . ¢ t hteroo ntgh’ ki h ogli nagrénftoh Xungl €1 #ayném h a
| © tham s’ c¢cchyi FlyJ/joguva mi lamgl/]in gv¢ blic -t h
L€ ¢ biWu th' sdufd¥ly to&n h ¢ nhe€e

taty

J.= f[P(t) -R]dt (2.27)

Xungl € ng phagn®n thW L€ ¢ t2nh to§mr
c8ch tkhli 1()Ym@Wn v~ khoPm@hrrcdgtcthr & RY
nghill'émc tr3nh b"y L« L€ sQsam KR ith
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nghi m d_& nygdmgein®adavsky (1952)104, 108112] xay
d rdge, i L Oy :

é 36,};2
F(34~ 363 9.811 Z 0.E

J =i " R (2.29)
%147.153¥ Z < 0.

2422T2 nh tkAAg§ nb¢hoM v M

C8§c Vv, n  somgbung kice - mdting g f nv nih€t h’ai

gian t&c d1131y¥, r bt thgeplQ® Jgrtt nx umng L}
di " n tk2Jah ccbjua,b b Tn8gc tlL2 chhgtchk@©nt b & §p

J, = fipdit (2.29

nW Lhn giln trong vi ¢ x8c L nh xu
t h ¢ t h (228 0 g3adovsky (1952)

Blfokv]t ktnfsll g an'v, LUt L € LcHibRngblm:
L° m n Hngv dtdnl (b'rf hblpp t h)lénrénim @ HIE &t g
cbwfn blo v t.. Xvirign'lt tmg .t ogt Bihnly m,
b" ti°wdt §hhBtph_x mt g tIC& on gt Bnhidgum c -

Gav ™ kh' i Le@Lnguriking tbBm d°n | ¢ kh
§p | .cSau) L € JtgrunygQn L dnl @& ng LMn
t 2 chb @HtaBBL], khi L - :

M.=r, v I, (2.30)

V.¥din" ¢ c¢c_, a tbm L "mv,L |dg mErwyg tlbim

U-Er @«/2—382 (2.31)
2 g |
v’ ch2nh LiQu n"y m" vdt | i cy ax xpnly

| € ng n° thi'ng qua hblp Lty T m¥PnagiLnls
d°y v° nHng th?3 phhbkp ntkhn g. cni"n gv dtth Hipi

Vi ¢ lvdt chlamudx hipip’ u h, ©ftnn gp h[[@ nh
t h, € lL¢ ng Uatkrngn  m dti " Inhrt 2vc'h  tL%biY4 nmihtun gn
s€ khim@ HUYim kgtngeble bl 8, mg.ln Mg h blp
th, tr°n m t Lhmn aov®n tchhWtt %ccda |v°odmtg Llgjun
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L oUn 0pl&wWig (xemHinh231b).V, Wyilagi 8 tr° | . n nh
| € ng tr°n m txULhlkp vt h t hdmd®hit &Erh ki h W
x § ¢ d'f mhh Wi,egs, g Khil -c,h id@tasc ., vadt xI ip’ @€ £ n
t hi JJt LxW nhgblpr @ htm'g | ~

JZ
= s 2.32
T T @3
Hi " u qul tch, € es€b hdblpblng c8§ch s d,
nHglh)v™ dhoUicoWglp,vn i LoUYn b=ung d~i
243Vot | i™vpm &K bing nktng va chum

nWi Wu r» thi/Jt kJ] nting€ekevdagpbng bl
c8§ch xem x®t nmx typ mhtanikc d* ndhROggt 2 ch

b°i m t vdt ¢ kh i | &Hnh®R3M v, i vdn
Song dan hoi trede
Khoi U:flg s}‘ét =op Ung suét = cpt
leong Vaﬂn toc =vp Van toc =0
M Mat d¢ = p/(1-ep) Mat do = p

—_—

Cp;

Hinh234. ¢ ng sumt, von t Xc € Lhani hQin ¢

Sau va chUm, mltnshogWrubgndlg2veh I£F
chma thanh vpith icbdinWkya gcielim ng
y°n (ngo4i tr_. t " c L, nh, dol daldn ubbme
Oo. t.h™ i cli{ Wmp bdt LU lpkh'n®n®nt hc kbt )b i .
G, ch u masv" noghusyubht L mno 3mgi vkdenit t «
| € Mdtng I g blo to"n v~ [&Ec L nh b

o] ~

la rqe 6 I 1 .,
— + 15 =MV, 2.33
Zéévl 1_ eD \t_b pl QAfl_ [? 2 vC ( )
S d. ng vikanv'h cOn bIng,=xsy Ag,v, € ng
ng suptt§on®&hn, nig | °n kh i 1€ ng va Ld

5o s JiMVE- 2 sy Al #(1 - o)

€ M + (Aflf/(l_Da?

(2.34)
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"ng 8®BIt 1 "m gim gia t ¢ khxipl €
I, /(1- &) Trongk=Qi, ingUsublt n®n c pbu LYi
h® p v.i kJt qul ph©n t2ch s-ng xung

r Vz
(SD)peak: SP' = (235)
eD
Chi Qu xd"p/icgpcfn thiJt LW gi. kh'i

bung cgcbvab@B3), k hi: L -

I B MVfC
1'eD 2~§|Dé‘f

Leu ToBBRRGg ntngllie@cpelpWt h, tre°n n
t hW cth?idQwj t i xtefiWut kci, Jat LW hblp t h,
b3bng c8&cfg-clgim® tr w, | ph¥nhblp Mig Wga it
Gym”™ khing | " m qu8§bhpe€rlre gdin Vv ibpsco B Wu
Upchox " lpi m HiohB1vdHinh234 r blt h_ u 2ch chc
ch  n n”y.

(2.36)

244Gid m rung Ling cva vot | i Mu xXp

X®t dam, tlcbbadr t . do Hmh285 tm nth wndte
| € MBge ¢ gdn b i m t |, xokhil'il.m Gi [va
rung LJ dao L, ng Vv, bitfAnls Xdug aoh blh
c.la/ax=Xe*". Khi L - tlehnlg dH i cmlayxyg” i 1 -
L€ ¢ cho b° (®[B:m truyQn H

2
W
H(W)=Y (w 4] (2.37)

< - 2 .

X 1-(wu) + & /w)
tr ongIL" tefao stj hgh daoa L eshg koo )
| . n )la€ K b thékHinh 2.35b.
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y=Y et

x = X e'ot

(a) (b)
Hinh235.( a) Dami kbicng X do chlu ¢BWnhbigng
X € ttn sX ¥. (b)dMHE'hm ntg ulyXin yc hc

n"i vgi8c8c wvadc [tnbbla ¥/ ¥
Y]=(w/ w)’|X (2:39)
Nghoa | " L&8p . ng Y L€ ¢ gidgaoth,i wy

riéengt hblp nhblt " agal nrC8®~ " hg thitng:- roumigQu
ch/] L, rung, nH€emg nh°blt &fhdt ng, & ¥ [ nh
Hhn n_a, k/Jt Itvedmrc tl@ang atx kb hagt &d ad v g

l °n khmichl €kmgng ph[i | "kkhbhily WNhe v i
ch” s’ wnftn ILi€ue M i Lang-LailwWw, gilmnt
vio tfn s° .thblp khtng cIl[n
M, =y (2.39)
Xemxétm t v2 d_ cyvcwx&clLHEj ng i v._ ,i m
gi [ sc¢ - rruntg tobMm bdnkinthRk h” i 1. €r Ag m t |
v di B€tcé ch wnhdaoTfiéngisdi blp n hbIB1:c. a n
cd g 6
W=—e————— 0 (2.40)
PgnR(1-n7) 9
trong L -, E I~ mt Lun 47 n hidnig, ss .l "N.
| € ng khtng LW, Ltiblmt Rentk wdtuyl i = u X
len(r,/¢)’v" mt Lun LC(m/fpChogt TmlLimdt L
v’ tfn s’ dao L, ng ri°ng ¢c"ng cao
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o -2
W A7 8 (2.41)
I/'/1,5 (;rs +
S dyditg Il " m ktbEmcd @n g (santiwicituh d m pc h 2

c.n hi u quTlkhdmgun nv?® kh ¢ mneg ng khtng

5

kK hi mdt L. c. a | »i gi [ m.
245Gi9 m chmn xX¥p vot | i Mu

Thit c[ cl8xui vdt ti8in" m, theos § nttmgn h €b in
thing qlufan Lt r aa@tmwdt nl°in quan tr ng K
phli c¢ch’ u k2 c hghfori#dfhn Isfu cv'nog h<€ ng

C- m t s° c¢c8crhh Lcw amilgit[Tm LcHicbint 29 dt d
h™ s” dI"'n m htblts” kh®ng c¢c- th_. nguy?®°n
ntng | € nNyJun hn€ ts awdt§cl il”, sngr @, &” it [LJn
- ng GaNEMHINh236) th3 n- s& t2ch tr_. nktn
tr°n m t Lhtnrwong tmW teéltis 88tanggfi ©he o
g Yc h trengHinh 2.36[31].

2

5 s .

Dién tich=u

Dién tich = Au

Hinh236. HM s X t¥Yn thmt d Lo | _yng ntnog
mi t cdirug KsBumAtn du ng
H s t"n thblit ||~ t°n thblt ntng | €

ao

bi Jjn ddng L"n h i ¢ ¢ LYi (hoHc t ng
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p=Y (2.43)
2pU
N-i chung¢gphi 8 Hu, ccyao tfn s, nh
sublt hoHc bi/Jn dUng.
Cact h! nigh &c¢gic[ m bcahobllg™ m t° |~ t° n th
m i chubD/Ma& s | €wygrie,g- ¢ t ywn  t hcHitst
| € @é&hicmh d<Q01) v~ h° th ng | k2ch
h€ ngt,hcrBgr ys | i °mhoawan hi2/hrg [3jua bi Wu
D C 1
h % 2z ptan yQ (2.44)

C8c thlhkdlsig N teHmgnlLe€hng khi
25.KJ/Jt €t he€hng

T. nh,_ ng kJt qul tr3nh by trong ¢

Vdt | i u x p c- hkhBIpnthhmmggt §a qlytgn g my
rung v~° gilmchkMBblinng Tx cc_dat vldicotmhi x “up
ntmdlt hlakuhR crhbkngtmigp it b nlY, mua quatrihm g
bi /jn dUng cblu tr YcnkHb° o r ©ngontn wobglan igvnd
L€ ng cong quminjrh dUdmg cshubltph®p vdt |
| € ng ° m t m c¢c nhblt L nh.

Tc L, DbiJjn dlng c_, &hvdg Lhmn@Qu s u plt
LoUn ,h Quchophés  dontdgn thromggy t h2 nghi m
trLW, Lo&n v~ t2nhch$ops m pkh/jt vhe b hb T o
an to"n do xu thJ] ttng ¢, a _.ng sublt

Théng quanghién . phehn g sp h &p n g IPSHDYMA Lnvdbm
h3nh wvwdtpghoitably ph€hng ph&p d a tr?°
L€ ng cong qubn/ih dimg ®sSUblth2 nghi
vdt | i u ph%¥ h ' p LW m! ph, ngr_vd&t]tl igu
kh[fo s8&8t cho thbly m* h3nh MAT_ 63 ph¥
tham s~ m! h3nh c¢ hQxbHsnd g mbd hih MAT 83hn ¢
cho céc nghién a ti/p theo khi md phng céc 161 X" p ¢ ng khéng phc A i.

Hi  u qul lhbtp nt"h_ cx8phvidig ldua vi ¢
xung | € ng v, n° th nWNilcng/Jnthgopcga
X p v~ tdmo dpm®p chuyWn xung | € ng c.
c.a tblm gi%p vdt |i u x p ph&thbody L
c. Cc. bC8c ctng t hchcehtngn it htoo rh ®tpr cng ct
k/JJt cblu blo v’
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Ch€ehng 3
NGHI a N &XAYUWD  NG/A CHUjf NOA MO HINH MO
PH, NG S’

M, ¢ ti°u laghau Xrh&hnag m?! sw3 niimf ym2L p hbh g
g m c8c mi Qn vdt | i khonkkhi®¢ nhag, nke
vdt xI"ipl.u ¢c8c kJt qul m:* ph, ng s’ v~
th  nghi mchb ph®p €x ®Ftodamom d ., &G tic
cdyvabkw thaw thJ] cmohithh trrghjkgm pkhen
m~ khu!'n kh™ | udn G&c ckh/ga o [ cn hhi °nn
|l © cktn c. cho ¢c8c kh[o s8t b=ng m! p

31.M ph, ng vkhongkhi t rong
31.1.Ph ng ph8p nghi °n cou
31.1.1Ph_. _ng ph8p ph®©n t2ch m! h3nh sX

Phfn mQm miS-OYNA cth ga #FEM nLW ph©n t 2c|
c.a | € i vQ _ng x L. ng cDWNA_L@® c s
d, ng trong ph®©n t2ch s° v3 n- Hinng I
hi n (Explicit) v° Xn (Ilmplicit), d,
v’ rdn L€ ¢ phgt triWn b°i Lagrangi
bi JJn L a g EuemagianaArbitrary Lagrangian Eulerianian, ALE).
Ph€hngALBKJ/Etp "hng tth® i c¢_.a ¢ thudt t o8
Eulerian. Ph€ehng ph8p n"y khlng ch’
ra b i s, DbiJjn ddng qu8 m c¢c c_,a | € |
hi  u qul . ng x chuyWn phammyc t ke ddzi ° |
ph, ¢c nh_ ng thilJJu s-t c.a thudt t 08n
ph®p c¢c8c nh”™ nghi °n c¢_ u gtiordgrcéc lgautgah)t ¢
va chm v™ n° v, [114118c L, ng t ¢ L, <ca

aKi Qu phtn to v™ t2ch ph©n theo thyi

Phfn mQWMNAScung cblp c¢c8&8c Ni Wu?2 nphh fnj]
khg&c bi t gi_.a c8c |l o4i phon t2ch v

ch n c8c kiWu phfn t . Nghi®°n ¢c_u n
phfn t° kh"i 3 c¢chiQu, 8 n¥%Wt LW t2nh
chi Qu vt c8&c€ mhfxrc L nh trong 8 n%t,
r€ ¢ thay L°i theo ¢c8c tr_c t a L >

clng L€ ¢ L€a ra v.,i tblt ¢ c¢c- 9 bdc
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hoHc biJn dUng It €1 nsgg€ tthrvg i cth€ ©@m. hil o
§p d, ng ph% h p cho ph®p t2ch ph©n h
cao[93].

b)Ki ©m so8t b_ac thyi gian trong tz2nh
Trong ph€ehng ph&8p t2ch phBRFmhbd a,

" nghi ®8&8c b€ ¢ th i gian ot c_, a c8§c
ph€hng ph8p t2nh to8n kh8§8§c nhau, | 1°
©m c_, a @dng I(@Bcuc’bre, ¢ th i gian ot L
|l udn Bhi t2nh tb®hnghti3ghas€Tt. L. n
chu k8 T/ pt. Do L-, th i gian cfn t
thu c¢c rblt nhiQu v o s~ 1€ ng b€ ¢ th
thu, ¢ v o k2ch,l€hi€ ghfine tih"pthFmgam n?2
cfn thiJJt ¢"ng d"i v~ L, ch2nh x8c ¢
Cilng th_ ¢ kchhaoa phfn t°
D, 5 L o (3.1)
(%@ ) k&
e ¢
FeGtglhley. & ©
Q=i g . (3.2
TO’ ekk>
B€ ¢ th | gian (opt) trong phe€ehng g
gi 8 tr° ng<€.ng, nJju n- |, n hhn gi § t
trung t@m 9nE LkmMmhn C8&c ti°u ch2 cho 1
3 chi Qu, 8DYZWA lt@ocngmiLSt[ d€ i LOoy:
Y
L.=— (3.3)
Aemax
T ¢ L, amcr ay@mdt | i u L"n h”i thtng
; ~
€4G upd @
C,=é +—5 0 34
" &r, uaj (54
n"i v.,i vdt i " u L"n h”i ¢+ m! Lun

¢ = \/ Ed- v) (35)
A+ V(L -2v)
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tr ongQsll h”"m bi Wu di_  n h' csvac;lel "nh_ t

d"i LHc trePligt W m2h; " pdfnntt2chA Lo
nhbltg, lat e nt xd& L, bal/n vddhngt;" cc t ruy Qn Ot
kh i 1€ ng ri°ng; E I mt Lun L"n h”

KJt qul |7 et L€ ¢ x8c L nh b i I

phfn t° x8c L nh L, c¢ch2nh x8c t2nh t
“n L  nh, trong WD®NMAggdX¥nlist dlngbleSc
mHc L nh 0.9, L°i v,i mt ph,j9lg v, n’

3112Thao nghi Mm nY hi Mn tr_yng

M, c L2ch c¢c_,a th  nghi m n" |7 LWt
th ic nh v. n° TNT LW x8c minh t2nh c¢h?
n"y L€ c¢c th ¢ hi n trong khu gfn nh-
khing ¢ch u [nh h€ ng c¢c_,a s-ng phln >
Lo. KJt qul th, c§8§amgmiinm ¢ h®&oniE pca, Lmth
s v™ ¢tng th ¢ th, ¢ nghi m ti°u chu

Chéntam _ Ro=H |, H<Ra<=10H |
Khu gan 1 Khu xa :

Hinh31.Ph©n v%ng khu khu gt n Vv[2] khu x

Th™ nghi " m n” 08Br 6 g knhgi nng k2h020g T N
mHt Lblt 120cm, Lfu Lo 8p | cSkhdnmg |
kh™ i tTNTL ®cn's/ung u2y0’Ong ddng e¢wangrR2 g  n’
th  nghi m L€ Hnh3®2 nfhh/ja brotg &p |,
| © PCB | odiHt13#BDYB khu gfn L Vhihg L€
chi Tnh h€ ng c_a .s Mg pRhn hxi9 umHit€ Lck
v’ &8p | ¢ n° t°i La c- thwW Lo L€ c¢ I
Lo bao g°m m t m8YoO®CLa kbnhcHECXI Li
Lo. T2n hi o LRuclLblgpra b " n" L€ c
qua h doO©y dXn t2n hi u v" b, card L




Hinh32.BX tr2 th2 nghi Mm Lo §p | xc r
312Thi At | om! mp s q h

Cg&c k/Jt qulsbt. [mth phh€ mgg b i h' | €
b€ ¢ th iX8gi ami nhoptc)h.®0 v, il W/t gL @& ct
L 1€ i chia v™ b€ ¢ th i gian t i €
3.121Thi Atohlnlbwp i Zu ki Mn bi °n

V.i c8c b"i to&n mik2pch, rnc € cstdhev mi
mii tr€ ng xung quanh v~ kJt cblu |°
khtn Kkhi chia nh, I €, i chia cho | € |
gifm s~ 1€ ng phfn t , s d,_ng ph€ehr
mti tr<€ nghb&anghc8tkK i khu v, ¢ mti t
€ i |.n dfFn khi ra xa | € ng n’

Mdhinhh3 nhlL® © thi/t kklbdp, pBmbF g t
d, ny€png ph8&p AME PWvnfihb « eong-B.Kichk g

th€ ¢ miQn "kh!lrog Tkh1220 1T 110 (tronm) Vv~
trdng thg8i kh2 |T t€ ng. Thu ¢ n° TN
kh" i 1€ ng r% °mgwWmé6pB®s&kgnm t4di v @t
TNT. V. i taxsnhdll/ndg m: nlgd,nh LW ph@&nit?

gian tinhtoan.

Bi°n gi_._a thu ¢ n° TNT v~ kh!'!ng k
chung, s d. ng phfn t kh i 8 n¥t d
thu ¢ n° sang | € i chia mti tr<€ ng k
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TYi bQ8aenHit L i x_ ng hgiding vhudm gc hgu ycwn
xoay theo hai tac nactrérchiéa mM'Q miLti cch®c n
| © c¢c8c n¥%t t do d4ng bi°n thog&t (Cp

Hinh3.3.M* h3nh -®BYWNAtr °n LS

3.1.22M0 hinhv ot vI'i M8c ph_ _ng tr3*nh trvng

Ten xb stwuehbiv/hin dUng m! t[ quy | udt
Trong tr4Yng ths8i tonh, c¢c8c m! t[ _ng

X c.,a vdt |i u b ngodi | ¢ t&c L, n
qus8 m c¢c, Vvi ¢ 8p d, h9o8&m (EPBEhmgotr?
i u s€ | " c¢cfn thilt.

Ph€hng tr3ohyAu Umlg tth&8c m i quan
L , thW t2ch, mdt L, v° ntng | € ng b
m i quan h  gi_a nh_ n@® rndraly° i tir oormQg &
kh i | € ng vdt |i u sau khi b" n” ho
nhi t L, cao v ° §8p sublt cao t_. v_ n
c,a vdt i wu, li°n quan LJn thay L i

a) Md hinh khéng khi

S d, ng tMAT VMWLLivu ph€hng tr3nh
*EOS_LI NEAR_POLYNOMI AL LW mt t[ . ng
hi " n theo ph€hng tr3@Bb6) tPEBefgNng hhEi3nh
36)c- thw L€ ¢ s -d_, kgt dW kmh2h¥nh ph
th8i theo | udt Gamma. nNi Qu n”" ywy=@- - th
=C=CG=CG=0vaG=G= -1, viJt | 4337 ct ng t

P=C, +C €&m Gm (G C+mG Ik (3.6)

P=(g -1)rLE0 (37)

0
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trongElL> n,i ntng c¢c_,a Lhn v CytCh@®, t2c
C3,Cyy G, Gl ¢c8Glh™ kh™;i |1 € ng t€hng L i
ri°ng c.,a khtng kh2 °Q)opl 2 khdivlie khig?
Lfu khtng kh2; 3 |7 ki€8ic t®amgsrfi khg
d. ng trong m* ph, ng |7~ @o§cnhh&®m $7To
nghi °n ¢ U9219% 118]* ng b’
BFfmMg. Tham s~ m* h3nh vdt i u
y (kY B Go(kg/n®)  Cs Cs
1.23 2.58xE5 1.0 04 04

b)M:? h3nh thuXc nY TNT

S d.ng tHhMATV dHtl GHi EXPLOSI VE_BURN
tr3nh tr YnigneswWikins-L ese (dJ WIg)E ®@ Sun WL hITW |
tf ng x c¢c,a vdt i u TNT thW hi n
t h (38)[119]:

a w, ©o " E,
p=A % Zw Bre g o1 v M>  (3g
ME Ry 2 " g@\« X
tr on gAuwL Bw, R, Rvaviul © ¢c8c h3ung s | ikldan qu
kh" i | € ngoltt€mng Ilh'ting E.nda " Lhang | €©h)
trong vdt i u.

TrongBI m3@t hW hi n c8c tham s’ cho mt
tham s~ nhe€e: 3 1,1 "kh“ic IL€ cipth 8&p °na g b
ChapmanJouget.

BIrmM@Tham s~ m! h3[m2 vdt | i wu
} (kY  vamls) PcAPa) Ajw (Pa) Bjwi(Pa)
1600 9630 2.1xE10 3.738xE1l 3.747xE9
Rl Rz ¥jwi V N Eo(J/ m3)
4.15 0.9 0.35 1.0 6.0xE9
3.1.3KAt mtudphYng s X
3.1.31¢ nh h_ etnlg. ke cchhi a | _ ai mt i tr_yng
nNW L8nh gi& rdth Lh€In@ i chia L/n k
LSDYNA th, ¢ hi n mt ph, ng c8c b~ i to

1/8 ¢c- k2ch th€ ¢ 2.5x2.5x2.5cm L€ c
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8nt c- k2ch th€e ¢ cUnh 0. 125cm. Kz2ch
chia th”"nh c8c phfn t kh” i | dp ph€er
1.25cm, 1.5cm, 2cm v~ 3cm. Phfn til]lp
v khtng kh?2 Lmgcc&hugyWnn tt Jpkbld 8
k2ch th€e ¢ cUnh ttng dfn. C8c m! h3
0.6 LW so s8&8nh. Ch°nh | ch &p | ¢ L°
gi 8 d a tr°n so s8nh v, i ®Big ©0o0&nchic
cYnh 1€ ng n° TNTO :i (cLh@ a nchhi an hikltn) /
X 100%, kJt qul kh[Hnh3x78t L€ ¢ thW hi

450

— i —s— 1.0cm
g 400 - —o— 1.25cm
e 1 —4&— 1.5cm
— 350+ —v— 2.0cm
| <— 3.0cm
o 300 A
— 250+
o 200 -
Q i
150 -
100 eeewrsy
50 -
0 : T )
0.0 0.5 1.0 15 2.0 2.5
Th® i gi an ( ms)
Hinh34.ni ©m khd o s8t c¢c8ch t©Om nY
. 10004 —e— 1.0cm
© —o— 1.25cm
i —&—1.5cm
= 800 & —v— 2.0cm
& >— 3.0cm
o
600 -
o
QO 400
200 -
fe-
(0] T 1

T T T
0.0 0.5 1.0 1.5 2.0 25
Th® i gi an ( ms)

Hinh35.ni ©m khd o s8t c¢c8&8ch t©m nY
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1600 —
— | [n} —a— 1.0cm
[5+]
o 14004 —o—1.25cm
-~ ] —2— 1.5cm
— 12004 —v— 2.0cm
] <>— 3.0cm
o
1000
- 1|
800 4
5 ] \
© 6004 <
<
| LY
4
400 - )
200 - %
4 g ;, 3855 e
O R s T T VV“”””V W:VT::’
0.0 0.5 1.0 1.5 2.0 2.5

Th i gi an ( ms)

Hinh3.6.ni ©m khd o s8t c¢c8ch t©Om nY

60
50.2
5 48.4 168
— 40 374 358
S
- 313
S 30 1
< ° 23.5 24.3
€ 20 15.6
~ 10.3
10 I 7.2
0 []
60cm 80cm 100cm
H1.25cm 1.5cm 2.0cm 3.0cm

Hinh3.7.Ch°nh | Mch L=Znh 8p | xc so

KJt qul m! tphbngl s | €hio chia [ nh
kh&c gi_.a c8c k/Jt qul L "nh 8&p | c LTS
3cm (1.2 I Fn chiQu d'i cUYnh "I € nd e’i
Fnh h€ ng | . n LJn kJJt qulr omtg pnhg hnig® n
cho ,t®bly chia 1cm (0.4 | fn cYnh 1| € n

| € ng n° TNT) cho kJt qulf 8&p | ¢ L’
qus |, n (t. 7.2 LJ]Jn 15. 6 %) n°n tron
khing ve5tl §ug8§cbi Qu d" i cYnh | € ng n
3132 nh h_eng yAu tX t= I M b_ac thyi
B€ ¢ th i gian b [nh h€ ng b i vyIJ
hi ' n tron@P[EB WM thhec s° t° |~ mHc L°

H

LW t2nhgb®nclth™Oi 9. Tuy nhi®°n, h s’
hoHc thblp hhn cho ph®©n t2ch b~i to§
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Ph®n t2ch h° s t° 1 b€ ¢ th i gian
0.3, 0.4, 0.5 v hioh.TSFL(TSFRHBRS, TSALGTSKS S ©
v TSF6) 8p d. ng v o m* h3nh | € i p h
m: h3nh L€ ¢ so s8§nh v,i TSF1 LW x§«
h® p cho nghi®°n (89wuhW thhhi.a mBisWu  t[RiSIBF A (
h€ ng L/Jn b€ ¢ th i ¢bhDYEM[92L.rong m! ph
Dt TSSFAG oo/ G (39)

tronBSEFAC He c "t hmesll " giman; Ll | € 12 chi
chi Qu d"i b€ ¢ s-ng.

Ch°nh | 'Lchoh8p cl§cc b"i tog&n h s~ T¢
tr°n so s8nh v_,i b”"i to&n | <€ i c¢c- h’

-TSSFAC nh, nhblt)/ TSSFAGhiflo, sih bltl €x
hi n Hinh3®n g

’(; —=— TSF1
o 400 - < —o TSF2
~ y —— TSF3
~ ] 1 —v— TSF4
& 3004 ) <>— TSF5
Q. 200

O

100 I
a
] )

(o}

T T T T T T T T T 1
0.0 0.5 1.0 15 2.0 25
Th® i gi an ( ms)

Hinh38.Cp | x¢c s-ng xung k2ch c8&ch
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0.0734

0.0694
0.06
0.05
0.03
0.02 0.0168
0.01 0.0044 I

0.0001
0.00 [ |

TS4 TSS TS6

TS2 TS3

Chénh léch [%]
o
(=]
-

Hinh39.Ch°nh | Mch 8p | xc L=Znh

T. kJt gueHot RKBIfoc§8&th s~ TSSFAC tr
0.6 cho kgt qul "n L nh v,i b”"i togn
khi h' s° TSSFACiI aath, t ko ttzhrefo ttthng LU
ph%ut 18 gi©y cho tr€ ng h ' p TSSFAC =
tr€ ng h p TSSFAC = 0.1. Do L-, LWL
t h® | gian t2nh to8n trong nghchobai c_ U
to8§n so s8&nh v, idok /Jyt. aq ulag pt hnncd niigé id n
t2nh tog&n v" th i gian t2nh to&n phy

3133 nh h_eng cva | _ai chia | _1ng nY

Nghi°n ¢c.u Inh h€ ng c,a | € i chia
tiJJn h"nh thrtn c& oaogmk2kkhnt he c | € I
lecm, h™ s° t° 1" b€ ¢ th i gian TSSF

b=ng 1/10, 1/15, 1/20 v~ 1/ 25 c¢cYYnh |
TNT2, TNT3 v" TNT4). Cp Isoc sl&8nmh vg.ia

ch°nh | ch &8p | ¢ L°"nh c¢c_,a c&8c b"i t
SO0 s8nh v _I b ™ i to8n | € i C - | e, | C |
|  -h€ i chia TNT nh, nhblt)/ L€ i <chia

s§t L ®ic ntHinW&lh g
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500

—s— TNT1
—o—TNT2

(kPa)

400 -+

o

300

Cp

200 -

T T T T 1
0.0 0.5 1.0 15 2.0 25
Th® i gi an ( ms)

Hinh3.10.Cp | xX¢c s-ng xung k2ch c8ct

2177
19.53

—
tn

—
=1

Chénh léch [%]

6.20

TNT10 TNT15 TNT20
Hinh3.11.Ch°nh | Mch 8p | xc LZnh
T. k/Jt queHot kbBly ot S8t™ | € i chia | €
v 1/25 cho ch°nh | c¢ch k/Jt qul 8&p |,
nhdn L€ ¢ (6.2%). Tuy nhiig°nl,” nmkhtit nlge,
th> i gian t2nh to&8n t_. 3 gi 42 phbt
gi° 36 phw%wt 38 gi©y cho mt h3nh 1/ 25
s d,ng | € i chia |I€ ng n° TMTvbandg &
ng€ ¢ L, " n L nh kJt qul t2nh to§n

3134 nh h_eng bZ ring bi°n LAn dvu ng ¢

nNW nghi °h€cogalm@ r ng bi°n LJn d¢t
tiJJn h” nh xublt 8p | ¢ m! ph, frug tt r °Cn \
ndum tr°n bi°n h€ ng v o t©m | € ng n’
c8§ch nhau I fn 1€t 5cm (kholng c8ch
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110cm, 105c m, 100c m, 95cm v~ 90cm v’
10cm, 15cm va 20cm).

800 -

700 -

(kPa)

600 -

500 &7
J I
\

|
400 &
i |

C

Cp

A
300 [ T8
200
100

0

0.0 0.5 1.0 1.5 2.0 25
Th® i gi an ( ms)

Hinh3.12Cp | xc s-ng xung k2ch Li©

400 -~

i

rrrr
“hn e
5335

350

(kPa)

300 -

C

250 -

200 -

SFAN
Y R o
L Ne
M A ®
Ve S
T o BN A7 (=2
150 - X & N P
N B
1 & 4 U8ag, et
& g o
e SRR

Cp

T T T T 1
0.0 0.5 1.0 15 2.0 25
Th® i gi an ( ms)

Hinh3.13.Cp | xX¢c s-ng xung k2ch thao ngt
T. kJt qul khkxBx d§tWmc kd [toh syt c8c

l Ffn k2ch the c¢c | € i chia c,a chi Qu d
c.a biwu LY &p | . ¢ ph%¥ h p v.,i dUng

nghi m t4i hi n tr<€ ng. Da 8wdy, tdr ar
r . ng bi°n t i thiWu b=3ung 1% WDbEnWuc hli”C
§p | cvph%th g 1t

3.1.3550 s8nh kAt qud m?* ph¥Yng sX vai

nW L8nh gi 8 kJJjt qul m! ph, ng s ti
| fn nh€e m! 302 tkfdhggmfc8&p | ¢ L " nh
c8ch tom n’ 100cm trung b3nh sau 03
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clng th c¢ t IBadovskg2) (884.66kPx _la” 9. 44 %, ch
qul th  nghi m n" hi ' n tr€ ng Lo L€
T. c8c kNt el alghl&2s8tthhc | € i
khing kh2, h” s° t° I~ b€ ¢ th i gi:z
r.ng bi°n LJn nkKJtv 'qutlfh  mt gpihganngk /]t t h

thing s° c¢cho b”"i to8&8n m! ph, ng: k2cl
d”i cY9Ynh 1€ ng n° TNT (1.25cm), h’
|l € i chia | € ng n° TNT b33nglfhg268cHnN
Li Wm kh[o s8t 8&p | ¢ LJn bi°n b3ng
kh2 (18.75cm). KJt qul 8&8p | ¢ L " nh
nghi m 4.98% v~ c¢ctng th ¢ th, ¢ nghi’
’;400_. —=—Th’ ngtl
o 350 - —e— M1 ph.,|r
i4’300—.
_200—-
8-150—-
"
. . T.hni g.ian (-ms).
Hinh3.14Cp | x¢c mDYpNAY nvg” LtShxc nghi Mm n
MHc d% th ¢ tJ |~ c¢c8c kJJt qul s’

to"n gi ng nhau do s ph ¢ tdp ¢, a v
tr3nh trYng thsg8i tdhi L khvrigthaagn kt]
k/Jt qul t. m* ph,ng vQ ch bln ph% h°

L., ¢c- thwW Kkhingndli nth r3¥&ndg phfn t°
d°i c¢cUYnh b°n c.,a 1€ ng n, h s° t°
| € i chia I€© ng n° b3ung 1/20 cYnh | ¢
§p | . c t i thiWu blngh®p Imfn ehi @4 nd

trén LSDY NA L tin cdy LW m! ph, ng s C
khéng khi.
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314n8ngvk At qud chuxn h-a m! h3nh

T. c¢c8c k/Jt quppanthchk mighph mnog "t r °n
m tL8nhlWi&8pkHhi, ngéwy* dh3nngh m! ph, ng v,
khéng khj ¢ | thW nh€ sau

-So s8nh gi 8 tr° 8&8p | . c L nh tYi \
phfn t° cho thbly, khi t&tng mdt L, |
kh[fo s8t c¢:- xu h<€etngdg ‘gn 8L'tmh vwh i M
nhblt). KJt qul th nghi m s° <c¢clng c
khtng v€ t qug§8 0.5 | fn chiQu d"i c¢Un

-Ph®©n t2ch yJugianchd "FHbly bh& g tch a |
gan |7 kh& nh, . Khi thay L i b€ c¢ t
nhau kholng 0.01% v°- c8&8c L€ ng ‘tong
khg8§c nhau trong biWu LY phon b" §&§p |

x®t th i gilan thz h nthg§ MTSSWFAC = 0.3 I
s 8p d,ng cho c¢c8c nghi®°n c¢c. u til]lp t

-Qua c8c th nghi m s~ L« khlo s§&t

| € ng n° b3wng 1/20 chiQu d"i cY9Ynh | «
t. i giBhtw”™ kAtLqul m! ph, ng cho gi §
qul th., ¢ nghi " m n° hi n tr<€ ng.

-n" i v, i bQ r ntmhtbi °Lni Wm ak hnflo hs38nth §
thi Wu b33ng 15 | fn chiQu d"i c¢cY9Ynh phf¥
L &pplh*% h" p v,i kJt qul th ¢ nghi o
322Mt phswdt | i u b° tlng c 't th®p

N i dung c¢c.a m,c n"y |~ | aBT€h n 1
ch u t 8c8pd nhng®macha 8c minh ch®o kIt q
th ¢ rhghin mWe€tmgc hi n n,i dung n"y

hai mXadit h2 nghtiblim,BTICT nch-. nhg nh dUng
hai ph€ehng v° m t ph€ehng, 19OkglL Bt nga kW
1. 6kgfFTikMt nghi mLBIE gih® WH®pqul tr°n
hc clng nh€© h3nh th8i ph&8 h_,y c¢c.a Kk
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3.2.1.M6 hinhv o t bé tonylu
321.1Mi ¢ X mt h3nh b° tltng Li®©®n h3nh

Phfn mRWMNRAScungt @®p nmtt t vnQ cpghg nmyt
b°e tlng, ch3ing héenDam&Lg eMaRelCdD ncm¥e h
MAT 072 R3[121,122) , Mat Winfrith _Concrete
MAT 084[123]) , Mat CSCM_Concrete (5[124h3 nh
125) , v~ Mat RHT ( m?! 272[b26) RHTF h oico Mc
m: h3nh n"y t@Rng8lc' it hllmng gi' fTrch bln
h3nh cunmhicblp bmfnt t Yo tham s  t, L n

3212B" n vYuoshyxa chZn m! h3nh

T. nh_ng t3m hiWu ° tr°n cho t hbly
n"i bdt v° nh_ng €©u thJ] nhblt L nh vC
ntng bi Wu di_, n,cvhjot pniL@p Wta °imHtk /Jjp h % rblg
giao cho m i phfn t v’ <c¢8c vPipostn_ t

MHt WKh®ang nh_ ng nktm gfn Lfy L« cC- n
khl[ quan v~° LL8ng tin cdy trong vVvi
ph, ng kJt <cblu BTCS8p chh cunMusdaad vadshafey c .
Sadraiev © ¢ _, Mhai vesKim Epackachi va Whittakgd. 18, 127129]. Do
L -t,rong n, i duangcH undnmi8nhs3sreh MAT _ 084
|l i u b° tlng trong nghi®°n c sau x©y d.

3.21.3M* h3 nh v o Winfrith(MAT @B4) t * ng

B° ttng dh§€wdlt d,i dio L-, dlng t  ng
c- thw L€ ¢ vifJt 17
Y(l,,3,,3,)=0 (3.10)

tronfbl L-bblt bi/Jn th nhblt c¢c, a ten xt
t hw $vagh: Bblt bi/Jn th 2 v° th 3 c,.
gi i th2ch cho ¢c&8c _ng x | ch.

M6 hinh bé tbng Winfrith (MATO 8 4 ) L€ ¢ phgt tri W
nh3m m, c L2ch giBTCTcghuyw]tt [ci§ ct rk /ntg cvbi
tri Wn kHkaiNAv voo oLSrtm 1991. T2nh phi
ch ng minh b3ng m t |l o4t c8&c d. | i wu
vachUm [M23. nM! h3nh clng ph% bignvdilnt
c.a vdt i u v™ m t t2nh nktng hblp dX
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La ba mHt ph<3ng v/t n_t tr ¢ giao <cft
xem xétthéngqualLk.®r epost | ° hai LHc t2nh n’ i
caicthihng s~ Lfu v o t€hng L i Lhn gi[n.

Mt h3nh c, thW Winfrith d a tr°n m
[130]:

Y(1,3,,k)=a) 43 b 1 (3.11)
Ieklcos — cosl(k2 cob (,3)) dos B
/= o 1 (3.12)
) 1 g
lrklcosgg- 5 €08 (&, cof @)) y cfs B ¢
3J/3 9,
cod &) = 5 JS/Z (3.13)

tronagb kvaklab  n t tamms™ gs_ ag sublt k®o
sublt Sd@waqh¥%ng L€ ¢ x8§c L nh t. thb?
3.2.2.M06 hinhv 2 t clXhédu

TrongLSDYNA cumgtcblp m:* h3nh wvdt 1i
th®p, trong LPLASTICIKINEMATICIMAR 0GB/ 024
PIECEWISE_LINEAR_PLASTICCITY(MAT _ 024)L‘e cC S d. ng i
trongm? t [ vdt [118 12@129¢V ti th&®p m: h3nh n’
MAT 003 t<€hng L i d s d.ng khi y°.
th®p v° ph% h p v.,i vdt |i u c¢c- t2nh

Trong mé6 hinh MAT_003qua trinht 81 LKRQm HIstrapig
hardening,t § i L b @g (Kmematic hardeningh o Hic  k JJ tt §hi~ pb Qi
L3ng h<€ ng cv-' tlhwW @t dhigclce& cch t hayb L7 |
gi.a hai gi 88 tr 0 vt 1.€h¥giatrimhpb Riig
bQlh, ng h 8 L\WB®g h<€ nHnhBI&rtiregn vL QKey
X U Bl hinhnayw ~ o nt W311 97 6
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Ung suat chay |-

................................. B=0, Tai bén déng hoc

- | p=1,Ta bén déng hwdéng
Hinh3.15¢ ng xo L guatithhQigi dBdg h_ang [92]" Li |
Trongquatrinht 8i LBA®QY h€ ng, tOm c_,a bQ mt
b&n k2nh |7 m t h" mté&j &b®op/Jh dUdnb8&dT
bQ mHt chly | ° ¢ L nh nh€eng toOom t n
T c L, Wiginc d®Pnmgh t o&n b%ng‘,owpeéch S
Symonds(Jones 1983132)),t r ongnd -suplh, chhvu, ¢ t ¢
dUng

e .. .. @

. Aé ©

=€ a +B, !

Q 4&% QG‘% qeﬁ&' (3.14)

e U
trongvaCl-~ c¢c8c h3ungéls’ tl'fcu Lv  obivn dUn
thlng qua bi Wu th_c

£ (3.15)

Ban kinh hin td ¢ a lQmHuchy , o 1atngca "®@ cily ban L
,0C, Ngc€, ng L bLEf&,i tbrQaEnlg mdl-udTo t §i L

(Plastic hardening modulys

E = (3.16

vaex!l ™ biJjn dUng d
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t %
B2 ...q 8
el = &3 egdt (3.17)
LR
T c L, biJhidgdnag dTo L~ biJn dUing
I? = ”%! - .ije (318)
Trong qu§ rtinkftadadim:t M3ahhivdt | i u n~vy
t ©m L€ cl hphpl thicdBtch L " n h™ i ;
si'j =3 € R (3.19)

trong, Il ,ten xh _ ngs/dubltt etnh x hn g mig" s,
tre €glamatrdn m* Lun tiDp " tuegAnxhb” bi
ttng dfn.

NJu khmyl&€To t ts &o6ngwébn  skuhnSgc L€ c
hi n. Tuyhnmi¢mBy ndluophdm ths3 s gi @

r€ ¢ t2nh to&n, _ng sublt L€ ¢ thu nt
L€ ¢ cdp nhdt .

3.23Th2 nghMNmMmtr_yng

NW L&8nh gi 88p 8c cll °mgBldta §bluh” nh ¢
nghi m hi n kAt€ alu (c'hJJt hxd®c nig'hmh mec §
tr€eng L,  ng BTGAve, a§&Jthebloghi m tron
tr€eng vdt |i u b° tilng.

3.231ChA tuo cmu ki Mn th2z nghi Mm hi Mn
NW ti/Jn gabhht t8ghch’ u tcéc] Ut UGY tthim
th2 nghi m g  m:
ThIinBTCTI o4Yd - 1k2 ch 200x68n cv 1i0 0« & nm, ht®pl .
Lan 156850nm LHkhti°#ti/jJ ¢~ L nh b3lng BT

ThInBTCTI o Ud - 2k 2 c1OxGOXI@n cv, i ¢theot p®Eh
ch” uddv 'c ph€ehng @matngl t plal25xh25cmeci t
thépe« 1I0Ht d€ i c8&8mh wrch@uliMBPLE>N c8ch

LHt tr°n ,gi 8 th®p h3nh | i °n kJt chHit
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Hinh3.16.C! n g f§c chAtUo cmu ki Mn th
3232Th2 nghi Mm trong ph, k@dtx &® ulLMnh t

TiJn h” nh th2 nghi m k/Jt h°p n®n |
tr°n m8y tUYo | ¢ La nibOx3POmwmTré& may kéom X u
néen WEW1000B LW x8c L nh c¢c8c tham s’ v
tuy/jn v° ¢€ ng L., ch'C€ m@n Lc, & hv dit k
ttng | bly b3ubng 10®W8§cE€kdlg Bulfchha m@m
L€ ¢ tréngBhl[ B y ct8§c tham s~ Lfu v o c,
ti °u chuXn hi n h"nh vQ th®p x©y d n
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Ti/Jn h”"nh th2 nghi m x8c L nh thar
trén maykéo nén WEWIO00B c¢c8§c tham s~ vdt |i u
trongB [ ri34.

Hinh3.18 Th?2 nmhaXm t h®p
3.233Thinghi Mm nY hi Mn tr_yng

nW Lo v~™ ghi I'49i c¢c8c kJt qul thz |
th2 nghi m: m8§y LolQ@Q00ODC,  alkyWithowW! K
tiJp x%c Sharp GP2YOA21YKOF v° Lfu L
L€ ¢ kJJt n" i vA000DL thd:Nlg H§CHI c8c
to"n b, h th  ng Lo L€ ¢ L imQabVIEW i Wn
Signal Expressnh200125.t hRi JjJnghhi " m nh 3um x
L' ng h ¢ tbim b° tlng (TN_01) v~ th?
(TN_02).

aaTh2 nghi Mm TN_O01

nW x8c L nh ¢c8c LHc tr€eng LIBTE@y h c
tiJn h nh th2z nghiv, m n itBiGEkighn t thnee
100x100x6cm( t bim BTCO€l o Yk ° 1D " n cUYnh | °n Kk
BTCT. Th nghi m v Oikgl €rreg nc'§ cThN TmHi
thitng s° Lo LW khl[o s§t g m gia t c
mHd € i tblm nfhd laghgi an.t ¢ LI ic thebnn gt
nghi tMfu Lo chuyWn v L€ ¢ gdn ¢~ L’
th€e ¢ | . n LW kJt qul th2 nghi m thu



. S T ;:‘ t ! e | | { ,; :',‘. 5 :
\ & | s epovoaivioF
: f i -
Hinh3.19.Th2 nghi Mm x

b)Th2 nghi Mm TN_02

nNW ti/Jn gabhAht E§ghch u t8&c L, ng t.
h3nh th2 ngBTCTem ok2me:h ttbine, (ct Hirfa OBKBOX 11
2)LHt tréphinhgT §L€hc | i ° nc ko gidcthép Hinh n h
gi 8§ th®p h3nh |i°ns'k/d, rcch Hit € 8kgdo8 m QnT
b§nh TNT Vaofléo208gh b @ hrhktg tsBim LEO d
chuyWn v’ t heo phrahting it ht3phng tLR &n g gch,
chuywWn v L€ ¢ gdn ¢~ L nh tr°n nQn
v,i b, gi 8 th®p h3nh LW kJJt qul t h?

c LTtrhmTATrl ¢ tr_n

F = R g i (A Wi

Hn.2.Th nghiB/ITlﬁTkhAl'tu cm&uc dAng cva

3.24Thao ngti NdbnisYXn g

3241Lxa chZn ph_ _ng ph8p m* h3nh h-.a
ThiJt I dp m! ph, ng n° troDYNAnég§c pt

ri°ng LQu ¢+ nhiQu c¢c8ch th_c¢c kh8c nh

Ph€hng {mhiglagrandiam cho/kchl, conviaplcn s d ng
chc ntng COMWEPAD BLAST ENHANCED, L ©
phap s d ng cac cong thc th cnghim v it Bgen o ph thu ¢ vao
kh'i “hg€hicn vakhdng c §hrab@mHLiti/p nhch ¢ a KT chl. Do
khéng plfi mé hinh hod “@g n va khong khi xung quanh nén gitinh toan
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ssnhanh hhnnpdfncAag bhbhAu Tuy nhi°n, p h €
méotfTL& L. E§c  hosafilh trong mé hinh K chl ph ¢ th.

Ph€ehng p h3agrangigy Euleranian (Arbitray Lagrangian
Eul eri ani acrkl h ALm)hi ¢ &d thud toan Lagrangian va
thuw t o8n Eul er i andphRhh@bthigysépdagpttoan vk
Lagrangian va tha toan Eulerian, cho phép cac nha nghién gi[i quy/} cac
veh Qbi/h dthg | ntrongvachHmvan v.i  t, Bgcf c L €ao. THIc[ cac
thanh pfin | "'hg l, © m?* nhg khongekhi va R cBlil QI °Lc®6 hinh
h- &y Liakhdphcnhngthipsétca ph€ehng ph8pfh Lagr
tdy. Trongm. cnaytiptcl achn ph<€hng ph 8hinlAHéaEth t r or
nghims.
3.2.4.2M1 h3nh vot |l i Mu

nWh c hi n qué trinh md png bai toan trong fm nay €kJjth a cac
k/T qul va thong S L'Fu vao ¢a m ¢ 3.1 cho mé hih vd Ii u ¢ a thu c n
TNT va khong khi.

a) M6 hinh bé tong

S dng mdé hinh MAT 084 v thT vd |iu *084/085
WI NFRI TH_ CONMRIE hidx d¢ abé téng

BIrmM@Tham s~ mt h3nh vdt |i wu
1 (kY / E(Pa) 3 0c(Pa) dy(Pa)
2400 26.41xXE6 0.2 30.01xE6  3.0xE6
byM* h3nh ¢Xt th®p trong b° tlng

S dng mdé hinh MAT 003 vi thG vd liu *003
PLASTIC KINEMATIC I!\WmMO6 T ng X ¢ a c t thép trong bé tong.

BImMg.Tham s~ m! ch3tnht hv&pt | i u
1 (kY / E(Pa) 3 Ucn(Pa)
7850 2.05xE11 0.3 2.4xE8

3.243X©y dxng m! h3nh sX

nWgilm s | “@g pfnt chobaitodns dng b~ iixtngrBanh L
khi mé ph ng cho thiic n TNT va khong khi. TNT, khong khi vaih bé tdéng
s dngviphfnt khildp ph€hng 8 <@clhithgay TNTEbg
1/30 chi@u dai ¢h h ° ng & theo khuyh céo trong mc 3.1.3  Wmd T qua



93

tinh truyr ap lcgia TNT v ° ngrdmg khi's €©ng tHG* ALE-
MULTI-METARIAL_GROUP_PART va cac nut.ga haimr vd il u  ‘lce
liéen KT v. i nhau. S d ng thHU* CONSTRAINED-LAGRANGE_IN_SOLID
'WmMo T ghép nigi akhéng khivaldin b ° t'cragdn(d v i
khong khi) vi CTYPE I5y bag 4.

Conhip ph€ehng phaywmokhtE§ct m®@mut ong b
ph€hng tphtlépyviviccoict t h ® ptphnth@ticmtrong bé
tong, pgnthwt 2 ch "© " yn'! L' €3 n h tlhp-cac pfnh @ongdi
trictth b ° t * ng. P ht€iocdg bijpdh§ ph ma'c ythép va
L " Ni .h Ph€hnbaphgp ph€ehng ph8&p chia n
I’ ‘& md hinhhda Bag cac cacgint dfm v * c KF &i v, i bé tdng Bag
c8ch gh®piclusgcNOopéudfu cc ititca I €t h ® pbétwng | €
phli t r Y%n dqunayhcatid dang khix lycac) pthépchulc, nh€ng
knimdfTct IHhi kh- dnbhghiénculsEs dng ph€hng p
n h ¥n gc tith€p trong bé tbngva h ®ct t h@moflLe ld v |
thin bé tong va'sd, ng tit*CONSTRAINEDL AGRANGE | N WsOL |
mo § ghép nigi. a . Ic@ thép valin bé tong vi CTYPE by b3ag 2.nW
mo t[ thanh ct théps d ng thG*SECTION_BEAM v i cac tham s
ELFORM = 1 (¢m HughesLiu) va QR = 2, CST =1 chofjidi n tron.

S d ng cac khuyh cao QI ©chia, md | d h i ,akhdngkhi va TNT,
bQr ngbiénvahs t' b&thi gi an Jjn hce8ldkGdlar a_ct r o n
3.1.3 i ik/pchlthh béténgctthéps d n g . ikha 10x10x10mm, d
thép s d ngpHnt thanh 30mm,kh /]Mab gas d ngpHnt kich tch €
20x20x20mm.

VQL Qu ki n bién mh khdng khiby theo me 3.1.2.1 ti/p xtic gia b
ga- tbi bé tdng va Kh  J]{thh bé tong s d. ng mo { ti/p xic hai chQu
(*CONTACT_AUTOMATIC_SURFACE_TO_SURFACE
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Tam bé tong

Hinh3.21L. X©y dxng m! h3nh h3nh hZXZc
3.25KAt mfudphYng s X
3251KAt qud
Ti/)h hanh m@h ng trén LSDYNA cho kil qul tr ¢ quan ¢ vQs thay
Uinil ctrenkicih c1 ng [Mheequatinhin BTCTb ntv .
Béendh h L - clwywev t4 v tri gi a tiih ¢ a m6 phng va thi nghim
cl ng Jpgtl6tckvQdthg bW “ & gid tr chuy v | n nht

i
[t
o

Hinh322Qu&8 tr3nh | an truyZn s-ng
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tm m

NBTET(T!N_0B)i

h ou

Hinh3.24.P h §

> 0.54
0.1

an

gi

inh3.25.Ch uy ©n BRCM(TN_01jn

H
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Th" i gi an [ ms]

Hinh3.26.Gi a t 0 EWCT(TN_01)

—— Th?2 " m

n g h
© 1 |[—— M2 ph, n

i
9

o 1 2 3 4
Th® i gi an [ ms]

Hinh3.272.Chuy®n vIil1 tmm (TN_02)
BImM&BIng t ng h p kJt qurTl

N, i Tham nhn Thi g Mo Ch°nh
dung ’ nghi ph, n (%)
™ 01 Chuy Wr cm 0.61 0.56 8.15

- Gi a t g 139577 125821 9.86
TN.02 Chuy Wr cm 1.16 1.07 7.93

3.252Nhon x ®t
T. s i ucactham'sL, ng h c kh[o sat (chuyd v va giatc) td v tri
giatihgak}lgu L o t hrhvamg phihng S cho thyy dthg b ™ Kha
t €hnng v l'chénh'lch gia tr'n h _ idl@% la K} qul chih nhch  “le€
Théng qua cac cong th th ¢ nghi m ¢ a Sadovsky[2], th ¢ hi n tinh
toan i tr ng, s d ng pfn mQn Sap2000 tnh toan cho B qul” chuy v
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gi. a tih (TN_01) c6 gia tr0.69cm cho thy k/J qul th ¢ nghi m va mé phng
| = Ls8dg tin c

T kI qu mé phng d vQhinhthaiphahdténtin b° ting cl
dthg bW ™ 14 gia tr chuyWi v gi a thin cho thsy bag cachs d ng cac mo
hinhva Ii" u pha hp v inh ngthéng s Lfu vao tithiwi ¢ a md hinh bé téng
MAT 084 | " dykhi&md ghng vdri u ©é téng chu tac gngt v,
n.

326.n8nh k@it 8qud chuxn h-a m! h3nh

T. c8c kJt qul th, c¢c ntghmhin mmiv hPpmien
m tLENhLWYWi&p d_ ng khi x©y cdongv dmh? |Hh?3
tlng ch u, tgc tdgWgnm€ sau

V. i d. i " u Lfu v"o |~ c8gcththmy d
d°ng s d_ng th2 nghi m,méhinbdhephépr on
bi Wu di_ n v/t n_ t tr°n kJt cblu | ° nh

S d. ng odlocx b€ tct mghi Qu t&c gil s  d,
X  Kk/BTCToHWut gffehb@®@yt. nh€e m* h3nh vd
m: h3nh MAT 003 clng c- L.,i h,i than
m: t[ vdt KSb ®88ah h3ndToh8i ph§ hod,i
tr° L nh c¢c8c thamnsg ni% nmpgh, hngc vc, a& Jttb
cho thbly khi s d_ng m! h3MARO003ai | i
c t ctihn@p nh€ c&ch tiJjp cdn ph€ehng ph
trongLSDYNA ~ng d_, ngpkAt ctblukbh uhi

T. kJt gehokwihdbysgt d, ng ph<€hng ph
moé hinhv dt bédtdbng(uUMAT _084) , m! h3(MAT 00Jva | i

c8c gi yng abb°ctrng v, i khindilQuz kib?
cho kIJ/tk hguwl/Jnt "ct§o s do 8nng ncth op hn hn gn gt il
33.M! phswdt | ic. mgx kpnt ng hfglp, &’ t |

Do nh._ ng h49n chJ/JtwO nngth n twddonglgi hu
n,i dunmhg ndyng vdt | i u x  p(docéngty Kkh:

Phs Ve€hnglLWlni AwBlhjngh&nm g3 8§ d, ng mt?
MAT 63 trongm, 2.3c. @h€higvV 2 h. ¢ hi .n m* ph, n
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331Thx mghi Mm nY hi Mn tr_yng

NW tiJ/Jn h" nth nig88nph g ic§ °tn§ &k /Jjt ¢ blu x|
tiJJn h"nh th2 nghi m n” t49i hi n tr€
(d%nhganh L€ ng k2nh 10mm) m&m [B€0c ck*®
b"n cUnh | °n KkBTCT. L[T/plnt 'x Ip nXhP Sb gy 50
tblm th®p d"n | ¢ d°y 2mm p »hp al itrn
t bim b° tlng v~ t blmodanh®p, dkeol d&nb RA ¢
tiJJp xW%c, LHt c¢c8c bQ mHt ¢ L nh n°r
tr°n v° th2 nghi m L€ ¢ ti/JJn h" nh sa

TiJn h” nh th nghi m v, i | € ng n’
thing s~ Lo LW khlo s&8t th2 nghi m g
I ngmey ad@mit h2C&a htihim]jt b’ Lo tham
th2 ntg@Hnmoh@© tro6fhgt THIWR m, ¢

haa SR o

‘ . |
fe . .ol
o.M 0 - z -
S -
: i
0 4
1 B8
¥ ﬁ s
| f
3 K ! >
= 3 | E
N fo 0D
. . g i . B
e 8 o ¢
P, E A
R 3 ’
1 <Ay
S ot
3
3

Hinh328.Ct ng t 8c th?2 nghi Mm hi Mn
3.32M* ph¥Yng th2 n®WNAMM sX b" " ng LS

n" i v, i mgkchoktongkht ¥ ¢ ,n " b°TNtT: ng, X
théps d_, ng | Ui c8c thtng s L« tto® c n
c§c m I td_°mg tO0FPLASTIC KINEMATIC (MAT_003)

LW m: t[ . ng X c¢c,&x o tGFRPR& -tdong° b
to"n ph% h p v,i v,i. m* h3nh vdt | i’
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BImM&Tham s~ m! h34B3]vdt | i u C
vdt 1i ) (kY / EPa) 3 Ou(Pa)
C’t GF 1940 0.46kE11 0.33 0.9xE9

Ph€hng ph8p x©y d, ng m! h3phpw®€hhg
ph&p chia | € i, c¢c8c LiQu 3i43n  igi ®ung
tbim th®p d"n | ¢ ph2a tr°nvd<€ chitOu
h" p Lfy L., b3ung c8ch s d.ng thT *SE
| bly bRpoGfFa6t v, .t2ch h' p LFfy L.)

ni Qu ki n bi°n Ilvblyi gviYanngg.1lRnm gm kch 2
kh'i J]-ltbin bé téng, i bé tong X p XPS va xp XPS- thh thépdan | c,

S d ng mo T ti/p xuc hai chiu
(*CONTACT_AUTOMATIC_SURFACE_TO_SURFACE . Trong L -
X Yac thih bé &ng X p XPS va xp XPS- thin thépdan | cs d, ng keo

dan nén'sd ng cac hs FS va FD Bag 0.2[93].

=3 TnNT ‘

Khéngkhi |

Hinh3.29.M* h3nh m! phYng sX th2z |
3.333KAt mfudphYng s X

nW L&§nh gi & hi u qul c¢c.,a m* h3nh M
trong mt ph, ng v, n  tiJn h"nh so s§
v: m! ph, ngDYBA,théngquasp $dhS dUng c_. a bi W
tr° | .n nhblt ¢, a c8&8c LY mKi nhy®ikihgio, .
t btmheo ph€ehng L. ng.
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100
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Hinh3.32 Gi

a

t

Xc

t

h 2

ng
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BIrmgBlng t " ng h  p kJt quTl
Thi  M! ph Sai

N, i Thams *~ n h ,
1 d ams = nhn ghi . )
Tham CchuyVv mm 097 0.93 6.82
L ng h )
t h2 N Gl a g 30.17 28.44 5.73

T. c8c kg€, gs¢ s$8omh gi_a th2 nghi’
thbly h3nh dlng bi WulL € c¢c ckk[ ¢ haagnt st €H
! ng vQ h3®nh d4ng, c¢c8c gi § tr° ¢, c |
nh, hhn 10%. C8c kJJt qul kh[o s8t <ch
quan Vv,i c¢c8c m* h3nh vdt i u L« |,

334n8nh kdgtu8® hux n h-a m! h3nh

T. c¢c8c kJt qul th. ¢ nghi m v"™ phon
m t s L8nh gi 8§ LW 8p d, ng khi x0y ¢

o

c_ng khitng $m _ré dc’ i tchhW unh€ s au
Th, ¢ hi n m! phtm2g nwghisomsrgnhhiv, n

c8c tham s~ L ng h c,cdoa tthbdbhy e nth? ndd
L L4i | € ng khl[o s&8ctlkehngqll ng, v QL
v’ v’ gia t ¢ sai | c¢ch t€hnglSDYNA nh,
C.

thw L§p . ng L€ ¢ c8§c th2 nghi m n

T. kJt qul khhiohMAFt 68h @ hth ly pmv ~ s
th2 nghi m, c8c tham s~ m* h3dhngch
bi Wu LY quami jin d%mgggshibing n@&re Lhn tr
m: h3nh vdt i u trong mt ph, ng n° ¢
h3nh MAT_63 cho c8&Khmgm°®°mhe ng tci8gp
khing ph,c h” ig§mgmMmM ucvt §c LdFung "o, dg Dbi
sudhti Jn d4ng t. th¥% "nglBic mha®&nslhioht

34B"n Il udn chung vQ kJjt qul chuXn h-
T. c8c kJJjt qul so s8nh gi_ a:m! ph,

X®t v Q mhot, kal]'t ndghua 2tnthbly h3 nh ddng c¢
tr€eng L ng h ¢ cling nh€® xu thJ] ph§ h
h® " p v° kh3ng L  nh L€ ¢ t2nh L¥ng L dn
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ph, ng, | a ch n mt h3nh vdt 1i u wmheE
| © gi_.a vdt |i u mQm v~  c¢.ng.
X®t vQ mHt L nhc: |l @ mW tch By kr/Jun gq usfa
c.a ¢c8c LHc tr€eng L, ng h ¢c t. 5 LIJn

M t s~ yJju t° ¢ thW dXnphiJ/mg sy~ s
nghi m:

S sai | c¢ch ¢- thwWw x[y ra do I|i=®°n
kJt 1T t€ ng nh€ mt ph, ng, qug§ tr?3nh

c L, nh,

S khtng LYng nhblt ¢, a vdt kljit" wul)
khi th2 nghi m.

S sai | ch nh, <c¢.a k2ch the ¢ kIt
K/Jt gqul so s8nh gi_a m! ph, ng s°
ph, ng ¢c- xu h€ ng thblp hhn th2 nghi’
t2nh an tLo " iw" ctdiyn g hok Jkt/jtc éguu [t hnw xpe
rea v~ o kJt qul mt ph, ng h" s to’n

35.KJ/Jt ¢t h€hng

T. nh_ ng nghi°n ¢, u c,a ch€ehng cho
L ng v, i kI/t, geuh[a tthreiywgéi ¢, ng mt p|
th., ¢ nghi m v, n°. Thtng qua k/Jt qurTl
thW nh€ sau:

ML phy._ngn” trong khtng KM il Q@ hx ablf
khing kh2 khi:nghiv@u@diguls€orhal EFmgl €

b¥ung 1/20 c¢chiQu d"i c¢cY9Ynh | € ng n" ; L
15 I fn chi Qu d”"i phfn T8SFAGI blyh'b3am'g t0".
S d,ng m! Wifrth{MAT ®84) | ¢ ha vdt | i u

hinh 003PLASTIC_KINEMATIC ( MAT _003) cho V8o | i’
ph, ng kJt c¢cblu BTCT c¢ch u t&c d,_ng n’

S d, ng MAT_CRUSHABLE FOAM (MAT 63)k JJt h" p v
c8§c thing s c¢ch bln c¢c,a vdt-bliiJJlnu dW¥n
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thu L€ ¢ t. thz_ clhWbnmhpn®g Kkhp ¢ ng
h“i c¢ch  u 8p | .c¢c n’

Ngoairapn €hng ph&mohmn@gy? dohnghga ch n c 8§,
vdt Ixi§cu v ' nh tham s ', cphho€hmtg hpihnghp vnd
c't th®p trong b° tlhg)itulJ]p WoWgr tgh.
ch€ehng s€ L€ ¢ s d,ng cho nghi®°n c.
theo.

C&8&c kNt qul nghi®°n ¢ u trong n, i
trong b" i to8&n nghi°n ¢c.u t  ng thw
khéngklk , kJJt cblu blTo v , kJt cblu L€ c
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Ch€ehng 4
NGHI aN CN@®, N®eT CBWO BAdNG VxT LI U
X" BBl iM TCC n, KB C.NE

Trong ch€ehng n"y d a tr°n c¢c8c ki l]r
ph, ng s, tiJJnm h”nh nghi®°n c¢c_ u c¢cblu t
thi Wu t8c L, ng clmag 88pornnhl °h. kKAt cdlu
cblu tr%c h p I'T cho k/Jt cblu blo v s
cblu ki " n BTCT th ¢ tJ ch u 8&8p | ¢ n’
4.1.Tinhtoank /]t bdlw th b [ n

Trong33un_ @h€hrlgs 3 d, ng snv " phhadgnghi
L8nh gi 8 khnig ndk.nagg nMi'8nhg® nh MAT _63g cho
ph_"ciXPS)ch  u t&§&pd.lpg incaSch tiflp cdn
phdm vi dAEbm MU®h kh[ minfgs © B pvedin gd ic

§p |. cTmong n, i dung nghi °n c¢c_. u n"y
tr°n v, i c8d&hwtt i Jypp ccdnt 2enh t o&§nthl  a
nghihimn tr<€ ng L8&8nh gi & hhiXrmdhighad p h <
ph, ng s~ | "m m* h3nh chuXn kho kilco k
gi i kghs8eblu blfo v Likhgcgnhauphbdipngmu
nh€ ckhft@andtih s[hJ/xublt .v™ | dp d. ng

4.1.1.Tinhtodank At beémos @ MdvAohtg MXi p
4.1.1.1TinhtoArh M k At cmu bd o Vv M
nHt b~"i to&n v,i kJt cblu tbim b° t?1
ke b " n cUkth t IBIGThbtRungm ¢ n° TNFkgc- - K
treo c8ch mHt tr°n tbim b° tlng 100cn
Th ¢ tJ sIn xublt hi "  n nay tr°n th’
chi Qu d”"y nhblt .fW mphh ¥ _h° mph "v, si[ s [xnu Bbth
th  trenqlygi traanghblnn x p ¢ Omm X St Bimy

X p L€ c¢c | a ch n tr€ c¢c chiQu d'y n°
d a Itao®in vdt .l iL ua Icha nchvdit | i,vu It @Wy
| © 1 o4i wvdt |i u thphgaditngnvTDHEt:  t Bl
Cing th_ ¢ x8c L nh chiQueldagy23®blm d~ n
2
do=—Js (4.1)

td
2holastr tde

ol
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. S

Th, ¢ hi t2nh tont keog2gehangh ve
L -ntng | € n hblp thy) clL@& cvda§cl il unhx "t
ph©n s~ tr°n L€ ngbichmgd49dmua@ntn®nt hlrten
tr,c mXu x p KChehnywBib’ yngt samlg | bly
trong kholng biJ/Jjn dUng LJn 60 %.

0.1

O@ 3

L
2’ o v—\\//\-/\YBLA/ = il ’
0.0 : T v T T T T 1
0.0 0.2 0.4 0.6 0.8
Bi jn dUng [ m/ m]
Hinh41.Ntng | 1 rcgvabhm p| (Wvdl) x Xp
BIrmdg. Blng kJt ghip v2nh kJt c
Thtnog Js 2 Wl Nblast } td Ukd Ukd \
NsnT J/m? m kg/m? m (ch

KJ]t (191.725 2.291E4 0.05 7850 2.044E3 2.0E3
412.Th2 nghi Mm hi Mn tr_yngbdlo8nhM gi &8 g
41.21Th?2 nghi Mm hi Mn tr_yng

NW ti/ln hkhmiftignhblgi 8h, v '8p mm cgi [
| °n kJt c¢cblu ¢c,a x p ¢c.ng XPS, ti/Jn h
t€ ng |~ tHERP (tdimg d htanh méic8d0ewg k 2
k2ch th+€e cm 108 xcl 0k0°x 6b" n c¢cUYnh BTCH kh’
Th2 nghi m cho hai tGFRPcrhg uh’tps:c tdhimm gb
c.a n v’ tGHRPcdK /] tt tenkgu cb [to v, p Lxitp phal
day 50mnmvat bim t h®p d " )nLel ng o " 4kgieim 0 a t ©n
t bimc § ¢ h mKE@mm.h &imc 8c t ham sm gli_angt "hc Vv
V' theo ph€ehng th3ng Lt hreg ntgthii tnom c,




4122KAt quwdhitMmz hm Mn tr_yng

— 4.0+ _
E " |}l—— Tr., c tilp
E —— KNt cblu bl[o v

Th i gi an [ ms]

Hinh43.Chuy®©n vIl t™m b° t!ng c¢Xt
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400+
—— Tr ¢ {
o —o— KIJJt cb

__ 300

200+

© 1004

Gi

-100+

-200 — . . —
0 1 2 3 4 5 6

Th™ i gian [ ms]

Hinh44.Gi a t Xc t™m b° tlng c¢cXt GFI

BIM@Blng ng h” phk/JhghgulTm
KJt Ch°nh

N i dt Tham nhn Tr C
2 l ' ' bl o (%)
Tham s chyyw mm 353 0.97 71.78
h ¢ tb
nghi' Gia ¢ 390.54 30.17 92.27

413 X©y dxng mdéngUSEDYNA s X
D, a tr°n ¢c8c kJt qul nghi°n c¢c. u t

c ng khtng ph_c h"i ° Ch€hng 2, h’
v o kJt cblu bfo v , c8c h' qul _ng X
r€e ¢ blfo vng vI™ caw8§d K% qul . ng x  cC.
Ch€hng 3. C8c kJt qul n"y s€& L€ ¢ _n
vi ¢ (. ng x ) c¢c.,a cl h  th ng, bao g
k/JJt cblu L€ ¢ blo v v nhi d¢bnggx @y §
h3nh s° sau LOy.

4131M* h3nh vot | i Mu

n" i v., i m! khdngkhhd,%ntghwho n° TNT, b
trong tbm P°,XPS8cg Li Qu ki n bi°n, ti
| i 8, éd,_ ng gi ng vhnh+@ hchen gt hpahgpsg L&l cp
nghi°n €h®htlgio’8ng k/Jt gi_. a tbm x p, t|
ttng s d,.ng h° keo d&n v" s d,ng
vd | i u3ddh€e m, c

H
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4132X©y dxng m! h3nh sX

S d_ ng c §ctrokgit 868c¢. Ghhehmg b3 swmag t h
ph, ng tsr€crhg h  p tbim b° ting ¢t GFR

Hinh45.M* h3 nh m! phYng X4 RRGtAFhFU nngYh i tMK ¢
4133KAt qud s phYng

—3.54
E |l—— Tr. . c ti/]lp

= . {EO0TBE0000,
—— KIJJt cblu blo w7 ooy
—3.04 r'l P "_ -----

‘S 2.5

C i
= 2.0
>
S 1.5
=

O
1.04

0.54

0.0

T T T T T 1
0 1 2 3 4 5 6
Th® i gian [ ms]

Hinh46.Chuy ©n vIl tmm nb'® phYingg c Xt C
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400+

3004

c [g]

200+

100+

Gia t’

Th® i gian [ ms]

Hinh4.7.Gi a mtnKe mt b° t*mg @XtYyn@FRP

Tr. cti/p-Hinh thanh v} n t COoKlcElbfoVv -Khéngnt
Hinh48H3* nh d nh mlt d_ai ttnMn mtEBms?! nc

BImM8&BlIng L&nh gqf8phjing qul (

KJt Ch°nh

N, i duTh hn T
S duTham nhn Troco e (%)
Tham s chyyw mm 324 0.93 71.34
h ¢ mob

ph, ng Gia ¢ 361.29 28.44 92.12




41.4.Sosanhk At qud t m! phyYnog

E"][—— Thz nghi ' m —— Th2z n|
Easll=— M ph. ng s~ —— M ph)|,
3.0
- 2.5+
=
=20
=]
<15
1.0
05
0.0-femems . -200
0 1 2 3 4 5 6 0 1 2 3 4 5 6
Th® i gian [ ms] Th i gian [ ms]
N o - -
Hinh49.Tm m b t8pnd YchFlyc ti Ap
—1.04 40+
E —— Th2 ng
_ ; —o— M1 p h|,
30
058 —
> © 20
< 0.6 \4—-
= 104
> ©
> —
= 0.4 O o4
(@]
02 -10-
-204
0.0 T T T 1 T T T T T T 1
0 1 2 3 4 5 6 0 1 2 3 4 5 6
Th* i gian [ ms] Th® i gian [ ms]

Hinh4.100T™ m b° t!'ng c¢c- kAt cmu b
B [ mdg.Blngt ng h p kI qul so sénh gia thi nghim va mé phng

N idun Thams nhn Thi Mo Chénhlch
‘ g ’ nghim phngs (%)
. Chuyw v mm 3.53 3.24 8.22
Tr cti/p —
Giatc g 390.54 361.29 7.49
CoOKJchiblo Chuywiv  mm 0.97 0.93 6.82
v Giafc g 30.17 28.44 5.73

415B" n luon kAt qud

T. kJt qul Lo th ¢ nghi m cho t hbly
k/Jt bbb ®Ng vdt 1 i u x p kApatrédd p khf
thi v Lem IL9m Bi Twm oqdAterc78% u ygWEn ¢ ¢
90%v " gi m thi Wu L€ ter @ ic ct §ip8ld hnak fa_k
cblu khlng b n_t
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Sosanhk Jt que'gi @2 nghi m v, i m* ph,
d9ng bd&u tlhAam ¢ "€ kkth [nog hsh8gtc Lt'@ t €hng
h3nh,cdcidtge. ¢ LYi c¢c_. a chuy Whauwe€hrwg Ly
nhCack Jt qoalffontgbly vi ¢ m! ph, ng s’ c
m: h3nh vdt | i u, ph€ehng ph&p m! ph,
c- thw s d_ng m! ph, riic sk'h §8lcW nkhialeo cs
viclng nh€© c8&8c khl[o s&t s tre°n cblu
th, ¢ hi n tbltNgodfratm§ ogt kFtngwmifrkm3Iomgtk
cho vi ¢ nghi°n ¢ b[@it[Ni vah§pdhangio xr

ao

v’ vdt i u x"p c¢c.ng khtng ph_,c h'i
c8c t &¢c&pH mgcg®©y r.a | ° kh[ thi
Trong c¢c8c n_ i dung tiJ]p theoxdas € t i

minh n"y LW khlbkks&d mHBau dd.nag k/btu d bl
42Nghi °n ¢ u kilchot J]¢ Sbdfa blu t Yo
421Khd o s8t chi Zu d"y t™m th®p d"n |

Kh[fo s8t tbim tB®pddy nkhV8 cl S8arhha ugci 8&
t2nh to8n v”™ | a ch n thiang- -tquay klh'[io
d "y d"bhm| ®.5 ,LE8c3mmMu t° kh8c ¢, a n

Ti/Jn h”"nh kh[o s8t hai yJuhit'™ mLIl n
chuyWn v v~™ gia t ¢ gi_a tbim, c8c Kk
t Hinh4.11L JJhinh4.13.

Th® i gian [ ms]

Hinh41LChuy ®©nb9¢ Nt tmm khd o s8t
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100+

50

-50 4

-100

T T T T T T 1
0 1 2 3 4 5 6
Th® i gian [ ms]

Hinh4.12 Gi a t Kédbndkthm o s 8§t

Otg — 1. 5mm

Ota — 2.0mm Ota = 2. 5mm Ota = 3.0mm
Hinh413 H3 nh d nh nBdl°t tdi mgt indnb=6 @$
T. kJJt qul koHidQwst 2oottolgbly v™ |  a
d°n | we2mmilem | 9 hi u qul gilm t8§gc
t " ti ®bhng chi Qu d”y UyshbdmmkaGp= 3.0mm |

cho thbly hi u qul vXn c¢- xmi Quh/n "tyk nc
thbly c8c t2nh to8&n c¢ch bln cho b, hblp
l udn &n |~ h€ drmg v’ Jph¥ dn pf.%ng

nW L&8nh gpBlmitgcqglcfmghi &g @§ch
t Yo rkth@& cc blu t rs¥ec In@®icQul Q . xpublt trong o
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422Khd o s8tbdilodwvMgm ahi Zu | ap
4221C"u tr Y%c nhi Zu | ap

No6ichungc blu t r ¥c pbhlm mghmm@ b &li .n g vébcdcn n g
t biml I' » vdtmdti Lu ct-hblpv Li€, chdili”° no BujQu r !
| p€ ¢ t hWHMW414 traono . U miida alngh”™ Lt
gifn L€ ¢ otnlbppanth®"mph (ch3i3ng hY9n nh
composi tve, ékhing ph._ ¢ h p (ch3gd hdin
ThiJJt kJ I ohi Qual cpiwdoveras | i u c- L Hc
lamgiat tng L, c¢c. ngbchocgdt tlblim @ oXiggcbao
tblm ¢c. ng n"y c¢- thWWthng]tkhk[J] ntthngn hh't
| € ng c¢. aovxau nogh BBnp chha@s8c nghi °n c¢c. u g
thbly hi u qul c_ al scibluvdtt Yioingh i xQ@p Id_ |

th, 8&p Il "cgn’i T quan tr ng cho vbln
nhi Qu |, p[134138] | udn §n
\__‘\'\\‘
, =
Tam cing <
\\\/
8

—

Lai xop

e
Hinh414 H3 nh d nh s_ LQ ¢ bdn cva cmu
TifJp t_,c s d,ng c8c vdt i u L« |

h"nh kh[o s8t tr°nnmitQkRBbp shawg§ikWc
hi u qul sohvbé@nclbfiu.trr Yc

Trong khlo s8&8t v° L&nh gi 8§ .hp a, au
k/JJt cblu bdfony x B XPShloo&iblud "tyr ¥&£0 nonhn
X p)blw "trcYac nhi Qu -thép)d | @lin gl x(2fmmXP S

cho m i I.p x"p (t° ng chi Qu dbly kTt Bc
nhi Qu | p-xI[-épk @JcHlt h®PY¥%Uc nhi Qw "HAp, p

thépx "-thép) C8&c | . p kfpp My VL€ cc§c t blm
t Y0 th"nh c¢c8c c¢cblu tr¥%c nhi Qu | ., p nh?A

V. i c¢cblu tr¥%c ch bl[n hh®e KRt nghiji ant bl
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th®p d"n | ¢ v° tbim b° tlng s d,ng
tiJJp x¥%c bQ mHt c¢832C8§cp cvhib [thrivacu crhh i
| p L€ ¢ thW hiHinh415lr jHing418 §c h3nh t

Hinh415Cm u tr %c ex Xmpd n: t h®p

Hinh416.C™ u tr Yc nhi ZuXthép)p | ov i 1

Hinh4.17.C™ u t r Yac n hi ZuXthéppXd)ov i 2 (








































































