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MO PAU

Tinh cép thiét ciia dé tai nghién ctu

Ccktcuc ngtrnhtrong ng nh x yd ngd nd ng-c ngnghip
¢ ng nhu trong ng nh x yd ngc ng trnh Qucphngdas 1 ktcu
khungdu cl mbngccvtliuth pb tngctthp.Ccvtliutrnec
tnhd or rt.Duitcdngcaccloititr ng,dcbittitr ngd ngdo
n ¢ abomd n,bi nd ngtrongc cti tdi nphnt (PT)c akhungv iv t
liudn-doc th dtd ntr ngthichydo,torac ckh pdotrongk t
cuS xuthinlintipcckhpdonylmchod ¢cngcah ktcu
dnb gi mxu ngsoviktcubanduv ¢ s phnphilin il ctrong
h ktcu Khis kh pd otrongkhungd td nm ts lu ngnod th kt
cus binhnh(k tcubinthnhcocu)v ktcuhtkh nngchul c,
dndnspd.Trngthiktcutwong ngv itr ngthitru cth idi m
xuthinkh pdocuicngl mchoktcuspd ducgil trngthi
gi ih n. Phuongph ptnhton-thitk d ivicck tc ukhungd n-d o
¢c k dns xuthincckhpdo(thocc k dntnhdocavtliu
quyu cg il ¢ cphuong ph ptnhto n-thi tk truy nth ng. Luu r ng,
v 1 phuong ph pny,c ckh pd o saukhi xuthi ndu ccoil kh ngb
ph hoid chobindng(chuynv)docacctitdin d vntiptec
ph ttri n. Trongth ¢t ,khichuynv doticctitdinnydtdnmt
gi tr giithnnod (gil gi tr c chn)th cckh pdos b ph hoi
(g1l ph hoid o0).C cphuongph ptnhto n-thitk d iviccktcu
khungd n-d okhik d ns ph hoic ckh pd o(hayph ho id o)du c
coil ¢ cphuongph ptnhto n-thi tk hi nd i

Khikh pd ob ph hoith ti tdinthanhtid b d tv tchrakh i
n tkhungv nuPTthanhc ¢ 2dub d tth PTd tchrakhiktcu
v roixu ng,l cd PTdu ccoil b ph hoi. S ph hoidox yrat PT
n yd nPTkh ctrongk tc ulantruy nnhum tph n ngd ychuy n. Hi n
tu ngtr ndu cg il ph hoi1l yti n(PHLT) hays pd 1 yti n(SDLT).
Nhud trnhby trn,khicckh pdod xuthinthd ¢ ngcaktcu
s gimxung,nuk thms PHLTc acckh pv caccPTth d ¢ ng
c ak tc uc ngsuygi mnhanhhon,d nd nth igiank tc ub ph ho is



di n ra nhanh hon so v i th i gian tnh to n - thi t k theo ¢ ¢ quan di m
truy nth ng(kh ngk d ns ph hoid oc ac ckh pd o).

Ng ynay, thu tng “ph ho il ytin hay“s pd | ytin du cd ngv i

nghat ngquthon-d 1 s ph hoid ychuy ntrongk tc ukhic m tPT

nod trongh b ph hoid tng t,kh nglu ngtrw ¢.S ph hoid tng tc a
PTny-du cgil s ph hoiband u-g yradoc ct cd ngb tthu ngkh c
nhau, nhwu vach mc ac cm ybaykh ngt cvocctanh caot ng,dos va
chmcaccphuongtinxec Incccngtrnhtrnmtdt don c abom
dnhaycchnh pkh,dod ngdt,bo, Il 1tlcxoy,hahon,dolixy
dng(khngdmbod bndokhuthitk hoc thicng).. Pas cc
phuong ph pnghi nc u,tnhton-thitk diviph hoil ytincacckt
cuthu ngxutphtt s ph hoid tng tband uc am tPT trongh kh ng
cnquant md nnguy nnh ng yraph hoid thu cloitcd ngn o.

Cho @ nnay, ¢ cc ngtrnhnghi nc uv phuong ph pph ntchd ng
lchcccktcukhungd nd ochutcd ngn ch y utheo quan di m
truy nth ng,c n tc cc ngtrnhtheoquandi mti nti nv hi nd i, trong
d ¢c k dns ph hoilytincaktcubDcbit VitNam,biton
nyrttducd cpdn Dod,hrngd ticalun nducchnl
“Nghién citu sup do liiy tién ciia khung bé tong cot thép toan khoi chiu tic
dung né va dé xudt mét sé giai phdp khdng sap”.

Muc dich nghién ctru cia luan an

-Nghincucos | thuytd phntchl achn:M hnhvtli uym
hnhtnhcah (t thucn,vtlitb tngc tthp..)trongm ph ngs
b ng ph nm m ABAQUSd phntchs ph hoilytincaktcub
t ngc tth ptonkh ichutcd ngn .

- Nghi nc uth cnghi mtrong ph ngth nghi md duarac cthams
m hnhvtliuv th cnghi mngoihintru ngd x cnhnm hnhvt
liuv hiuchnhm hnhtnhph cv chovicm ph ngs phntchs s p
d lytincacaktcub tngc tth ptonkh ichutcd ngn .

-T m hnhvtliuv m hnhtnhtrn ti nh nhnghincus sp

(@1}

l yti nc akhungkh nggianb t ngc tth pto nkh ichut cd ngc a

=

v dvaraccnhnx tdnhlu ngv nhhu ngcaccnhnt trndn



ph hoil ytinc aktcu,dngthid xutmts giiphpkhngsply
ti ncho c ng tr nh.
Pham vi nghién ciru ciia luan an

-Chnloicngtrnhdcbitlinquand nlnhv ¢ an ninh - Qu ¢
ph ngnhus ch huy, ¢ ngtrnhph ngth d ns du id ngk tc ukhung
snlmbngvtliub tngc tth p(BTCT)to nkh 1

-Ktcukhung,snb tngc tthptonkh il mvictheom hnh
b ito nkh ng gian. Phnt nghinc ul phnt khidivivtliub
t ng(BT)v phnt thanhd iv ic tth p.

-Titrngtcdnglnktcubaog m: Titr ngthi tk (tr nglu ng
bnthnktcucchottis d ngtheoti uchu nVi tNamhi nh nhv ti
trngn )v titrngbtthu ng(titr ngn )gyras ph hoidtngtc a
ktcudndns spd lytincah.Chuaxttitr ngnhitdochy,ti
tr ngvach mdogi iph ngl mroic cc uki ntrongqu trnhs pd 1 yti n.
Phwong phap nghién ciru

L thuy tk th pv im ph ngs trnm ytnhc ti nh nhth nghi m
trong ph ng th nghi m v th nghi m hi n tru ng. C th, ti n h nh th
nghi mx cdnhccthams cam hnhvtliuxcnhnm hnhd
th ngquam ph ngs b ngph nm m ABAQUSvV ic cth ¢nghi mdu c
th chintihintru ng. T cos d s d ngph nm m ABAQUS ph ntch
s spd lytincaktcuchutcdngcatitrngn v duaracc
nhnx tdnhlu ngv nhhu ngcaccnhnt trndnph hoil ytin
caktcudngthid xutccgiiph pkh ngs pl yti nchoc ngtrnh.
Noi dung va ciu triic ciia luin 4n

Lun ng mphnm & u,4chuongv phnk tlun,danhm cccti
li uthamkh ov ph 1 c.

Phin mé ddu: N utnhc pthitc ad tinghinc u,m cdch,ph m
vi, phuong ph pnghi nc u,n idungv cutr cc alun n.

Chwong I: Tong quan

Tngquancctiliunghincuv spd I ytincacccngtrnhxy
d ng,c cphuongph pthi tk kh ngs pl ytin,c ctiuchunv quyph mv
thi tk kh ngs pl yti n,c cphuongph pph ntchs pd 1 ytinv ccphn



mmtnhtonthwongmilinquandns pd l ytincaktcut d la
ch nd tim cdch,n idung, ph mviv phuongph pnghi nc uc alun n.

Chwong 2: Co sé 1y thuyét xAy dung mé hinh vt liéu, mé hinh tinh
trong md phéng s6 phan tich sup dé lity tién ciia két ciu chiu tic dung no

Trnhbycos |1 thuytd xyd ngm hnhvtliu m hnhtnh
trongm ph ngs b ngph nm m ABAQUSd phntchs pd 1 ytinc a
k tc ukhungkh nggianb t ngc tth pto nkh ichut cd ngn .

Chwong 3: Nghién ctru thwe nghiém xac dinh cic tham s6 mé hinh
vét liéu va hiéu chinh mé hinh tinh trong phén tich su sup dé liiy tién ciia
cong trinh chiu tai trong no

Ti nh nhth ¢ nghi m trong ph ngth nghi md duarac cthams m
hnhv tli uv th cnghi mngo ihi ntru ngd X cnhnm hnhvtliuv
hi uchnhm hnhtnh, duarac cthams cam hnhv tli uph cv cho
vicm phngs phntchs spd lytincac aktc ukhungkh ng
gianb t ngc tth pto nkh ichutcd ngn .

Chwong 4: Nghién ciru sup d6 liiy tién ciia khung bé tong cot thép
toan khéi chiu tac dung no va dé xuat mot so giai phap khang sap

S dngm hnhvtliuv m hnhtnhphntchs spd [ ytin
c ak tc ukhungkh nggianb t ngc tth pto nkh ichutcd ngn b ng
ph nm m ABAQUS trong ¢ ¢ tru ngh p sau:

-Tru ngh p1:S spd |l ytinc akhungb t ngc tth pto nkh 1
chutcdngcan tipxcviktcuv duarac cnh nx tdnhlu ng
v. nhhu ngc accnhnt trnd nph hoil ytinc aktcud ngth i
d xutccgiiphpkhngs pl yti nchoc ngtrnh;

-Tru ngh p2:S s pd | ytinc akhungb t ngc tth pto nkh i
chutcdngcan gnviktcuv duaraccnhnx tdnhle ngv nh
hu ngc accnhnt trnd nph hoil ytincaktcudngth id xut
ccgiiph pkhngs pl yti nchoc ngtrnh.

Phin két lugn chung: Puaraccktqu miv chnhcalun n,
phuong hu ng nghi nc uti p theo.

Phén phu luc: Gi ithiuccvnbnm nguncaccbitond 1p

trong lu n n.



CHUONG 1. TONG QUAN
1.1 Tong quan vé sw sup do liiy tién ciia cong trinh
S spd lytinnhiunhtd xyradivicngtrnhnh cav
c ngtrnhcu.Du id yl c¢ccs ki ndi nhnh.

1.1.1 Sup d9 liiy tién ctia cong trinh nha cira

Ccs kinspd trongqu kh d g pphndngk vos phttrin
thitk kintrchindi,dcbitl v d antonv tnhv ngchc.Du i
dyl mts s ki nmangtnhbu cngotv s SDLTc ak tc u

-S spd tmmicabiduxekholuutr th ¢ ph m Save-on-
Foods Canada,v ong y23th ng4n m1988. T id ym tph nm ib roi
xu ng gianh ngc ngv i20chicxe t (hnh1.1). Thi tk kh ngd m
bok thutl nguy nnh nchnhdndns ¢ trncaktcuS c sp
d nych yul doccsais ttrongthitk m trongd ,tr nglu ngb n
thncah dmv ctchngminh d kh ngdu ctnhd n,dndns ¢
mt ndnhd mgi ng[13,14].

Hnh1.1.S pd dothi tk tikholuutr th cph m Save-on-Foods, Canada, 1988

-S ¢ spd miSnvndngD ih cHusky, Washington v o ng y
25th ng 2 n m 1987 (hnh 1.2). Nguy nnh nl do trong qu tr nh thi ¢ ng,
sutrongs chnctchngtmb d b s mhon quy d nh khi n 250 t n
khung th pb nghi ngv cuic ngl spd .



Hnh1.2.S pd s nv nd ngHusky, M dothic ngn m 1987

Ccnguynnhnkhc,chnghnnhrdovtliuhocqu trnhvn
hnh,cnggpphngyraccs ¢ c ngtrnh Trongthi tk ¢ th d ng
ccvtliumihindinhungc cl idoqu trnhsnxut,ch tovntn
titrongc ktcuthphocb tngc tthp.Cclidov tliun ythu ng
kh ng du cph thi nv xemx ttrong qu trnhthi tk ho c giai do n thi
cngHuhtccvnd v vtliul doconngu ig yra,dos thi uhiu
bitv vtliuhocs dngvtliukh ngtuongthch Ngoirac th do
livnhnh,ccs ¢ ¢cngtrnhc th x ydoch d utwrhayngu is d ng
l md ng,kh ngb otr d yd .

-S spd mtphntanh Ronan Point (22 t ng) x y ra ngy
16/05/1968 don kh gax yra tngl8. V n d thibaytu ngchul c
b tngd csntrntngl8 I mcctr ngd duispd,dndnccsn
tr ns pd theo.S s pd phttrinl ytindntngng mdoccsntrn
khis pd vach mv occsnphadu i(hnh13)v du cm t nhul sp
d ca“tr choix phnh [15].B oc odiutrachnhth c¢d nhanh ch ng
x cdnhrng,vtliubngd ngkh ngd ttiuchund s d ngktnicc
ngkh d tchobpl nguynnhncav r r kh ga[l6].S spd dy
chuyncacctmsnnh trongs ¢ nydu cchol thius lintc

trongvi cgiac ticclink ts n-tu ngv tu ng-tu ng.
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Hnh13.S pd t anh RonanPoint Lu nD ndon kh gan m 1968

-S spd t ngphnt anh v nph ng Alfred P. Murrah th nh ph
Oklahoma x yrav ong y 19/4/1995dot itr ngn (hnh 1.4). Chititc a
h th ngktcuc th du ctmth ytrongt ili u[17]. M tchi cxet ich
kho ng 1,8t nTNTd gyn khongcch49mt mtphabccat a
nh.V n d lmhngbac tngoiv dndns spd khuv cr ngl n
phabccatanh.S spd catanh Alfred P. Murrahl m tv d
dinhnhv s SDLT.Band uch vict khuv cnh b huh ngr ilan
dn gyradintchs pd 1 nnCcnghincus spd saun ybaog m
vicsadithitk ktcuc s dngkhungd cbitv ¢ cquydnh chi

titd ducphttrinc th Imgimdintchspd t 50dn 80%
[17,18,19].

Hnh14.S pd to nh v nph ngAlfred P. Murrahdothu cn n m 1995

-V spd cataThpTrungt m Thuong miTh gi i (WTC)v o
ng y 11/9/2001 (hnh 1.5)1 m ttrong nh ngth mh ac ngtrnhth mkh c
nhtd t ngx yratrongnnvnminhhi ndi Trongs kho ng 17.400



ngu id nsinhs ngtrongnh ngt ath p,2749 ngu 1d thi tm ng[20]. V
s pd x yradom ybays hi u767-200ER b kh ngt ccu p. WICI1 (T a
th pphabc)b nhhu ngbivachmdutinvitcd kho ng210m/s
t tng94dntng98t trungt mc am tphab c.Vach mth haix yra
ngay sauvach mdutinv it cd kho ng 254m/st t ng 78 v t ng 84
c aWTC2 (T athpphanam)t mtphad ngc ath p. M cd khung
ngoivib thithiln-phnlnccctngoivid b mtnhungthp
kh ngd ngay. WIClt ntitrong 1 gi 43phtv WTC2t nti56pht
saukhivach m. Hahondor r nhinliuphnl clmsuyyuktcu
theoth i gian. B v ngc aktcusndohahond koccc tngoivi
vobntrong,saud b undcv dndnspd to nphn[19,20]. Nh m
nghinc uh ptcgi acccoquanchnhph v ¢ cchuy ngiak thut
trong ng nh ¢ ng nghi pd ducthnhlpd tinhnhdiutrachitit
[19,20]. Nghi nc uk tlu nr ng,c hait ath p WICkh ngth ch ngchu
litcd ngkh ngphiv ¢ ngt cph ngch ych ach ykh nghi uqu m
¢ qu nhiutrnhahontrnsn D vngchcvnc | nh voh
th ngktcu, dcbitl vkotrnminh rtttbnv donngipduy
tr tath pchodnkhis pd tonphn. Thpb spd dnd n,theoc ch
l ytinl dokth pc haiyut ¢ cdoant t cd ngvach mc am ybay
v 1 a.Kh ngth ngnchns s pd cas ¢ nybngcch pdtnh ng
thayd idongi nd thitk ktcu ngoitr ph ngch ych ach yc th
k od ith igiantrue ckhis pd to nph n.

I -1 ;

Hnh15. S pd t ath p WIC, New Yorkdokh ngt ¢t nc ngn m 2001

Thi n tai, bao g md ngdt,bo,1 It 1lcxoy hahon,thu ng
m nh honr tnhiusov inh nghotd ngg yrab iconngu i. Hnh 1.6



choth ym ttrongnh ngt anh b huh ngn ngdoconb oKatrina New
Orleans v o n m 2005. Theo Tapia (2001) v Hartwig (2004), nh ng th m
hanhntogyrabicucbolonLosAngelesb olo nn m 1922, v
d nhbomv o WICn m 1993 (Hnh 1.7), v d nh bom Oklahoma n m 1995
v v tnc ng WICn m2001d nd nc cthi th il nlu ttuong duongv 1
775 tri wUSD, 510 tri u USD, 125 tri uUSD v 40t USD. Theo V nph ng
Ng ns chQu ch i(CBO, 2002) v Holtz-Eakin (2005), c cth mh athi n
nhi ng yrab ib o Hurricane Andrew n m 1992, tr n d ng d t Northridge
nml994, tr nd ngd t Koben m 1995, v conb o Katrinan m 2005 g y
rathi thil nlu ttwong ngv i34t USD,43t USD, 110t USDv 140
t USD.D gi mthi uthi thidod ngd t, FEMAk h pd ngd nATC-
58 choH id ng C ngngh ngd ng (ATC)d phttrincchu ngdn
thi tk d atrnk tqu dach nti ptheochoc ct anh . Tri tl thitk v
phntchnycngc th du c pdngchoccs ¢ ¢ ngtrnhc kh n ng
x yra[21].

- h L
B o 3

el Tl T

e Tl

i*qllll-'*_l | NNy B

Hnh1.7.S pd ¢ aWTC, New York dod nhbomn m 1993
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Hnh18.S pd mis nv nd ng Saint Petersburg do 1 ithic ng, Ngan m 2020
1.1.2 Sup d9 lily tién ciia cong trinh cau va cc cong trinh khac

Nh ngth d linquand n SPLTcacccngtrnhcudu ck dn
dutinl mtphncacudmlint ¢ Viadotto Cannavino ( ) v 14
nhpdmlintc,bspd trongqu trnhx yd ngnm1972.S ¢ sp
cuxyradohuhngcad giov spd ti ptheodokh ngd mb od
¢ ngtrong giaido nx yd ng.

S spd C uHaeng-JuGrand (c ud mb tngd nglclintcti
Seoul, Hn Qu ¢c) x yran m 1992 dohuh ngtr t mt iv tr nhp chnh.
Nguy nnh nv v tr huh ngband ukh ngdu ¢x cdnhchnhx c,dod
s spd tiptcphttrindnlOnhplink v ktqu I 800mc ac ud
bspd hontonV d trnlinquand nc ngtrnhcud bspdndn
dom thuh ngband u, trongkhid ,c uTasman g n Hobart, c¢n m 1975,
dotcdngcalcvax titrng7200tn, haitr cacycud b ph
hngv ktcuca3nhpcud spd nhung 19 nhp kh ¢ v n nguy n
vn Nhuv ycuTasmand xu thi nhuh ngband unhungkh ngg yra
SBLT cho ¢ ng tr nh.

M tth d Ichs kh ¢l ¢ uChaumont Viaduct (Ph p), m tc udu ng
stdi600mv du chonth nhv on m1856v i50nhpx ykhung v m.
C 5tr th ¢ 1tr chnhv iti tdi nngangtheoc hai phuong g phail n
tr thu ng. Vicb tr nhuv yd 1 mvicx yd ngdi nrathu nti n,b iv
midongm5tr ¢ th ducxydngmtcchdclpviccdon
khec Mcd mctiuthitk ban d u kh ng ph inh mtngd c ng
nhungk tcucacud d ngv ngquachi ntranhth gi il nth 2, khi
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m bntr d b ph h ynhungkh ngd nd nSPLT.M tth d kh cn al
culinhon,cyculinbangb c qua eo bi n Northumberland gi a d o
Prince Edwardv 1 cdaCanada. D yl cub t ngd mh pd ngl clin
tcgmd43nhpchnh. M inhpdi1250mv nhpdnng nhon haid u
Tngchiudil 12910m. Ktcucunydu ctngcu ngv kh ngsp
b ngdu ngtruy ntitr ng, mts ph hoic cb band uc th du cxem
xtnhul s ph hoimttr cu Vicph hoiny,Inlut,s yucu
thitk mtktcub tngd nglcvihainhpdi500m. Victhitk
1 ach nphuongphpl ¢ Ipccphnb spd v dod hnch duc
mcd spd bis phndoncaktcu Nwvyyucuchngsp
SPDLT1 m tph nc ac ctiuchunthi tk cuny.

1.2 CAc giai phap thiét ké khang sip lily tién

Ccgiiphpthitk d ngnng ahocgi mthius riroSDLTAd 1
vicngtrnh(gichungl khngsplytin)c th phnthnh3nhm
chnh: I) ki mch s kin 2)thitk gintipv 3)thitk tr cti p[22].
Trong gi iph pki mch s kins n 1 chu ngtikimch v ngnng a
x yracctcd ng(titr ng)b tthu ng. Gi iph pthi tk gi nti pnghin
cus ckhngSPLTd atrnccyucutithiuv d bn,s lintcv
d do.Cuicng,giiphpthitk tr cti phu ngt ikh nngc aktcu
ngnng acchrhngccb,dndnSPLT. Duidyl n idungchnh
caccgiiphpnitrn
1.2.1 Kiém ché sur kién (Event control)

Trong giiphpnys n I chungtikimch v ngnng ax yra
cctcdngbtthu ng(loitr s kin,gim nhhe ngcas kinbov
chnglis kin). Phuongph pnyc th coil quantr ngv ph h pkhi
cntngkh nngkhngsplytinchocccngtrnhc sn,viccec ng
trnhn ykhithi tk ¢ kh ngtnhdnyucukhngspl ytinV d nhu
s d ngbarie xung quanhc td ngnng as vach mc axec ,m 1 th ng
khn @ gtm pl cxu thi ntrongtr ngr o bao quanh,ch nv tr x ynh
cchxavngdngdn Cnluu | kimch s kinkhnglmtngs c
khngcaktcubiv qu trnhthitk khngtr ctiphr ngticcyu
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cuv d bns lintcv d docan .Dod,giiphpnydu ccoil
nmngoicngviccak suktcu[22]. Ngwu cli,haigiiphpcnli
n mtrongt mki msotcacck suktcuv ¢ th s dngm tcchd
d ngkhithi tk ¢ d tdu cm cdchmong mu n. Hai gi iph pn ydangc
m ttrongh uh tc cti uchu nv quyph mthi tk hi nh nh.

1.2.2 Thiét ké gian tiép (Indirect design)

Thitk nydtraccyucutithiuv d bn,s lintcv d do
caktcud dmbod s ckhngdiv iSDPLT.Chngh n,tngcu ng
ccminibngccchititdcbit,tngth mbcsiutnh, tngth md
dochoktcu-1 ccgiiphpdu ctnhd ntrong gi i ph pgintip.
Thu tng “tnhnguynvncaktcutngth du cmts nh nghin
cus dngd m t giiphpny[23,24]. Biv giiphpnydu chy
vngcithinphn ngcatonb ktcuv rtthchh pvithitk,nn
d du cduavotronghuhtcctiuchunv quyph mthi tk nh ¢ a.
Ngoitnhph cp,mts nh nghincuph phngiiphpnybiv
kh ngtnhd ntnhhu ngd cbi tkhic m tph nt nod b huh ngd t
ng tth ktcus ngx th no.Dod,trongkhitnhnguynvncakt
cutngth du cquant md n,th s ckhngd iv i SPLT1 ikh ngdu c
d cptimtcchr rng.

1.2.3 Thiét ké truc tiép (Direct design)

Giiphpnyd cptimtcchr rngdivikh nngktcu
chngliSPBLT. C 2 phuong phpcobncagiiphpthitk ny:
phuong ph pkh ngc ¢b ri ngbi tv phuongph pdu ngd nt ithayth .
1.2.3.1 Phwong phiap khang cuc by diac biét (The specific local resistance
method)

Phuong ph pn yt oradi ukind gi mr iroph hoiccb .N d i
h iph nt quantr ng (key element)c ak tcuc kh nngch ngd du c
titr ngb tthu ng. Dod ,phnt ctlicaktcucnducthitk d
d bnv d do.Hnch c aphuongphpnyl titrngb tthu ngc ¢
tr c ndu cgi thitl d chotru cv d iunyc th 1 kh x cdnhlin
quand ntnhbtdnhc as c.Cchdonginnhtd th chinphuong
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phpkhngccb dcbitl tngh s titrngthitk saochod mb o
ducd bnv d dob sung caphnt thitk. Leyendecker v
Ellingwood [22]d t ngh pc ck tqu nghi nc uc aphuong ph pny-
phuong ph pd du cth anh ntrongnhi uti uchu nthi tk ch y utrong
th 1 gian qua. Tuy nhi n, tt u chun thi t k hin hnh Hoak 11iua
chu ng phuong ph pdu ngd nt ithayth hon.
1.2.3.2 Phuong phap duwong din tai thay thé (Alternate load path method)

Ngu cl i1v iphuong ph ptr n, phuong ph pn ykh os ttr ngth ic a
ktcusaukhic mts phnt nod b ph hoid tng t, kh ngtnhd n
nguy nnhncas ¢ ny.S quant mhngd ul dinbindivitonb
ktcusaus ¢ nitrnch khngphil diviphnt b ph hoi N i
chung, phuong ph p du ngd nt ithay th kh c¢v ic ¢ phuong ph p tru c,
licu nkh ngnh ngdokhostdinbinhuhngcatonb ktcum
cnkh ngphinhndngtitr ngb tthu ng. Tutr ng cob n ¢ a phuong
phpnyl,khimthocnhiuphnt chutibandub ph ho 1, th kt
cucnliphic kh nngtr v ngdivititr ngdangt ntitrnktcu
d dtvov titrngdos ¢ nitrng yra Phuongphpnys dnti
thi tk ,trongd ktcuc kh nngloitr du chuh ngccb ,t d I m
gimv ng nng akh n ng SPLT. V iphuong ph pdu ngd nt ithayth ,
m tho cnhi uPTktcudu cgi thitb ph hoiv khitnhto nc cPT
nys bloikhim hnhktcuTipd,ktcucnlidu ctnhtond
x cdnhc nPTn okh cb ph ho in akh ng. Quytrnhtnhto ndu cti p
t cchod nkhikh ngc nphnt nonab hthnghocktcuvncn
kh nngchudu ctitrngd d mtmts PTktcu T ktqu cavic
s d ng phuong ph pdu ngd nt ithayth @ tnhto n SPLTs nh ndu c
th ngtinv s phnb lititr ngtnhtrnk tc ub ph ho idangkh os t.
1.3 Tiéu chuin va quy pham
1.3.1 S hinh thanh cic tiéu chuén va quy pham lién quan dén thiét ké khang
sap lity tién

Saus s pd c at ath p Ronan Point v o n m 1968, nh ng thay d i
dngk d@ du cth chinc trongtnhto nv yucuthitk ¢ ac ct anh
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Anh.M tth igianng nsaukhis ki nn y,ngu 1 Anhd tr th nhc cnh
nghi nc utchc cnht,v h 1 nh ngngu id uti ndwvaccyucus pd
lytinvo ttuchunxydngcah vonml1970[25]. B tiuchun
Canada, ttongt nhu Anh,d dvavoccyucuthitk spd 1 ytin
n m 1970 [26]. Kh ngc tiuchu nx yd ngn oc aM nhuv y, tuynhi n,
d ¢ nh ngyucutuongt . D nnm1981th c cquydnhd utinc aM
divispd 1 ytinmixuthi ntrongb ti uchu n BOCA [27].

Trnth gii,b tiuchunAnh,tiuchunchu u,v b tiuchun
x yd ng qu c gia Canada (NBC) hi nnaybaog mc chu ngd nli nquan
dns pd l ytinnCcb tiuchunAnhv chu uyucutnhbnv ng
caktcu,trongd s ph hoid tng tc am tphnt ringl (hocm't
phncamtktcukhngdoe cdndns spd ktcubtk nguyn
nhngyraph hoil g [28]. Phuong ph p du ngd ntithay th du c
khuy nngh s d ngtrongc cti uchu nn y.Ph n4.1.1.3(1)c ati uchu n
x yd ngqu cgiaCanada[29]d d cpdnccdiukinv "tnhtonvn
caktcu"nod m cccngtrnhphidp ng NBC dnh ngha thu t
ng n ytrongch thchCc aph nn ynhul kh n ngl mgi ms ph ho i
ccb m kh ngk otheos pd r ngl n. Tuynhi n, kh ngc khuy nngh
du cduvarad d p ngyucuny.

Mcd cctiuchunxydngm t trnbaog mc cquydnhlin
quand ns s pd Il ytincacctanh,ccyucul kh chungv 4 i
khikh ngr r ng, kh ngcungc pdu cc chu ngdnc th d giiquy't
ccvnd.Donhnghnch ny,mts coquanchnhph M ,baog m
¢ B Qu c ph ng-DoD (Department of Defence), Co quan c ¢ dch v
¢ ng-GSA (Genernal Services Administration) vy ban An ninh li n
ng nh-ISC (Interagency Security Committee) @ ph t tri n chi ti t hon ¢ ¢
th ngs k thutchoc cthitk cos d chnglis s pd 1 ytin[30].
Ngoira,b tiuchunxydnghinnaycaM du cphttrinbicc
Hidngtiuchunchunquct IBC[3l]baog mccng nng lin
quand ns s pd 1 yti n.

Du idyt mttccn idungli nquand nSPLTd du cduav oc ¢
tt uchu nquyph mthi tk tr nth gi i
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1.3.2 Cac tiéu chuin quy pham thiét ké hién nay ciia My
1.3.2.1 Bj tiéu chuin xay dung quoc té IBC

C bab lutxydngchnhduw cs dngrngri ccvngkhc
nhauc aM :b ttiuchunXydngqucgiadoe ccngb bib xvy
dng&b tiuchunquntr qu ct (BOCA),ti uchu nx yd ngth ng
nhtcngb tiHingh quect cab x yd ng (ICBO),v tiuchun
x yd ngdu cc ngb tit anh phaNamlu tQu ch iqu ¢t (SBCCI).
Gndybab tiuchunM d spnhpvomtthnhb tiuchunmi
ducgil b ttuchunxydngquct -IBC (Interational Building
Code)du cc ngb biH id ngquychu nQu ct (ICC)n m2000. M ¢
dchl d thayth bab tiuchu nhi nhnhbngb tiuchu nmuc th

pdngtrntonnr ¢cM . Trong B tiuchunx ydngquct (IBC,
2000) [31] v ¢ a ASCE (American Society of Civil Engineers) t i ph n
“spd lytin ¢ phn“Tnhnguynvncaktcutngth,n idung
nhu sau [32]:

“Nha cita va cdc két cdu khdc nhau dwoc thiét ké sao cho dé néu xay ra
pha hoai cuc bg, thi toan bo hé thé'ng két cau con lai van bén vitng va khong
bi pha hoai dén mirc khong can xung so voi nhitng thiét hai cuc bo ban dau.
Diéu nay sé dat duoc théng qua sw bé tri cac phan tir két cdu, sao cho tao ra
dwoc sw on dinh cho toan bo hé théng bcing cach truyén tai tw khu viee bi pha
hoai cuc bé ban dau dén cdc vung ldan cdn dé cho két cdu van cé kha nang
chiu tai ma khong bi sup do6. N6 sé dwoc thuc hién bdng cach tao ra do bén
day di, su lién tuc, hodc kha nang tiéu tdn ndng lwong - cong sudt (do déo),
hodc t6 hop cdc yéu to trén, trong cdc bg phdn ciia két cau.””’

Trongch thchc aASCEm cl4,ccs ¢ gyrahuh ngc cb ¢
th dndns s pd | yti nx cdnhnhusau:n gas,n ihoi,vach mc a
xec ,vach mc acccukinb ph hoiroixu ng,s tl cacch do
bnenh,t hpcclixydngv gi bo Nhngs kinnyl bt
thy ngv s du cxemx ttrongthi tk . ASCE 7c ngch rar ngthi tk
bov dcbitc th 1 m tgiiph pthayth ,nhungn kh ngth ct d
thitk ccktcuchoccs kinngunhinMcd d ¢ m tlo thu ng
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dnd dtdu ctnhtonvncaktcutngth ,nhungn ichung,s dvy
d d dov s lintcl ccyucubtbucchos tonvnktcu
1.3.2.2 B§ Tiéu chuin an toan ISC

N m 2001, yban Anninhli nng nhISCbanh nhtili u" Ti uchu n
anto nchot anh v nph nglinbangm iv ccd nhindih achnh"
[33. Tiuchu nny pd ngchovi cx yd ngc ct anh m ichoc ¢cnh n
vinlinbangM s d ng.V quant mband uc atili ul thi tk kh ng
n,ccbinphpd ngnchns spd 1 ytinnhum t ¢ alSC, du c
duaragi nti pv kh chung chung. M c¢d kh ngn ir nhungc ¢ hu ng
dnnygi s dngc cphuongph pdu ngd ntithayth .N idungn 'y
du cth hi ntrongph n"4B.1.S pd 1 ytin:

“Thiét ké sao cho tranh dwoc tén that do sw Sup do liry tien. O mirc t6i
thiéu, tat ca cac bo phdn moi can dwoc thiét ké dam bdo sao cho néu ton that
ctia mot cot trong tang mot tai chu vi toa nha sé khéng xdy ra sw sup dé liiy
tién. Muc dich ciia thiét ké la dé dam bdo cac dwong dan tdi dw phong day
dii trong két cdu khi sw phd hoai xdy ra do bdt cir nguyén nhdn ndo. Nguoi
thiét ké cé thé dp dung phirong phdp tinh todn tinh hodc dong dé dap img
yéu cau nay. Sirc chiu tdi gidi han cé thé dwoc gia dinh trong tinh todn.”

Mcd thngs k thutchophps d ng phuong ph ptnh ho c
d ng, nhung kh ngduarach dnnov cchth chincctnhto nny.
Ngo ira, tuongt nhuti uchu nIBC, ti uchu nISCc ngthamkh oc a
ttuchunc aASCE7-tiuchunn m1995-4d chitithav thitk
s ckhngdivispd I yti n.
1.3.2.3 Huéng dan thiét ké ciia B§ qudc phong DoD

B Tiuchunx ydnglclungbov -hu ngdnthitk spd ly
tinc aB qu cph ng[34]duarac chu ngdnthitk d ngnng as pd
lytincccngtrnhc ab qu c¢cph ng. Hr ngd nn y dua ra m t phuong
ph ptu ngminhchovi ctnhtonv thitk ktcud chnglis spd ly
ti nb ngc chs d ngphuongph pdu ngd nt ithayth .

Tiuchunthitk caDoDgiiquytvnd spd lytinbngcchs
d ng phuongph pd cl pv ihi mh a[35]. V iphuongph pn y,lo ihi mh a
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dcbit(titr ngb tthe ng)n ykh ngc nphix cdnh Phuongph pnydi
hiphith chinmtlotcctnhtond iviktcuchutcdngcavicloi
b PTchutiband utic cv tr kh cnhau. Vicl ach nccphnt ducloi
b doccs kinbandudu cgiithn bnngoihocbntrongktcu b i
viccphntchd tinhnhccyut titrngv ccyut suygimd b n,
ngo itr ph nt chuc t,kh ngdu cxemx t.

C chu ngd nchoph ps d ngc cphuong ph p ph ntchkh ¢ nhau.
M hnhhaichi uv bachi ud udu cth anhn,v phn ngc aktcuc
th thudoe ¢t m hnhdnh ituyntnhho cchnhx chonl m hnhd n
h 1phi tuy n. Kh ng ph thu cv o phuong ph pph ntchdu cs d ng,nu
kh nngmtcukinve tqu gi ihnth cuki nn ydu ccoil kh ngc
kh nngmangtiv s loib khim hnhktcusaud tipt cphntch
ccktcucnliKhimtcukinb ph hoidu cloira,btc titr ng
thy ngxuy nhayt mth ilinquandncukind phidu cphnb cho
cccukincnlibPiunydu cth chinbngcchphnphitichocc
cukincnlitrongcngtngc cukinb ph hoihocbngcchdt
thmtiv otngth phon.N uphntchch rarngs s pd | yti nx yra,
th thi tk ¢cnphidu chiuchnhli,v ¢ccbu cphntchecndu clpli
t d uKhitidu ctruy nxu ngchoc cc ukinth phonth titr ng cu
ki nnyphidu ctnglndol cvach m. Phuongph pgnd ngd tnhd n
Il cvach ml phuongph pd nglu ngv igi thittin yt ntikho ngO0,l1
gi y. C c phuong ph ptnhto nkh ¢cv ivi ¢cs d ngphuong ph pph ntch
d ngl ch cc nge ndu ¢cs d ng[36].
1.3.2.4 Huéng dan thiét ké GSA

Do hu ngd ntrongnhiub tiuchunc cctiuchunspd ly
tinl rtchung chungv d ikhikh ngr rngnnGSAd phttrinv
chitith amtb ccnguyntctrongtili u"Ph ntchs pd 1 ytinv
hu ngdnthitk chot anh vnphnglinbangm iv ccd nhin
diha"[37]d xcdnhkh nngspd lytincaktcu M cdch
cahu ngdnnyl d "gi plmgi mkh nngs pd | yti ntrongc ¢
tanh vnphnglinbangm i,v d h tr trongvi cd nhgi kh n ng
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s pd |l ytintrongc ct anh v nph ngli nbangdangt nt1i .

Tuongt nhucctiliuc aDoD,tili uhu ngd n GSAs d ng phuong
phpdclpvihimh atrongvi cx cdnhkh nngs pd | ytinb ngc ch
phntchphn ngcaktcukhimtphnt ctyucan.GSAduaracc
kchbnph ntchktcuv icukinb ph hoi c cv tr kh cnhau. M ikch
bndu cxemx tnhum ttrwu ngh pdclp.V d,d iv ikhungc ngc kh
nngph hoicccukin bnngoi(hnhl9),vicloib mtctbnngoi
gnv itrungt mv loib ¢t gctothnhhaikchbnd cl p.

-Phntchkhiloib mtc ttrn

cnhngn tngl T~

A

-Phntchkhiloib mtect __ %
nmgngi atr ncnhdi tngl

-Phntchkhiloib ctgc

t ngl —

Hnh19.C ckchb nph ntchSPLTd iv ikhungc ng[35].
b tnhton GSAchophps dngmts phuong ph pbaog md n
hituyntnh,phntchtnhk th pv iccch ti uph ho i, ph ntch phi
tuy nph nt h uh n,ph ntchsaiph nh uh n,vv.Ngo ira,vi cs d ng

ccm hnhbachi udue ckhuy nngh d ¢ ¢ ck tqu chnhx chon.

Titrngc chiutcdngt trnxungdu cquydnh trong hu ng
d nGSAd d nhgi kh nngs pd | yti n,baog mc ct itr ngthu ng
xuynv tmthicngvih s giatngtitrngdohiu ngdngl c
h c. Khi ph ntchtnh tuy ntnh,titr ngl titr ngtnh ttong duong
bng2lntitrngtnhgec,titrngnyl trnglu ngbnthncakt
cuv ccthitb vtd ngkhctrnd v =(titr ngthu ngxuy n+25%
titrngtmthi)bDivicctnhtonchnhxchonvivics dng
phuong ph pph ntchd ngl ch ctr cti pth titr ngd ngdu ¢ khuy n
ngh I yb ngtitr ngtnhthi tk band u.
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Theoc chu ngdnc aGSA,nudu ngdntithayth ¢ kh n ng
chul csaukhiphnt ctyud bloib th ktcudu cxeml tc
kh nngs pd | yti nkh ngph thu cvoloitib tthu ngg yraph
ho iband u.
1.3.2.5 Cac tiéu chuin quy pham thiét ké lién quan dén tic dung n6

Thitk ccktcuchnglititrngn 1 mtvd v thitk bo
v.bDiviccktcuny,trngt mchnhl diuchnhl ckh ngc acu
kind n khngb ph hoi.Dod,n ¢ th due ccoil mtphnca
phuong ph pkh ngspccb dcbitd d cptrongmts tiuchun
quyph mthitk .V mtlchs ,thitk khngn | mtlnhv cho't
d ngnghi nc uv th ch nhtrongc ngd ngqu cph ng.C ct ili uthit
k k thutd ¢ d cpdnthitk kh ngn nhu: TM 5-1300, "k t c u
chnglitcdngcav n ngunhin"[38]v hu ngdn"Thitk k't
cud chnglitcdngcav kh htnhn" [39]. Ngoira, mts
phuong ph plunthitk v ¢ ngngh n du cphttrinchoquns gn
dyd ducxemxtliv sadid ph hpvinhucuc ac ngtrnh
dns [40]. Trongm itru ngh p,c nnghi nc unhi uhonn ad d m
bocchungdnthitk ph hpchocccngtrnhdns gnvivic
ngnng aspd lytincacctanh [41]. C cti uchu n quy ph m
tuongt ¢ ngd du cduav oc ctiuchu nquyph mthi tk btbu c
chu uv Nga.

1.4 Cac phwong phap phén tich khang sap liiy tién ciia két cau

C c phuong ph pph ntchSPLTc ak tcudu cnghincud I m
cngc tnhtonphcv choccgiiphpthitk khngspl ytinca
ktcud trnhby ccphntrn.Dimch 1 ¢ cphuongphpnydu
t p trung cho gi 1 ph p “du ngd ntithayth -1 phuongphpch yu
du ¢s d ngnhi unh ttrongc cgi iph pthi tk kh ngs pl yti n.

C cphuong ph ptnhto ndu ¢s d ngchothi tk kh ngs pl ytin
tonch yul ¢ cphuongph ps saud y:

- Phuong ph p PTHHv PTHH mM r ngc ngv ic ¢ ph n m m tnh
to n thwong m i (SAP 2000, ADAPTIC, LS-DYNA, ABAQUS, LY-RA);

- Phuong ph pph nt r ir cm r ng-EDEM;
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- Phuong ph pthayd 1di mtchph nthch ng- ASL

Trong ¢ ¢ phuongph ps nitrnc d cpdnccm hnhtnhton
kh cnhauc avtliuv ktcu(d@nh ituy ntnh,d nh iphituy n,d n-
do)v cctnhchttcd ngc atitr ng(tnh,d ng).

Du id yd nrat ngquantheo ¢ c phuong ph p.

1.4.1 Sir dung phwong phap PTHH va cac phin mém tinh toan thwong mai

Marjanishvili v. Agnew [42]d ti n h nh ph ntch tnh tuy ntnh, tnh
phituy n,d ngtuy ntnhv d ngphituynd ivicctcdngdoloib
ctdtngtv sosnhccktqu tnhton Tcgi xemx tuudi mv
khuy t di m tuong ngc at ng phuongphpv gi rngmiphntch
cnduckimtrav lachnchomctiudnhgi ph hoil ytin,t
ph ntchtnhtuy ntnhd nph ntchd ngphituy n. Trong m tnghi nc u
ti ptheo[43],cctcgl trnsos nhhi uqu c a4 phuong ph pdu cd
xutb iGSAd phntchs spd [ ytincamttanh ¢ dmb t ng
9t ng. Khinghi nc ud s d ngccth t cph ntchtheod ph ct pt ng
d n: ph n tch tnh tuy n tnh, tnh phi tuy n, d ng tuy n tnh v d ng phi
tuy nchotrwu ngh ploib ctd tngt.Phntchs du cth chinb ng
cchs dngphnmmphnt huhn SAP2000 (CSI, 2009). Trong
nghi nc uy,hth ngktcudu cxemx tb ngc chs d ngphuong ph p
kh pd odongi nv b quatnhphituy nhnhh ¢.Gi dnhn yhnch s
phttrinc a nhhu ngd ychuy nkhih ¢ bind ngl n.D ngth i, nh
hu ngcatmsnv cclinktdm-c tc ngdu cb quatrong nghi n
cuKtqu choth yrngphntchd ngmangl ik tqu chnhx chonv
hontonc th th chinkhic s h tr camytnhcngviccphn
m mt nhto nthuong m i.

Kaewkulchai v Williamson [44]d ph ntchd ngphituyns s pd
lytinc tnhdn nhhe ngcalinktdm-ctH gi dnhm hnh
bindngdotptrungdatuyntnhv is tuongtcu n-nn Ch s ph
hoidu cs d ngd d dontrngthiph hoitith idimbtdux yra
s ¢c.Suygimd cngv d bnducxemx ttrong miquanh ph

thu cvoch s ph hoi. nhhe ngcatmsnv cclinktdm-ct
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du cb quatrongnghi nc u. K tqu nghi nc u ngd ngtr nm t khung
ph ng cho th y phuong ph p ph n tch d ng phi tuy n vu vi t hon so v 1
phuong ph pph ntchtnhphituyndomts dngs ¢ v nhuc ubin
d ngkh ngdu cd donm tc chchnhx ckhis d ngphuong ph ptnh
phi tuy n. Trong m tnghi nc uti ptheo,cctcgi d m r ngkh n ng
phntchd xemx ttcd ngc al cvach mdoc cPTb ph hoig yra
[45].Gi dnhcobnv tcd ngc al cvach ml | cdod mb ph hoi
tngtrnroixu ngtngdu idu cgi dnhnhucctitr ngt ptrung, c n
d mb vach mband u tr ngth itnh, saukhi vach mc¢ haid mchuy n
d ngc ngnhauv b quabi nd ngc cb .Phnt d m3n tdu ¢cs d ng,
trongd ntth 3nm g anhptidimtcdng Cc phuong php
nghi nc uch hnch choc ck tc ukhung ph ngv kh ng pd ngdu c
choccktcuc linkttmsmn k tcukhungbachiuv tnhph ctp
¢ ach ng.

Izzuddin [46]d xutm tktcudongind dnhgi s spd ly
ti ntrongtru ngh pm tc td tng ttrongk tc ukhungth p. Phuong ph p
datrnnguyntclmvic otodiukincho tungdu cthchin
trong tnhtonthitk hngngy Pnhgi dngdongindatrnkhi
ni mn nglu ng tuong duongdu c¢d xu tnhul m tthayth choph ntch
d ngphituy nph ¢t p.Ccm hnhcoh c¢cd atr n Eurocode 3 [47] du ¢
s dngd didinchotnhbntngphnnacngcacclinktthp
dm-ctMtkhcem hnht msndongindu cth chinb ngc chs
d ngkh ini md r ng tuong duwong ¢ a Eurocode 3. Nghi nc ub ngs
chothylinkttmcnhd b nhhu nghonm cd m ng manh hon so
vitmducuiv linktchuctg cbnging[48]. Nghi nc ugndy
caf49]d m rngdnktcudacpv dnhgi d ngdongind gii
quyttru nghptcdngcasn Kchbnvachmdov ¢ ngduc
nghi n ¢ u trong phuong ph ps ,khitnhto ns d ngph nm mph ntch
phi tuy n ADAPTIC.

Powell [50] @ s d ng phuong ph p du ngtruy nt itr ngthay th d
tnhtons spd l ytinbngc chphntchd ngphituy ndongind 1
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v 1 khung m tt ng. Trong nghi nc u,thithivtchtdu cxemx tv i
vi ¢cs d ng phuong ph pkh pdodonginv b quaphituy nhnhh c.
nhhu ngcatmsnv cclinktdm-ctcngdu cb qua trong
nghinc uuTcgi nhnxtv s khcbitv hiuqu k th pv iphuong
phpphntchtnhv d ngtuy ntnh, tnhv d ngphituy n. Nghi nc u
choth ym hnhphituynl kh thid dnhgi s spd v m hnh
thy ngdue ckth pviphntchd ngdtnndu cm r ngd xemx tt ¢
d ngd ychuy n. M tph ntchd ng don gi n tuong t nhu Izzuddin [46]
ducd xutd giithchhiu ngdngkthpviloib d tng tth nh
phnchul c. Tcgi,mcd th anhntmquantr ng ¢ aph n tch phi
tuy ntrongd dons pd ,nhungvn ngh vicphntchtuyntnh. T ¢
gi ktlunrngphntchphituy ncungec pcinhns us chonv otnh
nngktcuv ch nndu cs dngchoccktcudcbi tv quantr ng,
trongd phntchtnhtuy ntnhph h pv ic ck tc uth ngthu ng.

Khandelwal v El-Tawil [51] d nghi nc uph n ngc akhung chu
unkhictbntrongb loib d tng t. Trongnghi nc uny,c cm hnh
cohcducs dngd th hind bnt ngphnn ac ngcacclinkt
thpdm-ctMtkhc, nhhey ngc at ms ndu ¢cb qua trong nghi n
¢ u,nhungc k d nhi u ngP-Delta. Nghi nc uc aSadekv ¢ cc ngs
[52]choth yt ms nc th ngnchnc tkhib k ovophatrong.V vy,
nutmsnbb qua,c th dndndnhgi d v ngchckhngth ct.
Tuy nhi n, Khandelwal v El-Tawil [S1]nh nrarngs chnhxccacc
ktqu du ctrnhb yph thu cnhiuvoccgi dnhm hnhkh cnhau,
trongd baog mvi cl tu ngh akhung.

Fu[53]d nghincucctnhnngktcuc am tt anh khungth p
h nh p20t ngtheo 3 hu ngtrongtru ngh ploib ctd tngtv ivics
d ngph nm mph nt h uh n ABAQUS (ABAQUS, 2005) v phuong ph p
du ngd ntithayth theod xutc a GSA (2003). T anh ¢ mtlrict
dinhnh75mv chiucaot ngdi nhnh3m. Ttc ccdmv ccc tdu ¢
m phngbngcchs dngccphnt dm trong thy vi n ABAQUS
(ABAQUS, 2005), trong khic ¢b ctuy ngdu cm hnhh anhuc cph nt
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t m. Ngo ira, trongqu trnhloib ctlcdctrctrongct,dmv cc
thanh ch ngbi nd ngkh 1 n.

Kwasniewski [54] trnhb yk tqu nghi nc uv s pd 1 ytincam t
tanh nhiutngvivics dngphnmmphnt h uhnLS-DYNA
[55]. T anh 1 mb ngkhungth ph nh p8tnghintidu cx yd ngd
th nghi m1 a Vuongqu c Anh (British,1998). Tuongt nhuc cc ngtrnh
nghi n ¢ u kh ¢, du ng truy n t i thay th theo d xu t trong GSA (2003)
du cs d ngtrongnghi nc u.Ttc ccdmv ct,gmec cclinktgi a
cctmdoe cm hnhho bngcchs dngccphnt d m.M hnh chi
titd chophpk dncc nhhungccb nhulinktkhngdnhiti
ccnthocundcccb trong PTchunn Trongm hnhny s ph
hoic aPTdu cth hinbngvicloib mts phnt khih.Tmhn
hpdyl30mmde cm hnhhabngcchs dngccphnt v 4nt
Hailoiphnt v (¢ d d ykh cnhau)du cs d ngd m hnhh atnh
tr chu ngc at mthphnh pDidutinc d d yI130mmv d ith hai
c d dy70mm. M ididu cm phngnhumttmhnhpdatngv i
vics dngm hnhdnhidodnghue ngvid bnkov d bnnn
kh ¢ nhau (MATI124) [55].M hnhph ct pdu ¢cs d ngtrong nghi nc u
dndnmtm hnhlnvilO8tiuphnt huhncadmv v.Ba
tru ngh ploib c td tng tdu cxemx ttrongph ntchl loib mtct
gc,loib ctbnhocloib ¢ tgi a. Nghinc uchothyr ngtru ng
hpquantr ngnhtl loib ctgc Tuynhin,cctcgi ktlunr ng
nghi nc uchoth ykh nngx yras spd 1ytinc ak tc uth phon.
T cgi nh nrar ng phuong ph pph ntchphnt h uhnchititd d xut
vnkh doc pdngtrongth ct donhucutnhtonrtlnV.d,mt
tru ngh ploib cts cnthigiantnhto nl9ng yv s d ngsong song
60b vix 1 (Kwasniewski, 2009).

Yuv cccngs [56]nghincus spd lytincah th ngtm
hnhpbngphnmmphnt h uh nLS-DYNA (Hallquist, 2006). Tr ng
tmc anghi nc ul tmhiu nhhu ngc alinktv tmb tngvidm

thppH thngsntngh pdu cnghi nc ul m tm ukhungth phnh p
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m tt ngdu cth nghi mb i Tanv Astaneh-Asl [57]t 1 D 1h ¢ California,
Berkeley. C ct ms ndu ¢l mb ngb t ngtr ns nkimlo idu ch tr b1
ccdmdcv ngang. Litk tch ngl cctducs dngd linktd m-
ctv dm-d m Trongm hnhs ,dmv ctdu cm hnhh anhul cc
PT thanh, trong khic ¢s nkimlo idu ¢ xemnhu PTv . T mb t ngdu c
m hnhhanhul PT8ntvi pl ckhngdi Ktqu nghinc ucho
th ykh nngch ngxoayc alinktv ¢ m tvaitr quantr ngtrong vi ¢
ngnchns spd lytincaktcu Dod,linktc ngdu ckhuyn
khchchothi tk ktcubDP pdngvocctanh hinc,Yuv ccc ng
s [56]c ngnghi nc ukh nng pdngccloicpd ngl cd n ngcao
hiuqu linktccd m Nghincuchothyccloicpd nglcc th
nngcaokh nngngnchns spd lytinv hhuqu can tngln
cngvis giatngs lu ngcukinlinktv id m

Sadek v. cccngs [52]nghincud vingchccah thngsn
hnhpvilinktchngl cctdongintrongtru ngh ploib ctbn
trongv ivics d ngph nm mphnt h uhnLS-DYNA [55].H th ng
sndu cs dngtrongnghinc unyl m tdonnguyn2x2c amtta
nh khung th pnguy nm udu cthitk b iNISTd nghinc ud v ng
chc H thngluictdinhnh914m. Ccd m,ctdu cm hnhha
bngphnt thanhv s nkimloidu cm hnhho bngcchs d ngPT
v.Miquanh ngsutbi nd ngsongtuy ntnhdu ¢s d ngd m hnh
haccthuctnhcavtliubDivib tngs d ngm hnhd okh ng
li nk ttheo nhi udu ngxuy nt m,baog ml ckov | ¢n ndontr c,
haitr cv batr c. Khix yd ngm hnhc ngs dngch s huh ngtch
] ynhum tthams ¢ ac bindngd ohi uqu v bi nd ngth tch. Gia
¢c tmducm hnhhabngcchs dngPT,trongd miquanh ng
sutbi ndngl song tuy ntnh nhu c c th nh ph nth p kh c. BPinhtn
du cm phngnhuccPTthanhlinktvicctmsnb tng. Ktqu
nghi nc uchoth yrngc ct ms nd ngm tvaitr quantr ngtrong vi ¢
ngncns pd.Nghincucngchoth yrngsnnh d b spd khis
d ngtiuch GSA[58]d linkt T ktqu nghinc ud d xutvics
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dngcclinktchngctcng,snkimloidyhon,mtd caohons n
ctthpv vics dngcclink tm menkh ngu nthayv li nk tch ng
ct misn.

Alashker [59], m r ngnghinc uc aSadekv cccngs [52],d
di utrac cth ngs chnh nhhu ngd nd v ngchcc as nh nh ptrong
tru ngh ploib ctnib .M hnhtnhgi ngnhum hnhdu cs d ng
b iSadekv cccngs [52],ngo itr m ts thayd inh ;n baog mt ng
¢ ng 295.000 PTv v PTd m. Nghi nc uchoth ysnth pg pph nd ng
k vovicngnchns spd cah thngsnhnh p.

DiviPTt mBTCTth c tth ptrongt mdu cgi dnhl |1 mvi ¢cnhu
mtlps i.Cctnhchtcohccavtliuthpde cm hnhho b ngc ch
s dngmtm hnhvtliudndot thuvi n ABAQUS (ABAQUS, 2005)
[60]. D ivic cthnhphnb t ngccthu ctnhv tli ude cm ph ngd a
trnm hnhd dob t ngt thuvi n ABAQUS (ABAQUS, 2005). T tc c ¢
d mdu cm ph ngg ndu ngtrungt mc ac cph nt d mchnhv ¢cctm
hnh pdu cm ph ngtidu ngtrungt mc at m. Phuongtrnhli nk tr ng
bucdu cs dngd niccphnt dmv v vinhau D mth pd link't
ccctkh ngdu cduavom hnhtnh.Dod , nhhu ngquantr ngc ac ¢
li nk tkh ngdu cxemx ttrongnghi nc u.

Tcgi Ng DcTun-DihcMelboumev PhmXunbt-bi
hcXydngH Nicngc nh ngnghinc uv SBLT thi nv nghi n
c uth cnghi mv tliub t ngc tth p,ch y ut ptrungv o phuongph p
“du ngdntithayth ,bitondtral khosttrngthiph hoily
tincaktcudomts phnt nod b huh ngng unhi ng yra, [6],
62,63,64].V vy,s ph hoidiv iPTd uti nkh ngph idotcd ngc a
titr ngn od chotru c.

O.B. AJ A30 , Cao Duy Kh 1 [102,103], trong ¢ ng tr nh ¢ a m nh
d nghincus ph hoil ytinc ac ckhung nh caot ng BTCT li n
kh i M cdchcanghincul dnbitond ngv bitontnh tuong
duong, trongd vi cnghi nc ucctnhchtcah s d ngdu cth chin
vis h tr caccphnmmtnhto nth ngd ng LY-RA ¢ a (Nga) v
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SAP-2000(c aM ).C ctcgi d dvarac ckhuy nngh v ¢ chtnhh s
d ngtheos lu ngt ngc at anh ,theod ¢ th tinhnhphntchd ng
lchcs ph hoilytinc acckhung nh caot ng BTCT li n kh 1
th ngquabitontnhh cc ac ngtrnh v 1theo ¢ ¢ phuong ph p th ng
dng Nga.S dngcchtnhtrncctcgi d nghincuv duacc
khuy nngh v c cgi iph pkh ngs pl yti nchonh caot ng BTCT.

V VnHongl nghincusinhdutin VitNamnghinc uv
c ngb cccngtrnh trongnu cv d titheohu ng PHLT ¢ ac ngtrnh,
[12. dytcg ch d nglitrong ph mvic uphuong ph ptnhto nk t
cuc k dns ph hoilytinm chuadid nnghinc uccgiiphp
khngs pl ytinc aktcu D ite ngnghi nc ul khung ph ng, v tli u
du cgi thitl d nd ol tu ng, phuong ph ptnhto nl phuong ph pd ng
l chc trongtnhtonec k d ntnhphituynvtl v phituy nhnhh ¢
caktcu(thiu ngP-Av chuynv thngcaccntkhung) v nh
hu ngcal cvachmlnc cPTdmc aktc ukhungdoccPTb ph
hoic aktcugyrav d thitl pc cph nm mtnhto ntwong ng.
1.4.2 Sir dung phwong phap phin tir roi rac mé rong EDEM

Phuong ph pphnt rircm r ng - EDEM (Extended Distinct -
Element Method) do Meguro v Santo d xu tn m 1996 [65] d m hnh
h as pd caktc ukhungBTCTdod ngdtv cctitr ngd ngkh c.

Phuong ph pph nt rircm r ng (EDEM)1 bi ndi uc aphuong
phpphnt rir c(DEM)du cd ngh b iCundall v Strack [66]. Phuong
phpnydu cs dnglndud m hnhhas spd caktcudu ct
hpbiccvtliuhtnhudtv d .M hnhcaphnt gmc phnt
cnglinktvi2l xo, m ttheo phuong ngang v. m t theo phuong d ng.
Ccl xocaphnt ducs dngd biudintnhchtcavtliuduc
m hnhh a. Hakuno v Meguro [67] m r ng phuwong ph pphnt rirc
d tnhtons ph hngcaktcub t ngth nhphuongph pphnt ri
rcm rng V iphuongphpnydtthmccl xoph,gil ccl xo
“rng (“pore )vogiaccphnt c ngtheoc 2phuongd m hnhh a
s ph hoicaximngtrongb tng P m hnhhamtcukin



27

(member) b t ngcnphic mts lu ngl nc cphnt (element)c ng,
ccl xorngv ccl xophnt .Hakuno v Meguro, 1993 d s d ng
EDEMd m phngs s spd cakhungb tngdotitrngd ngdt
gyra.D gimth igiantnhtonh s d ngkhungv imts t phnt .
D vy,h ¢ngd thnhc ngtrongvicm phngqu trnhs pd v kt
lunrngcnhonthinmts nhu cdi mtru ckhic th ngd ngtr c
ti p phuong ph pn yd tnhto nk tc ukhung.

1.4.3 Sir dung phwong phap thay doi diém tich phan thich img ASI

Phuong ph p thay d i di m tch ph n thch ng ASI (Adaptive Shift
Intergation Technique) 1 phuong ph p ¢ i ti n ¢ a phuong ph p thay 4 i
di mtchphndu ¢cToid xutlnd uti n[68] v du clIsobev Toiph t
tri nn m 2000 [69]d giibitonkhungkh nglint cdoph hngdu
cuicaccphnt duitcdngc atitr ngd ng.

Phuong ph pthayd idi mtchph nband udu cs d ngd tnhto n
spd doc ak tc ukhung. Phuong ph pn ythayd ic ¢ di mtchphn
s caphnt ticcvitrcakhpdovivics dngccquanh xc
dnhgi ac cdi mtchph nband uv ¢ cdi mtchph nm i.Quanh ny
du cthitl pd atrns cnbngc anngle ngbindngc th cithin
d chnhxcv tnhhiuqu d tnhtons pd d oc ak tc ukhungb ng
phuong ph p PTHH,b iv c cdi mtchphnc th ch nchnhxcticec
v tr kh pdoxuthin(ticcntcukinv ticcdimtcdngcalc
tptrung). Dod ,v tr cckh pdocnphibittru cv ccdi mtch
phncnphichnph hp.Theocchny, divicctru nghpchtti
ph ctpc th s b gimd chnhx ckhitnhto ntr nm y,d cbi tkhis
d ng phuongph pPTHHvV ibu clu il n.

Kh ¢ ph ¢nhu ¢ di mc aphuong ph pthayd idi mtchph n, Isobe
v Toi, 1993d s d ngccdimtchphntruynth ngd tnhto ntuyn
tnhk th pvis thayd it d ngc cdi mtchph nkhic ckh pdody
d xuthin H g iphuong ph pnyl phuong ph pthayd i di mtch
ph n“thch ng (ASI)v d ngd ngn mtc chthnhc ngchoc phn
t d m Bernoully-Euler v ph nt d m Timoshenko.
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Tuynhi n,d phntchccbitond iv ikhungkh nglint cdoc ¢
ducuicacukinb ph ho i, phwong ph pn ych ¢ th ngd ngcho
ph nt d m Timoshenko [69]. D chnhx ckhim hnhh ac uki n tnh t
phic 2phnt s d ngphuongph p ASI. Trong phuong ph p n y sau khi
xyraph hoitiducuicaPTth d cngcan s bngkhngyv
kh ngc nvaitr d iv iphn ngchungc aktcu Dod ,PTv mttnh
tonb loib kh im hnhtnhd chod mvntnti Dod ,phuongph p
nyb quas dnggpcakhilungv d c ngcadmvokhilu ng
v d cngchungcaktcukhiducuican b ph hoitchkhikt

cuchnhv | mvi cnhud mc ngx n.
1.5 Két luan chuong 1
T tngquan trnc th rtrac cnh nx tsaud y:

1. Tnhth is cavnd khngs pl yti nc ac ngtrnh: Trong th 1
giang nd y,d cbi tsaukhic ct ath p Trungt m thuongm ith gi it1
New Yorkb s pd dokh ngtc-du cchol SPLT-vnd nghinc u
ccgiiphpthitk khngsplytindivicccngtrnhcngcec
phuong ph ptnhtonktcuphcv chothitk nitrnd tr nncp
bchv ng ycngdu cquant myng yc ngph ttri nr tm nhm tr nth
gii.Cngt thigianny, nu cngoi,ccn idunglinquand ntnh
ton-thitk khngsplytinbtdudu cduav oc ctiuchun quy
ph mthi tk ¢ ngtrnh. Tuynhin,l igiidiviccbitondtra dy
rtkh v ph ctpnnccktqu nghincungayc ccnucc nn
khoah ctintintrnth giicngch midtduc mcd bucdu
Tnhcpbchcavnd nghincunitrnc ngkh ngl ngoil divi
VitNam. nu cta,chod nnaym ich ¢ mts rt tc ngtrnhnghin
cud cpdnhu ngnghinc unyv ch yudu cth chinv ¢ ngb

nu c¢ngo i. Trong c cti uchu nquyph mthitk cccngtrnh Vit
Namc nthiuvngc cn idungli nquand ntnhto n-thi tk kh ngs p
l ytin.

2. Trongcccngtrnhnghincud cngb,ch yutptmungv o

phuong ph p “du ngd nt ithayth ,theod bitondtral kh os ttr ng
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thiph hoil ytincaktcudomts phnt nod b huh ngngu
nhinv dtngtgyra Nhungkh ngk dnccnguynnhnv ccti
tr ngbtthu nggyras huhngd.Vicchdtbitonnhuv yth s
ph hoidiviccPTdutinkh ngphidotcdngcacctitrngx c
dnhn od chotru c.

3.V ditu ngnghi nc u: Trong ¢ ngtrnhnghinc ud ¢ nghb ,
ch yud cpdnccnh caot ngv c cc ngtrnh giao th ng (c u treo,
cud mBTCTIlintc);cntcngtrnhd cpdnccloicngtrnhdc
bi tli nquand nlnh v ¢ an ninh - Qu ¢ ph ngnhuc ¢cs ch huy, ¢ ng
trnhph ngth d ns ...

4.V titrngtnhto n: B ph cv chogiiphpthitk “du ngdn
tithayth ,khidtv giibiton,das cctcgi ch miquant md n
ccloititr ngtnhc dnhl tr nglu ngbnthnc aktcuv thitb, t
quant md nchnhlo it itr ngg yras ph ho1d tng tband uc aPT,
chnghnnhutitr ngn -nghal chwuatnhd nt cd ngd ngth iccti
tr ngtnhv d ngkhik tc ub SPLT.

50Vm hnhvtliuv ktcubivivthiuv k tc ukhinghi n
cuccbitonSPLTcacngtrnhch yuquantmdnvtliudn
d o:trongd phnl ns d ngm hnhBDLT,bi nd ngnh , ts d ngm
hnhbi nd ngl nd ngph ¢t phonv s tth ct hon.

6.V phuongph ptnhtonv phnm mtnhto nnDoligiiccbi
tondtrartph ctpnncctcgi ch yutrctips dngccphn
m m thuong mirtm nh,du ¢ x yd ngtrncos phuong ph p PTHH
nhu: SAP 2000, ADAPTIC, LS-DYNA, ABAQUS,...

T ccktluntrn,hu ngd tilun ndu cchnl: “Nghién ciu
sup do liy tién ciia khung bé tong cot thép toan khoi chiu tic dung né va dé
xudt mot sé gidi phdp khdang sp v im c d ch,n idung, ph mviv phuong

ph pnghi nc unhud trnhb ytrongph nm d uc alun n.
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CHUONG 2. COSOLY THUYET XAY DUNG MO HINH VAT LIEU,
MO HINH TiNH TRONG MO PHONG SO PHAN TiCH SUP PO LUY
TIEN CUA KET CAU CHIU TAC DUNG NO

2.1 Mé diu

Tnhtonktcub t ngc tth pn ichungthu ngdu cth chi ntr n
cos ccgi thitv ngx dngnht d nghu ngv trong giai do nd n
hicavtliuCohcmitru nglintcl | thuytcos d x yd ngc ¢
phuong ph pph ntch ngx caccktcub tngctthp.Cngvicec
gi thi tv donginh accktcuth ct bngc csod tnhto nph h p,
huhtccbitonphntchs Imviccaktcub tngc tth pnhu
dmbnsnct.duc th ducgiiquytmtcchtuongd id dng
bngcccngth cc trongc cquytrnhthi tk ,ki mdnh. Trongtnhto n
ccengtrnhxydngbngb tngc tthp, phwong ph pc th gil
truy nth ng nhu tr nth hi nnhi uuwudi mnhutnhto ndongi n,d hiu,
cck suc th kimsotquytrnhtnhto nv ktqu thudu c. Vi cti p
¢ n phuong ph ptnhc ngtuongd idongi n,h s anto nthi tk caov
th ¢t ch ngminhl ccktcuc ngtrnhbngb tngc tthphonton
dp ngdu cccyucuchul ctrongdi uki nbnhthu ng.

Tuynhin,¢c nhiuvnd dtrakhixtdndcdim ngx cab
tngctthpvnkhnglunlundnh itrong qu trnhchut i Sau giai
dondnhis xuthinccvngph hydnvngdoccb v cc
dungntlmmttnhlintccamitru ngtnhtonv d cbitkh ng
x tdnphn ngx saudnhph hoid 1 m cho phuong ph p tnh truy n
th ngkh ngth ¢ ktqu tnhto nchnhx cc ngnhug yl ngph v tliu
khithi tk ccktcuc ngtrnhbngb t ngc tth p.Dod c¢ nthi tphi
duav ophuongph pphntchvtliuv ktcub tngc tthpec xtdn
cc ngx phituyn,ccvngph hyccdungntccvngdo.Vic
nghincuccm hnhvtliuc th nhmphn nhstth ¢ ngx I m

vicc ab tng,ctthpd du cth chintrongnhi uth pk quatr nth
gi i
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Trong chuongn ys trnhb ycos 1 thuytd x yd ngm hnhvt
liu( tng ctthp,thu cn TNTv kh ngkh), m hnhtnh trong m
ph ngs b ngph nm m ABAQUSd phntchs s pd | ytinc aktcu
khung kh nggianb t ngc tth pto nkh ichut cd ngn .

2.2 M6 phéng ing xir co hoc ciia bé tong

D m phng ngx cohccab tngkhichutichotinayc rt
nhiuquylut ngx doucd ngh.Dutinl ccquylutdnh idon
ginsaud d m phngccb v phituynv s Imviccaccktcu
b tngth quylutdo,quylutdnv lantruynvtntd Inlu tdu c
d ngh. Hinnayquyluthnh pd v dangdu cnhiutcgi trnth
giinghincuv honthi nmcd dangg prtnhi ukh kh nnM im
hnhv tliuchob t ngc nh nguunhu ¢di mc ngnhuph mvi pd ng
h pl chot ngtre ngh pc th khichutic ab t ng.

2.2.1 M6 phéng tmg xir ciia bé tong trong giéi han dan hoi

Ccm hnhdnhituayntnhd atrnl thuytdnh iv 12 thams
cobnl m dundnhiEv h s Poisson vhonto nc th m ph ng
ngx cab tngtrong giaidonny Theod ngx cab tngduc
xem!l honto nd nh ,kh ngx td ntnhphituy n ¢ tru cv saudnh
du ng congph ho i. Pnhlu t Hookl cos ¢cam hnh ngx ny Mt
s tcgi khcec xtdnphnphituy ntru ¢ ph ho 1 (pre-peak) c a b
t ng nhu Ahmed v Shah [70]ho ¢s d ngquanh giat ng ngsu tv gia
t ng bi nd ng nhu Gerstle [71].

Tnhto ndongi nl wudi mc am hnhn yv khiduav otnhto n
th ng thu ng kh ng x td n tnh phi tuy ntrw ¢ ph h y, tuynhi nk tqu
tnhtonr rngl khngdp ngdu cyucuthitk diviccktcu
trongth ¢t khilmvicduitcdngcatitrngl nnhutitr ngn,
dcbitl divicc ngx ccb.

Trongtnhto ns theoquylu td nh i,c cthams duvoc th I m
choktqu tnhtonvnlunhit khititrngl n,diunyhonton
kh ngph hpvi ngx thccavtliu cpd vm v khititr ng
nh ,quylut ngx nykh ph h ptrongm ph ng ngx v ic cphnt
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thanh kh nggiand tnhraccgi trnilc ccmtctd ctrungdu itc
dngcatitrng,v v ik tc ud ngthanh nhu d m hayc tn ichung th
quylu tn ycobndp ngdu cccyucutnhtonthi tk theoc ctiu
chu nthi tk .

2.2.2 M6 phéng g xir ciia bé tong theo li thuyét co hoc ran nirt bé tong

Tipcntheocohcrnn tdnh ituy ntnh (LEM-Linear Elastic
Fracture Mechanics) ph h pv igi thitb t nghontond n,khid cc
dctrungn tv diukinlantruy nn tho nto ndu ¢c m ph ng theol
thuyy tcobncamncohcrnntc xtdnccdcdimv hnhhec
du csuyrat th c¢nghi m Kaplan [72] v Glucklich [73] duarac ¢ ¢ ng
th cgiitchcacohcrnntvob tngthngquah s cu ngd ng
suthocnnglu ngnt,b tngdu cgi thitl d ngnh t,d ng hu ng
nh ngv ngn mngo idu ngn t.

Cc tipcn pht tuy n v lan truy n n t (NFM-Nonlinear Fracture
mechanics) ¢ x tdnphttrincamtvngc ngx phituyncchb
d udu ngn t(c th 1 v ngd o[74]ho cv ngph h yd n[75]) choph p
m t chnhx chonv di ukinlantruy nvtn tv s tptrungbi nd ng
trongv ngph hy,v dod chok tqu m ph ngchnhx chonv trnh
ducs khnghit caktqu tnhtonc ngnhuph thuccaktqu
tnhtonvocchchialu iphnt .C ctipc nphituy nchophpm t
chnh x choncoch lantruy nc cdu ngn tv hi nte ngt p trung bi n
d ngtrongc cvngb ph hyDod ccktqu tnhtonv ic cm hnh
phituy nchnhx chonsov itnhto ntheoc cm h nhtuy ntnh.

Haim hnhphituyndinhnhnhtl m hnhdungnt oFCM
(Fictionus Crack Model - Hillerborg) v . m hnhd in t CBM (Crack Band
Model - Bazant) v i gi thi ttru ngchuy nv 1 kh nglint choclintc
yu Theocctipcnnyth ccbitonv lantruy nn ttrongb t ng

du cgiiquy ttuongd ihonchnh,dcbitl viccktcub tngc
kchthu cd 1 n.

Tuyv ynhu cdi mkhil ptrnhd 1 phis dngccphnt phc
tpv s ph thucccdungntvos phnb hnhhccaccphnt



33

h uhnd gpphnhnch s phttrincaquylut ngx ny Kh khn
d d ngncndngk vic pdngrngriccm hnhtrongtnhtonc c
k tcuc ngtrnhb ngb t ngc tth p.

Vith,vivicmts tcgi phttrinccm hnhx px nhum hnh
n t hai tham s TPM (Two-Parameter Model-Hillerborg), m h nh hi u ng
k ch thu ¢ SEM (Size Effect Model-Bazant) hay m hnh du ngn tc hiu
ECM (Effective Crack Model-Karihaloo) ho ¢ s d ngcck thutdiu
chnh nhuv im h nh MRCM (Modified Rotating Crack Model-Jirasek) hay
s dng cc phn t nt (Embedded Crack Elements-Jirasek v
T.Zimmerman) vim cdchkh cph ccckh khnkhil ptrnhs hoc
Il mchoktqu kh ngph thu cvolriphnt huhnd manglis
donginv hiuqu khi pdngquylut ngx nyvotnhtoncckt
cub tng. Hi nnaynhi ut cgi ti pt cph ttri nnh mm hnhn yb ng
cchduavocccngth ckhngccb d@d tnhdns tptrungbi nd ng
nhung ¢ ngdangd ngli ccbitondongin,vic ngdngvocc
ph nm mthuong m idangti pt cdu cph ttri n.

2.2.3 M6 phéng g xir ciia bé tong theo quy luit dan hoi-déo

Ccm hnhdnhi-docab tngdu cphttrint ccm hnhd o
cob nc av tli unhu Mohr-Columb, Drucker-Pragerc s d ngth mc c
hi uchnhd iv itru ngh pb t ngchuk o.V d, ngx c ab t ngkhi
koc th m t theoti uchu nph ho i Rankinev ngx khinnc th
theo quy lu t Mohr-Columb hay Drucker-Prager co bnhoccitin. L p
ttnhbngphnt huhntheoquylutn ykh d dngv tru ngtnhton
lunl mitru nglint c.

Feentrav de Borst[76]d d ngh mtm hnhdndohnh pb ng
cchs dngquylut ngx d oDrucker-Pragerchoph nb t ngchun n
v ti uchu nph ho iRankinechoph nb t ngchuk o.

Nhium hnhcacctcgi khcnhaud du cd ngh trong nh m
m h nhn ynhu Raynourd (1974), Franzetkakit (1987), Chen v Han (1988),
Lubnier v olivier (1989), Feentra v de Borst (1995), Nedjar (2002), Ulm v
Coussy (2003)...Nh mti uchu nn yd cbi tquant md n ngx chunn
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cab tngv thitl pdu ng ngx dotheoc cd ngh kh ¢ nhau. Tuy
nhinv b quatnhph hycab tngnnnh mm hnhn ykh ngtnh
dns gimmnhcad cngb tngtrongccvngph hy dcbitdi
vib tngcungd caoonh mm hnhnytr nnyuv khngxtdn
tnhd nc av th u
2.2.4 M6 phéng vmg xir ciia bé tong theo quy luit dan hoi-don

Nh mm hnhd atrnl thuytcobncaccmitru nglint c. Co
h cph hyl cos thitlpquylutph ttrinccbi ntr ngth ikhivtliu
t tr ngth inguy nv nsang ph h yho nto n. Quac cth nghi mth ct
vivicc xtdntrngthiph hycavtliuchothym dund nhikF
cavtliub suygi mtrongqu trnhph h y M hnhdnhi-d ndutin
du cph ttri nb i Kachanov [77]vim hnhd nghu ngec dins d ng
binph hyvibindngl ccthngs kimsot,saud rtnhiutcgi
d ngh ¢ cm hnhm inhu Mazars [78], Simov Ju[79]v iti pcnc cb
tcl khngxtdns tptrungbi nd ngtrongv ngph hycab t ng.
Tipd ,nhium hnhkhngccb dnhidnlnle tde ¢cd ngh nhu
Pijaudier-Cabot v Bazant [80], Jirasek [81]. Cctcgi s d ng bi nki m
sotph h yl bi nd ngtwong dwuongchok tqu tnhtonh it v gnst
v ith cnghi m.

Trongc cm hnhtr nth m hnh Mazarsdue ¢s d ngr ngr ihon
c trongc cph nm mtnhto n. Tuynhi nm hnhkh ngx td ntnhc ng
¢ khinncngnhuccbindngducab tngnnkhngs dngdu c
trong tru ngh ptitr ngchuk .
2.2.5 M6 phéng tmg xir ciia bé tong theo quy luat két hop

Quylut ngx kthpd v dangdu cnhi ut cgi ph ttri ntrong
nhngnmgndyvi mcdchxthtttc ccthuctnhcab tng
g mtnhb td ix ngkhik ov khin n,tnhd n,tnhphid nh i,tnhc ng
¢ khinnv tnhbtd nghu ng. Theod tnhd nv tnhd odu cc ng
xemx td ¢ m hnhstnhtviktqu quans tth ¢ nghi m. Hai ph n
kthpgmkthptrngthidnhi-dnv kth pdnh id o.
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Nhium hnh ngx kthpd du cd ngh nhu: Lemaitre (1992,
2000), Salari (2004), Faria (1998), Simo v Ju (1987), Yazdani v Schereyer
(1990), Luccioni (1996), Jefferson (2003), Holmquist-Johnson-Cook (HJC)
(1993), Riedel-Hiermaier-Thoma (RHT) (1997)...Theod s k th pd ngb n
chtdu cd ngthayth choccbindignd ngc am hnhph h yban
dud tnhd nbi nd ngdukhichutitr ngchuk.Khid 1 thuy tph hy
dngd m hnhhaph hyvtliucnl thuyytdodngd xtdncc
bi nd ngduv d nn th tch.

Trongc cm hnh ngx kthptrnm hnhHICc th m t ng
x dngcab tngchubindngl n,tcd bindngcaov psu tcao.
M hnhnyd ducs dngrngritrnth gi itrongvi cphntchcc
phn ngd ngc ab tngduitcdngn .Chititv m hnhHJC du ¢
tcgi trnhbyc th mc25c achuongny. b yc ngl m hnhdu c
tcgi chnd m t chovtliub t ngtronglun nny.

2.3 M6 phéng ting xir co hoc ciia cot thép

Quans thintu ngvtl v dnhlu ngc cth ngs tcd ngvoqu
trnh gi pccnh nghincum hnhhaccqu trnhph hyvthu
th pb ngvicthitl pc cphuongtrnhdis m t ngx cavtliuvi
ccbintrnhb ytr nb ng2.1.

B ng2.1.C cbi ntrongm hnhph h yv tli u[82]

Diic tinh co hoc Kiéu Bién trang thai | Bién lién két

D nnhi t Ten xo &j - oy

Entropy V hu ng T, - s

Bindngdo Ten xo - &ij -0y

Bi nc ngd nghu ng V hu ng - r R

Bi nc ngd ng Ten xo - aij X;j

Ph hy V hu ng - D -Y
Ten xo - Dy -Yy

Binph hyv hu ngt X tm tphnt th tchvtliuv ikchthu c
d nh ¢ ch akhuytttv tnhchtcoh ctrongth tchnylintec. G 1
Sol tngdintchc accb mtcaphnt ny,S1 dintchb mtch a

khuy tt tc aphnt chi mch, nl vctophptuync ab mtS Bin
ph h yD,[83]du cd nhngh a:



: 2.1)

viD,=0,vtliukh ngtntikhuyttt;D,=D,-v tliuch akhuy't
tt,vikimlo 10,2<D,<0,8.

Gi tr caD,ph thu cvohu ng n,nukhuytttcutr cphnb
dutheottc ¢ chuy ngth D,kh ngph thu cv o n,khid D,chnhl
mtdilu ngv hu ngdu cg il D[84].

Trong nhi utreu ngh p,binph h yv hu ngdu ctnhd atrnm
dund nh ic av tli uth ptheoc ngth csau:

Ee_Eeff
E

e

D=

: (2.2)

trongd E., Ecy-m dund ih ikhiv tliuth pkh ngch akhuy tttv
khiv tli uth pch akhuy tt t.
Trong vtliuth ¢, khuytttcutr ¢c ph nb kh ¢ nhau theo c ¢
hu ng. V vy, gi thitvtliudnghu ng ch mang tnh twong d i. B n
¢ nhd ,trongqu trnhbind ng, mivngvtliulic mcd bindng
kh cnhau. S hnhth nhv phttrinvtn t,1 tr ng c ng kh ¢ nhau theo
s tcd ngca ngsuth uhi utrongt ngv ngv tli u.
ng su ttuong duongli nh v ibi nph h yv hu ngtheoc ngth c:
O
%=1 p
Khitrongv tli ut nt ikhuy tt t,tnhch tv tli uthayd i,bi nph hy
v hu ngdu cx cdnhb is thaydi y.Mtd v tliuthayd ic th xem
nhum tbind x cdnhm cd khuy ttttntitrongv tliu, di ntr thay

(2.3)

dicngl mtthngs xcdnhm cd khuytttvim,gi ih nm ithay
dixcdnhdu cth igianchuticnlicavtliu ngx cohccavt
liuth ngquagi tr ngsutc th d boducph hyvthu

M hnhph hyducs dngnhumtcngc huhiutrongc c
phnm mm phngs .Chngducs dngd nghincud boph hy
vtliunhmmcdchtiuvuqu trnhsnxutthct. M hnhph hy
chial mhailoichnh:m hnhlinktv m hnhkh nglink tt M hnh
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khnglinkt, d binph hykhngtcdngdntnhchtvtliun
ch du c tnh ton trong qu trnh hux 1 khiphntchktqu bng
phuong ph pph nt h uhn. Ngu clim hnhph hylinkt d bin
ph hygnlinvid bncavtliutrongqu trnhbindngv kh
nngch nglis bindngvth u

Trongm hnhph h y,binph h yDthayv gi tr bngl,c th quy
uckhiDdttigi tr tihnD.vtliub ph hy Ngu ngph h yph
thu cvobnchtvtliuc ngnhuh mtitr ng( ngsu t,bi nd ng, nhi t
d ,mast.)tcdnglnvtliuph hyx yrakhi:

D >D.. (2.4)

Ch tiuph hyl mthmph thu cvonhiubins du cbi udi n

du id ngt ngqu t(2.5):

D= jo f(X)de, =1, =1,2,..n), (2.5)

trongd e 1 gi tr c abind ngd otwongduongt ith idi mph hu,¢,
bi nd ngd o,ccbinX;c th 1 ngsutbindngtcd bi ndng Ch
tiuph hyl hms caccbins tcd ngv oqu trnh(2.6)sao cho:

D =J‘0Ff(a,g,T,g')dgp <I. (2.6)
M hnhtngqutnyd du cnhi unh nghinc uc th ho th nh

¢ cphuongtrnhto nh cring. M im hnhc nh nguu, nhu cdi mv
ph hpchomtdngbiton V vy khinghincu ngx cavthu
th pcnx cdnhr d cdimccdiukinbincabitond | ach nm
hnhph hp.Ccm hnhnydu cchial mhainh md atrncos co
hcph hyvtliu(trncos hecmitrunglintcv quansthin
tu ng).
2.3.1 M6 hinh pha huy vét li¢u thép trén co sé co’ hoc moi truong lién tuc
Ngu i di ti n phong trong nghinc uxyd ngm hnhph hyvt
li ul McClintock [85], ngquans tv phntchs I nlncaccl tr ng
hnhtr sinhrado ngsutko Tcgi ktlunrngccl trngn ypht
tri nnhanh v 1 nguynnhngynnph hyvtliuS phttrinca
khuy tt tv tli uph thu cvo ngsutdum kh ngph thu cnhiuv o
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ng su tth y tnh. Ti p theo, Rice v Tracey [86]ti pt c ph ttri nm hnh
¢ aMcClintock,c ct cgi ktlunr ngnh ngl tr nghnhtr v hnhcu
d uph ttri nhu ngt m,ch ngthayd ic v kchthu ¢cv hnhd ng khi
vtliuchuti S thaydi yph thucrtlnvoch s trngthi ng
su t. Saud , Hancock v. MacKenzie ti nh nhc¢ ¢cth nghi mv ¢ ngb s
phttri nc al tr ngkh ngch theo m thu ng m nhi uhu ngkh c nhau,
tcd phttri nph thu cch yuvochs trngthi ngsut.

Ngu i1 duam hnhc aHancock v. MacKenzie v o ngd ngr ngr i
trongc cph nm mm ph ngs hi nnayl Johnson-Cook (JC) [87],t ¢ gi
d tnhti nhhu ngcaccyut quantr ngtrong c ng ngh t ohnh
nhitd caovitcd bindngv mcd bindngl n JCchor ngph
hyxyrakhid xptrongvtliuthpdtdng tr tihnv khng
nh ngph thu cvochs trngthi ngsut,m cnph thucvotcd
bindngv nhitd tohnh. Ktlunnyd baoqutdu cnh ngy ut
cnthit nhhue ngtr ctipdnqu trnhtohnhv duam hnhnyvo
ngdngd d bohuhiv ph h ychonhiubitontronglnhv cto
hnhv giac ngv th u.

2.3.2 M6 hinh pha hity trén co’ sé quan sat hién tuwgng

Ph hyvtliul ktqu caqu trnhhnhth nhph ttrinv h pnht
caccl trng,vtntbntrongv tliu. Kchthe cc ac ckhuy tt tthay
dit vim dnkchthu cv m .Khuytttv m ¢ th quans tdu cb ng
th cnghi m,tnhch tv tliuch akhuytttd ngn yx ¢ dnhth ngquad
bnvtliuCcm hnhph hydu cx yd ngtr ncos quans thi ntu ng
nhu Lemaitre [88],t cgi s d ng ngsuth uhi unhum tth ngs quan
tr ngnh tquytdnhdns hnhthnhkhuytttv m trongv tli u. C ng
xyd ngm hnhd m t ph h yv m 1 Chaboche [89], Liang Xuev ¢ ¢
c ngs [90]. Trongnh ngn mg nd yym hnhm t ngx ph hydoca
vtli ukimlo idu ¢cnhi unh khoah cquant mnghi nc u,x yd ng. C ¢
m hnhkh ngch m t s hnhth nh,ph ttrinh pnhtcaccl tr ngm
cnm t tcdngcabindng, ngsut,chs trngthi ngsut th ngs
Loged nph h yv tli uuDinhnhl m hnh Wierzbicki T [91]v Xue [92].
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Trncos nguntiliuti pcn,m hnhJohnson-Cookph h pv ibi
tonm t ngx dngcactthpchubindngl ntcd bindngcaov
psutcao.M hnhnyd ducs dngrngritrnth g itrongvi cphn
tchccphn ngdngcactthpdoitcdngn.Chititv m hnh
Johnson-Cook du ct cgi trnhbyc th m c25c¢c achuong2. D yc ng
Il m hnhdu ctcgi chnd m t chovtliuc tth ptronglun nn y.
2.4 Co s& Iy thuyét tinh toan trong bai toan nghién ciru

Trongph mvilun nnytcgi nghinc us pd 1 yti nc akhung
kh ng gianb t ngc tthptonkh ichutcdngcatitrngn c th
¢ ctrur ngh pnghi nc unhusau:

-S spd 1ytinc akhung kh ng gianb t ngc tth pto nkh i
chutcdngcav n tipxcv d xutm ts gi iph pkh ngs p;

-S spd lytinc akhungkh nggianb t ngc tth ptonkh i
chutcdngcav n gnv d xutm ts gi iph pkh ngs p;

T phmvinghi nc utrn,cos 1 thuytc ac cv ngtrongb ito n
du cxemx tc th nhusau:

2.4.1 Vung thudc n6

Thu ¢cn du cs dngtrongnghi nc unyl loithu cn TNTv cc
lo 1twong duong. Khib kchn thu cn chuy nh ar tnhanht th r nsang
kh, twong t ¢ v truy n sang ¢ ¢ v ng xung quanh m t n ng lu ng nh t d nh
[93,94]. Dos ginn rtl ntrongqu trnhn ,nnv ngthu cn v ¢ cphn
t casnph mthu cn du cm hnhh av gi itheo phuong ph plu iEuler
ho cnh k thuth tkh nglu iSPHnh mtrnhs mom qu I ncalui
dndnl itrongqu trnhgi 1[95,96]. M tkh ctrongqu trnhn ¢ cphnt
casnphmn c th s ducm rngraccl pm itru ngxung quanh v
ngu cli,] pmitru ngxungquanhc th s b dy,thmnhpvovngca
snphmn .Dod thu cn v v ngm itru ng xung quanh ¢ n ph idu ¢
thitlpd m hnhh av giitheo ¢ ng m t phuong ph p d ng lu 1 Euler
ho ck thu th tkh nglu 1 SPH, trongm itru ngthi tl pdav tli u.

2.4.2 Vung gin tim no

Trong qu trnhn vngvtliuquanhtmn s b ph hyv bin
dnglnd |l nvngph hoidu cx cdnhnh ¢ cc ngth cth c¢cnghi m
ho c trong m ph ngtath chi nb ng phuong ph pth d n. B nknhv ng
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nydoe cx cdnhd avokh ile ngkh in ,tnhchtc amitru ngv v
tr n theoc ngth csau[10]:

R, =mK,}K.C, (2.7)
trongd : Rp 1 bnknhv ngph hoi;Kpl ¢cch s v ngph hoiph
thu ctnhchtm itrw ng;m1 h s 1 n;Kp mtrabng[10]; Krh s qui
d ithu cn sangthu cn ti uchu n TNT theo c ngth c sau:

K, =2« 2.8)

)
QTNT

V1Q,p, 1 nhitlr ngn c athu cn TNT; O, | nhi tlu ngn c athu c

n s d ng.

Vngvtlivquanhtmn ¢ s mom v bindngrtlnnus
d ng ph nt Lagrange th ngthu ngd m hnhh a,lu is bind ngqu
m cchoph p,phnt blnngucli,th tchphnt tr thnh m,dn
dnqu trnhtnhtonkhngth thchindu c.c HHnnayd giiquyt
nh ngkh kh nd nu,c th s d ngphuong ph p Lagrangian-Euleriant y
bi n ALE (Arbitrary Lagrangian Eulerian) ho ¢ phuong ph p h t kh ng lu i
SPH (Smooth Particle Hydrodynamics) [11,95,97]. C hai phuong ph pn y
choph ptam ph ngdp ngc avngvtliuc bindngrtl n

Phuong ph ph tkh nglu iSPH]1 m tk thu th tkh nglu i,dod n
loib nhiuvnd recridoluigyrav choktqu m ph nggnth ct
hon,d ngth idongi ntrongvi cx yd ngccbiton3chiuv ¢ kh nng
m ph ngs phntnthmnhpcavtchtm khngcnphis dngcc
k thu td cbi t. Phuong ph pn ytnhtonccqu trnhn,vachmtcd
cao,c ngnhucctitrngd ngkhc,dcbitkhic s thayd id ngk v
hnhd nghnhh cc accd ity ngdu cm phng(vd s dnn,m r ng
v t ch t). Trong phuong ph ph tkh nglu iSPHv tli udu cbi udi nb ng
cchtc khilungc dnhv chuyndngtheobindngcavtlhu
Kh ng gi ng nhu phuong ph pd atrnlu il gi dnhlinktgi accn't
luid xyd nglnm hnhv tth kh ng gian, phuong ph ph t kh nglu 1
SPHs d ngm tx px htnhn(h ttrungt m)d atr nn isuyph nb ngu
nhi nc adi m. C ch tmang v tch tnhukh ilu ngm, vectov nt ¢ v vecto
v tr X .. v hnh th nh khung t nh to n cho ¢ ¢ phuong trnh b o to n (kh 1
lu ng,d nglu ng,n nglu ng...)c ngv iphuong tr nh tr ng th 1.
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2.4.3 Vung khong khi

Trong m ph ng s kh ng kh du c xem 1 kh 1 tu ng, nhu vy
phuong trnhtr ngth ikh 1 tr ngdu cs d ngd m t ngx c akh ng
kh du itcdngcav n.Divikh I tu ngkhim ph ngkh ngcn
dnm hnhbncngnhum hnhph hyninngcan du cxeml
mthmt 1 thunv inhitd .V itr ngth iband uc nb ngv phuong
trnhtr ngth ikh 1 tr ngdu c¢cs d ngchov ngkh ngkh [98].

V ngkh ngkh ¢ kh nngb bindngrtl nnntrongm ph ngs
d ng phuong ph p Eulerd tnhto n(luv i vng nguy ntrongsu tqu trnh
m ph ng). V 1 phuong ph pEulerv tliuch yquale in nkh ngx yrahi n
tr nglu ib mom v bindngkhivtliubindngl nL igiib ngc ch
s d ngphuong ph p Euler thuy ngtnhto nt nnhi ub nh honsov is d ng
phuong ph p Lagrange. V 1 phuong ph p Lagrange trongqu trnhtcd ngc c
ntcalris bindngtheos bindngcavtliu cnv iphuongph p
Eulerccn tc alu idu cc dnh trong kh ng gian (ch ng kh ng di chuy n),
thayv od v tli udu ctheod ikhin dichuy nqualu i[97].

Doc vtliuchuynd ngqualu i,c cbi nd ctrungchotr ngthic a
m itru ng s dch chuy n. Hi n nay khi s d ng phuong ph p Euler ¢ c ¢
thu tto nchoph pm i luich amthocnhiuvtliulru rngkho ng
tr ng (kh nggiant do)c ngdu ccoil mtvtliuCclriloinylnlut
du cg il lu i Eulerm tth nhph nv Iu iEuler nhi uth nhph n[97].
2.4.4 Vung két cAu cong trinh

biviktcucngtrnhchutcdngcatitrngn,s bindng
cacaccphnt ktcuvitrcamichtdi mtrongmitrwu ngk tc u
lintcc th ducm t cnc theotad band us d ngphuong ph p
Lagrange [99], v tr nghi n ¢ u khi ch t di m trong m i tru ngk tcu
kh nglint cth s d ng phuong ph p Euler [100,101], nh ng v tr ch t
di mn mgiao thoahaiv ngm itru ngk tcutrns d ngk thu t ALE
(Arbitrary Lagrangian Eulerian) d gi i,chuy nv,vntcv giatcc acc
ntcngnhu ngsutv bindngcaccphnt trongv ngnynhn
du cnh giic cphuong trnhbotonkhile ng, d nglu ngv nng

lvr ng. C cphuongtrnhn yc ngvim hnhvtliuc th v mttphp
ccdiukinband u,di uki nbi ns chotal igi iho nchnh[102].
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2.4.4.1 Phuong phap lu6i Lagrange

Trong v ng Lagrange, lu i di chuynv bindngcngvis bin
dngcavtlium n m hnhhav vydnhlutb otonkhile ng
lunder cd mbo.Khilr ngringc av tli utrongv ng Lagrange bt
k thidimnoc th du cxcdnht th tchhinticavngv khi
lu ngband uc an theo phuongtrnhb oto nkh ilu ng[97,99].

Py _m
p=7=;. (2.9)

C c¢c phuong trnh viph nt ngphnth hins botondnglu ng
trong v ng Lagrange du ¢ bi udi nth ngquam iquanh gi agiatcv
c cth nhph ntenxo ngsu t g; nhu sau [97,103]:

oo oo oo

jé — XX + Xy + Xz ,
P " oy e
oo oo oo
jp=—>=+ 4+ = 2.10
P Ty a (2.10)
= 80—2)( 802y aO-zz
pZ = - - :
ox oy 0z

Ccthnhphnnil ctrong v ng Lagrange du ¢ x ¢ dnh th ngc ¢
phuong trnh vi ph nt ng ph n (2.10) bngc chnhnv i viphnth tch
dV. Theo dnh 1 Green, ch ngtac th 1 ydu ctchphnb mtxung
quanh hnh b t gi cbao quanhn tli nquan (hnh2.1).D iv iphnt kh i
8nt,khilu ngphnt quiv ntdu ctnht khilu ngc a8dadin
quanhn td [97].

8
m, :%Zmn. @.11)
n=l1

Phuong tr nh x ¢ d nh chuy n d ng theo phuong x 1 [104]

oF
m =, O OF 2.12)
r ox oy Oz

aFYX

trong d % cdnhth ngquagi tr ngsut(o, ) c a8PTxungquanhn td [97].
X
OF., 13
L1354 @13

n=l1

vid 1l dintchchiucamtbtdintrongphnt nlnm tphngx=



Hnh2.1.Minhh ax cdnhl cn ttrong kh ng gian 3 chi u [97]

T hnh2.1tanh ndu cl ctheo phuongxdophnt 1d nggpvo
nt0l [33]:

%(O'xx)l [(J’F _yE)(ZD _ZE)_(ZF _ZE)(yD _yE)]+

Z(O-xy)ll:(ZF_ZE)(xD_xE)_(xF_‘xE)(ZD_ZE):|+ (2.14)
1
Z(sz)ll:(xF_xE)(yD_yE)_(yF_yE)(xD_xE)]'
T ngl ctheophuongxtin t0s x cdnhbngcchl ytngcclc
do8ph nt xungquanhn td d ngg p.
Tuongt nhu tr n phuong tr nhth hi nchuy nd ngtheo hu ngy, z1 [97]:

oF  oF  OF
m,y = W Wy e
ox oy oz (2.15)
~ aF‘ZY GF}}Z 6}722
mz=

L ctheo phuongy,zdoph nt 1d ngg pvont0l [97]:
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Yo, A
1

Z(nyl )(xp = x) = (XF_XE)(ZD_ZE)]+
i V(o= e) = (v =36) (x5 =) ],

—z)~(zr = 2;) (Vo _)’E)]Jr

1

(az | (= )= (0 ) (25— 22) ]+

) [

) [z

(o), [(x-
(2.16)

(9

) [z

. ), [ (%

=)= (Ve =26 (%5 = %) |-

C cth nhph nc atenxo ngsu t/og;/ du cx cd nhnhusau [97]:
o, ==(p+q)+s,,
o, (p+q)+sw,
o.=—(p+q)+s..,
O'

=S8,,0,=8_,0_=S_

xy? 7 yz yz? T zx

1

(2.17)

trongd :pl psutth ytnh;gl psutgl nh t s 5, Sz So, Sz Sl
ccthnhphn ngsutlchDu mth hinr ng ngsu tl duongkhik o
v. mkhinn(ngu cliv i psut).

C cthnhphnc atenxobi nd ng/g;/ du cx cdnht m iquanh
gi atcd bindngv vntc (%) z)theoc cbi uth csau[97]:

i oax .oy 0z
gxx P 3 > gzz = >
ox’ Y oy Oz

. ox 8y 8y 0z . 1 ( oz ox j
&, =—| —+=—|,&, e, =—| —+—|.
Y 6y ax g 0z 8y 2\ox oz

Ccthnhphntcd bindngtrnc linquandntcd thayd i
th tchth hi n bi uth c¢sau[33]:

(2.18)

%:g“gyymzz. 2.19)

Divi ngx dnhicavthut phuongtrnh(2.19)v dnhlu t Hooke
tax cdnhdu cquanh gi at cd ngsutlchv t cd bi nd ngnhusau[97]:
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s.=26| e -1V s 2ol 1V —a6le LT
3V ) Y3y 3V (2.20)

S, =2G¢ .8, =2G¢ 8, =2GE,,.
plcthytnhpl hmcakhilungringpv ninnge mi
quanh n yg il phuong tr nh tr ng th 1 (EOS) [33].
p=f(p,e). (2.21)
Divimiloivtliukh cnhaus c¢ phuong trnh tr ng th i kh ¢
nhau. Khi m ph ng ph i giiquytd ngth iphuong trnh tr ng thiv
phuong tr nh b oto nn nglu ng[97,103].

.1 . : : : :
é= —(Gxxgm to,6,t0.6.t20,&,+20 .6, +20.& ) (2.22)

zZzZ zZz ZX T ZX
P

Trongm ibu cth igianc ati ntrnhgi i, c ¢ phuongtrnhn ydu c
giim tc chtu ngminhchot ngph nt trongm hnhd atrnccgi tr
duvo cuibucthigiantru c¢d . Trnth ct trongti ntrnhgi ich
th chinb oto nkh ilu ngv d nglu ng. Tuynhi nb oto nn nglu ng
cnducthecodilintcd ¢ phnhiv chtlungcaligiitri
ngu cv isais h it trong phuongph pgi il pc ac ¢ phuong ph pd ng
I ¢ch ckh ngte ng minh (Implicit).

Gi ithu tgi itrong v ng Lagrange du cth hi nnhutr nhnh2.2 [97]:

| Bi uki nband u |

/|Chuytvnt|\

Tnhv ntc Tnhtl bin
ntbu ck tip d ngph nt
T nh gia Cpnhtmt
tcnt d PT
Tnglc | Cpnht

quydi [ % ng su t PT

Gnti,rngbucv li nkt
Hnh22.Chutrnhtnhto ntrong v ng Lagrange [97]
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2.4.4.2 Phuong phap hat khong lwéi SPH
Trong phuong ph p SPHv ngnghi nc udu crirch abngm ttp
hphuhncchtcchtnyc th hiunhul ccth tchphnt ca
mitru nglintc. Mihtc kchthwu cd 1 nd ¢ th s huccdc
tnhchu nm cc am itru ng nhu: kh ilu ngri ng, kh ilu ng, vntc,
nnglu ng, psutMihtcngecnc kchthwu ¢cd nh @ ¢ th coicc
thams ¢ ah tl nhunhau. Gi tr ¢ ath tchn ydu ctnhb ngt s gi a
kh ileu ngc ahtvikhilu ngringc an V=m/p(ml kh ilu ng;pl
kh ilu ngring).V ton,gi tr cahma® phitmtimtdimbtk
du cbiudindu idngtchphncahmnyv ihmtr ngs Dirac. V
vtl ax)c th 1 thams chuy nd nghaytr ngth ic ntm[11,105,116]:
a(x)= ja(x')§(x' —x)dx’, (2.23)

R
trong d : §(x'—x)] h m xung delta Dirac; a(x) ] h mc ntm;dx’ ph nth
t chnh trong kh ng gian dang du ¢ xem x t.

B nchtc aphuong ph p SPHchnhl vicx px cngth c (2.23)
th nhccchuibindilintc.Dutind nhndu cc ngth cgnd ng
c ah mtchph ntrongmi nR, thayth h mDiracb ih mgiitchc din
trO'ntrunodyW[(x'—x),h] v gil hmtrngs httrungtm (ht

nh n),vi cthayth hmgi itchnydu cgil lmmn, 21 bnknhl m
mn. K tqu tanh ndu c[11,105,116]:
c_l(x)=ja(x')W[(x'—x),h]dx’. (2.24)

R
R r ngr ng W[(x'—x),h] cnphith amndi uki n[116,117]:
JW(x,h)dx'zl,
R (2.25)
W(x,h)A)é'(x).
Trong ¢ ng tr nh ¢ a Monoghan [116,117] kh ng d nh r ng n u nh ng

2

diukinnydu cth amn (th ngthu ngl ach nhm W(x,h):e_(x”’) ),
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th vi cthayth g nd ngtr ns d mb om cgnd ngt ib c2-O).

B ygi ch ngtah yxemx tc cphuongph ps d tnhc ctchphn
ny Tagi dnhm hnh (m itru ng nghi nc u) c ach ngtadu cchia
nh thnhccphnt (ccht)Miphnt (htynhuv yc gi tr thams
X px a(x)c amnhb nga;,. Ch ngtagi dnhr ngd bi tkh ilu ngri ng
pi,Vir x;v. ¢ khilu ngmcan.Vnd phnb cacchtn ynhu
th nod xpx ccthams a(x)theocchttnhtl vnd rtphctp,
tuy nhi ntrongh uh tcctru ngh p,th idimband udonginv d
d ngnh tdu ¢cs d ngl phnb dngle ihnhkh id ud n.

B ngc chthayth tchph ntrongc ngth ¢ (2.24)b ngt ngc cth nh

ph ntanh ndu c:
c_z(x)zz% [(x,—x).h]. (2.26)
Ph pt ng(2.26)kh ngtnhv im ihtm ch tnhchom ts h uhn
cchtxungquanhh ti-minnyg il m nk quanhi Kchthu ¢min
k du ¢ x ¢ dnh theo b n k nh Kernal /. Sau khi tnh du ¢ x p x a(x),
Gﬁ(x)

ox,,

thu ngd ihitnhccdohm ,vViSPH,ccdohmdu cx px

theo t ng (2.27).
S dngs xpx theoc ngth ¢(2.26)s dongi nh avi ctnhto n,

gradienc ah mb ntriﬁz—(x) s thcs tuong ngvimthmlintc
xa
(h tmn) [83,104,105]:
a(x) 5 ma oW [ (x.=x).h] (2.27)
axa i pi axa

Victnhto nc cgradients d nd ntnhviph nc acch mgiitch,cn

lou rngbi uth cn ykh ngph il d ngduynh tc ax px d oh m@a_(x)‘

ox,,

X px ¢ cphuongtrnhcob ntrongcoh cm itru nglintcv is
tr gi pc aphuongph ph tkh nglu iSPHv id chnhx cb ¢2- O@®)
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s ¢ d ngnhusau[95,116,117]:

dp, o o\ Wy duf oo
ﬁzzmk(uk —ui)axﬁk;%=2mk(o'2 +O;€ZJ8_Xﬂka

k

de, a a [aﬁ 0!,5 0 i
(5

T Pi
ap
ds; :2;1(51.“5—l§“ﬂgl.‘)‘ﬂj+sf’7Riﬁ7+Si7ﬁRi“7, (2.28)
dt 3
e _lsm (u“ —uf)’)—am" +(uﬁ —uﬁ)—amk
l 297 py £ axiﬁ £ ox;' ’
1 m ow, ow,
RY ==Y | (y* —u® ) —& —(uf —u/ ) —% |.
o I ) D (ot ot )

T chph nc cphuongtrnhchoh tth 1du cth chi ntheosod sau:

n+l n n 1 dun n+l dp
x U =x +Atlu +—At——|; p; + At ——
roT [ el

d i n+1 +Atd
dr’

(2.29)

n+l

u; —u + Ar——

l

trongd ,ccgi tr c accthnhphnc atensor ngsut o' du ctnh
tonvis tr gi pc aphuong trnh tr ng th itheoc cgi tr kh ilu ng
ri ngd tnhdu cp'™ v tenxo ngsu tl ch s

L cth tchc ch tdu c¢x c¢d nhnhusau[95,97]:

Fpressure _ Z p/ VW( t/’h)’
(2.30)

FPest = yZm izijVW(rU,h)

trongd : 7, =x,—x,;cnpuh s d nht; psutp du ctnhto nth ngqua
phuong tr nh co b n:
pi=k(p.=p) (2.31)
dykpolnlutl & ¢ ngv kh ilu ngri ngband uc av tliu

Cuicnggiat cc ahtSPHth inod du c¢cx cdnhtheobi uth c
[95,97]:
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a. = L(F;pressure + F;vis cosity + F;external ), (232)

1 pl
trongd FE“" 1 ngo il c¢c(nhutr nglu ngbnthnhayl ctipx ¢)tec
d ngl nh t SPH.

Y

\ 4
Ph nchiah t
v
Tmki mcchtbnc nh

v
Tnhto nh tnh n(h ttrungt m)

» Ti nx |

PR —

v i L 4
| Tnhtonl c| [Tnhd nh t]
[ ]

v
Kh iph cc cthams c ah't
|

v
| Hux 1 |

Hnh23.Sod thu tto ngi ib ito nb ngphuong ph p SPH [95,97]
Thu ttont ngqu td giiquytm tbitonhtrircdu cth hin

trong hnh 23 m igiaido nc atnhto nc th du c tri n khai theo nhi u
¢ ch kh c nhau, trong giai do n kh it o ¢ n thi t ph i cho k ch thu ¢ h nh
hccam nconcavngdou cm hnhha chotnhchtvtl v diu
kintnhtonbandu, glaidontohtcnchocctad catnght
du ckh ito.Cnluu rngkhim hnhh as tuongt cc ad ngch tluu
(Ingv kh)viccvtth rnc hnhd ngph ctp,c ngnhuv iccvt
th bi nd ngd os lu ngc ch tsinhraph it ngl nsaochon ¢ th che
ph b mtcavtth ipxcviluoucht P quanstc cdiukinbin
tr nbi n "léng-ran"1 pngoicacchtducb tr sasochocctmec a
chngtrngvib mtcavtth rn Saukhithude ¢cs phnb ccht
band u,th chinqu trnhtnhtonlpccg tr micatad,vntc,
mtd chom iht.
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o © °, ST =No009°%0
04’00 © °N o \A
o J OO0 2.
O/ ) O O 2
@) X=X \ 3\
P\ C
O( o O 2hg 9 2
) I OO o WI-B R
o)
o o\ © ° o f o VNG
oYy © o o/ JINANRNATNJIINI4
O O \ N~ 0 / o pI: mJIWI-J1+ mJZWI-J2+ mlwl-l+ mJ}wl-B_,r_ mJ4wI-J4

Hnh24.Quanh c ah ttrungt mv ih tl nc nv kho ngl mmn[11,95,97]

Cchtl ccdimnisuym t d ccgi trcahmv ccdnxut
cachngc th ducuctnhticcdimrirctrongphnt lintc.
Ccgi tr hmv ccdnxutc ach ngdu ctmb ngx px Kemal thay
vt dngc ktculri.Vd khiler ngri ngdu ctnhn isuythecoh m
tr ngs Wv d dil mmn A nhusau[11,9597]:

pl= Z]i:mJWU [(xl —x‘]),h], (2.33)

4

Trong phuong ph p SPH, m ih t T"tuongt cv ittc cchtkh cVJ
n mtrong m tkho ngc chnh tdnhn od tnht n (hnh24).C ctuong
tcducx | bngcchmlmmn(h mKemal). S d ngnguy nl ny,
gi trcahmlintc,hocdohmcan ¢ th ducuctnhtibtk
ht 7’nodatrncos d bitccgi tr xungquanhccht'J'bng
cchs dngccu clu ngh ttrungt m (u clu ng Kernel [95]) (h nh 2.4)
v h m d ng trong phuong ph p SPHdu ct oth nht th tchhtv hm
tr ngs nhu sau[11,95,97]:

N(x)=AVW[(x=x,).h, ], (2.34)
d yAV;l th tchlink tv ihtlncnv W[(x—xj),hoj Il m th mtr ngs .

2.3.4.3 Phuong phap lué6i Euler

Khi gi 1 b ng phuong ph p Euler, ¢ ¢ phuong trnhb oto nkh ilu ng,
dnglu ngv nnglu ngdu cgiitrnmtkhic cutrcleu innb ng
cchs dngsod davtliuc aGodunove d chnhxcbc2kthop
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v 1phuong ph pngu cd ngb c¢2c¢ a Van Leer [97,103].

Bt >

Y
Tnhtitr ngt i Sai

< in ! Chuy nsang bu cti p theo

Tnhgiat c
ccnt

v
Tnhv ntc A

ccnt
v Tnhbi nd ng
Tnhdch

chuy nccn t
| [ Th chi nbu ¢

chuy nd 1

Hnh25.Sod tchph ntheoth igiankhis d nglr iEuler [97]

2.5 Phuong phap phan tich dong twong minh theo thoi gian (explicit time

integration)

Khi tnhto nc ngtrnhchutcdngcatitrngn, phuong ph p
ph ntchd ngtu ng minh theo th 1 gian (explicit time integration) [97,103]
s m t coh mtcchstth cnht Phuongphpnym phngdyd
qu trnhv tl n ,lantruy ns ngn trongm itru ngv tuongt cc as ng
n viktcucngtrnh. Qu trnhtnhtonbtdut tmv n,nng
lu nglantruy nquac cph nt m itru ngtheobu cth igianv t cd ng
vocngtrnh.H ¢ ngtrnhv m itru ng(kh ngkh,d t...)c ngl mvi ¢
dngthi Giiquytbitontuongtcnyth cchtl giiquyth bi
tonviphndohmringc ck phctp[97,103], trong d c ¢ phuong
ttnhphim t du cccquanh vtl ,ccdnhlutbotonth amncc
di uki nbi nv di uki nband utheoc tru ngkh nggianv th 1gian.

Bitonm phngn thcchtl tnhtonccthams ¢ as nph m
n vmtqu trnhginn casnphmn .Qu trnhtruy ns ngl m
ph ng qu trnhlan truy nc ac cthams psut, ninng khilu ng,
nhitd, ngsutv mtd theo th i gian [103]. Qu trnh lan truy n v
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tuongtcl giiquytccbitontrncos dnhlutb oto nkh ilu ng,

dnglu ngv nnglu ngtittc ccnthocccphnt theodi ukin

bi nv di uki nband u[97,103,106]. C c phuong trnhs d ngd m t

tr ngth ic avtliuccquanh gi a ngsut,bi nd ngv chuy nv.
Phuong trnhc adnhlu tb oto nkh 1lu ng:

P L opv) . (2.35)
Ot ox;
Phuongtrnhc adnhlu tb oto nd nglu ng:
Gv 1 80‘
: 2.36
8t /é‘x =S p ox; (2.36)
Phuongtrnhc adnhlu tb oto nn nglu ng:
EE_pIop 0P L (2.37)
ot 6x P2 o o, ) p "’
C cphuongtrnhb tr chom hnhh a:
- Phuong trnh ten xo ngsu t: o, =—(p+q)+s, (2.38)
- Phuong trnh tr ngth i: p= f(p,e), (2.39)
- Phuong tr nh quanh cob n: o, :g(gj,gu,e) (2.40)
- Phuong trnhm ph ngn : o, :g(gu,gu,e D) (2.41)

trongd ccdilu ngdu cm t trong ¢ ¢ phuong tr nh (2.35)-(2.41): ¢ -
th 1 gian(s); v-v nt ¢ (m/s); x-chuy nv (m); D-thams ph h y;e-N i
nng(J);p- psutth ytnh(Pa);s- ngsu tl ch(Pa); T-nhi td (K);gq -
psutgi nh t(Pa); p-kh ilu ngri ng(kg/m®); 6- ngsu t(Pa); £-bin
dng;i;j;k-chs dui;0-tr ngth iband u;Ch s trn “ “-d oh m.
Nh ng phuong trnh tr nph idu cgi iquy td ngth itrongm ith i
di m, phuong ph p tch ph n d ng tu ng minh theo th 1 gian (explicit time
integration) du cph ttri nd giiquy td ngth iccbitonvtl n,lan
truy nv tuongtcc as ngn v ic ngtrnh. Trong ph n m m tnh to n
ABAQUSt ytheom dunv yucucabitonc th du cgiibngcc
phuong ph pnhusaiph nh uhn,th tchh uhn,phnt h uh n, ALE
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(Arbitrary Lagrangian Eulerian) hay SPH (The smoothed particle
hydrodynamics) [95,97].

Kh cv igiithu tkhigiiccbitond ngl chcktcu vngdn
do(khngc qu trnhph hyvtliul giiccphuongtrnhc nb ng
d ngl ch cs d ngtchph nNewmark [1,107,108]. Khigi ic cbiton
dnglchcdinratrongth igianngnv ¢ xtdns ph hyvtliu
nhu trongb ito nn ,ngu itas d ngsod tchph ntrungt m theo th i
gian kh ¢ nhau (thy ng du c g 11 phuong ph p Leapfrog) [97] ¢ th nhu
sau:

Saukhil cd du ctnhtonticcntcalri(do pl ¢b ntrong,
ti px chocdiukinbin)ccl cn tdu cchiachokh ilu ngntd to
ragiat cn ttheoc ngth c (2.42)[97]:

i =Liip, 2.42)

m

trongd : X1 ccthnhphngiatcn t(i=/.3);F;1l cclcnttcd ng

Inccdi mn ttwong ng;bil ¢ cth nhphngiat cc avtth ;ml kh 1
lu ngdu cg nchon t.

Viccgiatctithidimnd xcdnh,vntctith idi mn+i/2
s du cx cdnhtheoc ngth ¢ (2.43)[97]:

1
n+— n——

X =X Z4+X'A". (2.43)
Vitrcaccnttith idimnrntl/s du cc pnhtbngc chtchphn
v nt ctheoc ngth c(2.44) [97]:

1 1
4

X=X g AL 2 (2.44)

Uudi mc avi ¢cs d ngphuong ph pnyl ¢ cphuongtrnhtr nn
dclpringr v ¢ th ducgiimtcchtr cti pte ng minh. Kh ngc
y uc uthu tto nl ptrong qu trnhtchph ntheoth i1gian. Kh ngc nthit
phiki mtratnhh it b iv ¢ cphuongtrnhd du ctchr id cl pri ng
r.Kh ngcnphitnhmatrnd ¢ ngnghchd o.T tc c cphituy n (bao

g mc th nhphnti px ¢)d udu cduav otrongvectorn il c.
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D dmbos ndnhv chnhxccaligii,d I ncabucthi
gian du ¢ s d ng trong tch ph ntheoth igianb giithnb idiukin
CFL (Courant-Friedrichs-Lewy [97,109]). Bi uki n CFL y uc ubu cth i
gianl ach nph1d nh d th ngtinc d th igiand truy n qua kh ng
giandu cr ir ch a. Trongb itonth ¢t ,di uki nCFLdu cm t r ng
bu cth igiantnhto nph inh honkho ngth igianchom ts ng mvu t
quaph nt nh nhtc am hnhc th 1:

A< (2.45)

C
trongd :ky1 kchthu cnh nhtc aphnt ;/1 h's ndnh(lc gi tr
t 0,6-09[97]);cv nt cs ng mtrong m itru ng.

Tchph ntr cti p

Vnntcv V ngkh ilu ng
chuy nv n t &t 1l bindng
TChth M hnhv tliu

. Vng plc
Giatcn t & nesu t

X B/
L ¢/Kh ilg ng C ¢cBLBTv PTTT

|Di uki nbi nho ctuongt cn t|
Hnh2.6.Sod gi iph ptnhto nb ng ABAQUS [97]
D tnhtonccdilu ng gi iph ptnhto n ABAQUS pd ngk thut
rir ch ac cphuongtrnhviph ncob ntrongcoh cv tr nbi nd ngth nh

m tt ph pc cphuongtrnhd is ,k thu tr ir ch atu ntheo phuong ph p
rirchac aWilkins [97]v im ts thayd ic th .D yl phuongph pd a
tr n phuong ph p sai ph n trung t m tuv ng minh (explicit central difference
method) [97] v isais bc2. Cccngth cc asaiphnh uh ndu ctrnh
b ytrong (b ng2.2) v biudinhnhh cdu cth hin (hnh 2.7). Trong
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phuong ph p tu ng minh (explicit method) c ¢ d i1lu ngt ibu cth igian¢+/
du ctnhtr cti pd atrnccdilu ngd bit bu cth igiantru cd

Cccngthcrirchad x 1 phuongtrnhviph ntrnhb ytrong
(b ng 2.2) [103], thay v kh ng kh thi khi tnh tr cti p h phuong tr nh vi
ph nph ct p,c ¢ phuong ph psaiph nh uh nchoph pl ptrnhv tnh
to nc ¢ h phuong tr nh vi ph n thu ng (ODE) v phuong tr nh viph nd o
h mri ng (PDE).

B ng2.2.C cc ngth cphuongph psaiph nh uh n

Dohm C ngth c Tn D chnhx ¢
ou =, ) .
- Lin % Sai ph nti n B cnh t
ot )., At
8u u. —u. |
= ——= Saiph nl i B cnh t
ot ), At P
ou —u
> . u’“zA;l”l Sai ph n trungt m B c hai
o’u U, —2u +u._ ) -
(ﬁjm = Até =L Sai ph ntrungt m B ¢ hai
ya Saiph nliui Saiph nti n
Ui

Uy T~

Sai phl n trungt m
At At

. . . >
0 i-1 i i+1 t

Hnh2.7.Bi udinhnhh cc cc ngth cc asaiph nh uh n

R ir ¢ h akh ng gian trong ABAQUS 1 rir ch alu 1, (hnh 2.8)
miut v iphnt v phpgnccbinchophnt ch nhtLuididin
chod itwu nghnhh ccnquant m,c cthams v tliu,di uki nbinv

di uki nband udu cg ncholu i
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S bindngcamitru ng,v tr c am ich tdi mtrong m itru ng
lintcc th ducm t cnc theotad band us d ngphuong ph p
Lagrange [99], v tr nghi n ¢ u khi ch t di m kh ng trong m i tru ng li n
t cth s d ngphuong ph p Euler [101,108],nh ngv tr ch tdi mn m giao
thoa hai v ng tr n s d ng phuong ph p ALE (Arbitrary Lagrangian
Eulerian). C ba phuong ph ptr ndu ck th pd giic cb ito nvach m,
n .... Nguy nl giic cphuong tr nh vi ph ndu cth hi ntrong tnhto n
Lagrange [97]. Hnh 2.8 (a) m t cho phuong ph p lu i1 Lagrange, H nh 2.8
(b) m t phuong ph plu i Euler [97].

[+1,J+1

P4 e 1

Hnh28.R ir ch atrong ABAQUS [97]
(@-Lu iph nt n tLJ;(b)-C cthams trongph nt

D tnhtonSBLT c ngtrnhchutcdngcatitrngn bng
ABAQUS tru ctincnphilachnm hnhvtlium hnhhabi
ton.Cngvicnyth cchtl lachnm hnhv tli uph h p,ph nchia
c cv ngtnhto n,khaib om hnhv tli uchot ngv ng,1 ach nphuong
phpgiiph h pchom iv ngv giiph ptuongt cgi ac cv ng.
2.6 Xay dung md hinh vit liéu, mé hinh tinh trong mé phéng s6 bing phan
mém ABAQUS dé phan tich sw SPLT ciia két ciu
2.6.1 Giéi thiéu vé ABAQUS

ABAQUS du cvi tv phttri nt n m 1978 b i Hibbitt, Karlsson v

Sorensen, tr s d tt ith nh ph Pawtucket bang Rhode Island, M . B ph n
m mn ybaog mhaikh iph ntchch y u:
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- ABAQUS/Standard kh iph ntchs d ngbitond ngt cd thp
v tnh,cnc ¢ cgiiph pchnhx ccao

- ABAQUS/Explicit kh iph ntchd giiccbitonphituynv i
nh ngm hnhbitonchutitr ngph ctp

Ngoiracnc cckhiphntchph ABAQUS/Aqua, ABAQUS
/Design, ABAQUS/Viewer, ABAQUS/CAE1 kh igiaoti pv ingu id ng,

Imecngtctinx |1 nhuthitlpm hnh,gnccdctnhv dinkin
bi nhayx 1 k tqu sau khiph ntch[85].

T tc nh ngth ngtindu cx 1 quaph nm m ABAQUS du cth c
hi nth ngqua3giaidond 1 x 1 s liu,phntchv x 1 ktqu.

V ngoiravi cs d ngph nm m ABAQUS kh ngch du ¢ ngd ng
nhi utrongvi cph ntchktcum n ¢ ndu cs d ngtrongnhi ulnhv ¢
kh cnhaunhutruy nd nnhi t,di nt coh chayph ntch m thanh.

D phntchm hnhtnhc abitonnghinc ucalun nnytec
gi s d ngkh iph ntch ABAQUS/Explicit.

Tuy nhi n, trong m ph ngs b ngph nm m ABAQUS, m hnhtnh
v m hnhccvtliuccthngs cobnc th duclytrctipv cc
th ngs ¢ nl ithu ngdu ccoil gi ngv ic cth ngs m hnhc th ,diu
nylmgimd chnhxccaccktqu m phngs .V vy cnphitin
h nhth ¢cnghi md d nhgi v hi uchnhm hnhtnh, duarac cthams
cam hnhvtliuchot ngbitonc th.
2.6.2 Xay dung moé hinh vit li¢u bai toan nghién ciru
2.6.2.1 M6 hinh vat liéu bé tong

M h nh Holmquist-Johnson-Cook (HJC) [109] ¢ th m t ngx nn
dngcab tngchubindngln tcd bindngcaov psutcao.
Hnhth ccam hnhHIJCdonginv nghavtl caccthams 1 r
rng. Dod ,n d du cs dngrngritrongvicphntchc cphn ng
dngcab tngduitcdngn .M hnhHICd du ¢cnh ngv ophn
m m ABAQUS v duc pdngrngrichoccm phngs phn ng
d ngc ab tngdu itcd ngc atitr ngn .
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2.6.2.1.1 Phuong trinh trang thai
P A C
P= K i +K, I +K |
- M= ock
1+Mlock

(Moo ,Plock)

Pcrush — —A //
/
0/ / >
-T(l-D) !"lcrush ulock “’

Hnh2.9. Phuong tr nh tr ngth i

Phn ngnndu cbiuth b1phuong trnhtrngthiv du ctch
th nh ba giai do n, nhuth hi n trong h nh 2.9.

Giaidondutink tcub t ngnguy nv ndu cth hi nb ngdo n
th ng OA tr n hnh 2.9. Trong giaido nn yktcub t ngl mvi ¢ trong
trngthidnhituyntnht dimct psut m-7(I-D)d ngi ihndn
h 1Py, v du ctnhb ng:

P=Ku;P<P

crush (2.46)
trongd bindngth tchti uchu nu=p/p,-1,v ipv p,tuong ngkh 1
lu ngringhintiv kh ilu ngringband u. K= P/ tierusn | m  dun
dnhiv igms]l bindngth tch gi ihnd nh 1Py,

Giaido nth 2 (AB)du cg il giai do n chuy nti p, trong giai do n
nyc ckhongtr ngkh ngkh d ndnb nnrakh ib t ngv bind ng
th tchdotoraph h ykhinnchodnkhidtdndi m (thet Piock)s
du cth hi nnhu sau:

Qu trnhgiat i: P = Pousn + Kioe(le - Herush), (2.47)
trong & Kiock = (Piock = Perush)/ (tiock - ferusn) 1 @ d cc abi ud v 1 ol
bi nd ngth tch pl cn nPpu.

Qu trnhd ti: P=P —[(1-F)K+FK, |(4,-p), (2.48)

trong & F = (o - therusi)/ (Hiock - Herusi) I h s n isuy; P,1 pl ckhibin
d ngth tchd td ng tru ckhid ti
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Giaidonth 3(BC)1l giaidonm ttc ccl r ngkh ngkh du c
loib khib t ng,du cgi dnhl hontond nh iphituyntnhv m 1
quanh du cbi uth nhu sau:

Qu trnhgiat i: P=Ku+K,u" +K, i, (2.49)
trong d pm=(u—-u,,)/ (1+p,,) 1 bindngth tchd sadi v

Hiock=Pgrain’/Po - 11 bi nd ngth tchkh av 1 pgu,l kh ilu ngringc a
b t ngkh ngc 1 r ngkh ngkh. K, K», K31 cchngs cavth u

Qu trnhd t1i P=Kp (2.50)
2.6.2.1.2 M hinh bén

A

D=0(kh ngph h y)

Smax ¢ 3 ,".

o'=o/f,

/ s [A(1-D)+BPM[1+ClIn(2")]

|
>

T°(1-D)| 0 P'= P/f,
Hnh 2.10. Phuong trnhm td o
nhhu ngec atitr ngdntcd bindngv ph h ydu cth hin
trong hnh 2.10, v i:

o =[401-D)+BP™ |(1+CIn&’), (2.51)

trongd o =o/f. va P’=P/f.tuong ngl ngsutv pl ctuong duong d
chunh a;f.1 cu ngd nndontrc,ov Pl ngsutv pl ctuong ng
thct;é =¢c/¢ 1t 1 bindng(trongd & v &=1.0s"twong ngl tc
d bindngth ¢t v thamchi u). T=7/1 & bnk ochu nh a,trongd T
1 d bnkodontr c. Syl cu ngd 1 nnhtchunham vtliub tng
¢ th chudu c. 4, B, Ntuong ngl cchngs vtliudidi nchocu ng
d ktdnhchunhah s Ilmcng plcchunhav s m tngc ng p
lc.Cl hstcd bindngv D@O<D<I)ph h ytchly.
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2.6.2.1.3 M hinh ph4 hity
A
= Ag+Ap,
+ ) W <L
u-wn. 8:;.’_ !"l’;
/| Efmin
T* / I f f__ D P*+ T* D2
_ / : 8p+ !"lp_ 1( )
0 P’

Hnh2.11. Tr ngth iph hu ¢ am hnhHIC
Ph hycam hnhHJCdu cth hin hnh2.11,du ctchl yt ¢
bi nd ngd otuong duongv bi nd ngd oth tch,du ctnhb ngc ngth c:
As +Au
D:Z—afw,{p’ (2.52)
trong d , A, v Aw, twong ngl s giabi nd ngd otuong duong v bi n
dngdoth tch ¢/+x4/ 1 tnghpbindngdoduri pl ckhngd i,
du cx cdnhb ng:
gl +ul =D(P +T)” 2e, .., (2.53)
trongd emin]l hngs huhngcab tng,l dimtihncatrngthi
bi nd ngd odoth nghi ml p.D;v D;l cchngs ph hy.
2.6.2.1.4 Tham s6 mé hinh vat liéu bé tong
Ccthngs c aphuongtrnhtr ngth i, m hnhbnv m hnhph
h ycab t ngdu cx cdnhb ngth nghi mdu ctrnhb y chuong 3.
2.6.2.2 M6 hinh vat liéu thép
2.6.2.2.1 Phuong trinh trang thai
Divictthptas d ngphuongtrnhtrngthituyntnh dyl
d ng phuong tr nh don gi nnh t. Phuongtrnhn yc th du ¢x cdnhb ng
cchgi thit plcdclpvininng s thayd imtd cavtliul
nh v tu ntheoqu trnhthu nngh ch.

Phuong tr nh tr ng th id ng tuy n tnh (Linear) c ac tth pdu ¢m
t b ng dnh lu t Hooke theo phuwong tr nh [110,111]:
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r=Eu, (2.54)
trong d :y=£—1;E Il m dund nh ic ac tth p.
Lo
2.6.2.2.2 M6 hinh bén

Ctthps dngtrongktcudu cm t b im hnhb n Johnson-
Cook [110,111]. Vim hnhny, ngsutchycavtliuthayd iph
thu cvobindng,tcd bindngv nhitd ¢ dngsau[l09]:

Y=(4,+Bz," )(1+C,Ing, )(1-T," ), (2.55)
trongd : &, 1 bindngdo; e, 1 tcd bindngdo; 7, 1 nhitd

twong duong, 7, =(T-T,,.)/ (T —Toom)s Twon | nhitd phng T, 1

room melt r{)am) room melt

nhi td n ngchy; 4, B, C,n,v m1 cchngs vtlhu
2.6.2.2.3 M6 hinh pha huy

Ctthpl vtliudndos d ngm hnhph h ydo Johnson-Cook
[110,112]d xu ng. M hnhph h yJohnson-Cooks d ngd m hnhh a
s ph hydocavtliukhichu plclntcd bindnglnv nhit
d cao.M hnhn ydu ¢cx yd ngtuongt nhum hnhch yd o Johnson-
Cook,s ph h ybindngd nghccavtliul hmca plec,tcd
bi nd ngv nhi td nhu sau[97]:

D =Z§ vie =(D, +DzeD3”*)(1+D4 lné%](l+D5T*), (2.56)

trongd : A¢l lu nggiat ngbi nd ngd otuong ngv ilu nggiat ngt 1
tr ng; ¢, 1 bi nd ngtuong duong tith idimb ph hy; ol gi tr
trungbnh ngsut; &1 tcd bindngv tcd bi nd ngtham chi u;
T°1 ts nhitd ;D;, D, Ds Dy Dsl cchngs vitliu

Theom hnhph hynyvtliudu cgi dnhl nguynv nchod n
khit ngbi nd ngd td ngi tr ph h y e, (D=1.0).

2.6.2.2.4 Tham s6 mé hinh vét liéu thép
C cthams c¢ aphuongtrnhtr ngthim hnhbn m hnhph hy
v thams m hnhv tliuc ath pdu cl ytheo[110,112].
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2.6.2.3 M hinh vit liéu nd6 TNT
D m hnhh ahinter ngn v qu trnhlantruyn pl ¢cs ngn ,s
d ng phuong tr nh tr ng th 1 do Lee — Tarver v Jones - Wilkins - Lee d
xu t. Theo d phuong trnh tr ngth ic athu cn TNT v ch tn tuong
duong ¢ d ng nhu sau [93]:
p=4,01-

VE, ™ + B, (1-—2) B+ o 2.57)

rl vtn r 2 th th

w

trongd : pl psutthytnh; v, =1/p1 th tchring;pl khilu ng
ri ngthu cn TNT; Ay, B, 71, ¥2, @1 ¢ ch ngs do nnhi tdu ¢x ¢dnh
t th nghi m; £, -n nglu ngtr ndonv th tch.
2.6.2.4 M6 hinh khong khi

D m hnhh akh ng kh d ng phuong tr nh tr ng th 1 kh ng kh th
hi ntheo ¢ ngth c:

p=C,+C,+Copi’ +Cyp’ +(C, + Couu+ C,i*)E,,. (2.58)

Phuong trnh tr ngth ikh 1 tor ngdu cr tg nnhuc ngth ¢ (2.59)

viCi+C+C+Cs=0v Cp=C;=v-1:
p=-Dp/pEy, (2.59)

trongd : Exl ninngc adonv th tchul h s nh td ng; Cy C;, (5,
C;,Cy,Cs,Csl cchngs ;yl h s nhitdungri ngkh ngkh; pgl
kh ilu ngri ngband ukh ngkh;pl kh ilu ngri ngc akh ngkh [86].
2.7 Két luan ciia chwong 2

Trong chuong 2,t cgi d trnhb ycos | thuytd m ph ngtnh
to n SPLT choc ngtrnhchutcdngcatitrngn,x yd ngm hnh
v tli uym hnhtnhtrongm ph ngs b ngphnm mABAQUS.C th
tcgi d trnh by phuong ph p ph ntch d ng tr ng minh theo th i gian
(explicit time integration), ] ach nm hnhchoc cv tli u(m hnh HJC cho
b t ng, m h nh Johnson-Cook choc tth p m hnhh ahintr ngn s
d ng phuong ph p SPH v 1 phuong tr nh tr ng th 1 do Lee - Tarver v Jones
- Wilkins - Lee d xu t, phuong tr nh tr ng th i kh I tu ng cho kh ng kh ),
gi iph ptuongt cgi accv ngv diukinbinc ab ito nnghi nc u.

Trong chuong sau, t ¢ gi ti nh nhth cnghi md hi uchnhm hnh
t nh, th nghi mduarac cthams ¢ am hnhv tli uph cv choph ntch
b ito nnghi nc utronglu n n.
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CHUONG 3. NGHIEN CUU THUC NGHIEM XAC PINH CAC THAM SO MO
HINH VAT LIEU VA HIEU CHINH MO HINH TiNH TRONG PHAN TiCH SU'
SUPPO LUY TIEN CUA CONG TRINH CHIU TAI TRONG NO

3.1 Mé dau

Trong m hnhs bngphnmmABAQUS, trongm hnhtnhv m
hnhccvtliuccthngs cobnec th du clytrctipv ccthngs
cnlithu ngdu ccoil gi ngviccthngs m hnhc th,diunylm
gimd chnhxccaccktqu m phngs .V vy tinhnhth ¢cnghi m
d dnhgi v hiuchnhm hnhtnh,dvarac cthams c am hnhv tliu
ph cv choph ntchb ito nnghi nc utronglu n nn yth ¢s ¢ nthit.

C th trongchuongn ytcgi trnhbyccktqu th nghi md x ¢
dnhc cthams c avtliub t ngth nghi m-lo ib t ngn yhi nchua
¢ c¢ cthams theom h nh Holmquist-Johnson-Cook,1 ach nc cthams
c av tli uth ptheo m hnh Johnson-Cook, m hnhv tli un TNT, m
hnh kh ngkh ¢ ngnhutinh nhn th nghi mngoihi ntru ngd x ¢
dnhs ph hoicukinBTCTbngn tipxcv n gn,saud s d ng
ccthams m hnhvtliutrntinhnhm phngs bngphnmm
ABAQUS sos nhk tqu gi am phngvith nghi m. T d& ¢ cos d
kh ngdnhtnhh pl khis d ngm hnhvtliuHIJCchob t ngv m
hnh v t1i u Johnson-Cook cho ¢ tth ptrongph ntchktcub tngct
th pchut cd ngn b ngph nm m ABAQUS.

3.2 Xac dinh tham s6 md hinh vét liéu trong bai toan nghién ciru
3.2.1 Tham s6 mé hinh vt liéu bé tong

M hnhvtliub t ngdu ¢ pd ngl m h nh Holmquist - Johnson -
Cook. T ngs 19thams du cs d ngtrongm hnhHJIC du c chia th nh

n mlo i:thams cob n,thams d ctrungchod b n, thams tr ngth i,
thams d ctrungchot ¢d bi nd ng,thams ph h y[109].

M hnh Holmquist - Johnson - Cook ch a 19 tham s du cth hin
trong b ng 3.1.
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B ng3.1.Ph nlo ithams v tli um hnhHIC

Stt Lo i T nthams K hiu
01 Tr nglu ngri ng 0o
02 M dunct G
Thams cob n
03 Cu ngd nndontr c fe
04 D bnk odontr c T
Cung d kt dnh
05 A
chu nh a
06 H s Imcng plc B
Thams d ctrungchod b n chu nh a
07 S m tngc ng plc N
Cung d 1n nht
08 Smax
chu nh a
09 | Thams d ctrungchot cd bindng H s tcd bi nd ng C
10 plcgiihndnhi| P,y
Bin dng th tch
11 .o . Merush
giithndnhi
12 plcgiithnnn Piock
Thams tr ngth 1 Bin dng th tch
13 .o Hiock
giihnnn
14 Hngs vtlhiu K;
15 Hngs vtliu K>
16 Hngs vtliu K;
Hng s hu hng ca
17 . €finin
vitliu ‘
Th h h
18 ams p Y Hngs ph hy D,
19 Hngs ph hy D;
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Xdc dinh cdc tham so

D avoccth nghi mjc cthams c¢c am hnh HJC du ¢ x ¢ dnh
b ng phuong ph p do Holmquistv ¢ ngs d xu t. C cth nghi mn ndon
tr cv th nghi ml pc ngnhuccth nghi m pch v nnbatr cdu c
th chinbngmynnbatr c(hnh3.1)tiph ngth nghi mc aB mn
Cos K thutcngtrnh/ VinK thutcngtrnhdcbit/ Hcvink
thu tQu ns .

Hnh3.1.M yn nbatr c

Chudn bi méu thi nghiém

Loib tngdu cs d ngtrongnghi nc unyl b tngc cpphi
b t ngnhutrongb ng3.2. d tui2lngy,ccmuth du cduarakh i
phngbodungv ducmicnthn ¢ haidud toracckhuv c
phngv nhnchocctmch tti,saud ch ngdu cduatr 11iph ngb o
du ngchod ntu ith nghi m (hnh 3.2).

B ng32.C pph im ub t ngth nghi ms d ngxim ngPC30

Nu c¢(1t) | Xi m ng PC30 (kg) C t(md) b 1x2 (m%)

M u BT 178,4 450 0,45 0,887
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Hnh3.2.B m uth nghi m

B ng33.C cth ngs c amub t ngth nghi m

Tnmu | Khilr ng(g) | Chi ud i(mm) | Pu ngknh(mm) | T tr ng (g/cm’)
1 631,5 110,10 54,92 2,421
2 630,5 110,60 54,82 2,415
3 622,0 109,80 54,72 2,409
4 637,5 111,30 54,82 2,427
5 614,5 109,12 54,76 2,391
6 6175 109,52 54,90 2,382
7 621,0 109,66 54,80 2,401
8 632,5 110,54 54,84 2,422
9 645,5 111,80 54,52 2,473
10 602,5 107,20 54,72 2,390
11 625,5 109,24 54,80 2,428
12 624,0 111,32 54,84 2,373
13 609,5 108,04 54,86 2,387
14 618,5 110,54 54,82 2,371

Theo k t qu th nghi m du ¢ th hi n trong b ng 3.3, gi tr tr ng
lu ngri ng pp b nggi tr trungbnhc ald4dm uth nghi m,1 2,406 g/cm’.

Xdc dinh cuwong dp nén don truc f., mo dun dan héi E, hé so Poisson v va
mé dun cit G

Gi tr cathngs cu ngd nndontrcf, m dundnhiEv h
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s Poisson vdu ¢ x cdnhth ngquath nghi mnnm ttrcmub tng
th nghi m. Bath nghi mn ndontr cgiativ it cd O0,Imm/ph td du c
th chi nchod nkhimub ph hyv thudu cbab d LiuD atrnd

liud,v ducccdungcong ngsut-bindngc accmun ndon

m ttr cdu cth hi nhnh?3.3.
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Hnh3.3.Du ngcong ngsu t-bi nd ngn ndontr c

Nhu th hi ntrongb ng3.4,gi tr c athams cu ngd n ndontr c
fecamub t ngth nghi mthudu ¢t di mc cd ic adu ngcong ng

su t-bi

nd ng.

B ng34.K tqu th nghi mn ndontr ¢

Tomu Cu ngd Bind ngd ¢ | Bindng M dund n H s
n n (MPa) tr ¢ (10?) ngang (10?) h i(MPa) Poisson

3 41,203 0,273 -0,069 27086 0,252

8 39,680 0,221 -0,059 29603 0,266

9 43,031 0,261 -0,064 28271 0,244

Theo k tqu th nghi mdu ctrnhb ytrongb ng 3.4, gi tr trung b nh

c abamudu ccoil gi tr c athams cu ngd n ndontr ¢ f, m dund n

hiEv h s Poisson vcamub t ngth nghi mlnl f=41,305MPa, £
=28320MPav v=0,254.M dunc tG=E/2(I+v) =11291,866 MPa.

Xdc dinh dé bén kéo don truc T

b xcdnhd bnkodontrc7,d ngmynnd nn pch 3mu
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b t nghnhtr ¢ du ngknh54mm, chi ucao 110mm (hnh3.4). T itr ng
dctrcdu cgiativ it cd 0,Imm/ph t. Th nghi mk tth ckhim tv t

ntxuthhntrnb mtm uth .

Hnh34.Hnh nhm usaukhin n pch

Ktqu thudu cl 1l cnnph hyP,t d tnhdu cd b nk odon
tr ¢ T = 2P/mdh, tongd d1 du ngknhmu, A1 chi ucao m u. Ti n
hnhnn pch 3mub t ngv k tqu du cth hi ntrongb ng3.5.

B ng35.Gi trd bnk odontr c

Tn Tiph hy Chi ud 1 Du ng knh b b nk odon
mu (kN) (mm) (mm) tr ¢ (MPa)

7 31,3 54,80 109,66 3,32

11 29,7 54,80 109,24 3,16

12 31,2 54,84 111,32 3,25

Theo k t qu th nghi mdu cth hi ntrongb ng 3.5 gi tr d bn
k odontr ¢7 b nggi tr trungbnhc a3 m uth nghi m1 3,24MPa.

Tham sé phd hiiy efin, D1, D>

H ngs huh ngepnl di mt ihnc atrngth ibind ngd odu ¢
x cdnhb ngth nghi ml p.

Hngs huh ngepngi mthiubindngdotith idimd tdu c
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d dtgy d bntithiuc av tli u Phuongph pthunh ndu c duara
trong t 111 u[109] hnh 3.5. Vicx cdnhgi tr c athams emny ucu
m tth nghi mtichuk nndontr ¢c,v biud ph h ydu cx cdnhd a
tr ndu ng congdok tqu th nghi m. Btud d tg ychoth yr ngkhi
bindngdctrcdtdngiaodi mcamtphncchv trec,mumt

hontons cbncan v gi tr bt nd ngb nggi tr ¢ a e

A

ngsutdctr co

Bindngd ctr c &
H nh 3.5. Phuong ph p chuy nd ithams €

Trongqu trnhch tti,d utinccmub t ngdu cgiatid n90%
cu ngd nndontrccachngv saud ducd tixung0O cngtc
d .Saud ,vicgiatidu clpliv cu ngd can du cgi mdi10%
m ichuk chod nkhikh ngc nbi nd ngdu.

Biud ph hydu cxcdnhtrndu ngcong ngsut-bindng k
giaodi mc adu ngn ic cdnh ngsutd ctr c(de ngntd t)v itr cbin
dngtax cdnhdu cgi tr ¢ aegs, (hnh3.6).

30

Hnh3.6.Du ngcong ngsu t-bi nd ngc ath nghi ml pdontr ¢

30 30
o /r; Q ,
&25 F o L o
E E 25 g25
020 020 020
5 B =
015 + 015t ©15
Eﬁ o] o
P 10 = 10 3 10
@5 | 7 Mus 4 @ 5| o s Mus 6
/4
0 R, L L L L 0 0 7, )
0 02 04 06 08 | 0 03 06 09 12 15 0.2 04 0.6 0.8
Bi nd ng(%) Bi nd ng (%) Bi nd ng (%)
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Ccg tr thams thudu ctheo phuongph ptr ndu cth hi ntrongb ng3.6.
B ng3.6.Gi tr c athams ep

Tnmu €finin Gi tr trung b nh
4 0,0018
5 0,0015 0,0016
6 0,0017

Theok tqu th hi ntrongb ng3.6,thams ph h y e b nggi tr
trungbnhc a3 mul 0,0016. Dothi uthitb th nghi mnnlyD,; =
0,04v D,=1,0theod xu tc a Holmquistv ¢ ngs [109].

Tham sé dic trung cho dé bén ciia vit ligu A, B, N, va Smax

C cthams d ctrungchod bnc avtliucam hnhHIJCg m4,
B, N, v Sy, trongd B, Nc th du cx cdnhb ngth nghi mn nbatr c,
th ngs Suwx =71 ytheod xu tb 1 Holmquistv c¢c ngs [109]. Tham s
Al cu ngd dnhk tchu nh ac ab tngtiég =1,0.Dothi ud 1li uth
nghi m Holmquistv ¢ ngs gi dnhcu ngd k tdnhchu nh at 10,75/
diviccdiukinbntnh (£ =0001)v ¢ ducd4=079bngcch
chun ha tc d& bin dng thnh £=10 t c¢ng thec
o*:[A(I—D)+BP*N}(1+Clné*). Nukhngtnhdn nhherngcacec

hiu ngtcd bindngv ph hy,thcnbngcamtdoc th duc
don gi nh anhu sau:

o =0,79+BP™", (3.1)
trongd o =(o,-0,)/ f.;P =(0,+0,+0,)/3f,vioil ngsutdctrc;
oy, 031 pl ch ng.

H s Imcng pl cchunhaBv Chs m I mcng pl cNdu ¢
x cdnhbngth nghi mnn3trc Trongccth nghi mny, pl ch ng
ducdtor=o0.Dutinbatrcgiatidnccgi trca plctihn,v
saud plctihndu cgi kh ngd i0; =03 Trong giaido nti ptheo, m t
titr ngdu c¢cd td ctheohu ngtr cchod nkhim ub ph hoiv ghil igi
tr ] nnhtca ngsutdctrco,.Victnhtonh s 1 mc ng pl cchun
haBv Chs m Imcng plcNbng plcthytnhyucuv ch nh
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lch ngsutchnhAstuong ng. plcth ytnhPv chnhlch ngsut
chnhAodu ctnhtonlnlu tl P=(o; +203/3v Ac=0,—03. M tlot
ccgi tr (Pho)ducxcdnhbngcchchunhaccg tr ¢ a(P, Ao
theo phwong trnh P* = P/f.v ¢ =Aoc/f.. C cgi tr thudu c, du ¢ di uchnh
b iphuong trnh " =0,79+BP".D x cdnhdu cccgi tr c aBv N.Th
nghi mnnbatr cdu cth chinbngcchs dng plcgiihn tcd
2MPa/ph t. Sauth igian ndnh,giatid ctr cdu c pdngvitcd 0,1
mm/ph tchod nkhim uph hoivicccp pl ch ngb ng5, 10, 15,20
v 25MPa. Biud du ngcong ngsutbindngdctrccaccmuth
nghi md tdu cdu icc pl ch ngkh cnhaudu cth hi ntrong hnh3.7.

180 p

160 |

140

R ——
- -

g | Tl T
s .
= 100 T g
5] SA e
£ a
= 80 B ;
% : —— Ap lue héng SMPa
= o0 ’ — - Ap luc héng 10MPa
= a0 k3 — - = Ap luc héng 15MPa
£ ‘ i
= /, ====Ap lyc héng 20MPa
=2 Ap luc hong 25MPa
L]
0 0.5 1 L5 2 2.5
Bién dang (%)

Hnh3.7.Biud ngsut-bindng cccp pl cgi ih ngkh cnhau

pl cth ytnhP = (o, +203)/3v ch nhl ch ngsu tchnhAsc =g
—o3du cchunh abngccgi tr P'=P/f.v o =Ad/f. (b ng3.7).

Bng37.Gi tro’v P

Tnmu o1 (MPa) o3 (MPa) o (MPa) P* (MPa)
1 75,67 5 1,71 0,69
2 101,31 10 2,21 0,98
10 119,66 15 2,53 1,21
13 137,29 20 2,84 1,43
14 158,99 25 3,24 1,69
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S dngd 1liutrongb ng 3.7, hi uchnhs 1iutheo phuong tr nh
0 =0,79+BP" v du ngcongkh pv id li utrongb ng3.7 du ¢ v nhu
tronghnh3.8. T d x cdnhdu cgi tr B=1,405v N=1,085.

35
_'__..--'
3 |
—
25 F H'_d.n-""'"f
Iy} - ..-'-'M
[ ¥ L_,_,a-'""-'-f
= y = 0.79+1405x! 05
+ﬁ. .
|
0.5
{:' i 1 ] [ 1 ]
0.5 0.73 1 1.25 1.5 1.75 r
P (MPa)

Hnh3.8.Pu ngcongph h pc accg tr Bv N

Tham s trang thai Perush, ferushy C, Plocks tiocks K1, K2, v K;

C ctham's Peush, tleush du ¢ X cdnh b ngc ngth csau [97]: Poush =
1/3 Vv pherush = Perusn /K v 1 K=E/3(1-2v). Nhu v y Peysn, Merusn € g1 tr 1 n
lu t1 13,768 MPav 0,0007.

C cthams d ctrungchot cd bindngC, pl cgi ih nn n Py
bindngth tch plcnnuwasw v cchngs vitliuK;, K, va K;
ducxcdnhbngccth nghi mvadpv c¢cth nghi mthanh pl ¢
Split-Hopkinson. Do di u kinth nghi mhnch nnccgi tr cacc
thams n ydu cl ytheod xu tb i Holmquistv ¢ ngs [109].

Nhuvy ccthams ¢ am hnh HICchomub t ngth nghi m
du cx cdnhv li tk trongb ng3.8.

B ng3.8.C cthams m hnhv tli ub t ngth nghi m

p(kgm’) | G (Pa) A B C N efinin
2406 11,292 x10° 0,79 1,405 0,007 1,085 | 0,0016
T (Pa) fc(Pa) Swmax Perusn (Pa) Uerush | Plock(Pa) | thiock
3,24 x10° | 41,305 x10° 7 13,768 x10% |  0,0007 1 x10° 0,08
D, D> Ki(Pa) | K:(Pa) | K;(Pa)
0,04 1,0 85x10° | -171x10° | 208 x10°
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3.2.2 Tham s6 mé hinh vt liéu thép

S d ngm hnhph h ydo Johnson-Cook @ xu t, ¢ ¢ tham s
phuong trnh tr ngth i, m hnhbn, m hnhph h yc ac tth p (tuong
duong th pCIl)du cl ytheot 11i u[110,112] ¢ th nhu saunhub ng3.9.

c a

B ng39.C cthams m hnhv tli uth p

EMPa) | v |4 (MPa)|B.(MPa)| n | T (K) | Tu(K) [ m,
200000 | 0,3 263 130 |0,0915| 1800 | 2932 | 1
o0.(kegm’) | C, D D, D, D; D; | Ds

7850 | 0,017 1 0,05 | 344 | 2,12 | 0,002 | 0,61

3.2.3 Tham s6 mé hinh vit liéu thudc nd6 TNT

D m hnhh ahinter ngn v qu trnhlantruy n pl ¢cs ngn ,s
d ng phuong tr nh tr ng th ido Lee — Tarver v Jones - Wilkins - Leed xu t
viccthams : v, = 1/p,1 th tchring; p,1 kh ilu ngri ngthu ¢cn
TNT; Ay, Bm, 1, ¥2, @1 ¢ chngs donnhi tdu cx cdnht th nghi m,
vo-tcd n;E,-nnglu ngtr ndonv th tch; Pcy- pl cn .Gi tr ¢

th ¢ cthams du cli tk trongb ng3.10[93].
B ng3.10. Thams m hnhv tli uTNT

po(kg/m®) | v, (m/s) | Pcy(kPa) | A, (kPa) B, (kPa)
1650 6930 2,1x107 | 3,7377x10% | 3,73471x10°
r 2 W Vin E,, (kJ/m?)
4,15 0,9 0,35 1/1650 6x10°

3.2.4 Tham s6 mé hinh khéong khi
D m hnhh akh ngkh d ngphuongtrnhtr ngth ikh 1 twr ngv icc

thams nhub ng3.11,trongd : Ex1 n inngc adonv th tch;Cy,, Cs1 c ¢

h ngs ;m,l kh ilu ngteongd 1;p,1 kh ilu ngri ngc akh ngkh [98].

B ng3.11. Thams m hnhv tli ukh ngkh

p (kg/m3)

m, (kg/m3)

Cy

Cs

1

,23

2,58x10°

1,0 0,4

0,4
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3.3 Thir nghiém no tai hién trudng va mé phong so6 dé xac nhain mé hinh vat
liéu, hi€u chinh mo hinh tinh cta bai toan nghién ciru

Tcg tinhnhth nghi mn tihintru ngd ph hoicukin
(CK)b t ngc tth p(BTCT) th nghi mti tdi n 0,2x0,2m, d i1 1,5m du c
gia cu ng b ng 4 thanh th p ®14, ¢ t dai ®6a200 vichiudybov
0,0lm b ng phuong ph pn tipx cv n gn Quath nghi mx ¢ dnh
du cth ctrngb ph hoiv bindngticcdi mdoc ak tc u. Saud
ttnhnhm phngs bngphnmmABAQUSsosnhktqu g am
phngv ith nghi m. T d ¢ cos d tinhnhm ph ngs m hnhtnh
b i1to nnghi nc uc alun n.

3.3.1 Thir nghiém nd hién truomg
3.3.1.1 Chuin bi mé hinh thir nghiém

M hnhth nghi mch totixeungb tngdcsnChm, kch
thu cv chtlu ngd mbodngtheoyucubiton,saud du cvn
chuy nd nthaotru ngc aH ¢cvi nKTQStiH aL c¢. T ithao tru ngti n
hnhl mc ngtcchunb nhuhnh3.9,m hnhth nghi mn tipxcvi
Iy ngn ¢ kh ilu ng 200gam thu c n TNT (hnh 3.10) v m hnh th
nghi mn g ntrong kh ng kh v ikh ilu ng 1600gam thu ¢ n TNT treo
chnhgi ac chc uki n BTCT 300mm (h nh 3.11).

T
" L

= i 1':;’.. _- o Ly e

Hnh39.C ukinc tb t ngc tthpv g id th nghi m
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LR R ELEL AL

Hnh3.11.M hnhth nghi mn gn
3.3.1.2 Thiét bi thi nghiém

M ydobi nd ng,d udobi nd ng, mydi mh a,d ydi n, kpdi n,
loa,c i,d yc ngc nhb oanto n.
a. May do dong NI SCXI-1000DC

M ydo d ng da k nh NI SCXI-1000DC (hnh 3.12) 1 thi tb dod ng
dak nh hi nd idoh ng National Instrumentc aM ch to. Dyl mth
th ng doth ngminhc cuhnhm mdobngcchtchh pccloicard
do kh cnhaut ytheom cdchth nghi mc angu is d ng. M yc ngu n
dinm tchiuacquydik m,c th dolint cngoihintru ng 10 gi
khngcnnpdinTcd dolymucamyc th dtti96000m u/s
vimcnhiuc cthp. Trnm yb tr 4khec md ngd ¢ mc clo icard
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do kh ¢ nhau. H ng Nlcungcpmtdirtrngccloiccdoh SCXI
ph h pvidngmySCXI-1000DC,ccloiccnyc th doducrt
nhi uc cph pdokh ¢ nhaunhudo giat c,dobi nd ng, chuy nv,dodi n
p. M y do NI SCXI-1000DC du ¢ di u khi n hon to n b ng m y tnh
th ngquak tn 1 USB. Ph nm m di u khi n LABVIEW 1 m t ph n m m
do—phntchnitingtrnth gi i, phnmmnychophpthitk cc
chuong trnhdov ph ntchs li utr cti ptrongkhidohayx 1 ngu isau
khidov is Iu ngk nhl nt ih ngng nk nhm t1 n do.

Hnh3.12.M ydod ng NI SCXI-1000DC

b. Cam bién do bién dang

C m bi n do bi n d ng KC-60-120-A1-11 (hnh 3.13) 1 ¢ m bi n do
bi nd ng m tphuong,d ngl v thchh pchocccukinb t ngs d ng
cpphid dmhtl n Gi 1h ndo: e=£1.8%==+0,018=18.000 um/m. K ch
thu ¢n n: 8x74mm.

— - [

2 —

Hnh3.13.C mbi ndobi nd ng KC-60-120-A1-11

Trong th nghi m, ¢ m bi n do bi nd ng KC-60-120-A1-11 du cs d ng
d dobindngcacukinb tngc tthpkhichutcd ngn ticcdim
la,1bv 2 mtdidinvititr ngn (hnh3.14).Linktc mbinvocu
ki nd ngkeod nchuy nd ngg nchtvob mtc ac uki nBTCT.

375 375 750
b

imla-\ /-Dim2 /‘Dimlb

N 7 7 |:

| 1500

[l

ll‘O2|

L |

Hnh3.14.V tr g nc mbi ndobi nd ngtr nm hnhth nghi m
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¢. Mdy diém héa FD200

M ydi mh aFD200 (hnh3.15)1 loimydngd dimhagyn
chot 1da200kpn di n. Th ngs cob n:din pd ura3000V, th igian
n pdi nnh hon30gi y,di n pngu n6VDC.

Hnh3.15.M ydi mh aFD200

3.3.1.3 Thudc nd va kip no dién

Thucn ducs dngl loithu cn TNTdu cd cth nhb nhc kh i
lu ng 200g, k ch thu ¢ 100x50x25mm (h nh 3.16). TNT k ttinh m uv ngnh t,
khib nhs ngph ntchc mun uth m,t tr ng 1,6 g/em®>. Nhi td n ngch y
c aTNTnguynch tl 81°C, TNTk thutl 79°Cd n 80°C, nhitd n ng
ch yTNTkh ngb phntch,v th TNTc th nh iv obomd nb ng phuong
phpd c¢. TNT tht mv khih t mtnhch tn ch ykh ngthayd i

TNT t tan trong ¢ n, tan nhi u trong a Xt nitoric, axit sunphuaric,
axeton, toluel v benzen. TNT d@ ¢, nhi td caoc tnhch yd u. Khi TNT
tcdngvikimtothnhchtnh yn hon. TNT kh ngt cd ngv 1ikim
lo i. Trong m itru ngaxit TNTt cd ngv ikimlo il mm ttnhn chy.
TNTc tnh ndnhtt, diukinbnhthu ngTNTb oqu ndu cr tl u.

Nhitd bngchyl 290°d n 300°C, khinhitd tngdtngtln
290°C TNT ch yc th chuy nth nhn . D tngo itr i TNT ch ch ykh ng
n , khich ytrongbu ngknc th chuy nth nhn .D nhyv cov xung
n caTNTkmhonsovichtn ph khc.D nhyv xungn tr ng
thinncaohon trngthidc Dngkpn s 8d gyn TNTn n,d
gyn TNTd cph id ngtr mtruy nn trung gian.

T cctnhch ttr nnh nth y, TNT1 ch tn ph ¢ nhi uuudi mnhutnh
ndnht t,d nh yconhi ttwongd ith p,d nh yxung trung bnh, uy1 ¢ kh
mnhv th TNTdu ¢s d ngr ngritrongqu ns v ¢ ngnghi p. Trong qu n
s TNTv hnhpcan ducnhivobommn,dn,ngulithu 11i,..hoc
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Il mcclu ngn kh ¢. TNT thu ngdu ¢ pth nhc ¢cb nh75g,200g, 400 g, c
v bcphng mc | trakpsnrtthunl ichocngtcn ph vtcnc ab
d 1. Trong ¢ ng nghi p TNT thu ng du ¢ s d ngl m t th nh ph n tham gia
trongchtn cngnghipdnghnhpcohc,nhuh thu ¢ n amonit. Tuy
nhi nv TNTc¢ tnhd ch ikhitipx cv nhhu ngd nm 1true ngsaukhin ,
n n xu hu ng trong ¢ ngnghi pdangh nch dnvics dngthucn ¢ ch a
TNTv tmc cloithu cn thayth td chihond iv im itru ng.

Hnh3.16. Thu cn TNT
Kpn dindu cs dngl loikpn dins 8(hnh3.17).

Hnh3.17.Kpn dins 8

3.2.1.4 Trinh ty thi nghiém

a.Tinhnhth nghi mn tipxclnlutvithu cn TNTkh ilu ng
200gdttipx ctrncukinBTCTv itrnht ¢ th nhusaw: Dtktcu
BTCTvov trd th nghimlinktcht;Gneccdudobindngticec
dimlav 1b(chnhgi amtdu i, 1/4chiudicukin)dim2(mtdu i
chnhgiacukinyCutolurngn;B tr lungn vom hnhktcu
BTCT (hnh 3.10). Khib tr Iy ngn ,ttc m ingu i kh ngc tr chnhi m
phirtv v tr anto ntheo qui dnh du c ph bi nt ithao tru ng; Ki m tra
cngtcantontru ckhin ;Choph pkimtramchn ; Tinhnhn ;Ki m
trav X | mncmnuc ; Pok tqu chol nth nghi m.

b. Ti nh nhth nghi mn g nv ithu ¢cn TNT kh ilu ng 1600g treo
cchmttrncukinb tngc tth pkhongc ch300mmv itrnht ¢
th nhusau: B tk tc uBTCTv ov tr d th nghi mlinktcht;Gncc
dudobindngticcdimlav Ib(chnhgi a,mtdu i, 1/4chiudi
cukinydim2(mtdoichnhgi acukin);Cutolrngn ;B tr
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lu ngn vom hnhktcuBTCT (hnh 3.11). Khib tr lu ngn ,ttc
m ingu ikh ngc tr chnhi mphirtv v tr anto ntheo qui dnh du c ph
bi nt ithao tru ng; Ki mtrac ngt canto ntru ¢ khin ; Cho ph p ki mtra
mchn ;Tinhnhn ;Kimtrav x | mncmnuc ;Pok tqu cho
I nth nghi m. C ¢l nn th nghi mti p theo quy tr nh du cth ¢ hi n theo
d ngtu nt nhutr n.

3.2.1.5 Két qua thi nghiém

a. Két qua thir nghiém né tiép xiic

Ktqu cukinBTCTb ph hoikhin ti px c¢cdu cth hinnhu

Hnh320.C uki nBTCTs 5b ph h ysaukhin ti px c

B ng3.12.Kchthu cv ngph h yc uki nBTCTkhin ti px ¢
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Chiudivng| Chiudivng | Chiudiv ng
Stt | Lnth nghi m | ph hygia |ph hymttrn|ph hymtdui
cuki n(mm) | ¢ uki n(mm) ¢ uki n(mm)
1 Cukins 2 280 655 695
2 Cukins 3 310 635 710
3 Cukins 5 265 660 725
Trung b nh 285 650 710

Bind ngdodu cth ngquacccmbingntrncukintidi ml
(trungbnhc adi mlav 1b)v d m2 (hnh3.21v 3.22).
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BTCTb ph hoihonton chnhgi ac chi ud ikho ng285mm, v ng
ph hoilanr ngraphac cc nhc uki n BTCT ¢ chi ud i kho ng 650-
710mm (b ng 3.12). C tth pchul ckh ngb ph h y,th pdaitiv tr gn
lu ngn b thibay Bindngtidiml(chnhgi a,mtdu i, 1/4chiu
dicukinBTCT)d tgi tr | nnh tl 0,109 (hnh3.21) v bindngti
dim2(mtdu ichnhgi ac uki nBTCT)d t0,236 saud nh ngph nt
b t ngtidi md b ph ho ikh ic uki n(hnh3.22).

b. Két qua thir nghiém né gan

Ktqu cukinBTCTb ph hoikhin g n nhu trong hnh 3.23;
3.24;3.25v b ng3.13.

Hnh324.Chi ud iv ngch ns pc ac uki nBTCT saukhin g n
'-_‘E::-,I.. S Lﬁ-ﬁ-{;‘h o

Hnh 3.25.Chi ucaov ngch ns pc ac uki nBTCT saukhin g n
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B ng3.13.Kchthu cv ngph h yc uki nBTCTkhin gn

Chi us uphi uch ns p| Chi ud iphi uchns p| Chiudiv ngph hy
(mm) (mm) m tb n (mm)

130 750 400
Bind ngdodu cth ngquacccmbingntrncukintidi ml
(trungbnhc adi mlav 1b)v di m2 (hnh3.26).

02500

02000 F

,

= 01500 f

o

]

Bién da

01000

- = Bién dang tai diem 1
—— Bien dang tai diém 2

00500 F

0.0000 == £ £ d
00000 0.0005 0.0010 0.0015

Thin gian (s)
Hnh3.26.K tqu dobi nd ngtidi m1v 2trongtru ngh pn gn

Th nghi mn gntrnhi ntrw ngchok tqu v ngb t ngc acukin
BTCTb s ngn tophuchns pphamtdidinvile ngn,chiudi
phuchns pl 750mm, chi us uphuchns pl 130mm (b ng 3.13). C n
c tth ptrongc uki n BTCT g nnhu kh ngb nhhu ng. Bind ngtidi m
I(chnhgi amtdui, 1/4chiudicuki nBTCT)d tgi tr I 02376 v
bindngtidim2(mtdu ichnhgi acukinBTCT)d t0,2394 sau d
nh ngphnt b t ngtiv trd b ph ho ikh ic uki n(hnh3.26).

3.3.2 M6 phéng s6 cau kién BTCT chiu tic dung no tiép xiic va nd gan

T cccos 1 thuytv m hnhvtliutrnhby trntcgi tin
hnhth chinm phngs bngphnmmABAQUS. K tqu m ph ng
s du csosnhviktqu th nghi mhintru ng, nhnxtv rtrakt

lun,lmcos d tinhnhm phngm hnhktcuc abito nnghin

cucalun n
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3.3.2.1 M6 phéng s6 cau kién BTCT bi pha hiiy do nd tiép xic
3.3.2.1.1 M hinh hinh hoc ciu kién BTCT né tiép xuc

Hnh327.M hnhhnhh cc uki nBTCTn ti px ¢

Nghi nc us ph hu v tuongtccacukinb tngctthpdui
tcdngcatitrngn tipx c.Cuki nBTCTc chi udil,5m,ti tdin
0,2x0,2m du c gia cu ng b ng 4 thanh th p @14, ¢ t dai ®6a200 v 1 chi u
dybov 00Im Cuki nBTCTchutcd ngc atitrngn tipxcc
kh 1lu ng200gd tchnhgi ac uki n BTCT (h nh 3.27).

Cukinb tngdu cm t bngphnt kh itrong khi ph nt thanh
pdngchoctthp.Linktgi accphnt cakhib tngv ctthp
du cx cdnhtheolink tc ng. Lw ib t ngdu cchiamnv ikchthu c

Smm. Lu ith pchul ¢v th pdaic ngdu cchiaimnv ikchthue ¢ 5mm
(h nh 3.28).

Hnh3.28. Chialr iph nt ¢ uki nBTCTn ti px ¢
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Ktcub tngdu cm hnhh ab ng phuong ph p lu 1 Lagrange.
bi uki nph hu du cx cdnhtheotiuchunv tli ungu id ngt dnh
ngha,s dngccthams v tli unhuth nghi md nu Thu cn du c
m ph ng theo phuong ph p SPH.

Diu kin bin: Cu kin BTCT duc lin kt trn 2 gi
(u, =ur, =ur; =0) (h nh 3.29).

Hnh3.29. D1 uki nbi nc aktcu

3.3.2.1.2 M6 hinh vat liéu
Bé tong

S dngm hnhHIJCchob t ngth nghi mv ic cthams du cx ¢
dnhv li tk trongb ng3.8.
Cot thép

S d ngm hnhph h ydo Johnson-Cook @ xu t, ¢ ¢c tham s nhu
b ng 3.9.
Thuéc no

D m hnhhahintr ngn s d ngphuong ph p SPH v i phuong

tr nh tr ng th 1 do Lee — Tarver v Jones - Wilkins - Lee d xu t, ¢ ¢ tham s
du cli tk trongb ng3.10.

3.3.2.1.3 Két qua md phong sb no tiép xiic

Ktqu m phngs cuki nBTCTchutcd ngc an ti px cdu ¢
th hi nnhu trong h nh 3.30; 3.31; 3.32; 3.33 v b ng 3.14.
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Hnh3.30.Qu trnhph h ycuki nBTCTdon ti px ctr nm hnhm ph ng
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Hnh331.Kchthu ¢v ngph h yCKBTCTn ti px ctr nm hnhm ph ng

0.120

0105

0.090

0.075

0.045

ién dang doc e

-

B
=
=
o

0015

{0,000

0060 |

—Bién dang tai phan tir 42307 (diem 1)

0.000 0.002

Hnh332.Bi nd ngd ctr ct iph nt

0250

0.200

0.150

0.100

Bién dang doc truc

0.050

0.000

0.004 0.006
Thén gian (s)

0.008

42307 (chnhgi a,m tdu i,

0.010

1/4chi ud ic uki n)

—Bién dang tai phin tir 246742 (diém 2)

0.000 0.002

0.004 0.006
Thén gan (s)

0.008

0.010

Hnh333.Bind ngd ctr ct iph nt 246742 (m tdu ichnhgi ac uki n)
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B ng3.14.Kchthu cv ngph h yc uki nBTCTtr nm hnhm ph ng

Chi ud iv ngph Chi ud iv ngph Chiudivngph hy
hyg aCK(mm) | h ym ttr nCK(mm) | m tdu 1CK(mm)
M ph ngs 264 612 684

T ktqu m phngs chothyqu trnhph hoicacukinb
t ngc tth pkhichut cd ngn ti px ctheoc cth idi m0,0002;0,0004;
0,0006; 0,0008; 0,0014; 0,002; 0,004 v 0,005s (h nh 3.30), qu trnh ph
hoican tipx cl rtnhanh,d nth idi m0,005str div ngph ho i
cacukindtdntrngthilnnhtktqu vngb tngcacukin
BTCTb ph hoihonton chnhgi ac chi ud ikho ng264mm, v ng
ph hoilanr ngraphac ccnhc uki nc chi ud ikho ng 612-684mm
(b ng3.14).C tth pchul cc nnguy nv n,th pdaitiv tr g nlu ngn
b th ibay. Bindngtiphnt 42307 (chnhgi a, mtdu i, 1/4chiu
dicukinBTCT) dtgi tr ]l nnh tl 0,115 (thnh3.32)v bindngti
ph nt 246742 (m tdu ichnhgi ac uki nBTCT)d t0,211 saud nh ng
phnt b tngtivtrd b ph hoiv roikh ic uki n(hnh3.33).
3.3.2.1.4 So sanh két qua no tiép xuc

Sos nhk tqu th nghi mth cv m ph ngs c uki nBTCTb ph
ho idoti px cdu cth hi nnhutrong hnh3.34;3.35;3.36 v b ng3.15.

B I A S

Hnh3.34.Kchthe cv ngph h ytr nm hnhth nghi mv m ph ngs
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0,120 . : .
K Bien dang di§111 1 cnia cau kién 2
0.105 I fﬁ*‘ — =Bién dang diém | cia céu kién 3
TN\ Bién dang diém 1 cita cdu kién 5
" 0.090 r e \ = - Bien dang diém 1 mé phong so
2o0e LI
£ 0075 b - A
& L
. "
5 0060 |} )
T 0045 | R
g 0.04 \
& O
0.030 '\
0015 | N
I:I-I:II:I') 1 1 Il Il i
0.000 0.002 0,004 0.006 0.008 0.010

Thén gian (s)

Hnh335.Bind ngtidi mltr nm hnhth nghi mv m ph ngs

0250 -
a0 | [T = —_
g )i
soaso b If i
W :
Z 0100 | [ — Bién dang diem 2 cia cau kién 2
£ R Bién dang diém 2 cia cau kién 3
2 goso U — — Bién dang didm 2 cia cau kién 3
o — - Bién dang tai diém 2 ma phong
{:.{:{:U [l [l 1 1 ]
0.000 0.002 0.004 0.006 0.008 0.010

Thn gian (s)
Hnh336.Bi nd ngtidi m2tr nm hnhth nghi mv m ph ngs
B ng3.15.Sos nhk tqu th nghi mth cv m ph ngs

M ph ngs | Th nghi m | Saikh c
Chi ud iv ngph h ygi aCK (mm) 264 285 7,4%
Chi ud iv ngph h ym ttr nCK (mm) 612 650 5,8%
Chi ud iv ngph h ym tdu i CK (mm) 684 710 3,7%
Bi nd ngd ctr cdi m1 0,115 0,109 5,5%
Bi nd ngd ctr cdi m2 0,211 0,236 10,6%
Ktqu kchthu cvngph hycukinBTCT trn m hnh th

nghi mv m ph ngs (hnh334)c s saikh cchi udiv ngph hygia
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c uki n7,4%;Chi ud iv ngph h ym ttr nc uki n5,8%; Chi ud 1v ng
ph hymtdouicukin3,7% (b ng3.15).Cnbindngdctrcdiml
(trungbnhc adi mdolav 1b)v 2(hnh3.35;3.36)c s saikh clnlu t
1 5,5%v 10,6%.Saikh cn yhontonch pnhndu cdivibito nm
ph ngtcd ngc atitr ngn .

3.3.2.2 M6 phéng so cau kién BTCT bi pha hiiy do né gin

3.3.2.2.1 M hinh hinh hoc ciu kién BTCT bi pha hiiy do nd gin

Hnh337.M hnhhnhh cc uki nBTCTb ph h ydon gn

Nghincus ph hu v tuongtccacukinb tngctthpduitc
dngcatitrngn gn CukinBTCT ¢ chiudi 1500mm, ti t di n
200x200mm du ¢ giacu ngb ng 4 thanh th p @14, ¢ tdai ®6a200v ichi ud y
bov 10mm. CukinBTCTchutcdngcatitrngn gnc khilu ng
1600g TNT d tchnhgi a,¢c chm ttr nc uki n BTCT 300mm (h nh 3.37).

Cukinb tngdu cm t bngphnt kh itrong khi ph nt thanh
pdngchoctthp. Linktgiaccphnt cakhib tngv thanh
thpdu cx cdnhtheolinktc ng. Lu ib t ngdu cchiamnv ikch
thu ¢ Smm. Lwu ith pchul cv thpdaicngdu cchiamnvikch
thu ¢ Smm (h nh 3.38).

Ktcub tngdu cm hnhh ab ng phuong ph p lu 1 Lagrange.
bi uki nph hu du cx cdnhtheotiuchunv tli ungu id ngt dnh
ngha,s dngccthams v tli unhuth nghi md n u Thu cn du c
t nh theo m h nh CONWEP.
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T Bitsiing S

=
(=}

BURS S

Hnh3.38. Chialr iph nt c uki nBTCTb ph h ydon gn

Diu kin bini Cu kin BTCT duc lin kt trn 2 gi
(u, =ur, =ur; =0) (h nh 3.39).

Evidane nids

I‘LI :-I. ]

Hnh3.39.Di uki nbi nc ak tc uBTCTb ph h ydon gn

3.3.2.2.2 M6 hinh vat liéu

Bé tong:

S dngm hnhHJCchob t ngth nghi mv iccthams du cx c
dnhv 1li tk trongb ng3.8.

Cot thép:

S d ngm hnhph h ydo Johnson-Cook d xu t, ¢ ¢ tham s nhu
b ng 3.9.

Thudc né:

Thu ¢cn du ctnhtheo m hnh CONWEP, pl cs ngxung k ch trong
kh ngkh du c tnhtheo ti uchu n UFC 3-340-2 [113].
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3.3.2.2.3 Két qua mé phéng s6 no gin

Ktqu m phngs cukinBTCTchutcdngc an gndu cth

hi n nhu trong h nh 3.40; 3.41;3.42v b ng3.16.
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Hnh3.40.Qu trnhph h yc uki nBTCTdon g ntr nm hnhm ph ng
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780

=it -

Hnh341.Kchthu ¢cv ngph h yc uki nBTCTn g ntr nm hnhm ph ng

03000 ¢

1.2500

0.2000

n dang

Bie

0.1000

00500

00,0000

(L0000

Hnh342.Bi nd ngd ctr ct iph nt 42307 (chnhgi a,m tdu i,

® 01500 |

—Bien dang tai phan tir 42307
= = Bien dang tai phan tir 246742

0.00035 00010 0.0015

Thont man (s)

1/4chi ud 1

c uki n)v ph nt 246742 (m tdu ichnhgi ac uki n)
B ng3.16.Kchthu cv ngph h yc uki nBTCTtr nm hnhm ph ng

Chi us uph uch ns p

(mm)

Chi ud iph uchns p | Chiudiv ngph hy
(mm) m tb n(mm)

125

780 320

M ph ngs choth yqu trnhph hoic acukinb t ngc tth pkhi
chut cd ngn g ntheoc cth idi m0,0003; 0,0009; 0,0012; 0,0015; 0,003;
0,006; 0,0075 v 0,009s (hnh 3.40),qu trnhph hoic an gnl r tnhanh,
dnth 1di m0,009str div ngph hoicacukindtdntrngthil n
nhttktqu vngb tngcacukinBTCTb sngn tophuchnsp

phamtdidinvilu ngn,chiudiphuchns pl 780mm, chi us u
phuchns pl 125mm (b ng 3.16). C nc tth ptrongc uki n BTCT g n
nhu kh ngb nhhu ng. Bi nd ngt iph nt 42307 (chnhgi a, m tdu i,
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1/4chiudicukinBTCT)dtgi tr 1 02705v bindngtiphnt
246742 (m tdu ichnhgi ac uki nBTCT)d t0,2849saud nh ngph nt
b tngtiv tr d b ph ho ikh ic uki n(hnh3.42).
3.3.2.2.4 So sanh két qua no gin

Sos nhk tqu th nghi mth cv m ph ngs c uki nBTCTb ph
ho idoti px cdu cth hi nnhutronghnh3.43;3.44v b ng3.17.

TR e

Hnh343.Kchthu ¢v ngph h ytr nm hnhth nghi mv m ph ngs

03000 ¢
02500 F
P——
02000 o
E-r.l
= 01500 |
u
ua] . .
0.1000 | —BD di¢m 1 mé phong so
""" BD diem 2 mé phong so
00500 — —BD n:'[iém 1 thare nghaiém
— - =BD diém 2 thare ngluém
00000 ' i
0.0000 0.0005 0.0010 00015

Th gian (s)

Hnh344.Bind ngtidi m1,2tr nm hnhth nghi mv m ph ngs
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B ng3.17.Sos nhk tqu th nghi mth cv m ph ngs

M ph ngs | Th nghi m| Saikh c
Chi us uph uch ns p(mm) 125 130 3,85%
Chi ud iph uch ns p(mm) 780 750 4,0%
Chi udiv ngph h ym tb n(mm) 320 400 20,0%
Bind ngd ctr cdiml 0,2705 0,2376 19,0%
Bind ngd ctr cdi m2 0,2849 0,2394 13,8%

Ktqu kchthu cv ngph h ytrnm hnhth nghi mv m ph ng
s (hnh343)c s saikh cchiusuphuchns p3,85%;Chi udiphu
chns p4,0%; Chiudiv ngph h ymtb n20,0% (b ng3.17).C nbi n
dngdctrcdiml (trungbnhc adi mdolav 1b)v 2(hnh3.44)c s
saikh clnlu tl 19,0% v 13,8%. Sai kh ¢cn yho nto nch pnh ndu c
divibitonm phngtcdngc atitr ngn .

3.4 Két luan ciia chwong 3

Trong chuong 3,t cgi d trnhb ynghi nc uth ¢nghi mx cdnh
c cthams m hnhv tliuv hi uchnhm hnhtnh, ¢ th nhusau:

Trnhb yc ck tqu th nghi md x cdnhc cthams c avtliub
t ng th nghi mtheom h nh Holmquist-Johnson-Cook,1 ach nc cthams
c av tli uth ptheo m hnh Johnson-Cook, m hnhv tli un TNT, m
h nh kh ngkh .

Tinhnhn th nghi mngo ihi ntru ngd ph hoic uki n BTCT
bngn tipxcv n gn,saud s d ngccthams m hnhv tliutrn
tinhnhm phngs bngphnmmABAQUSsosnhktqu gi am
ph ngv ith nghi m. K tqu nghi nc uchoth y:

-Th igiant cd ngph h ycukinb t ngc tth pc atitr ngn 1
r tng n. Trongtru ngh pn tipx ccukinb ph hoihonton v ng
tipxcvilrngn v vngph hoid lanr ngra mttrnv mtdu i
cukin,c ntrongtreu ngh pn gncukinb ph h ytophuchns p

mtdo icacukinb tngc tthpdophadncasngn .C tthpb
nh hu ngkh ngd ngk ;
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-Kchthwu cccvngph hyv bindngcamuth trnm hnh
th nghi mhi ntru ngv m hnhth nghi ms 1 twongd ngv ph h p
viquylutc acohcktcuth ngquam ph ngs chotath yr coch
ph hoiktcub tngc tth pkhichutcd ngc atitr ngn theot ng
th idi m.
Ccktqu thudu ckh ngdnhtnhh pl khis d ngm hnhvt
li u Holmquist-Johnson-Cook cho b t ng, m hnh v t li u Johnson-Cook
choc tth pm hnhv tliun TNT, m hnhkh ngkh trongph ntchk t
cub tngctthpchutcd ngn b ngphnm mABAQUS. Ktqu d
l mcos chovicm phngccbitonphntchs s pd [ ytinc ac a
k tc ukhungkh nggianb t ngc tth pchutcd ngn .
Chuong4c alun ns s dngccm hnhvtliuv iccthams
d ductrnhby trntinhnhm phngphntchs ph hoil ytin
¢ akhung kh nggianb t ngc tth pto nkh ichutcd ngn tipx cv
n gnt d dvaraccnhnxtdnhlu ngv nhhue ngcaccnhnt
ttrndnph hoilytincaktcudngthid xutmts giiphp
kh ngs pl yti nchoc ngtrnhtrongc ctru ngh pny.
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CHUONG 4. NGHIEN CU'U SUP PO LUY TIEN CUA KHUNG
BE. TONG COT THEP TOAN KHOI CHIU TAC DUNG NO VA PE
XUAT MQT SO GIAI PHAP KHANG SAP

4.1 Mé diu

Mtv n tipx chayn gntrnm td tngayc nhm tt anh ¢ th
g yrathi th inghi mtr ngchok tcuc at anh,l ms ptu ng,th ibay
h thngcav Imt litcch thngcatanh.Thithiv tnhm ng
v thuong t ch cho ngu itrongt anh d ¢ th rtl ndo nhi unguyn
nh n,baog mtcd ngtr ctipt v n,s pd ktcuvachmmnhv ,
lav khi.Cctcdnggintipc th I mkmhmho cngnchnvic
sotnkpth i,dod g pph ng yth mthuong vong.

Trnth giivics d ngnngler ngn d gyraccv kh ngb ftr
th nhm tvnd nh cnh ichoccnh ch ctr chtrongvi cb od ms an
to nchoconngu iv ¢ cc ngtrnhtrr cho td ngn y.M ts qu cgiad
duav otiuchunthi tk x yd ngc cquydnhv thi tk ¢ ngtrnhchu
tcdngcaccv n btthy ngnhmd mb ochoc cc ngtrnhc th

chudu ckhic ¢ccv n nhutr nx yra.

VitNam,ccmidedat ccv n tcdnglncngtrnhyv
cucsngconngu ikh ngcnl vnd xal.V d nhun chtn ,n kh
ga...Hi nnayti uchu ntitr ngv tcd nghi nh nhc aVitNamc yu
cunhungtiliuv ch dnthitk ktcucngtrnhdnd nglikh ng
c.Ccvnd tnhtoncccngtrnhchutcdngc atitr ngn thi tk
m cntd cpdnn btthu ngv ch yudu cd ¢ pchoc cc ngtrnh
Quns .Cncccngtrnhd nd ngchwvadu cquant md ngm c.

Mcd d ¢ nhiuc ngtrnhnghinculinquand nc cph ntch
ktcuchutcdngcatitrngn ,songcccngtrnhtrnch yum 1
nghi nc utrong glsidondn-do,cnc k dnspd lytincn't
ducd cpdnbiunyc th dophntchktcuchutcdngcati
trngn ¢ k dnspd 1l ytinph ctphon Honn a,vicki mtracc
k tqu tnhtonc k dns pd 1 yti nph ct phon.
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Trong chuongn y,t cgi s s d ngccm hnhv tliuv ic ctham
s d du ctrnhby chuong3tinhnhm phngphntchs ph hoi
l ytinc akhungb t ngc tth pto nkh ichutcd ngn tipxcv n
gnt d dvaraccnhnx tdnhlu ngv nhhoe ngcaccnhnt trn
d nph hoil ytinc aktcu,d ngth id xutm ts gi iph pkh ngs p
1 yti n(KSLT)choc ngtrnhtrongc ctru ngh pny.
4.2 Dat bai toan

Cccngtrnhdcbitph cv Iu ngd ngv as d ngm cdchd ns
v achom cdchanninh qu cph ngkhic ccs ¢ nhukh ngb ,chin
tranh. Tronglun nnytcgi nghinc ucngtrnhnh ¢ tnghm,cc
tngcatanh phcv choccm cdchd ns trong di uki nbnhthu ng
(kh ngc kh ngb v chi ntranh),c nt ngh mlu ngd ng-c th duav o
ph cv chom cdchtr nkhic kh ngb haychi ns .
4.2.1 M6 hinh hinh hgc ctia bai toan nghién ciru

M hnhbitonnghinc ul ¢ ngtrnhg mc S5tngniv mttng
hmCctngnicatanh g m3nhpc chiudilnle tl 4;2;4mv 5
gian v i bu ¢ khung 1 4m; chi ucaot ng3,3m. Ph nh mc ¢ kchthu c
20,25x30,25m v ichi ucao3,6m. K tc uc at anh b ngkhungb t ngc t
th p: C tc titdin0,25x0,25m, ¢ tth pchul c4d22, th p dai D6a200;
D mc titdin0,25x0,35m,c tth pchul ¢ 420, th p dai F6a200; S n
cctngnic chiudyO,Imb tr 21 pth p @8a200; T ngh mcuto
b ngvchb tngc tthpc chiudy03mb tr 21 pth pJ16a200. Chi u
dylpbov 0,015m. C tth p twong duong th p CII, b t ng th nghi m.
K tc ubao che xung quanht anh 1 vchknhcu ngl ¢,k tc ung nc ch
ccphngl tu ngx yg chr ngd y0,15m (hnh4.1) (Chiti txemph 1 c¢).

CcloititrngtcdnglnktcuTr nglu ngbnthncaktcu
khungb t ngc tth p,titr ngc ate ngbaov hottichoc ngtrnhv n
ph ngl ytheo ti uchu n TCVN 2737-1995. Gi thitb quas vach mc a
ccphnt btchrakhiktcuv cadngd v tu ngbaokhib ph h vy,
b quat itr ngnhi t.
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Hnh4.1.M hnhb ito nnghi nc u

Cukinb tngdu cm t bngphnt kh itrong khi ph nt thanh p
d ngchoc tth p.Link tgi accphnt c akhib tngv ctthpducxc
dnhtheolink tc ng. Lu ib t ngdu cchiav ikchthu ¢ 5mm nh ngcu
kinchutcdngtr ctipv ititr ngn ,nh ngcukincnlil 50mm. Lu 1
th pchul c,th pdai,th pgiacu ngdu cchiav ikchthu ¢ 5mm nh ngcu
kinchutcdngtrctipvititrngn ,nh ngcukincnlil 100mm. S
lu ngph nt trongm ibito nl nt ikho ng22.000.000 ph nt ,m ytnhc u
hnh cao ch ytrongkho ng 10ng ym irak tqu .

Ktcub tngdu cm hnhh ab ng phuong ph p lu 1 Lagrange.
Piukinph hu du cx cdnhtheom hnhvtliungue id ngt dnh
ngha,s d ngc cthams v tli udu ctrnhb ytrong chuong 3. Thu cn
du c t nh theo phuong ph p SPH trongb ito nn ti px c¢v tnh theo m
h nh CONWEP trongb ito nn g n.

DiukinbinD ytngh mdu cgnlink tng mc ng,v chtu ng
tngh mdu cgnlink tl xo1chi u(hnh4.1).

4.2.2 M6 hinh vit li¢u str dung trong bai toan nghién ctru

Bé tong: S d ngm hnh HICchob t ngth nghi mv ic cthams

du cx cdnhv 1i tk trongb ng3.8.
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Cot thép: S d ngm hnhph h ydo Johnson-Cook & xu t, ¢ ¢ tham
s nhub ng3.9.

Thuéc no: Trongb itonn tipx ¢:P m hnhh ahintr ngn s
d ng phuong ph p SPH v i phuong tr nh tr ng th i do Lee — Tarver v Jones
- Wilkins - Leed xu t,c cthams du cli tk trongb ng3.10.

Trongb ito nn g n: Thu cn du ctnhtheom hnh CONWEP, pl c
s ng xung k ch trong kh ng kh du ctnhtheo ti uchu n UFC 3-340-2 [113].
4.2.3 Cac giai phap gia c6 khang sap sir dung trong bai toan nghién ciru

Ccgiiphpduc pdngchoc ngtrnhd I ach n,nh mm cdch
t ngs ckh ngchoc ngtrnh,k tqu tnhto ndu csosnhviktcubi
to nnguy nb n.

Giiphpth nht-b tr thmctph:Trongccbitonkhost
du idy,tcgi d b tr ¢c tph ¢ kchthu chnhh ctuong duongv ic t
ph hy,dtcchctb ph hylm(quakhostbitonv ikhongc ch
nytrnhdu cvachmc ac tchnhkhib ph hy).Dbyl mtgiiphp
trong phuong ph pdu ngd nt ithayth .

Giiphpth 2-bcthpctb ph hy:Vithmdoln, vtliu
thpdu ccoil vtliuchutitrngcan kh tt ¢ th th nghi m
trong chuong 3, mcd b t ngb ph h yg nnhuho nto nnhungc tth p
ch bbindngchttviktqu d tcgi s dngthptmdy1l0mm
bctinhngvtrctbph hy(Mbcthpccectbtipxcvilu ngn
trongb itonn tipxcv bchngcttipxcvisngn trongbiton
n gn).Linktgiatmthpbcctv ctducgnl linkttipx c.
D yl m tgi iph ptrong phuong ph pkh ngc cb ri nghbi t.

Giiphpth 3-b tr tu ngchnsngn :V imcdchngnchn,1m
gimtcdngcasngn Inktcuktcutr ngchns ngn du c¢xeml
m ttrongnh ngbi nph ph uhi u. Trongnghi nc unytcgi chnktcu
tu ngchnsngn bngb tngth nghi mchiudi20m, cao 2m m tc t
ngang h nh thang vu ng 0,2x0,5m-¢ tcd ngl md ihu ngti px cc am t
sngn .D yc ngl m tgiiph ptrong phuong ph pkh ngc cb ri nghbi t.
4.2.4 Cac bai toan nghién ciru

M hnhbiton m hnhvtliutrnder ¢cs dngd m phngs
b ng ph nm m ABAQUS trongc ctru ngh pc th sau:

Tru ngh p1:S s pd 1 yti nc akhungkh nggianb t ngc tth p
tonkh ichutcdngcan tipxcviktcu(mc431lv 432)v
duaraccnhnxtdnhlu ngv nhhungcaccnhnt trndnph
hoilytincaktcudngthid xutccgiiphpkhngsplytin
choc ngtrnh (m c4.4.1v 4.4.2);
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-Tru ngh p2:S spd 1 ytinc akhung kh nggianb tngct
thptonkh ichutcdngcan gnviktcu(mc45)v duaracc
nhnxtdnhlu ngv nhhungcaccnhnt trndnph hoil ytin
caktcudngthid xutccgiiphpkhngspl yti nchoc ngtrnh
(m c4.6.1;462v 4.6.3).

4.3 Nghién ciru sup do liiy tién ciia khung bé tong cot thép toan khdi chiu tac
dung cua né tiép xiic

Trongm cny, tcgi tinhnhkhostkhungb tngc tth pton
kh ichutcd ngc an tipx cvi2kchb n:

-Kchbnl:Tanh btipcntnglv plungn tipx c400g
TNTt ichnhgi ac tAl(ctg cc at anh );

-Kchbn2:Tanh btipcntnglv plungn tipx c400g
TNTtichnhgi ac tA3(c tgi ac at anh).

4.3.1 Su sup do lity tién ciia khung bé tong cot thép toan khdi chiu tic dung
ciia nd tiép xidc dit tai cft A1 (Kich ban 1)
4.3.1.1 M6 hinh bai toan

S Fltie 1

Hnh42.M hnhbitonn tipx cdttic tAl.

4.3.1.2 Két qua md phong sb

Ktqu m phngs spd 1ytinc akhungb t ngc tth pto nkh ichu
tcdngn tipx cdttictAldu cth hi nnhutronghnh43;44v 45.
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Hnh4.3. Qu trnh SPLT ¢ akhungBTCTchut cd ngn tipx cdttic tAl,
tuong ngth 1di m0,005;0,1;0,2;0,3; 0,35; 0,4; 0,45; 0,5s.
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Hnh4.4.Qu trnh SPLT ¢ akhung BTCTchut cd ngn ti px cd ttic tAl,
tuong ngth 1di m0,55;0,6; 0,65; 0,7; 0,75; 0,8; 0,85; 0,9s.
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(a) Bi nd ng LE33t i PT 739 (d) ngsu tmisest 1 PT 739

(b) Bi nd ng LE33t 1 PT 793 () ngsu tmisest i PT 793
(c)Bi nd ng LE33t 1 PT 847 (f) ngsu tmisest 1 PT 847

Hnh4.5.Bi nd ngLE33v ngsu tmisest ic cPT739;793v 847.

4.3.1.3 Nhan xét két qua

Cnc ktqu khostv mcd ph hy,biud bindngLEv
bi ud ngsu tmises,nh nth ysaukhib lu ngn ti px cph h yc tAl,
titr ngn duytr sau kho ng th i gian 0,007s k tth ¢, du itcd ngc a
tr nglu ngbnthncaktcukhungb tngc tthp,titr ngc atu ng
baov hotti,s ph h yhnhthnhticctitdindm ccntlnlut
B11, A12 (t ng 1); B21, A22 (t ng 2); B31, A32 (t ng 3); B41, A42 (t ng4) v
B51, A52 (t ng5),ti pd s ph h ylanm nhccd mv snlnlu tt tng
ldntng5,saukhiccn ttrnc tAl,A2,BIb ph hy,qu trnhph hy
lanrac cd mgi ac cc t A2-A3v BI-C1.Qu trnhph hoil ytindin
rar tnhanhsau0,9sm tg cc at anh ho nto nb s pd (hnh4.4).
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Trnhnh4.5,hi nth bind ngLE33 v ngsutmisestiphnt 739;
793 v 847tuong ngticcv tr d ud m(PT 739;847)v gi ad m (PT 793)
nintA22v A23.Bind ngLE33v ngsutmisest iph nt 739t ngd n
th 1di m0,9s kh ngc nghinhngi tr ngayl cd phnt b ph hycn
ccphnt 793v 847ccgi trd dndn ndnhsauth idi md .

Nhuv y,khic tAlb ph h ydolu ngn tipx c,titr ngdu cphnb
lichocccukincnlinil ctrongcccukind tnglnd tng tvu t
qu kh nngchuticacccccukind (v nkh ngdu ctnh trong thi t
k),dndncccukind bph hygyras s pd | yti nchoc ngtrnh.
4.3.2 Sy sup do lity tién ciia khung bé tong c6t thép toan khdi chiu tac dung
ciia no tiép xic dit tai cdt A3 (Kich ban 2)
4.3.2.1 M6 hinh bai toan

i
InE R

Hnh4.6.M hnhbitonn tipx cdttic tA3

4.3.2.2 Két qua mo phong so

Ktqu m phngs s spd [l ytinc akhungb tngc tth pton
kh ichutcd ngc an tipx cd ttic tA3du cth hi nnhutrong h nh
47,48 v 4.9.
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A3tic cth idi mO0,5;0,55;0,6;0,65;0,7; 0,75; 0,8; 0,85s.
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(2) Bi nd ng LE33 t i PT 739 (d) ngsu tmisest i PT 739

(b)Bi nd ng LE33 t i PT 793 (e) ngsu tmisest i PT 793
(¢)Bi nd ng LE33 t i PT 847 (f) ngsu tmisest i PT 847

Hnh49.Bi nd ngLE33v ngsu tmisest ic ¢cPT 739;793v 847.

4.3.2.3 Nhan xét két qua

Cnc ktqu khostv mcd ph hybiud bindngLEv biu
d ngsutmises,nh nth ysaukhib Iu ngn tipx cph hyctA3,ti
tr ngn duy tr sau kho ng th igian 0,007s k tth ¢,du it cd ngc atr ng
lu ngbnthncaktcukhungb tngc tthp,titr ngc atu ngbaov
hotti,s ph h yhnhthnhticctitdindm ccntlnlu tAl2, Al4
(t ng 1); A22, A24 (t ng 2); A32, A34 (t ng 3); A42, Ad44 (t ng4)v A52, A54
(tng5),tipd s ph hylimmnhccdmv snlnlrtt tngldntng
S,saukhic cn ttr nc tAl, A3,B1,B2,B3,B4, B5b ph h y,qu trnhph
hylanraccdmg accc tAl-AS5v B1-B5. Qu trnhph hoil ytin
di nrar tnhanhsau 0,85sm tn at anh ho nto nb s pd (hnh4.238).

Tr nhnh4.9,hi nth bi nd ngLE33v ngsu tmisest iph nt 739; 793
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v 847twong ngticcv trd ud m(PT739;847)v gi ad m(PT793)n in t
A22v A23.BindngLE33v ngsutmisestiphnt d tngdnth idi m
0,4;0,5;0,57skh ngc nghinh ngi tr ngayl cd phnt b ph hy.

Nhuv y,khic tA3b ph h ydolu ngn tipx c,titr ngdu cphnb
lichocccukincnlinil ctrongcccukind tnglnd tng tvu t
qu kh nngchuticacccccukind (v nkh ngdu ctnh trong thi t
k),dnd nccc uklnd b ph hygyras spd 1 yti nchoc ngtrnh.
4.4 D¢ xuat mot so giai phap khang sap luy tién trong truwong hop khung bé

tong cot thép toan Kkhéi chiu tac dung cua ) tlep xuc dat tai cot A3

Saukhitinh nhkhosts s pd 1yt nkhungkh ng gian BTCT to n
kh ichutcdngcan tipxccho2tru ngh plu ngn tipxcdttict
Alv A3,choth ytrongtru ngh pdtlu ngn tipxctic tA3s PHLT
x yravim cd | nhonv th igianph ho idi nranhanh hon,dod t cgi
d xutm ts giiph pkh ngs pchotru ngh pn y,g m: Gi iph pth nh t-
b tr th mc tph v giiphpth hai-b cth pc tb ph hy.

4.4.1 Giai phap thém cot phu dé khang sap lily tien cia khung bé tong cot
thép toan khoi chju tac dung ciia no tiép xic diit tai cot A3
4.4.1.1 Mo hinh bai toan

HINNINE IR
IS

Hnh4.10.M hnhb ito nth mc tph KSLTn ti px cd ttic tA3.

4.4.1.2 Két qua md phong so

Ktqu m phngs giiphpthmctph khngsplytinca
khungb t ngc tth pto nkh ichutcdngcan tipxcdttictA3
du cth hi nnhutronghnh4.11;4.12v 4.13.
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Hnh4.11.Qu trnhl mvi cc akhung BTCTchut cd ngn ti px cd ttict
A3 khic th mc tph ,th idi m0,005;0,075;0,1;0,15; 0,2; 0,3; 0,35; 04s.
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A3khic th mc tph ,th 1di m0,425;0,45;0,475;0,5; 0,525; 0,55; 0,575; 0,6s.
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(a) Bi nd ng LE33t i PT 739 (d) ngsu tmisest i PT 739
(111} Kl i | 12 Twa w1 H
(b) Bi nd ng LE33t i PT 793 (¢) ngsu tmisest 1PT 793
.:: 3
(c)Bi nd ng LE33t i PT 847 (f) ngsu tmisest i PT 847

Hnh4.13.Bi nd ngLE33v ngsu tmisest ic ¢cPT 739;793 v 847.

4.4.1.3 Nhan xét két qua

Cnc ktqu khostv mcd ph hybiud bindngLEv biu
d ngsutmises, nhnthyvigiiphpthmctph ngaysauv tr ct
chnh A3b ph h ydolu ngn ti px c,ngaysaukhic tA3b ph h ydo
n,titrngde cphnb liv ¢ th thytonb titrngcactA31lc
nyd tcdnglnctph CP,dov ytrongqu trnhph ntchk tc ukh ng
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c nb ph h ynhutrongtru ngh pkh ngc c tph (hnh4.12).

Tr nhnh4.13,hi nth bi nd ngLE33 v ngsu tmisestiphnt 739;
793 v 847tuong ngticcv tr d ud m(PT 739;847)v gi ad m (PT 793)
nintA22v A23.Bind ngLE33v ngsutmisestiphnt d tngdn
th idi m0,2ssaud d nd n ndnh.

Nhuv y,vigiiphpb tr thmc tph choth yc th chnglis sp
d 1l ytinchoc ngtrnhkhichutitr ngn tipx ctic tA3.

4.4.2 Giai phap boc thép cot dé khang sép lity tién ciia khung bé tong cot thép
chiu tac dung ciia nd tiép xic dit tai cot A3
4.4.2.1 M6 hinh bai toan

T
L ey Pt

Hnh4.14. M hnhb ito nb cth pc td KSLTdon tipx cd ttic tA3

4.4.2.2 Két qua md phong so

Ktqu m phngs giiphpbcthpctd khngspl ytinc a
khungb t ngc tth pto nkh ichutcdngcan tipxcdttic tA3
du c th hi n nhu trong hnh 4.15 (Qu trnh ph h yc akhung BTCT ¢ a
n tipxcdttictA3khibcthpcttipxcn)v 416 (Bindng
LE33v ngsu tmisest ic c¢cPT739;793 v 847).
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L

Hnh4.15.Qu trnhl mvi cc akhung BTCTc an ti px cd ttic tA3khib ¢
thpc tti px cn tic cth idi m0,03;0,06;0,09;0,12;0,15;0,18;0,21; 0,24s.
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iy 5 1

(d) ngsu tmisés t 1PT 739

(a) Bi nd ng LE33

t 1PT 739

(b) Bi nd ng LE33t i PT 793 () ngsu tmisest i PT 793

(c)Bi nd ng LE33t 1 PT 847 (f) ngsu tmisest i PT 847
Hnh4.16.Bi nd ngLE33v ngsu tmisest ic ¢cPT739;793v 847.

4.4.2.3 Nhan xét két qua

Cnc ktqu khostv mcd ph hybiud bindngLEv biu
d ngsutmises,nh nth yvigiiphpb cthpc tngaychnhtrnc tA3b
dtlr ngn tipx c,ngaysaukhin 1 pbcthpb ch yd om tph nngayt i
vitrdtle ngn,b t ngtrongc tA3b t cd ngtuynhi nchuad ntr ngth ib
ph hydomtphnl nnnglr ngn doclpbcthphpth,dov ytrong
qu trnhphntchk tcukh ngc nb ph h ynhu trong trr ngh pkh ngc
c tph (hnh4.15).

Tr nhnh4.16,hi nth bi nd ngLE33v ngsutmisestiphnt 739;
793 v 847tuong ngticcv tr d ud m(PT739;847)v gi ad m(PT 793)
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nintA22v A23.Bind ngLE33v ngsutmisestiphnt d tngdn
th idi m0,08ssaud d nd n ndnh.

Nhuv y,vigiiphpbcthpctchothyc th chnglis spd ly
ti nchoc ngtrnhkhichutitr ngn ti px ctic tA3.
4.5 Nghién ciru sup d6 liiy tién ciia khung bé tong cot thép toan khdi chiu tic
dung ciia nd gan

Trongm cny, tcgi tinhnhkhostkhungb tngc tthpton
khichutcdngcan gnvikchbn:Tanh b1l clu ngkh ngb
tipcngnb ngxebomch akh ilu ng200kgthu cn TNTd ttr ns n
xecchmtd t0,5m,xebomc chm ttru ct anh 10m,chnhdi nc tA3
c at anh (hnh4.17).

4.5.1 M6 hinh bai toan

DAL %

Hnh4.17.M hnhb ito n SDLT khung BTCT chut cd ngn gn

4.5.2 Két qua mé phéng sb

Ktqu m phngs s spd |l ytinc akhungb t ngc tth pton
khichutcdngc an gndu cth hi nnhutrong hnh 4.18; 4.19 (Qu
tr nh SDLT ¢ a khung kh ng gian BTCT chut cd ngc an gn)v 420 (Bin
d ng LE33v ngsu tmisestic cPT739;793 v 847).
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Hnh4.18.Qu trnh SBLT ¢ akhungkh nggian BTCTchut cd ngc an gnti
¢ cth 1di m0,01;0,02; 0,05;0,1; 0,15;0,2; 0,25; 0,3s.
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Hnh4.19.Qu trnh SPLT ¢ akhungkh nggian BTCTchut cd ngc an gnti
¢ cth 1di m0,35;0,4;045;0,5; 0,55; 0,58; 0,61; 0,65s.
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() Bi nd ng LE33 t i PT 739 (d) ngsu trmses

t 1PT 739

(b) Bi nd ng LE33 t i PT 793 (€) ngsu tmisest i PT 793
}
(¢)Bi nd ng LE33 t i PT 847 (f) ngsu tmisest i PT 847

Hnh4.20.Bi nd ngLE33v ngsu tmisest ic ¢ PT739;793 v 847.

4.5.3 Nhan xét két qua

Cnc ktqu khostv mcd ph hybiud bindngLEv biud
ng su t mises, nh nth ysaukhib It ngn 200kg TNT n c chc¢ ngtrnh 10m,
t itr ng s ng xung k ch du c duy tr kho ng th i gian 0,03s,c t A3 b td uhnh
th nhv ngph h yphadu ichnc t,tipdnv ngph hylanticcductyv
chnc tAl, A2, A3, A4, A5. T ith idi mO,Isc cc tA2, A3, A4, A5S5g nnhub
ph hyv mtkh nngchul cho nto n. Trongnh ngth 1di mti ptheo du 1
tcdngcatrnglr ngbnthnc aktcukhungb tngc tthp,titrngc a
tu ngbaov hotti,s ph h yhnhthnhticctitdindm ccntlnlurt
All, A12, A13, Al4, A15, A16 (t ng 1); A21, A22, A23, A24, A25, A26 (t ng 2),
A31, A32, A33, A34, A35, A36 (t ng 3); Adl, A42, A43, A44, A45, A46 (t ng4) v
AS51, AS52, A53, A54, AS5, AS6 (t ng 5),tipd s ph h ylannhanhl nc cd m
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v sntr cA-Bv B-Clnlu tt tngldntng5.Qu trnhph hoil yti ndi n
rar tnhanh sau 0,65sm tn ac at anh ho nto nb s pd (hnh4.19).
Trnhnh4.20,hinth bi nd ngLE33 v ngsutmisestiphnt 739;
793 v 847tuong ngticcv tr d ud m(PT 739;847)v gi ad m (PT 793)
nintA22v A23.BindngLE33v ngsutmisesticcphnt d tng
d nth idi m0,2skh ngc nghinh ngi tr ngayl cd phnt b ph hy.
Nhuv y,c th th yduitcd ngcav n gn,d ngth ic cc tA2, A3,
A4b ph h ydos ngxungkch, s ng xung kch ¢ ng g yranh ngv ngph
hoinh trnccdmyngaysaud titr ngdo cphnb lichocccukin
cnlinil ctrongcccukind tnglnd tng tve tqu kh nngchuti
cacccccukind (v nkh ngdu ctnhtrongthi tk ),d nd nc ccukin
d bph hygyras s pd I ytinr tnhanhch ngchoc ngtrnh.
4.6 D¢ xuat mot so giai phap khang sap luy tién trong truwong hop khung bé

tong cot thép toan khoi chiu tic dung ciia nd gan

Saukhiti nh nhkh osts s pd 1 yti nkhungkh nggianb t ngc t
th ptonkh ichutcd ngc an tipgn,choth ys ph hoil yti ntrong
ttu ngh pnyxyravimcd | nhonv th igianph ho idi nranhanh
hondognnhuccct vnggntmn (A2,A3,A4)d ub ph hoivicec
mcd khcnhau. Tcgi d xutm ts giiph pkhngs pnhusau: Gi i
phpth nht-b tr thmctph ;giiphpth hai-bcthpctb ph
h y;gi iph pth ba-b tr tu ngch ns ngn .

4.6.1 Giai phap thém cdt phu dé khang sép lily tién ciia khung bé tong cot
thép toan khéi chiu tac dung cua nd g?m
4.6.1.1 M6 hinh bai toan

Hnh4.21.M hnhb ito ngi iph pth mc tph & KSLTchutcd ngn gn
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4.6.1.2 Két qua md phong sb

Ktqu m ph ngs giiphpth mc tph kh ngs pl yti nc akhung
b tngctthptonkhichutcdngcan gndu cth hi nnhu trong
hnh4.22;4.23v 4.24.

giacu ngc tph tic cth idi m0,012;0,016;0,02;0,028;0,04; 0,1s
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Hnh423.Qu trnhl mvi cc akhungkh nggian BTCT chut cd ngn gnc
giacu ngc tph tic cth idi mO0,16;0,2;0,3;0,4;0,5; 0,6s.
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(c)Bi nd ng LE33t i PT 847 (f) ngsu tmisest i PT 847
Hnh424.Bi nd ngLE33v ngsu tmisest ic ¢cPT 739;793 v 847

4.6.1.3 Nhn xét két qua

Cnc ktqu khostv mcd ph hybiud bindngLEvV biu
d ngsutmises,nh nth yv igi iph pth mc tph ngaysauv tr h ng
ctb ph hydolu ngn gn(hngc ttr cA), ngay sau khi s ng xung
kchcav n gyph hoiccb hngctv mts dmtrntr cA,ti
tr ngdu cphnb liv ¢ th thytonb titrngcahngcttrcA
(c t Al, A2, A3, A4, A5, A6)lcnyd tcdnglnctph CP,dovy
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trong qu trnhph ntchk tcuch b ph h ymtphnnh trnctv dm
c atr cA,kh ngc nx yras ph ho il yti nnhu trong tru ngh pkh ng
¢ c tph (hnh4.22;4.23).

Tr nhnh 424, hinth bind ng LE33v ngsutmisestiphnt
739; 793 v 847 tuong ngticcv tr d ud m(PT 739;847)v gi ad m
(PT793)n in tA22v A23.BindngLE33v ngsutmisestiphnt
d tngdnth idi m0,2ssaud d nd n ndnh.

Nhuvy vigiiphpb tr th mhngc tph choth yc th ch ng
lis spd | ytinchoc ngtrnhkhichutitr ngn g n.

4.6.2 Giai phap boc thép cot dé khang sap liiy tién ciia khung bé tong cot thép
toan khdi chiu tac dung ciia nd gin
4.6.2.1 M6 hinh bai toan

Hnh4.25.M hnhb ito ngi iph pb cth pc td KSLTchutcd ngn gn
4.6.2.2 Két qua md phong so
Ktqu m phngs giiphpbcthpctd khngsplytinca

khungb t ngc tth pto nkh ichutcd ngc an g ndu cth hi nnhu
trong hnh4.26 v 4.27.
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Hnh4.26.Qu trnhl mvi cc akhungkh nggian BTCT chut cd ngc an gn
c bcthpctticcth idi m0,04;0,08;0,12;0,16;0,2; 0,24; 0,28; 0,29s.
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(@) Bi nd ng LE33t i PT 739 (d) ngsu tmisest i PT 739

(b) Bi nd ng LE33t i PT 793 () ngsu tmisest i PT 793

(c)Bi nd ng LE33 t i PT 847 () ngsu tmisest iPT 847

Hnh4.27.Bi nd ngLE33v ngsu tmisest ic ¢ PT739;793 v 847.

4.6.2.3 Nhan xét két qua

Cnc ktqu khostv mcd ph hybiud bindngLEv biu
d ngsutmises,nh nth yv igiiph pb cth phngc ttr cA(c tAl, A2,
A3,A4,ASv A6)-hngctnybtcdngtr cti pc as ngxungkchkhin
gn,ngaysaukhin 1 pbcthpb chydomtphnngaytimts v tr,
b t ngtrongh ngc ttr cAb t cd ngtuynhi nkh ngd ntr ngth ib ph
hydomtphnl nnngler ngn duclpbcthphpth,vngph hy
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vnxuthintrnmts d mtr cAtuynhi nqu trnhph hoil ytind
kh ngx yradocccttrcAvncnkh nngchul c,dov ytrong qu
ttrnhphntchk tcukh ngc nb ph h ynhu trong trv ng h p kh ngc
¢ tph (hnh4.26).

Tr nhnh4.27, hi nth bi nd ngLE33v ngsu tmisest iph nt 739;
793 v 847tuong ngticcv tr d ud m(PT 739;847)v gi ad m (PT 793)
nintA22v A23.Bindngdctrcv ngsutmisestiphnt d tng
dnth idi mO,Issaud d nd n ndnh.

Nhuv y,vigiiphpbcthpctchothyc th chnglis spd ly
ti nchoc ngtrnhkhichutitr ngn g n.

4.6.3 Giai phap twong chin séng dé khang sap lily tién ciia khung bé tong cot
thép toan khdi chju tac dung ciia nd gan
4.6.3.1 M6 hinh bai toan

T CHA N s

Hnh428. M hnhb ito ngi iph ptr ngch ns ngd KSLTchutcd ngn gn
4.6.3.2 Két qua mo phong so
Ktqu m phngs giiphptu ngchns ngd khngsplytin

c akhungb t ngc tth pto nkh ichutcd ngc an gndu cth hin
nhu trong h nh 4.29; 430 v 4.31.
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W .

Hnh429.Qu trnhl mvi cc akhungkh nggian BTCT chut cd ngc an gn
¢ tr ngch ns ngtic cth idi m0,004; 0,008;0,016; 0,028; 0,04; 0,1s.
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Hnh4.30.Qu trnhl mvi cc akhungkh nggian BTCT chut cd ngc an gn
c tr ngch ns ngtic cth idi m0,16;0,2;0,3; 0,4; 0,5; 0,6s.
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(a) Bi nd ng LE33t i PT 739 (d) ngsu tmisest i PT 739
13 -.:-I

(b) Bi nd ng LE33t i PT 793 (¢) ngsu tmisest i PT 793

(c)Bi nd ng LE33t i PT 847 (f) ngsu tmisest 1 PT 847

Hnh431.Bi nd ngLE33v ngsu tmisest ic ¢cPT739;793v 847.

4.6.3.3 Nhan xét két qua

Cnc ktqu khostv mcd ph hybiud bindngLEv biu
d ngsutmises,nh nth yv igiiphps dngtr ngchns ngn bngb
tngdtgi acngtrnhv v tr n kho ngc chtuong ngl 7mv 3m (hnh
428)khin g n, ngay sau khin s ngxungkchtcd ngv ph h ytu ng
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chns ng. Trntonnh xuthinmts vngtintitrngthic th b ph
h yticcn tA21, A22, A23, A24, A25 (t ng 2); A31, A32, A33, A34 (t ng
3); Adl, A42, A43 (t ng4),b t ngticcn tnyb t cd ngtuynhi nkh ng
d ntr ngth ib ph h ydom tphnl nn nglu ngn b suygi mr tnhanh
theo kho ngc ch,qu trnhph hoil ytind kh ngx yradoc cc ttr cA
vncnkh nngchul c,dov ytrongqu trnhphntchk tc ukh ngec n
b ph h ynhutrongtru ngh pkh ngc c tph (hnh4.29,4.30).

Trnhnh4.31,hi nth bi nd ngLE33 v ngsutmisestiphnt 739;
793 v 847tuong ngticcv tr d ud m(PT739;847)v gi ad m(PT 793)
nintA22v A23.Bind ngLE33v ngsutmisestiphnt d tngdn
th idi m0,06ssaud d nd n nd nh.

Nhuvy vigiiphps dngter ngchns ngn bngb tngchothy
c th chnglis spd | ytinchoc ngtrnhkhichutitr ngn g n.
4.7 Két luan ciia chuong 4

Trong chuong 4,t cgi d tinh nhphntchbngs s spd | ytin
c akhungb t ngc tth ptonkh ichutcd ngn ,c th trongc ctru ng

h p nhu sau:

-Nghincuspd 1l ytinc akhungb t ngc tth ptonkh ichu

tcdngcav n tipxcvi2kchbnn ¢ th x yra:

+Kchbnl-tanh btipcntnglv plungn tipx c400g
TNTtichnhgi actAl(ctg cc at anh ),saukhib Iu ngn tipxc
ph hyctAl,duitcdngc atr nglu ngbnthnc ak tc ukhungb
tngctthp,titrngcatr ngbaov hotti,qu trnhph hoil ytin
di nrar tnhanhsau0,9sm tg cc at anh hontonb s pd .

+Kchbn2-tanh btipcntnglv plungn tipx c400g
TNTtichnhgi ac tA3(c tgi ac at anh ),saukhib lu ngn ti px c
ph hyctA3,duitcdngcatrngly ngbnthnc ak tc ukhungb
tngctthp,titrngcate ngbaov hotti,qu trnhph hoil ytin
di nrar tnhanhsau 0,85sm tn at anh ho ntonb s pd .
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-Saukhitinhnhkhosts s pd |yt nkhungkh nggianb t ng
ctthptonkh ichutcdngcan tipx ccho2tru ngh plu ngn tip
xcdttictAlv A3, trongtru ngh pdtlu ngn tipxctic tA3s
ph hoil ytinx yravim c¢d | nhonv th igianph ho idi nranhanh
hon,dod tcgi d xutmts giiphpkhngspchotru ngh pnyg m:
Giiphpth nht-b tr thmc tph v giiphpth hai-bcthpctb
ph hy Ktqu chothyccgiiphpkhngspduc hiuqu tt1lm
gimmcd ph hycaktcumtcchdngk v chngliqu trnhs p
d 1l ytinc at anh .

-Nghincuspd | ytinc akhungb t ngc tth ptonkh ichu
tcdngcav n gn. Saukhi lu ngn 200kg TNT n ¢ ch ¢ ng trnh
I0Om,ccct vnggntmn gnnhub ph hyv mtkh nngchul c
honton,saud qu trnhph hoil yti ndi nrar tnhanh sau 0,65s m t

n ac atanh hontonb s pd .

-Saukhitinhnhkh osts s pd |yt nkhungkh nggianb t ng
c tthptonkhichutcd ngc an tipgntcgi d xutmts giiphp
kh ngs pnhusau: Gi iph pth nht-b tr th mc tph ;gi iph pth hai-
bcthpctb ph hygiiphpth ba-b tr tw ngchns ngn .K tqu
chothyccgiiphpkhngspduc hiuqu tt,Ilmgimm cd ph
hycaktcumtcchdngk v chngliqu trnhs pd 1 ytinc ata
nh .

T ktqu phntchtrnc th nhnth yrng,qu trnhs pd 1ytin
¢ akhung kh nggianb tngc tthptonkh ichutcd ngc an dinra
nhanhv m c¢d ph hyl rtln,dovycnthitphic ccgiiphpd
kh ngs ps ytintrnhc cthi thichoc ngtrnh. T d tcgi ¢ ngd xut
mts giiphpkhngsplytinc akhungb t ngc tth ptonkh ichu
tcdngn ,ktqu phntchchoth yc cgiiphpkhngs pd ¢ hiuqu
tt,Imgimdngk mcd ph hycaktcuv chngliqu trnhs p
d 1 ytin.
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KET LUAN CHUNG
I. Cac két qua méi va chinh ciia luin an

I.Phntchlachnccm hnh ngx cohccavtliuv ccm
hnhtnhk tcu ngd ngtrongm phngs b ngphnm mABAQUS 4
nghinc us ph hoil ytinc akhung kh ng gianb t ngc tth pton
kh ichutcd ngc atitr ngn .

2.Th nghi mtrnccmub tngv trncukinb tngc tthpchu
tcdngcan tipxcv n gnbD nhndu c:

+C cthams d b sungv hi uchnhm hnhHJCc avtliub tng
d th nghi m;

+S dngccthams cam hnhHJCd du ¢cb sungv hi uchnh,
tinh nhphntchs ph hoicacukinb tngc tthpchutcd ngc a
n b ngph nm m ABAQUS;

+C ck tqu nghi nc uth cnghi mn ph h pvim ph ngs b ng
ph nm m ABAQUS.

3.Phntchs spd | ytinc akhungkh nggianb t ngc tth pto n
kh ichutcd ngcan tipxcv n gnbngphnm mABAQUSvV ivic
s dngccm hnhvtliuv ktcud du cl ach n,b sungv hi uchnh.
D xutmts giiph pkhngs pl ytinchoc ngtrnhtr nchutcd ngn .

Ccktqu nghincucalun nc th thamkhov ngdngvo

tnhtonthitk cccngtrnh,d cbitl ¢ cc ngtrnhtrong Inhv can
ninhqu cph ngchutcd ngn .
I1. Phwong huéng nghién ciru tiép theo

Dokhu nkh th igianc h n,n ntronglu n nch m igi iquy tdu c
b ito nkhungb t ngc tth pto nkh ichutcd ngc an . Phuong hu ng
nghi nc uti ptheosaulun nn yc th:

1. Nghi nc ubitonkhung kh ng gianc v ch,tr ngc k dnva
chmc accphnt btchrakhiktcud v c av chtu ng.

2. Nghin ¢ u phuong phps dng m phng bng phn mm
ABAQUS G giiquytccbitonnhuk tcuc ngtrnhchutitr ngn
bngccm hnhv tlium i..

3.Lun nm ich nghi nc utcd ngc an cakhichtn,cntip
t cnghinc ud iv ibomd nxuy ntrongm itru ngk tcu(c k d nva
ch myxuy n)r im in .
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1. M6 phoéng s6 cAu kién bé tong ¢t thép bi pha hity do no tiép xiic
*Heading
** Job name: RC_TNT200g TX Model name: Model-1
** Generated by: Abaqus/CAE 2020
*Preprint, echo=NO, model=NO, history=NO, contact=NO
** PARTS
*Part, name=Bars
*Node
1, -0.75, 0., 0.
2, -0.730000019, 0.
3, -0.709999979, 0.
4, -0.689999998, 0.
5, -0.670000017, 0.,
6, -0.649999976, 0.,
0.
0.
0.
0

3
3

3

7, -0.629999995,

8, -0.610000014,

9, -0.589999974,

10, -0.569999993,
*Element, type=B31
*Nset, nset=Set-4, generate

-

3

S

>

e

*

1, 76, 1

*Elset, elset=Set-4, generate
1, 75, 1

*Nset, nset=Set-5, generate
1, 76, 1

*Elset, elset=Set-5, generate
1, 75, 1

*Nset, nset=Set-0, generate
1, 76, 1

*Elset, elset=Set-6, generate
1, 75, 1

** Section: theptron14 Profile: phil4

*Beam  Section, elset=Set-6, material=Steel, temperature=GRADIENTS,
section=CIRC

0.007

0.,0.,-1.

*End Part

** Constraint: Constraint-1

*Embedded Element, host elset=Column-1.Set-1, exterior tolerance=0.002
Embedded

*End Assembly

** ELEMENT CONTROLS



*Section Controls, name=EC-1, ELEMENT CONVERSION=YES, CONVERSION
CRITERION=TIME, KERNEL=CUBIC
1,1.,1.1,0.

** MATERIALS

*parameter

rho0 = 2406

G=11.292¢9

A=0.79

N=1.085

B =1.405

M = 1.085

C=0.007

edot0 =1.0

T =3.24e6

siglMax = 9.5¢9

sigFMax = 1.1e9

HEL = 80e6

PHEL = 45e6

beta= 1.0

D1=0.04

D2=1.0

efMax = 1.0

efMin = 0.0016

K1 =85e9

K2=-171e9

K3 =208e9

FS=0.2

|Damage =0

*Material, name=Steel

*Damage Initiation, criterion=JOHNSON COOK
0.05, 3.44, 2.12,0.002, 0.61, 1800., 293., 1.
*Damage Evolution, type=ENERGY
400.,

*Density

7850.,

*Elastic

2e+11, 0.3

*Plastic, hardening=JOHNSON COOK
2.6351e+08, 1.3005e+08, 0.0915, 1., 1800.,  293.
*Material, name=TNT

*Density

1650.,

*Eos, type=JWL



6930., 3.73e+11, 3.74e+09, 0.35, 4.15, 0.9, 6.06e+06,
*Detonation Point

0.,0.,0.,0.

*Material, name=abq_jh2 concrete

*density

<rho(0>

*user material, constants=32

<rho0>, <G>, <A>, <N>, <B>, <M>, <C>, <edot0>
<T>, <sigIMax>, <sigFMax>, <HEL>, <PHEL>, <beta>
<D1>, <D2>, <efMax>, <efMin>, <FS>, <|IDamage>
<K1>, <K2>, <K3>

*DEPVAR, DELETE=8

1, PEEQ , "Equivalent plastic strain"

2, PEEQ RATE, "Equivalent plastic strain rate"

3, DUCTCRT, "Ductile damage initiation criterion"
4, DAMAGE , "Damage variable"

5, DELTAP , "Pressure increment due to bulking"

6, YIELD, "Yield strength"

7, EVOL , "Volumetric Strain, Mu"

8, MPSTATUS , "Material point status"

** INTERACTION PROPERTIES

*Surface Interaction, name=IntProp-1

** BOUNDARY CONDITIONS

** Name: BC-1 Type: Symmetry/Antisymmetry/Encastre
*Boundary

_PickedSet38, XSYMM

** STEP: Step-1

*Step, name=Step-1, nlgeom=YES

*Dynamic, Explicit

, 0.02

*Bulk Viscosity

0.06, 1.2

** LOADS

** Name: Gravity Type: Gravity

*Dload

, GRAV,9.81,0.,-1., 0.

** INTERACTIONS

** Interaction: Int-1

*Contact, op=NEW

*Contact Inclusions, ALL EXTERIOR

*Contact Property Assignment

, , IntProp-1

** OUTPUT REQUESTS



*Restart, write, number interval=1, time marks=NO
** FIELD OUTPUT: F-Output-1

*Qutput, field, number interval=100

*Node Output

A,RF,U,V

*Element Output, directions=YES

DMICRT, EVF, LE, PE, PEEQ, S, SDV, STATUS, UVARM
*Contact Output

CSTRESS,

** HISTORY OUTPUT: H-Output-1

*Qutput, history, variable=PRESELECT

*End Step

2. M phéng s ciu kién bé tong cot thép bi pha hiy do nd gin

*Heading

** Job name: RC_TNT200g NG Model name: Model-1

** Generated by: Abaqus/CAE 2020

*Preprint, echo=NO, model=NO, history=NO, contact=NO

** PARTS

*Part, name=Bars

*Node
1, -0.75, 0., 0.
2, -0.74000001, 0., 0.
3, -0.730000019, 0
4, -0.720000029, 0
5, -0.709999979, 0
6, -0.699999988, 0.
7, -0.689999998, 0.,
8, -0.680000007, 0
9, -0.670000017, 0
10, -0.660000026, 0

*Element, type=B31

coeoeeeee

I, 1, 2
2, 2, 3
3, 3, 4
4, 4, 5
5,5, 6
6, 6, 7
7, 7, 8
8 8 9
9, 9, 10
10, 10, 11

*Nset, nset=Set-4, generate
1, 151, 1



*Elset, elset=Set-4, generate
1, 150, 1
*Nset, nset=Set-5, generate
1, 151, 1
*Elset, elset=Set-5, generate
1, 150, 1
*Nset, nset=Set-6, generate
1, 151, 1
*Elset, elset=Set-6, generate
1, 150, 1
** Section: theptron14 Profile: phil4
*Beam  Section, elset=Set-6, material=Steel,
section=CIRC
0.007
0.,0.,-1.
*End Part
*Part, name=Part-2
*End Part
*Part, name=Strips
*Node
1, -0.075000003, 0.075000003, 0
2, 0.075000003, 0.075000003, 0
3, 0.075000003, -0.075000003, 0
4, -0.075000003, -0.075000003, 0.
5, 0.0649999976, 0.075000003, 0.
6, 0.0549999997, 0.075000003, 0
7, 0.0450000018, 0.075000003, 0
8, 0.0350000001, 0.075000003, 0
9, 0.0250000004, 0.075000003, 0.
10, 0.0149999997, 0.075000003, 0.
*Element, type=B31
1, 2, 5

b 2

b 2

2
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, 10, 11

8, 11,12

9,12,13

10, 13, 14

*Nset, nset=Set-1, generate
1, 60, 1

~N O\ D B~ W

temperature=GRADIENTS,



*Elset, elset=Set-1, generate
1, 60, 1
*Nset, nset=Set-2, generate
1, 60, 1
*Elset, elset=Set-2, generate
1, 60, 1
*Nset, nset=Set-6, generate
1, 60, 1
*Elset, elset=Set-6, generate
1, 60, 1
** Section: Theptron6 Profile: phi8
*Beam  Section, elset=Set-1, material=Steel, temperature=GRADIENTS,
section=CIRC
0.004.0.,0.,-1.
*End Part
*Surface, type=ELEMENT, name=_PickedSurf128, internal
__PickedSurf128 S2, S2
__PickedSurf128 S6, S6
__PickedSurf128 S5, S5
** Constraint: Constraint-1
*Embedded Element
*End Assembly
** ELEMENT CONTROLS
*Section Controls, name=EC-1, ELEMENT CONVERSION=YES, CONVERSION
CRITERION=TIME, KERNEL=CUBIC
** MATERIALS
*parameter
rho0 = 2406
G=11.292¢9
A=0.79
N =1.085
B =1.405
M =1.085
C=10.007
edot0 = 1.0
T =3.24¢6
siglMax = 9.5¢9
sigFMax = 1.1e9
HEL = 80e6
PHEL = 45¢6
beta=1.0
D1=0.04
D2=1.0



efMax = 1.0

efMin = 0.0016

K1 =85e9

K2=-171¢9

K3 =208e9

FS=0.2

IDamage = 0

*Material, name=Steel

*Damage Initiation, criterion=JOHNSON COOK

0.05, 3.44, 2.12,0.002, 0.61, 1800., 293., 1.
*Damage Evolution, type=ENERGY 400.,
*Density7850.,

*Elastic 2e+11, 0.3

*Plastic, hardening=JOHNSON COOK

2.6351e+08, 1.3005¢+08, 0.0915, 1., 1800., 293.
*Material, name=abq_jh2 concrete

*density <rho0>

*user material, constants=32

<rho0>, <G>, <A>, <N>, <B>, <M>, <C>, <edot0>
<T>, <sigIMax>, <sigFMax>, <HEL>, <PHEL>, <beta>
<D1>, <D2>, <efMax>, <efMin>, <FS>, <|Damage>
<K1>, <K2>, <K3>

*DEPVAR, DELETE=S8

1, PEEQ , "Equivalent plastic strain"

2, PEEQ RATE, "Equivalent plastic strain rate"

3, DUCTCRT, "Ductile damage initiation criterion"

4, DAMAGE , "Damage variable"

5, DELTAP , "Pressure increment due to bulking"

6, YIELD , "Yield strength"

7, EVOL |, "Volumetric Strain, Mu"

8, MPSTATUS , "Material point status"

*Material, name=TNT

*Density 16500.,

*Eos, type=JWL

6930., 3.73¢+11, 3.74¢+09, 0.35, 4.15, 0.9, 6.06e+06, 0.
*Detonation Point 0.,0.,0.,0.001

** INTERACTION PROPERTIES

*Surface Interaction, name=GenContact

*Incident Wave Interaction Property, name=Blast-Property, type=AIR BLAST
*CONWEP Charge Property

03,1.1.,1.,1.

** BOUNDARY CONDITIONS

** Name: BC-1 Type: Symmetry/Antisymmetry/Encastre



*Boundary

_PickedSet134, XSYMM

** INTERACTIONS

** Interaction: Int-2

*Contact, op=NEW

*Contact Inclusions, ALL EXTERIOR
*Contact Property Assignment

, , GenContact

** STEP: Step-1

*Step, name=Step-1, nlgeom=YES
*Dynamic, Explicit, 0.03

*Bulk Viscosity 0.06, 1.2

** LOADS

** Name: Gravity Type: Gravity
*Dload, GRAV, 9.81, 0., -1., 0.

** INTERACTIONS

** Interaction: Int-1

*Incident Wave Interaction, CONWEP, property=Blast-Property
_PickedSurf128, PickedSet129, ,O0., 1.
** OUTPUT REQUESTS

*Restart, write, number interval=1, time marks=NO
** FIELD OUTPUT: F-Output-1
*QOutput, field, number interval=100
*Node Output A, RF, U, V

*Element Output, directions=YES
IWCONWEP, LE, PE, PEEQ, PEEQVAVG, PEVAVG, S, SDV, STATUS,
SVAVG

*Contact Output

CSTRESS,

** HISTORY OUTPUT: H-Output-1
*Output, history, variable=PRESELECT
*End Step

3. M6 phéng s6 sup do lily tién ciia khung bé tong c6t thép toan khoi chiu tac
dung ciia no tiép xuc dit tai cot Al
*Heading
** Job name: NTX-A1 Model name: Model-1
** Generated by: Abaqus/CAE 2020
*Preprint, echo=NO, model=NO, history=NO, contact=NO
** PARTS
*Part, name=Cot
*Node
1, 0., -0.375, 16.5
2, 0., -0.125, 16.5



3, 0., -0.125, 0.

4, 0., -0.375, 0.

5, 0.25, -0.125, 16.5

6, 0.25, -0.125, 0.

7, 0.25,  -0.375, 0.

8, 0.25,  -0.375, 16.5

9, 0., -0.375, 20.1000004
10, 0., -0.125, 20.1000004

*Surface, type=ELEMENT, name=_PickedSurf12947, internal
__PickedSurf12947 S6, S6
__PickedSurf12947 S4, S4
** Constraint: Constraint-1
*Embedded Element
Embedded

*End Assembly

** ELEMENT CONTROLS
*Section Controls, name=EC-1, ELEMENT CONVERSION=YES, CONVERSION
CRITERION=TIME, KERNEL=CUBIC
1.,1,1.1,0.

** MATERIALS
*parameter

rho0 = 2406

G=11.292¢9

A=0.79

N =1.085

B =1.405

M =1.085

C=10.007

edot0 = 1.0

T =3.24¢6

sigIMax = 9.5¢9

sigFMax = 1.1e9

HEL = 80e6

PHEL = 45¢6

beta=1.0

D1=0.04

D2=1.0

efMax = 1.0

efMin = 0.0016

K1 =85¢e9

K2 =-171¢9

K3 =208e9

FS=0.2



IDamage = 0

*Material, name=Steel

*Damage Initiation, criterion=JOHNSON COOK

0.05, 3.44, 2.12,0.002, 0.61, 1800., 293., 1.
*Damage Evolution, type=ENERGY 400.,

*Density 7850.,

*Elastic 2e+11, 0.3

*Plastic, hardening=JOHNSON COOK

2.6351e+08, 1.3005e+08, 0.0915, 1., 1800.,  293.
*Material, name=TNT

*Density 1650.,

*Eos, type=JWL

6930., 3.73e+11, 3.74e+09, 0.35, 4.15, 0.9, 6.06e+06,
*Detonation Point 0.,0.,0.,0.

*Material, name=abq_jh2 concrete

*density <rho0O>

*user material, constants=32

<rho0>, <G>, <A>, <N>, <B>, <M>, <C>, <edot0>
<T>, <sigIMax>, <sigFMax>, <HEL>, <PHEL>, <beta>
<D1>, <D2>, <efMax>, <efMin>, <FS>, <|Damage>
<K1>, <K2>, <K3>

*DEPVAR, DELETE=8

1, PEEQ, "Equivalent plastic strain"

2, PEEQ RATE, "Equivalent plastic strain rate"

3, DUCTCRT, "Ductile damage initiation criterion"

4, DAMAGE , "Damage variable"

5, DELTAP , "Pressure increment due to bulking"

6, YIELD , "Yield strength"

7, EVOL , "Volumetric Strain, Mu"

8, MPSTATUS , "Material point status"

** INTERACTION PROPERTIES

*Surface Interaction, name=Contact

** BOUNDARY CONDITIONS

** Name: BC-1 Type: Symmetry/Antisymmetry/Encastre
*Boundary

_PickedSet12925, ENCASTRE

** Name: BC-2 Type: Symmetry/Antisymmetry/Encastre
*Boundary

_PickedSet12926, ENCASTRE

** STEP: Step-1

*Step, name=Step-1, nlgeom=YES

*Dynamic, Explicit, 1.5

*Bulk Viscosity 0.06, 1.2



** LOADS

** Name: BS Type: Pressure

*Dsload

_PickedSurf12941, P, 15000.

** Name: Dambomai Type: Pressure
*Dsload

_PickedSurf12940, P, 2500.

** Name: Gravity Type: Gravity
*Dload, GRAV, 9.81, 0., -1., 0.

** Name: Taidambo1234 Type: Pressure
*Dsload

_PickedSurf12947, P, 5000.

** Name: Taihanhlang1234 Type: Pressure
*Dsload

_PickedSurf12945, P, 300.

** Name: Taihanhlangmai Type: Pressure
*Dsload

_PickedSurf12946, P, 150.

** Name: Taisan1234 Type: Pressure
*Dsload

_PickedSurf12943, P, 1000.

** Name: Taisanmai Type: Pressure
*Dsload

_PickedSurf12944, P, 500.

** INTERACTIONS

** Interaction: Int-1

*Contact, op=NEW

*Contact Inclusions, ALL EXTERIOR
*Contact Property Assignment

, , Contact

** OUTPUT REQUESTS

*Restart, write, number interval=1, time marks=NO
** FIELD OUTPUT: F-Output-1

*QOutput, field, number interval=300
*Node Output

A,RF, U,V

*Element Output, directions=YES
DMICRT, EVF, LE, PE, PEEQ, S, SDV, STATUS, UVARM
*Contact Output

CSTRESS,

** HISTORY OUTPUT: H-Output-1
*Qutput, history, variable=PRESELECT
*End Step



4. M6 phong s6 sup do liiy tién ctia khung bé tong cot thép toan khdi chiu tac
dung ciia no tiép xic dit tai cot A3

*Heading

** Job name: NTX-A3 Model name: Model-1

** Generated by: Abaqus/CAE 2020

*Preprint, echo=NO, model=NO, history=NO, contact=NO

** PARTS
*Part, name=Cot
*Node
1, 0., -0.375, 16.5
2, 0., -0.125, 16.5
3, 0., -0.125, 0.
4, 0., -0.375, 0.
5, 0.25, -0.125, 16.5
6, 0.25, -0.125, 0.
7, 0.25, -0.375, 0.
8, 0.25, -0.375, 16.5
9, 0., -0.375, 20.1000004
10, 0., -0.125, 20.1000004

*Surface, type=ELEMENT, name=_PickedSurf12949, internal

__PickedSurf12949 S4, S4

_ PickedSurf12949 S6, S6

*Elset, elset=__ PickedSurfl12950 S6, internal, instance=San-1, generate

1, 4669, 1

*Elset, elset=__ PickedSurf12950 S3, internal, instance=San-1, generate
12790, 20909, 1

*Elset, elset=__ PickedSurfl12950 S4, internal, instance=San-1, generate
4670, 12789, 1

*Surface, type=ELEMENT, name=_PickedSurf12950, internal

__PickedSurf12950 _S6, S6

__PickedSurf12950 S3, S3

__PickedSurf12950 S4, S4

** Constraint: Constraint-1

*Embedded Element

Embedded

*End Assembly

** ELEMENT CONTROLS

*Section Controls, name=EC-1, ELEMENT CONVERSION=YES, CONVERSION

CRITERION=TIME, KERNEL=CUBIC

1,1,1.1,0.

** MATERIALS

*parameter

rho0 = 2406



G =11.292¢9

A=0.79

N =1.085

B =1.405

M =1.085

C=10.007

edot0 = 1.0

T =3.24¢6

siglMax = 9.5¢9

sigFMax = 1.1e9

HEL = 80e6

PHEL = 45¢6

beta=1.0

D1=0.04

D2=1.0

efMax = 1.0

efMin = 0.0016

K1 =85e9

K2=-171¢9

K3 =208e9

FS=0.2

IDamage = 0

*Material, name=Steel

*Damage Initiation, criterion=JOHNSON COOK
0.05, 3.44, 2.12,0.002, 0.61, 1800., 293., 1.
*Damage Evolution, type=ENERGY 400.,

*Density 7850.,

*Elastic 2e+11, 0.3

*Plastic, hardening=JOHNSON COOK

2.6351e+08, 1.3005¢+08, 0.0915, 1., 1800., 293.
*Material, name=TNT

*Density 1650.,

*Eos, type=JWL

6930., 3.73e+11, 3.74e+09, 0.35, 4.15, 0.9, 6.06e+06,
*Detonation Point 0.,0.,0.,0.

*Material, name=abq_jh2 concrete

*density <rho0>

*user material, constants=32

<rho0>, <G>, <A>, <N>, <B>, <M>, <C>, <edot0>
<T>, <siglMax>, <sigFMax>, <HEL>, <PHEL>, <beta>
<D1>, <D2>, <efMax>, <efMin>, <FS>, <|Damage>
<K1>, <K2>, <K3>

*DEPVAR, DELETE=S8



1, PEEQ, "Equivalent plastic strain"

2, PEEQ RATE, "Equivalent plastic strain rate"
3, DUCTCRT, "Ductile damage initiation criterion"
4, DAMAGE , "Damage variable"

5, DELTAP , "Pressure increment due to bulking"
6, YIELD , "Yield strength"

7, EVOL , "Volumetric Strain, Mu"

8, MPSTATUS , "Material point status"

** INTERACTION PROPERTIES

*Surface Interaction, name=Contact

** BOUNDARY CONDITIONS

** Name: BC-1 Type: Symmetry/Antisymmetry/Encastre
*Boundary

_PickedSet12925, ENCASTRE

** Name: BC-2 Type: Symmetry/Antisymmetry/Encastre
*Boundary

_PickedSet12926, ENCASTRE

** STEP: Step-1

*Step, name=Step-1, nlgeom=YES

*Dynamic, Explicit, 1.5

*Bulk Viscosity 0.06, 1.2

** LOADS

** Name: BS Type: Pressure

*Dsload

_PickedSurf12947, P, 40000.

** Name: Gravity Type: Gravity

*Dload

,GRAV, 9.81, 0., -1., 0.

** Name: Taidambo1234 Type: Pressure
*Dsload

_PickedSurf12949, P, 5000.

** Name: Taihanhlang1234 Type: Pressure
*Dsload

_PickedSurf12945, P, 300.

** Name: Taisan1234 Type: Pressure

*Dsload

_PickedSurf12943, P, 1000.

** Name: Taisanmai Type: Pressure

*Dsload

_PickedSurf12950, P, 100.

** INTERACTIONS

** Interaction: Int-1

*Contact, op=NEW



*Contact Inclusions, ALL EXTERIOR

*Contact Property Assignment , , Contact

** OUTPUT REQUESTS

*Restart, write, number interval=1, time marks=NO
** FIELD OUTPUT: F-Output-1

*Qutput, field, number interval=200

*Node Output A, RF, U, V

*Element Output, directions=YES

DMICRT, EVF, LE, PE, PEEQ, S, SDV, STATUS, UVARM
*Contact Output CSTRESS,

** HISTORY OUTPUT: H-Output-1

*Qutput, history, variable=PRESELECT

*End Step

5. Mo phong ) glal phap thém cot phu dé KSLT ciia khung BTCT toan khoi
chiu tac dung ciia nd tiép xic dit tai cot A3

*Heading

** Job name: GP1-NTX-A3 Model name: Model-1

** Generated by: Abaqus/CAE 2020

*Preprint, echo=NO, model=NO, history=NO, contact=NO

** PARTS

*Part, name=Cot

*Node
1, 0., -0.375, 16.5
2, 0., -0.125, 16.5
3, 0., -0.125, 0.
4, 0., -0.375, 0.
5, 0.25, -0.125, 16.5
6, 0.25, -0.125, 0.
7, 0.25, -0.375, 0.
8, 0.25, -0.375, 16.5
9, 0., -0.375, 20.1000004

10, 0., -0.125, 20.1000004
*Surface, type=ELEMENT, name=_PickedSurf12949, internal
__PickedSurf12949 S4, S4
__PickedSurf12949 S6, S6
** Constraint: Constraint-1
*Embedded Element
Embedded
*End Assembly
** ELEMENT CONTROLS
*Section Controls, name=EC-1, ELEMENT CONVERSION=YES, CONVERSION
CRITERION=TIME, KERNEL=CUBIC
1.,1.,1.1,0.



** MATERIALS

*parameter

rho0 = 2406

G=11.292¢9

A=0.79

N =1.085

B =1.405

M = 1.085

C=10.007

edot0 = 1.0

T =3.24e6

siglMax = 9.5¢9

sigFMax = 1.1e9

HEL = 80e6

PHEL = 45¢e6

beta = 1.0

D1=0.04

D2=1.0

efMax = 1.0

efMin = 0.0016

K1 =85¢e9

K2=-171e9

K3 =208e9

FS=0.2

|Damage =0

*Material, name=Steel

*Damage Initiation, criterion=JOHNSON COOK
0.05, 3.44, 2.12,0.002, 0.61, 1800., 293., 1.
*Damage Evolution, type=ENERGY 400.,
*Density 7850.,

*Elastic 2e+11, 0.3

*Plastic, hardening=JOHNSON COOK
2.6351e+08, 1.3005e+08, 0.0915, 1., 1800.,  293.
*Material, name=TNT

*Density 1650.,

*Eos, type=JWL

6930., 3.73e+11, 3.74e+09, 0.35, 4.15, 0.9, 6.06e+06,
*Detonation Point 0.,0.,0.,0.

*Material, name=abq_jh2 concrete

*density <rho0O>

*user material, constants=32

<rho0>, <G>, <A>, <N>, <B>, <M>, <C>, <edot0>
<T>, <siglMax>, <sigFMax>, <HEL>, <PHEL>, <beta>



<D1>, <D2>, <efMax>, <efMin>, <FS>, <|Damage>
<K1>, <K2>, <K3>

*DEPVAR, DELETE=8

1, PEEQ , "Equivalent plastic strain"

2, PEEQ RATE, "Equivalent plastic strain rate"

3, DUCTCRT, "Ductile damage initiation criterion"
4, DAMAGE , "Damage variable"

5, DELTAP , "Pressure increment due to bulking"

6, YIELD , "Yield strength"

7, EVOL , "Volumetric Strain, Mu"

8, MPSTATUS , "Material point status"

** INTERACTION PROPERTIES

*Surface Interaction, name=Contact

** BOUNDARY CONDITIONS

** Name: BC-1 Type: Symmetry/Antisymmetry/Encastre
*Boundary

_PickedSet12925, ENCASTRE

** Name: BC-2 Type: Symmetry/Antisymmetry/Encastre
*Boundary

_PickedSet12926, ENCASTRE

** Name: BC-3 Type: Symmetry/Antisymmetry/Encastre
*Boundary

_PickedSet13163, ENCASTRE

** STEP: Step-1

*Step, name=Step-1, nlgeom=YES

*Dynamic, Explicit, 1.5

*Bulk Viscosity 0.06, 1.2

** LOADS

** Name: Dambomai Type: Pressure

*Dsload

_PickedSurf12948, P, 2500.

** Name: Gravity Type: Gravity

*Dload

, GRAV,9.81, 0., -1., 0.

** Name: Taidambo1234 Type: Pressure

*Dsload

_PickedSurf12949, P, 5000.

** Name: Taihanhlang1234 Type: Pressure
*Dsload

_PickedSurf12945, P, 300.

** Name: Taihanhlangmai Type: Pressure
*Dsload

_PickedSurf12946, P, 150.



** Name: Taisan1234 Type: Pressure
*Dsload

_PickedSurf12943, P, 1000.

** Name: Taisanmai Type: Pressure
*Dsload

_PickedSurf12944, P, 500.

** INTERACTIONS

** Interaction: Int-1

*Contact, op=NEW

*Contact Inclusions, ALL EXTERIOR
*Contact Property Assignment , , Contact
** OUTPUT REQUESTS

*Restart, write, number interval=1, time marks=NO
** FIELD OUTPUT: F-Output-1

*Qutput, field, number interval=300
*Node Output A, RF, U, V

*Element Output, directions=YES
DMICRT, EVF, LE, PE, PEEQ, S, SDV, STATUS, UVARM
*Contact Output CSTRESS,

** HISTORY OUTPUT: H-Output-1
*Output, history, variable=PRESELECT
*End Step

6. Mé phéng sb giai phap boc thép cot dé KSLT ciia khung BTCT toan khdi
chiu tic dung ciia nd tiép xiic dit tai cot A3

*Heading

** Job name: GP2-NTX-A3 Model name: Model-1

** Generated by: Abaqus/CAE 2020

*Preprint, echo=NO, model=NO, history=NO, contact=NO

** PARTS

*Part, name=Cot

*Node
1, 0., -0.125, 13.5500002
2, 0., -0.375, 13.5500002
3, 0., -0.375, 16.5
4, 0., -0.125, 16.5
5, 0.25, -0.375, 13.5500002
6, 0.25, -0.375, 16.5
7, 0.25, -0.125, 16.5
8, 0.25, -0.125, 13.5500002
9, 0., -0.125, 0.
10, 0., -0.375, 0.

*Surface, type=ELEMENT, name=_PickedSurf12949, internal
__PickedSurf12949 S4, S4



__PickedSurf12949 S6, S6

*Elset, elset=_ PickedSurf12964 S6, internal, instance=San-1, generate
1, 4669, 1

*Elset, elset=_ PickedSurf12964 S3, internal, instance=San-1, generate

12790, 20909, 1

*Elset, elset=_ PickedSurf12964 S4, internal, instance=San-1, generate

4670, 12789, 1

*Surface, type=ELEMENT, name=_PickedSurf12964, internal

__PickedSurf12964 S6, S6

__PickedSurf12964 S3, S3

__PickedSurf12964 S4, S4

** Constraint: Constraint-1

*Embedded Element

Embedded

*End Assembly

** ELEMENT CONTROLS

*Section Controls, name=EC-1, ELEMENT CONVERSION=YES, CONVERSION

CRITERION=TIME, KERNEL=CUBIC

1.,1.,1.1,0.

** MATERIALS

*parameter

rho0 = 2406

G=11.292¢9

A=0.79

N =1.085

B =1.405

M =1.085

C=10.007

edot0 = 1.0

T =3.24¢6

sigIMax = 9.5¢9

sigFMax = 1.1e9

HEL = 80e6

PHEL = 45¢6

beta=1.0

D1=0.04

D2=1.0

efMax = 1.0

efMin = 0.0016

K1 =85¢e9

K2 =-171¢9

K3 =208e9

FS=0.2



IDamage = 0

*Material, name=Steel

*Damage Initiation, criterion=JOHNSON COOK

0.05, 3.44, 2.12,0.002, 0.61, 1800., 293., 1.
*Damage Evolution, type=ENERGY 400.,

*Density 7850.,

*Elastic 2e+11, 0.3

*Plastic, hardening=JOHNSON COOK

2.6351e+08, 1.3005e+08, 0.0915, 1., 1800.,  293.
*Material, name=TNT

*Density

1650.,

*Eos, type=JWL

6930., 3.73e+11, 3.74e+09, 0.35, 4.15, 0.9, 6.06e+06,
*Detonation Point

0.,0.,0.,0.

*Material, name=abq_jh2 concrete

*density

<rho(0>

*user material, constants=32

<rho0>, <G>, <A>, <N>, <B>, <M>, <C>, <edot0>
<T>, <siglMax>, <sigFMax>, <HEL>, <PHEL>, <beta>
<D1>, <D2>, <efMax>, <efMin>, <FS>, <|Damage>
<K1>, <K2>, <K3>

*DEPVAR, DELETE=8

1, PEEQ , "Equivalent plastic strain"

2, PEEQ RATE, "Equivalent plastic strain rate"

3, DUCTCRT, "Ductile damage initiation criterion"

4, DAMAGE , "Damage variable"

5, DELTAP , "Pressure increment due to bulking"

6, YIELD , "Yield strength"

7, EVOL |, "Volumetric Strain, Mu"

8, MPSTATUS , "Material point status"

** INTERACTION PROPERTIES

*Surface Interaction, name=IntProp-1

** BOUNDARY CONDITIONS

** Name: BC-1 Type: Symmetry/Antisymmetry/Encastre
*Boundary
_PickedSet12925, ENCASTRE

** Name: BC-2 Type: Symmetry/Antisymmetry/Encastre
*Boundary
_PickedSet12926, ENCASTRE

** Name: BC-3 Type: Symmetry/Antisymmetry/Encastre



*Boundary

_PickedSet12965, ENCASTRE

** STEP: Step-1

*Step, name=Step-1, nlgeom=YES
*Dynamic, Explicit, 0.6

*Bulk Viscosity 0.06, 1.2

** LOADS

** Name: Gravity Type: Gravity
*Dload

, GRAV,9.81, 0., -1., 0.

** Name: Taidambo1234 Type: Pressure
*Dsload

_PickedSurf12949, P, 5000.

** Name: Taihanhlang1234 Type: Pressure
*Dsload

_PickedSurf12945, P, 300.

** Name: Taisan1234 Type: Pressure
*Dsload

_PickedSurf12943, P, 1000.

** Name: Taisanmai Type: Pressure
*Dsload

_PickedSurf12964, P, 100.

** INTERACTIONS

** Interaction: Int-1

*Contact, op=NEW

*Contact Inclusions

MatTNT , Thep

Mattrongthep , Matcot

*Contact Property Assignment

, , IntProp-1

** OUTPUT REQUESTS

*Restart, write, number interval=1, time marks=NO
** FIELD OUTPUT: F-Output-1
*QOutput, field, number interval=100
*Node Output

A,RF, U,V

*Element Output, directions=YES
DMICRT, EVF, LE, PE, PEEQ, S, SDV, STATUS, UVARM
*Contact Output

CSTRESS,

** HISTORY OUTPUT: H-Output-1
*Qutput, history, variable=PRESELECT
*End Step



7. M6 phéng sé sup do liiy tién ctia khung bé tong cot thép toan khdi chiu tac
dung ciia nd gin

*Heading

** Job name: NG Model name: Model-1

** Generated by: Abaqus/CAE 2020

*Preprint, echo=NO, model=NO, history=NO, contact=NO

** PARTS
*Part, name=Cot
*Node
1, 0., -0.375, 16.5
2, 0., -0.125, 16.5
3, 0., -0.125, 0.
4, 0., -0.375, 0.
5, 0.25, -0.125, 16.5
6, 0.25, -0.125, 0.
7, 0.25, -0.375, 0.
8, 0.25, -0.375, 16.5
9, 0., -0.375, 20.1000004
10, 0., -0.125, 20.1000004

*Elset, elset=_PickedSet12925, internal, instance=Cot-1

1591, 1592, 1593, 1699, 1700, 1701, 1807, 1808, 1809

*Elset, elset=_PickedSet12925, internal, instance=Cot-1-lin-2-1

1591, 1592, 1593, 1699, 1700, 1701, 1807, 1808, 1809

*Elset, elset=_PickedSet12925, internal, instance=Cot-1-lin-4-1

1591, 1592, 1593, 1699, 1700, 1701, 1807, 1808, 1809

*Elset, elset=_PickedSet12925, internal, instance=Cot-1-lin-2-1-lin-2-1

1591, 1592, 1593, 1699, 1700, 1701, 1807, 1808, 1809

*Elset, elset=_PickedSet12925, internal, instance=Cot-1-lin-4-1-lin-2-1-1

1591, 1592, 1593, 1699, 1700, 1701, 1807, 1808, 1809

*Elset, elset=_PickedSet12925, internal, instance=Cot-1-lin-2-1-1-lin-2-1

1591, 1592, 1593, 1699, 1700, 1701, 1807, 1808, 1809

*Elset, elset=_PickedSet12925, internal, instance=Vachngan-1, generate
1, 948, 1

*Elset, elset=_PickedSet12925, internal, instance=Cot-1-lin-6-1-lin-2-1

1591, 1592, 1593, 1699, 1700, 1701, 1807, 1808, 1809

*Elset, elset=_PickedSet12925, internal, instance=Cot-1-lin-3-1-lin-2-1-lin-2-1

1591, 1592, 1593, 1699, 1700, 1701, 1807, 1808, 1809

*Elset, elset=_PickedSet12925, internal, instance=Cot-1-1in-6-1

1591, 1592, 1593, 1699, 1700, 1701, 1807, 1808, 1809

*Elset, elset=_PickedSet12925, internal, instance=Cot-1-lin-4-1-lin-2-1

1591, 1592, 1593, 1699, 1700, 1701, 1807, 1808, 1809

*Elset, elset=_PickedSet12925, internal, instance=Cot-1-lin-6-1-lin-2-1-1

1591, 1592, 1593, 1699, 1700, 1701, 1807, 1808, 1809



*Elset, elset=_PickedSet12925, internal, instance=Vachdai-1, generate
1, 1452, 1
*Elset, elset=_PickedSet12925, internal, instance=Cot-1-lin-2-1-lin-2-1-1
1591, 1592, 1593, 1699, 1700, 1701, 1807, 1808, 1809
*Elset, elset=_PickedSet12925, internal, instance=Cot-1-lin-5-1-lin-2-1-lin-2-1
1591, 1592, 1593, 1699, 1700, 1701, 1807, 1808, 1809
*Elset, elset=_PickedSet12925, internal, instance=Cot-1-lin-3-1
1591, 1592, 1593, 1699, 1700, 1701, 1807, 1808, 1809
*Elset, elset=_PickedSet12925, internal, instance=Cot-1-lin-5-1
1591, 1592, 1593, 1699, 1700, 1701, 1807, 1808, 1809
*Elset, elset=_PickedSet12925, internal, instance=Cot-1-lin-3-1-lin-2-1
1591, 1592, 1593, 1699, 1700, 1701, 1807, 1808, 1809
*Elset, elset=_PickedSet12925, internal, instance=Cot-1-lin-5-1-lin-2-1-1
1591, 1592, 1593, 1699, 1700, 1701, 1807, 1808, 1809
*Elset, elset=_PickedSet12925, internal, instance=Vachngan-1-lin-1-2, generate
1, 948, 1
*Elset, elset=_PickedSet12925, internal, instance=Cot-1-lin-2-1-2
1591, 1592, 1593, 1699, 1700, 1701, 1807, 1808, 1809
*Elset, elset=_PickedSet12925, internal, instance=Cot-1-lin-4-1-lin-2-1-lin-2-1
1591, 1592, 1593, 1699, 1700, 1701, 1807, 1808, 1809
*Elset, elset=_PickedSet12925, internal, instance=Cot-1-lin-2-1-1
1591, 1592, 1593, 1699, 1700, 1701, 1807, 1808, 1809
*Elset, elset=_PickedSet12925, internal, instance=Cot-1-lin-5-1-lin-2-1
1591, 1592, 1593, 1699, 1700, 1701, 1807, 1808, 1809
*Elset, elset=_PickedSet12925, internal, instance=Cot-1-lin-2-1-lin-2-1-lin-2-1
1591, 1592, 1593, 1699, 1700, 1701, 1807, 1808, 1809
*Elset, elset=_PickedSet12925, internal, instance=Vachdai-1-lin-1-2, generate
1, 1452, 1
*Elset, elset=_PickedSet12925, internal, instance=Cot-1-lin-3-1-lin-2-1-1
1591, 1592, 1593, 1699, 1700, 1701, 1807, 1808, 1809
*Elset, elset=_PickedSet12925, internal, instance=Cot-1-lin-6-1-lin-2-1-lin-2-1
1591, 1592, 1593, 1699, 1700, 1701, 1807, 1808, 1809
*Elset, elset=_PickedSet12925, internal, instance=Sanham-1-lin-1-2, generate
1, 9801, 1
*Nset, nset=_PickedSet12926, internal, instance=Cot-1
1, 2, 5, 8, 13, 14, 345, 346, 679, 680, 683, 684
*Nset, nset=_PickedSet12926, internal, instance=Cot-1-lin-2-1
1, 2, 5, 8, 13, 14, 345, 346, 679, 680, 683, 684
*Nset, nset=_PickedSet12926, internal, instance=Cot-1-lin-4-1
1, 2, 5, 8, 13, 14, 345, 346, 679, 680, 683, 684
*Nset, nset=_PickedSet12926, internal, instance=Cot-1-lin-2-1-lin-2-1
1, 2, 5, 8, 13, 14, 345, 346, 679, 680, 683, 684
*Nset, nset=_PickedSet12926, internal, instance=Cot-1-lin-4-1-lin-2-1-1



1, 2, 5, 8, 13, 14, 345, 346, 679, 680, 683, 684
*Nset, nset=_ PickedSet12926, internal, instance=Cot-1-lin-2-1-1-lin-2-1
1, 2, 5, 8, 13, 14, 345, 346, 679, 680, 683, 684
*Nset, nset=_PickedSet12926, internal, instance=Cot-1-lin-6-1-lin-2-1
1, 2, 5, 8, 13, 14, 345, 346, 679, 680, 683, 684
*Nset, nset=_ PickedSet12926, internal, instance=Cot-1-lin-3-1-lin-2-1-lin-2-1
1, 2, 5, 8, 13, 14, 345, 346, 679, 680, 683, 684
*Nset, nset=_ PickedSet12926, internal, instance=Cot-1-lin-6-1
1, 2, 5, 8, 13, 14, 345, 346, 679, 680, 683, 684
*Nset, nset=_ PickedSet12926, internal, instance=Cot-1-lin-4-1-lin-2-1
1, 2, 5, 8, 13, 14, 345, 346, 679, 680, 683, 684
*Nset, nset=_PickedSet12926, internal, instance=Cot-1-lin-6-1-lin-2-1-1
1, 2, 5, 8, 13, 14, 345, 346, 679, 680, 683, 684
*Nset, nset=_PickedSet12926, internal, instance=Cot-1-lin-2-1-lin-2-1-1
1, 2, 5, 8, 13, 14, 345, 346, 679, 680, 683, 684
*Nset, nset=_PickedSet12926, internal, instance=Cot-1-lin-5-1-lin-2-1-lin-2-1
1, 2, 5, 8, 13, 14, 345, 346, 679, 680, 683, 684
*Nset, nset=_PickedSet12926, internal, instance=Cot-1-lin-3-1
1, 2, 5, 8, 13, 14, 345, 346, 679, 680, 683, 684
*Nset, nset=_ PickedSet12926, internal, instance=Cot-1-lin-5-1
1, 2, 5, 8, 13, 14, 345, 346, 679, 680, 683, 684
*Nset, nset=_PickedSet12926, internal, instance=Cot-1-lin-3-1-lin-2-1
1, 2, 5, 8, 13, 14, 345, 346, 679, 680, 683, 684
*Nset, nset=_PickedSet12926, internal, instance=Cot-1-lin-5-1-lin-2-1-1
1, 2, 5, 8, 13, 14, 345, 346, 679, 680, 683, 684
*Nset, nset=_ PickedSet12926, internal, instance=Cot-1-lin-2-1-2
1, 2, 5, 8, 13, 14, 345, 346, 679, 680, 683, 684
*Nset, nset=_PickedSet12926, internal, instance=Cot-1-lin-4-1-1in-2-1-lin-2-1
1, 2, 5, 8, 13, 14, 345, 346, 679, 680, 683, 684
*Nset, nset=_PickedSet12926, internal, instance=Cot-1-lin-2-1-1
1, 2, 5, 8, 13, 14, 345, 346, 679, 680, 683, 684
*Nset, nset=_PickedSet12926, internal, instance=Cot-1-lin-5-1-lin-2-1
1, 2, 5, 8, 13, 14, 345, 346, 679, 680, 683, 684
*Nset, nset=_PickedSet12926, internal, instance=Cot-1-lin-2-1-1in-2-1-lin-2-1
1, 2, 5, 8, 13, 14, 345, 346, 679, 680, 683, 684
*Nset, nset=_PickedSet12926, internal, instance=Cot-1-lin-3-1-lin-2-1-1
1, 2, 5, 8, 13, 14, 345, 346, 679, 680, 683, 684
*Nset, nset=_PickedSet12926, internal, instance=Cot-1-lin-6-1-lin-2-1-lin-2-1
1, 2, 5, 8, 13, 14, 345, 346, 679, 680, 683, 684
*Elset, elset=_PickedSet12926, internal, instance=Cot-1
1, 2, 3, 496, 498, 991, 992, 993, 1486, 1487, 1488, 1594, 1596, 1702,
1703, 1704
*Elset, elset=_PickedSet12926, internal, instance=Cot-1-lin-2-1



1, 2, 3, 496, 498, 991, 992, 993, 1486, 1487, 1488, 1594, 1596, 1702,
1703, 1704
*Elset, elset=_PickedSurf12934 S6, internal, instance=Damngan-1-lin-5-2,

generate

568, 925, 3

*Elset, elset=__ PickedSurf12934 S6, internal, instance=Damngan-1-lin-3-4,
generate

568, 925, 3

*Elset, elset=_ PickedSurf12934 S6, internal, instance=Damngan-1-lin-6-5,
generate

568, 925, 3

*Elset, elset=_ PickedSurf12934 S6, internal, instance=Damngan-1-lin-2-5,
generate

568, 925, 3

*Elset, elset=_ PickedSurf12934 S6, internal, instance=Damngan-1-lin-6-1,
generate

568, 925, 3

*Elset, elset=_PickedSurf12934 S6, internal, instance=Damngan-1-lin-4-3,
generate

568, 925, 3

*Elset, elset=__ PickedSurf12934 S6, internal, instance=Damngan-1, generate
568, 925, 3
*Elset, elset=_PickedSurf12934 S6, internal, instance=Damngan-1-lin-1-5,

generate

568, 925, 3

*Elset, elset=_ PickedSurf12934 S6, internal, instance=Damngan-1-lin-5-1,
generate

568, 925, 3

*Elset, elset=_PickedSurf12934 S6, internal, instance=Damngan-1-lin-3-3,
generate

568, 925, 3

*Elset, elset=_PickedSurf12934 S6, internal, instance=Damngan-1-lin-6-4,
generate

568, 925, 3

*Elset, elset=_ PickedSurf12934 S6, internal, instance=Damngan-1-lin-2-4,
generate

568, 925, 3

*Elset, elset=_PickedSurf12934 S6, internal, instance=Damngan-1-lin-5-5,
generate

568, 925, 3

*Elset, elset=_PickedSurf12934 S6, internal, instance=Damngan-1-lin-4-2,
generate

568, 925, 3



*Elset, elset=_ PickedSurf12934 S6, internal, instance=Damngan-1-lin-1-3,

generate

568, 925, 3

*Elset, elset=_ PickedSurf12934 S6, internal, instance=Damngan-1-lin-2-2,
generate

568, 925, 3

*Elset, elset=_ PickedSurf12934 S6, internal, instance=Damngan-1-lin-5-3,
generate

568, 925, 3

*Elset, elset=_ PickedSurf12934 S6, internal, instance=Damngan-1-lin-3-5,
generate

568, 925, 3

*Elset, elset=_ PickedSurf12934 S6, internal, instance=Damngan-1-lin-3-1,
generate

568, 925, 3

*Elset, elset=_PickedSurf12934 S6, internal, instance=Damngan-1-lin-6-2,
generate

568, 925, 3

*Elset, elset=_ PickedSurf12934 S6, internal, instance=Damngan-1-lin-4-4,
generate

568, 925, 3

*Surface, type=ELEMENT, name=_PickedSurf12934, internal

__PickedSurf12934 S4, S4

__PickedSurf12934 S6, S6

*Elset, elset=_ PickedSurf12936_S3, internal, instance=San-1-lin-2-1, generate
12790, 20909, 1

*Elset, elset=_ PickedSurf12936 S3, internal, instance=San-1-lin-3-1, generate
12790, 20909, 1

*Elset, elset=_ PickedSurf12936 S3, internal, instance=San-1-lin-4-1, generate
12790, 20909, 1

*Elset, elset=_ PickedSurf12936_S3, internal, instance=San-1-lin-5-1, generate
12790, 20909, 1

*Elset, elset=_ PickedSurf12936 S4, internal, instance=San-1-lin-2-1, generate
4670, 12789, 1

*Elset, elset=_ PickedSurf12936 S4, internal, instance=San-1-lin-3-1, generate
4670, 12789, 1

*Surface, type=ELEMENT, name=_PickedSurf12936, internal

PickedSurf12936 S3, S3

__PickedSurf12936 S4, S4

*Surface, type=ELEMENT, name=_PickedSurf12942, internal

__PickedSurf12942 S4, S4

__PickedSurf12942 S3, S3

** Constraint: Constraint-1



*Embedded Element

Embedded

*End Assembly

** MATERIALS

*parameter

rho0 = 2406

G=11.292¢9

A=0.79

N=1.085

B =1.405

M = 1.085

C=0.007

edot0=1.0

T =3.24e6

sigMax = 9.5¢9

sigFMax = 1.1e9

HEL = 80e6

PHEL = 45e6

beta= 1.0

D1=0.04

D2=1.0

efMax = 1.0

efMin = 0.0016

K1 =85e9

K2 =-171e9

K3 =208e9

FS=0.2

|Damage =0

*Material, name=Steel

*Damage Initiation, criterion=JOHNSON COOK
0.05, 3.44, 2.12,0.002, 0.61, 1800., 293., 1.
*Damage Evolution, type=ENERGY 400.,
*Density 7850.,

*Elastic 2e+11, 0.3

*Plastic, hardening=JOHNSON COOK
2.6351e+08, 1.3005e+08, 0.0915, 1., 1800.,  293.
*Material, name=abq_jh2 concrete

*density <rho0>

*user material, constants=32

<rho0>, <G>, <A>, <N>, <B>, <M>, <C>, <edot0>
<T>, <siglMax>, <sigFMax>, <HEL>, <PHEL>, <beta>
<D1>, <D2>, <efMax>, <efMin>, <FS>, <|Damage>
<K 1>, <K2>, <K3>



*DEPVAR, DELETE=8

1, PEEQ , "Equivalent plastic strain"

2, PEEQ RATE, "Equivalent plastic strain rate"
3, DUCTCRT, "Ductile damage initiation criterion"
4, DAMAGE , "Damage variable"

5, DELTAP , "Pressure increment due to bulking"
6, YIELD , "Yield strength"

7, EVOL , "Volumetric Strain, Mu"

8, MPSTATUS , "Material point status"

** INTERACTION PROPERTIES

*Surface Interaction, name=Contact

*Incident Wave Interaction Property, name=Blast-Property, type=SURFACE
BLAST

*CONWEP Charge Property 200., 1. 1., 1., 1.

** BOUNDARY CONDITIONS

** Name: BC-1 Type: Symmetry/Antisymmetry/Encastre
*Boundary

_PickedSet12925, ENCASTRE

** Name: BC-2 Type: Symmetry/Antisymmetry/Encastre
*Boundary

_PickedSet12926, ENCASTRE

** STEP: Step-1

*Step, name=Step-1, nlgeom=YES

*Dynamic, Explicit, 1.5

*Bulk Viscosity 0.06, 1.2

** LOADS

** Name: BS Type: Pressure

*Dsload

_PickedSurf12934, P, 40000.

** Name: Gravity Type: Gravity

*Dload

, GRAV,9.81, 0., -1., 0.

** Name: Taidambo1234 Type: Pressure
*Dsload

_PickedSurf12940, P, 5000.

** Name: Taihanhlang1234 Type: Pressure
*Dsload

_PickedSurf12938, P, 300.

** Name: Taisan1234 Type: Pressure

*Dsload

_PickedSurf12936, P, 1000.

** Name: Taisanmai Type: Pressure

*Dsload



_PickedSurf12942, P, 100.

** INTERACTIONS

** Interaction: Int-1

*Incident Wave Interaction, CONWEP, property=Blast-Property
_PickedSurf12884, PickedSet12933, ,0., 1.

** Interaction: Int-2

*Contact, op=NEW

*Contact Inclusions, ALL EXTERIOR

*Contact Property Assignment

** OUTPUT REQUESTS

*Restart, write, number interval=1, time marks=NO

** FIELD OUTPUT: F-Output-1

*Qutput, field, number interval=150

*Node Output A, RF, U, V

*Element Output, directions=YES

LE, PE, PEEQ, PEEQVAVG, PEVAVG, S, SDV, STATUS, SVAVG
*Contact Output CSTRESS,

** HISTORY OUTPUT: H-Output-1

*Qutput, history, variable=PRESELECT

*End Step

8. M6 phong sb gidi phap thém cot phu dé KSLT cia khung BTCT toan khdi
chiu tac dung ciia nd gan

*Heading

** Job name: GP1-NG Model name: Model-1

** Generated by: Abaqus/CAE 2020

*Preprint, echo=NO, model=NO, history=NO, contact=NO

** PARTS

*Part, name=Cot

*Node
1, 0., -0.375, 16.5
2, 0., -0.125, 16.5
3, 0., -0.125, 0.
4, 0., -0.375, 0.
5, 0.25, -0.125, 16.5
6, 0.25, -0.125, 0.
7, 0.25, -0.375, 0.
8, 0.25, -0.375, 16.5
9, 0., -0.375, 20.1000004

10, 0., -0.125, 20.1000004
*Elset, elset=_PickedSet12925, internal, instance=Cot-1
1591, 1592, 1593, 1699, 1700, 1701, 1807, 1808, 1809
*Elset, elset=_PickedSet12925, internal, instance=Cot-1-lin-2-1
1591, 1592, 1593, 1699, 1700, 1701, 1807, 1808, 1809



*Elset, elset=_PickedSet12925, internal, instance=Cot-1-lin-4-1
1591, 1592, 1593, 1699, 1700, 1701, 1807, 1808, 1809

*Elset, elset=_PickedSet12925, internal, instance=Cot-1-lin-2-1-lin-2-1
1591, 1592, 1593, 1699, 1700, 1701, 1807, 1808, 1809

*Elset, elset=_PickedSet12925, internal, instance=Cot-1-lin-4-1-lin-2-1-1
1591, 1592, 1593, 1699, 1700, 1701, 1807, 1808, 1809

*Elset, elset=_PickedSet12925, internal, instance=Cot-1-lin-2-1-1-lin-2-1
1591, 1592, 1593, 1699, 1700, 1701, 1807, 1808, 1809

*Elset, elset=_PickedSet12925, internal, instance=Vachngan-1, generate
12790, 20909, 1

*Surface, type=ELEMENT, name=_PickedSurf14215, internal

__PickedSurf14215 S4, S4

__PickedSurf14215_S3, S3

** Constraint: Constraint-1

*Embedded Element

Embedded

*End Assembly

** MATERIALS

*parameter

rho0 = 2406

G=11.292¢9

A=0.79

N =1.085

B =1.405

M =1.085

C=10.007

edot0 = 1.0

T =3.24¢6

sigIMax = 9.5¢9

sigFMax = 1.1e9

HEL = 80e6

PHEL = 45¢6

beta=1.0

D1=0.04

D2=1.0

efMax = 1.0

efMin = 0.0016

K1 =85¢e9

K2=-171¢9

K3 =208e9

FS=0.2

IDamage = 0

*Material, name=Steel



*Damage Initiation, criterion=JOHNSON COOK

0.05, 3.44, 2.12,0.002, 0.61, 1800., 293., 1.
*Damage Evolution, type=ENERGY 400.,

*Density 7850.,

*Elastic 2e+11, 0.3

*Plastic, hardening=JOHNSON COOK

2.6351e+08, 1.3005e+08, 0.0915, 1., 1800.,  293.
*Material, name=abq_jh2 concrete

*density <rho0>

*user material, constants=32

<rho0>, <G>, <A>, <N>, <B>, <M>, <C>, <edot0>
<T>, <sigIMax>, <sigFMax>, <HEL>, <PHEL>, <beta>
<D1>, <D2>, <efMax>, <efMin>, <FS>, <|Damage>
<K 1>, <K2>, <K3>

*DEPVAR, DELETE=8

1, PEEQ , "Equivalent plastic strain"

2, PEEQ RATE, "Equivalent plastic strain rate"

3, DUCTCRT, "Ductile damage initiation criterion"

4, DAMAGE , "Damage variable"

5, DELTAP , "Pressure increment due to bulking"

6, YIELD, "Yield strength"

7, EVOL , "Volumetric Strain, Mu"

8, MPSTATUS , "Material point status"

** INTERACTION PROPERTIES

*Incident Wave Interaction Property, name=Blast-Property, type=SURFACE
BLAST

*CONWEP Charge Property 200., 1. 1., 1., 1.

** BOUNDARY CONDITIONS

** Name: BC-1 Type: Symmetry/Antisymmetry/Encastre
*Boundary

_PickedSet12925, ENCASTRE

** Name: BC-2 Type: Symmetry/Antisymmetry/Encastre
*Boundary

_PickedSet12926, ENCASTRE

** STEP: Step-1

*Step, name=Step-1, nlgeom=YES

*Dynamic, Explicit, 0.6

*Bulk Viscosity 0.06, 1.2

** LOADS

** Name: Gravity Type: Gravity

*Dload

,GRAV,9.81, 0., -1., 0.

** Name: Taidambo1234 Type: Pressure



*Dsload

_PickedSurf12940, P, 5000.

** Name: Taihanhlang1234 Type: Pressure
*Dsload

_PickedSurf12938, P, 300.

** Name: Taisan1234 Type: Pressure

*Dsload

_PickedSurf12936, P, 1000.

** Name: Taisanmai Type: Pressure

*Dsload

_PickedSurf14215, P, 100.

** Interaction: Int-1

*Incident Wave Interaction, CONWEP, property=Blast-Property
_PickedSurf12884, PickedSet12933, ,0., 1.

** OUTPUT REQUESTS

*Restart, write, number interval=1, time marks=NO
** FIELD OUTPUT: F-Output-1

*Qutput, field, number interval=150

*Node Output

A,RF, U,V

*Element Output, directions=YES

LE, PE, PEEQ, PEEQVAVG, PEVAVG, S, SDV, STATUS, SVAVG
*Contact Output

CSTRESS,

** HISTORY OUTPUT: H-Output-1

*Qutput, history, variable=PRESELECT

*End Step

9. Mé phéng s gidi phap boc thép cot dé KSLT ciia khung BTCT toan khdi
chiu tac dung ciia nd gan
*Heading
** Job name: GP2-NG Model name: Model-1
** Generated by: Abaqus/CAE 2020
*Preprint, echo=NO, model=NO, history=NO, contact=NO
** PARTS
*Part, name=Bocthepcot
*Node
I, -0.125, 0.135000005, 0.
, -0.125, 0.135000005, 16.5
, 0.125, 0.135000005, 16.5
, 0.125, 0.135000005, 0.
-0.125, 0.125, 16.5
, 0.125, 0.125, 16.5
, 0.125, 0.125, 0.
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8, -0.125, 0.125, 0.
9, -0.125, -0.135000005, 0.
10, -0.125, -0.135000005, 16.5
*Elset, elset=_ PickedSurf12955 S4, internal, instance=Damngan-1-lin-1-5,

generate

3, 567, 3
*Elset, elset=_ PickedSurf12955 S4, internal, instance=Damngan-1-lin-6-4,
generate

3, 567, 3

*Elset, elset=_PickedSurf12955 S4, internal, instance=Damdai-1-lin-4-1-lin-2-1-
lin-2-1
*Elset, elset=_ PickedSurf12955 S4, internal, instance=Damngan-1-lin-1-3,

generate

3, 567, 3
*Elset, elset=_ PickedSurf12955 S4, internal, instance=Damngan-1-lin-6-2,
generate

3, 567, 3

*Surface, type=ELEMENT, name=_PickedSurf12955, internal
__PickedSurf12955 S6, S6
__PickedSurf12955 S4, S4
*Elset, elset=_PickedSurf12968 S1, internal, instance=Damdai-1-lin-2-1-1-lin-2-
1, generate
283, 396, 1
*Elset, elset=_PickedSurf12968 S1, internal, instance=Damdai-1-lin-2-1-lin-2-1-
lin-2-1, generate
283, 396, 1
*Elset, elset=_PickedSurf12968 S1, internal, instance=Damdai-1-lin-3-1-lin-2-1-
lin-2-1, generate
283, 396, 1
*Elset, elset=_PickedSurf12968 S1, internal, instance=Damdai-1-lin-5-1-lin-2-1-
lin-2-1, generate
283, 396, 1
*Surface, type=ELEMENT, name=_PickedSurf12968, internal
__PickedSurf12968 S1, S1
__PickedSurf12968 S2, S2
__PickedSurf12968 S5, S5
** Constraint: Constraint-1
*Embedded Element
Embedded
*End Assembly
** MATERIALS
*parameter
rho0 = 2406



G =11.292¢9

A=0.79

N =1.085

B =1.405

M =1.085

C=10.007

edot0 = 1.0

T =3.24¢6

siglMax = 9.5¢9

sigFMax = 1.1e9

HEL = 80e6

PHEL = 45¢6

beta=1.0

D1=0.04

D2=1.0

efMax = 1.0

efMin = 0.0016

K1 =85e9

K2=-171¢9

K3 =208e9

FS=0.2

IDamage = 0

*Material, name=Steel

*Damage Initiation, criterion=JOHNSON COOK
0.05, 3.44, 2.12,0.002, 0.61, 1800., 293., 1.
*Damage Evolution, type=ENERGY 400.,

*Density 7850.,

*Elastic 2e+11, 0.3

*Plastic, hardening=JOHNSON COOK
2.6351e+08, 1.3005¢+08, 0.0915, 1., 1800., 293.
*Material, name=abq_jh2 concrete

*density <rhoO>

*user material, constants=32

<rho0>, <G>, <A>, <N>, <B>, <M>, <C>, <edot0>
<T>, <sigIMax>, <sigFMax>, <HEL>, <PHEL>, <beta>
<D1>, <D2>, <efMax>, <efMin>, <FS>, <|Damage>
<K1>, <K2>, <K3>

*DEPVAR, DELETE=S8

1, PEEQ , "Equivalent plastic strain"

2, PEEQ RATE, "Equivalent plastic strain rate"

3, DUCTCRT, "Ductile damage initiation criterion"
4, DAMAGE , "Damage variable"

5, DELTAP , "Pressure increment due to bulking"



6, YIELD , "Yield strength"

7, EVOL , "Volumetric Strain, Mu"

8, MPSTATUS , "Material point status"

** INTERACTION PROPERTIES

*Surface Interaction, name=Contact

*Incident Wave Interaction Property, name=Blast-Property, type=SURFACE
BLAST

*CONWEP Charge Property 200., 1. 1., 1., 1.

** BOUNDARY CONDITIONS

** Name: BC-1 Type: Symmetry/Antisymmetry/Encastre
*Boundary

_PickedSet12925, ENCASTRE

** Name: BC-2 Type: Symmetry/Antisymmetry/Encastre
*Boundary

_PickedSet12926, ENCASTRE

** STEP: Step-1

*Step, name=Step-1, nlgeom=YES

*Dynamic, Explicit, 0.3

*Bulk Viscosity 0.06, 1.2

** BOUNDARY CONDITIONS

** Name: BC-3 Type: Symmetry/Antisymmetry/Encastre
*Boundary

_PickedSet12969, ENCASTRE

** LOADS

** Name: Gravity Type: Gravity

*Dload

, GRAV,9.81, 0., -1., 0.

** Name: Taidambo1234 Type: Pressure

*Dsload

_PickedSurf12955, P, 5000.

** Name: Taihanhlang1234 Type: Pressure

*Dsload

_PickedSurf12938, P, 300.

** Name: Taisan1234 Type: Pressure

*Dsload

_PickedSurf12936, P, 1000.

** Name: Taisanmai Type: Pressure

*Dsload

_PickedSurf12942, P, 100.

** INTERACTIONS

** Interaction: Int-1

*Incident Wave Interaction, CONWEP, property=Blast-Property
_PickedSurf12968, PickedSet12933, ,0., 1.



** Interaction: Int-2

*Contact, op=NEW

*Contact Inclusions

BocthepAl , Al

BocthepA2 , A2

BocthepA3 , A3

BocthepA4 , A4

BocthepAS , A5

BocthepA6 , A6

*Contact Property Assignment

, , Contact

** OUTPUT REQUESTS

*Restart, write, number interval=1, time marks=NO
** FIELD OUTPUT: F-Output-1
*Qutput, field, number interval=150
*Node Output

A,RF, U,V

*Element Output, directions=YES

LE, PE, PEEQ, PEEQVAVG, PEVAVG, S, SDV, STATUS, SVAVG
*Contact Output

CSTRESS,

** HISTORY OUTPUT: H-Output-1
*Output, history, variable=PRESELECT
*End Step

10. M phéng s giai phap twong chin séng dé KSLT cia khung BTCT toan
Kkhoéi chiju tic dung ciia nd gan

*Heading

** Job name: GP3-NG Model name: Model-1

** Generated by: Abaqus/CAE 2020

*Preprint, echo=NO, model=NO, history=NO, contact=NO

** PARTS

*Part, name=Cot

*Node

—_—
-

0., -0.125, 10.1999998
0., -0.375, 10.1999998
0., -0.375, 16.5
0., -0.125, 16.5
0.25,  -0.375, 10.1999998
0.25,  -0.375, 16.5
0.25, -0.125, 16.5
0.25, -0.125, 10.1999998
0., -0.125, 0.
, 0., -0.375, 0.
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*Surface, type=ELEMENT, name=_PickedSurf12947, internal
__PickedSurf12947 S1, S1

__ PickedSurf12947 S6, S6

** Constraint: Constraint-1

*Embedded Element

Embedded

*End Assembly

** MATERIALS

*parameter

rho0 = 2406

G=11.292¢9

A=0.79

N =1.085

B =1.405

M = 1.085

C=10.007

edot0 = 1.0

T =3.24¢6

siglMax = 9.5¢9

sigFMax = 1.1e9

HEL = 80e6

PHEL = 45¢e6

beta= 1.0

D1=0.04

D2=1.0

efMax = 1.0

efMin = 0.0016

K1 =185¢e9

K2=-171¢9

K3 =208e9

FS=0.2

|Damage = 0

*Material, name=Steel

*Damage Initiation, criterion=JOHNSON COOK
0.05, 3.44, 2.12,0.002, 0.61, 1800., 293., 1.
*Damage Evolution, type=ENERGY 400.,
*Density 7850.,

*Elastic 2e+11, 0.3

*Plastic, hardening=JOHNSON COOK
2.6351e+08, 1.3005e+08, 0.0915, 1., 1800.,  293.
*Material, name=abq_jh2 concrete
*density <rho0>

*user material, constants=32



<rho0>, <G>, <A>, <N>, <B>, <M>, <C>, <edot0>
<T>, <sigIMax>, <sigFMax>, <HEL>, <PHEL>, <beta>
<D1>, <D2>, <efMax>, <efMin>, <FS>, <|Damage>
<K1>, <K2>, <K3>

*DEPVAR, DELETE=8

1, PEEQ , "Equivalent plastic strain"

2, PEEQ RATE, "Equivalent plastic strain rate"

3, DUCTCRT, "Ductile damage initiation criterion"

4, DAMAGE , "Damage variable"

5, DELTAP , "Pressure increment due to bulking"

6, YIELD , "Yield strength"

7, EVOL , "Volumetric Strain, Mu"

8, MPSTATUS , "Material point status"

** INTERACTION PROPERTIES

*Surface Interaction, name=Contact

*Incident Wave Interaction Property, name=Blast-Property, type=SURFACE
BLAST

*CONWEP Charge Property 200., 1.1., 1., 1.

** BOUNDARY CONDITIONS

** Name: BC-1 Type: Symmetry/Antisymmetry/Encastre
*Boundary

_PickedSet12925, ENCASTRE

** Name: BC-2 Type: Symmetry/Antisymmetry/Encastre
*Boundary

_PickedSet12926, ENCASTRE

** Name: BC-3 Type: Symmetry/Antisymmetry/Encastre
*Boundary

_PickedSet12949, ENCASTRE

** STEP: Step-1

*Step, name=Step-1, nlgeom=YES

*Dynamic, Explicit, 0.6

*Bulk Viscosity 0.06, 1.2

** LOADS

** Name: Gravity Type: Gravity

*Dload

, GRAV,9.81, 0., -1., 0.

** Name: Taidambo1234 Type: Pressure

*Dsload

_PickedSurf12940, P, 5000.

** Name: Taihanhlang1234 Type: Pressure

*Dsload

_PickedSurf12938, P, 300.

** Name: Taisan1234 Type: Pressure



*Dsload

_PickedSurf12936, P, 1000.

** Name: Taisanmai Type: Pressure

*Dsload

_PickedSurf12942, P, 100.

** INTERACTIONS

** Interaction: Int-1

*Incident Wave Interaction, CONWEP, property=Blast-Property
_PickedSurf12947, PickedSet12933, , 0., 1.

** Interaction: Int-2

*Contact, op=NEW

*Contact Inclusions, ALL EXTERIOR

*Contact Property Assignment

, , Contact

** OUTPUT REQUESTS

*Restart, write, number interval=1, time marks=NO
** FIELD OUTPUT: F-Output-1

*Qutput, field, number interval=150

*Node Output

A,RF, U,V

*Element Output, directions=YES

LE, PE, PEEQ, PEEQVAVG, PEVAVG, S, SDV, STATUS, SVAVG
*Contact Output

CSTRESS,

** HISTORY OUTPUT: H-Output-1

*Qutput, history, variable=PRESELECT

*End Step



