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Nghién cttu su sup d6 liiy tién ctia khung bé tong cbt thép toan khéi chiu tai

trong nd gin va dé xuit mot sb giai phap khang sap
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KEYWORDS

Viéc tinh toan céng trinh chiu tic dung clia tai trong nd 12 yéu cAu bit budc véi cic cong trinh an ninh
qubc phong va cong trinh diic biét. Tuy nhién, két qua tinh toan bai toan nd con rit phiic tap, c6 sai sb
16n. @ Viét Nam, phwong phap phd bién hién nay 1 phwong phép tai trong tinh twong duong. Phuong
phép d6 cho két qua phit hgp véi mot sb triedng hop nhit dinh va khong phan anh duge phan tng dong
va qua trinh qud huy ciu kién do tai trong nd gy ra. Bai béo tip trung vio st dung mé phong sé dé phan
tich s sup d6 liiy tién ctia khung bé tong cbt thép toan khéi khi chiu tac dung nd gin. K&t qua mo phong
dugc so sanh v6i dit liéu thue nghiém va dat duoce sy phit hop. Tir d6, bai bao d@ xuit mot sé giai phap
khang sap liy tién cho cong trinh dic biét chiu tai trong nd gan.

ABSTRACT

Progressive collapse
Progressive collapse resistance
Blast loading; demolition of
reinforced concrete
Holmquist-john-son-cook model

Johnson-cook model

Structures used in civil - industrial and defence fields are mostly applied by steel or reinforced concrete.
Under the effect of various loading, especially dynamic loading from the explosion, the deformation of
elemental sections of elastoplastic frames can reach the plasticity state, and flexible joints in the structure
will be appeared. The progressive appearance of these flexible joints let the structural system's stiffness
reduce and limited deformation may be appeared. The progressive collapse of the structure will occur
whenever the local bearing of the structure is failed. However, studying the effects of explosive loading
on structures is a very complicated problem with large errors. In Vietnam, the issues currently have been
solved by using some experimental loading formulas and still lacking the progressive collapse process
method. The paper is focused on using numerical simulation to analyze the progressive collapse of a
monolithic reinforced concrete frame under the influence of contact blast loading. The simulation results
are compared with the experimental data. The matching between them is still reached. Hence, the

proposes of progressive resistance solutions for special structures also offered.

1. Gi6i thidu

d6, 1am cin ci bude dAu nghién citu 1y thuyét v& pha hoai do nd gin
[1,2]. Kot va cs. [3,4] d& dé xut cac phwong phap 1y thuyét vé sy pha

Tit sy sup db liy tién (SDLT) ctia tda nha lién bang Alfred P.
Murrah va dic biét sy sup db lity tién ctia Trung tAm Thuong mai Thé
giéi (M§) do vu nd va va cham - vin d& nghién citu sup d6 liy tién dbi
v6i cac cong trinh cling cdc phuong phap tinh toan két cu phuc vu
cho thiét ké khang sap lily tién di tr& nén cip bach va bit dau dugc
quan tim, ngdy cang phat trién rit manh mé trén thé giGi. Mot sb quéc
gia dd dua vao tiéu chuln thiét ké xdy dung cic quy dinh vé thiét ké
cong trinh chiu tac dung cta cac vu nd, nhdm dam bao cho céc cong
trinh ¢6 thé chiu dwgc khi cé cic vu nd nhu trén xay ra. Cac nghién
cttu v tic dung clia nd gan 1én két cAu bé tong cbt thép da duoc thue
hién trong cac thip ky qua. Mot vai nghién ciu xac dinh tai trong va

phé hoai do nd gin dé dwa ra tai trong twong dwong cho s pha hoai
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Nhan ngay 11/03/2021, giai trinh ngay 29,/04/2021, chdp nhan ding 05/07/2021

hoai ctia bé téng duéi tic dung clia tai trong nd gin, tuy nhién cac
phuong phép nay chi dia trén mot sé gia dinh don gian 1am anh huéng
dén tinh chinh x4c ctia két qua. Vao cubi nhitng nim 1980, mét loat
cac thi nghiém nd bé téng da duwge McVay [5] tém tit, cic théng sb
anh huéng dén sy pha hoai ctia bé téng nhu: khoang cach, trong litgng
chét nd, d6 day twdng, cudng do bé téng, phu gia bé téng va ham
lugng cbt thép da duge nghién ctu. Wang va cs. [6] d4 tién hanh cac
thit nghiém nd trén cic tim BTCT vuéng v6i khdi lvgng thube nd khac
nhau, két qua dwgc quan sat, nghién cttu qua dé sit dung dé x4c minh
mo hinh s6 ctia chiing. Dya trén litgng 16n céc co s& dit liéu tir cc thir
nghiém né trén tAm sin vA twdng bé tong cbt thép, Marchand v cs.

[7] da phét trién thut todn v& nit duéi tic dung cua ti trong nd dbi
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v6i tAm san va twdng bé téng cbt thép. Cac nghién ciu trén cho théy,
tng x co hoc clia bé téng chiu tic dong cua tai trong nd rit phic tap.
Kha niing chiu tic dong tai trong nd gin ctia cAu kién bé tong cbt thép
khong dugc cao, su pha hoai xuét hién kém theo sy phat trién nhanh
ctia cac vét niit 1am cho cong trinh rét dé bi pha hoai.

O Viét Nam, cac mdi de doa ti¥ cic vu nd tac dong 1én cong trinh
va cude séng con ngudi khong con 1a vin d@ xa la. Vi du nhu nd chit nd,
nd khi ga...Hién nay tiéu chuén tai trong va tac dong hién hanh cta Viét
Nam c6 yéu ciu, nhung tai liéu vé& chi dan thiét k& két cAu cong trinh
déan dung lai khéng c6. Cac vAn d& tinh toan cic c6ng trinh chiu tic dung
clia tai trong nd chii yéu dwoc @ cip cho cic cong trinh Quén su. Con
cac cong trinh dan dung chua duge quan tdm ding miéc. Cac nghién citu
v vAn d@ nd ciing thuc hién trong nhitng nim gan day [8].

Mic dit da c6 nhiéu cong trinh nghién ctu lién quan dén cac phan
tich két cAu chiu tac dung ctia tai trong nd gin, song cac cong trinh trén
chtt yéu méi nghién citu trong giai doan dan - déo, con ¢6 ké dén sup db
liy tién con it dugc dé cap dén. Bidu nay c6 thé do phan tich két chu
chiu tac dung cta tai trong nd c6 ké dén sup db léy tién phiic tap hon.
Hon nita, viéc kiém tra c4c két qua tinh toan c6 ké dén sup db liy tién
phtic tap hon.

Trong bai béo nay, tic gia sé tién hanh mé phéng phan tich su sup
db lity tién ciia khung khong gian bé téng cbt thép (BTCT) toan khéi chiu
tdc dung nd gin bing phan mém ABAQUS. Cac ki thuat mé phong két cAu
phan tit dAm va san ctia khung khong gian bé téng cbt thép, ciing nhu mé
hinh vét liéu dugc mé ta chi tiét. Két qua sb duoc so sanh véi dit liéu thite
nghiém va dat dugc sy phit hop. Tit d6 dura ra cdc nhan xét dinh Ivgng vé
anh huéng clia cic nhén té trén dén pha hoai liy tién cta két cAu, ddng
thoi d& xult mét sé giai phap khang sap lily tién cho céng trinh trong
tritong hop ndy. Cc két qua thu duoc c6 thé cung cip thém mét sé thong
tin hitu ich cho céc thiét ké c6 k& dén khang sap liy tién dbi v6i cic cong

trinh phuc vu cho an ninh Quéc phong.
2. it bai toan nghién citu

Cac cong trinh dac biét phuc vu lwdng dung vita cho muc dich
dan sy vita cho muc dich an ninh Quéc phong khi c6 cac sy ¢6 nhu
khting b6, chién tranh. Trong nghién ctu nay tac gia nghién ctu cong
trinh gdm ¢6 5 tAng ndi va mét tAing hdm, cic ting clia tda nha phuc
vu cho cic muc dich dan sy trong didu kién binh thwdng (khong ¢
khiing bd va chién tranh), con ting hdm c6 thé dwa viao phuc vu cho
muc dich tra 4n khi ¢6 khing bé hay chién su.

Mo hinh bai toan nghién citu 12 cong trinh gdm c6 5 tAng ndi va
mot tAng him. Céc ting ndi cla tda nha gdm 3 nhip c6 chiéu dai 13n
lugt 1a 4, 2, 4 m va 5 gian v&i budce gian la 4 m; chidu cao t?mg 3,3m.
Phan ham ¢6 ¢6 kich thuwée 20,25 x 30,25 m véi chidu cao 3,6 m. Két

chu cta toa nha b?mg khung BTCT: Cot c6 tiét dién 0,25 x 0,25 m, cbt
thép chiu luc 4 @ 22, thép dai @ 6 a 200; Dam c6 tiét dién 0,35 x 0,35
m, cbt thép chiu lvc 4 @ 20, thép dai @ 6 a 200; San céc tAng ndi c6
chiéu day 0,1 m bé tri 2 16p thép & 8 a 200; Tang him ciu tao bing
véch BTCT c6 chiéu day 0,3 m bd trf 2 16p thép & 16 a 200. Chidu day
16p bao vé 0,015 m. Két cAu bao che xung quanh tda nha 1a vach kinh
cwdng Iy, két cAu ngan cich céc phong 13 twdng xay gach rdng day
0,15 m (Hinh 1).

Céc loai tai trong tac dung 1én két cAu: Trong lgng ban than
ctia két cAu khung bé téng cbt thép, tai trong clia twdng bao va hoat
tai cho cong trinh vin phong 1y theo tiéu chudn TCVN 2737-1995. Gia
thiét bé qua si va cham ctia cdc phan tit bi tach ra khoi két cdu va cta
dbng @b v& twong bao khi bi pha hiy.

2.1. M6 hinh bai todn

Hinh 1. Mb hinh bai toan nghién cttu.

2.2. M6 hinh vt liéu

Pé tinh toan két cAu chiu tic dung ctia tai trong nd bing cic phin
mém ABAQUS [9] triedc tién cin phai mé hinh héa bai toan. Cong viéc
nay thiic chét 14 phan chia céc viing tinh toan, khai bdo mé hinh vét liéu
cho tiing ving, la chon phuong phép giai phit hop cho mbi viing va
giai phap tiong tic giita cic ving. Trong md hinh s bing phin mém
d6, mé hinh tinh va mé hinh cac vat liéu, cic théng sb co ban c6 thé
dugc 14y truce tiép va cac théng s6 con lai thudng dugce coi 12 gibng véi
céc thong sb mo hinh cu thé, didu nay 1am giam d6 chinh xéc cta cac két
qua mé phéng sb. Vi vay, tac gia da tién hanh mot sé thi nghiém dé dua
ra cdc tham sb ctia m6 hinh vat liéu thue sy cin thiét. C4c tham sb ctia
cc mo hinh vit liéu dudi day duge sit dung cho tét ca cac bai todn khao

sét ctia bai bao nay.
2.2.1. Thubc né

Thubc nd dvge stt dung trong nghién citu nay 14 loai thubc nd
TNT. Khi bi kich nd thubc nd chuyén héa rit nhanh tit thé rén sang

JOMC | 49



Tap chi Vat liéu va Xdy dung s6 4 (2021) 48 - 60

Bang 2.
Céc tham s6 mé hinh HJC cho bé tong B25.
P, (kg/m) G @a) A B C N €/ min
2406 11,292 . 10° 0,79 1,405 0,007 1,085 0,0016
T (Pa) -f; (Pa) Smax })crush (Pa) lLl crush })lock (Pa) /,l lock
3,24 .10° 41,305 . 10° 7 13,768 . 10° 0,0007 1.10° 0,08
D, D, K, (pa) K, pa) K, a)
0,04 1,0 85.10° -171.10° 208 . 10°
Bang 3.
Céc tham s6 mo hinh vat liéu thép.
E upa) v A vpa) B vipa) n T .. T, © m
200000 0,3 263 130 0,0915 1800 293,2 1
P (kg/m?) C D l)1 D2 D3 D A D5
7850 0,017 1 0,05 3,44 2,12 0,002 0,61

khi, twong tic va truyén sang cac ving xung quanh mét ning lugng
nhét dinh [10,11]. Thudc nd dugc tinh theo m6 hinh CONWEP, 4p lvc
séng xung kich trong khéng khi dwge tinh theo tiéu chudn UFC 3-340-
2 [12]. Théng qua thie hanh mé phoéng sé bang viéc st dung cic mb
hinh cho thuéc nd nhi* mé hinh SPH hay CONWEP dé khao sat bai toan
thi viéc stt dung mo6 hinh CONWEP cho két qua kha quan nhAt.

2.2.2. Bé tbng

St dung md hinh vét liéu Holmquist-Johnson-Cook (HJC), céc
tham sb ctia mé hinh HIC duoc x4c dinh bing phuong phap do Holmquist
va cOng su’ dé xudt [13]. Loai bé tong duoc sit dung trong nghién citu nay
1a bé téng B25 hién chwta ¢6 cac tham sé cho mo hinh HIC, do vay téc gia
da thuc hién cac thi nghiém nén don truc, thi nghiém 1ap cling nhu céac
thi nghiém ép ché va nén ba truc bfmg may nén ba truc tai Phong thi
nghiém cua B6 mén Co s& ky thudt céng trinh/ Vién Ky thuét cong trinh
déac biét/ Hoc vién Ky thuat Quan sy dé dua ra cac tham sb ctia mé hinh
HJC cho bé tong B25. Tit cac thi nghiém thirc hién dugce cac tham sb clia
md hinh HJC cho bé tong B25 dugce xac dinh va liét ké trong Bang 2.

2.2.3. Cot thép

St dung mé hinh pha hity do Johnson-Cook d& xuét, cac tham sb
clia phitong trinh trang thai, m6 hinh bén, mé hinh pha hity ctia 6t thép
(twong duong thép CII) duogce 14y theo tai liéu [14,15] cu thé nhu sau nhw

Bang 3.

3. Xdc nhén mo hinh

3.1. Thit nghiém nd phd hity cdu kién BTCT chiu tdc dung nd gdn

Téc gia tién hanh thit nghiém nd tai hién trudng dé pha hoai cAu
kién BTCT c6 chiéu dai 1,5 m, tiét dién 0,2 x 0,2 m dugc gia cuong
b?ing 4 thanh thép @ 14, cbt dai @ 6 a 200 (dung thép CII) véi chidu
day bao vé 0,01 m. CAu kién BTCT chiu tic dung cta tai trong nd gin
c6 khéi lvong 1600 g dit chinh giita, cich mit trén ciu kién BTCT 0,3
m, tc gia sit dung khdi thudc nd TNT dang banh va cAu tao ligng nd
dang hinh khéi lap phuong, trong cong tac nd xem day 1a khéi lugng
nd tap trung va c6 thé st dung tinh gin diing cho céc cong thitc clia
lugng nd hinh ciu (Hinh 2). Xac dinh dugc thue trang bi ph4 hoai ctia

két cAu. T d6 sanh két qua gitta thi nghiém va mo phong.

- e e

Hinh 2. Anh mé hinh thit nghiém.

3.2. M6 phong s6 su phd hity cdu kién BTCT chiu tdc dung nd gdn

JOMC | 50



Tap chi Vat liéu va Xdy dung s6 4 (2021) 48 - 60

Téc gia tién hanh thyce hién mo6 phéng sb bing phin mém
ABAQUS. Ciu kién BTCT dugc mb ta nhu phin ti khéi trong khi phin
tit thanh 4p dung cho thanh thép. Lién két giita cic phan ti ctia khéi
bé tong va thanh thép dugce xc dinh theo lién két ciing. Luw6i bé tong
dugce chia min véi kich thude 5 mm. Ludi chiu luc va thép dai cling
duge chia min vé6i kich thude 5 mm. Két cAu bé tong duoc mo hinh héa
bing phuwong phap lwdi Lagrange. Piéu kién pha huy duge xac dinh
theo tiéu chudn vat liéu nguoi diung ty dinh nghia, st dung cic tham
s6 vt liéu nhu thi nghiém da néu. Thudc nd dugc tinh theo mé hinh
CONWEP, 4p luc séng xung kich trong khong khi dugce tinh theo tiéu
chuén UFC 3-340-2 [12]. Piéu kién bién: CAu kién BTCT duvoc lién két
trén 2 gbi (u, = ur, =ur, =0) (Hinh 3).

biemné

Hinh 3. M6 hinh hinh hoc mé phéng sé.
3.3. Phdn tich va so sdnh két qud

Két qua thi nghiém thuc va mé phéng sé nhu trong Hinh 4, 5 va
Bang 4.

Hinh 4. Kich thudc viing phé huy trén mé hinh th® nghiém va mé
phéng sb.

0.3000

0.2500

0.2000

n dang

0.1500

0.1000

Bi

——BD diém | mo phong 56
=====BD dié

mé phong sb
— —BD diém | the nghiém
— - =BD diém 2 the nghiém

0.0500

0.0000
0.0000 0.0005 00010 0.0015
Thin gian (s)

Hinh 5. Bién dang tai diém 1, 2 trén m6 hinh thit nghiém va mé

phéng sb.

Bang 4.
So sanh két qua trén mé hinh thit nghiém va mé phong sb.

M6 phong s6 | Thit nghiém | Sai khéc
Chiéu sau phéu chin sup (mm) 125 130 3,85 %
Chiéu dai phéu chén sup (mm) 780 750 4,0 %
Chiéu dai viing ph4 hity mat

320 400 20,0 %

bén (mm)
Bién dang doc truc diém 1 0,2705 0,2376 19,0 %
Bién dang doc truc diém 2 0,2849 0,2394 13,8 %

Két qua kich thude ving phé hity trén mé hinh thit nghiém va mé
phong s6 (Hinh 13) ¢6 sy sai khac chidu sdu phéu chén sup 3,85 %; Chidu
dai phéu chén sup 4,0 %; Chiéu dai viing pha hity mit bén 20,0 % (Bang 4).
Con bién dang doc truc diém 1 (chinh giita, mit dudi, & 1/4 chiéu dai cAu
kién BTCT) va 2 (mit duw6i chinh gitta ciu kién BTCT) (Hinh 5) c6 su sai
khac 14n lugt 13 19,0 % va 13,8 %. Sai khéc niy hoan toan chip nhan dugce
d6i v6i bai toan md phong tac dung clia tai trong nd.

Tit d6 c6 o s& dé khing dinh tinh hop 1y khi sit dung mé hinh vét
liéu HJC cho bé téng va mé hinh vét liéu Johnson-Cook cho c6t thép trong
phén tich két cAu bé tong cbt thép chiu tic dung nd gan bing phan mém
ABAQUS. Két qua d6 hitu ich cho mé phong céc bai toan khang xuyén,

khéng nd va khang sap luy tién chiu tac dung nd.

4. M6 phong sb su SDLT ctia khung BTCT toan khéi chiu tac dung

nd gin

Trong muc ndy, tic gia tién hanh khao sat khung khéng gian bé
tong cbt thép toan khéi chiu tac dung ctia nb gin v&i kich ban: Toa nha
bi tiép can gin bing xe bom chita khéi lwong 200 kg thude nd TNT diit
trén san xe cach mit d4t 0,5 m, xe bom cdch mit truc toa nha 10 m,
chinh dién c6t A3 ctia tda nha (Hinh 1).

4.1. Két qud mo phong sé
Két qua m6 phong sb s sup d6 liiy tién ctia khung khéng gian
bé tong cbt thép toan khdi chiu tic dung ctia nd gin dugc thé hién nhu
trong Hinh 6 va Hinh 7.
4.2. Nhan xét két qud
Sau khi bi Itong nd 200 kg TNT né cach cong trinh 10 m, tai trong séng
xung kich dwgc duy tri khoang thoi gian 0,03 s, cot A3 bit diu hinh thinh

ving pha htty phia dui chan cot, tiép dén ving pha htty lan t&i cac dau cot va
chan cot A1, A2, A3, A4, A5. Tai thoi diém 0,15 céc cot A2, A3, A4,
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Hinh 6. Qua trinh SPLT cua khung BTCT chiu tac dung cua nd gén tai cac thoi diém 0,01, 0,1; 0,2; 0,3; 0,4; 0,5.
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(a) Bién dang LE33 tai PT 739
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(b) Bién dang LE33 tai PT 793
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(c) Bién dang LE33 tai PT 847
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Hinh 7. Bién dang LE33 va itng suit mises tai cic PT 739; 793 va 847.

A5 gan nhu bi pha hily va mit kha ning chiu lic hoan toan. Trong
nhiing thi diém tiép theo duéi tac dung ctia trong ltgng ban than ciia
két cAu khung bé tong cbt thép, tai trong clia twong bao va hoat tai, su
phé hiy hinh thanh tai cac tiét dién ddm & cdc nit 1an lugt A11, A12,
Al13, Al4, A15, Al6 (t;mg 1); A21, A22, A23, A24, A25, A26 (téng 2);
A31, A32, A33, A34, A35, A36 (tAng 3); A41, A42, A43, A44, A45, A46
(tAng 4) va A51, A52, A53, A54, A55, A56 (ting 5), tiép d6 su pha hity
lan nhanh 1én cdc dim va san truc A-B va B-C 1an lugt tit tAng 1 dén
tAng 5. Qué trinh pha hoai lily tién dién ra rdt nhanh sau 0,65 s mot
nita ctia toa nha hoan toan bi sup d6 (Hinh 6).

Trén Hinh 7, hién thi bién dang LE33 va ttng suét mises tai phin
tit 739; 793 va 847 tuong Gng tai céc vi tri diu ddm (PT 739; 847) va

gitta dAm (PT 793) ndi ndt A22 va A23. Bién dang LE33 va ting suét
mises tai cic phin tit d6 ting dén thdi diém 0,2 s khong con ghi nhan
gia tri ngay lic d6 phan ti bi pha hiy.

Nhv véy, ¢6 thé thiy dudi tdc dung ctia vu nd gin, ddng thdi cac
cOt A2, A3, A4 bi phé huy do séng xung kich, séng xung kich cling gay
ra nhitng viing phé hoai nho trén cic dim, ngay sau dé tai trong duoc
phén b lai cho cac ciu kién con lai, ndi lvrc trong céc cAu kién dé ting
1én d6t ngdt vieot qua kha ning chiu tai cta cac cac cdu kién dé (vén
khéng duge tinh trong thiét ké), din dén cac cAu kién d6 bi pha hiy,
gdy ra sy SDLT rét nhanh chéng cho cong trinh.

JOMC | 53



Tap chi Vat liéu va Xdy dung s6 4 (2021) 48 - 60

SOV_OAMAGE
(Avg: 75%)

SDV_DAMAGE
(Avg: 75%)

+1.0006+00
+9 167801

J0.000e+60

SC Asia Standard Time 2020
S Asia Stendard Time 2020

actor: +1.000e+00
Status Var: STATUS

I Step: Stey
z imary Var

For 1]
Status Var: STATUS

SOV_DAMAGE
(Avg: 75%)

|- +1.000¢+00

'SE Asia Standard Time 2020

5C Asia Standand Time 2020
Step: Stap
Step: Stept . RS

Increment o
Primary Var: SOV 3

Deformed Var: U~ D Stats Var: STAIL
Status Var: STATUS

e Factor: +1.0008+00

SDV_DAMAGE
(Avg: 75%)

SDV_DAMAGE
(Ava: 75%)

+1,000¢ 100
2

$0.0002+G0

1
+8]
+00008+00

E St Asia Standard Time 2020
B SE Asis Standard Time 2020

actor: 11,000 100

r
Stats Var: STATUS

Status Var: STATUS

Hinh 8. Qua trinh pha huy cta khung BTCT chiu tac dung nd tiép xdc dat tai cot A3 khi c6 thém cot phuy, thoi diém 0,1; 0,2; 0,3; 0,4; 0,5; 0,6s.
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Hinh 9. Bién dang LE33 va ting suét mises tai cic PT 739; 793 va 847.

5. P& xuét mét sb giai phap khang sap lity tién khung khéng gian
BTCT toan khéi chiu tic dung ctia né gin

Sau khi tién hanh khao sat st sup d6 1éiy tién khung khong gian bé tong
cbt thép toan khéi chiu tic dung ctia nd tiép gn, cho thiy sy pha hoai liy
tién trong tredng hop niy xay ra v&i mite d6 16n hon va thoi gian pha hoai
dién ra nhanh hon do gin nh? céc 6t & vimg gin tim n (A2, A3, A4) déu
bi phé hoai v&i cic miic d6 khéc nhau. Téc gia d& xuat mot sb giai phap khang
sap nhut sau: Giai phap thit nhét - b6 trf thém cot phu; giai phép thit hai - boc
thép cot bi pha hiy; giai phép thi? ba - b trf tuding chin séng nd.

5.1. Gidi phdp thém c6t phu dé khdng sap lily tién ctia khung khéng gian BTCT todn
khdi chiu tdc dung ctia nd gdn

Két qua m6 phéng sb giai phap thém cot phu khang sap lily tién clia
khung khéng gian BTCT toan khéi chiu tic dung ctia nd gin duge thé hién
nhu trong Hinh 8 va 9.

Véi giai phap thém c6t phu ngay sau vi tri hang c6t bi pha huy do
Iwtong nd gin (hang cot truc A), ngay sau khi séng xung kich ctia vu nd gy
pha hoai cuc bd hang cot va mot sé dim trén truc A, tai trong duge phan bd
lai va c6 thé thiy toan b tai trong clia hang cot truc A (cOt A1, A2, A3, A4,
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Hinh 10. Qua trinh ph4 huy cua khung khong gian BTCT chiu tac dung cua nd gén c6 boc thép cét tai cac thoi diém 0,04; 0,08; 0,12; 0,16; 0,2;
0,24; 0,28; 0,29s.
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Hinh 11. Bién dang LE33 va ttng suét mises tai cic PT 739; 793 va 847.

A5, A6) lic nay da tac dung 1én cot phu CP, do vay trong qua trinh phan tich
két cAu chi bi pha hity mét phin nhé trén c6t va ddm clia truc A, khéng con
xAy ra sy ph4 hoai liiy tién nhu trong tritng hop khéng c6 et phu (Hinh 8).

Trén Hinh 9, hién thi bién dang LE33 v ting sut mises tai phin t?
739; 793 va 847 tiong ting tai cc vi tri dAu dAm (PT 739; 847) va giita ddm
(PT 793) nbi niit A22 va A23. Bién dang LE33 va ttng suét mises tai phan tir

d6 ting dén thoi diém 0,2 s sau d6 din dn én dinh.

Nhut vay, v&i giai phap b tri thém hang cot phu cho thy ¢6 thé chéng
lai st sup db lity tién cho cong trinh khi chiu tai trong nd gin.

5.2. Gidi phdp boc thép ot dé KSLT ctia khung khong gian BTCT toan khdi chiu
tdc dung ctia nd gén

Két qua mé phong s giai phap boc thép cot dé khang sap liy tién clia
khung khong gian BTCT toan khéi chiu tic dung ctia nd gn duge thé hién
nhu trong Hinh 10 va 11.

V&i giai phap boc thép hang cot truc A (cOt Al, A2, A3, A4, A5
va A6) - hang cot nay bi tac dung tryc tiép cia séng xung kich khi nd
gan, ngay sau khi nd 16p boc thép bi chay déo mot phin ngay tai mot
s6 vi tri, bé téng trong hang cot truc A bi tic déng tuy nhién khong dén

trang thai bi pha hity do mét phén 16n niing lvong nd duoc 16p boc
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Hinh 12. Qué trinh pha hiy ctia khung khong gian BTCT chiu tac dung ctia nd g'?m c6 twong chén séng tai céc thoi diém 0,1; 0,2; 0,3; 0,4; 0,5; 0,6 s.
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(c) Bién dang LE33 tai PT 847

® fJ’ng suét mises tai PT 847

Hinh 13. Bién dang LE33 v ting suit mises Tai cic PT 739; 793 va 847.

thép hip thy, ving pha hiay vin xuit hién trén mét s dam truc A tuy
nhién qua trinh pha hoai liiy tién da khong xAy ra do céc cot truc A vAn
con kha ning chiu lwe, do vay trong qué trinh phén tich két cdu khéng
con bi pha huy nhu trong treong hgp khong cé cot phu (Hinh 10).

Trén Hinh 11, hién thi bién dang LE33 va @ng suit mises tai
phén tit 739; 793 va 847 tuwong ting tai cic vi tri ¢dAu dam (PT 739; 847)
va giita dAm (PT 793) ndi nit A22 va A23. Bién dang doc truc va tGng
sult mises tai phin tit d6 ting dén thoi didm 0,1 s sau @6 din din n
dinh.

Nhv véy, v6i giai phap boc thép cdt cho thiy 6 thé chéng lai
st sup db liiy tién cho cong trinh khi chiu tai trong né gin.

5.3. Gidi phdp tiong chdn séng dé KSLT ctia khung khong gian BTCT todn khoi
chiu tdc dung ctia nd gdn

Két qua mo phong sb giai phap tudng chin séng dé khing sap
liiy tién ctia khung khong gian bé téng cbt thép toan khéi chiu tac dung
clia nd gin dugce thé hién nhu trong Hinh 12 va 13.

Vi giai phap st dung twdng chin séng nd bing bé tong dit giita
cong trinh va vi tri nd khoang cach twong Gng 14 7 m va 3 m khi nd
gin, ngay sau khi nd séng xung kich tic dung va ph4 hily twdng chin
séng. Trén toan nha xuét hién mot sb vling tién t6i trang thai c6 thé bi
pha hily tai cac nit A21, A22, A23, A24, A25 (tAng 2); A31, A32, A33,
A34 (thng 3); A41, A42, A43 (tng 4), bé tong tai cac nit nay bi tac
dong tuy nhién khong dén trang thai bi pha htiy do mét phan 16n ning
luong nd bi suy giam rit nhanh theo khoang céch, qué trinh pha hoai
liy tién da khong x4y ra do céc cot truc A vin con kha ning chiu luc,
do véy trong qua trinh phan tich két cAu khong con bi pha huy nhw
trong truong hgp khong cé cot phu (Hinh 12).
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Trén Hinh 13, hién thi bién dang LE33 va tng sult mises tai phin
tit 739; 793 va 847 tuong @ng tai céc vi tri diu ddm (PT 739; 847) va
gitta dAm (PT 793) ndi ndt A22 va A23. Bién dang LE33 va ting sut
mises tai phan tit d6 ting dén thoi diém 0,06s sau d6 din dan 6n dinh.

Nhu vy, v&i giai phap st dung tuwdng chin séng nd bing bé tong
cho thiy c6 thé chéng lai su sup db lity tién cho cong trinh khi chiu tai

trong nd gan.
6. Két qua nghién ciiu

Trong nghién cttu nay, tic gia da tién hanh mo phoéng phan tich
su sup db liiy tién ctia khung khéng gian toan khéi chiu tic dung nd
gin bing phin mdm ABAQUS, cu thé phén tich qua trinh sup db liy
tién ctia khung BTCT toan khéi chiu tic dung ctia lgng nd gn, sau khi
bi lwong nd gin pha hity cic cot & ving gin tim nd (A2, A3, A4) dué6i
tac dung ctia trong lvgng ban than ctia két cAu khung bé tong cbt thép,
tai trong ctia tdng bao va hoat tai, qué trinh pha hoai liiy tién dién ra
rit nhanh sau 0,65 s mét nia toa nha hoan toan bi sup dé. Tt d6 tac
gia dé xuit mot sb giai phap khang sip cho trudng hop nay gdm: Giai
phap th@ nhét - bd tri thém ¢t phu dit cach c6t bi pha hity 1 m (qua
khdo sat bai todn v&i khoang céch nay tranh dugc va cham cta cot
chinh khi bi pha huy); giai phap th@ hai - boc thép cot bi pha hay (s
dung thép tAm day 10 mm boc tai vi tri cot bi pha hiy) va giai phap
thit ba - b tri twdng chén séng nd .

7. Két luan

Cac két qua thu dwgc khing dinh tinh hop 1y khi st dung mo
hinh vét liéu Holmquist-Johnson-Cook cho bé téng, mo hinh vat liéu
Johnson-Cook cho cét thép, mé hinh vat liéu nd TNT trong phan tich
két cAu bé tong cbt thép chiu tic dung nd bing phin mém ABAQUS.

Tir két qua phan tich trén c6 thé nhan thiy ring, qué trinh sup
db liiy tién cia khung khong gian bé tong cbt thép toan khéi chiu téc dung
ctia n6 gin dién ra nhanh va mifc d6 ph4 hiy 1a rt 16m, do vay cin thiét
phai c6 cac giai phap dé khang sap sily tién tranh cac thiét hai cho cong
trinh.

Ciing tir két qua d6 tac gia nhan thy cac d& xudt giai phap thém cot
phuy, boc thép cot va twdng chin séng nd dé khang sap liiy tién c6 hiéu
qua t6t, 1am giam dang ké mtc d6 pha hity ctia két cAu va chéng lai qua
trinh sup db liy tién.

Cac két qua thu dugc c6 thé cung cAp thém mét sé thong tin hitu ich
cho cac thiét ké c6 ké dén sup db liiy tién d6i v6i cdc cong trinh phuc

vu cho an ninh Quéc phong.
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