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CAC PHUONG PHAP PHAN TiCH DONG PHI TUYEN KET CAU
THEO LICH SU’ THO'T GIAN TRONG SAP 2000 (PHAN 2)

ThS. TRAN NGOC CUONG
Vién KHCN Xay dwng

Tém tét: Trong phén 1, bai bédo da trinh bay
nhitng ddc diém co ban cua ndm phuong phép
phén tich phi tuyén déng duoc tich hop sén trong
phan mém SAP 2000. Trong phan 2 ndy, bai bdo
sé gidi thich cdc théng sb khi 4p dung phén tich
dong phi tuyén, dong thoi dwa ra mét s6 vi du
minh hoa nham lam ré déc diém cia cdc phuong
phép da trinh bay & phén 1.

1. Cac thong sé co’ ban

a. Cuwra s6 Load Case Data

Ctra s6 Load Case Data — Nonlinear Direct
Integration History trong SAP2000 dwoc dung dé
dinh nghia cac phwong phap phan tich va kiéu
phan tich. Cac thuat ngl trong ctra sé nay déu
don giadn va dé hiéu nén co thé khdng can giai
thich thém. Goéc bén duéi trong phan Other

Load Case Data - Nonline:

Load Case Mame Motes

Parameters c6 hai 6, 6 Time Integration d& chon
phwong phap phan tich va diéu chinh cac théng
s6 dau vao, 6 Nolinear Parameters dung dé chinh
cac théng sb phu (hinh 1). Nhap sbé budc thoi
gian xuat ra (Number of Output Time Steps) va
gia tri bwéc thoi gian xuét ra (Outout Time Step
Size) vao hai 6 twong ng nhw trongHinh 1hinh
1. Lwu y day 1a sb bwdc thoi gian va gia tri buwéc
thoi gian xuét ra ché khéng phai 1a bwdc thoi
gian tinh toan (Af) nhw trong cac cong thirc trinh
bay & phan 1 cha bai bao [1], bwéc thei gian tinh
toan dwgc chwong trinh tinh tyw ddng, can c& vao
diéu kién héi tu cta két qua. Tuy nhién, do gia tri
bwéc thdi gian tinh todn cta chwong trinh lubn
nhé hon hodc bang gia tri bwdc thdi gian xuét ra,
do d6 gia tri buwdc thoi gian xuét ra nay cé thé
dwoc dung dé khéng ché gia tri 16n nhat cua
buwéc thoi gian tinh toan At.

Load Case Type

cunent case

Use Modes from Case

Loads Applied

Earthquake Set Def Name | Modify/Shaw... ‘ Time History | Design...
Iritial Conditions Analyzis Type Time History Tupe

f+ ZeroInitial Conditions - Start from Unstressed State " Linear " Modal

" Continue from State at End of Nonlinear Case f" Nanlinear f" Direct Integration

Important Mote:  Loads from this previous case are included in the

Eigentode

Geometric Monlinearity Parameters

" Mone

& P

™ P-Dela plus Large Displacements

Load Type Load Mame Function Scale Factor
[el ~|fur ~|[chichea ~][us
= Add
s Modiy
= Delete
™ Show Advanced Load Parameters
Time Step Data Time History Motion Type
MNurmber of Output Time Steps 300 & Transient
Output Time Step Size [l 2
DOther Parameters
Diamping Praportional Damping Modife/Showe...
Time Integration Hilber-Hughes-T aylor Modify/Show
= 7 Cancel
Monlinear Parameters User Defined adify/5 how.

Hinh 1. Ctra sé Load Case Data
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b. Cira sé Time Integration Parameters

Clra s6 Time Integration Parameters (hinh 2)
cho phép chon phwong phap phan tich va cac hé
sb dau vao (nhu a, B, v, 6,...). Viéc chon phuwong

Method |

€ Mewmark Gamma | H
Bek [ v

€ Wikon Theta i

¢ Colocation Garma | Ie
Bet [ I
Theta [ ¥

@ Hiber-Hughes - Taylor  Gamma  [05 =
Bel ps
Mpha [0

€ Chung and Hulbert Giamma

phép va cac théng sb dau vao nay can cl vao
yéu cau tinh todn va céac tinh chat sb cia méi
phwong phéap nhw da phan tich & phan 1 bai bao
nay [1].

Minimum Substep Size

Maximum Constant-Stif lterations per Step
R

[1o00E-04

[ves =

O

Masimum Newton-Raphson lter. per Step

Line-search Acceptance Tol. [Relative]

Line-ssarch Step Factor

Hinh 2. Cira s6 Integration Parameters va Nonlinear Parameters

c. Ctra sé Nonlinear Parameters

Y nghia cla cac théng sé trong clra sb
Nonlinear Parameters (hinh 2) dwoc gidi thich
nhw sau [2]:

- Maximum Substep Size (a): Quy dinh gia tri
I&n nhat cho mét bwdc thdi gian tinh toan (Af).
Khi ngu®i dung dat gia tri nay, dau tién chwong
trinh sé tinh toan véi gia tri At bang gia tri 1on
nhat. Néu nhw két qua tinh khéng hoi tu, chwong
trinh sé ty déng chia nhé hon bwéc thoi gian At
va lap lai qua trinh tinh toan. Gia tri Maximum
Substep Size khdng dwoc I&n hon gia tri buéc
thoi gian xuét ra. Trong trwéng hop khéng gan
gia tri cho théng sb nay (m&c dinh bang 0),
chwong trinh sé ty dong gan gia tri bang gia tri
bwéc thdi gian xuét ra (Output Time Step);

- Minimum Substep Size (b): Quy dinh gia tri
nhd nhat cho mét budc thei gian At tinh toan. Khi
phan tich phi tuyén, néu két qua tinh khéng hdi tu
sau mot s6 bwdc tinh toan nhéat dinh, SAP2000
sé tw dong giam gia tri At va lap lai quy trinh tinh
toan. Do th&i gian phan tich phu thuéc vao sb
lwong cac bwdc tinh toan nay, dé tranh lang phi
thoi gian x&r ly va tranh cho chwong trinh bi 16
tran bd nhé (I6i Run-time error), ngwdi dung cd
thé quy dinh sb buwéc thdi gian nhé nhat ma
chwong trinh sé st dung, vi du béng 0,005 giay.
Néu da giam gia tri At dén gia tri nhd nhat nay ma
két qua van khéng héi tu thi chwong trinh sé tw
déng duwrng lai va dwa ra canh bao;

4

- Maximum Constant-Stiffness lIterations per
Step (¢) va Maximum Newton-Raphson lterations
per Step (d): Phwong phap tinh 1ap v&i ma tran
dd cieng 1a hang sé con dwoc goi la phwong phap
Newton-Raphson céi tién (Modified Newton-
Raphson). DAu tién chwong trinh sé tinh 1&p bang
phwong phap Modified Newton-Raphson, sau s
bwéc da quy dinh & (c), néu két qua khéng hdi tu
thi chwong trinh sé chuyén sang tinh bang
phwong phap Newton-Raphson véi sb budc &
(d), khi dé ma tran dé clrng sé dwgc cap nhat sau
tirng vong 1&p. Néu ca hai truong hop nay két
qua déu khong hdi tu, chuwong trinh sé tw déng
chia nhdé bwéc thdi gian va 1ap lai qua trinh tinh
toan. Theo [2], tinh 1ap bang phwong phap
Modified Newton Raphson thuwdng nhanh hon (do
khéng phai cap nhat ma tran doé cing sau mbi
vong lap), tuy nhién tinh bang phwong phap
Newton-Raphson lai hiéu qua hon, dac biét 1a v&i
két cAu dang soi cap va két ciu co xét dén hiéu
&ng phi tuyén hinh hoc. Néu gan ca hai gia tri &
hai 6 nay déu bang 0 thi chwong trinh sé tw dong
tinh sb vong I&p cho phép theo yéu cau;

- lteration Convergence Tolerance (Relative)
(e): Sai sb twong dbi cho phép. Sau méi vong l&p,
SAP2000 sé& kiém tra gi4 tri sai sb, néu gia tri sai
s6 nhd hon gia tri sai s& cho phép thi chuwong
trinh sé thoat vong 18p va chuyén sang buéc tiép
theo. Gia tri sai s6 cang nhé thi két qua tinh cang
chinh xac, nhwng mét thém thdi gian dé chwong
trinh x( ly;

- Event-To-Event Stepping (f) va Event
Lumping Tolerance (g): day 1a tuy chon va sai sé
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cho phép ap dung v&i cac khép déo nhadm lam
gidm sb vong tinh 13p trong mot bwdc. Ngudi
dung c6 thé sir dung c6 hoac khdng st dung voi
thy chon nay. Lwu y réng tly chon nay khéng
dung cho loai ciu kién cbt soi (fiber frame);

- Maximum Line Searches per lteration (h),
Line-Search Acceptance Tolerance (Relative) (i)
va Line-Search Step Factor (j): Line-search la mét
thuat toan ctia SAP 2000 nh&m cai thién hiéu qua
cua viéc tinh lap bang cach thr ting hoac giam
dod bién thién cta két qua tinh toan nham thu
dwoc mét sai sé nhd nhat. Do tinh hiéu qua va
kha nang héi tu cda thuat toan tinh lap Newton-
Raphson phu thudc vao viéc chon gia tri thir ban
dau, thuat toan line-search la mot bwdc dém
nham gilp cho viéc chon ra gia tri nay. Thuat
toan nay tuy lam tang khéi lwgng tinh toan trong
mdi bwéc nhung lai ¢ thé lam giam sb vong lap
va cai thién tinh hdi tu ctia vong lap.

Trong céac théng sé tinh todn mé ta & trén, voi
nhitng bai toan két ciu thong thwong, nguodi
dung chi can quan tdm dén céc thong sb tv (a)
dén (e), cac thong sb tr (f) dén (j) c6 thé dé theo
gia tri mac dinh ma chuwong trinh dwa ra. Cling
can lwu y thém rang khi st dung cho ho phuong
phép ngoai hién thirc ho&c khi phan tich déng véi
hé két cAu dan héi tuyén tinh, chi can quan tam
dén gia tri thong sb (a) va (b) ma khéng can quan
tam dén cac thong s con lai do thuat toan khéng
can phai tinh 13p trong nhirng trwéng hop nay.

Cé4c thong sb co ban trinh bay trong phan nay
cling nhw cac kién thire lién quan dén vé dong
lwe hoc céng trinh ¢ thé dwoc tham khao thém
tai céc tai lidu [3], [4], [5].

2. Cac vidu tinh toan

Nhw d& trinh bay & phan 1 cuta bai bao [1],
SAP 2000 tich hop san nam phwong phap phan
tich phi tuyén dong khac nhau. Tuy nhién, trong
pham vi sir dung dé tinh toan két cau céac céng
trinh thwong gap, vé co ban chi can quan tam
dén ba dac diém chinh sau:

T
v, =[0,970 0,990 1,000 1,000 1,000]
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Phwong phap st dung thuéc ho ngoai hién
th&re hay néi an thac;

Phwong phap st dung c6 hay khéng c6 hé sbé
can nhét sb (numerical damping ratio);

Do chinh xac trong két qué tinh toan cla
phwong phap dwoc stir dung.

Can cl vao cac dic diém nay, dé cho nguoi
dung dé dang hon khi lwa chon cac phwong phap
tinh, cac vi du tinh toan sau day sé chi tinh toan
v@i cac phuwong phap sau:

- Phuwong phép Newmark Explicit Method (viét
tat 14 NEM): phwong phdp ngoai hién thic cé
diéu kién én dinh, khéng cé hé sb can nhét sb
(chon B=0 va y=0,5 trong phuwong phap
Newmark);

- Phuwong phap Hilber — Hughes — Taylor v&i
hé sé a = 0 (viét tét 1a HHT(0)): day la phwong
phdp ndi an thirc khdng cé diéu kién én dinh,
khéng c6 hé sb can nhat sb. Truwdng hop tinh
nay ciling twong dwong véi viéc sir dung phuwong
phdp AAM nhw da giai thich & Phan 1 cla bai
béo;

- Phuwong phap Hilber — Hughes — Taylor véi
hé sb a < 0 (viét tit 1a HHT(a)): day 1a phwong
phédp ndi an thirc khong cé diéu kién én dinh va
c6 hé sb can nhot sé.

Céac phwong phap nay c6 cac dic diém tinh
toan gan nhw bao gém du cac trwdéng hop tinh
toan théng thudng nén ngudi dung cé thé chi can
st dung céc trwong hop tinh ndy ma khéng can
dung dén cac phwong phap khéc.

2.1 Vidu 1: Hé két cau tuyén tinh

Hé két cAu khung gdbm n&m béc tw do véi cac
théng sb vé khdi lwong va dd cing cac tang (tinh
cho ca 2 c6t) dwoc thé hién trong hinh 3, trong dé
dd clrng céc tang dwoc gia thiét 1a 1am viéc dan
hdi tuyén tinh. Can c& vao cac théng sé nay, chu
ky dao déng (Period), tan sb dao dong tw nhién
(Natural ~ Frequency), tan sb6 dao déng
(Frequency) va hé sb khdi lwong tham gia céc
dang dao déng (Participating Mass Ratios) dwoc
tinh toan bang SAP2000 va trinh bay trong bang
1. Vec-to clia dang dao dong tht 1 va thr 5 tinh
dwoc nhuw sau:

T
ve=[0 0 0,006 -1,621 1,000] (1)
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Tw bang 1 ¢c6 thé thdy cac dang dao déng the
3, 4, 5 la cac dang dao dong bac cao so véi dang
dao dong th& 1 va 2, vi hai ly do: thir nhét, tan sb
dao dong f clia cac dang dao dong nay Ién hon
nhiéu 14n so v&i tan sb dao dong cla hai dang dao
déng dau tién; thir hai, khdi lwong két cdu tham
gia vao cac dang dao déng 3, 4, 5 la qua nhé (nhd
hon 0,1% téng khéi lwong) so véi dang dao dong
1 va 2. Trong mét sb trwéng hop tinh véi két qua

khéng can qua chinh xac, tham chi con c6 thé coi
dang dao dong thr 2 1a dang dao dong bac cao va
chi tinh v&i dang dao déng ther 1.

Cho hé két cau chiu tai trong l1a gia tdc nén
dwoc gia dinh cé dang ham sin nhw sau:

~1,0xsin(mt) (m/s) (@)

g

ms=100 kg
V2222022222020 2022207.
ko.5=2x10* kN,
me100 kg |20 KN/m
2Ll
_ 4
mi=10" kg ko.~2x10* kN/m
VIIIIIIIIIIIIIIIS.
_ 4
m2=104 kg k{)_3 2x10™ kN/m
Y2222 2020202202020270727.
_ 4
m1=106 kg k0_272><10 kN/m
VIS SIS IIIIIS
ko =2x10* kN/m
77777 (a ) 77777

Hinh 3. Hé két cau tuyén tinh 5 bac tw do

Bang 1. C4c théng sb déng lwc hoc ctia hé két cau trong vi du 1

1 1,419 4,427 0,705 0,960
2 0,227 27,707 4,410 0,040
3 0,087 72,191 11,489 0,000
4 0,023 279,070 44,415 0,000
5 0,009 723,990 115,221 0,000

DPé xem xét anh hudng cla cac dang dao dong bac cao, van toc ban dau (initial velocity) tai thoi
diém t = 0 dwoc lay bang khdng va diéu kién chuyén vi ban dau (initial displacement) tinh theo vec-to

dang dao déng th& 5 nhw sau:

d(0) =vg /20 = [0 0 0 -0,081 0,050]T (m) (2)
Hé két cAu duoc tinh toan béng ca ba phwong phap NEM, HHT(0) va HHT(-0,1).

Dé Iva chon bwdc thei gian At véi phwong phap NEM, cdn e vao diéu kién dn dinh bwéc thoi gian

tinh toan phai thda man diéu kién sau:

Q =Wy (A) <2 - (At) <2/ wgy =2/723,99 =0,0027(s) (3)

Chon At = 0,002 giay, can ct vao hinh 2 cua
tai lieu [1], sai sb twong dbi chu ky dbi v&i dang
dao dong thr 1 1a 0,1% va v&i dang dao déng thw
214 0,9%. Céc gia tri sai s6 nay da nhoé dé coi két
qué tinh toan la chudn khi so sanh véi céc
phwong phép tinh khac. Lwu y néu gia tri At dwoc

6

chon khéng théa man diéu kién 6n dinh thi khi
tinh toan chwong trinh dé bi 16i tran bd nho.

V&i phwong phap HHT, do khéng cé diéu kién
on dinh nén bwdc thoi gian duwgc chon can cw
theo d6 chinh xac yéu cau cla két qua tinh. Gia
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st ta chi quan tam dén dang dao déng thir 1 va
2, dd chinh xac clha két qua dwoc lay theo gia tri
sai s6 twong dbi ctia chu ky véi sai s6 cho phép

(at)/T,<01 -

Chon At = 0,02 giay cho ca hai trwong hop
tinh bang phwong phap HHT(0) va HHT(-0,1) véi
lwu y rang sai s6 ctia phwong phap HHT(-0,1) sé
I&n hon mdt chat so v&i phuong phap HHT(0).

Két qua tinh toan cta chuyén vi tAng 1 (nat 2)
va tang 5 (nat 6) dwoc trinh bay trong hinh 4,
chuyén vi cta tang 1 dwoc trinh bay cho 5 giay
dau tién trong khi chuyén vi tang 5 chi in cho 1
gidy dau tién.

Két qua tinh toan & hinh 4a cho théy:

- DPuong cong két quad tinh toan béang
phuwong phap HHT(0) hoan toan trung khép voi
duwong cong két qua tinh toan bang phuong phap
NEM (dwoc lay 1am chuén), trong khi buéc thoi
gian tinh toan cla phwong phap HHT(0) Ién gap
10 lan so véi budc thdi gian tinh toan cda
phwong phap NEM. Diéu nay cho thdy phwong
phap HHT(0) khéng bi khdng ché b&i diéu kién 6n
dinh nén da tiét kiem dwoc kha nhiéu cong sirc
tinh todn hon so v&i phwong phap NEM trong khi
van thu dwoc két qua véi do chinh xac twong
duwong;

- Puong cong két quad tinh toan béang
phwong phap HHT(-0,1) c6 sy sai Iéch nhé so
v&i két qua chuan, tuy nhién, trong cac bai toan
vé xay dung thi sai s6 nay nhin chung la chap
nhan dwoc.

la 5%, khi d6 gia tri bwéc théi gian dwoc tinh can
¢ vao hinh 6 [1] nhw sau:

(At)<0,1%T, =0,170,227 =0,023(s) (4)

Két qua tinh toan & hinh 4b cho théy:

- Puwong cong két quad tinh toan béang
phwong phap NEM va HHT(0) kha “nhiéu”, do
chuyén vi cia tang 5 bi &nh huéng cta dang dao
doéng cé tan sbé cao, trong khi duéng cong két qua
tinh toan bang phwong phap HHT(-0,1) chi hoi
“nhidu” trong khoang 0,2 giay d4u tién, sau do tré
nén rat “tron”. Piéu nay duoc ly gidi 1a do hai
phuwong phap NEM va HHT(0) déu khéng cé hé
s6 can nhot nén khéng cé kha nang loai bé &nh
hwéng clia cac dang dao dong bac cao, trong khi
phwong phap HHT(-0,1) cé kha nang nay. Viéc
loai bé anh hwédng cla cac dang dao déng bac
cao c6 ba y nghia: thir nhat, trong cac bai toan vé
xady dwng, cac dang dao doéng bac cao anh
hwéng khong dang ké dén tong thé wng x& két
céu (trong vi du nay, ba dang dao déng 3, 4, 5
chiém chuwa dén 0,1% téng khdi lwong két céu
tham gia dao déng), do d6 viéc loai bd anh
hwédng clda ching sé lam gidam céng stc tinh
toan; thir hai, két qua tinh toan véi cac dang dao
dong bac cao thuwdng khdng chinh xac nén khong
dwoc quan tam; thir ba, véi hé két cau phi tuyén,
viéc loai bé cac gia tri “nhiéu” trong két qua tinh
sé lam tang kha nang hdi tu khi tinh 13p va giam
s6 bwdc tinh 13p, tr d6 cling lam gidm thoi gian
tinh toan.

= 20 AL=0002 NEM == «+« Ar=002 [HIT(0) === A/=002 HIIT{-0.1})
S st
2 1wk
= S
E o |
Q =10

= (a) 1st Story

220 I 1 i M 1 4

00 0.5 10 1.5 2.0 25 3.0 1.5 2.0 45 5.0

10
ré- Ar=0.002 NLM Ar=0.02 HHIT{0) = - = Ar=002 HHT(-0.1)
\:\_-)’ -
=
: A .xlu e
: 7!! VIR i u; ||ll
g | " |I|| |
el v Hh | ] 1 | “
P ’ *" u! |'t “ |1“| alu 'i

-10 l U

(b) 5th Story ‘
-15
0.0 0.1 0z 03 0.4 0s 06 07 08 09 10
Time (sec)

Hinh 4. Két qué tinh toén vi du 1
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2.2 Vi du 2: Hé két cau phi tuyén vét liéu

Hé két cau trong vi du 1 dwoc diéu chinh lai
v&i cac thong sb vé khéi lwong va do cing nhw
trong hinh 5. Gia thiét d6 clng cla cac tang la
nhw nhau, quan hé (ng x& cha clu kién tang
dwoc gid thiét 14 quan hé tuyén tinh hai doan
thang. Gia tri Fr = -F¢ = 200 kN tinh cho méi cét,
Ks =koi, Kn= 0,11K,. Céc théng sb déng lwc hoc

ms=2x10* kg
22222l llllll.
ko.s=8%10° kN/
m=2x10kg |’ "
VIO IO IO
. 3
=210 kg k. =8%10° kN/m
VI IO IIIIIIIIS
. 3
my=2x 104 kg ko.5=8%10" kN/m
GO IIIIIIIIIIIIS
_ 3
m=2x10" kg ky.=8%10° kN/m
VIO IIIIIIIIS
k. =8%10° kN/m
77777 (a ) 77777

cta hé két ciu tinh theo dd cirng ban dau duoc
trinh bay trong bang 2. Hé két cdu dwoc tinh toan
dwoi tac dung cua tai trong dong dat theo
phwong ngang v&i gia téc nén ghi nhan dwoc tr
tran déng dat Chi-Chi xay ra & Dai Loan vao ndm
1999 (t&n phd ghi gia tc nay theo ky hiéu quéc té
thworng dung la CHY 028), dinh gia téc nén duwoc
l4y bang 0,8¢ (hinh 6).

displacement

Vi

,,AFC

(b)

Hinh 5. Hé két cau phi tuyén vat liéu 5 bac tw do

10

w
L]

AAAL
YW

GroundAcc. (m/s%)

'
O
)

Ao MAML
VAW VN

15 20 25 30

Time (s)

Hinh 6. Phé ghi gia téc nén CHY 028
Bang 2. C4c théng sé déng lwc hoc cta hé két céu trong vi du 2

vangdandin | _onuiy 7o | 1o dodog | ISt e ooma | 0SB veng
1 1,104 5,6926 0,906 0,880
2 0,378 16,617 2,645 0,087
3 0,240 26,194 4,169 0,024
4 0,187 33,65 5,356 0,008
5 0,164 38,38 6,108 0,002

Hé két cAu ciing dwoc tinh véi ba phwong
phap NEM, HHT(0) va HHT(-0,1). Viéc lwa chon
bwéc thdi gian tinh toan At cling twong tw nhw &
vi du 1. Trong vi du nay, do phd ghi gia téc nén
dwoc ghi v&i budce thoi gian At = 0,005 gidy nén

8

SAP 2000 tw déng chon gia tri nay lam bwéc thoi
gian tinh toan néu nhw gi4 tri bwéc thoi gian xuét
ra chon I&n hon gid tri nay. Véi hé két cau nay, At
= 0,005 giay 1a da dé théa man diéu kién én dinh
cta phwong phap NEM va théa méan yéu cau vé
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dd chinh xac trong két qua ctia phwong phéap
HHT.

Két qua tinh toan chuyén vi cia tAng 1 va tang
5 dwoc thé hién trong hinh 7, méi quan hé gitra
bién dang va luc cat cac tang duoc thé hién trong
hinh 8. Thoi gian tinh toan cda SAP 2000 cho ba
phwong phap NEM, HHT(0) va HHT(-0,1) lan
lwot 1a 229 gidy, 499 gidy va 487 giay. SAP 2000
dwoc chay trén may tinh cd nhan véi chip
Intel®Core™i5 CPU M460 @2.53GHz, RAM 4.00
GB.

Két qua tinh toan cta vi du nay cho thay:

- Két qua tinh bang phwong phap HHT(0)
trung vé&i két qua tinh toan bang phwong phap
NEM, trong khi két qua tinh toan bang phuwong
phéap HHT(-0,1) c6 sai sb ch4p nhan duoc;

- Hé két cu &ng xt hoan toan phi tuyén &
tang t 1 dén 4, tAng 5 van trong giai doan dan
héi tuyén tinh.

Do hé két cdu & vi du nay c6 sb bac tw do
thap, khdi lwong céc tdng bang nhau, do6 cing
cac tang twong dwong cho nén diéu kién 6n dinh
cta phwong phap NEM dwoc théa man dé dang,
dan dén phwong phap nay da dwoc s dung réat

hiéu qua biéu hién qua th&i gian tinh toan béng
phwong phap NEM chi bang khoang mét nira so
v@i thdi gian tinh toan cda hai phwong phap con
lai. Biéu nay dwoc gidi thich la do trong méi bwéc
tinh toan, NEM 1a phwong phap ngoai hién thic
nén khdng can st dung thuat toan tinh Iap, vi vay
khi cung sé buwdc tinh toan thi tinh bang NEM
mét it cong stc hon. Tuy nhién, cling can noi
thém réng véi nhitng hé két ciu phic tap c6
nhiéu bac tw do thi khd nang c6 thé &p dung
duwoc phwong phap NEM mét cach hiéu qua la
khong cao do budc thdi gian tinh toan bi khdng
ché bai diéu kién 6n dinh.

Vi du nay cling cho thay rang véi mot hé két
céu don gian chi gébm 5 bac tw do, tuy nhién khi
phan tich phi tuyén déng can dén gan 500 giay
(phwong phap HHT). Bay chinh 1a mdt trong
nhirng nhwoc diém cta nhirng phwong phap phi
tuyén déng thwong dung hién nay, do dé can cé
yéu cau phat trién nhirtng phwong phap tinh toan
ma&i tiét kiem thdi gian va céng stre tinh toan hon
ma van dam bao dé chinh xac cua két qua, vi du
nhv phwong phap duoc gigi thiéu trong tai liéu

[3].
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Hinh 7. Két qua tinh todn chuyén vi tang & vi du 2
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Hinh 8. Quan hé giira chuyén vj - lic cat tang (don vi: kN-cm)

2.3 Vi du 3: Hé két cau co6 xét dén hiéu rng phi tuyén hinh hoc
Xét hé khung thép hai tAng c6 kich thuéc va sé hiéu thanh, sé hiéu nat nhw trong hinh 9. C6t va
dam khung déu cé tiét dién chir T vai kich thuwdc cot va dam nhw sau:

Cot:thanh 1,2,3,4: b=10
Dam: thanh 5, 6:

h=15 tf=1

b=15 f

Mé-dun dan hoi cta vat liéu thép E = 200000
MPa. Khéi lwong mdi tAng bang 10 tan, chia déu
cho hai nat & hai dau cét (chia vao cac nat 2 ,3,
5, 6 mdi nat 5 tan).

Tai trong tac dung I&én hé két cau gbm co tai
trong thang dirng dé tao hiéu tng P-A va tai trong
ngang. Tai trong dng gébm c6 lwc P = 100 tan
tdc dung vao nat 3 va 6 va phan tai trong ban
than do khdi lwong céc tang gay ra. Tai trong
ngang la chuyén vi nén véi gia téc c6 dang hinh
sin nhw sau:

10

h=30 t. =1,5

w=0,5 (cm)
w=1 (cm) ©)
ag =10xsin(Tt) (m/sz) (6)

Can c vao céac théng sbé dau vao, chu ky dao
dong the 1 cha hé két cu tinh dwoc T; = 0,663
gidy, chu ky dao déng cao nhat cta hé 1a chu ky
ther 12 (hé c6 12 bac tw do khi phan tich phang)
tinh dwoc la T2 = 0,020 gidy.

Dé xem xét riéng anh hwéng cha hiéu ng bac
hai P-A, gia thiét rang sau khi bién dang vat liéu
ctia khung van lam viéc dan héi tuyén tinh.

Bwéc thdi gian tinh toan At néu phan tich
bang phwong phap NEM dé théa man diéu kién
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bn dinh sé 1a At < 0,006 giay, do dé chi chon
phuwong phap HHT(0) va HHT(-0,1) dé phan tich.
Bwéc thoi gian tinh todn dwoc chon la 0,01 gidy.

Két qua tinh toan chuyén vi cta tang 1 (nat 2)
va tang 2 (nat 3) vai hai trwdng hop c6 va khéng
ké dén hiéu ng P-A dwoc thé hién trong hinh 10.
Véi trwdng hop khéng ké dén hiéu wng P-A, hé

duwoc tinh toan bang phuong phap tach dang dao
dong (chon & Modal trong phan Time History
Type & clra s6 Load Case Data). D& chon tinh
todn véi hiéu tng P-A thi cAn danh dau vao 6 P-
Delta Plus Large Displacement (hiéu &ng P-A va
chuyén vi 1&n) trong ctva sb Load Case Data.
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Hinh 10. Két qua tinh todn chuyén vi tang & vi du 3

Cling nhw két qua & vi du 1 va 2, két qua tinh
toan bang phwong phap HHT(-0,1) c6 chit sai s6
so véi két qua tinh toan bang phwong phap

Tap chi KHCN Xay dwng — s6 2/2016

HHT(0). Két qué tinh toan cling cho thay rang voi
hé két ciu nay, hiéu irng P-A 1am chuyén vi cla
tang tang 1én khoang 1,6 lan (32,4 cm so va&i 19,3
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cm & tAng 2 va 18,0 cm so vé&i 11,2 cm & tang 1).
Trong tiéu chuén thiét ké chdng dong dat hién
hanh cla Viét Nam [4] ¢6 quy dinh vé viéc s
dung hé sb rng xtr g dé xem xét dé kha nang lam
viéc phi tuyén cta hé két cau khi két cu duoc
phan tich bang phwong phap phd phan ¢ng dan
héi. Vi du nay cho thay c6 thé ing dung phan tich
phi tuyén déng bang SAP 2000 dé tim hé sb (ng
X g cho céc trwdng hop ma tiéu chuan chua cé
quy dinh ré rang.

3. Kétluan

Bai bao (phan 1 va 2) da giéi thiéu dac diém
va pham vi cda cac phwong phap phan tich phi
tuyén dong duoc tich hop san trong phan mém
SAP 2000. Phan 1 trinh bay dac diém cla ca
nam phwong phap, tuy nhién, chi hai phwong
phap dwoc khuyén nghj ap dung trong pham vi
tinh toan théng thwdng la phwong phap Newmark
va phwong phap Hilber — Hughes — Taylor v&i ba
trwdng hop tinh khac nhau nhw trinh bay trong
phéan 2.

Bai bdo (phan 2) da giai thich y nghia céac
théng sb co ban cua chwong trinh SAP 2000 khi
phan tich déng phi tuyén két ciu, dong thoi da
trinh bay cac vi du dé 1am rd d&c diém cla céac
phuong phap phan tich déng phi tuyén tich hop
san trong SAP 2000. V&i cac hé két ciu co sb
bac tw do thap, tdn sb dao déng cla dang dao
doéng cao nhéat khéng lén, cé thé st dung phwong
phap NEM dé tiét kiém thoi gian phan tich. St
dung phwong phap HHT(0) — phwong phap mac
dinh trong SAP 2000 — la phu hop cho phan Ién
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cac trwong hop tinh toan théng thuwdng. Trong
mot sb trudng hop tinh, viéc gidam gia tri hé sb a
trong khoang [-1/3, 0] nhdm loai bé &nh hwéng
cla cac dang dao déng bac cao dé tang kha
nang héi tu khi tinh Iap va giam thoi gian tinh
toan co thé dwoc ap dung. Viéc gidm gia tri hé sb
a lam gidm d6 chinh xac trong két qua tinh, tuy
nhién, sai s6 nhin chung cé thé chap nhan duoc.
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