KET CAU — CONG NGHE XAY DUNG

CAC PHU'ONG PHAP PHAN TiCH BONG PHI TUYEN KET CAU
THEO LICH SU THOI GIAN TRONG SAP2000 (PHAN 1)

ThS. TRAN NGOC CUONG
Vién KHCN Xay dwng

Tém tét: Bai bdo nay gém c6 hai phan, giéi
thiéu nhing phwong phap phan tich déng phi
tuyén theo lich s& thoi gian duoc tich hop sén
trong phdn mém SAP2000 nhdm giGp nhing
nguoi dung phé théng c6 duoc nhing hiéu biét
co bén vé déc diém cua timg phuwong phap ciing
nhw pham vi ap dung cda chiang. Véi méi phuong
phép, bai bdo dwa ra céc tinh chét co bén nhu:
Thudc ho néi én thic hay ngoai hién thic, diéu
kién 6n dinh (néu c6), dé chinh xac trong két qua
tinh toan, do cén nhét sé, tir dé duwa ra pham vi
ap dung dé xuét. Bai bao cing dwa ra mét s vi
du tinh toan dé minh hoa va lam r6 tinh chét cda
tirng phuwong phap.

1. DPat van dé

Van dé phan tich déng lwc hoc phi tuyén (goi
tat la dong phi tuyén) két ciu céng trinh chiu tai
trong dong dat theo phwong phép lich sk thoi
gian (nonlinear time-history analyses) dwoc quan
tAm gan day vi nhirtng wu diém cla né nhw: Khéc
phuc dwoc nhitng nhugc diém cta phwong phap
phan tich dan hoi tuyén tinh khi thiét ké nhing
cong trinh c6 két cdu d&c biét, phire tap (phwong
phép nay yéu ciu két cdu phai théa man nhiéu
yéu ciu mang tinh dinh lwong theo cac diéu
khoan trong tiéu chuan ap dung), phan tich chinh
xac hon rng x& cha két ciu c6 thé gip gidm bot
kich thwéc tiét dién, lam gidam chi phi dau tw ma
van dam bao an toan khi st dung [1].

So séanh véi phwong phap phan tich phd phan
trng dang dao déng (muc 4.3.3.3, [2]), phwong
phap phan tich déng phi tuyén cho phép xét dén
kha nang tiéu tan nang lwgng mot cach chinh xéac
va day da hon 1a chi thdng qua mot hé sé ng xo
q, dac biét véi nhitng hé két cdu nha cao tang
hodc cac hé két cdu phirc tap ma tiéu chuan
chwa dé cap hét. Hon nira, phan tich déng phi
tuyén cé thé cho biét chinh xac vi tri va thoi diém
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hinh thanh khép déo trong két ciu, trong khi
phuwong phap phan tich phd phan (rng dang dao
dong khodng cho biét dwoc diéu nay. Mot wu diém
ni¥a cla viéc phan tich dong, dé la cé thé dung
né dé& hoan thién cac phwong phap phan tich
khac, vi du nhw xay dung cac phé phan (ng thiét
ké hoac diéu chinh gia tri hé sé ng x q.

Tiéu chuén xay dwng thiét ké chéng dong dat
cha Viét Nam cing khuyén khich s dung
phuwong phap déng phi tuyén trong phan tich két
ciu cong trinh (muc 4.3.3., [2]). Tuy vay trong
thywc hanh, viéc thyc hién phan tich dong phi
tuyén hodc ké ca don giadn hon la phwong phap
day dan con kho khan va khéng phai lic nao
cling thyc hién duwoc, xét theo ca khia canh ky
thuat 1&n kinh té, do yéu cau I&n vé ngudn nhan
Iwc trinh d6 cao, nang lyc may tinh va thdi gian
phéan tich [1].

Mét trong nhirng cach dé &p dung cac phuong
phap phan tich dong phi tuyén theo lich st thoi
gian |a st dung cac phdn mém may tinh duoc lap
trinh s&n. SAP2000 |& mét phan mém phan tich
két cAu duoc st dung twong dbi rong rai & Viét
Nam. SAP2000 c6 thé tinh toan véi ca dang phi
tuyén vat liéu va phi tuyén hinh hoc (cé xét dén
hiéu rng P-A). SAP2000 phién ban Advance va
Ultimate cho phép phan tich déng phi tuyén theo
lich s thei gian v&i mét sé phwong phap duoc
tich hop san, gém co6: Newmark, Wilson,
Collocation, Hilber — Hughes - Taylor,
Chung&Hulbert. Viéc thwc hién tuan tw cac buéc
dé ap dung cac phuwong phap nay vé co ban
khong qué phirc tap, c6 thé tham khao nhirng tai
liéu chi dan viéc phén tich nay trong phén Tro
gilp (Help) cta chwong trinh, hoac tham khao
céac video chi dan tinh toan trén trang web chinh
thirc clia hang CSI [3]. Tuy nhién, ngwoi tinh
toan c6 thé gap khé khan trong viéc lya chon
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phwong phap va cac tham sb tinh toan. Do vay,
bai bdo hwéng dén nhivng ngudi st dung théng
thworng bang céach tdng hop va gitp ngudi dung
nadm dwoc moét sd nhirng ddc diém co ban nhét
clia cac phwong phap phan tich déng phi tuyén
theo lich st thdi gian, nham tang hiéu qua s
dung SAP2000. Trén co s& doé, bai bao c6 mét s
ndi dung chinh nhw sau:

Phan 1:

- Téom lwgec mot sb kién thirc co ban trong
phan tich déng phi tuyén theo lich st thoi gian;

- Gidi thiéu cac phuwong phap phan tich dwgc
tich hgp s&n trong SAP2000 va cac tinh chét cla
chung;

- Pwa ra moét s6 khuyén nghi st dung cho mét
sb trudng hop tinh toan.

Phan 2: (dyw kién dang trong sé tiép theo cla
tap chi)

- Gi6i thieu mot sé vi du tinh toan bang
SAP2000 nhdm lam ré cac dic diém cla cac
phwong phap tinh.

2. C&c khai niém co ban

Dé& danh gia moét phwong phap phan tich,
nguwoi ta dwa vao mot vai tiéu chi khac nhau.
Theo Hilber, Hughes va Taylor [4], nhi*rng yéu
cau co ban cla mét phwong phap phan tich phi
tuyén theo lich s th&i gian bao gém:

(1) Phaikhong c6 diéu kién on dinh voi hé két
cau tuyen tinh;

(2) Hé sb6 tiéu tan sbé hoc (numerical
dissipation) - khai niém nay twong dwong v&i hé
s6 can nhét sb (numerical damping ratio) sé
dwoc nhéc dén trong bai bao nay - cé thé duoc
kiém soat bang cac tham sb thay vi kiém soat
bang buwdc thdi gian. Ngoai ra, phai c6 kha ndng
tinh toan véi trworng hop khdng cé hé sé tiéu tan;

(3) Hé sb tiéu tan sbé hoc khong dwoc anh

hwéng qué I&n dén cac dang dao doéng
bac thap.

Ngoai ra, con moét tiéu chi khac dwoc chép
nhan twong déi rong rai trong nhiéu tai liéu, vi du
nhu [5], 46 Ia:
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(4) Phai cé d6 chinh xéc cép 2 (sai sb lay dén
(A1),
Bai bao s& bam theo bdn tiéu chi nay dé danh
gia cac phwong phap tinh.
2.1 Ngoai hién thac, néi 4n thic
,Theo [6], nhirng phuwong phap thudc ho ngoai
hién thic (explicit) 1a nhitng phwong phap co
dang: {D}i+1 =f({D}i,{D}i,{D}i,{D}i-1...) 1)
trong dé, gia tri (chuyén vi, van tbc, gia téc...)
cla budc thir (i+1) cé thé dwoc tinh trye tiép tiy
CAc gia tri cia cac buwdc trwdc do. Nhivng
phuong phap thuéc ho ndi an thirc (implicit) c6
dang:

{D}ir1 =1 ({D}is1, D)1, 1D} ,...) )

trong do, gia tri cta budc th (i +1) khong chi lién
quan dén céac gia tri cla cac buwéc trwdc dé6 ma
con lién quan dén gia tri ctia chinh buéc hién tai,
do vay, dé tinh can giai phwong trinh dé tim ra
nghiém. Phwong phap thuwong dung dé giai
phuwong trinh dwgc ap dung trong SAP2000 la
phwong phap tinh I3p Newton Raphson va
Newton Raphson céi tién (Modified Newton
Raphson).

Nhitng wu diém va nhwoc diém cda hai ho
phuwong phap nay cé thé chi ra nhw sau [7]:

V&i ho phwong phéap ngoai hién thic:

= Uu diém:

- {t méat cbng tinh toan hon trong mét bwoc;

- Thuéat toan don gian, logic, dé ap dung voi
két cAu phi tuyén;

- Cén it dung bd nh& may tinh hon khi tinh
toan (so sanh véi ho ndi an thire tinh bang vong
Iap Newton Raphson);

- Thich hop dé thir cac thuat toan méi vi viét
cac doan ma chwong trinh may tinh don
gian hon;

- Bg tin cdy va chinh xac cao hon.

» Nhwoc diém:

- C6 diéu kién 6n dinh, do vay nhiéu truong
hop sé budc tinh toan yéu cau rat lén.

Bén canh do, khi so sanh v&i ho phwong phap
ndi an thire, nhivng wu diém clia ho phuong phap
ngoai hién thirc 1a nhwoc diém cha ho nodi an
thirc va nguorc lai.
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» Uu diém:

- Khéng c6 diéu kién 6n dinh nén gia tri buéc
thdi gian c6 thé 1én hon nhiéu 1an so véi ho
phwong phap ngoai hién thirc.

» Nhwoc diém:

- Chuwong trinh tinh toan thwong I&n va phirc
tap, vi du nhw khi str dung phwong phap tinh 13p
Newton Raphson;

- B4 tin cay kém honn;
- Té6n nhiéu dung lwong x& ly hon.
2.2 Pham vi 4p dung cda méi phwong phap

Theo [8], cac bai toan dong Iwc hoc cbng trinh
dworc chia lam hai dang chinh:

- Dang 1 la céc bai toan dang truyén séng
(wave propagation problems), vi du nhw khi cdng
trinh chiu tac dong va cham hoac cac vu no.
Trong dang nay, anh hwéng cla cac dang dao
dong tan sb cao dén tdng thé cong trinh la dang
ké va ta can phai quan tam dén hiéu rng cla cac
séng ng suét. Thoi gian bi anh hwéng cda cong
trinh thwong 1a ngén.

Dang 2 la cac bai toan dong lwc hoc (structural
dynamics problems), dwgc dinh nghia 1a nhirng
bai toan khéng nam trong dang 1, vi du nhw khi
tac dong clia dong dat. Trong dang nay, lwc quan
tinh déng vai trd quan trong trong (ng x& téng
thé cta céng trinh, cong trinh chiu anh huwdng
clia cac dang dao déng bac thap la chi yéu.

Do cé diéu kién 6n dinh nén phuwong phap
ngoai hién thirc thworng dwoc dung dé gidi cac
bai toadn thudc dang 1. Thong thwong gié tri budc
thoi gian dwoc chon thda man diéu kién én dinh
thi diéu kién vé do chinh xéac ciing tw déng dwoc
thda man. V&i cac bai toan déng Iwc hoc, thuwdng
chiém da sb trong cac bai toan vé xay dung,
phuwong phéap ndi an thire thuwérng dwoc chon do
khong cé diéu kién 6n dinh. Trong trudng hop
nay, buéc thoi gian tinh todn khdng chon theo
diéu kién 6n dinh ma chon theo yéu cau vé do
chinh xac trong két qua tinh.

2.3 Sai sé twong déi cda chu ky

Dé danh gia do chinh xac trong két qua clta
méi phwong phap phan tich dong phi tuyén, khai
niém sai sé twong ddi cta chu ky (relative period
error) dwgce str dung va dugec tinh béng:

bE - (t-7) 3)
T

trong do:

PE laky hiéu cla sai s twong dbi ctia chu ky
(Period Error).

T 1a chu ky dao dong cua hé két cAu tinh bang
phwong phap phan tich phi tuyén theo lich st thoi
gian.

T la chu ky dao dong thyc.

Sai s twong déi cta chu ky dwoc mé ta nhw
trong hinh 1 [9]. Viéc tinh toan cac thong sé nay
thworng phirc tap va can s dung dén may tinh.
Sai sé twong dbi ctia chu ky cang nhd thi két qua
tinh sé& cang chinh xac.

2mE ——

=l

Hinh 1. Cac théng sé dénh gié dé chinh xac cda phwong phép tinh

2.4 Hésé can nhét sé

Céac phuwong phap phan tich phi tuyén theo
lich st thdi gian hién tai thwong cho két qua
khdéng chinh x4c v&i cdc dang dao dong bac cao,
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thém vao do6, voi cac bai toan dong lwc thude
dang 2 thi anh hwéng cla cac dang dao dong
bac cao v&i tbng thé két ciu la khong dang ké, do
vay hé sb can nhét sé (algorithmic damping ratio
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hoac numerical damping ratio) c6 tac dung lam
tat nhanh chéng anh hwéng cta cac dang dao
dong bac cao trong khi khéng lam anh hwéng
dén dd chinh xac cua cac dang dao ddng bac
thap. Mot phwong phéap tinh dwoc danh gia 1a tot
néu no6 co kha nang kiém soat va diéu chinh hé
s6 can nhét sb bang cach thay ddi cac tham sb
tinh toan. Trong mdi phwong phap dwoc gidi
thiéu & muc 3, cac gia tri nay déu dwoc dua ra
lam co s& so sanh.

3. Cac phwong phap phan tich
3.1 Phwong phap Newmark

Phuwong phap Newmark [10] la phwong phap
dwoc biét dén rong rdi nhéat trong tat ca céc
phuwong phap phan tich déng phi tuyén theo lich
st thdi gian. Phwong trinh mé ta phwong phap
nay dwoc viét nhw sau:

Mai+1 * CVi+1 * KO|i+1 - Fi+1
(at)?

2

- 4
di+1 - di +(at) Vit [(1 ) 28) g 2BaHJ @

Vie 7Y +(At)[(1-\()ai +vai+ﬂ

C6 rat nhiéu cach dé Iya chon céc hé sb 8 va
y cho phwong phap nay, tuy nhién cé 4 cach Iya
chon dwoc biét dén rong rai nhat nhu sau:

Bang 1. Cac phuong phap thuong dung trong ho phwong phap Newmark

. . e . " Piéu kién 6n dinh | Hé sé can
Tén thwéng goi bang tieng Anh Kieu B y L a
*) nhét so
Average Acceleration Method (AAM) | N&i &n thirc 1/4 % Khéng Khéng
Linear Acceleration Method Noi an thire 1/6 Ya Q.= 2\/3=3,464 | Khong
Fox-Goodwin Method Noi &n thire 1/12 Y Q.= V6= 2,449 | Khoéng
Newmark Explicit Method (NEM) Ngoai hién thirc 0 Ye Q=2 Khéng

(*) Pidu kién 6n dinh cla phwong phap dwoc tinh theo coéng thirc:
AtIT <Q,, /(27), véi T la chu ky dao dong I6n nhét clia hé két ciu. Diéu kién 6n dinh con phu thudc vao do
can nhét vat ly ctia hé két ciu, & day xét vai trwdng hop khdng c6 can nhét vat ly (€ = 0).
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Figure 3. Variation of relative period error with A¢/ T for PFM

Hinh 2. Sai sé twong déi cta chu ky tmg véi truomg hop y =1/2

Trong 4 phuwong phap nay thi hai phuwong
phap AAM va NEM thwdng dwoc dung nhiéu
hon. T4t ca& cac phuong phap nay déu khong co
hé sb can nhét sb (thuc té& la phwong phap

6

Newmark cé thé c6 hé sb can nhét sé voi y > 1/2,
tuy nhién né sé lam gidm dd chinh xac clha két
qua tinh tlr bac 2 xudng bac 1 nén trwdng hop
nay thwdng it dwec quan tam). Sau nay, ching
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dwoc diéu chinh cai tién dé dwa thém hé sb can
nhét s vao nhw phuong phap HHT sé néi & muc
0. Sai sb twong déi cha chu ky cGa ca 4 phuong
phap nay dwoc trinh bay trong hinh 2. Hinh 2 cho
thdy néu xét vé dd chinh xac trong két qua tinh
toan thi trwéng hop B = 1/12 cho két qua chinh
xac hon ca, tuy nhién, né lai cé diéu kién 6n dinh.
Trwdng hop B = % thwong dwoc dung do né
khéng co diéu kién 6n dinh. V&i B = 0, du ¢c6 diéu
kien 6n dinh nhwng lai hay dwoc dung dé déi
chiéu két qua vi né la phwong phap ngoai hién
thirc.

3.2 Phuwong phap Wilson Theta

Gia thiét co ban cua phwong phap Wilson
Theta [11] d6 la gia tbc cha hé két cAu thay ddi
tuyén tinh trong khodng thdi gian tw thoi diém t
dén thoi diém t + 6(At) véi 6 = 1 va 6 dwoc xac
dinh dwa vao viéc téi wu hoa do 6n dinh va do
chinh xac cta két qua tinh toan. Goi  1a khodng
th&i gian tinh thei diém t dén thoi diém dang xét,
v&i 0 < 7< 6(At), 6 2 1; nhw vay trong khoang thoi
gian tlr t dén thoi diém t+6(At), ta co:

(5)

a =a

t (m)[ sl "2t
Tich phan céng thirc (5) dé c6 vec-to van tbc

t+r

nhw sau:

2

Z(At)[ t+At) atJ ©

Vt+T = Vt +Tat +

Tich phan mét lan nia tw cong thic
(6) dé thu dwoc vec-to chuyén vi:

TZ 1_3

= 7

dt+r dt+rvt+ 5 a 6(At)[ t+AY) atJ (7)
O thoi diém t+(At), ta co:

(at)

= = 8

Visay TVt [at+(At)+at] ®

o areove B ] @

t+(At) [ t+(At) t}

Thay céc cong thuce (5), (6) va (7) vao phwong
trinh chuyén déng co ban véi 7= Q(At) ta co:

Ma, oiat T Vet T ¥%ean = et

Giai phwong trinh (10) v&i mét &n duy nhéat

(10)

chua biét 1a augay, sau do thé vao cong thic
(8) va (9) ta thu dwoc cac gia tri chuyén vi, van
téc, gia tbc & thoi diém t+(At). Khdo sat phwong
phap nay, ta thu dwoc khoang téi wu cho gié tri 6
& 1,37 < 6 < 1,4, trong khodng gia tri nay phwong
phap nay khéng cé diéu kién 6n dinh. Lwu y rang,
v&i 6 = 1, phwong phap nay sé tré thanh phwong
phap Newmark twong (rng véi trwong hop 8 =
1/6 va y = ¥, khi d6 né sé cé diéu kién on dinh.

Sai s6 twong ddi cha chu ky, hé sé can nhét
sb &ng véi cac trudong hop 6 = 1,37 va 1,4 duoc
thé hién trong hinh 3. Sai s twong dbi ca chu
ky clta phwong phap Wilson Theta va hinh 4,
trong khi céc tinh chét cia phwong phap duoc
thé hién trong bang 2.

Bang 2. CAc gia tri tham sd 6 va céc tinh chét cta phuwong phép Wilson Theta

Giatri 0 Kiéu Piéu kién 6n dinh Hé sé can nhét sé
1,37 Noi an thirc Khéng Cé
1,4 Noi an thirc Khéng Cé
1,0 (*) Noi &n thirc Co Co
(*): Voi 8 = 1, phwong phap nay sé tré thanh mét trwong hop cia phuong phap
Newmark, liét ké & day chi dé tham khao
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Hinh 4. D6 cén nhét sé cda phuong phap Wilson Theta

3.3 Phwong phap collocation

Phwong phap collocation 1a sy két hop cla
hai phwong phap Newton va Wilson Theta v&i
phuwong trinh mé t& dwoc viét nhw sau [12]:

Ma, o +CVi g *Kd g =Fig

a,q =(1-9)Mai +6Ma,
11
=(1-e)Fi +0F (11)

Fi+e i+1

2 2
d,g=d +e(At)vi 8 (zAt) [(1-23)&1i +2Bai+e]
Vig = Vi +0(At) [(1-\()&1i +Yai+9}

Véi 6 = 1, phwong phap nay tré thanh phwong
phap Newmark, con véi 8 = 1/6 va y = V2, phuong
phap nay tré thanh phwong phap Wilson Theta.
Diéu kién dé phwong phap nay cé dé chinh xac
cap hai 1a y = %. D& c6 dd chinh xac trong két
qua |én dén cap 3 thi can thém mot diéu kién

nira, do la g=%-46(6-1), tuy nhién trong
trwdng hop nay lai yéu cau co dieu kién on dinh.
Khoang gia tri d& phwong phap nay théa mén
khéng cé diéu kién 6n dinh va cé d6 chinh xac
cap 2 1a (xem hinh 5):

262 -1
4( 3

20 —1)
Céc gia tri B va 6 dwoc lwa chon lya chon theo

]
2(6+1)

[EnY

0>1 (12)

Y=5 >B>

diéu kién tdi wu héa do chinh xac cla két qua va
gia tri d6 can nhot sé, cach lwa chon nay thuc
hién nhw sau: gid tri y c6 dinh bang ¥ dé
phwong phap c6 dd chinh xac cap hai, twong
¢ng v&i moi gia tri B sé& tim 14y mot gia tri 6 sao
cho sai sb cuia két qua 1a nhd nhat va d can nhot
sb 1a 1&n nhat. Mot sé cap gia tri (8, v, 6) dwoc
khuyén nghi lwa chon trong bang 3. V&i cac gia tri
tham sé khac c6 thé dwoc lwa chon bang cach
ndi suy tuyén tinh gitka cac gia tri da cho.

Tap chi KHCN Xay dung — sé 1/2016



KET CAU — CONG NGHE XAY DUNG
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Hinh 5. Ving gié trj khéng cé diéu kién én dinh cia phuwong phép collocation (y = %)

Bang 3. Cac cdp gia trj tham sé khuyén nghj st¥ dung cho phuong phép collocation

B v 6 Kiu H 50 can nhot Ghi cha

vi 0.25 1 NGi &n thire Khong I\fMtha”h phuong phap
0.24 0.25 1,021712 Noi &n thirc Céo
0.22 0.25 1,077933 Noi an thire Cé
0.20 0.25 1,159772 Noi &n thirc Céo
0.18 0.25 1,287301 Noi an thire Cé

P . . Tré thanh phwong phap

1/6 0.25 1,420815 No6i an thirc Co Wilson Theta

Nhin chung, v&i nhirng yéu cau st dung théng
thwong thi phwong phap nay khéng dé s dung,
viéc lya chon cac cap gia tri tham sb khé hon so
v&i cac phuong phap khac, do dé khéng khuyén
nghi lwa chon phuwong phap nay trong tinh toan.
Bai bao cling khéng trinh bay kj hon vé phwong
phép nay, néu ban doc quan tam co6 thé tham
khao tai liéu [12, pp. 114-119].

May,, + (1+ a)Cvi+1— aCv, + (1+ a)Kdi+1- aKd, = (1+ a)Fi+1- aF.

(at)?
2

di+1 - di +(At)vi * [(1_28)ai +2Bai+1J

Vig =V + (00[(1-V) 3+ vay,, |

Gia tri a khuyén nghi ndm trong khoang [-1/3,
0], trong dé véi a = 0 thi phwong phap nay tr&
thanh phwong phap AAM (thudc ho phuwong phap
Newmark). Cac gia tri 8, y dwoc Iya chon can cw
theo a nhu sau:

Tap chi KHCN Xay dung - sé6 1/2016

3.4 Phwong phap Hilber — Hughes — Taylor
(HHT)

Hilber, Hughes va Taylor da dé xuat mot
phwong phap tinh méi, trong dé dwa thém vao hé
sd a dé diéu chinh hé sb can nhét sé tinh toan,
diéu ma ho phuwong phap Newmark khong 1am
duwoc [4]. Phuong phap nay duwoc viét nhu sau:

(13)

2
1-2a 6= (1-a)
2 4
Gia tri a cang giam thi hé sé can nhét sé cang

v= (14)

tang. V&i trudng hop a = 0, nd khéng c6 hé sb
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can nhét sb, twong tw nhw véi phwong phap

AAM.

Phwong phap nay dweoc chon la phwong
phap tinh mac dinh trong SAP2000 v&i hé sbé

trwdng hegp nay, day chinh la phwong phap

AAM nhu d& néi @ muc 0. M6t sb cép gia tri a,
B, v va céc tinh chat cta chung dwoc trinh bay

mac dinh a = 0, B8 = 0,25 va y = 0,5. Trong

nhw trong bang 4 dé thuan tién cho ngudi s
dung.

Bang 4. Céc gia trj thong sé dau vao théng dung cho phuwong phép HHT

Giatr a Kidu B v Didu kign dndinh | 150 %4 nhot
-1/3 Noi an thirc 0,444 0,833 Khéng Céb
-1/6 Ni an thirc 0,340 0,667 Khéng Co
0 Noi &n thirc 0,25 0,5 Khéng Khéng
Ghi chu: Trong SAP2000, nguwdi dung chi can nhap gia tri a, gia tri 8, y sé do chwong trinh tw déng tinh
toan.

Sai sb twong déi ciia chu ky, hé sé can nhét sb ing véi cac trudng hop a khac nhau dwoc thé hién
trong hinh 6 va hinh 7. Ta thdy rang, muén c6 dwoc hé sé can nhét sb thi ta phai gidm doé chinh xac,
dd can nhét s cang tang thi d6 chinh xac trong két qué gidm xubng.

0.6

05

=
'S

o
o

Relative Period Error
o
)
T

0.1
0.0 - 4"“4{:
0.0 0.1

0.2

0.3
AT

04

0.5

Hinh 6. Sai sé twong déi cda chu ky ciia phuong phap HHT

0.0 . ,

0.04

0.03

0.02

Numerical Damping Ratio

001 2,

0.00

0.0 0.1

0.2

03 0.4 0.5

AT

Hinh 7. Hé sé can nhét sé cda phuwong phép HHT
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3.5 Phwong phap Chung&Hulbert
Phwong phap Chung & Hulbert [13], di khi con dwoc goi la phuwong phap hé sé a (a-method), 1a
phuwong phap tbng quéat bao ham ca phwong phap Newmark va HHT, duwoc viét nhw sau:

(1-am)Ma,, +a Ma, +(1-a)Cv, , +aCv, +(1-a)Kd,, +aKd = (1-a)F,  +aF

(at)?
2

di+1 = di +(At) vi + (15)

[(1 -2B)a, + 2Bai+1]

Vi =Vt (at) [(1 ) Y)ai * Vai+1}

Hai gia tri am , a, B va y dwoc xac dinh dwa vao diéu kién 6n dinh, do chinh xéc va sai sb cla két
qua tinh. D& thay rang, v&i an, = 0, phwong phap nay sé tré thanh phwong phap HHT, va véi cad a,= 0
va a = 0, phwong phap nay tré thanh phwong phap Newmark. D& phwong phap nay khéng cé diéu
kién 6n dinh, cac gidtrian , a, Bvaydwoc kién nghi lira chon nhuw sau:

2p-1 1 1(3-p
qmz P a:L B: 5 Y:( )
p+l p+l (p+1) 2\p+1

Gia trj p ndm trong khoang [0, 1]. V&i p = 1, phwong phap nay khong cé hé sb can nhot sb (tré

(16)

thanh phuwong phap Newmark), p cang nhd sé cho hé s can nhét sé cang tang, p = 0,5 sé tré thanh
phuwong phap HHT twong thng véi a = -1/3.

Mét sb trwdng hop tinh clia phwong phap Chung&Hulbert duoc thé hién trong, sai sé twong dbi ctia
chu ky va hé s can nhot sd dwoc thé hién trong hinh 8 va hinh 9.

Bang 5. Gia trj d4u vao cda mot sé truong hop tinh cda phuong phap Chung&Hulbert

. Dieu kién 6n [ Hé sé can
Giatrip Kieu m a B y dinh nhot sé
1 NGi &n thire 0,5 0,5 0,25 0,5 Khong Khong
0,5 Noi an thirc 0 1/3 0,444 0,833 Khoéng Co
0 Noi an thirc -1,0 0 1,0 1,5 Khéng Céb
06
05
204t
[54]
2
203
Eo.z -
0.1p
0.0 1 1 1
0.0 0.1 0.3 0.4 0.5
AT
Hinh 8. Sai sé twong déi cda chu ky ctia phuong phap Chung&Hulbert
Tap chi KHCN Xay dung - sé6 1/2016 11
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0.05

Numerical Damping Ratio
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AT
Figure 4. Variation of numerical damping ratio with A#/ T for different p value
Hinh 9. Hé sé can nhét sé cda phuong phép Chung&Hulbert
4. Lwa chon cac phwong phap tinh

DPé dé hinh dung va so sanh cac phwong phéap tinh, t d6 lwa chon mét phwong phéap tinh thich
hop, sai s6 twong déi ciia chu ky va do can nhét sé clia cac phwong phap duec in chung trong hinh 10
va hinh 11. Cac phuwong phap duwoc la chon so sanh dugc ky hiéu nhw sau:

- AAM: phuong phap Newmark véi 8 = 0,25, y = 0,5;

- HHT: phuwong phap Hilber — Hughes — Taylor v&i a = -1/3;
- WIL: phuwong phap Wilson Theta véi 6 = 1,4;

- C&H: phwong phap Chung&Hulbert v&i p = 0.

0.6 . . . , y— . —

05F

o
=
T

o
[+
T

Relative Period Error
o
w
]

e
i
T

0.0 v ] . 1 i 1 ; 1 :
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Hinh 10. So sénh d6 sai sé twong déi cia chu Ky gidka céc phuong phép tinh
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Figure 4. Variation of numerical damping ratio with A# 7 for different p value

Hinh 11. So sanh hé sé can nhét sé giita cac phuong phap tinh

T hinh 10 va hinh 11, ta c6 thé dwa ra mot sb
két luan sau:

- Sai sb cta phwong phap C&H la cao nhét,
do vay phwong phap nay thwong khéng dwoc lya
chon d@é tinh Vi
Chung&Hulbert, khoang gia tri 0 < p < 0,5 thwong

toan. phuvong phap

it dwoc lwa chon do sai s6 1on.

- D6 chinh xac cta phwong phap AAM la cao
nhat, do vay trong nhitng trwéng hop tinh khdng
yéu cau c6 dd can nhét sb, phwong phap nay
thwong duoc lwa chon dé tinh toan. Bé dé nho,
c6 thé chon phwong phap HHT va gan hé sé a =
0, trwdng hop nay phwong phap HHT sé twong
tng v&i phwong phap AAM. Bay chinh la trwong
hop tinh mac dinh ctia SAP2000.

- Trong trwéng hop can cé dd can nhét sé,
nén st dung phwong phap HHT (rng véi a < 0 do
dé& nhé (chi can nhap mét gia tri a, SAP2000 sé
tw tinh v&i cac gia tri B, y con lai).

- Khi tinh toan vé&i hé két cau phuc tap, c6
nhiéu bac tw do va cé tinh phi tuyén cao, nén
chon phuwong phap HHT véi hé sbé a <0 (vi du: a
=-0,1, -0.2 hoac -0.33), vi viéc loai bé anh hwéng
clia cac dang dao dong c6 tn sb cao sé lam ting
kha nang hdi tu clia két qua tinh toan khi chuong
trinh dung thuat toan tinh 1ap.

Tap chi KHCN Xay dung - sé6 1/2016

5. Két luan

Bai bao (phan 1) da tom lwoc mot sb dac diém
clia cac phwong phap phan tich phi tuyén theo
lich stv th&vi gian trong SAP2000. V&i mbi phwong
phéap, c6 thé danh gia tinh chat cla nd qua cac
tinh chét nhuw: ndi an thirc hay ngoai hién thirc,
diéu kién 6n dinh, d chinh xac trong két qua tinh,
hé sb can nhét sb. Bai bao da dwa ra nhiing
trudng hop tinh todn co ban nhét véi mbi
phuwong phap lam co s& dé s dung tinh toan véi
SAP2000. Trong cac phuong phap duoc thiét lap
sén trong SAP2000, phuwong phap
Chung&Hulbert c6 thé bao quat gan nhw da hét
cac trwong hep con lai (trlr phwong phap Wilson
Theta). Tuy nhién, phwong phap nén Iya chon st
dung la phwong phap HHT do céac tinh chét cia
né dwoc kiém soat duy nhat véi mét thong sé.
T4t ca céac trwdng hop tinh véi cac phuong phap
déu thudc ho ndi an thirc, duy nhat mét truong
hop tinh cla phwong phap Newmark thudc ho
ngoai hién thirc, nhung phwong phap nay khéng
dwoc khuyén nghi st dung do c6 diéu kién 6n
dinh, chi dung dé so sanh két qua hoac dé giai
cac bai toan dang truyén séng, dang nay it gap
trong xay dwng.

Phan 2 tiép theo cla bai bao sé gidi thieu mot
sd vi du tinh toan dé lam ré cac tinh chat cda
phwong phap nay.
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