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Tém tét: Bai béo nay gi6i thiéu viéc tng dung
mét phuong phép phan tich déng phi tuyén theo lich
str thoi gian méi vao phdn mém OpenSees dé gidi
cac bai toan déng phi tuyén trong xay dung. Uu
diém néi bat cua phuwong phap phéan tich nay la cé
thé tiét kiem duoc lén dén 95% thoi gian tinh toéan
so véi phuong phép truyén théng. Viéc (g dung
nay cho phép ap dung phwong phap phéan tich moi
véi cadc moé-dun tinh toén cé sén trong OpenSees.

Tw khoa: dong phi tuyén, integration method,
OpenSees.

Abstract: This paper introduces the application of
a novel direct integration method into the OpenSees
framework to solve the problems of dynamic
structures. The main advantage of the novel method
is that it can save up to 95% the computational effort
in compare to the use of a traditional integration
method such as average acceleration method while
the accuracy of the results is almost the same. The
application of the method allows solving complicated
nonlinear problems using the available modules in
OpenSees sofware.

1. Phwong phap phan tich déng phi tuyén theo
lich str thi gian

Phan tich dong lwc hoc phi tuyén theo lich stv
thoi gian (goi tat 1a dong phi tuyén) co cac tén goi
khac nhau bang tiéng Anh nhw direct integration
method, transient algorithms, time-history analysis,
hoac step-by-step method[1]. Phwong phap nay
dwgc danh gia la mét trong nhirng cong cu manh
nhéat d& phan tich sy 1am viéc ctia két cu cong trinh
dwéi cac tac dong dong hoc nhu va cham, nd, séng,
dac biét 1a tac dong déng dat. Khi ap dung phuong
phap phan tich déng phi tuyén nay, cac théng sb
dao déng cla cong trinh nhw chuyén vi, van téc, gia
tbc dwoc tinh toan theo tivng buwdc thoi gian nhd.
Phwong phap nay cho phép phan tich véi d6 chinh
X4c cao si lam viéc cla két cu cong trinh, ca phan
tich tuyén tinh dan hdi va phan tich phi tuyén hinh
hoc hodc phi tuyén vat liéu, do d6 né dwoc khuyén
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khich ap dung trong nhiéu tiéu chuan cla cac nuwéc
trén thé gi¢i nhw My [2], Canada [3], Chau Au [4].
Tiéu chuén thiét ké chéng dong dat hién hanh cla
Viét Nam [5] ciing khuyén khich ap dung phuwong
phap nay bén canh phwong phap kha quen thudc
véi cac ky su thiét ké & Viét Nam la phwong phap
phd phan tng dan hdi. Lwu y rdng phwong phap
phd phan (rng dan héi khéng cho phép phan tich phi
tuyén sy lam viéc cta két cAu ma su lam viéc phi
tuyén chi dwoc mé phdng mot cach twong déi qua
hé sb ng x q.

Tuy nhién, phwong phap phéan tich déng phi
tuyén nay c6 mét nhwoc diém rat lon, d6 1a nd
thwong tén rat nhidéu cong strc va thoi gian tinh
toan. Phuwong phap dong phi tuyén ddi khi yéu cau
thdi gian va cong strc tinh toan gép hon 10 1an so
véi sir dung phwong phap phé phan (ng dan hoi,
tuy thudc vao dd phirc tap cla két cdu dwoc phan
tich, tinh phi tuyén vat liéu str dung cho két ciu va
tong thoi gian phéan tich (duration time). Nhugc
diém nay la do trong sé cac phwong phap phan tich
dong phi tuyén duoc dung phd bién hién nay nhw
phuong phap Newmark [6], Wilson-6[7], HHT [8],
WBZ [9], Generalized — a[10], chung déu la cac
phwong phap noi an thirc (implicit). Khi phan tich
dong phi tuyén trong méi budc cac phwong phap
nay déu c6 yéu ciu dung thuat toan tinh lap
Newton-Raphson dé tim ra két qua [11]. S& dung
thuat toan tinh 1ap Newton-Raphson thwdng tén kha
nhiéu thdi gian va coéng stc tinh toan do phai tho
nhiéu 1an cho dén khi tim ra dwoc két qua voi sai sd
nhd hon sai s6 cho phép dinh sén theo yéu ciu vé
dod chinh xac cla két qua. Sé vong lap phu thudc
vao do phurc tap cta két ciu va tinh phi tuyén cua
vat liéu, thuwong roi vao khoang tir 10 dén 25 vong
cho mét buée. Co6 mét trwdng hop tinh clia phwong
phap Newmark thuéc ho phwong phap ngoai hién
thre (explicit) twong ng véi giatri = 0vay = 0.5,
trwdng hop tinh nay khong can st dung thuat toan
Newton-Raphson, tuy nhién né lai c6 diéu kién én
dinh. Khi tinh toan véi hé két ciu véi cac dang dao
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déng bac cao (high-mode) cé tAn sé dao déng lén
(high-frequency), gia tri bwédc thoi gian clia phwong
phap ngoai hién thirc nay thwéong rat nhé do bi
khdng ché bai diéu kién 6n dinh, do d6 tuy cong strc
tinh toan trong mot bwéc la nhé nhwng sb buwdc tinh
toan lai rat Ién nén cong stc tinh toan chung van
khoéng dwoc giam di.

Co6 hai cach dé khac phuc nhwoc diém cla
phwong phap déng phi tuyén. Cach thir nhét 1a st
dung nhitng hé may tinh manh, ho&c co thé két nbi
song song nhiéu may tinh dé& phan tich mét cach
ddng théi nhdm lam gidm thoi gian tinh toan, tuy
nhién cach nay thwdng kha tén kém tién bac cho
céac chi phi dau tw, bdo quan va van hanh may moéc.
Cach tht hai d6 la khdc phuc nhitng nhwoc diém
ndi tai cha phwong phap phan tich déng phi tuyén
bang cach dé xuat nhitng phwong phap tinh mai
v&i hiéu qua tinh toan cao hon trong khi van dam
bdo d6 chinh xac twong dwong véi cac phuwong
phap truyén théng.

Mét trong nhirng phuwong phap da dwoc phat
trién thanh cbng va dwogc gidi thiéu trong tai liéu
[12]. Phuong phap nay cé day du cac dic diém tinh
toan cla cac phwong phap thwong dwoc dung nhw
Newmark, HHT, WBZ, genelized-a nhw c6 dd chinh
xac clp 2 (second-order of accuracy), hé sb can
nhét sb (numerical damping ratio) c6 thé diéu chinh
bang tham sb dé loai bé anh huéng cltia cac dang
dao déng bac cao. Uu diém chinh cta phwong
phap nay la tly thuéc ho phwong phap ngoai hién
thirc nhung lai khéng co diéu kién on dinh, do do,
nd da tich hop dwoc wu diém cla cad hai loai
phwong phap néi an thirc va ngoai hién thirc. Thoi
gian tinh toan khi s dung phwong phap nay da
dwoc chirng minh 1a co6 thé tiét kiém dwoc tir 80%
dén 99% so v&i khi str dung phwong phap gia tbc
trung binh (Average acceleration method - AAM)
hodc phwong phap ngoai hién thirc Newmark
(Newmark explicit method - NEM) [12]. Trong bai
bao nay, phwong phap mai dwoc goi tén la phuong
phap CHHT2, viét tit ciia cum tlr tiéng Anh “Chang
HHT two-step method’[12].

Vi phwong phap CHHT2 méi duoc dé xuét
trong thdi gian gan day cho nén du c6 nhiéu wu
diém nhwng né chwa duoc rng dung mét cach rong
réi. R6 rang viéc nguwoi dung ty ap dung phwong
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phap tinh m&i nay vao vao cac phdn mém phan tich
két cidu dwoc dung phd bién hién nay nhu SAP,
ETABS, MIDAS, ANSYS la khong kha thi vi cac
phan mém nay 14 cac phdn mém c6 ma ngudn déng
(closed-source). Viéc viét moét phdn mém moi dé
giai mot bai toan két cdu qua tat ca cac buéc nhu
lap mé hinh tinh, x4y dwng ma tran khéi lwong, do
cleng, d6 can nhét, mé phdng sy lam viéc cla céu
kién va vat liéu, gidi phwong trinh ma tran tim két
qua, xuét két qua tinh,... |a mét viéc rat kho khan va
tbn kém thoi gian cling nhw tién bac vi viéc nay doi
héi kién thirc tir nhidu Iinh vwec khac nhau nhw toan
hoc, khoa hoc véat liéu, ky thuat 1ap trinh. Viéc nay
thuwong vwot qua sy hiéu biét ciia mét nguwoi, ngay
ca véi nhirng ngwdi lam nghién ciru chuyén nghiép,
do mdi ngudi thudng chi nghién ciru va am hiéu vé
mét sb Iinh vue riéng 1&. Nhin chung, viéc ty viét
mét chwong trinh dé giai bai toan két ciu qua tat ca
cac buwdc thwong chi kha thi véi nhivng bai toan
don gian nhat. Nhwoc diém nay chinh 13 y twéng dé
xay dung phan mém OpenSees v&i ma nguén mé
va viét bang ngén ngi¥ lap trinh huéng dbi twong
C++. Voi cach xay dwng chwong trinh theo dang
mé-dun, OpenSees cho phép mdi ngudi co thé tap
trung vao Iinh vwe nghién cru cia minh ma khoéng
can am hiéu qua sau vé nhirng Iinh ve khac. Trong
trwong hop nay, phwong phap CHHT2 dwgc ap
dung vao OpenSees bang cach chi thém vao mot
mé-dun méi bén canh nhitng mé-dun da co sdn cla
OpenSees.
2. Phan mém OpenSees

OpenSees |a chiv viét tit ciia cum tir tiéng Anh
“Open System for Earthquake Engineering
Simulation”. OpenSees la phan mém duoc phat
trién bdi Trung tam Nghién clru Ky thuat Dong dat
Thai Binh Dwong — Hoa Ky (PEER) tir nam
1997[13]. Muc dich chinh ctia OpenSees |a dung dé
mo phéng két cAu cong trinh hodc nén dat dudi tac
dong clia dong dat. Hién nay, OpenSees dwoc danh
gia la phan mém dwoc st dung rong rai nhat trong
viéc nghién clru déng dat cong trinh, PEER céng bd
réng c6 khoang 75000 nguwoi tir 175 qudc gia (can
c vao dia chi IP cia may tinh) da truy cap vao
trang web chinh thirc clia OpenSees v&i 1,3 triéu
lwot xem (s6 liéu nam 2013) [14]. Hién tai,
OpenSees da tao nén mot cong ddng déng dao
nhi*ng ngw®i nghién ctru, st dung, chia sé va thao

Tap chi KHCN Xay dung — sé 1/2017



KET CAU - CONG NGHE XAY DUNG

luan trén toan thé gi¢i. &' Viét Nam ciing c6 mét sb
nhém nghién cu quan tdm s dung phan mém
nay.

CAu tric ctia OpenSees bao gdm nhiéu mé-dun
khac nhau. Ciing giéng nhw cac phdn mém thwong
mai phé bién hién nay, OpenSees st dung phwong
phap phan t& hiru han d& mé phéng déi twong tinh
toan. Nhw da néi & trén, viéc cau tric chwong trinh
dwoc chia thanh nhidu mo-dun doc 1ap giup cho
ngwdi nghién ctru chi can tap trung vao linh vuc
nghién cu chuyén sau cla minh ma khéng can
qua quan tam vé nhirtng moé-dun con lai. Viéc
chuyén mén héa trong d6 mdi ngudi co thé tap
trung phat trién nhitng mot hodc mot sé6 mo-dun
thudc Iinh vwee nghién clru sé lam cho chuwong trinh
c6 chét lwong tét hon so véi viéc phai xay dwng mot
chwong trinh t&r dau dén cubi.

OpenSees c6 hai wu didm ndi bat 1a mién phi va
méa ngudn mé (open-source). Trong khi nhirtng phan
mém phan tich két cAu thudng co gia kha cao, vi du
mét phién ban Standalone danh cho mét ngudi
dung cGia phan mém SAP2000 c6 gia |én dén 12000
USD[15], viéc dwoc sir dung mién phi hoan toan la
mot trong nhing yéu t6 lam cho OpenSees duwoc
rat nhidu nguoi trén toan thé gi¢i quan tam. Thém
vao d6, ma ngudn clia cac phdn mém phan tich két
clu thwong déng, chi cho phép ngudi dung thay
doi, thém bot cac ciu kién va dac tinh vat liéu
nhwng khong thé xem hoéc thay dbi ma ngudn gbc
cla chwong trinh. McKenna [16] da chi ra nhwoc
diém cla cac phadn mém méa ngudn dong do la
khong thé ther ap dung nhitng phwong phap méi,
phu thudc vao y twdng va phwong phap cla ngudi
lap trinh, va cham thay ddi, stva chira cac 16i phat
sinh. Nhin chung, OpenSees |a phan mém duwoc
phat trién cho muc dich thtr nghiém va nghién clru
trong khi nhitng phan mém thwong mai thwéorng chi
dwoc ap dung trong tinh toan va thiét ké théng
thwong.

Mot dac didm niva ctia phan mém OpenSees do6
la n6 dwoc viét chi yéu bang ngbn ngir lap trinh
hwéng dbi twong (object-oriented)C++, do do nd cod
nhirng wu diém cta phan mém viét bang ngén ng®
nay. Thtr nhéat, nhitng phan mém viét bang ngon
nglr C++ c6 dic diém la co thé chia chwong trinh
thanh cac mé-dun riéng biét, cé thé mé réng, va cé
thé tai st dung cac doan ma chuwong trinh, do d6
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viéc phat trién, mé rong hodc thém bét cac mé-dun
Ia co thé thyc hién dwoc. Day 1a wu diém ma nhirng
chwong trinh viét badng ngén ngt¥ 1ap trinh hwéng
thl tuc (procedure-oriented), vi du nhw ngén ngl
Fortran, khéng cé dwoc. Thir hai, chuwong trinh viét
béng ngdn ngt¥ 1ap trinh hwéng déi twong thudng
hoat ddng 6n dinh hon, do viéc thay ddi, thém bét
mo6t mo-dun it 1am anh hwéng dén cac mé-dun con
lai. Ther ba, chwong trinh xay dwng bang ngén ngiv
lap trinh hwéng dbi twong dwoc viét nhanh hon do
c6 thé tai st dung cac doan ma chwong trinh, vi du
khi phat trién hai mé-dun co6 tinh nang gan giéng
nhau thi nguwoi lap trinh thwong chi can st dung
moé-dun c6 san réi thay ddi nhitng phan khac nhau
thay vi phai viét lai tv dau.The tw, viéc co thé st
dung lai cac doan ma co sén lam cho viéc phat trién
chwong trinh tré nén nhanh hon va ré hon.

Bén canh nhitng wu diém néi trén, OpenSees
cling c6 mét sé nhwoc diém. Thir nhéat, OpenSees
khong co giao dién dd hoa nhw cac phan mém
thwong mai, do d6 ngwoi dung phai mét thoi gian
dé lam quen véi viéc nhap div liéu bdng ngdn ngi
TCL. Nhuoc diém nay cé thé duoc khdc phuc bang
mot sé phan mém hd tro viéc nhap-xuét dir liéu nhw
OpenSees Navigator hoac BuildingTcl, du nhirng
phidn mém nay hoat déng chwa that sw tién dung
nhw nhitng phan mém thwong mai khac. Thi hai,
viéc st dung ngdn ngi lap trinh hwéng déi twong
va viét dwdi dang mo-dun sé lam chwong trinh mét
mét khoang thoi gian dé xi ly, lién két va twong tac
gilra cac mo-dun v&i nhau. McKenna [16] da chirng
minh réng viéc st dung ngdn ngtr C++ sé& lam
chwong trinh mét thém khoang tir 10 dén 15% thoi
gian dé x& ly so v&i viéc viét chuong trinh béng
ngén nglr lap trinh hwéng thd tuc. Tuy nhién,
McKenna ciing chi ra rang thoi gian mat thém nay la
nhé so voi thoi gian tiét kiém dwoc tir viéc nghién
ctru, lap trinh, stra chira, mé rong khi st dung ngén
ng 1ap trinh hwéng déi twong.

Hién tai, OpenSees da phat hanh phién ban
2.5.0. Phién ban nay cho phép ngwoi dung (ng
dung nghién clru cac tac dong cla gié, dong dat,
Ira v&i cac két cAu phi tuyén cong trinh hodc nén
dét. P6i twong nghién clru co thé dwoc mé hinh hoa
voi nhidu dang vat liéu bé tong, cét thép, nén dét,
véi nhiéu dang cAu kién cot, ddm, san, dat nén khac
nhau. OpenSees ciing cho phép mé hinh hoa két
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hop ddng thdi ca cong trinh xay dung va nén dat
trong mo6t mo hinh duy nhét. Trong phién ban 2.5.0,
OpenSees cho phép nghién ctru v&i hon 150 loai
vat liéu, 100 loai cAu kién, 15 thuat toan, 20 phuwong
phap gidi phwong trinh ma tran, 30 phwong phap
phan tich phi tuyén trong d6 c6 15 phwong phap gia
lap dong (hybrid simulation). C6 th& néi rang,
OpenSees la moét cong cu rat tét cho viéc nghién
clu va ng dung thiét ké, tinh toan cac tac dong
dong lwc hoc véi cong trinh.

Tap chi Khoa hoc Céng nghé Xay dwng da cé
moét bai viét gi¢i thiéu viéc ap dung phan mém
OpenSees trong lap trinh md phéng két ciu cau
chiu tai trong déng d4t [17]. Tuy nhién, bai bao ma&i
chi dirng lai & viéc gi¢i thiéu OpenSees va so sanh

MovableObject

A

Integrator

Incrementallntegration

két qua tinh toan véi phan mém Midas/Civil ma
chwa co sy thay ddi hay phat trién cac mo-dun tinh
toan trong OpenSees. Do d6, bai bao mé&i chi khai
thac dwoc wu diém la OpenSees dugc dung nhw
mo6t phan mém mién phi ma chwa khai thac dwoc
wu diém ma ngudn mé cla chuong trinh.
3. Ap dung phuong phap phan tich dong phi
tuyen méi vao OpenSees

Viéc ap dung phwong phap CHHT2 vao phan
mém OpenSees duwoc thuc hién bdng cach thém
vao ciu tric sdn c6 cua chwong trinh mét I&p
(class) c6 tén CHHT2. Lép nay nam cuing cap voi
cac lop phan tich dong phi tuyén khac cua
OpenSees nhw Newmark, NewmarkExplicit, HHT
nhw trinh bay trong hinh 1.

StaticIntegrator

DirectTransientIntegrator

A

Hinh 1. Hé théng céc I6p phén tich dong phi tuyén ctia OpenSees
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Dit diéu kién ban dau:

. CHHT2::domainChanged()
u=d;u=v;u=a, {

Lap ma tran:

M,C,.K,

; A CHHT2::firstStep()
Tinh ma trn { P

B,, B, B,, B,

\ 4
» Budce ¢

Tinh u,,,, : CHHT2::newStep()

2 ——— CHHT2::formR()
u,, =B *d_ +B *d +B,*(Ar)v,+B, *(Ar) a, CHHT2::predictU()

; o

Tlnh: Kr+Afuf+Af = r1+Al
, AL p-3 ] CHHT2::formEleTangent()
- Tinh ma trdn: K, =|M- 2 (ar)c, CHHT2::formNodTangent()
(p+1)
- Tinh vec-to vé phai:
r, =R*f*-Cv, + 3p-1 (At)a, 7% Incrementalintegrator::formUnbalance(void)
2(p+1)
R* = ,27[’11Hy + ER’
p+1 p+1
f*= _zipf’“ +L_l ’
p+l1 p+l1

v

Giai phuong trinh ma trén:

Kl+Aru[+Al = —@ar::solveCurrentStep()

A 4
- Tinh: U,,,,
- Tinh: u,, —@Zzzupdate( u,_,)
i =i+ 2D 4y - L2
t+At t 2(p+1) t 2(p+1) 1+At
t=ttAt Duing

¢ < thoi gian tinh todn

Hinh 2. So dé khéi cac buérc tinh toén ctia I6p CHHT?2

CAu trc va cac ham cla Iép CHHT2 vé co ban  trinh tinh toan vec-to' chuyén vi. Trong khi vec-to
giéng v&i 16p NewmarkExplicit vi ca hai déu thuéc  chuyén vi & budc ther (i+1) duwgc tinh toan bing
ho ngoai hién thirc, do d6 nhiéu doan ma dwoc viét  phuwong phap NewmarkExplicit theo cong thirc:
cho I&p NewmarkExplicit dwgc tai st dung. Diém 2
khac nhau I&n nhét gitra hai I&'p nay ndm & phwong d,, =d,+(Ar)v, +3(A1) a,
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thi phwong trinh tinh vec-to chuyén vi clia phwong  viéc gioi thiéu két qua nghién ciru ma khéng di sau
phap CHHT2 phtc tap hon véi cong thirc: vao trinh bay chi tiét cac k¥ thuat lap trinh cla viéc

ap dung nay.
d,, =B, +Bd, +B,(Ar)v, + B, (Ar) a, 2)
4. Vidu minh hoa
Trong cong thirc (2), cac ma tran tir By dén Bs

dwoc tinh tir cac ma tran khéi luong M, ma tran do M®ét cdng trinh bé téng cot thép cao 10 tang chiu

can nhot Co va d6 cieng ban dau Ko (xem chi tiét téi trong dong dat duwoc tinh toan trong vi du nay.

cong thire nay tai tai lidu [12]). So @8 khéi tinh toan ~ Budc cot cla cong trinh 1a 5m, chieu cao tang 1 1a
cac budc clia phuong phap CHHT2 duoc trinh bay 4,5m trong khi chiéu cao cac tang tvr 2 déen 9 la
trong Hinh 2. 3,0m. Mé&t bang, mé&t drng va mé hinh dang 3D cla

i ) 6ng trinh thé hién trong Hinh 3, tiét dién ca
Trong khusn kh ciia mét bai bao khang thé giei  Cond iNM duec the hign trong Hinh 3, it dien cac

thieu déy dil cac buoc ap dung phuong phap cau kién cot, dam va bo tri cot thép dwoc in trong

CHHT2 vao OpenSees, do do bai bao chi dung laie ~ Hinh 4.
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(c) Mé hinh dang 3D

Hinh 3. M6 hinh céng trinh 10 tdng

St dung phadn mém OpenSees, cac ciu kién  cac cau kién dang soi (fiber element). Cach mo
codt, ddm cla céng trinh dwoc moé phdng nhw  phéng nay ciing thwdng dwoc sir dung phd bién
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trong cac phan mém s dung phwong phap
phan t&r hiru han khac nhuw SAP hay ETABS.
Vat liéu bé tong dwgc chia lam hai loai, moét
phan bé téng chju bé cirng (confined concrete)
nam trong I&p thép dai c6 cwdng d6 cao hon va
Bé tdéng chju bo cirng:
f. =-286 kg / cm’
A=0,1
Bé téng khdng chiu bo cirng:
f.=-220 kg / cm’
1=0,1

g, =-0,0019

g, =~0,003

f=404kg/cm’ E

£=308 kg /cm’

phan bé téng khéng chiu bé cirng (unconfined
concrete) nam & lép vd bdo vé bén ngoai.
Trong phan mém OpenSees, bé téng dwoc dinh
nghia la loai Concrete02 véi cac thdng sb tinh

toan nhw sau:

Joer ==57,2 kg / em’ g, =-0,0095 (3)
W = 15400 kg / cm’

Cét thép dwoc dinh nghia la loai Steel01 véi cac thong sb:

S, =3600 kg /cm® E=2x10° kg /cm®

Ban san bé téng cét thép c6 chiéu day 20
cm, trong lwgng riéng 2500 kg/m3. Phan tai trong
do san gay ra dwoc phan bé déu cho cac nat &
cac tang. Cong trinh chiu tac déng cla tai trong
dong dat voi gia tbc nén dwoc lay theo phd ghi

Sper =44 kg / cm’ &, =—0,01 (4)
E,, =15400 kg / cm’
E,=0,05%E (5)

gia tbc cla tran déng dat Chi-Chi xay ra & Dai
Loan vao nam 1999, dinh gia téc nén dwoc lay
b&ng 1,5g. Trong mé hinh tinh cGa céng trinh
nay moi nit s& cé 6 bac tw do, do d6 sb bac tw
do clia md hinh la 2100.
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Hinh 4. Tiét dién va bo tri cot thép cau kién cta cbng trinh

Tan sb dao déng riéng cla ba dang dao déng
dau tién cha cong trinh trwéc khi bién dang phi
tuyén dwoc tinh bang OpenSees lan luwot l1a w; =
0,735, w, = 0,747 va w3 = 0,760 (rad/s), twong rng
v&i chu ky dao déng riéng la T, = 8,54, T, = 8,40 va
Ts = 8,26 (giay). Md hinh dwoc tinh toan béng hai
phwong phap AAM va phwong phap CHHT2 v&i gia
trj tham sbé p = 1, budc thoi gian tinh toan cho ca
hai phwong phap la At = 0,005 giay. Can néi thém
rang phwong phap AAM la phwong phap néi an
thtrc dwoc st dung rong rai va cho két qua chinh
xac nhét hién nay. OpenSees duoc xr Iy bang may
tinh ca nhan v&i b vi x ly Intel® Core™ i3 — 4160
CPU, RAM 4 GB. Két qua tinh toan chuyén vi nut tai
cao do6 cac tdng va médi quan hé gitra bién dang -
(ng suét cla vat liéu thép va bé téong cot cla cac
tang 1, 5, 10 dwoc in trong cac hinh t& Hinh 5 dén
Hinh 7. Thoi gian tinh toan cla hai phwong phap
dwoc in trong Hinh 8.

Két qua tinh toan cho thdy dudng cong biéu
dién chuyén vj nit cla cac tAng dwoc tinh bang hai
phwong phap AAM va CHHT2 gan nhw trung khép
véi nhau. Budng cong biéu dién méi quan hé (ng
suat — bién dang cla vat liéu cho thdy vat liéu da
(ng x& hoan toan phi tuyén véi ca vat liéu thép va
bé téng dwéi tac dong cua lwc déng déat rat I6n. So
sanh thdi gian phan tich clia hai phwong phap cho
thy rang thoi gian phan tich bang phwong phap
AAM la gan 31 gi& trong khi thdi gian phan tich
béng phwong phap CHHT2 chi hon 1 gi¢, béng
4,3% so v6i thoi gian phan tich bing phwong phap
AAM. Diéu nay cho thdy rang phuong phap CHHT2
cho két qué phan tich dong phi tuyén c6 dd chinh
xac twong dwong trong khi thoi gian phan tich dwoc
gidm di dang ké.
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Hinh 8. So sanh thoi gian phén tich gitka hai phwrong phap

5. Kétluan
Bai bao da giéi thiéu mét cach (ng dung
phwong phap phan tich ddng phi tuyén méi dé giai

Tap chi KHCN Xay dung — sb 1/2017

cac bai toan két ciu phtre tap. Wu diém chinh cla
phwong phap phan tich mai nay 13 tiét kiem dwoc
rat nhidu cong sirc va thdi gian tinh toan so voi
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phwong phap truyén thdng trong khi két qua thu
dwoc van co d6 chinh xac twong duwong. Trong
cach rng dung nay, phwong phap phan tich dong
phi tuyén dwoc dwa vao nhw mot mo-dun tinh toan
m&i, cho phép st dung trén nén tang nhitng mo-
dun sén co ciia OpenSees. Vi du minh hoa véi mét
coéng trinh 10 tang v&i 2100 bac tw do da ching
minh phuong phap méi nay cho két qué chinh xac
twong tw trong khi thdi gian phan tich chi bang chuwa
dén 5% so véi mét phwong phap truyén théng dang
dwoc st dung phd bién.
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