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Phan tich khung phang ¢é nutlién két niia cliing
bang phuong phap phan tirhitu han

Analysis for plane frames with semi-rigid connections using finite element method

Tran Thi Thiay Van™, Nguyén Héng Cu®, Truong Quang Tuan®

Tom tat

Trong tinh toan thiét ké khung phang hién nay, dacbiét la truong hep
khung thép phéng thi nut lién két giita dam va cdt thudng duoc dua vé
trudng hop Iy tuéng dé tinh toan cho thudn tién va don gian. Diéu dé da
khdng thé hién dugc sat véi ting xi va su lam viéc thuc té cla két cdu, do
d6 viéc tinh toan chua dugc phu hgp. Khi nit lién két dam-cot dugc coi la
khép ly tuéng hay citng hoan toan déu chua tinh dén su dan hdi cia lién
két. Tuy nhién, viéc ké dén d6 dan hoi ca nit lién két trong tinh toan
yéu cau can phai 6 cac phuong phap tinh toan phi hep dé giai quyét
dugc cac kho khan phat sinh trong mé hinh tinh toan ¢é nut lién két nita
ciing. Bai bao nay trinh bay bai toan tinh toan ndi luc, chuyén vi, phan
tich dao dong ctia két ciu khung thép phang ¢6 nut lién két niia ciing sir
dung phuong phap phan ti hitu han. Bai bao dua ra trinh tu tinh toan déi
véi loai bai toan cu thé ap dung phuong phap phan ti hitu han, tit d6 ap
dung phan mém lap trinh tinh toan MathCad dé thiét Iap chuong trinh
con dé khac phuc nhitng khé khan vé mat toan hoc ¢6 thé phat sinh trong
qua trinh tinh toan. Tirkét qua tinh toan sé duwa ra dugc mét s6 khuyén
nghi can thiét trong viéc ap dung phuang phap phan ti hitu han dé tinh
toan khung 6 niit lién két nia citng.

Tir khoa: niit lién két nia ciing, phuang phdp phan t hitu han, phdn tich tinh, phdn
tich dao ddng, khung phdng

Abstract

In the modern calculations and designs of plane frames, especially steel plane
frames, the beam-column connections commonly are assumed as idealized
connections for simplicity of calculation. That does not reflect the actual behavior
of structural systems, thereof the designs and calculations are not appropriate.
When the beam-column connections are considered as ideally pinned or perfectly
rigid joints, the flexibility of connections is not taken into account. However, to
include the flexibility of beam-column connections, appropriate analysis methods
are required to deal with the difficulties arising in modeling the system with
semi-rigid connections. This paper presents the static analysis for internal forces,
displacements, and vibration analysis of steel plane frames with semi-rigid
connections using the finite element method, thereby, the MathCad software is
adopted to establish the calculation routine to overcome the arisen mathematical
difficulties. From the obtained results, some necessary recommendations will be
given in applying the finite element method to analyze plane frames with semi-
rigid connections.

Key words: semi-rigid connection, finite element method, static analysis, vibration
analysis, plane frame
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1. Tdng quan

Khi tinh toan va thiét ké két ciu, viéc lwa chon mo
hinh tinh toan phu hop vé&i sy &ng x& thwe t& cha két
cAu 1a mét khau rat quan trong, dwoc nhidu nha nghién
ctru trong nuwéc va trén thé gii quan tam. Diéu nay gidp
cho nguoi thiét k& d& dang kiém soat dwoc cac rng xtr
cla két cAu, tr d6 dwa ra cac phwong an tinh toan thiét
ké chinh xac va tiét kiém nguyén vat liéu hon. Déi voi két
chu khung phang, dac biét 1a khung thép phang, théng
thwong dé don gian hoa tinh toan nut lién két gitva dam
va cot thwdng duoc gia thiét vé& cac trudng hop nat lién
két ly twdng nhw lién két cirng hodc lién két khép hoan
toan. Trong trwéng hop néu gia thiét 1 lién két cirng da
bd qua d6 dan hdi cta lién két, két qua chuyén vi xoay
tai nat nhé hon so vé&i thwe té, nhwng ndi lwc & nut lai
c6 gia tri Ion, kich thwoc tiét dien ddm tai nat thwong
I&n. Nguoc lai, trudng hop gia thiét 13 lien két khép thi
moémen gitra nhip ddm dat gia tri I&n nhat, mémen tai nGt
béng khéng, khéng ding véi sw lam viéc thuc té cta hé.
Do d6, néu coi nut lién két 13 lién két ntra ctrng d& mod
phéng lién két dAm-cot cla nat khung sé& lam cho céac
théng s& nhw ndi lwc va chuyén vij trong hé két cdu phan
b lai m6t cach hop ly, pht hop véi sy lam viéc thuc té
cla két ciu, noi cach khac moémen I&n nhat tai nat va
nhip ddm sé& dwoc gidm di. T d6 sé giup tiét kiém vat
liéu hon. Vi thé, viéc st dung lién két ntra cirng tai nat
khung sé 1am cho cac thong s6 nhw ndi lwc va chuyén vi
cling nhw cac thdng sb ctia bai toan phan tich &n dinh,
phan tich dao déng phii hop véi ting x clia két cau thuc
t& hon. Van dé dat ra 1a viéc tinh toan két cdu khung co
ké dén sy dan hdi cla lién két nlra clrng va anh hwéng
cla cac lien két ntra clrng dén nodi lwc, chuyén vi, dén
théng sb 8n dinh, thong sé dao ddng clia khung nhw thé
nao? Van dé tinh toan va thiét ké khung thép phéng cé
lién két ntra cirng da dwoc nghién ctru va trinh bay trong
nhiéu tai liéu va tiéu chuan thiét ké tai nhiéu nwoc, cé thé
ké dén nhu trong [1], Eurocode3, AS 4100-1990, AISC-
LRFD 1999, BS5950-2000... Tuy nhién, tai Viét Nam viéc
tinh toan thiét k& két ciu khung thép phadng ma ké& dén do
dan héi cla lién két ntra ctrng chwa cé day dd cac chi dan
tinh toan cu thé trong céc tai lieu hwéng dan thwe hanh
tinh toan. Trong céc tai liéu [2, 3] cling da nghién ciru vé
tinh toan khung co lién két dan héi. Bai béo trinh bay viéc
ap dung phwong phap phan t& hiru han trong phan tich
ndi lwe chuyén vi, phan tich &n dinh, phan tich dao déng
ctia khung phéng c6 lién két nlra ctrng. Ap dung phwong
phap phan t& hiu han trong viéc gidi quyét bai toan gitp
cho chung ta c6 thé dé& dang kidm soat dwoc cac sb liéu
d3u vao va thay ddi chung mot cach thuan loi, déc biét 1a
trong trwdng hop két hop véi cac phan mém 1ap trinh tinh
toan thi s& khong gap phai cac khé khan vé mat toan hoc
khi giai quyét nhirng hé phurc tap.

Viéc tinh toan thiét ké khung thép phang co nut lién
két nra clrng da dwoc dé cap trong nhiéu nghién ciru
trén thé gi6i va tai Viet Nam. Trong [4-11] d4 md phdng
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nat lien két nlra ctrng qua 2 loai lién két dan hdi 1a lién két
dan hdi cho phép chuyén vj xoay (rotational spring) va lién
két dan hdi cho phép ca chuyén vi thdng ca chuyén vi xoay
(lateral-rotational spring). Nghién ctu [12] da trinh bay qua
trinh khdo sat hé cé nut lién két nira cieng théng qua thi
nghiém clia hé két cAu v&i md hinh thuc té& 1:1, tir d6 c6 thé
rdt ra cac két luan dang dén vé sy héi tu cla viéc ap dung
phwong phap phan t& hivu han trong phan tich tinh hé c6 nat
lién két nlra cirng v&i (ing x& that ctia hé két cAu thdng qua
nhirng sb liéu thu thap dwoc tir thi nghiém. Trong [4,6,9,13]
trinh bay vé phan tich n dinh, phan tich dao déng ctia khung
phdng cé nut lién két ntra cirng, trong cac nghién ctru nay
déu chi ra rang, viéc s dung nut lién két niva ctrng déu cho
cac két qua thé hién chinh xac ng x& lam viéc cta hé két
cAu hon la trong nhitng truerng hop nat lién két ly twéng.
2. Phan tich tinh khung thép phéng cé nut lién két nira
ctrng bang phwong phap phan ti hivu han
2.1. Ma trédn dé cing ctia phén tir thanh cé nut lién két nira
ctring cho phép chuyén vi xoay

2.1.1. Céac thong sb hiéu chinh cda thanh co nut lién két
ntra clrng

O day st dung khai niém thong sb hiéu chinh, hé sb hiéu
chinh, d6 chinh 1a cac thong sb, hé sb ké& dén sw dan hdi cia
lién két, théng sb nay sé thay déi tir 0 trong trwéng hop nat
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lién két ddm — cot [a nat lién két khdp cho dén gia tri
1 trong trwdng hop nat lién két dam — cot 1a nat lién
két clrng. Cac hé sb hiéu chinh nay c6 quan hé chat

ché vé&i dd cirng cla lién két dan hoi [13]:
e 1 — .
_IhI| Hig =3~ Ru “Raly M
1+ =— EI,

Rii

Vi vay, co thé thé hién d6 cing cla lién két dan
héi ctia cac dau phan t&r thong qua hé sé hiéu chinh
nhv sau:

3-E-I; -y
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Ryia (i) = Ry (B

Ryig (i) = )

Twong tw, trong bai bao str dung khai niém ma
tran d6 cirng hiéu chinh va ma tran khéi lwgng hiéu
chinh dwoc hiéu la cac ma tran co chira cac théng

sb hiéu chinh tinh dén sw anh hwéng cla do cing lién két
dan hdi téi gia tri cac phan t& trong cac ma tran do.

O day, gia thiét trong truong hop két cAu khung cé nat
lién két dan héi géc xoay la @; va @, trong khi géc xoay tai
dAu tiét dién cla cau kién 1a @™ va @,®™ (Hinh 1), do d6 hé sb
hiéu chinh tai nat i dwoc ky hiéu la py va tai nat k 1a ;. Cac
hé sb nay dwoc xac dinh qua cac cong thire [13]:
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Déi v&i cAu kién cé nut lién két clrng thi vé mét vat Ii cac
hé sb ay chinh | gia tri mémen tai nut thir i do chuyén vi xoay
bang don vi tai nit i gay ra, con by 1a gia tri mémen tai nat
tht i do chuyén vi xoay bang don vi tai nit k gay ra, twong tw
nhw vay a,; la gia tri mémen tai nit k do chuyén vi xoay bang
don vi tai nat k gay ra. Trong khi dé, ci la gia tri mémen tai
nat i do chuyén vi xoay clia ciu kién ik gay ra, thé hién trén
Hinh 2a. Twong tw, y nghia vat |i ctia cac hé sb dbi véi nit co
lién két dan hdi dwoc ky hiéu thém bdi hé sb “sm”, thé hién
trén Hinh 2b.

Theo (4) thdy réng goc xoay cla dau tiét dién trai la
@™=p; do chuyén vi xoay tai nat i: @;. V&i y nghia vat li ay va
by, goc xoay clia dau cau kién @™ c6 thé viét theo nguyén
ly cdng tac dung theo cong thirc:
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Twong tw, trong tredng hop @,=1 tai nut k, géc xoay clia
dau cau kién bén phai la ¢,°"=p; va goc xoay ¢;°" la:

®)

Py = My (1=
ki
Trong trwérng hop truc cAu kién xoay mét géc ¢,=1, géc
gilra cac dau cau kién va tiep tuyén téi dwdng dan hoi tai vi
tri du tiét dién cau kién la:
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2.1.2. Ma tran d6 ctrng ctia phan tlr c6 nut lién két nira
clrng

Trong hé khung phang dwoc ciu tao tir cac cot va dam.
Xét mot doan dam cé chidu dai | va cd tiét dién khong dbi,
chiu udn trong mét phing xOy trong hé toa dd dia phwong.
M6men quan tinh ctia mat cat ngang dam dwoc ky hiéu 1a |
va moédun dan hdi cha vat liéu 1a E. Néu anh hwéng cla luc
doc t&i chuyén vi cia ciu kién la nhd, ta khdng xét dén, thi
chuyén vi tai nat i va k (théng sb chuyén vi) chi bao gém cac
thanh phan chuyén vi dirng (v,, Vi) va cac thanh phan chuyen
vi xoay (i, ¢y tai dau cac ciu kién, do cac ciu kién dam cé
4 bac ty do, 2 bac ty do m0| d3u dadm. Cac lwc cét twong
rng Ia (&, Qk) va mémen uén (Ml, M,) tai cac dau i va k. Quy
wéc vé cac dau dwong cla chuyén vi va lwc dwoc biéu dién
nhw Hinh 2.3.

Trong trvong hop dam bi udn trong mét phang gitra
chuyen vi, v(x) tai bat ky diém nao cua truc ddm va céc théng
sb chuyén vj tai cac ddu dam cé thé dé dang thu duwoc tw
phwong trinh vi phan thuan nhét ctia thanh chiu uén:

4
Eld—4 =0
dx (7)

Nghiém téng quat clia nd c6 thé duoc viét dudi dang da

thire bac ba:

v(x) =, +ax+ oy’ +a,x 8)
Cac hé sb a=1,2,3,4 dwoc xac dinh tir cac diéu kién bién
& cac dau dam, sau khi xi ly didu kién bién ta co:

4
=Nu=> N
v(x) L(tg); i

Ham dang N,(x) biéu dién dwéng ¥
dan hdi ctia ddm co6 lién két clrng do i
chuyén vi tbng quat u,=1, m=1,2,34, u _ i
trong khi tit ca cac chuyén vi tbng
quat khac u,=0, n¥m

Céac ham dang cho ddm c6 céac
nut lién két dan héi thé hién trén Hinh
2.5, dwgc suy ra theo cach twong tw
nhw dbi véi dam cé cac dau nat lién
két cirng. Cac ham dang d6 dwoc
xac dinh twong tw theo cong thic
(2.15), vécto cua cac ham dang co
thé viét nhuw sau:

Q Q

[N ] =[N N37(x) N3™(x) N3(x)]

(10)

Dwa trén y nghia vat li ctia cac hé sb ki, ,j=1,2,3..4 dwoc

thé hién trén Hinh 4, cac hé sb clia ma tran do ciing c6 thé

dwoc xac dinh nhw cac phan lwc cla dam cé nut lien két

cung (chuyén vi don vi va clia cac dau dam) u=1, trong khi
tat ca cac chuyén vi khac déu bang 0.

Trong do6:
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N (x) = (py — ot D)x =

24y + 1y —
l

Trén co s& cla phep ndi suy, bat dau tr ma tran do cirng
co s& clia dam lién két nira clrng tlep xuc véi ubn trong mat
phang xOy, y nghia vat li clia cac phan t& trong ma tran do
clrng clia ndé dwoc thé hién trong Hinh 5.

Ma tran d8 cing clia phan tlr c6 nut lién két nira cirng

, N"(x)
(K] Elj 8 [N/ N Nj@ Ni]ar (12)
4(x)
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Déi v&i phan ttr chiu anh hwéng cla lwe doc t¢i chuyén vi ciia thanh, ma
tran do clrng hiéu chinh clia cAu kién cé nut lién két nira cirng c6 thé dwoc
viét duéi dang:

[ E4 EA i
00 —=— 00
L L
kll klZ 0 kl} kl4
k, 0 ky k
[Ksm] — 22 £ 23 24
v 0 0
ey ey
| simetrically kLi (14)
Trong do:
L
kn = EI[ N, (X)N, (x)dx (15)
0

Khi phan tich ciu kién cé nat lién két dan hdi, trong trwérng hop chuyén
vi ding u,=1 tai dau i ciia ciu kién hodc chuyén vi dirng uz=1 tai dau k cta
cAu kién, cac chuyén vi khac béng 0, thi géc gira dau cAu kién vai tiép tuyén
tai dau tiét dién sau khi bién dang, c6 thé dwoc thé hién theo (7) va thuc té
day la cac goéc nho nén tga=a, do dé:

* b 1 * b 1
Xy :|:1_luki(1_:uik)lk:|f s Ay =|:1_/uik(l_#ki)lk:|f
aik aik (16)
DPao ham cac ham dang trong (12), ta thu dwgc cac phan tlr clia ma tran

dd crng hiéu chinh nhw sau:

k= 4%[0:; +a o+ a;;z}

kiy = 2E [2(%1““,1( Q= g phy) — gy + gl + akﬂ;k}

K, = -%[a;z ragay+a =k,

s =22 2, - a2+ )+ it~ il +

ky, = 451 | 4+t + 12+ @ =20+t P (17)
kyy =~ A [2(0‘zkﬂzk 0l £ = O fhy,) = Oy fhy + QO L+ akﬂ;k} ki
o= 22 200}~ g = 1+ )+ -
ky; = 451 [a,k +aa t+ag ] ky,

=22 20— 2 )+~ i+ it | =
kyy = %[ﬂi g + 1= 2005 = o g+ 0 |

Trwéng hop déc biét, véi phan ti dam 2 ddu nat civng tai i va k thi py=
Pi=1

| .
- 3 *
Iy
|
| ] .l
. e
i s
| Lz
—t —rihr L%
’ £

Hinh 5. Khung 2 tang vai lién két ntra
cirng cho phép chuyén vi xoay tai lién
két

Hinh 6. Sc d6 tinh toan khung cé lién
két khép trong phan mém Sap2000
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2.1.3. Ma tran khéi lwong cua thanh coé nut lién két nira cirng

Xuét phat tir cac ham dang clia phan ttr ddm c6 hai dau c6 lién két nira cleng, dwoc thé
hién trong Hinh 5, cac phan t&r clia ma tran khdi lwgng clia dam nhw vay co6 thé dwoc suy ra
twong tw nhw tru’c‘rng hop phan tlr cé 2 dau nut cirng theo cong thirc:

semz —pFKJ‘(Nmml(x)) Nvem’(x) dx ; (m n —1 2 3 4) (18)

Thay thé biéu thire trong (12) vao bidu thire (19), sau khi nhan va tich phan, ta sé thu dwoc
céac thanh phan ctia ma tran khdi lwgng cta phan tir thanh cé nut lién két nira clrng nhw sau:
F/
m, = /220 [140+ (420, — 280z;,)0 + (4a} + 4t — 6ty )]

*

Mo = 210 [2(y’k + fhiy + ) + 3ty phyy — My ) — 4/“1(;0‘1{14%

_PE f[l 0-(28a, —42a;)0 + (4at]? +4arf? —6atya) 1

44

_ pF1|1400;207=252a,04,0% + 116010 = 28Laty pay, + 4200y, 2
420 | +200 0y pty —36L 0ty phy, + A4t = 644, p1y, + 4447

m =
7420 | -Gagay —dal)0

pEL X w0
70-7 + (—(4a? +4a’ — 60, a,.)
420 |: (alk ak ) ( a ik akt alkakl) :| (1 9)

= PF0| 21y =14, —(2 lay, —day gy, + 30, p1, + 30,4, — 4o 14,)! /
Y420 —(da} - 3apa) 0

prz |:21/Jik + 14/Jki - (140!/2' - 40[;{#:'/{ - 3a;#kl + 30‘;:‘% + 4a:iluki)€:|

m13

Fo
oy = /4)120

14, + 21, —(2 lak +4arkﬂzk +3azklukz 30% Hiy 4“/{,/11“)%}

~(4a} -3ao,)0?

= pF/ {4("1,21( - mki) - 4(aikmik + 3a;€mki + 30‘;1'"11'1( - 40‘;’"1{1‘)6}52
#7420

+3a,a,l’
. sz{mmk 21m,, — (14, +4a,m, —3a,m, —3am, +4a;mk[)q€
420 | 1402 -3a a0
Tuong tw, ma tran khoi lvgng clia phan t&r dam co nit lién két nira cirng co thé viét duoi
dang ngan gon nhw sau:

* * * *

my My my my

* * * *
M My My Myy My,
semi | — * * * * (20)

My My My My,
* * *

*
My My, Myy Ny

V6i phan t& ddm 2 d3u nat clrng tai i va k thi py= p=1, ma tran khéi lwgng [Msm] cta
phan t& dam c6 nut lién két dan hoi tré thanh ma tran khéi lwong ctia phan t& ddm cé 2 dau
nut cirng:

156 220 54 -13¢
F( 40* 13¢
I L =M
i, (M ]= 055 156 200 |7M] 21)
symmentrically 4/?

3. Vi du tinh toan

Cho két ciu khung phéng c6 nut lien két ntra cirng cho phép chuyén vi xoay, c6 so dd
hinh hoc nhw Hinh 6. Théng sb vat liéu: E=20.107 kN/m?, tiét dién cac thanh ddm C150x75,
tiét dién cac thanh cot 1160x81x5; I=4m, h=3,5m. Yéu cau xac dinh tan s dao dong riéng va
chu ky dao déng ctia hé. Khado sat sw anh hudng clia dd ctrng nut lién két dan hdi téi cac
théng sb dao déng cla hé.
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H& sb hiéu chinh: 1y | 0.0001 0.1 0.2 03 04 06 07 085 | 0.999
Do cng lién két: Ry, 0.129 130.45 269.06 425.77 615.00 1773 1773 3956 64570
Heé sb hiéu Tri riéng A; (rd2/s2) Tan s6 dao déng riéng (rd/s)
chinh py Dang 1 Dang 2 Dang 3 Dang 1 Dang 2 Dang 3
1 (clrng) 18.765 22.621 610.66 4.62 4.7562 24.71
0.8 18.765 22.6 510.30 4.618 4.701 22.56
0.6 18.764 22.40 450.61 4.615 4.675 21.89
04 18.7635 21.34 398.89 4.608 4.621 18.6
0.3 18.763 21.1 320.81 4.606 4.589 17.56
0.1 18.762 20.95 260.63 4.602 4.553 16.32
0 (khop) 18.762 20.48 22533 4.60 452 15.01

Biét d crng lién két dan hdi dwoc cho trong bang 1:

L Tan sb dao déng riéng dang th&r nhat
Hé so6 hiéu w; (rd/s)
chinh py : .
MathCad Sap2000 Sai léch A (%)
1 (ctrng) 4.62 4.34 6.1
0 (khop) 4.60 4.33 5.9

Thwe hién phan tich tinh toan dao déng trén phan mém
Sap2000v14, véi cac thong sb dau vao cho khung nhu trong
vi du tinh toan bang phan mém lap trinh MathCad. Md hinh
tinh toan dwoc thé hién nhw sau:

So sanh két qua phan tich tinh toan tlr phadn mém
SAP2000v14 v&i phdn mém MathCad, ta thu dwoc bang sau:

T Bang 3 thay rang, két qua tinh toan theo phdn mém
Sap2000v14 va tinh toan theo lap trinh bang phan mém
MathCad twong déi triung khép thé hién d6 tin cay cla két
qua tinh toan, tuy nhién ciing cé sai s& nhét dinh. Diéu nay cé
thé ly giai vi khi phan tich dao dong, phdn mém Sap2000 d&
xét t&i anh hwéng cla lwc cat va do dan hdi cia nut khung,

Tai liéu tham khao
1. Chen W E, Kishi N, Komuro M. Semi-rigid connections
handbook. J. Ross Publishing Inc., 2011
2. Vi Quéc Anh (2002). Phuwong phap tinh ngi luc va chuyén vi
khung thép co xét den do dan hoi cua lién ket. Tuyén tap cong
trinh khoa hoc Hoi nghi Co hoc toan quoc lan thir VII, tr.45-51.
3. Vii Quoc Anh (2013). Tinh todn va thiét ké khung thép lién két
dan hoi. Nxb Xay Dung, Ha Noi.
4. Ozturk A U. Dynamic analysis of semi-rigid connected frames
Ms.Thesis. Izmir Dokuz Eylul University, 2000.

5. Salatic R and Sekilovic M. Nonlinear analysis of frames with

flexible connections. Computers and Structures 79 pp 1097-1107,

2001.

6. FuZ, Ohi K, Takanashi K and Lin X. Seismic behavior of steel
frames with semi-rigid connections and braces. Journal of
Constructional Steel Research 46 pp 440-61, 1998.

7. Kattner M and Crisinel M. Finite element modeling of semirigid
composite joints. J.Computers & Structures 78 pp 341-53, 2000.

8. Kim S E and Choi S H. Practical advanced analysis for semirigid

space frames. J. of Solids and Structures 38 pp 9111-31, 2001.

con trong tinh toan bang Iap trinh MathCad thi phan mém chi
st dung siéu phan ttr béng ly thuyét dao dong cla thanh chiu
ubn thuan tay.

4. Két luan

Trong nghién ctru nay da thiét 1ap dwoc trinh tw tinh toan
khung thép phéng c6 nut lién két nira clrng bang phwong
phap phan t& hiru han s dung phan mém Iap trinh MathCad
cho phép khao sat sy anh hudng clia d6 dan hdi nat lién két
t&i két qua phan tich tinh toan ma khong gap phai nhirng khé
khan vé mét toan hoc.

T két qua tinh toan trong nghién clru thay réng do dan
hdi cla lién k&t anh hwéng dang ké t&i cac thdng sb tinh va
dao dong ctia hé. Nut c6 dd ctrng lién két dan hdi cang cao
thi tAn sd dao déng riéng clia hé cang tang va chu ky dao
dong cang gidm. Két qua tinh toan bang phan mém lap trinh
dwoc so sanh véi két qua tinh toan bang phan mém Sap2000
d6i v&i 2 trudng hop nit khung 1a cirng va nat khung la khép,
thé hién dd tin cay trong két qua tinh toan. Két qua tinh toan
c6 thé ap dung dé khao sat gia tri ctia d6 clrng dan hdi sao
cho thu dwoc két qua théng sé dao déng phu hop, tir d6 c6
thé khéng ché duoc hién twong cong hwéng xay ra dbi véi
hé két céu./.

9. Lui E M and Lopes A. Dynamic analysis and response of semi
rigid frame. Journal of Engineering Structures 19 pp 644-654,
1997.

10. Ozturk A U and Yesice Y. The statical analysis of semi-rigid
frames by different connection type. Izmir Dokuz Eylul
University, 2005.

11. Folic R. Links and connections of precast reinforced buildings,
Precast civil engineering structures (Ekonomika, Belgrade in
Serbian) pp 117-67, 1988.

12. Slavko Zdravkovic, Tomislav Igi¢, Biljana Mladenovié, Dragan
Zlatkov, Dragana Turnic¢. Static design of systems with semi-rigid
connections based on experimental investigation of the full scale
structure. International Balkans Conference on Challenges of
Civil Engineering, EPOKA University, Albania, pp.2, 2011.

13. Tomislav Igi¢l, Slavko Zdravkovi¢l, Dragan Zlatkovl, Srdan
Zivkoviél, Nikola Stoji¢. Stability design of structures with
semi-rigid connections. FACTA UNIVERSITATIS. Architecture
and Civil Engineering Vol. 8, No 2, 2010, pp. 261 — 275. DOI:
10.2298/FUACE10022611

SO 45 - 2022 89



	#45

