TAP CHi PHAT TRIEN KN&CN, TAP 9, 0 1-2008

KHAO SAT KHUNG THEP PHANG NUA CONG
VGI LIEN KET CHAN COT NUA CUNG

P3 Tién Pong V Chu Quéc Thiing @
(1) Sé Xay dung tinh Gia Lai
(2) Trudng Pai hoc Quéc t€ - Pai hoc Quéc gia TP.HCM
( Bai nhdn ngay 15 thang 12 ndam 2005, hoan chinh sira chita ngay 23 thang 02 nam 2006)

TOM TAT: Bai bdo nay trinh bay mgt phuong phdp phdn tich khung thép phdng véi
cdc lién két dim-cét va chdn cft nita cing. Qud trinh phan tich dua vao tinh todn ing xit
phi tuyén ciia lién két ddm-ct va phi tuyén hinh hoc ciia phdn i (hi¢u ing P-delta). Sit
dung mé hinh da thitc ciia Frye va Morris (1975) dé mé hinh héa lién két ddm-cit nita
citng, lién két chdn cét nita ciing dugc khdo sdt theo cdc nghién citu gdn ddy ciia mét s tdc
gid & Chau Au. Ung dung phuong phdp phdn tit hitu han dé phdn tich khung thép phdng
bdng cdc thii tyc ldp théng qua chiong trinh phdn tich dwgc viét bdng ngén ngit ldp trinh
MatLab. K&t qud phdn tich sé xdc dinh dugc su lam viéc ciia khung gdn vdi thyc t&€ hon so
vdi két qud phdn tich theo quan niém khung ciing trude ddy.

1.GIGI THIEU

Mot trong nhifng bd phin dugc quan tim nghién cifu cla k&t cdu thép 1a lién két.
Trong khi lién k&t chi cAu thanh mot phdn nhd khéi lugng ciia k&t cdu nhung né chi€ém mot
ty trong ddng k& trong gid thanh clia k&t cdu. Thém vao d6, sy bi€n dang cla lién ket
thudng gy nén mot phin khd 16n su bi€n dang cla toin k&t cdu va né thudng chiu mot
phin déng k& su phan ph&i ndi Iuc. Thong thudng, khi phén tich va thi€t k& khung thép, cdc
nha thiét k& thudng quan niém lién k&t hodc 1a phin ti khép 1y tudng, hoidc 12 phin ti
ngam tuyét d6i. Gia thi€t ndy 1am cho qud trinh phan tich, thi€t k& don gidn hon nhung né
din d&n nhitng dy dodn thi€u chinh xdc vé dng xi cda lién két néi riéng va cia toan két
c&u néi chung. Thuc t&, céc lién k&t 1am viéc véi mot d6 ciing hitu han ndm giifa hai trang
thdi 1y twdng néu trén. Do vdy, khdi niém lién két nifa ciing ciing vdi cdc nghién cifu vé né
da dugc cdc nha khoa hoc trén th€ gidi ti€n hanh thuc hién.

T tAp hdp cdc di lidu thyc nghiém trén cdc ki€u lién k&t khdc nhau, cdc nha khoa
hoc di ti€n hanh md hinh héa ng x ciia lién k&t biing cdc biéu thifc todn hoc cy thé. Tuy
nhién, phin 16n cdc nghién citu chi tip trung xem xét iing x cla lién k&t dim cbt, céc
nghién cttu vé lién két gita chan c6t va nén rdt han ch€ va chi tip trung & mot s6 chudng
trinh nghién cifu tai Chiu Au. Tai Viét Nam, trong vai nim trd lai ddy, cdc nghién ciu vé
lién k€t nita cing da dugc thyc hién nhung ciing chi tap trung vio lién k&t dim cot, hiu
nhu chua c6 nghién cifu nao vé lién k&t chan cft dugc bdo cdo.

Bai bdo nay trinh bdy mét phuong phdp phdn tich sy lam viéc clia khung thép
phing xét dén itng xi¥ nita ciing clia ca lién k&t ddm v6i cot va chan cot v6i nén, dong thai
¢6 xét d€n y&u t6 phi tuy&n hinh hoc ciia cdc phan ti.

2LIENKET .
2.1.M6 hinh lién k&t ddm cft
Ung xi ciia-lién k€t ddm cbt nita cing duge dic trung bdi dudng cong quan hé mo
men - géc xoay (M-0,) cla lién két. T cdc dit liéu thuc nghiém, cdc nghién ciu ti trudc
d&n nay da gi6i thiéu rdt nhiéu mo hinh lién k&t khdc nhau [2]. Trong pham vi bai bdo nay,
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md hinh da thic cda Frye va Morris [4] dugc lwa chon st dung. M6 hinh ndy dudc phdt
trién dua trén cong thic cia Sommer (1969) bing cdch xdy dyng mét da thitc bac 1é dudi
dang: 8, =C,(KM)' +C,(KM)’ +C;(KM)’ (1)
trong d6: K 1a théng sb tiéu chudn phy thudc vao kiéu lién két,
C; - C; - C31a cdc hiing s8 xap xi dudng cong.
Cic ki€u lién két dudc xem xét va dudng cong quan hé (M-6,) ciia lién k&t nhu trén
hinh 1, cdc théng s6 cia md hinh cho trén bang 1.
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Hinh 1. C4c ki€u lién k&t dugc xem xét va dudng cong quan hé (M-6,)

Béng 1. Cdc ham tiéu chudn héa quan hé (M-6,) ctia lién k&t theo mé hinh cla Frye-Moris

Ki€u LK Ham tiéu chudn héa quan hé (M-6,) Hé s6 tiéu chuéin héa
SWA | ¢=366(KM)10*+1,15KM)*10° + 4,57(KM)*10® | K = d2*#1g"P

DWA | ¢=4,28KM)10° + 145(KM)’10° + 1,51(KM)’107"° | K = >4 "#1g0"

HP ¢ =5,1(KM)10”° + 6,2(KM)’10™° + 2,4(KM)°10" | K =t"%"d > w®

TSA | ¢ =8,46(KM)10* + 1,01(KM)*10™* + 1,24(KM)*10°® | K = t%5d ¢ 11107

K = 12841287
&-0.4151-0.694 135

g
EEP | ¢=183(KM)10° - 1,04(KM)’10* + 6, 38(KM)*10° | K =d>*%4"!

TSAW | ¢ =2,23(KM)10? + 1,85(KM)*10® + 3,19(KM)*10"

EEPS | ¢ =1,79(KM)10? + 1,76(KM)*10* + 2,04(KM)’10* | K = d>**°

T-Stub | ¢ =2,1(KM)10™* + 6,2(KM)*10° - 7,6(KM)°10°° K=dae% ™
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2.2.P0 citng lién két chan ct

Dua vao hinh thic lién k€t giita chin c6t thép vd méng bé tong, vé& cd bdn c6 thé
chia chdn c6t thanh hai loai nhyu sau: :
1. Chan cdt st dung ban d&: Thudng si dung khi c6t chiu Iyc nén 16n.
2. Chain c6t chon trong bé tong méng: Thudng sit dung khi m6 men uén trong cdt 16n.
Bii bdo ndy gidi han phin tich va ng dung dgi vdi loai chin cét sit dung ban dé€.
Trong phén tich truyén théng, bdn d€ dugc xem la cing, c6 chiéu day khé 16n va
dugc lién k&t v6i khoi bé tong méng bing nhiéu bd phan neo dugc ché tao tit cdc vt liéu
¢ cudng do cao. Gan day, trong mdt nghién citu ctia minh, Wald F., Steenhuis C. M. va
Jaspart J. P. [6] dd s& dung phudng phdp thanh phidn d€ khio st lién k&t chan cot. Theo
phuong phdp nay, ddu tién la dinh dang cdc thanh phin, sau d6 s& xdc dinh (ng xi¥ cla cdc
thanh phdn va cudi ciing 14 qud trinh ghép ndi cdc thanh phin d€ xdc dinh do bén va dd
ciing clia lién két. Trén cd s& d6, nhom tac gid Wald F.,, Bauduffe N. vd Muzeau J. P. [5]
da trinh bay m6t phudng phdp dy dodn sd bd vé dd citng lién k&t chan cdt va mdt hinh thic

S Ez’t
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3 KHAO SAT KHUNG THEP PHANG VGI LIEN KET NUA CONG
3.1.Phuong phdp phén tich

Trén cd s3 tng dung phuong phdp phdn ti hitu han, theo k&t qué tdp hdp cdc nghién
cifu clia Chajes A. va Churcill I.E. [1], Degertekin S. O. va Hayalioglu M. S. [3] dd trinh
by mét phuong phép phin tich phi tuy&n cho khung thép c6 lién két nita cing. Theo d6,
t4i trong tdc dung dugc chia thinh mdt tap hop céc gia s tdi trong nhd va dng véi mbi s6
gia tdi trong {AF}, qud trinh phdn tich 13p dudc thyc hién véi su thay di clia ma trin dd
citng két cdu [S] Sy thay ddi ma trin nay dya vao viéc cAp nhat két quéd cia do cing lién
k&t va ndi lwe ciia vong 1ap trude, phuong phdp do cing cdt tuyén duge sif dung dé tinh
todn d6 cing lién két.
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Qud trinh phan tich d€ x4dc dinh chuyén vi va ndi lwc thuc hién théng qua viéc gidi
phuong trinh cdn biing k&t cau dudi dang gia s6' [SKAD}= {AF}. Su hoi tu dat dugc khi
chuy&n vi nit giifa hai vong lap lién ti€p nhé hon mot dung sai danh nghia cho truSe. K&t
qud hdi tu clia mot gia s& tdi trong hinh thinh cdc gid tri ban ddu cho vong 1ap k& tiép va
thd tuc 13p dugc ti€n hanh cho d&n khi t4t cd cdc gia s& tai trong dudc dura vao tinh todn.

3.2. Ma trin d§ cing

Trong qud trinh phén tich sy 1am viéc ctia khung, ta xét d&€n ba ki€u phin tif sau:

1. Phdn tit ddm - c¢¢t: Phin tif khung phdng dugc x4c dinh bao gdm ca y&u t6 phi tuyén

hinh hoc.

2. Phdn tit ddm vdi lién két mita citng: Phin t& khung phing dugc x4c dinh bao gdm ca

d6 mém cia lién k&t diu phan ti va y&u t& phi tuyén hinh hoc.

3. Phdn tit c4t vdi lién két chdn ct nita citng: Phan tlir khung phing dugc x4c dinh bao

gdm cd d6 mém cila lién k&t chin ct va y&u t& phi tuy&n hinh hoc.

Theo [2], bdng viéc m6 hinh héa mbi lién k&t nhu mét 16 xo xoay, phin ti¥ dim cé
lién k€t nita citng dugc xét gdm mot phdn tit dAm-codt c6 chiéu daihitu han véi hai

16 xo0 xoay cé chiéu dai bing 0 & hai ddu lién két nhu trén hinh 3.
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Anh hudng ciia d6 mé&m lién k&t cé thé dudc tinh todn biing cdch hidu chinh cdc
phuong trinh dudng bi€n dang ciia phin ti d€ tinh todn géc xoay dan hdi. Thuc hién mot s&

bi€n d6i, ta thu dugc ma trin d6 citng cla phan ti c6 lién k€t ni¥a citng nhu sau:
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Ma trin d6 citng hinh hoc cdia phin tif duge xét nhu sau:
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PGi v6i phin ti tht i, ma trin d6 cing phi it K| =K. +K,}] ®

Thuc hién qué trinh chuyén déi sang hé toa do tSng thé va ghép n6i ma trin dé xdc
dinh ma trin d6 ciing tdng thé két cdu.

3.3 .Thi tuc phén tich

Qua trinh thyc hién phin tich c6 thé t6m tit thong qua cic budc nhu sau:

1. Chia tii trong tdc dung 1&n k&t cdu thanh cdc 8 gia tdi trong nhé

2. Ti€n hanh phén tich tuy&n tinh dudi s gia tdi trong dau tién dé x4c dinh phén {ng
ctia k&t cAu va cdc phdn dng nay la cdc gid tri ban diu dé dua vao phan tich phi
tuy&n & vong lap ti€p theo

3. Thiét 1dp cdc ma trin do ciing phin t, chuyén sang hé toa do tdng thé va ghép ndi
dé xdy dung ma trin d6 cing k&t cdu [s]

4. Giii phuong trinh cin bing dudi dang gia s6 d€ x4c dinh gia s6 chuyén vi {AD} va
gia s lyc ddu miit phdn t

5. Xac dinh do cing cét tuy&n cia lién két

6. Cép nhit cic thong s8 dé xdy dung lai ma trfn d0 ciing phin ti bing cach sit dung
d6 cing cat tuyén va lyc ddu mit phdn ti xdc dinh dugc ti¥ vong ldp gin nhit

7. Lip lai cdc budc tir 3 d€n 6 d€n khi dat dudc sy hoi ty

8. Tinh todn chuyén vi va luc d4du mit phan t& hic hoi tu

9. Ti€p tuc phén tich v6i cdc s6 gia tdi trong méi cho dén khi tdt ci cdc s6 gia tdi trong
dugc dua vao phin tich

4.Vvi DU MINH HOA

Trén cd s§ phuong phdp da trinh bay, téc gid xiy dung mdt chuong trinh tinh todn
biing ngdn ngit 1dp trinh MatLab. Phin ndy s& gidi thiéu mot vi du (khung 2 ting 3 nhip)
dudc phan tich tif chuong trinh. S d6 ket c&u, tai trong, nit, phdn td, ti€t dién phan t¥ nhy
trén hinh 4. Tit k&t qua phén tich, tdc gid thyc hién so sédnh gilta cdc trudng hgp vé chuyén
vi ngang 16n nhat dinh khung va ndi lyc ciia mot s6 phén t& tiéu biéu.

Ghi chii vé cdc ky hiéu vi€t tdt trong cdc bang so sdnh: '

(A) - Khung c6 cdc lién k&t hodn todn cing
(B) - Khung c6 c4c lién k&t dim-c6t nita cing
(C) - Khung c6 céc lién k&€t ddm-c6t va chin cdt nifa cifng

Qua so sanh k&t qué phén tich trén céc trudng hdp khung khic nhau, tdc gia dua ra

mdt s6 nhin xét nhu sau:
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Hinh 4.S0 d6 k&t cdu va tdi trong khung 2 ting 3 nhip
Bdng 2. Chuyén vi ngang 16n nhat dinh khung (niit 9)
Kiéu Chuyén vi ngang (in) Sai léch (%)
lienkét | (A) (B) (C) B-A C-A C-B
SWA 0.40908 0.49784 | +38.11 +67.77| +21.70
DWA 0.40643 049532 | +36.97| +66.92| +21.87
HP 0.37964 0.46632 +27.94 | +57.15 +22.83
TSA 020674 0.34203 0.42353 +15.26 | +42.73 +23.83
TSAW ' 0.33317 041369 | +11.28 +3942 | +24.17
EEP 0.30707 | 0.38519 +3.48 | +29.81 +25.44
EEPS 0.30606 [ 0.38381 +3.14 | +429.34 | +25.40
T-Stub 0.30361 0.38174 +2.32 | +28.65| +25.73

Chuy€n vi ngang: Khi xét d€n d6 cing lién k&t trong qué trinh phén tich 1am ting
chuyén vi ngang ciia khung, dic biét 1a khi xét cd d&n dé cing lién k&t chin cét. DPé citng
lién k€t dam-cot cang ting thi mic d6 ting chuyén vi cAng gidm va hoi tu din vé& két qud
khi ta khdo sdt dGi v6i khung hoan toan citng. Xem s6 liéu so sinh trén bang 2.

Bang 3. M6 men chin c6t (phdn t& 1)

Kiéu Mé men (Kip-in) Sai léch (%)
lién két (A) (B) (C) B-A C-A C-B
SWA -61.350 | -79.805| +187.69| +274.23 +30.08
DWA 37634 | -65284| +76.48| +206.14| +73.47
HP -33419| -61.636| +56.71 | +189.03| +84.43
TSA 51455 -27.906 | -56.159| +430.86| +163.35| +101.24
TSAW 24977 -53.961 +17.12 | +153.04| +116.04
EEP -23.822 | -52.102| +11.71| +14432| +118.71
EEPS -22.558 | -51.240 +5.78 | +14028 | +127.15
T-Stub -22.071| -50.891 +3.50 | +138.65| +130.58
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Mo men chan cdt: Khi xét d€n do cing lién k€t dam-cdt (B), mé men chin cot
ting 1&n so v6i trudng hdp khung ciing (A) va cing ting hon khi xét cd d€n db citng lién
k€&t chdn cdt (C). B6 citng lién két dim-cdt cang ting thi mifc d6 ting mé men chéin cot
cang gidm. Do cing lién k&t dim-cot cang ting thi dnh hudng cla do cing lién k&t chin
¢t dén su thay d8i mdé men chén cot cing 16n. Xem s6 liéu so sanh trén bang 3.

Bang 4. M6 men ddu dim (phin tf 10)

Kiéu

Mo men (Kip-in) Sai léch (%)
lién két (A) (B) (C) B-A C-A C-B
SWA -586.878 | -596.728 | -38.61| -37.58 1.68
DWA -799.743 | -799.380| -16.35] -16.39 -0.05
HP -823.094 | -821.451| -1391] -14.08 -0.20
TSA 1956034 -858.602 | -856.384| -10.19| -10.42 -0.26
TSAW -891.900 | -887.270 -6.71 -7.19 -0.52
EEP -924.026 | -918.207 -3.35 -3.96 -0.63
EEPS -928.964 | -923.076 -2.83 -3.45 -0.63
T-Stub -935.507 | -927.462 215 -2.99 -0.86
Béng 5.M6 men nhip dim (phan t¥ 10)
Kiéu M6 men (Kip-in) Sai léch (%)
lién két (A) (B) (C) B-A C-A C-B
SWA 856.358 835.714 | +77.19| +72.92 -2.41
DWA 654.052 644.591 | +35.33| +33.37 -1.45
HP 628.378 620.133 | +30.02 | +28.31 -1.31
TSA 483308 585.389 577.756 | +21.12| +19+54 -1.30
TSAW 551.293 546.165 | +14.07| +13.01 -0.93
EEP 515.319 511.613 +6.62 +5.86 -0.72
EEPS 510.753 507.205 +5.68 +4.94 -0.69
T-Stub 504.094 502.802 +4.30 +4.03 -0.26

Mé men didm: So v6i trudng hgp A, khi phan tich trén trudng hgp B c¢6 két qud
gidm mé men 4m ddu dim va ting md men dudng & nhip dim. Khi xét véi trudng hop C,
vin thu dugc két qua gidm mé men 4m ddu dim v ting m6 men duong & nhip dim nhung
mifc d6 ting gidm it hon so véi trudng hgp B nhung sy sai 1€ch gilta hai trudng hgp nay (B
va C) 1a khong ddng ké. Xem s6 liéu so sdnh trén bdng 4 va 5.

5. KET LUAN

Qua so sdnh cho thdy y&u t& d cing lién k&t chan cot c6 dnh hudng kh4 16n dén
k&t qua phan tich khung, dic biét 1a d6i v6i chuyén vi ngang ciia khung va ndi lyc chan
cot. Tuy nhién, né c6 dnh hudng khéng ddng ké dén cdc cdu kién khdc ciing nhu su phin
ph&i ndi Iuc cla cdc cdu kién. Viéc xét d&€n d6 cing cla cdc lién két trong qud trinh phan
tich gidip chiing ta khdo st dudc sy 1am viéc clia k€t cdu gin véi thyc t€ hon so v6i quan
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niém khung citng. Piéu ndy gitip cho qu trinh thi€t k& cdc ciu kién va lién k€t dugc t6i uu
hon, trinh tinh trang thi€t k&€ thi€u tai mdt s vi tri cdu kién ciing nhu han ch€ dudc su lang
phi trong qud trinh thi€t k€.

A STUDY OF SEMI-RIGID PLANE STEEL FRAMESWITH SEMI-RIGID
COLUMN BASES

Do Tien Dong " Chu Quoc Thang @
(1) Department of Contruction of Gia Lai
(2) International University — VNU-HCM

ABSTRACT: This article presents an analysis method for plane steel frames with
semi-rigid connections and semi-rigid column bases. The analysis takes into account both
the non-linear behaviour of beam-to-column connections and the second-order (P-A) effects
of beam-column members. The Frye and Morris polynomial model is used for modelling of
semi-rigid connections. The semi-rigid column bases have been studied from the research of
some researchers in Europe in recent time. The Finite Element Method is used for analysing
the plane steel frames by iterative procedures. Calculating program is made with MatLab.
The results of the analysis will determine the behaviour of the frames which are accurate to
the reality compared those towards with the previous rigid-frames.
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