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Tom tat

Bai bdo sit dung phan tit hitu han dang vé trong SAP2000 d€ khéo sat znh hudng ctia sudn dau dam dén 6n dinh
tong thé ctia dAm cong xon tiét dién chii I c6 hai truc dbi xing. PO ciing clia suon dau dam ngin can vénh tu do
clia cdc ban canh ctia dAm cong xon, do d6 lam giam chiéu dai tinh toan khi xoan kiém ché ctia dim cong xon.
Bai bdo thuc hién nghién ctiu tham sd ddi véi nhidu dAm cong x6n chiu udn déu nhim dé xut mot cong thic
gan diing x4c dinh chiéu dai tinh todn khi xoan kiém ché, cong thiic gin diing nay phu thudc vao ty sb do ciing
clia sudn dau dam va do cling chéng xoan kiém ché ctia dim cong xon. So sanh giita cong thiic dé xuét va cic
cong thiic gin diing clia céc tic gia khac cho thiy su phu hop hon ctia nghién citu véi két qua sd phan tich tir
SAP2000. Cac vi du dudc thuc hién dbi v6i ddm cong x6n chiu ubn déu nhim ching minh su tin cdy ctia cong
thifc dé xuat va néu bat dnh hudng ctia suon dau dim dén viéc ting kha ning 6n dinh ctia dAm cong xon.

Tir khod: 6n dinh dim; 6n dinh tdng thé dam cong xon; &n dinh xoan-udn; chiéu dai tinh todn dbi véi xodn; suvn
dAu dam.

EFFECT OF END-PLATE ON CRITICAL MOMENT OF I-SECTION CANTILEVERS
Abstract

The article uses shell finite elements of SAP2000 investigating effects of end-plate on the lateral buckling of
doubly symmetrical I-section cantilever. The stiffness of end-plate prevents the free warping of flanges; hence it
decreases the warping effective length of the cantilever. A parametric study is performed for cantilevers under
uniform bending to propose an approximative formula for the determination of the warping effective length
factor which depends on the ratio between the stiffness of end-plate and the warping stiffness of the cantilever.
The comparison between the proposed formula and other approximative proposals shows a better agreement of
the present study with numerical results of SAP2000. Numerical applications are realized for cantilevers under
uniform bending to demonstrate the reliability of the proposed formula and highlight the effects of end-plate
on the enhancement of the global stability of cantilevers.

Keywords: buckling of beam; lateral buckling of cantilever; flexural-torsional buckling; warping effective
length; warping effective length factor; end-plate.
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1. Dit van dé

Trong bai toan dn dinh téng thé, dAm cong x6n c6 mot dau lién két ngam va mot dau tu do ddi véi
ca ubn va xoan. Céac hé s6 chidu dai tinh toan ddi véi udn va xoin ctia dam c6 gia tri bang 2, k = k,, =
2,0. Riéng dbi véi xoan, diéu kién bién tu do dat dugc khi gbc xoan dau dam khong bi ngin cin va tiét
dién dau dam dudc vénh tu do nhu Hinh 1(a).
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Vénh tu do

(a) Pau ty do dim cdng x6n khong 6 sudn (b) Pau ty do dAm cong xdn c6 sudn k = 2,0; k,, < 2,0
k=20;k,=2,0

Hinh 1. Vénh & dau tu do dim cong xon

Xét dam cong xdn c6 sudn dau dam dude bo tri han chiit vio dau dam. Khi canh dAm bi vénh 1am
cho sudn dau dim bi bién dang va do ciing chdng lai bién dang ctia sudn ngin can su vénh clia canh
dam, hién tugng nay dugc goi la xoan kém ché (Hinh 1b). Nhu vay, diéu kién bién dbi véi xoan thay
doi, tiét dién dau dam khong con vénh tu do vi vdy hé sb chiéu dai tinh todn dbi véi xoan ctia dAm nhd
hon 2,0, k,, < 2,0.

Déi v6i dAm don gidn, di c6 mot sb tac gia nghién ciu vé van dé nay. Takabatake [1, 2] phat trién
mot ly thuyét 6n dinh tdng thé dim c6 sudn ngang gia cudng doc chiéu dai dam véi gia thiét suon
ngang khong ngin can bién dang vénh. R rang gia thiét nay khong phan dnh sy lam viéc clia suon
dau dam nhu thé hién trén Hinh 1(b). Ciing nhu Takabatake, Amara va cs. [3] chi chd y dén do ciing
chéng xoan thuin tdy ma bd qua kha ning ngin can bién dang vénh clia sudn diu dam. Lindner va
Gietzelt [4], Trahair [5], Pi va Trahair [6] dd dé xuit cac cong thic gan ding dé xac dinh hé sb chiéu
dai tinh toan dbi véi xoan k,,. P6i véi dim cong xon, Hassanien va cs. [7] st dung phuong phap hoi
quy tuyén tinh phan tich cic két qua tinh to4n tit phuong phap phan ti hitu han d€ thiét 1ap cong thiic
dang s6 mi tinh truc tiép mo men t6i han k& dén 4nh hudng clia sudn ngang. Tuy nhién, cong thiic clia
Hassanien khong néu dugc ban chit clia viéc ting mo men t6i han 1a do sudn ngang ngin cin bién
dang vénh ctia tiét dién thong qua giam hé s6 chiéu dai tinh toan khi xoén k.

Bai bdo dit vin dé khio sit anh hudng ctia d6 cing ctia sudn dau dam dén hé s6 chiéu dai tinh
toan d6i vdi xoan, k,, ctia dim cong x6n. Mdmen tdi han dudc tinh toan bang phan ti hitu han dang v
ctia SAP2000 va cong thic ctia Djalaly [8]. PAu tién, momen t6i han ctia dAm don gidn c6 sudn dau
dam dudgc x4c dinh bang SAP2000, sau d6 hé sb k,, trong cong thiic ctia Djalaly dudc thay d6i dé cho
momen t6i han bang gid tri phan tich 6n dinh bdi SAP2000. Thay ddi nhiéu thong s6 kich thudc hinh
hoc ctia dAm va sudn dé tim ra quan hé gitta k,, va do ciing ctia sudn. Bai bdo nay 1a phan tiép theo
clia nhitng nghién cifu vé ting kha niing 6n dinh ctia dim ma khong cin st dung hé gidng [9-11].

2. Cong thire xac dinh mémen t6i han

Nhiéu tic gia di dua ra cong thiic d€ xdc dinh mdmen t6i han clia dAm. Tuy nhién, hau hét cac
nghién cifu déu dua ra cic cong thiic cho céc trudng hop lién két ly tudng & hai du dam: khép-khdp,
ngam-ngam, ngam-khdp, ngdm-tu do. Trong céc tac gia, Djalaly [8] da dua ra mot cong thic kha tong
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quét dé€ xac dinh mémen tSi han:

nE Iy
1
(kL)*

k\*I, (kL)*GI, 2
T \/(k_) T+ o+ (Cove=Ca) - (Cove- Cay) M

trong d6 L la chiéu dai dim; k va k,, 1an lugt 1 cac hé s6 chiéu dai tinh todn d6i véi udn va xoan;
C1, C, va C3 1a cac hé s6 dugc xdc dinh theo dang tai trong va diéu kién bién, da dudc l1ap thanh bang;

Yg =Ya—Ys ()

vy, 12 tung d6 ctia diém dit tai trong trén tiét dién; y, 13 tung do cta tam cat, M; y ; dudc xéc dinh theo
cong thic sau:

1 2 2
yj=ys—2—1xfy(x +y’)dA (3)
A

I, L, I val, 1an lugt 1a cic mémen quan tinh quanh truc x va quanh truc y, mémen quan tinh xoin
va mOdmen quén tinh quat.

Cac tung do y va cac ddc trung hinh hoc cda
tiét dién dugc xac dinh phil hop véi tiét dién nhu
Hinh 2.

Cong thiic (1) 1a mét trong nhiing cdng thic |y
dudc st dung nhidu nhit dé€ xdc dinh mémen tdi ~ MW

ao

4

han ctia dAm. Céng thiic nay da dugc dua vao ban
du thdo ciia tiéu chudn chau Au EC3 [12]. Tiéu c
chudn chau Au chinh thifc [13] khong cung cip
cong thic xac dinh M,,, cong thic xdc dinh M.,
sé do tiéu chuan ctia titng quc gia quy dinh.

Déi v6i tiét dién chit I hai truc d6i xiing, c6: —
ys = 0,y; = 0, cdng thiic (1) dudc rut gon:

Hinh 2. Tiét dién dam chit I c6 mot truc dbi xting

k\*I, (kLGI, )
—| 2y =Gy -C
\/(kw) 1, " ToEn T O

n*El,
kL2

4)

cr =

Khi tai trong dit tai trong tdm cta tiét dién hai tryc doi xtng thi y, = 0, do do:

2El : 2
Moy = C1 = (5) > B0 )
«n? | Wa) 1, 7 2EL

Déi v6i dam cong xo6n chiu mdmen udn & dau tu do: C; = 1,0; k = k,, = 2,0, ta nhan dudc cong
thic quen thudc:

(6)

cr

_ 7EL [ |1, . (L)*GI,
eL* |\ N  #El
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3. Thiét lap cong thirc xac dinh hé s6 chiéu dai tinh toan dbi véi xoin

Cong thic xac dinh hé s6 chiéu dai tinh todn d6i v6i xodn ctia dAm cong x6n khi ké dén dnh hudng
ctia suon dau dam can thdéa man hai dic diém sau:

i) Tt Hinh 1(b) ta nhan thdy sudn dau dim cong xo6n ngin can vénh tu do ca tiét dién dau dam
do d6 hé sb k,, ty 1& nghich v6i do ciing ctia sudn hay 1 ty 1¢ nghich véi médun dan hoi ctia vat lidu
sudn dau dam va cac kich thudc hinh hoc clia sudn va ty 1& thuan véi do ciing chdng vénh don vi clia
dam cong xon %

i) Theo giai tich, khi dim cong x6n khong c6 suon dau dam thi &, = 2,0 va khi dim cong x6n c6
tiét dién diu dAm dudc ngin can vénh hoan toan thi k,, = 1,0.

St dung phuong phdp nghién ctiu tham sé d€ thiét 1ap cong thic tinh k,,. DAm dudc md phdng
bing phan ti hitu han dang vé méng (shell thin) trong phin mém SAP2000, moémen & dau tu do cia
dam cong x6n dudc md phéng bang ngau luc va cac diéu kién bién cho lién két § ddu ngam ctia dam
dugc thé hién bdi cac bac tu do bi ngin can nhu trén Hinh 3. M6 men tdi han ctia dam cong x6n c6
suon dau dam dudc xac dinh b?mg SAP2000 (st dung mddun Buckling), sau d6 hé s6 chiéu dai tinh
toan khi xodn k,, trong cong thiic (5) dudc diéu chinh sao cho gid tri m6 men tSi han dugc tinh bang
cong thiic (5) bang véi két qua phan tich bsi SAP2000.

Pau ngam

P

PAu tu do

P

Hinh 3. M6 phong dam cong x6n c6 sudn dau dAm chiu mémen udn déu

D& nghién citu tham s6, bdon nhém dam cong x6n dude khio sit véi téng sb 420 ciu kién.
Nhém dam dau tién c6 tiét dién, nhip dam va kich thudc sudn diu dam nhu sau:
dxbyxtyxt,=1{200x200x12x8 200 x 200 x 14 x 8} mm;

L ={1200 1500 2000} mm;

ty=1{12 14 16 18 20 22 25 28 30 33 36 40} mm.

Nhoém dam thd hai:

dxbyxtyrxt,={400x250x 16 x 10 400 x 250 x 18 x 10 400 x 250 x 20 x 10} mm;
L = {2000 3000 4000 5000} mm;

ty=1{12 14 16 18 20 22 25 28 30 33 36 40 45 60} mm.

Nhém dam thd ba:

dxbyxtyrxt,={450x250x 16 x 10 450 x 250 x 20 x 10 450 x 250 x 25 x 10} mm;
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L =1{2000 3000 4000 5000} mm:;

ty={12 16 20 25 28 33 40 45 60} mm.

Nhém dam thd tu:

dXxbyxtyxt,={1000x400 x 25 x 14 1000 x 200 x 25 x 14} mm;
L = {5000 8000 10000 15000} mm;

ty ={16 20 25 28 33 40 45 60 80} mm.

Nhu vay, ty 1é cic kich thu6c chinh ctia dim cong x6n nhu sau:

d

—={10 16 1.8 25 5|

by

L

Z={4’45 56 665 75 8 89 10 11,1 125 15}
L

b—={6 75 8 12 125 16 20 25 375 40 50 75}
f

St dung phuong phdp binh phuong bé nhit c6 chinh sita d€ thiét 1ap cong thic tinh k,, phu thudc
vao dd cing ctia sudn dau dam:

0,024n% + 0,24n + 4
0,024n> + 0,24n + 2
trong do
Ef?b%h
= Zs7sTS ESIWS (8)
127+

n dugc goi 1a ty sb do ciing khi xoin kiém ché, thong thudng n < 10; t,, by va hy 1an lugt 1a bé day bé

rong va chiéu cao sudn diu dam, céc kich thudc khac xem trén Hinh 3. Di véi tiét dién chit I hai truc
, tybyd’ o

doi xung co: I, = Y xét truong hop pho bien iy = d va by = by, khi do:

15 (2L)
n=
trbghyi

9)

22+ . SAP2000
— Theo cong thirc dé xuét

Hé s6 chiéu dai tinh toan khi xoin, ky

06 1 1 1 1 1 1 1
5 10 15 20 25 30 35

Ty sb d6 clg khi xodn kiém ché, n
Hinh 4. So sanh giita két qua xac dinh hé s k,, bing SAP2000 va cong thiic dé xuét
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Hinh 4 thé hién tuong quan giita két qua phan tich bang SAP2000 va dudng cong vé tif cong thifc
(7). Khi ty s6 n 16n cong thic d& xuét cho gid tri clia k,, 16n hon so véi phuong phap phan tich sé do
ta da mic dinh k,, = 1,0 khi ty s6 n tién ra vo cling d€ diing véi quan diém gidi tich trong khi d6 két
qua phan tich s6 cho két qua nho hon 1,0.

4. Vi du tinh toan

Bang 1 trinh bay so sanh két qua so sanh md men t6i han dudc tinh theo cong thiic (5) véi hé sb
k,, dudc tinh theo cdng thiic (7) va két qua phan tich tit SAP2000. Hiéu qua ctia viéc st dung suon
dau dam dugc thé hién & cot cudi ciing ctia Bang 1 qua ty s6 M,.,/M,,, trong d6 M., 12 md men t6i
han ctia dAm cong x6n khong c6 suon dau dam. M., va M,,., déu dugc ly tl cot thd 6 ctia Bang 1.

Bang 1. Mdmen tdi han ctia dAm cong xon va hiéu qué khi st dung sudn dau dam

Tiét dién Nhip Su’?n dau Has\sanien C()I:g tl}li’c SAP2000 Sai sé\ gitta
dxbyXtyXt, (mm) dam t,, va cs. dé xuat (Tm) S)va(6) M. /M,
(mm) (mm) (Tm) (Tm) (%)
(D () (3) “4) ) (6) (7N (8)
] 4631 4631 43,41 6,68 1,000
12 4986 47,96 47,59 0,78 1,096
16 52,62 49,30 49,11 0,39 1,131
20 5605 51,06 51,01 0,10 1,175
200x200x12x8 1300 g 61,13 53,80 53,97 ~0,31 1,243
28 64,54 55,66 56,01 ~0,62 1,290
33 70,60 58,95 59,65 _1,17 1,374
40 80,11 63,48 64,76 ~1,98 1,492
- 12333 12333 118,18 436 1,000
12 131,10 12540 123,90 121 1,048
16 13721 127,06 12586 0,95 1,065
20 144,88 12922 128,40 0,64 1,086
400x250x16x10 2000 15635 132,67 132,54 0,10 1,122
33 178,19 139,88 141,61 ~122 1,198
40 19996 147,68 151,66 2,62 1,283
(31,8%)
- 314,73 31473 304,52 3,35 1,000
16 32869 31849 31524 1,03 1,035
20 336,76 320,65 31741 1,02 1,042
25 34926 32407 321,08 0,93 1,054
1000x400x25x14 5000 33 37434 33125 32925 0,61 1,081
40 400,72 33931 338,98 0,10 1,113
45 42171 346,07 34747 ~0,40 1,141
60 49316 371,04 379,96 2,35 1,248
(29,8%)
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Bang 1 ciing dua ra két qua tinh todn bdi cac cong thiic hdi quy tuyén tinh clia Hassanien va cs.
[7] nhu trinh bay dudi day:
M., = \ O +aQr

2 4

n“El,GI; n'EILEI, 0.8 » (0,7
e = o — 1 = 23,6 ’ } ’
: (2L)? (Ly* NS

a. _d_ B t? bf L
fi= 7 = I f3= (b_}] (;) (3)

trong d6 a 12 khodng cich giffa cic sudn ngang, trong trudng hop chi cé suon dau dam thi @ = L nén
fi=10.

Tit Bang 1, nhan thiy:

VE sai s6:

i) Cong thiic hdi quy tuyén tinh clia Hassanien va cong su cho két qua mod men t6i han 16n hon
kha nhiéu so v6i SAP2000 va sai s6 1én dén 31,8% khi bé day sudn dau dam Ién.

i) Sai s6 gitta mdmen tSi han cia dim cong x6n ¢6 suon dau dam tinh theo cong thic dé xult va
chuong trinh SAP2000 1a ch4p nhan dugc. Sai s6 > 5% khi dam cong x6n khong c6 sudn dau dam,
nguyén nhan la cong thiic (5) dugc xay dung dua trén 1y thuyét thanh thanh méng ctia Vlasov [14]
véi gia thiét bién dang cdt trong mit phang trung binh ciia thanh méng bang 0 din dén tiét dién dam
gilt nguyén hinh dang trong mit phang tiét dién hay néi cach khac 1a géc vudng giita ban canh va ban
bung vin vudng khi dim bi mét &n dinh, trong khi d6 khi phan tich dim cong xon bing phin tit hitu
han dang vd méng ludn xuit hién bién dang cit trong mit phang trung binh cia phan ti. Do d6, md
men t&i han ctia dAm cong x6n khong cé sudn dau dam tinh theo cong thiic (5) 16n hon két qua tinh
theo SAP2000. Khi c6 sudn dau dam, tiét dién dim dugc ddm bao giif nguyén hinh dang khi dim mét
&n dinh nén mo6 men t6i han tinh theo cong thiic (5) va (7) cho két qua st véi md phdng. Piéu nay
cho thiy nén st dung sudn dau dim ngay cé khi bé day sudn khong 16n.

V& hiéu qua: Qua ty sé6 M,./M,., nhin thiy hiéu qui ctia suon dau dim dén momen t6i han ting
khi bé day suon dau dam ting, momen tdi han ting 1én dang ké khi bé day sudn dau dam gip 1,5 lan
bé day canh dam.

trong do

[}

vii

5. Két luan

Bai bdo da ching minh kha ning 8n dinh t&ng thé ctia dim cdng xon chiu m6 men uén déu dudgc
ting 1én dang k& khi ké dén cic sudn dau dam. Sudn dau dam 1am gidm chiéu dai tinh todn ddi véi
xo0an ctia dam. Bai bao da dé xuét cong thiic xdc dinh chiéu dai tinh todn chiu xoin ctia dim cong xon
thay thé cho 4nh hudng ctia sudn dau dim. Vi du tinh todn cho thiy nén sit dung suon dau dam dé
ting kha ning 6n dinh tong thé cho dim cong xdn va mo men tdi han sé ting 1én dang ké khi bé diy
sudn dau dam 16n hon 1,5 1an bé day ban canh.
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