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Toi uu héa trong luong dam thép don gian tiét dién chir I

t6 hop ban canh vat

Optimizing the weight of the tapperred-flange I-section simple steel beam

Tom tat

Tiét dién dam thép nén dugc thay ddi doc chiéu dai
dam theo biéu d6 m6é men dé dat hiéu qua kinh té.
(6 nhiéu giai phap da duoc ap dung trong thucté
nhu thay ddi chiéu cao dam hoac thay ddi bé rong
ban canh dam hoac thay d6i sé lugng ban phi canh
dam, trong do, giai phap gii nguyén chiéu cao
dam, chi thay ddi bé réng ban canh dugc ap dung
rong rai béi dé ché tao. Cac nghién citu trudc day
chi tap trung vao phueng phap thay ddi bé réng
ban canh theo hinh thitc giat cap. Bai bao dé xuat
cach cat vat déu ban canh nhu mét phuong phap
thay d6i bé réng canh khac va tim hiéu cach thiic
cat vat tiét dién ban canh cta dam thép chit | dé
dat trong lugng dam tdi uu nhat. Nghién citu cho
thay trong mét sé trudng hap, thay ddi bé rong
ban canh bang cach cat vat déu 6 hiéu qua hon
giai phap giat cap.

Tir khéa: dam thép, ban cdnh vdt déu, toi uu, tiét dién chir
I, tiét dién td hap

Abstract

The section of a built-up beam should be adjusted along
its length according to the moment diagram to maximize
economic efficiency. There exist solutions in practice

to deal with the problem, such as adjusting the web

of the beam, changing the flange width, or shrinking
some of the flange plates. Among these, the solution

of changing the flange width while keeping the beam
height is widely used due to its simplicity in fabrication.
Previous studies have only focused on stepping the
flange width. This paper proposes a new section design
method by tappering the beam flange and studying the
corresponding parameters to optimize the beam weight.
The study revealed that the method of tappering the
beam flange is more efficient than that of stepping the
flange width in some cases.
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Vi Huy Hoang

1. D4t van dé

Téi wu hda trong lwong dam thép 1a mot bai toan co ban ddi véi cac don
vi thiét k& cling nhw ché tao két ciu thép chuyén nghiép. Theo dd, tiét dién
dam thép sé& dwoc thiét ké bién dbi theo bidu dd mé men ctia ddm. Tuy nhién,
thay ddi tiét dién dam lién tuc theo biéu dd md men la khong kha thi vi 1am
qua trinh ché tao tr& nén rat phirc tap. Vi thé, giai phap chia ddm thanh mot
sb doan co tiét dien khac nhau dwgc st dung phd bién. Béi voi dam don
gian, khi chiéu dai ddm nhd hon 10m, nén git» nguyén tiét dién dam. Chi khi
nhip ddm I&n hon 10m, viéc thay ddi tiét dién mai dem lai hiéu qua kinh té& [1].
C6 nhiéu phuong phap thay ddi tiét dién nhw thay ddi chiéu cao dam, thay
dbi bé rong ban canh, thay ddi s lwong ban pha canh dam [1], dwoc thé hién
trong Hinh 1. Bai toan tbi wu lién quan dén viéc xac dinh vi tri thay dbi va cac
thong sé khac lién quan. Déi v&i dAm cé ban canh vat déu nhw Hinh 1c, cac
thong s ti wu sé& dwoc trinh bay trong bai bao nay.
2. Xac dinh cac théng s6 thay dbi bé rong ban canh vat déu

Xét ddm thep don gian nh|p L, chiu tai trong phan bd d&u q, ban canh
vat déu mot 1an, cac thong sb lién quan dén viéc thay ddi tiét dien dam la

khoang cach diém thay doi tiét dién dén dau dam d, bé rong canh dam tai vi
tri dau dam.

a) Xac dinh vi tri diém thay dbi tiét dién
M6 men tai tiét dién cach ddu ddm mot khoang x bang:

M- ax(L-x) _ ax(L—x) Mmaxi _ 4x(L—x)NImax
2 2 qLZ L2
M6 men khang udn can thiét
w=M_ #hﬁ _ 4X(E_ I
" e (1)
trong do:

. Mmax, Wmax - md men I&n nhat va md men khang ubn tai vi tri gitra
dam;
f - cwwdng do tinh toan cua thép;
yc - hé sé diéu kién lam viéc.
Méi quan hé gitra W va x duoc thé hién trén Hinh 2c.
Déi voi dam chi thay ddi tiét dién ban canh

3 3 2 3 2

3 2
w34l
(2)
trong do:

tw, hw - chiéu day va chiéu cao ctia ban bung;

tf, bf - chidu day va chidu réng ctia ban canh;

h - chiéu cao dam;

hf - khoang cach tdm hai ban canh.

C6 thé thay quan hé gitra W va bf 14 quan hé bac nhat.

Goi mdé men khang uén cla tiét dién dau dam 1a WO (twong tng v6i
didm A trén db thi), diém B Ia didm bt dAu thay ddi tiét dian dam thi duwong
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gay khuac ABC chinh la
dwdng md t& mdé men
khang ubn thuc t& cda
dam.

P& m6 men khang
udn thuc t& cda dam
ludn 1&6n hon hodc béng
moé men khang uén yéu
clu, doan AB phai ndm
trén dwong cong mod
men khang uén yéu ciu
(t'c khong dwoc cét
qua). Trueng hop tdi wu
la AB tiép xUc véi dudng
cong W tai diém D.

Piém D théa mén
phwong trinh:

W-W, dw

X dx

Tw (1) ta co:

W _ AW | )

dx L2

Két hop (3) va (4)
dW
dx

©)

W-W, =

4x(L-x)

oo W, _ Wihi2
W, W_hi2

max

(5) rat gon thanh
2
x(L-x)- cL
cr? 5
R =X
4
Thu duwoc

_Le

=X=
b 2

(6)

4w

=(L—2x)x<:>Lx—x2—CA|:

a) Thay ddi chidu cao dam

b) Giat cip bé réng ban canh

c¢) Thay dbi déu bé réng ban canh

W (- 20)x

=9 >0

max

2

=Lx-2x2

Vi tri diém thay déi tiét dién xac dinh tir phwong trinh:

max dW
d dx

W —Wo _

Thay (6) vao (7) ta co:

Wmax - WO

d=

— 4vtlzmax (L 2x )
()
_ (1-o)? (1-c)L2

4V|Ymax(L 2x) Cal-2x) (L zw—]

d) Thay ddi s6 lwong ban pha

4
e

b fmax

XB X

:(1+JE)L

4 8)

b) Xac dinh bé rong canh dau dam

Bé& rong canh dau dam dworc xac dinh tir didu kién tdi wu
héa trong lwgng canh dam (ciing la trong luong dam). Déi
v&i ban canh cé chiéu day khéng dbi, diéu nay twong dwong
v&i dién tich b& méat canh ddm 1& nhd nhét hodc dién tich
giam bét ctia canh dadm 13 16n nhét.

Phan gidm dién tich canh ddm bang:

b

Hay

A= fmaxi_bfod
2 ©)
trong do:
~ bimax, bro - b& rOng canh dam tai tiét dién gitra dam va
dau dam;
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d - xac dinh theo cdng thirc (8);
T (2) ta coé:
t (&

3
Y el = w
3 6h

L W-W,
" (10)
V&i Ww [a mé men khang udn ctia phan bung dam.
Ap dung (10) cho tiét dién dau dam va gitra dam, sau do
chia hai biéu thirc, ta co:

be _ Wo — Ww
bfmax Wmax - Ww (1 1 )
L4y 1 trtr di hai vé cta (11) va bién ddi thu dwoc:
bfmax _be = \\/,VVmaX _\\xo bfmax = 11 _C:C bfmax

max w ~Mw (12)
Véi
o - We L
w |

Thay (8) va (12) vao (9) ta c6:

bfmax (1_C) (1+\/6)L
A=
2(1-C,) 4

(13)
DPao ham A theo C va cho béng 0:

dA b, L 1
mzw{—(nﬁpmm—c)}
—2JE—2C+1—C]

[-2\5—3(:”]:0:»—2@—30”:0

Thu dwoc phwong trinh:
3C+2JC-1=0

Giai phwong trinh trén cho két qua

c-1

(14)

o (15)
Thay vao gia trj cia C vao cong thirc (8) ta co:
1 4
1+—|L |=|L
:(”E)L:(%) :(3) L
4 4 4 3

(16)
Dé dang ching minh tai gia tri C = 1/9, dién tich chiét
giam A dat cwe dai. Khi C > 1/9, C tang thi A giam. Theo yéu
cau cAu tao, bé rong ban canh dadm thép td hop khong dwoc
l&y nhé hon 180mm, dan dén gia tri C thuwdng 16n hon 1/9.
Do do6, dién tich chiét gidm I&n nhét trong trwéng hop nay
twong (rng v&i gia tri bé rong canh dau dam lay theo gia tri
cAu tao 180mm va vi tri thay déi tiét dién lay theo cong thirc

().

3. So sanh phwong an giam tiét dién bang ban canh
giat cap va ban canh vat déu

Tinh toan hiéu qua giadm tiét dién cha hai phwong an:
Phwong an 1: Ban canh giat cAp 1 1an tai vi tri x = L/6;
Phwong an 2: Ban canh ché tao vat déu mot 1an thay dbi, két
qua duoc lap thanh bang 1 dwéi day. Trong cé hai phuong
an, bé rong ban canh nhé nhét dwoc lay theo chu tao la
180mm.

Nhan xét:

Phwong an ban canh vat déu hiéu qua hon phwong an
ban canh giat cp tlr 2~8% téng trong lwgng dam. Bé rong
ban canh cang 16n cang cho thdy rd hiéu qué ctia phwong
an ban canh vat déu.

Bang 1. Hiéu qua giam tiét dién ctia 2 phu'dng an ban canh giat cap va ban canh vat déu

Théng s6 Phwong an giat cap Phwong an vat déu

TT|L| q t,, t; h | b | V x by | AV r by d | Av, r

m | kN/m m m m m m? m m m?® % m m m? %
1 12 96 0.01 0.02 1.2 | 0.24 | 0.25 2 0.18 | 0.010 | 3.8 | 0.180 | 5.72 | 0.014 54
2 |12 120 0.01 0.02 1.2 | 0.32 | 0.29 2 0.18 | 0.022 | 7.7 | 0.180 | 544 | 0.030 | 10.4
3 |12 144 0.01 0.02 1.2 04 | 0.33 2 0.18 | 0.035 | 10.6 | 0.180 | 5.23 | 0.046 | 13.9
4 |12 168 0.01 0.02 1.2 | 048 | 0.37 2 0.23 | 0.040 | 10.8 | 0.180 | 5.07 | 0.061 | 16.5
5 |16 96 0.012 | 0.02 151032 | 049 | 267 | 0.18 | 0.030 | 6.2 | 0.180 | 7.34 | 0.041 8.5
6 |16 | 144 0.012 | 0.02 1.5 | 055 | 063 | 267 | 0.24 | 0.066 | 10.5 | 0.180 | 6.73 | 0.100 | 15.8
7 |16 | 192 0.012 [ 0.022 | 1.5 | 0.71 | 0.78 | 267 | 0.34 | 0.087 | 11.2 | 0.180 | 6.43 | 0.150 | 19.2
8 |16 | 240 0.012 [ 0.024 | 15 | 0.85 | 093 | 267 | 042 | 0.110 | 11.8 | 0.180 | 6.22 | 0.200 | 21.5
9 | 20 96 0.014 | 0.02 1.6 05 | 084 | 333 | 020 | 0.080 | 9.6 | 0.180 | 8.63 | 0.110 | 13.2
10 | 20 144 0.016 | 0.02 1.8 | 066 | 1.09 | 3.33 | 0.27 | 0.104 | 9.5 | 0.180 | 8.39 | 0.161 | 14.8
11 | 20 192 0.016 | 0.022 0.74 | 1.28 | 3.33 | 0.31 0.126 | 9.9 | 0.180 | 8.25 | 0.203 | 15.9
12 | 20 | 240 0.016 | 0.024 0.91 | 1.50 | 3.33 | 0.41 0.160 | 10.7 | 0.180 | 7.95 | 0.279 | 18.6

Ky hiéu trong bang:
V, AV; - thé tich d&m va thé tich phan giam tiét dién ban canh;

r - ty |& gitra thé tich phan giam tiét dién ban canh vai thé tich dam;
bs1 - bé rdng ban canh sau khi thay ddi clia phwong an ban canh giat cap;
by - bé& réng ban canh dau ddm ctia phwong an ban canh vat déu;
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4. Két luan

DAam canh vat |a mét trong nhivrng gidi phap giam trong
lwong thép dam hiéu qua, déc biét nhd cat vat déu nén co
thé dwa ra nhitng cach thirc cét thép tAm tbi wu, khong gay
ra hién twong lang phi.

Déi véi ddm don gian, trong lwong dadm téi wu khi md
men quan tinh tiét dién dau dam co gia tri bang 1/9 mé men
quan tinh tiét dién gitra ddm, diém thay dbi tiét dién twong
&ng ndm tai vi tri 1/3 chiéu dai ddm. So v&i dadm thay ddi ban
canh bang cach giat cp bé rong, diém nay ndm sau gan
gitra ddm hon, vi thé dem lai hiéu qua cao hon.

Théng thwdng ty 1& gitba md men quan tinh tiét dién dau
d&m va gitra dam I&n hon 1/9. Khi d6, bé réng canh dau dam
cang nhd thi trong lwong ddm cang nhé, tirc bé réng canh
dau dadm can lay theo gia tri cu tao nhé nhét.

Phwong an ban canh vat déu hiéu qua hon phwong an
ban canh giat cap v& khéi lwgng thép, tuy nhién trong thuc
té& chiéu dai dwérng han déi dau néi ban canh clia phwong an

trwéc 16n hon phuong an sau. Nguoi thiét ké can can nhac
thém yéu t6 nay khi tinh toan chi phi téi wu téng thé ctia dam.

Téi wu bang ban canh vat ciing twong tw nhw cac giai
phap téi wu trong lwong ddm khac déu 1a budc nghién ctu
so bo ban d3u vé hinh dang ctia dam. Tiét dién dam sé tiép
tuc dwoc hiéu chinh trong qua trinh thyc hién cac phép toan
kiém tra bén, 6n dinh va bién dang theo tiéu chuén. Cac hiéu
chinh nay thong thwong chi 13 thay dbi gia tri cla cac tham
sb d, bf0 trong pham vi nhé chi khong thay dbi toan bé hinh
dang dam./.
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Pé xuat cdng thic xac dinh hé sé...

Vay, &n dinh tdng thé cda cot:

oo N _ 37205
T 9.A 0,0972.0,01865

=20,53kN/cm? < fy,

Bang cach twong tw, thuc hién déi véi so do tinh (i) nhw
& so dd Hinh 6¢, cac két qua dworc liét ké & Bang 2.

Tham sb So dd (i) | So db (i)
Hé sbn 0,00428 | 0,00248
Hé sb chiéu dai tinh toan p 1,6813 2,0025
Chiéu dai hinh hoc L (m) 18,00 15,00
Chiéu dai tinh toan Lq (m) 30,26 30,4

D6 manh A 115,357 | 114,492
D6 manh tw ong dwong X 3,65 3,62
:ilgt Zti“')éin: hwéng ctia hinh dang 110 110

Do léch tam tinh dbi m, 11,01 11,01
Hé sb ¢, 0,0972 0,975
(ng suét o (kN/m?) 20,53 20,47

Théy rang, néu |4y chidu dai hinh hoc cla cot d& dén
tam bang (L* = L1 + 0,5 L2 = 15,0 m) va so dd tinh 1a thanh

Tai liéu tham khao

1. TCVN 2737:1995 (1995). Tdi trong va Téc dong — Tiéu chudn thiét

ké. Nha xudt ban Xdy dung, Ha Ni.

2. TCVN 5575:2012 (2012), Két ciu thép - Tiéu chudan thiét ké, Tiéu
chuan Viét Nam, Nha xuat ban Xay dung, Ha Noi.

3. Léu Tho Trinh, P6 Van Binh (2008), On dinh céng trinh, Nha xudt

ban Khoa hoc va Ky thudt, Ha Noi.

4. Eurocode 3: Design of steel structures - Part 1-1: General rules
and rules for buildings.

5. ANSI/AISC 360-16 An American National Standard. Specification

for Structural Steel Buildings.

6. ASCE/SEI 48-11 (2011), Design of Steel Transmission Pole
Structures, American Society of Civil Engineers and Structural
Engineering Institute.

(tiép theo trang 56)

cbng xon véi hé s chidu dai tinh toan p = 2,0 (khdng xét dén
anh hwéng clia trong lwong ban than cot) thi sé cho két qua
Lo = pL* = 30 m. Gia tri nay so véi két qua chiéu dai tinh toan
theo so dd (i) chénh léch 0,39%, 1a kha nhd. Nhw vay, trong
tinh toan thwe hanh déi véi trwdng hop nay cé thé lay chidu
dai hinh hoc cla cét tinh dén trong tam tdm bang véi hé sb
chiéu dai tinh toan p = 2,0.

Két luan va kién nghi:

Qua két qua clia nghién ctu trén, cho thay:

Cong thirc xac dinh hé sb chiéu dai tinh toan p, dwoc
tac gia thiét 1ap cho 02 nhém so dd tinh cot ctia Bang quang
c40,c6 du tin cay, cé thé ap dung trong tinh toan thwc hanh.
DPong thoi, cac cong thirc nay sé thay thé sy phirc tap khi
phai s& dung bang tra & trong tiéu chudn TCVN 5575:2012,
ciing sé& dé dang hon cho viéc tw déng hoéa tinh toan;

Trong tinh toan thwe hanh, cé thé don gian héa viéc xac
dinh chiéu dai tinh toan cot bang cach 14y chiéu dai hinh hoc
tinh tir chan cdt dén diémgiira clia chidu cao tAm bang va véi
hé sb chiéu dai tinh toan p = 2,0.

Anh hwéng cla trong lwong ban than cot dén hé sb chiéu
dai tinh toan Ia kha nhé (nhw & muc 2.3.b), c6 thé bé qua
trong tinh toan thwc hanh trong triedo'ng hop & vi du nay./.
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