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Bai béo trinh bay nghién citu vé cot vudng ng thép nhdi bé tong (CFST) chiu tai trong léch tim bing mé
hinh hoc méy. Co s dit liéu gdm 275 mau dugc thu thip tit cic nghién cttu thie nghiém va mé phong trén
thé gigi. Phuong phap hdi quy ki tu Qlattice — mé hinh duoc 1y cam hing tit Iy thuyét lwong tit dugce si
dung dé x4y dyng phuong trinh x4c dinh kha ning chiu nén ctia cot CFST chiu tai trong léch tam. So sanh
v6i két qua it cdc nghién ctiu va két qua khi tinh toan theo tiéu chuén GB 50936-2014 cho thdy mé hinh
dat dugc d6 chinh x4c khé cao.

ABSTRACT

Machine learning
Symbolic regression
Concrete — filled steel tube columns

Columns under eccentric loading

This paper presents research on square concrete — filled steel tube columns (CFST) under eccentric loading
using machine learning models. The database included 275 samples collected from experimental and
numerical studies worldwide. The Qlattice regression method — a model inspired by quantum theory is used
to build an equation to determine the compressive capacity of CFST under eccentric loading. Comparison

with results from previous studies and GB 50936-2014 standard results show that the model achieves quite

high accuracy.

1. Dat van dé

Trong nhitng nim gin d4y, sy phat trién khéng ngitng ciia nganh
xiy dung da thic ddy viéc nghién citu va tng dung céc giai phap két
cAu tién tién nham dap tng yéu ciu ngiy cang cao vé kha ning chiu
lue, @6 bén 1au va hiéu qua kinh té. Mot trong nhitng giai phap két ciu
ndi bat dang dugc 4p dung rong rai 1a cot éng thép nhdi bé tong
(concrete - filled steel tubular column _ CFST). Pay la loai két cAu két
hop giita thép va bé tong, trong d6, bé téng duge nhdi trong bng thép.
Két cAu cot nay c6 nhidu vu diém nhv kha ning chiu Iyc cao, d6 déo,
d6 cting 16n va phat huy dugc hét vu diém ctia cac vat lidu thanh phan.
6ng thép bén ngoai phin 13i bé téng ngoai tic dung chiu lyc con cb tic
dung kidém ché hién twong né ngang ctia bé tong bén trong éng, gitp
cho cudng d6 chiu nén ctia bé tong ting 1én dang ké. Ngoai ra, phin 16i
bé tong trong 6ng c6 vai trd han ché hodc tham chi triét tiéu hién twong
mét 8n dinh cuc bg ctia éng thép [1]. Ti¥ d6, kha ning chiu lic ctia cot
CFST nay ciing ting 1én nhiu so v&i cot bé téng cbt thép théng thudng.
Tuy nhién, kha ning chiu lyc ctia dang két cAu nay bi anh hudng bai
nhiéu yéu t6 nhu: dang hinh hoc ctia éng thép, d6 manh ctia c6t va tinh
chét clia cac vat liéu thanh phin. Trong thyc té, do tai trong thudng
khéng phan bb déu trén toan bd miit cit ngang cua cot, hoidc tai trong
ngang nhu gi6, dong dit tic dung giy ra mé men udn nén c6t khong
chi chiu tai trong ding tAm ma con chiu tai trong léch tam.

C6 nhiéu nghién cttu thiec nghiém v& két ciu cot bng thép nhdi

bé téng miit cit hinh vudng chiu tai trong 1éch tim di duoc thuc hién.
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Nghién cttu ctia Y.-J. Li va cong sy [2] chi ra ring, d6 1éch tAm va cudng
d6 ctia bé tdng anh huéng kha nang chiu le doc ctia ¢t CFST. Cu thé,
khi d6 léch tim ting 1én tit 0 dén 40 mm thi kha niing chiu lic nén ctia
cot giam khoang 21,14 % va kha néng nay ting 53,26 % khi ting cudng
d6 bé tong tit 38,6 MPa lén 78,8 MPa. Fujimoto va cong sy [3] di tién
hanh nghién ctu c6t CFST mit cit hinh tron va hinh vudng chiu tai
trong léch tim, két qua nghién cttu cho thiy su ting cudng d6 chiu nén
trongbé tong do hiéu tng kidm ché n& ngang ctia 6ng thép & cot c6 miit
cit hinh tron 1a 16n hon so v&i mit cit hinh vuéng va nguyén nhan
chinh din dén viéc suy giam cwdng d6 gidi han & coét CFST hinh vudng
13 do mét én dinh cuc bg. Cac nghién ctu md phong ciing dwgc tién
hanh dé so sanh véi thi nghiém, tit d6 khao sat cac tham sb. Shan va
cong su [4] tién hanh mo phong ¢t CFST chiu tai trong léch tAm. Két
qua cho thiy khi d6 léch tim ting 1én, éng thép bén ngoai 16i bé tong
bi suy yéu nghiém trong, lam giam déng k& kha ning cta cot.
Almasabha va cong sy [5] st dung mé hinh phi tuyén dé phan tich cot
CFST chiu tai trong léch tdm. Nghién cttu két luan ring, vat liéu éng
thép déng vai trd 16n dén kha niing chiu lue ctia c6t CFST chiu tai léch
tam, khi chidu day éng thép va gi¢i han chay ctia thép ting 1én thi kha
ning cta cOt ndy ting lén. Ngoai ra, viéc tinh toan kha ning chiu lyc
doc 16n nhét ctia ¢ot CFST c6 miit cit hinh vuéng chiu tai trong léch
tam ciing da dugc dua vao céc tiéu chuin nhv AS/NZS 2327 [6], AISC
360-16 [7], Eurocode 4 [8] va GB 50936-2014 [9] ...

Gan day, theo xu huéng céng nghiép 4.0, phwong phap hoc may
(Machine Learning - ML) d4 va dang duoc st dung dé dy bao kha ning
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chiu nén doc truc ctia c6t CFST chiu tai trong 1éch tdm [10,11]. Phwong
phép hoc méay c6 wu diém 12 c6 thé phat hién cic mbi quan hé phi tuyén
phiic tap gitta cac bién diu vao va dAu ra ma khéng cin céc gia thiét
don gian héa nhu trong cac phuwong trinh thyc nghiém. Thém vao d6,
ML c6 thé tich hop duge nhidu tham sé diu vao khac nhau va cho két
qua dv bdo nhanh chéng sau khi ¢4 dwgc huin luyén. Ngoai ra, viéc si?
dung m6 hinh ML gitip giam th&i gian phén tich so v&i phan tich truyén
théng, ¢6 thé gitip hd trg tim ra cong thifc xac dinh kha ning chiu lyc
16n nhét caa loai cot nay.

Trong nghién cu nay, kha nang chiu tai trong léch tam tbi da
ctia cot CFST miit cit hinh vudng duoc du doan bing mé hinh hdi quy
ki ty Qlattice [12] v&i muc dich xdy dung cong thiéc tuong minh du
doén kha ning chiu liec 16n nhét ctia dang cot nay. Két qua thu dugc tit
mé hinh duv doan sé dugc so sanh v&i két qua tit nghién citu thuc
nghiém. Ngoai ra, kha ning ctia cot ciing dwoc tinh todn theo tiéu chudn
GB 50936-2014 [9] dé so sanh vé&i két qua thyce nghiém, lam co s& aé
kiém tra tinh chinh x4c ctia mé hinh hoc may. Viéc tinh toan kha ning
ctia cOt CFST chiu tai trong léch tdm theo céc tiéu chuidn GB 50936-
2014 duge trinh bay trong phin tiép theo. Phin 3 thé hién viéc thu thap
dit liéu ciing nhu xiy dung mé hinh du bao va két qua cong thite du

bao. Két luan va kién nghi dwgc trinh bay & phan cudi cling.

2. Tinh toan kha ning chiu luc doc ctia cét CFST miit cit hinh
vuéng chiu tai trong léch tam theo tiéu chuin GB 50936-2014

Phin dudi day trinh bay tém tit viéc tinh toan kha ning chiu Iyc
16n nhét ctia c6t CFST miit cit hinh vudng chiu tai trong 1éch tim theo
tiéu chuén GB 50936-2014 [9].

Kha ning chiu tai trong nén t6i da ctia cot khi chiu tai trong 1éch tim
dugc xac dinh theo cong thiic:

Ne = @eNo (1)

Trong dé:

@;: hé s6 chiét giam sitc khang, khi L/B < 4 thi ¢, = 1 (Vi L 1a
chiéu cao cot, B 14 bé rong clia cot).

@.: hé sb giam xét dén anh huwéng ctia do léch tam.

Ny: Kha nang chiu nén doc truc cua cot CFST.

Kha nang chiu nén doc truc cia coét CFST duge xdc dinh theo
cong thic:

No = foche + 04; (2)
Trong d6:
Ag, Ag: 13n 1ot 12 dién tich bé tong, dién tich 6ng thép.
0;: ting suét doc truc ctia dng thép, dutge xac dinh theo cong thic sau:
01 = Bog, (3)

Véi: 0y, 14 cudng dd chay cua thép éng va pla hé sb chiét giam

ttng suét theo phuong ditng ctia éng thép, duoc xac dinh theo céng thitc:
B =108-0045n7 (4)
fee: cwong do chiu nén cta bé téng cot khi bi kiém ché no ngang

do éng thép.

foo = fou (—1,254+2,254 /1 +%‘iﬂ—2f’:—fu> 5)

fout cng d6 chiu nén ctia bé tong cot khi khong bi kidm ché né
ngang do éng thép.

Ung sudt c6 hiéu ctia bé tong khi dugc kiém ché nd ngang £, duoc
xac dinh theo cong thiic:

frl= ef; (6)
fr=22 )

o, = 0,210y, (8)

Véi: f. va gy, 1an luot 12 Gng suit cta 6ng thép 1én 16i bé tong va
tng suit ngang ctia 6ng thép & trang théi gi¢i han.

K, 12 hé sb giam 1tng suit ctia éng thép, xac dinh theo cong thitc
(9), v6i r 1a ban kinh cong bo tron tai vi tri géc cot.

. 2
K.,=1-0571 [1 - %] 9)
Hé sb giam xét dén anh huwéng ctia d6 léch tim ¢, dugce xac dinh

theo cong thiic sau:

_ 1

T 141,852
Tc

Pe (10)

Trong d6: eyla d6 1éch tim chia tai trong, r.1a ban kinh cua tiét
dién bé tong. Pbi v6i cot c6 mit cit hinh vudng, mit cit duge quy dbi
ti mit cit hinh vudng sang mat cét hinh tron (Hinh 1), lic nay ban
kinh bé tong dugc xac dinh theo coéng thiic:

7. =0,56B — 1,13t (11)

e

)
R

Hinh 1. Quy dbi mit cit cot hinh vudng thanh mit cit c6t hinh tron.

3. MBO hinh du bao
3.1. Xdy dung co s& dit liéu

Bo dit liéu bao gdm 275 méu thi nghiém ¢t CFST mit cit hinh
vudng thu thap tit 13 nghién ctu thuc nghiém va mé6 phong da dugc
cong bé [3, 13-24]. Dya trén céc két qua nay, c6 thé thiy ring, hai tham
s6 dAu vao anh hudng t&i kha ning chiu nén 16n nhét ctia cot CFST
chiu tai trong 1éch tAm 1a tham s6 v& hinh hoc va tham sé vé vt liéu.
V& hinh hoc, ¢6 nhiéu tham s anh huéng ciia ¢ot, cu thé gdm: chiéu
cao c6t (L), bé rong hoac duong kinh cot (B), chiéu day 6ng thép (t), o
léch tam (e). V@ vt liéu, bao gém cwong do chiu nén cua bé tong (f.,),
cudng do chay caa thép (g, ). Tham sb dau ra 1a kha nang chiu nén 16n
nhét ctia ot (N,,). Bang 1 trinh bay chi tiét v& chi s6 théng ké ctia cac
tham sé diu vao va diu ra trong tap dit liéu. Biéu dd phén phéi cic
tham s st dung trong mé hinh hoc may dwoc thé hién trong Hinh 2.

Tap dit liéu trong nghién citu dugc chia thanh hai tap con ngiu
nhién bao gdm: tp hun luyén 70 % va tap kiém chiing 30 %. Méi quan
hé giita cac tham sb trong tap dit liéu biéu dién theo hé sb Pearson dugc

thé hién & Hinh 3. C4c hé sb twong quan nim trong khoang [-1;1].
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Hinh 3. Quan hé giita c4c tham sb trong tap dit liéu dugc bidu dién

o009
am?
M oow oW oW v
thong qua hé so Pearson.

3.2. M6 hinh du bdo

M5 hinh hdi quy ki ty (Symbolic Regression _ SR) 14 mét phitong
phép trong linh vic tri tué nhan tao va hoc may, phuong phap nay lién
quan dén viéc kham ph4 mé hinh cta di liéu dé tim kiém céng thitc
to4n hoc hoic bidu thite dai s6 t6i wu tit tap dit liéu. Khic véi mo hinh
hdi quy truyén théng 1a dya vao viéc diéu chinh cic trong sb trong mo
hinh x4c dinh triée, hdi quy ki tv sé tim kiém va kham pha dang cong
thitc to4n hoc ti¥ dit liéu bing cich két hop céc dic diém, toan ti? toan
hoc va cac hing s6 thanh mot ham duy nhit ma khéng yéu ciu gia dinh
trede vé dang ctia mé hinh [25].

Qlattice [12] 1a mot cong cu tri tué nhan tao, dugc phat trién boi
cong ty Abzu, day 12 mot cach tiép can SR 14y cam hing tit phwong

phép tich phan duong cta Richard Feynman. Qlattice m6 phong cac
dwong din xuft phat tit cic bién dAu vao, di chuyén qua mot khong
gian mang (network space) trieGc khi dén dau ra. Qua trinh nay thuc
hién hang nghin 14n dé tim ra nhitng lién két manh mé nhét gitta cac
bién dAu vao. Cac lién két nay din hoi tu dén con dwdng c6 kha ning
xay ra nhét, gitp xdc dinh mé hinh phit hgp nhit véi dit liéu dang
nghién ctu. Qua trinh md phong Qlattice dugce trinh bay ¢ Hinh 4.

‘

Hinh 4. So' d6 ctia mé hinh Qlattice.

Phuong trinh
ctia bai todn

Du doan

Trong bai bdo nay, nhém nghién cu st dung mé hinh Qlattice
dé x4y dyung phuong trinh du bao kha ning chiu e doc ciia c6t CFST
chiu tai trong léch tAm dya trén co s& dit liéu va m6 phong thu thép tw
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Hinh 2. Biéu dd phan phéi cic tham sb.
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Bang 1. Cic chi s6 théng ké cta tap dit liéu.

Dit liéu Ki hiéu S6 lwgng miu Trung binh D6 léch chuin Min Max
L (mm) X1 275 521,16 373,83 300 2500
B (mm) X2 275 128,88 29,51 100 323

t (mm) X3 275 5,44 2,33 2,03 18,5
r (mm) X4 275 2,288 0,61 2 5

e (mm) X5 275 33,09 34,07 0 200
f., (MPa) X6 275 104,04 42,67 25,4 164,1
0y, (MPa) X7 275 496,97 144,41 262 896
N, (kN) Y 275 1898,48 1535,49 357,35 8912

3.3. Két qud du bdo

Véi mé hinh Qlattice duge dé xut, véi bo di liéu vé cot CFST
chiu tai trong léch tim da thu thip dugc, nhém nghién citu di tién
hanh huin luyén dé tim ra cong thite dy bao kha néng chiu lyc doc 16n
nhét cta loai cot nay. Cac phép toan dugc st dung trong qua trinh huén
luyén bao gbém: cong, trit, nhén, chia, lity thita. M6 hinh két qua duoc
xiy ding sau hon 52600 mé hinh da dugce tinh toan dé dy bao kha
ning cua cot. Hinh 5 thé hién mé hinh t6i wu tim dvgc, mé hinh nay
6 thé dwoc viét lai duéi dang phiong trinh (12) bén dwdi. Cac hé sb
tit A1 dén A23 dugec trinh bay trong Phu luc 1.

Y=A,%X3 + Ay (A3 * X5 + (A, * X2 — Ag) * (Ag x X6 — A;) — Ag)

*
(Ag*X6 + ((Am *X2 — Ay) *x (A, x X2 — Aj3) + 1/(A1, * X5
(Ag* X1 + (A7 — A1+ X7) * (Ao * X3 — Ay) + Az1) + Ay,
Ay3(12)

Y=

j

=

E 3 7] 7
linear \\ }-. miltiply | add 1 matiply \

5/ [ ]
add xa Loss: 2.35E+

i [
add ¥

T
x5 inverse

g
//m/

add \\_ miltiply /

)
multiply

Epoch no. 48/48 - Tried 52688 models - Completed in &m 65.

Hinh 5. M6 hinh ti vu.

Hinh 6 thé hién cic gi4 tri du béo va gi4 tri thic té ciia hai tap
dit liéu huén luyén va kiém chitng. C6 thé thiy ring, cac diém trong dd
thi ndm khé gin v6i dudng chinh giita, diéu nay cho thiy mé hinh c6
d0 chinh xac kha cao.

Bang 2 thé hién viéc so sanh két qua mb hinh tim duoc va két
qua tinh toan theo tiéu chuin GB 50936-2014 [9]. Két qua cho thiy,
phuong trinh tim dugc ¢6 d6 chinh xac cao, v§i cac gia tri R2 = 0,9867,
MAE =121,61 vd RMSE = 176,9. Cac chi sb nay cé do chinh xac cao
hon so v&i két qua khi tinh toan theo tiéu chudn GB 50936-2014.

- A1s)) *)

Actuals vs Prediction Actuals vs Prediction

r

-- line of equality A soo line of equality
8000 < ---- least squares: 8.98X + 36.41 ---- least squares: 8.98X + 16.80
t-"‘-" Lol
2 6000 » 2 6000 4 /
Q e S &
g g
< 4000 4 T 4060 o
@ < L
2 o
g & g
2000 /‘ 2000 - ,"’
0 T T T T Ll T T T T
] 2000 4000 6000 seoe ] 2008 4000 6000 soee

Actuals Actuals

Tép huén luyén Tap kiém tra
Hinh 6. So sanh két qua chinh xé4c va két qua dv béo ctia phuong

trinh d& xuét.

Bang 2. So sanh két qua ctia mé hinh dy doan va két qua tinh theo tiéu
chuén GB 50936-2014.

Model R2 MAE RMSE
GB 50936-2014 0,8672 389,99 558,66
Nghién cttu nay 0,9867 121,61 176,9

Bang phu luc 2 thé hién cac két qua thu dugce tit phuong trinh
ctia md hinh Qlattice va két qua tinh to4n theo tiéu chudn GB 50936-
2014 [9] dugc so sénh vé?i két qué tit thue nghiém. Két qua cho théy,

gié tri trung binh caa ex,, va exp lan lvgtla 1,21 va 1,02. Gid tri phuong

sai 1a nhé 0,0237 va 0,0109 tuong Gng cho & exp Va ex,, biéu nay cho

thay, két qua ctia mé hinh dy dodn 12 déng tin ciy v c¢6 thé dp dung
phuong trinh da tim dwgc & trén dé du doan kha ning chiu Ize doc ctia
cot CFST chiu tai trong 1éch tAm.

4. Két luan va kién nghi

Bai bao da trinh bay nghién cttu xdy dung cong thic xac dinh
kha niing chiu nén ctia c6t CFST miit cit hinh vudng chiu tai trong léch
tdm dua trén phuwong phap hoc may. Co s& di liéu cta loai cot nay da
dvoc tbng hop va phén tich. M6 hinh hdi quy Qlattice dwgc st dung dé
x4y dung mot cong thite du bao kha nang chiu nén ctia cft CFST chiu

tai trong léch tam.
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Két qua ctia cong thite dy doan ¢é d6 chinh xac cao hon khi so
sanh v6i két qua khi tinh to4n theo tiéu chuén GB 50936-2014, véi gia
tri R2 = 0,9867. MAE = 121,61 va RMSE = 176,9. Ngoai ra, gia tri
N,

N 1An Iwot 12 1,21 va 1,02. Didu ndy cho thdy

N . NGB
trung binh cua —55 va
N:u Ncu

kha ning @ng dung ctia hoc mdy, dic biét 1 phuong phap hdi quy ki

Phu luc 1. Cic gi4 tri ctia hé s tit A1 dén A23 trong phutong trinh (12).

tu Qlattice trong linh vuc xdy dung néi chung, va tim dugc cong thic
xac dinh kha nédng chiu lvc doc cta cdt CFST chiu tai trong 1éch tdm noéi
riéng. T d6 vin d& vé sb lvong miu thi nghiém han ché c6 thé khic
phuc trong tuong lai. Hwdng nghién ctu tiép theo ctia nhém 1a nghién

citu xac dinh kha ning chiu mé men ctia loai cdt nay.

Al = 104,366 A2 = 1062,46 A3 = 0,00349926 A4 = -0,00025583 A5 = 0,113593 A6 = 0,0285089
A7 = 2,68911 A8 = 1,14448 A9 = -0,0036264 Al10 = -0,000571857 All = 0,632872 Al12 = 0,00876765
Al13 = 1,51686 Al4 = -0,0150239 Al5 = 1,27236 Al6 = -0,00053571 Al7 =1,70726 A18 = -0,00492201
A19 = -0,166697 A20 = 0,157546 A21 = 2,92436 A22 = 0,835015 A23 = 368,976

Phu luc 2. Kha ning ctia cdt CFST chiu tai trong léch tAm ctia cac tac gia trén thé gidi va két qua tinh toan theo GB 50936-2014 va theo phiiong

trinh du doan trong nghién ctu nay.

Téc Tén mau L t r e fcu 002 NP
gia (mm) B (mm) (mm) | (mm) | (mm) | (MPa) | (MPa) | (kN) | NSE (kN) N%(Z; é\l];l%L) N%ZL:
X1 X2 X3 | X4 | X5 | X6 X7 Y Neu e

S$4-40-0 360,1 | 120,5 3,9 2,1 0 44,6 400 1362,1 | 1636,87 1,20 |1464,80| 1,08
S4-40-0.4 359,9 | 120,3 3,9 2,3 24 44,6 400 916,9 963,61 1,05 935,11 1,02
S$4-40-0.6 395,5| 120,3 3,9 2,1 36 44,6 400 771,5 799,71 1,04 768,35 1,00
S4-40-0.8 359,7 | 120,2 3,9 2,2 48 44,6 400 720,4 682,29 0,95 650,30 0,90
S$6-40-0 359,1 | 120,2 5,8 2,3 0 44,6 510 2181,9 | 2413,82 1,11 1977,15| 0,91
$6-40-0.4 359,7 | 120,1 5,8 2,3 24 44,6 510 1463,8 | 1401,74 0,96 |1311,07| 0,90
S6-40-0.6 359,7 | 120,5 5,8 2,2 36 44,6 510 1285,9 | 1166,67 0,91 1110,26| 0,86
$6-40-0.8 359,8 | 120,2 5,8 2,1 48 44,6 510 1092,9 989,77 0,91 949,04 0,87
S7-40-0 360,3 | 120,5 6,6 2,2 0 44,6 571 2617,8 | 2850,31 1,09 2291,00( 0,88
S7-40-0.4 360,2 | 120,9 6,6 2,2 24 44,6 571 1694,1 | 1659,49 0,98 |1538,72| 0,91
S7-40-0.6 359,8 | 120,7 6,6 2,1 36 44,6 571 1489,2 | 1366,85 0,92 1293,82| 0,87
S7-40-0.8 359,8 | 120,5 6,6 2,3 48 44,6 571 1377,4 | 1160,52 0,84 1108,92| 0,81

g $20-100x3B 300 100 2,85 2 0 27,1 358 716 811,10 1,13 878,03 1,23
%O S30-100x3A 300 100 2,85 2 0 42,9 358 765 972,25 1,27 950,46 1,24
; S$30-100x3B 300 100 2,85 2 0 429 358 757 972,25 1,28 950,46 1,26
S$20-100x5A 300 101 5,05 2 0 27,1 435 1437 1354,50 0,94 |1252,67| 0,87
S20-100x5B 300 101 5,05 2 0 27,1 435 1449 1354,50 0,93 1252,67| 0,86
S$30-100x5A 300 101 5,05 2 0 429 435 1474 1540,25 1,04 |1335,48| 0,91
S30-100x5B 300 101 5,05 2 0 42,9 435 1490 1540,25 1,03 1335,48| 0,90
$20-150x3B 450 152 2,85 2 0 27,1 268 1062 1264,91 1,19 |[144290| 1,36
S30-150x3B 450 152 2,85 2 0 42,9 268 1209 1619,24 1,34 1561,52| 1,29
S$20-150x5A 450 150 4,8 2 0 27,1 340 1844 1891,65 1,03 |[1743,98| 0,95
$20-150x5B 450 150 4,8 2 0 27,1 340 1935 1891,65 0,98 |1743,98| 0,90
S30-150x5A 450 150 4,8 2 0 42,9 340 2048 2253,81 1,10 1870,18| 0,91
S$30-150x5B 450 150 4,8 2 0 429 340 1976 2253,81 1,14 |1870,18| 0,95
SC-A-0 360 120,8 4 2 0 43,6 549 1815 2019,73 1,11 1755,38| 0,97
SC-B-0 360 120 5,3 2 0 43,6 578 2275 2469,52 1,09 |[2041,50| 0,90
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Tap chi Vit liéu & Xdy dung Tdp 15 S6 02 ndm 2025

Téc Tén méu L t r e feu 00,2 NS
gia (mm) B (mm) (mm) | (mm) | (mm) | (MPa) | (MPa) (kN) | NSB (kN) N+‘i;’; é\l]éi; N%I‘IZ,
X1 X2 X3 | X4 | x5 | X6 X7 Y Neu Neu
HSEL-1 450 | 150 5 2 20 | 100 | 811 3148 | 3712,78 | 1,18 |3177,94| 1,01
HSEL-2 450 | 150 5 2 40 | 100 | 811 2386 | 2818,14 | 1,18 |[2480,06| 1,04
HSEL-3 450 | 150 5 2 60 | 100 | 811 2020 | 2270,92 | 1,12 [1999,56| 0,99
HSEL-4 1000 | 150 5 2 20 | 100 | 811 2081 | 3712,78 | 1,25 |3008,83| 1,01
_ [HSEL-5 1000 | 150 5 2 40 | 100 | 811 2322 | 2818,14 | 1,21 |[2354,60| 1,01
= |HSEL-6 1000 | 150 5 2 60 | 100 | 811 1901 | 2270,92 | 1,19 |1904,81| 1,00
5 HSEL-7 1500 | 150 5 2 20 | 100 | 811 2862 | 3712,78 | 1,30 |2855,10| 1,00
HSEL-8 1500 | 150 5 2 40 | 100 | 811 2240 | 2818,14 | 1,26 |[2240,55| 1,00
HSEL-9 1500 | 150 5 2 60 | 100 | 811 1760 | 2270,92 | 1,29 |1818,68| 1,03
HSEL-10 1500 | 150 5 2 40 | 100 | 553 | 1791 | 227598 | 1,27 |1704,70| 0,95
HSEL-11 1500 | 150 5 2 40 | 100 | 781 2065 | 2756,20 | 1,33 |[2178,25| 1,05
HSEL-12 1500 | 150 5 2 40 | 100 | 896 | 2242 | 299221 | 1,33 |2417,09| 1,08
S-4-0 360 | 120,45 | 4,02 | 2 0 |1294| 420 [2172,27| 2859,68 | 1,32 |2208,24| 1,02
S-4-0.4 360 | 120,95 | 4,04 | 2 24 |129,4| 420 |1354,92| 1704,33 | 1,26 |1456,03| 1,07
$-4-0.6 360 | 121,9 | 4,02 | 2 36 |129,4| 420 |1197,45| 1437,76 | 1,20 |1223,23| 1,02
S-4-0.8 360 | 120,9 | 4,04 | 2 48 |129,4| 420 | 988,72 | 1208,37 | 1,22 |1008,30| 1,02
$-6-0 360 | 120,15 | 598 | 2 0 |1294| 510 |[2649,14| 362547 | 1,37 |2802,71| 1,06
S-6-0.4 360 | 121,1 | 6,01 | 2 24 |129,4| 510 |1871,19| 2143,41 | 1,15 |1902,28| 1,02
S-6-0.6 360 | 121,05 | 6,07 | 2 36 |129,4| 510 |1543,22| 1778,29 | 1,15 |1602,05| 1,04
S-6-0.8 360 | 121,4 | 589 | 2 48 |129,4| 510 |143531| 1509,69 | 1,05 |1347,09| 0,94
S-7-0 360 | 121,8 | 6,93 | 2 0 |129,4| 590 | 3111,2 | 4302,47 | 1,38 |3366,82| 1,08
S-7-0.4 360 | 121,55 | 6,87 | 2 24 |129,4| 590 |2169,25| 2476,80 | 1,14 |2242,53| 1,03
S-7-0.6 360 | 121,85 | 6,77 | 2 36 |129,4| 590 |1862,79| 204533 | 1,10 |1872,19| 1,01
S-7-0.8 360 | 120,95 | 6,73 | 2 48 |129,4| 590 |1634,87| 1711,18 | 1,05 |1556,35| 0,95
E S-0.14-E0.1 360 | 120 4 2 6 |1294| 420 |[186575| 241585 | 1,29 |1959,02| 1,05
g |5-0.18-E0.1 360 | 120 5 2 6 |129,4| 420 [2058,85| 2597,25 | 1,26 |2096,40| 1,02
= |s-0.22-E0.1 360 | 120 6 2 6 |1294| 420 |[222566| 2769,10 | 1,24 |2233,77| 1,00
$-0.25-E0.1 360 | 120 | 6,5 2 6 |129,4| 420 |[245543| 2851,51 | 1,16 |2302,46| 0,94
$-0.14-E0.1-S330 360 | 120 4 2 6 |1294| 330 |[1739,75| 2201,59 | 1,27 |1758,15| 1,01
$-0.14-E0.1-S510 360 | 120 4 2 6 |129,4| 510 [2030,33| 2626,85 | 1,29 |2159,89| 1,06
$-0.14-E0.1-S590 360 | 120 4 2 6 |129,4| 590 | 2164,5 | 2811,86 | 1,30 |2338,45| 1,08
$-0.14-E0.1-C89.4 360 | 120 4 2 6 | 894 | 420 | 15543 | 1971,08 | 1,27 |1636,76| 1,05
S-0.14-E0.1-C109.4 360 | 120 4 2 6 |109,4| 420 [170245| 2194,81 | 1,20 |1791,55| 1,05
S-0.14-E0.1-C149.4 360 | 120 4 2 6 |1494| 420 [2046,92| 2635,17 | 1,29 |2139,17| 1,05
S-0.14-E0.3 360 | 120 4 2 18 [129,4| 420 |1482,33| 1862,61 | 1,26 |1581,58| 1,07
$-0.18-E0.3 360 | 120 5 2 18 [129,4| 420 |1649,42| 199545 | 1,21 |1711,15| 1,04
$-0.22-E0.3 360 | 120 6 2 18 | 1294 | 420 |1812,66| 2119,82 | 1,17 |1840,73| 1,02
S-0.25-E0.3 360 | 120 | 6,5 2 18 |129,4| 420 |[1972,65| 2178,89 | 1,10 |1905,51| 0,97
$-0.14-E0.3-S330 360 | 120 4 2 18 | 1294 | 330 |[1362,31| 1697,41 | 1,25 |1428,19| 1,05
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Tén méu L t r e feu 00,2 NS
(mm) B (mm) (mm) | (mm) | (mm) | (MPa) | (MPa) (kN) | NSB (kN) N+‘§;’; é\l]éi; N%I‘IZ,
X1 X2 X3 | X4 | x5 | X6 X7 Y Neu Neu

$-0.14-E0.3-8510 360 | 120 4 2 18 [129,4| 510 |1624,29| 202528 | 1,25 |1734,97| 1,07
$-0.14-E0.3-5590 360 | 120 4 2 18 [129,4| 590 |1726,51| 2167,93 | 1,26 |1871,32| 1,08
$-0.14-E0.3-C89.4 360 | 120 4 2 18 | 89,4 | 420 |[1250,12| 1519,69 | 1,22 |1311,19| 1,05
S-0.14-E0.3-C109.4 360 | 120 4 2 18 |109,4| 420 |[1370,64| 1692,18 | 1,23 |1440,05| 1,05
S-0.14-E0.3-C149.4 360 | 120 4 2 18 | 1494 | 420 |[1592,41| 2031,69 | 1,28 |1735,79| 1,09
S-0.14-E0.4 360 | 120 4 2 24 |129,4| 420 |1329,38| 1671,24 | 1,26 |1429,11| 1,08
S-0.18-E0.4 360 | 120 5 2 24 |129,4| 420 |149229| 1788,27 | 1,20 |155550| 1,04
$-0.22-E0.4 360 | 120 6 2 24 |129,4| 420 |1649,42| 1897,37 | 1,15 |1681,89| 1,02
$-0.25-E0.4 360 | 120 | 6,5 2 24 |129,4| 420 |181527| 1949,02 | 1,07 |174509| 0,96
$-0.14-E0.4-5330 360 | 120 4 2 24 |129,4| 330 |1226,92| 1523,02 | 1,24 |129509| 1,06
$-0.14-E0.4-S510 360 | 120 4 2 24 |129,4| 510 |1453,31| 1817,20 | 1,25 |1563,13| 1,08
$-0.14-E0.4-S590 360 | 120 4 2 24 |129,4| 590 |1550,19| 194519 | 1,25 |1682,26| 1,09
$-0.14-E0.4-C89.4 360 | 120 4 2 24 | 894 | 420 |1131,39| 1363,56 | 1,21 |1180,90| 1,04
$-0.14-E0.4-C109.4 360 | 120 4 2 24 |109,4| 420 |1249,62| 1518,33 | 1,22 |1298,67| 1,04
S-0.14-E0.4-C149.4 360 | 120 4 2 24 |149,4| 420 |1446,83| 1822,96 | 1,26 |1572,24| 1,09
S-0.14-E0.6 360 | 120 4 2 36 |129,4| 420 |1116,92| 1386,37 | 1,24 |1178,66| 1,06
S-0.18-E0.6 360 | 120 5 2 36 |129,4| 420 |1298,75| 1480,78 | 1,14 |1299,76| 1,00
$-0.22-E0.6 360 | 120 6 2 36 |129,4| 420 | 14428 | 1568,25 | 1,09 |1420,86| 0,98
$-0.25-E0.6 360 | 120 | 6,5 2 36 |129,4| 420 |1587,24| 1609,43 | 1,01 |1481,42| 0,93
$-0.14-E0.6-5330 360 | 120 4 2 36 |129,4| 330 |1027,33| 1263,41 | 1,23 |1076,81| 1,05
$-0.14-E0.6-S510 360 | 120 4 2 36 |129,4| 510 |1230,89| 1507,45 | 1,22 |1280,51| 1,04
$-0.14-E0.6-S590 360 | 120 4 2 36 |129,4| 590 |1309,82| 1613,63 | 1,23 |1371,04| 1,05
S-0.14-E0.6-C89.4 360 | 120 4 2 36 | 89,4 | 420 |988,884| 1131,13 | 1,14 | 969,16 | 0,98
$-0.14-E0.6-C109.4 360 | 120 4 2 36 |109,4| 420 |1066,13| 1259,52 | 1,18 |1067,57| 1,00
S-0.14-E0.6-C149.4 360 | 120 4 2 36 |149,4| 420 |1231,45| 1512,23 | 1,23 |1302,43| 1,06
S-0.14-E0.8 360 | 120 4 2 48 |129,4| 420 |925,645| 1184,47 | 1,28 | 984,42 | 1,06
S-0.18-E0.8 360 | 120 5 2 48 |129,4| 420 |107251| 1263,52 | 1,18 |1101,35| 1,03
S-0.22-E0.8 360 | 120 6 2 48 |129,4| 420 | 12195 | 133642 | 1,10 |1218,29| 1,00
S-0.25-E0.8 360 | 120 | 6,5 2 48 |129,4| 420 |134425| 1370,63 | 1,02 |1276,75| 0,95
$-0.14-E0.8-5330 360 | 120 4 2 48 |129,4| 330 |835,861| 1079,42 | 1,29 | 907,96 | 1,09
$-0.14-E0.8-S510 360 | 120 4 2 48 |129,4| 510 |1020,72| 1287,92 | 1,26 |1060,88| 1,04
$-0.14-E0.8-S590 360 | 120 4 2 48 |129,4| 590 |112574| 1378,63 | 1,22 |1128,85| 1,00
$-0.14-E0.8-C89.4 360 | 120 4 2 48 | 89,4 | 420 |824,307| 966,40 | 1,17 | 807,80 | 0,98
$-0.14-E0.8-C109.4 360 | 120 4 2 48 |109,4| 420 |880,409| 1076,10 | 1,22 | 889,77 | 1,01
S-0.14-E0.8-C149.4 360 | 120 4 2 48 |149,4| 420 |1003,19| 1292,00 | 1,20 |1091,75| 1,09
$-0.14-E0.9 360 | 120 4 2 54 |129,4| 420 | 846,55 | 1104,08 | 1,30 | 903,83 | 1,07
S-0.18-E0.9 360 | 120 5 2 54 |129,4| 420 |980,834| 1177,17 | 1,20 |1019,00| 1,04
$-0.22-E0.9 360 | 120 6 2 54 |129,4| 420 |1094,71| 1244,45 | 1,14 |1134,17| 1,04
$-0.25-E0.9 360 | 120 | 6,5 2 54 |129,4| 420 |122551| 127596 | 1,04 |1191,76| 0,97
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X1 X2 X3 | X4 | x5 | X6 X7 Y Neu Neu

$-0.14-E0.9-8330 360 | 120 4 2 54 |129,4| 330 |765,416| 1006,16 | 1,31 | 838,07 | 1,09
$-0.14-E0.9-S510 360 | 120 4 2 54 |129,4| 510 | 950,06 | 1200,50 | 1,26 | 969,59 | 1,02
$-0.14-E0.9-5590 360 | 120 4 2 54 |129,4| 590 |1022,38| 128506 | 1,26 |1028,04| 1,01
S-0.14-E0.9-C89.4 360 | 120 4 2 54 | 89,4 | 420 |753,856| 900,81 | 1,19 | 741,93 | 0,98
$-0.14-E0.9-C109.4 360 | 120 4 2 54 |109,4| 420 |799,597| 1003,06 | 1,25 | 816,54 | 1,02
S-0.14-E0.9-C149.4 360 | 120 4 2 72 |149,4| 420 |906,964| 1000,57 | 1,10 | 793,46 | 0,87
S-0.14-E1.2 360 | 120 4 2 72 |129,4| 420 |666,315| 917,30 | 1,38 | 712,94 | 1,07
S-0.18-E1.2 360 | 120 5 2 72 |129,4| 420 |777,385| 976,87 | 1,26 | 823,85 | 1,06
$-0.22-E1.2 360 | 120 6 2 72 |129,4| 420 |885,223| 1031,47 | 1,17 | 934,75 | 1,06
S-0.25-E1.2 360 | 120 | 6,5 2 72 |129,4| 420 |984,226| 1056,96 | 1,07 | 990,20 | 1,01
$-0.14-E1.2-8330 360 | 120 4 2 72 |129,4| 330 | 588,88 | 83594 | 142 | 673,15 | 1,14
$-0.14-E1.2-S510 360 | 120 4 2 72 |129,4| 510 | 75321 | 997,41 | 1,32 | 752,73 | 1,00
$-0.14-E1.2-8590 360 | 120 4 2 72 |129,4| 590 |817,429| 1067,66 | 1,31 | 788,10 | 0,96
S-0.14-E1.2-C89.4 360 | 120 4 2 72 | 89,4 | 420 |599,744| 748,42 | 1,25 | 589,94 | 0,98
$-0.14-E1.2-C109.4 360 | 120 4 2 72 |109,4| 420 |634,113| 833,37 | 1,31 | 645,10 | 1,02
S-0.14-E1.2-C149.4 360 | 120 4 2 72 |149,4| 420 |706,059| 1000,57 | 1,42 | 793,46 | 1,12
S-0.14-E1.35 360 | 120 4 2 81 |129,4| 420 |596,981| 84576 | 1,42 | 640,43 | 1,07
S-0.18-E1.35 360 | 120 5 2 81 |129,4| 420 |698,506| 900,28 | 1,29 | 749,66 | 1,07
$-0.22-E1.35 360 | 120 6 2 81 |129,4| 420 |795356| 950,17 | 1,19 | 858,88 | 1,08
$-0.25-E1.35 360 | 120 | 6,5 2 81 |129,4| 420 |896,253| 973,42 | 1,09 | 913,49 | 1,02
S-0.14-E1.35-S330 360 | 120 4 2 81 |129,4| 330 |524,608| 770,75 | 1,47 | 610,86 | 1,16
$-0.14-E1.35-S510 360 | 120 4 2 81 |129,4| 510 |674,313| 919,62 | 1,36 | 670,00 | 0,99
$-0.14-E1.35-S590 360 | 120 4 2 81 |129,4| 590 |737,533| 984,40 | 1,33 | 696,29 | 0,94
$-0.14-E1.35-C89.4 360 | 120 4 2 81 | 89,4 | 420 |540,183| 690,05 | 1,28 | 534,49 | 0,99
$-0.14-E1.35-C109.4 360 | 120 4 2 81 |109,4| 420 |573,966| 768,37 | 1,34 | 581,12 | 1,01
S-0.14-E1.35-C149.4 360 | 120 4 2 81 |149,4| 420 |628,112| 922,54 | 1,47 | 71242 | 1,13
S-0.14-E1.5 360 | 120 4 2 90 |129,4| 420 |536,838| 784,57 | 1,46 | 580,05 | 1,08
S-0.18-E1.5 360 | 120 5 2 90 |129,4| 420 |631,594| 834,83 | 1,32 | 687,84 | 1,09
S-0.22-E1.5 360 | 120 6 2 90 |129,4| 420 |723,172| 880,75 | 1,22 | 795,63 | 1,10
S-0.25-E1.5 360 | 120 | 6,5 2 90 |129,4| 420 | 810,41 | 902,12 | 1,11 | 849,52 | 1,05
$-0.14-E1.5-S330 360 | 120 4 2 90 |129,4| 330 |464,792| 714,98 | 154 | 559,24 | 1,20
$-0.14-E1.5-S510 360 | 120 4 2 90 |129,4| 510 |610,375| 853,09 | 1,40 | 600,87 | 0,98
$-0.14-E1.5-S590 360 | 120 4 2 90 |129,4| 590 |670,481| 913,18 | 1,36 | 619,37 | 0,92
$-0.14-E1.5-C109.4 360 | 120 4 2 90 |109,4| 420 |516,035| 712,78 | 1,38 | 528,65 | 1,02
S-0.14-E1.5-C149.4 360 | 120 4 2 90 |149,4| 420 |560,842| 85579 | 1,53 | 644,14 | 1,15
S-0.18-E2.5 360 | 120 5 2 | 150 |[129,4| 420 |370,922| 562,29 | 1,52 | 486,92 | 1,31
S-0.22-E2.5 360 | 120 6 2 | 150 |129,4| 420 |430,706| 592,26 | 1,38 | 589,22 | 1,37
$-0.25-E2.5 360 | 120 | 6,5 2 | 150 |129,4| 420 |492,924| 606,14 | 1,23 | 640,37 | 1,30
$-0.14-E2.5-S510 360 | 120 4 2 | 150 |129,4| 510 |357,348| 57551 | 1,61 | 372,04 | 1,04
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X1 X2 X3 | X4 | x5 | X6 X7 Y Neu Neu
$-0.14-E2.5-8590 360 | 120 4 2 | 150 |129,4| 590 |395,665| 616,05 | 1,56 | 360,84 | 0,91
SC6-0-1 600 | 120 6 3 0 |146,1| 4356 | 3265 | 353817 | 1,08 |2618,74| 0,80
SC6-0-2 600 | 120 6 3 0 |146,1| 4356 | 3187 | 353817 | 1,11 |2618,74| 0,82
$C6-20-1 600 | 120 6 3 |2085]|146,1 | 4356 | 2000 | 2172,76 | 1,09 |1872,13| 0,94
SC6-20-2 600 | 120 6 3 | 24,1 |146,1| 4356 | 2029 | 204948 | 1,01 |178506| 0,88
SC6-45-1 600 | 120 6 3 |48,84|146,1 | 4356 | 1396 | 1431,27 | 1,03 |1286,62| 0,92
SC6-45-2 600 | 120 6 3 |46,69 | 146,1 | 4356 | 1379 | 1469,80 | 1,07 |1320,68| 0,96
SC6-65-1 600 | 120 6 3 | 68,54 |146,1 | 4356 | 1035 | 1154,08 | 1,12 |1032,85| 1,00
E SC6-65-2 600 | 120 6 3 |64,57|146,1 | 4356 | 1054 | 1200,95 | 1,14 |1076,55| 1,02
E SC8-0-1 600 | 120 | 7.7 3 0 |146,1| 4421 | 3581 | 391549 | 1,09 |2908,97| 0,81
4 150802 600 | 120 | 7,7 3 0 |146,1| 4421 | 3385 | 391549 | 1,16 |2908,97| 0,86
SC8-20-1 600 | 120 | 7.7 3 |2521|146,1| 4421 | 2215 | 219431 | 0,99 |1998,27| 0,90
SC8-20-2 600 | 120 | 7.7 3 |20,25|146,1 | 442,1 | 2197 | 2402,06 | 1,09 |2137,98| 0,97
SC8-45-1 600 | 120 | 7,7 3 |49,51 | 146,1 | 442,1 | 1415 | 1541,26 | 1,09 |1490,10| 1,05
SC8-45-2 600 | 120 | 7.7 3 |43,08|146,1 | 4421 | 1619 | 1673,01 | 1,03 |1601,16| 0,99
SC8-65-1 600 | 120 | 7,7 3 | 63,3 |146,1 | 442,1 | 1255 | 131856 | 1,05 |1294,07| 1,03
SC8-65-2 600 | 120 | 7.7 3 |6285|146,1 | 4421 | 1231 | 1324,81 | 1,08 |1299,68| 1,06
E35-1 333 | 105 3 2 |1575| 150 | 724 | 1722 | 1866,25 | 1,08 |1657,43| 0,96
E35-2 333 | 105 3 2 | 31,5| 150 | 724 | 1399 | 1391,43 | 0,99 |[1140,02| 0,81
E E40-1 378 | 120 3 2 18 | 150 | 724 | 2268 | 2324,19 | 1,02 |2046,86| 0,90
§ |E40-2 378 | 120 3 2 36 | 150 | 724 | 1715 | 173505 | 1,01 |147557| 0,86
E" E40-3 378 | 120 3 2 54 | 150 | 724 | 1278 | 1384,18 | 1,08 |1079,96| 0,85
: E45-1 423 | 135 3 2 [2025| 150 | 724 | 2390 | 2827,25 | 1,18 |2446,07| 1,02
E45-2 423 | 135 3 2 | 405 | 150 | 724 | 1910 | 2112,64 | 1,11 |1821,29| 0,95
E45-3 423 | 135 3 2 |60,75| 150 | 724 | 1357 | 1686,39 | 1,24 |1396,03| 1,03
E1 1000 | 100 4 2 30 | 27 350 377 | 476,36 | 1,26 | 454,20 | 1,20
= |E2 1000 | 100 4 2 30 | 35 350 466 | 518,14 | 1,11 | 465,40 | 1,00
5 E4 1000 | 125 3 2 30 | 35 350 480 | 690,10 | 1,44 | 659,20 | 1,37
; E5 1000 | 125 4 2 30 | 35 350 586 | 800,23 | 1,37 | 764,18 | 1,30
g E6 1000 | 125 5 2 30 | 35 350 693 | 902,55 | 1,30 | 869,17 | 1,25
i;’ E7 300 | 100 4 2 30 | 44 350 688 | 562,35 | 0,82 | 526,81 | 0,77
= K9 1000 | 150 5 2 30 | 44 350 | 1474 | 1393,80 | 0,95 |121540| 0,82
E10 1000 | 150 5 2 30 | 44 350 968 | 1393,80 | 1,44 |[121540| 1,26
S-40-4 361,5| 1193 | 4,5 2 0 40 | 730,3 | 2140,4 | 2539,91 | 1,19 |2147,94| 1,00
o [5-120-4 360,9| 119 | 4,5 2 0 | 120 | 730,3 | 2869,8 | 3706,95 | 1,29 |2989,73| 1,04
%O S-150-4 360,5 | 119,3 | 4,5 2 0 | 150 | 7303 | 2720,8 | 4117,82 | 1,51 |3372,19| 1,24
‘Sf S-40-6 360,2 | 118,6 | 6,3 2 0 40 706 | 3037,4 | 3082,82 | 1,01 |2505,44| 0,82
T 15120-6 361,5 | 118,6 | 6,3 2 0 | 120 | 706 | 34295 | 4279,91 | 1,25 |3416,70| 1,00
$-150-6 361,2 | 1188 | 6,3 2 0 | 150 | 706 | 34234 | 4677,90 | 1,37 |3819,33| 1,12

JOMC |139




Tap chi Vit liéu & Xdy dung Tdp 15 S6 02 ndm 2025

Tac

gia

Tén méu L t r e feu 00,2 NS
(mm) B (mm) (mm) | (mm) | (mm) | (MPa) | (MPa) (kN) | NSB (kN) N+‘§;’; é\l]éi; N%I‘IZ,
X1 X2 X3 | X4 | x5 | X6 X7 Y Neu Neu

S-40-8 361 | 118 | 8,3 2 0 40 | 793,4 | 3952,7 | 4046,77 | 1,02 |3248,09| 0,82
$-120-8 360,5 | 117,9 | 8,3 2 0 | 120 | 793,4 | 4284,6 | 5318,52 | 1,24 |4344,03| 1,01
$-150-8 361,5| 117,7 | 8,3 2 0 | 150 | 793,4 | 43957 | 5693,56 | 1,30 |4797,32| 1,09
SS1-2 300 | 100,4 | 2,03 | 2 0 |113,2| 3487 | 1406 | 1489,04 | 1,06 |1274,37| 0,91
SS1-3 300 | 100,4 | 2,05 | 2 0 |130,8| 3487 | 1575 | 1657,16 | 1,05 |1403,69| 0,89
$S2-2 300 | 100,3 | 3,83 | 2 0 |113,2| 306,7 | 1544 | 1679,63 | 1,09 |1387,56| 0,90
$S2-3 300 | 100,4 | 3,79 | 2 0 |1308| 3067 | 1676 | 1832,63 | 1,09 |1509,00| 0,90
$S3-2 300 | 100,7 | 7,59 | 2 0 |1132]| 3716 | 1976 | 2391,71 | 1,21 |1937,02| 0,98
SS3-3 300 | 100,7 | 7,63 | 2 0 |130,8| 371,6 | 2051 | 2540,76 | 1,24 |2073,55| 1,01
$1-5-100 300 | 100 | 4,9 3 0 | 892 | 6688 | 1800,3 | 2530,85 | 1,41 |2041,89| 1,13
$2-5-110 300 | 100 | 4,9 3 0 |100,3| 668,8 | 2003,8 | 2638,69 | 1,32 |2137,36| 1,07
$3-6-110 300 | 100 | 5,8 3 0 |1003| 646,2 | 22205 | 282550 | 1,27 |2279,48| 1,03
S4-6-120 300 | 100 | 58 3 0 |111,3| 646,2 | 2391,2 | 2929,19 | 1,22 [2379,60| 1,00
S5-6-140 300 | 100 | 58 3 0 |128,1| 646,2 | 2573,3 | 3083,32 | 1,20 |2539,66| 0,99
$6-7-100 300 | 100 | 6,8 3 0 | 892 | 5995 | 22094 | 2821,86 | 1,28 |2265,50| 1,03
$7-7-110 300 | 100 | 6,8 3 0 |1003| 5995 | 2294,7 | 2927,56 | 1,28 |2361,96| 1,03
$8-7-120 300 | 100 | 6,8 3 0 |111,3| 5995 | 2368,9 | 3029,24 | 1,28 |2461,27| 1,04
$9-7-140 300 | 100 | 6,8 3 0 |128,1| 5995 | 24921 | 3179,97 | 1,28 |2620,07| 1,05
$10-10-100 300 | 100 10 3 0 | 892 | 4586 | 2206,1 | 2869,20 | 1,30 |2351,65| 1,07
$11-10-120 300 | 100 10 3 0 |111,3| 458,6 | 2297,7 | 3057,34 | 1,33 |2528,11| 1,10
$12-10-140 300 | 100 10 3 0 |128,1| 458,6 | 24985 | 3193,04 | 1,28 |2672,24| 1,07
$13-14-100 300 | 100 | 14,2 | 3 0 | 892 | 468,6 | 3106,7 | 3472,44 | 1,12 [2999,65| 0,97
$14-14-120 300 | 100 | 14,2 | 3 0 |100,3| 468,6 | 3119,5 | 3564,69 | 1,14 |3094,61| 0,99
$15-14-140 300 | 100 | 14,2 | 3 0 |111,3| 468,6 | 3274,3 | 3652,04 | 1,12 |3192,44| 0,98
$16-18-140 300 | 100 | 185 | 3 0 |128,1| 444,6 | 3441,4 | 402298 | 1,17 |3819,58| 1,11
s1 450 | 150 8 2 0 |152,3| 846 | 6536 | 8398,67 | 1,28 |6823,01| 1,04
s2 450 | 150 8 2 0 |1572| 846 | 6715 | 8500,25 | 1,27 |6935,17| 1,03
S3 450 | 150 8 2 0 | 147 | 846 | 6616 | 8288,07 | 1,25 |6702,60| 1,01
S4 450 | 150 8 2 0 |1641| 846 | 7276 | 864229 | 1,19 |7094,46| 0,98
S5 450 | 150 8 2 0 | 148 | 846 | 6974 | 8309,00 | 1,19 |672525| 0,96
S6 450 | 150 12 2 0 |152,3| 825 | 8585 |10190,02| 1,19 |8586,93| 1,00
s7 450 | 150 12 2 0 |1572| 825 | 8452 |10289,77 | 1,22 |8719,55| 1,03
S8 450 | 150 12 2 0 | 147 | 825 | 8687 |10081,07 | 1,16 |8444,39| 0,97
S9 450 | 150 12 2 0 |1641| 825 | 8730 |10428,77| 1,19 |8907,65| 1,02
S10 450 | 150 12 2 0 | 148 | 825 | 8912 |10101,72| 1,13 |8471,22| 0,95
s11 450 | 150 | 12,5 | 2 0 |152,3| 565 | 5953 | 8057,78 | 1,35 |6096,68| 1,02
s12 450 | 150 | 12,5 | 2 0 |1572| 565 | 5911 | 814820 | 1,38 |6190,67| 1,05
s13 450 | 150 | 12,5 | 2 0 | 147 | 565 | 6039 | 7959,25 | 1,32 [5995,93| 0,99
S14 450 | 150 | 12,5 | 2 0 |1641| 565 | 6409 | 827454 | 1,29 |6324,37| 0,99
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Téc Tén méu L t r e feu 00,2 NS
gia (mm) B (mm) (mm) | (mm) | (mm) | (MPa) | (MPa) (kN) | NSB (kN) N+‘§;’; é\l]éi; N%I‘IZ,
X1 X2 X3 | X4 | x5 | X6 X7 Y Neu Neu
S15 450 | 150 | 12,5 | 2 0 | 148 | 565 | 6285 | 7977,90 | 1,27 |6014,87| 0,96
ER4-A-4-57 648 | 148 | 4,38 | 2 45 | 405 | 262 823 | 868,18 | 1,05 | 904,16 | 1,10
ER4-C-2-56 648 | 214 | 438 | 2 60 | 254 | 262 | 1141 | 1284,36 | 1,13 |1386,39| 1,22
ER4-C-4-51 648 | 215 | 4,38 | 2 60 | 40,5 | 262 | 1369 | 164557 | 1,20 |1503,36| 1,10
ER4-C-8-33 648 | 214 | 438 | 2 | 100 | 77 262 | 1448 | 1837,83 | 1,27 |1461,25| 1,01
_ |ER4-C-8-46 648 | 215 | 4,38 | 2 60 | 77 262 | 2014 | 2461,14 | 1,22 |1798,69| 0,89
% ER4-D-4-60 648 | 323 | 438 | 2 60 | 405 | 262 | 3306 | 3859,40 | 1,17 |2648,25| 0,80
zg ER6-A-4-61 648 | 144 | 438 | 2 45 | 405 | 618 | 1701 | 1380,26 | 0,81 |127554| 0,75
Ei ER6-C-2-58 648 | 210 | 6,36 | 2 60 | 254 | 618 | 2393 | 2662,92 | 1,11 |2463,24| 1,03
" |Ere-c-a-44 648 | 210 | 636 | 2 | 100 | 40,5 | 618 | 2092 | 2301,22 | 1,10 |2094,63| 1,00
ER6-C-4-57 648 | 209 | 6,36 | 2 60 | 40,5 | 618 | 2694 | 3036,81 | 1,13 |2652,75| 0,98
ER6-C-8-24 648 | 210 | 636 | 2 | 200 | 77 618 | 1486 | 180523 | 1,21 |1594,16| 1,07
ER6-C-8-54 648 | 210 | 6,36 | 2 60 | 77 618 | 3396 | 3901,00 | 1,15 |3212,58| 0,95
ER6-D-4-47 648 | 319 | 636 | 2 | 100 | 40,5 | 618 | 4045 | 5306,35 | 1,31 |3784,66| 0,94
SS4-1 360 | 120,4 | 3,82 | 2 0 |1459| 430,6 | 2576 | 3055,62 | 1,19 |2366,79| 0,92
$S4-2 360 | 120,4 | 3,82 | 2 0 |1459| 430,6 | 2701 | 3055,62 | 1,13 |2366,79| 0,88
$S4-S-30 600 | 1204 | 3,82 | 2 30 |1459| 430,6 | 1401 | 1637,32 | 1,17 |1361,90| 0,97
| s84-5-50 600 | 1204 | 3,82 | 2 50 |145,9| 430,6 | 1052 | 1250,40 | 1,19 |1011,24| 0,96
8 | $54-L-30 1200 | 120,4 | 3,82 | 2 30 |1459| 4306 | 1212 | 1637,32 | 1,35 |1252,03| 1,03
§ $S6-1 360 | 120,6 | 5,88 | 2 0 |1459| 430,3 | 3089 | 351825 | 1,14 |2680,61| 0,87
N
$S6-2 360 | 120,6 | 5,88 | 2 0 |1459| 430,3 | 3003 | 351825 | 1,17 |2680,61| 0,89
$S6-S-30 600 | 120,6 | 588 | 2 30 |1459| 430,3 | 1752 | 1854,41 | 1,06 |1629,55| 0,93
$S6-S-50 600 | 120,6 | 5,88 | 2 50 | 1459 | 430,3 | 1317 | 1409,90 | 1,07 |1260,78| 0,96
SS6-L-30 1200 | 120,6 | 5,88 | 2 30 |1459| 430,3 | 1468 | 1854,41 | 1,26 |1519,17| 1,03
SHS-t6C30-0 600 | 200,2 | 5,8 5 0 30 433 | 3119,7 | 3849,80 | 1,23 |2985,33| 0,96
SHS-t6C30-0.2 600 | 199,4 | 5,8 5 38 | 30 433 | 2404,6 | 2307,94 | 0,96 |2090,36| 0,87
__ | sHs-t6C30-0.3 600 | 199,3 | 5,9 5 55 | 30 670 | 2068,1 | 2669,99 | 1,29 |2466,43| 1,19
§ SHS-t6C30-0.4 600 | 199,5 | 5,8 5 80 | 30 433 | 1740,7 | 160550 | 0,92 |1605,47| 0,92
5 SHS-t6C30-0.5 600 | 199,4 | 5,9 5 93 | 30 460 | 1566,4 | 1540,71 | 0,98 |1561,63| 1,00
* | sHs-t6c60-0.3 600 | 199,6 | 57 5 54 | 60 430 | 2453,4 | 2577,57 | 1,05 |2132,40| 0,87
SHS-t10C30-0.3 600 | 200,4 | 10 5 55 | 30 693 | 3187,3 | 3897,60 | 1,22 |3502,90| 1,10
SHS-t10C60-0.3 600 | 199,6 | 9,9 5 56 | 60 693 | 3650,8 | 4555,32 | 1,25 |3968,33| 1,09
s1 360 | 120 4 3 15 | 60 495 | 1294 | 1469,44 | 1,14 |1313,74| 1,02
s2 360 | 120 4 3 25 | 60 495 | 1125 | 1222,06 | 1,09 |1096,67| 0,97
q |s3 360 | 120 4 3 30 | 60 495 949 | 1127,18 | 1,19 |1006,48| 1,06
g S4 360 | 120 4 3 45 | 60 495 810 | 914,24 | 1,13 | 792,28 | 0,98
g |s13 390 | 130 4 3 15 | 60 495 | 1472 | 169586 | 1,15 |1505,44| 1,02
S14 390 | 130 4 3 25 | 60 495 | 1305 | 1424,39 | 1,09 |1282,75| 0,98
S15 390 | 130 4 3 40 | 60 495 | 1022 | 1148,60 | 1,12 |1032,47| 1,01
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Téc Tén méu L t r e feu 00,2 NS
. B (mm) X B NGB NME NME
gia (mm) (mm) | (mm) | (mm) | (MPa) | (MPa) (kN) NSE (kN) NP KN NP
X1 X2 X3 | X4 | X5 | X6 X7 Y «“ «
S16 390 130 4 3 55 60 495 789 962,28 1,22 853,94 1,08
8 - $100.100.4.90.275_20.10 | 2135 100 4 3 20 93,9 280 525,7 856,68 1,63 556,41 1,06
o ™
[ &(5100.100.4 90.275 20.0 2135 100 4 3 20 89,5 363,2 652,6 943,61 1,45 615,80 0,94
$100.100.4_30.275_20.-10 | 2135 100 4 3 0 34,1 346,9 526,2 1052,58 2,00 691,68 1,31
101.6x101.6x3.0 1000 | 101,6 3 3 0 31,2 483,9 | 718,88 | 1094,39 1,52 947,17 1,32
101.6x101.6x3.0 1500 | 101,6 3 3 0 31,2 483,9 | 691,38 | 1094,39 1,58 857,20 1,24
120.0x120.0x3.5 1000 120 3,5 3 0 31,2 401 1164,16 | 1339,50 1,15 1174,50| 1,01
'g 120.0x120.0x3.5 1500 120 3,5 3 0 31,2 401 997,19 | 1339,50 1,34 1058,50| 1,06
= 120.0x120.0x3.5 2000 120 3,5 3 0 31,2 401 899,65 | 1339,50 1,49 942,50 1,05
=]
S 120.0x120.0x3.5 2500 120 3,5 3 0 31,2 401 729,1 1339,50 1,84 826,50 1,13
s 150.0x150.0x3.5 1000 150 3,5 3 0 31,2 405 1516,26 | 1850,08 1,22 1610,39| 1,06
150.0x150.0x3.5 1500 150 3,5 3 0 31,2 405 1330,13| 1850,08 1,39 1451,23| 1,09
150.0x150.0x3.5 2000 150 3,5 3 0 31,2 405 1307,61 | 1850,08 1,41 1292,07| 0,99
150.0x150.0x3.5 2500 150 3,5 3 0 31,2 405 1198,25| 1850,08 1,54 1132,92| 0,95
Trung binh 1.21 1,02
Gi4 tri 16n nhét 0.81 0,75
Gi4 tri nho nhéit 2.00 1,37
Phuong sai 0.0237 0,0109
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