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Application Technology of NSHYPER BEAM™
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Abstract

This report presents application technologies taking advantage of the features of NSHYPER
BEAM™: thin-web cross sections and narrow width cross sections. A thin-web cross section and
a narrow width cross section are cross sections with rational economics as they can meet the
performance required for a beam, maintaining their weight minimum. However, it is necessary for
them to cope with local buckling and lateral buckling. To solve these problems, a stiffened beam-
end web construction method and a lateral stiffener omission construction method are presented.
The stiffened beam-end web construction method is an application technology adapted for thin-web
cross sections, and a construction method preventing the web from premature buckling to ensure
adequate deformation capacity by stiffening the web with light stiffeners at the beam ends. The
lateral stiffener omission construction method is an application technology to narrow width cross
sections, and a construction method allowing lateral stiffeners to be omitted provided that certain
conditions are met in accordance with a newly created proof stress formula with high precision,
which takes into consideration the constraining effect from horizontal displacement of the upper
flange of the beam given by the constraining effect of the floor slab. Design with rational economics
can be realized by taking advantage of these construction methods. These construction methods
have been assessed by the designated performance evaluation organization, and the application
results are also steadily on the rise.
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Conventional H-shapes NSHYPER BEAM ™
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F1 NSYP345B Mi#fE y tw
Mechanical properties of NSYP345B - 1 d H
@
Yield Range of Range of | Range of 17 _-—— Conventional H-shapes
Steel strength | yield strength | tensile strength | yield ratio 0 : & ""Y [ I v
(N/mm?) |  (N/mm?) (N/mm?) (%) 20 40 60 80
NSYP345B 345 345-465 490-610 = 80 2 NAIN—E—LOTANYT FEEY T TIEEL
SN490B 325 325-445 490610 =80 Aspect ratio and web-thickness ratio of NSHYPER BEAM
R2 NIN—E—-LERNE—TE HREDLEE
Comparison of NSHYPER BEAM with conventional H-shapes
Equivalent value Cross-sectional size drn, H/B Ratio of 4 Ratio of or Z
7 HY 700 x 200 x 9 x 22 72.9 3.5 0.89 1.05
H 582 x 300 x 12 x 17 457 1.9 1.00 1.00
p HY 700 x 200 x 9 x 19 73.6 35 0.74 0.99
H 588 x 300 x 12 x 20 45.1 2.0 1.00 1.00

HY: NSHYPER BEAM H: Conventional H-shapes Z: Section modulus /: Moment of inertia of area A: Cross-section
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(b)Lateral buckling
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Example of bucking mode

(a)Local buckling

X, 2D —V =204, v TIRE-AK E W
728, B 55 EER 1792 555 3 TEDLNHM T > 7T
WEFD Z 27 L), EREIIZ L &HE S IR
ELTCIEEE#HHATE R, $72, 79 2 VlEA 200mm
D7z, WIHOFEHE ) QBRI AT 5720, i
WA % L) b METLLENHL, TTIE, 2
NOFAFEMEOREL HRT2TERE LT, BT
A Tk s X O JE A i L2 D W CE 3 %,

3. BAY I JMEEIEN,TREY = THREAITE

Py © 7RI L, BEEYORINA = — A
W = 7 Witk & A 720 OFERI 2 3 m kB L OVt ik
RREM L2 OTHY, 2012 4 12 A2 (/) HARE S+
U —DO—HEFFE R PR T\ 5,

3.1 IEBE

M FERE S D EEE 1L, PO B ATAZ Lo TR
AIF =2 WIS BHETIHDRD B Do KT, HAY
THAF T I L o THIRIT 5 2 & TGO EILEET % 1h)
L2250 THY, RO L EMEREDELR % [k
WCERTLIENTED, 727 ORIEEL L AW
JEE i % S B B AF 7 F OFE kL LT, AL
HTlE, KFERT 7 FOEIHIEBEAT 7 F 2 HET 514
FAF7FERZFRHAL WS (BE2, ®M3), AF7F
WL Ty 2 7ORMEE A FhIET 52 8T, RTHEICEK
LR, v T ORERIZEST, 750 VoRE-IZE
TREOMRZEDOLZENTES (R3),

32 XFT7FDOFH:t

PSR L C T BN EE A28 T 5E Ty 71
R R R A TR X BT VMK TS E L v X9 123
5720120, A O MIAERLHEM ORREOIX 50 X
BLOERERRBIS ) 7 L O EAZE L CAF 7 F Ol
RETEITOVENH L, D0, ALHETIE, EBBX
OFNTAE RO X, R F 7 F THIRI SN2 = 7 OfRH
JEIRIITEE B X O A WTHE TS ) B O R EAE S = 7
DIEFEREIRICTIEE B & O AWTBERIS DD Z 21 2 1%
Dibein ks, AF 7O 2R 52 &

\l/NSHYPER BEAM ™

BH?2 “Rigy 1 JHEEITIE> OERAESG
Application of stiffened beam-end web construction method

! =¥
H2 7

o i

3 RigT 1 JOHEEISE
Beam-end web stiffener

R3 ALEICLBZRORER
Classification of a beam with beam-end web stiffener

. Width-thickness ratio Classifi- ':#:-
Division . 7
Flange b/t, Web d/t, cation W
Hd t,~~
1 <O9N235/F FA ;
<84+/235/F JL
11 <11N235/F FB .ff’l'
B
L e |
—| !
| |
! : d
- |
— |
| | e |
ool |t
(a) o, 22F () 7, >2F /3
M4 RFTFOHEAE
Design criterion of beam-end web stiffener
%ﬁ%t‘(b‘% (4)0
Thbb,
2
44+ mE t
= () >2F
Ter Hf]lﬂ—#%d}_ S
2
4 T’E t F
9.34+2 e >2—=
{ 35Lurw%{}‘ e @
_ 4 b __ td
< 1,’ 4 th.d, f 24 (1 —v?) 3. 4.5
b
JAy R m (6)

ZZIE, o, WAF TS CHERE N = 7 ORHEIE)

R 8 & & #4035 (2015)



N IS—E — L " OF| BT

FE, © \3AF T F THIER S IIZ Y = 7 D AWTHEIEIG I,
Fi37 — 7 OMEEEDIEMETRE TH L, EZHH Y~
Z1RE (=205000MPa), vIZET7V U (=03) THY,
b \ZAF 7 F Ol t, \FAF 7 FOWE, ¢ 137 = 7 OWHE
diZ LT 77y oREROHESY ZhEnET, &b,
FROBFNIL > TELNDL AF 7 FOWmIZ/NS L, F2
B TEINA == 28y = TWHOETOY A X12D
WCT7F v M= RB-9X75 (SS400) % AF 7 F IS
LELTWE,

3.3 AEmEIHRER

AT 2 TICATFT 7T R EET DA, RO RIS
Lo TROWENPLERT LI EDNBREENL, D20,
INA = — LR = 7 W HY-1000%x400X 16X 32 %
AWTHEER LR 2177 (BE3), AREBTIE, 2
F7F (75 bN—=PB-9%x75) %HE Tmm OF AKRHE
Lo Ty = 71 1T, BT OREORITHIZR 2
ARG 5 2 & CHEBROTAOBELWCND, 77

(a) Before welding

(b) After welding (c) Enlarged view
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BEH4 WBERRL
Deformation of specimen after the test
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Results of the full-scale beam bending test

Maximum
load
/M

r M max

6.1

Plastic ductility
ratio

Cross-sectional dimensions Failure

(steel)

d
i mode

max

1.15

HY-1000 x 400 x 16 x 32 Local
(SN490B)

M,,,.: Maximum load, M : Full plastic moment

7,..: Plastic ductility ratio, #, =6 /Op-1

0, ... Deformation capacity of maximum load

buckling

Op: Deformation of full plastic moment
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Lateral buckling mode of H-shaped beam restrained side-
sway displacement of top flange

G

w0 NS, - ux=0

ZJZZ:(? — Rigid element

roty=0

rotz=0 ux=0
uz=0
roty=0

>~ rotz=0

K8 Lt77 I WRINAZROEERE (EEE—F)
Results of finite element linear buckling analyses

MIM,

I/H

X9 FEM (C& 3 MEEEBETER &M AHFHEX O tEER
Results of finite element linear buckling analyses

(NREWES 5720, FEM |2 X 2 i | AT 217 -
72 (H8)o fMFIE, /N 73— ¥ — ZHIEHIE HY-700 X 200
X12X22122WTC, E7 9y Y OMBEINIE S NG5S
OFEVEEEIRI ) & RORE S EOBREFNZLDOTH b,
FOIRT LN, BAT T LA AR EN LB ENT
WA 2 A GE SR O R R TR I D 5 (SR % BR SR R R R TR
g, Q)R R EMOFHEZ 5 2 5 0izx L, (7)Rik
FEM FHT OFE R 2 A5 & CGEERL T b,
n*E L1y | w’EL,GJ
(0.751 I’

SZIE, 1 IXROFEME DY) ORI KT - A2 b, &
77 =0T EEY Zh ek T,

%=BV (8)

OH 8k & & #4035 (2015)



N IS—E — L " OF| BT

4.2 # L VEER IR DRE

R AR TR O BIZ L o T, FE
DREOBBEIRTIINE, M /M = 0.6 (55 I B &
AL, BRI AE TEL 2 LML TwD, Fe,
ATIETIE, F2BRB L UEAEMRATIC L > T, ol
Rl A, 730.6 LUT OHFIFH TR L L5 2 & 72 R
OEWVEIFI ) ET 5 2 L AL TBY, Zhbic
D X0 IR EE AR A ROREH ORI & L
TWde, ZIC, 2, WKLo TEFEND, 2, 2N E
VAR, POREIEIN T B & OB ATERE AN T 2k
RS %o

1, =M, /M,

I, MZRO BTN )% R,

[ 10 |2 FEM (2 & 2 BT O#E R % & bE TR T
AT UL, N A 78— B — LRI I HY-700 %200 X 12 %22
(SN490B) 122WC, 4, L ROLETRES & OBRE 7
bDOTHE, RORINVES 2D E 2, SR, Ih
LEBIIROERREINI L L T b, ALPTIE, B
ERRERO AENR AU LA RS 27200 HZE LT
A, =045 %, BWVWEAESO BREEERE 2 DL 2 IR % 7

(9)

DOEZE LTI =060 2 LNTNBEEL TWho KIS
3, BEEO SR FUIRRE R EHESC L 2 g AR S Hb
TORL T %o H LW Tk M/M =1 (M : B
JE ) &7 B AR L RIEA BEEDOMEIZ T 2 f54E
JEC, R EEN BRI o T b,

4.3 EAEHEERER
RASTIZEBRED LTS5 OMHREE RS B 72
B, RAT THE LD EER 1T 5720 AR
RIX 12 OFERE L, BIIIERALL7. H F2WHE BH-500 %
150x9x12 (SN490B) * Hi\»% (%6, K11)s RAT 7
ERCATT, 77y T v¥x (BEHTY*) 2T
JEX 70mm, EHEEH (6mme-@100) % LT 2B ICfliE
LCTWh, RATTEREDOLETT VDY —atr751E
L 10mm, £ & 50mm QN EXRAY Yy FEEOLT7T
212 200mm MET 27 RELET 5. T 27— ML,
aryz)—F (EEOHZ 18N/mm?) % M5,
RBAEOHEBLOERZ E U FL, &4 DEHEIC
O— RNtV a i L THEY ¥ v F2KFITERE L T b,
RAORMILE v RO TR EZKFO—F —3ZFEL, K
20— FRU % LT\ b HEIIEE A~ DL % 4

MM, 16 o7 WY 5720128 5 75 7 2l LT b BN, A
—— 8 L ) 5 A S Aot > S~ =
4 ead)) \ DEOEHADEL 5D L) ITHMIEY ¥y ¥ 2K L%
12 a6 70— 5K % A C VR L7
- 2N | NSSMC's new i%ﬂ?ﬁ?ﬁ%?éi%@%lf2%47 MEDR L7
' N \:\ buckling curve B—Hm (T v IIEMH) (2mhL7e (@12),
0.8 : NS
LN
0.6 N
04 ~ |, LSD #6 HEBRM
02 ‘gf Specimens description
]
0.0 A Cross-sectional dimensions
b
0.0 02 040608101214 16 Mark (steel type) % | Floorslab
10 L VEEEE phis No. 1 BH-500 x 150 x 9 x 32 1.03 Non
New design curve of lateral buckling No.2 (SN490B) 0.55 RC
= o
1>_|§/ -PL-32 (SN490B)
e
A e T e e e e ST
waaggons [ T-rromon C Ik
Ee= 5
i| L= = :
4 PL-G2(SN4908) side view N
No-02
; Nk
R framing plan
11 HERE
Specimens
oH g M & # #4035 (2015) — 110 —



N IS—E — L " OF| BT

Pin joint | Load cell _f
o H e

szt Oil Jackd = -

pomes:

Pin joint_—Load cell A EEEJI
ﬁf; Oil Jack

1 5700

Pin :ﬁJinf

T T
Sliding bearing

b

2080,
1040« 1040

q =
F%Pin joint

T i T

¥
|
I L
i
|
I
i
|

8-

ezl

2
T i T T

T
6000.

12 EEBRAE
Test setup of half-scale flame test
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Beam-end moment-rotation relationship
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Stiffened beam-end web
construction method

Lateral stiffener omission
construction method
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R7 KZRUrmE
Cross-sectional dimension of beams
D1.rec- Cro.ss-sect.lonal it | Steel type Welhgl*lt
tion dimension W ratio
X Alternative | HY900x250% 14 x19 |61.6 \NSYP345B| 0.88
Original | H-900x250x16x22 |53.5| SM490A |1.00
¥ Alternative| HY900 x250% 16 x22 |53.5 | NSYP345B|0.84 §
Original | H-900x300x19x22 |45.1| SM490A |1.00

" Ratio of alternative beam weight to original beam weight.
Lateral stiffener omission construction method is applied to
Y-direction beam and stiffened beam-end web construction method
is applied to X-direction beam.
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Application example of the construction method
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