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Effects of Shot Blasted Surface Texture and Bending Stiffness on Adhesive Strength
of Single Lap Joint under Tensile Loading*

Shun YOSHIDA**

Kaoru NAGASE™*
Makiko YONEHARA™**
Yasusuke KAWABATA*™
Toshio SUGIBAYASHI**

Abstract

Two types of adherend, stainless steel and aluminum alloy, were adapted and one liquid type thermosetting epoxy resin
was used as an adhesive. The surface of those rolled metal adherends was shot blasted. Their roughness was adjusted by
the glass beads grain size of abrasive ground, the processing pressure, and the processing distance in shot blast process.
The surface texture was measured by the 3D surface profiler. The profiler revealed the relation between the surface rough-
ness and the various surface texture parameters. A wetting tension of adherend was measured to investigate the effect of
surface roughness on the wettability of adherend. The measured values, the texture parameters, and the wettability showed
the constant value even when the surface roughness varied in the experimented range. The effect of the arithmetic mean
height of the scale limited surface (Sa) of the shot blasted adherend on strength of adhesion was investigated experimentally.
It resulted that when Sa varied in the experimented range the adhesive strength of both steel and aluminum adherends
showed the constant strength of adhesion. Moreover, the influence of bending stiffness on the adhesively bonded joint was
investigated by using the different thickness of adherend. As a result, it was revealed that the strength of single overlap

adhesive joint was greatly influenced by the bending stiffness of adherend.

Keywords: Shot blaste, Surface texture, Single lap joint, Adhesive strength, Epoxy resin

1. Introduction

Recently, industrial products place great importance not
only on high quality of its performance and reliability but also
on its appearance. Some of its functional factors regarding the
appearance are attractiveness (surface texture) and tactile!
=3, Such factors that compose these appearances are likely to
contribute to the value of industrial products. The functionality
of industrial product surface is usually improved by using shot
blast or embossing. These fabricated surface parts are often
assembled adhesively to basic materials. However there are
hardly any reports which study the relation between surface
texture and adhesive strength*=9.

The stress calculated by dividing the load by adhesive
area is conventionally used for the evaluation of strength of
adhesive joint. However, a yield (elastic failure) or a fracture of
adherend occurs depending on the shape of adhesively bonded
joint and the adhesive area after high strength adhesives were
developed. The strength of an adhesively bonded joint of low
yield material or thin plate is not to be evaluated precisely.

Therefore in this present report the effect of the surface
texture and the bending stiffness on the strength of an adhesively
bonded joint was investigated experimentally. The roughness

of shot blasted adhesive surface was characterized by the areal
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surface texture parameters” and the optical evaluation!™.
The relation between the adhesive surface roughness and
the work-hardening was investigated by Vickers hardness
tester. The relation between Sa of shot blasted surface and
the wettability of adherend surface was investigated by the

wetting tension test method.

2. Surface Texture of Adherend
2.1 Shot Blast Fabrication for Adhesive Surface

The adhesive joint is able to have a high strength when
an adherend is compatible with adhesive. The compatibility of
adherend with adhesive is related to the wettability of adherend
surface and adhesive. For example, low wettability adhesive
does not diffuse on the adherend to decrease adhesive area and
the adhesive does not reach convexo-concave surface of the
adherend to result in no adhesive part. The apparent strength
dividing the load by the adhesive area decreases in this case.
But the apparent strength of high wettability surface increases.
There are metal-oxide layer and burr on the adherend to
reduce adhesion strength because there is no adhesion area.

It is necessary to remove metal-oxide layer and burr on
adhesive surface before adhesion. There are chemical treatment,
priming, grinding, milling and shot blast for surface treatments.
These treatments should be selected to meet the adhesive
conditions for the adhesion, the adherend and the circumstances.
In this experiment, aluminum alloy A2017 and stainless steel
SUS304 were adapted for an adherend and the shot blast
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Fig. 1 Shot blast condition and target roughness.

(a) A2017 (Se=0.516 pm) (b) SUS304 (Se=0.506 rm)

Fig. 2 3D surface texture of the A2017 and SUS304 specimens
shot blasted with glass beads #400.

Table 1. Sa and HV of A2017 and SUS304.

was selected as a surface treatment which is commonly used
for removing metal-oxide layer and burr. Fig. 1 shows the
shot blast condition and the target value of Arithmetic mean
height of the scale limited surface Sa. The value of surface
roughness by shot blast was targeted towards the roughness
range of communication devices such as a cell phone and a
smart phone, the range of optical equipment devices such as
a VCR and a camera, and the range of office equipment such

as a PC and a printer.

2.2 Measurement Result of Surface Texture

The Non-contact 3D surface profiler to which the white
fringes method applied, Talysurf CCI6000 (Taylor Hobson
BU), was used for measuring the surface textures. The surface
roughness of area 1.8 X 1.8 mm? was measured by scanning with
1024 x 1024 pixel camera. Talymap Gold version 4.1.1 (Taylor
Hobson BU) was used for analyzing the surface roughness. Sa
is described by arithmetic mean height standardized by ISO
25178. Sa is a 3D parameter extended from 2D arithmetic mean
roughness calculation and it is calculated dividing the volume
which is bounded by surface texture curve Z (x, y), averaged

surface xy, and measured area A. Sa is calculated by Eq. (1)

The area surface textures of A2017 and SUS304 which
was shot blasted with #400 grass beads are shown in Fig. 2
(a) and (b). The shape of the abrasive was transferred to both

surfaces to make pear skin.

2.3 Surface Texture and Work Hardening

Table 1 indicates Se values and Vickers hardness® of A2017
and SUS304 adherends fabricated by shot blast. The hardness
was measured under condition of 9.81 N force and 15sec maintain
time. The hardness value was calculated by averaging three
measured positions. The indentation size of Vickers test was
enough large to sort it from the shapes of surface roughness.
Vickers hardness tended to show higher value as S« increased,
which was caused by the influence of work hardening created

by abrasive ground collision.

2.4 Character of Surface Texture®

Not only Se but maximum high roughness Sz and root-mean-
square roughness Sdg, which are extended from Rz and Rdq in
2D texture parameters, are considered as the surface texture
parameters characterizing shot blast surface. Sz is maximum
height difference and Sdg is defined by eq. (2).

Ssk defined by eq. (3) indicates symmetry of height
distribution of surface concave-convex and Skx defined by
eq. (4) characterizes sharpness of surface. Areal material ratio
Smrl and Sm72 are defined in ISO 13565-2'7,
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Table 2. Surface roughness parameters.

() Sa=0.317um (b)Sa=0516um (c)Sa=0.654um (d)Se=1.03 um
A2017

(2)Sa=0.354um (b)Sa=0506um (c)Sa=0.717 um (d)Se=1.10um
SUS304

Fig. 3 Surface pictures of A2017 and SUS304.

Table 2 indicates the averages of the four type surface
texture parameters of A2017 when Sa varies from 0.317 to
1.03 um and it indicates those four parameters of SUS304 when
Sa varies from 0.354 to 1.10 um. The values of Ssk, Sku, Smr1
and Smr2 are mostly the same when the values Sa varies. It
illustrates that the concavo-convex shape of the metals has
a similar shape when the shot blast process varies the value
of roughness.

Fig. 3 shows the surface pictures of A2017 and SUS304
adherends shot blasted. Fig. 4 shows the relation between Sa

Arithmetic mean height of the scale limited surface Sz (m)

Fig. 4 Relation between L* and Gs to variation in Sa.

and lightness L* of surface color and the relation between Sa
and the specular reflection Gs (60°)/10. Regular reflectance
is calculated by dividing the specular reflection Gs (60°) by
10. L*a*b* color coordinate system which is often used in the
technology area. There was no differences of L* values and
the difference of Gs (60°)/10 values on each materials in tested
Sa range. However there were L* value and Gs (60°)/10 value
differences between A2017 and SUS304 and there was especially
10~15% brightness L* difference between A2017 and SUS304.

3. Measurement Method and Result of
Wettability on Adhesive Surface

High strength of adhesive is obtained by high compatibility
that is high wettability between adherend and adhesive. The
wetting tension is measured by the contact angle of surface
tension of liquid. The surface of the test piece requires almost
mirror surface to measure the contact angle. Therefore, “Wetting
tension test procedure” was applied to measure the wetting
tension because it was hard to measure the contact angle on
fluctuated surface of industrial products. For the wet tension
test, the wetting tension test mixture (Wako pure chemical
industries, Ltd) was used as a test liquid and a Research plus
pipette (Eppendorf) was used for dropping the liquid. The 60 L
liquid was dropped on the adherend and it was immediately
spread more than 600mm? by K-Hand-Coater (Matsuo Sangyo
Co, Ltd). The wetting tension was defined as the maximum
tension value of test mixture of which coating was maintained
without separated liquid mass in 2 seconds. The wettability was
measured under the condition of temperature 23°C £2°C and
humidity 60% =5%. Fig. 5 (a) (b) show the pictures of wetting
tension test result. Fig. 5 (a) shows the wetting tension test

result of index 36 mN/m and Fig. 5 (b) shows the wet tension
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(a) Wetting tension 36.0mN/m

(b) Wetting tension 48.0mN/m

Fig. 5 (a)(b) Testing results of wetting tension for SUS304
(Se=1.10um).

Arithmetic mean height of the scale limited surface Sa (um)

Fig. 6 Relation between Sa and wetting tension.

test result of index 48 mN/m coated on SUS304 (S =1.1 um).
Fig. 5 (a) shows that the wetting test tension mixture spreads
on surface without break. Fig. 5 (b) shows that it does not
spread and masses in center and the liquid coat breaks. Fig.
6 shows the relation between Sa and wetting tension. The
wetting tension indicates constant value when Sa varies
from 0.25~1.12um for both A2017 and SUS304. Therefore,
it indicates that the adhesive strength is not affected by the
wettability of adherend when the surface roughness varies in

the experimental range.

4. Strength Test of Adhesively Bonded Joint

The shape and the dimension of test piece of single lap

Fig. 7 Shape and dimensions of single lap joint.

(a) Experimental equipment

(b) Configuration diagram of the experiment and equipment

Fig. 8 Experimental equipment system.

joint are shown in Fig. 7. One liquid type epoxy adhesive was
used for adhesion. The adhesive condition was as follows.
The curing temperature was maintained 120°C for one hour

following 150°C for one hour. The adhesive area was 25 X
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25mm? rectangular. The adhesive thickness was determined
0.2mm by heat resisting tape for both adhesive sides.

The multi-axes stress tester was used for the experiment.
The picture and the hydraulic and electrical control system
of the tester are shown in Fig. 8 (a) and (b), respectively.
The strength experiment of the adhesively bonded joint was
conducted at a rate of 1MPa/s stress. Tensile load was added
to the adhesively bonded joint with the universal joint. The
adhesive strength Ast. was defined as the load value divided
by 25 X 25mm? when the adhesive joint was fractured by

tensile load.

5. Effect of Sa and Bending Stiffness on
Adhesively Bonded Joint'?
The strength of two types of adhesive single lap joint
which bending stiffness is altered by the different thickness

Arithmetic mean height of the scale limited surface Sz (um)

Fig. 9 Relation between Sa and Adhesive strength Ast.
(SUS304).

Arithmetic mean height of the scale limited surface Sz (um)

Fig. 10 Relation between Sa and Adhesive strength Ast.
(SUS304, A2017).

of adherend when Sa varies is shown in Fig. 9. The adhesive
strength increases 1.25 times when the bending stiffness varies
2.3 times. The adhesive strength of single lap joint is affected
by its stiffness, which is explained by reason that the strain
of both adhesive side is restricted when the bending stiffness
increases and the vertical stress of both adhesive side decreases.
The adhesive strength of two types of adherend which bending
stiffness is the same shows constant value when Sa varies
between 025~1.12um (Fig. 10). Therefore, the adhesive strength
of single lap joint is affected largely by its bending stiffness in
the experimental surface roughness condition. The adhesive
strengths of single lap joint of SUS304 and A2017 adherends

tend to show the same value when Sa varies.

6. Conclusion

The effect of surface texture and bending stiffness of
adherends on the strength of single lap joint was investigated
experimentally. The adherend surface fabricated by shot blast
was characterized by areal surface texture parameters and
optical parameters. As a result, it was revealed that the surface
textures of the adherends had the similarity shape when their
Skewness, Kurtosis and areal material ratio were consistent
even if the arithmetic mean height varied. SUS304 and A2017
adherends had specifically different regular reflectance and
brightness in optical property even when both Sa were in
the same range.

The wet tension on the surface of adherend was measured
to investigate the effect of surface roughness on the wettability
and it showed that the value of wet tension indicated consistent
value in experimented surface roughness range.

Additionally the effect of bending stiffness on the strength
of adhesive single lap joint was investigated by varying the
thickness of stainless steel SUS304 which Sa is almost equal.
As a result, the higher stiffness of adherend showed higher
strength of adhesive which surface wettability and arithmetic
mean height showed the same value. The adhesive strengths
of aluminum alloy A2017 and stainless steel SUS304 material
showed the same value when the bending stiffness of the each
adherend was equal in designated arithmetic mean height.

It was revealed experimentally that the strength of single lap
joint indicated the same value when the surface concave-convex
shape of adherend was symmetry and the wettability and
the bending stiffness of it showed the same value. It was also
revealed that the adhesive strength was not affected by Sa of

the adherend in the above condition.
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Experimental Study on Rotating Performance of Tree-Blade Gyro-mill Type Wind Turbines

B 8 Takanori HIRANO*
A —BEF and Ichiro FUJIIMOTO**

ABSTRACT

So far, we made some experimental and numerical studies on the starting performance improvement of four-blade gyro-

mill type wind turbines. Three-blade gyro-mill type wind turbines were also investigated on the starting characteristics by

the vortex method. Those analyses suggested that it is very useful to do a pitch control of setting angle for each blade to

improve the starting performance. In this paper, we reported some results obtained by the experimental study.

Key words: Gyro-mill type Wind Turbine, Rotating Performance, Experimental study
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FERREDAKEBEDRERAKBEOEEICEASHE"
Effect on Rice Growth of Fertilizer Application to Paddy Field under Flood-delay Conditions
FHEERXF Kanako OKADA**

{ZB% & A Hayato SATO*
1 A  OSAMU Muraoka**

Abstract

Ammonium chloride and ammonium sulfate are major nitrogen fertilizers applied to paddy fields in Japan. To reduce
agricultural running costs and environmental loads, it is important to assess different methods for applying urea nitrogenous
fertilizer to paddy fields. We therefore examined whether the application of urea to paddy fields could achieve the same
rice yields and quality as that obtained with conventional fertilizer (ammonium chloride) application. We also examined
whether the application of urea and a nitrification inhibitor (i.e., a compound that delays the oxidation of ammonium in the
soil by blocking ammonia monooxygenase) could reduce the NO4N in soil if paddies were allowed to lie upland conditions
for an extended period after fertilization ; dicyandiamide (Dd) was used as the nitrification inhibitor in this study.

When the flooding of paddy fields was delayed by 9 days after the application of urea, the maximum amount of NO,-N
in the plow layer was 8.9 mg/kg, which was equivalent to 21.5 % of the total inorganic nitrogen in the plow layer. The
NO,N disappeared quickly after flooding in all treatments fields. Rice yield and quality in the urea-only applied fields were
comparable to those obtained with conventional fertilizer. However, compared to the urea-only application, the amount of
NO,-N in the plow layer of the urea-Dd fields under flood-delay conditions was markedly decreased (4.6 mg/kg). The rice
grain yields were also lower in urea-Dd fields than in urea-only fields. The findings showed that urea-only application produced
rice yields and quality that were comparable to those produced using conventional fertilizer under flood-delay conditions.

1. FCBHIC 726 K REED D 5,

FeitEE O KRERR: TIREMKAET DT T A, —RBEK LD ARHENZ BV THA L 72l AK B OB IR W iE B &
OFFE AR IEBIIMEINCH B (EMOKEERS, 2016). BUSEHLK OWLEEs & 0 RAHCHE S 5. B LIfIRI oY > 7 v o
DHEATEY G, BHLE TICREELZE L5720, TERY 73IF (Dd) & T YEZT7OMBLENHT S, BEK
DORFE DN H B DL XA S AK T CRIUIMEZH BTRYI7yI7 I FOMAICE D, WMIOBER LIS
RETHRT L2, SERPITE ORI T FTIENTE, BIEIMETHL LREENTVWD (LIRS
YD %o 2007, KI5 2008) 0 ZDZ & A SHNEHD AKDEN D Sl

JEEL B X OBERHECR o diy A 1S, EIBS0Y 22 T Z o B IZBWT, MEBLIR A AT 5 2 L, BEoRMHEEL
XY RIS Y, EED R N OB L RN O R0 B W HEEED D % o
WO B S BN 72 EEHAT AR D H T B (MK E INBEOZ L HARREETIE, FEHILIEEICB VT, Hil
A, 2013) EFRIIERO=ERO—DOTHS I Ehd, Kii BOAKDEND ZMT T, SREWEE LTURELMAIL,
BB TR TR L Uil 2, EN oK ICB KERAER & TP OB R RO L, 27 EITh72Y
WT— N BRHERHIML LWETH D, LrL, BFR HOENTT 5, 51T, REME~ODARIMOEEE, K
W70 OMEICIRE T 5 &, RFFIINSOBEFTEILE & I FOHROYG LKL, WM L7,

NEMTH B EhS (BMAGETHTS, 2013), FAFEEH S

TWho MEQOEFLGIHLLTOAY v NI, Hfliez & 2. MPERE

Wz, BERVEEONSS LI ETHL, L 2.1 HABRXOERK

THRICET G WEZ 2w e oBHLe TV &, PRFEHEHIZ X 2 KREHEH ORBEH S 2M2F 5729012, 2013
KIHETTHT VAV EEZRT I EMBHHREELRLT VT 4 & 2014 RS FAH R S AR E B R A N (R X &)
LSHE & LTH B (Hongprayoon, C., et al, 1991; Dillon, K. DGl T3E O KH TRESRER A 17 > 720 BIfEIZAKRG & &
A, et al, 2012), FRIAE T TR L2RFEZT v =TI D, EEKHTH S, Lg% ), HEkEE14mm
Y 5 TR 22 L (Yadav, D. S. 1987), FEHIbiEE I3 Thbo WBRXIIHLX, IREX, RFE+DIXOEFZIE D
BROLIROIE 720 AKS HEl F TS % &k 9 fEs B2 3MBXEEEL, FNENORBRX OMFFEIL22a &
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NS TR A SO I 1 N ey,
BiSH FHo8E 108148 HOPLORAELTHEHA L, Y f@%k 71 c;tifth@;ﬂc.%ﬁ
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TR SRR ONE LT - 7o BRIE & 51452 2051,
GElaHro, L (20134133 % 0-10cm, 2014 4F 13RS
0-15cm) 75 HEZFML, ZNo % X R THHIH
ML7ze INEZRBEX D20 4 H P10 SR L 720 FRELL
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B H BRI O 4R (19804E~20104F) % 221k L7z, 2013
L 20144 H IR ST H 725 6 H DAL
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~40%% & e otz LIS T &L HICERGEICL S
WEIRD NG o7z, MRELT, AFMEWEL HIZ
HEY, DR & ML E N EN 2013 4EI2BWT6 A
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MRS FE RO N — I IEERE R T

X2 tLigheE

WREEREOHE (2013F)
SMRTE RO

N IEHERUE 2R T

15
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IO L MBERELOEAE, WEIX164, RFEXIL, R
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F8 HHT) LK E 7o 7z TP OMMRIESEF L T
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X b AKERNCHEBESEFRRITRAHEEZRL, HLX61, K
#IX 89, JRF+DAX 46 mg/kg & o7z,

W2, 2014FOBMOH H2657 HH F ToOEFR O
BREFEEoMfRERL: (K4, HEXERKLT, R#E
X CIEHEIE A S RTE ] (A28 HH) FTA W E
%0, GREEELEXIZEAEEDL Rh o7, RFE+DI
Xid, REX &L TORIBE £ TEWEINICS - 720
TETOMBREREIRKNMEZ R L7 HOEMEREERE
2D MRS ZEOH AT, HEX 114, JRFEX 215, K
F+ADAXT70% & o7 (K3, 4),

33 HEBLRE XKRE

2013 4E DR FEXITHH L X & e, A £ ToZEMITHIC
I & 72 ), IR E RIS 572 (#£3), L
L, ZHREeYERICTNOEFRLNICS W TH MLERHIZ
ARAERBO N o0 READIKIZRER LN, %)
MO & M OBEMITE Do 720 BREEWEIVITR
DRI D M LBL I IC A EA IO b h o7z,
0I3FEDHEAKREIZB VT, REKIBHLER EIZEAL
Zbos, WEMEERICOHEEIRD N Rh ol (R

Motz —H, WT+DdEdWTEkmN%**§u6%&
o tze BRIIEIC LY, Ky s EAR
2R +Dd XL bwr%%mw@ﬁ# 2 5T,

2014 fEDRFXIGIHLIX L e, WA F ToTEm Iz
BOOENLDPo7z (F3)e ERIRERIZBWTHIZL WH
MZH Y, KAHIIAEEICL Do EWEIIFIREXT
LA D > 720 RFE+ DAKIIRFEX LA, M E T
DOREAIZBVTETRD SN LD ol ERB Y EITN
FTNOEFR D IRE+DAXITB W TL R WHITICH - 720

Rk EE, REXICBWTHRIX & 15%MILL 72,
CNFRZEXIZBOBTEISEDVRH 2D TH > 72, Bl
GEMKRY VR BEEHRIIAEEIRDOON o720 R
F+DAXIIBIT LKL, IREX & HAR16% WAL 72,
SN WD THh o 720 BRI AL M ALELR] T4
b5, KKY U7 EHERFIREADIRIIBVTEL %55
I 258D BTz,

4, ER

AR CIZIEH AL B IZ B W T, HEHEDO AKX 9~10 H
BN/ E &0, THPRYRES i R OKRAEE DR,
?&éﬁﬁ@%f%%ﬂ%ﬁ%Lf&thOT/% 7D
REERALIZIRIE S & 238 A =), 30CTIRE 25 (T

4o Fz, BROREGERIRSY VA7 EERIEIRD NS A W B 96 2 ¥, w&) MEAEIRE 0 5 B oS-35 28 11.3T
x3 KWOE®EEL, EVEOHE
P RERIK — i’é A — E20 (%F/m’) _ _ WWE (g/n) -
SO AR Y] A SHRETE R R DR} DL A Y]
Y 32a 37a 38 ab 322 a 507 a 492 a 70 a 526 a 1,078 a
2013 4 RFE 3la 36 b 36 b 355 a 563 a 563 a 72 a 563 a 1,232 a
JR# +Dd 30 a 37 a 39 a 331 a 538 a 532 a 66 a 569 a 1,145 a
S 33 a 37 a 41 a 347 a 601 a 577 b 60 a 613 a 1417 a
2014 4 PR3 3la 37 a 40 a 406 a 673 a 682 a 84 a 665 a 1492 a
JR# +Dd 33 a 38 a 42 a 360 a 581 a 611 ab 69 a 562 a 1,364 a
4 D31,
[f—4ERHNOMFN BN, FH—3/NLFMIIEAEAEZD W L ZR”T (Tukey i, p<0.05).
x4 REOLBHEAIPINERVLEARRZEICRIFTHE
tEk SREAIK LR N AR H% TR TG RS ks oM
(Mg/ha) (F-HL /nd) (A /nt) (2) (%) (%) “A % (mg/g)
W 6.42 287 a 568 a 238 a 91.0 a 86.6 a 743 a
2013 4F IR 6.26 (98) 270 a 562 a 237 a 937 a 86.2 a 745 a
JR#% +Dd 588 (94) 295 a 549 a 238 a 928 a 88.1 a 75.0 a
S 6.08 417 a 565 a 235 b 635 a 713 a 723 a
2014 4F &S 7.00 (115) 413 a 635 a 237 ab 704 a 722 a 733 a
JRF% +Dd 591 (84) 353 a 530 a 238 a 63.0 a 74.8 a 755 a
4 AL O .

] — AR OREFNIZ BT, o] —I/ NSRS

BAEEDRWTZ L xR T (Tukey ik, p<0.05).

71y IPIRIRFEXIIIE L X, JRFE +DA KISRE XN § 2 H & 2R T
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MRBEFEIREOR LB ERY, TV EZT OfR
AL EAFRD Sze L2 L, DAZEMLzE 2%
B LU HEIZ20144ED & ) IRFR M & PRl b 2
EBHY, WL Rho>T2e TORMIZIEOEEESE R
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SR EEERICK S EREEFREONNERT CERERTE
Stress Analysis and Strength Design of Metal Bonded Joints with Structural Stiff Adhesives

# Z&AH  Kiyomi MORI*

Abstract

Many types of advanced adhesives for structural usage are now available. To aid the design of adhesive bonding joints,

stress analysis and strength evaluation for the joints are necessary. In this study, the mechanical characterization of the

structural adhesive and the strength evaluation of metal joints are presented with experimental procedure including static

tests for single lap joints and butt joints. The materials used for adherends are carbon steel, and nickel sheet metals. Effect of

joint dimensions on the joint strength is discussed with the experimental results of tensile shear strength and stress analysis

for corresponding joint models by a Finite Element Method. It is important to make sure which the fracture is occurred in

an adhesive layer or at an interface between adhesive and adherend. Therefore, deformation and fracture behavior of the

adhesive layer is investigated microscopically with an in situ tensile-shear test in a scanning electron microscope.

Keywords: A4 #KET, MIEZBRT IS, PEAREL
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Effect of Bubbling Jet on Growth of Root Vegetables in Indoor Hydroponics
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Abstract

In recent years, plant factories with indoor hydroponics come to attract attention with the development of low cost

LED lamps. In addition, the fact of low food self-sufficiency rate in Japan makes it important to develop of plant cultivation

technology for a stable food supply based on the engineering knowledge and conception. In this study, water remediation

technologies utilizing the micro-bubbles and micro jet are applied to cultivate root vegetables in hydroponics. We aim to

develop the automated indoor type of food production system with fully controlled environments. In this paper, we represent

the results of the effect of dissolved oxygen on growth of root vegetables.

Keywords :
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Temperature Dependence of Elastic Moduli of Inorganic Adhesives with 3 Types of Binders
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Abstract

In this study, the effect of binder type on the elastic moduli of inorganic adhesives is investigated at elevated temperatures
using an impact exciting method for measuring natural frequencies of adhesive bulk specimens with rectangular cross
section. The specimens are treated as the Bernoulli-Euler beam and the elastic moduli of the adhesive bulk specimens are
obtained by the impact exciting method at temperatures from room temperature to 900 degrees Celsius. To compare with
the results for the natural frequencies, the elastic moduli are also measured by the static bend tests at room temperature.
The experimental results obtained by the impact exciting method show good agreement with those by the static bending
method. An adhesive composed of an aluminum di-hydrogen phosphate binder shows the highest value of longitudinal
elastic modulus in the inorganic adhesives of three different binders. The elastic modulus of an adhesive composed of water
glass binder remains constant up to 600 degrees Celsius.

Keywords: Inorganic Adhesives, High Temperature, Mechanical Properties, Elastic Modulus
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Three-dimensional Pavement-marking Design by Ana-morphosis
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Abstract

This study was designed road pavement-marking that looks three-dimensional to “Stop” for the purpose of traffic safety.
Method of marking a three-dimensional on the plane by the perspective is called Ana-morphosis. With Ana-morphosis
approach, we create the design proposal to show a road marking character of “Stop” in three dimensions. The actual drive
experiments of the CG driving real and full-size sheet using a drive simulator equipment at the installation road, was
verified that effect. As the result, the designs considered that the driver stops unobtrusive operation are” the horizontal
display block of characters” and “road sign of Stop”. Throughout the experiment, anamorphosis technique is actual paint
compared to the CG was found to be invisible to the very three-dimensional. On the other hand, it was found to be easier
to read and to apply to the character. Accordingly, it was able to suggest the possibility of traffic safety contributed by
design focusing on readability than stereoscopic.

Keywords: Ana-morphosis, Pavement-marking, Stop, Traffic Safety,
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A Report of My Research Stay in London 2015-16

EreE- A

THE 5% Yoshiaki KUDO**

Abstract

This article introduces about my research stay in London for a year started from mid-August 2015. I belonged to the

University of Greenwich Department of Architecture and Landscape, and researched on social design and design history in

UK supported by Ed Wall, the academic leader of Landscape section, and tutors. And my residence was an old basement

flat located near a tube station Maida Vale. I could communicate with various people, my landlord David, his wife Tora,

his friend Brian, Japanese students Mariko and Haruka, and Clea the cat lived in upper floors of the Georgian house. Many

thanks to Tadahisa Wada, a specially appointed professor of Takushoku University, for his good offices for my research stay.

Keywords : research stay, Greenwich University, London
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