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SUMMARY

Tension-type connections by long bolts are not commonly used for bridge
constructions now, and the behaviours of these type connections had not
systematically been studied.

The purpose of this paper is to provide fundamental stress behaviours of
"tension-type connections by long bolts’ by experimental and analytical study,
especially about the bolt axial force and the stress distribution in rib and
member-plate. The relationship between the stress behaviours and the contact
surface conditions were studied.

1. INTRODUCTION

Tension type connections have usually been used for connections between
main-tower and anchor-frame of suspension bridges or cable stayed bridges. If
they are used for the connection in above mentioned bridges, they have advantage
over friction type connections from aesthetic point or construction period and
over welding from shorter construction period
and easy construction. Almost all the
investigations made so far about the tension
Lype connections by long bolts are experimental

External force “F"

ones to confirm the safety of structures Member plate
assembled by these connections. The study by the - Anchor plate
authors[1] 1is only one which deals with this . Rib plate
type connection fundamentally and 3
systematically. H.T.Long bolt
Bd plate

The arrangement of the connection in this
study is shown in Fig.l. The subjects to be ﬂiifﬁﬁfﬁ;
discussed are the characteristic behaviours of
bolt axial force and stress distribution due to Fig.1l Connection detail

preload and external force.
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2. EXPERIMENTAL STUDY Table 1 Designation and characteristics of

test specimens

2.1 Specimens Sontact
;ARI Bo Roughness N Fl(r\tncss surf{nce
H : _ Specimens nen (KN) (Rmnx, u m uin) conditions
D(::SJgnatlons and Charac,: C-Ns-87 10 143.0 - - -|No-contactfac
teristics of test speci- | p-ns-87 25 113.0 - - |No-contactfac
mens are shown in Table 1. | C-60-87 10 113.0 59 64 Finished
h . C-15-85 10 143.0 16 87 Finished
The geometry of one body | c-20-85 10 143.0 22 33 | Finished
type specimens (NS- D-60-87 25 143.0 66 76 Finished
. . . D-30-85 25 113.0 28 76 Finished
specimen)  is shown —in |, 54 25 143.0 20 35 | Finished
Fig.2(a). Fig.2(b) shows [C-nF-87 10 143.0 = 718 Not-finished
the geometry of separated LD-NF-87 25 143.0 - _547 Not-finished
body type specimens.
) . ate .
The contact surface "™erPate Member plate
conditions are indi- o
cated by ’'Roughness’ ﬁEﬁ:\ : £l |y Ancher plate R
S JN. - oy .
and ’'Flatness’ de- ) Al o . = g%kﬁﬂ
.. . , min gt eal | RLD o [ .
Fined in JIS. The gy piate- E i Rib plate B E F
former was measured Bd pla el i End plate LU= 19 i-?, 0.90B.
by the special in- “lat | ] SR
struments  ’surftest 1L il
201’, and the latter | 8 | g | % [¥]
was measured by '3-
dimensional coordi- N N L
: 23] B39 oo g, 33, 27 23] 3039 |25 o 320y
napes measu?lng ma- R L iji_ N 35 ) 0 n
chine F-1006". (a) One body type (b) Separated body type Fig.3 Loading
] Fig.2 Test specimens pattern
All specimens were
fabricated from JIS
SS41 or SMA1 structural steel. JIS F10TM20 bolts MILA o ToltD —_——
were used with F10 nuts and F35 washers. The i !
value of the initial bolt axial force 'B,’ was "F-'“"‘QfgﬁgLL Wi

set Lo 143KN.

|
viofl
I
J

2.2 Loading test and Measurements T ;
it

As shown in Fig.3, the static repetitive
loading, of which upper limit is 90% of the
initial bolt axial force, is subjected. A test
machine having 50tf capacity was employed. The Fig.4 Arrangement of strain
arrangement of strain gages and clip gages are gages and clip gages
shown in Fig.4. The contact areas of contact
surfaces are measured by ’'press scale paper’.

e S

il
3. NUMERICAL ANALYSIS 7 g

3.1 FEM analysis

Y 0. A

T
L CSAAN

The element division is shown in Fig.5. Triangular plate
elements[2]} having six degrees of freedom per node, 18 DOF EiNg
in total, are wused. The bolt is modeled by a cylinder
having an axial stiffness equal to that of the 1t.
Considering the symmetry of the analysis object, a one §+
fourth portion of a specimen is analyzed. The additional
bolt axial force is obtained by the reaction ’'B' at the 9
cylinder bottom in the model. The value of additional bolt

axial force coefficient '@ '[1] can be calculated by the Fig.5 Element
: division for FEM

A
\wvA v v
1

Y
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following equation.
a =Bc/F (1)

3.2 Analysis by a spring model

The bolt, rib-plate and member-plate are idealized by the spring of which
spring constant are equal to those axial stiffness. The flexural stiffness of
an anchor-plate can be calculated approximately as that of a plate with member-
plate side edge fixed, the . o ‘
opposite side edge free, and Table 2 Stiffness values for spring—model
rib-plate side edges elas- and values of «
tically supported. NS- Specimens | Kpoup(MN/m) | Kppp(GN/m) | Kayo(tN/m) |
specimens are modeled Dby
this model. The stiffness
values and the calculated
values of g are shown in
Table 2.

C-NS-87 517 8.05 6.13 0.056
D-NS-87 517 13.5 7.70 0.035

4. BOLT AXIAL FORCE AND CONTACT SURFACE CONDITIONS
4.1 Contact surface conditions

Fig.6 shows examples of
the contact surface flatness
measured by the '3-dimen-
sional coordinates measuring
machine F-1006'. The contact
areas measured by 'press
scale paper’ are also shown.
The larger the flatness is,
the smaller the contact area
is. Fig.6(c) shows the
assumed contact area which
is on the assumption that
the member and rib-plate
slress are transmitted to
the end-plate as shown by
Fig.6(d). This area is
defined as ’'Aassum.’, and
the area measured by

(O il
S8

AR !F?
med contact
area

) RHih lor al
<S5 S ermber plate
t \ \%\ thickness
<>
b Y M end prate
ST '
S ar
“ 45*

<
S

(a) D-NF-87 (b) D-30-85 (d) Assumption of
stress transmission

Fig.6 Conditions of contact surfaces

1]
o
5
o

'press scale’ is as B P AP
"Ameas. . Fig.7(a) "‘-73 _1g0 C-20285 - _as

shows the relationship [ wo $ ors 0-20-85

between roughness and @ ; 5ﬁ +:S:,-t“ <

flatness. The rough- é sojo  __-""T7 e §o

ness (R:;) is related FI o < ozs o S
to the flatness while . osok — p-he-a7 'n!m
t.;hey are measured ® * Ros:ghnes;?m) (:g"mm) *° Flalness (107" mm)
independently. And (a) Relationship between (b) Relationship between
then a flatness value Roughness and Elatness Flatness and (Ameas./Aassum,)

can be roughly esti-
mated by a roughness
value. Fig.7(b) shows
the relationship between flatness and Ameas. /Aassum. . When the flatness is
smaller than 90 4 m, Ameas./Aassum. is about 1.0, on the other hand, in the case
of flatness being about 500 to 800 # m (not-finished surface), Ameas./Aassum. iS
about 0.1.

Fig.7 Roughness, flatness and contact area
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4.2 Additional bolt axial force and contact surface condition

Figs.8(a) and (b) show the experimental relationships between external force
and bolt axial force.

110 i 1O |
o C-TF—87 ’
gg C-60-87 g% D-NF-87
3 C-45-85 3 D-20-85
x ; c-20-85 o D-60-87
5 /C-Ns-m 5 =2 p-30-85
o @ T D-NS-87
m . @
10C 100
0 50 ’ 100 0 50 100
F/Box100(%) F/Box100(%%)
(a) tr1p=10mm ’C-type’ (b) tris=25mm ’D-type’

Fig.8 Relationship between external force and bolt axial force

Ba/Bo (%) values due to F/B, (%)=90 are shown in Table 3 Ba/Bo, due to

Table 3. Ba/Bo (%) of Finished-specimens do not F/Bo=90%
exceed 6.0%, and the stress amplitude is 27MPa.  [Specimens |B,/Bo(%)[iatio
Under this stress amplitude, fatigue fractures YY) 3.8 1.0
may not occur. An example of the permitted error C-20-85 4.8 |1.26
value in initial bolt axial force on field works gigj? g'g :'g
in Japan are + 4.0 ~ + 7.0. Ba/Bo(%) of C-NF-87 9.0 |2.36
Finished-specimen are within this limit. D-N5-817 2.6 11.00
D-20-85 5.0 1.92
] . D-30-85 1.5 |[1.73
Fig.8 and Table 3 show that even if the D-60-87 1.6 |1.77
roughness value is small the additional bolt D-NF-87 | 7.6 12.92

axial force is not always reduced.

According to Fig.7(b), Ameas./Aassum. of Not-
finished specimen are about 0.1. Then ¢ may be
increased  because of the decreased axial
stiffness of rib and member-plate due to small

contact area. On the other hand, for Finished E?
specimens whose Ameas./Aassum. are about 1.0, 3920
Table 3 shows that Ba/Bo, (%) of these specimens EVIO
are about 1.3 to 1.9 times as great as those of §
NS-specimens. Fig.9 which shows the gap between = 0
end-plates due to external force indicates that 8

the contact condition changes with the increase

of external force and the change in contact Fig.9 Gap between end-plates
condition affects the quantity of additional bolt
axial force.

4.3 Nonlinerlity of additional bolt axial force versus external force

By the spring model, relationship between external force and bolt axial force
is linear{1]. However, as shown in Figs.8(a) and (b), the relationships of
Separated body type specimens are nonlinear. Table 4 shows the results of
regression analysis of these relationships by equation (2).



y=a+bx+cx? (2)
¥v=B/Bo , x=F/Bo

Table 4 Regression anal
between F/Bo and B/B, by quadratic equation

ysis of relationship

Load |Specimens | F/Bo(%) a b c chz/ ( bxtex? )I
, Nox? +ox? Range (x) (%)
By the column 'lcx? /(bx+cx?)
y .
(%)’ in Table 4, the rela- C-NS-87 | 50.1 | 99.9]0.042 | 0.0000 0
tionships between external F/Bo= C-20-85 50.3 1100.0{0.043 | 0.0001 10
. 0 ~50% | c-45-85 | 50.2 |100.0|0.046 | 0.0000 0
force and bolt axial force C-60-87 | 50.7 |100.0 |0.043 |0.0002 19
of NS-specimens are linear C-NF-87 | 50.2 |100.0|0.086 |0.0001 6
and those of Separated body D-NS-87 | 50.4 |100.0|0.028 |0.0000 0
. D-20-85 | 50.0 |100.0 |0.036 | 0.0001 12
t).'pe specimens are non- D-30-85 51.0 |100.0}0.029 |0.0001 15
linear. Fig.10 shows the D-60-87 49.9 1100.0 | 0.032 | 0.0002 24
: . _ D-NF-87 | 50.2 1100.0 | 0.069 | 0.0001 7
relationships of the exter C-NS-87 | 90.5 [100.0 10,012 |0.0000 0
nal loads versus the bolt C-20-85 | 89.9 {100.0|0.037 |0.0002 33
strain and the gap between 0 ~90% | c-15-85 | 90.3 |100.1 {0.039 |0.0002 32
C-60-87 | 90.0 {100.1 |0.035 | 0.0003 14
both end-plates measured by C-NF-87 |.90.1 [100.0 |0.082 |0.0002 18
the clip gages. The gap D-NS-87 90.8 }100.0 | 0.029 | 0.0000 0
i D-20-85 | 90.6 |100.1|0.027 |0.0003 50
between contact surfaces 0-30-85 | 91.4 |100.1{0.017 |0.0003 62
due to external force p-60-87 89.6 {100.0 |0.028 (0.0002 39
relates with the non- D-NF-87 | 90.1 {100.0 {0.066 | 0.0002 21
linearities of the bolt
strain and axial force as
functions of external
force. n T 60
. 5.5 s0 100
The values of coefficient £Q 4o D90-85 iy
'b’ of Finished specimens gz 75 2
are nearly equal to that of c 0 50 ©
NS-specimens. It is because g 20 B /AAVQK//P o5 g
. - \{
that the stress transmis- I 1.0 ,ﬁaﬂj P NI ”‘ﬁ 0
sion mechanism of Finished a 0 %8ﬂkmm:E§§§;7]fﬂf 0
. A . . = e(side-,
specimens is similar to ° o
0 50 100

that of NS-specimens. The
values of ’'b’ of Not-
finished specimens are
about two times as great as
those of NS-specimens.

F/Box100(%)

versus bolt strain and gap
between end-plates

4.4 Additional bolt axial force coefficient

The values of coefficient 'b’
in the case of "F/Bo =0~50%" ,
secant at F/B,=90% (=Ba/F), a by
spring model and ¢ by FEM are
shown in the second column, in the
third column, in the fourth
column, and in the fifth Column of
Table 5, respectively. The values
of a by FEM agree well with those
of 'b’' of NS-specimens. Ilowever,
a by spring model are about 1.2
to 1.3 times as great as 'b’ of
NS-specimens. This disagreement
may be cased by the assumption in
calculating the axial stiffness of
rib and member-plate.

Table 5 Coefficient 'b’ in Table 4

Fig.10 Relahionship of external force

and a by analysis
Specimens Experiment a by analyscs
Y Secant al
in X590% in|Spring M. FEM
Table 4| Table 4
C-NS-87 0.012 0.042 0.056 0.043
C-20-85 0.013 0.0565
C-45-85 0.046 0.056
C-60-87 0.043 0.062
C-NIF-87 0.086 0.100
D-NS-87 0.028 0.029 0.035 0.026
D-20-85 0.036 0.054
D-30-85 0.029 0.045
D-60-87 0.032 0.0416
D-NF-87 0.069 0.078
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5. STRESS DISTRIBUTIONS Comho A
. 1.0 1.0
5.1 Stress distribution of one body (NS) iy a— iy M — C
specimens 40*:?;;;;15 ?? ?*uu‘/
: 1.0f — bty FEM | o b
Fig.11 shows the measured axial force per Wi/m e
unit width in rib-plate and member-plate due o O
to preload (specimen ’D-NS-87'). By the P '
figure, in the section close to the anchor- "o o §
plate, Section 1, the effect of the i —— ) e
concentrated loading by bolt is considerable. o2 S [z SR

In Section 3, the axial forces are distributed Fig.11 Axial force in rib-plate

uniformly across the section, and the length of and member-plate of ’'D-NS-87’
' due to preload

rib-plate in the specimen is enough to
distribute the stress due to the initial bolt .
axial force uniformly to the end-plate. 'iuuéil"ﬁ irr’"“l“ _______ j
1.0 ! N, *eesw !
L2 B e B MR
Fig.12 shows the distribution of the axial 3_:E§““1 o Aiﬂhﬂ}&#mm
force per unit width in rib-plate and member- e IR
plate due to the external tensile forces 1.0 . 1o "*‘hﬂ}wzm
(specimen ’'D-NS-87’). Because the external Jﬁ"===**=% r? e
force is applied on the member-plate, the axial 1.0 § -1.0 p
force at free end in Section 1 of the rib- o P P
plate is nearly equal to zero. And, in Section ﬂ?:::::g:{ A e “
3, it is distributed uniformly. For external I T R

force, the length of rib-plate in the specimen Fig.12 Axial f ) boolat
1 i i i f 1. Xx1ia orce 1n rib-plate
is enough to distribute uniformly the stress to and member-plate of 'D-NS-87

the end-plate. due to external force

5.2 Stress distribution of Separated body
specimens '

Fig.13 and Fig.14 show the axial forces per unit width in rib-plate and
member-plate under preloads in Not-finished specimen ’'D-NF-87' and Finished-
specimen 'D-30-85’, respectively. In these figures, dotted-broken 1lines
indicate the average axial force values. By Fig.13, at P1(Fig.4) in Section 3,
the axial force value is nine times as great as the average axial force value,
and it is 75% of the yield point strength. At the free-end of the rib-plate the
axial force is nearly equal to zero. It is evident that all section of the
specimen dose not subject uniformly. The stress distributions in Section 1 and
2 shown in Fig.14 are similar to those of the specimen 'D-NS-87’, and the
contact surface conditions affect the stress distribution in Section 3.

and member-plate of 'D-30-85’
due to preload

Fig.13 Axial force in rib-plate
and member-plate of 'D-NF-87’
due to preload
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Figs.15 and 16 show the distribution of the axial force per unit width in rib-
plate and member-plate due to external forces in Not-finished specimen and
the Finished specimen, respectively. Fig.15 shows that the portions of very
small prestress, such as the free-end of the rib-plate, remain unloaded. By
Fig.16, in Section 3 the distribution of axial force under the 50% load is
uniform. Due to the increase of the external force of 50% to 90% of initial bolt
axial force, the axial force in Section 3 in the member-plate varies so small.
Contrastively, that of the free-end portion in the rib-plate varies largely. The
relationships between the external force and the stress at the peints 'P1’,'P2’
and 'P3’ in Fig.4 are shown in Fig.17. From these figures, it is revealed that
the conditions of stress transmission vary with the contact surface
conditions. : ’

:
\

il it T TSR PN S

Fig.15 Axial force in rib-plate Fig.16 Axial force in rib—glate
and member-plate of ’'D-NF-87' and member-plate of ’'D-30-85'
due to external force due to external force
150 -
3 0 P2 gyﬂl €| 'P3 oﬂﬁ//
3100 -8 v D-30-85 , . V
2 3 £20 V5 w81
¢ £10 /a/‘-'“{;’l n D-
B g s D~
v 0 D-NF-87
0 D-30-85 . '
0 S0 00 100
F/Baxi00Ct) | 0 50F/ Box100 (/) 0 : SOF/Bo 2100 (/) 0

(a) (b) ()

Fig.17 Relationship between external force and stress

6. CONCLUSION

The conclusions are as follows as regards the characteristics of specimens and
load ranges;

1) When the contact surface condition is ideal, the bolt axial force and stress
in the connection is a linear function of external force less than 0.9B, .

2) The length of specimens is enough to distribute uniformly stresses due to
the initial bolt axial force and the external force to the end-plate.

3) Even if the roughness value is small, the additional bolt axial force is
not always reduced.

4) When the flatness of contact surfaces is less than 90u m, a) the stress
distribution on contact surfaces is similar to it on the assumption by Fig.6(d),
b) The stress distribution is affected only on Section 3, c) The additional bolt
axial forces are within the limit of the error in initial bolt axial force on

field works.
5) Flatness of contact surfaces are roughly estimated by roughness.

10
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APPENDIX
A-1. Notation

The following symbols are used in this paper.

F : External force

B : Bolt axial force Bz=B,+Ba

Be : Initial bolt axial force

Ba : Additional bolt axial force due to F

a : Additional bolt axial force coefficient a =Ba/F

Rmax: 10 points average roughness defined in JIS B 0601

R: : Maximum roughness defined in JIS B 0601

Asssum. :Assumed contact area shown in Fig.6(c) which is on the assumption that
the member and rib-plate stress are transmitted to the end-plate as shown by
Fig.6(d)

Ameas. :Contact area measured by ’press scale’

A-2. Specimen designation .
C : trrp=10mm -NS : No contact surface -87 : Fabricated in 1987
D¢ trrp=25mm -NF : Not finished -85 : Fabricated in 1985

-60 : Rmax=60u m
REFERENCES

1. NISHIWAKI, T., MASUDA, N., MINAGAWA, M., and SUZUKI, Y. :High Strength bolt
joints subjected to c¢yclic tensile loading, First Fast Asian Conference on
Structural Engineering & Construction Vol.2, 1986, pp.1219-1228

2. YOSUIDA, Y.,AMEMIYA, E., and MASUDA, N. :A flat finite element for thin shell-
analysis derived by assumed stress approach, Proc. of JSCE, No.211, 1973, pp.19-
29, (In Japanese)
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BOLT AXIAL FORCE OF TENSION-TYPE CONNECTION BY LONG BOLTS

THIR B AR ROMIBRAD o BB )1 Poeri 5 ] 98 40 oo 85 K HE G4 wowionr
By Takeo NISHIWAKI, Nobutoshi MASUDA, Hasaru HINAGAWA, Mitsutoshi KURODA and Yasuhiro SUZUKI

Tension-type connecctions by long bolts are not commonly used
for bridge constructions in Japan now, and the behaviours of
these type connections had not systematically been studied.
The purpose of this paper is to provide fundamental
behaviours of this type connection by experimental study,
especially about the bolt axial force. The relation between
the bolt axial force and contact surface conditions were
studied. And, cyclic loading tests whose maximum cyclic
number was two millions and relaxation tests were carried
out.

1. ¥ x5

RN R FTEHE S DM T BFRIEGIE, DA ETH BIESFIRBO X e THRME LOBER EN W
HRTWLD, MOMERIICERITMNVSERIZ EWHE>TDH, EHARSWEIRSWEHW. BITOMHS
BRFCE, ETORMHEIGRIATRNDIN, ZOEROBHAOAMEZE I >WTRIIRIZSREIA
TwanWZebd D, COBKXOHTIR, LROLSIEHMOBEERITTWORATWSELIEWH L. ULy
U, A 5HEMA D IcRoh L5z, CORKIGELTH BMERSITAWS ARE, MEOMN
S, WMLWMMOEHKZEDORFZRMLD 2. BIEDE BREQXEBOZGIZMw s hhif, BIRRGIcE
NTEMEB LUHBIHMMOERKIZB W TEATE D, BERBLERAERIMMzEmIh, BBHE
DEDOBEMPERINER DL E O IIERETHELII LBV TAVWITIEATW S,

RRZOBEALOEEGIZHML Tk, BIICEX>TEOMEORRMEMBET2-2DDECOERNMRY
T bR TE&E. —F, FHESRCOBTORAMNLEEHEREMICRFLTERAOD OO0,

ARIZBWTE, ChoDMRADS S, Fig. LR THEA B DORBRUZMW TIT2 > A XBMPMIRLERD
Ih, IRV MIZET S OIcoWTBET 2

* I RRIEKFHR TEMEA TR (T158 HAASUAAREE1-28-1)
o TH RN A S TH#WEATER  (T158 NSHEMASEEHI-28-1)
wor TH KEIRAYD T THEEATEN  (T158 MAMEESGEER-28-1)
o RETRAFAERYE LAT¥OR (T158 RSMUESEERL-28-1)
st T A IR b T HE0R TREN 22 11 )1 05 B (F272 FERMIA (2T 21)

12

/LS



2. XAEFNMIZLHEIME DO 8 & MH A

Externot force F*

Fig. UCRFHMFEORNL MzHBIzELD M hsihid, Fig.2icRT Membg%.gl_of_;_—'
chor plate

NIAETFNIZABLTRKDORDBZEMNFEIATWED, T2 bb5[EM :
MEMBTICEN T2 XI2ET 250 Mt Balt

Rib plate

Ba=a F (1) | ) H.T.Bolt_
’ End plate
NN
: (2 ]
ax =
L+ Kris + Krie ‘ -
Ksout Kanc Fig.l Connection detall

ERICHEWT Koo DG IIMPOIE-TENIRENEED ’ -

REITE . %5, Kol SE0 20 B N T K& €, fane

WOUT T U=k LTOLFREMSUIRETS VW OTRIME S Knyg/2 g Kp(p/2
EEUI M URW. E7, KesldffFTHDPoBBICEFD § s 3
MUMESLT 2 e TEDY, YT T b= b B LEBHD - L
Bz ZDEEMATRODE, Y77 L— FHOOT & F/2 | jF/2

. - i AANC
PUBERSRRIN ARG, COESBTERs@REN  amB| S —=—o—| Ahy
KO a3 UbTERME—-BLENWD. BTKRS ILE

BRICESE, BRBLTY 77— bOHEMWIERME HEE
¥TrhiEERTLEDI, KanclZoWTOLIEONH ORI
CRELUTHNL MRS ER Ky 2 ALY

MBI @HE, BaMTIZHULTHRETSH S Z & ER
LTWwah, 3 (85) IKRT &5, TAsERENGEERT. Cho—He U TR, EMEIcE 56
TOERBRFEAB S, (DBLEQFXICL M ERATONOEERRERN MICET s4mHICHE
FTHILRTERZWL. BRAMTOHOEBIEMAOERMEABICL > THXREh, THIZHOKRM ( Tifi &
CKMBHERE) BLUSIRMAOMMI L > TET IV FT V- FOEBRBRZEICHNET 5.

1
Fig.2 Spring model
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Fig.3 Configurations of test specimens
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F/Box100(%)

load |Specimens | F/Bo(%) a b c chz/ { bx+cx2 ){
Range {x} (%)
C-NsS-87 50.1 99.9 1 0.042 | 0.0000 0
F/Bo= C-20-85 50.3 100.0 {0.043 | 0.0001 10
0 ~ 50% C-45-85 50.2 100.0 | 0.046 | 0.0000 0
C-60-87 50.7 100.0 | 0.043 | 0.0002 19
C-NF-87 50.2 100.0 | 0.086 | 0.0001 ]
D-NS-87 50.4 {00.0 | 0.028 | 0.0000 0
D-20-85 50.0 |100.0 [ 0.036 {0.0001 12
D-30-85 51.0 |100.0 |0.029 |0.0001 15
D-60-817 49.9 |100.0 | 0.032 |0.0002 24
D-NF-87 50.2 ]100.0 | 0.069 |0.0001 7
C-NS-87 90.5 100.0 { 0.042 | 0.0000 0
C-20-85 89.9 100.0 { 0.037 { 0.0002 33
0 ~ 90% | C-45-85 90.3 100.1 1 0.039 | 0.0002 32
C-60-87 90.0 [100.1 [0.035 | 0.0003 44
C-NF-87 90.1 100.0 1 0.082 | 0.0002 18
D-NS-87 90.8 |(100.0 |0.029 {0.0000 0
D-20-85 90.6 100.1 [ 0.027 | 0.0003 50
D-30-85 91.4 100.1 10.017 | 0.0003 62
D-60-87 89.6 100.0 [ 0.028 | 0.0002 39
D-NF-87 90.1 100.0 | 0.066 | 0.0002 21
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Fig.16 Relationship of external force versus

bolt strain and gap between end-plates
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Table 5 Coefficient 'b’ from Table 4.
and g by analyses '

Specimens Experiment a by analyses
o' Secant at
in x590% in|Spring M. FEM

Table 4| Table 4

C-NS-87 0.042 0.042 0.056 0.043

C-20-85 0.013 0.055

C-45-85 0.046 0.056

C-60-87 0.043 0.062

C-NF-87 0.086 0.100

1»-NS-87 0.028 0.029 0.035 0.026

h-20-85 0.036 0.054

N-30-85 0.029 0.045

D-GO-87 0.032 0.046

D-NIF-87 0.069 0.078
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