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Joint of Strut in Excavation Work

Yoshitada Morr* Ikuo MAE"?

_The constitution of joint in the member of temporary structure is simplified by comparison with that
of permanent structure, therefore, such a joint is prone to have some structural defects. If the imcom-
plete joint is used in the principal member such as a strut in excavation work, the buckling strength
of strut is reduced, and the reduction of strength may bring about the failure of the structure.

‘Previously, the model tests on the joint effect were carried out, and suggested that the desirable

joint in the strut of temporary structure was butt-plate and splice plate joint. '

. This paper presents the results of the further studies on the problem of joint effect for the buckling
strength of compression members, involving the theoetical analysis and the flexural rigidity tests of
joints. The investigations are made on the following types of joints in H steel strut (section 300X300

X10X15mm):

(a) butt-plate and splice plate type
(b) butt-plate type
(c) reinforced concrete type

“ In the case of (c) type joint, butt-plates of members are separated each other, and are connected

: with four long bolts and concrete filler, as if they form a reinforced concrete member. :

The theoretical analysis is studied on the buckling strength of an axially compressed member having
a joint at the midpoint, its results are shown as follows.

1. (a) and (b) type joints ; these cases are treated as a problem of column havmg an elastic hinge
at.the midpoint, then the buckling strength of column can be expressed

2
b= ﬂlfI . (A)

where EI is the flexural rigidity of column, [ is the length of column,and & is the coefficient which
can be obtained from the below equations.

i) Both ends of column hinged ;

&4 . r B .
7 TRl (B).
1
ii) Both ends of column fixed ;
ootk
E"Cot 2 = ﬂ (C)
1
where k/——ET'I— is the rate of the spring constant of elastic hinge to the flexural rigidity of column,

then it may be called a rigidity ratio.
2. (c) type joint ; this case is treated as a problem of column with varying sections, then the buckl-

ing strength of column can be expressed

u2ET
P= 112 (D)

Where &4 is the coefficient which can be given from the below equations.

* +k# Civil Engineering Section



— 2 — EXRREPRERSES  RIS-RR-17-3
i) Both ends of column hinged ;
| ﬂrcc#’s‘ ﬂl—ﬂz-tan<—;-—§>,uz=o (E)
ii) Both ends of column flxed ; ‘ _
#y-tan§ ﬂ1+ﬂ2-tan<%—§>,uz=0 (F)

In the above equations (E) and (F), the relation between #; and 44 can be expressed as the follow-

ing equation
4y _ [ET
a ~NTEr (@)

where. EI’ is the flexural rigidity of joint and § is the value determined from the length of the
column except the joint.

Meanwhile, in order to find the flexural rigidity of the abovementioned three types of joints, the
bending tests on the specimens having those joints are carried out, and the following results are ob-
tained.

3. The spring constant for (a) type joint ;

. k=0.02525 E1 (t-cm) (H)
4. The spring constant for (b)' type joint ;
" k=0.01079 ET (t-cm) ’ (1)

5. The flexural rigidity of (C) type joint varies with the age (compressive strength) of concrete, the
value of them are shown in the below table.

Age of concrete (day) Flexural rigidity EI’ (t-cm?)
1 0.0235 EI
3 0.0432 EJ
7 0.0587 EI
" 0.0732 EI
14 0.0904 EI
" 0.0982 EI

On the basis of the results from the theoretical analysis and the experimentall data, the buckling
strength of struts having the various types of joints are calculated, and the rate of decrease in buckl-
ing strength are estimated as follows.

Type of joint The rate of decrease of buckling strength
(a) 10 %
(b) 22 %
Concrete age 1 day 71 %
3 days ' 60 %
(¢) 7 55 %
v 49 %
14 1 43 %
"o 42 %

In conclusion, (a) type joint needs no anticipation of thedecrease of buckling strength in practical
uses, (b) type joint should be dealt with consideration of the decrease of buckling strength, and (c)
type joint should be set near the restraint point such as the intersecting point of structural members.
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Table { I and e¢/a corresponding to «,
where #n being 10.
n=10 DL &0 ¢ T35 1 & efa DfE

@ 1.0 | 0.8 | 0.6 | 0.4 |0.24

I cm* 7,361 | 4,152 | 2,394 | 1,719 | 1, 6¢

ela 0.162 | 0.231 | 0.320 | 0.543 | oo

Table 2 I and e/a corresponding to e,
where # being 50.
n=50 DrE¥DaRNTE I & efa Off |

a 1.0 0.8 0.6 0.3¢8
I cm* 1,961 | 1,358 | 1,097 | 1,0¢
ela 0.151 | 0.224 | 0.382 3
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Table 4 'Buckling strength ratio corresponding to rigidity ratio,
when column has elastic hinge at midpoint. °
RRCEEe v ORETIRCR T IHERL LAlL & OBR
P Both ends . . .
Rigidit —
) rai:gio, y hinged 0.595 1.0 1.525 2.241 3.292 5.009 8.394 18. 447
k / £2_ [Both ends 842 | 4.664 18.326
i fixed — 0 -_— 0.878 1.691 2. . 8.159 .
Buckling strength :
ratio, by 0.2 | 0.25 0.3 | 0.4 0.5 0.6 0.7 0.8 0.9
eq. (23) or eq (25) .
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Table 5 Buckling strength ratio corresponding to rigidity
ratio, when column has varing section.

EWE LA T 2R T 5MEL 2 Al L 0Bk

Rigidity | bingeq | 0-038| 0.057 | 0.081 | 0.115| 0.166 | 0.250 | 0.424 | 0.605 | 0.797
ratio
Er|EL | Both ends | 4 567 | 0.030 | 0.058 | 0.097 | 0.152| 0.242 | 0.419 | 0.603 | 0.796

Buckling strength
ratio, by 0.3 0.4 0.5
eq. (29) or eq. (31)

0.6 0.7 0.8 0.9 0.95 0.98
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Fig. 15 Tested beam with reinforced concrete:
joint, set in bending machine.
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Fig. 16 Dial gauges set on beam laied at
theoretical supporting points.
HRZEACETELLBRR LA ¥
¥ — Y%y b LRI

gz v 7Y — PEROHFOBAE, 2 v Y-

FOBLOBREK X » THTBIE S BT 50T, §

FRHEA L2V 27 Y- FEAL v 725 #HRE
(¢ 100X300) Z{EELL, HIFRERE 121E R CREIK
EMRBRET, BILOBRELH, DT,

3.2 HROBR

3.2.1 #FLLOBE

Z DOBATRBM 2 @OV TERR Lica, e
BIEEIBDTE {—% LTk Fig. 17 11 No.
BT HME—RARETH B2, ZDOHEARLC)
LD EDERN L —FL U oD TEDOFHERS
T 5.



T BRI BT 25RO MFE T 25%E

< No. 1 #, No. 2 #f2 % 50t OWETH, Bk

PEAIEL VY, BRFECZELEL TR
scBbhi. Ll 50t BRETERE Th-i
pC, REILC OETITY - 7c.

50F

'
F=3
T T

©w
E=3
~.
—

Bending load( t )

oy
>
T

10f /

I Reﬁeat of loading /

7
" n 1 3 2 1 PR ) 2 i
0 L 2 3 45 6 7 8 9 1011 1213 14 15 16
Deflection & (mm)

Fig. 17 Load-deflection diagram by bending
test of H beam No.1 with no joint.
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Fig. 18 Load-deflection diagram by bending
test of H beam No. 2 with butt plates
-and splice plates type joint.
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Fig. 19 Load-deflection diagram by bending
test of H beam with butt plate type
joint.
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Fig. 20 Load-deflection diagram by bending
test of H beam with reinforced con-
crete type joint, concrete age 3days
and concrete strength 40.2kg/cm?.
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Fig. 21 Load-deflection diagram by bending
test of H beam reinforced concrete
type joint, concrete age l4days and
concrete strangth 238.9kg/cm?
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Table § Maximum loac
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Type No. gg?:c{(‘is;;) Sggﬁrgfs ilgnecfge
(kg/cm?)
No joint 1 — -
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splice plate
noon 2 — —
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Table 7 Bucklig strength of column jointed
by reinforced concrete member at

midpoint
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FERETDH L EOEERE
sirengih of | Rieidity ratio, | i TR TS
concrete Fig.14
5.5 0.0235 0.29
40. 2 0.0432 0.40
86. 2 0.0587 0.45
113.1 0.0732 0.51
197.6 0.0904 0.57
238.9 0.0982 0.58
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Joint of Strut in Excaration Work

Y.MORI and 1. MAE

Research Report of the Reseach Institute of Industrial Safety
RIIS-RR~17-3 1~16 (1968) -

The theoretical analysis on the joint effect for the buckling strength of strut
in the excavation work are studied. And the flexural rigidity tests on the H steel
struts having three types of joints are carried out.

On the basis of the results of theoretical and experimental investigation, the
reduction of buckling strength due to the existing of those joints are estimated.
(Table 7, Fig. 21, Ref. 8)
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