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On the Strength of Bolt Joining Caisson Shafts

by Y. Kitsunai®
E. Yoshihisa*
M. Tanaka*

Tensile and fatigue tests of bolts were performed to decide a criterion for strength of the
bolts which are used to connect caisson shafts. Three groups of the bolts which had beer|
actually used in some caisson shafts were supplied from different sites. Strength of these bolts
were compared with that of the same kinds of new bolts. The bolts were made of low carbon
steels and . the diameters were 3/4 and 7/8 inch. Tensile tests of the bolts were carried out using
a 50 ton capacity Amsler universal testing machine. Fatigue tests of the 3/4 inch dia. bolts were
conducted on a 10 ton Vibrophore machine operating at 140Hz. The tests of the other bolts were
performed on a 20 ton closed-loop servohydraulic fatigue machine at a frequency of 10Hz.

It was found that degrees of scatfer in tensile strength of the old bolts are larger than inthose
of new ones. Endurance limits of the new bolts are the range from 3.3 to 4.6kg/mm? but the
values of old ones are 3to 4.3kg/mm? Therefore, the fatigue strength of the old bolts reduces as
compared with that of the new bolts. The differences in the fatigue strength of the both bolts may
be explained by the fact that the minor diameter of external thread is slightly reduced by COrro-
sion or plastic deformation during service.. From above results, it is recommended to reject the
bolt that had been used once. Some of the new bolts with7/8 inch dia., which are created fissures
by machining, are fractured at head-to-shank radius by fatigue tests. These defects are easily
found by visual inspection. Then, it is necessary to inspect the bolts before use.

WA 7E (Mechanical Engineering Research Division)
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Table 6—1 Materials and sizes of bolts for
caisson construction work
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Fig. 6-1 Symbols of bolts tested.
See Table 6 -2 for
dimensions of bolts.
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Table 6—2 Dimensions of bolts tested.
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Table 6—4 Comparison of tensile strength
between new holts and old ones.
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AR+ [BEALF C Kb
(W3/4) (W3/4) (W7/8)

o (R o | B (ERR
36.9 | 45.7 | 45.5 | 62.4 | 50.5
35.7 | 35.9 | 47.2 | 63.4 | 52.8
37.3 | 46.6 | 48.6 | 61.7 | 47.9
38.1 | 41.9 | 43.6 | 62.2 | 45.2
35.3 | 56.4 | 48.6 | 62.9 | 49.3
37.3 1 50.9 | 44.8 | 61.9 | 47.4
36.7 | 36.0 | 43.6 | 62.4 | 51.3
36.4 | 40.6 | 48.8 | 62.2 | 49.8
35.0 | 42.0 | 46.4 | 61.2 | 52.8
36.2 | 56.8 | 48.2 | 62.4 | 45.4
¥ fE | 36.5 | 45.3 | 46.5 | 62.3 | 49.3
Bdegz= | 0.97 | 7.51 | 2.06 | 0.61 | 2.74
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Fig. 6-4 Tensile fracture appearances
of bolts.
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Fig. 6-7 Fatigue fracture appearances of
bolts, showing failures from
threads (A) and fromhead-to-shank
section (B).
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Table 6—5 Vickers hardness of bolts.
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‘ (B) Old bolt. {ER&AR/L
Fig. 6-8 Micrographs of section through threads of A bolts.
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(A) Cup-and-cone type fracture.
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(B) Beach marks like fracture.
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Fig. 6-10 Tensile fracture surfaces of bolts.
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Fig. 6-11. SEM fractograph showing dimple

on the tensile fracture surface of
bolt.
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Fig. 6-12 Fatigue fracture surfaces of
bolt.
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Fig. 6-13 SEM f{ractograph showing striations
on the fatigue fracture.surface of
bolt.
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Fig. 6-16 2 Bolt showing fissure (at
arrows) at head-to-shank
radius.
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Fig. 6-16 » Micrograph of unetched section
through head-to-shank radius.
Arrvow indicates a notch
formed by machining.
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