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A Probabilistic Study

On Structural Element Failures Distribution

by

Noriko Honma* and Toshie Takahashi**

During the 1995 Hyogo-ken Nanbu Earthquake, many gas-pressure welded joints were ruptured
existed in the RC structure and SRC structures. As the gas-pressure welded joint is easier to joint the
reinforced bar at construction, then many RC structures have the gas-pressure welded joints. We have to
control the rupture numbers and rupture elements distribution of joints for existing structure. In this study, the
probability distribution function for strength of gas-pressure welded joints is proposed using the strength data
in existing RC structures. And an example for element rupture distribution of joints in RC structures is

presented by using Monte Carlo simulation.
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e: eccentric
d: bar diameter
1: joint length

| o D: joint diameter
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Fig.1 Gas-pressure welded joint

Table | Ruptured joint numbers
‘at Hyogo-ken Nanbu Earthquake

ruptured joint

=z
[

[F=2 [==3 N1 el (4] B (O8] L) Bl B

joint numbers
7

8

17

14

12

8

36

site
Kobe
Kobe
Kobe
Kobe
Ashiya
Nishinomiya|
Kobe
Kobe
Kobe
Kobe
Ashiya
Kobe
Kobe
Kobe
Kobe
Ashiya
Kobe
Kobe
Kobe
Kobe
Ashiya
Kobe

story

A

Nl ||| |w|o|w|oe|—|c oo

o

Pl IN|o|OD LI N

Bl [=] [=] [=] [=] B BN [2) [ X) (o] [o] (o] (o] [« [ U] (o] (o] [o] (o] (o] (o] (o] (o]

w

RAECBOTHERBABCOWVWTHRESI LTV S,
HAFEEMFORMIIHRFERZIT IR IOKRE SICH
BT 5D, RFORBMBEIIEETHD, BARBRES
& Tgiprar 7 U — MBS ESE - RS ICBW\WT
HAEESPMBOFFGMEIREIN TS, M2
AT LSS, BBV TS AETE Ho o5t
L TH SR Ho/4 DA ORH PR EFAMEAL LT
%, METHFRETEGH L HRSIChIT TiThbiv,
FEORRAE2ICTT, T AEEHKFED 80%ILFEL
FHDEAT I ERICRE STV, 20% XA ERICER
BEINTWE, AECBOTHEBARETELLD
12207 B THole, ZOFT, BHFPRPICHEBEINT
WTHEMT L TV e b DX 5 %, MERBICREINTNT
B L TW b DX 30% Tho T, TORBAE & BB
B ORI, HFEBREMBSIRFEECEEL KE
TEETERL TV,

N
HO/4

HO

Ho/4
‘ AL

Fig.2 Joint allowable area in RC structure Regulation
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Table 2 Position of gas-pressure welded joint
in existing structure

Position of gas-pressure
welded joints
Total test-piece
Numbers End area of Center area of
elements elements
42 165
. (20%) (80%)
300

21
Gas-pressure joint strength (kgf/cm?)

11 31 41 51 61

Fig.3 Histogram of gas-pressure welded joint strength
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Fig.4 Weibull probability paper
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Fig.5 Gumbel probability paper
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Fig.6 Cumulative distribution function
Table3 Ruptured joint numbers of existing structure

Joint rupture numbers

in every columns
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Fig.7 Ruptured joint numbers by Monte Carlo simulation
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Fig.8 Column numbers including ruptured joints
Table4 An example of ruptured joint numbers by simulation

Joint rupture numbers
in every columns
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Fig.9 Influence by the ratio including joint in column end area
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Fig.11 Histogram for the case of 50-columns and 10-joints
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Table5 Numbers of columns and joints for simulation

Column| Joint N Column| Joint
Na. numbers|numbers; = numbers|numbers
C-10-5 10 5 C-100-5 100 B
C-10-10 10 10 JC-100-10f 100 10
C-10-15 10 15 jC-100-15] 100 15
C-10-20 10 20 jC-100-20f 100 20
C—-30-5 30 5 1508 150 5
C-30-10 30 10 |C-150-10f 150 10
C~30-15 30 15 180151 190 15
C-30-20 30 20 C-150-20{ 150 20
G505 50 5 C—200-5 200 5
C-50-10 50 10 §C-200-10{ 200 10
C-50-15 50 15 {C-200-15{ 200 15
C-50-20 50 20 |C-200-20{ 200 20
C~10-5 70 5
C-70-10 70 10
C-70-15 70 15
C-70-20 70 20
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Fig.10 Results of the joint rupture simulation
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