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Table 1 Excel calculation sheet of failure probability P; using NORMSDIST function.

\ G2 - #| =NORMSDIST(F2)
A B C D E F G H
= u= _L Pe= R "
1 Heifs|y susl TR | Ts S0 +77 |NORMSDIST(W)| oo
Constant
3 1 3 82 0 -3.3333 4.2906E-04 stress
2 15=0 (Fig.4)
3 5 1 5 0.16711 | 0.1 -4.7533 1.0004E-06 Right
4 4 1 4| 0.17407 | 0.1 -4.2649 1.0002E-05| downward
5 31 1 3.1 0.17928 | 0.1 -3.7188 1.0007E-04| dashed arrow
6 26 1 2.6| 0.19539 | 0.1 -3.0902 1.0000E-03 in Fig.8
7 201 2 0.1] 0.3 —2. 7135 2.7728E-03 Fill &
8 21 2 0.2) 03 —2.0000 2.2750E-02 Fig12
9 2] 1 2 0.3 03 -1.4907 6.8019E-02 §
10|35/ 1 35 0.1] 03 —5.4233 2.9261E-08 Fil3 &
1135 1 35 0.2| 0.3 -3.2827 5.1416E-04 Fig.14
128 35 1 3.5 03] 03 —2.2893 1.1030E-02 2
13 |Note 1. First line is comment line
14 |Note 2. u= F= ~(C~1)/SQRT(C"2%D"2+E"2)
_15 INote 3. Please use this calculation sheet at your own risk.

Table 2 Excel calculation sheet of safety factor S, using NORMSINV function.

‘ E2 ~ @ f-‘ =(1+SQRT(1-(1-B2"2%xC2"2)%(1-B2"2xD2"2)))/(1-B2"2%C2"2)
\ A B ¢ [D[E F G
u=B= ¢ (P
B Sc Remarks
1 ! |=normsnveey| 7R | TS
1.00E=03 -3.0902 04 ol 145 Cons1l:ant stress (7 5=0) (Table 3
2 left side)
3 | 1.00E-04 -3.7190 01] 01] 1.75 ¥ o ; ;
4 | 100E-03 3 0902 011701 158 NREO1 Ms=01 (Table 3 right side)
5 | 1.00E-04 -3.7190 0.1] 0.2] 2.07 _ o :
6 | 1.00E-03 230902 01l 02 184 Nr=0.1, Ns=0.2 (Table 4 left side)
7 | 1.00E-05 -4.2649 0.1] 03] 2.73
8 | 1.00E-04 -3.7190 04| 03] 244 |ng=0.1, 175=0.3 (Table 4 right side)
9 | 1.00E-03 -3.0902 0.1] 03| 2.14
10 | 1.00E-06 -4.7534 02| 0.3]21.29
11 | 1.00E-05 -4.2649 02| 03| 7.65|ng=0.2, n5=0.3 (Table 4 right side)
12 | 1.00E-04 -3.7190 0.2] 03] 4.60
* Value of 7 required for P;= 107"
P ¥ S
13 . " v’ | W and S_ =35
14 | 1.00E-06 -4.7534 10.150 0] 348 |ns=0 (Fig.4)
15 | 1.00E-06 -4,7534 | 0.148 | 0.1| 353 | n5=0.1 (Fig.8)
16 | 1.00E-06 -4.7534 | 0.139 | 0.2| 3.50 | n5=0.2 (Fig.9)
17 | 1.00E-06 -4.7534 | 0.123 | 0.3| 3.49 | n5=0.3 (Fig.10)
# Value of 7 required for P; = 107°
P u ne' | s| S S !
18 and S_ =35
19 | 1.00E-05 -4.2649 |0.167 0| 3.48 | n<=0 (Fig.4)
20 | 1.00E-05 -4.2649 | 0.165 | 0.1| 3.50 | 75=0.1 (Fig.8)
21 | 1.00E-05 -4.2649 | 0.157 | 0.2| 3.48 | n5=0.2 (Fig.9)
22 | 1.00E-05 -4.2649 | 0.144 | 0.3] 3.50 | 75=0.3 (Fig.10)
% Value of 775 required for P; = 107
P iy S.
23 £ " Me | M and S_ =35
24 | 1.00E-04 -3.7190 | 0.192 0] 350 |ns=0 (Fig.4)
25 | 1.00E-04 -3.7190 | 0.190 | 0.1| 3.50 | 75=0.1 (Fig.8)
26 | 1.00E-04 -3.7190 | 0.183 | 0.2| 3.49 | n5=0.2 (Fig.9)
27 | 1.00E-04 -3.7190 | 0.172 | 0.3] 3.50 | n4=0.3 (Fig.10)

28 |Note 1. First line is comment line

Ly 1-(-w’np)(A-u"ng)

Note 2. S,=E= —
1-un;

30 |Note 3. Please use this calculation sheet at your own risk.
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Table 3 Relationship between safety factor S, and failure probability P, in the case of constant stress and 55 = 0.1° 7.

Constant stress 71s=0 Coefficient of variation of stress 77s=0.1
Failure Coefficient of variation of strength 77 = Failure Coefficient of variation of strength 77 =
probability [ 0.06] 0.1 [ 0.15] 02 [ 026 | 0.3 | probability [0.05] 0.1 [0.15] 02 | 025 | 0.3
P+ Safety factor Sc (=t r/ UUs) Ps Safety factor Sc (= t»/ i s)
.OE-06 311191134 0.28 1.0E-06 .61 1]3.64 | 20.40
.5E-06 .30]11.88 1334 | 15.19 1. .60 | 2.08 | 3.49 | 15.31
.30 ] 1. 32411287 2. .59 0513.39] 12.98
. .83 3.1 0.56 3. .58 1202 |3.26 | 10.67
811.79]296] 858 5. .5 . 3. 8.69
= 771287 16 7 551195130 1.73
= 7117412781 6.8 1. 54119312 6.91
= .25 1167|251 | 5.06 3. 501184264 5.16
S 25116512451 4741 719 4. 491182257 | 4.83172.02
S .24 11641240 4.51 | 36.56 LY .48 11.80 | 252 | 4.60 | 36.64
g .24 11.62 | 2. 4.3 0 6.0 .48 1 1.79 | 2.4 4.43 | 26.07 o
E-0 2411621233 42 0.85 7.0 4711781245 4.2 0.93
E-04 .2 59 | 2.2 3.9 .2 i 46 11.751238] 3.9 4.31
E-04 .22 11571218 | 3.61 | 10.40 i .4511.7212.30| 3.70 | 10.47
E-04 21 52 | 2.0 319 7.04 3. 4211671217 327 7.11
E-04 .2 491197 292 564] 77.87) 5. 401163208 3.00| 5.70] 77.92
E-04 . A48 11.94 841 52 529| 6. .39 2 12.04 .92 .32 | 35.34
E-04 191147 11.92 1_.;7 157)‘71 ‘_4.(734 1. g-g_ .18 2.02| 2.85| 5.03 ?4.(5
04 46 1 1.9 4 g LS 0
.0E-03 . 451186 262 440]137 1. .38 [ 1.58 [1.96 [ 2.69 . 13.
.5E-03 1711.4211.80 461 3871 9.1 1. .36 11.5511.8 531 393] 9.17
.0E-03 1711401176 | 236 357 7.32| 2. 3511521185 243 3.62]| 7.37
.5E-03 . 37116 2171 307 524§ 3. .3 4 i .2 3121 528
-03 A511351163] 206| 281] 440 5. .3 4511.7 12| 2.8 444
0 13 11.30 | 1.5 87 391 331f 1.0E . 4 .6 93] 2.4 3.3
E-0; .09 11.20 ] 1.33 49 .70 97 50 . 271138 .53 231 20
E-0 071116112 3 47 62 1. i .2 .28 .38 .50 i
E-0 .0411.09 ] 1.14 .20 21 34 2. 100113 1.17 .22 .28 35
E-0 00110 0 0 00 ol 5 0 (1] 00 00 00

Table 4 Relationship between safety factor S, and failure probability P;in the case of stress distributing (s = 0.2 and 0.3)° 7",

Coefficient of variation of stress 77s=0.2 Coefficient of variation of stress 7s=0.3
Failure Coefficient of variation of strength 77 = Failure Coefficient of variation of strength 77 =
probability | 0.05] 0.1 [ 0.15] 0.2 | 0.25 | 0.3 | probability [0.05] 0.1 [0.15] 02 | 025 | 0.3
P+ Safety factor Se =t(r/ U s Safety factor Sc ==/ s
E-06 07125 .02 | 20.74 1.0 513031453 21.29
6 |2.05]2.49 | 3.86 | 15.64 it 25212971436 16.17
6 [2.0312461376] 133 2 501294 ]14.25] 13.83
3 6 |2.01]242]362] 10.99 3. 2471288 14.09 | 11.49
[ 6 .99 12371345 5! 4312821391 9.47
7. 6 9712341335 03 7. 401278138 8.49
1. 5 9512301324 7. 1. 5 812731386 5
3. 5 .89 12191295 5.44 3. 5 1229(259[335]| 584
4. .8712161288| 5.10| 72.26 4. 5 12261255]13.27 9 | 72.65
5 5 .86 12141282 | 4.86| 36.87 5. 5 22512531320 5.24 | 37.25
6. 851212127 469 | 26.30 8. 5 1223]1250(3.16] 5.0 .67
7. 5 84 1211127 4541 21.15 7.0E-05 |2 48 1311 4.91 52
.0E-04 .82 1207126 42411453 OE-04 | 2. .44 1302 | 4.60 ] 14.8
) 4 7912031257 ] 3.94| 10.68 04 5[239]2.92| 428 01
3.0E-04 .75 11.96 2| 349 .30 04 91230275 .8 7.6
5.0E-04 7211911232 322 5.89] 78.09 04 4(2.23]2.63]| 35 6.17 | 78.36
6.0E-04 7011891229 3.1 5.5 5.51 04 .03 12.21 59 | 3.42 .18 | 35.77
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Fig. 8 Relationship between safety factor S, and failure probability P, in the case of stress distributing (75 = 0.1)°~ 7.
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Fig. 10 Relationship between safety factor S, and failure probability P;in the case of stress distributing (s = 0.3)* 7.
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Fig. 11 Distribution of stress Xg and strength xs (when safety factor Sc = 2) >~ 7.
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Table 5 Unwin's safety factor using tensile strength
as the standard strengthm).

Safety factor
Material Static Repetitive load Impact
load | Pulsating] Alternating] load
Steel 3 5 8 12
Cast iron 4 6 10 15
Wood 7 10 15 20
Brick - Marble 20 30 — —

Safety factor: Standard strength of material / Allowable stress

4. BEEREOEEFRHEAE

BEMEOLE R n, EREL L TlE, FE S DOFEER
REES 2 X UZ, Table 6 ® X 5 12 SR
RE T REER GABRF 20 &) Ti120.043 (RiR) LU
0.096 (&8 : 49C, 95% RH H11Z 30 H MR+ D i Atk 3%
Brfg), “MEEIRFELEIR Y v Ly v REER (REBA
10 A&) T2 0.053 (i) 3L 050.109 (R : Aiststt
DI AMERER %), Table 7D — MBI TR ¥
FEER 2EHEOSES B & 54), 0.013 ~ 0.088,
60 A 0.040 (i) B L 0°0.010 ~ 0.076, 60 ADF
$#0.036 (GBE) LW EIESRTWS Y,

REHLZMERA T VI =7 25E8051RE S OLH R
HHS, 0026~ 0047 THHZ & Hb, RRROBIERA
Wi g (ZiR, HLaiikEE) oZBEREH0.05 it T
HHI X, BUREEEZOND,
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EEBLUFLHEEREF D -ODIK
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50X B L OEEMRE 7 AN 5.

ZIT, HILBOEERED g BL O, 2155 K k%
Fig. 15 (27 7,

X (25) &, KEHRH [HEEFEAGLOMAMEICET 500
HRERE FEHTFHE] P BV CEHRT 2 HM L LA
WmET, AMNLVATLHbLBES, BLTENS, L oM
#RTTA) Y T7OR? Th b (HHORIE, MR
TBEOERES, B—EDHEE),

L=aS,”"s ™ exp(R" (25)
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T

ZZT, exp(E,/RT): 7L = AR, E; &b x
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Table 6 Average values of tensile shear adhesive strength ug (kgf/cmz) and coefficients of variation 7y of

13)

joints using room temperature setting type adhesives ™.

Test condition (FS MMM-A-132A)
Adhesive o Wet condition
Room temperature 82°C (49°C, 95%RH. 30days)
MR nRr MR Nr MR Nr
Type Symbol| Ur| (Av. Nr | (Av. | Ugr| (Av. Nr| (Av. | Ur| (Av Nr | (Av.
value) value) value) value) value) value)
E 244 0.067 82 0.121 180 | 0.115
Two-component . 63 0013 | 87 | 0.123 78 0.057
Epoxy type E3 [239] 247 [oo63] 9% [22] ¥ [oa37]9'*? [ai] '8 [oasi] 9%
E4 [340 0.02 22 0.188 250 0.062
Two-component u 286 0.073 | 71 | 0.093 98 0.09
Polyurethane type uz [254] 2% [0033] %% [45] ® [0027] %% [F51] ' [o2i] %'
Two—component
acrylic type (SGA) A |316 0.052 81 0.127 173 0.059
High—performance
double-sided pressure P 9 0.042 2 0.051 6 0.077
sensitive adhesive tape

Adherend:SUS304 t1.5, Specimen width:25mm,
Number of specimens: 5 for each adhesive

Lap length:12.7mm,

Ultrasonic cleaning using MEK: 3 times
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Strength distribution

(log. scale)

Temperature & humidity : connstant

Inxr—InL straight line

Inxg—InN straight line
(S-N straight line)

/Qs distribution

The rupture stress neal

Strength xr or stress xs

The rupture stress neal

r the life of L1 or L2 is extrapolated to L1 or L2 parallel to

the Inxr—InL straight line.

r the number of repetitions N1 or N2 is extrapolated to N1 or N2

parallel to the Inxr—InN straight line.

o

L
N1
L1,

L.

(log. scale)

N2

L2: Life time, or Accelerated test time at rupture X Acceleration ratio AL

N1, N2: Number of repetitions at rupture in fatigue test
The coefficient of variation 7 r of strength Xr is calculated using the antilogarithm Xr of Inxr
in L1 (N1) or L2 (N2) obtained by the extrapolation method in the above figure.

Fig. 15 A method of determining distribution (probability density function) of adhesive
strength of joint at life L or N by life test, accelerated life test, or fatigue test” .

Table 7 Average values of tensile shear adhesive strength u (kgf/cm?), coefficients of
variation 7 , and cohesive failure rate of joints r, using one-component 120 T

setting epoxy type adhesives'™ .

Test condition (FS MMM-A-132A)
Adhesive o Wet condition
Room temperature 82°C (49°C. 95%RH. 30days)
KR r URr r UR r
bol . C < c
S No kgf/cm? . % |kef/om? . % |kef/om? 7w %
1 284 10.042 0 214 10.079 0 153 [0.037 0
[¢] 2 271 10.038 | 100 187 ]0.058 48 244 10016 28
3 298 10.039 0 225 10.074 0 212 10.042 0
4 231 10.035 0 183 10031 0 178 10015 0
5 326 10.032 0 233 10.039 0 211 |0.069 0
6 278 10.088 0 246 ]10.036 0 76 10.026 0
1 77 10018 ] 100 243 10.038 98 223 10010 | 100
8 89 10.037 0 215 10.018 0 75 10.029 0
9 344 10.076 16 252 10.046 24 209 10.042 5
A 10 303 ]0.015 10 239 10023 10 236 10.022 2
11 305 ]0.013 70 206 10.023 9 22 .047 3
12 294 10.044 52 196 [0.015 3 22 0.076 14
Average v. | 292 o040 29 220 10040] 16 06 [0.036 16

Adhesive symbol: will be explained in the next |ssue

prediction of adhesive joints”

Adherend:SUS304 t1.5,
Number of specimens: 5 for each adhesive,
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Specimen width:25mm,

“Durability evaluation and life

Lap length:12.7mm

Ultrasonic cleaning using MEK : 3 times
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Fi {| Adhesive layer

1 F2
t—Strain gauge j l

FEM analysis of the structure is performed
at the same time as strain measurement,
and the correlation between strain value
and stress distribution in the adhesive

7 layer is understood.

Y Strain gauge-

(a) Measurement of the strain of the bonded part
caused by the operation of the bonded structure

Strain €

Convert the sampled strain values into stress

values in the adhesive layer using the FEM
results in (a).

He

Operating hours
(b) Sampling from measured strain values for
bonded structures

Fig. 16 Measuring method of stress Xs and its coefficient of varia-
tion 75 generated in the adhesive layer by the actual op-
eration of the adhesive structure.
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Table 8 Coefficients of variation #s of various loads in Europe and America'.

)

Type of load Area
(Unit) Westem Europe USA

Own weight
(Weight) Concrete 0.05(Normal) 0.10(Normal)

Steel 0.02
Movable load |Residence 50 years|0.40
(Load strength) |Office 50 yearg0.40

Store , 50 yeard0.30(Extreme 0.25 (Extreme value I

Parking 1 year{0.06

50 years|0.05
Wind load 1year 0.51 (Extreme 1 year 0.59 (Extreme value I
value I type)
(Wind pressure) 50 years|0.20 50 years0.37
0.33 (Extreme

Snow load 1 year value I 1 year |0.73(Log—normal )
(Load strength) 50 years|0.22 50 yearsg 0.26 (tsE/px:’; me value I
Seismic load Depends on location
(Maximum 50 years S.aSIS(iEIx:rer:)e (Extreme value II
acceleration) yP type)
Researcher Borges Ellingwood

Note 1. The number of years is the data collection period, and ( ) is the distribution format.
Note 2. Average value of 7 g in the above table = 0.297
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Abstract

The reliability of the adhesive joint, that is, the probability that the joint functions properly, depends on the
degree of durability against stresses such as temperature, humidity, mechanical stress, sunlight, wind and rain,
the degree of joint strength and confficient of variation, and the redundancy of the joint system such as spot
welding and riveting used together or not.

Here, we will explain the method for promptly calculating the failure probability of adhesive joints after use
for a certain period and the safety factor (average strength of the joint / average mechanical stress) required
to secure the predetermined failure probability based on a stress-strength model using the EXCEL calculation
sheet for the standard normal distribution function (NORMSDIST) and its inverse (NORMSINV).

Key words : Reliability, Stress-strength model, Failure probability, Confficient of variation, Safety factor,
Standard normal distribution function, Inverse function, EXCEL function, NORMSDIST,
NORMSINV
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