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3.1
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Findlay Irvine
Grip Tester Slip Mode
Grip Tester International Civil
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3.1 Grip Tester [16]
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uUll Ul2
S112  S122 F1211 F2111
AASHTO
18 kip Equivalent Single Axle Load ESAL
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Ly=
L,= 1 2
D=
Pt
B]g = 18 L2 1 BX
10
Pt 2.5
3.1 ESAL
ESAL ESAL
Ul1 1.357941 764 Ull 0.86785 867
uUl2 0.563057 12 uUl2 1.102902 17
S112 8.709797 1563 S112 4.081966 1895
S122 6.224029 14 S122 1.658122 2
F1211 10.18773 149 F1211 5.925857 158
F2111 5.641534 10 F2111 5.533177 17
2.
32
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3.2

91.04.16 | 4990 482 4538 2495

91.04.17 | 4640 2421 4238 2645

91.04.18 | 4572 2123 4211 1505
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34

23

Variable Obs Mean Std.Dev. Min Max
1 5 762 .0083666 .75 77
2 5 612 .0083666 .6 .62
3 5 796 0181659 .78 .82
4 5 722 .0083666 .71 .73
1.00
0. 76
0. 80 0. 61
0. 60
0. 40
0. 20
0.0
1 3 4
3.7
3.4 3.7
3.5
Direction
Average
0.8 0.76 0.78
0.72 0.61 0.67
Average 0.76 0.685 0.72



3.5

3.6
Std.De
Group Obs Mean Std. Err. . [95% Conf. Interval]
10 0.759 0.01303 0.04 7295147 .7884853
10 0.687 0.02512 0.08 6301653 7438347
combined| 20 0.723  0.01606 0.07 .6893845 7566155
diff 0.072  0.0283 .0125357 131464
Degrees of freedom: 18
Ho: mean - mean =diff=0
Ha: diff <0 Ha: diff ~=0 Ha: diff > 0
t= 2.5438 t= 2.5438 t= 2.5438
P<t= 0.9898 P>|t|= 0.0204 P>t= 0.0102
95%
3.7
[95% Conf.
Group | Obs Mean  Std. Err.  Std. Dev. Interval]
5 0.612 0.0037417 0.0083666 0.6016115 0.6223885
5 0762 0.0037417 0.0083666 0.7516115 0.7723885

combined| 10
diff

0.687 0.0251241 0.0794495 0.6301653 0.7438347
-0.15  0.0052915 -0.1622022 -0.1377978
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Degrees of freedom: 8

Ho: mean -mean 1 =diff=0
Ha: diff <0 Ha: diff ~=0 Ha: diftf > 0
t=-28.3474 t=-28.3474 t=-28.3474
P<t= 0.0000 P>it=  0.0000 P>t= 1.0000
95%
3.8

Group | Obs Mean Std. Err.  Std. Dev. [95% Conf. Interval]

5 0.722 0.003742 0.0083666 0.7116115 0.7323885
5 0796 0.008124 0.0181659 0.773444 0.8185559
combined| 10 0.759 0.013034 0.0412176 0.7295147 0.7884853

diff -0.074 0.008944 -0.0946255 -0.053374

Degrees of freedom: 8

Ho: mean -mean 1 =diff=0
Ha: diff <0 Ha: diff ~=0 Ha: diff > 0
t= -8.2734 t= -8.2734 t= -8.2734

P<t= 0.0000 P>|t|=  0.0000 P>t= 1.0000

95%
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3-9 2% Factorial Design Design matrix

Al A2
0.62 0.73
Bl 0.62 0.73
0.61 0.72
0.61 0.72
0.6 0.71
0.77 0.82
B2 0.77 0.81
0.76 0.79
0.76 0.78
0.75 0.78

3.10 2" Factorial Design ANOVA Table

Source SS DF MS F P-value Critical-value
Direction 0.06272 1 0.06272 464.5926  3.01E-13 4.493998
Lane 0.02592 1 0.02592 192 2.49E-10 4.493998
Interaction  0.00722 1 0.00722 53.48148  1.74E-06 4.493998
Within 0.00216 16 0.000135
Total 0.09802 19

95%

block
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3.11 Radar Design

Block1 Block2 Block3 Block4 Block5

0.62 | 073 | 0.62 | 0.73 | 0.61 | 0.72 | 0.61 | 0.72 | 0.6 | 0.71

0.77 |1 082 | 0.77 | 0.81 | 0.76 | 0.79 | 0.76 | 0.78 | 0.75 | 0.78

Design Expert
3.12  Design Matrix
Lane Direction Response
Block 1 -1 -1 0.62
Block 1 1 -1 0.77
Block 1 -1 1 0.73
Block 1 1 1 0.82

-1,+1 ,

-1,+1 ,
block

2%x5 replicates=5

27




Design Summary

Study Type Factorial =~ Experiments 20

Initial Design 2 Level Factorial ~Blocks 5

Center Points 0

Design Model 2F1

Response Name Obs Minimum Maximum  Trans Model
Y1 20 0.6 0.82 Power 2FI
Factor Name Type  Low ActualHigh ActualLow CodedHigh Coded

A Numeric -1 1
B Numeric -1 1

3.8 Radar Design Evaluation

DESIGN-EXPERT Plot StdErrofDes|gn
1.005 —5
e Design Points 0372678 ~JaTEeel
X = A: Lane B
Y = B: Direction 0 50 4
. — / ~ . N
,// \
: \
Pl 0.00 — | [
o
050 | - / /
~ [0.33541 "
0.372678|  [0.298142 | ) 0.372678 |
-1.005 ‘ ‘ - ‘ 5
-1.00 -0.50 0.00 0.50 1.00
A:Lane
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ESIGN-EXPERT Plot
tdErr of Design

= A: Lane
B

D
S
X
Y : Direction

0.50

B: Direction0.00 \
-0.50

-1.00 -1.00

3.13 Radar Design ANOVA Table

| no transform ‘

Source SS DF MS F-Value Prob > F
Block 0.00177 0.0004425
Model 0.09586 0.0319533 983.17949 <0.0001 significant
A Lane 0.06272 0.06272  1929.8462 <0.0001
B Direction  0.02592 0.02592  797.53846 <0.0001
AB 0.00722 0.00722  222.15385 <0.0001
Residual 0.00039 12 0.0000325
Cor Total 0.09802 19

—_— = = W

Std. Dev. 0.005700877 R-Squared 0.9959481
Mean 0.723 Adj R-Squared 0.9949351
C.V. 0.78850306 Pred R-Squared 0.9887446
PRESS 0.001083333 Adeq Precision 57.966171
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3.14  Radar Design ANOVA Table

| transformy= y % ‘

Source SS DF MS F-Value Prob>F

Block 0.018963075 4  0.0047408
Model 1.30655243 3 0.4355175 2150.8177 <0.0001 significant
A 0.780858516 1  0.7808585 3856.296 <0.0001
B 0.366976656 1  0.3669767 1812.3266 < 0.0001
1

AB 0.158717258 0.1587173 783.83052 <0.0001

Residual  0.002429871 12 0.0002025
Cor Total 1.327945376 19

Std. Dev. 0.014229872 R-Squared 0.9981437
Mean 1.646709489 Adj R-Squared 0.9976796
C.V. 0.864139792 Pred R-Squared 0.9948436

PRESS 0.006749642 Adeq Precision 83.160271

95%
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DESIGN-EXPERT Plot Residuals vs. Run

DESIGN-EXPERT Plot

Residuals vs. Run

Skid number (Skid number)*1.48
3.00 3.00
=
5}
1.50 | 1.50 o o
5}
(%] [u] (%] =)
g =} =} =} % 5]
; : g ®
4 I @EE ® o @
0.00 B o0.00 o
E ] =} ] g =} B @ 8 By
] ] n®
(7] B = ] (7] a s} |
-1.50 4 -1.50 —
5}
5}
3.00 -3.00
‘\\‘\\‘\\‘\\‘\\‘\\‘\ ‘\\‘\\‘\\‘\\‘\\‘\\‘\
1 4 7 10 13 16 19 1 4 7 10 13 16 19
Run Number Run Number
DESIGN-EXPERT Plot Residuals vs. Predicted DESIGN-EXPERT Plot Residuals vs. Predicted
Skid number (Skid number)*1.48
3.00 3.00
o
]
1.50 1 1.50 5]
]
%) ] %} ]
3 =} B B g 5]
i B0
oo g @@
0.00 B o0.00 g
1 [ ' ' E g 70 e ’
]
o] 1
(] o o ] (7] gl @©
-1.50 4 -1.50 -
]
]
3.00 -3.00
I I
0.60 0.65 0.70 0.76 0.81 1.36 1.55 1.74 1.93 211
Predicted Predicted
pattern pattern

3.12
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. DESIGN-EXPERT Plot i
DESIGN-EXPERT Plot Outlier T (SKid nUMbenn .48 Outlier T
Skid number
4,20 s} %0
=
227 1,75 a
]
3]
. 3]
= 3] ] ] '5 "
L 35 = 000
3 B EE B B 3 EE B
] =} " .
B U om
e & ¢
-1.58 4 175
3]
s}
3,50 350
[TT T T T T I T ro T [T T T T [ T T [ T T[T T[T
1 4 7 0 13 16 19 1 4 7 10 13 16 19
Run Number Run Number
outlier T outlier T

3.13

DESIGN-EXPERT Plot. Box-Cox Plot for Power Transforms

Skid number

7.17
Lambda

Current =1
Best =-1.48
LowC.l. =-3.01
High C.I. =0.2 749
Recommend transform:
Power @\

(Lambda = -1.48)
g-?.ﬁo

DESIGN-EXPERT Plot Box-Cox Plot for Power Transforms

(Skid number)*1.48

717+
Lambda

Current = -1.48

Best =-1.48

LowC.I. =-3.01

High C.I. =0.2 749

Recommend transform:
Power @

(Lambda = -1.48)
@7‘50

8.12 8.12

8.44 -8.44
T T T T T I I I I I
3 2 1 [ 1 2 3 0 1 2 3

Lambda Lambda
box-cox
power
D -1.48

Y-y

3.14 Box-Cox Plot
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4.1

41.1

90 12

4.1.2

35
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86

4.2

86
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=L

4.2.1

CS
CF
4.1 CS SKID
SKID CS CF
SKID 1.0000 -0.8153 -0.8182
CS -0.8153 1.0000 0.9999
CF -0.8182 0.9999 1.0000
e 820
6 - “.J 6— wo
o ' ! i 0238 ‘ 357
BEEREFR ()
4.1 CS SKID

37



W18

AASHTO American Association of State Highway and

Transportation Officials 18 kip
4.2
obs=20
SKID W18
SKID 1.0000 -0.9790
W18 -0.9790 1.0000
.82 ‘;
6 - “
.02‘57 2.5869
« )
4.2

38



year

39

4.3
obs=20
SKID year
SKID 1.0000 -0.8158
year -0.8158 1.0000
82
6 o
5 51
()
4.3



15.6
16.4
18
18.8
21.3
Total

4.4

0.77
0.76
0.76
0.77
0.75
0.76

DT

0.62
0.61
0.61
0.62
0.6
0.61

0.81
0.78
0.79
0.82
0.78
0.8

0.73
0.72
0.72
0.73
0.71
0.72

FAve

Total
0.73

0.72
0.72
0.74
0.71

0.72

4.4

4.4

4.4

40

21.



4.5 DT

Total

0.3 0.77 0.62 0.81 0.73 0.73
0.6 0.75 0.6 0.78 0.71 0.71
1.2 0.76 0.61 0.79 0.72 0.72
2.9 0.77 0.62 0.82 0.73 0.74
3.1 0.76 0.61 0.78 0.72 0.72
Total 0.76 0.61 0.8 0.72 0.72

0. 3 0. 6 1. 2 2.9
4.5 DT
4.5 4.5
4.6 5 FAve
Total
14.44 0.77 0.62 0.81 0.73 0.73
17.6 0.76 0.61 0.79 0.72 0.72
17.88 0.76 0.61 0.78 0.72 0.72
19.32 0.75 0.6 0.78 0.71 0.71
21.06 0.77 0.62 0.82 0.73 0.74

Total 0.76 0.61 0.8 0.72 0.72

41



4.6 5
4.6 4.6
Crain 5
In tr+1 tr
4.7 24
24
mm
0 0.76
1.5 0.76
Total 0.76

FAve
FCrain
Crain
0.61 0.8
0.61 0.78
0.61 0.8

42

24
tr

2.5 mm

Total
0.72 0.72

0.72 0.72
0.72 0.72

21.

06



O O O O O O o o

0 1.
4.7 24 Crain
4.7 4.7 24 Crain
4.8 FCrain
mm Total
0 0.77 0.62 0.81 0.73 0.73
1.5 0.76 0.61 0.78 0.72 0.72
27 0.75 0.6 0.78 0.71 0.71
Total 0.76 0.61 0.8 0.72 0.72

43




4.8 5 FCrain

4.8 4.8 5 FCrain
24
24
4.9 tr

Total
1.386 0.75 0.6 0.78 0.71 0.71
2.485 0.76 0.61 0.79 0.72 0.72
2.89 0.77 0.62 0.81 0.73 0.73
3.045 0.77 0.62 0.82 0.73 0.74
3.258 0.76 0.61 0.78 0.72 0.72

Total 0.76 0.61 0.8 0.72 0.72

44



1. 386 2.485 2.89 3.045 3.258

4.9 tr
4.9 4.9

4.2.2

SKID

45



4.10
storage  display

variable name  type format variable label
lane str8 %9s

skid float %9.0g
year byte %38.0g
W18 float %9.0g
CS float %9.0g
CF float %9.0g
T float %9.0g
DT float %9.0g
FAve float %9.0g

Crain float %9.0g 24
FCrain float %9.0g
Dr float %9.0g

W18year float %9.0g
Direction byte %38.0g
Heary Truck  byte %38.0g
NW byte %38.0g

4.2.3

4.11

46



4.11

24
mm mm
R1 0.62 | 48 [2.3977]0.3994|0.3029 | 188 | 2.9 21.06 0 0 3.045
R2 0.62 | 49 |2.4543|0.4089| 031 [15.6| 0.3 14.44 0 0 2.89
R3 0.61 50 [2.5289 |0.4228 | 0.3192| 18 1.2 17.6 0 0 2.485
R4 0.61 51 |2.5537|0.4269 | 0.3223 | 16.4 | 3.1 17.88 1.5 1.5 3.258
RS 0.6 51 |2.5809 | 0.431 | 0.3259| 21.3 0.6 19.32 0 27 1.386
R6 0.77 | 23 ]0.3444 | 0.1887 | 0.1367 | 18.8 2.9 21.06 0 0 3.045
R7 0.77 24 10.3623 | 0.1983 | 0.1438 | 15.6 0.3 14.44 0 0 2.89
R8 0.76 | 25 ]0.3858 | 0.2121 | 0.153 18 1.2 17.6 0 0 2.485
R9 0.76 | 26 |0.3936|0.2163 | 0.1561 | 16.4 3.1 17.88 1.5 1.5 3.258
R10 0.75 | 26 |0.4022 | 0.2203 | 0.1596 | 21.3 0.6 19.32 0 27 1.386
R11 0.73 | 48 | 1.2727|0.3995 | 0.3024 | 18.8 | 2.9 21.06 0 0 3.045
R12 0.73 | 49 | 1.3051|0.4104| 031 |[15.6| 0.3 14.44 0 0 2.89
R13 0.72 | 50 | 1.3458 | 0.4245|0.3194 | 18 1.2 17.6 0 0 2.485
R14 0.72 | 51 1.36 | 0.4288 | 0.3228 | 16.4 | 3.1 17.88 1.5 1.5 3.258
R15 0.71 51 | 1.3768 | 0.433 | 0.327 | 21.3 0.6 19.32 0 27 1.386
R16 0.82 5 10.0257 | 0.0352 | 0.0238 | 18.8 2.9 21.06 0 0 3.045
R17 0.81 6 |0.0338 1 0.0461 [ 0.0313 | 156 | 03 14.44 0 0 2.89
R18 0.79 7 0.044 | 0.0601 | 0.0408 | 18 1.2 17.6 0 0 2.485
R19 0.78 8 10.0475|0.0644 | 0.0442 | 16.4 3.1 17.88 1.5 1.5 3.258
R20 0.78 8 10.0517 | 0.0687 | 0.0484 | 21.3 0.6 19.32 0 27 1.386
2 2
KID =0.79 - 0.0389W18 - 0.0127(W18)’ 2

SKID =

W18 =

W18

47
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4.12

48

) o =0.05 ; a =0.05
t f | R?
0.79 0.005 |148.944
-0.0389 | 0.012 -3.217
+2.11 |289.197| 3.592 0.968
-0.0127 | 0.005 -2.79
. Q4
a3 ¢
g2 *
. Q1 o *
P'S *
0 A4 * : ‘ *
¢
y ¢ e ¢ 10 15 o6 20
0./01
LR 4
-0./02 .
0.3
4.10
4.10 R? 0.968
Durbin-Watson 0.998
0.99 3.01 x.1
6 16
2.

25



4.11

3 4
4.13 4.11 4.12
XKID =0.897-0.901CF 3
KID =0.808 - 0.206CS 4
SKID =
CS =
CF =
413
¢ a =0.05 ; a =0.05
t f | R?
0.897 | 0.003 | 283.036
+2.306 | 206.276 | 5.318 0.958
-0.901 | 0.013 | -70.395
0.808 | 0.006 | 134.055
+2.306 | 105.053 | 5.318 0.92
-0.206 | 0.02 -10.25
0. 005
0.0/p4
0.0p3 M . ¢
0.02 *
0.0/1 . .
0 |
-0. 601 2 4 6 8 10
0. 0602
0. 0603 . .
-0. 0604 *
- 0. 6-05

4.11

49
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0. 025
0.02 .
0. 015
0.01
0.0/05 ¢« *
0 - .
-0. 005 2 4 6 8 10
-0./01 *
-0. 015 -
-0.2
4.12
3 4
4.13
R? 0.958 R? 0.92
Durbin-Watson 2.165
0.83 3.17 Durbin-Watson 1.251
0.83 3.17
411 4.12
2 9
6 2 10

50
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4.14

0.61 0.597825 | -2.00 %

0.69 0.709341 2.80 %

0.61 0.595706 | -2.34%

0.69 0.716227 3.80 %

10 % 4.14
4-15

Model 1 Model 2 Model 3 Model 4 Model 5 Mc
I ntercept 0.7910877 0.7342983 0 .08
-0.00568410164-10.4125395 004 7-508.30 09 €08
WI18xYEAR -0.00135614 -0.0009805 - 0. 00 1 901.
-0.000080020200220.MO002X225220009030000.
Direction 0.0296126 0
-0. 0050-308.500 4 6

Lane -0.0617051

-0.125332

Heavy Truck 0.0505598 0.
-0.140729 -0
tr 0.00
-0. 00320
R 0. 945 80.9664 0. 9756 0.9805 0.

B 0.9375 09624 0.9727 0.9782 0.

51



Source

Model

Total

skid
W1l8year
direction
_cons

3 Direction Lane

Heavy Truck

WI18xYEAR

Direction

tr

SKID 0.77123-0.001257X1-0.029613X2

X1:EASLxmonth

X2 Direction

R2=0.9805 adj-R2=0.9782

4.16
SS

0.096106965
Residual 0.001913012

0.098019977

Coef.
-0.0012568
0.0296126
0.7712804

Model 4

df MS

2 .048053482

17 .00011253

19 .005158946
Std. Err. t
.0000503 -24.97
.0050385 5.88
.0047583 162.09
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P>
0
0
0

F

ANOVA table
Number of obs 20
2, 17 427.03
Prob>F 0
R-squared 0.9805
Adj R-squared 0.9782
Root MSE 0.01061
[95% Conf. Interval]
-0.0013629 -0.0011506
0.0189823 0.040243
0.7612413 0.7813196
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4-17

kewness/Kurtosis tests for Normality

joint
Variable Pr Skewness Pr Kurtosis adjchi2 2 Prob>chi2
SKID 0.338 0.639 1.24 0.5366
Y=SKID"’
Source SS df MS Number of obs = 20
F 3, 16 = 462.56
Model 0.4184096 3 0.139469873 Prob > F = 0
Residual  0.0048242 16 0.000301515 R-squared = 0.9886
Adj R-squared = 0.9865
Total 0.4232339 19 0.022275467 Root MSE = 0.01736
Y1=SKID*®  Coef.  Std. Err. t P>t [95% Conf. Interval]
Wi8year *0.0000116 2.72E-06 4.28 0.001 5.86E-06 0.0000174
Wil8year 0.0012101 0.0003318 3.65 0.002 0.0005068 0.0019135
direction  -0.0460869 0.0093785 -491 0 -0.0659684 -0.0262053
_cons 1.301081 0.0077928  166.96 0 1.284561 1.317601

SKID*  1.301081-0.00121X1+0.0000116X2-0.0461X3
X1:EASL*month
X2: EASL*month 2

X3:direction

R2=0.9886 adj-R2=0.9865
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.026596

Residuals
Il

-.035637 q©

1
1.25515

Fitted values

1
1.66164

Fraction

.35

0-

I
-2.29054

Standardized residuals

I
1.7064

Variable Pr
Yresidual

4.3

4.15

4-18

Skewness Pr
0.718

0.79

16839.11

Kurtosis
0.784
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kewness/Kurtosis tests for Normality
joint
adjchi2 2 Prob>chi2

0.21 0.9022

5317.61
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XKID =0.808 -0.206CS
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R? 0.92

3 Direction
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