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DISCLAIMER

The contents of this report reflect the views of the authon, who are responsible for

the facts and the accuracy of the data presented herein. The contents do not necessarily

reflect the official views or policies of the Washington State Transportation Commission,

Deparfnent of Transportation, or the Federal Highway Administration. This report does

not constitute a standard" specifrcation, or regulation.
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RESULTS OF PULL TESTS ON SOUTH WINGWALL
AT EDI\{ONDS TERMINAL

INTRODUCTION

As part of a project to develop criteria for ferry landings, the researchers

conducted a pull test on the south wingwall at the Edmonds Ferry Terminal (Figures 1

and 2). The goal of the pull test was to find the force versus deflection relationship (96))

for this wingwatl. The relationship will help in estimating the berthing energy that results

from the ferry's berthing maneuvers.

Wingwalls act to transform or store a given amount of kinetic energy, which is a

function of a given deflection. The det'lections that result from the application of known

forces may be measured to define the force versus deflection relationship.

F = g(s)

F = Force

g ( ) = force vs. deflection relationship

(Equation 1)

where

s = deflection

Integration of this relationship provides a measure of the energy absorbed by the wall.

That is, if S(s) is the force versus deflection relationship, then the energy that is absorbed

for a given wingwall deflection is as follorvs:

smax
DE -- h(s) ! s!)ds

0

h(s) = energy versus deflection relationship

(Equation 2)

where

If s is known, then lr(s) can be used to estimate the berthing energy for future landings.

This report describes the methodology and results of the test. Although the wall

could not be calibrated for the full deflection that occurs during many berthing

maneuvers, g(s) was defined for deflections of up to 4 inches. The problem is that the

relationship varies with the point of load application: the wingwall is stiffer in the middle
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Figure 2. Wingwall (see following page)
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and less stiff at the ends. The wall deflects easily for the first 1 to 2 inches, then becomes

stiffer. Within the range of the test, g(s,) was a linear relationship for the larger

deflections. The relationship ft(s) was then developed from the results of g(s).

TEST SET.UP

Preliminary obsenrations revealed that the majority of the berthing impacts

occurred on the north wingwall; thus, the north wingwall was preferred for calibration.

However, calibration of the north wall was impractical because of a marine park adjacent

to the terminal on that side. The test equipment would have posed a safety threat for

divers using the park, and the barge anchor could have damaged submerged structures or

become tangled in the anchor lines of floats in the park area. For this reason, the south

wall was selected for calibration, instead.

Previously observed maximum deflections around Pile 1 were 6 to 12 inches, so

the researchers desired to define g(s) and h(s) to that range.

Figure 3 is a plan view of the berth. It shows the layout of the test equipment

used to load the wingwall. Figure 4 is a detailed plan view and section of the wingwall

and shows the proposed load points. The load was to be applied by a diesel powered

winch mounted on an anchored barge. Previous observations indicated that roughly 11

feet of the ferry's belt line came in contact with the wingwall. Therefore, a spreader beam

was designed to distribute the load from the winch cable to an 1l-foot length of wall to

simulate the rubbing edge of the ferry's belt rail. The beam was also needed to distribute

the test load sufficiently to avoid damage to the plumb piles that were in contact with the

beam and that normally do not receive a direct load. Cables attached to the ends of the

beam were threaded through openings in the wall back to a block on the winch barge.

The block was rigged with eight parts of line. One end of the line was attached to the

barge through the dynamometer, and the other end led to the winch. The dynamometer

was monitored to estimate the load in the line. A transit and two video cameras were
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Figure 4. Wingwalt Plan Showing Locations Where- Force Was APPlied



Locations A, B, and C +>
Elev. = 25'

Location D
Elev. = 7'

Section A-A

Figure 4b. Wingwall Elevation



mounted on the counterweight tower above and shoreward from the wingwall to allow

the researchers to measrue deflections by reading scales mounted on top of the wall'

The WSDOT selected Hurlen Constnrction, a local marine contractor' to provide

the winch barge, 15-ton anchor, spreader beam, dynamometer, rigging and crane barge'

and to conduct the test. The dynamometer was calibrated in the structures lab at the

University of Washington (Table 1.). The spreader beam design was provided by the

research team (Appendix A and B). The mnsit and video cameras were supplied by the

University of Washin gton.

TEST PROCEDURE

onMonday,May2l,lgg},equipmentwasplacedatthesitetoconductthetest'

pull tests were desired from several elevations to investigate the change of g(s) with

elevation. For the first pull test, the spreader beam was placed in location D (Figure 2)'

18 ft. below the top of the rubbing timbers. Placing the beam at this location was time

consuming because the beam had to be pulled into place with a rope, and the rigging had

to be threaded through the piling. Subsequent tests were performed with the spreader

beam in locations A, B, and c (Figue 1, piles 3, 6, and 9), on top of the wingwall'

Because the beam could be placed directly in these locations with a crane' set-up time

was minimi zed. Acomparison between the tests conducted at locations C and D (pile 9'

upper and lower) showed little difference in g(s). Because g(s) was similar for points C

and D, and because of the difficulty of placing the beam at lower levels, the research team

decided to locate the beam at the top of the wall for all remaining tests'

Testing commenced on the following day, May 22nd. Four tests were conducted,

one at each location: A, B, C, and D. The scales were observed with one transit and two

video cameras. The maximum measured force was approximately 69 kips, which

produced a deflection at the top of the wall of approximatsby 2.5 inches (Appendix c'

Tests l,2,3,and 4, May 22nd). At this maximum force the anchor slipped, and no more



Table 1. FerrY Project

r.ncrl Cell Calibration - 5-18-90

Test with stop Needle (stop nee(lles oive maximum readins)

Testing Machine: 300 kip at Univer:sity of Washington Structural Engineering Lab

Final Test

Test Machine Reading (1b.) Load Cell Reading 0b.)

2,000 2,000

4,000 4,000

6,000 5,950

8,000 8,000

10,000 10,000

12,000 12,000

14,000 14,000

16,000 15,950

18,000 18,000

20,000 19,950

22,000 22,100

24,000 24,000

26,000 26,r00

28,000 28,100

30,000 30,150

32,000 32,100

34,000 34,200

36,000 36,000

Load Cell Reading (1b.)
Test Machine Reading (lb.)

10



pulling force could be developed. Because previously observed deflections during

berthing maneuvers had been in the range of 6 to 8 inches, the researchers decided to

provide a second anchor to increase the reaction.

On May 29th, the contractor placed the second anchor (10-ton 
- the previously

deployed anchor was l5-tons) and several rnore tests were conducted (Table 2). For

these tests, a second transit was added so that both ends of the wall could be monitored

simultaneously with a transit. A riraximum force of approximately 110 kips was reached

before the anchors yielded. The maximum cleflection was approximately 4inches. All
tests were conducted with the beam at the top of the wall.

TEST RESTJLTS

The force versus deflection relationships (S(s)) are shown in Figures 5,6, and,7.

The tests are summarized and the beam location for each test is noted in Table 1. The

field data are presented in Appendix C. For all the test positions, the relationships were

Table 2. Summary of Puil Tests

*Pull at elevation 7. All otrrer puils were ar erevation 25.

l1

Location of
load @ile
number)

Location of
Reading (Pile

number)

9*
6

9

5

s7.2

65.1

68.1

65.1

11

6

11

I
3

3

6

9

9

3

3

66.8

93.9

78.3

83.s

85.1

92.0

n0.4

2.95

3.8

1.5

3.25

2.9

3.6

3.3

I
1

6

11

11

1

1
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characterized by a sharp change in slope after the first 1 to 2 inches of deflection. The

initial deflections were large for rather small forces. This is explained by an initial

tightening of the wall when the slack in the connections was taken up. Resistance in this

mode was most likely frictional because of the rubbing of timbers and cables.

After the wingwall had tightened up, the slope of the curve increased sharply and

appeared to be linear over the range of test data. The maximum observed deflection was

approximately 2.5 inches for loading at the ends of the wall and 1.5 inches for loading at

the center of the wall. These were less than half the maximum deflection observed during

an actual landing. However, it rnay be possible to extrapolate the results by assuming

that the wall's stiffness is constant for greater values.

A comparison of the curves for the near end, middle, and far end of the wall

revealed that the center of the rvall rvas stiffer than either of the ends and that the far end

was slightly stiffer than the near end. The center location may have been stiffer because

the resistance of the entire rvall rvas rnobilized when a force was applied there. By

comparison, a force applied at either end caused the wall to rotate about a point near the

opposite end, thereby mobilizing only a portion of the wall's total resistance. The

softness of the near end in comparison to the far end can be explained by two factors.

First, most landing impacts occurred at the near end. Most likely, the joints become

looser as the number of impacts increases. Second, the far end is reinforced by a group of

five plumb piles which protect the rvall trom an end collision. These piles probably add

some lateral stiffness.

Although the exact shape of tlie lower leg of the curve was not completely

documented, the researchers assumed it to be linear for convenience of calculation. Any

resulting error between the straight line and, say, a parabolic curve in this region would

have been minimal because of the relatively small amount of energy represented in

relation to the steeper portion of the culrye. This assumption was born out by the h(s)

15



curves: the transition from the fust region to the second was barely discernable

(Figure 6).

In developing the g(s) relationships, several adjustnents were made to the raw

data. These were as follows.

1. Adjustment for pulley friction (Appendix D). Because the anchors

continually slipped during the test, the pulleys in the block rotated

continuously, thus mobilizing a frictional force. A frictional loss of

5 percent per sheave was assumed. (Rossnagel, 1988, pg. 245)

According to the contractor conducting the test, the sheave used had

bronze bushings; the 5 percent value is typical for sheaves with bronze

bushings. The resulting multiplier for eight parts of line and seven

sheaves was 9.55, as opposed to the usual8.00 for a static pull.

2. Adjustment for slope of line (Appendix E). The tests were conducted at

varying levels of tide. The winch barge elevation nanually rose and fell

with the tide, while the spreader beam elevation remained constant. This

angle varied from 10 to 16 degrees from horizontal. The measured tension

force was multiplied by the cosine of this angle to obtain the horizontal

force exerted on the wall-

3. Location of applied load (Appendix F). The deflection measurements

were taken at specifrc locations at the top of the wall. For tests where the

spreader beam was located at the ends of the wall, the point of measured

deflection and the point of applied load did not coincide. For these cases,

the deflection at the point of load was calculated from the measured

deflections and the geometry of the wall. Note that when berthing data are

compared with pull test data, a similar adjustment must be made to the

deflections tabulated for the event in question.

I6



Table 3. Description of g(s) for Piles I,2,and3

The relationship ft(s) was developed from the records of Tests 2,3, and 5 of May

29th. These tests produced more data points and were more consistent than other tests at

the same locations. From the test data, piecervise linear relationships were developed

(Table 3). One curve for /r(s) was developed for load applications at each of piles 3, 6,

and 9 (Figure 8).

CONCLUSIONS

From the results of the test the relationships, g(s,) (force versus deflection) and

ft(s) (energy versus deflection) rvere developed for deflections of 2 to 4 inches. The

relationship g(s) is piecewise linear: the wall is loose until the slack in connections is

taken up, then stiffer until the rnaxirnum deflection is reached. The relationship varies,

depending on where the load is applied. The .,vall is stiffer in the middle and more

flexible at the ends. The wail tends to rotote as loads are applied at the end.

The maximum load applied by the test set-up was 110 kips, which produced a

deflection of 3.3 in. at Pile 3. Observed deflections at Pile 3 during berthing events are 6

to 10 inches; thus g(s) must be extrapolated to estimate the berthing force at these

deflections. Extension of the test to include this range of deflections would be desirable.

However, for Pile 3, g(s) rernains linear for det-lections of up to 10 inches. The required

force would be approximately 600 kips. Therefore, a significant change in the test set-up

would be required to produce such a load.

K,y (k/in.) Point of Inflection Knr$lin)

Pile 3 9.2 1.53 68.8

Pite 6 2T.T 0.90 93.9

Pile 9 t2.6 1.88 T12.7

11
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APPENDIX A

TEST BEAM DESIGN
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APPENDIX B

CALCULATIONS FOR TEST BEAM DESIGN
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APPENDIX C

FIELD MEASUREMENTS FROM PULL TESTS



APPENDIX C

FIELD MEASUREMENTS FROM PULL TEST

FIELD READINGS 5/22lOO

Date:5-22-%J

Test#1 Beam at Pile 9, not.corrected for tide level (Appendix E)

Time: 11:00 a.m.

Dynomometer Reading
(kips)

Calculated Load
(kips)

Deflection
(in.) (in.) (in.)

0 0 0

2 19. I '2.U3

4 JE.Z z.26

5 47.6
'2.'26

6 51.7 2.44

Date:5-22-90

Test #2 Beam at Pile 6, not corrected for tide level (Appendix E)

Time: 1:10 p.m.

Dynomometer Reading
(kips)

Calculated Load
(kips)

Deflection
(in.) (in.) (in.)

0 0 0

2 18.6 0.5

3 zt.9 0.E

4 31.7 t.2
5 46.) t.4
6 55.9 1.6

7 65. i 1.E

c-1



FIELD READINGS 5/22lq0 (CONTINUED)

Date:5-22-X)

Test #3 Beam at Pile 9, not corrected for tide level (Appendix E)

Time: 1:50 p.m.

Dynomometer Reading
(kipO

Calculated Load
(kips)

Deflection
(in.) (in.) (in.)

0 0 0
I 9-4 I.UO
3 28.r t.9I
5 +0.6 '2.23

6 )o.z 2.42
7 65.5 '2.63

t.z bU. r 2.63

Date:5-22-90

Test#4 Beam at Pile 3, not corrected for tide level (Appendix E)

Time:2:38 p.m.

Dynomometer Reading
(kip0

Calculated Load
(kips)

Deflection
(in.) (in.) (in.)

0 0 0
I 9.4 0.54
2.5 zJ.5 t.41
4 5 t.o 2.02
6 56.4 '2.J3

7 65. / 2.22

c-2



FIELD READINGS s/2olq0

Date,:5-29-X)

Test#1 Beam near throat, c = .0.983, correction for tide level (Appendix E)

Time: ?

Dynomometer Reading
(kip9

Calcuiated Load
(kips)

Deflection
(in.) (in.) (in.)

9.4 1.5 0.0
z 18.8 1.6 u.l
3 26.r 1.65 U.l
4 3t.6 1.9 0.1

5 46.9 2.2 u.1
6 56.32 2.4 0.2
l b). i 2.1 0.2
7 6).1 2.95 0.1

0 U.U 13.6 0.0

YakimaLands:
Initialimpact (2.6)
Rebound Q.2)
In Slip, tied up (-0.2)

Date:5-29-90

Test #2 Beam at Pile 3, c =.983, corection for tide level (Appendix E)

Time: 10:15-10:38

Positive deflections are away from the berth.
Nesative deflections arc toward the belth.

Dynomometer Reading
(kips)

Calculated Load
(kips)

Deflection
(in.) (in.) (in.)

I.U IU: I) t).39 1.6 0.4
2.0 i8.7E 2.4 u.5
3.0 26.'2 2.5 0.5
4.U 3l .6 2.1 0.5
5.U 46.9 2.95 U.5

b.u )o.J 3.2 tJ.4

7.U 65.', 3.4 u.4
6.U 75. I 3.6 0.4
E.U 62.6 3.7 tJ.4

9 84.5 'J.7 u.)
9.6 90. r 3.8 0.5
l0 lU:35 9 3.1) 3.8 0.5
0 U.U 0.0 U.U

c-3



FIELD READINGS s/2qlA0 (CONTINUED)

Date:5-29-XJ

Test#3 Beam at Pile 6 (top), c = .976,correction for tide level (Appendix E)

Time: LI:58-12:02

Positive deflections are away from the berth.
Negative deflections are toward the berth.

Datn:5-29-90

Test #4 Beam at Pile 9 (Top), c = .9'l7, correction for tide level (Appendix E)

Time: 12:38-12:42

*Estimated from video recording
Positive deflections are away from the bertli.
Negative deflections are toward the berth.

Dynomometer Reading
(kip9

Calculated Load
(kips)

Deflection
(in.) (in.) (in.)

O I I:J6 0 0

I t).J 0.7 0.5
2 I8.6 1.15 0.8

J '26.U r.4 t.u
4 l2:0U 31.3 1.5 I.
5 46.0 1.65 r.2
6 55.9 1.8 1.3

I 6).2 t.9 L.4

8 74.6 2.05 1.5

8.4 IL:UZ iE.J 2.1 I.5

Dynomometer Reading
(kips)

Calculated Load
(kips)

Deflection
(in.) (in.) (in.)*

0 IZ:JB 0 0 0

1.4 t J.U 0.0 0 u.)
) i 8.3 -0.1 0

3 27.6 -0.3 0.2
4 l2:'J9 31 .1 -0.5 0.3 u. /)
5 46.4 -0.55 0.4 l. i )
6 55.6 -0.58 0.5 '2.5

7 64.9
8 I4.2 3.U

9 l'2:4'z 83.5 -0.60 0.6 J.25

c-4



FIELD READINGS s/2qiqo (CONTINUED)

Date:5-29-90

Test #5 Beam at Pile 9, c =.969, correction for tide level (Appendix E)

Time: 1:07-1:10

Positive deflections are away from the berth.
Negative deflections arc toward the berth.

Datei 5-29-90

Test#6 Beam at Pile 3. c = .963.
Vessel in berth (Yalima), con'ection for tide level (Appendix E)

Time: 2:23-2:24

Positive deflections are away from the berth.
Negative deflections are toward the berth.

Dynomometer Reading
(kips)

Calculated Load
(kips)

Deflection
Pile #1 Pile #6 Pile #11

Z L:07 18.5 U.U L.t
3 zt.6 -0.I5 '2.'J

4 31.tJ -0.15
5 46.3 -u.r) z.+
6 )).) u. r) z.o
7 b4.6 -0.I5 '2.'t

E 14.0 -u.'2 2. t
9 6J. J -0.2 '2.6

9.'2 I: IU 65. l -u.'2 /..9

Dynomometer Reading
(kipO

Calcuiated Load
(kips)

Deflection
Pile #1 Pile #6 Pile #11

0 2 U.U

I 9.'2

z 18.4 '2.3 -U. r
3 2.5 -0.2
4 /.:23 io.6 '2.6

5 -16.0 '2.6 -U.J
6
1 64.4 3.1 -U.)
8 / J.b J.'25
9 6/.6 3.5 -U.6

IU Z:Z+ 92.0 J.6 -U. t
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FIELD READINGS 5/2Ol90 (CONTINUED)

Dats:5-29-%)

Test#7 Beam at Pile 3, c =.963, correction for tide level (Appendix E)

Time:2:39

Positive deflections are away from the berth.
Negative deflections a.re toward the berth.

Dynomometer Reading
(kips)

Calculated Load
(kips)

Deflection
Pile #1 Pile #6 Pile #11

0 0
9.2 .E -u.'2

2 16.4 I -0.4
J z:J9 21.6 1.3 -u.5
4 36.8 -u.6
5 4b.u 1.6

6 55.'2 2.r -0.6
l Atl AUT.- 2.3 -u.9
8 / J.O 2.5 -1.0
9 62.6 z.l -1.1

10 92.0 2.9 -r.2
11 t01 .2 3.1 - I.3
t2 110.4 3.3 -t.4

c-6



APPENDIX D

ADJUSTMENT FOR PULLEY FRICTION

(This calculation develops an adjustment for losses due to pulley friction in

the blocks.)
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APPENDIX E

ADJUSTMENT FOR SLOPE OF LINE

(This calculation develops adjustments to measured force in the

dynamometer to compensarc for changes in tide level')
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APPENDIX F

CALCULATIONSFoRDEFLECTIONSATTHEPOINToFLOAD



-!q

=gOs
Efl

Ec
LOE €E(L(' ()(E

E-e 8=(E -.=

- E -EE#g f E F

6"11ro1.6-]"'

Calculated
Load

Deflections (in.)

Pile #1 Near
Scale /a)

Prle #3 Point
of l-oad.(b)

Pile#6 Middle
Scale (c)

Pile #1 Far
Scale (d)

Center of
Rotation (in.)/;

9.39 1.5 1.15 0.4 0.8 62.6
18.78

28.2

37.6

2.4
2.5
)1

r.67
r.7 5

1.88

0.5

0.5
0.5

r.4
1.5

r.7

75.4

77.t
81.4

46.9

56.3

6s.7

2.95

3.2

3.4

2.03

2.r5
2.28

0.5

0.4

0.4

1.95

2.4

2.6

86.5

100.5

r02.6
7 5.r
82.6

84.5

3.6

3.7

3.7

2.4

2.46

2.50

0.4

0.4

0.5

2.8

2.9

2.7

105.0

106.1

97.2
90.1

93.9

3.8

3.8

2.56

2.56
0.5

0.5

2.8

2.8

98.4
98.4

Notes:

Dimension a and c from field (see Appendix C, Test #2,5-29-90)

b = PrM-@-c))+c

d = a-2(a- c)

ti = T*o

F-1



Date:5-29-X)

Test#7

Positive deflections are away ttom dre berth'

Negative deflections are toward the berth'

Note: a and d from field melsulelnents
. 234b = ffi@-d)+d

F-2



CORRECTION FOR DEFLECTION AT POINT OF LOAD

Dats:5-29-X)

Test#5

Calculated Load
(krps)

Deflection
(a) (b) (c)
(in.) (in.) (in.)

r.u.) u.u l.J6
21.6 -u. r) I.64 2.5
37.U -u.r)
lo.J -u.l) '2.u I '2.4

55.5 -u. r) 2.u6 z.o
64.6 -u.I5 2.L7 2.7
t4.u -u.2 '2.16 '2. I
E3.3 -u.z z.u4 2.6
85. l -u.'2 2.52 2.9

Positive deflections are away tiom the berth.
Negative deflections are toward the berrh.

Note: a andd are field measurenrents
. 234b = TN@-a)+a
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