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COLLISION OF 5. 5. "BSIRKNACK" WITH THE GOVERNMENT WHARF

. AT BADDECK, NOVA SCOTIA

1,0 Reference

On the 28 December, 1965, the Department of Public Works

requested in a letter that a technical study of the wharf at Baddeck

should be undertaken by the National Research Council.

2.0 Objective

The extension to the wharf at Baddeck was struck by the

S.S. "Birknack" as it was departing after taking on cargo, After

the collision the extension of the dock collapsed and this study is

aimed at finding out possible reasons for the structural failure.

3.0 Wharf Plans and Construction

Details of the wharf are contained in the specifications

and their accompanying plan (Ref. No, E-197). Additional information

concerning the types of wood used to construct the wharf, the pile

penetration and the design live load was supplied in a letter from

Public “orks dated 11 January 1966,

4,0 Type of Structure

The wharf extension was a typical piled wharf constructed

of timber with a reinforced concrete deck.

Point bearing timber piles arranged in parallel bents

supported the deck. Across the top of the piles 12" x 12" pile

caps and corbels supported a laminated timber sub-deck upon which a

reinforced concrete deck was laid.

The laminated sub-deck was composed of alternating 2" x 4"

and 2" x 6" creosoted planks placed on edge and spiked together.

Grooves and daps were made to provide shear connection between the

sub-deck and reinforced concrete deck, Reinforcing of the slab was

4" diameter bars at 9" o.c, placed in each direction (viz. parallel

and normal to slab span).
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Referring to sketch Fig. 1, brace piles were driven

to orevent swaying in the OY direction. No brace piles were

driven in the OX direction.

5.0 Description of Accident

The events leading,to the collision of the 9,9.

"Birknack" with the dock are not entirely clear, However it

appears that the ship when going astern struck the dock on the

east side at a point 12 feet distant from the south east corner.

After the impact the ship did not come to rest until the stern

reached a point about 20 feet past the eastern face of the wharf.

Estimates of the ship's speed at the moment of impact

vary. The lowest estimate, by the pilot, is 4 knot and the next

nearest is 1 knot. It is worth noting that the ship's astern

speed seems to have been high enough to make some of the spectators

realize a collision was imminent and inevitable.

Descriptions of the damage to the dock and ship and

other evidence indicates that the ship struck the dock almost

directly stern on. The impact was severe enough to fracture the

concrete slab and cause an indentation of 4-5" in the edge of the

concrete deck,

6.0 Assumptions and Checking Procedure for Piles

Before the lateral stability under impact can be

assessed the vertical loads on the piles must be determined.

Bearing in mind that in the elastic design of a

structure the usual procedure is to so proportion a structure

that under load no part of it is stressed beyond allowable limits

and since all the piles are the same size it is sufficient to

check the adequacy of the most heavily loaded pile.

By inspection it was decided to check a typical bent

of 6 piles. In Dwg. E-197 or Fig, 1 bents 3, 4, 5, 6 and 7

composed of piles in rows C, D, E, ᕽ, OG, H, are typical, 3ent 4

was selected and the loads computed for each pile.

6.1 Computed Loads on Piles

Details of the load calculations are contained in

Appendix A. Live Load or design superimposed loading was stated

by the Department of Public Works to be 250 lb per sq. ft.
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The results are tabulated below in Table 1,

e
jaoie 1, Pile Vertical Loading. Typical Bent No. 4

Load in lbs.

Row C D E F G H

Dead Load| 5073 7129 7655.| 7655 7129 5073

Live Load} 9600 | 18700 | 19400 | 19400 | 18700 9000

Combined | 14073 | 25829 | 27055 | 27055 | 25829 | 14703

it is clear that the most heavily loaded piles are

those in rows EF and since they are all the same should have been

chosen to support a load of 27,055 lbs.

6,2 Strength of Vertical Piles

The strength of a vertical structural member loaded

coaxially in compression depends inversely on its slenderness

ratio defined as:

min Where: À length of equivalentSlenderness Ratio -ᒫ./
simple column

Thin

For rectangular sections (breadth "b", depth "d") the
minimum radius of gyretign is Q7/12 but for purposes of design
the timber codes employ.//d in place of #/r min.

Three end conditions are generally recognized in

structural design, namely,

i free - without constraint, lateral motion and

rotation possible

ii pinned - fixed in position but can rotate

iii fixed - fixed in position and prevented from

rotation.

minimum radius of gyration,
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Tor various combinations of end condition; the lengta of the

simple column is related to the actual column length as follows:

End Conditions: ' AV

Pinned Pinned i

Fixed Pinned 0.7

Free Fixed 2

Fixed Fixed 0.5

6.3 Assumptions for Checking Tesign

Referring το Fig. 1 two buckling planes (viz. OX, OY)

will be considered.

ror booth directions the lower end of the pile is fixed

in the soil, The exact position in the soil below which the pile

is considered fixed is doubtful. However, upper and lower limits

can pe set and these are indicated on Fig. 2. An assumption for

normal design is also indicated but this is a matter of individual

choice,

At the upper end of the pile, the conditions of fixity

are not the same for directions OX and OY,

OY Direction: The piles are fastened to the corbels or pile cap

by a 1" diam. × 30 inch drift bolt. Brace piles are connected

to the pile caps effectively holding the pile ends in place.

Furthermore piles D, E, F and G are also fastened to the brace

piles by 1 4" diam. U-bolts about 4 feet below the pile cap or

corbel. Consequently, piles D, E, F, G are considered "fixed"

and piles H and D are considered "pinned" in the OY direction,

Hence A for piles H and D equals . 74 the actual
length and £/,, fof piles D, E, ᕽ, G.

OX Direction: Positive structural means of holding the tops

of the piles in position is not provided for direction OX, No

orace piles are provided. As mentioned above the piles are

fastened to the corbels by a single 1" diam. drift bolt.
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A simple joint like this serves to hold the pile cap in place

but provides only very limited or zero resistance to an applied

bending momen The chief reason preventing the development of

end moment is “the lack of resistance of the pile cap or corbel
to compression perpendicular to the grain. With reference to

Fig. 4, the end moment M(AB) is given by

M(a3) = REIEE [26s *Óg- 351

Φκ-ο, = 254 (adn - 384]
$

If there is zero end moment, i.e. Man = O then 2447 59
Assuming sway occurs the end of the pile will tend to press into

the pile cap in an effort to develop a resistance moment at the

top. The maximum indentations at the pile edge for zero moment

are tapulated below for a 40' pile.

Sway Pa Maximum indentation
required for zero moment

1" 1/320 radians .0187"

2" 2/320 .0374"
3" 3/320 .0748"

These small indentations are easily realizable and consequently

the joint is essentially pinned.

Some other secondary effects are also present. These

are, resistance of the brace piles in bending, connection of the

deck to the existing wharf (although structural positive con-

nection was not made), the action of the wale and fenders along
the edae of the wharf and the group action. Nevertheless as
snown normal design procedure would be to consider that the top

of the pile is able to sway ard consequently for ene, OX direction

the pile connection is "free", For this condition4, = 24
is quite clear that the condition for the OX di rectiôn governs
the strength of the pile since it is the weaker configuration.

6.4 Allowable Pile Loads

Details of the calculations are given in Appendix 8.

NOTE that the slenderness ratio of the piles for tne fixed-free

end condition exceeds the maximum permissible of 50 by code standards

Consequently, the design is inadmissible for this condition.

However, loads have been computed in the manner directed by the

code for purposes of compariscn. Below in Table 2 the various

allowable pile loads have been tabulated. The critical Euler

load has been included.
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Table 2,

*Not permitted.

Allowable Pile Loads

Slenderness ratio exceeds 50

Fixed-Free Fixed-Pinned

Design) Equivalent; Allowable} Euler} Equivalent/Allowablel Euler Remarks

Length} Simple Col Load Load {Simple Col Load Load

hit | Ay ft Pa lb. |Pe lb} ἐς ft. Pa lb, | Pe lb

43 86 1790 * 5490 29.1 14600 44800 Conservative
40 80 2080 * 6340 28.0 17000 51600; Normal

35 70 3950 * 10950 .24,5 32200 89400) Risky

Note that the failure load is three times the allowable

load. Calculation of the failure load can be considerably in error,

owing to bends in the piles, eccentric loading, variations in the

material properties and conditions of end fixity.

load is computed for a "fixed-free" condition.

This failure

If the design

conditions were "fixed-pinned" the loads are increased by a factor

of 4

5.49 °*
8 times,

It is obvious therefore that provision of brace piles

to ensure the "pinned-fixed" condition would have increased the

Ás it is the structure was in anallowable loads considerably.

intermediate and indeterminate condition. Calculation of the exact

allowable load is in consequence not feasible and the safe decision

would be to use "fixed free" conditions.

7.0 Comparison of Allowable and Actual Loads

Allowable and actual loads are listed in Table 3 below.
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Table 3. Loads for Typical Bent

*Not permitted by Code. Slenderness ratio exceeds 50

Applied Loads Kips

Row C D E F G H

Dead Load 5,073 7,129 7,655 7,655 7,129 5,073

Live Load 9,000 | 18,700 | 19,400 119,400 18,700 | 9,000

Combined 14,073 | 25,829 | 27,055 127,055 125,829 11409073

Allowable Loads Kips

Fixed-Free Fixed-Pinned

Length Code Euler Code Euler

35! 3,950* | 10,950 32,200 89,400

40! 2.080 6,340 17,000 51,600

43! [1.790% 5,490 14,600 44,800

T+4
It is quite clear that for the typical bent, the combined design

load exceeds that allowable loads based on the "fixed-free" end

condition and for column D EG F still exceeds the allowable load

for "fixed-pinned" conditions. Clearly, the piles are overloaded

on the basis of normal design procedures,

With the "fixed-free" condition, the dead load alone

is of the same order as the critical Euler load. Consequently

if the "fixed-free" condition became a reality, the dock would

be in an unstable equilibrium condition.

8.0 Docking forces

Dynamic forces induced by the ship when docking are

usually absorbed by the fender system. The dock structure is

designed to resist the dynamic reaction from the fenders.

Naturally, the distribution of forces will depend upon the type

of fender employed and its capacity to absorb impact forces.
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Common design assumptions are the following:

aj The ship approaches at a small angle to the dock face. An

angle of 10° or so is often assumed,

b) After impact, the ship rebounds; the bow moving away from
contact with the dock.

c) The component of the ship's velocity normal to the dock face

varies from about 0,5 to 1,0 feet per second, The higher figure

is appropriate for smaller ships in exposed locations and the

lower for larger ships docking with the assistance of tugs.

d) Only half of the kinetic energy calculated from the normal

velocity is absorbed by the fendering system and dock structure.

This rule only applies for small angles of approach. With a

head on collision, the total kinetic energy of the ship must be

absorbed and not just the normal component.

Referring to Fig. 3 the kinetic energy E is given by

W y2E = à
29

displacement weight of ship

32.2 ft/sec?
velocity normal to dock

®

g
V

Forces in the fender and structure are found by equeting

= Sum of strain energy in fender and structure.

ᑐ
ᑊ
ᗭ

For restitution after the load is removed no part of

the structure or fender should exceed the elastic limit.

8.1 Weight of S.S. "Birknack"

Lloyds register of shipping records the ship

dimensions as

Overall length 321' - 2"

Extreme breadth 481-5"

Summer draft 19'-115"

From reports, the ship has a sloped stern and as a rough

estimate the following waterline dimensions were selected:

Length L 311 ft

Breadth B 48 ft

Block coefficient k. 0.85

At the time of the accident, Department of Transport pilotage

records show that the maximum draft was 19'. The average draïf-
is not known.
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Substituting in,

ᐺ = KLBDw
where W = displacement

2,000 w = sea water density
and D = draft feet

one obtains D 5 181 w = 7300 tons (short)

D = 19' ᕓ = 7700 tons (short)

For further calculations it is proposed to consider the displacement

tonnage to be 7500 tons,

8.2 Kinetic Energy for Normal and Collision Conditions

Assuming that the snip approached the dock at an angle

of 10° at such a velocity that the normal component was 1 feot

per second then the kinetic energy normal to the dock is:

1
1
1 000 x (1)? = 233,000 ft lbs

(
o
f
i ^

z
F

cN
X

W

ᐗ 2.3

Of <his the dock and fender is assumed to absorb i

ᑍ

ᑉ N
y ᐦ

¡
~

00 t
h t. los.Q
i^£

10

With an astern on collision the normal component of

velocity equals the ship velocity. Estimates of the ship speed

vary but the lowest is 4 knot and the next 1 knot. Below have

been tabulated the total kinetic energies of the vessel approaching

along a path normali to the dock,

Table 4, Tozal Kinetic Ἐπεταγ

Ship Velocity Kinetic Energy

Knots ft/sec. ft lbs

pA 0.42 41,400
5 0.845 165,000

% 1.278 373,000
1 1.69 665,000 :

0.42 0.708 116,000 |

As shownin the Table a head on collision at 0.42 knots or 0,708

ft/sec is equivalent to the design conditions noted above.
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8,3 Fenders on Baddeck Dock

Examination of the fenders used at Baddeck reveals

that they were ill adapted for absorbing energy and would do

little but provide rubbing strips. Ships docking at an angle

will easily strike the edge of the deck because of the flare

of the bows. Furthermore the impact force can be applied

directly opposite a pile bent or individual pile in the bent.

Consequently the timber fenders would absorb very

little energy and the thrust during docking must be largely

absorbed by the structure itself.

In the OY direction, the thrust would be opposed by

the brace piles and since their deflection would be relatively

low, docking forces would be high and damage to the fenders or

ship would result, In the OX direction the piles would sway and

lower forces could be expected.

In Appendix C the behaviour of the piles under axial

load and thrust have been investigated. it is seen that if the

axial load approaches the Euler collapse load the applied bending

moment increases quickly to a very large value indicating that no

lateral thrust can be maintained. The usual code rule for design

confirms the result.

At impact, the energy of the ship would have been

opposed by the brace piles in bending. The calculations in

Appendix C indicate that the resistance of the brace piles in

bending is trivial and they were required to provide 33 times

their allowable load based on the lowest estimate of the ship's

velocity at impact.

These results indicate the reason for the abrupt

failure of the dock and the lack of damage to the ship.

9.0 Conclusions

l. The vertical loads on the piles making up the main

bents exceed allowable loads based on usual engineering design

procedures,

2. Owing to the excessive vertical load the dock was

in a state of incipient failure. The force of the collision

overcame the secondary factors giving stability and placed the
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piles unequivocally in their most unfavourable condition for

axial load, Once this condition was established, immediately

after impact, the dock would probably collapse under its own

weight. The continuing force of the ship aggravated the

situation giving rise to immediate and complete destruction of

the structure,

3. The only force available to resist the ship was
that of the brace piles in bending. These were quite inadequate

to resist the collision of the ship even if it were moving at

the lowest estimated speed of %4 knot.
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SUPPLEMENT TO REPORT

WHARF COLLAPSE BADDECK, NOVA SCOTIA
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1.0 Reference

Re: Letter from G, Millar 24 March 1966

An evaluation of the wharf has been requested if brace

piles had been placed to prevent motion in the OX direction.

2.0 Assumed Design Conditions

l. The brace piles in the OX direction will be at the

same angle to the vertical as used for the OY direction.

2. The concrete and timber deck is capable of distributing

the impact forces.

3. Brace piles will be placed at bents 2 to 8 inclusive

and in rows G to D,

3.0 Typical 3race Pile Arrangement

An outline sketch of the arrangement for a brace pile

unit is shown in Figure 3. Two brace piles are employed. The

horizontal thrust F is own as acting from the right. Vertical

loading of dead and live load is represented by W. Note in the

structure brace piles in bents 2 and 8 are considered one unit.

4,0 Effect of Additional Brace Piles for OX Direction

4,1 Vertical Loads

Additional brace piles effectively prevent the deck from

moving in the OX and OY direction.

Design conditions would be for the fixed-pinned

configuration. Consequently the minimum vertical strength is

as listed in Table 3 for the fixed-pinned situation, Although

additional brace piles represent a substantial improvement the
dead load alone still overloads many of the piles above their
design value,

4.2 Lateral Loads

Sway or impact is resisted by the brace piles. The

typical arrangement shown in Fig. 3 is structurally redundant,
that is to say there is one more member than really necessary to

ensure stability. Methods of solution for statically indeterminate
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structures depend upon exact knowledge of the elastic properties

of the material and the joint oehaviour, The joints used in timber

construction may have greater or lessor looseness and the elastic

properties of the wood vary with direction of stress, humidity and

source. Consequently, the computation of forces by elastic methods

is an exercise in futility.

The matter can be resolved by making the usual engineering

assumptions,

It is assumed:

a) The vertical load W is carried wholly by the vertical pile qs.

b) Force F is resisted by the piles pq and ar.

c) Piles pq and gr contribute equally,

Assumption (c) is only true up to some limit. As force F
increases either pile pq or pile rq will fail first. Pile pq

may collapse by buckling or pile rq may pull out of the soil.

The limiting strength of a pile in tension is very

indeterminate and can only be obtained with certainty by testing

on the site. However an estimate can be made by using publishec

values to ascertain reasonable limits of strength for the tension

pile.

The brace piles for the wharf are embedded 26 feet

through layers of soft silt, soft clay and clay of which we

shall assume 24 feet has effective skin friction. Representative

forces can be calculated from published values. Terzaghi and

Peckt and Hough4 suggest ultimate values of skin friction varying

between 200 to 600 lbs/sq. ft of surface area. Table 5 below

lists the ultimate tensile force for pile rq in tension.

Ultimate Pull Out Loads

TABLE 5 for Pile in Iension

Skin Friction Stress Pile Surface Area Ultimate Load

200 lb/sq. ft 43.9 sq. ft 8,780 lb
400 43.9 17,560

600 43.9 26,340

l. Terzaghi and Peck. Soil Mechanics in Engineering Practice.

2. Hough. Basic Soils Engineering.
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In Appendix D, the design compression load for pile

pq is 25,000 ibs and the failure euler load is 38,300 lbs.

Clearly if F is increased to the limit of failure the tension

piles would fail first. In the working range the tension piles

may or may not exceed the limiting pull out load depending upon

the soil character.

4.3 Engineering Assumptions

The practical solution and one often adopted is to

consider only the piles in compression, providing encugh of them

to resist the design horizontal force in safety. The tension

piles are considered redundant but of course they serve to stiffen

and strengthen the structure. For forces in the opposite direction,

the piles exchange roles.

4.4 Impact Loading

Calculation of forces in a structure due to impact is

a complex problem, With ships the usual procedure is to assume

that the ship approaches at a certain speed and angle to the dock

and the 4 of the kinetic energy of the velocity component normal

to line of the wharf is absorbed by the fender and structure.

The equation can be expressed as follows:

Kinetic energy of ship Strain energy of

transferred to dock = Work done = structures and fenders.

× i

© (mass V2) = ᕽ dx = 4 FX = Strain energy |
2 ο ¦

is the normal component of velocity ¡

is a transfer factor |

is the force on the dock

is the displacement of the point of impact in

direction normal to wharf line.

where

r
hA
 
<

Fenders ensure that "X" is large which reduces F, |
A small cisplacement X causes a larger force F. Theoretically if !

X7 0 then F becomes infinite.

5.0 Computation of forces and displacements

Appendix D contains details of the computations of

permissible deflections and the allowable and ultimate forces
for a unit consisting of one batter pile and one vertical pile.
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Using the same general arrangement of batter piles as for

che CY direction, it is feasible to drive 24 sets of batter piles

in the OX direction.

Consequently the available resistance force would be:

24 x 12,900 lb

24 x 22,600 1b

310,000 lb for design stresses

542,000 lb for Euler collapse

Below in Table 7, the value of X necessary to keep the

forces within the limits above is tabulated for each collision

speed,

Displacement Required to Absorb Collision Energy

Table 7,

Ship Collision Necessary sway

Speed Kinetic Energy To design stress to collapse

Knots Ft lb Inches Inches

% 41,400 3.2 1.8

4 165,000 12.8 7,3

E 373,000 28.9 16.5
1 665,000 51.2 29,4

Typical design 116,000 9 5.1

As shown in Appendix D, the permissible sway at design

stresses is 0.58" and for Euler collapse 0.90", Consequently if

the dock is not to be overloaded additional movement must be

provided. The normal solution is to provide fenders which for a

ship of the Birknack's size should provide at least 9" of movement

to protect this particular dock.

6.0 Summary and Conclusion

1. Addition of extra brace piles to resist forces in the

OX direction would strengthen the structure and improve its capacity

to carry vertical loads. However many of the piles would still have

been overloaded.

2. Extra piles make the dock very stiff and without fenders
extensive local damage to ship or dock would probably result from

an injudiciously heavy impact during docking.
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] 3. The dock would have probably survived a collision of

4 knot but some local damage would have resulted to dock or ship.
With higher collision speeds the local damage would progressively
increase and general structural failure would be initiated.

4. A light timber piled dock should be protected with
adequate fendering.



FIG.1

τπτ
Υ

40 H 40 1
| ¡ †
5555: N

ri 5! 5588!
il

- ¦ 3
ο i
τι ᑍ

Ι IMPACT

I

| |
ᑊ 2 3 4 5 6 7 8 9

80

X4— ο

PLAN

3l
'

D
J
R

T

ba
/

ᕼ 6 ᒤ E D CB A

ELEVATION END ELEVATION

NATIONAL RESEARCH COUNCIL j

HYDRAULICS LABORATORY

BADDECK WHARF ¦



FIG-2

P1 20 oie 20

+ N NUM ᓯᑍ v /

aH 594 84;
ᐟ

TIN TYᐛ |!

/
/

ᐐ
Ὑ ;

v À
/ EN N

/ ᐟ

2
4

2
2
'
-
 6
"

bes Fa = πανm | ᑍ ᓯ a AC πεζών 7 = [N=

E [3667 sir / '
ᐌ .. .. RISKY

— ^ 1...

/ \ A
S
S
U
M
E
D

z

El
E —

E N

u N
z

$ Y. AME. NORMAL
2 Jj N
ᓐ κ. M consenvarive
5
« 4 — ¬ | —
m
ᑲ

: — +\

BOTTOM 7
{Test HOLE

6 F E D ο

TYPICAL BENT

\/8"- 1"

NATIONAL RESEARCH COUNCIL

HYDRAULICS LABORATORY

BADDECK WHARF

F
I
X
I
T
Y



FIG: 3

F HORIZONTAL FORCE

ᐊ---

TYPICAL UNIT BRACE PILES

ᐉ
¬
<

1 ᕉ 3 4 5 6 7 8 9

x« 0

PLAN

AAA. | see

///ᓴᔅ
ην

D CBA

NATIONAL RESEARCH COUNCIL

HYORAULICS LABORATORY

BADDECK WHARF

BRACE PILES ADDED



NATIONAL RESEARCH COUNCIL

HYDRAULICS LABORATORY

BADDECK WHARF

SWAY DIAGRAM

FIG: 4



APPENDICES A, B and C

FOR LABORATORY MEMORANDUM HY-65

"Wharf Collapse at Baddeck, Nova Scotia"

by

T.M. Dick

Issued to: Department of Public Works,

Cztawa, Canada.

National Research Council

Hydraulics Section

16 May 1966



APPENDIX A



Are Loads dm ᑲᑎ wi
fe-ox Ouch.

ᐧ Cet A$ | 9"o.c
wv t 4) “ ᓢ

° [«] 892 ᓕ ee ¿ 246 ᓔ ᔓ+ᓅᓟ Hat
ED Dirac 4 arches

224 dea = ve 378) Cte Liban ᑦ
due "= Ife SA = ane

Νο. ou hu k= 4% xn'"xu" ~ 666 ᓚ`
ane Ave pret ¿ᒉᑳᓱ.

Toth ᓗ 4 dui = 12 κι Χο* Tr

Va ᑗ CoU. = [930-666 = ευ "T

NV ᓗᒍ = 0.386 μα
Ved εκ = ᓌ.‹¥ ΜΑ

ᘇᓚᓗᓀᓚ (© υ

«ο "

ac = co Y'É ot
S'o.e 2.5. ond um vtae veau = 144.

Coca Ja. domly = (e 7I] 1"

Ware wou ᓊ 0396x qo = (5-4

¬ 1 most ᕁ !ᙵ7 = 78:2
90-G

Uss wt 4 deck = «)ᕼ`



| ᐠ
| Re Ch $ Cartel Bc. by = 34g
| (ων. = ᒧᓇ

44.

(ᒺ× 4 peu Ate -

we ᒆ = 44 ᕽ! ᕽ! × = 44 tb Je

Barton Wed - . "d
ECue SU

Crown ᔔ to ¡ CCE
Walk Lo 8
Sub qe. "x10" ix 40 = 27%

A CCR

οκο ιο κ 3 = ᓬ

ᒺ× ¥ sy x SS = 21-8

tay
374.4

Fe eee alt ab pe,

veas = 754204 = 968

Ure ως]με ) del = to.

Wale — κιο" Eaton tell. -- Both [f
Crea sta ty

wh Ww = go" - 44.

e "que tH = 244
Une - - 12 ᒃ A

LR E epe
I - z (ᑳ



x « × × × x

Le ᐪ ¥ ᐪ x x 5
» × ᒺ κ πι ᒺ E ο ᓐ × ᑦ

je ᔧ - - - ᓘ

pos x X x x x x ¥ x ᐪ bi sf
49 m4

39" ᒼ * * * x x x x χ Ε

"S × x x X x x x x F |
75 — |

5 × × × × × × x x ᑫ |
BT ¡ |

x κ x L-x——! × x x χ x 8 i

¡

Bt” fo ᔕ OS ᔕ ᔕ !

Typret bar# 4. x

Pike EF

Deck area = (Οἱ χ(1:9 3279") = 10108 = ISSU"

Wt 4 deck ~ (8S × 9! = 44400 Ib

wt 4 Qu Cale 155 14% = 682

Corbell 12% 4 = $28

1SSiS

vau Lenk [pf = EMPSs ess

tin dead / piles aso. !ᓬ$ = 15,499V

Pie 6.6,ᗒ.

Deck area = (0 (της 12) = 74-8 e `

wk 4 dich = 74.8 9a= 6g00l
eo pcs 748x au - 329

7,129

dA Look [pik 7e*x2:0 = 18700(ᑳ



| Pile C.M. 
PEN

| "Dach e«- ᓋ 36 X10 ᓀ Be ᐱᓪ
wr 4 deck = 3691 = avoit

| ^on p^ edo= Crau = iss

| wea re (Dnm. - (© «+ᕒ7+= 37s

wt ᔕ «fe 10x2$ ” 250

Fan s @ 202 Lote
Se73 th

parr Led /pil = $073 Pb

fi Lond 3ex2s = 900016



APPENDIX ᐆ



2B

ᓇᑌ„ᓗ ᒍᑦ. $... clothes - cole FE

var ou] ᐇ Le = 0.9,0.9, 1100

Τε Wek Cont, Struct greek
= 27.2 = goo th |¬. `

Eus Cow Bikiess. Botton ᐁᐦ
του dv.

[o Ας «49 ςΞ 2.43 = 8e
M .

d, = Mad + ᒴ (ᙰᑽ - Mud)

43 = B + +Ci2-s) = 9-33

Amn- (ᓚᓐ.
$? dey = 2. 43.1% _ \\!( > ᗭ > $0

encanto 9-33

Ba, > wo.

However, — Cale by rane ᓗᒪ.
Pa/n = WK dud - Wie’, 34:6 thf?

$©. res

Pa = 3s-C. Fe eee ef

Not : TUIᔧ bus gone μι

Pe = eL= 1.6.00',0.049 9.33" €«Solb

| M i tx «49 {= ᔡ abus - 933. dus RU
NES 2.49.1 ᓗ (503 SK > 89.

' 9.33 `
ᒃ Pa ᓗ gr Qon 60 (

Paz 41-4, 1 $ - 2ovolb »
= WED V nt eet049 9-33 ᓊ &z« oll



38

5ᑍ ~ ᑫ + + (($-9)= (©

|
3 As ᓋ 2.381% ᓗ δ DK so

:ᐌ ao ᙮ τὸ
` ο .

Pa = X. > ᐁ. (8 = 62.1. ll ᖖ ᐠ

ᐞ ᔆᒃ Bay" $6. ᐁᓴ /
Paz ᐃᓗ. x cae - 12, (9) ` 62-1« τονᑳ

Ein Py= NET Q 122. ,29-. 49 ᒬ

Gs)" TX

E UD Com bir lens, Bett on —

Q ᓀ ᖤ1' ++ pevOy
o Á,7o2. = 07.43.14 = Sel

X A. fem ᖔ” = 9.33"

44.7 $ea 7 387 OK c9

| Pa, = CRY Perens reel = 8/6. 56

mm" 26 ˆ Gà) ᙮ = 29!ᘅᐟ¬
| Pew 291. HV = 146o0!l

Pa = (21). LA boue = 44, vo^,

© 4 ¿ᕝ 40 |

Ryn ο] = 9.7. 40.11 5 336%,
l 4? de pum ARS - 9:38.

Rs, = 336 = ᐸ < $0

Pas (A) Pa ᙰ = #/6.2080= (7000ᑳ

Φ,- w.46.634q0 = Shésolb



au

Lass’

f.» 0.7.8 = 0.7, 39.12 = 294 ~
A, = 10 qe €

4 = 2398 ~ 29.4 ᐳᗭ < SOAs = πο = 294 κ .

"Pes ¥.!ᒐ . Pa ᙰ. = 16. 5930

ᓐ 32,200ᔮ

Ῥ.- vie. Pe lene 2 ᕓ(©. 19,990
= ¥9, goo lb



APPENDIX C



IC

| Qc | as ~ σέ...

f. . 1! " whee : TIR ae ᓗ ᙵᒍ-ᓗ
TF ¥ Εις «ᐺ... bete aber

= actu Alley+ whetHNecho
Fes nuns TES |

Cep uten we Aden.

Fe ab AA. SN RUPES 4 MA. rm,

ᒼ 58.ᕗ Cervo Le nal
Vda dau ce cr ᓗ

24 8 ο Um e j Lh 4, anak
ᑍ Mack P LAᐌᑉ b ᒼ +

PES: d¡ “hee, -— ur X € AM

= Fx+P(a-y)=Er dy |.)
ᓮ du?

AM ᓗ -dx F 2

d*^ < -axt Pay.
ats X
dx 5- €)

ATM



zc

An uy "2
ᐧ ΜΕ CR + ᕌ᙮ ᓍ ος,

D | ᕃ who ἐν M + A Co wx + B amp

+ᒙ × το M=0. OF ᗅᐈ ᔕ ᗜ ¬ Baro .᙮ ᑍ - °

× ¬ ¿ Me FLAP FL= Baw mh

ᐟ. & = FL + ᑭ

Dep À.

Qu, M - (FA 49.) ju ακ dg
DA.

M= Max A x= otre, aS +÷.

ᓗ wer , _ RL"

am pus Fer dé het Me

M = (FS). ᓄᓗ Cyr. 57;

ᑢ. ᐸ ᐿ ᔔ ch tht a Po
M — so



κα

ln na ονPO θα nur thee ᕄ
ᓉ Vu ¬ ο OK +. tle Kuuhu

Emery + de dl + ᾗ tole and

M ᕝ Fx

x

[se Ment MIS

\ ᓯ %
34 |

Ta Lh got fe moto t= (709. 0-96 . ᒶ

3.5" = Bobo th/..*
= 10,300 th —

Fay = M = ιο 300
T FE = !$.« ᒑ ᓗ :
2 46.6.12 + Jh

μον Cp cH ad qe ones add

We faa bandes = | Mids\ + de E
2

, 161



-HKL

Y eed. ᕦ εκδ -. ᙓ ce

Λο ET ᓵ ᓚᓕ = £A" de. ᓗ jn}
Aer «

Dow 3 x. dar > m = 490

άλλο SE. = FU 4° - ᓛ
ne 2ET 3 : bah

.$€ = ᐅᐠ (ac.c -12) ο Ft 0.0373«th.

©.(ᖥ. (ᘰ 496

Σ5ε. Ξ Ke. 4400 uw
= «(499 X12 ᓗ (ᒡ.

seba VÀ x mule 4 κά. - KE

F* 0.0373 X3BG = 4400-12 ᓗ (ᔮ

ᐅ = oo, \bs.

Cent , th ᐃᓗᔮᓛᓗ.4 ᕆᖤᓗᔻ+ᓗᓗ 4 ᕨ |

Lie, Teo LT 
|

ade ᔣ het + ᓄᖢᖤᓚᒍble
o dt md he etn ble



APPENDIX D

SUPPLEMENT CALCULATIONS



Forces . ᑭ ᔐ |

τη 1... ο...

EA yos da

8: -- pened

À = 46e y = 46-6 X0.7 = $2.6

dé ~ Wed + + (umd— wed) ~ 933

wees \ᔐ* ᐩ

dy = $2.6x'2 _ GU

ᐡ 9-33

PL = Soo Wir x Us ob "

= ᔕ - ᐧ . ᔪᓪ- 1092
ᖤ ᐨ

Et Lat ‹

D, ~ ᓞ € ᕽ _ Wy I 6xi0* x 0.04), 9:33
÷ =

Cay (32-4 ^ +) ᓪ

ᐦ 38 300 tb

APPERDIX D

où



Mac dear Der Shere. Έως nn.

F1 -1seolb( vs«r) BB τυοίς

4%. 21,400 ᑲ 3 Beco lb

ᓚ ᒤ [2, Fool 19750.

xᓙ. - ---ᾱ-
UU

ET ᓇᓪ (

th |G 
:

be dae d = (ια ~ ᕙᒪ ᖅ X och.

e
o

e ᐦ ᐒ Ὅ 5
-

A



[P AU EE= 5εν ~

ᒞ cL dad 4 ᒞ [ᙵ ᒸ ᔔ

t ᔦ 2¥eee | [uuo _ imm]
be. 10% 3.14% Liuu-0:tx720 per

= 0.19%"

Ra whe Ed £ = 0305

Pile ME f- ᓉ = Goo

ᑣ = 4. 21499 | [uuo | 53
j-6-10°% 3.14 1yye o-1(600) ) ᙱ ¬

o.122"
=

O.182

qe the v pee ᓣ 5 atruutue

Awe Len " NDDA pete ¬ ᐦ “ᒡ,



M^ ᐨ

Jon - 4 . SCALE. O-j Ῥεεεξςετιυω x O's

o& - ο 2" DEFLEcTIOY

ᑍ

ᗘᔆ STRESS Bree STRESS 4

Ποστ, DEFLECTION 0.58 o.90 N

VERT " ᐨ Ev ng

Steck wert Con my ο we wt tlt sree clan

DID sd. 0.99" mettent ᒦᓐ ¡ T"


