CHAPTER 126

THE DESIGN AND CONSTRUCTION OF THE NEW
0IL ©PORT 1IN DALIAN, C.P.RH.
Xin, Zhu~zhueng,
Qiu, Da-hongs Li, Yu-cheng and others
( Dalian Institute of Technclogy )

Abstrect

The construction of New 0il Port in Dalian,C.P.R.,was
sterted Iron the end 1974 and completed in autumn 1976.1In
this paper a summary of the essential considerations in
design and construction of this oil port,such as the plan-
ning of the pier,the determination of exciting forces
(namely wave forces,forces due t¢ earthguake, mooring line
forces and berthing forces due to the impact of tanker on
the fenders)on structures,the design of the large cylin-
drical cassion with a diameter of 9m and a2 height up to
19.7m and the construction of connecting bridges by two
types,is presented.
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Generel description

The New 0il port is situated in Dalian,Liso-Ning,Peo-
ple's Republic of China,it is a terminal of the Da-Ching
0il Field.The design capacity of the export of crude oil
is 15,000,000 tons per year.

Fig(1) is the general plan of the New 0il Port.The
jetty is of cylinder-pier type and is located about one
kilometer from the shore line.The direction of the axis
of the jetty runs N150°,which gives an efficiency of 85
90% utilization of the berth every year.The depth of the
water alongside the jetty is 17.85 meters at low water
levet,which is sufficient for the berthing of 100,000
tonnage oil tanker,

The jetty is 421.% meters long,consisting of an opera-
ting platform,two berthing piers and six mooring piers,as
shown in fig(5).Pig(2)is its general view.

There are four spans of steel pipeline bridge between
the operating platform and the piers No.6,7,8,9 and four

spans of steel foot bridge between the operating platform
and the piers No.4,%,2,1.The span lengths of these brid-
ges are 24.2 meters,2-30.Tmeters and 51.S5meters respecti-
vely.The distanced between the piers are determined main-—
ly according to the adequate angles of mooring lines and
the requirement of the berthing of the tankers.In this de-
sign,the arrangement of the piers is fitting ror the. ber-
thing of 30,000 tonnage up to 100,000 tonnage oil tankers.
The water depth alongside the jetty at low water level
is determined mainly according to the following considera-
tions: (1) the berthing tanker will not touch the sea bed
under the wave action of the operating condition,(2) the
increase of the draft of the tanker when it navigates
out of the port,(3) the reserved depth for deposition and
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other factors.

Under the wave action,the draft of the berthing tanker
will be increased due to the heave,roll and pitch motion
of it .

The results of the 1:60 scale model tests are shown in
tabie (1) for the beam sea and in table(2) for the oblique
sea with an angle of 30° between the wave direction and
the longitudinal axis of the tanker.

From the results shown in tab.(1),the increase of the
draft under the beam sea does not exceed 0.94m.in the gene-
ral case,and in the case of long period swell with the wave
height less than 1.0m.,its extreme value does not exceed
2.58m.

Under the action of oblique sea,in the test the ampli-
tude of the motion of heave and roll decreased rapidiy,but
a pitch motion was produced.Although the amplitude of the
pitch motion was not very large,due to the fact that the
length of the ship was much longer than its width,the small
pitch motion still caused a significant increase in the
draft of the tanker.From the results shown in tab.(2),the
increase in draft ,generally did not exceed 1.17m. at high
water ievel (HWL) and 0.57m. at low water level (LWL),and in

the case of long pericd swell,its extreme value did not
exceed 2.54m. at HWL and 1.0%m. at LWL.

The elevations of all the pier tops are+10.0m, and
those of the top deck and low deck of the operating plat-
form are+12.0m and+10.0m. respectively.The determination
of these elevations is mainly due to the follwing consi-
derations:(1) no overtopping of waves will occur,(2) no
strong wave action on the pipeline bridge will occur ,(3)the
inclination angles of the mooring lines are adeguate,(4)the

operating range of the oil loading arm is sufficient for
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different tonnage berthing tankers.

The jetty is connected to the shore by a 111.75m.long
mole consisted of rubble mounds and 9 spans of steel bri-
dge.EBach span of the bridge is 100 meters long.The brid-
ge are supported on the cylinder piers,which are spaced
106m.apart center to center.The axis of the connecting
bridge runs out in the east direction,and makes an angle
of 120%ith the axis of the jetty.Fig (3) is the general
view of the connecting bridge.

The construction of the piers
The piers are all of gravity type using the reinfor-

ced conerete cylinder cassions as the underwater structure.

The soft top layer of the sea bottom was dredged and sto-
nes weighing 15 to 100 kg.for rubble mounds were deposi-
ted in the dredged cavities up to the design level,then
the cylinder cassions were rested upon these rubble mo-
unds.The largest cylinder cassions used are 9.0m. in dia-
meter and 19.7m.high,the bottom of the cassions is octag-
on in shape.The thickness of the wall of the cylinder is
30cm.and that of the bottom is 100cm.The superstructures
of the piers over the cassions were three layers of solid
or hollow precast reinforced concrete blocks,which were
interlocked with each other by filling concrete in the
concrete in the connecting holes with reinforcement in it.
As an example,the construction of the operating platform
is shown in fig (4).
The forces acting on the piers

The forces acting on the piers consist of the follo-
wing forces:(1) wave forces,(2) forces due to earthquake,
(3) mooring line forces,and (4) berthing forces due to the
impact of tanker on the fenders.

The wave force exerted on single pier is calculated by
Morison equation.In order to estimate the influence of the
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pier group,a 1:60 model test were made in the laboratory.
According to the test results,a coefficient was used to
modify the calulated resuit for single pier.For the opera-
ting platform this coefficient is 0.9-1.1, and for the
berthing pier,1.0-1.4.

The mooring line forée of the berthing tanker is cau-
sed mainly by the wind,current ane wave action on the tan-
ker.For the offshore jetty,the dominant condition is the
wave action.This action is very complex,because it not
only depends on the scale and the direction of the wave,
but also on the loading condition of the tanker,the chara-
cteristics of the mooring lines and fenders,and the arran-
gement of mooring lines when in berthing.Model tests of
the 100,000 tonnage tanker with 1:60 scale were made for
measuring mooring line forces and impact force and energy
of the berthing tanker on the fenders.The mooring line
arrangement in the test is shown in fig(5).The test data
are tabulated in table(3).

From analysis of the test data,the following, informa-
tions can be drawn:

(1) The maximum mooring forces are produced by the beam
sea,if the wave direction is at an angle with the longitu-
dinal axis of the tanker,the mooring forces will be redu-
ced rapidly.The maximum mooring forces will occur at the
baliast loading condition.For the beamsed from the out-
side of the berth,the mooring line forces of a tanker in
full loading condition are increased as the wave height and
wave period increase.As for the tanker in balliast loading
condition,the mooring iine forces will be maximum when the
wave period coincides with the natural roll period of the
tanker.For the oblique sea and head sea,the mooring line
forces are also increased as the wave height and wave per-
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iod increase.for the beam sea however ,the mooring line for-

~e inside of berth will be greater than that outside of
the berth due to the tendency of pushing the tanker away
from the berth.

{(2) When nylon breast lines are used,the mooring lin-
es work normally for all test conditicns,only for long
neriod beam sea when the wave height resch 1.4-1.6m.,the
iwooring lines will be broken occasionslly.When the stell
oreast lines are used,the mooring line will be broken in
most cases during test,it can work in normal condition
when wgve height is less than 1.%m.and wave period less
than 4 sec.for beam seas and wave height less than 2.4m,
and wgve period less than 5.3 sec.for oblique and hend
seas

According to the test results,the mooring line brea-
king force is used as the control force of the mooring
lire in design.This is mainly dependent upon the arrange-
ment and the size of the mooring line selected.In design
for the 100,000 tonnage tanker the 10" anylon line was se-
lected and the arrangewment of the mooring line is. shown in
fig (5).

The impact force of the tankers on the berthing piers
is mainly due to the following two causes:(1)the kinematic
energy produced by the apgroaching velocity of the tanker
during berthing,(2) the kinematic energy produced by the
motion of the berthing tanker due to wind,current,ospe-
cially the wave action.For offshore jetties in the open
sea, the latter is the controlling case for determining the
impact energy in design.

The model test results of the impact energy of 100,000
tonnage tanker due to wave action are shown in table 4.
From these test data we can see that the wave condition
has great influence on the impact energy of the tanker.
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Therefore in the design we must first determine reasonably
the wave condition for safe loading operation of the berth.
This is a complex problem because it depends upon many fac-
tors such as the management of the loading operation of the
berth,the design criterion of the jetty,the requirement of the
loading capacity of the berth per year and others.In this
design,the wave condition for safe loading operation is ta-
bulated in table (5).

From the test results and the analysis of the moored
ship,we can get a semi-empirical formula for calculating
the impact energy of the tanker.

B/ = i 2 oizos (1.4-2.7 Dy _LoA  p2S(t-m, e
/H 250y ( B) 35 0T/ m)

Where:H,T—wave height (m.) and wave period (sec,) :
D,B,LoA-—draft,breadth and total length of the moored
tanker;

oly the coefficient due to eccentric impact of the

tanker,

d'='T?7%7?V , L is the distance between the fender
and the center of gravity of the tanker on the

cross section,r is the radius of gyration of the
cross section of the tanker;

Xg—— the coefficient due to the éhange of the water
level,for the case of tidal range less than 4.0
m.and small reserved depth for safety for the
berth,o,= 1,0 3

o3—— the coefficient due to the loading condition of
the tanker and the influence of the elasticity of
the mooring line,for the case of full loading,
®; = 1.0,for the case of ballast loading : 3=1.0
for all nylon mooring lines,®3;=1.5 for steel
spring lines with nylon lines for others,and
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d3=2.2 for steel breast lines with nylon lines for
others;
dg——-— the coefficient due to different wave dircciicn,
[ Y] =0005+00953in4d, o is the angle between ithe vave
direction and the longitudinal axis of the tanker;
for beam sea from inside of the berth , 0g£0.6,
The formula is applicable for the cendition of wave per-
ind equal to or lesc thon 7Tsec..

It is necessary o determine the dynamic characteris-
tic of the piers for calculating the earihquake reaction.
For this purpose,the natural frequency and the damping ra-
tio of the completed connecting bridge piers No.1,2,3 and
the jetty pier No.8 under constrution, shown in table 6,
vere measured in site-The coefficient of the rigidity of
foudation K calculated from the measured data was used to
design the dynamic model test of the completed jetty pier
Ko0.8, The test results of the first mode of vibration of
the dynamic model test were very close tp the calculated
values,as shown in table (7).The skeztch for calculation is
shown in fig(6).

Using tne dynamic characteristic of the pier obtained
from the test,we can calculate the deformation process of
the pier during berthing and the earthquake force and its
distribuvion along the pier.

The design of the large cassion

The construction of the reinforced concrete cassion
is shown in fig. (7).The wall of the cassion is a cylin-
drical shell which is rigidly connected on the base pla-
te of the cassion.In design,the following items are con-
sidered: (1) the strength and the stability of the .cylin-
der wall against crack,under the action of the external
and internal pressure,(2) the stability of the cylindri-
cal shell under the combined action of axial force and be-
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nding moment,(3) the local strength of the shell due to the
impact of the constructicn ships.

The cassion was built in two stages.In the first stage,
the cassion was built up to a height of 12m. on land, and
then slipped into sea on the slipway.In the secend stage,
it was built up to the full height of 19.7m.2long the whars
under flosting condition.Because the draft of the cassion
floating vertically in state is larger than the water dazpth
of the navigation channel,the cassion was towed by the tug
at inclined position.The process of sinking down the cas-
sion during the rising of tide and the reaction acted on
the edge of the base of the cassion during sinking were
checked in a3 1:3%30 scale model test. The test results agre-
ed closely with the caleulated values.

The construction of the bridges

The all-welded Vierendeel trusses in parabolic shape
are used in the construction of the connecting bridge.This
is because the main loads of the bridge are uniforwmly dis-
tributed dead Yozds which occupy almost 847 of the total
loads,and the moving loads are also essentislly uniformly
distributad.

The all-welded sieel plete-girders strengthened by
struts are used in the construction of the pipeline bridge
slong the jetty,because the total height of the bridge is
limited in a smell range of 4 meters.The result of using
this type of structure is satisfactory in economy and ser-
vice.

The span of the vierendeel truss is 100 meters,which
is divided into 12 panels.The ten intermediate -panels are
9 meters in length each,and the two cend panels are 5 met-
ers ‘in length each.The distance between the trusses is



OIL PORT DESIGN AND CONSTRUCTION 2089

T.6m.and the total width of the bridge is 12m.The height of
truss at mid-span is 12.5m.,which gives a rise-span ration
of 1/8:The joints of the truss are strengthennd,and the wed-
ge-shape plate girders with an integral box section are

used to strengthen the end panels.The sketch of the connee-
ting bridge is shown in fig.(8).

The height of the plate-girder of the pipeline bridge is
2.0 meters.There is an elbow at each end of the girder to
support the strengthening strut.Vertical members are spaced
at 6.4m. apart to connect the plate girder and the strut.
The distance between main girders is 5 m. center to center,
and the width of the bridge is 9.0m. at the lower deck for
carrying pipes and 5.0m. at the top deck.The sketch of the
pipeline bridge is shown in fig.(9).

For checking the reliability of the design,several tests
were made during construction.

For the Vierendeel truss,a photo-elastic model test and
a 1:3 structural model test for the joint have been carried
out and an overload (total load 840 t.)test for the whole
bridge and a test for the non-uniform settlement of the sup-
ports were made on the assemply ground on the shore.The dy-
namic characteristics of the Vierendeel truss under diffe-
rent loading condition have also been measured,the results
are shown in table (8).

Photo-elastic model tests of 1:100 scale for the whole
span of the pipeline and 1:20 scale for the elbow part of
the girder were made during design.The deflections of the
bridge in prototype under the service loading condition were
measured,the value agreed closely with the theoretical value
with a deviation of about 5%.

The members of the bridges were fabricated in workshops
and then assembled into a complete unit on the assembly ground,
which was specially constructed for the assembly work of the
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bridges.After a whole span of the bridge has been assemdlad,
tne pipes,traffic deck,and all accessaries were installed
the shipway t

o it,and then it was i o o the end of a
it,and then it 5 pulled on the end of

nole.The assembled spen was hoisted on the floating crane
which was navigateéd by towiag btugs to the bridge site and

iers

the spen wvas Tinally -erected on the piers.
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