CHAPTER 113

CONSTRUCTION AND MODEL INVESTIGATION
OF STORMWATER OUTFALL

by
KA Heathcate] and G W Brittan2

1. INTRODUCTION

Posfard Povry Sincloir ond Knight were cammissioned in 1976 to design
a new stormwoter outfall off ane of Sydney's surfing beaches. The
locatian af the outfoll was dictated by a previaus autfall which had
been built in the dry when the beach line was much further seaword
but which had been destrayed by wave actian when the beach line

retreated ta the 1976 positian (a distonce af appraximately 50 metres
(Figure 1)).
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FIGURE 1  LOCATION PLAN OF OUTFALL

1. B.E., M.ENG.SC., M.COM ., Engineer, Posford Pavry Sinclair &
Knight, Sydney, Austrolia

2, B.E.(Civil), Engineer, Department of Public Warks, NSW, Australio
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2. CONSTRUCTION

Becouse of difficulties in locoting plont in the surf zone, it wos
decided ta construct the outfoll aut af precost reinforced concrete
box sections (Figure 2) using a "leopfrogging" methad of construction
whereby all canstruction aperotians were carried out by a crane/pile
driver lacated on tap of previausly ploced units.
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FIGURE 2  CROSS-SECTION OF BOX UNIT

The first stoge of canstruction invalved building o temporory support
plotfarm to enoble a crone to get fram the corpork to the waterline.
This romp wos built level with the top of the concrete box units. A
crone trovelled dawn this romp ond proceeded ta drive the two pile
bents (Figures 3 ond 4). Eoch pile bent consisted of two steel H
piles ot 1 metre centres. Precost unreinforced cancrete protective
jackets were then jetted oraund the H piles to pravide scour
protectian (Figure §).

The second stage invalved plocing precast reinforced concrete heod-
stocks (Figures 6 ond 7) on tap of the pile bents, levelling them off
by meons of o special level adjustment device, locking them inta
ploce to prevent their displacement by waves, ond then grouting them
up to form o fixed cannection with no pile steel exposed (Figure 7).

The third stoge in the canstruction process necessitoted the crane
lifting up o bax unit which hod been wheeled down fram the costing
yord ta o positian behind the crane, swinging it araund and placing
it an the heodstacks (Figure 9). The stainless steel balts in the
heodstocks were fed through slatted hales in the base of the box
units ond stoinless steel pods clomped the box units to the heod-
stocks once in ploce (Figure 8). The slotted holes occounted for
any longitudinol misolignment af the piles.
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This procedure wos repeoted for o totol of nine box units (eoch
opproximately 4.9 metres long) ond o speciol precost outlet unit wos
then ploced on four piles ot the seoword end (Figure 10). This
outlet unit wos designed to prevent blockoge of the outlet should
the shoreline extend out to its previous level. At the shoreword
end, o tronsition piece connected the box units to the existing
circulor 1.83 metre diometer reinforced concrete stormwoter pipes.

STAGE 3--WHEN INSITU CONCRETE IN
HEADSTOCK HAS ATTAINED A STRENGTH
OF AT LEAST 30 MPg, LIFT PRECAST BOX
UNIT INTD PLACE AND BOLT DOWN

ADVANCE CRANE AND REPEAT PROCESS.

FIGURE 9 STAGE 3 CONSTRUCTION PROCEDURE



STORMWATER OUTFALL INVESTIGATION

=3 2
CER
a [_awu 100 3700
\\\ A l 0.
N . T
g > N
500 685 I i
- ; H
N l
'
~ -
. T ssm.v,.mv ENGTHS
L3 . ING LENGTH.
2 ey 3oy (R it
-4 - i 2
5 | S @ oy
S [ .m....l \ . . 3
J— e, TR~ 2 ENE -
m ?
o e 1
g /Al 4 Cﬁ ) AN
e N [ —
, 7 . \

£8 (
g5 ~fo, /

0s
05 9S>

x
___________ SRS N B E
3 o
4 D ’% N
e ® X S16150 |
R o VARYING
B 8

Lc NGYHS/ ¢

IBV‘N
| 3278
NPT |
AR e
g o
! L_@.;#hg_ o B& e L 1060 !
&m0

1

FIGURE 10  SPLIT PLAN OF OQUTLET UNIT

In retrospect, the construction procedure worked very well. However
o short time ofter the sixth box unit hod been ploced, reosonobly
heovy seos were experienced. This particular unit broke up in the
region of the holding dawn bolts. Evidence af site stoff present ot
the time indicoted thot the nuts of the holding down bolts hod worked
loose ond the unit had been pounding up ond down under the oction of
the woves. It wos ot this stage thot the possibility of high shock
pressures on the slob immediotely adjocent to the heodstocks accurred
to us, ond a raugh madel test wos corried out to indicote the
mognitude of this effect. The tests indicoted thot the wove pressures
on the underside af the slob were sufficiently high (of the order of
60 KPo prototype) to warrant o full scole model investigotion.
Detoils of this investigotion ore presented in Section 3.

At the some time os the wark wos being corried out to determine whot
wove loading ta use in checking the box units, further investigotion
ond onalysis wos corried out to determine the inherent strength of
the box units. It hod been assumed in the design stoge thot the
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autlet unit would shield the bax units fram direct wove attack ond no
allawance had been mode far ony vertical wave looding. The box units
had been designed far o stotic water pressure of 12 KPa and were anly
nominally reinfarced in the base slab. A finite element anolysis wos
corried out far o wove laoding af araund 360 kPa (based an on
increase in wave energy as woter depth increosed) and far the crane
loodlng during construction. The analysis revealed a shear wedkness
in the canstruction case and indicated that faor the ossumed wove
looding, the box unit wauld stay intoct but with severe cracking
accurring. Bath these problems were exocerbated by the Controctors
amission of reinforcement in criticol areos. The problem of the
shear wedkness during construction was eosily remedied by the
insertian of packing plates ond further halding dawn balts were put
in ta enable the bottom of the bax units to act more as a two way
slab ond thus have greater flexural strength under wove aottack.

The outfall was completed on this basis and it was decided to re-
evaluate the questian af further strengthenlng when the detailed
model tests were campleted.

3. HYDRAULIC MODEL INVESTIGATION

3.1 Model and Instrumentotian

The nature of the breaking wave uplift pressures on the underside, or
soffit, of the starmwoter outfall was investigated in o loboratary
wove flume 0.9 m wide using o madel of twa bays of the starmwater
outfall constructed at o scole af opproximotely 1 in 12 (Figure 11).
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FIGURE 11  MODEL OF OUTFALL gnd number shawn
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Ta enoble measurement of the uplift pressure o tatal af 18 holes

were drilled through the harizontol plotform of the model, comprising
9 thraugh the centre-line ond 9 olong the edge, in which could be
positioned a pressure tronsducer flush with the plotfarm soffit.

Only o single pressure transducer was used throughaut the investigot-
ion and therefore simultaoneaus meosurement of uplift pressures over
the platform could not be ochieved.

The pressure tronsducer wos o Stothom differentiol pressure trons-
ducer Model PMI3ITC. This tronsducer is of flush diaphrogm
constructian with o working range of = 175 em H,0 and notural
frequency 3,500 hertz. The response af the trofisducer to wove
pressures was omplified ond displayed on o Tectronix 912 storage
cathade oscilloscope via o low poss filter. The low poss filter
attenuvoted the effects of companent frequencies above 1,000 hertz
which it was thought cauld excite vibration of the tronsducer at its
notural frequency.

3.2 Experimentol Conditions ond Procedure

The model was ploced centrolly in the wove flume on a beoch slape of
1 in 20, opproximotely 17.5 m from a periodic pragressive wove
generator. Throughout the testing the madel wove periad was
maintoined constont ot 2.3 secands (8 secands prototype). Incident
woves were olways mode to breok seoward af the model by variotion aof
the stroke af the wove poddle. The wave motion impinging an the
model wos therefore the surge formed ofter breaking.

The work of previaus reseorchers hod shawn thot wove pressures
exerted on harizantol plotfarms (ond verticol wolls) were
characterised by an initiol impact pressure af high magnitude ond
short durotion fallawed by a pressure of longer durotion ond lesser
magnitude. The noture of the initiol short duration impoct pressure
wos the prime cancern of this investigotion ond wos studied in two
stoges. The first stoge wos aimed ot establishing temporol
chorocteristics of the impoct pressure ond involved simultoneous
measurement of both impoct pressure rise time ond magnitude.
Reodings were token for only the centre-line transducer locotians
and for still woter levels 10 mm and 20 mm belaw the soffit of the
plotform. The elevotion of the soffit obove the bed of the flume
wos such thot the most shoreword heodstock rested on the bed
(Figure 1).

The second stoge of testing wos concerned with determining the
distribution of the magnitude of the impoct pressure over the
plotform os well os o study of the slowly vorying pressure. In this
cose reodings were token ot eoch of the 18 locotions for the trans-
ducer. The difference between the soffit ond still woter level wos
voried, in steps aof 10 mm, between o lower woter level value ot
which na contoct accurred between the incident wove ond the soffit
and on upper water "level volue ot which impoct pressures ceosed to
accur (see Section 1.3.4). In oddition, twa elevations of the
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plotform soffit obove the bed of the flume were considered.

Initiolly the elevotion of the soffit wos set os described for the
first stoge of testing. A second series of tests wos then undertoken
with the soffit roised 25 mm by insertion of spocers into the support
piles.

Both the moghitude ond rise time of the initiol impoct pressure were
subject to consideroble voriotion from impoct to impact for o given
test condition. In order thot meoningful overoge volues were
obtoined 20 reodings of impoct pressure mognitude ond rise time were
token for eoch combinotion of tronsducer locotion, difference between
soffit ond still woter level ond soffit elevotion obove the bed. The
maghitude of the slowly vorying pressure wos much more regulor ond o
representotive volue wos token from the disploy of 3 to 4 woveforms
only.

Over the ronge of conditions studied in the model investigotion the
voriotion in the breoking wove height in the model wos from 7 cm to
19 cm (0.85 m to 2.3 m prototype) ond in the woter depth olong the
structure wos from 2 cm to 15 em (0.25 m to 1.8 m prototype).

3.3 Results ond Discussion

3.3.1 Generol

Although the experimentol equipment comprised essentiolly only a
single pressure tronsducer ond storoge cothode roy oscilloscope,
severol informative ond interesting conclusions could be drown from
the hydroulic model investigotion.

As expected, when impoct occurred, ond irrespective of the locotion
of the tronsducer on the plotform, the recorded pressure in generol
comprised on initiol impoct pressure of potentiolly high mognitude
ond short durotion (of the order of milliseconds) followed by o
slowly vorying pressure of longer durotion, which wos typicolly first
positive then negotive.

The noture of the slowly vorying pressure is foirly well understood
ond con be reloted to the hydrostotic effects with due ollowonce mode
for the influence of verticol fluid occelerotion. It is therefore
proposed only to discuss here some of the importont ospects of the
impoct pressure. Accurote meosurement of the impoct pressure is
difficult becouse of its extremely short rise time ond the finite
size of the pressure tronsducer's sensitive diophragm. Together
these foctors moy leod to o so colled "tronsducer oreo defect”,
reloted to the tronsducer's spotiol resolution (French, 1969).

French proposed thot o tronsducer would not occurotely record o
pressure distribution unless the chorocteristic holf-length of the
pressure pulse (the product of the rise time ond wove celerity wos
greoter thon obout three times the radius of the pressure trons-
ducer's sensitive diophrogm. If this wos not the cose o record of
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time-dependent pressure wauld be praduced in which the recarded pulse
was af longer duratian and of lesser amplitude thon a recard praduced
by a transducer of vanishingly small area ar simply of somewhat
smaller area. A carrectian pracedure develaped by French increased
the recarded impact pressures in his study by a few percent ta as
much as 50% although it is stated that the pracedure cannat be
applied with certainty.

The Statham PMI31TC transducer used in this investigatian did nat
satisfy the abave criterion for "accurate measurement" praposed by
French. As the purpose af the investigotian was ta establish the
noture af the breadking wave impact pressures na attempt has been

made to carrect the results far the above factars. It is therefare
likely thot the results presented in the fallawing sections may tend
ta underestimate the magnitude of the impact pressure and aver-
estimote its rise time. Use of the low poss filter cauld be expected
ta cantribute ta this tendency.

3.3.2 Rise Time af Impact Pressure

The rise time af the impact pressure was defined as the duratian af
time between the initial sharp rise af the pressure abave static
level and the peak af the pressure respanse.

Far the centre-line gauges and the twa water levels tested the
average rise time af the impact pressure varied between 1.8 milli-
secands ond 8.5 millisecands. Although subject ta cansiderable
variotion fram impact ta impact there did appear ta be a relatian
between the rise time and magnitude af the impact pressure, such
that the shorter the rise time the higher was the magnitude af the
impact pressure. This relationship has in fact been reparted by
previaus researchers, natably Bagnald (1939) and Rass (1954), wha
faund that the area enclased by the pressure-time curves tended ta
opproach, but never exceed, o definite volue. This oreo of the
pressure-time curves up ta the peak af the impact pressure was faund
ta be a fractian of the wave momentum and is thaught ta be related
ta the destructian af the original momentum of the kinetic mass
invalved in the impoct.

3.3.3 Langitudinal Variatian of Impoct Pressure Head

Figure 12 shows the variation in mognitude af the impact pressure
head olang the centre-line of the structure for the twa elevatians
af the soffit relative ta the bed af the flume. Impact pressure
head is measured in centimetres af water and each platted paint
represents the average af twenty readings of the impact pressure
far a given difference between the saffit and still water level.

It shauld be nated that the platted paints da nat represent a
simultaneaus envelape af impact pressure an the structure. The
impact pressure is in fact cansidered ta be a phenamenan travelling
with the line of initial cantact between the wave and the saffit and
ot any one time ta be canfined ta this immediate vicinity. (This was
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first proposed by French ond confirmed by observotion during this
investigotion.) An estimote of the spotiol extent over which the
impoct pressure octs con be obtoined from the product of the wove
celerity ond the rise time. From the results of this investigotion
the extent is of the order of only millimetres (model). This meons
thot only very locolised regions of the structure, eoch o wove length
oport, ore subject to the impoct pressure ot ony one instont. Quite
o consideroble length, however, could be subject to the slowly
vorying pressure ot ony one time.

The effect of the heodstocks on the mognitude of the impoct pressure
heod is immediotely evident. Impoct pressures ore higher in the
regions immediotely seoword ond shoreword of the heodstocks with the
effects most pronounced immediotely seoword of the heodstocks.

(Note thot the plotted points represent pressures coused by incoming
woves ond not backwosh. The effect of bockwosh for the conditions
tested wos found to be negligible.) The influence of the heodstocks
oppeors to extend over o region either side of the heodstock, equol
to obout the projection of the heodstock below the soffit.

The highest overoge mognitude of the impoct pressure heod recorded
in the model wos 123 cm H,0O (or obout 12 kPo) at tronsducer locotion
6 immediotely seoword of %he mast shoreword heodstock (Figure 12).
If scoled occording to Froude's Low, which is generolly considered
to overestimate pressures of this type (Richert, 1974), o prototype
pressure of 150 kPo would be predicted. These pressures ore cleorly
extremely high in comporison to normal design loods ond their
mognitude olone suggests that they would be of concern in the design
of prototype structures. Before their effect on o structure could be
evoluoted, however, the structure's response to the spotiol ond
temporol chorocteristics of the pressures would need to be
estoblished.

In regions of the platform remote from the effect of heodstocks the
magnitude of the impoct pressures ore much lower. The results of
this investigotion ore in ogreement with the work of previous
reseorchers who studied impoct pressures on horizontol plotforms
(without verticol obstructions) ond found thot the mognitude of the
impoct pressure heod rorely exceeded 5 times the height of the
incident wove obove still woter level (French, 1969; Wong, 1970;
Massel et ol, 1978).

3.3.4 Voriotion of Impoct Pressure Heod with Difference
Between Soffit ond Still Woter Level

Figure 13 shows the monner of the voriotion of overoge impoct
pressure heod with difference between the soffit ond still woter
level for tronsducer locotions é ond 3. The monner of the voriotion
is typicol for eoch of the tronsducer locotions but is best
illustroted by the results of locotions 6 ond 3 due to the wide
ronge in the mognitude of the impoct pressure heod recorded ot these
locotions.
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The highest single impoct pressure recorded in the model wos 300 cm
H,0, olso at tronsducer locotion 4, ond if scaled in the some woy
cdrresponds to obaut 360 kPo in the prototype.

Most evident from Figure 13 is thot impoct pressures ot o locotion an
the plotform occur only over o certoin ronge af differences between
soffit ond still woter level (ar olternatively, for o certain range
of woter depths). The lower limit of the range is the triviol case
of when the woter level is sa low thot no cantoct is made between the
incident wave crest ond saffit af the plotfarm. The upper limit af
the ronge oppeors to be for the cose af when there is no air gop
between the body af woter in front of the incident wove and the

sof fit of the plotform. In this case the impact pressure appears to
be "drowned" ond the record of wove pressure comprises the slowly
vorying pressure only. This abservation lends support to French's
conclusions thot impoct pressures on o horizontol plotform ore
ossocioted with o wove propogating into on empty oir filled spoce
(French, 1969).

An importont inference from the obove results is thot providing wove
octivity is present and the water level is within the "criticol
ronge" wove impact pressures will olwoys occur and furthermore will
continue ta occur, ot the wove frequency, until the woter level
vories outside the limits af the "critical ronge" or the woves
themselves ceose to prapagote. This is in direct cantrost ta
breaking wove impoct pressures on verticol dabstructions which ore
extremely sensitive to the form af the breoking wove ot the point

of contact with the obstruction ond are therefore by noture
infrequent.

4. CONCLUSIONS

The moin conclusions of the hydroulic model investigotion ore:

(n Short durotion impoct pressures occurring on the soffit of the
precost units vary in magnitude olong the unit. Prototype
pressures predicted by Froude's low ore af the arder (moximum)
of 150 kPo seoword of heodstacks, 60 kPo shoreward of heod-
stocks ond 20 kPo in the centrol region between headstocks.
(It shauld be remembered thot the equivolent prototype height
of incident breaking woves wos of the arder of only 1 to 2
metres.) The region of influence of the heodstocks oppeors
to extend from the foce of the heodstock for o distance obaut
equol to the projection of the heodstock below the soffit of
the units.

(2) The rise time of the impoct pressure is extremely short, of
the order of milliseconds ond abservation during testing
confirmed thot the impoct pressure is a phenamenon confined
to the immediote vicinity of the wave front and trovelling
with the wove velocity., These two ospects imply that only a
norrow loterol strip of the box units is subject ta wove
impoct looding ot ony one instont.
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2. Because of the locotion of the soffit of the units at mean sea
level combined with a tidal range of 1.33 metres it is
extremely likely that the units have in the two years since
completion been frequently subjected to wave forms which the
model tests indicote produce high impact loading (Figure 14).
For example 8 second waves over o tidal period of 4 hours
represent 2700 waves ond o significont proportion of these
would strike- the headstock when the water level wos ot or
around the criticol level.

Despite the above the structure has remained intact and a recent
inspection reveoled no obvious signs of distress. One can only
assume from this fact that:

(1) Non-idealised conditions in the prototype and/or the use of
Froude's low result in the model tests overestimating actual
prototype wave impact pressures.

(ii)  The response of the structure to the temporol and spotiol
disruption of actuol wave pressures is such thot significant
redistribution ond damping of internol stresses result.

It is likely that in practice a combination of the above factors
probably occurs. The relotive importance of these two foctors is
expected to become clearer when a prototype wave pressure study of
the outfall (plonned to be undertoken shortly by the Department of
Public Works, NSW) is completed.

The aim of the paper hos been to highlight the manner in which site-
specific conditions govern design and construction in the surf zone,
and in particular the need for wave loading to be fully evoluated in
addition to normal functional loods. The results of the model tests
hove given the outhors a voludble insight into the nature of wave
loading on horizontal platforms in the surf zone and, whilst several
questions still remain unanswered, it is hoped thot the poper will be
of assistance to designers ond provide the basis for a better
understonding of the performance of structures located in the surf
zone.
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