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RE: THE AUCKLAND HARBOUR BOARD FERRY BUILDING 
FIRE RESISTANT CONSTRUCTION AND EGRESS ASPECTS 

1. On 21st August you visited our o ffice to dis cuss the redevel opment 
work that is being considered for the Auckl a nd Harbour Board Ferry Building . 
Subsequently you requested that we advise you on "Fire Resis t ant Cons t r uction 
a nd Egress" aspects o f the existing building , also to r eport on thes e aspects 
in relation to the possible redevelopment alter natives t hat you have been 
considering. Our Mr. Barnett and Spicer visited the s ite i n company with 
the chief technical officer of the Auckland Fir e Brigade . The purpose o f 
this meeting was to appraise the cur rent situation and t o co nsult wi th the 
fire brigade controlling authority on va rious rede ve lopment p r oposals tha t 
were being considered. A verbal undertaki ng was obta ined f rom them a s to 
what would be required in terms of f ire and e gress upgrading t o e nsure com
pliance with NZS 1900 Chapter 5 and the fire b r igade authority . 

2. The bui lding i s located in the central f ire ris k area. This implies 
that it would ne ed to meet the conditions of a "Type 2 cons t r uction" t o 
f ully c omply with the requirements of Chapter 5 . The floor p lan a r ea is 
approximately 935 m2 (10,065 ft2) and the base buil ding compri ses four storeys , 
above which rises the cloc k tower superstr uc ture . 

3. Commercia l a nd industrial buildi ngs s uch as o f f i ce bui l d ings , show
rooms , shops f or non-combus tible a nd non-exp l osi ve material s are classified 
i n the low ris k divis ion Group Dl. A ma ximum f l oor p l an area 1859 m2 

(20,000 f t 2) wit h unl i mi t e d storeys is a l l owed for this classifi cation. 
Gener a l shops , rest a urants , s ale rooms , departmen t s t ores , market buildings 
and works hops a nd workrooms manufactur ing or storing mater i als for semi
hazard ous processes are c l assified i n the moderate risk division Group D2 . 
I n t his c l assification a ma ximum f l oor area o f 1394 m2 (15 , 000 ft2) with un
l i mited number s of storeys i s a llowed. 
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RE: THE AUCKLAND HARBOUR BOARD FERRY BUILDING 
FIRE RESISTANT CONSTRUCTION AND EGRESS ASPECTS 

1. On 21st August you visited our office to discuss the redevelopment 
work that is being considered for the Auckland Harbour Board Ferry Building. 
Subsequently you requested that we advise you on "Fire Resistant Construction 
and Egress" aspects of the existing building, also to report on these aspects 
in relation to the possible redevelopment alternatives that you have been 
considering. Our Mr. Barnett and Spicer visited the site in company with 
the chief technical officer of the Auckland Fire Brigade. The purpose of 
this meeting was to appraise the current situation and to consult with the 
fire brigade controlling authority on various redevelopment proposals that 
were being considered. A verbal undertaking was obtained from the m as to 
what would be required in terms of fire and egress upgrading to ensure com
pliance with NZS 1900 Chapter 5 and the fire brigade authority . 

2. The building is located in the central fire risk area. This implies 
that it would need to meet the conditions of a "Type 2 construction" to 
fully comply with the requirements of Chapter 5. The floor plan area is 
approximately 935 m2 (10,065 ft2) and the base building comprises four storeys, 
above which rises the clock tower superstructure. 

3. Commercial and industrial buildings such as office buildings, show
rooms, shops for non-combustible and non-explosive materials are classified 
in the low risk division Group Dl. A maximum floor plan area 1859 m2 

(20,000 ft2) with unlimited storeys is allowed for this classification . 
General shops, restaurants, sale rooms, department stores, market bui l dings 
and workshops and workrooms manufacturing or storing materials for semi
hazardous processes are classified in the moderate risk division Group D2. 
In this classification a maximum floor area of 1394 m2 (15,000 ft2 ) with un
limited numbers of storeys is allowed. 
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4. We understand that all of the main floors of the building consist of 
a 150 mm (6") reinforced concrete slab, which is overlaid in most instances by 
timber joists and decking to form the walking surfaces. A 150 mm thick concrete 
floor has a 3 hour fire xesistance rating, assuming a minimum cover of 25 mm to 
the reinforcing steel. The maximum fire rating of a floor in a building classi
fied as low risk Group Dl isl½ hours and in a moderate risk Group D2 building 
is 2 hours. This 2 hour rating, however, may be reduced to l½ hours where all 
walls, excepting fire walls are more than 15 feet from the legal boundary. We 
are not sure whether this situation applies in this instance, but nevertheless, 
the existing floors appear to have a healthy reserve of rating over and above 
the minimum requirement, notwithstanding the possibility that the cover to the 
reinforcing steel may in some instances be somewhat less than the minimum 25 
mm requirement. No doubt there will be penetrations through the floors to 
accommodate the passage of services, ducts, etc. Some of these openings will 
need to be attended to, by way of provision of fire dampers for ducts, etc. 
and to ensure that only metal pipework or other suitable fire resistant 
materials pass through the floors to prevent fire bridging. 

5. The main vertical supporting members primarily consist of brick and 
block masonry walls, together with masonry columns and other ornamentation. 
These members are all of massive section and of themselves quite readily pro
vide more than the required minimum fire rating of 2 hours. 

6. The main horizontal spanning elements other than the floors comprise 
massive steel beams which in the most instances are plaster or concrete encased. 
It has not been possible to ascertain the overall thickness of the encasing, 
but due to the general massive nature of the construction, one can assume that 
in general the horizontal elements will meet the 2 hour fire rating that is 
required for code compliance, although there may be odd isolated situations 
that will need upgrading. 

7. The external perimeter walls have a relatively small proportion of 
openings in them and as the separation distances between other existing 
adjacent buildings are generous, the facade structure, infill panels, and 
window openings readily comply with the fire resistance ratings laid down in 
the code. 

8. In summary thus, the floor areas and basic supporting fabric of the 
existing building comply with the current code ordinances. This being the 
case, any anticipated redevelopment automatically meets the main fundamental 
requirements for the fire risk area. 

9. The existing building is currently occupied by a variety of tenants. 
Normally a 1 hour fire rated partition is required to separate adjacent 
tenancies and to separate any tenancy space and the routes and means of 
egress. It is noted that some of the existing corridors have plain glazing at 
high level, which is unacceptable and will need to be replaced by Georgian 
Wired Glass. Alternatively, the existing partitions could be extended in fire 
rated construction up to the underside of the floor above. It is also probable 
that a large proportion of the inter-tenancy partitions do not meet the minimum 
1 hour rating and will need to be upgraded by the addition of further layers 
of Gibralter Board to ensure a full compliance. All doors giving access from 
individual tenancies in to the corridors would also need to be checke d to 
ensure compliance with smoke stop standards. 
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10. In most instances there were no suspended ceilings in the building and 
thus no created ceiling spaces. However, in the roof space2 ½ hour fire stops 
would need to be installed to provide areas less than 180 m, and with each 
stop no further apart than 15 min any one direction. This could easily be 
effected by installing conventional 100 x 50 stud walls lined on each side 
with Gibralter Board. Alternatively , the third floor ceiling could be removed 
to expose the existing timber roof structure. This alternative has consider
able merit for certain types of development such as restaurant or museum 
facilities. 

11. The existing means of egress and widths of exit ways from the building 
are substandard in several aspects. The primary egress is by way of the 
corridors on each floor leading into the smoke protected lobbies which form 
part of the main central staircase. It was noted that the smoke stop doors, 
which separate the central stair lobby from the corridors either side, need 
to be upgraded to minimise the gap between the door itself and the enclosing 
frame. It is noted that these doors are currently swinging in both directions 
andupgradingcould readily be effected by incorporating a planted timber stop 
restricting the door to one way opening in the direction of exit travel. The 
stairs themselves appear to conform in geometry and form of construction . 

12. Primary egress is augumented on the west end of the building by a 
secondary egress stair which also complies as to geometry and form of construc
tion, excepting that the bottom flight of the stair incorporates a small 
winder which is not allowed. This would need to be removed by installing a 
landing at the head of the winder and then returning the stair back down towards 
the western end. These alterations are of a minor nature, however, and would 
readily be incorporated into any general upgrading of the building. At the 
eastern end of the building, a strictly non-compling "ships ladder" form of 
egress exists . and this would need to be upgraded generally in a manner to 
match the west end of the building. This upgrading is necessary so as to 
avoid forming what is known as the "cul de sac" situation, where the distance 
of travel from the eastern end of the building to the central stair exceeds 
the allowable. Furthermore, the maximum allowable area of a " cul de sac" 
situation in Type 2 construction Group Dl or D2 occupancies is only 2500 ft2 , 
whereas the existing cul de sac area of the eastern end of the buil d ing approxi
mates to 4,000 ft2. 

13. It was noted that in some instances the secondary egress stairs could 
only be reached by passing through a tenancy. In these cases, tenancy parti
tions would need to be repositioned to exclude the exit-way itself . 

14. Turning now to the capacity of exit ways, assuming that the eastern 
stair-way is upgraded to match the west, the widths of the stairways and 
corresponding units of egress are as follows :-

Width Units of Egress 

Central Stair 1.45 m 57" 2 . 83 3 
Western Stair 0.9 36" 1.67 1.5 

(Upgraded) Eastern Stair 0 . 9 36" 1.67 1.5 

6 . 0. 

We understand that some thickening of the western and eastern stair walls may 
be be required for structural upgrading. As the stair widths are s lightly 
generous in terms of egress this additional thickening will not reduce the 
theoretical capacities. 
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FROM: MACDONALD BARNC:TT PARTNERS 

CONTINUATION TO: 

Wargon Chapman & Gurley 

PAGE4 DATE 3 Sep. 81 

15. The Fire Code allows 60 people to be accommodated on each floor for 
every unit of egress. This gives a maximum theore tical floor population of 
360. Assuming a nett area of approximately (9,000 ft2), the maximum allowable 
floor density would be 25 per sq.ft. This density would e nable the following 
types of occupation to be adopted without additional egress being required. 

Factory manufacturing 
Workrooms such as for clothing manufacture 
Offices 
Shops 
Schools. 

16. Should however, it be desired to convert the upper storey into a 
restaurant, then some additional width of egress stair or another stair might 
be required. Without this additional egress the maximum nett usable floor 
area would be 7,200 ft2 In certain situations, however, dependant on catering, 
the whole of the upper storey could be converted into a restaurant since a 
considerable amount of space would be required for catering services, etc. 
and this space is not brought into the calculations. On the other hand, if a 
night club, cabaret or dance hall type of activity should be envisaged, then 
the Liquor Licensing Act has quite restrictive egress requirements and de
pending on each situation, a maximum nett usable space of between 3,000 ft2 
and 4,320 ft could be expected. Once again the facility space would be 
additional to this area. 

17. A further possibility for development could be the formation of a 
museum type of facility. Chapter 5 does not consider this usage and thus 
egress requirements would be subject to negotiation and discussion with the 
controlling authorities. However, if the Auckland Art Gallery situation is 
taken as a guide, then it appears that the existing egress would be satisfactory 
to serve one floor converted to museum faci l ities . 

18. As an alterantive and indeed, completely different approach to upgrading 
the east end egress stair, there may be some merit in considering two new stair 
towers situated at roughly quarter points along the length of the building. 
Situated in this location the cul de sac maximum areas and travel distances 
could be complied with and the location would also be favourable in providing 
some of the additional earthquake resistance needed for the building. Dependant 
on the building usage, it could be desirable to incorporate new lift facilities 
at these locations. If this approach was adopted and depending on the general 
arrangements of tenancies, it might be possible to do away with a considerable 
amount of corridor space at each end of the building, close off the existing 
stairs and lift shaft, so as to establish a greater usable floor area and thus 
higher rental return. 

19. In conclusion, it is evident that there are no major problems to be 
overcome in upgrading the building to meet acceptable fire and egress standards. 
Whichever approach is adopted will to a greater extent depend on the type of 
occupancies that are adopted and the overall economics of the total refurbishment 
and structural upgrading. 
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20. We trust that this is satisfactory and assists you in your considera-
tion of the ferry building. 

c.c. File 2989 

Yours faithfully, 
MACDONALD BARNETT PARTNERS 



AUCKLAND FERRY BUI LDING 

ASSESSMENT OF SEISMIC WALL PRESSURES 

(" ~ .... ~: • * 
The University of Auckland, Private Bag, Auckland. Telephone 792-300 Ext. 328 or 330. 



-

AUCKLAND FERRY BUILDING 

ASSESSrlENT 0!0 susrnc \>JALL l'R[SSURES 

Report prepared by: Dr T.M. Lark i n, 
Lecturer, 
Civil [ngineering Department, 
Un·i vers i ty of Aue kl and , 
Privatr~ Bag, 
AUCKLArW 

Report prepared fo1': \1a r gon Chapman & Gurley, 
Consul ting Engineers, 
AUCKLAND 

APPLIED -RESEARCH OFFICE 
THE UNIV[RSITY OF AUCKLAND 

November 1981 



/\UCKL/\ND 1[irnY BlJ IL.DJ !JG 

1. Introduction 

This report presents the results of a study of the seismi cal ly 
induced soil pressures 011 the sea 11all of the Auckl and Ferry 

Building. The aim was to evaluate the se ismic l oading using a 
rel at i ve ly simple yet reasonable method of analys i s . More 

sophisticated methods, such as finite element solutions, are 
possible but with the present knowledge of the s i te there is 
li ttl e advantage i n th i s technique. 

The sea 11all of the Ferry 13ui l ding is e.s metres hi gh and 4 metres 

thi ck at its base. It supports one side of the Ferry Building 

(the other s i de Geing piled) and rests on the Waitemata series 
bedrock . The area i s one of reclaimed land, and as such the 
v1a ll retains l oose normally conso lidated soil s vihi ch are hetero

geneous in nature with some organic matter and debris . 

There is very l i tt'I e recorded data on sei smi ca lly ·induced wan 
pressures . In many circumstances sei snric v,a ll pressures are not 
considered to pose a major threat to the structu ra l integrity of 

wall s or buildings. There are few situations where earthquakes 
have severely dar,1aged 1-1alls. This has l ed engineers to regard 
the seismic design of walls as an unimportant topic. The available 

data and analyses support this conclusion. However possible 
exceptions are walls in soft soil or granular medi a where s ignif
i cant strength l oss (liquefaction ) may result from oscillatory 

earthquake l oading. 

The site under cons ideration shou l d be regarded as a site where 

seismic l iquefaction has a relatively h·igh probabi lity. The area 
i s one of heterogeneous filling but containing significant quan
tities of very loose silty sands with S.P. T. values of approxi i;1t1tely 

5 . 

This study vrns iniL"iated to f!valuate t:1e seismic loc:ding on the 
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vrn n in the event of l,oth sig11ifiu111t soil strength l oss during 

shakinr1 and also in the event of the gr ound 1nai ntai ni ng i ts 

i nt.egrHy throughout the se·isndc event. The l att e r i s by f a r 

the mor e difficuH task to accomplis h and the anulyses pe rformed 

and presented here were carried out to answer t hi s questi on. 

The da t a needed for t he ana l yses vias eva 1 ua ted from the in forma 

ti on contained in references 1 a nd 2 . 

The s ei smi c des i gn l eve l adopted i n the s tudy was a pea k bedrock 

accel e r at i on of 0.1 5 g. Thi s va l ue was used fo r cons i stency with 

ot he r 1~ork i n r eferences 1 a nd 2 . Thi s 1 eve 1 of se i sr:i i c activity 

r e pres.e nts approx i mate 1 y a 65% probabi 1 i ty of be ·i ng exceeded in 

100 years . 
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2 . Mcthod _of A11 c1 l y5is 

The method of analysis was based on calculation of free field 
sei smic dr:fonnations and the requ·irement of satisfyi ng the 

boundary conditions relatina to the soil/wall interface 

(reference 3) . No relative deformations may occur between 
the v,a ll and the soi 1 during a sci smi c event. 

The soi l medium was treated as a very l oose fine sand. An 

e~timate of the dynamic properti es of shear modulus and vi scous 

damping factor was obtained by published results of dynami c soi l 
tests . A one dimens i onal seismic response analys i s was carried 

out to evaluate t he magnitude of the free f i el d shear stresses 

,.111d strai ns . Th i s analysis employed the recorded moti ons of 
t he Eureka 1954 earthquake scaled to produce a peak acce l erati on 

of O. 15 g. 

Dynami c 1•1all pressures i nvolv:. tl1e mob il isation of a degree of 

the pass i ve resistance of t he so il . The l oads on t he wa ll may 

be found by re 1 a ting_ the free field deformations to t he deforma

ti ons required to produce fu l l pass ive wedge act i on. 

The l imi ted blow count data avail abl~ for the soi l s ( reference 1) 

indicate a relati ve density, of Dr , of approximately 30%. Thi s 
va l ue of density may be used to evaluate the frict-ion ang l e of 

the s i lty sa11d, <jJ ' , as 

25 + 0.15 Dr 

In t his case the f l ow value, N</J, used to compute passive pressures 

i s N</J 

Nq, 3. 26 

and a val ue of the l ateral stress coefficient , K0 , was choosen as 

0 . 5. Thus the pas s·ive pressure at any depth i s 3. 26 times the 

effective overburden pressure . 

Jt ·is al so 11ecessa ry t o es timate U1(0 dr formJ t"ion s requi red to 

mobi"li se i"ull pass ive pressure . A sur vey of t he li te rature for 

l oose sands (reference 4) r eveal s that the di spl acement r equired 

for pass i ve pressure, o , vari es betv1een 0.07 lo 0 .43 of t he 1-1all 
C 
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height for ·1oose sands. In this study a value of 0.05 of 

the \'1all height was used as bei11\J a reasonable yet cor,scrvative value. 
ll·i gher values of ,I 1 ead to 1 o·,:c:r 1,1a 11 pressures. The degree of 

C 

dynamic passive pressure 111ob·ilised is calcu"!ated by using the com-

puted free held displacement, t., in conjunct-ion with o . 
C 

where o~ is the vertical effective stress. 

These analyses were carried out assumi ng no strength l oss occurred 

in the silty sand. Thus these represent tile non-li quefaction 

des ign case. 

The effect of dynamic pore pressure rise (l eadi ng to li quefaction) 

i s two fold. The dynamic properties of the soil are dependent on 

the mean effective stress state. As the pore pressure ri ses the 

mean effecti ve stress reduces, since the total stress rema ins 

constant, l eading to a reduced value of the shear modulus . Thi s 

effect in~reases the·free f i eld deformations. However the reduc

tion in vertica l effective stress l eads to l ower val ues of the 

passive pressure. These two effects.have oppos ing influences 

on the ~ynamic pressures on the wal l. 

An analysis was carried out to simul ate parti al strength los s 

in the s il ty sands by a build up of dynamic pore pressure. The 

verti cal effecti ve stress was reduced to llaH its static va l ue. 
Thi s l ed to higher seismic free fie l d displacements but when 

coupled 1-1ith tile reduction in pass ive pressure (at oc) the result 

1~as only a small increase in dynamic soil pressure. 

The upper bound to the effect of dynamic pore pressure rise is 

l iquefaction of the soi l. In t hi s case the s-ilty sands \~ill 
sustai n very l ·ittle shear stress and the behaviour may be 

approximated to that of a li quid. In this case for design, the 

l ateral stress may be calculctcd using a liquid density of 1950 

kg/m 3 and u ·1ateral stress coc:fF-icic-nt, K, of 1. 
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The computat ion of the free f i eld sei smi c deformations was carried 
out using a crnnputer program. The resul ts of the analysis are shown 
in ri gure 1. Both the shear strain and stress increase with depth . 
The max imum strai n l eve·1 s reached are re l at ·ively l arge, 0.35% near 
the base of the sand. This refl ects the low r igidity of the sands 

more t han the l evel of se i smi c motion. These results v,ere obtained 
us·ing stra"ir1 compa tible val ues of shear modu lus and dampi1,g factor . 

Using the results of Fi gu re 1 the dynamic wall pressures were 
computed for the non-liquefaction case . The resul ts for LWST are 
shovm in Figure 2. Both the dynamic and the tota l (stat-ic + dynami c) 

-
soil pressure is shown. The results indicate l ow va lues of dynami c 
so i l pressure . This result i s in general agreement with other 
analytical s tudi es in that these studies have al so shown l ow 

values of dynami c wa ll pressur0s . The maximum dynamic pressure 
is approximately 6 kPa and occurs at mid height of the wal l. The 
di s tribution of dynamic pressure is approximately paraboli c, with 
zero values at the top and bottom of the wall. 

An analys is 1vas al so carried out for the HWST case and the computed 
dynamic soi l pressure i s shown in Figure 3. I t i s seen that these 
values are considerably lower than the LWST val ues. Th i s is due to 
the hi gher ve rtica l effective stress under LWST conditions. 



-6-

4. ConcJ_~-~-)_o_!ls ~-d Recornmcnda ti ons 

·1 he work cal'ri ed out cs t ab l i shes the manni tudc of t he dynanri c 

wall pres sures in t he case of an unliqucf i ed soi l deposits . 
These pressures arc small, about G kPa maximum . Thi s data i s i n 
gcne1~l agreement with observed wall pressures and the few 

analyt i cal s tudies t o date. The results cl early i l l ustrate the 
l arge conservatism in us ing fu ll pass i ve pressures in the 

sei smic design of wall s. 

The criti cal des ign case i s cl early the soil pressures in t he 

l iquefi ed state . It i s reasonabl e , and conservati ve in most cases , 

t o use a l atera l stress coeffi ci ent of 1 t o represent the wal l 
pressures in t hi s case . 

The appropriate des i gn case i s a HWST situation where the l ate ral 

press ure may be ca lcu l ated from a heavy l i quid v, i t h a mass dens ity 
of 1950 kg m-3 . 

In a very heterogeneous f i ll, such as t hi s materi al , it i s l i kely 

that liquefact i on i f it occurs will be li mited to zones whe re 
i nst abi.li ty and very hi gh pore pn,ssures 1,1ill occur . Comp le te 

st rength l oss by t he soil ~revents shear waves t rave l l ing through 

t hi liquefied so i l , which thus acts as a wa ve barri er to i sol ate 

t he un li que-f ·ied ma t eri al above. Jn the case of this fill, i nte r ac

tion bet ween the wa ll and bu i lding wil l conti nue to create deforma
ti ons i n the li quefi ed so il. Shou ld li quefacti on devel op it may 
well occur some t ime af t er t he peak acceleration has passed . The 

process of pore pressure buil d up is not an i nst ant phenomenon but 

i s dependent on the dynamic stress hi story of the so i l med i a, and 

al so the capabi liti es of the deposit t o di ssipa t e the excess wa t er 

press ure created . The pockets of coarse basa l t cobbl es wil l provide a 
rapi d drainage path for excess water pressures to dra i n. This 

11i l l retard u, · growth of dynamic pore pressures and hence decrease 

the probability of l i quefaction. 
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The analys,~s described here arc not a dit'ect analytical assessment 

of the response of a zone of unliquef ied material over·lying a 

l iquefied dPpos it . Such an analysis would be very difficult and 

costly to perform and 1rnuld require detailed s ite informat i on . 

More sophisticated analyses arc feasible, but should be carefully 

considered in the li ght of this 1-cport. Confidence needs to be 

hel d in the applicability of the resu lts obtained from costly 

analyses . 

The analyses performed support t he conclus i on that the seismic wa ll 

pressures will he significantly l ess than passive . This leads to 

the op ini on that the des ign wall pressures should be based upon the 

liquefi~d soil case and a latera l stress coefficient of 1. The 

r eco~nended des ign wall pressures are shown i n Figure 4. 

The design case considered is a soi l depos it which has liquefi ed 

bclm~ the ,1atcr table (llvJST) ac~ v1hich has a small dynamic 

component on the 1.5 m above the wate r tabl e . The pressures below 

the 11ater t abl e are those created by a l iquid of densi ty 1950 kg/m3 • 

The use of the l at era l s tress coeffic i ent of 1 in conjunction with 

a l ·iqu id of dens'ity 1950 kg m- 3 i s quite conservative enough when 

vi cv,ed in tl1e framev1ork of the l eve l of se·ismicity be·ing contemplated . 

\.,.? . 1.:,,,-
/ : / ( _,. 0 . /. n _ /J.[-- / v :_.,..__,.....,__,, 

a.J. Larkin , 
Lecturer , 
Civil Engineer i ng Department 

20th November, .1981 
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