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Most of the improvements are likely to lead to an increase in 
capital cost. Some may involve slight increase in maintenance costs. But 
if these choices are not consciously considered the lessons from the 
Inangahua Earthquake would have been wasted. 

A LETTER TO THE EDITOR OCTOBER 1968 

Re I Mr A»L« Andrews Article in Bulletin of July, 1 9 6 8 

I was interested in this article because:-

(a) It had direct reference to Fleming 1s portal and cantilever methods* 
(b) The paper provided a good instance of the difficulties arising from 
assumptions and approximations in aseismic design* 

As regards Fleming and his simplified methods; he developed them 
about 50 years ago* This was not long after the monumental studies of 
building frames by Professor Wilson of Illinois* These covered both grav­
ity and lateral loading and were on a slope - deflection basis* Fleming 
was acelebrated engineer of his day whose work in practice was highly 
regarded* His views were often sought and his recommendations quoted by 
reliable authorities• Then, about 4o. years ago, came the notable studies 
of deflected structures by Professor Hardy Cross, whose work particularly 
as to mement and shear distribution has been applied and extended for more 
than a generation* Yet in spite of all this no practicable analytical 
methods seem to be available to give anything more than a very dubious 
estimate of deflections due to seismic effects on multi-storey buildings* 
There are far too many imponderables, both within the structure and extern­
ally* But we have to try to cope with these as best we can - hence many 
approximations and assumptions» It is here that the paper is of particular 
interest; it demonstrates, by one fundamental instance, the need for 
continuing appraisal of the effects of any initial assumption or approxim­
ations* 

As to structural approximations in general I have found "Statically 
Indeterminate Structures11 by Benjamin of Stanford (1959) particularly goodo 
Although I do not care for his treatment of shear walls that have openings 
in them, the letterpress of the book as a whole shows a firm grasp of the 
relationships between theory and reality 0 

Reverting once more to estimating deflections in buildings - I 
think that for anything in which we could have much confidence we are 
forced right back to more full scale local test data, In other words we 
need sufficient instrumental data from modern local structures plus the 
relevant seismological records* Such date can 1t be got or interpreted 
easily or cheaply but they are urgently needed* There is no worthwhile 
substitute• the complexities of transient response and damping, apart 
from many other factors, determine this* Who can or will, or whose busin­
ess is it, to get and handle the information? 
P»S* Structural Engineers Association of California a few years back 

made some suggestions about allowances for storey drift floor to 
floor and when to allow for same. But in the end recommendations 
were left merely as guidance and nothing, unless quite recently, 
has been made mandatory* 

S* Irwin Crookes 
AUCKLAND. 
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" EARTHQUAKE DAMAGE TO THREE RAILWAY 

BRIDGES 1968 iNANGAHAU EARTHQUAKE 

4 J. P. Hollings, B.E., D.I.C. M.I.C.E. M.N.Z.I.E. * I. A. N. Fraser, B.E. (Hons.) 

1.0 Synopsis 

This report describes in detail the measured deformations and damage 
suffered ..by two combined road-rail and one rail bridge in the 2*+. 5*68 
Inangahua earthquake. The measured deformations are plotted in diagram 
form for each bridge and photographs of all typical damage are presented. 
No interpretive or analytical material has been included. 

2.0 Introduction 

At 5*2h a.m. on 2h. 5* 68 N.Z.S.T. a magnitude 7*0 earthquake of focal 
depth 1 2 kilometres originated some 1 0 miles north of Inangahua township 
in Westland, N.Z. 

The earthquake resulted in three deaths and injuries to 1 h people. 
There were major landslides in the gorge of the Buller River with slumping, 
fissuring and sand fountaining. At Inangahua intensities of MMX have 
been estimated, while preliminary analyses of horizontal scratch plate 
accelerographs (on alluvium) give readings of 0.35g* at Reefton, 0.30g* 
at,Greymouth and 0 . 25g* at Westport. Distant 30 miles, 6y miles and 
21 miles respectively from the epicentre. 

This report describes damage to three bridges which were grouped in 
the area close to Inangahua (Refer Figure 1B) and which were almost the 
only major structures seriously damaged in the area. Bridges along the 
railway on the Reefton approach to Inangahua were mainly timber truss 
spans on timber piles and were undamaged and bridges on the Westport 
approach to Inangahua were mainly monolithic reinforced concrete 
structures and were also generally undamaged. (But see two bridges 
noted on Figure 1B). 

For each of the three bridges this report is restricted to a factual 
statement of the damage incurred and the permanent displacements 
measured. No interpretation or analysis Is attempted. 

The Landing Bridge was measured, on 2 7 t h , 2 8 t h and 2 9 t h May and the 
two other bridges were measured in the period 7 t h to 1 1 th June. Urgent 
repair work was under way on the bridges during the measuring as is 
evident in some of the photographs. 

J.P• Hollings - Partner in Beca Carter Hollings & Ferner, 
Consulting Engineers 

I•A.N• Fraser - Assistant Engineer in Beca Carter Hollings & Ferner, 
Consulting Engineers 
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3.0 Report on earthquake damage to the landing bridge on 24.5.68: 

3*1 General Description of the Bridge Structure: 
This bridge, which is a combined single lane road and rail bridge, 

was constructed prior to 1 9 1 0 for the Midland Railway Company to the 
design of Robert Wilson, M.I .C.E., the then Chief Engineer. 

It is now owned and maintained by the N . Z. Government Railways 
as a part of the State system. 

Copies of the original construction plans are still in existence 
and Figure 1A shows the general arrangement of the bridge as traced 
from these plans. 

The "rock" shown as foundation for Piers 1 , 3 , k and 5 is a mud-
sand stone of the Miocene epoch. Piers 1 and 5? the abutments, and 
their wing walls are of massive mass concrete construction entirely 
unreinforced. Piers 2 , 3 and h are also of mass concrete but rest on 
cast iron cylinders as shown and are reinforced only by the twin rails 
provided to increase the flood resistance of the pier. 

The bridge trusses have hardwood compression members; the tension 
verticals are twin mild steel rods; and the bottom chords are twin 
mild steel flats with rivetted connections. The trusses rest on timber 
corbels which in turn rest on timber sills and the whole of this 
assembly is through bolted to each of the concrete piers and abutments. 
The deck system which supports both roadway and rails consists of 
timber transoms at each panel point supporting timber road and rail 
beams which, like the trusses, are corbelled and thr ough bolted, to the 
concrete work. 

The bridge was well designed, has been well maintained and was 
generally in sound physical condition at the time of the earthquake. 

It is not known whether the 1929 Murchison earthquake damaged this 
bridge. 

3•2 Description of the Longitudinal Displacements 
suffered by the Bridge during the Earthquake: 

The evidence of longitudinal movements of the bridge is presented 
in Figures 1 and 2 and. in the Plumb-line data plotted in Figure 3 . 1 . 
From these figures together with certain other data which appears in 
the discussion below the following statements can be made about the 
longitudinal bridge movements. 
1. Both rails (the individual lengths of which are of course fish-
plated together into continuous members) were forced, by the bridge 
movements to oscillate in a north-south direction as a single unit 
extending through the bridge and several chains on either side of it. 
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2 . The ampl i tude of t h i s movement was at l eas t hu (F igure 1 . 6 ) and 
the r a i 1 system f i n i s h e d w i t h a permanent displacement of 2^u n o r t h ­

wards r e l a t i v e t o the base rock:. (F igure 1 . 5 ) * 

3 . General ly the screw spikes a t t a c h i n g the r a i l s t o the s leepers 
had. s u f f i c i e n t f r i c t i o n a l g r i p t o f o r c e the s leepers (and hence a 
s u b s t a n t i a l amount of b a l l a s t between the s leepers) t o f o l l o w the t r a c k 
movements• 

h. R e l a t i v e t o t h i s moving r a i l system the b r idge deck had an 
ampl i tude ( n o r t h - s o u t h movements, i . e . p a r a l l e l t o the t r a c k ) of 3srn 

and a permanent displacement northwards of (F igure 1 . 1 ) . 

5* Thus Figures 1 . 1 and 1 . 5 taken toge ther show t h a t the b r i dge deck 
has moved permanently 2-g- + 1 = hM northwards r e l a t i v e to the base rock . 

6 . The t r u s s bottom chords and r a i l beams are cont inuous l o n g i t u d i n ­
a l l y and secure ly b o l t e d down t o the p i e r tops (where .genera l l y no 
movement could be discerned. - except P ie r k downstream side - see 
below) . Thus i t may be concluded, t h a t the whole deck of the b r i d g e 
has moved n o r t h as a u n i t a d is tance of K" t a k i n g the p i e r tops a t 
P i e r s 2 and k- w i t h i t . 

7* I f the data of F igure 3• 1 i s now re fer red, t o i t may be deduced 
t h e r e f o r e t h a t a t the water l e v e l s : -

P ie r 2 has moved south 1 t o 2\" 
Pie r 3 has not moved 

P ie r h has moved north. 1-f t o 

8 . At P ie r 5 w h i c h , accord ing t o the o r i g i n a l p l a n s , was b u i l t w i t h 
a v e r t i c a l f r o n t f ace, there i s now on the upstream side a 2 n fo rward 
lean (F igu re 3 - 1 ) • T h i s , when taken w i t h the known h" northward 
movement (see above) of the e n t i r e b r idge deck, means a shor ten ing of 
6 f f i n the end. panel of the b r idge on the upstream s i d e . This checks 
w i t h the measured 6" shown i n F igure 1 . 2 where the t r u s s base has 
remained, f i r m l y b o l t e d t o the concrete abutment so t h a t the 6 n move­
ment has been concent ra ted i n b u c k l i n g of the s t e e l lower chord, of 
the t r u s s . I t a l so checks w i t h the measured 7 M shown i n F igure 1 . 3 
where the r a i l beam has sheared the through b o l t s a t t a c h i n g i t t o the 
c o r b e l and r i d d e n fo rward over the concrete abutment a d i s tance of 7 n • 

On the downstream side a t P ier 5 s i m i l a r e f f e c t s have occur red . 
The V 1 northwards movement of the deck has produced a 2 f ! b u c k l i n g i n 
the lower chord panel of the t r u s s . The reason f o r the 2" d i s c r e p ­
ancy i n these measurements i s obscure but may be p a r t l y exp la ined by 
the genera l l eng then ing required, i n the whole of the downstream t russes 
due to the s u b s t a n t i a l downstream movement of the top of P ier h 
(F igu re 3 - 2 ) . 

Despi te the forward ( i . e . southward) movement of the top of 
P ie r 5 ( 2 " on upstream s ide) , no signs of damage t o the p i e r or i t s 
connect ing wing w a l l s was seen. 
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9* At P ie r 1 ser ious damage occurred to the p i e r - damage which I s 
p e r f e c t l y cons i s ten t w i t h the deformat ions imposed on the p i e r . 

From F igure 3*1 i t i s seen t h a t the top of the p i e r was dragged 
n o r t h * some 5 n • Th is checks w i t h the northwards movement of the e n t i r e 
deck of h 1 1 t o which must be added J r n of chord shor ten ing on the down­
stream t r u s s and 21 1 on the upstream one. 

The p i l a s t e r under the upstream t r u s s was wrenched away f rom the 
genera l mass of the p i e r (F igures 2 and. 2 . 3 ) and i n a d d i t i o n the 
abutment separated from I t s wing w a l l : the broken abutment moved 
forward ( n o r t h ) 61 1 (F igure 2 A ) and the wing w a l l t i l t e d out (F igu re 2 . 3 ) 
one f o o t approx imate ly (measured at the top of the w a l l ) , the base 
remaining f i x e d . 

The p i l a s t e r under the downstream t r u s s and i t s a t tached wing w a l l 
surv ived these movements w i t h o u t apparent r u p t u r e - About halfway up 
t h i s p i l a s t e r , however, a crack (appears on i e f t h a n d side of F igure 2 . 2 ) 
about 1 / 1 6 I ? wide r a n h o r i z o n t a l l y across the p i l a s t e r f a c e . A v e r t i c a l 
s e c t i o n through t h i s p i l a s t e r p a r a l l e l t o the b r idge l o n g i t u d i n a l ax i s 
would now appear curved out (nor thwards) about halfway down* 

3*3 D e s c r i p t i o n of the L a t e r a l Displacements 
su f fe red by the Br idge dur ing the Earthquake: 

The evidence of l a t e r a l movements of the b r idge i s presented, i n 
F igures 3 and h f rom which the f o l l o w i n g deduct ions may be made. 

1 . P ie rs 1 , 2 and 5 su f fe red no permanent l a t e r a l d isp lacements . 

2. At P ie r 3 the p lumbl ine measurements, o f f s e t s and l e v e l s , when 
compared w i t h the known he igh t of p i e r and. depth of c y l i n d e r s as shown 
on the p l a n s , are a i l c o n s i s t e n t w i t h the hypothesis t h a t the p i e r and 
c y l i n d e r s behaved, as a r i g i d u n i t rock ing on the c y l i n d e r bases. There 
was no permanent r e l a t i v e r o t a t i o n at the c y l i n d e r - p i e r j u n c t i o n . 

The p i e r moved sideways 1 0 M a t r a i l l e v e l , I s out of l e v e l 2 . 3 n 

across the deck sur face and th . j c y l i n d e r bases have t h e r e f o r e moved. 
( l i f t e d or sunk) 3 n r e l a t i v e t o each o the r . 

3 - At P ie r h the same hypothesis i s c o n s i s t e n t w i t h the measurements 
i f the c y l i n d e r s were founded J ft shal lower than shown on the d rawings . 

I n t h i s case the p i e r moved sideways (downstream) 1 8 | n at r a i l 
l e v e l , i s out of l e v e l 5" across the deck sur face and the c y l i n d e r 
bases have l i f t e d or sunk 6 | n r e l a t i v e t o each o ther . 

I f the c y l i n d e r s were i n f a c t b u i l t t o the f u l l depth shown on the 
plans then the measurements taken are c o n s i s t e n t only i f i n a d d i t i o n 
t o the above movements the p i e r - c y l i n d e r j u n c t i o n moved upstream 3lirn • 
This corresponds t o a r o t a t i o n of the c y l i n d e r s at t h e i r j u n c t i o n w i t h 
the p i e r of 3*5 ^ A r i 

-2~~^ = . 0 1 7 r ad ians . 
1 7 x 1 2 

Some of t h i s l a t e r a l movement at P ie r h had occurred be fore the 
earthquake and i s repo r ted t o be due t o heavy f l o o d debr i s loads . 
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4 0 Report on' ea r thquake damage to the Buller. rail bridge on 2 4 . 5 . 6 8 : 

h.1 General D e s c r i p t i o n : 

The B u l l e r r a i l b r i d g e , which was b u i l t i n the l a t e 1 9 3 0 ! s ? i s a 
680ft long br idge i n wh ich the s i x main spans are 1 0 0 f t long t h r o u g h -
type r i v e t t e d . s t e e l p l a t e g i r d e r s simply supported on re in fo rced, 
concrete p i e r s . The p i e r s are on two 8 f t diameter c y l i n d e r s sunk: t o 
bedrock wh ich i s a s i l t stone of the Miocene epoch (papa) . Th is rock: 
i s o v e r l a i n by up t o / O f t of r i v e r g r a v e l a t the n o r t h end of the 
b r idge and r i s e s t o ground l e v e l a t the toe of the south bank:, see 
F igure 5* l f» 

The south abutment I s founded on rock: and the n o r t h abutment i s 
founded on f i v e l 6 ? f octagonal 5 0 f t long r e i n f o r c e d concrete p i l e s 
d r i v e n i n t o the n a t u r a l r i v e r g r a v e l . 

The b r idge was Inspected at a l l j o i n t s where a l l d isplacements and 
deformat ions were measured. These are p l o t t e d i n F igures 5 and 6. 
The lean on the p i e r s was measured by plumbing and t h i s i s p l o t t e d i n 
F igures 5 - 2 and 6 . 2 . S l i p i n ho ld ing down b o l t s , r a i l l e v e l s , and 
the o f f s e t s of the r a i l c e n t r e l i n e from a s t r a i g h t l i n e between 
abutment cent res are a l so p l o t t e d i n F igures 5 and 6. 

h. 2 General P a t t e r n of Displacements: 

Genera l ly the whole b r idge was moved sou th ; mainly a t the n o r t h 
end 9 wh ich has a l so moved west* The b r idge deck: shortened, a t o t a l 
of 19ir inches between abutments, t h i s amount being the sum of the 
s l i p of a l l g i r d e r s at t h e i r ho ld ing down b o l t s . 

The f o r m a t i o n f o r about 1 0 0 f t n o r t h of abutment 9 has f a l l e n 
severa l f e e t , the maximum being V ! - 6 ! ? a t the abutment - see photo 7 - 2 . 
This se t t lement has occurred i n a 2 0 f t deep embankment o v e r l y i n g 
h^ft of n a t u r a l g r a v e l i n t h i s r e g i o n . Abutment 9 i s on concrete 
p i l e s wh ich do not reach bedrock: and has s e t t l e d approximately 9 inches 
see F igures 5•L^ and 6 A . 

h.3 Hold ing Down B o l t s : 

The main 1 0 0 f t span g i r d e r s are f i x e d t o the p i e r s by f o u r base­
p l a t e s bol ted, and keyed t o bedplates which i n t u r n are b o l t e d t o the 
p i e r s - see photo 8 - 3 - One end of the g i r d e r i s f ixed, where the key 
and b o l t s are a neat f i t , as i n photo 8,3* Allowance f o r s l i d i n g i s 
made atwthe other end by e longa t ing the b o l t hole i n the basepla te and. 
w iden ing the keyhole i n the bedplate * However, examinat ion of work ing 
drawings revea ls t h a t al lowance f o r key movement i s i " g reater than 
f o r b o l t movement. Hence the four l J r l ? d iameter b o l t s must ca r ry a l l 
the shear from one end of a g i r d e r t o i t s p i e r u n t i l these b o l t s are 
a t l e a s t p a r t l y f a i l e d . The two types of j o i n t are l a b e l l e d ! f f i x e d " 
and. " s l i d i n g " i n F igu re 5 - 3 -

A l l b o l t s i n " s l i d i n g connec t ions" to the main spans have p a r t l y 
f a i l e d w h i l e only one of the b o l t s i n a " f i xed . " connect ion has f a i l e d 
see F igure 5 • 3 • 
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The baseplates and bedplates for the end spans have 1^- in. 
d iameter b o l t s w i t h no keys. The abutment end i s " f i x e d 1 1 and the pier-
end, i s " s l i d i n g " , having elongated b o l t h o l e s - All h o l d i n g down b o l t s 
t o end spans sheared o f f , see F igure 5- 3 and photos 8 . 1 and. 8 . 2 -

k.h L o n g i t u d i n a l Displacements: 

The t o t a l l o n g i t u d i n a l movement of the p i e r s and deck i s shown i n 
F igure 5 • T h e displacements of p i e r s r e l a t i v e t o each other are 
taken d i r e c t l y from measurement but the absolute movement of the b r idge 
as a whole has been deduced on the bas is of two s i m p l i f y i n g assumptions * 

I f i t i s assumed t h a t bedrock has not moved and. tnaL the only 
cu rva tu re i n the p i e r s i s a t the f a i l u r e at ground l e v e l "he absolu te 
movement of the p i e r s can be determined from the measuied lean above 
ground, l e v e l . Thus P ie r 7 9 wh ich i s the only p i e r wiisiiouis v i s i b l e 
f a i l u r e can be approximated as s t r a i g h t and I t s total deilection 
determined from i t s slope ab ove ground l e v e l - see as i n F igure 5- ^* 

As the r e l a t i v e displacement of a i l p i e r s i s known, t h i s f i x e s 
the abso lu te d e f l e c t i o n s of a l l other p i e r s a t "cheir top and at ground 
l e v e l . The d e f l e c t e d p o s i t i o n of the c y l i n d e r s be 1 ow ground, l e v e l has 
been p l o t t e d from measurement of crack w id ths and simple c a l c u l a t i o n 
assuming a l l bending cu rva tu re occurs a t t h i s c rack. As can be seen 
i n F igure 5*^> these de r i ved p o s i t i o n s of the c y l i n d e r bases are i n 
every case consistent w i t h t h e i r o r i g i n a l p o s i t i o n s . The assumptions 
t h e r e f o r e seem j u s t i f i e d , even i f only t o determine the absolu te 
d isplacements t o the accuracy of t h i s i n v e s t i g a t i o n . 

Genera l l y , bo th abutments have been pushed inward, by a combinat ion 
of embankment se t t lement and. f i l l m a t e r i a l f a l l i n g behind the abutment 
du r i ng l o n g i t u d i n a l o s c i l l a t i o n s of the br id-ge deck. 

P ie rs 2 and 8, a t the toe of the r i v e r banks have a lso been pushed 
toward the r i v e r a t ground l e v e l where bending f a i l u r e s have occurred 
th rough a p i e r c o n s t r u c t i o n j o i n t i n P ie r 2 (See photos 1 0 , 1 , 1 0 . 2 and 
1 0 . 3 ) and. at the j u n c t i o n of P ie r 8 w i t h i t s c y l i n d e r s * (See photo 1 0 A ) . 
There i s a lso a 2 i n c h shear d isplacement at P ier 2 . These severe 
bending f a i l u r e s have probably been caused, by debr i s f a l l i n g behind the 
p i e r d u r i n g l o n g i t u d i n a l o s c i l l a t i o n s and a lso by southward movement of 
the r i v e r g rave l and embankment at the n o r t h bank. 

k. 5 L a t e r a l Displacements : 

The n o r t h embankment f i l l and poss ib l y r i v e r g r a v e l has a lso moved 
t o the wes t . F igure 6 . 3 shows the t o t a l l a t e r a l p i e r movement 
combining measurements of o f f s e t s from a l i n e between abutment c e n t r e s , 
plumbing and crack w i d t h a t ground l e v e l . Again the measured, crack 
w i d t h s a t the p i e r f a i l u r e are c o n s i s t e n t w i t h the two assumptions 
t h a t bedrock has not moved, and a l l p i e r curva ture i s concentra ted a t 
the f a i l u r e at ground l e v e l . 

The r i v e r g rave l i n the r e g i o n of P iers 7 and 8 appears to have 
moved, west t a k i n g the p i e r s w i t h i t . The deck n o r t h of P ie r 6 has 
been p u l l e d west r e s u l t i n g i n the f a i l u r e of the west h o l d i n g down b o l t s 
f o r g i r d e r 6 - 5 (see F igure 5*3) and a ^ " crack on the eastern side of 
P ie r 6 (see F igure 6 . 3 ) . The top of P ier 8 appears t o have been 
r e s t r a i n e d by the deck as there i s a crack i n the wes tern side of the 
base of t h i s p i e r , - see F igure 5-3* 
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All p i e r s , except No. 7? have d iagona l t e n s i o n cracks at ground 
l e v e l , pas sing from the bottom cent re of the web runn ing at 3 0 ° t o 
th rough both columns / - see photos 9 1 and. 9*3* These are probably 
due t o sideways o s c i i l a t i o r s of the p i e r tops when there e x i s t s a 
c o n d i t i o n of h o r i z o n t a l and v e r t i c a l tens ion above one of the p i e r s . 
I n the web of P ier 6 t he re i s a lso a v e r t i c a l crack which runs near ly 
the f u l l ne igh t of cne p i e r t/ s t a r t i n g 3 inches from the edge of the 
east column and f i n i s h i n g a t the top web c e n t r e . P ier 7 i s the only 
p i e r w i t h no v i s i b l e c rack ing above ground l e v e l ; i n s p i t e of major 
f a i l u r e a t the base of P ie rs 6 and 8. R a i l l e v e l also appears t o 
have f a l l e n about one i n c h over t h i s p i e r (F igure 6 A ) and the ground, 
around the base of the' p i e r appears t o have s e t t l e d sbout 9 ! ?

9 ~ see 
photo 7 * 3 -

Pier 6 shows evidence of at least 1 f cyc les of o s c i l l a t i o n which 
could have been l a t e r a l or l o n g i t u d i n a l or probably bo th - see photo 9.2. 
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5.0 Report on earthquake damage to the Inangahua 

combined road and rail bridge on 2 4 5 . 6 8 : 

5 - 1 General D e s c r i p t i o n of the B r i d g e : 

The b r i d g e , wh ich i s a combined road and r a i l b r i d g e , i s 5*+Oft 
long c o n s i s t i n g of n ine 6 0 f t spans of deck: type r i v e t t e d . s t e e l p l a t e 
g i r d e r s . The r a i l and s i n g l e lane roadway are separated and are 
supported by separate g i r d e r systems on the same r e i n f o r c e d concre te 
p i e r s wh ich are founded on two 6 f t d iameter c y l i n d e r s sunk t o bedrock. 
The b r i d g e was b u i l t i n the mid 1 9 2 0 1 s and was p rev ious l y damaged, by 
the 1929 Murchison ear thquake, but a t t h a t stage was being used f o r 
road t r a f f i c only and had no r a i l g i r d e r s e rec ted . The p i e r tops were 
d i sp laced by up t o 1 2 " sideways and. 1 ? - 2 ^ M 1 o n g i t u d i n a l l y and the 
g i r d e r s were subsequent ly erected on the d isp laced p i e r s . The amount 
by wh ich each p i e r was d isp laced when the r a i l g i r d e r s were erec ted has 
been determined by measuring p o s i t i o n s of the bedplates i n r e l a t i o n to 
the top edges of the p i e r and comparing t h i s w i t h the o r i g i n a l work ing 
drawings. 

The d isplacements of the p i e r s and abutments a f t e r the 1929 e a r t h ­
quake were repor ted i n a paper by F.W. F u r k e r t t o the I n s t i t u t i o n of 
Civil Engineers 1 9 3 3 (Proceedings V o l . 236) and are shown i n F igures 
1 1 . 3 and 1 2 . 3 by the p o s i t i o n of the v e r t i c a l ar rows. 

It is ev iden t t h a t the p i e r s were not s t ra igh tened be fo re the 
erection of the r a i l w a y spans because the r e l a t i v e d isplacements of the 
piers be fo re the l a s t earthquake are the same as those repo r ted by 
Furkert. The r a i l w a y g i r d e r s were b u i l t i n a straight l i n e w i t h their 
centreline concur ren t w i t h the r a i l c e n t r e l i n e . They were each there­
fore offset slightly f rom the p i e r c e n t r e l i n e . Also the girders were 
a l l moved approx imate ly 8 inches south relative to their position on 
the working drawings so that the 6 0 f t spans would fit as closely as 
possible over the d i s p l a c e d p i e r s . (The mean southward pier dis­
placement was approx imate ly 8 i n c h e s ) . 

- In the recen t i n v e s t i g a t i o n , lean on the p i e r s , slip in holding 
down bolts, pier and r a i l l e v e l s and the displacement of the r a i l 
centreline were all measured. The present lean on the piers is the 
sum of the effects of both earthquakes; the sideways displacement of 
the rail (and hence g i r d e r s and pier tops) in this l a s t earthquake was 
found absolutely by ex tend ing south the centreline of the undisturbed 
r a i l i n a long cutting immediate ly n o r t h of the bridge. 

Figures 1 1 and 12 show the present d isplacements as measured, and 
the d isp lacements a f t e r 1929 as repor ted by F u r k e r t and conf i rmed by 
measurement. 

5 - 2 L o n g i t u d i n a l Movement: 
The b r i d g e deck has moved l o n g i t u d i n a l l y n o r t h - e a s t as a whole 

w i t h a l l p i e r tops moving i n t h a t d i r e c t i o n . The movement i s g rea te r 
at the sou th -wes te rn end, but c l o s i n g toge ther of g i r d e r s a t the piers 
has .reduced the movement at the north-eastern end. The deck has 
shortened a total of about 8 inches and the south-western abutment 1 , 
which is not founded on r o c k , has moved about 7 "2 inches toward the 
r i v e r . See photo 1 3 . 2 . 
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This movement of the abutment has probably been caused by s e t t l e ­
ment of the railway embankment to the south of the bridge, see photo 
1 3 - 1 j and by deb r i s f a l l i n g behind the abutment du r ing l o n g i t u d i n a l 
o s c i l l a t i o n s of the b r idge deck. The southern p i e r s , be ing connected, 
to the abutment by deck g i r d e r s , have t h e r e f o r e been pushed nor thward , 
which i s opposi te t o the d i r e c t i o n of the 1929 earthquake displacements<> 
Hold ing down b o l t s did. not shear o f f anywhere except a t abutment 1 . 
Except f o r the end spans, the n o r t h end. of each girder appeared t o be 
" f i x e d " by b o l t i n g through round. holes i n the baseplates and bedplates 
(no shear k e y ) , and the south end " s l i d i n g " having elongated b o l t holes 
in the basep la te . This i s not the arrangement of " f i x e d " and " s l i d i n g " 
j o i n t s shown on the work ing drawings but it is cons i s ten t w i t h c u r r e n t 
p r a c t i c e on other p l a t e g i r d e r b r idges of s i m i l a r c o n s t r u c t i o n ( e . g . 
B u l l e r R a i l Br idge a t Inangahua) . The end. spans are " f i x e d " a t the 
abutment and s l i d i n g a t the p i e r . 

There was genera l l y a s l i p of about 1 inch at the " s l i d i n g " ends 
and. i n a l l cases but one the d i r e c t i o n was t o shor ten the deck. The 
only b o l t s t o be sheared o f f were the ho ld ing down b o l t s a t abutment 1 . 

The road deck shows evidence of cons iderab le l o n g i t u d i n a l o s c i l l ­
a t i o n s by s p a l l i n g a t the j o i n t s between precast deck s labs and f a i l u r e 
and. b u c k l i n g of the h a n d r a i l s , see photos 1 h.h and . 5* 

The top h a n d r a i l was embedded 8 inches i n the abutment w a l l , 
a l l o w i n g f o r the piece of concrete broken o f f the top of the w a l l . This 
r a i l was p u l l e d f u l l y out of the w a l l and l a t e r buckled j u s t t o the 
n o r t h of photo lk.k * 

5*3 L a t e r a l Movement: 

Latera l , movement i s generally an increase on the 1929 d isp lacements , 
maj or movement being i n P ie rs 2 t o 6* These p i e r s have moved a 
f u r t h e r 2 t o U inches wes t , - see F igure 1 1 . 2 and 1 1 . 3 . 

5 A F a i l u r e a t Base of P i e r s : 

Pie rs 2 , 3? ^ 5 5 and 6 a l l failed just above ground level a t the 
c o n s t r u c t i o n j o i n t i n l i n e w i t h the bottom of the web, see F igure 1 5 
and photos 1 ^ . 1 , 1 Li . 2 and 1 Lf . 3 • This i s a definite weak p o i n t , be ing 
the bottom of the web and the cut o f f po in t of the hooked bars in the 
c y l i n d e r s ; the r e i n f o r c i n g bars t h a t are continuous through t h i s j o i n t 
have threaded s p l i c e s f u r t h e r reduc ing the area of r e i n f o r c i n g s t e e l . 
Many bars buckled, a t t h i s threaded, p o r t i o n (photos 1 5 - 2 and 1 5 - 3 ) and. 
some broke ( l e f t bar i n photo 1 5 * 2 ) . I t is poss ib le that there have 
been concrete cracks i n t h i s area f o r some t ime , or the bars were not 
p roper l y covered w i t h concrete a f t e r the 1929 ear thquake, as some bars 
appeared t o be corroded. - see photo 1 5 - 3 ° 

There was no s ign of f a i l u r e or c rack ing above ground l e v e l i n 
P ie rs 7? 8 and. 9 and i t may be noted t h a t the c y l i n d e r s under these 
p i e r s do not pass through much gravel before reaching bedrock. 

Both abutments, which are unre in forced mass concrete, cracked 
h o r i z o n t a l l y through the holes left f o r access to ho ld ing down b o l t s 
see photos 13*2 and 1 3 J-i . Abutment 1 , which was i n a reg ion of 
cons iderab le embankment s e t t l e m e n t , had. a crack width of 3 inches and 
a shear displacement a t the crack of 3 M • 
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The railway embankment south of abutment 1 settled many feet for 
hundreds of yards, see photo 1 3 * 1 ? while the embankment north of 
abutment 10 settled about 3 f t for about 1 0 0 f t before a cutting through 
rock, see photos 1 3 - 3 and 1 3 A . 

Except at the abutments it was not possible to attempt to 
correlate crack widths with the lean on piers because of the unknown 
cracking and method of fixing or patching of the pier failures during 
the 1929 earthquake. The centre lines of the concrete cylinders have 
therefore not been plotted in Figures 1 2 . 3 and 13® 3 . 
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