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ABSTRACT 

T i p p i n g  p l a t e  a n c h o r s  a r e  c o n s i d e r e d  t o  
be the  m o s t  s u c c e s s f u l  t y p e  o f  
s u b s t i t u t e  e a r t h  a n c h o r  t e s t e d  f o r  c a b l e  
l o g g i n g  b y  the  U . S .  F o r e s t  S e r v i c e .  
P o r t a b l e  i n s t a l l a t i o n  e q u i p m e n t  c a n  m a k e  
t h e m  m o r e  a t t r a c t i v e  t h a n  other 
a r t i f i c i a l  a n c h o r i n g  s y s t e m s ,  p a r t i c -  
u l a r l y  w h e r e  a c c e s s  f o r  m a c h i n e r y  i s  
l i m i t e d .  

O p e r a t i o n a l  t e s t s  c a r r i e d  o u t  on the 
W i l l a m e t t e  N a t i o n a l  Forest i n  O r e g o n  
s h o w e d  t h a t  a  b a t t e r y  o f  s i x  M a n t a  R a y  
t y p e  t i p p i n g  p l a t e  a n c h o r s  p e r  q u y l i n e  
h a d  a m p l e  s t r e n g t h  t o  s u p p o r t  a  m o b i l e  
h a u l e r  w i t h  a  1 5  m  t o w e r .  I t  i s  t h o u g h t  
t h a t  f o u r  or f i v e  a n c h o r s  w o u l d  h a v e  
been s u f f i c i e n t .  

T h e r e  i s  a  n e e d  t o  f u r t h e r  i m p r o v e  the  
p o r t a b i l i t y  o f  i n s t a l l a t i o n  e q u i p m e n t  so 
t h a t  t h i s  t y p e  o f  a n c h o r  c a n  be m o r e  
r e a d i l y  u s e d  a s  a  s k y l i n e  t a i l h o l d .  I t  
i s  r e c o m m e n d e d  t h a t  t h e  New Z e a l a n d  
i n d u s t r y  m o n i t o r  d e v e l o p m e n t s  i n  the  
U .  S .  u n t i l  f u l l  o p e r a t i o n a l  i m p l e -  
m e n t a t i o n  h a s  been a c h i e v e d .  

INTRODUCTION 

Cable  logging i s  feas ib le  only when a d e q u a t e  
anchors  fo r  guylines, skylines and  running 
l ines a r e  available. Normally, t h e s e  a r e  
s tumps  b u t  where  adequately-sized a n d  
roo ted  s tumps  a r e  n o t  avai lable,  t h e  logger 
h a s  t o  f ind a l te rna t ives .  

A log  buried in t h e  ground, commonly  ca l l ed  
a deadman  anchor ,  i s  o n e  opt ion  b u t  t h e s e  
c a n  b e  expensive and a r e  l imi t ed  t o  a r e a s  
where  t h e r e  i s  ready machine  access for  
installation. 

A bulldozer o r  o t h e r  heavy machine  i s  
s o m e t i m e s  used a s  a n  anchor  and  th i s  gives 
a n  advan tage  of mobil i ty in a tai lhold 
applicat ion,  b u t  i t  i s  expens ive  and  m a y  b e  
l imi ted  by ground condit ions o r  
envi ronmenta l  cons t ra in ts .  

The  logging layout  could b e  changed in order  
t o  l o c a t e  t h e  guyline c i r c l e  a n d  t h e  tai lhold 
zone  within s tanding  t imber  b u t  t h i s  m a y  
t h e n  m e a n  a sub-optimal  layout ,  e.g. logging 
ac ros s  s lope  o r  in a blind lead.  

A smal ler  t ower  wi th  f e w e r  guylines could b e  
se l ec t ed  a n d  various rigging modificat ions 
m a y  b e  used t o  a d a p t  t o  a sca rc i ty  of 
tai lhold s tumps ,  b u t  t h e s e  c a n  b e  expensive 
t o  r ig,  and  i t  m a y  b e  necessary  t o  s e l e c t  a 
rigging sys t em t h a t  i s  o therwise  sub-optimal 
f o r  production,  t h u s  increasing cos ts .  

Anchoring problems a r e  increasing in t h e  
wes t e rn  United S ta t e s ,  par t icu lar ly  where  
logging t a k e s  p l ace  n e a r  f o r e s t  f r inges  n e x t  
t o  a lp ine  clearings,  swamps  o r  old cutovers .  
The l a t t e r  t y p e  of problem is common  a lso  in 
New Zealand,  because  of t h e  rapid decay  of 
r a d i a t a  pine s tumps  and  t h e  f r equen t  
presence  of a n  i m m a t u r e  p lanta t ion  in t h e  
desired anchor ing  zone .  

In r e c e n t  years ,  U.S. F o r e s t  Serv ice  r e sea rch  
engineers  have  t e s t e d  a wide  va r i e ty  of 
subs t i t u t e  e a r t h  anchors.  T h e  mos t  
successful ,  p rac t i ca l  t y p e  h a s  been  found t o  
b e  t h e  t ipping p l a t e  anchor ,  described below. 
Implementa t ion  h a s  r eached  t h e  point  of 
opera t ional  demonst ra t ions  of tipping p l a t e s  
applied a s  guyline anchor s  on  50-foot (15 m)  
towers .  Thir ty test pullouts  t o  fa i lure  have  
been  conducted .  



TIPPING PLATE ANCHORS 

Description 

T h e  a r rowhead  t y p e  h a s  b e e n  l e s s  successfu l  
t h a n  t h e  m a n t a  r a y  t y p e  because  of r epo r t ed  
ca s t i ng  fa i lures ,  a n d  i t  h a s  a sma l l e r  s u r f a c e  
a r e a  t han  t h e  comparab le  m a n t a  r a y  type .  
The  m a n t a  r ay  t y p e  i s  present ly  m a d e  of 
bronze  a l u m i n L m  - ( requi red  f o r  ;onductivity 
by t h e  power indus t ry)  b u t  f o r  logging use  i t  
would b e  m a d e  of mild s t ee l .  Fores ight  
Products ,  manufac tu re r  of t h e  m a n t a  r a y  
t y p e ,  is  keenly i n t e r e s t ed  in pe r f ec t ing  i t s  
p roduct  f o r  logging. 

The c o s t  p e r  anchor  i s  $ U S ~ O ,  including c a b l e  
a n d  chain.  

Anchor Installation 

An advan tage  of t h e  t ipping p l a t e  anchor  is  
t h a t  i t  c a n  b e  instal led wi th  po r t ab l e  
equipment .  The  procedure  is  t o  m a k e  a 
10 c h  hole  w i th  a ' p o r t a b l e  a u g e r ,  t h e n  dr ive  

F i g u r e  1 - A r r o w h e a d  t i p p i n g  p l a t e  t h e  tipping p l a t e  in wi th  a s t e e l  rod. The  
a n c h o r s  i n  centre o f  p h o t o ;  m a n t a  r a y  s t e e d  rod is  dr iven by a pneumat i c ,  p e t r o l  o r  

t y p e  t o  r i g h t  a n d  a  h y d r a u l i c  h a m m e r  hydraul ic  h a m m e r ,  and  is  wi thdrawn a f t e r  
u s e d  for  i n s t a l l a t i o n  t h e  anchor  is  in p l ace  (F igure  3). 

T h e  t ipp ing  p l a t e  anchor  cons is t s  of a sma l l  
p l a t e  t h a t  is  d r iven  i n t o  t h e  ground wi th  a 
pneumat i c  hammer .  The  l i ne  t o  b e  anchored  
t o  i t  i s  a t t a c h e d  by  m e a n s  of a cha in  b e f o r e  
instal lat ion a n d  a n  upward pull o n  t h e  l i ne  
causes  t h e  p l a t e  t o  t i p  sideways. T h e  pul l  i s  
t hen  r e s i s t ed  by a c o n e  of soi l  above  t h e  
plate .  

Figures 1 and  2 show t h e  t w o  t y p e s  of 
tipping p l a t e  anchor  found m o s t  successfu l  
fo r  logging. Both a r e  dr iven  i n t o  t h e  ground 
wi th  a s t e e l  rod  inser ted  i n t o  a hole  in o n e  
end  of t h e  plate .  They  h a v e  b e e n  a d a p t e d  
f rom designs used  on  a l a r g e  s c a l e  by  power  
and  t e l ephone  companies  f o r  guying poles  a n d  
pylons. 

F i g u r e  3 - P e t r o l - p o w e r e d  hammer  u s e d  
F i g u r e  2 - M a n t a  r a y  t y p e  t i p p i n g  t o  d r i v e  p l a t e  i n t o  t h e  g r o u n d .  T h e  

p l a t e  a n c h o r  ( f o r e g r o u n d )  c h a i n  w i l l  be c o n n e c t e d  t o  a g u y l i n e .  



The  U.S. Fo res t  Serv ice  has  found t h a t  
augering a hole  f i r s t  (F igure  4) a ids  
appreciably in instal lat ion,  wi thout  
s ignif icantly diminishing holding capac i ty .  
Fur thermore ,  t h e  hole s e rves  t h e  purpose of 
a t e s t  bore.  If rock  if found nea r  t h e  
sur face ,  t h e n  a f resh  locat ion c a n  b e  
se l ec t ed  f o r  a new hole. O n  t h e  o t h e r  hand,  
if a p l a t e  i s  driven in f i r s t  a n d  shal low rock  
i s  encountered ,  t h e  p l a t e  m u s t  t h e n  normally 
b e  abandoned. 

F i g u r e  5 - H y d r a u l i c  hammer  t o  i n s t a l l  

F i g u r e  4 - A u g e r i n q  a  h o l e  f o r  p l a t e  p l a t e  

p l a c e m e n t .  T h e  t r i p o d  b e h i n d  i s  f o r  
t e s t  p u r p o s e s  o n l y  a n d  i s  n o t  u s e d  

f o r  a n c h o r  i n s t a l l a t i o n  

The  L i t t l e  Beaver  a u g e r  a n d  wheeled 7 h.p. 
(5  kW) p o w e r  p l an t  shown in Figure  4 c a n  b e  
t ranspor ted  by t w o  people in most  te r ra in .  
The c o s t  i s  $ ~ S 1 , 2 0 0 .  

The  Fores t  Serv ice  h a s  s o  f a r  buried a l l  of 
i t s  tipping p l a t e s  t o  a 1.5 m depth.  I t  h a s  
been  sugges ted  t h a t  a subs tant ia l  i nc rease  in 
pull-out r e s i s t ance  would b e  obta ined  by 
going t o  2.1 m f o r  a modest  i nc rease  in 
instal lat ion t ime .  

S t ee l  rods  of 29  m m  d iame te r ,  milled t o  
22  m m  a t  o n e  e n d  t o  f i t  t h e  p l a t e ,  a r e  used 
fo r  driving t h e  p l a t e s  in. I t  h a s  been  found 
advantageous  t o  u s e  t w o  7 5  c m  rod sec t ions  
r a t h e r  t h a n  a single 1.5 m rod. 

The  F o r e s t  Serv ice  h a s  successful ly used 
t h r e e  d i f f e ren t  tools  f o r  driving p l a t e s  : 

- A petrol-powered Pionjar dri l l  (F igure  3) 
- A Stanley  30  k g  hydraulic  h a m m e r  (Figure  

5) powered by a po r t ab le  power p lant  
(F igure  6 )  

- A pneumat ic  32  k g  hammer  connec ted  t o  
a 2.83 m3/min  compressor .  

F i g u r e  6 - P o r t a b l e  h y d r a u l i c  s y s t e m  
u s e d  t o  p o w e r  hammer  i n  F i g u r e  5 .  I t  i s  

t r a n s p o r t e d  i n  t w o  p a r t s  w i t h  a  t o t a l  
w e i g h t  o f  7 3  k g .  

T h e  p l a t e  i s  dr iven  i n t o  t h e  hole, with t h e  
a t t a c h e d  chain  k e p t  o u t  s o  a line c a n  b e  
connec ted  t o  i t .  O n c e  t h e  p l a t e  i s  in p lace ,  
t h e  hole  i s  s t e m m e d  and  lightly t a m p e d  t o  
help t h e  p l a t e  set quickly o n c e  a pull is 
applied. 

The  t i m e  f o r  anchor  instal lat ion,  excluding 
t h e  t i m e  t o  g e t  t h e  tools  and  m a t e r i a l  t o  t h e  
s i t e ,  w a s  observed t o  b e  abou t  2 minu te s  fo r  
drilling t h e  hole, and  4 t o  9 minutes  t o  
instal l  t h e  p la te .  This was  done  by  t w o  men,  
on e a s y  t e r r a in .  

Some p la t e s  might  b e  recovered  wi th  a kind of ratchet-and-chain shortening 
t r a c t o r  o r  backhoe,  al though i t  would b e  wise  a r r angemen t  would b e  much  m o r e  ef f ic ien t .  
t o  regard  t h e m  a s  expendable. 

With l ine c lamps ,  a modera te ly  exper ienced  
Rigging c r e w  of t w o  o r  t h r e e  c a n  repor tedly  instal l  a 

six-anchor t iedown in 1; hours. 
A r e c e n t  demonst ra t ion  ins ta l la t ion  on t h e  
Wil lamet te  National  F o r e s t  in Oregon 
cons is ted  of  s ix t ipping p l a t e  anchor s  e a c h  o n  
t h e  t w o  c e n t r e  guys  of a Madill 071  (Figure 
7). This w a s  d o n e  t o  t i e  t h e  machine  down t o  
a previously-logged hillside wi thout  sound 
stumps.  The  t w o  outs ide  guys  w e r e  anchored  
conventional ly t o  s tumps.  The  soi l  w a s  a 
c layey  s i l ty  sand. O n e  t o  t w o  f e e t  of  s i l ty  
sand overlaid pyroclast ic  lapilli  tu f f .  Many 
hill soils in New Zealand would h a v e  
comparab le  charac ter i s t ics .  

F i g u r e  8 - L e n g t h s  o f  1 6  mm l i n e  connect 
the  t i p p i n g  p l a t e s  t o  the  g u y l i n e  

Strength 

In a test envi ronment ,  t ipping p l a t e s  instal led 
in soi l  h a v e  wi ths tood pulls  up  t o  90,000 kg. 
The  spec i f ic  models  of t ipping p l a t e  
demons t r a t ed  wi th  t h e  Madill 071 h a v e  been  
t e s t e d  t o  f a i lu re  a t  4,000 kg  t o  18,000 kg. 
The  lower va lues  w e r e  recorded in t e s t s  on  
a n  a r e a  t h a t  had  previously been  used fo r  
burning piled slash. Pull-out r e s i s t ance  values 
in normal  c u t o v e r  s i t e s  w e r e  mostly ove r  
9,000 kg. A group of s ix anchor s  would t h e n  
have  a combined pull-out r e s i s t ance  in excess  
of 54,000 kg. I t  i s  now f e l t  t h a t  fou r  o r  f i v e  
anchor s  pe r  guyline would h a v e  been  
adequa te ,  ins tead  of t h e  six used. 

F i g u r e  7 - M a d i l l  0 7 1  t i e d  d o w n  t o  
s t u m p s  on the  o u t s i d e  g u y s ,  a n d  

s u b s t i t u t e  a n c h o r s  on t h e  t w o  i n s i d e  
g u y s .  E a c h  i n s i d e  g u y  i s  a n c h o r e d  b y  a  

c l u s t e r  o f  6  t i p p i n g  p l a t e  a n c h o r s  
( f o r e g r o u n d ) .  

T h e  guylines w e r e  2 8  m m  d i a m e t e r  with a 
breaking s t r eng th  r a t e d  at  31,500 kg. Each  
guyline was  connected  t o  t h e  six t ipping 
p l a t e  anchor s  by m e a n s  of  1 6  m m  wi re  ropes  
(Figure 8). The  anchors  w e r e  ins ta l led  in a 
V-pattern, a n d  1 6  m m  l ines  w e r e  c u t  t o  
approx ima te  lengths  f o r  rigging. They w e r e  
shor tened  wi th  a come-along t o  equa l i ze  t h e  
lengths  under  load,  a n d  f a s t e n e d  t o  t h e  e y e  
in t h e  s t r a p  connec ted  t o  t h e  anchor  wi th  
l ine clamps.  I t  h a s  been  sugges ted  t h a t  s o m e  

No tipping p l a t e  anchor s  a r e  known t o  h a v e  
f a i l ed  in a n  opera t ional  lonaina a ~ ~ l i c a t i o n .  

u- u . . 
There  i s  o n e  i n s t a n c e  of a skyline pa r t ing  
where  tipping p l a t e  anchor s  held. Guyline 
tensions in e x c e s s  of t h e  s a f e  working load 
of t h e  guyline h a v e  been  recorded on  t h e  
Wil lamet te  demonst ra t ion  anchors.  

When fa i lure  occu r s  in a t e s t  s i tuat ion,  a 
c o n e  of  e a r t h  s o m e  2 m in d i a m e t e r  i s  slowly 
l i f ted  o u t  of t h e  ground. Sudden f a i lu re  d o e s  
n o t  occu r  wi th  th i s  t y p e  of anchor.  Soil 
de fo rma t ion  is approximate ly  l inear  up t o  
fai lure.  

The re  i s  no  opera t ional  expe r i ence  y e t  in  
sandy soils comparab le  t o  pumice  o r  
decomposed grani te .  T e s t s  in a gravel ly s a n d  
r ive r  bo t tom h a v e  shown pull-out r e s i s t ances  
of 2,7000 k g  - 6,800 kg. 



So  f a r  t ipping p l a t e s  h a v e  n o t  been  t e s t e d  
wi th  27 m towers.  A demonst ra t ion  is  
scheduled  f o r  1988,  however ,  w i th  p lans  t o  
instal l  t ipp ing  p l a t e  anchor s  t o  a dep th  o f  
4 m in 2 5  c m  ho le s  a s  anchor s  f o r  a 27 m 
tower .  A pull-out r e s i s t ance  of 48,000 k g  
h a s  been  p ro j ec t ed  f o r  t h e s e  anchors .  

Relat ionships b e t w e e n  pull-out r e s i s t ance  a n d  
soi l  c lass i f ica t ion  a r e  n o t  y e t  fu l ly  
developed,  a l though t h i s  i s  a t o p i c  of ongoing 
research .  I t  i s  c l e a r  however  t h a t  t h e  soi ls  
mos t  su i tab le  f o r  deadman  ins ta l la t ion  - 
dense ,  cohes ive  so i l s  - wil l  a l so  b e  t h e  mos t  
su i tab le  f o r  t ipp ing  p l a t e  anchor  instal lat ion.  

T h e  c o n t r a c t  logger  who s t a g e d  t h e  
Wil lamet te  National  Fo re s t  demonst ra t ion ,  
Mr Closen Chr is t ian ,  f e e l s  t h a t  subs t i t u t e  
e a r t h  anchor s  h a v e  a de f in i t e  fu tu re .  H e  
s e e s  t h e  g r e a t e s t  po ten t ia l  of t h e  t ipping 
p l a t e  anchor  a t  t h e  tai lhold end ,  s ince  
convent iona l  solut ions a r e  genera l ly  workable  
if s t u m p s  a r e  lacking a t  t h e  landing. H e  
s e e s  t h e  need  f o r  a rel iable subs t i t u t e  
ta i lho ld  t o  l im i t  t h e  risk t o  t h e  expens ive  
r ad io  cont ro l led  skyl ine c a r r i a g e s  increasingly 
used by Amer ican  loggers. H e  l ikes t h e  
t ipping p l a t e  f o r  i t s  p red ic tab i l i ty  of pull-out 
r e s i s t ance  c o m p a r e d  t o  a s tump.  However  h e  
cons iders  t h e r e  i s  a de f in i t e  need  t o  improve  
t h e  por tab i l i ty  of t h e  instal lat ion equ ipmen t  
f o r  p rac t i ca l  appl ica t ion  on  d i f f icu l t  - s i t e s .  
H e  r ega rds  t h e  p re sen t  rigging p rocedures  as 
excess ive ly  cos t ly .  

Fo r  t h e  sma l l e r  1 5  m towers ,  t h e  t ipp ing  
p l a t e  c a n  b e  r ega rded  a s  a proven concep t .  
However  ope ra t iona l  t e s t i ng  i s  conf ined  t o  a 
l imi ted  r ange  of s i tua t ions  s o  f a r .  In 
pa r t i cu l a r ,  f o r  non-cohesive so i l s  such as 
p u m i c e  a n d  decomposed  g ran i t e ,  t h e  c o n c e p t  
c a n n o t  b e  regarded  a s  proven y e t  and  
opera t iona l  rigging procedures  need  
r e f inemen t .  

I t  i s  s t rongly  r ecommended  t h a t  t h e  New 
Zealand logging industry closely moni tor  

Figure 9 - Line clamps were used on s ,ubst i tute  e a r t h  anchor  deve lopmen t s  in t h e  
t h i s  demonstration. P o s s i b i l i t i e s  U.S. Ope ra t iona l  implementa t ion ,  which 

e x i s t  f o r  l e s s  time consuming methods a p p e a r s  t o  b e  a y e a r  o r  t w o  a w a y  y e t  in t h e  
o f  attachment. US. ,  should n o t  y e t  b e  considered in New 

POTENTIAL FOR NEW ZEALAND 

Where t h e r e  i s  a m i x t u r e  of a g e  c l a s se s  
within a fo re s t ,  a n  economic  method of 
anchor ing  wi thou t  s tumps  would p e r m i t  m o r e  
e f f i c i en t  logging in m a n y  cases .  T h e  logger  
could  t h e n  s e l e c t  equ ipmen t  s i zed  t o  t h e  logs 
r a t h e r  t h a n  t o  t h e  s tumps ,  a n d  a l ayou t  a n d  
rigging conf igura t ion  f o r  max imum 
product ion r a t h e r  t h a n  be ing  l imi t ed  by t h e  
anchor ing  fac i l i t i es .  

Zealand.  Ini t ia l  tests should b e  in so i l  t y p e s  
s imilar  t o  Amer ican  soils w h e r e  t ipping 
p l a t e s  h a v e  b e e n  successful .  The re  m a y  wel l  
b e  po t en t i a l  f o r  New Zealand loggers  t o  
improve  on  p re sen t  Amer ican  instal lat ion 
procedures  by adap t ing  local  hill-country 
ag r i cu l tu ra l  power  tools.  I t  i s  s t i l l  t o o  e a r l y  
t o  s a y  how appl icable  t h e  me thod  would b e  
in pumice  soils. In m o r e  su i t ab l e  soi ls ,  t h e  
p rospec t s  f o r  opera t iona l  imp lemen ta t ion  
a p p e a r  good. 

While o t h e r  me thods  of anchoring wi thout  
s tumps  ex i s t ,  as no ted  above ,  t h e y  a r e  
general ly cos t ly .  Tipping p l a t e  anchor s  would 
b e  c h e a p e r  in  m a n y  cases ,  a n d  feas ib le  in 
many s i t ua t ions  w h e r e  convent iona l  so lu t ions  
a r e  not .  

Tipping p l a t e s  h a v e  n o t  y e t  b e e n  adop ted  by 
t h e  f o r e s t  industry in t h e  U.S. This is  
because  t h e  c o n c e p t  i s  s t i l l  new t o  logging, 
a n d  n o  a r e a s  h a v e  been  laid o u t  with th i s  
t y p e  of anchor  in mind. The re  is a l so  a n  
a t t i t u d e  t h a t  convent iona l  solut ions t o  
anchor ing  problems a l ready  e x i s t  - possibly 
wi thout  a p rope r  apprec ia t ion  of t h e  r e a l  
c o s t  involved. 

This Technical Release i s  the work o f  the 
author and i s  not  the  resu l t  o f  LIRA 
project work. LIRA pub1 ishes  i t  i n  the  
i n t e r e s t s  o f  wider dissemination o f  
knowledge i n  the  industry .  LIRA takes no 
respons ib i l i t y  f o r  the  accuracy o f  
f igures nor does i t  necessari ly  support 
or  disagree with the opinions and 
conclusions shown. 
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