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CANAL CAPACITY STUDIES, WAVE FORMATION BY BRIDGE PIERS 

INTRODUCTION 

Evaluation f o r  design purposes of the  individual  e f f e c t  
of the  many f ac to r s  influencing the  hydraulic  behavior of 
l a rge  water conveyance channels i s  a complex problem. The 
s i z e ,  shape, and inve r t  grade of the  conveyance must be 
determined from the  cumulative resistance-to-f low of t he  
boundary surface i n  l i n e  canal s t ruc tu re s ,  s t ruc tu re s  w i t h  
piers i n  the  flow prism, and o the r  l o c a l  obst ruct ions  t o  
t h e  flow of water. Although the exact  quan t i t a t i ve  e f f e c t  
of each f a c t o r  has not  been accurately known, the  design 
procedures developed over a number of years and applied 
by engineers with a broad background of experience pro- 
duced conveyances capable of carrying the  des i red  quant i ty  
of water with proper freeboard. 

Recent experience has indicated t h a t  these procedures, 
successful ly  used, i n  t h e  design of small and medium s i z e s  
of canals ,  a r e  not  apparently, adequate f o r  l a rge  concrete- 
lined canals  on f l a t  s lopes.  Tests  on large  Central  Valley 
Pro jec t  canals  showed t h e  capacity t o  be as much as  20 per- 
cen t  below the design discharge. Surface roughness of the 
l i n ing ,  canal curves, and the l a rge  number of s t ruc tu re s  
such as  supports f o r  pipe crossings and bridge p i e r s ,  
individual ly  o r  a s  a group, apparently produced more re- 
s i s t ance  t o  f l o w  than an t ic ipa ted ,  r e su l t i ng  i n  a reduc- 
t i o n  i n  discharge. 

Roadways across t he  canal require  bridges t h a t  are some- 
t i m e s  placed a t  oblique arrgles t o  the  canal alinement. 





waves we re conve &ed t o  prototype dimensions using Froude 
number r e l a t i o n s h i p s .  This conversion was based on t h e  
judgment t h a t  g r a v i t y  f o r c e s  predominated i n  t h e  model 
both i n  producing .,£low. an6 s u r f  ace waves. Viscous e f f e c t s  
were l a r g e r  i n  t h e  model than i n  t h e  prototype canal  and 
caused a r ap id  decay of the  wave amplitude along t h e  model 
s i d e  s lopes .  

Wave amplitudes measured on t h e  s i d e  s lopes  i n  t h e  model 
w e r e  i n  approximate agreement .with those  measured i n  t h e  
prototype.  For  t h e  br idge a t  Mile 56.60, Table 1 (measured 
wave amplitude 1 f o o t ,  30.5 cm) , a 1-foot wave was meas- 
ured i n  t h e  model. For  t h e  Bridge M i l e  81.69 (amplitude 
2 f e e t )  a 1.2-foot (36 -6 cm) wave was measured i n  t h e  
model, Tables  2 and 3.  Wave he igh t s  were measured between 
t h e  p i e r s  and t h e  s i d e  s lopes  i n  t h e  model, F igure  7. 
These model and prototype h e i g h t s  could n o t  be  compared 
s a t i s f a c t o r i l y  because no measurements were a v a i l a b l e  
between t h e  p i e r s  and s i d e  s l o p e s  i n  t h e  Delta-Mendota 
Canal. 

Two methods of reducing t h e  wave ac t ion  w e r e  explored i n  
t h e  model: (1) a reduct ion i n  t h e  s i z e  of t h e  spaces be- 
tween segments of t h e  p i e r ,  and ( 2 )  f u l l  c losure .  'Both 
methods reduced t h e  wave ac t ion  bu t  t h e  b e s t  suppression 
w a s  provided by f u l l  c losure  of t h e  spaces,  F igures  8 and 9.  

Based on t h e  r e s u l t s  of  t h e  model s t u d i e s ,  athe spaces w e r e  
c losed  between segments of a l l  s i m i l a r  br idge p i e r s  of 
t h e  Delta-Mendota Canal using s h e e t  metal over  wood forms. 
A continuous flow s u r f a c e  was thus  provided f o r  t h e  f u l l  
l eng th  of t h e  p i e r .  Operation of t h e  canal  a f t e r  c losure  
of t h e  spaces between p i e r  segments showed nc  o s c i l l a t o r y  
wave a c t i o n ,  

INVESTIGATION 

Prototype 

Approximate wave amplitudes on t h e  canal  s lopes ,  wave 
f requencies ,  and wave l eng ths ,  Table 1, w e r e  measured 
i n  August 1958, during a f i e l d  inspec t ion  of the br idges  
s e l e c t e d  f o r  s tudy.  The wave amplitudes w e r e  observed 
on a s t a f f  gage anchored t o  t h e  s i d e  s lope  of  t h e  cana l  
l i n i n g .  The wave f requencies  w e r e  counted and timed wi th  
a stopwatch. 
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Wave ac t ion .  --Flow and wave a c t i o n ,  s i m i l a r  t o  t h a t  ob- 
served i n  t h e  pro to type ,  Figure 4A, was reproduced. satis- 
f a c t o r i l y  i n  t h e  model, Figure 4B. I n  both pro to type  and 
model, wave p a t t e r n s  w e r e  complex, caused by t h e  angle 
of  t h e  br idge  and t h e  p i e r  alinement. Time and instrumen- 
t a t i o n  necessary t o  analyze t h e  complex wave system and t h e  
causes were n o t  a v a i l a b l e  nor  was a complete explanat ion  
warranted by t h e  purpose of t h e  study. The i n v e s t i g a t i o n  
was concerned p r imar i ly  wi th  measuring t h e  model wave 
he igh t s  f o r  c o r r e l a t i o n  with t h e  pro to type ,  and with f ind-  
i n g  a means of e l imina t ing  o r  appreciably reducing t h e  wave 
amplitudes.  

Wave measurement. --Wave amplitudes and f requencies  w e r e  
measured on l i n e s  p a r a l l e l  t o  the  br idge  c e n t e r l i n e  and 
tangent  t o  t h e  upstream and downstream ends of t h e  p i e r s ,  
Figure 6B. 

Capacitance-type wave probes were used i n  t h e  model t o  
measure t h e  wave amplitude and frequency. Two probes of c. 

0.015-inch-diameter enameled w i r e  mounted on "U" shaped 
frames w e r e  suspended on 3-inch channels by p o i n t  gage 
s t a f f s ,  F igure  6C. Locations of t h e  probe between t h e  
p i e r  and canal  s i d e  s lope  w e r e  e s t a b l i s h e d  with reference  
t o  t h e  p i e r  c e n t e r l i n e s .  The vol tage  s i g n a l s  from t h e  
wave probes w e r e  recorded on a d i rec t -wr i t ing  o s c i l l o -  
graph. 

Wave measurement r e s u l t s  ,--Waves generated by t h e  model 
p i e r s  were apparent ly  composed of c a p i l l a r y  r i p p l e s  super- 
imposed upon small  g r a v i t y  wavesol /  I n  t h e  model and i n  
t h e  pro to type ,  t h e  speed of t h e  g r a v i t y  waves caused by 
t h e  p i e r s  exceeded t h e  approach v e l o c i t y  t o  t h e  p i e r s .  
The waves t r a v e l e d  upstream as  w e l l  as  downstream, Fig- 
u r e s  5 and 8. Wave amplitudes diminished r a p i d l y  both 
upstream and downstream, but  t h e  waves w e r e  d i s c e r n i b l e  
f o r  a model d i s t ance  of  approximately 18 f e e t  upstream 
from t h e  p i e r s .  With a longer  approach channel and less 
s u r f a c e  d is turbance  from t h e  i n l e t  b a f f l e s ,  waves would 
have p e r s i s t e d  f o r  a g r e a t e r  d i s t ance .  The genera l  s i m i -  
l a r i t i e s  between t h e  model and p ro to type  in wave forma- 
t i o n  w e r e  very good. 

l/Rouse, H. , "Elementary Mechanics of F l u i d s ,  " John Wiley - 
and Sons, Inc . ,  1946, p. 324. 
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frequency and amplitude. Waves from the model p i e r s ,  
Figures 8A, 1 and 2 ,  t h a t  produced an encroachment on 
t he  canal  f reeboard had a frequency ranging from approx- 
imately 9 3  t o  107 cycles  pe r  minute, depending on t h e  
depth and quan t i ty  of flow. Examination of t h e  record- 
ings  showed t h a t  the  wave amplitude reached a maximum 
and decreased a t  a frequency ranging from approximately 
9 t o  18 cycles  pe r  minute. The average frequency from 
1 4  records was 13.3 cycles  pe r  minute. Traces from each 
of t h e  probe loca t ions  w e r e  measured t o  ob ta in  t h e  i nd i -  
ca ted  maximum amplitude of the  waves. Wave amplitudes i n  
t h i s  study w e r e  measured a s  t h e  maximum v e r t i c a l  d i s t ance  
on t h e  recording between an adjacent  trough and peak of 
t h e  pen t r a ce .  Surface tens ion  e f f e c t s  on t he  wave- 
he igh t  probe were ev iden t  i n  some of t h e  traces i n  the 
form of f l a t t e n e d  wave peaks. The reduct ion i n  recorded 
he igh t  f o r  t h e  waves a f f ec t ed  by t h e  su r f ace  tens ion  on 
t h e  probe w i r e  was es t imated  t o  be about 10 percent .  

Both frequency and amplitude of t h e  waves w e r e  converted 
t o  prototype dimensions using Froude number r e l a t i onsh ip s .  
This conversion w a s  based on the judgment t h a t  g r av i t y  
fo rces  predominated i n  t he  model both i n  producing flow 
a - 3  sur face  waves. Viscous e f f e c t s  w e r e  ev iden t  along 
t h e  model s i d e  s lopes ,  however, causing a r ap id  decay of 
the wave height .  The flow, wi th  a Reynolds number of 
88,400 f o r  t h e  minimum average v e l o c i t y  and depth,  was 
t u rbu l en t .  

Relat ionships used f o r  convert ing t h e  model da t a  w e r e  a s  
follows : 

Wave he igh t  

Lr = length  r a t i o  
Lm Lm = model l eng th  Lr = 
P L P = prototype length  

, #. 

6 





p i e r s  w a s  191 3 p e r  minute compared t o  t h e  1 9 . 1  waves pe r  
minute f o r  t h e  f i r s t  p i e r s  a t  t h e  3,100-cfs discharge. 
Thus, f o r  comparative purposes t h e  waves were genera ted  
a t  about t h e  same frequency by both sets of br idge p i e r s .  

The i nc r ea se  and decrease i n  t h e  maximum height  of  t h e  
waves ranged from 1.6 t o  3 cyc les  pe r  minute and averaged 
2.3. The 2 .3  cycles  were 0 .4 cyc le  less than t h e  average 
f o r  the  f i r s t  set  of p i e r s .  The cycl ing  f o r  both sets of 
p i e r s  was less than 4 cycles  p e r  minute f o r  t h e  proto type  
s t r u c t u r e s ,  Table 1. 

A g raph ica l  comparison of the  change i n  wave he igh t  wi th  
respect  t o  t h e  pos i t i on  of measurement (within the acu te  
angle formed by t h e  canal and br idge  cen t e r l i ne s )  shows 
waves of s l i g h t l y  h igher  magnitude than those measured 
may occur a t  a loca t ion  about 16 feet from the  p i ex  
c e n t e r l i n e s ,  Figure 7. Waves of minimum height  occurred 
nea r  5-  and 30-foot d i s t ances  from the  p i e r s .  The i n t e r -  
s ec t i on  o f  the water  sur face  and canal  s lope  w a s  approxi- 
mately 33 f e e t  from the  p i e r  c en t e r l i ne s .  

Wave Reduction 

Two methods of reducing the  w p v e  a c t i on  w e r e  explored 
i n  the  model: (1) a reduct ion i n  the s i z e  of t h e  spaces 
between p i e r  s ec t i ons  and ( 2 )  f u l l  c losure .  Closure 
and r e s t r i c t i o n s  included those  made i n  t h e  following 
manner : 

1. Four spaces between the f i v e  p i e r s  w e r e  c losed  
f o r  the f u l l  he igh t ,  width,  and th ickness  of t h e  space 
between p i e r  s ec t i ons ,  F igures  8B, 9B, and 9D. 

r o  U-I-:S> 

2. Four spaces w e r e  r e s t r i c t e d  by adding the equiva- 
l e n t  of  f o u r  12-  by 12-inch t imbers  t h e  f u l l  he igh t  of 
t he  space ,  Figure 8C. 

~ 0 ~ 0 ~  
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l e n t  of four  15-inch c y l i n d r i c a l ~ ~ o l u m n s ~ t h e  f u i l  
height, of t h e  space ,  Figure 8D. 

; 1 

r o r o n  

Waves generated by model p i e r s  with open spaces were of 
s u f f i c i e n t  magnitude t o  measure with reasonable r e l i a b i l -  
i t y .  Suppression of t h e  waves by t h e  f i l i i n g  of  t h e  spaces 
between segments o f  t h e  p i e r s  reduced t h e  wave amplitude 
below t h e  he ight  where accura te  measurements could be 
made. This f a c t  precluded an exact  det 'ermination, of t h e  
wave amplitude reduct ion  caused by t h e  c losure  and re- 
s t r i c t i o n  of t h e  p i e r  spaces.  

h ,  

A l l  of  t h e  suppression devikes reduced t h e  he igh t  of t h e  
waves. The b e s t  suppression was provided by t h e  f u l l  
c l o s u r e  of t h e  space between p i e r  segments, Figures  8B 
and 9B. Small waves and r i p p l e s  from t h e  nose and s i d e s  
of t h e  p i e r s  were n o t i c e a b l e  i n  t h e  model. The he idht  

1 "* 
of t h e s e  r i p p l e s  w a s  n o t  measureable i n  t h e  model an'+ 
w e r e  no t  bel ieved t o  be of s u f f i c i e n t  s i z e  t o  be of con- 
cern i n  t h e  prototype s t r u c t u r e .  

Timbers and cy l inder s  loca ted  a t  t h e  t r a i l i n g  and leading 
ends of t h e  f i r s t  and f i f t h  p i e r  s e c t i o n s  and t h e  leading  
and t r a i l i n g  ends of t h e  t h i r d  p i e r  s e c t i o n  measurably .. 
reduced t h e  wave s i z e ,  Figures  8C and 8D. The s i z e  of 
t h e  waves was less than those  produced by p i e r s  wi th  open 
spaces ,  b u t  were l a r g e r  than those occur r ing  when t h e  
spaces between t h e  p i e r  segments were closed.  

CONCLUSIONS 

Exce l l en t  s i m i l a r i t y  was obtained between t h e  waves gen- 
e r a t e d  i n  t h e  model and those  observed i n  t h e  opera t ing  
canal .  A s  a r e s u l t  of t h e  model s t u d i e s ,  t h e  spaces of 
t h e  Delta-Mendota Canal br idge p i e r s  were c losed  with 
s h e e t  metal  on wood forms i n  1961, under Spec i f i ca t ions  
No. 200C-466. A continuous flow s u r f a c e  w a s  thus provided 
along t h e  f u l l  l eng th  of t h e  p i e r .  No o s c i l l a t o r y  waves 
occurred a t  t h e  br idges  i n  t h e  canal  a f t e r  c losure  of t h e  
p i e r s .  The f reeboard  of the canal l i n i n g  a t  t h e  br idges ,  
without  t h e  waves a f t e r  t h e  p i e r  c losure  was equal  t o  t h a t  
i n  t h e  unobstructed canal .  
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F i g u r e  4 
Report  Hy 

A .  Waves caused  by segmented p i e r s  under  c o n c r e t e  hiqhway 
b r i d q e  a t  Mi le  81.69--Delta-Mendota Canal ,  C e n t r a l  

I Va l l ey  Projec t - -Discharge  o f  abou t  3,100 c f s  f lowing 
l e f t  t o  r i g h t ,  wave h e i g h t  t r o u g h  t o  peak i n  c a n a l  
f low e s t i m a t e d  a t  6 t o  12 i n c h e s .  

B. Waves caused  by  model b r i d g e  p i e r s  M i l e  
81.69--Discharge e q u i v a l e n t  t o  3,100 c f s  
p r o t o t y p e  a t  a 15 .6- foot  d e p t h  ( F i g u r e  3 j .  
Wave h e i g h t  abou t  7 i n c h e s  ( p r o t o t y p e ) .  

CANAL CAPACITY STUDIES 
.Wave S i m i l a r i t y - - P r o t o t y p e  and Model 







. 
MEASUREMENTS PIER SEGMENTS 

b 

CANAL BOTTOM 

DISCHARGE 3100 CFS 
DEPTH 15.6 FEET 

DISTANCE FROM PIER GENTERLINE- FEET 

CENTRAL VALLEY PROJECT 
DELTA-MENDOTA CANAL 

CANAL CAPACITY STUDIES 
WAVE HEIGHTS 

1 :  24 SCALE MODEL- SEGMENTED BRIDGE PIERS 



Figure 8 
Report IIyd-4 85 

A. Wave a c t i o n  f o r  segmented p i e r s  having 
32-inch spaces .  

B .  Wave ac t ion  minimized by c l o s i n g  spaces 
between segments. 

C. Wave ac t ion  reduced by four ,  12- by 12-inch 
timbers i n  spaces .  

D. Wave ac t ion  reduced by 15-inch cy l inders  
i n  spaces .  

CANAL CAPACITY STUDIES 
Methods o f  Reducing Wave Formation 

Bridge Mile 56.60 



A. Segmented p i e r s  having 21-inch spaces.  B .  P i e r  spaces c losed.  

Discharge 3,100 c f s  - Depth 15.6 Feet  

C. Segmented p i e r s  having 21-inch spaces.  D, P i e r  spaces c losed,  

Discharge 3,500 c f s  - Depth 15.6 F e e t  

CANAt CAPACITY STUDIES 
Wave Reduction by P i e r  Closure - Bridge Mile 81.69 





Multl~lv BV To obtaln Multlulv Bv To obtaln 

U\SS WORK AND ENERGY* 

Grains (1/7 000 Lb) . . . . . . . . .  64.79881 (exactly) . . . . . .  U g r a m s  BrlUsh thermal unlts (Btul. . . . . .  0.252* . . . . . . . . . .  Kll- calorlos . . . .  . . . . .  T ~ O Y  ounce; (480 grdns). . . . . . .  31.1035. . . . . . . . . . .  Onma .1,055 06 Joules 
Ounces (avdp). . . . . . . . . . . .  28 3485 . Grams Btu per pod. . . . . . . . . . . .  2: 328 : : : . . . .  Joules per gram . . . . . . . . . . . .  . . . . . . . . .  Pounds (avd . . . . . . .  0:4636kh'(&n~u'~): : : : . Wwame F w t - W s  1.36682*. Joules 
Short tons (!,b0b ib): : . . . . . . .  007. . . . . . . .  xllogl.ams 

0 .~171b :  : : ~ e t r i c  tons POWER . . . . . . .  . . . . . . . . .  . . . . . . . . . . .  . . . . . . . .  Lcnq tons (2.240 lbl. 1,016.06. Kllwrama . . . . . . . .  Horsepower . . . . . . . . . . . . .  746 700 watts 
FCRCE/AREA 9111 per hour . . . . . . . .  ; 0:2woi1: : . . . . . . . .  watts 

Fwt-~omds w 4 . . . .  1.35682 . . . . . . . . . .  Watts 
Pounds per aquare lnch . . . . . . .  0.070307. . per square cenllmeter . . . . . . .  0 . 6 8 9 4 7 6 . . : : : : : : : : W 7  Ne OM per square centlmcter REAT TRANSFER . . . . . . . . . .  . . . . . . .  Pounds per aqusre foot 4.86243 Kllqrams per spuue meter 

47.8803. . . . . . . . . . .  Newtons w r  sauare meter . . . . . . .  Btu la /h r f t 2degF  Or, . . . . . . . .  thermal conductlvltyl . . . . . . .  1 442 Mllllwatts/cm de C . . . . . . .  MASSATOLUME (DENSITY) . . . . . . .  0:1240: : : .  Kgcal/hrmde 8 
~ t u  n/hr ftz de F 1.48807 . . . . . . . . . .  Kg csl m/hr mgdeg c 

Ounces per cublc inch. . . . . . . .  1.72998 . . . . . . . . . .  Grams per cublc centimeter Btu/hr fQ de 8 (c,'&;&' ' ' ' ' . . . . . . .  Pounds per cubic foot . . . . . . . .  18 0185 Klloqrarns per cubic meter conductance! . . . . . . . . . . .  0.568, . . . . . . . . . .  ~ w a t t s / c ~ z  deg c . . . . .  . . . . . . . . . .  0: 01801& : : . . . . . . .  Grams per cublc centlmeter . . . . . . . .  4.882 Kg cal/hr m deg 
TON Oonu) w r  cubic yard . . . . . .  1.32894 . . . . . . . . .  Grams w r  cublc centimeter Deg F hr l lz /~t t i  (k,' tie& 

re.sahtsncs1 1.781 . . . . . . . . . .  
MASS/CAPACITY ". B W ~  deg F ic,'&ni &Kit{] : : : : 4.1808 . . . . . . . . . .  . . . . . . . . . .  1.000* 

ounces per gallon (u. S. ) . . . . . .  7.4893. . . . . . . . . . .  Grams per liter Bn$R%F-~ivi iy i  : : : : : 0.2681 . . . . . . . . . .  
Ounces per gnllon U K 1 . . . . . .  6.2382. . . . . . . . . . .  Grams per liter . . . . .  0. OQZKI*. . . . . . . . . .  . . . . . . . . . . .  Pounds per $%Ulon IU:8:) . . . . . .  119.829 Grams per llter 
Pounds per @on (U. K. ) 99.779 Grams w r  llter WATER VAPOR TRANSMISSION . . . . . . . . . . .  . . . . . .  

BENDING MOMENT OR TORQUE Qralas/hr ft2 (water vapor 
tmmmlsslon) . . . . . . . . . . .  16.7 . . . . . . . . . . .  ~ r a m s / 2 4  hr m2 . . . . . . . . . . .  Inch-pounds . . . . . . . . . . . .  0.011621. . . .  Meter-ldlcgrams Perms (permeancel . . . . . . . . .  0.868 Metric perms 

1.12886 x 168: : : : : . . .  .Centimeter-dynes . . . . .  . . . . . . . . . . .  . . . . . . . . . . . .  Perm-lnches brmeabllItv) 1.67 Metric wrm-centimeters 
Foot-pounds . . . . . . . . . . . .  0 138255 . . . . .  M s t e r - k i l ~ g m ~  . . . . .  . . . . . . . . . . . .  1: 35582 x' 167: : : Centlmeter-d . . . . . . . . . .  Foot-pamds per lnch . . . . . . . .  5.4431. centimeter-gal%& p r  cenllmeter 
Ounce-inches . . . . . . . . . . . .  72.008 . . . . . . . . . . .  Cram-centlmeter~ 

VELOCITY 

Feet per second. . . . . . . . . . .  30.48 (eractly). . . . . . . .  Centimeters per ~ m n ~ d  . . . .  . . . . . . . . . . .  0 3046 (exactly Meters p r  second 
Feet per year. . . . . . . . . . . .  0: 965873 x 10-K : : . . . .  Cenllmeters per second Table III 
W e s  per haur . . . . . . . . . . .  1.609344 (exactl ). . . . .  : Kllometers per hour . . . . . . . . . . .  0.44704 (ewctlvr . . . . . .  Meters m r  second OTHER QUANTITIES AND UNITS 

ACCELERATION* Multloly BY To obtaln 

Feet w r  second2 . . . . . . .  !' . .  0.3048* . . . . . . . . . .  Meters w r  second2 Cubic feet per square foot per . . . . . . . . . . .  . . . . . . . . . . .  day (seepage) 304.8- Uters  per square meter per day 
1 FLOW Pouod-seconds per square foot 

(vlac~slty) . . . . . . . . . . . .  4.8824*. . . . . . .  Kllcqram second per square meter 
cubic feet per secomi (second- 

" Square feet r second (viscosity). . .  0.082903*: . : : . . . . .  Square meters per second 
feet) . . . . . . . . . . . . . . .  0.028317* . . . . . . . . .  Cubic meters per second FPhrenhelt 6 p s  (chsnpel*. . . . .  6/9 exactly . . . . . . . .  Celsius or Kelvln degrees (change)* . . . . . . . . . . .  Cubic feet per mlnute . . . . . . . .  0.4718 . . . . . . . . . .  Llters per second Volts per mll. 0.03837. . . . . . . . . .  Kllwolts per mllllmeter 

Gd1m.s (U.S.) cer mlnute . . . . . .  0.08308 . . . . . . . . . .  'Liters w r  second Lumens raquarefoet Umt- . . . . . . . .  ~ ~ d l e s y  0.00166i : I,umens per square meter Ohm-cd& . . . . . .  10.784. . . . . . . . .  FORCE* Ohm-square mllllmeters per meter 
bUlUcurlea per cubEioot . : : : : : 36..9147* . . . . . . . . .  Mllllcurles per cublc meter . . . . . .  Pcunds. . . . . . . . . . . . . . .  0.453592. . . . . . . . . .  Kll- MUampa per sqwwe foot 10.7839* . . . . . .  W m p s  per square meter . . . . . .  . . . . . .  . . . .  4 4482. NeWronS . . . . . . . . . . . . . . .  aallons per square yard. 4.627219; : : Uters  per square meter . . . . . . . . . .  . . . . . . . .  4: 4482 x : : : DWS pounds wr inch 0.17866*. ~ l l w r a m s  w r  centimeter . . . . . . . . . . . . . .  . . . ,  

' GPOK6.159 






