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SAMER, LAHLUM AND ASSOCIATES, INC. 
K CONSULTING SERVICES f lL l ,  -,IVIL L STRUCTURAL ENGINEERING SURVEYING a 
JAMES M. SAMER. P.E. 
ARNE LAHLUM. P.E. 

RONALD G. OLMSTEAD. R.L.S. 

Simons, L i  and Associates ,  Inc.  
3555 Stanford Road 
P.O. Box 1816 
F o r t  Co l l ins ,  Colorado 80522 

4250 NORTH NINETEENTH AVE. 

PHOENIX. ARIZONA 85015 

602-263-8551 - - 

February 2, 1984 

Attn;  Mike Ba l l an t ine  
- -- 

Dear M r .  Ba l lan t ine :  

Enclosed i s  a  copy of F i l e d  Notes f o r  e l eva t ions  of 
t o p  foo t ing  of P i e r s  f o r  the  Roosevelt I r r i g a t i o n  D i s t r i c t  
Flume across  t h e  Agua F r i a  River.  The numbers f o r  t h e  
P i e r s  were w r i t t e n  on by t h e  Flood Control  D i s t r i c t  Rep. 
a t  the  s i t e .  The datum f o r  t h i s  bench c i r c u i t  i s  a  b r a s s  
cap 1/16 cor  476.67 Eas t  of Indian School Road Bridge 
Elevation=1019.63. I f  t h e r e  a r e  any quest ions p lease  

9 . -  

con tac t  our o f f i c e .  

S incere ly ,  - - 

efl* Byron W. spe r s  

Samer & k&ssociates 
4250 North 19th  Avenue 

- Phoenix, Arizona 85015 
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Figure 9 - 
Effect of bend on boundary shear stress 
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A.l Design of Streambank S t a b i l i z a t i o n  Using Soil-Cement 

The stabilization of streambanks may be accomplished through the use of 

soil-cement ~ r o t e c t i o n .  Although soil-cement is commonly a p p l i e d  as a t h i n  

l a y e r  of p r o t e c t i o n  over  an e x i s t i n g  embankment, it may a l s o  be app l i ed  i n  

wide swaths, and b u i l t  up i n  l aye r s .  When cons t ruc t ed  i n  t h i s  manner, t h e  

soil-cement bank p r o t e c t i o n  func t ions  as a r e t a i n i n g  wal l .  

A d e f i n i n g  ske t ch  f o r  bank p r o t e c t i o n  a n a l y s i s  is  given i n  F igure  A.1. 

The s t a b i l i t y  of t h e  s t r u c t u r e  is determined by computing t h e  ove r tu rn ing  

moment caused by t h e  a c t i v e  t h r u s t  behind t h e  bank and t h e  h y d r o s t a t i c  load 

produced by water  behind t h e  bank, and comparing it t o  t h e  r e s i s t i n g  moment 

r e s u l t i n g  from t h e  weight of t h e  s t r u c t u r e .  The moments a r e  taken  around t h e  

t o e  of t h e  s t r u c t u r e .  

The a c t i v e  p r e s s u r e  behind t h e  bank p r o t e c t i o n  may be computed by 

assuming a c t i v e  Rankine c o n d i t i o n s  and us ing  the  Coulomb equat ion ,  a s  follows: 

f s i n  f3 

Pa = a c t i v e  t h r u s t  on bank p r o t e c t i o n  

yb = buoyant s p e c i f i c  weight of s o i l  = y - 
t Yw 

y t  = s a t u r a t e d  s p e c i f i c  weight of s o i l  

Yw 
= s p e c i f i c  weight of water  

H = t o t a l  v e r t i c a l  h e i g h t  of bank p r o t e c t i o n  

8 = ang le  of bank p r o t e c t i o n  wi th  h o r i z o n t a l  

4 = ang le  of  i n t e r n a l  f r i c t i o n  f o r  s o i l  

4 w 
= ang le  of w a l l  f r i c t i o n  

With Pa known, t h e  weight of  t h e  s t r u c t u r e  and t h e  ove r tu rn ing  and r e s i s t i n g  

moments c a l c u l a t e d ,  t h e  f a c t o r  of s a f e t y  a g a i n s t  ove r tu rn ing  may be de ter -  

mined. I f  t h i s  f a c t o r  of s a f e t y  is acceptab le ,  t h e  r e s i s t a n c e  t o  s l i d i n g  

should be checked. An i n i t i a l  s t e p  i n  t h i s  computation is summing up a l l  t h e  

v e r t i c a l  f o r c e s  t o  o b t a i n  t h e  normal fo rce .  The maximum f r i c t i o n a l  f o r c e  

which can be mobil ized w i l l  be 

F = ( t a n  $ )  N 

where F is  t h e  f r i c t i o n a l  r e s i s t a n c e  f o r c e  and N is  t h e  normal force .  



Figure A.1. Definition sketch for s o i l  cement bank protection. 



Also r e s i s t i n g  s l i d i n g  w i l l  be t h e  passive s o i l  pressure ,  P , defined a s  
P  

where 

P is  the  pass ive  s o i l  r e s i s t a n c e  
P  

K is the  c o e f f i c i e n t  of pass ive  p ressure  
P  

h  is the  v e r t i c a l  depth of t h e  bur ied  p ro tec t ion ,  a f t e r  scour 

The force  a c t i n g  t o  cause s l i d i n g  w i l l  be t h a t  por t ion  of the  a c t i v e  t h r u s t  i n  

t h e  hor izon ta l  d i r e c t i o n  a s  wel l  a s  the  h y d r o s t a t i c  p ressu re  force .  

Example: Assume a  bank p ro tec t ion  s t r u c t u r e  is  30 f e e t  high. Af ter  
scour,  25 f e e t  of t h e  s t r u c t u r e  is  exposed on t h e  stream-side 
of  the  s t r u c t u r e .  The bank has  a  one t o  one s lope ,  t h e  width 
of  the  s t r u c t u r e  is e igh t  f e e t .  

Find: The s t a b i l i t y  of t h e  s t r u c t u r e .  

Given: y t  = 125 pcf 4 = 30° H = 30 f t  f3 = 45O 
yW = 62.4 4 w  

= 00 h = 5 £ t  W = 8 f t  
.- 

( 1 )  Compute Active Thrust  t fi .* -A \ 
2 

Pa = 1/2 (125 - 62.4)pcf(30 f t )  
2  csc (45)  s i n  (45-30) 

I 

/ s i n  (45) + /- 
s i n  45 

'a 
= 1,832 # / f t  

Since t h e  angle of wa l l  f r i c t i o n  is  zero,  P w i l l  a c t  hor i zon ta l ly ,  1/3 
a  

above t h e  base of t h e  s t r u c t u r e ,  o r  t e n  f e e t  above t h e  base. 

( 2 )  Compute t h e  Hydrostat ic  Loads 

The hydros ta t i c  loads may be considered i n  two por t ions ,  a  t r i a n g u l a r  

d i s t r i b u t i o n  over t h e  d i s t ance  y  ( s e e  Figure  1 )  and a  rec tangular  d i s t r ibu-  

t i o n  over d i s t a n c e  h. The f i r s t  fo rce  w i l l  be - - - -  

R1 = (1/2)(62.4 p c f ) ( 2 5  f t 1 2  = 19,500 # / f t  

and w i l l  a c t  13.3 f e e t  above t h e  base. The second fo rce  w i l l  be 

R2= (62.4 p c f ) ( 2 5  f t ) ( 5  f t )  = 7,800 # / f t  

and w i l l  a c t  2.5 f e e t  above the  base. 

a 

- 



( 3 )  Compute t h e  S t r u c t u r e  Weight 

The weight of  t h e  s t r u c t u r e  can  be computed assuming a s p e c i f i c  weight of 

( t h e  soil-cement mix ture  o f  135 pound p e r  c u b i c  f o o t .  The weight  w i l l  t hen  be 

S ince  t h e  s t r u c t u r e  is  30 f e e t  high,  on a one t o  one s l o p e  and 8  f e e t  wide, 

t h e  weight w i l l  act a  h o r i z o n t a l  d i s t a n c e  of  19 f e e t  from t h e  t o e  of  t h e  

s lope .  

( 4 )  Compute t h e  o v e r t u r n i n g  moment ( coun te r  c lockwise)  around t h e  t o e  of 

t h e  s t r u c t u r e :  

C M c c w  
= (1,832 # / f t ) ( l O f t )  + (19,500 # / f t ) ( 1 3 . 3  f t )  + 

(7800 # / f t ) ( 2 - 5  f t )  

( 5 )  Compute t h e  r e s i s t i n g  moments (c lockwise)  

. . 
CM = (45,821 # / f t ) ( 1 5  f t  + 4  f t )  ' C M  = 8 7 1  Kip- f  t 

C W C W  f t  

(6) Compute t h e  f a c t o r  of s a f e t y  a g a i n s t  o v e r t u r n i n g  

871 
F.S = - . 

297 
Fac to r  of  s a f e t y  a g a i n s t  o v e r t u r n i n g  = 2.9 O.K. 

(7) Compute t h e  normal f o r c e  (w i th  z e r o  w a l l  f r i c t i o n ,  t h e  normal f o r c e  

equa l s  t h e  s t r u c t u r e  weight )  

N = W  N = 45,821 # / f t  

( 8 )  Compute t h e  maximum f r i c t i o n a l  f o r c e  which may be mobi l ized  

F = N t a n  $I = (45,821 # / f t )  t a n  30 
Fmax 

= 26,455 # / f t  
-. - 

( 9 )  Compute t h e  c o e f f i c i e n t  of p a s s i v e  r e s i s t a n c e  

2  I 2  
K = t a n  (45  + 2)  = t a n  (60)  K = 3.0 
P  P  

(10 )  Compute t h e  P a s s i v e  Res i s t ance  Force 

P = (1/2)(3)(125-62.4)  pcf  ( 5  f t l z  P = 2,348 # / f t  
P  P  

(11)  Compute t h e  F a c t o r  of S a f e t y  Agains t  S l i d i n g  

F.S. = C R e s i s t i n g  Forces  
C S l i d i n g  Forces  



Factor of s a f e t y  aga ins t  s l i d i n g  = 1.0 

Discussion of Resul ts  

The foregoing computations i n d i c a t e  t h a t  t h e  bank p ro tec t ion  s t r u c t u r e  is  

s a f e  from overturning f a i l u r e ,  though only marginally s a f e  from s l i d i n g .  

Assuming zero wa l l  f r i c t i o n  is conservative,  however, a s  t h e  soil-cement/sand 

i n t e r f a c e  probably has a wal l  f r i c t i o n  angle  c l o s e  t o  the  angle  of i n t e r n a l  

f r i c t i o n  f o r  t h e  sand. By considering wa l l  f r i c t i o n ,  both t h e  normal fo rce  

and t h e  fo rce  r e s i s t i n g  s l i d i n g  could inc rease  by a s u b s t a n t i a l  amount. I n  

a c t u a l i t y ,  the re fo re ,  t h e  f a c t o r  of s a f e t y  a g a i n s t  s l i d i n g  is  probably well  

above one. Furthermore, t h e  rapid-drawdown case  considered i n  the  a n a l y s i s  is 

probably extreme. Since soil-cement bank p ro tec t ion  is  genera l ly  used only 

where sandy mate r i a l  i s  p resen t ,  t h e  ma te r i a l  behind t h e  bank p r o t e c t i o n  is  

l i k e l y  t o  be well-drained. It is q u i t e  un l ike ly  t h a t  a r ap id  drawdown could 

occur which could simulate t h e  example considered here. Since t h e  hydros ta t i c  

loading is t h e  l a r g e s t  f o r c e  a c t i n g  on t h e  s t r u c t u r e ,  the  rapid-drawdown case  

produces over-conservative r e s u l t s .  Hydrostat ic  pressures  a g a i n s t  t h e  back of 

t h e  wall  could be re l i eved  by t h e  i n s t a l l a t i o n  of d ra ins  and weepholes, 

although t h i s  may not  be requi red  where w e l l  drained mate r i a l s  a r e  present .  

The f a c t o r  of s a f e t y  could be reca lcu la ted  assuming some value f o r  t h e  wa l l  

f r i c t i o n ,  
@w 

. I f  t h e  f a c t o r  of s a f e t y  a g a i n s t  s l i d i n g  i s  still  

unsa t i s fac to ry ,  t h e  dimensions of t h e  bank p ro tec t ion  should be r e s i z e d  and 

t h e  ca lcu la t ions  done again. A s  a f i n a l  note ,  t h e  conditions assumed i n  t h i s  

example were extreme and over-conservative. However, even with such extreme 

condi t ions ,  t h e  worst f a c t o r  of s a f e t y  was s t i l l  c l o s e  t o  1.0. This  i n d i c a t e s  

t h a t  t h e  bank p ro tec t ion ,  over t h e  range of expected opera t ing  condi t ions ,  

w i l l  always be s t a b l e .  

A.2 Design of Drop S t ruc tu res  Using Soil-Cement 

Drop s t r u c t u r e s  a r e  o f t e n  requi red  i n  s tream channels and cana l s  t o  con- 

vey water from a higher t o  a lower e l eva t ion  while prevent ing  channel 

degradation and head cu t t ing .  A s i n g l e  drop s t r u c t u r e  with a l a r g e  v e r t i c a l  

d i f f e r e n t i a l  can be q u i t e  expensive, s ince  t h e  s t r u c t u r e  is  usua l ly  

cons t ructed  of re inforced concrete. An a l t e r n a t i v e  t o  the  s i n g l e ,  l a r g e  drop 
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s t r u c t u r e  is  a  s e r i e s  of smaller drops. Since t h e  smal ler  drop s t r u c t u r e s  a r e  

exposed t o  fo rces  of l e s s e r  magnitude than t h e  l a r g e  drop s t r u c t u r e ,  weaker, 

less expensive cons t ruct ion  mate r i a l s  may be u t i l i z e d .  

One mate r i a l  which o f f e r s  s e v e r a l  advantages i n  t h e  cons t ruct ion  of small 

drop s t r u c t u r e s  is soil-cement. This  type of cons t ruct ion  u t i l i z e s  t h e  on- 

s i t e  soi l-sand i n  a  mix with Por t land Cement t o  form a  high q u a l i t y ,  erosion 

r e s i s t a n t  mixture. Construction using soil-cement involves forming rec- 

tangular ly  shaped v e r t i c a l  drop s t r u c t u r e s .  

The nature  of t h e  soil-cement ma te r i a l  limits t h e  t o t a l  he igh t  of a  drop 

constructed of such a  soil-cement mixture. Prel iminary inves t iga t ions  indi-  

c a t e  t h a t  t h r e e  f e e t  may be a p r a c t i c a l  upper l i m i t  f o r  t h e  drop height .  

Downstream of any drop s t ruc tu re ,  l o c a l  scour should be expected t o  occur. A 

successful  design of a soil-cement drop s t r u c t u r e  w i l l  ensure t h a t  t h e  

s t r u c t u r e  w i l l  remain s t a b l e  and i n  working order  a f t e r  t h e  maximum amount of 

l o c a l  scour occurs. 

The a n a l y s i s  of t h e  s t a b i l i t y  of a  soil-cement drop s t r u c t u r e  i s  s i m i -  

l a r  t o  the  a n a l y s i s  of a common r e t a i n i n g  wal l .  A s t a b l e  drop s t r u c t u r e  

impl ies  t h a t  t h e  s t r u c t u r e  is  s t a b l e  both from over turning and s l id ing .  A 

de f in ing  sketch is given i n  Figure A.2, with a  l ist  of symbols on t h e  

fol lowing page. 

A s  shown i n  the  f igure ,  a c t i n g  on t h e  s t r u c t u r e  w i l l  be water pressure  

due t o  the  drop i n  head a s  flow passes  over t h e  s t r u c t u r e ,  t h e  a c t i v e  s o i l  

p ressu re  on t h e  upstream face  of t h e  s t r u c t u r e ,  t h e  pass ive  r e s i s t a n c e  on the  

downstream f a c e  of t h e  s t r u c t u r e  and t h e  weight of t h e  s t r u c t u r e .  

Analysis of t h e  s t r u c t u r e  w i l l  proceed assuming a c t i v e  Rankine condi t ions  

e x i s t .  This assumption amounts t o  al lowing t h e  s t r u c t u r e  t o  y i e l d  s l i g h t l y  i n  

t h e  downstream d i rec t ion ,  ignoring any pass ive  re s i s t ance .  Such a  s i t u a t i o n  

would e x i s t  i f  t h e  streambed scoured t o  t h e  downstream toe  of-the structure. 

Rotat ional  equi l ibr ium may then be determined by t ak ing  moments around t h e  

downstream t o e  of the  s t r u c t u r e .  Acting t o  cause over turning w i l l  be t h e  

a c t i v e  s o i l  p ressu re  and t h e  water pressure .  These moments a c t  i n  t h e  

counter-clockwise d i r e c t i o n  ( s e e  Figure 4 )  and may be s t a t e d  as:  

--- ccm 6 2  



Figure A.2. Defining sketch for soil-cement drop 
structures. 



Table A.1 .  Def in i t ion  of Terms 

h - depth of l o c a l  scour  dmnstream of drop 

b - width of drop s t r u c t u r e  

H - o v e r a l l  h e i g h t  of drop s t r u c t u r e  

Z - bur ied  depth o f  drop s t r u c t u r e  a f t e r  scour 

Ay - drop i n  water  s u r f a c e  a s  f low passes  over  s t r u c t u r e  

Y~ 
- s p e c i f i c  weight of  water  

y t  - s p e c i f i c  weight o f  s a t u r a t e d  s o i l  

yb  - buoyant s p e c i f i c  weight of s o i l  . 

ysc - s p e c i f i c  weight  of  soil-cement mixture 

2 
Ka - c o e f f i c i e n t  o f  a c t i v e  p r e s s u r e  = t a n  (45  - @ / 2 )  

2 
K - c o e f f i c i e n t  of  p a s s i v e  p r e s s u r e  = t a n  (45 + @ / 2 )  

P 

@ - angle  of i n t e r n a l  f r i c t i o n  o f  t h e  s o i l  

N - normal f o r c e  on t h e  s t r u c t u r e  

F - f r i c t i o n  f o r c e  between t h e  s t r u c t u r e  and t h e  s o i l  



I The f a c t o r  of s a f e t y  a g a i n s t  overturning may then be determined by 

The r e s i s t a n c e  a g a i n s t  s l i d i n g  may a l s o  be determined neglec t ing  any 

pass ive  r e s i s t a n c e  i n  t h e  downstream s o i l .  The normal fo rce  must f i r s t  be 

determined which is, assuming no wall  f r i c t i o n ,  equal t o  t h e  weight of the  

s t r u c t u r e .  A check should be performed t o  see  t h a t  t h e  normal fo rce  a c t s  on 

t h e  base of t h e  s t r u c t u r e .  This  may be done by 

I f  X is  p o s i t i v e  and l e s s  than w, t he  normal f o r c e  a c t s  on t h e  base of 

t h e  s t r u c t u r e  and t h e  c a l c u l a t i o n s  may proceed. The maximum f r i c t i o n a l  

r e s i s t a n c e  t o  s l i d i n g  which may be mobilized w i l l  then be 

F = N t a n  $ 

The fo rces  a c t i n g  t o  produce s l i d i n g  w i l l  be t h e  a c t i v e  s o i l  pressure  and the  

water pressure .  The f a c t o r  of s a f e t y  aga ins t  s l i d i n g  w i l l  then be 

N t a n  I$ 
F.S. = - ( s l i d i n g )  

I n  designing soil-cement drop s t r u c t u r e s ,  t h e  dimensions of the  s t r u c t u r e  

w i l l  usual ly  be assumed. The f a c t o r s  of s a f e t y  a g a i n s t  overturning and 

s l i d i n g  may then be ca lcula ted .  I f  t h e  f a c t o r s  of s a f e t y  seem too  small  o r  

t o o  l a rge ,  t h e  s t r u c t u r e  may be res i zed  and t h e  c a l c u l a t i o n s  redone u n t i l  

acceptable r e s u l t s  a r e  a t t a ined .  An .example follows. 

Numerical Example : Soil-Cement Drop S t ruc tu re  

Given: 3 f o o t  drop, 20 f e e t  high, 8 f e e t  wide 

Ay = 2.75 f t  H = 20 f t  b = 8 f t  



S o i l  p r o p e r t i e s :  yt  = 120 pcf 

- Y b  - ITt  - 
Yw 

= 120 - 62.4 = 57.6 pcf 

0 = 30° 

Ka = t an2  (45 - (/2) = 1/3 

K = tan2 (45 + (/2) = 3 
P 

Ysc 
= 135 pcf 

Find: Fac to r  of s a f e t y  a g a i n s t  over turn ing  and s l i d i n g  

( 1 )  Overturning Moments 

C M  = 
(1/3)(57.6 pc f ) (20  f t 1 3  + (2.75 f t ) ( 6 2 - 4  ~ c f ) ( 2 0  g t )  

ccw 6 2 

- - 59.9 k i p - f t  
MCCW ft 

( 2 )  R e s i s t i n g  Moment 

k i  - f t  
C M ccw = 86.4 -P-- f t  

( 3 )  Fac to r  of Sa fe ty  Against Overturning 

86.4 
F.S. = - F.S. = 1.4 (ove r tu rn ing)  O.K. 

59.9 

( 4 )  Normal Force 

N = W = (135 pc f I (20  f t ) ( 8  f t )  N = 21.6 k i p s / f t  

( 5 )  Locat ion of Normal Force 

k i  / f t  
86.4 - 59.9 kip/ft 

X = 
f t  f t  

X = 1.2 f t  O.K. 
21.6 k i p  f t  

. 

( 6 )  Maximum F r i c t i o n a l  Force Mobilized 

F = (21.6 k i p / f t )  ( t a n  30) F = 12.5 k i p / f t  

( 7 )  Fac to r  of Sa fe ty  Against S l i d i n g  

F.S. = 
12,500 l b / f t  

(1/3) (57.6 p c f )  (20 f t 1 2  + (2.75 f t )  (624 p c f )  (20 it) 
2 

F.S. = 1.7 ( s l i d i n g )  O.K. 



S o i l  p r o p e r t i e s :  y t  = 120 pcf 

- 
y b  - yt ' Y w  = 120 - 62.4 = 57.6 pcf 

4 = 30° 

Ka 
= t an2  (45 - 4/21 = 1.3 

K = t a n 2  (45 + 4/2) = 3  
P  

sc 
= 135 pcf 

Find: Fac to r  of s a f e t y  a g a i n s t  ove r tu rn ing  and s l i d i n g  

( 1 )  Over turn ing  Moments 

- - (1 /3) (57 .6  pcf ) ( 2 0  f t 1 3  + (2.75 f t l ( 6 2 . 4  p c f I ( 2 0  $t) 
C Mccw 6  2  

- - 59.9 k i p - f t  = Mccw f t  

( 2 )  R e s i s t i n g  Moment 

I ( 3 )  F a c t o r  of S a f e t y  Against  Over turn ing  

k i  - f t  X M = 86.4 
C C W  

F.S. = 1.4 (ove r tu rn ing )  O.K. 

( 4 )  Normal Force 

N = W = (135 p c f ) ( 2 0  f t ) ( 8  f t )  N = 21.6 k i p s / f t  

I ( 5 )  Locat ion of  Normal Force 

86.4 k:~/ft - 59.9 !&?& 
X = f t  

21.6 k i p  f t  X = 1.2 f t  O.K. 

I ( 6 )  Maximum F r i c t i o n a l  Force Mobilized 

I ( 7 )  Fac to r  of S a f e t y  Against  S l i d i n g  

F.S. = 
12,500 l b / f t  

2  
(1 /3) (57 .6  p c f ) ( 2 0  f t )  + (2.75 f t I ( 6 2 4  p c f ) ( 2 0  f t )  

2  

F.S. = 1.7 ( s l i d i n g )  O.K. 



Comments on Soil-Cement Drop S t ruc tu re  

Soil-cement drop s t r u c t u r e s  w i l l  behave a s  r e t a i n i n g  wal ls  a s  long a s  the  

p o i n t  of r o t a t i o n  remains a t  o r  above t h e  t o e  of t h e  downstream face. This 

condi t ion  w i l l  be s a t i s f i e d  a s  long a s  t h e  l o c a l  scour which occurs on t h e  

downstream s i d e  of t h e  s t r u c t u r e  does no t  undermine t h e  t o e  of the  s t ruc tu re .  

Should scour begin t o  undermine t h e  s t r u c t u r e ,  t h e  p o i n t  of r o t a t i o n  w i l l  

begin t o  move back under t h e  s t r u c t u r e .  A t  some p o i n t  t h e  s t a b i l i z i n g  moment 

produced by t h e  weight of t h e  s t r u c t u r e  w i l l  be reduced t o  t h e  po in t  t h a t  the  

overturning moments w i l l  t h rea ten  t h e  s t a b i l i t y  of t h e  s t ruc tu re .  

To prevent such a s i t u a t i o n  from occurring,  an a d d i t i o n a l  block of so i l -  

cement may be placed a t  t h e  f o o t  of t h e  soil-cement drop s t ruc tu re .  This 

add i t iona l  block, i l l u s t r a t e d  i n  Figure A.3, w i l l  h e l p  insure  t h a t  scour below 

t h e  toe  of t h e  s t r u c t u r e  does not  occur, providing an add i t iona l  f a c t o r  of 
I 

s a f e t y  i n  t h e  event  t h a t  l o c a l  scour c a l c u l a t i o n s  were i n  e r ro r .  

A.3 Use of Soil-Cement a s  a Protec t ion  Agent 

Successful ly employing soil-cement t o  p r o t e c t  from eros ion requi res  

t h e  proper use of the  mater ia l .  Deta i led  information concerning t h e  use of 

soil-cement a s  an erosion c o n t r o l  agent  is  a v a i l a b l e  from t h e  Port land Cement 

Association. There a r e ,  however, s e v e r a l  p o i n t s  concerning i ts use worth men- 

t i o n i n g  i n  t h i s  r epor t .  

F i r s t  of a l l ,  a much b e t t e r  q u a l i t y  soil-cement may be obtained by 

removing t h e  s o i l  and mixing i n  a p l a n t  than can be obtained by i n  p lace  

mixing. When us ing soil-cement (mixed i n  p l a n t )  a s  a t h i n  covering t o  p r o t e c t  

a bank, t h e  maximum bank slope should no t  exceed two t o  one, with t h r e e  t o  one 

s lopes  being more preferable .  I f  t h e  soil-cement was mixed i n  place,  t h e  

maximum s lope  should not  exceed four  t o  one. 

It may be advisable  t o  inc lude  weep ho les  a t  i n t e r v a l s  along t h e  pro- 

t e c t e d  bank. These would provide subsurface drainage thereby reducing t h e  

back pressure on t h e  soil-cement s h e l l .  

If t h e  soil-cement mixture is t o  be exposed t o  t h e  abrasion usual ly  asso- 

c i a t e d  with sediment t r a n s p o r t ,  t h e  mixture should con ta in  a minimum of 20 

percent  gravel  s i z e s ,  o r  those s i z e s  r e t a i n e d  i n  a number 4 (4.75 mrn) s ieve .  

The mixture should a l s o  have a two pe rcen t  inc rease  (by weight) i n  t h e  amount 

of cement, over t h a t  r equ i red  i f  no abras ion were t o  occur. The cement con- 

t e n t  by weight t y p i c a l l y  ranges from 7 t o  15 percent ,  with a moisture content  



Figure A.3. Tow, protection for soil-cement 
drop structures. 
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ranging from 8 t o  14 percent .  
I Final ly ,  s p e c i a l  a t t e n t i o n  should be given t o  t h e  bonding of successive 

l a y e r s  of soil-cement. Since soil-cement p ro tec t ion  is  usual ly  done i n  l i f t s  

from 6 t o  9 inches i n  depth, precautions must be taken t o  insure  t h a t  a t i g h t  

bond is  achieved between l i f t s .  One poss ib le  technique i s  t o  l a y  down t h e  

succeeding l a y e r s  before t h e  soil-cement of t h e  lower l a y e r  has time t o  s e t  

up. A second method, i f  r ap id  placement is  not  poss ib le ,  is  spreading dry 

cement over t h e  hardened lower l aye r  t o  bond the  adjacent  l aye r s .  Another 

popular method i s  s c a r i f i c a t i o n  of t h e  lower l a y e r  before t h e  mixture hardens. 

B y  developing a rough su r face  an i n t e r l o c k i n g  mechanism is  c r e a t e d  when t h e  

overlying l a y e r  i s  placed. 


