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ENGINEERING FIELD MANUAL 

CHAPTER 17. CONSTRUCTION AND CONSTRUCTION MATERIALS 

1. GENERAL 

D E F I N I T I O N  

Construction i s  the a c t  of put t ing together the  various pa r t s  of ,  
and i n s t a l l i ng ,  s t ruc tures  or measures according t o  approved plans and 
spec i f  i c  a t  ions. 

INTRODUCTION 

Each employee a t  the  work u n i t  leveL who has respons ib i l i ty  fo r  
p rac t ice  layout and inspection should know: 

1. The basic pr inciples  required fo r  acceptable s t ruc ture  
i n s t a l l a t i on .  

2.  The types and qua l i ty  of materials commonly used i n  the 
construction of conservation pract ices .  

3. Methods and procedures fo r  i n s t a l l i n g  earthwork, concrete, 
reinforcing s t e e l ,  pipe, watergates, metalwork, woodwork, 
masonry, and rock r iprap.  

4. S ta te  Standards and Specifications and policy requirements. 

2. SURVEYS FOR CONSTRUCTION 

DETAIL AND ACCURACY 

Even the  simplest i n s t a l l a t i o n  requires  layout and s takes  t o  control  
the  work. -.The amount of staking required is  re la ted  t o  the  kind and com- 
plexi ty  of the  work, and the  f a c i l i t i e s  and experience of the  builder.  

The actual  locat ion of the  stakes should be determined by: 

1. The ease of access and use by the  buildex i n  i n s t a l l i n g  
the work. 

2.  The ava i l ab i l i t y  f o r  use i n  checking during construction. 

3. Permanence during the period of i n s t a l l a t i on .  



The importance of accuracy i n  taking off dimensions, elevations, or 
other layout data  from the drawings, and the actual  f i e l d  layout cannot be 
overstressed. Errors i n  construction layout may r e su l t  i n  ex t ra  cost  t o  
the owner and embarrassment t o  the technician. 

The technician making the layout should always check the drawings; 
check the f i e l d  layout, including mark-lage on the stakes;  and recheck a l l  
f i e l d  note computations. 

Do not take shortcuts to  save time. 

METHODS AM) DOCUMENTATION 

Detailed survey procedures fo r  s t ruc ture  layouts and the format fo r  
documenting the f i e l d  notes fo r  the many kinds of ins ta l la t ions  tha t  a r e  
c m o n  t o  £am conservation pract ices  is beyond the scope of this chapter. 

Surveying equipment, kinds of surveys, and documentation of f i e ld  
notes are outlined i n  Chapter 1 of t h i e  manual. 

Procedures for  individual pract ice  layout and f i e l d  note documenta- 
t ion  a re  a lso s e t  fo r th  i n  various chapters of t h i s  manual. Follow standard 
Service policy for  recording engineering survey notes. 

Suggested procedures for  construction layout and docmentation of 
f i e l d  notes fo r  the more complex construction projects can also be found 
i n  the SCS National Engineering Handbook, Section 19, Chapter 2 ( I ) ,  

Technicians responsible for  layout and inspection should become farnil- 
iar with the requirements and suggested procedures given i n  the above 
reference. Standardization of the construction layout i e  important t o  
accuracy, understanding, and saving of time. 

CONSULTATION WITH THE CONTRACTOR AND THE OWNER 

Construction stakes a re  s e t  fo r  the use of the party doing the con- 
struction.  Prior t o  making the construction layout, an e f f o r t  should be 
made t o  consult with the contractor and get his suggestione as  t o  what 
etakes he would prefer and how they should be marked. 

After the work i s  staked and p r io r  t o  s t a r t i ng  construction, i t  is  
good procedure fo r  the technician to  famil iar ize  the contractor with the 
location of a l l  the atalces, haw they are marked, datume o r  s t ructure  limits 
represented, and what stakes a re  t o  be protected during the work. A t  t h i s  
time any special  requirements or c r i t i c a l  conditions t ha t  per ta in  to  the 
job can be discussed, It i s  general policy t o  allow the contractor l a f i -  
tvde i n  planning and executing the work, However, the technician should 
know the requirements i n  the drawings and specif icat ions ,  and i f  specified 
methods or  materiala are required the contractor should underetand them 
deta i la .  



This review a l s o  presents  a good occasion t o  d iscuss  the  q u a l i t y  of 
work o r  f i n i s h  t h a t  w i l l  be required.  I f  t h e  contrac tor  is informed of 
what w i l l  be acceptable workmanship, it w i l l  he lp  him c a r r y  out  t h e  work 
and avoid complications and disagreements. 

It i s  des i rab le  t h a t  the  owner of the  f a c i l i t y  o r  h i s  r epresen ta t ive  
be a pa r ty  t o  the  preconstruction review of the  job. The technician should 
always keep the  owner informed and obta in  h i s  approval p r i o r  t o  any ac t ion  
taken with t h e  contrac tor  t h a t  might increase  the  c o s t  o r  change the  scope 
of the  i n s t a l l a t i o n .  

3 .  EARTHWORK 

EXCAVATION 

Foundation Preparation 

Clearing and Grubbing 
Construction sites of ten  support trees, brush, and other  woody growth 

including l a rge  r o o t s  t h a t  r equ i re  removal p r i o r  t o  f u r t h e r  excavation o r  
placing f i l l .  

The degree of c lea r ing  and grubbing required  i n  the  i n i t i a l  operat ion 
i s  r e l a t e d  t o  the  kind of s t r u c t u r e  being i n s t a l l e d .  The drawings f o r  t h e  
p ro jec t  should o u t l i n e  t h e  l i m i t s ,  t he  kind and depth of removal and the  
method of disposal .  The contrac tor  should be shown t h e  l i m i t s  of the  work 
a s  staked on t h e  ground, including any trees t h a t  a r e  t o  remain o r  r equ i re  
spec ia l  protec t ion.  

It should be determined t h a t :  

1. The limits f o r  c lea r ing  and grubbing a r e  c l e a r l y  marked. 

2. A l l  ma te r i a l s  a r e  removed and disposed of as required.  

3 .  The con t rac to r ' s  operatione do not  damage adjacent  property. 

4.  Adequate ca re  i s  taken t o  p ro tec t  t h e  sa fe ty  of t h e  public.  

S t r ipp ing  
Str ipping excavation c o n s i s t s  of removal of mate r i a l s  t h a t  a r e  unsuit-  

ab le  f o r  s t r u c t u r e  foundations. This is a common requirement f o r  the  
const ruct ion of dams, dikes,  and s imi la r  water-impounding embankments. 
These excavations cons i s t  of removing surface  s o i l s  which conta in  vegeta- 
t i o n  and roo t  growth. They may a l s o  include s o i l s  t h a t ,  due t o  inherent  
o r  w e t  condit ions,  w i l l  not support the  s t ruc tu re .  The removal of a l l  
unsui table  mate r i a l s  i s  emphasized t o  insure  the  s t a b i l i t y  and s a f e t y  of 
t h e  s t ruc tu re .  I f  t h e  technician i s  not confident  of t h e  q u a l i t y  of t h e  
exposed foundation mate r i a l ,  he should reques t  engineering ass i s t ance  from 
h i s  supervisor. 



Some iinportant check items a re  : 

1. Make sure  the l im i t s  fo r  e t r ipping are staked i n  the  f i e l d ,  

2. Take preconstruction cross  sections.when required fo r  yardage 
payments . 

3 .  See t h a t  a l l  unsuitable mater ia ls  a r e  removed and disposed of 
as required. 

4. Determine i f  provisions fo r  control l ing surface water and 
dewatering the  foundation a rea  a r e  necessary, 

Scar i fying 
Scarifying or  loosening the foundation surface area  f o r  embankments, 

under ce r t a in  conditions, improves the  bond between the  embankment and- the  
foundation materials .  The depth of the  scar i fying should be l imited t o  
6 inches o r  l e s s  t o  insure s a t i s f ac to ry  blending and compaction of the  
f i r s t  l i f t  of t he  embanlanent and the  foundation. This operation i e  appl i -  
cable primarily t o  f i n e  grained s o i l s  t h a t  present a smooth s l i c k  surface 
a f t e r  s t r ipping.  Scarifying is not applicable when the  founda t ion~cons i s t s  
primarily of coarse grained s o i l s  o r  stony mater ia l .  Rock la rger  than 
6 inches i n  diameter t h a t  is brought t o  the  surface by the s c a r i f i e r  should 
be removed p r io r  t o  placing embankment. 

C m a c  t ion 
Compaction of the  foundation far  'embankment is  desi rable  and of ten  

required; especia l ly  when f i n e  grained s o i l  materials predominate. Compac- 
t i on  should be delayed u n t i l  the  embanlunent construction i s  ready t o  e t a r t .  
The moisture content of the  foundation should be similar t o  the  require-  
ments fo r  the  embankment. Equipment provided f o r  compaction of the  embank- 
ment: should completely t raverse  the  .foundation area  a su f f i c i en t  number of 
t r i p s  t o  r e s u l t  i n  acceptable dens i t i es .  

Uniform dens i t i es  of foundation mater ia l  f o r  e t ructures  a r e  essen t ia l .  
A l l  s o i l  mater ia ls  added t o  replace over-excavation should be moistened, 
a s  required, and compacted t o  provfde uniform support. 

Preparing Rock Surfaces 
It is  iinportant to  get  good bond between the  impervious embanlanent 

and any extensive rock surface,  The f i e l d  operations should.be ca re fu l ly  
conducted t o  f u l f i l l  a11 t he  requirements of the  drawinga and specifica- 
t ions .  Deep, abrupt i r r e g u l a r i t i e s  and overhanging surfaces t ha t  a r e  
d i f f i c u l t  t o  back f i l l  should be removed. Keyways, trenches, and v e r t i c a l  
abutments should be sloped and shaped t o  provide smooth contact  f o r  the  
embankment. Blasting i n  foundation areas is  not recommended except i n  
unusual s i tua t ions ,  and then only under ca re fu l  control  of l i g h t  charges. 
A l l  loose rock and pervious mater ia ls  should be removed from the  rock sur-  
face. Semihard rock, such as shales,  t ha t  break down when exposed should 
be l e f t  covered o r  protected f r o m  the  elements u n t i l  j u s t  before placing 
the embankment. 



Rock foundations fo r  structuree,  other than embarilanents, a r e  commonly 
over-excavated and backfil led t o  grade. The amount and kind of backf i l l  
and the compaction should meet a l l  the requirements for  subgrade or bedding 
material  . 
Cutoff Trench 

Cutoff trench excavation may be conaidered a continuation of the foun- 
dation preparation, and is of ten- specified fo r  ear th  embankments tha t  impound 
water. The purpose i s  t o  provide a location fo r  placing controlled embank- 
ment t ha t  w i l l  reduce the volume of seepage through the foundation of the 
e m b a h n t .  The location of t h e  trench should be a s  shown on the drawings. 
The depth should be as  specified,  or adjusted to  the s u i t a b i l i t y  of the ex- 
posed material  i n  the excavation. The bottom width of the trench should be 
adequate for  operating a car rya l l  or  scraper and compacting equipment. The 
trench aides should always be sloped 1:l or  f l a t t e r .  

Channe 1s 

Channel construction and rehabi l i t a t ion  have application to  varioue 
pract ices;  i.e., stream channele, floodwater diversions, i r r iga t ion ,  and 
drainage. Designs fo r  these pract ices  a r e  based on computed cross sections 
and grades. The project  should be accurately staked i n  accordance with 
these designs, and the in s t a l l a t i on  checked to  determine tha t  a l l  require- 
ments are  met. Special a t ten t ion  should be given t o  the dieposal of the 
excavated materials. Often proviaione a re  included for  the use of these 
materials i n  adjacent dikes or  other embanlanents, requiring tha t  spec i f ic  
select ion and routing of the materials be followed. When excavated materi- 
a l  is  placed a s  waste adjacent t o  the channel, consideration should be given 
t o  the s t a b i l i t y  o£ the channel s ide  slope. I f  during construction possible 
f a i l u re  of the bank is  indicated, the technician should immediately consult 
with h i s  supervisor and the owner t o  determine the corrective action required. 
This may c a l l  fo r  the use of a wider berm, placing the waste material a t  a 
shallower depth, or  complete removal of the excavated material. A l l  excavated 
surfaces should be constructed to  l i n e  and grade with a uniform machine f in i sh  
and waste material  shaped i n  accordance with State Standards and Specifications 

Trenches 

Trench excavation r e l a t e s  primarily t o  the i n s t a l l a t i on  of pipelines,  
drain  t i l e ,  and s t ruc ture  drainage systems. These excavations require 
f i e l d  layout and inspection a t  c r i t i c a l  points during construction. A l l  
trenches should be excavated t o  the  required grade or  specified over-exca- 
vation. Material removed from the trench should be placed a safe  distance 
from , ,  the excavation to  prevent excessive loading on the trench walls. 

Borrow Areas 

Borrow areas usually a r e  necessary to  supplement required excavations 
for  the conetruction of dams and other items of earthwork. A l l  borrow areas 
shown on  the drawings should be staked i n  the  f i e ld .  The exact location of 
excavation i n  the borrow area and the requirements for  mixing, routing of. 



equipment o r  o ther  con t ro l s  should be a s  speci f ied  o r  a s  d i rec ted  by the  
technician. He should determine t h a t  the  mate r i a l s  excavated a r e  s imi lar  
i n  q u a l i t y  t o  those considered i n  the  design f o r  t h e  work. Materials  t h a t  
do not  con£ o m  should not be used unless approved by the  designer. 

EMBANKMEJ!?~ AND STRUCTURE BACWILL 

Dams and Dikes< 

Quality of Materials 
The su i t ab i l i ' t y  and amount of mate r i a l s  f o r  f i l l  const ruct ion should 

be determined i n  t h e  design phase wi th  s u f f i c i e n t  explorat ion and t e s t i n g  
t o u i n s u r e  t h a t  good materials a r e  ava i l ab le  a t  or  near the  s i t e .  

The technic ian  should have knowledge of the  Unified So i l  C lass i f i ca -  
t i o n  System, be ab le  t o  i d e n t i f y  s o i l  groups i n  the  f i e l d ,  and know which 
s o i l s  a r e  s u i t a b l e  f o r  const ruct ing e a r t h  embanhents. A discussion of 
procedures f o r  f i e l d  i d e n t i f i c a t i o n  and adap tab i l i ty  of s o i l s  i e  presented 
i n  Chapter 4 of t h i s  manual. Additional information on t e s t i n g  and adapta- 
b i l i t y  of s o i l s  may be found i n  references  (1); (2),  and (3). 

It is  important t h a t  t h e  technician v e r i f y  t h e  q u a l i t y  of the  materi-  
als as they are being placed during construction.  I f  a questionable change 
in  s o i l  c l a s s i f i c a t i o n  occurs, he should consul t  wi th  h i s  supervisor t o  
determine the  s u i t a b i l i t y  of the  new mater ia l .  

Control of Moisture 
Water is added t o  dry s o i l 8  t o  improve t h e  lubr ica t ion  and the  work- 

a b i l i t y  of t h e  individual  p a r t i c l e s  t o  form a dense mass when compacted. 
The maximum dry densi ty  (weight i n  pounds per cubic f o o t )  of the  embank- 
ment is  r e l a t e d  t o  the  moisture content  and the  campactive e f f o r t .  The 
techniciatl  should be fami l i a r  with t h e  moisture densi ty  re la t ionsh ip  a s  it 
app l ies  t o  moisture con t ro l  and the  compaction of s o i l s ,  Detailed discus-  
s ion  on t h i s  r e la t ionsh ip  and t h e  methods f o r  making f i e l d  tests f o r  
moisture and densi ty  may be found i n  the  National Engineering Handbook, 
Section 19, Chapters 3 and 4, (1) and i n  t h e  "Earth Manual, I' Department of 
t h e  I n t e r i o r ,  Bureau of Reclamation (2). 

F i l l  ma te r i a l s  used t o  const ruct  embanhents t o  meet speci f ied  densi- 
ties should conta in  uniform moisture i n  t h e  proper amount, When the f i l l  
material is  d e f i c i e n t  i n  moisture, b e t t e r  moisture d i s t r i b u t i o n  can be 
obtained by prewetting the  borrow area. Adding water t o  the  borrow materi-  
a l  a f t e r  placing on the  f i l l  r equ i res  ca re fu l  mixing t o  d i s t r i b u t e  the 
moisture. The use of blades, d i rks ,  plows, o r  o ther  equipment i s  required 
f o r  t h i s  purpose. Fa i lu re  t o  perform the  mixing operat ion c a r e f u l l y  r e e u l t s  
i n  dry l ayers  and nonuniform dens i t i e s .  

A l l  f i l l  ma te r i a l  used t o  const ruct  embanlcments t h a t  con t ro l  o r  s t o r e  
water, whether t e s t e d  o r  no t ,  should conta in  e u f f i c i e n t  moisture t o  permit 
s a t i s f a c t o r y  compaction., 



Soils tha t  a r e  too wet when excavated from the borrow should be dried 
t o  the required moisture content o r  wasted. Moisture control  is  a d i f f i -  
c u l t  but important phase of embanktent construction. 

h a d i n z  and Placing 
Earth embanlcments usually a r e  c o n s t r u c t e d ~ f r m  the most sui table  mate- 

r i a l s  available a t  the s i t e ;  therefore, it i s  important t o  se lec t  s i t e s  
where good construction materials a r e  present. Small embankments are of ten 
designed as  homogeneous f i l l s .  Large s t ructures  or sites tha t  have l h i t e d  
quant i t ies  of bqienneable eo i l s  may be designed as  zoned f i l l s ,  with the 
more impermeable material  placed a8 a cutoff and the permeable material  
placed a t  lees  s t ra teg ic  points such a s  the downstream section of the  em- 
banbent .  The technician i n  such cases needs t o  be familiar with the 
quantity and qual i ty  of the  borrow mater ia ls  i n  order t o  s e l ec t  and place 
them i n  the embankment t o  produce the zones or  t ranei t ions  epecified i n  the 
design. 

It i s  colmnon for  borrow areas t o  contain layers  o r  lenses of mater ia ls  
tha t  vary i n  texture. Often it i s  possible t o  use the poor material. The 
contractor,  by select ing the mater ia ls  a t  the time of loading and by proper 
routing and control  of the  haul equipment, can place the mater ia ls  i n  em- 
banbent  eonee where they a re  sui table  fo r  uee. 

F i l l  material  should not be placed u n t i l  the foundation preparation 
has been approved. A l l  water should be rmoved from the foundation-prior 
t o  placing the embankment. A l l  embanbent material ahould be placed i n  
uniform horizontal layers not t o  exceed the specified thickness. For zoned 
f i l l s ,  care i s  required t o  prevent intermixing of the materials. F i l l  mate- 
r i a l  should not contain frozen materials or be placed on frozen surfaces. 

Compaction 
The requirements for  compaction and the amount of control  depend on 

the purpose, s ize ,  and hazard conditions of the  s t ruc ture  involved. The 
drawings and specifications fo r  the  work w i l l  s t a t e  the degree of compaction 
or the equipment methods required. To accomplish acceptable compaction, the 
f i l l  material  should contain moisture within the specified range, and be 
spread i n  uniform loose layers. Each layer is  compacted before another layer  
is  added. When the f i l l  i s  t o  be compacted t o  a specified density, the con- 
t r ac to r  i s  t o  se lec t  the compacting equipment, and the sequence of operations 
necessary t o  obtain the required density. 

Tamping r o l l e r s  (sheepsfoot type) have proven t o  be very sa t i s fac tory  
for  compacting fine-grained p l a s t i c  so i l s .  Zones containing a large percent- 
age of sand, gravel, or  large rock may be consolidated with vibratory smooth 
drum, pneumatic ox grid-type ro l l e r s .  Portions of the embardanent tha t  a r e  
not accessible t o  heavy r o l l e r s  need t o  be hand tamped or  compacted with 
small manually directed tampere t o  the  same deneity a s  other similar eonea 
of the embanlunent. For smaller embanhente, compaction may be obtained by 
routing of the construction equipment. 



Density 
Rnbankments placed a t  a speci f ied  densi ty  requ i re  t h a t  ac tua l  in-place 

tests be made of the  embanbent t o  be sure  t h a t  t h e  dry densi ty  of t h e  em- 
bankment meets the  requirement$. For c e r t a i n  s o i l  or  s t r u c t u r a l  condit ions 
it may a l s o  be required t h a t  the moisture content  of the  f i l l  ma te r i a l  be 
maintained wi th in  speci f ied  l i m i t s  of optimum. For these  condit ions,  
d e t a i l e d  inspection i s  required,  The technic ian  should have knowledge of 
the  test equipment and t h a t  a r e  appl icable  t o  the  work. Test ing 
procedures, equipment and test r e p o r t  forms a r e  discussed o r  referenced i n  
National Engineering Handbook, Sectipn 19,  Chapter 4 under "Soile." The 
sand cone ca l ib ra ted  cyl inder  o r  rubber balloon methods f o r  determining 
volumes a r e  commonly used f o r  f i n e  grained s o i l s .  A compaction curve 
(moisture dens i ty )  r epresen ta t ive  of the  borrow being placed should be 
ava i l ab le  f o r  comparison wi th  r e s u l t s  determined f o r  the  embankment. A new 
curve may be required i f  the  gradation of t h e  borrow changes. Individual  
tests should be made when it is  questionable whether f i l l  d e n s i t i e s  a r e  
meeting requirements. Location of each test made on the  f i l l  and complete 
test d a t a  should be recorded on referenced standard forms. 

l h b a h e n t s  which, based on experience, do not  r equ i re  densi ty  t e e t e  
and are compacted by speci f ied  equipment procedures, may be accepted a s  
meeting the densi ty  requirements. The spec i f i ca t ions  f o r  equipment, t h e  
number of passes, and the  coverage of each l ayer  of t h e  embankment by t h e  
compaction equipment should be checked a s  the  work progresses.  

S t ructure  Backf i l l  

The importance of the  q u a l i t y  of t h e  mate r i a l s  and the  proper placing 
of s t r u c t u r e  b a c k f i l l  i s  o f t en  overlooked, Fa i lu re  of t h e  b a c k f i l l  can 
endanger the  s t ruc tu re .  Backf i l l  placed t o  prevent movement of water should 
be c a r e f u l l y  se lec ted  and compacted. The b a c k f i l l  should be f i n e  grained,  
reasonably p l a s t i c ,  and f r e e  from rock over 2 inches i n  s i z e .  The moisture 
content  should be maintained i n  a range s imi la r  t o  embanlanent f i l l .  The 
b a c k f i l l  ehould be placed i n  l ayers  less than 4 inches i n  thickness and 
d i s t r i b u t e d  uniformly around t h e  s t ruc tu re .  Each l ayer  r equ i res  compaction 
by hand tampers or  small power equipment. Where a f i l l  i s  t o  be placed 
agains t  wal ls ,  they should be checked as compaction progresses t o  make su re  
t h a t  overs t ress ing and damage t o  t h e  s t r u c t u r e s  do not  occur. 

F inish  and C l e a n u ~  

A l i t t l e  e x t r a  e f f o r t  i n  smoothing earthwork, f in i sh ing  exposed sur-  
faces  of concrete,  and cleanup of the  job s i t e  c r e a t e s  p r ide  i n  the  com- 
p le ted  s t r u c t u r e  by a l l  p a r t i e s  concerned. A job may be constructed 
according t o  the  requirements but  i f  the  f i n i s h  and f i n a l  cleanup of t h e  
s t r u c t u r e  and worksi te  is not completed i n  a workmanlike manner, it r e f l e c t s  
on the  adequacy of the  e n t i r e  job. 



Structures made of good quality concrete have the properties of 
strength, rigidity and watertightness, and resistance to wear, weather 
and other deetructive agents. 

Concrete is high in compressive strength, or its ability to resist 
crushing. It is relatively weak in teneile strength, or its ability to 
resist bending. Tensile stresses in concrete structures are caused by 
earth or water pressuree, structure dead loads, and expansion and contrac- 
tion due to temperature changes. 

In properly made concrete each particle of the fine and coarse aggre- 
gate is completely surrounded, and all spaces between aggregate particles 
are completely filled by the water-cement paste. This paste is the cement- 
ing medium which binds the aggregates into a solid mass. The cementing 
action is due to chemical reactions between the cement and water. The 
setting or hardening action is quite rapid for the first two weeks under 
favorable temperature and moisture conditions. Additional strength is 
attained at a decreaeing rate for a period of months. 

Fine and coarse aggregates make up 65 to 75 percent of the volume of 
the concrete mix; therefore, care in their selection is important. They 
should be graded to obtain the best economy from the paste, and consist of 
particles having ample strength and resistance to exposure conditions. 

The detail and thoroughness exerted in the design and testing of the 
mix should be in line with the size and requirements of the structure. 

MATERIALS 

Cement 

Portland cement for small jobs usually is delivered in paper sacks 
containing 94 pounds which is equal to 1 cubic foot in volume. ~ l l  cement 
at the time of use should be free from lumps that cannot be pulverized 
between the thumb and fingeru. Portland cement should be stored in a dry 
place. 

Portland cement is manufactured in 5 types to meet construction 
requirements, a8 follows: 

Type I - Normal Portland Cement - Suitable for all uses when the 
special properties of the other types are not required. 

Type I1 - Modified Portland Cement - Has Fmproyed resistance to 
sulphate attack, and should be used where sulphate concentrations 
are higher than normal but are not unueually severe. 



Type 111 - High Early Strength Portland Cement - For .use where 
high strengths a re  required a t  an ear ly  date,  or i n  cold weather 
t o  reduce heating period. 

Type IN - Low Heat Portland Cement - For use where amount and 
r a t e  of heat generation must be kept t o  a minimum such ae massive 
concrete s t ructures .  Not generally sui ted t o  Service concrete 
construction. 

Type V - High Sulphate-Resistant Portland Cement - Used i n  concrete 
exposed t o  severe sulphate action. 

The su f f ix  "A" when added to  Types I, PI and 111 designates tha t  an 
a i r  entraining agent has been added t o  the portland cement. 

Water 

Mixing water should be clean and f r ee  from o i l ,  a l k a l i  or acid. In 
general, water t ha t  is  f i t  t o  drink is euitable for  use; however, water 
t ha t  contains excessive quant i t ies  of sulphates should be avoided, even 
though i t  may be f i t  t o  drink. 

Aggregates 

Fine and coarse aggregates should be hard, f r ee  from d i r t ,  and organic 
materials. Aggregates containing s i l t  and clay pa r t i c l e s  i n  excess of 
2 percent by weight should not be used. 

Fine aggregates consis t  of natural  or manufactured sand. Concrete 
sand should contain par t ic lee  ranging in &re from 114 inch t o  material  
retained on a 200-mesh screen. Good gradation from coarse t o  f i n e  is  
important for  qual i ty  and workabi1ity:of the concrete. 

Coarse aggregate may consis t  of gravei, crushed stone, or other s u i t -  
able mater ia ls  larger than 114 inch. Aggregates tha t  a re  sound, hard, and 
durable a r e  best  sui ted for  making concrete, Materials tha t  a r e  chemically 
react ive,  s o f t  or flaky, or  wear rapidly a r e  unsatisfactory. The material  
should be well graded from maximum nominal s i z e  t o  114 inch. 

The maximum s i ze  of coarse aggregate depends on the thicknees of wall  
or  s lab,  and the amount of s t e e l  reinforcement. In general, f o r  walls or 
s labs  over 6 inches thick containing a s ingle  raw of s t e e l ,  aggregate graded 
up t o  1-112 inches may be used. For a wall thickness of less than 6 inches, 
aggregate graded up t o  1 inch is  reconmrended since it i e  eas ie r  t o  place. 
These a re  standard separation rims and a re  usually available a t  commercial 
aggregate plants .  

It is  good economy to  use waerhed and screened aggregates tha t  a re  
known t o  produce good concrete. Bank-run ( p i t )  sand-gravel , even though 
hard and of acceptable gradation, may not be euitable.  P i t  aggregates 



of ten  conta in  excessive amounts of s o i l  and organic mater ia l .  Pr ior  t o  
t h e  use of these  mate r i a l s  a quick s i l t  t e a t  should be made. Proceed a s  
follows : 

1. F i l l  a f r u i t  j a r  t o  a depth of 2 inches with a representa t ive  
sample of the aggregate. 

2.  Add water u n t i l  jar is  about 3/4 f u l l .  

3 .  Shake vigorously f o r  2 minutes; complete by a g i t a t i n g  t o  
l e v e l  the  mater ia l .  

4. Let the  mixture stand f o r  1 hour, then meaaute depth of 
s i l t  layer on top of sand. 

I f  t h e  l ayer  i s  more than 118 inch i n  thickness,  the  aggregate is  
unsui table  f o r  making concrete. 

A i r  Entrainment 

A i r  en t ra in ing admixtures may be contained i n  the  cement (designated 
by suffix "A") or they may be added t o  the batch at  the time of mixing. 
These mate r i a l s ,  which include var ious  compounds such aa n a t u r a l  wood 
r e s i n s ,  f a t s ,  sulfonated compounds and o i l s ,  create a vast number of minute 
a i r  bubbles i n  the  concrete. Adding a i r  by t h i s  method improves t h e  work- 
a b i l i t y  and placing of t h e  concrete,  and a l s o  increases t h e  r e s i s t a n c e  t o  
severe f r o s t  and chemical ac t ion.  The a i r  content of t h e  mix should be 
maintained between 3 and 7 percent .  Control of t h e  air content  of the  m i x  
is  more d i f f i c u l t  when a i r -ent ra ined cement is  used, due t o  t h e  f ixed amount: 
added t o  the  cement. Control i s  more s a t i s f a c t o r y  when t h e  admixture, ueual- 
l y  a l iqu id ,  is added t o  the water a t  the  time of mixing. The amount r e c m -  
mended by the  manufacturer w i l l  usual ly  produce the  required a i r  content.  
Because of i t s  proven se rv ice  record and improvement i n  workabil i ty,  a i r  
entrained concrete is recommended f o r  a l l  work. 

PROPORTIONING THE M I X  

A l l  concrete needs t o  c o n s i s t  of a workable m i x  that can be placed and 
f in ished i n  an acceptable manner. Such mixes should conta in  s u f f i c i e n t  
cement pas te  t o  bind the  aggregates together and enough cement and sand t o  
give smooth surfaces  free from honeycomb. 

For small amounts of concrete t h e  follawing suggested m i x  w i l l  produce 
good concrete and is simple t o  batch on the  job: one sack cement (1 cubic 
foo t ) ,  2 cubic f e e t  sand,. 3-112 cubic f e e t  of gravel  or.cruahed rock and a 
maximum of 6 gal lons  of water.  The proport ions of sand and coarse aggregate 
may requ i re  slight v a r i a t i o n  i f  the  m i x  doe8 not  meet sltrmp o r  placing 
requirements. 

For jobs t h a t  r equ i re  l a r g e  amounts of concrete,  a more ref ined m i x  
can be j u s t i f i e d .  Service engineers should work with the work u n i t  s t a f f  
and the  concrete suppl ier  and s e l e c t  a mix t h a t  i s  economical and s a t i s f i e s  
t h e  job requirements, 



The Portland Cement Association publ ica t ion,  Design and Control of 
Concrete Mixtures ( 4 ) ,  presents  exce l l en t  coverage on t h e  d e t a i l s  of 
design, placing and f in i sh ing  of concrete. The publ ica t ion is  recommended 
f o r  study by f i e l d  technicians. 

Water-Cement Ratio 

The pr inc ipa l  requirements f o r  concrete a r e  s t rength ,  d u r a b i l i t y ,  
workabil i ty and economy. A well-proportioned m i x  should r e s u l t  i n  good 
balance among these  four e s s e n t i a l s .  The f i r s t  s t e p  .In designing the  mix 
is  t o  s e l e c t  the  water-cement r a t i o  (gallons-per-bag cement) which w i l l  
produce concrete of t h e  des i red  s t reng th  and d u r a b i l i t y .  The next  s t e p  is 
f inding a s u i t a b l e  combination of aggregates which w i l l  give good workabil- 
i t y  when mixed with t h e  se lec ted  water-cement content .  I f  the r a t i o  of 
water t o  cement i s  maintained constant ,  the  p o t e n t i a l  compressive s t r eng th  
of the  concrete is  p r a c t i c a l l y  constant ,  providing the  m i x  is  p l a s t i c  and 
workable. It i s  more economical t o  design t h e  mix t o  use t h e  maximum 
amount of coarse aggregate wi th in  t h e  l imi t8  of acceptable workabil i ty.  

The s e l e c t i o n  of the  water-cement r a t i o  aeeumes the  maximum groes 
amount of ava i l ab le  water. Most aggregatee conta in  some f r e e  water t h a t  - -  - 

is ava i l ab le  i n  t h e  mix .  The amount i n  
small and can be disregarded. Sand can 
water which should be evaluated. 

For small jobs a f i e l d  t e s t  may be 
w e t  sand i n  t h e  hand. 

the  coarse  aggregate i s  genera l ly  
conta in  a su rpr i s ing  amount of 

made by squeezing a sample of the 

Dry sand - A i r  dry i s  seldom ava i l ab le  f o r  use. No cor rec t ion  
needed. 

Damp sand - Feels s l i g h t l y  damp t o  the  touch but  leaves  l i t t l e  mois- 
t u r e  on t h e  hands, and represents  about 114 gal lon of water per cubic foo t  
o r  about 2 percent by weight. 

W e t  sand - Feels wet and leaves a l i t t l e  moisture on the  hands a f t e r  
handling. This ind ica tes  approximately 1/2 ga l lon  of water per  cubic foot  
o r  about 4 percent moisture by weight. 

Very w e t  sand - Is dripping w e t  when del ivered t o  the  job and leaves 
appreciable amounts of water on the  hands. Such aggregate c a r r i e s  
314 t o  1-114 gal lons  of water par cubic foo t ,  o r  6 t o  9 percent: by weight. 

It i s  important t o  con t ro l  the  amount of mixing water added a t  t h e  
m i x e r ,  taking i n t o  considera t ion the  amount of moisture i n  t h e  f i n e  



aggregate. The following example represents the corrections required for  
var ia t ions  i n  moisture content: 

1 gallon water = 8.33 pounds 1 bag cement = 94 pounds 

Water-cement r a t i o  = 6 gallons per bag cement 

1 /2  bag batch 

Cement per batch Quantity of water t o  add when sand is:  
(pounds ) Dry Damp Wet Very Wet 

(gallons ) 

Size and Gradation of Amregates 

Sharp, rough or  f l a t  and elongated aggregate pa r t i c l e s  of coarse aggre- 
gate, such a s  crushed rock, require more f ine  aggregate and cement t o  produce 
good workable concrete than natural  sands and gravels which usually are made 
up of rounded par t ic les .  The gradation o f ,  or par t ic le -s ize  d i s t r ibu t ion  
in ,  ' the f i ne  and coarse aggregate is important because of i t s  e f f ec t  on the 
workability, porosity, shrinkage and economy of the mix. Very f ine  sands 
require ex t ra  cement. Coarse sands give a harsh, unworkable m i x .  The larger  
the s ize  of the coarse aggregate the l e s s  cement and water required for  a 
given quali ty.  Variations i n  grading of the coarse aggregate should be c m -  
pensated for  by varying the amount of sand. Uniformly graded aggregates a r e  
eas ie r  t o  proportion and should be used when available.  

Consistency 

Consistency i s  re la ted  t o  the workability of the mix and is  measured 
by the use of the s l m p  cone. The methods for  sampling fresh concrete and 
for  making the slump test a re  outlined i n  National Engineering Handbook, 
Section 19, Chapter 4, Tests C-1 and C-2. The consistency is  commonly re-  
ferred to  as the slump of the  mix. 

Concrete having good consistency is smooth and workable and w i l l  place 
and f in i sh  with minimm e f fo r t .  When worked with a trowel i t  has a s t icky 
fee l .  The coarse aggregates do not separate when the concrete i s  placed 
i n  the forms, and excessive f r ee  water doee not appear on the surface after 
i t  i s  consolidated. A slump of 3 to  4 inchee, as  measured by the slump 
cone, is sa t i s fac tory  f& nmrt s lab and form construction. 



CONTROL OF JOB MIX 

Small q u a n t i t i e s  of concrete mixed on the  job a r e  o f t en  batihed by 
volume. The volume of a container t o  be used f o r  measurement can be de te r -  
mined by f i l l i n g  the  container with water and weighing it. A cubic foo t  of 
water weighs 62.4 pounds. The ca l ib ra ted  conta iners  may then be used t o  
measure the  required amount of water,  cement, and f i n e  and coarse aggre- 
gates  f o r  batching. I f  wheelbarrows a r e  used t o  convey aggregates from t h e  
s tockp i le  t o  the  mixer, a mark may be es tabl ished i n  the  wheelbarrow bed t o  
represent  the  required measured volume of t h e  aggregates. It is  important 
t h a t  the  aggregates i n  t h e  s tockp i le  a r e  uniform i n  gradation and accura te ly  
measured. Small v a r i a t i o n s  i n  q u a n t i t i e s  of t h e  ingredients  have an appre- 
c i a b l e  e f f e c t  on the  q u a l i t y  and s l m p  of the  concrete. 

More refinement and accuracy may be accomplished by batching by weight. 
This refinement i s  j u s t i f i e d  f o r  l a r g e r  jobs. Commercial t r a n s i t  mix con- 
c r e t e  frequently i s  used f o r  p ro jec t s  requir ing 5 cubic yards or  more. 
Such p l a n t s  batch by weight and w i l l  de l ive r  the  mix speci f ied  f o r  the  work. 
Procedures f o r  determining o r  checking the  batch weights f o r  t h e  mix a r e  
out l ined ' in the publ ica t ion,  Design and Control of Concrete Mixtures, 
Portland Cement Association. 

MIXING 

Concrete should be mixed u n t i l  it is  uniform i n  appearance with a l l  
ingredients  uniformly d i s t r ibu ted .  Mixers should not  be loaded i n  excess 
of t h e i r  r a ted  capaci ty  and should be operated a t  t h e  speeds f o r  which they 
were designed. Concrete may be s a t i s f a c t o r i l y  mixed on the  job i n  any type 
of revolving drum mixer, provided the  mixing blades are c lean and not  badly 
worn, and t h e  capaci ty  and speed of the  drum a r e  properly maintained. The 
minimum mixing time a f t e r  a11 ingredients  a r e  i n  the  drum should be 
1-1/2 minutes. A longer period may be used i f  t h e  mix is  not  uniform a t  
the  end of t h i s  time. A p a r t  of the  mixing water should precede the  p lac-  
ing of dry mate r i a l s  i n t o  the  mixer, and more is  added during the  charging 
operation. The f i n a l  amount of t h e  mixing water should then be added a f t e r  
a l l  the  o ther  ingredients  a r e  i n  the  mixer. No mate r i a l  should be permitted 
t o  escape from t h e  drum during the mixing operat ion.  

Concrete del ivered i n  t r a n s i t  mixers should be mixed about 75 revolu- 
t ions  a t  mixing speed and then maintained a t  a g i t a t i o n  speed u n t i l  de l ivered 
a t  the  job. 

PLACING 

Before any concrete is  placed, the  excavations, forms, steel r e i n -  
forcement, embedded f i x t u r e s ,  and j o i n t s  should be inspected t o  determine 
t h a t  t h e i r  requirements have been m e t .  Earth surfaces  should be f irm, moist ,  
and f r e e  of f r o s t  and i ce .  Rock surfaces  should be reasonably smooth, moist ,  
and f r e e  of loose mater ia l .  Form surfaces  should be o i l e d  o r  moisteeed j u s t  
p r i o r  t o  placing concrete. A l l  sawdust, scrap lumber and other  debria should 
be removed from the  a reas  t o  receive  concrete. 



The concrete should be placed i n  t h e  forms as soon as p o e ~ i b l e ,  
normally not  longer thsn  1-172 hours a f t e r  mixing. 

,Concrete may be transported by many methods, such as wheelbarrows., 
push buggiee, chutes,  o r  crane buckets. For small o n s i t e  mixing, the 
wheelbarrow is a common means of t ranspor ta t ion .  Often d i r e c t  de l ivery  
can be made from the  t r a n s i t  m i x  t rucke t o  the  forme. Whaiever method is 
used, c a r e  i s  required t o  prevent separa t ion of t h e  coarse and f i n e  p a r t i -  
cles co~mnonly known a s  segregation. 

To avoid segregation of materials, concrete should not  be allowed t o  
drop f r e e l y  more than 5 f e e t .  Drop chutes made of metal o r  rubber should 
be used i n  wal l  sec t ions  when the  f r e e  f a l l  exceeds 5 f e e t .  The drop chutes 
can be made rec tangular  t o  f i t  between t h e  re inforc ing steel. The concrete 
should be placed a s  near ly  a s  p rac t i cab le  i n  i t s  f i n a l  locat ion.  Concrete 
placed i n  l a rge  q u a n t i t i e s  and allowed t o  run, o r  t o  be moved over a long 
dis tance ,  r e s u l t s  i n  segregation, 

Slabs a r e  usual ly  placed t o  f u l l  thickness i n  one continuoue operation. 
Formed concrete should be placed i n  l ayers  not  t o  exceed about 18 inches. 
Special  precaution is required  t o  schedule placing successive . layers before 
the  concrete has s t a r t e d  t o  set. "Cold" j o i n t s  a r e  uns ight ly  and may permit 
leakage and d e t e r i o r a t i o n  of t h e  concrete,  

Consolidation 

The f resh  concrete should be coneolidated a s  soon as it i s .depos i t ed  
i n  the  work. In te rna l  v i b r a t o r s  and tamping and spading may be used. 
Vibrators should be inse r t ed  v e r t i c a l l y  and allowed t o  penet ra te  i n t o  the 
previouely placed p l a s t i c  layer .  The v i b r a t o r  head should be moved slowly 
up and dawn on about an 18-inch spacing. Allowing the  v ib ra to r  t o  remain 
s t a t ionary  f o r  more than a few seconds may cause t h e  concrete t o  segregate. 
Only s u f f i c i e n t  v i b r a t i o n  i s  required t o  consol idate  each layer  with t h e  
previously placed l ayer  and t o  completely f i l l  t h e  corners and embed the  
reinforcement and other  items. The f i n i s h  next t o  t h e  forms may be improved 
by spading with spudding hoes o r  wood s t r i p s ,  which tends t o  re lease  trapped 
air and fo rce  t h e  coarse aggregate away from t h e  form surface.  

Construction of J o i n t s  

The const ruct ion j o i n t  is  t h e  most common type of j o i n t  required i n  
small concrete s t ruc tu res .  It is not constructed a s  a plane of weakness 
but  i s  a procedure used when t h e  concre,te cannot be placed i n  a s ing le  
operation. J o i n t s  should be made s t r a i g h t  and hor izonta l  o r  v e r t i c a l .  
The surf  ace of t h e  j o i n t  should be formed with a r ecess  o r  keyway when s o  
speci f ied  on the  drawings. Some improvement i n  the  bond may be derived 
from t h i s  type of j o i n t  provided it is properly formed and cleaned. 

Extra c a r e  is needed t o  insure  bonding of t h e  newly placed concrete 
t o  t h a t  previously placed. The surfaces  of e x i s t i n g  concrete should be 
thoroughly cleaned t o  remove loose surface material and expose s o l i d  



aggregates. Sandblasting o r  steel w i r e  brushes a r e  c m o n l y  used for thir 
operation. The exposed surfaces  should be washed o r  a i r  b las ted  t o  remove 
a l l  loose mate r i a l  and should be damp a t  the  t h e  f r e s h  concrete is placed. 

Contraction and Expansion J o i n t s  

A l l  concrete contains water i n  excess of t h a t  required f o r  hydrat ion 
of t h e  cement. The evaporation of the  excess water c r e a t e s  t e n e i l e  s t r e s s  
i n  the  concrete due t o  shrinkage. Concrete movement i s  a l s o  caused by 
changes i n  temperature. During cold weather the  mate r i a l  w i l l  cont rac t  o r  
shrink,  If these  s t r e s s e s  a r e  not  re l ieved by providing contrac t ion j o i n t s ,  
unsightly random cracks are l i k e l y  t o  develop. 

Contraction j o i n t s  should be located a s  shown on t h e  drawings. The 
spacing, normally e e t  by a profess ional  engineer, may vary from 10 t o  25 f e e t  
depending on t h e  kind of s t r u c t u r e  and the  exposure condit ions.  The j o i n t s  
are i n s t a l l e d  by c u t t i n g  wi th  a special. saw or  by forming grooves t h a t  ex- 
tend about 114 t o  115 of t o t a l  thickness i n t o  t h e  s l a b  o r  wall .  The j o i n t s  
o f t e n  r e f e r r e d  t o  as "dummy j o i n t s , "  should be uniform i n  depth and a l ign-  
ment. Cracks a s  they occur are expected t o  form n a t u r a l l y  a t  the  weakened 
sect ion. 

Expansion j o i n t s  a r e  i n s t a l l e d  t o  r e l i e v e  severe t h r u s t  which i s  o f ten  
caused by high temperature. Remolded bituminous s t r i p  mate r i a l s  o r  compo- 
s i t i o n s  of cork o r  rubber having a width equal t o  t h e  s l ab  o r  wal l  thickness,  
and varying from 114- t o  112-inch i n  thickness,  a r e  commonly used f o r  these  
jo in t s .  The j o i n t  ma te r i a l  may be placed a t  junctions between new concrete 
and a r e s t r a i n i n g  body such a s  buildings,  curbs, or  o ther  kinds of s t ruc tu res .  
The j o i n t  a l s o  may be speci f ied  f o r  long continuous s t r u c t u r e s  such a s  d i t c h  
l in ings ,  and the  spacing determined by a profess ional  engineer may vary from 
40 t o  100 f e e t .  The expansion j o i n t  ma te r i a l  should be supported and an- 
chored i n  a uniform plane t r u e  t o  l i n e ,  and remain i n  t h i s  pos i t ion  while 
concrete is placed. Af ter  completion of the  concrete work, the  exposed 
edges of the  expansion material should be f l u s h  with the  concrete surfaces  
and f r e e  from mortar o r  o ther  concrete mate r i a l .  

FINISHING CONCRETE 

The kind of f i n i s h  speci f ied  f o r  concrete work depends on the  use 05 
the  completed job. The wood f l o a t  f i n i s h  is  genera l ly  adequate. Under 
c e r t a i n  condit ions mentioned below, a trowel o r  broom f i n i s h  may be required.  

After  the concrete hae been placed and consolidated, the  surface  is  
s t ruck  off  f lush  with the  forms o r  f i n i s h  s t r i p s .  A 2 x 4 o r  2 x 6 on edge 
is o f ten  used on small jobs. The s t r i k i n g  o f f ,  o r  screeding, is  a l eve l ing  
operat ion t h a t  removes hunps and c a r r i e s  excess concrete ahead of the screed 
t o  f i l l  the  hollows and give  a t r u e  surface.  I n  t h e  screeding process some 
tamping ac t ion  may be necessary t o  embed l a r g e  aggregate and t o  br ing a very 
small amount of mortar t o  t h e  surface.  Light f l o a t i n g ,  a s  required t o  give 
a uniform surface,  f o l l m s  the  screeding. 



The f i n a l  f i n i s h  i s  delayed u n t i l  the  free water has disappeared and 
the  concrete surface takes  on a d u l l  appearance. 

When excess water is  present  on the  surface ,  the  f i n a l  f in i sh ing  should 
be delayed u n t i l  evaporation has taken place. Dry cement should not be ap- 
p l i ed  t o  take up moisture or  water added t o  the  surface  t o  a id  i n  f in i sh ing .  
Such p rac t i ces  a l t e r  the  mix and may cause cracking, dust ing,  spa l l ing ,  o r  
o ther  surface  de te r io ra t ion .  

The wood f l o a t  r e s u l t s  i n  a r e l a t i v e l y  smooth surface with a sandy 
texture .  When a dense smooth surface i s  des i red ,  the  s t e e l  trowel o r  f l o a t  
should be used a f t e r  the  surface  becomes qu i t e  f i r m .  Concrete should not  be 
troweled when s o f t  and p l a s t i c ,  and t h e  troweling operat ion should be l i m i t -  
ed t o  the  minimum required for a smooth surface.  Better  t r a c t i o n  and a 
pleasing appearance may be added t o  a trowel surface b y  l i g h t l y  brushing 
wi th  a broom. 

Magnesium metal f l o a t s  and trowels have been found t o  give a superior  
f i n i s h  when a i r -ent ra ined concrete i s  used. 

FORM REMOVAL 

Forms should not be removed from a s t r u c t u r e  u n t i l  the  concrete has 
hardened adequately t o  prevent surface  damage, and s u f f i c i e n t  s t r eng th  
e x i s t s  t o  s a f e l y  support any loads t h a t  may be applied. When the  average 
d a i l y  temperatures a r e  above 50° F. ,  forming f o r  s idewalls  and tops of s lop- 
ing surfaces can usual ly  be s a f e l y  removed 24 hours a f t e r  the  concrete i s  
placed. When the  concrete temperatures approach 32' F . ,  addi t ional  time 
should be allowed f o r  the concrete t o  harden. 

Forming t h a t  provides v e r t i c a l  support,  such a s  ins ide  of b a r r e l s ,  
s l abs  o r  arches,  should remain i n  place u n t i l  the  concrete has developed 
adequate s t r eng th  t o  support the  weight of the  concre te  and any l i v e  loads 
t h a t  may occur. The minimum lapse  time before removing t h i s  type of form- 
ing should be as speci f ied  on the  drawings, o r  the  s t r eng th  of the  concrete. 
a s  determined from t e s t  cyl inders .  

Precaution should be taken t o  remove all forms with t h e  minimum amount 
of s t r e s s  o r  shock t o  the  s t ruc tu re .  Pry bars  or  other metal t o o l s  should 
not be placed agains t  the  concrete t o  loosen the forms. Wooden wedges d r iv -  
en  between the  form and the concrete and tapping of the forms should be 
s u f f i c i e n t  e f f o r t  t o  remove forming t h a t  has been properly constructed,  
cleaned, and coated with form o i l .  

REPAIR OF CONCRETE 

Minor surface defec t s  such a s  snap t ie  cone depressions, small honey- 
comb areas, or  broken corners or  edges a r e  genera l ly  repai red  with a dry- 
pack mortar. The r e p a i r  w i l l  develop t h e  b e s t  bond i f  applied immediately 
a f t e r  s ' t r ipping the  forms and while the  concrete is green. 



A l l  loose questionable concrete should be removed and the  a rea  t o  be 
repai red  should be washed clean.  The t o t a l  a r e a  i n  contact  with t h e  mortar 
should be kept moist fo r  a t  l e a s t  1 hour p r i o r  t o  making the r e p a i r .  

Dry-pack mortar c o n s i s t s  of a mix of 1 p a r t  cement and 2-1/2 p a r t e , o f  
sand t h a t  w i l l  paee a No. 16 screen. Only enough water should be added t o  
produce a f i l l i n g  which is  a t  t h e  point  of becoming rubbery when the  materi-  
a l  i s  s o l i d l y  packed. Excess water i n  the  mix w i l l  cause shrinkage and a 
loose r e p a i r .  

The r e p a i r  should be placed i n  l ayers  less than 1/2 inch i n  thickness. 
Additional l ayers  may be placed without delay unless  the  patch mater ia l  
becomes rubbery. For small depressions such a s  snap t i e  holes ,  each l ayer  
should be compacted by using a hardwood tamping s t i c k  and working a t  a 
s l i g h t  angle toward the  s ides  of t h e  a rea  t o  be f i l l e d .  The surface of the  
r e p a i r  should be made j u s t  f lush  with the  adjacent  concrete. 

The repaired areas  should be cured i n  the  same manner as o r i g i n a l l y  
required f o r  the  s t ruc tu re .  I f  curing compound i s  not  applied upon c m p l e -  
t i o n  of the  work, the repai red  surfaces should be kept  wet fo r  a t  l e a s t  
24 hours t o  prevent shrinkage. 

CURING CONCRETE 

Proper curing increases  s t rength ,  d u r a b i l i t y ,  and water t ightness  of 
concrete. 

Adequate curing methods accomplish two important funct ions :  

1. Retain s u f f i c i e n t  moisture wi th in  the  concrete t o  permit 
complete hydrat ion of the  cement. 

2. S t a b i l i z e  temperatures a t  the  l e v e l  required t o  complete 
the  chemical r e a c t  ion. 

The i d e a l  curing temperature f o r  concrete i s  about 70' F. A l l  new 
concrete should be maintained above 40' F. f o r  a t  l e a s t  3 days. Concrete 
t r ea ted  with proper curing methods and maintained a t  s a t i s f a c t o r y  tempera- 
t u r e s  w i l l  a t t a i n  approximately 70 percent  of t h e  28-day design s t rength  
i n  7 days. 

Reconmended cur ing methods include:  

1. Water - spraying, fogging, o r  ponding. 

2 .  Covering * with w e t  burlap,  canvas, sand, o r  o ther  mater ia l .  

3 .  Membrane compounds - sprayed o r  painted on concrete surfaces 
t o  prevent evaporation of water from the mix. 



Curing with  water r e q u i r e s  t h a t  the  exposed surfaces  are kept  w e t  for 
t h e  dura t ion  of t h e  cu r ing  period,  usua l ly  a minimum of 7 days. Water 
should be applied immediately a f t e r  f i n i s h i n g  and when t h e  concrete has 
taken i n i t i a l  set. Flowing water should not  come i n  con tac t  wi th  newly 
placed concrete.  Forms should be removed a s  soon a s  poss ib le  so t h a t  cur ing  
procedures can be performed. When form removal i s  delayed, water should be 
added t o  t h e  exposed concrete sur face  and allowed t o  pene t ra t e  along the  
formed surface ,  o r  by covering t h e  forms wi th  bur lap  o r  canvas and wet t ing  
t h e  ma te r i a l  f o r  t h e  requi red  cur ing  period.  

Membrane compounds have become widely used cur ing  a i d s  because of t h e i r  
ease  of app l i ca t ion .  The compounds a r e  ava i l ab le  i n  c l e a r ,  black,  white, o r  
gray. White o r  gray pigmented compounds a r e  p re fe r red  because of the  ease  
of determining coverage of t h e  sur face  and t h e  r e f l e c t i o n  of hea t  rays  which 
reduce concre te  temperatures i n  hot  weather.  It i s  very  important t o  have 
complete uniform coverage of a l l  t h e  concre te  sur faces .  The corr~pound should 
be we l l  mixed and applied wi th  a spray a t  a r a t e  of 1 ga l lon  per  150 square 
f e e t  of surface .  If t he  coat ing  i s  damaged by heavy r a i n  o r  by o the r  cause 
during t h e  cur ing  per iod ,  t h e  sur faces  should be recoated.  The compound 
should be appl ied  t o  exposed su r faces  immediately a l t e r  the  concrete is  f i n -  
ished and the free water has evaporated. I f  t h e r e  i s  any delay ,  the  sur face  
should be kept  moist  wi th  water u n t i l  t he  compound i s  applied.  Af ter  t h e  
forms a r e  removed the su r faces  should be kept  w e t  u n t i l  necessary sur face  
r e p a i r s  a r e  made, and then t h e  cur ing  compound should be applied.  Curing 
membranes prevent  s a t i s f a c t o r y  bond of the  concre te ;  t he re fo re ,  i t  i s  very 
important t o  determine t h a t  the  cur ing  compound is  no t  applied t o  su r faces  
r equ i r ing  bond, such a s  cons t ruc t ion  j o i n t s ,  sur faces  r equ i r ing  r e p a i r ,  
r e in fo rc ing  steel, o r  o the r  embedded items. 

REQUIRF;MENTS FOR HOT WEATHER 

Hot weather . increases t h e  r a t e  of evaporat ion of t h e  mixing water and 
t h e  temperature of t h e  m i x .  Too rap id  s e t t i n g  o r  drying ou t  of the  concre te ,  
which o f t e n  occurs during high temperatures, can r e s u l t  i n  a badly cracked 
surface ,  f l ak ing ,  and shrinkage. These genera l ly  cause a weakened, i n f e r i o r  
concrete.  

Hot weather precaut ions  become necessary when temperatures a r e  above 
85O F. The following bas ic  s t e p s  should be taken t o  ob ta in  good q u a l i t y  
concre te  i n  ho t  weather: 

1. Reduce t h e  temperature of the  m i x  by prewett ing the aggregates, 
adding i c e  t o  t h e  mixing water ,  or  by making evening o r  e a r l y  
morning pours when temperatures are more favorable.  

2.  Satura te  the  subgrade sometime i n  advance and s p r i n k l e  subgrade 
and fobs j u s t  ahead of p lac ing  concrete.  

3.  Prevent ovennixing and de lays  i n  p lac ing  concrete.  

4 .  Have adequate he lp  so  t h a t  f i n i s h i n g  can be accomplished rap id ly .  

5. S t a r t  cur ing  a s  soon a s  poss ib le .  



If temperatures a r e  extreme it i s  des i rab le  t o  water cure the  f in ished 
surface  f o r  a t  l e a s t  12 hour p r i o r  t o  coating wi th  membrane compound. 

REQUIREMENTS FOR COLD WEATHER 

Concreting i n  cold weather r equ i res  precaution i n  mixing, placing,  and 
curing. Concrete gains s t r eng th  slowly a t  temperatures below 50° F.,  and 
can be se r ious ly  damaged by f reezing and thawing a t  an e a r l y  age. Concrete 
must be protected i n  cold weather t o  provide a s u i t a b l e  curing temperature. 
Plans and equipment f o r  protec t ing t h e  concrete should be scheduled in  
advance, and t h e  equipment should be on the  job p r i o r - t o  placing concrete.  

Concrete should not  be placed when the  minimum d a i l y  temperature is  
less than 40' F., unless f a c i l i t i e s  a r e  provided t o  prevent f reezing.  Con- 
c r e t e  a t  the  time of placing should be i n  the  temperature range of 50° F. 
t o  90' F. Heating the  mixing water i s  a common method of increasing the  
temperature of the  mix. The mixing water should not  come i n  d i r e c t  contact  
with t h e  cement when t h e  water temperature exceeds 100' F. Excessive hea t  
i n  the  mixing water o r  aggregates can cause f l a s h  set when they make con- 
t a c t  with the  cement. 

Concrete should not be placed on frozen subgrade. A l l  i c e  and snow 
should be removed from ins ide  the  forms and from around the re inforc ing 
s t ee1  . 

Cold weather curing requ i res  ou i t ab le  temperatures and moisture condi- 
t ions  f o r  the  concrete t o  promote s t rength  and t o  prevent freezing.  The 
concrete may be protected by covering, insu la t ing ,  o r  housing. The amount 
and kind of protec t ion w i l l  depend on the  weather condit ions and the  type 
of s t ruc tu re .  Concrete generates heat  f o r  the  f i r s t  few days, and when 
temperatures a r e  not severe,  covering with hay, straw or  insu la t ing  blan- 
k e t s  when kept i n  c lose  contact  wi th  t h e  concrete may provide adequate 
p ro tec t  ion. 

For l a rge  s t r u c t u r e s  o r  when temperatures a r e  q u i t e  severe there  i s  
need f o r  housing and a source of dependable heat .  The concrete surfaces  
should be maintained a t  not  less than 50' F. f o r  the  speci f ied  curing 
period. When dry heat  i s  provided, it i s  necessary t o  add moisture t o  the  
a i r  wi th in  the  enclosure, o r  apply w e t  cure t o  the  concrete.  

Accelerators o r  a n t i f r e e z e  compounds such a s  calcium chlor ide  should 
not  be used. , 

It i s  des i rab le  t o  maintain complete records of weather condit ions and 
temperatures when placing concrete i n  cold  weather. It is  a l s o  des i rab le  
t o  have d a i l y  maximum and minimum temperatures of r epresen ta t ive  surfaces 
of the  concrete s t r u c t u r e  f o r  t h e  dura t ion of t h e  curing period. 



FORM CONSTRUCTION 

Materials  

Wood and metal a re  s u i t a b l e  f o r  concrete forms. Concrete-form-grade 
plywood sheathing and 2 x 4 s tuds  and wales make the  bes t  combination. 
When plywood sheathing is  not  avai lable ,  shiplap or  tongue-and-groove 
lumber may be used. Such form lumber should be f in ished on a l l  4 s ides  
and f r e e  of knotholes and decay. Double forms f o r  wa l l s  or  o ther  sec t ions  
requ i re  adequate ties and spacers. Form snap t i e s  which a r e  ava i l ab le  
from c m e r c i a l  supply a r e  commonly used, due t o  the  ease of assembly and 
saving i n  labor.  These patented steel rods a c t  a s  spacers t o  give the  
des i red  concrete sec t ion,  and a l s o  provide a dependable t i e  t o  hold the  
forms i n  pos i t ion  and r e s i s t  the  concrete loads. After  the  forms a r e  r e -  
moved, the  excess length of the  t i e  rod should be removed by twis t ing ,  
which r e s u l t s  i n  a break a t  a predetermined point  s l i g h t l y  wi th in  the  con- 
crete wall  surface.  The small recess  i n  the  concrete caused by the  rod and 
cone i s  f i l l e d  wi th  mortar.  Threaded b o l t s  and screw dssernblies are a l s o  
ava i l ab le  f o r  e x t r a  heavy load requirements. 

Fabr ica t ion Requirements 

A l l  forms must be strong enough t o  conta in  and support the  concrete 
while i t  i s  p l a s t i c ,  and t o  ca r ry  the  l i v e  loads inc iden ta l  t o  the  construc- 
t i o n  operation. They a l s o  must be t i g h t  t o  prevent the  escape of the  water- 
cement pas te  from small openings, which could r e s u l t  i n  honeycomb or  sand 
streaking.  The forms a l s o  have t o  be constructed t o  c o r r e c t  dimension and 
securely braced and anchored t o  form the shapes and surfaces  speci f ied  i n  
t h e  drawings. 

Forms should be inspected p r i o r  t o  placing concrete t o  v e r i f y  the  
dimensions, grades, and adequate s t rength .  Freshly mixed concrete exer t s  
g rea t  pressure and presents  a ser ious  problem i f  forms bulge o r  f a i l  during 
the pouring operat ion.  

Form Desipn 
Detailed design of concrete forms requires  the  ana lys i s  of the  loads 

and pressures exerted by the  concrete and-the s e l e c t i o n  bf mater ia ls  t h a t  
may be used t o  withstand t h e  loads (see Table 17-1). 

Table 17-1 Concrete pressure per square foo t  of form * 

M a x i m u m  pressure  i n  pounds I 
per square foot  a t :  I 

50' temperature 1 520 

70' temperature 

* This t a b l e  i s  based on the  use of mechanical v ib ra t ion  ins ide  t h e  forms. 

of pour ( f e e t  of height  per hour) 

400 

10 

1,580 

1,170 

3 

690 

520 

4 .  

860 

430 

6 

1,210 

860 

5 

1,030 

750 

8 

1,470 

1,090 



The s e l e c t i o n  o f  form m a t e r i a l  and t h e  proper spacing f o r  s tuds ,  wales 
and form t i e s  have been presented i n  curves and c h a r t s  by numerous fornl and 
form accessory manufacturers. Table 17-2, duplicated through the cour tesy 
of Superior Concrete Accessories,  Inc. ,  i s  t y p i c a l  and provides a quick r e f -  
erence t h a t  may be used i n  checking t h e  adequacy of concrete  forming. 

The use of Table 17-2 i s  i l l u s t r a t e d  by t h e  following problem. 

Determine t h e  required spacing of t h e  s tuds ,  wales,  t i e s ,  and the 
u n i t  load per t i e  where t h e  following condi t ions  a r e  known: 

1. Sheathing - 314-inch plywood; s tuds  2 x 4; wales double 2 x 4.  

2 .  Rate of pour - 4 f e e t  of wa l l  per hour. 

3 .  Set t ing  temperature of t h e  concrete  - 70' F. 

Table 17-2 i s  based on a s e t t i n g  temperature of 70' F. (meeting condi- 
t i o n  3). In  the  t a b l e ,  columns a r e  given f o r  r a t e s  of pour varying from 
2 t o  10 f e e t  per hour. Column 3 shows the c o r r e c t  spacing of s tuds ,  wales 
and t i e s  f o r  a r a t e  of 4 f e e t  per hour (meeting cond i t ion  2 ) .  Thus, by 
reading down t h i s  column and under t h e  heading of "lumber s i z e s "  and "spac- 
ing of s tuds"  and opposi te  "314-inch sheathing" w e  f i n d  the  required spacing 
f o r  t h e  s tuds  t o  be 18 inches;  cont inuing under the  heading "wale spacing" 
and 2 x 4 s tuds ,  the  spacing o f  the  wales is  28  inches,  and under " t i e  spac- 
ing" opposi te  double 2 x 4 wales,  t h e  spacing of t h e  t i e s  is  24 inches. 

The t o t a l  load per t i e  i s  obtained by mul t ip lying t h e  maximum pressure  
per square f o o t ,  630 pounds (shown top of column f o r  4-foot r a t e )  by t h e  
a r e a  supported by t h e  t i e  rod. Thus, 630 pounds x 2.33 f e e t  (spacing of 
wales)  x 2.0 f e e t  (spacing of t i e s )  = 2,935. 

The t o t a l  computed load per t i e  f o r  t h e  suggested forming i s  wi th in  
the  s a f e  working l i m i t s  of a 318-inch form t i e  which has a s a f e  load of 
3,000 pounds and an u l t imate  capac i ty  of 4,500 pounds. 

Method of Assembly 
' 

' -fhe method of assembly c m o n l y  used f o r  forming small s t r u c t u r e s  is  
shown i n  Figure 17-1. f he- forms should be const ructed so  t h a t  they can be 
e a s i l y  f i l l e d  and removed. A l l  forms should be adequately na i l ed  and braced. 
Double-headed form n a i l s  a r e  cornonly used f o r  e x t e r i o r  n a i l i n g  s ince  they 
expedi te  t h e  removal of t h e  forms and a l s o  inc rease  the  salvage of t h e  form 
mate r ia l s .  

Treatment of Surfaces 
Form sur faces  t h a t  w i l l  be i n  con tac t  wi th  the  concrete  should be 

painted wi th  some type of o i l  or  s e a l a n t  t h a t  w i l l  prevent the  concrete  
from s t i c k i n g  t o  t h e  forms. Surface treatment a l s o  a i d s  i n  preventing the  
forms from warping. Mater ia ls  s p e c i a l l y  prepared f o r  coa t ing  forms may be 
purchased; however, f o r  small  jobs engine l u b r i c a t i n g  o i l  o r  used o i l  may 
be s u b s t i t u t e d .  Lubr icat ing o i l  may be thinned wi th  kerosene a s  required 
f o r  easy brushing. Excess su r face  coa t ings  should be removed from t h e  forms. 
Any coat ing m a t e r i a l  must be removed from t h e  r e i n f o r c i n g  s t e e l  o r  su r faces  
of concrete  t o  be gn con tac t  wi th  t h e  new pour. Forms should be cleaned 
and o i l e d  each t i m e  they are used. 



Table 17-2 Spacing data for form lumber and form ties 

These tables are based on the use of mechanical vlbrallon Inside the form8 
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AN EXAMPLE FOR BUILDING FORMS FOR SMALL STRUCTURES 

MALE BOLT TYPE FORM AND SPREADER TJE 

u 
MALE BOLT 

Figure 17-1 Typical  form assembly 



5. STEEL REINFORCEMENT 

PURPOSE 

S tee l  reinforcement i s  embedded i n  concrete t o  increase  i t s  s t rength  
i n  tension. The t e n s i l e  forces  may r e s u l t  from loading imposed on the 
s t r u c t u r e  o r  from temperature s t r e s s e s .  

MATERIALS 

Kinds - 
The kinds of s t e e l  reinforcement commonly used f o r  concrete a re  

deformed bars  and welded wire fabric. 

Qua1 i t y  

The qua l i ty  of the  s t e e l  reinforcement is  of major importance f o r  all 
s t ruc tu res .  Only s t e e l  products manufactured by standard p lan t  control  
procedure and meeting the  design requirements should be used. The use of 
scrap i ron ,  cable,  woven wire or o ther  waste metal i s  unsat is fac tory .  

Deformed round s t e e l  ba r  reinforcement i s  manufactured i n  s i z e s  of 
318 inch t o  1-318 inches i n  diameter and square bars  of 1-112 and 2 inches. 
The diameter or  s i z e  of the  round bars  i s  shown on the  bar by a number. 
The number designates the  diameter i n  terms of mul t ip les  of 118 inch, f o r  
example #3 = 318-inch diameter, #7 = 718-inch diameter. This method of 
s i z e  designation i s  used f o r  ba r  s i z e s  of #2 (p la in  bar )  through, 4/11. 

Wire f a b r i c  is designated by the  spacing of the  longi tudinal  and 
t ransverse  s t rands  and the s i z e  (gage) of s t e e l  w i r e .  A designation of 
612-25 (one way type)  ind ica tes  t h a t  the  longi tudinal  wires a r e  spaced 
6 inches; t h e  t ransverse  wires a t  12 inches; the  gage of the  longi tudinal  
wire i s  2 ;  and the  t ransverse  wire i s  5 gage. 

Square welded wire f a b r i c  may be designated a s  fol lows:  6x6-818 
which ind ica tes  a 6-inch spacing of the  wires and 8-gage diameter for each 
wire. 

Onsite Storage 

S tee l  reinforcement t h a t  i s  not  t o  be used f o r  an extended period 
should be s t o r e d - o f f  the  ground and protec ted  from the  elements. S tee l  
t h a t  i s  delivered t o  the  s i te  f o r  use wi th in  a shor t  period should be 
s tored t o  prevent surface  contamination with mud or  other coatings.  P i l ing  
on the  ground is  permissible under dry condit ions,  A t  t he  time of place- 
ment i n  the  s t r u c t u r e ,  t h e  s t e e l  should be f r e e  from o i l ,  grease,  mud, 
p a i n t ,  loose m i l l  s ca le ,  and f laky r u s t  coatings.  A thin adhering coat  
of r u s t  i s  not  considered t o  be detr imental  t o  bond. 



BENDING DRAWINGS 

The drawings prepared f o r  t h e  job should include a s t e e l  l i s t  and 
bending char t  which shows the  various bars  by a designated letter or  nun- 
ber ,  the  s i z e ,  number of bars  required,  loca t ion  i n  t h e  s t r u c t u r e ,  and the  
dimensions f o r  c u t t i n g  and bending, I f  s t e e l  is  purchased from a f a b r i c a t -  
ing p lan t  i n  c u t  and bent form, t h e  p lan t  w i l l  make the  required bends, 
hooks, s p i r a l s ,  e tc . ,  according t o  accepted standards of the  industry.  
The f a b r i c a t o r  w i l l  i temize the  s t e e l  l i s t  by ba r  designation,  number of 
p ieces ,  length,  and usual ly  w i l l  i nd ica te  t h e  loca t ion  t h e  bar i s  t o  be 
placed i n  the  s t ruc tu re .  

S tee l  bent on t h e  job should be formed t o  meet tolerances es tabl ished 
by industry.  For 90° and 180° bends and hooks the a r c  of the bend should 
be formed around a p in  t h a t  i s  6 times the  bar diameter f o r  #2 through 117 
bars ,  and 8 bar diameters f o r  bars  #8 through #11. 

A l l  bent  re inforc ing steel should be inspected f o r  cracks o r  o ther  
indica t ions  of s t r e s s  t h a t  might reduce the  t e n s i l e  s t rength  of the  s t e e l .  

PLACING 

Pos i t i o n i n q  

Accurate pos i t ioning of t h e  re inforc ing s t e e l  wi th in  t h e  concrete is  
important. S tee l  required t o  resist s t r u c t u r a l  s t r e s s  must be placed i n  
the loca t ion  shown on the  drawings. The proper loca t ion  can vary depend- 
ing on t h e  kind of s t r u c t u r e .  Typical i l l u s t r a t i o n s  of s t e e l  locat ion t o  
r e s i s t  s t r e s s e s  i n  s t r u c t u r e s  is shown i n  National Engineering Handbook 
Section 19 ,  Chapter 3 .  

Cover age 

The speci f ied  l i m i t s  of cover for  a l l  the  s t e e l  as shown on drawings 
should be adhered to .  Reinforcement steel for s t r u c t u r a l  s t r e s s e s  is  
usual ly  placed near one face  of the  concrete. The minimum cover i s  meas- 
ured from the  form o r  ground t o  t h e  re inforc ing s t e e l  and is measured i n  
the  c l e a r .  

Stress i n  a tension bar can be transmitted through the  concrete and 
i n t o  another adjoining bar by a lapped sp l i ce .  The amount of required l a p  
i~ expressed as the  number of bar diameters. The minimum lap usual ly  w i l l  
not be less than 24 diameters. 



EMBEDDED ITEMS 

Anchors 

Bolts or  o ther  i t e m s  a r e  o f t en  required t o  be placed i n  the  concrete. 
A l l  embedded items should be placed and anchored p r i o r  t o  placing concrete 
t o  insure good bond and proper locat ion.  These i t e m s  should be ca re fu l ly  
checked p r i o r  t o  and during the  placing of the concrete. 

Dowels a r e  shor t  s t e e l  bars t h a t  a r e  i n s t a l l e d  t o  extend across  an 
expansion-contraction jo in t .  They a r e  used t o  give support f o r  grade and 
alignment between two adjacent  segments of concrete,  To perform properly, 
it i s  necessary t h a t  one-half of t h e  bar be bonded t o  the  concrete and the  
other por t ion  t r ea ted  t o  prevent bond with t h e  concrete.  The drawings 
should show the  d e t a i l s  f o r  i n s t a l l a t i o n .  Bond may be prevented by coat-  
ing the  s t e e l  with t a r  or  heavy wrapping paper. Patented metal or  p l a s t i c  
s leeves a r e  a l so  avai lable .  Additional clearance i s  needed beyond the un- 
bonded end of the  bar t o  permit f r e e  movement. No s t e e l  should extend 
across a j o i n t  of t h i s  type unless  t r ea ted  a s  speci f ied .  The dowel assem- 
b l i e s  should be properly supported and anchored t o  maintain pos i t ion  and 
alignment when concrete i s  placed. 

ANCHORAGE AND SUPPORTS 

A l l  s t e e l  reinforcement should be accura te ly  located i n  the  forms and 
firmly held i n  place during the  placement of the concrete. Mats of s t e e l  
used i n  s l abs  and the  v e r t i c a l  and hor izonta l  s t e e l  placed i n  wal ls  should 
be t i e d  wi th  wire ties t o  form a r i g i d  assembly. 

Small precas t  concrete blocks which have a thickness equal t o  the  
required clearance o r  cover a r e  very s a t i s f a c t o r y  f o r  supporting mats of 
s t e e l  i n  s l abs  and f o r  pos i t ioning v e r t i c a l  s t e e l  f o r  proper cover. The 
support blocks should have a s t rand of the t i e  wire embedded i n  the block 
f o r  use i n  anchoring the block t o  the  re inforc ing bars.  For more complex 
s t r u c t u r e s  the  use of spacer bars ,  w i r e s ,  cha i r s ,  or  o ther  devices may be 
required t o  prevent displacement of the  s t e e l .  The use of wood or  br ick  
f o r  support or  spacing i s  not allowed. 

INSPECTION 

Prior  t o  Placing Concrete 

A l l  re inforc ing s t e e l  should be checked agains t  the drawings t o  de te r -  
mine t h a t  the s i z e ,  length,  bends, locat ion,  -and l aps  a r e  a s  speci f ied .  
The s t e e l  should be checked f o r  coatings,  sharp bends, o r  other damage. 
The s t e e l  should be f irmly t i e d  and have adequate supports and anchors t o  
prevent movement. The p o s i t i o n  of t h e  s t e e l  should provide the  proper 
mount of cover, and no ba rs  should extend wi th in  2 inches of f i n i s h  grade. 



When wire f a b r i c  is used it is  very important t h a t  the  mesh is  
adequately supported and t h a t  the  l aps  and t i e s  a r e  made as spec i f i ed .  
Hooks or  other methods of l i f t i n g  the  mesh t o  proper pos i t ion  a f t e r  the  
concrete i s  placed should not be permitted. 

While Placing Concrete 

Constant a t t e n t i o n  is  required t o  d e t e c t  any displacement of the  re in -  
forcement and t o  see t h a t  the  necessary correc t ions  a r e  made. The pos i t ion  
of t h e  v e r t i c a l  s t e e l  is o f ten  d i s t o r t e d  by the  placing and v ib ra t ion  of 
the  concrete. Mats i n  s l abs  may move as a r e s u l t  of trampling by the 
workmen. 

6. STRUCTURE DRAINAGE AM3 CONTROL OF WATER 

PURPOSE 

Structure drainage is required t o  provide f o r  the  r e l i e f  of water 
pressures and t o  permit sa fe  water movement through the  foundation area. 
Control 'of  water a t  const ruct ion sites i s  necessary t o  p ro tec t  the founda- 
t i o n  a rea  and t o  maintain s a t i s f a c t o r y  construction condit ions.  

MATERIALS 

Sand, Gravel, or  Rock 

Sand, gravel ,  or  rock mate r i a l s  graded t o  be f r e e  draining ( l e ss  than 
5 percent of ma te r i a l  passing t h e  200-mesh s i eve)  and blended t o  give a 
mixture t h a t  w i l l  resist s o i l  movement i n t o  the  d ra in  mater ia l  may be used 
t o  provide drainage f o r  s t ruc tu res .  A l l  d r a i n  mater ia l  should cons i s t  of 
dense p a r t i c l e s  having c h a r a c t e r i s t i c s  s imi la r  t o  the  requirements f o r  
concrete aggregates. P a r t i c l e s  smaller than 114 inch should be na tu ra l  
sand. 

Perf orated Pipe 

Materials  s u i t a b l e  f o r  perforated drainpipe include corrugated metal ,  
asbestos-cement, bituminous fiber, concrete,  p l a s t i c  o r  c lay .  The perfora-  
t ions  normally cons i s t  of c i r c u l a r  punched or  d r i l l e d  holes 114 inch t o  
5/16 inch i n  diameter, spaced 3 inches a p a r t .  They should be arranged i n  
2 or  4 rows p a r a l l e l  t o  the  axis of the pipe. The individual  rows a r e  
spaced 90° apar t  f o r  2 rows, and 90' and 160° for 4 raws. The length of 
pipe sect ions  and the  kind of j o i n t s  depend on the  pipe mate r i a l .  The 
more common type of j o i n t s  includes bands, c o l l a r s ,  o r  b e l l s .  

Weep Holes 

Weep holes f o r  r e l i ev ing  water pressure  through the s t r u c t u r e  a r e  
preferably  formed from nonferrous mate r i a l s  such a s  asbestos-cement, 
bituminous, c lay ,  concrete,  or  paper. Pipe containing i ron  i s  s t r u c t u r -  
a l l y  adequate but  i s  o f ten  discouraged because of the r u s t  s t a in ing  the  
concrete. 



TYPES OF DRAmS 

Several types of s t r u c t u r e  d ra ins  are shown i n  Figure 17-2. O f  these,  
t h e  chimney d r i i n  and r e l i e f  wel l  types a r e  seldom used a t  t h e  work u n i t  
level .  

Earth Dams 

Toe Drains 
Consist of sand and gravel ,  rock or perfora ted  pipe, and are located 

i n  t h e  downstream toe  of the  dam (Figure 17-2,  Toe Drain). 

Blanket Drains 
Consist of a layer  of sand, gravel ,  o r  rock placed over a por t ion  of 

t h e  downstream a rea  of an embanlunent o r  the  subgrade f o r  a concrete s t ruc -  
t u r e  (Figure 17-2,  Blanket Drain or Wall Drain). 

Trench Drains 
May cons i s t  so le ly  of sand-gravel or  crushed rock or  they may a l s o  

contain a perforated pipe which discharges in to  an o u t l e t .  The d ra in  may 
be located i n  the  downstream foundation area or  i n  the embanlunent (Figure 17-2 ,  
Trench Drain o r  Chimney Drain). 

Concrete St ructures  

S u b ~ r  ade B1 anket 
St ructure  locat ions ,  which involve high water t ab le ,  commonly require  

a blanket  of pervious mate r i a l  t o  provide free movement of water. Soft 
foundation mate r i a l s  may a l s o  e x i s t  a t  these locat ions  and t h e  use of blanket 
ma te r i a l s  improves t h e  s t a b i l i t y  of the  foundation. The subgrade d ra in  mate- 
r ia ls  may a l s o  extend above t h e  f loor  s l ab  along the  sidewalls to r e l e a s e  
water through weep holes  (Figure 17-2, Wall Drain). 

Perf orated Drainpipe. 
This  type of d ra in  may be i n s t a l l e d  wi th in  t h e  subgrade o r  i n  the dra in  

mater ia ls  adjacent t o  the  wa l l s  t o  provide added capacity and more pos i t ive  
p ro tec t ion  t o  the s t ruc tu re .  Unrestr icted o u t l e t s  a r e  required f o r  the pipe 
drains.  

Weep Holes 
Weep holes may be i n s t a l l e d  i n  the  f l o o r  s l ab  and wal ls  of the  s t ruc -  

t u r e  as required t b  provide drainage protec t ion f o r  t h e  s t ruc tu re .  

INSTALLATION 

Filter Materials 

For s t r u c t u r e  drainage, f i l t e r  mater ia ls  should be ca re fu l ly  i n s t a l l e d  
as shown on the  drawings, The f a i l u r e  of t h e  drainage system can cause 
damage t o  o r  complete l o s s  of t h e  s t ruc tu re .  F i l t e r  d ra in  materials del iv-  
ered t o  the  s i te  should be t e s ted  t o  v e r i f y  qua l i ty  and gradation.  The 
material should be stockpiled and handled t o  contamination with 
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f i n e  grained s o i l s  or  other mater ia l  t h a t  m i g h t  impair i t s  a b i l i t y  t o  
funct ion a s  a drain.  The mater ia l  should be placed by methods t h a t  w i l l  
prevent segregation. When placed i n  deep excavations o r  under water the 
mate r i a l  should be lowered i n t o  place,  using c lamshe l lbucke t s ,  skips or  
other methods t o  prevent segregation. The thickness of the  l ayers ,  surface 
f i n i s h  and compaction should conform t o  the  requirements shown on the 
drawings. 

Perforated Pipe 

Perforated drainpipe requires  ca re  i n  handling and placing t o  prevent 
damage t o  the pipe or i t s  p ro tec t ive  coating.  A l l  s ec t ions  of the  pipe 
should be inspected t o  make sure  the perfora t ions  a r e  open. Pipe t r ea ted  
with asphal t  coatings requ i res  spec ia l  a t t en t ion .  The use of a wooden probe 
shaped t o  the  proper diameter may be used t o  c l e a r  asphal t  ma te r i a l  from the  
d ra in  holes without ser ious  damage t o  the  metal coating. During the i n s t a l -  
l a t i o n  of the pipe,  inspection i s  required t o  determine t h a t  the locat ion,  
grade, and alignment i s  as shown on the  drawings. Also, see t h a t  the pipe 
i s  posi t ioned so chat  the  d ra in  openings a r e  symmetrically located a t  t h e  
bottom of the  pipe and t h a t  the  j o i n t  connections a r e  t i g h t  and made accord- 
ing t o  the  manufacturer's requirements. Pipe enclosed wi th in  a f i l t e r  r e -  
qui ree  spec ia l  a t t e n t i o n  t o  determine that t h e  l i n e  and grade i s  maintained. 

Weep Holes 

Pipe mate r i a l  used f o r  forming the  weep hole  should be c u t  t o  proper 
length and anchored i n  pos i t ion  p r i o r  t o  placing concrete. The pipe,  when 
eo spec i f i ed ,  should extend i n t o  the f i l t e r  ma te r i a l s .  Hardware c l o t h  o r  
screen mate r i a l s  should be i n s t a l l e d  i n  pos i t ion  as  shown on the  drawings 
t o  prevent the  entrance of small animals t h a t  could hinder operations of 
the  dra in .  A l l  weep holes need t o  be checked a f t e r  const ruct ion t o  see 
t h a t  they a r e  f r e e  from obst ruct ions .  

SITE DEWATERING AND CONTROL OF WATER 

Foundat ions 

Dams and Dikes 
Adequate foundation preparat ion and proper placement of embankment i s  - - - - 

dependent on a water-free s i t e .  Embankments for-  dams should not be placed 
i n  water o r  on a s o f t  foundation. The f i r s t  job on a wet s i t e  i s  t o  remove 
the  water and prevent more from en te r ing  the  foundation area.  The methods 
may vary with s i t e  condit ion and locat ion.  Methods that have appl ica t ion 
include divers ion of streamflow above t h e  s i t e ,  drainage by g rav i ty  using 
di tches  through the  s i t e ,  pumping from trenches or sumps adjacent  t o  the 
foundation area ,  and for  extreme condit ions a system of wel ls  or  wel l  
points .  Some s i t e s  a r e  wet only during c e r t a i n  seasons of the  year. For 
such locat ions  i t  i s  bes t  t o  do the  const ruct ion when t h e  s i t e  i s  dry. 



Concrete S t ruc tu re s  
The need f o r  dewatering t h e  s t r u c t u r e  s i t e  is important and similar 

methods used f o r  e a r t h  dams may be used e f f e c t i v e l y .  Concrete s t r u c t u r e s  
should be i n s t a l l e d  only on a f i rm subgrade. Wet areas r e q u i r e  c o n t r o l  of 
water  t o  make t h e  necessary excavat ion,  and f o r  p lac ing  d r a i n  o r  subgrade 
m a t e r i a l s .  A l l  concre te  should be placed i n  t h e  dry.  No s tanding  o r  flow- 
ing  water  should come i n  c o n t a c t  w i t h  t h e  concre te  u n t i l  t h e  mixture i s  
w e l l  s e t  up. 

Borrow Areas 

Borrow areas conta in ing  m a t e r i a l s  s u i t a b l e  f o r  impervious embanbent  
c o n s t r u c t i o n  r e q u i r e  c a r e f u l  mois ture  c o n t r o l .  Excess water  w i t h i n  t h e  
borrow area, r e g a r d l e s s  of source,  can  inc rease  c o s t s  and de lay  t h e  work. 
Some borrow a r e a s  s u b j e c t  t o  f l ood ingmay  be p ro t ec t ed  by d i v e r s i o n s  and 
d ikes .  For c e r t a i n  cond i t i ons  it may be necessary  t o  lower t h e  water  t a b l e  
i n  t h e  borrow a r e a  by pumping. The p r o b a b i l i t y  of f l ood ing  ve r sus  the c o s t  
of an a l t e r n a t e  borrow a r e a  should be cons idered  i n  t h e  des ign  phase. 

Divers i ons  

The cons t ruc t ion  of a d ive r s ion  should be g iven  high p r i o r i t y  f o r  con- 
t r o l l i n g  streamflow t h a t  passes  through a cons t ruc t ion  s i t e .  The amount of 
channel  c a p a c i t y  r equ i r ed  f o r  many l o c a t i o n s  i s  economical and t h e  cons t ruc-  
t i o n  is  no t  d i f f i c u l t .  I f  t h e  d i v e r s i o n  cannot be routed  t o  completely by- 
pass  t h e  cons t ruc t ion  area, i t  may be  p o s s i b l e  t o  r o u t e  t o  a l o c a t i o n  t h a t  
r e s u l t s  i n  a g r e a t l y  improved working area. 

MATERIALS 

The manufacture of p ipe  condui t s  involves  a l a r g e  v a r i e t y  of m a t e r i a l s  
and processes .  Pipe m a t e r i a l s  t h a t  have been determined t o  m e e t  t h e  minimum 
requirements  f o r  s p e c i f i c  p r a c t i c e  i n s t a l l a t i o n s  a r e  o u t l i n e d  i n  National  
Engineering Handbook, Sec t ion  2 ,  Engineering P r a c t i c e  Standards,  n a t i o n a l  
engineering memoranda and s t a t e  supplements t o  n a t i o n a l  po l i cy .  

A c a r e f u l  review of the r e f e r e n c e  s tandards  as they apply t o  t h e  s i te  
cond i t i on  i s  d e s i r a b l e  t o  i n s u r e  t h a t  t h e  p ipe  meets t h e  q u a l i f i c a t i o n s  
be fo re  i n s t a l l i n g  the m a t e r i a l s .  

HANDLING AND STOMGE 

Pipe should be  t r anspor t ed  and unloaded by methods that w i l l  prevent  
damage t o  t h e  p ipe  o r  t h e  s u r f a c e  coa t ing .  Pipe should n o t  be permit ted t o  
"free fall" from t rucks ,  o r  be l i f t e d  by means of a s l i n g  running through 
the  pipe.  I f  the coa t ings  a r e  damaged, t h e  a f f e c t e d  a r e a s  should be cleaned 
and coated with z i n c  p a i n t s  o r  co ld  tar m a t e r i a l s  as r e c m e n d e d  by t h e  p ipe  
manufacturer . 



Pipe should be s to red  near  t h e  s i t e  t o  e l i m i n a t e  e x t r a  handl ing.  
P i l i n g  o r  decking i n  r i c k s  should n o t  be permi t ted .  Paved i n v e r t  pipe 
should be s to red  wi th  t h e  paved area a t  t h e  bottom. A l l  p ipe  should be 
inspected p r i o r  t o  i n s t a l l a t i o n .  Ma te r i a l s  t h a t  are damaged o r  otherwise 
f a i l  t o  meet s p e c i f i c a t i o n s  should be r e j e c t e d .  

INSTALTATION 

Trench i n q  

Ear th  Excavation 
Excavation f o r  p i p e l i n e s  should be t o  t h e  l i n e s  and grades shown on 

t h e  drawings wi th  adequate checks made t o  v e r i f y  t h e  accuracy of t he  c u t .  
V e r t i c a l  w a l l  t renches  i n  most m a t e r i a l s  a r e  a s a f e t y  hazard when depths 
exceed 4 f e e t .  Adequate shor ing  o r  a s u i t a b l e  movable s h i e l d  should be 
provided t o  p r o t e c t  workmen wh i l e  l ay ing  pipe.  

Rock Excavation 
Excavation i n  rock should be made t o  t h e  l i m i t s  shown on t h e  drawings. 

It i s  c k o n  p r a c t i c e  t o  overexcavate t h e  depth t o  provide space f o r  f i n e  
grained subgrade m a t e r i a l  used a s  bedding f o r  t he  pipe.  It i s  important 
t h a t  t h e  rock excavat ion be checked t o  make s u r e  no high s p o t s  exist.  

Ear th  
Bedding formed i n  e a r t h  r e q u i r e s  t h a t  t h e  subgrade be molded t o  a 

s p e c i f i c  depth t o  f i t  t h e  ou te r  s u r f a c e  of the pipe.  The p ipe  should bear  
against: undisturbed o r  compacted e a r t h  f o r  i t s  e n t i r e  length .  For corruga- 
t e d  p ipe ,  use  a l oose  mellow bedding m a t e r i a l  about 2 inches t h i c k .  

Granular Mater ia l  
Bedding formed from granular  m a t e r i a l  r e q u i r e s  t h e  p l ac ing  of sand, 

gravel o r  crushed rock t o  a s p e c i f i e d  depth i n  t h e  bottom of t h e  t rench.  
The g ranu la r  m a t e r i a l  should be consol ida ted ,  and shaped t o  f i t  t h e  ou te r  
s u r f a c e  of t h e  p ipe  f o r  i t s  e n t i r e  length .  

Concrete Beddinq 
The bottom of t h e  t rench  should be shaped a s  shown on t h e  drawings, 

and t h e  conc re t e  thoroughly tamped o r  v i b r a t e d  around t h e  bottom of t h e  pipe.  
The p ipe  may be supported on concre te  blocks,  when so r equ i r ed ,  t o  provide 
a d d i t i o n a l  t h i ckness  of t h e  bedding, Care i s  r equ i r ed  i n  p l ac ing  concre te  
t o  prevent  l i f t i n g  o r  d i sp l ac ing  t h e  pipe.  

Concrete Cradles 
Pipe c r a d l e s  c o n s i s t  of complete o r  p a r t i a l  encasement of  t h e  conduit .  

The dimensions and o the r  d e t a i l s  f o r  cons t ruc t ion  should be shown on the 
drawings. It i s  necessary t o  support  t h e  p ipe ,  t o  proper  line and grade, 
on p r e c a s t  o r  poured concre te  blocks.  Concrete should be placed on e i t h e r  
side of t h e  condui t  i n  approximate equal  amounts. Care i s  r equ i r ed  i n  con- 
s o l i d a t i n g  t o  make su re  concre te  makes complete con tac t  w i th  t h e  p ipe  and 
t h a t  t h e  p ipe  remains i n  c o r r e c t  p o s i t i o n .  



So i n t  i n q  

Remolded Gasket 
Bell and Spigot--I t  i s  common procedure t o  l a y  b e l l  and spigot  pipe with 
the b e l l  upstream. Holes a r e  excavated i n  t h e  subgrade t o  receive  the  b e l l  
and el iminate uneven pressure. J u s t  before making the  j o i n t ,  the  surfaces 
of the  b e l l  and spigot  should be cleaned and lubr ica ted  with a l i g h t  f i lm 
of vegetable compound. The premolded rubber gasket should be s t re tched 
uniformly a s  it i s  placed i n  the  spigot  groove. The j o i n t  i s  connected by 
a pu l l ing  or  jacking force  applied so t h a t  the  spigot  e n t e r s  squarely i n t o  
the b e l l .  When the  jo in t ing i s  near ly  complete the  pos i t ion  of the  rubber 
gasket i s  checked with a f e e l e r  gage t o  make sure  the gasket i s  properly 
posi t ioned;  then the  spigot  is completely pulled i n t o  pos i t ion .  

Sleeve Joints--Conduits jointed by the  use of s leeves or  c o l l a r s  include 
a l l  pipe ends formed as spigots  with the  s leeve  connector ac t ing  s imi lar  
t o  a b e l l .  Pr ior  t o  jo in t ing,  a l l  surfaces  and r ings  a r e  cleaned and l u b r i -  
ca ted  a s  required f o r  b e l l  and spigot  pipe. One end of t h e  eleeve o r  c o l l a r  
may be i n s t a l l e d  p r i o r  t o  placing the  p ipe  i n  the  trench. Final  jo in t ing 
is  accomplished as for  bel l - type  conduits .  

Cement Mortar 
Bell and Spigot--Cement mortar f o r  j o i n t s  and bands i s  mixed i n  the  propor- 
t i o n  of one p a r t  port land cement t o  two p a r t s  sand and s u f f i c i e n t  water t o  
produce a workable mix. 

The pipe jo in t  surfaces should be c lean and moist. Suf f i c ien t  mortar 
is added t o  the  lower por t ion of t h e  p ipe  b e l l  t o  make a smooth inner sur-  
face.  The spigot  end then is  completely jointed.  The remaining annular 
space between the  b e l l  and spigot  i s  completely f i l l e d  and dressed off with 
the  outs ide  surface  of the  b e l l .  The i n t e r i o r  j o i n t  i s  f i l l e d  and pointed 
t o  a smooth surface.  A swab may be used t o  f i n i s h  the  i n t e r i o r  surface of 
small diameter pipe. 

Tongue-and-Groove--The jo in t ing surfaces  of t h e  p ipe  should be c lean and 
moist.  The pipe i s  placed on end with the  groove (female end) up. After 
the  groove is covered with mortar t h e  p ipe  is  c a r e f u l l y  shoved over the 
tongue end of the  pipe previously l a i d .  Surplus mortar should appear on 
the  i n t e r i o r  and e x t e r i o r  surfaces of t h e  j o i n t ,  indica t ing t h a t  the  mortar 
completely f i l l s  the  jo in t .  Surplus mortar i s  c a r e f u l l y  removed a f t e r  the  
pipe i s  placed t o  l i n e  and grade. 

Banding-External bands of mortar a r e  added t o  t h e  newly i n s t a l l e d  pipe t o  
increase  the  watert ightness of the  tongue-and-groove jo in t .  The area  t o  be 
covered should be c lean and moist.  Suf f i c ien t  mortar is  placed on the  
ground under the  end of each pipe a s  it i s  l a i d  t o  make a continuous band. 

Banding operat ions usual ly  follow 3 t o  5 j o i n t s  behind the  laying oper- 
a t i o n  t o  prevent movement and damage t o  the  band. The banding mortar i s  
shaped and pressed i n t o  p lace  by hand. A brush or  l i g h t  trowel f i n i s h  may 
be added a s  required.  



Curing--All ex te rna l  mortar j o i n t s ,  bands o r  c o l l a r s  should be protected 
by covering with moist e a r t h ,  sand o r  bur lap  and kept  h o i s t  for: the  speci -  
f i e d  cur ing  period,  normally 3 days. Backf i l l ing  o r  hydros ta t ic  pressure  
should not  be applied t o  t h e  pipe u n t i l  approval i s  given. 

Welding 
S tee l  p ipe l ines  may be joined by welding. The pipe should be uniform- 

l y  round wi th  smooth end surfaces  so t h a t  a t i g h t  b u t t  weld can be made. 
The surfaces  t o  r ece ive  t h e  weld should be f r e e  of a l l  coat ings.  The weld- 
e r  should be qua l i f i ed  and have a l l  necessary equipment t o  perform the  work. 
The pipe should be so posi t ioned and supported t h a t  the weld can be per- 
formed without turning or  r o l l i n g  the  p ipe  while welding. The cur ren t ,  a r c  
length ,  angle and t r a v e l  speed should be governed t o  produce a smooth, uni- 
£om,  well-formed bead. No undercutt ing,  overlapping o r  p i l i n g  up is  per-  
mit ted.  The completed p ipe l ine  should be pressure  t e s t e d  t o  insure  s a t i s -  
f ac to ry  workmanship before accepting the  work. 

The surface  of the  welds and a l l  damaged coat ings  a r e  t r e a t e d  with 
p a i n t s  and wrappings t o  provide p ro tec t ion  t h a t  meets the  requirements 
spec i f i ed  f o r  the  work. 

Bolted Couplers . 
Metal p ipe l ines  may be joined by bol ted  assemblies. The most common 

- couplers  f o r  smooth metal p ipe  a r e  f langes  and Dresser type u n i t s .  Flanged 
ends a r e  at tached t o  the  pipe a t  the  f ac to ry  and can be e a s i l y  bol ted  i n  
the  f i e l d  t o  form a wa te r t igh t ,  high pressure  j o i n t ,  Good q u a l i t y  gaskets  
should be used and a l l  b o l t s  uniformly t ightened but  not  overstressed.  

The Dresser coupling includes f langes  and gaskets  t h a t  provide a water- 
t i g h t  pressure  j o i n t ,  and a l s o  permits l imi ted  movement of the  pipe wi th in  
t h e  joint. This patented j o i n t  is  o f t e n  spec i f i ed  a t  predetermined i n t e r -  
v a l s  on l i n e s  having r i g i d  j o i n t s  t o  permit movement caused by temperature 
o r  o ther  causes. The end of t h e  p ipe  t o  be joined should be uniform i n  
shape and f r e e  from a l l  coat ings.  The coupling i s  assembled according t o  
the i n s t r u c t i o n s  of the  manufacturer and uniform tens ion applied t o  a l l  
assembly b o l t s .  

Corrugated metal pipe i s  joined by coupling bands which may be-manu- 
fac tured  with angle i ron  b o l t  type assemb'lies o r  r o l l e d  bands t igh tened  
wi th  rod lug  type t ighteners .  The p ipe  ends t o  be joined should be spaced 
as requi red  t o  permit the  grooves i n  t h e  band t o  properly s e a t  i n t o  the  
grooves of the  pipe. Tapping the  band with a hammer during the  t ightening 
process w i l l  a i d  i n  sea t ing  the band. When rubber gaskets  a r e  spec i f i ed ,  
e x t r a  c a r e  i s  required t o  properly pos i t ion  the  gasket and the  band t o  form 
a wa te r t igh t  j o i n t .  

Open J o i n t s  
Not a l l  p ipe l ines  r equ i re  wa te r t igh t  j o i n t s .  Concrete and c lay  p ipe  

used f o r  drainage is  l a i d  wi th  open j o i n t s .  Tongue-and-groove and square 
end j o i n t s  a r e  the  most common type. The pipe should be uniformly bedded 
and l a i d  t o  provide a small space between adjoining sec t ions  t o  permit f r e e  
entrance of water.  The j o i n t  gap and cover p ro tec t ion  should be i n s t a l l e d  
i n  accordance with the  requirements shown on the  drawings. 



Backf i l l  

Quality of Materials 
Backf i l l  placed i n  contact  with t h e  pipe should cons i s t  of s e l e c t  

mater ia l  f r e e  from organic mate r i a l ,  frozen clods,  and rock which exceed 
2 inches i n  diameter. Random mate r ia l ,  which may include l a rge r  s tone,  may 
be used a f t e r  the  speci f ied  cover i s  i n  place.  

Placement 
Special ca re  i s  required i n  lowering and placing b a c k f i l l  around pipe  

conduits.  This usual ly  requ i res  hand labor t o  maintain equal f i l l  on e i t h e r  
s ide  of the  pipe t o  prevent displacement. Heavy equipment may be used t o  
complete the  placement of uncompacted b a c k f i l l .  Surplus mater ia l  i s  added 
t o  the  surface  area  of the  trench loca t ion  t o  compensate f o r  fu tu re  s e t t l e -  
ment. 

Compact ion 
The requirements and l i m i t s  f o r  compacted b a c k f i l l  should be c l e a r l y  

out l ined on- the  drawings. Backf i l l  compacted t o  a speci f ied  densi ty  w i l l  
r equ i re  inspection of the  q u a l i t y  of the  mate r i a l ,  the  moisture content ,  
and the  in-place densi ty.  Backf i l l  f o r  conduits constructed i n  conjunction 
with water impounding embankments r equ i res  spec ia l  a t t e n t i o n  due t o  the  haz- 
ard of water movement along the  conduit.  Precaution should be taken t o  pre-  
vent  the  l i f t i n g  or  changing of alignment of the  conduit during compaction. 

8. WATER CONTROL GATES AND VALVES 

Sl ide  Gates 

Sl ide  gates  a r e  made f o r  a wide range of s ixes  and operat ing heads. 
The c a s t  i ron ,  s t e e l ,  o r  fabr ica ted  s t e e l  ga te  assembly c o n s i s t s  of a mov- 
able  s l i d e ,  which may be round, square, or  rectangular  i n  shape, and a con- 
necting stem with an at tached geared wheel or  crank fo r  opening and c los ing 
the s l i d e .  The s l i d e  i s  held i n  pos i t ion  by angle i ron  o r  other framework. 
Wedge blocks a r e  properly posi t ioned t o  cause the s l i d e  t o  make contact  with 
a s t a t ionary  frame which provides a water t ight  closure.  Sl ide  gates  a r e  
manufactured f o r  sea t ing heads varying from 5 t o  100 feet .  They a r e  used 
f o r  con t ro l  of water i n  storage rese rvo i r s ,  canals  and stream diversion,  and 
on-farm i r r i g a t i o n  d i s t r i b u t i o n  systems. 

Flap Gates 

Flap gates  a r e  used t o  control  flow automatical ly.  They a r e  used t o  
prevent backflow through pipes under dikes and levees,  ye t  permit drainage 
a t  low t i d e  or  streamflow s tages .  The c a s t  i ron ,  s t e e l  o r  fabr ica ted  s t e e l  
assemblies a r e  ava i l ab le  i n  various s i z e s  and shapes. The assembly c o n s i s t s  
of a gate  hinged a t  the  top o r  upper quar ter  and a matching s e a t  t h a t  forms 
a water t ight  closure.  The s e a t  may be at tached t o  the  pipe or  i n s t a l l e d  as 
an i n t e g r a l  p a r t  of a concrete headwall. 



I r r i g a t i o n  Control Gates 

In  addi t ion  t o  the standard low head s l i d e  gates  commonly used, the re  
a re  various o ther  types and kinds of products used t o  con t ro l  the flow of 
i r r i g a t i o n  water, such a s  metal turnouts and a l f a l f a  gates .  These assemb- 
l i e s  may be at tached t o  metal or  concrete p ipel ines ,  concrete control  s t ruc -  
tu res ,  or  concrete d i t c h  l in ings .  

High pressure valves a r e  comonly used t o  con t ro l  l a rge  flows or high 
pressure streams. This type of valve usual ly  i s  of a ga te  or  globe type 
design. These valves require  q u a l i t y  mater ia l  and f i n i e h ,  and t h e  cos t  i s  
r e l a t i v e l y  high. They do not  have widespread use i n  small i n s t a l l a t i o n s ,  
but may be included i n  sp r ink le t  systems o r  high pressure  water systems. 

Low Pressure Valves 

Low pressure  valves include the  washer and b a l l  seat type and low head 
v a r i e t i e s  of gate  valves. They a r e  used in  farm i r r i g a t i o n  systems and on 
individual  l i n e s  i n  house o r  other bui ld ing i n s t a l l a t i o n s .  

QUALITY AND ACCEPTANCE 

Standard Brand N a m e s  

Acceptance based on de ta i l ed  spec i f i ca t ions  and tests is  not widely 
used fo r  small p ro jec t s .  Requirements usual ly  can be d ic ta ted  by specify-  
ing a brand and model "or equal" t o  i l l u s t r a t e  acceptable qua l i ty .  This 
procedure i s  e f f e c t i v e  f o r  p ro jec t s  financed by t h e  individual  owner. 

For contrac t  construction involving federa l  funds the  required purchase 
of speci f ied  brand names is  not  acceptable under present  policy.  Brand names 
mentioned i n  t h e  contrac t  can only denote a reference  of q u a l i t y  and workman- 
ship ,  and other  products determined t o  be of equal q u a l i t y  may be furnished 
by the  contrac tor .  

Reference Spec i f  i ca t ions  

Manufactured mate r i a l s  commonly used i n  const ruct ion a r e  control led  and 
t e s ted  by procedures subscribed t o  by industry.  The q u a l i t y  of t h e  individ-  
ual mater ia l s  and performance t e s t s  a r e  outl ined i n  references  such a s  
"American Society f o r  Testing and Materials  l1 (ASTM), "Federal Specif icat ion,  " 

"American Water Works Association" (AWWA) and many others  cormnon t o  a speci f -  
i c  type of industry.  For const ruct ion t h a t  r equ i res  mate r i a l s  of control led  
qua l i ty ,  it i s  general  procedure t o  include i n  the  spec i f i ca t ions  o r  on the 
drawings a request  t h a t  the  product be manufactured t o  m e e t  t h e  requirements 
of a spec i f i c  reference spec i f i ca t ion .  



Manufacturer 's  C e r t i f i c a t i o n  

The requirement t h a t  t h e  c o n t r a c t o r  o r  s u p p l i e r  f u r n i s h  a c e r t i f i e d  
c e r t i f i c a t e  t h a t  t h e  m a t e r i a l s  meet t h e  r'equirements s e t  f o r t h  f o r  the work 
may be included when deemed necessary  by the Service.  The advantage of t h e  
c e r t i f i c a t i o n  i s  t o  have a record  showing t h a t  t h e  s u p p l i e r  met t h e  r e q u i r e -  
ments. 

Visual In spec t ion  

A l l  m a t e r i a l s  de l ive red  t o  t h e  cons t ruc t ion  s i t e  should be inspec ted .  
A c e r t i f i c a t i o n  of q u a l i t y  does n o t  i n s u r e  a g a i n s t  damage dur ing  handl ing 
and t r a n s p o r t a t i o n .  A thorough knowledge of t h e  r e f e rence  s p e c i f i c a t i o n  
and a d e t a i l e d  examination, inc luding  app l i cab le  measurements and super-  
f i c i a l  f i n i s h ,  a r e  important p a r t s  of cons t ruc t ion  inspec t ion .  

ONSITE HANIILING AND STORAGE 

Gates and va lves  should be handled i n  a manner t o  prevent  bending, 
warping, chipping of machined su r f aces ,  damage t o  s u r f a c e  coa t ings  o r  o t h e r  
t rea tment  t h a t  would prevent  proper  func t ioning .  Heavy duty  s l i d e  ga t e s  
should no t  be f u r t h e r  disassembled on t h e  job wi thout  approval of t h e  manu- 
f a c t u r e r ,  s i n c e  f a c t o r y  adjustments  a r e  d i f f i c u l t  t o  d u p l i c a t e  i n  t h e  f i e l d .  
A l l  p a r t s  and assemblies  should be s t o r e d  o f f  t h e  ground. A l l  p a r t s  should 
be accounted f o r  on d e l i v e r y  and adequately p ro t ec t ed  from the elements and 
l o s s .  

INSTALLATION 

Anchor Bol t s  

Metal anchor b o l t s  pos i t i oned  i n  t h e  concre te  o f t e n  a r e  r equ i r ed  t o  
hold g a t e  assemblies  i n  p l ace .  The manufacturer of t h e  g a t e  should provide 
a d e t a i l e d  drawing o r  template  f o r  use  i n  p o s i t i o n i n g  t h e  b o l t s  i n  t he  form. 
If t h e  g a t e  o r  va lve  assembly i s  on t h e  job, i t  i s  recornended t h a t  t h e  b o l t  
s e t t i n g  be c a r e f u l l y  checked wi th  t h e  a c t u a l  ga t e .  To prevent  de lay  and 
a d d i t i o n a l  c o s t ,  a l l  anchor b o l t s  should be placed a t  t h e  exac t  spacing and 
depth spec i f i ed .  Bol t s  pos i t i oned  i n  t h e  forms need t o  be anchored t o  main- 
t a i n  alignment when t h e  conc re t e  is  placed.  Bol t s  embedded i n  unformed con- 
c r e t e  r e q u i r e  t h a t  t h e  concre te  be consol ida ted  near  t h e  b o l t s  t o  form a 
good bond. 

F i e l d  Assembly 

Valves 
Valves a r e  a t tached  t o  provide a w a t e r t i g h t  connect ion,  u sua l ly  by - - 

means of th reads  o r  bo l t ed  f l ange  connections: Care i s  r equ i r ed  t o  prevent  
o v e r s t r e s s i n g  t h e  assembly by us ing  excess ive  wrench p re s su re  whi le  t i gh ten -  
ing. Bolted f l ange  connectors  should con ta in  a t h i n  gaske t  between t h e  
f l anges .  The i nd iv idua l  b o l t s  should be t igh tened  uniformly and only as 
r equ i r ed  t o  prevent  leakage. 



S l i d e  Gates S l i d e  g a t e s  a r e  a t t ached  t o  meta l  p ipe ,  conc re t e  headwalls,  embedded 
meta l  s p i g o t s ,  o r  p r e c a s t  meta l  w a l l  frames ( th imbles) .  Gates designed f o r  
h igh  heads u s u a l l y  a r e  i n s t a l l e d  wi th  some type of thimble. The thimble 
should be anchored i n  p l ace  and proper ly  embedded i n  t h e  conc re t e .  The use  
of a thimble i s  d e s i r a b l e  s i n c e  it provides  matched u n i t s  and permi ts  a t t a c h -  
ing  t h e  g a t e  assembly a t  a l a t e r  da t e .  The c o n t a c t  su r f aces  of t h e  thimble 
and t h e  g a t e  a r e  machined; however, it i s  a good p r a c t i c e  t o  use  a gaske t  
o r  mas t ic  as recommended by t h e  manufacturer t o  form a p o s i t i v e  w a t e r t i g h t  
connection. The anchor s t u d s  t h a t  hold t h e  g a t e  should be uniformly t i g h t -  
ened, being su re  n o t  t o  o v e r s t r e s s  t h e  s tuds .  

Automatic Flap Gates 
F lap  g a t e s  a r e  a t tached  t o  conc re t e  walls o r  t o  p ipe ,  similar t o  s l i d e  

ga t e s .  The g a t e  s e a t i n g  f a c e  should be i n s t a l l e d  w i t h  t h e  f a c e  i n  a v e r t i -  
c a l  p lane  o r  w i th  t h e  bottom of t h e  s e a t i n g  su r f ace  p r o j e c t i n g  s l i g h t l y  f o r -  
ward. The proper p o s i t i o n i n g  of t h e  s e a t i n g  su r f ace  i s  important f o r  proper 
performance of t h e  ga te .  

Concrete s u r f a c e s  t o  r e c e i v e  a f l a t  back type  s e a t  c a s t i n g  should be 
smooth and t r u e  t o  l i n e .  Anchorage t o  an uneven s u r f a c e  can  damage t h e  
c a s t i n g .  

Af t e r  complete assembly, t h e  g a t e  should be checked t o  make s u r e  t h e  
h inges  a r e  a d j i s t e d  t o  uniform c o n t a c t  w i t h  t h e  s e a t i n g  su r f ace .  

Adjust ing and T e s t i n q  

I n  a d d i t i o n  t o  proper  
h o i s t  be placed i n  c o r r e c t  
and guides a r e  ad jus ted  t o  
and lowered throughout i t s  

assembly of t h e  ga t e ,  it i s  important t h a t  t h e  
alignment wi th  t h e  g a t e  and t h a t  t h e  g a t e  stem 
permit f r e e  movement. The g a t e  should be r a i s e d  
f u l l  range and adjustments  made, a s  r equ i r ed ,  t o  

permit  smooth ope ra t ion  f r e e  from unusual resistance o r  binding.  

OPERATION AND MAINTENANCE: 

Ove r s t r e s s ing  

It i s  important t h a t  undue e f f o r t  i s  not exe r t ed  i n  opening and c l o s -  
i ng  g a t e s  and va lves .  A l i t t l e  e x t r a  f o r c e  appl ied  t o  t h e  c o n t r o l  t ransmi ts  
extreme p re s su re  through t h e  threaded stem. It is  a good p r a c t i c e  t o  in-  
s t a l l  s t o p  n u t s  on t h e  g a t e  stem t o  l i m i t  t h e  range of travel of t h e  g a t e  
and t o  prevent  o v e r s t r e s s i n g  of t h e  g a t e  i n  t h e  c losed  p o s i t i o n .  

Surface Coatings 

Water g a t e s  and va lves  a r e  subjec ted  t o  cond i t i ons  which cause su r f ace  
d e t e r i o r a t i o n ,  such as we t t i ng  and dry ing ,  ab ra s ion  fxom water  borne mate r i -  
a l s  , and i c e  and f r e e z i n g  ac t ion .  These cond i t i ons  cause r a p i d  damage t o  
su r f ace  coa t ings .  It is  important t h a t  t h e  su r f aces  be examined p e r i o d i c a l l y ,  
and r e p a i r s  made a s  r equ i r ed  t o  prevent  r u s t  and o the r  damage. The coa t ing  
m a t e r i a l s  should be compatible wi th  t h e  e x i s t i n g  coa t ings  and of a q u a l i t y  



t o  provide maximum pro tec t ion .  The su r f aces  t o  be t r e a t e d  should be c l e a n  
and d ry  and t h e  material appl ied  i n  accordance wi th  t h e  manufacturer 's  
i n s t r u c t  ions.  

P ro t ec t ion  From F i r e  

Gate i n s t a l l a t i o n s  t h a t  c o l l e c t  weed growth o r  streamflow conta in ing  
t r a s h  t h a t  may c o l l e c t  on t h e  g a t e  can cause  maintenance and ope ra t ion  
problems. F i r e  should n o t  be used t o  remove t h e s e  m a t e r i a l s .  Damage t o  
s u r f a c e  coa t ings  w i l l  r e s u l t  and i t  i s  p o s s i b l e  under c e r t a i n  cond i t i ons  
t o  cause  warping o r  o t h e r  damage t o  t h e  g a t e  assembly. Also, i n t e n s e  h e a t  
may damage t h e  su r f aces  of conc re t e  s t r u c t u r e s .  Often t r a s h  b a r r i e r s  may 
be constructed upstream f r o m  t h e  g a t e  that w i l l  make t r a s h  removal by burn- 
ing p r a c t i c a l .  

Lubr ica t ion  

A l l  gate assemblies  should be  l u b r i c a t e d  i n  accordance wi th  the  manu- 
f a c t u r e r ' s  i n s t r u c t i o n s .  Lubr ica t ion  of the  threaded p o r t i o n  of t h e  g a t e  
stem and t h e  c o n t r o l  assembly i s  e s p e c i a l l y  important t o  prevent  wear. 

9. METALWORK 

MATERIALS 

Steel Shapes 

Angles, channels ,  and wide f l anges  a r e  t h e  most commonly used s tandard  
s t e e l  shapes. These m a t e r i a l s  a r e  manufactured i n  a wide range of dimensions. 
S t r u c t u r a l  s t e e l  meeting t h e  requirements  of ASTM A-7 (S tee l  f o r  br idges  and 
b u i l d i n g s )  i s  a v a i l a b l e  a t  most shops and i s  of adequate q u a l i t y  f o r  normal 
i n s t a l l a t i o n s .  High strength steels may be specified f o r  use t o  meet extreme 
condi t ions .  

S t ee l  Pipe 

Seamless and welded b l ack  and z inc  coated p ipe  meeting the  reqyirements  
of ASTM A-120, o r d i n a r i l y  used f o r  steam, water ,  gas and air l i n e s  is  s a t i s -  
f a c t o r y  f o r  use  i n  small  s t r u c t u r e s .  It i s  a v a i l a b l e  from jobbe r ' s  supply. 
The p ipe  i s  manufactured i n  s tandard ,  e x t r a  s t rong ,  and double e x t r a  s t r o n g  
weights .  Standard thread  o r  weld connect ions may be used f o r  f a b r i c a t i o n .  

Bol t s  

Low carbon s t e e l  e x t e r n a l l y  and i n t e r n a l l y  threaded s tandard  b o l t s  t h a t  
meet t h e  requirements  of ASTM A-307 usua l ly  a r e  a v a i l a b l e  from l o c a l  hardware 
d e a l e r s  and have adequate s t r e n g t h  f o r  most work. These f a s t e n e r s  a r e  a v a i l -  
a b l e  i n  square o r  hexagonal heads, and may be suppl ied  wi th  zinc coa t ings  
when f i e l d  cond i t i ons  demand e x t r a  p r o t e c t i o n .  



Trash and Debris Racks 

Fabr ica ted  assemblies  which may c o n s i s t  of s t e e l  shapes,  g r a t i n g s  of 
s t e e l  o r  p ipe ,  o r  a combination of t h e s e  m a t e r i a l s  a r e  necessary  f o r  t h e  
c o n t r o l  of t r a s h  t h a t  may cause clogging of water  c o n t r o l  s t r u c t u r e s .  
Typical  s t r u c t u r e s  where t r a s h  guards may be r equ i r ed  inc lude  o u t l e t s  f o r  
s t o r a g e  r e s e r v o i r s  and i n l e t s  f o r  s iphons,  p i p e l i n e s ,  pumping s t a t i o n s ,  
storm d r a i n s ,  i r r i g a t i o n  d i v e r s i o n  and c o n t r o l  s t r u c t u r e s  and farm d r a i n  
t i l e  sys  tems . 
Guard R a i l s  

Guard ra i ls  i n s t a l l e d  f o r  t h e  s a f e t y  and p r o t e c t i o n  of maintenance 
personnel  and t h e  pub l i c  should be  made a p a r t  of a l l  s t r u c t u r e s  t h a t  have 
inhe ren t  hazards ,  Assemblies of p ipe  and s tandard  p ipe  f i t t i n g s  a r e  econom- 
i c a l ,  a t t r a c t i v e ,  and easy t o  i n s t a l l .  

Spec ia l ly  designed s t r u c t u r a l  shapes o r  heavy channel  s e c t i o n s  may be 
used f o r  road guard rails.  

Other S t ruc tu re  Components 

Metal i s  an economical cons t ruc t ion  m a t e r i a l ,  and has wide use  a s  p a r t s  
of s t r u c t u r e s  made from other m a t e r i a l s .  Typical  examples inc lude :  c o l l a p s -  
i b l e  o r  removable s tanchions  f o r  s t o p  log  dams; s l i d e  grooves f o r  s top  logs ;  
frames f o r  t r a s h  screens ;  weir  p l a t e s  f o r  water measurements; p i l i n g ;  p o s t s ;  
and many o t h e r  minor u n i t s .  

WORKMANSHIP AND ASSEMBLY 

Cut t ing  and Fittinq 

A l l  metal f a b r i c a t i o n  should be performed by competent workmen. Metal 
shapes should be uniform i n  c r o s s  s e c t i o n  and f r e e  from bends o r  d i s t o r t i o n .  
Cut t ing  and f i t t i n g  should conform t o  p l an  dimensions. Burned o r  sheared 
su r f aces  should be accu ra t e  and n e a t l y  f i n i shed .  A l l  su r f aces  t o  be joined 
by welding should be ground and shaped t o  make uniform con tac t .  

Bolted Connections 

Bolted connect ions are not  commonly used i n  assembly because of t h e  
extra l abo r  c o s t .  A l l  ho l e s  should be d r i l l e d  a t  r i g h t  angles  t o  t he  su r -  
f a c e  of t h e  m e t a l  t o  provide uniform bear ing  surface f o r  t h e  b o l t  head and 
nut .  Bolts  should have s u f f i c i e n t  l eng th  t o  extend completely through t h e  
n u t  when i n  f i n a l  pos i t i on .  A l l  b o l t s  should be  t igh tened  t o  make a r i g i d  
j o i n t ,  b u t  no t  ove r s t r e s sed .  



Welding 

A l l  welds should be made by competent ope ra to r s .  The e l e c t r i c  a r c  
process  is  t h e  most p r a c t i c a l  and i s  recoknended f o r  a l l  types of assembly. 
The meta l  su r f aces  t o  be welded should be f r e e  from s l a g ,  p a i n t ,  g r ease ,  
o i l ,  mois ture  o r  o t h e r  f o r e i g n  m a t e r i a l s .  The completed weld should have 
good pene t r a t ion ,  and be f r e e  from p i n  ho le s ,  undercuts ,  and cracks .  The 
weld should p re sen t  a uniform c r o s s  s e c t i o n  complying wi th  t h e  l o c a t i o n  and 
dimensions shown on t h e  drawings. Assemblies warped o r  d i s t o r t e d  due t o  
uneven o r  improper welding h e a t  should no t  be accepted.  

Anchorage 

Metal assemblies  a r e  o f t e n  anchored t o  foundat ions o r  o the r  p a r t s  of 
t h e  s t r u c t u r e .  Anchorage by welding t o  metal  embedded i n  conc re t e  r e q u i r e s  
c a r e  t o  prevent  h e a t  t ransmiss ion  t h a t  would damage t h e  concre te .  

Some assemblies  a r e  i n s t a l l e d  on conc re t e  by means of l ugs  o r  anchor 
b o l t s .  These should be c a r e f u l l y  pos i t i oned  i n  t h e  forms and t h e  concre te  
consol ida ted  around them so  t h a t  complete c o n t a c t  i s  made. Metalwork 
a t t ached  by b o l t s  o f t e n  p r e s e n t s  assembly problems i n  t h e  f i e l d .  It i s  
d e s i r a b l e  t o  have t h e  meta l  u n i t  on t h e  job a t  t h e  time anchor b o l t s  a r e  
s e t  so t h a t  proper  spacing can be measured. An a l t e r n a t e  i s  t o  burn the  
ho le s  t o  match t h e  in-p lace  anchor b o l t s  a t  t h e  job si te.  Holes made wi th  
a welding t o r c h  should be w e l l  formed t o  proper  s i z e .  A l l  m a t e r i a l  that: 
p ro t rudes  beyond the  normal meta l  s u r f a c e  due t o  t h e  burning ope ra t ion  
should be removed. Anchor b o l t s  should be washered and wrenched t i g h t .  
Holes d r i l l e d  i n  conc re t e  o r  wood f o r  expansion o r  l a g  screws should be 
accu ra t e ly  loca t ed  and made t o  proper  dimension. The screws should be 
t igh tened  f o r  maximum anchorage. 

SURFACE PROTECTION 

Pain t  - 
A l l  meta l  s u r f a c e s  no t  embedded i n  conc re t e  should be given a pro tec-  

t i v e  coa t ing  t& minimize t h e  formation of r u s t  and cor ros ion .  Coatings of 
c o a l  tar mixtures ,  v i n y l ,  phenolic  o r  r e d  l e a d  and aluminum p a i n t s  a r e  com- 
monly used. The meta l  s u r f a c e s  should be thoroughly cleaned t o  remove r u s t ,  
s c a l e ,  d i r t ,  o i l  and grease .  The s u r f a c e s  should a l s o  be  d ry  and have a 
temperature above 40 degrees F. a t  t h e  t ime of t reabnent .  Pa in t  m a t e r i a l s  
should be mixed and appl ied  as recommended by the  manufacturer.  The coa t in j  
should be appl ied  a t  a r a t e  t h a t  w i l l  r e s u l t  i n  a uniform s u r f a c e  free from 
runs ,  r i d g e s ,  o r  d r i p s .  Two o r  t h r e e  c o a t s  a r e  normally r equ i r ed  t o  producc 
an adequate p r o t e c t i v e  f i lm.  S u f f i c i e n t  time should be allowed f o r  dry ing ,  
and t h e  su r f ace  of each c o a t  c leaned a s  necessary  before  applying t h e  next  
c o a t .  

Galvanizinq 

Metal su r f aces  should be thoroughly cleaned p r i o r  t o  adding z inc  coa t -  
i ngs .  In so fa r  as p r a c t i c a l ,  c u t t i n g ,  welding and complete assembly should 
be made p r i o r  t o  ga lvaniz ing ,  thus  prevent ing  damage t o  t h e  coa t ings .  The 



hot-dipped process  i s  commonly used; however, s a t i s f a c t o r y  coa t ing  can be 
a t t a i n e d  by the  e l ec t ro -ga lvan iz ing  process .  Visual  examination should be 
made a t  t h e  time of i n s t a l l a t i o n  t o  s e e  t h a t  a l l  metal  su r f aces  a r e  covered 
and t h a t  t h e  coa t ing  i s  f r e e  from b l i s t e r s ,  f l u x ,  b lack  s p o t s  o r  p ro j ec t ions .  
The coa t ing  should form a tough bond wi th  t h e  meta l ,  one t h a t  w i l l  no t  p e e l  
o r  c r ack  when t e s t e d  wi th  a sharp  kn i f e .  The metalwork should be i n s t a l l e d  
i n  a manner t h a t  prevents  ab ra s ion  o r  o the r  rough contact: t h a t  damages t h e  
coating. 

10. TLMBER FABRICATION AND INSTALLATION 

MATERIALS 

Inspec t i o n  and Gradinrg 
Lumber i s  graded by v i s u a l  examination of t h e  p i e c e  t o  determine the  

l o c a t i o n ,  s i z e  and na tu re  of knots  and o t h e r  su r f ace  f e a t u r e s  which may 
a f f e c t  t h e  s t r eng th .  Assoc ia t ions  e x i s t  over the  count ry  t h a t  e s t a b l i s h  
grading and d re s s ing  r u l e s  t h a t  apply t o  lumber manufactured from s p e c i f i c  
spec i e s  of t r e e s .  

Marking and Starnpinq 
To v e r i f y  the  q u a l i t y  of lumber de l ive red  t o  t h e  job, i t  i s  necessary  

t o  know t h e  s tandard  markings used by t h e  Associat ion o r  i n spec t ion  bureau. 
11 Construct ion,"  "standard" o r  " u t i l i t y "  a r e  t h e  more common grades used f o r  
s t r u c t u r e s ,  Grading r u l e s  and markings a r e  a v a i l a b l e  f o r  i n spec t ion  a t  most 
commercial lumber yards.  

Hardware 

Machine b o l t s  and dowels should be medium s t e e l  o r  wrought i r o n  wi th  
square heads and nu t s .  

Washers may c o n s i s t  of c a s t  ogee gray i r o n  o r  mal leable  c a s t i n g s ,  c u t  
s t e e l ,  o r  wrought i r o n  f l a t s .  

Nai l s  and sp ikes  should be c u t  wire of c m e r c i a l  q u a l i t y .  

A l l  hardware items should be galvanized as s p e c i f i e d  on t h e  drawings. 

P re se rva t ives  

The t rea tment  of lumber and po le s  i s  recommended t o  i nc rease  t h e  dura- 
b i l i t y  of t he  wood f i b e r  under va r ious  cond i t i ons  of exposure. Cornmonly- 
used p re se rva t ives  c o n s i s t  of c r eoso te - t a r  mixtures  o r  va r ious  compounds of 
a r s e n a t e ,  zinc, chromium o r  pentachlorophenal .  The p re se rva t ive  may be 
appl ied  by brushing o r  dipping on the s i t e .  F i e l d  a p p l i c a t i o n  should be i n  
accordance wi th  t h e  manufac turer ' s  i n s t r u c t i o n s .  



Lumber and p i l e s  may a l s o  be purchased t h a t  have been pressure  t r ea ted  
by commercial p lan t s .  Comercia l  processing i s  usual ly  performed by methods 
t h a t  conf o m  t o  standards es tabl ished by the "American Wood Preserver ' s 
Association" (AWPA). Pressure-treated mate r i a l s  should be stamped by the  
processor t o  ind ica te  the  name of the  p l a n t ,  kind of preservat ive  and the  
pounds per cubic foo t  t h a t  was absorbed by t h e  wood. 

KINDS OF S T R U C T m S  

lrr iga t ion  

Flumes 
St ructures  t h a t  convey water f o r  continuous periods should be construc- 

red from good qua l i ty ,  f in ished tongue-and-groove lumber. Materials  of t h i s  
type are k i l n  dr ied  and requ i re  s l i g h t  spacing of each piece t o  allow f o r  
the  swell.  The lumber used f o r  subst ructures  and framing should be the spec- 
i f i e d  grades. 

Lumber Tor flume construction requ i res  expensive grades, and the  p ro jec t  
should be c a r e f u l l y  planned and constructed.  

Checks, Drops, and Turnouts 
I r r i g a t i o n  s t r u c t u r e s  of t h i s  type a r e  o f t en  shop assembled. The qual- 

i t y  of t h e  mate r i a l s  may vary depending on cos t  and a v a i l a b i l i t y  of the  
required lumber. It is  des i rab le  t o  have lumber t h a t  is  f r e e  of loose knots,  
s p l i t s  and checks. .The surfaces  may be f in ished o r  unfinished. The s t ruc -  
t u r e  should be r e l a t i v e l y  wa te r t igh t ,  with s t r eng th  t o  resist water and back- 
fill pressures .  

Chutes 
The q u a l i t y  of mater ia l  required f o r  chute const ruct ion depends on cap- 

acity, frequency of use, and the  hazard of the  site. Where leakage can 
r e s u l t  i n  ser ious  erosion or  endanger the s t r u c t u r e ,  good quality mater ia l s  
and const ruct ion a r e  necessary. The design and precautions used i n  construct .  
ing flumes a r e  applicable t o  chute construction.  

Farm Bridges 

Farm bridge construction requ i res  lumber t h a t  is  capable of supporting 
t r a c t o r s  and other  heavy loads,  Inspection of the  mate r i a l s  furnished t o  
t h e  s i t e  i s  important s ince  s a f e t y  t o  human l i f e  i s  involved. The lumber 
should show the  speci f ied  grade stamp and, when applicable,  the preservat ive  
treatment applied.  

Components of Other St ructures  

Lunber mate r i a l s  a l s o  a r e  used t o  const ruct  replaceable p a r t s  of s t ruc -  
tu res  t h a t  a r e  made primari ly from more permanent mater ia ls .  Typical exam- 
p l e s  include s top logs,  catwalks, and s h e l t e r  houses for ga te  controls .  



SIZES AND LENGTHS 

Rough (Unfinished) Lumber 

Lumber s i z e  is  denoted by thickness,  wid thand  length,  i n  t h a t  order.  
The s i z e s  l i s t e d  on the  drawings a r e  numinal dimensions. For unfinished 
lumber, not  k i l n  dr ied ,  the  mater ia l  usual ly  m e e t s  or  exceeds the  nominal 
thickness and width. 

Dressed Lumber 

Dressed lumber s i z e s  a r e  l e s s  than the  nominal s i ze .  For example: 
a f t e r  dressing,  1 x 4 f loor ing  measures 25/32 inch x 3-112 inches; a f i n -  
ished 2 x 4 measures 1-518 x 3-518. For lumber over 2 inches th ick ,  the  
thickness and width a r e  '318 inch scant  f o r  faces  under 8 inches and 112 inch 
f o r  faces over 8 inches. Lumber mate r i a l s  a r e  ava i l ab le  i n  mul t ip les  of 
2-foot lengths from 4 t o  20 f e e t .  S t ructure  grades can be furnished i n  
longer lengths  on order. 

STORING AND HANDLING 

Pi l ing  on the  S i t e  

Lumber should be p i l ed  off  the  ground on supports so placed t h a t  proper 
shape of the  mate r i a l  i s  maintained. I n  stacking,  one end should be ra i sed  
t o  provide drainage. Kiln-dried and f i n i s h  lumber should be s tored under 
cover. 

Surface Damage 

Methods used i n  t ranspor t ing and handling should prevent damage t o  t h e  
surface faces or  edges. This i s  espec ia l ly  important f o r  t r ea ted  lumber o r  
poles. Sharp-pointed too l s  o r  hooks should not  be used t o  handle t r ea ted  
timber. Rope or other nonmetallic mate r i a l s  a r e  commonly used fo r  handling 
on the  job. 

Cutting and Framing 

A l l  carpentry should be done by competent workmen. Measurements should 
be accurate and c u t s  made t r u e  t o  l i n e  and shape. J o i n t s  should have even 
bearing without the  use of shims. Insofar  as p r a c t i c a l ,  cu t t ing ,  framing 
and boring should be accomplished p r i o r  t o  adding preservat ive  treatment. 

Nai l ing  

Nails and spikes should be dr iven s t r a i g h t  and t r u e  t o  pos i t ion  and 
only u n t i l  t h e  head i s  j u s t  f lush.  Deep harmer marks cause damage t o  the  
wood f i b e r .  



Bol t ing  

Holes f o r  b o l t s  should be bored 1/16 inch overs ize ,  and a t  r i g h t  angles 
t o  the  face of the  ma te r i a l .  Bolts should be provided with washers of the  
co r rec t  s i z e  a t  both ends, The b o l t s  should not  be t ightened t o  cause 
deformation of t h e  wood f i b e r s .  

Treat ing Damaged Surf aces 

F ie ld  c u t s  o r  d r i l l e d  holes made i n  t r e a t e d  lumber should be coated 
with the  same preservat ive  a s  used i n  the  o r i g i n a l  process. Likewise, 
damaged surfaces  o r  corners  of a l l  t r e a t e d  lumber should be t r e a t e d  i n  the  
f i e l d .  Factory o r  shop p a i n t  coat ings  t h a t  a r e  damaged p r i o r  t o  o r  during 
i n s t a l l a t i o n  need t o  be touched up t o  r e s t o r e  appearance and t o  provide 
s a t i s f a c t o r y  protec t ion .  

11. MASONRY 

MATERIALS 

Stone - 
Stone (rock) s u i t a b l e  f o r  s t r u c t u r e s  should be: 

1. Hard and durable. 

2. Available i n  blocks of s u f f i c i e n t  s ize  t o  form the 
elements of the  s t r u c t u r e .  

3. O f  s u i t a b l e  t ex tu re  f o r  shaping a s  required.  

Limestone and sandstone a r e  conanonly uaed i n  small s t r u c t u r e s  s ince  
these  ma te r i a l s  a r e  widely d i s t r i b u t e d  and a r e  more e a s i l y  quarried and 
shaped for const ruct ion  purposes. Since rock can vary i n  qua l i ty ,  advice 
should be requested from a geologis t  i f  the  a c c e p t a b i l i t y  of a s p e c i f i c  
source of rock i s  doubtful.  

Concrete Blocks 

Preformed concrete blocks may be purchased from commerical manufactur- 
ers. The process of manufacture includes the  use of a dry concrete mix 
which i s  placed i n  a metal mold and compacted by mechanical pressure o r  
tamping equipment. Proper m i x  and operat ing procedure permits immediate 
form removal for reuse. Due t o  t h e  relatively dry m i x  and method of manu- 
f ac tu re ,  t h e  product tends t o  be porous and may not  prove t o  be as durable 
as stone masonry-under severe opera t ing  condit ions.  The blocks a r e  common- 
l y  manufactured i n  8 x 8 x 16 inches (regular  bui ld ing block) and 
8 x 8 x 8 inches, ha l f  size. Other dimensions may be ava i l ab le  a t  c e r t a i n  
locat ions .  



Mar t a r  

Masonry, whether constructed of s tone o r  concrete blocks, requires  a 
mixture of sand and cement to jo in  the  separa te  components into an imper- 
vious s t a b l e  mass. 

Cement 
Should be port land cement of the  opecif ied type, which may vary depend- 

ing on the  s o i l  and water condit ions t h a t  p reva i l .  Type I or  Type I1 a r e  
usual ly  s a t i s f a c t o r y .  

Sand - 
The f i n e  aggregate should cons i s t  of c lean,  durable p a r t i c l e s  which 

meet the  requirements f o r  aggregate used i n  concrete manufacture. Sand 
t h a t  passes the  number 16 s ieve  gives b e t t e r  workabil i ty and i s  preferred.  

Water 
Mixing water should be f r e e  from in jur ious  amounts of o i l ,  ac ids ,  s a l t s  

o r  organic matter.  Water from clorneetic supply should be used when avai lable .  

KIND OF STRUCTURES 

Masonry i s  s u i t a b l e  f o r  const ruct ion of small erosion and water con t ro l  
s t ruc tu res .  The use  of concrete blocks has economic advantage due t o  the 
e x t r a  labor usual ly  required i n  obtaining and shaping stone mater ia l .  Mason- 

@ r y  has low res i s t ance  t o  t e n s i l e  forces.  Ver t ica l  stone wal ls  r equ i re   design^ 
t h a t  provide t h e  necessary s t a b i l i t y  by u t i l i z i n g  the  weight of t h e  mater ia l  
t o  r e s i s t  e a r t h  and water pressures.  

Walls constructed with concrete blocks t h a t  have hollow cores may be 
reinforced by matching and f i l l i n g  t h e  openings with good concrete.  Added 
s t a b i l i t y  may be provided by inse r t ing  v e r t i c a l  re inforc ing bars  in to  the  
blocks before f i l l i n g  the  openings with concrete.  

Drop Structures 

St ructures  of good q u a l i t y  stone give economical se rv ice  under moder- 
a t e l y  severe operating condit ions,  which include heavy flows and f reeze  and 
thaw temperatures. 

The s t a b i l i t y  and bearing capacity of the  foundation i s  very important 
fo r  masonry s t ruc tu res .  They have high u n i t  weight and the wal l  sec t ions  
o f t en  requ i re  considerable thickness t o  provide s t a b i l i t y .  Cracking due t o  
d i f f e r e n t i a l  set t lement can r e s u l t  i n  f a i l u r e  of t h e  s t ruc tu re .  

Concrete blocks a r e  not commonly used f o r  high drops or f o r  operat ing 
condit ions t h a t  include continuous flows and severe weather condit ions.  

Chutes 

Stone masonry has some app l ica t ion  fo r  s m a l l  chutes, provided high 
ve loc i ty  flow i s  not  involved. Usually chutes a r z  i n s t a l l e d  i n  locat ions  



which involve shor t ,  s t eep  p r o f i l e s  where t h e  eros ion can be control led  
more economically wi th  p ipe  o r  concrete l in ing .  

Concrete b locks ' a re  not  reconmended f o r  chute construction.  

Checks and Turnouts 

These small f i e l d  s t r u c t u r e s  may be constructed from masonry and w i l l  
perform s a t i s f a c t o r i l y ,  provided good q u a l i t y  mate r i a l s  and workmanship a r e  
obtained. Stone mate r i a l s  a r e  not  commonly used due t o  the  labor required 
t o  provide and shape the  rock. 

Concrete block masonry has considerable app l i ca t ion  because of t h e  
uniformity of shape and the  a v a i l a b i l i t y  of material supply. Anchor b o l t s  
f o r  s top log angles o r  formed notches may be r e a d i l y  adapted t o  the  job 
requirements. S t ructure  designs based on concrete b locks  usual ly  include 
a c o n ~ r e t e  f l o o r  s l a b  and cutoff  wa l l s  t o  assure  s t a b i l i t y  and good 
performance. 

IN STALLAT ION 

Sa t i s fac to ry  l i f e  and performance of any s t r u c t u r e  depends on good 
const ruct ion procedures throughout a l l  phases of the  work. The following 
operat ions requ i re  c lose  adherence t o  requirements out l ined i n  the  plans 
and spec i f i ca t ions .  

Foundation Preparat ion 

After  the  excavation i s  completed t o  the  l i n e s  and grades, the  subgrade 
should be inspected t o  see  t h a t  t h e  foundation mater ia l  is  w e l l  compacted 
and has adequate bearing capacity t o  support the  s t ruc tu re .  Uniformity of 
t h e  exposed mate r i a l s  and the  absence of any condit ions t h a t  would r e s u l t  
i n  uneven set t lement i s  necessary t o  prevent cracking and displacement i n  
the  masonry. Wet s i t e s ,  unless drained and s t a b i l i z e d ,  should not be used. 

BatChing and Mixing Mortar 

Mortar should be ca re fu l ly  batched by volume or by weight t o  provide 
t h e  proport ions of cement and sand speci f ied  f o r  t h e  work. A m i x  of 1 p a r t  
cemen.t t o  2 p a r t s  sand i s  commonly used f o r  t h e  i n i t i a l  layers .  Pointing 
mortar,  when required,  is  o f ten  mixed 1 p a r t  cement t o  1 part sand. The 
amount of mixing water should be l imi ted  t o  t h e  minimum amount t h a t  w i l l  
produce a workable mix, but preferably  on the  dry s i d e  t o  reduce shrinkage 
and cracking. The mortar should be uniformly mixed and used wi th in  45 min- 
utes. Machine mixed mortar tends t o  be more uniform and is  preferred  over 
hand mixing. 

Placing Stone o r  Blocks 

The size and f i n i s h  of t h e  individual  s tones and the  methods of laying 
should be shown on the drawings. For conservation structures, the xequire- 
ments f o r  shaping o r  cu t t i ng  t o  provide j o i n t s  having less than 1/2 inch 



a between surfaces of adjoining stones (Ashlar Masonry) can r a r e l y  be j u s t i -  
f i e d .  Rubble masonry, which c o n s i s t s  of unsquared stone,  i s  more economical 
and i s  adequate f o r  small s t ruc tu res .  

The method of placing t h e  s tone  i n  each course may be spec i f i ed  as 
Range Masonry, i n  which a course i s  the  same thickness throughout; Broken 
Range, i n  which the  course is  uniform i n  thickness f o r  only p a r t s  of i t s  
length;  or Random Masonry, which means t h a t  the  stone i s  not  laid i n  courses. 

Stone f o r  rubble masonry, when placed, should be c lean and dust  f r e e .  
Sharp acute  angles should be removed from the  block. The stone should be 
kept moist fo r  an hour p r i o r  t o  bedding i n  the  mortar. Other requirements 
t o  be considered a r e :  

1. The l a r g e s t  s tones should be used i n  the  foundation o r  lower 
port ion of the  wal ls .  

2 .  Each stone should be l a i d  on i t s  broadest face.  

3. S t r a t i f i e d  stones should be l a i d  with the  s t r a t a  perpendicular 
t o  maximum pressure ,  usual ly  hor izonta l .  

4 .  No j o i n t  i n  any course should be d i r e c t l y  above a j o i n t  i n  
the  course below. 

5. Do not move a stone by s l i d i n g  a f t e r  it has been bedded i n  
the  mortar. To prevent moving other  in-place stone,  l i f t  t h e  
stone t o  be moved and r e s e t  i t  i n  proper pos i t ion .  

Concrete blocks usual ly  a r e  placed i n  a uniformly coursed p a t t e r n  
(range masonry) with evenly d i s t r i b u t e d  overlapping or  bonding of each 
course. Half-length blocks a r e  used a s  required t o  provide the  proper 
spacing f o r  each course. The blocks should be w e l l  moistened j u s t  p r i o r  
t o  placing i n  the bedding mortar. 

Placing Mortar 

Adequate mortar should be used t o  campletely surround t h e  jo in t ing  
surfaces of the  stone. Due t o  the  i r r e g u l a r  surfaces the  thickness of the 
mortar w i l l  vary from a minimum of approximately 3/8 inch t o  the  require-  
ments t o  completely fill a l l  voids. Adequate bedding mortar should be 
evenly spread so t h a t  t h e  stone can be l i g h t l y  tapped t o  insure  complete 
contact ,  Often rock s p a l l s  can be embedded i n  the  mortar t o  reduce t h e  
space and save mortar. 

When so speci f ied ,  the  e x t e r i o r  edges of t h e  j o i n t s  should have t h e  
mortar recessed about 1 inch t o  receive  point ing mortar. The recessed areas  
should be moistened j u s t  p r i o r  t o  applying the pointing mortar. Proper sea l -  
ing of the  j o i n t s  is  important t o  prevent the  entrance of moisture which may 
cause-freeze-thaw de te r io ra t ion .  



The jo in t ing  surfaces  of concrete blocks should be completely sur-  
rounded.by approximately 112 inch of mortar. The bedding layer  should be 
unifbrmly spread and the  jo in t ing  ends of t h e  blocks coated p r i o r  t o  place- 
ment. As  the  block i s  placed, it should be l i g h t l y  tapped t o  l i n e  and grade 
and the  exposed j o i n t  surface  f in ished f l u s h  and smooth. A chalk l i n e  s e t  
t o  l i n e  and grade i s  recommended when laying long w a l l s .  

Curing and Protec t  ion 

Mortar used i n  masonry has a high cement content  and i s  subject  t o  
quick s e t  and high shrinkage. I n  hot  weather the  masonry should be kept 
moist f o r  2 or 3 days. Wet coverings, fog nozzles, o r  spraying may be used. 
Masonry const ruct ion should not be performed i f  f reezing temperatures a r e  
an t i c ipa ted ,  unless adequate cover o r  housing i s  ava i l ab le  to  p ro tec t  the  
s t r u c t u r e .  The mortar should be protected from freezing f o r  a minimum of 
5 days. 

12. ROCK RIPRAP 

MATE R U L  S 

Qual i ty  of Stone 

Riprap cons i s t s  of s tone of various s i z e s ,  placed compactly o r  i r r eg-  
u l a r l y ,  t o  prevent t h e  scouring ac t ion  of water.  

Stone used f o r  r i p r a p  should be dense and hard enough t o  withstand 
exposure t o  a i r ,  water and f reezing temperature. The s u i t a b i l i t y  of a 
s p e c i f i c  source of s tone may of ten  be evaluated by study of the  performance 
of the  rock used on other  p ro jec t s .  For stone of unknown qua l i ty ,  i t  i s  
des i rab le  t o  have .an appra isa l  made by a geologis t .  Some stone appears 
s a t i s f a c t o r y  a t  the  time of harvest ing but  may d i s i n t e g r a t e  wi th in  a f e w  
years ,  Rough angular s tone reasonably wel l  graded i n  s i z e ,  a s  cormnonly 
produced i n  quarr ies ,  i s  the  preferred  type of mater ia l .  Smooth rounded 
surface stone does not in te r lock  o r  r e s i s t  movement as w e l l  as quarry stone.  

Stone f o r  hand-placed const ruct ion may be spec i f i ed  fo r  spec ia l  appear- 
ance and t o  u t i l i z e  thin-bedded mate r i a l  (6 t o  12 inches)  which may be shaped 
and placed on edge, 

Bedd i n q  

S i t e s  t o  be r iprapped,  which include s teep e a r t h  banks of stream chaa- 
n e l s  or  dams, o f t en  requ i re  addi t ional  protec t ion t o  prevent the  erosion of 
f i n e s  from under the  stone blanket .  This eros ive  a c t i o n  by water may cause 
uneven set t lement of the  stone and fai lure of the  riprapped sect ion.  For 
these  condit ions a l ayer  of sand, gravel ,  rock s p a l l s ,  o r  a combination of 
these  mate r i a l s  is  placed on the  e a r t h  slope t o  the speci f ied  thickness.  
Usually 4 t o  8 inches is  su f f i c ien t . ,  These granular  mater ia ls  form a bed- 
ding layer  t h a t  prevents erosion of the  underlying s o i l  and supplements the 
r ip rap  protec t ion.  A l l  ma te r i a l s  used for bedding should be hard, durable, 
and capable of functioning f o r  t h e  l i f e  of the  rock r i p r a p ,  



Grouted rock r i p r a p  i n s t a l l e d  a t  s i t e s  having quest ionable drainage 
c h a r a c t e r i s t i c s  may r e q u i r e  a l aye r  of d r a i n  ma te r i a l  placed beneath the  
r ip rap .  This ma te r i a l  should meet all t h e  requirements previous ly  speci -  
f i e d  f o r  o ther  types of s tone  s t r u c t u r e s .  

Grout - 
Grouted r ip rap  c o n s i s t s  of loose  rock completely bonded i n t o  a s o l i d  

mass by f i l l i n g  the  voids  wi th  a mixture of concrete.  The grout  i s  a regu- 
l a r  concrete mixture wi th  a l i m i t a t i o n  on the maximum s i z e  of coarse  aggre- 
gate, usua l ly  314 inch,  A l l  ingredients  should be o f . a  q u a l i t y  normally 
used f o r  o ther  concre te  cons t ruc t ion .  The mix should be proportioned t o  
con ta in  a minimum of 5 bags of cement per cubic yard and produce a slump 
wi th in  a range of 6 t o  11 inches. The grout  should be machine mixed. 
Often t r a n s i t  mixers can depos i t  the  grout  d i r e c t l y  upon the  in-p lace  rock 
sec t ions .  

ADAPTABILITY 

Loose Rock Riprap 

Machine or  hand-placed r i p r a p  has proven t o  be a s a t i s f a c t o r y  construc-  
t i o n  m a t e r i a l  for p ro tec t ing  a l l  c l a s s i f i c a t i o n s  of s o i l s  from e ros ion  caused 
by water under medium t o  low v e l o c i t y  f l o w .  

S t ruc tu res  that may be protec ted  wi th  loose  rock inc lude  stream channel 
banks, constructed s lopes  f o r  dams and d ikes ,  i n l e t  and o u t l e t  s ec t ions  ad- 

@ jacent  t o  var ious  kinds of water c o n t r o l  s t r u c t u r e s ,  br idge  abutments, and 
c u l v e r t  i n l e t s  and o u t l e t s .  The determinat ion t o  use rock r i p r a p  f o r  a spe- 
c i f i c  p r o j e c t  should be based on t h e  s i t e  condi t ions  and t h e  comparable c o s t s  
of i n s t a l l i n g  o ther  permanent types of p ro tec t ion .  

Grouted Rock Riprap 

Grouted rock i s  s u i t a b l e  f o r  p ro tec t ing  t h e  same s i t e  s i t u a t i o n s  t h a t  
a r e  adapted f o r  loose  rock r ip rap .  Grouted rock provides added s t a b i l i t y  
t o  r e s i s t  high v e l o c i t y  flow and i c e  ac t ion .  The use of grout  a l s o  makes 
it poss ib le  t o  u t i l i z e  small s tone  t h a t  would not  be adequate i f  placed a s  
loose  r ip rap .  

INSTALLATION 

Foundation Requirements 

The foundation requirements f o r  rock r i p r a p  a r e  similar t o  those f o r  
concrete and o ther  types of permanent s t r u c t u r e s .  The su r faces  on which 
rock o r  bedding m a t e r i a l s  a r e  placed should be  w e l l  compacted and s t a b l e .  
The foundation excavation f o r  t h e  toe  sec t ions  f o r  streambank p ro tec t ion  
should be down t o  an e l eva t ion  t h a t  is  s a f e  from scour o r  degradat ion of 
the  channel bottom. Displacement of t h e  t o e  rock removes support f o r  ad- 
jacent  s tone,  and the  chain r e a c t i o n  may r e s u l t  i n  complete f a i l u r e  of the  
r i p r a p  sec t ion ,  It i s  a l s o  important t o  make su re  t h a t  t h e  beginning and 
ends of the  t r e a t e d  s e c t i o n  a r e  adequately entrenched i n t o  t h e  banks t o  
prevent undermining. 



The s t a b i l i t y  and drainage of the foundation f o r  grouted rock r i p r a p  
i s  e s s e n t i a l ,  s ince  t h e  sec t ions  are commonly placed continuously without 
j o i n t s  or  provisions f o r  uneven set t lement.  Foundations t h a t  present  drain-  
age problems should be t r ea ted  with f i l t e r  ma te r i a l  and weep holes a s  
speci f ied .  

Shaping Earthwork 

The surface  on which bedding mate r i a l s  o r  rock r i p r a p  i s  t o  be placed 
should be graded t o  t h e  l i n e s  and grades shown on the  drawings, The sub- 
grade should be checked f o r  loose material o r  s o f t  a reas  p r i o r  t o  placing 
t h e  p ro tec t ive  mater ia ls .  Excavations made adjacent  t o  s t r u c t u r e s  requ i re  
caut ion t o  prevent damage t o  the  s t ruc tu res .  

Placing Rock 

The r i p r a p  should be placed i n  the  manner speci f ied .  Hand-placed 
r i p r a p  requires  an excessive amount of labor and f o r  t h i s  reason i s  not 
commonly used on small s t ruc tu res .  Machine-placed r i p r a p  requires  hand 
labor only a s  necessary t o  prevent damage t o  s t r u c t u r e s  and t o  produce t h e  
thickness o r  surface f i n i s h  required.  This i s  the  cormnon i n s t a l l a t i o n  pro- 
cedure. Placing equipment may include front-end loaders,  clam buckets, 
d rag l ine  buckets o r  crane-operated skips.  The r ip rap  should be placed t o  
the  f u l l  course thickness i n  one continuous operat ion,  and by methods t h a t  
prevent displacement of t h e  bedding o r  f i l t e r  mater ia ls .  The placement of 
loose r i p r a p  should r e s u l t  i n  a reasonably w e l l  graded mass, with s u f f i c i e n t  
small s tone  t o  f i l l  the  voids between the l a rge  rock. 

Placing by dumping from t rucks  o r  by spreading with dozers tends t o  
segregate the  rock s i z e s  and should not  be used f o r  placing unless addit ion- 
a l  precaution i s  taken t o  maintain uniformity of t h e  gradation. 

Rock placed fo r  grouted sec t ions  should be graded t o  remove t h e  major 
por t ion  of the  mater ia l  less than 4 inches i n  s i z e .  The rock should be 
arranged t o  el iminate l a r g e  pockets. Stone should not be decked one above 
the  other t o  meet thickness requirements. Hand labor should be u t i l i z e d  
a s  required t o  improve the  arrangement and t o  produce the thickness and sur-  
face speci f ied  f o r  the  work. Prior  t o  placing grout ,  the  rock should be 
washed using water pressure a s  required t o  expose a c lean  surface.  

Plac ina  Grout and Protect ion 

The rock r ip rap  should be kept w e t  immediately ahead of the  placing 
of the grout. The grout may be placed with crane buckets, chutes, pipes, 
o r  o ther  conveyance. The grout  should land on a splash p l a t e  of wood o r  
s t e e l  t o  prevent movement of the  rock. A s t r i p  about 10 f e e t  wide should 
be covered a t  a time. On slopes,  t h e  grouting operat ions should s t a r t  a t  
the  bottom and proceed upslope. Shovels and s t i f f  b r i s t l e  push brooms a r e  
used t o  d i r e c t  the  grout and t o  prevent excessive movement. It may be 
necessary t o  place the  grout i n  two courses on s teep slopes t o  control  the  
movement of the  grout wi th in  the  rock voids. The time allowed between the  
placing of the  two courses should permit only p a r t i a l  s e t  of the  grout .  



It i s  important t h a t  the two courses form a good bond. During t he  progress 
of the  work, inspect ion  should be made t o  determine that the g rou t  penetrates 
t he  f u l l  th ickness  of t he  riprap and t h a t  the  voids a r e  completely f i l l e d .  
The f i n a l  cleanup and f i n i s h  should remove excess mortar from the  rock sur- 
faces and r e s u l t  i n  s u f f i c i e n t  mortar t o  f i l l  t he  voids and be free from 
runs o r  r idges .  

The freshly-placed grout  should be protec ted  from r a i n ,  f lowing  w a t e r ,  
and i n j u r y  caused by movement of workmen o r  equipment f o r  a period of no t  
l e s s  than 24 hours. During hot  weather the  grouted surface should be  pro- 
t ec t ed  by wetted sur face  covering o r  by spraying with curing compound. 

0 
Grout should not  be placed i f  temperatures a r e  expected t o  rexl:: 32 F.  

w i th in  5 days a f t e r  placement, unless  adequate p r o t e c t i v e  cover i s  provided 
t o  prevent f reez ing .  
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